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ABSTRACT: This article presents a theoretical review of recent
scientific studies on multisensory stimuli in virtual reality and the application
of artificial intelligence for the analysis and enhancement of cognitive
processes. It explores adaptive feedback systems, user engagement, and the
interrelation of multisensory stimuli within immersive virtual environments.
The paper reviews literature published between 2020 and 2025 and outlines
the theoretical foundations for proposing a framework for psychological
profiling. The ultimate goal is to enable the adaptive generation of virtual
environments tailored to the individual’s emotional and cognitive state,
thereby contributing to more accurate diagnosis and more effective
therapeutic outcomes.
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1 BnBenenue

Buptyannara peannoct (VR) ce yTBbpkIaBa KaTO HHOBATUBEH
WHCTPYMEHT 3a M3CJie/IBaHe Ha KOTHUTHBHUTE MPOILIECH U MOBEICHUE
Ha 4YOBEKa, IpelIaraiku KOHTpOJWpaHa cpema ¢  Ooratu
MynTHCeH30pHH cTuMynH [1]. KomOuHanusaTa OT BU3yaaHH, 3ByKOBH U
TaKTUJIHU (XalTH4YHU) CTUMYJIH BBB VR mo3BonsiBa mepuenTuBHO
MPSXUBSIBaHE, OJNM3KO J0 PEATHOTO, KaTO CBIICBPEMEHHO H30sTBa
HSIKOM OTpaHMYEHUs Ha TPAJULMOHHUTE MEeTOIU (HarpuMmep edekra Ha
HaOJII0JaTeNs PU TICUXOJIOTHUeCKUTe TecToBe) [2]. MHOoBaTHBHOCTTA
Ha HacrodmlatTa TeMa € B HHTETPUPAHETO HAa KOMIUIEKCHU
MYJTHCEH30PHU CTUMYNH C M3KYCTBeH MHTENeKT (Al) 3a aganTUBHO
nepcoHanu3upane Ha VR cpemara cmoopen MOBEACHHETO U
NCUXO(HU3UOJOTUYHUTE PEakuK Ha oTpeouTess [3].

Ilon BupTyasHa peasHOCT M3MOJI3BAlld MYJITHCEH30PHU
CTUMYJIH ce pa3dupa cpeldu, KOUTO KOMOMHHpAT IMOBEYE OT €IHO
BB3NpUSTHE, C [el1 T0-BHCOKAa EKOJOTHMYHA BAaTUAHOCT Ha
npexuBsiBanero  [1][2][4][5]. AmanTHBHOTO  TCHUXOJOTHYECKO
npoduIpaHe ce OTHAacA 10 AMHAMHYHO M3TPaXKIaHe U aKTyalu3upaHe
Ha MMEPCUBHH BUPTYallHH CPEJ Bb3 OCHOBAa Ha HErOBUTE U300DpH,
peakiu ¥ ncuxoduznonornuHu nokaszarenu BbB VR [3][6][7][8].
Hacrosmusar teopetnyeH o630p MMa 3a LEN Jla CHCTEMAaTU3upa H
aHaM3Upa HAJTUYHUTE PE3YNTaTH 3a MYJITHUCEH30pHA CTHMYJauus,
Onopuiidek W TMepcoHaIM3alusl BbB BUPTyalHa PEaHOCT, Ja TH
MIOCTaBH B paMKaTa Ha KJIACMYECKUTE KOTHUTUBHU M MH(OPMALOHHU
mozxernn [9][10][11][12] w ma mOTBBPAM HEOOXOJMMOCTTA OT
WHTETPUpPAH MOJINl 32 aJalTHBHO MpoduiupaHe. AHAIU3BT Ce
OCHOBaBa OCHOBHO Ha u3cienBaHus or nepuoaa 2020-2025 r., u e
Haco4YeH KbM INPHIOKHUMOCT B IICUXOJIOTHATA, OOpa3OBaHHETO U
korHutiBHaTa pexadbmmutaus [1][13][14][15][16]. 3a nma ce ouenun
peaHHAT MOTEeHIMAN Ha TO0A00€H MOJAXOJ, B CIEeABalIUs pasjell ce
NpEeACTaBsl aHAINU3 Ha TEKYLIOTO ChCTOSHHUE Ha ChllecTByBamure VR
peLIeHNs, EMIIMPUYHHU PE3yIATaTH U OTKPOSHH MPa3HUHH.
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2 AHaau3 Ha TEKYIIOTO CHCTOSIHUE

Pasrneganute  paspaboTkum B oOjacTTa Ha BHpTyalHaTa
pPEATHOCT MOTaT YCJIOBHO J]a C€ TPYNHPAT B TPH JTUHHUU: TEPAIICBTUYHU
npunoxkeHuss  (pobum, TPEBOXKHOCT, KOTHUTHUBHU HAPYIICHUS),
00y4YHTENHN ¥ KOTHUTHBHY HHTEPBEHIINHY, N MHTEJIMT€HTHH aalTHBHA
Cpemy, KOWTO HW3MON3BaT OWOPUINIOCK W TOBEICHYSCKU JIaHHU
[11[71[23][14][15]. Tepamestrunure VR cHcTeMH IEMOHCTpPHpAT
e()eKTUBHOCT TIpW KOHTPOJIHpaHa EKCIO3WIHMS U PEemyKIus Ha
CUMITOMH, HO ajanTtanusTa OOWKHOBEHO € OrpaHHuYeHa 0
NpeBapUTETHO JeUHUPAaHN HUBA HAa TPYAHOCT , 0€3 ISUTOCTEH MOJEI
Ha ricuxojorudecku npodui [7][13][16]. 3a 0OyueHHEe ¥ KOTHUTHBHO
MaHUNyJIrpadHe VR momoOpsiBa aHTaXXHPAHOCTTa W HW3ITBIHEHUETO
CHPSIMO TPAIUIIMOHHU CPEIIN, HO MYJITHCEH30pHATA CTUMYJIH YECTO Ce
npuiaraT YacTHYHO U 0€3 MociieioBaTeNiHa TeopeTndna pamka [1][15]
[17].

Jluricata Ha afanTHBHOCT MOXE Jla IOBEJIE WM JI0 MpeKalieHa
CTHUMYyJAllME M CTpeC, WIM JO HEJOCTaThbuHA aHTaXHUPAaHOCT Yy
norpeburenure [7]. HeoTmaBHamHO wW3clenBaHEe JIEMOHCTPHpA
peuieHue: IMHAMUYHO ajanTvpama ce VR cpena, kosSTo B peasHO
BpeMe MPOMEHsI CIIEHApUUTE criope1 GU3N0IOTHIHATa O0paTHA BPh3Ka
Ha Yy4YaCTHMKa. B KOHTekcTa Ha Tepamus Ha TPEBOXKHOCT
(apaxHo(oOus) TaKBB IMOAXOJ] YCISABA J]a yIBOM BPEMETO, IIPe3 KOETO
NOTPEeOUTENNTE CEe 3abPKAT B ONTHMAIHO €MOIIMOHAITHO CHCTOSHHE,
cpaBHeHO cbhC cratmyHa VR cumynamms [7]. Toea mokasBa, de
uHTerpanuara Ha Al u Omoduiinéex BB VR Moxe 3HauuTeNmHO 12
MOBUIIK €(PEKTUBHOCTTA HA BB3ICHCTBHETO M Jia MOJIbpiKa
MoTpeOuTENsl B JKEJaHMs UAna30H OT pPeaKiuu. PealHUAT KUBOT
MpeNocTaBs MYJITHMOJANHA WHQOpPMAaNHUig © € JIOKa3aHo, 4e
CHHXPOHHOTO BB3JICHCTBUE BBPXY HAKOJKO CETHBA MOXE Ja IM0J00pu
KOTHUTHBHOTO U3IbIIHEHUe [5]. Marucci ¥ ChaBT. yCTaHOBSIBAT, Y€ TIPU
BUCOKO KOTHHUTHBHO HATOBapBaHE CIHOBPEMEHHHUTE 3PUTEIHH,
CIIyXOBHU M TAKTHIIHU CTUMYJIH 3HAUYMTEITHO TTOBHINIABAT yCIIEBAEMOCTTa
Ha 3aJlaYlTe B CpaBHEHHE caMmo C Bu3yanHa ctumymnanus [4]. OcBeH
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TOBa TpUMOAAJHATA CTHUMyJanus (BH3YyaJIHO-ayAHO-TAKTHIIHA)
HamalsBa CYOEKTMBHOTO YycCelIaHE 3a HAaTOBAPEHOCT M 3acHiiBa
YyBCTBOTO 3a NPUCHCTBHE BBB BHpTyaidHata cpeaa [4][5].
BoBexxnaneTo Ha yCHBBPIICHCTBAHA XaNTHKA BHB VR Om mo3Bommio
MO-PEUTMCTHYHO XBallaHe Ha OOEKTH M YyCellaHe 3a TEeKCTypa,
Temreparypa 1 HaTtuck [2][18], koeTo € OT ChIIeCTBEHO 3HAYCHHE 32
I'BJIHOLICHHO KOIHUTHBHO Bb3AEHCTBHE M (OPMHpaHE Ha IaMETOBU
CJIe/IN, CBBbP3aHH C onupa. JIpyr ChIIecTBEH acleKT € MOTHBALHSITA U
aHraXupaHoctTa Ha mnorpedurens. HurtepaktuBHuTe VR cpenn
IpearnoyiiaraT aKTUBHOCT, HO KaKBO C€ CIIyyBa, aKO IOTPEOHTENSAT
ocTaHe MacuBeH WK 3aryou uarepec? To3u BeIpoc € cnabo u3cneaBaH
B nuteparypara [13]. Jluncara Ha MOTHBaIus 3a JACHCTBHE MOXE Ja
KOMIIPOMETHpa BCsAKa OOy4YMTENIHAa WM TepameBTH4yHa VR cucrtema,
TBH KaTo MOTPEOHTENSAT TPOCTO ,,0TKa3zBa aa urpae™ [15]. HyxHo e
BHE/pSIBAHE HA  MOTMBAIIMOHHM  MEXaHU3MH —  Hampumep
rediMuGuKanys, Harpaau, IMHAMHYHO TeHEpUpaHe Ha MPOBOKALMU —
KOMTO Ja TOATHKBAaT MOTpeOuTeNns KbM  B3aUMOACUCTBHE.
CrnenoBaTtelHO, HHTETPUPAHETO HA aJJalITUBHA CTUMYJIH, ChOOpa3eHH C
MOMEHTHOTO €MOIIMOHAJIHO CHCTOSIHUE HA MOTPEOUTENs, € KPUTHYHA
Ipa3HUHA, KOATO HACTOSMIOTO H3CleqBaHe Ime azapecupa [8].
Hepocturamm pemeHuss ¥ JONBIHUTENIHH MPEAU3BHKATENCTBA B
o0nacTTa BKJIIOYBAT OIIE JIMIICA HA TMPO3pPadyHHd MEXaHU3MH,
oOsicHsiBaiM Kak Al cTura 1o najeHu NpenopbKy WK afanTallid BbB
VR kontekcra. ToBa mopakga BBIPOCH 3a HAAEKIHOCTTA U
eTUYHOCTTa Ha TOA00HM cuctemu (T.Hap. ,uepHa Kytusa™) [13].
CeolmecTByBa Mpa3HUHA HA Ta3apa U B HAYYHUTE U3cCienBaHus 3a VR
CHCTEMH, KOUTO TO3BOJISIBAT JUPEKTHA paboTa C pble M €CTECTBEHA
MaHMITyJIalMs Ha BUpTyanHu obOektn [2]. VMa TeopeTn4HH
NPE/OJIOKEHHS, Y€ XOopaTa MOraT Ja MpOSBSIBAT KOHCHCTEHTHH
KOMOMHALWKU OT MPEANOYHUTaHNs (HApUMep ONpPEAeSICHO HACTPOeHHE
Jla KOpenupa C onpejelieHa [IBETOBa raMa U My3uKaieH ctui) [9], Ho
He ca cucteMHo wu3chnenBann BB VR [19][20][21][22][23] u
MIpPEICTaBISIBAT HOBATOPCKa mocoka [ 1]. Au3aiiHbsT Ha KoMIieKcHH VR
CTHMYJIU TpsIOBa ]a OTYMTA OTPAHUUYCHHUATA Ha YOBEIIKATA KOTHUIIMS —
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KJIACHYECKOTO OTKpUTHE Ha Muirbp 3a ,,MarmdecKoTO 4YUCIO 7+2°¢
MOKa3Ba, Y€ CPEHO YOBEK MOXeE e(peKTHBHO JIa 3alIOMHHU OKOJIO CEAEM
enemenTta eaHoBpeMenHo [9]. Tasu Te3a, 3acAHO C HPUHIMUIIMTE Ha
nHpopmarmonrara Teopus Ha IlleHoH (eHTpomms KaTo MspKa 3a
HEOMNpEACTICHOCT B CTUMYJIA), Ile ObJaT M3MOI3BAaHM KaTo paMKa 3a
ONTHMHU3HMPAHE Ha CJIOKHOCTTA Ha ctuMyute [11][17].

Bb3 ocHOBa Ha TOpHHWS aHaNW3, M3CIEOBaHETO ce (hokycwmpa
BBpPXY CIICHUTE KIIOYOBH HAayYHH BBIIPOCH: KaK MYJITHCEH30pHATa
cTuMmyjianus BbB VR BiMse BbpPXy KOTHUTHUBHHUTE pEaKIUU Ha
moTpeOnuTeNnnTe; B KAaKBAa CTEIEH EMOIIMOHAIHOTO CBHCTOSHHE Ce
CBBP3Ba C IPEANOYNTAHNS KbM ONPEIelIeHH BU3yaITH! ()OpPMHU, IIBETOBE
u 3By [6]; Kak W3KYCTBEHHMSIT HMHTENEKT MOXE aJalTHBHO 12
reHepupa u Momudunpa VR cbabppxanue B peaHO BpeMe CIPsIMO
MTOBEICHUETO Ha MIOTPEOUTENS; AT OOABSIHETO Ha CHMYJIMPaH AOTTHUP
BOJIM JI0 M3MEPUMH TPOMEHH B MaMeTTa 3a O0CKTH, EeMOIMOHATHATA
peakmusi  WIM  U3MBIHEHHETO Ha  3amaud  [18];  kakBum
MCUXO(U3NOIIOTUYHA TIOKA3aTeH MOTaT Hai-HaJeXKITHO Ja OTPassT
KOTHUTHBHOTO HATOBapBaHE W €MOIIMOHAIHATA aHTAXKUPAaHOCT BEB VR
[24]; mo xakBa cTereH KOTHUTHBHHTE W300pH M peakiud BbB VR
CBHBIAJIAT C TE3W B PEATHHs CBAT, M KaK TEOPETHYHUTE MOIEIU OT
KOTHUTHBHATA HayKa (HaIp. Teopusi Ha HHQOpMaIUATa U SHTPOIHATA)
Morar jga ObIaT MPWIOKEHH B aHAIM3MpPaHE Ha CHLOpAHHUTE JaHHU
[10][11]. Tes3u BBIpOCH OuyepTaBaT OOXBaTa Ha M3CIIECABAHETO — OT
dhyHIaMeHTaITHU BITUSTHYIS, mpe3 B3aMMOJICHCTBHUETO
YOBEK-EMOIMSI-CPEId, /0 TEXHOJIOTHYHH pPEIIeHHS W TeOopeTHYHa
uHTepnperanus. OTrOBOpUTE UM IIe JOMPHHECAT 3a WU3rpaKJIaHe Ha
ISUIOCTEH MOJIENI Ha aJanTHBEH IICHXOJOTHYEeCKH TMpo(ui BBHB
BUPTyalHa Cpea.

KirouoBuTe ekcriepiMEHTaIHM — CIIGHApWUU IIle  CpaBHSBAT
CIICIHUTE YCIIOBUSA U (PAaKTOPH:

MynTHceH30pHa Cpelly €JHOCEH30pPHA CTUMYJaluusi — Jajd
€/IHOBPEMECHHUTE BU3YAIHH, ayJHO U TAKTHIHH CTUMYJIH 1O100psIBAT
NPEJICTABIHETO B CPABHEHME C U3MOJI3BAaHE CAMO Ha €UH MOJATUTET

[4].
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ApanTuBHa cpemty craTuuHa VR cpenga — manu TUHaMHUYHOTO
ajanTupaHe Ha chAbpkaHueTo OT Al (cmpsiMO chCTOSHHMETO Ha
YYacTHHKA) BOJH A0 [0-CTA0MIHO BHUMAHNE U aHTXKUPAHOCT, CIPSAMO
peaBapUTEIHO PUKCHUpaH clieHapuii 6e3 amarranmu [7].

MoTuBallMOHHH MeXaHU3MH (Harpaga cpeuly ApasHHUTeN) —
CpaBHEHHME MEXIy [BE CTpaTerdy IPU MACHBHOCT HAa Yy4YacCTHHUKA!
NPEIOCTaBsIHE Ha Harpajga 3a aKTUBHOCT CpELly BbBEXIAaHE Ha
NPOBOKATUBEH CTHMYJ, C [€l1 YCTaHOBSBaHE KOW TOAXO[
no-e(heKTHBHO BB3BPbHIIA aHT@KKUpaHocTTa [25].

Kopenanust Ha CETMBHM TNPEANOYUTAHUS — aHaAIU3 JAajd
n300puTe Ha yJacTHUIHTE (MIPENITOYNUTAHH I[BETOBE, (popMH, 3BYIIH)
BbB VR cClieHH ca CBBbp3aHU IIOMEXJIY CH WIM C TEMIIEPAMEHT H
HacTpoeHwue [26].

VR cpenry peasieH TecT — MpoBepKa Ha BaNUAHOCTTa HA VR kato
U3CIIeIOBAaTeNICK METOJl 4pe3 CpaBHEHHME Ha IMIPeJCTaBSIHETO Ha
YYaCTHUIUTE B KOTHUTWUBHH 33/1addl BHB BUPTyalHA cpela CIPSMO
AQHAJIOTHYHM 3aJadyd B peajHa OOCTaHOBKA, BHCOKAa CXOIHOCT Ou
MOJIKpETIIIa €KOJIOrMYHaTa BajJuJHOCT Ha VR-meTonukara.

Kem VR cucremara ce mHTErpupar BBHIIHH YCTPOMCTBa 3a
(GU3NOIOTHYEH MOHHUTOPHMHI, C I€J €IHOBPEMEHHO ChOWpaHe Ha
O0OEKTHBHM JaHHH 33 CbCTOSHUETO HA YYaCTHHKA IO BpeMe Ha BCSKa
crieHa [24]. UmmemenTupane Ha Al MoyJia U aJanTHBHO TIOBEICHHE
(oHnaitH): pa3paboTeHUTE TpaBUiIa U MOJIEH C€ HHTErpUPaT 0OpaTHO
BbB VR cucremara, 3a 1a MOKe Ts1 B PETHO BpeMe J1a IPOMEHSI CBOETO
TIOBEJICHUE CIPSAMO JCWUCTBHATA U CHCTOSHHETO Ha TOTpeOHTENs —
3aTBapsi ce T.Hap. biofeedback mwmkwn [8]. IlpoyuBa ce MOKOJIKO
M3BEACHUTE NMPOQMIN KOpEeIUpaT ¢ BBHUIHM KPUTEpUH, ChOpaHu 3a
yuacTHUIMTEe. Hanpumep, mpoBepsiBa ce Jalnd YYacCTHHIIUTE,
KiacuguIrpanu B onpezencH VR mpoduit, uMaT CXOAHU pe3ynTaTH 1o
HSIKOSI CKaJla OT MPEIBAPUTEITHUTE MICUXOJIOTHYECKH BHIIPOCHHULIN WIIN
nanu uma gemorpadeku pasnnuns. [lonoOHM chliocTaBKM moMarar 3a
BaJIMIAMPAHETO U MO-T00pOoTO pasbupane Ha nmpodunute [27].

Upe3 TOpHHWTE aHANW3W W3CIEABAHETO M€ MPEeAOCTaBU
EMIIMPUYHA OTIOBOPH Ha IMOCTaBeHHTE BbIpocHu. OuakBa ce na ce
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MOTBBPAAT HAKOM OCHOBHH XMIIOTE€3H — HAIlpUMEp, MYJITHUCEH30pHATa
CTHMYyJallusg Ja TOKa3Ba CTAaTUCTHYECKH 3HAYMMO MOA0OpeHue B
MPOAYKTHBHOCTTA CIIPSIMO €THOCEH30PHATA; aalTHBHATA CUCTEMA J1a
JEMOHCTpHpa IO-CTA0MJIHO BHUMAHUE Y IOTPEOUTENUTE CHPSMO
KOHTpOJIHATa; U T.H. ChII0 TaKka, aHAINU3BT 1€ pa3KpHe UMa WIH HAMa
KOpeNaliyu MEX.ly OIPEAEIeHN CETUBHY NMPeNNoYUTaHus (Hamp. Jaiu
MPENIOYNTAHH SIPKM LBETOBE CE€ CBBP3BAaT ChC CHWJIHA MYy3HKallHa
CTHMYyJIAIMs) W II€ OuepTac HAKOJIKO OTIACTHH MPOMWIHU TPYIHU C
TEXHUTE XapaKTEepUCTHUKU. Te3u pe3yiaTaTH HE caMO OTroBapAT Ha
I'BPBOHAYATHUTE XUIOTE3H, HO M JaBaT BB3MOXKHOCT 3a MO-IBJIOOKA
HHTEpIIpETanus — HallpuMep KOM aCTIeKTH Ha MYJITHCEH30pHATa cpelia
ca Hail-epexTHBHM, TpH KakBu ycioBus Al ajganramuure ca
Hal-110JIE3HN U 3a KaKbB THII IIOTPEOUTENH.

To3n Mozmen mMMa MOTEHNIHAN 334 NPHUIOKEHHE OTBBJ YHUCTO
HAYYHUTE LM — HAllPUMEp KaTO OCHOBA 32 aJalTHBHU OOYYHTEIHU
UTPpH, KBJCTO CHCTeMaTa Ce Hariaca KbM ydeHuka [15], wim 3a
TICUXOJIOTHYHA JUATHOCTHKA U Tepanus, KbAETO BUPTYaIHH CPEIH ce
MePCOHANM3UPAT criopel Npoduia Ha ManueHTa (Hamp. 3a CTpaxoBa
Tepanus [ 7] win pexaOuuTalys npu KOTHUTHBHY yBpexkaanus [ 14]).

3 3akjao4eHue

HacrosmusaT TeopeTndeH 0030p ONMUCBA BUPTYATHATA PEATHOCT
KaTo MOJXOJAIIA Cpella 3a CUCTEMHO M3CIie/IBaHE HA KOTHHUTUBHHTE
MPOIIECH, KATO C€ MPEOAOJIABAT OTPAHUYCHHSITA HA WHTPOCIICKIUATA
npu norpedutenute [14][16]. JlanuuTe B Tasu o6iacT, chOpaHU
MOCPEJICTBOM HAy4YHH W3CIeIBaHUs, TOAKpPENsIT pa3OupaHeTo, Ue
BU3yaJTHUTE, 3BYKOBUTE M TAKTHIIHUTE BB3MPHUITHS MOTAT J1a OYEPTAsT
WHIMBUAYaJleH MOJEN Ha YyBCTBUTEIHOCT, HATOBAapEeHOCT U
anraxupanoct [28][29][30]. TIpemioxkeHUSIT NOAX0A KbM aIalTUBHO
npoduIupaHe upe3 BUPTyaTHa PEATHOCT Ch3/IaBa MPEANOCTABKY 3a M0-
npenu3Hu GOpPMH U OLIEHKA, MMO-LIeJIeHACOUYeHN 00y4YHuTeIHU hopMaTu
U TO-KOHTPOJUPYEMH TepaneBTHYHM MaHumynanud. Creapaiiara
JOTMYHA CTHIKA € EMIIMPUYHOTO HM3IHUTBAaHE HAa MOJIENIa B PEaHH
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YCIIOBUS, TpOCIICAsSBaHE Ha NPOPWINTE BHB BPEMETO U IMPOBEPKa
JIOKOJIKO aJalTUBHO TEHEPUPAHUTE CPEeNUu ICHCTBUTEIHO BOMAST [0
YCTOWYHMBY KOTHUTUBHU M EMOIIMOHAIHU €(DEeKTH MIPH PA3INIHA TPYTIH

MTOTPEOUTEITH.
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ABSTRACT: This paper presents an application of the Critical Path Method
(CPM) algorithm for developing a formal model of the learning process in a
Data Structures course. The proposed model captures the semantic
dependencies among key concepts and is tailored to the learner’s entry profile
and the time constraints associated with achieving specific learning objectives.
The study emphasizes the adaptation of the CPM algorithm to enable effective
planning and optimization of learning time.
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EJIHO PUJIOKEHUE HA CPM AJITOPUTBMA 3A
IJIAHUPAHE HA YYEBEH MPOILIEC 11O CTPYKTYPH OT
JTAHHU

BAJEHTHHA C. JISIHKOBA,
MMUXAEJIA JI. TOTOPOBA-KYIIAPOBA

1. BbBenenue

M3KyCTBEHUST HHTENEKT W yeO-0a3upaHuTe 00pa3oBaTEIHU
pecypcH ca HejlelrMa 4acT OT ChBPEMEHHUS TIPOIIeC Ha 00y4eHUE U B
CBIIOTO BpEME TOCTABAT CEPUO3HU IPEIM3BHKATEICTBA TpEJ HEro,
CBBP3aHU C HAPACHAJIO ThPCEHE HA Bb3MOXKHOCTH 32 YUEHE Mpe3 Leus
’KHBOT, HHTEPEC KbM TACHO NMPOQWIMPAaHU U CICIUPUIHHA 3HAHUS U
YMEHHSI, pa3InyHa MPOIBIDKUTETHOCT Ha Y4eOHHUS TpoIiec, Cho0pa3eH
C UWHIUBHIyamHHs mnpopuia Ha oOydaeMuss W crnenudukara Ha
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MOCTAaBCHUTE IeJIM. TOBa MO €CTECTBEH HAYHWH AaKIIEHTHPA BBHPXY
HAMUpaHE Ha BBH3MOXKHOCTU 33 ONTHUMAIIHO IUIAHMpAHE Ha y4eOHUs
npoIec, KOETO € PEeJIeBaHTHO Ha TEKyIIUTE 3HAHWA W yMEHHs Ha
o0yuyaeMusi, BpeMEBUTE OTPAaHUUYCHHUS U crielU(pUKaTa Ha reiaure. To3n
mporec Moke na Oble epeKTHBHO IUIAHMpPAH Ype3 H3IOJ3BaHEe Ha
TEXHOJIOTHYHU PEIICHUs, OCHOBABAIM C¢ HAa e()EKTUBHO YIPABICHUEC
Ha 3HAHUATA.

Ilenta Ha Hacrosmiata pa3paboTka € Ja TPEACTaBH €JIHO
NPUIOKEHUE Ha TeopusiTa Ha rpaduTe 3a ch3gaBaHe HAa MOIYJ 3a
yhnpaBiieHHe Ha 3HaHuATa 1o CTPYKTypU OT JaHHH. AKIICHTUPAHO €
BBPXY BB3MOXKHOCTTA 32 M3IMOJ3BAHE HA METOAA HA KPUTHYHHS TBT
(CPM anroputsM) 3a Ch3JaBaHe ONTHMAlECH BPeMEBH yueOEH IUIaH,
ChOOpa3eH C TeKymus npoduia Ha o0ydaeMmus, LECIUTC U BPEMEBHUTE
OTpaHUYCHHUSI.

[IpencraBenure B pa3paboTkara uaen ce Oa3mpaT Ha OomMTa Ha
aBTOpPHUTE B pa3pabdOTBAaHETO Ha CUCTEMa 3a OHJIAHH oOyueHHe O
CTPYKTYpPH OT JJAHHU U O0YUYCHUETO Ha ChCTE3aTENH M0 HH)OPMATHKA
(CTyneHTH U Y9EeHUIM ), CTYACHTH C HHINBHUIyalleH IJIaH Ha 00y4JeHHe,
CTaXaHTH B codTyepHH (UPMH, HauYMHACIM MPOTPAMUCTH.
[MpeacraBenuTe pe3ynraTH ca WHTETPUPAHU B MOXYJ 332 BPEMEBO
IUTAaHUpaHe Ha y4eOHHWTE SIUHHWIM B CHCTEMa 33 OHJAWH 00ydyeHHe
DSLearning, xo#To B MOMEHTA € B TIEPHOJ Ha arrpoOaItus.

2. CPM aaropurbm

MeroawsT Ha kputnunus nbT (CPM - Critical Path Method) e
TEeXHHKa 3a IJIAHUpPAHE W YIpaBJICHHE Ha 33/1a4uuTe, HEOOXOAUMH 3a
U3ITBJIHEHNE U (MHATM3UPaHe Ha MPOEKT OT JAeiHocTu. Toit e ocodbeHo
IICHEH 32 MMPOEKTH C MHOYKECTBO B3aMMO3aBHUCUMH JIEHHOCTH, THI KaTO
M03BOJISIBA J1a O'b/IAT OTKPUTH MOTSHIIUAIHHU MPEYKU U BH3MOXKHOCTH 32
e(eKTUBHO pas3mpeaesicHne Ha pecypcure. To3M MeETOa Hamumpa
NPUJIOKECHUE B M3BIMYAHE HA ITbTS Ha KuOeparaku [1], ruiaHupane Ha
npoekTH ¢ mporpamupane [2], [3], pasnpenenenn morou oT ganuu[4],
ylnpaBjeHHe Ha cTpouTesnHu mnpoektu [5]. Hasmuzaneto Ha
W3KkycTBeHUS] MHTENEKT BbB BCHYKH C(EpPH HA CHBPEMEHHHS JKUBOT
MOCTaBs HOBM IPEIM3BHKATENICTBA IMpea u3smoi3panero Ha CPM
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anroputhmMa. B TO3M acmeKkT WHTepec NPECTaBISBAT HETOBHUTE
MPUIOKEHUS 32 U3rpaKJaHe Ha MHTEIUTCHTHH CHCTEMH 3a TIaHUpaHe
Ha TEKKH MPOCSKTHU 32 TPAXKIAHCKO CTPOUTENCTBO [6], MHTEerprpane Ha
U3KYCTBEHUS HHTEJICKT B IIPAKTUKUTE 3a YIIPaBICHUE Ha TIPOEKTH [7].

Lenra na CPM anropurbma € na uaeHTH(HUIMpa Hai-Ibiarara
MOCJIEOBATETHOCT OT B3aUMHOCBBP3aHU AEHHOCTH (KPUTUYHUS IIBT),
3a 712 ObjIe OIpe/IeNIeHO MUHUMATHOTO BpeMe 3a 3aBbpIIBaHE Ha JaJIcH
npoekT. OTKPHUBAaHETO HA KPUTHYHHUTE JICHHOCTH MOJIoMara
e(eKTHUBHOTO paslpe/ielieHne Ha PecypcuTe, OCUTYPSBAILO TIXHOTO
U3ITBJIHEHNE B CPOK.[8]

Bceku mpoekT ce chCTou OT ompeAenieH Opoil JeWHOCTH, HAKOU
OT KOUTO 3aBUCST OT APYrH. B TO3M cMHCBHI Mpexkara oT JeHHOCTH 3a
€IMH TIPOEKT MOXe Jla ce MmpeacTaBu upe3 rpad. Becekn BpbX B TO3M
rpa¢ ChOTBETCTBA HA KOHKPETHO ChCTOSIHUE HA MPOEKTA, & BCAKO peOpo
MEXIy Ba BbpXa - Ha AeiHOCT. J[eMHOCTTa, KOSITO IPUBEKIA IPOEKTA
OT CBCTOSSHME | B CBCTOSHHE |, Ime ObJe O3HA4YaBaHa KaTo
<i, j>. Besika TakaBa JAEHHOCT MMa BpEMeE, 32 KOETO C€ H3IThJIHSIBA.
Bpemero 3a u3nbiHeHue 11e Obae o3uauaBaHo ¢ {(i, j).

[Mpunaranero Ha CPM anroputrbma H3KMCKBa M3YHCICHUETO HA
crnennute Benuunay [9]:

*ee(i) - Hait-paHHOTO BB3MOXKHO Bpeme (earliest event time), B
KOETO TMPOEKTHT Ile ObJe B KOHKPETHO CHCTOSHHE I. 32 BCHUKH
BBPXOBE, KOUTO HSMAT MPEIUISCTBEHUIM, Ta3u cToiHOCT ¢ 0. Ako
CHOMTHETO | MMa €IMH WX TOBEYE MPEIIICCTBEHHIIH |, Ta3U CTOWHOCT
¢ paBHa Ha max(ee(j) + t(j, i)

*le(i) - maii-kpcHOTO BB3MOKHO Bpeme (latest event time), B
KOETO MPOEKTHT I1Ie Ob/Ie B KOHKPETHO ChCTOsTHKE i. Ta3u cTOWHOCT e
paBHa Ha min(ee(j) - t(i, j)) oT BCHYKM NpEKH HACICIAHUIM | HA
CBCTOSTHHETO |.

*EST(i, j) = ee(i) - Haii-paHHOTO BpeMe Ha 3a1l04YBaHE Ha ACHHOCT
<i, j>.

*ECT(i, j) = ee(i) + t(i, j) - Haii-paHHOTO BpeMe Ha 3aBbPIIBAHE
Ha aerHoct <i, j>.
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*LST(, j) = le(j) - t(i, j) - Hali-KbCHOTO BpeMe Ha 3arOYBaHE Ha
neiHocT <i, j>.

*LCT(i, j) = le(j) - maii-kbcHOTO BpeMe Ha 3aBBpPIIBAHE Ha
neiHocT <i, |>.

*SLACK(i, j) = LST(i, ) - EST(i, j) - Tonepanc. 3a Bcsika IeiHOCT,
JeXxama Ha KpUTHYHUS 16T, Tasu crtoifHoct e 0. [lo To3m Haumn
neiiHocTuTe ¢ Toaepanc 0 MapKupaT KpUTHYHHUSA ITBT.

[Tomsute ot m3nonszBanero Ha CPM B miaHupaHeTo Ha AajeH
MIPOEKT Morat faa 0baaT 0000IIeHN B CIIETHUTE TPYIIH:

*Hamansaeane wna 3axvcHenusma. MeToasT Iomara aa ce
UICHTUHIINpA Hal-Ba)KHATA TOCIEIOBATEIIHOCT OT 33Ja4d B JaJCH
MPOEKT, KOETO MOXe Ja ObAe U3IMO0J3BAaHO 3a U30srBaHe Ha
3aKbCHEHHATA MPEIN TAXHOTO HACTHIIBAHE.

*Cv30asane Ha Jno2udecka ouazpama Ha OeluHocmume 6
npoekma. MeTOABT CE€ OCHOBaBa Ha W30pPOSBAHETO HA BCHYKH
JICHHOCTH B TIpoleca M 3aBUCHUMOCTHTE Mexay TaxX. Ch3aaeHaTta 1o
TO3M HAYHH JHarpama rmoMara 3a BU3yallu3upaHe Ha 3aBUCMOCTUTE H
BBH3MOXKHOCTHTE 32 MPUOPUTHU3UPAHE HA ONIPEICIICHH 3a1a4H.

*Ilooobpsasane na opeanusayusma. B cnoxuau mnpoexktn CPM
nomara 3a pasjielisHe Ha pe3yJNTaTHUTe Ha I0CIeO0BATeIHOCTH, a
HOCJIEIOBATEITHOCTUTE - HA 337a4d. JJOIBIHUTEITHOTO BU3YyaIU3HpaHe
Ha 3aBUCHMOCTHTE, 33]JaBaHETO HA OTPaHWYEHHATA U e(pUHUPAHETO Ha
KPUTHYHUS BT HA 33Ja4iTe TIOA00psBa OpraHM3alyaTa Ha MPOCKTa,
KOETO TMOBHINAaBa e(EKTUBHOCTTA Ha YINpPaBICHWE Ha HETOBOTO
yIpaBJIeHUE.

*Onmumusupane na epexmusnocmma. Unentndunupanero Ha
KPUTUYHHUS T MapKUpa BaKHHUTE 3a/1a4M B MpoekTa. ToBa Moxke aa
ObJic M3MOJI3BAHO 3a Tpepasnpe/ieliecHne Ha PecypcuTe ChoOpa3zHO
TSAXHATA PO 332 €PEKTUBHOTO M3IIBJIHEHNE HAa BAXKHUTE 3a1a4H.

*U3uucnaeane na niasawume pecypcu. llnaBammre pecypcu
OIpeNIeJIAT C KOJKO MOXKE Ja ce 3abaBu eiHa 3aaada, Oe3 ToBa ja
noBIMse Ha TpaduKa Ha MpoeKkTa. ToBa € OT CHIIECTBEHO 3HAYEHHUE 32
e(eKTUBHOTO pa3NpeaeiCHue Ha PECypCHUTe.
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3. Ilnanupane Ha y4yeOeH mnpouec MO CTPYKTypH OT
nanuu ype3 CPM

3a npwiaraneto Ha CPM anroputbMa B yNpaBICHHETO Ha
3HAHUSATA 110 CTPYKTYPH OT JaHHH CE MpPEAIoara, ye:

A) YrpaBieHHeTO Ha MPOCKTa U3UCKBA IIAHUPaHEe Ha yueOHOTO
BpeMe M y9eOHHUTE eMHHUIM C [IeJ yCBOSIBAaHE HA 3HAHUATA U yMEHHUATA,
KOWTO Ca BKJIIOYEHH B yueOHaTa nmporpama 1o CTpyKTypH OT JaHHH.

b) EnHO KOHKPETHO ChCTOSIHUE | HA IPOEKTA CE OTHKIECTBSBA C
TeKyImus npodwt Ha 00y94aeMusl, BKIIOYBAL BeYe YCBOCHUTE 3HAHUS U
YMEHHSI.

B) JleitnoctTa <i, j>, KOSATO NPUBEXkK/Ia IPOCKTA OT ChCTOSHKE | B
CBCTOSTHHE |, BKJIFOUBA Y4EOHUS MPOLIEC, KOMTO IIe MPUBEIEC CHCTEMATa
OT 3HAHUS U yMEHUsI Ha 00y4aeMHusi OT ChCTOSHHE | B CHCTOSIHKE |.

3a OIpPEACIAHCTO HAa KPUTUYHHWA BT B IIPOLICCAa HA o6yquHe 10
CTpyKTypH OT JaHHH C€ MPEMUHABa MOCJICIOBATEIHO MPe3 AaJICHUTE
H0-JI0JTy IIECT OCHOBHHU €Tarla.

Eman 1. Onpeoenane na 8cuuku CbCMosHUs, CbOMEEMCmMEauyu
Ha 6eue YCEOeHU 3HAHUA U YMEHUs, 6 MmepMUuHume HA U3y4aeanume
nousmust no Cmpykmypu om OaHHU.

MHOKECTBOTO OT T€3U CHCTOSHHS 3aBUCH OT ITOCTABEHHUTE LIEJIN
U BXOJsIHs podui Ha oOydaemus. EMHO mpuMepHO ChIIbpKaHUE Ha
TOBa MHOXECTBO MOXe Jia ObJie {yKa3arell, MaCUB, CTEK, OTaIlKa, JeK,
NPUOPUTETHA OMAIIKa, CIIUCHK, TBOMYHO JIBPBO 32 ThpPCeHe, rpad }

Eman 2. Onpedensine Ha 6CUYKU 3ABUCUMOCIIU  MEHCOY
CLCMOAHUAMA.

B TepmuHHUTE Ha TO3M eTal CHCTOSIHUATA OMBAT 3aBUCUMH U
napanentd. ChCTOSIHUE |, KOSTO 3aBHCH OT JPYro ChCTOSIHUE |, ©
3aBHCHMO IIO0 OTHOIICHHMEC Ha 3HAHHUATA, KOUTO TpSI6Ba Jla IpUTCKaBa
00y4aeMHsIT, 32 a MOXKE J]a TIPEMUHE OT ChCTOSHUE | B CHCTOSHHE |.
JlBe chCcTOSHUS | M | ca TapajeiHu, ako Te Ca HE3aBHCHUMHU I10
OTHOIICHMS HA 3HAHHUATA, KOUTO Tpﬂ6Ba Ja IIpUTCIKaBa O6y‘-IaeMI/IHT.

[Mpumepu 3a 3aBUCHMU ChCTOSHHUS Ca:

* Xeur-ta0nuia — MacuB, CIIUCHK

* I'padh — macuB, CIUCHK, yKa3zaTen
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* HpI/IOpI/ITeTHa oIlamka — MacCHB

* Crexk — yKazaren

[Tapanennu cbCcTOSAHUS MOTaT a OBJAT OMaIlIKa U CTEK, 3alI0TO
o0yyaeMusAT MOXe Aa M3Y4M CTEK Oe3 Ja MMa 3HaHHs 3a OmallKka U
obpaTHO.

CTex

A 4

Crmcby

) 4

> Yxazaten

A 4

Onawka Yew Tabnuua

Y
=
]

A
Y

MpuopnTeTHa
onawka

Macue

Y

Y

Tpad

®@urypa 1:Mpe:ka ot AeiiHOCTH 3a 6230BU MOHATHSA 110
CTpyKTYpH OT JaHHU

Eman 3. Cv30asane na mpescama om oetinocmu.

Mpexata OT JSHHOCTH Ce NMPEIACTaBs upe3 OpueHTHpaH rpad,
BBPXOBETC Ha KOWTO ca CBhCTOSHHATA, Tpe3 KOUTO TpsiOBa aa ce
npemune. PeOpara Ha rpada cBBp3BaT oOmIpenelieHWTe B eram 2
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3aBUCHMH CHCTOSHUSI M TIPEACTaBAT NEHHOCTUTE, KOWTO TpsiOBa aa
OblIaT U3BBPIICHU.

Ha ¢uwr. 1 e nanen enqun npumepeH rpad, IpencTapsiy MpekaTa
Ha JIEWHOCTHTE 3a yCBOsSBaHE Ha 3HAHUS M YMEHHs 3a paboTa ¢ 6a30Bu
noHsTHsA 10 CTPYKTYpH OT JaHHH.

Eman 4. Oyenxa na epememo 3a écaxa oeunocm.

M3non3Bailky MHUHAIAA ONUT W 3HAHMUATA HA aBTOpPUTE, C€
OIICHSBAa BPEMETO 3a HM3BBPIIBAHE Ha BCsKa JeiHocT. Bpemero ce
OllCHsBa B Opoi yueOHM 4YacoBe, HEOOXOJMMH 3a YCBOSBaHE Ha
3HaHUATA, KOUTO MPUBCKAAT O6y‘IaCMI/IH OT CBbCTOAHUC | B CBbCTOSIHHEC
J.

3a oleHKa Ha BPEMETO ce M3MOJI3Ba METoJla Ha 3-TOYKOBaTa
OILICHKA, KOWTO € MpeJHa3Ha4YeH Ja TNpUAaAe MO-TOsIMa TEKECT Ha
pPETMCTUYHUS CPOK. 3a IenTa TPsAOBa Ja Ce M3TOTBAT CIEAHHUTE TPH
BPEMEBH OIICHKH 3a BCSKa JAEWHOCT, Oa3upaHu Ha TIPEIUIICH OIUT WIIN
Hail-1o0po MpeanoIoKeHHE:

a - BpeMe B Hail-moOpwust cydait

M - Hali-BEpPOSITHO BpeEME

b - Bpeme B Haii-nomus ciyyai

3a ompejensHe Ha BPEMETO 3a W3BBPIIBaHE HA CHOTBETHATA
JIEHHOCT Ce W3IOJI3Ba METO/la Ha TPUBI'BIHOTO paslpeleleHre o
¢dbopmyarta:

(D) t=(@a+m+b)/3

To3m MeTon HE JaBa TO-TOISIMA TEXKECT Ha Hail-BEpOATHOTO
BpeMe, KaKTO TOBa € IpU H3IMOJI3BaHETO Ha CPEIHONpETereHaTa
croiiHocT. [IpuunHaTa 3a To31 300D €, Ye IIaHbT 3a padoTa Ce U3rOTBs
B HayaJIeH eTall, Ha KOMTO He ca M3BECTHHU HABUIMTE HAa 00ydaeMHus 3a
OTTOBOPHO OTHOIIIEHHE KbM yUeOHHS MPOIIEC.

Eman 5. Onpedensne na xpumuynus nvm.

OHpe}IeHHHeTO Ha KpUTUYHHUA IIBT CTaBa 4YpE€3 M3YMCIICHUC Ha
CTOWHOCTHTE Ha BpEMEHaTa, ommcaHu B Touka 2. llporpamuara
peayM3anus M3MOJ3Ba TpeACTaBIHEe Ha Tpada upe3 CHUCHIM Ha
CBCEJCTBO, T.€. MACUB StateS 3a ChbCTOSTHUSATA U CITUCHIY HA CHCEICTBO
C BBb3ed 3a BCSAKa JACWHOCT. Bb3muTe, mpencraBsm JIeHHOCTHUTE,
CBHABPKAT HOMEpa Ha ChCTOSIHMETO M NIPECMETHATOTO B eTarl 4 Bpeme.
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3a m3uKciaeHneTo Ha croiiHocTuTe €€(i) ChCTOosIHUATAa ce 00XO0XKAaT B
TOTOJIOTMYHA Hapeaoa.

Eman 6. Onpedenane na niasawume nepuoou.

Tlnapai nepros € BpeMeTo, Mpe3 KOETO €/1Ha JACHHOCT MOXKe Ja
Obae OTIIOKeHa, Oe3 1Ja ce CTHrHe J0 3a0aBsHe Ha KpawWHMS
CPOK.M3YMCIIIBAHETO HA IUIABAIlMS TMEPUOJ MOXKE Jia MOMOTHE 32
npepasnpeneNisiHe Ha pecypcuTe. AKO JajJieHa JSHHOCT MMa BHCOK
TUTABAIll IEPUOJT, MOTAT Jia OBJIAT MPEHACOUYCHH PECYPCH KbM 3a/1aua ¢
N0-BUCOK MPUOPUTET. ['oleMrHaTa Ha TUIaBalys TIEPUO/] CE ONPeIeIis
ot croiiHoctTa Ha SLACK(, j).

PesynrarsT or mnpumaranero mHa CPM B mmaHupanero Ha
yueOHaTa JEHHOCT € CIUCHK OT JICHHOCTUTE, KOUTO TPsOBa 1a ObaaT
M3BBPIIEHHN 3a€THO C TAXHATA MPOJBIKUTEIIHOCT B YU€OHH YacoBe.

4. 3ak/aoueHue

[Mony4enust upe3 msnonszBaHe Ha CPM muan 3a oOydeHue e
choOpazeH ¢ TeKymus mpodwt Ha oOydaemusi. To3u mpodur chabpka
WHQOpMaIs 32 BCUYKH, YCBOCHH IO MOMEHTA, 3HAHHS M YMEHUS,
KOETO TO03BOJISIBA Ja CE HM3TOTBH CTPOr0 WHIMBUIYaJCeH IUIaH 3a
oOyuenne. To3n MoOxXoa HE MOXE Ja 3aMEHHM HAITBJIHO pOJIATa Ha
nperoaBarelis B TO3M NPOIEC, Thil KATO B PeIMIa ClIydan y4eOHHUST
npoiiec TpsioBa aa ObJie ChOOpa3eH ChC CYOCKTUBHUTE XapaKTEPUCTUKN
Ha oOydaemusi. Toit obOadye ocBoOOXIaBa TpernogaBarens OT
U3BBPIIBAHETO Ha TpylIOeMKara JEeHHOCT MO OIpeAeisHe Ha
MOCJIEIOBATETHOCTTA OT 0A30BU TEMHU Bbh3 OCHOBA Ha CIIOKHHUTE BPB3KU
B Tpada Ha 3HAHUSL.

JIUTEPATYPA:

[1] Levner, Eugene, and Dmitry Tsadikovich. "Fast Algorithm for Cyber-
Attack Estimation and Attack Path Extraction Using Attack Graphs with
AND/OR Nodes." Algorithms 17.11 (2024): 504.

[2] Raranta, Meliska Eviany, Fabian J. Manoppo, and Grace Yoyce
Malingkas. "Implementation of the Critical Path Method (CPM) in Web
Applications for Project Scheduling with Python Programming." Journal
of Social Research 4.7 (2025): 1844-1854.

-20 -



An Application of the CPM algorithm...

(3]

(4]

(5]

(6]

[7]

(8]

(9]

Santiago, Jesse, and Desirae Magallon. "Critical path method." CEE320,
Winter 2013 (2009).

Durrman, Dante, and Erik Saule. "Optimizing the critical path of
distributed dataflow graph algorithms." 2023 IEEE International Parallel
and Distributed Processing Symposium Workshops (IPDPSW). IEEE,
2023.

Kadang T., Hidayah P.W., Simarmata K., Putri N. A., Krisvinus.
“Analysis of Consultant Building Project Management Using the CPM”.
Journal of Business Management and Economic Development, VVolume 2
Issue 03, September 2024, pp 1169 — 1179

Panchal P. B. “Use of Integrated Intelligence Scheduling System (IISS)
for Heavy Civil Construction Projects”. Journal of emerging technologies
and innovative research (JETIR), Volume 12, Issue 5, May 2025

Shamim M. 1. “Artificial Intelligence in Project Management: Enhancing
Efficiency and Decision-making”. International Journal of Management
Information Systems and Data Science, 2024, 1(1), 1-6

Ren, Yongchang, et al. "Study of using critical path method to formulate
the algorithm of software project schedule planning.” 2010 3rd
International Conference on Information Management, Innovation
Management and Industrial Engineering. Vol. 4. IEEE, 2010.

AnroputMu U cTpyKTypH OT Aanuu B C++, Jlewmept Amepai, 2001

Banentuna JIsinkoBa

@akynTer o MaTeMaTnka 1 HHGopmMaTuKa
[ymencku ynusepcurer ,,Enuckon K. IlpecnaBcku‘
e-mail: vspasova@shu.bg

Muxaena TogopoBa-Kynaposa

®dakyaTeT Mo MaTeMaTHKa U HH(pOpMaTHKa
[lymencku ynusepcurer ,,Enuckon K. IIpecnaBcku‘
e-mail: mihaela.todorova@shu.bg

-21 -



Annual of Konstantin Preslavsky University of Shumen
Faculty of Mathematics and Informatics
vol. XXVI C, 2025, pp. 22 - 40, https://doi.org/10.46687/HIVE1644

ANALYSIS AND COMPARISON OF OPEN-SOURCE TOOLS
FOR OPTICAL CHARACTER RECOGNITION IN BUSINESS
DOCUMENT PROCESSING *

STOYAN K. KONSTANTINOV
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Findings show PaddleOCR offers the best balance of performance, usability,
and cost, while hybrid OCR-language model approaches improve flexibility,
and Donut fine-tuning achieves the highest accuracy for specific document
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1 BnBenenne: OT oNTHYHO Pa3NoO3HABAHE KbM
HHTEJUTeHTHA 00pa0d0TKa HA IOKYMEHTH

PasBuTHeTO HAa WHCTPYMEHTH C OTBOPEH KOJA 32 ONTHYHO
pasmo3naBade Ha cuMBoau (OPC), m3nmomsBanu mpu oOpaboTkaTta Ha
Ou3HeC JOKYMEHTH, ce TPEeBpPhIla B KIIOUOB €IEMEHT Ha TUTUTAIHATA
tparchopmanus. Tpagunuonnure cuctemu 3a OPC ca cw3maneHu
€IMHCTBEHO Ja Tpeo0pa3yBaT H300paKeHHe B MAIIMHOYHATACM TEKCT,
0e3 1a pa3dupar CTPYKTypara ¥ CEMaHTHYHHS KOHTEKCT Ha JIOKyMEHTa
[1]. 3a ma ce u3Biedye peagHa OHW3HEC CTOMHOCT, ca HEOOXOIUMHU
pEIICHHS OT MO-BUCOK KJIAC, M3BECTHU KaTO WHTEIMICHTHA 00paboTKa
Ha nokymentu (IDP — Intelligent Document Processing) [2], kouTo
KOMOWHHpAT TpH OCHOBHM (YHKIMH: aHaIM3 Ha OQpOPMIICHHETO,
pasno3HaBaHe Ha TaOJMMIM M W3BIMYAHE HA JBOMKHU KIIOY—CTOMHOCT
[3].

Hcropuieckd ONTHYHOTO pa3lo3HABAaHE UMa JBJITa €BOJIOLHS,
3armoyBaia ome npe3 1960-te roguHW, KOraTo MBPBUTE CUCTEMHU
HAMHpAT MPUIOKEHUE B OaHKOBaTa W aIMUHHUCTPATHBHATA MPAKTHKA
[1]. PanHuTe MeTOAM pa3yuTaT Ha IMAOJOHHO CBHIIOCTABSIHE U
MOP(}OJIOTUYHH OTIEpAIlMK BhPXY M300paKECHHUATA, KOSTO OrpaHHYaBa
TOYHOCTTA W aIAITHBHOCTTA MM. [IpexoIbT KbM MAITHHHO U JBIOOKO
o0ydyeHHe TOBEX/Ia IO PEBOJIIOIUS B 00JIACTTA: KOHBOJIOIMOHHUTE U
PEKYPEHTHUTE HEBPOHHU MPEXKHU CTAaBaT CTAHJAPTHU apXUTEKTYPH, a
TEXHUAT CHUHTE3 B KOHBOJIOIMOHHO-PEKYPEHTHA HEBPOHHA MpEXa
(CRNN — Convolutional Recurrent Neural Network) mo3BossiBa
INOCTUI'aHE Ha 3HAYUTCIIHO IIO-BHCOKAa TOYHOCT U YCTOI\/II‘II/IBOCT Ha
pasmo3HaBaHeTo [4].

IMpe3 mocnemnoto JnecetuneTre (HOKYCHT €€ HW3MECTBA OT
YUCTOTO W3BIMYaHE Ha TEKCT KbM MO-ABIOOKO pa3dupaHe Ha
nokymeHTuTe. HTenurenTHaTa o0padoTKa Ha JOKYMEHTH WHTETpUpa
OPC c aHanu3 Ha OQOPMIICHHETO M CEMAaHTUYHOTO ChAbpXKaHHE [5],
KOETO JjaBa Bb3MOXKHOCT 3a aBTOMaTH3MpaHa oOpaboTka Ha (GakTypH,
JOTrOBOpM M aAMHUHHUCTPATUBHHU JOKYMCHTH. Taka ce wHamansgBa
HYy’)XJaTa OT pb4Ha paboTa, OrpaHHYaBaT ce IPEUIKUTE U CE€ YCKOPSABaT
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MPOIIECUTE B Pa3IMYHUA CEKTOPU — OaHKUpaHe, MyOJIMYHO yIPaBICHHUE
 3/1paBeorna3Bane [6].

[TapamenHo ¢ TEXHOIOTWYHHS HANpPEIbK HAPAcTBa HHTEPECHT
KbM oTBopeHuTe mHCTpyMmeHTH 3a OPC um IDP, xomrto ocurypsiBat
MPO3PAYHOCT, 3JaITHBHOCT U HE3aBHCUMOCT OT KOHKPETCH JIOCTABUUK.
3a OBJTAPCKUTE OpPTaHU3AMKA TOBAa HMa 0COOCHO 3HAYCHHUE, Thil KaTo
MO3BOJISIBA TIOJAPHKKA Ha OBITapCKHU €3UK U JIOKATHO BHEpSIBaHE 0e3
3aBUCHUMOCT OT CKBIM MEXKIyHApPOAHW OOJAYHM YCIyrd. B To3m
KOHTCKCT OTBOPEHHUTE TEXHOJIOTMW TMPEACTaBIsBAT HE Camo
WKOHOMUYECKH e(QeKTHBHa, HO W CTPaTeTHYecKH YCTOWYMBA
aNTepHaTHBa 33 M3TPAXKIAHETO Ha HANWOHATHA  JUTHUTATHA

UHpaCTpyKTypa.
2 ba3oB cranpapr: Tesseract 3a ONTHYHO pa3No3HABaHe
Ha CUMBOJIM

Tesseract, mppBoHayatHO pazpadoreH ot Hewlett-Packard mpes
80-Te roguHM U MOHACTOsIEM oA IbpxkaH oT Google Research, e Haii-
pasnpOCTPaHEHUSAT WMHCTPYMEHT C OTBOPEH KOJ 32 OINTHYHO
pasnoznaBane Ha cumBoiH (OCR). Toit npencrasinsiBa GpyHIaMEeHTaJICH
etanoH B pa3Butuero Ha OCR TexHONOrMHTE U CIYyXH Karo Oa3oBa
riaTpopma 3a cpaBHEHHUE MPH OIEHKAa Ha ChbBpEMEHHU cucTeMu. OT
Bepcusi 4 Hacam Tesseract M3MON3Ba apXWUTEKTypa, Oa3WpaHa Ha
HEBPOHHH MPEXH ¢ Jbira Kpatkorpaitna namet (LSTM — Long Short-
Term Memory), KOATO MOJeNUpa TEKCTOBH MOCIEIOBATETHOCTH M
MO3BOJIsABA [TO-100pa ajlanTaiys KbM Bapyaluy B MIPUQTa, HAKIOHA U
OCBETEHOCTTa Ha wm300paxennero [7]. ToBa TO oOTnIHMuaBa OT
KJIACHYECKUTE METOAU 3a pasllo3HAaBaHE, Pa3yUTAIlXd Ha MIa0JIOHHO
CHBITQJICHUE MJIM CTATUCTUYECKU aHAIU3 HA CHMBOJIHTE.

HHCTpyMEHTHT ce pa3npocTpaHsiBa MoJ| OTBOPEH JuiieH3 Apache
License 2.0, xoiiTo gomycka cBoboaHa ymoTpeOa, Moaudukamus u
WHTerpanus B Thprocku pemenus [8]. [lomappxa Ham cTo e3uka,
BKIIFOUHTENTHO OBJTapCKH, a €3WKOBUTE IMaKkeTH Morar ja Objaar
nooOydaBaHM cCIIOpell KOHKPETHH HYXIW. 3a pas3iiKka OT MHOIO
CHBPEMEHHH PEILCHMS, U3UCKBALIHM IpapuuHu ycKopuTenu, Tesseract
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(YHKIMOHMPA HATBIHO BBpXY LeHTpanHus npouecop (CPU), koeto ro
NpaBu JOCTBIIEH 32 MIMPOK KPBI OpPraHM3allMd M TMOAXOAAL] 32
BHEZIPsIBAHE B CPEIIU C OTPaHMUCH XapAyepeH pecypc.

ApxurektypaTa Ha Tesseract € u3rpazesa Kato nocjiaeoBaTeeH
KOHBelep, KOWTO BKJIIOYBAa mpeaBapuTeliHa o0paboTka Ha
n300paXKEHNETO, CETMEHTAlMsi M pa3lo3HaBaHe. B mbpBus eram ce
npuiaraT TEeXHUKH 3a HOpMajiu3alds Ha KOHTPAcTa, KOPEKLHsS Ha
HaKJIOHa, OMHApU3alsl ¥ PeMaxBaHe Ha IIyM ¢ el ToAo0psiBaHe Ha
yetnuBocTTa. Ciienl ToBa M300pa)KEHHETO ce paslienss Ha TEKCTOBU
peTHOHHM 4Ype3 TMPOCTPAHCTBEH aHanmm3, OasmpaHn Ha Connected
Component Analysis (CCA), koiiTo naeHTuduIupa CBbp3aHu TPYIIH
MUKCENTM ¥ ONpejeNs TpaHUIUTe Ha cUMBoiMTe. Ha cienBamy eramn
HeBpoHHaTa Mpexka LSTM pasno3HaBa CUMBOJIUTE B KOHTEKCT, KaTO
3amameTsBa IOCJIEAOBAaTEIHOCTTa OT BXOJOBE M MHUHHMMHU3UPA
TpEIIKUTE, TIOPOJCHH OT cxoAaHu Gopmu. Brpanen knacudukatop 3a
OpHUCHTAIHS OTKPHUBA U aBTOMAaTHYHO KOPUTUPA 3aBBPTSIH TEKCT, KOETO
€ 0COOCHO BaXHO IPHU CKAaHMPAHU IOKYMEHTH C OTKJIOHEHHS OT
XOpH30HTaIaTa

OCHOBHOTO oOrpaHMyYcHHME Ha Tesseract ce MposBSBA MpU
00paboTKa Ha CTPYKTYpUPaHHU IOKYMEHTH, KaTo TaOuuIy, GopMysipu
u (akTypu, NpH KOWTO JIMIcCaTa Ha MOJeNn 3a pa3dupaHe Ha
0(OpPMIICHHETO BOJHM JIO BB3IIPHEMaHe Ha TEKCTa KaToO JIMHEEH MOTOK
[9]. Cuctemara He peKOHCTpyHpa MPOCTPAHCTBEHUTE BPB3KU MEXKIY
KJIETKUTE U PEAOBETE, a W3BIMYA JaHHUTE IOCIENOBaTeNHO, 0e3 n1a
oTyMTa TAXHATa Mo3unus. OCBEH TOBa TOYHOCTTA M 3aBHCH MPSKO OT
Ka4yecTBOTO Ha HM300paKEHHETO, KOeTO Hajara BHUMATElIHa
npenBapuTenHa oopaboTka — u3IpaBsHe, Maadupane, QUITpUpPaHe U
KoHTpacTHa Kopekmus [11]. CpemHaTa TOYHOCT TpPW YUCT TeYaTaH
TEKCT € oKoyo 85%, HO TpU JAOKYMEHTH CHC CIOXKHA CTPYKTypa TS
HaMaJsiBa 3HAYUTEIHO.

B excriepuMeHTaIeH CLIEHapHUi ¢ AUTUTAIN3aLUs HA CYETOBOJHH
KHUTH OT 70-Te TOJMHH, OTHEYaTaHW BHPXY MOXKBITIA XapTHS U C
qacTUIHO m30menus mpudt, Tesseract goctura easa 45% TouHOCT
0e3 mpenBaputenHa oOpaborka. Cnen mpwiaraHe Ha TEXHHKH 3a
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nogoOpsiBaHe Ha KOHTpacTa, 3albjBaHE Ha JUICBAIIM IMUKCEIU W
npeMaxBaHe Ha IIyM, TOYHOCTTa C€ MOBHILIABA A0 MPUOTUZUTEIHO
78%. ToBa moTBBpKIaBa KIHOUOBATA 3aBUCUMOCT MEKIY KaueCTBOTO
Ha BXOJHHUTE JaHHHU U KPAHUS Pe3yaTaT OT Pa3o3HaBAHETO.

Benpeku cBouTe OrpaHHMYEHHS TPH CIOXKHH JTOKYMEHTH,
Tesseract ocrtaBa cTaOwieH, HaAEXKIASH MW HAObIHO Oe3IIaTeH
MHCTPYMEHT, KOWTO TIIpeijiara BHCOKa TOYHOCT NPH CTaHIapTHU
TEKCTOBE M HUCKU HM3HCKBaHUS 3a BHeIpsBaHe. Heroara oTBopeHa
apXHUTEKTypa, MOJIPEKKATa HA MHOXKECTBO €3WIM W aKTUBHATa
OOIIIHOCT IO MPEBPBIIAT B peepeHTEeH MOIET M OCHOBA 33 pa3BUTHE HA
CBHBPEMECHHH CHCTEMH 32 HMHTEJIMI'€HTHAa 00padOTKa Ha JOKYMEHTH
(IDP), xombunupamm OCR c ananus Ha opopMIICHHE U CEMAaHTHIHO
pazbupaHne.

3 Mopnepuu pemenusi: EasyOCR

EasyOCR, pa3zpaboren ot JaidedAl, npeacrasisiBa cbBpeMeHEH
MHCTPYMEHT C OTBOPEH KO 3a ONTHYHO Pa3lO3HaBaHE Ha CHMBOJIH,
Oasupan Ha matdopmata PyTorch. Toit ce oTnmmuyaBa ¢ BHCOKa
JOCTBITHOCT, JIECHA WHTErpalms W CIOCOOHOCT 3a pabora B
MYJTHE3WYHA cpela, KaTo TOALbpKa HaJ OCEeMIECeT e3HKa,
BKIIIOUMTENHO Obarapceku [12]. 3a pasnuka ot kiiacuueckus Tesseract,
YUSATO  apXUTEKTypa W3WCKBA  JleTalllHa  KOHQUTypauus W
npensaputentHa oopadorka, EasyOCR e npoektupan ¢ GoKyc BbPXY
Obp30TO BHEApsABaHE — cHUcTeMara (yHKOIMOHUpA ,IOTOBa 3a
ynorpeba‘“, 6e3 HeoOXOJUMOCT OT 00yUEHHUE WU PhYHA HACTPOMKA Ha
napamerpure. M3magen mon cBobGogums nuneH3 Apache 2.0,
MHCTPYMEHTBT MOKE J1a Ob/ie U3MOI3BaH KAKTO B aKaJEMHUYHHU, TaKa U
B KOMEPCHAJIHU MPOEKTH, KOETO IO MPaBU MPUBJIEKATENIEH 3a IUPOK
CHEKTHp OT MPHJIOKEHHS B 00JacTTa Ha TUTHTAIHAaTa 00paboTka Ha
JOKYMEHTH.

Apxutektypata Ha EasyOCR e usrpasena BbpXy JByCTENIEHEH
MOJIe]I, ChUeTaBall OTKpUBaHE M pa3loO3HaBaHE Ha TEKCT. [IbpBHAT
komroneHT € CRAFT (Character-Region Awareness for Text
Detection), KOWTO H3M0J3Ba KOHBOJIOLMOHHA HEBPOHHA MpeXa 3a
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JIOKaJu3upaHe Ha 00JacTUTe, ChABPKAIIM TEKCTOBH CHUMBOJIU. To3n
JETeKTOp aHajdu3hpa H300paKEHHETO Ha HUBO PETHOH M HM3BJIMYA
BEPOSITHOCTHHU KapTH, YKa3BallH KbJIE € HAl-BEPOSITHO a C€ HAMHUPAT
oykBu win aymu. Bropusar kommoneHT € CRNN (Convolutional
Recurrent Neural Network), koiiTo peanu3upa caMOTO pa3no3HaBaHE
ype3 KOMOMHAaUWs OT KOHBOJIIOLMOHHM W PEKYPEHTHH CIIOEBE.
KonBomironmonnute CII0eBe H3BIMYAT IIPOCTPAHCTBEHUTE
XapakTePUCTUKH Ha CHMBOJHTE, a PEKypeHTHUTE MOJEINpaT
MOCJIeJOBAaTeTHOCTHTE B TekcTa. biarogapenne Ha ToBa EasyOCR
mocTura A00pa yCTOWYMBOCT IIpH 00pabOTKa Ha TEKCTOBE C pa3inNdHa
OpHEHTalMsA, pa3Mep U MPHUPT, BKIFOYUTEIHO IPH CHUMKH, CKAHUPAHU
JOKYMEHTH M U300paKeHUs C HEpaBHOMEPHO OCBETJICHHE.

Beopekn cBosTa I'BBKABOCT M BHCOKA TOYHOCT IIPU YHCTH
nzobpaxkenns, EasyOCR uma orpanndenus nmpu padora ¢ JOKYMEHTH,
ChIbpKallM CIOKHUA odopmienus. CucremMara He MpHTEKaBa
BrpaJICHU MEXaHMW3MHU 32 aHalM3 Ha CTPYKTypara Ha CTpaHuIaTa U
pasriexaa TeKcTa KaTo JMHEeH NOTOK. ToBa s mpaBu MO-MOAXOAAIIA
32 W3BIMYAaHE HA H30JIMPAaHM TEKCTOBH 30HH, HO HEIOCTATHYHO
epeKTHBHA TpU  JOKYMEHTH C  TaObmuuu, QOpMyIsipy U
B3aMMHOCBBp3aHu nonera [13]. [Ipu momoOHM cinyyam pe3ynTarhbT €
pasno3HaBaHe Ha TeKcTa 0e3 BB3CTAHOBSIBAHE Ha JIOTHUYECKaTa My
OopraHuszalys, KOETO OrpaHHyaBa ymoTpebaTa W 3a HMHTEIUTEHTHA
obpaboTtka Ha gokymeHTH (IDP).

Hdpyr BaxkeH acmekT e npowusBogutenHoctra. EasyOCR e
onTUMHU3MpaH 3a pabora ¢ Buaeomnporuecopu (GPU), Ho Moxke aa
¢yHKIMOHUpa M Ha neHtpanHus npouecop (CPU) npu mno-Hucka
ckopocrt. IIpu macoBa o6padoTka Ha nokymeHTH GPU yckopenuero e
MOYTH 33TBIDKUTEITHO YCIIOBUE, Thil KATO OCUTYPSBA MHOTOKPATHO I10-
BHCOKAa CKOpOCT Ha oOpaborka. OT napyra cTpaHa, jJWrcara Ha
ABTOMAaTHYHM HMHCTPYMEHTH 3a TIpeaBapuTenHa oOpadoTka Ha
M300paXEHUETO U3UCKBA M3II0JI3BAHETO HA BHHIIHM OMOIMOTEKH KaToO
OpenCV winu Pillow 3a momoOpsiBaHe Ha KadyeCTBOTO Ha BXOJHHUTE
JIAaHHHU, OCOOCHO MPU U300paKEHUsI C IIyM WJIM HUCHK KOHTPACT.
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[TpakT4ecKkuTe eKCIEpUMEHTH MOKa3BaT, ue MpH pa3lo3HaBaHe
Ha CTaHAApTHU JOKYMEHTH C BHUCOK KOHTPacT M J0OpO KayecTBO
EasyOCR nocrtura tounoct Hag 90%, KaTo YCHELIHO C€ CIpaBs C
pasinyHU OpHEHTalMH U cMeceHH e3und. llpm moxkymeHTH c
HEpaBHOMEpHA CTPYKTYpa WM U300pakeHus ¢ apTeakTh TOUHOCTTa
craza, KOETO IIOTBBPXJaBa 3aBHCHMOCTTa Ha CHCTeMara oOT
Ka4ecTBOTO Ha BXOJHWTE JAHHU U JIMIICATAa HA MHTETPUPAH MOIYI 3a
aHaiu3 Ha opopmIicHHE.

Bempexku Tesu orpanuuenus, EasyOCR ce yTBbpikgaBa Kato
HaJKIHO U AOCTBHIHO peIIeHHe 3a OBbp30 pa3lo3HaBaHE HA TEKCT B
MYATHUMEAUHHH M JOKyMeHTooOpaborBamium cucremu. Herosarta
apXUTEKTYpHA MMPOCTOTA, OTBOPEH JIUIIEH3 U NIMPOK €3UKOB 00XBAT TO
NpaBAT MPEANOYUTAaH H300p 3a H3CIENOBATENICKM M MPAKTHUKO-
NPWIOXKHU TPOEKTH, KAKTO M 38 CUCTEMH, NMPH KOUTO CKOPOCTTa U
JIeKOoTaTa Ha BHEAPSABAHE HMMAaT IO-TOJSAMO 3HAYEHHE OT IBJIHOTO
CTPYKTYpPHO pa3OupaHe Ha TOKYMEHTA.

4 HNurerpupann naargopmu: PaddleOCR u docTR

Cpen OTBOpEHUTE MHCTPYMEHTH 3a ONTHYHO pa3lio3HaBaHE Ha
CHUMBOJIM U MHTEJIUTEHTHA 00pabOTKa Ha JIOKYMEHTH OCOOCHO MSCTO
3aemar PaddleOCR u docTR, kouTo mpejcTaBisBaT HOBO TIOKOJICHHE
CHCTEMH, HAIXBBPIANIM Kiacudeckus Tmonxon kpM OCR  upes
UHTErpalys Ha CTPYKTYPEH U CeMaHTHYeH aHaiu3. Te3u ruardopmu
KOMOWHHMpAT BHCOKA TOYHOCT, MAmadUpPyeMOCT M BB3MOXKHOCT 32
BHEJIpSIBAHE B MPOM3BOJICTBEHA Cpela, KAaTo CE€ OPHEHTUPAT KbM
II'bJIHATA aBTOMATU3AIIMS Ha U3BJIMYAHETO HA MH(OpMAaIUsA OT OU3HeC
nokyMmeHTH [14][16].

PaddleOCR, pazpaboren or Baidu Al Studio u 6a3zupan Ha
miardopmara PaddlePaddle, e momynHa cucrema, KoATO OOeIUHSBA
HSKOJIKO HEBPOHHM KOMIIOHEHTA: JETeKTOpP Ha TEKCTOBH PETHOHU
(DBNet), xnacuduxarop Ha OpUEHTANUs ¥ pPa3MO3HABATEd C
apxurektypa tunn CRNN (Convolutional Recurrent Neural Network).
Ta3zu KoMOMHAIMS OCHUTYpsiBA YCTOWYHBO M OBP30 paslo3HaBaHE Ha
TEKCT MPHU Pa3HOOOpa3sHW ycioBus Ha u3o0pakeHuero. OcobOeHo
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3HaunMmo e, 4e PaddleOCR mommbpika Ham oOCeMIECeT €3UKa,
BKJIIOUMTENTHO IThJIHA MOJJPBKKA HAa OBArapcKu, W € H3JaieH MoJ
muner3a Apache 2.0, koero rapaHTHpa cBOOOAHa ymoTpeba u
pasmmpsiemoct. 3a pasznuka ot Tesseract m EasyOCR, PaddleOCR e
ONTUMM3HpaH KakTo 3a rpaduunm yckopurenu (GPU), taka u 3a
nenTpaan Tponecopu (CPU), kato mocTura BHCOKa €()EKTHBHOCT
JIOPH TIPU TOJIEMU 00EMHU OT JTaHHH.

KimrouoBoto mpemumctBo Ha PaddleOCR e Hnammumero Ha
JIobIHUTETHUS MOAy1 PP-Structure, koiiTo Tpanchopmupa cuctemMara
ot mHCTpyMeHT 32 OCR KbM IBITHOLIEHHA TUIAT(GOpMA 33 MHTEIUTEHTHA
obpabotka ©Ha gokymeHTH (IDP). To3m ™Momym BBBeXma TpU
(byHIaMEeHTaTHH Bb3MOXKHOCTH: aHaJIH3 Ha 0(OPMIICHHETO, H3BITUYAHE
Ha Ta0nmWou W pa3no3HaBaHe Ha JBOWKM KIIOY—CTOHHOCT. Upes
I'BIOOKM MOZENn 3a Bu3yanHa cermeHrtanus PP-Structure pasmens
CTpaHullaTa Ha CCMAaHTUYHU PETHOHU — 3arjiaBusi, OCHOBCH TCKCT,
TabnmuuM, wu300pakeHWs WM (QopMylTd — KaTo MOXe Ja
uaeHTU(UIIIpa TOBeYe OT MABAJECeT pasIUYHM THMa ONokoBe. B
Ta6J’II/I‘IHI/ITe PEruoHu cucremara BBb3CTAaHOBsIBA JJoryyeckara
CTPYKTypa Ha peIoBEeTE€ M KOJOHHUTE, BKJIIOUUTEIHO OOETWHEHHTE
KIJIETKH, KOETO IO3BOJIIBA TOYHO BB3MPOM3BEXKIAHE HA TaOIMYHATA
nH(pOpMAIUs U HEHHOTO NMpeodpazyBaHe B MATMHHOYETUM (opMaT.

Oco0eHO HHTEpeCcHa € Bh3MOXKHOCTTA 38 CEMaHTHYHO W3BIHYAHE
Ha WHQOpMaNHS Ype3 JBYKOMIIOHEHTEH MOJIEN, ChueTaBall Semantic
Entity Recognition (SER) wu Relation Extraction (RE). Tasm
KOMOWHAIMs TI03BOJISIBA HA CHCTEMaTa Jia pa3lo3HaBa KOHIICTITYAITH!
JIBOMKH KIIIOU—CTOWHOCT, JOpPHM KOraTo T€ HE ca pas3loJIOKEHU
MOCIIEIOBATEIHO B JIOKYMEHTa, KOETO € OT pellaBallo 3Ha4eHue Npu
daxTypu, anekcu u popmyspu. Taka PaddleOCR ce npubnmxkasa 10
¢dbyHKIMOHATHOCTUTE Ha KoMepcuannute IDP cucremu, kato ABBYY
FlexiCapture u Kofax, HO npu 3ana3eHa 0TBOPEHOCT U Bb3MOKHOCT 32
JIOKaJHO BHEAPSIBAHE.

IIpouseogurennocrra Ha PaddleOCR e ontumusupana upes
TEXHUKW 33 KBaHTH3allUsi W YCKOPEHO H3YHCIICHUE, TO3BOJISIBAIIN
penyuupaHe Ha pa3Mepa Ha Mojena 0Oe3 chbllecTBeHa 3aryba Ha
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touHocT. [Ipu pabora Ha GPU (manpumep NVIDIA A100) cuctemara
MoKe Jja 00paboTBa 0 METCTOTHH TOKYMEHTa Ha 4ac, fokato Ha CPU
MPOM3BOJIMTEITHOCTTA € MO-HICKA, HO OCTaBa JOCTAThYHA 32 CPEJTHH O
Mamad BHenpsBaHus. llpenoppuMTeNHaTa KOHGUTYpanus 3a
MPOU3BOICTBEHA cpelia BKiItouBa Bueorponecop ¢ 8—12 GB rpagpuyna
maMeT W W3Moi3BaHe Ha odunumanaure Docker konTeitHepm Ha
PaddleOCR 3a ctangapTHO u JIeCHO MOAIbpkacMo BHempsaBane [15].

Bropara cucrtema — docTR, pa3paborena ot Mindee,
NpeCTaBIsIBa BUCOKOIPOU3BOANTENHA ONOIMOTEKa, H3TPaicHa BbPXY
wiatpopmara PyTorch, kKosSTo M3MON3Ba CHBPEMEHHU apXHTEKTYPH C
TpaHchOpPMATOPH 3a JCTEKIUs M pa3lo3HaBaHe Ha TekcT. [logxonbT
npu docTR e monyneH — moTpeOUTENIT MOXKe Ha HU30upa MExAy
pas3INYHU MOJICIH 32 OTKPUBAHE U Pa3l03HaBaHe CIOpe]] KOHKPETHOTO
npunoxkenue. ToBa OCHIypsiBA BUCOKA T'bBKABOCT M BBH3MOXHOCT 3a
WHTETpUpAaHE B IMIO-CIIOKHM CHUCTEMH 32 JIOKYMEHTOOOpaboTKa.
CunnHara ctpana Ha docTR e ckopocTTa Ha 00pab0oTKa M CIOCOOHOCTTA
My J1a pabOTH C JOKYMEHTH B pa3iInyHH GOpPMaTH U OPUCHTAITUH, KOECTO
rO MPaBu MOJXOJISII 38 peaTHOBPEMEBU NPUIIOKEHHs 1 00paboTKa Ha
MOTOIH OT W300paKCHHUS.

OcnoBuusar Hemoctathk Ha docTR e cBbp3aH ¢ e3ukoBara
nojyipbxkka. [IpenBapuTeIHO 00yUeHUTE My MOJICTH Ca OPUCHTHPAHU
KbM JIaTHMHHUIIA U (PEHCKH €3MK, KaTO JIUIICBA ,,;OTOBA 3a ynorpeba
moIphKKa Ha kupwinna [16]. 3a na 0b1e u3non3Bad eeKTHBHO TpU
OBIArapCKu JOKYMEHTH, CUCTEMATa H3UCKBA MPOIEC Ha TOMBIHUTECITHO
o0Oy4enue (fine-tuning) ¢ ppYHO MapKUpaHH JaHHHU, KOETO OrpaHHYaBa
HefHaTa TOCTBITHOCT 3a OpraHu3alny 0e3 KarmaluTeT 3a Ch3/laBaHe Ha
cobctBeHn koprnycH. Bempeku toBa, docTR nmemoHcTpupa oTiiMvHa
IMPOU3BOJUTCITHOCT ITPU CTAHAAPTHU JIATUHCKU JOKYMEHTHU U € IIPUMEP
3a crmenpamoro mokoinenre OCR  cucremu,  M3mos3Bain
TpaHCcPOPMATOPHU MOJIENN 32 BU3YaITHO-TEKCTOB aHAJIH3.

OOImUAT U3BOJ OT aHAJIM3a Ha JBETE IUIATGOPMU ITOKA3Ba, 4ye
PaddleOCR ce ornnuaBa ¢ Haii-ibiHA (YHKIIMOHAIHOCT M 3PSUIOCT
CpeJl OTBOPEHUTE peIIeHHs, KaTo TNpeaiara Bb3MOXKHOCTH 32
WHTEerpalys, aHaau3 Ha opOPMIICHHE U M3BJIMYAHE HA CTPYKTYPUPAHU
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nmauau, nokato docTR ce pokycupa BbpXy CKOpOCTTa U MOJIYJTHOCTTA,
HO € OTpaHWuYeH OT €3WKOBUTE cu Mojaenu. M nmBete cucremm obaue
MIPENICTaBISIBAT KIIIOYOB eTan B mpexoaa oT kiacmdecko OCR kbMm
WHTETPUPAHU PEIIeHUs 3a WHTEIUTeHTHAa 00paboTKa Ha JOKYMEHTH,
KOUTO ChU€TaBaT BU3YyaJHO pAa3lO3HAaBaHE, CEMAHTUYCH aHAIU3 U
BHCOKA MPOM3BOJICTBEHA €(DeKTHBHOCT.

5 CaeaBaunio NoKoJeHUue: MO 0€3 ONTHYHO
pa3no3HaBaHe

C pa3BuTHETO Ha ABIOOKOTO O0y4YeHHE U TPaHCPOPMATOPHUTE
ApXUTEKTYpH HACThIIBa KOHIIECNITYyaleH MpexoJ B o0iacTra Ha
HUHTCIMI'CHTHATa o6pa60TKa Ha IOKYMCHTH — OT KJIaCHMYCCKU CUCTEMU
3a OCR xpM MoOJeNH, KOUTO EIMMHUHHUpPAT HEOOXOAWMOCTTa OT
MeXIMHHA (ha3a Ha TEKCTOBO M3BIMYaHe. Ta3u HOBA TpyIa penIeHus,
mzBectHa karo OCR-free mnoaxoaw, He pa3mo3HaBa CHMBOJIHU
HOOT/CITHO, @ JUPEKTHO MHTEPIIPETHPA BH3YAJTHOTO ChABPKAHHE HA
JOKyMEHTa KaTto CTpyKTypupaHa nHdopmanus. Hali-npencraBurencH
mozen ot To3u tun ¢ Donut (Document Understanding Transformer),
pa3paboTeH ot uscienoparenckara jadoparopust Clova Al na NAVER
Corporation, KoiTo peanuzupa pyHAaMEHTAIHA IPOMSIHA B HAUMHA, 10
KOHTO CUCTEMHUTE Bb3IpuemMaT u o0paboTear qokymenTa [17].

Donut e eamHeH TpaHchoOpMaTOpeH MOAEN, KOUTO TNpHeMa
M300paKEHUETO Ha JIOKYMEHTa KaTro BXOJ W JHPEKTHO TIeHepupa
CTPYKTYPHUPAaHO TEKCTOBO MPEACTaBSIHE HAa CHIABPKAHUETO IO
¢dopmata Ha JSON 00ekT. 3a pazivka OT TPaIUIMOHHUTE CHCTEMHU,
CBCTOSIIIM CE€ OT J(Ba IIOCJIEAOBATENHM €Tala — OTKpUBaHE W
pasro3HaBaHe Ha TeKCT, — Donut KOMOMHHMpPA BU3YaJIHO BB3NPUSITHE H
€3MKOBO MOJICJIMpaHe B €JHa apXWUTeKTypa. Ta3u ISUIOCTHOCT
CIIMMHUHHpa TPEIIKUTE, HATPYINBAaHU MEXAY OTACIHHUTE MOAYJIU, U
M03BOJISIBA HA MOZETIa Aa pa3drpa eAHOBPEMEHHO KaKTO TEKCTa, TaKa 1
BU3yallHaTa My OpraHu3aIys. ApXUTEKTypaTa ce ChCTOU OT BH3YyalleH
eHkojnep, Oasupan Ha Swin Transformer, u TEKCTOB JeKojep,
n3nonsBain apxutekrypara BART (Bidirectional and Auto-Regressive
Transformer). EHkogepbT aHanmu3upa  HM300paKEHHUETO  KaTo
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HepapxuyHa Mpeka OT BU3yallHM TOKEHH, JOKATO IEKOepbT TeHepupa
TEKCTOBU MOCJIEJ0BATETHOCTH, OTMCBAIIH CBIbPKAHUETO,
JIOTUYeCcKaTa CTPYKTypa U KOHTEKCTa

OcHoBHOTO TpenuMcTBO Ha Donut e cmocoOHOcTTa My Aa
KOMOWHHpa BU3YaIHO M CEMaHTHYHO pa3OupaHe B €IMH MOAET, KOETO
My TI03BOJISIBA Jla M3BJIMYA CTPYKTYPHPAHHU IBONKH KIFOY—CTOWHOCT
(KVP), 3armaBms, monera u Tabmuiy, 0e3 HEOOXOIUMOCT OT
npeaBapUTETHO NeQUHUpaHH a0uoHnu. Taka cucTteMaTa MOXe Ja ce
CIpaBsi C TOKYMEHTH, KOUTO UMAT Bapupaiy GOopMaTH U HEMOCTOSHHO
pasmoyio’KeHue Ha  eNEeMEHTHTe, KakBUTO ca  (aKTypuTe,
3acTpaxoBaTeTHUTE TIOJMUIM M aAMUHHUCTpaTuBHATE hopmysapu. [Ipu
npaBWIHO O0ydeHue Donut mocTura TOYHOCT, CpaBHMMa WM TIO-
BHCOKa OT Ta3u Ha KomMOuHauu o OCR u €3MKOBU MOJIENH, Thi KaTO
eMMHUHWPA HATPYTIBAHETO HA TPEIIKH MEX Ty OTACITHUTE KOMIIOHEHTH.

Brnpeku ToBa, NpakTUYECKOTO BHeApsiBaHe Ha Donut n3ucksa
BHUMATEJICH MPOLIEC Ha JONMBIHUTEIHO 00y4eHue (fine-tuning). 3a na
MOJK€ MOIENBT Ja HWHTEPIpeTHpa CHenu(uyeH THII JOKYMEHTH, €
HE00X0AMMO M3TpaXxaaHe Ha 00yJaBall KOpIryc, ChAbPIKAIl MEXKITY CTO
W TIETCTOTHH PBYHO AaHOTHPAHU MPHUMEPA, B KOUTO ChIBPKAHUETO €
onucaHo B ctpykrypupana JSON ¢opma [18]. Criex ToBa MoAensT ce
oOydJaBa Ja BB3MPOM3BEXK/A Ta3u CTPYKTypa MPH HOBU JOKYMEHTH.
To3u mporiec rapaHTHPa BUCOKA TOYHOCT IPH CIICIHATH3UPAHN TUTIOBE
JIOKYMEHTH, HO U3MCKBA 3HAYUTETHA PECYPCH B €KCIIEPTH3a B 00J1acTTa
Ha MAaIMHHOTO OO0yueHwe. PasmepbT Ha Monena W HeoOXoaMMara
rpaduyuHa ameT ChINO ca MPEeTU3BUKATEIICTBO — ONTHMaIHaTa paborta
Ha Donut u3ucksa rpadudnu yckopurenu ¢ 16-48 GB VRAM, koeto
OTrpaHMYaBa MPUIOKUMOCTTA MY B CPEJIN C OTPAaHUYEH Xapyep.

Pa3puTHeTo Ha MYNTUMOJANTHHUTE TOJEMHU E€3UKOBH MOJIEIH
(VLM - Vision-Language Models), kato Qwen-VL wu PaLI-X,
NpeACTaBiIsiBa CJIEABAlIA CTHIIKA B Ta3H MOCOKA. Te€3M MOJENN Moratr
€IHOBPEMEHHO J1a 00paboTBaT N300paKeHUs U TEKCT, KaTO U3ITbIHIBAT
3aJa4d 3a U3BJIMYaHE Ha KIIOYOBU TMOJIeTa, KIAacH(UKAIUS WIH
OTroBapsiHE Ha BBIIPOCH B T.HAp. zero-shot pexxum — Oe3 crenuaitHo
oOydeHne 3a KOHKpeTHHs Tun JokyMmeHT [19]. Te mnputexasar
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CHOCOOHOCT Aa pa3OupaT BU3yalHHS KOHTEKCT HA CTpaHHUIaTa U Ja
reHepupar JIOTHYECKH CBBpP3aHM  OTTOBOPH, KOETO  OTBaps
BB3MOXXHOCTH 3a IPUIAaraHe Ha €CTECTBEH €3UK IpPU aHalu3 Ha
JOKYMEHTHU. BBIIpeku BUCOKHSI CH NOTEHIMAN, T€3U MOJEIN U3UCKBAT
OTPOMHH HW3YMCIMTEIIHA PECYypCM M UYECTO pa3yuTaT Ha oO0JiavyHa
MH(QPaCTPyKTypa, KOETO TH MPaBH MO-MAJIKO MOIXOASAIIN 32 JIOKAJIHO
BHE/IPsIBAHE NPU OTPAHUYEHH OIODKETH WM BHCOKM M3UCKBAaHUS 32
3alluTa Ha JaHHHTE.

Ha To3u ¢oH 0coOeHO 3HAaUMM ce OKa3Ba XUOPUIHHAT MOJIXO,
KOHTO KOMOMHMpa crabmimHocTTa Ha TpaguronauTe OCR cucremu ¢
I'bBKABOCTTA HAa €3MKOBHUTE Mozenu. [Ipu Hero ce M3moi3Ba TPUCIOEH
nporec: mepBo PaddleOCR wu3Bnmmya wenust CypoB TEKCT OT
n300paXEHUETO, CIIeA KOETO TO3M TEKCT C€ MOAaBa KbM I10-MAaTbK
€3MKOB MOJEJ, ONTUMH3MPAH 3a CKOPOCT U 00pabOTKa Ha €CTECTBEH
e3uk. B mocnenHus eram MoaenbT ModydaBa HHCTPYKIUS (prompt) ga
U3BJIEUE KOHKPETHUTE ABOWKHU KIIFOU—CTOMHOCT MJIM J1a CTPYKTypupa
uHpOpMaIUATa CIOpe MpeABapuTeNHO 3anaaeH mabmon [20]. Tasm
KOMOMHAIIMs T03BOJIsIBA Obp3a ajmanTaius KbM HOBH (hopmatu Oe3
HEOOXOAMMOCT OT MpeodydeHre W MHUHUMH3UPA U3YUCIUTEITHUTE
pas3xonu, KaTo 3ara3Ba BUCOKA TOYHOCT U I'bBKaBOCT.

CpaBHUTENHUAT aHanKu3 Ha Donut, MyJITHMOJATHUTE MOJENIH U
XI/I6pI/IILHI/ITe peui€Hudg II0Ka3Ba SACHO pa3rpaHUYCHHUE MCKOAY TPUTC
nogxona. Donut moctura Hai-BHUCOKa TOYHOCT TP  CTPOTO
neuHUpaHd M J00pe O0ydeHHW 3anaud, MYJITUMOAAIHUTE MOJENU
npejsiaraT  yHHBEPCATHOCT 03  JIOMBJIHUTEIHO oOydeHue, a
XUOpPUHHUTE pEHICHUS OCUTYpSBAT ONTHMaleH OallaHC MEeXIy
NPOM3BOAMTENHOCT, I'bBKaBOCT M pa3xoad. B To3um KOHTEKCT ce
ouepTaBa TEHJICHIIMS KbM KOHBEpreHius Ha aseTe mapaaurmu — OCR
U TpaHchOpMATOPHHUTE AapXUTEKTYypH — B 00IIa pamka, KOSTO
MHTErpUpa BU3YAIHO BB3NPUATHE U €3MKOBO pa3OMpaHe KaTo OCHOBA
3a ObJCIINTE CUCTEMH 32 HHTEIIMT€HTHA 00paboTKa Ha JOKYMEHTH.
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6 CpaBHUTe/IeH aHAJIU3

CpaBHUTETHUIT aHANW3 Ha pasrielaHuTe WHCTPYMEHTH C
OTBOPEH KO/ 32 ONITUYHO W UHTEIUTCHTHO Pa3o3HaBaHe Ha TOKYMEHTH
MOKa3Ba OTYETINBO paszButhe OT Kiacwmuecku OCR cuctemMu KbM
WHTETPUPAHH W MYJTAMOJATHA AapXHTEKTypH, CIOCOOHH Ja
00paboTBaT KakTO BU3yallHHWsA, TaKa W CEMaHTHYHHA KOHTEKCT Ha
mokymenta. Jlokaro Tesseract m EasyOCR mpencraBmsBar 3penw,
CTaOWITHY pENIeHHs 33 U3BINYAaHE HA TEKCT MPH OTPAHUYCHU PECYPCH,
PaddleOCR, docTR u Donut gemMoHCTpUpaT ClIABAIIOTO MOKOJICHUE
TEXHOJIOTHH, OPHEHTHPaHW KbM HWHTEIMICHTHa 00paboTka Ha
nokymeHTH (IDP). PaznmukuTe Mexmy Te€3u CHCTEMH Ce MPOSIBSIBAT HE
caMO0 B TOYHOCTTa Ha pa3lO3HAaBaHE, HO W B HAauWHA, MO KOMUTO
MHTEPIPETUPAT 0POPMIICHUETO, JOTHYECKUTE 3aBUCUMOCTH 1 OU3HEC
3HaueHUETo Ha chabpkanuero [14][16][17][20].

Tesseract octaBa Hail-IOCTBIHOTO PELICHHE, MNOAXOIALIO 3a
apXMBHU WU aJMHHUCTPATUBHU JOKYMEHTH C MPOCTa CTPYKTypa U
BHUCOKO KauecTBO Ha ckaHupane. EasyOCR mpemmnara mo-reBkaB u
MYJITHE3WYEH TOAXON, HO HEe TOIIbpKa aHamu3 Ha odopMIICHHE.
PaddleOCR ce ornnyaBa kaTto Hali-3psiio pelIeHHE CPeJl CUCTEMHTE C
OTBOpEH KOJI — HHTETpUpa aHaNIn3 Ha oQopMIIeHHE, pa3lio3HaBaHe Ha
Ta0JIMIM ¥ U3BIMYaHE Ha JBOWKH KIIFOU—CTOMHOCT upe3 Momayna PP-
Structure, koeTo ro mobirKaBa 10 HHAyCTpUATHHATE pemeHus 3a [DP.
docTR pompuHacsi ¢ BHCOKa CKOPOCT M MOJIYJIHOCT, HO OCTaBa
OTpaHHMYEH OT JIUTICaTa Ha TOTOBA MOAMPHKKA Ha Kupwimna. Donut, ot
CBOS CTpaHa, BhBeXkaa HoBaTa mapagurmMa Ha OCR-free mopemute,
KOHMTO €JIMMUHMPAT MEXIUHHOTO HMBO HA CUMBOJIHO Pa3lO3HABaHE U
UHTEPIPETUPAT JIOKYMEHTA TUPEKTHO KaTO CTPYKTYpUPaHO 3HAHUE
[17][19].

KonnyectBennure mokazarenu OT JUTEPATYPHHUTE CPABHEHHS W
MpoBeJeHUTE TecToBe MOTBhpkaaBaT, ye PaddleOCR moctura Haii-
I00Bp OanaHC MEXIY TOYHOCT, IPOU3BOIUTEITHOCT U M3UCKBAHUS KbM
xapayepa, kato joctura 94-97% npu cTangapTHU NI€YaTHU JOKYMEHTH
U ToJIbpKa cTabuiHa CKOpOCT Ha oOpaboTka mopu mpu pabora Ha
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CPU. Donut pemoHCTpHpa IMO-BUCOKAa  QJalTUBHOCT  MpH
crieranu3upadu (OpMaTH, HO M3HMCKBA MPOIEC Ha JOMBIHUTEIHO
obyuenwue (fine-tuning) u 3HauuTeNneH rpaguyeH pecypc. XuOpuIHUTE
pemenus, komOmHupamu PaddleOCR ¢ Mamrbk €3WKOB Momed,
mpeyIaraT MpakTHIeH KoMIpoMuc — u3noizear 3psut OCR mexaHuszsm
3a M3BIUYAHE HA TEKCT, MOCJIEIBAH OT €3MKOBa WHTEPIpETals Ha
CBABPKAHUETO dYpe3 HHCTpyKnmd (prompt engineering), 0e3
HEOOXOJUMOCT OT Mpeo0yUYeHHEe Mpu MpoMsiHa Ha popmarta [20].

Taoauna Ne 1 CbnocTaBka Ha OCHOBHUTE XapaKTEePUCTHKH Ha
HHCTPYMEHTHTe

Xapaxtepue- | Tesserac| p.o ncR | paddleOCR| docTR || Donut

THKA t5
Junens A%aghe Apache 2.0 || Apache 2.0 || Apache 2.0/ MIT

Hopapbxka Ha

) Ha(c
OBJIrapcKu Ja Ja Ja He (fine

o0yueHune

(roToB Moae) tuning) )
DBNet + .
CRAFT + Transforme|| Swin +
Apxurtektypa || LSTM CRNN CRNN + PP- ; BART
Structure
AHaJau3 Ha
odopmenme He OrpanuueH OtinueH Jo6bp || OTitnuen
Wzpmiane na He He OtnuueH Cpenen || Otnuuen
TadJIuIU
H3panyane Ha
JABOWKH KIII0Y— He He Aa (RSIS)R * He Ha
CTOMHOCT
MHoro
Pecypena Hucka Cpenna (GPU Bucoka Cpenna BHCOKA

npenopbuntene| (GPU 8-12 || (GPU 6-8

unTensusHoct || (CPU) (GPU 16—
H) GB) GB) 48 GB)
Cpenna rounoct|| o acor || gg 9004 94-97% || 93-95% || 96-98%

(meyaTeH TEKCT)
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Xapakrepuc- || Tesserac

EasyOCR ||PaddleOCR|| docTR Donut
THKA t5

IMoaxoasin 3a

CTPYKTYPHpPaHH He Yactuyno Ha YactuuHo Ha
AOKYMEHTH
Hugo Ha
MHoro
HHTerpauus Hucko Hucko Bucoko Cpenno
(IDP) BUCOKO

Crparernuecku norneganaro, PaddleOCR ce ouepraBa kaTo Haii-
NparMaTHYHUT 300D 32 peallHi BHEAPSBaHUs MOPaaN 3pEIOCTTa CH,
OanmaHca MEXIy TOYHOCT M €(pEeKTHBHOCT M I'bJHATa MOJAPBKKA Ha
Opnrapcku e3uK. Donut m CBBp3aHHWTE C HEro TpaHCPOPMATOPHHU
MOJIENIN TPEICTABISABAT CIEABAIIOTO MOKOJICHUE PEUICHHUs, HACOYCHU
KbM BHU3yaJHO-€3MKOBO pa30upaHe W TO-IBJIOOK KOHTEKCTyaleH
aHanu3. XuOpUAHNUTE CUCTEeMU KOMOMHHMpAT MpeJuMCcTBaTa Ha ABaTa
MOJX0J1a, KaTo chueraBaT HaaexkaHocTTa Ha OCR c rpBKaBoCTTa Ha
€3WKOBHTE MOJIEIM ¥ TPEJCTABISABAT PEAJHCTUYHO peUIeHHE 3a
OpraHU3alMy C OrPAHUUEHH PECYPCH.

OtBopenute TexHosnorun 3a OCR u IDP Beue nemoncTpupar
3pSIIOCT, CpPaBHUMA C KOMEPCHUAIHUTE pEIIeHHs, KaTo MPEeJIOCTaBAT
epeKTHBHY, MalmadbupyeMH H HE3aBUCUMH HMHCTPYMEHTH 32
aBTOMaTH3MpaHa o0paboTKa Ha JOKYMEHTH. TsXHaTta CTOMHOCT ce
u3pazsiBa HE CamMO B HWKOHOMHYECKHTE TIapaMeTpu, HO U B
CTpaTETHUECKUTE TMPEIUMCTBA, CBBP3aHH ChC CYBEPCHUTETa Ha
JaHHUTE, aJalTUBHOCTTa M KOHTpPOJIa BBPXY BHeApsiBaHeTo. Tasu
€BOJIIOLHMS OYEPTaBa [UIABEH NPEXO0l KbM OBACIIO TOKOJIEHUE CUCTEMH,
IIPpU KOWUTO BUSYAJIIHUAT U C€3UKOBUAT KOHTCKCT CC€ PA3TJICKIAAT KaTO
€MHHO MH()OPMAIIMOHHO MIPOCTPAHCTBO.

7 3akaoueHue

CpBpeMEHHHTE CHUCTEMH C OTBOPEH KOJ 33 ONTHYHO W
VHTEIUTCHTHO Pa3II03HABAHE HA JOKYMEHTHU JIEMOHCTPHUPAT OTYETIINBA
€BOMIOLUSA — OT KJIAaCH4YECKO CHUMBOJIHO M3BIMYAHE HA TEKCT KbM
WHTETPUPAHN  BHU3YAIHO-€3UKOBH  apXUTEKTypH, CIOCOOHW Jia
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aHamM3UpaT  CTPyKTypara, OQOPMICHHETO W  CEeMaHTHYHHTE
3aBUCUMOCTH Ha JOKyMeHTa. Ta3u TpaHcopMamus NpeacTaBIsiBa
IPEXOoA OT TEXHWYECKO pa3lO3HaBaHE KbM KOTHUTHBHO pa3OupaHe,
mpu KoeTo oOpaboTkara Ha MaHHA C€ TIPeBphIa B YacT OT
MHTEJIMTEHTHU OM3HEC M aIMUHUCTPATUBHH MTPOLIECH.

Cpen pasrnenanurte nactpymerntu PaddleOCR ce yTtBbpkaaBa
KaTo HaW-3psaia U (PyHKIMOHAJIHO 3aBBPIIEH MOE], KOWTO ChyeTaBa
TOYHOCT, CTaOWJIHOCT ¥ TBBKABOCT MpH BHeApsBaHe. Donut u
CBBbp3aHUTE C HEro MYJITUMOIAHH TpaHc(hOpMaTOpH 3aJaBaT HOBa
napagurma, OasupaHa Ha BH3YaJHO-E3MKOBO MOJIEJIUpPAHE, KOETO
nocteneHHo m3MecTBa kimacuyeckute OCR koHBeliepu. XubpumaHuTe
noaxonu, mpu kouto ce kombOuHmpar OCR u e3ukoBm Mojuenwu,
NPEIOCTaBAT OaJaHCHUPAHO pEIIEHHE MEXIy MPOU3BOAUTEIHOCT,
W3YHUCIINTENIHA €()EKTUBHOCT U aJalTUBHOCT KbM Pa3iu4yHU (HopMaTu
JOKYMCHTHU.

W3non3eaHero Ha OTBOPEHHM HWHCTPYMEHTH HMa 0COOEHO
3HaYeHUE 3a OBIrapcKusi KOHTEKCT — TE€ II03BOJISIBAT JIOKAJIHO
BHE/IpSIBAHE, MOJJIPHKKA Ha OBJITAPCKH €3HK U ITbJICH KOHTPOJI BBPXY
00paboTBaHHUTE JaHHHW, 0€3 3aBUCHUMOCT OT UY>KACCTPAaHHU OOJIAYHU
JoctaBuniy. ToBa OocHrypsBa KakTO TEXHOJOIMYHA HE3aBHCHUMOCT,
Taka ¥ CbOTBETCTBHE C M3MCKBAHUATA 32 3aIUTa HA HHPOPMALUITA

[Tocokara Ha OBAEHMIOTO pa3BUTHE BKJIIOYBA TPH OCHOBHU
TEHJEHIIMU: YCHBBPLICHCTBAHE Ha MYJTUMOAAIHHUTE APXUTEKTYPH,
ONTUMM3ALIUS HA PECYPCUTE Ype3 KOMIIAKTHH MOJENU U pa3paboTBaHe
Ha €3UKOBH KOPITYCH 32 TO-MaJKH €3UIH, CPeJ] KOUTO OBJITapCKUSIT.
Te3u HampaBieHHs TOTBHPXKAABAT, Y€ WHTEIUIeHTHATa 00padoTKa Ha
JOKYMEHTH C OTBOPEH KOJl € HE CaMO TE€XHOJIOTHYHA MHOBALMA, HO U
CTpaTeTHYeCKH HMHCTPYMEHT 3a JIMTHTallHA  Tpanchopmanys,
MPO3PAYHOCT U €(PEKTUBHO yNpaBjIeHUE Ha MH()OpMAITUITA.
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3D MESH WATERMARKING USING RADIAL VERTEX
EMBEDDING"

DELYAN H. SARMOV

ABSTRACT: This paper presents an algorithm for embedding digital
watermarks into 3D mesh models. The method relies on radial displacement of
vertices from the object’s centroid and is evaluated for robustness against
geometric transformations including rotation, scaling, and additive noise. The
approach uses multiple radial layers with majority voting for error correction.
Experimental results demonstrate high baseline extraction accuracy and
robustness against moderate rotations and noise, while revealing sensitivity to
scaling and rotations beyond certain thresholds.

KEYWORDS: 3D watermarking, 3D mesh, Robust Watermarking,
copyright protection
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BOJEH 3HAK 3A 3D MOJAEJI C PAIMAJIHO BI'PAXK/IAHE
BBbB BLPXOBE'

JEJSIH X. CbPMOB

1 Introduction

Digital watermarking has become a crucial technique for
copyright protection, fingerprinting, and authentication of 3D content.

“This paper is partially supported by Scientific Research Grant P/I-08-
106/05.02.2025 of Konstantin Preslavsky University of Shumen

fCrarusra e yacTnuHO QpuHaHCHpaHa o npoekt Ne PJ[-08-
106/05.02.2025 r. na IV ,,En. Koncrantun [IpecnaBcku‘
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Unlike images or video, 3D meshes represent complex geometric
structures that can undergo a wide range of transformations, making
watermarking a challenging task.

Prior approaches often embed information in vertex positions,
normals, or texture channels. However, normals can be recomputed or
removed, and texture information may be absent or altered during
processing. To address these challenges, this work proposes embedding
watermark bits along radial displacement vectors from the mesh
centroid. By doing so, the method leverages geometric consistency of
the mesh to maintain robustness under transformations such as rotation,
scaling, and small perturbations.

In this work, a multilayer radial embedding strategy is presented
for distributing watermark bits into vertices. A strategy and algorithm
for embedding and extraction by radial vectors are formulated. A
robustness analysis against standard transformations with experimental
validation is performed.

2 Related Work

Watermarking techniques on 3D meshes have been extensively
studied. Different watermarking methods have been developed and
distinguish fragile from robust techniques [1]. After embedding, their
robustness to geometric distortions is compared. [2]. Other works
investigate radial coordinate embedding strategies [3] and domain
transformation techniques (wavelet, spectral) [4,5]. In comparison, this
method focuses on direct radial embedding with shift with multiple
radial layers and majority vote extraction, aiming for simplicity and
robustness.

3 Watermarking Method
Normalization and radial vectors
A 3D mesh is represented as M = (V, F), where
1) V ={vy,v,, .., vy}
are the vertices and F are the faces.
The geometric centroid is
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(2) c= _Zl 1V;
For each vertex vi, define the radial direction vector
_ V-
) -
Normalization ensures [Idll = i, for all i. By embedding along

these vectors, the displacement is invariant to uniform scaling to first
order.

Vertex Selection and Layering
First compute per-vertex distance
4) dist; = ||v; — c||

and participation count (number of faces pi incident to vertex i).
Then define weights:

(5) far = dist; .p;
(6) w?"’se = (maxdist; — dist;) * p;
(7 wie? = |dist; — median;(dist;)| = p;

For each of the three layers: far—layer, close—layer, median—
layer, select the top-vertices with largest corresponding weight. This
distributes embedding across vertices of varying radial positions and
participation, improving robustness.

Embedding Procedure
Let the watermark bit-sequence be
(8) W= [W1,W2,.--,WL], Wg € {0, 1}

For a selected vertex v; (associated with bit index k), define

1 i =1
©) si={'1 iy
The new embedded vertexes are calculated in the following way
(10) v, =v;+a.s;*d;
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where is the embedding strength o. Small enough to ensure
imperceptibility, but large enough to tolerate noise.

Extraction Procedure

Given a possibly transformed mesh with vertices vi(", it is
assumed that the original coordinates (or displacements) accessible.

It is calculated d; then

T
(1) Av; = vg ) v;
and project onto di
(12) pi = Av; . d;
Extracted bit is

r 1 if pi>0
(13) w; = {0 ;thzrwise

Majority Voting Logic

It is embed three independent layers 1=1,2,3. For each bit position
i, define bits from each layer wi®, wi®, w;i®, Then define final
extracted bit.

(14) w{inal = mode {w;(l),w;(z), w;(g)}
This shows how majority voting improves reliability.
Algorithm Pseudocode

Embedding

Input: Mesh V={v_i}, Faces F, Watermark W, Strength o, TopN
Compute centroid ¢ = (1/N) Y, v_i

Compute participation p_i for each vertex

Compute distances dist_i = |[v_i — ]|

For each layer Le{far, close, med}:

Compute weights w_i*L

Select top-TopN indices idx"L

For each layer L:
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For each j,k such that v_idx"L[j] corresponds to bit W[K]:
Compute d = (v_idx"L[j] —c) / |[v_idx*L[j] —c||

s=+1if W[k]==1else -1

v_idx"L[j] « v_idx"L[j]ta *s *d

Return watermarked mesh V'

Extraction
Input: Original mesh V, Watermarked mesh V', layers indices

{idx~L}

4

For each layer L:

For each i in idx"L:

Computed = (v_i—c)/|v_i—c||

Av=v' i-V_i

If Av - d > 0 then bit=1 else bit=0

Extract bits W_hat(L)

W _hat_final = majority_vote(W_hat*(1),W_hat*(2),W_hat"\(3))
Return W_hat_final

Experimental Setup and Results
A python program implementing the above algorithms has been

developed. The program has been tested with a standard set of models
used for validation of results in similar studies.

Dataset: A standard 3D meshes (Stanford Bunny 2503 verts,

4968 faces; armadillo 49990 verts, 99976 faces; Dragon 1180060 verts,
2349078 faces).

Watermark: 64-bit random binary sequence.
Embedding strength: a = 0.001.
Vertices per layer (TopN): 256.
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Evaluated transformations:
Rotations: 5°, 10°, 20°, 45° (around random axis).
Scaling factors: 0.90, 0.95, 1.05, 1.10.

Gaussian noise: o in [a/3, o] (three steps).

Table 1. Results Summary

Transformation | Parameter ég#frgrcg Accur:t;lcy Accuracy
Bunny armadillo | Dragon
Baseline - 1.000 1.000 1.000
Rotation 5 0.969 0.906 0.875
Rotation 10 0.531 0.750 0.750
Rotation 20 0.500 0.500 0.531
Rotation 45 0.500 0.500 0.500
Scaling 0.90 0.500 0.500 0.500
Scaling 0.95 0.500 0.500 0.531
Scaling 1.05 0.500 0.500 0.500
Scaling 1.10 0.500 0.500 0.500
Noise 0.000333 | 0.969 1.000 1.000
Noise 0.000667 | 0.938 0.969 1.000
Noise 0.001000 | 0.969 0.906 0.844

5 Conclusion and Future Work
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Results showing baseline perfect extraction confirms
embedding correctness. High resilience to small rotations (<5°)
and minor noise perturbations bellow a. Accuracy degrades under
larger rotation (10°+) and more so under scaling beyond £5%.
Majority voting across three layers mitigates errors when single-
layer reliability drops.

Limitations remain in  handling larger scaling
transformations and topological changes such as mesh
simplification. Future work could explore inter-vertex distance
embeddings, local coordinate frames, and graph-based or
deep-learning methods for higher resilience [6].
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SOLAR PANEL ORIENTATION SYSTEM FOR INCREASING
ENERGY PRODUCTION WITH ARDUINO SIMULATION"

KRASIMIR M. KORDOV, AHMED A. AHMEDOV

ABSTRACT: This article presents a system for the automatic
orientation of photovoltaic panels toward the sun, aiming to optimize
captured sunlight and enhance energy yield. The system is implemented
through a prototype utilizing an Arduino microcontroller, photoresistors for
detecting light intensity, and a servomotor for panel positioning.
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CUCTEMA 3A HACOYBAHE HA COJIAPHMU ITAHEJIA 3A
ITHOBUIITABAHE HA EHEPI'OJOBHUBA CbC CUMYJIALIUA
HA ARDUINO ¥

KPACHMUP M. KOP1IOB AXMEJ A. AXMEJIOB

1 BnBeaenune

3eneHaTa eHeprusi NpeACcTaBiIsiBa PEBOJIIOLUOHHA aJTEpPHATHBA
Ha TPAAULMOHHUTE €HEPIrUHU U3TOUHHIIH, KOSITO HE CAMO OCHUTYpsIBa
YCTOWYMBO €HEpPTruiHO OBbJelle, HO W WIpae pemasaiia poist B
OIIa3BaHETO Ha OKOJHATa cpefa. 3a pa3iuka OT W3KOMAaeMHUTe TOPUBa,
BB300HOBSEMUTE CHEPTUIHHN M3TOYHHIIA HE OTIENSAT BPEIHU €MHCHU
B arMoc(epara, He 3aMbpCSBAT BB3JyXa C TOKCHYHU ra3oBe U HE
JIOTIPUHACST 3a MapHUKOBUA eekT. M3mon3BaHeTo Ha 3eJIeHa CHEPTHs

" This paper is partially supported by Scientific Research Grant
PJ1-08-75/22.01.2025 of Shumen University
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3HAYMTEIIHO HaMalsiBa BBIVICPOAHUS OTIEYaThK HA YOBEIIKATa
JEHHOCT ¥ TIoMara 3a ChbXpaHsIBaHETO HA TPUPOJHUTE EKOCUCTEMH 32
OBJIEIINATE TTOKOJIECHUS,

EnuH oT Hall-nepCcHeKTHBHUTE U CHBPEMEHHH METOAU 32
JNOOMBaHE HA 3€lieHa CHEPrusl OT BH30OHOBSIEMH W3TOYHHIU €
M3MOJ3BAHETO Ha COJapHH MaHENTH, MpeoOpasyBaliyd CirbHUEBaTa
CBETJIMHA B eJIeKTpuuecka eHeprus. ['eHepupaHeTo Ha EHEprus ce
W3BBPIIBA, KOraTO CIBPHYCBHTE JIbYM ce€ abCOpOMpaT OT cojapHara
MOBLPXHOCT M C€ MpeoOpa3yBaT B CIICKTPUYECKA CHEpPrus IoJ
¢dopmara Ha mpaB TOK, a MPHU HEOOXOAMMOCT upe3 AOIBIHUTEIHU
cpencTtBa Moxe aAa Obae mpeoOpasyBaHa W B IPOMEHJIHB TOK.
KommuecTBoTO Ha eHepromoOWBa 3aBUCH OT MHOXKECTBO (DaKTOpH,
BKIIIOUUTEIHO METEOPOJIOTUYHUTE YCJIOBUS, KOWTO MOrar Ja
3aTPyAHSAT JIOCTBIIA Ha CIIBHYEBUTE JBYM A0 TOBBPXHOCTTA Ha
COJIApHUTE TMaHEW, HAIWYHAETO Ha JOCTATBYHO CIIbHUCBA CBETIIMHA
npe3 JIeHs, 3aMbPCSIBAHETO HA MOBHPXHOCTTA HA COJAPHUTE MAHEIH C
npax v IpyTy 3aMBbPCHTENH, CTEIICHTA HAa aMOPTU3UpaHe Ha MaHEIUTe
C TEYCHUE HAa BPEMETO, KAKTO M KJIFOUOBHAT (DAKTOp - BIBIBT Ha
naJiaHe Ha CITbHYEBUTE TbYM CIPSAMO PABHUHATA HA COJNIAPHUS TaHEI.

Hacrosimata pa3zpabotka ce (okycupa BBpXy Ch3llaBaHETO Ha
WHTEJIMTeHTHA CHCTEMa, KOATO aBTOMATHYHO OPUEHTUpPA COJApHHUTE
MaHeau KbM Hal-OJIarompHsTHATA MO3MIHUS CIHPSAMO CIBHIETO Tpe3
[eNust JIeH, KaTo M0 TO3W HAYWH MaKCHUMU3UPa KOJIMYECTBOTO YiIaBsHA
cipHUeBa  eHeprusa.  Upe3  u3mon3BaHe  Ha  CHhBPEMEHHHU
MUKPOKOHTPOJIEPHH TEXHOJOTUH W CEH30PHH CHCTEMH, MPOCKTHT
[EeNIK J1a IEMOHCTPUpA KaK JIOCTHITHA TEXHOJIOTUYHHU PEIICHHUS MOTaT
Jla ObJaT MPUIIOKECHU 33 Ch3JlaBaHE Ha €PEKTUBHU M MKOHOMHYECKU
ONpaBlIaHU CHCTEMH 3a MNOAO0OpsSBaHE Ha NPOMU3BOAUTETHOCTTAa HA
COJIApHHUTE MHCTAJIAINY.

Criopenn HampaBeHH TPOYYBaHHsI HA CHCTEMH, KOHTPOJUPAIIH
HACOYBAaHETO HAa COJIAPHU TAaHEJ W, IMOBHIIABAHETO HA CHEPTrUHHUS
n00uB Moxe Aa ce mozoopu a0 30% - 40% [1], HO Hsakou oOT
CHCTEMHUTE TOCTUTAT U JIO MO-BUCOKHU croiHOoCcTH [2, 3]. OTunraiiku
pasxomuTe 32  XapAyepHHM  3aJBIDKBAIlA  CIEMEHTH  IpH
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KOHCTPYMPAHETO HAa CHCTEMa 3a HACOUBAHE Ha COJIAPHU IMaHENH,
IBYOCOBO 3aJBIDKBaHE HE BHHAalrW € ONpaBJaHO, CIPSIMO
MOCTUTHATUTE pe3ynTaTu. [Ipu nmpaBmIIHO pa3moiokeHne Ha TaHeInTe
MOoJ ONTHUMAJCH HAKIOH B IOCOKa CeBep-Ior (B 3aBHUCHUMOCT OT
reorpad)ckara MO3UIHS ), HAal-HKOHOMHYHUAT ITOAXO € U3I0I3BaHETO
Ha €IHOOCHAa CHCTeMa 3a TIO3MI[MOHHMpaHe 3a HacoYBaHEe Ha
MOBBPXHOCTTA Ha COJIAPHUTE MaHENX B MOCOKA U3TOK-3ama/l.

2 HpOTOTHH Ha CUCTEMA 32 HACOYBAHEC HA COJTAPHHU IMAaHEIH

[IpemokeHaTa cucreMa € pealn3upaHa 4ype3 M3IOJI3BaHe Ha
HNOAXOMAIIM  XapAyepHH  KOMIIOHEHTH, KOWTO  MO3BOJISBAT
IPOBEK/IAHETO Ha CUMYJIAIMs 32 TECTBAHE HA MPEUIOKEHHS MOJIEN 3a
poTanys Ha MaHeNu CIPSIMO MOCOKaTa Ha cBeTInHaTa. M3mon3Banure
KOMITOHEHTH Ca:

Arduino

Moayn Arduino Uno [4] e MHKPOKOHTpOJEp IIHPOKO
U3II0JI3BaH 32 peain3alus Ha pa3HooOpasHu npoekTH [5, 6]. [lnartkara
¢ Oasupana Ha apxutekrypa ATmega328P c¢ TakroBa uecrora oT 16
MHz, pasnomara ¢ 32KB ¢umam mamer, 2KB SRAM wu BkitouBa
U(PPOBH U aHAJIOTOBU BXOTHO-M3XOIHU MUHOBE, KbM KOUTO MOT'aT Ja
Ce CBBP3BAT pA3IMYHU KOMIOHEHTH. V3NON3BaHHAT €3UK 3a
nporpamupane ¢ Oasupan Ha C/C++, KOWTO ce U3IBJHABA
MOCPE/ICTBOM cpejaTa 3a paspabotka Arduino IDE. Ha ®wur. 1 e
MOKa3aH CaMUAT MOJIyJd. Pa3HooOpa3ueTo W JOCThIIHATA I[CHA Ha
KOMIIOHEHTHUTE, KOUTO MOraT Jia ce u3noyi3Bar ¢ Arduino, yiecHsBar
Ch31aBaHETO Ha ISUTOCTHU CUCTEMH OT pa3HoobOpaseH xapakrep [7, 8].
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®@urypa 1 — MukpoxontpoJiep Arduino Uno

Ceeraiunnm cenzopu (LDR - Light Dependent Resistors)

DOTOpPE3UCTOPUTE MPEACTABISABAT OCHOBHUTE CEH30pU 3a
JCTEKIMs Ha HWHTEH3WTETa HAa CBETJIMHATA. T3 KOMIIOHEHTH
IPOMEHST CBOETO CHIIPOTHUBIICHHE B 3aBHCHMOCT OT KOJHYECTBOTO
najam@a CBeTIMHA. [IpH TMO-BUCOKA OCBETEHOCT CHIIPOTHUBICHHETO
HaMaJIsiBa, a MPH MO-HUCKa — Ce yBeau4aBa. B mpemsioxkeHara cucrema
ca W3MoJi3BaHu aBa ceHzopa (Pwur. 2) 3a OTYMTAHE Ha CIIbHYEBATA
CBETJIMHA W CIIOPEM MOJYYEHUTE CTOMHOCTH CE€ WM3BBHPIIBA ILIABHO
3aBbpTaHe Ha COJIAPEH TaHe MO TOAXOIAI BI'bJ CIIPSIMO H3TOUHHKA
Ha cBeTNMHHA. [lOCTOSHHOTO M3MpallaHe Ha CTOWHOCTH  OT
(hoTope3nCcTOpuTE KBbM IEHTPATHUSA MOyl Arduino maBa BE3MOKHOCT
Ha ajJroOpuThMa 3a CpaBHEHHWE HA JAHHWTE W OCBIIECTBABAHE Ha
€IHOOCOBOTO 3a/[BHXKBAHE.

( %

®urypa 2 - LDR - Light Dependent Resistor
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CepBo MOTOP 32 NO3ULIMOHUPAHE

Cepso motopute (Pur. 3) ocurypsBaT MPEHU3HOTO MEXAHUIHO
JIBIDKEHHE, HEOOXOOMMO 3a OpHUEHTHpPaHe Ha CIbHYEBUS TIaHEN.
CrangapTHUST BIVIOB AHMANa3oH, OOMKHOBeHO € Mexay 0 u 180

rpamgyca.

®@urypa 3 — Moaeau ejiekrpomoropu 3a Arduino

Cxemara Ha CBBbpP3BaHE Ha KOMIIOHEHTHTE € IPEACTaBEeHa Ha
@wr. 4 [9, 10].

®urypa 4 — Cxema Ha CBbpP3BaHe HA KOMIIOHEHTHTE
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CumyJsianus Ha CHCTeMA 32 HACOYBaHe HA COJIAPHU MaHe U
3a TecTBaHE Ha CHCTeMara € M3BBPIICHO MOHTHpaHe Ha
MpeICTaBeHUTE KOMIIOHEHTH B TabopaTtopHH ycioBus (Qwur. 5).

®urypa 5 — TecTBaHe Ha cHCTeMAaTa 32 aBTOMATHYHO
NMO3NIHOHNPAHE HA COJIAPeH MaHes

MukpokoHTpoaepsT Arduino e 06a30BUST KOMIIOHEHT, YIpPaBJIsiBaLl
cucreMaTa. KbM conapeH naHes ca npuKpeneHn GOTOPE3UCTOPH 3a OTUUTAHE
Ha CBETIMHATA. JIaHHMTE OT CEH30pUTE C€ M3MOJI3BAT OT aNroOpuUTbMa 3a
HAcOYBaHE, KOMTO I0JaBa CUTHAlI KbM CEPBO MOTOpa 3a 3aBbpPTaHE Ha
COJIApHUSI NTAHEI 0] ONTUMAJIEH bI'bJ CIIPSIMO CBETIMHATA.
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3 3akirouenue

Ch3nazieHaTta cucTeMa 3a aBTOMATHU3UPAHO OPHCHTHUPAaHE Ha
COJIADHHM TMaHCIH BAJIUIUpPAa TECOPESTUYHUTE OCHOBU 3a CHEPruiiHa
omtuMuzanusa. Arduino TEXHOJOTHATa ce JOoKa3Ba KaTo aJeKBaTHO
pelieHue ¢ HeooxoauMa (PyHKIIMOHATHOCT NP MUHUMAITHU Pa3XxoIH,
a BupTyanHara cumynanus B Tinkercad edekTHBHO MOTBBpKIaBa
KOHIICTIIHSITA npean (buznIeckoTo U3IBITHCHHE.
ExcriepiMeHTHpaHeTO ¢ KOHTPOJHMPAH CBETIMHEH M3TOYHHK JOKa3Ba
crabunHata pabora Tmpu pa3iuyHu  ycioBus. IlpencraBeHHST
NPOTOTHIT € TPAKTHYHO W WKOHOMHYHO pEIICHUE 32 KOMIAKTHU
COJIApHY MPUJIOKEHUS U YISOHH LIEIH.

[IpakTHUECKNUTE SKCIICPUMEHTH ITOKa3BaT yBEJIIMYCH NOOWB Ha
EHeprusi, KOeTo O0OCHOBaBa  CBCHTyaJlHA  WHBECTHIMS B
UMILUICMCHTHpaHe Ha TakaBa pa3paboTKa 3a pealHd (HOTOBOJITANYHU
(dbepMu 3a MPOU3BOJICTBO HA CHEPTHSL.
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1 BnBenenue

WudopmMannoHHATE TEXHOJIOTUH Ca OT CHIIECTBEHO 3HAUCHHUE 32
ycrexa Ha BCsKa OpraHu3alusi B CHBPEMEHHHS CBST, T KaTo
rapaHTupar e(eKTHBHO YympaBlieHHe Ha JaHHA M mpouecH. B
HalpaBJIeHUs KaTo  CONMAlHATa  IIOJHMTHKA, 0Opa30BaHHUETO,
TpPaHCHOPTa M JIOTHCTUKATa, KBbAETO MPEUU3HOCTTa M ONepaTHBHATA
e(EeKTUBHOCT ca OT pElIaBalll0 3HAYEHUE 3a YAOBJICTBOPEHOCTTA HA
KIMEHTUTEe W CIIOCOOHOCTTa HA OpraHM3alMATa Ja ce KOHKYpHpa,
NPaBHJIHOTO PEICHHE € N3KITIOYUTETHO BaXKHO.

Cp31aBaHETO Ha yCHENIHA CUCTEMa 33 KOPEKTHO BBBEXKAAHE U
HIOCJIE/IBAIIO B3EMaHE Ha PEeIICHUE OT MOoJaJieHaTa HHPOPMAIHI MOXeE
Jla palMoHAM3KMpa ONEepalruTe Ha OpraHu3alusaTa W Ja € OT Ioi3a
KakTO 3a MOTpeOMTeNuTe, Taka M 3a Te3H, KOUTO OTroBapsaT 3a
paspelaBaHeT0 M OTIYCKAHETO HAa Pa3IMYHU COLMAIHHU ITOMOILU.
CoumanauTte paOOTHHIM MOTAT Ja HpeKapBaT II0-MajJKO BpeMe B
ThpceHe Ha MHQOpPMAIHS, 1a MPaBIT NO-A00pH CIPABKU U Ja MPaBST
I0-MaJIKO I'PEIIKH Bb3 OCHOBA HA TaKaBa CUCTEMA.

bbp3ute M 3a0eNEKUTENHN TEXHHYECKH IOCTIKEHHS TIpe3
HOCJICTHUTE JIECETHIIETHSI OKa3BaT BIMSHHE BBPXY OOIIECTBOTO KaTO
Is110. B’LHpeKI/I Y€ TCXHOJIOTMYHHUAT HANPCAbK OTKpHBa HOBH
BB3MOXHOCTU U IMOBHUIIaBa MKOHOMMUUYCCKATA IMPOU3BOJUTCIIHOCT U
Ka4eCTBOTO Ha JKMBOT, TOH CBIIO Taka NpEICTaBIsABA peauIa
C€KOJIOTUYHHU U €CTCTUYCCKHU HpOGHeMI/I, KOUTO H3HMCKBAT BHHUMATCIIHO
perynupaHe 1 HaJ30p.

Pa3paboTrBanero Ha ye0-0a3mpaHa cucTeMa 3a TOAIIOMAaraHe
JeWHOCTTa Ha COIMAIHHUS PA0OTHUK MOXKE 3HAYMTEIHO J1a TOBHIIH
e(pEeKTUBHOCTTA M KayeCTBOTO HAa COIMAIHUTE YCIYTH, KaTo
aBTOMATH3Mpa U YJIECH:BA IIPOLIECUTE HA JOKYMEHTHPAHE, yIIpaBJIeHE
Ha CJlyyauTeé M KOMYHHUKAIMATA, NPEAOCTaBIHKM Ha COLMAIHUTE
pabOTHUIIM WHCTPYMEHT, KOWTO ONTHUMH3HMpa TIXHATA padoTa M
noJJ00psiBa B3aMMOJICHCTBUETO UM C TIOTPEOUTEIUTE HA YCIYTUTE UM U
BpB3Karta c pyrd HHCTHTYLIUH.
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2 TexHoJioruu, peajM3upaild npuaokenuero 3a Web-
0a3upaHa cucTeMa 3a MoOJANOMaraHe jJeiiHOCTTa Ha
»COIMAJTHUSA PAOOTHUK

HTML (Hyper Text Markup Language) — Ye6 crpanuiure ca
onucanu ¢ nomomra Ha e3uka HTML. IIspBoHagaiHO JOCTBIBT 10
NOTPEeOUTENCKN TAaHHHU, ChbXpaHsIBaHU Ha CHPBBP, € OWII BB3MOXKEH Upe3
M3M0JI3BAaHETO Ha cTaTUYHU yeO crpanuuy. [lomydyenata unpopmanus
ce gopmarupa ¢ momomra Ha HTML kozma, KOHTO KOHTponHpa Kak
paznuuHuTe Opay3ppu 1€ s BH3yauusupar. To3um e3uk  3a
MporpaMupaHe ce M3MoJ3Ba 3a Ch3JaBaHe Ha IPEHOCHUMH JOKYMEHTH,
Oasupanu B uHTEpHET. Tol MoaOMpa KaksB BUA MH(OpMAIUsS BIKIA
KIMEHTHT B Opay3bpa U Kak € CTPYKTYpHUpaHa T4.

CSS (Cascading Style Sheets) — CSS (kackaaHu CTHIOBH
MHOXXECTBA) € CTWJIOB €3HUK, M3II0JI3BAH 3a ONHCBAHE Ha BU3YAIHOTO
MpeAcTaBsiHE Ha NOKyMeHTH, Hamucanu Ha HTML wnu XML. Toit
0TroBaps 3a BbHIIHHA BUA U opopmiieHrnero Ha HTML enementute,
T.e. H3M0ON3Ba C€, 3a Ja ONpeldeNd Kak Ja W3MIeKIAT, Ja ce
Bu3yanusupar oraennure HTML enementure — 1BETOBE, pa3MepH,
noapenda, amumarmu u ap. Esukbsr CSS e cranmaptusupan 3a
U3M0J3BaHe OT yeb Opay3bpuTe.

JavaScript — KommroTspHus e3uk JavaScript, mo3Bouisia 1a ce
BKIIIOYBAT WHTEPAKTUBHU (QyHKIMH B YyebOcaiita. ToBa BKIIOuUBa
NoJjaBaHe Ha JJaHHU OT (OPMYJISIPH, TMHAMUYHU CTHIIOBE, OTTOBOPH Ha
HaTHCKaHe Ha OyTOHM, UTPH, aHUMaLUU U MHOTo Apyru. Toii e cuiex
€3UK, KOWTO € JIECEH 3a YCBOSIBAaHE OT HAUMHACILIH U MOXKE Ja MOA00pH
WHTEPAaKTUBHOCTTA Ha yeOcaiTa.

PHP (Personal Home Page) — E3uxsT PHP ¢ MHOTO momyssipen
¥ MMa ToiisiMa MOIApPBKKa 3a XocTHHr. [IpenumcrBara My ca, 4e €
M3KJTIOYUTEITHO TOMYJSIPEH €3WK 3a yed TporpaMmpanHe, 0coOCHO 3a
JUHAMHYHYU yeO CTpaHMIIM, KakTo U 4e (peiimybpka Laravel npeaiara
MHOXECTBO BIPaJIcHd MOIIHHU (PYHKIIMOHATHOCTH, KOUTO yCKOPSBAaT
paspaboTkara u 6bp30TO pazpaborBaHe Ha npuinoxeHus. [logxonsms e
3a OBbpP30 pa3BUTHE HA yeO MPHIIOKEHHUS, CANTOBE, KOMTO H3UCKBAT
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Obpp30 BHempsBane. Toit e tuIaTGoOpMEHO-HE3aBUCUM €3UK  3a
IporpaMupaHe, NpeJHa3HauYeH 3a pellaBaHe EIUHCTBEHO Ha
npaktuaecku npobnemu. PHP ce m3nonssa 3a mucane Ha mporpamu,
KOWTO C€ M3MBJHABAT OT CTpaHa Ha chpBhpa. PHP mMoxe ma o6paboTBa
3agaun, kouto npyru CGI ckpunrose unu Apache Momynu He morar,
Kato Hampumep oOpabotka Ha manHu or HTML dopmynspu,
JuHamuyHO reHepupane Ha HTML ctpanunuu u 1.H. PHP ckpuntsT €
unterpupad B HTML kona.

MySQL — MySQL e cuctema 3a ympapiicHHe Ha 0a3u JaHHH,
u3rpajgeHa BbpPXY e€3WKa 3a CTpykrypupanu 3asBku (SQL). Tasm
TEXHOJIOTHSI € HaW-IIMPOKO H3IMOJ3BaHaTa 3a HM3TpakiaHe Ha yed
cTpaHuiy. Tst MOAXbpKa BCHUKU TUIIHYHU 3asiBKM KbM 0a3W JaHHH U
TaOJIUIN.

Enno ot ronemute npeaumctea Ha MySQL e HeroBara ckopocT
1 e(heKTUBHOCT Tpu 00paboTKaTa Ha rosieMu ooemu nHbpopmanus. Toi
€ ONTUMHM3HMpaH 3a Obp30 M3MBIHEHHE Ha 3asBKM W Mpeisiara
WHJIEKCHpaHe Ha TAHHUTE, KOETO OCHTYPsiBa ObP3 JOCTHII O HYKHATa
nHpopMmars. ToBa e OT pemaBalio 3HaYeHHWE MPHU pa3padoTKaTa Ha
CUCTEMH, KOUTO PabOTSAT C TOJISIMO KOJIMUYECTBO IaHHH M U3UCKBAT ObP3
OTTOBOD.

MySQL e cbu1o U3KIIOUUTETHO HAAEKACH U CE OTIMYaBa ChC
CBosiTa ycToWuuMBOCcT. TOW Tpejuara BrpajeHa MOJJPbKKa Ha
TpaH3aKIHH1, KOETO OCUTYpsIBa ChXpaHEHHE Ha JJAHHH IIPH HEOUYaKBaHU
MPEeKbCBAHUS Ha CUCTEMATa WJIH Tpeliky. ToBa rapaHTupa IesiocTTa Ha
JIAHHWUTE U TIpeAIa3Ba oT 3aryda Ha nH(popManus.

3 DOYHKIUOHATHOCT HA MPUJIOKEHUETO

3.1. AxMuHHCTpaTOP

Cuctemata (¢purypa 1) uMa eauH OCHOBEH aJIMHUHHUCTPATOD,
KONTO ¥MMa IIbJIeH KOHTPOJ HaJ BCHYKH HEHHM (QyHKIHH.
AnmunuctparopbT (hurypa 2) mMa NpaBOMOIIUATA Jla Ha3zHA4YaBa
MOJIepaTopy, KOMTO IIe IToMaraT 3a HaJ30pa Ha pa3INdHUTE 4acTH Ha
caiita. CamM0O aJAMUHHCTPAaTOPBT MOXE Ja A00aBs, NPOMEHS HIN
u3TpuBa Mojeparopu. Ha Monepatopure M mOTpeOuTENUTE CE
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NPEJIOCTABIAT OTPAaHMUYCHH pPa3pelIieHUs] Bb3 OCHOBA

OTTOBOPHOCTH.

Cucrema 3a
counanHo
noanoMarane

Ha TCKYIIUTE

Eﬂﬂia

®urypa 1 HauaneH ekpaH Ha

®urypa 2 Expan npeacrassiig
crpanuna "Ilorpedéuresn" ot
cucTemMara

pa3padoTeHaTa cucTemMa

3.2. Moaeparop

Mogepatopute Urpast BakHa PO B 3ala3BaHETO MU

KOHTPOJIMPAHETO Ha ChABPKAHUETO Ha yebOcaiita (purypa 3). Te umar
OTIpeJIesIeHH PaBOMOLINS U 33 bJKEHHS, TPEHA3HAYCHH /1a OCUTYPAT
e(heKTUBHOTO (YHKIIMOHUPAHE U aKTyalIM3UpaHe HA MaTCpUAIHMTE B
pasnuuHuTe 00JacTh Ha caifta. MozaepaTopure Moratr aa J00aBsT,
NPOMEHAT M W3TPHBAT MaTepHAIM B CHCTEMaTa, KaTro H3IOJI3BAT
aJIMAHUCTPATOPCKUSI MHTEepQeic, KaKTo M Ja OTIyCKaT MaphyHaTa
CTOWHOCT Ha ofo0peHa monba (purypa 4 u 5). Texuute ycunus ca OT
pelraBaio 3HAUYCHHWE 3a OCHIYpsSBaHE HAa BHCOKO KadyeCTBO H
HaJISKTHOCT HA MpelocTaBsiHaTa HH(opMaIys.

Q =
Mot ™
B s
' o Rara Hue Crarye Cywa (n.)
4713052025 COoumanm NOMou 13052025 1336 LT Aranacos Wrnn B
Coumame nomous 130520251332 Mapuan Croes e a
Beannatua sunemxa 130! 1329 Mwxa Cnacosa = a
1/1208.2028 Mowou 32 oromnenwe 12052026 13 Weermi Croes = 8000.00 78 a

Coumaneo nognomar awe

®urypa 3 Expan npeacrassai crpanuna ''Ilorpeéurenu' ot
cucremMarta
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Q [ ) < [ =)
=
=
=3
®urypa 4 Expan npeacrassii ®urypa 5 Ekpan npeacrassi
crpanuna "Craryc Ha Moa6a" or  crpanuna "Pasmep na momonr”
cucremarta OT cucremMarta

3.3. [ToTpeduTen

Cucremata 3a COLUMATHO IIOANIOMaraHe ce M3M0I3Ba OT
HY)KJaelld ce TpaxJaHu, CIYyXUTeId — MOJAepaTopu U
aJMUHHUCTPATOPH HA COLIMAIIHATA UHCTUTYLIUS, KOUTO Ca PETUCTPUPAHU
B cucremata (Durypa 6). 'pakjanuTe H3M0I3BAT CUCTEMATA 32 JTOCTHIT
JI0 CBOUTE JaHHHU, T.e. mojpajaeHute ot tax mMonou (durypa 7, 8 u 9),
KOETO MM II03BOJISIBA J1a C€ OPUEHTUPAT OBP30 U JIECHO 10 TOBA, KOS
MoJ0a € mpHeTa Wik OTXBbPJIEHA U CHUIO TaKa , KAKBO TOYHO MM CE
ormycka. MogeparopuTe akTyanu3upaT [OAAJCHUTE MOJIOH, a
aJMUHHUCTPATOpUTE - MoOjepaTopuTe. MojaepaTopure aHaIU3upar
JaHHUTE, 3a Ja ce nojodpu aokymeHTooOopora. Cucremara ce
aKTyaJu3upa W NPOMEHS PEIOBHO, 3a Ja OTrOBOPSl HAa HY>KAWTE Ha
CBOWTE MOTPEOUTENIN, U BCUUKU TPSIOBa Ja clia3BaT NMpaBUiiaTa, KOUTO
peryaupar HEWHOTO HU3II0JI3BAHE.

AL
el -

®urypa 7 Expan npeacrassin

@urypa 6 Expan npeacrassiu crpanuna "IoaaBane Ha Mo16a"
” "
crpanuna "Perucrpauus" B OT CHCTEMATA 32 COLHATIHA
cHCTeMATa oMo
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®urypa 9 Expan npeacrassiig
crpanuna "IlogaBane Ha mos6a"
OT CHCTEMATA 32 OTOIJICHHE

®urypa 8 Expan npeacrassig
crpanuna "IlonaBane Ha Mos6a"
OT CHCTEMATA 32 BUHETKA

4 3akjaueHue

CucreMata 3a COIMANHO MOANOMAaraHe IpacTHYHO MOA00psBa
YIPaBJIEHUETO Ha JOKYMEHTOOOOpOTa B COIMAIHHUTE CIYXOH dpes3
ABTOMATU3UpPaHC Ha MOJAACHHUTE MOJ'I6I/I, KOC€TO BOAM A0 ITOBHUIIICHA
e(eKTHUBHOCT U HaMallsiBaHE Ha rpelKkuTe. Ta3u cucrtemMa mpeaocTaBst
Ha TOTPEOUTENNTE JIECEH M ONPOCTeH HA4YMH 3a MOJIydYaBaHE Ha
aKkTyamHa ~ HHpOpMAmmMs,  Karo  CBHIIEBPEMEHHO  HaMaisBa
aJIMAHUCTPAaTUBHOTO HaTtoBapBaHe. LleHTpanu3upanata 6a3za naHHH €
OT pelIaBalm0 3HAuYeHHWE 3a TapaHTHpaHe Ha TOYHOCTTA U
HaJeKJAHOCTTa Ha HHPOpManuATa. PemoBHOTO apxuBHpaHE U
HPOLEyPUTE 3a CUTYPHOCT IOMaratr 3a 3allluTara Ha JaHHUTE, KaTo
npefoTBpaTsIBaT 3aryda Ha WHQOpMAIMs W HEOTOPU3UPAH JIOCTHIL
Ta3u mHTErpHpana cucTema € IIEHEeH MHCTPYMEHT 3a I10JI00psiBaHe
I[eleOCTTa B COUMAJITHUTC MHCTUTYLUU.

JIUTEPATYPA:

[1] CrosinoB, B. Basu ot nanuu. Jlekumuu, CEMHHAPHH YIPAXKHCHUS,
naGoparopuu ynpakaenus, 2024, https://edu.shu.bg/.

[2] Kopmos, K. JlaGoparopuu ynpaxHenuss 1o Web  0Oasupanu
uHbopmannonuau cucremu, 2025, https://edu.shu.bg/.

[3] URL: www.w3schools.com, noctbmnHo Ha 11.06.2025r

[4] 3akou 3a COL[UAJIHO IoAII0Mara-e;
https://lex.bg/bg/laws/Idoc/2134405633

-62 -



Web-based system to ...

[5] 3akon 3a xoparta ¢ yepexaanus; https://lex.bg/bg/laws/ldoc/2137189213
[6] 3axon 3a 3akpuna Ha aetero; https:/lex.bg/laws/ldoc/2134925825
[7] 3akon 3a cemeitnn momomiu 3a aena; https://lex.bg/laws/Idoc/2135441920

Po3anuna /lumurposa

CryneHnr, crenl. ,,Kommorspaa ungopmaruka“, 1Y ,,Enuckon
Koucrantun I[pecnaBcku®

e-mail: 2130031012@shu.bg

Bopsina Y3yHnoBa-/{lumurpoBa

IITymencku ynusepcurtet ,,Enuckon Koncrantun [IpecnaBcku®,
b.uzunova@shu.bg

-63-



Annual of Konstantin Preslavsky University of Shumen
Faculty of Mathematics and Informatics
vol. XXVI C, 2025, pp. 64 — 73, https://doi.org/10.46687/BWUE8285

IMPLEMENTATION OF A SECURITY SYSTEM FOR THE
ART GALLERY IN DOBRICH"

MILEN B. KOLAROV, HRISTO I. PARASKEVOV

ABSTRACT: This paper presents a structured overview and practical
implementation of an intrusion alarm system designed for a public building—
the Art Gallery in Dobrich. The article looks at the key parts of modern security
systems—Iike control panels, sensors, extra modules, communication tools,
and fire detection devices—and how they work together in a complete system.
The process of equipment selection, functional block diagram design, and
wiring is described in detail, with particular attention to power consumption
estimation and component compatibility. The article emphasizes the need for
reliable and scalable security solutions, as well as centralized and remote
management through internet and mobile applications. The paper wraps up by
highlighting important trends in security system development, such as the use
of computers, combining with biometric and video surveillance technologies,
and following standards from the telecommunications industry.
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1 BnBenenue

B ycnoBusita Ha HapacTBallM 3alUlaxd 33 CHTYPHOCTTa B
OOIIECTBEHUSI M YACTHUS CEKTOP, CUTHAITHO-OXPAaHUTEIHUTE CUCTEMU
(COC) ce mpeBpbhIIAT B OCHOBEH €IIEMEHT OT TEXHUYCCKUTE PEIICHHS
3a 3ammTa Ha Qu3ndecku 00ekTH. Te chueTaBat pa3iIndH MOJICUCTEMH
— Karo JETEKTOPH 3a IBWKCHUE, CHCTEMH 3a BHICOHAOIIOACHUE U
KOHTPOJI Ha JOCTBII — B HHTETPUpaHa cpena, KOATO TO3BOJSABA
MPEeBEHINS, NACHTUDUKAIUS U peakius npu uHnuaeHty [1], [2].

Bbep30oTO0  pazBuTHE Ha  EJICKTPOHHUTE TEXHOJOTHH U
KOMYHHUKAIIMUOHHATa HMHQPACTPYKTypa BOAM IO BCE MO-IIHPOKO
pasnpocTpaHeHe Ha HHTEIUTEHTHA OXPAaHUTEITHH pelleHns, 0a3upanu
Ha 1nudpoBa oOpaboTka Ha curHam, loT-ceHzopyu W IUCTAaHIIMOHHO
yhOpaBiieHHe Tmpe3 MOOWIHH wian obmaunm  tuiathopmu  [3].
CoBpemennutre COC ce u3rpaxnar mo MOIYJICH MPUHIMI, KaTo ce
ajanTupar KbM KOHKPETHHTE M3WCKBAaHUSA HAa 00EKTa, apXUTEKTypara
Ha crpajata U HHBOTO Ha DPHUCK, KaToO CHIIEBPEMEHHO OCHUTYpPSBAT
BB3MOKHOCTH 3a HAATPpakIaHe U IEHTpaIu3upano ympasienue [4] [5].

Krnacudeckara apxXuTeKTypa Ha €/lHA CHUTHAITHO-OXpaHUTEITHA
cUCcTeMa BKJIFOYBA OCHOBHU KOMITOHEHTH KaTo JIETEKTOPH, KOHTPOIHU
MaHeJW, WM3BECTUTEITHH YCTPOWCTBA M KOMYHHKAIIMOHHH MOJYJIH.
OcHoBHaTa M 3a7aya € Ja npeobpasyBa gu3nyecko chOuTHE (HAIp.
JIBIKCHHE, OTBApsSHE Ha BpaTa, CIyNBaHE Ha CTHKIIO) B ENIEKTPHUYECKU
CHUTHAJI, KOMTO 4pe3 nuieiioBa Bpb3Ka JOCTHTA IO KOHTPOJIHUS MaHel,
KBJIETO C€ aHAIIM3HUPa U BOJU J0 aKTHBHpaHE HA alapMEHO ChCTOSHUE
[6].

Hacrosimata cratust uma 3a Ien Jia NPEJCTaBU OCHOBHHTE
TEXHUYECKH U (QYHKIUOHAHH XapaKTEPHCTHUKH HA CHBPEMEHHUTE
CUTHAJIHO-OXPaHUTEIIHU CUCTEMH, C POKYC BBPXY TSAXHATa CTPYKTYDa,
NPUHIMII HAa JIEHCTBHE H BB3MOKHOCTH 32 HWHTErpalus C
BHJICOHAOIOIEHNE W CHUCTEeMH 3a KOHTPOJ Ha 1ocThil. OcobeHo
BHUMaHHE c€ OTIeNs Ha NpPeAU3BHKATEICTBaTa, CBBP3aHH C
M3rPXIAHETO HAa KOMIUIEKCHH OXPaHUTENHH peleHus U aodpure
NPaKTUKHU TP MIPOSKTHPAHE HA HAJISKTHH APXUTEKTYPH.
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2 OCHOBHM KOMIIOHEHTHM HAa CBBPEMECHHHUTEC CUTIHAJIHO-
OXPaHUTECJIHHA CUCTEMHU

B ocHoBara Ha BCsIKa CHUTHAJIHO-OXPAaHHUTENHA CHUCTEMa CTOU
Ha0Op OT B3aMMOCBBP3aHU MOIYJIM U yCTPOHCTBA, KOUTO OCUT'YPSIBAT
HaOJroeHne, JEeTEKLUs, KOHTPOJI Ha JOCTBII M KOMYHHKAIUS C
BBHIIHU CHUCTEMH. MOIYTHHAT MPUHLIMI HA M3TPaXkJaHe IMO3BOJISBA
KOH(QUI'YpUPYEMOCT, HaArpakAaeMOCT W BHCOKa CTENeH Ha
aJlaliTUBHOCT CIIOpEeN HYXAWTE Ha KOHKpeTHus obekt [1]. B
HACTOSAIIOTO M3CIEABaHE ce pasriekJaT KII0UOBUTE KOMIIOHEHTH Ha
OXpaHWTEIHA CHCTEMa, H3rpajeHa c oOopyaBaHe Ha ¢upMara
PARADOX, mopamu [mokazaHaTa W  HaJeXIHOCT, Oorara
(YHKIMOHATHOCT ¥ MIMPOKa pasnpocTpaneHocT B brarapus [2], [4].

2.1. KonTponen nanen

Cepprero Ha cuctemMara € KOHTpomHHAT ma”en Digiplex
EVO192, nognbpxamnt 1o 192 30uu, 10 999 notpeduTencku Koaa u o
254 pasmupurenHu mopayia. IlanensT pasmonara ¢ mamer 3a 2048
crOutus, 5 mporpamupyemu PGM m3xonma (pasmupsemu no 250),
BB3MOXHOCTH 3a ynpasieHue upe3 copryepa NEware u WinLoad,
KaKTO ¥ MHTETpUpaHy (pyHKIIMU 32 KOHTPOJI Ha JOCTHI M KOMYHHKAIIUS
(GSM, IP).

2.2. UnTepdeiicHn ycTpoiicTa (KIaBHaTypH)

3a ympaBneHue Ha cuctemara ce usnoissaT LCD kmaBuatypu
K641R ¢ Brpanen yerern 3a goctbin 1 TMS50 Touch ¢ 5-uHYOB 1BETECH
muciied M ukoHW4YeH wuHTepdeiic. KmaBuatypute mnogabpxar
eIHOBpeMeHHa paboTa ¢ HIKOJIKO 30HH, ynpasienue Ha PGM u3xonw,
KoHpurypupane upe3 SD kapra, BuU3yain3alus Ha CHOUTHS U
NEPCOHANM3ALMS Ype3 LIBETOBH MaHEIH.

2.3. PasmmpurenHu MoayiIu

Cucremata T03BOJIsIBA JI00aBsiIHE HA HOBH 30HU  4pe3
pasimmpuTenu Kato ZX4 (4 agpecupyeMu 30HH), KaTO BCSKa 30Ha MOXKE
Ja ObJie He3aBUCHUMO KOH(PHUTYpHpaHa, BKJIIIOYUTEIHO C IOITBJIHUTEIHN
KJIIOUOBE 32 3allUTa OT cabOTaxX.

2.4. CeH30pH U JETEKTOPH

-66 -



Implementation of a Security System for the Art Gallery in Dobrich

2.4.1. MarauTHU KOHTaKTH

Wsnon3an e anmpecupyeMusar maruuteH KoHTakT ZCl 3a
MOHHUTOPHHT Ha OTBapsSHE HAa BPATH U TIPO3OPITH.

2.4.2. ITacuean nadppadepsenu (PIR) mataumm

PIR gatunnure DMS50 u DGS55+ wu3monsBaT mnaTeHTOBaHA
ugpoBa oO6padoTka Ha curHanu (anroputbM Digital SHIELD), noen
mpar 3a aKTHBHpaHe, aBTOMAaTHYHA TeMIlepaTypHa KOMIIEHCAIUsS U
3alUTa OT €JIEKTPOMAarHUTHU cMyIieHus. Te mokpusat bI'ea 1o 110° u
pascrosiaue 70 12 M , kato otroBapsT Ha ctangapta EN 50131-2-2 3a
MACUBHU WH(padYepBEHH JETEKTOPH [7].

2.4.3. AKyCTUYHU JAaTYULH 32 CTHKIIO

DG457 ocurypsiBa JeTeKIMs 4pe3 aHalIu3 Ha YITPa3ByKOBH U
3BYKOBH YECTOTH, C ImdpoBa QuiaTpamuss W peryiampyemMa
YyBCTBHTEHOCT (710 9 M).

2.5. KoMyHUKallMOHHU MOy A

WuTerpanusara Ha KOMYHUKAITMOHHW M KOHTPOJIHH MOJIYJIU
W3MCKBAa BHUMATEITHO OTYHTAHE HA apXWUTEKTypHUTe U KuoOep-
(du3NYeCKUTE YSI3BUMOCTH B PAMKHTE Ha MHTEJIIMTEHTHH 00eKTH [8].

2.5.1. IP momyn

IP150 mpenmoctaBsa oTAaleyeH AOCTBI A0 CUCTEMAaTa 4pes
LAN/WAN, ¢ Bb3MOXHOCTH 3a u3Bectasae no e-mail, SSL/HTTPS
KpUnTHpaHe U cbBMecTUMOCT cbe codryep WinLoad, NEware u
Babyware.

2.5.2. GSM/GPRS monyn

PCS250 mogabpika TEKCTOBU U TTACOBH M3BECTHUS, BE3MOXHOCT
3a TUCTAaHIIMOHHO aKTHBHpaHe/IeakTuBUpaHe upe3 SMS, kpunrtupane
(AES-256) u moiphkka Ha 10 8 TeneOHHN HOMEpa 3a U3BECTABAHE.

2.6. Monynu 3a KOHTPOJI Ha JOCTHI

Monaynst ACM12 mo3BossiBa yIpaBlIeHHE Ha €Ha BpaTa upe3
yeTeln, OyTOH 3a W3JM3aHE, MAaTHUTCH KOHTAKT W EJIEKTPOMAarHUTEH
3aKmouBan; MexaHu3bM. CbuBMecTuM € ¢ dermu R915, kouto
noxappxkar padora ¢ kapra, [IMH kox i xomMOMHAIIUA OT ABETE, C
YCTOWYMBA HA BHHIIHU YCIOBUS KOHCTPYKIIMS

2.7. lloxxapou3BecTUTEIN
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2.7.1. ABTOMaTHYEH MOXapOU3BECTUTEN

ACC-EN xoMOMHHpa ONTHYEH M TEPMHUYEH €JEMEHT, C
Bb3MOXXHOCT 32  IpOrpaMUpaHe Ha  YyBCTBUTEIHOCT U
UMITYJICEH/HEUMILYJICEH PEKUM.

2.7.2. PbueH noxapou3BECTUTEN

HCP-E e ananoros ajipecupyemM pbueH MOy, CbBMecTuM ¢ ESP
npoTtokoi1, ¢ LED unaukanusi 1 MOHTaXXHU OTIITUH.

2.8. Cupenu

HPA702L e BpHIIHA cupeHa C JiaMIla, aTyMHHHEB KOPIIYC,
akyctuueH m3xox 103 dB @ 3 m, 16 mporpammpyemMu 3BYKOBU
MOJyJIallly, 3aIIUTa Cpelly caboTax 1 padoTa B LIMPOK TEMIIEpaTypeH
nuanasoH (-25°C no +75°C).

2.9. 3axpaHBaHe U aBapUHO OOe3IeuaBaHe

OCHOBHOTO 3axpaHBaHe ce peannsupa upe3 6mox AMS-G13803-
P (13.8V DC, 3A, IP65 kopmyc), a 3a aBapuiflHO 00e3IeUyaBaHe ce
U3II0JI3Ba aKyMynatopHa Oarepus 12V/7Ah, ocurypsisaiia aBTOHOMHaA
pabota mpwm oOTmagaHe Ha MPEXKOBO 3axpanBane. 300pbT Ha
MOJXOMSIIM 3axXpaHBalld M pe3epBUpAlId MOJIYJIH CJeIBa Ja ce
ChOOpa3M ¢ TOIMOJIOTHATA HA CUCTEMATa M HeHHAaTa KpUTHIHOCT [9].

3  IIpoexkTHpaHe Ha OXPAHHUTEJIHA CHCTEMA

3.1. ApXuTeKTypa 1 U3XOTHH IapaMeTpu Ha o0eKTa
IIpoexTupanara cucreMa 3a CUTYPHOCT € IpeAHa3Ha4deHa 3a
oxpaHa Ha o0Oekta ,XyHoxectBeHa ramepus T1p. Jobpwu“.
Apxurektypuust mwiaH (¢ur. 3.1.1) ouepraBa oxpaHIeMHUTE 30HH U
TOYKHTE 332 KOHTPOJ Ha JocThna. CucremaTa cieBa Ja OTroBaps Ha
CJIETHUTE U3UCKBAHUS:
e 3axpanBane: AC 220V/50Hz, DC 12V;
e  peanm3aIys Ha MOYKapOM3BECTSIBAHE M KOHTPOI Ha TOCTHII;
o komynukanus upe3 TCP/IP u paguokanai;
e TIOKpUTHE Ha MHOXECTBO HE3aBUCUMH 30HHU.
3.2. brokoBa cxeMa M B3aUMOJICHCTBHE Ha MOJCUCTEMUTE
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OyHKIMOHATHATA apXUTEKTypa Ha CUCTeMaTa BKIIOYBA TpU

OCHOBHH TIOACHUCTEMHU:
e CHTHAJIHO-OXpaHUTEIHA CHCTEMA;
e cHcTeMa 3a KOHTPOJ Ha JOCTHIT U PaOOTHO BpeEME;
e  TOXapOM3BECTUTEIHA CHCTEMA.

Besxka moacmcrema HM3NBIHSBA aBTOHOMHH 33Jadd, HO €
WHTETPUpaHa C OCTAaHAIHWTE 4Ype3 IICHTPAJIEeH KOHTPOJICH IIaHell,
KOMYHHKAIIMOHHH WHTepdelicn u o0Ia JIoTHKa 3a ajapMHpaHe u
ympasienue [9]. Cucremara 1mo3BojsiBa HEHTPAIU3UPAHO YIIPABICHUE,
JIOKAIIM3UpaHe Ha WHIWJCHTH, KAKTO W aBTOMATH3UpPaHa PEaKIHs IpH
YCTaHOBSIBaHE Ha 3aruiaxa.

3.3. OyHKIMOHAICH aHAJIU3 Ha OCHOBHUTE OJIOKOBE

3.3.1. KoHTponeH nanen

KoHTpomHUAT maHen Ciy’Xd 3a MEeHTPATU3UPaHO yIpaBIeHUE U
KOOpJIMHAIIMS Ha CBBP3aHUTe ycTpoiicTBa. OCHOBHHU XapaKTEPHUCTUKU
BKITIOYBAT:

e  yIpaBJICHHE Ype3 KIABHATYPa, TUCTAHIIMOHHO MIIH KITFOY;

e  BB3MOXKHOCT 32 [TPOTpaMUpaHe Ha 30HU U PEKUMHU Ha OXPaHa;
e 3ajeiicTBaHe Ha ajapMa Py HepeTJIaMEHTHPAaH JIOCThII,

e ABTOMATUYHO M3BECTSIBAHE HA JIO YETHUPH Tele)OHHN HOMEPA;
e BB3MOXKHOCT 332 YaCTUYHO aKTHBHpaHe (OaiimacBane) Ha 30HM.

3.3.2. Jlerexropu

ChlecTByBaT pa3lIMYHA TUIIOBE NIETEKTOPH B 3aBHCHMOCT OT
[EJINTE U cpe/iaTa Ha U3II0JI3BaHe:

e wuH(payepBeHH OOEMHU JIETEKTOPY (2aHAJIIOTOBU M IU(PPOBH);
e MarHWTHH KOHTaKTOPH 3a BPaTH U MPO30PIIH;
e aKyCTHYHH JIETEKTOPH 3a CUYIIEHO CTHKIIO;

Hudposute NETEKTOPH OCHTYPSIBAT MO-BHCOKA TOYHOCT H TIO-
HHCKA 9yBCTBUTEITHOCT KbM CMYIICHHS [7].

3.3.3. KnaBuarypu

KnaBuarypute ocurypsiBar untepeiic Mexxay noTpeOuTens u
cucremara. Te ce MOHTHpAT Ha CTPATETHYECKH MECTa U MpeJiarar:

e LCD wmm LED gucruieii ¢ MHOMKAIAS 3a CHCTOSHHUETO Ha
cUcTeMaTa;
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e  BrpajeH 3ymep U OyTOHH 3a YIpaBJICHHUE,
e MOAJPHKKA HA HHPOPMALUOHHH CHOOIICHHS U 3allaMeTsIBaHe
Ha CHOUTHS;
e MapajenaHo CBbP3BaHE KbM LIEHTpaIaTa 4pe3 4-KUuHa LIMHA.
3.3.4. KoHTaKkTOpY U CUPEHU
KonTakTtopute ce u3MOI3BAaT 3a OTYMTAHE HA OTBApSTHUSA/
3aTBapsHUS Ha OTBOPH, & CUPCHHUTE CIIy’KaT 3a 3BYKOBA CUTHAJIM3aLNs
npu amapMeHu cbOuThs. [lo-clnokHUTE CcHpeHH Morar Ja
IuQepeHInpaT aJapMeHrsl CHTHAJ CIIOpe]l TUTIa Ha 3a/ieiicTBaHe.
3.3.5. Cucrema 3a KOHTPOI HA JOCTHIT U PAOOTHO BpeMe
Cucremata BKJIIOYBA CBPBBpP, KOHTPOJIEPH, UETHH 32
OC3KOHTAKTHU KapTH, EJNEKTPOMAarHUTHH HACPEIIHHIU U cOoQTyep.
OcHoBHHTE (YHKIINH Ca:
e yIpaBJICHWE Ha JOCThIA upe3 uaeHTu(pukanus (xkaptu, [INH,

onomerpus);
e 3aKIIOYBaHE M  OCBOOOXKIAaBaHE HAa  BpaTh  4pe3
eNIeKTPOMarHuTH;

e JIOrBaHE Ha CHOUTHS, OrpPAaHNYABaHE HA JIOCTBIIA IO TPAdUK;
e yunrerpanus cbec CCTV u apyru cucremu upe3 LAN unu cyxu
KoHTakTH [8], [9].

4 Peanu3zanus Ha OXpaHMUTEJIHA CUCTEMA

4.1. MoHTax U ONPOBO/IIBaHE HA KOHTPOJIHUS TTaHEeN

Kontponuusat nanen EVO 192 ce MoHTHpa B MeTaJlHA KyTHS C
NeT MOHTA)XHU IHHA, 3alIUTEHH C TaMIIep, CBbP3aH B PEXHUM Ha 24-
yacoBa oxpaHa. KyrTusarta gomycka M MOHTaX Ha pa3lIMPUTEITHU
Monynu. OnpoBOASBaHETO BKJIIOYBA CBBP3BaHE Ha CHPEHHU, 30HOBU
BXO/OBE, NMPOrpaMHUPYEMH M peledHH H3X0IH, Tele(oHHa IHHUA,
Tamnepn u KomyHukannonHa mmHa COMBUS. Makcumannara
J'bJDKWHA Ha MPOBOTHUIIATE HE TPSOBA 1a peBuiasa 914 m, kato mpu
OTJIAJICYEHH MOJYJH C€ IMpenopbyBa JONBIHUTEIHO 3aXpaHBaHe.
MsxonsT 3a cupena noanbpxka 12V DC 3a eqna 30W wnu ase 20W
CHPEHH TpHU TOK 10 2A.
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4.2. N3uncnsaBaHe Ha €HEpruiiHa KOHCYMAalusl U Opa3MepsiBaHe
Ha JINHUU

Meronukata 3a oOpa3MepsBaHE Ha 3aXpPaHBAHETO H3HCKBa
W3YMCIsIBAaHE Ha o0mara KoHcymMauuss Ha Bceku KioH. Ilpu
npesumaBade Ha 700 mA ce mpeaBHkKAa M3IMOJI3BaHE Ha BBHIIHO
3axpaHBaHe. KoHcymanmusaTra ce U34MCIsBA BB3 OCHOBAa Ha
HOMMHAJIHATA CTOWHOCT 32 BCEKM MOJAYJI, KaTo NP MPEBUIIABAHE HA
JOIycTUMaTa JIbDKMHA Ha Kabesa ce MpeiBIK/A pa3KIOHABaHE upes3
JOIIBJIHUTENHO 3aXpaHBaHe.

4.3. CBbp3BaHe Ha BXOJHU 30HH KbM KOHTPOJIHUS MTaHET

Koutponnusat nanen EVO 192 pa3snonara ¢ ocem aapecupyemu
BXOJHHU TepMHUHaNa, KbM KOUTO MOTaT Jla Ce CBbP)KAaT €AHO30HOBU U
JIBYy30HOBH JETEKTOPH, MarHUTHHM KOHTakTH W JPYTH CEH30pH,
msnomBaiiku N.O./N.C. kordurypammu u EOL pesucropu.

4.4. Vlaterpanus Ha M0KapoOU3BECTUTENHHU IETEKTOPH

Iloxxapon3BecTUTENIHUTE  JETEKTOPH C€  CBBP3BAT  KbM
KOHTPOIIHUS TaHeN U ce mporpamupar kato Fire Zones. PGM1 moxe
na Obne neuHUpaH KaTo ABYMPOBOJCH BXOJ 3a JWMEH JIeTeKTop. B
ClIydJaiil Ha KbCO CheIMHEHHE Ce aKTHBHpa anapMa, a pH MPEeKbCBaHe —
€€ OTYMTA TEXHUYECKA HEU3MPABHOCT.

4.5. Cbpp3Bane Ha TenedOHHA JTUHUS

KoHTpoNHUAT maHen Mo3BOJSBA CBBP3BaHE KBbM TeleoHHA
JIMHUS 32 aBTOMAaTHYHO U3BECTSABAHE IIPH AIAPMEHHU CHOUTHS.

4.6. Korduryparus Ha MOIyTH 32 KOHTPOJ Ha JOCTHIIA

MonynuTte 3a KOHTPOJ Ha JOCTBII c€ KOHPUTYPUPAT CBHITIACHO
apXUTEKTypaTa Ha CUCTeMaTa U U3MCKBaHUsTa Ha oO0ekTa. Bpb3kute ce
OCBILIECTBSIBAT UYpe3 YETUPWKMYHA [IMHA, KAaTO CE€ M3MO0I3BaT
KOHTPOJIEPH, YETIH U €TIEKTPOMArHUTHH HACPEITHHIIN.

4.7. Bpbp3ka kbM MHTEpHET Upe3 KOMYHUKAITMOHEH MOIYJTI

MonynsT IP150 ocurypsiBa otnanedeH KOHTPOI U MOHUTOPHHT
Ha OXpaHHWTENHaTa cHcTeMa dpe3 ye0-Opay3np. OcwurypsiBa ce
ceBMecTuMocT ¢ HTTPS mnpotokon, kpunrtupane Ha OaHHA U
BB3MOXKHOCT 3a U3BECTABAHE IO €JIEKTPOHHA MOIIA.
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5 3aKjaueHue

HacrosmaTa craTus npecTaBu eTanute no u300p, MpOEeKTUpaHe
W peanu3alys Ha CHTHAJHO-OXpaHMTENHA CcHCTeMa 3a OO0EKT OT
o0IIecTBeHO 3Ha4YeHWe — ,,XyAOoXKecTBeHa ramepus Tp. oOpwa“.
Ananmm3upaHu 0sfxa KOMIIOHEHTUTE M TE€XHOJOTHHTE, M3IIOJI3BAHU 32
M3rpaXJaHe Ha CHCTEMa C BHCOKAa CTENEH Ha HaIeKIHOCT |
BB3MOKHOCTH 32 HHTETPALIHSL.

beme wu3BBpIICH mperiex Ha CHBPEMEHHHUTE pEHICHUs |
TCHACHIINUU B O6J'IaCTTa Ha OXpPaHUTCIHUTEC CUCTCMHU — BKIIIOYUTCIHO
KOHTPOJI Ha JOCTBII, ITOKAPOU3BECTABAHC U KOMYHUKAIITMOHHU MOYJIH.
[IpencraBeHata apxXWTEKTypa IIOKa3a HPWIOKEHHETO HAa MOJIYJIEH
HOAXOJ, aJalTHBHOCT KbM M3UCKBAHUATA HA 00CKTa M BH3MOKHOCTH
3a HaarpaxaaHe. [IpoexTupanata KoHQUTYpalysl BKIIOYBalIe OJI0KOBa
CXeMa Ha B3aMMOJCHCTBHE MEXIy IOJICHCTEMH, (YHKIHMOHAICH
aHaJIM3 ¥ Opa3MepsBaHe Ha CHEPIHHHU M KOMYHHUKAIIMOHHH JINHHU.

Bb3 ocHOBa Ha W3BBPUICHOTO MPOYYBAHE MOTAT Ja CE OYEPTAasT
CJICOHUTC TCHACHIIUMHN B Pa3BUTUCTO HA CUCTEMUTEC 3a CUTYPHOCT:

[Ipexoq KbM KOMIIOTHPU3HPAHU CHUCTEMH CBhC CTaHIApTEeH
xapayep ¥ cbBMecTUM codryep;

Bce mo-mmpoka wWHTErpamusi Ha OXpPaHHUTENHH, IOXKapo-
U3BECTUTEIHN U OMOMETPUYHH CHCTEMH;

YcBosiBaHe Ha TEXHOJIOTHH u CTaH/IApTH oT
TEJIEKOMYHHUKAIIMOHHUS CEKTOD;

LleHTpanu3upaHo U TUCTAHIIMOHHO YIPaBJICHUE Ype3 HHTEPHET
CBBP3aHOCT ¥ MOOWITHH TIPHIIOKEHHUS;

PasButue Ha MpPECKOBUTE U 663)KI/ILIHI/I KOMYHUKAIIUOHHU
PpEIICHHS;

Bb3MokHOCT 3a HAOJIOAEHHUE OT Pa3CTOSHUE YPE3 CTALOHAPHH
¥ MOOWMITHU YCTPOMCTBA.

Cucremure 3a CUT'YPHOCT C€ YTBbpPXKIaBaT KaTO HCOTMCHHA 4aCT
OT apxXHUTEeKTypaTa Ha OOLIECTBEHM M 4YacTHH OOekTH. TsaxHara
e(eKTUBHOCT 3aBHCH KaKTO OT TEXHHUYECKHTE PELICHHUs, Taka M OT
IMPAaBUJIIHOTO UM NIPOCKTUPAHE U UHTETpAlrs.
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ABSTRACT: This article presents a traffic control system through
the regulation of traffic lights based on traffic load to prevent congestion and
facilitate vehicle movement. The system is demonstrated through a prototype
example, utilizing an Arduino microcontroller and ultrasonic sensors to
detect the intensity of the busier section and extend the duration of the green
signal for the corresponding traffic flow.
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CUCTEMA 3A KOHTPOJI HA TPA®UKA CbhC
CUMYJALUA HA ARDUINO ¥

Kpacumupr M. Kor10B, CTAHUMUP K. JKEJIE30B U BEKHP X.
BEKUP

BoBegenue

C yCKOPEHOTO pa3BHTHE Ha ypOaHHM3alMsTa M HapacTBallaTta
MOOMJTHOCT Ha HACEJICHUETO, MPOOJIEMUTE, CBBP3aHU C YIIPABJICHUETO
Ha MTHUS TpaduK, cTaBat Bce Mo-chlnecTBeHu. HapacTBammsar Opoit
aBTOMOOWJIM B Tpajckara cpela BOJIU JIO YECTH 3aJApPhCTBAHUSA,
IIOBUIIIEHO BpeMe 3a IIbTyBaHE, YBEIWYEHM HUBA HA LIYMOBO U
BB3AYyIIHO  3aMbpCSBaHE, KaKTO A NO-BUCOK  pHUCK  OT
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IBTHOTPAHCIIOPTHH ~ TPOHM3LICCTBUSL. B cwmoro  Bpeme,
TPaIULMOHHUTE METOAM 32 peryjiupaHe Ha JBIDKCHHETO —
OOMKHOBCHO 0a3WpaHH HA CTATHYHO TMPOrpaMHpaHHd cBeTohapu ¢
(UKCHpaHH BPEMEBU WHTEPBAJIM — YECTO CE OKAa3BaT HEaJCKBATHH
CIIPSIMO TMHAMUYHO MIPOMEHSIIIATA CE ITbTHA 00CTAHOBKA.

B TO3M KOHTEKCT HapacTBa HEOOXOMMMOCTTA OT TpHJIAraHe Ha
uHTeureHTHr TpaHcnoptHu cuctemu (MUTC), kouto 1ga w3mon3Bar
CHbBPEMEHHH TEXHOJIOTMH 32 HAOIlIOJICHWe, aHalW3 W aJalTHBHO
yrpasjeHue Ha Tpaduka B peasHo Bpeme [1, 2].

B oTroBop Ha Te3u MHpeAW3BHKATENCTBa, HAcTosIara pabora
npeiara MPOTOTUII HAa WHTEIMICHTHA CHCTEMa 3a YIpaBiCHHE Ha
Tpaduka.

IporoTumn Ha cucTeMa 3a KOHTPOJI Ha Tpaduka

IIpennoxenara cucreMa 3a KOHTpOlX Ha Tpaduka €
peanu3upaHa uYpe3 M3MOJ3BaHE HAa IMOAXOMIM  XapAyepHH
KOMITOHEHTH, KOUTO IMO3BOJISIBAT OCHIIECTBIBAHETO HA CHMYJAIHA 32
TECTBaHE Ha MPEJIOKEHHsS MOJeNl Ha HHTEIUIeHTHa cBeTodapHa
cucrema. M3nona3BaHuTe KOMIIOHEHTH ca.

Arduino Uno

Arduino [3] e mratrdopma ¢ oTBOpeH Xapayep u codryep,
npeJHa3HaueHa OCHOBHO 3a YIpaBJICHUE Ha €IEKTPOHHU yCTpOicTBa
ype3 MUKpoKoHTposepu. [lnatkata npennara nudpoByd W aHATIOTOBU
BXOJIHO-M3XO/IHM NHHOBE, C KOMTO MOTaT Ja Ce CBBP3BAT Pa3IMYHU
KOMIIOHEHTH KaTo CEH30pH, OYTOHH, CBETOJHOIM M MOTOPH.
[IporpamuusT e3uk ¢ Oasupan Ha C/C++, a cpemara 3a pa3paboTka
(Arduino IDE) e wHTYWTMBHa W JieCHa 3a H3IOJI3BaHE.
MuxkpoxkoHTponepbT € mnokazaH Ha ®ur. 1. JlocrenHara 1eHa Ha
KOMITOHEHTHUTE, KOUTO MOTaT Jia ce CBbp3Bar ¢ Arduino, 3HAYMTETHO
pa3IupsBaT BB3MOXKHOCTHTE 3a peanu3alnus Ha pPa3sHOOOpasHH
npoektH [4, 5, 6, 7].
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®@urypa 1 — Arduino Uno

Ultrasonic distance sensor - HC-SR04

VYiTpa3sByKOBHAT CeH30p 3a pasctosiHue [8] e ycTpoiicTBo,
KOETO M3MO0JI3Ba YIATPa3BYKOBH BBJIHH 338 H3MEPBAHE HA PA3CTOSHUETO
mo obextu. YnrpasBykoBusaT ceHzop HC-SR04 ce cBbp3Ba upes
3axpaHBally MMHOBE U JIBa IM(POBYM THHA 32 T0/IaBaHE U MOTy4YaBaHe
Ha curHanu (Qur. 2).

\

®@urypa 2 - Ultrasonic distance sensor - HC-SR04

Munu LED cBetodapu

B mnpoekra ce wusnomsBar mmHu LED cBetodapu, kouto
MIpEJICTaBIsABaT TOTOBU MOAYNHM C uHTerpupanu tpu LED nuonma —
YEpPBEH, JXBJIT U 3€JIeH — NOAPEeHN B eauH Kopiyc. Te3n momynu ca
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OPEANOYNTaHN IIOpaju CBOATAa KOMIIAKTHOCT M yOOOCTBO HIpHU
CBBbp3BaHE, TbH KaTO HAaMasIBAT CIOXKHOCTTa Ha CXeMaTa u
OCHUTYpsIBaT MO-CTPYKTYPHUpPaH U MPETJICJICH MOHTaX.

Munu LED cBerodapure pasmonarat ¢ 4eTUpU MHHA — €OUH
o601 e (OOMKHOBEHO OOI KaToX) M MO eauH IuH 3a Bceku LED
JMOJI, KOETO YJIECHSBA YIPABIEHHUETO UM 4YpEe3 MHUKPOKOHTpOJepa.
CBbp3BaHeTo Ha MoAylIuTe KbM Arduino ce W3BbpIIBa KaTo OOMIMAT
nuH ce cBbp3Ba kKbM GND, a mrHOBETE 3a YepBeH, XBIT U 3e1eH LED
ce CBBP3BAT KbM OTACITHHU n3X0oau Ha Arduino.

®urypa 3 - Munu LED cBetodap

Cxemara Ha CBbp3BaHE Ha KOMIIOHEHTHUTE € IPEICTaBeHa Ha
@ur. 4 [9, 10].
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| ®5

®urypa 4 — Cxema Ha cCBbp3BaHe HA KOMIIOHEHTHTEe

CumyJiauus Ha CUCTeMA 32 KOHTPOJI Ha Tpaduka

Cucremara 3a ympajieHHe Ha Tpaduka, U3rpajeHa ¢ MOMOLITa Ha
Arduino UNO, ynrpassykoBu cenzopu, LED cBemnuau u LCD mucmiei,
(HYHKIIMOHHMpA WMHTCIUICHTHO B PEAJHO BpPEME upe3 aHalu3 Ha BXOJIIU
JlaHHU OT cpenata. OCHOBHATa M 3ajjaya € Ja ONTUMHU3Upa MPEMHHABAHETO
npe3 KPbCTOBHWINE, KATO JaBa MPUOPUTET CIIOpEA MbTHATa OOCTAHOBKA.
Cuctemara ce CbCTOM OT JBa OCHOBHHM pe&XHMa Ha paboTa, KOUTO ce
AKTHBUPAT aBTOMATHYHO B 3aBUCHMOCT OT CHUTYaI[UsITa HA ITHTAL.

ABTOMATUYHHAT PEKUM € CTApPTOB M 0A30B PEXKUM HA CHCTEMATa,
KOWTO Ce aKTUBHUpA TPH JIUIICA HA 3aCEUSHHN aBTOMOOMIIN OT yIATPa3BYKOBUTE
CEH30pH.

CeH30peH peXMM Ha YIPABJICHHE € BTOPUAT PEKUM Ha CHCTEMAaTa,
MPU KOWTO C€ OTYUTA OPOST HA aBTOMOOMJIMTE OT CEH30PUTE U AaBTOMATHYHO
ce yIbJDKaBa BPEMETO Ha 3€JICHUsI CUTHAJ 3a TI0-HaTOBapEHHUsI IIOTOK.

IIpoBenenata cuMynanusi pasriexia pasjiMuHd  CHEHapud Ha
HATOBApEHOCT Ha KPBCTOBHINE. [Ipu caabo0 HATOBapBaHE AITOPUTHMBT
paboTH Ha aBTOMATHYEH CTAHIAPTEH PEXHMM, B KOWTO 3CJCHUSIT CHIHAT Ha
cBeroapa e ¢ paBHM BPEMEBHM HHTEPBAIU 33 Pa3IMYHUTE MOTONH. [Ipu
3acHYaHe Ha IMO-WHTCH3MBEH IMOTOK OT aBTOMOOWIM B HSKOS OT ITHTHHTE
JICHTH, CCH30PHTE TI0J]aBaT CUTHAIH Ha MUKPOKOHTPOJIEepa, KOUTO yBeIIMYaBa
JIBJDKMHATA HA 3€JICHUSIT CUTHAN 38 CHOTBETHUS MOTOK.

3akiouenne
Pa3paboTBaHeTo Ha TPOTOTHII HAa HMHTEJIMI'CHTHA CHUCTEMa 3a
ynpaBieHue Ha Tpaduka, 6azupana Ha tardopmara Arduino Uno,
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MIPEICTaBIIsIBA HHOBATUBEH MOAXO] KbM ONTHMH3AIMATA HA THBTHOTO
IBIKCHUE Ype3 W3IIOJI3BaHE HAa WKOHOMWUYHH W JIECHO JOCTHITHH
€JIEKTPOHHU KOMITOHEHTH.

IIpencraBenara  cucremMa  CaMOCTOSTETHO  TMPEBKIIOYBA
cBeToapHUTE ypeadu Ha aBTOMATHUEH M CEH30PEH PEXKHUM, CIIOPET
OpoAT Ha 3aceYeHUTE aBTOMOOMIIN, KOETO MPEJOTBPATIBA CBEHTYaIHN
33pbCTBAHUS U YJCCHsSBA MPHJBUKBAHETO Ha aBTOMOOWIH B
HATOBapEeHH T'PAJCKU CPE/IH.

ANTOPUTBMBT TpEACTaBEH B  HACTOSIIATA  ITyOJMKAIUSL
YCHEIIHO MOXe Jla ce MHTErpupa B peajHa cpela, KaTo ce 3aMEHST
KOMITIOHEHTUTE Ha CHCTEMaTa 3a CHUMYJAlHsi TPU H3IOJI3BAaHETO Ha
CTaHIapPTHH TPAJICKH CBETO(apHU CHCTEMH.
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ABSTRACT: This article focuses on the integration of artificial
intelligence (Al) into Intrusion Detection and Prevention Systems (IDPS) in
response to the rapid evolution of security threats. Traditional signature-based
security approaches are unable to cope with complex and advanced attacks.
Al-based IDPS use machine learning, deep learning and natural language
processing to analyze large volumes of data, detect anomalies and predict
emerging threats in real time. The article offers practical recommendations for
organizations implementing Al-based security solutions.

KEYWORDS: Artificial Intelligence, Al, Intrusion Detection and
Prevention Systems, IDPS, Machine learning, Deep learning;

2010 Math. Subject Classification: 68T99, 68M25

HUHTEI'PUPAHE HA U3KYCTBEH UHTEJIEKT B
CUCTEMUTE 3A OTKPUBAHE U IIPEJOTBPATSIBAHE HA
MPOHUKBAHUS'

CTOSIH P. CTOSIHOB, TEOJOPA T. CTOSIHOBA,
PAJOCTHH E. PAGAWIOB

“This paper is (partially) supported by Scientific Research Grant RD-08-
106/05.02.2025 of Konstantin Preslavsky University of Shumen

fCrarusra € vactuuno Qpunancupana no npoext Ne P/1-08-106/05.02.2025
Ha Y ,,En. Koncrantun IlpecnaBcku

-81-



Stoyanov, S., Stoyanova, T., Rafailov, R.

1 BnBenenue

C mmpokoTo u3mon3BaHe Ha MHTepHEeT KHOEpIpecThITHOCTTA
HapacTBa ChC 3HAYUTENIHU TeMmrioBe. KubeprnpecTbIHULINTE, BApUpaAIIN
OT OTJIEJTHU XaKepH IO OPTaHU3UPAHH TPYTIH, H3OI3BAT YSI3BUMOCTH B
MpEXH, CHCTEMH U TMPUIOKEHH, KaTO Ch3/1aBaT CEPUO3HH 3aILTaxH 32
¢bu3nyUecKy nKna, OpraHu3ali U KpUTHYHA HHPPACTPYKTYPH.

TpaauIoHHUTE TOIX0IH 32 KHOEPCUTYPHOCT (3aIIUTHHU CTEHH,
AHTUBUPYCHH MPOTPAMH M CUCTEMH 32 OTKpHBaHEe Ha IMPOHUKBAHE) ca
HaJCKIHU, HO TPYAHO YCISABAaT Jia Ce€ CHPaBAT C HEMPEeKbCHATO
pa3BUBAIUTE CE TAKTHKH, IPWJIATaHU OT aTaKkyBamure. Te paboTsT Ha
MIPUHIIMIIA Ha CHBIIJICHUE HA MOJIEIIUTE ChC CHIECTBYBAIN HU3BECTHU
Monmenn Ha arakd. OrpaHHYeHHATA Ha TPAAWIHOHHHUTE TTOAXOIN
HajaraT Bb3IPHEMAaHETO Ha MOJEPHU TEXHOJIOTHH, KOUTO TH YKPEIBaT
W JaBaT BB3MOXKHOCT 32 OTKpWBaHE Ha 3allaXd W 3a pearupaHe B
peasrHO Bpeme. Ta3W pEBONIONMOHHA KOHIEMIMS CE€ TIOCTHUTa C
BBBEXJAHETO Ha W3KycTBeHHs uHTenekT (MU). B wactHOCT upes
ANTOPUTMUTE 32 MallMHHO OOydeHHe ce 00ydaBaT CHCTEMH, KOUTO
aHANM3WpaAT TOJEMH KOJMYECTBA JAHHW C 1€l OTKPWBaHE Ha
MOTEHIIMAIHA 1 HOBOBB3HMKBAIIIM 3aIlIaXH 38 CUTYPHOCTTA.

[MporHo3ure covar, de rinobamHusAT mazap nHa WU B
KuOepcurypHoctTa e gocrurae 46,3 mupa. monapa mo 2027 r. [1].
[TpuuunHuTe 32 yBenu4aBamiara ce ynorpeba Ha MU ca Bp3MoKHOCTTa
My 3a aBTOMaTH3alus, TPOrHO3MPAHE Ha 3aIUIaXd U KPaTKOTO BpeMe 3a
peakiusi. ABTOMAaTH3anusATa I03BONIsiBa Ha cuctemure ¢ WM na
3aseficTBaT He3abaBHa 3alUTa Clie] 3aCHYaHe Ha MOTeHIIMAaTHA aTaKa.
BBb3MOKHOCTTa 3a MpPOrHO3WpaHE Ha 3alUlaxd Ce CBBbpP3Ba ChC
cnocoOHocTTa Ha MW 1a aHanmm3upa rojeMu KOJIWYECTBa JaHHU 32
KpaTKo BpeMe, HEMPEKbCHATO Ja CE pa3BHBa M 00ydaBa BBPXY THIX.
Ilocrnegnara KIFOYOBa XapaKTEPUCTHKA € BPEMETO 3a peakiusi, Thi
KaTo aHaJM3aTOpUTE MO0 KHOSPCUTYPHOCT HE BHHATH pearupat Obp30
Ha aTakuTe 3a pas3ninka ot cucremute ¢ UN.

Cucremute 3a OTKpHUBAHE U NMPEAOTBPATABAHE HA MPOHUKBAHUSA
(Intrusion Detection And Prevention Systems - IDPS) ce n3mon3Bar 3a
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HAOJIIOJICHNE Ha MpEXOBUS TpadhUK M CHCTEMHUTE JACHHOCTH 3a
nomo3puTeIHn Mozjenu win anomanuu. IDPS Gasupanm na WU,
M3IIOJI3BAT yCHBBPIICHCTBAHM TEXHWKH KaTO MAIIMHHO OO0ydeHwHe,
IBJI00KO 0oOydeHue M 00paboTKa Ha €CTeCTBEH €3WK 3a OTKpHBaHE,
aHAJIM3MPAHE M CMEKYaBaHe Ha CIIOKHU KHOep3ariaXxy B pEaIHO BpeMe,
Karo 1O TO3W HAa4YMH 3HAYUTETHO TMPOMEHSAT OOJIIMKa Ha
kuOepcurypHocTra. Te ca  HEOOXomOWMH B ChBpPEMEHHATa
KHOEPCUTYPHOCT, 3apajd KPUTHYHATA HEOOXOAMMOCT OT e(hEeKTUBHU
METOJM 3a CIIPaBSHE C aTakd OT THUMA ,,HYJIEB JCH U HANpeTHAIH
mocrosuan 3amaxu (Advanced Persistent Threat - APT), B koeTo Te ca
10-100pH OT TPATUIIUMOHHUTE CHCTEMH [2].

2 Cucremure 3a OTKpPHBaHe H IMpPeIOTBPATSABAHE Ha
nponukBanus (IDPS)

IDPS ca wMexaHM3MH 3a CHUTYpHOCT, TpEJHA3HAYCHU Ja
HaAOII0JaBaT, UISHTH(QUIMPAT M CMEKYaBaT HEOTOPH3UPAH JOCTHII M
3JI0HAMEPEHU JEUHOCTH B paMKUTE HAa Mpexka WIM CHUCTEMA.
PaspaboTBaneTo Ha IDPS € mpeThprisiio 3HAYUTEIHO Pa3BUTHE IPE3
JIECeTUJIETHSITa, KAaTO BCEKM €Talm OT CEBOJIONHUATA WM OTpa3sBa
ajlanranusaTa KbM HapacTBaIlaTa CI0KHOCT Ha KHOep3aIuiaxuTe.

EBoaronust Ha IDPS

Haii-panaute cucremu, oncanu npe3 1987 r., ca 6a3upaHu Ha
CUTHATYpU U pa3yuTaT Ha MPEJABAPUTEIHO JeHUHUPAHU MOJICIUA Ha
W3BeCTHU araku. EdekTuBHM ca 3a  HACHTU(QHUIMpPAHE Ha
MpeBAPUTETHO JOKYMEHTHpPAHHU 3aIUIax¥, HO TPYIHO C€ CIPaBsT C
HOBU H CJOXHU araku. [Ipe3 90-Te romvHu Ha MUHAIUS BEK CE
MOSIBABAT CHUCTEMH 3a OTKPHUBAHE HAa AHOMAJIUHM, KOWUTO H3IOJI3BAT
CTaTHCTUYECKH METOIM 3a HWACHTU(UIMpaHE Ha OTKIOHEHUS OT
HOPMAJIHOTO TOBelIeHue. Te3n MOAXOAU JEMOHCTPUpAT MO-A00pu
MOKa3aTely 3a OTKPUBAaHE HA HEW3BECTHH 3aIIaXH, HO Ca KPUTUKYBAaHH
3apaZii BUCOKHS TPOLEHT (hajllluBO IOJIOKUTENHU pesynrat. [lo-
HOBHTE pelieHus ce (pokycupaT BbpPXy XHOPHIHU CHUCTEMH, KOUTO
KOMOMHHpPAT METOH, Oa3UpaHu HAa CUTHATYPU M METOIH 33 3aCHYaHe
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Ha aHOMalluH, 3a Ja OajaHcuUpaT MEXAY TOYHOCTTA Ha OTKPHBAaHE U
HaMaJIIBAaHETO Ha (hAIITUBUTE MOJIOKUTEIIHU pe3ynTatu [3].

WnTerpupaneTo Ha U3KYCTBEHHSI HHTENEKT JOIBIHHUTEIHO
tparcopmupa IDPS, mo3BonsBalikk ITWHAMHYHU BB3MOKHOCTH 32
OTKpHBaHE W TIPEBEHLUS B peaJHo BpeMe. Paznukure Mexay
tpagunuonnute |IDPS u te3u Gasupanm Ha WU ca mpencraBeHu B
Tabmuma 1.

Eomronmsita Ha UM B IDPS e OenszaHa oT 3HauWTENeH
HampenbK KakTto B JedaH3WBHUTE, Taka W B O(aH3UBHHTE
CHOCOOHOCTH. BBBeX)1aHETO HAa TEXHOJIOTUHUTE 32 MALIMHHO 00y4YeHHE
1 IbJI00KO OOydeHHE MO3BOJSIBA HA CHCTEMUTE Ja OTKPHUBAT IIO-
e(eKTUBHO MOJICITH, aHOMAJIMY U MOTeHIMaTHHU 3amiaxy. C TeueHne Ha
BPEMETO HMHCTPYMEHTHUTE, 3aIBHKBAaHM OT W3KYCTBEH HHTEJIEKT,
MIPEeMUHABAT OT PEaKTHBHU MEPKH, KaTO HallpUMep HIeHTU(UIpaHe
Ha M3BECTHH CHTHATYpH Ha 3JI0BpeleH codTyep, KbM IMPOAKTHBHU
CTpaTeruy, Karo HampuMep IMPOTHO3EH aHajJIW3 W aBTOMAaTHU3HUPaHO
pearnpane Ha MHUUAEHTH. Ta3u eBomronus nozunuonupa MU kato
KpabI'bIecH KAMbK Ha CHBPEMEHHUTE PEIICHHs 332 KUOESPCHUTYPHOCT

[4].

Tadauua 1: CpaBaenne mexxay Tpagnuunonau u UN-6asupanu IDPS

o — TpaagnuuoHHA IDPS 6a3upanu Ha
pHTep IDPS 17141
MeTO,I[ CTaTUYHMU IIpaBuJIa, IIOBCJACHYCCKHU aHaJIn3,
CUTHATypH o0ydeHHue OT TaHHU
BHCOKA KaKTO MPH
TounocT Ha BHCOKA MPH TO3HATH
MO3HATH, TaKa U IPU
OTKpHUBaHE 3arTaxu
HETMO3HATH aTaKK
danmusu
4ecTo cpernanu (mpu
MOJIOXKHUTETHU MO-PSIIKO CPEIaHu
CIIOXKHH TIPABUIIA)
pe3yaTaTu
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I'bBKaBOCT HHCKa BUCOKa

oOydeHue ce mo-0aBHo,
CxopocT Ha Obp3a MpH U3BECTHU

HO pearupa mo-0sp30
peakuus mabIoHu

1P aTaKu

W3uckBanus kpM
JTAHHUTE

HE U3UCKBA IOJIEMHU
00eMH OT JaHHU

W3UCKBA TOJICMHU
HaboOpH OT IaHHHU 32
oOydeHune

O0sicHUMOCT BHCOKa YeCTO HUCKA
MMOAXOIAIIA 32
TPY/HA P TOJIEMH
Mamabupyemoct Marabupane ¢

MpEXHU

00JTaYHU peIICHUS

[Hognpwxka u
aKTyanu3anus

HEOOXOIMMOCT OT
pbUYHa aKTyaIu3anus
Ha CUTHATypUTE

ABTOMAaTHYHO
oOydeHue u ajanTtaius
KBbM HOBH 3alljiaxu

3aBHCHUMOCT OT
EKCIIEPTH

BHCOKa

IIO-HHUCKa

[Ipunoxxenune B
peaHo BpeMme

J00pO 3a T03HATH
3aIuiaxw,
OTPaHUYEHO 33 HOBH

e(eKTHBHO IpH
MIPaBUITHO O0yUYeHHE 1
ONITHMH3ALHS

Ipunoxenue na U B IDPS

Texnuku 3a mawtuHHO 00yuenue

ManuHHOTO 00yYeHHE ce € YTBHPAMIO Karo (pyHmaaMeHTalIeH
KOMIIOHEHT Ha chBpeMeHHuTe IDPS, mo3BonsBaiiku aBTOMaTH3UpPaH
aHaNM3 Ha MaladHU JaHHW. AJTOPUTMHUTE 3a KOHTPOJIHMPAHO
obyuenue, karo Hanpumep Decision Trees u Support Vector Machines
(SVM), ca mupoko M3IONI3BaHU 32 OTKPUBAaHE HA MPOHUKBAHUSA, KaTO
MOCTUTAT BUCOKA TOYHOCT 32 MapKHpaHU HAO0OpH OT NaHHHU. TeXHUKH
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karo k-Means Clustering u Gaussian Mixture Models, ca obemaBaiu
Npyd OTKpUBAaHE Ha aHOMAaJHMH, KOTaTO JIMIICBAT MapKHUpaHHW JaHHH.
Ocsen kouTponmpano obydenne IDPS m3mons3Ba u HEKOHTPOIMpPaHU
TEXHUKH 3a oOyuenwe, Hampumep Kibcrepupane (K-Means wnmm
DBSCAN), kouto uaeHTuGUINpaT HOBH 3aIljlaXH, ¢ KOUTO CUCTeMaTa
He ce e cOmpekBaia mpenu [3].

Ilpunostcenusn na 0v160Komo odyuenue

dbnbokoro oOydeHHe, TOJMHOXKECTBO Ha MAaIIMHHOTO
o0y4eHue, 3HAYUTETHO pa3iupsiBa Bb3MokHocTHTe Ha IDPS. Texuuku
karo Convolutional Neural Networks (CNNs) u Recurrent Neural
Networks (RNNs) ca ocobeHo edeKkTHBHM 3a aHaAIW3WpaHEe Ha
MHOTOMEPHHM M TOCJEJ0BaTeIHN JaHHU, KaTo HalmpuMep JIOTOBE Ha
mpesxoBus Tpaduk [5]. Ycranoseno e, ue Long Short-Term Memory
Networks_(LSTM), kouro ca Bum RNN, ce oTimuaBaT ¢ OTIMYHH
MOCTIDKEHHST TIPU OTKPUBAHETO Ha BPEMEBH MOJEIH B JaHHUTE 3a
MPOHHUKBAHE, KOETO T'M IIPAaBU MOJXOISIIN 32 OTKPUBAHE HA 3aIljlaXd B
peanHo BpeMe. 3a OTKpUBaHE Ha aHOMAJIUH BCE [I0-4E€CTO CE U3IO0I3BAT
autoencoders u Generative Adversarial Networks (GANs), 3apaau
TAXHATa CIMOCOOHOCT Jla MOJEIHMpAT HOPMATHOTO TOBEJACHUE U Ja
UACHTHQHULIUPAT OTKIOHEHHSITA.

OmKpueane Ha aHOMAIUU U UOCHMUPUYUPAHE HA 3aNaXU

NN cpmo Taka yiecHABA IIOBEJEHYECKUS aHaIMU3, KaTo
MO3BOJISIBA HA CHCTEMHTE JAa pa3dupar HopMajHaTa pabora Ha
noTpeduTeNnTe M NPUWIOKEHHsTa. Ta3u CrImocoOHOCT TO3BOJISIBA
OTKPUBAHETO Ha BHTPEIIHU 3aIUIaX1, HANPEAHAIN TIOCTOSHHY 3arIaxu
(APT) wu ekcruioiiti ot Tuma ,HyiteB neH”“ [2]. OcBeH ToBa
WHTETpUpaHETO HAa 00paboTkaTa Ha ectecTBeH e3uk (NLP) mo3BomnsaBa
Ha cuctemute ¢ U1 na aHaimM3upar TEKCTOBU JTaHHH, KaTO HAIIPUMED
WHQOPMAIMOHHA KaHallM 3a 3aIlaXd M CHCTEMHH JIOTOBE, KOETO
JOIBJIHUTENHO 3acHjBa CHOCOOHOCTTa WM Ja HIeHTU(UIHpaT
NOTCHIMAIHY ysI3BUMOCTH [3].

Apxurtekrtypa Ha IDPS

ApxuTeKkTypaTa Ha €JHa CHCTeMa 3a OTKpUBaHEe W
NpefoTBpaTsBaHEe Ha NMPOHUKBaHMA, OazupaHa Ha WU, e xpurnueH
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KOMITOHEHT, KOWTO ompeiess HeifHaTa e)eKTUBHOCT U €PUKACHOCT IPH
UACHTH(QHULIMPAHETO M CMEKYaBaHETO Ha 3aINIaXUTe 3a CUTYpHOCTTA. T
MHTETpUpa PA3IMYHU MOAYJH, BCEKH OT KOUTO € IpeAHAa3HadeH 3a
W3IBbJIHEHNE Ha CIeUU(QUYHM 3a]add, Bapupalid OT chOMpaHe Ha
JaHHU A0 B3eMaHe Ha pewenus. IDPS, 6asupana Ha MM, o6MKHOBEHO
Ce ChCTOM OT HAKOJIKO B3aMMOCBBP3aHHW KOMIIOHEHTa, KOUTO paboTAT
3a€JHO 3a OTKpHUBaHE M NPEAOTBpATSIBAaHE HAa IPOHUKBAHUSL.
OCHOBHUTE KOMITOHEHTH BKITFOUBAT [3]:

1. Moayn 3a cnOupane Ha aannm: CpOupa HeoOpaboTeHU
JaHHU OT Pa3IMYHHU W3TOYHMIM, KATO HAIIPUMEp JIOTOBE Ha MPEKOBHUS
TpaUK, CHUCTEMHHU JIOrOBE M BBHIIHM HWH(POPMALMOHHH KaHAIU 32
3aIIaxu.

* Mogyn 3a cbbMpaHe Ha faHHU

* Mogyn 3a npegeapuTesiHa ob6paboTka

* Moayn 3a U3SBNMYaHE Ha XapaKTepUCTUKH

* Mogayn 3a AeTeKuun

* Mogyn 3a B3emaHe Ha pelueHnA

* Mogyn 3a ussectAasaHe U OTYeTHOCT

)
)
)
* Al Engine J
)
)
)

€ELLLEE&L

®durypa 1: Apxurexkrypa na UA-6azupauna IDPS

2. Moayn 3a mnpenBapureqHa oOpaborka: I[louuctsa,
HOpManu3upa U popMaTHpa JaHHUTE 32 aHATIN3, KATO rapaHTHPa, Ye Te
ca TIOJXOAAIIH 32 aNTOPUTMUTE HAa U3KYCTBEHHS HHTEJEKT.

3. Moaya 3a wu3BJIMYaHe Ha XapakTepucTuku: 3Binua
3HaYUMH aTpuOyTH OT HeoOpaOoTeHWTe NaHHW, KaTo Hampumep I[P
XeIIbpH, pa3Mepy Ha MAKETH W MOJIENTM Ha TIOTPEOUTENICKA aKTHBHOCT,
C 11e71 1o-e()eKTHUBEH aHAJIN3.

4. Al Engine: Cepappxka Mojaend 3a MallHHHO OOy4YCHHE U
JBIIOOKO 00YYEHHUE, KOUTO aHATH3UPAT U3BJICUCHUTE XapaKTEPUCTHKH.
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5. MoayJa 3a gerexkuusi: O6pabotBa pesyntatute oT Al engine,
3a J1a OTKpHE aHOMAaJIH, CHI'HATYPH WM 3JI0HAMEPEHO MOBEACHHE.

6. Moaya 3a B3emane Ha pemeHusi: [IpeanpreMa nmpoakTHBHU
MEpKH, KaTo HalpuMmep OJIOKHpaHe Ha IOMO3pHUTENICH Tpaduk wu
M30JIUpaHe HA KOMIPOMETHPAHH CUCTEMH.

7. Moayn 3a wu3BecTsiBaHe M  oOTYeTHOcT: ['eHepmpa
NpeayNpeXICHUS 32 aIMHHUCTPATOPUTE 3a OTKPUTUTE 3aIllaxd U
NpeANpUeTUTe ASHCTBHSA, KATO MPEJOCTaBs NOAPOOHH PETHCTPH 32 MO-
HATaTbHIICH aHAJIH3.

To3u monyneH nuszaiiH, noka3aH Ha durypa 1, rapantupa, ue
cucTeMmara € mamabupyema, aJanThBHA W e(eKTHBHA, CIIOCOOHA Ja
00paboTBa roneMu 00eMH OT JaHHH W Ja C€ Pa3BHBa 3aCTHO CBC
cpenara Ha 3aIUlaXuTe.

3 IlpeausBukarescrea M orpanuyenus Ha WU B
o0Js1acTTa HA KNOEPCUTYPHOCTTA

Benpekn dYe WHTETpUpaHETO HA W3KYCTBEHHSI HMHTEIEKT B
CHCTEMHUTE 32 OTKPHBAHE W MPEJOTBpATSIBAHE HA MPOHUKBAHUS HOCH
3HAYUTETHHU TOJI3H, OT CHINECTBEHO 3HAYCHHE € Jla CE€ MPU3HAAT U
MPEO0NEAT IPEIU3BUKATEIICTBATA ¥ OTPAaHHUYESHHSITA, CBBP3aHHU C TE3U
TexHonoruu. Pa3OupaHero Ha TE3M MNPEYKH € peliaBaiio 3a
pa3pabOTBaHETO HA CTAOWIIHU CTPATETUU 32 KHOCPCUTYPHOCT.

Ynorpeda na U ot kubepnpecTbNHALH

Hznonssanero Ha MM ocBeH B MNO3UTHBEH, MOXE Ja Cce
pasriexna | HeTaTUBEH aCIIEeKT. [Ipuunnarta e, ye
KHOEPIpeCThITHUIINTE ChII0 u3non3BatT MU, HO ¢ 1ien MaHuITy TupaHe
Ha cuctemure 3a curypHoct [ 1]. IloTeHunanHuTe NPOTUBHUKOBU aTaKU
BKJIFOYBAT:

e Ompasane Ha Oannu: B nanHuTe 32 00ydeHHE aTaKyBalUTe
WHKEKTHpPAT MAHUITYJIHMPAaHd JTaHHHW, KOETO BOIW JI0 HEMpaBUIHA
OIICHKA Ha 3arutaxute. ToBa MOKe J1a cTaHe ¢ 0€300MIHO M3TIICK AN
¢aiinose, B KOUTO MMa moIBex Aalia nHGopmanus. B pesynrar, Ha ToBa
crucreMara ryou CcBosiTa €(peKTUBHOCT M MPOITYCKa MOBEYE 3JIOBPEIHH
Iporpamu.
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o Texnuku 3a uzbseeane: ATakyBalluTe MPOMEHSAT MHHUMATHO
BCUYKHU aCIIEKTH Ha 3JI0BPEIHUS KO, 3a J1a ce M30erHe OTKPUBAHETO MY
ot U1 u na ce knacuduimpa kato 100poHaAMEpeH.

e Amaku 3a obpvwarne Ha Mmooeia: ATaKyBallUTE H3BINYAT
nHpopmaruss otr Moxaenute Ha MM, 3a ma pazbepaT KakBH ca
MEXaHU3MHTE 3a CUTYypHOCT [6].

DauBHU pe3yJITaTH

[IpuctpacTHNTE MK HeOaTaHCHPaHU HAOOPH OT TaHHU MOTaT Ja
JoBeJaT J0 HETOYHH MpOTHO3W. Mojaenure ¢ MOpPEeKOMEpHO
NPUCTIOCO0sIBaHE MOTaT Jia JaJaT HETOYHU MPOTHO3U, KOETO BOJAHU JI0
(aJIMBY TONOKUTEITHHA PE3YJITATH U HEHYKHH NPEAYIPEKICHUS.

danmuBUTe MONOKHUTEITHH pe3yntaTd  (I00pOKaYeCTBCHH
JEHHOCTH, MapKHpaHH KaTo 3aIuiaxu) M (ajmuBUTE OTPULATEIHH
pe3yntaTd  (3J0HAMEPEHH  JCHHOCTH,  KiIacHU(PHUIMpaHH  KaTo
MOOpOKAaYeCTBeHH) ca KPUTHYHU  (PAKTOPH, BIHUSICIIA BBPXY
M3M0I3BaeMOCTTa M HamexxaHoctra Ha IDPS [3].

DanmuuBUTE NOJIOKUTEITHN PE3YITATH MPEACTABISIBAT CEPHO3HO
NPEM3BUKATEICTBO MPH IPOTHO3UPAHETO HA 3aIUIaXy B pEATHO BpeMe.
Pemienusita 3a curypHoct, 6a3upanu Ha MU, reHepupar royiemu obemu
OT CHTHallM, KOMTO YeCTO HM3MCKBAT PBYHA MPOBEPKA OT HYOBEIIKH
aHaM3aTopu. YMopaTa OT MHOXXECTBOTO CHUTHAJIM BOJIU 1O
NpOMyCKaHe Ha peayHu 3aruiaxu. JIoKIaquTe MoKa3BaT, 4e eKUIHUTE 10
curypHocTTa npekappar 10 40% OT BpeMeTo CH B pa3clie/iBaHe Ha
¢amumBy curnanu, reaepupanu ot MU [7, §].

4 bbaemu TeHAeHIIMHY U MPpEeAN3BUKATEJICTBA

Tvpi Karo 3amiIaxuTe CcTaBaT BCE I0-CJIOXHH, PEIICHUSITA,
6asupanu Ha WU, ce pa3BuBaT, 3a Jja OTTOBOPAT HA W3MCKBAHMATA 32
YCBHBBPILEHCTBAHO OTKPUBAHE U MPENOTBpaTsIBaHe Ha 3amnaxu. Hapen
C TE3W BB3MOXKHOCTH 00aue TpsOBa Ja ce MPEOoJOJesIT 3HAUYUTEIHU
MIPEN3BUKATEIICTBA, CBBP3aHU C E€THKATa, HEMPHKOCHOBEHOCTTA Ha
JIUYHUS )KUBOT, MalllabUpyeMOCTTa U IPUJIAraHETO B PEaHO BpeMe [3,
2]. Cpen BoAEIIUTE TEXHOJIOTMYHU TEHACHIIUN U3IIBKBAT:
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» Obeouneno obyuenue (Federated Learning) - mo3BonsiBa Ha
MOJICJIUTE Ja CE y4aT ChbBMECTHO Ha JCHCHTPAIM3UPAHU YCTPOICTBa,
0e3 Ja ce KOMIPOMETHUPAT YYyBCTBHUTECIHHU JaHHH, MOJ00pSIBaHKU
CIOCOOHOCTTA CH J1a TIPEIBIK/IAT M IPOTUBOJICHCTBAT HA aTaKH.

» Graph Neural Networks (GNNS) Habupar momyasipHOCT KaTo
e(eKTHBEH METOJI 32 OTKPUBAHE HAa CKPUTH BPH3KU U aHOMAITUH MEXKITY
cyOeKTHUTE B CIOXKHHUS MPEXOB TpaduK, KOETO TH TpPaBH OCOOECHO
HNOAXOASAIIM 33 TPWIOKEHHS B CHCTEMHTE 3a OTKpUBaHE U
MpeIoTBpaTsIBaHEe Ha KHOepaTaKy.

5 IIpenopbku 3a ycnmemiHa MHTerpanusi Ha H3KYCTBEH
uHTeaekT B IDPS

To3u pazgen mpeiara NPEeNOpbKH 32 OPTaHHU3ALMU, KOWTO
IUIAaHApAaT WM Bede BHEAPSBAaT CHCTEMH 33 OTKPUBaHE U
npefoTBpaTsIBaHe Ha MPOHWKBaHUs, Oa3upanu Ha V.

WU e cpaBHUTETHO HOBA TEXHOJIOTHS U CBIIECTBYBA 3HAYUTEIHA
JUIIca Ha OCBEIOMEHOCT 3a moreHuuana u. IlpemoppuBa ce mpeau
MaIabHOTO pa3rphlliaHe Jia ce CTapTHpa C MOETAllHO BHEAPSBAHE B
KOHKPETHH OOJIACTH C BHCOK PHCK, 32 Jla ce OlleHH e(pUKACHOCTTa Ha
pewennero. JloOpa cTpaTterust € 1 KOMOMHUPAHETO Ha TPaIWLMOHHU
IDPS, c¢ TakuBa Gasupanu Ha MU, kaTo MOCTENEHHO ce yBelM4aBa
3aBucumocTTa 0T M1 KoMIOHEHTH.

NuBectuniuure B MU oT crpaHa Ha opraHu3aluuTe ca
3HauntesnHu. [lpuopurer TpsadBa ga ca o0e3neyaBaHeTo HAa JOCTaThYHA
W3YHCIIUTEIIHA MOIITHOCT 32 00y4YeHHe W pa0doTa Ha MOJICNIU B PEaTHO
BpeMe, WHBECTUpaHE B chOMpaHe, 00padoTKa M CTPYKTypHUpaHE Ha
Ka4eCTBEHH JIJaHHM 3a 00y4deHHe Ha MOAEINTE U HaeMaHe U 00yueHHe
Ha crieruanucta B UM u kubepcurypHocCT.

[penopbkuTe 3a N300p HA MOJIXOASANIA TEXHUKU U MOJICIIH Ca B
TPH OCHOBHHM HAaCOKH. 3a OTKpHBaHE Ha Beue M3BECTHU 3aIlJlaxy Jia ce
u3non3Ba Supervised Learning anroputmu kato Random Forest, SVM
WM HEBPOHHH MPEXH, 00y4eHH Ha MapKUpaHU JaHHH. 32 OTKPHUBaHE
Ha HEMO3HAaTH WJIM HOBM 3allJlaXH C€ MpEenopbyuBa MPWIAraHeTO Ha
Unsupervised Learning rtexuukun karo K-Means, DBSCAN wm
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ABTOCHKOJICpY 3a WACHTU(UKALMS HAa aHOMAJIMU. 33 TIOBEICHYCCKU
ananu3 epekruBHu ca RNN wiu LSTM [8].

3HayuTeNeH MPOIEHT OT BPEMETO Ha EKUIUTE 10 CHTYPHOCTTa
MIpeMUHaBa B pasciieIBaHe Ha (HaIIIMBU CUTHAIN, TeHepupanu ot NI,
3a cmpaBgHe C TO3M MpoOJIEM ce TMpPenopbyuBa HEMPEKbCHATO
aKTyallM3WpaHe Ha TparoBeTe 3a OTKPHBAHE Ha aTakd, B3eMalKu
mpenBu oOpaTHaTa Bpb3Ka OT €KUIUTE 10 CUTypHOCTTa. OTIEHKUTE Ha
3aIyIaxXuTe Ja 3aBUCAT M OT KOHTEKCTyalHa HH(GOpMAIsl, KaTo 4ac OT
JICHOHOINIMETO, TOTpeduTesicka poias U ap. HeobOxomumo e
MPUOPUTH3NPAHE HA TPEAYNPEKACHUATA BB3 OCHOBA Ha TAXHATa
KpUTHYHOCT [8].

C 1en ocurypsiBade Ha Oe3npuctpactHocT B paborara Ha IDPS
Oasupann Ha MU, ce mpemoppuBa mpu oOydeHHE [la CE€ OCHUTYPSAT
pa3HOOOpa3HW W TIPOBEPEHH NaHHHU, KAaKTO M PEJOBHO TECTBaHE Ha
MOJICIIUTE 33 HAJTUYHUE HA IPUCTPACTHSL.

3a nma Qyskuumonupa edektuBHo enHa IDPS, T TpsiOBa
0e3npobIeMHO Ja Cce  HHTeTpHUpa  ChC  CHIIECTBYyBAalllaTa
UHPPACTPYKTypa 3a CHUTYPHOCT Ha opraHusanusTa. M3ucksa ce
CBBMECTUMOCT ChC 3amuTHUTE cTeHu, SIEM cuctemu, nHTErpanus ¢
BBHIIHA 0a3W NIaHHU 32 BB3HUKBAIIM 3allaXd B PeajHO BpeMe W
CHCTEMHU 3a yIpaBJICHHE Ha MOJUTHKH [9].

Buenpsisanero na UM B IDPS e HempexkbcHaT mpoiiec Ha
YCHBBPIICHCTBaHE U afanTanus. [locoueHuTe mpernopbKu ca OTIpaBHA
TOYKa 32 OPTaHU3AIMUTE B MPOIleca HA WHTETPUPAHE HA T€3H CUCTEMH
3a CUTYPHOCT.

6 3akjaro4eHue

ToBa mpoyuBaHe moauepraBa pemasamara pois Ha MU mpu
OTKPHBAHETO, aHAIM3a M MPEJOTBPATIBAHETO HAa MPOHHWKBAHUI, KaTO
MOKa3Ba KaK yChBBPIIEHCTBAHM TEXHUKH KAaTO MAIIMHHO OOyueHHE,
IbJ100K0 00yueHne U 00paboTKa Ha €CTEeCTBEH €3HMK TpaHC(hOopMHpaT
TPaIUIIMOHHUTE CUCTEMH 32 CUTYPHOCT.

3agemwkBanute ot MU IDPS ce oTnmugaBaT OT TpaaUIIHOHHUTE 10
CHOCOOHOCTTA CH Jia aHaJU3UpaT OrPOMHH MacuBM OT JaHHH, 1A
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OTKpHBAT aHOMAJIMU WM Ja MPEIBMKIAAT ObJCIIN 3amjiaxd, KOeTo TH
NpaBu He3aMEHUMH. BbIpeKku TOBa, MPOYYBAHETO pasKpHBa U
3HAYUTEJIHU IPEIU3BUKATEICTBA, KOUTO TPsAOBa 1a ObIAT NPEO0JICHH.
KubepnpecTpiHULINTE BCE MO-aKTMBHO M3IIOJI3BAT TEXHUKH 32
NPOTHBHUKOBO MAIIMHHO OOydeHHe, 32 Ja 3a00MKOJST 3aIlUTHUTE
MexaHu3Mu. He3aBucrMmo OT Te3u mpenn3BUKATENCTBA, OBACLIETO HA
IDPS 6asupanu Ha MU, € ¢ TOIIM TOTCHIHAIL.

bwp3ara eBomronmss Ha KuOep3amlaXuTe Hajlara WHOBAaTHBHU
nogxonu 3a mopoOpsiBane Ha paborara Ha IDPS cucremure.
OCHOBHUTE HHCTPYMEHTH 3a IocTUraHe Ha ToBa ca M u MalimHHOTO
o0yuyeHHe, KOMTO MOBHIIABAT e€(QEKTHUBHOCTTA, TOYHOCTTa U
CIOCOOHOCTTa 3a MPOTHUBOJICHCTBHE HA HOBOBB3HHMKBAIM 3aIUIaxy B
peanHo Bpeme. MHBecTMIMHUTE B TE3M TEXHOJOTMH Ca HE IPOCTO
JKeJlaTeJIHH, a HeOOXOANMHU 32 BCSIKa OpraHU3auys, KOsTo ce CTpEeMH Aa
3alIUTH CBOWTE HU(POBH aKTUBU U Ja 3aMa3u JOBEPHETO HA CBOHTE
KIIMCHTHU U TaPTHBOPHU.
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1 BnBenenue

B chpBpemeHHaTa qUrMTanHa cpena, epeKTUBHOTO YIpaBIICHHUE
Ha MHTEPHET ChIbpPXKAHHE € OT ChIICCTBCHO 3HAaYCHHE 32
MH()OpPMAIIMOHHATAa AKTUBHOCT HA OPTaHM3AINH, ON3HEC CTPYKTYpH U
uHCcTHTYIMH. C  HapacTBamIUTe W3HCKBAaHMSA 3a  JOCTBITHOCT,
Obp30/eiiCTBIE, CUTYPHOCT M HMHTErpalus, HEOOXOAMMOCTTa OT
CHBPEMECHHH U T'bBKaBH CO(PTYEpHH PEIICHHS CTaBa BCE MO-OCe3aeMa.
Cucremute 3a ympaBieHue Ha chabpxkanue (Content Management
Systems — CMS) npeanarar miargopma 3a ch37aBaHe, peaKTUPaHe U
nojyibpkane Ha yeO ChIbpkaHue, 0e3 Ja € HyXHO JBIOOKO
POrPaMUCTKO MMO3HAHKE OT CTPaHa Ha KpaiHuTe nmorpedbutenu [1].

HacrosimaTa craTus npeicTaBs pe3yaTaTHTe OT MPOSKTHPAHETO
U peanu3alusiTa Ha cCOPTyepHa cucTeMa 3a YIpaBICHUE HA UHTEPHET
ChIbpXKaHUe, pa3padOTeHa ¢ el Ja OTrOBOPH Ha AaKTyalHUTE
TEXHOJIOTHYHH H (YHKIMOHATHM W3HUCKBaHMA. Paspaborkata ce
OCHOBAaBa Ha YTBBP/ICHU MPAKTHKH B ChBpEMEHHATa ye0 pa3paboTka 1
W3I10JI3Ba MHOBATUBHU TexHOJoruu kato Next.js, React, Tailwind CSS,
PHP/MySQL, Node.js, jQuery, Git u NPM, ¢ poxyc Bppxy MOIyITHOCT,
aJIanTHBHOCT U JiecHa moaapwxka [2][3][4][5][6]

2 Ilen, 3apa4yn u 00xBaT Ha pa3padoTkara

OcHoBHaTa IIeNT Ha MPOEKTa € Ch3JAaBaHe Ha ChBPEMEHHa yed
Oa3upaHa cricTeMa 3a yIpaBJleHHe Ha ChIbp)KaHUE, KOATO Ja Ipeara
WHTYUTHUBEH MHTEp(dElC, CUTypHA apXUTEKTYpa U I'bBKaBa CTPYKTYDa,
MOJIX OIS KAaKTO 32 KpallHU MOTPEeOUTENH, Taka U 32 pa3paboTuuIy U
agMuHHACTpaTopu. PaszpaboTkara mma 3a 3a7ada Ja JEMOHCTpHpa
BBH3MOXXHOCTHTE Ha CHBPEMEHHHUS TEXHOJIOTUYEH CTEK TIPU pean3alus
Ha peasiHa U pynkimonaana CMS mrardopmal1][2].

KonkperHure 3amaun, U3bJIHEHN B PaMKUTE Ha pa3paboTkarta,
BKITIOYBAT:

e u3rpaxkJaHe Ha JBYE3WYEeH MOTpeOUTEeNICkKH HHTepdelc c
BB3MOXXHOCT 32 JIECHO J00aBsHE Ha HOBH €3UKOBH
JIOKaJIM3aluy;

-05-



Grozdev, T., Paraskevov, H.

e OCHTypsiBAHE HA CHTYPHO M €(QEKTHBHO CBbXpaHEHHE Ha
coappkanue  4pe3  PHP/MySQL  cwpBpp ¢ API
KoMyHuKanwmsi[2];

e peanm3amusd Ha amanTHBEH (responsive) nOW3aiiH, KOWTO
rapaHTupa KOpeKTHa BU3yalu3alusl Ha ChIbPKAaHHETO BBPXY
pa3NMYHA BHUJOBE YCTPOMCTBA — KOMITIOTPH, TadIeTH W
MoGummHE Tenedonu[5];

e mpwiarane Ha JSON APl xomyHukamusi 3a WHTErpanus c
BBHHILHY MPUIOKEHUs 1 uHTepdeiicy;

e  BHEIpsBaHE HA BEPCHOHEH KOHTPOI upe3 Git 3a mpocaeuMocT
Ha POMEHUTE U MOJIPHKKA Ha TBJAT0CpOUYHa pa3paborkal6];

e wu3noi3BaHe Ha chBpemeHHu Ul ¢peiimybprkoBe u CSS
OuOIHOTEKH 3a MOJIepeH U QpyHKIMoHaeH uurepdeiic[4][5].

OOXBaThT Ha M3CIEIBAHETO BKIIOYBA TEXHOJOTWYEH aHAIN3,
ApXUTEKTYPHO MOJETHpaHe, MMIIEMEHTALUS U TECTBaHE Ha KIIIOYOBU
¢byHKIHOHATHOCTH Ha cucteMaTa. CratusiTa pasriiexna u3dopa Ha
MHCTPYMEHTH, NPUHIUINTE Ha OpraHM3alys Ha KoJa W MHTepdeiica,
KaKTO U Bb3MOXKHOCTHUTE 32 OBbJIEIIO pa3lMpeHue Ha miatdopmara.

3 HNudpacrpykrypHa nuargopma u cpeau 3a papadorka

3.1. XoctuHr u athopMeHa CbBMECTUMOCT

N300ppT Ha MNOAXOISIA XOCTHHI cCpela € OT pellaBalio
3Ha4YeHHE 32 MPOU3BOIUTEIHOCTTA U CTAOMITHOCTTA Ha ye0 Oa3upaHuTe
cucremu. Pazpaborenara CMS cucrema e 6azupana Ha AMP (Apache,
MySQL, PHP) crek, koeTo mo3BojsiBa LIMPOK CHEKTHP OT XOCTHUHT
KOH(Urypaluu — OT CHOJEIEeH XOCTUHT JI0 00na4ynu peureHus[2]. B
3aBUCHUMOCT OT OYaKBaHUS Tpapuk M 00eM Ha ChABPKAHHETO,
cucTemMara MoXe Ja ObJie pa3lojioKEeHAa KaKTO Ha TPagulHMOHHU
CBPBBPH, Taka W B oOmauHM cpenn karo Amazon S3, KpIETO ce
peanu3ipa BUCOKOCKOPOCTEH JIOCTHII 10 MyJITUMEIUIHU PECYPCH Upe3
cy0omeiiHu.

KnuenrtckaTa Bepcust Ha MPOAYKTa U3MCKBA MUHUMYM ClieIHATa
CBhPBBPHA KOH(UTYpALIHA:
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e Ve0b copBbp Apache 2.4+ unu LiteSpeed;

e MySQL 6a3a nanuu Bepcus 8.0+;

e PHP wunrepnperarop Bepcus 8.2+ ¢ aktuBupan GD momyn 3a
pabora ¢ nzobpaxenns|2].

3a HyXIuTe Ha pa3paboTKara ce U3M0I3Ba JOKaTHA HHCTaalHs
upe3 AMPPS, xakro u uraTerpamnus ¢ Git, Node.js v23+, NPM v10+ u
chBpeMeHHH front-end OMOTMOTEKH, KOETO OCUTYpsiBa YHU(HUITUPaHA
cpena 3a paspaborka u tecrBane[4][6][10]. PasrpanuueHneTo MEKIY
NPOAYKTOBaTa M pa3paboTBaliaTa cpela € sSCHO JeQHHUPAHO, KOETO
Ch/ICHCTBA 32 TT0-100pa MOAIPHKKA U BEPCUSIIIMOHEH KOHTPOL.

3.2. ®poHTEH] apXUTEKTYpa U MOTPEOUTEICKN HHTEPdEiic

I'paduunuar unTepdeiic Ha cucTeMaTa € pealu3upaH 4upes
NIByCTETIEHEH MOJIXOM: aAMHHUCTPAaTUBHATA 30HA € M3rpajieHa BBPXY
Bootstrap 5, a ximenTckara gact m3non3Ba React/Next.js u Tailwind
CSS, OCHUTYpSIBaIU aJanTUBeH au3ain u BHCOKa
npomsBoauTenHocT[3][4][5]. Tailwind CSS e w3bpan 3apamn
YTHIUTApHUS CH CTHJI U BB3MOXHOCTHTE 32 MPEHU3eH KOHTPOJ Ha
CTWIM3alUATa, JoKaTo Bootstrap mnpemyiara ToTOBM KOMIIOHEHTH,
TIOIXO/IATIIN 32 aIMHUHHUCTPATHBHA JIoTHKa[5].

[IpoextsT wm3mom3Ba Next.js apxurekTypa, Oa3upaHa Ha
TypeScript, React u PostCSS, ¢ aBTOMaTW4HO MapuIpyTH3UpAHE,
npeaBaputeaHo peHaupane u APl koMmyHukamus upe3 AXios.
daiinoBaTa CTPYKTypa Ha KJIMEHTAa € SICHO CTPYKTypHUpaHa B MOJIYJIH
(Layout, Page, lib/api-client.ts), koeTro yiecHsBa MNOIIPHKKATA,
MaiabMpaHeTo U MHTErPalusTa ¢ BbHIIHU cucTemMu[4].

4 HMucrananmonna npoueaypa M (pyHKIHOHAJIHOCT HA
cUcTemMara

4.1. Ilpouiec Ha MHCTANAIMS ¥ KOH(UTYpaus

HHcTanupaHeTo Ha cucTeMaTa € peaIu3upaHo Mo 1Ba HaYMHA —
ype3 Git clone oT nyOnMYHO XpaHWIMIIE WIM Ype3 PHUYHO
pasapxWBUpaHe Ha NyOJIUKYBaH IUCTPUOYTHB. MHCTanamuoOHHUST
HpolLeC BKITIOYBA:

-97-



Grozdev, T., Paraskevov, H.

e HacTpoiika Ha JiokaneH AMP cvpBbp;

e aktuBupane Ha PHP pasmupenus (namp. GD);

e cp3maBane Ha MySQL 6a3a u motpeburen;

e  U3IIBJIHEHUE Ha ye0-0a3upaH WHCTAIATOpP Tpe3 Opay3bp;

e OTIENHA HMHCTaJalus M KOMIWIALMS Ha KIMEHTCKaTa 4acT
upe3 Node.js 1 NPM.

JlonmbaHUTENHO ce mpeiara mpernopbyaHa cpeaa 3a pa3padoTka
ype3 Visual Studio Code, BxitouBama Git HHTErpanus 1 aBTOMaTHIHO
HaOJII0JICHUE HA MPOMEHHUTE upe3 npm run dev.

4.2. OyHKIIMOHATHOCT, 0a3upaHa Ha POJIEBU IOCTHIT

Cucremata € uW3rpageHa C  pasrpaHUYCHHE  MEXIY
aJIMAHUCTPATOPCKM W OOMKHOBEHH  TMOTPEOMTENICKH  TpaBa.
AIMHUHUCTPATOPUTE Pa3nojaraT ¢ IbJeH AOCTHI J0:

e KOHpUrypallul Ha caiiTa (HauMEHOBaHWE, IOMEHH, aBTOpP,
CJIOTaH);

e penaKkTop Ha MEHIOTA C MOJAPHXKKA Ha HiepapXudHa CTPYKTYpa;

e Cb3JaBaHE M pelakUysl HA ChIbP)KAaHHE OT PA3IUYHU TUIIOBE
(cTpaHuIM, HOBHHH, OJIOT TIOCTOBE);

e  yIpaBlieHUE Ha MOTPEOUTENH U PODUITH.

ITorpeburennure, OT CBOSL CTpaHa, MMaT JOCTBI C€aMO [0
ChIbP)KAaHUETO, KOETO CaMHUTE€ Te ca Ch3Jald. 1oBa OCUTypsBa
KOHTPOJIMpaHa cpena, MOJIXOMAsIIa 32 MYJITHABTOPCKU MIaTGopMHu U
CbBMECTHa paboTa, KaTro €IHOBPEMEHHO 3ala3Ba CHUIYPHOCTTA U
LIEJIOCTTA Ha JTaHHHUTE.

5 CodTyepHa apxXuTeKTypa M KJIACOBA OPraHU3aIus

ApxutekTypata Ha pa3paborenata CMS cucrema crnensa
O00EKTHO-OPUEHTHpPAaH TOAXO0J, Oa3upaH Ha  pa3lelsHe Ha
OTTOBOPHOCTH 4pe3 crnenuainsupanu kmacose: Core, Admin u APIL
Bceekn or TaX HaciensBa o0m@a JIOTMKA W OCHUTYpSIBA OTAEITHU
(YHKLIMOHAIHU HUBA — CHPBBPHA JIOTHKA, aIMUHUCTPATHUBEH OEKEH T 1
KOMYHHMKAIIMOHEH CJION MEXIy KIMEHTa U ChpPBbpa.
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KnacwsT Core ciyxu kato 6a30B KOMIIOHEHT 3a JIOCTBII /10 6aza
JaHHU, 00pabOTKa Ha BXOOHHM MapaMeTpH, pabora c ¢ainoBe u
M300pakeHNs,, KOHBEPTHpAaHE HA CTOMHOCTH M H3IIpallaHe Ha
eJICKTPOHHU choOmeHns. Hax Hero ce m3rpaxmar kracoere Admin u
API, xouto pa3mmpsaBaT QyHKIHOHATHOCTTA Ype3:

e ympaBleHHE Ha aJMHHHCTpaTHBHATa 30HAa M JOCTBIA JIO
aIMUHUACTPATHBHY u3riIenu (Admin);

e 00paborka Ha AJAX 3asBKM U CTPYKTYpUpaHU OTTOBOPH 32
React knuenta B JSON dopmar (API).

BHenpeH e siceH MeXaHH3bM 3a pa3npeieisTHe Ha IPaBOMOIINS U
JMHAMHAYHO 3apek/aHe Ha U3TJIeIH ¥ KOMIIOHEHTH CIOpEe pojsiTa Ha
noTpebutens. [lo To3n HAUMH apXUTEKTypara IMOCTHra MOIYJIHOCT,
HPEU3II0I3BaeMOCT Ha KOJI M JIECHA TIOIPBIKKA.

6 ®daiisoBa ctpykrypa u MVC opranusauust

Usrpaxxmanero va CMS cucremara cienBa KOHIICTIIMATA Ha
Model-View—Controller (MVC), npu kosito ce pasaeis OusHec
Jorukara ot norpedurenckust nuarepdeiic. CTpykrypara Ha IpOeKTa e
OpraHM3MpaHa B JIOTHYECKH IpynupaHu qupexkropuu [7][9]:

e /assets/classes/ cwhabpxka ocHoBHuTe KiacoBe (Core, Api,
Admin);

e /assets/views/ — chabpika JIOTHKATa 33 3apeKaHe, PeAakiis U
U3TPHBAaHE Ha ChIbPIKAHHWE, MEHIOTA U TMOTPEOMTEIICKH
npodum;

e /assets/html/ — mpemocraBst mrabMOHK 3a MOTPEOUTEICKU H
aJIMUHUCTPATHBEH HHTEp(deiic Ha pa3InIHU E3UIIH;

e /assets/scripts/ — BxirouBa JavaScript daiinoBe 3a AJAX
o0paboTka, Busyannu epexta 1 WYSIWYG penakrop;

o /assets/styles/ — nmepuumpa ocHoBHM u cremmpuanu CSS
CTUIJIOBE 32 OOPMSHE Ha ChIAbPKAHHETO;

o /templates/ — cbabprka BU3yadHH TEMH, KOUTO MOTaT Aa ObaaT
HNPOMEHSHHU OT aIMHHUCTpPATOpA.
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Ta3zu opraHuzanus moanoMara He caMO cQeKTUBHATA
pa3paboTka, HO W BB3MOXHOCTTa 3a OBACIIM PA3MIUPCHUS WU
naTerpanun upe3 REST API wim React komnoHeHTH.

7 IIpou3BoaAMTEIHOCT U NOBEeHHE NPU PEAJTHHU YCJIOBHS

C orex NpPakTHYECKOTO NPWIOKEHHE Ha cCHUCTeMara, ¢
IPOBEAECHO TECTBAHE C AKIEHT BBPXY BPEMETO 3a 3apeikaaHe U
BU3yaJM3alys Ha ChIbP)KaHUETO B Opay3bpHarTa cpena. binarogapenne
Ha wu3noi3BaHeTo Ha React m apxutekTypara Tun Single Page
Application (SPA), ce mocTura MUHHMATHO BpeMe 3a peakius Mpu
cMmsiHa Ha cTpanuim ¥ kKomnoHeHTH[3][4]. Camo MynTHMenuitHUTE
pecypcu (CHHMKH, BHAE0) C€ 3apeknaT [UHAMHYHO TIpH
HEOOXOIUMOCT, KOETO IONBJIHUTEIHO ONTUMH3HMPA IbPBOHAYAIHOTO
3apex/laHe Ha CHUCTeMaTa.

TecroBere moOKa3BaT, 4ye KIMEHTCKaTa YacT Ha CHCTEMaTa
OTroBaps Ha CHBPEMECHHHUTE H3UCKBaHMSA 32 IMPOU3BOIUTEIHOCT U
NOTPEOUTENCKO UIKUBSBAHE, BKIIOUYUTEIHO MIPU JUHAMIYHA paboTa ¢
API cbpBBpa 1 HaTOBapBaHE ChC ChIBPKAHUE OT pa3IMyeH THUII.

8 3ak/0ueHHe U HACOKHM 3a Ob/Ael 0 pa3BuTHe

PaspaboTenara codryepHa cucreMa 3a yIpaBJIeHUE Ha HHTEPHET
ChAbPKAHUE JAEMOHCTpUPA €(DEKTHBHOTO MPHJIAraHe Ha ChBPEMEHHHU
TEXHOJIOTHH B W3TPAXKAAHETO HAa MOJAYJIHA, CHUTYPHA W JIECHO
pasmmpsema yed miardopma. Upes unterpanusra Ha React, Next.js,
Tailwind CSS, PHP/MySQL u Node.js, mpoeKThT ycIsiBa Jia chuyeTae
yI00CTBO 3a KpaiHUs MOTPEOUTEN C IBBKABOCT 32 Pa3pabOTUHUIIMTE U
aJIMAHHCTPATOPHTE.

Uznonzeanara apxurextypa Tun Single Page Application (SPA)
U MPHUJIAraHeTo Ha POJIeBO Oa3WpaH JOCTBII JONPHHACAT 32 BHUCOKA
NPOU3BOJUTEIHOCT U CHUT'YPHOCT, KOETO TIPaBH CHCTEMaTa MOAXO/IsIIa
3a peanHa exciutoatanus. Baeapenust MVC mogen, scHata (aiiioBa
CTPYKTYpa M aBTOMAaTHU3MpaHaTa pa3paboTBaila Cpeia OCUTYpsBAT
J00pa NoAApPHKKA U BB3MOKHOCT 32 OBJICIIO pa3IIupsBaHE.

[peacrosimure mogoOpeHMs MOTaT J1a BKIIIOYBAT:
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. HUHTCTpalsd Ha MU3KYCTBECH HHTCIICKT 3a aBTOMATUYHH

MMPCIOPBKU UIK KaTeropulanusa Ha CbABPIKAHUC,

e paspaboTBaHe Ha MOOWITHO MpHiIoKeHue ¢ React Native;
e BHEJpsSBaHC HAa KOMEHTapH, (OPYyMH ¢ HHTCPAKTHBHH

KOMIIOHCHTH,

e aBTOMAaTHYCH MPEBOJ Ha ChILPIKAHHUE M IT0-T00pa IMOIIPHKKA

Ha MHOTOE3UYHOCT.
B 3akmouenue, pas3paboTkaTa NpeACTaBiIsBa YCTOHYHBO

peleHne, KOeTo chyeTaBa NoOpH WHXKEHEPHH MPAaKTHKU C BHCOKA
NPUIOKUMOCT, M MOXE Ja CIYy>KM Karo OCHOBa 3a MO-IIMPOKU
copryeprn pemeHuss B cdepaTa Ha yOpaBIeHHE Ha JUTCHTAIHO
CBhABP)KaHUE.
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A REVIEW AND COMPARATIVE ANALYSIS OF MULTIPLE
IMAGE ENCRYPTION TECHNIQUES

ILIYA S. ILIEV

ABSTRACT: Multiple Image Encryption (MIE) is a critical area in
digital image security that allows for the simultaneous encryption of multiple
images to increase security and efficiency. This paper provides a
comprehensive review of 24 key publications in the field over the past twenty-
five years, classifying the methods by technique: chaotic systems,
transformation approaches, and optical methods. The results are evaluated
using metrics such as NPCR, UACI, entropy, and PSNR. The review highlights
trends, limitations, performance, and future directions in MIE, including the
potential for combined methods that improve security and recovery quality.
The main contribution of the paper is to systematize the methods and identify
promising approaches for higher security and efficiency.

KEYWORDS: multiple image encryption, chaotic maps, augmented
images, stacked images, DNA encoding, holography, phase mask, fresnel
transform, image security;

2010 Math. Subject Classification: 94A60

HPEIJIEA U CPABHUTEJIEH AHAJIN3 HA TEXHUKH 3A
KPUIITUPAHE HA MHOXECTBO OT U30BPA’KEHUA

Naus C. NIMEB
1 BnBenenue

C HapacTBaHEeTO Ha NIHU(POBHUTE MAaHHU M H300paKEHUSITa B
MpeXxara, CUTYpHOCTTa UM CTaBa KpuTHueH mpobieM. Kpunrupanero
Ha M300paXeHHs € KITF0Y0B Mpo0iieM B ChbBpeMeHHaTa HH(popMaThKa,
MOpPOJIEH OT Hy’)KJaTa Ja Ce OCHTYpH 3allliTa Ha BU3yaJHH JaHHU B
o0macTdh  Karo  MEAMLHUHATA,  CATEIUTHUTE  KOMYHHUKAIIWH,
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HaOJIroIeHNeTo U My nTuMenuitanTe ycayru. C HapacTBaHeTo Ha oOeMa
OT JJaHHM BB3HHUKBA HEOOXOTUMOCTTa HE MPOCTO Ja C€ KPUITHUPAT
OTHEITHN HW300paKCHHS, a 1IN CEPHHM OT M300paKeHWs, HaIpUMEp
MHOTOCIIEKTPaJIHH CaTeIUTHU IaHEIH, MEAULMHCKA TOMOTpadCcKu
Cpe30Be WU KIIOUOBH KaJpy OT BHIEO MOTOUHM. Ta3u HyXaa BOJH 0
pasBuTHe Ha KoHIenmuaTa 3a Multiple Image Encryption (MIE).

Multiple Image Encryption mpencraBisiBa e)eKTHBEH IMOAXOT 32
€IHOBPEMEHHO KpPUNTHPaHE Ha HIKOJIKO H300paKEHHs, KOETO
OCUTYpsIBa TIO-BHCOKA CHTYPHOCT M TMO-Majka H3YHCIHUTEIHA
CIIO)KHOCT, OTKOJIKOTO MHOTOKpaTHO TIpWjaraHe Ha €AMHUYHHU
anroputMu. CeInecTByBaT pasHooOpasHu mnomaxomau 3a MIE, kato
u3non3BaHe Ha xaotwuHu ¢QyHkouu, DNA komupane, ¢a3oBu
tpanchopmarmn u xosiorpadcku Texuuku [1], [2], [3]. Bwopeku
MHOXXECTBOTO M3CIIeIBAaHUSL, IPEIU3BUKATEICTBATa OCTABaT B 00JIaCTTa
Ha CKOPOCTTa Ha KPHUIITHpPaHEe, CIOKHOCTTa Ha alrOPHUTMHUTE, HUBOTO
Ha CUTYpHOCT M KayecTBO Ha Bb3cTaHOBABaHe. LlenTa Ha HacTosmaTa
CTaTus € Ja CUCTeMaTU3upa 1 Kiacu(uuupa CbBPEMEHHUTE METOAM 32
MIE u na npemioxky CpaBHUTENECH aHAIU3 Ha TEXHUTE MIPEAVMCTBA U
OrpaHUYCHUA.

2 H3iaoxenue

MHOXECTBO TEXHUKH 3a KPHUITHpaHe Ha HM300paxeHHs ca
NPEJIOKEHH TPe3 MOCIEJHUTE JIBE JECETHJICTHSI, KATO OCHOBHHTE
HOAXOAM MOTarT J1a ce KIacH(UIUPAT B TPU IPYITN: XAOTHYHU CUCTEMH,
TpaHc(HOPMAIIIOHHU METOIM U ONITUYHH TEXHUKH.

Xaotuuynute cucremu [2], [4], [21], [24] ca eaHo oOT Haii-
MOIYJISIPHUTE HAIMIPABJICHUS B KPUTITHPAHETO HA M300payKeHHS, TOpaIn
I'bBKABOCTTA U BHCOKATa UM CUTYpHOCT. Te M3Mon3BaT JOrMCTHYHH,
Lorenz, Rossler u 3D xaotnunu pyHkuuu 3a 1udy3us 1 00bpKBaHe Ha
nukcenure. JlemoHcTpupaT BHcCOKa curypHocT ¢ NPCR>99%,
UACI=33% u entponust 6Jau3Ka 10 8, KOeTO T'M NpaBH YCTOWYMBU Ha
cratucThdecku atakd. OCHOBHOTO MM MpPEAMMCTBO € HaaeXaHara
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3aIlUTa, JTOKATO M3YHMCIIUTEIHATA CIIOKHOCT U YyBCTBHTEITHOCTTA KBM
HaYyaJlHU YCJIOBUS Ca OTPaHHYCHUSL.

Tpauchopmarmonanre meromu [1], [9] u [10] wusmomssar
O®penenoBu, Gyrator wmu  Wavelet  Tpanchopmammm  3a
MYJITUILICKCUPAHE U KPUIITHPAHE B YeCTOTHUS ToMeiiH. Te mo3BossiBar
e(EKTHBHO KPUNITHPAHE HA MHOXKECTBO U300paKEHUS €THOBPEMEHHO,
HO HM3HMCKBAT TIOBEYE W3YKCIHUTEIHU PECYpCH H CIHEIUATU3UPAHU
TpaHC(HOPMALTUOHHH OTICPAIIH.

Onruunute TexHuku [6] u [12] usnomnssat xonorpadus u Ghost
Imaging 3a MyJNTHIUICKCHPAaHE, OCUTYPSIBAWKHA YHUKATHU PEIICHHS 32
€IHOBPEMCHHO KpHITHpaHe. Te3u MEeTOM IpearaT BUCOKa CKOPOCT,
CHTYPHOCT M TIapajIeTHOCT, HO Ca YyBCTBUTEIHHU KbM IIYM M U3UCKBAT
OINTUYHA arapaTypa.

Hskonko cratum npeanaraT KOMOWHHpaHH  TOJXO.H,
UHTETPUpPAIIN XaOTHYHH (yHKUMH, TpaHcHOpMAIMM W ONTHYHU
METO/IM, 3a J]a C€ MOCTUTHE OallaHC MEXAY CUTYPHOCT U KadyecTBO Ha
Bb3cranoBsiBane [16], [18] u [20]. NPCR, UACI u entpornusita 3a T€31
MeTou ca Bucoku, a PSNR>33dB rapantupa n00po kayecTBO cien
JCKpUNTHpaHe. XHOPUIHHUTE MOJXOJH OCHTYpSBaT I[O-BHCOKa
CUTYPHOCT, YCTOHUYMBOCT Ha pa3IMYHM aTakd, aBTCHTU(QUKAIUA U
nyOJIMYHO-KITIOYOBA KOMYyHHUKalus. HegocTarbiuTe ca mMoOBUINIEHATA
CIO)KHOCT W  W3YHCIIHTENIHA TEXECT, U  3aBUCUMOCTTa  OT
CHEUATU3UPaH copTyep.

O63opHara cratus [23] cucrematusupa chinectByBamute MIE
TEXHHUKH, OIICHSIBA MPEIUMCTBATA M OTPAHUYCHMATA UM M Ipejiara
HACOKH 32 OBJICIIN H3CIIC/IBAaHHS.

BbIpeku 3HAYUTEHUS HANIPEIBK, ChIECTBYBANUTE TEXHUKH 32
KPUIITHPAaHEe HA MHOYKECTBO M300pa)KeHHsI BCE Ol MMAT OIPAHUUCHUS
10 OTHOIICHWE HA H3YUCIUTEIHA EQEKTUBHOCT, YCTOWYHMBOCT Ha
cenuUYHU aTaku W OPWIOKHMOCT KbM pA3IUYHU THIIOBE
N300paKeHus], KOCTO MoJUepTaBa HEOOXOAUMOCTTA OT MO-€PEKTUBHU
Y TbBKaBH penrenHwsi, Taonmma 1.
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Ta6auna 1

CpaBHﬂTeJIeH AHAJIN3 HA TEXHUKH 32 KPUIITHPaAHE HA MHOYKECTBO n306pamennﬂ

C METPHKH 32 CUTY]

DHOCT U TPOU3BOTUTECITHOCT

OcHoBHHI
# Tun Moaxox NEC U'?C Entp | PSNR npeauMcTBa
U300pasKeHust (%) (%) onust (dB) /
He0CTATbIH
Bucoxa
yCTOHUMBOCT
Waveleng cpenty
[ MyanrucnexTpain th 995 33 7.99 _ CTaTl/ICTH'-I.CCK
HHI multiplex U aTaKy;
ing H3HUCKBA
OIITHYHaA
amaparypa
EdexTnBHa
Grevscale / XaoTnun nudy3ust 1
2] Hé’emn " 99.62 | 33.45 | 7.997 | 3235 | oGbpKBane;
dyHKIHH yMepeHa
CII0XKHOCT
byp3
ANTOPUTHM,
Single- BHCOKa
[3] Greyscale /| ponnel + | 99.65 | 33.50 | 7.998 | 34-36 | cnrypmoct
IIBeTHN xaoc MOJKeE J1a ce
ogoopu
YCTOHYUBOCTT
a KbM IIIYM
Jlobasst
DNA JOI'BJIHUTCIIH
[4] Ieetrn encoding | 99.60 | 33.42 [ 7.909 | 33-35 [ ©mMMEOHA
+ xaoc CHI'ypHOCT;
0-CJIOKHO 32
peanu3npane
Bit-plane Jlob6pa
Greyscale /
[5] Burrosn decompos | g9 55 | 3340 | 7.996 | 3134 | AAGY3HA upes
ition + OuTOBU
paBHUHH
Xaoc PaBHUHU;
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HN3YHUCIIUTCIIHA
CJIOKHOCT
OnTryeH
[6] Gﬁgjf:f / me""l?t')'l‘igc 99.50 | 33.38 | 7.995 | 3234 | pane; msucksa
ke CIICaJIn3up
y aHoO
o0opyBaHe
Jo6pa
Greyscale / Wavelet Msd)zmz;
[7] Llye +3D | 99.63 [ 33.47 | 7.998 | 34-36 s
PETHH shuffling riose
HN3YHUCIIUTCIIH
U pecypcu
Greyscale / Chaotic M?I/ICZKaT.
8] y lasers + | 99.58 | 33.43 | 7.997 | 33 CHIYPHOCT;
IBeTHH iris auth TPYAHO 32
peanu3anms
Crabuien
Modified pesyJrat;
9] Greyscale Gerchber | 9957 | 33.30 | 7.996 | 32 nsHcksa
g-Saxton TpaHcdopman
+ Fresnel HMOHEH
TIOMEMH
Bsp3o
Cascaded KpHITHpaHe,
Grevscale / Gyrator + BHCOKa
[10] uimm high- | 99.64 | 33.49 | 7.998 | 34-35 | curypnocr;
dimensio 0-CJIOKHHU
nal chaos TpaHchopmar
5058
Bucoxka
[y | Grevseale/ | Stereo | gq61 | 3346 | 7.997 | 3335 | cHmpomL
I[BeTHH Zigzag HU3YHCITUTENH
0 TECXKBbK
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Multiplex Ontuucs
ing .
[12] | My/rmuenextpar | o noranh | 9957 | 33.44 | 7.996 | 33-34 METOL,
HHU y + KK YYBCTBUTCIICH
relations KBM IIYM
JlnHamMu4HO
[13] Greyscale / Chirp z2- 9953 | 3341 | 7996 | 32-33 KPUITHPAHE;
LisetHn transform yMepeHa
CJIOKHOCT
Fresnel Cynepnosunu
high-dim oo
[14] Greyscale chaotic | 99.60 | 33.42 | 7.998 | 34 KpHITHPAHE;
phase HU3HUCKBaA
encoding Dpenenoso
MPOCTPAHCTBO
Interferen Crabunim
ce+ .
[15] Greyscale / phase- | 99.56 | 33.40 | 7.997 | 33 pesyirTati;
IIBeTHH only HM3UCKBA
mask (ha3oBa Macka
Weighted
Greyscale / images + E$e§;?1;z_
[16] ug’ o combined | 99.62 | 33.45 | 7.998 | 34 | AHOYHML
€ chaotic CJIOKHO
maps peajmsupane
Modified
iterative
phase Bucoka
[17] Greyscale / retrieval 99.65 | 3350 | 7.099 | 34.35 CHTYPHOCT;
IIBeTHN + W3YUCITUTEH
structured 0 TEXBK
phase
mask
Hilbert beps
Greyscale / curve + AJTOPHTEM;
[18] Lsersn chaotic 99.63 | 33.47 | 7.998 34 yMmepeHa
¢ ma YCTOWYUBOCT
p Ha aTaknu
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Pseudo-
random CHHXPOHHO
[19] Greyscale / sequences | oo 1 | 3346 | 70997 | 3334 KPHUIITUPAHE;
IIBeTHN + M3YHCITUTEITHA
Newton- CIIO)KHOCT
Raphson
Greyscale / Chaos + I(C]?)';/Ioljil:[r;)l:gg'
[20] blurred 99.60 | 3345 | 7.997 | 33-34 ’
LiBetnu - yMepeHa
pixels
CJIOKHOCT
Bucoxka
Grevscale / Perturbed yCTONYHBOCT;
[21] Y chaotic | 99.62 | 33.47 | 7.998 | 34 W3HCKBA
IIBeTHN
map Mpely3Ha
HacTpoiika
Modified O“ngfsgpaﬂ
[22) | Crevseale/ | iterative | gq 65 3350 | 7.999 | 34-35 | amropurew;
LiBeTHu phase
retrieval HU3YHUCIIMTCIH
O TCKBK
Greyscale / C:i{?gi:}?e
[23] Usermn / 0630p - - - 06001masa
My nTucnekTpan
METOIHU U
HHN
TEHJIEHIINH
Bucoxka
3D- SHTPOIIHS;
[24] IiBetHn chaotic 99.64 | 33.49 | 7.998 34 TOJXOJIAII 32
maps RGB
HM300paKeHHs
3 MeToau U METO0JIOTHSI
Besika Texauka 3a Multiple Image Encryption cieasa ocHoBHI
craru:
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= Jludysus Ha NUKCEIUTE — U3I0JI3BAHE HA XAaOTUYHU (QYHKIUH
WK TpaHc(opMaluu 3a pasnpeseneHue Ha CTONHOCTHTE Ha

IIHUKCCIINTE,

=  OOBpKBaHE Ha MUKCEINTE — IIPOMSHA Ha TO3UITUATA HA
MUKCEINTE Ype3 TpaHC(HOPMAIUK WU ONTHYHU METO/IN;
=  Kpunrupasne — npuwiaraHe Ha XaOTUYHU KIIFOYOBE WK (ha30BU

MAacCKH;

=  JlekpunTHpaHe — OOpaTHU OTEpaAIlK 33 Bb3CTAHOBSBAaHE HA
OpUTHHATTHUTE N300paKeHUSI.

Bceeku MeTo M3M0I3Ba pa3iIMyHU MapaMeTpu U alfOPUTMHYHA

CTPYKTypa, KOETO BIMA€ Ha CHUTYPHOCTTa M KauecTBOTO Ha

BB3CTAaHOBABAHC.

XaotuuHUTe  (DYHKOMM  OpeajaraT  BHCOKa
YYBCTBHTEIHOCT KbM KIIIOYa, a TPaHCPOPMAMOHHUTE U ONTHYHHTE
METOAM [00aBsT NapalieIHO KPUNTHPaHE M MYJITHIUICKCHPaHE,

Tabmuma 2.
Tabauna 2
Multiple Image Encryption meToan
MeToauueH
Cratun Kpartko onucanune
TIO/IXOJX
Kpuntupane upe3 onTu4HA
Onrnyan Tpancdopmarmn, wavelength multiplexing,
MYJITHILIEKCHU [1], [9], [12], [15] Fresnel transform, holography.
MeToaH OOGHUKHOBEHO 3a [apaJIeiHO IpejaBaHe n
MHOT'0 H300pa)KeHHs eHOBPEMEHHO.
Vi3non3BaHe Ha XaOTHYHH (YHKIMH 32
XaoTHYHH [2]1, [3], [4], [5], [18], reHepalys Ha TICeBI0CITyYaiiHI
cHUCTEeMH [19], [20], [21], [24] MIOCJIEZIOBATETHOCTH, pa3ceiiBaHe Ha
[TMKCEIH, OUTOBH OTIEPaliH.
. II HK
DNA encoding 4] peobpasyBane Ha nukcenuTe B /1
KOJMpaHe, KOMOMHMPAHO C XaOTHYHH
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CHCTEMH 32 [TOBUILIEHA CHT'YPHOCT H TOJISIMO
KJIOYOBO IIPOCTPAHCTBO.

Bit-plane
decomposition

[5]

PaznensiHe Ha H300pakeHMsITa HAa OUTOBH
HHBA, KPUIITHPAHE Ha OT/C/IHHUTE HUBA C
XAOTHYHH (YHKIHH.

Ghost imaging +
Public Key

(6]

KomOunanus ot ghost imaging TeXHUKH ¢
yONHYeH KIII0Y 32 CUT'YPHO KPHIITHPaHE
Ha MHO>KECTBO U300paKeHUsL.

Wavelet transform
+ 3D shuffling

[7]

IIpOCTpaHCTBEHO M YE€CTOTHO KPUIITHPAHE,
prurountenHo 3D shuffle 3a moBuiena
nudysust.

Chaotic lasers +
biometric
authentication

8l

CHHXPOHHM3ALMS HA XaOTHYHH JIa3epH 1
6uomeTtpruHa 3ammTa (iris authentication)
3a MYJITH-U300paKeHUs.

Gyrator /
Fractional Fourier
/ Transform
domain methods

[10], [14], [22]

[peoOpasyBane Ha H300paKeHUSATA B
cnenuduyeH TpaHcHOpMaIMOHEH JOMEHH,
KPHUNTUPAHE C XAOTHYHH (pyHKIUH.

Stereo Zigzag /
Perturbed maps /
Hilbert curve

[11], [18], [21]

AnTepHaTHBHU NPOCTPAHCTBEHU
TpaHchopMaIyH 3a pasceiiBaHe 1
KPUITHPaHEe Ha UKCEINTE.

Review /
Comparative study

[23]

O030p Ha METOAUTE, CTPATETUH U
Tpea3BUKaTeINCTBa 6e3 COOCTBEH
AITOPUTHM.

4 Pesyararu

CpaBHUTENHUT aHAIM3 IOKa3Ba, Y€ METOAMTe Ha Oazata Ha
XAaOTHYHH CUCTEMM Ca IIMPOKO HU3IOJI3BAHM W OCUTYPSIBAT BHCOKA
CUTYPHOCT IIPU YMEpeHa cKopocT Ha oOpabotka. DNA 0Oaszupanwute
MOAXOIH OCHIypsIBaT JONMBJIHUTEIHO HHMBO Ha OOQycKalus, HO
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yBEJIMYaBaT CIIOKHOCTTA. XOJNOrpa)CKUTE TEXHUKH U (ha30BUTE
TpaHchopMaIK mpesiarar BUCOKa e()eKTHBHOCT TPH €THOBPEMEHHA
TPAaHCMHCHSI Ha MHOKECTBO M300pa)keHMSI, HO Ca YyBCTBUTEIHU KBM
IIyM W M3WCKBAT CIIOKHHU CHCTEMHM 33 Bb3CTAHOBSBAHE. AJITOPUTMHUTE
[10] u [11] nemoHcTpupaT Hail-mOOBp OanaHC MEKAY CUTYPHOCT M
Ka4eCTBO HA BB3CTAHOBSBAHE, IOKATO ONTHYHUTE METOIM IpeaIaratr
YHUKQJIHM pEIICHHS 3a TMApalie]IHO0 KpPHUNTHpPaHe, HO H3UCKBAT
JOIBJIHUTEIIHA anapaTypa | ca YyBCTBUTEIHU KbM LIyM.
3a neMoHCTpanusi, BCHUKH METOIW OsiXxa TPHUIIOKEHH BBPXY
CTaHmapTHH u300pakeHUs ¢ pasmep 256%x256. OcHoBHHTE
HaOroneHus ca:
= NPCR u UACI - Bcuuku anropurmu nokaszsat NPCR>99% u
UACI~33%, neMOHCTpUpaiKK BUCOKA YYBCTBUTEIHOCT U

mAdy3us;

=  EHTpONus — CTOWHOCTH OJU3KH 10 8, TOKAa3BaIIH MTOYTH
IIbJIHA CIIyYaWHOCT;

» PSNR - Bw3cTranoBennTe n3obdpakeHus mokassar PSNR>33
dB, ocurypsiBaiiki BUCOKO KaueCTBO Ha Bb3CTAHOBSIBaHE.

5 Juckycus

AHanM3bT TOKa3Ba, Y€ HsAMA yHHBepcalieH merox 3a Multiple
Image Encryption, KoliTo Jja chueTaBa MaKCUMaHa CUTYPHOCT, BUCOKa
CKOPOCT ¥ MHUHHMMajHa CIOXHOCT. MHTerpupaHure MOIXOIH,
KoMOuHMpanm xaoc, DNA komupane W TpaHc(hOpMaluu, MOKa3Batr
Hal-100pH pe3yaTatu. Bb3MOKHHTE HACOKH 33 OBACIIN W3CIICABAHUS
BKIIIOYBAT ONTHMHU3AIMA Ha QJITOPUTMHTE 32 pEaJHO BpeMe,
HaMaJIsiBaHE Ha YyBCTBUTEIHOCTTa KbM INyM M pa3paboTka Ha
XHOPUIHA MOJIENH, ChUETABALIH HIKOJIKO IPUHIINIIA HA KPUIITUPAHE.

Onruunure/xonorpadekure meronu [1], [9], [12], [13], [14],
[15] m [17] ce ommyaBaT ¢ BHCOKAa XapAyepHa NapajelHOCT H
NOTEHIHAN 32 MHOTO BHCOKAa CKOPOCT, MOAXOASAILIM 3a CLCHApHH,
KBJIETO € BH3MOXKHO Jla CE M3MOJI3Ba ONTHYHA arnaparypa. OCHOBHHTE
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c1aboCTH ca MPaKTUYECKaTa YyBCTBUTEIHOCT M OrpaHMYCHATa JICCHA
PENPOAYIIUPYEMOCT B COPTYepHHU/IIU(DPOBH CPE/IH.

Xaoc-6asupanute cxemu [2], [3], [5], [20], [21], [22] u [24] ca
Hal-pa3npocTpaHeHaTa Ipyna B CHUCHKA. Te3n MeTonu H3MO0J3BaT
xaotnunu QyHkumu (1D/3D/Bucokonsmepnn), permutation—diffusion
0JIOKOBE W YeCTO OHWTOBO pa3jlaraHe WIH TpaHChOpPMAHK 32
NOBHIIaBaHEe HA CHTypHOCTTA. [IpenmmmcTBara ca rosiMOTO KIIFOYOBO
HPOCTPAHCTBO, YyBCTBUTEIHOCTTA KbM HA4yallHH YCJIOBHS M To0para
aJaNITUBHOCT; HEJOCTATHIIUTE — BB3MOXKHHU ,,cTIa0U" mapaMeTpuIHu
PEXHMMH, Hy)KIa OT BHUMATEJIECH KPHUIITO-aHAIUTHYCH TECT U B HAKOH
Clly4ad BHCOKA M3YMCIIMTEIIHA IICHA.

DNA/OuT-paBHHHHHTE U XHOpuaHUTEe Konupanus [4], [5] u [16]
J00aBAT HOBH ONEpallM BBPXY IPEACTABIHETO HAa JaHHHUTE, KOHTO
MOBHIIIABAT HENWHEHHOCTTa U 00BpKBaHeTO. OcHOBHUSAT trade-off e
MEXKAy TOBHIICHA YCTOWYMBOCT M  3HAYMTENHO  IO-TOJISIMA
W3YHCIIUTENIHA CJI0XKHOCT.

Tpanchopmarnmonnure texuuku [7], [10], [11], [13] u [18]
uznon3satr wavelet, gyrator, Hilbert, Zigzag u npyru tpanchopmanuu
3a HaMalsBaHE Ha KOpelaluuTe Wi 32 moxoOpsiBaHe Ha
napajeaHocTTa. Te 4ecTo ce KOMOMHHMpAT C Xaoc 3a JIOIBIHHUTETHA
CHT'YPHOCT.

Xubpuanure 6uomerpuunu perrenus [6], [8] u [14] ocurypsiBar
nombaHUTETHH — (pyHKIMoHamHocTH  (public-key  xomyHuKarus,
ABTEHTHKAIIMS), HO YyBEIMYABAT CIIOKHOCTTA M M3UCKBAaHHATA KbM

UHpaACTPYKTypara.
Pesynrarute ca 0000mmenu B Tabnuma 3.

TabGmuua 3
CpasHenue Ha Multiple Image Encryption meroam no kareropuu
KoOHKDeTHH H3unciaure
Kareropus P Curypnocr | Ckopoct JIHA Komenrapu

CTaTHH
CJIOKHOCT
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OnTuyHu /
xoJorpagek
"

(11, [9], [12],
[13], [14],
[15], [17]

CpenHo-
BHCOKa

Bucoka

Cpenna-
BHCOKa

Bucoxka
rapaJiesHoCT,
HO
YYBCTBUTEIIHU
KBM LIYM U
KaJOpupaHe

Xaoc-
0a3upaHu

(21, 3], [4],
[5], [18], [19],
[20], [21],
[22], [24]

Bucoka

Cpenna

Cpenna-
BHCOKa

I'bBKaBH,
TOJIIMO
KIJIFOYOBO
MPOCTPAHCTBO
5 HSIKOU
MeToau OaBHU
TIPH TOJIEMHU
HM300paKeHHs

DNA/
OHUTOBO-HUBO

(4], [5], [16]

MHoro
BHUCOKa

Cpenna

Bucoka

Ornnuna
nudy3ust 1
KOH(QY3Us, HO
U3YUCIIUTEIH
0 TEKKU

Tpaunchopma
ouu

[7], [10], [11],
[18]

Bucoka

Cpenna

Cpenna-
BHCOKa

ITomoGpena
Tadysus,
HaMaieHa

KOpenarus;

W3YUCIUTEITH
0 HHTCH3UBHHU

XubpuaHu
OHMoOMeTpUYH
"

(61, [81, [10],
[14], [17]

Mmnoro
BHCOKa

Cpenna

Bucoka

JlonbJIHUTETH
u QyHKINH
(PK,
aBTEHTHKAIIUSL
); N3UCKBAT
CIeHATH3UP
aH Xxapayep

6 3akioueHue

Multiple Image Encryption npejicTaBiisiBa BaK€H HHCTPYMEHT 3a
CUTYPHOCT Ha mudposuTe n3o0pakeHus. ToBa € akTUBHO pa3BHBaIla
ce 00JIaCT C MHOXKECTBO TOJIXO/I, BCEKH ChC CBOHMTE IMPEIUMCTBA U

OTrpaHUYCHUS.

Upes
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myOJIMKAI|Y, Ta3W CTATUS MPEIOCTaBs Kiacu(UKaIHs U CPABHUTEIICH
aHaJM3 Ha ChbBPEMEHHHUTE METOAU B Ta3zu obnact. KomOuHHMpaHUTE
TEXHHWKH TpeiaraT Hail-moOpo ChOTHOIIEHHWE MEXAY CHTYPHOCT U
KadeCcTBO Ha BH3CTAaHOBsABaHE. bpaemmure mM3ciieqBaHus TPsSOBa ma ce
(dokycupar BbpXy ONTUMHU3AIUATA HA U3UYUCIUTETHATa ShEKTUBHOCT,
MIPIIIOKUMOCTTA KbM Pa3IUIHHA THIIOBE H300paKEeHUS U pa3BUTHETO HA
HOBHW XHOPUIHY aJITOPUTMH.
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INNOVATIVE PRACTICES UNDER
THE PROJECT "MATHEMATICS IS FOR EVERYONE"

MILENA G. NYAGOLOVA

ABSTRACT: The aim of the study is to identify the most effective
innovative methods of teaching mathematics.

Theoretical and empirical methods were used to carry out the study.

The project activities have led to a better overall performance at
various forums related to mathematics - competitions, Olympiads and others
at various levels - to international.

KEYWORDS: mathematics; teaching methods, functional literacy,
interesting, effective school;

NHOBATHUBHMU TPAKTUKMH 110 ITPOEKT
»MATEMATHUKATA E 3A BCEKHU“

MMJIEHA I'. HATOJIOBA

MareMaTukara € YHUBEPCAJIEH €3UK, KOUTO MMa IIPHIIOKECHHE
BbB BCHUKHM 00JaCTH Ha MO3HaHUETO M Ourta. Ta e HempexogHo U
CTOMHOCTHO TIOCTHXKEHHE Ha 4YOBEKa, KOETO € B OCHOBaTa Ha
MHO€ECTBO OJIECTSIIN OTKPUTHS BB BCHUKH HaydHH oOsiactu. He Ha
MOCJIETHO MSCTO TS UMa OTPaKeHHE W BBPXY LISUIOCTHHUS OOIECTBEH
JKUBOT.
B Haykara chbllecTByBaT MHOXECTBO KJIACH(QHKAIUK Ha
METOJUTe Ha 00yUYeHHe, KaTo HAKOHU OT THX ca:
»  crnopeja U3TOYHHMKA Ha MH(GOpMAIMs — CIOBECHH, HATJICIHH U
IIPaKTUYECKU;
» coopei LenTa Ha NIpWIaraHe — 3a NpuaoOMBaHe HAa HOBU
3HaHUsd, 32 (QopMUpaHe Ha YMEHHMS M HaBHIHM, 3a NpWIaraHe Ha
3HAHUATA, 3a 3aTBBPKIaBAHE HA 3HAHMATA U YMEHUATA U JIp.;
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» w#a 0. BabaHckuii — OTHOCHO yd4eOHO-TIO3HABATEIHATA
JEHHOCT: 3a OpraHu3anusi ¥ OCBHILICCTBSABAHE;, 3a CTHMYJHUpPAHE W
MOTHBAIIKS; 32 KOHTPOI 1 CaMOKOHTPOIT;[ 1]

» Hampod. 1-p N. IBaHOB — MTUPEKTUBHH M HHTEPAKTUBHH; [2]

» #Ha M. MaHeBa — MaCHBHH U aKTUBHHU. [3]

[MocrosiHAUTE ycumusi Ha Tenust eKul Ha OCHOBHO YYMWIIHIIIE
,»Bacu JleBcku“, rp. Pasrpan 3a 3anmazBaHe Ha HO3ULMATA HAa Haii-
JKENIaHO MHOBAaTHBHO YYWJIMIIE B PETHOHA MOJNyYWXa MPU3HAHHE OT
(donmanms ,,3aeaH0 B yac* [5] ¢ BKIIIOYBAHETO MY B IIPOEKTA ,, Y UMITHIIA
3a npuMmep®. YUMIMINETO € JHIAEp MO WHOBAallMM M TPOTPeC Cpen
o0pa3oBaTeIHUTE CTPYKTYPH B 00JacTTa.

WHoBaTHBHUTE METOAM Ha OOyYeHHE [0 MaTeMaTHKa,
MIPHUIIOKEHU Tipy paboTara 1Mo mpoekTa ,,MareMaThukaTa € 3a BCeKH' ',
0s1Xa: CTOPUTEIHMHT, MPOCKTHO-OPHCHTHpPAH METOJ, POJIeBa WIpa,
oObpHaTa KiacHa cTasi, Keiic-MeTon Hu JIp. bsxa m3non3BaHu BCHYKH
MO3HATH BUIOBE YPOILM, KAKTO M YPOIU 3a pelllaBaHe Ha MpoOJIeMH U
ypOIIY 32 MOJICITUPAHE.

[MpuumnHaTa 3a 3amouBaHe Ha MpoekTa ,,Maremarukarta € 3a
BCEKH Oellle HEOYaKBAaHUAT TOTAJEH CPUB B CPEIHUS YCIEX Ha
yUYEHHIIUTE B HayanoTo Ha 6 kiac [4]. Ha ®urypa 1 ca npeacraBenn
pesyJTaTure.

CpeaeH yCclex mo MareMaTHKA

4"" . . . .

Aownac B wnac B wnac I wnac DGy

Mo W
nwinsa

=] =
olnminwm

o [2xoaHo HHRO 20/21 = BxoagHo HHEO 21/22

®@urypa 1 CbnocraBka Ha cpeHHs yclex
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Lenra Ha mpoekta Oeme Qopmupane Ha GyHKIIHOHAIHA
MaTeMaTh4yecka TPaMOTHOCT, KOSITO C€ TOCTMra 4ype3 pellaBaHe Ha
MPAKTHUYECKU OPUCHTUPAHU 3aJa4d U 4pe3 GopMUpaHe Ha YMEHUS 3a
YeTeHe ¢ pa3OupaHe W OCMHCISHE Ha TEKCTOBE B YacOBETE IIO
MaTeMaTHhKa U OBITapCKH €3HUK.

Bunorete 3a1auu 3a popMupaHe Ha MaTeMaTHIECKa TPAMOTHOCT
cropex M. Mamnesa [3] ca:

» 3ajauu oT BUAA ,,BAPHO — HEBAPHO™;

» 3agaum ot Buja , IloctaBere — insert*;

> 3ajauu 3a CHOTBETCTBUE;

»  3ajauu 3a OMBJIBAHE HA JIMTICBAIIY JYMH B TEKCT Upe3 u30op,
JIOTICBAHE WK 3a4epTaBaHe Ha U3IUIITHUTE TyMH.

Paborata mo mpoekra MOMOrHa M Ha POJUTEIUTE Ja Ce
MPHOOIIAT KbM JSHHOCTHTE HA YUYWIHMIIHHS €KHII 32 MOA0OpsBaHe
KauyeCcTBOTO Ha O0pa3oBaTelHHUs MPOAYKT. B Haykara ca ommcaHu
pa3JIMyYHU MOAXOHU 32 OLICHKA Ha €(DEKTHMBHOTO YUUIIHIIIC.

Crnopen mipod. a-p W. ViBaHOB ycioBusATa, OKa3BaIlld BIUSHUE
BBPXY €(DeKTUBHOCTTA, Ca:

KaueCTBOTO Ha MOJr0TOBKAaTa U MOTHBAIIUITA HA YUUTEIUTE;
»  y4eOHHTE IporpamH;
»  aKTyaJHUTE MaTePHATHU PECYPCH;
»  YIpaBJCHUETO M OpTaHU3alUsATa HA YUeOHHS TPOIIEC;
»  3aMHTEPECOBAHOCTTA M TOJKpPENara Ha BCUYKH CTPYKTYpPH,
CBBP3aHH C YIWIHIIETO U 11p.[2]

Pamkara Ha uzcnensanero PISA npe3 2022r. no maTemaTuka e
(dokycupaHa BBpPXY pa3BUTHETO Ha yMeHHs 3a XXI-BM Bek, Karo
OpranuzaiusaTa 32 WKOHOMHYECKO CHTPYJHHYECTBO W Pa3BHTHE
MOCOYBA CIIEIMATTHO HAKOH OT TSX B clienHata purypa 2 [8]:
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®urypa 2 Yvmennsn 3a XXI-Bu Bek, uzciaensanu B PISA '22 [8]

®dopmupaHeTo Ha PYHKIMOHATHA MaTeMaTHIecka TPaMOTHOCT €

OBIBI W TPYAEH MPOLEC, W3UCKBAIl MHOTO YCHIMS M BHCOKa
MOTHBAllMs OT CTpaHa Ha BCHYKM YydYacTHUIM. B oOyueHuwero mo
MaTeMaThKa TpsOBa Ja ce Mpuiarar pas3jiuyHH HWHOBATUBHH U
MHTEPAKTUBHU METOIM 32 M3TpaXkaaHe Ha  (yHKIHMOHAIHA
MaTeMaTH4yecka I'paMOTHOCT. Ta3u TemMa HE € JOCTaThYHO J00pe
NpOYyYeHa, aHaJIM3MpaHa H 3aCThIICHA B IEJarOTMUECKUTE N3CIIEIBAHUS
u nyonukanun. dakropure, 00yclaBAIM HUCKUTE pe3ynTaT (IO[
KPUTHUYHUS Tpar Ha (QYHKIFOHAIHA TPaMOTHOCT) Ha bbirapus,
oT4YuTaHH OT m3ciensanero PISA, ca:

1. ComuanHO-UKOHOMHYECKUAT W KYJITYPHHST CTaTyc Ha
YUEHHILINTE;

2.  BuabT Ha yuunuieTo, B KoeTo ce 00yuasar;

3. HuBoro Ha MoTHBaIMA 32 YUCHE,
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4. AKTyaTHOCTTa Ha ITIOATOTOBKAaTa Ha yYHUTENUTE, MOJKpEraTa
Ipy HaBIu3aHe B mpodecusaTa, ePUKACHOCTTA HA MPOIBIDKABAIIATA
KBaJH(UKALU U T. H.

5. Cnoagbt B jKelaHUETO Ha POAMTENHUTE Ja MOJKPEIT Aelara cu
B 00yuenueTo u ap.[5]

OOeKT Ha cTaTuATa ca MHOBAaTUBHUTE METOIM HA OOydeHHE IO
MaTeMaTHKa, & MpPeAMETHT € BIMSAHUETO Ha TE3W METOAM BBPXY
MOTHBAIMATA 32 yUEHe, ycIriexa [0 MaTeMaThKa u pesynrarute or HBO
B 7 iac. llenta Ha MpoydYBaHETO € Ja Ce YCTAaHOBST Hal-eeKTUBHUTE
WMHOBAaTHBHU METOAH Ha o6yqu1/Ie 110 MaTEMaTHKa.

Hacrosimata cratust e akTyaslHa 3alloTO OTpa3sBa HIesTa 3a
oOppmiane Ha (OKyca OT 3aydaBaHE KbM Y4eHe, KoeTo ¢opMmupa
YMEHUSI W KOMIIETEHTHOCTH 4pe3 aHalu3 Ha BB3MOKHOCTHTE 3a
HWHTCTpUpaHe Ha TPAAULOUOHHHUTEC W HWHOBATUBHHUTEC MCETOAMU 3a
dopmMupane Ha TpailiHM MaTeMaTHYECKH KOMIICTEHTHOCTH Yy
YUCHULIHTE.

HuBoTo Ha QyHKIMOHATHATA MaTeMaTHYeCKa T'PaMOTHOCT ce
OTYHTA Ype3 MHAUKATOP, (ampobdupan ot 1-p M. Manega [3]), koiiTo ce
U3YUCIISIBA B TIPOLEHTH KaTO CPEJHO ApUTMETHYHO OT CIIEIHHUTE
KOMIIOHEHTH:

1. OO6em Ha yCBOCHUTE 3HAHUS;

2. 3HAYMMOCT HA YCBOCHUTE 3HAHMUS;

3. CremeH Ha CcaMOCTOATENIHOCT TpPU  W3MOJ3BaHE Ha
MaTEMATUYCCKUTE I/IHCprMeHTI/I;

4. CrocoOHOCT 3a MHTEPIIPETHPAHE Ha MOJTYYECHHUTE PE3yITaTH;

5. CremeH Ha pa3BUTHE HAa MOTHBAIMATA 32 YCIHEHNIHOTO
U3IIBbJIHCHUC Ha ,Z[eﬁHOCTHTe;

6. Crenen Ha (opMupaHe Ha CIIOCOOHOCTTa 3a TpHJIAaraHe Ha
MaTeMaTHYECKH 3HAHHSI U aJITOPUTMHU B HECTAHAAPTHU CUTYaLlUH.

Ckanata 3a OIEHABaHE Ha TO3WM HHAWKATOp cropex 1I-p M.
MaseBa BKJIFOUYBa ciieiHUTe HUBA [3]:

I IpOTyKTUBHO — HaJ 85%;
Texuomornaao — ot 56% o 85%;
AnroputmudHO — 0T 21% 10 55%:;
Kputnano — no 20%.

VVYY
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[Tpu Bcsiko creBaIio MOKOJICHUE Ce OTYMTA CIaj] B MHTEpeca Ha
Jenara KM yueneto. [IpeacraButenure Ha ,,JUTUTATHOTO OKOJIEHHE
(mokosenne anda) moctaBAT oOOpa3zoBaTeTHATa CHCTEMa IIpen
MOPEIHOTO MPEIU3BUKATENICTBO — A3 OCUTYpPH aJeKBaTHO OOyueHHE,
Cb0OOpa3eHo ¢ Pa3INMYHKSI UM HAUWH Ha MHCJICHE.

3a peammsupaHe Ha H3CIEIBAHETO 0O5SXa  H3IMOJI3BAHH
TEOPETUYHU METOAM (IPOydBaHE, aHAJIM3 M CHHTE3 Ha TEOPETHYHU
W3TOYHHUIIM) M EMIMPUYHH MeToAM (CpaBHEHHE, HaOII0/eHNHE,
OLICHSIBaHE, aHAIM3 W CHHTE3 Ha MOJYYCHUTE IaHHHU, aHKETHPaHe,
Oeceay C yYWIMIIHUS TICUXOJIOT, ¢ YYUTENIM U C PBKOBOJACTBOTO Ha
YUYHITHIIETO, METO/IN Ha CTAaTUCTHUKATa, 000OIICHUE U 1. ).

Peanuzupanoro uscieaBane ce pa3By B CICIHUTE €TAITH:

1. VYcraHoBsBaHe Ha MOBOJM 33 Pa3MUCHI U IPUTECHEHNUE;

2. llpenmarane Ha pelIeHUs 3a MPEOIOIIBaHE Ha MEPUITUTHTE;

3. Cob3naBaHe Ha OpraHU3alMATA U ONPECIITHE HA METOJMKATA;

4. 3anouBaHe Ha paboTa MO MPOEKTa U MPOBEXKAaHE HA 00yUCHHS
Ha MIPeroiaBaTeinTe.

Cren npukirouBaHe Ha paboTara 1o IpoeKTa ,,MaremMaTukara e
3a BCEKH"“ 0siXa CpaBHEHH TOJUIITHUTE PE3YyJITaTH Ha YUCHUIUTE, KOU-
TO ca ce 00y4aBany B JIB€ MACHTUYHHU y4winiia. EqHOTO yummumie e
OV ,,B. JleBcku®, B K0eTO € pabOTEHO 10 IPOeKTa, a Apyroto — OY ,H.
HNkoHOMOB®, B KOETO y4YEHHIIUTE ca ce 00y4yaBasd MO CTaHAAPT-HUSA
HauduH. J[BeTe yunnuina ce HaMupaT Ha TEPUTOpUsTa Ha Tp. Pas-rpag u
MMaT MHOTO CXOJHU XapaKTEePUCTHUKH.

3a mo-mo0pa KOPEKTHOCT Ha W3BOAUTE Osxa ChIOCTABEHU
MOCTIDKEHHATA HA CEJMOKJIACHUIIMTE OT JIBETEC YUWIIMIIA C TE3W 3a
obmnact Pasrpan.
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CpeJIQH YCIIexX Ha JABCTC YVHUILIIIIIAa

=
N BN BN BN N |

BXOJHO TOIHIIHA BXOJHO TIOIIIIIHA BXOJHO TI'OMIIIIIHA
HIIBO 5 OLIEHKA HIIBO 6 OLIEHKA HIBO 7 OLIEHKA
KIIAC KJIAC KJIAC

= OV _Bacua JIeBcku™ = OV _Hukona HKOHOMOB™
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[HeiiHocTuTe MO MpoeKTa Osixa MOANOMOTHATH C OOydYeHHS H
pecypecu ot Capyxkenue ,,O0pa3oBanue 6e3 paHunu“[7], KOUTO MOA-
IbpKaT ObITapckara BepcHs Ha miatdopmara Kan akamemust.[6]

Bususita Ha capyxeHueTo 3a cdepara Ha oOpasoBaHueTO [7]
CBBIMaJa HAIBIIHO C HJEUTE Ha paboTemmuTe Mo MpoeKTa MmpenojaBa-
TEJH.

CopBpeMeHHHAT 00pazoBaTesieH MMporec TpsiOBa Ja € OpUESHTUPAH
KbM €()EeKTUBHOTO YCBOSIBAHE HA HEOOXOAMMHUTE 3HAHUS 32 TIOCTUTAHE
Ha JbPKaBHUSA OOpPa30BaTEJICH CTaHIApPT W KbM (opmupaHe Ha
(GYHKIMOHATHA MATEMATHYECKA IPAMOTHOCT.

Pesynratute  OT  mpoBeleHATa  GKCIICPUMEHTANHA U
JIMarHOCTHYHA paboTa HajlaraT ClIeTHUTE MPernopbKu [4]:

1. B yueOHuTEe mporpaMu MO MaTeMaTHKa Ja C€ BKIIOYAT
JocTaThueH Opol yacoBe 3a JAeiHOCTH, dopMupaniy (yHKIHOHATHA
MaTeMaTHyecka rPaMOTHOCT.

2. Jla ce moBulIaBa KBaJu(UKAIUATA HA YYUTCIUTEC 4Ype3
o0OydeHus B KypcoBe ¢ (hOKyc BbpXY (hyHKIIMOHATHATA MaTeMaTHIeCKa
IPaMOTHOCT.

3. Tlepmomwuno na ce npunarat GopMu U METOJI Ha OOydeHHeE,
JIOTIPUHACSIN 32 (OPMHUPAHETO Ha (PYHKIMOHAHA MaTeMaTH4YeCcKa
rPaMOTHOCT, 3a Jla MOXE YYCHHUIIMTE Ja OBIAJACAT JIMYHOCTHHUTE
KOMIIETEHTHOCTHU, HeoOxoaumHu npe3 X XI-Bu Bek.

OO000IICHNETO HA TIOCTUTHATUTE PE3YJTATH BOAU JO CICIHUTE
usBonu [4]:

»  YueHHIIUTE, KOUTO MOTaT Ja MHCIAT JOTMYHO U CE CIIPABAT
Jno0pe 1Mo MaTeMaTHKa, Ce CIPaBsT YCIENIHO W IO APYTUTe Y4eOHH
TPEIMETH.

»  HanoxwurenHo e Jieriata Ja Morar jia paboTaT B €KHUIIH, Jia ce
MOJIKPETIST B3aMMHO, Jia BApBAT MoBede B cebe CH, J]a ce U3SBSIBAT B
M3TOTBSIHETO HA Pa3IMYHH MPOEKTH W MPE3CHTALMU U YCIIEUIHO Aa TH
NPEACTaBAT MpeJ] ayIUTOPHUSI.

» OcHOBeH MpoOJieM 3a BBbBSKIAHETO HAa HOBUTE IUTHMTAIHU
TEXHOJIOTHH € OCHUTYPSBaHETO Ha HEOOXOJUMUTE TEXHHYCCKH
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YCTPOMCTBa B Y4YWJIMINE, 3a Jla CE OTFOBOPH Ha CHBPEMCHHUTE
W3UCKBaHHS.

» TlocturHatute pe3yiaTraTd B Kpas Ha ydeOHAaTa TroOJUHA
KopecroHaupar ¢ pesyiarature or HBO mo maremarmka u ot
MexayHaponHoto omneHsBaHe PISA (B wactra 3a ¢dopmupana
MaTeMaTH4decka IpaMOTHOCT).

B 3akimoueHue Moke Ja ce TBBPAM, Y€ TMOBUIIABAHETO Ha
Ka4eCcTBOTO Ha 00Pa30BAHUETO OU CE CIYYHIIO CAMO aKO YUHTEIIHTE ca
mo0pe oOy4eHH 3a HOBHUTE pPEaTHOCTH, aKo MJIaIuTe Kaaph ca
MOJIMOMOTHATA M YJOBJICTBOPEHH B HAYAJIOTO HA Kapuepara CH, aKo
ONMTHUTE YYUTEIH Ca Pa3TOBAPECHU OT HECBOMCTBEHUTE 3aJaud, OT
OTPOMHOTO KOJIMYECTBO JOKYMEHTAIMs, OT BCE MO-TPYJHOTO
yIpaBJieHHE Ha KJlacHaTa CTas M aKko OCTaBaT B cucTeMaTta, 0e3 ja ce
BB3IIOJI3BAT OT PAHHO IEHCHOHUPAHE, aKO II0-TOJISIMara 4YacT OT
MPENOJABATENNTE Ca JIOBOJHHU OT CTATYKBOTO M yCEIIaT rprxka 3a cede
CH Y MOJKPEra Ha BCHUYKH HKBA. [4]

OO0JiekuaBaHe Ha y4uTelCcKaTa paboTa MOXKE Jia Ce€ CIy4H upe3
HaMaJsiBaHEe HA M3JIMIIHUTE AHTaXHMCHTH, 4pe3 TOBHUINABAHE Ha
OTrOBOPHOCTTAa HAa POJUTENUTE, YPE3 OCUTYPSBAHE HAa JIOCTATHYHO
BpEME M PECYPCH 3a IMOJATOTOBKA Ha YPOIM, HA KOHTPOJIHU U KJIaCHU
paboTH, KaKTO U 3a TAXHATA IPOBEPKA U OIICHKA.

HanoxutenHo e B AbpKaBHHS OIOJDKET Jia C€ IOBHIIH
MPOIICHTHT 32 00pa30BaHUE OT OPYTHUS BbTPEIICH NPOAYKT (1ipe3 2025
r. u 2026 1. ¢ 4,8% npu cpexno 3a EC 9,6%) u na ce oTaenstT noseue
cpescTBa 3a o0ydeHHe Ha Kajapute. JupepeHIupanoTo 3amamaHe Ha
TpyAa € CThIIKa B mpaBuiHata mnocoka. ChIIOTO ce OTHACcCAd W 3a
KBaJIM()UKAIIMOHHUTE CTEIICHU, TAKCUTE 3a KOUTO MOXKE Jla Ce IOeMar
oT Oro/KeTa Ha yYuUIuIeTo. [4]

Jpyru (hakTopu 3a MOBHIIABAHE HA PE3YATATUTE 0 MATEMaTHKA
ca: peAylupaHeTO Ha y4eOHOTO ChAbPIKAHHE, HaMaJSIBAHETO Ha
MaKCUMAaJIHUs OpOi yYeHWIIM B €llHa IMapaliejka, yBEJIMYaBaHETO Ha
U3JPHKKATA HA €JWH YYCHUK, HAMAJIABAHETO HA YUYHUTEICKUS
HOPMATHUB, OTMAJAHETO HA MUHUMAITHUS 33bJDKUTENICH Opoil OlleHKH
u 1. H. Taka OM ce momoOpuiIa AMCHUIUIMHATA U SPEKTUBHOCTTA Ha
YCBOSIBA-HETO U 3aTBBPIKAABAHETO HA yU4eOHOTO ChAbpPXKAHUE, OMXa ce
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Ch3JaNU I0-100pH YCIOBUS 3a WHAMBHIyaldHa paboTa, 3a IHOBede
Y4acoBE 3a NPAKTUYECKH yIpakHEHUs u J1p. [4]

HyxHo e obejMHEeHNE Ha YCHIIMATA Ha BCHYKU 3aMHTEPECOBAHU
MHCTUTYLIMH 32 MpHEMaHe Ha OOpa30BaHHETO KaTO HalMOHAJICH
NPUOPUTET, 32 JIa C€ MOCTHUIHAT PEATHH MOJIOKUTEIHU PE3yJITaTH.
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ABSTRACT: In the modern economic environment, accounting policy
represents a key element of the financial reporting of every enterprise. It
determines the application of specific principles, methods, and assumptions
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OCOBEHOCTH ITPM N3T'OTBAHE HA CHETOBO/JIHATA
MNOJUTUKA B HE@OUHAHCOBHU NPEANIPUSTUSA'

JIKAHCEJ A. MYCTA®OBA, IIABJIMHA I1. JIUMUTPOBA

1 BnBenenue

B CbBpEMCHHATa NKOHOMHYCCKA CpClia CUCTOBOAHATA ITOJIUTHKA
MNpeaACTaBJIABa KIIIOYOB CJICMCHT OT q)HHaHCOBaTa OTYCTHOCT Ha BCAKO
MMpeANpUusATHC. Tsa O6yCJ'IaB$I IMMPUJIIOKCHUCTO HA KOHKPETHU MMPUHIIUIIN,
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METOIU U JAONYCKAaHMA, 4Ype3 KOWUTO C€ IOCTUra BSIPHO, YECTHO HU
CBHIIOCTAaBUMO NPEJCTABSIHE HA CTOMaHCcKaTa AeMHOCT. 3HaYMMOCTTa Ha
CYETOBOJHATA IIOJNMTHKAa HapacTBa OCOOEHO B KOHTEKCTa Ha
IpUIaraHeTo Ha MEeXIyHapOAHUTE CTaHAAapTH 3a (UHAHCOBO
otuutane (MC®QO), KOUTO U3UCKBAT MMOCJICAOBATEITHOCT, TIPO3PAYHOCT
U npoecroHaHA MIPELEHKa OT CTpaHa Ha PbKOBOACTBOTO.
Hacrosimust ananu3 uma 3a 1ein Aa u3cieaBa 0COOEHOCTHTE Ha
CYETOBOJHATA TIONHMTHKA B HE(QUHAHCOBUTE MPENUPUATHA 4pe3
KOHKpETHHA IpuMep Ha ,, XuMuMiopt* AJl. XonauHroaTa CTpyKTypa
Ha JpPYKECTBOTO, CBhUETABall pPAa3HOOOpa3ue OT HKOHOMHUYECKU
JEHHOCTH, BKJIIOYMTEIHO HE(UHAHCOBU CEKTOPH, MpenocTassi OoraTa
eMnupryHa 06a3a 3a aHaJIU3 Ha NMPUIOKUMHUTE CYETOBOJIHHU MPAKTUKU.
OcobOeH wWHTEpec TPEACTABIsABA  B3aUMOJICHCTBHETO  MEXKIY
¢dopMynupaHaTa CYETOBOAHA IOJMTHKA M PEATHOTO M INpHUJIaraHe B
npolieca Ha U3TOTBSHE Ha TOAUIIHUS KOHCOIHIUpaH (PUHAHCOB OTYET.

Obexm Ha wu3cIeIBaHE € CBHABPKAHUETO, CTPYKTypaTa |
NPUWIOXKUMOCTTa Ha CUYCTOBOJHATA IIOJINTHKA, KAaKTO € OTpa3eHa B
OTYETHOCTTA Ha ,, XuMHMIOPT** AJl.

IIpeomem Ha w3ciieaBane ca MyONUKyBaHH (PMHAHCOBU OTYETH,
KakTO ¥ NPWISKALIUTE KbM TAX NPWIOKEHHUS BKI. 3HAYMMHU
CYETOBOJIHY MOJIMTHKH, TOKJIQAX 32 IeHiHOCTTa U Ap.

WzcnenBanero  mpocnensBa  OCHOBHUTE  €JIEMEHTH  Ha
YTBBPJACHATA MOJIUTUKA, U3BBPIIEHUTE NPOMEHU Ipe3 nepuona 2019—
2024 T., KaKTO U CBHOTBETCTBHETO U C MPWIOKUMHUTE CTaHIAPTH H
HOpMAaTHBHM M3UCKBaHUA. (OcoOeHo BHHUMaHHE Cc€ OTAENsS Ha
BB3MO)KHOCTUTE 32 YCHBBPIICHCTBAHE HA PA3KpUTHATa M TAXHATa
MHTErpanys ¢ HeQUHAHCOBUTE aCHIEKTH Ha OTYETHOCTTA.

LenTa e ga ce mpeACTaBIT BB3MOXXHOCTH 332 YCHBBPIICHCTBAHE
OTIOBECTSIBAHETO HA CYCTOBOHATA TIOJUTHKA Ha ,, XuMUMITOpT™* AJl.

BbB BpB3Ka C JOCTMraHe Ha IENTa, C€ IMOCTaBAT CIEIHUTE
3a/1a4u:

1. Pasrmexmane Ha CHITHOCTTA M 3HAUEHUETO HA CUETOBOJHATA
MOJTUTHKA 32 BCSIKO €THO TPEATPHUSITHE

2. OuepraBaHe Kpbra oT AeHOCTH Ha XUMUMITOPT AJL;
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3. uckyTupane 1o  cHeuupUUHUTE  €JEeMEHTH  Ha
JISCKPUITUBHATA HH(DOpMAITUs Ha MIPEITPUITUCTO;

4. NzacHsaBane Ha MpOOJEMHUTE YaCTH IIPH OIOBECTEHaTa
CYETOBOJIHA MOJUTHKA.

OrpaHnveHus: — W3MOJN3BaHM ca AaHHUTE 3a mepuoga 2019-
2024r. AHanu3bT ce 6aznupa caMo BHPXY HAKOW KITFOUOBH CUETOBOIHU
crangapta, kato MCPO 1, 2,9, 12, 15 u 16.

M3n013BaHUAT METOAMYECKM HMHCTPYMEHTAPUYM € aHAIU3 U
CHUHTE3, UCTOPUUCCKHU MMOAXO0T, ACCKPUIITUBCH ITOAXOM.

2 H3iaoxenune
Teopemuunu 0CHO8U HA CUEMOBOOHAMA NOJIUMUKA

CyeToBOAHATA TIONUTHKA MPEJICTABISBA CHCTEMA OT MPHHIIUIIH,
NpaBuiia U METOAHU, Ype3 KOWTO JIAJCHO MPEANpHUSITHE OpTaHU3upa U
OCBILECTBSIBA CBOETO CUCTOBOJHO OTYUTaHE. 151 MMa HOPMATUBHA U
yIpaBJIeHCKa CTOWHOCT, TBHH KaTo OmpeAens Kak ce MpU3HaBar,
OLICHSIBAT, TPEICTaBAT W OIOBECTSABAT (PMHAHCOBUTE €JIEMEHTH Ha
neitHoctta. OT HEHHMS XapakTep W IOCIEI0BATEIHOCT 3aBHCH
KayecTBOTO Ha (puHaHCOBaTa OTYETHOCT M BB3MOXKHOCTTA 32
CBIIOCTABUMOCT MEXKIy OTYETHH TepHoau. ATaHacoBa M MapuHOBa
oTpassiBar, uye HepuHacoBata HHPopMauus ,,ChbAbPKA MO-CKOPO
Ka4eCTBEHH XapaKTEpPUCTUKHA 3a OOEKTHTE Ha OTYATaHE M 3a
npennpusituero, karo 1o [1,2]. T1. Jumutposa [3] u3ssicHsBa, ue
HeQrHaHCOBaTa MHPOPMAIHSA ,,0T THOCEOIOTUYECKa IIIeJJHa TOYKa Ce
cBbp3Ba C (akTa, 4e HsAMA (PUHAHCOB XapakTep, T.e. TOBa €
NPEJOCTaBsIHE HA CHBKYMHOCT OT JaHHH OTHOCHO HEKOJIUYECTBEHHU
MoKa3aTenu™.

3HaYUMOCTTa Ha CYETOBOJHATA TIOJWTHKA CE yBEIW4aBa
0coO0EHO B KOHTEKCTa Ha TpWwIaraHeTo Ha MexXayHapoJHUTE
cueroBomHU craHgaptd (MC®O), KkpIeTo ce JMOmycka HW3BeCTHa
cBoOO/a Ha WM300p HAa METOJAM — HAmp. NpPU OICHKA Ha aKTHBH,
aMOPTH3AI[MOHHH METOAM WM Kinacudukanus Ha (UHAHCOBU
WHCTpyMEHTU. TOBa MOCTaBs aKIEHT BPXY HEOOXOAUMOCTTA OT SICHO
JneduHUpaHa ¥ MyOIMYHO JOCThIIHA MOJUTHKA.
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MCC 8 ,,CueToBOgHA MOJUTHKA, IPOMEHH B MPHOIM3ZUTECITHH
OLICHKM W TPEIIKU € OCHOBHHUAT CTaHAAPT, KOWTO pEriaMeHTHpa
NPUHLUNUTE 32 U300p M NpHIaraHe Ha CYCTOBOAHA MONHTHKA. ToM
M3HCKBA ITOCIIEA0BATEITHOCT BBB BPEMETO M OIIOBECTSIBAHE HA BCIKAKBU
MPOMEHH B U3MOJI3BAHUTE METOAU, KOTAaTO T€ BOJSAT A0 MO-HAIEKTHO
npeacTaBsHe Ha HHPOpMAaLUsTA.

B cTpykTypaTa Ha cueToBOJHATA MOJIUTHKA MOMAAAT MHOKECTBO
€JIEMEHTH — JIOKYMEHTOOOOpOT, METOOM 3a OLEHKa Ha aKTHUBH U
NIaCHBH, aMOPTHU3aLus, IPU3HABaHE Ha NPUXOAU U PA3XOIH, TaHBYHO
OTYUTaHE, BBTPEIIEH KOHTPoJ H Ap. Bceku oT TAx urpae pons 3a
KOPEKTHOTO  OTpa3sBaHE Ha HUKOHOMHYECKAaTa pEaJHOCT Ha
MIPEPUATHETO.

Bce mo-3HaUMM KOMIOHEHT Ha OTYETHOCTTa CTaBa U
HedmHaHCOBaTa HWHQoOpMamus — dYacT oT T.Hap. ESG acmektn
(eKOJOTWYHM, COLMAIHHU, YIPaBIeHCKH). Ts wWMa ChLIECTBEHO
3HAYCHUE 33 3aMHTEPECOBAHHUTE CTPaHH, OCOOEHO MpH MyONWYHU U
TOJIEMH  TIPEANpPHATHA.  3aKOHOIATENCTBOTO B bbarapws,
CUHXPOHHM3HUPAHO ¢ eBporeiickure mupektuu (karo 2014/95/EC u
nosata 2022/2464/EC) [5,6,7,8,9,10,11], u3rckBa OT MpeANPUATHATA C
00IIIECTBEH HHTEPEC J1a BKIIIOYBAT HEPUHAHCOB OTYET WM JeKJIaparus
3a ycToitunBocT. ToBa TONMBIHUTETHO 00OTaTsABa ChABPKAHUETO HA
CYETOBO/IHATA MOJIUTHKA U OTPa3siBa aHTKUMEHTA Ha MPEIPUATHITA
KBM MPO3PavHOCT, YCTOWYHUBO Pa3BUTHE U COLTUATHA OTTOBOPHOCT.

Ilpeocmassine u ananuz Ha Cu4emMoOB80OHAMA NOJUMUKA HA
,, Xumumnopm “ AJ]

HXaMuMIiopT  AJl e myOmMyHO JIPYKECTBO C  XOJJIMHTOBA
CTPYKTYypa, BKIIOUBAIllA JAPYKECTBA B pPAa3IUYHU HKOHOMHYECKU
CEKTOpPU — TPAHCIIOPT, (PMHAHCH, IIPOMHMIIUIEHOCT, CEJICKO CTOMAHCTBO
u apyru. Ilopamy TO3uM KOMIUIEKCEH XapaKTep, CUETOBOJIHATA MY
MIOJINTHKA € aJanTHpaHa KbM pa3HoOOpa3HU JEHHOCTH U CTaHIAPTH 3a
otueTHOCT. KoMnaHusITa M3roTBS KOHCOJIMIUPAH TOJUIICH (DUHAHCOB
OTYET ChIIIACHO MEXIyHAPOAHHUTE CTAaHAAPTH 32 (PMHAHCOBO OTYHTAHE
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(MC®0O), B CBHOTBETCTBHE ChC 3aKOHA 3a CYETOBOJCTBOTO U
eBponeicKkuTe M3UCKBAHUS 3a myOITUYHU MNpEANPUATUS
[15,16,17,18,19,20,21,22].

Karo yacT ot cBOSITa CUETOBOIHA MOJIUTHKA, ,, XUMUMIIOPT" U30HMpa
Y TIOCJICIOBATEIIHO TIpUJIara KJIIOUOBH CTaHAAPTH KaTo:

. MC®O 1 — 3a npejicTaBsHe Ha (PUHAHCOBUTE OTYCTH,

e  MC®O 15 — 3a mpuszHaBaHE Ha MPUXOIAU OT JIOTOBOPH C
KJIUCHTH,

e MCOHO 9 - orHocHO kKiacuukamuaTa U OICHKaTa Ha
(UHAHCOBU MHCTPYMEHTH,

. MC®O 16 — npu oTuyuTaHe HA JU3UHTH Upe3 Mojena ,,IPaBo
Ha 1oJI3BaHe",

. MCC 2 u 12 — cBBp3aHU ChC 3allaCUTE U JAHBIUTE.

[Mpuxoaute ce mpusHaBat B choTBeTcTBUE ¢ MCDO 15 — Ha Oa3zara
Ha UISHTU(QUIMPAHT JOTOBOPHH 33 IBIDKEHHSI, KOUTO CE U3ITBIHSBAT B
ompezesieH MOMEHT WK Tiepuoa. OUHAHCOBUTE aKTHBY W ITACHBU CE
kiacuduimpar B chorBercTBUue ¢ MCDO 9 — karo u3MepBaHH IO
CIIpaBeIMBa CTOWHOCT Mpe3 Iedanda WIHA TMpe3 JIpyr BCeoOXBAaTECH
JIOXOJ, WJIM 10 aMOPTHU3HMpaHa CTOWHOCT B 3aBHCHMOCT OT OH3HEC
MoJieNla Ha TPEANPUATHETO. 3alacuTe ce OTYUTAT MO Ce0eCTOMHOCT
WM TI0 HETHA peaj3upyeMa CTOHHOCT, B 3aBUCHUMOCT KOSl OT JIBETE €
MO-HUCKaA.

[punoxenuero Ha MCPO 16 ot 2019 r. Bogu A0 CHIIECTBEHU
MPOMEHH B TIPEACTABSIHETO Ha JIM3MHTOBHUTE JOroBopu. Kommanwmsra
MPU3HABA JBJITOCPOUYHNUTE JIM3UHTH KaTO aKTUBHU 3a IIPABO HA IOJI3BAHE
¥ CHOTBETCTBAIIO 33IbJDKEHNE, KOSTO YBEITNYaBa OTUCTHUTE aKTUBH U
nacuBu. ToBa WM3MEHEHHWE ce OTpa3sBa MPSKO BHPXY (pUHAHCOBHTE
MoKaszaTelid, OCOOEHO 3a MPEAUPHSTHITAa OT TPAHCIOPTHUA W
JIOTUCTUYHUS CEKTOP, KOUTO Ca 4acT OT Ipynara Ha ,, XUMUMIIOPT'".

B paMKUTE Ha KOHCOJIMAWpaHaTa OTYECTHOCT C€ IIpujiarar
}/HI/I(i)I/IIII/IpaHI/I CUCTOBOJHHU IIOJIUTUKU BBB BCUYKH JIBIOCPHU
APYKECTBA, HE3aBUCUMO OT TCXHHUA MPEAMCT Ha ,Z[eﬁHOCT. I/I3B’BpH_IBa
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Cce CIMMHHUPAHE Ha BBTPEIIHOTPYIIOBUTE CACIKA U CE€ OTYHUTAT
MUHOPUTAPHU Y4YacTHs, KOTaTO € NPWIOKHMO. BcHuku IblIepHU
MPEANPUATHSI, HAJl KOUTO ,, XUMUMIIOPT" ©Ma KOHTPOJI, Ca BKIIFOYEHHU B
KOHCOJIMJIUPAHUS OTYET C IIbJIHA KOHcouaanus, csraacao MCOO 10.

B mocnegHuTe TOAMHUA KOMITAHUATA 3allo4Ba Ja OTACIS 0COOCHO
BHMMaHHE Ha He(PMHAHCOBAaTa OTYCTHOCT, BB BPh3Ka C U3UCKBAHUATA
Ha EC 3a gokimangBaHe Ha wuH(OpMalus OTHOCHO YCTOWYUBOCT,
collMallHA OTTOBOPHOCT ¥ J0OPO KOPIOPATHBHO YyIpaBIICHHE.
[Ty6nmkyBaT ce JMaHHA OTHOCHO TIOJHMTHUKH 3a YOBCIIKH PECYpCH,
OKOJIHA Cpe/ia, aHTHKOPYIIIMOHHU NMPAKTUKU U JPYrH He(hUHAHCOBU
MoKa3aTelld, ChIJIACHO W3HCKBaHUATA Ha di. 48 oT 3akoHa 3a
c4eToBOICTBOTO ¥ AupektuBute 2014/95/EC u 2022/2464/EC.

IIpe3 mepuogma 2019-2024 r. B cueToBOAHATA IOJUTUKA Ha
JOPY’KECTBOTO €A HACTBIMIM HAKOJAKO 3Hauumu usmenenus. Haii-
CBILECTBEHU ca BbBe:kIaHeTo HAa MC®O 16, pa3mupsiBaHeTo Ha
paskpuBaHaTa HedHUHAHCOBA MH(pOPMANMA, AKTyaIN3aANUATA Ha
KpMTepHUTe 3a NpPHU3HABaHe HAa NPUXOAM M ajanTauMsTa HA
OTYETHOCTTA KbM HOBHTE PeryJIaTOPHH U3UCKBaHMA B cepaTa Ha
YCTOHYHUBOCTTA.

Brnpekn de cueToBoHATA MONMUTHKA Ha ,, XuMUMIOPT* Al € B
ChOTBETCTBHE C NPWIOKHUMHTEC MEKIYHAPOIHU CTaHAAPTH U
JIEMOHCTpHpa BUCOKA CTEIEH Ha IOCIEOBATEIHOCT, CbUeCmeysam
8b3MONCHOCMU 33 HEWHOTO JIOIIBJIHUTEITHO YCHBBPIICHCTBaHE. ToBa €
0COOCHO Ba)XHO B KOHTEKCTa Ha HApacTBAIUTE H3MCKBaHUS 3a
OTUYETHOCT, KAKTO BbB ()MHAHCOB, TaKa U B HE(PUHAHCOB aCIIEKT.

Ha nbpBo MsicTo, MOXe Ja ce Mpernopbya MO-ACTaMIHO
CTPYKTypUpaHe Ha MpPEACTaBSIHETO Ha CUETOBOJHATA MOJHUTHUKA B
roguimHus  (QuHAHCOB OTYeT. B MoMeHTa TS € WHTerpupaHa B
MOSICHUTETHATE TIPWIOKEHHS, HO JIMIICBAT $ICHO pa3rpaHHYCHH
TemMatu4Hu OnokoBe. Ilo-sicHaTta nmonpenda — HampuMep pasaeisHe Mo
oOmacty (IpUX0M, aMOPTU3ALNH, JaHbLHU, (UHAHCOBH HHCTPYMEHTH,
JMU3UHTH) — OM yJeCHW]Ia MoN3BaTeNuTe Ha HHpoOpManusaTa U Ou
MOBHUIIIMJIA TPO3PAYHOCTTA HA OTYETHOCTTA.
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BTtopo, Bb3MOXKHO € J1a Ce BbBE/IC CUCTEMAaTUYHO CPABHECHUE Ha
MPUJIATAaHUTE TMOJIMTUKU CIPSAMO TIPEIAXOJHU TEPUOIH, KaKTO U
000OCHOBKA Ha HampaBeHWTE MNpOMeHW. ToBa Ie OTrOBOPU Ha
m3uckBanuaTa Ha MCC 8§ 1 1m1e mokake akTHBEH KOHTPOJI M Pa3BUTHE
Ha MOJIUTHKATAa BB BPEMETO.

Ha tpeto msicTo, ¢ orjen Ha pa3IMPSBALIUTE CE 3aABIDKCHUS
MO OTHOLICHWE Ha HeHuHAHCOBaTa OTYETHOCT, ,,XUMHUMIOPT® Ou
MOTBJI Jia BKJIIOYH OTIEJICH pa3fesl B CYETOBOAHATA CH IOJMTHKA, B
KohTO ga ce aedumrmpa momxombT kbM ESG orderHoctra. ToBa
BKJIFOYBa METOJAM 3a U3BMCPBAHC W OLCHKAa Ha HC(bI/IHaHCOBI/I
MOKa3aTeNny, KakTo W MPUHIMITUTE 32 ChOMpaHe W MpOBEpKa Ha Ta3u
uHpOpMAITHSL.

CaI110 Taka, B ObJellle cie[Ba 1a ce 0OMHCIN BbBEXKIAHETO HA
BBTPEIIHN HACOKM 3a ABIIEPHUTE APYXKECTBA, UYpe3 KOUTO Ja ce
OCUT'YpH ITBbJIHA YHI/I(ilPIKaHI/ISI Ha NIpUjIaraHuTe rmoJuTHUKU B paMKUTC Ha
rpynata. ToBa € 0coO€HO Ba)KHO MPH KOHCOJNUAALMS, KaKTO U TPU
IPOMEHUTE B 3aKOHOAATEJCTBOTO, CBBP3aHH C KOPIOpAaTUBHATA
YCTOMYHUBOCT.

B 3akmoyeHwe, yCHBBPIISHCTBAHETO HAa  CUETOBOJHATA
MOJINTUKA Ha ,,XuMuMmopt* AJl cimeaBa nga ce BB3MpHUEMa KaTo
HEIMPEKHCHAT MPOIIeC, HACOUYECH KbM MO-BUCOKA OTYETHA MPO3PAUHOCT,
CHOTBETCTBHUE ChC CTAHIAPTHUTE U U3TPAXKTaHE HA JOBEPHE CPE BCHUKU
3aMHTEPECOBAaHU CTPAHM.

3 3akjao4eHue

CueToBOIHATA OJUTHKA € KIII0YOB MHCTPYMEHT 32 OCUTYPSIBAHE
Ha TPO3PayHOCT, CHIVIACYBAHOCT W HAJEXKIHOCT Ha (hUHAHCOBATa
OT4EeTHOCT. B ycmoBuaTa Ha mnpuiaarane Ha MeXIyHapOIHUTE
crannaptu 3a (uHaHcoBO oTumTane (MC®O), u3MCKBaHUATA KHM
GOpMyJIMPaHETO W MPAKTHYECKOTO TMpHIIaraHe Ha CYCTOBOJHA
MOJINTHKA CTaBaT BCE IO-KOMIUIEKCHU, OCOOEHO B MPEATIPUATHS C
nuBepcudUIIMpana AEHHOCT U MHOXKECTBO IIBIIEPHH Py KECTBA.
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AHanmu3upailkn KOHCONHUAMPAHUTE OTYETH Ha ,, XUMHMIIOPT™
A]l 3a mepuoma 2019-2024 r. Oemie yCTaHOBEHO, Y€ JIPYKECTBOTO
npuiara CTaHAApTeH IOAXO0J B CHOTBETCTBHE C WM3MCKBAHUITA HA
MC®O. Brrpekn ToBa CHIIECTBYBAT OMpPEIEIIEHN 001acTH, B KOUTO
CYETOBOJIHATA IMOJUTHKA MOXE Ja ObJe YCHhbBBPLUICHCTBaHA KaKTO IO
OTHOILIEHHE Ha CbhIbP)KAHMETO, Taka M [0 OTHOLICHHE Ha
MpO3payHOCTTa Ha pasKpuTuaTra. ToBa BKJIIOYBA MO-JIE€TAMIHO
OTIOBECTSIBAHE HA M3MOJI3BAHUTE JIOMYCKaHUs IIPH OLIEHKA HAa aKTUBH U
ImaCuBH, IMO-ACHO OIIMCAHHMC Ha CHGHI/I(bI/I‘IHI/ITe METOJU B PA3JINYHUTC
0Tpaciu, KakTo U 10-100pa uHTerpanus ¢ HeuHAHCOBATa OTYETHOCT.

HanpaBenust mnperiex mnokasza, ue Xumummopt AJl e
aJanTHpaio CBOSATa OTYETHA MOJMTHKA CIHOPSIMO IIPOMEHHUTE B
HOpPMAaTUBHATA CPe/ia, BKIIOYUTEIHO NPUIAraHeTo Ha HOBU CTaHAAPTU
karo MC®O 16. Hapen ¢ toBa 00aue ce oT4MTa MOTEHITHAN 3a
pasBUTHE, 0COOEHO B KOHTEKCTa Ha EBpomeickuTe craHmapTé 3a
yctoitunBocT (ESRS), kouto M3uckBaT Mo-CTpyKTypUpaHO OTYUTAHE
Ha HEe()MHAHCOBH AaCHEKTH KaTO KIMMATHYHU DPUCKOBE, YCTOWYMBU
HMHBECTULIUHN U CONHMAJIHA OTTOBOPHOCT.

[Mpennoxennute B HacTosmara paboTa NpenopbKA UMaT 3a el
Ja TOAKpEIsT Ipoleca Ha YCHhBBPIICHCTBAHE HA CUETOBOAHATA
NOJUTUKA B TII0COKA I10-BUCOKAa IPO3PAyHOCT, CPABHUMOCT U
UHTErpalysl ChC CHBPEMEHHUTE pEryJaTOpPHU H3UCKBaHMs. Te ca
NPUIOKHUMH He caMo 3a XumMuMiopT A/Jl, HO 1 3a Apyru HeUHAHCOBU
OPEANpUITUSl, CTPEMSIIM C€ KbM OTYETHOCT, KOSTO OTpas3siBa
AJICKBATHO TAXHAaTa NKOHOMHWYECKA PCaJIHOCT U yCTOI\/'I‘-II/IB IIOTCHIINAJI.
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ARTIFICIAL INTELLIGENCE IN TEACHING GEOMETRY
TO STUDENTS: OPPORTUNITIES AND WARNINGS

ANDRII D. MATIASH, OLHA I. MATIASH

ABSTRACT: Education today, particularly mathematics education,
requires a deep understanding of how to apply Al technologies in teaching,
making optimal use of their advantages while preventing negative effects on
the quality of the educational process. In the modern context of rapid digital
technology development, a mathematics teacher can and should serve as a
model of competent, active, and balanced use of Al in teaching mathematics,
especially geometry. Methodological science must provide teachers who teach
geometry  with  well-grounded = methodological  guidelines  and
recommendations for the effective use of Al. The article proposes a
systematization of selected methodological recommendations for the effective
integration of Al in teaching geometry to students.

KEYWORDS: artificial intelligence, digital technologies, teaching
geometry;

2010 Math. Subject Classification: 97M10

1 Introduction

According to the Concept for the Development of Artificial
Intelligence until 2030, adopted in Ukraine in December 2020, artificial
intelligence (Al) is planned to be used in nine areas, including
education. However, the use of tools such as ChatGPT by students in
the educational process has currently caused some confusion and
uncertainty within the educational community regarding such
collaboration. In this context, the growing attention of education
researchers to identifying the benefits and challenges of using Al in
teaching is understandable.
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2

Analysis
An analysis of several related publications [5, 6, 10-15] allows

us to recognize the following advantages of using Al in education:

— Al improves access to education for students with disabilities,
particularly through specialized applications that enhance material
perception. For example, for students with visual impairments, Al
can convert written text into speech or provide real-time audio
descriptions of images;

— Al can assist in creating lesson plans by extracting resources from
across the Internet, aligning them with curriculum requirements,
taking into account the characteristics of a particular class, and
adapting to a teacher’s individual style;

— Al can reduce the excessive workload of teachers by helping to
adjust curricula and assist in student assessment;

— Al can respond quickly to students’ actions, helping them to
promptly correct mistakes or analyze their own ideas;

— Al can adapt to each learner’s unique learning style and pace,
providing a qualitatively new level of personalization;

— Al can systematically and comprehensively analyze learning
outcomes by collecting data on students’ performance, identifying
their strengths and weaknesses, and suggesting tasks for further
learning and development.

Researchers [7, 13] also identify current challenges in using Al in
education, including:

— Privacy concerns, since the collection and processing of large
amounts of personal data for analysis always carry the risk of
unauthorized data leakage;

— Lack of human ethical understanding, as Al cannot always
consider ethical aspects and the moral significance of issues in
teaching and counseling;
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— Absence of spontaneity and intuition in Al systems, which can
limit their ability to respond flexibly and intuitively in educational
situations.

Researchers of Al technologies in education emphasize that
before implementing Al into the educational process, teachers should
undergo professional development and acquire skills to apply these
technologies without compromising the quality of education. In
particular, I. Bubnov [2] identified relevant tasks to clarify the potential
of Al technologies in education:

— use of various Al-based tools to detect plagiarism and dishonest
copying;

— development of tasks that require creativity, critical thinking, and
an individual approach—tasks that Al cannot easily automate;

— motivating students to use Al technologies for conducting research
and solving real-world problems rather than distorting the learning
process;

— applying diverse types of assessment (open and closed tests,
discussions, practical tasks) that would complicate the possibilities
of cheating with Al assistance.

Thus, modern education—particularly mathematics education—
requires a deep understanding of how to apply Al technologies in
teaching, making optimal use of their benefits while preventing
negative effects on the quality of education.

Our analysis of international publications shows that foreign
researchers focus on three key aspects: the benefits, the cautions, and
the ethics of using Al. Some predict that Al might eventually replace
teachers in schools. However, through an analysis of global research,
we found substantial arguments from scholars across different
continents emphasizing the irreplaceable role of human teachers in Al-
supported learning. This underscores the importance of creating an
educational environment in which Al and teachers collaborate, utilizing
the strengths of both.
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In the current era of rapid digital development, mathematics
teachers can and should serve as models of competent, active, and
balanced use of Al in teaching mathematics, particularly geometry.
Geometry remains one of the few intellectual domains where humans
still outperform computers. On the other hand, computers can serve as
valuable tools for solving certain methodological problems in teaching
geometry [8].

Methodological science must provide geometry teachers with
well-grounded, research-based guidelines and recommendations for the
effective and pedagogically sound use of Al. Researchers in the field of
geometry education are already addressing this issue. For instance:

Gladys Sunzuma [13] conducted a systematic literature review
on the integration of digital technologies into the teaching and learning
of geometry published between 2010 and 2022. The number of such
studies was relatively high, with the peak in 2015. Among the most
frequently mentioned technologies were GeoGebra, augmented reality
(AR), computer animation packages, video-based cooperative learning,
graphic calculators, Flash animation, Powtoon, learning management
systems (LMS), interactive whiteboards, digital simulations (applets),
iPads, and tablets. Most studies focused on evaluating the effectiveness
of these technologies in geometry teaching and learning.

In many countries, the aim of studying geometry in school is to
develop learners’ skills in problem solving, visualization, intuition,
critical thinking, hypothesis formulation, logical reasoning, and
deductive thinking. The goal is for students to use visualization,
develop spatial imagination, and acquire skills in geometric modeling
for solving applied problems. However, it has been found that these
intended learning goals are often not achieved, and conceptual
understanding of geometric ideas remains insufficient [5]. Despite
geometry’s importance and popularity, researchers have reported
numerous challenges in its teaching and learning [11, 14]. One
innovative approach proposed by foreign scholars is the qualitative
integration of digital technologies into the teaching process, which can
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increase learning motivation, improve outcomes, and enhance student
engagement [10].

Studies show that learning geometry with computer technologies
improves student achievement compared to traditional textbook-based
methods [1]. Integrating digital technologies into geometry learning is
crucial, as it helps students better understand problem-solving
processes. In particular, using software that allows manipulation of 3D
geometric  objects significantly enhances visualization and
comprehension. Moreover, digital tools enable learners to use various
resources for solving geometry problems, such as computer animation,
video-based collaboration, graphic calculators, Micromedia Flash,
Powtoon Animation, learning management systems, interactive boards,
and simulation applets. Al, in particular, can make geometry learning
more interactive. Limited use of these technologies is often linked to
insufficient teacher preparation. Dockendorff and Solar [4] noted that
many educators lack the professional training required for effective
technology integration in mathematics instruction.

Based on a comprehensive analysis of Ukrainian and
international studies, as well as our own experimental research, we have
systematized and developed specific recommendations for mathematics
teachers on how to use Al technologies in teaching geometry:

»  Generative Al models can facilitate distance learning by
providing automated feedback, personalized lessons, and interactive
problem-solving support, making geometry education more
accessible.

»  Generative Al is particularly advantageous in geometric design
and architectural tasks, where it can generate new geometric
patterns. Such Al-generated visuals can assist both teachers and
students in solving geometry problems.

*  When teachers ask students to prompt generative Al models to
produce two contradictory solutions to a geometry problem, it helps
them realize that Al can make mistakes, thereby fostering critical
thinking.
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*  One strategy for using Al in geometry problem-solving is to
teach students to compare geometric shapes with real-world objects
and determine their heights by visualizing them using Al tools such
as Canva or GeoGebra.

+ Augmented Reality (AR) is a valuable tool for supporting
geometry teaching and learning, helping students better understand
composition, spatial representation, and other geometric aspects.

* Intelligent tutoring systems that integrate AR can serve as
effective learning environments for helping middle and high school
students study complex geometry topics.

e Overall, the use of Al in geometry teaching (including
computer programs, virtual environments, and robotics) offers
students great opportunities for developing creativity and optimizing
the learning process.

*  Generative Al enhances visualization in geometry, especially
through immersive and interactive 3D modeling. The integration of
generative Al with extended reality (XR) technologies enables
teachers to design more engaging learning experiences that go
beyond traditional instruction.

+  Combining traditional teaching methods with Al-based tools
such as ChatGPT can provide substantial benefits, particularly for
students whose cognitive styles align with interactive and
exploratory learning, promoting higher-order skills like problem-
solving and critical analysis.

»  Using Al, teachers can design more effective learning materials
for students with intellectual disabilities. In geometry lessons for
children with mild intellectual impairments, Al can be applied
through visual objects or multimedia formats such as videos and
quizzes.

* Inits current form—using ChatGPT—and undoubtedly in its
future iterations, Al can enhance learning effectiveness by helping
to overcome three barriers: lack of applied learning orientation,
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illusion of deep understanding, and inability to critically assess
content.

* The fact that Al-generated examples may sometimes be
inaccurate, irrelevant, or fabricated can be pedagogically leveraged.
Teachers can encourage students to compare, analyze, and correct
such examples, turning Al’s fallibility into a learning opportunity
that promotes reflection and critical inquiry.

»  Geometry learning requires practice in reinforcing new
knowledge and applying it in varied contexts. One powerful way to
practice is teaching others. The processes involved in explaining
material to someone else deepen understanding and highlight gaps
in comprehension. Al opens new possibilities for this kind of
interaction.

*  Generative Al contributes to automated assessment in
geometry, providing immediate feedback essential for student
development. Unlike traditional assessment methods that delay
feedback, Al-based systems can offer real-time performance
analysis, identifying students’ strengths and weaknesses.

3 Conclusion

One of the most effective ways to enhance the learning of
geometry is the methodically balanced and pedagogically sound
integration of digital technologies into the educational process. Through
the thoughtful use of artificial intelligence (Al) in geometry instruction,
students can explore and explain geometric concepts in multiple forms
within a technology-rich environment. Researchers from various
countries associate the limited use of modern digital technologies with
the insufficient preparation of mathematics teachers for their effective
implementation. Methodological science must provide teachers who
teach geometry with well-grounded, research-based methodological
guidelines and recommendations for the effective use of Al. The
systematization and development of methodological recommendations
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for the efficient application of Al in teaching geometry represent a key
objective of our research
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ABSTRACT: Digital transformation is having a significant impact on
STEM education, both in schools and in higher education. The article
examines the main challenges, such as technological inequality, student
motivation, and the need for new pedagogical approaches. In addition,
opportunities for innovation through hybrid models, interactive platforms, and
collaboration with business are outlined. Emphasis is placed on the role of
educational institutions in building an accessible and modern STEM
environment.

KEYWORDS: STEM  education, project-based learning,
digitalization, innovation in education, higher education
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1. BbBenenue

B cbBpeMeHHUA CBAT, B KOWTO TEXHOJIIOTUUTE HEMPEKBCHATO CE
NPOMEHST, obpa3oBaHueTo B o0nactra Ha STEM (Hayka, TexHoJOTHHY,
WH)XEHEPCTBO M MaTeMaTHKa) ce MPEBPbBILA B CTPATErHUECKH (HaKTOp
3a YCTOWYMBO Pa3BUTHE U MHOBALUH.

OOpazoBaTenHUTE  MHCTHUTYIHM  ca  HM3MPaBEHH  Tpej
NPEU3BUKATEICTBOTO Ja IMPOMEHAT M ajantupar ydeOHUTE cu
MPOrpaMyu KbM HOBaTa PEATHOCT, B KOSATO JUTUTATHUTE HHCTPYMEHTH,
BUPTYaJHUTE CPEOH U MIOOATHUAT AOCTHI A0 HH(OpMALKs, IPOMEHAT
GyHIaMeHTaTHO HayMHAa Ha TMpenojgaBane u ydeHe. OHialiH
w1aThopMH, BUPTYaJIHU Ja0OpaTOpuH, CUMYJIALMA U WHTEPAKTHBHU
pecypcu HaBJIM3aT BCE MO-IIUPOKO B yUeOHHUS MPOLEC, KATO Ch3IaBat
HOBHM BB3MOKHOCTH 3a JIOCTBII, MIEPCOHANM3AIMS U TPUIOKEHHE Ha
3HaHUATA.

Hacrosmata craTust pasriexkxiga HMEHHO TE3H AacleKTH -
BB3JICHCTBUETO Ha nurutaiuzanusra Bbpxy STEM o0ydeHuero, KaTo
ouepTaBa OCHOBHHUTE TPYIHOCTH, IIPE KOUTO C€ MBIPABSIT YUUTEIHUTE,
MIPENOAABATENNTE, YUCHULIUTE U CTYICHTUTE, KAKTO U Bb3MOKHOCTHTE
3a MHOBALMH, KOUTO Ta3H TPaHCHOPMALHsI TPEAOCTABS.

2. Jlururaau3zanusiTa KaTo KaTaJu3aTop HA NIPOMSIHATA
C HaBnmM3aHETO Ha OHIAWH IUIATHOPMH, BUPTyaIHU
J1a00paTOPUU M CHUMYJIAIMOHHU CPElId, TPATUIMOHHHUIT MOJEN Ha
npenonaBane B STEM jmucummivHWATE TPETHPISBA ChHINECTBEHH
npoMeHu. OOpa3oBaTeNHUAT TIpolleC NpPeMHHaBa OT MACHBHO
YCBOSIBAaHE HA 3HAHMSI KbM aKTUBHO ¥ HHTEPAKTHBHO yUCHE.
TexHOMOTHUTE, KOUTO MTPOMEHAT OOYISCHUETO Ca CIICTHUTE:
- gUpMYaIHU 1abopamopuy U CUMYiayuu — TIO3BOJIABAT Ha
o0ydaeMuTe N1a eKCIEPUMEHTHPAT, 1a Ch3AaBaT WHXKCHEPHH
MOJEIIH ¥ MaTeMaTHYCCKH KOHIICTIIIH;
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- onnaun naamgpopmu u pecypcu — Khan Academy, Coursera,
Code.org, Yua.ce u ap. NpedoCTaBIT JOCTBII JO KauyecTBEHO
STEM chabpkaHue, HE3aBHCHMO OT MECTOITOJIOKCHHETO;

- unmepaxmuseHu uncmpymermu — 3D Mozaenu, poOoTH, CEH30pU
W MHUKPO IUIATKH, OPaBAT OOYYEHHETO IO TPAKTHYECKO MU
aHraXHpaulo, KaKTo U HO-MHTEPECHO 3a 00yyaeMuTe.

[IpenonaBaTensT Beue HE € €IMHCTBEH M3TOYHMK HA 3HAHUE, a
(bacunuTaToOp, KOUTO HACHPYABA CAMOCTOSITETHOTO YU€HE U MPOEKTHO-
Oasupanus moaxo[. ToBa W3UCKBAa HOBH yMEHHS, KaTo IWTHTaIHA
TrPpaMOTHOCT, YMEHUS 32 yNpaBJCHUE Ha OHJIAH KI1acoBEe M YMEHHUS 32
paboTa ¢ pa3InYHI TEXHOJIOTUYHH TUTAT(HOPMHU.

JocThnHOCTTa € CBIIO BaXEH aclekT B ChBPEMEHHOTO
oOpazoBanue. brnarogapeHne Ha AWTHTAIM3ALMATA YYCHULH U
CTYACHTH, KOUTO ca OT OTAAJICUCHUTE PaHOHHU, MOTAT /1a C€ BKIIFOUBAT
B yueOHUsI ITporiec.

Texnonoruute ynecHsBaT u uHrerpupanero Ha STEM c¢ apyru
obmactm Ha OOyYeHHWe, KaTo W3KyCTBa, COIMANHU HAYKH,
MpeanpueMadecTBO,  Karo  CTUMYJHUpaT  KpeaTUBHOCTTa U
MHOBAaTUBHOTO MuciieHe. KakTo momuepraBa Mapus JXKemns3kosa ,,upe3
TEXHOJIOTHMTE C€ Cb3JaBaT BB3MOXKHOCTH 32 HABIM3aHETO U
NPWIaraHeTo Ha HOBU IOJXOIM Ha OOydeHHe, 4Ype3 KOMTO Ja ce
peanuzupa WHTEpPaKTUBHO, MPAKTHYECKU HacO4YeHO "
nepcoHanu3upano ooyuenue™ [1].

3. IIpemmsBukarencrtsa npeg STEM o0y4uenunero

B’LHpeKI/I MHOXCCTBOTO IMPEAMMCTBA, KOUTO AUTUTAIU3ALIUATA
HOCH, HEMHOTO Impuiarane B 0Opa3OBaHMETO TMOCTaBs peauNa
Npeau3BUKATENCTBa. B TO3M KOHTEKCT “IUrHTaIHaTa KOMIETEHTHOCT
BKJIFOYBA HC CaMO TCXHHYCCKH YMCHHUA, a U PaA3TJIC)KIAaHEC, OLICHKA U
yrpaBJieHHe Ha HHPOpMAIHs, CIIOCOOHOCTH 3a 6e30nacHoO O0IyBaHE U
CHTPYAHUYECTBO  IIOCPEACTBOM  TEXHOJOTHMHTE, CBh3JaBaHe Ha
JUTHTAHO ChABPXKAaHME W pemaBaHe Ha mnpodiaemu™ [1]. Tesm
MMPpEAN3BUKATCIICTBA 3acsdrar, KaKTO yuujinuiara, TakKa u
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YHUBEpCUTETCKaTa cpeJa M HW3UCKBAaT CHCTEMEH TIOAXOd 3a
MIpeoOsIBaHE.

Enua ot Hali-cepro3HHUTE MPOOIIeMH € HEePaBHUAT JOCTHIT 1O
YCTPOMCTBA, MHTEPHET M IUTUTAIHU PECypcH. YUYEHHUIUTE OT IIO-
OTJasieueHUTE PaiOHU WIIN COLTUAITHO YSI3BUMU IPYTIN Hai-4eCTO HAMAT
HEOOXOIMMHUTE YCIIOBHSA 32 y4acTHe B 00pa30oBaTeTHHs MPOIIEC.

Jucrannmonnara ¢opma Ha 00y4YeHHE W3UCKBA BHCOKA CTETEH
Ha CaMOAMCUMIUIMHA W BBTPEIIHA MOTHBAIMs, HO JHWICAaTa Ha
¢bu3nyuecKo MpUCHCTBUE MOXKE Jia TOBEZEC 10 HaMallsiBaHe Ha MHTEpeca
k6M STEM nucuumjinHuTe.

MHoro npenonaBaTeny ce cONTbCKBAT C MPEAU3BUKATEICTBA MIPH
MPEMUHABAHETO KbM JUTUTATHN METOIU Ha oOydeHwue. ,,Jlururannara
KOMIIETCHTHOCT € CIIOCOOHOCTTa Ha Yy4YuTeNns Ja HU3I0J3Ba
MHQOPMALMOHH M KOMYHUKAIIMOHHM TEXHOJOTHMM C JI00po
MEeIarornyecko U AMJAKTHYECKO pa30upaHe Ha TEXHOJIOTHUTE U Jia €
HasCHO KaK TOBa MOXKE Jia TIOBJIMsIC Ha cTpaTeruuTe 3a ydene™ [2]. A
HEOOXOOUMOCTTa OT HOBH YMEHHMA, aJanTauusiTa Ha YydeOHHUTE
MaTepuagd W pa3BHBAHETO HA YMEHHs 3a paboTa ¢ pa3InvyHU
1aThOpMH U3UCKBA BpeMe, 00ydeHHE U MOIKPena OT HHCTUTYIIUUTE.

OneHsiBaHETO B [JUTMTallHA Cpela II0CTaBsl BBIPOCH 32
O00EKTHUBHOCT, JIOCTOBEPHOCT U CHrypHOCT. OcobeHO TpynHO €
MIPOCIEASBAHETO HA MPAKTUYECKUTE YMEHHs, KOUTO Ca B OCHOBaTa Ha
STEM oO0y4eHneTo, KaTo €KCIIepUMEHTUpaHe, paboTa Mo MpOEKTH,
nporpaMupase W Ap., ThH KaTo ,.ce HaOJronaBa OCTHP AEPHUUUT Ha
METOANYECKA MHCTPYMEHTH 3a OlIEHKA Ha IIOCTUTHATHUTE OT YYCHUIIUTE
KoMIieTeHTHOCTH ‘[ 3].

4. BB3MOXHOCTH 32 HHOBAIIUH

Bbopekun mpenu3BUKATENCTBATA, JAUTATAIN3ANNAATA OTBaps
IIMPOKH XOpU30HTH 3a mHoBamuu B STEM oOyuenumero. Cmopen
Mapus XKemszkoa ,,STEAM wu gururamHata KOMIETEHTHOCT ca
B3aUMOCBBP3aHU U OCHOBHATA U JONHUPHA TOUKA € IPEIOCTaBIHETO HA
BB3MOKHOCTH 32 TMPAKTUYECKOTO OOydeHHE dUpe3 JIUTUTATHHUTE
texnosorun™ [1]. TexHomoruute He caMoO YJECHSABAT JOCThMA JIO
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WHQOpPMaUs W 3HAHUS, HO M Ch3[aBaT YCIOBHUS 3a MO-EQEKTHUBHO,
AQHTXKMUPallo W aJalTHBHO YY€HE, KOETO OTroBaps Ha HYXIUTE Ha
CBBPEMEHHOTO  oOmiecTBo. CpueTaBaKM  IPeIMMCTBAaTa  HaA
MPUCHCTBEHO OOyYEeHHE W AMCTAHIIMOHHOTO OOydYeHHe, XHOpHIHATa
¢opma MO3BOJSABA T'bBKABOCT, WHAMBUAyaAJIEH MOAXOA H TMO-A00pO
ynpaBieHre Ha ydeOHoTo Bpeme. To3um Bua oOydeHHe € 0CcoOeHO
ebextuBHO B STEM mHCHMIUIMHATE, KBIETO TCOPESTUIHHUTE 3HAHUS
MOTAaT Jia C€ YCBOSIT OHJIAlH, a IPaKTUYSCKUTE YMEHUSI — B JIAOOpaTopHa
cpena.

W3non3BaHeTo HAa UTPOBU €IEMEHTH B O0Y4YEHHETO, MOBHIIABA
MOTHUBALMATA U AHTAKUPAHOCTTA HA YUCHULM U CTyACHTH. Pasnuunute
mwiargopmu 3a pabora mpeBpwbiiar STEM  chabpxkaHueTo B
MHTEPAKTUBHO IIPEXKUBSBAHE, KOETO HacbpuyaBa JIOOONUTCTBO U
chCTe3aTeNIeH AyX.

Hpyro, xoeto mpaBu STEM o00ydeHHETO TO-aKTyaqHO H
MPUIOKHUMO € BKITFOUBAHETO HA pealTHU Ka3yCH, CTAKAHTCKH MTPOTPaMu
Y CbBMECTHH ITPOEKTH C KOMIIAHUH OT TEXHOJIOTHYHMA ceKkTop. I1o To3n
Ha4YuH YYCHUIUTEC U CTYJACHTUTC ITOJIydaBaT Bb3MOXKHOCT 1a pa60T$IT
Mo peayHu npobieMu, Jia ce 3alo3HasAT C peajiHaTta cpena 3a padboTa u
Taka J1a ce IOATOTBAT 3a ObJeny npodecuu.

Wnrterpupanero Ha n3kyctBa B STEM o0yueHnuero HachpuaBa
HMHOBAaTMBHOTO MMUCIJICHE, BU3yalM3allMdTa Ha HAYYHU KOHLCIIUU U
CH3/1aBAHETO HA KPEaTHBHU PEILICHHUS.

Benuku Te3u Bb3MOXKHOCTH N3UCKBAT CTPATErMYECKO MUCIICHE U
WHBECTUpPAHE OT CTpaHa Ha 00pa30BaTETHUTE MHCTHTYLUH, KaKTO W
aKTUBHA POJIS Ha PENOJIaBaTeNITe B polieca Ha 00y4eHHe.

5. Pousita Ha o0pa3oBaTeJHATE HHCTUTYLHH

Yyunuiiara 1 yHUBEPCUTETHTE UTpasdT KimrodoBa poist B STEM
o0yueHHneTo. B To3u acrnekT eJjHa 0T BXKHUTE CTHITKU € 00YYEeHHETO U
nojakpenara Ha npenojgaBatenu. Kakro mnoauepraBar Mapus
KenszskoBa m Mapusina Hukonosa ,.eiMH OT NPHOPUTETUTE Ha
CBhBPEMEHHOTO O00pa3oBaHME € Jla Cé MOTHBHpPA pa3BHBAHETO HA
JUTMTajHaTa KOMIETEHTHOCT Ha yYUTEIHUTE, KaTo ce 00pblIa 0coOeHO
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BHHMaHHE Ha MEXIYNPEIMETHUTE BPB3KH M WHTEPIUCUHUIUTMHAPHUS
XapakTep Ha 3HaHHeTO [2]. B To3u cMHCBHI HEOOXOAMMO € Ch3IaBaHe
Ha TIpOrpaMu 3a Mpo(EeCHOHATHO pa3BHTHE, KOHTO Ja HOATOTBST
YUHUTEIUTE U TIPETIOJaBaTeINTe 32 padoTa B JUTHTAIHA Cpenia. 3aIioTo
,»IATUTAJTHO KOMIIETCHTHUTE YYUTEIN Ca MO-T'bBKaBU U MO-OBP30 ce
aJlanTHpaT KbM HACThIIBAIIUTE TIpoMeHn‘ [2].

WuBecTHIMHTe B TEXHOJOTHH, WHTEPHET CBBP3aHOCT U
JMTHTATHA PECYPCH Ca ChIIO OT ChIIECTBEHO 3HAYCHHE.

STEM TpsibBa na OblIe mpeiacTaBeH HE camo, KaTo OTIEIHU
JHMCIUIUTAHY, HO U KaTO MHTEPANCIUIUTHHAPEH TT0IX0/1, KOWTO CBHP3Ba
TEOpHUsTa C MPAKTHKATA.

Ilopkpenara 3a y4yeHUIM M CTYJEHTH MOXE Ja € BbB BHUJ Ha
KIyOOBE 10 WHTEpEeCH, ChCTE3aHHs, XaKaTOHH, KOHTO MoOrar Ja
HOBUIIAT TAXHATA MOTHBAIMS M aHT@KHPAHOCT.

O0pa3zoBaTeTHUTE HHCTUTYLIMH TPAOBa 1a ObJaT OTBOPEHH KbM
ImpoMAHaTa, Aa HaCbpdaBaT MHOBALMU W Oa U3rpaxaaT yMCHHA 3a
yUeHe TIpe3 LeIHst )KUBOT.

6. TexHonoruuHo oOOpyaBaHe, KAaTO JABHUraTe]l Ha
uHoBanuu B STEM o0y4eHuero

B aururannara epa, STEM o0y4eHuneTo He ce orpaHUYaBa camo
JI0 TEOpHSI, HO U CE peau3upa Ype3 CbBPEMEHHH TEXHOJOTHH, KOUTO
NpEeBpBLIAT KJIacHaTa cTasi B 1aboparopus. Y unnuiiara B Lllymen, kaTo
CY ,,Casa [looporuioguu’, IIIMI" ,,Hanuo [Tonosuu®, I1EI" ,,Hukoina
Moukos Barmapos“, 11 OY ,JI-p Ilersp bepou“ u CVY , Tpaiiko
CumMeoHOB* Beue pasnonaraT ¢ Moaepau STEM nentpose.

IIpe3 2020 r. CVY ,,Casa Jlobpomnogau‘ cr3gaBa STEM neHTHp
M0 TPHUPOJHU HAYKH, W3CIEABAHUS W WHOBAIMH, (UHAHCHPAH IO
Hanmonannara nporpama ,,Msrpaxkaane Ha yunnuimsa STEM cpena®,
,»00e3IeyaBala OChIIECTBIBAHETO HA ChOOpa3eH ChC ChBPEMEHHHTE
JIOCTIDKEHHSI Ha HayKaTa 00pa30BaTENICH IPOIEC — MPOSKTHO-0a3upaHo
oOydeHne, MOTHMBHPAHE Ha YYEHHUIINTE 3a AaKTHBHO Yy4YEHE dpe3
EKCIIEPUMEHTHPAHE U KOMIIETCHTHOCTEH oaxoa™ [7].
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®urypa 1: STEM nearspst B CY "Casa JJoOporurogau"

LeHTHpBT € pa3nojokeH B CHEHUAIHO aJalTHPaHW TaBAaHCKH
HOMEIIECHUs . Pa3znenen e Ha 30HM 3a JUCKYCHUH,
NpOYYBaHUS, INPEACTaBsIHE Ha NPOEKTH U Ap. Pasmomarar c
o0opynBaHe, KaTo poboTH3MpaHu pble, 3D mpuHTEepH, KOMIIOTHPHU
CHUCTEMH, EKCIICPUMEHTAIHA KOMIUIEKTH [0 TPHPOJHH HAYKH.
LenTeppT mpemiara BB3MOXKHOCTM 3a OOy4deHHE 10 POOOTHKA,
IporpaMupaHe, MareMaThka M HpPUPOAHM HAYKH C WHTEPAKTHBHHU
TEXHOJIOTHH.

IIpes wmecenr waii, 2024
roJIMHA C€ cTapThpaxa JeHHOCTH
10 M3rpakJaHe u o0Opy/BaHe Ha
STEM unentsp B IIIIMI" ,,Hanuo
IMonoeuu“. ,IlpoektrsT 32 STEM
cpella BKJIFOYBA HalpaBJICHUATA
»Poboruka n Kubep — ¢uznunu
cHCTEMH, ,,3€JIEHH TEXHOJIOTUU U
ycToMuuBO pa3putue®, ,,JluzaiiH u

.
3D Hporornmmpane I:I‘ Ourypa 2: STEM ueHTspsbT B
»Maremarnka u Mupopmaruka TIIIMT , Hanuo oo™
[6[[6]] Beme mnpexsumeno na

OblIaT U3rPaJICHN IIECT BUCOKOTEXHOJIOTHYHH KJIACHH CTau. AKTOBarTa
3ajla € npeodOpaseHa B 30Ha ,,YueOHa paOOTHIHHUIA®, KaTO B HEsA ca
00oco0eHn 30HM B HampaBieHusiTa ,,Pobotnka um Kubep-dhuznunn
cucreMu“ # ,,3€I€HU TEXHOJOTMU“. A KOMIIOTbpHaTa 3ajla €
nmpeoOpaseHa B 30Ha ,,l[eHTHp 3a qurutaiHu cheresarenun’, ,,Jlu3ain n
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3D Ipototunupane u ,,Maremarnka u uHPOpMaTHKa™ .
PaboTunHunuTe ca o0OpyABaHM CBhC CHEUU(PUYHO TEXHOJIOTHIHO
o0opyIBaHe, KaTo KOMIUIEKTH II0 POOOTHKA, 3aJ€HU TEXHOJIOIHWHU,
BUPTyaJHa U 100aBeHa PEaHOCT U APYTH.

Brnpeku esuxosus npodun, IET , Huxona Moukos Bamapos*
uaTerpupa STEM noaxoan dpe3 MpoeKTH 10 TUTHTAITHA TPAMOTHOCT H
MHTEPAUCIMIUIMHAPHHU YPOLH.

o oy ,A-p Ilersp bepon™“ pasmomara cvc ,,STEM
u3cieqioBaTeNcka Jabopartopus B HampasieHue [IpupomHu Haykw,
Maremarika u Uadopmaruka“ [4]. Chiio Taka pasmosiara ¢ 4YeTHPH
BUCOKOTEXHOJIOTHYHU M OOOpYABAaHM KJIACHM CTau. LIeHTBpBT €
HAcOYeH KbM YYEHHUIM OT Ha4yaJleH U MPOrMMHAa3HaJeH eTall.

CY ,Tpaiiko CHMeOHOB € cpel AaKTUBHHTE YYacTHULHU B
nporpamute Ha MOH 3a moaepuuzanus. STEM 30HaTa B y4HIAIIETO
BKJTIOYBA 3aJIH 33 pOOOTHKA, EIEKTPOHHUKA U HHKCHEPHU CUMYJIAINH.

7. 3axkiaoueHne

STEM o00y4eHHeTo B JUTMTAJIHATA €pa € NPEAU3BUKATEIICTBO,
HO M BB3MOXXHOCT 3a Ch3[]aBaHe Ha IO-J0CThIIHA, MO-aHTaXHpama u
no-eeKTUBHA 0Opa3oBaTenHa cpela.

Hdururanuzauusta TpaHchopMHpa pOJIMTE Ha YUHUTEIUTE,
MIpernoaBaTennTe u Ha o0yyaemure. ,llpernonaBarennure ce HyX aadr
0T Ha0Op OT IUTHTAJIHM KOMIICTCHLUH, CIECHU(PUYHHM 3a TIXHATa
npodecus, 3a Ja MOrar Ja H3ION3BaT MOTEHUHMada Ha LU(POBH
TEXHOJIOTHH 32 TOJ00psiBaHe W HMHOBAIlMM B 0Opa3zoBaHHE" [2
Cp3aBaT ce HOBM BB3MOXKHOCTH 32 YY€HE M CHTPYIHHUYECTBO, U Ce
NOJCTaBAT OCHOBUTE 3a Objemn uMHOBaumu. Ho 3a ma Obae Tasu
Tparcopmanys ycremHa, HEOOXOIUMO € CHBMECTHO YCHIIHE OT
CTpaHa Ha MHCTUTYIINH, YIUTENH, YICHHLIH, IPETIOAABATENH, CTYACHTH
n 6uzHeca. Camo Taka moxke fa ce m3rpagu STEM oOpazoBanue, koeTo
OTroBaps Ha HYXIUTE Ha CBHBPEMEHHOTO OOILIECTBO M IIOATOTBS
MJIaJIMTE XOpa 3a MPEAN3BUKATEIICTBATa HAa OBEIIETO.
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1 Introduction

STEM education (science, technology, engineering and
mathematics) is gaining increasing importance in the modern world,
preparing students for the challenges of the future. In this context, the
competency approach plays a key role, as it places emphasis not only
on the acquisition of knowledge, but also on the development of skills,
attitudes and abilities that are applicable in the real world. The
competency approach differs from other approaches by emphasizing
the practical application of knowledge. In STEM education, this means
that students do not simply memorize theoretical information, but use it
to solve real problems using scientific methods, engineering thinking
and technological solutions.

STEM environment, develops critical thinking, creativity,
teamwork, problem-solving skills and technological literacy. These
skills are essential for the personal and professional development of
students in the dynamic world of the 21st century. The competency-
based approach includes integrated learning through projects in which
students apply knowledge from different disciplines simultaneously.
This creates conditions for deeper understanding, engagement and
active participation in the learning process. This approach takes into
account the individual progress and learning style of each student. The
competency-based model places emphasis on the outcome of learning
and the acquisition of skills, which allows for more flexible and
effective learning.

Exposition

The application of the competency-based approach in education
emphasizes how students can solve practical problems based on the
theoretical knowledge they have acquired in a specific discipline.
Unlike traditional approaches that require knowledge of theoretical
learning material, the goal here is for students to apply what they have
already learned in real problem situations, cases or tasks. Through this
approach, many authors are united around the idea that it develops
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"initiative, critical thinking, creativity, independence, confidence and
other qualities useful for modern man" [4].

What is competency and what is expressed in it, there are
different definitions in the literature. Some authors define competency
as "when we need to characterize the professional-personal profile of
the specialist and the quality of his attitude to the subject of his
professional work" (Rasheva-Merdzhanova, 2010), and according to
others as "a set of knowledge, skills and attitudes” (Stoyanova, 2022).

Practice shows that the competencies for each person are strictly
individual. Some of the factors that influence the development of
competencies are related to the level of acquired knowledge, social and
family environment, life and professional experience, personal
qualities, etc. According to Bizova, personal competence can be divided
into “social competence, emotional intelligence, cognitive, civic and
professional competence” [3].

The construction of all these competencies creates a foundation
that can be built on by solving practically oriented tasks, tasks related
to solving real problems, searching for creative and innovative
solutions. In order to achieve all these goals, it is necessary for the
learner to have knowledge from different fields that he can apply and
gain experience. It is precisely the acquisition of such practical
experience that makes him a competent and reliable partner in
teamwork.

All these skills can be very well mastered through STEM
training, where science, technology, engineering and mathematics
interact. STEM lessons include various knowledge, combined in the
implementation of applied projects, which “maintains the interest and
curiosities of students in complex scientific subjects” [1]. To solve these
practical tasks, teachers use a specialized STEM center, and where there
is none, classrooms. Some teachers also use more non-standard
methods, through outdoor learning or as the idea of “the real world as a
learning space” [2].

The implementation of STEM projects requires better
preparation in order to determine the goals, tasks (individual or team),

- 160 -



The role of the competency-based ..

duration, as well as what the final result will be. Of course, first of all,
it is necessary to specify what the technical capabilities are, and then
the level of competence of the students. According to the Strategy for
STEM Education at the Ministry of Education and Science [10],
projects can be oriented towards the areas of “Mathematics and
Informatics, Natural Sciences, Green Technologies and Sustainable
Development, Design and 3D Prototyping, Robotics and Cyber-
Physical Systems”.

For example, if a thematic project on the topic of "Green Garden™
is to be implemented, the teacher can approach it in several ways,
depending on the level of knowledge of the students. For this project,
the students must know some basic knowledge related to the disciplines
"Computer Modeling and Information Technologies" and "Physics and
Astronomy", which are included in the curriculum from grades 5 to 9.
In order to properly connect all the components and work with the
necessary electrical power supply, the students must have gone through
the areas of competence indicated in Table 1.

Table 1. Expected competencies in "Physics and
Astronomy"' in grades 7 and 9 [13, 14]
Area of competence 7th | Knowledge, skills and attitudes
grade

Electric Current and Voltage Defines current as the electric
charge that passes through the cross-

Electrical Circuits section of the conductor per unit

time and voltage as a measure of the

Electrical Energy energy that electric charges give to

the consumer or receive from the
source. Measures electric current
with an ammeter and electric
voltage with a voltmeter.

Applies the formula for the
resistance of a conductor
(consumer) as the ratio of voltage to
current.
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Gives examples of different
sources of electric voltage and the
way they are connected in an
electric circuit (batteries from the
same sources, which are connected
in series or in parallel).

Connects simple electric
circuits and applies safety rules
when working with electric current.

Establishes  experimentally
that when two consumers are
connected in series, the same current
flows through them, and the
voltages add up, while when they
are connected in parallel, the
opposite is true and applies these
dependencies (without calculating
equivalent resistance).

Applies the Joule-Lenz law
for the amount of heat released (for
one consumer only).

Explains what the amount of
heat released in a consumer depends
on.

Calculates the power of
electricity for just one consumer.

Calculates the electricity
consumption of household
appliances (consumers) and
discusses ways to save it.

Area of competence 9th
grade

Knowledge, skills and attitudes

Electricity and magnetism

Connects and analyzes simple
electrical circuits.
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Applies basic laws of direct electric
current (Ohm's law, formulas for
equivalent and specific resistance,
for work and power of electric
current, Ohm's law for the entire
circuit).

Describes different sources of
electric current.

Distinguishes conductors
(superconductors) and
semiconductors according to their
electrical properties and gives
examples of their application.

The technical implementation of the project can be implemented
technically in several ways. One of the most popular is through a
microcontroller board. Microbit (Figure 1).

Figure 1. Microcontroller board Microbit [7]

It can be programmed using a block environment similar to
Scratch, so students who have a good background in "Computer
Modeling and Information Technologies"” will be able to quickly and
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easily create the necessary program code. Depending on whether the
school has a ready-made project kit or not, there are also several ways
to approach it. The first is to use additional sensors for humidity,
temperature, light, an expansion board, a water pipe and a water pump,
which, using cables, can be used to build the engineering part of the
project. This option is more labor-intensive for teachers, but it is the

Figure 2. Sample set ,,Smart Greenhouse Kit* [8]

only one if they do not have some of the ready-made Kits for this project.
(Figure 2)

For older students who have undergone training in Computer Science,
this project could be implemented using an Arduino board (Figure 3).
Its purpose is to implement more serious projects by programming in
the Arduino language, which is based on the C language. Here, the

Figure 3. Arduino board [9]
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implementation can again be done in several ways. The first is to use
additional water pumps, sensors, buttons, resistors, a prototyping board,
an OLED display, LED diodes and other suitable components.

The second is to use a ready-made kit (Figure 4), which includes
a manual and everything necessary for its implementation. Depending
on the level of competence that the teacher wants to check and apply in
the project, one or the other option can be applied. When projects are
implemented in which ready-made Kits are not used, students have the
opportunity to use their knowledge more thoroughly and gain practical
experience that the ready-made kit cannot offer. The teacher's
preliminary preparation should include, in addition to the necessary
hardware and software, but also feedback on the level to which students
have mastered the theoretical and practical knowledge in Mathematics,
Physics and Astronomy, Informatics, Computer Modeling and
Information Technologies.

Figure 4. Sample set ,,Arduino Smart Plant Watering®

Creating a STEM project requires flexibility, creativity, and the
ability to work in a team, with colleagues from other disciplines. The
teacher plays a central role in developing key skills in students - such
as critical thinking, communication, collaboration, and the use of
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technology. He must not only master technology, but also integrate it
effectively into the learning process.

2 Conclusion

STEM education with the application of a competency-based
approach prepares students for the professions of the future, building
them capable of adaptation, independent learning and solving emerging
challenges. This is for the formation of responsible and proactive
individuals. The competency-based approach in STEM education is a
modern and effective model that combines knowledge, skills and
attitudes in a single learning process. It is of key importance for the
formation of future specialists, innovators and responsible citizens,
capable of dealing with the challenges of the global world.
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ABSTRACT. The indicative list of key competences for Europe
highlights, among the foremost, the following: “the ability to solve
problems.” A productive basis for developing this competence in students is
problem solving in mathematics in general and optimization problems in
particular. This article examines different approaches to understanding
optimization problems. It also illustrates a technology (methodology) for
preparing students to solve optimization problems using problem sets from
the International Championships in Logical Problem Solving.

KEYWORDS: optimization problems, training technologies, solving
mathematical problems.
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1 Introduction

The ability of an individual to quickly find optimal
solutions under any life circumstances is a challenge of our time.
The current legislation regulating the educational process in
general secondary education institutions of Ukraine overall, and
in mathematics in particular, provides for the development of
students’ readiness to solve optimization problems only in
grades 10-11. In contrast, European and global educational
practice employs an early-intervention methodology to develop
students’ competences in solving optimization problems. Is such
an approach advisable? How can we spark students’ interest in
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solving such problems? On what problem material can an early-
intervention methodology for developing competences in
optimization problem solving be implemented? Our search for
answers to these questions revealed a wide range of information.
In view of this, in this article we will focus solely on the
technology for preparing students to solve optimization
problems at the International Championships in Logical Problem
Solving.

Based on the results of our review, it can be stated that
dissertation research on optimization problems is, for all
practical purposes, exhaustively focused on solving them by
means of computer technologies. These are applied optimization
problems in the fields of finance, transport, medicine, and
various branches of the economy. There is a considerable body
of research oriented toward higher education, whose topics
reflect the search for general approaches to solving certain
classes and types of optimization problems.
N. V. Dobrovolska, in the article “Methodology for Using
Information Technologies in Solving Optimization Problems”
[6], described linear-programming optimization problems for the
following economic tasks: production planning, structural
optimization, rational use of production capacities, and the
transportation problem. As a result of solving these problems,
profit, material and labor resources, time, etc., are maximized or
minimized. The article by Nataliia Kuzmina, “The Main Types
of Analysis of Optimization Problems with Computer Support”
[8], examines certain methodological aspects of teaching the
fundamentals of the theory of optimization methods. This article
is addressed to students of pedagogical universities. The
researcher classifies types of analysis of optimization problems,
including the problem-posing stage and the stage of obtaining
the optimal solution. However, the article considers examples of
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applying the proposed approaches only by means of information
technologies. 1. V. Nykyforchyn, in the article “Solving
Optimization Problems with Economic Content in Mathematics
Lessons” [12], notes that an analysis of publications on this
topic shows that neither the issue of forming economic culture
among general-education school students nor the aspects of
preparing school teachers for this category of problems are
sufficiently covered in contemporary pedagogical research. In
fact, as the researcher asserts, optimization problems themselves
are rarely encountered in the school mathematics curriculum.
Out of necessity, the author proposes the systematic introduction
of optimization problems of varying levels of complexity into
school practice for solving mathematical problems. The more
accessible of these can be offered to students at different stages
of their mathematical education and can orient them toward a
critical understanding and analysis of the solution, as well as
toward the application of optimization methods [12]. T. V.
Zaitseva, in the article “Integrated Lessons in the Study of
Mathematics” [7], draws attention to the difficulties of solving
optimization problems without information technologies.
Nevertheless, she notes the necessity of including such problems
in the mathematics curriculum of secondary school. The author
points out that the mathematical model for optimization
problems proposed in secondary school is presented using linear
dependencies, which are understandable and accessible to upper-
secondary students. Such educational activity offers a wide
range of opportunities for conducting instructional research that
involves not only solving problems but also posing them; it
facilitates graphical and computational experiments on the basis
of which the student arrives at formulating hypotheses regarding
the regularities under study [7]. D. Ye. Bobyliev [1] presents his
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view of the place and role of optimization problems in
specialized (profile) school, highlighting a general plan for
solving such problems. He argues for the advisability of
introducing a project-based course “Optimization Problems” at
school. If introducing such an elective course is not possible, the
author sees a way forward in creating mathematical models
during mathematics lessons, and in informatics lessons—
implementing the algorithms for solving these problems in
practice using information computer technologies.

Purpose of this article — to explain the rationale and
possibilities of an early-intervention methodology for
developing students’ competences in solving optimization
problems.

Technology (from the Greek téyvn — art, craftsmanship,
skill; Aoyog — word, study) is a body of knowledge and
information about the sequence of individual production
operations in the course of manufacturing something [2]. It was
from the engineering and technical sphere that this term was
borrowed into pedagogical theory and practice. Today, the fixed
expression “pedagogical technologies” is in common use. In
essence, pedagogical technologies are intended to identify
algorithms for optimizing the educational space, culminating in
an evaluation of the methods chosen.

The organic integration of pedagogical technologies into
the educational process structures the activity of the subject
teacher in collaboration with the student. This approach ensures
not only the delineation of goals, but also the formulation of
algorithms for achieving them. This, in turn, provides the basis
for predictability of the final outcome of the educational process.
In line with the research of M. Clark, T. Sakamoto, and K.
Chadwick, the primary functions of pedagogical technologies
are the application of theoretical knowledge to the solution of
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practice-oriented tasks. In unison with V. L. Ortynskyi, we
define the concept of “pedagogical technology” as a certain
range of forms, methods, and modes of instruction that are used
systematically in the educational process and that, for the most
part, lead to achieving a predictable educational result within an
acceptable margin of deviation [13]. “Instructional (teaching)
technology” is a comparatively narrower concept. Its essence
lies in finding the optimal algorithm for attaining a specified
instructional goal.

At present, the organization of the educational process in
mathematics in institutions of general secondary education in
Ukraine is regulated by the Law of Ukraine “On Education” [4]
and the Law of Ukraine “On Complete General Secondary
Education” [5]. Mathematical competence is one of the ten key
competences envisaged by the New Ukrainian School concept,
since the teaching of mathematics makes a significant
contribution to the development of each key competence.

For Ukraine, the trends and priority directions in the
development of European and global education have never been
a matter of indifference; however, for the most part, Ukrainian
educators, given the specifics of domestic traditions, have
charted their own path in the education of children. It should be
noted that there is no single agreed list of key competences for
the countries of the world, since such a list is determined by the
position of the society in each individual country. The
implementation of the international project “Definition and
Selection of Key Competencies,” carried out by the national
institutes of educational statistics of Switzerland and the USA,
did not lead to the formation of a corresponding package of
competences. Instead, the Council of Europe symposium “Key
Competencies for Europe” identified and formulated an
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indicative list of key competences for Europe. Among the
foremost is the ability to solve problems.

A fruitful foundation for developing a student’s ability to
recognize mathematics in real-life situations, to model scenarios,
and to apply mathematical knowledge to optimally solve real-
world problems is the solving of optimization problems. These
belong to the most engaging mathematical problems, for many
reasons. One of them is that such problems often model real-life
needs and challenges. People have always sought to use
material, financial, time, and labor resources in the most rational
way and, for given production volumes, to reduce costs to the
minimum (to minimize), or—given fixed resources to ensure the
maximum output of products. Problems of this type are so-
called optimization problems. General methods for solving them
are based on the theory of the corresponding sections of
mathematical analysis.

General formulation of an optimization problem. Let X —
be a subset of R™ (i.e. X € R™), f(x) — be a real-valued function
on R™ (i.e. f:R™ — RY). Itis required to find a point x” € X , at
which the function f(x) attains its minimum value. The set X s
called the feasible set (or feasible region), and the function f(x)
— is the objective function. The general optimization problem is
briefly written as:

1) f () = min

Note that finding a maximizer of a function &(x) is
equivalent to finding a minimizer of f(x) = —d&(x), In other
words, it makes no difference whether an optimization problem
is formulated as a minimization or as a maximization.

Mathematical optimization (often simply optimization) is,
with respect to a certain criterion, the selection of the best option
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from a set of available alternatives. Thus, the essence of
optimization lies in finding the “best” possible value of an
objective function within its domain, encompassing various
types of objective functions and various types of domains.

Solving optimization problems in the school mathematics
curriculum is mainly (over 90%) based on students’ mastery of
the basics of mathematical analysis and is largely reduced to
algebraic and geometric problems of finding the maximum or
minimum of an objective function. Our understanding and view
of the place and role of optimization problems in the system of
developing students’ research competence is as follows. We
consider practice in solving optimization problems as a didactic
determinant in forming students’ research competence. The
range of methods used is characterized by exceptional diversity
and breadth. It is advisable to begin acquainting students with
optimization problems as early as possible, ensuring a
propaedeutic approach in instruction. Then, on the basis of
continuity, the work should be continued from grade five
through eleven. The problem sets offered at various stages of the
International Championships in Logical Problem Solving
(hereafter in the text — the Championship) can serve as an
illustration of a technology for preparing students to solve
optimization problems. It should be noted that one of the
features of the Championships is the large number of problems.
For example, over 3 hours, students in grades 10—11 are offered
16 tasks to solve.

For the youngest school-aged participants of the
Championship, an optimization problem usually takes the form
of a story problem formulated as a challenge. Naturally, for this
age category only single-criterion optimization problems are
proposed. Involving students in international mathematical
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Championships can serve as a fruitful foundation for developing
a sustained interest in solving optimization problems.

Problem 1 (Grade 5). Grandma baked four pancakes of
different sizes and placed them on a plate (see the illustration in
the figure). Before bringing them to the table, Marichka wants to
arrange the pancakes in order from the largest on the bottom to
the smallest on the top (see the illustration in the figure). To do
this, she has a wooden spatula. The girl slides her spatula under
one of the pancakes (except for the very top one) and flips the
entire stack of two, three, or four pancakes on the spatula. What
is the smallest number of flips Marichka can use to place the
pancakes in the indicated order?

= =
T—

Figure 1.

Solution:

=
= ==
—

2

Figure 2.

Answer: 4.

It is clear that a technology for preparing students to solve
such problems presupposes that younger schoolchildren, at an
intuitive level, form the concepts of an objective function,
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feasible solutions, and a system of constraints. The solution to
Problem 1 is presented in the form of a tree-like graph. Let us
note that mathematics curricula in many European countries
envisage introducing students to graph theory already in primary
school. Graphs are widely used to solve various problems with
the aid of computers and, in particular, to solve optimization
problems. In an evident way (even for the youngest pupils), the
problem of finding a path in a graph—including the shortest
one—is solved on a graph. For unweighted graphs, the shortest
path is the path consisting of the smallest (minimum) number of
edges. For weighted graphs, it is the path with the smallest
(minimum) total edge length.

The  student-preparation technology  for  the
Championships that we implement in our instructional practice
requires younger schoolchildren to master this conceptual
apparatus. In the course of such preparation, students learn the
following methods for finding a path in an unweighted (as in
Problem 1) graph: (1) exhaustive search of all options (ensuring
completeness of the solution); (2) depth-first search (DFS); (3)
breadth-first search (BFS). The solution method proposed above
for an optimization problem clearly illustrates the basics of
mathematical modeling and implicitly represents the application
of the classical analytic—synthetic method. Undoubtedly, such a
solution method eliminates difficulties related to analyzing the
answer (the results obtained). Let us also note that students in
grades 5-6, for the most part, interpret the notion of “optimal”
as “the best, one that cannot be improved.” Students in this age
group most often use the method of complete enumeration and
the extremal principle to solve optimization problems.

Problem 2 (Grade 8). Find the value(s) of a for which the

area of the triangle with side lengths Va2 —a + 1, Va® + a + 1,
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V4a? + 3 (assuming such a triangle exists) is maximal, and the
value(s) of afor which the area is minimal.

Solution. It is easy to see that all real numbers are
admissible values of the parameter a. We will prove the
existence of a triangle with the side lengths given in the problem
statement. Introduce a coordinate system on the plane(L,L,L5).
Let 0 be the origin and choose the angles between OL,and OL,
and between OL, and OL5 to be 60°. On the ray OL5 lay off the
segment OC = a, and on the ray OL, ay off the segment OA=1.
By the law of cosines for ACOA we have:

CA=+a?>+1—2acos120° = Va? + a + 1. Next, lay off on
the ray OL, the segment OB = 1.

Figure 3.

By the law of cosines for ACOB we have:
) ¢cB=\a®+1—-2acos60°=\/aZ —a+1

Similarly, BA = 1. hrough point Bdraw a line parallel to
line €A, and through point Adraw a line parallel to line CB. Let
Dbe the intersection point of these lines; then ACBDis a
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parallelogram (by definition). Hence, the sum of the squares of
its diagonals equals the sum of the squares of all its sides, i.e.,
(3) CD? + BA% = 2AC? + 2BC?;

(4) CD =+/2AC? + 2BC? — BA?,

Substituting the previously found segment lengths, we

obtain €D = v4a? + 3.

The above constitutes a constructive proof of the existence
of a triangle with the side lengths given in the problem statement
for any real a. In our case, this is ACAD.

1
(5) Sacap = Saapc = ESACBD-
Find SﬁABC'
(6) Saasc = Socsa — Sacoa = Sacos t Saosa — Sacoa
V3B V33
IR R

1

48]

Y

Therefore Sacap = i.e., the area of the triangle in

question is constant, and hence neither a maximum nor a
minimum value exists.

Answer: Sycap = constant = % sg. units

Note that in the course of solving this optimization
problem, an analytic—constructive investigation established the
existence of the triangle and identified the possible value of its
area. By introducing an auxiliary element (a specific oblique
coordinate system), the problem was modeled and solved by
means of the coordinate method. The foregoing problem can
model a practice-oriented, real-life situation in which one is
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required to minimize costs that, under the prevailing
circumstances, are constant, or to maximize profits that, again
under the circumstances, are constant.

Sometimes, to rationalize the solution of an algebraic
optimization problem, it is advisable to reduce it to an
equivalent geometric optimization problem (i.e., perform an
equivalent transformation of the condition). This is especially
appropriate when students have not yet mastered the basics of
mathematical analysis, or when applying the derivative leads to
equations of high complexity. We illustrate this approach with
the following problem.

Problem 3 (Grade 9). Find the minimum value of the
function

(7) },:m+szz_(ﬁ—1)x+1+
sz2+(~.f§+1)x+1

Solution.

(8) },:m+J2x2—(ﬁ—l)x+l+

Jsz-l-(w@+l)x+1:Jx2+(x2—2x-|—1)-|—

J(xz Fati) (2 —Br )+

J(XZH +ti)+(x2+x/§x +§)= X2+ (x—1)7 +

J(x +2)2 4 (x —%MJ(x Fh2p D)
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Figure 4.

Consider the unit circle and the line y = x. On this circle,
mark three points with the following coordinates:
1 43 1 3 .
A(1; 0),8(—5;‘?),6(—5;—“?). Let X(x;x) be some point
on the line y = x; then

9) AX =/ (x —1)2 + x2,

(10)
BX = \](x—k%)z + (x —?)2, cX z\](x-l—%)2 + (x —l—?)z.

Let us consider AABC. We note that the given problem
reduces to the following equivalent geometric optimization
problem: “On the line y = x find a point for which the sum of
its distances to the vertices of AABC the aforementioned
triangle) is minimal.”
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To solve this, we use the theorem on the property of the
first Torricelli point. In a triangle whose largest angle is less
than 120°,the first Torricelli point has the minimal sum of
distances to the triangle’s vertices. (By definition, the first
Torricelli point is a point from which all sides of the triangle are
seen under an angle of 120°. Such a point exists only in a
triangle whose largest angle is less than 120°,and for a given
triangle this point is unique.)

Computing the side lengths of AABC, we obtain:
AB = BC = AC = /3, therefore AABC s equilateral, and hence
from point 0 — the center of its circumcircle, all sides of this
triangle are seen under an angle of 120° (all the conditions of
Torricelli’s theorem are satisfied). t follows that the desired
minimal sum of distances is numerically equal to
OA+0B+0C=1+1+1=3 (it is easy to see that
0OA=0B =0C=1=R - the circumradius). Consequently,
we finally have that the function

(11)

y=J2x2—2x+1+\/2x2—(ﬁ—1)x+1+

Jsz +(V3+1)x+1

may attain its minimum value, which is numerically equal
to 3.

Answer: 3.

Let us note that if this problem is approached by means of
mathematical analysis, the student, in the course of a top-down
analysis, will realize the inefficiency of such a method. It
becomes necessary to model the problem and apply the method
of equivalent transformation of the condition. The student
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searches for an equivalent geometric optimization problem and
then studies the geometric configuration for compliance with the
conditions of Torricelli’s theorem. The proposed solution to
Problem 3 serves as an illustration of the organic combination of
top-down analysis and bottom-up synthesis.

2 Conclusions

In view of European and global educational practice and
based on our own experience of more than twenty years
participating in the International Championships in Logical
Problem Solving as a competitor, we can state that over 40% of
the tasks in these competitions are optimization problems. About
one third of all geometric problems in these competitions are,
again, optimization problems. Such problems are offered to
participants of all age categories, from first graders to people
with higher mathematical education. Our European and global
colleagues do not wait for the moment when students are
introduced to derivatives and their applications. Instead, they
begin teaching students to solve optimization problems from an
early school age. We will not delve into a detailed justification
of the soundness of this approach. We will simply note that the
realities of life constantly demand of a person the ability to
make optimal decisions quickly. Often the stakes are a human
life; in the most critical situations, the stakes are the existence of
a particular state or of humanity as a whole (the Chornobyl
tragedy, war, etc.). Therefore, in our view, an early-intervention
methodology for solving optimization problems is justified.
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ABSTRACT: The purpose of this article is to present the “learning by
doing” approach as a fundamental component of STEM education and to
examine its benefits for developing students’ practical skills, creativity, critical
thinking, and adaptability. Particular emphasis is placed on the role of the
teacher as a facilitator in the learning process, guiding students in solving
real-world STEM problems through the integration of knowledge and skills
from multiple disciplinary domains. The showcased project CleanBot, which
was awarded first place at the National Olympiad in Information
Technologies, further demonstrates the high educational value and
effectiveness of the learning-by-doing approach
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YUYEHE YPE3 IPABEHE B STEM OBYYEHUETO'
MAPTHUH U. IIETPOB

1 BnBenenue

STEM oOydenuero KoMOWHHMpa 3HaHWS H YMEHUS OT
NPUPOAHUTE HAyKH, MaTeMaTHKaTa, HHKEHEPCTBOTO M TEXHOJIOTUHTE,
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T

fCrarusra e yacTn4Ho QpuHaHcupana no npoekt BGO5SFPR001-3.004-
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KaTo € HaCOYEeHO OCHOBHO KbM IpakTHukaTa. [lopaau ToBa TO € cpen
Hail-Obp30 pa3BHUBAIIUTE CE HANpPaBICHUS B CHBPEMEHHOTO
obpaszosarme. [1], [9], [20]. STEM 3amaumrte Bce IIO-4ECTO C€
pa3paboTBaT ¢ MOMOITA Ha W3KYCTBEH MHTEJIEKT, KOMUTO MpeaoCcTaBs
BB3MOXXHOCTH 32 aBTOMAaTH3MPAaHO TEHEpUpaHe Ha ChbIbp)KaHUE U
e(eKTUBHO Mo/ roMara o0yuurenaus mporec. [17].

Enna ot mait-ycnemnure crtpaterun B STEM obGydenuero e
MONXOOBT ,yUCHE 4upe3 TNpaBeHe, Oa3upaH HAa Yy4YEeHE 4pe3
npexuBsBane [/] W Mojena Ha ekcrmepuMeHTanHO ydene [13].
CruMmynmupar ce yMeHHs 3a paspellaBaHe Ha peaHH MpoOieMHu,
KpEaTHUBHOCT, WHXEHEPHO MUCJICHE W KPUTHYHOCT, KaTO MOCTaBs
YUCHHUIIMTE B POJIS HA Ch3/aTeNu Ha peainnu pemenus [18], [8].

IMoaxomsT “Learning by Doing” e M3KIIOYUTETHO aKTyaeH 3a
STEM o0yueHne, MOHEXE BKIIOYBA MPOTpaMHpaHe, EIeKTPOHHUKA,
uHxeHepuHr, 3D Mmoxaenupane, 3D npuHTHpaHe, IpeANpHUeMadecTBo,
MapKETUHT ¥ peaHi TEXHUYECKH WM JPYTH MPEIU3BUKATEICTBA OT
BCSAKAKBB XapaKTep, KOUTO BH3HUKBAT 110 BpeMe Ha peau3upaHeTo Ha
JlaJIcHa 3aj1a4a ¥ He MoraT Jia ObJaT OBJIaJIcHH caMo upe3 Teopusi. [12],
[16].

HacrosimaTa cratusi AeMOHCTpUpa pean3anusaTa Ha MMOAX0ja
ype3 npoekta CleanBot, cb3nanen ot yuennim ot Pobokny0 ,,Xennoc*
npu CY ,Jlroden Kapasenos™ — JloOpuy mnox Mmoe. I[IpoekThT
»CleanBot* e HarpageHn ¢ npu30BoTO MbPBO MscTo HAa Hanmonannara
OIIMMITHA 1A 110 HH(OPMAITMOHHH TEXHOJIOTHUH, KOETO JIOKa3Ba HEropara
W3KITIOYMTENTHO MOJIOKHUTEIHA Tearoruyecka W TEXHOJIOTUYHA
cToiiHOCT. [IpOEKTHT € HarpajieH M Ha Hal-rojeMuss (QopyMm 3a
pobotuka B bearapus — ,,I1apa PoGoTukc*.

IIpoekr ,,CleanBot“ e eHeproHe3aBucrMMa, aBTOHOMHA CHCTEMa
32 MOHUTOPHHT U YIIPaBJCHUE Ha OTHAIBIIN, H3rpajicHa upe3 Arduino,
YIITPa3ByKOBH CEH30pHU, MOTOP JIpaiBep, colapeH KOHTPOJIEP, CONapeH
nanen, HTTPS xomyHukamusi, 6a3a maHHM W ye0 NpPUIOKCHHE,
Oasupano Ha Laravel, 3a ympaBieHWE U MOHUTOPUHT — TpUMeEp 3a
uarerpupano STEM obyuenue upes Learning by Doing [23].

- 186 -



Learning by doing ..

2 Peanuzanus

IlogxonsT ,,yueHe upe3 NpaBeHe € CBbp3aH C aKTUBHO y4acTHe
Ha YYCHHUIIWTE B peaJlHd MapKCTUHTOBH IPOYYBaHWS, aHaIM3 Ha
KOHKYPEHIMATA, HMHXCHEPHH  TpOLEeCcH, KOHCTpyupane, 3D
Mmognenupase, 3D npuHTHpaHe, €KCHEPUMEHTHpPAHE U HEMPEeCTaHHO
TECTBaHE U THPCEHE Ha MO-ONTHUMAJHM pelIieHus. YueOHaTa cpeaa ce
TpaHchopMHpa B J1a0OpaToOpHsi 3a OTKPUTHS, B KOSTO 3HAHUATA U
YMEHUSATA c€ TeHepHUpar ype3 NpoOH, IPEIIKU U KOHTAKT ChC CUCTEMHU
ot peannus cBaT. [7], [11].

MogensT e wuskmountenHo ycnemeH B STEM, monexe e
HEOOXOIUMO aHAJUTUYHO MHCIIEHEe, paboTa ¢ MHUKPOKOHTPOJIEPH,
CCH30PH, CXEMH, MNPOrpaMeH KOJ M HHXCHEPHU IU3alHU U
koHcTpyKimu. [5], [12]. Peammsupanetro Ha mnpoekt ,,CleanBot®
YCBBBPIICHCTBA JUTUTAIHATA KPEATHMBHOCT [3], KaKTO M KIIOYOBH
KOMIIETCHTHOCTH, CBBP3aHH C WH)XEHEPHUS IU3aliH, KPUTUIHOTO
MHCJIEHE U YMEHHsTA 3a paboTa B eKwuil. [4].

Peanmzanusara Ha mpoekt ,,CleanBot“ ce wusBbpmBa upes
M3IIBJIHEHNE Ha HIKOJIKO [I0CJIEI0BATENIHY €Tara, aHaJIOTHYHU Ha TE3U
B PEAJIHMS CBAT. Y YCHUIIUTE 3aII0YBAT C U3TOTBSHE HA HICHHO 3a/laHHE,
aHaJTN3 HA U3UCKBAHMATA U OTIpeJieisiHe Ha pyHKIuoHamHocTHTe. Crex
TOBA M3y4dYaBaT KOHKYPCHTHH PCIICHUA, 3a Oa n30eruar TpCIIKH U 1a
OTKPHST BB3MOXKHOCTM 3a moaoOpenus. Ha Tasm 0asza cw3gasar
(UHATHO MPOEKTHO 3a/IaHKe, KOETO CTPYKTYpHUpa IIsiiata pa3padoTKa.

Ydyenunmre 3amodBaT ChC Ch3JaBaHEe HA HIACHHO TEXHHYECKO
3aJaHue /CKULa/, aHAJIN3 Ha KOHKYPEHIIMATA 32 OTIpeeNsTHE Ha TEXHUTE
CHJIHH U cllabu YepTH, KOUTO Jja JOPAa3BHUAT UIEHHOTO 3a1aHHeE.

Crnen aHanM3a Ha KOHKYPEHIMSITa (YHKIHOHATBT B TEXHUYECKOTO
3aJaHue Cce JO0NbiBa OT (DYHKIMOHAIMTE NMPH KOHKYPEHTUTE U Ce
pasBUBa OT aBTOPCKU HMJEH OT CaMUTE YYCHHWIH, NPOBOKUPAHH OT
pasrinenannte (YHKIHMOHAIA TpH KOHKypeHTuTe. [lpm cpaBHUTETHO
ITBJIHO TEXHUYCCKO 3aJaHHUC YUYCHHUIUTEC BEUC 3HAAT KAaKBO OYaKBaT Jia
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ce TMOJIy4d M 3aro4BaT CJIeJBAlllaTa CTHIIKA, KOSATO € U3BBPIIBAHE HA
aHAJIN3 Ha HaH-MIOAXOAIIMSA XapIyep U codTyep 3a MPOeKTa.

®urypa 1. Cknua Ha ujeiiHo 3a1aHue

Crnen ckunmpaHe Ha WJICHHOTO 3a3jaHue, 3a II0-JIECHA
BU3YyaJIM3allMsl HA IPOEKTA Ce U3MOJI3BAT ObP3H METOM 3a U3TPaKIaHEe
Ha MPOEKTa Ype3 XapTHsl.

®urypa 2. XapTueHa peaju3anust
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XapayepHaTa peanu3anus BKIO4Ba B cebe cu m300p Ha
UHQpaYepPBEeHH ¥ YJITPA3BYKOBH CEH30pHU, MOTOp JApaiBepw,
EJIeKTPUYECKH MOTOPH C PEAyKIHsA, CONApeH KOHTPOJEp, COJapeH
maHes, Oarepus m M300p HA JIGK MaTepHall 3a W3pabOTBaHETO Ha
npoekra (Pasneneno PVC). B mpomeca Ha cb31aBaHe BB3HUKBAT
pealHn MHXKEHEPHH MPOOJIeMH, KaTo M300phT Ha MOAXOMSI] MOTOP
npaiteep. I[IppBHAT MOTOp IpaiiBep, W30paH 3a IIENTa, U3BBPIIBAIIC
CBOATA 3ajlaya YCIEIIHO MPU BCUYKH TECTOBE Ha KOILIYETO, IOKATO He
CE CTUTHA JI0 eTal Ha CPaBHUTEITHO ()MHAIHU TECTOBE M KOIIYETO Ce
HAITBJTHU C TTO-TEXBK OTIAIBK, BCIEICTBHE HA KOETO MOTOP ApaiBepbT
Ce TpEeToBapBa M KOIIYETO HE M3BBHPIIBA HUKAKBO NBHkeHHe. Cien
aHallM3 Ha CUTYyalusTa U MpodiiemMa ce WHTErpupa MO-MOILIEH MOTOP
IIpaiiBep, U3IbpKAIll ITO-TOJIIMO HAaTOBapBaHe, KOETO BOAM J0 3aMsHa
Ha CTapus apaiiBep ¢ HOB. [[pyra TpyqHOCT, KOSITO BE3HHUKBA, € H300PHT
Ha TOAXOMAIIM WH(pAYEepPBEeHH CEH30PH, IO3BOJISBALIM IUIABHO
IBIWKeHWe Ha Komrdero. Oie egHa TPYAHOCT, BB3HUKHANIA MPH
MPOEKTUPAHETO HA KOIITIETO, € M300PHT HA CONAPEH MaHeN, U3IbPKAIIl
TOJISIM TIEPHOJ] Ha CTaJl B CITBHIIETPECHETO U MO3BOJISIBAL HENPeCTaHHA
pa60Ta Ha komrueTo. TodHO Te3u CUTyalluul HaJlaraT U3IIBJIHCHHUEC Ha
[UKBJIA ,,[IPOTOTHIAPAHE — TECT — KOPEKIIHSI*, KOWTO € TJIABEH €JIeMEHT
B Learning by Doing [13].

1 !
i

)
5

®@urypa 3. Xapzlyepmi .KOH(i)HF;[;aHHﬂ
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IIpu Bcaka xapayepHa KoHUTrypauuss € HeoOXoouma M
n3paboTeHa cXeMa 3a CBbp3BaHe.

Ce D8
®
®durypa 4. Cxema Ha CBbpP3BaHe

YdeHunure uMat TpyJHOCTH TPU W300pa Ha mardopma KakTo
3a yHpaBJIeHHE Ha KOIIYETO, Taka W 332 MEHaXHpaHEe Ha MPOEKTa. 3a
yrOpaBlieHHe Ha Komrdero ¢ wu30paH Arduino 3apaau HucKara
KOHCyMallusi Ha  €JEKTPOSHEeprus, WHTYUTUBHHUS  €3UK  3a
IporpaMupaHe, TOBa 4e € C OTBOPEH KO M HAJIWYHA roJIsiMa OOIIHOCT
oT Arduino eHTycuacTH, HO CTaOMJIHOCTTa M curypHocrra Ha WiFi
KOMYHHKAIIUATA HAJIATaT JIOMIBJIHUTEIHH T10-32/IbJI00YEHU HACTPOUKU
U ontuMu3anuu, cebp3anu ¢ HTTPS nporokosna [16]. Tasu curyanust
3alo3HaBa YYCHULUTE C PpEAHd MPEKOBH U KOMYHUKAIIMOHHH
MPOIIECH.

B codryepHaTa dacT yuyeHHIITE € HEOOXOAUMO JIa aHATTU3UPAT
M0 KaKbB HAUYMH KOHKYPEHTHTE ca s peanusupaiu. Ciex M3BbpIICH
aHallM3 Ha KOHKYPEHIMATAa M aKTyalHWUTe CO(TYEepHH pelIeHUs ce
n3oupa PHP framework “Laravel” 3apaau pa3mencHuero Ha Ou3HEC
jorukara oT Bu3yanHaTta yact (MVC apxurtekTypa), KaTo MO TO3U
HauuH NPOEKTHT MOXE J1a C€ pa3BuUBa OT ObJelIM ekumu. Taka ce
npunarat npuHnumuTe Ha Project-Based Learning [19], [6].
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B nombnHenne kbpM Laravel 3a 0asu jaHHU ce W3MOJ3Ba
MariaDB, HTML, CSS, JS u Bootstrap.

UsrpaneHna e ye6 miatdopma, 03BOJIABAIIA JIECHO MEHAKUPAHE
Y MOHUTOPHUHT Ha YMHUTE KOITYETA.

192.168.0.162

192,1680.143

#ravano BT - [ KOWNETA ~ Bo ATSHMCTDATODN ~ 48 Nepookan ~ k2 CTATHCTHER

CraTuctmka

Vsbepu xowse
deanbor ~
Vabepn neproa

Tewyu aem "

®urypa 6. Yed naargopma, ceknms ,,CraTHCTHKA®

-191-



Petrov M.

3a peanuzanmATa Ha MPOEKTa YYCHUIUTE HW3MUHABAT IMBJIHUS
WH)KEHEpeH IMKBJI: MPOEKTHpaHe, NPOTOTUIIHpaHe, TECTBAHE,
OTCTpaHsSBaHE Ha TPEHIKU (IeObrBaHe), ONTUMHU3ANNA U BHEIpPSBAHE,
KoeTo ¢ B choTBeTcTBHE ¢ Engineering Design Process [12].

®@urypa 7. 3aBbpieH npoekrt ,,Cleanbot”(6e3 kanak)

[lpn M3MBIHEHUETO Ha MPOEKTa CE pealu3uparT M IMpPOLECH,
xapaktepuu 3a Collaborative Learning [8], Iterative Learning [13] u
Authentic Learning, nonexxe CleanBot pa3zpemasa peanen npodiieMm —
ONITHMU3HMPAHE HA YNPABICHHETO HAa OTHAIBLUTE B MAJKH U TOJIEMHU
crpaju.
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KoHrenuuure Ha anrOpUTMHYHOTO MUCICHE U MPUHIMITATE 3a
CTPYKTypHpaHEe Ha [aHHH, MPUCHINKA 3a H3KYCTBEHHS] HHTEJICKT,
yJICCHSBAT M3TPXKIAHETO HA coTyepHaTa 4acT Ha mpoekTa [2].

Crie1 yCIIenHo npeMHHABaHE Ha BCHUKH €TAIN B Pa3BUTHETO Ha
€IIMH MPOEKT TON HE CaMO € HAJIMYCH, HO M TIEPCIIEKTHBCH.

- |

CI)nrypé 8. 3aBbpuieH npoekr ,,Cleanbot” (c kanak)

3 3aka0uenue

[poexTsT CleanBot € goka3aTencTBo, 4e MoAX0AbT ,,yu4eHe upes3
npaBeHe e Oe3npeneneHTHo edextnBeH B STEM oOyuenuero. Upes
MPAaKTHYECKU 3ajaud, pPEaJlHd HWH)XEHEPHHM JIeHHOCTH, codTyepHa
pa3paboTKa, ONTUMH3AIMI ¥ TECTOBE YUCHHUIIUTE M3rPakaaT 3HAHUS,

-193 -



Petrov M.

YMEHHSI M ONUT, KOUTO HE MOraT Ja ObJaT TOCTUTHATH 4pe3
TPaJUIIUOHHU METOIH.

CleanBot noxa3Ba ycmemHO KOMOWHHpaHE Ha Xapayep,
coTyep, MHXKEHEPCTBO U HAYyYHH KOHIenny. OTINYHETO Ha ITPOEKTa
Ha Hanmonamnara onummnuana mo UT 3aTBbpxk/1aBa HEroBaTa BaXKHOCT
M yCTOMYHMBOCT KaTo oOyuureneH mojen. [IpoexkThT e oTimdeH u Ha
Haii-ronemust popym 3a podoruka B bwmrapus — ,Ilapa Poborukc®,
KOETO JIOIBJIHUTEIHO J0Ka3Ba HEroBaTa TEXHOJOIMYHA U HHOBATHBHA
3HaYUMOCT.

CoeropreTBamute Mojenau: Project-Based Learning, Problem-
Based Learning, Engineering Design Process, Collaborative Learning
u terative Learning - CBIIO ImoAIoMarar mpoiieca.

YcnemHnTe pe3yATaTH 0Ka3BaT, Y€ KOraTo YYEHHIUTE ydyart,
eKCIIEpIMEHTUPAaT W paboTAT B peallHa HWHXXEHEPHa cpela TMof

PBKOBOJACTBOTO  Ha  yuuTen-pacunurarop,  OOydeHHETO €
U3KITFOUUTEITHO MO-e()EKTHBHO U YCIIEIITHO.
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SOME REFLECTIONS ON METHODOLOGICAL PROBLEMS
OF TRAINING IN ECONOMIC DISCIPLINES

RUMYANA ST. ZLATEVA

ABSTRACT: In the context of globalization, digitalization and rapid
changes in the labor market, the need to rethink the methodological
foundations of teaching economic disciplines, both in secondary and higher
education, is increasing. The study aims to draw attention to some of the main
methodological difficulties in teaching economic disciplines and to outline
possible ways to overcome them. It attempts to reveal the specifics of learning
and teaching, focusing on teaching methods, the role of the teacher, as well as
the importance of the learning environment for achieving high educational
efficiency. In this way, the article seeks to contribute to a deeper understanding
of the methodological challenges facing economic education and to offer
reasoned guidelines for its improvement in the context of modern educational
paradigms.
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HAKOU PASMUIIVIEHUSA BBPXY METOINYECKH
MNPOBJIEMHU HA OBYYEHHUETO 1O UKOHOMMNYECKH
JUCHUIIJIUHA

PyMSHA CT. 3JIATEBA

“CrarusiTa € 4acTMYHO (JUHAHCHPAHA 110 IPOEKT ,,MaTeMaTHIECK! MOJIENH
B YIPABJICHHETO, 3aCTPaxOBaHETO M (PMHAHCHUTE, HKOHOMHYECKA PEATHOCT U
obyuenne™ ¢ BX. NePJ[-08-118/06.02.2025r., ¢unancupan or HUXT/ Ha
IITymencku ynusepcurer ,,Enuckon Koncranrun Ilpecnascku’.
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BnBenenue

HxoHomMu4yeckoTO 00yYeHHE MPEACTaBIIsABa KIFOUOB KOMIOHEHT
OT ChBpeMEHHaTa oOpa3oBaTelHa CHCTEMa, ThH KaTo OCUTYypsBa
(dbopMupaHeTO Ha 3HAHWS, YMEHUS U KOMIIETEHTHOCTH, HEOOXOMMU 3a
pa3bupaHe Ha COLMAIHO-MKOHOMHYECKHTE IIPOLECH U 3a aKTUBHO
ydacTHe B TsX. B KOHTeKcTa Ha rio0ann3anusra, JUTHTATA3AIUATa ’
Obp3UTE IPOMEHH Ha Ma3apa Ha TPyZa ce 3aCHIBa HEO0OXOAUMOCTTa OT
NPEOCMUCIIIHE Ha METOOUYECKUTE OCHOBH Ha OOYYEHHETO II0
MKOHOMHYECKH TUCIUIUIMHY, KAKTO B CPETHHUTE, TaKa U BbB BHCIIHTE
YUUITUINA.

Beopeku de mpe3 mociegHUTE AECETHIETUS ca HaTpyNaHH
3HAYUTEJIHU TEOPETUYHH U MPAKTHYECKU MOCTIKEHHS B 00JIacTTa Ha
MKOHOMHYECKOTO O0O0pa3oBaHWE, penula MpoOJeMH, CBBP3aHH C
METOAMKATa Ha MPENoJaBaHe OCTABaT HEPELICHU U CE MOSBSIBAT HOBH.
Criopen Hac cpel TAX c€ OTKPOSBAaT HECHOTBETCTBHETO MEXIY
CHIbP)KAaHUETO HAa YUYeOHUTE MPOrpaMH U PEaNHUTE MOTPEOHOCTH Ha
o0yyaeMuTe, KOUTO MOHSKOTA TPsOBa J1a ca IEPCOHATHO aApECHPaHH,
HeloCcTaThYHAaTa WHTETPAlMs MEXIY TEOpUs M NPAKTHKA, KAKTO U
OTPaHMYEHOTO MpUJIaraHe Ha WHOBATHBHM MeNarormyecky MOAXOIU U
JUTUTAITHA TEXHOIOTHH.

HacrosmaTa pa3zpaboTka Lesnu Ja ce HacOYM BHHUMaHHE KbM
HSKOM OCHOBHM METOIMYECKH 3aTpyAHEHHS Ha OOyYeHHETO II0
WKOHOMUYECKH JUCHUIUIMHM U Jja C€ 04epTasT Bb3MOXKHU ITBTHUIIA 32
TAXHOTO IpeoioiisiBaHe. B pamkuTe ¥ ce MpaBu OMNMT 3a Pa3KpUBaHE Ha
0COOEHOCTH Ha YUEHETO U IPEroIaBaHeTo, KaTo Ce aKIEHTHpa BbPXY
METOAUTE HAa OOYyYeHHWe, poyisiTa Ha TPEToAaBaTelisi, KAKTO M BBPXY
3HaYeHHeT0 Ha y4yeOHaTa cpeAa 3a TIOCTUTaHE Ha BHCOKa
oOpa3oBaTenHa e)eKTHBHOCT.

3anmagnTe, KOUTO CE MTOCTABAT Ca CBBP3aHM C:

— or0ens3BaHe Ha aKTyaJHH METOAWYECKH NpoOiIeMu B

00y4eHNEeTO IO UKOHOMUYECKH AVCIUIUINHA B CPEAHOTO U
BUCILIETO 00pa30BaHUE;
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— IIOCOYBaHE Ha MPUYUHH 332 BH3HUKBAHETO HA TE3H MPOOIEMHU
— ChABPKATEIHU, TEXHOJIOTUYHU U OPTaHU3aIMOHHHY,

— yKa3BaHE Ha J0OpW MPaKTUKHA ¥ WHOBATHWBHU MOAXOIU TPH
MPENOIaBaHETO HA HKOHOMUYECKU JUCITUTUINHY;

— (QopmynupaHe Ha mNpPENOPBKHM KBM NPENONABATEId U
WHCTHTYIIMM 334 ONTHMH3WpPaHE Ha MeTOAWYecKaTa
MOTOTOBKA ¥ YIeOHUS MPOIIEC.

[To To3u HaymH cTaTUsATa Ce€ CTPEMHU Ja JONpPUHECe 3a IIO-
3a1BI00YEHO pa3OnpaHe Ha METOAMYECKUTE TIPEIU3BUKATEIICTBA, IPE]T
KOUTO C€ M3MpaBsi MKOHOMHUYECKOTO OOpa3oBaHHWE M [la TPEMIIOKHU
apTyYMEHTHpPaHU HACOKU 33 YCHBBPIICHCTBAHETO MY B KOHTEKCTa Ha
CHBPEMEHHUTE 00pa30BaTEIIHU MTapaJUTMU.

MeToau4YecKH KOHTEKCT - MP00JeMH Ha 00y4eHHETO 0
HKOHOMHYECCKH NUCHUILIMHUA IIPU leEHI/IIII/I n CTyIleHTI/I

N KOHOMUYECKOTO obpa3oBaHue ce OTKpOsBa c
WHTEPAUCIMIUIMHAPHUS CH  XapaKTep © HU3MBIHSIBA HE Camo
M03HABATEIHA, HO U corraHa GpyHkuus. To crocoOcTBa 3a pa3BUTHETO
Ha HWKOHOMHYECKAa KyJTypa, (GOpMHpa yMEHHs 3a paIlMOHAIHO
MOBEJICHHE W B3eMaHe Ha WH(POPMHPAHW PEHIEHHS B YCIOBHS Ha
orpanuueHu pecypcu. OCBEH BCHYKO APYro, HKOHOMHYECKHUTE 3HAHUS
U YMEHHUS JlaBaT CTaOWJIHA OCHOBA 33 I'PaKJIaHCKa KOMIICTEHTHOCT,
MKOHOMHMYECKA OTTOBOPHOCT, HE Ha TOCIEAHO MACTO M OOIIECTBEHO
pasBUTHE, KOETO T'M IIPAaBH HEOTMEHUM EJIEMEHT OT 00IIiaTa KynTypa Ha
CcbBpeMeHHUs YoBeK. TpsiOBa aa ce moaueprae, 4e Te CleaBa jJa ce
pa3riIeKIaT KaTo CBINECTBEH EJIEMEHT OTTOBOPHOCTTA HA BCEKH
WHINBUI KbM 00111ecTBO HHE [2,3].

MeTtoanyeckute npobieMHd B OOYUEHHETO MO WKOHOMHYECCKH
JUCIUTUTMHY Makap Jia MPOM3THYAT OCHOBHO OT CJIOKHOCTTA Ha camaTta
MKOHOMMYECKA HAayKa W HeWHATa JUHAMHUKA, C€ CBBP3BAT M C HUCKATa
MKOHOMMYECKA KYJITypa, ¢ KOSITO MHOTO 00y4aeMH BIIM3aT — T€ HAMAT
W3rPaJICHH HABHIM Jla CE CIEAIT MKOHOMHUYECKH CHOUTHS, KOCTO OT
CBOSI CTpaHa 3aTpyAHSABA BB3MPHEMAHETO HA CPABHHUTEIHO IT0-
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CIOXXKHUTE TOHATHA. VIKOHOMHYECKHTE JAWUCHUIUIMHU HM3HCKBAT
€IHOBPEMEHHO TEOPETUYHO MHUCIICHE M MPaKTUYeCKa OpPHEHTALUS —
JIBE TIOCOKH, KOUTO TPYJTHO CE€ ChUYeTaBaT B PAMKUTE HA TPATUIIHOHHUTE
negarorudecku popmu. OCHOBHATA I1eJ1, Ha O0YYSHHETO B CIIydasi, € He
camo Ja ce ycBosIBaT (DaKTH M TEOPETUIHU MOJIEIH, HO U J1a ce popMupa
AHATUTHYHO MHUCIICHE, IPEANPHEMAYCCKH AyX H CIIOCOOHOCT 32 OIIeHKa
Ha WKOHOMHYECKHM CHTyallud. ToBa Hajara W3MOJI3BAaHETO Ha
WMHTETPUPaH TOAXO0/], IPH KOHUTO 3HAHUETO HE CE MpeaBa eJUHCTBEHO
4pe3 TpaJAuIMOHHA JISKIIMOHHA/ypoUuHa (hopMa, a Ce U3rpax/ia B IpoIiec
Ha aKTHBHO B3aMMOJICHCTBHE MEXy mpernojgasaTen u oOydaem. [Ipu
BCE TOBA MPETOJAaBAHETO CE JTOMHUHUPA OT WHPOPMAIMOHEH MOIXO,
IPY KOWTO OT 00y4aeMHTE ce YCBOSIBAT 3HAHMS, HO B MIO-MaJIKa CTETCH
Ce pa3BUBAT YMCHUS 32 aHAJIM3, CHHTE3 U B3EMaHe Ha PEIICHUS, KOETO
pedrekTipa BBPXY TNPUIOOMBAHETO HAa KOMIETEHTHOCTH KAaTO
pesyarat oT o0yuenueTo. [locouennte npodIeMH ce 3acUiBaT OT eHa
CTpaHa OT JIUIIcaTa Ha JOCTaThUHO BpeMe 3a paboTa ¢ pealiHu Ka3ycH,
UKOHOMHYECKA CTATUCTHKA, MOJICIH U CUMYJIAIlNH, a OT JIPYyra CTpaHa,
ce HaOIroaBa pa3MHUHABaHE MEXK Ty YI€OHOTO ChIIbP)KaHUE U peaHaTa
HUKOHOMHYECKA HeﬁCTBHTeHHOCT. Ha YUCHUIUTE U CTYACHTUTC YECTO
ce Tpejiara Jia u3ydyaBaT MOJISNIH, KOUTO HE MOTarT Jla ce Pa3no3HaBatr
OT TSIX B €XKCITHEBHUETO.

Moxe f1a ce TBBP/IH, Y€ ChBpEMEHHATa METOJMKa Ha 00yUeHHETO
M0 UKOHOMHKA CE OTTMPA HA Pa3IMYHH MEeTarOrHIeCcKy MapajurMu — OT
KJIACHYECKHUS 00SICHUTEITHO-UITIOCTPATUBEH MOJTXO/T b1 (o)
KOHCTPYKTUBUCTKHUTE MOACIIN, KOUTO ITOCTaBAT 06yqaeMI/IH B LICHTBbpa
Ha yueOHusi mpomec. Cpen TIX ce OTKpOSBa Ha MBPBO MSCTO
npoOJeMHO-0a3UPaHOTO  OOYYeHHE, C KOETO C¢€ CTHUMYJIUpa
KPUTHYECKOTO MHUCIIEHE W YMEHHETO 33 CaMOCTOSTENHO ThpPCEHE Ha
pEUICHUA. To ce nmpuiara yCri€cliHO B UKOHOMUYCCKUTE AVCIHMUITIINHU
ype3 Ka3ycH, CHMYJIAI[MM W aHaIW3 Ha peasHu cutyaiuu [4]. Ha
CJIEIBAIIO MSCTO MOXE J1a CE€ TIOCOYH MPOEKTHO-0a3upaHoTo 00yUeHHe,
KOETO HachbpuaBa €KWIHaTa paboTa ¥ WHTErPUPAHETO HA TEOPETUYHU
3HaHWS C TpakTHUeckn ymeHus. C TpUIIaraHeTo My ce Ch3JaBar
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VYCIOBHS 3a pa3BUTHE Ha MNPEANPUEMAYECKH KOMICTCHIMH W
uHULIMATHBHOCT. Hapen c¢ ToBa, He TpsiOBa Ja ce MpOIMycKaT u
WHTepakTUBHUTE (opMH Ha OO0ydeHHe (IMCKYCHH, POJIEBU HWIPH,
ne0aTH), KOUTO aKTHBHPAT IMO3HABATEHATA JICHHOCT HA YUCHUIIUTE U
CTYACHTHUTE W Ch3JIaBaT MPEANOCTaBKH 3a MO-AbJI00KO pa3OupaHe Ha
WKOHOMHYECKUTe mporecu. Cropenq Hac, O0COOCH HWHTEpec
NPEJICTABNISIBA JUTHTAIHO IMOAIMOMAraHOTO OOy4YeHHe, TIPU KOETO ce
M3M0JI3BAT EJIEKTPOHHU IUIaT(GOpMH, CHMYJIAIMOHHU coTyepu |
oHJlaliH cpenu 3a oOydenue. C TO3M MOAXO0J OOy4YeHHE Ce JaBa
BB3MOXHOCT 33 WHIUBHIyaJlW3WpaHe Ha ydeOHHUS Tmporec U
MOBHIIIABaHEe HA MOTHBAIHsATa Ha 00y4yaemurte [5].

Bce mo-uecto mnpenmsBUKaTencTBaTta mpen OOyUCHHETO IO
WKOHOMHYECKH TUCIUTUIMHY HA YYCHHIU M CTYICHTH Ie C& CBhP3BaT
C METOIMYECKH TpOoONEeMH, KOUTO TPOM3THYAT, KAKTO OT
CbAbPKATCIIHA, TaKa W OT TCXHOJOIMYHHU, MU OT OpraHU3allMOHHU
¢dakTopu. B cpemnure yumnuma oOy4YeHHETO YeCTO cTpajga OT
NpeKoOMepHa TeopeTH3alMs U JUIca Ha Bpb3Ka C PEaNHUs
MKOHOMMYECKHM  JKHBOT. Y4eOHuIMTe  HEePSAIKO MIPEICTaBsT
WKOHOMUYECKHUTE MOHATHS B aOCTPaKTEeH BUj, 0€3 Jla T 00BBP3BAT C
MPAaKTUYECKH TPUMEPH U JIOKAJICH KOHTEKCT. BbB BUCIIUTE YUMIIHIIIA,
OT Jpyra CTpaHa, TpPOOJIEMUTE Cce€ TPOSIBIBAT OCHOBHO B
npeo0iajaBaHeTo Ha TPAJUIMOHHM JIGKIMOHHH QOpMH W B
HEJIOCTATHYHOTO M3IMOJI3BaHE HA ChBPEMEHHU WHTEPAKTHBHU METOJIH.
ToBa 1o HamwM HAOMIOJACHWUS  JONPHHACS  HWKOHOMHYECKHUTE
JUCHUINUIMHHA Ja C€ BB3NpUeMaT OT HE MaJIKa 4aCT OT CTYACHTUTC HE
caMo KaTo TEOPETHYHO TPYJHH, a M KaTo cliabo MPUIIOKUMH, KOETO
HEMHHYEMO BOJIM JIO HAMaJIIBAHEe Ha MOTHBAIIMATA 33 YUCHE.

C‘H/ITaMe, Y€ OOMNBJIHHUTCIIHA TPYAHOCT C€ dABiIBa IIOYTHU
JIMIICBalIaTa CUCTEMAaTU4YHa BpPBb3Ka MEXKAY CPEAHOTO M BHUCIICTO
HKOHOMHYECKO oOpasoBanue. OT yYEHHUIIMTE, KOUTO MPEMHHABAT OT
npoeCHOHAHA TUMHA3WHM KbM YHHUBEPCHTETH, YECTO CE€ cpemar
HECHLOTBETCTBUA B TCPMHHOJIOTHUATA, METOAUTEC Ha IIPEIIOJaBaHE U
OIICHSIBaHE, C KOETO Ce 3aTPy/IHsBA aIallTAIUATA UM.
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He Mmoxem nma He cu 3amajgeM BbBIpoOca Kble TYK € poJisiTa Ha
npenojaBartens u yueOHara cpena? bescrmopHo e, ue Ha mpenogaBates
M0 MKOHOMHYECKH TUCIHIUIMHHA CE€ OTPEeX/a KIIF0OUOBa OIS HE camo
KaTo M3TOYHHK Ha 3HAHUS, HO ¥ KaTo (acHiINTaTOp Ha yIeOHHs IIPOIIec.
3a e]eKTUBHO MpenojaBaHe CE HM3HCKBAT CBIIO KOMIETEHTHOCTH,
CBBP3aHH C YMEHHS 32 MOTHBUpPaHE Ha 00ydaeMHTe, 3a Ch3JaBaHe Ha
OyaronpusTHA U CTUMYyJHpalia ydeOHa atmocdepa, 3a U3MOI3BaHE HA
pa3Hoo6pa3HH MCTOJU, KOUTO OTUYUTAT MHAUBUAYAIHUTC pa3INIUA.

Hda ce cmpeMm W Ha chBpeMeHHaTa ydeOHa cpena, upes3
oborarsiBaHETO W C JUTHTATHA WHCTPYMEHTH, CE€ OCHTypsBa
MpeI0CTaBsIHEe HAa HOBU BH3MOYKHOCTH 32 IEPCOHAIU3UPAHO O0yUCHHE.
C onyaiiH cuMmyJalnyy, BUPTyaJIHU Na3apy U MKOHOMUYECKH UTPH ce
MO3BOJISIBA HA 00yYaeMHUTe Jla eKCIIEPUMEHTHPAT C Pa3INIHN MOJIEIN
HAa TOBEICHUE U J1a CE OCMHCIIST MKOHOMUYECKHTE TIPOIIECH Ype3 OTIHT.
Te3u MeToau ce CBBP3BAT C KOHCTPYKTHBUCTKUS MOJENT Ha 00yUueHHE,
Criope]] KOMTO 3HAHUETO CEe M3TPaXk/la akTHBHO OT 00ydaeMusi, a He ce
BB3NPHEMa MTACHBHO.

TpsioBa ma ce otOenexu, Ye eAWH OT Hal-CEPHO3HUTE
METOAMYECKH TMPOOJeMH Cc€ CBBbpP3Ba C HHTETpAlMiTa MEXIY
TEOpEeTHUYHATA TIOJrOTOBKA U MpaKkTuYeckuTe ymeHus. OT 00y4eHneTo
M0 MKOHOMHWYECKH TUCIHMIUIMHHA C€ M3UCKBA HE CaMO OBJaJlIBaHE Ha
KOHIICNITYQJIHA MOJIENH, HO M CHOCOOHOCT 3a TSAXHOTO NpWJIaraHe B
peallHu CUTyanuu. 3a pe3yJiTaTHOTO pelllaBaHe Ha TO3W MPOOJIeM ce
MpeJrnoyiara BbBEXKIaHE Ha TNPAKTUKO-TIPWIOKHH 3a/a4yd, y4eOHU
CTaxxoBe, paboTa MO peasHM OW3HEC Ka3yCH W NapTHHOPCTBA C
paboronatenu. B TO3u KOHTEKCT Clie/iBa Jia ce pasriiexk/a U BaKHATa
pOJIs, KOATO CH TPOTpaBs MPEANPUEMATECKOTO 00pa3oBaHUE, KOETO
O6CJII/IH$[Ba UKOHOMHMYECKHUTE 3HAHUA C YMCHHUA 3a KPCAaTUBHOCT,
JUAEPCTBO W paboTa B ekuIll. TakbB HHTETPUpPAH IOIXOA Ce
nperiopbyBa  OoT EBpomeiickata kommcust [3], cmopen kosTo
MKOHOMHMYECKAaTa  TPaMOTHOCT €  OCHOBEH  €JEeMEHT  Ha
KOMIICTCHTHOCTHUTE 3a YYCHE IIPE3 LCINA KUBOT.
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B Ta3u cpena ce oQopMAT HAKOM OCHOBHM HAacOKH 3a
YCHBBPUICHCTBAHE HAa METOJMKaTa Ha OOydeHHE MO WKOHOMHYECKH
JUCHUIUIMHYA. PerraBaHeTo Ha IOCOYEHUTE TIPOOIEMH H3HCKBA
CHCTEMEH IOAXO0/1, KOMTO 1a 00XBaHe HAKOJIKO HAIIPABICHHS, KOUTO C&
HEMHHYEMO CE€ CBBP3BAT C MOCTOSHHOTO aKTyaJlM3WpaHe Ha y4eOHU
IporpaMH B CHOTBETCTBHE C NPOMEHHTE B MKOHOMHYECKATa Cpena,
HYKJUTE Ha Ia3apa Ha TPpyJa U caMHuTe 00ydJaeMH.

HecbMHEHO MSICTO, aKO ce TOTHPCH, HAMHpPA TIOBUILIABAHETO HA
KBaIH/Iq)I/IKaHI/ISITa Ha OpenoaaBaTCIMTEC Ype3 O6y‘I€HI/Iﬂ 34 NTHOBATUBHU
METOJH M AWTUTATHA Melaroruka. Pa3paboTBaneTo Ha MHTEPAKTUBHU
y4eOHH pecypcH, KOUTO Ja TOAKPEIT aKTHBHO M €KCHEPHMEHTAITHO
yUCHE CBIIO ClIeABa Ja Ce pas3liiexja KaTo Bb3MOXKHOCT, KakTO U
3aCHJIBAHETO Ha BPB3KHTE MEXKIY CPEAHOTO M BUCIIETO 0Opa3oBaHUE,
BKJTFOYHMTEITHO Ype3 CHBMECTHHU NPOSKTH U OOMEH Ha JT00pH MPAKTUKH.
Buumanune TpsOBa aa ce oObpHE W Ha BBHBEKAAHETO HA CHUCTEMH 32
OLICHSIBaHEe, C KOUTO CE U3MEPBAT HE CaMO TEOPETUIHUTE 3HAHUS, HO U
NPaKTHIECKUTE YMEHUS, KpUTHIECKOTO MHUCIICHE 1 KPEaTHBHOCTTA.

3akiaioueHue
B 000011eHME, TIPEACTaBEHUTE Pa3MUIILICHUS], CE PE3IOMUPAT 10
CXBalllaHUs, Y€ OOYYCHHETO 10 HKOHOMHUYECKH JMCIUIUIMHUA B
CpeIHUTE U BUCIINTE YUIIIUIIA € B IIPOIIEC HA TIOCTETICHHO aJanTHpaHe
KbM HOBHUTE PEATHOCTH Ha OOIIECTBOTO HA 3HAHWE W TEXHOJOTHH. 3a
IBTHOIICHHOTO U3SCHEHHE Ha [IEJTUTE My C€ M3MCKBA TO JIa CE OCHOBaBa
Ha MOJIEpHA METOAWYecKa KOHIIETIMs, KOSTO ChYeTaBa HAy4HOCT,
MPAKTUYHOCT U HHOBATUBHOCT.
C napyru 1ymu, METOAWYECKHUTE TIPOOIeMH Ha OOYUEHHETO II0
MKOHOMUYECKH JTUCIUILUINHK CE POSBABAT B HAKOJKO HAIIPABJICHU:
— TIPEeKOMEpPHA TEOPETU3ANNS — MKOHOMHKATA BCE OIIE YECTO CEe
MpecTaBs KaTo Habop oT (OPMYIIH U MOJIEIH, OTKECHATH OT
peannoctra. C TOBa 00y4aeMuTe ce OTOIBCKBAT M OCTaBAT
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0e3 pasOupaHe 3a TpaKTHYecKaTa CTOWHOCT  Ha
HKOHOMHYECKHUTE TUCIUITTHHH.

— HEIOCTaThbUYHA  WHTEPAKTUBHOCT  —  TPAJAMIIMOHHHUTE
JMEKIUsA/ypOK He ca Hai-e(peKTUBHU IPH YCBOSIBaHE Ha
AQHATUTUYHA  YMEHHSA. KOHOMHYECKOTO  ChIbpIKaHHE
M3HUCKBA TUAJIOT, 1e0aT U aKTUBHOCT.

— HeMbJIHA Ha padoTa ¢ JaHHW — NP HAJTUYKMC HA OTBOPCHU
CTaTHCTUYEeCKH 0a3W JaHHH MW CBOOOJHO JOCTHITHA
WKOHOMHYECKH WHIUKATOPH, OOYYCHUETO BCE OIIE YECTO CE
MpoBEkIa 0e3 MPaKTUIEeCKO OOpaBeHe C YHCIA.

— HE33JI0BOJIUTEIHUA YYEeOHH pecypcM — HMKOHOMHKATa ¢
JUHAMHMYHA HayKa, a B MHOIO Cllydad C€ H3IO0JI3BaT
MaTepHalii, KOUTO HE OTpa3siBaT ChBPEMEHHUTE MPOIIECH Ha
JOUTUTaIU3anus, (ae)raodanu3anms, HOBH OM3HEC MOJCIIH.

— OrpaHHYeHa MEXAYNPEAMETHOCT —  HKOHOMHYECKOTO
oOydeHue TpsiOBa Jla C€ CBBbpP3BA C MaTeMaTHKa,
WHPOPMATHKA, COIMOIIOTHS, IICUXOJIOTUS U TEXHOJIOTHH.

3a MpeoioNIIBAaHETO HA OYEPTAHUTE METOJMUESCKH MPOOIEMH Ce

M3KCKBAa aKTHMBHA Kojabopaius Mexay o0pa30oBaTeHU WHCTHUTYIIHH,
npenojaeareny,  npodecroHanHu  obmHoctH.  Camo  upe3
[EeNIEHACOUCHH YCHIIHSI 32 OOHOBSIBAHE HA ChIbPKAHUETO, METOJIUTE U
TEXHOJIOTHHTE Ha 00yUeHHE MOJKeE JIa Ce TOCTUTHE BUCOKO Ka4eCTBO Ha
WKOHOMHYECKOTO 00pa3oBaHME€ — TakoBa, KOETO HE IPOCTO
uHpopmupa, a ¢GopMHpa KOMIECTCHTHH, OTIOBOPHM U MHUCICIIN
TpaXJaHW, CIIOCOOHW Jla C€ PEaJM3UpaT YCIENIHO B JUHAMUYHATA
HKOHOMHMYEcKa cpena Ha X XI Bek.
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