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FRI1-2.203-SSS-FM-01

BULGARIAN INSURANCE COMPANY CLASSIFICATION ACCORDING TO
THE POLICY PREMIUMS!

Alexandra Papazova

Financial Mathematics Student,
University of Ruse “Angel Kanchev”
E-mail: alex.papazova2003@gmail.com

Chief Assist. Prof. Elitsa Raeva, PhD
Department of Applied Mathematics and Statistics,
University of Ruse “Angel Kanchev”

E-mail: eraeva@uni-ruse.bg

Abstract: This paper developsa probabilistic framework for classifying insurance companies operatingon the Bulgarian
market by transforming reported premium income into estimates of issued policies and applying Bayes’ formula to analyze
customer preferences across insurance products. The approach enables comparison of companies based on estimated policy
distribution and providesinsights into market structure and customer behaviour. The obtained results can support both insurers
and clients in evaluating market positions and making informed decisions when selecting insurance providers.

Key words: Bayes’ formula, insurance classification, premium income, policy distribution, customer preferences.

BBBEJEHUE

[Ipe3 mocneaHUTE AECETUIIETHS 3aCTPaXOBATEIHUSIT CEKTOP C€ pa3BMBa AMHAMUYHO, KaTO TOBa
pa3BUTHE € CBHIPOBOJICHO C HapacTBallla KOHKYPEHIIUS MEXIy KOMIaHWuTe. PasmmpsBaHeTo Ha
MPOIYKTOBUTE MOPT(HENIIN U BHBEKAAHETO Ha HOBU 3aCTPAXOBATEIHH MPOAYKTH C€ MPEBPHINAT B KIIFOUOB
€JIEeMEHT OT CTpPAaTEerHUTE 3a PACTeK Ha 3acTpaxoBaTeNHUTE JpykecTBa. ChHIIO TOJKOBA BaXHO €
3aJIbP)KaHETO Ha CHINECTBYBAITUTE KJIMEHTH M TTOIBP)KAHETO Ha JBJITOCPOYHO JIOBEPHE.

B TakaBa KOHKYpEeHTHa cpela 3aCTpaxOBaTEIHUTE KOMIAHWM TpAOBA Ja OIEHSBAT HE CaMo
MPEJCTaBIHETO HAa CBOUTE MPOIYKTH, HO W TMO3MIMATA CH HA Ma3apa CIpsIMO OCTAHAIMTE YYaCTHHUIIU.
AHanu3bT HAa TPEMUHHHUS TPUXOJ M IOBEJCHUETO HAa KIMCHTUTE € CHIIECTBEH 3a I10-TOYHOTO
CEerMEHTHpPAHE Ha Ma3apa U 3a NOoANOMaraHe Ha CTPaTeruueCKUTe pPEelICHUS.

Hacrosmoro n3cnensane npeacTass METO/ 3a Kilacu puilipaHe Ha 3aCTPaXOBAaTEITHUTE KOMITAHUHU Bb3
OCHOBAa Ha KJIMEHTCKUTE MPEANOYUTAHHUS KbM OMPEICICHN 3acTpaxoBaTeaHu MpoayKTu. [Ipemioxenara
METOJIONIOTHS M3Moii3Ba Gopmynata Ha beiic, kaTo mpemocTaBs I'bBKaB U MaTEMATHYECKU OOOCHOBAH
WHCTPYMEHT, KOMTO HE M3MCKBAa HAJAaraHETO HA CTPOTU OTPAHUYECHUS BBPXY NAHHHUTE. AHAIU3BT €
MPOBE/ECH 3a JBe mnocnenoBareaHu roguuu — 2023 u 2024, koeTo Mo3BOJsiBA HE CaMO Jla CE€ ONUILe
CBhCTOSIHMETO Ha Ma3apa, HO U JIa Ce MPOCIIEeIN TeHACHIMS B KIMEHTCKUTE MPEANOYNTAHUS KbM OTACITHUTE
3aCTpaxoBaTETHU KOMITAHUH.

IMOCTAHOBKA HA MOJIEJIA C ®OPMY.JIA HA BEHC

B nacrosoro u3cnenBaHe ce paspaboTBa MoOjeN 3a KJIAacH(UIIMpaHEe Ha 3aCTPaxOBATEIHUTE
KOMIIAaHUH, ONIEpUpaIly Ha ObJArapcKkus masap, Bb3 OCHOBA Ha MOBEAECHUETO HA KIMEHTHUTE CIIPSAMO JBa
OCHOBHHU 3aCTpaxOBaTe€IHM MpPOJYyKTa, a MMEHHO 3aJb/DKUTENHATa 3acTpaxoBka ,I'paskaaHcka
OTI'OBOPHOCT U HMYIIIECTBEHA 3aCTPAXOBKA.

3a mocTposiBaHE Ha BEPOATHOCTHUS MOJIEN ce U3Moia3Ba ¢popmyiiata Ha beiic [1] B cnennus Bu:

1 JloknagbT e mpeacTaBeH HA CTyJeHTCKaTa Hay4Ha cecus Ha 21.05.2026 . B cekuus ,,dMHaHCOBAa MaTeMaTHKa” C
opuruHaHo 3arnaBue Ha Obarapcku e3uk: KITIACUOUIIMPAHE HA BBJI'APCKU 3ACTPAXOBATEJIHM KOMITAHUU
CIIOPEJl 3BACTPAXOBATEJIHUTE ITPEMUMN.
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P(Y=jIX=Ki).-P(X=Ki). )
P(Y =)

Ksmero P(X = K;) e BepoaTHOCTTa KIMEHT qa n3bepe kommanus K;; P(Y = j) e oOmara BeposTHOCT 1a
ce HabIronaBaT j HOBM IOJIULHU, HE3aBUCUMO OoT kommnanusata; P(Y =j | X = K;) e BeposTHOCTTa Aa ce
HaOr0aBaT j HOBM IOJIMIIM NIPH yCJIOBUE, ue € n3dpana komnanus K;; P(X = K; | Y = j) e BepositHOCTTa
KJIMEHTHT J1a n30epe komnanus K;, npu yciaoBue 4e ce HaOltoJaBaT j HOBU MOJIULIH.

®opmyna (1) mpexncraBisiBa OCHOBaTa Ha M3MOJ3BAaHUS MOJEN, 4Ype3 KOWTO ce U3BexIa
BEPOSITHOCTHA KJjacu(HUKalKs Ha 3acTpaxOBaTEIHUTE KOMIIAHMU BB3 OCHOBAa Ha KIMEHTCKUTE
IpeanoYMTaHus IPH U300pa Ha 3aCTpaxoBKa ,,[ paXk1aHCKa OTTOBOPHOCT U MMYILIECTBEHA 3aCTPAXOBKA.

P(X=K; |Y=j)=

JAHHU U METOIHUKA HA U3CJIEABAHETO

3a menuTe Ha M3CIEABAHETO C€ M3IO0J3BaT OpUIMAIHU JaHHU, NpeaocTaBeHd oT Komwucusra 3a
(¢uHAHCOB HAN30p, 32 OpYTHUSA IpeMueH Npuxoj Ha 13 3acTpaxoBaTeTHH KOMITAHWH, ONEPHpAIIM Ha
Obarapckusi mazap, cpea kouto Allianz bwarapus, DZI — 3actpaxoBartenHo apyxectBo, JleB HHc,
Bynctpan Buena Unmypbsae I'pyn u apyru. AHanu3bsT oOXBalla IpeMUHHUS IPUXOJ MO 3aCTPAXOBKHU
,»] POKIAHCKA OTTOBOPHOCT' M MMYIIIECTBEHA 3aCTPaxoBKa, KaKTO U OOIIMs OpyTEeH NPEMHEH MPUXO]] HA
BCsIKa KoMITaHus KbM Kpasg Ha 2023 u 2024 roauHa [2].

3a mpunaraie Ha ¢opmyna (1) e HeoOxomumo naa ObJe H3BECTEH OpOST Ha H3/AaZCHUTE
3aCTpaxOBaTEIHH MOJIUIH, Thil KATO NMEHHO TOH y4acTBa B U3YHCISBAHETO HA BepoaTHocTTa P(X = K;)),
KOSITO B MOJieNla IPEICTaBsi OTHOCUTENHHUS [l HAa ChOTBETHATa KoMIaHus. B HanmnuHuTe oduumamHu
JaHHH 00aye OpOosT Ha MOJULUTE HEe ce MyOIMKyBa TMPEKTHO, TOPaIn KOETO TOH ciiesiBa Jja Ob/ie OlleHeH
KOCBEHO 4pe3 nH(popManusaTa 3a OpyTHUS IPEMUEH MTPUXO/I.

B xoHKpeTHM ciydail olleHKaTa ce OCHOBaBa Ha CpeAHAaTa LieHa Ha e/IHa MoJuIa. AKO € U3BECTeH
OpYTHUAT HpeMUEH MPHUXOA Ha JaJeHa KOMIIaHUS MO 3aCTPaxoBKH ,,IpakgaHcka OTTOBOPHOCT U
MMYIIECTBEHA 3aCTPAaxOBKa, U C€ OLIEHM CpelHaTa lieHa Ha elHa MOJIMIAa, TO MPUOIU3UTETHU ST Opoit
CKJIFOUYEHU MOJUIU MOXKe J1a ObJie N3YMCIIEH Ype3 ChOTHOLUIEHUETO MEX/Y CIIEAHUTE BETUUNHU:

BpyTHa npemusi Ha komnanus K; (BII; )

CpefieH 6poii nosmuy Ha komnauus K; (CBIT; ) = 2)
CpenHa neHa Ha eqHa noJsuna (CL; )
OOmMAT MPUOTU3UTENICH OPOi TOJUIK 32 BCHYKU KOMITAHUH CE TI0Iy4aBa upes:
13
06w, 6poit mosmuu (OI) = Z CBII; . 3)
i=1
CremoBarenHO BEpOATHOCTTA JlaJIeHa MTOJIHUIIA 1A IPUHAAIEKN Ha KOMIIaHUs K ce onpenens Karo:
CBII.
P(X=K,) = L, 4
(X =K) === @

BepostHoctTa o opmyna (4) Moke J1a ce MHTEpIpeTHpa KaTo OTHOCUTEINEH JIsUT HAa KOMIIAHUATA B
MoJIeIa WUIH KaTo MpUOIMKeHa MIpKa 3a KIMEHTCKO MPEAMOYUTAHNE KbM Hesl 10 OTHOIICHHE Ha JBaTa
pasriaekIaHu BHUJIa 3aCTPAXOBKH.

B xonkpeTHuUs cyuaii orileHKaTa Ha Oposi MOJUIIM Ce U3BBPILBA Upe3 MPUOIHKEH MOJIeNl, OCHOBaH Ha
cpeaHaTa IeHa Ha TpoayKTa. Jlorukara e cieiHara: ako € U3BEeCTeH OPYyTHHSAT MPEMHUEH IPUXO]T Ha JJajIeHa
KOMIAaHUs TO CHOTBETHHS BHUJ 3acCTpaXxOBKa W C€ OIEHUW CpeaHaTa IIeHa Ha eaHa IOoJIUIA, TO
MPUOIU3UTEHUAT OPO MOTUIU MOXKe J1a Ob/Ie M3UHCIICH Ype3 OTHOIICHUETO MEXK/Ty TE3U JBE BEIMUHHH.
HNmeHHO 110 TO3M HAYMH B U3CIIEIBAHETO CE€ IOCTHUTA JI0 OIEHKA 32 OpOsi CKIIFOUEHH TOJIUITH, KOSITO CIIET
TOBA CE€ M3IOJI3Ba B BEPOSITHOCTHHS MoJie. To3u moaxoa € mpubInKeH, Thil KaTo B peagHaTa IMpaKTHKa
3acTpaxoBaTelHaTa MPEMHUS 3aBUCH OT peaulia MHIMBUIyaIHU XapaKTEPUCTUKHU U HE € €THAKBA 3a BCUUKU
KJIMEHTH, HO € HAITbJIHO MOAXOAI 32 KOHCTPYUPAHE HA CPABHUTEIICH MaTeMaTHUECKH MOJIETI.

Pasriienanu ca cnegHuTe nanHu, npegocraBeHu ot Komucusira 3a ¢punanco Hagzop (KOH) 3a 13 -te
3acTpaxoBaTesiHu kKomnanuu 3a 2023 u 2024 roauHa:

Tadauua 1. bpyten npemuen npuxoz mo ,,I paxxaancka oTroBOpHOCT U ,,MIMyIiecTBeHa 3acTpaxoBKa‘,
2023 1.1 2024 r.
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BII; -, 'O BII; -,Hm.3-ka* OBIl; 3a xomnanus K; (8
3acTpaxoBarenHa KoMmaHus K; (8 Mman. BGN) (8 M. BGN) mitH. BGN)

2023 2024 2023 2024 2023 2024
1. Allianz bearapus 6.3 7.5 32.8 35.3 202.1 223.8
2. DZI —3actpaxoBarenHo ApyKecTBO 5.4 4 56.7 59.6 354.3 405.5
3. Generali benrapus 3.6 4.3 355 37.6 222.9 258.5
4.  Unika beirapus 4.3 4.9 53.7 54.9 102.1 105.8
5. Byncrpan Buena UnamyprHC [pym 6.4 7.6 75.4 82.8 382.9 427.7
6. Jle UHc 20.9 11.7 43.7 17.2 500.9 402.4
7. EBpomunc 6.4 6.4 19.2 19.2 441.9 436.7
8.  Apmeen 2.5 1.8 21.2 22.9 279.6 326.9
9. TI'pymama 3actpaxoBaHe 0.6 0.8 16.7 21.8 68 108.1
10. O3K 3actpaxoBane 4.4 4.6 43.5 45.5 225.5 221.1
11. [Hamnborr: JKuBot u 3apase 1.2 1.4 0.9 1.1 3243 527.1
12. Boarapust MHurypbHe 0.1 0.2 3.5 4 20.4 25.9
13. Bbya Unuc 1.2 1.4 2.6 3 205.7 229.2

aUN3rounuk: KOH, 2023 - 2024.

3a ompexaensHe Ha cpeaHus Opol CkiIrOYeHH moinunu oT ¢gopmyrna (1) Ha Bcska KOMIaHUS €
HE0OX0IMMO J1a OBbJE OMpPEIECICHO CHOTHOIICHUETO MEXAYy OpyTHara mpeMusl U IieHa Ha MPOIYKT Ha
OTJETTHUTE KOMIAHWH. 3a Ta3W I1eJ1 OMBAT W3MOJ3BAaHU JAHHUTE, MPEIOCTaBeHHW B Tabmuma 1, karo e
Heo0X01uMo /1a ObI€ M3UMCICHO MPUOIMKEHO CPETHO Ha TOUIITHATA TPEMUS 32 ABaTa BU/IA 3aCTPAXOBKU.

3ACTPAXOBKA ,,PAXKJAHCKA OTT'OBOPHOCT*

B o0mms ciydail 1eHOOOpa3yBaHETO TpPH 3aCTPaxOBATENHHS MPOIYKT 3aBHCH OT MHOXKECTBO
¢daxropu. [1pu 3acTpaxoBka ,,[ pakaHCKa OTTOBOPHOCT  TOBA ca BB3PACT HA KIIMEHTA, MIOMYBOPCKU CTaX,
XapaKkTepUCTUKU Ha MPEBO3HOTO CPEICTBO M JAPYTM PUCKOBU IapaMeTpu, a MHpH HMYyIecTBeHaTa
3aCTpaxoOBKa - CTOWHOCTTA Ha UMOTA, HETOBOTO MpPEJHA3HAYCHNE, MECTONOJIOKEHUETO, CTEIIEH Ha PUCK
(HampuMep Mokap, HaBOJHEHHUE, Kpakba) U 00XBaThT Ha 3aCTPaxoBaTeIHOTO NokpuTue. ToBa mpasu
KpaiiHaTa mpeMus CUIIHO MHIAUBUIyallM3UpaHa i BOJIU JI0 JIUTICA HA MYOJIMYHO JOCTBIIHU TOYHH CTOWHOCTH
3a CPEAHUTE L[EHH.

3a OolleHKa Ha CpeJiHaTa TOJUIITHA TPEMUSI 32 3aCTpaxoBKa ,,I paxkaaHCKa OTTOBOPHOCT, Ipe/jiaraHa
Hanpumep ot komnanusa JI3W, e usnon3san onnaiH kankynarop [3]. [Ipu onpexnensHe Ha mpuUMepHUTE
CTOMHOCTH Ce€ IIpHeMa, 9 CPETHOCTATUCTUUCCKUSIT OBITAPCKH BOIAY YIIPaBIsiBa aBTOM OOUJI, TPOU3BEICH
cpenno oxono 2010 r., ¢ mommuoct mog 100 KOHCKM cuam ¥ ymMepeH o0eM Ha apurarens 1600 cm®, kato
ONMUTHT HAa BOJIa4a CHIIO € ChIECTBEH (PakTop mpH GopMHUpaHe Ha IeHaTa. 3a LenTa ca MPOBEACHH TpU
MPUMEPHHU CUMYJIAIIUU C PA3IMYHU MPOQPHUIIA HA BOJAYN:

e Bojaad Ha 20 roguHu ¢ 1 roguHa modropcku omuT — 608.43 nB;
e Boja4 Ha 35 roaunu ¢ 8 roauHU MWO(PLOPcKU onuT — 271.38 11B;
e Bojmad Ha 55 rogunu ¢ Haja 10 roguHu modropcku omut — 270.22 nB.

Ha 0a3za Ha momyuyeHWUTE pe3ysiTaTH OT TE3W CUMYINAIUH C€ H3YMCIsBA CpelHa CTOMHOCT Ha
TOAMIIIHATA MPEMHUS 32 CbOTBETHHS 3aCTPAXOBATEIIEH MPOAYKT:
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(608.43 + 271.38 + 270.22)
3

Ta3u cTOMHOCT € U3IoI3BaHaKaTo IleHoBa onicHKa3a JI3M B anamm3a 3a 2023 r. AHAIOrMYEH MOAXO]T
€ MPUJIOKEH U 32 OCTAHAIMTE KOMIIAaHHWH, KaTO 32 BCAKA OT TAX € U3MOJI3BaHa ChOTBETHA MPUOIM3UTEHA
CpeaHa IeHa.

C orjc€a Ha ToBa, Y€ H3IIOJI3BBAHUTC ICHHU B MOJCJIAa Ca OLCHBYHHU U cny>1<aT 3a HOCTpOSIBaHC Ha
CPaBHHTEJICH BEPOSTHOCTEH Mojen, 3a 2024 r. IEHOBUTE OLICHKH MOTaT Ja ObJaT OMpEICIICHH 4Ype3
uHJeKkcupaHe Ha enuTe oT 2023 1. ¢ odpunnanuus uHranrnonex temi. [1o To3u HaYWH ce 3ara3Ba eiHa U
ChIlla METOJIOJIOTHYHA OCHOBA U CE€ OCUTYpPSIBA ChIIOCTABUMOCT MEXKAY ABETE FOAUMHU. AKO C€ IpueMe
roauIHa uHOIAIM OT 7 MPOLIEHTa, TOraBa IIeHOoBaTa oreHkKa 3a 2024 1. ce mojry4aBa 4pes:

CL; 2024 = Clj 5023 - (1 4+ 7). )

Hampumep 3a 1iera 383.34 nB. npu un(umannmores Temmn 7 = 2.2% u npuiarane Ha Gopmyna (5) ce
noay4uaBa: 383.34 - 1.022 = 391.77 nB [4]. Taka 3a 2024 r. ce mosyyaBaT WHICKCHPAHU [IEHOBH OIEHKH,
KOMTO C€ M3MON3BAT 1Mo Gopmyina (2) 3a U3uMCIsIBaHe HAa MPUONIM3UTETHUS Opoil monmuuu. Pedynrarute
OuBaT MpeICTaBeHU B TaOIMIIA 2.

3a ouensBane Ha BepostHocTTa P(Y =j | X = K;), K0sTO OmHCBa BEpOSTHOCTTA MpH H30OpaHa
KOMIaHU J1a ce HaONI0IaBaT j HOBH IOJIMIIH MJIA KIIMEHTH, C€ U3BBPIIBA MPOBEPKA 32 CHOTBETCTBHE Ha
JTAHHUTE C Pa3IMYHU BEPOSATHOCTHH paslpe/ieieHusI.

[IpoBepkara e mpuiIOkKeHa BbPXY MOJIYYCHHTE CTOMHOCTH 3a CpeAeH Opoil CKIIOUYEHU IOJHIIH 3a
3acTpaxoBka ,,[ paxkgancka oTtroBopHocT 3a 2023 roauHa 3a BCSIKAa KOMMIAHMS, Thbid KaTO UMEHHO TE3H1
JTAHHU OTpa3sBaT paslpeAe]ICHUETO Ha KIMEHTCKaTa aKTUBHOCT MEXK/y 3aCTPaXOBATEIHUTE KOMITAHHUU U
CITy’KaT KaTo OCHOBA 32 MOJICIMpPAHE Ha BEPOSTHOCTTA 32 HalOirogeHne Ha HOBU nmonmnu. [IpoBepkara ce
peanusupa upe3 tecta Ha KommoropoB—CwmupHOB, u3nona3Baiiku codpryepa SPSS, npu crangaptHOo 3a
aKTIOEPCKUTE aHAIHM3U, HUBO Ha 3HaunMocT @ = 0.05 [5]. Pe3ynratute oT Tecta mokas3Bar, ue 3a 4acT OT
pasriexIaHuTe pasnpeaeieHus ctoinocrta Ha Asymp. Sig. (2-tailed) e mo-ronsma ot 3a/1aIeHOTO HMBO Ha
3HauuMocT. Cpen TIx Hail-1oOpo ChOTBETCTBUE C JAHHUTE MOKa3Ba €KCIIOHEHIIMAIHOTO paslpeieTieHue,
Mopau KOETO TO ce M30Mpa KaTo OCHOBA 3a MOJieipaHe. AHATOTHYECH PEe3yiTar € MOJTY4YeH U 3a TaHHUTE
3a 2024 roguna. CnenoBareiHo ce mpruemMa, Y€ BEpOSTHOCTTa MOKe Ja Obje onucana upes popmyna (6):

PY=jlX=K)=1—e" 2, = 2

= = . = —e l’ K e 0 . —_—

] L bAET 2 OBHL (6)
i=12.,13 j =12 ..,20.

= 383.34 1B = 383 1B.

Crnen ompeznensHe Ha BCUYKH HEOOXOIAMMH BEpOSATHOCTH ce mpmiara ¢opmyna (1), upe3 kosro ce
msuncisia P(X = K; | Y = j), kosiTo nipe/icTaBIisiBa BEpOSITHOCTTA JIaJicHa KOMITaHust 1a Objie n3bpaHa rmpu
HaOJI0JICHUE HA j HOBU MOJMUIM MM KIHeHTU. [ToyueHuTe pe3yaratu OuBar npencTaBeHu B Tadbnuna 3.
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Ta6auua 2. M3uncnenus - 3acTpaxoBka ,['paxxgaHcka otroBopHocT', 2023 1. 1 2024 1.

Jlam Ha
_ BIJ; P(X =K;) 3aCTPaxOBKara B
(B?(];lll\l) CBI; = CL; _ CBIy; KOMITAHHATA =
K; —oon BIl; / OBII; —
Ai
2023 2024 2023 2024 2023 2024 2023 2024
1. Allianz benrapus 350 358 17982 20861  0.092 0.126  0.031 0.033
2. DZI-3]1 383 392 14181 10214  0.073 0.062 0.015 0.01
3. Generali bparapus 341 349 10678 12399 0.055 0.075 0.016 0.017
4. Unika bwnrapus 253 258 17103 18812 0.088 0.114 0.042  0.046
5. Bbynacrpan Buena
Mumypwue ['pyn 471 482 13610 15671 0.07 0.095 0.017 0.018
6. Jle Unc 288 294 72747 39771  0.374 0.24 0.042 0.029
7. EBpoumnc 379 387 17003 16519  0.087 0.1 0.015 0.015
8. Apwmeen 334 341 7453 5357 0.038 0.032 0.009 0.006
9. I'pynama
3acTpaxoBaHe 601 614 1017 1352 0.005 0.008 0.009 0.008
10. O3K 3acrpaxoBane 303 309 14508 14969  0.074 0.09 0.019 0.021
11. lannborr: XKusoT u
3npase 324 331 3800 4106 0.02 0.025 0.004 0.003
12. bearapus MamypbsHC 250 256 431 885 0.002 0.005 0.005 0.009
13. byx Usnc 293 299 4257 4544 0.022 0.027 0.006 0.006
OBIIO 194771 165462 1 1 0.231 0.219
(o1 (0I1)

Tadauna 3. Knacudukanus Ha 3acTpaxoBaTEIHUTE KOMIIAHUU Ha OBIrapcKus 1a3ap Bb3 OCHOBA Ha
KJIMEHTCKOTO MOBEAECHNUE — BEPOSITHOCTH 3a OIpejiesieH Opoii HOBU MOJIMLIU MTPH 3aCTPAXOBKa
»] PAKJAHCKa OTTOBOPHOCT

PX=K;|Y=])
Y=j K1 K2 K3 K13
2023 2024 2023 2024 2023 2024 2023 2024
1 0.021 0.042 0.037 0.037 0.021 0.054 0.004 0.008
2 0.027 0.047 0.046 0.041 0.027 0.058 0.005 0.009
3 0.034 0.053 0.055 0.044 0.033 0.063 0.006 0.010
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18 0.140 0.166 0.122 0.090 0.096 0.105 0.028 0.033
19 0.145 0.175 0.121 0.092 0.097 0.106 0.029 0.035
20 0.150 0.183 0.120 0.094 0.098 0.106 0.030 0.037

UMY ECTBEHA 3ACTPAXOBKA

[To ananmornyeH HauYMH ce MPUCTHIIBA KbM OLICHKA HA Cpe/lHaTa FOUIIHA IPeMHUs [IPH UMYIIIECTBEHA
3aCcTpaxoBKa. 3a IenTa € pasriieflaH KOHKpeTeH npumep c¢ kommanus Allianz Bbearapus, karo npu
M3YUCIICHHATA ca U3IOI3BaHU GUKCUpPAHU [TapaMeTpu Ha UMOTA C I[eJ1 OCUTYpsIBAaHE HA ChIIOCTAaBUMOCT
MEXy pesyaraTute [6].

[Ipuer e )kunauiieH UMOT (anapTaMeHT) ¢ o] 65 m?, CTOMHOCT Ha HEABUKUMOTO uMyiiectso 100
000 5B. u cToiHOCT Ha ABMAKUMOTO UMyIecTBo 20 000 nB., KaTo ca BKJIIOYEHH CTaHJAPTHU PUCKOBE B
3aCTpaxoBaTENHOTO NokputHe. CpenHaTa roguIHa IPEMHUS € OIIPEIEIEHa Bb3 OCHOBAaHA MPEUIaraHuTe oT
3actpaxosatens naketu COMFORT, EXTRA u MAX, pasrieganu npu Tpu pa3iuuHU PUCKOBU 30HU —
HUCKa, Cpe/IHA U BUCOKA. 3a BCAKA OT 30HUTE € M3UMCIIeHA CPEIHA CTOMHOCT Ha MPEMUSTA, MOJTy4YeHa KaTo
CpeIHOAPUTMETUYHA OT CTOMHOCTUTE Ha TpuTe nakera. [loaydyeHurte croiiHocTu ca choTBeTHO: 210,16 nB.
3a HUCKOPUCKOBA 30HA, 262,37 JIB. 3a CpeAHOPUCKOBA 30HA U 282,27 NB. 3a BUCOKOPUCKOBA 30HA.

Ha 0aza Ha Tesun pe3ynTaTu € H3uUMCIeHa 00la cpefHa TOAMIIHA MPEMHUS 32 HMMYIIECTBEHA
3acTpaxoBKa MpH 3acTpaxoBarenHa komnanus Allianz benrapust:

(210.16 + 262.37 + 282.27)
3
ITomydyenara CTOMHOCT C€ HM3IOI3BAa KAaTO I[€EHOBA OLICHKA B PAaMKUTE Ha MOJENA M y4acTBa B
MOCJIEABANIOTO ONpPEAEIIIHE HA BEPOATHOCTHUTE XapaKTepucTuku. CpeHUTE [IeHH Ha npemuunte 3a 2024
T. ca U3YMCIECHU aHAJIOTUYHO, KaTO B PAMKUTE HA U3CJIEBAHETO € M3MO0JI3BaH OTYETEHUAT MH(IalnoHeH
Temn 1 = 2.2% KaTo OpUEHTHPOBBUEH ITOKA3aTelN, IIOPaIH JIMIcaTa Ha OPpUIIHATHU TaHHU.

= 251.60 2B =~ 252 xB.

Tabauua 4. M3zuncnenus — umyIiecTBeHa 3actpaxoBka, 2023 r. u 2024 r.

_ BIJ; P(X =K;) Jls Ha 3aCTPaxoBKaTa B
CLI; CBIl; = —— CEI o
(BGN) CLi; _ i KommnanuaTa = BII; /
Ki - OI1 OBHl - Ai
2023 2024 2023 2024 2023 2024 2023 2024
1. Allianz bwnrapus 252 257 130370 137238 0.051 0.055 0.162 0.158
2. DzI-
3acTpaxoBaTeIHO
JIPYXKECTBO 137 140 413173 425346 0.162 0.171 0.160 0.147
3. Generali brnrapus 174 178 204214 211756 0.080 0.085 0.159 0.145
4. Unika bearapus 172 176 311269 311503 0.122 0.125 0.526 0.518
5. byncrtpan Buena
Wnwmypbhc Dpym 165 168 457672 491938  0.179 0.198 0.197 0.194
6. Jles UHc 150 153 291172 112470 0.114 0.045 0.087 0.043
7. EBpowuHC 165 169 116314 113915 0.046 0.046 0.043 0.044
8. Apmeen 150 153 141196 149399 0.055 0.060 0.076 0.070
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9. I'pymama

3acTpaxoBaHe 152 155 109856 140712  0.043 0.057 0.245 0.202
10. O3K 3acTpaxoBaHe 134 137 324680 332331 0.127 0.134 0.193 0.206
11. Jannborr: XXusot u

3apase 126 128 7124 8434 0.003 0.003 0.003 0.002
12. bwarapus

MHmypbHC 147 151 23920 26851 0.009 0.011 0.173 0.156
13. Byn Unc 119 122 22089 24296 0.009 0.010 0.013 0.013
OBIIIO 2553049 2486190 1 1 2.038 1.898

(om

(OI)

Ta6uamua 5. Knacuduxanus Ha 3acTpaxoBaTeTHUTE KOMIIAHUU Ha OBJIrapcKus na3ap Bb3 OCHOBA Ha
KJIMEHTCKOTO MOBE/IEHNE — BEPOATHOCTH 3a OIpesieieH Opoil HOBU MOJULIM TP UMYLIECTBEHA

3aCTpaxoBKa

P(X =K |Y=])

Y = K1 K2 K3 K13

2023 2024 2023 2024 2023 2024 2023 2024

1 0046 0049 0145 0144 0072 0071 0001  0.001

2 0051 0054 0159 0.159 0078 0.079 0.001  0.001

3 0054 0058 0170 0172 0084  0.085 0001  0.001
18 0051 0060 0166 0208 0083 0.106 0001  0.001
19 0049 0058 0161 0204 0080 0.103 0.001  0.001
20 0047 0056 0155 0198 0077  0.101 0.001  0.001

CPABHUTEJIEH AHAJIN3 3A ITIEPUO/ 2023-2024

[Tonyyenute pesdynrtatu, nzoOpasenu rpadudno Ha ¢urypu 1-4, mo3BoisBaT JeTailjieH aHaIU3 Ha

BCPOATHOCTTA BCAKA KOMITAHHWA A MMPHUBJINYA HOBU KIIMCHTH IIPU PA3JIANIHUA CTOMHOCTH Ha ]
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Cpasuaenunero Ha BepositHocTuTe P(X = K; | Y = j) 3a 2023 1 2024 r. mo3BoJsiBa /1a c€ MPOCIeII
KaK ce pasmnpezens KIMSHTCKUAT U300p MeX/1y 3acTpaxoBaTeIHUTE KOMIAHUU MTPpH GUKCHUpaH Opoil HOBU
nonun j. TyK j He mpecTaBiisBa peajeH Opoi MOJTUIIH 32 /1aJieHa KOMITAaHUsI, a XUTTOTETHYSH OpOi HOBH
HOJIMIM HAa Ma3apa, IpH KOWTO ce M3ClieBa Kak Te OUxa ce pazlpelesuian MKy OT/ICIIHUTE KOMITAaHUH.

[Ipu 3actpaxoBka ,I'paxkaancka otroBopHocT 3a j = 1 mpe3 2023 r. pa3npeneneHueTo € CUIHO
KOHIIEHTPUPaHoO, KaTo JIeB HC 3aema noMuHUpaIa mo3uius ¢ BeposTHOCT .72, KoeTo 03HavyaBa, 4ye Ipu
€IMHUYHA HOBA IOJIMLA M300pBT € HAacOYeH NpPeJUMHO KbM Ta3u Kommanus. [Ipe3 2024 r. Tasu
KOHIIEHTpAIUs 0TCIadBa, HaMaIsIBaiKu BeposTHOCTTA 10 (.47, a pasmpeneneHueTo ce pasimpsiBa KbM
IpyTry Kommnanuu, cpen kouto YHuka benrapus (0.119) u O3K 3actpaxorane (0.077), koeTo mokas3Ba 1o -
OanaHcHpaHO pasnpeleNeHue Ha KIMEeHTCKUTe npeamounTanus. [lpu j = 20, xKoeTo ChOTBETCTBA Ha
CIIEHApHUM C TTO-TOJISIM OpO¥ HOBH MOJUIIH, PA3NIPEACICHUETO € 3HAYUTEITHO Mo-paBHOMepHO. [1pe3 2023 r.
BEPOATHOCTHTE ca Onu3ku Mexkay Bojermure Kommanuu — Allianz Bearapus (0.150), Yauka Beiarapus
(0.130) u DZI (0.120). TIpe3 2024 r. uma npenapexnane, npu koero Allianz Benrapus ysenndasa
oTHocuTenHoto cu ywactue 1o 0.183, noxato Yuuka bearapus m DZI| namansBar cbhbOTBETHO [0
npuban3utenHo 0.113 u 0.094, koeTo moka3Ba npeHacouBaHe Ha KireHTcKkus n30op keM Allianz Beiarapus
MIPH TTO-TOJISIM 00EeM TTOJTUIIH.

[Ipu umymectBeHara 3acTpaxoBka 3a j = 1 u mpe3 JBeTe IOAWHM ce HaOmolaBa cTaOHIHA
KOHIIGHTpAIMsl Ha TpEANnoYnuTaHusTa KbM YHuka bwarapus (0.25), cmemsana ot DZI (0.14-0.15),
MOKa3BaKU YCTOMYMBO paslpe/ielieHue Ha KIUEHTCKUs u300p mpu enuHuyHa noiuua. [lpu j = 20
CTPYKTypaTa Ha pa3mpeneieHueTo ce u3MeHs chimectBeHo. [Ipe3 2023 r. DZI uma Bojemnia mo3unus ¢
BeposaTHoCT nmpubiausutento 0.155, nokaro YHuka bbarapus npaktuyecku ryOd OTHOCHTETHA TEKECT.
[Ipe3 2024 r. Ta3u TenaeHuus ce 3acuinBa, kato DZI ysennuasa BepostHocTTa cu 70 0.198. ToBa mokassa,
4e MpH MO-TOJsIM Opoii MOMUIIH pa3npeeeHUeTo Ha KITMEHTCKHS 300 ce U3MeCTBa KbM KOMIIAHUH C I10 -
YCTOMYMBO IIPUCHCTBUE.

[TonmydeHnuTe pe3yaTaTd UMaT MPAKTUYECKA CTOMHOCT, Thi KaTO IO3BOJISIBAT aHAJIU3 HA I1a3apHOTO
Ipe/ICTaBsHEe Ha 3aCTPaXxOBAaTETHUTE KOMIAHUU U HAa KIMEHTCKUTE NpeAnoyntanus. [Ipu Hanuuue Ha no-
MOJIPOOHM M aKTyallTHU JaHHH MOJ00€H MOIX0 MOXKE Jla MOAMOMOT'HE B3eMaHETO Ha pelleHUs, HAaCOUEeH!
KbM MOBHILIABaHE HAa KOHKypeHTocrnocoOHocTTa. CiefBa la ce oTyeTe, 4e M3MOJI3BaHUTE JAaHHU MMar
OPUEHTHUPOBBUEH XapakTep MOpaad JuIrcara Ha ouIHUanHO MyOonukyBaHa wHGopMaus 3a Opos Ha
U3aICHUTE MOJIUIIH, KaTO YacT OT CTOMHOCTUTE ca ONpeesieH! upe3 npulimkeHu oenku. HezaBucumo
OT TOBa, MOJENBT I0O3BOJISIBA M3BEXKIAHETO Ha HAAEKIHH CPAaBHUTEIHHM U3BOJU U MpPOCIEAsBaHE Ha
TEHJICHIIUU BbB BPEMETO.

3AK/IIOYEHHUE

B pesynrat Ha npoBeaEHOTO U3CIEIBAHE MOTAT Jja C€ HAIPaBAT CISAHUTE U3BOAU:

1. Pa3paboTeH e BepOsSTHOCTEH MOJIe 3a Ki1acu PUKaIvs Ha 3aCTPaxoBaTeTHUTE KOMIIaHUH, 0a3upaH
Ha (hopmynata Ha beiic, KOWTO MO3BOJISIBA aHATN3 HA KIIMEHTCKUTE MPEATIOYNTAHUS;

2. 3BbpIieHa € OlCHKA Ha TPUOJIU3HTEITHUS OPOi TTOJIMITY Ype3 U3ITOI3BAHE Ha OpYyTHUS ITPEMHUCH
NPUXOJ U CPEHU LIEHOBU OIICHKHU;
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3. YcTaHOBEHO €, 4e eKCITIOHEHITMATHOTO Pas3NpeieieHue Hall -o0pe ONrCcBa pasriiekIaHUTe TaHHH;

4. TlpoBeneH e cpaBHUTENeH aHanu3 3a mepuoaa 2023-2024 r., mpu KOHTO ce HaOIOgaBaT
W3MEHEHHUS B pa3npeAesieHUETO Ha KIMEHTCKUTE PEANOUYUTaAHUS;

5. Ilpwu 3acTtpaxoBka ,,I pakaaHcka OTTOBOPHOCT' C€ OTYMTA HaMaJIsIBaHE Ha KOHIIEHTPAIUATA, a IPU
UMYIIIECTBEHATA 3aCTpaxoBKa — MpeHapekAaHe Ha BOJCIIUTE MO3UIIUH;

6. [IpennoxxeHUAT MOJEN MO3BOJISIBA MPOCIEASBAaHE HA TCHJCHIINU B KIMEHTCKOTO MOBEICHUE U
CPaBHHTEJICH aHAJIN3 Ha MTa3apHUTE MO3UIIMHU Ha 3aCTPAXOBATEIIHUTE KOMITAHUH;

7. Ilony4yeHuTe pe3ynTaTd UMaT MPHIIOKEH XapakTep, KaTo cje/iBa Ja ce OTYeTe, Ye M3MOJI3BAHUTE
JTAHHU ca MPUOINKCHH.

BJATOJAPHOCTH

JloknmaabT oTpassiBa pe3yaTaTu oT padorara mo mpoekT Ne 2026 — ®ITHO — 02, punancupan ot GhoH
»HayuHu nscinensanus’ Ha PyceHcku yHuBepcuTeT ,,AHren KpHues®.
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Abstract: The present paper examines Large Language Models (LLMs) as a new class of computational tools applicable
in scientific research, mathematical modeling, and optimization tasks. The focus is placed on the mathematical foundations of
language models, including their parametric representation, probabilistic nature of text generation, Transformer architecture,
and the role of the attention mechanism. The study analyzesthe optimization methods used in training modern neural networks,
including Gradient Descent, Stochastic Gradient Descent (SGD), and the Adam optimization algorithm. Claude Al is presented
as an example of a contemporary large language model thatapplies principles focused on reliability, safety, and controllabil ity;
however, the analysis addresses the broader class of LLM technologies ratherthan evaluating or promoting a specific system.
Special attention is given to the application of LLM systems in the scientific research process, including literature analysis,
mathematical model formulation, programming support, hypothesis generation, and data interpretation. The paper also
discusses the limitations of such models, including the probabilistic nature of generated outputs and the need for expert
validation. The main conclusion is that large language models do not replace researchers but extend their capabilities by
accelerating information processing, supporting analytical tasks, assisting in software development, and improving the
structuring of scientific arguments. Future integration of LLMs with mathematical software environments, optimization
algorithms, and Al agents may create new opportunities for more efficient scientific and engineering workflows.

Keywords: Large Language Models, Artificial Intelligence, Mathematical Modeling, Optimization Methods, Transformer
Architecture, Attention Mechanism, Gradient Descent, Adam Optimizer.

BBBEJIEHUE

l'onemuTe e3MKOBH MOJIENU Ca €HA OT Hal-ChIIECTBEHUTE TEXHOJOTUYHU MIPOMEHHU B 00JacTTa Ha
N3KYCTBCHUSA MHTCIICKT MPE3 MOCICAHUTC I'OAUHH. Te mo3BojsIBAT aBTOMaTHYHA 06pa60TKa Ha TCKCT,
IporpamMeEcH Konm, Ta6J'II/IHI/I, Hay4YHU CTaTHuH, I/1306pa)KCHI/I$I 1 B HAKOHU ClIydan MYJIITUMOJAJTHH BXOOOBC. 3a
pa3nuKa OT KJIACHYECKUTe COPTYEpPHH HMHCTPYMEHTH, KOUTO W3IIBIHSABAT MPEABAPUTEIHO AePUHUPAHH
oneparnuu, LLM cucremute paboTar karo BEpOATHOCTHH MOJEIN, KOUTO TeHEpUpaT pe3ynraT Ha O6a3ara
Ha KOHTEKCT, MapaMeTpU U Hay4YeHHU 3aBUCHUMOCTH.

B Hayunou3scnenoBarenckaTa AMHOCT TOBA Ch3AaBa HOBA cuTyauus. M3cienoBarensT Beue Moxe Ja
usnoisBa Al cucrema He camo KaTo Thpcauyka MJIM TEKCTOB PEIAaKTOP, a KaTO MHTEPAKTHUBEH MOMOITHUK
npu popMmynupane Ha IpodieM, CTPYKTypUpaHe Ha MOJIeNl, MICaHe Ha KOJI, TPOBepKa Ha apryMeHTaIus 1
CpaBHEHHE Ha TMOAXOIU. ToBa € OCOOEHO BaXHO B OOJIACTM KAaTO MAaTeMAaTUYECKO MOJEUpaHe |
ONTUMH3ALUSL, KBJIETO 3a/1a4aTa YecTo 3a104Ba ¢ HehopMaaHO ONKMCcaHKe Ha peajieH Ipo0sieM U MpeMUHaBa
npe3 nopeauia oT GopMaiHu CTHIIKHU.

[enra Ha HacTOAIIMS IOKJIAJ] € Aa MPEICTaBHM MaTeMaThuyeckara U METOJ0JOTMYHaTa OCHOBA Ha
T'OJIEMHUTE C€3MKOBU MOJCIIM, KAaTO CICIHAJIHO BHHUMAHHEC CE€ OTACIII Ha IICSCT KJIHYOBU KOMIIOHCHTA:
MaremaThuecka (opmaau3anus, BEpOsSTHOCTEH Mozen, Transformer apxutektypa, attention mexanusbM,
ONTHMH3AIMOHHA MTOCTAHOBKA U YHCIIEHU METOJIU 3a O0yUeHHe.

2 JloknaxbT € TpeAcTaBeH HA CTyJeHTcKaTa Hay4Ha cecus Ha 21.05.2026 . B cekuus ,,dMHaHCOBAa MaTeMaTHKa” C
opuruHaHo 3armiaBue Ha Obarapcku esuk: KJIOJ U ITPMJIOXKEHUE HA I'OJIEMHW E3MKOBU MOJIEJIM B HAYUHUTE

U3CJIEABAHUA U MATEMATUYECKOTO MOJIEJIMPAHE.
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HUCTOPHUYECKO PA3BUTHUE HA T'OJTEMUTE E3UKOBU MOJAEJIN

[IepBUTE CHCTEeMH 3a 00pabOTKA HA €CTECTBEH €3MK Ce 0a3upar MPEJAUMHO Ha MPAaBHIIA, PSUYHHUITH U
CTaTUCTHYECKU 3aBUCUMOCTH. [IpH TAX BB3MOKHOCTHTE Ca OIrpaHUYEHH, 3aI0TO CHCTeMara He ,,pa30upa’
KOHTEKCT B CBBPEMEHHUS CMHCHI, a Clie[Ba MPEABAPUTEIHO 3a1aieHu mabnoHu. C HaBJIM3aHETO Ha
MAaIIMHHOTO O0YYCHHE U MO-KBCHO Ha JBJIOOKHTE HEBPOHHH MPEXKH CE MOSBABA BH3MOXXHOCT MOJICITHTE Ja
M3BJIMYAT 3aBUCHMOCTH aBTOMATUYHO OT FOJIEMH MACHBU JIAHHU.

KitouoB MmomeHT e myOnukanusra ,,Attention Is All You Need* ot 2017 r., B KoSTO € IIpeyIoKeHa
Transformer apxurtextypata. Ts 3aMeHss HEOOXOAMMOCTTA OT PEKYpPEHTHa 00pabOTKa ¢ MEXaHHM3bM 3a
BHUMAaHHUE U MO3BOJIsABA NapajiesiHa o0paboTka Ha mocienoBaTeiHOCTH. Criel ToBa ¢ce pa3BMBAT MOJICIH
karo BERT, GPT, Claude, Gemini, Llama u npyru. Hact oT TsX ca 3aTBOPEHU KOMEPCUATHH CUCTEMH,
JPYTH ca OTBOPEHH MM OPen-weight Mozesu, KoeTo mo3BoJIsABa MO-IIMPOKa aKaeMUYHa yroTpeoa.

3a HACTOSIIMS JIOKJIAJ € BaXXHO HE MPOCTO UCTOPUUYECKOTO M30pOsIBAHE HA CUCTEMH, a (DAKTBT, Ue
pasButueTo Ha LLM e pesynraT oT chyeTaHHME MEXKIY MaTeMaTHUECKH MOJIENIU, ONMTHMH3AIHMOHHH
AIITOPUTMH, TOJICMH JAHHY M U3YUCIIUTEIHA HH(PACTpyKTypa.

Our. 1. Pa3Butmne Ha roneMmmTe e3nkKoBn Moagenu

At
6 RIarerTT

Claude 3

ETan Ha pa3sutune

2017 2018 2019 2020 2021 2022 2023 2024 2025
[oavHa

MATEMATHYECKA ®OPMAJIM3ALIUA HA E3UKOBUA MOJAEJI

OTr maremaTHyecka TJieJHA TOYKA TOJEMHST €3MKOB MOJEN MOXe Ja ObJie pas3riekgaH KaTo
napaMeTpu4Ha (yHKIIHS, KOSTO Mpeodpa3yBa BXOJHA MOCIEIOBATEITHOCT B U3XO0/IHA MTOCIIEAOBATEIIHOCT.
BxonbT Moxe na ObAe TEKCTOB prompt, 4acT OT Hay4yHa CTaTHs, 3aj[ada 1Mo MporpaMupaHe 1 i OMHUCaHNE
Ha peasieH mpobieM. M3XoapT e reHepupan TeKCT, Ko, TabnuIa, 00sSCHeHUEe WM Apyra CTPYKTypUpaHa
¢dopma.

Haii-00m10 MoensT Moke Aa ce MpeacTaBu upe3 QyHKIUITA:

y=fx0 1)

KBICTO X € BXOJHATa MHQOpMaIHs, 6 € BEKTOPHT OT mapaMeTpy Ha MOJela, a Y € TeHEePUPAHUSAT
pesynrar. Ilpu ceBpemennute LLM mapamerpute 6 morar ga Opgar munmapau Ha Opoi. Te He
MpEACTaBISABAT PHUHO 33/IaJICHH TIPaBUJIa, 2 YUCIOBU CTOWHOCTH, MOTYYSHH Ype3 00yUeHHE B PXY TOJIEMH
KOPIYCH OT JIaHHH.

Tazu popmanuzanus e BakHa, 3al0TO NTOKa3Ba, ye LLM He e 6a3a JaHHH B KJIACHUYECKH CMUCHIL.
MonenbT He THPCH TOTOB OTT'OBOP B TA0HUIIA, @ U3UMCIISIBA BEPOSTHOCTHO CHIIIaCyBaH U3XO0/l CIIOPE]] BX0/Ia
u mnapamerpute cu. CremoBarelHO KadyecTBOTO Ha pe3yiTara 3aBHUCH OT TPU OCHOBHHU (akTopa:
CHIBPKAHMETO Ha BXOJA, KAUeCTBOTO HAa OOYYEHHETO M HAauMHA, M0 KONTO MOAENBT € JOMBIHUTEIHO
HACTPOEH 3a CJIe/IBaHE HA UHCTPYKIIUU.

B xoHTekcTa Ha MaTeMaTHYeCKOTO MOJIENIMpPaHe TOBA 03HaYaBa, 4e prompt-bT MOXKE Jla Ce pasriiexaa
KaTo 3aJlaBaHe Ha HayallHU YCJIOBHS, OTPAaHWYEHHS U IIeJ1 Ha 3a/7a4a. AKO BXOIBT € HESCEH, MOJCIBT
paboTu npu BHCOKA HEOTIPEAETICHOCT U BEPOSTHOCTTA 32 HEKOPEKTEH UITH TBBPJIEC 00II pe3ysTaT HapacTBa.
AKO BXOIBT ChIOBpXa fCHA I1eJ, NeUHUpAHU MPOMEHJMBU M OYakBaH (opmar, MOACIBT MOXKE a
reHepHupa 3HaYUTEIHO MO-T10JIe3eH pe3yiTaT.
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BEPOATHOCTEH MOJEJI IPUTEHEPUPAHE HA TEKCT

E3ukoBuTe Mosienu paboTaT BBPXY MOCIEAOBATETHOCTH OT TOKCHU. TOKEHBT MOXe Ja Obje ayma,
qacT OT }IYMa, CUMBOJI NJIN KOM6I/IHaIII/I5[ OT CUMBOJIN. BMGCTO aa reHepHpa IIAJI TEKCT HAaBECIHBXK, MOJACIBT
OIICHSIBA BEPOSTHOCTTA 32 CJIEJBAII] TOKEH MPH JaJeH MPEIX0ACH KOHTEKCT.

P(x_t|x 1,x 2, ..x{t1}) (2)

®dopwmyna (2) u3passiBa yciIoBHATa BEPOSATHOCT CIICIBAIIMAT €IEMEHT X _t J1a Ce MOSBY IPH YCIIOBHE,
4e npeaxoaHuTe eneMeHT X_1, x 2, ..., x_{t-1} Beue ca HanmuynHu. [Ipu renepupane Ha OTTOBOP MPOLIECHT
ce TMOBTapsi MHOTOKPATHO: MOJIEIBT HM30Mpa ClIeJBall TOKEH, J00aBsS T'0 KbM KOHTEKCTa, CIEA KOETO
W3UYHCIISIBA BEPOSITHOCTUTE 32 CJICJBAIIUS TOKCH.

3a 1s1a mociaeI0BaTeIHOCT BEPOSITHOCTTA MOXKE J]a C€ IIPEJICTAaBU KaTO MPOM3BE/ICHNE Ha YCIIOBHUTE
BEPOSITHOCTH:

Pix 1,..,xn)=1II {t=1)"n} P(x t|x 1, .., x {t-1}) (3)

Tasu mocranoBka 06scHsBa 3amo LLM crucremuTte moHsSKOra 1aBar pa3inyHU OTTOBOPHU HA CXOJHU
BBIIpOCH. [ €eHEepUpaHEeTO € BEPOATHOCTEH MPOIEC, KOUTO MOXKe Aa OBb/Ie YIpaBIsiBaH ypes3 mapaMeTpu Kato
TeMIiepatypa, top-k u top-p sampling. I1pu mo-Hucka remmneparypa MOJASIBT U30MPa MO-KOHCEPBATHUBHU U
BEPOSITHU U3XO/H, a IPH MO-BUCOKA TeMIIepaTypa JIOMycKa IMo-ToJisiMO pa3HooOpasue.

Ot rieqHa TOYKa Ha HayYHaTa paboTta ToBanma Ase nocaeauiu. [Ispso, LLM moxe 1a 6b71e mosie3eHn
NIpU TeHEepUpaHe Ha AITEpPHATUBHY XUIIOTE3U M O0sSCHEeHHs. BTOpo, pe3ynTarsT He TpsAOBa J1a ce mpruemMa
kKaro (GopManrHo A0Ka3are’acTBo. Toil € BEpOSTHOCTHO FE€HEPUPAHO MPEATIOKEHNE, KOETO TpsiOBa 1a Obie
BanmmpaHo '-Ip€3 MAaTCMAaTNYCCKU apFYMeHT, CKCHepI/IMeHT WJIN HAACKIACH N3TOYHHUK.

Hamnpumep, xoraro MoaensT mpejiara MaTeMaTHYeCKH MOJIEN 3a peajeH MpOoIec, TOH MOoXe jaa
(hopMmynrpa MPOMEHIIMBY, OTPAaHUYCHUS U 1IeNieBa (yHKIHA. Ho mpaBUITHOCTTA HA TE3U €IEeMEHTH 3aBUCH
OT MpeaMeTHaTa 00J1acT U TpsiOBa /1a ObJie MPOBEPEHA OT CHEITHAIIUCT.

TRANSFORMER APXUTEKTYPA

Transformer apxuTekTypata € oOCHOBaTa Ha MMOBEYETO CbBPEMEHHHM I'OJIEMH €3MKOBM Mozenu. Ts e
BBBEJICHA KaTO aJITEpHATHBA Ha PEKYPSHTHUTE HEBPOHHH MPEXHU, KOUTO 00pabOTBAT MOCIIEOBATETHOCTTA
CTBIIKA 1O cThIKa. OCHOBHOTO mpeauMcTBO Ha Transformer e, de mo3BossiBa mapasenHa oOpaboTka Ha
BXOJIa ¥ 110-00pO0 yIaBsHE HA ABJITOCPOYHH 3aBUCUMOCTH.

BxomHUAT TeKCT MBPBO ce nmpeodpazyBa B TOKEHHU. BCEKH TOKEH ce MPencTaBs KaTo YHCIIOB BEKTOP
B embedding mpoctpancTtBo. Thit karo Transformer cam mo ceGe cu He ChObpKA ECTECTBEH pell Ha
€JIEMEHTUTE, KbM BEKTOPHUTE Cce J00aBs MO3uIMOHHA HH(popMarus. Taka MOIEIIBT MOXKE Ja pa3inyaBa He
CaMo KOM TOKEHH IPHUCHCTBAT, HO M KbJIE C€ HAMHUPAT B IOCIEAOBATEIHOCTTA.

Cnen ToBa nH(pOpMaIUATa IpEeMUHABA IIpe3 opeauiia ot attention cinoese u feed -forward HeBpoHHM
Mpexu. Beeku croii TpancopMupa IpeacTaBsHEeTO Ha BXOAA W U3BINYA 0-a0CTPAKTHU 3aBHCHMOCTH.
[Ipu romemuTe MOIETM TO3M IIPOLEC C€ TOBTAps ACCETKM WM CTOTHIM ITHTH, KOETO II03BOJISBA
MIPEJICTaBsIHE HA CIIOKHU €3MKOBH, JIOTUUECKU M CEMAaHTHYHU OTHOIICHUSI.

B koHTekcTa Ha MaTemMaTH4ecKoTo Moaenupane Transformer apxuTekTypara MOXe J1a ce pasriexia
KaTO CJIO’KHA KOMITO3UITUS OT YHKIIMH, B KOSITO BCSIKA CTHITKA ITPeoOpaszyBa JaHHUTE B IO -HH(POPMATUBHO
npencTaBsiHe. ToBa € CXOAHO C UeATa 3a ThPCEHE Ha MOJXOMAAIIO0 MPEACTaBsHEe Ha CIO0XKEeH MpobieM B
IIPOCTPAHCTBO, KBJIETO 3aBUCMOCTUTE CTABAT I1O-JIECHU 3a MOJICIIUPAHE.
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dur. 2. ObobuweHa cxema Ha Transformer-ba3npaH e3nkos Moaen

[BXO,EIEH TEKCT]—ETOKEHVBEILIVIH}—) [Embedding] —EAttention cnoese]

openenanme A2 0RSH TeKcT)
b TeKCT

ATTENTION MEXAHU3bBM

Attention MexaHU3MBT € LEHTPATHUAT eleMeHT Ha Transformer apxurtexktypara. Herosara pyHkums
€ Jla onpeaeny KOW 4acTH OT BXOJHATa MOCJIEA0BAaTEIHOCT ca Hall -3HauMMH IpU 00paboTKaTa Ha JajieH
TOKEH. BMECTO BCHYKM €1eMEHTH Ja UMaT €IHAKBA TEKECT, MOJEIBT U3UMCIISABA Pa3INYHU CTEIIEHU Ha
BHUMAaHHE MEXIY TSIX.

Krnacuueckata popmyia 3a scaled dot-product attention e:

Attention(Q K V) = softmax((QK"T) /Nd_k) V 4)

B Ta3u dopmyna Q o3nauaBa queries, K o3nauaBa keys, a V o3nauaBa values. UuTyutusHo query
MIPENICTaBs BBIIPOC WIH ThPCEHA XapaKTEPUCTHKA, Key TpeacTaBs MpU3HALUTE, II0 KOUTO CE CPaBHSBA, a
value Hocu mH(popMmamnusTa, KOSTO ce KOMOMHUpPA B pe3ynrara. M3pazst QK/T m3mepBa cX0ACTBOTO
MeXIy queries W keys, a JeneHueTo Ha \/d_k CcTabuIM3upa YUCICHUTE CTOWHOCTU TPH IO-TOJsSMA
pa3MepHOCT.

OynknusaTa softmax mpeobpa3dyBa Te3u CTOMHOCTH B Teryia, KOUTO CyMHUpAT 10 eauHuIa. Taka
attention MeXxaHW3MBT (QOpMHpa IMpETeriiecHa KOMOWHAIuUs OT value BekTtopuTe. Pe3ynraThT € HOBO
MPENCTaBsIHE, KOETO ChABbPkKA WH(OpMAIIHS OT pa3InYHHN YaCTH Ha KOHTEKCTA, HO C PA3JIMYH a 3HAYMMOCT.

[IpakTryecku TOBa MO3BOJISIBA HA MOZIEa Jla CBBP3Ba JAJICYHH YacTH OT TekcTa. Hampumep npu
aHaJIM3 Ha HAYYCH JIOKJIAJ MOJISITBT MOXKE J1a CBBPIKE JeUHHITUS OT HAYAJIOTO Ha TEKCTa ¢ opMyJia WK
3aKIII0YeHHEe B Kpas. [Ipu mporpamupane Moxxe aa cBbpke (GyHKIUs, AepuHupaHa mo-paHo, ¢ HEHHOTO
M3BUKBAaHE MO-KbCHO. [Ip1 MaTemMaTH4ecko MoJIeIupaHe MOXKe J1a MIPOCIEAN BPh3Ka MEXKIY MPOMEHIIUBH,
OTpaHUYCHUS U TIeJIeBa (PyHKITUS.

CoeBpemMeHHHTE MOJIeM u3noa3BaT multi-head attention. ToBa o3HauaBa, 4e attention ce M3ducIisABa
MapajieJHO B HSKOJIKO PazIM4HHU MOoAmpocTpancTBa. Beceku ,head* moxke na ymaBs pasnuueH Tdm
3aBUCUMOCT: CHUHTaKTHYHA, CEMaHTHUYHA, JIOTHYeCKa WM CTpykTypHa. Crex ToBa pe3yiTaTHTE ce
KOMOWHHpAT B 0010 Mpe/ICTaBsIHE.

OIITUMU3ALIMOHHA IMOCTAHOBKA IIPU OBYYEHHUE HA LLM

OOGyueHueTo Ha TOJIsIM €3MKOB MOJIENI € ONTUMHU3ALMOHHA 33/1a4a B IPOCTPAHCTBO C MHOTO TOJIsIMa
pa3mepHocT. LlenTa e Aa ce HaMepH BEKTOP OT mapameTpu 0, Mpu KOMTO MOJIETBT MUHUMHU3HPA I'PEIIKaTa
MEXy MpeJCKazaHusTa CH 1 HabmogaBanuTe JanHu. O01maTa mocTaHOBKa MOXKe Ja Ce 3aIluIle Karo:

0* = arg min_0 L(6) (5)

kbaeTo L(0) e pynkuusra Ha 3aryda, a 0* e onTUMaTHUAT UK NPUOIHKEHO ONTUMAIHUAT HA0Op OT
napametpu. [Ipu e3uKoBUTE MOAEIHN YECTO CE M3MO0J3Ba (PyHKIIMS Ha 3aryda, CBbp3aHa ¢ OTpULIaTEe/IHATA
JIOrapuTMHYHA BEPOSTHOCT HAa NPaBUJIHUS CIE€/IBAIll TOKEH. AKO MOJENBT 337jaBa BUCOKA BEPOSITHOCT HA
IIpaBUJIHMS TOKEH, 3ary0ara € HucKa. AKO 3a/1aBa HUCKA BEPOSATHOCT, 3arybara € BUCOKa.
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B peannu LLM cucremu onTUMHU3anuAaTa € U3KIOYUTEIHO CIOKHA MOPAAU HAKOJIKO MPUYHHU.
[IspBO, OposAT Ha mapaMmeTpuTe € orpoMeH. BTopo, hyHKIusaTa Ha 3ary0a He € 3I'bKHAJIa, KOETO 03HAYaBa,
4ye HsAMAa TapaHIMs 32 HaMUpaHe Ha rio0aleH MUHUMYM 4pe3 CTaHJapTHHU MeToAu. Tpero, JaHHHTE ca
XETEPOreHHH U CHABPIKAT E€CTECTBEH €3UK, KOJI, TAOJIUIIU, PA3IMYHU CTUIIOBE U IOMEHHU.

[Topagu ToBa 00y4eHHETO ce€ M3BBPIIBA UYPE3 YMCICHU METOAM, KOUTO THPCAT JOCTAThUHO T0OPO
peLIEHNE, a HE aHAJTMTHYHO TOYHO pelieHne. ToBa € TUIIMYEH TPUMED 3a MPUIIOKHA ONITUMUA3AL U BMECTO
3aTBOpeHa (opMylia 3a PENICHHUETO CE H3MO0JI3Ba UTEPATUBEH MPOIIEC, KOMTO MOCTENEHHO Moa00psBa
MapaMeTpuTe.

®ur. 3. UnlocTpauma Ha nTepaTUBHO HaMansiBaHe Ha PYHKLUMSATa Ha 3aryba
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GRADIENT DESCENT, SGD U ADAM

Gradient Descent e oCHOBEH YHCIICH METO/I 32 MUHUMHU3AIIHs Ha qrudepeHinpyema GyHkuus. M aesra
€ IapaMeTpuTe Jla ce MPOMEHST B IOCOKa, 0OpaTHa Ha IpaJveHTa Ha (QyHKIuATa Ha 3ary0a. ['paqueHTsr
II0Ka3Ba [IOCOKAaTa Ha Hall-0bp30 HapacTBaHe, CIIEJOBATEIIHO OTPULIATEIHUAT IPaJUeHT OKa3Ba 110 COKa Ha
HaMaJIsABaHe.

U {t+1} =0 t-n VL(9_t) (6)

B®B opmyna (6) n e learning rate — KoepUIIUEHT, KOWTO OMpeeNs pa3Mepa Ha CThIKara. AKO 1) e
TBBPJIE MAJIKO, 00yueHueTo € 6aBHO. AKO 1 € TBBp/Ie FoJIIMO, IIPOLIECHT MOXKE Jla CTaHe HeCTaOMIIeH U Ja
npeckaya 100py peuIeHuUsL.

[Ipu ronemMn HaOOpPHW OT JAaHHHW W3YHCISBAHETO HAa T'PAIMEHTa BHPXY BCHYKH IMPHUMEPH € TBBPAC
cKbI10. 3aToBa ce u3noi3Ba Stochastic Gradient Descent (SGD), mpu KOMTO rpaiueHTHT CE OI[EHSABA BBPXY
€IMH IPUMEp WM Majika maptuja ot npuMepu. ToBa mpaBu 00yueHUETO 1MO-0bP30, HO BHBEXKAA IIYM B
OllIEHKaTa Ha rpaJueHTa. Berpeku ToBa uryMbT 4ecTO Iomara 3a u30sSrBaHe Ha JIOIIU JIOKAJIHU 00JIacTH B
MPOCTPAHCTBOTO HA ApaMETPUTE.

MUHU-TIApTHAHUAT BAPUAHT € NMPAKTUYESCKH Hall-U3I0JI3BaH: apaMEeTPUTE Ce aKTyallu3upar Cien
0o0paboTka Ha Majka rpymna npuMmepu. ToBa MO3BOJIsIBa OaJlaHC MEXIy H3YUCIUTETHA €(PEKTUBHOCT U
CTaOUITHOCT Ha 0OYYEHHETO.

Adam optimizer e aganTUBEH METOMA, KOMTO M3IMOJ3Ba OLEHKH HAa MBPBUS U BTOPHS MOMEHT Ha
rpagueHta. Ha mpakTtuka ToBa 03HauaBa, 4ye METOABT AJANTHUPA CTHIKHUTE 32 Pa3IMYHUTE HapaMeTpu
Criope]l MOBEJCHUETO Ha rpagueHTa. Adam e mMpoKo M3MO0JI3BaH MPH 00yueHUE Ha IBIOOKH HEBPOHHU
MpEXH, 3al10TO OOMKHOBEHO OCUTYpsiBa MO-0bp3a U cTabuiiHa KOHBepreHuus crpsamo 6asosus SGD.

BaxxHo e 1a ce mogueprae, ye T€3U METOJIU HE rapaHTHpaT a0COI0THA MaTeMaTHYecKa ONTUMAIHOCT
B CTpOr CMHCBHI. Te JaBaT MpPaKTUYECKH €(PEKTHMBHU pEIICHUS 3a MHOI'O TOJIeMH, HEJIUHEHHU U
HEU3MbKHAIM 33/1a4i. IMEHHO TOBa I'l IpaBU NPHIIOKUMU IpH o0yueHue Ha LLM cucremu.

CBBPEMEHHU LLM CUCTEMMU: CPABHUTEJIEH AHAJIN3

CBBpEeMEHHHUTE rOJIEMU €3MKOBH MOJICTIH CE Pa3iMyaBaT MO apXUTEKTYPHU PEIICHHUS, JOCTBITHOCT,
UHTETpalu u ocHoBHU npuioxenus. Claude ce cebp3Ba ¢ moaxoma Constitutional Al u cunnaa pabora ¢
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aearu okyMeHTH. ChatGPT ce ornmuaBa ¢ mmpoka ekocucreMa OT MHCTPYMEHTH M MYJITHUMOJIATHU
¢byakiuu. Gemini MOCTaBs aKIEHT BBPXY MyJATUMOAATHOCT U MHTerpanus ¢ Google cpenara. Llama e
BAYKEH 32 aKaJEMUYHU U JIOKATHU pa3padoTKH Mopaau oTBopeHus cu xapaktep. Copilot e cnienmanu3upan
KBM IIPOrpaMHUpaHe U HHTETpaIlHs B Cpelia 3a pa3padoTka.

Tabnuua 1 mpencrasst 00001IeHO cpaBHEHHE Oe3 peTeHInH 3a abcontoTHa Kinacanus. LenTa e ga ce
MOKaXke, ue n300pbT Ha MOJIEI TPIOBa Aa 3aBUCH OT 3a/1a4ara.

Tabauya 1. O60611eHO cpaBHEHUE HA chBpeMeHHN LLM cucremu

OcHoBHA
Cucrema Opranu3zanus ITpexumcTBa OrpannyeHus
HACOYEHOCT
Constitutional Al, Hysxma ot mpoBepka;
Claude Anthropic ABIrH ZOKyMCHTH, CTPYKTypHUPaHH HHCTPYMEHTHTE
P aHau3,0e30macHOCT PYKTYPHP Py
OTTOBOPH 3aBHUCAT OT CpeaaTa
PesynraTure 3aBHCAT
VYuusepcaien Al HucTpyMenTH, Ko,
ChatGPT OpenAl P py a OT MoJieN1a U
ACHCTEHT MYJITHUMO/Ia THOCT -
HaCTpOIKUTE
MY THMO LA THOCT 1 Teker, OrpaHu4eHHs
Gemini Google DeepMind y a n300paskeHus, cropeji Bepcus u
Google unrerpamms
Buneo, Workspace JOCTBII
Jlokanna ynorpeba, | M3ucksa
Llama Meta Open-weight Monenu | u3cimenBaHus, HHOPPACTPYKTYpa U
KOHTPOJ eKCIIepTH3a
. . . IDE unTerpanus, Ilo-tsicHa
Copilot Microsoft/GitHub Iporpamupane .
code completion crienuainsa s

CLAUDE AI U1 CONSTITUTIONAL AI KATO NIPUMEP

Claude Al e pasriexiaan B TO3M JOKJAJ HE KAaTO peKiaMeH OOEKT, a KaTo MpUMEp 3a MHKCHEPHO
pelIeHre, TPy KOeTo 0€30IacHOCTTa M YIIPABJISAEMOCTTa ca ITOCTABEHH B IICHTHPA Ha Ju3aitHa. [Togxoasr
Constitutional Al n3non3Ba HabOp OT MPUHIUIIH, KOUTO HACOYBAT MOJeJa MPH OIleHKAa U KOPEKIIUs Ha
OTTOBOPHTE.

B HayuyeH KOHTEKCT TOBa € Ba)KHO, 3aII0TO M3CIIeIoBaTelIckaTa padoTa U3MCKBa HE CaMO TeHEpHUpaHe
Ha TEKCT, HO U JUCIUILTMHA TpU GOpMYyJIHpPaHe HAa TBBPACHUS, TPU3HABaHE HA HECUTYPHOCT U U30SITBaHe
Ha TMOJBEXAanM 3akioueHus. Bwrmpeku toBa Constitutional Al He mpemaxBa He0OXOTUMOCTTa OT
npoBepka. MoJIeTbT 0cTaBa BEPOSITHOCTHA CHCTEMa M MOYKE J1a TPEIIIH.

[Mpaktuueckara croitHoct Ha Claude u cxoqHU Mojenu € 0coOeHO BUAMMA NP aHATU3 Ha IBITH
JOKYMEHTH, CHHTE3 Ha JIMTepaTypa, CTPYKTypupaHe Ha JOKJIaau, OOsSCHEHWE Ha KOJ M TeHEepHpaHe Ha
METOJIOJIOTUYHU BapuaHTH. Te3u PyHKIMK ca TTOMOIIHHM, a HEe 3aMECTBAIIl Hay4YHATa eKCII epTH3a.

PROMPT ENGINEERING KATO ®OPMAJIM3UPAHE HA 3AJTAYATA

Prompt engineering Mose na Ob/1e pasriiexaaH KaTo mpoiec Ha (opMaliHO 3aJaBaHe Ha 3a/1a4a KbM
BEPOSITHOCTEH MojieNl. BXxonbT TpsiOBa Ja chaAbpKa 1€, KOHTEKCT, OTpaHUYeHHs, O4akBaH ¢opMmaT u
KpUTEpPUH 32 KauecTBO. ToBa Hano1005Ba (OopMyIHpaHETO Ha MATEeMaTUYECKH MOJIEJ, TPU KOETO HESICHOTO
OINMCaHue Ha peajieH MpobJeM ce IpeBpblIa B CUCTEMA OT IPOMEHJIMBH, TapaMeTPU U 3aBUCUMOCTH.

Hampumep cmad prompt 6u Ouin: ,,00scHN ontumu3anus’. [To-mo0bp prompt 6m 6uin: ,,O0scHU
CTOXAaCTHYHHUS TPAIMEHTEH METOJ Ha HUBO JOKTOPAaHT IO MaTeMaTH4YecKO MojenupaHe, ¢ Gopmyna,
WHTYULHS, OTPAHUYEHUS U NIpUMeEp 3a oOyueHHe Ha HEBpOHHa Mpexka™. BBB BTOpUs ciyuyail BXOI'BT
HaMaJIsiBa HEOIPeIeIeHOCTTa U HacOYBa Mo/ielia KbM KOHKpPETHA ABJIOOYNHA U CTPYKTYDA.

Taka prompt engineering MOe Ja ce€ THIKyBa Karo HHTep(deiic MeXIy YOBeUIKaTa eKclepTusa 1
napamerpuunust Al monen. Konkoro mo-moOpe e dopmynupan mpoOiaemMbT, TOJIKOBA IMO-TOJE3EH €
pE3yaTaThT.

IMPUJIOKEHHUE B HAYYHOM3CJIEJOBATEJICKUSA ITPOLEC

B nayunouscnenoBatenckara neiiHoct LLM cucremuTte Morar aa ObAaT BKIIOYEHHU HaA Pa3IUUHA
etanu. B HavanHUs eram Te moamomaratr 0030p Ha JuTepaTypa, U3BJIMYaHE Ha KIIFOYOBH IOHATHS U
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(bopmynupaHe Ha M3CIEA0BATEICKU BBIpOC. B erana Ha MojenupaHe Morar Aa IpeuloKaT Bb3MOXKHU
IIPOMEHJIUBH, OTpaHU4eHUs U 1eneBu GyHkuuu. Ilpu peanuszauus morar na resepupat koa Ha Python,
MATLAB, R nnu apyr e3ux.

[Ipu ananu3a Ha pe3ysnTaTH MOJEIMTE MOraT Jia MOMOTHAT 3a MHTepIpeTanus, GopMyiupaHe Ha
U3BOJM U NMpOBEpKa Ha JIOrMYecKaTa IOCIeI0BaTeTHOCT Ha TekcTa. Ho BBB BCHUKHM Cllydyad YOBEKBT
M3CIIEA0BATEN OCTaBa OTIOBOPEH 3a BAJMAHOCTTA HA pe3yJiTaTa.

Oco0eHO NoJIe3eH € UTEPAaTUBHUAT IIPOLIEC: U3CIIEN0BATENAT 3aaBa 3a1a4a, Al npeanara pemieHue,
YOBEKBT MPOBEpPsBA, KOPUTHpa U 3a7aBa HoBA 3a7ada. [lo To3u HaumH Al cucremara ce mpeBpblla B
YCKOPHTEI Ha MUCJIOBHHUS IIPOLIEC, & HE B HETOB 3aMECTHUTEIL.

dur. 4. Uukbn Ha Al-nognoMorHaT Hay4YHou3cenoBaTes/IcKy npouec

MNpobnem LLM Monen / kon / ExkcnepTHa

Kopekuus =
1 HOBa uTepauus

OI'PAHUYEHUA U PUCKOBE

OCHOBHHUSAT PHUCK NP TOJIEMHUTE €3MKOBH MOJICIU € TeHEPHpPAaHEeTO Ha yOeIUTEeTHO 3Bydala, HO
HeBsipHa nH(opmanus. Toa vecto ce Hapuua hallucination. IIpuumnara e, ye MOJETBT ONTHMHU3UPA
BEPOSATHOCTHA ITOCIIEIOBATEITHOCT, a HE U3BBPIIIBA ABTOMATHYHO TPOBEPKA HAUCTHHHOCTTA B CTPOT HAay4YeH
CMUCBIL.

Jlpyr pUCK € mpucTpacTHe, MPOM3THYAIIO OT OOyyaBalMTe JAaHHU. AKO JAHHUTE ChABpPXKAT
CHCTEMaTHYHU HM3KPHUBSBAHUSA, MOJCTBT MOXKE Ja T'M BB3mpou3Bene. OCBEH TOBa MOJEIUTE MOTar Aa
IPOITYyCKaT KOHTEKCT, Ja CMeCBAaT HM3TOYHULM WM Ja JaBaT MPEKaJCHO YBEPEHH OTIOBOPH TIpH
HECUTYPHOCT.

[Topanu TOBa U3MOI3BAHETO UM B aKaIeMUYHA cpe/ia TpsOBa 1a Ob/Jie CHIIPOBOICHO C SICHU IPaBUJIA:
IIPOBEpKa Ha M3TOYHUIU, IPOBEPKA HAa (POPMyIIH, TOBTOPHO U3YHCICHUE HA YUCICHH PE3YJITATH U SICHO
pasrpaHuYaBaHe MEX/y T€HEepUPaHO MPEVIOKEHNE U JOKAa3aH pe3yJITar.

BBAEIIO PASBUTHUE

BepositHoTto pasButne Ha LLM cucremute me Obae cBbp3aHo ¢ Al areHTu, KOUTO Morar Ja
W3I'BJIHSABAT MOCTEAOBATEIHU 33JauM, Ja M3I0JI3BaT BHHUIHM MHCTPYMEHTH, Ja CTapTUpAT KOJA U Ja
npoBepsBat pesynrati. OcoOeHO MEepCIeKTUBHA € MHTErpaIusITa ChC CeIHATN3UPAHU MaTEeMaTH YECKH
CUCTEMH, CHCTEMHU 32 JI0Ka3aTeICTBa, CHMYJIATOpU U 0a3u JaHHH.

3a MaTeMaTUu4ecKOTO MOJICJIMpaHe TOBA O3HAYaBa HOBA U3CIIEIOBATENICKA cpefa, B kKoaTo Al moxke fga
ToJImoMara meius IMUKBI: OT PopMyJInpaHe Ha MpobdiieMa 0 YHCICHO PEIICHHE, BU3yaln3alus U MICaHe
Ha JIOKJaJa. Bbhpeku ToBa IEHTpallHAa OCTaBa POJIsiTa HAa M3CIEOBaTeNs, KoiTo AeduHupa mpodiema u
HOCH OTI'OBOPHOCT 33 Hay4yHAaTa KOPEKTHOCT.

3AK/IIOYEHUE

[NoslemuTe €3MKOBY MOZIENIA IIPEACTABIIABAT 3HAYMM €Tall B Pa3BUTUETO HA U3KYCTBEHMS NHTEIIEKT U
M3YMCIUTEIIHUTE TEXHOJOrMU. TsaxHarta pabora Moxe ga ObAe omucaHa 4dYpe3 MaTeMaThydecKka
dopmanuzamnus, BEpOATHOCTHO MojaenupaHe, Transformer apxuTekTypa, attention MEXaHU3BM W
ONTHUMH3AIMOHHH METO/IU 32 O0y4YEeHHE.
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Pasrnexxnanero Ha LLM mnpe3 npusmata Ha MAaTeMaTHYE€CKOTO MOJEIMPAHE IIOKa3Ba, Y€ TE3H
CHCTEMH ca He IIPOCTO TEKCTOBH I'EHEPATOPH, a CIIOKHH MapaMEeTPUUHH MOJIETH, 00yUeHHU upe3 MaabHa
YHCJIeHa ONTUMU3alKs. ToBa T TpaBU OCOOCHO PENIEBAaHTHH 32 HAYYHU M MHIKEHEPHHU 3a/1a4 H.

Hait-mogxoasmusT moaxo/1 € H31o3BaHeTo Ha Al KaTo HHTEIUT€HTEH aCUCTEHT, KOMTO IoImoMara
aHaJli3a U aBTOMATHU3allMATa, HO HE 3aMECTBa €KCIepTHaTa olleHKa. IMEHHO ChUE€TaHMETO MEXKITY
YOBEIIKO KPUTUYHO MUCIICHE ¥ U3YUCIUTENHA Mol Ha Al cucteMuTe MOXKe /1a I0BEIE JI0 MO -ePeKTUBHA
Hay4YHOM3CIIeA0BaTeNICKa padoTa.

BJATOJAPHOCTH

JloknaasT oTpassiBa pe3yiaratu ot padorata 1o npoekT Ne 2026 — ®ITHO - 02, punancupan ot ¢poH
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Abstract: This report analyzes the expected rate of return of companies from different economic sectors through the
Capital Asset Pricing Model (CAPM). The research covers the period from 2015 to 2026 and examines several time intervalsin
order to compare changes in expected returns over time. The analysis includes companies from the technology, cosmetics,
healthcare, fuel, and fashion sectors. The study consuders the efficiency of the CAPM as a tool for evaluating the relationship
between risk and expected return and for comparing investment opportunities across sectors.
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BBBEJIEHUE

HacrosmusaT noknan uma 3a 1en 1a aHaJIu3upa O4akBaHaTa HOpMa Ha Bb3BPBIIAEMOCT Ha pa3IHyiHU
KOMIAHUM OT HSKOJIKO MKOHOMHYECKM CEKTOpa 4pe3 H3MOoJ3BaHeTOo Ha Mojena 3a OLeHKa Ha
kanurtanoBute aktuBu (MOKA), uzBecten ome kato Capital Asset Pricing Model (CAPM). U3cnenBanero
obxBama nmepuoya ot 2015 r. mo 2026 r., kato ca pasriaeaanu nepuoaute ot 2015 10 2020 r., ot 2015 10
2022 r., ot 2015 nmo 2026 r. u ot 2022 no 2026 r. B aHanu3a ca BKIOYEHU KOMIIAHUU OT CEKTOPHUTE
TEXHOJIOTUH, KO3METHUKA, MEANIINHA, TOpPHBA U MOJa. Upe3 cpaBHEHHUE HA MOJIYYCHUTE PE3YJITaTU Ce e
Jla C€ YCTaHOBM KOU KOMIIAHUU U UKOHOMHYECKH CEKTOPH MTOKA3BAT M0 -BUCOKA OYAKBaHA Bb3BPBILIAEMOCT
U KaK C€ MPOMEHAT CTOMHOCTUTE B PA3IUYHUTE MMEPUOIH.

3a olleHKa Ha Bpb3KaTa MEXIy PHUCKa M O4YaKBaHaTa JIOXOJHOCT IIMPOKO IMPHUIIOKEHHWE HaMHpa
MonensT 3a OIleHKa Ha KallUTaJOBUTE aKTUBH. Upe3 TO3U MOJIeNT MOKeE Jia Ce OIpeieiv oOYakBaHaTa HopMa
Ha BB3BPBIIAEMOCT Ha JaJIeHA aKIUs UJIM MHBECTHUIIMS, KaTO C€ OTYMTA Ma3apHUsT puck. OCHOBHATa Ues
Ha MOKA e, ye UHBECTHTOpPHUTE TPSOBA Aa TOJIyYaT MO-BUCOKA JTOXOTHOCT MPU MOEMAHETO Ha MO-BUCOK
puck. CneaoBaTeIHO KOJIKOTO ITO-PUCKOBA € €Ha aKIHS, TOJIKOBA M0-BUCOKA BB3BPBIIAEMOCT CE OUYaKBa
OT Hesl.

MonenbT ce U3Io3Ba MUPOKO OT HHBECTUTOPU, PUHAHCOBU aHAJIN3aTOPHU, OAHKU, WHBECTULIOHHN
(hoH/I0BE U KOMITAHUH TPU OI[E€HKA HA UHBECTUIIMOHHH MPOEKTH.

®opmyJa Ha Moaena 3a oneHka Ha kanuTajoBure akTusu (MOKA)

E(r) =1+ (E(rm) — rf).ﬁi
Kznnero:
E (r;) — ouakBaHa HOpMa Ha BB3BPAIAEMOCT Ha [-TUS aKTHB;
s — HOpMa Ha BB3BPBIIACMOCT Ha OE3PUCKOBHS aKTHB;
E (r,,) — oyakBaHa HOpMa Ha BBH3BPBIIAEMOCT Ha I1a3apa;
B; — ToKasarei 3a CHCTEMHUSI (ITa3apHUs) PUCK; MSIPKa 32 BOJIATHIIHOCT Ha aKI[MsITa CIPSIMO a3apa;
E(r,,) — r; — o4aKBaHa BB3BPBIIAEMOCT, KOATO HHBECTUTOPHT MOMTyYaBa;

3 JloknaabT € NpeACTaBeH Ha CTyJeHTCKaTa HayuHa cecust Ha 21.05.2026 1. B cexuus ,,dMHaHCOBa MaTeMaTHKA” €
opuruHaiHo 3ariaBue Ha Obarapcku esuk: CPABHEHUE HA PA3JIMUHU MKOHOMMWYECKN CEKTOPU C ITOMOIITA
HA MOJIEJ 3A OLIEHKA HA KAIIMTAJIOBUTE AKTUBU.
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BETA KOEOUIIUEHT

bera KOGCI)I/ILII/ICHTT:T HU3MCPBAa HYBCTBUTCIHOCTTA HA AaZICHA aKIIUA CIIPSAMO ABUKCHUCTO HaA I1a3apa.
Axo B = 1, aknusiTa ce ABMKH 3aeHO ¢ mazapa. [Ipu f > 1 akuwusita € mo-puckoBa OT masapa, a npu § < 1
aKIHATa € T0-CTaOUIIHA U TTO-MaJIKO PUCKOBA.

Yucnurensar Ha KoepUIMEHTa [3 ce sABsSBa M3MEPUTEN Ha CHUCTEMaTHYHUs (Ma3apHUs) PUCK Ha
akuusTa. CienoBaTeIHO KOEPUIIMEHTHT 3 € OTHOLICHUETO MEXKIY CHCTEMaTHYHMS PUCK HAa aKIUHUTE U
pHUCKa Ha ma3apHus HOpTQEi.

3a 1a ce mpecMeTHe O6eTa Koe(pUIIMEHTHT, ce U3M0JI3Ba (hopMynara:

cov(r;,1,)

L var(n,)

Tabmuma 1 mpencraBs W3YUCICHUTE CTOMHOCTH Ha OeTa KOCPHUIIMEHTHUTE Ha Pa3rICKIaHUTE
KOMMaHuM 3a oTaenHu BpemeBu nepuoan — 2015-2020 r., 2015-2022 r., 20222026 T., KaKTO U 3a LEIUs
a”Hanusupad nepuoa 2015-2026 r. bera koedHIIMEHTHT € OCHOBEH IIOKaszaTel 3a H3MEpBaHE Ha
CHUCTEMATUYHHUSI PUCK, KAaTO 4Ype3 HEro ce OlIEHSBAa YYBCTBUTEIHOCTTAa Ha JaJieHa aKIUs CIPIMO
NBUDKEHUsTA Ha maszapa. [lomydyeHuTe pe3ynraTé MoKas3BaT, Y€ BCHUYKU aHAIU3UPAHU KOMIIAHUU MMar
CTOHHOCTH Ha Oera Koe(UIMEHTa MOJ| eIMHHUIIA, KOETO O3HayaBa, ye TEXHUTE aKUHUU ca MO-Ciabo
BOJIATUJIHU B CPaBHEHUE C [1a3apa KaTo 1510 U C€ XapaKTepU3UpaT C OTHOCUTEIHO [0 -HUCHK CUCTEMaTUUEH
pHCK.

Tabnuya 1. bema koegpuyuenmu uzducieHu no KOMIAHUU

2015 - 2020 | 2015 - 2022 | 2022 — 2026 | 2015 - 2026
Microsoft 0.37 0.49 0.48 0.45
Apple 0.26 0.36 0.44 0.36
NVIDIA 0.16 0.19 0.23 0.19
Broadcom 0.17 0.31 0.19 0.23
Estée Lauder 0.28 0.39 0.17 0.24
Procter & Gamble 0.28 0.37 0.28 0.36
Coty 0.05 0.08 0.15 0.09
Ulta Beauty 0.17 0.26 0.21 0.23
EL&C 0.08 0.13 0.08 0.10
J&J 0.51 0.57 0.26 0.46
UnitedHealth Group 0.25 0.41 0.05 0.19
AbbVie 0.18 0.25 0.11 0.22
Exxon Mobil 0.44 0.31 0.13 0.27
Chevron 0.37 0.36 0.21 0.31
ConocoPhillips 0.20 0.21 0.11 0.19
Schlumberger 0.27 0.23 0.11 0.20
Nike 0.30 0.40 0.29 0.31
Tapestry 0.14 0.18 0.25 0.19
Ralph Lauren 0.13 0.22 0.27 0.24
VF Corporation 0.32 0.41 0.18 0.25

Haii-Bucoku crtoiiHocTM Ha Oera KoeQUUHMEHTUTE ce HaOioJaBaT MpH KOMIIAHUHUTE OT
TEXHOJIOTUYHUS ceKTOp. Microsoft oTunTa Haii-Bucoka cToitHOCT 3a mepuoaa2015-2022 r., koeTo mokas3sa
[IO-CUJIHA YYBCTBUTEIHOCT KbM Ia3apHUTE KojeOaHUs M IMO-BUCOKA CTENEH HAa PUCK B CPaBHEHME C
ocra”HanuTe pasriexnaanu japyxecrtBa. Kommanumute NVIDIA um Broadcom cwimo aemoHcTpupar
CPAaBHUTEJIHO BUCOKM CTOMHOCTH, Makap W IO-yMEpPEHH, KOETO IOTBBPKIAaBA XapaKTepHaTa 3a
TEXHOJIOTUYHUSI CEKTOP 3aBUCUMOCT OT JUHAMHUKaTa Ha (PMHAHCOBUTE M1a3apu U UKOHOMHUYECKaTa cpeja.
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[Ipn KoMIIaHMHTE OT KO3METHYHHS CEKTOp Ce HaOIIoAaBaT TMO-HUCKH CTOMHOCTM Ha Oera
KOe(DUIIMEHTHTE, KOGTO CBUAETEIICTBA 3a IO-CTAOMIIHO Ma3apHO MOBEJICHHUE U MTO-HUCKA YyBCTBUTEIHOCT
KBbM Ma3zapHUTe U3MeHeHus. Hail-uucku croitHoctu ca oryerenu npu Coty, nokato Procter & Gamble u
Estée Lauder memoHcTpHpaT CpaBHUTEIHO MO-BHCOKa, HO BCE TMaK yMEpeHa YyBCTBUTEIHOCT CIIPSMO
nasapa.

KoMnanuuTe OT MEAUIIMHCKUS CEKTOP CHIIO MOKA3BAaT OTHOCUTEIHO CTAOUITHU CTOMHOCTH Ha OeTa
koeduinernTute. Johnson & Johnson ce oTirmyaBa ¢ mo-Bucoka cTolHocT 3a nepuoaa 2015-2022 r., koeto
MOXXe Ja ce OOSICHM C ITOBHIIEHATa HECHTYPHOCT M JUHAMHUKA B 37[paBHUS CEKTOP M pe3 MepHojaa Ha
nangemusara. Ot apyra crpana, UnitedHealth Group u AbbVie momabpxar mo-HUCKH CTOHHOCTH, KOETO
MOKa3Ba MO-HUCKO HUBO HA CUCTEMAaTH4EH PUCK U MO-CTa0HMIIHO MPE/ICTaBSHE.

[Ipn xkoMmaHMHUTE OT CEKTOpa Ha ropuBara ce HaOmoJaBa TEHICHIUS KbM HaMalsiBaHE Ha
croiiHocTuTe Ha Oera koepunuenture cien 2022 r. Hanpumep Exxon Mobil otunTa 3HaunTeneH cnaa B
CTOHHOCTTa Ha IMOKa3aTels, KOETO IMpearoyiara MoHWKaBaHe Ha BOJATUIIHOCTTa M CTAaOMIIM3UpaHE Ha
CeKTOpa B YCIIOBHUATA Ha NMPOMEHSIA ce eHepruitHa u MKoHoMmuuecka cpena. [logobHa TeHaeHU U ce
HaOJI0/1aBa U IPH OCTAHAIUTE KOMIIAaHUH B CEKTOPA.

KommanuunTte oT cekropa Ha OOJEKIOTO Ce XapaKTepU3UpaT C yMEpeHH CTOWHOCTH Ha Oera
koepuuuenture. Nike u VF Corporation AeMOHCTpHpAT MO-BUCOKA YyBCTBUTEIHOCT KbM Ia3apHHUTE
MU3MEHEHHS, KOETO BEPOSITHO C€ JBJDKH Ha 3aBUCHMOCTTa Ha CEKTOpa OT MOTPEOMTEICKOTO ThpCeHE U
MKOHOMHYECKaTa KOHIOHKTypa. He3aBncmMO OT TOBa, CTOMHOCTHTE OCTaBaT IOA EIMHHIIA, KOETO
MOTBBPKIaBa CPABHUTEIIHO YMEPEHO HUBO Ha PUCK.

Taonuya 2. bema xoepuyuenmu uz4UCIEHU NO UKOHOMUHLECKU CEKMOPU

2015 - 2020 | 2015 - 2022 | 2022 - 2026 | 2015 - 2026
KO3METHKA 0.19 0.27 0.2 0.23
MeTHIHHA 0.26 0.34 0.13 0.24
ropusa 0.32 0.28 0.14 0.24
JIpeXH 0.22 0.3 0.25 0.25

Tabnuia 2 mpeacTaBsi CPSAHUTE CTOMHOCTH Ha OeTa KOSHUITUEHTHTE M0 HKOHOMHYECKH CEKTOPH,
KOETO IMO3BOJIIBA M3BBPIIBAHETO HA CPAaBHUTENICH aHAIU3 MEXAY pazIMdHUTE WHAyCcTpuu. [lanHuTE
MTOKA3BaT, 4€¢ TEXHOJOTUIHHSAT CEKTOP MOIbPrKa Hall-BUCOKH CPETHHA CTOMHOCTH Ha OeTa KoepuuneHTaTe
Ipe3 MOYTH BCUYKHU pas3riexaaHu nepuoau. ToBa MOTBBPKAaBa, Y€ TEXHOJOTHMYHUTE KOMIIAHUH ca T10-
YyBCTBUTEIHH KbM IMa3apHUTE KOJICOAHUS U CE€ XapaKTEpU3HUpaT C MO-BHCOKA CTETIEH HA CHCTEMAaTH4eH
PUCK.

MeIuIMHCKHUAT CEKTOP ChILO OTYMTA CPAaBHUTEIHO BUCOKH CPEIHH CTOWHOCTH B mepuoja 2015—
2022 r., xato cnexn 2022 r. ce Hab0/1aBa U3BECTHO MOHMKEeHHE. Ta3u TeHAeHIIUS MOKe J1a ObJe CBbp3aHa
ChC CTAOMJIM3UPAHETO HA 3[PAaBHUS CEKTOP CIIE/ IIepro/ia Ha MOBUIIIEHA HECUTYPHOCT, TPEIM3BUKaHa OT
naggemusta or COVID-19.

CeKTopbT Ha ropuBaTa JIEMOHCTPHPA SICHO M3pa3eHa TeHISHIIUS KbM CIaJl Ha CPEIHUTE CTOHHOCTH
Ha Oera koedunueHtute B mepuonaa ciex 2022 1., KOETO Tpearnojiara HaMmalsBaHE Ha Ia3apHaTa
BOJIATMJIHOCT M TO-CTa0MJIHO pa3BUTHE Ha EHEepruiiHuTe KoMnaHuu. KommaHuuTe OT CeKTopa Ha
OO0JIEKITIOTO 3arma3BaT CPABHUTEITHO TOCTOSTHHY M YMEPEHH CPEHH CTOMHOCTH, KOETO MTOKa3Ba OTHOCHTEIHO
CTaOMJIHO paBHUIIE HA PUCK.

Haii-uucku cpennu croifHocTH Ha Oera KoeuuueHTUTe ce HabIr0aBaT B KO3METUYHHS CEKTOP.
ToBa mokasBa, 4e KOMIAHUUTE B Ta3l WHIYCTPHUS ca Haii-c1a00 3aBUCHMH OT Ia3apHUTE KOJIeOaHUs U ce
XapaKTepU3upar ¢ Mo-BUCOKA CTAOMITHOCT B CPABHEHUE C OCTAHAIMTE PA3rJIekKIaHU CEKTOPH.
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METOAUKA HA U3CJIIEABAHETO

3a LeauTe Ha HAaCTOSAIIOTO u3cienBane e npuiaoxeH MoaenbT MOKA 3a onpenensiHe Ha O4akBaHaTa
HOpMa Ha BB3BPBINAEMOCT Ha M30paHU KOMITAHWH OT Pa3TNIHU HKOHOMUYECKH CeKTOpH. M3cnenBanero e
IPOBEJICHO BBbPXY KOMIIAHUM OT TEXHOJOTHYHUs ceKTop karo Microsoft, Apple, NVIDIA u Broadcom,
KOMITaHUH OT Ko3MeTnuHusi cekTop kato Estée Lauder, Procter & Gamble, Coty u Ulta Beauty, kommanum
OT MEIUIIMHCKUS cekTop kKaro Johnson & Johnson, UnitedHealth Group, AbbVie u EL&C, xommanuu ot
cekTopa HaropuBara kato Exxon Mobil, Chevron, ConocoPhillips u Schlumberger, kakTo u koMmanuu or
moauus cektop kato Nike, Tapestry, Ralph Lauren u VF Corporation.

Taoauya 3. Ouaxeana HOpMa HA 8b3EPLUYAEMOCH NO KOMNAHUU

2015 - 2020 |2015-2022 |2022-2026 |2015 -2026
Microsoft 3.63% 3.17% 2.64% 3.25%
Apple 3.77% 3.52% 2.90% 3.52%
NVIDIA 4.47% 4.40% 4.52% 4.59%
Broadcom 4.02% 3.68% 4.31% 4.10%
Estée Lauder 3.65% 3.27% 3.38% 3.51%
Procter & Gamble 3.34% 3.00% 3.13% 3.00%
Coty 4.13% 4.11% 3.45% 4.00%
Ulta Beauty 3.91% 3.74% 3.74% 3.76%
EL&C 4.13% 4.06% 4.29% 4.19%
J&J 2.50% 2.27% 3.41% 2.71%
UnitedHealth Group 3.74% 3.38% 4.13% 3.75%
AbbVie 3.71% 3.60% 4.05% 3.69%
Exxon Mobil 2.26% 3.20% 4.08% 3.36%
Chevron 2.80% 3.12% 3.70% 3.22%
ConocoPhillips 3.51% 3.73% 4.02% 3.71%
Schlumberger 2.91% 3.45% 4.08% 3.55%
Nike 3.46% 3.12% 2.65% 3.18%
Tapestry 3.75% 3.75% 4.05% 3.87%
Ralph Lauren 3.75% 3.41% 3.95% 3.60%
VF Corporation 3.13% 2.36% 3.32% 3.21%

[Ipu ananm3a ca pasriiegaHy Y€TUPH OTICIHU BpeMeBH nepuoaa — ot 2015 no 2020 r., ot 2015 no
2022 1., ot 2015 10 2026 1. u ot 2022 no 2026 r. 3a BCsika KOMIIAHUS € U3YUCIIEHA OYaKBaHaTa HOpMa Ha
BB3BphIIaeMocT upes monena MOKA, kato ca u3moi3BaHU ChOTBETHUTE CTOMHOCTH Ha Oe3pucKoBaTta
HOpMa Ha BB3BPBIIAEMOCT, lTa3apHaTa JOXOJIHOCT U OeTa KoehuIIeHTa.

[TonyueHnuTe pe3yaTaTH 3a OYaKBaHaTa HOpMa Ha BB3BPHIIAEMOCT 110 KOMITAHUH Ca IIPEICTAaBEHU B
Tabmuma 3.

Cren M3UMCIIsIBAaHETO HA OYaKBaHaTa HOPMa Ha BB3BPBIIAEMOCT € U3BBPIICH CPAaBHUTEIICH aHAIH3
KaKTO MEXIy OTACTHUTE KOMITAaHWH, TAKa U MKy UKOHOMHYECKUTE CeKTOpH. OCBEH WHIMBUIYTHHUTE
pe3yaTaTH € U3YHCICHA M CpeJHAaTa apUTMETHYHA CTOMHOCT Ha OYaKBaHATa BB3BPBINAEMOCT 32 BCEKU
WKOHOMHUYECKH CEKTOP, KOETO MO3BOJIsIBA MO-ICHO CPAaBHEHHUE MEXy pasIuyHUTE oTpaciu. Pesynratute
3a cpeiHaTa OYaKBaHa BH3BPBIIAEMOCT 110 MKOHOMHUYECKH CEKTOPH ca MpeacTaBeHu B Tabnuia 4.
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Taoénuya 4. Cpeona ouaxksauna b38pvbuaemMocn N0 UKOHOMUYECKU CEKMOopu

2015 - 2020 |2015-2022 |2022 -2026 |2015 - 2026
TEXHOJIOTUH 3.97% 3.69% 3.59% 3.87%
KO3METHKA 3.76% 3.53% 3.43% 3.57%
MEIUI[MHA 3.52% 3.33% 3.97% 3.59%
ropuBa 2.87% 3.38% 3.97% 3.46%
Tpexu 3.52% 3.16% 3.49% 3.47%

3a 1Mo-sICHO BU3yaJM3UpaHe Ha IMHAMUKATa Ha OYaKBaHaTa Bb3BPBIIAEMOCT ca U3rOTBEHU I'PadUKu
3a BCEKU OT aHAJIM3UPAHHUTE Mepuoau. I'padukuTe mpencTaBsT CTOMHOCTUTE HA OYaKBaHATa HOpMa Ha
BB3BPBIIAEMOCT 32 BCHUYKU pA3JICKAAHM KOMIIAHMH, KOETO MO3BOJISIBA IMO-JIECHO CPaBHEHUE MEXIY
OTJEJIIHUTE KOMIIAHUU U UKOHOMUYECKHU CEKTOPU BbB BCEKM BPEMEBU MHTEPBAIL.

AHAJIN3 HA PE3YJITATUTE

Pe3synrarute oT U3ciieBaHETO MOKA3BAT CHILECTBEHU PA3IHUMs KAKTO MEX/Ty OT/AETHUTE KOMIIaHHH,
Taka ¥ MeXJy MKOHOMHYECKHUTE ceKTopu. Hali-BHCOKM CTOMHOCTM Ha O4yakBaHaTa BB3BPBIIAEMOCT Ce
HaOII0aBaT MNPy KOMIAHUUTE OT TEXHOJOTHYHUS CEKTOP, JOKATO CEKTOPUTE MEAMIIMHA, KO3METHKa U
MoOJla MOKa3BaT MO-yMEpeHU U CTaOuJIHU pe3ynraTtd. CeKTopbhT Ha ropuBara ce XapakTepusHupa ¢ Haii-
3HAYMTETHA IPOMSHA MEXTy OTJIEIIHUTE IEPUOIH.

Ilepuoa 2015-2020 r.

IIpe3 nepuoga 2015-2020 r. TEXHOJOTMUHHUAT CEKTOP MIOKa3Ba Hail-BUCOKM pe3ynTartu. Kommnanusra
NVIDIA noctura 4,47%, koeto € enHa OT Haill-BUCOKHTE CTOMHOCTHU 3a mepuoja. Broadcom, Apple u
Microsoft cbIIo AeMOHCTpupaT crabuiaHa BB3BpbIIaeMocT. B kosmernunus cexkrop Coty m EL&C
MOKAa3BaT BUCOKH pe3yNTaru, 1okato B MeaunuHckus cektop UnitedHealth Group u AbbVie momnspxar
CTaOUJIHU CTOWHOCTH.

CexTopbT Ha ropUBaTa OTYMTA MO-HUCKU pe3ynTaTtu, kato Exxon Mobil goctura ensa 2,26%, koeto
€ eJHa OT Hal-HUCKHUTE CTOMHOCTH B M3cienBaHeTo. B cextopa Ha mopnara Tapestry u Ralph Lauren
MOKa3BaT CpaBHUTENHO A00pu pesynratu, pokato VF Corporation nma mo-HUCKA OYakBaHa
BB3BpbILaeMocT. Pesynratute 3a nepuoaa 2015-2020 r. ca npeacraBenu Ha Gurypa 1.

Ilepuon 2015-2022 r.

IIpe3 nepuoaa 20152022 r. oTHOBO ce HAOI0AaBAT BUCOKU CTOWHOCTH B TEXHOJIOTUYHUS CEKTOP.
NVIDIA 3ama3Ba Bogema mosunus ¢ 4,40%, a Coty u EL&C mpoabmkaBaT na moka3BaT BHCOKa
BB3BPBLIAEMOCT B KO3METHYHHUSI CEKTOP.

MeIUIUHCKHUAT CEKTOpP JIEMOHCTPHpPA CPaBHUTEIHO CTAOMIIHU pe3yJTaTH, JOKATO CEKTOPBHT Ha
ropuBara 3amo4Ba MOCTEIEHHO Ja moAoOpsiBa cBoute nokazatenu. ConocoPhillips moctura 3,73%, a
Schlumberger u Exxon Mobil cbi1io oT6ens3Bar noBuieHrue CupsaMo Mpeaxoanus nepuoj. Pesynrarure 3a
nepuona 2015-2022 r. ca npencrasenu Ha @urypa 2.
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Queypa 1. Ouaxeana Hopma Ha 8v3epvUaemocm 3a nepuoda 2015-2020 e.

Iepuox 2015-2026 r.

3a nepuona 2015-2026 r. Hait-Bucoka ctoitHOCT oTHOBO moka3Ba NVIDIA ¢ 4,59%, koeto e u Haii-
BHCOKaTa CTOWHOCT B Isu10TO u3cienBaHe. Broadcom m EL&C cbuio gemoHCTpupaT MHOTO J0OpH
pesyntaTi. TeXHOTOTUYHUAT CEKTOp MPOJb/DKaBa na OBbIEe CEKTOPHT C Hall-BHCOKAa CpeHa OvyaKBaHa
BB3BPBIIAEMOCT.

CexTopbT Ha rOpHBaTa MOKa3Ba Mo00peHue CIPSMO MO-PAaHHUTE MEPUOIN, & METUIIUHCKHUAT CEKTOP
3armasBa cTaOmIIHH pe3ynTaTH. KoMImaHuuTe OT MOJHUS CEKTOP MOKAa3BaT MO-yMepeHa BH3BPBIIACMOCT B
CpaBHEHHE C ocTaHauTe oTpaciu. PesynraTure 3a mepuona 2015-2026 r. ca npeacraBenn Ha Purypa 3.
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@Duczypa 2. Ouaxeana Hopma Ha 8v3epvuyaemocm 3a nepuooa 2015-2022 .
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QDuzypa 4. Ouakeana Hopma na v3epvujaemocm 3a nepuooa 20222026 2.

Iepuon 2022-2026 .

[Ipe3 nepuoma 2022—-2026 r. ce HabGII01aBAT 3HAYUTEITHN TPOMEHU B HIKOW HKOHOMHUYECKHU CEKTOPH.
KoMmnanuuTe 0T cekTopa Ha ropuBaTa Iokas3BaT cCepro3HO ojto0peHue, karo Exxon Mobil u Schlumberger
nocturat Hag 4,00%. ToBa mokas3Ba Bb3CTAHOBSBAHE HA CEKTOpPA M MOBUIIABAHE Ha WHBECTUTOPCKUTE

OYaKBAHMHSIL

TexHOIOrMUHHUAT CEeKTOp NMpPOABIKaBa Ja MOLAbpKa BUCOKM pesynratu, kato NVIDIA nocrura
4,52%, a Broadcom —4,31%. B meguumackus cekrop UnitedHealth Group u AbbVie cbiio nemoncTpupar
BHCOKa BB3BpbIIaeMocT. B cextopa Ha monata Tapestry noctura 4,05%, nokato Nike oTunTa mo-HuUCKH
cToiiHocTH. Pesynratute 3a nepuona 2022-2026 r. ca npencraBenu Ha durypa 4.

3AK/IIOYEHHUE

AHanu3bpT Ha OYAaKBAaHATa HOPMa Ha BB3BPBIIAEMOCT 10 HMKOHOMHUYECKM CEKTOPH IOKa3Ba
CBIIECTBEHU Pa3JIMyuUs B HUBATa HA JOXOAHOCT U PUCK MEXAY OTIAeIHUTE oTpaciu. [TonydyenuTe pesynramm
MOTBBPKIABAT, Ye NKOHOMHYECKUTE yCIOBHS, [Ta3apHaTa cpesia U crenu(uKuTe Ha BCEKH CEK TOP OKa3Bar
IPSAKO BJIMSAHUE BBPXY OYaKBaHATa Bb3BPBILAEMOCT HA KOMIIAHUUTE.

TexXHOJOTHUHHUAT CEeKTOp JAEMOHCTpUpAa HaW-BUCOKM CpEOHUM CTOMHOCTM Ha O4YaKBaHa
BB3BPBIIAEMOCT Ipe3 MOYTH BCUUYKH aHAM3UPAHU Neproau. ToBa ce IbKM Ha ObpP30TO pa3BUTHE HA
TEXHOJIOTMUTE, 3aCUICHOTO ThbPCEHE Ha MHOBALMU U BUCOKHMSA MHTEPEC OT CTpPaHa Ha WHBECTUTOPHIE.

35



PROCEEDINGS OF UNIVERSITY OF RUSE - 2026, volume 65, book 6.7.

Komnanum xkato NVIDIA u Broadcom ce otrnnuaBaT ¢ 0coOO€HO BHCOKH pe3yiTaTH, KOETO IOKa3Ba
3HAQUUTEJICH MOTEHI[MAJ 33 PACTEXK, HO U IIO-BUCOKO HUBO HA PUCK.

KO3MeTHUHHUAT CeKTOp ce XapakTepusupa ChC CPAaBHUTEIHO CTAOMJIHU DPE3yJNTaTH U I0-MaJKH
KoJie0aHUsI MeXy OTAETHUTE Iepruoin. ToBa Moka3Ba yCTOMYMBO Pa3BUTUE U ITOCTOSIHHO MOTPEOUTEIICKO
THPCEHE Ha KO3METUYHU MNPOAYKTH. He3aBUCMMO OT MKOHOMHUYECKMTE INPOMEHM CEKTOPBT 3ala3Ba
OTHOCHUTEJTHO OallaHCHpaHU HHUBA Ha BB3BPBIIAEMOCT, KOETO I'0 MPABU IO-YCTONYMB B JBITOCPOUYCH IIJIaH.

MenuuHCKUAT CEeKTOp NEMOHCTpHpa CTAaOMJIHOCT M IOCTENIEHHO HapacTBaHE Ha OYaKBaHaTa
BB3BpBIIAEMOCT, ocoOeHo B mepuoaa cien 2022 r. 3acuiICHUAT HMHTEpPEC KbM 3/IpaBeola3BaHETo,
MEIMIMHCKUTE YCIYTH U (hapMalleBTHUHUTE KOMITAaHUH BOJHU JI0 TO00psIBaHE HA Pe3yATaTUTE B CEKT Opa.
ToBa nmoka3sBa, ye 37ApaBeona3BaHeTO NPOJbDKaBa Ja ObJe eAUH OT MO-CUTYPHUTE U YyCTOMYMBHU OTpaciu
32 UHBECTULUH.

CexTopbT Ha ropuBaTa I10Ka3Ba Hail-cepuo3Ha MPOMSHA MEXAy OTIEIHUTE Nepuoau. B HavanHus
IIEpHOJ CTOMHOCTHTE HA OYAaKBAHATa BB3BPBUIAEMOCT Ca CPAaBHUTEIHO HUCKHU, HO ciuex 2022 r. ce
Ha0Jr01aBa 3HAYUTEIHO Mo100peHne. ToBa mokas3pa Bb3CTaHOBSIBAHE HA CEKTOPA, TOBUILIABAH € Ha [IEHUTEe
Ha EHEpPruilHuTe pecypcu M MoJoOpsiBaHE Ha MHBECTUTOPCKUTE OYaKBaHUs. BBIpekn ToBa CEKTOPBHT
OCTaBa CUJTHO 3aBUCUM OT I'JI00THUTE HKOHOMUYECKU U MOJUTUYECKH (aKTOPH.

CexTopbT Ha MOZIaTa MOKa3Ba I0-yMEPEHU PE3YJITAaTH B CPAaBHEHUE C OCTAaHAIUTE OTpaciy. Bunpeku
HaJIMYHETO Ha CTaOMITHY KoMITaHu | KaTo Tapestry u Ralph Lauren, cekTopsT ce xapakTepusupac 1o -Hucka
JMHAMHUKa U MOo-0rpaHuYeH pacTexx. ToBa Moxke Ja ce 00SICHU ChC CHIIHATA KOHKYPEHIIHUS, TPOMEHSIINUTE
ce MOTPEOUTENICKH MPEANIOUYNTAaHUS U 3aBUCUMOCTTa OT HKOHOMHUYecKaTa cpejia.

B 00061eHre MoXxe J1a ce 3aKJII0Ud, Y€ TEXHOJIOTHYHUAT U MEAULIMHCKUSAT CEKTOp MpesiaraT Ha -
n00pU BB3MOXKHOCTH 32 MO-BHCOKA OYaKBaHAa BB3BPBILIAEMOCT, IOKATO KO3METUYHUSAT CEKTOP C€ OTINYaBa
cbC cTabuiaHoCT M ycToiunBocT. CEeKTOphT Ha ropHBaTa MOKa3Ba 3HAYUTENTHO BBH3CTAHOBSBAHE B I10-
KbCHUTE NIEPUOJH, a CEKTOPBT Ha MoJlaTa JEMOHCTpUpa Mo-ymepeHo pa3Butue. Ilonydyenure pesynramu
NOTBBPK/1aBaT 3HAUEHUETO Ha CEKTOPHUS aHAIU3 IIPU OLIEHKAaTa HA MHBECTULIMOHHUTE BB3MOXKHOCTU U
YIIPABJIEHUETO HA PUCKA.
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BBBEJIEHUE

[Ipe3 mocneAHNTE HAKOJIKO TOAMHN HECTAOMIIHOCTTA Ha MEXKIYHAPOTHUTE EHEPTHITHU U CYPOBHHHU
ra3apu, Bh3HUKHAJIA BCJICICTBUE HA PETHOHAIHY M T€OTIOJINTHYECKH ITPOMEHH, OKa3Ba CEPHUO3€H HATHUCK B
CEJICKOCTOTIAHCKUSAT ceKTOp B bbarapus. Kato nmpsk pesynraTr e 3HaUMTETHOTO yBeEIMYEHHUE Ha WHJIEKca
Ha I[EHUTE Ha CTOKUTE M YCIYTHTE 3a TEKYIIO MOTpeOsieHHue B CEeJICKOTO cromaHcTBO [1]. MHaekchT 3a
pasxonu B cenckoto cronanctBo (MPCC)mpeacrapiisiBa mokasaren, KOWTO U3MEPBA U3MEHEHHUETO B IIEHUTE
Ha CTOKUTE U YCIYTUTE, U3MOI3BAHU KaTO BXOJSIIU PECYPCU B CEICKOCTOMAHCKOTO MPOU3BOJACTBO. Toi
OTpa3siBa JUHAMHUKATa HAa Pa3XOJIUTE, KOUTO CEJICKOCTOMAHCKUTE MPOU3BOJUTENN MPABAT 332 TEKYIIO
noTpebiieHne, BKIIOYUTEIHO Pa3Xxou 3a TOpUBa, MUHEPAJIHU TOPOBE, Pypaku, MpernapaT 3a pacTUTEIHA
3alUTa, EHEPTUs U APYTU MPOU3BOACTBEHH PECYPCH.

[To nannu Ha Haruonanen craructuuecku uHCTUTYT [1] mpe3 2022 r. UPCC napactBa ¢ 34,9%
CHpsIMO TpeIxoJHaTa rofrHa MOpaad Bb3HHKHAllaTa EHepruiiHa U reomnojiMThyecka kpusa B EBpoma,
KOETO BOJIU JI0 YBEJIMYABAaHE HA [ICHUTE Ha AU3EI0BOTO TOPUBO U eleKTpoeHeprusra. ChuiecTBeH PakTop
€ ¥ TIOCKBIIBAHETO Ha a30THUTE TOPOBE, 0COOEHO KapOaMmu1a, YHETO MPOU3BOJICTBO € CHIIHO 3aBHCHMO OT
LEHUTE Ha MPUPOJIHUS Tra3. BeiencTsrue Ha MOCKbBIIBAaHETO HA KapOaMmK1a MHOTO Abp’KaBH 3aloyBaT Ja
MPOMEHSAT CTPYKTYypaTa Ha 3eMeACJICKOTO CH MPOU3BOJICTBO, KATO CE€ OPUEHTUPAT KbM KYJITYpHU, KOUTO ca
mo-caabo 3aBUCHUMU OT yrnoTpebara Ha a30THU TOpoBe. B To3u koHTekcT bwirapus Bede e mpuiaraia
MEpKH 3a MOoAOMarale Ha CeKTopa, KaTo HarpuMmep npeaoctapeHara npes 2024 r. orcroiika ot 0,42 nB. oT
CTOMHOCTTAa Ha aKIM3a 3a JHUTHP 3aKyleH Ta3bojl, H3IMOI3BAaH B MBPBUYHOTO CEICKOCTOIAHCKO
TIPOU3BOJICTBO .

Ha 6a3a Ha Te3u chOUTHS BB3HUKBA BBIIPOCHT JOKOJIKO OBITapCKUSIT CENICKOCTOMAHCKU CEKTOp €
3aBUCUM OT M3MEHEHHUETO B I[EHUTE Ha KapOaMuia U Tu3esia U KaK TOBA BIIMSIC BHPXY IMPOU3BOJICTBEHUTE
pa3xoau B CEKTOpa.

WNudnanusra chiio € 3HaYUM MaKpOMKOHOMHYECKH [TOKa3aTeN, KOMTO Jja ce BKIIIOYM KbM aHaIn3a Ha
(akTopuTe, BIUSCIIA BBPXY PA3XOJUTE B CEICKOTO CTONMaHCTBO. O puIMaHUAT MOKa3aTel 3a U3MEpBaHe
Ha uHpnanusaTa ¢ HHAEKCHT Ha motpeduTenckute renu (ML), koitTo oTpaszsBa n3Me HEHUETO B IIEHUTE HA
CTOKHTE M YCIIyTHTE, IOTPEOsIBAHM OT JIOMaKMHCTBATa 3a OMPE/CIICH epro oT Bpeme [1].

5 JloknanbsT € mpencTaBeH Ha CTyJleHTCKaTa HaydHa cecust Ha 21.05.2026 B cekuus ,,PuHaHCOBAa MaTeMaTHKA” C
opurnHaiHo 3amiaBue Ha Owarapcku esuk: W3CJIEABAHE HA 3ABHUCUMOCTTA MEXAY HEHUTE HA
TTPOM3BO/ICTBEHUTE PECYPCHU U CEJICKOCTOITAHCKUTE PA3XO/U B BBJITI APUSL.
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B Hacrosimata pabota, ¢ momorra Ha KOpeIalMoOHEeH U PerpecuoHeH aHainu3 [3], ca u3cienBaHu
CTENEHTAa Ha CUJIa, BUJa M 3HAYMMOCTTa Ha Bpb3KaTa MEX/Ty TPH OCHOBHH (PaKTOpa - IIEHUTE Ha TU3EII0BOTO
ropuBo, leHuTe Ha kapOamuaa u UIIL, u moBegeHneTo Ha MHIEKCA Ha IIEHUTE Ha CTOKUTE U YCIYTUTE 32
TEKYIO MOTpeOJIeHNE B CEJICKOTO CTOMAHCTBO. 3a aHAIM3a ca U3IMOJI3BaHU TOAUIITHYU JaHHU 32 HHJEKC Ha
cenckocTomanckuTe pasxoau, MIIL, menn Ha au3en u meHu Ha KapOamu 3a bearapus 3a mepuoga 2008 -
2025r. NanuuTe ca B3etn oT CBeroBHara banka [2] u FUEL-PRICES.EU [4].

N3JIOKEHHUE

Taoauna 1. Onucarennn cratuctuku 3a UPCC, UIIL, neHa Ha qu3en U IicHa Ha
kapOamu 3a mepuoga 2008-2025 r.

TMokasaren Cp“e;[Ha Meuana Crannaptao | Koedunenr na | Koedunent na | Koedurenr na
CTOWHOCT OTKJIOHCHHUE BapHaIys aCHUMETpHUs eKcIIeC
HUPCC 110,872 103,250 17,210 296,182 1,379 0,473
lena Ha gu3en 1,146 1,100 0,161 0,026 0,227 -0,858
UIIL] 3,778 2,800 4,359 19,004 1,588 2,280
Uena na 322,799 291,398 102,325  10470,382 1,432 1,918
KapOamu

Ot Tabmuua 1 ce Bukna, yue cpennara croiiHoctT Ha MPCC e 110,872 myHKTa, ChIIEBPEMEHHO
CPaBHUTEIHO BUCOKOTO CTaHJAPTHO OTKIJIOHEHHE, KoeTo € 17,210 mokasBa 3abenexumMu KoseOaHus Ha
nHJeKca BB BpemeTo. KoeduiuentsT Ha acumerpus € 1,379, kKolTo moka3Ba JscHa (IIOJIOKHUTEITHA)
acCUMETpHs, MpeJroiarama HaAIMYHETO Ha HAKOJIKO HEOOMYallHO BHUCOKH CTOMHOCTH, O0COOEHO TMpe3
kpusucHutTe roauHu cien 2021 1. IlonmoxutenHusar koeduimeHT Ha ekciec € 0,473 u mokassa
JENTOKYPTUYHO paslpeelieHNe ¢ yMEpeHa KOHIIEHTpaIMs OKOJIO CpeJHaTa CTOMHOCT U HaJU4YUEeTO Ha
E€KCTPEMHH HaOJIIOICHU .

[lenara Ha aAu3ena uma cpefHa cToHHOCT oT 1,15 eBpo 3a MuTHp U € GiM3Ka ¢ MeauaHara, KOeTo
npeanonara HopmanHo pasnpenenenne. KoedunmenTsr Ha acumerpus ¢ 0,227 u moka3Ba Jieka
(monmokuTENHA) JASICHA aCUMETpHsl, a KOePUIITUEHTHT Ha eKcIlec, KOUTOo € -0,858 moka3Ba miIaTUKypTUUYHO
pasmpeenieHne, KOeTo MpeArnoaara OTChCTBUETO Ha €KCTPEMHU CTOMHOCTH.

Cpennara crovinoct Ha UIIL e 3,3778 myHkTa U KoepuuueHTHT Ha acumerpus e 1,588, koero
MOKa3Ba MOJOXKUTENHA JSICHA aCHMETPHS, COuella HajJu4Khe Ha HSAKOJIKO TOJUHU ¢ HEeOOHUYallHO BUCOKU
cToiiHOCTH Ha nH}nanusra. KoepuiuentsT Ha ekciec e 2,280 1 moka3Ba HaATUYHETO HA Je0eH ONaIiku
ChC CHJIHA KOHIIEHTpAIMs OKOJIO CpeHaTa CTOMHOCT M HAJIMYHME Ha MOBEYE €KCTPEMHH CTOMHOCTH OT
HNPCC u nenara Ha kapbamua.

Cpennata CTOHHOCT Ha 1IeHarta Ha kapOamuia e 322,799 nomapa Ha TOH, @ BUCOKOTO CTAaHAAPTHO
OTKJIOHEGHHE ITOKa3Ba, Y€ CTOMHOCTUTE 3HAYUTEITHO BapupaT. [[0JOKUTETHUAT KOSPHUITUEHT HA EKCIIEC OT
0,473 mokasBa JISITOKYPTUYHO pa3NpeieiieHUe U HATMYNETO Ha €KCTPEMHU HAOIIOICHUSL.

Crnen HampaBeHa MPOBEPKA € YCTAHOBEHO, Y€ C TapaHIIMOHHA BEPOSITHOCT, 6mu3ka 10 100%, nenara
Ha JM3ella MMa HOPMAaJHO paslpe/eieHue, a BCHYKM OCTAHaJIM IPOMEHJIMBHM HE ca C HOPMAJIHO
pasmpeeneHue.
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Tadauna 2. Tect Ha Konmoropos-CmuproB 1 [1lamupo-Yuiiku 3a HOpMATHOCT Ha pasnpeIecHusITa

Kosamoropos- Mlanupo-

CMHpHOB Yuaku

CreneHu Ha . CrerleHH  Ha .

CraTucTuka p-croitHocT | CTaTHUCTHKA p-cToiHOCT

cBobosa cBobOoa
Ilena Ha gusen 0,167 18,000 ,200* 0,960 18,000 0,606
HUPCC 0,270 18,000 0,001 0,753 18,000 0,000
Iena Ha kapOammu 0,202 18,000 0,051 0,867 18,000 0,016
NI 0,266 18,000 0,002 0,815 18,000 0,002

Kopeaamnnonen u perpecuoneH aHajau3

Ta6auna 3. KopenanuonHa maTpuia

Ilena na
HNPCC Ilena Ha nuzen KapGaMIn NIIIL
- Ii‘;ei'!’[j‘“;'c‘if 1 0,784 0,494 0,563
P-CTOMHOCT . 0,000 0,019 0,007
lenapa | OCPUUHMEHT | 40, 1 0,475 0,363
el Ha IlupcbH
g p-cToifHOCT 0,000 . 0,023 0,069
lenama | ‘oepuuuent 0,494 0,475 1 0,808
GamiT Ha IlupcbH
Kap p-cToitHOCT 0,019 0,023 . 0,000
Koepuumenr
—_— o Hipenn 0,563 0,363 0,808 1
p-CTOHHOCT 0,007 0,069 0,000

B rabmuma 3 e mpeacraBeHa KopenalnoHHaTa MaTpUIla, KOSTO MOKa3Ba ,ue Bpb3kaTa mexay MPCC
Y IIeHaTa Ha Ju3eja MMa Hal-BHUCOK KopemannoHeH koedhuneHT Ha [luTbpchH Ha croriHOocT 0,784 C
rapaHIlMOHHA BEPOSITHOCT, Ou3ka 10 100%. CrnenoBarenHo oT BCUUKH (JaKTOpH, MOKAYBAHETO Ha I[eHATa
Ha JM3eNa OKa3Ba Hall-CUJIHO BJIMSHUE BBpXY nokausaHeTto Ha UIPCC.

Haii-cmaba ot pasriexmganute 3aBucumoctn ¢ MPCC e Tasm Ha meHara Ha kapOamuma c
KopenanuoHeH koedpuieHT 0,494 — ToBa € yMepeHa 3aBUCHMOCT, KOSITO € CTaTUCTHYECKH 3HAauyuMa C
rapaHiinoHHa BeposTHocT 95%. Kopenanmonnust koeduuent ot 0,563 noxazsa Biausaue Ha UL BB pxy
HNPCC c ymepena cuina 1 € CTaTUCTUYECKH 3HAYMM C FapaHIMOHHA BEPOSTHOCT 99%.

Hanuue e cunna, 3HaunMa 3aBUCUMOCT (C TapaHIIMOHHA BEpOSTHOCT, Onm3ka mo 100%) mexmy
nenara Ha kapbammuaa u UIIL ¢ koedunent na xopemnanus 0,808, koeTo mpeamonara, ye npe3 nepruoIu Ha
BHCOKa MHIIAIUS IIEHUTE Ha KapOaMua ce yBelndaBar.

Taoauua 4. O0001IEHN CTATUCTAKH 3a MOJ€EIa

R R? Wsrnazen R? CraHapTHa rpeika
Ha OI[CHKHUTE
0,852 0,727 0,668 9,914

Ot tabnuua 4, cieq KaTo € IPUII0KEH MHOTOMEPEH JINHEEH PErPeCHOHEH aHalN3, KOe(UIEHTHT Ha
nerepmuHanus R?=0,727 mokaspa,4e okono 72,7% ot usmenenusra B MPCC morar na Obaat o6scHeHun
Yype3 MPOMEHUTE B [IeHaTa Ha u3ena, [ieHara Ha kapoamuaa u UITLL.

Usrnagenusr koeduueHT Ha jgerepMmuHanus R*=0,668 NOTBBpkKAaBa, Ye MOAETBLT 3ama3Ba
CPaBHUTEIHO BUCOKA OOSICHUTENHA CIIOCOOHOCT A0pH CJIe] OTYUTaHe Oposi Ha BKIIIOYEHHUTE (PaKTOPH.
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Pesyntatute or ANOV A ananuza Ha Tabnauia S moka3Bar, ye perpeCuOHHUSAT MOJIET € aJIeKBATEH U
BKJIFOUCHUTE HE3aBUCHMHU NPOMEHJIMBU OKa3BaT ChBMECTHO CTaTMCTUYECKH 3HAUYUMO BIIHMSHHUE BBPXY
HNPCC c npubnusurenno 100% rapaHiimoHHa BepOSTHOCT.

Taoauna 5. ANOVA ta0nuiia 3a Mozaeaa

Cymu ot Crenenu Ha| Cymu KB./ crer. E .
P-CTOMHOCT
KBaJIpaTu cBobona Ha cB00OIa
Mogen 3659,119 3 1219,706 12,410 0,000
Ocrarbuu 1375,977 14 98,284
O6mo 5035,096 17

B Tabnuna 6 ca nageHu olleHKUTE Ha TapaMeTpUTe Ha MOJiesa, TEXHUTE CTaHJapTHU OTKJIIOHEHUS U t
CTOMHOCTHUTE:

—

B, =29134, B,=77292, B,=-0,045 u B, = 2,039,

op, = 18,349, o5 = 16,966, 0;=0,042 wuo, = 0937

tp =1588, t =4556 tz =-1063 u tz =2,176.
Tabéauua 6. Koepuunentu Ha mozena
Hecrannaptusupanu [CtaHaapTu3upanu CraTuctuka 3a
KO¢C I/éL[I/IeHTI/I KOGd)I/II_[I/IeHTI/I t p'CTOﬁHOCT MyJITI/IKOJII/IHCapHOCT
B ratapTHa Beta Tonepanc | VIF
Tpenika
(xoHcTaHTa) |29,134 18,349 1,588 0,135
Henana 279951 16966 0,724 4,556 | 0,000 0,773 1,294
JN3€CJ1
Hemama | 44451 042 0,267 -1,063| 0,306 0,309 | 3237
KapOamMu
150000 2,039 0,037 0,516 2176 | 0,047 0,347 | 2,885

Ot Tabauua 6 Moke Ja ce MOCTPOU JIMHUSTA HA PErPECUSL:
Y, = B, + B, Xy + BsXy; + BuXs; = 29,134 4+ 77,292X,; — 0,045X,,; + 2,039X,;

Ot Tabnuua 6 ce BUXKa, Ye 11eHaTa Ha In3eJ1a OKa3Ba Hall -CUJIHO ITOJI0KUTETHO BIMSIHUE (Hal-BHCOK
crangapTusupan koeduipent ot 0,724) BbpXy MPOU3BOJACTBEHUTE Pa3X0Id B CEIICKOTO CTOMAHCTBO, KAaTO
TOBa BIIMSHHE € CTAaTHCTMYECKH 3HAYMMO C TapaHIMOHHA BeposTHOcT Omm3ka 10 100%.
Hecrangaptusupanusar KoepuIueHT: E; = 77,292 noka3Ba, 4e NpH yBEJIMYCHUE HA LI€HATa Ha Au3ena ¢ |
€BpO Ha JIUTHP MOXke J1a ce oyakBa HapacTBaHe Ha UPCC cbe 77,292 nyHKTa.

PerpecuonHusaT koepHUIIMEHT Mpen IeHaTa Ha KapOamuaa € OTpHUIlaTENICH E; =-0,045 wu
cTaTucTiuecku He3HauuM (P-croriHocT = 0.306 > o = 0.05), xoeTo mokasBa, ye BIUSHUETO Ha IIeHATa Ha
kapbamuia Bepxy MPCC He Moxke na Obe MOTBBPACHO KATO CTAaTUCTUYECKH 3HAYMUMO B PaMKHTE Ha
Mozena. ToBa He O03HauaBa, ye KapOaMUIBT HsIMa BIIMSIHHE, @ Y€ 4YacT OT HEroBUs €PEeKT BEpOSATHO ce
NPUIIOKPUBA C BIUSHUETO HA OCTaHAIUTE (HaKTOpU, 0COOCHO ¢ HHIAIUITA.

Ot tabauna 6 ce Buxkaa ome, yue MIIL] oxa3Ba MOJ0KUTEIHO U CTATUCTUYECKU 3HAYHUMO BIIMSHHE
Bbpxy MPCC c rapanimumonna BeposiTHOCT 95% (p-croiiHoct = 0,047). ToBa moka3Ba, ye oOmmuTe
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WHQIAIMOHHN TPOLIECH B HMKOHOMMKATa JONPUHACIT 3a yBEIWYaBaHE Ha Pa3XOJUTE B CEICKOTO
CTOITAHCTBO.

Croiitnoctute Ha VIF ca non kputuunararpanunaot 10 (Bxk. [5]), koeTo moka3BaMrca Ha CEpuO3€H
pooJIeM ¢ MYJITUKOJIMHEAPHOCTTA MEXK/Ty HE3aBUCUMHUTE MMPOMEHIIUBH.

MNormal P-P Plot of Regression Standardized Residual

Dependent Variable: MHaeKkc Ha pasxoauTe B CENCKOTO CTOMNAHCTEO
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®urypa 1. 'paduka Ha cTaHTAPTU3UPAHUTE OCTATHIU OT MOJIeTIa

I'padmynoro mpencraBsHe Ha CTaHIAPTU3UPAHUTE OCTATHLIM OT Mozena (¢urypa 1) mokasBa
MPUOIU3UTEIIHO HOPMAITHO paslpeAesieHne, KOETO NOTBBPXKAaBa CTATUCTUYECKATa HAICKIHOCT Ha
perpecuoHHUsI MOJIEN.

3AK/IIOYEHHUE

OT wu3cnenBaHETO Ha 3aBUCUMOCTTa MEXAY LEHUTE Ha MPOU3BOJICTBEHUTE pECypcu U
CEJICKOCTOMAHCKUTE pa3xoau B bwirapus 3a mepuoga 2008—2025 r. moraT Aa ce HampaBsT CICIHUTE
U3BOJIU:

1. Ot u3BBpIICHUS PErPECHOHHUIT aHAIN3 CE€ BUYK/IA, Y€ IICHAaTa Ha JU3eJI0BOTO FOPUBO € GaKTOPBT
C Hall-CUJIHO BJIMsHHUE BbpXYy M3MeHenuero Ha MPCC.

2. YCTaHOBEHO €, 4e MH(IAUITa Ma CTATUCTHYECKH 3HAYUMO MOJIOKHUTEITHO BB3JICHCTBHE BBPXY
pa3XxoauTe Ha 3eMEACIICKUTE MPOW3BOIUTENH, ThiA KaTO BOAM JO OOIIO MOCKBIIBAHE HA PECYpPCUTE U
YCIIYyTUTE B HKOHOMHUKATA.

3. Ilo oTHOIIEHME Ha ITeHAaTa Ha KapOamuia ce HaOIr0AaBa MOOKUTETHA KOpealus ¢ UHAeKca Ha
pa3xoauTe, HO B PaMKUTE Ha MHOXXECTBEHUS PETPECUOHEH MOJIEN BJIUSHUETO M HE € CTaTUCTUYECKU
3HAYUMO.

4. Tpubnuzurtenno 72,7% ot uzmenenusra B UPCC morar aa 6b1aT 00sCHEHU Upe3 BKIIOYECHHTE
dbaxTopu.

5. CroitHoctute Ha VIF mokasBaT, 4ye HsIMa HalW4yuMe HAa BHCOKA MYJTHKOJIMHEAPHOCT MEXKITY
(dakTopute B MojieNa.

6. [TocTpOCHUSAT JIMHECH PErpecCHOHEH MOJEN IMOTBBPXKIaBa MPEANOCTaBKaTa 3a HOPMATHO
pasnpeneneHre Ha OCTaThLIUTE U He ce HAOII0aBaT ChIIECTBEHH OTKJIOHEHUS OT TEOPETUYHATA JINHUS.
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Abstract: This study examines the trends in drinking water consumption in Bulgaria for the period 2000-2024. The aim
of the research is to identify whether there is a significant change in water consumption over time and to compare the
consumption patternsacross selected Bulgarian cities. The analysisisbased on annual data from Sofia, Plovdiv, Varna, Burgas,
and Ruse and is conducted using IBM SPSS Statistics.
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BBBEJIEHUE

B chBpeMEHHOTO TUHAMUYHO €KEAHEBHE YECTO MpHeMaMe 3a AaJeHOCT yI00CTBaTa Ha MOACPHUS
cBar. [loTpebneHneTo Ha CTOKU U YCIYTH IHEC MHOTOKPATHO HAAXBBHPIIS peaTHaTa He0OX0IUMOCT OT TSIX.
Teii KaTO B HAIIM JHU TE€ Ca JIECCHOJOCTHITHHU, CTaBa BCE MO-TPYAHO J1a C€ BUIM peajlHaTa KapTHHA Ha
KOHTpacTa MEX/y TOBa, KOETO KyllyBaMe U OHOBA, OT KOETO CE€ HYXJaeM B AeUCTBUTENHOCT. DOKyChT Ha
0OIIIECTBOTO MPEAMMHO BbPXY KOHCYMAIIUSATA YECTO HU MPEYH Ja 00bpHEM BHUMAHHE HA €1H CEPUO3EeH
rio0arneH mpobseM — ObP30TO U3UEPIBAHE HA 3eMHUTE pecypcH. Hapen ¢ HelpeKkbCHATOTO HapacTBAaHE Ha
NOTpeOJIEHUETO Ce yBeNMYaBa U HATUCKBT BHPXY HpHpoAara. YacT OT Te3u pecypcH ce BH3CTaHOBSBAT
TPYIIHO, & IPYTH ca KU3HEHOBAXXHU 3a CHILIIECTBYBAHETO HA YOBEKA.

B HacTosmms mpoekT OCHOBEH 0OCKT Ha M3ClIeIBaHe € BoJlaTa M HEMHOTO moTpediieHue. 3a 1menra Ha
Hay4HaTta paboTa ca M3MOJ3BaHU TOJWIIHU JaHHU 32 MOTPEONIEHWETO Ha MHUTEHHa BOJa Ha riaBa OT
HACEeJICHUETO B TET OT rojiemute rpagose B beirapus — Codwus, [Tmosaus, Bapua, byprac u Pyce, 3a
nepuoaa ot 2000r. mo 2024 r. /lanaute ca B3etu oT Hanmonamuwus cratuctuuecku nuactutyT (HCU, Bk
[1]). Lenra Ha u3cneABAaHETO € Ja C€ MPOCIEAST IBJITOCPOYHUTE MPOMEHH U TEHIACHLMHU B CTpaHaTa.
[Mpuunnara 3a n36opa Ha Tazu TemMa € GaKThT, Y€ MPOOIEMBT C HEJIOCTUTA HA BOJIA Y HAC CTaBa BCE TO-
TpeBoskeH. [Ipe3 mociaenHuTe roAMHU YecTo ce 3a0ersa3Bar 3acylliaBaHus, IpechXBaHe Ha BOJOM3TOUHHIIN
Y BBBEXK/IAHE HA BOJHU PEKUMH B HIKOM HaceleHU MecTa. BCMUKo ToBa Haiara criemiHara Hy/ja /a ce
W3CIIe/IBA KaK TOJIEMHUTE TPAJICKU IEHTPOBE KOHCYMHUPAT TO3H PECypcC.

B Tabnmuna 1 e mpeacraBeHO cpeAHOTO MOTpedieHWE Ha MUTEWHa BoJa OT JOMAaKMHCTBA OT
00IIeCTBEHOTO BOIOCHAO sIBAaHE, H3MEPEHO B JIUTPa Ha JICH 3a TJIaBa OT HACEIEHUETO.

3a oOpaboTkara Ha HanMyHata MHQOpMaUMs € u3noi3BaH nporpamHusir copryep IBM SPSS
Statistics [2], kaTo ca MPUIIOKEHU CIEAHUTE CTATUCTHYECKH METOAM 32 aHAJIN3 Ha JaHHUTE:

o JleCKpUNITUBEH CTATHCTHYECKH AHAJN3 — 32 W3UYUCISBAaHE HAa OCHOBHUTE IMOKAa3aTENH KaTo
CpeIHU CTOWHOCTH, CTAHIAPTHO OTKJIOHEHHE, MUHUMYMHU U MaKCUMyMH Ha IOTPEOJIEHUETO;

e 'pajduyen aHaIu3 Ha AMHAMMKATA — 33 HaArJIeJHO BU3yalIM3UPaHE HA TOBA KAaK C€ € MPOMEHSLIO
noTpeOIeHNETO Mpe3 TOIUHUTE;

6 JloknaabT € mpeAcTaBeH Ha CTyJeHTCKaTa Hay4dHa cecust Ha 21.05.2026 r. B cekuus ,,OuHaHCOBa MaTemMaTHKa” C
opuruHaiHo 3arnaBue Ha Obarapcku e3umk: CTATUCTUUYECKU AHAJIM3 U U3CJIIEABAHE HA TEHJEHIWWUTE B
ITOTPEBJIEHUETO HA IMIUTEMHA BOJIA B BBJIT APUSL.
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o KopeanuoHeH aHaJau3 — TO3M METO/T IIPOBEPSIBA AU CHICCTBYBA JIMHEHHA 3aBUCHMOCT MEXTY
IPOMEHJIUBUTE.
Tabnuma 1. M3non3Bana nureiiHa Boaa

TI'oguna | Codus | Ilnosaus | Bapua |Byprac | Pyce bbarapus
2000 146 90 103 113 121 100
2001 145 89 94 109 116 95
2002 128 87 90 103 105 90
2003 147 90 93 107 112 95
2004 148 89 88 102 105 94
2005 141 93 90 104 97 92
2006 143 93 96 113 103 96
2007 146 94 99 122 108 100
2008 141 95 99 107 105 99
2009 140 96 99 122 108 99
2010 140 96 97 111 100 97
2011 136 101 94 112 103 100
2012 134 102 95 116 113 102
2013 130 97 93 113 103 99
2014 128 94 90 108 99 96
2015 127 106 92 111 102 99
2016 127 98 94 112 103 100
2017 126 97 95 112 101 99
2018 126 95 94 109 100 99
2019 124 96 97 107 99 99
2020 127 102 101 108 105 102
2021 127 99 99 109 102 102
2022 125 101 105 111 104 103
2023 126 102 110 115 109 106
2024 129 104 112 117 112 110

N3JIOKEHUE

AHaau3 HA ACCKPUIITUBHUTE CTATUCTHYCCKH XaPAaKTCPUCTUKHA

[IpakTHyeckara 4acT Ha U3CIEIBaHETO 3aI10YBa C AECKPUIITUBEH CTATHCTUYECKH aHAIIU3, YPE3 KOMTO
ce 000011aBaT OCHOBHUTE ITapaMeTPH Ha BOAHOTO IMOTPEOICHHE 3a TIeTTe U30paHu I'pajia 3a PasriIeKIaHus
25-roquiien nepuod. B tabmuna 2 ca mpeacraBenu uzumciaeHute ypes  SPSS cpeanm croiiHOCTH,
CTaHJAPTHUTE OTKIOHEHUS M CTAaHJAAPTHUTE TPEIIKHA HA CPEAHUTE BEIHMUNHH.

Tabmuma 2. OnucaTtenHa CTaTUCTHKA 32 TOTpebieHneTo Ha Boja mo rpagose (N = 25)

I'pan Cpuezma CrangapTHo | CranpaprHa rpemika | Koedguumenr
CTOIHOCT OTKJIOHEHHE HA CPEeJHOTO Ha Bapuanms
byprac 110,92 5,024 1,005 4.529%
Bapna 96,76 5,967 1,193 6.167%
ITnoBIMB 96,24 5,06 1,012 5.258%
Pyce 105,4 5,795 1,159 5.498%
Codus 134,28 8,439 1,688 6.285%

OT monydeHuTe pe3yaTaru ce Bxkaa, ye Codus e Ha MbPBO MACTO B KOHCYMallMsTa Ha BOJA ChC
cpenna crorHocT ot 134,28 n/nen/rn.nac. Ctonuiiara moka3Ba W Hal-BUCOKO CTaH/IAPTHO OTKIJIOHEHHE
(8,439), koeTo o03HauaBa, 4e Mpe3 rOAMHUTE KOHCyMAIlUsATa TaM € MPEThPIIsia Hail -cepro3HU KoJeOaHUsL.
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Hait-aucku cpenau HuBa Ha noTpebnenue ce Habmonasar B [1moBnus (96,24 n/nen/rn.nac.). UaTepecen e
GakThT, Ye BBIPEKU Trojemus Opoi >kutenu, [lmoBauB mMma Haii-HUCKO cpenHO motpedinenue. Topa
Ha0NoIeHHe MOKe Jia Ce IBDKU Ha T0-e(PeKTHUBHO yNpaBlieHWE Ha BOJHATA CHCTEMA B pailoHa.

CraTrucTHyecka mpoBepka Ha xunore3n: One-Sample t-test

3a 1jesiTa Ha U3CIIEIBAHEeTO € MPUIIOKEH t-TECT 3a eJHa U3BaJIKa. 32 TECTOBA CTOMHOCT € U3M0JI3BAHO
CPEAHOTO HAIlMOHAJIHO HUBO Ha moTpeliieHHne Ha Boja, koero € 99 n/nen/rn.Hac. dopMynupaHu ca
CIIETHUTE XUIIOTE3NU:

e Hynesa xumnote3a (Ho): Hsma craTrcTrueck 3HaUMMa pasjivnka MEX.y CPEeIHOTO MOTPeOICHHE
Ha MUTEHA BOJA B KOHKPETHUS I'paj U CPEAHOTO HAIMOHAIIHO HUBO.

e AartepHatuBHa xunorte3a (H1): Mma craructudeckn 3HaYMMa pa3inKa MEKIY CPEIHOTO
noTpebiieHre B rpajia ¥ HAIMOHATHOTO HUBO.

[pu ce npuema Ho [pu ce npuema Hi,

KBJIETO P € P-CTOMHOCTTA UJIM BEPOSITHOCTTA 32 MOJIy4aBaHe Ha HaOJt01aBaHUs pe3yJiTaT, IPU YCIOBHE Ue
HYyJIEBaTa XUIIOTE3a € BSIPHA, a & € HUBOTO HAa 3HAYMMOCT, OIIPEAEIIEHO OT U3CJIEeI0BATEIIS.

3a npecMsTaHe Ha I-CTOMHOCTHUTE ce U3MOoi3Ba cineaHaTta ¢popmysna [3]:

t=%#n,

N

KBACTO!

o X ecpenHara CTOMHOCT Ha M3BA/KATa 32 CHOTBETHMS IPaJl;
e [ € TecToBaTa CTOWHOCT (B TO3M cityuait u = 99);
e S ¢ CTaHJAPTHOTO OTKJIOHEHHE HA M3BaJKaTa;

e ne o00eMbT Ha U3Bankara (N = 25 rogusn).
Pesynrarute ca nmpencraBeHu B Tadbnuna 3.

Tab6muma 3. One-Sample t-test

Ipan t-cTORHOCT Crtenenn Ha | 3HaunmMmocTt / | Pasiuka B
cBooona (df) p-value CpeaHHuTE
Byprac 11,862 24 0,000 11,92
Bapna -1,877 24 0,073 -2,24
IInosous -2,727 24 0,012 -2,76
Pyce 5,522 24 0,000 6,4
Codus 20,904 24 0,000 35,28

C rapannuonna BeposTHOCT oT 95% (a = 0,05), pesynrarute oT TabaUIA 3 OTXBBPIAT HyJeBaTa
xunoTte3a (Ho) 3a Bcuuku OT rmeTTe u3cieBaHu rpajia ¢ u3KIodeHne Ha BapHa, Thif KaTo TAXHOTO HUBO Ha
sHagumocT e mo-mManko ot 0,05 (p < 0,05). 3a Byprac, Pyce u Codust ce Habmr01aBa CTaTHCTHYESCKA
3HAYUMO MMO-BUCOKO MOTpeOIeHHE CIIpsAMO HaloHanHaTa HopMma oT 99 nutpa (p = 0). [Inosaus u Bapna
UMaT 3HAYUTEITHO IMO-HUCKO MOTPEOJICHHE KaTO pa3iiKaTa B CPEIHUTE CTOWHOCTH € OJIM3Ka, ChOTBETHO -
2,76 n. u -2,24 1., HO B cinydas Ha BapHa ce nmpuema HyJieBaTa XUIoTe3a, Thil KaTo 3HAYMMOCTTA (p) ChC
crortnoct 0,073 naaxswpiist 0,05.
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I'padpnuno npencraBsine Ha JaHHUTE

@urypa 1 1aBa BB3MOXKHOCT HarJeHO Ja C€ MPOCIEaAN AbITOCPOYHOTO MOTPeOIeHUE HAa BOJA 3a
MeTTe rpaja.

Simple Line of MoTpe6nenue by MloanHa by MNpaa
Mpap

= Byprac
== BapHa
=== T[lnoBaune
140 — Pyce
Codua

120

MoTtpebneHue

100

80
2000 2005 2010 2015 2020 2025

FoanHa

@ur. 1. [ToTpebnenue Ha nUTEiiHA BO/Ia HA TJ1aBa OT HACEICHUETO
3a royieMuTe rpagose B bearapus

B Hawanorto Ha u3cneaBaHUs Mepuo]l ce HabIr0AaBa MUK HAa MOTPEOICHUETO, KOWTO € MOCIeIBaH OT
psa3bk cnian okoso 2002 r. — Haili-uspaseH 3a Codus u Pyce. [lo nunpopmanns or Hauronanuust UHCTUTYT
o meteoposiorus u xuaposorus (HUMX, Bx. [4]), 2000 ronuHa € kiacuuiiupana KaTo eHa OT Hai -
CYXHTE U TOpelr TOAUHH B bbarapus 3a mocineanurte 01130 ¢To roauHu. BomHata kpusa, u3paseHa B
MPECHhXHANHN SI30BUPH U HAJIaraHe Ha BOJEH PEXHUM 3a HSIKOU HACEJIeHU MECTa, € MpearnoiaraeMa npuarHa
3a HUCKUTE HUBA Ha noTpebienue oxoiso 2002 r.

Cnen 2010 1. ce HaOnromaBa OTUETIMBO pa3lelisiHE Ha TEeHACHHHUTe Mexay Cronuiara u
OCTaHaJMUTE roJIeMHu rpajsoBe. Mose J1a ce MPearnoioky, Y€ HayajloTo Ha cliaja Ha NOoTpediieHne 3a rpaj
Coous ceBnaga ¢ nepuoj, B Koito ,,Coduiicka Boga™ [5] uHBeCcTHpa rojieMH CyMU BBB BOJOCTOYHATA
Mpexa KaTo 10 TO3U HauMH 3aryounTe Ha nuTeiiHa Boaa Hamanssart ¢ 40% 1o 60%. ToBa Moxe 1a ce mpueme
KaTo Ipe/oiaraeMa npuurHa 3a HaomoaaBanus Tpen 3a Ctonunara ciueg 2010 r.

Kopeﬂammﬂeﬂ aHaJIn3

C men ga ce wu3cielBa Bpb3KaTa MexIy MOTPeOJIEHHMETO HAa BOAAa U TOJAMHMUTE € HU3MOJI3BaH
koe(uneHTHT Ha Kopenauus Ha [TupcebH. Toli ce n3umcsgBa KaTo CbOTHOLIEHHE MEXKIY KOBapUallMsITa Ha
JBETE IPOMEHJIMBU U IPOM3BEIECHUETO HAa TEXHUTE CTAHJAPTHHU OTKJIOHEHMS, O3HadaBa ce C I W
CTOMHOCTUTE Ha KoepHIueHTa Bapupar mexay -1 u 1 [3]:

D ICTEE o (6 /)
VZl - D2 EG, - D7

KBJETO:
® X;Y; ca OTAEIHUTE CTOMHOCTU ChOoTBETHO Ha 'onuHa u Ilorpebinenue

° X, :)_/' ca CpCAHUTEC CTOMHOCTH Ha ChOTBETHUTE IMPpOMCHJIUBHU.
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Tabnuna 4 Kopenanus

Koepuuuent Ha | 3naunmoct / | CraTucTHYecka MHTepPNpeTANNsA HA
I'pan .
Iunpenn (1) | p-value (Sig.) TpeHaa

Codus -0.830 0,000 CuiiHa, CTaTUCTUYECKU 3HAUMMA
o0paTHa 3aBUCUMOCT

0B ms 0,803 0,000 CuiiHa, CTaTUCTUYECKH 3HAUYMMA MTpaBa
3aBHCHUMOCT

Bapna 0,525 0,007 YMmepeHa, CTaTUCTUYECKH 3HaYMMa
npaBa 3aBUCHMOCT

Pyce 0344 0,092 Cnaba obpatHa BaB:I/ICI/IMOCT
(neznauuma nipu 0=0,05)
Cnaba mpaBa 3aBUCHMOCT

byprac 0,213 0,307 (cTaTUCTHYECKU HE3HAYMMA)

Kopenanuonnara matrpuiia moka3pa rojsiMmo pasjieJIeHue B pa3BUTHETO HA BOJAHUS CEKTOP B TOJIEMHUTE
TpaJIcKu IIeHTpoBe Ha bwirapus 3a n3opanus nepuona. Codus u [1noBauB ca B 1BETE KPalHOCTH KaTO CE&
Ha0JI0/1aBa CHIJIHO M3pa3eHa JIMHEeHa 3aBucuMocT. 3a Cronmiiata 3aBUCUMOCTTa € oTpuriatenHa (r = -
0,830), xoeTo moka3Ba ue ¢ BpeMeTo norpediieHneTo HaMmamsiBa. A 3a [lnoBauB ce mpuema oOpaTHOTO
THJIKYBaHE — UMa TeHICHIIHUS C BPEMETO MOTPEOICHUETO /1a Ce TOBUIIIH.

[Ipu Bapna ce HabnrogaBa cpejiHa 1Mo cujia, HO CTaTUCTUYECKH 3HAaYMMa MPaBa 3aBUCUMOCT

(p <0.01).

3a Pyce u byprac ce Buxa, 4ye koe(puIIHEHTHTE Ha KOpeJlallisl He ca CTaTUCTUYECKH 3HAYMMH TPy
HHUBO Ha 3HAUMMOCT 5%. ToBa o3Ha4aBa, ue B Pyce u byprac morpebieHueTo He ciieiBa CTporo onpeaeacHa
IpaBa JIMHUS BbB BPEMETO U HE ce HaOJII0]aBa SICEH TPEH/I.

3AKJIIOYEHHUE

B 3akmroueHue, u3cieBaHeTO JI0Ka3Ba, Y€ CEKTOPHT C€ HYXKJae OT MHAMBHUIyalTHU CTPATETUU Ha
pErMOHAIHO HHUBO 32 YIPaBJICHHETO HAa BOJHUTE pecypcu. [lomyueHuTe AaHHU MpeasaraT TOTOB
WHCTPYMEHT 3a TIJIaHUpPaHE Ha OBJACHIOTO MOTPEOJICHWE W W3TOTBSHE HAa CTpATerus, OTroBapsila Ha
MPEICTOSIIUTE KIMMATUYHU MPOMEHHU.

Texkymsar TPOEKT WMa 3a el He CaMO CTaTUCTUYECKO W3CIEeIBAaHE, HO U IIeN Ja MOCTYXH 32
OHArJIeIBaHETO Ha WHQOpMAIUs, 32 KOSITO HACEJICHHUETO KaTO aKTUBEH MOTPEOMTEN HE CE 3aMHCII.
KonkoTo mo-och3HaTo 0OIIECTBOTO riiefa HAa BOAHUTE PECYpCH, TOJIKOBA MO-IBJITO IIE MOXEM Ja TH
U3IM0JI3BaMe.

99 nuTpa Ha JICH Ha TJ1aBa OT HACEJICHUETO € CPETHOTO MOTpeOIeHNnEe Ha MU TEeHA BOJIa B CTpaHaTa 3a
nepuoaa ot 2000 mo 2024 romuna! ToBa wM3riexma MHOTO, a BCBIIHOCT € MaJlka 4acT OT OOIIo
W3MOJI3BaHaTa BOJa B CTpaHaTa 3a IMEpHoja, ThH KaTro B H3CIEIBAHUTE JAAaHHU € BKJIIOUYEHO CaMo
MOTpeOICHUETO HAa TIOMAKWHCTBATA. B MpoIieHTHO OTHOIIIeHHE TOBa ca caMo 5,4% oT 0011010 moTpedeHne
3a CTpaHara 3a Mepuoja.
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Abstract: This paper analyses and forecasts financial time series based on stock price data of UniCredit and Mediobanca
forthe period 2023-2025. ARIMA models, are applied to capture the main characteristics of the datasuch as trend and volatility.
In addition, forecasting techniques based on artificial intelligence are used to provide a more flexible representation of
uncertainty. The forecasts are generated for the period January—March 2026. A comparative analysis shows that classical
models tend to produce more aggressive predictions, while artificial intelligence methods provide smoother and more stable
forecasts. The results indicate that Al can be effectively used for forecasting financial time series, although predictions remain
uncertain due to the stochastic nature of financial markets.

Key words: Time series analysis, ARIMA model, artificial intelligence, financial forecasting, stock prices, volatility,
UniCredit, Mediobanca.

BBBEJAEHUE

[Ipe3 nmocneaHNTE TOJMHU aHATTU3HT HA BPEMEBUTE PEJIOBE CE€ YTBBPXKAaBa KATO BaXKEH UHCTPYMEHT
3a U3Cle[BaHEe U MPOTHO3MpaHe Ha ¢uHaHCcoBU mporecH [1]. C HapacTBamiaTa TuHaMUKa Ha Ma3apuTe U
HaJMYMETO Ha roJIeMU 00eMHU OT JJaHHM, HEOOXOIMMOCTTa OT TOYHM IMPOrHO3M CTaBa BCE MO-3HAUYMMA 32
(bMHAHCOBUTE MHCTUTYIIUH U HHBECTUTOPH.

BpeMeBuTe penoBe mpencTaBIsSBAT MOCISIOBATEIIHOCT OT HAOMIOICHUS, TOAPEACHU BBB BPEMETO,
MpU KOUTO CTOMHOCTUTE ca B3aUMOCBBp3aHU [2]. OCHOBHHUTE KOMIIOHEHTHM Ha BPEMEBUTE DPEIOBE
OOMKHOBEHO BKJIIOUBAT TPEH/l, CE30HHOCT, IUKINYHOCT U CIydyailHU W3MeHeHHs [1], KaTo aHalu3bT UM
MO3BOJIsIBA TTO-T00PO pa3dupaHe Ha MOBEICHUETO Ha TAHHUTE U U3TPAKIAHE HA MPOTHO3HU MOJICIIH.

TpanuuroHHUTE CTATUCTUYECKH METO/IU, KaTO aBTOPErPECHOHHUTE MOJIEIIN, Ca ITMPOKO U3MOI3BaHU
32 MPOTHO3MPAHE, HO CPEIAT 3aTPyAHEHUs IPHU CII0KHU 3aBUCUMOCTU U BUCOKA BojaTuiaHoOCT [1][2]. C
Pa3BUTHUETO HA U3KYCTBEHHUS MHTEJIEKT C€ MOSBABAT HOBHM IOJXOJHM, KOUTO MO3BOJISBAT IMO-TOYHO
MOJIEIMpaHe Ha TaKuBa JaHHHU [3].

B Hacrosmiata pabota ce uscrneaBat pUHAHCOBU BpeMEBH pelioBe, Oa3upaHu Ha IaHHHU 32 aKIIHMUTE
Ha nBe 6anku-UniCredit u Mediobanca, 3a mepuomaa 2023-2025 r., KaTo ce U3BBPIIBA TPOTHO32 32 IEPBOTO
Tpumeceune Ha 2026 r.

[lenta Ha M3ClEIBAHETO € Ja C€ CPAaBHAT KJIACMUYECKH METOJM 3a MPOTHO3MpPAHE C MOJEIU Ha
M3KYCTBEH MHTENEKT U J1a CE OLIEHU TAXHaTa e()eKTUBHOCT MPU aHAIU3 Ha OAHKOBH JaHHH [1].

7 JloknaawT € mpeacTaBeH Ha CTYJEeHTCKaTa HayuHa cecus Ha 21. 05. 2026 1. B cexuus ,,OuHaAHCOBA MaTEMaTHKA® C
opuruHaiHo 3arnaBue Ha Obiarapcku e3uk: CPABHEHUE MEX]Y EGEKTUBHOCTTA HA TTPOI'HO3UMPAHETO IIPU
M3IMOJI3BAHE HA ARIMAMOJEJIM U U3KYCTBEH MHTEJIEKT.
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METOAO0JIOIrusi HA U3CJIEABAHETO

3a aHanM3a Ha BPEMEBUTE PEIOBE € U3I0JI3BA CIIEHATA IIOCIIEIOBATEIHOCT OT JCHCTBHSL.

- [IpoBepka Ha I1aHHUTE 32 eCKTPEMHM Ha0JII0ieHusl. B HavanHus eTan OT aHaIM3a Ce U3BBPIIBA
IPOBEPKa 3a HAJTMYHKE Ha eKCTpeMHHM croiHocTu (Outliers). 3a tasu 1en ce usmonssat Boxplot rpadukw,
KOHMTO TIO3BOJISIBAT Jla C€ HAMPABHU MpeIBApUTEIHA OIICHKA Ha pa3NpeAeiIeHHEeTO Ha JaHHUTE.

- AHaau3 Ha aBTokopesanuoHHaTta (Qynkmus (ACF) m uyacTHyHATa aBTOKOpeIAIHOHHA
¢ynxmust (PACF). B ta3u cThiika ce u3cienBa 3aBUCUMMOCTTa MEXK/Ty HaOJTIOICHUSATA BbB BPEMEBUS PE/.
To3u aHaM3 momara 3a ONMpeAeISIHETO Ha TOIXOSAIIMTE CTOMHOCTH Ha MOJIENA.

- Tpancopmanus Ha ganHute. C oryeq NOCTUTaHe Ha CTAOMIIHOCT HA BPEMEBUS PeJl Ce Mpujiarar
TpaHcopMallii Ha JaHHUTE. Haii-uecTo W3MON3BAaHUTE MOJXOAM BKIIOYBAT JIOTAPUTMYBaHE U
IrdepeHIpane, KaTo meiTa € 1a ce SIMMUHUAPAT TPSHIbT U BapualusaTa BbB BPEMETO.

- U360p Ha ARIMA moaen. Cien TpanchOpMHUPAHETO C€ MPUCTHIIBA KbM H300p Ha IMOIXOIAIII
ARIMA monen. O6umst Bunx Ha Mmozena ARIMA(p, d, Q) ce npezcTaBs upes CICAHOTO ypaBHEHUE:

VY, = ¢1VY,_, + @2VY,_, + -+ 0,6, + 0,6, _, + & + 1 1)

MogensT Y, mpencTaBsi CTOWHOCTTa Ha BDEMEBHSI pEl B MOMEHT t, a Y, _; € CTOWHOCTTA B IPEIXOIHUA
nepuof. OnepatopsT 3a aAudepennupane VY, nokaspa npoMsHaTa MeX1y JBE OCIEI0BATEIHU CTOMHOCTH
(VY, =Y, = Y,_,). [lapamerpure ¢; - KoepuIeHT Ha mapameTapa p, 8; - KoeUIINEHT Ha ITapameTapa ¢,
& - octaTpid (OsU1 IIyM), a U - KOHCTAHTA.

3a u300p Ha onTUMaJIeH Mojien ce u3noinsBa beificoBust nndopmarmonen kpurepuii (BIC), karo ce
MPEANoYnTa MOJCIBT C HA-HUCKA CTOMHOCT HAa KPUTEPHUSL.

- AHaJm3 Ha octarbuuTe. Cliel OLIEHIBaHETO Ha MOJIeNa CE€ M3BBPIIBA aHAIHM3 HAa OCTATHIIUTE C IIEJT
npoBepka Ha Heroparta afekBatHocT. M3cnenBar ce ACF u PACF Ha ocTarbiiuTe, KaTo ce 0O4akBa Te Ja He
MOKAa3BaT 3HAaYMMa aBTOKOPEJIaIHsl.

JlonbaHuTeNnHO ce nmpuiara Portmanteau Tect 3a mpoBepka Ha HE3aBUCUMOCTTA Ha OCTaTBLIUTE.

Ho: OcTarpiure ca HE3aBUCUMHU U €JHAKBO Pa3lpeleIeHH

Hz1: OcrarpiuTe HE ca HE3aBUCUMU U enHaKchl) pasnpezeneHme

Qemp = nz pz(j)
=1

KBJIETO N € OposT HabmoaeHus, h e GposT jarose, a p?(j) ca CTOMHOCTHTE Ha aBTOKOPETAl[MOHHATA
¢bynaknus. [TonydeHara CTOMHOCT Ce CpaBHSIBA ¢ KPUTHYHATA CTOMHOCT Ha Y2-pa3pe/IeICHUETO IIPH HUBO
Ha 3Haynmoct o = 0.05.

@)

_ 2
Qe =X "qn 3)
- OneHKka HA TOYHOCTTA HA MPOrHo3aTa. Pasrinexnar ce cnegHuTe POPMH Ha TPEIIKUTE, KBJIETO C
X, e 03Ha4YeHa CTOIHOCTTa Ha BPEMEBHS Pell B MOMEHTA t, a ¢ X; - IPOTHO3HUTE 32 CTOMHOCTHU:

Cpennoto abcomntotao otkionenue (MAD):
n

MAD :%Z|Xt_)?t| 4)
CpennoxBanparinunara rpemka (MSE) OT'-I:I{I_Tla KBAJIpaTUYHUTE OTKJIOHEHHUS:
MSE:lZ(Xt—Xt)Z 5)
N
Cpennara abCoOMIOTHA MPOIEHTHA T'PEIKa (MAPTILE) /laBa OTHOCHTEIHA OLCHKA HA TPeIIKaTa:
MAPE =lz_|Xt_Xt| ©)
né X
Cpennara npouentHa rpemka (MPE) mo3BosisiBa fa ce OICHH MOCOKaTa Ha OTKJIOHEHHUSATA:
1y (K- %)
MPE = ;; X, 7)
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AHAJIN3 U MOJAEJIUPAHE HA BPEMEBU PEJIOBE

Hacrosimoro u3cneaBane u3noii3Ba peaiHu (UHAHCOBY JaHHU, CBBP3aHH C IICHUTE HAa aKIUUTE Ha
nee 6anku - UniCredit, Mediobanca. Jlanuute ca B3etu ot investing.com [4][5].

JHannute o6xBamar nepuoaa ot 02.01.2023 r. mo 31.12.2025 r., kato ca chOpaHu Ha THEBHa 0a3a,
KOETO MO3BOJISIBA MO-/IETAlJICH aHAJIM3 Ha IMHAMUKATA Ha [ICHUTE U TAXHATa BOJNATWIHOCT. 3nmon3Banute
BpEMEBHU PEJIOBE MPECTABSAT MOCIEIOBATEIIHOCTH OT CTOMHOCTHU, OTPa3sIBaIlld €KEIHEBHUTE H3MEHEHMS B
LIEHUTE Ha aKIIMUTE Ha ChOTBETHUTE OAaHKH.

CreOpanuTe MaHHW ce W3MOJ3BAT KaTo oOydaBamia W3BaJKa 3a H3rpaXKIaHe Ha MOJEIN 3a
nporHosupane. Ha Ta3um ocHoOBa ce M3BBpIIBA MPOTHO3UpPAHE 3a ObJCIl Mepuoi, oO0XBalall MbPBOTO
Tpumeceuune Ha 2026 1. — MecenuTe ssHyapH, GeBpyapu U MaprT.

[Ipenu mpunaraneTo Ha METOAUTE 3a MPOTHO3MPAHE, TAHHUTE Ca MOJI0KEHU Ha MPEIBAPUTEIHA
o0pa0oTka, BKJIIOYBAIla MPOBEPKA 3a JIMIICBAILM CTOMHOCTH, M3rJaXJIaHE W aHalli3 Ha OCHOBHUTE
CTaTUCTUUYECKH XapaKTEPUCTUKU. TOBa MO3BOJISIBA TO-TOYHO MOJCIIMPAHE U MO-HAICKIHU PE3yNATaTH MpU
MPOTHO3UPAHE.

=
o
2
S

2-Jan-23

Que. 1. Ucmopuueckume dannu na UniCredit  @ue. 2. Hemopuueckume oannu na Mediobanca

Ot durypa 1 Moke 1a ce HampaBu U3BOI, 4e BpeMeBusT pen Ha UniCredit moka3Ba OTHOCHTEIHO T10-
cTabuIHa IMHAMHUKA B CPaBHEHHUE C TIPEIXOIHHS TEPUO/I. BBIPEKH HATUYNETO HA BB3XO/ISIIL TPEHI NMa U
CIajoBe, KOETO € THITMYHO 3a (UHAHCOBUTE Ma3apH.

durypa 2 mokasBa, 4ye meHara Ha akinuute Ha Mediobanca ce xapakrepusupa ¢ KoieOaHus mpe3
pasriieKIaHus Mepruo/l. BeIIpeku Ye B OTACIHU MHTEPBAIM CC HAOIIOAaBAT MO-PSI3KM M3MEHEHHS, KaTo
ISUTO KOJIEOAHHSATA HE Ca CHITHO W3Pa3eHH, KOETO MPeosara paBHOMEPHA BOJIATHIIHOCT.

HabmronaBar ce mo-ps3kyd M3MEHEHUS B I[EHHTE Ha aKIMUTE TOBA MOXXE Ja OBbJe OOSCHEHO C
BJIMSHUETO Ha BHHIIHA HKOHOMHYCCKH (DAKTOPH U Ta3apHH ChOMTHSL.

IIpoBepka 3a eKCTpeMHH CTOiTHOCTH, mocpeacTBoM box-plot rpadpuku

Ot ¢Qurypu 3-4 ce BuUXKAAa pa3NpeleieHUETO Ha CTOMHOCTHTE Ha BpPEMEBUTE pEIOBE 3a
pasriexaanuTe 6aHku. MeanaHuTe ce HaMUpaT IPUOJU3UTENHO B cpejlaTa, KOETO MOKa3Ba OTHOCUTEIHO
CHUMETPUYHO pasmpeseneHue. Jluncara Ha SICHO M3pa3eHU eKCTpeMHH cToitHocTH (Outliers) mokasea, ye
JTAHHUTE Ca OTHOCUTEITHO CTAOWIIHH.

1D Boxplot of ¥ 1-D Boxplot of Y
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@ueypa 3. Boxplot xa UniCredit @ueypa 4. Boxplot na Mediobanca
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BbB durypa 5, aBrokopenanuonHarta GyHKIHS [10Ka3Ba BUCOKH CTOMHOCTH 3a Pa3IMYHUTE JIaroBe,
KOETO 03HayaBa, Y€ ChILIECTBYBA CUIIHA 3aBUCUMOCT MEX/ly TEKYILUTE U MPEAXOJHUTE CTOMHOCTH Ha peaa.
ToBa e XxapakTepHO 32 BpeMEBHU PEIOBE C SICHO U3pa3eH TPEH U MOKa3Ba, e JaHHUTE HE ca CTallMOHAPHU.
B®B ¢urypa6 ce Habar01aBa, 4e MbPBUAT JIar KMa 3Ha4lMa CTOHHOCT, JIOKaTO OCTaHAJIUTE JIaroBe ca 01130
1o Hyna. Toa mokasBa, 4e OCHOBHATa 3aBUCUMOCT € MEKIY CbCeHU CTOMHOCTU. To3u pe3ynrar e rnosesexH
NpH OMpeesiHe Ha MOAXOJSI] MOJEN 3a MPOTHO3MpaHe, KaTo HalpHMep aBTOPETPECHOHEH MOJIEII.
AHaJIOTHYHH pe3yJITaTH ce HAOI0AaBaT U npu apyrarta 6anka - Mediobanca.

AHAJIN3 HA ABTOKOPEJIAIMOHHA M YACTUYHO ABTOKOPEJAMOHHA (PYHKIUS

¥ Y

g o % “ =
Queypa 5. Asmoxopenayuonna gynxyus (ACF) na Queypa 6. Yacmuuna aemoxoperayuoHHa
UniCredit @ynryus (PACF) na UniCredit

IIpeoGpa3yBaHe Ha BpeMeBH pe1oBe

C 1en mocTHraHe Ha CTallHOHAPHOCT HA BPEMEBHTE pEIOBE Ce TpHiara JIorapuTMHYHA
TpaHcdopMarlins, mocieBana OT MbpBa pa3inka. JIorapuTMyBaHETO Ce M3IMOJI3BA 33 CTaOMIM3UpAHE Ha
JACTICPCUATA ¥ HAMAIIIBAHE HA BIIMSHUETO HA PE3KUTE KOJICOAHNS B JJAHHHTE.

JluepeHupanero ce mpujara ¢ Iei nmpeMaxBaHe Ha TPeHJa W eIMMHHUpPAHe Ha 3aBHCHMOCTTA
MEXTy MOCIIEI0BATEIHUTE CTOMHOCTU. B pe3ynTar Ha Te3u mpeoOpasyBaHus ce MOIy4aBaT CTalldOHaPHU
penoBe, moaxoasM 3a mojenupane upe3 ARIMA [1].

Omnwucanara npoiie/ypa e npuioxeHa u 3a apere canku (UniCredit u Mediobanca), kato pesynraturte
MOKAa3BaT CXO/IHO MTOBECHUE Ha MPeoOpa3yBaHUTE PEIOBE.

N360p na ARIMA moaenn - BIC kpurepuii

N36upame noaxoasam ARIMA moznen ¢ munnmansa croitHoct Ha BIC kpurtepus. Cien Toa npaBum
IIPOBEPKA Ha HSKOJKO pa3IMyHKU MOJENA 3a Ja yCTaHOBH, ye cToiiHocTTa Ha B IC xputepus He oTOeins3Ba
roJIEMU IPOMEHH 32 PAa3InUHU BUIOBE MOJEIH.
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Taoauua 1. Oyenka na mooena na UniCredit
Model Statistics

Model Fit statistics Ljung-Box Q(18)
Mumber of Stationary R- Mormalized Mumber of
Model Predictars sguared R-squared BIC Statistics DF Sig. Outliers
Y-Model_1 0 018 998 -.445 7.340 11 a7 0

Taonuua 2. Oyenxa na mooena na Mediobanca
Model Statistics

Model Fit statistics Ljung-Box Q(18)
Mumber of Stationary R- Maormalized Mumber of
Model Predictors squared R-squared BIC Statistics DF Sig. Outliers
Y-Model_1 0 020 994 -2.677 11.430 7 A21 0

Cren mpoBepka Ha HIKOJIKO PAa3INYHU MOJeNla Ce yCTaHOBH, Y€ Hail- MHHMMalHa cToifHocT 3a BIC
kputepusiza UniCredit e ARIMA (5, 1,2) ¢ BIC(-0.445). A 3a Mediobancanpu ARIMA (6, 1,5) e BIC(-
2,677).

Ot Tabnwuia 3 ca B3etu croitHOCTHTE 32 ypaBHeHueTo Ha UniCredit c ARIMA (5, 1, 2) B KOHKpETHHs
ciyyait ce mpecmsTa mo gopmyna (1).

VY, = —1.465Y,_, —0.700Y,_, — 0.053Y,_, — 0.116Y,_, — 0.048Y,_. — 1.429¢, , — 0.685¢,_, + ¢,
+u

3a Mediobanca ¢ ARIMA (6, 1, 5) aHaioru4Ho € U3pa3eHo ChIIOTO YpaBHEHHE.
VY, = 0.218Y,_, + 0463Y,_, —0058Y,_; + 0.483Y,_, — 0.278Y,_. — 0.04363Y,_, + 0.136¢,_,
+ 379¢,_, —0.018¢,_5; + 0.492¢,_, — 0.247¢,_c + .+

Tabnuya 3. Oyenxa na napamempume na UniCredit u Mediobanca

UniCredit Mediobanca
Estimate SE t Sig. Estimate SE t Sig.
Constant | 0.002 0.001 3.296 0.001 Constant 0.001 0.001 1.386 0.166
Lag 1 -1.465 0.338 -4.339 <0.001 Lag 1 0.218 0.125 1.745 0.081
AR Lag 2 -0.700 0.278 -2.514 0.012 Lag 2 0.463 0.716 0.646 0.518
Lag 3 -0.053 0.070 -0.762 0.447 Lag 3 -0.058 0.800 -0.072 0.943
Lag 4 -0.116 0.073 -1.590 0.112 Lag 4 0.483 0.718 0.673 0.501
Lag 5 -0.048 0.064 -0.748 0.445 Lag 5 -0.278 0.386 -0.722 0.471
Lag 6 Lag 6 -0.063 0.078 -0.809 0.419
Defference 1 Defference 1
Lag 1 -1.429 0.335 -4.266 | <0.001 Lag 1 0.136 0.125 1.095 0.274
Lag 2 -0.685 0.258 -2.650 0.008 Lag 2 0.379 0.596 0.636 0.525

MA| Lag3 Lag 3 -0.018 0.637 -0.029 0.977
Lag 4 Lag 4 0.492 0.608 0.808 0.419
Lag 5 Lag 5 -0.247 0.360 -0.687 0.492

AHAJIN3 HA 0CTATHUHUTE

®urypa 7, npeacrass ACF u PACF na ocrareiiute 3a ARIMA (5,1,2) mozena mpu UniCredit, ce
HaOJTr0/1aBa, Y€ BCHYKHU CTOMHOCTH ITOTIa1aT B TPAHUIIMTE Ha JOBEPUTETHIS HHTepBasl. ToBa moka3Bainica
Ha CTATHCTHYECKH 3HAYMMa aBTOKOPEJIaNns B OCTAThIIUTE.

Ot ¢urypa 8. ACF u PACF ma ocrarsiute 3a ARIMA (6,1,5) momen mpu Mediobanca.
HabroaBa ce jurica Ha CTATHCTHYECKH 3HAYMMa aBTOKOPEIalnsl, Thil KaTO BCHYKHM CTOMHOCTH IOMaIar
B T'PAHMIIMTE Ha JOBEPUTEIHUS HHTEPBAJIH.
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@ueypa 8. ACF u PACF na ocmamwvyume 3a ARIMA na Mediobanca

OueHka Ha rpelIKUTEe HA IBeTe OaHKH

IMpu npoBexnmanero Ha Portmanteau Ttecra 3a BpemeBus pen Ha UniCredit, Mediobanca ca
W3MoJI3BaHu mapamerpute h = 24 u n = 759. Cnen 3amectBane BB popmyina (2) 3a m3uMCIsABaHE HA
eMIIMPUYHATA CTOMHOCT Ha TECTOBAaTa CTATUCTHKA U TP M3YUCISIBaHE HA KPUTHYHATA CTOMHOCTH (Q,) 1O
dhopmymna (3).

3a UniCredit pesynrarute ca : Qg = 14.1785< Q, = 36,415
3a Mediobanca pesynrarute ca: Q,,,,, = 19,2054< Q, = 36,415

Tpit KaTO € U3BIHEHO YCIOBHETO (Qpyyy < () € UBMBIHEHO U 3a JIBETE OAHKHM CE IPUEMA HyJIeBaTa

XHUITIOTEC3a HO’ 4eC OCTATBIHUTEC Ca HE3aBUCUMO U CAHAKBO PA3IIPCACICHU cnyqaﬁHH BCIIMYMHHU.

Tabauya 4. Oyenka na epewuxume na UniCredit u Mediobanca

UnieCredit-ARIMA |Mediobanca-ARIMA [UniCredit-W3kyctBen nnrenext |Mediobanca-M3kycTBeH HHTEIIEKT
MAD 0.0005 0.0001 0.0007 0.0001
MPE 0.014 0.011 0.014 0.011
MAPE 0.0067 0.007 0.0036 0.0085
MSE 664.8 37.06 443.73 25.64

B Tabnuua 4 ca nmpeacraBeHH CTOMHOCTUTE HA MOKA3aTEIUTE 32 TPEIIKa , U3YUCICHH 110 (GOpMyITH
(4)-(7),3a momenute Ha ARIMA 1 uskyctBen uHTenekT. CToitHOCTHTE Ha mokasaTenss MAD mokassar, ye
U YETUPHUTE MOJIe]la ©MAT MHOTO MaJK{ CPeJHU aOCONIOTHU OTKJIOHEHHS, KaTo Hail -HUCKa CTOMHOCT ce

HaOJ01aBa npu u jBara mojena Ha Mediobanca (0.0001).
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[Tokazatenst MSE nokasBa, ue Hali-100pa TOYHOCT 110 OTHOIICHHE HA KBaJIpaTUYHATA TPEIIKa TMa
Mediobanca-UskyctBen unrtenekr (25.64), a mpu Mediobanca-ARIMA (37.06), koeTo 0o3HauaBa, 4e Ipu
MPOTHO3MPAHE U 33 J[BaTa MOJieNia ce MPEACTaBIT MHOTO JI0Ope, HO MOJICNI'BT C U3KYCTBEH MHTEJIEKT UMa
u3BectHO npeaumctBo. [Tpu UniCredit MoerbT ¢ M3KyCTBEH MHTEICKT CHIIO MTOKa3Ba MO-100bp pe3yaTar
no MSE (443.73) B cpaBHenue ¢ ARIMA (664.8), koeTo o3HauaBa mo-100pa o01ra mMporHoCTHYHA TOYHOCT.

ITo ornomenune Ha MAPE, Haii-uucka crorinoct uma UniCredit-M3kycreen untenekt (0.0036), koeto
MMOKa3Ba Haii-100pa OTHOCHTEIHA TOYHOCT Cpel BCHUKH pasriexaanu mojaenu. [Ipu Mediobanca-ARIMA
nMa Majko nmo-Hucka croitnoct Ha MAPE (0.007) cripsimo mozena ¢ uskyctBeH uaTenekT (0.0085), koeto
o3HayaBa, 4ye B To3u ciyyail ARIMA naBa mMaiko mo-1006pa OTHOCHTEIHA MTPOTHO3A.

Croitnoctute Ha MPE ca nucku 3a Bcuuku moaenu (mexay 0.011 u 0.014), koero mokasBa jgurica Ha
CBIIECTBEHO M3KPUBSIBAHE B MPOTHO3UTE.

CrnenoBaTenHo, MOXE Jla Ce 3aKJII0YM, Y€ MOJICNIUTE, Oa3upaHy Ha U3KYCTBEH HHTEJEKT, KaTo IS0
MOKa3BaT Mo-100po mpexacTaBsiHe, ocobeHo 1o mokazatens MSE, nokaro mo MAPE pesynrature ca
cmecenu. Haii-100mp o0 pesynrar nmoka3sa Mediobanca-M3kycrBen nnTenekr, a 3a UniCredit Mmoxenst
C U3KYCTBEH MHTENEKT chlIo peBb3xoxkaa ARIMA no noseuero nokasarenu.
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= Fit ==Fit
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@Quzypa 9.Ilpocnosza na UniCredit @ueypa 10. IIpoenosa na Mediobanca

Ot ananu3a Ha aere ¢urypu 9-10 ce ycraHOBsiBa SICHO M3pa3eH BB3XOJMAIl TPEH] 3a Mepuoja
suyapu—mapt 2026 r. HaGmromaBa ce u pasmmpsiBaHe Ha JOBEPHUTEIIHUTE WHTEPBAIH, KOETO TMOKa3Ba
HapacTBalla HECUTYPHOCT BBB BPEMETO.

CPABHUTEJIEH AHAJIN3

UniCredit price - historical vs forecast (business days) Yedjobancalprios = historkcal va'forecusk (usiness days)

— Actual (fled to business days)
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@ueypa 11.1Ipoenosa na UniCredit ¢ Al @ueypa 12.IIpoenosa na Mediobanca c Al

[IspBuTE NBE Mporuo3u Ha purypu 9—10 3a UniCredit u Mediobanca ca mony4enu upe3 kiacuyecku
CTaTUCTHYECKU MOJIEJI, KaTo MpHU TAX ce 3a0ess3BaT MO-pe3Ku IBUKEHUS U MOo-TojsiMa HecurypHoct. Ot
Jpyra cTpaHa, npormosute Ha ¢urypu 11-12, Gasupanu Ha U3KYCTBEH MHTEIIEKT, Ca O-PaBHOMEPHU U
Oamancupanu. Te oTpassBar mo-100paTa BOJATUIHOCT HA aKIIUUTE U JaBaT MO-PEaMCTUYHA ITPECTaBa 3a
TAXHOTO IOBEJICHUE, KOETO BKJIIOYBA KAKTO BB3XO/IM TEHJCHIIMH, TaKa U IIEpUOIU Ha KoJeOaHusl.
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Quzypa 12.Cpasnenue na epewkume Ha mooenume

@urypa 12 mpencraBs cpaBHHMTENHA OlleHKa Ha TouyHocTTa Ha Moaenute ARIMA u uskyctBeH
HHTEJEKT IPU IPOrHO3UPAHETO Ha IIeHUTe Ha aknuuTe Ha 6ankuTe UniCredit u Mediobanca. 3a tasu men
ca M3I0JI3BaH| IT0Ka3aTeNIUTE Upe3 KOUTO CE OLICHSBAT OTKIOHEHUATA MEXK/Ly PEATHUTE U MPOTHO3UPAHUTE
CTOMHOCTH. AHAIN3BT MoKa3Ba, 4e mpu UniCredit-u3kycTBeH HHTEIEKT Ce MPECTaBs Mo-100pe, Thil Kato
uMa no-uucku croiiHoctd Ha MAPE u MSE. TTpu Mediobanca nqsara mojiena moka3BaT OIM3KH pe3ysITaTH.
W3KycTBEHUAT MHTENEKT MOKa3Ba mo-noopa croitHoct mo MSE, nokato ARIMA nasa no-go6po MAPE.
ITo mokazarenmute MAD n MPE He ce HaOmoqaBaT 3Ha4MMH Pa3IuKH.
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@ueypa 13. Ilpoenosa na UniCredit ¢ Pearnume oannu, ARIMA u Uskycmeenus unmenexm

BoB ¢urypu 13-14 ce nabnrogaBa cnaj B IIEHUTE HA aKIIMUTE Ha IBeTe Oanku cief 2 mapt 2026r. Twit
Karo W ABeTe OaHKW Ce€ JBYIKAT HAJONy C€IHOBPEMEHHO, MPUYMHATA CE ABDKUA MO-CKOPO Ha BHHIIHU
(akTopu (MkoHOMHYECKa cpena). M qBaTta MojenuTe He yCIsIBaT HAMTBIHO Ja MPEABUIAT TO3H PSI3bK CIal.
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@ueypa 14. Ilpoenosza na Mediobanca ¢ Pearnume oannu, ARIMA u Uskycmeenus unmenexm

56



PROCEEDINGS OF UNIVERSITY OF RUSE - 2026, volume 65, book 6.7.

3AK/IIOYEHHUE

B HacrosmaTa paboTa e mpencraBeHa METOAOJIOTHs 32 aHau3 U mpornosupane ¢ ARIMA monenu.
YucnoBure pe3yaTaT OT HaPaBEHUsI aHAIN3 CBUIETEIICTBAT 33 aJIEKBATHOCT Ha MIPOTHO3aTa, 3a TOBA, 4e
U30paHUAT MOJIel € 10OBp U MOoXKe J1a ObJie M3MOI3BaH 3a MPAKTHYECKU LENH.

HampaBeHo € cpaBHEHHE C PE3YATaTUTE OT MPOTrHO3a, HallpaBeHa U3LISUI0 ¢ U3KYCTBEH MHTEIEKT, C

el ga € IMpOBEPHU HUBOTO HA JOBEPHUEC KOCTO MOXKE Ja CC IrjlaCyBa KbM Pa3sBUTHCTO Ha M3KYCTBCHUA
MHTCIICKT.

B pesynrar Ha mpoBeaeHOTO M3CIEABAHE MOXKE Ja CE 3aKJIIoud, ye KakTo kiacuueckute ARIMA
MOJIENIM, TaKa U METOJUTE C MU3KYCTBEH MHTENEKT ca MPUJIOKUMH MPU MPOrHO3UMpaHe HAa (PUHAHCOBU
BpemeBu penose. ARIMA MozxenuTe ycnsiBaT a YJIOBST OCHOBHUTE 3aBUCHUMOCTH B JAaHHUTE, HO YECTO
IMOKa3BaT MO-pPEC3KHU UBMCHCHU S U I1O-T0JIAMa HECUTYPHOCT.

3a KOHKPETHO pasrjielaHuTe JaHHU MOJEIIUTE C U3KYCTBEH MHTEJIEKT MPEAOCTaBAT M0 -TJaJKH, 0-
CTaOWITHU U B TIOBEYETO CIIy4au MO-TOYHU MPOTHO3H, KOETO Ce MOTBBPKAABA U OT MO-HUCKUTE CTOWHOCTH

Ha rpCUIKUTeE. Tosa IMOKa3Ba, Y€ U3KYCTBCHUAT HHTCIICKT UMa no-z[06pa CIIOCOOHOCT Ja yjaBs CIIOKHUTE
3aBUCHUMOCTHU BHB (bl/IHaHCOBI/ITe JaHHH.

[IporHo3upaneTo ¢ M3KYyCTBEH HMHTENEKT e OBbJie BCEe MO-MPHIOKHMMO 3a Hampel, 3aToBa ca
HEO0OXOIMMH U MO-T0JIsIM Opoii U3CieIBaHMUs, 3a a Ce MPOCIEAN Pa3BUTUETO U TOYHOCTTA HA MPOTHO3AaTa.
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Abstract: Hexagonal architecture (or ports and adapters) is widely adopted in software development for its benefits in
testability, maintainability, and flexibility, but is rarely used in game development, where its abstraction layers introduce
overhead. Authoritative client-server games present an edge case since the server is isolated and critical to the game's integrity,
naturally aligning with hexagonal's principles. To our knowledge, the trade-offs between architectural isolation and
performance-oriented paradigms remain sparsely addressed in this context. This paper reviews the relevant work, identifies
likely reasons for the pattern’s limited adoption in games, and applies the Software Architecture Analysis Method (SAAM) to
assess its applicability to session-based authoritative game servers, outlining a hybrid approach asa basis for further empirical
validation.

Key words: Game Development, Software Architecture, Ports and Adapters, Authoritative Client-Server.

BBBE/IEHUE

C pasmmpsBaHETO Ha KamaluTeTa U JOCTBHIIHOCTTA HAa MPEXHUTE, MYJITUILICHBD OHJIAWH UTPUTE
3HAUUTEIIHO C€ pa3mpocTpaHuxa [S5], AHEC Te ca cpen Hail-pasnpocTpaHeHuTe (GopMH Ha AWTHUTAIHO
pa3BJIeUYCHUE U JOCTUTAT MIJIMAPAM MOTpeOuTe H o ceeTa [18], KaTo MHOTO OT M3BECTHUTE 3arjaBus ca
MMEHHO MYJTUIUIEHBD WIpu. TeXHUAT [u3allH Hajara peauua HW3MCKBAaHMS KbM ChpBbpHaTa
HHPPACTPYKTypa, Thbi KaTo ChPBBPBT TPsIOBA a OTroBaps 3a MOJAbPKaHETO Ha ChCTOSHUETO Ha UTPaTa,
CUHXPOHU3ALMATA U KOMYHHKALUATA [6], OCUTYpsIBallKi CBIIEBPEMEHHO HUCKO 3aKbCHEHUE, KOETO € U
OCHOBHOTO IIPEAN3BUKATEIICTBO 3a [IPOM3BOIUTEIHOCTTA HAa OHJIaiH Urpute [S]. ABTOPUTAPHUSIT CHPBBPEH
Mojie € MPENOYnTaH 3apajd Bb3MOKHOCTUTE 3a MPEAOTBpaTsIBaHEe HA U3MaMU U MUPATCTBO, KAKTO U
3apasii CBOSITa HAACKIHOCT U LIEHTPAIM3UPAH KOHTPOJI, BBIIPEKH II0-BUCOKUTE U3UCKBAHMS 3a MPEKOBH
Tpaduk U pazxoau 3a uHppacTpykrypa [6]. IIpu HEro cbpBBPHT BauAUpa BCIKO JEMCTBUE HA KIMEHTA,
U3IBIHIBA CUMYJAlUUTE U pasnpama pe3yaratute [2]. ToBa ro mpaBu €THOBPEMEHHO KPUTHYEH 32
MHTETPUTETA HA UTPaTa U €CTECTBEHO M30JIMpaHa apXUTEKTypHAa EAUHULIA.

ApxuTeKTypaTa IOPTOBE U afanTepu, npeanoxeHa or KokOspH ome npe3 2005 [7], Hamupa mpoko
NPUJIOKEHUE B KOPIIOPAaTUBHUS coPTyep, Thil KaTo MpaBU TECTBAHETO U MOJAPHKKATA 3HAUUTETHO MO -
JECHM M HaMallsiBa CBBP3aHOCTTa MEXIy cHUCTeMHUTE [8]. BbIpekn ChOTBETCTBUETO MEXIY HEHHUTE
MPUHLUIN U U30JIMPaHUs XapaKTep U HYKIUTE Ha aBTOPUTAPHUS CbPBBPEH MOJIEN, MAOJOHBT PAAKO Ce
CIIOMEHaBa B JUTepaTypaTa, CBbp3aHa C pa3padoTKara Ha UTpH, U ce cpema B mpoekt [20, 12]. To3u
JIOKJIa/1 11€JIY /1a 3aITbIHY Ta3H MPa3HUHA KaTo U3ClIeABa MPUYMHHUTE 32 TOBA, CbBMECTUMOCTTA Ha mabaoHa
C aBTOpPUTApHUS MOJET Ha KIMEHT-ChbPBbpPHATA apXUTEKTypa M KOMIIPOMHMCHUTE, KOUTO € HYXHO Ja ce

8 JloknaabT € TpecTaBeH Ha CTyAEHTCKaTa HayuHa cecust Ha 30.04.2026 1. B cexuus ,,IHpopMaTHKA* ¢ OPUTHHAIIHO
3arnaBue Ha Obirapcku esuk: XEKCATOHAJIHA CO®TYEPHA APXUTEKTYPA B UI'PUTE C ABTOPUTETEH
CBHPBTLP.
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HaIpassIT 3a IpuJlaraHeTo My. Pasriiesia ce npuiokeHUeTo My B CECUHO-0a3upaHu aBTOPUTAPHU UT'POBU
CBPBBPH, IIOCPEIACTBOM METO/IA 3a aHAJIN3 Ha apXUTEKTYPHHU pelieHus upe3 cuenapuu (SAAM - Software
Architecture Analysis Method).

N3J10KEHUE

ABTOpUTapHAaTa KIIMEHT-ChPBBPHA APXUTEKTYpa € MIMPOKOPA3NPOCTPAaHEHA B pa3paboTKaTa Ha UTPH
U ce pasriexaa B peauia nmyomukauuu. Moxe na ce 3a0enexu, 4e B MHOT'O OT TAX Kilacu(pHIIMpaHuTe
IOJICUCTEMH C€ MOBTAPST WJIK ce mpunokpusar. Omenpe3 1999 roauHa B onucaHuETo Ha MPEKOBUS MOJIET
Ha TRIBES ce knacudumupar pasnnyHuTe THIIOBE JaHHU B UTpaTa KaTO BXOAHU KOMAaH[IH, CHOUTHS U
CbCTOSIHUSL Ha 00EKTH, KOUTO ce 00paboTBAT OT OTIENIHU MOACUCTEMH, KaToO € OTOENA3aHO0 Y€ ChUIUTE ca
XapakTepHU M 3a €IHOPAHI'OBUTE KOMMIOTHpHM Mpexu (P2P - peer-to-peer) miM MHOTrOCHPBBPHU
apxutekTypu [11]. B mo-ceBpeMeHHU HU3ciaeaBaHus APYryu aBTOPHU, B MO-IIUPOK MPEIie]] Ha MPEKOBUTE
apXUTEKTYpU B UTPUTE, CTUTAT JI0 CXOAHA KJlacu(uKalus, BKIIOYBAIlAa CHHXPOHU3ALUS HA ChCTOSHUETO,
KOMIIEHCAllUsI Ha 3aKbCHEHUETO, 00paboTKa Ha BXOJHHU JAHHHM M CUTYPHOCT, KOMTO Ca XapaKTEepHU 3a
BCUUKM aBTOPUTAapHU CHPBBPHU, HE3aBUCUMO OT *aHpa [3]. Jloka3aHO € M 4Ye B HSIKOM CHUTYalllH
M30JIMPAHETO Ha TE3M MOJCHCTEMH MJIM YacTHU OT TSIX MOXe Jia JIoBene A0 pa3audHu noisu. Onuselipa
HalpUMep JIEMOHCTpUpa, 4e B o0JlauHa cpefa M30JMpaHeTo Ha (HU3MYecKara MojcucreMa U HEHHOTO
pasnosiaraHe Ha OTJEJIHA, ONTHMM3UpaHa 3a W3YMUCIEHUs BUpPTyallHa MallliHa BOJAU A0 3HAYUTEIHO
yCKOpsIBaHE Ha BPEMETO 3a M3UYHUCIIsABaHE Ha (u3ukaTa U 01130 68% yckopeHHe, BBIPEKH N00aBEHUTE
MpexoBH pa3xoau [21, 22]. OcBen nogobpeHaTa NPOM3BOAUTEIHOCT TOBA BOJU A0 JOIBIHUTEIHH MOJI3H
KaTo MO-TPaHyJIMPaHO XOPU30HTAIHO Maladrpane, MOBTOPHA YIIOTpeda, 1mo-100pa N30JaIus Ha TPEIKU
¥ BB3MOXKHOCT 3a M3I0JI3BaHE Ha PA3IMYHU €H/DKUHU CIIOpes HyXAuTe Ha urpata [22]. JlokoakoTo cMme
3amo3HaTH, N0J00HU MU3CIeABaHUs 00aye JIUICBAT B KOHTEKCTA Ha apXUTEKTypaTa HOPTOBE U alaliTepy U
Onm3kara 10 Hes uducta apxuTektypa (clean architecture) ma Maptun [16], BBIpPEeKH HIMPOKOTO UM
IPUJIOKEHUE B KOPIIOpaTUBHU cucTeMu. [loBedeTo nmybaukanuy ce orpaHu 4aBaT 10 TEXHUTE IPUHLMIN U
KOHLENTYaJHH IpPUMEpPH, CIOKHOCTTa 3a NOJAPHKKAa U pazpaborka [19], kaTto emmupuyHUTE
JIOKa3aTeJICTBa 3a e(peKTUTE BbpPXY MPOU3BOIUTEIHOCTTA, KOSTO € OT KJIF0YOBO 3HAUEHHUE 32 pa3paboTKara
Ha UT'pH, ca OCKBAHU.

IIpuHIMIK ¥ 0JI3M HA aPXUTEKTypaTa MOPToBe H aJanTepu

ApXHUTeKTypaTa IOPTOBE U aJanTepu pa3zeis OCHOBHAaTa OM3HEC JIOTMKA Ha CUCTeMara OT BHHIIHU
3aBUCHMOCTH KaToO MOTPEeOMTENCKH MHTepdelicu, 6a3u TaHHHU, MPEXOBa CBBP3aHOCT U JAPYI'H BBHIIHU
yCcIayru. SIapoTro Ha cucremara KOMYHUKHpPA C BBHIIHHS CBAT IMOCPEACTBOM HHTep(eiicH, HapedeHn
MOPTOBE, KOUTO CE UMILJIEMEHTUPAT OT ajxantepute [7, 8].

ITopToBere ce pa3znensaT Ha JBa OCHOBHM THIIA CIIOPEA ITOCOKaTa Ha KOHTpoJ. Bxoadmmre noprose
OIMHCBAT OINEpAIMUTE, KOUTO SIPOTO MPENOCTaBS HA BBHIIHU YCIYTH/KIHMEHTH, JOKATO H3XOMISIIUTE
MOpTOBE AeUHUPAT 3aBUCUMOCTHUTE, KOUTO SIIPOTO M3UCKBA OT MHGpacTpyKTypara [8]. B ceku mopt mosxke
Jla C€ MUMIUIEMEHTHpa OT MHOYKECTBO aJallTePU KaTo IPOMsHATA B aJallTEPUTE HE U3UCKBA IPOMEHU B
sapoTo. ToBa pazneneHrne HOCH HAKOJIKO MOJ3H - SIPOTO MOXKE /1a CE TECTBA M30JINPAHO YPE3 3aMECTBAHE
Ha aJalnTepuTe ¢ TECTOBM JBOMHUIIM, KOETO 3HAYMTEIHO YJIECHSBA MOJYJHOTO TECTBAHE M HaMaJlsBa
3aBHCHMOCTTA OT BBHIIHATA MHPPACTPYKTYPA, CHIIO TaKa TEXHOJOTUYHUTE PEIICHHUs, KOUTO YECTO UMar
Hal-KpaTbhK )KM3HEH LIUKBJI B €[JHA CUCTEMA, CE KOHIIEHTPUPAT B aJalITEPUTE, OCTABSNKHU SIPOTO CTAOUITHO
BBB BpeMeTo. ChIECTBEHO MOJIE3HO 3a pa3paboTKaTa Ha UTPH € U TOBA, Y€ Ype3 U3PUUYHOTO JepuHHUpaHe
Ha IrpaHULIUTE MEX/TY [TOICUCTEMUTE Ce HaMaJIsiBa CBBP3aHOCTTA U C€ YJIECHsBA MapajieHaTa paboTa B 1o -
roJIEMU E€KUIIH.

e m 00XBaT HA TeKylaTa pa3padoTka

Hacrosmmsar noknax nenu JAa CUCTEMATHU3Mpa ChIIECTBYBAalaTa JIMTEpaTypa CBbp3aHa C
apXUTEKTYpHHUS 1A0JIOH MOPTOBE U a/laliTEPU U aBTOPUTAPHUTE CbPBBPHU apXUTEKTYPHU 38 MYJITUILIEHBD
UT'PU KaTo U3CIIe/IBa, JOKOJIKOTO HU € U3BECTHO, KbM MOMEHTA PAIKO CpellaHaTa B JIUTepaTypaTa, OLeHKa
Ha KOMIIDOMHMCHUTE MEXIYy apXUTEKTypHaTa H30JIalMsl U W3MCKBAHMATA 3a MPOU3BOIUTEIHOCT IIPU
MpUJaraHeTo Ha IabiioHa B CeCHUHO-0a3upaHy aBTOPUTAPHU UTPOBU CHPBBPH, MOCPEICTBOM METOMA
SAAM. OGXBaTbT € OrpaHUYEH /10 CeCHITHO 0a3upaHu UT'PU, TOPAIH TOBA, Y€ MPH TSIX BPEMETO 32 XKUBOT
Ha CbPBBPHUS IIPOLIEC € SICHO Ae(PUHUPAHO, OPOSIT HA €IHOBPEMEHHO CBBP3aHUTE KIMEHTH € OrpaHUyeH U
apXUTEKTYPHHUTE PELICHHS MOTaT Jla ce pas3riiefiaT B M30JIallKsl OT MIPOOJIEeMUTE Ha TEPCUCTEHTHUTE UT'POBU
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CBETOBE U MacoBOTO Mauabupane. He ce pasriexnar u3lsuio eHOpPaHTOBH (peer-to-peer) TOMOJOrHUH,
MMO apXuTekTypu ¢ IMOCTOSHHO ChCTOSHUE, HUTO CUCTEMM, IIPU KOUTO ChPBBPBT JIEHCTBA CaMO KaTo
perne, 6e3 aBTOPUTET BbPXY ChCTOSHUETO HA UTpaTa.

IIpuuuHYM 32 OrpaHUYEHOTO NPHUJIOKEHUE B pa3padoTKaTa Ha UTPHU

TouHOTO OnpenensHe Ha MPUYUHUTE 32 CI1a00TO 3aCThIIBAHE HAa apXUTEKTypaTa HOPTOBE U aJalTepH
B pa3paboTkara Ha Urpu e TpyaHo. Cpen BeposTHUTE (PaKTOPU, KOUTO MOraT Ja ObAaT UACHTU(PUIIHPAHU
OT MperJieia Ha JJUuTepaTypaTa, ca CleAHHUTE:

Bausnue evpxy npoussooumennocmma. rpanuure cuMmynanuu padboTIT B CTPUKTHO OTPaHUYEHO
BpeMe 3a Kaabp, KOeTo o0ycliaBsi MpeArnoynuTaHeTo Ha mapaaurmu kato Data-Oriented Design [10] u
Oasupanara Ha Hero Entity Component System [13, 20], xkouTo mpemnaraT 3HaYUTETHU TMPEAUMCTBA
cpsAMO OOEKTHO-OpHUeHTHpaHuTe moaxoau [1, 24]. Te3u mnapaaurmMu He ce cbuyeTaBar Jao0pe C
JOI'BIHUTEIIHUTE CII0eBE a0CTPaKIUsI U MHANPEKTHUTE N3BUKBAHMU 1, KOUTO TOPTOBE U aJIalITEPH BHBEXKIA,
a BCEKU JIOMbIHUTEINIEH CION B CUMYJAIMOHHUS LIUKBJI MOKE 3HAUUTESHO J1a MOBJIMsE HA 3aKbCHEHUETO
[9, 17].

Ilo-manko mpeosapumenno niaHupaHe 6 cpasHeHue ¢ Opyeu 6udoge cucmemu. 3a pasiuka OT
KOPIIOPATUBHUTE CUCTEMH, NTPU KOUTO MOJI3UTE OT apXUTEKTypHA M30JallUs c€ HATPYIBAT Ipe3 rOANHU
HOJIPBKKA U CMEHHM Ha TeXHOJIOTMH, MHOT'O UTPOBU MPOEKTH UMAT CPAaBHUTEIHO KPAaThK aKTUBEH JKUBOT
CJIe]] yCKAaHETO CH, KOETO HaMaJIsiBa CTUMYJIa 332 MHBECTUIIUS B IIO-CJI0KHA apXUTEKTypa OLIEe B paHHUTE
eTamny Ha pa3padoTKa.

Iledazocuuecku acnexmu. UrpanHara MHIYCTpUs MMa ABJITA TPAIULUA Ha COOCTBEHH apXUTEKTYPHU
1a0IoHU, JAOKYMEHTUpaHU B clienuanusupana auteparypa [12, 20], kosdro moutu HE ce Mmpecuda ¢
KOpIIOpaTUBHATa JMTepaTypa 3a codryepHa apxurekrypa. lllabmonurte, KOMTO ce mpenopaBar u
MOMYJISIpU3UpaT B UrpajiHaTa OOIIHOCT, ca (GOPMUPAHU OKOJIO XapAyepHUTE OIPAaHUYCHUS U pea-TaliM
PEHAMPAHETO, @ HE OKOJIO IBJAT0CPOYHA MOIPHKKA U TECTBAEMOCT.

3ampyonenus, npeouzsuxanu om uncmpymenmapuyma. CbBpEeMEHHUTE UTPOBU €H/DKUHM Hajlarat
COOCTBEHM apXUTEKTYPHH MOJIENIM, KOMTO MOTaT Ja 3aTpyAHST YHMCTOTO IpUJIaraHe Ha MOPTOBE U
aJarTepy, 1I0py KOraTo MOJI3UTE OT MOJA00HO pa3/ielieHHe ca pa3lo3HaTh. APpXUTEKTypaTa Ha MpexoBaTa
6ubmuoteka Ha Unity [23] e mokasaTeneH MpUMep, EKUIIBT pa3paboTHi MpOeKTa MpU3HaBa MOJI3UTE OT
pasfensHeTo Ha KJIMEHTCKAaTa U ChbpBbpHATa JIOTMKAa, HO B CBHIIOTO BpEME JOKYMEHTHpPAa KOHKPETHU
3aTpyJHEHHUs, NPOU3THYAIIM OT KOMIOHEHTHUs Mmojien Ha MonoBehaviour, koiTo ycioxHsBa
HOJUIBPKAHETO HA ICHU T'PaHUIU MEXAY MOACUCTEMUTE.

Onuseiipa u nmp. [21, 22] oT cBosA CTpaHa JEMOHCTPHpAT, Y€ MpH 100pe MoAOpaHW TpaHUIU
M30JaluATa Ha TOICHCTEMHU MOKe J1a TIOHECE 3HAUUTENHU MOJI3U B IPOU3BOAUTEITHOCTTA, KOETO TIOCTaBs
BBIIPOCA A IPU CeCHilHO-0a3upaH aBTOPUTAPEH CHPBBP MOJO0OHU I'PaHULIM HE MOraT /1a ChBIIaHAT C
€CTECTBEHUTE MMOPTOBE Ha APOTO.

MeTonos10rust Ha H3CJIEABAHETO

3a olLleHKa Ha MPUJI0KUMOCTTA Ha apXUTEKTypaTa HOPTOBE U AN TEPU B KOHTEKCTA Ha aBTOPUTAPHU
CBHPBBPHU UTPU € M30paH METONBT 3a aHAIM3 Ha copTyepHa apXWUTEKTypa upe3 cueHapuu (Software
Architecture Analysis Method, SAAM). SAAM e cuieHapHO-0a3upaH METO/I, IIPU KOUTO apXUTEKTYPHHUTE
pelIeHus ce OIeHSBAT upe3 Habop OT MpeACTaBUTENIHU CIIEHAPHHU 32 M3MEHEHHE WIIM HM3MO0J3BaHE Ha
cucreMara, a He upe3 aOCTpaKTHU KaueCTBEHH KpHUTepHuH. [1oaX0oabT BKIIOUBA MET OCHOBHU CTBIIKH:
pa3paboTBaHe Ha CLIEHApHH, ONIMCAaHUE HAa apXUTEKTypaTa, KJacu(pu Kallus Ha CLIEHapUUTe KaTo AUPEKTHO
MOIbPKAaHU MIIM U3UCKBAIIM MOAM (PUKAIIHS, OlIEHKA Ha BB3CHCTBHETO Ha BCEKH CLICHAPHI U aHAIIN3 Ha
B3aMMOJICHCTBUSTA MEX]Ty CLIEHAPUUTE, KOUTO 3acAraT €JUH U ChI APXUTEKTYPEH KOMIOHEHT.

CueHapuuTe, U3MOA3BaHN B HACTOSIIMS aHAlIM3, ca M3BJECUCHM OT IIperjena Ha JUTepaTypara H
MPEJICTABAT THIUYHN U3MEHEHH S, C KOMTO e COTBbCKBA CeCHITHO-0a3upaH aBTOPUTAPEH ChPBBP B X072 Ha
KU3HEHUS CU LIUKBIL:

e (1. 3aMsaHa Ha MpPEXOBUS TPaHCHOPTEH cioil (Hampumep npemuHaBane ot UDP-Gasupan

coocteH potokos KbM WebRTC unu QUIC).

e (2. 3amsHa Ha XPaHWJIMILETO 32 MMOCTOSHHO ChCTOSIHUE.

e (3. Uzonupane Ha pu3NUecKaTa CUMYJIAIUA HA OT/IEJIEH U3YMCIUTENIEH IPOLEC MIIM BUPTYyalHa

MalvHa, o nmoaobue Ha moaxoaa Ha Onuseiipa u ap. [21, 22].
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e (4. [loGaBssHE Ha HOB CJOW 3a BadUJalMs W AHTU-YUMUT O€3 MpOMsHA Ha OCHOBHATa
CUMYyJIallMOHHA Jioruka [15].

e (5. JlobaBsHe Ha TelNeMETPHYECH W aHAIMTHYEH IOJCION 3a HaONlloJIeHHE Ha CHPBBPHOTO
MOBEJICHUE.

e (6. HTerpanus ¢ BbHIIHA YCIyra 32 MAUMEHKUHT WU YIOCTOBEPSBAHE.

e (7.3amsHa Ha (PUBHYECKHS CHKIH.

Tesn cuenapum ca moadpaHu Taka, 4e Aa OOXBaHAT KaKTO IMOJCHUCTEMU C BHCOKa 4ECTOTa Ha
B3auMozeiicTBue ¢ sapoto (C3, C7), Taka u TakuBa ¢ mo-Hucka yecrota (C2, C5, C6), koeTo mo3BoJisiBa
AQHAJU3bT J1a OYepTae TPaHUYHUTE YCIOBUS 32 MPUIIOKUMOCT Ha 1mabiaona. [Ipu HamMuue Ha KOHKpeTHA
WMIUIEMEHTAIMsI B TIOCJICABAIIMTE €Talk METOIBT MOXKE Ja ObjJe JOMBIHEH C HW3MEpBaHUS Ha
MPOU3BOJAUTEIHOCT 32 KOJUYECTBEHA OLlEHKA HAa KoMmmnpoMucuTe. CpaBHEHHE C MO-KbCHU METOJU KaTo
ATAM mnoka3Ba, ue SAAM e mo-moAxo/ s 3a eTana Ha uIeHTUGpUuIpane Ha npa3HuHu, 1okato ATAM
Ou OuJI MO-TI0JIE3EH MPU CPABHSABAHE HA KOHKPETHU UMIUIEMEHTAlMOHHY BapuaHTH [14].

AHaJIN3 U pe3yJITaTH

[Ipernenst Ha MTUTEpaTypaTa MOKa3Ba, 4e MOJCUCTEMHUTE, KOUTO TPAIUIIMOHHO ce KIacupuIupar B
aBTOPUTAPHUTE CHPBBPU - 00pabOTKa Ha BXOJIHU JaHHU, CHUMYJIallUsl HAa CBHCTOSHUETO, (U3MUecKa
CUMyJIalus, MpPEKOBA CHHXPOHHU3AIMS, KOMIIEHCAlUsl HAa 3aKbCHEHHETO, BAJNMJALUMS U AHTH -UUUT, U
MIOCTOSIHHO ChXpaHEHHE (OPMHUPAT SICHH TPAaHUIM, KOUTO MOTAaT €CTECTBEHO Ja ObJaT OMUCAaHU KaTo
noprtose Ha sizipoTo [11, 3, 4]. B yacTHOCT, pa3iesieHuaTa MeK1y CUMYJIallUsATa U MPEKOBUSI CIION, MEXTY
CUMYyJIAIUATa U CHXPAHEHHETO, U MEXKAY CHMYyJalusaTa W (U3uKara ce MOBTApST MOCIEIOBATEIHO B
pa3NuYHM MyOIMKAIMH, KOETO Ipernoara HaIMYiueTo Ha CTa0MIeH 0011 MOJIed.

B ch1110TO Bpeme npuiaraHeTo Ha ClieHapHeH aHaJIu3 BbPXY Te3U MOJACHCTEMH ouepTaBa 00JIacTH, B
KOMTO KOMIIPOMUCHT MEKYy U30JIallHs U MPOU3BOAUTEIHOCT HE € TpuBHaseH. ClieHapuu, KOUTO U3UCKBAT
BHCOKa YECTOTa Ha OOMEH MeXay SApOTO U ajanTepa, Karo HampuMep (gu3nyeckara cUMyJanus B
CUMYJIAIIMOHHHUS UKD Ha Kaabpa, BEPOSTHO IIE MOHEcaT 3HAUYUTEITHU Pa3Xolu OT JONBIHUTEITHUTE
CJIOEBE, JOKATO CIIEHApUU C IMO-HUCKA YeCTOTa Ha B3aMMOJEWCTBUE KAaTO IOCTOSHHO ChXpaHEHHE,
TeJEeMETPUS, MAUMENKHUHT, YIOCTOBEPsBAHE, CAa MHOTO MO-01aronpusITHU KaHIMIaTH 32 YACTO TIpUJIaraHe
Ha mabsoHa. ToBa HaOMIOJEHUE CHOTBETCTBA Ha pesynrarute Ha OnuBedpa u ap. [21, 22], npu KouTo
n3osanuATa Ha GU3UKaTa € olpaBJaHa MMEHHO 3allI0TO KOMYHUKAIIUATA € TpPyNHupaHa U MpecKazyema, a
HE pa3nujsiHa Ha BCEKU KaJlbp.

B pesynrar Ha aHanmuza ce odepTaBa XUOPHAEH MOIXOJ, MPU KOWTO apXUTEKTypaTa MOPTOBE U
aJarTepy ce mpuiara u30MpaTeaHo BbpXY MOJCUCTEMUTE € MO-HUCKA YECTOTA HAa B3aMOJACHCTBUE U T1O-
BHCOKa BEPOSITHOCT 3a CMsSHA Ha TEXHOJIOTHSATA, JOKATO CUMYJIAMOHHMS LUKBJ OCTaBa OpraHU3UpaH
cnopen npunnunute Ha DOD u ECS. ITlomoben moaxox obaye He € eMOUPUYHO BaIUAUPaH B
JauTepaTyparta.

3AK/IIOYEHUE

Hacrosmusar muTepaTypeH mperiie/l yCTaHOBH, Y€ apXUTEKTypara MOPTOBE M aJIaliTePH, BHIIPEKU
AOKAa3aHUTEC CHU II0JI3U B KOPIIOPATUBHUTC CUCTCMU W KOHLCIITyallHAaTa CbBMCCTUMOCT C aBTOPUTAPHUA
CBPBBPEH MOJIEN, OCTaBa CIa00 M3CiieZiBaHA B KOHTEKCTa Ha pa3paboTkara Ha wrpu. [lpmiaranero Ha
CIICHapUeH aHaAJIN3 BBPXY TUITHYHUTE TTOJICHCTEMH Ha CECUITHO-0a3upaHu aBTOPUTAPHU ChPBBPH MTOKa3Ba,
4ye malloOHBT € MPHJIOKUM YaCTHYHO U Y€ Hail-BEpOSTHHAT ITBT HAIIpEX € XHOPHUAEH — C SICHAa IpaHHUIa
MCKAY MOACUCTEMH, KOUTO MMEYECIAT OT U30JIallKA, U TaKMBa, KOUTO U3HMCKBAT IIJIbTHO CBHP3BAHC B UMETO
Ha MPOU3BOAUTENHOCTTa. KOHKPETHOTO MONOKEHHE Ha Ta3W TrpaHulla obaue HE € KOJMYECTBEHO
OTIpE/ICICHO B CHIIECTBYBAIATa JUTEPaTypa, KOETO 00OCHOBaBa HEOOXOIUMOCTTa OT IO-HATAaThIIHA
emnupudHa padota. [TocnenBamm pa3paboTku mo Temara 1ie 0b1aT PoKycupaHu BbPXY UMIIJIEMEHTAIUSTA
Y eMIUPUYHOTO BaTUANPAHE HA TEKYIIUS JOKIIA].
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Abstract: Multimodal language models (MLLMs) and mixed reality (MR) technologies are increasingly converging to
enable intelligent, context-aware interaction within spatial computing environments. This paper presents the design of a
multimodal mixed reality system that integratesthe Mixed Reality Toolkit (MRTK) with multimodal language modelsto enable
context-aware and spatially grounded interaction. The proposed approach addresses the limitations of current mixed reality
systems in real-time environmental understanding and the lack of spatial integration in multimodal Al. The methodology is based
on a layered architecture, including user interaction through gaze, gesture, and voice, multimodal data acquisition,
preprocessing and context encoding, communication with a cloud-based reasoning module, and spatial rendering of responses
within the user’s environment. The system leverages technologies such as Unity, MRTK, HoloLens 2, and a multimodal AI model
to supportintelligent interaction. The proposed framework enables applicationsin industrial maintenance, emergency response,
healthcare, education, and remote collaboration. Key advantages include hands-free interaction, enhanced situational
awareness, and seamless integration of physical and digital information.

Key words: Mixed Reality, Multimodal Al, MLLM, Spatial Computing, HoloLens 2, Context-Aware Systems.

INTRODUCTION

Mixed reality (MR) is becoming increasingly present in everyday life, both for individual users and
in professional environments. It allows users to interact with digital content directly within their physical
surroundings, moving beyond traditional screen-based interaction. Today, many people already experience
elements of mixed reality through mobile devices, particularly via augmented reality applications integrated
into widely used platforms.

By combining physical and virtual environments, mixed reality enables a natural three-dimensional
interaction between humans, computers, and the surrounding space. This capability is supported by
advances in computer vision, graphical processing, display technologies, input systems, and cloud
computing [3].

At the same time, recent developments in artificial intelligence have led to the creation of models
capable of performing complex reasoning tasks. However, language models remain limited to processing
textual data, while vision models can interpret visual inputs but often lack deeper reasoning capabilities.
This gap between perception and reasoning presents a challenge in the development of more advanced
intelligent systems.

To address this limitation, there has been growing interest in multimodal artificial intelligence
systems, which are designed to process and integrate multiple types of data, such as text, images, and audio.
By combining these modalities, such models demonstrate improved capabilities in both understanding
visual content and performing complex reasoning tasks [5].

9 JloknaabT € TpeacTaBeH Ha CTyJeHTcKaTa Hay4Ha cecus Ha 30.04.2026 r. B cexuus ,,IHpopMaTHKA* ¢ OPUTHHAIIHO
3arnmaBue Ha Obinrapcku esuk: [IPOEKTUPAHE HA MVYJITUMOIAJIHA CHUCTEMA 3A CMECEHA PEAJIHOCT,
UHTEI'PUPAIIA MRTK 1 MYJITUMOJAJIHN E3NKOBU MOJEJIN.
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Despite these advancements, current mixed reality systems still face difficulties in analyzing and
understanding the surrounding environment in real time. Atthe same time, multimodal Al models, although
powerful, are not yet fully integrated into spatial and interactive environments.

Therefore, the aim of this study is to develop a mixed reality system that integrates multimodal
artificial intelligence in order to enable real-time environmental analysis and context-aware interaction.

EXPOSITION

Application of MLLM and Mixed Reality

Augmented reality (AR) has emerged as a promising technology in industrial training, as it enables
real-time guidance directly within the user’s physical environment. By overlaying step-by-step instructions
onto real-world objects, AR systems improve training efficiency, reduce errors, and help users acquire new
skills more quickly. However, despite these advantages, most existing AR solutions remain limited in
practice. They often rely on predefined and rigid instruction flows, assuming that users follow procedures
in a fixed order, which rarely reflects real-world conditions [4]. In practical scenarios, users frequently
depend on complex technical manuals that are difficult to interpret and lack spatial context, making task
execution challenging, especially for novice operators.

Traditional approaches based on computer vision require large amounts of labeled data and extensive
training for each new environment, limiting their scalability and adaptability. At the same time, large
language models (LLMs), although effective in interpreting textual instructions, lack awareness of the
physical environment, leading to a semantic gap between digital instructions and real-world execution. To
address these limitations, recent research has focused on multimodal large language models (MLLMS),
which integrate visual and textual data into a unified framework. By combining perception and reasoning,
these models enable more accurate interpretation of both machine states and user actions, supporting
context-aware guidance in complex operational scenarios.

As a result, the integration of MLLMs with AR systems represents a significant step toward
intelligent, adaptive, and real-time assistance, improving usability, reducing cognitive load, and enhancing
task performance in industrial environments.

Recent research has demonstrated the potential of integrating multimodal large language models with
augmented reality systems to enable context-aware visualization of real-world environments. Such systems
are capable of analyzing visual input, understanding scene context, and dynamically overlaying relevant
information directly onto physical objects. This approach enhances user interaction by providing intuitive,
real-time feedback that is aligned with the surrounding environment.

Unlike traditional AR systems, that rely on predefined content or static overlays, these multimodal
approaches enable adaptive and intelligent behavior by combining visual perception with advanced
reasoning capabilities. As a result, users can receive meaningful guidance and contextual insights without
relying on manual interpretation of instructions. This significantly improves situational awareness and
supports more efficient task execution in complex environments [1].

The proposed system enables a wide range of applications across industrial maintenance, emergency
response, healthcare, education, and remote collaboration, where spatially grounded multimodal reasoning
enhances real-time decision-making and user interaction.”

Table 1. Potential Application Domains of the Proposed Multimodal Mixed Reality System

Application Domain Key Benefits

e Reduces downtime

e Assists non-expert users

Minimizes time spent searching
documentation

Faster decision-making

Improved situational awareness

Hands-free operation in critical scenarios
Interactive learning environment

Industrial Maintenance & Inspection

Emergency Response & Disaster Management

Medical Training & Assistance
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e Reduced cognitive load
e Improved training accuracy
e Experiential learning
Education & Interactive Learning e Increased engagement
e Better knowledge retention
e Improves design and execution accuracy
e Reduces human errors
Enhances on-site decision-making
Reduces need for expert travel
Speeds up troubleshooting
Enables global collaboration
Empowers non-expert users
Speeds up diagnostics
Reduces repair costs
Enhanced customer experience
Supports data-driven decision-making
Improves accessibility
Reduces confusion in complex environments
Bridges the physical-digital gap
Enhances productivity

Architecture, Engineering & Construction
(AEC)

Remote Expert Assistance

Automotive & Equipment Diagnostics

Retail & Product Interaction

Navigation & Context-Aware Assistance

Knowledge Work & Research Support

Technologies used
The development of the proposed system is based on a combination of mixed reality technologies
and artificial intelligence frameworks, enabling real-time interaction and context-aware processing.

» Mixed Reality Technologies

e Unity is used as the primary development environment for building the mixed reality
application. It provides a flexible platform for creating real-time 3D experiences and supports
integration with mixed reality devices such as HoloLens 2.

e The Mixed Reality Toolkit (MRTK) is utilized to implement user interaction and spatial
awareness. It provides built-in support for input modalities such as gaze, gesture, and voice,
as well as spatial mapping capabilities.

e HoloLens 2 serves as the hardware platform of the system, enabling real-time perception of
the environment through sensors and allowing hands-free interaction with digital content in
physical space.

» Artificial Intelligence (Gemini)

The artificial intelligence component of the system is based on the Gemini multimodal model, which
is used for processing and reasoning over both textual and visual inputs. The model enables the system to
analyze environmental data, interpret user queries, and generate context-aware responses in real time. By
leveraging multimodal capabilities, Gemini supports the integration of perception and reasoning, which is
essential for intelligent interaction in mixed reality environments [2].
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Pipeline of the application:
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Figure 1. Pipeline of the application

Figure 1 presents the layered pipeline architecture of the proposed system, demonstrating the flow of
data and interaction between the individual processing components.

Proposed System architecture

The proposed system follows a layered pipeline architecture that enables efficient interaction between
the user, the physical environment, and the artificial intelligence components. The architecture is organized
into several interconnected layers, complemented by an iterative feedback mechanism that supports
continuous interaction:

1. User Interaction Layer

This layer handles human input modalities such as gaze, gesture (e.g., air tap), and voice commands.
It serves as the entry point of the system, allowing the user to initiate and control tasks within the mixed
reality environment.

2. Perception and Input Layer (MRTK + Sensors)

In this stage, the system utilizes MRTK and HoloLens sensors to interpret user intent and capture
environmental data. Raw signals such as hand tracking, gaze direction, and speech input are transformed
into structured interaction events.

3. Multimodal Data Acquisition Layer

This layer captures multimodal data from the environment and the user context, including RGB

images, spatial positioning, and orientation. These inputs form the basis for further processing by the
artificial intelligence system.
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4. Preprocessing and Context Encoding Layer

The acquired data is transformed into structured representations suitable for Al processing. This
includes operations such as image cropping (e.g., gaze-centered), compression, and metadata structuring,
ensuring efficient context understanding.

5. Communication and Middleware Layer

This layer manages communication between the mixed reality device and external services. Ithandles
data transmission, API calls, serialization, and latency optimization to ensure reliable interaction with
backend Al systems.

6. Multimodal Al Reasoning Layer

At the core of the system, a multimodal language model processes the structured input data,
performing perception, reasoning, and instruction generation based on both visual and textual information.

7. Response Generation Layer

The outputs generated by the Al model are formatted into structured responses, such as textual
explanations, instructions, or Ul elements, making them suitable for presentation within the mixed reality
environment.

8. Spatial Rendering and User Experience Layer (MRTK)

This layer visualizes the generated responses in the user’s physical environment using MRTK. The
system renders dialogs, panels, and annotations anchored to real-world objects, enabling intuitive and
immersive interaction.

9. Feedback and Interaction Loop

The system incorporates an iterative feedback mechanism that allows users to refine their queries and
receive updated responses. This loop supports continuous human—Al interaction and improves system
performance over time. Such an approach aligns with the principles of human-in-the-loop interaction,
which are fundamental in modern mixed reality and multimodal Al systems.

CONCLUSION

The rapid development of mixed reality (MR) and multimodal artificial intelligence (MLLMs) creates
new opportunities for intelligent human—computer interaction. However, existing solutions oftentreat these
technologies as separate components, limiting their ability to provide context-aware assistance in real-world
environments.

This paper presented the design of a multimodal mixed reality system that integrates the Microsoft
Mixed Reality Toolkit (MRTK), HoloLens 2, and the Gemini multimodal language model within a unified
layered architecture. The proposed approach enables the acquisition of multimodal environmental data,
intelligent reasoning, and the spatial visualization of context-aware responses directly within the user's
physical environment.

Unlike traditional mixed reality applications that primarily display predefined digital content, the
proposed architecture introduces an additional layer of multimodal reasoning capable of interpreting both
visual and textual information before generating adaptive responses. This integration allows the system not
only to visualize information but also to understand the surrounding environment and assist users during
task execution.

The proposed framework demonstrates the potential of combining mixed reality and multimodal
artificial intelligence to support real-time decision-making across various application domains, including
industrial maintenance, healthcare, education, emergency response, and remote collaboration. Although
this work focuses on the architectural design of the system, it provides a solid foundation for the
development of next-generation context-aware mixed reality applications.

FUTURE WORK

Future work will focus on the practical implementation and validation of the proposed multimodal
mixed reality system. The next stage of the research includes the development of a functional prototype
integrating Unity, MRTK, HoloLens 2, and the Gemini multimodal language model. Additional effortswill
be directed toward improving spatial understanding through semantic scene analysis and more accurate
object recognition. Future versions of the system may also incorporate enhanced interaction modalities,
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such as continuous gesture recognition and eye-tracking, to provide more natural user interaction. Finally,
experimental evaluation with real users will be conducted toassess the system's usability, performance, and
applicability in domains such as industrial maintenance, healthcare, and education.
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Abstract: Autonomous Al agents increasingly operate in competitive environments where: Trading systems react to
hidden market positions, security tools face adaptive attackers, and online platforms confront coordinated bots or colluding
participants. These settings require agents to reason under hidden information, infer behavioral patterns from limited
observations, and adapt without unacceptable risk. Imperfect-information extensive-form games provide the mathematical
framework for studying this problem. Over the past decade, Counterfactual Regret Minimization (CFR) and related neural
methods have enabled superhuman performance in large-scale games such as two-player and six-player poker. However, these
systems largely compute fixed equilibrium strategies that do not adapt to specific opponents, and the safety guarantees that
support exploitation in two-player settings fail in multiplayer environments. This paper surveys equilibrium computation,
opponentmodeling, and safe exploitation for imperfect-information games; identifies the gap at the intersection of adaptive play
and multiplayer safety; and proposes three doctoral contributions: a Behavioral Adaptation Framework for real -time opponent
inference, Multi-Agent Safe Exploitation heuristics grounded in regularization-based safety,and a domain-agnostic Evaluation
Methodology for measuring adaptability and robustness across heterogeneous game environments.

Key words: Multi-agent Reinforcement Learning, Decision Making with Hidden Information, Behavioral Adaptation,
Multiplayer Game Theory, Safe Artificial Intelligence

INTRODUCTION

Autonomous Al agents are increasingly deployed in open environments where success depends not
only on prediction or control, but on strategic interaction: trading systems react to hidden market positions,
security tools face adaptive attackers, platform moderators confront coordinated bots, and multi-agent
services negotiate with unfamiliar human or artificial participants. Insuch settings, each decision is made
under partial information about other actors’ goals, private knowledge, and future behavior. This makes
isolated single-agent training insufficient. The central research problem is how an agent can infer behavioral
patterns from limited observations, adapt its strategy in real time, and do so without exposing itself to
unacceptable risk.

This challenge is, at its mathematical foundation, a problem in imperfect-information extensive form
games. These games model sequential interaction among multiple players who hold private information,
face stochastic outcomes, and act without full knowledge of either the environment state or the strategies
of others. They are useful not merely as academic benchmarks, but as compact abstractions of the same
strategic structure found in real-world multi-agent systems. Poker became the canonical testbed because it
combines hidden information, sequential actions, stochastic outcomes, and self-interested players while
still providing an unambiguous win criterion. Landmark systems — Counterfactual Regret Minimization
(CFR) [1], Libratus [2], Pluribus [3], and ReBeL [4] — were validated mainly on poker variants, but the

10 JToxna BT € NpeICTaBeH Ha CTy/IeHTcKaTa Hay4Ha cecus Ha 30.04.2026 r. B cexuus ,,udopmaThka“.
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underlying methods are domain-agnostic and have since informed work on broader strategic domains such
as Diplomacy [7] and Stratego [8].

The past decade has seen remarkable progress in equilibrium-finding algorithms for progressively
larger games. CFR was scaled via Monte Carlo sampling, neural function approximation, and real-time
subgame solving, culminating in superhuman performance in both two-player [2] and six-player poker [3].
However, these systems share a fundamental limitation: they compute fixed equilibrium strategies that play
identically against every opponent. Against sub-optimal adversaries — which includes virtually all real-
world opponents, human or artificial — an equilibrium strategy is safe but blind, systematically failing to
exploit detectable weaknesses. Furthermore, as games scale to many players, even the notion of “safe”
becomes problematic: Nash equilibrium loses its minimax guarantee, and the research paradigm must shift
from computing perfect solutions in controlled settings to enabling rapid adaptation in environments too
complex for any single equilibrium to suffice.

This situation exposes three interrelated open problems. First, adaptation: how can an agent infer an
opponent’s behavioral tendencies from observed actions and adjust its own strategy in real time, when the
opponent’s private information and intentions remain hidden? Second, safety under adaptation: how can an
agent exploit detected weaknesses while bounding worst-case losses — particularly in N-player settings
where formal safety guarantees from two-player theory provably fail? Third, evaluation: how do we reliably
measure whether an agent adapts well, across different games, opponent populations, and environmental
conditions, when existing metrics each capture only a single dimension of performance?

The present doctoral research addresses these three open problems through three contributions: a
Behavioral Adaptation Framework for real-time opponent inference, Multi-Agent Safe Exploitation
heuristics for bounded-risk adaptation, and a domain-agnostic Evaluation Methodology for measuring
adaptability and robustness across heterogeneous game environments. Each contribution is grounded in
working implementations and evaluated against analytical solutions or reference frameworks, so that the
research program remains experimental rather than purely synthetic.

REVIEW OF EXISTING SOLUTIONS

The algorithmic foundation for computing strategies in imperfect-information games was established
by Counterfactual Regret Minimization (CFR) [1], which decomposes the problem of finding a Nash
equilibrium into independent local subproblems at each decision point and guarantees convergence of the
average strategy at a rate of O (1 /\/ﬂ. CFR made computational game theory practical but required scaling
work to handle large games: Monte Carlo sampling reduced per-iteration cost, while neural function
approximation replaced tabular storage with deep networks. The practical payoff of these advances was
demonstrated by Libratus [2], which defeated top professionals in two-player no-limit poker, and Pluribus
[3], which extended this to six-player poker. ReBeL [4] subsequently unified reinforcement learning and
search under the public belief state framework —a probability distribution over hidden information, updated
via Bayesian inference as play unfolds — bringing AlphaZero-style methods to imperfect-information
games. Collectively, these systems represent a decade of progress in computing equilibrium strategies for
progressively larger and more complex games.

However, these systems retain the limitation introduced above: they compute fixed strategies and
play identically against every opponent. The question of adapting to a specific opponent was addressed by
Southey et al. [5], who developed a Bayesian framework for opponent modeling that maintains a prior over
opponent strategy types and updates it from observed actions. Even rough opponent models were shown to
yield significant exploitation gains over equilibrium play. The formal treatment of safety during
exploitation was provided by Ganzfried and Sandholm [6], who proved the Safety Theorem: in atwo-player
zero-sum game, any exploitation strategy anchored to a Nash equilibrium baseline cannot lose more than
that baseline against any opponent, regardless of model accuracy. A safety parameter p € [0, 1] controls
the tradeoff between exploitation potential and worst-case protection. This is a foundational result —but the
Safety Theorem relies on the minimax property of Nash equilibrium, which holds only in two-player zero-
sum games. In N- player or general-sum settings, Nash equilibrium does not protect against coalitions or
correlated deviations, and the paper itself identifies the multiplayer extension as an open problem.
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Two recent systems suggest a direction forward. Bakhtin et al. [7] achieved human-level play in
Diplomacy —a seven-player game with coalition formation and betrayal — using mKL regularization, which
anchors the agent not to a Nash equilibrium (computationally intractable and strategically meaningless in
this setting) but to a human behavioral prior learned from data, with a KL-divergence penalty preventing
excessive deviation. Independently, Perolat et al. [8] solved Stratego using Regularized Nash Dynamics
(R-NaD), a model-free approach that uses regularization to converge to Nash equilibrium rather than
cycling. Both systems demonstrate that regularization-based methods can tame learning dynamics at
enormous scale — but neither adapts to specific opponents, and no existing work systematically studies the
exploitation—safety tradeoff in multiplayer settings or provides a framework for evaluating adaptive
behavior across different game environments.

Notably, the game-theoretic solvers currently in operational or near-operational use — security patrol
randomization systems, simulated air-combat research agents, and auction-design engines underlying
multi-billion-dollar spectrum allocations — all rely on fixed equilibrium or equilibriumadjacent strategies.
They inherit, by design, exactly the three limitations this thesis targets: no runtime adaptation to specific
opponents, no formal safety guarantees once the setting extends beyond two players, and no standardized
methodology for evaluating adaptive behavior across heterogeneous strategic environments. The research
gap identified in the literature is therefore not merely academic; it is the gap that separates today’s deployed
systems from the next generation of operationally adaptive, safety-aware multi-agent Al.

PROPOSED SOLUTION

The review reveals the central gap in the current state of the art: we have formal safety guarantees for
two-player exploitation and practical regularization for large multi-agent games, but no framework that
connects them — providing safety-aware adaptive exploitation in multiplayer settings with systematic
evaluation. The three contributions below address this gap from complementary angles: inference (how to
model opponents), action (how to exploit safely), and measurement (how to evaluate the result).

Contribution 1: Behavioral Adaptation Framework

Existing game Al systems compute equilibrium strategies that are blind to opponent-specific
behavioral patterns. Opponent modeling methods [5] can infer behavior but lack integration with the
equilibrium-finding pipeline and do not account for the risk of model misspecification. The first
contribution targets a general method for inferring opponent strategies from observed action sequences in
real time and integrating those inferences into the agent’s decision-making process. Candidate architectures
include augmenting the public belief state representation [4] with behavioral beliefs about opponent
tendencies — extending the belief state from “what private information might the opponent hold?” to “what
type of player is the opponent?” — as well as consistent opponent modeling techniques that guarantee
convergence to the opponent’s true strategy given sufficient observations.

A critical design constraint is graceful degradation: when insufficient observations have been
collected, the agent should default to equilibrium play rather than acting on unreliable inferences. The
framework will be validated on structurally diverse games — card games with hidden hands (Kuhn Poker,
Leduc Hold’em), sequential bidding games with hidden valuations (Goofspiel), and multiagent
environments with partial observability (pursuit-evasion on grid worlds, simplified Diplomacy variants) —
to demonstrate domain-agnostic applicability. A natural byproduct of this work is the ability to detect and
classify anomalous behavior, with direct applications in fraud detection, bot identification, and collusion
detection on multiplayer platforms.

Contribution 2: Multi-Agent Safe Exploitation

The Safety Theorem [6] provides formal guarantees for exploitation in two-player zero-sum games,
but these guarantees provably fail in N-player settings where coalition dynamics invalidate the minimax
foundation. Pluribus [3] demonstrated empirical success in six-player poker without any safety framework,
but offers no theoretical grounding for when or why such success generalizes. The second contribution
targets tractable approaches for safe exploitation in N-player imperfect information games, investigating
several candidate directions.
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The most promising direction adapts the mKL regularization paradigm from Diplomacy [7],
constraining the exploitative policy toremain close toa safe reference strategy viaa KL -divergence penalty.
The reference strategy need not be a Nash equilibrium — it can be a population average, a learned behavioral
prior, or an approximate equilibrium —making the approach applicable when exact equilibrium computation
is intractable. An alternative direction explores equal-share baselines, using each player’s guaranteed
minimum payoff as a safety anchor that bypasses equilibrium computation entirely. Validation is planned
across N-player game variants including three-player card games, the four-player coalition formation game
So Long Sucker, and multi-agent grid environments with partial observability.

Contribution 3: Evaluation Methodology

There is currently no standardized framework for evaluating adaptive agents across different game
environments and opponent populations. Exploitability measures worst-case vulnerability but ignores
adaptation quality; Elo rating measures relative strength but cannot detect cyclic dominance; and variance
in imperfect-information games makes raw win rates statistically unreliable. The third contribution targets
a domain-agnostic evaluation framework combining individual safety metrics (exploitability and its N-
player extension), population-level ranking methods sensitive to non-transitive dynamics (a-Rank [9]), and
variance reduction techniques (AIVAT [10]) for statistically reliable evaluation under the high variance
inherent to imperfect-information games. The framework will be validated across heterogeneous game
types to ensure that evaluations are comparable across structurally different strategic interactions.

Expected Outcomes

The scope of each contribution dependson algorithmic choices made during the study program, which
continues through October 2026, and on the available resources. The progressions below distinguish the
grounded starting point from the realistic thesis target; further depth is kept as a direction, not promised as
an outcome.

Work on Contribution 1 begins by showing that the adaptation framework outperforms static
equilibrium play on the primary testbeds (Kuhn Poker, Leduc Hold’em). The realistic target is to extend
this validation to structurally different game families — card games, bidding games, and grid-based
environments — so that adaptation gains hold beyond card games. Convergence guarantees for opponent-
type inference remain an open direction, depending on how the later study steps unfold.

Contribution 2 begins with empirical validation of existing heuristics — 7KL regularization and
equal-share baselines — on small N-player games, with failure modes characterized so that the exploitation—
safety tradeoff ismapped rather than asserted. The realistic target is a method that combines these heuristics
with opponent-aware or population-based dynamics in ways the literature has not yet covered. A theoretical
extension of the Safety Theorem beyond two-player zero-sum games remains in view, but the thesis does
not depend on reaching it.

Contribution 3 begins by ensuring that the evaluation framework reproduces known agent orderings
and detects known non-transitive structures across benchmark games. The realistic target is to extend the
framework to real-world behavioral data, such as anonymized game logs, so that it produces actionable
insights beyond synthetic benchmarks. Specific findings cannot be pre-specified honestly; the value of the
framework lies in what it reveals when applied.

Together, these grounded outcomes: a validated adaptation method, empirically characterized safety
heuristics, and a working evaluation framework — already constitute a coherent thesis. Further depth from
later study steps would build on this foundation rather than replace it.

CONCLUSION

The foundational phase of this doctoral research is complete. The literature review shows that the
state of the art can compute equilibrium strategies at superhuman levels and exploit specific opponents
safely in two-player settings, but no existing framework provides safety-aware adaptive exploitation in
multi-agent environments with systematic evaluation. The three proposed contributions — Behavioral
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Adaptation, Multi-Agent Safe Exploitation, and Evaluation Methodology — address this gap from
complementary angles, with expectations calibrated to the available resources and timeline.

The methodsunder development are not specific to any single game or domain. They addressadaptive
strategic decision-making under uncertainty with multiple adversaries — a setting that arises wherever
autonomous agents interact under hidden information. As such agents become more common in real-world
systems, ensuring that they adapt safely and can be reliably evaluated becomes a practical necessity.
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Abstract: The paper presents Evento Puls — a web application for event discovery developed with ASP.NET Core MVC
during a 48-hour hackathon. The platform integrates a large language model agent (Sirma Al) for two main tasks: natural
language query interpretation and automatic generation of event descriptions in Bulgarian. The model transforms free-text
queries containing city names, music genres, temporal markers, and conversational additions in Bulgarian or English into a
structured JSON intent,which is mapped to typed Entity Framework Core filters. A geocoding pipeline based on Google Maps
enriches events with coordinates for map visualization. The work demonstrates how a small student team can combine modern
.NET technologies with cloud-based LLM agents to deliver a functional software product.

Key words: event discovery, natural language processing, ASP.NET Core, large language models, geocoding, web
application.
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Abstract: Abstract: The paper presents the design and implementation of “Pixel Courier” — an original 2D game
developed in C++ with the help of SFML. The project combines player movement, collision handling, controlled spawning of
NPC characters, package collection and delivery logic, a timer, score handling, and external configuration files for positions,
hitbox parameters, and vehicle trajectories. The architecture separates resource loading, sprite creation, object positioning,
game state, traffic, startup error handling, and end-of-game visualization. AWindows x64 release package has been prepared,
including an executable file, dynamic libraries, and the required resources. The result is a working prototype with practical
value for learning, portfolio presentation, and future extension.

Key words: C++, SFML, 2D game, game loop, collision detection, game architecture, configuration files.

INTRODUCTION

The development of interactive software products involves technical, organizational, and creative
tasks at the same time. When creating a real-time computer game, resource management, graphical
rendering, user input processing, collision detection, state management, and preparation of a finished
product must be combined. This makes a game project a suitable practical environment for applying
knowledge from software engineering.

The present paper describes the development of “Pixel Courier” - a 2D game implemented in C++
using the SFML multimedia library. The main idea is that the player controls a courier in an urban
environment, accepts packages from NPC characters (non-playable characters), delivers them tothe courier
base within a limited time, and avoids moving traffic. The goal of the development is not only to implement
a playable prototype, but also to build a clear modular structure that can be maintained and extended.

The practical value of the project lies in combining several types of tasks characteristic of real
applications: content configurability, missing-resource checks, work with graphics and sound, reaction to
user input, and preparation of a distribution that can be launched outside the development environment.

EXPOSITION
Concept and Game Scenario

The game scenario is built around a short and understandable cycle: moving the character across the
map, contacting an available NPC character, remaining in place to accept a package, returning to the courier
base, and registering a successful delivery. This cycle creates a clear goal in every game session, while also
requiring the selection of a safe route because the urban environment contains static obstacles and moving
vehicles.

12 [loxnaabT € NpeiCTaBeH Ha CTy/IeHTcKaTa Hay4Ha cecus Ha 30.04.2026 r. B cexuus ,, MudopmaTuka“.
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The map does not function only as a background. It contains visual landmarks, roads, traffic zones,
collision objects, and interaction areas. In this way, the user must simultaneously plan movement, react to
dynamic hazards, and monitor the remaining time. This gives the game an arcade character without making
the controls unnecessarily complex.

Player Contact Package Delivery Score and
movement with NPC acceptance to base time

‘ Collisions, traffic, and the timer ‘

influence the risk in every game session

Figure 1. Main gameplay process in “Pixel Courier”

Figure 1 presents the main gameplay cycle in “Pixel Courier”. The player moves across the map,
findsan NPC character, accepts a package, and delivers it to the base, while collisions, traffic,and the timer
influence the risk throughout the session. Since activity and process diagrams are used to represent
workflows and sequences of actions, the figure serves as a visual explanation of a standard game session

[1].

Software Environment and Architecture

The implementation is written in C++, while SFML is used to create the window, render graphical
objects, process input, work with fonts, and play sound. This combination allows direct control over the
game loop and code structure without dependence on a heavy game engine. For an educational and
demonstration project, this is important because the core mechanisms remain visible to the developer.

The architecture is modular. Texture loading, sprite creation, positioning of game objects, player
movement, vehicle movement, collision checking, package logic, NPC spawning, timer, score, end -of-
game behavior, and startup checks are separated. This separation improves readability and allows individual
parts to be developed independently.

Textures / Sprites map, Player / NPC / Traffic
player, NPC movement and states

Central game loop input
- update - collision -
render

ﬁnnﬁgm‘ation positions, Timer [ Score /| GameOver
hithoxes, trajectories e i e
s lSLﬂrLup checks / Releﬂse] R

resources, DLL, Windows
x64

Figure 2. Logical organization of modules and resources

Figure 2 shows how the separate modules and resources are connected around the central game loop.
Textures, sprites, and configuration files provide datato the main logic, while the modules for the player,
NPC characters, traffic, timer, score, and game over state update the state of each session. The diagram is
used as an architectural summary and shows why the project is divided into independent parts instead of
concentrating all logic in a single file.
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Configuration Approach and Resource Management

An important characteristic of the project is the use of external configuration files for object positions,
hitbox parameters, and vehicle movement. In this way, part of the settings are not hardcoded and can be
corrected without recompilation. This approach is useful when aligning the map, dangerous zones, spawn
points, and traffic routes.

Graphical and sound resources are organized in separate directories. Textures and sprites are loaded
centrally, while the visual representations of the character, buildings, NPC characters, and vehicles are
managed consistently. The project uses original resources, including separate sound files for in-game events
such as package acceptance, delivery, collision, or the end of a game session.

Figure 3 shows sample graphical assets used in the project — a vehicle, a decorative object, NPC
characters, a courier with a package, and a sample building from the urban environment. They are loaded
as textures and visualized through sprites, with each object receiving a specific position, scale, and, when
necessary, a separate hitbox for interaction or collision.

Separating the visual resources into independent files makes it easier to replace and extend the content
without changing the main game logic. Vehicles are used in the traffic system, NPC characters are used
when accepting packages, the courier with a package shows the current state of the player character, and
building assets serve to construct the visual urban environment.

. @ ﬁ. ﬁ * ®

vehicle decorative NPC NPC courier with sample
object character character package building

Figure 3. Sample graphical assets used in “Pixel Courier”

Table 1. Main modules and responsibilities in the project

Module Main responsibility Module Main responsibility

Loading textures and creating visual objects for the map,
player, NPC characters, and vehicles.

Reading configurations and positioning game elements,
dangerous zones, and hitbox parameters

Managing movement, orientation, animation state, and the
view relative to the player character

Checking collisions with static objects and dynamic
obstacles.

Accepting and delivering packages, requiring a short stay in
place, and updating game progress.

Controlled spawning of NPC characters and updating traffic
along predefined trajectories

Clock / Score / GameOver Managing time, score, session end, and visual feedback.
Checking for missing resources and providing more
controlled behavior when startup problems occur.

TexturesLoad / SpritesLoad

PositionManagement

Player Movement

Collision

PackageCollect / PackageDelivery

NpcsSpawn / MovingVehicles

StartupErrorLogs

Implementation of Game Logic

The game logic is based on a central game loop in which keyboard input, updates of active objects,
collision checks, timer changes, and frame rendering are processed sequentially. This model is fundamental
for real-time applications because it maintains a continuous connection between input, simulation, and
visualization [2].

Player movement is connected with the current animation state and direction of movement. In
addition, the view of the map is controlled so that the active part of the environment remains visible.
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Collisions restrict movement through static obstacles and create risk when crossing trafficareas. This makes
movement a central gameplay mechanic rather than only a technical function.

The package system is divided into two stages - acceptance and delivery. When contacting an NPC,
the player must remain within a defined distance and avoid interrupting the interaction for a short period of
time in order to accept the package. Afterthat, the goal changes to the courier base, where the delivery is
registered as successful and the score and time are updated. In this way, the project creates a repeatable but
dynamic task cycle.

NPC Characters, Traffic, and Time

NPC characters appear according to a controlled scheme, which makes it possible to set the rhythm
of the game session and avoid overloading the map. Moving vehicles use predefined trajectories and speeds,
which facilitates the modeling of different traffic lanes. Each such object participates in collision checks
through separate hitbox parameters, so that the visual size and the actual collision zone can be adjusted.

The timer is a key mechanism because it connects all other systems into a common evaluation of
performance. A successful delivery may improve the score and extend the active session, while collisions,
delays, or an incorrect route reduce the player’s effectiveness. Thus, the project combines spatial
orientation, reaction, and planning.

Reliability, Startup, and Distribution

At startup, the application checks for the availability of textures, fonts, sounds, an icon, configuration
files, and other required resources. This reduces the risk of an uncontrolled crash when a file is missing and
helps locate the problem faster. Such a check is especially important for a project that must be presented
and launched on different computers.

The development includes preparation of a Windows x64 release package. It contains the executable
file, the required dynamic libraries, the resource folders, and the configuration data. In this way, the game
can be launched outside Visual Studio, which is an essential criterion for application completeness and for
demonstrating it to an external audience.

Testing and Evaluation of Results

Testing was carried out as manual functional testing by the developer. The main scenarios were
checked: application startup, resource loading, character movement, collision with static objects, collision
with moving vehicles, NPC character spawning, package acceptance, delivery to the base, timer changes,
score accumulation, and end-of-game visualization. Error scenarios involving missing files were also
examined separately because they are critical for a release package.

The evaluation of the results shows that “Pixel Courier” is a completed working prototype. The most
significant result is the integration of several interconnected systems into a compact project: graphics,
configuration, dynamic objects, collisions, time, score, error handling, and distribution. Due to the absence
of an automated log with measurements, the tests are considered a functional check rather than a statistical
experiment with a measurable sample.

Future Development Opportunities

In future development, the system can be expanded with more levels, richer behavior of NPC
characters, progress saving, a settings menu, difficulty selection, more detailed statistics for game sessions,
and a clearer separation between logic, data, and visualization. Part of the code could also be reorganized
at a higher level of abstraction, for example through common base classes for dynamic objects or through
a centralized state management system.
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CONCLUSION

The development of “Pixel Courier” shows that even a relatively small 2D project can be considered
a complete software system when it includes clear architecture, configurable content, state control, error
handling, and a finished distribution. The project combines game logic and engineering discipline by
providing not only a playable result, but also a practical demonstration of programming and software
engineering knowledge.

The obtained result can be used as a basis for further development of the game, as an educational
example of 2D game development, and as a portfolio project that follows the entire process from idea and
prototype to release package.
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