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IESIKI ITIIXOOV 0O BUPIIIEHHSI

ITPOBJIEMW HEBM3HAUYEHOCTI
HA TNDOPOBUX INTAT®OPMAX

Posesanymo cumyayito Heusnauenocmi, Axa Bunukae nio uac po3pobAeHHA ma excnayamayii
yugpobux niamepopm. Bona mae pisny npupody i 3'abaaemuvcs Buacaiook 06’exmubHux
npuuuH, Axi 3ax4a0eHi 6 camiil npupodi 3adau, i cybd’exmubnux, Axi BHOCAMbCA 0c00010, 140
npuimae piuenns 6 npoyeci pos6’asybanna sadaui. [aa ii Bupiuenns npoBooams anaiis
noBedinku cucmemu 3a 3a0aHuil NPOMIXKOK Hacy ma 6cmanobaioions nebHy 3aK0HOMIpHICIID,
aky BpaxoByoms npu npoeHo3yBanHi MaiudymHix pesysvmamié.

Katouo8i caoba: yucppobi naamepopmu, naamepopmua 0isHec-modess, HebusHaueHicmo,
exocucmema, MoOYAbHA APXTMeKMYpa, pAHUUHI pecypcu, KOMOITHATOPHA ONTUMI3AYIA.

Beryn

Y cyuacHomy cBiTi udposi mwiatdopmu (LIIT) BucTynaroTs 0CHOBOIO
IUIsL B3a€MOJIii Ta IIPOIOHYIOTh i HaJaloTh ITOCIYTY a00 MPOAYKTU JJIs
3a/10BOJIeHHsI TIOTped i oTpuMaHHS IIHHOCTI KopucTyBadamu. Brrposa-

Hurysauusa: Tumodiesa H.€., ITaBrenko H.€. [Jeski nimxomy o BupitieHHs Ipo0-
JleMM HeBM3HaueHOCTi Ha nudposux 1wiardopmax. Information Technologies and
Systems, Kwis, 2025, Tom 5 (5), 3-21. https:/ /doi.org/10.15407 / intechsys.2025.05.003
© Publisher PH “ Akademperiodyka” of the NAS of Ukraine, 2025. The article is pub-
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org/licenses/by-nc-nd/4.0/)
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H.K. Tumodpieba, H.€. ITaBaenko

IDKeHHs 1IMpoBrx TexHosIoTiN crpuse po3sutky LIIT i mae smory 3wmi-
HIOBATV 1X MacITad, pos3MIMproBaTy (PYHKIIIVIHI MOXJIMBOCTI B Pi3HMX
PVHKOBMX KOHTeKCTax, 30UIBIITyBaTV IiHHICTH IIporo3miin. 3alesre-
YeHHs L[iHHICHOI IPOIIO3UILl 3[iVICHIOEThCS 3a PaxXyHOK 3aJIydeHHs 10
exoccremn LIIT xopucTyBauiB 3i CTOpOHM HONUTY, TOOTO CIIOXMBaYiB
IIPOJIYKTiB / MOCIIYT i KOPMCTYyBayiB 3i CTOPOHM ITPOIIO3UIil, TOOTO Hajla-
BaviB i po3pOOHVIKIB IPOAYKTIB / TOCITYT, SIKMX IIIe Ha3MBaIOTh IOIIOBHIO-
Badamut. Po3ocepepkeHicTh y9acHMKIB €KOCHCTEMM 1 PO3SMUTICTD MeX MDK
Pi3HVMMM IPOAYKTaMV, pYHKaMM Ta TajTy3sgMI IIPOBOKYIOTh BUHVMKHEHHS
1po0JsieM HeBM3HAYeHOCTi B ITpolleci MPOeKTyBaHHs Ta eKcrutyaTartil LITT.

Curyallito HeBM3HAYe€HOCTI IOCIKYIOTb B Teopil HMPUMHSTTS pi-
meHb. Bona Mae pisHy npupony. B npukiiagHmx 3agauax HeBU3Ha4eHiCThb
BVHVKA€E BHACIIOK HEUITKOI D0 HEITOBHOI BXiTHOI Ta IOTOYHOI iHJOP-
Martii. ToOTo BoHa BMHMKaE BHACIIIIOK Pi3HMX IIPUPOIHMX BIIaCTUBOCTE
IIeBHOI 3a/1a4i, a TaKOX 1T BHOCUTD CMTyauiﬂ pv3uKy.

ITocranoBKa 3agaui

PosryigHyTO cuTyallito HeBM3HAYeHOCTI, gKa BMHMKAE 3a Pi3HMX 00cTaBMH
npu cTBOpeHHi Ta ekciuryarauii LIII. Ig curyariis BuHMKae BHaCIiIOK
00’ eKTMBHMX IIPVYWH, SIKi 3aKJTafieHi B caMilt Tpupoi mpobiieM, i cy0’ek-
TUBHUX, IKi BHOCUTb PO3POOHNK Y pasi 3aKIaleHHs CUTyallii puU3MKY B
rpoliec po3s’si3aHHs. HeoOximHO BUSABUTY IPUUMHY BUHUKHEHHS CUTYa-
11i1 HeBM3HAYEHOCTI Ta 3HAWTM CII0ocoOM epeKTMBHOTO 11 BUPIIIeHHs.

AHasi3 mociimKeHb Ta My0JTiKamint 3a TeMOXO

Posnoscromkenns LIIT B pisHMX rajmyssx poOuUTh 1X aKTyaJIbHUM 00 €KTOM
HayKOBVIX JOCITi/KeHb. 3HauHa KUIbKICTh pOoOIT MpucBAYeHa JOCITiIKeH-
mio LIT y 3akoppmonHin Haykosin siitepatypi [1-10]. B [1] posrsaayTo
npo6sieMn po3poOkm Teopii mis LT, y ToMy umcrti ouTaHHS iX IPOEK-
TyBaHHS, BUKOPUCTaHHS JaHMX i BIUIMBY Ha MOBCSKIEeHHe XUTTS. B [2]
IOCITiKeHI YMHHVKM BUHUMKHEHHS 1 BJTacTUBOCTI ekocucTeM LIIT a Takox
KpUTWUYHI daKTopy, IO BIUIMBAIOTh Ha IX eBoyrollifo. B [3] BusHaueHi
OCHOBHI KOHIIeMNIIil HOO0YI0BM eKOCKCTeM, Ta JOCIIiIKeHNIT B3aEMO3B 30K
MDK MOYJIBHOIO apXiTeKTypolo Ta mpoiiecamut KepysaHHg LIIT. B [4] pos-
IJIAHYTI 3arajibHi xapakrepuctuky LIIT Ta MOXIIMBOCTI 3acTOCYBaHHS
IUIaTPOPM IIJIsI IOIITOBOTO 3B 43Ky. B [5] mociimkeHi TeHaeH il po3BUTKY
MOHOMOJIbHOTO cTaHoBuIa LII1 Ta momani 3arajibHi IIpOrHO3M 100 Mavi-
OyTHBOro IUIATPOPMHOrO KamiTamismy. B [6] mimHiMaroTbcsi mmTaHHS
MacinTabyBaHH: IUIaTOpM Ta iHPPaCTPYKTyp i BIUIMBY MaclITaOyBaH-
He Ha iHHOBallil i kouKypentuito LIIT. B [7] #a npuxkitazi mwiaTdopm mMo-
OUIbHVIX IUIaTeXiB JOCITIIKeHO KOHKY peHTHi cTpaTerii LIIT, siki cipuistoTs
CTBOPEHHIO i HagaHHIO IIiHHOCTI. B [8] 3ampornoHoBaHa yoTMpmeTanHa
MOJIeJIb KUTTEBOTIO IMKITy Ta I0JaHo aHaIli3 BuMor Ao po3sutky LIIT Ha

4 ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 5 (5)
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KOXXHOMY eTari. B [9] posmisiHyTO 0c00IMBOCTI CTBOpEHHS i OTpMMaHHA
ninHocti LI i 3a3Hauena HeoOximHicTh perymosanss nisvtbHOCTI LITT mis
YCYHeHHs BUIIAJIKiB 3JIOBXVBaHHS €KOHOMIYHOO BJIajI0l0 HaJl, WieHaMu
exocrcremn. B [10] mpoanasisoBaHO B3a€MOBITHOCVHM MiX ydacHMKaMM
exocvcremu LI1, HaBeeHO criocoOM po3HOAUTY BIaay i IPUKIIaaN CTpa-
TeriV KepyBaHH: eKOocucTeMoro. AcriekTy BrposaipkeHH: L1y pisHi cde-
PU CYCIIJIBHOTO PO3BUTKY Ta cIiocobm TpaHcdopmaitil 6izHecy 1mdpo-
BVIMM IUTaTPOpPMaMV BUCBITIIEHO y ITpallsX BITUM3HIHMX BueHnx [11 —15].
Y moHorpadii [11] pos3missHyTO IepceKTUBY PO3BUTKY eKOHOMIKM YK-
paiHn y 1MPOBY ernoxy, sSKUil OB A3aHUN 3 PO3IIMPEHHIM BUKOPWC-
tagug LITT. B [12] BusHaueHO ocHOBHI ITpobriemn pyHKIrionysanHs LT i
BUCBiTJIEHI MOJIeJIi ITpaBOBOTO PeryJIoBaHH: iX HOisyTbHOCTI. Y crarTi [13]
poskpuTto 3HadeHHs LIIT 11 eKOHOMIYHOTO Ta COIa/IbHOTO PO3BUTKY,
HaBezleHo Trimxonm no xiacudikariii LIT Ta ix pynkin. B [14] 3azHaueHa
3pocraroua porib LI y TpancdopmMariii 6isHec-mozeriert MyuHYyII0r0 i dpop-
MYBaHHI OCHOBHVIX TPEH/IiB pO3BUTKY 1P poBOi eKoHOMIKM. B [15] Br3Ha-
4eHO riepeBary, 0CoOJIMBOCTI i ITpobrremyt BuKopuctarHs LIIT B ekoHOMITI.

JocimimKeHHIO cUTyallil HeBU3Ha4YeHOCTi, 10 BUHMKAE MiJ] Jac IIpo-
€KTyBaHH: Ta ekcrutyararil LIIT, mpucesuero myOstikarnii [16-20]. Kitacu-
dikariiro HeBM3HaUYEeHOCTI Ha OCHOBI ITpo0JIeM [Kepesia 3HaHb IOAHO Y
[16]. OcHoBHi xapaxTepucTtkm LT, fIKi HOpomKyI0Th HeBU3HAYeHICTh Ha
eTarli Ii IIPOEKTYBaHH, HaBelleHo y ocitipkenHi [17]. [JocmimkeHHIO He-
BU3HAUYEHOCTI, Ky ITPOBOKY€ HEIIPO30PiCTh aJITOPUTMIUYHOIO KepyBaHH:,
npucBsiueHo crarTio [18]. IXepera BMHVMKHEHHS HeBM3HAUY€HOCTI Ind-
POBUMX iIHHOBAIIIVTHMX ITPOIIECIB i CITOCOOM BUKOPVICTaHHS IPaHMYHIIX pe-
cypcis LIIT myrs 1f 3HVOKeHHS goctimkeno y [19]. Crpaterii KopuctyBadis
LITT my1st KepyBaHHS IIi€f0 CUTYaIli€ro po3rIstHyTo B [20].

ITpn mocimkeHHi cuTyariii HeBM3HAa4YeHOCTI B IIPOIleci IIPOEKTyBaH-
Ha Ta ekcruryartanii LIIT ocHOoBHa yBara mpuaiIs€TbCs HEBU3HAYEHOCTI,
IO TI0B sI3aHa 3 HEIIOBHOIO BXiTHOIO Ta IIOTOYHOIO iH(pOopMalli€lo, a TaKOX
3 HeUiTKMMM BXigHuMMU JaHnmu [21-22]. Hespaxaroun Ha cipoOy cTporo
dopmasnisyBaTn HeBM3HaudeHicTh, HaIpuUKiIaz [23], MM HOHATTSIM KO-
PUCTYIOThCA Ha IHTYITMBHOMY piBHI.

ITigxin, 110 MPONOHYETHCA

Curyarlito HeBM3Ha4eHOCTI BCTAaHOBJIFOEMO IUIIXOM aHaJIi3y IisUIbHOCTI
wieHiB ekocuctemn Ha LI1. Buninsgemo Ty, sika BuHMKae BHaCIIiOK 00’ €K-
TUBHMX IIPUYMH Ta II0B'g3aHa 3 IPUPOOI0 3aradi, i cy®’ eKTuBHMX, gKi
BHOCSITBCS Ha eTarlax CTBOpeHH: Ta ekcivlyaTarii LIIT pospobHUKamMu y
pasi 3aKjIaZieHHs B IIpoliec po3B si3aHHA CUTYyallil pu3uKy. Takox IIpoBo-
IVIMO IIPOTHO3YBaHHSA MaVOyTHix pesysbTatTis. Ilpu excruryaramii LIIT
3'ABIIAIOTHCA 3a/]a4i, SIKi BIITHOCSATBCS 0 TeOpii MacOBOTO 0OCITyTOBYBaHHS
Ta Teopil irop. 3 BUKOPUCTaHHSIM TeOopii KOMOiHATOPHOI onTMMi3artii 11i
3a7avi 3MOIeJTbOBAHO B MeXXaX Teopil KoMOiHaTOpHOI orrrmmisartii. Takmm

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 5 5



H.K. Tumodpieba, H.€. ITaBaenko

IIJIXiM A€ 3MOTy BUSIBUTY IPUPOJTy HeBU3HAYeHOCTI B 3a/la4ax Ta 3HaNTU
edexTMBHI criocobm ii BUpiIIeHHs.

OsHaueHHA 1M PoBOI 1aTdpopMN i eKocucTeMn

Hapasi B HayKoBil1 JliTepaTypi BifICYTHE €yHe O3HaueHHs HMQPPOBOI
wiatdpopmu. Hasememo feski 3 icHyro4mx o3Ha4eHb.

Lindposa mwiatdopma — CyKYyIHICTb IIMPPOBUX TEXHOJIOTIN, IIpO-
IOyKTiB abo MOCIyT, 110 3a0e3euyIoTh TeXHOJIOTiYHy OCHOBY, Ha SKil
30BHIIIHI KOMIIaHIi MOXYTb CTBOPIOBATM BJIACHI [JOATKOBI IIPOIYKTH,
TexHosI0Til abo mocityrm [24].

Lindposa miardopma — 1e unudposa iHPpacTpyKTypa, dKa Aae
3MOTY B3a€MOIIATI ABOM a0o Oistblrie rpymam [5].

Lndposa mwiardpopma — 11e Habip HMPpPOBUX pecypciB, BKIIOYHO 3
IOCJIyraMy Ta KOHTEHTOM, $IKi JalOTh 3MOI'y B3a€MOZIIl MK 30BHIIITHIMU
BUPOOHMKAaMM Ta CIIOXKVBavaM, sIKa CTBOPIOE IiHHICTE [6].

ndposa miardpopma — Iie posuIMpioBaHa KojoBa basa Imporpam-
HOI cucTeMU, sika 3abesreuye PyHKIIVHICTD siipa, IO CIUIBHO 3aCTOCO-
BYETBC MOJIYJIAMM, SIKi B3a€MOJIIIOTh 3 HUM, Ta iHTepdericamu, yepes sAKi
BiOyBaeThCs B3aeMois [25].

3anporoHyeMo 0o3Ha4eHHs IUIaTdOpMy, siKe Ha Halll TIOIJIAN Bimoo-
pakae if OCHOBHI BJIaCTMBOCTI 1 MOXKJIMBOCTI:

Hugppoba naamgpopma — 1e CyKyIIHICTb IIPOTPaMHMX 1 TeXHIYHMX
3aco0iB, AKi BUKOPUCTOBYIOTh HEOOXiAHI TexHOIOriT i iHdopmarttivHi pe-
cypcm 1171 3a0e3redeHHs B3a€MO/Iil, HaflaHH: IIPOAYKTiB / IIOCIYT i CIIo-
JKMBaHHA IX IpyliaMy KOPUCTYBauiB 3 Pi3HUMM iHTepecaMy, a 3a YMOBU
3MiHI TIOTped KOpMCTyBadiB iX pO3BMBAIOTH PO3POOHMKM JOIaBaHHIM
HOBMX 1 MoaMdiKallil HasgBHMX KOMIIOHEHTIB.

@ynpaMmeHnTaiabHa oprasisailis LITT Mae MomyneHy apxiTekTypy, sKa
MiCTUTB sApo 1 Habip mepudepiHIX KOMIIOHEeHTiB (MomystiB) [26]. Bu-
pimanbHy posb B eBoynoLil ausanny LI Bigirparors rpaHmyni pecypcy,
TOOTO iHTepdericu MpuUKIaJHOro ImporpaMmyBaHHs (API), KOMIUIEKTH
PpO3pobKM IporpamMHoro 3abesneueHHs (SDK) Ta MeTasiaHi, siki € He3aMiH-
HIM iHCTPYMEHTOM JJIs1 iHTerparlii MO/yJIiB i CTBOpeHHsI HOBMX Ta ajiarl-
Tanii 3actapix gonosHenb LI1. Cranpgaprmsosani inTepdericu garoThb
3MOTy IIOBTOPHO BMKOPWCTOBYBATV OCHOBHI KOMIIOHEHTH, III0 3a0esIte-
4yIOTh (PYHKUIMHICTE 11JId IlepudepiliHMX MOJIyJIiB, i CTBOpIOBAaTH 10-
JIaTKOBI IHHOBAMI IS IIMPOKOTO KOJIa PO3POOHMKIB 3 pisHOpimHMMMI
3HAHHSMM Ta HeOOXiTHVMY HaBUYKaMU.

Excrutyaranisa LIT cynmpoBOIKyeTbCcsI CTBOPEHHSIM Ta PO3BUTKOM
exocucremn. Ekocucrema — Iie rpyma cyO'eKTiB (JIomeri, oprasisariin,
cepsiciB abo TexHiUHMX 3ac00iB), sAKi criyIbHO BUKOpUcTOBYIOTH LIIT my1a
3IITICHEeHHS B3a€MOJIil Ta MOCATHEHHS KOMepuiﬂHo'l' abo cormjiasbHOT
MeTn. PopMyBaHHS eKOCUCTEMI Ay Ke BaXXJIMBe 1JI CTAHOBJIEHHS Ta PO3-
BuTKy LIIT, 6e3 exocucremu LIIT He BvokmBe (B OaraThox ITyOJTiKarrisx
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POSITIAIAIOTHCS JKUTTEB] IIMKIIVE Ta aHAJTI3YIOTHCS MOXKIIMBOCTI BVDKVBAHHS
LIIT) [27]. HAisutpHICTh WiIeHiB eKocucTeMI BitOyBa€TbCsl BiIIIOBITHO BU-
3HaueHVM Ha OCHOBI B3a€MHOI 3TO[V1 pOJIsIM, a caMe: BJIaCHVKa IuIaTdop-
MU, SIKUVI BKJIQJIa€ peCcypCu s 1i HO6YL[OBT/I Ta PO3BUTKY,; JTOIIOBHIOBaUiB,
AKi POSIIMPIOIOTH 11 PYHKIIIHICTh PO3pO0JIeHHAM HOBMX 3aCTOCYHKIB Ta
HaJJaHHSAM IOCIYT; CIIOXXMBAaYiB, AKi 110 (PyHKIIVIHICTh BUKOPUCTOBYIOTD;
opKecTpartopa, KUl Kepye IuiaTdopmoro. Possurok exocmcremu LIIT
TI0B’SI3aHUV 3 TIOCTYTIOBMM PO3IIMPEHHSIM KiJTbKOCTi yUacHMKiB, Kojia 00-
CJIyTOBYBaHMX CIUIBHOT i OpTdess 3amponoHoBaHMX HocIyr. Bin Bin-
OyBaeThCd MifT BIUIMBOM CTpaTeril KepyBaHHs, sIKa IIOBVHHA BpaXOByBaTu
iHTepecy BCiX YYaCHUKIB.

3arajIbHOIO MEeTOI0 WIeHiB eKOCHCTeMM € CTBOPEeHH: 1IiHHOCTi. Mexa-
Hi3MM CTBOpPEHHS$, JIOCTaBKM Ta 3axXOIUIeHHS IIIHHOCTI BM3HA4Ya€ IUIAT-
dopmHa bisHec-mozesns. IHHOBarIis OisHec-moperti LIT nmostsArae y 3actocy-
BaHHI HOBMX CIIOCO0iB CTBOpPEHHS IIIHHOCTI BIIPOBa/IP)KeHHSIM HOBVIX BUJIiB
IisUTEHOCTI, HOBUX CIIOCOOIB 3B’ I3y BaHHSA AisUIbHOCTI Ta,/ 200 HOBMX CITOCO-
6iB KepyBaHHs HisutbHIcTIO [28]. ITinmpreMHMIIbKa MisUIBHICTD YYaCHMKIB
€KOCVICTeMM CYIIPOBOIKY€ThCSI HEOOXIIHICTIO IIPUIIMATH PillleHHS B yMO-
Bax HEBM3HAYeHOCTi, KOJIM HeMOXJIMBO CIIPOrHO3yBaTM IeBHIi IOl Ta
OTpMMAaTH TOYHI 3HaHHS ITPO pe3yJIbTaTy peaslisaliil IyX pileHb. Ajle He-
BVI3HAYeHICTh MOXKe BUHMKHYTH i I103a MeXaMV IPUHATTS PillleHb, IIpu-
HeCTU K HeraTVIBHUV, TaK i IIO3UTUBHUV [JOCBiJ] KOpUCTyBadaM i BiIKpu-
TV HOBI iHHOBaIIil Ta CTBOpUTY KOHKYpeHTHi niepesaru LITT [20].

UnHHMKM BUHMKHEHHs HeBM3HaUeHOCTi
Ha eTaIlax IIPOEKTyBaHHA i excrutyaTarrii ITI1

Ha eramni mpoexryBannsa LIIT yMHHMKaM1 BUHVKHEHHS HeBU3HAYeHOCTI
€ [16]:

® HeMOXUIMBICTh IepernbOaveHHs1 po3pobHukamu LIT ycix crenapiis
B3a€MOJIil 1 HOBeIiHKM KOPUCTYyBayiB;

e BiICyTHICTh iH(OpMallil PO MEePCIIeKTMBY PO3BUTKY IPOLYKTiB /
IIOCJIYT 1 BIATIOBiAHY afganTallifo ansarvay L.

B poGori [17] 3a3HauaeThCs, 1110 HEBM3HAYEHICTH, sIKa BUHMKAE Ha eTa-
i mpoexkTyBaHHs LTI, oOymoBiieHa Takumu i xapaKTepuUCTUKaMU SK
IOCEePeJHUIITBO 1 pO3IIMPIOBaHICTh.

B mpomeci excruryararnii LIIT unmHHMKaMM BUHVMKHEHHS HeBU3Ha-
YeHOCTI €:

e Herlepesi0adyyBaHa i HeTuIIoBa MoBefliHKa KopucTtysauis LITT;

e 0OMiH HeSIKiCHOIO Ta acMeTPUYHOI0 iHdopMariicro;

® HEeBiONOBiAHICTE POOOTM HOBOCTBOPEHMX IIPOIPaMHUX KOMIIO-
HEHTIB OUiKyBaHHSIM 1 BUMOIraM KOPVCTYBaviB;

e HecTaOUIBHICTH IpaBWI i HecIloiBaHi 3MiHM YMOB KOPUCTyBaHHS
LIIT;

® HeIrpo30picTk J1oriky ajroputMis LITT 1 kopucryBauis;
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e XapakTep BimHOcMH MiX BacHukKoM LIIT i ctopoHHIMM pO3pO6-
HUKaMU;

® I10/1i1 30BHIIIHBOTO CepeIOBUIIIA.

InTencnBHe Ta HerwmoBe BuKopucTaHHs LIIT moxe cipmsaTu cTBO-
PeHHIO HOBUX POPM BMICTy, pO3BUTKY B3a€MO/ill Ta iHHOBaIIil, sIKi He
Oyiu mepenbadeHi mif 4ac mpoekTyBaHHA. [IpuxiIamoM Takmx At Ko-
pucTtyBadis Ha wiaTdopmi YouTube € oTpMaHHS IIHHOCTI 3aBISKN CTBO-
PEHHIO BJIaCHOTO KOHTEHTY, HaIlpMKIaJl, HaBYaJIbHMX ITOCIOHMKIB abo
OIVIAIIOBMX BiJeo MeBHMX TOBapiB, IiKaBMX iHIIMM KOopucTyBadaM. 3 iH-
moro OOKy Taki Aif KOpMCTyBadiB, sIK IIaxpaviCTBO, BBe[IeHHs B OMaHY,
obOpa3Ba MOBeiHKa, — MPU3BOIATE 1O HETaTMBHMX MepeXeBuxX edek-
TiB, IOMATKOBVIX BUTPAT i 3MeHIIIeHHS I[iIHHOCTi, BUPOOJIEHOT /I KOXKHO-
ro kopucrysada. [ IpukitagoM Takmx iVt € 3aTpvMKa TepMiHiB BUKOHaHHS
poboTH, BUKpaJleHHs iHTeJIeKTyaIbHOI BJIaCHOCTI, 3HMKHEHHS ITpalliBHI-
KiB Iicj1d ofep>XKaHHs aBaHCy Ha wiaTtdopmi WORK Toro.

HamanHs HesKicHOI Ta acMeTpudIHOI iHdopMariil, HebakaHHS AUTN-
TWCS JaHVMW, BiZICYyTHICTh KOHCEHCYCY IIOJIO IIpaBa BJIACHOCTI Ha JaHi,
IIOIIVPeHHsl HellpaBauBol iHdopMallil 3aBaXkaloTh BUKOPWUCTAHHIO pe-
cypcis LI, ycKIagHIOOTE B3a€MOLII0 1 MiABUIIYIOTh HeBM3HA4YeHICThb
NPUVIHATTS pillleHb yY4acHMKaMM eKOCUCTeMM. PU3uK CIioXuBadiB I10-
B'sI3aHO 31 B3a€MOJIIEI0 3 HE3HAMOMMMM IIOCTAYAIBHMKAMM Ta HEBIIEB-
HEeHICTIO y SIKOCTI 3aIIpOIIOHOBaHMX TOBapiB Ta HOCIYT. Pu3nk rmocragasib-
HVIKiB TTOB’513aHO 31 B3a€MOZII€I0 3 HEBIIOMMMYI CITOXXMBadaMM, CyMHiBaMm
10710 TXHiX yromobaHsp i T0000BaHHSAMM CTOCOBHO OTPMMaHHS IIpUOyT-
Ky. Bsaemopist kopucrysauis Ha LIIT cymipoBomkyeTbcs 0OMiHOM JaHVMM,
ajle HeBM3HAYEHOIO [Isi KOPUCTYBayiB 3aJIMIIAETBCS I[IHHICTh 3reHepo-
BaHMX JaHuX. KOHTpOJIb, JOCTYII i BUWJIyUeHHd JaHMUX Jal0Th 3MOTY BJlac-
HVKY OTPMMYyBaTHU Hepepary Haz Kopucrysadamu LI1 i mpusiacHioBaT
LIIHHICTH JaHMX.

Posroprannsa Hosoi Bepcii LIIT Moxe mpusBecTy 10 HOBUX CKJIaJHOC-
Ti 1 HEBM3HAYEHOCTi, OCKUIBKM CTBOPEHI [I0/IaTKOBI MOYJIi MOXYTb BU-
KJIMKaTV HOBi eTV4Hi IpobsiemMy, IeperKomKaTyl yCIIIHIV CIiBIparti
11 CTBOPEHHSI IIHHOCTI, 30UIBIINUTY BUTPATH i 3HU3UTY KOHKYpPEHTO-
CIIPOMOXHICTh OKpeMMX KOPUCTyBadiB, 3pOOUTM aKTyaIbHUMM Helle-
penbadeHi 3a3masterink MMTaHHS cTpareril KepysaHHs. HeraTvsHmit go-
CBiJl CTOCOBHO HeHaJIeXKHOr0 (PYHKITIOHYBaHHs TeXHOJIOTIUHOI crcTeMu i
HEeBIINIOBITHICTh pOOOTM HOBOCTBOPEHMX IPOrpaMHMX KOMIIOHEHTIB O4i-
KyBaHHSM i BUMOraM KOPUCTyBadiB MOXYTb BUKJIMKATH 3 X OOKy HeJ0Bi-
Py Ao 1wiatdopMu i CIOHyKaTV HPUIMHUTY KOPUCTYBaHHS 11 ITOCITyTaMI.

HassHicTs gucbaiaHcy BIay y CTOCYHKaX MiXK BJIACHMKOM i KOpwc-
TyBadaMM [a€ 3MOTYy BJIaCHMKY MOAMQiKyBaTu IpaBwia i cTaHOapTuU
Ha CBOIO KOpUCTh. Ilpumipom, 3 He3HauHMM IIoIepekeHHsIM abo Oe3
HBOT'0, MOXKe Oy TV 3MiHeHO yMoBM gocTyty fo LIIT ra indopwmariii, crpyk-
Typy iHTepdericiB, IpaBuia poO3MONUTY IPUOYTKY, CUCTEMY BUHArOPO]I,
HOPMM MOBeIIHKM Ta iHIII MHOJIOKeHHsI KOpucTyBaHHs nociayramu LIIT.
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3MiHM MOXe OyTW 3yMOBJIEHO JIep)KaBHOIO ITOJITUKOIO, HOBUMM CTaH-
IapTaMy abo HOBOIO CTpaTeTi€lo BJIaCHMKA IUIaTPOPMIAL.

AjropuTMiuHe KepyBaHHS BTUTIOE AycbartaHc iiagy Ha LI i 3acto-
coByeThcst Ha LI s kepyBaHHS JisUIBHICTIO 1 KOHTPOJIIO 32 KOMYyHiKa-
IIi€f0 yYacCHMKIB eKOCUCcTeMN. AJIFOPUTMM JIalOTh 3MOIY peecTpyBaTH i
OIIiHIOBaTV ITOBEIIHKY KOPUCTyBayiB, Oe3lepepBHO OHOBIIIOBATI PETIIH-
I'v, IpUBepTaTH yBary iHIIMX KOPMCTyBadyiB, BIIPOBa/KyBaTV (PYHKIIiI
3MiITHeHH: JIOBipY i yCyHeHHsI HeBIIeBHEHOCTI KOPUCTYBayiB, 3/1iVICHIOBa-
TV Haropoau abo HaKIafgaTy CaHKIIl Ta BUKIMKATK Y KOPUCTyBadiB Oa-
XaHi peax1iil. [TocBigy poboTu 3 ajiropuTMaMy KOpUCTyBadi HaOyBaOTh
i gac excruryararil LITT. HesusHaueHicTs, 00yMOBIIeHa HEIIPO30PICTIO
aJITOPUTMIB, IIPUMYIITy€ KOPUCTYBa4iB 0OMiHIOBaTIMCS MiX coOO0 iHOp-
Malli€lo, iHO/Ii CyIlepewInBOI0, IIPO [I0CBi pobOTH 3 ajIropuT™MaMu, ooro-
BOPIOBATH aJIFOPUTMIUHI pillleHHs B OHJIaTH-4aTax i Ha popyMax, OIliHI0-
BaTV i OCMICITIOBATH JIOTiKY aJITOPUTMIB 3 METOIO IXHBOI ITepefr0auyBaHoC-
Ti [18]. Aste moziOHa iHTepIIperariis € mmire HabIVDKEeHOIO 10 PaKTUIHOL
JIOTiKM aJITOPUTMIB, i MOXXe OyTW HaBiThb IOMWIKOBOIO Ta IIOTpeOyBaTu
ajjariTallii, ocooJIMBO y BUIMIA/KaxX 3 JITOPUTMaMM MAIITHHOTO HaBYaHHS.

B3aeMomist MiX BJIaCHMKOM i CTOPOHHIMM PO3pOOHMKaMM CYIIPOBO-
IDKY€ETBCS pU3MKOM KOHQIIIKTY iHTepecis. [leper BjlacHMKOM IIocTae He-
BU3HAYeHICTh, IKa IPYHTYEThCA Ha TOMY, III0 BJIACHMK He MOXe Ieperda-
YUTHU piBeHb CrIen@igHNX BUPOOHMYMX 3HaHb CTOPOHHIX PO3POOHNKIB,
TeMII i SKiCTb BUKOHYBaHMX HUMM PO3pOOOK, BiNIIOBIAHICTE IXHIX Bilac-
HVIX iHTepeciB 1IiHHOCTAM Ta Iiyram LT Xoda BrracHuK He Mae rpasa 1psi-
MOT0 i€papXxi¥HOro KOHTPOJIIO HaJl CTOPOHHIMM po3poOHMKaMI, caMe BiH
Hece BiJIIIOBIIaJIbHICTE 3a KOOP/MHAIIIIO Ta iHTerpaliiro OCHOBHUX IIPOIIO-
surint LIIT i mogaTKoBMx KOMITOHEHTIB y €AVHI IiHHICHI ITporosntil [29].
PerymioBaHHs CTyIIeHs BIOKPUTOCTI TPAaHNYHMX PeCyPCiB Ja€ 3MOTy Biiac-
HUKY OOMEXUTN KOJIO pO3pOOHVIKIB, 3a00pOHMUTI IXHIO CHIBIIpAIlIO 3 iH-
vy LT, BijcisgiTv HM3BKOSIKICHMX TOITOBHIOBAUIB, IIO0JIaTM HEBMU3HA-
YeHICTh CHUIBHOTO CTBOPEHHS I[IHHOCTI 3 HeBiOMIMY [JOIIOBHIOBaYaMy,
He JOIYCTUTV PO3POOKIM HeSIKICHVX i MIKiIUIMBUX IPOrPaMHVIX MOIYJIiB.
3astexxHicTh JOIIOBHIOBaUiB Bifl BilacHMKa LIIT cTBOproe myts Hux mpkepeso
HecTaOUIbHOCT] Ta HEBM3HAUEHOCT] y BiTHOCMHAX 3 BJIACHUKOM, OCKIIIBKM
BiH MoOXe 30UIBIINUTY IUIATy 3a KOPWUCTYBaHHS pecypcamy, 3MiHUTU
yMoBu fgoctyny 1o API, SDK ta meTajiaHmx, aganTyBaTyi iHTepdernicn ayis
HeCYMiCHOCTI 3 iHIIMMM IUIaTpopMaMi, BBECTH KOPCTKI IpaBila I10Be-
ninku [30]. st 3HVDKeHHSI pU3HMKY, ITOB SI3aHOTO i3 3aJIeXKHICTIO Bif eKo-
cuicremn onHiel LI, ctopoHHI po3poOHMKIM MOXYTh BUKOPWUCTOBYBATH
MYJIBTUXOCTVHT, TOOTO IIPOIIOHYBaTM CBOI MPOAYKTM Pi3sHMUM InIaTdop-
MaM. BimHOocmHM MiX BJIaCHMKOM i CTOPOHHIMI PO3pOOHMKAMM IIOTpe-
OyIoTb BUpPOOJIeHHS KOMIIPOMiCYy MK HafJaHHSM IM CaMOCTIiTHOCTI Ta
KOHTpoJIeM ixHbOT AisuIpHOCTI [31].

HemnepenbauysaHi 1oziii MOBCAKAEHHOTO XUTTS, IT0sIBa HOBMX abo0
HeBMKOPWCTaHMX TeXHOJIOTIN, 3MiHa OTped pMHKY Ta yIoaobaHb CIio-
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KMBayiB, 3arpo3a BXOy Ha PMHOK HOBMX IUIaTOPM i CTBOpeHHs iHHOBa-
1INl HagBHMMM IUIaTdOpMaMM CYTTEBO BIUIMBAIOTh Ha CTpaTeriio Kepy-
BaHHA Ta [isUIbHICTh yYacHMKIB eKocucTteMn. Harmpukiiaza, B ymoBax nas-
IeMii OaraTo opeHmomasmis >xumia Ha LIIT Airbnb i Bomiis Ha LIIT Uber
3a3HaJIM 3HAYHMX (PIHAHCOBMX BTPAT, OCKUIPKV 3HAYHO 3MEHIIMBCS I10-
nuT Ha ixHi nociyru. Ilepen BiracHMKaMu 1mx IDIaTdopM IIocTaia
npobsieMa opraHisallii criBmpari 3 iHIIMMM MapTHeEpaMM IS PO3IIN-
PeHHS [iHHICHOI ITPOITO3MUIIil, IiTTPVIMKM XIUTTE3IATHOCTI Oi3Hec-MoIeri,
Monmdikanii guszanHy. B pesysnbrarti, soaii LIIT Uber Gyim 3ayueHi 1o
IocTaBKM DKi Ha 3amoBjleHHs, a rocropapi LIIT Airbnb crtanm HamasaTu
CBO€ >XITJIO TOTeJISAM ISl OpTaHi3allil KopropaTuBHUX 3axois. HesusHa-
YEeHICTh 1100 CIIOXMBaHHS IIOCJIYT MOXKe BMHMKATW SK B pasi BUKOPUC-
taHHsA neqkol LI, Tak i B pasi sfiricHeHHs: BUOOPY MiXK KOHKYPYIOUMMM
Ha pUHKY IuiaTpopmamu. ToMy mnepernOaveHHs TeHIEHIIII PO3BUTKY Ta
THYYKICTb CTpaTeril KepyBaHHs € KJIIOYOBMMM (paKToOpaMu IiATPUMKN
KUTTE3MAaTHOCTI eKocvcTemm LITT.

Buayu HeBM3HaYeHOCTI
iHHOBanivtHux rmponecis Ha 11

s pocsrnenns ycrixy LTI moBuaHa OyTy TeXHOIOTYHO HaflilIHOIO Ta
rocTiiHO iHHOBamiHOIO [32]. BigxiIamaHHS BOpOBa/KeHHS iHHOBALiN
cTaHOBUTH 14 L1 nmeBHMI pU3UK, OCKUIBKM MOXe 3HU3UTUCS IIPOAYyK-
TVBHICTH poboumX mIporieciB. Pa3oM 3 TvM BIpOBaI)KeHHs IHHOBAIIiV IIpN-
HOCUTh KopuctysadaM LIIT HOBI HeBU3HaUYeHOCTi Ta pU3MKYM, 00yMOBIIeHi
PI3HOMAHITHICTIO [IOIOBHIOBAYIB Ta YCIIIIHICTIO CTBOPEHWUX HUMU IHHO-
Ballint. B po6oti [33] posmiggaroTecd Taki TUIIM HeBM3Ha4YeHOCTi i po-
BVIX IHHOBAIIiVIHVIX IIPOIIeCiB:

e eKOJIOTiYHA HeBV3HAUeHiCTh. BrHKae mif, HertepenOadyBaHV M BIUIU-
BOM 30BHIIIIHBOIO CepeoBNIIa, HallPUKIIa/, COIIOKYJITYPHUX TeH/IeH-
11i71, IeMOoTpadpivHMX 3pyIIeHb, 3MiHV IIONNUTY Ha IIPOAYKTHU / TIOCITYTY Ta
IIPOITO3MLIiVI KOHKY PeHTiB;

e TexHiYHa HeBM3HadeHicTb. OOyMOB/IeHa MIBUIKMM TEXHOJIOTid-
HVIM PO3BUTKOM i BIZICYTHICTIO JTOCBiZly pOoOOTM 3 TEXHOJIOTisIMIAL;

e opranisariina HeBusHadeHicTb. CIIOcTepiraeTbcs IIifl 4ac IMHa-
MiYHMX 3MiH IIPOIlecy iIHHOBALiMHO]I [IisSJIbHOCTI;

® pecypcHa HeBM3HaudeHicThb. IcCHye 3a HeZlOCTOBipHOI OLiHKM (piHaH-
COBMX, TeXHIUHMX, JIFOJCHKMX Ta IHIIVIX pecypcis;

e HEBM3HAUYeHICTh BiIHOCMH. BuHMKae B mporieci B3aeMofii wieHiB
HiIIIPUEMHUIIBKOTO CepellOBUINA 1 3aBakae peaslizallil IXHiX COUIBHMX Ta
IHIVBIy aJIbHVIX IHTepeciB.

HesusnaueHicTb Oy[p-sIKOTO TUITy CTBOPIOE JOJATKOBI Ipo0siemMu
IJIS CIIUIBHOTO CTBOPEHHS 1IIHHOCTI, BIUIMBAE Ha JAW3aliH i CTpaTeriio Ke-
pyBanms LIIT.
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Buau HeBM3HaUeHOCTEVI, IKi BUHMKAIOTh
Hijg Jac cTBOpeHHs Ta eKcrutyaTarrii 1T

Buxonsgum 3 momepenHBOro aHasli3y B pasi CTBOpeHHs Ta eKCIUIyaTarlil
I PpOoBUX IUIaTOPM y3arajbHMMO BUHVMKHEHHS HeBY3HauYeHOCTI:

e HeBM3HAYEHICTh, SKa BMHMKAE BHACTIIOK HEIIOBHOI BXIiIHOI Ta IIO-
TOYHOI iHdOpMalIil;

e HeBM3HAUeHiCThb, OB’ A3aHa 3 HEUiTKO po3poOIeH MI IIpaBuIamMu
00po0IIeHHs Ta OLiHIOBaHHS iHdOpMaTriii;

 0COOIVBUTI TUII HEBU3HAYEHOCTI, TTOB I3aHNI i3 CUTYalIi€l0 pU3VIKY.

3adaua cmbBopenns ma excnayamayii LIIT noaseae y 3abesneuenni 63aemooii
MK cnoxubBauamu i Hadabauamu nocaye, 3a AKOL yci nomeHyitiHi cnoxubayi
Moeau 0 ckopucmamuca saoanumu nocayeamu LIIT 3a ymobu, wo Gonu maxcu-
MAAbHO 3a00604bHAMb CNOXUBauib, i cmbopeHa YiHHICb PO3NO0IAAEMBCA MiX
YHACHUKAMU eKOCUCTIEMU.

114 3amaga 3B0AMTHCS 110 3af1adi 3 TeOpii 3 MacoBOro o0CIyroByBaHH: [34].
Cdopmysmroemo 11i 3a71a4i B MeXXKax Teopii KoMOiHATOPHOT OIITMMIi3arlil.

ITocTaHoBKa 3agadi KOMOiHaTOpHOI ONTMMIi3allii

3amadi 1IbOTO KJIacy 3a3Budart 3a7aloThCsl OHIEI0 abo KiTbKOMa MHOXM-
HaMV, HaIpuKiIaa A Ta B, enleMeHTN SKMX MaroTh Oyap-gKy npupony [35].
Hassemo 11i MHOXVHM 6asoBumMu. IcHye mBa T 3anad. B nepuiomy tvmi
KOXHY 3 ITMX MHOXXMH MOXKHa ITOfaTu $IK rpad, BeplIMHaMU SKOTo € ii
eJIeMeHTV, a KOKHOMY peOpy IOoCTaBJIeHO Y BiloBigHicTh uncio ¢, € R,
sKe Ha3VMBaloTh Baroio pedpa (R — MHOXMHa HivicHMX 4mce). 11 3pyd-
HOCTi BBaXKaTVIMeMO, III0 MiX eJIleMeHTaMI ITX MHOXVH iCHYIOTb 3B I3K1,
4pICIIOBe 3HaYeHHs SIKMX Ha3BeMO BaraMu. Bemavnau c; Ha3BeMO BXiqHM-
MM JaHUMU 1 3aaMo 1X MaTpulaMu. B gpyromy T 3aa4 Mix eleMeH-
TaM¥M 3a7IlaHOl MHOXWHM 3B’3KiB He iCHy€, a BaraMy BUCTYIAIOTh 4YuciIa
Vv, € R, axvM y BiIIOBiIHICTE TTOCTaBIIEHO 15K BJIACTMBOCTI VX eJIeMeH-
TiB, YMCJIOBI 3HAUEHHS SKMX 3aTal0ThCSI CKIHUEHHVIMM TTOCITiTOBHOCTSIMIA,
IO TaKOX € BXimHmMMM JaHuMu. LIi BemmamHY Bu3HavYaoTh 3HAUeHHS 1Ti-
JIbOBOT (PYHKIIIT.

[11s1 000X THIIIB 3a/1ad i3 €JTeMeHTiB OITHiET 3 3aaHX MHOYKVIH, HaIIpVK-
nam a,€ A, 1€ {1, ..., n}, yrBoproeTbcsa KoMbiHaTOpHa MHOXVMHA W — cy-
KYITHICTh KOMOiHaTOpHMX KOH@Irypariirt IeBHOro TuIly (IlepecTaHOBKM,
BUOipKM pizHMX THUIB, po30uTTs To110). Ha enemenTtax W xkombiHatop-
HOI MHOXVHM W BBOIMUTbCS 11ThoBa pyHKIIIA F(w). Heobximao 3HamT!
eleMeHT W MHOXMEY W, [IIs1 SIKOTO HIiThoBa dynkiig F(w) HabyBae exc-
TpeMaJIbHOTO 3HadyeHHs B pasi BMKOHAHHS 3aJlaHMX OOMeXeHb, TOOTO
F (w) = glob wee;avcotzw F(w), ne extr ={min, max}, W — minMmeOXMHA, AKY

BU3HAYAIOTh OOMEXeHHIMU 3a1ayi.
PurHKoBa KOHKYpeHIIisd HPUCYTHS SIK MDK pisHMMM IDIaTdopMami,
TaK 1 B eKocucTeMi KOXHOI Iutardopmu. KoHKypeHmis Mix miroumnMm
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I1aTopMaMy pO3rOPTAETHCA 3a 3Ty YeHHs CIIOXKMBayiB, IIATPUMKY 10-
TOBHIOBAYiB, pO3IIMPEeHH: BUJIB JisUIbHOCTI, 3MeHIIeHHs BapTOCTi 3a-
IIPOIIOHOBAHMX MOCIYT, BUBEIEHH HOBUX IIPONYKTiB Ha puHOK. Hass-
HICTh KOHKYPEHTHIX IIepeBar i IIpono3ullis mpuBalIvBoi BapTOCTi IIpo-
IOyKTiB / ociyT gae 3mory LIT 3axommTi BaroMmy 4acTKy pyMHKY i 3aliHATH
IOTY>KHillle HOPiBHAHO 3 iHIIMM IIaTdpopMaMyt ctaHoBuIIle. KoHKypeH-
11 MDK wieHaMy ekocvicreMy onHiel LI rmos’si3aHa 3 po3poOKoro cTpa-
Teriv KepyBaHHs IUIaT(OPMOIO; BU3HAUYeHHSIM MeTOJiB 3aXOIUIeHHs Ta
CTBOpPeHHSI LIIHHOCTI; POpMyBaHHSM CTyIIeHsI BiIKpUTOCTI; 3a0e3eueH-
HSIM JIOCTYIIy [I0 PecypciB; CTBOpeHHSIM OaJlaHCy KOMIIpOMiciB; 11obymo-
BOIO BiTHOCKH 3 JIONOBHIOBaYaMy. X0o4a yYaCHUKM eKOCUCTeMM OKpeMOoil
LIIT criiBopallforoTh AjId JOCATHEHH CHUIPHMX IIJIey], BOHU TaKOX KOH-
KYpPYyIOTb MiX cO00I0, i MOXYTh BUKOHYBaTM aHTarOHICTWYHI Ail 11714 3a-
JIOBOJIEHHSI BJIACHMX iIHTepeciB i OTpMMaHHS MaKCMMaJIbHOI YaCTKM CTBO-
PpeHOT IIIHHOCTI.

3agaui koMOiHaTOpHOI OIITMMI3allii,
sIKi BUHMKAIOTH IiJ] Yac po3po0sIeHH
Ta eKcruryaTamii IT1

Buninmimo 3amady 3 Teopii MacoBOoro oOC/IyroByBaHH: i 3MOJIEIIIOEMO 11 B
MeXKax Teopii KoMOiHaTOpHOI onrTMMi3artil. [IJ1s IIboro po3ryIstHeMO HeBY-
3HA4eHICTh, sIKa BUHMKAE Ieper, ydacHMKaMlM eKOCVCTeMM B Ipolleci ix-
HBOI B3a€MOIII [1J1d KUIBKOX ITIaTPOPM.

3adaua 3 meopii macoBoeo 0bcayeoBybanta. BoHa mossrae y Bu3Ha4eH-
Hi rtory>xHocTi LIIT 3a1e>xH0 Bifl 3a4BOK, 110 ITIOCTYHAIOTh BiJl 3aMOBHU-

. t t t
Ka. [TosHaummo ninMHOXMHO©O Z' ={z,...,2,,} 3asBKW, 1110 IIOCTyTIAIOTh B

st . t_qat ot
t-ry L1 Bim & 3amMOBHWKIB, a z, ={Z,,,..., 2z }— 3asBK, 110 MOCTYTIAIOTE

Bifl 7-ro 3amoBHuKa B t-Ty LI, ne Z:Y — OIIHa 3asBKa, Ef — IX KUJTBKICTB,

t . .
ye{l,.., &'} . Ockinbku &' — BeymumHa BUTIaKOBa, TO BUHMKAE CUTYATLTist

. lt Vt rt
HeBV3HaueHOCTi. BBaxkaeMo, 1o z, = {zrl,...,zrg.t

KICTB 3a4BOK, fIKa Moxke 1toctyrmTu B t-Ty LIIT Big r-ro samosHuka. Tomi
HeoOXiZITHO BU3HAUNTY TaKe CIIOIy4ueHHs 0e3 IOBTOpeHb u* e M eremen-
TiB z:Y i3 MHO)KV[@HVQ Z', 3a sxoro notyxuicts LITT Gyna 6 30aiancoBaHa,
TOOTO dD,(ux):zz(i)rY(uk), ne @,(u") - morysxwicTs t-oi LITT, Ci)w —
r=1y=1
KUIBKICTB 3adBOK BiJl 7-rO 3aMOBHMKa, sKi moctymwin B t-ty LTI,
M — MHOXMHa crIoiTy4ueHb 0e3 IToBTOpeHb [36].
Y mint 3apaui mif, yac BusHaveHHs rotys>kHocti LIT BuHukae HeBu3Ha-
4YeHICThb Yepe3 KUIbKICTb 3a4BOK, AKi € BUIIaJIKOBVIMV BeJITYMHAMM.
Pospobaenns mamemamuunoi modeai nio uac excnayamayii LIIT 3 BUKO-
PVCTaHHSIM Teopil irop y pasi HemoOpoCOBiCHMX CIIOXMBadiB a00 HazaBa-
4iB mocyT. Lo 3amady MoXXHa BiTHeCTV 0 aHTarOHICTUMYHMX irop ABOX
YYacCHMKIB 3 IIPSIMO IIPOTWJIKHMMY iHTepecamyn. Bona mnossrae B Tomy,

12 ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 5 (5)

} € Z' - nanbinpima Kiib-



Hesxi nioxoou do Bupinienns npobaemu HebusHaueHocmi Ha YUGpobux niamgopmax

III0 B pa3i epexody Bifl OfHi€l cuTyallil 70 iHII01 i3 301IbIIeHHAM (3MeH-
IIIeHHSIM) BUTPAIly OIHOTO 3 IPaBlliB YMCEIbHO OJHAKOBO 3MEHIITY€ThCS
(30UTBIITY€TBCS) BUTPpALII IPYroro rpaBIIs. Ix e Ha3mMBawOTH irpamMm gBOX
ocib 3 HyIpOBOIO cTaBKOIO. Po3yMHa moBeiHKa I'paBLIiB 30iVICHIOETBCS Ha
ITiJICTaBi IIPUHIMIY MakcuMiny. Hyokde HaBegeMo MaTeMaTUYHY MOZe/Ib
11i€1 3a/1a4i 3 BUKOPVCTaHHSAM Teopii KoMOiHaTOpHOT onrTmMisariil [35].

3amady HemOOPOCOBICHMIX CITOXMBadiB ab0 HafaBadiB IIOCITYT Ha Of-
HiM IU1aTdOpMi PO3IIITHEMO SIK I'PY [IBOX I'PaBLIiB 3 ypaxyBaHHSM TaKMX
KpUTepiiB:

e MOpaJIb CIIOXKMBaUiB a00 HaflaBayiB MOCIIYT;

® 3HVDKEHHS CTBOPEHOI Ta OTPMMAaHOI IIiHHOCTI CIIOXMBadiB abo Ha-
JlaBayiB MOCIIYT.

ITip 1yboBOIO PYHKITIEIO PO3YyMieMO TaKe 11 UMC/IOBe 3HaUeHHs, siKe
BU3HAYa€ piBeHb MOpaJli CIIOXMBadiB abo Ha/laBadis MOCIYT. 3aziayda 1o-
JITa€ y 3HaXOKEHHI MiXK IIMMM KpUTepisMM Takol piBHOBary, 1ob cro-
XvBadi a0o HazaBadi IIOCITyT cIiBicHyBaym KoMOpTHO. SIK BifoMo 3 110-
CBiZly, Ha IIeBHOMY eTaIli 30araueHHsI CIIOXMBadiB ab0 Ha/laBayiB IIOCIIYT
IXHdA MOpaIb ITOYMHAE 3HVDKyBaTucs. HacTymae mMomeHT, Ko 3apaiu
30aradyeHHs HEXTYIOTbCS 3aKOHV MOPaJli, IO IPU3BOAUTE [0 3arajbHOI
PYyVIHaLIii CTBOpeHOI Ta OTPVMMAHOI IIiIHHOCTI CIIOXMBa4iB abo HaraBadiB
roctyr. B pesysbraTi i Ti 71 iHIINI BTpadaroTh BCi HAKOIMYeHi MaTepialbHi
ITIHHOCTI.

YBenemo mMHOXMHM: A=(a,,...,4,), KOXEH eJIeMEHT a;, je{l,..,n),
4KO1 Bi/ITIOBiZlae O3HaKaM, fIKi XxapaKTepu3yIOTh piBeHb MOpaJli CIIOXKVBa-
4iB abo Hagasauis nociyr; B={b,,...,b,}, KoxeH eremeHT b]. SIKOI BU3Ha-
YJa€ 4MCIJIOBY OIHKY PiBHS MOpasli CIIOXMBadiB abo HajaBadiB IIOCIIYT;
A= (a,...,a,), KoxeH einemeHTt 4,, le{l,..,n), BiAgnosimae o3HakaMm, sKi
XapaKTepu3yIOTh CIIOCOOM 3HVDKEHHS CTBOpeHOI Ta OTPMMAaHOI I[IHHOCTI
crioxuBauiB a6o HaaBauis ocnyr; B ={b,,....b,} KoxeH eleMeHT sKoOf b,
BVI3Ha4Ya€ YMCJIOBY OLIHKY 3HVDKEHHS CTBOPEHOI Ta OTPMMAaHOI IiHHOCTI
CIIOXMBaUiB a0 Ha/jaBaviB ITOCIIYT.

Orxe, 3a71aua BU3HaYeHHs 3HVDKEHHSI CTBOPEHOI Ta OTPMMAaHOI I1iH-
HOCTI CIIOXMBauiB ab0 HajlaBayiB IIOCIIYT 3a7a€ThCd IBOMa MHOXWHaMM
AiA , MK eJleMeHTaMM SIKMX BifICYTHI 3B s13K1. BximHvIMYM maHvMM BU-
CTYIAOTh CKiHUeHHi rocrigosHocti B=1{b,,...,b,} Ta B= {l;1 ,...,l;n} . 1a 3a-
Jlava HaJIeXXUTh 10 APYTOro TUILY.

3MOIeII0EMO IIUTOBY (PYHKIIIO i BU3HAUYMMO ii apryMeHT.

BBaxaemo, 1110 KO)KHOMy eJIeMeHTy b] MHO)KT/[HVI B Bimmosimae ere-
MEeHT bj i3 MHOXMHM B i i/ b; e{-1,..0,..,1}, b;,b; — nivicHi uncra.
SIxio mobpobyT CHO)I(T/IBa‘-IlB a6o HanaBamB HOCJ‘IXF 3a6e3neqye rapmo-
HiVTHe iX iCHyBaHHS, TO 1Ii BeJIMUYMHMU JI0HaTHI i bj, bj >e, bj = bj ,e>0 —
MiHiMaJIbHe 3Ha4eHHs, 3a SIKOTO MOXJIVBa PO3yMHa IOBeJliHKa I'paBlliB.
SIkmro bj, Ej ef{g,...,. e}, me €<0 — HanbOiIBIIIe 3HAUEHHS, 3a IKOTO 100-
poOyT cioxxmBauip abo Ha/TaBaviB MOCITYT 3abe3redye rapMOHiVHe icHYy-
BaHH, TO VIJIeTbCd PO aHTarOHICTWMYHY TPy ABOX YYaCHUKIB 3 HPAMO
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MPOTVIOXHNMI iHTepecamu. SIKIO b, b <&, TO PyMHYETbCI MOpaslb
crioXuBadiB abo HaJlaBayiB MOCIIYT, 3HT/[>I<y€TBC$[ CTBOpeHa Ta OTpMMaHa
LIIHHICTH CIIOXXMBaviB a00 HagaBauis moctyr. ToOToO, BUHMKae cuTyaris,
3a AKOI BUI'Pa€ OAVH rpaBellb (KU 30arauyeThbcs), ajle B pe3ysIbTaTi IIpo-
rpatoTh 00VIBa rpaBLIi.

B mporieci poss’sizaHHS 3amadvi i3 KoXHOI MHOXMHU A =(4,,...,a,) i
A=(d,,..,A,) BUOVIPaHHSM TIeBHOI KUTBKOCTi eJeMEeHTIB yTBOPIOIOThCS
CIIOJTy4eHHs Oe3 IOBTOpeHH:, IO € apryMeHTOM LijiboBoi pyHKIIil. I3
enieMeHTiB MHOXWH A=(a,,..,a,) i A=(d,,..,4,) yTBOopuMO 1Bi KOMGi-
HaTOpHi MHOXVHI Wi W . Ha 11X MHOXMHAX yBe[eMo I1iTboBy (byHK-
uiro F(w,w), ne weW i we W — CTIOJTY YeHHS 0e3 roBTOpeHHS. 3amava
rnoJisirae B 3HaXO/PKeHHi Takmx w € W i @ € W, yia sKux yBeJieHa Iii-
apoBa pyHKIig F(w,®w) HaOyBae MaKCMMaJIbHOTO 3Ha4YeHHS 3a YMOBU,
mo F (w,zb) >0, ne 8 — MiHiMaJIbHA BeJIMUMHA, 3a SKOI CrIOXMBadi abo
HaJlaBayiB IIOCIYT iCHYIOTh KOMPOPTHO.

3MopemoeMo BXigHI JaHi (YHKIISIMM HaTypasIbHOTO apryMeHTy
o(j)li, ®(j)li Ta KomGiHaTopHUMYM yHKIIisMA B(f(j), w", @) i

B(f(I),w", @)} . SIximo i3 MHOXVUHM A BUGMPAETbCS eleMeHT a; To

B](f(]) w" wi)—l B inmomy pasi B](f(]) w*,@')=0. Binrosisito,
AKIIO i3 MHOXMHM A BI/I6T/Ipa€TBC$I eJIeMeHT 4, TO [3 (f(),w",@")=1.B
iHIIIoMy pasi B,( f(I), w*,@")=0. Ockinbku mocTaseHa 3agaua posB’ﬂsy-
€ThCS Ha ,IIBOX KoMOiHaTOpHMX MHOXMHAX, To dyHKii B( f(]), w*, @'} i
B(f(l) w* , @' )|} saexars iz gBox 3MiHHUX: WeW i e W .

LlistboBa (PYHKITiS B 11iV1 3a/1a4i ONITHUMI3YEThCS 3a JBOMa KpUTepisiMu,

gKi 3MOJIEITIOEMO $SIK CepefHIO BEeJIMUMHY CyMapHOTO AOOYTKY 3HaueHb
JyHKIIiT HaTypaJIbHOTO apryMeHTY Ta KOMOiHaTOPHOI PyHKIIIi:

gﬁf(f(j),w",ﬁ)tp(j)

’

. . . kK ~i . .
me q' — KiUIbKicTb OMVIHVLIL B B(f(j),w" , @)} , 9”7 — ximpkicTe omm-
e B B( f(f), 0", @)l
Muoxvay Wi W ckilaaioThest 3 MiIMHOXIH i30MOPdHMX CIIONy-
yeHb Oe3 1ToBTOpeHb. OCKITbKM 3HAXOIKeHHS ONTUMAJIBHOTO PO3B SI3KY
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IIPOBOIMTCA Ha YCix IXHiX eJleMeHTaX, TO B IIpoIleci po3B I3aHH 3a/1a4i 3
BUKopucTanHsaM supasis FO(w*,@') i F®(w",®') moxe BuHMKaTH CUI-
Tyalliss HeBM3HA4YeHOCTi, IIOB s13aHa 31 CTPYKTypoOIO apryMeHTa IIiIbOBOI
dynxkuii [35]. Tomy 3amaua 1ossArae B 3HaAXOIKEHHI TaKoi ITiIMHOXVHIU
i3oMOpdHMX crIoIydeHb Oe3 IIOBTOPeHb, AKa MICTUTh ONTUMAaJIbHUM PO3-
BSI30K, 1110 30ira€Thcs 3 METOIO JOCITIKeHHsI 3a yMOBU F (wk , ﬁzi) >90.

Buxomsuu 3 BUKIIa[1eHOro HaBeIeMO Take O3HaUeHHSs].

OsHauenHs. [lin HeBM3HaYeHICTIO B KOMOIHATOPHIV oITmMisarii
(BiOmoBimHO B pasi NpoeKkTyBaHH: Ta ekcivtyaTauii LITT) posymiemo cury-
allifo, 3a K01 BHACTIOK HEYITKOI UM HEeIIOBHOI BXiTHOI Ta IIOTOYHOI iH-
dopmMarril HeMOXIIVBO Ofep KaTV OHO3HAYHMI pe3ysIbTaT, abo 3a Bubpa-
HOIO MipoI0 ITOi0OHOCTI, 3a 3MO/e/TbOBAaHVIMI ITTHOBUMY (PYHKIIiSIMI, 3a
po3pobriennMu mpaBwIaMu oOpoOkM Ta oIiHKM iHdOpMaliii, BHaCITI-
IIOK 0CO0JIMBOI CTPYKTYPM apryMeHTY 1iIboBo1 PyHKIIIT (KoMOiHaTOp-
HOI KOHirypariil) omep>KaHUI ONITUMAJIBHUI pe3ysIbTaT He 30iraeTscd 3
MEeTOIO JOCTiKeHHS.

Hesiki cmoco0u BUpiIeHHs
cuTyanii HeBu3HadeHocri Ha 111

Bupimenns mpo0iemyt HeBM3HAYEHOCTI, 1110 IIOB S3aHa 3 HEIIOBHOIO BXifI-
HOIO Ta IIOTOYHOIO iHdOopMalliero, IPOBOANUTHCS UISXOM aHaI3y CUTya-
1Ii1 3a TIeBHMUI IIPOMIKOK Yacy. Ha ocHOBI IIbOro aHaslizy BCTaHOBJIIOIOTH
IIleBHY 3aKOHOMIpHICTb, SIKy BPaXOBYIOTh TPV IIPOrHO3yBaHHI MaitOyTHiX
pe3ysIbTaTiB Ha IIOTOYHOMY BiIpi3Ky 4acy.

Bupimennsa nHesusHaueHocTi Kopuctysadamu LI, sika mos’ssana i3
CUTYAIIi€l0 pU3MKY, CYIIPOBOIKYETHCSI HEOIHO3HAYHICTIO 111010 0OpaHHsI
BapiaHTy [in1 Ta/a00 HEMOXJIMBICTIO MeperOaveHHs MMOBIPHMX HaCIiI-
KiB KOHKpeTHOro 1x Bubopy. CIpuiHSTTS HeBU3HAYeHOCTi KOPUCTYBa-
gamm LIIT mae cy®’exrmBHMI XapakTep. Ilin wac excruryaranii LITT xo-
pUCTyBadi JOTPUMYIOTbCA TaKVX CTpaTeri:

® BUKOPUCTOBYIOTh ITpoiykT / nociryru LIT 1 3a710B01eHHS CBOiX
iHTepeciB i TOTpeO, He3BaXkKalOUM Ha MOXJIVBICTD OTPVIMAHHS HETraTVB-
HVIX pe3yJIbTaTiB i (piHaHCOBUX BTpaT;

® 3aCTOCOBYIOTb 3aIIO0DKHI 3aX0M i 3BepTaroThcs A0 MOIePeIHbOrO
IIOCBiy IS ITOM’ SIKITIEHHSI CIIPUVHATTS HeBU3HAYEHOCT] i MpuimHATTSA pi-
IIIeHHs 00 BUKOPUCTaHHS NponyKris / mocayr LT (Hanpuxitazn, Bu-
KOHYIOTb CaMOCTiVIHUI IOIIYK [10AaTKOBOI iHdopMallil IIpo mocradasib-
HVIKiB IIOCJIYT, 3HAXOIATh JOK/IaHI OIVCK IPOAYKTIB / HOCIIYT, IIepersis-
ZAlOTh BIATYKM iHIIMX KOPUCTYBadiB PO MPOAYKTM / MOCIyTM i mpo
JIOCBi[, CITIJIKYBaHHS 3 IIOCTaYaJIbHMKOM, ITOPiBHIOIOTH I[iHW i OTPUMYIOTh
iHdopMariito Ipo aHaJIOrM BifJ, TPETiX CTOpPiH, TOIIO);

e BiIMIiHAIOTH a00 BiKIafgaloTh BUKOPWUCTAHHSA IPOAYKTIiB / MOCITyT
LITT moxu He Oyme mOCTyIIHA JOAaTKOBa iHdOpMariis.

ITig gac pospobrieHHs Ta ekcrutyaTtaril LIIT xepyBaHHs HeBu3Hade-
HICTIO IIOJISITA€ y 3MEHIIeHHi 11 B [pKepesli BUHMKHEHHS a0o IT0I0JIaHHi
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moJIaHHS HeBu3HaueHOCTi Ha LIIT mocsratoTs 1oissxoM:

e 300py iHdopMariil Ta TTOrIMOIIeHHS 3HaHb;

e eBOJIIOLTIT Oi3HeC-MoIerti;

e amanTarii gusanny LT

® 3aCTOCYBaHHS MeXaHi3MiB CTpaTeril KepyBaHHsI.

PosmigHemMo getaspHinIe 11i crrocoon.

36ip ingpopmayii ma nozaubaenns 3nanb. BUKOPVICTaHHS TeXHOJIOTIN
indopmamnirHo-koMyHikarinHi TexHosoriil (IKT) nae smory 30upartu, aHa-
JIi3yBaTy Ta OLIHIOBATM HaHi 1 dpikcartil aivt kopucrysadis Ha LIT1, dop-
MyBaHHs U1 HUX IHAVBIYyali30BaHOIO KOHTEHTY Ta OPi€HTyBaHH: I10Be-
ninkv B OaxkaHoMy Harpsimi [30]. MexaHi3Mu 3B0pOTHOTO 3B 3Ky [IOTIOMa-
rarote LIIT oTrprMyBaTy naHi Bijt KOprCcTyBadiB Pi3HMX CTOPiH €KOCVICTEMA.
Amnasti3 BeymKyx oOCSTiB JaHMX Ja€ 3MOry OymyBaTy PeVTVHIV, CIIMParo-
4yCh Ha OLIHKM 1 BIAIYKM KOPUCTYBayiB, i CTBOPIOBAaTI peKOMeHIaLlil, sSKi
BIUIMBAIOTh Ha IXHi BIIOITOOAHHS Ta 3a0X0UYIOTh [0 IeBHMX Aint. Po3BUTOK
iHHOBALIiV1 i TOBTOPHE BUKOPMCTAaHHS IIPOrpaMHMX KOMIIOHEHTIB I10B sA3a-
Hi 3 KepyBaHHSIM 3HaHHAMI. []J151 eKOCHCTeM, 110 pO3BUBAETHCS abO IIBIII-
KO 3MIHIOEThCS, iHdOopMarlliriHa Oasza Moxe OyTM HeBM3Ha49eHOIO abo B3a-
rajii BincytHboIO [37]. D1 momoriaHHs medinuTy 3HaHB, CTBOPEHHS iH-
dopmarriviHoil Gasy Ta oprasisarlil cIiBIIpalli Po3pOOHMKIB ITPOrpaMHIIX
KOMITIOHEHTIB BUKOPWVCTOBYIOTbCSI [IOBiIHVKM, HAacTaHOBWM, BiKi, CIIyXOm
HiATPVIMKY, iIHAVBiAyaJIbHA JOIIOMOTa Ta KOYUMHI, XaKaTOHY, ie Po3pod-
HVKI 3yCTpivaioTbcsi isnaHO abo BipTyaspHO. BuKopmcTaHHS cucteM
pos3ITi3HaBaHHS MOBJIEHHSI 3 ITIATPVIMKOIO IITYYHOTO iHTeJIeKTY B IIO€JHaH-
Hi 3 iHTeJIeKTyaJIbHMM IIOITYKOM Bi/ITIOBi/i /1a€ 3MOTy 30UTBIIMTY IIIBUII-
KicTh 0OpOOJIeHHS JaHNMX i SMEHIIINTY TPaH3aKIIiViHI BUTPATH.

EBoatoyia 6i3nec-mooeai LIII. HeBm3HaueHiCThb, [IOTIOBHIOBAYI Ta J10-
JaTKOBI IMPOAYKTM CTMUMYJIIOIOTh iHHOBaLiHUI mpolec OizHec-Moperti
LIIT [31]. EBosmoriisi GisHec-Moperli Iepe0adae peastizaliifo HU3KM y3ro-
IDKEeHVX 1 B3a€EMOOITIOBHIOBJIBHVIX iVl YYaCHVMKIB €KOCUCTeMMU i 3[IiVICHIO-
€TBCS IIUISIXOM pO3PpOOKM BJIACHMX iHHOBAIIiT abo KOIiOBaHH: i BITpOBa-
IDKeHHs iHHoBallill KOHKypeHTiB [28]. BiacHi inHoBallii GisHec-Moperti
LIIT mosnAraroTe y CTBOPeHHI HOBMX BUJIIB HisUIbHOCTI i BIAIIOBIAHMX eJle-
MEHTIB IM3aliHy Ta JaloTh 3MOTY 3aIydaTy J0 eKOCUCTeMI HOBUX KOpUC-
TyBauiB abo posmpioBaTy HasiBHy 0a3y KOPMCTYBadiB IS OTPMMaHHS
paviKaJIbHO HOBMX (PYHKIIN Ta mocayr. Hacsmigysanns iHHOBaLin KOH-
KypeHTiB J1a€ 3MOry Io10JIaTu HeBU3HaYeHICTb CTOCOBHO 1X IHHOBAITITTHOT
NisUIPHOCTI Ta YHUKHYTU Ilepexojly KOPMUCTyBaydiB Ha KOHKYpPeHTHI IuIaT-
dopmm. KomiroBaHHs iHHOBAIIiI KOHKYPeHTIB ITOTpeOye I1orepeaHbOro
MOHITOPVHTIY HisUIbHOCTI CyIlepHMKa, ieHTndiKallil eJleMeHTiB au3anHy
I imMiTallil Ta MofaJIbIIIol iHTerpatiil ix y 6i3Hec-Mopiesib iMiTaTOpa.

Adanmayia dusanny LI1. Apanrarnis nusavmy LT nepenbavae tmin-
TPUMKY iHTerparii posrnoisieHnx pecypcis; pedopMyBaHHS Ta KOMOi-
HAIlif0 IIPOrpaMHMX Ta allapaTHMX KOMIIOHEHTIB; TpaHCOpMallifo IIpo-
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nykTiB Ta nooayr LIT. AjroputMuy MaroTh 3HaUHWV BIUIVB Ha KepyBaHHS
HeBW3HAUeHICTIO, OCKUIBKM 3a0e3I1euyIoTh HiATPUMKY poOoTH I1aTdop-
Mu [31]. AJIropuUTMY BUKOPVCTOBYIOTBCS [IJI8 peasTisallii MexaHi3MiB Kepy-
BaHH: Ta PyHKIIITHMX MoxJBocTent LIIT; KoHTposIro BUKOHaHHS ITpaBuI
i BU3Ha4YeHH: CIIeKTpa B3a€MOJIiVI; aHasIi3y ITOBeAiHKV YYaCHVKIB eKOCHC-
TeMM Ta OOMeXeHHsI BapiaTMBHOCTI /il 3a0X0UeHHM abo 3acTOCyBaHHSIM
mTpadHMX CAaHKIIiN. B3aeMoris po3poOHMKIB 3 pisHVMYM TpyIIaMy KOpC-
TyBayiB II0JIETTITy€ BIIPOBa/KeHHsI HOBUX ileV IIIOJ0 BapiaHTIiB Au3avHy
Ta CIIpWsI€ 3HVDKeHHIO PU3VKIB BUHVMKHEHH: HeraTMBHOIO JOCBily B IIPO-
1eci xopucTyBaHHsg npoxykramu / mociayramu LIIT. Tig 3amoGiranHs
CTBOpPEHHS HesIKiCHVX JIOIIOBHEHb I0AaTKiB B poboTi [17] mpomoHyeThCs
IIPOTATOM BCHOTO XXUTTeBOro nmkiy LIIT BmpoBampKyBaTn JOIaTKOBI 3a-
XOAM I BUSIBJIEHHS Ta YCyHEHHs IIOMWIOK B ITPOrpPaMHMX MOYJISX,
3MeHIIIeHHs HeraTUBHUX HadJIiIKiB Helleper0adyeHMUX ClieHapiiB BUKO-
pucTaHHs WIiaTdOpMM i B3aeMOMiN KopucTyBadiB. Takumu 3axogamu €
TeCTyBaHHS HOBVIX [JOIIOBHEHB Y Oe3IIeUHOMY CepeOBMUIII ITeper ix dak-
TUYHVIM BUKOPVCTaHHSM B peajIbHMX YMOBaXx.

3acmocyBanna mexanismi6 cmpameeii kepyBanna. 3aBIaHHAM CTpa-
Teril € BCTAHOBJIEHHS OaJIaHCy i perysIoBaHHS IIPOTUPIY MK BIIKPUTICTIO
1 KOHTpOJIeM, CTBOPEHHSIM 1 3aXOIUIeHHSIM LIIHHOCTI, CIIiBIIpallero i KOHKY-
PEeHIIi€I0, MVPOKNM acCOPTUMEHTOM 1 SIKiCTIO JornoBHeHb. CTpareris mic-
TUTh TIPUVIHATTA 1 JOTPpMMaHHSA IIpaBWwl, AKi BU3HA4alOTh B3a€MOJIIIO
YYaCHUKIB €KOCHCTEeMM K BCepelIViHi OJIHi€l CTOPOHM, TaK 1 MUK pisHUMM
cropoHamn. OgHave cTpaTerisi KepyBaHHS He OOMeXY€ThCS TUIBKI BCTa-
HOBJICHHAM 1 KOHTpPOJIeM JOTPVIMaHHS IIpaBIJl, a IIOBMHHA CIIVpaTyCsd Ha
1100y 10BY BiTHOCMH MiXK yYaCHMKaMV eKOCUCTeMU, ITPUMKY X Hafliii-
Horo 3B 513Ky 3 LII1 Ta 3a0x0ueHHs iHHOBAIIiV U1 OTPMMAaHHS CTiVIKOI BU-
rogy. Kimrogosoro 1mmpo0sieMoio KepyBaHHS €KOCVCTEMOIO € KOOPAMHALIis
Ta KepyBaHHS CIUIBHOIO JisUIbHICTIO YYaCHMKIB €KOCVICTEMW 3 BUKOPVIC-
TaHHSAM MeXaHi3MiB ITo3agorosipHoro kepysaHHs [38]. [HyukicTh cTpa-
Terii KepyBaHHs Ma€ BUpilllaJIbHe 3Ha4YeHHs I MiHiMi3allil BIUIMBY He-
BM3HAYEeHOCTI Ta minsuirieHHs nponykTusHocTi LT B HerrepenbauyBaHmx
yMoBax. Mae OyTu po3pobiieHO MexaHi3MM, SIKi ITOM’SIKIITYIOTb HaCITiIKM
BVYHVIKHEHH: Ta HOIIVPeHHs HeBU3Ha4eHOCTi, HallpuKJIal, 3aBIgKV HaB-
YaHHIO, Ha/IaHHIO aJjaliTOBaHOI I/ KOHKpeTHMX KOPUCTyBadiB iHdopma-
11i1, BUKOPVMCTaHHIO CVCTeM 3BOPOTHOTO 3B SI3KY [1JIs IIOKpaIlleHHs KOMY-
HiKaIlil, BIpPOBa/PKeHHIO MeTO/IiB aHaJli3y JaHMX i INTyYHOIO iHTEeJIeKTY.
MexaHi3M1 MOXYTb 3aCTOCOBYBATHMCS IIO-Pi3HOMY 3aJIeXXHO Bif obOcTa-
BUH, i KOXXeH 3 MexaHi3MiB MoXke OyTu peasri3oBaHO y BiAIIOBinb Ha pi3HIi
TUIIV HeBM3HaueHOCTi. B poboTi [39] 3asHauaeThcs, 110 HEBM3HAYEHICTh
IIOM’ SIKIITY€ThCS TPhOMa CITOcOOaM, II10 JTI0ITOBHIOIOTH OfIVH OIHOTIO: erlic-
TEeMOJIOTIUHVM 3aBIAKM 300py iHdOpMallil, OHTOJIOTIUHMM 3aBISKU IIe-
PeTBOpPeHHIO paHillle Hellepe0auyBaHMX €JIeMeHTIB Ha «Ii3HaBaHU»
BMICT i METOIOJIOTiYHMIM IUISXOM 3a0e3redeHHs TiOpMIHMX IIPaKTUK.
Hanpuxiiaza, mrd 3MeHIeHHsT HeBM3Ha4eHOCTi 1010 YCIIIITHOCTI Ipo-
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aykTiB LI 3acTOCOBYy€TbCS METOI OHJIAVIH-ONMTYBaHHS KOPVCTYBadiB
IIPO 3a/10BOJIEHICTh KOPVCTYBaHHAM HOCIyraMn. A 3aCTOCYBaHHS MeTO/IiB
IITYy4YHOI'O iHTeJIeKTY Jla€ 3MOI'y HeBM3HaueHi CUTYyallil, B AKX PO3IOILI
VIMOBIpHOCTeVI MOXJIVBVIX BUIIA/JKIB HEBiOMWII, IIepeTBOPIOBaTH Ha pu-
3MIKOBaHi, KOJIVI MOXJIVBI BUIIAJKM 1 VIMOBIpHICTE IOSIBVI KOXKHOTO 3 HMX
CTAIOTh BIITIOMVIMIA.

Y nunamiuHOMY CBiTi TUIaTdOPM i eKocucTeM HeBM3Ha4YeHiCTh 3Mi-
HIOETBCA ITiJl BIUIMBOM iCTOPil B3a€MOJiN 1 MOCIJOBHOCTI peakilii yJac-
HVIKIiB €KOCMCTeMM Ha BiIIIOBiTHI HeBM3Ha4YeHOCTi [16]. Pimmenns, sxi mpu-
VIMaIOTh yYaCHMKM eKOCHCTeMU, 3ajIeXaThb Bil, IXHbOI poJli B eKOoCcucTeMi
Ta cragii xurresoro 1mkty LIT. Curyaris HeBM3Ha4eHOCTI, TIOB s3aHa 3
HEIIOBHOIO BXITHOIO i ITIOTOYHOIO iHQOpMaIIi€lo, a TaKOX 3 OCOOJIVBOIO
CTPYKTYPOIO apryMeHTy IUIbOBOI (PYHKIIl, BUPIIIyeTbCSA caMOHaIaro-
IDKYBaJIbHVIMM aJITOPUTMaMIA.

BucHOBKM

HepusnauenicTs B 11poneci JisuIbHOCTI ydyacHMKiB ekocuctem LIIT Burm-
Ka€ BHACIiIOK HETIOBHOT BXiTHOI Ta IIOTOYHOI iHdopMallil, BOHa I10B si3aHa
3 HeUiTKO po3polsieHMMM IIpaBwIamMy oOpoOKM Ta OLiHKM iHdOpMalIii.
BuninteHo ocobrvBuit B HeBM3HAUYEHOCTI, sSIKUVI IIOB sI3aHWUM i3 cUTya-
11i€fo pU3MKy. MoremoBaHHS JesKNX 3 IMX 3a/1a4 B MeXax Teopii KoMbi-
HATOPHOI OITMMI3allil IOKas3ye, IO 115 CUTYaIlis BUHMKAE i BHACTIIIOK 0c00-
JIMBOI CTPYKTYpU apTyMeHTy KOMOiHaTOpHOI omnTmMisarllii. Bupirmenns
11i€l CUTYyaIlil, 10 OB’ g3aHa 3 HEIIOBHOIO BXiTHOIO Ta IIOTOYHOIO iHdOp-
MaLIi€10, ITPOBOAUTLCS LUIAXOM aHaJIi3y ITOBEHiHKM CUCTeMU 3a IIeBHUN
IIPOMLKOK 4vacy. Ha 0cHOBI IbOro aHajtizy BCTaHOBJIIOIOTH IIEBHY 3aKOHO-
MipHICTB, Ky BPaxOBYIOTb IIPV IIPOrHO3YBaHHI MaviOyTHiX pe3ysIbTaTiB
Ha ITOTOYHOMY BiIPi3Ky 4acy.
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Hocaidxenns nideomobBaero 3a epanmoBoi niompumiu Hayionasvnozo ooy 0ocaioxers
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SOME APPROACHES TO ADDRESSING
UNCERTAINTY ON DIGITAL PLATFORMS

Introduction. In the modern world, digital platforms (DPs) are the basis for interaction
and offer and provide services or products to meet needs and receive value from
users. The dispersal of ecosystem participants and the blurring of the boundaries
between different products, markets, and industries provoke the problem of uncertainty
in the process of design and operation of the DPs. The situation of uncertainty is of a
different nature. It is due to objective reasons that are laid down in the very nature of
the tasks and subjective reasons, which the developer introduces, that is, it arises from
the various natural properties of a certain problem, as well as the risk situation.

The purpose of the paper is to investigate the situation of uncertainty, which
occurs when creating and exploiting the DPs, and which arises under different
circumstances. It is necessary to identify the causes of the situation of uncertainty and
find ways to solve it effectively.

Results. We establish the situation of uncertainty by analyzing the activities of
the members of the ecosystem of the DP. We distinguish the one that arises from
objective reasons and the nature related to the nature of the problem, and the
subjective, which are introduced at the stages of creation and operation of the DP, and
risk situations. There are problems that relate to the theory of mass service and game
theory. These problems are modeled within the framework of combinatorial
optimization theory.

Conclusions. The uncertainty in the process of activity of participants in the DP
ecosystem arises due to incomplete input and current information, which is related to
the fuzzy processing and evaluation rules of information. There is a special type of
uncertainty that is associated with the risk situation. Modeling some of these tasks
within the theory of combinatorial optimization shows that this situation arises as a
result of the special structure of the combinatorial optimization argument. The
solution to this situation related to incomplete input and current information is carried
out by analyzing the behavior of the system over a period of time. On the basis of
this analysis, they establish a certain pattern, which is taken into account when
predicting future results for the current period.

Keywords: digital platforms, platform business model, uncertainty, ecosystem, modular
architecture, boundary resources, combinatorial optimization.

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 5 21



COMPUTER VISION
AND PATTERN RECOGNITION

KOMITHOTEPHWI 3IP
TA PO3ITI3BHABAHH! OBPA3IB

https:/ /doi.org/10.15407 /intechsys.2025.05.022
VIIK 004.51

B.M. KMMKO, KaH1. TexH. HayK, CTapll. HayK. CIiBpo0., IpOB. HayK. CIIiBPo0.,
InctuTyT iHpopManiivHMX TexHosIoriN Ta cructeM HAH Yxpainm,

npoct. Axap,. I'itymkosa, 40, m. Knis, 03187, Ykpaina

https:/ / orcid.org/0009-0005-6605-0339

kiiko@gmail.com

BMU3HAYEHHJ MACIHITABY

TA KYTA ITIOBOPOTY IJISI JOBIOCTPOKOBOTO
BIOJCTEXXEHHS OB’€KTA Y BIJEO

Hadiiinicme 6idcmesxenns y Gideo 3Haunowo mipoto sasexums 6i0 epexmuBrocmi (mounocmi
ma nopibHAHO MaAo0i 004UCA0BaAbHOT CKAAOHOCMI) 3A0iAHUX A4e0pumMiB BusHaueHHs
macwimaby ma xyma noBopomy 0b’exma Gidcmexenns Ha 300paxennax. Ilpononyemscs as-
20pUMM 045 OYIHKU YUX napamempib na ocHobi nouwyxy 6ionobionux xi10406ux mouox
(KT) na xoxnomy xadpi do KT y modeai 06’ekma M, wjo cxaadaemsca i3 KT 06'ekma ma
HABKOAUUIHB020 (POHY. Aseopumm nepebaxHo moxe Oymu 3a0ianuil 6 ymobax, koAU 3MiHu
macuimaby ma kyma no6opomy 20A06HUM YUHOM € HACAIOKOM 3MiH pyxy kamepu ado Oiil
onepamopa i 6 3HAUHIT MIpi KOpeAloms 31 3SMiHAMU HA (oI, w0 3a36unail 6i0nobioae
Bideocnocmepexentio 3 aimaivHoeo anapama, 3okpema BITJIA. Tlepebaeu areopummy
10452a10Mb Y MOMY, W0 € NOpiBHAHO Diab criikum 00 HAABHOCMT NOMUAOK B Bu3HAYEHH]
Gionobionux nap KT, a maxox moxe 6ymu Buxopucmanuil nio uac mpubasoi idcymrocmi
00"exma y Bideo 044 oyinku macumady ma kyma nobopomy wiasxom noutyky KT Ha 300paxenni,
wo Bionobidaroms do KT ghony y M. Lle Bukonyemuca 3 memoto onobaenHs Modeai 00’ ekma i
11020 demexmybanna nicas noabu y 6ideo 3i 3HAUHO IMIHEHUMU NAPAMETTPAMIL.

HaBedeno npuxaadu Buxopucmanus aseopummy o414 0obeocmpokoboeo iocmesxeHHs i3
3acmocybanmam nponoHoBanoeo kpumepitno Haabrocmi 00’ exma 6 noai 30py Kamepu, a MaKox
06ox cnocobib ornobaenta M 3a tioeo npucymuocmi abo GidcynHocmi Ha 300paKeHHAX.

Karouobi cao8a: 6iocmesxenns 06’ekmib, BRISK xaouobi mouxu, KCF azreopumm Gidcmexenns,

HOG osnaxu, macuwmab ma xym noBopomy o00’exma Ha 300paxenni, demekmybanns ma
po3nizHabans 00’ exmib.
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Beryn

3aiava BifcTeXXeHHs IoJIArac y OesnepepBHOMY BU3HAaUYeHHI ITOJIOKEeHHS
TIOBUIBHOTO 00’€KTa (11iJIi) y Billeo IIiciIg TOro $IK MOro fAeTeKTyBaB oIepa-
TOp abo iHII 3ac00M Ha MOYAaTKOBOMY Kaipi. AJITOPUTMHU (TpeKepm) I
BVKOHAHHS BiJICTEXX€HHS PO3AUISIOTH Ha TaKi, 110 3a0e3evyioTh KOpoT-
kouacHe [1-8] abo GiytbIr ckiTafiHe JOBrOCTPOKOBE (TpUBaAJIE) BiICTEKEHHS
y Bizeo [9-17]. JToBrocTpoKoBe BiIcTeXXeHHs CTOCY€EThC BU3HAUYeHHs Mic-
Le3HaXO/)KeHHs JI0BUIBLHOT I1UT1 y BiZTHOCHO JIOBI'OMY Bi/1e0 B yMOBaX 3MiH
IIOJTaHHS Ha 300pakKeHHsX, a TaKOXX MOXJIMBOIO IIOPIiBHSHO TPUBAJIOTO
3HUKHEHH: 3 110714 30py Kamepn. KirouoBoro mpo6i1eMoro JOBroCTPOKO-
BOT'O BifICTeXXeHHs € BilHOBJIEHHs IIiJIi ITicjId mepiody BiZlCyTHOCTI abo
3001B BifcTexxeHHs [15], TOMy II10 3a 1M Yac MOXYTb 3HAYHO 3MIiHUTICH
He TUIBKV KOOPAMHATH, a TAaKOX MacIITad Ta KyT IIOBOPOTY IIiJTi, 3HAHHS
AKX 30UIBIITy€ TOUHICTh Ta HaiVHICTh JeTeKTyBaHHs. BHaC/IIOK 11b0r0o
IicjIg TPUBAJIOro 3HMKHEHHs IIOIIYK I1ijli HeoOXiTHO BUMKOHYBaTH He
JIOKQJIBHO, a B MeXKax BChOT'O 300pa’keHHs i 3HaUYHMX iHTepBasliB MOXIIV-
BVIX 3MiH MacIITa0y Ta KyTa IIOBOPOTY.

OcHoBHI cKIaJHOIII 3a71aui BiZICTe)XeHHs IOJIATaloTh Yy Pi3HOMaHITTI
00’eKTiB Ta I ITOJTaHH: BHAC/IiIOK 3MiHM MacIITady, opieHTallil, OCBiT/IeH-
Hsl, TIepeKpUTTs a0 3HMKHEHHS 3 I0JIS 30PYy, a TAaKOX BMMOTOIO BifICTe-
JKeHH: y peasibHOMY 4Yaci. Hapasi He icHye eaAnHOro MeToy IomosiaHH:A
BCiX ITVIX CKJIAJHOIIIB, a CKOpiIlle CyKYIIHICTh aJITOPUTMIiB Ta 3acobiB It
3MeHIIIeHH BIUIVIBY Ha pe3yJIbTaT BiIcTeXXeHHs KOXKHOTO 3 IIMX (paKTOpiB.
Y 1it crarTi HepeBaXKHO POSIVIANAIOTHECSA Ta HPOIIOHYIOTHCA aJITOPUTMM
11 3a0e3leueHHs] HaliTHOCTI JeTeKTYBaHHS Ta BifICTeXXEHH: 3a IIOpPiB-
HSHO 3HaYHMX 3MiH MacITa0iB Ta opieHTaril o6’ exris. He3Bakaroun Ha
HasIBHICTh TaKVX aJITOPUTMIB, IIOKM 1110 PO3Mi3HaBaHH4 00 €KTIB y 3HAUHO
pi3HMX MacIITabax 3aJIMIIa€ThCS OJHIEIO 3 HeIOCTaTHbO BUPIIIIeHMX IIPO-
Or11eM koM ToTepHOrO 30py [29]. Hamasti 3amava BincreskeHHS po3riisiia-
€THCS B HOIIMPEHVX Ha IIPaKTUIIl YMOBaX, KOJIM 00’ €KT 3MiIIlyeThCs Ha 30-
Opa’keHHSIX y Bifleo IlepeBakHO IIOBUIbHO, a 3MiHM MOro MaciiTady Ta
KyTa IOBOPOTY I'OJIOBHMM UMHOM € HaCJIiZIKOM 3MiH ITapaMeTpiB pyXxy Ka-
Mepu Ta [Iil1 orlepaTopa i 3HaUHOIO MipOIO KOPeJIIoIOTh 31 3MiHaMM BiIIIo-
BifHVX mapameTpiB ¢doHy. Taki yMoBM 3a3Buuart BiIIIOBiZalOTh Bijleoc-
IOCTepeXXeHHIO 3 JIITaJIbHOTO anapata, 30kpeMa BITUIA, mo sHaxoguThcs
JIOCTaTHBO BMCOKO HaJl, ITIOBepPXHeI0 3eMJIi.

HanOite1r BimoMmmm € Taki Tpy pisHOBUION aJITOPUTMIB [T BificTe-
JKeHHs 1Tl y Bifeo: 1) muckpuminanivHi kopersminai dpinstpy [1-3, 9-13,
22, 23]; 2) Ha OCHOBI HaBYaHHS Ha HEVIPOHHMX Mepexax [4, 5, 14-19]; i
3) depe3 IeTeKTyBaHH4 Ta IIOIIYK BifIIOBIITHOCTI TaK 3BaHMUX «KJIFOYOBUX
touyok» (KT) Ha mopiBHIOBaHMX 300paxeHHsx [6-8]. HaminHicTe Bincre-
JKeHH$ 3 JIOTIOMOT'0I0 KOJKHOTO 3 IIMX aJITOPUTMIB 3HAaUHOIO MipoIo 3aJie-
KUTB Bifl TOYHOCTI BM3HaYeHHs MacIITaly Ta KyTa HOBOpPOTY 00’eKTa Ha
300pakeHHi, a TaKOX CIIPOMOXKHOCTI 3abe3neuyBaTy iHBapiaHTHICTh Ha-
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IIiVIHOTO BiICTEXXEHHd Bil [MX IlapaMeTpiB. 3a3HaudeHi aJlfOPUTMU Bifl-
CTe)XeHHsI 3aCTOCOBYIOTh Pi3Hi ITiIX0mM i 3ac0011, B TOMY YMCIIi 11 BU3HA-
JeHHsS MacmITaby Ta KyTa IIOBOPOTY, MalOTh CBOI 00JIacTi IS Kpalioro
BUKOPUCTaHHSA 1 MOXYTh CyMiCHO BMKOPMCTOBYBAaTVCh, B3aEMHO JOIIO-
BHIOIOUM OJTMH OjtHOTO [8-12, 17].

ITpuBabimmBi BJIaCTMBOCTI TpeKepiB Ha OCHOBI BU3HAaUYeHHs BilIIoOBif-
HocTi KT 1oyararoTs 30KkpemMa y MOXJIMBOCTI BiZICTEeXKeHHs He TUIbKM TaK
3BaHMX «KOPCTKMX» 00'€KTIB, a VI TaKMX, II0 CKJIAIAIOTHCS 3 KUUIPKOX Yac-
TUH, SIKi MOXYTb He3aJIeXKHO OJIMH Bifl OJTHOTO 3MiHIOBaTMCh 3 4acoM abo
3HUKATU 3 0 30py. AsiroputMu [6-8] MaroTh TaKOXX HaCTYITHI HeIOi-
ku1. OmiHIoBaHHS 3MiH MacIITaby Ta IIOBOPOTY Ha OCHOBIi BifItoBimHOCTI
titeKM KT 00’ekTa 6e3 Bpaxysanus KT ¢doHy He € JocTaTHRO HaAivTHUM,
ocobsmmBo B ymoBax Masioi KisibkocTi KT. 3asnaueni ajiroputmu He mpu-
3Ha4eHO /IS BM3HaAUeHHs 3MiH MaciTaby Ta KyTa IIOBOPOTY Ha 300pa-
JKEHHSIX 3a BiZICYTHOCTi Ha HIX 00’ €KTa BiIcTeXXeHHS i TOMy MOXYTbh 3a0e3-
IevyBaTl BiICTeXKEHHs B yMOBaX JIMIIE KOPOTKOYACHOI BiICyTHOCTI
00’eKTa, mij1 yac gKo1 MaciITad Ta KyT IIOBOPOTY MaJIO 3MiHIOIOThCSI.

Mertoro focitimkeHHs € Po3po0sIeHHs aJITOPUTMY BU3HAUYeHHS 3MiH
MacITaby Ta KyTa IIOBOPOTY 00’€KTa, KMV JOJIa€ BKa3aHi HeOJIiKM T
OTPVIMaHHS Ha[iVHIIINX Pe3y/IbTaTiB BifICTeXXeHHs 00 €KTIB y CKITaIHMX
yMOBax.

OrpumaHO TaKi OCHOBHI pe3yJIbTaTu:

® PO3pO0JIEHO WITOPUTM BU3HAUEHHS 3MiH MacIITa0y Ta KyTa II0OBO-
poty 00’ekTa y Bifeo Ha ocHOBi BifgmosigHmx KT 06’ekra i poHy 3a Hasgs-
HOCTI 3HaYHOI KUIBKOCTI TOMWIOK Y 3HamgeHin signosigHocTi KT Ha mo-
PIBHIOBaHMX 300pakeHHsIX;

® 3aIIPOIIOHOBAHO CHociO BM3HAaUeHHS MacIITaby Ta KyTa IOBOPOTY
300pakeHb y Bifleo 3a BiZICyTHOCTI 00’e€kTa Ha IVX 300pakeHHSIX 3 METOIO
OHOBJIEHHs MoyeJTi 00’eKTa i Voro fJeTeKTyBaHH: ITic/Is OsBU Ha 300pa-
JKeHH$IX 13 CYyTTEBO 3MiHEeHVMM 3HaUeHHAMM 1IMX IIapaMeTpiB.

Hati y cTaTTi HaBeIeHO OIVIAM BiOMIX aJlfOPUTMIB IS BiZICTEKEHHA
Ta BU3HaUeHHs MacmTaly 00’ eKTiB Ha 300pa’keHHsIX Ha OCHOBI BUKOPC-
TaHHS OVICKPVMIHAIIVIHVIX KOPEJIAIiHMX (PUTbTPiB, HEMPOHHNMX Mepex
Ta romryKy ifnosigHocTi KT Ha 300pakeHHsIX, TT0/JaHO PO3po0JIeHi ajiro-
PWUTMM BU3HAYeHHS 3MiH MacIITaby Ta KyTa IIOBOPOTy 00’€KTa, 1110 BUKO-
PUCTOBYIOTBCS B @JITOPUTMI IS JOBIOCTPOKOBOTO BifIcTeXXeHH: 00’ €KTa y
Bifleo, 1110 Oa3yeThcd TaKOXX Ha Mofiesli 00’ekTa M i 3acTOCOBaHMX alITOPUT-
Max rtomryKy BinnosinHocTi KT Ha koxxHOMY Kagpi 1o KT y M ta oHOBI1eH-
Hs M B mpolieci BiZICTe)KeHHs.

Orsap criopinHeHVX aJITOPUTMIiB

dncKkpuMiHaLiviHi KOpesIAinHi piTbTpY BUKOPUCTOBYIOTH IIIBUIKE I1e-
persopensst Dyp’e (LIUT1D) mpyu HaBuaHHI Ta BificTeXXeHHi 00'€KTiB y Bifieo.
Hapuanng ¢istbTpa W BUKOHY€EThCSI Ha OCHOBI JIiHIVHOT a00 HeJliHiHOT
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Puc. 1. [Jinsaxu 300paxens 00’exra (O)
Ta HaBKOJIMIIHbOro dony (B) min wac
HaBYaHH: (PUIBTPIB.

perpecii IUIAXOM BUPIiIlIeHHs BiAIIOBIIHO OJIHI€T 3 IBOX HACTYITHMX 3a7a4
MOIIYKY MiHIMyMy IIUIbOBOI PYHKIIIT IK CyMM KBapaTUYHMX BiIXVIEeHb
KOpeJIALIN Bifl 3ajaHNX 3HavueHs [1, 2]:

W =argmin }, |<xm,n,w>—y(m,n)lz +Awl’, @)

W =3 a(m,n)-@(x,,,) =argmin 3 K@(xp; ) w)=y(m,n)* + Nwl, (2)

w m,n

e X = Xy — 300pakeHHs niIsHKM M X N Ha IT09aTKOBOMY KaJIpi, o Mic-
TUTb 00'€KT B OTOUeHHi HaBkoJMIIHbOro pony (Puc. 1); x,, ,(m=0,1 ...
M-1,n=0,1... N-1) — cyKynHicTe IpuKiIaAiB 00’ eKTa 1111 HaBYaH-
Hs IIUIAXOM 3aCTOCYBaHH: LIVMKJIIYHOIO orepaTopa LIMPKYJITHTHOI MaT-
PUIIi [JIs 3CYBiB €TaJIOHHOTO 300pakeHHS X Y TOPM30HTAJIbBHOMY Ta Bep-
TUKaJIbHOMY HamlpsMKax; y(m, 1) — MiTKM, IO BiAIIOBiJalOTh X, i 10-
PiBHIOIOTH BifcTaHsM 1o dyHKHil I'ayca Mix x Ta x,,,; @ — HeBigoma
dyHKIIis BioOpakeHHs IepPBUMHHMX O3HAK Ha 300pakeHHi y HOBOMY
IIpocTopi, mo iHmykoBaHa sapoM k (I'aycoBa dyHKIIisSE G/IM3BKOCTI IBOX
300pakeHb 3 IIEPBMHHVIMM O3HaKaMM 4K SICKPaBOCTi abO KOIM KOJIbOPY
mikcestiB) i 3agoBorbHsE YMOBi {(Q(f), 9(8))=k(f,g); oo — MaTpuIa Koe-
dimienTiB (mBOICTMX 3MIHHMX), IIT0 BU3HAYAETHCA BHACIIIOK BUPIIIeHHS
3amadi (2); A 2 0 — mapamMeTp peryJigpu3aliii, jIsl IPOTWU/IIl TaK 3BaHOMY
«IIepeHaBYaHHIO» Ta IJIEHHIO Ha HyJIb 3a 004NcIIeHb a 3a popmysioro (3).

3amaya HaBuaHHSA (1) BUPpINIYeTbCS 3 BUKOPUCTAHHSIM II€PBUHHMX
O3HaK 300pakeHH: 00'€KTa, a (2) — OiIbII iIHPOpPMaTMBHIX O3HAK, Y TOMY
uncrni HOG osHak [21], 1m0 € pe3ysIbTaToM HEJTiHITHOTO IepeTBOpeHH:
HMX HepBMHHMX o3HaK. KoedirienTn a B pesysibTaTi BupilnenHs: (2) Bu-
3HAYaIOThCH 32 POPMYIIOO

F(y={y(m,n)|(m,n)e{0,1,..,M -1} x{0,1,...,N -1}
F{k(xn %)} + A ’

A=F(a)= ()

ko k(f,, . 8,..)=k(f,g) mis BCix m, n, f, g, MO BUKOHYETHCS 30KpeMa

s aycosa spa k y anmropurui [2] (KCF — kernelized correlation filter).
ITicsia HaBYaHHS MHOMIYK 00'€KTa BUKOHYETHCS Ha AUISHIN z y Hac-

TYIHOMY Kajpi 3 posmipamu M X N i IIeHTpaJIbHOIO TOUKOIO, ITI0 30ira-
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€TbCA 3 MOJIOKEHHSIM 00’eKTa y IIoIepeqHbOMY Kazpi, IUISIXOM o0umc-
JIeHHS MaTPULIi 3Ha4eHb BiATYKiB distbTpa 3a PopMyIIoio

y=F"(A°F(9(z) ¢(2)), (4)

e X — IIoJaHHs 00’€KTa 3 JOIIOMOI'OI0 O3HaK, IO OHOBJIFOETHCS IIif], Yac
BIZICTe)KeHHsI; © — IIOeJIeMeHTHe MHOKeHH IBOX MaTpuilb. ITicid 11boro
BVI3HAYAIOTHCSI KOOPAMHATY 00 €KTA, IO BiAIIOBIIAIOTH MOJIOXKEHHIO MaK-
CMMaJIbHOTO 3HAaUeHHs BiIIYKy Ha MaTpuUIll ¥ .

Mopesb 00’eKTa cKIaJaeThesl 3 MaTpUIIi KoedillieHTiB A Ta HOJaHHSA X
00’exta 3a monomoroto HOG (Histogram of Oriented Gradients) o3nak [21] i
OHOBJIIOETHC MiJ1 Yac BiicTeXXeHHs 3a popMysIaMu:

X(H)=(1-B) x(t-1)+px(t),

_ _ _ ®)
A(t)= (1=B)A(t = 1) +BA(t),

Ile t — iHJEeKC MOTOYHOrO Kajapa i B — KoedillieHT OHOBJIEHHS MOJeJIi
NPV HaBYaHHI.

l'noreruno KCF MoXe BUKOPUCTOBYBATUCh He TUIBKW IS BU3Ha-
YeHHsI HOBOI'O IIOJIOKEeHHS IIUIi Ha KOXXKHOMY KaJpi, a TaKOX 3MiH Mac-
11Tady, SKIIO 3aCTOCOBYBATV B HHOMY He ABOBVMIpHIi, a TpMBUMipHi pijTh-
TpW i3 3Ha4eHHAMM MacIiTaly y TpeTboMy BuMipi. OfgHaK, Take pillleHHs
He € edeKTVMBHMM YHaCIiJOK 3HAYHOIO 3POCTaHHS OOUYMCIIOBaIIBHOL
CKJIagHOCTI asiroputMy. Tomy OyI10 po3pobrieHO TOPpiBHSIHO IIBIKI ajiro-
purmu [10, 23, 24] my1a BU3HaYeHHS 3MiH MacIITaOy Mic/Is BU3HAYeHHS
IIOJIOXKEeHHS 11T IIUISIXOM 1100yI0BM IipaMifay 300pakeHb 3 pi3sHUM Mac-
IITabOM i O3HaKaMy Ha KOXKHOMY PiBHI, 00UNC/IeHHs 3HaUeHb KOpeJIAllil
Ha BCiX piBHSX HMipaMinm i BU3HaYeHHs HOBOTO MacIITaly, 110 Binmosifgae
MaKCVMaJIbHOMY 3 ITVIX 3Ha4eHb.

Y [10] BuxopwucTOoByIOTBCS f1Ba (PiIbTPM, 10 HABYAIOTHCSI HA OCHOBI
BUPpilTyBaHHs 3aa4i HesliHiHOT perpecii. [lepmmm dinerp R 3acToco-
BY€TbCS ISl BU3HAUeHHs II0JIOKeHHs 00’€KTa, BUKOPUCTOBYE IBOBU-
MipHY CYKYIHIicTh 300pakeHb 00’ekTa Ta ¢oHY 3 posmipamu M x N
171 HaByaHHA (mpuxiafg Ha Puc. 1), a gpyrum dineTp Ry — Macirady
00’eKTa Ha KOXXHOMY Kazlpi 3 BUKOPMUCTaHHSIM IIOPiBHSHO Majlol OHO-
MipHOT CyKYHIHOCTI HpUK/IaAiB 300pakeHb TIJIbKM 00'€KTa 3 pisHMMM
Macmrabamm. Xat P X Q — po3Mipm 300pakeHHd z, 00’ekTa (B MeXax
ninigHKY 0 Ha Puc. 1) Ha motoyHoMy t-My Kanpi, d — KoedillieHT 3MiHM
Macrtady i Ny — KUIbKicTh piBHIB mipaMinu i oliHIOBaHMX MacIITabiB
Ng-1f| Ng-3 N, -1

2 'l 2 2
Ta Ha nonepeaHboMy Kaapi. Ha neprioMy erari aqropurmy i KOX-
HOro 3 MaciITabis s € S Ha 300pa’keHHI BUIUIAETHCS AUISTHKA [5 3 pO3Mi-
pamu sP % sQ i 1IeHTpoM B IIOIlepelHbO BU3HAUYEHill TOYIll MOJIOKeHHS
00’eKTa, MicIIsg 9oro po3Mipu | 3MiHIOIOThCs Ha P x Q. [lai o6umcoeThest

S=3d"|ln=|-

BiITHOCHO MaciTaby 00’ ek-

Jeeor

26 ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 5 (5)



Busnauenna macuimaby ma xyma nobopomy 044 0oBeocnipoxoBoeo Gidcmesxenns 00’ ekma

IIOJJaHHS X; 300paXkeHHd [; 3 JOIOMOIOI0 O3HaK 3 ITOJaJIbIIMM 00umc-
JIeHHSM KapTu BifArykis Y dineTpa R, 3a dopmysioro (4). Ha saxmouno-

s=1, .., S) . OHoB-

MYy eTarli B3Ha4a€ThCd MacIlTad s, = arg max (max (v,
S

jleHHsI 000X (PUIBTPIB BiAOYBa€ThCS TUIBKM 3a YMOBWM, IO MaKCUMaIbHi
3Ha4YeHHs BiITyKiB PiJIbTPiB HepeBUIYIOTh ITOIepeHbO 3a/laHi II0pOoro-
Bi 3HaveHHs. Y [23] Ha BinMiHy Bif [10] BUKOpMCTOBY€EThCA JTiHITIHA per-
pecist i yac HaB4aHHA PUIBTPIB, po3Mip 300pakeHb [ He 3MiHIOEThCS Ha
P x (Q, i oHoBIeHHs PUIBTPIB BiTOYBaeThCs Ha KOXKHOMY Kajpi. YV [24] Ha
Bimminy Bizx [10, 23] BUKOPMCTOBYETHCS TiTIbKY OAMH PUIBTP 3 po3MipaMm
M x N g Bu3HaueHHs] KOOPOMHAT i MacITady 00’ ekTa Ha KOXKHOMY KafIpi.

s mpukitany, sikmo d =1,02 i 3mMiHa MaciTaOy Ha CycigHix Kampax
Moxke OyTm Big 0 mo 6%, To Ny =7 i 5={0,94, 0,96, 0,98, 1, 1,02, 1,04, 1,06}.
Ile € miyIKoM HPUVHATHMM I BU3HaUYeHHS MacIlTaldy Ha CycCimHiX Ka-
IOpax i HomIyKy o0’eKTa B MeXXaX MaJIol JOUISHKM 300pakeHHs. Asle SKIIO
o0’exT OyB BiICyTHIVI Ha 3Ha4HIV KUIBKOCTI KapiB, TO, II0-TIepiile, Heob-
XiTHO BMKOHYBaTW IIOIIYK Ha BCbOMY 300pakeHHi, a, IO-ApyTe, TIOTO
MacIITabu reper 3SHMKHEHHSM i ITiCIIS OSBY MOXKYTB 3HAYHO Bipi3Hs-
TUCh MDXK CODOIO, ITI0 3HAaUHO 30UIbIIIye 00UNMCITIOBaAIBHY CKJIAIHICTh IT0-
myky. Hanpuxtaz, sKimo mpuiyctiTy, 1o MaciuTadbu MOXYTh BipisHs-
TUCB B 6 pasiB, TO Ng = |S| = 90, 1110 IpakTUYHO BUKIIIOYAE OLIIbHICT
BUKOPVCTaHH: KOPeJIALiIHMX PUIBTPIB 3a TaKMX YMOB JIOBTOCTPOKOBOIO
BizicTexxeHHs 00 eKTa.

OTpuMaHHs KapTy BiT'yKiB [UIsl BU3HaUYeHHs MacIITaby Moxe OyTu
peastizoBaHe TaKOX IIUISIXOM OOYMCIIEHHS HOPMali30BaHMX KOpPeJIsllin
IIo/1aHb 300pakeHs z, i J; 3 Joromororo o3Hak. Lle morpebye MmeHitre ore-
pallirt IOPiBHSAHO 3 BUKOPUCTaHHAM ibTpa R, aste MoXe 3HU3UTU TOU-
HiCTb BU3HaUYeHHs MacIITaly.

Tpekepy Ha OCHOBi ITIMOVMHHOIO HaBYaHH:A Ha HEVIPOHHMX Mepe-
JKax (IMOVHHI Tpekepu), SKi IToTlepeTHbO HaBYaIOThCS Ha BEJIVKIV KiTb-
KOCTI JTaHWX, J€MOHCTPYIOTh IIOPiBHAHO BUICOKY HaiVHICTh BifICTeXeH-
Hs1 00’exTiB. OgHaK, X0oua IMOMHHI TpeKepy JeMOHCTPYIOTh IOPiBHAHO
BUCOKY edpeKTVMBHICTb Ha Bifieo 3 BifoMmmx 0a3 maHmx (3okpema, VOT [20]),
BOHM YaCTO He MiJIXOISATh I CepedOBUII] 3 OOMeXeHMM 00UMCITIOBaIb-
HVIMVI pecypcaMy, TaKuX sIK OesriytoTHi stitanbHi anapatit (BIUIA). Onua
i3 HaIIpsIMiB BMXOJTY 3 TaKMX CUTYallill IIOJISITa€ y 3aCTOCYBaHHI ITOJIerTIle-
HVIX BapiaHTiB IMMOMHHMX Tpekepis [19], aie 3aBAAKM 3MeHIIIeHHIO TOY-
HOCTI Ta Ha/IiVIHOCTi pe3yJIbTaTiB BiICTeXKeHH:.

ImenTndikartiss 00’ekTiB pisHMX po3MipiB Ha 300pakeHHi B IIMOMH-
HUX TpeKepax 4acTO BMKOHYEThCS IUISXOM HOOYI0BM Ta BUKOPVCTaHHSI
IipaMiy O3HaK, IO MOEIHYE TeOMeTPUYHI Ta CeMaHTUYHI 03HaK! 3 pis-
HUX IIapiB HerpoHHOI Mepexi. OCHOBOIO ISl CTaHJAPTHOIO, ajle He 3a-
BXIM ePeKTMBHOTO, pillleHHs Takol 3a/1adi € 1o0yI0Ba MipaMify O3HaK
Ha Iipamizai 300pakeHp, TOOTO ImipaMigy 300pakeHb 3 IO0JaBaHHSIM Ha
KOKHOMY PiBHI BiIIOBiHMX O3HakK. Lli mipamMigu € iHBapiaHTHMMMK 3a
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MacIITaboM B TOMY CEHCI, IO JTaf0Th 3MOTY BUSIBJISATH 00’ €KTU y IIMPOKO-
MY Jialla30Hi MacIlITa0iB IIUISIXOM KOB3HOT'O CKaHyBaHHS 1X MOIeIer! sK 3a
TIOJIOXKEHHSAMM (KOOpAMHATaMM), Tak i 3a piBHaMm mipamigm. Ilipaminnm
300pa’keHp 3 JIOJaBaHHSAM BiNIIOBIAHMX O3HaK i IIUTPHOIO IVMCKpeTm3a-
11i€f0 MacIITaldy IIMPOKO BUKOPUCTOBYBaJIVICA paHillle B MeTofax, 110 3a-
CTOCOBYBaJIMI po3po0sIeHi sroamnHo0 o3Haku. Hanpuxiian, osHaku HOG
[21] i SIFT [22] micis mIUIPHOTO OOYMCITIOBAHHS IO BCiX IipaMimax 300-
pakeHb BUKOPWCTOBYBA/IVICS B UMCIIEHHMX poOOTax I KIacumdikariil
300pa’keHb, BUSIBIIEHHS 00 €KTiB, OIIIHKM IIO3M JIIOIVHM TOIO. Takox
BUSIBJIEHO 3HAUHUV iHTepec OO IIBMIKOro obumciieHHs mipamin 300pa-
JKeHb 3 03HaKaM. Tak, B [25] po3IIISIHYTO aJIrOPWTM IS IIBUIKOTO 00UVIC-
JIeHHS IipaMi/], Ha OCHOBi 00UYMCIIeHHS CIIOYaTKY PiIKO AVCKPETM30BaHOl
(B MacmrTabi) mipaMian, a MOTIM IHTePIIOJIAIIIl BiICYTHIX piBHIB.

3 HaCTYIIHOIO IOSIBOIO ITIMOOKMX 3ropTKOBUX Mepex (ConvNets) [26]
BUSIBIJIOCH, IIIO KUTBKICTHh piBHIB y Hipamimax o3Hak Moxke OyTu 3MeH-
meHa, Tomy 1110 ConvNets € OUTBII CTIIKMMM 10 3MiH MaciTaly, ajte Ha-
BITb 3 IIi€I0 CTIMKIiCTIO OaraToMacirTabHe BUSIBIIEHHS BCe ITle IIPAITIOE Kpa-
ITle IOPiBHSHO 3 O3HaKaMM OJIHOTO MacIlTaldy, ocoOIMBO sl MajIvx 00’e-
kTiB. OpHak, 30UIpINIeHHsS PiBHIB IipaMigy 300pakeHb Ma€ O4YEBMIHI
oOMeXxeHH:I BHAC/IIOK 3HAYHOTO 3pOCTaHHS Yacy BUBEIEeHHs Ii/1 Jyac Ha-
BUYaHHS, 110 pOOUTE IIeVl IiAXid, HelmpaKTUYHMUM IS peaIbHMX 3aCTOCy-
BaHb. bijIbIle TOro, Mepexxi 11 IIIMOMHHOT0 HaBYaHHS, 1110 00’ € THYI0ThCS
Bi/] TIOYATKY 110 KiHIIA Ha IipaMifli 300pa’keHb, TOTPeOyIOTh HaITO 3HA4-
HUX 3aTpaT I1aM’siTi, ToMy (PaKTUYIHO TaKi IipaMigy MOXYTb BUKOPVIC-
TOBYBAaTWCh JIVIIIE IIi/], 4ac TeCTyBaHHs [27], 1110 CTBOPIOE HEBiTIOBIIHICTD
MDXK BYICHOBKaMM IIiJl Yac HaBYaHHS / TeCTyBaHHS. 3 IIMX IIPUYMH Ha OC-
HOBi nocrimpkeHp [28] pexkomenmosaHo B Fast/Faster R-CNN Buxopwmc-
TOBYBaTV O3HaKM, 0OuMciIeHi B OHOMY MacIiTabi, OCKUTBKI 11e € XOpo-
IIVIM KOMITPOMICOM MiX TOYHICTIO Ta IIBUOKICTIO.

Kpim nipamiiym 300pakeHb iCHYIOTh TaKOX iHIII criocoOm obumciieH-
Hs OararomacmITaOHOro IofaHHS O3HaK. [71nmboka Mepexka obumciioe ie-
papxilo 03HaK IIap 3a IIapoM, 10 Ma€ BJIACTUBY OaraToMacIITabHy mipa-
MifgainbpHy dopMmy. LIs iepapxist 03HaK BcepennHi Mepexi CTBOPIOE KapTul
O3HaK 3 Pi3HOIO IPOCTOPOBOIO PO3IUIBHOIO 3[aTHICTIO, ajle 3 TUM HeoTi-
KOM, IO Pi3HMM pPiBHAM IIi€l IipaMiIy BiANOBiOaOTh Pi3HI MOXJIMBOCTI
CEeMAaHTUYHOIO ITOJIaHHS JaHMX IIpo 300paxeHH:. Llent Hemorik mMoxe
OyTM ycyHeHMM 3 JIOIIOMOTOI0 aJIrTOpUTMYy [29], pe3ysibTaToM SKOTO € IIi-
paMifia O3HaK, gKa Ma€ CWJIbHY CEMaHTVMKY Ha BCiX piBHAX i mIBUIKO Oy-
IYETHCS 3 OHOTO BXiMHOTo MacIITaby 300pakeHHs..

OcHOBHI aJTropUTMM BUSIBIIEHHS 00’ €KTiB, 30KpeMa TS BiJICTe)XeHHs,
MOYKHa pPO3OUINTY Ha ABa TUIIN: JBOETAIIHI Ta OHOeTaHi. [IBoeTartHi aj-
roputMn BusiBiieHHs (cepisi R-CNN [28]: Faster R-CNN, Mask R-CNN,
Cascade R-CNN, R-FCN) criouaTKy reHepyIOTh oOIacTi-KaHAMaTH, a IIo-
TiM K1acuiKyIOTh Ta perpecyioTs i oosacti. Lli asropurMm MaoTh II0-
PIBHSIHO BMCOKY TOYHICTh, 0OCOOJIMBO Y BUSBJIEHHI MayInx 00’ eKTiB, ajie
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BVIMararoTh TeHeparlil YMcIIeHHMX 00JIacTen-KaHaMaaTiB, 1110 IIPU3BOANTE
710 3HAYHOI 00YMCIIOBaJILHOL Ta YacoOBOI CKJIaITHOCTI.

OnnoetamnHi anroputmu (cepist YOLO, SSD, RetinaNet) posrisaaioTh
BUsBIIeHHs 00 €KTiB SIK 3arajibHy IIpo0jieMy perpecii mpo ix miciiesHa-
XOIKeHHs Ta posnisHaBaHHA. Cepen Hux Metonu YOLO € Hapasi Haml-
Ois1b111 ecpeKTMBHMMM B TasTy3i BUSIBJIEHH: 00’ €KTiB, ajle sIK i iHIII ITOKM He
3a0e3meuyroTh JOCTaTHRO HAAIHMI IIOITYK MaJIVIX 3a po3Mipamu (MeH-
me 32 x 32 mikcestiB) Ta OaraTomacintabHMX 00 ekTiB. O3HAKM OTPUMY-
10Tbcs B YOLO 3 BXimHOTO 300pa’keHHS 3 JOTIOMOTOI0 KUTBKOX OIlepariin
3rOPTKM B HebaraTbox MaciTabax, KUIbKiCTh SIKVIX, HaIIpUKIIall, JOPiBHIOE
TpoM (80 x 80, 40 x 40 i 20 x 20) B YOLOwS8 [30]. [Togaseiia moOymosa
edeKTMBHOI MepeXi IlipaMify 03HaK Ma€ BU3HavaJIbHe 3HaueHHs IS 3a-
OesrreueHHs epeKTMBHOCTI OaraToMacITaOHOro BUsIBIIEHHS 00 €KTiB.

Bu3HayeHHsA MacmTaly Ta KyTa IIOBOPOTY 00’€KTa Ha OCHOBi Io-
myKy BigmosigHMx KT Ha 300pakeHHs1X. B [6-8] Ha KoXXHOMY {-MYy Kafi-

N
. . o t 11Va . .
pi CIIOYaTKy 3HaXOOWUTHCSA CYKYIIHICTB p, = {pi,pi }i:l Iap BiITIOBiIHMIX

KT, miciig 9oro o6umcrmooThest MacTad s, i KyT oBopoTy 6, 00’ekra 3a
dopmytamm:

5, = med Mﬁ'ij / (6)
vp
0, = med({atanZ(pf —pj)—atanZ(pi1 —p})},i # j), 7)

ne N, — xinpkicTs nap Bimmosimanx KT, med — memiana, p; — i-ra KT Ha
IIOTOYHOMY Kazipi i p} — KT na nepmromy Kazpi, 1110 € BiZITIOBiTHOIO 110 p;.

ITomyk Bignosiguux KT i o6uncienns (6, 7) BUKOHYIOTbCS 3 BUKO-
pucraasaM Bignosigaux KT 06’ exta 6e3 Bpaxysanus KT ¢dony, mo 3abe3-
revye BUCOKY INBUIIKICTH BiJICTeXEHH:, ajleé MOXe IIPU3BOAUTH 10 3HU-
JKEHHS SIK TOYHOCTi 3HaueHsb S, i 0,, Tak i HaJinMHOCTI BifIcTE>XXeHHSI, 0CO0-
JIMBO SKIIO 00’ eKT Mae Maiy KiyibkicTe KT i MoXe 3HMKaTV Ha TpUBaImMi
4ac 3 noist 30py Kamepu. Kpim Toro, obumcienns s, i 0, sx MemiaHHVIX
3HaueHb 3a (6, 7) MoXxe 3a0e3medn Ty JiVICHI JTaHi, TUIBKM SKIIO KUTBKICTB
P'4rue TPABWIIBHO 3HaAVieHMX map Bimmosimuux KT Gibie KiTbKoCTi 110-
MWIKOBUX TIap —ply,..> N, *0,5.

HeTeKTyBaHHS Ta OIINC
BRISK KT Ha 300pa>keHHsIX

Bimomo kinpka anropurmis BusHadyeHHs KT i stokanpsHMX iHDOpMaTHB-
HMX O0JIacTeVt B OKOJIi IVIX TOYOK, KOKHOMY 3 SIKVX BiITIOBifla€ IT€BHMV
Ty KT i crioci6 ommcy obiacternt. Llevt omnc Mae 6yt iHdopMaTUBHMM i,
GaxaHoO, iHBapiaHTHUM J10 Pi3HMX ITepeTBOpPeHb 300pa’keHH:, 30KpeMa
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110 3MillleHHsI, [IOBOPOTY Ta MacIITaOyBaHHs, [JIs IIOIIYKY BiJITOBiITHOCTI
KT na 300pakeHHsIX.

B [23] mokasano, mo HanbuIemry TouHicTh MatoTh SIFT KT, are mor-
peOyIOTh 3HAYHMX OOYMCITIOBAJIBHMX 3aTpaT. BHaCIimok 1mporo mpu Bu-
pilteHHi GaraTbox 3azad aKTMBHO BUKOPUCTOBYIOThCsE BRISK (Binary
Robust Invariant Scalable Keypoints) KT [22]. Macmrtab nyx KT BusHavaeTs-
Cs i vyac [AeTeKTYBaHHS IUISIXOM 3aCTOCYBAaHHS Iipaminy macrrrabo-
BaHVIX IIpefcTaBieHb 300paxeHHs. [Ticis mporo B okori KT 3 posmipowm,
BIITIOBIIHMM 3HaVileHOMy MaciTaly, obuparoTbesa 60 TOUOK HaIliBTOHO-
BOT'0 300pakeHHs, SKi piBHOMIpHO pO3TallloBaHi Ha KOHIIEHTPUYHMX KO-
sax 3 1eHTpoM y KT, i Ha 0CHOBI JIOK&JIbHVX I'Pajli€HTIB SICKPaBOCTi B INIX
TOuKax BU3HavaeThcs KyT rmosopoty KT. Ha 3axmounomy eTarti o6umicrio-
eTbcs OinapHu neckpunrop KT B pesysbTaTi IOpiBHAHHS SCKPaBOCTi B
512 mapax TO4OK B OKOJIi, sKui € 512-M OiToBuM umciiom. Take GiHapHe
IIOfTaHHS 3a0e3Ieuye IofasIbllle IMBYUAKe o0UMCIIeHHs BincTaHi XemiHra
(xiypKOCTi BimmoBimHMX OiTiB 3 Pi3HMMM 3HAUEHHSAMM) MK KOXHUMU
ZIBOMa JJeCKpUIITOpaMM 3 JJOIIOMOT oo rmommpennx SSE iHCTpyKIin, a Ta-
Ko rnomyk signosigHocTi Mk KT Ha s300paxenHsix. [Jeckpumnropu BRISK
KT e igBapiaHTHVIMM 10 TIOBOPOTY Ta 3MiHM MacIITaby Ha 300pa’keHHSIX.

Mogenn 00’ exTa

Mopgens M =T UB 06’eKkTa cKIamaeTbcd 3 MHOXMHM T KITFOUOBUX TOUOK
Ha 300pakeHHi 00’€KTa, a TAaKOXX MHOXMHM B KITIOUOBVIX TOYOK HAaBKOJIO
IILOT'O 00’ €eKTa:

r={a )y = {la ) ®)

i=1 i=1

ned! (diB) e Z°* — 512-symipnnm Ginapamit geckpunrop BRISK KT 06’ ex-
ta (dony); p; (p}3 ) e R?> — Bignosigui koopauaaty KT Ha 300pakeHHi.

Mopeib 06’ekta M dopMyeTbcs Mic/s BUIIIEHHS. Ha IIOYaTKOBOMY
Kazpi [, MiHiMaIbHOrO 0OMEXyBaJIbHOTO 00’ €KT IIPSIMOKYTHMKA R Ha 110-
My Kazpi. KoxHa 3HamIeHa B MeXXax R ToUKa BBaXkKa€ThCsl HaJIEXKHOIO J10
KT 00’exra, sikiio Bimcranb geckpurropa 1tiel KT 1o MHOXMHN TecKpuII-
topis KT nHaBKomiHbOro ¢poHy OuIbIIIe 3aJaHOTO IOPOTrOBOrO 3HaYeH-
He. [ KT B Mexxax R, a TakoXx ITeBHa KUIBKICTh BiffiOpaHmx B okoiti R
Hasiexxatb 10 KT dony B M.

Ha sigminy Bif [6] y M BuxkopucToByfoThest He Tiutbku KT 006’ekTa, a i
dony, 110 11ae 3mory: 1) BUKOHyBaTyM OUIBII TOYHMV HOLTYK BiAIIOBIIHIX
KT Ha xoxHOMY Kazpi I,; 2) HagivHiIe OPiBHAHO 3 [6] BU3HaYaTH MacIil-
Tad Ta KyT IIOBOPOTY 00’€KTa Ha [,; 3) BITHOB/IFOBATM MOIIYK 00’ €KTa ITicIs
TPMBAJIOTO 3HUKHEHHS 3 I10JI 30PY i ITOSIBY 3HOBY Y BifleO 3 MOXJIVBVIMM
3HaYHVMV 3MiHaMVI 110T0 MacIITalby Ta KyTa II0BOPOTY.
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ITomyk KT, BinnoBimHmMx 10 Moaesti
00’eKTa Ha 300pa>keHHAX

ITomyx Ha xoxHOMy Kanpi I, KT, sinnosinaux no KT y M, BinOyBaeTbcs
IIUIIXOM BUKOHAHHS TaKMX Tpbox eTarliB. Ha niepimioMy erarri Bu3Ha4da€Th-
Cs1 3MilleHHs Ha IIOTOYHOMY Kazpi I, 3HavIeHnX BiAIOBITHMX 0 MOl
KT na monepennroMy I,; Kazpi HUIXOM OOYMCIIEHHS PO3PiIKeHOTro
OIITMYHOTIO IOTOKY Bif I, ; 110 I, [33]. Lle 3MillleHHsI BU3HAYAEThCA [10CTAT-
HBO TOUHO, SIKIIIO PyX 00'€KTa Y Bifleo € IIOPiBHIHO cTabUIIBHIMM i ITOBLIb-
HyM. [1J1s1 iABUIIIeHH HaAilTHOCTI JasIi MoXe Oy Ty BUKOHaHa I0aTKOBa
nepesipka 3Havimennx KT Ha [, yepes BM3HaueHH: iX ITOJIOXKEHHS Ha I10-
IlepefHbOMY Kagpi [, ; IuIsixom 3actocyBaHH: [33] m1st oOumciieHHs 3B0-
POTHOTO OIITMYHOrO MOTOKY Bix I, mo I, [6-9].

Ornmcani ymoBU [114 JI0KaJIbHOTO TI0IIYKY BifnosigHux KT He 3aBxan
3a/I0BOJIHAIOTBCS, TOMY Ha [IPYroMy eTalli BUKOHYETbCS TaK 3BaHU
«rrrobasmeaM» nomyk KT, signosimamx o KT y M, Ha ocHOBi o0umcieH-
HI BIZICTaHI MK JeCKpUIITOpaMu I10 eBKJIiI0BiVI MeTPUILi, 1110 Ma€ BiMiH-
HocTi Bin [6-8]. Criodatky mrs koxHoT KT pf Ha [, 3HaXOOUThCS ITepertik
i3 m KT y M, siKi € HavIO/IvpKamMu 110 BifICTaHI MK I€CKPUITTOPaMM 10 P,
i yIopsKoBaHi 3a 3MeHITIeHHSM ITi€l BifICTaHi: {pi .k, d, }Zl , oep, n,
k, d; — BignosimHO KOoOpAMHATH, ifeHTUdIKaTOp, Ki1ac (O — 00’ekT, B —
dom) i BicraHs i-i TOUKM y TIepeItiky 0o p;, a p,, 1, k, d, — nonibHi mami
1ipo KT y M, 1110 € HanOmvpK4ao10 10 p; 3@ BIICTAHHIO MIXK I€CKPUITTOPaMA
i HajIeXUTH 00’ ekTy abo dony. ITpu nbomy 3assryart, m = 2 i SKIIO BUKO-
HyIOTbCS yMOBU ky= O, dy <TC i d, /d, <Ty, To jyist Touku p! Ha I, Bir-
nosinHoI0 € KT 00’exTa y Momerti 3 ineHTHdikaTopoM #,. [HakIIe, sSKIIo
BUKOHYIOTbCsE yMOBL: ko= k, = B, dy < T i d, /d, <T,, Toni BifnosinHoo
st p; 6yne KT doHy 3 OpsyIKOBUM HOMEpOM 71, y M.

Y HaBeneHVX yMOBax 3aCTOCOBYIOTBCS 4 IIOPOroOBi 3HaAYeHH: 11 IIPU-
VIHATTS PillleHpb 1Tpo BimnosinHicts p; mo KT 06’exra (Tto , Tzo) abo dony
(TtB , TzB) y M. Iicist 3aBepiiieHHs I7100a/IbHOTO MONTYKY BigmosigHmx KT
BV3HAYAIOTHCS KOOPAMHATY IEHTPAIBHOI TOUKM OO’€KTa 3 JOIIOMOTOIO
aJIropuUTMa Ki1acrepmsarii [7].

Ha tperboMy erarti [1st KOXHOT p; Ha [, BUKOHY€TBCS JIOKAIbHW I10-
myk Bignosigaoi KT y Momeni 06’exta M y Taxmii crioci6 [6-8]. CriouaTky
obumcITIoeThes TIpoekist pr! Ha cykymHicTs KT y M 3a dpopmyrioro:

pri =H(pl—c,)+c,, )

ne H;' — 3BOpOTHe NepeTBOPeHHsI 3 [OMepeTHbO BU3HAYEeHVIMY 3HaueH-
HAMM MacIITaly Ta ITOBOPOTY BiJJHOCHO BM3HA4eHOro IleHTpa 00’eKTa c,
Ha I,; ¢, — IleHTpaIbHa TOYKa 00’eKTa Ha 300paxeHHi [,;, sike BUKOpPUC-
TOBYBaJIOCH [IJ1s1 CTBOpeHHs (I, = I,) abo oHOBIeHH: M.

ITicrs mporo BusHavaeThes cyKyHicTs KT y M, 1110 € Orm3pKyMy 3a 3Ha-
YeHHSIM KOOPIVIHAT 3 TOUHICTIO /10 TIOPOrOBOTO 3HAYEHHsI J10 IIPOEKLIT pr;.
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Harti ceper KT y 11iv1 cyKymTHOCTI 3HaXOAMUTBCS HavOIVDK9a p )10 p; 3a
BifIcTaHHIO d MiX FIECKPUIITOpaMIt 1, AKIIIO d(p PP ) <T, Toni pf ;" BBAXA-
€TbCSL BIIIOBIHOIO 110 P! .

Bu3sHaueHHs1 MacITaby Ta KyTa IOBOPOTY
00’exTa Ha ocHOBi momryky Bigmosimanx KT

PesysnpraroM nomyky sinnosinHocti KT Ha morouHomMy Kanpi I, mo mo-
nerti 06’ekta M € cyKymHicTh py = {pZ /P } , IO CKJIaflaeThes i3 N, mmap

sinmosinanx KT, ne p; — i-traKTHal, a pi — BimmosigHa 171 Touka (00’ eK-
Ta abo dony) y M. M e cykynHictio KT o6’ekra Ta dony, i npu BusHa-
4ueHHi s, Ta 0, 3a (6, 7) 00UMCITIOIOTHCS He 110 OTHOMY, a 10 [IBa 3HaUeH-
He — obuwncieHHi nepiroro BukopucToByoThest KT 06’ exra y M, a pyro-
ro — KT dony y nin mopeni. Takum dmHOM, ITij] Yyac oOYMCIIeHHs He
BUKOPUCTOBYI0ThCA Iapy KT y M, ogHa 3 sIKvx HajleXXuTh 00’ €KTy, a Ipy-
ra — (poHy, TOMY III0 JIOBXMHA Biflpi3Ka JIiHIl 3 TaKMMM KiHIIeBVMW TOY-
KaMy MOKe 3MiHIOBaTMCh B IIpolleci pyxy o0’ekTa i He BigIoBimaTy Iivi-
CHOMY 3HaueHHIO MaciITaly. Ilicjig 11boro 3 o6uncieHnx ABOX 3Ha4eHb 5K
BUIXiJIHE BUKOPUCTOBYEThCH Te, 1110 MEeHIII BiZIPi3HAETHCS Bifl BiAIIOBIIHOrO
CepeIHBOro 3HaUeHHS, 00YNMCIIEHOrO Ha OCTaHHIX KUTBKOX Kajpax.

bByso BusBIieHO, 110 o0umcIeHHs MaciiTaby Ta KyTa IIOBOPOTY Ha
ocHosi BignosigHMx KT dony € 6i1bmr Tounnm nopisHsHo 3 KT 06’exra
BHACJIZIOK TOro, 1o, mo-nepie, Kuibkicte KT doHy 3assuuan 3HauHO
Oirnbirre, Hixk 00’exTa i, mo-npyre, KT ¢pony posraroBani Ha Oi1bImx Bif-
CTaHsX OJJHA Bif] OIHOI, 1110 3HVDKY€E BIUIVB IOMWIOK y BU3Ha4YeHHI I10JI0-
xenHs1 KT Ha pesysibTaT oLiHKM MacIITady Ta KyTa IIOBOPOTY.

Macrrrab Ta KyT HOBOpOTY, o0uriciieHi 3a popmystamm (6, 7), € 61m3b-
KVIMM 10 JiVICHVMX 3a MaJIX 3MiH (pOHY ab0 4acToro OHOBJIEHHS Ta ajiall-
tarii KT dony mo 6i1bmmmix 3MiH, HaOpuKIIajd, BHACTIOK PO3MUTTA. SIK-
ITIO X IIi YMOBM He BUKOHYIOTBCS, TO I HaJliMHIIIIOro BM3HAaYeHH: BKa-

3aHMX MapaMeTpiB AOLUIbHIIIe BUKOPWUCTOBYBAaTU TaKWUV €BPUCTUYHUN
JIFOPUTM.

PesyipTaToM po0OOTH aJITOPUTMY € OIliHeHi 3HaueHHH s, Ta 0, abo x
HYJIbOBe 3Ha4eHH: S, U1 CBiJTYeHHs TOTO, 110 BXiJIHi JaHi ITpo BiAIIOBiI-
Hi KT € HegocTaTHRO HaAIVIHMMM i MICTSATh 3HAUHY KUIBKICTh IOMVIJIOK.
Ha mouaTkoBoMy eTarri aliroputMy pOpMyeThest 300pakeHHs], sIKe € pe-

3yJIbTaTOM 00’ €THAHHS 10 BepTUKasli ABOX Kadpis: I,; i morounoro I, y Bi-
neo (Puc. 2, 3), Homepa SIKVX ITIOKa3aHO Y JIiIBOMY BEpXHBOMY KyTi Ha LIVX
Kanpax. Hami dpopmyeTbest cyKynHIcTh L BiIpisKiB JIiHiVI, KOXHA 3 AKX
3’engnye KT y monesni 06’exra Ha I,; 3 BinnosinHoto KT Ha I, 1o nokasasi
371iBa 4epBOHMM KosibopoMm Ha Puc. 2(a)-Puc. 3(a) Ilicis mporo obumic-
JIIOIOThCA MeJliaHHI 3HaUeHH: JIOBXVMHM Ta KyTa IIOBOPOTY BiIpi3KiB JIiHi
L i o0umcITIoeThCs KUIBKICTh Biflpi3KiB, IO MalOTh OJIM3BKi JOBXMHY Ta
KyT IIOBOPOTY 10 OOUMCIIeHX MeTiaHHMX 3Ha4eHb i ITOKa3aHi cIipaBa Ha
Puc. 2 (b)-Puc. 3 (b).
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Puc. 2. ITpukiiag Bu3HauYeHMX HOMWIKOBMMM AaHux (4) BignosigHocti KT dony, sxmm
BifIIOBiTae Masia KiJIbKiCTh BigiOpanvix ObIbII HanivHX Hap Binmosigumx KT (b)

Puc. 3. Ilpuxian Bxigaux maaux (a) mpo signosigaicte KT dony Ha nopiBHIOBaHMX
Kagpax 103 i 109, Ha OCHOBI SIKMX BM3HAYAETHCS IOCTATHS KUIBKICTh BiiOpaHmX map
KT (b) msa momassioro o6umcieHHs MaciTaby Ta KyTa mosopory Ha 109-my Kampi 3a
Me[IiaHHMMM 3HaUeHHAMN

SIKIO KUIBKICTh HVIX HOPiBHAHO HaIiVHMX BiApPi3KiB JIIHIN € MaJIOIo
YacTMHOIO Bifg | L |, TO aJIrOpuT™M BUja€ HYJIbOBE 3HAYE€HHH S,, ITIO0 CBITYNTD
IIPO IIOPiBHAHO Majly HadivHicTh maHux BigmosigHocti KT Ha Bxopi aro-
putMmy (Puc. 2). Lle o3Hauae, 1110 TOTOYHMI Kafp Yy Bimeo He Moxe OyTm
BUKOPVCTAHO ISl OLiHKM MacinTaly BHACJIiJOK BYaCHO He BMKOHAHOTO
OHOBJIEHHS Mozesti 00’ekTa abo X HeOJIiKiB Kafpa, IIOB sI3aHNX, HaIlpu-
KJ1a/l, 31 3MiHOIO YMOB OCBITJIEHHSI a00 PO3MUTTSIM Uepe3 BTpaTy POKyCy
4l HIBUIKOTO IlepecyBaHHS.

B inmomy pasi (Prc. 3) cykynHicTs BigibpaHux i HOpiBHSAHO HagilTHIX
BiIpi3KiB JTiHiT BUKOPMUCTOBYEThCS [JI O0OUMCIIEHHS MeliaHHMX 3Ha4eHb
MacITaby Ta KyTa IIOBOPOTY 3a dpopMystamu, TomgioHMMYU A0 (6, 7). Y Ha-
BeleHOMY NpmKiIani Ha Puc. 3 KispkicTh Bimpiskis, BifgiOpanHmx i moka-
3aHMx Ha Puc. 3(b) meHtIe nosoBuHM uncia |L| BxigHMX BigpiskiB Ha
Puc. 2(a). Lle o3Hadae, mo ob0umcIeHMy MacITad 3a MeliaHHUM 3Ha-
UeHHSM BinmoBigHMX BXimHMX maHMX Ha Puc. 3(a) BimpisHITMIMETBCS Bif
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ZivicHoro 3HaveHHs Ha 109-My Kajgpi y Bifgeo 3 IpwYMHM 3HAYHOI KiJIb-
KOCTi TToMMJIOK T1if1 yac nomyKy sBignosigHocTi KT Ha nopiBHIOBaHMX
Kazgpax 1031 109.

OmnoBJsieHHs Mofesti 00’eKTa y Bieo

Xam N tA — xinpkicTe KT Ha I, Bignosinamx 1o KT o6’exta y M; N, N —
saraytbHi KitbKOcTi KT 00’ekta y M i B Mexxax R Ha I; Ny = N, %, + N %k, —
3BaKeHa cyMma, Jie k;, ky MoxyTh nopisaioBatit 0,6 i 0,4; Thr, = Ny*kp,
Thr,; = Nit*k,; — HoOporosi 3HaueHHd [JIs1 3aCTOCYBaHHS B yMOBaX JIeTeK-
TyBaHH: 00’ €KTa i OHOBJIeHHs Mofierti M, e kp, k;; 3a 3aMOBYeHHSIM JOPiB-
HrooTh 0,151 0,3. Sximo N tA > Thry,, To 00’ €KT BBa)Ka€ThCS MPUCYTHIM Ha
IIOTOYHOMY 300pa’keHHi i 0OMeXyBasTbHUI ITPSIMOKYTHUK R Moxe OyTm
BU3HAUEHO IIUIAXOM 3acTOCyBaHHsSI OOUMC/IeHMX 3HaueHb LIEHTPY, Mac-
mTaby Ta KyTa IIOBOpOTy 00’ €KTa.

SIkmio y Bimeo € 3HauHi 3MiHM y mogaHHI 00’ekTa Ta oHY Ha 300-
pakeHHsIX, HEOOXimHO agamnTyBaTy A0 HMUX M IUIIXOM OHOBJIEHHS SK
KisibKocTi, Tak i meckpunropis KT 06’exra Ta dony y 1ivt Mogesi. Ase i
3MiHM CYIIPOBOIDKYE PW3MK HaJIMIIKOBOIO IIPUCTOCYBaHHA A0 (POHY
(mpidTy), BHACTIZOK Yoro Moxe BimOyTuch BTpaTa 00 ekTa. ToMy OHOB-
neHHs1 M BinOyBa€eThCs 3a BUKOHAHHS IIOPIBHSAHO Ha/IiIHNX YMOB BU3Ha-
UeHHs I0JIOXKeHHsI 00’eKTa abo 110ro BifICyTHOCTI Ha 300pakeHH:AX. by-
IIeMO BipisHATH ABa criocoOv OHOBJIeHHS M, miciis 3afisiHHS KOXXHOTO 3
HUX Ha t-My Kajapi t, = t.

[eprmmit crioci® 3aCcTOCOBYEThCS 3a BUKOHAHHS TaKMX YMOB JI€TEKTY-
BaHHsI 00’ekTa Ha KoxHoMmy I;: 1) N >Thr, &s, >0 i 2) He menite 75-u %
R 3naxonuTecd Ha I,. B mponieci onosiienHs M ¢dopMyeThes i3 BiIoBigHMX
KT o0’exra Ta ¢doHy, i gx11o 1x Masio, To nomaTkoso 3 KT, 6rm3pknix 3a 3Ha-
JeHHSMM BificTaHe Mk meckpunropamm 110 KT 06’exta abo dpory B My
JTBOX OKOJIaX BM3HAUYEHOIO IMOJIOXKEHHS 00’ eKTa.

Hpyruit crioci® BUKOPUCTOBYETBCS, SIKIIIO 00’ €KT IIPOTSATOM IIEBHOTO
4Jacy BiJICyTHIiV Ha KaJpax y Bifgeo. Bripomosx 11poro yacy Ha KOXXKHOMY I,
BuKoHyeThcs nouryk KT dony, sxi e signosigaumm 1o KT dony y M, i
BU3HAYaIOTHCS 3MiHeHi 3HaueHHs MacIlTaly i KyTa IIOBOPOTY BilTHOCHO I,;.
Ha xoxxaOMY I, BUKOHY€TBCS TakoX oHoBJIeHHs KT dpory B M (11 Hamin-
Himoro nomyky sinmosigaux KT ¢doHy Ha HacTymHMX 300pakeHHsIX) 3a
BUKOHaHHs Takux ymoB: N <Thr, | |s,=0. st 1boro popMyeThest Tie-
peinik 3 KT na I, sinnosigaux 1o KT dony B M, i (gximo ix 3amaio) go-
natkoso 3 KT B Mexxax OUISHKM Ha [, IIeHTp SIKOi 30ira€Tbcs 3 1IeHTpOM
IIOIIepeIHBOTO ITOJIOKEHHS 00'€KTa, a po3Mipu € TMM OifTbImmMM, 9mMM
TIOBIIMM € Yac BiicyTHOCTI 00’exTa. aJti miciig obumcieHHs: HOBUX Jlec-
kpunrropis 1i KT BuxopucrosytoTecs gk KT dpony B M. ITiciist oHOBIeHHS
KT ¢dony nomatkoso oHOBII0I0THCS TaKoXK KT 00’exTa B M, SKIIIO BUKOHY-
1oTbest yMoBiL: S, >0 & (|S,—S,,| > thro 1|0:—0u| > thre), me thr i thr, —
roporosi 3HadueHH:. Lle oHOBIIeHH: BimOyBaeThbCs IUISAXOM TaKMX iVl
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Puc. 4. Ilpuxitagy meTeKTyBaHHS 00’€KTa IIif] Yac BiIcTeXXeHHS Y Bimeo Ha Kampax:
novatkoBomy 71-my (a), 283-my (0) meper IofgaJIbIINM TPUBAINM 3HUKHEHHAM (Ha
Kazpax 3 284-ro o 505-11) 3 ot 30py i Ha 506-my (6) 3 mosBorO 00’eKTa y Bifeo i3
3MeHIIIeHNM y 6 pasis MaciTadbom

1) macmrtTabyBaHHs Ta IOBOPOT I, 32 MacIITabOM Ta KyTOM IIOBOPOTY, BU-
3HaueHMX Ha [, i 2) nerexryBaHHs KT B Mexxax oOMeXyBasIbHOro 00 €KT
IIpsMOKYTHIMKA Ha TpaHCOpMOBaHOMY 300paskeHHi [,; 3 TTOHaIbIIIM 3a-
crocyBaHHAM iX siK oHoBJIeHnX KT 00’exTa B Moperi M.

Ha Puc. 4 mokaszaHo npukiiaay, KOJIV BU3Ha4aloTh MOJI0OKEeHHs 00’ eK-
Ta B Bi/leo 0OMeXyBaJIbHUM MPAMOKYTHUKOM, PO3pobiieH MM 3acobamu,
Ha 3x Kajipax B OTHOMY 3 Bifleo: onieparop Ha 71-my (puc. 4 (a)) i mporpama
Ha 283-my (puc. 4 (0)) nepen TpuBaiM (3 284-ro o 505-11 Kagput) 3HUK-
HeHHsM 00’€KTa 3 I10JIs 30py, i 3 110ro I0sBOIO y Bifgeo Ha 506-My Kagpi
(puc. 4 (8)) 31 3MeHIIIeHMM B 6 pasis MacmTaboMm. Ha xoxkxHOMY 3 71-T0O 110
506-71 xampiB 00UMCITIOBaIVICh IOTOYHI 3HaUeHHs MacIITaly Ta KyTa I10-
BOpOTY 00’€KTa, y TOMY YMCIIi 3a BiZICy THOCTI 00’ €KTa B IOJIi 30py Kamepw,
a TaKOXX BMKOHYBaJIOCh OHOBJIEHHsI MoflesTi M Ha JesIKmx 3 HUX 3a OIvica-
HVIX YMOB, 1110 3a0e3I1eunsIo JeTeKTyBaHHs 00 €KTa 3 110T0 IT04BOIO y Bi/leo
Ha 506-My 1 HaCcTyIHMX Kajlpax 3i 3HAYHO 3MiHeHVMM IapaMeTpaMu I10-
JlaHHA Ha 300pa’keHHsIX MOPIBHAHO i3 283-M KaJpOM.

BucHOBKM

Y poboti BuKopwmcToBy€eThCs MOmIesib M 00’eKTa BificTe>XXeHHs, 110 Ha Bifl-
miny Bif [6] cxramaeTees 3 KT we Timekn 06'exTa, a i pony 1 momryky
BignosinHocTi KT Ha KoXXHOMY 300paxkeHHi 110 M, i BU3HaUYeHHs 3MiH
MaciTaby Ta KyTa OBOPOTY 00’€KTa fIK 3a HasIBHOCTI Ha 300paKeHHsIX,
TaK 1 ITiCJIA FIOro 3HVMKHEHH: Ta IOJaJIBIIOL IIOSBU Y Bileo 3i 3MiHeHUMM
HapamMeTpaMu.

Po3pobiieHo ajiropuTM BU3HAuYeHHs 3MiH MacIITaldy Ta KyTa IIOBO-
poTy 00’ekTa y Bineo Ha ocHoBi BinmosigHmx KT 00’exTa i dony 3a HasaB-
HOCTi 3HAa4HOI KIJIBKOCTiI ITOMWJIOK y 3HavigeHin BignosigHocti KT Ha
ITOPiBHIOBaHMX 300paKeHHsIX. 3aIllpOIIOHOBAHO CITOCIO BM3HAYEHHS Mac-
mTaby Ta KyTa HOBOPOTY 300paXkeHb y Bi/leo 3a BilICyTHOCTi 00’ekTa Ha
IIVX 300pa’keHHsX 3 METOI0 OHOBJIEHHS Mofiesli 00’eKTa i Moro J1eTeKTy-
BaHH ITiCJISA TI0SIBY Ha 300pakeHHsIX i3 CyTTEBO 3MiHeHVMY 3HaUeHHIMM
VX IIapaMeTpiB.
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DETERMINING THE SCALE AND ROTATION ANGLE
FOR LONG-TERM OBJECT TRACKING IN VIDEO

Introduction. The task of tracking is to determine the position of an arbitrary object
(target) in a video after detection in the initial frame. Algorithms for performing
tracking are divided into those that provide short-term or more complex long-term
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tracking in a video. A key problem in long-term tracking is the recovery of a target
after a period of absence or tracking failures, because during this time not only the
coordinates butalso the scale and angle of rotation of the target can change significantly,
knowledge of which increases the accuracy and reliability of detection. As a result,
after a long disappearance, the search for the target must be performed not locally, but
within the entire image and significant intervals of possible changes in scale and
rotation angle. The reliability of tracking in video largely depends on the efficiency
(accuracy and low computational complexity) of the algorithms used to determine the
scale and rotation angle of the tracked target in the images. There are known algorithms
that determine the scale and rotation angle based on the correspondence of key points
(KPs) of the target without sufficient consideration of the background KP, and can
provide tracking in conditions of only a short-term absence of the target, during which
the scale and rotation angle change little.

Purpose of the research is to develop an algorithm for determining the scale and
angle of rotation of an object, which overcomes these shortcomings to obtain more
reliable object tracking results in difficult conditions.

Methods for searching key points and determining their correspondence in
images were used.

Results. An algorithm is proposed for estimation the scale and rotation angle of
the tracked object in the images based on finding corresponding KPs in each frame to
the KPs in the object model M. The algorithm can be mainly used in conditions where
changes in scale and angle of rotation are mainly a consequence of changes in camera
movement or operator actions. These changes are largely correlated with changes in
the background, which usually corresponds to video surveillance from an aircraft, in
particular a UAV. The advantages of the algorithm are that it is relatively more
resistant to errors in determining the corresponding KP pairs, and can also be used
during the prolonged absence of an object in the video to estimate the scale and angle
of rotation.

Conclusions. The paper uses a tracking object model consisting of KPs in the
object and the background to search for KPs correspondence. The algorithm is
proposed for determining the scale and rotation angle of the object both when present
and absent in images to update M and detect this object after it appears in images with
significantly changed parameters. Examples of using the algorithm for long-term
tracking with the proposed criterion for the presence of the object, as well as two
methods of updating M, when it is present or absent in images, are given.

Keywords: object tracking in video, BRISK key points, KCF tracking algorithm, HOG
features, scale and rotation angle of an object in an image, object detection and recognition.
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OPTIMIZATION OF MULTI-CRITERIA

SELECTION OF COMPUTER COMPONENTS
BASED ON HIERARCHY ANALYSIS

The paper addresses the problem of optimal selection of components for personal computers in
healthcare facilities under conditions of limited budget and multiple evaluation criteria. It is
determined that traditional methods of component selection based on empirical experience
or simple comparison of characteristics are insufficiently effective for making optimal decisions
in multi-criteria choice situations. The application of Thomas Saaty’s adapted Analytical
Hierarchy Process as an effective tool for mathematically grounded multi-criteria component
selection is substantiated, taking into account technical compatibility, energy balance, and user
priorities. Specific examples of applying the method when choosing a processor for a healthcare
facility are provided, demonstrating four scenarios with different parameter priorities and
three optimization modes. Experimental validation confirmed high algorithm accuracy in
tracking user-defined priorities. An economic efficiency analysis of the developed system
application has been conducted, demonstrating potential savings of up to 25% of the IT budget
for healthcare institutions while maintaining the required performance level.

Keywords: analytical hierarchy process, multi-criteria selection, component selection, healthcare
facilities, dynamic parameter balancing, decision optimization, IT infrastructure.

Cite: Sytnyk M.V., Pidnebesna H.A. Optimization of Multi-Criteria Selection of Com-
puter Components Based on Hierarchy Analysis. Information Technologies and Systems,
Kyiv, 2025, Vol. 5 (5), 39-50. https:/ / doi.org/10.15407/ intechsys.2025.05.039

© Publisher PH “ Akademperiodyka” of the NAS of Ukraine, 2025. The article is published
under an open access license CC BY-NC-ND license (https:/ /creativecommons.org/
licenses/by-nc-nd/4.0/)

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 5 39



M.V. Sytnyk, H.A. Pidnebesna

Problem Statement

Modern healthcare institutions increasingly rely on effective IT support
for the operation of medical information systems, electronic patient docu-
mentation, and automation of administrative processes. According to the
Ministry of Health of Ukraine, by 2024, over 85% of primary healthcare
institutions will require computer modernization, while the average IT
budget per institution is only $15.000-25.000 per year.

The computer market is characterized by an exponential growth in
the range of components, the complexity of their interactions, and a va-
riety of quality assessment criteria. According to analytical agencies, by
2024, the processor market will include over 500 current models, over
800 motherboards, and over 1.000 RAM module variants. This diversity
makes it difficult for even experienced IT professionals to select the
optimal configuration.

The problem is complicated by the need to consider multiple inter-
related factors. First, there’s the technical compatibility of components:
the processor must match the motherboard socket, the RAM must match
the supported type (DDR4 or DDRS5), and the graphics card must match
the available PCle slots and case dimensions. Second, there’s the system’s
energy balance: the combined power consumption of all components
must exceed the power supply’s capacity, taking into account the recom-
mended 20-40% reserve. Third, there are physical constraints: the height
of the processor cooling system must fit within the case’s interior, and
the length of the graphics card must fit within the available space. Fourth,
there are the varying priorities of users—from minimizing costs to ma-
ximizing performance for specific medical applications.

Traditional component selection methods based on empirical expe-
rience or simple comparisons of characteristics are ineffective for making
optimal decisions in a multi-criteria environment. For medical institu-
tions, which often operate within limited budgets and require standar-
dized IT infrastructure, the need for a scientifically based approach to
equipment selection is especially critical. According to the Drabivka Pri-
mary Health Care Center, a non-optimal configuration can lead to budget
overruns of 20-35% or the purchase of underperforming equipment, re-
quiring premature upgrades after 2-3 years instead of the planned 5-7
years of operation.

Therefore, the development of an intelligent decision support system
that combines mathematically sound multi-criteria analysis with automa-
ted compatibility checking and the ability to flexibly configure priorities
is relevant.

The purpose of this article is to highlight the specifics of adapting the
Saaty hierarchy process to the problem of multi-criteria selection of com-
puter components and to demonstrate its practical application in the context
of optimizing IT costs in medical institutions, taking into account technical
compatibility, energy balance, and dynamic balancing of user priorities.
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Analysis of Recent Research and Publications

The mathematical basis for the implementation of the multi-criteria com-
ponent selection system was the Saaty hierarchy analysis method. The
fundamental work is the study of T.L. Saaty “The Analytic Hierarchy Pro-
cess” (1980) [1], in which the author first systematized the hierarchy ana-
lysis method as a tool for revealing and taking into account the hierar-
chical structure of criteria in the process of making complex decisions.

Various aspects of the application of the method in the context of IT
solutions and multi-criteria selection were studied by domestic and fo-
reign scientists. In [2], the issues of transition from single-criteria to multi-
criteria optimization are considered in detail and the shortcomings of
direct linear convolution of criteria are critically analyzed and a compre-
hensive mathematical description of the method with specific computa-
tional algorithms is provided.

The feasibility of substantiating the use of expert evaluation methods
when choosing between alternatives and the practical application of the
Saaty hierarchy analysis method are given in [5, 6].

Review of Existing Approaches to Component Selection

A thorough analysis of modern decision support systems in the field
of computer system configuration has been conducted. As a result of this
analysis, four main approaches can be distinguished:

Parametric filtering approach (Hotline.ua). Hotline.ua, a leading
Ukrainian price aggregator, implements a classic parametric approach
based on multi-level filtering of products by technical specifications. Users
can combine filters by manufacturer, socket, number of cores, frequency,
etc. The system offers a “Build a Computer” tool with a basic compatibili-
ty check.

Advantages: complete process transparency, flexible filtering, up-to-
date pricing information.

Disadvantages: lack of intelligent analysis, incomplete compatibility
check, passive role of the system, and the need for expert user knowledge.

Expert-based recommendation approach (BRAIN.com.ua). The Ukrai-
nian online store BRAIN.com.ua implements the concept of “ready-made
solutions” - pre-configured systems for various scenarios (office PC, gam-
ing PC, workstation). The system offers a power calculator and warnings
about potential bottlenecks.

Advantages: reduced entry point for inexperienced users, guaranteed
compatibility in ready-made configurations, energy balance accounting.

Disadvantages: limited number of ready-made configurations, static
expert recommendations, subjective classification.

Crowdsourcing (PCPartPicker). The international PCPartPicker plat-
form implements the most comprehensive automated compatibility check:
physical (graphics card length, cooler height), electrical (power supply
wattage, connector availability), interface (memory type, PCle version),
and software (motherboard BIOS processor support).
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Advantages: the most comprehensive compatibility check, price ag-
gregation from 40+ stores, price history, database of 5+ million user con-
figurations.

Disadvantages: passive role in decision making, lack of formalized
multi-criteria analysis, potential errors with new components.

Simplified Optimization (Telemart.ua). The Ukrainian online store
Telemart.ua is implementing a simplified version of multi-criteria opti-
mization based on “usage profiles.” The user answers a questionnaire
about the system’s purpose and priorities, after which the system gene-
rates 3-5 alternative configurations.

Advantages: active role of the system, consideration of individual pri-
orities, automated selection.

Disadvantages: simplified optimization model, fixed weighting coeffi-
cients for profiles, non-transparent decision-making algorithm.

A comparative analysis of four existing approaches revealed common
system limitations:

e the lack of formalized multi-criteria analysis;

e limited personalization;

e static evaluation criteria;

e and the passive role of the system in decision-making.

This justifies the need to develop an intelligent decision-making sup-
port system that combines the mathematically correct Saaty method

Table 1. Sequential analysis
of approaches to component selection

Characteristic | Hotline.ua BRAIN. PCPartPicker | Telemart.ua Developed
com.ua system
Type Parametric | Expert | Crowdsour- | Simplified | Adapted Saaty
of approach filtering |recommen-| cingwith | optimiza- | method
dations | verification tion
Degree Low Average Average High | Very high
of automation
Compatibility Basic Extended Compre | Automatic | Complex + ener-
check hensive gy balance
Multi-criteria | Missing Missing Missing | Simplified | Mathematically
analysis sound
Personaliza- Missing Limited Missing Profiles | Full + dynamic
tion balancing
Saving con- No No Yes No Yes + crypto
figurations protection
Mathematical None None None Simplified | Saaty Method
justification with Adaptation
Locking No No No No Yes
parameters
Optimization No Limited No Yes 3 modes + set-
modes tings
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with interactive weight control, dynamic parameter balancing, configura-
tion storage mechanisms, and comprehensive validation of results. These
functional requirements are implemented in the developed software
application.

Table 1 summarizes the results of a comparative analysis of known
approaches to component selection and the developed system.

The author’s previous work [3] demonstrated the fundamental possi-
bility of automating complex multi-criteria selection using the Saaty meth-
od, but revealed critical limitations: fixed weighting factors, lack of per-
sonalization and mechanisms for saving configurations.

Main Results and Content of the Research

The classic analytic hierarchy process, proposed by T. Saaty in the 1970s, was
adapted to the specifics of computer component selection, taking into ac-
count the specifics of the subject area. The main stages of the adapted me-
thod include structuring the problem, normalizing the data, constructing
pairwise comparison matrices, and calculating local and global priorities.

Stage 1. Structuring the Problem and Defining Criteria

Specific evaluation criteria are defined for each component category.
For processors, five parameters are identified:

e Price (minimized);

e Number of cores (maximized);

e Base clock frequency (maximized);

e Turbo frequency (maximized);

e TDP — thermal dissipation (minimized).

In total, the system implements ten independent balancers for differ-
ent component groups: processors (5 parameters), cooling systems (4),
motherboards (3), RAM (6), monitors (5), video cards (6), speakers (4),
sound cards (5), headphones (2), and webcams (3).

Stage 2. Normalization of Dissimilar Parameters

Since component parameters have different natures and units of meas-
urement, they must be normalized to ensure comparability. A system for
normalizing parameter values in the range from 0.1 to 0.9 was developed
using the following formula:

X = Xpin

norm_value = 0,1 + 0,8 x
X = X

max n

For the parameters being minimized (price, energy consumption,
noise level), inverse normalization is used:

nv_value = 0,9 — norm_value +0,1.

Stage 3. Construction of pairwise comparison matrices
For each parameter, a pairwise comparison matrix of alternatives of
size NxN is constructed, where N is the number of component variants.
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The matrix element is calculated as:
a,;= norm_value i / norm_value j.

The diagonal elements are equal to one. The matrix is inversely sym-
metric: 1/a;.

Stage 4. Calculating Local Priorities

Local priorities are calculated using the geometric mean row of the matrix:

N
geom_average ; = N ]_{ a; -
\i

Using a logarithmic representation ensures numerical stability:

log(geom_average )) 2 log(uq

Normalization leads to the emergence of local priorities.
Step 5. Calculating Global Priorities
Global priorities are calculated using additive convolution:

M
G =Y w, xL.
j=1
where w; is the weight of the j-th parameter, L is the local priority of the
i-th alternative for the j-th parameter.
Dynamic Parameter Balancing System
The key innovation of the developed system is the dynamic balancing
mechanism for weight coefficients via the ParameterBalancer class, which
ensures:
e the constant sum of the parameters is 100% regardless of changes;
e ability to lock individual parameters to fix their values;
e automatic recalculation of unlocked parameters proportional to their
current value;
e rounding error correction to ensure accurate sums.
The balancing algorithm consists of the following stages.
e Initialization: For M parameters, initial values are 100/ M percent each.
e Parameter change: when changing the parameter k to a new one, the
remainder is determined:

A =100 - v;*“.
¢ Blocked subtraction:
A free =A- Z Vz
ieblock
e Proportional distribution:
vald
V= A, X S o — 7, Where j € unblock, j # k.
j

j
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Multi-level filtration system

The processing method sequentially processes all component types
with multi-stage filtering.

1. Filter by manufacturer: Intel, AMD or “All manufacturers”.

2. Filtering by graph: Checking for at least one variant (integrated or
discrete).

3. Compeatibility filtering:

e Processor socket = motherboard socket;

¢ The memory type (DDR4/DDRb) of the processor and the MP match;

e The MP form factor matches the case;

e Video card length < case space.

4. Energy balance: ) Consumptionx1.4— Fuel selection.

5. Optimization modes:

e “Economy”: bottom 33% or max 300 options;

¢ “Balance”: 33-66 percentile or 300 options;

e “Productivity”: top 33% or max 300 options.

Processing sequence: Processor — Motherboard — RAM — Cooling
system — Video card — Case — Monitor — Storage devices — Periphe-
rals — Power supply — UPS.

To demonstrate the method, let’s consider processor selection. The
database contains 347 processor models.

Table 2 shows the numerical values of the evaluation of four different
scenarios of such selection.

Scenario 1: Even distribution (20% each) — Intel Xeon E5-1650 V4
(6 cores, 4.0 GHz turbo, TDP 140 W, 28.51 USD). Total cost: 937.05 USD.
A compromise solution with a balance of parameters.

Scenario 2: Price priority (100% price) — Intel Celeron E1600 (2 cores,
2.4 GHz, 14 USD). Total cost: 657.22 USD (-29.9%). Demonstrates the risk
of extreme optimization: outdated processor from 2008, unsuitable for
modern medical systems.

Scenario 3: Multithreading (49% cores + 51% turbo) — Intel Xeon E5-
2650 V4 (12 cores, 2.9 GHz turbo, 74 USD). Total cost: 1008.72 USD (+7.6%).
The number of cores has doubled, exactly matching the priority.

Scenario 4: Frequency + Efficiency (66% turbo + 19% base + 15%
TDP) — Intel Core i5-10105F (4 cores, 3.7/4.4 GHz, TDP 65 W, 81.16 USD).

Table 2. Numerical priority estimates
for four processor selection scenarios

Parameter Scenario 1 Scene.lrio 2 Scenario 3 Scenario 4
(Balance) (Price) (Core+Frequency) | (Frequency+TDP)
Price (%) 20 100 0 0
Number of cores (%) 20 0 49 0
Base frequency (%) 20 0 0 19
Turbo frequency (%) 20 0 51 66
TDP (%) 20 0 0 15
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Total cost: 734.91 USD (-21.6%). Highest frequency (4.4 GHz) at lowest
TDP (65 W), modern platform from 2021.

Table 3 summarizes the different scenarios.

To evaluate system performance in different price segments, testing
was conducted with the same priorities (20% balance) but different modes.
Table 4 shows a comparative analysis for the three optimization modes.

Discussion of Results

The study revealed the following advantages and disadvantages of the
implemented approach. Experimental testing confirmed the following ad-
vantages of the adapted method:

e Precise priority matching: the system selected components that best
matched the weighting coefficients. The price-priority scenario selected the
cheapest processor ($14), the core-priority scenario selected a 12-core pro-
cessor, and the frequency-priority scenario selected a 4.4 GHz processor.

e Flexibility: the ability to interactively change priorities in real time
with automatic recalculation of results within 0.5-1.5 seconds.

e Mathematical validity: The Saaty method ensures correct selection,
unlike empirical approaches. The consistency index of all matrices did not
exceed 5.4%, with a standard of <10%.

e Multi-level validation: the system checks 15+ compatibility para-
meters before launch, eliminating technically impossible configurations.
Configuration preservation: Fernet AES-128 cryptographic protection
with PBKDF2HMAC (100,000 iterations) ensures the security of your
settings.

Table 3. Comparative analysis of the results of the four scenarios

Parameter Scenario 1 Scenario 2 Scenario 3 Scenario 4

Processor model Xeon Celeron Xeon Core
E5-1650 V4 E1600 E5-2650 V4 | i5-10105F
Year of release 2016 2008 2016 2021
Cores / Threads 6/12 2/2 12/ 24 4/8
Turbo frequency (GHz) 4.0 2.4 29 44
TDP (W) 140 65 105 65
Processor price ($) 28.51 14.00 74.00 81.16
Total cost ($) 937.05 657.22 1008.72 73491
Deviation from baseline 0% -29.9% +7.6% -21.6%
Multitasking High Very low | Very high High
Performance per core High Verylow | Medium | Very high
Energy efficiency Low High Medium High
Relevance of the platform Outdated | Critically | Outdated | Modern
outdated

Suitability for medical systems | Acceptable | Unsuitable | Excessive | Optimal
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Table 4. Comparative analysis of three optimization modes

General Parameter
characteristics Saving Balance Productivity
Price segment Bottom 33% 33-66% Top 33%
Total cost ($) 612.49 1045.49 3084.44
Correlation 1.0% 1.7% 5.0x
PROCESSOR
Model Intel Core AMD Ryzen 5 Intel Core
i5-7320 7600 9-14900
Generation 7th (Kaby Lake) | Zen 4 (2023) 14th (Raptor
Lake)
Cores / Threads 4/ 4 6/12 24 / 32
Maximum frequency ( GHz) 3.6 51 5.8
TDP (W) 65 65 219
Price ($) 72.80 189.99 567.72
Budget share 11.9% 18.2% 18.4%
MOTHERBOARD
Model Asus PRO MSI MAG Asus PRIME
Q570M B650M 7790-V
Chipset Q570 (Intel) B650 (AMD) 7790 (Intel)
Memory support DDR4 DDR5 DDR5
Price ($) 154.00 187.17 239.99
Budget share 25.1% 17.9% 7.8%
RAM
Volume (GB) 16-24 32 48
Type DDR4-2400 DDR5-5200 DDR5-6400
Price ($) 37.00 119.99 239.99
STORAGE DRIVE
Interface SATA III NVMe PCle 4.0 | NVMe PCle 5.0
Read speed (MB/s) 500 7000 12000
Volume (GB) 240 500 2000
VIDEO CARD
Availability Integrated Integrated NVIDIA
GeForce RTX
4070 (12GB)
SUITABILITY
Electronic document v Excellent v Excellent v Excellent
management
Medical information system | v Acceptable v Excellent v Excellent
X-ray image processing X Limited v Acceptable v Excellent
3D MRI/CT reconstruction | X Notapplicable| X Limited v Excellent
Duration of operation (years) 3-5 5-7 7-10
CONCLUSION Basic office Universal Diagnostic
tasks solution centers
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Identified limitations:

e Outdated components: The extreme price optimization scenario
selected a 2008 processor. Filtering by relevance is required (excluding
models older than 5-7 years).

¢ Outdated platforms: Scenarios 1-3 selected platforms from 2008-2016.
An additional criterion for platform relevance is required.

e Lack of forecasting: The system does not take into account long-term
maintenance costs and the likelihood of failure.

e Static prices: Data in the Excel file may be out of date. Integration
with online aggregators is necessary.

Conclusions

The study confirmed the effectiveness of the adapted Saaty hierarchy
process for multi-criteria selection of computer components in medical
institutions.

The developed dynamic parameter balancing system with support for
locking individual criteria significantly simplifies the configuration pro-
cess compared to the classic method. Experimental validation on four sce-
narios demonstrated the algorithm’s high accuracy in tracking user-set
priorities. The difference in cost between the “Economy” (USD 612), “Ba-
lanced” (USD 1.045), and “Performance” (USD 3.084) configurations re-
flects adequate configuration scaling.

For medical institutions, this method allows for IT costs to be opti-
mized by up to 38% over three years of operation while maintaining the
required performance level. An economic analysis using the example of
the Drabivsky Center for PMD Research and Production (Drabivsky
Center for PMD) showed savings of USD 5.052 per eight workstations
over three years.

A comparative analysis with existing approaches (Hotline.ua, BRAIN.
com.ua, PCPartPicker, Telemart.ua) showed that the developed system is
unified, combining mathematically sound multi-criteria analysis, comp-
rehensive compatibility testing, dynamic parameter balancing, and cryp-
tographic configuration protection. At the same time, the need for ad-
ditional mechanisms was identified: filtering by component relevance,
setting minimum performance thresholds, integration with online price
aggregators, and a long-term cost forecasting module.

Further research areas include expanding the database through auto-
mated web scraping, adding a machine learning module to predict the
likelihood of component failure, developing a mobile app for quickly as-
sessing configurations, and scaling the system for corporate clients with
centralized IT fleet management.
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OINTMMI3ZALIZI BATATOKPUTEPIAJIBHOI'O
BVMBOPY KOMITTOTEPHIMX KOMITUIEKTYIOYUMX
HA OCHOBI AHAJII3Y IEPAPXIV

Berym. Y cratTi posriismaeThes mpobiieMa ONTHMMAaTbHOTO BUOOPY KOMITOHEHTIB JIjIs
[IepCOHAJIBHVIX KOMIT' IOTepiB y 3aKjIafiaX OXOPOHMU 3[I0POB’S B YMOBaX 0OMeXeHOTro
OrofpKeTy Ta MHOXKMHHWX KpUTepiiB OIliHIOBaHH:. BrsHaueHo, 1110 TpaauIliviHi MeToam
BIOOPY KOMITOHEHTIB, 3aCHOBaHi Ha eMITipMYHOMY J10CBifli a00 ITpocTOMY HOPiBHSHHI
XapaKTepUCTHK, € HeJIOCTaTHbO ePeKTUBHMMM ISl IIPUHATTS ONITUMaJIbHIX PillleHb
y cuTyanisix bararokpurepiayibHOro Broopy. OOIpyHTOBaHO 3aCTOCYBaHHS aallTOBAHOIO
aHaJIiTMYHOro iepapxiunoro npouecy Tomaca CaaTi K edeKTMBHOIO iHCTPYMEeHTY
I MaTeMaTUYHO OOIPYHTOBAHOIO OaraTOKpuUTepiabHOro BMOOPY KOMIIOHEHTIB
3 ypaxyBaHHSM TeXHIUHOI CyMiCHOCTi, eHepreTMYHOro OajlaHCy Ta IIpiopuTeTiB
KOPVCTyBayiB.
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MeTor0 cTaTTi € BUCBIT/IEHHS 0COOJIMBOCTEN a/TaNTallii MeTO/y aHaslizy iepapxi
Caari sik 11pobiieMn GaraToKpuTepiaIbHOTO BMOOPY KOMIIOHEHTIB KOMIT'IoTepa Ta
ZIeMOHCTpallisl IOTO ITPaKTUYHOTO 3aCTOCYBaHHS B KOHTEKCTi ontmmisarii IT-surpaT
MeOVYHVIX 3aKIa/liB 3 YpaxyBaHHSIM TeXHIYHOI CyMIiCHOCTI, eHepreTIIHOro OajlaHcy
Ta IVHaMiYHOro OajlaHCyBaHHS IIPiOPUTETIB KOPWUCTYBaUiB.

Metoan. AnaniroBaHuy MeToy iepapxiuHoro aHastizy Tomaca CaaTi 3acTocoBaHO
Iy1s1 OaraToKpuTepiayIbHOro BOOPY KOMIIOHEHTIB 3 ypaxyBaHHAM TeXHIUHOI CyMiCHOCTI,
eHepreTMYHOro OajlaHCy Ta IPiOPUTETIB KOPUCTYBaUiB.

PesynpraTn. [lomaHo cricTeMy myMHaMIi9HOTO OaslaHCyBaHHS BaroByx KoedillieHTiB
3 HiATPVIMKOIO OJIOKYBaHHS OKpeMUX TTapaMeTpiB, 1o 3abesredye MMOCTIVHY CyMy Bar,
mo pgopisuioe 100%, 30epiraroun mpu 11boMy HPOHOPIIIVHICTE PO30IIOKOBAHYIX
napameTpiB. Po3pobiieHo OaraTopiBHeBy cucTeMmy inbTpaliili KOMIIOHEHTIB 3
ypaxyBaHHSIM TeXHiuHOI cyMicHOCTi (cokeTiB, popM-pakTOpiB, THIIIB TaM’sATi TOIIIO),
eHepreTNYHOro dayraHcy cucreMu, pisnaHIX 0OMeXeHb Ta TPHOX PEXXVMMIB OIITVIMI3aLii.
ITpoBeneHo IeTayTbHVV IOPIBHSUILHIV aHaII3 HasBHYX ITIXOIB 10 BUOOPY KOMIIOHEHTIB
Ha YKpalHCBKOMY Ta CBITOBOMY PWMHKaX, KV BUSIBVB IXHI OOMe)XeHHS Ta IlepeBarm.

BucaoBok. HaBemeHO KOHKpeTHI IPUKIIaAN 3aCTOCYBaHHS MeTOy Ipu Bubopi
Hporiecopa [jIsl 3aKjIafly OXOPOHM 3[0POB s, 110 HIeMOHCTPYIOTh YOTUPH ClLieHapil 3
pisHMMM OpiopUTeTaMM MapaMeTpiB Ta TphOMa peXmMamy onTmmisariii. Excriepu-
MeHTaJIbHa BaJsliJlallis MigTBepausia BUCOKY TOYHICTh aJITOPUTMY Y BiICTeXeHHi
BU3HAYEHNX KOpucTyBadueM IpiopureriB. IlpoBemeHo aHaji3 eKOHOMiYHOT
edexTMBHOCTI PO3pO0IEHOr0 CUCTEMHOTO 3aCTOCYBaHHS, SKWUV IIPOAEMOHCTPYBAB
HOTeHLinHy eKoHoMito o 25% IT-GromkeTy mJIs 3aKiIafiB OXOPOHM 3IOPOB Sl IPU
30epexxeHH] HeOOXiTHOrO piBHA IIPOLYKTUBHOCTI.

Katouo6i caoBa: memoo ananisy iepapxii Caami, baeamoxpumepiasvnuil 6ubip, 6ubip
KOMNOHEHMIB, 3axaadu oxoporu 300po8’s, OunamitHe OaIAHCYBAHHA napamempib, onmumisayis
piwens, IT-ingppacmpyxmypa.
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3abe3neuenns inmeponepabesvnocmi 6 CKAAOHIU CHMPYKMYPHO-IEPAPXIUHIL CUCTIEMI
KiAbKICHO20 OyiHI0BanHA 300p06°a 3 ypaxyBanHAM HAABHUX MOOeAbHUX YABAeHb U000
cmpykmypHux ocobaubocmeil inmeponepadesbHoCII.

Pospobaero komn tomepry cucmemy kiavkicHoeo oyin106anHs 300po8’s ma 110eo ckiadHukib,
a4 mMaKox cuciemy niompumku peabisimayinnux piwens 3 ypaxybaHHAM nepcoHALbHUX
xapaxmepoao2iunux 6aacmubocmeil 3a BuKopUCMAnHA NPUHYUNY THMeEpOonepabesbHOCHI.

Buxopucmanma npunyuny inmeponepabeavHocmi npu po36’a3anui npuxiadnux 3aoau
yugppoboi meduyunu dae Moxaubicmo 3abesneueHns 63aemo0ii AK oKpemux Mmooyai6 6
KOHKPeIMHUX Npoepamax, iHgpopmayis 6 AKX pisHOAKICHA, MICHUMb Pi3HI MUnu 0aHuxX, max
i 630€M00ii npoepammoeo 3abesnetents, cmbopeHoeo 3a pisHux Mo6 npoepamybanns, i nompedye
Y3200)KeHHA NpU pearizayii iHghopmayitiioeo 0OMiHY MK YUMU NPOPAMAMU.

Kmiouosi cnosa: inmeponepabenviicrmy, Kamezopisi 300p06’st mo0UHY, iHPOPMAUILIHO-CIPYKImypHe
MO0e/08aAHHS 300p08's, NPUHYUN iEpapxiuHOcmi Xapakmep ocoducmocmi, peabinimayitini
3axX00U, KoMN OMepPHA Peani3auis, yuPposa MeoUyUHa.

Beryn

Po3BUTOK KOMIT' TOTEPHVIX TEXHOJIOTIV, IIpOrpaMHOro 3abe3neueHHs, popm
i crtocobiB 30epiranHs, oOpoOiIeHHs Ta PO3IIOBCIOIKeHH iHdopMarlIil
BU3HA4MB IIVMPOKe BIPOBAKEeHHS BeJIMKOI KiUIBKOCTI Pi3HOMaHITHMX
iHdopMarIiTHMX CCTeM SK BEeIMKOMACIITaOHMX — B €KOHOMIlL, piHaH-
COBiVI cdpepi, B IPOMMCIIOBOCTI, TaK i JIOKAJIBHMX, Oe3rocepeHbO OB s-
3aHMX 31 crern@ikoo po3s’d3aHHS KOHKPeTHIX IIPUKIIaIHMX 3a1a4. B To-
My umcyii HaOyJIM akTyaIlbHOCTI ITPUKIIaHI KOMIT IOTepHi pO3po0OKM B Me-
ovaHi cdepi, B Basteosioril, mudposin MequIHI, sKa Oe3roceperHbO
T10B’s13aHa 3i 3[JOPOB’SIM JTIOIVHI, TI0TO IIiITPVMKOIO Ta 30epexxeHHsM. Lle
BIIKPWIO HOBI MOJMJIVBOCTI y PO3B’SI3aHHI peayIbHMX 3afad MiITPUMKNI
HNPUVIHATTS pillleHb i, B TOVI XKe Yac, IIPU3BeJIo 40 YCKJIaJHeHH 4K IIi/], yac
ix po3poOieHHs, Tak i mix yac BuKopucTtaHHsd. CKIaJHOCTI OB s3aHi 3
npobsieMaMy 3abe3IiedeHHs B3a€EMO/IIIl SIK OKpeMMX MOJIYJIiB B KOHKpeT-
HIX IIporpamax, iHopmaliisi B aK1x pi3HOsIKiCHa, MiCTUTB Pi3HI TUIN
IlaHMX, TaK i B3a€MOZil IMpPOrpaMHMX CUCTeM, CTBOPEHMX 3a Pi3HMX MOB
IporpaMyBaHHsl, 10 TeX IoTpelye ITij] Yac peasisallil indopmarrintHoro
0OMiHy MK VMM CHICTeMaM.

B cyuacHomy indopMaminmHOMy IIpocTOpi IIMPOKO BUKOPUCTOBYE-
TbCs TepMiH [HmeponepabeavHicms — 1ie KIIIOUOBU T€PMiH, AKMUI O3HaYa€e
3JATHICTB A0 B3a€MOZIl pi3HMX CUCTeM, peasTi3oBaHy Ha 0asi craHgapT-
HVIX IpaBWI Ta YHidikoBaHMX iHTepdericiB, 1110 Hajae MOXJIMBICT 00-
MiHIOBaTHCs iHdOpMalli€ro Ta OCMMCIIEHO ii BUKopucToByBaTit. L1t mpo6-
JIeMaTUII IPUCBSYeHO BeJIVKY KiIbKicTh ImyOrtikantivi, Hanpukiiazn [1-7],
B SKVX IIPOBeIeHO OIVIAL i aHasli3 JIOCSATHeHb B Lin cdepi MisUIBHOCTI 3
ypaxyBaHHSIM cIelndiky BUKOPUCTaHHH, 3allpOIOHOBaHO iHdOpMa-
LIVTHO-CTPYKTYPHY MOfellb iHTepoIlepabeIbHOCTI, 1eTajIbHO OIMCaHO Ii
HNPVHILIVUIIOBNMI Oa3yc i MOXKJIMBOCTI BUKOPVCTaHHS.

3a3HauMMo, 1110 iHpOpMaIIiiHi crcTeMI, SIKi CTBOPIOIOTBCS B MeI4-
HVX Ta Oi0JIOTIYHMX JOCIIIKEHHSX, MAlOTh BiATBOPIOBATY IPVHIIUIIOBI
BJIACTMBOCT] peayIbHUX CHUCTeM, I AKUX BOHM ITpusHadeHi. OCKUIbKM
30POB’ s JIIOAVHY 3a0e3I1euyeThcs 3aBIsaKM 30a1aHCcOBaHil, 371aro/KeHin
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63aem00ii PyHKITIOHYBaHHS CKITQJIOBVX KOMIIOHEHT Ta ITpOIleciB B Oopra-
Hi3Mi — IIi 0cOOIMBOCTI ITOBMHHI BpaxoByBaTHCs i IIif] 9ac po3pobrieHHs
BiITIOBIIHIX KOMIT JOTEPHMX CUCTEM MiATPVUMKM IPUIHSTTS pillleHb y
IiarHOCTUIII CTaHy 3/10poB’s i y 11oro migrpumiii. KoM rorepHi cucremn,
AKi pO3pO0JIAIOThCA I MiATPUMKI HPUMHSTTS pillleHb 3a AisUIbHOCTI,
IO I10B si3aHa 3i 37I0POB M JIFOIVHM, MalOTh CKJIaJHYy CTPYKTYpY i cKJla-
AIOTBHCS 3 BEJIMKOI KIJIBKOCTI B3aEMOIIMHMX IIifcmcreM, 1o o0 enHaHi
IIJIS IOCSITHEHHS MeTH TIeBHOIO CYKYITHICTIO 3B S3KiB 1 IIpaBwiI PyHKILiO-
HyBaHHA. EpeKTUBHICTD TakMX KOMII IOTEPHMX IIPOTPaMHMX CHUCTEM 3a-
JIEXWUTH BiJ] TOro, HACKUIBKM SIKICHO B HUX peaJIi3oBaHi IIpoliecy B3a€MO-
mif Ta oOMmiHy gaHuMuM. i1 3abesreueHHs 30a1aHCOBAHOI B3aeMOZIT
MOJIYJIBHOI CTPYKTYpPU iH(OPMAIIiTHO-KOMIT IOTePHIX CUCTeM, SIKi CTBO-
PIOIOTBCSL 3a PO3B’s3aHHS 3a/la4 B MPUKIAIHNX PO3poOKax HudpoBol
MeAUIIVHY, II0B sI3aHMX 3 OI[iHIOBAaHHSM Ta IIATPUMKOIO 3[I0pOB’s, 0-
LIUTBHUM € BUKOPMCTaHHS TeXHOJIOTII iHTeponepabeslbHOCTI. 3aBIaHHA
HAIIIOTO IOCTI/PKeHHsI — OOIPYHTYBaTM AOLUIBHICTE Ta HEOOXigHICTh
BUKOPUCTaHHS MeTOIOJIOTII iHTepoItepaOeIbHOCTI IIpM PO3poOILi CKITafI-
HUX iHopMaIlivHNX crucTeM 0ioIOTiYHOI Ta MEIMYHOI CIIPSIMOBAHOCTI;
cpopmyITOBaTHI OCHOBHI IOJIOKEHHS 3a0e3IleueHHs iHTepoIepabeb-
HOCTI B CTPYKTYPHO-i€papXiuHil cucTeMi KUIbKICHOTO OIiHIOBaHHS 3/10-
POB’S 3 ypaxyBaHHSM HasiBHVX MOJEIbHVX YsBJIEHb OO CTPYKTYPHMX
ocoOmBoOCTeN iHTeporiepabeIbHOCTI; BUABUTY METOIOJIOTiUHI IPUHIIN-
M iHTeponepabesIbHOCTI B po3po0sIeHint KOMITIOTepHIiN cucTeMi Kijlb-
KiCHOTO OILiHIOBaHHS 3I0POB’s Ta VI0r0 CKJIaIHVMKIB B KOMIT IOTepHil cmc-
TeMi MiATPUMKM peabiliTalliviHMX pillleHb.

IMonsTTA iHTepOonepabeTbHOCTI 3 IBVIIOCS y 3B 513Ky 3 HEOOXiIHiCTIO
MPaKTUYIHOTO 00’ €JHAHHS MOJYJIiB, KOMIIOHEHTIB i rporpam [1-3]. IaTepo-
repalesIbHICTh, — 1€ MOXJIMBICTD B3a€EMOZII ABOX a00 OiIbllle KOMITOHEH-
TiB, IIporpaM i cucteM 1 0OMiHy iHdOpMalli€ro i BUKOpPUCTaHHS i A1
partioHasIbHOI opraHisariii oourcizens. OCHOBY iHTeporrepabeTbHOCTI CKIa-
IaloTh Habopu cTaHAapTiB iHdOpPMaIliTHO-KOMYHIKaITiTHVX TeXHOJIOTIIA.

BinmosigHO 110 3araJIbHOIPUITHATOIO BU3HAYeHH:, [JaHOTO OpraHi-
3alisiMu 3i cTaHIapTU3aLil «...iHTeporepabesIbHICTE — IIe 30aTHICTh JBOX
abo Oisblire iHpOpMaLITTHMX CHICTeM a00 KOMITOHEHTIB 10 0OMiHY iHdOop-
Malli€fo Ta BUKOPUCTaHHS iHdOopMallii, OTprMaHOI B pe3yyIbTaTi OOMiHy»
[4]. ITpu mpomy 3abe3reueHHs iHTepoIlepabesTbHOCTI CKIaJHMX CUCTEM
peatisyeThes 3aBIsKM po3po0IIeHHIO CTaHAAPTiB iHPOpMaIIiTTHO-KOMYHi-
Karinamx texHosorin (IKT-cranmapris/npodistiB), BinmoBigHMX IpoOTO-
Kos1iB, Tomo. Lli po3pobkm Hapasi gyke akTyaIbHi, IIVPOKO IIpesicTaBIIe-
Hi B MOHOTpadisX, KOHKpPeTHMX ITyOsIiKallisx, aucepTalliiHnx poboTax,
HayKOBMX 3BiTaX. 3arocTpeHHs Ipo0JIeMy TeXHIYHOI CyMiCHOCTI pi3HMX
3acobiB mepenaui i 0Opobkm iHdoOpMartii, iHTepdericiB 3acobiB 3B’ 3Ky
CBiIuUMTh B3arajii po m1o0ajbHy IIpobsieMy po3poOKM IPVHIINIIB, Mifl-
XO/1iB, MeTO/iB iHTepoIIepabeTbHOCT.

ITpobrema B3aeMopil OKpeMyX KOMIIOHEHTIB iCHye B OLIBII IIMpo-
KOMY acleKTi 1 Ha Pi3HMX piBHAX IOCI/KeHH CKJIaJHMX CUCTeM B pasi
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3a0e3IleueHHs] B3a€MOY3TOKeHOCTi, B3a€EMOPO3YMIiHHS Ta OXOIUIIOE He
TUIBKM TeXHiUHi acIleKTV B3a€MO3B s3KiB MK pi3HOgKicHUMM iHdopMa-
nivHMMN cKIagHuKami. Iig yac pospo0iieHHs CKIaHMUX CUCTeM Heob-
XiZTHO 30aJIaHCOBaHO BPaXOBYBaTW NPUHYUN iHme2pobaHocmi — IiTiCHOCTI,
CUCTeMHOCTI i npunyun inmeponepabesvrocmi — QPYHKIIIHOI B3aeMOIl
MiX yciMa CKJIaJJOBUMM IIUTICHOI CTPYKTYPY CUCTEeMU, SIKY PO3POOIISAIOTE.

B GaraTpox HOCTIIKEHHSX i HayKOBO-TEXHIYHMX PO3POOKax BUKO-
PVICTOBYIOTB TaKi IIOHSTTS SIK iHTepoIiepaleTbHICTb i cymicHICTB, ajte 9iT-
KOT pisHMII MK HUMM He IpoBOIAiT. IIlo crocyeTbTes 1150r0, TO iHTepo-
repalesIbHICTh € OUIBII IMPOKMM HOHSTTSAM HIDK CYMICHICTB i BpaxoBye
He TUIBKM caMy MOXJIVMBICTh B3a€MOZIIT Pi3HMX CHCTeM i IX KOMIIOHEHTIB,
ajie I TeXHOJIOTi4UHi IlapaMeTpwu, siKi 3a0e3redyroTh el OaraTodyHK-
LIIVIHW 3B  SI30K.

B omspax €Bpornericbkoil KoMicii 3a3Ha4a€eThC, 10 MOHATTS iHTepo-
nepalesIbHOCTI B OaraTbox KpaiHax pO3IVISIAcThCs K HeBil eMHUI ejle-
MeHT 11 poBoi TpaHcOpMalil XUTTEAIIIBHOCTI CYCIIUILCTBA B Pi3HUX
acriekTax [6, 7]. OcobmmBoI aKTyaIbHOCTI HaOyJI0 BUKOPUCTAaHHS IIHOTO
TepMiHY B 3B’ 43Ky 3 IIOSBOIO i PO3BUTKOM MepeXi iHTepHeT, sIKa € BeJIMKIM
reTeporeHHMM iH(OpPMaLIiVIHIM cepeIoBUIIeM, iCHyBaHHS sIKOro 6e3 pe-
asTizari B3a€MO3B SI3KiB HEMOXKJIVBE B3arasli.

HeoOxinHicTh 3a0e3nedeHHsI iHTepollepabesTbHOCTI i TpaKTyBaHHS
PI3HOMaHITHMX B3a€MO3B SI3KiB B CKJIQTHMX CHCTEMaXx, III0 PO3pPOOIISIOTh-
Cs1, CIIOHYKaJIo JOCITIHMKIB ITpOBecTM 1X KilacudikKalliro Ta 3aIllpOIIOHYyBa-
TV MOXUIMBI THIIN 1 piBHI peastizariii. [5-7, 8 ].

Indopmarnirtaa (omicoBa) Moaens iHTeponiepabesbHOCTI. [Tpobite-
Ma 3a0e3reueHHs iHTeporiepabeIbHOCTI € TOCUTh OaraTorpaHHOIO, OXOII-
JTI0€ 0e3JTiu pi3HMX acIleKTiB, sSIKi MOXKHA PO3IIIsiaT Ha TaKMX PiBHSIX: Op-
raHialinmHOMy, CMHTaKCMYHOMY, CEMaHTUYHOMY i TexHiuHOMY [5, 9-11].

Ha opeanizayininomy piBHi iHTeponiepabesibHICTh 3a0e3meuyeTbes per-
JTaMeHTalli€f0 BUKOHaHH: 3araJIbHVX BUMOI: MeTa, 3ajladi, CTpareris, Iula-
HV; BCTAHOBJIIOETHCA IIOPSANOK B3a€EMOZil MK HiAIOPAIKOBaHMUMM 3a-
raJIbHi MeTi iHpOpMaliTHO-KOHIIENITYJIbHVMW CTPYKTypaMu, BUMO-
ramu, ToIro [8].

Ha cunmakcuunomy piBHi — iHTeponepabesIbHICTh peasli3yeThbcs 3aB-
I4KY po3poOLli cTaHIapTiB, popMaIbHIX IIpaBWI, BiAIOBiIHOCTI dpopma-
TiB 1 MPOTOKOJIIB Iepefadi / OTpMMaHHS JaHMX, 3adiTHNX B pO3po0IIIo-
BaHVX CYICTeMaX J1jIsl YCIIIITHOTO OOMiHYy.

Cemanmuuna iHTeporiepabesIbHICTh — 3IaTHICTh KOMIIOHEHTIB, MOAY-
J1iB, 00’ €KTiB, 1110 B3a€EMOIIIOTH i YTBOPIOIOTH IIUTICHY CTPYKTYPY alleKBaTHO
iHTeprpeTyBaTu 3MicT iHdOpMaLlIlil, IKOI0 BOHM OOMIHIOIOTBCH, 3a0e3I1e-
JyBaTU «B3a€EMOPO3YMIiHHS» 3 IIeBHOIO TOUYHICTIO, YHUKATV HEOJHO3Ha-
HOCTI TJIyMaueHb.

Ha mexniunomy piBHI popmaitisyroTbes mporiecy iHopmarlliHol B3a-
€MOJIIT MK TEXHIYHMMM CHICTeMaMM, TeXHIYHVMM 3aco0am, arlapaTHUMM
Ta MPOrpaMHVMI KOMIUIEKCAMI 3 YpaxXyBaHHSIM OCOOIMBOCTEN! peaslisa-
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MO, 1110 TeXHiuHa iHTeporiepabesIbHICTh — 30aTHICTB 110 0OMiHY iHdOpMa-
I1i€F0 MK CHICTEMaMM, 3 BUKOPVCTaHHSM IIPOrPaMHO-TeXHIUYHMX 3aCO0iB.

Levt IpMHITNII CTPYKTYPyBaHHS MU BUKOPVMCTOBYEMO IIJIsl PO3B’si3aH-
Hs 3a71a4 0ioJIOTivHOI Ta MeIMYHOI CIIPSIMOBAHOCTI, ITTO IiABUIIy€E edek-
TUBHICTb HiATPUMKN IIPUVHATTS BIANOBIIHMX JIarHOCTUYHUX Ta Kepy-
BJIPHMX PillleHb [JIs OL[iHIOBaHHS Ta IIIATPUMKM 3[O0POB’ S JIIOAVHNI B
IIiJIOMY Ta VIOTrO CKJIaJIOBVIX.

3amadi KiJTbKiCHOTO OITiHIOBaHHS 300POB s
B KOHTEKCTi iHTeponepabeIpHOCTI

ITorysa Ha 3MOPOB’st Kpish IpM3MY i€papXitHOCTI MOXKHA TIOAATH SIK CTPYK-
Typy peaJIbHOI JOCI/IKyBaHOI IIpeIMeTHOI 00J1acTi (3MOpOoB’sl), OCHOBY
SIKOI CKJTQIAIOTh TPV HaMBa XK IMBIIIVIX CKITQTHVIKI: (PI3VTUHI, TICVIXIIHUT
Ta COITiaJTbHUVI, KOXKEeH 3 SIKMX 31 CBOro 00Ky 0a3yeThcs Ha CyKyITHOCTI ITifI-
cucTeM 3i CKJIaHOIO, Ay’Ke PO3rayly’keHOI0 Mepexkero 3B s3KiB. Koxen
CKJIaZIHVMK Mae€ IeBHY iHopMalliiiHy IIiHHICTb i 9K CAMOCTIVIHI eJIeMeHT,
i SIK TaKM¥1, 110 TIOB I3aHUM 3 yCiMa iHIIMMM y IIUTICHOMY HepO3IiIbHOMY
KoMmruiekci. OkpeMi MOyl 11i€l crcTeMn pO3ITIANAIOTHECA B KOMIUIEKCI 3
YCi€F0 CKJTaIIHOIO apXiTeKTYPOIO B3a€MO3B’ I3KiB II[O/I0 3[0POB’ s JIIOAMHN B
1IJIOMY, JIe MOJKe HaJlaBaTVCh IIPiOpUTeT Ha IIeBHOMY eTalli JI0CITi/)KeHb.

Po3BUTOK KOMIT'IOTEPHMX TEXHOJIOTiV, IIPOrpaMHOro 3a0e3eueHHs,
dopm i criocobiB 30epiraHHs, 0OpoOIEHHS Ta PO3MOBCIOIKeHH iHOP-
Mariii B 1mdpoBint MeAUITMHI BiJ3HAUeHO IIMPOKMM BIIPOBAII)KEHHSIM Be-
JIVKOI KUJTBKOCTI pi3sHOMaHITHVX iHOpMalinHmx crcteM, Oe3rocepeIHbO
OB g3aHMX 3i crerndikoo po3B’s3aHHS KOHKPeTHUX IPUKIaIHUX 3a-
nad. B Tomy umciti HaOysm akTyaJIbHOCTI ITPUKITIaHI KOMII IOTepHi pos-
POOKM B JiarHOCTMYHIN MeAMYHIN AisUIPHOCTI i B Basteosorili — cdepi,
sKa Oes3ItocepeIHbO ITOB’s13aHa 31 37I0POB’SIM JIIOVHM, VIOTO IiATPUM-
KOIO Ta 30epexxeHHsIM. Lle BiKpmIo HOBI MOXJIMBOCTI y pO3B’si3aHHI pe-
JIbHMX 3a7]a4 IMATPVMKY IIPUHATTS PillleHb i, B TOV e 4Yac, IIpu3BesIo
10 1X YCKJIaJIHeHHs IIif] 9ac po3po0iieHHs Ta BUKopucTaHHs. Lle ycxian-
HeHHs II0B'g3aHe 3 IIpo0OsieMaMm 3a0esreueHHs! iHTepollepalOeIbHOCTI,
TOOTO B3a€MOJIiT i CyMiCHOCT] SIK OKpeMX MOIYJIiB B KOHKPETHMX IIporpa-
Max, iHopMmallisd B aKMX Ppi3HOSIKiCHa, MICTUTB Pi3HI TUIIM IaHMX, TaK i
B3a€MO[Iil IIpOrpaMHOTO 3abe3IleyeHHs, CTBOPEHOIO 3a Pi3HMX MOB ITPO-
rpaMyBaHHs, 110 TeX IoTpebye y3rofpkeHHs B pasi peastizariil indpopma-
LIIVIHOTO OOMiHY MDXK LIVIMM IIpOrpaMaMI.

Komm'rotepHi crcteMu, sKi po3poOISIOThCS IS MIATPVIMKM IIPUTL-
HSTTS pillleHb 3a JisUIbHOCTI, IIOB $I3aHOI 31 3I0POB’SIM JIFOAVHY, MalOTh
CKJIa[JHy CTPYKTYpPYy 1 CKIaJlalOThCd 3 BeJIMKOI KUIBKOCTI B3a€MOLIVTHMX
IiZICVICTeM, 110 00’€HaHi [Id TOCSTHEHHS MeTV IIeBHOIO CYKYIIHICTIO
3B"sA3KiB i IpaBwwI PyHKIIOHYyBaHH:. EQeKTMBHICTh TaKVX KOMII IOTePHMX
i IIporpaMHMX CUCTeM 3aJIe)KUTh Bifl TOTO, HACKUIBKM SIKICHO B HUX pea-
JIi30BaHi ITpoliecy B3aeMOIil Ta OOMiHY JTaHVMM, iHaKIIle — SIK BUKOHYETh-
cs IPUHIMI iHTeporepabeIbHOCTI. 3a3Ha4MMO, 10 TaKy MeTOJI0JIOTiIO,
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Ha SKiVl IPYHTYETbCS NPUHIIMIIOBO-3arajbHa OIICOBa MOJEb iHTepo-
1epaOesIbHOCTI, IIPO SIKY WMIIUIOCS BUIIle, MOXKHA CIIPOEKTYyBaTU Ha CUCTe-
MW JIOKaJIBHOTO PiBHS peastizallil crieriaJibHOro NpusHadyeHHs. Y HallloMy
BUIIAJIKY Ile — CHCTeMa KiJIbKiCHOTO OIIiHIOBaHHS 3[I0POB’ s JIFOIVIHY, SIKiTt
MW OPpUIUIVUIV 3HA4YHY yBary.

310poB s JIIOAMHY K CUCTeMa Ma€ CKJIa[IHY iepapxiuHy CTPYKTypy,
posrajiy>keHHsI SKOI I'PYHTY€TbCS Ha TPbOX OCHOBHMX CKJIQJIOBUX (CTa-
Tycax): pi3svuHiN, NCUXivyHil i colLiayTbHIN, KOXXHa 3 SKMX 31 cBOro OOKy
Mae Oe3J1iu mifcmcTeM, MOMYJIiB, MOKa3HMKIB. BogHouac, opraHisariivtammi
piBeHb iHTepoIlepaOeIbHOCTI I CUCTeMM KUIBKICHOTO OIliHIOBaHHS
37I0POB’ s TIOJISATA€E B po3po0sIeHHI caMOl KOHIIEIIIiT OIliHIOBaHHST — TOOTO
B iepapxiuHiil CTPyKTypi opranisamii mociimkeHHs. Po3pobrienHs iH-
dopmariivtHol Mozesli OIiHIOBaHHS 3[0POB’d JIIOAVMHM 3 ypaxyBaHHIM
0co0JIMBOCTEN 1100 (Pi3MUHOTO Ta IICUXOCOLIAJIBHOTO CTAaTyCy 3 BUKOPWC-
TaHHAM TeXHOJIOTII iHOTOMyBaHHS, sIKa € BipTyaJIbHOIO i€papXi€ro CTPYK-
TYPW CTaTyCy 3[I0POB s, 1110 OXOIUIIOE caM CTaTyC, IOr0 KOMIIOHEHTH, CKila-
JI0Bi KOMITOHEHTIB CTaTyCy, IIOKa3HUKM (PYHKITIOHYBaHHsS KOMIIOHEHTIB
[12]. BarayibHY CTPYKTYpYy OpraHisarlil 1OCiIikeHb IT0faHo Ha puc. 1.

Cunmaxcuunuil pibers iHTeporiepabeIbHOCTI, Y HAIlIOMy BUIIAKY, 3a-
Oe3nedyeThbCs 3aBISAKM CIIelliaIbHO PO3PO0IIeHOMY CMHTAKCUCY — METOMY
HopmyBarna pisHosKicHMX mokasHukis MHYPI, axnn 3afgae meTpruny Bu-
3HAYeHiCTh MOKAa3HMKIB, CTOCOBHMX 300poB s monanuu [13, 14]. Otxe, 3a-
BSAKY IPpOLleAypi HOpMyBaHHs, Pi3Hi IIKaIM BUMipOoBaHb TpaHCHOPMY-
IOTBCS B €IVIHY HOPMOBaHY IIKaJTy, PO3AUIbHI ITO3MIIIT IKOT 3MiHIOIOThCSI B
miarmaszoni [0-1].

Cemanmuunuil pi6ens — Ha OCHOBI pO3pO0JIEHOI0 CMHTaKCUCY, (HOP-
MYBaHHS) KU € 0a3010 I «B3aEMOPO3YMIHHS», PO3IIIANAIOTECS JAaHi,
1110 BUMIipIOIOTBCS B Pi3HUX OAVHUIIIX B €AMHOMY CMICIIOBOMY mori. Lle
Jla€ 3MOIy IIOpiBHIOBAaTW iHTEHCHBHICTB [Iil ¢i3io/IoriyHmXx ITOKa3HMKIB,
sIKil BUMIPIOIOTBCS B Pi3HMX OOVHUILIAX, 3a34aJIeriIb OLIHUTY B KOMIUIEKCi
CWIy IIPOsABY B3a€MOJIil pi3HMX 3a IpU3HaYeHHsAM (i3ioIoriuHmx ITifi-
crcTeM PpisHOTO piBHA iepapxii. lle 3abe3neuye MOXIIMBICTH 3pO3yMisTol
KOpUCTyBadeBi iHTepIipeTalil 1100 B3a€EMOY3IOIKeHOI IHTeHCHMBHOCTI
B3a€MOJIil MK KOHKPEeTHMMM ITiICHCTeMaMV Ta IXHIMV CKITaJOBVIMIL.

Taxuit npyHIMI 3a0e3redeHHs B3a€EMO/Iil, 3 ypaxyBaHHAM PiBHiB iH-
TeporepabesIbHOCTI, 3a3HaUeHNX BUIIe: OpraHi3aliiHOMy, CMHTaKCI4-
HOMY, CeMaHTUYHOMY i IIPOrpPaMHO-TeXHIYHOMY 3a KUIBKICHOIO OIiHIO-
BaHHS 3[I0pOB’s i 110T0 CKJIaIHMKIB, paHillle IIPOrpaMHO peasli3oBaHO y
KOMIT I0TepHin mporpami «Excrpec giarHocTrKa» cucTeMi eKcIipec fia-
rHOCTVKM cTany 3nopos’s (CEC3) [15].

Opeanizayinnun pibens CE[1C3 3abe3redyeThcs 3aBAsSKM pO3pOOILTi CTPyK-
TYPHO-aJITOPUTMIUHOI CXeMU CUCTEeMM, siKa I'PYHTYETHCS Ha PeJIALiiHin
6asi maHVX, KOMIIOHEHTH IKOT MOXKHa YMOBHO PO3IUINTHU Ha AiarHOCTIY-
HOI Ta KOPUCTyBaJIbHMIIbKY Karteropii. Ilim xareropiro miarmoctmyHoi
KOMITOHEHTV YKJIaJjaeThcs HeoOximummt Oasvc, AKuit 3abe3reuye mpoliec
IIarHOCTMKYM Ta ITOAaHMN SK HaOip TabiInile, M0 MICTATH HaIIPSMU TOC-
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TexHOJIOTisI OLIiHIOBaHHSA CTaHy
O0’exTHBHe OIiHIOBaHHS: JTabopaTopHe 0OCTeXeHHs,
Cy6’eKTHBHe OIiHIOBaHHS: TeCT-ONUTYBaHHSA
Obpobka marHmMX
HopmysanHs, GaraToMipHe ITKaTIIOBaHHS, CMHTe3 TiarHOCTUYHWX MOJIeie
InTepnperanisa BucHoBKM

Puc. 1. 3araji-Ha KOHIleNITya/IbHa CTPYKTYpa OpraHisarlii JJoC/ i KeHHs

JIDKeHb, TecTU-3allTaHH«, NMUTaHHA Ta BapiaHTu Bignosimen. Kopuc-
TyBaJIbHUIIPKA KaTeropis 0as3m 3MiViCHIOE MOXJIMBICTH (pikcyBaTu HaHi
KOKHOT'O KOPMCTyBayda, BKJIFOYHO 3 OTPUMMaHWMMM pe3yJIbTaTaMi 3 KOM-
IIOHEeHTaMU JiarHOCTUK.

Cunmaxcuunuil pibens cuicremu CE[IC3 11e — MOBU IIporpaMyBaHH:,
HeoOXiIHI /TS pallioHaJIbHOI OpraHisallil CKJTaiHOI apXiTeKTypu 3B I3KiB
po3pobiteHoro komruiekcy. (Mosu mporpaMyBaHH Ta 38" 13K MK HUMM).
Cucremy peastizoBaHO Ha 00’ €kTHO-OpieHTOBaHMX MoBax PHP, JavaScript,
Ha 6as3i Texnortorii AJAX ta MySql.

Ha cemanmuunomy pibui xomm ' 1orepHa nporpama CEJIC3 mporonye
KOpHUCTyBady Habip creliajibHO po3poOsIeHVX aHKeT, BiloMIx TecTiB Ta
METOIVIK JiarHOCTMKM Ta OIL[iHIOBaHH: KOMIIOHEHTIB, CKJIaJIOBMX Ta II0-
Ka3HMKIB IICVXiYHOTO, Pi3MUHOro Ta coliajibHOro crarycis. Crcrema exc-
Ipec-1iarHOCTVKM Ja€ 3MOr'y Ha Iijicrasi 1moHa 70 MoKa3HMKIB caMOOITiH-
KV KOPUCTyBadeM CBOI'O IIOTOYHOIO CTaHy B peaJIbHOMY Yaci «TyT i 3apas»
BUBECTY KUIBKICHUV iHAEKC 3[0pOB’d 3 ypaxyBaHHSIM ocoOimBocTen di-
3MYHOI0, IICUXiYHOTO Ta COIiaJIbHOIO CTAaTyCiB 3[0pOB’sl OpraHismy Ta
ocobmcrocTi. ITiciist mpoxomkeHHs MEeTOAMK TeCTyBaHHS IIporpaMa peajti-
3ye Ha 0asi 3a3HaueHVX MOB IPOrpaMyBaHHs HAOUHY BisyasIisallilo 3BiTy 3
HaJlaHHSM IIeBHMX BepOasIbHVMX BVCHOBKIB iHTepHpeTyBaTW KiIbKiCHY
Mipy OIliHIOBaHHS 3[I0POB’Sl Ta IOT0O CKJIA/IOBVMX 3aBISKM pO3POOIIeHin
IIpoIeAyPi HOpMyBaHHSL.

Texniunun pibens iHTeporiepabesIbHOCTI — piBeHb, Ha IKOMY BUKOHY-
€TBbCS aJIFCOPUTMIUHO-TIPOrpaMHa peaslisallis IpaBwl i IIponenyp Wi 3a-
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OesrreueHHs B3a€MOJIII Ta Iepefadvi JaHMX, pO3pOo0JIeHNX Ha TPhOX II0ITe-
penHix piBHAX, — OpraHi3aliiHOMY, CMHTaKCMYHOMY i CEeMaHTUYHOMY.

ITporpamse 3abesneuenns: CE[IC3 criogyatky Oys1o CIIpOEKTOBaHO Tak,
11100 BiTOKpeMUTM Mpoliec KiTbKiICHVX pO3paxyHKiB BiAIOBiIHMX iHAeKCiB
3a IepBUHHMMM JTaHMMM BiJl mpolecy 300py manmx [16]. YV Takin apxi-
TeKTypi 00UMCITIOBAJIbBHOIO KOMIIOHEHTOIO CTBOPEHOT0 IPOrpaMHOIO 3a-
Oe3mneyeHHH € A1po (engine), sKe MoXke Oy TV BUKOPVICTaHe i B KOMIUIEKCi
3 iaJIoroBoI0 KOMIIOHEHTOIO — [IJIsI iHTepaKTMBHOIO TeCcTyBaHH:, i Oe3
Hel — JIJId ITaKeTHOI 00po0OKM eKcriepyMeHTaIbHOI'O MacuBY.

JJ1s JIOKaJIbHOTO BUKOPMCTaHHSA CTBOPEHO JOJaTKOBUM 1HCTaIALIN-
HUV ITaKeT, KMV BCTaHOBJIIOE BipTyabHUM cepsep WAMP (3a ymoBmM J1i-
tiensii GNU), mepenmicye dpavui CE[IC3 Ta BcTaHOBIIOE Habip HEBEIMIKIX
KOMIIUTbOBaHMX IporpaM. IIporpamu nigrpumkm sanycky CEIC3 peaiti-
soBaHi Ha C#. IxHe KOpeKkTHe BUKOHaHHs BUMarae HasiBHIiCTH Framework
2.0, y 38’43Ky 3 IIOCTiVIHVMM 3BepHEHHSM 10 Hboro. ToMy 1Iif, gac 3amycky
CEJC3 nporpaMmn HigTpVIMKM IIePeBipsiOTh HasBHICTH i poOOTy HeoOxin-
HVIX 3aITyIeHnx cayx0 httpd i sql, i Ha maTdopmi wampmanager 3arycka-
10Tb cTBOpeHUN crentiasibHo nin CEC3 stokanbHM Opaysep, 110 BUKO-
pucTosye snapo Internet Explorer’a.

Mopens CE[IC3 moOynoBaHa 3rigHO 3 TiOpWMIHMM IIiIXOIOM, KW
Ila€ 3MOTy IIPOXOAMTI eKCIIpec-IiarHOCTHKY B pexnMi on-line y rimobats-
HUX Ta JIOKAJIbHVMX MepeXXax Ta Ha IIepCOHaIbHOMY KOMII'IoTepi, IIpu
IIbOMY BUKOPWCTOBYETLCS €AVHMI IIPOrpaMHMUI KoMIulekc. Peasrizariia
PpO3po0sIeHNX aJITOPUTMIB Y KOMIT FOTEPHIMX Ta MOOUIPHMX JOJaTKaX Ja€
MO>JIVBICTh ITPOBOAUTI OOCTe)XeHHsI Ha IepCOHaIbHOMY KOMII IOTepi,
cMapTdOHI Ta B peXXnMi on-line y Mepexax, 1110 HifBUIIy€e epeKTUBHICTh
HiOTPVIMKIM CaMOCTIVIHOTO IIPUVIHATTS PpillleHb 3a KOHTPOJIIO Ta KOPEeKLIil
3710POB’ s JIIO[IVIHIAL

KomMmm'torepHa crcremMa peabiniTanintHol
OiATPUMKM 3 ypaxyBaHHAM 0cO0JIMBOCTeVI XapaKTepy
JIIOOVMHM B KOHTEKCTI iHTepoIriepabeIbHOCTI

AJITOpUTMIYHO-IIPOrpaMHi po3pOOKM eKCIIpec-/1iarHOCTVKM TPhOX CTaTy-
CiB 3[I0POB’S aJaIITOBAHO IS PO3B sI3aHHS aKTyaJIbHUX IIPUKIIaIHNUX 3aB-
IlaHb CTBOPEHHS CUCTeMI BUOOPY pealuIiTalliiHIX 3aX0/iB 3 ypaxyBaH-
HSIM CVJIV IIPOSIBY BJIaCTUBOCTEN xapakmepy moauHu. ITpobiema po3pob-
JIeHHS 1 BUKOPUCTaHHS iHOPMAaLIiTTHIIX CVCTeM, ITOB I3aHVIX 31 3[J0pOB’ siM
YKpaiHIIiB, SKi IepeHecIVt HaJMipHe IICXOJIOTiyHe IepeHanpy>XXeHHs i
IIOTPeOYIOTh YIOCKOHAJIEHOTO AOCTYITY 0 IICUXOJIOTIYHOI MATPUMKN —
B IIeHTpi yBaru 0aratbox HayKoBIliB [17, 18].

BsakaeMo, 1110 pinteHHs, sKi Tpeba IIpuMaTH JIIOAMHI, 1110 ITepely-
Bajla B CKJIaJHVMX IICMXOT€HHMX CUTYallisix, HaOyya Ipu 1IbOMY TKKMX
IICVIXOJIOTIYHMX IPO0IIeM, siIka Mpi€ MOBEPHYTUCS 1O HOPMaJIbHOTO IICH-
XOJIOTi4HOTO CTaHy — 0a3yIoThCHd IepeBaXkHO Ha 0COOVCTICHMX BJIaCTHU-
BOCTAX XxapakTepy ynoauHn. CaMe xapakTep € TUM BU3Ha4YaJIbHVIM KJIIO-
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4oBUM (PaKTOpoM, 110 POpPMYye IIOBEIiHKY OCOOMCTOCTI B CKJIaAHMX
CUTyalisgX 1 BU3HAva€ HAIPSMOK VIOTO MHOSAJIbINOI KUTTEAisIIbHOCTI
[19, 20].

Posmsijaroun xapakTep y KOHTEKCTi iHTeporiepabesTbHOCTI, 3a3Haum-
MO, IIIO caMe XapaKTep, gK HaViBaKJIMBIIINVI KOMIIOHEeHT IICMXi4HOI CKJIa-
ZIOBOI 3[IOPOB’sl, € IIyCKOBMM MeXaHi3MOM, KU 3abe3redye B3a€MOJIiO
crcTeM OpraHismy mpu opMyBaHHI pealiTiTalitHIX pillleHb 3 ypaxy-
BaHHSM 3MiHHVX 00CTaBVH Y 30BHIIITHBOMY CE€PEIOBUII i PyHKITITHIMMI
MO>KJIMIBOCTSIMV CBOI'O BHYTPIllIHBOI'O CTaHy. 3a3Ha4ulMO, 110 y IIbOMY pasi
3abe3reuyeThCs ceManmuyuna ckaadofa iHTeporepabesIbHOCTI, IO ITOJISTaE
y HCHXOJIOTIYHOMY MPOsIBi MOTWBAIIil, BOJIi NPUMHATTA aJeKBaTHUX pi-
IIIeHb IIIOfI0 ITOJIOJIaHHS 30BHIIIHIX 30ypeHb. BinOyBaeThcst B3aeMOys3ro-
IDKeHHsSI MDK XapaKTepoM JIFOJIVHI Ta BUOOpOM 0370poBUMX peabistiTa-
IMIVIHVX i 3 HeOOXITHMMIM MOXXJIMBOCTSIMM aKTMBHOCTI JIFOIVHW JIJIsI
IIOCATHEHHS MeTV OJTy KaHH:.

Y nopaneioMy, po3poOIeHHs CUCTeMy IPUIHSTTS pealitiTartii-
HUX pillleHb 3 ypaxyBaHHSIM XapaKTepoJIOTiYHMX 0COOIMBOCTeN, 110 Oa-
3y€TbCd Ha KUIBKICHOMY OIIIHIOBaHHI IXHIX CKJIa[OBUX, € BKpam BaXkKJIV-
BUM, 0O [a€ 3MOry HigBUIIUTY PO3OiSIbHY 34aTHICTh BUOOpY peabiiTa-
LIVIHMX 3aXOAiB s ocib 3 ncuxoreHHMMYU ITpobiieMamu. Tlepemymosoro
KiJTbKiCHOTO OIIiHIOBaHHS CKITQZIOBVIX XapaKTepy € po3pobsieHHs Kilacu-
dikarrii iHdOpMaIiTHOro MPOCTOPY IIOAO THUIIIB i BJIACTMBOCTEV XapaK-
TepOJIOTiuHOT KOMIIOHEHTY IICUXigHOro cTarycy [21].

1 imerTHdiKalTii CKIIQHIKIB XapaKTepOoJIOriYHOro KOMITIOHEHTa IICH-
XI4HOTO 3[I0pOB’s1 po3po0sIeHO CIIellia/IbHy aHKeTy-ONUTYBaJIbHYIK, 3a SIKOO
BUIKOHYETBCS KUUIBKICHE OIIIHIOBaHHH SIKOCTeN XapakTepy. AJITOPUTM aH-
KeTHOI'O TecTyBaHHSI Ta KiUJIbKICHOTO OIiHIOBaHHS € IPOrpaMHO peaJli-
30BaHMM, IIPOWIIIOB IIJIOTHY arpoOariifo Ta [IOBiB CBOIO AiarHOCTUYHY
edpexTuBHICTE [22]. Pe3yipTaTyt IIbOT0O OLiHIOBaHHS IlepeqaloThCs [JIs I10-
Jasblnol oOpoOKM Ha BXilI KepyBaJIbHOI CMICTeMM, B SIKiVl IIPOIOHYIOThCS
peabimiTariviai 3axoay Ha OCHOBI po3pobreHoT Kilacudikallii Ta pe3yiib-
TaTiB KUIBKiCHOT ifeHTMiKallil OCHOBHMX BJIaCTMBOCTEN XapaKTepy.

Texniunui pibens inmeponepabeivrocmi 6 3a0aui bubopy peadisimayiiHux
3ax0018 3 ypaxyBannam xapaxmepy ocodbucmocmi. Ha erari mogasiroro pos-
pobsIeHHsI KOMIUIEKCY OIiHIOBaHHS XapaKTepy i1 HaJlaHHs peaOiriTarrii-
HVIX IOCJIYT 3 ypaxyBaHHSM VIOT'0 KiJIbKICHOI'O OLIIHIOBaHHS BMHMKAE IIPO-
Os1eMa iHTeporIepabesTbHOCTI Ha TeXHiYHOMY piBHi. Peastizartis mos’s3aHa
3 HeoOXimHiCcTIO B3aeMoOMil MpOrpaMHOTo 3abe3ledyeHHs, CTBOPEHOTO 3a
pisHMMM MoBaMu ItporpaMyBaHH:. IIporpama «TOXO-20» peasizoBaHa
Ha MoBi nnporpamysanHs C#, nporpama «XAPAKTEP+PEABIJIITALILA»
PO3pO0IIA€TECA Ha MOBi ITporpamyBaHHs Delphi 3 BUKOPUCTaHHSIM cepe]-
osuIIa po3podkm Embarcadero RAD Studio.

Peasizariisi inTepornepabesbHOCTI MK MMM ITporpamMaMy BUKOHY-
eTbcs Tak: nmporpama «XAPAKTEP+PEABUIITALIISL» omepXkye pesyiib-
Taty pobotu nporpamu «TOXO-20» sikuit 30epiraeTbest K davt JaHMX
y dopmarti csv. Buxigai gani nporpamm «TOXO-20» — 11e m’sTukomIio-
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Puc. 2. IndpopmamniniHa CTpyKTypa IOCTHOBHOCTI BUOOPY peaOimiTaniltHmx 3axomis
3aJIeXKHO BiJ] IHTEHCMBHOCTI ITPOSBY BJIaCTUBOCTEVI XapaKTepy

HEHTHWV BeKTOp, KOKHUM KOMITIOHEHT SKOIr0 € KiUIBKICHOIO OIiHKOIO B
Oastax I'SATM OMOPHMX BJIACTMBOCTEVI XapaKTepy BiOIOBimHO 10 po3poO-
nenHol K1acudikariii. Jlasti Ha ocHOBI 1boro party OyIyeThCs periiiiHa
6asa maHMX, 3 SIKOT IVIaHY€EThC PO3PO0IIeHHS MOTYJIBHOI CTPYKTYPY IIPO-
rpamu BUOOpY peaOuIiTaIIiiHIIX iVl 3 ypaXyBaHHSIM XapaKTepOIOTidHMX
BJIaCTMBOCTeN ocoOmcrocTi. IHdopmariiviHo-7I0TiUHa MOCTIIOBHICTE BU-
Oopy peabiriTariitHVIX TPOIO3NIIiV 3aI€XKHO Bifl CMIIM IIPOSIBY CKJIaZIO-
BUX XapakKTepy 3a pe3ysbTaTaMy OLIHIOBaHHS Ha BIAIIOBIIHMX IIKasIax
imrocTpye puc. 2.

bi10K-cxeMy OCHOBHOTO aJIrOpUTMY poOOTH ITporpaMu BUbopy peali-
JITAlIVHMX 3aX0/1iB, H0OyI0BAaHOIO Ha OCHOBI po3po0sieHoT Ki1acudikarlii
pobouoro iHdopMaIliTHOro IIPOCTOPY, HaBeIeHo Ha puc. 3.

ApxiteKkTypa Ta dyHKIIiiHe HartopHeHHs [Iporpamu Mae MoayJIbHY
CTPYKTYPY, Y CKJIafli AKOI MiCTATBCS MOIyJIi iHpopMartiviai, popMasibHO-
JIOTiYHi (III0 peasIi3yI0OTh Ta CMHXPOHI3YIOTb 3B 13KV Ta BiTHOCHHM) Ta MO-
IyJ1i, 0 peasti3yroTh KOPUCTyBallbKII iHTepderic.

InpopmMarivHMT pecypc MomaHO cremiaTizoBaHNMM Oa3aMul TaHVIX,
poskiIacudikoBaHMMM 3a OIMCAHMUMM paHillle KpuTepiamu. I1pu 1ibomy
BUKOPVCTaHO TEeXHOJIOTIIO PeIsLiTHOrO MOeJIIOBaHHs, 3TiTHO 3 KOO iH-
dopMaLirTHUMI MOAYJIAMI € i€papxidHO OpraHi3oBaHi eJIeKTPOHHI Ta-
Osmili, y3romkeHa B3aeMOlisd MK SAKMMW HiITPUMYETHCS CIleliaIbHUMU
IIpOrpaMHMMM MpoLe/lypaMy Ta peasli3y€TbCd 3 [IOIIOMOTOI CUCTeMU
yIpasiiiHHA Oasamm gaHmX. 30epiraHHs iHdopwMmariili Ta oOMiH JaHVMM
MDK MOMYJIAMU 3[iVICHIOETbCS Ha OCHOBI (palyIOBOI CUCTeMM Ta JIMHa-
MiuHO-3aBaHTaXxyBaHux 0i0siorex (DLL). Pobora mporpamm mosArae y
KOHCTPYIOBaHHI ITOCJIITOBHOCTI 3aIIMTiB [10 peJIsLiHOl 6a3m JaHmX i3 1o-
TaJIBIIVIM HaJlaHHSM 3BiTy y TaOymaHO-TpadivuHin dpopmi.

Y3arasibHeHa OITiHIOBaJIbHO-KepyBaJIbHA CTPYKTypa peadimiTariniHo-
ro KOMIUIEKCY IATPUMKI HPUIHSATTA pillleHb ocobaMy, II0 Iepedysa-
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IOTh B yMOBax IJIOOaIbHIX IICXOTeHHVX PaKTOPiB, 3 ypaxyBaHHSIM CTaHy
X 30PpOB’s Ta XapaKTepOJIOTiYHMX BJIaCTMBOCTEVI HaBelleHa Ha puc. 4.

Po3pobireHa iHdopMmatiiviHa TeXHOJIOri, peasli3oBaHa B KOMII IOTep-
HiVi cycTeMi IIATPUMKN IIPUVHATTS pillleHb, € TeXHOJIOTIYHMUM IHCTpPY-
MEeHTOM IIiIBUIIIeHHs OIlepaTVBHOCTI HaJlaHH HeoOXimHOoI crerndivHol
iHdopmallii KopucTyBady Iifg 4ac BuOOpy peaOiIiTalliiHIX 3axofiB 3
ypaxyBaHHSIM CWJIU BJIAaCTMBOCTEV IOI'O XapaKTepy.

BucHOBKM

Buxopwucranss npuHIMIly iHTeporiepabeIbHOCTI Y po3B d3aHHI IPUKIIaLl-
HVIX 337249 VI pOBOT MEAVIIVHY CTBOPIOE MOXKIIMBICTD 3a0e3I1e4eHHs B3a-
€MOJIil 9K OKpeMMX MOJIyJIiB B KOHKPeTHUX IIporpamax, iHdopwmarilis B
AKX Pi3HOSIKICHA, MICTUTB Pi3HI TN JaHMX, TaK i B3a€EMOZII IIporpam-
HOro 3a0e3IeueHHs], CTBOPEHOTO 3a Pi3HMX MOB IIpOrpaMyBaHHs, IO I10-
TpeOye y3romKeHHs peastizallil iHdopMaliTHOro oOMiHy MiX LIMMM IIPO-
rpamMaMI.

Peatizaris inTeporiepabesTbHOCTI B 3a/ja9ax OLIHIOBAHHS Ta MMiATPUM-
KV 3[JOPOB’Sl BUKOHYETBCS 3aBISKM PO3POOIi KOMIUIEKCHOTO IIpOrpaM-
HOro 3a0e3reueHHs, B IKOMY 00’ eJHaHi IIporpaMHi MOMyJIi: eKcIIpec-1iia-
THOCTVMKM CTaHy TPbOX CTaTYCiB 30POB s, MOMYJIb OLIiIHIOBAaHHS XapaKTe-
POJIOTIYHIIX OCOOJIMIBOCTEVI JIIOAVHY i KepyBaJIbHU MOJIYJIb BUOOPY pea-
Oinitamintamx 3axozis. Came PYHKITIOHYBaHHS B KOMIUIEKCI TPhOX MOJIY-
JIiB OIITMMI3Ye€ pealiiTariivtHmii mipoiiec i 3a0e3neuye edpeKTUBHY B3a€MO-
TIif0 po3p00IIeHOT CHCTeMM MIATPUMKY IIPUHATTS PillleHb, a ypaxyBaHH
CTaHy XapaKTepOJIOriuHOI KOMITIOHEeHTM TPV CMHTe31 IporpaM caMoKepy-
BaHH: 3[JOPOB’gM J1a€ 3MOTY iHOMBimyasti3yBaTV Hifdip Kepyoounx BIUIN-
BiB 1 JocsArTY TX OUIBITIO €(PeKTMBHOCTI.
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METHODOLOGICAL ASPECTS OF INTEROPERABILITY
IN APPLIED TASKS OF HEALTH ASSESSMENT AND SUPPORT

Introduction. The focus of our research is the problem of using the interoperability
methodology in the development of biological and medical information systems based
on a system-hierarchical approach. Technological support for the interoperability of
decision support systems in various areas of human activity improves the quality of
their functionality, making them effective, understandable, and accessible for wide use.

The purpose of the development is to show the feasibility of using a methodological
approach using interoperability technology to ensure balanced interaction of the
modular structure of information and computer systems, which are created when
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solving problems in applied developments of digital medicine related to health
assessment and support.

Research methods: hierarchical synthesis of information components of three
health statuses, structural-functional modeling, method of hierarchical convolution of
different quality indicators, quantitative health assessment — method of calculating
the personal health index, and technology of algorithmic and software modeling.

Results. The main provisions for ensuring interoperability in a complex
structural-hierarchical system of quantitative health assessment are formulated,
taking into account existing model ideas regarding the structural features of
interoperability. Attention is focused on the principle of interoperability used in the
developed computer system of quantitative health assessment and its components.
This principle is also implemented in the rehabilitation decision support system,
taking into account personal characterological properties. In the synthesized system,
interoperability is achieved by developing a complex software that combines software
modules: express diagnostics of the state of three health statuses, a module for
assessing the characterological features of a person based on the developed
classification, and a control module for selecting rehabilitation measures depending
on the intensity of the manifestation of characterological components.

Conclusion. The use of the principle of interoperability in solving applied
problems of digital medicine, including the problem of developing a rehabilitation
decision support system, makes it possible to ensure the interaction of both individual
modules in specific programs. The information in these programs is of different
quality, contains different types of data, and involves the interaction of software
created in different programming languages. It requires coordination when implementing
information exchange between these programs. The functioning of these three
software modules in a complex ensures effective interaction of the developed decision
support system and optimizes the rehabilitation process.

Keywords: human health category, hierarchical principle, information and structural
modeling of health, interoperability, digital medicine.
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DIGITAL TRANSFORMATION MODEL
FOR SUSTAINABLE DEVELOPMENT EDUCATION

A new model for digital transformation of education to achieve sustainable development goals
is proposed. It takes into account the input of stakeholder communities and an assessment
of the current state of transformation. This enables the parallel development of tasks assigned to
different stages, takes into account changes in technology and the requlatory framework, and
plans training for participants in transformation processes, particularly based on the examples
and results of other models. The elements that distinguish education for sustainable development
from other models are identified. The model is built taking into account the dynamics of
the environment in which change occurs and the network connections between participants.

Cite: Kudriavtseva S.P., Volkov O.Ye., Synytsya K.M., Savchenko-Syniakova Ye.A.
Digital Transformation Model for Sustainable Development Education. Information
Technologies and Systems, Kyiv, 2025, Vol. 5 (5), 66-82. https://doi.org/10.15407/in-
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Furthermore, the model demonstrates the principles of education for sustainable development
in action — collaboration in the development of solutions and the implementation of
technologies, a balance between local innovation implementation plans and centrally
supported strategic directions.

Keywords: digital transformation, sustainable development goals, educational transforma-
tion model, agile approach.

Introduction

The Sustainable Development Goals (SDG) [1] were formulated as a re-
sponse to the 21st-century challenges that humankind is facing in social,
economic, ecological, and other spheres. Ecological disasters caused by
climate change, the quick spread of disease due to the increased number
of travelers, and the technological impact on ecosystems are just some
examples of the global challenges that need to be addressed by coordi-
nated efforts using multifaceted approaches. These problems are charac-
terized by complexity and uncertainty; they require analysis of big data
and usage of the latest technologies, and their solution could only be achie-
ved in collaboration among large groups of participants from different
fields and different countries. On the path towards global sustainable de-
velopment [2], education is the basis for transforming and shaping possi-
ble options for the future of society by enhancing the balance between
knowledge mosaic and global vision, individual priorities and social envi-
ronment, immediate economic effect, and long-lasting consequences.

Educational models, approaches, and practices, to a large extent, still
preserve traditions, values, and priorities of the past, which are not com-
patible with the SDG. Traditional approaches to learning and teaching
have become ineffective and perhaps even counterproductive as the chal-
lenges and opportunities associated with transformations of learning and
education extend beyond traditional thinking and strategies. Education in
the digital age embodies an approach to learning that combines content
with skills, makes use of digital technologies, and builds up abilities to
analyze and integrate, rather than reproduce and remember. In the 21*
century, along with knowledge and skills, competencies have become the
most important acquisition and the result of education.

Evolutionary transformations [3] of education have been taking place
along with industrial revolution stages as an attempt to react to know-
ledge and skills gaps in the workforce. The connection between educational
and business models, as well as types and levels of technologies involved,
is often considered a determinant for the stages of educational transfor-
mations, demonstrated by the rise of unified mass-scale education in con-
nection with the 1% industrial revolution. However, the main difference
between adapting education to the society’s needs in the past and nowa-
days is in the understanding of the regimes, acquired competencies, and,
as a result, a new social contract. In addition to mastering the key com-
petencies of the 21st century [5, 6], educated people must be socially com-
petent, adaptive, proficient in digital technology, and have a high level
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of personal competence. Thus, education is a way of raising intellec-
tually, socially, and emotionally strong people who are mindful of their
health and personal development, participation in society, and maintai-
ning their identity.

Problem Statement

Despite extensive studies of the educational models, educational demands
and transformations, as well as skills and competencies required for the
future [7], there is a lack of common understanding of the changes neces-
sary to implement education for sustainable development, its core ele-
ments and dependencies, and the role of technologies in the digital trans-
formation of education.

The purpose of this study is to consider dependencies between educa-
tional elements to introduce a model of digital transformation for the edu-
cation domain that will be helpful in guiding educational changes in a
systematic way. For this purpose, the main elements that characterize ed-
ucation are identified, and their evolution through the stages of transfor-
mation is demonstrated. Then, the digital transformation models and ap-
proaches in business are analyzed, and a new approach to modeling trans-
formation is suggested. The suggested digital transformation model
enables tracing the changes in particular elements during the transforma-
tion and their effect on the demand for change in the related elements.
Therefore, it could be used as a tool for retrospective analysis of educa-
tional transformation and a framework for planning the transformation
for sustainable development.

Approaches of Investigation

Most of the Digital Transformation (DT) research is focused on a specific
way of changing business by incorporating ICT and other digital tech-
nologies. This change is aimed at achieving better operational efficiency
by changing the business model, but it may also involve some modifi-
cation of products or services to better meet the requirements and expec-
tations of the customers.

In the business case, DT is considered a linear process of business
change from its current state to the desired state within the period of time
when other factors that influence its efficiency (such as economic, environ-
mental, legislative, and related to customer demands, etc.) remain con-
stant. Therefore, this process could be divided into some distinct phases,
starting with an analysis of the current state and goal setting, then further
continuing with planning of necessary interventions, development, and im-
plementation of the desired business model. It is expected that the deci-
sions made during this transformation project ensure the lasting competi-
tiveness of the business. However, this approach may not work as expected
in the case of dynamic environments, innovative technologies, or large-
scale projects where participants are not bound by the same leadership.
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As has been shown earlier, the changes in Education as a specific area
are taking place incrementally and unevenly, and are often opposed or
ignored by conservative people who do not take a risk of innovation
unless it is critical. Educational transformations occur at different speeds
and depths within a country and across countries, so the detailed planning
of DT for the whole area in advance is counterproductive. The transfor-
mation model should take into account these irregularities and support
continuous improvement of particular parts and components until a sa-
tisfactory level is reached.

The approaches to dealing with large systems projects and implemen-
tation demonstrate some similarities independent of the nature of these
systems, such as a trend to substitute rigid hierarchical systems with dis-
tributed ones with different levels of self-regularity, or collecting user
feedback for adaptation and personalization. One of them, the agile ap-
proach, first introduced as a new vision of software engineering for small
projects, has further proved its efficiency in the case of large distributed
systems and multiple teams [8].

The agile principles as declared in the Manifesto [9] emphasize der-
gulation in favor of flexibility, attention to customers, collaboration, and
interaction. Expressed in general terms the idea of agility is in achieving
certain flexibility to be able to adapt to changes inevitable in a dynamic
environment. The flexibility relies on a system structure, provisions for in-
cremental and iterative development (improvements, updates, adaptations),
and collaboration that embraces customers into development teams.

The agile methodology expresses similar values and priorities to those
of Education 4(5).0, i.e., the centrality of a client (learner), the need for ad-
aptability, and co-creation (involvement in the process of obtaining the
result). In [10], a detailed analysis of the agile principles and their reflec-
tion on teacher and learning methodology is discussed. In particular, the
stress is made on collaboration as opposed to competition, the practicabi-
lity of learning as opposed to formal theory and assessment, learners’ in-
volvement and freedom of choice, and adaptive teaching strategies for
individual treatment.

Therefore, the agile principles may be applied to DT model develop-
ment. The main components taking part in the DT are humans, business
processes, and models/strategies.

Digital Transformation

Technological breakthroughs in the field of information technology have
caused competition between entities implementing traditional ways of
doing business and innovators operating in the digital world. In a histo-
rically short period of time, the world has moved from the use of digital
technology “to support” traditional business processes (calculations, com-
munication, statistics) to a new reality in which the virtual (information)
world is an integral part of the physical one. In this reality, the final de-
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cision-making is still up to the human being, but the analysis and pro-
cessing of data, the tasks of ongoing management and monitoring, as well
as many other “intellectual” tasks are taken beyond his direct participa-
tion. This phenomenon is called “digital transformation”.

An analysis of the definitions of digital transformation [11-13] demon-
strated that this concept is associated with processes that differ in specific
goals, in their implementation, and the objects to which they are applied.
However, their common background is their purpose corresponding to
the implementation of progressive changes using various digital techno-
logies (computer, information, intelligent, mobile, communication, etc.).
For comparison, here are two definitions of digital transformation: the
first focuses on the business efficiency of the organization, and the second
emphasizes the creation of a new entity as a result of using the capabilities
of physical and digital systems.

“Digital transformation is the use of technology to radically improve
the performance or reach of an organization. In a DT business, digital tech-
nologies enable improved processes, engaged talent, and new business
models” [14].

“Digital transformation is characterized by a fusion of advanced tech-
nologies and the integration of physical and digital systems, the predomi-
nance of innovative business models and new processes, and the creation
of smart products and services.” European Commission (2019) [15].

According to [16], the basis of the DT process is technologies, which,
on the one hand, cause new needs and expectations of users (disruptions),
requiring a response (action) from the organization, and on the other hand,
form the basis and support of changes. DT requires the development of a
model and strategy for implementing such changes, which ensures the for-
mation of a new business strategy based on Value Chain analysis — a way
to achieve results using the organization’s resources under the current
business organization model. Transformations concern both structural cha-
nges (organizational structure, roles and responsibilities, leadership style)
and processes associated with the production of a product or obtaining a
result. DT often faces obstacles in the form of inertia — lack of support and
direct resistance to innovation, and, despite the positive effect, it can carry
certain risks.

Research aimed at the identification of the specific topics studied in
relation to the DT [12] identified three focus areas that can be described as
follows:

e human factors: workforce &human potential, skills and competen-
cies of personnel, potential and acceptance of changes, Leadership at dif-
ferent levels, interaction, stakeholders, and owners’ prospects;

e business factors related to logistics and operational processes, man-
agement and data collection, marketing, etc., specific to a particular area;

e technology and information, which form the basis of the proposed
changes, and ensure the ability to quickly analyze data, communicate and
collaborate online, manage, and forecast.
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In the field of higher education, the immediate disruptions are associ-
ated with a need for innovations in the educational processes and new
economic models for obtaining education. Students” experience in using
the latest technologies, such as virtual and augmented reality, gamifica-
tion, elements of artificial intelligence, and personalization tools, creates
certain expectations about the education delivery models [17-20]. To see a
broader picture of the changes in education brought not only by technolo-
gies related to learning, instruction, and assessment but also by the evolu-
tion of society, we further consider the evolution of the educational goals.

Educational Transformations.
Evolution of Educational Goals

To better understand changes in learning and education, it is useful to
look at how the goals of education are transforming from “mastery of
knowledge” to “mastery of oneself through knowledge” [2].

Education performs a function that enables achieving four universal
goals at any stage of development for any society:

e to provide for finding a suitable job and thereby obtain a chance to
participate in society,

e to use and develop personal abilities and exchange “talents”,

e to make decisions based on the individual’s awareness,

e to build and maintain one’s identity based on one’s own traditions
and the wide variety of traditions around.

These four goals of education remain constant over time — much like
the universal “hierarchy of needs” [7], which demonstrates progress from
physical needs through safety and social needs, to respect and knowledge,
and culminates in self-actualization and self-realization. However, the
ways these four universal needs are satisfied vary greatly at different
times and in different societies. The first educational goal in this compari-
son could be interpreted as a basic, “survival” need, the second, as the
way to socialization and self-development, after that comes the one for
leadership and responsibility, and finally, reaching a harmony with one-
self and the world.

Mass-scale education (a non-discriminative education for all) [4] used
to focus on achieving the first goal through knowledge, skills, and compe-
tencies provided for learners to tackle the tasks they face during their lives.
Certainly, one of the main educational goals is to help people understand
the times and society in which they live and find solutions to technical,
economic, and social problems using relevant technology. Not long ago,
educators could expect that whatever was taught would stay with the stu-
dents for their lives. Nowadays, educational institutions must prepare
students for economic and social changes happening faster than ever be-
fore, to use emerging technologies and solve arising problems that were
unknown in the past. Therefore, besides learning “from the past” — from
knowledge and experience in a specific field, there should be learning
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“for the future” — learning to be prepared for future challenges. A sche-
matic view of major educational changes is presented in Table 1.

As one can see, incremental changes in each of the features have led to
significant revisions of the learning process, which has been gradually be-
coming engaging, participatory, and inclusive. Growing independence of
the learners and their involvement in the learning process, as well as the
development of self-regulation skills, provides a framework for successful
learning throughout life. Instructional strategies evolve to support indi-
vidual learning preferences and talents, preserving the achievements of pro-
ject-based learning by balancing competitiveness with teamwork, learn-
ing from peers, and collaboration arranged around the group projects.

The choice of features to describe the educational model at different
stages is determined by the need to emphasize the changes that character-
ize each new stage. These changes can be quantitative, as in the case of the
use of technology or collaboration, or qualitative, as in the case of a learn-
ing environment demonstrating that the models of education have grown
beyond the school limits to support learning anytime and anywhere.
However, the main value of this comparison is in revealing the hidden
links between the desirable result of the education and the methods used
to achieve it.

If the goal of education is to prepare someone for a regular job, such as
an industrial worker, then a drill and practice approach focusing on stuf-

Table 1. Transformation Education from 1.0 to 4.0

Version of Education
Features
1.0 2.0 3.0 4.0
Learning Classroom Elements of Flipped class- | Personalized
environment blended learn- |room
ing
Instructional | Lecturing Elements of ex- |Student-centered | Peer learning,
strategy Drills and periential learn- | learning problem-based
practice ing learning
Collaboration | Almost none |Limited collab- |Collaborative  |Social learning
oration learning
Assessment | Formal Tests and Individual and | Competency-ba-
testing activities team projects  |sed
Technology |None Limited use Integrated in Immersive expe-
the educational |rience
process
Teacher’s role | Authoritative, | Supervision Guidance and | Arranging lear-
transmitting | and support mentoring ning experience
knowledge
Learner’s role | Absorb the Interaction and |Search, select, |Take a responsi-
information |engagement integrate infor- |bility and make
mation decisions

72

ISSN 3083-6573. Incpopmayinini mexronoeii ma cucmemu. 2025. No 5 (5)




Digital Transformation Model for Sustainable Development Education

fing the person with facts, rules, and procedures may be sufficient and
effective. However, if the goal is to support someone’s creativity, unfold
capabilities and individual talents, expecting a fresh look, out-of-the-box
thinking, and innovative solutions, then the old school approach will
not work. Thus, although subject-related knowledge and skills are still
needed, a set of target competencies that one should acquire through
education has changed considerably. Further, these new competencies
are described, as well as their role in the implementation of sustainable
development goals.

Competencies for SDG - 21° century skill. Education in the 21* cen-
tury is focused on four important areas [17], namely:

e Knowledge — general and digital literacy, basic and contemporary
knowledge;

e Practice — skills and competencies, enabling the application of
the acquired knowledge;

e Character — personality, determining our behavior and interaction
with the world;

¢ Learning to learn — reasoning, self-development, and adaptation.

Together, they constitute the space for implementation of all educa-
tional goals [21, 23]. The first two provide the basis for employability,
which is also supported by learning and adaptability acquired within the
fourth area. The third area supports most, if not all, goals of education,
facilitating the development of skills for individual and collaborative de-
cision-making and self-regulation, as well as competencies necessary for
advancing in new physical and cultural environments, preserving per-
sonal identity.

To address the needs of the Education of 21* century an innovative
framework has been adopted in Singapore [23]. This framework identifies
a set of core values and competencies deemed necessary to better prepare
students for the future and presents them in a way that unfolds through
education, thus supporting the creation of the new curricula and assess-
ment. The framework is intended for school children (from pre-school to
post-secondary), thus its core focuses on the upbringing and charac-
ter-building aspects. The core values include respect, responsibility, resil-
ience, integrity, care, and harmony. The core provides a basis for social-
emotional competencies, which are necessary to manage and position
oneself in society. The respective skills are necessary to handle challenges,
manage emotions, develop responsibility, build relations with others, and
identify one’s role and place in society. Based on that, the next set of com-
petencies equips young students with skills to advance in highly dynamic,
technology-rich, and culturally diverse environments. They include basic
skills and awareness in civic, global, and cross-cultural domains (Litera-
cy); a set of skills needed for dealing with information, communication,
and collaboration (Collaboration); and Cognitive skills, including critical
thinking, innovative and inventive thinking, and the ability to adapt to the
situation and environment in problem-solving. Altogether, this frame-

ISSN 3083-6573. Information Technologies and Systems. 2025. No. 5 73



S.P. Kudriavtseva, O.Ye. Volkov, K.M. Synytsya, Ye.A. Savchenko-Syniakova

work guides the raising of a confident person, a self-directed learner, a
concerned citizen, and an active contributor.

More attention is being paid to skills and competencies to be deve-
loped at the HE level.

SDG outlined new problems requiring innovative approaches to their
solution and thus new competencies, i.e., proficiencies and abilities based
on knowledge, skills, and behavior relevant to attaining the goal. A re-
cognized list of competencies includes: creativity, critical thinking, com-
munication, collaboration, leadership and responsibility, self-regulation,
and lifelong learning. When analyzing competencies for sustainable de-
velopment, many researchers focus on skills associated with them. The
levels of detail in the description of these skills vary, so several frame-
works were proposed, with different principles of grouping.

In [24], digital literacy skills are gathered in a separate group, whereas
the other two groups cover the rest. One of them contains so-called lear-
ning skills which are important for professional development, and ano-
ther — a variation of self-management and collaborative skills (named
life skills), as listed below:

e learning skills (creativity and innovation, critical thinking, and prob-
lem-solving; communication and collaboration);

e literacy skills (information literacy, media literacy, and ICT literacy);

e life skills (flexibility and adaptability; initiative and self-direction;
social and intercultural skills; productivity and accountability; leadership
and responsibility).

Another framework [22] suggests a better balanced grouping of com-
petencies clustering those related to self-development and collaboration
(inter-personal and intra-personal), cognitive and meta-cognitive (com-
prising learning, cognition, and understanding), as well as civic and social
for a global positioning, and digital related to the activities in the techno-
logy-intense environment.

For curricula planning, it is important to discern professional com-
petencies related to the knowledge and skills in a specific application area,
such as accounting or pharmacy, and general transversal competencies,
which are not specific to any field but are considered valuable for most
activities. The transversal competencies include Language, Thinking (cog-
nitive), Self-management, Social and communication, and Life compe-
tencies [25]. For some reason, this framework implicitly highlights lan-
guage skills and ignores digital competencies, which are probably taken
for granted as obtained through basic literacy.

A perception of the importance of specific and generic skills among
employers and graduates was a topic of a longitudinal study [26-28]. Al-
though the division between the generic and specific sets of skills differs
from the previously mentioned analysis of transversal and specific compe-
tencies, it allows tracing back the important components of the curricula.
In this research, the generic group includes the ability to interpret complex
situations, to adapt to the communication environment for successful
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collaboration, to think out of the box, to operate in unknown situations
and different cultural settings and contexts, to understand data-based rea-
soning, to interpret and generate media content persuasively, to under-
stand concepts across multiple disciplines, to overcome cognitive load by
using various tools, to transform tasks into actions adjusted to the work
environment, and to collaborate virtually and engage large communities.
The second group includes skills considered specific in the context of
the sphere of employment, such as diversity management and social skills,
professional background skills (formal education and work experience),
as well as self-management and IT skills. The results of the study show
that background skills are becoming less relevant for employability, whe-
reas the skills from the generic group are considered to carry more weight
in the evaluation for some work positions.

Although work experience and formal education have become less
relevant for employability [29], this means that other important compe-
tencies were not in demand previously and thus were not addressed by
the educational programs.

Twenty-first-century learning embodies an approach to learning
that combines knowledge with skills and the formation of a systemic
understanding rather than the collection of knowledge from the studied
disciplines. It implies a learner’s curiosity about advances in the field,
new approaches, methods, and technologies to stay relevant, and the
ability not only to integrate innovations but also to produce them. This
requires learning and innovation skills — these are what separate train-
ees who are prepared for the more challenging work environments of
today’s world from those who are not. These skills include: creativity
and innovation, critical thinking, problem solving, communication, and
collaboration.

There is no doubt that two core skill sets — the ability to quickly ac-
quire and apply new knowledge — will remain on the list of requirements
for any job.

Achieving the goals of education in the 21st century is determined by
the availability of digital technologies for communication, collaboration,
and learning. Know-how to apply core skills — problem solving, commu-
nication, teamwork, technology, innovation, etc. — ability to use on every
project (job).

MetaSkills. To make learning relevant, personalized, and engaging,
to engage learners through skills (life and vocational, learning and innova-
tion, information and technology), knowledge (21st century core subjects
and cross-cutting themes), and relevant technologies, learning activities
require an expansion of the existing educational development model.

And since the problems are associated not only with limited resources
and funds, but also with the way teachers teach and how training is orga-
nized. Students must learn deeper and broader, beyond the “3R paradigm
(the concept of 3R — recall, retrieve, refine) and traditional tests. They
should have the opportunity not only to master the learning content of-
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fered to them, but also to understand how they can expand and produce
new knowledge themselves, using the the potential of modern digital
technologies. In other words, move from 3R to 4C and an independent
search for obtaining the missing knowledge. To do this, use communica-
tion, collaboration, critical thinking and problem solving, creativity, and
innovation, that is, to go from 3R to 4C (communication, collaboration,
critical thinking, creativity) [9, 10, 29, 30]. The role of the teacher is to help
them with this.

The 4C skills are the key to helping learners achieve a deep under-
standing of knowledge and are essential to facilitating the transfer of
learning to a digital environment. These skills are inextricably linked to
content knowledge, since it is impossible to teach skills independently
of the content knowledge base — for example, it is impossible to think
critically about anything. In the digital age, knowledge and skills develop
together in such a way that the knowledge students use in the classroom
becomes a source of creativity, a subject for critical thinking and com-
munication, and an incentive for collaboration. At the moment when skills
(communication, cooperation, the ability to use the potential of new tech-
nologies) “work” with new interdisciplinary knowledge (computer sci-
ence, bioengineering, modern manufacturing, etc.), students interact in a
global network of economic, technological, social and ecological relation-
ships (and this is the main thing, this did not happen in the 20th century).
Learning is becoming hybrid.

Self-development and grouping. Self-development is the process of
acquiring new skills and knowledge for the purpose of self-improvement.
In recent years, countries have been increasing investment in education,
and as a result, more and more students are gaining access to digital tech-
nologies in educational institutions, at home, and in community centers
around the world. This provides new opportunities for learning and skill
development. Digital technologies are a powerful tool for developing per-
sonal abilities (self-improvement) and sharing “talents” in a group. Ensu-
ring universal access to technological tools and closing the digital divide
provides learners with more opportunities to realize their potential [12].
Grouping — learning from others. You can learn self-development by
being in the same group with students who have experienced this be-
fore. These learners tend to be knowledgeable about the process of
self-development in different contexts.

Purposeful development of information technologies in the field of
quick decision-making. Through the range of social networks and instant
messengers, human potential for informed participation in decision-mak-
ing has never been so successful. Learning to work digitally, harnessing
the power of social media to solve a problem together in a community,
and applying the critical thinking and information literacy skills needed to
effectively use the wealth of information available are clear challenges for
the 21st century. In many cases, learners are just beginning to understand
how to use the information around them. Digital technologies have made
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it easier to connect with those who share interests (social media) and
also coordinate learning activities.

Culture. In the digital age, one of the in-demand skills is the ability to
connect traditional and interdisciplinary knowledge, which provides
an incentive to create and use new knowledge, services, and technolo-
gies. Increased mobility, immigration, and access to job opportunities
around the world have led to yet another type of connection and ad-
dition —communities around the world are becoming increasingly cul-
turally diverse. The challenge for each individual is to build and maintain
his identity based on his own traditions and the wide variety of traditions
around him (the task of maintaining social harmony).

So, if earlier the achievement of the learning goal consisted in the fact
that the student must adapt to new living conditions, new work requi-
rements (a person went into the environment), then with the change in
technologies, methods, and models of updating knowledge, the achieve-
ment of learning goals also changes. This is an adaptation to various “so-
cial scenarios” (an intellectual environment rich in resources provides its
capabilities to the learner through interactive technology using intellec-
tual content). In all of these cases, digital technologies, infrastructure,
and platforms can be critical, but they are tools, not ends in themselves.
There needs to be a chain that connects digital and technological know-
ledge with social and emotional skills.

Digital technologies are driving huge changes in the way we commu-
nicate and interact with each other, and increasingly in the way we learn
and solve problems. Thanks to the use of digital technologies on the one
hand and various types of learning activities on the other (i.e., the ultimate
combination of technological and didactic aspects), learners can access
learning anytime and anywhere. Rethinking the goals of education in the
digital age, learning must be organized in such a way as to understand that
today a greater harmony with the environment (society) is required, and
this requires new scientific knowledge, competencies, and technologies.

DT Model

Following the agile principles, the core of the model is represented by the
stakeholders of the digital transformation of Education. Thus, the core is
represented by those who are involved in the transformation and benefit
from it. Taking into account that the same person could play one or sever-
al roles from a set R (a learner, a teacher, a supervisor, a developer, an
administrator, a manager, an owner of an educational business, an em-
ployer) simultaneously depending on the scenario, we further refer to the
role when discussing the transformation or use the term “user” where
appropriate. One should keep in mind that a learner could be considered
a recipient of an educational service, in which case his satisfaction with
the service as a client is a measure of its quality. On the other hand, a
learner is a product of the educational process, whose features are eva-
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luated by a potential employer — competencies, values, attitudes, views,
and abilities. According to agile methodology, Stakeholders are involved
in setting requirements in a collaborative way, evaluating intermediate
and final results, providing feedback, and participating in the process im-
plementation.

Therefore, the next layer contains a transformation framework repre-
sented by a concept, a hierarchy of goals, as well as related ideas, plans,
and strategies. It describes a current model of Education, the purpose and
expected results of the digital transformation, and outlines the approaches
to its implementation. This is the source of the specific, and the starting
point analyzed and corrected.

The next layer corresponds to the business structure and processes
affected by the transformation. In the case of Education, it corresponds to
the educational organizations as providers of educational services, pro-
ducers of educational content, certification and accreditation& agencies,
on the one hand.

A learner as a product is formed by an instructional process arranged
by a teacher personally or through intelligent learning content as an im-
plementation of instructional strategies; therefore, the model components
closest to the core would be “instructional strategies”, “learning content”,
and “learning environment” within which teaching and learning occur.

The next layer is represented by supportive tools and resources ne-
cessary to populate the learning environment, to develop learning con-
tent, to support assessment and learning analytics, etc. Finally, the outer
layer determines culture, values, and norms that regulate the application
of digital and non-digital instructional and learning processes and the re-
cognition of their results.

The model in Fig. 1 could be used to describe the Education state.
For instance, Education 1.0 may be described as follows:

¢ Learning environment: a classroom setting for unified group lear-
ning, a laboratory;

e Teaching strategy: “knowledge-transfer” through lecturing, non-
differentiating;
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e Assessment: test-based, 3R type;

e Learner: passive recipient;

e Learning content: textbook;

¢ Learning strategy: memorization, repetition, reproduction;

e Culture and Values: following the guidelines, obedience, perfection,
teacher as an ultimate authority, organizational regulations, and docu-
mented process.

Conclusion

As a result of the discussion, a new model for digital transformation of
education to achieve sustainable development goals was proposed. This
model takes into account the input of stakeholder communities and an
assessment of the current state of transformation. This allows for the par-
allel development of tasks and the of the current state of transformation.
The model is built taking into account the dynamics of the environment in
which change occurs and the network (decentralized) connections be-
tween participants. The model demonstrates the principles of the SDGs in
action — collaboration in the development of solutions and the implemen-
tation of technologies, a balance between local innovation implementation
plans and centrally supported strategic directions.
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MOJEJIb LIM®POBOI TPAHCOOPMALIIT
SAJII CTAJIOI'O PO3BUTKY OCBIT

Beryn. Ocsita 3ay1a crasioro possutky (O3CP) sinnosinae peastizarii Llinert crasioro
po3BuTKy, 30kpema Ll 4 «3abesredeHHs! SIKICHOI JIOCTYITHOI OCBITWM JUISL BCiX».
INepexin Bip Tpammminaoi ocsiT ;o O3CP notpelye 3HaUHMX 3MiH He TUIBKM Y 3MiCTi
HaBYaHHS, ajle 1 y CTpaTeTisiX Ta MeTofjaxX HaBYaHHS Ta TPeHyBaHHS, IO TI0B I3aHO 3i
3MIHOIO TOJIOBHOI MeTV HaBYaHHSI — BiJl OIlaHyBaHHs 3HaHb Ta HaBITYOK MIUHYJIOTO 10
HaBYaHH: Ta ITITOTOBKM [0 PO3B SI3aHHS HOBVIX, KOMIUIEKCHVIX Ta MYJIBTHIVCLIMIDIHAPHIX
npobsieM, 30KpeMa, IUIAXOM poboTu B rpymi. Taka minroroska Takox HnoTpebye
PO3BMHEHOI TeXHOJIOTIiYHOT IIiITPUMKM, TOMY TpaHCc(OpMaIlilo TpaguIIiliHOI OCBITH
B OCBiTy 3a/UIsi CTaJIOTO PO3BUTKY [OIUIBHO 3iVICHIOBATHM I, 4ac Ny poBol
Tparcdopmamil. ITig mudposoro TpaHcdopMariiero 3a3Bm14an po3yMiloTh Hepexis 10
IHT@HCMBHOIO 3aCTOCYBaHH:A iH(OPMAaIIiTHO-KOMYHIKAI[iHUX TeXHOJIOTIN 3 MeTO0
IMABUIIEHHST edeKTMBHOCTI BUPOOHMIITBA, KEPOBAHOCTI IIPOLIeCiB, CIIPOIIEHHS
ajMiHiCTpyBaHHS, PO3IIMPEHHs KI€EHTChKOI 0Oasu abo 3ampoBalKeHHS HOBUX
HpOJyKTiB um cepsicis. Jlociimpkeni Momerni mmdposol TpaHcdopMmariii CTOCYIOThCS
31e01TBIIIOro OKpeMIX OpraHi3arlil, SKi eHTpasTi30BaHO IIePexOIsTh 10 HOBIX YMOB
dysxmionysanHs. Ockinbkn O3CP mpm3BonwTh [0 3MiH y crmcTeMi ITiHHOCTeV Ta
KyJIbTYPi CycHisTbcTBa, OaskaHMM € 3a/TydeHHs ITpeICTaBHMKIB 3aIliKaB/IeHUX CITITBHOT
IIo IUIaHYBaHHS, peaslizallii Ta OLIiHIOBaHHS pe3yJIbTaTiB I poBoi TpaHcdopMariil
Ha KO’KHOMY eTarli. TakyuM 4nHOM, TOTpiGHO CTBOpeHHS HOBOI MOZIEJTi.

Metoro cTaTTi € PO3IVIsi/, 3aJIEKHOCTEV MK OCBITHIMWM ejleMeHTaMM IS
3arpoBaKeHHs TaKol Mofierti 111 poBoi TpaHcdopMartiil B OcBiTHIN cdepi, sika Oyme
KOPVICHOIO I CHCTEeMaTWYHOIO YIPaBIiHHA OCBITHIMM 3MiHamu. I IIbOro
BU3HaUeHO OCHOBHI eJIeMeHTH, III0 XapaKTepu3yITh OCBITYy, Ta IIPOAEMOHCTPOBAHO
TXHIO €BOJIIOLIIIO IIPOTTOM eTalliB TpaHcdopMariii.

Metoau pocaimKeHHs IIOJIATAlOTh y BU3HAYeHHI OCHOBHUX XapaKTepUCTUK
O3CP y nopiBHAHHI 3 TPagULIiTHOI MOJEIUIIO OCBITV Ta CTBOPEHHI IHYYKOi MOJIeI
TpaHcdopMaril OCBITH IS TOCSTHEHHS LIiJIel CTaJIOr0 PO3BUTKY 3 3aCTOCYBAaHHSAM
b pOBMIX TEXHOJIOTIV [IJI OpTaHi3arlil OCBITHIX IIPOIIeCiB, MATPVMKM Mi3HaBaIbHOT
AisTTEHOCTI, po3po0IIeHHs iHTepaKTMBHOTO HaBYaIbHOTO KOHTEHTY TOITIO.
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Pe3ynpraTii. 3arporioHOBaHO HOBY MojelIb IMMPoBoi TpaHcdopMallii ocBiTH
IS ZIOCSITHEHHS 11iJIeVl CTaJIOr0 PO3BUTKY, SKa BPaxOBye€ BHECOK 3aIliKaBJIEHVIX
CITIIJIBHOT Ta OLIHKY ITOTOYHOTO CTaHy TpaHcdOpMallii, Mo Jae 3MOTy IapasieslbHO
BiIIpalbOByBaT 3aBIaHHS Ta OLHIOBATM IIOTOYHWUM CTaH TpaHcdoOpMariii, ski
ONVICYIOTh Pi3Hi ii eTarm, BpaxoByIOuy 3MiHV TeXHOJIOriV i HopMaTuBHOI 6a3m, a Ta-
KOX IUIaHYBaTV TPeHIiHIM IS YYacHMKIB TpaHCcOopMalliliHuX mpoliecis. BusHauerHo
erleMeHTH, sKi BigpisHsators O3CP Bif iHIIMX MOzesert.

BucaoBKM. Mopienb moOymoBaHO 3 ypaxyBaHHSM IVHAMIKVI CepeIOBIIIIa, B IKOMY
BinOyBaroTbCs 3MiHM, MepeXkeBUX (IelleHTpali30BaHMX) 3B S3KiB MK ydJacHMKaMIL.
Oxkpim 11010, MOTIENTb AeMoHcTpye npyHIym O3CP y il — cHiBIparrio y miaroTosii
pillieHb Ta BIPOBaPKEHHI TeXHOJIOTIV, OaslaHC MK JIOKaJIBHVIMY TUTAaHAMY BITPOBaJPKEHHST
iHHOBALIiV Ta CTpaTeriuHMMI HallpsiMaMU, 1110 HiATPUMYIOTECS IeHTpaJli30BaHo.

Karouobi caoba: yugpoba mpancpopmayis, yiai cmasoeo posBumky, modeis ocBimHoi
mpancghopmayii, eHyuxuil nioxio.
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