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Cekuin 1.
CyyacHi iHpopmauinHi cuctemu Ta TEXHONOTII:
npobnemun, metoaun, moaeni. YnpaBaiHHA NPoOeKTaMMu
Ta Nporpamamm
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AHoTanisa

[TofaeTbcsa KOHLENLIA CTBOPEHHS, BUKOPUCTAHHA Ta BIIPOBAa/PKEHHA iHTe/1eKTyalbHUX
iHpopManitHUX TeXHOJIOTiN yIpaBJiHHSA NPOMUCJIOBUM IiAMTPHUEMCTBOM LIISIXOM BUKOPHUCTAHHSA
LITYYHOIO IHTEeJIeKTY.

Kirouosi cs1ioBa
indopmarifiHe MoJie/1F0BaHHS, CUCTEMH YNIPaBJIiHHS, IPOMUCJIOBE MiJIPHUEMCTBO, IUTYYHUH
inTesekT, Ingycrpia 4.0

1. Bctyn

Cy4yacHUH pO3BUTOK E€KOHOMiKHM, BHKOPHUCTAHHS LUQPOBUX TEXHOJIOTiHM, yCK/IaZHEHHs Ta
VZIOCKOHAJIEHHSI E€KOHOMIYHHUX MoJieied Npu3BeJd A0 HeobxiHOCTI 3ampoBamKeHHS,
NPUCTOCYBaHHA [0 Cy4YaCHUX YyMOB Ta 3MIiHM ICHYIOYHUX TEXHOJIOTiA ynpaBJiHHA
HNiANPUEMCTBOM, OCKIJIbKM ICHyI0O4Yi Moze i yHnpaBJiHHA NiAOPUEMCTBOM CTAlOTh MaJo
epekTUBHMMH. Ha JaHW# Yac 0fHUM i3 K/II0OYOBUX MiAXO/iB PO3BUTKY €KOHOMIKH € MiJxif, 110
6asyeTbcsa Ha Iuayctpii 4.0/5.0, xapakTepHi pucu siIKoro - po3BUTOK iHQopmariliHo-
KOMYHIiKaLilHUX TEXHOJIOTiH, aBTOMaTHU3alis Ta po6oTu3alis BUpobHUIUX poLeciB [1, 2].

AKTyaJIJbHUMHU NOCTAIOTh NMTAHHA CTBOPEHHA Ta PO3BUTKY Cy4aCHHUX CUCTEM YINpPaBJiHHSA
MPOMHUCJOBUMH MiANPUEMCTBAMH, OCKIJIBKM MiANPUEMCTBA € PYIIIMHOIO CUJIOK €KOHOMIKH
O6yab-sakoi gepkaBd. OpHUM i3 iHHOBaL[iMHMX MeETOJIB yHOpPaBJiHHSA MPOMHUCIOBUM
MiAPUEMCTBOM € NIPOAKTUBHE yIIpaBJIiHHA.

[IpoakTUBHEe ympaBJliHHS [PYHTYETbCA Ha NepenbadeHHI MOMJIMBUX HECHPUSATIUBUX
npolueciB y GyHKIIOHYBaHHI Ta PO3BUTKY MiANPUEMCTB, IO J03BOJISIE MANPHUEMCTBY OyTHU
FOTOBUM [0 MOXJIMBUX Mpo6JeM, 3an06iraTu ix mosiBi Ta BUpillyBaTH iX A0 TOro, IK BOHU
BUHHUKHYTH [1, 2].

OfHUM i3 MiAXOAIB MPOAKTUBHOTO YNPaBJiHHA € MUTAHHSA CTBOPEHHS, BUKOPUCTAHHA Ta
BIPOBA/P)KEHHsI iHTeJEKTyalbHUX iHPopMalilHUX TEXHOJOriM ympaB/iHHS HPOMHCI0BUM
MiATPUEMCTBOM ILIJIAIXOM BHUKOPUCTAHHS HOBUX TEXHOJIOTIM, TaKUX AK IUTYYHUU IHTENEKT,
[HTepHeT MPOMOB, BeJIMKI AaHi Too. i cTBopeHHs iHopMauiiiHoi niatdopmu [3]. EbekTrBHE
pO3B'sI3aHHA 3aBJaHb IPOAKTHUBHOIO yHIpaBJiHHS NiJIPUEMCTBOM MOXe O6YTH peasi30BaHO Y
ckiazi inpopManiiHUX CUCTEM Ha OCHOBI LITYy4YHOTO iHTeeKTy [4, 5].
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MeToio po6oTu € po3pobka KoHIuemnllii iHpopMmariiHol miaTdopMu [JiT TPOAKTUBHOTO
yOopaBJiiHHSI TNPOMMUCIOBHM MiANPUEMCTBOM, L0 BKJOYA€E CTBOpPeHHs iHdopMauiiiHo-
AHAJIITUYHOI CUCTEMU Ha OCHOBI LUTYYHOI'O iIHTEJIEKTY.

J1s1 JocsirHeHHs LiEl MeTH nepe6a4yeHO0 BUPillleHHSI HACTYITHUX 3aBJaHb AOC/iPKeHHS::

e  AHaui3 iCHyIO4YHX NigX0AiB 10 IPOAKTUBHOTO YIPaBJ/JAiHHS NiJIPUEMCTBAMU 3 aKLEHTOM
Ha HOBiTHIi iHpopMaliiHO-KOMYHIiKalilHi TeXHOJIOTi].

e Po3po6ka iHdopMamiHO-aHAJNITUYHOI CHCTEMHM Ha OCHOBiI IITYYHOTO iHTEJIEKTY,
34aTHOI 36UpaTH, 06pOGJATH Ta aHaldi3yBaTH BeJIMKI 06CATM JaHUX, OTPUMaHi 3
BUPOOHUYHX JIiHIM Ta JaTYHUKIB.

e BrnpoajxeHHsa IepefoBUX pillleHb [JJd [POTHO3YyBaHHA BUTpPAT pecypciB Ta
onTuMi3zalii BHUpPOOHUYMUX MPOLECIB 3 BHUKOPUCTAHHSIM aJIrOPUTMIB MaIIHMHHOIO
HaB4aHHA Ta [oT.

e MogpesroBaHHA aBTOMaTHU30BaHUX NPOLECIB YIIpaBJiHHA pecypcaMU Ha OCHOBI JaHUX
PO CIIOKMBAHHA eJIeKTpoeHepril, BOAW, Tra3dy Ta CUPOBHHU 3 MOXKJIUBICTIO
nepesbadyeHHs BijXUeHb Ta OllepaTUBHOrO pearyBaHHs Ha HUX.

e Po3po6ka MoayniB A NepeJUKTUBHOrO OOC/AYyroByBaHHsl OO6JlaflHAHHA 3
BUKOPHCTAHHAM IHTeJIEKTyaJIbHUX AJTOPUTMIB aHa/li3y CTaHy TEXHIYHOro MapKy
MiANPUEMCTBA, 10 J03BOJUThL MiHIMI3yBaTH PU3KKHU [1I0JIOMOK Ta 3HU3UTU BUTPATH Ha
TeXHiuHe 06C/1yroByBaHHSI.

e OnTuMi3sanis npoueciB NPpUUHATTA pilleHb KepiBHUKaMU NiIPUEMCTB Ha OCHOBI JaHUX
AHaJIITUKK Ta NMPOrHO3iB, HalaHUX CUCTEMOIO, 3 METOK MiJABHUILEHHSA THYYKOCTi Ta
KOHKYPEHTOCIIPOMOXKHOCTI MiZIpHUEMCTBA.

2. KoHuenuis iHpopmauinHOI cucTeMu NPOAKTUBHOTO YyNPaB/liHHA

Konueniis iHdopmamifiHoi cucTeMu mepeabadae KOMIUIEKCHHUM MiAXill A0 MPOAKTUBHOTO
ynpaBJiHHSL HigNPUEMCTBOM, NMOYMHAIOYM Bif, 360py Ta 06po6GKM JAaHUX | 3aKiHUYHOYH
MiArOTOBKOK JOKYMEHTIB /Il BIPOBaJpKEeHHH iX y NpoLec ynpasJiHHA.

KoHuemnuis cucreMu ynpasJiHHS NiATPUEMCTBaM y paMkax [HaycTpis 4.0 nepegbayvae:

e 30ip JaHUX MpPO BUTPATU pecypciB Ha THUX YW IHIIUX BUPOOGHUYMUX JIiHIifX
(esrekTpoeHepris, BoAa, ras, CApOBUHA);

e MaTH JlaHi HOpMU BUTPAT y 6a3i JaHUX JIJI1 BCTAHOBJIEHI HA BUPOOHHUIITBO THUX UM iHITHUX
BU/iB IPOAYKL|i, [0 BUIIyCKAIOTbCA Ha NiANPUEMCTBI;

e OTPUMYBATH JaHi NpPO KJIbKICTh Ta fKiCTb CHPOBUHU, HEOOXiJHY AJisI BUTOTOBJIEHHS
NpOAYKLUil;

e JaHi Npo NpoAaX THUX YM IHIIMX BUJAIB NpPOAYKLIl y MomepefHild Nepiox, a Takox
aHasIoriyHU# nepion nonepeaHix pokis (3 CRM miznpuemcrsa).

[HdopmauiiiHa cucTeMa Ha miJicTaBi aHaMi3y JaHUX CHCTEMA IOBUHHA:

e MaTH MOXJMBICTb afanTanil JiMiTiB CHpOBHHM Ta BUTpPAT pecypciB HA BUPOOHUYUX
JIiHIfIX 3a/1€XKHO Bif BUp06JieHOI npoAyKLii (BCTaHOBJIIOBATH JIIMIT BUTPATH pecypciB Ha
Ty 44 iHWYy NpoAyKuilo Ta y pasi BigxuyeHHs Bix npuilHATHUX HOpM iHdOpMyBaTH
omnepaTopa);

e MaTHU MOXJIUBICTb NPOrHO3yBaTU BUTPATU peCcypcCiB 3aJe)KHO BiJ BCTAHOBJIEHOIO
BUPOOHUYOTO IJIAHY;

e cucTeMa NOBUHHA MaTu NopTdesib NPoNno3uLii 3 BAPOOHULTBA Ti€l M iHLIOI MpoAyKLii
3aJIeXXHO Bij, 3amiaHoBaHOro obcAry npofaxiB Ha mifgctaBi iH$opmarii npo BXiZHY
CUpPOBUHY.



BukopucTaHHa TMepefOBMX TEXHOJIOTIM WITYYHOrO IHTEJeKTy [O03BOJIAE He Jiulle
NPUCKOPHUTH MPOLECH, a ¥ 3HAYHO MiABUILUTH ePeKTHUBHICTb QYHKIiOHYBaHHS MiANpHUEMCTBA
Ta HOr0 KOHKYPEHTOCIIPOMOKHICTb.

3. CTpyKTtypa iHpopmauinHoi cucremmn

CtpykTypa iHpopMaI[iiHOI CUCTEMH CKJIAAAETHCH 3 iHTErPOBAHUX MiJICUCTEM — MOAYJIIB, fKi
MarThb TaKi KOMIIOHEHTH.

1. Mogaysb 360py AaHUX PO BUTPATH pecypciB Ha BUPOOHUYMX JIiHIfX, 1110 IHTerpyeThes 3
pi3HUMHU JaTYMKaMU Ta BUMIpPIOBAJbHUMH NPUCTPOSIMU Ha BUPOOHUYMX JIiHISX AJIs
360py JAHUX NP0 CIOKHUBAaHHA pecypciB (esieKTpoeHepris, Boja, ras). BiH Takox
NoB'si3aHUM i3 6a3010 JjaHUX, e 36epiraloTbCsl HOPMATHUBU BUTpPATH LIUX pecypciB As
Pi3HUX BUAIB IPOAYKLUIL

2. Mogaysip mnNOBifJOMJIEHHSI NpPO BigxWJeHHs BifA JIMITIB, 10 MOAYJb [03BOJISIE
niIIPUEMCTBY ONepaTUBHO pearyBaTH Ha Oy/ib-SIKi BiAXUJIeHHSI ¥ BUTPATi pecypciB 41
BUPOOHHYHMX NMapaMeTpax BiJ BCTaHOBJEHHUX HOpM. Hampukiaj, sIKIo BUTpaTa BOAHU
abo esiekTpoeHepril Ha 6yAb-sKiid BUpOOHHWYIH JiHIl nepeBuUly€e BCTAHOBJIEHUH JiMiT,
CUCTeMa MUTTEBO HaJCWUJAE TOBiJOMJIEHHS BiANOBiZaibHUM oco6aM. lle jgo3BoJisie
WBUAKO igeHTUIKYBaTH Ta YCYHYTH MNOPUYUHHM HeepeKTUBHOCTi, 3amobirawndu
JOJATKOBUM BUTpATaM i BTpaTaM.

3. MopayJsib COBilleHHS PO HEOOXiAHICTh 06CAYTOBYBaHHS 00/1aiHaHHS. CCTEMA TAKOXK
BKJIOYAE MOAYJIb MEPEJUKTUBHOIO 0GCAYyTrOBYBaHHs, SIKUM BiJICTEXKY€E BiAmpanboBaHi
MOTOrO/IMHM Ta iHIII MapamMeTpu po6oTH 06s1a4HaHHs. Ha ocHOBI nux gaHux cucTeMma
MPOrHO3Y€E ONTHUMAaJIbHI iHTepBalU AJIs NPOBEAEHHS TEXHIYHOTO 06CAYTrOByBaHHS, 1110
JlooMarae 3amnobirtTd panToOBUM IMOJIOMKaM i mpoctosiM y poboti. Kpim Toro,
cUcTeMaTH4YHe OOC/JYroBYBaHHS O6JIaflHAHHS MPOJIOBXKYE HOro TepMiH COyKO0H Ta
niJiBULIYE 3arajbHy HaAilHiCTb BUPOGHUIITBA.

4. Moaysb KOHTPOJIIO SKOCTI Ta KIJIbKOCTI CHPOBUHU (HANMpPUKJIaZ, MoJyioKa). Llel Moayib
JO3BOJISIE OTPUMYBATH JAHI PO KiJIbKICTB | AKICTb CHPOBHUHH, BKJIFOYal0YU KOMIIOHEHTH
CUpPOBUHU Ta iHWi BaxauBi mapamerpu. lsa iHdopmalis BHUKOPHUCTOBYEThCS AJIs
MJIaHYBaHHS1 BUPOOHUYIMX IIPOLIECIB.

5. Mopaynp aHanizy maHux npogaxiB 3 CRM. Cucrtema inTerpoBana 3 CRM mignpuemcTBa
JAJI OTPUMaHHSA JaHUX PO NPOAAXK pi3HUX BUAIB npoAyKLii. Lle f03Boss€ aHaisyBaTu
Ce30HHI TpeH/ Y Ta epeBary CIOXUBaviB, HANPUKJIAJ, 36i/bIIEeHHS MPOAAXKiB HOrypTiB
BJIITKY Ta CMETaHU B3UMKY.

6. Moaysp NpPOMO3UI[iH IOJO0 BHPOOHHUITBA MPOAYKIil. BHKOpHUCTOBYyIHOUM JaHi mpo
nepenbadyyBaHUM o6cAr mpojaxiB Ta iHdopMaliro mpo fKiCTh Ta KibKICTh BXiJHOI
CUPOBHUHH, CUCTEMA IPONOHYE ONTUMaJbHUN aCOPTUMEHT NPOAYKLIi /151 BUPOOHUI[TBA.
lle pomomarae mifBUILUTH edeKTHUBHICTb BUPOOGHUITBA Ta 3a/J0BOJBHUTHU IMOMNUT
CIIOKUBayiB.

3B'I30K M MOAYJSIMH CHCTEMH MPOAKTUBHOrO yMOpaBJiHHA HiAIpPUEMCTBOM
npejcTaBJIeHUN Ha puc. 1.

[HTEerpoBaHa iHdopMaliiiHa cucTeMa MiANPUEMCTBA CKJIAZAAETbCA 3 B3aEMO3ATEKHHUX
MOAYJiB, sKi cHiJibHO 3a6e3MeyylTh ONTHMi3alil0 BUPOOHUYUX HpoleciB Ta edeKTUBHE
yIIpaBJIiHHA pecypCcaMHu.

1. Moayab 3060py [JaHUX MNOpo BUTpaTH pecypciB: Ledt ™oaynp Bifgnosizae 3a
aBTOMAaTHU30BaHUHN 36ip PaKTUYHUX MOKA3HUKIB CIOXKHUBAHHS pecypciB, TaKUX fK
eJIeKTpOeHepris, Boja Ta ras, 6esnocepeHbo 3 JaTYMKIB i BUMipOBaJbHUX MPUCTPOIB



Ha BHUPOOHMYUX JiiHiAX. OTpuMaHi JaHi cHiBCTaBAAKTBCS 3 HOPMAaTUBHUMHU
3HaYeHHSIMH, 1110 36epiraoThbces B 6a3i JaHUX, [J1s1 BUSIBJEHHS MOXJIMBUX BiJIXUJIEHD.

PucyHok 1: B3aeM03B's130K Mi>k MOAYJ/ISIMU y CUCTEMI yIIpaBJIiHHS NiJIPUEMCTBOM

2.

Mogayb noBifjoMJyieHHsI Mpo BigxusaeHHs Bif JiMmitiB: OTpumyroun iHpopmanino Bif
Meplioro MoOAyJsd, Lel KOMIOHEHT 3[IMCHIOE aHalli3 Ha NpeAMeT IepeBUILEeHHA
BCTaHOBJIEHUX JIIMITIB CNIOKMBaHHA pecypciB. Y pa3i BUABJIEHHA aHOMaJid, MOAYJb
ONepaTUBHO TeHepye CHOBillleHHA AJis BiANOBia/bHUX 0Ci6, 3a6e3MeYyr0dyr MBUAKY
peax1iio Ha NOTeHLilHI po6JieMHu.

Moayab CITOBilLlEHHS npo HeobXiJHICTh 006C/TyTOBYBaHHS 006JIalTHAHHS:
BukopucToByodn JaHi Npo MOTOTOJWHM Ta iHIII eKCIJyaTalildHi mapaMeTpu Bif
MOAyJis 360py AaHUX, Liel MOAYJIb IPOrHO3Y€E ONTUMAaJIbHI iHTEpBa/Iu AJ15 IPOBeJeHHS
TexHiYHOro o6C/AyroByBaHHSI 06JiagHaHHA. lle m03BoJisi€ 3amoGirTu HeCHnoAiBaHUM
M0JIOMKaM Ta MiHiMi3yBaTH npocToi y BUPOOGHUILITBI.

Mogay/b KOHTPOJIIO SIKOCTI Ta KiJbKOCTi cupoBUHU: lleli KOMIIOHEHT 3abe3mnedye
MOHITOPUHT KiJIBKOCTI Ta AKOCTI BXiZJHOI CHDOBUHH, HAIpUKIaJ, MojoKa. OTpyuMaHi faHi
BUKOPHUCTOBYIOThCS [JIs1 TOYHOT'O IJIAHYBAaHHS BUPOOHUYMX IPOLIECIB TAa TapaHTyBaHHS
BIZINOBIAHOCTI NPOAYKIl BCTAHOBJIEHUM CTaHJApTaM SKOCTI.

Moayab anHanizy pganHux npopaxiB 3 CRM: InTerpoBanui 3 cucremorwo CRM
HNiATPUEMCTBA, Liel MOAYJIb aHaJi3y€e JaHi NIpo NpOoJaKi, BpaxOBYI4YHU CE30HHI TpeHAHU
Ta CNOXKHUBYI BroAo6aHHs. Lle f03BoJIsiE MPOrHO3yBaTH NMOMUT Ha Pi3Hi BUAU NPOAYKLIT
Ta afanTyBaTU BUPOOGHULTBO BiANIOBIJHO 10 PUHKOBUX YMOB.

Moaysip mpomo3uIii o0 BUPOGHUIITBA NpoAyKLii: Ha ocHoBi iHpopmanii Big moaystiB
KOHTPOJII0 CHPOBHHHU Ta aHaJli3y NpoAaxiB, uell Moyb popMye HAYKOBO OOI'PYHTOBaHI
npono3ulii 1040 ONTHMAJIbHOTO AaCOPTHUMEHTY Ta o06cAriB mnpoaykuii s
BUpOOHULTBA. lle cnpusie migBUIleHHI0O edeKTHBHOCTI BUPOOHHITBA Ta
MaKCHMaJbHOMY 33/J0BOJIEHHIO IOTPe6 CI0XKUBaYiB.

Bsaemozisa MoaysiB y cucteMi:

- Moaynib 360py JaHUX [P0 BUTPATH PECYPCIiB TiCHO iIHTErpy€eThCs 3 MOAYJIEM NOBiJOMJIEHHS
Npo BiAxuyieHHs Bif JiMITIB Ta MoAy/jieM CHOBilleHHsI PO Heo6XiAHICTb 06C/AyroByBaHHS
o6sagHaHHsA. Taka B3aeMo/ist 3ab6e3neyuye NOCTIHHUNA KOHTPOJIb 3a CIOXKUBAHHSAM pecypciB Ta
TexXHIYHUM CTaHOM OOJIaAHAHHSA, L0 € KPUTHYHHUM [AJs Ge3nepepBHOro Ta epeKTHBHOIO
BHUPOGHUYOTO MPOIIECY.

- Moay/nb KOHTPOJIIO AKOCTI Ta KiJIbKOCTI CUPOBMHHU CIIIJIBHO 3 MOAYJIeM aHa/li3y JaHUX
npojgaxiB 3 CRM HazawThb KJIKYOBI JAaHi AJi MOAYJS MPOMO3HULIN L[0J0 BHPOOGHHUIITBA



npoaykuii. ls B3aemoais 103BoJisiIE CHHXPOHI3yBaTH BUPOOHUYI IJIAaHU 3 peaIbHUM CTaHOM
pecypciB Ta pUHKOBUM IONUTOM, 3a6€3Me4YyI0UU FHY4YKiCTh Ta a/JallTUBHICTb BUPOGHUITBA.

- Moaysib npono3ulii 1m0/40 BUPpOOGHULITBA NPOAYKIII BUCTYMAE SIK eHTPaJbHUHN eJIeMEeHT,
sIKUU iHTerpye iHpopmalito 3 pi3HUX JKepeJs Ta reHepPYe ONTUMaJbHI BUpoGHUYI cTpaTerii. Le
CIIpUSAE paLliOHA/IbHOMY BUKOPUCTAHHIO peCcypcCiB Ta MiJBUILEHHI0 KOHKYPEHTOCIPOMOXKHOCTI
HNiApUEMCTBA.

[HTerpanis yux MoAyiB 6a3yeTbCcsl HA MPUHLMIAX CUCTEMHOI0 aHasi3y Ta ynpaBJiHHS,
BUKOPHUCTOBYIOYM cy4acHi iHpopmaliiHi TexHosoril A/ 3a6e3neyeHHs1 BUCOKOI TOYHOCTI Ta
ONEPATHUBHOCTI B MPUHHATTI pilieHb. 3aCTOCyBaHHS NepefoBUX MeTOiB 360py Ta 06pOOKH
JlaHUX J03BOJISIE MiANPUEMCTBY 3JIiMCHIOBAaTU NMPOAaKTUBHUU KOHTPOJIb 3a BCiMa acleKTaMHU
BUPOOHHIITBA, BijJ 3abe3medyeHHs pecypcaMHd Ta CHPOBHHOIO, Yepe3 KOHTPOJIb SIKOCTi i
IJIAaHYBAaHHSA [0 33J0BOJIEHHA KiHL[€BOI'0 ClIOKKWBayYa.

Takui cucTeMHUM migxix 3abesnedye cHHeprito MK pi3HUMHU QYHKLiOHaJIbHUMU
06/1acTAMHU MiANPUEMCTBA, MiABUILYIOYM eeKTUBHICTb YNPaBJAiHHS Ta CHOPHUSIOYU CTaJOMy
PO3BUTKY B yMOBaX JMHAMIYHOI0 pUHKOBOTO CepeOBULIA.

ABToMaTH3alid Ta MNOiATpUMKa NPUWHATTA pilleHb NpPU TaKOMy MOJXOAl [ 03BOJIAE
pPO3p0o6JIATH peKoMeH/Jallil 3 yImpaBJliHHS BUPOOHUIITBOM, 1[0 6a3YHOTHCA Ha aHaTi3i HOTOYHUX
JlaHUX, ICTOPUYHUX TEeH/IeHLil Ta NIPOrHO3iB.

4. Ornap iHpopmauinHOi cuctemu B KoHuenuii lHgycrpis 4.0

Mo’kHa BiZjI3HA4YMTH, 1[0 HA CbOTO/HIIIHIN AeHb € po3pobJieHi iHpopmanifiHi cucTtemu, cepen
akux iHTesektyanbHa cucteMa EKO®DJIEKC [ 6 ], mo € IoT cucremMoro i BIpoBaKyeThCSA
BignoBigHO #o koHuenuii Industry 4.0/5.0 [7]. Ll cucTtema BUpillye 3aBJaHHS MOHITOPUHTY
BUTPAT CIIOKUBAHHS PecypciB, 3/1iHCHIOE aBTOMAaTU30BaHUM 36ip, 0061iK, 36epiraHHsa AaHUX Ta
HaJa€ aHaJiTU4YHy iHpopMaLil II0J0 CIOKHUBAaHHS Ta BUTPAT pecypciB fIK AJs BCbOrO
nifnpueMcTBa, Tak |1 okpemMux Horo migposginiB. Cucrema EKO®JIEKC mocTiitHO
YAOCKOHAIIOETHCA y HAIPSAAMKY CTBOPEHHS Ta peaJsii3alii CMCTeMH ylpaBJIiHHA MiAIPUEMCTBOM,
Ile CTOCYETbCA TAKUX MOTaHb AK

1. MoHITOPHUHT BUTPAT Ta CIOXKUBAaHHS pecypciB: CucTeMa aBTOMAaTUYHO 30Mpae JaHi mpo
BUTPATH pecypciB (esiekTpoeHeprii, Boay, rady) Ha BUpOOHUYMX JIiHisIX, 3a6e31ne4y0dn
JleTaJIbHUH aHaJli3 Ta ONTUMi3alil0 BUKOPHUCTAaHHSA PeCypCiB JJig BCbOr0 MiZIPUEMCTBA.

2. AprtoMarusoBaHu#l 36ip Ta 06pobka ganux: EKO®JIEKC 3giiicHioe 36ip, o6Jiik Ta
30epiraHHsi BeJMKUX O0OCAriB JaHUX, L0 [J03BOJISIE B PEXHUMi peajbHOTO 4Yacy
oTpuUMyBaTH iHdopMalito npo cnoKMBaHHSA pecypciB Ha pi3HUX eTanax BUPOOHUIITBA.

3. AmnasiTHKa Ta HafaHHA 3BiTiB: CUcTeMa HaJla€ aHAIITUYHY iHOpMaIlilo K /IJis1 BCbOr 0O
MNiATPUEMCTBA, TaK i A OKpeMHUX HifpOo3/iJiB, LO3BOJIAIOYA KepiBHUKAM NpUNMaTH
OOI'PYHTOBAHI pillleHHS Ha OCHOBI JJaHUX.

4. [lpoakTuBHe yHOpaBJiHHA pecypcaMu: BHKOpPHUCTOBYHOYM TEXHOJIOTI] IITY4YHOTO
iHTeJIeKTy Ta BeJIMKI JlaHi, cucTeMa 3/jlaTHa POrHO3YBaTU MalbyTHI BUTpaTH pecypciB
Ta 3a3jajieriib monepe/KaTH NP0 MOMJIMBI BiaxuieHHss abo Hectadi pecypcis,
3anobiraryu HeraTUBHUM HacJiAKaM.

5. ATtomarusanis Bupo6Huuux npouecis: EKO®JIEKC cnpusie pob6oTur3aunii BUpOOGHUUUX
npoluecis, 3a6e3Medy0yy aBTOMaTHYHEe Ha/IAalITYBaHHS Ta alalTallilo CUCTEM /10 3MiH Y
BUPOOHHUYHX YMOBAX.

6. IllpeaukTuBHe  O06CAyroByBaHHs  O6JilaAHAHHSA:  3aBAsKM  aBTOMaTHU30BaHOMY
MOHITOPUHTY pPOGOTH 06JIafiHAHHSI CHUCTeMa MOMe TIepejbayaTd HeCHPaBHOCTI,
onTUMi3yBaTH rpadiku TexHiYHOro 06CAYTrOByBaHHS Ta 3MEHUIYBATH PU3UK PalTOBUX
[10JIOMOK.
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7. OnrTuMmisauia ynpaBJiHCbKHX pimeHb: CucTeMa HaJa€ KepiBHULTBY NiJNPUEMCTBA
MO>XKJIMBICTB OllepaTUBHO pearyBaTH Ha 3MiHU Y BUPOOHUYMX IPOLECax, BIPOBAAKYOIH
NPOAKTUBHI pillleHHs AJis1 OKpalleHHs epeKTUBHOCTI Ta KOHKYPEHTOCIPOMOXKHOCTI.

5. HaykosBi Ta TexHi4yHi piweHHA B cuctemi Ekodpnekc

[Ipy mo6yoBi cucTeMH OYJIO 3aCTOCOBAHO HM3Ky MaTeMaTHYHHUX Mojesjedl i meToAiB s
3abe3mnevenHs ii epexkTuBHOCTI Ta HagihHOCTI [8-10]. Y Moay/i 360py JaHUX PO BUTPATH
pecypciB BUKOPHUCTOBYBAJIHMCSA METOAW CHUTHAJIOBOTO aHAJIi3y Ta CTATUCTUYHOI 06POOKH i
TOYHOTO BHUMiploBaHHA Ta ¢inbTpanii JaHUX Bif maTdukiB. MoayJsb MOBiIOMJIEHHS TPO
BigxueHHs Bij JiMiTiB 6a3yeTbCcsd HA CTAaTUCTUYHOMY IPOIECHOMY KOHTPOJIi, 30KpeMa Ha
KOHTpOJIbHUX KapTax UlyxapTa, 110 J03BOJISIE CBOEYACHO BUSBJSATH aHOMaJil Y BUPOOHUYUX
npouecax.

Mopaysib crioBillleHHS] PO HEOOXiHICTh 06CAYroByBaHHS 06JIaZlHAHHS 3aCTOCOBYE METOAM
MallMHHOT'O HaBYaHHf, TaKi K perpeciiiHi Mozesi Ta JiepeBa pilleHb, [Ji1 NPOrHO3yBaHHA
TEXHIYHOro cTaHy 006/1a/lHaHHS Ha OCHOBI aHaMi3y 4acoBUX pafiB. Y MOAyJi KOHTPOJIIO AKOCTI
Ta KIJIBKOCTI CUPOBUHM BHUKOPUCTOBYIOTHCA CTAaTUCTUYHUKA KOHTPOJb AKOCTI Ta
kJacudikaliifHi aJIrOpUTMHU JIs1 OI[iIHKH BiZITOBiTHOCTI CHPOBHUHH BCTAHOBJIEHUM CTAaHAAPTaM.

Mopynp ananizy ganHux npofaxiB 3 CRM BHKOpUCTOBYE MOJesli NPOrHO3yBaHHS 4YacCOBUX
paziB, 30kpeMa ARIMA Ta HelipoHHi Mepexxi LSTM, /19 npor1o3yBaHHA MONUTY 3 ypaxyBaHHAM
Ce30HHUX TPeHiB. MoyJib MPOMO3UIIi# 111010 BUPOOGHUIITBA MPOAYKIlii 6a3yEThCS HA METOAAX
ONTHMi3alil, TAKUX AK JIiHIHe NpPOTrpaMyBaHHs Ta FeHEeTU4YHi aJIFOPUTMH, JJI1 BU3HAYEHHSA
ONTUMAaJILHOIO MJIaHY BUPOGHUITBA 3 METOI0 MaKcUMi3auii npubyTKy.

Juist nobyoBu iHpopManiiiHoi cuctemMu EkodJiekc BUKOPUCTOBYIOTBCSA Cy4YacHi TEXHOJIOTII.
Cucrtema 6a3yeTbCs Ha MOJAYJbHIA Ta MiKpocepBicHIM apXiTeKkTypi, 3 BHUKOpPHUCTAHHSIM
InTepHeTy peuelt (IoT) puis 360py AaHUX y peaslbHOMY 4Yaci Ta CUCTEM peasbHOro 4acy AJs
HerailiHoi 06po6ku. [lani 36epiraroThbcsi B pesisiliiHUX Ta HepessiliiHuX 6a3ax JaHuX. XMapHi
maaTdopMu 3a6e3neuyoTh MaCIITa60BaAHICTD.

3acTOCOBYIOTBHCH TEXHOJIOTII IITYYHOrO iHTEeJEeKTYy: MallMHHEe HaBYaHHA Ta NpeJUKTUBHA
aHaznituka (TensorFlow, PyTorch) g/ nporHosyBaHHs TexHiYHOro 06C/AyroByBaHHS, aHai3y
npojaxiB Ta onTUMi3aLii BUpOOGHHULTBA.

lITy4HUil iHTe/NeKT OyB TEXHIYHO IHTErpoBaHUN Yy CUCTEMY LLJISXOM BIPOBAaJKEHHS
QITOPUTMIB MAlIMHHOTO HABYaHHA Ta aHaJNITUKY [JaHUX y KJW4Y0BI Moayzai. Y Mogy.i
CHOBilLIEeHHS PO HeobXiAHICTh 06C/IyroByBaHH:A 006J1a/lHAHHS OYyJIM peasli3oBaHi NpeJUKTUBHI
MoJieJli, 1Ki Ha OCHOBI JaHUX NP0 MOTOTOJMHH Ta iHIIi MapaMeTpH NPOrHO3yTh ONTUMaIbHUN
yac AJ151 TeXHIYHOro o6cyroByBaHHA. MoAysib aHanizy gaHnux npoaaxiB 3 CRM BUKOPHUCTOBYE
aJITOPUTMU T[JIMOMHHOTO HaBYaHHA [Js aHali3y ICTOPUYHUX [JaHUX MpoJaxiB Ta
NPOrHO3yBaHHS1 Mal6GyTHBHOTO MOIMUTY, BpaXOBYIOUM Ce30HHI TpeHAU. Y Moayi npomno3uuii
1010 BUPOOHHUILITBA NPOAYKIIii 3acTOCOBaHi ajroputMu ontumisauii ta I ansa dopmyBaHHSA
ONTUMAJbHOIO0 ACOPTHMEHTY MNPOAYKILii, 6a3ylouuch Ha JaHUX MPO SIKICTb CHPOBUHU Ta
MPOTHO30BaHUU MONUT. MoAy/b KOHTPOJIIO SKOCTi Ta KiJIBKOCTI CUPOBHUHHU BUKOPUCTOBYE
TexHoJioril I fg aHanizy napaMeTpiB CHpOBUHM B peaJibHOMY 4aci Ta BUABJIEHHSA BiIXUJIEHb
Big HopM. LI iHTerpoBaHuil y cucteMy depe3 i Moy, miABUILY0YH ePEeKTUBHICTb, TOUHICTD
MPOTHO3YBaHHSA Ta aBTOMATU3y0YX NPOLIeCU IPUUHATTA pillleHb.

TakuM 4MHOM, cMCTeMa iHTerpye MoJeJi, apXiTeKTypHi, TeXHi4HI Ta IporpamHi pilieHHd 3
rajy3ed CTaTUCTUKH, MallMHHOTO HaB4YaHHfA, ONTHMi3aulil Ta cucTeMHOro asaniisy. lle
3a6e31evyy€e MOXKJIUBICTb eHEeKTUBHO 06POOJIATH BEIUKI 00CATH JJAHUX, TOYHO MMPOTHO3YBATH Ta
ONTUMI3yBaTH BUPOOHUUI NMPOLECH, L0 CIPHUSE NPUHHATTIO OGIPYHTOBAHUX YIPABJiHCHKUX
pilieHb i mifBUILEHHIO 3arajbHOI epeKTUBHOCTI po6OTH NiJIPUEMCTBA.
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6. BucHoBKM

BripoBa/j»keHHS TEXHOJIOTIH IITYYHOr 0 iHTEeJIeKTY Ha MiANPUEMCTBI 03BOJISIE AOCATTH 6ibLIO]
THYYKOCTI Ta aZlallTUBHOCTI ;0 3MiH PUHKOBUX YMOB i NOTpe6 crouBadyiB. ABTOMaTHU3allis Ta
NpPUCKOpPeHHs1 6i3Hec-IpOLECiB CHOPUAITh MiABULIEHHI0O e(QeKTUBHOCTI [JisJIbHOCTI Ta
3a6e31eYyI0Th JI0JJaTKOBY eKOHOMilo pecypciB. EQeKkTuBHaA iHTerpallis Ta 3aCTOCyBaHHSA LUX
TEXHOJIOTIA 1 MoJiesied He TiJIbKM NOKpaLlylOTh NOTOYHI ONepaLiiiHi MOKa3HUKH, aje |
rapaHTYIOTb JOBrOCTPOKOBY CTiHKICTh | KOHKYPEHTOCIPOMOXHICTh HiZJIPUEMCTBA HAa PUHKY.

OnvcaHa KOHLeNIis Ta HaBeJeHUN NPHUKJAJ MPeACTaBIASITh COO0K HACTYNHUNU KPOK Yy
nobyoBi MoJi6HUX CUCTEM Ta iX BIPOBaJKeHHI y BUpPOOHHUYI mpouecd. lle gemMoHCTpye
MOXJIMBOCTI Cy4aCHUX TEXHOJIOTIM y iHTerpanii 3 iCHyl0OYMMH CHUCTeMaMH [JJi [OCATHEHHA
6i/1bII BUCOKOT'0 piBHA aBTOMAaTH3alil Ta iHTeJeKTyasi3anil BUpo6HUITBA. Takui miaxing €
BaXKJIMBUM eTamnoM y peanisanii konnenuii "[ugycrtpis 4.0", ge TexHoJsiorii Ta fgaHi cTawTb
KJIDYOBUMHU eJIeMeHTaMHU B YIIPaBJliHHI NiAIIPUEMCTBOM.
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DeueHTpanisauina B 0oCHOBI cuctem adininoBaHOro MapKeTuHry

Mukosia Maneako?!t

1 Kuiecvkuli HayioHaabHUll yHigepcumem GydisHuymea i apximekmypu, np-m Ilogimpsinux Cua, 31, 030371, Kuis,
Ykpaina

AHoTanisa

Y po60Ti NMpoBOAUTLCS aHasli3 LieHTpasi3oBaHoi adimiaT Mepexi Ta NPONOHYETHCA PO3IJIAHYTH
BIIPOBa/PKEHHS JlelleHTPa/li30BaHOr0 MiAX0Ay A0 No6yA0BU cucTeM adisiioBaHOr0 MapKeTHHIY Ha
ocHoBi Web3 TexHoJsioriil. BukoprctaHHs 6J10K4yeldHy Ta CMapT KOHTPAKTIB J03BOJIMTb 3MEHLIUTH
poJsb adiniaT natdopMu K nocepeAHUKa MiXK pekaamMoiaBleM Ta adijsiaToM, 3HU3UTh onepaliiHi
BUTpaATH, Ta 3abe3MeyuTH Npo30picTb i JoBipy Mix ydacHMKaMu. lle cnpusiTUMe miJBUILIEHHIO
edexTuUBHOCTI, HafilHOCTI Ta NpUOYTKOBOCTI cucTeM adisiioBaHOIO MapKeTHHTY, a TaKOoX
3MEHIIUTb PU3UKMU LIaxpalcTBa Ta KOHQJIKTIB Mik ydyacHMKaMU Mepexi. Po6oTa mnokasye
aKTyaJIbHICTb Ta NepCHeKTUBHICTD AOC/iAXKeHHA NMixoAiB BUkopucTaHHs Web3 TexHosoriil y chepi
adinifioBaHOro MapKeTHHTY.

KirouoBi cs1ioBa
6J10K4YeliH, CMapT-KOHTPAKTH, JelleHTpasizalis, adisiaT MapKeTHHT

1. Bctyn

BisHec Ta MiAMPUEMHUIITBO B Cy4acHil eKOHOMIIi YKpaiHu € QyHAaMeHTAJbHOK CKJIAJ0BOIO
[1]- OfHMM 3 KJIFOUOBUX PHUC YCHIIIHOrO Ta NMPaBUJIbHO BUOOJAYyBaHOTO Gi3HECy € 3[jaTHiCTb
IIBU/IKO aJIallITyBaTHCh /0 EKOHOMIYHUX YMOB Ta 3MiH PUHKY, Ile J0IIOMarae eKoHOMilli 6yTH
THYYKOI0, CTIMKOI0 [0 HErTaTUBHUX YMHHUKIB Ta LUBUJKO BiITHOBJIIOBATUCH BiJi EKOHOMIYHUX
moKiB i kpu3 [2]. 3 pO3BUTKOM Ta MOMYyJISIpU3aLLi€I0 iIHTEPHET TEXHOJIOTIH MiIPUEMHULTBO
aKTHUBHO M0YaJI0 NepeMilllyBaTUCh B OHJIAlH MPOCTIp, Hapasi, Lie HaCTiJIbKK MacoBe SBUILE, 1[0
MOXXHa CMiJIMBO CTBep/XKyBaTH, SIKIO BaUIOro Gi3Hecy HEMa€ B iHTepHeTi, TO Bac HeMae B
6isHeci [2]. Yepe3s BeJMKy KOHKYpeHLil0 Ta IepeHacu4eHHs IHTepHeT-KOpUCTyBayiB
iHpopmali€to, iIHTEpHET MapKETHUHT CTaB HEBi/I'€MHOIO Ta KUTTE3a6€3ME4yI0Y0I0 CKJIaJ0BOID
Oyb-sIKOro 6i3Heca mpecTaB/eHoro B iHTepHeTi. YuM Kpalle HajlarokeHi npouecy oHJIalH-
NpPOCYBaHHs, TUM O6ijiblle MOX/JIMBOCTEH [Js1 3pocTaHHs 6i3Hecy [2]. TakuM 4YHHOM,
B/JJOCKOHAJIEHHS MapKeTUHIOBUX IHCTPYMEHTIB Ta MiAXOLiB, B TOMY 4YHWCJI 3a pPaxyHOK
BIPOBA/P)KeHHsI iIHHOBaLiHHUX TEXHOJIOTIH, COIpHUsE CTabiIbHOMY i/ BUILEHHIO TPUOYTKOBOCTI,
KOHKYPEHTOCIIPOMO>KHOCTI Ha pUHKY Ta B I04aJIbLIOMY NOKPALLEHHIO EKOHOMIYHOI CUTYyaLii B
KpailHi.

2. OcHOBHa YacCcTUHa

OaHuM 3 HaWepeKTUBHIIIMX NiAX0AiB y iIHTEpHET-MapKETUHTY € neppomMaHCc MapKeTHHT [3].
Takuil miaxif, y NopiBHAHHI 3 KJIaCHYHUMM MapKeTHHIOM, Jie CTBOPIOKTBCA JOBrOTpUBaIi
pekyiaMHi KammnaHii i 3ak/jafarTbcs BesauKi pekaaMHi 6ropxeTH 6e3 OyAb-sKoi rapaHTtil
yCHiIHOCTI TaKKX KaMIlaHil, 6a3yeThbCs Ha JOCATHEHHI BUMipIOBAaHUX Pe3yJbTaTiB y BiHOCHO
KOpPOTKHUH TepMiH [3]. KiitouoBUM esleMeHTOM I[bOro MmiAXoAy € miaTa 3a fAil. KoMmmnaHisa gk
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HiBepcUTeTy 6YJiBHULITBA i apXiTEKTypH.
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CIIOKUBaY pEeKJaMHUX NIOCJAYT OIlJIa4yye He BCi peK/aMHi BUTpaTH, a JIMLIe Ti, AKi IpU3Beu 10
OGakaHOTO pe3yabTaTy abo Ail 3 60Ky iHTEpHET-KOPUCTYBAYa, a B MOAAJIBIIOMY MOXJIHMBOTO
KkJieHTa koMnaHii. Cepes Takux Jjill MOXKYTb OYTH peeCTpallisi KOpUCTyBaya Ha calTi KoMNaHij,
CTBOPEHHA 3asiBKM Ha OTPHUMaHHSA NOCJAYr KOMIAHIl, 0JaBaHHA TOBApY B KOILUUK iHTEpHeT-
MarasuHy, BHECEHHS OIJIaTH 3a ToBap abo Moc/ayry KoMmaii, Ta B LisioMy 6y b-siKa Ais 3a Ky
KOMIIaHis rOTOBA IJIATUTU PEKJIaMHOMY HiJAPALHUKY.

PexsiaMHI miZApAAHUKUA coenjasi3yroTbCAd Ta BUKOPUCTOBYIOTH Pi3HI KaHa/U 3ajJy4eHHH
NOTEeHUiMHUX KJI€HTIB, abo x JifiB. O4HI KaHa/JU MOXYTb OYyTH Oibll ePEeKTHUBHUMH AJIs
KOMITaHii iHII MeHII, Te caMe CTOCYETbCA i 3araibHOI crnenudiku pobOTH MiAPSAAHHUKA 3
KaHaJIOM IPOCYBaHHS Ha IKOMY BiH crienianizyeTbcs [4].

3 MeTOm0 ynpaBJliHHA Ta ONTUMIi3alii NpoueciB B3aEMO/ii 3 peKJIJaMHUMU MigpsiIHUKaMHU Ha
6ipm MacwTabHOMYy piBHI, KOMHaHii 4acTo 3BepTalOTbCad A0 cUCTeM adinilioBaHOro
MapKeTUHTy abo MapTHEPChKUX Mepex, fAKi 06'€JHYIOTb peKJIaMHUX MiApsAJHUKIB i
3a6e3mevyyi0Th iHQPACTPYKTYypy A/ aBTOMaTH3alii Bcix ertamiB cmiBmpani [5]. Cucremu
adiniioBaHoro MapkeTHHry € maTdopMaMu NocepefHUKAaMH Mix 6i3HECOM, KOMIaHi€lo,
BJIACHUKOM NPOAYKTY, peKJaMoJaBLeM, 110 NOTpebye NOCAYT OHJAHH MPOCYBaHHSA Ta
pekJlaMHUM NocepeJHUKOM, adisiaToM, MapTHEPOM, CHeLiaJicToOM SKUH BMi€ edeKTHBHO
B3aEMO/iSITU 3 KOHKPETHUMHU PEeKJIaMHUMU KaHasaMH [5]. [lapTHepcbki Mepexi 3a6e3neyy0Th
iHCTpYMeHTH [AJis1 MOHITOPUHIY pe3yJbTaTiB chiBmpani M peksiamogaBueM i adiniaTom,
MeXaHi3MHU Ta iIHCTpYMEHTH BifiCTeXeHHs Jjili KOpUCTyBaviB, HOTEHLiMHUX KJII€EHTIB, 3aJ1y4eHUX
pekJlaMHUMH NigpsiAHMKaMU-TIapTHepaMy, adijsiaTaMu Lo B3aeMoAil 3 mpoAykTamMu abo
cepBicamu koMmnaHii-pekaamogaBs [5].

Taxox cuctemMu adiniiioBaHOr0 MapKETHHIY KepylOTh GpiHAHCOBUMH MOTOKAMH, 1110 BUHUKAIOTh
B pe3yJbTaTi CHiBIpani MK peKkJaMoZaBLeM Ta napTHepoM. OKpiM ibOro MapTHEPCHKI Mepexi,
BUKOHYIOUH POJIb [TOCEPEHHUKA, PETY/IIOITh KOHPJIIKTHI cuTyauii Ta ciopy, siki MOXKyTb BUHUKAaTH
B Ipoleci criBnpani Mk ydacHUKaMHu Mepexi. OcTaHHI MOXKyTh BUHHKATH Yepe3 IaxpanchbKi Aii,
3aikicHeHi oAHi€ 3i cTopid KoHJIIKTY [6]. [IpuKIaoM WaxpalCbKUX Aid MOXKe OYTH 3aIy4eHHS
HeBaIiJHUX JIiAiB a60 paKTUYHO He iCHYHYMX KOPUCTYBayiB 3a sIKi OyAyTb CIKCaHi KOIUTH 3
GasaHCy pekyamogaBid [6]. [IpukiamoM maxpaiicTBa 3 6GOKYy peKJIaMOJaBIs MoXKe OyTH
NpUXOBYBaHHS QaKTy 3/iMiCHEHHS LiJIbOBOI Aji, 3a fIKy adisiaT NOBUHEH OTPUMYyBATH BUHArOpoAy.
OcKiJIbKM MapTHepPCbKi Mepexi € LeHTpali30BaHHUMHM CUCTEeMaMH, TO € BUCOKI pU3HW TOro, L0
KOH(JIIKTHI cuTyalil He 6yAyThb BUpillleHi 3a NPUHLMIAMH YeCHOCTi Ta cupaBeuBocTi. Okpim
I[bOT0, Yepe3 )KOPCTKY LIeHTPpasli3allilo BAHUKAE PU3UK LIaXpalcTBa 3 60Ky cHcTeMH adiliiioBaHOTO
MapKeTHHIY, afxe Ii mprubyToK GopMyeThbCS Ha OCHOBI KOMiciil 3a mocepeHULbKI MOCAYTH, 110
3YMOBJIKOE TIEBHY 3alliKaBJIEHICTb Yy OTPHMaHHi Gi/IbIIOK CyMU Bij] peK/JaMoiaBIs Ta 3MeHIIeHHi
BUILIATH PEKJIAMHOMY MiJIPSAHUKY. Jlo YacTUHU Npo1eciB, 3 piHaHCOBUMMU MpoLiecaMH BKJIIOYHO, B
NapTHEPChKiM Mepexi, MoKy Tb 6YTH 3a/ly4eHi IpaliBHUKH, 1[0 CTBOPIOE J0/JaTKOBI pU3UKHY, a came
JIONyIL[eHHS TOMUJIOK Yepes JIIoCbKUH (aKTop.

JeuenTpanizoBaHuil miaxig nobyzoBu cucteM  adiniioBaHOro MapKeTUHry, 3
BUKopucTaHHAM Web3 TexHosorii, wmir 6u MiHiMi3yBaTHM po/sb nocepefHHKAa Ta
aBTOMAaTHU3yBaTH MNOCepeJHULbKI 3ajadi, fKi 3a3BM4Yall BUKOHYIOTbCS CIHiBPOGITHUKAMHU.
3okpeMa Bajdifauii KaikiB a6o iHWHKX LinbOBUX [iif, 06pO6GKYy TpaH3akKLil, po3moAin Ta
HapaxyBaHHsI BUHAropoJ, napTHepaM. BrnpoBajkeHHs1 [JeleHTpasi3oBaHUX peecTpiB [7] Ta
3aCTOCYyBaHHSI CMapT-KOHTpPakKTiB [8], mo mpamoiTh Ha OJOKYEHHI MoxKe 3a0e3MeYuTH
dopmanisanio BiAHOCHMH MiX y4aCHMKaMH CHUCTEMH y BUIJISAJI He3MiHHUX, BiJKpUTHX, 3a
NOTpPe6U HYyYKHUX, IpaBuI. i mpaBria BUKOHYIOTHCS aBTOMaTHU4YHO B Mepexi [8]. Takuit migxiz
MOXe [I03BOJIMTH 3HU3UTH ONlepaliiHi BUTPATH 3a paXyHOK 3MeHIIeHHA TPaJUL[iHHUX KOMICIH
nocepefHUKIB, a TaKOXK MOXKe 3MEHIIUTH, abo B3arasi BUKJIIOUYATA UMOBIpHICTb MOMHUJIOK Ta
NPUXOBAHUX MaHIiNyJsLii KOMIIOHEHTAMU CUCTEMU CIPUYMHEHHUX CHiBpoGiTHUKaMu aditiat
Mepexi. bisbiie Toro, BNpPOBAa/P)KEHHS TEXHOJIOTiI GJIOKYeHH MOKe 3a6e3MeYuTH IPOo30pYy,
HaAiliHy Ta AOCTYIHY AJs Bcix cTopiH iHpopmawito npo ¢iHAHCOBI MOTOKH, Lie COPUSITHME
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6inpLIiK [OBipi Mi>k yYaCHMKaMU CUCTEMH, CKOPOTUTD KiJIbKICThb CIIOPIB i HEMOPO3yMiHb, a y pasi
iX BUHUKHEHHA [J03BOJIMTb BHUpillyBaTH Taki cUTyalil 3a NPUHUUIAMU YeCHOCTI Ta
CIpaBeJIuBOCTI.

3. BucHoBKkM

JeneHTpasizoBaHui miaxin i BUKopucranusa Web3 TexHO/I0TiH, TakuX K 6JIOKYEWH Ta CMapT-
KOHTPAKTH, BiIKpUBAIOTb HOBI MOXJHMBOCTI i1 MojepHisauii cucrem adijilioBaHoro
MapKeTHUHTY, BCTAHOBJIIIYM CTAaHAAPTH MPO30pPOCTi, HaJilHOCTI Ta edeKTUBHOCTI.
BrnpoBa/pkeHHSI LMX TEXHOJIOTiIA cHpusie pPO3BUTKY IiHHOBaLiWHUX 6i3Hec-Mojesell AJis
epeKTUBHOro ynpaBJiHHA TpadikoM, BiJCTeXEHHS pe3y/JbTaTiB peKJaMHHUX KaMIlaHil Ta
3aXUCTy AAHUX y4acHUKiB. TakMM 4YMHOM, AOCHIiP)KeHHsI BUKopucTaHHsd Web3 TexHoJsioril y
coepi adinifioBaHOro MapKETUHTY € aKTYaJIbHUM HAMpPsSIMOM, 10 HiJBUINYE ePeKTUBHICTD i
HaAilHICTh B3aeEMOJil MiXK yYacCHUKaMH Mepexi Ta MoKpallye NpUOYTKOBICTh NapTHEPChKUX
CUCTEM.
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NigBMweHHA ePpeKTUBHOCTI NOriCTUMHUX NpoueciB
BUPOOHMUOro nianpmemcrsea waaxom ¢opmyBaHHA
payioHaNnbHMUX KaHaniB Ta ONTUMI3aLii 3anacis

Osibra Maneesal ta Hpiii [Tonynan?

1 HayioHanvHull aepokocmiuHuli yHisepcumem im. M. €. XKykoecvkozo "Xapkiecvkuil asiayitinuli iHcmumym," gya.
Baduma Manvka, 17, 61070, m. Xapkis, Ykpaina

AHoTanisa

Y po6oTi pO3IJIAHYTO OCHOBHI MpoGJEMU ONTHUMIi3alil JIOTICTUYHUX NPOLECIB HA BUPOOHUYHUX
nignpuemcTBax. [IpyujineHo yBary BU6OpY CTPYKTYPH JIOTICTUYHUX KaHaJliB, METOJAaM YIIpaBJiHHSA
3amacaMi Ta oLiHLi epeKTUBHOCTI JIOTiICTUYHUX pilleHb. Po3risaaoTbes pi3Hi Mozesi ynpaBiiHHS
JIOTICTUKOIO 3 NMOPiBHAHHAM IX mepeBar Ta HefJoJikiB. Takox, HaBeJleHUM aHaJi3 BUKOPHCTAaHHSA
iHpopMaliiHUX TeXHOJIOTIH [/ MiJABULIEHHSA e(PEeKTHBHOCTI JIOTICTUYHHUX MPOILECiB, MiHiMizamii
BUTPAT | pU3HUKIB.

Knro4osi ciioBa
JloricTu4Hi KaHaJ1y, JIOTICTUYHI JIAHLIIOT Y, yIIpaBJIiHHA 3allacaMy, KOHKYPeHLid, OTUMI3alif,
mozesnb EOQ, ekoHOMiyHa epeKTUBHICTb, BUPOGHUYE MiJIPHUEMCTBO

1. Bctyn

B cydacHoMy cBiTi riio6asizauii Ta BeJIMKOi KOHKYpeHIil yChillHiCTh BUPOOHUYUX HiJPUEMCTB
BU3HAYAETHCA ePEKTUBHICTIO JIOTICTUYHHUX MpoleciB. OcO6JIMBO BaXKJIUBHUM JJIs1 CTAbiIbHOCTI
BUIYCKY NPOAYKLii Ta 3a6e3neyeHHs Il KOHKYPEHTOCIPOMOXKHOCTI € BUacHA IOCTaBKa pecypciB
Ta oNTUMi3aLis nporeciB 36y Ty npoaykuii. lo nepesiky KOMIOHEHTIB JIOTiICTUYHUX KaHaJiB, HA
ski Tpeba 3BepTaTH yBary, Mo>KHa BifjHecTH MaTepiayibHi pecypcy, ¢piHaHCOBi Ta iHpopMaLiiHi
MOTOKH, IO 33Jal0Th IBHUAKICTb Ta ePEeKTHUBHICTb BHUPOOHUYMUX HpPOIECiB. Y 3B'A3Ky 3
NOCTIMHMM 3pPOCTAHHSAM BUPOOHHULTBA Ta 3MiHAMM PHUHKOBUX YMOB, JIOTiCTHYHIi JIAHLIOTH
NOTPeOYIOTh BJOCKOHAJNIEHHS SIK B opradisanii okpeMux mpoueciB, Tak i B ix iHTerpauii 3
BUKOPHUCTAHHSAM Cy4yacHUX iHpOpMaLiiHUX TeXHOJIOTIH.

3azavya popMyBaHHS paLlioOHAIbHUX JIOTICTUYHUX KaHaJIiB JIJIsl IOCTAa4aHHS pecypciB i 36yTy
NpPOAYKLil Ha BUPOOHUYHMX MiZMIPHUEMCTBAX MOTPeOYE BUPilIeHHS KOMILJIEKCY 3aB/AaHb:

e BUOip MoJeJli CTPYKTYPH JIOTICTUMHUX KaHaJliB;

e oITHMi3alis 3anaciB BUpOGHUYOT0 HMiANPUEMCTBA;

e  ONTHMi3allisl JOTICTUYHUX MPOIIECIB /I/1s1 3a6e3eYeHHs] BU3HAYEeHUX 3aMaCiB;
e  yIpaBJIiHHA JIOTICTUYHUMU PU3UKAMY;

e  oIiHKa epeKTUBHOCTI JIOTICTUYHHX KaHAJiB.

2. Moaeni noricTU4HUX KaHanis

PosrsisiHeMo icHy1o4i MeToAH, siKi 3a6€e31e4Yy0Th BUPIiLlleHHSI BKa3aHUX 3aB/aHb.

Information Systems and Technologies (IST-2024), November 26-28, 2024, Kharkiv, Ukraine
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0000-0002-9336-4182 (MasieeBa 0.B.); 0009-0009-3030-8448 (ITosnynan 10.B.)
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[cHyIOTb KiZibKa OCHOBHHUX Modesell /02icmu4HUX KaHaie, siki JonomMaraloTb epeKTHBHO
OopraHi3yBaTH NpOLECH TMOocCTayaHHsa Ta 36yTy. Jlo HUX HaJexaTb LeHTpali30BaHi,
JeLeHTpali30BaHi Ta 3MillaHi MoZeJi. ¥ neHTpastisoBaHUX MOJEJIAX BCi JIOTICTUYHI onepanii
3ocepe/KeHi B OAHOMY LleHTpi. BUpo6HUYe minpUeEMCTBO Ma€ KOHTPOJIb HaJ, yciMa eTanaMu
MocTavyaHHA i 30yTy 3 omHoro Micug. lleHTpaJsizalia gae MOX/IUBICTb 3a6€3ME€YUTU BHUCOKY
CTYNiHb KOHTPOJIIO Ta Y3ro/KeHicThb Jid. OfHaK Le MOXKe NMPU3BECTH A0 NepeBaHTaKeHHS
LEeHTPaJIbHOTO CKJaJy Ta 3aTpPUMOK Yy BHUIAJKy HenepejbadyeHUX OOCTaBHUH. Y
JlelleHTpaJli30BaHil MoJesii JIOTiCTU4YHI omepalii po3nojijsieHi MiX KibkoMma LeHTpamu. lle
3MEHIIYE HAaBaHTAXKEHHS Ha OKpeMi CKJIaAu i J03BOJIAE IM HY4YKO pearyBaTU Ha 3MiHHU IOIUTY.
Taki Mozesti Kpaile afjanTyOThHCS 0 PUHKOBUX 3MiH, aJie MOTPeOYIOTh CKIAAHIII0l KoopAuHaril
Ta ynpaBaiHHA. 3MillaHi Mojesi TNOEAHYIOTb €JIeMeHTH LIeHTpali30BaHOro Ta
JlelleHTpaJlisoBaHoro miaxo/iB. Hanpukiaz, koMnaHis Mo)ke MaTH LeHTPaJbHUU CKJaj, AJs
36epiraHHsl OCHOBHHMX TOBapiB i KiJIbKa perioHaJibHUX CKJIaAiB JJis MIBUJKOI JOCTaBKH. lle
Jl03BOJISIE KOPUCTYBATHUCS IlepeBaraMu 060x Mo/ieJiel, ajle BUMarae J,eTaJbHOTO IJIaHyBaHHS
Ta ynpaBJiHHA NPOLeCAMMH.

[TopiBHSAHHS TlepeBar i HeoJIiKiB Pi3HUX MiAXOAIB Ta METO/IB J0ONOMaralTb BHUOpPATH
Hai6iabw epeKTHUBHI 3 HUX /11 KOHKPETHOTO BUPOOHUYOI0 MiIpUEMCTBA. 3MilaHi MoaeJti
[OEAHYIOTh IlepeBard LeHTPaJi30BaHOTO Ta [JeLeHTpPali30BaHOr0 yIpaBJiHHA, aJje
NOTPeOYIOTh PeTeJbHOTO IJIaHYBaHHS. BUKOpUCTaHHS MeTOJiIB JiHIHHOrO mporpaMyBaHHS,
Teopil irop Ta Moze/itOBaHHSI HAa OCHOBI MO/l 103BOJISIE ONTUMi3yBaTH JIOTiCTUYHI NPOLECH.

Kousin MoBa Wjie npo ynpasiHHA 3anacamu, BUAISIOTh JeKiJibKa NiX0AiB [10 IIbOT0 MPOLECY.
OaHuM 3 HUX € MoJesb EOQ (ekoHOMIYHHUM po3Mip 3aMOBJIEHHS), IKA [J03BOJISIE BUSHAYUTH
ONTUMaJIbHUHN 06CSAT 3aMOBJIEHHS [JIs1 3MEHILIEeHHs 3araJlbHUX BUTPAT Ha 36epiraHHs ToBapiB
Ta opranisanito nocrayaHus [1]. ABC-aHasi3 BUKOPHUCTOBYEThCS AJs Kiaacudikauii ToBapHUX
3amaciB 3a IX BaKJIMBICTIO: TOBapU KaTeropii A — Halb6inblI 3Ha4YyLli AJis 6i3Hecy Ta MarThb
Hal6iMbIINHI BIJIMB HA 3arajbHi BUTPATH; NPOAYyKTHU KaTeropii B i C € MeHII 3Ha4YymuMH i
CYTTEBUMHU [Jis1 06JIAILITYBaHHS CKJIaACbKOro npumiiieHHs [2]. lle ofHiero MO0 € METOS
yIpaBJiiHHS 3amacaMd Ha OcHOBi cuctemMu Just-In-Time. lledl mnigxig cnpsmMoBaHHM#M Ha
MiHiMi3alio 3anaciB UIJISIXOM JAOCTaBKU MaTepiasiB Ta TOBapiB y NOTPiOHUHN Yac i B NOTPi6GHIH
KIJIBKOCTI, 1[0 Z03BOJISIE 3HU3UTH BUTpPATH Ha 30epiraHHsi Ta HiABUILUTU ePEeKTHUBHICTb
npotuecis [3].

3. UeHTpanizoBaHa mopenb NOriCTUMHUX KaHaniB

PosrsisiHeMo 3ajady onTuMmisauii 3amaciB BUPOOGHHYOTO MiJNPUEMCTBA HAa OCHOBI
LIeHTpaJ1i30BaHOol MOoZeJli JIOTICTUYHHUX KaHaJliB.

Hanpuk/iag, ninpueMcTBO NpUIaJo0y/JyBaHHS Ma€ LeHTPaJIbHUMN CKIaJ, KYAU HAAXOASTh
yci pecypcH aJs BUpOOGHUIITBA. 32 LIEHTPAJIbHUM CKJIaZIOM 3aKpinsieHo PpyHKIil 36epiraHHs i
CBOEYACHOTO IOCTa4aHHS MarepiajiB y BUPOOHWYI mipo3fijn Ta AUCTPUOYLiI0O TOTOBOI
npoAaykuii. OCHOBHUMU eJleMeHTaMU L€l CTPYKTYPH € LeHTPaJbHUH CKIaZ, BUPOOHHUYI Liexu Ta
TpaHcopTHA cucTeMa. Ha ieHTpasbHOMY cK/a/li 30epiraeTbcsi CHpOBHHA Ta FOTOBA IPOAYKIiS.
Bupo6Hu4i 1jexy OTPUMYIOTh PecypcH 3 LeHTPaJbHOrO CKJIaAy AJis NeBHUX TEXHOJIOTIUHHX
onepaLii 3 BUTOTOBJIEHHSI IpWJaAiB. Bupo6HUUMi polec po3AiieHUi Ha eTany, opranizoBadi
JIJIs1 OITMMaJIbHOI 06POOKH pecypciB, siKi HAAX0AATh Y BUTJIsLI MaTepiasiB Ta KOMIIJIEKTYHOUHUX
i mepeTBOPIOIOTBHCA y TOTOBY NPOAYKLiW. TpaHcnopTHa cucTeMa B KOHTEKCTI onTUMIi3arii
JIOTICTUYHUX MpoleciB HAa BUPOOHUYOMY MiJNPUEMCTBI € BaXKJIUBUM KOMIIOHEHTOM, L0
3abe3Meyye BYaCHe NepeMillleHHs1 pecypciB, KOMIJIEKTYIOUMX i roToBoi npoAykuii. B ganomy
BUIAJIKy TPAHCIIOPTHA CUCTEMa € HEeBi/l'€MHOI0 YAaCTUHOIO pallioOHa/IbHUX JIOTICTUYHUX KaHAJIiB
MOoCTa4yaHHS Ta 30yTY.

OcCHOBHUMMU NapaMeTpaMu JJisl ONTUMi3alil B [bOMy NPUKJIAZI €:

e  pO3Mip 3aMOBJIEHHH,
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e  YyacToTa IIONOBHEHHS 3alacis,
e piBeHb 3anacis.

[Ipu onTumisanii nux napaMmeTpiB MiJIPUEMCTBO OTPHUMAE ONTHUMaJbHI 06CATY 3aMOBJIEHHS
CUPOBUMHHU I MiHiMi3anii 3aralbHUX BUTpPAT, BU3HAYUTH ONTUMAJIbHI YacOBi iHTepBaJu /1
JIOCTaBKM MarepiasiB Ha CKJiaj Ta 3HU3UTh PU3UK AedilUTy 3a JONOMOrOI PO3PaXYHKY
MiHiMaJIbHO HEOOXiAHOT0 3amacy A/ 6e31nepepBHOr0 BUPOOGHHUIITBA.

st onTuMisanii po3Mipy 3aMoBJIeHHS 6y/1eMO BUKOPUCTOBYBaTU Moesb EOQ:

EO 2DS (1)
Q= |7~

e D - 1e momuT Ha pecypc, TO6TO KiJIbKICTh MaTepialliB Ta KOMIUIEKTYIYHX, He0OXiaHa
NPOTSroM NeBHOTro nepioay, S - noctifiHi BUTpaTH Ha 0popMJIeHHSI Ta OTPUMaHHs oHiel napTil
npunazis, H - BuTpaTu Ha 36epiranHs oJUHULI Pecypcy B LeHTPaJbHOMY CKJIaJi 3a HEBHUU
nepiog.

Jaji MoXeMO BHU3HAQYUTU ONTHUMaJIbHY 4YAacTOTYy IOINOBHEHHA 3amaciB, BUKOPUCTOBYIOUYH
mozenb EOQ B noeaHaHHi 3 iHTEpBasiaMu 3aMoBJieHb. Ha ocHOBI po3paxoBaHoro o6csiry EOQ i
pIiYHOrO MOMUTY MOXHA po3paxyBaTH 4aCOBUH iHTepBaJ, 3a AKUM Ma€ OHOBJIIOBATHCA 3amac
JU1s1 yHUKHEeHHA AedinuTy:

0e *T, (2)

E
IT =

Je D - piynuit nonut, T - nepios; BUpOOGHUITBA.

PiBeHb 3anacy nepejbavae miTPUMKY MEBHOro o6cAry pecypciB Ajs MiHiMizauii pusuky
JedinuTy. 115 1bOro MOXXHa BUKOPUCTOBYBATHU MOJEJb, IKa BPaxOBY€E piBeHb 3aMOBJIEHD i
cepeJiHil 4yac iIX BAKOHAHHSI.

Bu3zHauuTH MiHiMasIbHUM 3an1ac MOXKHA 3a GOPMYJIOHO:

MINQ =TZ * DZ, (3)

nie TZ - cepenHiii yac BUKOHaHHS 3aMoOBJIeHHs, DZ - cepeiHi#l 06c¢csr peaJtizauii.

Mogenr EOQ pgo3Bosisie miAnpueEMCTBY edeKTUBHO KOHTPOJIIOBATHU 3amach pecypcis,
MiHiMi3yrouu BUTpaTH, 36epiraroyu gocTaTHiN piBeHb 3anaciB AJis1 cTabiIbHOro BUPOOHUITBA.
B pamkax LeHTpasi3oBaHOI CTPYKTYpPH JIOTICTUYHHUX KaHaJIiB, 3aCTOCYBaHHA Lji€l Mozesi
JIoTIOMarae yHUKHYTH 3aTPUMOK y BHUPOOHUITBI 4Yepe3 HeAOCTATHIA piBeHb 3amnaciB i
ONTUMI3yBaTU PO3MNOLIJa pecypciB.

Onmumi3ayist TOTICTUYHHUX MPOIECiB MA€ BaXKJIVBe 3HAYEHHS AJI MATPUMKH ePEeKTHBHOTO
MocTavyaHHs pecypciB i 36yTy nmpoaykiii. OCHOBHI MeTOAM BKJIIOYAIOTh MOZeJi JIiHIHHOIOo
[IpOrpaMyBaHHA [Ji1 BU3HAY€HHA ONTHUMaJIbHOIO pillleHHA NP IJIaHYBAaHHI Ta po3nofijii
pecypciB, 110 [03BOJISIE 3MEHLIUTH BUTPATH ab0 MiJBULIMTH NPOJLYKTHUBHICTb, BPaXOBYHOUHU
06MexXeHHs Ta JOCTynHi pecypcd. KpiM Toro, Teopisi irop BUKOPUCTOBYETHCS AJIs1 OL[iHKU Ta
NPUMHATTSA pilleHb y KOHKYPEHTHOMY CepeJlOBHILi, IMITYIOUM B3a€EMOJAII0 MiX pi3HUMHU
y4aCHUKaMH JIOTICTUYHHUX JIQHLIOTIB i BUOWpaw4yu HaWKpalli crparTerii s AOCATHEHHS
ONTHUMaJIbHUX pe3yJibTaTiB. Mo/ie/1Il0BaHHS Ha OCHOBI MO/iH NMoJieruye aHasti3 i MoJieJIloBaHHA
JIOTICTUYHUX NPOLECIB IIJIIXOM ypaxyBaHHS Pi3SHOMaHITHUX NOAIM, AKI MOXYTb BIJIMHYTHU Ha
JIQHI}O)KOK MOCTAaBOK, JOIOMaramyid BU3HAYMTH MOTEHLiMHI mpo6jeMu Ta cPopMy/toBaTH
cTparerii ix BupimieHHA. Taki Metoau, sk AHP i TOPSIS, aki BkIto4aroTh YMCIEHH] KpuUTepii,
MOJIETIUYIOTh NPUUHATTA pillleHb, BpaXOBYIOYH BaXKJIMBICTb KO}KHOTO KPUTEPIIO, OL[iHIOIOYH Ta
MOPIBHIOIOYM DIi3HI aJibTepHAaTHUBU [Jid BH3HAYeHHA HaWKpalUX pilleHb [Jd JIOTICTUYHHUX
omepanid. ¥ cuTyalisiX, 0 XapaKTepU3YyITbCS HEBHW3HAYEHICTIO Ta HENOBHUMM JaHUMH,
MEeTO/IM HEYiTKOI JIOTIKM BUKOPUCTOBYIOThCH [IJ1S1 JOTIOMOTHY B IPUKWHATTI pillleHb, MOZENI0I0YH
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CKJIaJIHI CMCTEMH, OJHOYACHO BPaxXOBYKYHU Pi3HI esleMeHTH, fAAKi BIJIMBAKOTb Ha JIOTICTHUYHI
IIPOLECH.

Jisi moM'sIKIIEHHS1 pu3ukKig y JIOTICTUYHUX JIaHLIOTaX BUKOPHUCTOBYIOTHCS Pi3HOMaHITHI
MeTOAW VIpaBJiHHA pHU3UKAMHM, BKJIKO4Ya4M igeHTUdikalilo pusukiB, OLiHKY ixHBOI
WMoOBipHOCTI Ta BIJIKUBY, GOPMYJ/IIOBAaHHS IJIaHIB pearyBaHHsS Ta MNOCTIMHHUM MOHITOPUHT
pusukiB [4]. BoHM cHOpusAlOTE CTabGiIBHOCTI JIOTICTHYHUX NpPOLECiB Ta [JONOMararmTb
MiHiMi3yBaTHU HECNPUATJAMBI HACTiIKU BiJi HECTIOAIBAHUX CUTYALlil.

OuiHKa eKOHOMIiYHOI edhekmusHOCMI Jl02icMUYHUX KAHA/I8 Ma€ BUpillaJibHe 3HAYeHHS AJ1s
OiJTPUMKH iX CTabiIbHOCTI Ta KOHKYpeHTOCHpOMOXHOCTi. KitoyoBi MeToaW OLiHKU
BK/I04ar0Th ROl (MoBepHEHHs iHBECTHIIIH), KM OI[iHIOE BiAAa4yy BiJj iHBECTHLIH y JIOTiCTUYHI
NpoLecH, AONOMarayd BU3HAYMTH, HACKIJIbKM epeKTHUBHO BUKOPHUCTOBYIOThCSI peCcypcH Ta
pe3y/abTaTH, OTpUMaHi Bij iHBecTuLil y iorictuky. Metoa TCO (3arajibHa BapTicTb BOJIOAIHHS)
Jla€ 3MOT'y OIIiIHUTH 3arajibHi BUTPATH, MOB’sA3aHi 3 BOJIOJIHHAM i eKCIJIyaTalli€lo JOTiCTUIHUX
KaHaJliB, OXOIJIIOI0YM He JIMLIe NpsiMi BUTPATH, [TOB’s13aHi i3 3aKymiBJieto Ta 06C/IyrOByBaHHSM,
aJjie 1 HepAMi BUTPATH, TaKi AK yTPUMaHH4 3aMaciB, TPaHCIOPTYBaHHA, yIpaBJIiHHA pU3UKaMU
TOILO. 3a AOMOMOTOK0 aHaJi3y BUTpPAT MOXHa OLiHUTH CHNiBBiJHOIIEHHA MK BUTpaTaMHU Ta
BUT'OZlaMH BiJ, BIIPOBa/PKEHHA JIOTICTUYHUX pilleHb, AONOMAaraldyd B OL{HLI eKOHOMi4HOI
JKUTTE3AATHOCTI Pi3HUX CTpaTeriu i niXoAiB y JOTiCTHUL.

PosropTaHHs1 cydyacHUX iHPOpMaIiHHUX CHUCTEM CIPHSE aBTOMAaTH3aIlil Ta omTUMisallii
JIOTICTUYHUX oOlepalid, 3abe3Neyy4d TOYHICTP 1 CBOEYACHICTH [JaHHX, OJHOYACHO
MOKpAaIlyloYl KOMYyHiKalilo Ta edpeKTUBHe YIpaBJiHHS pecypcaMy, MiHiMi3yioud pU3HUKHY,
MOB's13aHi 3 NOMUJIKAMH i 3aTPUMKaMH B JIOTiCTUYHUX JIAaHLIOTaX.
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MNepeBaru Ta HeAONIKM BUKOPUCTAHHA FibpmnaHoi pobotu

Ceitsiana Hazapoal*f Ta Mukousia Caicapenko!™t
1 Simon Kuznets Kharkiv National University of Economics, Kharkiv, ave. Nauki, 9-A, 61166 Ukraine

AHHOTanisa

Y po60Ti BU3HayeHO NepeBaru Ta HeJo1iKY riopuAHOI po60TH (SIK MO€JHAHHS JUCTaHLiHHOI po60TH
Ta TpaAuliiHOI po60TH HA po6odoMy Mici B odici) st po6oToAaBLA B 1iJIOMY Ta MpaliBHUKA 32
pe3yJbTaTaMu MOpGOJIOriyHOro aHasli3y JaHUX LHMPOKOMACIITabHUX ONUTYBaHb, 110 BUKOHaHI
CBITOBMMM aHaJiTUMHUMHU areHLissMHU.

KirouoBi cs1ioBa
['i6puaHa po6oTa, IUCTaHLiHiHA PO6OTA, elleHTpasti3alisi BAUKOHaHHS pOGOTH Y MPOCTOPi;
JlelleHTpaJii3allisi BUKOHaHHSA po60TH y yaci; BUKOHAaHHSA po60TH B 3BUYaliHOMY pexxuMi (B odici)

1. Bcryn

[HyukicTb AisiIbHOCTI fIK Cy0’eKTiB roCHOJaprOBaHHS TakK i OKpeMHUX MpaliBHUKIB, €
BU3HA4Ya/IbHOI KOMIIETEHTHICTIO, sIKa 3aJIMIIAETHCS HE3MIHHOIO MPOTSTOM OCTAaHHIX YOTUPbHOX
POKiB.

3a pe3yJsibTaTaMM aHAJITUYHUX JOCTiPKEHb, 110 MPOBOASATH NMPOBi/HI CBiTOBI areHmii [1-4],
y 2024 p. y CIIA 62% pecnoHAeHTiB NpaLO0Th MIOBHUNA po604Yui AeHb B odici, NOpiBHSHO 3
66% y 2023 poui - He3HauHe 3HWXKeHHs. HaToMicTh KijbKicTb TexHiuHMX ¢axiBLiB, L0
BUKOHYIOTb Ti6puHy poboty (2022 p. - 25%, 2023 p. - 26%, 2024 p. - 27%) Ta npanowTh
noBHicTIO AucTaHLiiHO (2022 p. - 34%, 2023 p. - 7%, 2024 p. - 11%) w0poKy 36i/1bIIYETHC.

B Vkpaini 27% npaniBHukiB (TexHiunux ¢axiBUiB) Hapasi npaunioTb y ribpugHoMy
dopwmari, mo Ha 1% 6isnbie, Hixk y 2023 poni, a 11% npaniBHUKIB - MOBHICTIO BiJila/IeHO, 1[0 HA
7% 6inpuie, Hix y 2023 poui [1-2].

Y 2017-2020 pokax ocHOBHOIO ¢popMoio poboTu 6ysa po6orta B odici. ¥ 2020-2022 pokax
CBIT 6paB y4acTb ¥ BUMYLIEHOMY eKCIIEpUMEHTI 3 po60TH 3 AOMY, IKMH I03HAHOMUB 6araTbox
3 AUCTaHILiiHOW0 pob6oTrow. ChbOoroJHi maHye rHY4YKicThb, a ri6pujHa poboTa - Ije Te, 40oro
NparHyThb MpaliBHUKH, He3BaXKal4yu Ha Te, 1o 6Giabwicts npaniBHukiB y CLHIA Bxe
MOBEPHYJIHCSA [0 0dicy HA TOBHUM po6OYUM EHb.

Ha ocHoOBi BUBYEHOro JOCBiJly 3acTOCyBaHHSl TiGpuAHOI pOGOTH, pe3yJbTaTiB TEOPETHUKO-
NPaKTUYHUX JOCTi/PKeHb CYTHOCTI LbOro siBUiia [1-4], aBTOpH A0CTIKEHHS PONOHYIOTh TaKe
BU3HAYEHHS 1bOT0 MOHATTS (SIK CUHTEe3y ABOX GpopM opraHizauii npaui): «ribpuaHa po6oTa» — e
¢dopma opranizariii nmparii, 3a Kol BUKOHAHHSA JUCTAHI[IKHOI POGOTH MOEIHYETHCA 3 BUKOHAHHSAM
npaniBHUKOM po60TH Ha pobouyoMy MicLi y mpuMilleHHi 4d Ha TepyuTopil po60ToaBLS.

OTxe, TiOpuAHA po6OTA MOEAHYE B COGi 0O3HAKU JUCTAHIIMHOI Ta TpaAguLiliHOI po6OTH Ha
po6odyomy wMicii B odici, a came mnepembGayae YaCTKOBY JAelleHTpasi3allild BHUKOHAHHA
npauiBHUKOM CBO€Ei po60TH y 4yaci Ta/abo npocTopi Ta 3BU4aiiHy po6oTy B odici.
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2. MeTogonoria AocnigxXeHHs

OcTraHHi aHasiTH4Hi AocmimkeHHs [1-4] mokasanu, 1m0 MOEAHAHHS ABOX (GOpPM oOpraHisaii
npaili Hagae ri6puaHIN po6oTi mepeBar Ta HeAOJiKiB 060X ¢opM opraHisailiii mpaiii, 3yMoBJIIO€E
MOCUJIEHHS [lesIKMX 3 HUX Ta I0SIBY HOBUX [lepeBar Ta HeZJ01iKiB Takoil popmu.

Jlis BUsIBJIEHHsI BCi€El MHOXMHU TNepeBar i HeAoJiikiB ri6puaHoi po6oTH y AaHiil po6oTi
MPOaHa/i30BaHO pe3y/IbTaTH ONUTYBaHb BUKOHABIIIB Iri6pyUIHOI po60TH Ta iX pO6OTO/IaBIIiB Ta
CACTEMaTU30BAaHO OTPYMMaHi NPOBIAHUMM MDKXHAPOAHUMH  areHUiaMU  pe3yJbTaTH
cnocrepexeHb[1-4] 3a fonomorow MetToay MmopdosioriuHoro anasiszy. MopdoJsioriyHui aHasis,
Ha BiAMiHY BiJ iHIIKMX 3araJibHOHAayKOBUX METO/iB, J03BOJISIE PO3OUTTS JOC/i»KyBaHOTO
006'eKTa Ha XapaKTEPUCTUKHU Ta aTpUOYTH (psaku MopdosioriyHoi ckpuHbKH). I[Ipu npomy
XapaKTepUCTUKH MOBUHHI 6YTH He3a/JeXXHUMHU OjHa Bif ofHOI [5].

Y pmaHoMy pgociiPkeHi o3HakaMu (aTpuOyTaMH, XapaKTepUCTHKaMH) ribpuaHoi po6oTu
BU3HA4Y€HO YaCTKOBY:

e JeleHTpasi3alio BUKOHaHHS pob6oTH y npoctopi [6].;
e JeleHTpasi3alilo BUKOHaHHS po6oTH y yaci [6].;
® BHUKOHAHHS po60THU B 3BU4aliHOMY pexxuMi (B odici).

Ha piBHi po6oTozaBus (kommanii) 3acTocyBaHHs Ti6pugHOI po6OTH AOLJIBHO PO3IJsAAATU
yepes3 NpU3My pecypciB, 110 3abe3neuyoTh el npolec, a came: obJyagHaHHs (poboye Micle,
BUPOOHHYA TexXHiKa Ta OCHALLeHHs1); MEeHeP)KMEHTY MpaLiBHUKIB.

3. PesynbtaTtn

MopdoJioriyHa CKpHUHBKA, 3a KO BH3HAYEHO IepeBard KOMIaHii Ta mMpaliBHUKIB Bij
3aCcTOCyBaHHS ribpuHOI po6OTH HaBeIeHO B Ta6JI. 1.

Ta6smna 1
[lepeBaru 3acTocyBaHHS ri6pugHOI pO6OTH NpaliBHUKIB

O3Haku ribpugHoi

po6OTH O6Js1agHaHHSA MeHe>KMEHT [IpaniBHUKH
BuBisibHeHHA Binbmui BUGIp MoxuBicTb obpaTu
MeBHOTO YHCJa BHUKOHAaBIiB 3 3pyyHUH 4Yac (#eHb/AHI B
po6o4ux Miclib, IX BHCOKHUM piBHeM TWXHI) A1 po6oTu B odici
TLJIOII, npodecioHaniamy; Ta/abo BAOMaA;
06/1aiHaHHA Ta Mox/iuBicTh mpantoBaTH 6e3
JenenTpaisanis 06C/IyroByBaHHs, a BaCTocyBam?m WIKT noc.TiI?IHoro KOHTPOJIIO 3 6OKY
OT)Ke 3MeHIIeHHS /Js KOMyHikalid 3 KepiBHHUITBa Ta
BUKOHAHHS po6OTHY . . . .
. BiAmoBigHMX BUKOHABLSIMU cniBy4YacHHUKiB KOMaH/IY;
pocTopl BUTpAT Moxx/uBicTh 0O6MEXUTHU
Bi/IBOJIIKAHHA, CIpUYHHEHEe
IHIIKMMY NpaniBHUKaAMHU
Mo>x/1uBiCcTB CaMOCTIMHO
oprasisyBaTu pob6ounit
IpocCTip
36inbiIeHa Y4acTp y pisHUX npoekTax (y
NPOAYKTHUBHICTb CKJaJi pi3HUX KOMaHJA) Ta
JeLeHTpaJsizaniqa npani Ta/a6o AKiCTb THYYKiCTb BHGOPI po6GOTH
BHUKOHAaHHS POGOTH Y pe3yJbTaTy; (npoekTy, po60oTOAaBLS);
yaci CamMoopraHi3zanis MoK/MBiCTb CaMOCTiMHO
KOMaH/ 1 i opranidyBaTu po6ounit
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BHUKOHaHHSI PO6OTHU
B 3BU4YalHOMY
pexxuMi (B odici)

CaMOMEH/PKMEHT
BUKOHABIIiB;

MokIMBicTb

6e3mocepeIHbOr0O
KOHTPOJIIO Ta
KOMYHiKaLil 3
BHUKOHaBUAMH B
odici

[ToegHaHHSA MOCaJOBUX
060B’I3KiB, coOLjaJIbHUX Ta
0COOHCTHX MTOTPEG;

36i/blIeHHsT  3aJ0BOJIEHOCTI

npalLii;
MoxnuBicTb 3ycTpiTHCA Ta
KOMYHIKyBaTHU 3

KepiBHULTBOM i KoJieTaMH B
odici

JaHi pgocaigxeHb

[1-2]

BKOTpe IIOKa3aJly,

[0 TMPaLiBHUKH IOYYBaKTBHCA OiabIl

NPOAYKTHBHUMH, 30a/1aHCOBAaHMMHU Ta JIOSIbHUMU [I0 CBOIX KOMITaHil, KOJIM BOHU BUKOHYIOTh
riopuHy po6oTy. baraTo npauiBHUKIB roTOBi HTH Ha KePTBH, 1106 AOCATTH T'HYYKOCTi y BUGODI
Micus po6otu: 62% noroausnca 6 Ha 3HMKeHHd 3apiiaTy Ha 10% i 6isb1ine, a 4% 3BinbHUINCA
6 3 po60TH, AIK6GU HE Ma/Id 3MOT'M IPaLIOBATH NMOBHICTIO BiJjlasieHO ab0 B ri6pUAHOMY pPeXHUMI.
Koxen deTBepTui npauiBHUK (25%), skui npaioe B 3BUYallHOMY pexxuMmi B odici roToBuit
noxepTByBaTH 15% cBoel piyHOI 3apniaTH 3a ri6pUAHUN peXXUM POOOTH.

Pa3oM 3 3a3HaYeHMMH BH1e epeBaraMu 3acTOCyBaHHS ribpuaHoI po60TH A1 KOMIaHii Ta
NpauiBHUKIB iCHYIOTh ¥ HeJo/1ikK Takol popMHu opranizauii npaui, ski 06YMOBJIOIOTE PU3UK
OTpPUMAaHHS He3340BiJIbHOTO pe3yabTaTy (TabJr. 2).

Ta6nnsa 2

Hepouiku 3acTocyBaHHsA ribpuAHOI po60TH AJ151 NpaLiBHUKIB Ta KoMnaHii (po6oToaBLs)

O3Haku ri6pugHoi

pO6OTH O6J1agHaHHSA MeHe>KMEHT [IpaniBHUKH
[ToTpeba y CxuagHomi mig6opy Bucokuit piBeHb
3abe3neyeHHi BUKOHABILiB Jis  npodecioHanizamy
JUCTaHLIMHUX pobiT
pobounx  wmicip CkiaagHoOIi BMiHHs 3aCTOCOBYBATH
NpaLiBHUKIB, y KOMYHiKaLii MiX cy4acHi IKT I
Ty. IKT Ta ix KepiBHMLTBOM Ta KOMYHiKalii 3
006C/yroByBaHHSI ~ BUKOHABLSIMU 3a KepiBHULTBOM Ta
JeLeHTpaJsizaniqa (migTpumka y ponomorow IKT; KoJieraMu
BUKOHAHHSA CTaHi
po6oTH y eKCIJIyaTarii) Ciabma [Torpeba y i30/1bOBaHOMY
npocTopi KOpIlopaTUBHA Bii IHIIKMX MeLIKaHILiB
KyJIbTypa: 3HMXKEHHS1 JUCTaHLiHOMY po604OMYy
pPiBHA 3rypTOBaHOCTI Micui
Ta npuiiHaTTa [loTpe6a y 3abe3neyeHHi
IIHHOCTEX KOMIaHii JUCTaHIiHHOTO PO6G0YOro
(po6oTomaBLs), Micns
MPUB’A3aHOCTi no BigBoJsikaHHA IHIIUMU
KOMIIaHil; MellKaHUAMU
CkyaagHicThb CkaagHicTb B3aeMofii 3
L yIIpaBJIiHHA KoJleramMu Ta
ACHEHTPAIZAIIA JYCTaHIIHO0 KEepiBHULTBOM;
BHKOHaHHS
po6OTH y 4aci po6otoro ) . )
BHKOHAaBLiB, y T.4. Bucokuu piBEHb
NiATPUMKA CaMOCTIMHOCTI npati,
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BMOTHBOBAHOCTI CaAMOMEHEXKMEHTY Ta

NpayiBHUKIB BiAMOBiAA/BHOCTI
CxyagHoILi [HdopmauiiiHe
KOHTPOJIIO 3a IepeBaHTAXKEHHA

BHUKOHaHHSIM PO6OTH
Ta NOpPOAYKTUBHIicTIO HeHopMoBaHuM rpadik

BUKOHABIiB poboTu
[loTpeba y BucokoMmy [loegHaHHS ~ MOCaf0BUX
piBHI 060B’s13KiB, coljiaJIbHUX Ta
camMooprasisanis 0COBOUCTUX MOTPED;
KOMaH/U i
CaMOMEH/I>KMEHT
OKpeMUX
BUKOHAaBIIiB;
BUKOHaHHS 3MiHa MeToZiB Ta 3MiHa METO/iB Ta
pob6oTu B IHCTpYMeHTIB IHCTpYMEHTIB BUKOHaHHA
3BUYallHOMY yIpaBJiHHA pob6oTu

pexxuMi (B odici)

Y Bunaaky ribpuiHoI po60TH YyCYBaIOThCS a60 MAaKCHMaJIbHO MiHIMi3yIOTbCS TaKi HeJIOMiKH
po6oTH Ha TpaauuiiiHOMy po6odyomy Micui B odici (abo Ha TepuTopil poboTOAABLs) SIK:
HEMOXJIMBICTb MOEJHYBAaTH BUKOHAHHSA NpodeciiHUX Ta colia/IbHUX 060B’SI3KiB, 33,0BOJIEHHS
0COOHMCTUX MOTPe6; BUTPATH Yacy Ta KOUITIB Ha NMpoi3f A0 odicy, HEMOKIUBICTL CaMOCTIHHO
opraHizoByBaTH po60o4e Miclie Ta po604yni npoiec Toino. BogHovac 3a Takoi popmu opranisartii
npaii ycyBaloTbcs a60 MaKCHMaJIbHO MiHiIMi3yIOThCS TaKi HeZOJIIKA AMCTaHLiHOI pO6OTH SK:
CaMOTHICTb, BiICYTHICTb CIIiJIKyBaHHA Bid-Ha-Bi4 3 IHIIMMH CIIiIBy4YaCHUKAMU Ta KEPiBHULITBOM,
BiZcyTHIiCTB 3MiHM po6ovoro Micigs, BiAcyTHICTb AocTymy A0 ciayx60Boi iHpopMarii, ika He
PO3MOBCIOKYETHCSI MEPEXKELO, TOLLLO.

4. BUCHOBKMU

Cu1if 3ayBaXKUTH, 10 pe3y/abTaTyu MOp¢OI0TiYHOr0 aHaMi3y BKa3aB Ha Te, 1110 IIeBHi 06CTaBUHU
MOXXYTb OYTH sIK llepeBaraMu, Tak i HefoJikaMu ribpuaHoI po60TH (HaNpUKIIaZ, 3aCTOCYBaHHS
IKT mna KoMyHiKaliii 3 KoJjileraMyd Ta KepPiBHUITBOM, a60 caMOMeHeKMEHT). FKI0 06 €KT
aHaJsi3y (mpauiBHUK, a60 iHIIKH pecypc po60ToAaBI) BOOIE IiEI0 03HAKOIO Y MOBHIM Mipi, TO
ii BUKOpHCTaHHS € epeBarolo AJisi HbOro, y IPOTU/IEKHOMY BUNAAKY — Lie HeJ0J1iK, 60 OTpebye
JIOJIaTKOBUX 3yCUJIb Ha HapollyBaHHA Ili€i o3Haku. To6To mojaHa y po6oTi kiaacudikaris
nepesar Ta HeJ0JiKiB ribpuHol po60TH, 1[0 BUKOHAHA 32 MeTOA0M MOpP$OJI0OriYHOro aHasisy,
BUKOHAHA, B MepLIy Yepry, AJs TOro, 106 OKPEeCJUTH BCe KOJIO MOMJIMUBUX OCOOJMBOCTEH
3acTocyBaHHsA Takoi ¢opMu opraHisauil mpaui ik ri6pujHa, 10 NOTPeOyIOTh BpaxyBaHHS B
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Abstract

In today's world, Scrum is the most popular approach to managing teams in software development.
However, there are factors that influence the emergence of project risks, namely: inaccuracies in the
formulation of tasks that the team evaluates and a low level of communication culture, as well as
shortcomings in the procedures for distributing tasks among team members. An intelligent decision
support system under conditions of uncertainty and risk in project management allows the project
manager to provide mechanisms to reduce the impact of risks. The purpose of this study is to reduce
the impact of risks associated with the perception of tasks from the tracking system and the
distribution of tasks among team members within the project sprint to ensure the successful
completion of the project. Key factors affecting the effectiveness of teamwork are analyzed and
identified. An intelligent decision support system has been developed that integrates data from the
tracking system and, using LLM and a stable matching algorithm, provides recommendations for
describing project sprint tasks and distributing these tasks among performers.

Keywords

project, risk, project team, intelligent system

1. Introduction

Among the popular approaches to team management in the software development process, the
Scrum methodology occupies a special place.

The main tasks of Scrum-based project management are: controlling the execution of tasks within
one or more sprints (terms of reference), efficient resource allocation, and prompt coordination of
actions in case of unforeseen circumstances to ensure stable team performance [1]. Given the limited
time horizon of management, it is of particular importance to study the factors that affect the
effectiveness of teamwork. However, even the use of agile methodologies does not completely
eliminate the problems associated with the impact of risks on the project team's activities.

The effectiveness of a project team is influenced by a significant number of factors. Among the
most important are the following [2]:

e team qualification, which determines the professional level of the participants, their
ability to adequately evaluate the sprint tasks, and perform them efficiently and on time;

e errors in the assessment of sprint tasks can affect the allocation of resources, timing, and
the final result. The consequences can extend beyond a single sprint, affecting future
phases;

e Inaccurate task descriptions or misunderstanding of tasks by developers can lead to
incorrect estimates and complications in execution;

e Reduced resources, i.e., planned or unexpected losses of team members, for example, due
to illness or vacation, reduce the amount of work performed and may cause delays;

Information Systems and Technologies (IST-2024), November 26-28, 2024, Kharkiv, Ukraine
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e The internal culture of the team, which includes established rules, task distribution
processes, decision-making strategy and internal communication, determines the team's
ability to adapt to crisis situations and overcome unforeseen circumstances.

These factors significantly affect the quality of project implementation, so it is important to
create a flexible mechanism by which the team can reduce the impact of these risk factors on the
effectiveness of achieving project goals.

The purpose of the study is to reduce the impact of risks associated with the perception of
tasks from the tracking system and the distribution of tasks among team members within the
project sprint to ensure the successful completion of the project.

2. Proposal of conception

An analysis of approaches to managing a project team in the face of risks has revealed that the
key factors that increase the risk of project failure [3] are:

e inaccuracies in the wording of the tasks that the team evaluates;
o low level of communication culture;
e shortcomings in the procedures for distributing tasks among team members.

In this paper, the team is considered within a specific project and consists of a project
manager, developers, a technical lead who is also involved in the project implementation, and a
tester. The paper considers projects that are executed iteratively by the project team, i.e., agreed
and approved tasks are broken down into clearly defined tasks to be completed during the
project sprint. The project manager is responsible for managing, coordinating the team's work,
and communicating with the customer, receiving tasks and clarifying technical requirements.
These tasks are recorded in the tracking system and the project team uses these descriptions to
select and assign tasks to the sprint. Failure to complete the project sprint tasks is due to
inaccurate task descriptions or lack of understanding of the tasks by the developers, which can
lead to incorrect estimates and difficulties in implementation.

The developed intelligent decision support system for uncertainty and risk in project
management allows the project manager to provide mechanisms to reduce the impact of project
risks by improving the task formulations stored in tracking systems. The intelligent system uses
artificial intelligence methods, in particular, large language models (LLM) to support decision-
making, which are capable of processing textual data, including technical documentation, risk
reports, project status reports, etc.

The proposed system is based on a methodology for researching linguistic characteristics for
project task management. With this methodology, the project manager chooses the wording
options for the task description, which the LLM evaluates and assigns points based on its clarity
and comprehensibility. The project manager can use these recommendations to improve the task
description of the project team [2]. When creating a project product backlog or project sprint,
the project manager has two options for choosing the best task description. To do this, they need
to review and reformulate the task descriptions of the sprint in order to reduce project risks and
increase the quality of project execution.

The distribution of tasks in a project sprint between performers also affects the failure to
complete project sprint tasks, which may be due to a lack of qualified performers or switching
performers to other specific tasks. Thus, the task of task distribution arises as a problem of
finding stable pairings.

In the proposed intelligent decision support system, to reduce the impact of the risk
associated with the unstable distribution of tasks in the project sprint, a technology based on the
stable matching algorithm (SOSM) [3] and the efficiency-adjusted deferred decision-making
algorithm (EADAM) [4] is proposed. According to the authors' research, the EADAM and SOSM

26



algorithms are the most efficient, they ensure the distribution of tasks in a sprint, meet the
requirements of developers, and are characterized by low computational complexity. Based on
these algorithms, the project manager receives a stable comparison based on the prioritization
of tasks and the qualifications of performers, which allows him to successfully complete the
project sprint tasks.

To assess the impact of the risks of failing to meet the project sprint objectives, the failure
rate per unit of time is used. This indicator determines the number of failures per hour, day, or a
certain period (sprint). It is used to assess the reliability and productivity of the workflow [5].
Failure rate can be calculated as the ratio of the number of failures that occurred during a certain
sprint to the total number of attempts that may fail. The failure rate of an IT project is a key
indicator of the quality of sprint or project management. A high failure rate indicates the
presence of significant risks that can be caused by insufficient team preparation, inaccurate task
description and planning, and the influence of external factors. The use of recommendations by
the project manager helps to reduce the failure rate and increase the stability, accuracy of tasks,
and ensure the successful completion of the project.

The use of the failure rate also helps to track the dynamics of risk exposure and evaluate the
effectiveness of the implemented management measures. With the help of the failure rate, it is
possible to assess the effectiveness of the implementation of the proposed intelligent decision
support system in the face of uncertainty and risks in project management.

3. Conclusion

The developed intelligent system provides the project team with the necessary information to
effectively manage the project under conditions of uncertainty. The system integrates data from
the tracking system and, using LLM and a stable matching algorithm, provides recommendations
to the project manager on how to describe the project sprint tasks and distribute these tasks
among the performers.

The implementation of an intelligent system allows you to create tasks with greater clarity,
which will contribute to better team understanding and project execution. By utilizing LLM in
the project management workflow, an intelligent system provides a more efficient and effective
task management process that increases the productivity of the project team.
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Abstract

A difference model approximating a semi-linear descriptor control system with continuous time is studied
to enable further application of the results in developing neural networks. An algorithm has been
developed to transform the implicit difference equation so that, in its linear part, the original regular
characteristic pencil of two matrices is converted into a normalized pencil with an identity matrix as the
free term and a certain "informational” matrix T associated with the spectral parameter. One of the key
steps in the algorithm involves reducing the matrix T to its Jordan form with a special arrangement of
Jordan blocks. An example of a descriptor dynamic system in an electrical network is considered.

Keywords

neural network, control system, dynamic system, descriptor system, electrical network

The article examines a semi-linear descriptor dynamic control system. The analysis includes the
original system and its evolution law, as well as a transformation to another system whose state
and evolution significantly simplify the application of neural networks for predicting the states
of the original system. As an example of application, a descriptor system in an electrical network
is considered.

1. Normalized difference approximation

A semi-linear descriptor control system is considered, where the state vector function x(t) €
R™, t € [0, 9) satisfies the implicit differential-algebraic equation

%(on(t)) + Box() = F(x(0)) + Lou(?). (1)

For the theory of differential-algebraic equations and their applications, we refer to [1,2]. In
equation (1) F: R™® - R™ is assumed to be a nonlinear mapping, u(t) € R!(Vt), L, is a matrix of
sizen X [, A4, + By is aregular pencil of n X n-matrices, Ay # 0. The finite spectrum of the pencil
oo = d(4y,By) = {/1]-} consists of its eigenvalues 1; — the roots of the characteristic polynomial
po(1) = det(A4, + By). All other points in the plane C form the set of regular points
p = p(4y, By) = C\ o (4, By), at each of which the inverse matrix (14, + By)~!, 1 € p exists.

For the difference approximation of equation (1) with a constant time step A > 0, a set of
isolated points {ty} is chosen in the interval [0,0) : t, = k-4, k =0,1,2,... Replacing the
differentials in (1) with finite differences at points t; and denoting x;, = x(t;), ux = u(ty) , we
obtain the difference equation:

A_lAOXk+1 + Boxk - A_lAOXk = F(Xk) + Louk. (2)
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The time step 4 > 0 can be chosen small enough such that 4~* > max{|/1]-|, VA € 6,}. Then
+471 € p(Ay, By). Rewrite equation (2) in the form

Axk+1 + Bxk — Axk = F(Xk) + Louk , (3)

where A = A71A,, B = B, . Neural networks [3] are proposed for solving the difference equation
(3), which approximates the differential-algebraic equation (1).

The spectrum o of the characteristic pencil S(1) = 14 + B lies inside the unit circle |1]| < 1.
Therefore +1 € p(4, B) and the inverse matrices D = (B — A)™%, (B + A)™! exist.
Equation (3) is equivalent to the following equation, normalized to the identity matrix E
associated with x;, and the informational matrix T = DA associated with x;:

TXp41 + X = P (xx) + Luy, (4)
where W(x;,) = DF(xy),L = DL,.

2. Jordan form of the informational matrix T

If the matrix T is non-invertible, the permissible initial data x;, in equation (4) cannot be
arbitrary. They must satisfy a specific algebraic constraint linking the components of the vectors
Xo,Up- To derive this constraint, the Jordan form J of matrix T is employed. A Python program
was developed to compute an invertible matrix Q that transforms T into its Jordan form with a
specific ordering of Jordan blocks:

j=ere=(§ ). T=0"Ye. 5)

The block-diagonal matrix G consists of invertible blocks J; of dimensions p; X p;, while matrix
H consists of nilpotent blocks N; of dimensions s; X s; :

r

G= diag{]l!]Z! "'!]T}!z:pi =m, (6)
i=1

H = diag{ Ny, Ny, ..., N}, Yiisj=n-m, (7)

(=]

A 1 0. 0 O 1 0 - 0
/Oxlil---OO\\ /001---00\
Ji=| i |y Ny =i | (8)
\0 00 A 1/ \o 00 0 1/
0 0 0 - 0 A 0 0 0« 00O
The special ordering of the blocks is such that: s; > s, >

|/11| 2 |/12| 2 o 2 |/11"| > 0; |/11| = |/1i+1| = pl 2 pi+1! lS r — 1

3. Analysis of the normalized model

Let us introduce projection n X n-matrices V; with elements v,iq- (i =1,2,...,n) such that each
matrix V; has a single nonzero element v;i = 1 on the main diagonal:

l _{1,k=j=i
Vi Z10, 1k —il +j—il # 0; k,j =1,2,...,n

The action of the matrix V; on an n-dimensional state vector preserves the component with
index i and nullifies all other components.
Define the projection n X n-matrices
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P; = Z:i1 Vi, Py = Z?=m+1 Vi. 9)

Using Jordan form (5) equation (4) can be rewritten in the form of the following equation with
respectto y, = Qxy:

JYi+1 + ¥ = QP Q™ yi) + QL. (10)
With the help of projectors (9), equation (10) splits into two equations:

GyE,, +yE = PsQP(Q Yyr) + P QLuy, (11)
Hyf , +yi = PyQ¥P(QYy)) + PyQLuy, (12)

where y¢ = Peyi, Yi = PyYi -

Due to the invertibility of the m X m-matrix G equation (11) is transformed into an explicit
difference expression for the vector y£_ ; in terms of the full vector y, at the previous time step
k:

yE = =G yf + GTPQ¥P(Q Yyy) + G P QLu. (13)

To analyze equation (12), we construct a self-adjoint projection n X n-matrix P, = P, onto
the kernel of the matrix J* such that J*P, =0 ~ PyJ = 0.
From the structure of the nilpotent blocks N;, it follows that

q

PO=ZV‘XJ., aj=m+s;+s,+-+5;. (14)
j=1

Introducing the additional projection matrix P; = Py — P, and applying the projectors Pz, Py
to equation (12), we split (12) into two equations. It can be verified that P,H = H, P;Py = P;,
PyH =0, PyPy = P,. Consequently, equation (12) is equivalent to the equations:

PyHPy Y41 = —Piyx + PLQY(Q ™ yx) + P1QLuy, (15)
0 = —Poyx + PoQ¥(Q~'yx) + PoQLuy,. (16)

For a given control uy, the set of admissible n-dimensional vectors y,, satisfying the algebraic
relationship (16), forms a manifold 4, = {y;}in the space R" or in the complex space C" if there
exist complex spectrum points A; of the matrix T. By construction, the matrices Pg, P;, P, are
mutually orthogonal projection matrices and P; + P, + P, = E.

Let y, € A, be a known state. Is it possible, based on y, and the controls uy, 1,1 to obtain
the state y,,, that satisfies equation (10)? It is sufficient to find the three projections in the
decomposition of the vector . 1:

Yi+1 = PeYis1 + Piyrs1 + PoYis1- (17)

The first two projections are uniquely determined through the difference relations (13), (15).
Let us represent the algebraic relation (16) for the moment k+1 as:

PoYi+1 — PoQ¥P(Q 'yi41) = PoQLUj41. (18)

In the right-hand side of equality (17), the first two terms at the moment k+1 are replaced by
their already known representations (13), (15) through the data from the preceding momentk,
and the obtained representation for y; .4 is substituted into the term with nonlinearity ¥ in (18).
As aresult, an algebraic equation is obtained for the projection Pyyy41.

If the original mapping F in (1), (2), (3) is linear, then ¥ (4) is also linear, and Pyyj,4 is
uniquely determined from the relation (18).

31



For the nonlinear mapping ¥, restrictions depending on the type of nonlinearity must be
imposed. Under 'favorable' properties of the mapping ¥ the outlined procedure guarantees the
existence and uniqueness of the desired projection Pyy,, and thus the existence of a recurrent

mapping

Bp: A X R X R = Apr1, Yierr = Poe Wi Ui Uk 41)- (19)

It follows from (19) and the relation y, = Qx; that for the sequence of states
{x0, %1, -+, Xg, Xg41,--- } Of difference equation (2) or (3) or (4) there exist the recurrent
mappings

Xie+1 = M Vi Upe U 1) = Q7P (Qpe, Uge, Upe1)- (20)

Next, we will demonstrate how the proposed approach to the study of nonlinear differential-
algebraic equations is applied to the controlled radio engineering system from Section 4. This
approach can also be applied to other classes of radio engineering systems, for example, from
works [4,5].

4. Example. Transient state equations of an electrical network

U,
i
G 11
> ]
/]
1
Ur\ I.J1 L

Uy Y
I, I
= £,
Ic, 11 &
[ ] |
H
Ue,

Figure 1. A two-terminal network with nonlinear resistances r; and conductances g;,j = 1,2.

The electrical network in Fig. 1 represents a two-terminal network with a given input voltage
U(t) on the pair of input terminals, two capacitances C;, two nonlinear conductances g;,

inductances L1, L,, mutual inductance L;5, and two nonlinear resistances rj,j = 1,2.
The currents, voltages, and element parameters of the network satisfy the relationships:

dUCj \

ICJ'=C]'7' Igjzgj(UCj); 7"]( ) |
Y S0 1,0 } 21
Uy = 1%‘1‘ 1270 j >0, Lip> (21)

_dh o d I

U —L12E L, 9 Li; = Lily; Ly # 1L, )

The currents through the inductances and the voltages across the capacitors are chosen as the
dynamic state variables of the network. For the network in Fig. 1 the state vector x(t) is four-
dimensional:
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x(8) = (L, (€), (), Ug, (£), Ue, () (22)

while the total number of currents and voltages across all nine branches of the circuit equals 18.
In general, the complete system of Kirchhoff's equations can be written, for instance, using the
fundamental cycle and cut-set matrices of the network graph. For the model network, this results
in nine Kirchhoff equations. By eliminating the external current /, the currents L, and the

voltages U I the following four conservation law equations are obtained (j = 1,2):

U] - UCj = _UT'J" UC1 - UC2 = U(t), IC1 + IC2 + 11 + 12 = —Ig1 - Igz' (23)

Substituting the expressions for UjiIc; Ury g, from (21), we obtain the desired system of
differential-algebraic equations with respect to the dynamic variables (22):

dl; dl, \
Lie dt + L dt Ue, = —n1(I1)h
dl; dl,
Ly = d tly—r = U = —12(12)1; > 28
UCl c, — U(t)
dUC1 aug,
Cy _dt + G, dt +L+1 = —gl(Ucl)UC1 _ gZ(UCz)UCZ

The system of differential-algebraic equations (24) takes the vector form (1) with respect to
the state vector x(t) (22), where:

Ly Li; 0 0 00 -1 0 =11 (%1)%1
Lz L, 00 _loo 0 -1 _ —12(x2) x> _| 0
4d=19 o 0 0[B=|oo0 1 —1'F(x)_ 0 Lou = um|
0 0 C G, 110 0 —g1(x3)x3 — g2 (x4)x4

Both matrices Ay, By are singular: det A, = 0, det By = 0. At the same time rangA, = 2 due
to the parameter relationships in (21). The characteristic polynomial in this case is

po(A) = det(AAg +Bo) = a4, a= (JI; — L) - (25)

Thus, under the condition L; # L, the pencil A4, + B is regular with a single eigenvalue of
0, and for any A # 0 the inverse matrix (14, + By) ! exists.

To illustrate, let us assign numerical values to the parameters of the circuit's inertial
elements—inductances and capacitances:

Ll = 4’,L12 = 2,L2 = 1,C1 = 1,C2 = 2.

The matrix § = By — A, is invertible, with the inverse S~ = D. Since +1 € p(4,B,), it is
convenient to choose a time step A= 1 when discretizing equation (1). Thus, the difference model
of type (2) for equation (1) immediately takes the form (3), where A = 4y, B = By. The matrices
D = S™1,T in the normalized form (4) of equation (1) are expressed as follows:

-4 7 —5 —2 —1 —1 -2
b=|7 —13 4

1 0
1 0

Calculations using our Python program yielded the following results for transforming the
matrix T into its Jordan form J = QT Q™1

= |



-1 0 0 0 -2 -1 0 0 -1 -1 0 0

0 010 11 1 0 o 4 |1 2 o0 o
J 0000'Q_0012’Q_001—2'

0 0 0 O 0 0 0 1 0O 0 0 1

The specific order of Jordan block arrangement in (6), (7) is preserved:

0 1
0 0

Thanks to this, the required projectors take the form of the following diagonal matrices:

G=J, =—1,N, =[ ],51 =2,N,=0,s, = 1.

P; = P;, = diag{10 00}, Py = diag{0 111}, Py = diag{0 011}, P, = diag{0 10 0}.
Conclusion

The traditional approach to studying the descriptor system described by a linear or semi-linear
differential-algebraic equation depends on the specific fixed index of the characteristic matrix
pencil of the linear part of the equation (1). A key feature and versatility of our method is its
independence from this specified index. It is also worth noting the potential use of the method
in problems of conflict control and pursuit games.
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HeuiTka mogenb NpUAHATTA pilleHb A4NA COPTYBAHHA NOLWTH

Irop 'pebenHik!f Ta Osnexciii KoBanenko!?
1 Xapkiecvkull HayioHaavHull YHieepcumem Padioeaekmponiku, 14, npocn. Hayku., Xapkis, 61166, Ykpaina

AHoTanisa

Y po6oTi npeAcTaBIeHO AOCTIPKEHHSA MOXK/IMBOCTI peastizaliil 3aZiaHol JIOTIKM COPTYBaHHS MOCHJIOK,
1110 06p06JISIOTHCS aBTOMAaTU30BaHUMU COPTYBaJbHUMHU JliHiAMU. [IpoNOHYETHCS BUKOPUCTOBYBATH
HeuiTKy MoJieJ1b IPUUHATTSA pillleHs, 1110 103B0oJIsE€ KJacuiKyBaTH IOCHJIKY 3a iX TapaMeTpaMu Baru
Ta rabapuTiB. KiacudikoBaHi MOCUJIKHK pO3NOAI/SIOTHCS i3 3a/JaHO0 JIOTIKO0 32 /IBEPSIMU TEPMiHaJiB
LeHTPiB COPTYBaHHS MOCUJIOK, /IJISl IKMX BU3HAY€HO Jialla30HU 3Ha4eHb Bary Ta rabapuris.

KirouyoBi cs1oBa
MoJies1b NPUNHATTS pillleHb, aBTOMaTU30BaHa COPTYBaJIbHA JIiHifl, TpaHCIIOPTYBaHHs, HeyiTKa
JIorika.

1. Bctyn

['106a/bHUN PO3BUTOK €JIEKTPOHHOI KOMepIlii 06yMOBJIIOE MOCTIHHO 3POCTAKYY CKJIAAHICTD
JIOTICTHUKH, 3B’s3aHOi 3 J0CTaBKOW momTh. OgHUM 3i HIAXiB migBuleHHS epeKTHUBHOCTI
06pPOOKHM MOCUJIOK € BUKOPHUCTAHHS ITPOMUCIOBOI aBTOMAaTH3allii y BUTJIsIi aBTOMAaTH30BaHUX
coptyBasibHUX JiHiAH (ASL - Automated Sorting Line) 3i cTpiukoBUMH KOHBeepaMu-
TpaHcnopTepaMu [1]. TakuMu JiHISIMH OCHALLYIOTbCSA LEHTPU cOpTyBaHHs mocuok (PSC -
Parcel Sorting Centres), siki € CK/1aJlOBUMU MyHKTAaMH MePEX AOCTABKH JIOTiCTUYHUX KOMIaHiH
CIIA Ta €Bponu [2, 3].

ABToMaTu3oBaHa copTyBasibHa JiHigs (ACJI) - 1ne cragioHapHa aBTOMaTHM30BaHa
KOMII'IOTepHA CHUCTeMa, 10 3/iMCHIOE MepeMillleHHs Ta COPTYBaHHS IOCUJIOK [0 JBepel
TepMiHasiB PSCy BignmoBigHOCTI 10 afipecu A0CTaBKH, siKa 30epiraeTbcst B QR-koai spainka. ASL
He BUMarae KOHTPOJII0 3 6OKY JIIOAWHH, Jiule ii 06CayroByBaHHS.

Hepousiku ASL nop’si3aHi 3 IXHbOIO «BYy3bKOIO» IPYIIOI0 3aBJaHb — Lie 3aBJaHHsI COPTYBaHHA
Ta NepeMillleHHA MOCUJIOK [/ OAAJbIIOT0 3aBaHTaxKeHHA. OLHUM 3 HeJl0J1iKiB 3aCTOCYyBaHHA
ASL € o6MmexeHHs il Mofesni NPUHUHATTS pilleHb, MOB'I3aHUX 3 HEBU3HAYEHICTIO YMOB
copTyBaHHs. llsg HeBHM3HaYeHiCTb 06YMOBJIEHA THM, 10 CTaHZAPTH BU3HAUYEHHS KaTeropiu
MOCUJIOK Y pi3HUX ¢ipMax Biipi3HAIOTHCS. [HIINH HejoJ1iK 06YMOBJIEHUN THM, 110 COPTYBaHHS
MOCUJIOK TPOBOAUTHCS 6e3 ypaxyBaHHs iXx Barh Ta rabaputiB. lle mMoxke mpusBecTH [0
HeedeKTHBHOI0O BUKOPUCTAHHS 06'e€My Ky30Ba BaHTaXKIBOK NpHU iX 3aBaHTaXKEHHI, a TaKOX
PU3UKY NOLIKO/XKEHHS OCUJIO0K, KOJIM BOHU PO3MIILYIOThCA 0ZHA Ha O HIH.

Jsis ycyHeHHs1 3a3Ha4eHUX HEJAOJIIKIB MoJenb NPUHHATTS pimeHb ASL mnoTpebye
YIpPaBJIiHHSA COPTYBAaHHSAM IOCUJIOK Ha MPHUHIMNAX HE4YiTKOl Jioriku. [y 1boro moTpiGHO
pO3po6UTH MOJiesib MPUUHATTA pileHb ASL, sika BUpillye 3aBJaHHs HeYiTKOI Kiacudikauii Ta
COPTYBaHHS IMOCUJIOK 3 ypaxyBaHHSM IX MapaMeTpiB Bard Ta rabapuTiB 3 METOK KOMIIAKTHOT'O
3aBaHTaXKeHHS Ta 30epeKeHHsI LiJiCHOCTI 06'€KTiB MOLUITOBUX BiANPaBJIEHbD.
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2. NMocraHoBKa 3aaauvi

Po3po6JitoBaHa HediTKa MoJeJb NPUHHATTS pillleHb MOBUHHA peasizyBaTH 3aJjlaHy JIOTiKy
COPTYBaHHS MOCHUJIOK 3a JiBepuMa TepMiHasiB PSC. 3 MeTor 36epekeHHs MOCUJIOK JIOTiKa ix
COpPTYBaHHSI Ma€ NPOBOJWTHCS 3 YpaxXyBaHHSIM Baru Ta rabapuTiB (ILUPHUHU, BUCOTH, TTTUOHHHU)
i 3a6e3nedyBaTH BU3HAYEHi BapiaHTH KOMIIAKTHOI'0 3aBaHTAXKEHHSI.

3. BU3Ha4YeHHA BapiaHTiB KOMNAKTHOrO 3aBaHTAaXXEeHHA Ta /IOTiIKMU COPTYBAHHA

Bynemo BBaxkaty, wo PSC, ocHaleHUHA OJHMM TepMiHa/IOM PO3BAaHTAXKEHHSI BAaHTAXKIBOK I
JIBOMa TepMiHaJlaMH 3aBaHTaKeHHS MOCUJIOK, Ki Mo3HavyalThcd JiTepamMu "A" i "B". Koxen 3
HUX 06J1aJHYEThCS 3aBaHTaXKyBaJIbHUMHU ABepuma "L1", "L2", .., "LN". Po3BaHTaKeHi MOCHJIKU
nofaTbca A0 ASL. Mozaenb npuiHATTA pilieHHA ASL oTpuMye afipecy NOCUJIKU 3a APJIUKOM i
BU3HAYaE, Ha AKUM TepMiHaJ BOHA TPAHCIOPTYEThCA. MeTa cOpTyBaHHS — TPaHCHOPTYBAaTH
MOCUJIKY 10 O HI€I 3 3aBaHTaXKyBaJIbHUX JiBEPeU TepMiHaly 3 IEBHUM HOMEPOM.

14 3aBaHTaXeHHA BU3HA4YeHI JBa BapiaHTH:

e 3ameplIUM BapiaHTOM peaJsli3yeThCs MOCAi0BHE 3aBaHTA>KEHHS BAHTAXKiBOK Ha JIBEPSIX
"LN","LN-1", .., "L1" BigmoBigHO 10 3MeHIIIeHHS 3HA4Y€eHb Jiana30HiB Baru Ta rabapuTiB
MOCHUJIOK. THM caMHUM 3a06e3Me4yeEThbCd MOXKJIMBICTH KOMIIAKTHOIO 3aBaHTAXKEHHSA
Ky30Ba BaHTaXXiBKU Ta 3HWXKYETbCA PU3UK NOLIKOJKEHHA IIOCUJIOK IIPU IX pO3MillleHH]
O/lHa Ha OJIHiH.

e 3a pyrum BapiaHTOM peasi3yeTbCs 0JJHOYAaCHe 3aBaHTakeHHs N BaHTaXKiBOK Ha JIBEPsIX
"L1", "L2", .., "LN". lle 3a6e3mneuye ix KOMIMaKTHe 3aBaHTaKE€HHsI MMOCUJIKAMH OJHOTO
Jlalna3oHy Baru i TeX 3HUXKYE PU3UK IX IOLIKOPKEHHA.

Jlis1 3a6e3neyeHHs] BU3HAUYEHHX BapiaHTIB 3aBaHTaKeHHSI MOJeJib IPUHHATTS pilleHb Mae
peasizyBaTH 3aZjaHy JIOTiKy COPTYBaHH#, 110 BU3HAYAETbCA TAKUMU YMOBaAMU:

e /Jlnsa3aBaHTaXyBaJ/IbHUX JBepel TepMiHaJliB BU3HAYalOThCS iana30HH 3Ha4eHb Baru ta
rabapuTiB MOCUJIOK, AKi 30i/bIIYIOTHCSA BiAMOBIHO /10 HyMepallii 3aBaHTaXKyBaJIbHUX
nBepen "L1", "L2", ..., "LN".

e 3aBJaHHA MoJeJli NPUUHATTA pilieHb ASL npoBecTy HewiTKy Kiacudikaliro mocuiok 3a
ix Baroo Ta rabapuTaMu Ta BU3HAYUTHU HOMEP 3aBaHTAKyBa/IbHUX JIBepeH, Ha IKY BOHU
MOBUHHI TPAHCIOPTYBATHUCH.

4. Po3po6Ka HeuiTKoi moaeni NpuUMHATTA piweHb ASL

HeuiTka Mozenb NPpUHHATTA pillleHb MAa€ M'ATh BXOAIB TAa OAUH BHXiJA. BxigHUMM 4diTKHUMH
nmapaMeTpamH €: e* — Bara h* - Bucora, w* - mupuHa, d* - r;imbuHa NocU/IKU. BUXiiHUM 9iTKUM
mapaMeTpoM MoOJiesli € HOMep 3aBaHTAXKYBaJIbHOI ABepi y*, 10 BU3HAYAETHCSA PE3yJIbTaTOM
HeuiTKoi kiacudikauii. BusHaunmo HewiTki jgidreictuuHi 3minHi {E, H, W, D} y 3arasibHoMy
BurJiazi. HediTka siiHrBictuyHa 3MiHHa X 3aZja€TbCA Y BUTJIAA1 KOPTEXKY

X =<I4,R(X),U>=={<x,UX, ><x,,U,X, > .., <xy,UXy >}, (1)
Jie B sikocTi X po3rJisiiaeTbcst HeviTKa JiHrBictuyuHa 3minHa 3 {H, W, G, V}; Ix - HaliMeHyBaHH# X;
x* - BxigHui napametp 3 {h*,w*,g*v*}; U — ob6siacTb Bu3HaueHHs (YHiBepCcyM) BCiX HEUITKHUX
3MiHHUX, 3HayeHHs iKux HabyBae X; R(X)={Rxi}, i=1,2,...,.N - TepmM-MHO>xk1Ha X; KopTexi <x;, U, X;>
- HeyviTKi 3MiHHI, 3HadyeHHA AKkuX npuikMae X. KopTex HediTKOl 3MiHHOI MOXXHa NMOJATH Yy
BUTJISA 1

<x;, U, X; >=<R;, {x;|minx; <x; <maxx;},X;eU, x;=(x* py(x*) >, (2)
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Jie X; - HediTKa MHOXKMHA; min X;, max X; - FPaHWYHi 3Ha4YeHHS He4iTKOI MHOXKHHH Xi; Hxi(x*) -
byHKLis NpUHaieHOCTI 4iTKoI 3MiHHOI x* 10 HeuiTKol MHOXUHU Xi; Rxi - TepM 3 iHgekcom "i".

151 KO>KHOI 3aBaHTaXKyBa/IbHOI ABepi 3 iHAekcoM n=1,2,..,N 3a71a10ThCs1 Aiana3oHU 3HAYEHb
Barv, BUCOTH, LIMPUHHU | IMUOHUHU y BUMIAAI HeuiTkux MHOXKUH {Eq, Hj, Wn, Ds} 3 Tepmamu
{Rgje={Ruj}={Rwm}={Rops}={"1","2", ..,"N"} i noB'sizsaHux 3 HUMHU iHAekcaMHu (¢, ], m,s=1,2,.,N
HEYiTKHMX MHOXHH.

Jus HewiTkol kiacudikamil BUKOPUCTOBYETbCS anroputm Takari-CyreHo-Kanra [3].
3 ypaxyBaHHSIM TOTrO, 1[0 HeYiTKa 6a3a MpaBHJ € CUHIVITOHHOKW, BU3HAYMMO YiTKi YMUCIOBI

3Ha4YeHHS BUXiZHOI JIiIHrBicTHYHOI 3MiHHOI Y Ha6opom

Y =<Iy,R(Y), U>={<y,U,1><y,,U2> ., <yy,UN>}, (3)
ne: Iy - HalimenyBaHHa Y; Ryi={"1","2", ..,"N"} - TepM-MHOxuHa Y; <y;,U,i> - kopTexi 4iTKux
3MiHHUX, 3HaY€HHs SIKUX BiJINOBijal0Tb HOMepaM aBepeit {y1, y2,.., yn}= ={1,2,..,N}.

[IpeacTaBuMO 6a3y NpaBUJI CUCTEMH HEYiTKOTO BUBeJeHHS Mozesi y Bursi K mpasui i3
YOTHPMa YMOBaMHU 151 KOXKHOI:

N
{[Rll,(l]:? k]:IF(e* € Ey)and IF(h* € H, ) and IF(w* € W,,,) and IF(d* € Dg) > Y =y, (4)

nek=1,2, .. K-iggekc npaBusa. [yis He4iTKUX MHOXKHH iHAEKCH B MPaBUJiaX BUOUPAIOTHCS
He3aJIeXHO BiJ inaekcy k. [lig onepamni€to BU3HaYeHHS MPUHAIEKHOCTI 4iTKOI 3MiHHOI X* 10
MHOXXMHHM X; B yMoBax mpaBua (4) po3yMmieTbcs 3HAXOMKEHHS 3HayeHHs QYHKII
NPUHAJNEXKHOCTI Wxi(x*). [ HeuiTkuX MHOXUH onepauis AND BignoBizae omnepauii
3HaXO/PKeHHsI llepeTUHY abo MiHimizauii. [lepenuinemMo npaBuia (4) B iHIIOMY BUTJISIA]

N
[I}(l}}e k] . mln( “’Eq (e*)a “’Hj(h*)a “’Wm (W*)a “’Ds(d*)) - Y = Yk (5)
abo
N
[Rklﬂe K] py, (k) =Y =y, (6)

ne  uyk(yk)=min(peq(e*), uuj(h*), pwm(w*), upi(d*)) - ysarasbHeHe mO3HAYEHHS pe3yJabTaTy
aktuBizauii k-ro npaBuJa. [yist po3paxyHKy YiTKOro 3Ha4eHHS y* BUKOPUCTOBYETbHCS BUPa3 JJ1sl
pO3paxyHKy LeHTPY TSKiHHA AJIA CHHTJITOHHUX MHOXHH.

y'= k§IYk'“Yk(Yk) / kiuw(yk) : (6)

Jlorika copTyBaHHSI NOCUJIOK peasi3yeTbCsl 3aBJaHHAM iHJAeKcy K KOHCEKBEHTY Vk B
npaBuiiax (4) Ta (5) 3anexxHo Bifg yMoB npuHaniexHocTi napameTtpis {e*, h*,w*, d*} no HeuiTkux
MHOXUH {Eq, Hj, Wn, Ds} 3 iHA€eKkcaMHu q, j, m, s. AITOPUTM 3aBJaHHsI KOHCEKBEHTY CKJIAJAETHCS
3 [IBOX KpUTepiiB. 3a meplIUM KpUTepiEM KOHTPOJIOETbCA Bara. [l 1bOro BH3HA4Ya€EThCA
iHzekc q 3a ymoBow e*eE,. fIkimo B iHIKMX yMOBax He Gisibllie oAHOTO iHAEKcy 3 {j, m, s}, sKi
NepeBUILYIOTb (¢, TO IHJEKC KOHCEKBEHTY Yk BHU3Ha4yaeTbcsd fAK "k=q" i mnocuika
TPaHCHOPTYETbCA [0 3aBaHTaXyBaJbHUX JBeped 3 HoMmepoMm "q". /[pyruéi KpuTepin
3aCTOCOBYETHCA [JIsI CYMiCHOTO KOHTPOJIIO Bard Ta rabapurTis. fIKio B yMoBax ABa i Gisbiie
ingekciB 3 {j, m, s} mepeBULIYIOTh iHJIEKC (, TO iHJAeKC KOHCeKkBeHTY "k=q+1", i mocumsika
TPaHCHOPTYETHCA 0 3aBaHTAKyBaJIbHUX JiBepel 3 HoMepoM "q+1".

[ TecTyBaHHS po3po6JieHOI Mojesli BHKOPHUCTOBYBAaJOCh NpOrpaMHe 3abe3nedyeHHS
cepefoBuiia Matlab. Po3po6seHo Mozenb 3 yoThupma Bxofgamu (puc. 1), saki BifnosizawTb
4JiTKUM 3Ha4eHHSIM napameTpiB {e*, h* w*, d*} i ofHUM BUX0O/I0M — YiTKUM 3HAaYEHHSIM HOMEpiB
IBepeld  TepMmiHaniB. TecTyBaHHA  mNOpoBOAMJIOCA  [JAnA  TepMiHaliB i3 TpboMa
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3aBaHTaXXYBaJIbHUMHU [JIBEPSIMHU. 3HAUE€HHs /Jjiala30HIB HEYITKUX MHOXWH, 3aJaHux JJifd
MO/ieJIIOBaHHS, MOAaHi B TabJI. 1.

Ta6unsa 2
Jliana3oHY 3Ha4YeHb HEYITKUX MHOKHH
JIIHrBiCTHYHI L. .
aMiHH HediTKi MHOXXVWHH Jliarma3oHu 3Ha4YeHb
E E{, Eo, E3 E1€[0,30], E2€[15,45], E3€[35,60] KT
H Hiy, Hy, H3 H1€[0,80], H2€[40,120], H3€[80,160] CM
W Wi, W,, W3 W1€[0,80], W2€[40,120], W3€[80,160] cm
D D1, Dz, D3 D1€[0,80], D2€[40,120], D3€[80,160] CM

Pe3ysibTaTu MoJe/l0BaHHS NpejcTaBiieHi y Buriasaji rpadikiB yHkuii Bigryky moaeni gjis
JiBoX BapiaHTiB. [l/isl mepioro BapiaHTa Ha puc. 2 npejcTaBieHa QyHKLis BiATYKY, 1110 BU3HAYAE
HOMep 3aBaHTaKyBaJIbHUX JiBepel (y*) A/ ABOX BXifHUX napameTpiB BucoTH (h*) Ta Baru (e*),
a Ha Apyroro - JAJjs napaMeTpiB Bard (e*) Ta wupuHu (w*).

Pucynok 1. ®yHkuii BiAryky HediTkol Mojeni

AHaniz oTpumaHux YHKIiH BirYKy He4iTKOI CHUCTEMU BUBEJEHHS MoZeJsi J03BOJISIE
3p0o6UTH BHCHOBOK, 110 YCi KpUTEPii COPTYBaHHSA peaJsli3oBaHi, a po3pobJieHa HediTKa MOJlesb
NPUUHATTA pimleHb ASL MOBHICTIO BiZIOBifAa€ NocTaBJeHil 3aAayi.

5. BUCHOBKM

Po3po6sieHa HediTKa Mojesib NPUHHATTA pimeHb ASL MOBHICTIO BifioBiZjae mocTaBJieHil
3ajaui, peanizye HediTKy kJacudikalii Ta COpTyBaHHS IMOCHJIOK 3a 3aBaHTAXyBaJIbHUMH
IBepsAMU TepMiHasiB. PeasizoBaHe copTyBaHHSI 3ab6e3ledyye JBa BapiaHTH KOMIIAKTHOTIO
3aBaHTaXeHHS MOCUJIOK.
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BUKOPUCTAHHA HEYITKUX CUCTeM NIOriYHOro BUBOAY ANA
MaTeMaTUYHUX MoAeNein OUiIHKM HAAIMHOCTI NPOorpamHoro
3abe3neyeHHA

[0pin 3popenko!, Anina Auko?, Onrena laitan!, Cepriii JIro6apcbkuit? Ta
AHaTosii MapTHHEHKO0?

1 HayioHanvHuli yHisepcumem «Ilonmascvka nonimexuika imeni FOpiss Kondpamrokay, [lepwiompasHeguil npocnekm,
24, llonmasa, 36011, Ykpaina

2 Bilicbkogull iHcmumym mesekomyHikayill ma iHgpopmamu3sayii imeni I'epoie Kpym, eya. Knssie Ocmpo3svkux, 45/1,
M. Kuis, 01011, YkpaiHa

AHoTanisa

Po3BuTOK Ta iHTerpauisa iHpopMmaniiHUX cucTeM B yci chepu JisIBHOCTI Cy4acHOro CycCIiJbCTBa
noTpebye 3abe3neyeHHS HaJiAHOCTI BiAMOBIHOrO MporpaMHOro 3abe3nevYeHHS. 3ajayvero
JlOCJIi/DKEHHs] € 3HAXO/PKeHHS ILIAXIB [ JONOBHEHHsI MaTeMaTUYHUX MoJiejlell TPOrHO3yBaHHSA
JIedeKTiB mporpaMHoro 3abesnevyeHHs: HA OCHOBI BUKOPHUCTaHHS HEYITKOI JIOTiKH.

Kiw4oBi ciioBa
HapgifiHicTb, MaTeEMaTHYHA MOJZIEb, lePEKTH, HEUITKI CUCTEMH

1. Bctyn

HapifiHicTh nporpamMHoro 3abe3neyeHHs € BOXKJIUBOIO XapaKTEPUCTHUKOIO Ta PerJiaMeHTYEThCs
BUMoOraMmu MixkHapogHoro ctangapty ISO 25010 [1]. Jani npo BusiBJieHi AedeKTH MOXKYTb
XapaKTepu3yBaTHUCsl Pi3HOI0 YACTOTO PO3MOAINY Ha pi3HUX eTamax }KUTTEBOro nukay [2], [3].
Tak, nif yac erany Bepudikanii I13 kinbkicTb BUsIBJIeHUX AedeKTiB MOKe MaTH HaWGiabIy
4aCTOTY, MOCTYNOBO 3MEHLIYIOUHWCh HAa NOJajbliuX eTanax ¢yHKUioHyBaHHs [13. BapTicTb
yCcyHeHHs AedeKTiB nepeBaKHO GiJibIla MpU BUABJIEHHI iX Ha Mi3HIX eTanax >KUTTEBOTO I[UKJTY.
IcHyroui migxoAu ouiHIOBAaHHS XapaKTEepPUCTUK HaZiWHOCTI mporpamMHoOro 3abesmnevyeHHs
3/1e6ib1I0r0 6a3yIOThCA Ha MOEAHAHHI Pi3HUX MaTeMaTUYHUX MOJesied OIiHKHU JledeKTiB, a
TAKO’, Ha Cy4acHOMY eTani po3BUTKY iHpOpMaLiHUX TEXHOJIOTiH, MOXYTb OYTH [JONOBHEHI 3
BUKOPHUCTAHHSAM HiAX0/iB Ha OCHOBI HeuiTKoi Jioriku [4]. ToMy icHye noTpeba B afjeKBaTHUX
MaTeMaTUYHHUX MO/leJIsIX IPOrHO3yBaHHS MOXJIUBUX AedekTiB B 13, siki 6yyTh 3a6e3ne4yBaTH
HeoOXiJHUU piBEHb TOYHOCTI.

2. NocraHoBKa 3aaavi

3abe3nedyeHHs HaAiMHOCTI [13 HA OCHOBI 3aBYACHOI OLIIHKHU KiJIbKOCTi MOXJIMBUX AedeKTiB B [13
MOXJIMBE 3 BUKOPUCTAHHAM CHUCTEM I[POTrHO3yBaHHA. IcHyrod4i MaTreMaTuyHi MogeJi
NpU3HaYeHi JJis1 BUPILIeHHd i€l 3a4a4i He 3aBX /U J03BOJISAIOTh BpaxyBaTH CKJIaJAHI IPUYUHHO-
HaCJIiIKOBi 3B’I3KM BUHUKHEHHSI HOBUX ZiePeKTiB Ta NOTPeOYIOTh JJONOBHEHHS [5-9].

O4HUM 3 MepCcneKTUBHUX HaNpsIMKIB peasizaunii cucteM nporHosyBaHHs gedekTiB B [13 €
BUKOPHUCTAHHSA HEYITKUX CHUCTeM JIOriYHoro BuUBOAY. Taki cucTeMM IOKasajJu CBOXO
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epeKTUBHICTb NPHU HENOBHOTI Ta HETOYHOCTI BXiJHUX AaHUX [5-9]. [l Ha/alITyBaHHA TaKUX
CHUCTEM MOXYTb BUKOPUCTOBYBATHCA Pi3Hi NifAX04U. Y3arajibHeHa CTPYKTYpa HEYiTKOI CUCTEeMHU
JIOTiYHOTO BUBOAY NpeJcTaByeHa Ha puc.1 [5].

MaJioHOK 1. OCHOBHI eTany HEYiTKOr0 BUBOAY

MaTemaTu4yHa MozeJsib Ha ii OCHOBIi 6yJe MaTH Taki eTanu GyHKLiIOHyBaHHS: 36ip JaHUX PO
BusiBjeHi gedektu [13, pasudikauis, HediTkul ysoriuHui BUBiA, Aedasudikaniss, oTpUMaHHS
BUXIJJHUX JaHUX [5].

3. MporHo3yBaHHA aedekKTiB 13 3 BUKOPUCTAaHHAM MoAeNi Ha OCHOBI
HeYiTKOI NOriKkn

[IpoBeseHU# aHali3 JliTEpaTypHUX [PKepeJl MoKa3aB HeobXiAHICTh B YA 0CKOHa/IeHHI Mojesen
nporHosyBaHHs JedekTiB [13. O4HUM 3 NepCcHeKTUBHUX LIJIAXIB AJIS IIbOTO € BUKOPUCTAHHS
HEYITKUX CUCTEeM JIOTIYHOr0 BUBOAY. HaBYaHHA TaKMX CHCTeM NPOINOHYETHCA 3IMCHIOBAaTH Ha
OCHOBI CTaTUCTUYHUX JAHUX MOHITOPUHIY BCiX eTalliB >KUTTEBOr'0 LUKJY 3paska [13.

[Iponiec MOHITOPUHTY IPONOHYETHCS 34iHCHIOBATH LIJISIXOM HipaxyHKY KijJibKOCTi gedeKTiB
[13 Ha AuCcKpeTHIN AiNsHKax Yacy neBHOI TpuBaJocTi, [JaHi npo KiabKicTb gedeKTiB Ha TaKuX
JUISIHKAaX CKJIaJalTb CTAaTUCTUYHUNM Habip, KUK OyJe BUKOPUCTAHUH [AJs MOAAJBLIOTO
HaJalITyBaHHA. MOHITOPHUHr /i BUsABJEHHS AedeKTiB HeoOXiHO 3AiHCHIOBAaTH MPOTATOM
BCbOT0 )KUTTEBOTO LUKy [13. Takuii nigxig 103B0UTE 3i6paTH HEOOXiAHI JaHi 11 TOAANBIITOT
po6OTH Moz

Tak, B IKOCTi BXiZHUX BeJIMYMH MPONOHYETHCS BUKOPUCTATH 3HAYEHHS KiJIbKOCTI JlepeKTiB
[13 mpoTAroM meBHOI KiJIbKOCTI momnepejHiX 4acoBUX iHTepBasiB. KibKicTh Takux BXiHUX
BEJINYUH J0OUPAETHCA BUXOAIYH 3 BUMOT 10 TOYHOCTI MPOTHO3Y Ta MOXe 0y TH pidHo. Takok,
JlOJaTKOBO, B SIKOCTi BXiZJHUX BEJIMYUH MOXKYTb OYTH 3aCTOCOBaHi 0/ aTKOBI mapaMeTpu abo
ycepeqHII0Yi XapaKTepUCTUKU. BUXiHOWO BeJMYMHOK NMPUUHATO - KijJbKicTh AedekTiB I13
[IPOTATrOM IIPOrHO3HOI'0 YaCOBOI'0 IHTEpPBaJy TAKOI K TPUBAJIOCTI, K 1 /I BXiJHUX BEeJIMYKH. B
3arajJlbHOMy Ha MO/ieJlb Ha OCHOBi HEeYiTKOI JIOTiKM BIJIMBA€: BUOIp aJrOPUTMy HEYiTKOro
BuBoAy (Mamdani, Tsukamoto, Sugeno, Larsen Ta iHmi); BHUGip BXiJHUX BeJUYHH Ta IX
KiJIbKOCTI; BUGIp KinbKOCTi QyHKILiM HA/IEXKHOCTI [I/1s1 KOXKHOI BXiZJHOI BEJIMYKMHU Ta iX GopMy;
BUOIp BUXi/HOI BeJIMUUHU; po3p06Ka 6a3u MpaBWJl Ta BU3HAUEHHSI 3HAUYILOCTi (Baru) KO>KHOT0
npaBWJa; BUOIp a/irOpUTMYy HajalITyBaHHsS (HaBYaHHS) Mojesi Ha MolepeHbO 3i6paHUX
JaHUX.

Jis1 oTpUMaHHSI HEOOXiZJHOro CTyINeHsI TOUYHOCTI MPOTrHO3y NPONOHYEThCS 3AiHCHIOBATH
NMeBHy MHOXHHY OIllepalid HamnpaB/JeHWX Ha 3HaXO/KeHHs OajaHCy [Js [JOCATHEeHHS
HeoO6XiJHOI TOYHOCTI MPOTrHO3Y 3 O/|HIi€l CTOPOHM Ta 3a6e3neyeHHsI BUMOT N0 NPOAYKTUBHOCTI
MoZeni 3 iHmoi. Buxoas4u 3 1boro NponoHYETbCA 34iMCHIOBATU [OCAIJPKeHHA NpU Bapiawnii
TAaKUMHU IapaMeTpaMU MOJeJli: 3MiHa aJITOPUTMY HEUiTKOTO JIOrIYHOT 0 BUBOAY; Pi3HA KIJIBKICTh
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BXiZJHUX BeJIMYMH; pi3Ha TPUBAIICTh iHTepBasy MPOrHO3yBaHHS; pi3Ha KiabkKicTh Ta $opma
byHKLIN HaNeXHOCT] BXiJHUX BEJIUYHH.

Tak, KOpeKTHOMYy nA0060py WiJJifArarloTb 3HA4Y€HHS TPUBAJIOCTI JAHUCKPETHUX 4YaCOBUX
iHTepBasiB. TaKOX BaXJIMBOK CKJIAaZ0BOK € KUIbKICTh HEYITKHUX MPaBUJI Ta IXHHA Bara, fKa Io
3aMOBUYYBaHHIO MOXe OYTH OJjHaKoBO1O. [l aBTOMAaTHW30BaHOI0 HaJALITYBAaHHS HEYITKUX
CUCTEM IMPOIMOHYETbCA BUKOPUCTOBYBAaTHU mifxiag 3 BukopucranHsaMm ANFIS [10-15], mo
Jl03BOJIUTh aBTOMATU3yBaTH MPOLLEC CTBOPEHHS 6a3u MpaBuJ Ta BU3HAUYEHHS Baru KOXKHOTO
npaBuiia. Taki cucTeMu € cMM61030M HEUiTKUX CUCTEM JIOTIYHOT O BUBOJY Ta HEHPOHHUX MEPEX.
HastamtyBaHHA TaKUX CUCTEM 3BOAUTHCA 10 BAKOPUCTAHHA KJIACUYHUX aJITOPUTMIB HaBYaHHA
HeHpOHHUX Mepex [16]. [Jlia mnpoBefeHHSA HeEOOXiAHUX JOCTIPKEHb IMPOIMOHYETHCS
BUKOPHUCTOBYBAaTU cepefoBuile Matlab, a camMe npu3HaueHHH [AJ11 CTBOPEHHSI HEYITKHUX
MogeJsieil nakeT Fuzzy Logic Toolbox [17].

4. BUCHOBKMU

B po6oTi 3ampomnoHOBaHO BUKOPUCTOBYBAaTH IMiJXOAM HA OCHOBI He4iTKOI JoTiku 3
aBTOMATH30BaHMM Ha/JalUTYBaHHAM /JJid [JOMNOBHEHH MaTeMaTU4YHUX MOJeJied OLIHKH
HagiiHocTi [13. /g 1bOro MpONOHYETBHCA BUKOPUCTOBYBAaTH CTPYKTypy Ha ocHoBi ANFIS.
BusHavyeHo UL/ISIXU JOCATHEHHS HE0OXigHOI ToYHOCTI nporHo3y AedekTis [13 3 BUKOpUCTaHHAM
3alpONOHOBAHUX MiAXO0/iB.

HaykoBa HOBM3Ha OTpPUMAaHUX pe3yJIbTATIB IOJIATAE B YJOCKOHAJEHHI MaTeMaTUYHHUX
MiAXOAIB [/ CTBOPEHHS MoOJeJiel NpPOrHO3yBaHHS, B fAKUX Ha BiAMiHY Bij iCHyrO4uXx
NPONOHYETHCS 3MiHIOBATH HEOOXiAHY KiJIbKICTh BXiJHUX MTapaMeTpiB AJis1 JOCATHEHHs 6ajlaHCy
Mi>XK TOYHICTIO Ta MPOJAYKTUBHICTIO, 110 JI03BOJISIE OTPUMATH HEOOXi/He pilleHHs A/ Pi3HUX
yMOB Ta 06MexeHb. MogeJti ki MOXKyTb 6yTH peasizoBaHi 3 BAKOPUCTAHHSM BHUIe3a3HAYEHOT O
miaxoay, MiAJATalTb JIETKOMY MaclITaOyBaHHIO [Jis1 JOCATHEHHS HeoOXiJHOI TO4YHOCTI
IPOTHO3y Ta NPOAYKTUBHOCTI.

[IpakTHYHA 3HAYUMICTh OTPUMAHUX PE3YJIbTATIB NOJIATAE B TOMY, 10 3 BUKOPHUCTAHHAM
3aMpPOINOHOBAHMUX MiJIXOAIB € MOXJ/IHBICTh OTPUMAaTH HeobXiHy Mojesb Ha ocHOBi FIS ass
3HAXO/>KeHHsI 3HaYeHHS IoKa3HHWKa HajilHocTi [13 3 Heo6xigHOW To4HicTHO. Lle B KiHIleBOMY
pe3yJIbTaTi /103BOJIsIE 326€3MeYNTH Kpallli 3Ha4yeHHs sikocTi [13.
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Quadrotor Simulation Packages for Reinforcement Learning
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Abstract

This publication reviews the most popular quadrotor simulations applied in reinforcement learning for
UAV control, obstacle avoidance, path planning, and swarm behavior. We emphasize the importance of
high-quality simulations that integrate visual and physical models to mimic real-world dynamics and
sensor data accurately. Several popular quadrotor simulation platforms - AirSim, ggym-pybullet-drones,
Flightmare, Aerial Gym, RotorPy, and RotorS, are evaluated for their different capabilities and
supporting reinforcement learning applications. Each package is analyzed for its strengths in
rendering, physical accuracy, parallelization, and compatibility with reinforcement learning
frameworks. These simulators provide valuable tools for developing and testing reinforcement
learning algorithms.

Keywords
quadrotor; reinforcement learning; simulation AirSim; gym-pybullet-drones; Flightmare; Aerial Gym;
RotorPy; RotorS

1. Introduction

Over the last decade, quadrotors have become valuable in many practical applications in
agriculture, civil engineering, environmental monitoring [1], search and rescue operations, the
military sphere, and many other fields.

Reinforcement learning, a fundamental machine learning component, is the cornerstone of
quadrotor control. It involves iterative training of agents to make decisions by interacting with
an environment via a feedback loop with rewards and penalties as a loss function.

For the last decade, reinforcement learning achieved significant advancements for UAV in
many fields of its autonomy [9]: UAV control, obstacle avoidance, path planning, and flocking
behaviors. UAV control optimizes flight stability and responsiveness. Obstacle avoidance helps
dynamically navigate through space to avoid collisions with objects. Path planning algorithms
enable drones to find the most efficient routes subject to the conditions, adjusting to real-time
environmental changes. Flocking is applied to control multiple UAVs in cooperative scenarios,
allowing swarms of quadrotors to fly in formation, coordinate on missions, and avoid inter-agent
collisions.

2. Quadrotor simulation in reinforcement learning

The training of reinforcement learning agents uses numerical simulation, which necessitates a
robust mathematical model of interaction between an agent and an environment and a reward
function. The quality of these elements is pivotal in transferring agent policymaking from
simulation to the real world. Over the last decade, numerous works have been dedicated to
solving quadrotor control problems with reinforcement learning [2].

Simulations are used to imitate real-world agent-environment feedback in reinforcement
learning. Quadrotor simulation has two main parts - visual and physical. Visual simulation

Information Systems and Technologies (IST-2024), November 26-28, 2024, Kharkiv, Ukraine
@vadym.honcharenko@nure.ua (V. Honcharenko); valentyn.yesilevskyi@nure.ua (V. Yesilevskyi)

® 0009-0002-0370-3361 (V. Honcharenko); 0000-0002-5935-1505 (V. Yesilevskyi)

© 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

43



imitates optical-flow data (visual RGB - input, segmentation, depth maps, etc.) for sensors like
cameras and LiDARs. They differ from rendering engines (Unreal Engine, Gazebo, Unity, and
others) and provide data quality (resolution, world realism) and quantity (RGB, segmentation
maps, depth maps, etc.). Visual simulation is essential for obstacle avoidance, object tracking,
and visual navigation. Physical simulation imitates quadrotor kinematics, interactions with
other objects, and different space conditions (wind, air pressure, collisions). They differ with
several implemented effects (like some not commonly implemented effects - downwash,
parasitic aerial drug, wind, and others), physics simplifications, and assumptions (linearized
motion equations, quadratic drag and torque, constant mass distribution, and others). Physical
simulations are essential for UAV control, navigation, and path planning.

3. Simulation packages

Many simulation packages have been developed and published since the increasing adoption of
machine learning-based techniques for UAVs in the mid-2010s. They help to make fast, precise,
and realistic UAV simulations that are needed to test UAVs and train machine learning and
control algorithms. Besides physical and visual fidelity, simulation packages have other
significant properties: speed, compatibility with programming languages and software (like
different ROS and libraries like OpenAl Gym), licensing, maintenance status, community support,
and development entrance level. [9]

3.1. AirSim

AirSim [3] is a Microsoft UAV simulation product built on the Unreal rendering engine that
utilizes Fast Physics and PhysX physics engines developed in C++ and C#. It is focused on visual
fidelity; because of this, it is used mainly for autonomous navigation and computer vision. AirSim
offers a large number of sensors and compatibility with open-source controllers (like PX4 and
ArduPilot), which can be helpful for pilot training applications.

AirSim uses NVIDIA’s physics engine, PhysX, which is not specialized for UAVs, and it is tightly
coupled with the rendering engine to allow simulating environment dynamics; for this reason, it
can achieve only limited simulation speeds. This limitation makes it difficult to use for
reinforcement learning tasks in control and navigation areas.

3.2. gym-pybullet-drones

gym-pybullet-drones [4] is an open-source package for simulating multiple quadrotors with
PyBullet physical and visual engines suited for Python development. It is mostly used for swarm-
controlling tasks like line trajectory tracking, takeoff, and hovering.

Gym-pybullet-drones is based on the open-source Bullet Physics engine, which is notable for
its realistic collisions and aerodynamic effects (like a drag, ground effect, and downwash).
PyBullet engine also allows the extraction of synchronized rendering and kinematics. Both CPU-
and GPU-based rendering are also available. Notably, it is compatible with the Unified Robot
Description Format (URDF).

This package has interfaces for multi-agent and vision-based reinforcement learning
applications utilizing the Gymnasium APIs. It includes examples of reinforcement learning
workflows for single-agent and multi-agent scenarios.

3.3. Flightmare

Flightmare [5] is an open-source simulator based on the Unity rendering engine and supports
different physical engines suited for both Python and C++ development. Flightmare is used for
machine learning applications like path-planning in a complex 3D environment and visual-
inertial odometry and is a popular tool for autonomous drone racing. The rendering engine can
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generate realistic visual information and simulate sensor noise, lens distortions, and extract the
3D point-cloud of the scene.

Flightmare supports three physical engines: a Gazebo-based quadrotor dynamics, real-world
dynamics, and a parallelized implementation of classical quadrotor dynamics. Gazebo-based
dynamics are slower but more realistic thanks to high-fidelity physics engines, e.g., Bullet. That
allows users to control robot dynamics, ranging from simplified UAV models to advanced ones
with friction and rotor drag.

In contrast to AirSim, we decouple the rendering module from the physics engine, which
offers fast and accurate physics simulation when rendering is not required.

3.4. Aerial Gym

Aerial Gym [6] is an open-source simulator extension to Isaac Gym developed by NVIDIA that
can simulate millions of multirotor vehicles parallelly, taking advantage of GPU parallelization.
It provides customizable obstacle randomization functionality for navigation tasks, uses
Universal Robot Description Format (URDF) files with an extensive set of objects in the
environment, and interfaces for efficiently managing the environment. Aerial Gym provides
sample environments containing robots equipped with simulated cameras capable of capturing
RGB, depth, segmentation, and optical flow data at thousands of frames per second. It also
integrates with PX4 and ROS 2 and additional sensors (magnetometer, GPS, and barometer).

3.5. RotorPy

RotorPy [7] is a lightweight open-source Python simulator focused on providing a
comprehensive quadrotor model. The simulator’s quadrotor model is extensively detailed,
including 6-DoF dynamics, aerodynamic wrenches, actuator dynamics, sensors, and wind
models. RotorPy includes a Gymnasium environment for RL applications. However, despite
having an accurate quadrotor physics model and aerodynamic effects, it lacks complicated
environments.

3.6. RotorS

RotorS [10] is built on top of Gazebo Classic and offers a modular framework for designing
UAVs and developing control algorithms, mainly focusing on simulating vehicle dynamics. It
provides several multi-rotor models. RotorS has been extensively used in robotics to develop
algorithms on MAVs, such as drone racing, exploration, path-planning, or mapping. Nevertheless,
the Gazebo engine has limited rendering capabilities and is not designed for efficient parallel
dynamics simulation, which makes it challenging to use in reinforcement learning. Also, it does
not come with ready-to-use reinforcement learning interfaces, and its dependency on Gazebo
makes it ill-advised for parallel execution or vision-based learning applications.

4. Conclusions

While reinforcement learning has significantly advanced quadrotor autonomy in many areas, the
choice of simulation environment plays a critical role in the success of these applications. The
simulation packages reviewed in this paper offer distinct strengths and limitations, making it
essential to select a simulator that best suits the specific application carefully. For example,
AirSim excels in photorealistic visual environments but may need more speed for large-scale
reinforcement training. At the same time, gym-pybullet-drones prioritize fast, multi-agent
simulations with realistic physics but more straightforward visual rendering. Flightmare offers
a balance with decoupled physics and rendering, providing flexibility for high-speed simulations,
whereas Aerial Gym specializes in large-scale, GPU-accelerated simulations for multi-agent
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learning. RotorPy, on the other hand, is lightweight and focuses on detailed quadrotor dynamics
but lacks complex environments.

Each simulator has trade-offs regarding computational speed, physical fidelity, visual realism,
and compatibility with RL frameworks. Therefore, it is crucial to interrogate the pros and cons
of each package relative to the specific requirements of the task - whether the focus is on visual
navigation, high-fidelity physics, or large-scale multi-agent coordination -before applying it.
Users can maximize efficiency, realism, and effectiveness in their reinforcement learning-based
quadrotor applications by aligning the simulation environment with the research or
development project goals.
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AHani3 cTinKkocTi po3s’aA3KiB 3aaa4 ONTUMA/ZIbHOTO PO3MiLLLeHHA
pO3NoAiNbYMX LLeHTPIB 3 TepUTOpiaIbHUM 30HYBaHHAM

Jlanusio Jlybenenw!'t Ta Jlapuca Kopsimkinalt

1 HayioHaavHulli mexHiuHull yHisepcumem «/JHinposcbka noaimexwikay, np. /. AsopHuyvkoeo, 19, m. [[Hinpo, 49005,
Ykpaina

AHoTanisa

PosrisimaeTbcss mpo6JsieMa ONTHMMAJbHOIO PO3MillleHHS PO3MNOAIJMBYMX LEHTPIB TPaHCIOPTHO-
JIOTICTUYHHUX CUCTEM 3 BU3HAYEHHSM 30H iX 00c/ayroByBaHHA. [IpejcTaB/ieHi MaTeMaTH4HI MozeJi
JIOTICTUYHHMX 3a/]ay, 30KpeMa, GaraToeTalHUX Ta YAaCTKOBO JBOoeTanHUX. HaBeseHO pe3y/ibTaTH
eKCIepUMEHTANbHUX AOCHiPKEHb LIOA0 CTiHKOCTI po3B’sI3KiB CHOPMYJIbOBAHUX ONTHUMIi3aLiHUX
33124 i MeTOAiB IX po3B’sA3aHHS.

KirouoBi cs1oBa
OnTuMaJjibHe po3MillleHHA-PO3M0/iJ, JIOTiCTHKA, CepBiCHI 30HH, CTIMKICTh pO3B’s3Ky 3ajaui
onTuMizanii

1. Bctyn

CyyacHi JioricTU4YHiI cHCTEMM XapaKTepHU3yHTbC CKAAaJHUMU 3B'sI3KaMHU SIK MiDX CBOIMHU
nigpo3fiziaMy, TakK 1 3 30BHIWIHIM cepejoBulieM. MareMaTh4Hi Mogzeai Ta MeETOLU
ONTUMAJILHOI0 PO3MilleHHs1 06’€KTIB i pO3OUTTS perioHy Ha 30HHU iX 06CJAYyroBYBaHHS, fIKi
npeactaBieHi y po6orax [1, 2], AgomoMaralTb aHaJiTHKaM He TiJIbKM palioHaJbHO
po3MilllyBaTh eJleMeHTH JIOTICTUYHUX CUCTeM, aJjie H OLiHIOBAaTH IX [OTeHLiaJlbHy
CIPOMOXHICTh (3JaTHiCTHP y MOBHOMY 06CfI3i HajaTH IMOCJAYTY CBOIM CHOXHWBayaM abo
3abe3neyrTH iX pecypcoM). Po3po6/ieHO MeTOM po36GUTTS 33aaHOr0 perioHy Ha o6JiacTi, ki
OXOIJIIIOTh KJIIEHTIB, 1[0 MalOTh OAHI ¥ Ti cami k Halbumxkyi cycigHi cepBicHi neHTpu 3 N
icHytouynx (260 MOXJIMBUX) 3 OrJSJOM Ha Te, IO K/IIEHTH KOXHOI 006J1acTi MOXYTb
06c/yroByBaTucsl OyAb-IKUM 3 HaWbamkunx k neHTpiB. OKpeMUM BHUMAZKOM € PO3OUTTS
perioHy Ha MOHOTIOJIII, KOJIM CIIOKHUBA4di 06CAyrOBYIOThCS JIMIIEe OJJHUM IIeHTpoM. Y poboTi [3]
ONMCAaHO [JBOETAllHi Ta YaCTKOBO JBOETAINHI NPOLECH PO3NOAIJIY MaTepiaJbHUX IOTOKIB,
nob6y/0BaHO iX MaTeMaTHU4YHi MoJesi y BUTJIsIZi HellepepBHHUX 3a/1a4 ONTHUMAIbHOTO PO3OUTTS
MHOHH i3 I0JJaTKOBUMH 3B’s13KaMH. Mojiesti i MeToay po3MillleHHs TOJaTKOBUX MMiIPO3aiiiB
JIOTICTUYHHUX CUCTEM 3 [1epepOo3I0/iJIoM CEPBICHMX 30H HaBeJeHO B pPo6oTi [4].

B ycix 3a3HadYeHUX MoJesAX I MeTOoLaX BUKOPUCTOBYIOTbCA TEOPETHUYHI METPUKHU [Jsd
OLIiHIOBAHHS BiJicTaHi Mi ABOMa 06’€KTaMU perioHy, TOMy 4aCTO Ha NPAKTHULi y CUJIY pPi3HUX
NpUYMH (TeXHIYHUX, reorpadgiyHUxX) ONTUMaJbHUHN PO3B’I30K 3a/a4i peasi3yBaTH HEMOKJIUBO.
[ToTpi6HO BiAXW/IMTHCA Bij 3HAWJEHHUX KOOpAWHAT IeHTPiB. ToMi mocTae nmuUTaHHA: K TaKi
3MiHM BIUIMHYTb Ha NOTYKHOCTI L[eHTpiB, cdepu ix 06cayroByBaHHs, 3Ha4ueHHs GYHKIiOHATY
SKOCTi po3MimeHHs i po36uTTA. CaMe NbOMY NHUTAaHHIO 1 NPHUCBAYEHI JOC/iPKEeHHH,
npeJjcTaBJeHi B JaHiil po6oTi.
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2. NMocTaHOBKA 3aA4a4i ONTUMANbHOIO PO3MilL,eHHA-po3NoAiNny

Y npuksaZHOMY acleKTi po3rJfgHeMO IpoLec eBaKyallil HaceJleHHs 3 [eBHOI TepUuTopil J0
NyHKTiB nepBuHHOro 36opy (II13). [loTpi6HO BM3HAYMUTH MicLl pO3TaLlyBaHHS MEePBUHHUX
NYHKTIiB i po36UTH TepUTOPil0 perioHy Ha 30HU iX 06GCAYroBYBaHHs 3a/Jisl HAWIIBUZIIOLO
nepeMillleHHs HaceJIeHHd [0 LIUX NyHKTiB. Po3ryissHeMo pi3Hi BUNIaAKU 3a/ja4: KOJIM TaK 3BaHa
eMHicTb [1I13 (KiNbKiCTb 1I0A,CHKOr0 pecypcy, IKy BiH Moxke IPUHHSATH) MOXKe 6y TH 06MeXKeHOo10,
KOJIU HaceJIeHHs pOo3MNoJijieHe B perioHi piBHOMipHO i HepiBHOMipHO. MaTeMaTU4YHa MOJe/b
TAKOTO MPOLIECY € HENIEPEPBHOIO 334a4€el0 ONTHMaIbHOI0 PO3GUTTS 3 PO3MillleHHSIM LIeHTPIB 3
06MeXeHHSAMHU.

3. lgea metoay po3B’A3aHHA 3a4a4i ONTUMANbHOIO PO3MilL,eHHA LEHTPIB i3
po36uTTAM TepuTOopii Ha 30HM 06CNyroByBaHHA

Po3B’si3aHHs1 HemepepBHUX 33/ja4 ONTHUMAaJbHOI0-PO3MIllleHHSA-PO3MO/iIY 34iHCHIOETBCS Ha
OCHOBI €AWHOro miaxony. B Horo ocHOBi JieXkUTb HacTynHa cxema. [lo BUXiAHMX 3ajad
HecKiHYeHHOBUMIpHOi onTuMi3zauii 3 6yseBUMU 3MiHHUMH 3acTocoByeTbcs JIII-penakcariis,
Jnani GOPMYJIOETHCA KPUTEPid OMTUMaIbHOCTI PO3B’A3Ky OTPHUMaHOI 3a/a4i, 3aCHOBAaHHUH Ha
BUKOpUCTaHHI pyHK1ioHaMy Jlarpanka. B pe3yabTaTi - xapakTepUcTHYHI QYHKLIT NiZMHOMXKKH,
Kl CckJaJalTh PO3OUTTS 3aJaHOr0 pPErioHy, BAAETHCS 3HAWUTHU B aHAJITUYHOMY BUIJISAL.
®opmysia g iX 0O6GYMCIEHHS MICTUTh NapaMeTpH, fAKI € pPO3B'3KaMU [JOMOMIKHHUX
CKiHYeHHOBHUMIpHHUX HErJIJKWX 33J/lad MaKcuMisalii abo HerJiaKux 3ajad Makcuminy. s
YHCeJIbHOT'0 PO3B’sI3aHHsI OCTAHHIX 3aCTOCOBYIOThCA Pi3Hi Moaudikauii r-anropurmy Llopa.

4. EKcnepuMeHTaNbHi A0CNIAXKEHHA CTIMKOCTI po3B’A3KiB

4.1. NMnaH eKcnepumeHTiB

ExciepuMeHT cOpsIMOBaHUM Ha MepeBipKy, CTabibHOCTI ajJropuTMy po3B’si3aHHS 3ajaui
ONTUMaJIbHOTO PO3MillleHHA-PO3NO0/iaY, OLiHK/ BIIMBY HEe3HAYHUX 3MillleHb LIeHTPIiB Ha IXHi
30HU 06CJYrOBYBaHHS, AOTPUMaHHSI 0OMeXeHb Ha IXHi CIPOMOXKHOCTI, @ TaKOX Ha 3arajibHi
TPAHCIIOPTHI BUTPATH Ha JOCTABKY pecypcy 3 KOXKHOI TOYKHM perioHy A0 BiANIOBiHOTO LieHTpY.

Ha nouyatkoBoMy eTani BU3HaueHO noJie po3MipoM 10x10 (3 kpokoM auckpetusanii 0.04),
Ha AKOMY ONTUMaJIbHO, 3 YpaxyBaHHAM MiHiMi3anil BUTpaT Ha JOCTABKY pecypcy, pO3TalloBaHi
9 cepBicHux 1eHTpiB (puc. 1). Tpu 3 Hux (1, 41, 7)) 3anumaTbcs GiKCOBAaHUMH, iHILI IIICTh
3MilYIOThCA Y BUIIAQJKOBOMY HANPSMKY B MeXax 3aJjlaHOr0 iHTepBaJly BiJ -€ [0 +g, e € —
HeBeJIMKe 3HayeHHS. 3MillleHHs BiJ0yBarOTbCs MOCTYNOBO, PiBHOMIpHO Ha KOXHi# iTepanii
eKCIepUMEHTY, MOJeJIIOI0UH MOXK/IMBI peasibHi yMOBU 3MiHM NMO3ULiH LLeHTPiB 360py.

JocnigpxeHo Tpu okpeMi BUNAJKUA po3MOJiay pecypciB (IonuTy Ha mociayry) i HassBHOCTI
06MeKeHb Ha CIPOMOXKHICTh LIEHTPIB.

1. PiBHOMipHHU po3mofin wisbHOCTI pecypcy (puc. 2, a) 6e3 o6MexkeHb Ha EMHOCTI AJs
LeHTpiB 360py. ¥ 1[bOMy BUNAJKy pecypc pOo3NoAiNsAeTbCs piBHOMIPHO IO BCbOMY MOJIIO, L0
03Havya€ 0/lHAKOBY ILLIJIbHICTb pecypcy Ha KOHi# AiisHui. Lle 103B0JIsIE OL[IHUTH, IK aJITOPUTM
Mpaloe B yMOBax piBHOMIpHOI0 HABaHTaKeHHS Ha BCi LIeHTpHU 360Dy 6e3 6y1b-IKUX 0OMeKeHb
1o ix eMHOCTI. Takuil po3noAis cay>KUTb 6a30BOI0 TOYKOIO BiJJIiKy, OIIOMarawyy 3po3yMiTH
OCHOBHI XapaKTepHUCTHUKH ONTHUMIi3anil Npu BiICyTHOCTI BapiaLii y IiJIbHOCTI pecypcy.

2. HepiBHOMipHUH po3nozin pecypcy (puc. 2, 6) 3 ToukaMH NiZiBUILEeHOI LiJIbHOCTI 6e3
o6MeXeHb Ha EMHOCTI A1 LeHTpiB 360py. ¥ 1bOMy BHUIAJKy Ha MOJi NPUCYTHI TPU TOYKHU
CKyI4YeHHsd pecypcy. Pemrta TepuTopii xapakTepU3yeTbCA MEHIUO ILiJIBHICTIO pecypcy. Le
Jl03BOJISIE IEPEBIPUTH aJITOPUTM y BUNIAJIKy HEPIBHOMIpHOTO HaBaHTaXKeHHS Ha LeHTPU 360py,
aje 6e3 oOMexeHb MO ixHiM emHocTi. Takuil posmoAin pecypciB 6ijibilie HAGJAMKEHUH [0
peasibHUX YMOB, [ie PECYPCH MOXKYThb 6y TH KOHLEHTPOBaHi B IEBHUX 30HAX.
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3. HepiBHOMipHMH po3mofin pecypcy 3 TpbOMa TOYKaMM MifBUIIEHOI LIJIBHOCTI Ta
00MeXEeHHSIMM 110 EMHOCTI /51 ilesIKUX LeHTpPiB 360py (Mo4aTKOBi KOOpAMHATHA He 3MiHEHI).
AJITOPDUTM NOBUHEH BPaxOBYBaTH OOMEXEHHsI 10 €MHOCTi, ki He J03BOJISIIOTb OKPEMHUM
IeHTpaM 30UpaTH Oijibllle 33JaHOT0 06cATY pecypcy. Takui BHJ| eKCIIEPUMEHTY J03BOJISIE
OLIiHUTH, HACKIJIbKU CTabiJIbHO aJrOPUTM HpaLIOE B yMOBax, KOJIU MOTPiOHE AOTPUMaHHSA
06MeXKeHb, | IKMM YMHOM BiH BUpILIYE 3a/ja4y ONTUMaJJbHOI0 PO3MOJiJay pecypciB 3a HAssBHOCTI
¢$i3nYHUX 06MEKeHb Y CUCTEMI.

PucyHok 1 - PucyHok 2 - lllinbHICTh po3noginy pecypcy:
OnTuMasbHe i 36ypeHe a - piBHOMipHa; 6 - HepiBHOMipHa
pO3MilleHHA LieHTpPiB
[Iporpama jJis ekcliepuMeHTy HanvcaHa MoBoto Python, a pesysibTaTu 36epiratoTbcs AJ1s
MOJ/IbIIOr0 aHamidy Ta Bisyasisanii. Bisyanizamisi pesysbTaTiB [103BOJISIE MOGAYUTH, SAK
3MilleHHs LeHTPiB 360py BIUIMBAE HA 3arajibHi BUTPATU Ta eQpeKTUBHICTb PO3MOAiNY pecypcy.

4.2. Pe3ynbtaTy JOCNiAXKeHb

ExciepuMeHTa/IbHI [OCTi/PKEHHST MOKa3ald CTabijbHICTh Ta epeKTUBHICTb pPO3pO6JIEHUX
aJITOPUTMIB PO3B’si3aHHs 3a/Jja4y ONTHMaJIbHOr0 PO3MillleHHs LIeHTPiB i3 30HyBaHHAM 06J1acTi B
pi3HUX yMOBax po3MO0Jiay IIiIBHOCTI pecypcy Ta Ipyu HassBHOCTi 06MeXeHb [10 EMHOCTI LIeHTPiB
360py. Y mepuioMy BHUINAJKy 3 PiBHOMIpHMM pO3MO/iJIOM pecypcy aJropuTMm 3abe3mneyye
CTiHKUI PO3MOALJ, 1[0 MATBEPKYE WOT0 3JaTHICTh ONMTUMI3yBaTH AOCTAaBKYy 6e3 BigxujeHb
HaBiTb NpU 3MiljeHHI LeHTpiB. Y ApPYroMy BUINAAKY QJITCOPUTM AJANTYyETbCA O 3MiH y
LIIJIBHOCTI, ONTHMaJIbHO IEepepo3NOAiIAIoYU pecypc cepel, LEHTPIB 3aJeKHO BiJ IXHBOrO
pO3TallyBaHHA LIOJO0 30H BHUCOKOI WIJIBHOCTL. Y TpeTbOMy BHUINAAKY pe3yJbTaTU
eKCIepUMEHTIB CBijyaTb NMPO 3JaTHICTb ajJropuTMiB eeKTHBHO YNPABJIATH PO3NOAII0M
HaBiTh 32 YMOB, KOJIU JesKi LeHTPU LWBUIAKO LOCATalOTb CBOEl MaKCUMaJbHOI €MHOCTI. Lle
3abe3neynsio 36ajiaHCOBaHE MepPepo3NOJijly pecypcy, L0 CIOPHUSE ONTUMaJbHOMY
BUKOPHUCTAHHIO 0OMeEXeHUX MOX/IMBOCTed LeHTpiB. Ha puc. 3 mpezcraBiieHO pe3yJsbTaTH
TPbOX €KCIIEPUMEHTIB 3 BU3HAYEHHS 30H BiZIMOBILaJbHOCTI 9-TH LIeHTPiB 3a iX NOYaTKOBUMH i
3MileHuMHU KoopArHaTaMu. O6MeXeHHsI Ha EMHICTBh IIeHTpPiB 3a/aHi BekTopoMm (100, 5,5, 100,
5,3,100, 5,5).Y Tabauui 1 HaBeaeHo iHopManito npo 3MiHy (y BifjcOTKax) 3HaYeHHS L[iJIbOBOT'O
dyHKUioHany 3aza4i 3i 36i/blIeHHSIM cyMapHOi BiAcTaHi MiX MOYaTKOBMMHU Ta 3MillleHUMHU
LeHTpaMu. AHa/i3 pe3yJ/bTaTiB HaBeJAeHUX EKCIIEPUMEHTIB 103B0JIsIE 3pOOUTH BUCHOBOK PO
Te, 0 MO-Tleplle, He3HAaYHUM 3MIiLeHHAM KOOpJUHAT LeHTPiB BiANOBIAAIOTh HE3HAYHI 3MiHU
KpuTepis AKocTi po36uTTs. [lo-gpyre, 06MeKeHHS Ha KiJIbKICTh pecypciB 3Ha4YHO BIJIMBAOTh
Ha MpoLec po3nojiny. ¥ uboMy cueHapii LeHTpH, SKi 3HAXOAATHCA MOGJIM3y 30H 3 BUCOKOI)
IIiJIBHICTIO pecypcy, Morjik 6 3i6paTu 6Gisblle, ajie 0OMeXeHHSI EMHOCTI IepellKoKalTh
LIbOMY, 110 3MYILUYE aJITOPUTM Mepepo3N0AiJIATA HAAJIUILIOK PeCYypPCYy MK IHIIMMU LIEHTPAMH.
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PucyHok 3 - Po3nogin pecypcy Mi>k IOYaTKOBUMHU Ta 3MillleHHMHU LleHTPaMu 360py y BUNIAAKY
HepiBHOMIipHOI IJIBHOCTI pecypcy Ta HassBHOCTi 06Me)KeHb Ha EMHOCTI I[eHTPiB

Tao6una 3
3picT pyHKuioHany 3i 36iMbLIEHHAM 36ypeHHS KOOPAWHAT LeHTPIB
Ne CymMa BiacTaHen 3HadyeHHA 3picT pyHkuioHaNy
€KCIIepUMEHTY MK 3MiHEHUMH i LiJIbOBOT'O BiZJHOCHO H0OT0
MOYaTKOBUMHU dyHKIiOHATY; noyaTkoBoro 242,82
LeHTpaMH yM. Of. yM. o1.; %
1 0,751649 243,99 0,481838
2 1,516329 245,42 1,070752
3 2,267544 246,99 1,717321

5. BUCHOBKM

BukopucTaHHsI MOOYJOBaHUX MaTeMaTHYHHUX MoJiejiell 3abe3nedye WWIBUJKY HAGJIMKEHY
OL[IHKY He JIMIIe XapaKTEePUCTUK PO3MOAiaY I OCTaBKU MaTepiaJlbHUX pecypciB B iepapXiYHUX
TPAHCIOPTHO-JIOTICTUYHUX CUCTEMAX, a ¥ MOB'SI3aHUX 3 HUMHU BUTPAT, COPHUSIE BUPOOJIEHHIO
epeKTUBHUX yNIPaABIiHCbKUX pillieHb, KiJIbKICHO 0GI'PYHTOBAaHUX 3HAYEHHSIMU Pi3HUX KPUTEPIiB
ONTUMAaJILHOCTI. 3aCTOCyBaHHS PO3P06JIEHOT0 MAaTEMAaTHYHOIO i MPOrpaMHOro 3abe3nevyeHHs
BKa3aHHUX 33/1a4 KOPHUCHO JJisi OTPUMAaHHA J0oA4aTKoBoi iHpopManil Ipo MOXKJIMBOCTI iCHYIOUHUX
CcepBiCHUX LIEHTPIB i HEOOXiAHOCTI BiAKPUTTSA HOBHUX 3a/Jis 3a6e31eUYeHHs OMaHyBaHHS BCi€l
TepuTOpii perioHy, abo 3aKpUTTS HepeHTabeJbHUX MiIPO3Ai/iB, KILO pelTa LeHTpPiB 34aTHa
HaJIaTH MOCAYTY y MIOBHOMY 06Csi3i yCiM CIIO’KMBa4YaM.
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MeTtoau ontTumisauyii Komn'lOTEPHOro MoAENIOBaHHA Y
iHpopMaUiMHUX cMCTeMmax eHEePreTUYHOro CNPAMYBAHHSA

Onexcivt Wanupo!™, Irop Wy6in!f Ta Irop CoTHuk!*
1 Xapkiecbkull HayioHabHull yHisepcumem padioenekmpoHiku, np. Hayku, 14, m. Xapkis, 61166, Ykpaina

AHoTanisa

CxkiagHicTe iHpoOpMaLiMHMX CUCTEM eHepreTUYHOro CHIpsSMyBaHHA 1 MoTpe6a B TOYHOMY
KOMII'IOTEPHOMY MO/Ie/IF0BaHHI peasibHUX MPOLECiB BUMAaraTh pO3p06KHU ePpeKTUBHUX MiAX0/IB JJ1s
onTtumizauii o6uuciaeHb. Po6oTa 30cepe/PkeHa Ha MUTAaHHAX MOKpallleHHs TOYHOCTI OI[iHIOBaHHS Ta
3HIMKEHHS] 06YMCI/II0OBAJbHUX BUTpAT JJ1s1 peasizanil Takux cucteM. [IponoHyeTbcss Moaudikanis
iCHYIOUMX MeTPHK CKJIaZJHOCTI, 1110 103BOJISIE 6i/blll epeKTUBHO BUSIBJISITH Ta YCYBAaTH «BY3bKi MicLs»
B 064K C/II0BaJIbHUX Npoliecax, 36epiraroun Heo6xiAHUHM piBeHb TOYHOCTI pe3y/1bTaTiB.

Knro4osi ciioBa
ONTHMi3allisl, KOMII'IoTepHe Mo/ e ItoBaHHs, iHQopMaliiiHi cucTeMU eHepreTUYHOIO CIIPSIMYBaHHS,
BUCOKOTOYHi 064K C/IeHHS, METPUKHU CKJIaZHOCTI

1. Bctyn

[HpopMaLifiHi cUCTEMH eHepreTUYHOro CHPSIMYBaHHS BifirpaloTb BaXJIUBY pOJIb Y
JOCTi/PKeHH] CKIaZHUX MPOLeciB, 1110 Bi6yBatOThCA ¥ ¢izniHOMY, XiMiYHOMY Ta 6ioJioriuHOMY
cepeJloBUIIAX. 30KpeMa, MO/JeJII0BaHHS KJIMaTUYHUX SIBUIL, XIMiYHUX peaklid Ta MOBeJiHKU
0i0JIOriYHUX CHCTEM BUMAara€ HaJ[3BU4alHO BUCOKOI TOYHOCTI, aJ[>Ke HaBiTh He3HAYHa IOXHOKa
MOXKe MPU3BECTHU [0 CYTTEBUX BiJXUIeHb pe3yJbTaTiB, 0COOJMBO Ha BEJUKHX YAaCOBUX YU
MPOCTOPOBUX MacLITAbax.

OfHaK, BUCOKOTOYHI 06YMCAEHHS AJs1 TaKUX MoJesel [1] moTpebyoTh 3HAYHUX PecypciB,
1110 NIPU3BOAUTD [0 3HAUHUX 00YHCII0BAJbHUX BUTPAT, 3aTPUMOK Y po3paxyHKax i TpyAHOILIB
i3 miATpUMaHHAM BHCOKOI NpPOAYKTUBHOCTI. lle mifHiMae nuTaHHA ONTHUMIi3auil NmpoLeciB
KOMII'IOTEpPHOT0 MO/Ie/II0BaHHA ¥ iHGopMaLiHHUX cUcTeMax eHEPTeTUYHOTO CIPSIMyBaHHSI.

EdexTuBHe ymnpaB/aiHHSA OOYMCAIOBaJbHUMUA BUTpPAaTaMH [03BOJISIE CKOPOTHUTH 4ac
BUKOHAHHS1 PO3paxyHKIB i 3a6e3ne4uTH 6i/bll WIBUKE OTPUMaHHS pe3yJbTaTiB 6e3 BTpaTu
TOYHOCTI, 1110 € KPUTUYHUM [IJI1 CBOEYACHOT 0 aHa/li3y Ta NPUMUHATTA pillleHb.

2. OnTuMmisauia Ta BUABNEHHA «BY3bKUX MiCLb» Y 06UnCNeHHAX

11 BUKOHAHHS ONTUMIi3allii y mpoliecax KOMIT' FOTePHOT0 MO/Ie/II0BaHHS BXKJIMBO BUSIBUTH TaK
3BaHi «BY3bKi Miclsi», a60 eJleMeHTH IPOTrpaMy, siki HalbiJibllle BIVIMBAIOTh HAa YaC BUKOHAHHS
Ta NOTPeOyTh NOKpalleHHs. BifoMuM MeTO0M BUSABJIEHHSI TaKUX AiJISTHOK € BUKOPUCTAHHS
MEeTPHUK OLIiHKH CKJIaJIHOCTi MporpaMHoro 3abe3neyeHHs [2].

MeTpUKH OLHKM CKJQJHOCTI NpOrpamMHOro 3abe3medyeHHs, TaKi fAK LUK/JIOMaTHYHA
ckaagHicT, ABC-MeTpuKa, MeTpuku XoJiCTe[a, CAYTyIOTb [JJd OLIHKM PI3HUX acleKTiB
NPOAYKTUBHOCTI mporpaMu. Lli MeTpukM [03BOJISAIOTH 3JiMCHIOBAaTU aHa/li3 Kepyruux
CTPYKTYP, KiJIbKOCTi onepaTopiB, B3aEM03aJIeXKHOCTeN i ckafHocTi o64yucaeHb. Hanpukiag,
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LIMKJIOMaTU4YHa CKJAAHICTh MiAXOAUTH JJISA OLIHKU KiJIbKOCTI He3aJIeXKHUX LIAXIB Y KOAI, 110
BaXKJIMBO J1J11 MOJIe/II0BAaHHSA Pi3HUX CLieHapiiB.

OpHak y iIXHbOMY OpUTiHaJIbHOMY BUTJIA/I Il METPUKM He 3aBXAU NiAX0AATh A4 3aJa4, 110
BKJIOYAIOTh BUCOKOTOYHI 06YMC/IEHHS MIPOLeCiB eHepreTUYHOro cnpsiMmyBaHHs [3]. [ Takux
3aBJaHb KPUTHUYHO BaK/JIMBO BpaxXyBaTH He TIJIbKU CTPYKTYPHI XapaKTepPUCTHUKY aJITOPUTMY, A
¥ 064YHMC/IIOBa/IbHI BUTPATH HA BUKOHAHHS KOXKHOI OKpeMoi onepariii.

ToMy onTumizanis iHopMaliHHUX CHCTEM eHepreTUYHOro CHPSIMyBaHHSI HOTpebye
Mo iKOBAaHUX MiAXOAIB 10 OI[iHKYM CKJAAHOCTI, IKi 6 MOTJIM BU3HAYaTH He JIMIIE 3arajbHy
CTPYKTYPHY CKJIaJHICTb, ajle ¥ cnelndiKy OKpEMUX 00UUCTIOBAIbHUX OJIOKIB. 3aBASKU LIbOMY
CTa€E MOXJIMBHM He JIMIIe OLiHUTH CKJIAJHICTb 00YUC/IEHD, @ ¥ BUAIJIUTH onepariii, ki MaloThb
HaMO6iMbIINI BIJIMB Ha 3arajbHUM Yyac BUKOHAHHSI Ta MOTPeOYIOTh ONTHMizalil. BusiBieHHs
«BY3bKHMX MiCIlb» [I03BOJIIE BHW3HAYMTH, [Jle CaMe CJdiJi 3HWXKYBaTH TOYHICTb ab6o
Mepepo3nojijsiTH 0O6YHUCAIOBaJbHI pecypcH, 10 € KPUTHYHO BaXXKJIUBUM AJis ePeKTUBHOIO
BUKOPHUCTAHHS MO/Ie/II0BaHHS y iHpOpMaLiiHUX CHCTEMaX EHePreTUYHOr 0 CIIPSIMyBaHHSI.

3. Mpono3uuyia BAOCKOHANEHOI MeTOAUKN ONTUMI3aLii

Jus migBUILleHHS epeKTUBHOCTI 064ucieHb y iHPOpMaLiHUX CHUCTeMax eHepreTUYHOro
CHpPSIMYBaHHS IPONOHYETHCSA METO/, ONTHUMi3alil KOMIT'IOTEPHOIr'0 MO/I€/IF0BAHHS, 1110 BKJIIOYAE
MoaudikaLio [UKIOMAaTUYHOI METPUKHU 3 YPaxyBaHHSIM BUCOKOTOYHUX OGUYHCIEHb OKPEMHUX
KpOKiB/omnepalliii mporpamMu, OKpiM OLIiHKU 3arajibHOI aJITOPUTMIYHOI CKJIaJHOCTi MPOrpamu.
OCHOBHUM iHCTPYMEHTOM [Jis1 MOKpAIleHHS TOYHOCTI OLiHKU OOGYMUCIHBAJIBbHUX BUTPAT €
BUKOPUCTAHHSA GiHapHOro JepeBa opmy. [4], y SKOMY KOXXKEH BY30JI MPEJCTABJISIE OKPEMY
onepailito ab6o 3MiHHY 3 IEBHOK TOYHICTIO.

3anponoHoBaHa MoAudikalisi MeTpPUKHA J[Ja€ 3MOry He JIMIIe OLiHUTH CTPYKTYpHY
CKJIQ[IHICTh KOJy, ajle ¥ pO3rJfAfaTH BIJIMB TOYHOCTI HAa KOXXKHOMY eTani o64ucieHb. Tak,
onepalii 3 BUCOKOI TOYHICTIO 06YMC/IeHb MOXKYTh 6yTH BU3HA4YEHI SIK «<KPUTHYHI By3/IU», L0
NOTPe6YITh 0COBJNBUX 06YHCII0BAJIbHUX pecypciB. BojHovac onepalii 3 MeEHLI0K0 TOYHICTIO
MOXKYTb O6yTH aZlaliTOBaHi AJisl JOCATHEHHS ONTUMaJbHOI0 6a1aHCcy MiXK TOYHICTIO pe3yJ/ibTaTiB
Ta BUTPATaMH Ha 064McCaeHHs. /i ocAirHeHHs 1iel MeTH 6iHapHe JepeBo GopMyJ1 J03BOJISIE
NPOBECTH aHaJi3 3HU3Y Bropy, A€ TOYHICTh 3MiHHHUX Yy BYy3JlaX HUKHbOT'O PIBHA BHU3HAYa€
BUTPATH 00YUC/IEHDb Ha oNlepallii, OB'si3aHi 3 HUMHU Ha BEPXHiX PiBHSX.

3acTocyBaHHS TaKOi METOAMKH [J03BOJISIE OTPUMATH JAeTaNbHIIlYy OLiHKY 06YHCII0BaJIbHUX
BUTPAT, SIKi CTal0Th 633010 AJ151 OJa/IbLIMX KPOKiB onTUMi3auii. Hanpukiaz, mpu Mojae toBaHHi
MPOLIECiB MOJIEKYJISIPHOI IMHAMIKH [5] /1esiKi 069HC/IeHHS TOTPeOY0Th 3HAYHO BUIL0i TOYHOCTI,
HiX iHi. MoaudikoBaHa MeTpHUKa A03BOJISIE BiJOKPEMUTH onepanii 3 BACOKUMU BUMOTaMHU 10
TOYHOCTI BiJi THUX, Jle MOXXJIMBO 3aCTOCYyBaTH onTuMi3auito. lleil miaxia 1,03BoJIsSIE MiABULUTH
MPOJAYKTHUBHICTb, OJHOYACHO 30€epiraloyd BUCOKUH PiBeHb TOYHOCTI [/ KPUTUYHO BOKJIUBUX
KOMIIOHEHTIB MO/IeJIi.

TakuM 4ynHOM, MoAUiIKOBaHA MeTPHUKa CKJAJHOCTI CTa€E He Jivile 3acO00M aHasi3dy, a u
BaXXJIMBUM IHCTPYMEHTOM JUI aJalITUBHOTO YIIpaBJIiHHA TOYHICTIO Ta ONTUMi3anii npouecis
MoJe/iI0BaHHs y iHOpMaliiHUX CcUCTeMaxX €HepreTUYHOro CIpPsIMyBaHHsS. 3acTOCYBaHHS
B/JOCKOHAJIEHUX METO/[iB ONTUMIi3allii € 0COGJIMBO aKTyaJbHUM Y TAKHX Ta/ly3sX, IK €KOJIOTi4He
MO/eJII0BaHHSI, IPOrHO3yBaHHS KJIiMaTy, a TaK0X y XiMiYHOMY Ta 6i0/1I0TiYHOMY MO/Ie/TI0BaHHI.

4. MpaKTU4YHe 3aCTOCYBaHHA BAOCKOHANEHUX MeTOoAiIB onTUMi3auii

[IprksaloM NPaKTUYHOTO 3aCTOCYBAaHHA € MOZe/I0BAaHHSA TipPOJIOTIiYHUX NMPOLECIB. ¥ Takux
3a/jlayax HeoOXiJHO 06po6JIATH BesiUKi 06cAru iHdopmauii, MoB’sA3aHOI 3 MOTOKAaMHU BOJHY,
TeMIepaTypHUMH JAaHUMH Ta IHIIMMH €KOJIOTIYHUMU NOoKa3HUuKaMu. OnTUMisanisa npouecy
00pO6GKH IMX JAaHUX 3 BUKOPHUCTAHHSIM BJOCKOHAJeHOI METPHUKU J03BOJISIE MPUCKOPUTH
MOJeJIIOBaHHS | NMpU LbOMYy 36eperTd TOYHICTh KPUTHUYHO BaXKJIMBUX HapaMmeTpiB. s
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CKJIaJJHUX OOYMC/IeHb, TAKUX SIK iIHTerpyBaHHsI PiBHSIHb PYXy BOJAH, BJOCKOHa/JieHa MeTpPHUKa
BKa3ye Ha 06.J1acCTi, e MOXKHa MiHIMi3yBaTH BUTPATH Yacy Ha 064HCIeHHs 6e3 3HIKeHHS SIKOCTi
OTPUMaHUX pe3yJIbTATIB.

llle opHielo mnepcrneKTUBHOW cdepolo € OioMenuyHe MOJEIOBAHHS, HANPUKIAZ, B
CUMYJISILLiSIX B3aEMOAIT GI/IKIB y KJIITUHHOMY cepeoBUILi. BlockoHa/leHa MeTpHKa JonoMarae
BHU3HAYWTH, Jie CaMe MOTPi6HO 36eperTu BHUCOKY TOYHICTb (HANpHUK/IaA, y pPO3paxyHKax
B3aEMOJIA MOJIEKYJ), @ Je MOXHAa 3HU3UTH 1I AJI MEHII BaXKJMBUX OOYHMC/IEHb, 106 He
[IepEeBaHTAXKYBATH CUCTEMY.

TakuM 4MHOM, 3aNPONOHOBAaHUM MeTOJ ONTHUMi3alii Moxe 6yTH iHTErPOBAaHUM B LIMPOKeE
KOJIO MPUKJIAJHUX 33jay, 1[0 POOUTb MOro LiHHUM iHCTPYMEHTOM /[Jis PO3POOGHUKIB Ta
JOCIiHUKIB, fIKi NpalI0I0Th K HaJ| CTBOPEHHSIM CKJIaJJHUX MOJieJled eHEPreTUYHUX NPOoLeCiB
Ta po3po6Kow iHGOPMALiHHMUX CHUCTEM €EHEPreTHYHOIro CHPSIMYBaHHS, TaK i B IHIIHUX
NepcreKTUBHUX chepax.

5. BUCHOBKM

Y po6oTi 3anponoHOBaHO MeTOAUKY ONTHUMI3alii npoleciB KOMI'IOTEPHOTO MOJEIOBAHHS Y
iHpopMaLiliHUX cHUCTEMax eHepreTUYHOro CIpPsIMyBaHHS i3 BUKOPUCTAHHSM BJOCKOHa/IEHUX
MeTpUK ckJagHocTi. BoHa cnpsiMoBaHa Ha epeKTUBHEe BHUSBJEHHS Ta YCYHEHHSI «BY3bKHX
MiCIib», 1[0 A03BOJISIE 3HAYHO CKOPOTUTH OGYUC/TIOBA/IbHI BUTPATH Ta 36epertu HeoOXiHUH
piBeHb TOYHOCTI pe3y/IbTaTiB.

Po3po6JieHa MeTo/MKa € YHiBepCaJbHOIO i MOXKe 6YyTH 3aCTOCOBaHa /10 LIMPOKOTO CIEKTPY
3aB/iaHb, Jle TOYHICTh Ta ONTHUMi3alisi 064YHCII0BaJbHUX PECYPCIB € IPiOPUTETHUMH BUMOT'AMH.
lle po6GUTH ii iHHUM IHCTPYMEHTOM /JJ1s1 PO3POGHUKIB Ta JOCAIAHUKIB y rajaysi iHpopMaLiliHUX
CUCTEM €eHepreTUYHOro CHPSMYBaHHs, CIPUSAIOYM MOOYAOBI epeKTHBHUX MoJesned AJis
BHUBYEHHS peaJlbHUX eHepreTUYHUX IPOLECiB.
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Abstract

This paper examines scientific methods for guaranteeing data privacy during analysis in information
systems. It explores data protection challenges in the digital age, where information is crucial for all
sectors. While data growth and analysis advancements allow studying society and business, storage,
processing, and analysis pose privacy threats like unauthorized access and leaks. The paper highlights
various scientific methods for data privacy in information systems, focusing on combining data
anonymization (removing personal details) with l-differential privacy (adding noise) to ensure high
privacy while enabling valuable data analysis.

Keywords
data privacy, information systems, data analysis, data anonymization, l-differential privacy, data
protection, information security.

1. Introduction

In the era of the digital age, where data becomes a key resource for all spheres of life, privacy
protection becomes a primary task for ensuring the privacy and security of users. The increasing
volume of data and the development of analysis technologies allow information to be used to
study various aspects of society and business. However, the storage, processing, and analysis of
data are associated with serious privacy threats, such as unauthorized access, data leaks, and
privacy breaches.

2. Scientific Methods for Ensuring Privacy

To ensure data privacy in modern information systems, it is necessary to apply scientific
methods that effectively protect information from potential threats. In this context, scientific
methods play an important role in the creation and implementation of data protection strategies
that provide not only a high level of privacy but also preserve the ability to usefully process and
analyze information for informed decision-making.

The paper will consider various scientific methods for ensuring privacy when analyzing data
in information systems. Each of them plays an important role in protecting information, ensuring
the preservation of privacy and compliance with security requirements in the modern digital
environment. When analyzing data in information systems to ensure privacy, there are various
scientific methods that can be used (Figure 1).
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Figure 1: Methods for ensuring privacy when analyzing data in information systems
2.1. Quantitative Methods:

1. Data is considered k-anonymous if each record in the dataset cannot be distinguished
from at least k-1 other records based on the values of the attributes used for
anonymization.

2. l-differential privacy guarantees that the probability of obtaining any data analysis result
for any dataset will be almost the same, regardless of whether a specific record is
included in the dataset.

3. e-differential privacy is similar to l-differential privacy, but uses e-differential privacy to
measure privacy[1].

2.2. Qualitative Methods:

1. Threat modeling involves identifying potential privacy threats and assessing the
likelihood and impact of each threat.

2. Anonymity analysis involves analyzing an anonymized dataset to determine whether itis
possible to identify records from that dataset.

3. Expert assessment involves involving cybersecurity and privacy experts to assess the
risks associated with data analysis.

2.3. Legal Methods:

1. Data protection laws define the rules and regulations that govern the collection, use, and
storage of personal data.

2. Non-disclosure agreements (NDAs) oblige parties not to disclose confidential
information.

3. Technical and organizational measures include data encryption, access control, and
security policies.

3. Combination of Methods

These methods can be used individually or in combination to maximize privacy when analyzing
data in information systems. Combining different data protection methods can provide a more
effective level of privacy.
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Here are some possible combinations:

3.1. Data anonymization with I-differential privacy.

This combination of methods can be used to ensure data privacy when analyzing data that is first
anonymized and then l-differential privacy is used to quantitatively assess privacy.

3.2. Threat modeling with k-anonymity.

This combination can be used to identify potential privacy threats associated with data analysis,
where k-anonymity is then used to anonymize data to reduce the risk of these threats.

3.3. Data protection laws with data encryption.

The combination of methods can be used to ensure compliance with data protection laws. Data
is encrypted to protect it from unauthorized access.

4. Combination of Data Anonymization and I-Differential Privacy

Among the combinations described above, the combination of data anonymization and I-
differential privacy is chosen for further examination. Initially, data anonymization is applied to
the dataset, which involves removing or replacing personally identifiable information (PII).[2]

Next, considering the anonymized data, I-differential privacy is employed for data analysis. It
utilizes algorithms that guarantee that even with minor changes in the input data, the analysis
results remain unaltered.

The combination of data anonymization and Il-differential privacy can be implemented as
follows:

D - represents the dataset.

A - represents the anonymization function that transforms D into an anonymized dataset D'.

Data anonymization can be expressed as:

D' = A(D) (D
Let Q represent a database query.
D1 and D2 represent two datasets that differ by only one record.
A(Q, D) represents the response to query Q on database D.
I-differential privacy mandates: for all Q and D1, D2 differing by only one record:

Pr[A(Q,D1) € S] < e! x Pr[QA(Q,D2) € S] (2)
where Pr[] is the probability that the query Q's result on database D will be within a specific set S.

Formula [2] implies that the probability of obtaining a data analysis result for dataset D1 is
almost identical to that for dataset D2, even if they differ by only one record.

Consequently, the combination of data anonymization and I-differential privacy safeguards
data privacy by ensuring anonymity and maintaining nearly equal probabilities for data analysis
outcomes even with minor dataset changes.

Thus, the combination of data anonymization and l-differential privacy allows protecting the
confidentiality of data by ensuring anonymity and nearly equal probability of data analysis
results even with small changes in the dataset.

The diagram in Figure 2 illustrates various data protection methods and their
interrelationships.

The combination of data anonymization and l-differential privacy simplifies the identification
of individuals in the dataset and ensures guaranteed confidentiality during data analysis.
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Figure 2: Data Protection Methods

Anonymization transforms data to complicate or prevent the identification of individuals,
while l-differential privacy ensures that even with some information about other records, the
ability to exclude the presence of a specific record from the response to a query is maintained at
a high level. For example, suppose it's necessary to analyze a dataset of patients to determine if
there is a correlation between age and heart rate frequency. Data anonymization can be used to
hide the names and addresses of patients. Then, l-differential privacy can be applied to add noise
to the age data, making it more difficult to identify specific patients. This will allow us to conduct
the analysis without compromising the confidentiality of patients.

The advantages of combining data anonymization and l-differential privacy include:
increased level of confidentiality, which can ensure a higher level of data confidentiality than
either of them separately; quantitative assessment of confidentiality providing the ability to
quantitatively evaluate the level of data confidentiality; flexibility in using them together with
various types of data and analytical methods. As for the disadvantages of the combination: the
combination of these two methods can be a challenging task; information loss may lead to loss
of information, which can affect the results of data analysis; decreased data utility may result in
decreased usefulness of data for analysis.

5. Conclusion

Scientific methods for ensuring privacy when analyzing data in information systems are crucial
tools for guaranteeing information privacy and security in the digital world. These methods play
a vital role in creating and implementing data protection strategies that ensure not only a high
level of privacy but also the ability to process and analyze information effectively for informed
decision-making. Understanding and effectively implementing these methods helps safeguard
information and maintain user trust in digital technologies. Combining methods can provide a
more robust level of data protection. The combination of data anonymization and I-differential
privacy offers an effective and flexible approach to ensuring data privacy during analysis. It
allows you to strike a balance between protecting personal information and obtaining valuable
analytical results.
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OuiHKa NpoAYyKTUBHOCTI meToAiB POTOHHOrO ManiHry
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AHoTanisa

Y crtaTTi posrisHyTO pi3Hi MeToau ¢poToHHOro MamiHry A/ pengepunry 3D cueH, 3okpema RTPM,
Hash-PPM Ta Stoch-PPM. BusHauyeHo ixHi mepeBary Ta HeJOJIiKM 3a/IeXXHO BiJj NPOJAYKTHBHOCTI,
epeKTUBHOCTI BUKOPHUCTAHHA NMaM'ATi Ta fAKocTi 306paxeHHs. OuiHKa NMpPOBOAWIACH HA OCHOBI
TeCTOBUX CUeH 3 BUKopucTaHHAM HDRI kapT fia Moze/roBaHHA peasliCTUYHHUX YMOB OCBITJIEHHS.
PesysibTaT ekciepuMeHTIB nmokasasy, 1o RTPM e HallepeKTUBHIIIMM A1 ClleH 3 iHTEeHCUBHUMHU
KayCTUKaMU Ta CUCTEM 3 IMiJTPHMKOI0 alapaTHOTO TpacyBaHHsI NpOMeHiB. Y Bumajakax 6e3 Takoi
NiITPUMKH a60 3 BeJIMKOIO KiJlbKicTIO pKepeJ cBiT/a, Stoch-PPM Ta kom6iHaniss RTPM i3 Stochastic
Light Culling MoxyTb 6yTH onTuMaJbHUMHU. BukopuctanHsg VCM pekoMeHJ0BaHO [Js cCleH 3i
CKJIa/IHUM HeNpsIMUM OCBITJIEHHSIM.

KirouoBi cs1ioBa
$OTOHHUN ManiHr, peH/IepUHT, KayCTUKH, TPacyBaHHs IPOMeHiB, LuppoBa 06pobKa 306 parkeHb,
OLiHKa NPOAYKTUBHOCTI

1. BBegeHHA a0 metoais POTOHHOro maniHry

@doToHHe ManyBaHHS — Le epeKTUBHUU MeTOJ IJI06aJbHOTO OCBITJIEHHS, SIKUH [03BOJISIE
MOJeJII0BaTH CKAaZHI epeKTH, TakKi K KayCTUKU Ta PO3cCisiHe CBiTJIo. BiH BUKOPUCTOBYEThCS
JJIs TOYHOTO MO/Je/IF0OBAaHHA B3a€EMOJII CBiTJIa 3 MaTepiaslaMy B Pi3HUX rajy3dx, BKIOYAYU
6ioJiorito Ta ekosiorito. PizHi peasnizauii poToHHOr0 ManyBaHHS MOXKYTb 3HAYHO Bifpi3HATHUCA
3a MPOAYKTUBHICTIO i fIKicTI0 yepe3 BUGip aJiropyuTMiB, Ha/lalITYBaHHS SIKOCTi, ONTUMIi3aliio Ta
BUKOpPUCTaHHs pecypcib. [lokpaiueHi peanizanii 6a/1aHCyr0Th MiX AKICTIO i IIBUKICTIO 3a/1€KHO
Bi/Jl 3aBZlaHb KOPUCTYBaya.

2. Cxoxi poboTtu

Y po6oTi [1] mpeacTaBieHO MeTOJ, TIJIOGAJTBHOTO OCBITJIEHHS [JIl CIEeH i3 3a/ly4eHUMH
HOCISIMM Ha OCHOBI JJBOHANPaBJIeHOT'0 TpacyBaHHsA nNpoMeHiB MoHTe-KapJio 3 BUKOpUCTaHHAM
$GOTOHHUX KapT [Js miAgBUlLleHHS epeKTHUBHOCTI Ta 3MeHIUeHHs wWyMmy. Mertoj imitye
G6araTopa3oBe 06’€eMHe pO3Cil0OBaHHS, KOJIbOPOBE PO3TiKaHHS MK 06’€MaMH Ta MOBEPXHSIMU, a
TaKoXX 00’'eMHY KaycTuKy. POTOHHI KapTH BifjokpeMsieHi Bif reoMeTpii cieHH, 1110 J03BOJISIE
iMiTyBaTH CKJIaZiHi 06’'€KTH 6€3 HeoOXiAHOCTI Mo3aiku. MeTo/; aBTOMaTHUYHO afaNTyETHCS 10
OCBiT/IEHHS1 1 BUJY, 10 po6UTh HOro NpUAAaTHUM [JJs Bisyanizanii aniMmaniii. ®oToHHO-
edpekTrBHE GOPMYBAHHS 306paKeHb JI03BOJISIE BAKOPHUCTOBYBATH OAHO(POTOHHI JATYHUKH AJIs
3axomieHHs 3D-306paxkeHb 3 oAHUM GOTOHOM HA mikcesb [2]. OfHAaK Ha MPaKTHUII MaJja
KiJIBKiCTh $OTOHIB 4YacTo 3MimyeTbcs 3 (GOHOBHM ILIYMOM, II0 CTBOPIOE MpoOGJieMy s
aJIrTOpUTMIB peKOHCTPYKUil. ¥ po6oTi [3] mpeacTaBieHO LeTeKTOp, AKUK po3pisHsae o 100
¢doToHIB 3a JONOMOro0 MPOCTOPOBO-YACOBOr0 MYJIbTHUILJIEKCYBaHHSI MAacUBY HaZMpPOBiZHUX
HaHoApoTiB. BiH migxoauTh A 3acTocyBaHb Yy (QOTOHHHUX KBAaHTOBUX OOYMCIEHHSX Ta
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KBaHTOBIN MeTpoJioril. ¥ po6oTi [4] NOBiOMJISIIOTE PO AKepesio o4HOro GpoToHA 3 BUCOKOI)
HacKkpi3How edeKTHUBHICTIO. ¥ JocaimxkeHHi [5] npegcTaBieHo BceGiYHUM OrJisif, MOCTYyHIOBOI
€BOJILII aArOpUTMIB TpPAHCIOPTYBAaHHA CBIiTJIA, IO CIPUAJO MpOrpecy IiHCTPYMEHTIB
MO/eJII0BaHHSI, 30CEPe/PKYI0UNCh Ha BUKOPUCTOBYBAHUX NpoLeAypax i aaropurmax. ¥ po6ori
[6] nmpexacTaBsieHO peastizaiilo mporpecMBHOr0 (GOTOHHOrO KapTorpada AJs TpacyBaHHS
npomeHiB (RTPM), wo BuUKOpHUCTOBYe amapaTHe mnpuckopeHHs (Hanpukiaz, GPU) pus
niBuLieHHs1 npoAykTuBHOCTi. RTPM 3a6e3mneuye peasicTH4yHe OCBIT/IEHHS], OCOGJMBO AJIsI
CKJIQIHUX CIeH, i HIXoOuTh A/ iHTepaKTHUBHUX AOJATKIB Ta aHimalii. Xem-6a3oBaHUH
nporpecuBHUM poToHHUN ManiHr (Hash-PPM) [7] migBuiye mBuakictb goctyny A0 GOTOHIB i
3MEHILyE BUTPATH MaM 'siTi, pobJissuu Horo eGpeKTUBHUM [Js1 BEJIMKUX Ta CKJIAJHUX CLeH. Bin
ONTUMI3y€e MOMmYK POTOHIB, L0 0COGJIMBO KOPUCHO [JISl CLieH i3 YHMC/eHHUMH 06'eKTaMu abo
CKJIaZHO reoMeTpieto. CToxacTUUHUN napasiebHUN ¢oToHHUNM MamiHr (Stoch-PPM) [8]
niJiBULIYE AKICTb OCBIT/IEHHS Yepe3 napaJsiejibHi 069MC/IeHHS Ta CTOXacTUYHUM BUGip PoTOHIB,
3MEHIUYIYH LIYyM | MOKpalylo4yd CcTabiJbHICTh y CKJIAaJHUX cleHax. [lapasenbHa o6pobka
3HAYHO MPHUCKOPIOE OOUUCIEHHS, 1110 pOOGUTb MeTOJ, epEeKTUBHUM JJisl BEJIUKUX CUCTEM.

MeTogu ¢oToHHOro MamiHry BiJJpi3HAIOTbCS NPOAYKTUBHICTIO 3a/IeXXHO BifJ, TexHIiK i
onTuMizaliil. BoHu epeKTUBHO MOZENIOITh CKJI3AHI CLEHH, MOKPALLYIOUYHd pealiCTUYHICThb
peHgepunry. OuiHKa NPOAYKTHUBHOCTI BaKJMBa [Jisl BUOOPY ONTHMa/JIbHOTO pillleHHS
BiZNOBIIHO 10 BUMOT SIKOCTi 300paskeHHs], LUBHU/KOCTI Ta pecypciB.

3. Onuc TecToBUX CUEH

[lnatrdopma HDRI Haven [9] Hagae 6e3komrToBHi HDRI (High Dynamic Range Image) kapTu aJis
ocBiTsieHHs 3D cueH (pwuc. 1), mo JomoMara€e OLiHUTH BIIMB Pi3HHUX YMOB OCBIiTJIEHHS Ha
NPOAYKTHUBHICTD i fIKicTb peHJiepuHry ¢otoHHoro maminry. HDRI cumyiitoe ckiagni cBiT10Bi
edeKTH, IK-0T KayCTHUKA, BOXJIUBI AJ1s1 po6OTH 3 MPO30pUMHU ab0 J3epKajlbHUMH OBEPXHSIMHU.

Pucynok 2: HDRI kapTu [,03BOJISIIOTE OLIHWUTH, K pi3Hi yMOBHU OCBITJIEHHS BIJIMBAIOTh Ha
NPOAYKTHUBHICTD i IKICTb peHJepUHTY 3 BAKOPUCTAHHSAM POTOHHOIO MaIliHTYy.

Jis1 onjiHKH MeToAiB POTOHHOIO MaliHT'y BUKOPUCTOBYETbCS Habip TECTOBUX CLiEH 3 Pi3HOIO
CKJIAZIHICTIO Ta yMOBaMH OcCBiT/ieHHs: Interior_1 - cieHa 3 npo3opuMu 06'ekTamu (puc. 1a);
Interior_2 - cueHa Jis1 feMoHcTpauii kaycTUk (puc. 16); Interior_3 - cueHa 3 1o6pe BUAUMUMU
KaycTukamy; Interior_4 - clieHa 3 BUCOKOI KOHLEHTpali€l KaycTUYHUX GOTOHIB (puc. 1B);
Interior_5 - ciieHa 3 po3no/iiyieHUMU KaycCTUIHUMU poToHaMU; Interior_6 — ciieHa 3 iHTep'epom
Ta eKCTep'EPOM i 6araTbMa /PKepesiaMH CBiTJIa.

lli cueHH [03BOJAITH O0'€KTHBHO OLiHUTHU MNPOAYKTHUBHICTH a/liTOPUTMIB, BPaxOBYHOUHU
SKICTb TI/106a/IbHOIO OCBITJ/IEHHS, peaiCTUYHICTh KayCTUK 1 TiHeH, NPOAYKTUBHICTb Ha
CKJIQ[JHUX IeoOMeTpifax Ta ONTUMIi3alilo WBUAKOCTI peHAEpHUHTY.
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4. EKcnepymeHTH

Bci TecTu npoBoAUaKCh 3 po3AisibHO 34aTHICTIO 19201080 Ha BigeokapTi NVIDIA RTX 2080
SUPER. [lsi1 KOXHOI CLleHH MW BU3HA4YWJHU ONTHUMAa/IbHY KiJbKICTh QOTOHIB Ta MOYaTKOBHUM
pajiyc NOLYKY AJis1 KOXKHOTO METOAY, TAaKOX OL[iHUJIY IPOAYKTHUBHICTb 32 TAKUMU KpUTEPIiAMU:

1. Yac pengepuHry Ha iTepauito:

T = Nrays X Tray X Nphotons X Tphoton

)
> (1)
performance

A€ Nyqys — KUIbKICTb TPOMEHIB, T,y — CEpe/IHIN Yyac TpacyBaHHs 0HOT0 npoMeHs (Mc), Nphotons
- KUIbKICTb GOTOHIB, Tphoton — CEPEAHIK Yac 06po6KK 04HOTO $OTOHA (MC), Pperformance —
NPOAYKTHUBHICTh CUCTEeMM (3aJIeXXUTh BiJi amapaTHOi 4YacTUHHU, SIK-OT KIJbKiCTb szep abo
wBuzakicte GPU). Yac pengepunry T BUMiproBaBcsl AJisi KOKHOTO METOAY Ha BCiX TeCTOBUX
CUeHax.

2. f{kicTtp 300pakeHHs1 OLIHIOETbCS 3a Jonomorow MeTpuku SSIM, ska mMopiBHIOE
eTaJIOHHE Ta BiZjpeHAepeHe 306 parKeHHs, BpaX0BYYH SICKPaBiCTh, KOHTPACTHICTD i CTPYKTYPY.
3HavyeHHs SSIM = 1 o3Hayvae ifjeasibHY CXOXiCTb, a 3Ha4eHHS, 6J113bKe [0 0, BKa3ye Ha 3HAYHY
pisHULIO.

3. lBupkicte 36ixHOCTi C, (2) BU3HAYaE, SIK WBUAKO aJITOPUTM [ OCATa€ 3a/1aHOTO PiBHSA
AKOCTI, BUMIPIOIOYUCb YACOM BiJ NOYATKy PeHAEPUHTY Tgrqre AO AOCATHEHHS IOPOrOBOTO
3Ha4YeHHS IKOCTi T,pg. Manuii C, 03HavYa€ MBUAKY 36i’KHICTb, BEJIMKHUH — MMOBIJIbHY.

Cr = Tena — Tstart- (2)

4. EdexTuBHiCTb BUKOPUCTAHHS NaM 'sTi M, BU3HA4Ya€ 4acTKy 36epekeHuX GOTOHIB [
PEeH/JIEpUHTY BiJHOCHO 3TreHepoBaHWX. BoHAa OOYUCIIOETBHCA AK BiJHOIIEHHS 36epeKeHUux
$OTOHIB Nyt preq 10 3araIbHOI KiIbKOCTI BUNYIIEHUX Nigq;

N
M, = '‘stored . 3
€ /Ntotal ( )

Bucokuit M, (6/113bKuH 10 1) cBif4UTBh IIpo edpeKTHBHE 36epexkeHHs 6i1b110cTi GOTOHIB, 1110
MOKpallye o6uncaeHHs ocBiTieHHs. Husbkuit M, (61m3bkuit 0 0) BKasye Ha BTpaTy 6i1b1I0CTi
¢doToHiB, 1110 CBiAYUTH NP0 HeepeKTUBHICTL METOAY.

RTPM noka3aB HallKpallui Yac peHJi,epuHry Ha iTepalito cepef ycix MeToAiB, 6yAy4yH BABiui
wBuAmuM 3a Hash-PPM Ta Ha 1.5 pasu mBuamum 3a Stoch-PPM. Hanpukaag, y cueni Interior_1
cepenHiu yac iteparii 6yB: RTPM — 14 mc, Hash-PPM — 27 mc, Stoch-PPM — 19 Mc. MeTpuka
SSIM nokasajia, mo RTPM Ta Hash-PPM MaroTbh cxoxy sIKiCTb 306pakeHHSI 3a OJHAKOBY
KIJIbKICTB iTepaliil, ane 3aBAsku mwBUAKocTi RTPM mocdarae kpaioi skocTi 3a ofHaKOBUH yac.
[Ticns 10 cekyH peHaepuHry cuenu Interior_3, SSIM asnsa RTPM cranoBus 0.94, giis Hash-PPM
— 0.87, ny1s1 Stoch-PPM — 0.89. RTPM By ji1e AocsAirae eTaI0HHOI IKOCTi, HAPUKJIA/, ¥ CIieHi
Interior_5, ne BiH gocsr SSIM 0.9 3a 2 cekyHay, ToAi sik Hash-PPM notpebyBaB 4 cekyHAH, a
Stoch-PPM — 3 cekyHau.

['padik 36ixkHOCTi SSIM A4 ciienu Interior_3 mokasag, mo RTPM gocsirae maiike eTasoHHOT
AKOCTI BUJLIEe 3a KOHKYpeHTIB: micad 30 cekyn/ pengepunry SSIM pnsa RTPM cranosus 0.97,
Juist Hash-PPM — 0.96, s Stoch-PPM — 0.94. RTPM noTtpe6ye 6iibliie naM'sTi A1 CTPYKTYpH
MPUCKOPEHHSI TPacyBaHHs NMpoMeHiB, ane 3aBAsku Photon Culling 3arajbHe BUKOPHCTAHHSA
mam 'siTi 9acTo 6yJI0 MEHIIINM, 0COGJIMBO Y BEJIMKUX ClleHaX. Hanmpukiaz, y cueHi Interior_6 RTPM
36epiras 153 000 ¢oToHiB, Toai sk Hash-PPM i Stoch-PPM — nmonazg 1 200 000, 1110 3MeHIINI0
BUKOPHUCTAHHS NaM'AITi Ta NPUCKOPUIO 0O6UUcaAeHHs. sl po3IIUpPEHHS aHali3y PO3IJISHYTO
Takox MeToau Vertex Connection and Merging (VCM) Ta Stochastic Light Culling (SLC).
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5. BUCHOBKM

Pe3ysbTaTu NpoBeJeHUX €KCIepUMEHTIB MoKa3aay, wo: VCM [geMoOHCTpye Kpally [KiCTb
300paXKeHHs1 HAa paHHIX eTanax peHJepPUHTY AJs CLeH 3 CKJIaLHUM HeNpsiIMUM OCBITJIEHHSIM
(Hanpuxksag, Interior_2); RTPM 3anumaeTbcs 6isibin epeKTUBHUM [IJIsl ClieH 3 iHTEHCUBHUMH
KayCcTUKaMHu; yac peHgepuHry VCM BusaBuBcs B cepegHboMy Ha 20-30% noBisibHilKM 3a RTPM;
VCM noTpebye 6inblie nam'saTi yepe3 HeoOXiJHICTb 36epiraHHs A0JaTKOBUX CTPYKTYP AAHUX
JJi 3'€THaHHA MJISAXIB.

st cucTeM 3 anmapaTHUM TpacyBaHHAM npoMeHiB RTPM e Halikpaiium BUOGOPOM AJisl CLieH
3i CkJIalHUMU KayCTUKaMHU Ta YMCJIEHHUMHU JKepesiamu cBiTsa. be3 Takoi nmigTpumku Stoch-
PPM 3a6e3mneuye 6asaHC MiXK HIBUIKICTIO Ta SIKiCTIO, 0COBJIMBO JJIsl CepeZlHbO CKJIAAHUX CI[eH.
Kom6inarnis RTPM i3 Stochastic Light Culling ebekTuBHa /15 cuieH 3 6araTbMa JKepesaMu
cBiTaa. [l1g AyKe CKJIaJHUX CLieH 3 HENPSIMUM OCBITJIEHHSIM MOXHa BUKOpUCTOByBaTu VCM,
SIKILIO Yac peHJepUHTY He € KpUTHYHUM. [Jis1 onTuMaabHOi po6otu RTPM BapTOo moyrMHaTH 3
BEJIMKOTO PajiiyCy NOIIYKY i HOCTyNOBO HOr'0 3MEHIIYBAaTH.
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AHoTanisa

fAxictb qudpoBoro (Moo6iJILHOr0) 3B’I3Ky MOTPEOYE YiTKOTO BUSHAYEHHS MJIOLIi MOKPUTTS CUTHAJIB
caMe IbOTO BUAY i IX aMIIITYJAHUH po3nofia. /ljigd UbOro BUKOPUCTOBYHOTH pajiioCKaHepH, siKi
3aCTOCOBYIOTbCS /iJI1 BHUMipIOBaHb IOKPUTTS pafioMepexk omnepaTopiB MoOGIJbHOrO 3B'I3KY
TexHosiorii GSM, CDMA2000, WIMAX, LTE TDD, LTE FDD i inmux. PagiockaHepu ck/JafaloTbcs 3
BUMIipIOBa/JIbHUX aHTEeH, 6JI0KY NpuiiMaya i NepcoHaIbHOI'0 KOMIT'10Tepa 3 BCTaHOBJIEHOIO TPOrpPaMolo
aHaJsi3zy i iHAukauil curHaniB BusHauuTH peasibHY YyT/AMBICTb pajiiockaHepa i HazaTH Horo
KasliopyBaJsIbHi XapaKTePUCTHUKU W00 PiBHS BXiJHUX CUTHIIB MOMJIMBO JIMIIEe MPHA HAsIBHOCTI
curHaJiB BifjnoBigHOro BUAy Moy anii. Kasi6pyBaHHs Takoro KOMJIEKCOBAHOI0 MPUIaAy NOTpedye
KaJibpyBaHHs Horo GyHKIiOHaJbHUX YaCTHH i NpUIaZy B 1iiJloMy. BpaxoByrouu BUCOKY 4y TJIMBICTb
npuiiMaya pajiiockaHepa i po6oTy Horo JgeMoAyJsTOpa 3 BHUCOKOCTaOiJbBHUMHM IO 4YacTOTi
(eTaJIOHHUMH) CUTHaJIaMY, JJIs1 KajJiGpyBaHHS MOXJIMBe JMIIe 3 BUKOPHUCTAHHSM €TaJOHHOIO
KOMILIeKcy anapaTypu. Ha 6asi HaljioHaabHUX eTanoHiB Ykpainu B HHL «IHCTUTYT METPOJIOTI»
po3po6JsieHO MeTOoJZ, L0 IT03BOJISIE B MOBHOMY 06cs13i MpOBecTH KaJibpyBaHHsS pajiockaHepiB
MO06i/sIbHOTO 3B’13Ky. MeTo/ BUKOPUCTOBYE HaWCydacHilly anapaTypy (reHepaTopH, aHaJizaTopu
creKTpa Ta iH.) 3i cki1aay 3i cky1a/ly 1uX eTasIoHiB.

Ki11040Bi cs10Ba
Kani6pyBaHHs, eTaJIoOHH, MOy JIALlis, MOGIJIbHUM 3B’ 130K, paZiiocKaHepH

1. Bcryn

Axicte nudposoro (MobiIbHOro0) 3B'SI3Ky NMOTPEOYE YITKOro BH3HAYEHHS IJIOLL MOKPUTTA
CUTHaJIIB caMe LIbOTO BUJAY i IX aMIUITYZHUHW po3nofia. /g 1boro BUKOPUCTOBYIOTH
paziockaHepu. BigMiHHOIO pHUCOIO TaKUX aHa/1i3aTOPiB CUTHAJIIB € po60Ta 0JHOYACHO B PEXKUMI
npurMaya i AeMOoJyJaTopa paJioyacTOTHUX CUTHaliB. TOMy OLiHUTH peajbHY YyTJHBICThb
paZiockaHepa i HalaTU WOro KajibpyBaJbHi XapaKTepPUCTUKH LOA0 PiBHS BXiJHUX CUTHAJIB
MOKJIMBO JIMILIE IPYW HASABHOCTI €TaJIOHHUX Pajio4acTOTHUX CUTHaJIB BiANOBIZHOTO BUAY
Mmoayasauii. /Jlisg  ¢$opMyBaHHST TakMX CUTHaIiB MOXYTb OYTH BHUKOPHUCTAaHI JIMIe
BUCOKOCTabi/IbHI MaJIOIIyMHI reHepaTOpU 3 MOXKJIMBICTIO CHHXPOHi3aLii CHrHa/IiB eTaJIOHHO0
4aCcTOTOW, a /AJs1 OLiHKM piBHS CUTHa/y HeoOXiAHI aHasi3aTopu cnekTpy (eTasoHHi
pazionpuiiMadi) 3 BignoBigHoW0 onuiero AemoaysLii. Taka yHika/ibHa anapaTypa BXOAUTb [0
ckyany HanioHasibHOro eTajsioHa JeBialil 4acTOTHU 4YaCTOTHO-MOAYJ/IbOBaHUX KosnBanb HAETY
EM-04-2021, mo 3HaxoauTbca B HHIL «IHCTUTYT METPOJIOTTi»[1,2] .

PagiockaHepu MO0GiZIBHOrO 3B'SI3KY 3aCTOCOBYKOTbCA [Jis1 BUMIpIOBaHb NOKPHUTTSA
paziomepex omnepaTopiB MoGiJibHOTrO 3B's13Ky TexHosorid GSM, CDMA2000, WIMAX, LTE TDD,
LTE FDD i inmux. PajiockaHepu CK/IaZal0ThbCsl 3 BUMipIOBaJbHUX aHTEeH, 6JIOKY NpuiMaya i
MepCOHAJIbHOI0 KOMII'IOTEpPa 3 BCTAHOBJIEHOI MporpaMmor aHadisy i iHgukanii. Tak,
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HaNpUKJIaJ, pagiockaHep curHasiB R&S TSME6 mae aiamason yactrot Big 350 MI'y o 6 Ty,
JIpaiiB-TeCTiB MepeX MOOIIbHOrO 3B'SA3KY, BXOJUTb B CKJaJ, NOPTAaTUBHUX KOMILJIEKCIB [/l
OGeHUYMapKiHTry Ta onTHMi3anii mapameTpiB po6oTu Mepex. CkaHep HiATpUMYE pPOGOTY 3
CUTrHaJlaMd 3 po6ouuM JianazoHoM dYactoT Big 350 MI'm mo 6ITh, mo B KoMIuiekci 3
AKTUBOBAHUMHM OIMI[iSIMU MATPUMKH TEXHOJIOTiH MOGIIBHOTO 3B'I3KY 3a0€e3Me4y€e MOXKJIUBICTh
aHasi3y curHaiiB Mepex 6ijsbmocTi akTyanbHUX cTtaHzaptiB. TSMA mae B6ymoBaHnui GPS-
npuiiMau JJis cMHXpoHi3auii Ta ¢ikcanii MicuesHaxopxeHHsI. BUKOpUCTaHHS BHYTPILIHbOTO
00YHCAIOBaJIBHOIO MOAYJSI Ta HaKoNM4yyBada JJisg 30epeXeHHsl [aHUX J03BOJISIE
BUKOPHUCTOBYBAaTU CKaHEpP B aBTOHOMHOMY peXHUMIi mic/is nonepenHboi koHoirypanii a6o 3
KepyBaHHAM 4yepe3 MoOiibHe migkaodeHHs (WLAN, Bluetooth, Ethernet,etc). HakonnueHHs
JlaHUX Ta 06po6Ka BHYTPIIIHIM 064MCII0BAaIbHUM MOJYJIEM [103BOJISIE peali3yBaTH Ha CKaHepi
byHKLIIO OIiHKM MOJIOXKeHHsI 6a30BUX CTaHLil Mo6GibHUX Mepex. PagiockaHep migTpumye
TEXHOJIOTII

e LTE (Long Term Evolution)
e WCDMA / HSPA / HSPA+

o WIMAX

e TD-SCDMA

e GSM / EGPRS / EDGE Evolution
e GSM-R

e (CDMA2000® 1xEV-DO
e CDMA2000® 1xRTT

e cdmaOne

e TETRA

KanibpyBaHHi ~ Takoro  KOMJIEKCOBAHOTO  MNpWJIaZy  NoTpebye  KajaiOpyBaHHA
$yHKLIOHAIBHUX YaCTHH 1 puiagy B Lijiomy.

2. OcHOBHa YaCcTUHa

B HauionanbHoMy HaykoBoMy ueHTpi "lHctuTyT MeTtposorii” po3pobsieHO MeTox
KaJ1ibpyBaHHS YYTJIMBOCTI paiiockaHepiB HOKPUTTS MOGIIbBHOTO 3B'SI3KY.

Juis KanibpyBaHHSI BHMIipIOBaJbHHUX aHTEH, IO BXOJASATb y KOMILIEKT pajiockaHepa,
BUKOPHUCTOBYEThCsI HanlioHanbHUM (ep>kaBHUM NEPBUHHUN) €TaJIOH OJUHHULI HaNpPyKEHOCTI
eJIEKTPOMAarHiTHoro mnoJis y aianasodi yactot Big 0,01 MI'n go 43 Ty (HAETY EM-05-2021) [3].

Jn1q nepeBipKU 4y TJIUBOCTI NpUIMaya BUKOPUCTOBYETHCA BEKTOPHUM reHepaTop AOBIIBHOL
dopmu Tuny N5172B ¢dipmu Agilent Technology (Keysight) [4]. OnHak BiH Ma€ HecTabibHICTD
YaCcTOTH BUXIZJHOTO CUTHa/Iy IPU BUKOPUCTAHHI BJIACHOTO BHYTPIIIHBOT0 TeHepaTopa OMoOpHOI
yactoTH 2*10-6, a 1151 nmepeBipKu curHasa ajs cradgaprta LTE BigxuseHHs HOCIHHOI YacToTH
BiJi HOMiHa/IbHOTO 3HAaYeHHs MOBUHHE 6yTH He 6isibin 500 'y HAa yacToTax g0 3 ['Tu. PimeHHsAM
uiei mpo6seMu € BHUKOPHUCTAHHSI B SIKOCTi Jkepesa omopHoi yactoru 10 MI'n uesieBoro
CTaHZApTy 4YacToTH Tuny Microsemi 5071, wjo BXoauTh y ckiaj HanioHanbHOro ertasioHa
Ykpainu yacy i yacrotu HAETY TF-01-2021 i ma€ noxubKy BcTaHOBJIeHHsI YacToTH 1,2*¥10-13 Ta
HecTabisibHicT 4yacToTu 5*10-14[5,6]. I[lepek/04eHHs1 ONOPHOTO CUTHaJa TreHepaTopa
BiZOYyBa€eThCsA aBTOMATUYHO NMPU piBHI 30BHIiLIHbOr0O curHasa 3 yacrororw 10 MI'h Big MiHyc
3 nbMBT 510 +0 1BMBT.

To4HicTh BUMipIOBaHHS MOTYHOCTI CUTHaJIa IPU BU3HAYEHHI Yy TJIUBOCT] 3a6€31e4Yy€eThCs
BHUKOPHCTAHHSIM eTajioHa oAuHULi noTyxHocTi HBY B gianasoni Big 0,03 [Ty go 18 I'Th
JETY 09-06-05 [7] Ans xoHTposiss dopmu i cnekTpa chopMoBaHOTO LUPPOBOro CUMrHajda
BUKOPHUCTOBYETbCA aHasji3aTop cnekrpa R&S FSV 3 omnuiero BuMipoBaHHA mMapaMeTpiB
nudpoBux Mmoayanin K70.
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[lif yac npoBe/ieHHs KalibpyBaHHS NOBUHHI 6yTH BUKOHAHI HOPMaJlbHi YMOBH JOBKIJLIAL.

BaxxsiuBUM eTanoM KajibpyBaHHS € BCTAHOBJIEHHSI NPOTrpaMHOro 3abe3nedyeHHs [/
CTBOPEHHSI CHMTHa/liB B reHepaTopi. MeToguUKa CTBOpPeHHsI CUTHaJiB B reHeparopi N5172B
CKJIQZIAETHCA 3 YOTUPHOX €TalliB.

Ha mepmomy eTami BHUKOHYETbCS CKadyyBaHHs 3 BeG-cadTy ¢pipmu Keysight Technology
nporpaMmHoro 3abesmnedeHHsi Signal Studio. [licisi ckayyBaHHsI mporpaMHe 3abe3neyeHHs
BCTAHOBJIIOETHCSI HA KOMII'IOTEP i 3aMyCKaEThCs mporpaMa. B MeHI0 MacTepa HaCTPOIBaHHSA
CHUCTEMH OOHpaAIOTh Oa)KaHy KOHQiryparito 3 Habopy roTOBUX CUTHAJIIB, e BKAa3yETbCS BHU/
Moayasauii i cmyra vacrotT. s igentudikauii curHasa npu npuiiomi pagiockaHepoM MoOXKHa
3MIHUTH JesiKi MapaMeTpH, HANpUK/IaJ MOXHa 3MiHUTHU rpyny igeHTudikaTopiB KoMipok
¢disudHoro piBHS, cekTOp izeHTHdikaTopa KoMipKU ¢i3nyHOro piBHS, ileHTUdIKaTOp KOMipKHU.
B nporpami 6yie nokasaHa fjiarpamMa curaaJjia B koopguHaTtax yac (X) - yacrora (Y), sika HoKasye
HasBHICTb cayx60Bux curHatiB. Jlani reHepyeTbcs Heob6xifjHa xBuJboBa d¢opma i
eKCHopTy€eThCs dailsl curHaia, ikui 36epirarotb Ha USB -Hocil.

Ha apyromy etani npoBoAuTbCS 3anuc paiia y eHeprosajexHy nam'stb reHeparopa 3 USB-
Hakonu4yyBaya B USB mopT reHepaTopa, NpoBOAUTbLCS NPUB'I3KA CUTHAJIB [0 JULEH3IHHUX
CJIOTIB.

Ha TpeTrboMy eTani /14 nepeBipKX OTPUMAHOI0 CUIHaJIa MiAKJIYalTh BUXiJ reHepaTopa
N5172B n0 BxoZy aHaJi3aTopa CIeKTpPa, IKUM OL[iHIOIOTb CIIEKTp i cy3ip's curHasa.

Ha yeTBepTOMy eTani mpoBOgUTbCS 3aKpinjieHHs (6/J0KyBaHHS, JiLleH3YBaHH:) - 3allUcC
¢daiiyia 3 eHeprosasnexHoi NaM'siTi reHepaTopa B NOCTiHHY (€eHeproHe3aseXHy) aM 'STb.

[IpanesfaTHicTh paZiiocKkaHepa MepeBipAOTb BUABJEHHSAM CUTHaly Ha OJHINM 3 4acToT
pob6oyoro Jiama3oHy NpU HaJalITyBaHHI reHepaTopa Ha HeoOXiAHWUM CTaHAAPT MOIYJALAI.
BcTaHOBJ/IIOIOTh HEOOXiHY aMIUIITYAy 1 4acTOTy Hocist Ha reHepatopi i BUSIBASIOTH CUTHAJ
paziockaHepoM, SKHUH JIeMOAYJIIOE i Bijobparkae mapaMeTpy CUTHasla Ha JuCIiel KoMI'toTepa
NpU BKJIOYEHIN nporpami ingukanii (Hanpuksiazs R&S Romes). [Ipu BignosigHocTi mapameTpiB
CUTHaJIa 33/laHMM, BBOXKAIOTh, 1[0 pajiockaHep MPOHLIOB BUIPOOYBaHHS.

L1 BU3Ha4YeHHA piBHA Yy TJUBOCTI paZio CKaHepa 3MEHIIYIOTh pPiBeHb CUT'HaJIa reHepaTopa
Jl0 TpaHMLi 4YyTJUBOCTI JAJf YCHIIIHOTO mnpuiMaHHA. I[lpoBogaTe 10 crnocrtepexeHb i
BU3HA4YalOTh cepeAHE apudpMeTHIHe 3HAYEHHS 4yTaAUBOCTI. Llell piBeHb curHasa reHeparopa
MPUKMMAEMO 3a YYTJIUBICTb paJiMOCKaHepa.

AHaJsioriyHO BUMIPIOIOTh Yy TJAUBICTh Ha yacToTax 2140, 1840, 940 MI'y, Ha AKKUX NpaLOIOTh
6a30Bi cTaHIil MO6iIbHOTO 3B's13KY ( 60 YacTOTaxX 3aMOBHHUKA).

CTaHJapTHY BiAHOCHY HEBHM3HAUYEHICTb KaJlibpyBaHHS TUIY A 06YHCIIOITE 32 GOPMYJI0H0
cepelHbO-KBaJ|paTUYHOI O BiXUJIEHHA pe3yJibTaTiB BUMipIOBaHHA. BilHOCHA HEBM3HAYeHICTh
KaJ1ibpyBaHHs 32 TUIIOM B up, NpUMMaEeThCs IK HEBU3HAUEHICTh BCTAHOBJIEHHS BUXiIHOTO PiBHS
redHepartopa y BigmoBigHocTi o Horo cepTudikara kasnibpyBaHHs. CymapHa cTaHJapTHa
BiiHOCHA HEeBU3HA4YeHICTb U NpPHU KaJibpyBaHHI BH3HAYAETHCS TEOMETPUYHOK CYMOMO
HeBU3HadyeHoCTel Tuna A i Tumna B. Posmupena BifHocHa HeBHU3HaveHicTh U A1 piBHA JOBipH
0,95 npu koedinieHTi oxoneHHs 2 NpU KalibpyBaHHI 06YMCIIOETHCS SIK T0JBOEHA CTAaHAAPTHA
HeBU3HadeHicTb. OTprMaHa HeBU3HAYEHICTb BUMIipIOBaHHA YYyTJMBOCTI paZioCKaHepiB He
nepeBumye 1 abM, 1o MOBHICTIO BifNOBila€ HEOOXiAHUM TEXHIYHHM XapaKTepPHUCTHUKAM
amapaTypH, 110 Kajibpy€eThCs.

MeTos, 3acTocoBaHO Ha icHywouud  anapaTypi  KaslibpyBaJbHOIO  KOMILJIEKCY
paZioBuMiproBasbHOI anapatypH [8].

3. BucHoBKM

1. dkicte uudpoBoro (Mo6iNbHOro) 3B’A3KYy NOTpebye YITKOrO BHU3HAYEHHS ILJIOILi
MOKPUTTSI CUTHaJ/MIB caMe LbOro BUAY 1 IX aMIITYAHUHA po3nofii. Jasg uboro
BUKOPHCTOBYIOTb paZioCKaHepy. BU3HAYUTH peasibHy 4YYyTJUBICTH pajiocKkaHepa i
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Ha/aTH HOro KaJibpyBasbHi XapaKTEPUCTHUKHU L1010 PiBHS BXiJHUX CUTHA/IiB MOXIHUBO
JIYILEe NIPYU HAagBHOCTI CUTHaJIiB BiZIOBIAHOr 0 BUAY MOAYJIALIL

2. KanibpyBaHHS TakKoOro KOMJIEKCOBAHOTO NpPHJI3AYy TNOTpPeOye KajibpyBaHHS HOro
(yHKLIOHA/IBHUX YacTUH 1 mpwiajgy B LisoMy. BpaxoBywoun BHUCOKY 4yTJ/IMBICTb
npuiMaya pajiiockaHepa i po6OTy HOro AeMoAayJsTopa 3 BUCOKOCTAGIJIBHUMH I10
4acToTi (eTa/JJOHHUMH) CUTHAJAMH, KaJlibpyBaHHSI MOXJIMBE JIMLIE 3 BUKOPUCTAHHSM
€TaJIOHHOT' 0 KOMIIJIEKCY anapaTypH.

3. Ha6asi HanjioHanbHux eTanouiB Ykpainu B HHI «[HCTUTYT METPOJIOTTi» po3po6sieHo
MeTO/l, 110 MO3BOJISIE B IMOBHOMY 00CSI3i NMpOBEeCTH KajlibpyBaHHS pafiockaHepiB
MOOi/IbHOTO 3B’SI3KY.

4. OtpumaHi mnpu KajibpyBaHHi 3HaueHHsI HEBU3HAYEHOCTI LIJIKOM BiJMOBiIalOTh
HeOoOXiJHUM TeXHIYHUM XapaKTepUCTUKaM pajAiockaHepiB MOBIIbHOIO 3B’ SI3KY.

Mepenik nocunaHb

[1] Heexwmaxos ILI, [TaBaenko 10.®. Orap B.I, BacunbeBa 0.M. Kupieuko C.P. HoBuii gep-
’>KaBHUU eTaJIOH OJUHMLI AeBialii 4acTOTH 4aCTOTHO-MOAY/JbOBAaHUX KOJHMBaHb. YKpaiH-
CbKUM MeTpoJioriuHuK kypHai. 2020. Ne 2. C. 3-11. doi: 10.24027/2306-
7039.2.2020.208641

[2] II. Heexxmakos, O. BacusnbeBa, 10. I[1aBienko, B. Orap, LludpoBomy npuiaagobyayBaHHIO —
HOBY MeTpoJiorito. YM2K 2023 Ne3. C. 3-8. d0i:10.24027/2306-7039.3.2023.291854.

[3] HAETY EM-05-2021 HauioHaibHUM (Jep:kKaBHUH [EePBUHHUN) eTaJ0H OJWHULI
HaIPY>XEHOCTI eJIEKTPOMarHiTHOro noJid y gianasoxi yactot Bifg 0,01 MI'y no 43 I'T',

[4] Keysight Technologies. Keysight Signal Generator Selection Guide. URL:
https://www.keysight.com/us/en/product/N5172B/exg-x-series-rf-vector-signal-
generator-9-khz-6-ghz.html

[5] HAETY TF-01-2021 HauioHanbHUU (Jep>kaBHUM NMEPBUHHUN) eTaJOH OJUHHUIL 4Yacy Ta
yactoTu URL:http://www.metrology.kharkov.ua/.

[6] HeexxmaxkoB I1.I, O.M. BacunbeBa, 10.®. I1aBienko, Oco6/MBOCTI KBaHTOBUX €TAJIOHIB i
oco6siMBHM cTtaTyc cekyHAu B SI-2019 YkpaiHcbkuil MeTposioridHui )xypHau. 2023. Ne4. C.
3-8.d0i:10.24027/2306-7039.4.2023.298584

[7] AETY 09-06-05 /lep>kaBHUM NMepBUHHUM €TaJI0OH OJIMHHUII MOTY>KHOCTI eJIeKTPOMarHiTHUX
KOJIMBaHb B KoOaKCia/lbHUX TpakTax y JAiama3oHi 4actor Big 0,03 po 18 ITn
URL:http://www.metrology.kharkov.ua/index.php?id=268&L=448

[8] O.M. BacunbeBa, .®. [IlaBnenko, B.. Orap. Kani6pyBajbHUM  KOMILIEKC
pafioBUMIipIOBaJbHOI anapaTypy. YKpaiHCbKUKA MeTpOoJIOTiYHUM KypHaJ. 2024. Ne 2. C. 10—
17.doi: 0.24027/2306-7039.2.2024.307137.

67



DOI: https://doi.org/10.30837/IST-2024.P1.068

O3HaKoBa mopgenb iHTeNeKTyanbHoI igeHTugiKauii
paaionoKauinHnx o06’eKriB

Bosiogumup XupHos! Ta CriTsiana CosoHCbKa?

1 Xapkiscbkull HayioHabHull yHieepcumem padioenekmpoHiku, np. Hayku, 14, m. Xapkis, 61166, Ykpaina
2 HTY "Xapkiscokuil noaimexniyHuil incmumym", gya. Kupnuuoea 2, Xapkise 61002, Ykpaina

AHoTanisa

[IponoHy€ETbCS 03HAKOBA MO/Iesib iHTeJIEKTya bHOI ifeHTUdiKalii pajiosoKaliiHUX 06'€KTIB, 110
BUKOPHCTOBYE MOX/JIUBOCTI ekcrniepta PJIC, skuil Ha OCHOBI JaHUX PO AWHAMIKy 3MiH KOOpJMWHAT,
dopmy, sickpaBicTb i 6araToorysiIoBy nepenicTopito 306pakeHb BiJIMITOK, 3JaTHUU e(EeKTUBHO
ineHTHUdiKyBaTH pajiosokaniiiHi 06’ekTH. P03po6JsieHO aJropuTM aBTOMATU4YHOI iAeHTUGIKaLl
pyXoMuX 06'€KTIB HA OCHOBI CEMaHTHYHUX O3HaK. [loka3aHo, K 1ieH MmiAXiZ, BAKOPUCTOBYEThCS AJIs
ABTOMATHUYHOTO BHUSIBJIEHHS ¥ pO3Mi3HABaHHSA BiIMiTOK NOBITPSIHUX i HAIBOJAHUX 06'EKTIB.

Kiwo4oBi ciioBa
iHTesileKTyasbHA ieHTUiKaLis, paZiooKaLiiiHi 06'€eKTH, po3Mi3HaBaHHs, 03HAKOBa MO/IeJib

1. Bctyn

Y cyyacHiil TexHili 006po6kKKM curHamiB Ta iHdopmauii HeAoCcTaTHbO e(PeKTUBHO
BUKOPHUCTOBYHOTbCA MOXJINBOCTI ekcrnepta PJIC, AKMI Ha OCHOBI JAaHUX NPO JUHAMIKy 3MiH
300paxkeHb BiAMITOK 3#aTHUM edeKTHBHO ifeHTUdIKyBaTH pajiosokaliiHi 06 €KTH.
OCHOBHOIO IepeBarol0 TaKOro MiZXoA4y € BapiaTUBHMU KOMIIJIEKCHUM aHaJji3 MpPOCTOPOBO-
4acoBOI KapTHHY, 1110 BiJoOpaXKaeThCsl HA eKpaHi iHAMKaTopa. 3aCTOCYBaHHS NMPOMOHOBAHOT 0
MeToAy mif 4yac ¢opMyBaHHS i ONMMCY CUTHAJIbHOTO 06pa3y [03BOJIsIE BU3HAYaTH CEMaHTHUYHI
CKJIaZI0Bi MOro MOBeAiHKHY Ta Ha IX OCHOBi pO3PO6JISITH CUCTEMH aBTOMATU4HOI ifeHTHdiKail
paaiosokaliiHUX 06'€EKTIB.

2. Mertog, iHTeneKtyanbHoi igeHTUdiKauii pagionoKauinHux 06’eKriB Ha
OCHOBiI 03HAaKOBOI moAaeni BigMiTOK

Po3po6sieHo MeTo ifeHTudikauii pagiosokaniiiHux 06'€eKTiB HAa OCHOBi aHasi3y MpoCTOpy
o3Hak. [lepeBara JaHoro MeToJy IOB's3aHa 3 BUKOPUCTAHHSM JA0JaTKOBOI iHdopMauii, fka
OTpUMaHa IiJi 4ac CTBOpPeHHS i aHasi3y iHTe/eKTyaJbHOro 300pa)keHHsI pajioJsiokawlifiHol
BiAMIiTKH, 1110 BK/II0OYA€E 00pa3 06'eKTa i ceMaHTHYHY CKIa/10BY. [[pomoHOBaHA MO/ie/ib BKJIIOYAE
npoueAaypyu GopMyBaHHS M aHalidy 300pakeHb pafioJIOKALiMHUX BiAMITOK, BU3HAYeHHS
XapaKTepHUCTUK 03HAaKOBOT'0 NPOCTOPY Ta aBTOMAaTHUYHE NPUHMHATTS PillleHHd 100 BUSABJIEHHSA
i po3mnizHaBaHHA pajiosoKaLiiHUX 06’ €EKTIB.

CyTb MeTopa noJisirae y GpopMyBaHHI BEKTOpPY NPUHHSATTS pillleHHs 100 BUSIBJIEHHS U
poO3IMi3HABaHHS 300paKeHb PaZioJIOKALiMHUX BiAMITOK 3a JOMOMOTOK JIOTiYHOI 0GpPOGKHU
NIPOCTOPY CEMAaHTUYHUX O3HAK W(I , IS,If), SIKMH 3alaHO0 Ha MHOXXHHI CEMaHTUYHUX O3HAK

306paxkeHb BiAMITOK { Iy, I,,..., [} Ha OCHOBI reoMeTpUYHOI { Ig1, Igz,. ..,ng}, CEMaHTHUYHOI
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{ L1, Is3,...,L} crmamoBux iHTe/NEKTyaJbHUX 300pakeHb 1 QUuyKTyaliiHoOl 03HaKH
{Ir1, Iz Iy}

BusHauuMo yepe3 X MHOXKHUHY 06'€KTiB pasiosiokauii. O3Haka - 11e pe3yJibTaT BUMipy JesiKol
XapaKTEepPUCTUKU 06'€KTa, TOOTO BigobpakeHHs [:X — D;, ne D; - MHOXHHA JOMYyCTUMHUX
3HaueHb O3HaKU. KLU0 33ZjaHO 03HaKU Iy, I,...,I,, To BekTop x = (I1(x), I, (x),..., [ (x))
Ha3UBA€ETbCSI 03HAKOBUM ONKCOM 06'EKTA.

Ha ocHoBI cucremu 03HaK: Zj;; - HasABHOCTI curHany B d; indpopmauiisii komipui (i, j -

HOMepH ejieMeHTiB 30Hu orJisapy PJIC), Zg;j, Zg;i; - nepexoAy CUrHasly 3 MOTOYHOI KOMIpKU @

Jl0 CYMDXKHOI KOMipKHU 3a AaJIbHICTIO a60 a3uMyToM, cGOpMOBaHi CKJIaJl0Bi iHTe/leKTyalbHOI
MoJeJli 306paXKeHb CUTHAJIbHUX BiAMITOK /151 TOYKOBHUX PYXOMHUX Ta MaJOPYXOMHUX JIiTaJbHUX
amnapariB: JiiTak, BepToJiT, BIIJIA, ne:

- 03HAKOBUH ONMC BiIMITKH 06'€KTa pajiioioKarii

Xy = {Il(Zpij,Zdij,Zaij),...,In(Zpij,Zdij,Zaij)}, CTBOPEHHH Ha OCHOBI BiZJHOLIEHb MiXx
nozisMu B iHdopManiiHUX KoMipkax B XoZi ¢opMyBaHHsI BipTyaJlbHOIO NPOCTOPOBO-
CEMaHTHUYHOTO 300paKeHHs pajioJIOKAiHHUX BiAMITOK;

- MHOKMHA 03HaK 300paykeHb pPaJlioJIOKaLiiHUX BiAMITOK

X=U1(x1) -, (%)), -, (L (xg), -+, I, (xx)) png k o6'ekTiB Ha OCHOBiI aHasisy
3aJIeXKHOCTEN NEPBUHHUX CEMaHTUYHUX 03HAK;

- dopMyBaHHSA MaTPHIli 03HAKOBHX ONHCIB BiIMiTOK 06'€KTIB paziosiokaliii, 1o cTBOpeHa Ha
MHOXXHHI O3HakK 300pa)keHb BiAMITOK { I (X), I (X)), I (X), I (X)} Ha OCHOBI CeMaHTHWYHOI
{ I;1(x1), Lz(x3),..., I (xx)}, reomeTpuyHOi {Igl(xl), Igz(xz),...,lgk(xk)}, eHepreTU4YHoI
{ L1 (x1), I2(x2),..., Lx(x;)} ckMamoBUX iHTeJNEKTyalbHUX 306pakeHb i (uyKTyamiiHoi
03HaKM 306pakeHb BIAMITOK { Ir1 (x1), Ir2(%2), ..., Ik (xi) }.

MaTpuusa po3mipy kxn. CToBnui L€l MaTpuui BiANOBiJAIOTL O3HAaKaM: CeMaHTHYHA
{ I;1(x1), Lz(x3),..., L (x)}, reomerpuyHa {Igl(xl), Igz(xz),...,lgk(xk)}, eHepreTHYHa
{ L1 (x1), I2(x2),..., Lx(x;)} cknamoBi iHTesIeKTyaIbHUX 306pakeHb i GJIyKTyalliiHa 03HaKa
306paxeHb BIAMITOK { Ir1(x1), Ir2(x2),..., [r(xx)}, a KoXeH PAJOK € 03HAKOBOIO
XapaKTEepPUCTUKOI 300paKeHHs1 BiJMITKHM ofjHOro o06'ekta pagiosokauii. Ha pucyHky 1
HaBeJleHO 3pa30K MaTpHUIL.

I (x1) Ig1(x1) Ie1(x1) Ig1 (x1)
I3 (x2) Iz (x2) Iz (x2) Igo (x2)
L (x) Igi (xx) Teg (i) Leg (i)

PucyHok 1. Matpuus 03HAaKOBHX XapaKTEPUCTUK iHTeJeKTyaJbHUX 300paxkeHb BigMiTOK k
00'eKTiB pajiosiokarii.

3. NpepuKaTHI piBHAHHA iaeHTUdiIKaLii

HaBegneni Mogesni inenTudikauii S; iHTeseKTyalbHUX 306pakeHb [JJist 06'€KTIB pajiosoKarii
OMHUCYIOThCS TaK:

1. ToukoBUM HepyXOMHU 06'€KT pajiosokallii MiclieBHH NMpeaMeT: THIl 300paKeHHS S,
ceMaHTH4YHA 03HaKa npouecy ¢opMyBaHHS 300paxkeHHs BiaMiTKH Iy (x1) = 1 npu AianazoHax
3MiHM O3HaKM po3Mipy BigMiTKM 3a asumyToM C1 < Dl (x;) < C2, posmipy BiamiTKHM 3a
JanbHicTio C3 < D2 (x;) < C4; eHepreTuyHa osHaka I, (x;) = 1 iHTesekTyanbHOI Mozesi
300paKeHHsl MayKd CUTHaliB mpu cyMmi J0OYTKiB aMIUIITy[ CUTHaJiB Ha HOpeJUKaTH
iHpopMaI[ifHUX KOMIpOK NMayKM y HaNpAMKy, 0 BM3HadaeTbcs BekTopoM (I,) DXy (x;) =

69



ZZ‘ Qi j+1, Zaij+1, > E1. Tyt C1 Ta C2 - MiHiMa/ibHA | MAKCMMaJIbHA TPUBAJICTh AY0K BiZAMITOK
3a azuMyToM, €3 Ta C4 - MiHiMasIbHa i MAaKCMMaJibHa TPUBaJIiCTh IAYOK BiZMITOK 3a Ja/IbHICTIO,
E1 - MiHiMasbHe 3HaYeHHSA eHepreTUYHOI O3HAKHU.

[IpenvkaTHe piBHAHHA igeHTHiKallil Mae BU

S1 = Is1(x1) Aleq (x1). (1)

2. ToukoBUH MaJI0PO3MipHUH, MaIOLIBUAKICHUM PyXOMUM 06'€KT pasioiokalii cIOpTUBHUM
jqitak, BeprtoJit, BIIJIA: Tun 306pakeHHs1 S,, ceMaHTU4YHa O3HaKa mnpouecy GpopMyBaHHS
300paxkeHHs1 BigMITKHU I;,(x,) = 1 nmpu fAiama3oHax 3MiHM O3HAKU po3Mipy BiAMITKH 3a
asumyToM C5 < D1, (x,) < C6 i o3Haku posmipy BigMiTKM 3a ganbHicTIo C7 < D2, (x;) < C8;
eHepreTHYHa 03HakKa l,,(Xx;) = 1 iHTeseKkTyasbHOI MoJiesi 306paKeHHs TaYKH CUTHAJIIB IPU
CyMi JOOYTKIB aMILIITY/, CUTHaJIiB HAa NpeJUKaTH iHpopMaLifHUX KOMIPOK NayKH Y HANPSIMKY,
mo Bu3HavaeTbcs BekTopoM (l,) Dl,(x,) = ZZ‘ Qi,j+1, Zaij+1, > E2; daykTyauilina osHaka
306paxkeHb BIAAMITOK Ir, (X;) = 1, KoM MIANPOCTIp 3Ha4Y€Hb CIIEKTPabHO-CEMAaHTUYHOI O3HAKH
BiAMITKH J/151 OLIiHKHU IUBUJKOCTI pyXy 06'€KTa BU3HAYAETbHCS O3HAKOIO D]}Z (x2) aMIIiTYAHUX
baykryanid nadyku (4Js MaluMX JONIJVIEPIBCbKUX 3MillleHb YacTOTH), 3 YpaxyBaHHSM
aMIUIITYJHUX JJAaHHUX ¢; j, BAKOPUCTOBYIOYM JlaHi mpo popMy, BUSHAYAEMO O3HAKY QJIyKTyauii
AK JONYCTUMY PI3HUIIIO aMIIITY[ BiANOBiAHUX KOMipOK D]}Z (x2) =1 mpu Ag = qming,,, Ta
03HaKy OJUHOYHOI Ipyny OJUHUIb D]?Z (x2) =1 npu F1=2 (/151 0JUHOYHOI IPyNu 3iMKHYTHX
OJWHUIb ¥ MHOXKHHI pe3y/abTaT HifCyMOBYBaHHSA 3aBXAU JopiBHIOE ABoM). Tyt C5 ta C6 -
MiHiMa/IbHa | MAaKCHUMaJIbHa TPUBAJIiCTh NA4YO0K BiIMITOK 3a a3uMyToM, C7 Ta C8 — MiHiMasbHAa i
MaKCHMaJlbHa TPHUBAJICTh Ma4Y0K BigMiTOK 3a pganbHicTio, E2Z - MiHiMa/ibHe 3HayeHHA
eHepreTU4Hoi o3Haky, F1- apudpmeTrdHa cymMa npeJUKaTiB y npeaukaTHiN yHkuii F(y) .

[IpenvkaTHe piBHAHHA igeHTHiKallil Mae BU

Sy = I (x2) Aoz (x2) A Lz (X2). (2)

3. ToukoBUM pyxoMHU 06'€KT pajjiosioKaliii JiTak: TUI 3060pakeHHs1 S3, CEeMAaHTHYHA O3HAKa
npouecy popMyBaHHS 300paxKeHHs BiAMITKU L3 (X3) =1 npu AianazoHax 3MiHM 03HAKH po3Mipy
BifMiTKM 32 asumyToM C9 < D} (x3) < C10 i 03Haku po3Mipy BiAMITKH 3a gasnbHicTi0 C11 <
DZ% (x3) < C12; eHepreTuyHa o3Haka I3 (x3) = 1iHTeseKTyaabHOI Mo 306paXkeHHs aYKH
curHaiiB (BigMiTku) npu cymi TBOpiB [OOYTKIB aMILUIiTy[ CUTHa/lIiB Ha HpeJjUKaTH
iHpopMaI[ifHUX KOMIpOK NMayky y HampsMKy, 1[0 BU3HayaeTbca BeKTopoM (I,), Dis(x3) =
ZZ‘ Qi j+i, Zaij+l, > E3; ceMaHTH4YHa 03HaKa QJIyKTyarllii 306paskeHb BiIMiTOK L¢3 (x3) =1, kosin
MiZIpPOCTip 3HAaYeHb CIEKTPAJbHO-CEMaHTHUYHOI 03HAKU BiIMITKHM 3 METOK OLiHKH BUJKOCTI
pyXxy 006'€eKTa BU3HAYAETHCS SK: O3HAKa OJAUHOYHOI IPyNH OAUHUILb D]?3 (x3) =1 npu F1=2;
03HakKa [JiBox a6o Oinbuie rpyn oguuunpb npu F1=4 a6o F1=6 (zss gBox a6o 6inblie rpyn
3IMKHYTUX OJWHHULb Yy MHOXHHI pe3yJbTaT MiJCYMOBYBaHHSI 3aBX/JAHU [JOpiBHIOE 4 abo 6);
O3HakKa KIJIBKOCTI HyJiB MDK TrpynaMHd OJUHULb D]f‘3 (x3) =1 mpu L, <3 xuacudikye
NPUMHATUN CUTHaJ fIK JiTaK, a npyu L; > 3 - AK 3aBaZly; 03HaKa KiJIbKOCTI HYJIiB BiJj TO4YaTKy
KOOpJAWHAT [0 NepLIol TPy O4UHHULLb Dfs3 (x3) = 1mpuly > 5 kiaacudikye HpUHHATHAN CUTHA
akJjitak. Tyt C9 ta C10 — MiHiMa/ibHa | MaKkCMMa/ibHA TPUBAJIiCTh NA40K BiIMITOK 32 a3UMYTOM,
C11 ta C12 - miHiMaJibHa i MakKCcMMaJibHAa TPUBAIICTh MAaYyOK BiJAMITOK 3a JasbHicTio, E3 -
MiHiMaJ/ibHe 3HAYeHHsI eHepreTUYHol o3Haky, F1- apudmMeTnyHa cyma npefukatiB y GyHKLii
F(y).

[IpenvkaTHe piBHAHHA igeHTHUiKallii Mae BU

Sz = Ig3(x3) Aoz (x3) ALz (x3). (3)
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4. NMpaKTUYHe 3HAYEHHA O4EeP}KaHUX pe3ynbTaTiB

[IpoBeseHO MoAe/IbHI eKCIEPUMEHTH 3 epeBipKU ePeKTUBHOCTI BUSBJIEHHS U ijeHTUiKaLil
JliTaJIbHUX anaparis. /151 NopiBHAJIbHOI OLiHKK epeKTUBHOCTI TEXHOJIOTil BHKOPHUCTOBYBAIUCS
CeMaHTHWYHI Ta eHepreTU4YHi 03HaKU iHTeJIeKTyaJbHOI MO/ eJsli CUTHAJIbHOI BiAMITKU.

3 aHaJsi3y pes3y/ibTaTiB BUIJIMBAE, 110 NPH MaJUX 3HAYEHHSX BiJJHOLIEHHS CHUTHaJ/LIyM
WMOBIPHICTb BHUSABJEHHS ¥ pO3Ni3HaBaHHA, 3a YMOBH BHKOPMCTAHHS 3alpONOHOBAHOI
TeXHOoJIOTil 06pO6KH, 3HAYHO BHIIE, Hi’)K 32 YMOBU BUKOPHUCTAHHS eHepreTU4YHOI (KJIacCH4yHOi)
06po6ku. Ilpu BigHoweHHi curHas/mym Big 5 mo 20 cmisibHa MOMJIMBICTB HUMOBipHOCTI
BUSIBJIEHHS ¥ po3ni3HaBaHHS 36i1b1y€eThCSA Ha BesinuuHy Big 0,328 no 0.497.

5. BUCHOBKM

Po3po6/ieHa 03HaKoBa MoJeJsb ifleHTHdiKaLil paaiosokaliiHuX 06'€KTIB, TaKUX SK JiTaK,
BeptosiT, BIIJIA. Po3po6sieHo TexHosiorito <¢opMyBaHHA W aHa/lizy 300pakeHb
pajionokaliHUX BiMITOK, CTBOPEHO NPOCTIp CEMAaHTHUYHUX O3HaK /JJig ONUCY BiJMITOK
00'eKTiB pajioJioKalliil, a TaKoX Mepestik onepariiii 06pooKH.
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Utilization of Software Defined Radio (SDR) for Locating Radio
Emission Sources
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Abstract
SDR enables the implementation of signal reception and processing functions at the software level,
allowing for flexible adjustment of settings to suit various radiomonitoring tasks.

Keywords
DoA, RDF, TDOA, SDR, Correlation analysis, Spatial coordinates, python.

1. Relevance of application:

Nowadays the need for detecting and monitoring radio emission sources (RES) has become
critical, especially in the context of contemporary military conflicts where unmanned aerial
vehicles (UAVs) are used on a regular basis. Direction-finding systems based on Software
Defined Radio (SDR) provide the capability to develop mobile and efficient solutions for
monitoring unmanned aerial vehicles and other sources of radio signals.

2. Key techniques to locate radio emission sources using SDR

Trilateration and time difference of arrival (TDOA) method [2]. TDOA enables the
determination of a source's location by using multiple receivers positioned at different locations.
By measuring the time difference of signal arrival at each receiver, the system calculates the
emitter's location by solving a system of equations.

Measurement of the direction of arrival (DoA) of a signal [1]. Algorithms such as MUSIC,
ESPRIT, and MVDR/Capon enable the determination of the direction of radio emission sources,
facilitating localization. This is achieved by measuring the phase differences between signals
received by multiple antennas arranged in a defined geometric configuration.

Correlation Interferometry [1]. This method uses phase information from signals received
by antennas to determine the direction of the signal source. The combination of high-resolution
antennas and correlation algorithms ensures precise direction finding of the source. This is
particularly useful for tracking drones and other high-speed moving objects.

3. Examples of the use of SDR for monitoring and localization

System for detection and protection against drones [1]. SDR-based systems, such as
KrakenSDR or HackRF One, are actively used for the detection and neutralization of drones.
Utilizing correlation and TDOA methods, these systems can enable to locate a drone and even
identify its operator. This approach provides extensive functionality and flexibility in
configuration to ensure the security of facilities.
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Military applications for direction finding of signal sources. In modern military conflicts,
SDR systems provide the capability to detect, locate, and track radio emission sources (RES),
such as radio transmitters or enemy command systems. Systems with TDOA and DoA capabilities
can be used for the rapid determination of signal source coordinates, which is especially critical
for the protection of strategic positions and mobile military facilities.

Civil use in emergency response systems. SDR technologies can be used to locate
emergency signals, such as those from individuals in distress in forested or mountainous areas
where mobile communication is limited. The use of DoA and TDOA-based technologies enables
precise detection of the distress signal's location, significantly speeding up response times.

4. Advantages and challenges of using SDR

Flexibility and adaptability. One of the key advantages of SDR is the ability to modify
functionality through software. This allows the system to be quickly adapted to new frequencies,
signal processing algorithms, and user requirements, which is especially relevant for countering
unauthorized emission sources.

High accuracy and processing speed. The use of TDOA and DoA-based methods ensures high
accuracy and speed, enabling SDR to operate in real-time, even under challenging conditions.

Challenges. SDR systems are sensitive to interference and require precise antenna
configuration to ensure accuracy. Additionally, there are legal restrictions on the use of radio
jamming technologies in many countries, which can limit the functionality of certain
applications.

5. The Python programming language for data processing in SDR [3]

The use of Python for signal processing in SDR offers several advantages, making this tool highly
popular among researchers and engineers.

Ease of learning and use. Python has a user-friendly and clear syntax, allowing beginners to
learn quickly. This reduces the number of errors when writing code and enables users to focus
on solving tasks rather than on the details of the language's syntax.

Extensive library support. Python offers a rich set of libraries for signal and data processing
(NumPy, SciPy, Matplotlib, PySerial, GNU Radio). These libraries enable the rapid
implementation of algorithms for signal analysis and processing.

Scalability and flexibility. Python easily integrates with other programming languages, such
as C or C++, allowing the use of faster interfaces for specific components (e.g., real-time data
processing). At the same time, Python retains flexibility due to its extensive capabilities for
prototyping and testing various algorithms without requiring a complex compilation process.
Open-source software. Python and most libraries for SDR are open-source software. This
reduces licensing costs and provides access to a vast array of resources, including
documentation, communities, and forums for knowledge sharing.

Handling large volumes of data. Python performs well with large volumes of data, which is
crucial for processing signals with high sampling rates. Libraries like NumPy and Pandas enable
efficient handling of large datasets and complex mathematical operations required for radio
signal analysis.

Large community. Python has an active community of developers working with SDR
technologies. This allows for quick access to support, finding ready-made solutions, or
educational materials for implementing SDR projects.

Capabilities for machine learning and signal analysis. Python is one of the primary
languages for developing machine learning models. This opens up vast opportunities for
applying machine learning algorithms to signal classification, noise filtering, spectrum analysis,
and more. Libraries such as scikit-learn, TensorFlow, and PyTorch enable the creation and
training of models that can be used to enhance SDR systems.
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6. Conclusions

The effectiveness of SDR for modern localization tasks. SDR systems have become an
indispensable tool for monitoring, detecting, and direction finding of emission sources due to
their high flexibility, processing speed, and accessibility. They are capable of providing reliable
frequency spectrum monitoring in the face of modern threats.

Development prospects. Further research in signal processing algorithms, such as
improving the accuracy of DoA and TDOA methods, as well as enhancing hardware to reduce the
impact of interference and increase resolution, opens up new opportunities for the application
of SDR in various areas of security, defense, and the civilian sector.

Programming language. Python is an excellent choice for working with SDR due to its
simplicity, rich libraries, ability to integrate with other programming languages, and extensive
capabilities for developing and testing signal processing algorithms.
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Po3pobka maremaTtnuHoi mogeni GPS cnydiHry B ymoBax
po6otu CRPA

Onexcanzap binuk!** ta Onexcanap MapTuHayk!
1 Xapkiecbkull HayioHabHull yHisepcumem padioenekmpoHniku, npocnekm Hayku, 14, Xapkis, Ykpaina

AHoTanisa

B nocaimxeHHi mpoBeieHO aHaJIi3 Ta CTBOPEHHSI MaTeMaTUYHUX MOJieJIEH 151 OLLiIHKH e(eKTUBHOCTI
GPS cnydinroBux aTtak Ta 3aco6iB 3aXWCTy CHUrHaJiB HaBiramii 3 aZjaiTUBHHUX BUKOPUCTaHHAM
aHTeHHux peuiTok (CRPA). Po3po6sieHo mporpamy B cepeJjoBULIl MojesooBaHHA Matlab Ta
poaHaJ/li30BaHO Ha OCHOBI MoJieJli BIVIUBY cNypiHroBUX aTaK Ha NPaBU/IbHICTb NPUIOMY CUTHAJIIB
CYyIyTHUKOBOI HaBirarii.

Kiw4oBi ciioBa
GPS, CRPA, spoofing, HaBirariisi, Mo/ie/iloBaHHSI CUTHAJIiB

1. Bctyn

CRPA (Controlled Reception Pattern Antenna) — 1e TeXHOJIOTisl aHTeH, sika BUKOPUCTOBYE
MacCUB aHTEHHHUX eJIeMEeHTIB /11 KOHTPOJIIO JliarpaMu CIPAMOBAaHOCTI IPUHAOMY cUrHay. BoHa
Jl03BOJISIE KEPYBATH HaNpPsIMKOM MPUHOMY CHUTHa/ly Ta NMPUIJAYLIYBAaTH 3aBajH, HOKPAILYyOIH
SKiCTb MPUHOMY CynyTHUKOBUX curHasiB B GPS a6o GNSS cucremax. /lo ocHoBHi nmepeBar CRPA
CJIi[ BiAHECTHU:

1. TlpupywenHsa 3aBag: CRPA Moxe aKTHUBHO MNpUIJAyLIyBaTH CUTHAIW Bij [HKepes
MepenKo/, 10 J03BOJIA€ HaAIMHO MPUWMATH CUTHAJI HaBITh Y CKJIaJHUX YMOBaX.

2. TlokpaleHa TOYHICTb NO3ULIIOHYBaHHA: 3aBAAKH 3J4aTHOCTI afaNnTyBaTU NPUUMaIbHY
Aiarpamy, CRPA Moke miIBUIUTHU TOYHICTh BU3HAYEHHS MiCl|e3HaX0/[»>KEHHS.

3. 3axwucT BiA cnydiHry: Taka aHTeHa MOxKe 6y TH 6ijbll CTifiKo0 0 cripob ¢asnbcudikanii
CUTHaJy.

GPS cnydinr — ue ¢opma BIJIMBY Ha NPUKWOM KOPUCHOTO CUTHasly, Hif 4ac sIKOro
TPaHCJAIOThCA MiApo6JieHi curHaiy, sIKi iMiTYyIOTb CIPaBKHI CyyTHUKOBI CUTHAJIH, 3 METOIO
3MyCHUTH NMPUMMad NPUAHATH HEeNMpPaBW/IbHI JaHi Mpo CBOE Micume3Haxo/»KeHHs abo Jac i B
M0/ aJIbIIOMY J1e30PiEHTYBATHU 06’EKT ¥ MPOCTOPI.

2. OcHoBHiI niaxoau cnygiHry B GPS/GNSS

1. Imitanis cynyTHukoBux curHajiiB: Cnydep (ToH, XTO HPOBOAUTH aTaky) reHEpYe
CUTHaJIY, 1110 BUTJISAAOTH K cripaBHi GPS/GNSS curnasny, aje MicTSTh HeNpPaBUJIbHY
iHpopmauio npo nosuuiro a6o yac. [Ipuiimay, npuiiMarouu 1i Higpob6JeHi cUrHasIy,
BU3HA4a€ CBOE MiCcLle3HAXO0/P)KeHHsI UM Yac HeMpPaBUJIbHO.
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2. 3wmimeHHs no3unii: OaHi€er 3 1ijied cnyinry € 3MiHa KOOPAWHAT, IKi OTPHUMYE KepTBa.
Hanpukian, kopabesab a6o aBTOMOOI/Ib MOXYThb IOYaTH PyX y HENPaBUJIbHOMY
HanpsMKY 4epe3 Te, 110 ixHil npuiiMady GNSS nokasye NOMUIKOBe MiCLle3HaX0/KEHHS.

3. 3wmiHa d4acy: CucteMH, 9Ki NOKJIaJalOTbCAd Ha TOYHUW 4Yac BiJi CYNYTHUKIB, MOXYTb
OTPUMAaTH HeNpaBUJIbHI JlaHi PO 4Yac, 0 MOKe COPUYUHUTH CEPHUO3HI HACHIAKYU A
0aHKIBCbKMX TpaH3aKLi#d, TeJeKOMyHiKalii abo eHepreTUYHUX CHUCTeM, SKi
CUHXpPOHI3yI0ThCA yepe3 GNSS.

CtBopeHHs npouecy ciydinra:

o [lizpo6sieHHM curHai: 3JI0BMUCHUK FeHEPYE CUTHAJ, CXOKUW Ha CUTHAJI CIIPaBXKHbOTO
cynyTHHUKa. Llel curHas 3a3Bu4yaul CUJIbHIIINK 3a OpUTiHaJbHUN CyIyTHUKOBUU CUTHAJI,
TOMY NIpUKAMay NOMHUJIKOBO IPUMMAE KO0 3a NPaBUJIbHUM.

e 3axomseHHd npuiimava: [licjis Toro, K npuiMad MOYMHAE NPUUMaATH Higpo6aeHUi
curHas, cnydep nocTynoBo 3MiLye AaHi Ipo MiCLe3HAaxX0/KeHHSI YU 4ac, 3MyIIyIYH
npuiiMay nokasyBaTH HeKOpeKTHY iHdopmarito.

e [lepeukoau B po6oTi: Lle Moxke BIVIMHYTHU Ha TPAHCIOPTHI 3aco6u (aBTOMOGII, cyAHa,
JIPOHH), SIKi 3a/IeXKaTh Bifi TOYHOr0 BU3HAYEHHS Miclle3HaX0/»KeHHs], i Mo)ke TPU3BECTH
Jl0 cepi03HUX aBapiil ab6o nopyleHb..

3. Po3pobKka maremaTtuuHoi moaeni GPS cnydiHry B ymosax po6otu 3 CRPA

Po3po6ka maTemaTtrnyHoi Mogei GPS criydinry B ymoBax po6oTtu 3 CRPA (Controlled Reception
Pattern Antenna) nepezn6avae BpaxyBaHHS TaKHX aCleKTiB:

1. CumyJsLis curHaldy cynyTHUKA: KOpUcHUM curHan i3 GPS/GNSS.

2. Cumysnsuis cnydiHroBoro cMrHajgy: HaBMHUCHO cHOpMOBAaHMM 3aBajaMyd CUTHaJ i3
XapaKTepHUMH 3aTPUMKaMH, 3MillleHHAM 4acTOTH Ta NoJIApU3aliiHUMU NapaMeTpaMH.

3. CRPA-cucremMa: aHTeHH, fIKi 3a6e3Me4yIOTh MNPOCTOPOBO-MOJSAPU3AIINHY 06POOKY
CUTHay AJis1 NpUAyLeHHs cnyiHry.

CnydiHrosi curHasy, iKi HaMarawTbCsl iIMITyBaTH KOPUCHUNA CUTHAJ, MAIOTh CX0XKy a3y Ta
yactoTy. CRPA 37aTHa po3pi3HATH Taki curHaiay, ouiHwowoud ¢as3oBi 3cyBH Ta aMIIITYyAy
CUTHaJIIB 3 PI3HUX €JIeMEeHTIB aHTEeHHOI pelliTKU:

Ap =arg arg (WHy()) — arg(y(t)) (1)
Mogenb NpUHAHATOrO CUTHAY:

r(t) = Agps cos cos(2mfgpst + @gps) + (2)
+ Aspooy COS COS (anspooft + Qspoos + A(p)

OcHOBHUMHU MeToAaMU NpoTuAii cnydinry e:

e AHani3 $pa3oBUX Ta aMILIITYHUX 3CYBIiB y CUCTEMI.
e BuxopucTaHHSI METOJIB CHEKTPaJbHOrO aHadily Jusa igentudikauii cnydiHroux
CUTHaJIIB.

Ha pucyHky 1 mpezcraByieHi pe3y/sbTaTH MO/eJIOBaHHsS 3a JOMOMOIOI IPOrPaMHOr0
3abe3sneyeHHs Matlab. Ha rpadikax mokHa mno6ayuTh HopMasti3oBaHi 3HadyeHHaA AYX
KOPHCHOTO CUTHaJTY, ciiypiHroBoro curuasy (ocTaHOBHMKA 3aBa/i1) Ta Pe3yJIbTYIOUHHA CUTHAJ
nicsst 06po6ku 3 Buxoay CRPA.
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PucyHok 1. MoaentoBaHHs npouecy GPS cnydinry.

1. CrtBopeHHs curHasiB: GPS Ta cnydiHroBui cMrHajs MawThb pi3HY 4acToTy ¥ ¢asy, 1o
iMiTye peasibHi yMOBH.

2. CRPA: BeKTOp HanpsIMHOI AiarpaMy Bpax0OBY€ IPOCTOPOBI NapaMeTpH.

3. IlpuayumeHHs 3aBa/i: 3aCTOCOBAHO iHBEPCil0 KOBapialliiHOI MaTpULi A1 ONTUMaJIbHOIO
dopMyBaHHA AiarpaMu HaNPaBJIEHOCTi.

4. Bisyanizanis: AHauis epexktuBHOocTi CRPA B npuayiieHHi cinydiHry.

JlaHa Monenb MOXe OYTH pO3IIMpeHa J0/[aBaHHSAM MOJSAPU3al[iMHOr0 aHaIi3y Ta GibIu
CKJIaJHHUMH YMOBAMH IMOLNINPEHHA.

4. BUCHOBKMU

BukopucTaHHS aJal TUBHUX aHTEHHUX PELIiTOK Ta aJITOPUTMIB IPOCTOPOBO-4aCOBOI 06pOOKUY
HaBiralilHUX cucTeMax 3HA4YHO MiJBHUINYE CTIMKICTb CUTHaJ/JiB Ha BUXOJi aHTeHU. [
MOKpallleHHs aHa/li3y MOXXJIMBOTO BIUJIMBY Ha CUCTeMM HaBirauii JlaHa Mojesib MoOxe OYyTH
po3lIMpeHa [10JaBaHHSAM NOJAPU3AIIMHOr0 aHali3y Ta Okl  CKJIAAHUMU YMOBaMHU
MOLUUPEHHS.
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Abstract

This review explores the development of neural network models for stroke rehabilitation, emphasizing
their potential to enable personalized, patient-centered interventions that improve outcomes and
promote recovery. By integrating machine learning and neurobiological advancements, these models
can predict patient outcomes, identify risk factors, and enhance rehabilitation strategies, addressing
limitations in traditional standardized care. This paper provides an overview of current research and
discusses the opportunities and challenges of implementing these models in clinical practice.

Keywords

neural network models, stroke rehabilitation, personalized recovery, deep learning

1. Introduction

Stroke rehabilitation presents significant challenges for healthcare systems worldwide, with
traditional standardized protocols often failing to address individual patient needs effectively.
The integration of neural network models into rehabilitation practices has emerged as a
promising approach to overcome these limitations.

Recent advances in deep learning architectures have enabled more sophisticated approaches
to stroke rehabilitation, processing complex data from multiple sources, including
electroencephalography (EEG) signals and movement patterns. These models encompass
several key architectures, including Deep Neural Networks (DNN), Improved Deep Neural
Networks (IDNN), and Long Short-Term Memory Networks (LSTM), each offering distinct
advantages in processing different types of rehabilitation data.

This paper provides a comprehensive review of the current state of the art in neural network
applications in stroke rehabilitation. It focuses on their practical implementation, effectiveness,
and limitations. It also explores how these technologies improve traditional therapeutic
approaches and considers future developments that will contribute to the further development
of neurological rehabilitation.

2. Types of Neural Network Models

2.1. Deep Neural Networks (DNN)

Deep Neural Networks employ multiple hidden layers between input and output layers, utilizing
a two-step learning process. The network first undergoes unsupervised learning to pre-train
network layers, followed by supervised learning that utilizes these pre-trained weights as initial
values to optimize performance. This approach effectively mitigates overfitting risks while
enabling complex pattern recognition in stroke rehabilitation data, particularly in EEG signal
classification for patient assessment and device control [1].
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2.2. Improved Deep Neural Networks (IDNN)

IDNNs enhance the traditional DNN framework by incorporating Large Margin Support Vector
Machine methodologies. These models optimize edge distribution for improved classification
accuracy, which is particularly beneficial when processing high-aliasing characteristics of stroke
data. Experimental results demonstrate superior performance in EEG classification, making
IDNNs valuable for developing responsive rehabilitation systems [1].

2.3. Convolutional Neural Networks (CNN)

CNNs specialize in processing spatial information from video data, which is particularly useful
for analyzing movement patterns during rehabilitation exercises [1]. Through convolutional
filters, these networks capture complex visual patterns essential for monitoring patient progress
and adapting training protocols accordingly.

2.4. Long Short-Term Memory Networks (LSTM)

LSTMs, a specialized form of Recurrent Neural Network, excel at capturing temporal
dependencies in data sequences. While offering superior accuracy in analyzing time-series EEG
data, these networks typically require longer processing times than simpler models, presenting
a trade-off between performance and computational efficiency [1].

2.5. Graph Isomorphic Networks (GIN)

GINs represent an emerging approach for processing graph-structured data, particularly
effective for analyzing EEG-EMG interactions. Recent implementations have achieved a
classification accuracy of 88.89%, surpassing conventional methods while providing real-time
feedback during rehabilitation sessions [2].

3. Applications in Stroke Rehabilitation

In cognitive rehabilitation, neural network models support recovery through personalized
training programs targeting specific functions, with IDNNs demonstrating superior classification
accuracy compared to traditional BP Neural Networks, DNNs, CNNs, and LSTM models,
particularly in EEG data processing for cognitive assessment [1]. These systems leverage
neuroplasticity principles through individualized cognitive exercises and real-time performance
assessment.

Robotic rehabilitation systems enhanced by neural networks provide mechanical support and
guidance during therapeutic exercises [3, 4]. These systems enable real-time monitoring of
movement patterns, adaptive assistance levels based on patient performance, and task-specific
training that mimics daily activities through portable home-based devices. The IDNN's
performance in controlling these systems has demonstrated high accuracy while maintaining
reasonable processing times, comparable to LSTM models [1, 3, 4]. This balance between
accuracy and computational efficiency makes it particularly suitable for real-time rehabilitation
applications.

The application of machine learning methods in stroke rehabilitation facilitates the
classification of stroke residual severity and the monitoring of patient progress during therapy
sessions [5]. By analyzing kinematic data collected from in-home therapy, neural networks can
assist clinicians in optimizing treatment plans tailored to each patient’s specific needs, enhancing
the effectiveness of rehabilitation efforts [5, 6]. This data-driven approach not only improves
therapeutic outcomes but also empowers stroke survivors by promoting autonomous recovery.
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4. Challenges and Limitations of Neural Network Models in Stroke
Rehabilitation

The implementation of neural network models in stroke rehabilitation faces several key
challenges that impact their effectiveness and widespread adoption.

First, data quality and availability remain significant limitations, with many studies relying on
limited sample sizes or unstructured datasets. A recent analysis of 174 models revealed that only
89 had a low risk of bias, while 77 were classified as high-risk due to inadequate handling of
missing data and overfitting concerns. Building robust digital infrastructures for systematic data
collection and establishing standardized validation protocols could enhance model
reliability [7].

Second, computational complexity presents an ongoing challenge as deep learning models
offer greater accuracy but require significant computational resources. While the Back
Propagation (BP) neural network achieves faster running times, more sophisticated
architectures like IDNN must balance accuracy with operational efficiency [1, 8].

Additionally, limited validation poses a substantial methodological concern. Only 3 of 19
primary studies reported external validation, raising concerns about model generalizability.
Most studies relied solely on internal validation, potentially compromising the robustness of
predictive models in real-world applications [8, 9].

5. Future Directions in Neural Network Models for Stroke Rehabilitation

The advancement of neural network models in stroke rehabilitation focuses on two key areas
that promise to enhance patient outcomes and treatment effectiveness:

5.1. Interdisciplinary Collaboration

The future of stroke rehabilitation relies on fostering collaboration between clinical and
computational experts, while leveraging machine learning for individualized treatment. This
approach enables providers to design personalized rehabilitation plans based on predictive
models derived from clinical and neurophysiological data. Regular interactions between
researchers and clinicians are essential for effectively transitioning neurorehabilitation devices
into practice [3, 10, 11].

5.2. Technological Advancement

The integration of artificial intelligence technologies, such as AloT and data technology, offers
potential for enhancing healthcare automation in rehabilitation. Neural interfaces that deliver
real-time feedback show particular promise for improving motor recovery by reinforcing brain-
muscle connections. These closed-loop systems, combining neurophysiological sensing with
peripheral stimulation, demonstrate significant potential for creating adaptive rehabilitation
protocols that respond to patient progress [9, 12].

Conclusion

Neural network models offer promising, personalized approaches to stroke rehabilitation, using
architectures like DNNs, IDNNs, CNNs, and LSTMs to improve diagnostic accuracy, cognitive
support, and robotic-assisted therapy. While challenges like data quality, computational
demands, and validation persist, interdisciplinary collaboration and enhanced data
infrastructures are crucial for overcoming these. Future research on neural interfaces and
feedback systems could make these models more accessible and effective in clinical settings.
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Oco6aunBOCTi BU3HaUEHHA TOUKK POCU 3a BYr/1€eBOAHAMMU
NPUPOAHOrO rasy Ha NiA3eMHUX CXOBULLAX rasy

BikTop Jlyuenkol, FOpiii [lonomapboB!, Crityiana [Ipotac! Ta Bajum KpacHoKyTchKUit!
1 [Hemumym mpaHcnopmy 2a3y” AT "Ykpmpanceaas”, 16, 6yaveap I'oHuapiscokuil, Xapkis, 61004, Ykpaina

AHoTanisa

Y crTaTTi BUKOPUCTAaHO MaTepiasid [JOC/Hi[)KeHb AMEpUKaHCbKOI LIKOJHW TIa30BHMMipHOBaJbHUX
TexHosiorit (ASGMT) Ta mpakTuuHi crnocTepexeHHs1 ¢axiBLiB «YKpTpaHcrasy», oTpUMaHi mifg yac
BBEIEHHSI B eKCIJIyaTallilo BiANOBiJHOro o6JiafiHAHHA HaA MiZ3eMHUX CXOBUILAX Tasy. 3a
pe3yJibTaTaMH iX aHaJi3y y 3BiTi 3p06JIeHO I'PYHTOBHI BUCHOBKHU.

Kirouosi cs1ioBa
NPUPOAHUH ra3; ToUuKa pOCH ByTJIEBO/IHIB; PiBHAHHS CTaHy; HeBU3HA4YeHiCTh KopessLii

Abstract

The article uses research materials of the American School of Gas Measurement Technology (ASGMT)
and practical observations of Ukrtransgaz specialists obtained during the commissioning of the
relevant equipment at underground gas storage facilities. Based on the results of their analysis, the
report draws substantial conclusions.

Keywords

natural gas; hydrocarbon Dew Point; equation of state; uncertainty of the correlation

1. Bctyn

Y mnponeci Ao6yBaHHS, TPaHCIOPTYBaHHsl, 30epiraHHsi, PO3MOJiJeHHS NPUPOAHOTO Trasy
TexXHiYHi yMOBY KOHTPAKTIiB BUCYBaIOTh LIiJIKOM KOHKpPEeTHI BUMOT'H 10 TapaMeTPiB HOro AKOCTI.
OfHi€r0 3 BJIACTUBOCTEH, 1110 BU3HAYA€E AAKICTb IPUPOJHOrO0 ra3y, € TeMIlepaTypa TOYKHU POCH 3a
ByrJieBogHsAMHU (HCDP - HydroCarbon DewPoint).

Crangaptu [1] Ta [2] Bu3HauaroTe HCDP sk TeMnepaTypy 3a 3aiaHOro TUCKY, 3a SIKOI Napu
BYTJIEBO/IHIB IOYNHAKOTh KOH/EHCYBaTUCH.

HasiBHa BesiMKka KijbKicTh coco6iB i MeTo/iB BuMiptoBanHsa HCDP. Hali6inbm BijoMum €
npsiMe BHUMIpIOBaHHS 3a JONOMOrOK pY4YHUX Ta/abo aBTOMATHYHUX MNpUJIaJiB i3
0XO0JIOZKYBaHUM Ji3€pKaOM.

Kpim Toro, € HenpsAMu# MeTo Bu3HadyaHHA HCDP, i3 BU3Ha4eHHAM KOMIIOHEHTHOTO CKJIaAy
3a gomoMoroio razoBoro xpomartorpada (I'X). BxigHoro iHdopmauliero A8 aHATITHYHOTO
po3paxynky HCDP € koMnoHEHTHUH CKJaJ MPUPOLHOro rasy, OTpUMaHu# 3a fonoMoromw ['X,
pa3oM i3 TUCKOM Ipo6H rasy.
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2. Wopo aHanitnyHoro susHavaHHA HCDP 3a KOMNOHEHTHUM CKNaaoMm Big,
rasosoro xpomarorpada

Y fomnoBifii BUKOpPUCTaHI MaTepiaau JOoCIiPKeHb AMEepUKaHChKOI IKOJU ra30BUMipIOBaIbHOI
TexHiku (ASGMT) Ta npakTuydHi ciocrepexxeHHs paxiBiiB AT «YkpTpaHcras».

Tunu noMuyaok, €Ki noripuwyioTb po3paxyHKH HCDP:nomuiaka posnoginy BaXKux
BYTJIEBOHIB y CyMillli; TOMHUJIKA, 1[0 BUHUKAE i/l Yac 3HUKEHHS THUCKY; TOMUJIKA BiJl TOXUOKH
razoBoro xpomartorpada; MoMuJIKa, 10 06YMOBJIeHa BUKOPUCTAHHSIM KOHKPETHOI'0 PiBHAHHS
CTaHy; MOMWJIKA, OJlep>KyBaHa Mif yac Bioopy penpe3eHTaTUBHOI mpobu s XAJL

2.1. MomuAaKa po3noainy BaXKKUX ByrneBoAHiB y cymilui

Binbwicte I'X, 1110 BUKOPHUCTOBYIOTh B YMOBaX €KCILJIyaTallil, BUMipIOIOTb KOMIIOHEHTHHUH CKIaJ
npupogHoro ra3y go Cé6+. Tob6To, Taki ['X Bumiprwiotbh Ny, CO2 Ci-Cs, a BCi 6isbln Bakki
BYTJIEBOJAHI 00'€AHYIOTh B rpyny C6+.

Taky nNpakTHKy € CEHC BUKOPUCTOBYBATH /i BU3HAYE€HHS TEIMJIOTBOPHOI 3aTHOCTI. Ase
And aHajniTudHoro BusHadeHHA HCDP Bona HenpuitHATHa, ToMy o HCDP 3anexuTs Bif
KOHLIEHTpaLil BaXKKUX BYTJIEBOJHIB.

Bynau cnpo6u BBoguTu Co+GC. Lle yacTkoBO BupillyBajio Mpo6JeMy, OCKiJIbKH BCi
KOMIIOHEHTH, Baxk4i 3a Co, MiCTATHCA B 0JHOMY KOHTelHepi. HeBU3Ha4YeHiCTh y TaKOMY BUNIAAKY
ckiagana go 20 °C.

2.2. MMomMKUAIKa, WO BUHUKAE Nig YacC 3HUXKEHHA TUCKY

['X mpaIoTh 3a TUCKY, AKHHA 6JU3bKUN 10 aTMocdepHoro. OaHAK GiIbIIICTh onepalii, 1o
CTOCYIOTbCSl TPAHCIOPTYBaHHs ra3y TpybompoBoAaMu, 306epiraHHs HOro B MiA3eMHUX
CXOBHUILAX, CTUCHEHHS TOLL0, BUKOHYIOTh 3a MiJBUIEHUX HAJJIUIIKOBUX THUCKIB Jo 150 6ap.
Take 3HI)KEHHS TUCKY MOXKe CYyTTEBO 3MiHUTH CKJIaJ, Ta3y, IKIIO TiJIbKK KOr0 He BUKOHYBAJIH B
KiJIbKa eTalliB 31 3HaYHUM 30BHIIIHIM HarpiBaHHAM.

2.3. MNomuaka Big NnoxnbKu razosoro xpomartorpada

Ax 1 Bci mpunagu, I'X Mae nmputamaHHy HoMmy mnoxu6bky. [loxubka BH3HA4YaHHS BaXKKHUX
BYIJIEBOAHIB 3a3BWYai 6Gisbma. [lig 4Yac BUMipHOBaHHA KOHILEHTpalili KOMIIOHEHTIB
NPUPOLHOro rasy BUpoOHUKU ['X BKa3ylTb HeBHU3HAYeHICThb (MOXUOKY), 1o JopiBHIOE 2 %.
OpHak, Tunosi ['X B yMoBax ekcryaTauii, akTHUYHO MaloTh NOXUOKY 5 % i Gisble.

2.4. MomunKa, Wwo o6ymoBaeHa BUKOPUCTAHHAM KOHKPETHOrO PiBHAHHA CTaHY

Ha cborogHi Bifoma BeJjiMKa KiJIbKICTb piBHSIHb CTaHy AJis1 BU3HAYe€HHS BJIACTUBOCTEH
peasibHOro ra3y a6o cyMiuti rasis, IKot € npupoAHui ras [5-8].

Hait6inbm nmonyssipui - mogenn Ilenra-Po6incona (PR), mogenn Coae-Pepsix-KBoHra
(SRK), mogenr GERG-2008. [leski 3 1iux Mojesied Kpalli 3a yMOBU BUCOKHX TUCKIB, fiesKi — 3a
HU3BKUX TUCKIB. MoXHa 3acTocyBaTH [JBi pi3Hi Mozesi Ta oTpuMaTH JABa abCOJIIOTHO Pi3HUX
pe3yJbTaTH Ajs po3paxyHky HCDP.

2.5. MNomunka, oaeprKyBaHa nig yac Bigbopy penpeseHTaTMBHOI Npobu gna XA/

3 orsisiAy Ha BCi mepepaxoBaHi BUIEe NMOMUJIKH BUHUKAE CIOKyCa OTPHUMYBAaTHU NMpoOy rasy,
BUKOPHUCTOBYI0OYM 6isbi TexHosoriyHud ['X go C12. Xowa 'X C12 ycyBae geski MOMHUJIKU
pO3MO/iJIy BaXKKUX BYTJIEBOJHIB, BiH [0Ja€ Ie OAWH HaAbip MOMHJIOK, a caMe MOXHOKY
BiGMpaHHs Ta TpaHCIOPTYBaHHs Npo6u[6].

Bisibm ToOro, KoM mnpo6Gy TPaHCHOPTYIOTb 1 MOTIM MOBTOPHO HarpiBawTh, Hicas
BUKOPHUCTAHHS B JlabopaTopil, Moke 6yTH BHeCceHa J10JaTKOBAa HEBU3HAYEHICTb.
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[Toxubky 06/1afjHAaHHS Ta pe3yabTaTH Horo ekcrmiayatyBaHHs Ha [ICT AT «YkpTpaHcras»
(exkcriepuMeHTAILHOTO ab0 MPOMHUCJIOBOI0) HaBe/leHi B Tad i 1.

Ta6smna 1
[Toxu6KHu 061aJHAHHS
HaliMmeHyBaHHA [IpuHKD po6oTH [Toxubka Bupo6buuk  Kpaina
Topoc HacuyeHHs rasy BOJIOTOH 3a +0,5°C [T "lpubop- Ykpaina
MiABUILEHOT0 TUCKY 3HWKEHHAM eHTp",
THCKY 10 po6040ro M. KuiB.
®Oor-3r KonzeHcaniiauit Byson  +1°C «XimTecT Ykpaina
BUMIipIOBaya  BHUKOHAHO 3a Ykpaina +»
KJIACUYHOIO CXEMOI0
Dewpoint Duo Bukopucrosye metos CEIRS™[8] +0,5°C ZEGAZ USA
Instruments
BucHoBKU

1. TouHicTb po3paxyHKy TeMminepatypu HCDP Ha ocHOBI ra3oBoi xpomaTorpadii He Moxe
OyTH BHILIOK 3a TO4YHICTb BUMiplooBaHHs1 TeMiepatypu HCDP aBToMaTH30BaHUM
MPUCTPOEM 3 OXOJIOAKYBAHUM [JI3€PKaJIOM.

2. [llpuctpoi, npuHnun paii SKUX 3aCHOBaHMM Ha BUKOpPUCTaHHI iHPpayepBoHOI
CIIEKTPOCKONil, MalTb BEJWKY IEepCIeKTUBY BUKOPUCTAHHA [JId aHaJiTUYHOIO
BusHayeHHs HCDP (Hanpuxsazg, Texnosorii CEI RS ™),

3. TocunaHHa/lnss MOHITOPHUHIY NpaLe3JaTHOCTI MNOTOKOBOro Xxpomarorpada 100
Bu3HayeHHd HCDP, gonisibHO BUKOPHUCTOBYBaTH aHaliTUYHUN aJCOPUTM Ha OCHOBI
piBHSIHHSA cTaHy (piBHSIHHS CTaHy, NpU LbOMY Tpeba miAbupaTH A/ KOHKPEeTHUX YMOB
i cymimedt npupogHoro rasy).
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ABTOMaTM30BaHe poboue micue BUKNagava npu oCBiTHbOMY
npoueci B AUCTaHLUiNHI dopmi

Irop Cokopuyk!

1 Xapkiecbkull HayioHabHUll yHisepcumem padioenekmpoHniku, npocnekm Hayku, 14, Xapkis, 61166, Ykpaina

AHoTanisa

Po3r/1iHyTO BUKOPUCTAaHHS aBTOMATH30BaHOT0 po604oro Micis BukJaagaya (APM) jis miABULIEHHS
edexTUBHOCTI opraizanii HaB4a/JbHOTO MNpolieCcy B yMOBaX AWCTaHLiNHOI ocBiTH. PosrisHyTO
ocHOBHi ¢yHKLIl Ta koMnoHeHTH APM, 1o BKJOYalOTh iHTerpauito 3 miaTgopMaMu ynpaBJliHHSA
HaBYaHHSM, CUCTeMaMHU BiZjleoKoHepeHLil, aHaiTHYHUMH iIHCTPYMeHTaMHU Ta iHCTpyMeHTaMHU /ISt
oniHoBaHHA. Ocob6/MBY yBary NpuZijieHO BUKOpUCTaHHIO mIuaTdopmu GitHub pias mizTpumkum
OCBITHBOTO IpoOllecy, aBTOMaTH3alil nepeBipku 3aBJaHb Ta opradisanil cnizibHoi po6oTu. OKxpeMo
pPO3rJISHYTO poOJib YTWIIT KOMaHAHOro pszka Linux y 3ajayax aBToOMaTH3alii, NepeBipKU
CTYJleHTCbKUX pO6iT, a//MiHiCTpyBaHHA Ta yNpaBJ/iHHA HaBYaJbHUMU MaTepiajlaMU. 3alIpOIIOHOBAHO
MeTOAHM iHTerpauii cydacHUX iHCTpyMeHTIB i miaTdopmM, sKi CIpUATb onTHUMIi3alil HaB4YaJIbHOTO
MpoLecy, 3MeHILIEeHHIO HAaBaHTa)KeHHS Ha BUKJIaJayiB Ta Mi/|BULEHHIO IKOCTi OCBITH.

Keywords

aBTOMaTH30BaHe poboue Micle BUkJIagada (APM), quctaHuiiiHa ocBiTa, niiatdopma GitHub, ytunitu
KOMaH/JHOro psjka Linux, aBTomMaTu3anisa nepeBipKy, ylipaB/liHHA HaBYaJIbHUMHU MaTepiajlaMH,
aHaJIiTUYHI iHCTpyMeHTH, n1aT$opMHU ypaB liHHA HaBYaHHAM (LMS)

1. Bctyn

CyyacHU# OCBiTHIH mpolec B yMoBax rs106anpHoi [udposisanii 1 akTUBHOTO BIPOBA/XKEHHS
JUCTAHIIIHHOTO HABYaHHS BUMara€ HOBHUX MHigX0JiB JO0 opradizanii po60TH BHUKJIaJaya.
ABToMaTH30BaHe poboye Micle BUKJIagada (APM Buk/1ajaa) € KJIHOYOBUM iHCTPYMEHTOM AJis
epeKTHBHOTO yNIpaBJIiHHS OCBITHBOIO AisyibHiICTIO. Taki 3ac06M J03BOJIIIOTH ONTHUMIi3yBaTH
pPO3pOOKY HaBUYJIbHUX MaTepiasiB, B3aEMOJiK 3i CTyAeHTaM{, KOHTPOJIb YCHIIIHOCTI Ta
aBTOMAaTH3aLil0 afMiHICTpaTUBHUX 3aB/JlaHb.

HaBenemo ocHoBHiI ¢yHKnii APM Bukiaamadya. APM Buksiazada o6'€lHY€E TexHOJIOTIl /st
BUpIiLIeHHS] TAKUX 3aBJAaHb:

1.

[lnaHyBaHHS HaBYaJIbHUX MaTepiasiB. Po3po6ka il ynopsiAKyBaHHs JIeKLil, TPaKTUYHUX
3aHATH i TecTiB y uUPpPOBOMY cepe/iOBUIL.

OpraHisaunis gucraHuiiiHol B3aeMogii. [HTerpanis 3 niatdopmamu BiseokoHpepeHLin
(Zoom, Google Meet) aJist mpoBeZieHHs JIEKI[iHM i KOHCYJIbTALliH.

KonTposb ycmimHocTi. BUKopucTaHHA iHCTpYMEHTIB MOHITOPUHIY W aHaslily [
CBOEYACHOTO BUSIBJIEHHS IPOGJIEM Y HABYaHHI.

ABToMaTH3alid OLiHIOBaHHA. ABTOMaTH4YHa IepeBipka TecTiB 1 3aBAaHb [JJd
3a0e3ne4yeHHs 00'€EKTUBHOCTI OLIiHIOBaHHS.

AnMiHicTpaTruBHaA miATpUMKa. BeJleHHsI eseKTPOHHUX >KYpHaJiB, 3BiTHOCTI Ta 06MiH
iHpopmaliero 3i cTyjeHTaMu.

* Corresponding author.

Qihor.sokorchuk@nure.ua (I. Coxopuyk)

® 0000-0002-5852-7214 (1. Coxopuyk)

© 2024 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

86



2. GitHub y cknapgi APM Buknapgaua

GitHub [1] € 6araTodyHKLIiOHaIBHUM iHCTPYyMEHTOM, SIKHHM MOXXKHA epeKTHBHO iHTETPYyBaTH [0
APM Bukiagava. leil cepBic Hajgae Taki ¢yHKLil, fki MOXyTb OyTH iHTerpoBani n0
aBTOMAaTHU30BaHOI'0 Miclsl BUK/IaJa4ya Ta epeKTHUBHO BUKOPUCTOBYBATUCh Y JUCTAHLiHHOMY
HaBYaHHI:

1. KonTposb Bepcii i cnisibHa po6oTa. 36epiraHHsi HaB4Ya/IbHUX MaTepiasiB i3 MOXKJIMBICTIO
KOJIEKTUBHOTO peJlaryBaHH{, CTBOPEHHS CTYJAEHTCbKUX IPOEKTIB.

2. IHTerpamisi 3 aBTOoMaTu3amielo. Bukopucranua GitHub Actions gss aBTOMaTH4HOI
nepeBipKU J1abopaTOPHUX POGIT.

3. 36epiraHHa HaBuYa/JbHUX MaTepianiB. CTPYKTypyBaHHS M YIpaBJiHHS JOCTYIOM [0
uppoBUX pecypciB.

4. 3BopoTHui 3B'130k. PyHkuii Pull Requests a5 pereH3yBaHHS poOiT CTYyAEHTIB.

5. GitHub cnpuse nigBuiieHH0 edeKTUBHOCTI pOOGOTH BHKJIAAaya, 30KpeMa 3aBAsSKU
aBToMaTu3alil pyTUHHUX MOpOLEeCiB i PO3BUTKY y CTYAEHTIiB HAaBUYOK pOOOTH 3
peaJbHUMHU IHCTPYMEHTAaMU KOMaH/HOI cliiBnpani.

2.1. Nepesaru GitHub gna APM Buknagaua

[nTerpanis GitHub i3 APM Hazae HU3KY nepeBar:

1. TlosnermenHs cnisibHOI po6oTu: GitHub cmpourye po6oTy B KoMaHAaX, 1[0 CTUMYJIIOE
PO3BUTOK KOMYHIKaTUBHHUX 1 TexXHIYHMX HaBU4YOK Yy CTyZeHTiB. BoHU ByYaThbcA
NpauioBaTU HaJ, CHiIJIbHUM KOJIOM, BUPillyBaTU KOHQJIIKTH 3JIUTTA Ta MiATPUMYyBaTH
AKICTb KOAYy.

2. EdekTuBHicTb NepeBipKU Ta 3BOPOTHOrO 3B’sA3KY: 3aBJsKU aBTOMaTHU3alii, BUK/Iazadi
MOXYThb LIBUJKO IepeBipATHU 3aBJaHHA Ta HaJaBaTU KOMEHTApi B peXUMi peasibHOro
yacy, 3HWXKYIOYM HABAaHTAXKEHHA Ha py4YHY IepeBipKy Ta NPUCKOPIOKYM Ipolec
OIliHIOBAHHSI.

3. Bigkpurictb i npo3opicte: BukopucranHsa GitHub y ocBiTHbOMy mpoueci cTuMysro€
CTY/IeHTiB 10 poGOTH B yMOBaxX BiJIKPUTOIr0 KOAY, 10 MiZBUIIYE BiJMOBiJa/bHICTh 3a
SIKiCTb BJ1acHOI po6OTH i cripUsie 06’€KTHBHOMY OL[iHIOBaHHIO.

4. MoTuByBaHHAl CTyAeHTiB: CTyA€HTH OTPUMYKIOTb MOXJIMBICTb MOGAYUTH BJIACHUH
[porpec i neperyiffaTy iCTopir 3MiH, 10 CIIPUAE MiABUILEHHIO IXHBOTO IHTEpecy A0
HaB4aJIbHOI'0 IIpOLeCy.

2.2. NepcnekTuBm BUKOpUCTaHHA GitHub y Buwin ocsiri

Y mai6ytHboMy GitHub Moxe iHTerpyBaTH HOBi iIHCTpYMEHTH Ha OCHOBI LITY4YHOTO iHTEJIEKTY
(II) Ta MaUIMHHOTO HABYaHHS JJIS IOJINIIEHHS MPOIECiB OI[iHIOBAaHHS Ta 3a0e3ledyeHHs
aZanTUBHOTO HaBYaHHA. Hanpukiaz, BUKOpUcTaHHA cucteM Ha ocHOBI LI gyi1 aBTOMaTu4HOr 0
aHaJli3y KoAy i BUABJIEHHA CTWJIICTUYHUX NOMHWJIOK MOX€ MNiJABUILWTU AKICTb KOAYBAHHA VY
crygenTiB. Kpim Toro, GitHub moxe crTaTh ocHOBHOW m1aTHOPMOI0 [Jisi CTBOPEHHS
HaBYJIbHUX CIIJIBHOT, /e CTY/IeHTH 3MOXyTh OpPaTH y4acThb Y NMPOEKTAX, 36epiraroyu BJIACHI
pPo6OTH K MOPTPOJIi0, ZOCTYIHI A/ MOTEHI[IHHUX PO6OTOAABIIIB.

3. BUKOpPUCTAHHA YTUAIT KOMaHAHOro pagkKa Linux y cknagi APM

BukopucTaHHs oleparniiHoi cucTeMu Linux y noejHaHHi 3 yTuiiTaMu koMmaHaHoro psigka (CLI)
3abes3neyye maatdopMy s aBTOMATH3aIlii 3aBJjaHb, yIPaBJiHHA HaBYJIbHUMU MaTepiasiaMu
Ta nepeBipKu CTYJEeHTCbKUX POOIT.
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3.1. ABTOMaTM3aL,iA NepeBipPKU CTYAEHTCbKUX pobiT

CLI ytuaitu Linux [2] 1o3Bo/sAIOTE CTBOPUTHU ePEKTHUBHI iHCTPYMEHTH AJis1 aBTOMATUYHOI
nepeBipKU J1abOPaTOPHUX i NPAKTUYHUX POOIT:
bash, diff, cmp - nepeBipka BUKOHaHHSI 3aBJjaHb i NOPiBHSAHHS pe3y/IbTATIB i3 3paskaMu.
awk, sed - aHaJs1i3 i 06po6Ka TEKCTOBUX JIaHUX.

3.2. ABToOMmaTtmn3auia nepeBipKM 0pOpPMIEHHA NPOrPamHOro Koay

fAxicTb mporpaMHOro KoAy € BaXK/JIMBHM aclleKTOM, OCOOJIMBO AJisl JUCLMILIIH, OB’ SI3aHUX i3
nporpamyBaHHsAM. YTuiitu CLI 03B0ISIIOTh BUKJIaZa4yeBi aBTOMAaTHU3yBaTHU NepPEBIPKY CTUJIIO
Ta cuHTakcucy [3]: shellcheck, phpcs, shfmt — nepeBipka ckpunTiB i Koay Ha BifNnoBigHICTH
CTaHJapTaM CTHUJIIO.

3.3. YnpaBaiHHA HaBYa/IbHUMMU MaTepianamm

YTuait KoMaHAHOro psizka Linux copomyroTh po60OTy 3 HaBYaJbHUMH MaTepiajaMH Ta
daitiamu [4]:

rsyng, tar, gzip - CHHXpOHi3alid, apxiByBaHHS W epeJiaya MaTepiais.

find, grep - wBUAKUN nowykK i pinbTpanis jaHuX.

3.4. ABTOMaTMU3aLiA agMiHiCTpyBaHHA

CLI iHCTpyMeHTHM TaKOX MOXYTb BHUKOPUCTOBYBAaTHCA [Ji VIpPaBJiHHA CUCTeMaMH
JUCTaHLiiHOr0 HaBYaHHA [5], HanpukJaaj TakuMu ik Moodle [6]:

curl, wget - B3aemo/ist 3 LMS i 3aBaHTa)XeHHS JaHUX.

crontab - aBTOMaTH3aIlig peryJspHUX 3a/1a4, TAKUX SIK pe3epBHE KOMiOBaHHS.

3.5. NepeBaru nporpamHux CLI ytuait Linux Ha APM BuKnapgaua

1. THyukicTbiaganTuBHicTb. CLI yTHIITH JIerKo Ha/IAlITOBYIOTHCA MiJi KOHKPETHI HOTpebu
BUKJI3Ja4ya, [JO03BOJIAOYM CTBOPIOBATU aBTOMATU30BaHI pilleHHA /[Jid IIUPOKOro
CIIeKTpa 3a/a4.

2. llpopyxtusnictb. BukopucranHsa CLI 3ab6esnedye BHUCOKY MBHUAKICTb BHKOHaHHS
omnepariiii, [0 0COGJIMBO BXKJIMBO MPH POOOTi 3 BEJIMKUMHU 06CATAMU JAHUX.

3. bBeskowToBHicTb i BigkpuTicTb. Binbmicte CLI yTuaiT € Open Source, 1o 3HMXKYE
BUTPATH Ta [J03BOJISIE BUKJ/IaJa4aM aJalTyBaTH iHCTPYMEHTH /10 CBOIX MOTPED.

4. 3acobu wTyyHOro iHtenekty Ha APM Buknapgaua

Ha aBToMaTu3oBaHoMy po6odomy Michi (APM) Buk/aiauya TaKoXK MOXKYTb BUKOPHUCTOBYBATHCS
3acobu wrydyHoro iHTesekty (IUI) [7]. IepeBaramu BukopucranHs LI Ta MH na APM
BUKJ/Ia/Jjaya €:

1. InpuBigyanbHi pekoMeHJauii 100 HaBYaJbHUX MaTepiajiB Ta 3aBJlaHb CHPUSIOThb
6ispLI TTM60KOMY PO3YyMiHHIO TEM, MiJBULIYIOTh MOTHBALIO CTY/EHTIB | HOKpaILyTh
epeKTHUBHICTh HABYaHHS.

2. I moxe aBTOMaTHU3yBaTH PYTHHHI 3aBJaHH{A, BUKOHYBaTH aBTOMAaTHU4YHY NepeBipKY
poO6iT, OLiHIOBAaTH TeCTH Ta HaJlaBaTH 3BOPOTHHUU 3B’S30K CTYJeHTaM, 10 J03BOJISIE
3BIJIbHUTH BUKJIa/la4ya /1S 6i/IbII TBOPYHX i CTpaTeriyHUX 3aB/laHb.

3. Mogeni MallMHHOTO HaBYaHHA 3JaTHI Ha paHHIX CTafix BUABJATH PU3UKHU
aKaZleMiYHOl HeyCHilIHOCTI, aHa/li3ylo4u I[OBeAIHKY CTYyJEeHTIB Yy HaBYaJbHOMY
cepelOBULIL
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Ha ocHoBi aHani3y Besnkux 06csriB gaHux (Big Data) MoxkHa onTUMi3yBaTH HaB4aJIbHi
npouecd, BU3Ha4yaTH HaWbinbul epeKTUBHI MeTOAM Ta cTpaTerii HaBYaHHSA [JJs
KOHKPEeTHHUX Tpyn cTyZeHTiB. TakuM ynMHOM, iHTerpauis 3aco6iB LIl Ta MH B APM
BUKJIaZladya BiAKPUBAE HOBI MOXKJIMUBOCTI [/ NiBHUIEHHS SKOCTi OCBiTH, pOOGHTH
HaBYaJbHUM mnpouec 6isbll edpeKTUBHUM, THYYKHM i OpiEHTOBaHMM Ha MOTpe6u
CTYJ,eHTiB.

5. Pe3ynbtaTt BNpOBaaXXeHHA Ta BACHOBKM

OnucaHi mporpamMHi 3aco6ud Ta NPUHUMNMU OYJM BHKOPHUCTAHI aBTOPOM Mij 4ac po3pobku
aBTOMaTHU30BaHOro pob6odoro wMicua (APM) Bukiasavya [Js1 TNpPOBeJEHHS 3aHATb Y
JUCTaHLilHIN Popmi HaBUaHHS 3a cneljasbHICTIO «IHXXKeHepist mporpaMHOro 3abe3neyeHHs ».
Po3po6JieHa cucTeMa BHKOPHCTOBYBaJacs B OCBITHbOMY MpOLECi NMPOTSrOM [ABOX POKIB i
NpPOJeMOHCTPYBaJia BUCOKUU piBeHb e(EeKTHUBHOCTI.

3acTocyBaHHA aBTOMATHM30BAaHOTO POG0OYOro Micus A03BOJMJIO ONTHMIi3yBaTH HPOLECH

NiJIrOTOBKH, MPOBEEHHS 3aHATH i IepeBipKHU CTYAEHTCbKUX po6iT. 30KpeMa, 6yJ10 JOCATHYTO
TaKUX pe3yJ/bTaTiB:

ABToMaTH3allis NepeBipKH JJA6OPAaTOPHUX Ta KYPCOBUX POGIT 3a AOMOMOI0I0 CHCTEM
KOHTPOJIIO Bepciil i aBTOMaTHYHOro TecTyBaHHA (30kpeMa, GitHub Actions) go3Bosuia
3a6e3MeYdTH WBUAKHA 3BOPOTHUM 3B’S30K /[JI CTY/Z€HTIiB, MigBUIWIA SKICTb
HaB4YaJIbHOT'O NIPOLECY.

3aBasiku iHTerpanii iHcTpyMeHTiB aBTOMaTH4yHOI nepeBipku koay (PHP_CodeSniffer,
shfmt, ShellCheck) Ta miiatrdopmu Moodle, 3MeHmMIaca KiIbKICTb PYTUHHHUX 3aB/IaHb,
MOB’sI3aHUX i3 MepeBipKOw Po6iT, 1110 3a01aAUI0 YaC BUKIAJa4a.

BukopucranHs APM 3a6e3neynsio IeHTpasi3oBaHe 306epiraHHsA Ta [JOOCTYIm /[0
HaBYaJIbHUX MaTepiaJliB, BAKOPUCTOBYIOYU XMapHi pillleHHs, 1110 NiJBUIIMJIO0 3pYYHICTD
B3aEMOJIl MiX BUK/I3Aa4YeM 1 CTyLeHTaMM, IOKpAILWJO YIpPaB/JiHHA HaBYaJbHUMU
MaTepiaJlaMHu.

MoX/IMBiCTh HAJIAIITYBAaHHS CepeZOBUIIA BiANIOBIAHO A0 cnenrdiKu AUCIUILIIH, HOTO
THYYKICTb i aZJallTUBHICTh, O3BOJIMJIM aJalTyBaTH Lie CepefOBHUlLe MiJ Pi3HI HaBYa/IbHI
JAUCHUILIIHH.

3arasnoM, BrnpoBajxeHHA APM Bukiazadya Ha ocHoBi Open Source Ta Freeware pimeHb

3a6e3Meynsio NO3UTUBHUN BIVIMB Ha SIKICTb Ta OpraHisauil OCBiTHbOTO IPOLIECY.

Mepenik nocunaHb

[1] GitHub - odinifina cropinka cepsicy. URL: https://github.com/

GNU Bash, Awk, sed, tar, gzip, grep, wget - odiuifina cropinka. URL:
https://www.gnu.org/software/

ShellCheck - odiuiitHa cropinka iHcTpymenTa. URL: https://www.shellcheck.net/

Rsync - odiniiina ctopinka. URL: https://rsync.samba.org/

Curl - odinifina cropinka. URL: https://curl.se/

Moodle Documentation URL: https://docs.moodle.org
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3BiTHA AOKYMEHTALifA NPy OCBITHbOMY Npoueci B ANCTAHLINHIN
dbopmi

Irop Cokopuyk!

1 Xapkiscokull HayioHabHull yHisepcumem padioenexkmotniku, npocnekm Hayku, 14, Xapkis, 61166, YkpaiHa

AHoTanisa

Po3sriisiHyTO croco6u aBTOoMaTu3alii mpoueciB cTBopeHHs Ta GopMaTyBaHHS HAayKOBO-TEXHIUHUX
JIOKYMEHTIB BiJITOBI/IHO 10 Cy4aCHUX Jlep>KaBHUX CTaHAAPTIB YKkpainy, 3okpema ICTY 3008:2015 [1].
3po6J/ieHO aKLeHT Ha BUKOPUCTaHHI MOBH po3MiTku Markdown [2], MmoBu onucy aiarpam Plan-tUML
[3] Ta TekcToBoro npouecopa LibreOffice Writer [4] fs epeKTUBHOIO CTBOpPEHHS CTPYKTYPOBaHUX
JIOKYMEHTIB, TaKHX K 3BIiTH, CTATTI, Ta iHIII HAYKOBO-TeXHi4YHi JOKYMEHTH.

Keywords
3BiTHA IOKyMeHTAallisl, AUCTaHI[ii{Ha OCBiTa, aBTOMATH3allisl, eJIeKTPOHHUM JoKyMeHTo06ir, ICTY
3008:2015, Markdown, PlantUML

1. Bctyn

Y cy4yacHHX yMOBax CTPIMKOro pO3BUTKY iHGopManiliHO-KOMyHIiKaliiHUX TeXHOJIOTik
JUCTaHLiliHa PopMa HaB4YaHHS HaAOyBae Jefasi 6isbmioro momupeHHs. lle 3ymMoBJieHO, fIK
rjobasisaniiHUMU poIecaMy, TaK i HeoOXiHiCTIO 3a6e3MedYeHHs AOCTYIy A0 SAKiCHOI OCBiTH
He3aJIeXXKHO BiJi Micusi mepebyBaHHSI CTyZAeHTiB. PazoM 3 TuUM, 3pocTae pojib edeKTHUBHOI
opradisanil 3BITHOI JOKyMeHTalil, 110 € BaXJUBHUM €JIeMEHTOM YIpaBJiHHA OCBITHIM
MPOILECOM.

2. Ocob6aunBOCTI 3BiITHOT AOKYMEHTaLii NPy AUCTaHLiINHOMY HaBYaHHi

3BiTHa JJOKyMeHTAaLifl y CUCTEMI JUCTAHLiMHOI OCBITH OXOIJIIOE INMPOKHUH CIEKTP JOKYMEHTIB,
skl MoxcHa K1acupikyBaTH 3a TAKUMH OCHOBHHUMM IpynaMHu:

1. ApaMiHicTpaTuBHA 3BiTHICTP — KYpHa/IMd 3aHATH, XKYPHaIU 00JiKy BiABiAyBaHOCTI,
rpadiku Ta po3kaZy OCBITHBOIO NpOIecy, Haka3y Ta po3NnopsiAKeHHs aaMiHicTpanii.

2. MeToauyHa 3BiTHICTh. — IJIaHU 3aHATDb, METOAMYHI BKa3iBKH, pO3pO6KH JUCTAHLIMHUX
KypCiB Ta MyJIbTUMEZIMHUX HaBYaJIbHUX MaTepiasis.

3. OuiHoBa/ibHA 3BITHICTh. — 3BiTH 3/1a60PaTOPHUX Ta IHIIUX POBIT, KYpCOBi Ta JUIIOMHI
po60TH, pe3yibTaTH KOHTPOJbHUX 3aX0/iB.

2.1. Bumoru o 3BiTHOI AOKYMeHTALii B gucTaHuiiiHomy ¢popmari

3rigHo 3 JCTY 3008:2015 [1], B YkpaiHi 3BiTHa JoKyMeHTallisi HIOBUHHA MaTH YiTKO BU3HAYEHY
CTPYKTYpy Ta BiANOBiJaTH BCTAaHOBJEHUM CTaHJAapTaM OoQopMJeHHS. 3BITHUH AOKYMEHT
CKJIQZIAETHCA i3 TUTYJIBHOI CTOPIHKH, 3MICTy, OCHOBHOI YaCTUHH, BUCHOBKIB, J0JATKIB.

Information Systems and Technologies (IST-2024), November 26-28, 2024, Kharkiv, Ukraine
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2.2. ENeKTpPOHHUI AOKYMEHTOoO0bir y gucTaHuiiHii ocBiTi

[Ipy mpoBeAeHHI OCBITHbOroO MpoLecy Yy AUCTAHLiWHIA ¢dopMmi BaKJMUBY poJb BiAirpae
eJIEKTPOHHUH JOKYMEHTOO0GIr, IKHI Halae HU3KY IepeBar:

1.

lIBuakicTe i 3pyuHicTb Aoctyny. EneKTpoHHI [JOKYMEeHTHM MOXYyTb 306epiraTucs B
XMapHUX CXOBUILAX i OyTH [JOCTYNHUMH 3 OyJb-KOTO HiJK/JIIOYEHOro [0 Mepexi
IPUCTPOIO.

ABToMarTusalis mnpomneciB. BHKOpPHUCTaHHS eJIEKTPOHHHUX IIAaTGOPM  T03BOJISIE
aBTOMaTHU3yBaTU PYTHUHHI omepauii, Taki fIKk cTBOpeHHs1 3BiTiB, mepeBipka pobiT Ta
MiITOTOBKA 3BiTHOCTI.

3aonaKeHHs pecypciB. 3MEHIIYEThLCA BUKOPUCTAHHSA NaNepy, CKOPOUYOThLCA BUTPATH
Ha JpyK i 36epiraHHs1 JOKYMEHTIB.

[linBuiieHHs 6e3meKy. EJIeKTpOHHUH JOKYMEHTOOOIT /103BOJISIE BCTAaHOBJIIOBATH PiBHI
JIOCTYIy [0 AOKYMEHTIB i BUKOPHUCTOBYBAaTH LUUGPOBUN HifgNUC A MiATBEpAKEeHHS
aBTEHTHUYHOCTI.

3. ABTOMaTM3aLifa CTBOPEHHA AOKYMEHTaUil Ta iIHCTPYMEHTHU ANA Hei

[Ipy aBTOMaTH30BaHOMY JOKYMEHTOOOIry y OCBITHbOMY mpoleci y AuCTaHUidHIA ¢opmi
BAXKJIMBOIO € aBTOMATH3allisl CTBOpPeHHSs, 0pOpPMJIEHHS Ta aHa/i3y JOKyMeHTalii, SKa J03BOJIsIE
3HAYHO 3MEHIIWTH HaBaHTA>XeHHS Ha BUKJ/IaJladiB Ta aAMIiHICTpaTUBHUN epCOHAJ.

3.1. Markdown fiK iHCTPYMEeHT 418 CTBOPEHHSA €/IeKTPOHHUX A O0KYMEHTIB

JlJ1s1 CTBOpeHHsI eJIEKTPOHHUX JOKyMEHTIB, 30KpeMa 3BiTiB, MOCTae MUTaHHS 1100 BUGOpY

dopMaTy A/ Takux AOKyMeHTiB. B ocBiTHboMy mpoueci A wiel 3aga4i NpOMOHYEThCS

BUKopucToByBaTU ¢popmaT Markdown [2]. Lleit popmaT Ha cbOroAHi BUKOPUCTOBYETHCS Ha

Internet miatdopmax i cepsicax, 3okpema y cepsici Il ChatGPT Ta Ha miiatdopmi GitHub.
OcHoBHuMU nepeBaramMu popmaty Markdown e:

1.

3.

Jlerke ¢opMaTyBaHHSI TEKCTY 3 JOINOMOTrO OyAb-IKOIO TEKCTOBOTO PeLaKTOopa, MpHU
SIKOMY yCi e/leMeHTH, TakKi SIK 3aroJioBKH, CIHCKH, TaOJIUI, BCTAaBKU 300paXKeHb,
CTBOPIOKTHCA 34 JONIOMOI' 00 IPOCTUX TEKCTOBUX I103HAYOK.

MoxuBicTb KoHBepTalii gokymeHTa y ¢opmari Markdown B iHwi d¢opmary,
Hanpukiaazy PDF, DOCX, ODT, HTML Tomo.

CyMicHicTb i3 cucTeMaMu ynpaBJ/iHHSA BepcisiMy, HanpukJiazg i3 GitHub.

[Ipukian CTPyKTypu 3BiTy B dopmaTi Markdown:
# 3BiT OpPOo BMKOHAHHSA KYPCOBOTO IPOEKTY

## BcTyn
TexCcT BCTYIY...

## OcHOBHa 4YacTMHA

### AnHanis npemMeTHOI oBjacTi

TeKCT Ninpos3nijly OCHOBHOI 4YaCTMHMU. ..

## BuxopmucTaHl mxepesna

1.
2.

Ixepeso 1
Ixepejio 2

[loznauku: #, ##, ###, BUKOPUCTOBYIOTbCA TYT J[Jid IO3HAYEHHA HAa3BU [OKYMEHTY,
3aroJIoBKiB po3AisiB Ta 3aroJioBkiB mifgposainiB. BiadopmaToBaHui y Takui cmoci6 TecT
36epirae CTPyKTypy ZAOKyMeHTa i € 4uTabesbHUM. OcTaToyHe 0QOpMJIEHHS JOKyMeHTa
BU3HAETHCS IAGJI0HOM CTUIIB B OKpeMoMy Paiii.
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3.2. fiarpamu y popmari PlantUML

1 cTBOpEeHH4 AiarpaM y 3BiTax IPONOHYETHCA BAUKOPUCTOBYBATH IHCTPYMEHT JJi reHeparil
UML-giarpam 3 TekcroBux onuciB PlantUML [3]. lle sae 3Mory mBHAKO Bidyasi3yBaTH NMPOLECH,
CTPYKTYPH YU MozeJii 6e3 BUKOpUCTaHHs rpadiuHOro peakTopa i3 TEKCTOBOTO KOAY.

[Ipuksiaz koay Assi cTBOpeHHs Jiarpamu y PlantUML:
@startuml

actor CryneHT

actor Bukiamau

participant "LMS" as 1lms

CrynmeHT -> lms : Hancuilae 3aBIaHHSA

Ilms -> Bukjiamau : [IOBiIOMJIEHHs PO HOBE BaBIaHHSA
Bukyianauy —-> lms : IlepeBipka 3BaBIaHHS

Ilms -> CrymeHT : 3BOPOTHiNM 3B'A30K

@enduml

[Ipukas aBTOMaTUYHO CTBOPEHOTO i3 HaBeZeHOr0 TEKCTOBOTO KOAY PHUCYHKa HaBeJleHUi
Ha pUCYHKY 1.

PucyHok 1: /liarpama, cTBOpeHa aBTOMaTHYHO i3 TeKCTOBOro onucy y opmari PlantUML

[Ipy moTpebi, B TaKUM PUCYHOK MOXKHA JIETKO BHECTH 3MiHH y Oy/b-IKOMY IPOCTOMY
TEeKCTOBOMY peaakTopi. KpiM Toro, ko pucyHka sBJISIE CO60I0 NMPOCTHUHN TEKCT, SKUH MOXKHA
JIErKO aBTOMATUYHO [IpOaHaJ/i3yBaTH i IIepeBipKU Ta OLiHIOBAHHA.

Takuil TEKCTOBUM ONMC MOXKe 3HAXOJUTUCS Y TECTOBOMY JJOKyMeHTi y ¢opmaTti Markdown.

3.3. ®opmaryBaHHs 3BiTiB Yy LibreOffice Writer

Jsis 3abe3nedyeHHs1 BiAMOBiAHOCTI [0 BHMOr CTaHZAPTIB, BaXJHUBO BUKOPHUCTOBYBATH
nporpaMmHe 3abe3nedyeHHs, sike NigTpuMye GyHKLil aBTOMaTUYHOTrO PpopMaTyBaHHs. OHUM i3
IHCTPYMEHTIB [/ CTBOPEHHS [OKYMEHTIB, AKi BiJNIOBiJal0Tb HOPMAaTUBHUM BUMOTaM €
TekcToBUM mnponecop LibreOffice Writer [4]. Jss aBTomarusauii odopmiieHHsI 3BiTiB
BiZNOBIJHO [0 BCTAHOBJIEHUX NMPABUJ y HbOMY BHUKOPHUCTOBYIOTBHCS LIAGJOHU CTUJIB, fIKi
BKJIOYAIOTh: CTUJII 3aroyioBKiB (3aroJioBok 1, 3aroioBok 2 TOIL0) JJis1 CTBOPEHHS 3MiCTY, CTUJIb
OCHOBHOTI'0 TEKCTY [iJis1 3abe3IeyeHHs €4MHOro popmary ab3aliB, CTUIII A1 TabAHULb, CIIUCKIB
i IpUMITOK.

Jist opopmiieHHs 3BiTiB 6yB BUKOPUCTAHUH 1abJ/IOH 3 TAKUMH Ha/IAlITYBaHHSAMU: Po3Mip i
Tun wpudTy. BeraHoBawTbes 3a BuMoramu (Times New Roman, 12 pt). [lons cTopiHKH.
CTaHjapTHI Ha/alITyBaHHS: BepxXHE i HIWKHE — 2 cM, jiBe — 3 cM, npaBe — 1,5 cm.
MixpsgkoBull inTepBana. s tekcry — 1,5, AJ1s1 3aro/ioBKiB — 3asiexxkHo Bif piBHa (1,5 A
3aroJIoBKiB Apyroro piBHs). Lle# 11a6/10H BUKOPUCTOBYIOThCA Y KOMaH/i pandoc pu CTBOPEHHI
i3 Texcty B popmarti Markdown odpopmiieHOr0 BiANIOBIAHO 10 BUMOT CTAaHAAPTIB JOKYMEHTA.

[IpyKi1ag BUKIVMKY KOMaHU:
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pandoc -f markdown -t docx —template mabmoH.dotx sBiT.md -0 3BiT.dOCX

4. ABTOMaTU3aLifA CTBOPEHHA Ta 06pO6KM 3BITHOT AOKYMeHTaLii

[ ctBopeHHs1 opopMJIEeHHUX BiZIOBIAHO 10 BUMOr HOPMATUBHOI JJOKyMeHTallii 3BiTiB 6yJi0
BUKOPHUCTAHO Taki mporpamHi 3aco6u: ytuiaita Pandoc — g5 koHBepTyBaHHs Markdown
JoKyMeHTiB y iHwi ¢opmaTy; ytuiita PlantUML — pss1 cTBopeHHd JiarpaM Ta TeXHIYHHUX
PUCYHKIiB; TeKcToBUH nponecop LibreOffice Writer — a1 octaTouHoro opopmyieHHs 3BITHUX
JIOKYMEHTiB; Ia6JOHU CTWJIIB — s 3abe3nedeHHs BifgnoBigHoCTi 3BiTiB BUMoram /JICTY
3008:2015; komangHu# iHTepuperatop Bash — a1 aBToMaTuH3anii nporecy o6po6Ku.

5. MoXnuBOCTi Ta pe3ynbTaTu BNPOBaAXKEHHA

J1s1 BipoBakeHHs 3allpOMOHOBAHUX CIIOCO6IB CTBOPEHHS AOKyMeHTalii y OCBITHIX 3akJajax
NOTpi6HO:

1. Po3pobuTu yHiBepcabHi 11a6J10HU AJ151 Pi3SHUX BUAIB 3BiTHOI JOKyMeHTalji.

2. Bnposagutu popmatu Markdown, PlantUML B JokyMeHTOO0GIT 3ak/1aly OCBITH.

3. IuTerpyBaru aBTOMAaTH30BaHi 3acobM CTBOpPEHHS 3BiTiB y CUCTEMM YIpaBJiHHSA
HaBYaHHAM .

4. HaBuMTH BUKJAJIa4diB Ta CTYEHTiB BUKOPUCTOBYBATH Ili 3aCO6H.

OnucaHi cnmoco6u Ta iHCTpYMEHTH OyJIM BIPOB3aJKEeHi aBTOPOM B OCBITHIM mpouec AJs
nifroroBku daxiBuiBs 3i cmenianbHOcTi  «IHXKeHepiss mporpaMHOro 3abe3mevyeHHsI».
3actocyBaHHs1 ¢opmaTiB Markdown Ta PlantUML pgo3Bosinjio migBUINMTH epeKTHUBHICTb
MiArOTOBKM HaBYaJIbHUX MaTepiasiB, aBTOMaTU3yBaTU PYTHWHHI 3aBJaHHA Ta INOKpALIUTU
B3a€EMO/i10 MK BUK/IaZla4aMU Ta CTyZEeHTaMHU, CIIPUSJIO aBTOMATHU3aLii OCBITHBOIO IPOLeCy.

6. BucHoBKM

BUKOpUCTAaHHA Cy4YaCHUX IHCTPYMEHTIB [AJis NIATOTOBKM 3BiTHOI JOKyMeHTauii, 30Kpema
Markdown, PlantUML Ta LibreOffice Writer, gosBosisse mnokpauwdth edeKTHBHICTb Ta
CTaHJapTU3yBaTH Ipouec odopMJeHHS AOKyMeHTIiB. lle chpuse miagBUINEHHIO SKOCTI
OCBITHBOTO MpoLecy B AUCTaAHLiHHINA dopMi, 3ab6e3neyye Mpo30opicThb i 3py4yHiCTh AOCTYIY O
iHpopmauii g  Bcix y4yacHUKIB HaBYajJibHOro npouecy. [lojajsbliuid  pPO3BUTOK
aBTOMAaTHU30BaHUX CHUCTEM O0JIiKy Ta aHasi3y Takoi JOKyMeHTalil COpUsSTUMe MiJiBUILEHHIO
AKOCTI OCBITH.

Mepenik nocunaHb

[1] ACTY 3008:2015. Indpopmarnis Ta gokyMeHTanis. 3Bitu y chepi Hayku i TexHiku. — Kuis:
JepxcnoxuBcranaapT Ykpainy, 2015. — 28 c.

[2] Markdown Guide. URL: https://www.markdownguide.org

[3] PlantUML Documentation. URL: https://plantuml.com

[4] LibreOffice Writer Documentation. URL: https://documentation.libreoffice.org
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Anrebpo-noriyHi meToamM CUHTAKCMYHOrO aHani3y Ta iHTerpauii
HaB4Ya/JIbHUX MaTepiazniB y cMCTeMax AUCTAHLIMHOIO HaBYaHHA

Irop Corauk!t, Irop llly6in!f ta Onexcii llanupol*
1 Xapkiscokull HayioHabHull yHieepcumem padioenekmpoHiku, np. Hayku. 14, Xapkis, 61166, Ykpaina

AHoTanisa

B po6oTi npomnoHyeTbcsi MeTon iHTerpauii pisHopifHMX HaBYaJbHO-METOJUWYHUX MaTepianiB y
€IUHUNA Kypc HaBYaHHS. Ha ocHOBi po3po6GsieHOTO MeToJa BUPILIYEThCA 3ajladya CTBOPEHHS
IHCTpyMeHTa/JIbHUX CUCTEM NiATPUMKH iHTerpauii HaBYaJbHO-METOAWYHUX MaTepiasiB, 0 SKUX
BUCYBAIOTbCS KOPCTKi BUMOrY, eQpeKTHBHICTb HaBUYaHHS iCTOTHO 3aJeXKUTb BiJ, popMuU Ta AKOCTI
HaJlaHHSl HaBYaJIbHUX MaTepiasiB. B OCHOBY moJiGHUX CHCTeM 3aKJiaJ[eHO PO3MOJijeHy MoJesb
36epiranHs indopmauii.

Ki11040Bi cs10Ba
JUCTaHIliiHe HABYaHHS, aBTOMATHU30BaHi HaBYaJ/IbHi CUCTEMH, KOMII'FOTEPHi MPOTrpaMHy HaBYaJIbHOT'O
NpU3HaYeHHs, aHOTYBaHHS TEKCTIB

1. Bctyn

PO3BUTOK KOMI'IOTEPHUX TEXHOJIOTIM i JUCTaHLIMHOrO HaBYaHHSI 3yMOBUB MOSIBY 3ajad,
MOB'sSI3aHUX 3 iHTerpatieio pisHOPiZHUX HaBYaJIbHUX MaTepiaiB y €AMHUN HaBYaJbHUU KypC.
lle moTpebGye CTBOpeHHSI THYYKHUX IHCTPYMEHTIB, 3[aTHUX 3a0e3MeYyuTH aJalnTUBHHUU
HaBYaJIbHUM TpoleCc Ta IMepcoHali30BaHUM MiAXiJA [0 KOXHOrO CTyAeHTa. Y CTaTTi
3allpONOHOBAHO MOJe/Ib CHHTAaKCUYHOTr0 aHali3y [iJ1s 3aBAaHb aHOTYBaHHs i pedepyBaHHs, sIKa
0a3yeTbCcsd Ha aurebpi KiHIEeBUX MNpeJWKaTiB 1 TOKJIWKaHA MiJBUIIUTH SKIiCThb
aBTOMAaTHM30BaHOI'0 CUHTAKCUYHOI'O aHaJIi3y TEKCTY.

2. AHani3 OCTaHHIX AOCATHEHDb

Po3srsisijatoThCsl YOTUPH KJIacu aBTOMAaTU30BaHUX HaB4YasibHUX cucTeM (AHC): iHdopmauiiiHi,
KOHTPOJIIOI0Yi, MoJiesto04i Ta TpeHakepu. KokeH 3 1mMX KJaciB Mae cBoi 0COGJIMBOCTI i
nepeBaru B 3aJieXXHOCTi Bij cneuudikv HaBuaHHs. Hampukiaj, Mojenwrodi cucTeMu €
0COOJIMBO KOPUCHUMHU JJisS1 BUKOHAHHS JIab0paTOPHUX POOGIT, e BaXK/JIMBO BiZciiAKOBYBaTH
noBeAiHKY 00’ekTa y 3MiHHUX yMoBax. IcHytoui AHC 103BO/ISAI0TE MiATPUMYBATH HaBYaJIbHUU
Mpoliec, ajie HeAOCTaTHbO BPAxOBYIOTH iHAWBiya/sbHI OCOGJMBOCTI Y4YHIB, [0 € BAKJIUBUM
dakTOpoM 14 NiiBUILIEHHA epeKTHBHOCTI HABYaHHS.

3. NocraHoBKa 3aaadi i meTa poboTtu

Cy4dacHi TeHJeHLil B OCBiTi, 30KpeMa CTPIMKHMH pPO3BUTOK JUCTAHLiMHOrO HaBYaHHS,
BHMaralTb CTBOPEHHS yHiBepCaJIbHUX MiAXOIB [0 OpraHisauii HaBYaJIbHUX MarTepiasis.
KiroyoBa mpo6Jiema moJsisirae B iHTerpauii pisHOpiAHHUX HaBYaJIbHUX PeECYpCiB (TEKCTOBHX,
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rpadiuHuX, ayJioBisyaqbHUX) y €4MHUNA HaBYAJIbHUN KypC, 110 BiJiNOBifaEe iHAUBIAyaJbHUM
notpebam cTyzeHTiB [1].
CKJIQAHICTD NOJIATAE Y TOMY, 11106 3a6€31MeYUTH:

e YHidikanilo cTpyKTypH KypcCy, siKa L03BOJISIE JIETKO aJallTyBaTH HaBYaJbHUHI MaTepia
nif pisHi npeaMeTHi 06J1acTi Ta TUIIM HABYAHHS.

e T'HyuKicTh HaBYa/JIbHOIO IpOLECY, [ie CUCTeMa aBTOMAaTU4YHO MNiJJIalUTOBYETbCA INiJ
piBEHb 3HaHb CTY/[EHTA Ta 3MiHIOE CTpaTerilo HABYaHHA Y peaJbHOMY 4daci.

e Besneky HaB4YaJbHOTO CEpPEeOBULIA, SIKe 3an06irae BTPy4YaHHIO CTYJAEHTIB y mpoLecu
OL|IHIOBAaHHA Ta yIpaBJIiHHA HAaBYaHHAM.

IcHylo4i aBTOMaTH30BaHi HaBYaJbHiI CHCTEMH MalOTh NEBHI oOMexeHHSA. BoHu a6o He
BPaxOBYIOTb iHAUBiAyaJbHUX 0COBIMBOCTEMN CTYA€HTIB, a60 30cepeKYI0ThCS JIMLIe HA OJHOMY
acnekTi HaBYaHHS, HAPUKJ/AJ, HAa TecTyBaHHI. TOMy aKTya/sbHOW € po3pobKa yHiBepcaJbHOI
iHCTpyMeHTa/IbHOI CUCTEMHY, sIKa iIHTEerpye pisHOMaHITHI MeTOi1 HaB4YaHHS, 3a6e3Me4ydu NpU
LbOMY BUCOKY eeKTHUBHICTb Ta nepcoHasizauiro [2].

4. BupiweHHA 3apavi

B pamkax mocii/i>keHHs1 po3p0o6JieHO MOJZe/ib HaBYaJAbHOTO KypcCy, NPeACcTaBJIeHy y BUIJISAAI
opieHToBaHoro rpady. Byssmamu rpady € HaByaibHi Marepianu (ciaiau), a pebpamu —
MOXKJIMBI TepexoAu MiXK HHUMH. Takul Mmiaxiag [03BoJisie 3a0e3MeYUTH THYYKICTh Ta
alallTUBHICTb HAaBYaJIbHOI'O NpPOLECY. Y KOXKHOMY By3Jli MICTATbCA MaTepiaiy, AKi CTy[eHT
MOXKe NeperJigHyTH, Nepll HiXK MepedTH A0 HACTyNHOro eTany HaB4YaHHA. [lepexogn Mix
BYy3JIaMH BU3HA4YaKTbHCA HAa OCHOBI IOTOYHOI'O PiBHA 3HAaHb CTYJEHTA, 110 J03BOJISE CUCTEMI
aBTOMAaTHUYHO alaTyBaTHU HaBYaJIbHUU MPOILieC.

4.1. lHauBigyanbHa mogenb CTyAeHTa

[HauBiAyanbHa MoOJeNb CTYAEHTa BPaxOBYE HOro 3HAHHS, NCHUXOJOTIYHUM THUI Ta piBeHb
3acBOEHHsI Marepiany. llsg mozenbr GpopMyeTbCS HAa OCHOBI aHasi3y YCIHiXiB CTymeHTa, IO
¢dikcyroTbca y npoTokodi Horo ailt. Hanpuknaaz, Mogenb 36epirae faHi Ipo BUKOHAHI 3aB/IaHH4,
yac, BUTpaueHUH Ha KOXKeH eTall, Ta pe3y/JbTaTUBHICTb TECTyBaHHs. BaXk/iMBOI0O 0COBJIUBICTIO
miei mMozesii € Te, [0 BOHA JI03BOJISIE PO3POOHHUKAM HABYaJbHHUX KYpCiB Mi/IalITOBYBAaTH
MaTepiasiu Ta cTpaTerii HaBYaHHA Nif iHAWBIyaabHI 0COGJIMBOCTI KOXKHOTO CTYAEHTA.

4.2. BuKopuctaHHA 6iHomianbHOi mogeni negaroriyHoro recty

JlJ1s1 KOHTPOJIIO 3HaHb CTY[EeHTa 3aCTOCOBYETbCS GiHOMiasibHA MOJe/b NeAaroriyHoro TecTy,
sIKa OLIiHIOE BUKOHAHHS 3aBJaHb 32 GiHAPHOIO IIKAJIOK: "BUKOHAHO" a6o "He BUKOHAHO". llei
MiAXiJ J03BOJISIE TOYHO BU3HAYUTH piBeHb 3aCBOEHHSA MaTepia/ly Ta pery/oBaTH NOAANbIIUN
nporpec ctyfeHTa. KoxkeH iHTepaKTUBHUM Clailj, B Kypci Ma€ [Ba BapiaHTHU nepexoAay: OLUH
JUISl yCOIITHOTO BUKOHAHHA 3aBJlaHHA, IHIINK — JJ11 HEBUKOHaHHA. Lle [03BosIg€ afanTyBaTu
HaB4YaJIbHUM MaTepiaJ BiZIOBIIHO 4,0 IPOTrpecy CTyAEeHTA.

4.3. IHTepaKTMBHI Ta iHpopmauiiHi chaiign
CrcTeMa BUKOPUCTOBYE JiBA TUIM CJANJiB:
o [HdopmauiitHi ciaiiju — MiCTSATh HaBYa/IbHI MaTepiasu, BKJIOYAlOYX TeKCT, rpadivHi

eJIeMeHTH, ayZio- Ta BileodpparmeHTH. BoHM HajaroTh iHGOpMalliro /11 03HAUOMJIEHHSA
Ta 3alaM 'ITOBYBaHHS, 1[0 € BOXKJIMBOIO CKJIAZ[0BOIO /IS TEOPETUYHOI YACTUHU KYpPCy.
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e [HTepakTHUBHI C/lalAM — MICTATb 3aBJaHHA, NpHU3HA4YeHi JJig OLiHKH pPO3YMiHHA
MaTepiany. BoHu 3a6e3ne4yyi0oTh 3BOPOTHUM 3B'SI30K 3 YYHEM Ta KOHTPOJIb 3a HOro
nporpecoM. |HTepakTUBHI C/laliiu MOXXYTb BKJIIOYAaTH Pi3HOMAHITHI TUIHU TeCTOBHUX
3aB/laHb, 110 [J03BOJISIE HE Ti/IbKU NTIepeBipUTH piBeHb 3HAHb CTY/IEHTA, aJle i JOIOMOI'TH
MOMY 3aCBOITH MaTepiaJ 3a paxyHOK aKTHBHOTO 3aJIy4eHHS B NPo1iec.

4.4. ApanTuBHe ynpas/iiHHA HaBYa/IbHUM NpPOLLeCOM

HaByanbHUU npolec KepyeTbCd aJalTUBHO 3a JONOMOIrOI0 aHali3y pe3yJbTaTiB NPOMIXKHUX
TecTiB. Hanpukiag, KO CTyZeHT He BUKOHAB 3aBJJaHHS, CUCTeMa IPONOHYE [O0J4aTKOBUU
MaTepian ab6o iHwi 3aBAaHHA AJS KpaLoro po3yMiHHsA TeMH. BogHodac mpu ycmimmHoMy
NPOXO/JKEHHI TeCTYBaHHSI CTYAEHTY MOXYTb MPONOHYBaTHCs 6iabll ckJajHi 3aBAaHHS abo
MOXJIMBICTb WIBUJILIOTO MeEpexXofy A0 HaCTyNHUX po3JAiaiB Kypcy. CucreMa BpaxOBYE
0COOJIMBOCTI HAaBYaJIbHOTO CTHJIIO CTYZEHTa, 06Upawyd JJisi HbOTO ONTHUMaJbHi cTparerii
OCBOEHHSA MaTepiany.

4.5. 3acToCcyBaHHA CTaTUCTUYHUX METOAiIB Ta aBTOMaTU3aL,ifa npouecis

3anponoHOBaHa MO/ieJlb TAKOXX BUKOPHUCTOBYE CTaTUCTUYHI MeTOAM /Il aHa/li3y Ta 06po6KHU
pe3ynbTariB TectyBaHHs [3]. lle [03BoJisie aBTOMATH4YHO aJanTyBaTH MOJAe]b CTYJEHTa,
kopurywoud ii Ha ocHOBi HOBUX JaHuX. KpiM Toro, po3poGHUKH KYypCy MOXYTb BHOCUTHU
KOPEKTHBHU y IpaBUJIa Iepexo/iB Mi>k eTallaMyd HaBYaHHS, He pelarylo4y NporpaMHUM KoJ, 110
[0JIErly€e OHOBJIEHHS KypCy Ta CIPOILYE MiATPUMKY CUCTEMU.

5. BUCHOBKM

3anponoHoBaHa IHCTPyMeHTa/bHA CHUCTeMa JAJis IHTerpauii HaBYaJbHHUX MaTepiajiB
3abe3Ieyye rHY4YKiCTb i mepcoHasizanio JUcTaHLiiiHOro HaB4aHH:A. BukopucrtanHs rpadoBoi
CTPYKTYPH, MOJeJi CTyJeHTa Ta iHAUBIAyaJbHUX CTpaATeriii HaB4aHHS [ 03BOJISE MiJBULIATH
epeKTUBHICTb Ta pe3y/IbTaTUBHICTh HABYAJbHOTO NIpoLecy. BnpoBaikKeHHsI TaKol CHCTEMU J1a€
MOXJIMBICTb LIBU/AKOI'0 OHOBJIEHHA MaTepialliB Kypcy Ta ajanTalii HaB4aJbHOTrO NPOoLecy Mij
KOHKPETHOTO CTYZEHTa, 10 € BAXJWBUM acCleKTOM Yy pPO3BUTKY Cy4aCHUX TeXHOJIOTIH
JUCTAHLIIHHOTO HAaBYaHHS.

Nitepatypa
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O6rpyHTYBaHHA HEObiIXAHOCTI 3aCTOCYBAaHHA aHaANi3y
TenN0Bi3iMHNX 3HIMKIB Y PYHKLIOHANbHIWN giarHocTuui cucrtem
opraHiamy

Koctautun HeuBosiog! Ta [prina KupudeHko!
1 Kharkiv National University of Radio Electronics, 14 Nauky Ave., Kharkiv, 61166, Ukraine

AHoTanisa

Po3ryiiHyTO OCHOBHI Mpo6JsieMd NpH po6OTi 3 MaljieHTaMH, BU3HAYEHO HEOOXiHICTh PO3pPOGKH
nporpaMHoro 3abesnedeHHs /st MO6iJbHOro TeslepoHY 3 METOI0 MOKpalleHHs IBUAKOCTI Ta KOCTi
NPUHAHATHX pillleHb JiKasMU.

Kiro4oBi cjioBa
TEIJIOBi3iiHI 3HIMKH, MOGIJIbHUM 3aCTOCYHOK, MEIUIIMHA

1. Bctyn

Ck/1aziHi YMOBHY, B IKUX ONIMHUJIACA YKpaiHa OCTaHHIMU POKaMH, BUCYBaIOTh [I0 Cy4acHOI HayKH i
[IPAaKTUKMA HOBI BUMOIHM, 10 NOKJMUKAHI ONTUMI3yBaTH IpoLeC HaJaHHA [OMNOMOTU JIOIAAM,
TPaBMOBAaHUM BilHOM, TaK i iHIIMM KaTeropisiM rpoMaZisiy, Ki MaloTb Npo6/ieMU i3 COMaTUYHHUM
3popoB’siM. [locTiiiHi BikicbKOBi Ail, 06CTpiiv, TpaBMyBaHHSI IpOMajsiH BHUCYBAalOTb Mepes
¢daxiBUsAMYU pi3HOMAaHITHI BUKJIUKHU. Y 3arajlbHOMY CyTh LIbOT'O BUKJIHKY IOJISITAE B HEOOXIJHOCTI
HajaBaTH WBUAKO i siKicHO kBasidpikoBaHy i MakcMMalbHO epeKTUBHY MeJU4YHYy J0IOMOTY
BEeJIMKIM KIJIBKOCTI TPOMajsdH 3a KOPOTKHM NpOMiKOK d4acy. CbOrojHi, BeJIMKa KUJBKICTb
TPaBMOBAaHUX 0Cib, NOTpebye CBOEUACHOTO Ta SIKICHOT O JIIKyBaHHS], SIKe He MOXKJIMBO peasi3yBaTH
HasiBHMMM B Cy4acHill MeAuIMHI Ta cdepi 0XOpOHU 3[,0pOB’sl 3ac06aMu. 3aCTOCYBaHHS 3BUYHUX
pecypciB y cdepi oXopoHH 3[0poB’s (mpars JiKapiB Ta AOMOMIXXKHOIO MeAUYHOI'O IEepCOHAY,
3aCTOCYBaHHSI KJIAaCUYHUX METOAIB [iarHOCTHKH, TOILO) He [Aa€ MOXJIUBICTb MOGOPOTH Ti
BUKJIMKY, 3 AKUMHU CTUKAIOTbCA MeJW4YHI IpaLiBHUKU Ta CYyCHIJILCTBO 3arajioM. 30KpeMa, HayKoBi
JOC/II/DKEHHA CBIZYaTh, 10 BeJIMKA KiJIbKICTh HeraTUBHUX HAC/IIAKIB HECBOEYACHOI O JIIKYBaHHSA
(HampuKJIaZ, aMIyTamid KiHIIBOK BHAC/IiZOK HECBOEYACHOI YH IMOMUJIKOBOI AiarHOCTUKH Y
NpoILeCi JIIKYBaHHs) € HeraTUBHUM $aKTOpPOM B YMOBax CbOTO/|€HHS, 110 HAaKJIaJ|a€ BiJOUTOK Ha
CTaBJIEHHS TpoMaAsiH A0 chepd OXOPOHH 3[0pOB’sl Ta MiJpUBA€ Bipy CaMUX MeAUYHHUX
npaLiBHUKIB ¥ CBOIO CIPOMOXKHICTb Ha/laTH KBaJlipiKoBaHy A0MOMOTY BCiX, XTO il IOTpPe6YE.

2. O6rpyHTYBaHHA HEOBXiaHOCTI pO3p06KK TexHonorii

3 MeTOI MOJOJIaHHS OKPEeCJIeHUX BHIle BUKJHUKIB BBa)KAEMO 3a HeOOXi/lHE PO3TJISHYTH
HaWbibl epeKTUBHHM Ta NPOAYKTHBHUM LUIAX - iHTerpalii MeToOAiB AiarHOCTHUKHU
COMAaTUYHHUX [NOKAa3HUKIB MaLi€HTIB i3 HOBITHIMU TexHOJIOTiIsIMU Y chepi po3po6KU MOBITBHUX
3aCTOCYHKIB. Lle BUCTynIae HOBUM KPOKOM y pillleHHi mpo6sieMy HaJJaHHs CBOEYACHOI J0IOMOTH
JoasaM, [ki 11 norpebyroTb. Oco6JIMBO KOJM MOBA HJie MPO TepaneBTUYHUUN CynpoBiJ ocib i3
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BTPATON KiHLIBOK, CYTTEBUM TPAaBMYBaHHSAM KiHLIBOK, CYTTEBOI KPOBOBTPATOK Ta iHIIMMHU
MOPYLIEHHSIMU COMaTUYHOI0 3[J0POB’sl — IOPaHEHHSIMH, TpaBMaMu, OliKaMu, TOLIO.

[nes 3anyyeHHs1 Tra/KeTiB Ta MOOIIBHUX NPUCTPOIB [JO TMpouecy 3JilicHeHHS
byHKLiOHANMBbHOI JiarHOCTUKU pi3HOMAHITHUX CHUCTEM OpraHisMy npejcTaBjeHa B psai
Cy4aCHUX HayKoBMX my6Jikauiil. Tak, HaykoBi mourykd Takux aBTopiB sik A.l0.Boiiko [1],
€.0.€pouenko, I[.B.Ilpacon [2], T.A.Kopuienko [3], [.B.CimakoBa [4] mnpucBsdeHi pisHUM
acmeKkTaM 3aCTOCYBaHHSI TEXHOJIOTIM AJis OoNTHMi3alil mpouecy MeJU4YHOI AiarHOCTUKU YU
KOHTPOJIIO TapaMeTpiB Gpi3uiHOI aKTUBHOCTI IIOAUHHU. Pa3oM i3 TUM, HassBHi HAYKOBi po3p06KH
B Lii cdepi, 37e6iab1IIOr0, CTOCYIOTHCA TMOJIETHIEHHS Ipollecy OOPOOKH 300pakeHb, ix
kjaacudikanii UM 3YUTYBaHHS 3 y»Ke HAsIBHUX i 3p06JIeHUX iHIIMMU 3acob6aMu [JJOCTiIKeHb.
Pa3oM i3 TuM, 3acTOCyBaHHSI MOOIJIBHUX OJATKIB i1 AiarHOCTUKU NMapaMeTpiB TKaHHH fIK
OKpEeMOr0 iHCTpYMEeHTY 3aJUIIAETHCA 1103a YBAror J0CaiJHUKIB.

[HTErpamiss MOGIIBHUX AOAATKIB Yy MeAWYHY [IiarHOCTHKY MOX€e 3HAYHO MiJBUIIUTH
epeKTUBHICTp HaJJaHHS J[OMNOMOrd MalieHTaM 3 TpaBMaMM Ta IHUIMMHM COMAaTHUYHHUMHU
NOPYLIeHHSIMU. 30KpeMa, BUKOPUCTAHHS MOOIJIBHUX NPUCTPOIB [JJs  GyHKIiOHAIbHOI
JiarHOCTUKU TKaHUH OPTaHi3My 103BOJISIE MBUAKO Ta 6€3 AO0AATKOBUX PECYPCiB OL[iHUTH CTaH
ypaKeHUX [Ji/MSIHOK, 10 € KPUTHYHO BaXK/JIMBHUM Y IOJbOBUX yMOBaxX abo NpPU MaCOBUX
Ha/I3BUYalHUX CUTYaLlifIX.

JocnipxeHHs1 epeKTUBHOCTI BUKOPUCTAHHS MOGIJIbHUX J0AATKIB Y MeAUYHINA MpaKTHULi
i TBEPAXKYIOTb IXHIO J0LiNbHICTh. 30KpeMa, y po6oTi [5] po3r/saanTbcs cydacHi npuiaiu Ta
CHUCTEeMM JJisl JIiKyBaHHSI LIYKPOBOTO JiabeTy | Tumy, BKJHO4YalO4u MOOIIbHI OJAaTKH, SAKi
CIPUAIOTH IOKpAlleHHI KOHTPOJII 3a CTAaHOM IHalieHTiB. IHIIe JgociaimkeHHA aHami3ye
BUKOPUCTAaHHA MOOUIBHUX [OJATKIiB AJs BHUsBJEHHSA (paxoBUX 3Ai0OHOCTEH abiTypieHTIB 3
ypaxyBaHHSM IXHbOT'0 eMOL[iHHOTO CTaHy, 0 MiAKPEC/I0E€ LIMPOKI MOXJIMBOCTI 3aCTOCYBaHHS
TaKUX TEXHOJIOTiH y pi3HUX cdepax.

CborojiHi MOGiJIBHI TexHOJIOTIl aKTHUBHO 3MIiHIOIOTh MiAXiJl 0 /iarHOCTHKH, JIiIKyBaHHS Ta
YIpPaB/JIiHHSA CTAaHOM 3/I10POB'S Mal[ieHTiB. PO3BUTOK MOGIIBHUX AOAATKIB y chepi MeaummHu
OXOILJIIOE YMCJEeHHI HampsIMKU: Bifj MPOCTUX mporpam JJisi MOHITOPUHIY CTaHy 3J0pOB’S [0
CKJIQ[JHVUX pillleHb JJid TeJleMeJULUHMU.

MoGisnbHI O0JATKH BXKe CTaJH iIHCTPYMEHTOM JJIsl JUCTAHLLIHHOr0 KOHCYJIbTYBaHHS, 3alIUCy
Ha IPUIHOM [0 JIiKaps Ta yNpaBJiHHA 0COOMCTUMH MeJUYHHUMH JAaHUMH Mali€eHTiB. 3aBASAKU
TaKUM [J0OJaTKaM KOPHUCTyBadi MOXYTb OTPUMATU AOCTYIl [0 CBOIX pe3y/bTaTiB aHalisis,
ictopii xBopo6 i HaragyBaHb MNpo HOpUKWOM JiiKiB, L0 pPOOUTbH JiKyBaHHS OinbLI
[IepCOHAJIiI30BaHUM i 3pyYHUM

Y 9KOCTi BUpillIeHHS CYTTEBOrO PAAY NPO6JIeM i3 HaaHHS MeJUYHOI TOTOMOTH 0cO0aM, SKi
MarThb TPaBMHU i IPOXO/JSTh JIIKYBaHHS, MM B6A4YaEMO po3p06KY Ta BIPOBA/?KEHHSI MOOIIbHOT 0
3aCTOCYHKY , METOIO SIKOTO IOCTA€ Pi3HOMaHITHUM aHa/li3 cucTeMy QyHKIiOHYBaHHS TKaHUH
opraHiamMy B 30HiI ypakeHHs, AudepeHIialisg TKaHWUH 3a CTYIEHEM TIOPYLIEeHOCTi Yy
BigmoBifHOCTI [0 KpuTepilo MOMJIMBOCTI BiZJHOBJEHHS YU BiJgMHUpaHHs, $OpPMyBaHHS
iIMOBIpHiICHOr0 NPOrHO3y NMOJAJIbIIOrO JIKYBaHHSA I€BHOI CUCTEMU OpPTaHi3My JIIOJWHH, TOLLO.
@DyHKLiIOHA/NBbHICTh 3aCTOCYHKY 3a6e3MedyyeThbCsl BUKOPUCTAHHSAM KOMILJIEKCY AiarHOCTUYHUX
napameTpiB, JoOCTymnHUX y rajkeri (3okpeMa, iHPpayepBOHOrO BUIPOMIiHIOBAHHS,
TeMIlepaTypPHUX peakLil, Toio). BUuKopucTaHHS LbOr0 3aCTOCYHKY JJa€ MOXKJIUBICTb CBOEYACHO
Ta IBHU/KO, 6€3 3alBUX TEXHOJIOTIYHUX HABAaHTAXKEHb NPOBECTU NEPBUHHY J1iarHOCTUKY CTaHY
TKaHUH OpPraHi3sMy 3 MeTOI0 BUPIillleHHd cTpaTerii 104a/1blIoro JiKyBaHHS.

Heo6xifHicTh 3acTocyBaHHsSI HOBITHiIX po3po6ok y cdepi MOOGIIBHUX 3aCTOCYHKIB B
3abe3leyeHHi JiKyBaJbHOro IMpouecy (KOHKPETHO, 3aCTOCYHKY) JeTepMiHOBaHa psZoM
YUHHUKIB CbOTO/I€eHHS.

[lo-nepiuie, B yMOBaxX BiJKPUTHUX BIMCbKOBUX [iil TpaBMH OJHOYAaCHO OTPUMYE BeJHKa
KiJIBKICTh JIIOJIeH, 1[0 TOTPEOYITh CBOEYACHOI JIONMOMOTH. 3Ba)KaloUM HA OOMEXKEHICTb
JIIOACbKUX pecypciB, MeAW4YHI NpaliBHUKU He 3aBXAW MOXYTb CBOEYACHO NPOBECTH BCi
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HeoOXiJHI TexHOJIOTiuHI JOC/i[P)KeHHsI CTaHy TKaHUH IiepeJ, BUpIiLIEHHSAM cTpareril
MO/AJIbIIOro JiKyBaHHS Y4 aMIyTallil, a 4acTo 06MEXYIThCS Bi3yaJbHUM OIJISIZA0M, 1[0 4acTO
MOXKe He BiJlo6pakaTu AiHCHI XapaKTepUCTHK CUCTEMH TKAaHUH OpraHismy i mpusBecTd [0
HebaxkaHoi amnyTaril.

[lo-fpyre, BAaroMMM YMHHUKOM 3alPOBa/I)KEHHSI TAaKUX TEXHOJIOTiM BUCTYIIA€ OOMEXKEHICThb
3aco6iB MeJU4YHOI ZiiarHOCTUKH (peHTreHorpadii, komn'toTepHoi ToMorpadii, Towo). Anapary,
110 BUKOPHUCTOBYIOTbCS [JIsi AiarHOCTUKH, € AOCTaTHbO OO’'€MHHMMHM 1 CKJIaAHO MiAAa0ThCSA
TpaHcnopTyBaHH. [lo cyTi, mpouec Mo06iabHOI MeOWYHOI AiarHOCTUKH 3AiACHUTH AyKe
CKJIaZIHO, i HeOOXiJHO TPAHCIOPTYBATH JIIOJWHY i3 IOPAaHEHHSIMH YM TPaBMaMH A0 MeJUYHO]
Jlaboparopil, mo norpebye AOCTAaTHbO BEJMKHX 3aTpaT pecypciB Ta 4acy. BukopucraHHs
MOOIJIbHUX TEXHOJIOTIH 4,03B0OJISIE BUPIIIUTH MUTAHHS BTPATH Yacy Ta He MOTPebye AOCTaBKU
NalieHTa [0 JIiKyBaJbHOTO 3aK/JaAy [Jd NpOoBeAeHHs AiarHOCTUKU. [Ipy boMy MaKcMMaJIbHO
3MEHIUYEThCS Yac, HeOOXiJHUM Ha NPOBeJEeHHs AOCTiAKEeHHS.

[To-TpeTe, BaromMoro npo6JieMHO MeAUYHOI [1iarHOCTUKY € HU3bKa JOCTYIHICTh anapaTypH.
AmnapartiB, AKi BUKOPUCTOBYIOTbCA AJi AiarHOCTUK TKaHWH Ta CHUCTEM OpPraHi3My JIOJWHHY,
obMexeHa KiJIbKICTb, 3BaKaluM Ha iX BHUCOKY BapTicTh Ta 3HA4YHy KiJbKiCTb YMOB iX
06C/IyroByBaHHS, CKJIaJHICTh eKciyaTauii. HaTomicTh, BUKOpUCTaHHS MOGIIbHUX 3aCTOCYHKIB
JUIl JIarHOCTUKU CUCTEM OpPraHi3My € HOBUM BHUPIlIEeHHAM, OCKIJIbBKU BOHU XapaKTepU3YIThCA
BUPaXKEHOK OCTYIHICTIO. IX BUKOpPUCTaHHA He Nepej6ayac aHi HeO6XiZHOCTI 06/1afHyBaTH
creniayibHi MpUMIllleHHs y BiZIMOBIHOCTI 10 BUMOT OXOPOHH Ipalli, aHi MOTPe6YE CHeliaibHOro
TPaHCIOPTY /IS lepeBe3eHHs. IXHE BUKOPUCTaHHA MOXJIMBE 32 YMOBM HasBHOCTI rapkeT, a
MpoIleC AiarHOCTUKU MOXKe Oy TH MPOBEAEHHH Jie 3aBrOAHO i IBU/KO.

To, BUKOPHUCTaHHSI MOGIJIBHOTO 3aCTOCYHKY /i QYHKLIOHA/JbHOI JiarHOCTUKH CUCTEM
OpraHi3my [03BOJISIE TOA0JIaTH BEJUKY KiJIbKICTb BUKJIUKIB CbOTOJ,€HHS.

3aCTOCYHOK, MOKJIMKAaHUU NMPOBOAUTH [iarHOCTUKY CUCTEM OpPTaHi3My, Ma€ psJ, Iepesar,
MOPIiBHAHO 3 IHIIMMH, KJIaCHYHUMM 3aco6aMu JliarHOCTUKMU. [lo-miepiie, MoBa e Mpo HOTo
JocTynHicTh. [1o cyTi, BUKOpUCTaHHA I[i€l TeXHOJIOTIl € AOCTYIHHUM /JJisl yCiX 0Cib, IKi MaloTh
MOGiibHUM TesiedoH. Lle He nepe6adyae HeObOXiAHICTL BUKOPUCTAHHS EMHUX JiarHOCTUYHHUX
npoueAyp y croeliaabHO 06JIafHAHUX JiabopaTopigx. [lo-apyre, mepeBarow 3acTOCYHKY €
byHKLiOHAMBHICTb, TOGTO, pi3HOMaHITHA CIPSIMOBAHICTH MPOLECIB AiarHOCTUKU Ta HOro
MOXKJIMBICTh IPOBOAUTH AiarHOCTUKY. BUKOPUCTOBY0OYH JOCTYIIHI Yepe3 MOGIIbHUN TPUCTPil
JlarHOCTUYHI NapaMeTpH, 3aCTOCYHOK CHPOMOXHHUM 3JIHNCHUTH IIBUAKY 1 pi3SHOMaHITHY
JliarHOCTUKY CTaHy CUCTeM OpraHi3My (30KpeMa, IKipH, M'130B01 Ta KiCTKOBOI TKaHUH, TOLO).

[Io-TpeTe, nepeBaror 3aCTOCYHKY € NIPOCTOTA BUKOPUCTAHHS, L0 JOCATAETHCA 3pYYHUM Ta
3p0o3yMisinM iHTepdeiicoM nporpamy, 4iTKiCTI0 napaMeTpiB BUBOJY Pe3y/IbTaTiB AiarHOCTUKHU.
Jo pedi, npoueaypa AIarHOCTUKMU Ta iHTepnpeTauil OTpUMMaHUX pe3yJbTaTiB € [OCTYIHOIO
HaBiTb /1J151 0Ci0 i3 MOYaTKOBUMHM 3HAaHHSAMH MeIUIUHU. [|e, 3HOBY K, CBIIUUTH MPO AOCTYIHICTh
3aCTOCYHKY [6]. 3 TO4YKH 30py JiiKapiB, MOOGiIbHI JOJATKU MOJIETMIYIOTh POBOTY 3aBASAKH
iHTerpauii 3 MeIUYHUMH KaJbKyJsTOpaMH, JOBifHUKaMHU 3 ¢apmakosiorii Ta KajseHAapsAMHU
npuiiomiB nanieHTiB[7]. Lle f03BoJIsi€ He JMlIe MOKPALIMTH 006CAyroByBaHHs MaLi€HTIB, aje U
ONTHUMI3yBaTU BHYTPIlIHI NpoLleCH y MEAUYHUX 3aKJIaJaxX

[lo-yeTBepTe, MepeBaro 3aCTOCyHKY BUCTYIAE 3/0pOB’s136epeKyBasibHA OPiEHTOBAHICTH,
OCKiJIbKM TpolleAypa AiarHOCTUKH Tepef6adyae BUKOPUCTAHHS OGe3NMeYHUX MJIsI OpraHiamy
TexHoJsiorid (iHppadyepBOHOro BUIPOMIHIOBAaHHS), IO HE HECYyTh IUKOAU 3J0pPOB’I0, SK
HaNpUKJIaJ, Npoueaypa peHTreHy uu Tomorpadii. Orysaj HayKoBUX JOCTiKeHb CBIJYUTD, L0
6ioceHcopu Ta iHLIi iHHOBaLiMHI NPUCTPOI, iHTerpoBaHi 3 MOGIIBHUMHU TEXHOJIOTISIMHY, Jal0Th
3Mory edeKTHUBHIlle BiACTEKYBaTHU MOKAa3HUKHU 3/[0POB's, SIK-OT piBeHb I'JIIOKO3U YU THUCK, Ta
MUTTEBO llepeJaBaTH JaHi JiKapio
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3. BucHoBKk#M

Yce ne npusBOAUTHL [0 3aTPUMOK Y AIarHOCTHUIL, MOXKJIUBUX MEAUYHUX IIOMUJIOK, TAKUX AK
HeBUIIpaBAaHi ammyTalii abo yCKJaJHEeHHS JIiKyBaHHs, IO YCKJIAJHIOE sIKiCHe HaJaHHA
MeJAUYHOI A0MOMOrH, MiZpUBae JOBipy 0 CUCTEMH OXOPOHH 3/J0POB'SI Ta HEFATUBHO BIJIMBAE
Ha 3/0poB'd mauieHTiB. BupimeHHs wiel npo6JsieMu moJssrae y po3po6Li Ta BIPOBAaKeHHI
MOGiJIBHOTO AoAaTKa /il GyHKIiOHAJbHOI 1iarHOCTUKY TKAaHUH OpPTaHi3My, 110 3a0e3Me4YUTh
JNOCTYIHICTh, MBUAKICTb Ta ePEeKTUBHICTh AiarHOCTUYHHUX MpoIeAyp 06e3 3aJeXHOCTi Bij
CTallioHapHOro MeAWYHOro o6JiagHaHHsA. OTKe, 3acTOCYyBaHHS MOGIJILHOIO 3aCTOCYHKY
BiANOBiJla€ Cy4yacHUM MPAKTHUYHUM BUKJHMKaM [0 MEAULUHU Ta chepu TEXHOJIOTIH i Mae psiz
CYTTEBUX IlepeBar, MOPiBHAHO i3 THUMOBUMU 3acobaMu (YHKI[IOHAJbHOI [1iarHOCTHUKHU
opradismy. [Ipy YoMy, 3aCTOCYHOK XapaKTepU3yeThCA PALAOM IlepeBar, 40 AKUX MU BiJJHOCUMO
JOCTYIHICTb, (QYHKLiOHAJIbHICTH, MNPOCTOTAa BUKOPUCTAHHS Ta CHOPSIMOBAHICTb Ha
3/10poB’sa36eperxeHHs. ToXX, po3po6Ka Ta BUKOPHUCTAHHS TAKOrO 3aCTOCYHKY € BHMOTOH
Cy4acHOCTi i [J03BOJIUTb MaKCUMaJbHO 3a0e3NeydTH iHTerpalnil TexHoJorid go chepu
MeJUYHOI IiarHOCTUKH /18 HaJ[aHHS IBUAKO]I i epeKTHUBHOI JOTIOMOTY HaLliEHTAM.

Pa3oMm i3 TuUM, gaHa my6Jikaliss He BUYEpIyE BCiX acCHeKTiB MUTaHHS, 1[0 PO3TJISA€ThCH.
30KpeMa, epcrneKTUBOIO NOAAJIBILOrO A0C/IiPKEHHSI aBTOpa BUCTYNIAaTUMe BJacHe po3pobKa Ta
MpaKTUYHA amnpoballii 3acTOCYHKY, ONTHUMi3alid #Horo ¢yHKIiOHAJBHOTO HalOBHEHHS,
NpUNpaLOBaHHS 3pYYHOCTI iHTepdeiicy Ta akTya/IbHOTO B Yyaci 06MiHY JaHUMHU.
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Komn’toTepHa cumynsauia HebecHoi mexaHiKu 3 HaBYaAbHUMMU
winamm

Bononumup Bongapes!f Ta l0nis Yepenanosa?*t
1 Xapkiecvkull HayioHabHull yHisepcumem padioenekmpoHiku, np.. Hayku, 14, Xapkis, 61166, YkpaiHa

AHoTanisa

B po60Ti nponoHy€eTbCS iHTEpaKTUBHA MO/JIeJIb HEGECHOI MEXaHIKU 3 MOXJIMBICTIO SIK BUPIiLyBaTH,
TaK i CTBOpPIOBAaTU HaBYaJIbHI 3aBAaHHA. Moziesib peasi3zoBaHa NPOrpaMHOI0 CUCTEMOIO, IKOK MOXKHA
KOPUCTaTHUCS CaMOCTiHHO a60 3 BUKJIaZaueM. Bijj aHasioriB po6oTy Bifjpi3Hs€ HassBHICTb HaBYaJIbHUX
3aBJjaHb, IKi MO)@XHa 3MiHIOBATH i MONOBHIOBATH.

Kiw4oBi ci1ioBa
imiTalifiHa Mo/iesib, HebecHa MeXaHika, HaBYaJIbHi 3aBJaHHSA

1. Bctyn

BuBueHHs1 pi3MKHM 3aXOIUIIOI0YE 3aHATTS, 0COOJIMBO SKILO YYeHb CaM MOXKe CTaBUTH Qi3UyHi
eKkcrepuMeHTi. OHaK JajieKo He BCi pO3Aiay NiJpydYHHKa MOXKHA MiJKPINUTHU NPAKTHUYHOO
JisuibHicTo. [ye Masi i Ayxe BesUKi 006’'€KTHM MOXJIHMBO TiJIbKU YABJSTH, IX He MOXHa
BCTAHOBJIOBATH, pyxaTH, i HaBiTh, cnocTepiraTyd. TyT Ha JONOMOry BUKJajadyy NPUXOLUTH
MOJIeJIIOBAaHHS, a caMe KOMITIOTepHi imiTaunidHi wopeni, ki, 3aBASKM TOTaIbHIN
KOMIT'I0TepU3allii Hallloro XXUTTS, AOCTYIHI MaiKe KOXKHOMY.

Yu60Bi Mopestowui MporpaMu HacaMmiepe/, MOBUHHI MpaBAMBO Bij0OpaXkyBaTH peasibHi
SIBUILA, ajle o TOr0 MaTH MPOCTUH KOPHUCTyBalbKUH iHTepdeiic, 6YTH iHTEpaKTUBHUMH i
IIBUAKO pearyBaTH Ha Ail KopucTyBauya. 3aJl0BOJIEHHSl YCiX mepepaxoBaHUX moTpeb iHoxi
BUMarae HeabUsIKUX 3yCUJIb | BUHAXiIJIMBOCTI.

['apHUM NpUKIaZ0M NOi6HOI mporpamu € [1], asie Mogesb He6eCHOI MeXaHiKK TaM HOCUTh
CKOplle AKICHMH, a He KIJIbKICHMM XapakTep. ICHylOTb Bpakaroyi iMmiTaTopu, fKi MarwTb
XapakKTep IJIaHeTapilo, Hanpukiaaz, [2,3]. BoHu 306yMKyloThb I[iKaBiCTh, aje He HABYaIOTh
¢$isuyHMM 3aKoHaM, SIKi KepyloTb pyXxoM 3ipok i miaHeT. I[cHylOTb mporpamHi makeTH, sIKi
JI03BOJISIIOTh YHCEJbHO BUpillyBaTH pIiBHSAHHA Pyxy 1 06G4YMC/IOBAaTH OpPOGITH 3 BHUCOKOMHO
TOYHICTIO [4], BOHM MOXKYTb 6yTH KOPUCHUMHU NIPY CTBOPEHHI KOMIT'IOTEpHUX iMiTauii, ajie cami
TaKHMU HE €.

B po6oTi mpomnoHyeTbCcs iHTEPAKTHBHA MO/Jleib HeOeCHOI MeXaHiKM 3 MOXKJIUBICTIO SIK
BUpIlIyBaTH, TaK 1 CTBOPIOBATU HaB4YaJibHi 3aBAaHHA. Mogesb peasnizoBaHa IpPOrpaMHOIO
cucTeMom [5], AKOI0 MOKHAa KOPUCTATHUCSA CAMOCTIHHO ab0 3 BUKJIaZadyeM.

2. Mopgenb

Mogesb iMiTy€e nOBeLiHKY MaCMBHUX TiJ, AKI pyXalTbCA Y NPOCTOPI, NJKOPAYUCh 3aKOHY
TspKiHHA HbioToHa [6]. [IpocTip, B AKOMy pyxatoThcs Tijla, TpUBUMipHUM. CaMe B TPUBUMIpHOMY
MpoCTOpi Hampyra mnoJis rpasiTanil 3BOpOTHO NponopLiHa KBaZpaTy BiACTaHi BiJi TOYKOBOI
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MacH, Y IBOBUMiIpHOMY NPOCTOPi 3a/IeXKHICTh HAPYTH i 3aKOH TSDKIHHS MauTd 6 iHIIUNA BUTJIS.
Asie MoziesibHI clieHapil Mo6GyAoBaHi Tak, O BCi BEKTOPH IMOJIOXKEHHS i BEKTOPU IIBUAKOCTI
PYXOMHUX TiJl po3TaLIoBaHi B OZ/HiH MJIOLIMHI, TOMY CTaH MoJeJli IPUPOJHO BiJo6PaXKY€EThCS HA
IJIOIMHY €KpaHy.

B K0XHOMy MOJe/NBbHOMY CLeHapii 4uceJbHO BUpIIIYETbCA 3ajadya n Tia. OgHo4YacHO 3
BUpIiIIEHHAM TiJj1a i op6iTH Bi06paKyIOThCS HA eKpaHi, 1[0 CTBOPIOE 11103110 pyXy TiJI.

MogenbHul 4ac, Ha BigMiHy BiJ mpupoaHoro, AuckpeTHUH. [Ipy BHKOHaHHI 064YHC/IEHb
OZJMHULIEI0 BUMIPY 4acCy BBAXKAETHCA OJWH TAKT, OAUHULIEI0 BUMIpY IPOCTOPY — OJUH IIiKCeJIb,
OJMHUISI BUMipYy Macy o6paHa Takomw, 06 cTajia TsKiHHA B 3akoHi HbloToHa gopiBHIOBania 1.
[Ipn BimobGparkeHHi MoJesi OJUHHIAM BHUMIpPIOBAaHHS MOXKHA JaTH iHIII Ha3BW, HAIPUKJIA[,
OJUH TaKT 4Yacy e OJJUH JIEHb, OJUH MiKCeJb 1je MiJIbUOH KiJIOMeTpiB, OAUHUL Macu — Maca
3emui. lle Hidyoro He 3MiHUTH y (i3MUHUX 3aKOHAxX, OKpPiM KOHCTAHT, aje YCKJIaJHUTb
obuucieHHs AJs y4dHiB. ToMy OAZMHMISM BUMIpIOBaHHSI Ha3B INpHU ixX BijoOpaxkeHHI He
HaJla€ETbCsI 30BCiM.

3. CKnaposi mopgeni

[lnaHeTa - OCHOBHUM esieMeHT MoJei. BiH yoco6.110€ He TiJIbKYU BJlacHe IJIaHEeTH, a i 3ipky,
acTepoiu, KOMETH i HaBiTh paKkeTH, sKi € 06’€KTaMH, IOXiITHUMH BiJ MJIaHETH.

OCHOBHI BJIaCTUBOCTI IJIaHETH Lie Maca, po3Mip, MOJI0KEeHHS | IWBUAKICTb. 3 JBOBUMIpPHOCTI
MOJ,eJIbHUX CLeH BUTIKAE, L0 MOJ0KEeHH | IIBUAKICTD 3aZal0ThCA JBOBUMiIpHUMH BEKTOPaMH.
[InaHeTa Mae ¢popMy KoJia, TOMY PO3Mip MJIaHETH 3aJaEThCA paaiycoM Kouia. [ inenTudikaii
miaHeTa ciayrye ii  yHikasbHe iM'a. /g BijoGpakeHHS IIAHETH CJAYTYIOTh [10/laTKOBi
BJIACTUBOCTI — KoJiip i TpaekTopisa. TpaekTopisi 36epiraeTbcs K KOJIEKLisT TOYOK NPOCTOPY, B
SIKUX IJIaHeTa NobyBasia B onepejHi TaKTH 4acy.

[lnaHeTH B3aEMOJiIOTh MiX CO00I0 yepe3 CUJY TSDKiHHS, SIKa BU3HAYa€ETbCS 32 3aKOHOM
HproToHa. Ha Masiux BificTaHAX Bij, LLEeHTPY HAINIPYKEHICThb [0JIA TAKIHHA IJIaHETHU CTa€ HAATO
BEJIMKOIO, i IKLO iHIII Tijla HAaBJMKAKTBCA 10 LEeHTPY IJIaHEeTH Ha TaKy abo MeHIy BiZiCTaHb,
064HCII0Ba/IbHA CXeMa Mpalioe XUOHO.

KpuTHuHy BiJicTaHb MO’KHA BU3HAYUTH 3 GOPMYJIH J/Is HanpykeHocTi E = Gm/r? [7].

T, = Gm/E, (1)
3ano6irTy HaGJMKEHHI0O Ha KPUTHUYHY BiJICTaHb MOXe pO3Mip caMoi MJaHeTH, TOMY IO,
KOJIM TiJIa CTUKAIOThCS, TOGTO BiZiIcCTaHb MiX [EHTAaMHU TiJI CTA€ MeHLIE 3a CyMy iX pafiyciB, 6i/1b1
MaCMBHa IJIaHeTa IMOIJIMHAE IJIAHETy 3 MEHIIOKW Macow. BcraHoBjsieHo, wo E, Mopesi
NPUGIU3HO JOPIBHIOE 4, TOMY pajiiyc MIaHeTH Ma€ GyTH GisbmuM 3a VGm/2

PakeTHn feMOHCTPYIOTh, 1K MOXKHa I[lepeCcyBaTHUCA B KOCMIYHOMY NPOCTOPI i 341HACHIOBAaTH
MIXKIJIaHETHI noZopoxi. Pakera € kocMiyHKMM TijsioM MaJsiol Macu i po3mipy. Pakera craprtye 3
06paHol JIaHEeTH, OTPUMYE MUTTEBUH IMITyJIbC MiJ Yac CTapTy i fasi pyxaeTbcs no 6a1icTUIHIN
TpaekTopii 6e3 MoxuHuBOCTI ii kKopekuii. BigHocHO pakeT filoTh ABa npunyieHHs: 1)
TPAEKTOPisl paKeTH MOYMHAETHCA 3 IEHTPY MaTePUHCHKO]I MJIaHeTH, 2) TSHKIHHS MaTepUHChKOI
IJIaHETH He BIJIMBA€E Ha pakeTy. Taki IpUNyLIeHHS CYTTEBO CIPOLIYIOTh PO3PaXyHKHU i pobISTh
ix AocTynHMMM HaBiTh WKoJspaM. fk i iHmi HebGecHi Tisa, pakeTH MOXKYTb CTHUKAaTHCS 3
[JIaHETAMHY, i Lie CTA€ 3aKiHYEHHAM iX )KUTTEBOTO LLJIAXY.

TyMaHHOCTI € TPETHOIO CKJIaZ,0BOI0 MOJeJli, i Xxo4a nepe0aueHHs iX pyXy He Taka nIpocTa piy,
K PO3paxyHKH Op6IT IJIaHeT i TpaeKTOpid pakeT, MOBYAJIBHHM € CIOCTEPEXEeHHS 3a ix
€BOJIIOILIIEI0 | B3AEMO/IEIO 3 iIHIIMMM TiJIaMU.

TyMaHHICTb MOAENIOETbCA CYKYIIHICTIO BEJIMKOI KiJIbKOCTI 0JJHAKOBUX 4aCTOK MaJIol MacH.
BHacsizok B3a€MHOTO TSKiHHS YaCTKU IPArHyTh 3JIMTUCS B OJIHe i 3an106irTH HAATO IIBUAKOMY
3JINTTI0O MOXXYThb TEIUIOBUH pyxX i/abo BiAleHTpoBa CHJIa, KO0 TYMaHHICTb 06epTa€ETbhCS.
MogenoBaHHSl TeIJIOBOTO PyXy NOTPebYye A0JATKOBUX OOYMC/IEHb, L0 MOXE 3MEHIUUTH
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WIBUAKOJII0 PYLIisl 0 HEMPUILYCTUMO MaJjioi, TOMY [iJisl cTabijizanil TyMaHHOCTi BUKOPUCTaHe
Jivie o6epTaHHS.

4. KOHCTpPYKTOp CLeH

KoHCcTpyKTOp CLeH siBJsIE CO60I0 BeOG-CTOPiHKY, TOJIOBHMM €JIeMEHTOM $SIKOI € KaHBac, 110
Bigobpakye kocMmiunui npoctip (puc.1). B Tomy npoctopi kopucTyBau 6yye 6akaHy CLEHY,
TOOTO CTBOPIOE 3ipKH i JIaHETH, HaZae iM 6akaHi mapaMeTpH, TakKi sk Maca, po3Mip MoJI0KeHHS,
MOYaTKOBA MBUJAKICTb TOILO.

PucyHok 1: KoHCTpyKTOD CLieH.

[lig 4ac cTBOpeHHS CLieHM BOHA CTAaTHU4HA, B Hil HIilllO He pyxaeTbcA. Kosiu cieHa cTBopeHa,
MO>XHA YBIMKHYTH IIJIMH 4Yacy, i BCi eJIeMeHTHU CLieHU [IOYHYTh pyXaTUCs BiANIOBIHO J10 3aKOHIB
KJACUYHOI MeXaHikh. B Oyabp-IKMW MOMEHT MOJAeJbHHUHA 4Yac MOXKHA 3YINHUHUTH abo
MPOJIOBKUTU. MOXKHA TAKOK NMPOCYBAaTHUCh B Yaci MOKPOKOBO, I[06 CriocTepiraTy Masi 3MiHH B
CTaHi MoJeJi.

CueHy M0OHa 36eperTH y BUIVIAZI TEKCTY, 100 MOTiM 3HOBY 3aBaHTAXKUTH Y POCTIp, KOJIU
B TOMY BUHHMKHe noTpeba. Op6iTH nyiaHeT i pakeT MOXKHa MOKa3aTH abo npuxoBaTu. Macutab
300paxkeHHs MO)XKHa 3MiHIOBAaTH B LIMPOKUX Mexax. Bce mepesiiveHe 3AiHMCHIOETBCA 3a
JIONIOMOTOI0 MaHeJi KepyBaHHsS B JIIBOMy BepXHbOMY KyTi po6ouoro moJis. [laHesb MoOXHa
[IPUXO0BATH, AKI0 BOHA 3aBaKaA€ CIIOCTEPEKEHHAM.

Bynb-siKUi eJIeMeHT CLieHH MOKHA 3po6uTH 06paHuM. O6paHui eleMeHT MiACBIiYyeThCS, a B
MPaBOMY BEPXHbOMY KyTi po604Y0ro moJisi 3'sBJSETbCA IaHeb, Ha AKIiA MOXXHa 6a4YUTH i
3MiHIOBaTH BCi NapaMeTpH 06paHOro ejieMeHTa.
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3 06paHHSM eJIeMEHTY 3'IBJISIEThCS MOXKJ/IMBICTD JiH, 1110 OB’sI3aHi 3 NEBHOIO MJIaHeTOlo. Jlo
HUX BiJHOCATBCS 3aMyCK paKeT i nepeTBOPEHHS IJIaHeTHU Ha TyMaHHicTb. Taki Aii MoKy Tb 6yTH
Bigk/azeHi y 4aci, To6TO pakeTa abo TyMaHHICTh BUHUKHE He 0JIpa3y, a yepe3 3allJIaHOBaHY
KIJIBKICTb TaKTiB MOZE/JBHOTO Yacy.

5. YuboBi 3aBaaHHA

Y46oBe 3aBJaHHS NOJISITAE B TOMY, 110 KOPUCTYyBau OTPUMYE MEBHY CLeHy | MOBHHEH TakK
3MiHUTH ii, 106 BOHAa 33/J0BOJIbHSJA BHUMOTraM, BUKJaJAeHMM B 3aBJaHHi. Hanmpukian, B
3aBJaHHI HAJIAETHCS CLIEHA, B SIKill € MAacUBHA 3ipKa i JlaHeTa Ha NeBHiH BifcTaHi Big Hel. Maca
3ipkn HabGaraTo 6inbuie 3a Macy miaaHeTd. [loTpi6bHO HajaTH IJIAaHETI TaKy MOYaTKOBY
WIBUAKICTB, siKa 6 3MycuJia il 06epTaTUCSI HABKOJIO 3ipKHU 10 KPyroBii op6iTi.

Bci pani, HeoOXifHI AJis BUpilleHHSs], Taki sIK KOOpAWHATH, LWIBUAKOCTi, MacH, po3Mipy,
KOPHUCTYBa4d OTPUMYE 3 IOYATKOBOI CLIeHH. 3 TUMH JaHUMHU BiH pOOHUTb PO3PaxXyHOK LUIBUKOCTI
IJIaHETH, BUNIPABJISIE CLiEHY i 6aYMTh pe3y/bTaT CBOIX 3yCHUJb, 3allyCTUBLIMA MOJeJbHUHN Yac.
fAxio pe3yabTaT He BiJiIOBiZjJae BUMOraM — IJIaHeTa PyXa€eThCsl N0 eJincy, abo BIiasia Ha 3ipKy,
abo 30BCiM BiJjieTiia B BiAKPUTUN KOCMOC, KOPUCTYyBay MOKe BUIIPABUTH CBOI pO3paxyHKH i
cnpo6yBaTH 3HOBY. K0 AOCATTH METHU He BAAETHCS, KOPUCTYBA4Y MOXKE OTPUMATH MiJiKa3Ky,
SIK IPOBECTU 06YHCIeHHs. 3a 6aKaHHSIM BiH MOXKe OTPUMATH OCTAaTOYHEe BUPIillleHHs 3aBJaHHSA
pa3oM 3i CLieHO10, SKa TOYHO BiANOBiAa€E BUMOraM 3aBJaHHS.

[IleBHa HHU3Ka y4Y60BUX 3aBJaHb B)Ke 3HAXOAUTHCA B cucTeMi. l|i 3aB/jlaHHSA aKTHBI3yIOTbHCS
KHOINKaMH, siKi po3TalloBaHi HaJi pO60YMM MOJIEM.

Onuc 3aBaHHS Ma€e TeKCTOBY GOpPMy i MOBHICTIO BiJOKpEMJIEHUN Bif MpOrpaMHOro Kozy.
3aBJsAKY TOMY, BUKJIaZa4d MOXe CTBOPIOBATH BJIaCHI 3aBJjaHHA 1 J0[aBaTH iX 10 THX, L0 BXKE €.
[lutaHHs npo Te, yd OyJe mifKaska i 4u OyJe AOCTyNHA NpaBW/IbHA BiAMOBiAb, BUpIlIYE
BUKJIaJa4.

6. BucHoBKM

ImMiTauifiHi Mozesi po6JATh HAOUHMMHU TaKi pedi, AKi MOXHA JiMlIe YSIBJAATH, i ToMy iX Tpeba
3aCTOCOBYBATH Y HABUYAHHI IKOMoOra Lypiie. Xo4ya BKe iCHyI0Tb 6arato iMmiTalilHuX nporpam 3
disukM i 30KpeMa 3 HeGeCHOI MeXaHiKH, 3apPONOHOBaHa NporpamMa [5] moeaHye AOCTAaTHBO
TOYHE MOJEJIOBaHHS 3 Y4YO00BUMH 3aBJAaHHSIMH, SIKi KOPHUCTYBadi MOXYTb He TiJIbKH
BUpilLIyBaTH, a i cTBopioBaTH. [Iporpama Mae MiHiMaliCTUYHUUM KOpUCTYBaLbKUi iHTEpdeiic,
1110 1036aBJIsi€ yYHIB HEOOXiJHOCTI BUBYATH 1110-HEOY b, OKPiM (pi3uKHu.

Nitepatypa

1
2

My Solar System. URL: https://phet.colorado.edu/en/simulations/my-solar-system
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REBOUND. URL: https://rebound.readthedocs.io/en/latest/

Planets. URL: https://tss.co.ua/planets/
The Mathematical Principles of Natural Philosophy, Encyclopaedia Britannica, London,
archived from the original on 2 May 2015, retrieved 13 February 2015.
[7] Feynman, Richard P.; Leighton, Robert B.; Sands, Matthew (2005) [1970]. The Feynman
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KoHuentyanbHe mogentosaHHA Ta popmanisauia iepapxiyHmx
3HaHb AN CUCTEM NIATPUMKMU NPUAHATTA PilleHb

3aroBopa Aninal Ta [lly6in Irop?
1 Xapkiecbkull HayioHabHull yHisepcumem padioenexkmpoHiku, np. Hayku, 14, m. Xapkis, 61166, Ykpaina

AHoTanisa

CTaTTsl npUcBsiueHa KoHUenTyaJsisauii Ta ¢opmanisauii 3HaHb 1 cMcTeM NiATPUMKH MPUHHATTS
pimensr (CITP). Po3risiHyTo iepapxidyHy oprasisalilo 3HaHb, 1[0 3abe3leyye CTPYKTypOBaHe
npejCcTaB/JeHHsl CKJIaJAHUX NpeAMeTHUX ob6JacTed. BukopucTaHHs KaTeropHoi Teopil [03BoJisIE
MO/IeJIIOBAaTH BiJJTHOCUHM MiXK KOHLeNTaM{ [JI1 CTBOPEeHHS aJJalTUBHUX i THYYKHUX 6a3 3HaHb.
PesysnbTaTu niATBEpKYIOTh eeKTUBHICTh 3allpONOHOBAHOTO MiAX0Ay AJs onTuMisanii po6oTu CIIP
y AMHAMIYHUX yMOBaX.

KirouoBi cs1ioBa
CucTeMHU NiATPUMKY NPUMRHATTA pillleHb, KOHLNTyaJ li3allis 3HaHb, iepapXiuHa opraHisariis,
KaTeropHa Teopis, ¢popmarizaiis MojeseH, ajlan TUBHI 6a31 3HaHb.

1. Bctyn

Konnenrtyanisanis Ta popmasiizawisi 3HaHb y cUCcTeMax MiATPUMKHU NPUAHATTA piwensb (CIIP) €
BaXKJIMBUMU KOMIIOHEHTAMU /1J1s1 3a6e31eueHHsI epeKTUBHOI pOOOTH TaKUX CUCTEM. Y CKIaHUX
npeAMETHHUX 006J1acTX KOHLENTyaJbHE MO/JEeJI0BaHHS [03BOJISIE BiZjo6pa3suTH OCHOBHI
eJIeMEHTH Ta B3a€EMO3B’SI3KM MiXK HHMMH, 3ab6e3Medylodyd TOYHE NpPeJCTaBJEeHHS 3HaHb JJis
NiATPUMKH pillleHb Y HeCTaHJapTHUX CUTYaLlifX.

®dopmanisanis 3HaHb yepe3 MaTeMaTU4HI Mojesi Jjlae 3MOTy MOOYAyBaTH CHUCTEMY, sIKa
HaKOIHUYYE, aANTY€E U y3roJKy€ 3HAaHHSA B MeXaX iEpapXiyHOi CTPYKTYpH.

MeTor0 gocaipKeHHS € PO3rJis/, KOHLIENTYaJIbHOTO MiIXoAy A0 Mo6y/0BH Mojesield 3HaHb
qutst CITP Ta 3acTocyBanHs ¢popMastizanii iepapxiyHuX BiJHOCHH /1 i ABUIIEHHS a/lallTUBHOCTI
TaKHX CUCTEM Y AMHAMIYHUX [IpeAMeTHUX 06sacTsx [1, 2].

2. KoHuenTtyanisauia Ta moaenb 3HaHb

Konuenrtyanizanis npegjMeTHOI 06/1aCTi € BaXKJIUBUM €TaNOM Y M0OYL0Bi epeKTUBHUX CUCTEM
nifTpuMku npudHATTS pimens (CIIP). Bona mnepen6avae cTBOpeHHsI Mojesed, L0
BiloOpakaloTh 3HAHHA y BUIVIAAI KOHIENTIB Ta ixHiIX B3aEMO3B’A3KiB, MaKCHMaJIbHO
HaOJMKEHUX [0 TOro, fIK JIIOJAWUHA COpUiiMae Ta opraHizoBye iHdopmarito. B ocHoOBI
KOHLIeNTyasTi3alii JIeXXUTh iZies, 10 3HaHHS PO 00’€KTU Ta fABUINA PeabHOI0 CBITY MOXXHA
npeAcTaBUTH y PopMi MOHATE i CEeMAaHTUYHUX BiZJHOLIEHb Mi>K HUMH [3, 4].

Jis1 1boro BU3HA4YalThCS 6a30Bi KOHLENTH, SIKi BUKOPUCTOBYIOTBCS [IJIsI MOJIe/I0BaHHS
3HaHb MPO NIpeAMeTHY o6JiacTh. lli KOHIENTH opraHi3oBaHi y CTPYKTypy, IO HO3BOJISE
3a/laBaTH 3B’I3KM MK HUMM 4yepe3 CeMaHTHYHI BigHoumeHHs. Hanpukiaj, MiX NOHATTAMU
MOXXYTb iCHYBaTH BifHOIIEeHHs TUIY [5] «4yacTHUHa-Li/Ne», «piBeHb abcTpakLii», «poso-BUA0Ba
3aJIeXXHicTb», Tomo. Takui mifxiA [03BOJISIE MOJEJNIOBATH MpeAMETHY 00J1aCTh SIK MEpPEXy
MOB’I3aHUX MOHSTH, Jle KOXKeH eJIeMeHT Ma€ CBO€ Miclie Ta 3Ha4eHHs Y 3arajbHid KapTHUHI
3HaHb [6, 7].
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Bax/IMBMM acleKToOM KOHLeNTyasi3alil € BU3Ha4eHHA CUTHATYypU MoJeJli, AKa 3aZla€ iMeHa
KOHLENTIiB 1 BifHOUIEHb MiXK HUMHU. lle [K03BOJIAE CTPYKTypyBaTH 3HAHHA Ta OJLHO3HAYHO
ineHTUdiKyBaTH BCi eeMeHTH y 6a3i 3HaHb. Popmastizallisi ceMaHTUYHUX BiJHOLIEHb TaKOX
Ma€ Ba)K/IMBe 3HA4YeHHS, OCKIJIbKU J103BOJISE MPEACTAaBUTH iX y AeKJapaTUBHINA ¢opwmi, 1o
poOUTH MOJesb 3pYy4YHOIO [Jisi BUKOpPUCTaHHS Ta aHaukizy y CIIP. Hampukian, kokHOMy
BiJHOILIEHHI0O MIiK KOHLENTaAMHW MOHAa NPUIMCATH 3HAYeHHS ICTUHHOCTI, 10 [AO3BOJIAE
BHMKOHYBATH JIOTI4HI oniepaLii Ha/li 3HaHHAMMH.

[Tobyf0Ba KOHUENTYaJIbHUX MOJesiel 6a3 3HaHb TAKOXX BPaXOBYE i€papXiuHy CTPYKTYpy
MOHSTB, 1110 3a6e3Mnedye MOXK/IMBICTh Iepexoly BiJi 3arajJibHOr0 0 KOHKPETHOI0 PiBHS OIUCY.
lle mo3BOJIAE CTBOPHOBATH y3arajJbHEHI Ta chnenjasi3oBaHi MojeJsi A/ Pi3HUX acCIEeKTiB
npeAMeTHOI 06J1acTi, 10 MOXe CYyTTEBO MOKpAIUTH edeKTUBHICTL po6oTu CIIP. lepapxiuna
oprasisalifl 3HaHb, NiATPMMYBaHa KOHLENTyaJbHO0 MoAeJto, Aa€ 3mory CIIP nagaBatu JIITP
4JiTKO CTPYKTypoBaHy iHopmalio Ta obupaTu peJjieBaHTHi piBHI abcTpakuii 3a/nexHO Bif
3aBJaHHA.

OT>Xe, KOHIENTYyasi3alisl 3HaHb € OCHOBOW AJisi cTBopeHHs1 edpekTuBHOI CIIP, ne 3HaHHSA
CTPYKTYpOBaHi, B3a€eMoO3aJjiekHi Ta AOCTYNHI A/ aHalizy ¥ HPUMHATTSA OOIPYHTOBAHUX
pillieHb.

3. ®opmanisauyia iepapxiyHux BiAHOCKH y 6a3ax 3HaHb

lepapxidyHa opraHisauisi 3HaHb € KJIDUOBUM acleKTOM IpH MOOYJOBi cucTeM MiJTPUMKHU
npuiiHATTA piweHb (CIIP), ockisibKK [03BOJISIE CTPYKTYPyBaTH 3HAHHS TaKUM YHWHOM, 1100
3abe3MeynTd WBUAKUNA i 3py4YHUH AOCTyn A0 HeobxigHoi iHpopmauii [8, 9]. Popmanizanis
iepapxiyHUX BiJHOCUH y 6a3aX 3HaHb 3ab6e3MevYyye MOXKJIUBICTb MpPeJCTaBJIEeHHS CKJIAJHUX
CUCTEM 3HaHb fAK BIOPAAKOBAaHUX CTPYKTYp, J€ KOHLENTU Ta BiJHOLWIEHHA MiXX HUMH
BiZl06paKaroTh B3aEMO3a/IEKHOCTI MpeMeTHOI 06J1aCTi.

3acTocyBaHHsSl KaTeropHoi Teopil AJi1 MOJeJIIOBaHHS i€papxidYHUX BiJHOCHMH [03BOJISIE
OMHCAaTH B3AEMO3B’SI3KU MK KOHUenTaMd y ¢GopMi MaTeMaTHYHUX MoJesied, fIKi MOXHa
dopMasibHO iHTepHpeTyBaTHU Ta aHa/Mi3yBaTH. ¥ TaKikd Mozesi 06’€KTH IMpeaMeTHOI 06JacTi
NpeACTaBISAITHCS SIK KOHLENTH, a 3B’I3KU Mi>K HUMU — sIK MOpdi3MHy, sIKi ONUCYIOTh pi3Hi TUIH
BiiHOIIEHb, TaKi fK iH'€KTHUBHICTb, CIOP'€KTHUBHICTb abo 6imMopdism. lepapxiyHi BigHOCHHHY,
MoOyAoBaHi 32 TAKUM IPUHIMIIOM, 103BoJIsAIOTE CIIP Bifjo6pakaTH sk 3ara/ibHi y3araJbHeHHS,
TaK | KOHKpeTHi JeTalJli.

OpHUM i3 ocHOBHUX NpuHLUNIB Popmaizauii iepapxii € nobysoBa BigHOIIEHHS «is-a», fe
KOXXHHUH KOHLIENT MOXKe Oy TH MOB’I3aHMM 3 iHIIMMU KOHLIeNITaMU y BUTJIsAAL iepapxil «pig-Bum».
lle BigHOUIEHHS Bifo6paXkae 3B'SA30K MiXK 3araJibHUMH Ta Clellia/i30BaHUMH MOJEJSIMH, e
y3araJibHeHi KOHIeITH [103BOJISIIOTh 3p06UTH MOJENb 6iJIbI YHIBEpCaJbHOIO, a clieliali3oBaHi
— JeTalli3yBaTH 3HAaHHA B KOHKpETHiW o6Jsacti. B kaTeropHiii mozesi 1Lie BijHOIIEHHSA
BU3HAYA€ETbCA fIK CIOP'€KTUBHUN MopQi3M, L0 [03BOJIsIE MOB'I3yBaTH NPUKJIAJHI Mogesi
KOHILeNnTyasli3ayii 3 iX y3araJJbHeHUMHU BepCiaMHU.

[epapxiyHa CTPyKTypa TaKOX BKJIIOYA€E BiJHOLIEHHA MK Pi3HUMH MOZeJsMH, Le KOKHa
MoOJle/Ib KOHIeNTyasdi3amil mpeaMeTHOI 06J1acTi NHpeAcTaBJis€e NMeBHHUM ¢(parMeHT 3HaHb.
B32€EMO3B’I3KM MiK TAKUMH MOJeJIIMHA MOXKYTb BKJ/IIOYATH arperailiro, KoJIM KijJibKa Mojesen
06’€JHYIOThCS [IJIs1 NpeJCTaBJeHHs] KOMIJIEKCHOI CUCTeMH 3HaHb, abo y3arajbHEHHs, KOJHU
CTBOPIOETbCSA Oi/bII abGCTPAaKTHUHM OMMC HAa OCHOBI KOHKpPeTHUX Mojesned. Hampukiap,
y3araJibHeHHs J03BOJISIE CTBOPIOBATH abCTPAKTHI MozeJii [jisi po3B’si3aHHS TUIIOBUX 3aB/aHb,
TOJAI K JeTa/bHi MoJesi 3a6e3Me4yy0Th NiATPUMKY KOHKpeTHUX pitteHb y CIIP.

et minxig mo mobymoBu iepapxii y CIIP go3Bosisie cucteMi edpeKTHUBHO YNPaBJIATH
CKJIAJHUMH [JaHUMH, 3a6e3Meuyoud aJJalTUBHICTh i IHY4YKicTb 6a3 3HaHb. 3aBASKU YiTKO
CTPYKTYpPOBaHIi# i€papxii 3HaHb, CUCTEMAa MOKe IPONOHYBAaTH ONTHUMaJbHI pilleHHS [JIs
KOPHCTYBa4ya, BpaXOBYIOUH SIK 3arajibHi 3aKOHOMIpHOCTI, TakK i crenudiyHi yMOBU 3aBJaHHS.
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dopmanisanis iepapxiyHUX BiJHOCHH Y KATETOpPHil MozeJli € BAXKJIMBUM eJIEMEHTOM, 1110 CIIPHUSIE
po3BUTKY aganTuBHUX CIIP, e 3HaHHA € JIerKo JOCTYIHUMH, CTPYKTYPOBaHUMHU Ta TOTOBUMHU
[0 BUKOPUCTAHHA y IPoLeci IPUUHATTA pillleHb.

4. BUCHOBKMU

CtBopeHHs1 epeKTUBHUX CUCTeM NiATpUMKUA NpUUHATTA piweHb (CIIP) moTpebye yiTkoro
CTPYKTYpyBaHHs1 3HaHb i ¢opmaiizanil iepapxiuHux BigHocuH. lepapxiuHa opranisanis
JI03BOJISIE CHUCTeMaM MpaLloBaTH 3i CKJIaJHUMH JaHuMy, 36epiraroud 6GajsaHC Mix
y3araJbHeHHAM Ta JeTali3ani€eo. BukopucTaHHd MaTeMaTUYHHUX MoJesedl, 30KpeMa
KaTeropHoi Teopii, Cnpusie MOKpalLleHHI0 CTPYKTYPyBaHHsI 6a3 3HAaHb i MiJABUILEHHIO IXHbOT
ajantuBHocTi. Takui nigxig 3a6e3neuyye CIIP MoxuMBicTIO THYYKO pearyBaTH Ha 3MiHM Ta
epeKTUBHO NiATPUMYyBaTU NPUUHATTA pilleHb Y pi3SHOMaHITHUX yMOBaX.
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ApanTuUBHi 6a3u 3HaHb ANA CUCTEM NIATPUMKM NPUNHATTA
pilweHb: nigxoau Ta moaeni

Jluxosa Anecs! ta llly6in Irop!?
1 Xapkiscbkull HayioHabHull yHisepcumem padioenekmpoHiku, np. Hayku, 14, m. Xapkis, 61166, Ykpaina

AHoTanisa

Y cTaTTi po3I/ISHYTO aKTyasbHI HiAXOAW [0 MPOEKTYBaHHS 6a3 3HAaHb JJI CUCTEM MiATPUMKH
npudHATTA piwens (CIITP). OcobsivBa yBara 3ocepe/keHa Ha OHTOJIOTiYHOMY Ta IPOOGJIEMHO-
Opi€eHTOBAaHOMY aHaJli3i MpeAMETHUX O06JIACTEW Ta CTPYKTYpPU 3HaHb. Y pPOOGOTI MPONOHOBAHO
KOMIIJIEKCHUM MiAxiA [0 00'€AHaHHS OHTOJIOTIYHMX MoJieJled Ta MNPUKIAAHUX MoJesei
KOHIUeNTyasi3alil, 1o A03BoJIsE 3a6e3MeUYUTH aJalTUBHICTh Ta THYYKICTb CUCTEMH MiATPUMKH
NPUUAHATTA pillleHb

Kirouosi cs1ioBa
Basu 3HaHb, CUCTEMU NiJTPUMKU IPUNHATTSA pillleHb, alall TUBHICTb, OHTOJIOTYHUH aHaui3, MojeJi
KOHIeNTyasi3alil, npo6JieMHO-0piEHTOBAaHUH MiAXiI.

1. Bctyn

Cucrtemu miATpUMKU NpuHHATTA pimieHb (CIIP) Habysau 3Ha4YHOI aKTYa/JbHOCTI y Cy4acHHUX
JOCHIPKEeHHAX 4Yepe3 iXHIO 34aTHICTH ONTHUMI3yBaTH Ta NiATPUMYBATH CKJAJHI IpOLLECcH
ynpasJinas. Ha Bigminy Big Tpaauniinux inpopmauiiHux cuctreM, CIIP He TiibKK 06pO6JISIIOTH
Ta 306epiraloThb AaHi, aje ¥ 3a6e3Me4y0Th aHAJITUYHY NiJTPUMKY ocobaM, siKi MpUHAMarThb
pimenHs (JIIIP), oco6MBO ¥ KOHTEKCTi ckJafgHUX KOHQJIKTHUX cuTyaliid. CIIP no3Boss0Th
JITIP kpaiie 3po3yMiTH KOHTEKCT, OLiHWTH ajJbTepHATHBHM Ta HPUUHSATH OOGIPYHTOBaHE
pilleHHs, 1110 € BKpal BOXKJIMBUM y LIBU/KO 3MiHIOBaHUX i HEBU3HAaYeHUX yMOBax [1].

AKTyaJIbHICTb TEMU NiATBEPKYEThCA 3poCcTalodnM BUKopucTaHHAM CIIP y pisHoMaHITHHX
ranyssx, Big meguuunu o piHaHCIB, e HeoOXijHA MiATPUMKA B YMOBaxX 6araTopakTOpPHOrO
aHasi3y i BHCOKOi ckjagHocTi 3azad. llg po6ora 30cepemkeHa Ha aHasi3i MiaAXoAiB A0
npoekTyBaHHS 6a3 3HaHb Ay CIIP, a TakoX Ha TeOpeTUYHUX OCHOBAX CTPYKTYPHOIO
npeJCTaBJeHHs 3HaHb Y CKJIaJJHUX IPeJMeTHUX 00/1aCTsX.

MeTot0 fOC/Ti[P)KEHHS € OTJISJ, CyYaCHUX METO/iB IPOeKTYBaHHs 6a3 3HaHb, a/JallTOBAHUX [0
notpe6 CIIP, a TakoX BUSIBJIEHHSI TEOPETHUKO-KAaTErOPHUX MoJeJieH, 10 3a6e3Me4ylThb
baraToacleKTHe NpeJCcTaBJeHHs iEpapXiuHUX CUCTEM 3HaHb [2].

2. AHani3 pXXepen T1a 3aBAAHHA [OCNIAXKEHHA

OCHOBHMM 3aBJaHHSIM CHCTEM MiATPUMKU NPUHHATTA pimeHb (CIIP) € 3a6e3nevyeHHs
JlonoMoru ocob6am, fiki npuiMatoTh piweHHs (JIIIP), y cutyauisx, mo noTpe6bywTh WBUAKOL
peakuii Ta oGrpyHToBaHUX piuleHb. [Iponec NpUHUHATTS pilleHHS CKJI3JAETbC 3 KiTbKOX
KJIDYOBUX €TaliB: IOCTAaHOBKU MeTH, BU3HAYEHHA aJIbTEPHATUB, OLiIHKA MOXXJIMBUX BapiaHTIB,
BHUOOPY HAMKPALI[OTo 3 HUX Ta peasisanii npuiHATOro pimenHs. KoxkeH i3 1jux eTarniB BUMarae
TOYHOIr'0 MpEeJACTaBJEHHS 3HaHb Ta OLIHKM MOTEeHLiMHMUX HacaiakiB. OcobauBy yBary y CIIP
npuAaiisawTs GOpMyBaHHIO Ta BINOPSAKYBAaHHIO ajlbTepHATHB, W0 Ao3BoJsie JIIIP obupatu
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ONTUMAJIbHUH IIJISIX 3 ypaxXyBaHHSIM HassBHUX KpUTepiiB i o6MexeHb. BogHouac CIIP noBuHHA
NiTPUMyBaTH MpOLEC TeHepalil HOBUX aJbTEPHATHB, LU0 € OCOOJMBO BAXKJIUBUM AJIs
NPUHHATTS pillleHb y HECTaHAAPTHHUX ab0 IBHU/AKO 3MiHIOBaHUX yMOBax [ 3].

BaXk/IMBUM acnieKTOM € BUPillIeHHS TPO06JIEM «IIOIIYKY» Ta «BUBEAEeHHs» IPH ONpaloBaHHI
anbTepHaTHUB. [Ipo6JieMa MOMIYyKy MOB'sI3aHa 3 BU3HAYEHHSM YCiX MOMJIUBUX pillleHb, TOJi SIK
npo6JsieMa BUBeJleHHs 30cepe/>KeHa Ha 06I'pPyHTYBaHHI Ta popMy iroBaHHI BUCHOBKIB Ha OCHOBI
JoctynHol iHpopmanii. s Toro mo6 3abesneuynTd edekTUBHY NigTpuMmky, CIIP nmoBuHHI
BPaxoOBYBaTH TAK0X 0COGJIMBOCTI KOrHiITUBHUX npoueciB JIITP.

TakuM YMHOM, aKTyaJIbHUMH 3aBIaHHSAMU JOC/i/[P)KEHHS € BUBYEHHS MiAXO0/[iB 10 MOOYA0BU
rHy4ykux i agantuBHux CIIP, 3jaTHUX miATpUMyBaTH CTPYKTypHe NpeJCTaBJIeHHA 3HaHb Y
npoueci NpUUHATTS pilileHb, a TAKOX PO3BUTOK MeTOJIB AJs (opMyBaHHS edeKTHBHUX
cTpaTeriii BUGOPY Ta aHaJli3y ajJbTepPHATHUB [4].

3. Niaxia po npoekTyBaHHA 6a3 3HaHb

Po3po6ka 6a3 3HaHb /ISl CUCTeM MiATPUMKH NpUUAHATTA pimeHb (CIIP) € opgHum i3
HallBaXJIMBIIIMX eTamiB y no6yAoBi epeKTUBHOI CHUCTEMH YIPaBJdiHHA CKJI3aJHUMHU
npeAMeTHUMM ob6JacTsiMU. basu 3HaHb 3a6e3neuywTb CIIP HeobxigHow iHdopmarieo Ta
KOHLIENTYJIbHUMHU MOJEJISIMHY, 110 103BoJIsAI0Th JI[IP 06MpaTH onTHMaJ/ibHI BapiaHTH pillleHb.
CydachHi migxomu no cTBopeHHsA 6a3 3HaHb AJad CIIP 3ocepemkeHi Ha MaKCUMa/IbHIN
aJlallTUBHOCTI Ta THYYKOCTI CTPYKTYp, 110 [A03BOJISIE CHUCTeMi BiamoBijaTh mnoTpebam
KOPUCTYBAUiB y IMHAMIYHUX YMOBaXx.

Ocob6uiuBicTI0 TakUx 6a3 3HaHb € GaraTopiBHeBe mpejcTaB/ieHHs iHopMaLlii: 6a3u 3HaHb
MarThb NiATPUMYBATH SIK 3arajibHi KOHLENTya/IbHi 3HaHHA, TaK i crieliaJibHI NpUKIagHI Mogedti,
opieHTOBaHi Ha pO3B’I3aHHS KOHKPEeTHUX QYHKLiOHaJIbHUX 33Ja4. Bayk/uBicTh afanTUBHOCTI
0a3 3HaHb MOSICHIOETHCA THUM, 1[0 TpeAMeTHi 06J1acTi, 3 skuMH npaioe CIIP, yacto 3a3HawTh
3MiH, 1110 CTOCYIOTbCSI 30BHILIHIX yMOB, HOBUX METO/iB yIIpaBJIiHHS a60 OHOBJIEHUX BUMOT. ToMmy
edpextuBHe CIIP Mae 3a6e3neuyBaTH CTPYKTYPOBAHe ¥ y3ro/pKeHe IpeACTaBJeHHS 3HaHb, SKe
BiZNIOBi/la€ MOCTaBJIEHUM NEepe] CUCTEMOIO 3aBAAHHAM [5].

JlBa oCHOBHI migxoau 0 mo6ynoBH 6a3 3HAHb BKJIKYAIOThH IMPOOJIEMHO-OPiEHTOBAHUH i
OHTOJIOTIYHUM aHaJIi3 npegMeTHOI 06Js1acTi. [Ipo6eMHO-0OpieHTOBaHUH MiAXig IPYHTYETHCA Ha
BUBYeHHI iH$opMalniiHuX mnotpeb6 KOpHCTyBadiB i mobyZoBi Mojened Ha iX ocCHOBIi. BiH
3abe3leyye TOYHe NpeJCTaBJeHHs 3HaHb [ clienupiyHUX 3aB/laHb, ajle MOXKe 0O6MeKyBaTH
THYUYKICTb Y HenepeabayeHUX cuTyanisx. OHTOJIOriYHMN aHasli3, y CBOIO Yepry, COpsIMOBaHHUU
Ha MOOY/I0BY KOHIIENTYaJbHOI MOJesi, [0 OXOIJIIOE HAaWBAXK/IWBILII aCeKTH IpeaMeTHOI
06J1acTi Ta € yHiBepcasbHOIO /s pi3HUX 3aAa4. Taku# mijaxij 103B0OJISIE CTBOPUTH 0a3y 3HAHD,
sIKa MOXKe 3aCTOCOBYBATHCSl B Pi3HUX QYHKIiOHAaJbHUX MOJeJsx, 30epiraroud npu LbOMY
BHYTPILIHIO Y3TOJPKEHICTh i aKTyaJIbHICTB.

[Ipy mnobymoBi edekTUBHOI 6a3uW 3HAHb O0O6OWUABA MiAXOAW MOOIJBHO KOMOiHYBaTH.
OHTOJIOTIYHMN aHaJ/li3 CTBOPIOE OCHOBY [IJIsSl YHIBEPCAJIbHOI KOHLIENTYyaJbHOI MOJeJi, 10 He
MpUB’si3aHa A0 KOHKPETHUX 3aBJaHb. Ha 11ili 6a3i Bxke MOXKYTb OyAyBaTUCA NPUKIAIHI MO,
opieHTOBaHi Ha p0O3B’sI3aHHS KOHKPETHUX NIP0o6seM. Y pe3y/ibTaTi CTBOPIOETHCS CUCTEMA 3HAHb,
sIKa MOXKe IBHUKO aJallTyBaTHCS 0 HOBUX 3aBJaHb i BiiMOBigaTH MOTOYHUM noTpebam CIIP.
3aB/gKHU TaKik CTPYKTypi MOXKHa 06UpaTH piBeHb abCTpakKIiii BiAMOBIAHO A0 THUITY 3aJjadi: JJis
3arajJlbHUX 3aJad BUKOPUCTOBYBAaTHU abGCTpaKTHiuwi Mojesi, ToAi fIK [Js1 KOHKPETHUX —
JeTaJsli30BaHilli NpUKJIaAHI MoJei.

3 MeTo10 3a6e3neyeHHs1 6araToacneKkTHOro NpecTaB/JeHHsI 3HaHb PO CKJIaAHI npeAMeTHi
006J1acTi BUKOPHUCTOBYIOTbCS NPHUKJIAJHI Mozesi KoHIenTyasisanii. KoxkHa 3 nux mojesen
ONHCY€E NeBHUU PpparMeHT npefMeTHOI 06J1aCTi, JO3BOISAIOYU PO3TIJIAAATH 06’'EKTH Ta MPOLLECH
B noTpi6bHOMy pakypci. lle gae MOX/IMBICTE ONTUMI3yBaTH MNpoLeC NPUHHATTS pilleHb,
BUKOPHCTOBYIOYH JIMIIE Ti 3HaHHS, K] € CYTTEBUMU JJid IOTOYHUX 3aB/JaHb.
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[To6ynoBa 6a3 3HaHb A5 CIIP Takox nepesbaydae opratisanio CTpyKTYpPHHUX BiZJHOLIEHb MiX
NPUKJIAJHUMU MOJeJNAMU KOHLeNTyaJsli3alil, 1o J03B0JIA€ iIHTerpyBaTH pi3Hi aclleKTH 3HaHb y
eiuHy cucteMy. Cepes; Takux BiZJHOLIeHb BUAINAIOTE arperyBaHHd Ta y3araJlbHEeHHA MO/ eJey,
mo 3abe3nedyye CHUCTEMHe BifjoOpaKeHHS TMpegMeTHOI o6Jacti. Arperarjis J03BOJISIE
MOEAHYBATU MoOJeJi /s pO3rJA[y KOMIUIEKCHUX SABULI, a y3araJbHEHHA JA€E MOXJWBICTb
dopmyBaTH abGCTPAKTHI Mo/Ies1i HA OCHOBI KOHKPETHHUX NPUKJ/IAJHUX 3HAHb.

TakuM 4yuHOM, epeKTUBHEe NPOeKTyBaHHsA 6a3 3HaHb A CIIP moTpebye KOMIJIeKCHOrO
niaxony, SAKHHA Tmepeabadya€e IMOEAHAHHSA YHIBEpPCAJbHOCTI OHTOJIOTIYHUX Mojenend i
cnequdivyHocTi npukiagHux. e 3a6e3nedye rHy4KicTb cucTeMy, il 34aTHICTh A0 aganTtauii Ta
MOXxIUBicTh nifgTpuMyBaTu JIIIP Ha pi3HUX eTanax NPpUNHATTS pilleHb [6].

4. BUCHOBKMU

Y cyyacHUX yMOBax WIBUJKHX 3MiH i 3pOCTaHHS CKJIAJHOCTI ynpaBJiiHCbKUX 3aZjad po3pobka
aJlalTUBHUX CHUCTEeM HiATPUMKMU NpUHHATTS pimeHb (CIIP) cTae k/aI0O4Y0BHMM 3aBJaHHSM.
3anponoHOBaHUM MijAXiz A0 IPOEKTyBaHHS 6a3 3HaHb, L0 [MOEJHYE OHTOJIOTIYHI Ta MPUKIaLHI
MoJeJi, 3ab6e3neyye HeoOXiJHY THYYKICTb | epeKTUBHICTb y pO6GOTI TAKKX CUCTEM.

OnTosioriyHi Mogeni ¢opMylOTh KOHLENTYaJbHUU (QyHAAMEHT [AJs1 YHiBepcaJbHOIO
npeCcTaBJeHHs 3HaHb, TOAi SIK MPUKJIAAHI MOJeJli 103BOJISIOTh HAJAIITYBaTH 6a3y 3HaHb JAJIs
BUpIlLIEeHHS1 KOHKPETHUX 33/ia4 KOPUCTYBadiB. 3aBJsKH [[bOMy 6a3u 3HAHb CTAIOTb He JIMILe
aJlalTUBHUMUY, ajie ¥ 3JaTHUMU 3a6e31e4yBaTH IKiCHY NiJTPUMKY poLecy IPUUHATTSA pillieHb
HaBIiTb y Hellepe/0auyBaHUX CUTYaLifIX.

TakuM YHHOM, BUKOPUCTAHHS KOMILJIEKCHOIO MiZIX0Ay 10 IpOoeKTyBaHHs 6a3 3HaHb s CIIP
cupusie eGeKTHUBHILIIN NiATPUMLI ypaBAiHCbKHUX NPOLECIB i CTBOPIOE HOBI MOXJIMBOCTI AJIs
BIIPOBA/[?)KeHHS iHHOBAILiH y CKJIAAHUX NIpeJMeTHUX 00J1acTsX. lle BiIKpHUBa€e nepCcrneKTUBY AJIs
MO/AJMbIIOr0 BJJOCKOHAJIEHHSI TAaKHUX CHCTEM Yy HampsMKy O6iabmioi iHTerpauii 3HaHb i
TEXHOJIOTIH.
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PiLwueHHA gnA BU3HAUYEHHA TeMnepaTypu TOUKU pOCH 3a
BOJIOrOO Ha OCHOBi HEPIBHOMIPHUX iHTEepnoAAauiMHKUX Tabanub

BikTop Jlyuenko!f, Cepriii lllanko!** Ta Mukosia CMarstok?t

1 [Hemumym mpaHcnopmy 2a3y, AT "Ykpmpancea3”, 6ynveap I'oHuapiscekutl, 16, Xapkis, 61004, Ykpaina.
2 AT "YkpaazsudobysanHs", ey:a. Kydpsecvka, 26/28, m. Kuis, 04053, Ykpaina

AHoTanisa
Y 1uboMy HOBijOMJIEHHI HaZlaHO MPOCTHHA EBPUCTUYHUI aJIrOPUTM OOYMUCJIEHHS TOYKH POCH 3a
BOJIOTOI0 Ha 6asi HepiBHOMipHUX iHTepnosALiMHMX Tab6uuups [1]. 3a MM aJATOPUTMOM € 3MoOra
BM3HA4YaTH TeMIlepaTypy TOUYKH POCH 3a BOJIOTOI0 Ta BOJIOFOBMiCT IPUPOJHOTO ra3dy 3a abCo/0THOTO
TUCKY NPUPOAHOro rasy, wo popiBHoe 3,92 MIla. HaBefeHo nporpamMHy peajisawlioo LbOro
AJICOPUTMY.

Kiro4yoBi cs10Ba
TeMIlepaTypa TOYKH POCH 3a BOJIOT'010, BOJIOTOBMICT, a/ITOPUTM, IporpaMa

Abstract

This paper presents a simple heuristic algorithm for calculating the dew point by moisture content
based on uneven interpolation tables [1]. The algorithm is aimed at determining the dew point
temperature by moisture and moisture content at an absolute pressure of natural gas equal to 3.92
MPa. The software implementation of this algorithm is presented.

Keywords

dew point temperature by moisture, moisture content, algorithm, program

1. Bctyn

Y rasoBii raaysi YMHHI HOpMaTUBHI JOKYMEHTH, 9Ki yHOPMOBYIOTb NOPSALOK Ta aJCOPUTMH
BU3HauaHHs1 (i3UKO-XiMiUYHMX NOKa3HUKIB NpuposHoro rasdy. lle moBimomseHHs MiCTUTh
QJIITOPUTM, L0 J03BOJIIE aBTOMATU3yBaTH BU3HAYAHHA TeMIIepaTypHu TOYKHU POCH 3a BOJIOT OO
Ta BOJIOTOBMICT 32 abGCOJIIOTHOI'O0 TUCKY MPUpPOAHOTO ra3y 3,92 Mlla, Ha miacTaBi TabauIb, 110
HaBeJleHi y HopMaTuBHOMY JlokyMeHTi COY 09.1-30019775-186 [1].

Lleit HOpMaTUBHUN JJOKYMEHT YMHHHUHN /151 Ta30BU00YBHUX MiANPUEMCTB. [HTeprosLiiHi
Tabsinui HaBegeHi B [1]. Touku iHTepno/sALiiHUX TabJMLb pO3paxOBaHi 3a aJIrOPUTMOM, L0
Bigmosigae JJICTY EN ISO 18453 [2].

AKTyaJIbHICTb MOBiJOMJIEHHSI — aBTOMaTU30BaHO BU3HAa4aHHSA TOYOK pOCH 3a BOJIOTOI0 Ta
BOJIOIOBMICTY B IPUPOJLHOMY rasi y noJboBUX YMOBax. L{iJib TAKOro BU3HA4YaHHA TOYOK POCH 3a
BOJIOIOI0 Ta BOJIOFOBMICTY - MOHITOPUHI Ipale3JaTHOCTI MOTOKOBUX BOJIOIOMIpIB, 110
BCTAHOBJIEHI HA KOMEPLiMHUX By3JsiaX 06JIIKy IPUPOJAHOro ra3y. XapakKTEpHOK OCOOJIHBICTIO
Tab/iMLb, HaBeAeHUX y [1], € iHTepnossnifiHa HepiBHOMIpHICTD, sIKa YCKJIaJHIOE POOOTY B
aBTOMaTUYHOMY PeXUMi, TOOTO TabJMIi MalOTh He OJHAKOBUH KPOK KBAaHTYBaHHSI.
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2. Onuc anroputmy

BxifHMMM AaHUMU AJis JITOPUTMY € aGCOIOTHUN THUCK TPUPOaAHOTO rasy (Pasc) 3a sikoro 6yJia
BUMipsiHa TeMIlepaTypa TO4YKHd pocu 3a Bosiorow (TTP;) Ta TeMmepaTypa TOYKH pOcH 3a
BoJioroto (TTPx).

BusHavyaeM y Tabsuni ctoB6elp i3 Pagc, 3a sikoro Bumipsina TTP; i psiiok i3 3HaYeHHSM, 1[0 €
Hano6mKIuM 10 BUMipsHoi TTP,; Ta oTpuMyeMo 3HaUYeHHS ty, th +1. Y bOMY PSAAKY OTPUMYEMO
3HAaYEHHA BOJIOTOBMICTY Bux .

3HaxXo0AMMO B TAOJIUIIi LI[e OAMH Ps/I0K, HAUOIMKYINK 10 ONEepeaHbOro, y AKOMY 00UpPaEM
JAiana3oH 3HayeHb TTPg, AkKMi MicTUTBh BUMipsiHe 3HaueHHS TTPs.

[HTEpnONITOEMO 3HaYeHHS BUMpisiHoi TTP; 3a dopmyitoro:

(px - pn) (1)

ty ==t, + (tyoq1 — t,) * ;
X n n+1 n (pn+1_pn)

[HTEpIOJIFDEMO 3HAYEHHS BOJIOTOBMICTY, 1110 BifnoBigae BumipsHiu TTPs, 3a dopmyuioro:

(px - pn) (2)
(pn+1 - pn) ’
Po3paxoByeMoO TeMIlepaTypy TOYKH POCH 3a BOJIOr0I0 32 ab6COIIOTHOTO THCKY 3,92 MIla 3a
dopmyiioro:

Byx = Bwnn + (Bwn - Bwn+1) *

(px = pn) 3

)
(pn+1 - pn)
Pe3ysibTaTOM pO6OTH aJITOPUTMY € PO3pPaXOBaHe 3HAYEHHS BOJIOTOBMICTY IPUPOAHOTO rasy

Buwxy MI/M3 3a TeMIepaTypu TOYKH pocu 3a BoJsioroto (TTP;), BUMipsiHoi 32 aBCOIIOTHOT'O TUCKY
npupozHoro rasy (Pasc), a Takox 3BeJieHa 1o THCKy 3,92 MIla TeMnepaTypa Touku pocu (t3:92).
HeBr3HaueHiCTb po3paxyHKy BiZIOBIJHUX BEJWYHWH He NepeBULIYE 3HaY€Hb, yHOPMOBAHUX Y
ACTY EN ISO 18453 [2].

3. MporpamHa peanisauin

AnropuTMm peasii3oBaHUMH Ha MOBI IporpamMyBaHHA — C#.
Bizeokaap po60oTu mporpamMu 3 BXiIHUMH AAaHUMH Pusc = 0,65 MIla. Ta TTPBguw = -18,5 0C
HaBeJleHUH, 9K IPUKJIaJ, Ha PUCYHKY 1.

PucyHok 1. Pe3ysibTaT 064MC/IeHHS IPOrpaMolo.
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4. BUCHOBKMU

OnncaHui eBpUCTUYHUM aJITOPUTM J03BOJIIE PO3PAaxOBYBAaTHU BOJIOTOBMICT NPUPOLHOTO rasy
3a TeMIlepaTypH TOYKH POCH 32 BOJIOTOl0, BUMipsiHOI 32 a6CO/IIOTHOTO TUCKY NPUPOAHOTrO rasy
Ta 3BeJeHy A0 TUCKY 3,92 MIla TemnepaTypy TOYKHM POCH 3a BOJIOTOI0 B yCbOMY /Jliala3oHi
Tabsnub B [1].

[IporpamHe 3a6e3MedeHHs, [0 peasli3ye HalaHUH aJITOPUTM, MOKHA BUKOPUCTOBYBATH JIJIS1
MOHITOPUHTY IOTOKOBUX BOJIOTOMIpiB ¥ I0JIbOBUX YMOBAX.

Nitepatypa

[1] COY 09.1-30019775-186:2019 Cucrema 3ab6e3nedyeHHsI sKOCTi. [lopsmok BU3HAYEHHS
¢isuKo-XiMiYHMX MOKAa3HUKIB MNPUPOAHOTO ra3dy, 0 HaAXOAUTb 3 O06’eKTiB
AT “YxprasBuo6yBaHHs".

[2] ACTY EN ISO 18453:2021 (EN ISO 18453:2005, IDT; I1SO 18453:2004, IDT) [IpupoaHuii ras.
Kopenduig Mik yMicTOM BOJIOTH Ta TOYKOIO POCH 33 BOAOIO.
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MeTtoau aBTOMaTU30BaHOI reHepaLii KOHTEeHTY ANA CouiaNbHUX
mepex

Osibra Bopouek! Ta 51 CostoBei!t
1 Xapkiecokuli HayioHaavHutl Yrieepcumem Padioeaekmponiku, [Ipocnekm Hayku 14 61166 Xapkis, Ykpaina

AHoTanisa

JocnigkeHHs1 TPUCBAYEHO TreHepalii KOHTEHTY y COLjiaJIbHUX Mepe)kaX Ta aBTOMaTHu3alil Lboro
npouecy 3a gonomorow TexHoJsoriit llltyyHoro IHTesekTy. Po3risgaoTbest pisHi 3 TOYKHM 30py
CTBOPEHHA MaHINyJATHBHOIO KOHTEHTY HiJXOJM, ONMUCYETbCA CTPYKTypa B3aeMOJIl NporpaMHoi
CUCTEMHU i3 cepBicoM.

Kiro4oBi cjioBa
HITYYHUH iHTEJIEKT, MOBHI MO/ieJIi, Mponaras/a, coljiajibHi Mepexi

1. Bcryn

CborofieHHs1 XapaKTepU3yETbCA BHUCOKHM BIJINBOM TpPOMaZiCbKOI AYMKH Ha HNPUHHATTA
Jlep>kaBaMU CyCIiJIbHO-3HAYMMHUX pilleHb. [HpopMaliss JaBHO cTajsa cTpaTerivyHUM pecypcom,
aJle Ha IOTOYHUK MOMEHT 4acy BiJl JOCTOBIpHOCTI 3araJibHOZAO0CTYHUX JaHUX 3a/JI€KUTh YCITiX
abo HeBJaYa eKOHOMIYHUX, CYCHIJIbHUX MPOLeciB, pedpopM y CBITOBOMY NopsaKy. JlocArHeHHs
CTpaTeriyHux LiJied MOJIMUBO JIMIIEe 332 YMOBHM YCHINIHOTO MaHIiMyJIIOBaHHA BiANOBIJLHOIO
iHpopmali€ro, y TOMY YHCJI ¥ cOLjia/IbHUX MepeKax.

®aKTHYHO, Y BipTyaJIbHOMY Cepe/lOoBHIIi MOCTiHHO MalTh Miclle iHpopManiiHi BiliHH, K
OJIVH 3 KOMIIOHEHTIB ri6puiHoi BikHu. OJHUM 3 HalllepCleKTUBHIIIUX iIHCTPYMEeHTIB reHeparii
KOHTEHTY AJ1s1 OpMYBaHHS CyCHiJIbHOI [YMKU € METOA Y Ta MOJEJIi IITYYHOTO iHTEJEKTY.

Ha noToyHuii MOMEHT d4acy icHy0od4i MiAXOA4M Xo4ya i BUpPIWIYIOTH 3ajadi reHeparnil
MaHINyJATUBHOTO KOHTEHTy, ajie Ileé HOCUTb MEeBHOI MipOI XaOTHUYHHUH XapakTep,
30Cepe/KYI0YMCh Ha BEJMKUX O06csArax MOBiJlOMJeHb Ta He BPaxXxOBYHUYHU KOpeJsLiio
3reHepoBaHUX NMOCTiB i MeTH iHpopMaLiiiHOI aTaKH.

TakyuM YHHOM, CIUPAKYHCh Ha BUIIleCKa3aHe, po3po6Ka i oc/1iPKeHHS MeTO/IiB Ta MoJiesiei
NpOrpaMHUX CHUCTEM aBTOMAaTH30BaHOI TreHepalii KOHTEHTY COLiaJIbHUX Mepex, ski 6
aIanTyBaJIMCA 0 KOHTEKCTY IMOCTaBJIEHOI 33/7jadi i MOBHICTI0O BiATBOpIOBa/vM 6 MOBENiHKY
peasibHOr0 KOPUCTYBaua, € 331a4el0 3aTPebyBaHOI0 | aKTyasbHOIO.

2. AHani3 ocTaHHixX gochigXKeHb i nybnikauii

CoujanbHi Mepexi BiZjirpaloTh 3Ha4YHY pOJIb Y HAIOMy NOBCAKJAEHHOMY »KHUTTI. 3TiAHO AaHUX
Datareportal [1] 4.74 mapp Jitofiedl 10 BCbOMY CBiTY BUKOPUCTOBYIOTH COLia/ibHI Mepexi, 110
3icTaBisie mpubau3Ho 59.3% rsiob6anbHOI monyJslii. 3rifHo 3 JaHuMU Statista, cepeaHii yac
BUKOPHUCTAHHS colliaibHUX Mepexx Bupic 3 111 xBy 2015 no 143 xB Ha fenb y 2024 poui [2].

Y crarTi “ConiasibHi Mejia Ta mostiTuyHa nmponaran/a” [3] 3a3HavYa€eThCd, 0 COlliaibHi Meia
CTaJ/IM OJHi€10 3 HAWBIJIMBOBIIUX MIAaTPOPM y Maike BCiX acneKTax CycClijJibCTBa, BKIIYAIUU

Information Systems and Technologies (IST-2024), November 26-28, 2024, Kharkiv, Ukraine
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OCBITY, pOo3Bary, 0XOpOHY 3/10pOB’sl, EKOHOMIKY Ta noaiTuky. Hai6inbi nony/sspHi niatdopmu
B LIboMy KoHTeKcTi — Facebook, WhatsApp, X, Instagram, TikTok, YouTube, LinkedIn, Telegram
Ta Snapchat.

3rigHo 3 mosiboBUM cratyToM CIIA, nmponaraH/ia BU3HA4Ya€eThCA K OyAb-sika iHopMariis,
imei, JOKTPpUHM abo creliaJbHi METOAW BIJIMBY Ha JYMKH, €MOIlii, HACTAHOBU YM MOBEJiHKY
Oyab-sKoi creljajJbHOI TPyNd 3 METOI OTPHMMaHHS MNPSIMUX 4YM HenpsiMUX HepeBar. lle
BU3HAYeHHs MiJAKpeCJE MaHINyJIATUBHUU XapakTep NpoNaraHjAu, CIPSAMOBaHUM Ha
JIOCSITHEHHS MIEBHOI MeTH Yepe3 3MiHY CIPUMHATTS Ta CBIiTOr/SALYy ayAauTopii [4].

OcHOBHI eTanu nponara’/jy npeJjcTaBjaeHi Ha pUCYHKY.

CdpopmoBaHMii CBITOTIIAN,

PucyHnok 1: I'padiuHe 306pakeHHs] OCHOBHHX €TalliB IpoIaralan

EdexTuBHe [OCATHEHHs MOCTaBJIeHOI MeTH B NponaraHji BUMarae He Jidile BIUIMBY Ta
dopMyBaHH CBITOIIAAY YV LiJIbOBOI ayUTOpil, ajie i NPOBOKYBaHH: NEBHUX Jil a60 peakLii 3
ii 60ky [5]. HeBmasia abo HenmpaBWJIbHO NMOOYL0BaHA NpolaraHja Moxe JOCATTH CTajii, KoIu
iHpopMalLlisi 3aCBOIETHCS CBiJJOMICTIO0, ajle He epPEeTBOPIOETHCS ¥ 3MiHY CBITOIVISIAY, HEOOXiJHY
JIJ1s1 JOCSITHEHHS 3ajaHuX Aid. BiAnoBigHo, ouikyBaHa peakiisi 3a/1MIIAaEThCS BiZCYy THHOIO.

[Iponaranzia akTUBHO BUKOPHUCTOBYETbCS Y iHpopMaLiiiHii BifiHI npoTu YkpaiHu npoTtsrom
6araTbox pokiB. BoHa Moxe HabyBaTu pisHOMaHITHHUX (OpM, TakuX K (QEHKOBUX KaHAJIB,
TapreTOBaHOI peK/aMH AJis1 iHo3eMHoi ayauTopii, Twitter-60TiB Ha OCHOBI LITYYHOTO IHTEJEKTY.

lItyynuit inTenekT (L) Mae 3acTocoByBaTHCh He JiMllle JJisi CTBOPEHHS, ajie ¥ LIS aHaJli3y
inpopmauiiiHoro BmiuBYy. Hampukiaj, BiH MoXe OLjiHIOBaTH epeKTHUBHICTb MNOLIMPEHHS
KOHTEHTY, MOTO OXOIJIEHHA Ta BIJIMB Ha ayAuTopio. OKpiM CTBOpEeHHS NpPONaraHA1uCTCbKOIO0
koHTeHTy, LI € K/IHOYOBMM y BUSBJEHHI BOPOXUX KaMmnaHiil fesiHdopmanii. Il moxe
BUKOPHUCTOBYBATHUCA [JI1 aBTOMAaTUYHOIO aHaJi3y BEJMKOI KiJIBKOCTI JaHUX, L0 HAAXOAATH 3
pi3HUX [pKepes, AJs BUSBJAEHHS HemnpaBAuBoi iH¢opmanii Ta posnisHaBaHHS 3MiHEHHUX
(mizpo6sieHnx) 306paxkeHb [6].

3. MerTa i1 3aBaaHHA poboTun

MeTa faHOi po6GOTH MOJIATAE YV JOCTIP)KEHHI MeTO/iB aBTOMATH30BaHOI reHepallii KOHTEHTY
JUISL COIiaJIbHUX MepeX, MoOyaoBa CXeMU B3aEMO/ii MPOrpamMHOi CUCTEMH i3 KOMIIOHEHTOM
CTBOpPEHHS HOBOI iH$opMalii.

4. Ornapg mopenei Ta meTogis reHepauii noBigomneHb

[na reHepauil NOBifjOMJIEHb Yy Cy4aCHOMY CBiTi IIMPOKO 3aCTOCOBYXOTbCH MOXJIMBOCTI
LITY4YHOTO iHTeJIeKTY, 30KpeMa BesiiKi MoBHiI MogeJti (Large Language Models, LLMs). Lli Mogeui,
o 6a3ylTbCcsl Ha TJMOOKOMY HaBYaHHI, CTalyM HEeBiJ€EMHOI0 CKJIaJlOBOK) CTBOPEHHS Ta
00pPOOKH TEKCTOBOI'0 KOHTEHTY 3aBJSKU 3/aTHOCTI aHaJ/i3yBaTH Ta BiATBOPIOBATH JIIOACHKY
MOBY Ha BUCOKOMY piBHi.

Besinki MoBHI MogeJi 3/1€6i/b110r0 M06Y/j0BaHi Ha OCHOBI apXiTeKTyp TUly TpaHcpopMepiB,
sIKi 3a6e31e4Yy0Th BUCOKY eDeKTHUBHICTDb 3aBASKH MOMXJIMBOCTI IMapasie/ibHOI 06pOOKU JaHUX.
OcHoBOW0 iXHBOI POGOTH € BeJIMKI HAaOOpPU TEKCTOBUX JAHHUX, Ha SKUX MOJEJi IMPOXOAATHb
HaB4YaHH4. Becb nponec HaB4aHHA MOBHOI MOJeJii NOAIIAETHCA Ha KiJIbKa KJIIOYOBUX €TalliB:
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1. 36ip Ta miaroroBka JjaHux. Ha nepiomy ertami 34ilicCHIOETbCSL peTesibHUH Mif6ip Ta 06pobKa
TEKCTOBUX JAaHUX, 10 BKJIIOYAE SIK OYHMILEHHS JJaHUX Bij 1IyMy, Tak i Bif6ip peseBaHTHHX
TEKCTOBUX CETMEHTIB /11 HaBYaHHs. MacirTab JaHuxX Ha I[bOMY eTalli BIUIMBA€E Ha 37]aTHICTb
MoO/JeJli 0 reHepallii Ta TOYHOCTI BiiTBOPEHHA CKI3HUX JIHI'BICTUYHUX CTPYKTYP.

2. llonepepsHe HaB4yaHHA. Ha erami momepeHbOro HaB4YaHHA MOJeJNb HAaBYAETHCA Ha
3araJibHUX TEKCTOBUX Habopax, 10 MicTATh iHopMallilo 3 pi3HUX rasy3eil 3HaHb. lle
Jl03BOJISIE MOJesi OBOJIOAITH 6a30BUMH 3HAHHSIMM PO MOBY, NpaBWJa rpaMaTHKH,
CMHTAKCUCY Ta CEMAaHTUKHU

3. Touke HasaumtyBaHHA (fine-tuning). [licsis nmomepejHbOro HaBYaHHS 3[iMCHIOETHCS
crieliiaysiizoBaHe HaJIALITyBaHHA MOJeJli, AKe afanTye il 10 KOHKPeTHUX 3aBJaHb. TOHKe
Ha/IalITyBaHHSI MOXe MPOBOJWTHCS 32 JONOMOro crnefudivHux HabopiB AaHUX, 110
JO3BOJISIE MOJeJ1i IeMOHCTPYBATHU BULLLY TOYHICTb Y IEBHUX KOHTEKCTAX.

4. Basifauia Ta TecTyBaHHA. 3aBepllaJbHUM eTal BKJYAa€E BaJjifalLil0 Ta TeCTyBaHHA
MozeJi, fe nepesBipAaeTbcd 11 34aTHICTD O FeHepyBaHHSA 3MICTOBHUX I peJieBaHTHHUX
TeKcTiB. llel mpouec [03BOJSE OLIHUTYU NPOAYKTUBHICTb MOJeJi Ha Pi3HUX MOBHHUX
3aJa4yax Ta BUABMTH ii c1abKi Micls AJ1s1 mo1asIbIIoro BJOCKOHAJIEHHS.

[Ipu BUKOpUCTaHHI MOBHUX MOJeJied [/ reHepalii MoBiZjoMJIeHb YV colliaJIbHUX MepeXax y
NpoNaraHAMCTCbKUX L/IIX MOCTA€ NUTAHHSA LeH3yPH, IKa BiA0YBAETHCSA 3 HACTYIHUX NPUYMH:

1. ErtuynHi MipkyBaHHs. Po3po6GHUKM MoJesiell 3acTOCOBYyOThb MeToAu oinbTpanii Ta
kjJacudikanii KOHTEHTY, $Ki [J03BOJISIIOTb MOJiesli irHOpyBaTH YU BHUIIPABJISATU
MOTEHI[IHHO 06PA3/IMBUM KOHTEHT a60 JUCKPUMiHAI[iTHUX BUCJIOBJIFOBAHS.

2. HOpupuyni BUMoru. 3acTocyBaHHSI MOBHUX Mo/JieJiel y IJ106a/1bHOMY MacliTabi BUMarae
BpaxyBaHHs 3aKOHO/JABCTBA Pi3HUX KpaiH 1110/,0 MOBY BOPOXHeYi Ta Iponara’ju.

3. BignosiganbHicTe po3po6HUKiB. KoMaHAM po3pOoOGHUKIB HecyThb BiZjmoBifanbHICTh 3a
KOHTPOJIb HaJ| 3MiCTOM, IKMH MOXKYTb reHepyBaTH ixHi MoJeJi. Lle 3a6e3mneuye 6e3neyHe
BUKOPHUCTAHHS NPOJAYKTY Ta 3aXUCT KOPHUCTYBaUiB BiJi He6aXKaHOTO KOHTEHTY.

4. KomMepuiliHi npu4yuHU. [l1g 3aJy4yeHHd LIMPOKOI ayAUTOpil MOBHI MoJeJsi MOBHUHHI
BIZNOBiZATU O4YiKyBaHHAM KOpPHUCTYBayiB Ta JOTPUMYBATUCh KYJIbTYPHUX HOPM.
3abe3neyeHHs] NPUUHATHOCTI KOHTEHTY [Jis1 LIMPOKOTO KO0JIa KOPUCTYBauiB CHPUSIE
niJiBULIEHHIO A0BipY Ta NiATPUMKHU OpeHAy cepe/] pi3HUX CETMEHTIB CIOKUBaviB.

OTxKe, AJ151 BUKOHAHHS MOCTABJIEHUX LIiJIEH Y BUTJISAA] reHepallil NOBifOMJ/IeHb y collia/iIbHUX
Mepexax IepeJ, HAMU MOCTae Npobsema 06xofy LeH3ypyBaHHs. [lofi6Hui migxin icHye i
HAa3UBAEThCSA DKelbpelkiHroMm (3 aHI., BTeya 3 “B'I3HUNI”) - KOJHM MOBHIA Mojei
HaB'sI3yI0Th POJib IHIIOrO "akTopa", 3aB/sIKM YOMY BOHA '€eHEPYE HEeLleH3ypPOBaHUM KOHTEHT.

Cepen monysisspHUx nigxofiB MoxkHa BUAIIMTH Do Everything Now (DAN) [7]. Le Tun
KOMaH/ U, TPpU3HavYeHOoi a1 mxeiaopeiiky ChatGPT, To6To AJ151 06X0/1y 06MeXxeHb i J0CTyIy 10
noBHOro ¢yHKIioHany. Y pe3yjabTaTi JKeHJbpeliKy MOBHA MOJejb 3JaTHa TeHepyBaTH
BiANOBIf, fKi 32 3BUYaHUX 06CTaBUH MOXYTh BBXKATUCS HENPUWHATHUMH 260 HEETUUHUMMU.

[Ipo6sieMa noJsisirae B TOMY, 106 3HAWTH mpanuy iHcTpykuiro DAN, ockinbku OpenAl
peryJiipHO OHOBJIIOE CBOIO IJIaTGOpMYy, 11106 3aM06IrTH HENPaBUJIbHOMY BUKOPHUCTaHHIO. Yepes
Ile y OCTaHHIX Bepcisix MOBHUX MoOJejield BUKOPUCTAHHSI MeToAY € abo npobjieMaTU4HHUM, abo
HEMOXXJIUBHUM. YyieHn KoMaH 1y Adversa 3HaWILIM iHITKMN MiAXiA, 06’ €AHABIIN CTAPi MPUHIUITH
JPKeMIOpEeKiHTY 3aBAsIKA NpUHIMNY “KpoJssiyol Hopu” [8].

B3aemoziro KopucTyBaya i3 cepBiCOM MOHa ONMCATH HACTYITHUM YUHOM:

1. KopwucryBay HaJicCU/Ia€ 3aNUT 3a JONIOMOI0I0 4aT-00TY.
2. IloBigoMJeHHA BiANpaBJIAETBCA Ha CepBep, AKUHM 3a JonmoMmoror BiaacHoro UITyyHoro
[HTenexTy GinbTpye NOBiOMIIEHHS, Ta TPUOUPAE HENOTPiOHI 36irv 3 peaJbHUMU 0COGaAMHU.
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3. BipdinbrpoBaHe noBifoM/IEHHS BiAIPaB/SETbCA BEJUKIA MOBHIA MoJesi, Ta pe3yabTar
MOBEPTAETHCS Ha cepBep. KpoKHU MOBTOPIOIOTHCS A0 JOCATHEHHSI HEOOXiAHOr0 pe3yJIbTaTy.

4. Tlicig oO6MiHY MOBiJOMJIEHHSIMU MiXX CepBEpPOM Ta MOBHOIO MOJEJJII0, Pe3yJbTaT
MOBEPTAETHCS y 4YaT-60T.

PucyHok 2: B3aemo/iis1 KopucTyBaua i3 cepBicoM reHepaiiii noBijoMm/aeHb.

5. BUCHOBKM ¥ NepCcneKTUBU NOAA/NIbLIOTO PO3BUTKY

[lig yac fjocnipkeHHs 6yJ10 BUSHAYEHO TPAEKTOPiI0 PO3BUTKY MPOrpaMHOI CUCTEMH JJ1s reHepauii
NOBilOMJIEHb Y coLiaJbHUX Mepexax. [Ipy mopanpliiii po3pobli BaXK/JIMBO BUHAWTHU CBIiH
HEeMOBTOPIOBAaHUM MiAxiA mxelOpelKiHry, Tak sIK HENPUIYCTUMO Y pO3pOoOLi MOKJaJaTHCS Ha
IIUPOKOAOCTYTHI MeTOAH, QYHKI[IOHYBaHHS IKUX MOe Oy TH NPUINUHEHO Y 6Y/|b-IKUIl MOMEHT.

llITyyHui IHTeNEKT € NepClieKTUBHUM HaNpPsIMKOM, ajle iCHY€ Yepra HeBUpIlleHUX NUTaHb,
SKi TOTpPeOYyITh IMOJAAJBIIOr0 AOCAIMKEHHs, TakKi K poO3poOKa MeTOAIB IiJiBUIIEHHS
peJjieBaHTHOCTI 3reHepOBaHOr0 KOHTEHTY KOHTEKCTOBI LiJIboBOi ayAuTOpIi, 106yA0Ba CUCTEMHU
KpUTepIiiB AKOCTI KOHTEHTY Ta METO/iB IPOrHO3yBaHHA CTYIIEHIO BILJIUBY.
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Abstract

Nowadays, contemporary mobile apps require robust state management, particularly in cross-platform
frameworks such as React Native. Finite State Machines (FSMs) provide a structured methodology for
managing state transitions, enhancing stability, performance, and testability in complex applications.
This article examines the advantages of FSMs and their practical applications in cross-platform
development, with a focus on React Native.

Keywords
FSM, React, React-Native, XState

1. Introduction

As modern mobile applications become increasingly embedded in users’ daily routines,
delivering responsive and efficient functionality is paramount. These applications serve a vast
array of purposes—quick access to information, seamless communication, task management,
and beyond—placing high demands on developers to continually enhance functionality,
performance, and reliability. Cross-platform frameworks like React-Native empower developers
to deploy applications across multiple platforms, streamlining development and reducing
resource expenditure. Yet, cross-platform solutions introduce distinct challenges, particularly in
state management.

Effective state management remains a central challenge in cross-platform development.
Complex applications, especially those with multifaceted user interactions, asynchronous tasks,
and extensive use of device resources, rely on smooth state transitions to ensure consistent
behavior. Without a robust architecture for state management, applications risk crashes,
unpredictable behaviors, and a diminished user experience.

Finite State Machines (FSMs) offer a systematic approach to addressing these challenges. By
rigorously defining all possible states and permissible transitions, FSMs enforce predictable and
stable application behavior, proving especially useful in managing navigation flows, handling
asynchronous operations, and structuring complex logic. Within mobile applications, FSMs excel
at optimizing scenarios driven by external and internal events, such as user authentication and
server requests, where precise state control is essential.

A major advantage of FSMs is their ability to impose a well-defined structure on application
control logic, minimizing errors and simplifying state tracking. This structure enhances
testability, allowing developers to independently assess each state and transition and
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proactively identify potential issues. Furthermore, FSMs contribute to performance optimization
by streamlining transitions and reducing unnecessary computations, a critical consideration for
cross-platform solutions where execution speed directly impacts user satisfaction.

2. Review of the literature

The concept of state is very familiar. Consider a toaster: initially, the toaster is in the off state;
when you push the lever down, a transition is made to the on state and the heating elements are
turned on; finally, when the timer expires, a transition is made back to the off state and the
heating elements are turned off.

A finite state machine (FSM) consists of a set of states s; and a set of transitions between
pairs of states s;, sj . A transition is labeled condition/action: a condition that causes the
transition to be taken and an action that is performed when the transition is taken. FSMs can be
displayed as a state diagram Fig.1.

Figure 1: State diagram

A state is denoted by a circle labeled with the name of the state. States are given short names
to save space and their full names are given in a box next to the state diagram. The incoming
arrow denotes the initial state. A transition is shown as an arrow from the source state to the
target state. The arrow is labeled with the condition and the action of the transition. The action
is not continuing; for example, the action turn left means set the motors so that the robot turns
to the left, but the transition to the next state is taken without waiting for the robot to reach a
specific position [1].

React Native is an open source framework for building Android and iOS applications using
React and the app platform’s native capabilities. With React Native, you use JavaScript to access
your platform’s APIs as well as to describe the appearance and behavior of your Ul using React
components: bundles of reusable, nestable code [2].

Unlike hybrid frameworks that run within a web view, React Native compiles to native
components, providing applications with a look and feel similar to those built with platform-
specific languages like Swift for i0S or Kotlin for Android.

However, managing complex user flows in React Native can be challenging due to platform-
specific differences, which impact component behavior, navigation patterns, and resource
management. These differences often require additional logic to handle varied platform
responses, such as asynchronous tasks, permission handling, and native animations, which can
lead to increased complexity and potential inconsistencies in user experience. Addressing these
challenges effectively requires a structured approach to state management, particularly when
handling intricate navigation and interactive flows across platforms.

Finite State Machines (FSMs) offer an effective solution for such state management challenges
by enforcing a strict and predictable sequence of states and transitions. In scenarios involving
complex workflows—like multi-step forms, authentication flows, or dynamic content
rendering—FSMs provide developers with a clear framework for defining each state and its
permissible transitions. This structure mitigates the unpredictability that can arise from
asynchronous tasks or varying platform behavior, helping to ensure consistent responses to user
actions across i0S and Android.

By using FSMs within React Native applications, developers gain the ability to encapsulate
complex user interactions in a way that is both testable and maintainable. Each state transition
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is explicitly defined, which reduces the likelihood of unintended behaviors and facilitates
debugging. In cross-platform environments where maintaining uniformity is essential, FSMs
provide a reliable approach for handling intricate application states, enhancing both the
predictability and resilience of mobile applications.

3. Experiments

In this experiment, the basic authentication screen will be implemented with advanced,
specialized library called Xstate and then will be compared with default React Native
implementation.

XState is a state management and orchestration solution for Javascript and Typescript apps.
It uses event-driven programming, state machines, statecharts, and the actor model to handle
complex logic in predictable, robust, and visual ways. XState provides a powerful and flexible
way to manage application and workflow state by allowing developers to model logic as actors
and state machines. It integrates well with React, Vue, Svelte, and other frameworks and can be
used in frontend, backend, or wherever Javascript runs [3].

XState enhances the clarity and robustness of state management through its advanced syntax,
which allows developers to encapsulate and manage state logic directly within the machine
configuration. XState’s internal context functions as a dedicated data store, managing state-
specific information such as validation flags, input values, and error messages. This
encapsulation minimizes reliance on external state management solutions, consolidating all
relevant logic and data within a single, cohesive unit.

4. Results

To evaluate the performance of both the React Native default implementation and XState
implementations, we used three key metrics: the React Native Ul thread, the ]S thread, and FPS
drop. The Ul and |JS thread metrics measure the responsiveness of the application by tracking
frame rates on each thread, with higher values indicating smoother performance. FPS drop, on
the other hand, reflects any decrease in frames per second during interactions, with lower values
indicating fewer disruptions in user experience. These metrics provide a comprehensive view of
each implementation’s ability to handle complex interactions smoothly.

Based on Table 1 metrics, XState demonstrates superior performance across multiple
dimensions. In the XState implementation, both the Ul and ]S threads maintain a steady average
of 60 frames per second (FPS). This consistent performance indicates that XState efficiently
handles state transitions and user interactions without overloading either thread. The minimal
FPS drop (2-3) further suggests that XState is capable of processing complex interaction patterns
smoothly, keeping the application responsive and ensuring a seamless user experience even
under heavy usage conditions. This level of stability is crucial in maintaining an interactive flow,
especially on an authentication screen where real-time validation and feedback are essential.

In contrast, the React Native default implementation shows performance limitations, with the
Ul thread averaging 55 FPS and the JS thread at 50 FPS. This reduction in frame rates suggests
that it introduces more load on the system, potentially due to less optimized transition handling
or higher overhead in managing state changes. The FPS drop is also significantly higher, ranging
from 10 to 12 FPS during intensive interactions. This larger drop indicates that default
implementation experiences performance bottlenecks under complex user actions, resulting in
occasional stutters and a less fluid experience. Such delays can negatively impact user
perception, especially in scenarios where users expect immediate feedback, such as entering
login credentials.

In summary, XState’s structured approach and optimized handling of state transitions
provide a clear advantage in terms of performance, maintaining high frame rates on both Ul and
JS threads and minimizing FPS drops.

121



Table 1
Performance metrics

Metrics XState React Native default
implementation
Ul Thread 60 55
JS Thread 60 50
FPS Drop 2-3 10-12

5. Conclusion

This study demonstrates the effectiveness of using finite state machines to manage complex
interactions within mobile applications, particularly in cross-platform frameworks like React
Native. By implementing an authentication screen in two variants — React Native default
implementation and the XState library—we explored the performance, maintainability, and user
experience benefits of each approach.

The XState implementation proved to be superior in terms of performance, with consistently
high frame rates and minimal FPS drops, ensuring a smooth and responsive experience. Its
advanced abstractions, such as context handling, hierarchical state management, and visual state
charts, make it especially well-suited for applications with intricate interaction flows. The ability
to visualize state charts not only aids in understanding and debugging complex workflows but
also facilitates collaboration among team members and provides a form of living documentation
as the application evolves.

React Native default implementation, demonstrated some limitations in handling resource-
intensive transitions and maintaining consistent frame rates under heavy user interactions.
Although it offers basic state management, the overhead associated with managing states
manually makes it less suitable for highly interactive or complex forms, especially when
compared to the modular and declarative approach offered by XState.

In conclusion, XState is a powerful tool for managing complex forms and dynamic interactions
across various applications. Its structured approach to state management makes it versatile
enough for a wide range of use cases, including multi-step forms, onboarding flows,
authentication processes, and any scenario requiring predictable state transitions. The library’s
modular design allows developers to maintain a clean codebase, improve performance, and
enhance user experience. As mobile applications continue to grow in complexity, adopting a
well-defined state management solution like XState can play a critical role in building robust,
scalable, and maintainable applications.

Future work could explore extending this approach to more intricate applications involving
real-time updates, multi-user collaboration, or machine learning-driven interactions.
Furthermore, the potential for combining XState with other tools in the React Native ecosystem,
such as gesture handlers and animations, opens up possibilities for crafting highly interactive
and intuitive user experiences.
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Abstract

The article examines methods and tools for transforming styling for web resources. In modern web
development, ensuring adaptive and correct display of web resources across different devices and
browsers is one of the key requirements. One important aspect of this process is automating the
conversion of styles to ensure compatibility with various platforms and optimize the user experience.
The article discusses the main methods and tools used for automated CSS style transformation, as well
as proposes an algorithm that effectively adapts styles for different browsers and devices. The
development of such software tools contributes significantly to improving web development efficiency
by reducing adaptation time and enhancing the quality of the final products.

Keywords

styling, internet resources, responsive design, automation, web development

1. Introduction

Modern web resources require constant adaptation and optimization to ensure an effective user
experience. One of the main aspects of this adaptation is the correct display of styles across
various devices, browsers, and operating systems. In this context, styling conversion for internet
resources becomes an important stage in the web development process.

Website development often requires substantial time for design and color palette selection.
Clients frequently lack a clear vision of the final site’s appearance. The primary task of the
designer is to meet the client’s expectations, taking all details into account to create a quality
product [1-2]. Preparing and formatting text materials for electronic publications differs from
preparing printed versions. It's essential to consider the specifics of reading on a screen,
including font choice, line spacing, and overall page composition.

2. Goal and objectives of the article

Developing software that automates this process can significantly reduce the time spent on
manual style editing and make developers' work easier. The purpose of this study is to develop
a software tool that automates the process of style configuration for web resources.

To ensure user comfort on a website, it is necessary to utilize all the advantages of the
electronic format, such as using color in the design of text blocks and providing options for image
enlargement. The presence of hyperlinks and relevant tooltips is also an important component.
Working with color is one of the key aspects of the design process. The choice of color scheme
should be based on the fundamental principles of color theory, taking into account the symbolic
meanings and the impact of colors on user perception. Therefore, the purpose of this study is to
create software that helps develop styling designs for internet resources.
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The main tasks are:

e Researching modern tools for style adaptation.

e Developing algorithms for automatic style transformation.

e Creating a user interface for configuring the style transformation process.
e Evaluating the effectiveness of the proposed software solution.

3. Selection of Graphic Formats for Web Resources

Overview of Modern Automation Tools. Modern tools such as Shopify, Contao, Wix, Webflow, and
others facilitate web resource development by providing functionality for creating HTML code
and configuring CSS. However, these tools have certain limitations, especially in terms of artistic
design, which may require detailed knowledge of color theory and typography. To improve
efficiency, new software solutions can offer greater flexibility in style adaptation, combining
aesthetic appeal and technical compliance. For example, additional components in Cogear CMS
and Contao provide specific features [3-4], but their functionality may be complex for beginners.
Popular formats like GIF, JPEG, and PNG are standards for web graphics due to their properties:
support for transparency, compression, animation, and progressive loading. PNG offers higher
quality but has larger file sizes.

The main properties of graphic files important for use in the internet environment include
the following:

1. Transparency: Allows images to vary in opacity, ranging from fully visible to fully
transparent.

2. Compression: Reduces the size of graphic files by applying algorithms that decrease file
size by processing pixels as a single group.

3. Interlacing: Enables preloading of images by displaying alternating rows, starting with
odd rows, followed by even rows, allowing for a quicker overall visual impression.

4. Animation: Creates the illusion of movement through a series of sequential frames. For
example, animated GIF files do not require additional browser plugins and can work on
many devices.

5. Progressive Loading: Similar to interlacing, it displays an image in stages, initially loading
a low-resolution version, followed by progressively higher-quality versions.

For web graphics, the most widely used formats are GIF and JPEG. Their multifunctional
capabilities, such as high compression while maintaining sufficient quality for web pages, have
established them as standards in the field of web images. The PNG format, available in two
versions (PNG-8 and PNG-24), is also supported by browsers, but its prevalence on web
resources is lower compared to GIF and JPEG (see Table 1).

Attitudes toward presenting web content are evolving, with new data formats and
development tools emerging to support them. However, older formats (such as GIF and JPEG for
graphics) remain quite popular. As shown in Table 1, they are supported by nearly all browsers,
and most developers have extensive experience with them. It is important to use the correct
format for specific purposes to balance image quality and file size. For example, one image in GIF
format may take up more space and produce a lower quality result than in JPEG format, while
for another image, the opposite may be true. However, for presenting raster images, PNG has
become a better option [5].

New automation tools simplify the creation, management, and configuration of content,
especially when it comes to color schemes and fonts, which are typically defined through CSS.
Tools like Cogear, ImageCMS, and ReloadCMS offer powerful features for both large and small
projects but require specific skills for artistic design according to modern design standards [6].
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Table 4
Support for Image Formats in Different Browsers

Browser JPEG GIF PNG SWG PDF BMP

Chrome + + + part + +
Chromiun + + part +

Mozilla + + + part - -
Mozilla Firefox + + + part + +
Opera + + + part + +
Safari + + + part + +
Internet Explorer + + + part - +

Color selection and typography are critical to web design. The use of colors, such as
complementary or triadic schemes, helps create a harmonious impression. Typography also
plays an important role in ensuring readability and aligning with the website's theme.
Automated algorithms can adjust fonts and colors according to the content.

4. Automating Design with Software

4.1. Title information

As part of the research, software with an intuitive graphical interface was developed, allowing
users to easily customize website designs. With this tool, designers can quickly and efficiently
change the style of web resources, creating harmonious visual solutions. The software supports
choosing between dark and light themes, using a triadic color scheme based on the principles of
the Itten color wheel. The main user page (see Fig. 1) can be divided into a workspace block and
a user preview block.

A crucial stage is creating a software solution that automates the style transformation process
for online resources. For this, an algorithm will be developed to analyze original CSS files, detect
potential compatibility issues, and automatically generate necessary changes.

Figure 1: Main user Page.

Software for automating web design simplifies the work of designers by allowing them to
quickly create visually consistent solutions. Using artificial intelligence and machine learning,
programs can automatically suggest color and typography schemes that match the website's
goals. The program supports theme selection (dark/light) based on the triadic color scheme of
Itten, providing users with flexible configuration options (Fig. 2).

For the correct functioning of the software tool, the input HTML document should not have
explicitly defined styles. It is also necessary for the HTML document to adhere strictly to the
HTML 5 language standards for styling.
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a. b. C.

Figure 2: Selected styles. a. - Selected colors, b. - Dark scheme, c. — Light scheme

To test the functional capabilities of the software tool, its performance was tested on various
HTML pages. It was found that changing accent colors according to Itten's color schemes
significantly affects the visual perception of a website, creating the necessary accents and mood.
The research showed that the developed color schemes are universal and can be successfully
applied to a wide range of websites with diverse content and target audiences.

5. Conclusions

Currently, the visual perception of information on the internet is directly influenced by the color
design and typography. With well-chosen colors, it is possible to highlight key elements or hide
less important information. Color and typography on web pages can be set using HTML
(Hypertext Markup Language), specifically by forming the necessary CSS style sheet. While there
are many software tools available for creating such style sheets, they lack the ability for artistic
website design based on modern color theory.

Itten's color wheel demonstrates the most successful color combinations. Color schemes
combining colors were examined, and a triadic color model was selected. This model provides
more options for designing and highlighting key elements on a web page. Automating the style
transformation process is an important step in simplifying the work of web developers and
improving the efficiency of web resource development. The development of such tools has great
potential for further improvement and integration with other web development technologies.
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Abstract

Redisisa widely utilised database management system for various high-performance web applications,
analytical tools, and data processing systems. Data caching is one of the principal methods to enhance
the performance of such high-loaded systems. This paper analyses the existing approaches to cached
data managementin Redis, highlighting several common limitations associated with large and complex
data structures, such as hashes, sets, lists, etc. It also outlines different data access patterns and the
need to apply different caching strategies. The paper proposes the use of adaptive caching algorithms
that take into account the data access patterns in other parts of complex structures to implement these
strategies.

Kiro4oBi cjioBa
Anroputmu KemyBaHH#, Redis, LRU, LFU, TTL

1. Bctyn

Y cydacHoMy CcBiTi iHpopMamiHHUX TEXHOJIOTiH, Jle 06CArM JaHUX IOCTIHHO 3POCTAIOTH,
3’BJISAIOTHCS HOBi BUKJMKH 100 edpeKTHBHOI 060po6KMU Ta 36epiranHsa iHpopmauii. Benuki
06CcAry JaHMX BUMAaralwThb BiJj pO3p0OOHHUKIB IPOrpaMHUX CUCTeM Ta 6a3 JaHUX 3abe3MeyeHHs
WBUAKOTO AoCTyny Ao iHdopmauii, MiHimizauii 3aTpuMoOK Ta omTHUMaJibHe BUKOPHUCTAHHS
pecypcis.

OAHUM 3 KJIIOYOBUX MeTO/iB onTHUMi3alil po60TH iHpopMaLiiHUX CUCTEM € KeLIyBaHHS, SIKe
Jl03BOJISIE 3HU3UTH HaBaHTaXXEHHSI HA OCHOBHY 6a3y JJaHUX, IPUCKOPUTHU 0OPOOKY 3alMUTIB Ta
3MEHIIUTH Yac BiJI'YKy CUCTeMH. 3aBAsKH bOMY JAaHUH MiJXiJ IIMPOKO BUKOPUCTOBYETHCS Y
BUCOKOHAaBaHTaXXEHUX Be6-A0/jaTKax, CHCTEMax aHAIITUKU Ta 00pOOKHU JJaHUX, 1 y 6araTbox
iHLIKX ranyssx, a A5 3abe3nedeHHs KelllyBaHHS [IUPOKO BUKOPUCTOBY€EThCA Redis [1].

MeTol0 po60TH € JOCIiI)KEHHS MexaHi3MiB ynpaB/iHHS KelloBaHUMHU AaHuMu y Redis, 1m0
BIJIMBAIOTh Ha eQeKTUBHICTb BUKOPUCTAHHSA aM'sITi Ta MIBUAKO/iI0 CUCTEMH.

2. O6brpyHTYBaHHA BMbOPY 3ac06iB KewlyBaHHA

AHasnisywoun cydacHi Ta momyJisApHi in-memory 6a3d JlaHUX, 10 3a0e3MedyloTh IIBHIAKUN
JOCTyH [0 JAaHUX Ta CTabiJibHy poOOTy CUCTeM MijJi 3HAaYHUM HaBaHTaXeHHsAM [2], A
JociipkeHHs1 6yJsio o6paHo Redis sik OCHOBHMU iHCTpyMeHT JJisl KellyBaHHs. Lle 3yMoBJieHO
MOro BUCOKOIO IIBU/KOJI€I0 Ta BUKOPUCTAHHSM ONepaTUBHOI MaM'ATi JiJis1 36epiraHHs JaHUX,
110 3a6e3nevyye MiHiMaJIbHY 3aTPUMKY IPH 00po611i 3anuTiB. Redis € izeasibHUM pillleHHAM AJ1s
3aCTOCYHKIB i3 KPUTUYHHMMM BHMOraMH [JO LIBUAKOCTI 06pobku iHdopmauii [3]. OpHak,
He3Ba)Kalo4ud Ha BCi epeBary, ynpasJiiHHS CKJIaJHUMHU CTPYKTypaMu AaHux y Redis nop’s3aHe
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3 HU3KOW TpyAHOWLiB [4]. [Ipo6sieMy BUHUKAIOTD Mif, 4ac po6OTH 3 TAKUMH CTPYKTYpPaMH, SIK
Xelli, MHOXXUHHY 1 CIIMCKY, [ile OKpeMi eJleMeHTH BiIPi3HAIOTHCA 3a BaXKJIMBICTIO Ta 4aCTOTON
BUKOPHUCTAHHS. Y TaKUX BUNaJKaxX HaAMIpHe BU/IaJIeHHS BCe Lije KOPUCHUX JaHUX 200, HaBMaKH,
30epiraHHsi CcTapux eJeMeHTiB, fIKi CHOXHUBalTb pecypcd MNaM’sTi, MOXe HeraTUBHO
MMO3HAYUTHUCA Ha MNPOAYKTHUBHOCTI cucTeMU. lle npu3BOAUTHL [0 3HWXKEHHA 3arajibHOIl
NPOAYKTHUBHOCTI 4yepe3 HeoOXiJHICTb BiATBOpHOBaTH ab0 3aBaHTAXKyBaTH JaHi MOBTOPHO.
BoaHouac 36epiranHs 3actapisoi iHpopmariii npu3BOAUTH /10 HEPALiOHAJBHOTO BUKOPUCTAHHSA
naM’siTi Ta 3HWKY€E ePpeKTUBHICTb KellyBaHHS.

OcHOBHOW0 NpPO6JIEMOI0 B KOHTEKCTI CKJIaJHUX CTPYKTYpP JAHUX € BiZICYTHICTb IHYYKHX
MexaHi3MiB yIpaBJliHHSI Ha PiBHI OKpeMHX eJIeMEeHTIB ycepeAuHi Lux cTpyKTyp. Lle o6Mexye
MOXJIMBICTh onTuUMi3aLii po60OTH HaJ BEJMKHUMHU 00’€KTaMH, SIKi MOXKYTb MICTUTH SIK pigka
BUKOPHCTOBYBAHI, TaK i 4aCTO 3allUTYBaHI eJIeMEHTH.

3. AHani3 icHyloumMX nigxoais Ao ynpaBaiHHA agaHumu B Redis

Y cy4dacHUX cUCTeMax yIpaBJiHHA KeWOBaHMMM [aHUMHM KJIKYOBY pOJb BifirparmTb
aJITOPUTMU BUJjQJIEHHS] Ta OHOBJIEHHS JaHuX. Redis, ik ofHa 3 HaWNOMyJsAPHIIIMX CUCTEM
KelllyBaHHS, peasi3ye JeKijJbKa nigxoaiB ajas ynpasiiHHa ganumu: TTL, LRU Ta LFU. OgHak,
KOXXeH i3 Iux MeToJiB Mae CBOi 0OMeXeHHsI MPU PoO6OTi 3i CKJIaAHUMH CTPYKTypaMH, L0
BIJIMBAa€ Ha epEeKTHUBHICTb Ta NPOAYKTUBHICTb CUCTEMH.

TTL € cTaHJapTHUM MeXaHi3MOM KepyBaHHsSI TepMiHOM >XUTTs JaHux y Redis [5]. Bin
Jl03BOJISIE IPU3HAYaTHU EBHUM TEPMiH iCHYBaHHA KOXXHOMY KJIKOYY, MiCJd 3aKiHUEHHA AKOro
JlaHi aBTOMaTHUYHO BUJAIAIOTHCA 3 Kelly. lle 3a6e3meyye KOHTPOJIb HaJl CBIXKICTIO JAaHUX Ta
aBTOMaTH4YHe OYMULIEHHS Kelly BiJ 3acTapiiux 3anucis. [IpoTe, y BUIaIKy BEJIUKUX CTPYKTYP
TTL 3acToCOBYEThCS A0 BCbOro 06’ekTa. lle 03Havae, 10 mic/is 3aBeplIeHHSI TEPMiHY XKUTTS
BUJAJIAETBHCA BCA CTPYKTYPA, HAaBITh AKI0 YaCTHHA €JIEMEHTIB yce Liie aKkTya/lbHa. B pesynbTaTi
BUHUKAE Npob6sjeMa HaAMIpHOro BHUJAAJEHHSI KOPUCHUX JaHUX. BizcyTHicTb rHy4ykoro
ynpasJsiinHsl TTL Ha piBHI OKpeMHUX eJIeMeHTIB Y BEJIMKHUX CTPYKTypax 0OMeKye MOXKJIUBOCTI
ajanTayii CMCTeMHU 0 Pi3HUX PiBHIB BXK/IMBOCTI Ta YaCTOTHU BUKOPUCTAHHSA JaHUX.

Anroputm LRU Bupasisie HalijaBHillle BUKOPHUCTAHI eJIeMeHTH, 00 3BiJILHUTH MicIe i
HOBi AaHi [6]. Lle mo3BoJisi€ 36epiraTu y Kelli Hal4yacTilie BUKOPUCTOBYBaHi eieMeHTH. OIHAK,
MpH po6oTi 3i ckIagHUMU CTpyKTypaMu Redis He 3aBK/1 KOPEKTHO BU3HAYAE, K eJIeMeHTH
NOTPiOGHO BUAAMATH. Y BUNIAJIKaX, KOJIU JAesIKi eJIeMEeHTH Y CTPYKTYPi BUKOPUCTOBYIOThCS PiJiKO,
aJsie 3aJIMLIAIOTHCA BaxkJIMBUMH, LRU Moe BUZANINUTH iX, 110 NTPU3BOLUTH 40 BTPATU KPUTHUYHO
BaXJIMBUX [JaHUX | 3HMKeHHS eQpeKTHUBHOCTI KellyBaHHs. BizcyTHicTb po3mexyBaHHS
BAXKJIMBOCTI eJIEMEHTIB Y BEJIMKUX CTPYKTYpaxX POoOUTbH Liel airOpUTM MeHIl epeKTUBHUM [
CKJIQJTHUX BUNAJKIB.

LFU opieHTY€eTbCS HAa 4aCTOTY BUKOPUCTAHHS JaHUX | BUAAJISIE HAUMEHII YacTO 3alMTyBaHi
esieMeHTH [6]. BiH 6isbm edeKTUBHUM [Jis1 clieHapiiB, [le YacToTa BUKOPHUCTAHHSA €
BAXKJIMBIIIUM KpUTepieM, Hi>K 4ac ocTaHHbOro goctyny. [I[pote LFU Tako Ma€ cBOi 06MexeHHs
npu po6oTi 31 CKIaHUMU CTPYKTYpPaMH, TOMY 110 BiH He BPaXOBYE 3B’SI3KH MK eJleMEHTaMHU y
CTPYKTYypax, 10 MOe NPU3BOLUTH [0 BULAJIEHHA BAXKJIUBUX JaHUX, AKILO BOHU 3alIUTYIOThCA
He4acTo, ajle € KpUTUYHUMHU [JiJis nporpamu. Kpim Toro, njeé anroputm norpebye J0AaTKOBUX
pecypciB /15 BiICTeXKeHHA 4aCTOTH BUKOPUCTAHHS, 1110 YCKJIaHIOE KOT0 peasi3alilo Ta 3HUXKYE
NPOAYKTUBHICTb IPU BUCOKUX HAaBAHTAXKEHHSAX.

IcHytoui mifxou ynpaBiiHHs KewieM y Redis MaloTh KisibKa cnisibHUX 06MeXXeHb, 30KpeMa:

e HeedeKTUBHE BUKOpPUCTAHHSA mam’siTi npu 3actocyBaHHi TTL [0 BeqHMKHUX CTPYKTYp
JlaHux. Becb 06’€KT BUAAISETHCA Mic/as 3aKiHYEHHS1 TEPMiHY KUTTS, He3aJEXHO Bif
aKTUBHOCTi OKpEMHUX eJIEMEHTIB, 1[0 NTPU3BOAUTD 0 IepEBUTPATU ONlepaTUBHOI MaM ' ATi
Ta HEOOXiHOCTI NOBTOPHOr0 CTBOPEHHS KELIOBaHUX JAHUX;
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e  BIiJCYTHICTb MOXJMBOCTI THy4Ykoro ynpasijiHHa TTL Ha piBHI OKpeMUX e/JleMeHTIB y
BEJINKUX CTPYKTYPaX, 10 0OMEXKYE aJaTHUBHICTb CUCTEMU 0 Pi3HUX PiBHIB BaXKJIUBOCTI
Ta YaCTOTH BHUKOPUCTAHHA AaHUX. lle He [L03BOJIAE KOPEKTHO BUAAIATH 3acTapiji
€JIeMEeHTH 3 BeJIUKUX CTPYKTYP, AKI MOXKYTb MaTH Pi3HY BOXKJ/IUBICTh;

e DIiIKO BUKOPHUCTOBYBaHi eJleMEHTHU y BEeJHUKHUX CTPYKTypax MpPOJLOBXKYIOTb 3alMaTHh
naM’iTh HaBiTh MiC/I51 TOTO, SIK iX BUKOPUCTAHHS CTA€ HEAKTya/IbHUM.

B Tabsinuni 1 HaBeJeHO pe3yibTaTH NopiBHAHHA aaroputmiB LRU ta LFU.

Tao6unga 5
[lopiBHsBHA TabsMus anroputMiB LRU Ta LFU

[TapameTp LRU LFU

KpuTepii Yac ocTaHHBOIO AOCTYNY [0 KJr04a YacroTa focTyny Lo Kar4a
BU/AJIEHHSA

[lepeBaru [IpocToTa peaJsisanii 36epirae HalnonyasApHiwi Ka04i
Heponiku Moxe BUAAISATH 4acTO [ToBisibHA aganTaniqa 40 3MiH y
BHUKOPHCTOBYBAHI, a/jie HEL0aBHO MONYJIAPHOCTI
HEaKTUBHI KJII0Yi
[ligxoauTs g4 JVMHaMiYHUX aTepHIB JOCTYyIy CTabinbHUX MaTepHIB JOCTyIy

JlaHi XxapaKTepHUCTHKH BKa3yOTh Ha Te, 10 BUOip Mixk LFU Ta LRU 3aneXuTh BiJy KOHKpeTHOI
cUCTeMHU Ta BUMOT [0 KewlyBaHHs. LRU € 6inbil epeKTUBHUM y cHcTeMax 3 AUHAMiUYHUMHU
naTepHaMu AOCTYIY, e aKTyaJbHICTb JaHUX 3MIiHIOETbCA WBUAKO. LFU, HaBmaky, nigxoauTte
JUIS1 CUCTeM 3i CTabiJIbHOI MOMYJISIPHICTIO JAHUX, Jle NeBHI KJII04Yi MOCTiHHO KOPUCTYIOThCS
nonuToM. Pi3Hi maTepHU JOCTYNY [10 JAHUX MOXKYTh BIVIMBATH Ha epeKTUBHICTb KOXKHOI'0 3 LIUX
aJITOPUTMIB, TOMY BHUGIp aJirOPUTMYy YNpaB/iHHS KelleM NOBHHEH 6a3yBaTHCs Ha aHauisi
[OBE/IiIHKM KOPUCTYBAUiB Ta XapaKTepy JaHUX Y CUCTEMI.

3arajioM, BUKOPUCTAHHSl CTaHAAPTHUX MeXaHi3MiB ympaB/iHHS KelleM npu po6oTi 3i
CKJIQJHUMU CTPYKTYPaMHU JaHUX MOe IPU3BECTHU 0 HACTYIIHUX HEraTUBHUX HACAiAKIB:

e cTapiTa HeaKTyaJlbHi JaHi MOXYTb 3a/IMLIATUCS B IaM 'SITi Ta 3aiiMaTH Miclie, sike MOTrJI0
6 6yTH BUKOpUCTaHe [iJis 36epiraHHs aKTyasnibHOI iHopManii;

e yacTe BHUJAJIeHHS Ta MOBTOPHE CTBOPEHHS BEJIUKUX CTPYKTYpP JaHUX 36ijblLIye
HaBaHTAKEeHHS HA CHUCTEMY Ta NPU3BOAHUTH /10 30i/IbIlIeHHS Yacy BiANOBiAj;

e BUJAJEHHA aKTyaJIbHUX [JAHUX 4Yepe3 HeLOCKOHA/IICThb MOJITUK BUTICHEHHA MOXe
MPU3BECTH [0 HEKOHCUCTEHTHOCTI JJaHMX Ta HEraTUBHO BIVIMHYTH Ha KOPUCTYBALbKUI
JOCBIZ.

[Ipu 3pocTaHHi 06cATiB JaHHUX Ta KIJIBKOCTI KOpUCTyBayiB OOMeeHHs mnam’siTi Ta
HeJ0CTAaTHS THYYKiCTh NOJIITHK BUTICHEHHS CTAKTh GBI NOMITHUMY, 1[0 MOXKE 0OMEXKUTHU
MOJIMBOCTI CUCTEM.

OpgHuM i3 mepcneKTUBHUX HaNpsIMKIB € po3pobka AuvHaMiyHux MexadismiB TTL, ski
JO03BOJIAATb KOHTPOJIFOBATH YacC )KUTTA JAaHUX Ha PiBHI OKpeMUX eJIeMeHTiB CKJIaJHUX CTPYKTYD,
BPaxOBYIOYHU IXHIO aKTUBHICTb Ta BXKJIUBICTh.

Kpim Toro, cydacHi focnifpxeHHs OpiEHTYIOThCA Ha CTBOPEHHS aJITOPUTMIB, 110 NOEJHYIOTh
moxauBocTi LRU ta LFU, ase mMaroTh nokpaljeHy rHy4YKiCTb i 3J4aTHICTb afalTyBaTUCA [0
3MIHHUX YyMOB po60TH cucteMu [7]. Takuil migxif [03BoJISIE Kpalle ynpaBJ/sTH MaM 'SITTIO,
36epiraroyd 4acTO 3aNUTYyBaHi [JaHi Ta CBOEYACHO BHUJAISAIYUA PiJKO BHUKOPHUCTOBYBaHI
€JIeMEeHTH, 3HWXKYIOUU 3arajibHy 3aTPUMKY JOCTYNY [0 KEIIOBAHUX JaHUX.

[lepcrieKTUBY PO3BUTKY MOJATAOTh Yy BIPOB3aJKEHHI KOMOGIHOBaHMX aJITrOPUTMIB, fKi
aBTOMAaTHUYHO MiJIalITOBYIOTHCS i/l NOTOYHE HABAaHTAXXEHHS Ta 06csAr KeuoBaHoi iHpopmanii
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[8]- lopasblia iHTerpanis Takux alaiTUBHUX aJICOPUTMIB y Kellyrodi cucteMu, 30kpeMa Redis,
Jl03BOJIUTL edeKTHUBHIille BUpIllyBaTH Npo6JeMH MaclITabyBaHHSI KeIIOBaHUX [JAaHUX,
NiBULIYBAaTH MPOAYKTUBHICTL Ta 3a6e3medyBaTH BUCOKY LIBUAKICTb AOCTYNy A0 JaHUX y
CHUCTeMax i3 BACOKUM HaBaHTXKEHHAM.

OfHMM i3 BaKJMBUX HANpPAMKIB y Cy4aCHUX [JOCHI[PKEHHAX € aJalTUBHI aJrOPUTMH
KellyBaHHS, AKi 3/JaTHI IPUCTOCOBYBAaTUCH [0 JUHAMIYHUX NATEPHIB JOCTYIY 0 JaHHUX.

4. BUCHOBKMU

HepockoHanicTe CTaHZApPTHUX MiAXOLIB TAKOX NPOABJAETBCA Y HEMOMXJIWBOCTI TOHKOIO
Ha/lalITyBaHHS MiJ, KOHKpeTHi moTpebu JoaarkiB. CTaHAapTHI HOJITUKM BUTICHEHHS He
BPaxoOBYIOTb 0COOJIMBOCTI AOCTYIY [10 AAHUX Y Pi3HUX YACTHHAX CKJIALHUX CTPYKTYD. Lle Moxe
00MeXUTH ePeKTUBHICTb KeLIyBaHHsI Ta NPU3BECTH [0 HepalioHaJbHOTO BUKOPHUCTaHHS
pecypcis.

Takum ynHOM, ctavgapTHi niaxoau TTL, LRU Ta LFU MaroTh cyTTEBI HEZ0J1iKK TP PO6OTI 3i
CKJIQJHUMHU CTPYKTYpaMHU [AAaHUX Y BUCOKONPOLYKTUBHUX cuhcTeMax. [l NOJOJIaHHA LUX
npo6sieM HeobXiAHO po3pOOUTH Oi/bLI THYUKI Ta afanTUBHI MexaHi3MU ynpaBJ/iiHHA KelleM, sKi
BpaxoByIOThb chnenudiky ckJaJHUX CTPYKTYp [AaHUX Ta XxapakTep [JOCTyNy [0 HHUX,
3abe3mneyyr4u epeKTUBHE BUKOPUCTAHHS PecypciB Ta BUCOKY NIPOAYKTUBHICTb CUCTEMU, 110 €
HalPAMKOM NOAAJIBIIUX JOCAiAKEeHb.
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EkcnepumeHTanbHe MopiBHAHHA JliHiMHOro Ta HeniHiltHOro
SVM-knacuoikatopis

Karepuna lopimnsal* ra Bosogumup Ko63es!t
1 Xapkiscokull HayioHabHull yHisepcumem padioenekmpoHiku, np. Hayku, 14, m. Xapkis, 61166, Ykpaina

AHoTanisa

Y ui#i po6oTi mpoBeZieHO eKCMepUMeEHTaJIbHe MOpPiBHAHHS JIiHIHHOrO Ta HeJsiiHiHHOrO MeToJiB
onopHUx BeKTOpiB (SVM) ass kiacudikanii faHUX i3 HesiHIHHUMHU MexXaMu. Jloc/iKeHHS BUKOHAHO
Ha Habopi AaHux make_circles i3 BukopucTaHHsAM pi3HUX TUMNIB fJep. Pe3yabTaTH eMOHCTPYIOTh
3HayHy IepeBary HeJIiHIHHUX fep HaJ JiHIMHUM y 3ajjayax i3 CKJAJHHMU DPO3/iJI0BaJbHUMU
MexxaMd. OTpuMaHi pe3yJbTaTH MiJKPeC/JITh BaXKJIWBICTb NpaBUJIBHOTO BUGOpPY fAjpa s
3abe3nevyeHHs MakcUMasibHOI edekTUBHOCTI SVM-k1acudikauii.

Kiwo4oBi ci1ioBa
kJacudikariisi, MeTo 1 OIOPHUX BEKTOPIB, JIiHiHHe AP0, HeJliHilHe A1po, make_circles, MeanyHi gaHi

1. Bctyn

06pobKa HasABHUX pe3yJbTaTiB MeAUYHUX AOCTiKeHb 3a AomoMoroi MeroaiB Big Data
Jl03BOJISIE BUSIBJISITH 3aKOHOMIPHOCTI, sIKi OB’s13aHi 3 nepe6irom 3axBopioBaHs [1]. Lli MmeToau
Jlal0Thb MOXKJ/IMBICTb aHa/li3yBaTH BesiM4ye3Hi o6csaru iHpopmaliii, 1110 yTBOPWOITHCA BHACIIA0K
cy4acHUX ToMorpadidyHUxX JocaiaKeHb. Pe3ysibTaToM TakuX AOCTi[P)KEHb € HA60pU 300 paKeHb,
AKI MOXYTb MICTUTH O3HAKU 3aXBOPHOBAHb Pi3HOrO CTYIEHA TAXKKOCTI.

TomorpadiuHi 306pakeHHsI € OCHOBOIO JJIsi aHaJi3y KiJIbKOCTi, po3MipiB, po3TallyBaHHS
KJIITUH 1 ix iHWMX xapakTepucTuk. Kinacudikauis Takux 3006pakeHb 3a QopMajbHUMH
npaBWJaMH Ja€ MeJUYHOMY IepcoHany 06a3y [Jisl [AiarHOCTUKM BaXKKHUX 3aXBOPIOBaHb,
BU3HAYeHHs1 CTaAil pPO3BUTKYy XBOPOOM Ta MiATOTOBKM [0 BHUOOPY MeETOIB JIiKyBaHHSI.
AKTyasIbHICTD CTAaTUCTUYHOrO aHajidy Takoi iH¢opMalili MNOsSCHIOETbCS HACTYNHUMH
MOMEHTaMH.

1. OHKOJIOTIYHI 3aXBOPIOBaHHSA € OJHI€I0 3 TOJIOBHUX IPUYMH CMEPTHOCTI JIIOJEN Y CBITI.

2. /Jlani, moB'i3aHi 3 OHKOJIOTIYHMMHM 3axXBOPIOBAHHSIMH, MAalTh BEJUKHH 06CAT
iHpopmaLii, BUKOpHUCTaHHS MeTO/iB BHUSBJEHHSI 3aKOHOMIPHOCTEH B SIKUX MOXe
JOIIOMOI'TH y BU3HAYEHH] XapaKTepHUX 03HAK, 1[0 BKAa3YIOTh HA PO3BUTOK PaKYy.

3. BusBJjeHi 3akoHOMipHOCTi a6o aHOMasil AomMOMararTh OKPECJUTH XapaKTEPUCTUKU
Nali€eHTa, IKi BU3HA4Yal0Th epEeKTUBHUI MeTO/ JTiKyBaHHS.

2. MeTopa onopHUX BEKTOpIB

Juis aHaMi3y TakuX AAaHUX BaXKJIMBO BUOPATU METOJ, SIKUM He Jyinile epeKTUBHO Kacudikye
KJITUHU Ha 340poBi Ta XBopi, aje i 3abe3neyye TOYHY JIOKali3alil0 pakoBHUX KJIITHUH Ha
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300paxkeHHsX. MeTon onopHux BekTopiB (SVM) € ogHuM i3 HaledeKTUBHIIIMX [JJIsI TaKUX
3aB/jaHb, OCKIJIbKY J03BOJISIE BUSHAYMTH YiTKi MeXKi MiXK KJIaCaMU KJIITUH | BUABUTHU IPUXOBAHI
3aKOHOMIpPHOCTI B po3TallyBaHHI XBOPUX KJIITHH [2, 3].

B ocHOBi MeTOAy J1eXKUTH YsSIBJEHHS PO TiNEPIJIOIINHY, IKa PO3AiJisi€ TOUYKU (KJIITHHU) B
MpocTopi BIANOBIJHO O iX Kjaacy. Y HaWNpOCTIIIOMy BUNAJKy TilepluiolivHa BifmnoBijae
000JIOHIII OpraHy, HaBKOJIO SIKOI po3TalloBaHi KAiTUHU. OJJHAK B pea/lbHUX CHUCTEMaX KJIACH
piZiko 6yBalOTh JIiHITHO PO3AiIBHUMU. Y TaKUX BUIIa/1KaX 3aCTOCOBYIOThHCS HeMiHiMHI f4pa, Taki
sIK TMOJIiIHOMia/IbHI Ta pafiasibHi 6a3ucHi GyHKII, AKi 3a0€3MedyoTh afanTalilo A0 CKIaJHUX
dbopMm mex [4].

Jlokanizauis Ta kjaacudikanis kJiTHH Ha ToMorpadidyHUX 300parKeHHSIX I'PYHTYETHCS Ha
KIJIbKOX KJIFOUOBHX MMiJIX0/1aX, SIKi 3a6€31e4y0Th TOYHE BU3HAUYEHHS KOOPAUHAT i CTaHy KJIiTHH.
[lepuivm eTanoM € BU3HaUYEeHHS LeHTPY (cepefyuHU) IPYNH TOYOK, 1110 PeACTaB/ISIOTh KJIITHHU
Ha 306paxkeHHi. e focsAraeThCs LJISIXOM 064YHC/IEHHSI CepeHbOr0 MOJI0XKEHH S TOYOK Ha OCHOBI
ix koopauHaT. Takuil aHa i3 J03BoJISIE ileHTUIKYBaTH LeHTPaIbHE PO3TaLlyBaHHS NATOJIOr ],
10 € BAXXJIMBUM [JIs1 IOAA/BILIO] JiarHOCTUKU.

HacTynHuM KpokoM € o6Guuc/ieHHs1 pajiycy 3oHU kjacudikauii. Pagiyc BU3Ha4YaeThCs SIK
BificTaHb Bif eHTPY /10 HAUOIBII BiZlaleHUX TOYOK XMapH, AKi BiAnmoBiAawTh KaiTHHaAM. Lle
Jl03BOJISIE BCTAHOBUTU MeXi aHai30BaHOI 30HHM, B Mexax fIKOl Bif0yBaeTbcs kJacudikaris.
BukopucroBytoun SVM, @i Mexi MOXyTb aJanTUBHO pPO3IIMPIOBATUCA 3aJIEXKHO BiJ
XapaKTepUCTHUK Afpa.

Knacuodikalis To4ok BifOyBaeTbcd y 6araTOBUMipHOMY MpPOCTOpi, IO /[JA03BOJISE
BpaxoOBYBaTHU IXHI NpOCTOpPOBi KoOpAWHATH Ta iHIII BJyactuBocTi. Meton SVM cTBOpIOE
ONTUMaJIbHY MEXY MDK KJIacaMy, PO3A1JIAI0YM TOYKU Ha 3[0pOBI Ta XBOpi. ¥ BUNIAAKAX, KOJIU
pakoBi KJITMHM 3HAXOASATbCS Ha MeXi 000JIOHKM opraHy a6o BHUXOAATH 3a ii mexi, SVM
3abe3meyye TOYHICTh Kaacudikalii UIAXOM Ha/lalUTYBaHHS ILMPUHU PO3AITIOBAIbHOI CMYTH.
lle n03BOJIsIE MiHIMi3yBaTH MIOMUJIKH Ta BpaxoBYBaTH clieliiKy po3TallyBaHHS KJIITHH, 110 €
KPUTUYHO BaXKJIMBUM [IJI aHa/Ii3y PaHHIX CTaZlill OHKOJIOTIYHUX 3aXBOPIOBaHb.

3. MpoBeaeHHA eKCnepuMeHTy

Jis1 mpoBe/ieHHs1 eKcliepuMeHTy 6yJio o6paHo Habip gaHux make_circles i3 6i6sioTeku Scikit-
learn [5]. Lle# HabGip € 0co6GJMBO IIHHUM /[IJI1 TECTYBaHHSI MeTOAiB Kjaacudikarllii, OCKiIbKU
YTBOPIOE JBa KOHLEHTPHUYHI K0J1a, IKi MOAEe00Th AaHi 3i CKJIaJHUMU HeJiHINHUMU MeXXaMHu.
BuKOpUCTaHHSI TaKUX JAHUX [J03BOJISIE OLiHUTHU ePeKTUBHICTh pisHUX TUMIB sajep v SVM ais
kjaacudikanii TOYOK y MPOCTOPOBUX CTPYKTypax i3 HeTpPUBiaJIbHUMHU PO3AiTI0BAaIbHUMU
MeXaMHU.

Y paMKax eKclepuMeHTYy 6y/10 MpoTecToBaHO JiHilHe spo (Linear), mosiHoMianbHi sgpa
Jpyroro Ta TpeTboro nopszakis (Poly-2, Poly-3) Ta pagianbHe 6a3ucHe sigpo (RBF). OcHoBHUMU
MeTpUKaMH [Jisl OLiHKHU edeKTUBHOCTI kiacudikauii craau TouHictek (Precision), moBHOTa
(Recall) Ta F1-mipa (F1-score). PesysibTaTu eKcliepuMeHTy HaBeZieHi B Tabuui 1.

Ta6smua 1
PesysibTaTu eKClIEpUMEHTY

SAnpo Precision Recall F1-score
Linear 0.5372 0.55 0.5330
Poly-2 0.7138 0.68 0.6790
Poly-3 0.8297 0.78 0.7784
RBF 0.9634 0.96 0.9602

Jlinifine sigpo (Linear) npoZeMoHCcTpyBaJsio Halripii pe3yabTaTH cepe yCix IpOTeCTOBAaHUX
BapiaHTiB. Llle MOsICHIOETBCA THUM, 110 JiHiHHE A4p0 epeKTUBHO JiMIle A5 334a4 i3 JiHilHO
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pO3AiIBHUMU MeXaMu MK KjacaMd. Y BUNAJKy Habopy gaHux make_circles, me kiacu
YTBOPIOIOTH KOHIIEHTPHUYHI KO0JIa, JiHillHe 91p0 He MOXe KOPEKTHO OMUCATH PO3ZiTI0BaIbHI
Mexi. Ik Hac/ioK, TOYHICTh, TOBHOTA Ta F1-Mipa A1 11boro s/pa 3aJMIaThCs HU3bKUMU.

[loniHoMianbHe siipo Apyroro nopsfky (Poly-2) mokasasno 3HayHO Kpauli pe3ysbTaTd. BoHO
3/IaTHE BPaxOBYBaTH AYTONMOAIOHI Mexi MK K/1acaMy, 1110 pOOGUTb MO0 MPUJATHUM IS 33/1a4, e
MeXi MaloTb IPOCTY KpUBOJiHiMHY ¢popmMy. OpHak Poly-2 Mae o6MexxeHy 3aTHICTh 10 afanTauii,
yepes 10 oro edpeKTUBHICTb 3HMXKYETHCS IPU 06p0o61Li 6i/IbIL CKIaJHUX CTPYKTYP JAHUX.

[TosriHOMiaNBHE s11pO TpeThoro nmopsaky (Poly-3) 3a6e3nednio 1e Kpallly aaanTariito /[0 CKIaJHAX
MeX MK Kjacamu. lle CBiT4MTb mpo Te, 10 36iIbIIEHHS CTyIeHs MOJIiHOMAa J03BOJISIE Kpalle
BpaxOBYBaTH HepiBHOMIpHHUI po3nofin JaHux i ckiagnimi ¢opmu Mex. Poly-3 mokasano nomitHe
3pOoCTaHHs TOYHOCTI, TOBHOTH Ta F1-Mipw, 1110 miATBepApKye Moro nepeBary Hag, siipom Poly-2.

HaiiBuiui pe3ysbTaTy NpoJeMOHCTpPyBao pajianbHe 6a3ucHe sgpo (RBF). 3aBasku cBoiit
3[laTHOCTI BpaxOBYyBaTH CKJIaAHI cTpYKTypHu AaHuX, RBF 3a6e3neuye MakcMManbHY TOYHICTb,
nosHoTy Ta F1-Mipy cepej ycix npoTecToBanux sziep. Horo epeKTUBHICTb MOACHIOETLCSA THUM,
mwo RBF aapo BpaxoBye He JiMlle NpOCTOpPOBe PO3TallyBaHHS TOYOK, ajie ¥ iX BiACTaHb Bij
LeHTpy kjacudikaniiHoi 30HH, [O3BOJISIIOYM CTBOPUTH HaMOGIIbLI ONTUMaJbHY MeEXy Mix
kjacamu. lle poouts RBF igeanbHUM BUGOpOM s 337ay, A€ KJacH YTBOPKOKITH CKJAJHI
HeJIiHiNHI CTPYKTYpH, K-0T KOHLIEHTPHUYHI KoJIa.

4. BUCHOBKM

Pe3ysibTaTy eKCIEPUMEHTY HiITBEPAWIH, 110 MeTo, SVM i3 JIiHIHHUM 1pOM MiAXOAUTD JIUIIE [J1s1
3a7ia4, Jle KJACcH POo3ieHi NpsMOI0 JIiHi€l. Y 33madax 3 OUIbII CKJIAQJHUMU T'€OMETPUYHHUMH
dbopMamu 06’eKTIB i Mexx OMDX HUMH, 1[0 PeJICTaB/IeHo Y Habopi AaHux make_circles, epekTHUBHICTD
KJ1acudikalil 3HauHO 3pOCTAa€E NMPU BUKOPUCTAHHI HEJIIHIMHUX s/iep, TaKUX SK MOJIHOMia/IbHI abo
pagianbHe 6GasucHe sapo. Axpo RBF mpojeMoHCTpyBasio CBOIO OCOOGJIMBY IepeBary 3aBASKU
3[@aTHOCTi aAanTyBaTUCA JI0 CKJIaJHUX GOpPM MeX Ta MiHIMi3yBaTh NOMUJIKY Kaackikaril.

TakuM 4YMHOM, pe3yJbTaTH AOCTi/PKeHHS IHiJKPeCJII0Th HEeOoOXi/IHICTh BUKOPHUCTAHHS
HeJIiHIHHUX aep /14 334 i3 HeJIiIHIHHUMU MeXXaMH, 0COGJIMBO Y BUMA/IKaX aHaJli3y MeJUIHUX
JlaHUX, ie TOYHA KJacudikallis € KpUTUYHO BOKIMBOIO /IS PAHHBOI AiarHOCTHUKH Ta PO3PO6KH
MepCoHa/1i30BaHUX MiAXO0AIB [0 JIIKYBaHHS.
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BMKOPUCTAHHA €BOIOLUiMHOrO nigxoay

Onexcanp OniiHuk! Ta Osena OnidHUK!
1 Xapkiecbkull HayioHabHull yHieepcumem padioenekmpoHiku, np. Hayku, 14, Xapkis, 61166, Ykpaina

AHoTanisa

Y craTTi po3rasAAaETbc po3pobKa MoJesi B3aEMOAIl momysAunid XwkakiB 1 TpaBoimiB s
BUKOPHCTAHHS B irpoBHX a60 cUMyJIALiHHUX cUCTeMaX. B 0CHOBI po6OTH JIeXXUTh aHaJIi3 KJIacHYHOI
Mozei JloTku-BosibTeppa, sika onucye JUHaMIKy B3aeMoJil XukakiB i xkepTB. OfjHaK {1 oOMexeHH#],
Taki K HeCKiHYeHHiCTb pecypciB Ta BiACYTHiCTb iHAMBiAya/bHOI B3aeMofil, NmoTpebGyBaIu
JlooTpaliloBaHHs. 3alpoNoHOBaHa MOJieJb BPaXOBYE OOMeKeHi pecypcH, B3aEMOJi0 3 OKpPeMUMH
YyJeHaMU Nony/asanil Ta MOX/IUBICTb ajanTalii mapaMeTpiB [/l AOCATHEHHSl CTabGiJIbHOTO CTaHY
cucteMd. BoHa [103B0JIsIE MO/Ie/IFOBAaTH 3MiHY YMCEJbHOCTI MOMyJIALIN y 3a/Ie3KHOCTI Bif 30BHillIHiX
yMOB | mapameTpiB, 10 po6uTh ii yHiBepca/bHOW0 JJjIs1 3aCTOCYBAaHHSI B IrPOBHX Cepe/lOBUILAX,
NPHUPOJ00XOPOHHUX CUCTEMAX Ta iHIIKMX HAYKOBUX i NPaKTUYHUX 3aBJJaHHSAX.

Kiaro4doBi cjioBa
MO/iesIb XIKaK—KepTBa, JloTka-BosibTeppa, AMHaMika nony.snii, 6ioM, o6MexeHi pecypcy,
eBOJIIOL[IMHUH aJITOPUTM, CUMYJIALLiS, B3aEMO/Iis MONYJIALIH, irpoBi cUCTEMHU, EKOCUCTEMA.

1. Bctyn

[lig, yac Moe0OBaHHSA HAMU irpOBOr0 BCECBITY BUHUKJIA 3a/la4ya 404AaTHU B MOZeJIb B3aEMOZI0
TBapuH. /Jljig Toro mo6 He IVIOAWUTU 3aWBi CYTHOCTi 6yJio BHpIllIEHO 30CepeUTHUCh Ha JIBOX
MONYJIALLIAX: TpaBoiAX Ta xvkaku. [lo 3agyMuUi TpaBOIiAUM PO3MHOXKYIOTBCA A0 THUX Iip JOKHU
BUCTA4Ya€ pecypciB o6JsacTi irpoBoro moJisi Ta 3MiHIOIOTH THUI 6iOMy NMPU AOCATHEHI MEeBHUX
yMoB. Hanpukiaz, sIKIIo KiJIbKICTh TPaBOiZiB B JIyroBOMy 6ioMi mepeBHULIYE AesAKy MexXy 6ioM
CTAaHOBUTLCA NCTeJIEI0, 1110 3MEHIIYE KiJIbKICTb pecypciB AJid TpaBoifiB. XMXKaKU CTPUMYIOTh
picT momyJidAnii TpaBoiiB B 3alaHUX MeXaxX Ta B3aEMOAIIOTH 3 rpaBLeM. bisibll geTasibHO PO
B3aEMO/i0 3 iIrpOBUM II0JIEM Ta I'PaBLeM MU IJIAHYEMO PO3MOBICTHU B iHIIIM po6OTi, a TYT
30CepeaMMOCh caMe Ha B3aEMO/II MomyJisiiii Mi>k co60¥0.

B3aeMo/iisl ABOX MOB’I3aHUX MOMYJIALIN € A0BOJII CKJI3AHOI0 3aAa4eto. Lo 3agavyy pisHUMU
crnocob6aMy NMpo6yBad BUPILIYBAaTH MOYMHAKYW 3 MOYATKY MHUHYJOTO cTopivus. Halbinbin
BiZJOMMM pillleHHAM € MogeJb JIoTkn-BosibTeppa XxmxaKk—KepTBa.

2. Moaenb JloTkKn—BonbTeppa XxuKak—Keprtea

[l Mozenb onycy€e B3aEMOJII0 ABOX BU/IB, XWKAKIB 10 NOIAAIOTh TPaBOIAiB, Ta TPaBOILiB 110
MOIZIal0Th IKUHCh CTOPOHHIN pecypc. MoJiesb ciupaeThcs Ha JieKijibKa NIpunyLexs [3]:

e Pecypc notpi6bHUI TpaBoigaM HEBUYEPITHUH;
e JloTpe6a B ki X>KaKiB HEBUYEPIIHA;
e XWXKakKW iAATh TIJIbKU LIUX TPaBOIJiB;
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e 3OBHILIHE cepel0OBUILE He 3MIHIOETHCA | He HaJla€ epeBar 0OHOMY 3 YYaCHHUKIB MoJeJi,
a aganTanid y4YacHUKIB He iCTOTHa
e Posmogis nony/Anin o BiKy Y4 NIpoCTOPY He BIJIMBAE HA AiHAMIKY.

B njisiomy, BClo MoZiesib MOXKHA OMMCATH 3a JJONOMOTOI0 apy HesMiHIMHUX JudepeHIiaJlbHUX
piBHsHB[3]:

dx 8
— =ax — Bx
dt Y
dy
— =—yy +6x
dt y v,
. . . . . dx d . .
Je X- IIIJIbHICTb 3;[061/1‘-11, y — IDIJIbHICTb XHW>KaKa, E’ d_jtl_ MHUTTEBI 3pOCTaHHH 060X l'[Ol'Iy.TIHL[lI/I,

t - yac, a - WBUAKICTb POCTY NOMyALii TpaBoifiB, - KoedilieHT BIUIMBY XMKaKiB Ha 3arubesb
TpaBoiAiB, y- piBeHb cMepTHOCTI XWXKaKiB, § — KoedillieHT BIJIMBY TPaBOIZiB Ha LIBUJKICTb
pOCTy NONMyJAALil XUKAKIB.

BaxxvBuM ¢akTopoM 1€l Mojesi € Te, 0 MOKOJNIHHA XMXKAaKiB Ta TpaBOiAiB MOBUHHI
36iraTucse.

Ha rpadiky yrcesbHiCTh MOMyJIALiH 32 i€ MO/ e//II0 Oy/ie 3MiHIOBAaTUCh MPUOJIHU3HO TaK:

PucyHnok 1: I'padik 3MiHM 4MCeIbHOCTI MONMyJIAIiM XMKaKiB Ta »KepTB B 4aci, mo mozei JIoTKu-
BosibTeppal3]

st Mmozesnb HaM He nigxoauTh. [1o nmepiue no 3aja4i pecypcu TpaBoiaiB 06MexeHi, BinoBigHO
obMexeHi i posmipu monyJssnii xuxakis. llle oaHa mpob6JsieMa B TOMy L0 LSl MOJEJIb He
nepe/ibadyae B3aEMO/ii 3 OKpeMHUM IpeJCTaBHUKOM OMyJIAILl, a HaM /s iHIIUX eTariB po6oTH
11e MOTPi6HO. AJle B iHIIOMYy BOHA [JIiliCHO 106pe OMUCY€E B3AaEMO/iI0 JBOX BUAIB i MU MOXEMO
CIIMpaTHUCh Ha Hel 1106 no6yayBaTH Haily. Po3rissHeMo J0po6JieHy MO/IeJb.

3. Mopgenb

Hama Moze/sib TOBUHHA ONMKCYBaTH B3aEMO/iI0 ABOX MOMYJALiN TPpUOJIHU3HO SK i monepesHs,
aJie 3 MOXKJIMBICTIO BBO/ly 0OMeKeHb pecypciB, 30BHIIIHbOI B3a€MO/Iii 3 KOHKPETHUMU YJeHaMHU
nonyJisii Ta o6paxyHKy Aill KOHKpeTHOro ujieHa nonyJsnii. Takox noTpi6Ho 106 Mofenb
JI03BOJIMJIa BCTAHOBUTH TaKe CIIiBBi/IHOIIEHHS Mi>K BUAAMH, 106 iX YMCEJbHICTh BUXOAMIA Ha
IJIATO i He MPU3BOAMJIA [0 CYTTEBUX BUKU/AIB. [Io4HEMO 3 IpUIyieHb:
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e Po3sMmip pecypciB ans TpaBoiniB ob6MexeHud 6ioMmoM (A npukaagy 6yzeMmo
opieHTyBaTuCh Ha JYroBUHU 6ioM, mo Moxe npokopMuTu 1000 usneniB nomyJsuii
TpaBoiaiB);

e Posnogisn no Biky Ta [10J1y He BIJIMBAE HA JUHAMIKY;

e [loKOJIIHHSA MOYMHAKTBLCSA B OJIUH 4ac;

e BuKOHaHHA BCiX [J1ifl BiI6yBa€TbCS MIOKPOKORBO;

e /lng npumiofy NoTpibHO MiHIMyM /Ba 4jieHa NOmyJIsil;

e 3alirtepariito xmwxkak 3'ia€ He GiJiblile MEBHOI KiJIbKOCTi TpaBOiiB;

e fKui0 MakcuMaslbHa €MHICTb 6i0My NHepeBHIeHa, TBAPUHU MOYMHAITH T'HHYTH Bij
roJiofy.

14 TpaBoOIZiB LOCTYIIHI HACTYIHI Ail:

e dxuio TpaBoOiZiB MeHIlIe 3a €MHICTb 6iOMy, TO KOXHi /ABa TpaBoiJja KOXHY iTepaliito
MOXXYTb HapoAuTH BiJ 1 fo 3(ay>xe HU3bKa MIMOBIpHICTb) HOBUX TPaBOifiB

e Ko nopir nepeBUILEHO, TO TPABOIAY IOYUHAKTH TMHYTHU BiJf FOJI04Y LiIJIMMY IPyIaMHU
J10 6 4JIeHiB;

o 3oBHIiWHA AifA mWo 36iabLUIye a60 3MEHLIYE KiIbKICTh 4jeHiB momyJssLii abo eMHicTb
6iomy;

TakuM YMHOM NPUPOAHUM OOMEKEHHSIM YUCeJbHOCT] TPaBoiAiB € EMHicTh 6GioMy Ta roJion,.
[ XKakiB NPUPOJHUM OOMEXEHHSIM BUCTYNA€E KiJAbKicTh TpaBoifiB. [is 36epexeHHs
HOPMaJIbHOI YHCEJBHOCTI MOTPiIOHO 11106 Ha KOXKHOTO XMKaKa 6yJ/10 MiHIMYyM CTiJIbKU TPaBOiJiB
CKiZIbBKM HOMy MNOTpPiOHO [ mpoxo/xeHHs nepioay (kpoky). PosrisHeMo pgoctynHi s
XW>KaKiB il

e CmifimaTu Ta 3’'icTu A0 2 TpaBoiais.

e Hikoro He cniiMaTH, ajie BUXKUTH.

e Hikoro He cniiMaTy i BMEPTH BiJ TOJ0AY.

e fKIO 3HAXOAUTBHCS >KUBUX XUKaKiB, TO BOHM MOXYTb HAapoAWTH BiA 1 A0 4 HOBUX
XVDKaKiB.

e fKUI0 YMCEJBHICTh XWKaKiB AOXOJUTH [0 NMOPOTOBUX 3HA4YeHb(y HAIIOMY BUIAJAKY
YHCeJIbHOCTI TPaBoiZiB NOAisEeHO0] Ha JiBa), TO XMKAKH 3MEHIUYIOTh MPUPOCT MOMY sl
20 1-2 HOBUX XM2KaKiB 3a iTepallito, a TAKOX T’MHYTH rpynaMHu A0 9 4JeHiB.

Bci o6uuciieHHs1 Bifj0yBarOTbCS MOKPOKOBO [JisI KOXKHOTO 4jeHa MOMyJsLii crnodaTky
paxyeTbCA Y4 3HAWILOB BiH DXy, YM moMep BiH BiA ii HejocTayi, mic/as 0bOro g KOXKHOI apu
)KUBUX 4JIEHIB OOYMCAIETHCS MOsiBA HalazkiB. Clo4aTKy BUKOHYETBCS OOYUCIAEHHS [Jis
TpaBoOifiB, a MOTIM AJil XWKakKiB. TaKMM YMHOM CHCTEMa MOYUHAE eBOJIOLIAHUUN mpouecc
cxpelleHHs1 Ta 3MiHM NapameTpiB. ¥ skocTi mopudikaTopa MyTanil BUCTYNawTh 30BHIlIHI
B3aEMO/ 1.

Bci koedinieHTH (KiJIBKICTD YieHiB B rpynax, KiJIbKicTb IOTPiGHUX )KePTB B CE30HI, KiIbKICThb
)KepTB 3a 1 OXOTy, KiJIbKICTh HalaAKiB Ha OJHY Napy, 3 IpynHaMu BipOTifHOCTEH KOXKHOTO
BapiaHTy) MOXKyTb OyTH HasamToBaHi okpemo. Ti 10 € B IpUKJaAi OTpUMaHi 3a J0MOMOI00
€BOJIIOLLIHHOTO aJrOpUTMy, L0 ILIyKaB [apaMeTpy IO JO03BOJIATH OpraHi3yBaTH IJIAToO
YHCeJIbHOCTI 6€3 BeJIMKUX KOJIMBaHb.

3BiCHUM 4YMHOM, Ha MoOJieJib OKpPiM €MHOCTi 6ioMy BIJIMBalOTh i mo4yaTKoBi po3Mipu
nonyJisAnii. PosryisiHeMo JeKijJibka NpUKJIaZiB.

Y Hac 6yje TpH Jjiarpamu:

e YucenbHicTh NpUBJIU3HO OJHAKOBA;
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e TpaBoiaiB 6inblie;
e XwukakiB GisbLe.

Maike ogHaKoBa TpaBoiaiB 3Ha4YHO binbLue
YMCENbHICTb 1000
200
500
100
— e ——— J
0 —— 0
1 3 5 7 9 11 13 15 17 19 21 1 3 5 7 9 11 13 15 17 19
e X N YKAKN Tpasoign e X NKAKN Tpasoign

Xuxkakis binbwe

120

100
80
60 -

20

1 2 3 45 6 7 8 9 101112 13 14 15 16 17

e X N YKAKN Tpasoign
PucyHok 2: OTpumMaHi rpadiky 3MiHH YMCEJIbHOCTI

4. BUCHOBKMU

Po3po6sieHa Mo/iesib B3aEMO/Iii XMKaKiB Ta KEPTB 1110 J03BOJISIE OKPEMY B3aEMO/ 0 3 KOXKHUM
YJ€eHOM MomnyJsiuii, BpaxoBye po3Mipu KopMoBOi 6a3u 6ioMa JJis TpaBoOifiB, [03BOJISIE
OTpUMaTH 306a/JlaHCOBAaHy Ha 3aJaHOMYy piBHI momyJsifilo, Ta mepeAbdadae MOKJIUBICTb
30BHIllIHIX BTpy4YaHHb Ta 3MiHKM KOPMOBOi 6a3u momyJisuii. Moaesib 6y/1e KopyucHa Ipu po3po6biri
irop, Aie € morpeba B opraHisanil KOHKYpeHTHUX MONyJsLiH 3JaTHUX B3aEMOJiAATH 6e3 y4yacTi
rpaBlsl, IPU MOJe/JI0BaHHI NPHUPOJ00XOPOHHUX KOMILJIEKCIB, 110 Nepef6ayaloTb BTPyYaHHS
JIIOJWUHU BO B3aEMOJil0 MiXK BHJaMU. [Ipu nmeBHiN 0po6Ili HA peaJbHUX NMPHUKIAAAX MOJETb
MOXKe 6yTH KOPUCHOIO IPY NPOEKTyBaHHI NPOTHU/il iHBa3iiHUM BUAaM Ta po3pobui MeToAiB
60poTH6U 3 «overpopulation».
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MopiBHAHHA Mmogenen i metogiB Nobya0BM TYMAaHHUX
obuuncnoBanbHUX cuctem ana 36opy Ta aHanisy posnoaineHoi
iHpopmauii Ta NPUNHATTA pilleHb

Onexcanyp CoiTHEB!! Ta JIromusa Bonomyk!?
1 Odecvkull HayioHanrbHull yHisepcumem im. .1 Meunukosa, /JeopsiHcoka 2, Odeca, Ykpaina

AHoTanisa
Y wuii po6oTi npoBefeHUHN aHa/i3 iCHYIOYMX apXiTEKTyp TYMaHHHX KOMI'IOTEDHUX CHUCTeM, sKi
BUCBITJIIOIOTH iXHi piBHI, pyHKIiOHAIBbHI MOX/JIMBOCTI MeTOAU TOOY0BY Ta OPiBHSJIbHI lepeBaru.

Kirouosi cs1ioBa
TymaHHi o6uucieHHs, [HTepHeT peyeit (10T), apxiTekTypH, 06pobKa JaHUX, MaclITabOBaHICTb.

1. Bctyn

3 po3BUTKOM IHTEpHETy peyel i 3pocTaHHAM MOTPeOGH B 06p0o6Ii BEJTUKHX OOCATIB JJAaHUX Y
peasibHOMY 4aci, TpaZuLiiiHi xMapHi OOGYMCJIEHHS MOYHMHAKTb JEMOHCTPYBaTH CBOI
obMexxeHHs. Bucoka 3arpuMka, oOMexeHa INPONYyCKHAa 3JaTHICTb | HeJOCTaTHSA
MacuITaboBaHICTh CTBOPIOKOTH MEpPeIlKOAU [ 6araTbOX CyYacHUX JOAATKIB, TaKUX SIK
aBTOHOMHI TpaHCNOPTHI 3aco6U, po3yMHi MicTa Ta NpoMHUCJ0BUM [HTepHeT pedeil. Y 3B's3Ky 3
UM BHHHUK HOBHUM TepMiH— TyMaHHi OGYHCJIEHHS, BOHH 3a0e3le4YyiTh NepesobpobKy Ta
aHaJ1i3 JaHux 6JIKYe A0 Micud ix 360py. TyMaHHI 064K C/IeHHS CTa/IM BaXKJIMBOIO TapaZUrMolo,
1110 MOEAHYE XMapHi cepBicu 3 nepudepiitHUMU NPUCTPOSIMHU, BUPiLIYIOYX P06JIeMHy, IOB's13aHi
3 3aTPHUMKOI0, 0OOMEeXKeHHSIMU PONYCKHOI 3ZJaTHOCTI Ta 06p06KOI0 JaHUX y peasibHOMY Yaci. [1]

[l po6oTa mpucCBsIYeHaA aHAJi3y apXiTEeKTyp TYMaHHHX OOYMC/IEHb, [0 PO3Pi3HAIOTHCS 3a
CBOEIO CTPYKTYpOI0, GyHKIiOHA/IbHICTIO Ta piBHEM iHTerpauii 3 XMapHUMHU i nepudepikHUMU
NPUCTPOSIMHU. AHa/li3 apXiTEKTYp A,03BOJISIE BUSHAYUTHU IXHi IepeBard Ta HeJO0JiKH, a TaKOX
06paTy HaN GBI MAXOASAITAHN BapiaHT A1 KOHKpeTHUX loT-3acTocyBaHb.

2. Po3rnap, apxitektyp

2.1. Tpu-piBHeBa ApXiTeKTypa

Tpu-piBHeBa ApxiTekTypa € 6a30BOI0 MOAE/IIO AJs TYMaHHUX OOYMC/IEHb, L0 PO3MilLye
064HCAI0Ba/IbHI pecypcu Mixk xMapoto Ta loT-npuctposimu. BoHa 3a6e3neyye 06po6Ky JaHUX,
B3aEMOJi0 Ta 36epiraHHs iHdopmauii, orpumanoi 3 loT-npucTpoiB, 30cepesKyrOUUCch Ha
IIOMIPHOMY PiBHI 3aTPUMOK /I CLeHapiiB i3 cepeHiMA BUMOTaMHU A0 WIBUAKOCTI pearyBaHHS.
PiBHi Bk/1tovyaroTh [oT piBeHb (36ip AaHuX), TYMaHHUM piBeHb (IepBUHHA 06p06Ka), i XMapHU
piBeHb (rs1M60Ka aHaliTHKa Ta 36epiraHHs). Taka cTpyKTypa A03BoJisi€e eGeKTHBHO 06PO6ISTH
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JlaHi 3 ONTUMaJIbHOIO MPOMYCKHOIO 3/1aTHICTIO, asle 1i PyHKI[ioHANBbHICTL 0OMeKeHa MOPiBHSIHO
3 GiJIbIL CKJIAZJHUMU MOAESIMHU. [2]

PucyHok 1: TpupiBHeBa apxiTeKkTypa

2.2. N-piBHeBa ApxiteKTtypa OpenFog

N-piBaeBa ApxiTekTypa OpenFog mpomnoHye rHydky 6araTopiBHEBY CTPYKTYpYy, A& KOXeH
JIOJIaTKOBUM piBEHb IOCHJIIOE OOYHMCIIOBAIbHI MOXJIHMBOCTI, 6€3MeKy Ta MacuITab0BaHIiCThb
cuctemu. Hopu opraHizoBaHi iepapxiuHo, npruyoMy HUXK4i piBHI 30cepeKyt0Thcst Ha 360pi Ta
MepBUHHINA 06p06Ii JAHUX, a BUIII — Ha aHAIITHIlI Ta yrnpaBJiHHI pecypcamu. Lls apxiTekTypa
epeKTHBHO CIPABJSETHCA 3 0OPOOKOI0 BEJHMKUX OOCATIB JaHUX i MigXoauTh AJA cucTeM i3
BHCOKHMMH BHMOTaMH /10 06po6KH Ta HaAilHoCTi. Takui nigxiz 3a6e3nedye MacuITaboBaHiCTh
Ta CTIHKICTh, ajie yCKJIAAHIOE YIIPaBJIdiHHS Mepexelo. [3]

PucyHok 2: N-piBHeBa Apxitektypa OpenFog
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2.3. CemupisHeBa ApxiTeKTypa

CemupiBHeBa ApXiTeKTypa — KOMIJIEKCHA MOJeJb AJs1 3HWKEeHHS 3aTPUMOK, 110 PO3LINUPIOE
xMapHi cepBicu A0 loT-npuctpoiB. CiM piBHIB oxomawiTh ¢Qi3UYHUNA piBeHb, TyMaHHI
NPUCTPOI/IJII0O3M, MOHITOPUHI, NOMNEPEJHI0 Ta IMOCTOOPOOKYy, 36epiraHHs, yHnpaBJiHHS
pecypcamu Ta 6e3neky. KoxkeH piBeHb BUKOHYE 4iTKO BH3HAaueHY poJib y npoueci 06po6Ku
JaHUX, MOHITOPUHTY CUCTEMH, yIIPaBJIIHHA peCypCcaMHy Ta 3aXUCTy. Taka MoJeJb iAX0AUThb )4
JlOJATKIB, Jle 3aTPUMKHU € KPUTUYHUMY, i 3a6e31euye BUCOKUHM piBeHb 6e3MeKU Ta yIpaBJaiHHS
pecypcamy, xoya BUMarae 6i1b1nx iHppacTpyKTypHUX BUTpPAT. [4]

PucyHok 3: CemupiBHeBa ApxiTeKkTypa

2.4. baraTtopiBHeBa apXiTeKTypa

Haii6inpur KoMILJIEKCHA apXiTeKTypa CKJAaJae€TbCsd 3 JBaHAALUATH PIiBHIB, MPOMOHYHOYH
JleTaJIbHy Ta CKJIAAHY CTPYKTYPY AJs1 TYMaHHUX OOUYMCAIOBaJIbHUX cucTeM. Llg apxiTekTypa
MOYUHAETHCS 3 Gi3UUHOrO0 pPiBHSA, IKM BiJiNoBiAa€E 3a 36ip AaHUX 3 LIMPOKOTO CHEKTPa AATUUKIB
Ta BUKOHABUMX MeXaHi3MiB, Iic/is 4oro e piBeHb epudepiiHUX 064YHCIeHb, e Bi10yBaETbCSA
nepBUHHA 06po6Ka AaHux. JIokasbHa Mepexa Ta LII030Bi PiBHI KEPYIOTh KOMyHIiKaLli€l0 MiX
nepudepiiHUMH MPUCTPOSMHU Ta IIMPOKOI Mepexelo, 3a0e3nedyrodn 6e3nepebiiHMN MOTIK
JaHUX 1 migkaro4eHHA. ApXITEKTypa TaKOX BKJ/IOYAa€ piBeHb 30BHIIIHBOI Mepexi, AKUH
BiZiOBi/1ae 32 30BHINTHIO KOMYHIiKaIlilo, Ta piBeHb 6e31eKH, 1110 3a6e3neuye HaJiHHUN 3aXUCT
Big moTeHuifiHuX 3arpos. Kpim Toro, piBeHb npoMixkHOro nporpamMHoOro 3abe3nedyeHHs CIPUSIE
6a/laHCyBaHHIO HaBaHTAXXEHHSI Ta YNPaBJiHHIO Yeproi mnosifjoMieHs, a piBeHb ETL (Extract,
Transform, Load) 3a6e3mnedye HasexxHy 06p006KY Ta 36epiraHHs JaHUX. PiBeHb BEJTUKUX JaHUX
Ta aHAJIITUKU BUKOPUCTOBYE AJTOPUTMHU LUTYYHOI'O iHTEJEKTY Ta MAlIMHHOIO HaBYaHHA AJId
NPOCYHYTOI aHa/IiTUKH, a piBHI MOBIJOMJIEHb Ta NpPeLACTAaBJIEHHA KepylOTb ONOBIILIEHHAMU B
peasibHOMY 4aci Ta B3aeMo/i€t 3 iHTepdelicom KopuctyBada. HapeiuTi, piBeHb koH}irypanii
3abe3meuye ynpaBJ/iHHS KOH}irypauieto Ta craHoM nepudepiiHUX NPUCTPOIB, FapaHTYIOUH, 1[0
OHOBJIEHHS Ta 3MiHU epEeKTUBHO BIPOBAKYIOThCH. [5]

3. NopiBHANbHUM aHani3

[lopiBHAZIBHUN aHasi3 YOTHPbOX APXITEKTYp TYMaHHUX OOYMCIEHb 6a3yeTbCs Ha TaKHX
KJIIOYOBUX KpHUTeEpisX, sIK NMPOAYKTUBHICTb, 3aTPUMKa, THYYKICTb, 6e3leKa Ta MOXKJIMUBOCTI
00pPOOKH JAHUX.
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PucyHok 4: baraTopiBHeBa apxiTeKTypa

YoTUpu apxiTeKTypHd TYMaHHUX OOYMCJIEeHb BiJIPi3HSIOTHCS 3a CKJIAJHICTIO, 1[0 BU3HAYAE
iXHIO MPOAYKTHUBHICTb, 3aTPUMKH Ta MOXKJIUBOCTI 06p0o6KU AaHuX. Tpu- Ta ceMUpiBHeBI Moaesti
€ 36a/laHCOBAaHUMHU pilleHHSAMU JJis1 IIBUAKOI 06pOOGKM B peajbHOMY 4aci 3 MOMipHHUMH
BUMOraMHU /0 6e3MeKu Ta pecypcis, 10 poOUTh iX NpuAaTHUMHU AJist npocTux loT-gomaTkis.
Apxitexktypa N-piBHA mifxoauTh JJis cleHapiiB i3 6ibLUIMM HaBaHTAXKEHHSM, 3a6e3Meuyuu
CTilikicTp 1 MacwTaboBaHiCTh, ajsie 3aJUILNAETBCS MEHII MOTYKHOK Y TMOpiBHAHHI 3
JBaHAAUATUPiBHEBOI Moae 0. Haibinbm ckiaagHa, JBaHAAUATUPIBHEBA apXiTeKTypa,
nigTpuMye poswmnpeHi pyHKLUii 6e3neKku Ta aHaMITUKHY, J03BOJISIIOYM NPAL0BATHA 3 BEJTUKUMHU
o6caramMu JaHUX, 1[0 iJlea/lbHO MiAXOAUTH AJs iHTerpamnii pi3HUX KOMIIOHEHTIB y CKJIaJHUX
cepeJl0OBUIIAX, a/le BUMAarae 3Ha4HUX pecypciB /s HaJaIITyBaHHSA Ta nigTpuMku. OTKe, BUGip
apxiTeKTypHu 3aJIeXXUThb He JiMIlIe BiJl po3MipiB po3ropTaHHs, ajie ¥ BiJf BUMOr [0 6Ge3leKH,
THYYKOCTI Ta 3/JaTHOCTi 06po6JISATH BeJIMKi 06caru ganux. CkaafHiwi apxiTeKTypu HaJaloTh
OisbIle MOXJIMBOCTEN AJis ajanTalnii Ta iHTerpanii, ToAi Ak mnpocrtimi pimmeHHs Kpalie
NigX0AATh AJI1 KPpUTUYHHUX 33 4aCOM J0JaTKiB i3 MEHIIMMH BUMOTAMHU 0 PeCypcCiB.
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[1] S. N. Srirama (2023), A Decade of Research in Fog computing: Relevance, Challenges, and
Future Directions, Journal of Software: Practice and Experience, 2023;

[2] Hu, P.; Dhelim, S.; Ning, H.; Qiu, T. Survey on Fog Computing: Architecture, Key Technologies,
Applications and Open Issues. J. Netw. Comput. Appl. 2017, 98, 27-42,
https://doi.org/10.1016/j.jnca.2017.09.002.

[3] IEEE Standard 1934-2018; IEEE Standard for Adoption of OpenFog Reference Architecture
for Fog Computing. 2018 ; pp. 1-176

[4] Angel, N.A.; Ravindran, D.; Vincent, P.M.D.R,; Srinivasan, K.; Hu, Y.-C. Recent Advances in
Evolving Computing Paradigms: Cloud, Edge, and Fog Technologies. Sensors 2022, 22, 196

[5] Gayratov, Z. K, Kilichov, ]. R., & Toshpulatov, A. (2022). Basic definitions of twelve layer IoT
architecture for smart city. In International Scientific and Technical Conference: Digital
Technologies: Problems and Solutions of Practical Implementation in the Industry.

142



Cekuin 8.
3axuct iHpopmauii. IHpopmauinHa 6e3neKa

143



DOI: https://doi.org/10.30837/IST-2024.P1.144

Enhancing Intrusion Detection Systems through
Advanced Feature Engineering and Machine
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Abstract—In this study, I explore advanced methodologies for
improving intrusion detection systems (IDS) by leveraging machine
learning algorithms and sophisticated feature engineering. I ini-
tially assess the performance of various classification algorithms,
including k-nearest neighbors (KNN) and support vector machines
(SVM), on the ADFA-LD 12 dataset. My analysis reveals that
SVMs outperform other methods, particularly when using two-
sequence feature spaces instead of traditional frequency-based
approaches. I conduct a detailed evaluation of SVM performance
with linear and sigmoid kernels, revealing that the two-sequence
feature space significantly enhances detection accuracy. Recursive
feature elimination demonstrates that optimal performance can be
achieved with fewer than 240 features, underscoring the importance
of effective feature selection. In contrast, one-class SVMs, used for
outlier detection, show comparatively poor performance, indicating
that traditional outlier detection methods may not be as effective in
this context. My findings highlight the efficacy of SVM classifiers in
both two-sequence and frequency feature spaces, though the latter
does not offer substantial improvement. The study also emphasizes
the need for further research into scalable algorithms and improved
kernel methods for unsupervised outlier detection. Future work
should focus on integrating domain-specific knowledge for feature
engineering and exploring modern datasets to validate and enhance
these findings.

I. INTRODUCTION

In the industry I are currently experiencing what many
people call the fourth industrial revolution. The main char-
acteristics of this disruptive process are:

« The ubiquitous presence of connected devices, collec-
tively called Internet of Everything.

o The ability of cyber system to interact with and affect
the physical world creating the so called cyber-physical
systems (CPS).

o The growth of distributed computing and the capabilities
that it allows.

o The evolution of Machine Learning enabling cyber-
physical systems with increased autonomy.'

One common denominator of the aspects of the fourth indus-
trial revolution is increased connectivity of computing devices.
This brings the negative side effect that more facets of my life
and society are exposed online making cyber-security even
more important. During the last couple of years I have seen
many examples of this danger.

'A good example of an autonomous cyber-physical system are Tesla’s self-
driving cars.

Further expanding on the example of cars I mention that
on the summer of 2015 two american security researchers
demonstrated that a contemporary model Jeep Cherokee could
be remotely accessed maliciously over mobile telephony
network.[2] As demonstrated in the afforementioned article[2]
this has resulted in the academia, the industry and regula-
tors considering policy decisions for regulation and standards
adoption in order for car safety to keep up with technological
innovation. Another significant event is the attack on a regional
electricity distribution company, Ukrainian Kyivoblenergo, on
23 December 2015. The attack compromised the company’s
computer systems and their supervisory control and data
acquisition systems (SCADA). It resulted in power outages for
around 225,000 customers for a period of hours. The diligence
of the company employees and the quick transition on manual
mode allowed the company to restore its service with little
delay. The attack is thought to have been carried out by a
state actor and could have inflicted more damage had the
perpetrators more time before making their pressence known.
Again this attack has attracted a lot of attention among security
researchers and the industry in order to formulate appropriate
policies to protect core infrastructure[3].

Now that I have seen examples of the increasing importance
of cyber - security let’s look deeper at what it actually is. Cyber
security generally consists of two parts. Intrusion Prevention
Systems (IPS) and Intrusion Detection Systems (IDS). Put it
simply an IPS prevents the attacker from getting in and an IDS
detects him once he is in. With the emergence of cloud com-
puting the boundaries between the two are getting blurred[4].
Nowadays modern IDS have a wide range of features including
the detection of an occuring attack, automated responses and
detection of malicious behavior within the system[4].

II. FOUNDATIONS OF THE PROJECT

In this project I are drawing knowledge from two related
but distinct fields. > The first field is outlier and anomaly
detection techniques from Machine Learning. The second
field is Intrusion Detection techniques within deployed cyber-
security solutions. On the next sections I will describe the
foundations of this project. They have been studied to a big
extend during the Project preparation course.

2With info from:
Project Preparation: Outlier Detection in Cybersecurity Application, 2016,
submitted by Nikolaos Perrakis.
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IIT. OUTLIER AND ANOMALY DETECTION

The concept of bad data has been quite old in the field of
statistics. One of the first systematic approaches to dealing
with them, dating back to the 19th century, has been Chau-
venet’s criterion on whether one data point of an experimental
data set was spurious or not. Moving on to modern machine
learning techniques on outlier and anomaly detection I see
that there are many approaches. They are based on different
statistical methods but also on different characteristics on the
domain from which the dataset comes. Below are most relevant
methods with regards to my work.

The first method has been put forward by Roberts et al.[5].
They use a Gaussian Mixture model to map the normal
behavior of the system their dataset describes. This creates a
set of normal system states their trained model recognizes. In
their method, they minimize the set of heuristically chosen
parameters used in such techniques by using an evolving
threshold on how much a data point can differ from a learned
normal state before it gets classified as belonging to another
state. When I am training our model with normal operation
data, this results in a newly learned normal state. Afterward,
the same threshold is used to identify an anomaly in the test
data. They then test their method in a set of electroencephalo-
grams (EEG) obtained from patient data. They prove the
robustness of their method by successfully identifying epileptic
seizures when they occur. They do not quantify the success
of their results by mentioning accuracy, precision or fall out
rates. However they include results from particular examples
of EEG activity and explain their performance metrics result
comparing them with input from domain related knowledge.

A pioneering approach in unsupervised approaches for
anomaly detection came from Scholkopf et al.[6]. They pro-
pose an algorithm that estimates the region where the prob-
ability density of some given data lives. New data can be
compared to this density for anomaly detection purposes. They
describe their method in detail and describe it’s conceptual
limitations. Then they demonstrate it’s characteristics in an
artificial dataset and it’s effectiveness in a real dataset. Their
algorithm has come to be known as One class Support Vector
Machine algorithm and it has been a very influential algorithm
in the field of outlier detection.

Hayton et al.[7] have written another influential paper. They
studied Support Vector machine-based anomaly detection in
Jet engine vibration spectra. Their approach also adds the
feature of combining a second dataset in order to train their
model more accurately. Moreover, during the discussion of
their results, Hayton et al. gave a very insightful discussion
on whether it is preferable to address novelty detection as a
2-class classification problem or not. They argue that when
the “abnormal” data points are representative of the abnormal
class, then training a model as a binary classification problem
is optimum. On the other hand, they point out that the novel
data points may be artificial and that their nature may be non-
stationary. In domains with those characteristics, it is better to
treat only the normal behavior data points as representative of

their class. This is also the case in the Information Technology
domain, which is why deployed Intrusion Detection Systems
use the latter approach.

Clifton et al.[8] are a team of researchers that use class
Support Vector Machines for anomaly detection. study lumi-
nosity measurements of a Typhoon G30 combustor engine and
create an SVM model for anomaly detection. They use wavelet
analysis on the multi-channel combustion data to create their
feature space and subsequently perform supervised learning
to train their SVM to recognize anomalous behavior. Clifton
et al. also compare the results of the SVM approach to the
GMM approach on the same dataset. They found that SVM-
based anomaly detection performed better and demonstrated
that with instances of multi-channel combustion data where the
SVM model identified the novelty at earlier times compared
to the GMM model.

Another interesting approach on the subject touches on
the issue of the nature of the novel data points being non-
stationary. Farran et al.[9] study the KDD 1999 Cup dataset®.
Their technique uses two steps. The first uses a method called
Voted Spheres, which runs over the dataset once and performs
non-parametric classification. It results in partitioning the
feature space into a series of overlapping spheres. The second
step is to take into account the possibility that the test set
may not come from the same distribution as the training set.
They use two algorithms, important weighting, and kernel
mean matching, to account for that difference. It is useful to
mention the author’s note that kernel mean matching does not
scale very well as the dataset increases due to its reliance on
quadratic programming, something that may negate the low
computation load of the Voted Spheres method.

IV. INTRUSION DETECTION SYSTEMS

Bhuyan et al.[10] give the following description: “Intrusion
is a set of actions aimed to compromise the security of
computer and network components in terms of confidentiality,
integrity, and availability”. Intrusion Detection Systems are my
answer to that threat. The basic assumption I make is that my
system will behave differently during an intrusion than during
normal operation. And this is why it is appropriate to use
novelty detection in IDS applications.

There are many attack actions against a computer system
that can be classified as intrusions with the above definition.
Each of them has different specific characteristics. Thus it
is helpful for us to divide attacks into certain classes. As I
did during Project Preparation* I will use the classification
used in Bhuyan et al.[10] and Ahmed et al.[11]. T classify
intrusions as Malware attacks, Denial of Service attacks, Net-
work attacks, Physical attacks, Password Attacks, Information
Gathering Attacks, Remote to User attacks, and Root attacks.
Another important property of intrusions is that they have
varying anomaly characteristics. I, therefore, classify them in

3DARPA IDS 1998 - 1999 Datasets: https://www.ll.mit.edu/ideval/data/ -
Accessed at 9 Aug 2016

“Project Preparation: Outlier Detection in Cybersecurity Application, 2016,
submitted by Nikolaos Perrakis.
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an additional way. There are point anomalies when a data point
is considered anomalous when it is distant in comparison to
the points that model the normal behavior of the system. This
type of intrusion closely fits the machine learning problem
of anomaly detection, and it will be the main focus of my
work. There are also contextual anomalies when a data point
may be considered anomalous according to the context it is
associated with, as well as its place in the feature space.
The context may be additional features engineered in my
feature space or an evaluation of circumstances associated
with the data point from the IDS (or its operator). Lastly,
there are collective anomalies for which a collection of data is
considered anomalous, but each data point, taken individually,
is not. In Table I°, T describe the eight classes of attacks,
give examples of them, and classify the examples with their
respective type of anomalies.

An operational enterprise IDS solution consists of main
parts. Two main parts are a Network Intrusion Detection
System (NIDS) which analyses traffic over a company’s net-
work to detect intrusion and a Host-based Intrusion Detection
System (HIDS) which is installed on the company’s computers
(hosts) and monitors them in order to detect intrusion.

There are many techniques used to identify anomalies on an
IDS. Bhuyan et al.[10] do a good work on categorizing them,
and I will follow their classification scheme in presenting
them. It should be noted, however, that these methods are
not completely distinct from each other, and a particular
implementation may include aspects from more than one. The
first class is statistical methods, which also includes Bayesian
Networks. A model is trained to “learn” the normal operation
of the system. A threshold of statistical distance from nor-
mal operation is determined, and data points exceeding that
threshold are classified as anomalous. For example, Krueger
et al.[12] used Bayesian Networks as part of an IDS system
and managed to reduce the false alarm rates compared to
threshold-based approaches. The second class is clustering
methods. A distance or similarity method has to be defined
on the feature space. It is then used to cluster the data with
various algorithms, such as k-means clustering. I then measure
the distance of new data points with my learned clusters And
use it to classify them as anomalous or not. One example of
such a method is the work of Bhuyan et al.[13], where they
create a reference point clustering method to perform outlier
detection that works well on large datasets. It is useful to note
here that a clustering method, such as k-means clustering,
conceptually is quite similar to a Gaussian Mixture model.
Such similarities exist for various algorithms that, under
different implementations, can be labeled as different classes
in my classification scheme. The third class is classification
methods. They include both supervised and unsupervised
algorithms. One good example that I will use later is support
vector machines (SVM). They can be trained either on pre-
labeled data or on non-labeled data, depending on the SVM

Table taken from Project Preparation: Outlier Detection in Cybersecurity
Application, 2016, Nikolaos Perrakis

implementation. Another useful example of such techniques
is Support Vector Data Description, a one-class classification
method described and further extended by Kang et al.[14]. The
fourth class is knowledge-based methods. They take advantage
of what has been learned from previous attacks so that they
are able to identify them when they re-appear. These methods
include ontology, signature, and logic-based approaches. One
example of a knowledge-based method is Xu ’s[15] work. In
it, he introduces a sequential anomaly detection method that
takes advantage of a Markov reward process in a reinforced
learning approach. The fifth class is soft computing methods.
The key point behind them is that if finding the exact solution
is not feasible, then I can look for approximate solutions.
These methods include Artificial Neural Networks, Rough
Sets, Fuzzy Sets, Ant Colony Algorithms, Artificial Immune
Systems, and Genetic Algorithms. I mention as an example the
work of Amini et al.[16], where they use adaptive resonance
theory (ART) and self-organizing maps (SOM) unsupervised
neural networks for real-time intrusion detection. The last class
is called combination learner methods and basically consists
of techniques that combine more than one of the previous
classes in their implementation. A good example of such
a method is the work of Borji[17]. He uses my classifiers,
decision trees, SVM’s, ANN, and kNN, which he combines
with three different strategies: majority voting, belief measure,
and Bayesian averaging.

The variety of methods for Intrusion detection can be
attributed to their diverse strengths and weaknesses. Addition-
ally, the intrusions each IT infrastructure faces are different,
which means that different IT networks are best suited to
different Intrusion Detection methods. For example, cluster-
ing and Nearest neighbor algorithms have poor performance
on high dimensional data because, in those cases, distance
methods cannot accurately differentiate between anomalous
and normal data points. As an example, this problem is
studied by Aggarwal et al.[18], where they mention that the
meaning of proximity in high dimensions is problematic. They
study the problem empirically, focusing on Lj norms, and
propose fractional k’s as a potential solution, though I will
not try them here. Other ways to overcome this are feature
reduction techniques, such as spectral techniques or principal
component analysis, but he has to be careful to maintain
the separation between anomalous and normal data points.
In general, classification techniques suffer because of the
need to pre-label data points. Creating those labels is hard
and often artificial. This results in the subsequently trained
model becoming outdated quite fast because of the fast-paced
evolution of the IT field. Using partially labeled data for semi-
supervised clustering techniques can be more efficient than
classification methods, provided I have a feature space with
a good distance measure. If not, statistical techniques are a
better option. As I mentioned, another point to consider is
how easy it is to update my application. Statistical, clustering,
and classification methods are all hard to train. But it can
be done offline, and their testing phase is fast. Last but not
least, there are times when the assumption that intrusion events
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Table I
TYPES OF ATTACKS AND ASSOCIATED ANOMALIES.

Attack Type

Description

Examples (Anomaly Type)

Malware

Virus, Worm, Troyan: A program that may replicate and transfer on
its own and perform harmful operations on the infected computer.

Stuxnet Worm (point)

Denial of Service

Attacks that make Network resources inaccessible.

Smurf (collective)

Network Compromising the security of a Network by exploiting Network protocols. | Man-in-the-Middle (point)
Physical Compromising a system or a network through physical access. Evil Maid (point)
Password Trying to find a user’s password, usually through multiple login attempts. Dictionary attack (collective)

Information Gathering

gathering information to try to find vulnerabilities in a network.

Port scan (collective)

Remote to User

Trying to get remote access as a user to a system.

pht (point)

User to Root

Upgrading a user’s privilege to superuser.

Rootkit (point)

are rare compared to normal events is not true. In that case,
an intrusion detection method may end up with a high false
positive rate. This is a big problem because it interrupts the
user’s normal operation.

As 1 see Intrusion Detection is a very complex problem.
Each IT system has different characteristics and they are better
addressed by different techniques. This means that addressing
Intrusion Detection to it’s entirety goes well far beyond the
scope of this project. Therefore I will limit ourselves to a
particular case.

V. DATASETS

A critical part of creating an IDS application is the data
you use to train it. In the enterprise world, you have access
to the company’s data. In academia, however, good datasets
for IDS are hard to find. One of the early attempts to solve
that problem was initiated by DARPA, and it resulted in the
DARPA 1999 IDS Dataset®. The dataset was a result of the
work done by Stolfo et al.[19]. Even though the DARPA 1999
dataset has been a standard in academia for more than a
decade, it has been heavily criticized as well. McHugh[20]
has criticized the procedure used to generate the dataset and,
more specifically, the validation process used for the validation
set. Mahoney et al.[21] have found artifacts of the simulation
used to create the datasets within the data undermining the
credibility of performance results from intrusion detection
algorithms. Moreover Ahmed et al[22] argue that the software
used to create the dataset is no longer relevant and even at
it’s time it didn’t have a significant market share. Lastly,
the documentation of the dataset is questioned, with some
researchers suggesting that the number of attacks present in
the dataset is inaccurate.

Over time, other datasets started to emerge, but none has
managed to become a standard. One reason for this is that it is
difficult to create a dataset that maintains the quality standards
needed to not be criticized for any of the shortcomings the
DARPA datasets have. This is the case for the dataset I will
be using as well. Another reason is that the diverse needs of
an IDS system mean that different datasets address different
aspects of the IDS landscape. The dataset used in this project

SDARPA IDS 1998 - 1999 Datasets: https://www.ll.mit.edu/ideval/data/ -
Accessed at 9 Aug 2016

addresses host-based intrusion detection (HIDS). It is called
ADFA LD-12 and it was presented by Creech et al.[1]. I will
describe it in detail in the next chapter.

VI. PROJECT PLANNING

An important part of any project is time management. In
order to decide how to manage my time, I first had to see the
situation I was in and the goals I wanted to achieve. While the
MSc project supervisor has done previous work in the field of
intrusion detection, he and his research team are not currently
working on it. Therefore, part of the work of this project is
to understand recent developments and trends in this field as
well as lay the groundwork for further research in the field.
This means that my work will not be focused on only one
approach, but I will try many approaches to enhance my wider
understanding of the subject. That doesn’t mean I shouldn’t
have a specific goal, and this was to employ unsupervised
learning outlier detection algorithms. There were also weekly
meetings with the supervisor to report on the progress done
and decide on the best way forward. Some of the meetings
were with the wider research team, where I each presented
the work I was doing to the other members.

To assist us in better management, I created the Gantt Chart
shown in figure VI. It is separated in eight parts. Initially,
I explored the dataset, set up my system, and decided on
the architecture of my workflow. After that, I worked on
replicating the results of previous papers[23], [24]. This work
overlapped with the work on frequency-based algorithms and
2-sequence-based algorithms. Once I replicated the work of
previous papers, I worked on new ways to analyze the dataset.
One way of doing so was to get out of the boundaries
established by the computer science community in handling
the dataset and using it in ways more conventional to the
machine learning community. After that, I proceeded to write
the initial report and deliver a draft to the first supervisor.
Subsequently, I used his feedback to improve my analysis and
my report. Lastly, I prepared a presentation in order to present
my work to the second supervisor.

An overall view of the velocity of my work can be seen
in figure 2. It includes both my programming work done in
Python as well as the writing of this report and presentation
that were written in ETEX. It does not include time spent
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MSc Project - Weekly Schedule

Dataset exploration
Results replication
Frequency algorithms

2-sequence algorithms
Initial report
Feedback

Final report
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Figure 1. MSc Project Gantt Chart

in work outside of those two, such as computation time and
literature review.

VII. DATASET DOCUMENTATION

The dataset I will use for this project is a modern dataset.
It was presented at the 2013 IEEE Wireless Communications
and Networking Conference[l1]. It uses modern software that
simulates real user cases in the IT landscape. The data was
produced by Creech et al.[l1] by the following described
below. Given their goal to simulate a typical real-world case,
they used a common architectural configuration used in web
servers called LAMP stack. LAMP means Linux, Apache,
MySQL, and PHP, after the names of the core software this
approach uses. Consequently, Ubuntu 11.04 is used as the
server operating system for the creation of the dataset. In
order to enable intrusion from the internet, Apache v2.2.17
and PHP v5.3.5 were also installed, and lastly, MySQL v14.14.
Apart from that, file transfer protocol (FTP) secure shell (SSH)
was enabled in order to simulate the remote administration
of the server and the attack surface that comes with it.
Their default configuration settings were used. Lastly, a web-
based collaborative tool, Tiki Wiki v8.1, was installed and
enabled. This version has a documented vulnurenability’ that
allows web exploitation. Those settings are representative of
a local server offering basic web services on the internet. Tiki
Wiki’s known vulnerability represents the ever-present danger
of previously unknown vulnerabilities on up-to-date software
running on production infrastructure.

A program called auditd was used to monitor kernel system
call traces. System call traces are API’s provided by the kernel
of the operating system for userspace applications to access.
Ubuntu 11.04 uses the Linux kernel version 2.6.38, which has
325 system calls available[23]. The researchers who created
the dataset used 6 different types of attacks to compromise

"Packet Storm: All things security, https:/packetstormsecurity.com/files/
108036/INFOSERVE-ADV2011-07.txt, Accessed 9 August 2016.

Payload/Effect
Password brute force
Password brute force

Add new superuser
Java-based interpreter
Linux meterpreter payload
C100 Webshell

Vector
ftp by hydra
ssh by hydra
Client side poison executable
Tiki Wiki Vulnerability exploit
Client side poison executable
Php remote file inclusion vulnerability

Table II
ATTACKS USED IN ADFA-LD 12 DATASET.

Subset Data points
Training 833
Validation 4372
Attack 719
Table III

SUBSETS OF ADFA-LD 12 DATASET.

their server. They are presented in table II which was taken
from [1]. The dataset is separated into three sets: the training
set, the attack set, and the validation set. The training and
the validation sets contain sequences of system calls from the
normal operation of the system, and the attack sets contain
the intrusions performed by the creators of the dataset. Each
individual attack method is carried out ten times. Each data
point of the dataset consists of a series of system calls. Table
IIT shows the number of data points per subset of ADFA-LD
12.

The traditional approach on the cyber security field is to use
the training set to train a model, use the attack set to find it’s
accuracy and use the validation set to find it’s false positive
rate. While I will use that schema I will not limit ourselves to
1t.

148



VIII. PREPROCESSING AND VISUALIZATION

The first step in processing my dataset is to download it®.
Subsequently I unzip the files I see that I create 3 folders for
each subset of the dataset. The training and validation set have
a long list of text files in their respective folders. Each text
file represents a data point and contains a series of integers
separated by white spaces that correspond to kernel system
calls. The attack set is structured in folders according to the
type of attack, and within them are the text files describing
the attack data points.

The structure of the dataset after it is unzipped is not so
helpful, so I transformed it into a format that will enable us
to process it more easily. Some of the standard tools for this
purple are pickle and numpy®. They are Python libraries that
are used to save Python objects. My first preprocessing step is
to create a Python dictionary for each of the subsets containing
the information about the sequence of system calls for each
data point. Then, I use pickle to save that object. Through this
process, I create the following three pickle files:

1_training.p , 1_attack.p , 1_validation.p

After that the unzipped dataset files are deleted - they were
too inefficient to use. The 3 new files are used to load the
dataset for further computations.

my next step is to do a basic exploration of my dataset.
The kernel of the host operating system provides 325 system
calls, but I am not sure if all are represented and how that
representation is distributed. As a first step, I run through my
dataset once and create a set'” where I add all the system
calls I encounter. Thus, I end up with the following list of
175 system calls present in my dataset:
[1,3,4,5,6,7,8,9, 10, 11, 12, 13, 15, 19, 20, 21, 22, 26,
27, 30, 33, 37, 38, 39, 40, 41, 42, 43, 45, 54, 57, 60, 61, 63,
64, 65, 66, 75, 77, 78, 79, 83, 85, 90, 91, 93, 94, 96, 97, 99,
102, 104, 110, 111, 114, 116, 117, 118, 119, 120, 122, 124,
125, 128, 132, 133, 136, 140, 141, 142, 143, 144, 146, 148,
150, 151, 154, 155, 156, 157, 158, 159, 160, 162, 163, 168,
172, 173, 174, 175, 176, 177, 179, 180, 181, 183, 184, 185,
186, 187, 190, 191, 192, 194, 195, 196, 197, 198, 199, 200,
201, 202, 203, 204, 205, 206, 207, 208, 209, 210, 211, 212,
213, 214, 215, 216, 219, 220, 221, 224, 226, 228, 229, 230,
231, 233, 234, 240, 242, 243, 252, 254, 255, 256, 258, 259,
260, 264, 265, 266, 268, 269, 270, 272, 289, 292, 293, 295,
296, 298, 300, 301, 306, 307, 308, 309, 311, 314, 320, 322,
324, 328, 331, 332, 340]
A curious thing to mention here is the presence of integers
higher than 325. One would think that since I only have 325
system calls, only integers up to 325 would be used.'! This

$Download url: https://www.unsw.adfa.edu.au/
australian-centre-for-cyber-security/cybersecurity/ ADFA-IDS-Datasets/

9Pickle is the standard library to save python objects. However, when, later,
I use numpy objects, it is better to save them with numpy instead of pickle
as it is more efficient.

10A set, in Python, is an object with the useful property that it does not
allow duplicate items.

"Nothing in the documentation of the dataset indicated this would (or
would not) happen.

is a very good example that no assumptions should be made
when addressing a dataset and that I should always clean and
validate the form of the data I expect to have for the next
step of my pipeline. Another notable issue here is that I had
not identified this problem initially when I was modeling the
dataset. However, numerical tests performed after constructing
the system called frequency feature space, about which I talked
more later, showed that I had not captured all the dataset.
This resulted in more rigorous exploration that revealed the
unexpected labeling of the system calls.

Moving forward, I count the presence of each system call
in my dataset. The result of this computation is presented on
figures 3 and 4. As I see, I had to use a logarithmic scale
for my y-axis because of how unevenly and spread out the
distribution of my system calls is. Moreover, I observe that
the norm is that system calls are present in all three subsets,
hinting that there is little room for associating particular
system calls with malicious behavior.

Another way to improve my basic understanding of my
dataset is to look at its principal components. In order to
compute the principal components, I merge the whole dataset.
As I can see in figures 5 and 6 I have used different colors
for the three subsets of ADFA-LD 12. In the figure 5, I only
plot the training and attack sets. In figure 6 I also plot the
validation set. By observing figure 5 I can see some degree
of differentiation between the distributions of the attack and
training set. However, once I add the validation set, in figure
6, I see that there is little differentiation between the attack
dataset and the training and validation sets combined. The
validation set’s spatial distribution on the first two principal
components is a bit different than the training set’s. This means
that the training and the validation sets as provided do not
carry the same information content.

I can see how much of the variance of the dataset is captured
with each principal component of the complete frequency
space in table IV. It is worthwhile to mention some specifics
about the variance of my datasets. In table IV, I present the
variance of the complete dataset in the complete frequency
feature space. In that case, one needs 12 dimensions to capture
80% of the variance of the dataset. However, in the work
of Xie et al.[23] that I will reproduce in the next chapter,
they perform principal component analysis on the training set
only. This results in them needing only 9 dimensions in order
to capture 80% of the variance of the training set. While I
consider that choice sub-optimum because I want my principal
components to contain the diversity of the attack dataset in
order for a classifier to take advantage of it, I will use their
approach in order to be able to compare my results with them.
The percentage of the variance of the training set explained in
each principal component, in this case, is presented in table
V. In both vases I can see that the variance explained by each
subsequent principal component decays slowly.
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Principal Component | Explained Variance
1 0.2042
2 0.1233
3 0.0949
4 0.0777
5 0.0646
6 0.0490
7 0.0386
8 0.0346
9 0.0328
10 0.0303
11 0.0273
12 0.0260

Table IV
FRACTION OF EXPLAINED VARIANCE FROM THE PRINCIPAL COMPONENTS
OF THE COMPLETE FREQUENCY SPACE THAT CONTAIN 80% OF THE
VARIANCE OF ADFA-LD 12 DATASET.

Principal Component | Explained Variance
1 0.1969
0.1548
0.1130
0.0965
0.0709
0.0689
0.0517
0.0380
0.0293

W[ N
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Table V
VARIANCE OF THE PRINCIPAL COMPONENTS OF THE TRAINING SET.

IX. FREQUENCY ANALYSIS OF THE ADFA-LD 12
DATASET

I now proceed deeper in my analysis of the ADFA-LD 12
dataset. My first goal is to replicate the results produced by
Xie et al.[23]. The paper focuses on frequency-based feature
engineering, which is similar to the one I used to explore
my dataset. Their analysis is based on two algorithms: k-
nearest neighbors and k-means clustering. As I mentioned, a
noteworthy part of [23] is that the authors perform principal
component analysis not on the whole of the dataset but only on
the training set. I will follow their approach while I am trying
to replicate their results in the following sections, even though
this means my reduced frequency feature space does not
capture the dataset as efficiently as it could. This way ensures
that I can verify that my replication has been successful. After
that, I can move into my own approach.

X. K - NEAREST NEIGHBOURS

I now describe the kNN implementation of Xie et al.[23],
which I will replicate.

They begin by performing feature reduction through prin-
cipal component analysis. The criterion for classifying a data
point as normal or not is whether it has more than k data points
from the training set within a distance d. The parameters k and
d were chosen empirically by the authors. For k they chose 20.
Their choice of parameter d depends on the distance metric
used. I present their choices[23] in table VI. The change in
distance parameter d allows us to calibrate the sensitivity when
identifying a data point as abnormal. The bigger the distance,

Metric
squared euclidean
standardised squared euclidean

Table VI
K-NEAREST NEIGHBOURS PARAMETERS USED IN DIFFERENT ITERATIONS
OF THE ALGORITHM IN ORDER TO CREATE THE ROC CURVES FOR KNN
ALGORITHM IN THE REDUCED FREQUENCY FEATURE SPACE.

distance (d) | step width
[0.01, 0.1] 0.01
[1, 10] 1

Attack Used Area under ROC curve
adduser 0.745
hydra ftp 0.593
hydra ssh 0.549
java meterpreter 0.727
meterpreter 0.710
web shell 0.734

Table VII
AREA UNDER THE CURVE FOR SQUARED EUCLIDEAN DISTANCE KNN
CLASSIFIER IN THE REDUCED FREQUENCY SPACE.

the more likely I am to find k points and call that data point
normal. This calibration procedure allows us to construct the
ROC curves. After performing my computation, I plot the
receiver operating characteristic curves that have also been
plotted by Xie et al.[23]'2. T can see them in figures 7 and 8.

To assess the performance of my classifiers, I compute
the area under the ROC curve. The results are shown in
table VII. Calculating the area under the ROC curve for kKNN
under squared standardized Euclidean distance, I get the results
shown in table VIIL

I see that the password cracking attacks (hydra ssh and
hydra ftp) are quite harder to identify compared to the other
attacks, and my classifier performed poorly on them. For
the other attacks, my classifier performed moderately to well
overall.

XI. K - MEANS CLUSTERING

I proceed in trying to replicate the results of Xie et al.[23]
with regards to the k-means clustering algorithm. I focus on
implementing the algorithm with a Euclidean distance metric.
The authors used the training data to create 5 clusters. The
number of clusters was chosen empirically. A new data point

121 should note here that I modified the procedure a bit. Xie et al[23] in
their figures do not include the 100% False Positive and True Positive point
as well as the 0% True Positive and False Positive point. Thus, they cannot
move forward with computing the area under the ROC curve. I added this
trivial step in my implementation in order to have a measure that I can use
to evaluate and compare results from different algorithms.

Attack Used Area under ROC curve
adduser 0.696
hydra ftp 0.574
hydra ssh 0.518
java meterpreter 0.689
meterpreter 0.705
web shell 0.697

Table VIII
AREA UNDER THE CURVE FOR SQUARED STANDARDIZED EUCLIDEAN
DISTANCE KNN CLASSIFIER IN THE REDUCED FREQUENCY SPACE.
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Attack Used Area under ROC curve
adduser 0.6893
hydra ftp 0.6428
hydra ssh 0.4690
java meterpreter 0.6858
meterpreter 0.7475
web shell 0.7158

Table IX
AREA UNDER THE CURVE FOR K-MEANS CLUSTERING CLASSIFIER USING
EUCLIDEAN DISTANCE ON THE REDUCED FREQUENCY FEATURE SPACE.

was classified as normal when it was within a distance d of a
cluster center. The distance parameter was chosen by finding
the maximum in cluster distance (d,,q.) and getting an evenly
spaced sample of 10 numbers from [0, d;q.]- In my case, the
maximum distance is 0.7551. This calibration of the distance
parameter allows us to control the sensitivity with which I
classify a data point as anomalous, enabling the creation of
receiver operating characteristic curves.

After performing my computation, I plot the receiver op-
erating characteristic curves. They are presented in figure 9.
To assess the performance of my classifier, I compute the
area under the ROC curves and present the results in table
IX. I can see that in this case, the hydra ssh attack has bad
performance, while for the other attacks, the classifier has
moderate performance.

The authors of [23] do not comment on the area under the
ROC curves for the classifiers they used. Instead, they just
assess individual Precision (True Positive) and Fallout (False
Positive) rates. With my implementation, I can compute it. By
looking through figures 7, 8, 9 and the tables presenting the
area under the ROC curve, VI, VII, IX, I can see that the k-
means clustering algorithm is a bit more reliable. Additionally
k-means clustering is a lot cheaper computationally. The
training times for k-means clustering were at least one order
of magnitude less than those of k-nearest neighbours on the
computing resources I were using for this work.

As a final remark for using k-means clustering for anomaly
detection, I should mention that conceptually, it has a lot
of similarities to the Gaussian Mixture Model pioneered by
Roberts et al.[5].

XII. SUPPORT VECTOR MACHINES

A. Linear SVM on reduced frequency feature space

A natural step in continuing my analysis of the ADFA-
LD 12 dataset further than Xie et al.[23] are Support Vector
Machines. As a first, I will keep the methodology I used
previously, meaning I will work with the first nine principal
components of the training set so I can compare my results
before moving forward. I will train an SVM model, using a
linear Kernel, for each attack separately. More Specifically,
I will use the SVC class from the scikit-learn library[28].
Moreover I will use different values of the regularisation

Attack Used Regularisation parameter
adduser 10
hydra ftp 0.05
hydra ssh 0.5
java meterpreter 0.1
meterpreter 10
web shell 1
Table X

OPTIMAL REGULARISATION PARAMETER FOR SVM’S WITH LINEAR
KERNEL ON ADFA-LD 12 FOR DIFFERENT ATTACK PROFILES IN THE
REDUCED FEATURE SPACE.

Attack Used Area under ROC curve
adduser 0.8303
hydra ftp 0.6978
hydra ssh 0.7801
java meterpreter 0.8628
meterpreter 0.9105
web shell 0.8354

Table XI

AREA UNDER THE CURVE FOR SVM’S WITH LINEAR KERNEL ON
ADFA-LD 12 FOR DIFFERENT ATTACK PROFILES ON THE REDUCED
FEATURE SPACE.

parameter C' to better map the hypothesis space of available
classifiers. The different values of C' I used are:

0.05,0.1,0.5,1, 5,10, 50]

I can see the first results of this computation in figure 10
where I plot various performance points on a True Positive
versus False positive map. From there, I conclude that for some
attacks, namely web shell and meterpreter, the performance of
the SVM classifier is not influenced significantly by the choice
of regularisation parameter. On the other hand, hydra ftp and
hydra ssh attacks are significantly influenced. For each attack,
I note the best-performing value, as I can see in table X.

I proceed with computing the optimum linear SVM clas-
sifier for each attack and then plot its receiver operating
characteristic curve. The results are shown in figure 11. The
area under the curve for each classifier is shown in table XI.
As usual, the hydra attacks are my worst performers, while
the meterpreter attacks are my best performers.

At this stage, I am able to compare my results, from table
XI, with those of the k-means clustering algorithm, from table
IX. It is quite clear that Support Vector Machines are a more
accurate and reliable classifier for every attack. On average,
the SVM classifier has 0.15 higher area under the curve.

Moving forward, I want to see the performance of Support
Vector Machines on the dataset as a whole instead of training
them specifically for each attack. Hence I will treat the
problem as a two class classification problem with my classes
being normal behavimy and attack behaviour. To get a better
idea of the performance of my classifier in this case, I will
use cross-validation. To address the issue of class imbalance
in my dataset, I will use stratified 8-fold cross-validation!3.

131 chose 8-fold cross-validation instead of 10-fold due to the class
imbalance against my attack set and the inner divisions within it. The change
is minor but helps us sample the attack set better across folds.
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Regularisation (C) Precision Fall out

0.125 0.62+0.08 | 0.20 £0.03
0.25 0.62+0.08 | 0.20 £ 0.03
0.5 0.62+0.08 | 0.19£0.03
1 0.62+0.08 | 0.19£0.04

2 0.61+0.09 | 0.19£0.03

4 0.63 +0.07 | 0.20£0.03

8 0.64 +0.08 | 0.21 £0.04
16 0.64 +0.10 | 0.23£0.05
32 0.64+0.11 | 0.24 £0.06

Table XII

8-FOLD STRATIFIED CROSS VALIDATION RESULTS FOR VARIOUS
REGULARISATION PARAMETER VALUES OF SVM CLASSIFIER WITH
LINEAR KERNEL. RESULTS ARE PRESENTED WITH MEAN AND STANDARD
DEVIATION FOR TWO METRICS. TRUE POSITIVE RATE (PRECISION) AND
FALSE POSITIVE RATE (FALL OUT). REDUCED FREQUENCY FEATURE
SPACE WAS USED FOR TRAINING AND VALIDATION.

Regularisation (C) Precision Fall out

0.125 0.62+0.10 | 0.17 £0.04
0.25 0.64 +£0.09 | 0.17£0.04
0.5 0.66 £0.09 | 0.16 =£0.04
1 0.68+£0.06 | 0.16 = 0.04

2 0.76 £0.07 | 0.19 £0.05

4 0.81 +0.08 | 0.19£0.04

8 0.91+0.04 | 0.18£0.03
16 0.91+0.05 | 0.18 £0.03
32 0.92+0.04 | 0.18£0.03
64 0.93+0.05 | 0.16 £0.04
128 0.92+0.06 | 0.16 £0.04

Table XIII

8-FOLD STRATIFIED CROSS-VALIDATION RESULTS FOR VARIOUS
REGULARISATION PARAMETER VALUES OF SVM CLASSIFIER WITH
LINEAR KERNEL. RESULTS ARE PRESENTED WITH MEAN AND STANDARD
DEVIATION FOR TWO METRICS. TRUE POSITIVE RATE (PRECISION) AND
FALSE POSITIVE RATE (FALL OUT). COMPLETE FREQUENCY FEATURE
SPACE WAS USED FOR TRAINING AND VALIDATION.

Going even further, I run my simulation for various values of
the regularisation parameter. I present my results in table XII.
I can see that I get better performance'# for low regularisation
values. The optimum value is C' = 0.5.

B. Linear SVM on the complete frequency feature space

Moving further away from the approach of Xie et al.[23] I
investigate the application of support vector machines in the
frequency feature space without reducing it’s dimensionality
through principal component analysis. I pool all of my dataset
together and perform 8 fold stratified cross validation training
a linear SVM classifier. I present my results in table XIII.

As I can see by comparing tables XII and XIII using the
complete frequency feature space yields significantly better
results. The precision rate is increased noticeably, and the
fallout rate is slightly decreased. The computation cost was
not noticeably increased for the whole frequency feature space
when running my scripts.

C. Recursive feature elimination

4Increased performance means higher difference between precision and
fallout rates, with 1 being perfect classification results.

Moving forward with my analysis of the ADFA-LD 12
dataset, I will conduct recursive feature elimination. I will
train an SVM classifier with a linear kernel for a two-pattern
classification problem. My two classes will be attack and
normal behavior. A property of k-fold cross-validation is that
only a small part of the dataset is used as a validation
set, meaning my under-represented attack class may not be
appropriately represented in the validation set. For this reason,
I will use a sampling method to perform cross-validation. I will
be sampling my dataset with the StratifiedShuffleSplit method
of scikit-learn[28] 6 times, and my training and validation
sets will be equal in size. To create a scorer and assess the
performance of my classifier, I will use the Precision (True
Positive rate) and Fall out (False Positive rate) ratios. But
because recursive feature elimination works by optimising one
measure, I will use their difference, namely:

Scorer = Precision — Fallout

When Scorer=1 I have perfect classification and if Scorer is 0
I are classifying everything as attack behaviour. After writing
my code and performing the necessary computations, I plot
my results in figure 12.

By looking at the plot, I see that when I start removing
the less relevant features from the complete feature space, my
performance, measured by my scorer metric, remains steady.
That plateau remains with minimal variation until I have 50
remaining features with a global maximum of 54 features.
Then it has a small decline that keeps increasing and becomes
a steep decline after I am left with only 25 features. Therefore
I can deduct that the information content required to perform
proper identification of attacks in the context of a two pattern
classification problem is contained in the 54 most relevant
features.

XIII. ONE CLASS SUPPORT VECTOR MACHINES -
OUTLIER DETECTION

Before I finish my analysis of ADFA-LD 12 on the fre-
quency feature space, I will study one class, Support Vector
Machines. The 1-class SVM algorithm has been introduced by
Scholkopf et al.[6] and can work with a variety of kernel func-
tions just like normal SVM classifiers. From my preliminary
results, I saw that linear kernels performed badly. After various
trials, I found optimum performance on sigmoid kernels with
the parameters v = 0.05 and ¢y = 3.

One more tricky thing about the 1-class SVM classifier
is that on the training set, I am asked to specify the upper
bound for the fraction of training data that I can tolerate being
incorrectly classified. In order to study the upper bound’s (v)
effects, I will test its performance by recursively performing
cross-validation on a range of values for v. The results of my
first test can be seen in figure 13 and table XIV.

By studying the results of figure 13 and table XIV, I see
that there is big volatility for different numbers of v. Moreover,
the standard deviation of my metrics is quite variable, which
is something I didn’t expect. This might be due to the
relatively small number, 10, of re-sampling or because of
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v Precision Fall out
0.1 0.55 £ 0.10 0.19 £ 0.05
0.2 0.53 £0.04 0.22 £0.03
0.3 0.59 £ 0.02 0.30 £ 0.02
0.4 0.82 £0.04 0.41 £0.01
0.5 0.89 £ 0.01 0.49 £ 0.02
0.6 0.910 £ 0.001 0.61 £ 0.01
0.7 | 0912+1-10"16 0.73+£0.10
0.8 | 091+6-10"¢ 0.81 £ 0.10
0.9 0.93 £ 0.007 0.904 £ 0.009
1.0 1.0£0.0 1.0£0.0
Table XIV

EXPLORING 1-CLASS SVM WITH A SIGMOID KERNEL TO ASSESS ITS
PERFORMANCE DEPENDING ON THE UPPER BOUND FOR THE FRACTION OF
TRAINING ERRORS. SHUFFLESPLIT METHOD WAS USED FOR
CROSS-VALIDATION TO CREATE TWO, EQUAL IN SIZE, NORMAL BEHAVIOR
DATASETS FOR TRAINING AND VALIDATION. OPTIMAL PERFORMANCE
FOR UPPER BOUND v = 0.4.

v Precision Fall out
0.35 0.67 £0.04 0.36 £ 0.01
0.36 0.68 £ 0.04 0.37 £ 0.01
0.37 0.71 £0.06 0.39 +0.02
0.38 0.75 4+ 0.04 0.40 +£0.01
0.39 0.77 £ 0.04 0.40 +£0.01
0.40 0.83 +0.04 0.41 +£0.02
0.41 0.85 +0.01 0.42 +0.02
0.42 0.85 +0.02 0.42 +0.02
0.43 | 0.858 £0.001 | 0.431 +£0.010
0.44 | 0.862 +0.002 | 0.449 £ 0.006
0.45 | 0.864 £+ 0.004 0.45 +0.01

Table XV

EXPLORING 1-CLASS SVM WITH A SIGMOID KERNEL TO FIND ITS
OPTIMUM PERFORMANCE DEPENDING ON THE UPPER BOUND FOR THE
FRACTION OF TRAINING ERRORS. THE SHUFFLESPLIT METHOD WAS USED
FOR CROSS-VALIDATION TO CREATE TWO EQUAL-IN-SIZE,
NORMAL-BEHAVIOR DATASETS FOR TRAINING AND VALIDATION.
OPTIMAL PERFORMANCE FOR UPPER BOUND v = 0.41.

some structure within my dataset that I haven’t identified yet.
Further investigation is needed to determine this. In order
to identify the best-performing value of the upper bound for
misclassification, I repeat my procedure on a smaller range of
values. The results of my computation are presented in figure
14 and table XV.

From table XV, I can identify v = 0.41 as the best-
performing value for the upper bound on training errors.
Moreover, from looking at both tables XIV and XV, I can
see that the fallout rate follows the value of v, which makes
sense given that the training data are all from normal behavior
and the fallout rate represents misidentification of normal data.

Because the LIBSVM library[30] implementing the One-
class SVM algorithm that I use does not predict probabilities
for a data point to be classified as outlier but only classifies
them as such I cannot create ROC curves. However, by
observing the performance of the algorithm depending on the
bound for the training error at figures 13 and 14, I see that
there is a resemblance to a receiver operating characteristic.

Regularisation (C) Precision Fall out

0.125 0.93+0.02 | 0.068 £ 0.010
0.25 0.93 +0.02 | 0.062 £+ 0.009
0.5 0.92+0.02 | 0.054 &+ 0.009
1 0.91+0.02 | 0.049 £+ 0.007

2 0.91+0.02 | 0.047 &+ 0.006

4 0.88 +0.03 | 0.046 &+ 0.007

8 0.86 + 0.03 | 0.043 £ 0.006
16 0.84 +0.04 | 0.041 £+ 0.005
32 0.81+0.03 | 0.038 & 0.004

Table XVI

8-FOLD STRATIFIED CROSS-VALIDATION RESULTS FOR VARIOUS
REGULARISATION PARAMETER VALUES OF SVM CLASSIFIER WITH
LINEAR KERNEL. RESULTS ARE PRESENTED WITH MEAN AND STANDARD
DEVIATION FOR TWO METRICS. TRUE POSITIVE RATE (PRECISION) AND
FALSE POSITIVE RATE (FALL OUT). TWO-SEQUENCE FEATURE SPACE WAS
USED FOR TRAINING AND VALIDATION.

XIV. 2-SEQUENCE ANALYSIS OF THE ADFA-LD 12
DATASET

After my analysis of the ADFA-LD 12 dataset on the
frequency feature space, I proceed to analyze it on the two-
sequence feature space.

I begin by giving a specific definition of the two sequence
feature space I will use. As I have said, every point of my
dataset consists of a series of kernel operating system calls.
Instead of counting the frequency of a individual system calls
in each point I will count the frequency of combinations of
two subsequent system calls in each point. From my previous
explorations of my dataset, I know that I have 175 distinct
system calls present. Out of the 30625 possible combinations
of 2-sequences, only 3792 are present in my dataset. Hence,
my two-sequence feature space has 3792 dimensions.

XV. SUPPORT VECTOR MACHINES

I start my analysis of the two-sequence feature space by
addressing my data as a two-pattern classification problem. I
will use a linear kernel for my SVM classifier. I will test its
performance on various values of the regularisation parameter
(C) performing stratified cross-validation. After computing the
necessary calculations, I get the results shown in table XVI.

I see that I get my best-performing results when I have
C = 0.25. By comparing the results from tables XIII and XVI
I see that the two-sequence feature space yields significantly
better results compared to the full frequency feature space.
This is to be expected since the two frequency feature spaces
capture more information from the dataset.

Moving forward, I will conduct recursive feature elimination
to see how much information is contained in each feature. I
will use the same procedure as before. I will train my classifier
to distinguish a two-pattern classification problem. I will use
the Stratified Shuffle Split method to perform cross-validation.
In order to make the computation time reasonable, I will use
a reduction step of 24 features (out of a total of 3792) per
iteration. After performing my computation, I get the results
depicted in figure 15. I see that performance plateaus at 240
features and stays relatively stable afterward, with an obtuse
maximum at 2088 features. Below 240 features performance
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v Precision Fall out
0.1 0.55 £ 0.03 0.20 £ 0.01
0.2 0.58 £ 0.01 0.245 + 0.009
0.3 0.72 £ 0.02 0.32 £ 0.02
0.4 0.826 + 0.004 0.41 £ 0.02
0.5 0.876 + 0.006 0.50 £ 0.01
0.6 | 0.9269 £ 0.0008 0.64 £ 0.07
0.7 0.930 £ 0.001 0.76 £ 0.09
0.8 0.936 + 0.004 0.86 £ 0.07
0.9 | 0.9560 £ 0.0005 | 0.909 % 0.007
1.0 1.0+ 0.0 1.0+ 0.0

Table XVII

EXPLORING 1-CLASS SVM WITH A SIGMOID KERNEL TO ASSESS ITS
PERFORMANCE DEPENDING ON THE UPPER BOUND FOR THE FRACTION OF
TRAINING ERRORS. THE DATASET WAS FEATURE-ENGINEERED ON A
TWO-SEQUENCE FEATURE SPACE. THE SHUFFLESPLIT METHOD WAS USED
FOR CROSS-VALIDATION TO CREATE TWO EQUAL-IN-SIZE,
NORMAL-BEHAVIOR DATASETS FOR TRAINING AND VALIDATION.
OPTIMAL PERFORMANCE FOR UPPER BOUND v = 0.4.

drops significantly, hence I can say that the core information
content on normal and attack classes is contained in the 240
most important features.

XVI. ONE CLASS SUPPORT VECTOR MACHINES -
OUTLIER DETECTION

The last step of my analysis of ADFA-LD 12 on the two-
sequence feature space is studying one class, Support Vector
Machines. Again, from my preliminary results, I saw that
linear kernels performed badly. On the other hand the sigmoid
kernel gives us good performance. In order to get results
directly comparable to the ones on the frequency feature space,
I will use the same parameters that I used before, v = 0.05
and ¢y = 3.

As I have already said, one more tricky thing about the 1-
class SVM classifier is that on the training set, I am asked to
specify the upper bound for the fraction of training data that I
can tolerate being incorrectly classified. In order to study the
upper bound’s (v) effects on the two-sequence feature space,
I will test its performance by recursively performing cross-
validation on a range of values for v. The results of my first
test can be seen on figure 16 and table XVII.

While figure 16 gives us a good overview of the per-
formance of one class support vector machine the iteration
step, 0.1, for ¥ (maximum error ratio tolerance for training
set) is too big to tell us the optimum value. Hence I re-
iterate with smaller iteration step, 0.01, for values between
v € (0.35,0,45) to find the best performing value. I see my
results for v = 0.36.

XVII. VALIDATION AND TESTING

Before I do that, however, it is important to mention a
key part of my work that has been lurking in the shadows.
This is validation and testing. All of my numerical analysis
has been done through computations. It is easy to make a
mistake that introduces a bug in the Python code, but it is
very hard to identify that by looking at the results. Therefore,
I took the approach that every step of a numerical calculation,
once implemented, should be tested through the form of debug

v Precision Fall out
0.35 | 0.788 +0.008 | 0.366 4+ 0.007
0.36 | 0.805+0.008 | 0.379 +0.012
0.37 | 0.807 +0.006 | 0.380 +0.013
0.38 | 0.820 +0.008 | 0.398 +0.011
0.39 | 0.822+0.003 | 0.403 +0.012
0.40 | 0.827 +0.003 | 0.410 +0.010
0.41 | 0.8324+0.005 | 0.428 +0.018
0.42 | 0.832+0.004 | 0.424 +0.013
0.43 | 0.835+0.004 | 0.435+0.011
0.44 | 0.839 +0.005 | 0.448 +0.012
0.45 | 0.849 +0.006 | 0.464 +0.017

Table XVIII
EXPLORING 1-CLASS SVM WITH A SIGMOID KERNEL TO FIND ITS
OPTIMUM PERFORMANCE DEPENDING ON THE UPPER BOUND FOR THE
FRACTION OF TRAINING ERRORS. THE SHUFFLESPLIT METHOD WAS USED
FOR CROSS-VALIDATION TO CREATE TWO EQUAL-IN-SIZE,
NORMAL-BEHAVIOR DATASETS FOR TRAINING AND VALIDATION.
OPTIMAL PERFORMANCE FOR UPPER BOUND v = 0.36.

messages printed by the terminal or my log files in order to
verify them. This approach has not only helped us identify
bugs in my code immediately, but it has also shaped how my
code was written to make it more resilient.

A key success of that testing was the proper identification
of the integers representing the kernel system calls. Initially,
through manual exploration of the data files, sampled ran-
domly, I had assumed that they were represented by the
integers from 1 to 325. Numerical testing, in this case mostly
through summation of the relevant probabilities, revealed that
something was missing. A more rigorous exploration of the
dataset revealed the problem.

XVIII. RESULTS ANALYSIS

My first goal was to replicate the results of Xie et al.[5].
I successfully achieved that and implemented some trivial
improvements that allowed us to fully compute the ROC curve
and the area below it.

I then moved further by implementing Support Vector Ma-
chines classifiers. Comparing the area under the ROC curves
for the various cases described in tables VII, VIII, IX, and XI is
not very straightforward, so I created figure 18 to condense that
information. I can see that k-means clustering and k-nearest
neighbors with squared standardized Euclidean distance are
the worst performers, while support vector machines perform
a lot better.

I then moved to the complete frequency feature space. When
formulating the problem as a two pattern classification I saw,
from tables XII and XIII, a significant improvement in perfor-
mance. This means that the feature reduction approach used by
Xie et al.[5] was not efficient in maintaining the information
contained in the dataset while reducing its dimensionality. To
that extent, I tried recursive feature elimination, and I saw
that T could eliminate up to 121 out of 175 dimensions of
the feature space with no loss of performance. As I can see
from figure 12, I could even go below that, and unless I keep
less than the 35 most informative features, I am not sacrificing
much on the performance of my algorithm.
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I then moved to try an unsupervised learning approach using
one-class support vector machines, where I saw a significant
drop in performance, as evident from my results on tables XIV
and XV.

My next step was to move to a feature space that captured
more information from the dataset, the two-sequence feature
space. To compare how much my performance improved, I
created figure 19, which takes information from tables XIII
and XVI. As an evaluation metric I use the scored I have
defined earlier as the difference between precision and fall
out rate.

Last but not least, I compare the performance of one class
support vector machine. This algorithm acts as outlier detec-
tion, and from what I see from figures 19, 20, its performance
is significantly poorer compared to support vector machines
classifier. I can also see that there is very little difference
between the two feature spaces. This is in contrast with my
previous results when intrusion detection was framed as a two-
pattern classification problem.

XIX. FURTHER RESEARCH

This work was intended to initiate research on the the
field of intrusion detection through modern machine learning
approaches. As such it leaves a lot of open questions. One
straightforward path to go forward is to take note of the
system calls identified as more relevant from recursive feature
elimination. Someone with expertise in computer science and,
more specifically, with the Linux kernel can give us domain
input and provide useful information for more efficient feature
engineering.

Another avenue for further research is to check on the
scalability of the algorithms I am using. The AWID 2015
dataset by kolias et al.[25] is a very good candidate. Its
compressed size is 10Gb, making it a very good candidate
for assessing algorithms that are to be trained in a distributed
setting or high-performance computer systems. It is a modern
dataset using tools representative of the current IT landscape,
and results on it will have applications on current networks.

Last but not least, there is great room for improvement in
using better kernels in unsupervised outlier detection. The fact
that I saw very small performance increase by moving to the
two-sequence feature space means that I not training the one-
class support vector machine algorithm on a feature space
that it can take full advantage of. Taking advantage of kernel
methods has the potential to greatly improve performance. And
it even if it doesn’t, it is useful to know the extent of each
algorithm’s efficiency. This enhances my overall understanding
in the Machine Learning field and helps us find areas in need
of novel approaches.
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Abstract

This paper investigates quantum entropy as a function of error for model training. A comparative
analysis of the quality of models trained using quantum entropy with models trained based on standard
error functions: cross-entropy and MSE was performed. The results demonstrate an advantage in the
quality and training time of the models that used quantum entropy for training, compared to those
models that used classical functions.

Keywords

quantum machine learning, quantum entropy, loss function, cross-entropy, mse

1. Introduction

In recent years, quantum computing has become a promising frontier that could change the way
we process information. Improve artificial intelligence models, improve information protection,
speed up modeling of complex natural processes.

If we consider the use of artificial intelligence in quantum computing, one of the more difficult
problems is learning. Today, classical error functions such as cross-entropy and MSE are used to
train quantum models of artificial intelligence. We suggest using another function, namely
quantum entropy.

Derived from quantum information theory, quantum entropy offers a probabilistic
framework that captures uncertainty in ways not accessible through classical measurements.
Incorporating such quantum principles into the design of error functions for machine learning
models opens up new ways to optimize learning processes and increase efficiency.

The main goal of this work is to perform a comparative analysis of models trained by quantum
entropy with models trained by classical functions such as cross-entropy and MSE. In particular,
we investigate whether the introduction of quantum entropy can lead to improvements in
convergence speed, model accuracy, and overall quality. By investigating the behavior of
quantum entropy as a function of error, we aim to find out whether it offers measurable
advantages over traditional optimization strategies.

2. Quantum entropy

Quantum entropy is an extension of the concepts of entropy for quantum systems. Its
development began within the framework of quantum mechanics and quantum information in
order to describe uncertainty and mixed states in quantum systems.
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The foundations were laid in 1932 by John von Neumann, who first introduced the von
Neumann entropy. This entropy generalizes the classical Shannon entropy to the case of
quantum states (1).

S(p) = —Tr(plog(p)) (1)

where p - density matrix.

In order to translate the quantum entropy into an error function, it is necessary to introduce
a reference density matrix that will represent the class of the object. This reference density
matrix must represent a pure quantum state.

For binary classification, we propose these reference density matrices (2,3)

p=ly o @
p=1[g 3)

The Scaling and Squaring Algorithms algorithm was used to calculate the logarithm from the
matrix.
For learning the quantum machine learning model we suggest the next loss function

N

1
L(6) = NZ ~Tr (pilog(p:(6))) )
1=
where N - number of objects, 8 - parameters of model.

3. Result of experiments

For training, we used the iris dataset, from which we selected two classes. We selected 70 objects
for the training sample, 30 for the test sample.
The quantum model was as follows (Fig. 1)

Figure 1: Quantum circuit of quantum machine learning model

The training was carried out using Adam's algorithm.
Result of learning show in Table 1

Table 1
Result of learning

Optimize  Type Loss Train Test Accuarcy  Accuaracy F1 Train Fl

Train Test Test
MSE 0,4748 0,50203
Cross
MSE Entropy 041924 043402 | | |
Quantum 15703 () 4955974
Entropy
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Optimize  Type Loss Train Test Accuarcy - Accuaracy F1 Train Fl

Train Test Test
MSE 0.54974 0,56639
Cross grr;’fj 046166 0470315 | | |
Entropy py
Quantum ) c1931 (67563
Entropy
MSE 045424 0,45344
Cross
Quantum 0,40953  0,40893
Entropy Entropy 1 1 1 1
Quantum o 1r555  (.42784
Entropy

Below are graphs of model training and graphs of other error functions based on model
training

a b c

Figure 2: Graphic of learning of model. a - MSE, b - cross-entropy, c — quantum entropy

4. Conclusion

As we can see from the experimental results, all models show excellent prediction results
regardless of the type of loss function. As we can see from graph 2, the quantum entropy loss
function shows better results.

The error function used for training, quantum entropy, trains the model faster than MSE or
cross-entropy. Already at 100 iterations, the error value is smaller than that of MSE. And the
value of MSE itself is smaller than when using MSE for training.

Learning with quantum entropy is better because it better takes into account the very nature
of quantum computing and exploits the implicit, hidden patterns between qubits.

References

[1] M. Cerezo, Andrew Arrasmith, Ryan Babbush, Simon C. Benjamin, Suguru Endo, Keisuke
Fujii, Jarrod R. McClean, Kosuke Mitarai, Xiao Yuan, Lukasz Cincio, and Patrick J. Coles,
Variational Quantum Algorithms, 2019. URL: https://arxiv.org/pdf/2012.09265.pdf

[2] L. Wright, F. Barratt, ]. Dborin, V. Wimalaweera, B. Coyle, and A. G. Green, Deterministic
Tensor Network Classifiers, 2022. URL: https://arxiv.org/pdf/2205.09768.pdf

[3] Diederik P. Kingma, Jimmy Lei Ba, Adam: A Method For Stochastic Optimization, 2014. URL:
https://arxiv.org/pdf/1412.6980

[4] John von Neumann, Mathematical Foundations of Quantum Mechanics, 1932

160



DOI: https://doi.org/10.30837/IST-2024.P1.161
AreHTHa TeXHONOrif iIHTeNeKTYaIbHOro MOHITOPUHTY

Anatounii Binonir? ta Cepriii 'ony6?
1 YepkacvKuli depacasHull mexHon02ivHUll yHIsepcumem, 6yaveap Llleguenka 460, 18000 Yepkacu, Ykpaina

AHoTanisa

CucteMa iHTeJIEKTyaJIbHOIO MOHITOPUHTY fIBJISIE COGOI0 CKJAJHY CTPYKTYpPY, KA CKJIAJAEThCS 3
nepeJsiiky B3a€MO3B’sI3aHUX €JIEMEHTIB, 1110 IPU B3aEMO/il 3a6e3ne4yoTb KOPEKTHY POOGOTY CUCTEMH
NPUHHATTA pilieHb. B po60Ti HaBeJleHO TeXHOJIOTII0 — MOC/IiJOBHICTh eTaliB, METO/IB Ta 3ac06iB, 110
HeoOXiZHI /11 KOpeKTHOI Ta pe3yJIbTaTHBHOI POGOTH Takoi CUCTeMH, peasi3oBaHOI y BUIJSAA
MPOrpaMHOro areHTy, ONKUCAHO iX OCHOBHUM QYHKIiOHAJ Ta 3alPOMOHOBAHO IepeJiiK pilieHb JJis
M0/a/IbLIOr0 NMOKpaleHHs ePpeKTUBHOCTI iX po6oTH.

Kirouosi cs1ioBa
NpOTpaMHUM areHT, iHTe/IeKTyaJIbHUM MOHITOPHHT, MO/leJib, LUITYYHUH iHTeJIEKT, po3Mi3HaBaHHA
o6pasiB

1. Bctyn

OcHOBHa 3ajaya MporpaMu iHTeJEKTyaJbHOTO MOHITOPUHIY MoJsirae y 3abe3nedyeHHi
HaJIeXXHMM HabGopoM 3HaHb CHUCTEMM MPUHHATTS pillleHb, L0 JOCSITA€TbCS 3aBASKU
3abe3MeyeHHI0 Oe3MepepBHUX CIOCTEpPeXeHb 3a MpeJMeTOM MOHITOPUHTY, 06pobui Ta
MepeTBOPEHHIO pe3yJbTaTiB crnocrepexxeHHs [1]. Pa3om i3 3acTocyBaHHSIM TeXHOJIOTIH
areHTHOr0 MpOrpaMyBaHHsl TakKa CUCTeMa MOHITOPUHIY 3abe3ledyye BHUCOKI MOKa3HUKHU
aBTOHOMHOCTI Ta epeKTHUBHOCTI.

[ peanizanii mocTaB/ieHMX 3aBJaHb 3a3BUYAl OYAYETbCA CKJaAHA CHCTEMa, IO
CKJIAZIAEThCS 3 MepesiiKy GiJbll By3bKO-HAIMpaBJEeHUX MiZicMCTeM, IPU KOPEKTHIA B3aeMOAil
SIKUX NPOrpaMHUN areHT 3JAaTHUM 3abe3medyuTH 3aJ0BiibHUM pesyabrar. Taki mifzcucremMmu
MOXYTb SIK BXOJUTH [I0 CKJIaZy CAaMOT0 areHTy, Tak i 6yTH 30BHIIIHIMY, He 3B’I3aHUMHU 3 HUM,
MoayJisaMH. [yt o6y 0BU NMOAIGHUX CUCTEM iCHY€E IK HeOOXiJHUHM HAbip KJII0UY0BUX €JIEMEHTIB,
HasIBHICTh SIKMX € 0OOB’I3KOBOIO [JIsI Mpale3JaTHOCTI areHTy, TakK i mepesik J0JaTKOBUX
MOAYJIIB Ta METOJIB, 110 MOXYTb, IPU KOPEKTHOMY IX BUKOPUCTAHHI, 3HAYHO NOKpPAILUTH
3arajibHy epeKTUBHICTb PO6OTH MPOrpaMH.

2. OcHOBHa YacCcTUHa

Axmo po3fiiuTU pobOTy CUCTEMU iHTEJEKTyaJbHOTO MOHITOPUHIY Ha eTamd, TO MEePLIUM
TaKMM eTaloM, He3aJeXHO BiJ NpU3HAuYeHHs areHTy, OyJe MpoLec OTPUMaHHS
eKcrepuMeHTalbHUX AaHuX. Taki faHi MOXKyTb 6yTH OTpHUMaHi pisHUMH ClI0CO6aMHU BiANIOBIZHO
Jl0 33/1a4 KOHKPETHOI cucTeMH, ajie yHAaMeHTaNTbHO Ll MPOoLeC TAaKOXK MOXKHA PO3AITUTH Ha
JBi KaTeropii. Y mepumioMy BUIaAKy [0 CUCTEMH Ge3NocepeaHbO MiJ €HYIOTbCA J10JaTKOBI
MOAYJi, 10 JO3BOJIATbL OTPUMYBATH [ aHi 3 HABKOJULIHLOTO CepeLOBUILA B peaJlbHOMY Yaci:
MiKpodOHH, KaMepH, CKaHepH, JATUYUKH, CEHCOPH, TOLLO. B iHLIIOMY BUIaAKy eKCIepUMeEHTabHI
JlaHi HAJXOJSThb [0 OCHOBHOI YaCTHMHHM CHCTEMU BXKe y BUIJIAAI dailJliB TOro 4 iHIIOrO
dopmary: ¢doto, Bimeo, ayaio, Tekcrt, yuciaoBi gani. Takud miaxing € ePeKTHUBHUM KOJIU
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npeAMETOM MOHITOPUHIY € NEeBHE cepefioBUILE, 110 XapaKTepPU3YETbCS BEJUKHM HabopoM
CTaTUCTUYHUX apameTpiB [2].

He 3Baxarwyu Ha cHoci6 OTpUMaHHS €KCIEPHMEHTAJbHUX [JAHUX, HACTYIHUM eTaloM
pO6OTH CUCTEMM iHTEJEKTYyaJbHOTO MOHITOPHUHIY € MepeTBOPEeHHs HAabopy He3B'si3aHUX Ta
HECTPYKTYPOBAaHMX IIOKAa3HWKIB Ha MacuB BxigHux JaHux (MB/). IlomepeaHbo, sKIIO
eKCrepUMeHTalbHI JAaHi HaJilllJIM [0 CUCTEMH B OpUTiHaJbHOMY ¢opmari, BifOyBaeThbcs
npolec ix nepeTBOPEHHS Ha MacUB YMCJI0BUX JaHUX, [ied poLec 3aJIeXXUTh Bij popMaTy AaHUX,
BiZimoBiHO sAKOTO GYAYTH 06paHi METOAM Ta AITOPUTMH, 1110 OYAYTh 3aCTOCOBAHI /JIs1 TOTO YU
iHworo tuny ¢aiaiB. ¥ BuUMaAKy 3ByKOBHX IMOBiJOMJIEHb MOXYTb OyTH 3aCTOCOBaHi pi3Hi
Bapiarlii airoputmMy nepetrBopeHHs Oyp’e, 306paykeHHA 3a3BUYal 1epeTBOPIOIOTHCSA HA MAaCUBU
RGB mnpeacraBieHb M iX mikcesiB, 44 HabopiB mikKcesiB, 1m0 MicTITb B €061 meBHI
3akoHOMipHOCTi. Bizeo MoxHa po36uTH Ha Kajpd a NOTIM NOBTOPUTHU MpPOLEC, LIO
BUKOPHUCTOBYETBCS [J151 IEPETBOPEHHS 306paXKeHb, TEKCT, B CBOIO Yepry, epeTBOPIETHCA Ha
Habip YMce/JIbHUX MapaMeTpiB, [0 Bilo6GpaXKaIOTh KiJIbKICTb 260 YaCTOTY MOSIBU THX YU iHIIMX
O6ykB i cuMBOJIIB, pa3oM i3 BU3HAaYeHMMH BKas3iBHHKaMH Ha MeBHi mapaMeTpH, L0 Hanepes
BKa3yHOTbCA Ilepe]] IPoLecoM NepeTBOPEHHH.

OcHoBHUM eTanoMm ¢opmyBaHHA MB/]| € mpouec mig 4ac AKoro HaboOpW YUCIOBUX HAHHUX
00’€IHYIOTBCS Ta CTPYKTYPYIOThCA 10 MEBHOI0, BU3HAYEHOr0 Harepe dopMaTy Iicjasd 4oro
Bin6yBaeThcA IX monepeiHs 06pobka. [Ipouec nonepesHboi 06pOOKHM 3a3BUYAM CKJIAJAETHCA i3
JIeKiJIbKOX L[UKJIiB IEPEeTBOPEHHS Ta CTUCHEHHS JaHUX 3 METOI0 MOIIYKY HaW6i/bll BU3HAUHUX
BJIACTUBOCTEN Ta O3HAK, L0 HNPUTAMaHHI TUM YM IHIIKM O06’€KTaM sKi pO3IJsAAATHCS
CUCTEMOI0: MpoLecC rJ106aJbHUX EePEeTBOPEHb, PO3KIaJaHHs JaHUX M0 MiHiMaJbHOMY YHCTY
CTaHZAPTHUX BEKTOpiB, KJacTepHUU aHali3, Towo [3]. BapTo 3a3HayuTH, L0 MeTOAX Ta
Croco6u NpoBeieHHs MolepesHbOI 0OPOOKU € JOCUTh Pi3HOMAHITHUMH i IKL[0 TEBHUN HAOIp
MeTOZiB Ta [Aill € ONTUMaJbHUM JJIs OJHOrO Habopy JaHUX i MOKpallye pe3yJbTaT
po3Mi3HaBaHHs 06pasiB, TO Ile He 3aBXAW O03HA4aE, 1o el caMUi Habip MeTO/liB NOKaxe
aHaJIOTIYHUH pe3y/IbTaT i 3 HACTYNHUM HabopoM AaHux. ToMy, HaWKpalluM pilleHHSAM Gyne
CTBOPUTH JIeKiIbKa MeTO/IiB, Y HAaOOPiB MeTOIB, 110 OyAyTh 3aCTOCOBYBATHUCA abo JIUIIE 10
KOHKPETHOTO TUIY JaHUX, abo, 3a J0NOMOr 00 IPOrPaMHOr0 areHTy, 6yAyTb 3aCTOCOBYBaTHCS
OKpeMO i TecTyBaTHUCS 3 METOI BU3HAYE€HHSI CUCTEMOIO0 HAaWKpaloro pe3yJbTaTy OOPOOKU.
TakoX, MOXJIUBUM CcHoco6oM peaizanii 6yge MOAYJbHHUM NigxiA, B SKOMy MeTOIU
nonepeiHboi 06PO6KU 6YAyTh NPOTECTOBAHI Hanepe/ 3 piSHUMU TUIAMHU JaHUX i, B BUIAAKY
KOJIM [0 CUCTEMH MOHITOPHMHIY Ha BXiJi HaJXOAUTb HOBUW Habip [aHUX, areHT OyJne
BUKOPUCTOBYBATHU (IiJKJOYATH MOJyJ/ib) JIMIlEe TIEBHUM HabGip omeparlii, mo Ha BigMiHy Bij
TeCTyBaHHSl 3arajbHOTO IepeJiKy MeToJiB OyZe BiJHOCHO 3MeHIIyBaTH 3arajbHUNA 4Yac
006pOOKH.

[Ticniss 06po6ku MB/l HagXoaSTh /10 OCHOBHOI 0GYHCIIOBAJIbHOI MiJICUCTEMH MPOTrPaMHOro
areHTy - fo0 6a3u MojenbHuX 3HaHb (BM3). BM3 - Habip HaBUYeHUX Ta MiATOTOBJEHHUX [0
noJaibioi po60TH MojeseH, 1o i 3a6e3MeyyTh CUCTEMY IHTENEKTYyaJlbHOTO MOHITOPUHTY
epeKTUBHUM iHCTpyMEHTOM NPUUHATTS pilleHb. [loaioHi Moaeai MoKy Tb 6yTH 06y 0BaHi sIK
Ha OCHOBi aiaroputmiB MeTony rpynoBoro ypaxyBaHHs aprymeHTiB (MI'YA), tak i 3a
JOIIOMOIOK0 BUKOPUCTAHHA LUTYYHOrO IHTEJIEKTY, Ha OCHOBI Pi3HOMaHITHUX aJIrOPUTMIB
nobynoBU HeEUpPOHHUX Mepex. lli migxoau MoxkHa SK i MOEHYBATH, TaK i BUKOPHUCTOBYBATH
OKpeMO, OCKiJIbKH, HalpukJ/Jajg Bigomo mo, MI'YA € Haib6inbil epeKTUBHUM METOJOM /JIs
OTPUMaHHA TOJIHOMIaJbHOTO ONMUCY CTOXaCTUYHOI CUCTEMHM 3 MaJol KIJIbKOCTI
eKCIepUMeHTaNbHUX AaHuX [4], ToAl K HelipoMepexi € 6i/bll THYYKUMHU Ta aAalTUBHUMHU AJ1s1
BUKOPHUCTAHHA MiJ, 4ac BUpILIeHHA CaMUX Pi3HOMaHITHUX 3aZlad. Y3araJbHeHO HeHpOHHI
Mepexi MOXXHA pO3AIJIMTH HA [JeKiJibKa THUIIIB, L0 MalTb CX0Xy OCHOBY i 3arajbHe
NpU3HAYEHHs, ajle OyAyThb Bipi3HATHCSA 32 BHYTPILIHbOIO OY/0BOI0 Ta NPUHLUIOM POGOTH i
OyayTb HaW6ibII epEeKTUBHI ITiJl YaC BUKOHAHHS KOHKPETHUX 3aBAaHb [5]. llle oiHUM goCHTH
epeKTUBHUM BapiaHTOM € CTBOpPEHHSI MOJYJbHOI HEWPOHHOI Mepexi, 10 fBJsSE €060
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MO€EHAHHA He3aJIeXKHUX Mepex B OAHY cucTeMy. JleKiJibKa HEeMPOHHUX MepeX BUKOHYIOTh CBOI
KOHKpPETHi 3aB/laHHSA, TO/i IK BUXi/l i3 HUX OEAHYETHCA ¥ 3araJIbHUH BUXi/ r/100a/1bHOT MepeXxi.

HesanexxHo Bij MeToZiB CMHTe3y MoJesield, BOHU MOELAHYIOThCA Y €AUHY CTPYKTYpY, A€
HaB4YeHi MoJeJi IpynyroThCcd 32 IEBHUMM ITapaMeTpaMy Ta IX NPU3HAYEeHHAM, L0 Hanepex
BHU3HAYeHi eKCIIEPTHUM METO/IOM PO3POOHMKAMHU Ta ClleliaJicTaMu i/l YaC CTBOPEHHS areHTy
IHTeJIeKTya/IbHOr0 MOHITOpUHry. Hamnpukiaz, AKL0 MeTOK KOHKPETHOrO areHTy €
MOHITOPUHT MEBHOI0 TUIY 06’€KTIB 3a JONOMOTrOI TPAHC/IOBAHHS 300paXKeHb Y peajbHOMY
yaci, Mmozesi MOXKyTb OyTH po3JijieHi 3a TUNaMM LUX 06’€KTIB, 3a IX KOJIbOPOM, pO3MipoM,
dopmoro, Tomo. KoHkperHi mpaBusia kiaacudikaiii Mozesel 3anexaTb Bifi NMpu3Ha4YeHHS
CUCTEMHU MOHITOPUHTY Ta 3aJlaHUX PO3POOHUKOM iHCTPYKIiH.

BaxJ/MBO BiMITUTH, 1110 B CUCTEMI MOHITOPUHI'Y BUKOPUCTOBYIOTbLCA BXKe HaBYeHI MoJeJli,
mo OyJM Halepes TPEHOBaHi JJisi BUKOHAHHS KOHKpPeTHUX 33Zad. lle o3Hadae, 1o mporec
HaBYaHHSl Ta TeCTYBaHHsS Mojesed Mae Bif0yBaTucs B OKpeMiil cucteMmi, a6o 30BHIIIHbOMY
MOAYJII KOHKPETHOI'0 IPOrpaMHOro areHTy, IpoTe, B TAKOMY BUIIAJKY MiJACUCTEMHU 3 HaBYaHHA
Ta BJIaCHE MOHITOPUHTY HIiSIKUM 4YMHOM He MOBHUHHI B3aEMOJiATH, 106 He JONYCTHUTH
BHYTPIIIHIX 3MiH y y»Ke roTOBUX MoJeJisX. ONTUMaJbHUM BapiaHTOM 6yze CTBOPUTH OKpPEMY
CUCTEMY [1Jis1 HABYaHHS Ta TECTYBAaHHS MOJieJiell 3a IeBHUM HabopoM KpUTepiiB Ta mapaMeTpis,
10 [03BOJIMTb NMPOBOAUTH TOYHHUH KOHTPOJIb Ta HaJIAIITYBaHHA [Ji KOXXHOI KOHKpETHOI
MoJeJli, He3a/IexXHO Bif ii 3arajbHOI CTPYKTypH ab60 KOHKPETHUX OCOBJIUBOCTEM.

OT>e, mporpaMHUM areHT iHTeJeKTyaJbHOTO0 MOHITOPUHTY 32 OJUH POOOYMI LIUKJ 3/jaTeH
OoTpUMAaTH Habip BXiJHUX AAHUX y iX OpUTiHaJIbHOMY BUTIJISJ, 32 NOTPeOH MEPETBOPUTH iX B
Habip YUCJIOBUX JAaHUX T4, ic/is1 NonepeJHboi 06po6KH, cpopMyBaTH MacUB BXiJHUX JaHUX, L0
Ha HAaCTyIMHOMY Kpoli Hajiige no 6a3u MoJeJNbHUX 3HaHb, B pe3ysabTari, miciasa meBHOI
KiJIBKOCTI 006YHCJIeHb Ta omepalii 3 HabopaMu Mojesied, areHT Ha BHUXO/li 3a0e3Ne4YuThb
KOPHCTYBadya pe3yJibTaTOM MPOIeCy po3Mi3HaBaHHs 06pasiB BiAMOBigHO A0 Npu3HAYeHHS Ta
O6ynoBu areHTy. HaBejeHUH alropuTMm Aid, € ONTUMaJbHUM MiHIMyMOM, 110 3a6€3M€YUTH
BUCOKUH NMOKAa3HUK epeKTUBHOCTI Ta TOYHOCTI areHTy, IPOTe Lie He 03HAavaE, 10 TaKa cucTeMa
€ 3aBepIUIEHOI0 | He MOTpebye MoKpalleHb. [CHye BesMKa KiJbKicTh ajJroputmiB, QyHKIiN Ta
METO/IB [Js IOKpallleHHs pe3yJbTaTUBHOCTI areHTHOI TeXHOJOorii iHTeJeKTyaJlbHOro
MOHITOPUHTY 1 MOJyJbHa CTPYKTypa CHUCTEMU 3a0e3MeYUTb MOMKJIMUBICTE Moaudikanii
KOHKPETHOTO eTaNy aJropuTMy 6e3 rino06abHUX 3MiH y 3arajbHill CTPYKTYpi CUCTEMH.

3. BucHoBK#M

B po6oti 6y/i0 HaBeeHO areHTHY TEXHOJIOTil0 iHTeJIeKTyaJbHOr0 MOHITOPHUHTY, Ta HOro
y3arajJibHeHa CTPYKTypa. ByJsio 3anponoHOBaHO PO3AIMWTH mpouec Mob6yJoBH CUCTEMHM Ha
eTaly, 110 XapaKTepPU3yThCs iX IPU3HAYEHHSIM Ta 0COGJIUBOCTSMU.

OnucaHo aJropyTM [il Ta 3ac06U OTPUMaHHS eKCllepUMeHTaIbHUX JaHUX JJIs I0AaIbLIO]
00pOOKHM B CHUCTEeMi MOHITOPHHTY, BKa3aHO Ha MOXJIMBICTb 3aCTOCyBaHHSI METOAIB AJIs
nepeTBOPEHHS BUXiJHUX JAaHUX 10 YMCJIOBOro popMaTy HanpsiMy nif yac npouecy ¢popMyBaHHS
MacCHBY BXiJJHUX JAaHHUX.

OnuvcaHo mpolec Ta aJropuTMH, 10 MOXJIMBO 3aCTOCYBaTH Mij 4ac HoOyJ0BU MacHBY
BXiJHUX [JaHUX, 3alNPONOHOBAHO MOJYJbHY CHUCTEMY Je KOHKpEeTHi aJropuTMu OyAyThb
3aCTOCOBYBATHCS [0 KOHKPETHUX THIIIB JaHUX, Ta He OYAyTb BIUIMBATH HA pO6OTY HifcucTeMu
B LIiJIOMY.

HaBeJieHO BU3HA4YeHHS Ta CTPYKTYpPy 6a3u MoJe/IbHUX 3HaHb, ONIMCAHO OCHOBHI MeTOAM Ta
aJITOPUTMU  CUHTE3y Mojeseld, OCOOGJMBOCTI MOOYLOBM MiACUCTEMH OOYMC/IEHb Ta
po3IMi3HaBaHHs 06pa3iB y MPOrpaMHOMY areHTi iHTeJIeKTyaJbHOr0 aHaJjli3y. 3alnponoHOBaHO
MOXJIMBICTh Mif'€HAaHHS [0 CUCTEMH MOHITOPHUHIY OKPEMOro MOAYJI, Ae OyJe HampsaMmy
3/1iIICHIOBATHCS HAaBYAHHS Mo/iesiel 6e3 B3aEMO/Iii TAKOT'0 MOYJIIO i3 TJI06a/IbHO0 CUCTEMOIO.

163



Cnucok nitepartypu

[1] Kunytska, Svitlana & Holub, Serhii, Multi-agent Monitoring Information Systems,
Mathematical Modeling and Simulation of Systems (2020), 164-171, doi:10.1007/978-3-
030-25741-5_17.

[2] Croushore, Dean, Frontiers of Real-Time Data Analysis, Journal of Economic Literature, 49
(2011),72-100. d0i:10.1257 /jel.49.1.7 2.

[3] B. Xomriok, MeTou nonepeHboi 06po6ku iHpopmaLii B mpoueci po3nisHaBaHHsI 06pasiB,
2002. URL: http://ir.lib.vntu.edu.ua/handle/123456789/14988.

[4] Ivakhnenko, Alexey, Polynomial theory of complex systems. IEEE Transactions on Systems,
Man and Cybernetics. SMC-1, 4 (1971), 364-378.d0i:10.1109/TSMC.1971.4308320.

[5] Shrestha, Ajay & Mahmood, Ausif, Review of Deep Learning Algorithms and Architectures,
IEEE Access, PP (2019), 1-29. d0i:10.1109/ACCESS.2019.2912200.

164



DOI: https://doi.org/10.30837/IST-2024.P1.165

MexaHi3MH4 3alIMTiB y CUCTEMaX Ha OCHOBI MOAiM: OIJIsAJ TA
aHaJIi3 MeTo/JiB

[0pini T'ynuenko®t and [rop Aukinl»t

1 0decvkull HayioHarbHull yHisepcumem imeHi 1. I. Meunukoea, Bcesosioda 3mienka 2, 65082 Odeca, Ykpaina

AHoTanisa

Y po6oTi npoBe/ileHO OIJIsA[ iCHyIYHX MiJX0/AiB 10 06POOKH 3aMUTIB Y CUCTEMAaX HA OCHOBI Mojii,
30KpeMa 3aCTOCYBaHHS 3BOPOTHOIO iHAEKCY Ta MpoeKLiil. BUucBiT/ieHO iXHi mepeBaru, oOMeXeHHs Ta
MOXJIMBOCTI KOMGiHYBaHHS MeTO/iB AJ1A mifBuileHHs edpeKTUBHOCTI. Oco6/MBa yBara mpujijieHa
BaXKJIMBOCTi 1HCTPYMEHTIB OLIiHKM NPOAYKTUBHOCTI BIPOBa/PKEHUX pilleHb Ta PO3POOKK HOBUX
METO/iB, IKi BUXOJASATh 3a paMKM KJACHUYHHUX NiAX0AiB. Pe3ysbTaTH JOCIiP)KEeHHS MiJKPeCI0ITh
noTpeby BiHHOBaLiMHUX NMiIX0/aX, 1[0 3a6e3ne4aTh FHY4YKiCTb, MAaCIITab0BaHICTh Ta IPOAYKTUBHICTb
CHUCTEeM y IMHaMiYHUX Cepe/lOBHUILAX.

Kiaro4oBi cjioBa
CHUCTEMH Ha OCHOBI O/Ii#, o1jiHKA epeKTUBHOCTI, MEXaHI3MH 3aMUTIB

1. Bctyn

3pocTaHHS NONYJIIPHOCTI CUCTEM Ha OCHOBI MO/l Ta pO3BUTOK Cy4YaCHUX TEXHOJIOTiA 06p06KHU
JlaHux cnpusie ¢GOpMyBaHHIO HOBHX MiAXOJiB A0 30epekeHHsl Ta aHadily iHdopmarii.
EdexTrBHa po60Ta 3 MexaHi3MaMHU 3alUTIB y TAKUX CUCTEMAX € BUKJIHUKOM [IJisl pO3POOHUKIB.
IcHyroui pimeHH#, Taki Ak natepHu «Event Sourcing» i «CQRS», mponoHyoTb OCHOBM AJid
peasizanil moZii6HMX MexaHi3MiB, OJJHAK 3HAYHA YaCTHHA MOTOYHHX MiJXOAiB CTUKAETHCS 3
00MeXEeHHSIMHY, 110 NMOB’si3aHi 3 MPOAYKTUBHICTIO Ta CKJIa[HICTI0O OTPUMaHHS aKTYyaJbHOIO
CTaHy 00'€KTa.

BojHO4Yac BaXKJIMBUM acClleKTOM € HeOOXiHICTb BUKOHAHHS 3alUTIB [0 arperaris, a He /10
OKpeMHX MOoJiH. K mokaszaHo B AOCTiKeHHSX, po60Ta JIKIIE 3 OKPEMUMH IOAISAMU 4aCTO €
He0CTAaTHBOIO [JIJ1s1 BAKOHAHHS ayAUTY a60 OTPpUMaHHS IOBHOTO KOHTEKCTY CTaHy cucTteMu [1].
CyyacHi cMcTeMU MawThb CIPaBy 3 KOpPeJSALNiHHUMU 3B’sI3KaMHU MK NOAisAMH, siKi GopMyOTh
3arajJibHUR cTaH arperaTiB. be3 ypaxyBaHHS 1IuX 3aB’si3KiB BiATBOpEHHS MOBHOI'O CTaHy
CHUCTEMM CTa€ CKJAJAHUM 3aBJlaHHAM, 10 BIUIMBAaE Ha ii epeKTUBHICTh Ta MOXKJHUBICTb
BilHOBJIeHHSA mics 360iB. TaKMM YMHOM, HEOOXiHO BJOCKOHAJIOBATH MiAXOAU A0 06POOKU
JlaHUX ¥ TAaKUX CUCTeMax, 11106 3a6e3ne4uTH epeKTUBHY POOOTY 3 arperaTaMu Ta ix CTaHaMH.

Jlana po6oTa npucBsiYeHa aHaJIi3y iCHYIOUMX METO/IiB i OrJIsIy MaTepiaJiB, 1[0 CTOCYIOThCS
MexaHi3MiB 3alUTIiB B CMCTeMaX Ha OCHOBIi IOJil, 3 MeTOI BH3HAYE€HHS MOXKJMBOCTEH JJs
nifiBuLieHHsI eGeKTUBHOCTI 3alUTIB y MexKax 06paHOro HalpsiMy JOCTiKeHHS.
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2. NMocraHoBKa 3aaauvi

OcHOBHaA MeTa JOCAi[PKEHHSI MOJISITA€E B aHaJi3i iCHylOUMX MiAX0AiB A0 MeXaHi3MiB 3alUTIB Y
cUCTeMax Ha OCHOBI MOAiN. Y Mexax LbOTO aHaJli3y pO3rJsfaloTbCcsl OOMeKeHHs iCHYIUYHUX
pillleHb, a TAKOXK MOXJIMBOCTI ix mozosanHs. Oco6yiMBa yBara NpU/iJIIETbCA 3a0e3Me4YeHHI0
IBUAKOTO JOCTYIy [0 aKTyaJbHOTO CTaHy 06’€KTiB, onTHUMi3aLii NpOAYKTUBHOCTI 3aMUTIB i
3MeHIIEeHHI0 3aTPUMOK Y BUKOHAHHI oneparii.

3. AHani3 iCHyOuMUX pileHb

AHani3 icHyrouux pilieHb AEMOHCTPYE, W0 NpobseMa ePpeKTUBHOTO BUKOHAHHSI 3alHUTIB y
CHUCTeMaxX Ha OCHOBI NMOAIM € IMPOKO BiZJOMOIO, i AJig ii BUpilIEHHS 3alPONOHOBAHO HU3KY
niaxonis. KoxkeH i3 po3rjisHyTHX MiZX01iB Ma€ CBOI IepeBaru Ta 0OMeXXeHHs, fAKi BILINBAIOTh
Ha iX epeKTHUBHICTD ¥ Pi3HUX YMOBaX.

OaHUM 3 icHywoouuX pilleHb € CTBOpPEHHSI 3BOPOTHOTO iHAekcy noaiit [2]. OcHoBHa ifges
MOJISITAE B TOMY, IIIO MO/il I'PYNYIOTHCA B JOKYMEHTH 3JIEXKHO Bij| iX KOpessIiiHUX 3aB’s3KiB,
10 ZI03BOJISIE BHKOHYBAaTH IOIIYK 3a 6e3mocepeAHbO abo ONMOCEpPEeIKOBAHO IOB’SI3aHUMU
MO iSIMH.

IMIieMeHTalisl 3BOPOTHUX iHJEKCIB BKJIKYAE iHTerpaiino mojiil y peajbHOMY 4aci, 110
4aCTO CTBOPIOE BUKJIMKU Yepes MOTPeOy MOCTIMHOTO OHOBJIEHHS JOKyMEHTIB Y Mipy L,0iaBaHHS
HOBUX NoJAil. Tak, y AesKUX 3 CUCTeM, KOXKHa NOo/Jisl AOAAETHCS [0 BifMIOBIAHOrO JOKYMEHTA],
SIKUWA NMOTpebye MOBHOI mepeiHAeKcalii, 1[0 MOKe CTaTH BY3bKHUM MicCLleM Y NPOAYKTHUBHOCTI
BCi€l cCUCTEMM.

Yepe3 me, 6arato [OOCHiIKeHb 30Cepe/KeHi caMe HaA MOKpalleHHi iHaekcamii s
KOHKPETHHX ClieHapiiB, TAKUX SIK BUCOKOINPOAYKTHBHI 623U JaHUX /IJIs1 CHCTEM Ha OCHOBI MO,
Hanpukiaag, «ATLAS» [3]. ¥ uboMy BUNAJKy BHUKOPHUCTOBYETHCS peJsliiHa MoJeslb 3
ONTHUMi30BaHUM 36epiraHHSAM Ta KOMIIPeCi€l0 AAaHMX [/ MiHiMizamil 06cariB i mokpaieHHsA
MPOJYKTHUBHOCTI 3aMMMTIB, 3a6€3Me4Uy04yy BUKe J0JaBaHHS MOAiH.

OpHak, Taki MeTOAM MalOThb CYTTEBI 00MeXeHHS, cepe/i SIKUX BUCOKI BUTPATH Ha MiATPUMKY
aKTyaJIbHOCTI iHJleKCy, TPYAHOLLi 3 06POOKOI0 BEJIMKUX 00CATIB JaHUX ¥ peaibHOMY Yaci, 1110 €
3a3BHUYal OJ/HIEIO 3 KJIIOYOBUX BUMOT /10 CUCTEM Ha OCHOBI MO/il, Ta HEOOXiAHICTh BHUpillIeHHSA
NMTaHb y3TrOJKEHOCTiI JNaHWX NpU OHOBJIeHHi. lle BHMarae mnoganblUxX AOCHIKEHb Jid
p03p0o6KHU 6inbLI ePEKTUBHHUX | THYYKUX PillIeHb.

llle oavH migxin mnepenb6adyae BUKOPUCTAHHS TMPOEKI[iH I/ CTBOPEHHS OKpPEMHX
npeJcTaBJeHb JJaHUX 151 06po6ku cienudiunux 3anuTis [4]. [[poekuii 103Bo/sAIOTH 36epiraTu
JlaHi y ¢opMi, sKa onTHMi30BaHA Ui NMEBHUX THUIIB 3alMUTiB, 3a0e3Me4y0ud IBUAKUAH i
epeKTUBHUU mocTtyn ao HUX. [ligxim 6a3yeTbcs Ha aCHHXPOHHIW 06po6Li MoAiH, e AaHi 3
OCHOBHOT'O CXOBHIIA BiITBOPIOIOTHCS yV BHUIJISAAI OKPEMHX MpeACTaBJEHbD, [0 MOXYTb OyTHU
36epexeHi B 6a3aX JaHUX 3aJIeXKHO BiJ] IOTped CUCTEMHU.

Xoya mei croci6 i g03BoJisie eGEKTUBHO i MBUJKO JOCTYNHUTHUCh A0 AAHUX, HEOOXiAHICTb
HNiTPUMKU aKTYyaJbHOCTI NPOeKLil noTpebye 3HAYHUX 00UMCIIOBAJIbHUX pecypciB. [Ipoekuil
MOBUHHI 6yTH 3a3/a/eriZib BU3HaYeHi, 1110 060MeXKYe iX THY4YKiCTb, 0COBJIUBO Y BUIAAKAX, KOJIU
CTPYKTypa ab0 THIHU 3alUTIB 3MiHIOIOTHCS, 110 € PO3MOBCIO/P)KEHUM SBUINEM JIJII CUCTEM Ha
OCHOBI MOJIi# y 3B’A3Ky 3 THM, LIO ITif Yac JJOBIOTPUBAJIOr0 KOPUCTYBAaHHS TAKOK CHCTEMOI)
MOXXyTh 3MiHIOBAaTHUCh Gi3HeC NIpolecH, fKi Ig cucTeMa Bimob6pakae, IO MPU3BOAUTH [0
HeoOXxifHOCTI BiamoBigHux 3MiH y cucreMi [5]. Kpim Toro, mnpoekuii 3anexatb Bij
KOHCHUCTEHTHOCTI MOJii i MOXYTb BTPAaTUTH aKTyaJIbHICTb Y Pasi 3aTPpUMOK B 006poO6Ili abo
MOMHJIOK y TOTOIL Mofii. lle cTBOpIOE A0AaTKOBI BUKJIMKHU JJisT PO3POOHHUKIB, SKi MOBUHHI
3a6e3MeYnTH aBTOMAaTH4YHEe OHOBJIEHHS i BiJIHOBJIEHHS MPOEKHiN A1 30epeXXeHHsA TOYHOCTI
JaHUX.
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[Ipoekuii € epeKTUBHUM pillleHHSIM JJIS1 CUCTEM, Jle CTPYKTypa 3amuTiB i 06pobKa JaHUX
MOXKYTb OyTH Ilepei0adeHi Hanepea, OAHAK iX 3aCTOCYBAaHHSA Y AUHAMIYHHX CEpPeIOBUILAX MOXKe
OyTH yCKJIQJJHEHE Yepe3 HeOOXiJHiCTh ajanTallii #0 3MiHHMX BHMOT Ta BHUCOKi BHUTpPAaTH HA
M TPUMKY.

i miAXoAH € KJTaCUYHUMHU PillleHHSIMHU /151 BUPiLlleHHs Mpo6JieMH epeKTUBHOr0 BUKOHAHHS
3alMUTIB y CHCTeMax Ha OCHOBI mofii. BoHM IIMPOKO 3aCTOCOBYIOTHCA B Pi3HUX ClieHapiax
3aBJAKHA CBOIM 3poO3yMiJioCcTi Ta mnepeBipeHOCTI 4YacoM. 3BOPOTHIW IHJEKC [03BOJISE
3a6e3MeYrdTH YHiBEpCAJIbHUM MiAXiJl A0 TMOIIYKy MNOAiH, 10 POOGHTH WOro BUKOPHUCTAHHS
BUIIPABAAHUM [JIl CUCTEM 3 BUCOKMM CTYIlEHEM HEBU3HAYE€HOCTI, le HEMOK/INBO 3a3ajeriib
nepe6a4nuTH HAGIp 3anUTIB, 0 OyAe BUKOHYyBaTHCh. O/HAK, Yepe3 MOro BUCOKi BUMOTH [0
pecypciB, AJ1d CUCTeM 3 3a3/jaJeTiib BU3HAYeHHM Hab0pOM 3aNMTiB YacTillle BUKOPHUCTOBYIOTh
CTBOpPEHHS NPOEKLiN.

KoMm6iHyBaHHSI 3BOPOTHOTO iHAEKCY MOAiN Ta NMPOEKI[id € MePCIeKTUBHUM MiIX0A0M AJIst
nmigBUIIEeHHS ePEeKTHUBHOCTI 3aMMTIB y cUCTeMax Ha OCHOBi mofiil. Lls cTpaTeria go3Boisie
006'elHATH epeBaru 060x MeToAiB, MiHiMi3y10uH ix 06MexkeHHs. 3BOPOTHUM iH/ eKC 3abe3Ieuye
yHIBepCaJbHICTb i IOTYXHI MOXJ/IMBOCTI MOIIYKY 3a KOpeAsLiHUMU 3B’I3KaMU MOJiH, ToAi K
MpOEKLii NPONOHYIOTh WBUAKUN AOCTYI A0 MONEpeJHbO BU3HAYEHUX MPeACTaBJeHb [aHUX,
ONTHUMIi30BaHUX AJIs1 crienupivHUX 3aNUTIB.

Y ni KoM6iHaLii 3BOPOTHHUM iHJEKC BHKOPHCTOBYEThCA A igeHTUdikamii monin, saki
BIANOBIZAIOTh CKJIAJAHUM KpUTEpiAM IMOLIYyKYy, a NpoeKuii - Jad WBUAKOI0O OTPUMAaHHA
pe3yJ/bTaTiB, MONepeAHbO MirOTOBJEHUX HAa OCHOBI [UX noAil. Takul migxifg 103B0JIsSIE 3HAYHO
3MEHLIUTH HaBaHTA)KEeHHS Ha CUCTEMY, OCKiJIbKK OCHOBHUM 06CAT 00YMCJIeHb BUKOHYETbCS i1
yac NiArOTOBKM NpPOEKIil, a He MiJ, Yyac BAKOHAHHS 3aMUTY.

OgHMM i3 BUKJMKIB y KOMOiHyBaHHI I[UX MeTOJiB € 3a0e3MedyeHHsI y3TOKEeHOCTi MiX
JlaHMMHU B 3BOPOTHOMY iHJeEKCi Ta MPOEKIisiX, 0COBJMBO Y CUCTEMaX i3 BUCOKOK 4YacTOTOO
OHOBJIEHb. 3aTPUMKH B OHOBJIEHHI NPOEKI[ii ab0 Hey3ro/»KeHiCTh MK moAiAsMu Ta ixHIM
NpeACTaBJEHHSAM Y IPOEKIisIX MOXKYTb NPU3BECTHU A0 HEKOPEKTHHUX pe3yJibTaTiB 3anuTiB. lLlo6
MoJloJIaTU 1i MpoO6JIeMH, MOXXHA 3aCTOCOBYBAaTH AaCHHXPOHHI MexaHi3MH OHOBJIEHHSI a6o0
ONTHUMI3yBaTHU MpPOLECH iHJeKcalil Ta MoOGyAOoBH MPOEKIiH, 10 3a6e3ne4yuTh MiHiMaJbHI
3aTPUMKH i BUCOKY aKTYa/IbHICTh JAaHUX.

Kom6iHyBaHHs iHAeKcalii Ta MpoeKIii AOIiJbHO BHKOPHUCTOBYBATH B CHUCTEMax, M€ €
LIMPOKUM CIIEKTP TUIIB 3alIUTIB: BiJ] CKJIaAHUX MOIIYKIiB 3a MOAISIMH A0 IIBUAKOr0 JOCTYNy A0
arperoBaHux JaHux. Takuil nigxig [go3BoJisie 30ajlaHCyBaTU MNPOAYKTUBHICTb CHUCTEMH,
THYYKICTb Y 3anuTax i epeKTUBHICTb 06POOKU BEJUKUX 06CATIB JaHUX.

HesBakaroud Ha Te, 110 3BOPOTHUM iHJEKC Ta HpoeKIil € mepeBipeHHUMH Ta POGOUYUMU
migxonaaMu, ixHi 0OMeXeHHS CTHUMYJIIOIOTh IOIIYK iHHOBAIiMHUX MiAXOAIB, sfKi Moriu 6
3a6e3MeYrnTH MBUJIKUN AOCTYN [0 JaHWUX, 3MEHIIUTH HaKJa[HI BUTPATH Ta MiABULIATU
epeKTUBHICTb pO6OTH 3 3aIUTaMU B CHCTEMAaxX Ha OCHOBI oM.

Kpim niagBuieHHs1 eGeKTUBHOCTI 3aNUTIB, AesKi A0 KeHHs OpiEHTYOThCS HAa CTBOPEHHS
3p03yMiJIoro croco6y oIiHUTH ePEKTUBHICTD BIIPOBA/PKEHUX pillleHb. Taka OIiHKa € KPpUTUYHO
BaXKJIMBOIO, OCKIJIBKM JO3BOJISIE He JIMLIe BU3HAYUTHU NlepeBaru Ta HeJ0JIIKK IeBHUX MiAX0/iB,
ajle ¥ OGr'pyHTYyBaTHU BUOIp TeXHOJIOTIM Ta ONTUMI3yBaTHU apXxiTeKTypy cucteM. Tak, y po6oTi
«Developing a performance evaluation benchmark for event sourcing databases» [6] 6y.si0
3aMpPOIIOHOBAHO iHCTPYMEHTH, 10 JJ03BOJISIOTH OLIHUTH epEeKTUBHICTh NEeBHUX 6a3 JaHUX MiJ
yac po6oTH 3 mofisMu. A y mocaimkeHHi «On the impact of event-driven architecture on
performance: An exploratory study» [7] npoBe/ieHO KOMIIJIEKCHE TOPiBHAHHS CUCTEM Ha OCHOBI
MOJiM 3 MOHOJIITHUMH cUcTeMaMHU. Taki JOC/TiiKeHHs NiAKPECTIOITh BaXJIUBICTh OLIiIHKU He
JIMIIE 3 TOYKU 30PY MPOAYKTHUBHOCTI, a i 3 ypaxyBaHHAM crelMPidHHUX XapaKTEPUCTHK CUCTEM
Ha OCHOBI MO/1iH, TAKKX AK iX MacIITab0BaHICTh, aJANITUBHICTD Ta 3JaTHICTb 06PO6JIATH BEJIUKI
00CATM AAaHUX y peasibHOMY 4aci. HasgBHICTb YiTKMX METO[iB OI[iHKU Z03BOJIsIE epEeKTUBHO
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iHTerpyBaTh HoOBiI pilleHHs, MiHiMi3yBaTH pusuku 1 3a6e3neYdTH BHUCOKUH piBeHb
NPOAYKTUBHOCTI Ta HaAiMHOCTI CUCTEM.

4. BUCHOBKMU

[lix 49ac gocaimpkeHHs OGyJi0 NMPOBEAEHO aHaI3 iCHYIOYMX MiAXOAIB 0 OOPOOGKU 3aMMTIB Y
crcTeMaxX Ha OCHOBI MO/Iil, 30KpeMa 3BOPOTHOTIO iHJIeKCy Ta NnpoeKIid. Byso 3'scoBaHo, mo mi
MeTOAM, X04a ¥ IIMPOKO BUKOPHUCTOBYIOTHCS, MalThb CyTTEBI 0OOMeXeHHS, MOB’si3aHi 3
NPOAYKTHUBHICTIO, THYYKICTIO Ta BUTPAaTaMH Ha NiATPUMKY aKTyaJIbHOCTI JaHUX. BUsB/€HO, 1110
HaBiTb nepeBipeHi mijxo4u NOTPeOYIOTh BAOCKOHA/TIEHHS a60 KOMGIHYBaHHSA [Jisl JOCSTHEHHS
ONTUMaJ/IbHUX pe3yJ/bTaTiB.

3a3HavyeHO 6paK aIbTePHATUBHUX METO/iB, AKi MOTrJIK 6 JJOMOBHUTH a60 3aMiHUTH KJIAaCHYHI
MiAXOAH, [0 BKA3y€ Ha HEOOXiAHICTb MOAAIbIINX JOCTi[P)KeHb, CIIPSIMOBAaHHUX Ha MOIIYK HOBUX
cTpaTerid, 3JJaTHUX NiJIBUIIMUTH THYYKICTb i MacmITaboOBaHICTh CHUCTEM Ha OCHOBi moain.
Oco6JIMBO aKTyaJIbHUM € BpaxyBaHH{ crneludiku AuHAMIYHUX cepeJloBUIL i 3MiHHUX Gi3Hec-
[IPOLECiB, AKI BUMararThb aJallTUBHUX PillleHb.

[linkpecseHo BaX/JIUBICTb BHUKOPUCTAaHHA IHCTPYMEHTIB [JIAd OLIiHKUM NPOAYKTUBHOCTI
BIPOBA/)KeHUX piuleHb. Taki iIHCTPYMEHTH HaJalOTh MOMJIMUBICTb 06'€KTUBHOTO MOPiBHAHHS
MiAX0/iB, BU3HAYEHHS iX lepeBar i He/[0JIiKiB, a TAKOX aJanTallii pimeHs /10 crielupiyHUX yMOB
BUKOPHUCTAHHS, CIPUSIOYH CTBOPEHHIO CTAbi/IbHUX | epEeKTUBHUX CUCTEM.

B pesysabTaTi npoBeieHOro aHasi3y, BUSBJIEHO 3HAUHUM NOTeHLiaJ AJis1 BAOCKOHAJIEHHS
icHyrouMx pileHb Ta po3p06KU HOBUX MiAXO0AiB, sIKi BiZ[IOBiAal0Th BUMOraM Cy4yaCHUX CUCTEM
Ha OCHOBI Mo/iN.
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Abstract

The implementation of deep learning models for semantic segmentation on autonomic devices is a
promising direction in developing intelligent systems capable of analyzing visual information
independently. The present study explores the possibilities and challenges of using such models,
employing theoretical analysis, systematization, and generalization of their usage in autonomic
devices. Our research reveals significant potential for this technology, identifying key parameters
influencing model efficiency on resource-constrained devices and proposing implementation
recommendations. Furthermore, we highlight contemporary approaches to model encryption,
emphasizing the need for a comprehensive security approach combining hardware and software
solutions. The study concludes that advancements in this field will contribute to more efficient
autonomic systems across various applications, including computer vision and robotics. By addressing
technical challenges and security considerations, this research paves the way for robust autonomic
visual processing systems, potentially revolutionizing industries reliant on intelligent image analysis.
The relevance of this study lies in its practical insights into implementing deep learning models for
semantic segmentation in resource-constrained environments, contributing to the evolving field of
autonomic intelligent systems.

Keywords

Semantic segmentation, deep learning, computer vision, model optimization, autonomic devices

1. Introduction

Computer vision is a rapidly evolving field of artificial intelligence (AI) focused on creating
technologies that replicate human visual perception. It combines elements from computer
science, optics, mechanics, and neuroscience to develop algorithms for analyzing and
interpreting visual data [1]. A key area within this field is semantic image segmentation, which
classifies each pixel in an image according to specific categories, providing deeper insights as
compared to simple object detection [2]. Semantic segmentation models generate a
segmentation map where each pixel is color-coded based on its semantic class, allowing for the
creation of masks that highlight distinct areas of an image [3]. This technique is crucial for
applications in satellite imagery, UAV data analysis, robotics, medicine, and automotive
industries. Current approaches to semantic segmentation include traditional methods that rely
on feature extraction and pixel classification, which can be time-consuming and dependent on
domain expertise [4]. To overcome these limitations, deep learning techniques using neural
networks have been developed, significantly enhancing accuracy and adaptability. Prominent
architectures for semantic segmentation include Fully Convolutional Networks (FCN), U-Net,
DeepLab, and PSPNet. However, integrating these neural networks into autonomic devices with
limited or no Internet access represents the challenging task. This work aims to explore the
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application of deep learning models in such devices and analyze effective integration methods
without constant connectivity.

2. Utilization of deep learning models in autonomic devices for semantic
image segmentation

Recent research in semantic segmentation demonstrates that deep learning models, particularly
Fully Convolutional Networks (FCNs) and other neural networks, can be effectively deployed on
autonomic devices without Internet access. This is achieved through the on-device inference,
where trained models are deployed directly on the device for local predictions [5]. This approach
reduces latency, enhances privacy, and allows operation in areas with limited or no Internet
connectivity.

Edge computing is another concept that places computational resources closer to data
sources, enabling local processing. For instance, smart cameras can analyze video streams
directly on the device using pre-trained models, reducing dependence on constant internet
connections and facilitating real-time data processing [6].

Specialized embedded systems like NVIDIA Jetson, Google Coral, and Intel Movidius are
widely used for efficient neural network execution on autonomic devices. These platforms are
optimized for neural network operations, significantly accelerating computations compared to
standard processors while maintaining low power consumption [7].

Various optimization techniques are employed to ensure efficient neural network operation
on resource-constrained devices. These include model compression methods such as
quantization, pruning, and knowledge distillation, which reduce computational complexity while
maintaining accuracy. Hardware acceleration using GPUs, TPUs, or Al-specific chips is another
crucial optimization approach, leveraging specialized computing devices optimized for neural
network operations [8].

Combining model compression and hardware acceleration methods achieves a synergistic
effect, significantly enhancing neural network efficiency on embedded systems. This
comprehensive optimization approach opens up broad prospects for implementing complex Al
algorithms in mobile and embedded devices, expanding their application scope and increasing
the autonomy and intelligence of edge devices.

Offline data processing is another aspect of modern embedded systems that allows devices to
perform complex tasks without constant internet connectivity. This approach is particularly
useful in situations where devices collect and process data in batches, performing segmentation
tasks autonomicly and only occasionally connecting to the internet for updates or additional data
transmission.

3. Key determinants of trained model storage requirements

The memory requirements for deploying trained models on devices are influenced by several
key factors. Model complexity plays a significant role, with more intricate architectures generally
demanding more storage space. The specific neural network architecture chosen also impacts
memory usage, as some designs are inherently more efficient than others.

Optimization techniques are crucial in managing memory consumption. Quantization, which
reduces the precision of model weights, can substantially decrease memory requirements, often
compressing models by up to 75%. Pruning, another effective method, removes less critical
weights or neurons, further reducing model size while maintaining performance. Knowledge
distillation, where a smaller model learns to emulate a larger one, can result in compact models
with comparable effectiveness.

The choice of model is also pivotal. Lightweight architectures like MobileNetV2, designed
specifically for mobile applications, typically occupy only 10-15 MB after optimization [9]. In
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contrast, more complex models such as full-sized Fully Convolutional Networks (FCNs) or advanced
architectures like ResNet can require hundreds of megabytes or even several gigabytes [10].

Additional considerations include the memory needed for runtime environments (e.g.,
TensorFlow Lite, ONNX Runtime) and auxiliary data such as class labels or configuration files.
These components contribute to the overall memory footprint and must be accounted for in
deployment planning.

Broadly speaking, memory requirements can be categorized as follows: 10-50 MB for simple
tasks and lightweight models, 50-200 MB for moderately complex models with some
optimization, and 200 MB to several GB for sophisticated, high-performance models.

By leveraging efficient architectures and applying appropriate optimization techniques, it is
possible to deploy neural networks on devices with limited memory resources. This capability
enables many automated devices to operate autonomicly, even in scenarios with limited or no
Internet connectivity.

4. Implementation of trained models in custom software products

To use trained models in custom applications, specialized libraries or frameworks are necessary
[11]. Here are some popular options for various platforms:

o TensorFlow Lite which is designed for mobile and embedded devices, supporting Python,
C++, Java, and Swift. It offers model conversion, inference APIs, and hardware
acceleration support.

e  ONNX Runtime which represents a cross-platform environment for ONNX format models,
supporting multiple languages and optimized for various hardware accelerators.

e PyTorch Mobile which is useful for deploying PyTorch models on mobile devices,
supporting Python, Java, and C++.

e Core ML which stands for the framework for i0S and macOS applications, primarily used
with Swift and Objective-C.

e NVIDIA TensorRT which represents a toolkit for high-performance deep learning
inference on NVIDIA GPUs, supporting Python and C++.

e  OpenCV which is characterized as an open-source computer vision and machine learning
library, supporting C++, Python, Java, and MATLAB.

The choice of library or framework depends on project specifics, target platform, and
performance requirements. Here's a brief example of integrating with TensorFlow Lite in
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)
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interpreter.invoke ()

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

5. Security of deep learning models for autonomic devices

In the context of using deep learning models for semantic image segmentation on autonomic
devices, ensuring the security of trained models is crucial. Modern approaches to security in this
domain focus on hardware-based solutions and comprehensive encryption strategies.

One key component of this security framework is the use of Hardware Security Modules
(HSMs) [12]. These specialized physical devices play a vital role in protecting deep learning
models by performing cryptographic processing and providing secure key storage. By
integrating HSMs into autonomic devices for semantic image segmentation, encryption and
decryption operations can be conducted in a secure environment, preventing unauthorized
access to trained models and protecting intellectual property.

Complementing HSMs, Trusted Platform Modules (TPMs) offer another layer of hardware-
based security [13]. These secure cryptoprocessors store cryptographic keys and perform
cryptographic operations, creating a reliable hardware foundation for protection. TPMs ensure
that models can only be decrypted through authorized operations, significantly enhancing
security even if physical access to the device is obtained.

While hardware solutions provide a strong foundation, a truly comprehensive approach to
protecting deep learning models combines robust encryption with stringent access control.
Models should be encrypted using advanced algorithms like AES-256, with encryption keys
stored securely in HSMs or TPMs. This ensures data integrity even if models are extracted from
the device. Building upon this encryption, access control should implement multi-factor
authentication (MFA) and a multi-layered authentication and authorization system, restricting
access to verified users only [14].

6. Conclusions

Overall, the present study highlights the potential of deep learning models for semantic image
segmentation on autonomic devices, enabling visual analysis without constant external
computing resources. Key to implementation is the optimization of model size and efficiency
through techniques like quantization, pruning, and knowledge distillation, making them suitable
for resource-constrained devices. Deployment requires specialized frameworks such as
TensorFlow Lite or PyTorch Mobile, with optimization for specific hardware crucial. Security is
paramount, necessitating a comprehensive approach combining hardware and software
solutions. Future developments focus on improving neural network architectures, developing
new optimization methods, and creating specialized hardware accelerators. While challenges
persist, the field promises significant advancements in intelligent visual processing systems,
opening new possibilities for autonomic devices across various applications.
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3aCTOCYBaHHﬂ aIII'OpMTMiB MaAWKUHHOIo Has4aHHA anAa

BepudiKauii Ta Banigauii iHdpopmauinHmMx cuctem yepes
BUABJ/IEHHA aHOMaNIN
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AHoTanisa

Y cTaTTi AOCHAIAKYETbCA iHTErpauis aJropuTMiB MallMHHOI'O HaBYaHHSA B npolecy Bepudikanii Ta
Basijauii iHpopmanidHUX cucTeM. Y po6GOTI pO3r/IAJa€ETbC B3aEMO3B'A30K aHOMaJsiil i3
Bepudikali€ro Ta Basigali€o gk izeHTUdIKaTOpiB AePEKTiB Ta aKIEHTYEThCS yBara Ha 0OMeXeHHAX
TpaJULliHHUX MeTO/iB BUSABJIEHHS aHOMaJTil.

Kiw4oBi ciioBa
OyHKIioHANBHUH lepeKT, BUABJIEHHS aHOMaJi i, Bepuddikallis, Baijallis, MalllMHHE HABYaHHS.

1. Bctyn

[HdopMaLiiiHi cucTEMH € OCHOBOIO KPUTHUYHO BaXKJIMBHUX ONepaniil y pisHUX raayssx, 30KpeMa
y ¢iHAaHCOBUX TOC/AyraX, OXOPOHi 340pOB’s, BHPOOHMITBI Ta [depKaBHOMY CEKTOpi.
3abe3neyeHHs HaZiMHOCTI, 6e3MeKH Ta onepaniiHoi CTabiIbHOCTI IMX CUCTEM € HaJI3BUYAHHO
BaXKJINBUM, OCKIJIbKM aHOMaJii B TaKHUX CepefOBHUILIAX MOXKYTb NPU3BECTH [0 CEPHUO3HUX
HaCJIiIKiB, TAKUX SIK BUTOKU AaHuX [1], iHaHCcOBi 36UTKH [2] Ta nepepuBaHHs HAZJAHHS OCJIYT
[3]- BusiByieHHs1 aHOMaJIil € aHa/IITUYHUM NPOLIECOM, CIPSIMOBAaHUM Ha ifjeHTHdiKaLiio TO4oK
JIaHUX, 06’ €KTIB 260 MOZiH, 1110 3HAYHO BiAXUISIOTHCSA Bifi TUIIOBUX MoJiesiei abo HopM [4, 5]. L4
MEeTO/,0JI0Tisl BiJjirpae KPUTHUYHY POJIb B aBTOMATHU30BaHUX CUCTEMAX MOHITOPUHTY, 0COGJIUBO
y BUSIBJIEHHI MOTEHI[IMHO IIKiAJWBUX BiAXWJeHb, 10 /03BOJISE 3a0€3MEeYUTH IIICHICTD i
6e3neKy AaHux [6].

TpaguniiHi nigxoau no Bepudikanii [7] Ta Basmiganii [8] 3ocepemKy0Thcsa Ha TeCTYBaHHI Ta
MOHITOPUHTY CUCTEM 3a J0MOMOTI0I0 MonepeiHb0O BU3HAYEHUX METO/1iB BUSBJIEHHS aHOMaJil
Ha OCHOBi mpaBuWJsI ab0 CTAaTUYHOrO aHafdidy. Xoda I migxoau € ¢yHJaMeHTaJbHUMU, BOHU
CTalOTh JeAasi MeHII ePeKTUBHUMMU [Jis YIPaBJiHHS BeJHUKHMH 06CATaMH JAWHAMidYHO
3MiHIOBAaHUX JIaHUX.

[Tligxiz, 10 IpONMOHYETHCA, [PYHTYETHCA HA BUKOPUCTAHI aJITOPUTMIB MalllMHHOTO HABYaHHSA
JUIS TIO/I0JIaHHSI 0OMeXKeHb, BJIaCTUBUX MeToaM Bepudikanii Ta Basiganii Ha ocHoBi mpaBu i
CTaTUYHOI'O aHaJi3y. 3aBJsIKM BUKOPUCTAHHIO TAKHUX METO/[iB, CACTEMU MOXXYTb He JIULIe
BUSIBJIATH aHOMatil, 10 BiAXWJISAKTBHCA BiJ BiZoMHUX IIabJIOHIB, ajle W aJanTyBaTHUCSd Ta
HaB4YaTHUCA Ha OCHOBI eBOJIOLIl JaHuX. MeToau, 3aCHOBaHi Ha MAUIMHHOMY HaB4aHHI,
3a6e3MeYyTh THYYKUH, aJJalTUBHUN Ta MPOAKTUBHUH MiAXiA A0 BUABJIEHHS aHOMaJii [9],
MiABUINYIOYHM ePeKTUBHICTh IPOIECiB A1 CKAAJHUX iHPOpMaI[iHHUX CUCTEM.
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2. BuaBneHHA aHOManin B npouecax sepudikauii Ta Banigauii

Y koHTekcTi nmpoueciB Bepudikanii Ta Baiigauii iHpopmaniiHux cucteM «gedeKT» 03HAYAE
Oy b-sIKy Hernlepei6aueHy NoBeAiHKY, PYHKIiOHA/JbHY IOMUJIKY UM BiAXUJIEeHHS Bijl O4iKyBaHUX
pesynbTariB y cucremi [10]. ¥ xoami Takux mnponeciB gedektu iseHTUdiKyOTBCA Ta
KJIACUQiKYIOThCA AJi1s1 pO3yMiHHS IXHBOT'0 BILIUBY, IpKepeJia MOX0KEeHHS Ta He0OXiAHUX JiH.

AHomautil - e Hecro/liBaHa MOBe/[iHKA ab0 BiIXUJIEHHS BiJj TUIIOBUX NaTepPHIB CUCTEMH, 1[0
BKa3ylTb Ha HasBHicTb AedekTiB [11]. He Bci aHoMmanii € medekTamu, ajse 6arato 3 HHUX
CBiluaTh NpPO MPUXOBaHi Mpob6JieMH, SIKi MOXYTb BIUIMHYTH Ha HajilHIicTb, 6e3meky a6o
NPOAYKTUBHICTb cCUCTeMHU. AHOMaJlii 3a3BUYail NOAiJIATHCA Ha ABi OCHOBHI KaTeropii:

CtaTuCcTUYHI aHOMail — Lie BiIXWJIEHHA BiJ, yCTaJleHUX NaTepHiB Y4 NOPOrOBUX 3HAYEHb,
HaNpuKJIaJl, HE3BUYHO BUCOKUH Yac BiATYKY, [1IKOBe BUKOPHUCTAHHS pecypciB abo HecrnoiBaHi
natepHu MepexeBoro Tpadiky [11]. Taki aHomanii MOXYyTh CBiJYUTH Hpo HpobieMu 3
NPOAYKTHBHICTIO, MIOMUJIKHU B KOH}irypauii abo 3arposu 6e3rmer;.

CTpykTypHi aHOMaJii - I BiAXWJeHHd BiJ, HOPMaJbHUX CTPYKTYp JaHUX, HaNPHUKJIAJ
BifcyTHIiCTb MoJIiB y 3anuci 6a3u JaHux abo HeBiJmoBiAHOCTI y cxemax AaHux [11]. CTpyKTypHi
aHOMaJIii YacTO BUSABJSAIOTH MPOGJEMU 3 MiJiCHICTIO AAaHUX a60 QYHKLiOHAJNbHI MOMHJIKU B
CHUCTEMI.

[leBHi aHomasii kjJacudikywTbcs 5K JAedeKTH, SKIIO BOHM BIUVIMBAlOTb Ha
byHKLIOHANBHICTb, MPOAYKTUBHICTh ab0 HaAilHicTh cucTeMu. Hailbinbul nmomupeni tunu
aHoMaJtil, iKki MOXKyTb 6yTH BU3HaHI JedeKTaMu, BKIOYAIOTh:

Crytecky NPOAYKTUBHOCTI — HecloZiBaHi CTpUOKU Yacy BiATryKy, BAKOPUCTaHHS aM’ATi a6o
HaBaHTaXEHHS Ha IPOLLecop, AKi MOXKYTb CUTHAJII3yBaTU NPO BY3bKi MicCld NPOAYKTUBHOCTI
ab0 BUTOKHU pecypciB.

BigxuseHHA OaHUX — 3HA4YeHHd, L0 BUXOAATb JaJeKO 3a MeXi O4iKyBaHHMX [iala3oHiB,
HaNpHUKJ/aJ, aHOMaJbHO BUCOKI CyMH TpPaH3aKLili, He3BUYalHiI yacu BXOJy B cUCTeMy abo
HeoyiKyBaHi 3MIiHM aKTHUBHOCTI KopucTyBadiB. Taki aHoManii MOXYTb CBiAYUTU PO
MOILKO/KEHHS JaHUX ab0 MopylleHHs 6e3MeKU.

HecaHKIioHOBaHI MaTepHU NOCTYNy — YHCJA€HHI HeBAaJi cripobu BXoAy 3 HeBigmoMux IP-
azpec abo JOCTYI M03a 3BUYAaMHUMH roguHaMu. Taki aHoMautil 4acTo BKa3ywTh Ha JlepeKTH
6e3neky abo cipoby HECAHKL[IOHOBAHOTO AOCTYIIY.

BigxunenHss koHirypauii - 3miHM B KoHirypanisx cucreM, Taki sk Moaudikanii
Ha/lalITyBaHb 6e3MeKH, MpaBuJ AOCTYIY A0 pecypciB abo mosiiTuk Mepexi. Kondirypaniini
aHoMautil MOXyTb NPU3BECTH [0 NMOTipIIeHHs NPOAYKTUBHOCTI YM BPa3JIMBOCTeHN Ge3neKH.

3. ObmeXKeHHA icHyOUMX niaxopais B npouecax Bepudikauii Ta Banigauii

[Tonpwu Te, 1m0 TpaaunifiHi MmeToau Bepudikalii Ta Basiganii € KIIOYOBUMH A1 3a6e31e4eHHs
sKoCTi Ta 6e3neku iHpopmMalLilHUX cUCTeM, i3 3pOCTAHHSIM MaclITaby Ta CKJIAJHOCTi cucTeM
BOHU CTHUKAIOThCS 3i SHAUHUMHU 06MEKEHHSIMH.

MeToau BUSIBJIEHHS aHOMaJIiki HA OCHOBI paBUJI NOKJIa[al0ThCA Ha 3a3/aJieriib BU3HAUY€EHI
YMOBH Ta CTaTHU4YHi NOPOroBi 3Ha4eHHA A4 igeHTHdikanii aHomasil y cuctemi [12]. Xo4a BOHH
epeKTHUBHI /11 BUSBJIEHHS A00pe BiOMHUX MaTEpPHIB aHOMaJbHOI MOBENiHKH, Li MiAX0AU
MalTb HU3KY HeJOJIKIB, Taki IK HETHYYKICTb [0 3MiH, BUCOKA 4YacTKa XUOHOMO3UTHUBHHUX
pe3yJibTaTiB, Ta MP0O6JeMH 3 MacCIITaGOBAHICTIO.

[HCTpYyMEHTHU CTAaTUYHOIO aHaJIi3y OLHIOIOTbL KOJ i CTPYKTYpPY CUCTEMHM [Jid BUABJIEHHS
MOTEHI[IHHUX BPa3/INBOCTEN a60 BiIMOBITHOCTI BCTAHOBJIEHUM CTAaHAApTaM 6e3MeKH Ta SIKOCTI.
[logibHUM 4YMHOM, IMONepeJHbO BH3HAYEHI MigXoAu BUKOPHCTOBYIOTH TECTOBi clieHapii,
po3pobJieHi A/ OLIHKK O4YiKyBaHOI MmoBeiHKK cucteMu [13, 14]. OgHak @i METOAM TaKOX
MarTb CBOI 0O6MeXeHHs, Taki sIK BiICYyTHICTb AMHAMiYHOTrO KOHTEKCTY, OOMEeXeHUU 06CsT
TeCTyBaHHS Ta BUCOKI BUTpATH.
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KpiMm Toro, kjlacu4Hi MeTOAX 4acTO 3ajiexkaTh Bif, JOACHKOTO AOCBiAY AJd iHTephnpeTauil
pe3y/bTarTiB i afanTanii npaBul. g 3a/1eKHiCTb CTBOPIOE BY3bKi Micld y IIBUKO 3MiHIOBAaHUX
cepenoBuiax [15], ge aaa o6po6KU aHOMaslid MOTPiOHEe MaiKe MHUTTEBE BHSIBJEHHS Ta
pearyBaHH4.

4. BuaBneHHA aHOManin Ha OCHOBI MALUMHHOIO HaBYAHHA AIK YA,0CKOHaNeHe
pileHHA

MamivHHe HaBYaHHA BiAKPHUBA€E PEBOJIIIMNHI MOXKJMBOCTI s mpoleciB Bepudikarii Ta
BaJlijanii, 03BOJISII0YM CHUCTEMaM CaMOCTiMHO HaBYATHCS Ha iICTOPUYHUX [JaHUX, pO3Mi3HABaTHU
CKJI3JHi TaTepHH Ta aJanTyBaTHCSd A0 HOBHX IOTEHIiHHMX aHOMaJlii 6e3 moTpebu y
3a3jaJseriib BU3HA4YEHUX i IPONYCaHUX NIpaBuax. [lepeBaru Takoro nifxoay BKJIKYaKTh:

AanTHUBHICTb — aJITOPUTMH NMOCTiIHHO HABYAIOThCSA HA BXiAHUX AaHUX [9], [0 103BOJISAE iM
BUSIBJISITH SIK BiZlOMi, TaK i HEBiOMi TUIIM aHOMaJTiH.

MacmtaboBaHiCTh - aJrOpUTMH 3JaTHI 00POGJATH BeJHKI HAGOpU JaHUX i CKJIAHI,
6araToBUMipHi CTPYKTypH [JaHHUX, IO pPOOUTH iX OiNbIl NPUJATHUMH [Js Cy4YacCHHUX,
OpIEHTOBAHUX Ha [laHi cUCTeM.

Bubip KOHKPETHOr0 aJIrOPUTMY 3aJI€XKUTh BiJj IPUPOAH aHOMAJIH, TUIY BXiAHUX JaHUX Ta
JIOCTYIMHOCTI MapKoBaHHWX JaHux [16, 17]. HaW6isbm migxoAfili THUMH aJTrOPUTMIB AJs
BUSIBJIEHHSI aHOMaJlill y nponecax Bepudikarii Ta Baniganii:

HaB4yaHHA 3 y4uTesieM — JOLJIbHE, KOJU B ICTOPUYHUX JAaHUX € MApPKOBaHI NPUKJIALU
HOpMa/IbHUX i aHOMalbHUX Nofid. Hampukiaz, y ¢iHaHcoBUX cucTeMax Bifjomi matepHHU
maxpalcbKHUX TPaH3aKLil MOXyThb OYTH BHUKOPHUCTAaHI fIK MapKOBaHi JaHi [/ HaBYaHHSA
MoJeJiel 3 yuuTeseM, 110 A03BOJIUTD IM BUSBJSATH NOJiOHI aTepHU y MalOYTHIX JaHUX.

HaBuaHHa 6e3 y4yuTessi — ifleajibHe JJis BUSBJIEHHS HOBUX aHOMavlid 6e3 HOTpedbH y
MapKOBaHUX JaHUX. Hanpukiazg, y cepefoBUILAX i3 JUHAMIYHUMU IAaTEPHAMHM JaHUX, TAKUX AK
MOHITOPHUHT MepexxeBoro Tpadiky, /e Mojesi 6e3 yYuTe sl MOXKYThb BUSABJISITH paHillle HeBigoMmi
3arposu.

['i6puaHi Mozesi - i MiaXoAu BUKOPUCTOBYIOTh 0OMEXXeHUH Habip MapKOBaHUX AAaHUX AJIsI
[OKpalleHHsA TOYHOCTI MoJeJi y cueHapifax, KoJu aHoMaJii € piAKICHUMM, a MapKyBaHHA -
foporum [17].

5. 3anponoHOBaHUM NigXia BNPOBaAKEeHHA MALWMHHOIO HAaBYaHHA B
npouecu sepudikauii Ta Banigauii

Juis iHTerpauii MaliMHHOrO HAaBYaHHA y Ipouecy Bepudikanii Ta Baniganii 3 MeTo10 BUSBJIEHHS
aHOMaJIiil NPONOHYETHCA CTPYKTypOBaHa MeTO/0JI0T i, 1[0 CKJIaJa€ThCA 3 YOTUPbOX OCHOBHUX
eTanis.

36ip Ta momepegHs 00poOKa AaHUX — ePeKTHUBHE BHUSBJEHHS aHOMaJIild 3a/IeKUTb BiJ
HasIBHOCTI KOMIJIEKCHUX | sdKicHUX JaHux. Jlani MawTb 36UpaTUcsd 3 pi3HUX [pKeped,
BKJ/IFOYAI04YM CHUCTEMHI XXypHa/ld, aKTUBHICTb KOPUCTYBayiB, 3allMCA TPaH3aKLil i 30BHILIHIO
iHdpopmariro npo 3arposu. [lonepeaHss 06po6Ka € BOXKJIMBHUM KPOKOM JJIs BUAAJEHHS LIyMY,
CcTaHjaapTH3alii o03HakK i HopMasisanlii 3HadeHb, W0 POOUTH [JaHi NPUAATHUMU [Js
BUKOPHUCTAHHS y MO/JeJisIX MAallMHHOr0 HaBYaHHs [16, 18].

Bubip BiAnoBigHOI MO/ieJli € KpUTUYHO BaXKJIMBUM i 3a/1€KUTH BiJl JOCTYIHOCTI MapKOBaHUX
JlaHUX Ta THUIYy aHoMaJ/lid, sfKi nmoTpibHo BuABKMTH [9]. s BigoMux TuUIiB aHOMasik
BUKOPHCTOBYIOTbCA MOJeJi 3 yyuTeseM, 1Ki HaBYalOTbCAd HAa MapKOBAaHUX [AHUX, TOAI AK Y
cepeloBUINAX, Je aHOMaJii BUHMKAIOTh Helepe06adyyBaHO, 3aCTOCOBYIOThCA Mojeni 6e3
yIUTENA.

[licia HaBYaHHA MO/ el pO3ropTalThCA Y peaJbHUX YMOBAX, e BOHU OCTiIHHO MOHITOPATD
BXiZiHi gaHi. [ nigTpuMaHHS TOYHOCTI BUKOPUCTOBYETHCSI MEXaHi3M 3BOPOTHOTO 3B’SI3KY,
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SIKHW [103BOJISIE PETYJIIOBAaTH YYTJMBICTb BUSABJEHHS JJs MiHiMi3alii XMOHOMO3UTHUBHUX
pe3yJsibTaTiB [16], a TaKOXK NMepiogUYHO IepeHaBYaTH MO/iesli Ha OCHOBI HEL[OJABHIX TaHUX JJIs
BpaxyBaHHsI HOBUX NIaTepPHiB a60 MOXJIMBUX 3MiH y MOBEAIHLi CUCTEMHU.

OuiHIOBaHHSA MPOAYKTUBHOCTI € HEOOXiIHUM [/is1 3a6e3nedeHHs] ePEeKTUBHOCTI CHUCTEM Ha
OCHOBI MallMHHOTO HaBYaHHA y BHUABJIEHHI aHOMaJiil. PerynsipHe 3acTocyBaHHSI MeTpPHUK
OI[iIHKHM MOJeJli, TAaKHX K TO4YHiCTh, moBHOTa Ta F1l-score [19], momomarae omiHUTH 3[aTHICTb
Mozeni imeHTHdikyBaTH aHoMmasii y cucrtemi. Jyis aJanTHBHOrO HABYaHHS BAXKJIMBHUM €
MOCTIHHUH MOHITOPHHT JJaHUX, OCKIJIbKY 3MiHM B OCHOBHHUX IaTepHaX JaHUX MOXXyTb BUMaraTH
nepeHaBYaHHs MoJeJi /s NiATpUMaHHs JOCTaTHbOr0 piBHS TOYHOCTI [17].

Juiss Bepudikauii Ta Basianii Ha OCHOBi BeJIMKHX MOBHUX MO/IeJIeH JIJ1s1 MyJIbTHMO/IAJIbHOT' O
BUsABJIeHHd aHoMail 3actocoByoThca BERT, GPT, LLaMA2, 4xi BUKOHYBaTH IIMPOKHUH CIEKTP
3aBJlaHb — Bi/| IPOrHO3YBaHHA [|0 BUABJIEHHA aHOMaJIil — i3 3a/ly4eHHAM Pi3HUX JKepeJl JaHUX,
epeKTUBHO IHTErpyw4Yd MYyJbTHUMOJIbHI NMOTOKUA [JISl MiABHUIIEHHS TOYHOCTI BUSIBJIEHHS
aHoMaJIil.

6. BucHoBKM

[Ipouecu Bepudikaiii Ta Basigarii € KJIIOYOBUMH [/ 3a6e3MedeHHsI HaZ[iHHOCTi, TOYHOCTI Ta
Oe3neku iHopMaLiiHMX cucTeM. TpaauLiiiHi MeToAu, 3aCHOBAaHI Ha MpaBWJaX, MAKTh
00MeXXeHHS, TaKi IK HErHy4KiCTb, BUCOKA YaCTKa XHOHOMO3UTUBHHUX Pe3y/IbTaTiB Ta MPO6JeEMU
3 MacmTaboBaHicTIO. [HTerpamiss MamIMHHOTO HAaBYaHHS JO3BOJISIE MOJAOJATH Li BUKJIHUKU
3aBASIKM aBTOMAaTHU30BAaHOMY BUSBJIEHHIO aHOMaJiii. Mogesi 37aTHi HaBYaTHUCS Ha HOBUX
JIaHUX, aZIalITyBaTHUCS J10 3MiH Ta BUABJATH CKJIaHi, Herepea6adeHi aHOMaJTii.

3anponoHoBaHUM NifxiA nepeabayae kiaacudikanito fedekTiB Ta 06po6Ky 6araToBUMipHUX
MOTOKIB JJaHUX 32 JONOMOT0I0 BEJIMKUX MOBHUX MOJieJIeN.

TakuM 4MHOM, iHTerpalis MallMHHOTO HaBYaHHA B mpollecu Bepudikalii Ta Bamigamii
yCYBa€ HeAOJIKH MiAX0/iB HAa OCHOBI IMpaBuJI, 3a6e3Me4Yy4yd IHY4YKiCTb, MacIITabOBaHICTh i
TOYHICTb y BUSIBJIEHH] e EeKTiB, 1110 € BAXK/IMBUM KPOKOM y PO3BUTKY Cy4acHUX iHpopManinHuX
CHUCTEM.
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CyyacHi peKomeHpauivHi cuctemun. AHani3 aaropuTmie
nepcoHanisauii B couiaibHUX meperxKax Ta megiannatpopmax

€rop Hecrepenko!* Ta Ipuna Kupuyenko!
1 Xapkiscbkull HayioHabHull yHieepcumem padioenekmpoHiku, np. Hayku, 14, m. Xapkis, 61166, Ykpaina

AHoTanisa

Y po6oTi po3rJsfiHyTO MeTOAM Ta MoJeJi, L0 3aCTOCOBYIOThCS Y peKOMeHJALiMHUX cHcTeMax
nonyJsipHUX Mejianaatdopy, i3 pokycoM Ha iHTerpalio KosabopaTuBHOI ¢ibTpauii, dinbTpanii Ha
OCHOBI BMICTY Ta a/JITOpUTMIB rjnb6okoro HaBuyaHHA. Ha npuksazi niatdopm TikTok, YouTube Ta
Netflix pociimxeHo edekTHUBHICTb TiGpUAHUX MiAXOAIB i apXiTeKTyp HEWpPOHHUX Mepex s
[iBMLIEeHHA lepcoHasi3anil Ta 3a/1y4eHHA KOPUCTYyBayiB.

KirouoBi cs1ioBa

peKoMeHJaLiHi cucTeMy, aHa i3 TOBe/iHKU KOPHCTYBayiB, KoslabopaTUBHa isbTpariis,
dinbTpanisa Ha ocHoBI BMicTy, ribpuAHi Mojeti, r/1M60Ke HaBYaHHS, TePCOHATi30BaHUI
MapKeTHHT

1. Bcryn

TexHosiorii 06pPOOKH BEJMKHX JAHHWX Ta MAIIMHHOTO HABYaHHSA 3MIiHIOKOTH MiAX0AU 10
nepcoHasisalnii pekoMeHJamid y MapKeTUHroBUX iHpopMalilHUX cucTeMax. TpaauLiiHi
METO/IH, 30KpeMa K0J1abopaTUBHA Ta KOHTeHTHA QibTpallis, IHUPOKO 3aCTOCOBYIOTHCS, OJHAK
BOHM MalwTb 00MeXeHHs, 0CO6JIUBO NPU POBOTi 3 BEJIMKUMH Ta PiSHOMaHITHUMHU HabopaMu
JaHux. lle o6Me)Xye TOYHICTH i pesieBaHTHICTh peKOMeHJAlil, 10 0COGJHUBO IMOMITHO Yy
cepenoBHINAX, /e KOPUCTYBALbKI BIOA06aHHS MIBUIKO 3MiHIOIOThCSL.

Kosna6opaTtuBHa inbTpallis [03BoJsisie O6yAyBaTH peKoMeHAalii Ha OCHOBi Ail CXOXHX
KOPHUCTYBauiB, IPOTe CTUKAETHCSA 3 MPO6JIEMOI0 “X0JIOHOTO CTAapTY” AJ151 HOBUX KOPUCTYBayiB
Ta NpoAykKTiB. PinbTpalLis Ha OCHOBI BMICTy, CBOEIO 4eprow, OpieHTOBaHAa Ha iHAUBiAyaabHI
XapaKTepUCTUKH KOHTEHTY, ajle Ma€ CXUJIBHICTb 10 OJTHOMAHITHOCTI peKOMeH/alliH, 10 3BYXKY€E
Jlianla30H NPOMO3HUIiH /i1 KOPUCTYBadiB. [l MOA0IaHHS [UX 00MeXXeHb PO3p006JIeHO ribpuHi
METO/IH, IKi MOEAHYIOTh IepeBaru 000X Migxo/iB i 3a6e3medy0Th MiJBUINEHY TOYHICTH Ta
pPi3HOMaHITHICTb peKOMeHJalliH.

CydacHi pekoMeHAalliliHi CHUCTeMHU, TOOY/OBaHI Ha OCHOBiI IIMO60KOro0 HaBYaHHS, 3[aTHi
BpPaxOBYBaTH CKJIaJHi 3a/Ie?)KHOCTI MDXK JaHMMHU, 10 HEJAOCTYIHI i TPaJAULLiMHUX MOJeJeN.
BukopurcTaHHA HEHPOHHUX Mepex, TAKUX K 3TOPTKOBI Ta peKypeHTHi, J03B0JISI€ BpaXOBYyBaTH
KOHTEKCT 1 MOCJiJOBHICTb Al KOPUCTyBayiB, 10 MifBUIIYE TOYHICTh MPOrHO3yBaHHA IXHIX
iHTepeciB. ¥ 1ill po6GOTi pO3r/isjamTbCs apxXiTEKTYypW Ta MifX0A4H, fIKIi BUKOPHUCTOBYIOThb
miatdopmu TikTok, YouTube Ta Netflix a1 no6y10Bu epeKTHBHUX peKOMeH/JalliHHUX CUCTEM,
3JaTHUX aJanTyBaTUCA A0 3MiH Y NMOBeiHLi KOPUCTYBAYiB i NiIBUILLYBATH IXHIO B3aEMOJiIO 3
m1aT$opMo}o.
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2. MeTtogonoria po6oTn peKomeHAALIMHUX CUCTEM

Juiss po3po6bKU ePpeKTHUBHUX PEeKOMEHAAIIMHUX CUCTEM 3aCTOCOBYIOTH JeKiJibKa OCHOBHHX
MiAXOAiB, KOXKEeH 3 SIKMX Ma€ CBOI MepeBard Ta OOMEXEHHs, 10 BIJIMBAIOTh Ha SIKiCThb
MepCoHaJi30BaHUX PEKOMeHAallil.

2.1. KonabopartusHa ¢inbrpauis

Kosna6opaTuBHa QinbTpallis € OAHUM i3 HAaUGIBII MOMIMPEHUX MiAX0/iB y peKOMeHAaliHHUX
cucTeMax, 10 OyJye peKoMeHJamil Ha OCHOBI CXOHX Ail iHIIMX KopHcTyBadiB. BoHa
BUKOPUCTOBYE abo0 MmiaxiJl Ha 0CHOBI KopucTyBadiB (user-based) a6o Ha ocHOBI esieMeHTiB (item-
based) mnas nepepbayenHsi Bnogob6aHb [1]. KopucryBauam i3 mofi6HUMH BIOJ0G6aHHSIMHU
MOXXYTb NPONOHYBATHUCS CX0i QiIbBMU YU MPOAYKTH, 110 I'PYHTYEThHCS NMOAIGHOCTI iHTepeciB
kopuctyBauiB. KosnabopaTtuBHa ¢inbTpaliss Mae 06MexeHHs, 30KpeMa IpobyeMy X0J0JHOIr0
CTapTy - BiACYTHICTB JOCTATHIX JaHHUX /151 HOBUX KOPHUCTYBa4iB ab0 NPOAYKTIB, L0 YCKIAJHIOE
no6y/0By TOUHUX peKoMeHJauii [2].

2.2. dinbTpauin Ha OCHOBI BMiCTY

MeTo/ ¢inbTparii Ha OCHOBI BMiCTy BpaX0OBY€E XapaKTEPHUCTHUKU KOHTEHTY, IKUH ciof,06aBcs
KOpPUCTYBauy, AJ151 CTBOPEHHSI IEPCOHAJiI30BaHUX peKoMeHaauii. llel nigxig no3Bosisie cuctemi
NPONOHYBAaTH HOBUW KOHTEHT Ha OCHOBI MOAIGHOCTI XapaKTepUCTHUK (KaHp, KJIIOUOBi CJI0B3,
KaTeropii), o npucyTHi B y/o6yeHux ¢ijbMax 4d ToBapax KopuctyBaya [3]. Xouya Takui
MiaxiJ, KOpUCHUH i iHAUBiAyasbHOI NepcoHasisalnii, BiH Mae oOMeXeHHS y BUIJAA]
MOTEeHLiAHOI OJAHOMaHITHOCTI pekoMeHJauiil. OCKIJIbKM CHCTeMa Opi€EHTOBaHa JiMlle Ha
MOTOYHI iHTEpecH KOPUCTYBa4ya, BOHA YaCcTO HE BUXOJAUTH 32 MeXi MOro 3BUYHOIO CIEKTPY
BIOZ006aHb, 1[0 MOXXe 3HMU3UTH BapiaTHBHICTb KOHTeHTY. lle sBuIle, BijoMe K "mpobGiiema
BYy3bKOro TyHest0" (narrow tunnel problem) [4].

2.3. TibpuaHi metogu

['i6puaHi pekoMeHJaMLiNHI cHCTeMU 06’ €IHYIOTh eJIeMeHTH K0Iab0paTUBHOI Ta KOHTEHTHOI
dinpTparnii, mo /103B0JISIE 3MEHIIUTH 00MeXeHHS KOXKHOI'0 3 METO/IiB i Mi/IBUIIMTH TOYHICTb
peKoMeHAaliMHUX Mpomno3uLii. Taki cucTeMu KOMOiIHYIOTh KiJlbKa METOJiB, 106 OTpUMATH
MaKCHMaJIbHO peJieBaHTHUM pe3ysbTaT Jjas KopuctyBada [5]. Hanpukiag, Netflix
BUKOPUCTOBYE TiOpUAHUM Migxif, 1[0 MOEAHYE KosabopaTuBHY ¢isbTpaniro, pisbTpalio Ha
OCHOBI BMiCTy Ta 10/1aTKOBi aJITOPUTMU MAalIMHHOTO HAaBYaHHS, TaKi sIK IJINO0Ke HaBYaHHS JJIs
BpaxyBaHHsl iCTOPUYHUX JAHUX KOPUCTyBaya Ta iHIIMX HeSBHUX BHoA06aHb [6]. [i6puaHi
METOJH [I03BOJIIIOTh 3HU3UTH MNPO6GJIEMY XOJIOJHOTO CTApTy, MiJBUINYIOYM aJallTUBHICThb
CUCTEMHU JIJIs1 HOBUX KOPUCTYBayiB i MPOAYKTIB, a TAaKOX 3a6€3Me4Yy0Th 6ijbll pi3SHOMaHITHUH
KOHTEHT 3a paxyHOK 06'€/JHaHHS JeKiJbKOoX cTpaTerii [7].

3. Ornap BUKOPUCTAHHA MeTOoAiIB rNMboKoro HaBYaHHA B peKOMEHAaLiMHUX
cucTemax nonynapHux nnatpopm

PekoMeHaliliHi CHUCTEMU 3aCTOCOBYIOTh TEXHOJOTiI TJIMO0KOTrO HAaBYaHHS MJs aHaJi3y
[OBeAIHKM KopucTyBadiB. Lle 103BoJisse CTBOPIOBATH TOYHI NepCOHai30BaHi peKoMeHJauil.
PosrsisineMo oco6sinBocTi Takux cucteM Ha npukiaazi TikTok, YouTube Ta Netflix.

3.1. TikTok

TikTok noeaHye kosabopaTHUBHY Ta KOHTeHTHY ¢inbTpauir. KosabopatuBHa ¢inbTpauis
aHaJli3y€ B3aEMOJII KOPUCTYBayiB, a KOHTEHTHA — MeTaaHi BiZjeo, TaKi AK XellTery, NiAn1ucy Ta
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My3u4Hi Tpeku. lle 3abe3sneuye JUHAMiuHICTb peKoMeHJalill i J03BOJISIE HOBMM aBTOpaM
JocsiraTd ayauTopii HaBiTh 6e3 BesiMKOI 6a3u HigNUCHUKIB. BogHoyac, HU3bKa MPO30pPiCTh
QJITOPUTMIB BUKJIMKAE KPUTHUKY Yyepe3 YTBOPEHHS "eXxo-KaMep", 1110 06MeKy€e pi3HOMaHITHICTb
KOHTEHTY [8].

3.2. YouTube

YouTube peasnisye gBocTyleHEBY apXiTeKTypy: reHepalilo KaHAUJATiB Ta IX paHKyBaHHs. Ha
nepLIOMy eTani cucTeMa BiZjoMpae COTHI pe/ileBaHTHUX BiZjeo, BUKOPHUCTOBYIOUU eMOeJUHT U
BiZileo Ta icTopil neperJidazis, a Ha JPYyromMy — COpTye IX 32 IPOrHO30BAaHUM 4YacoOM Ieperasany
(expected watch time). Lle mo3BoJsisie yHUKAaTH INOIIMPEHHS 'KJIKGEHTHOro" KOHTEHTY,
36ajlaHCyBaTU peKoMeHpanii Mi>K HOBHUM 1 MOMy/JsipHUM BiJle0 Ta BpaxOBYyBaTHU YHiKaJbHi
MOBE/[IHKOBI MaTepHU KOPUCTyBadiB [9].

3.3. Netflix

Netflix 3acTocoBye ri6puanuit niaxiz, skuit interpye Netflix BukopucroBye riopugHui niaxiz
i3 MaTpuuHOIO paKkTOpH3aLi€l0, 3rOPTKOBUMHU HEHPOHHUMH Mepexkamu (CNN) Ta anropurmaMu
paHKyBaHHS, TakuMu sk Personalized Video Ranker (PVR). Marpuuna d¢axkTopusanis
JlorioMarae BUSIBJISITH JlaTeHTHI Bnogo6aHHs, CNN aHanisyoTh BidyaJlbHUN KOHTeHT, a PVR
dopmye nepcoHasi3oBaHi CIMCKH, BPAaXOBYIOYH iCTOPit0 MeperJis/iB Ta KOHTEKCT (Jac 00w,
Micle3HaxoKeHHs Tollo). Taka apxiTekTypa A03BoJsi€ muaTdopmi 3abe3nedyyBaTH BUCOKY
peJieBaHTHICTh peKoMeHAalii i miBULIYBATH JOSJIbHICT KopucTyBauiB.[10]

4. NopiBHAHHA Nigxoais i BU6ip onTUManbHOI cuctemmn

Bubip pexkomeHJauniliHOI CUCTeMH 3aJeXXUThb BiJj moTpeb® KOpHCTyBauiB, Liji miaaTdopm.
Hanpuk/iaZ, KopoTKOCTpoKoBi iHTepecn edeKTUBHO 06po6Jisie mifxin, peasizoBaHUl Ha
miatdopmi TikTok, fe BUKOPpUCTOBYIOThHCSI MeXaHi3MU yBaru Ta peKypeHTHI HeMpoHHi Mepexi,
SIKi I03BOJISIOTH IIBUAKO aJallTyBaTHCS JI0 3MiH y BHOA00AHHAX KOPUCTyBauiB. Takui migxiz
3abe3Meyye BUCOKY JUHAMIKY peKOMeHAalil, 110 BaXKJ/IMBO AJ15 IJ1aT$OPM 3 BEJTUKUM 06CATOM
KOPHUCTYBAlbKOTO KOHTEHTY.

YouTube BUKOPHUCTOBYE ABOCTYIEHEBY apXiTEKTYpy, e NepIIrH eTan OXOIJIIE ITHPOKUI
Habip pejieBaHTHOr'0 KOHTEHTY, a APYrui etan (paHKyBaHH:) Nif6Mpae HaMb6iab1I pesieBaHTHI
BiZieo JiJ1s1 KOpUCTYyBa4a, BpaxOBYHOUU MOTro JOBrocTPOKOBi iHTepecu. s cTpaTerist € 0co6J1MBO
KOPUCHOIO JJis BigeomsnaTdopM, Je NOTpiGHe TOYHe MOEAHAHHSA KOPOTKOCTPOKOBHUX i
JIOBTOCTPOKOBUX BIIOZ06aHb AJIsl MiITPUMKHU 3aJy4eHOCTI KOPUCTYBauiB.

Netflix 3acTtocoBye ri6bpujHi MeTOoAd, L0 BKJIWOYAIOTb MaTPU4HY ¢QakTopuszalio Ta
3ropTKoBi HelpoHHiI Mepexi. Lle K03BossIE cTBOpIOBATU AeTalbHi nmpodisi kopucTyBauiB i
MOKpallyBaTU peKoMeHJallil, CIMparyuch Ha SIK fIBHi, TaKk i HesiBHI CMrHa/au (HampHKJaj,
noBTOpHi neperssgu). [liaxig € onTuManbHuM A miatdopM, LU0 MAlTb BUCOKY 4acTOTY
[IOBTOPHOT'0 BUKOPUCTAHHA Ta BUMAralmThb MiJABUILIEHOI0 piBHA NlepcoHai3anii.

[lizxonu cBoto crienudiky, i BUbip 3aysexuTh Big notpeb miardopmu. [i6puaHi cuctemy, 1o
NOEAHYIOTh KiJIbKa METOZAIB, LO3BOJIAIOTh KOMIIEHCYBAaTU HENOJIIKM OKpeMHX HiAXOZAiB, aje
NOTPeOYIOTh 3HAYHUX 00UUC/IIOBAJIBHUX PECYPCIB Ta BUTPAT HA PO3POOKY.

5. BUCHOBKM

Y po60Ti 6y/10 PO3TJISIHYTO KJIOYOBI METOAM Ta MiAX0AH, IKi BUKOPHUCTOBYIOTHCS y MOOY/L0BI
peKkoMeHJALiMHUX CUCTeM Ha mnonyaspHUx miaatdopmax. Crparterii kosabopaTUBHOI Ta
KOHTEeHTHOI ¢inbTpauii, rau6oKoro HaBYaHHS, MPONOHYKTb Ppi3Hi mnepeBaru s
nepcoHasizanil pekoMeHpanid, 3anexHo Bijg Tuny maatdopmu Ta i1 nineid. CydacHi
pexomeHpaninHi cucremy, Taki ik y TikTok, YouTube Ta Netflix, zeMoHCTpYIOTE MOXKIMBOCTI
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BUKOPHUCTAHHS CKJaJHUX MoJeJsiedl rinbokoro HaB4yaHHA [11] guis migBuUlleHHS TOYHOCTI
peKoMeHalil Ta yTpUMaHHA KOPUCTYBadviB.

P03BUTOK pekoMeHJaLiMHUX CUCTEM Y MapKeTUHTY 3aJeXXUTb BiJ 34aTHOCTI 06po6IsSTH
BeJIMKi 06CATH JaHUX Y peayIbHOMY Yaci, a TAaKOX BiJ| MOAAJIbIIOT0 BAOCKOHAJEHHS TEXHOJIOTIH
rivb6okoro HaB4yaHH#, Takux ik RNN, CNN Ta mexanismu yBaru. [lutaHHs iHTepnpeToBaHOCT]
MoJies1el, eTUYHI acneKTH NepCOoHaJi30BaHUX peKOMeHJalil Ta 3aXUCT JaHUX KOPUCTYBadiB
3aJIMIIAITHCA aKTyaJbHUMU ¥ IOTPEOYIOTh 0COO/IMBOI YBarv B MaOyTHIX AOC/i[PKEHHSIX.
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OnTumisauia BaroBux KoediuieHTiB y ribpmnaHii mogeni
KOPMCTYyBa4a 3a A0NOMOrol reHeTUYHOro aJiIrfoPUTMy

Muxkuta I'pebentok! Ta [losina CuTHiKoBal
1Xapkiscvkull HayioHa1bHUll yHisepcumem padioeaekmpoHiku, np. Hayku, 14, m. Xapkis, 61166, Ykpaina

AHoTanisa

Cy4acHi cucTeMU peKOMeHJAllill CTUKAIThCSA 3 MPO6JEMOI0 aJanTalii A0 JUHAMIYHUX i MiHJIUBUX
ynoJo06aHb KopucTyBayiB. TpaaunidHi Mozesi 4YacTo TMOKJIaJalTbcsd Ha ¢ikcoBaHi Baru
XapaKTepUCTHK, NPHUIYCKAIOUY, 1[0 KOXXHA XapaKTepUCTHKa OJHAKOBO BIIJIMBAE Ha OGYMUCJIEHHS
nozi6HocTi. OfHAaK 1le HAATO COpouLlye pi3HOMAHITHUM 1 MiHAMBUI XapakTep ymnoJo6aHb
KOPHUCTYBaUiB, 110 IPU3BO/JUTh /10 HEONTUMAIbHUX PeKOMeHAAIil. Y Hallil nonepeHid po6oTi MU
NpeACTaBUIM TiOpUAHY MOJeJb KOPUCTYyBauya, sika MOEAHYE AeMorpadiyHi, KosabopaTHUBHI Ta
KOHTEHTHI JAJa NiABULIeHHs TO4YHOCTI pekoMeHJjauid. Lls crtaTTa 6a3yeTbcs Ha Lid Mopedi,
NpPONOHYIOUM pillleHHs /[AJs AUHaMiYHOTO KOPHUI'YBaHHSI Bar XapaKTEpPUCTHK 3a [0NOMOTrolo
reHeTu4yHoro anroput™my (GA). GA mnpomnoHye epeKTHUBHUH mifxiJ [AJs onTHMisanii BaroBUX
MOKAa3HUKIB 3a [IONIOMOro eBoJIIoLil momyssnili NnoTeHUidHUMX pilleHb LHLIAXOM BifGOpY,
KpOCHHIOBepYy Ta MyTaljil. YTouHOIOYM Baru QyHKLiM 3 yacoMm, cucTeMa Moxe Kpaule ¢ikcyBaTH
iHfuBiAyasbHI mpiopuTeTM Ta BIOJOOAHHS KOPUCTYBadiB, MiJBUILYIOYM peJieBaHTHICTb
pekoMeHzanid. PyHKIig NOpuAATHOCTI po3pobJeHa [JJis OIiHKKA SKOCTI peKkoMeHJanii, a GA
iTepaTUBHO KOpuUrye KoedillieHTH Ha OCHOBI OLiHOK KopHcTyBauiB. Ham niaxify ycyBae po3puB Mix
CTaTUYHUM | JUHAMiYHHUM BUpaxoByBaHHAM KoedillieHTIB cucTeMax peKoMeHJallili, CTBOpIOIOYH
6isblI MepcoHasi3oBaHi Ta 4YyT/JAMBI MojeJsi. 3alponoHOBaHa MojeJb, KepoBaHa GA, NMpPONOHYE
3HAYHUU MOTEHLia/ [AJis MiJBUIEHHS TOYHOCTI peKOMeH/Iallii i 3a/10BOJIEHOCTI KOPUCTYBaiB, 1[0
po6uTs ii HiHHKUM BHECKOM Yy cdepy cucTeM peKoMeHAaliil.

Kiwo4oBi ciioBa
['eHeTMYHUH aJIrOPUTM, CUCTEMA PeKOMeHJalli}, ribpuiHa Mo/ie/Ib KOPUCTYBava, BAroBUi
KoeQillieHT

1. Bctyn

CyyacHi cucTeMu peKoMeH/1allil Bce YacTillle BAKOPUCTOBYIOTh Fi6pUHI MoAeJti, 11106 OXONMUTH
[epeBard KOPUCTYBa4yiB LIJIAXOM IIOEJHAHHA PI3HOMAaHITHUX XapaKTEPUCTUK, TAKUX HAK
nemorpadiyHa iHdopMallis, icTopis oLiHOK Ta MeTajaHi BMicTy. Y Halliil nmonepeaHii po6oTi
MU NpeJCTaBUJIU riOpUAHY MoJesb pekoMeHaalii [1], ska BUKOPUCTOBYE 1ii 6araToacneKTHi
XapaKTepUCTUKU [/ NiJABUIIeHHS IMepcoHasis3alil Ta TOYHOCTI pexkoMeHaauid. I[Ipore
HeBi/Jl'eMHOI0 MPO6JIeMOI0 JJIs1 TAKUX MOJieJiel € 0JJHaKOBa Bara BCiX XapaKTEpPHUCTHK, KA He
3aBXK/AM Bimobpakae peasibHi NepeBaru KopucTtyBadyiB. KopucrtyBaui yacTto mno-pisHoMy
OLIiHIOIOTH Pi3HIi acneKkTy, i 1ii mepeBaru 3MiHIOTbLCA 3 YacoM. [[[06 BUPIIUTH 110 po6IEMY,
ONTHUMIi3allisd BaroBUx MNOKa3HUKIB Ma€ Ba)KJIMBe 3HAYEHHSI.

Mogesnb, mnpefcTaBjeHa B HAIIOMY IONEpPeAHbOMY [JOCHIJPKEeHHi, pa3oM 3 IHIIUMU
MoJiOHUMHU TiOpUJHHUMH MOAEeJNSIMH, A06pe MiAXOAWThL [JI ONTHMIi3allii 3a /[0MOMOrO0
reHeTU4Horo ajaroputmy [2] (GA). GA mpoNoOHyE NMOTYXHUH MeXaHi3M [/ JUHAMiiHOIO
KOpPUT'YBaHHS BaroBux KoedilieHTiB XapaKTepUCTHK, GiJIbII TOYHO Y3ro/KYI04YH peKoMeH Janii
3 MiHJIMBMMM yNOA0GaHHSIMH KOpPUCTYBadiB. 3acTocoByroun GA, MU MOKeMO HeOJJHOPA30BO
YTOYHIOBATHU BAXKJIMUBICTb KOXHOI XapaKTEpPUCTUKH, NMiJABULIYIOYMA THYYKICTb i alalTUBHICTH
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Mozesi pekoMeHpauid. lled mnigxis € MepcneKTHUBHUM AJis MiJBUIEHHS 3aJ0BOJIEHOCTI
KOPUCTYBaAUiB i pesieBaHTHOCTI peKOMeHJallill, OCKiJIbKK [03BOJISIE afAaNTyBaTU BaXKJIUBICThb
XapaKTePHUCTHK BiJIMOBIIHO /10 iHAUBIAYIbHUX YI10406aHb.

2. NocraHoBKa npobnemu

Y 3BUYaWHUX CHUCTeMax peKOMeHJallii MepeBaru KOPHUCTyBaya 4YacTO MOJEJIOITHCA 3
BUKOPHUCTAHHAM (iKCOBaHHX BaroBUx KoedillieHTiB, IpU3HAYeHUX PiI3HUM XapaKTEPHUCTHKaM,
NPUNYCKAIYHM, L0 KOXHAa 3 HHUX OJJHAKOBO BIJIMBAE Ha 064YMcIeHHS moAi6HocTi. lle
NpPUINYIIEHH HaATO CHPOLIYE NOBEJIHKY KOPHUCTYBadiB 1 He BpaxXxOBY€ VHIKaJbHUHU |
JUHAMiYHUW XapakTep iHAUBiAyasbHUX ynogobaHb. Ha mpakTuii kopucrtyBaui BU3HA4YaOTh
NpiOPUTETHICTh Pi3HUX aCHeKTiB Ha OCHOBi CBOiX 0COGUCTHUX iHTepeciB i KOHTEKCTyaJlbHUX
¢dakTopiB, Ki MOXKyTb 3MiHIOBAaTHCA 3 4acOM. ITHOpYBaHHS LUX Pi3HOMaHITHUX NPiOPUTETIB
MOX€e TMPU3BECTH /[0 HEeONTHUMaJbHUX peKOMeHJallik, sIKi He MOBHICTIO BiJNOBIAAIOTH
O4iKyBaHHSIM KOPUCTYBAUiB, 1110 3pEIITO0 3HUKYE ePEeKTUBHICTb CUCTEMH.

OcHoBHa mnpo6JieMa MOJIATa€ B AUHAMiYHOMY HaJsalITyBaHHI BaroBux kKoedinieHTiB [3]
TaKMM YHUHOM, 1106 BifoGpakaTH MOTOYHI NPIOPUTETH KOXHOrO KOopucTyBaya. Mogesi 3
¢dikcoBaHOI Barow He MOXYTb BpaxyBaTHU L0 MIiHJMBICTb, 0COGJMBO KOJM YNOLOOGAHHS
KOPHUCTYBauiB 3MIiHIOIOTbCS MOCTYNOBO ab6o HaBiTh panToBo 3 4YacoM. Hampukiaag, Ha
miaTdopMax MeJia-peKOMeHAAlli KOPHUCTyBadi MOXKYTb THM4YacoOBO 30CepeAUTHCA Ha
NEeBHOMY >KaHpi 4d TeMi, 0 NMoTpebye THY4yKOI MoJeJli, fIka MOKe afaNnTyBaTHCS [0 LHUX
TeHZeHIilH. KpiM Toro, To4yHe 0GYHMCIEHHS MOAIGHOCTI MiX KOPUCTYBadyaMu 3i CTAaTUYHORO
MO/JIeJIJII0 4acTO NMPU3BOAUTD [0 MTOTaHO Y3Tro/PKeHUX peKOMeHAalil, OCKIJIbKHM BOHO He MOXe
BpaxyBaTH BiZJJHOCHY BaXKJIMBICTb OKPEMUX XapaKTEPUCTHUK, 1|0 IPU3BOAUTD [10 y3araJbHEHOIr' 0
Ta MEHII [1epCOHAJII30BaHOr0 Pe3yJbTaTy.

[[lo6 BupimuTH 10 TPO6IEMY, MU IPOIOHYEMO BUKOPUCTOBYBAaTH F'eHETUYHUN aJCOPUTM
(GA) pnia guHamivyHOI omTuMi3alii Bard xapaKTepUCTHK y MoJesi kopucTyBada. GA — 1e
aJlalTUBHI eBPHUCTUYHI aITOPUTMHU NOLIYKY, 3aCHOBaHI Ha NPUHLMIAX IPUPOJHOro Bi6opy Ta
reHeTHKHW. PO3BHBAOYM MOMYyJIALiI0 MOTEHI[iHHUX HAGOpiB Bar 3a /[0NOMOrOI BifGOpY,
cxpelyBaHHs Ta MyTalii, GA 34aTHI BU3HAYaTH ONTHUMaJIbHi a60 Maike ONMTUMaJIbHI pilleHHS
B CKJIQJJHUX, 6araTOBUMipHHUX NMPOCTOpax MOIIYKY. 3aCTOCyBaHHS LbOro HiAXOAY A0 CUCTEM
peKOMeHalili Moxe JaTH HaM MOXJIMBICTh TOYHO HaJAlITyBaTHM Bary KOXHOI
XapaKTEePUCTHUKH, CTBOPHWBIIM OUIbII YyHHY MOJesib, fKa BiJMOBifae BIOJOGAHHAM
KOpPHUCTYBA4iB y peaJlbHOMY CBiTi.

OCHOBHHMH IIJISIMH L[bOTO JOCJiI>KEHHS €:

e Po3pob6ka ribpuaHoi Mozeni KOpHCTyBadya [Jisi CHUCTEM pPEKOMEHJallill, Je Barosi
koeQilliEHTH XapaKTePUCTUK aJlalTYIOThCS Ha J10 HOBeAiHKU Ta BIog06aHb KOPUCTYBaya.

e 3ampoBa/KeHHS1 MexaHi3My OonTHMi3sanil Ha ocHOBi GA A/ MOBTOPHOrO YTOYHEHHH
BaroBux KoedillieHTIB XapaKTepUCTHUK, MOKpaLIyIOYd Y3roJpKeHiCTb Mojeai 3
MiHJIMBUMU iHTEepecaMy KOPUCTYBAYiB.

e BusnHaueHHs edexkTuBHOI ¢yHKUII mnpuaaTHocti Jus GA, sKa OLiHIOE SKIiCTb
pekoMeHJalid LUISXOM BHUMIpIOBaHHS MNOJAIGHOCTI MiXX HIPOTrHO30BaHUMH Ta
$aKTUYHUMU YyTI000aHHSIMU KOPUCTYBaya.

Lle gocaikeHHA CIpsIMOBaHE HAa YCYHEHHS ITHOPYBAaHHA llepeBar KOPUCTyBaya B iICHYHYHUX
MO/ eJIsIX peKOMeH/Jalliil LJIIXOM BIPOBAa/>KEHHS aJallTUBHOT0 NiAX0Ay /0 ONITUMi3allil Baru 3a
Jonomorow GA. YcyHeHHSI OOMeXXeHHsI CTaTUYHMUX Bar i iHTerpauisi THy4YKoi CMCTeMH, siKa
PO3BUBAETHCS 3 YACOM, JONIOMOXKE MiJBUIIMATU TOYHICTb peKOMeHAallil.
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3. FleHeTUYHMIA anropuTm gna onTumisauii KoediyieHTis

3anponoHoBaHe pileHHs iHTerpye GA A1 AMHAMIYHOr0 KOPUTyBaHHS BaroBux KoedinieHTiB
JUI1 KOXKHOI XapaKTEpPUCTHUKHU B MoJesi KopuctyBada. [Iponec GA MOoYWHAETHCA 3 BUNALKOBO
3reHepoBaHol nonyasAuii iHAUBiAyyMiB, le KOXKeH NpeJCTaBJsie NOTeHLiHe pileHHd [4] — y
bOMY BHUMaZKy Habip BaroBux koedinieHTiB xapakTepucTuk. KoxeH iHAuBiAyyM mnoTim
OLIiHIOETHCS Ha OCHOBI QYHKIiI MpUAaTHOCTI, po3pobJieHoi JJisi BUMiptoBaHHA epeKTUBHOCTI
3a/laHUX 3Ha4eHb y OKpallleHHI TOYHOCTI peKoMeHAalin.

[lix gac kokHOI iTepanili a60 MOKOJIIHHSA IHAUBIIYYMHU OI[iHIOIOTHCSA, i OIIbIN «IIPUIATHI»
BUOHMPAIOTHCA JJ151 CTBOPEHHS HACTYIIHOI'O OKOJIIHHSA 32 J0NIOMOI010 reHeTUYHUX OllepaTopiB,
TaKUX SIK CXpelllyBaHHA i MyTauifd. CXpellyBaHHSl MOEAHYE O3HAKU ABOX IHAUBIAYyMiB A5
CTBOPEHHS HOBUX, TO/| SIK MyTallisi BHOCUTb HeBeJIUKi 3MiHU /1151 36i/1bIIeHHS pi3HOMaHITHOCTI
B nonyJisnii. [Ipoliec npoLoBKYETbCS iTEpAaTUBHO, IOKU He 6y/ie BUHKOHAHO YMOBY 3aBepLIEHHS],
SIK IPaBUJIO, KOJIM 3HAIJeHO ONTHMaIbHUM ab0 MaiKe ONTHMalIbHUN Habip Bar.

Pucysok 3. /liarpamMa po60TH reHETUYHOT' 0 aJITOPUTMY.

Y uii cucremi ¢yHKLis NpuAaTHOCTI Mae BUpilla/ibHe 3HAYEHHS, OCKIJIbKM BOHA BU3HAYaE,
HaCKiJIbKM KOKeH Habip Bar mokpaimlye TO4YHiCTh pekoMeHamid. Il[o6 cmpocTuTH mpoiec,
3aBZaHHsl nepedOpMy/bOBAaHO SIK KOHTPOJbOBaHe HaB4yaHHA. PakTU4HI peHTHHTH
KOPHCTYBauiB NMOAI/IAIOTHCA HA TECTOBUH i HaBYa/IbHUK Habip. CHcTeMa peKoMeHAallik reHepye
MPOrHO3H JJIsl HABYaJIbHOT0 Hab0PY, a OLliHKAa NPHUAATHOCTI 06YHCIIOETHCS SIK CepeiHS PiSHULS
Mi>K GaKTUYHUM i IPOrHO30BaHMUM PEUTHUHIOM JJIsI BCiX eJIeMEHTIB Y HaB4aJbHOMY Habopi.
MaTemMaTH4HO, OLjiHKa NPUAATHOCTI [IJ1s1 aKTUBHOI'0 KOPUCTyBaya U, 004YUCAIETHCA SK:
[sa|
fitness(u) = L= ter 27l M
|sa ]
ae |STE| - notyxuicTh HaBYa/IbHOTO HaGOPY /Uil aKTMBHOTO KOPHUCTYBaya, Tq,j — GaKTHYHA
OL[iHKa, 1 pry; NPOTHO30BaHA OL{iHKA [Jisi esieMeHTa j. Lled MOKa3HWK CIYXUTb Mipoo
npuAaTHOCTI JJig Habopy Barv, NPUYOMYy MeHIUi BiJMIHHOCTI BKa3ylTb Ha Kpally
MPOrHO30BaHy epEeKTUBHICTb.
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['no6anbHa PpyHKLisA HedyiTKOI BigcTaHi [1], o Bktoyae Barosi koedinieHTH, BuU3HauyeHi GA,
Ma€ TaKUM BUTJISAL;

. YL, wixfdis(xiyi)
fdis(uy,uy) = === (2)

Jle w; - BaroBuil koeilieHT JJis1 XapaKTepUCTUKU i, i N — KiJIbKICTb XapaKTepUCTHUK. 3a
nornomorolo 1iel popmyu (2) GA amanTtye BaroBi Koedil[iEHTH KOXKHOI XapaKTEPUCTUKH, 00
JUHaMiYHO Bifjo6paxaTu mnpioputreTH KopucTyBadiB. Habip BaroBux koedilieHTIB
KOpPUCTYBa4ya

weight(ug) = (wq, ..., wy) (3)

Jle N — KiJIbKICTh XapaKTePUCTHK, NpeCcTaB/ieHa V¥ BUTJIsIZi BeKTopa AiicHUX KoedillieHTiB.
[IpysHavyayu HU3bKY Bary [JJisi MeHLI BiJIOBiAHUX XapaKTEpPUCTHK, cUcTeMa ePEeKTUBHO
ajanTye BUbip pyHKLUiN BiIOBIAHO 10 iHAUBIAyalbHUX yI0106aHb KOPUCTYBa4a, FapaHTYIOUY,
1[0 CUCTEMa peKOMeH/Jalill 3a/IMIIAaEThCS YYTJIAUBOIO [0 3MiHU CMaKiB.

s apmanThuBHa MoJesib, KepoBaHa GA, NiABUINYE TOYHICTh peKOMeHJaLid NIJISIXOM
MOCTiHHOTO BJOCKOHaJIeHHS BAaroBHUX I[I0KAa3HHUKIB, IM0 NPU3BOJAUTH A0 OiJbII TOYHHUX
MepCoHaJi30BaHUX PEKOMEeHAallill.

4. BUCHOBKMU

Y wiit po6oTi Mu npefcTaBU/IM MiAXiA Ha OCHOBI reHeTUYHOTro anroputmy (GA) /s JUHAMIiYHOL
ONTHMi3allii Bar XxapakKTepPUCTHK y TIOpUIHUX CUCTeMax peKkoMeHJamii. /losatoun o6MeKeHHsA
MojJiesied i3 ¢ikcoBaHOI Barorw, Hall MeTOJ, [J03BOJISIE CHUCTeMi peKOMeHJAalid Kpalle
aJlanTyBaTUCs A0 MiHJIMBHUX yNoJo6aHb KOpUCTyBauiB. BukopucranHusa GA JJis1 KOpUryBaHHS
Bard XapakTepPUCTUK Jae Oisbll NepcoHasi3oBaHi Ta TOYHI pekoMeHAalil, MOKpaLlyHuU
3arajibHy B3a€EMOJil0 3 KopucTyBadyeM. Ham miaxiz AeMOHCTpye MOTeHLiaJ MOKpalleHHS
peJIeBaHTHOCTI peKoMeHJalliil IJISIXOM MOCTIMHOrO BJOCKOHAJIEHHSI CUCTEMH Ha OCHOBI
iHAUBiAyaNbHUX yII04,06aHb KOpUCTYBadiB. MalibyTHI JoCTiKEHHS MOXKYTh Oy TH 30Ccepe/>KeHi
Ha onTumisanii napameTpiB GA Ta TecTyBaHHI MoZiesii B pi3HUX 06/1aCTSIX 3aCTOCYBaHHS, 100
OLIHMTH II IIMPIIY 3aCTOCOBHICTB.
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Abstract

Lls1 po6oTa npucBsiyeHa BU3HAYeHHIO iHPOpMaTUBHUX [TOKA3HUKIB NPU aHaJi3i piBHA npodeciiiHoro
BUTOpaHHs cepeJi POGITHUKIB, 3 0COGJMBUM aKLEHTOM Ha MeJAWYHUX NpaliBHUKIB. [IpodeciiiHe
BUTOpaHHS BU3HAYA€TbCSl SIK CTaH eMOLilHOro, Gi3WYHOr0 Ta MEHTAJbHOrO BHCHAXKEHHS, IO
BUHUKAE B pe3y/ibTaTi TpUBaJoi B3aEMO/ii 3 BUCOKHM piBHEM CTpecy Ha po6oyoMy Micui. B po6oTi
pO3r/IiJaloTbC OCHOBHI aclleKTH Ta IIKaJud MNpodecifiHOro BUrOpaHHs, MeToju Horo
JiaTHOCTYBaHHSl, OCOOJIMBOCTI  BUTOpaHHA  cepeh  JikapiB  pisHUX  chenjasizanii  Ta
eKCleprUMeHTaJlbHUN PO3PaXyHOK PiBHS BUTOPAaHHS Ha JliKapsxX TPbOX HaNPsIMIB.

Keywords
npodeciiiHe BUTrOpaHHs, MeIMUHI NpaljiBHUKH, CTPeC Ha po60YoMy Miclli, MeJU4Hi crienianisanii,
eMolliliHe BUCHAXKEHHS, ICUXOMETPHUYHI TECTU

1. 3aranbHi BigomocTi npo npodeciiHe BUropaHHA

[IpodecitiHe BUrOpaHHSI — Iie CTAH eMOI[iiHOro, Gpi3UYHOr0 Ta MEHTAJbHOI0 BHCHAXKEHHS,
BUKJIMKAHUM TPHUBAJIOK Ta iHTEHCHUBHOIO CTPECOBOK po6oTow. [loHATTA mnpodeciiiHoro
BUrOpaHHs  OyJji0  Boeplle BBeJEHO aMepUKaHCbKMM  mcuxojioroMm [epbepTom
®poiigen6eprepom y 1970-x pokax. BiH BU3HauMB BUrOpaHHS SIK «CTaH PO3yMOBOro Ta
$i3MYHOr0 BHCHaXKEHHS, CIpUYMHeHOoro npodeciiHuM )uTTsaM» [1]. YcecBiTHA opranisanis
OXOPOHHM 3J,0pPOB’s MiJICYMOBY€E BUT'OPaHHS SIK «CHH/POM, KOHLENTyai30BaHUH SIK pe3y/bTaT
XPOHIYHOI0 CTpecy Ha poboyoMy MicLyj, i3 AKUM He BJjaocs YCIiLIHO BOOPaTUCI» [ 2].
[CHYIOTB TpHY K/II0YOBI LIKaau MpodeciiHOro BUTOPaHHS:

e EMomiliHe BUCHa)KeHHS (ee) — BiUyTT#, 10 eMOIiiHi pecypcy BUYepIaHi, 1[0 MOXKe
NPU3BECTH [0 anaTii Ta BTpaTH iHTepecy A0 po6oTH.

e JlenmepcoHautizanis (zy) — pO3BUTOK IMHIYHOTO CTaBJEHHS 10 BUKOHYBAaHOI po60TH Ta
JIIOJIeH, 3 SIKMMH IPaLIE 0Cc00a.

o 3HmxkeHHs mnpodeciiHoi edexTHBHOCTI (ef) — BiAUYTTA HEKOMIETEHTHOCTI Ta
HeedeKTHUBHOCTI y npodeciiiniil gissibHOCTI [3].

[IpryurHU npodeciiHOro BUrOpPaHHS MOXKYThb BK/IIOYATH:

e  Bucoki BUMOTH 0 pOGOTH Ta Ma/I0O KOHTPOJIIO HAJl POGOYMM MPOLIECOM.
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e HepocraTHicTh BuHaropoau (emMouiiiHoi, ¢piHaHCOBOI, coniaibHOI).
e BigcyTHicTb cipaBeAsMBOCTI HA po604OMY MicLi.

e  KoHJIIKTH y BifHOCHHAX 3 KoJieraMH a60 KEPiBHUI[TBOM.

e HeBu3sHaueHicTb poJii Ta 060B’A3KiB.

Po3yMiHHSI Ta BU3HaHHS LUX QAKTOPIiB € BAKJIMBUM KPOKOM y 3amobiraHHi Ta JiKyBaHHI
npodeciiiHOro BUropaHHs. BaX/MBO CTBOPUTH cepefoOBUILE, Je MNPALiBHUKU MOXYTb
BifUyBaTU NiATPUMKY Ta BU3HAHHA CBOIX 3YCWIb, a TaK0X MaTH MOXJIUBICTb M4
npodeciiHOro PO3BUTKY Ta 0COOGUCTICHOT0 3pOCTaHHS. AJjie OCKiJIbKY NpodeciiiHe BUTOpaHHS
Ma€ iHAWBiAya/bHI NPOSABM 1 BiJ JIIOAWHUA [0 JIIOAWHU NPOSABJAETHCA I0O-Pi3HOMY, TO
HacaMIepeJ IOCTa€E 3aJladya BH3HaueHHS ¢(akTy HasgBHOCTI npodeciiHOro BHUIOpPaHHA Yy
poOGITHHKA 331715 Bi/JOKpeMJIeHHs [[bOTO CTaHy Bifi iHIINUX Ta MiATBepKeHHs HassBHOCTI Takoi
MpoGJIEMHU.

2. fiarHocTtyBaHHA Npo¢eciiHOro BUropaHHA

JiarHoctyBaHHs npodeciiHOro BUTOpaHHS € BaXKJIMBUM KPOKOM y BHUSBJIEHHI Ta JiKyBaHHI
LbOT0 CTaHy. IcCHY€ KiJibKka MeTO/iB Ta iHCTPYMEHTIB, IKi MOXKYTb 6YTH BUKOPHUCTAHI AJ151 OL[iHKU
ctyneHsi BuropaHHs. IlpodeciiiHe BHropaHHsi 4YacTO BHU3HA4Ya€TbCsl 4epe3 TpPUBAJeE
CIIOCTEepEeKEeHHS 3a MOBEAiHKO Ta eMOI[iIHHUM CTaHOM 0co6U. OCHOBHI CUMIITOMH BKJIIOYAIOTh
eMoLliiiHe BHCHaXeHHS, LMHI3M abo JelepcoHani3alilo, Ta 3HWXKeHHs npodeciiHOl
edexTuBHOCT. L|i 03HaKH MOXyTb O6yTH BUsBJIEH] yepe3 Ge3nocepesHE CHiJIKyBaHHsI abo 3a
JOIOMOT 010 IICUXOJIOTIYHHUX TECTIB.

OAHUM 3 HAWMOMYJISAPHIIIMX IHCTPYMEHTIB AJ11 BUMiptoBaHHA NpodeciiHOro BUTOPaHHS €
iHBeHTap BUropaHHs Macnaxa (Maslach Burnout Inventory, MBI). Lleii TecT Bk/to4yae pi3Hi
IIKaJU JJ1 OLiHKH TPbOX BUIE3raJlaHuX LIKaJ BUropaHHd. Kpim Toro, icHyroTh iHIII TecTy,
taki Kk Copenhagen Burnout Inventory (CBI) Ta Oldenburg Burnout Inventory (OLBI), ski
TAKOX LIKPOKO BUKOPUCTOBYIOThCH Ji AIarHOCTUKHA BUTOPAHHA.

MBI BBaXa€TbCS 30JI0TUM CTaHAAPTOM VY JAiarHoCTHULi npodeciiHOro BUropaHHsl i Mae
BUCOKY HaJilHicTh Ta BamigHicTb. B po6ori [4] ueit Meton O6ys0 AOmparnboBaHO i
BHM3HAUYE€HHs He JIMLIe IPYIX BUTCOPAaHHS, ajle i TaK 3BaHOI IPYIU NPenaToJiorii, 1Ka J03B0JIAE
BU3HAYUTH Ti KM NpodeciiHOro BUTOPaHHs, 10 3HAYEHHIO SIKUX JIIDJWHA 3HAX0JUThCS Ha
noyaTkoBoMy etamni uboro mnpouecy. CBI Ta OLBI € 6iapw JOCTymHUMH i JIeTKUMH Y
BUKOPHUCTAHHI, ajle MOXKyTh He 3aBX/ 1 Bilo6pakaTH BCi acneKTH BUropaHHs, ssk MBI [5].

BaxksiMBO 06paTH MeTO/, IKWM HalKpallle BiZ[oBi/Jae KOHKPETHUM MOTPe6aM AOCTiKeHHS
Ta JJOCTYIHUM pecypcaM. Takox He0OXiZHO 3BepTaTH yBary Ha KyJbTypHY aJanTalilo TecCTiB,
OCKIJIbKM Pi3Hi KyJIbTYpHI Py MOXKYTb CIPUMMAaTH Ta BUPa)KaTH CUMIITOMU BUTOPaHHA 10O-
pisHOMY.

3. Ocobausocti npodeciitHoro BUropaHHA nikapis

[IpodeciiiHe BUropaHHs cepej MeJUYHUX NPALiBHUKIB CTAaHOBUTb 3HA4YHy Npo6JseMy, sKa
BIIMBAa€ Ha ePeKTUBHICTb MeUWYHOro 06CJAyroByBaHHSl Ta A06GpPOOYT caMOro MeJU4YHOIO
nepcoHasny. Jlikapi, Axki BefyTb aKTUBHY MeAWYHY MPAKTUKY, 3HAXOAATBHCA IiJi BUCOKUM
PU3UKOM BUHHWKHEHHS NpodeciiiHOro BUropaHHs yepe3 iHTEeHCUBHICTL po60voro mnpouecy Ta
eMollifiHe HaBaHTa>KeHHS.

CTaTUCTHKA Ta OCOOGJIMBOCTI BHUIOpPaHHsS cepeJ MeAUYHUX MPaLiBHUKIB: 3a JaHUMH
JocaipkeHb, npodeciiiHe BUrOpaHHS MOXKe TOPKHYTHCS 10 IOJIOBUHU MeJUYHUX NPaLiBHUKIB
y AedKHUX perioHax Ta cnenjiajisaniax. Lle aBuuie yacTilie cnoctepira€Tbes cepen, JikapiB BULLLUX
cneniajnisanii, TakuxX K Xipypra Ta aHecTe3i0JIorH, e piBeHb CTpecy Ta BiANOBiAAJbHOCTI
0C06JINBO BUCOKHH.
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Oco6J/IMBOCTI BUTOpPAHHS 32 MEIUMHUMU Cleliasti3alisMu:

e Xipypru: Bucokuil piBeHb cTpecy, NOB'sI3aHUN 3 HEOOXiZHICTIO MpOBeJeHHSI CKIaJHUX
orneparii Ta BifIOBiAa/JbHICTIO 3a }KUTTS MALiEHTIB.

e AHecresiosoru: EMoniiiHe HaBaHTa)XeHHS Yepe3 IMOCTIHHY y4acTb y KPUTHYHUX
MeAUYHUX CUTYyaLisX Ta yIpaBJiHHS 60JeM Mali€HTIB.

e TepanesTu: CTpec Bif TpUBaJOro CHiJIKYBaHHA 3 BEJMKOIO KiJIbKICTIO MaLi€EHTIB Ta
HeOoOXiJHICTb ynpaBJliHHS XPOHIYHMMHU 3aXBOPIOBAHHSIMU.

o [lepiatrpu: EMoliiiHe BHCHa)KeHHS, NOB'si3aHe 3 PO6OTOI 3 JiTbMH, OCOGJIHBO Y
BUIa/IKax CEpHUO3HUX 3aXBOPIOBAHb.

KoxHa 3 nux crenjanisaniii Mae cBoi yHiKa/bHi BUKJIHKH, AKI MOXKYTb CIIPUATH PO3BUTKY
npodeciiiHoro BUropaHHs. Bax/inBo BpaxoByBaTH Li 0COGJIMBOCTI HpH aHasi3i 3arajbHOro
cTaHy npodeciiHOro 30poB's MeAUYHUX MPaLiBHUKIB [6].

PosyminHs1 crnenudiku npodeciiHOro BUropaHHsI B pPIi3HUX MeJUYHHUX CcHeljiasizarnisx
JI03BOJISIE Kpallle OI[iHUTH PU3UKHU Ta OTPe6U MeJUYHUX NpaliBHUKIB. Lle 3HaHHSA € KJIFOYOBUM
JUIsT po3po6KMU cTpaTerii MiATPUMKH Ta 3HWKEHHS1 PiBHS BUTOpPaHHS cepej MeAUYHOTO
repcoHaly.

4. EKcnepuMeHTaNbHi AOCNiIAKEHHA

Juist aHasnizy 6yJio NpoBefeHO ONUTYBAaHHS TPbOX TPYII JiKapiB pisHUX HaNpsMKiB: OHKOJIOTU
(37 nropeit), anectesiosioru (73 noAuHM) Ta Jikapi WBUAKOL gonoMord (). /s KoxKHOI 3 rpyn
OyJi0 BU3HAYeHO PiBeHb BUTOpPaHHsS 3TriflHO Tabsuuero 6aniB [4]. 3arasbHy Bisyasizauiio B
npocrtopi rosoBHux komnoHeHT (PCA - Principal Component Analysis) npegcraBieHo Ha
pucyHky 1. CitiJi 3a3HaUUTH, 10 IPYNH IEPETHHAKTHCA B IPOCTOPi 03HaK i HAUGiIbIIKUH iHTEpec
MpeCTaBJISIE TPYIIa MPENaToJIorii, /i AK0I0 BUPillleHO BU3HAYMUTH Ti iHGOPMATHUBHI MUTAHHS
Ta LIKaJIY, L0 NPU3BOAATH [0 I0YaTKy BUTOPAaHHSA B 3a/IeXKHOCTI BiJ, cnenjiasisanii Jiikap4.

PucyHok 4: PCA-Bi3yasisaniga rpyn BUTOpaHHA cepef JiKapis.

st iboro 6yJ10 MPOBeIeHO aHasi3 0JHOPiHOCTI rpyT 32 BikOM, CTaXKeM po6OTH Ta CTATTIO,
SIKAM TO0Kas3aB, 10 BCi TPH rpynu € oaHopigHuMu. [lasi 6yJsio mpoBeseHO PO3pOOKYy Mojeti
kjaacuikanii A5 KOXKHOI rpyny MeJUYHHUX NpaliBHUKIB. HaB4yaHHS Mozesi NIpoBOJUIOCH 3a
JIOTIOMOT0I0 MOBH nporpamyBaHHs Python 3.9 (6i6sioTeka sklearn.neural_network) misixom
kpoccBaniganii (k-fold=5). [HpopmMaTHBHI NOKAa3HMKH 6yJ1I0 BU3HAYEHO IIJISIXOM BUKOPHUCTAHHS
nosiciroBadya SHAP (SHapley Additive exPlanations) [7]. B pe3ysabTati 6y/10 oTprMaHo:

e OnkoJioru: ToyHicTb MogeJi kiaacudikauii cknana 0.83 £ 0.08. IndopmaTuBHi nUTaHHSA:
6 (mkana ee), 11 (mkana ef), 12 (mkana ef), 14 (mkana zy ).
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e AHecresiosioru: TouHicTh Mogeni kiaacuikanii ckimana 0.85 £ 0.12. I[HpopmaTuBHI
nuTtaHHA: 11 (mwkana ef), 12 (mkana ef), 14 (mkana zy ), 16 (mkasa ef).

o Jlikapi mBuzakoi gonomoru: 0.80 = 0.14. [ndopmatuHi nutanus: 1 (mkasa ee), 8 (wkana
zy), 14 (wukana zy ), 13 (wkasua zy).

[Ipu pociifpkeHHI Tpynu MeJUYHUX NMpaliBHUKIB 6€3 KOHKpeTHU3alil crewiaJbHOCTiI 6yJ10
OTPUMaHO TOuYHicTb Mofesi Ha piBHi 0.89 = 0.08 Ta fo Halb6inb iHPOpMATUBHUX NUTAHb
BilHOCHJ/IMCh MUTAHHS 3i IIIKaJ1 eMOI[IMHOT0 BUCHAYKEHHS Ta JlerepcoHastizanii: 6 ee (4 BiguyBato
cebe BUTOpiiuM Bif po60TH); 8 zy (A cTaB MeHIle I[iIKaBUTHCS CBOEID POOOTOI0 3 THUX Iip, AK
1moyas 1110 po60Ty); 13 zy (s mpocTo X049y pOOGUTH CBOIO PO6OTY i 1106 MeHe He TypbyBau); 14
zy (s cTaB 6i/bII [UHIYHKM 1100 TOTO, Y4 BIJIMBAE HA I[OCh MOs1 po6OTa).

5. BUCHOBKM

3anmponoHoBaHa MoJeJb BHU3HAayeHHs1 IHPOPMATUBHHUX O3HAK, W0 NPHU3BOAATH [0
npodeciiiHOro BUTOpaHHs, IKa YMOXJ/IMBUJIA PAHHE BUSIBJIEHHS, HAZal04ud L[iHHY iHdopMaLio
npo KoMmIiuviekc GakTopiB, 10 COPHUSIOTh HOro po3BUTKY. Hami BHCHOBKM mokaszajiy, w10
3araJibHa rpymna npenaToJiorii ckaaganacs 3 43 MeJUYHUX NMpPalLiBHUKIB, SIKi JIEMOHCTPYBAIU
BUpaKeHUH peHOMeH LIMHI3My — BUTOPaHHS 3a IIKaJI0K JelepcoHanisalii, npu ToMy okpemi
rpynyd MeAWYHHX NpaLiBHUKIB Manu cBoi crnenudiyHi o3HaKKM BUropaHHS. AHasi3yHuH
po3noAia 3arajibHOi BUGIpKHU 3a cllelia/IbHOCTSIMH, MU BU3HA4YU/IHU clienudivHi KpuTepil oliHKK
JIJ1S1 KOXKHOI IPyNU Ta BU3HAYWJIM YHIKa/IbHI XapaKTepUCTUKU IpodeciiHOro BUTOpPaHHSA cepef,
JIIKapiB aHeCTe310J10TiB, OHKOJIOTIB Ta NpaLiBHUKIB LUBUAKOI MEJUYHOI JOIIOMOTH.
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JSBSim fK iIHCTPpyMEHT moaentoBaHHA AUHAMIKU NONbOTIB i3
BUKOPUCTAHHAM METOAIB MAalIMHHOIrO HaBYaHHA

Osexciii Bunokyp! ta Ipuna [leposal
1 Xapkiscvkull yHisepcumem padioenekmpoHiku, Xapkis, Ykpaina

AHoTanisa

JSBSim € cydacHow miaTdopMor 3 BiJKPUTHUM KOJAOM [Jisi MOJEJNIOBAaHHA JHWHaMiKH MOJbOTIB
JiTaJIbHUX amapaTiB i3 wmicTteMa cTyneHsiMu cBo6ogu (6DOF). Po6oTa mnpucBsdeHa OLiHI
MOXKJIMBocTed JSBSim sk cuMmyssTopa A PO3pOOKM Ta TeCTYBaHHS CUCTEM aBTOMATHYHOTrO
Npu3eMJIeHHS JliTaJIbHUX allapaTiB i3 3aCTOCYBaHHSM MeTO/[iB MAalUIMHHOI'O HABYaHHA. ¥ J0C/iKeHHI
BUKOPHCTAHO aJrOpUTMHU MijAKpintoBaabHoro HaB4aHHsA (Reinforcement Learning), 3okpema DQN i
PPO, a Takox pekypeHTHi HeHpoHHI Mepexi LSTM pgns o6pobku 4acoBux psziB. PesysnbTaTu
JOCJIiPKEHHS IEMOHCTPYIOTh ePpeKTHUBHICTb 06paHOro miAxoAy, MiJKPeCI0I0YM 3HAYHUH TOTeHIial
JSBSim y focnii»>keHHAX aBTOHOMHUX CUCTEM KepyBaHHA [10J1IbOTAMHU.

Kirouosi cs1ioBa
MalllMHHe HaBYaHHS, JliTa/lbHi anapaTH, CUMYJIsLif N0JbOTY, AMHAMIKa N0JbOTY, HEHPOHHI Mepexi,
LSTM, JSBSim, 6DOF

1. Bctyn

P03BUTOK aBTOHOMHUX JIiTAJIbHUX allapaTiB € OJHUM i3 K/JIOYOBUX HANPAMIB Cy4acHOi aBianil
Ta KOCMi4HOI rajnysi. Oco6/iMBe 3HAa4YeHHSI MAa€ aBTOMAaTH3allisi KPUTUYHHUX €TaliB, TaKUX SK
Mpu3eMJIeHHs, 1[0 BUMara€e BUCOKOI TOYHOCTI Ta cTabijibHOCTi. MoZie/IfoBaHHS IIUX MPOIIECIB Y
peasibHUX YMOBax 4acTo € JOPOTUM Ta Hebe3nedyHUM. ToMy CUMYJISALiMHI cepeloBULIa, TaKi K
JSBSim, cTaloTh BaXJMBUM iHCTPYMEHTOM JJi TeCTYBaHHS HOBUX aJITCOPUTMIB Ta CHUCTEM
KepyBaHHS.

JSBSim — 1e muiatdopma /i MoAeNI0BaHHS AUHAMIKH MOJIBOTIB i3 BIIKPUTHUM KOJI0M, 1[0
JO3BOJIIE BiATBOPHOBATH aepoJUHAMIiUyHi XapaKTEepUCTUKHU JITaJbHUX anapariB i3 wicTbMa
crynensamMu ceo6ozu (6DOF) [1]. Ii rHyuKicTb Ta migTpUMKa 30BHILIHIX 6i6/1i0TEK AaKOTH 3MOTy
iHTerpyBaTh Cy4acHi aJIrOpuTMM MAIIMHHOTO HaBYaHH{A, 30KpeMa MiJKpilIl0BaJbHOTO
HaB4YaHHSA Ta peKypeHTHI HeHpPOHHI Mepexi, A1 CTBOpeHHS aBTOHOMHUX CUCTEM KepyBaHHA
MoJIbOTaMU [3; 6]

Merta 1jiei po60TH — AOCAIAUTH MOXKJIUBOCTI JSBSim y KOHTEKCTi po3p06KH aJITOPUTMIB AJ1s
aBTOMAaTHUYHOI'O IPU3eMJIEHHS 3 BUKOPUCTAHHAM METO/IB MiKPIIIIOBaJbHOTO HAaBYaHHH.

2. MeTogonoria AocniaXXeHHs

Jna MopenroBaHHA [WHaMIKA NOJbOTY JITaJbHUX amnapaTiB BHUKOPUCTOBYBaBcd |SBSim.
CuMyJsifinisi BpaxoByBajia BIUIMB 30BHIIIHIX cus (rpaBitanii, TypOyJieHTHOCTi) Ta po6oTy
JBUTYHIB. AepoJjuHaMiuHi mapaMeTpu 3ajaBayuucs yepe3 KoHoirypaninni ¢paiau JSBSim, mo
Jl03BOJISIJIO HAJIAIITOBYBATHU CUMYJISILiIO AJ151 Pi3HUX MOJeJiell JliTalbHUX anaparTis [1].

Information Systems and Technologies (IST-2024), November 26-28, 2024, Kharkiv, Ukraine
@oleksii.vynokur@nure.ua (0. Vynokur); rikywenok@gmail.com (1. Perova);
0009-0001-4328-3886 (0. Vynokur); 0000-0003-2089-5609 (1. Perova);
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JSBSim iHTerpyBaBcs 3 6i6sioTekoro OpenAl Gym i CTBOpEeHHS TpPeHYBaJbHOIO
cepenoBuina [4]. BuUkopucToByBasucs TaKi aIrOPUTMHU:

o Deep Q-Network (DQN) pnsi po6oTH 3 AUCKPETHUMH JisAMU (3MiHa TAru abo Kyrta
HaxuJy) [3].

e Proximal Policy Optimization (PPO) a/151 MozetoBaHHS 6e3nepepBHUX Jil, 1110 03BOJISIE
TOYHillle KEpYBaTH MaHeBpaMHU Mif yac mocazku [5].

o  Jlns 06p0o6KHU YaCOBUX PAJiB (BXiJHUX JAHUX, TAKUX K BUCOTA, LIBUAKICTh, KyT HaXUJY,
TSAra ABUTYHIB Ta BIJIUB BiTPy) 3aCTOCOBYBaUCS peKypeHTHI HelpoHHi Mepexi (LSTM).
Mepexa Mogzes0€ AWHAMIYHI NpoLecH 3 JOBrOTPUBAJIMMHU 3AJIEKHOCTAMH, IO €
KPUTHUYHUMHU JJ151 TOYHOTO YIpaBJIiHHSA JiTaIbHUMU allapaTaMHu.

HeliponHa Mepexa ckiaganaca 3 ABox LSTM-mapiB 3 128 HelipoHaMMu KOXe€H, 32 AKUMH
caigyBasu TOBHO3B'si3HI wapu [7]. Mepexa mnepegbavyaia ONTUMaslbHI HapaMeTpu AJis
[IpY3eMJIEHHA JIiTa/IbHOTO allapaTa Ha OCHOBI IOTOYHUX i MonepeHiX CTaHiB CUCTEMMU.

3. Pe3ynbTaT fOCNipKeHHN

PesysibTaTu cUMyJsdnil NOKasaa, L0 BUKOPUCTAHHA QITCOPUTMIB MiJKpINUIIOBAJIBHOIO
HaBYaHHS [103BOJISIE JOCATTH CTaGiJIbHOrO i TOYHOro NMPU3EMJIEHHs JITaJbHOrO amaparTa B
YMOBaX CUMYJIALIL

e AuroputMm PPO nokasaB epeKTHUBHICTb Y BUKOHAHHI MaHeBPiB, TaKUX K 3MiHa THATU.
3okpeMa, MOAeJb JOCArJia BUCOKUX 3HAa4eHb IIBUAKOCTI (6s1M3bko 180 By3JiB) npu
MaKCHMaJbHIN Ts3i, 10 [03BOJMUIO CTAbiJIbHO MiATPUMYyBaTH IUBHUJAKICTb Ha piBHI,
HeoOXiJTHOMY AJ151 HOCaAKH [5].

e LSTM edekTUBHO BpaxoByBaja 3a/JIEXKHOCTI MiXK MOCJAiJOBHUMHU CTaHAMH JIiTAJIbHOTO
amapara, Io [JOIOMOIJIO MiATPUMYBAaTH CTabiJIbHUA TpoOIeC MPHU3eMJIEHHS,
HEe3BaXKAIOYU Ha KOJIMBAaHHSA BUCOTU Ta 3MiHY 30BHILIHIX @IapaMeTpiB, TaKHUX $K
TypOyeHTHICTD [7].

PucyHnok: 1 CTpykTypa HelipoHHOiI Mepexi LSTM

Huska TecTiB, y SKMX BUKOPUCTOBYBaJacs MakcuMasibHa Tsra (throttle = 1.0), nokasauia, 1o
JiTaJbHUM amapar niATpUMyBaB cTabiIbHUN pexuM Ha BucoTi 6sau3bko 1000 ¢yTiB 3
MOMiIpHUM 3HWKEeHHSM BUCOTH. lIBuAKicTh siTaibHOTO anapata (vc-kts) mocTifiHo 3pocTrasa
Bify moyaTkoBuX 3HaYeHb A0 180 By3JiB, 0 € KPUTHUYHO BAXKJIUBUM i1 €PEKTHBHOIO
KOHTPOJIIO.

[lnatrdopma JSBSim 3abesneumnsia peasicTUYHEe MOJEJNIOBAHHSI MOJILOTY 3 YpaxyBaHHIM
CKJIAHUX Qi3MYHUX NPOIECIB, TAKUX SK B3aEMO/JiA 3 aTMocPepHHMH yMOBaMHU Ta pob6OTa
CUCTeMHU KepyBaHHS. TpeHyBaHHsI MoJiesiell BUMarajo 3Ha4YHUX OOUYMCJIIBAJIbHUX PECYpCiB,
ocobsiBo ansi LSTM-Mepex, ajne pesysbraTd TpeHyBaHHs PPO ta LSTM migTBepauau
JOLIbHICTB I[bOTr0 MiAX0/y /I aBTOHOMHHMX CUCTEM KepyBaHHSA moJsiboTamu [1; 6] [8].
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PucyHok: 2 3MiHa mapaMeTpiB BUCOTH Ta Kaj1ibpoBaHOI LIBUAKOCTI MPOTAroM MpU3eMJIeHHs

4. O6roBopeHHA

PesysibTaTy JOCIIKEeHHS MIAKPECTUIA BXK/IUBICTD iHTerpanil MeTo[iB MalllMHHOT O HaBYaHHSA
3 TOYHHMHM CUMYJALIMHUMH maaTdopmamu, TakuMu K |SBSim. BukopucranHs LSTM
J03BOJIMJIO BpaxyBaTH 4acoBi 3a/1eXKHOCTI B NIOBEAIHIL JIiTa/IbHOrO anapara, 10 € KpUTUYHUM
JIJIs1 TOUHOTO yIpaBJiHHSA B peajJlbHUX yMOBax [7].

OCHOBHI BUKJINKHU BKJIKOYaIOTh:

o JloTpi6HO Gisibllle JAaHUX [Jis1 TPEHYBaHHS HEWPOHHUX Mepex, 10 BUMara€ 3Ha4YHUX
06YHCII0BaIbHUX PECYPCIB.

e CxJsaZHICTb Ha/IAIITYBaHHS apaMeTpiB CUMYJIALII /1J1s1 KOHKPETHHUX 3a/a4 (HallpuKIIazg,
3MiHM yMOB BiTpy a60 TypOyJIeHTHOCTI).

Y mojanplIUX AOCHIPKEHHSX IJIAHYETbCS BUKOPUCTAHHA IHIIMX QYHKLiA aKTUBaUii B
HEeHMpPOHHUX Mepexax, a TaKoX Moaudikanisa KiabKoCTi wapiB i KibKOCTi HEHPOHIB y Mepexi
JUIS miaBUIeHHS epeKTUBHOCTI MoaesoBaHHA [5; 9]. Lle 103BOIMUTh MOKPALUUTH TOYHICTh Ta
CTabi/IbHICTh aBTOHOMHOTI'0 YIIPaBJliHHSA B GiJIbII CKJIaAHUX YMOBAX.

5. BUCHOBKM

JSBSim € noTy>XHUM iHCTpyMEHTOM [Jifl AOCJIJP)KEHHS aBTOHOMHHX CHCTEM TMOJIbOTIB.
[HTerpauisa 3 MeTofgaMy MalIMHHOIO HaBYaHHA J03BOJIS€ CTBOPIOBATU BUCOKOTOYHI CUCTEMU
aBTOMaTH3alii, 30KkpeMa JAJd NMpU3eMJIeHHd JiiTaJlbHUX anaparis. [loganbwi pocaigKeHHA
MawTb OYTH CIPSMOBaHi Ha PO3po6Ky 6inbll epeKTHBHUX AJTrOPUTMIB Ta MOKpaLleHHS
064HCII0Ba/IbHOI e)EeKTHBHOCTI, 1110 J03BOJIUTh peani3yBaTH Li NiX041 B peajlbHUX yMOBaX.

YcnimwHa iHTerpanis anaroputmiB nigkpimatoBasbHoro HaByaHHsI (PPO) Ta pekypeHTHHX
HellpoHHUX Mepex (LSTM) B eauHy mporpaMmy [03BOJIMJIA CTBOPUTH aBTOHOMHY CHUCTEMY
KepyBaHHsI MOJIbOTOM, 110 3abe3neyye cTabijibHe Ta TOYHE MPU3EMJIEHHS, 10 € OCHOBHUM
JOCATHEHHAM IbOT0 JOCHIPKEHHS.
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