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ANALYSIS OF THE MAIN FACTORS AFFECTING THE ENERGY
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b

Abstract: This article reviews the most significant factors influencing energy production from photovoltaic
installations in Bulgaria. Data on the efficiency of the types of PV panels, the optimal slope to the horizon, the influence
of ambient temperature, degradation, shading and string configuration and their impact on the operation of the
photovoltaic installation are presented. The tendency to increase the share of electricity from renewable energy sources
compared to the global and national scale is illustrated. The advantages of PV systems and the reasons for their
increasing entry into the energy system of Bulgaria are indicated.

Keywords: PV installations, efficiency, factors

BBBEJIEHUE

@DOoTOBOJITAMYHUTE CUCTEMH IpeoOpa3yBaT €HEpPrusTra Ha CIBHLETO — CBOOOJEH U
HEU3uyeprnaeM HU3TOYHUK B JKU3HEHOBAXHMSI 3a YOBEUECTBOTO EJEKTPUUYECKH TOK. 3aelHO C
OCTaHAJIUTEe BH30OHOBSAEMH HW3TOYHMIIM: BITHP, CIbHYEBA TOIUIMHA, T€OTEPMalHa EHEprust M
O6uomaca, Te OMxa MOTJIM Ja JIOCTaBAT CUTypHa, yucta u 3eneHa eneprus (Hewdobro et al, 2009).
Ta3u exonoruuHa eHeprus MMa OCHOBHa poiii B O6opOaTa ¢ KIMMAaTHYHHUTE MPOMEHHM M 3aTOBA
€BPOIENHCKUTE MOJIUTUKH Ca OPUEHTUPAHU B MOJKpEIa U pa3BUTHE Ha €HEPro00MBHYU MHCTAJIAllUU
OT Bb300HOBSIEMU U3TOYHULIH.

Kbm 2020 r. nenpT Ha mpou3Be/ieHA eNeNeKTpUYecKa €Heprus B CBETa OT Bb30OHOBSIEMH
n3rounuiy Ha edeprust (BEN) e 29%. Cnopen nporno3ure Ha International Energy Agency (2020),
B uHAycTpusita Te me naocturanar a0 60% mnpe3 2030 r. (dwur.l). boarapus e Ha mpara Ha
IBITOCpoyHa TpaHchopMmanus Ha eHepruitnara cu cucrema J1o 2050 r. Cpen ocHOBHUTE (hakTopH 3a
TOBa ca OBP30 ClamanuTe pa3xoau Ha WHCTananuuTe, u3noissan BEU, TpaiiHoTo mokauBaHe Ha
LIEHUTE Ha EJEeKTPOCHEprusiTa, HEeoOXOAMMOCTTa OT HaMalsBaHE Ha MAPHUKOBUTE EMHCUHU B
CEKTOpa U B MKOHOMUKATa KaTo 1o (¢ur. 2).

Ocob6eno mnepcrnektuBHu ca BEW wuHcTanaumute, M3moa3Bamiy (OTOBOJNTAMYHHU ITaHENH.
[IpynumHUTE Ca HAKOJIKO:

* HENpeKbCHATO HaMaJIBAIM LIEHH;

* [OBHUIIABAIl C€ K.I.JI.;

*  IPUIIOKHUMOCT IO LsIaTa TEPUTOPHUS Ha CTPAHATa;

* edeKTUBHOCT U mpu Mayku MortHocTh SkW 3a otnenHo momakuHcTBO M rojieMu 100MW

32 IPOMMIIUICHU LIEJIH;

! IoknaabT € IIpeiCTaBeH Ha CTyJEHTCKaTa HaydHa cecus Ha 17.05.2022 B cekuus “EleKTpoTeXHHMKA,
€JIEKTPOHMKA M aBTOMATHKA ¢ OPUTMHAIHO 3ariaBue Ha Obarapcku e3uk: AHAJIN3 HA OCHOBHUTE ®AKTOPH,
BJIMSELIIN BBPXY NOBMBA HA ®OTOBOJITAUYHU MHCTAJIALIMU B BBJIT'APUSI.
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* peayHa JACUEHTpAIN3AINs Ha CHEPTHHATA CHUCTEMA.

%
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I T | | |
2000 2005 2010 2015 2020 2025 2030

@uwr. 1. 'mobanen s Ha enekTpudeckata eneprus or BEU 3a mepuona 2000-2030 r. (International
Energy Agency, 2020).
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®ur. 2. OyakBaHO OPYTHO MPOU3BOJCTBO HA eleKTpHUecka eHeprust oT BEU 1o Bua TEXHOIOTHS B
nepuosa 2020-2030 r. (Kutur et al, 2021)

Ienta Ha HACTOAIIMSA OKJIAJ € J]a Ce aHAJM3UPAT OCHOBHUTE (PaKTOPH, KOUTO BIUSAT BBPXY
no0uBa Ha €JIeKTPOEHEPrusl OT POTOBOJTAUYHU U3TOYHUIIM, OTYUTANKHU PErMOHAIHUTE 0COOEHOCTH
Ha bearapus.

N3J1I0KEHHUE
OCHOBHH XapaKTEPUCTHKH HA (JOTOBOITAMYHHUTE NAHEIH

Cnopen 3e-new (2020) TeXHOIOTHUTE 3a MPOU3BOACTBO Ha ()OTOBOJIITAUYHHU MOJYJIU MOKE Ja
ce kiacupuuupar ycioBHO B Tpu mnokoseHus (¢ur. 3). IIbpBo mnokoneHue (HoTOBOITAMUHU
TEXHOJIOTUH ca MPEJUMHO 0a3upaHu BbPXY CHIIMIUN — MOHOKpHUCTaJIEH (mc-Si) U MOJIUKpHUCTaJIeH
(pc-Si). BropoTo mokosieHHE ce OCHOBaBa Ha ThHKH (UIMU KaTo aMop(deH CHuImii (a-Si), MeTHO-
unaueB puceneHun (CIS), menno-unaues ranues nucenenun (CIGS), kagmues-tenypun (CdTe) u
MYJTH-TIPEXOTHH KIETKH.

KbM HacTosIus MOMEHT aKTUBHO C€ pa3paboTBaT TEXHOJOTHH OT TPETO MOKOJIEHUE, KOUTO
U3IIONI3BAT IEPOBCKUT, MacuBupaH emutep, 3aaHu kietku (PERC) m Hanokpucrannu ¢uiamu.

EdexTHBHOCTTa UM MOCTOSIHHO HApacTBa W B HAKOH JIAOOPATOPHHU pa3pabOTKH Beue JOCTHTA HaJ
40% (wur. 4).
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PV technology a

e Si-mono 1.20
[ Si-poly 1.30
a-Si:H 1.80
3 a-Si:H tandem 3.30
s a-Si:H triple 5.00
CdTe 1.50

) CIS 1.50

GaAs 1.30

Bias (V)

@wr. 3. Koedpunuent Ha “uneannoct” Ha (GOTOBOITAMYHA KJIETKA B 3aBUCUMOCT OT TEXHOJIOTHTA
Ha nmpou3BoAcTBO (3e-new, 2020)
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@wr. 4. K.ii.x Ha BUgoBeTe (hOTOBOITAMYHU TexHOJOTUH (Arajo, 2020)

dakTopu, BIUsIEelIM BLPXY eHeprogo0uBa otT (OTOBOJITANYHN U3TOYHUIH

[TpousBekaHaTa €JICKTPOSHEPTUS OT (OTOBOJITAMYHA CHCTEMa 3aBUCH OT HSIKOJIKO OCHOBHU
dakropa (Ivanova, S., 2015).:

*  Pa3MOJIOKEHHUETO, OPUEHTALUATA U HAKIIOHA HA TIaHEIINTE;

* HHBOTO Ha CIIbHYEBATA paJidaliis B MECTOIIOJIOKEHUETO HA CUCTEMATA,

* TeMIeparypara Ha OKOJHATa CPena;

*  HaJM4YMETO HA BATHP U HETOBaTa CpeHa CKOPOCT;

* HAJIMYME HA 3aCCHYBAHE;

*  U3MoJ3BaHaTa (POTOBOJITAMYHA TEXHOJIOTHS;

* KOH(uUrypanusita Ha CTPMHIOBETE;

* K.LJ. Ha MHBEPTOPUTE M CMAapT YNPaBICHUE HA TOYKATa Ha MaKCHMajHa MOILHOCT -
MPPT.

Haxnon u opuenmayus na pomogonmauyunume nanenu

B Ivanova, S. (2015) e u3cnenBaHo BIMSHUETO HAa HAKJIOHA Ha MpHeMalliaTa MOBbPXHOCT
BBPXY KOJIMYECTBOTO IMoeTa paauanus. OnpeaeneHu ca ONTUMAIHUTE BIJIHM 3a JIeTHUs ce30H (oT 1
toHU 10 31 aBryct) — 14° u 3a 3umHMs ce30H (0T 1 okToMBpu 10 31 mapt) — 53°. Onpenenex e u
ONTUMAJIEH IIeJIOTOJUILIEH BI'bJl Ha HakJIOH — 33°. IlocoueHu ca gHHUTE, B KOUTO TpsAOBa jaa ce
MIPOMEHST Te3W HAKJIOHU 3a IMOCTUTAaHE Ha ONTUMAITHU pe3ynTaTd. JJoka3zaHo e, 4e Ipu JABYKpaTHa
IpoMsiHa Ha HaKJOHa Mpe3 rojguHara ce nmocturat 99,02% ot BB3MOXKHHS MAaKCUMaJIeH €HEprHeH
N00WB, a IpU YeTHpUKpaTHa nmpoMsiHa — 99,5%.

Temnepamypa na okonnama cpeoa

TemnepaTypaTa Oka3Ba rojsiIMO BIUSHUE BBbpPXY paboTara Ha (JOTOBOITAUYHUTE MU3TOUYHUIIH,

KaTo ¢ MOBHILIABAHE HA TeMIIepaTypara UM TSIXHOTO K.I1.J. HaMansaBa. To3u edheKkT e 0COOeHO CHITHO

M3pa3eH MpU TOKPUBHUTE KOHCTPYKLUMHU TIOpaau 3aTpylHEHaTa LUPKYyJalus Ha BB3AYX 3a]

na”enute. TUNUUHUAT KoepuIUEHT Ha 3aryba Ha MourHocT € 0,5% 3a Bceku °C. B chBpemeHHUTE
- 13-
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(GOTOBOATANYHHM TTAHEHM HA BOJCIIM TPOMU3BOJIUTEIIN TEMIIEPATYPHUAT KOCHHUIIMEHT Ha CIaJaHe Ha
MoIIHOCTTa Bede € HamaneH 1o 0,34% u mopu a0 0,285% (Luxor Solar, n.d. a).

To3u ¢akTop mma chinecTBeHO 3HaYeHHE B bbiarapus, YMHTO KIMMAT ce XapaKTepHU3Hpa C
HHUCKHU TCMIICPATYPU NPE3 3SUMHUTC MCCCIIHU U BUCOKH ITPE3 JICTHUTC. Hammunara cnnHYeBa CHCprus
€ Hail-roysiMa 1pe3 MecelnTe IOHH, I0JM U aBryCT, HO ChIIO TaKa Ipe3 Te3W MECEH TEMIIEPaTypPHUTe
Ha OKoJHaTa cpena gocturar a0 35 °C, a B HIKOU pEerMoHU U I1OBEYE.

3aceuu3auuﬂ, O’b./l.)f('amu Cé Ha CHEeJICHA NOKpUueKa

[Tpu n3bopa Ha (HOTOBONTAMYHH MOAYNIM CIEABA Jla CE OTYUTAT U EBEHTYAIHU 3aryOH OT
3aceHyBaHe cbc cHAT. Okas3Ba ce, 4e Te moraT Ja jgocturar cpeaHo no 10%, ako ce u3moi3Bar
MaHEeJIM C paMKH B CpaBHEHHE ¢ Oe3paMKoBH. VIMa 3HAaYCHHE W Pa3CTOSHUETO OT 3eMsTa JI0 AOTHHS
pB0 Ha Hal-HUCKO MOCTABEHHUTE MAHEIN B MHCTATANUATA. 32 J1a MOXKE CBJICKIIUS CE OT MOJyJIa CHST
Ja TmajHe CBOOOJHO Ha 3eMATa M Ja HE 3aCCHYBA IO-HHCKO PA3IMOJIOKEHUTE NaHETH, TOBa
pascrosiHue TpsiOBa 1a ¢ MuHUMYM S0 cM 3a HamuTe kauMatuaHu ycinosus (Riley, 2019).

leyzu Uacmu4Hu 3aCeHY6AHUA

YacTruHU 3aCeHYBaHMs BbPXY (POTOBOJITAWYHU MHCTAJALMHU CE MOJIy4aBaT U MPU HaJM4ue Ha
BUCOKH CTPajH, IbPBETA, U JIP., KOETO € YECTO CPEIIAHO SIBIICHHE B YpOAHU3UPAHUTE TEPUTOPHH.
OTuuTaiiky, Y€ MOAYJIUTE/KIETKUTE Ca CBBP3aHM B CTPUHIOBE, KOraTo €IMH OT TAX € 3aCEHYEH,
TOBa MPEKbCBa LI€JIUA CTPUHI, PECHEKTUBHO no0uBa oT Hero craBa (. Haii-pasmpoctpaHeHUST
METOJ 32 HaMaJliBaHe Ha 3aryOouTe MpH 3aCeHUYBAHE € U3IMOJI3BAHETO HA LIYHTUPALIM JUOAU ((Hur.
5), KOUTO ca MHTErPUPaHU B caMuTe (OTOBONTAMYHM MOJYJIH. B mpakThkara Haii-MacoBo ce €
HAJIOXKWJIO M3IO0JI3BAHETO HA LIOTKU JMOAM, HO TE€ C€ HArpsBaT CUJIHO IPU INPOTHYAHETO Ha TOK

0k0J10 8A 0T paboTenuTe KISTKH U 3arydara Ha MOIIHOCT B Ts1Xx ¢ okosio 4W (Hernandez-Callejo,
2020).

Bypass
diode

-

Shaded Junction
solar cell box

@ur. 5. PoroBonTanyeH nanen ¢ myHrupamy guoau (Pannebakker, 2017)

[lepcrieKTUBHO € M3MOJI3BaHETO HA ,,yMHHU' HIYHTUpALU AUOAM (Pur. 6), Tbil KaTo TE€ UMaT
3HAYUTEIHO MO-HUCKU 3ary0u Ha MoIHOCT — TunuyHO 0,5 W u HarpsiBaHeTo Ha Mpexo/ia npu TIX €
mo-HUCKO ¢ okoyio 60-80 rpamyca B cpaBHEHHE C HIOTKH JUOJUTE, KOETO 3HAYMTEIIHO MMOBUIIIABA
HA/ICKHOCTTA UM.

Jlpyr MeTox 3a HaMaisBaHEe Ha 3aryOMTe OT 3aCEHYBaHE € M3IOJI3BAHETO HA WHIMBHYaTHU
Mukpo DC-DC koHBepTOpH 32 BCeKU (POTOBOITAMYEH MOAYJ B CTPHHTA, KAKTO € MOKa3aHo Ha (ur.
7 (Hernandez-Callejo, 2020). OCHOBHMST HEAOCTAThK MPH TO3M MOAXOJI €, Ue Ha TO3M eTal TOoi ce
CMsITa 32 MKOHOMHYECKHU HeleIechoOpa3eH.

-14 -
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T CATHODE
Q1
1 Char Controller
ge
T c1 Pump arl;)t:i\ir:::r — lavpass VF
1 ANODE +

®ur. 6. Cxema Ha ,,ymeH* tuoj Ha Texas Instruments SM74611 IC 15 (Pannebakker, 2017)

GRID
w| DCAC | o

Inverter

optimizer
controller
pC/oC ococ | [ oeme | [ peme ococ | [ oeme | [ peme | [ peme

PV PV PV PV PV PV PV PV

@ur. 7. Cxema Ha cBbp3Bane Ha DC-DC ontuMusaropu Ha 3aryOuTe OT 3aceHuBaHe Ha PV mMonaynu
B enun crpuHr (Hernandez-Callejo, 2020)

K.n.o. na mooynume

JIOTMYHO KOJIKOTO € M0-BUCOKO € K.I.J. Ha ()OTOBOJITAMYHUTE MAHEIH, TOJIKOBA ITO-BHCOK €
EHEePTUMHUAT J00MB. MacoBO M3MOI3BAaHUTE B MOMEHTa TeXHOJOTMH umaT K..j. 21,4%, a npu
AByauLeBUTe Moxynu gopu 25,7% (PV-magazine, n.d.). JlabopatopHuTe mpoyuyBaHHs Ha HOBU
MaTepuald U TEXHOJIOTMH JaBaT OCHOBaHHE B OBJEIIE /Ja Ce OYakBa K.M.J.-TO Aa gocturHe 50%.
PaboTu ce u BbpXy HaMaJIIBAHETO Ha JIerpa/laliusaTa Ha KIETKUTE U NTaHesa KaTo 1510 BbB BPEMETO.
3a CbBpEMEHHUTE TEXHOJIOTHH T4 € okoJio 0,45% roauiHo, a npu Hsikou npoussoaurenu (LG, n.d.)
nopu 0,33% u 0,23% (Luxor Solar, n.d. b).

Konguzypayus na cmpunzoseme

[Ipy mpoexkTupaHeTo Ha eqHa Mo-ToyisiMa (OTOBOJNTaMYHA cHUCTEMa TPsOBa Ja ce OTAeTH
0COOCHO BHMMaHHUE Ha Pa3IOJIOKEHUETO HAa CTPUHIOBETE U TAXHOTO CBBP3BAHE C UHBEPTOPUTE,
3aI[0TO TO UMa MPSKO BIUSHUE BbPXY 00II[aTa MPOU3BOIUTEIHOCT Ha HHCTananusaTa. Kpaiinara nen
€ Jla ce HamaJiAT 3aryouTe B CBBbpP3BAIIUTE MPOBOJHUIM U Jla C€ pealu3upa MocTosHHA paboTa B
pexxum Ha MPPT (cnemeHe Ha Toukara Ha MaKCHMallHaTa MOIIHOCT). 3a IeNTa C€ M3MON3BaT
HSIKOJIKO OCHOBHHM CX€MH Ha CBbp3BaHe, IpejcraBeHu Ha ¢ur. 8 (Rakotomananandro, F. F. 2011;
Corba et al, 2012). B ceBpemennute PV cuctemu ¢ momrHoct Hag 5 kW ce u3mon3Ba cxemara ¢
MYJITHUCTPUHT UHBEPTOPH, 3alI0TO TS J1aBa Bb3MOKHOCT 3a He3aBHcUMa ontumusanus Ha MPPT Ha
OTJIETTHUTE CTPUHTOBe. ToBa € BaXkKHO, 3alll0TO B MPAKTUKATa MHOT'O YECTO CE€ IMOJy4yaBa YaCTUYHO
3aceHYBaHE Ha MaHeNIu B CTpuHra. ETo 3amo BojemuTe Npou3BOAUTENH IpeuiaraT HHBEPTOPH C 10
16 BxoaHu nopra.
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B R R

a)

i EEEEES EEEEE R R

@ur. 8. Cxema Ha cBbp3BaHe Ha PV mMoxynu: (a) — MynTUCTpHUHT HHBEPTOP, (b) — IIeHTpaieH
HWHBEPTOD, (¢) — MUKpouHBepTOpH, (d) — ctpurroB uaBepTop (Corba et al, 2012)

Jlezpaoayun na PV nanenume

HamansBanero Ha edekTHBHOCTTA HA (DOTOBOJIITAMYHUTE MAHEIU BbB BPEMETO € pe3yJTar OT
MpOIECH Ha CTapeeHe, TOKOBE Ha YTeYKH T.H., PID edexkTn u CTpyKTypHU NMPOMEHH B KIETKHUTE.
CrannapTHusST KoeUIMEHT Ha Jerpajanus € okoio 1% roavimiHo, a CTaHAAPTHHUAT
eKcIuioaTaluoHeH cpok — 20 r. Ho mocTOSIHHOTO pa3BUTHE U YCHBBPILICHCTBAHE HA TEXHOJIOTHUTE,
[I03BOJISIBA Ha Ma3zapa Jla ce MOSABAT HaHeIM ChC 3HAUYUTENIHO M0-A00pH Mapamerpu, MpHU KOUTO
nerpanamusara € okoso 0,23% roaumniHo, a ekcrioaTaimoHHUAT cpok — 30 r. (dur. 9).

100%—]
99%—

o

(M0}

=

8 — 0
o 90%— 93%
e

= INDUSTRY STANDARD ——
§ ] GLASS-FOIL MODULES

S 80% | []GLASS-GLASS MODULES — 80%

0% | | | | \ | YEARS

1 5 10 15 20 25 30

®ur. 9 Jlerpanamus Ha eeKTUBHOCTTA Ha (POTOBONTAMYHHM MTaHenu OT npeMuyM kiac (Luxor Solar,
n.d. b). B 64110 e nokazana nerpananusra Ha cranaaptaute PV nanenu ¢ iuue cTbKiIo U rpbo
dommo — 20% 3a 20 r.; B cMBO — ¢ JuIie U Tph0 cThkiI0 — 15% 3a 30 r.; B kadsBO — Hal-MOJIEpHUTE
npemMuyM kiac — 7% 3a 30 r.

U3BOIU

OT M37I05)KEHOTO JI0 TYK MOXE Jla C€ HalpaBU U3BOJa, Y€ U3IOJ3BAHETO Ha (POTOBOITAUYHU
€JIEKTPOMHCTATIALNU TEenbpBa L€ HaMHpa BCE [10-MACOBO INPUIIOKEHUE, 0COOEHO B IBPIKABU C
rojJeMd TEpPUTOPUU W TMpeodsiafaBallM JHU C BUCOKAa CIbHYEBa pajauanus. [lpum mpaBUIHO
MIPOEKTUpPAHE U OTYMTAaHE Ha BIUsSHUETO Ha ropecriomeHarutre Qaktopu PEL] ca edextuseH u
HaJeXKICH M3TOUYHHMK Ha 3eJieHa eHeprus. Hal-neHHOTO KauyecTBO Ha TE3M CHUCTEMH € TAXHaTa
MIPUJIOKUMOCT MPAKTUYECKN HABCSIKBJE C TOJNSAM JHMana3oH OT MOIIHOCTH. Jlpyro mpeawmcTBO €
BHCOKAaTa HAJEXKHOCT M EKCIUIOATAIMOHEH JKUBOT (THNMHUYHO 25 T.) ¢ MHUHMMAJIHH DPa3XolIu 3a
NOAAPBKKA. ENWHCTBEHUAT CBHIIECTBEH HENOCTaThbK €, 4e (OTOCNEKTPUYHUTE HWHCTANALNUN
MPOM3BEXKIAaT TOK caMmo Ipe3 JeHd M B 0e3001auHo BpeMe. Ho To3uM HemocTaThk MOXke j1a ce
KOMIIEHCUpa ¢ 100aBSHETO HAa aKyMyJIaTOPHHU OaTepuH B CUCTEMATA.

[Tpu ekcroaTanus Ha (HOTOBONTAMYHH CUCTEMH B bbirapus, ocoOeHO BaxHO € Ja ce uzdepe
MOAXOJIAI] HAKJIOH M OPUEHTAllMsl Ha MaHENIWTe, /1a C€ OCUTYpH J00Bp BB3AYyXOOOMEH MOJ THX,
JOCTAaTBYHO Pa3CTOSHME OT 3€MHATa IMOBBPXHOCT 3a IOJAIIOMAraHe CBJIMYAHETO HA CHAT, a CBLIO
Taka MOJIXOJfIla KOH(QUTypaluss Ha CTpUHroBeTe. BbIpeku, ye ChbBpEMEHHHUTE MaHeIu HMatT
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BrpaacHu by-pass ANOOH, ONTUMHU3ALUATA CBBP3BAHCTO HAa CTPUHI'OBETC OdaBa BB3MOXKHOCT 3a
IIOBHIIIaBaHC e(beKTI/IBHOCTTa Ha cucremMara.
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Abstract: The report presents the harmonic interference imported by switching power supplies. It briefly
shows their structure and working principle. It goes over some of the methods and filters which are applied to reduce
the interference in the network as much as possible. The report also shows protections that are applied in this type of
power supply. Information is presented on how the operating temperature affects the switching power supplies and for
which of its elements involved in its composition it can be detrimental. Especially if it exceeds certain limits given by
the manufacturer.

Keywords: Switching power supply, interference, harmonics, filters used in SPS, protections applied in SPS.

BBBEJIEHME

B MHOro romsmMa 4YacT OT CBBPEMEHHHTE EJIEKTPUYECKH MOTpeOuTenu, pabdoremm ¢
MOHIKEHO M3MPABEHO HANPEKEHUE Ce M3MOI3BAT Taka HapeUeHUET UMITYJICHH 3aXpaHBaHUS WIH Ha
anri. Switched Power Supplies - ,,SPS”. Jlopu na He ca BrpajeHu B TsX, T€ C€ U3MOJ3BAT M KaTO
BBHIIIHM TakuBa 3a 3axpaHBaHeTo uM (Website — Shopdelta, 2022). BeHIIHUAT UM BUJ MOXe JAa
ObZic MHOTO Pa3JIM4YeH — KaTO 3allOYHEM OT MOJIYJICH THI, TPEMHUHEM Ipe3 TO3M IMpeIHa3HauYeH 3a
JVH IIMHA U CTUTHEM JI0 M3BECTHUTE Ha BCUYKU ,,alaiTepH’’ C LIETICEl, MPe/UIaraHi KbM BCHUKU
3apsJIHA yCTPOICTBa 3a HamuTe Tesneonn. Beuuku Te, 06aue B MaJika UK TOJisiMa CTETEH BHACAT
CMYIIIEHUSI MJIM MHAue Ka3aHO XapMOHMIM B 3aXpaHBallaTa Mpexa. ToBa ce IbJDKM Ha TEXHUTE
HEJIIMHEHHN XapaKTepHCTHKU. 3a TOBa B TO3W JOKpaa Iie ObJaT pasriielaHd METOIUTE 3a
HaMaJsiBaHe Ha BHACSHHUTE CMYIIEHUS OT TAX, KaKTO M BUAOBETE 3aIUTH H3IMOJI3BAHU 3a
no00psiBaHEe Ha MOJIAaBAaHOTO OT TSAX 3aXpaHBaHE.

N3JT0KEHUE

NmnyncHOTO 3axpaHBaHe OBp30 M3MECTU TPAJUIMOHHUTE JUHEMHM 3aXpaHBaHUS MOPAIU
peauiia CBOU MpEeArMCTBa KaTo: MO-MajJKU pa3MepH, TErjio, MOCTUTaHe Ha MO-BUCOKH MapaMeTpH
(eeKTHBHOCT, TIPOU3BOAMTEIIHOCT) W HE HA TOCIETHO MACTO TO-HHUCKAa Ce0eCTOIHOCT.
HenocraTpuure obaue OT CBOSI cTpaHa ChIIO He OWBa Ja ce mpeHeOperBar. A Te ca CBbpP3aHU
HUMCHHO C MHOT'O II0-CJIOKHOTO UM YCTPOI\/'ICTBO, H IIOPOACHHUTE OT CJIICMCHTUTC B TAX U3KPUBABAHUA
(cmymienus). B To3u BuA 3axpaHBaHHS Ce€ M3MOJ3Ba IMIMPOYMHHO MMITYJICHA MOJAYJIALUS HA aHTIL.
Pulse Width Modulation — ,,PWM”. ToBa o3Ha4aBa, 4ye H3XOJAHOTO HAMPEKCHHE CE PETYJUpa C
MOMOIITa Ha TPOMsIHA Ha KOe(PHUIIMEeHTa Ha 3aTbJIBaHe TIPU MTOCTOSIHHA, HETIPOMEHEeHa yecToTa. Dur.

2 JloxnanbT e MpeicTaBeH Ha CTyAeHTCKaTa HaydHa cecus Ha 17.05.2022 B cexuusi “EjeKTPOTEXHMKA, €IEKTPOHHUKA,
aBTOMaTHKa” C OpPWUTHHAIHO 3arijaBue Ha Obiarapcku e3uk: XAPMOHUWYHU CMVYIIEHUA TTOPOAEHU OT
NMITYJICHUTE 3AXPAHBAHUNSI.
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1 mokasBa npunIuna Ha aeiicrue Ha PWM ( Power supplies / drivers for LED lighting Magazine
Engineering Review,2018).

in U
out
U
out
>t >t
PP PP
1 t2 | 11 12
| I I I I |

T T

@ur. 1. [IpnuHIMO HA ACHCTBHE HA UMITYJICHUTE 3aXpaHBAHUS

Ha ¢urypara cborBeTHO U;; € BXOAHO HANPEKECHHUE;
- U,yt € M3XOOHO HAIIPEKEHHUE;

- T e nepuon (nnu Opost IEPUOAM B CEKYHa € YecToTaTa usmMepBana B Hz);
-ty € IPOIBJDKUTEIIHOCT Ha II0JIJaBaHE HAa UMITYJICA;
- t, e IUICa Ha UMITYJIC.

CKkbCsiBaHETO Ha NMPOABIDKUTEIHOCTTA HA UMITyJica (t1) BOJU 10 HaMalsBaHE Ha CpeaHara
CTOMHOCT Ha u3XxoAHOTO HampexeHue (U,,;) u obpatHoTo. MK OTisIBO MalbK KOePUUUEHT Ha
3albjIBaHE - II0-HUCKAa CTOMHOCT Ha W3XOAHOTO HampexeHue U,,,. CpenHara CTOHHOCT Ha
M3XOJJHOTO HAIpEeXEHUE ce U3UUCIIsIBA 10 cieqHara ¢popmyna 1.

Upe =2 0. v
out_?- in (1)

AKO B3eMeM CHOTHOILICHUETO HA M3XOAHATA MOIIHOCT (P,y;) Ha MOCTOSHHKS KbM BXOJHATa
MomHoCT (P;,) TpHU TPOMEHIUB TOK, W3pa3eHO KaTo mpoieHtd me HamepuMm KIIJ[ (1) Ha
3axpaHBaHeTo (popmyra 2).

p
2t 100, %

T P 2)

[IpuHnnHa cxema Ha UMIYJICHO 3aXpaHBaHe € oKa3aHa Ha (ur.2.

2
o =
1
o

®ur.2. HpI/IHI_II/IHHa CXCMa Ha UMITYJICHO 3aXpaHBaHC

[IpomennuBoTO MpexOBO HanpekeHue Ha Bxoja (1) npemunasa npe3 LC ¢untsp (3). ToBa
€ BaXEH €JIeMEHT, KOWTO MpeJra3Ba eJeKTpuyeckaTa Mpexka Cpelly CMYIIEHHUS, Bb3HUKHAIU B
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3aXpaHBAHETO M IMpeArna3Ba 3aXpaHBaHETO CPEIly CMYLICHHs, UJBAIIN OT eJleKTpHUecKaTa Mpeska.
B mo-Hucko Oro/KeTHUTE 3aXpaHBaHUS TO3U QWITHD JIMIICBA, a TIOHSIKOTAa JIOPHU J1a TO UMa, TOW He
CM BbpIIM paborara KakTo ce ouakBa. To3um ¢untep (3) mpencraBisBa B OCHOBaTa CHU
TpanchopMaTop C JBe HaMOTKH C €JHaKbB Opol HaBHMBKM. Taka TOKOBETE€ MPOTHUYALIM IIpe3
HAMOTKHUTE Ca paBHU [0 TOJIEMUHA, HO MPOTUBONOJOXKHU IO Mocoka. Taka ce mocTura BUCOK
UMIIeIaHC 32 CUMETPHUYHHUTE TOKOBE, HO MOYTH HUKAKBB 3a aCHMETpUYHHUTE. B chpreBuHaTa Ha
MarHMTONpPOBOJA C€ MHAYLMPA MAarHUTEH MOTOK, HO He0alaHCHPaHUTE TOKOBE ca PaBHHU Ha HYyJa,
BBIPEKH Y€ TOKa HAa KOHCyMaropa MOXe Ja € rojsMm. To3u TpanchopmaTtop ome Moxe Ja ce
cpeuiHe W 1moj uMmeTo ,,0anyH” TpaHcdopmatop. Te ce u3paboTBaT OT MaTrepualid C BHUCOKA
MarHuTHa MPOHHUIIAEMOCT 0e3 Bh3AyIIHA MEXIUHA. 3a MOA00psBaHEe HAa U3pabOTKAaTa UM MOXE Jia
ce nobaBu ekpaH. Tol pasnens mbpBUYHATa U BTOpUYHATa HamoTKa. EkpaHa mpencraBisiBa Haii-
4ecTo MeAHa JIeHTa 1oJ ¢opmara Ha 3aTBOPEH KOHTYp, KOMTO o00XBaiia WMITYJICHHUS
tpanchopmarop (Website — Shopdelta, 2022).

[TpaBoBI'BIHOTO HANIPEXKEHUE HA M3X0Aa Ha TpaHchopmaropa (8) e uzmpaseHo (9) u crex
TOBa NMpeMuHaBa npe3 u3xoauus Guirsp (10), koiTo TpsiOBa aa "3aKioun" BUCIIUTE XapMOHHIIH U
CMyIIEHUs, TeHepupaHu oT paborara Ha mpeoOpasysarens. Ha wmsxoma (11) Ha MMITyJICHOTO
3axpaHBaHE MOJIy4aBaMe IMOCTOSHHO HAMPEKEHUE.

BBpxy M3X0THOTO HaNpeXeHNWE BbB BCUUKH 3aXpPAHBAHUS CE HACJIArBaT IIyMOBE, ITyJICAIINH U
cmylieHus. Te moraT na uMaT aMIUIUTyJa 10 HAKOJIKO croTumu mVp-p. [loHsikora TBBpHE
rojsiMaTa CTOMHOCT Ha IyJICAllMMTE Ha U3XOJIHOTO HAPEXEHUE MOXKeE J1a JOBEJE A0 PoOIeMHu, ako
3aXpaHBaHOTO YCTPOMCTBO € MOJATIMBO HA IMyJICAllMH, HAIIPUMEP CMYIIECHUS B U300pPaKEHUETO OT
KaMmepa 3a BUJEOHA0II0IEHNE WM YECTH pecTapTUPaHMsl, Ha KOETO U Jia € €JIEKTPOHHO YCTPOHCTBO.
Ha ¢wur.3. e mpencraBeHa cHUMKa Ha OCIHJIOTpaMa Ha MyJicCallii Ha HAIpPEXEHUETO Ha MMITYJICHO
3axpanBate 12 V(Harmonics in the power supply network created by retrofit LED lamps, 2017).

Tek JL Trig’d M Pos: 236005  MEASURE
v

M 10.0us
26-Nov-16 10:34

®wur.3. Ocrunorpama Ha MyJIcalliyd Ha HAMIPEKEHUETO HAa UMITYJICHO 3aXxpaHBaHe 12 V

3a momoOpsiBaHEe HAa KaueCTBOTO Ha 3aXpaHBAaHHTA Ce MpUjlaraT peAdiia 3alliTH, €IHa OT
KOUTO € 3allUTaTa Cpelly HaKbCBaHE WM pa3rOBOPHO KazaHO ,XbJIaHe” Ha HU3XOJHOTO
HarpexxeHue. Ts ce M3Moi3Ba MHOTO YECTO M C€ cpela moja uMero ,,Hiccup mode” oT aHriuiicku
hiccup — xbamane. [IpequMCTBOTO Ha Ta3W 3alldTa Cca MaJKUTEe 3aryOM Ha MOIIHOCT B
3aXpaHBAHETO B CIydail Ha IPETOBAPBAaHE WM KbCO ChEIMHEHUE KaTO aBTOMATUYHO C€ BPBIIA KbM
HOpMaHa paboTa cieq OTCTpaHsABaHE Ha MpuyuHa 3a TaX. Or rpadukute nmokazanu Ha ur.4. ce
00sICHsIBa Hal-IECHO TPUHIIAIIA HA padoTa.
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A B A B

@ur.4. I'paduku Ha TOKA U HANPEKEHUETO MPH 3alUTA IPOTHB HAKBCBAHHS HA M3X0/1a HA
3aXpaHBAaHETO

MowmenTa A (¢wur.4.) e To3u, B KOWUTO HACTHIIBA CMYIIICHHETO, a MOMEHTa B € To3Hu, B KOWTO TO
Ce OTCTpaHsBa M 3aXpaHBAaHETO MPEMHWHABAa OTHOBO B HOpMaJIeH pexuM Ha paborta. [IparsT Ha
3ajieficTBaHe Ha Tas3M 3amuTa ce noctas Ha (110-150) % ot HomuHanHusa Tok. Haif-uecto TO3M
PEXKUM € UHTErpUpaH C TEPMUYHA 3aIUTA.

Crenpaia 3amuTa € Ta3u cpelly IpeKoMepHo norpebiieHue Ha Tok. Ts ce ochluecTBsiBa
YCIIOBHO TI0 TPH BHJIa KPUBH, TIOKa3aHU HA Tpadukara ot Gur.S:

out

A

A B C

L
®ur.5. I'paduka Ha KPUBUTE TIPH 3alTUTa OT IPEKOMEPHO MOTPeOIeHNEe Ha TOK

- kpuBa A (¢ur.5), 3ammraTa orpaHMYaBa TOKa Ha 3aXpaHBAHETO INpPH MpPOMSHA Ha
cbhlpoTuBieHneTo Ha wu3xoxa. Ha anrn.  Foldback Current Limiting. Wm
XapaKTepUCTHKaTa Ha U3XOAHMUA TOK CIlle[IBa XapaKTepUCTUKAaTa Ha M3XOJHOTO
chlpoTHUBiIeHKE. Ta3u 3amuTa e NpuiIokKuMa MpH JMHEHHHN 3aXpaHBaHUs.

- kpuBa B (¢wur.5), 3anmrara ctabuinsupa Toka Ha 3aXpaHBAHETO CIe]] IPEeBUIIaBaHE Ha
makcumanHus Tok. Ha anrm. Constant Current Limiting. ToBa o3HauaBa, ye mpu mosiBa
Ha IPUYMHA 32 HaMaJIIBaHE Ha ChIIPOTHBIIEHHETO HA TOBaTa Ha M3X0/a, TOKA 1€ 3ara3u
KOHCTaHTHa CTOMHOCT, a Mpe3 TOBA BpEMe M3XOJHOTO HAIpeKeHHUe 1e HaMalsBa. Ta3u
3alUTa HE € JOCTaThYHO HAJEKIHA U 3a TOBA MOYTH BUHATU c€ KOMOMHHpA C TIOHE OlIe
e/lHa JIpyra.

- xpuBa C (¢wur.5), 3amurata orpanndaBa moiqHocrra. Ha anrn. Over Power Limiting.
[Ipn HamansBaHe Ha CBHIPOTHBIEHUETO HA TOBapa, H3XOJHATa MOIIHOCT Ha
3aXpaHBAaHETO OCTaBa IIOCTOSIHHA. 3aelHO C HApaCTBAHETO HA HATOBAPBAHETO,
HANpPE)KEHUETO M M3XOTHUAT TOK HaMallsiBaT B ChOTBETCTBHE ¢ XapakTtepucrtukara C.
To3u BuA 3amuTa MO3BOJISIBA CTAPTHpPAHE HA 3aXPaHBAHETO NMPH TOBAPH C HEIMHEHHA
XapaKTepPUCTHKA.

PaGoTHara TemmepaTrypa ChIIO BiMsA€ BbpXy paboTaTa Ha HUMIYJICHUTE 3axpaHBaHus. B
3aBHCHMOCT OT TOBa KOJKO € KayeCTBEHO €HO 3aXpaHBaHE, 4acT OT KOHCYMHpaHaTa €Heprus OT
Hero ce ryou moxa ¢opmara Ha ToIuIMHA. TeMmepaTypara BbB BBTPEIIHOCTTA HAa 3aXpaHBAHETO Ce
MOBUIIIaBa B CpaBHEHUE C BBHIIHATA TemrepaTypa. BucokokauecTBeHUTE 3aXpaHBaHUs, paboTemu
npu temreparypa 25°C, morar ga ce Harpssar no (50-70)°C. MmMmyncHuTe 3axpaHBaHMsI MUMaT
CJI0)KHA KOHCTPYKLIUS U CE€ ChCTOST OT TOJISIM Opoit eeKTPOHHU KOMIIOHEHTH, MOHTHpPaHU OJIM3KO
€IUH JI0 APYT B KOpIlyca Ha 3aXxpaHBaHeTo. TBbpJe BHCOKaTa BBTpEIIHA TeMIepaTypa MOXe Ja
JIOBEJIE /10 YBpEeX/1aHe Ha 3aXpaHBAHETO U 3HAYUTEIHO JIa ChbKPATH )KUBOTA MY.
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@ur.6. ['padrka Ha TPOIIECHTHOHO HATOBApBaHE KaTo (DyHKIUS Ha pabOTHATA TEMIIEpaTypa

[Topanu Ta3u mpuyuMHA TPOM3BOIUTEIUTE JaBaT Tpaduka Ha MPOICHTHOTO HATOBapBaHE
Karo (yHkuusa Ha paboTHaTta Temmneparypa (¢ur.6.). Kpaeto L e nporientHoTo HatoBapBane, a T e
paboTHaTa TeMIieparypa B rpaaycH 1o Iei3uid. 3axpaHBaHeTo (Pur.6.) Moke J1a OTAaie MbJIHATA CH
MOIIHOCT, HO camo a0 TeMmmeparypa or 50°C. Koraro pabornata temmepatypa e 70°C,
YCTpOICTBOTO MOKe 1a Obae HaTtoBapeHo 10 50%. KbM noBuiaBaHeTo Ha TeMIleparypara Hai-
YYBCTBUTEITHUTE €JIEMEHTH CE€ OKa3BaT EJCKTPOJMTHUTE KOHACH3aTOpH, a BCAKO 3aXpaHBaHEe
ChJIbpKa HAKOJKO TakuBa. [IpousBoauTenuTe Ha KOHJAEH3aTOPU JaBaT BaXKEH IMapaMmeThbp, T.e.
BpPEMETO Ha HUBOT MPU MaKkcUMaiHa paboTHa TemmepaTtypa. [loHmkaBaneTo Ha TeMIeparypara c
10°C Boiu 10 IBYKpaTHO MOBUIIIABAHE HA KUBOTA HA €JIEKTPOIUTHUS KOHAeH3aTop. CTaHIapTHUTE
€JIEKTPOJUTHU KOoHieH3aTopu umar »kuBoT 1 000 yaca npu temnepatypa 105°C. Cnen uzrnuane Ha
TOBa BpeME HE 03HauyaBa, 4e KOHJEeH3aTopa 1€ ciipe 1a padoTtu. ToBa e BpemeTo, ciie]] U3THYaHe Ha
KOETO 3HAYMTEITHO C€ BJIOIIABAT HETOBUTE MapaMeTpH (KamaluTeT, CEPUHHO CHIPOTUBICHHUE, H
T.H.). 3aMCHMOCTTa € MPaBONPONOPIMOHATHA - TIO-HUCKA TeMIlepaTypa, o-IbJIbl )KUBOT. Pa3Oupa
Cc€ MMa KOHJEH3AaTOPHU C JKUBOT HAKOJKO IbTH MO-IBIBI, HO TOBA O3HAUYaBa MU IMO-BUCOKA IIEHA.
HanpakTika BCHYKO 3aBHCH OT MPOU3BOANUTENS], KAKBU KOMIIOHEHTH I11€ U3I0JI3BA.

U3BOIMN

I/IMHYJ'ICHI/ITG 3axpaHBaHusd Ca IMHPOKO MPUIIOKHMHU W H3MO0J3BAHU BBIPEKHU TCXHUTC
HE/IOCTaThIM CBBP3aHU C XapMOHUYHUTE CMYILEHHs, KOUTO BHACAT B Mpekara. Y CTpOMCTBOTO UM €
3HAQUUTEIHO I10-CIOKHO B CPaBHEHHE C TPAJUIMOHHUTE TpaHCc(opmaTtopu. 3a orpaHHMYaBaHE HA
BHACSIHUTE XapMOHMIIM B MpeXkara ce M3Moi3BaT pasnuuHu ¢uitpu. Haif-mpocture u vecto
cpemann ca LC ¢untpure. 3a moBuUIIaBaHE HA KauyeCTBOTO HA M3IPABEHOTO 3aXpaHBaHE ce
npujaraT peaullia 3alldTH — Cpelly HaKbCBaHE, Cpelly HPEeKOMEepHO NOoTpebsieHHe Ha TOK,
TepmuuHa ¥ Ap. Cpmo He OuMBa na ce mpeHeOperBa M BIMSHHUETO OKa3BaHO OT paboTHaTa
TeMmIepaTypa BbpXy padoTaTa Ha TO3U BUJI 3aXpaHBaHMSL.

CriomeHaToTO 110 TYK TpsiOBa Ja ce B3WMa IOJ BHUMaHHWE NpH m300pa W ymoTpedara Ha
UMIIYJICHU 3axpaHBaHMs. B NpoTuBeH ciyyail XapMOHMYHHMTE CMYIICHHS B Mpexkara Ouxa ce
YBEIMYHIIN, KOETO O JOBEJNO 10 TOJIEMH HapyIIeHUs B HOpMaiHaTa padoTa Ha HEMalKus Opou
KOHCYMaTOpH BIMSCLIH CE OT TAX.
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Abstract: Consideration of advanced high-swing current mirrors with high output resistance allows them to be
realized in integrated circuits with lower power supply. The investigated low voltage, short channel circuits operate
with a supply voltage of 3.3V. The current mirrors were designed and simulated using 0.11 um technology in a
Virtuoso Cadence CAD tool. This study shows that the implementation of these topologies of advanced current mirrors
allows the design of accurate current sources at low supply voltages, which can be implemented in larger modules to
improve various parameters.

Keywords: Advanced current mirror, wide-swing current mirror, Virtuoso Cadence.
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Abstract: The usage of robots in the industry, research and hobby has increased during the years. In the world
of academia (that includes this project) robots present a perfect test bench for research. Many fields like robotics and
automatics use them to solve many specific problems. The research area of robots is toward the implementation of new
control techniques, new control and machine learning algorithms. Autonomous robots are the main trend in the modern
research and industry area. This project is related to the use of Matlab Simulink in the process of development of a
robotic platform. The Alphabot2-PI is used as a research platform. The heart of the platform is RasberryPl 4B used as
an embedded computer system. The control algorithms are implemented as a software process started in real-time in
the OS environment. The robotized platform includes some sensors and motors for its functionality. The Matlab
environment is used as a base software component for algorithm generation. For the project some Simulink models are
implemented to test the functionality and viability of the proposed system. At first a general look is taken to the
hardware parts of the robot. After that, software and communication components of the system are shown. For the
software components Simulink model is developed. For the real implementation of the code on the platform, Embedded
Coder is used. The compiled version of the code is then deployed to the robotic platform. The implementation,
configuration and testing of the proposed system capabilities is investigated in a real environment. In a conclusion it
could be said that the tested system is functional and has the ability to perform the tasks that are set.

Keywords: Robotic platform AlphaBot2, Raspberry Pi, Matlab Simulink

INTRODUCTION

The development of science and technology helps to a great extent to create new devices,
programs and methods for implementing control systems. These new systems have made a great
contribution to the creation of devices for controlling certain processes in the industrial area. Their
main goals are to optimize these processes and reduce the likelihood of errors to a minimum. With
the development of technology, different types of robots have been developed, divided into
categories. They are classified according to the environment or condition of the robots: mobile,
stationary, ground, underwater, air, space. The mechanical structure of the robot must be controlled
to perform the tasks. Robot control includes three clear phases - perception, processing and action
(robotic paradigms). The sensors provide information about the world around or about the robot
itself (for example, the position of its joints or the end result). This information is then processed to
store or forward and to calculate the appropriate signals of the drives (engines) that drive the
mechanics. The most common types of robots are autonomous mobile robots (Kiigiikkiilahli E., &
Giiler R., 2015), (Barabas, T., 2019), (Olteana S., 2019), automated controlled vehicles (Santhosh
K., & Babu, K., 2017), robotic arms (Takacs, K. at all, 2021), humanoid robots and hybrids. The
objective of this study is related to the development of algorithms allowing the control of
movements of the robotic platform AlphaBot2-PI using the Simulink platform. The development

4 JlokmambT € IpeACTaBeH Ha CTyJAeHTCKaTa HaydHa cecuss Ha 17 wmaii 2022 B cekuus EnexTpoHmka,
€JIEKTPOTEXHUKA ¥ aBTOMAaTHKa C OPUTHHAIHO 3arjaBue Ha Obarapcku e3uk: YIIPABJIEHUE HA POBOTU3NPAHA
TJNIAT®OPMA TTOCPEJACTBOM SIMULINK.
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board Raspberry Pi is a popular embedded computer system for mobile robots (Mathe, S., at all 2022)
as it gives computer power to mobile entities. A solution related to the control of AlphaBot2-PI
movements will be provided.

EXPOSITION
Alphabot2-PI hardware platform

For our research as a robotic platform, we are using Alphabot2-P1 (fig. 1) which is Raspberry
Pi 4B based differential wheel robot. AlphaBot (AlpahaBot2-PI, 2022) is a robotic development
platform compatible with Raspberry Pi and Arduino. It consists of the AlphaBot mainboard, the
mobile chassis, and everything required to get it moving. Using the controller board Raspberry Pi
(Raspberry PI, 2022), which is a small computer module with all the functionalities of a standard
Linux based computer, but with a very small form factor, some prebuild software components can
be used for platform testing. As an example the following can be emphasized: line tracking,
obstacle avoidance, video monitoring etc. Because of some communication abilities like WiFi,
Bluetooth and Infrared the platform can be controlled in different scenarios.

Fig.1. AlphaBot2-PI mobile platform

Simulink environment

Simulink is a graphical based block diagram environment (fig.2) used to design systems with
the help of many toolboxes in many engineering areas (MathWorks, 2022). Very often before
moving to the hardware implementation, the simulation is done. The good news is that the control
models are used not only for simulation, but can be used for real hardware deployment as well.
When using Simulink we can deploy models to the real hardware without writing a single code,
which is an extremely valuable feature. This could be used to evaluate multiple design ideas in one
multi domain environment. The possibility to simulate large-scale system models with reusable
components and deploying the models to the real hardware, using libraries with specialized, third-
party modeling tools, is a good option for rapid prototyping of the systems. It is easy to deploy
models for desktop, real-time, and Hardware-in-the-Loop testing.

4+

MATLAB
SIMULINK"®

Fig. 2. Software platform - Simulink
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In this project we are trying to control the robotic platform using Simulink, which is a perfect
tool for that. The model should be implemented in the Simulink environment and then uploaded and
run on the Raspberry Pi using a Matlab tool called Embedded Coder fig.3. The Embedded Coder
(Embedded Coder, 2022) generates readable, compact, and fast C and C++ code for embedded
processors used in mass production, as in our case it is Quad core Cortex-A72 (ARM v8) 64-bit
SoC. The Embedded Coder extends MATLAB Coder and Simulink Coder with advanced
optimizations for precise control of the generated functions, files, and data. As can be seen on the
fig.3 the main algorithms are implemented in the Simulink environment and thanks to the
Input/Output blocks of device drivers the connection to the real hardware modules can be done.
After the simulation models are designed the code is generated and compiled using some third-party
toolchains. All the process for code generation is hidden from the user thanks to the additional
support packages that are used. The main idea of support packages is to give the possibility for
many hardware components to be able to exchange data with the Simulink environment.

Device Driver

eiest b C B »
Device Driver ‘ - S

Output Block(s)

Algorithm Generated Compilation through Run on Target Hardware
Code 3 party toolchain

[

Fig. 3. Block diagram of code generation

The support package used for implementing the system is “Simulink Support package for
Raspberry Pi hardware”, which gives us some extra blocks to be able to implement the desired I/O
capabilities. The support package is installed from the Matlab’s add-ons menu as is shown on fig.4.
After installation the blocks are operable and the system creation can be started.

ces fv% @ (% Community

= Request Support

Add-Ons Help —

- - - =l Learn MATLAB
ZNT &
= éé Get Add-Ons —
- @ Manage Add-COns -
E Package Toolbox
@ Package App
—

Get Hardware Support Packages

Check for Updates >

Fig. 4. Hardware Support package install procedure

A very useful functionality of Simulink model creation and deploying to the hardware is its
ability to connect the systems in external mode. The external mode gives us the possibility to
observe the changing of the parameters in real time when the model is executed on the hardware.
When running the Simulink model in external mode at first the application is built on our
development computer and deployed to the target hardware. After that it is started on the hardware
and connected to the model for real time parameter monitoring.
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Model of the developed system

The general structure of the proposed system is shown on fig.5. On the engineering computer
the models are developed using the blocks from the mentioned support packages. The connection
between the hardware module and the development computer is done through wireless connection
as the module is enforced to connect to it by setting parameters of the network. Because the
platform should be tested in real environment it couldn’t be connected to computer with a cable.

4\ Data l/O Low cost hardware

Engineer’s computer — —

MATLAB algorithm or — - —
Simulink model

Target Low cost hardware
RaspberryPl

Fig. 5. General Structure of the developed system

Simulink model to control the robot platform for obstacle avoidance

In the Simulink environment the model is implemented using some standard blocks and
logical operators. The idea of the model is to test the functionality of the system in the obstacle
avoidance situation. The Simulink model is given on fig.6. It is constructed using 1/O modules
taken from the support package and some logical operators to implement the logic of the system.

FAEFEERRTET Jrar i
mnn L
Logecal Scops
G 16 Opsaemior]
GFI0 Read
doubile
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Stk i
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GPIO Readt
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]

case [}

—I double | i1

Drata Typss Convarssond 3o Forsand
Fig. 6. Simulink model of the obstacle avoidance algorithm

The Raspberry P1 - GPIO blocks are shown on the figure and the corresponding pins are shown
as well. The Raspberry PI has GPIO pins connected to all parts of the Alphabot2-PI platform. The
GPIO pin 6 and 26 drive the motors using PWM signals. The direction of motor movement is done
with pins 12, 13, 20, 21. The infrared sensors are coupled to the GPIO 16 and 19. Some simple
algorithm for obstacle avoidance is tested using the standard logical blocks. The platform worked as
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identifying an obstacle in the environment and avoiding the collision. From the two GPIO pins
which get the signals from the infrared sensors the signal propagates to some logic operations. One
of the main logical blocks is “Switch Case”, which compares the two signals from infrared sensors
and propagates the result to two “Case” blocks. The idea is when the sensors are triggered the
direction of the robot moving to be altered. This is done with the help of sub-blocks "Stop and Left"
or "Go Forward" which change the direction of motor movement. The logic is the following: when
there is no obstacle it goes forward and when it detects one it turns left. The main idea of the
developed control system is to test the algorithms for obstacle avoidance. From the experiments that
are done the system performs the task as it should. From this experiment it stands that it is very
important what the reflectance of the obstacle surface is. When there is a reflective surface the robot
does not perform well because of the infrared sensor’s inability to detect obstacles correctly.

Simulink model to control the robot platform for line following

Another task that was investigated is the possibility to structure a continuous control system
with Simulink to maintain the robot direction. The first thing that is implemented is the “Motor
commands control” which shows the kinematic model of the differential wheel robot. The two
parameter speed ‘v’ and the directional angle ‘omega’ are the parameters used to control the wheel.
Another thing that was implemented here is the PWM for the two wheels that is shown on fig.7 and
titled “AlphaBot-Pi Motors”. To be able to test the continuous functioning of the system some
continuous signals need to be obtained from the sensors. The Simulink model of the proposed
system is shown on fig.7. The heart of the system is a continuous PID Controller that implements
the “following line” functionality.

Scope3
Radiusof curvature = v / omega
25 P v
v v_Llv_R . »
p omega
Motor commands
control

Alphabot2-Pi Motors

2500 P+

Set Point P FID(s) —

>

Subtract PID Controller

Sensors Data

Fig. 7. Simulink model of the line following algorithm.

Other blocks include the speed “v” of the robot, the sensors “Sensors Data” and the “Setpoint™.
The Sensors Data subsystem is used for receiving and processing the data received from the
infrared sensors of the robotic platform. The control signal is computed using a control algorithm
known as PID. Using the output from the PID controller the signal is propagating to “Motor
Commands” which actuates the motors of the bot. When developing the system the main problems
that were encountered were the implementation of the sensor in the Simulink environment and
development of PWM (Pulse Width Modulation). Both modules were implemented as S-Functions
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in Simulink and tested for functionality. The capability of both modules is tested in real
environment and shows that the system is workable.

CONCLUSION

Within the modern industry, robotic platforms are becoming more and more useful for solving
many tasks related to logistics within a company. Also, the design of algorithms related to these
platforms requires a lot of engineering work. The ease of solving this type of task is related to the
application of modern software platforms, such as the Simulink. The ability to generate code
automatically makes it an indispensable tool in the design process. The ability to connect between
Simulink and robotic platforms, such as AlphaBot2-PI for studying purposes, allows easy and fast
prototyping of software components and gives the researchers ability to test the complex algorithms
in real life. In the current study some Simulink models are implemented to test the functionality and
viability of the proposed systems. The contribution of the paper is the development of two software
components in the Simulink environment. The first one is for infrared sensor reading module
implemented especialy for AlphaBot2-Pl platform. The second one is implementation of PWM
which is not part of the “Simulink Support Package for Raspberry Pi” and must be performed
separately. These both modules are included in two separate systems and tested for functionality.
For the real implementation of the code on the platform, Embedded Coder is used. The compiled
version of the code is deployed to the robotic platform. The implementation, configuration and
testing of the two systems is investigated in a real environment. In a conclusion it could be said that
the first tested system is functional and has the ability to perform the tasks that are set, but the
second shows some problems with the implementation of PWM, especialy with the one of the
motors. It works with the first motor of the differential wheeled robot, but with the second refuses
to work. In the future the problem system should be tested and some more complicated algorithms
shoud be investigated.
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Abstract: This paper examines the influence of the type of earth connection circuit on the behavior and
reliability of residual current devices with a rated current of 30 mA. The operation of residual current protection in
different earthing schemes - TN-S, TT and IT has been studied. The analysis of the results shows that the earthing
scheme does not indicate an impact on the operation of the protection and for the considered schemes the obtained
values of the tripping current are comparable and meet the regulatory requirements. The research of the present work
can be continued in the following directions: studying the tripping time of the protections; investigating the influence of
the number and power of the protected objects on the reliable operation of the protections.

Keywords: Residual Current Devices, Reliability, Tripping Current, Earthing Schemes

BBBEJIEHUE

[IpoGnemure, CBBbp3aHU C €IEKTPOTEXHMUYECKAaTa OE30MACHOCT M MOJXOAMTE 3a 3aIluTa OT
MOpaXEHUsI OT €JEKTPUYECKU TOK, Ca B 3HAUMUTENIHA CTENEH aKTyalHHW. M3BecTHH ca pa3Iu4yHu
METOJIM M CPEJICTBA, KOUTO Ja MpeAnas3siT 4YoBeKa OT Bb3CHCTBHE Ha eNeKTpuuecku Tok. pyru
uMart 3a el Aa npenas3Bar oT MoXKapy WM J1a 3alllUTaBaT HAIMYHOTO €JIEKTPO003aBexk1aHe.

HedexktHorokoutre 3ammtu  ([AT3) mnpurexxaBar cmocoOHOCTTa Ja  MPEKbCBAT
eJIEKTPUUYECKUTE BEPUTH MHOTO OBP30 C OIJIe[ OCUTYpsiBaHE Ha EJIeKTPOTEXHHUYEecKa 0€30MacHOCT.
Hanexnnara pabora wHa JIT3 ce Biausie OT KOHKPETHUTE YCIOBUA Ha paboTa, cxemara Ha
3a3eMsBaHeTO, OPOSAT U MOIIHOCTTA HA 3aIlUTaBaHUTE OOEKTH U JIp.

B nyb6mukamus ot 2021 1. € mpeacTaBeH MOJEIN 3a ONMpEACNTHE CpoKa Ha eKCIuloaTalus Ha
JAT3 npu HopManuu paboTHH ycnoBus. M3non3sana e ekcrpanonanus (Liu, G., Wang, Z., Li, X,
Yue, C., & L1, W., 2021). [Ipyra cumynaius 3a nmpoBepka uyBcTButennoctra Ha JIT3 ot tun A npu
HAIMYMETO Ha XapMOHHMIM TMOKa3Ba, ye mnpu Hikou or omuture T3 He cpaborBa mopamu
HaJIMYMETO Ha BUCOKOYECTOTHU XapMOHUIIM, KATO U3MEPEHUTE CTOMHOCTH Ha U3KJIIOYBAHE MOXKeE J1a
Bapupar (Czapp, S., 2020). IIpe3 2019 r. e HanpaBeHO MpoyuyBaHe Ha Xapakrepuctukute Ha T3,
KOUTO 3alllUTUTE NpUTEXKaBaT B pPEaJHU EKCIUIOATAllMOHHU ycloBUA. EkcnepuMeHTanHo ca
YCTAHOBEHU YCJIOBUSATA, IPU KOUTO 3AIIUTUTE HE 3apaboTBaT UM 3apaboTBat norpeuHo. /Jfokazano

> JloknmambT € NpeACTaBeH Ha CTyJeHTCKara HaydHa cecus Ha 17.05.2022 B cekuus “EjeKTpoTexXHHKa,
€JeKTPOHWKA W aBTOMaTHKa”’ ¢ opuruHaigHo 3arjaBue Ha Owirapcku esuk: W3CJIEJIBAHE PABOTATA HA
JEO®EKTHOTOKOBU 3ALIUTH.
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€, 4e C yBeJIMYaBaHe Ha YecToTaTa MUHMMAIIHUST TOK Ha cpaboTBaHe ce yBenuyana. (Xie, P., Fang,
Z.,Hu, J., Yang, J., & Zhu, G., 2019).

LenaTa Ha u3caeaBaHeToO € Ja ce MPOYYH BIMSHUETO HAa BUA HA CXeMaTa Ha CBbP3BaHE ChC
3eMs1 BbpXY MOBEACHUETO U HAJCKIHOCTTA Ha e(PEKTHOTOKOBH 3aIIUTH ¢ HOMUHANIEH TOK 30 mA.

N3J10KEHHUE
OnutHa NOCTAaHOBKA

NzcnenBana e paborara Ha T3 B pasnuunu cxemu Ha 3a3emsBaHe — IN-S (¢wur.l), TT
(¢ur.2) u IT (Ppur.3). [Ipu cxemara TN-S ¢yHKIMHUTE HA 3AIMUTHUS U HA HEYTPATHHUS MPOBOTHUK
ca pasgencHu 3a Ipuiata cxema. [Ipm cxema TT HeyTpanara Ha HW3TOYHMKAa Ha 3aXpaHBaHE ¢
CBBbp3aHa JUPEKTHO ChC 3eMs, & JOCTHIIHUTE TOKOPOBOAUMH YacTH Ha ypeadara ca CBbpP3aHH KbM
3a36MUTEIN, CJCKTPUYECKH OTIEJICHH OT JUPEKTHO 3a3eMeHara HeyTpajia Ha HM3TOYHHWKa. [lpm
cxema IT HeyTpanaTra Ha U3TOYHHMKA Ha 3aXpaHBAaHE € M30JMpPaHa OT 3eMs WK € CBbpP3aHa ChC 3eMs
MOCPEIICTBOM HMMIIEAAHC, & JOCTBITHUTE TOKOIPOBOIUMH YacTH Ha ypeadaTa ca CBBbpP3aHH KbM
3a3eMHUTEINN OTJEITHO, OOII0 WU KbM 3a3eMutenst Ha umnenanca (Hapenda Ne3 09.06.2004 r.).

FE

L1

FA

M

@wr. 1. Uscnensane padorata Ha /T3 B cxema Ha 3a3emsBane TN-S

3a M3NMUTBAHE Ha pas3IJIekKJaHUTE CXeMH € pa3paboreH sabopartopeH creHa (¢ur.4). Toi
pasnoinara ¢ TpudaseH aBTOMaTHYEH INpeKbCcBay, AedeKkTHOToKoBa 3ammta 30mA, Tpudaszen
KOHCYMAaTop, MYJITULET, MNOTCHIUUOMCETDHDP. TexandecknTe XApPaKTCPUCTHKNU Ha CJICMCHTUTE Ca
IpeJCTaBeHu B Tal0u. 1.

MeToauka Ha U3MEPBaHUATA

3axpaHBaIllOTO HANpEXEHUE ce MojaBa OT aBToMaTU4yHUs npekbcBady FA xem JT3. C
MTOMOIIITA Ha KJIF04a SA ¥ MpOMEHIUBOTO chiipoTuBiIeHUE RP ce cumynupa Tok Ha yTedka oT (aseH
KbM 3amuTeH npoBoaHuK. IlocnenoBatenno Ha RP e cBbp3an amnepmerspbT PA, oT koifTO ce
OTUMTa TOJIEeMUHAaTa Ha Toka, mpu kouto JT3 cpaborBa (m3kmrouBa). Bceku oT ommtuTe €
peanu3upaH C TETKpaTHAa MOBTOPSIEMOCT, KaTO pE3ydTaTHUTe ca YCpPeAHEHW. 3alucaHu ca
CTOMHOCTHUTE MPU BCEKHU €IMH OMUT U CPEIHUTE CTOMHOCTH 3a BCSIKA CX€Ma Ha CBbP3BaHE.
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Tabmuna 1. TexHu4yeckuTe XapaKTePUCTHKU Ha €JICMEHTHTE OT JJa00paTOpeH CTCH]T 32 N3ITHTBAHE
Ha 1e(pEeKTHOTOKOBH 3aIIUTH

Ne HanmeHoBaHue TexHUYeCcKU XapaKTepUCTUKH
1 EneKThOABMraTEN ELPROM-TETEVEN BG, Type: MO56 B/4D, 220/380V,
PoA 0,09 kW, 0,73/0,42 A
2 PaboTHO HanpexkeHue: =230/400 V, HOMUHAEH TOK Ha
JedeKkTHoTOKOBA 3aWMTa yTeuka: Iy, = 30 mA, HomuHaneH Tok: 25 A,

HomuHanHa usKknousaTenHa cnocobHoct: = 6000 A

3 HomuHaneH 1ok 50 A, PaboTHo HanpexeHue 230/400
ABTOMaTU4YEH NpeKbcBay
V=, MaKcMmaneH ToK Ha KbCco cbegnHeHune: 6000 A=

4 MynTtuuet UNI-T UT58B, AC current 2mA / 20A

Pesyararu
B Ta6n.2 ca npefcTaBeHu TaHHUTE OT HAPABEHUTE M3MEPBAHMSL.

Tabnuma 2. JlanHu 3a ToKa Ha 3apaboTBaHe Ha 1e(EKTHOTOKOBA 3alUTa P PA3IHMYHHU CXEMH Ha

3a3eMsBaHe
- Ia, MA
Homep Ha onuTa TN-S TT IT
1 21,9 21,1 20,9
2 21,2 20,9 20,9
3 20,8 21,1 20,7
4 20,8 20,8 20,7
5 21,2 21,1 21,1
CpenHa CTOIHOCT: 21,18 21 20,86

[TonydenuTe cpeHU CTOMHOCTH OT Tabu1.2 mokassart, ye npu cxema TN-S JIT3 3apaborsa npu
70,6% oT 00siBeHMsI TOK Ha yTeuka Iy, = 30 mA. Ta3u cTOHHOCT € 1 Hali-BHUCOKaTa B CPaBHEHUE C
ocraHanure usciensanu cxeMu. [Ipu cxema TT cpennara croitHocT € 70% oT 00siBeHUsI TOK Ha
yreuka Iy, = 30 mA, a npu cxema IT ce HabmogaBa Hali-HMCKaTa CTOMHOCT Ha YyBCTBUTEIHOCT,
paBHa Ha 69,53% oT 00siBeHHs TOK Ha yTeuka lp, = 30 mA. 3a olleHka Ha TOYHOCTTA Ha cpeaHaTa
CTOMHOCT, KOSTO € IOoJlyuyeHa IpU BHUJOBETE CXEMH, € IPECMETHATO CPEJHOKBAAPATUYHOTO
otkiioHeHwue. 3a cxema TN-S To e paBHo Ha 0,449, ipu cxema TT e 0,141, a mpu cxema IT — 0,167.
OT HampaBeHHUsl aHAJIU3 CE€ YCTAHOBsBA, Y€ HA-TOUHO € OIEHEHO MaTeMaTHYeCKOTO OYaKBaHE 3a
cxema TT, a cxemaTa ¢ Hali-TOIsIMO pa3ceiiBaHe Ha TOKa Ha 3apadoTBane € TN-S. 3a onpezensHe Ha
pa3Maxa Ha TOKa Ha 3apa0OTBaHE ca HalpaBeHHW CHOTBETHM MPECMATAHMs, OT KOMTO Ca MOJYyYeHU
cinennute croiHocTu. [Ipu cxema TN-S ce Habmo1aBa Hali-BUCOK pa3Max Ha TOKa Ha 3apabOTBaHE,
paBeH Ha 1,1, nokato npu cxemata TT ce HaOnromaBa Hall-HUCKUAT pa3Max, paBeH Ha 0,3. [Ipu
cxema IT Ta3m cratmcrTuyecka XapakTepucThka € uucieHo paBHa Ha 0,4. JlaHHWTE 3a TOKa Ha
yTedKa 3a BCEKU €IUH OT METTe OmuTa (cepHsi) 3a BCAKa OT M3CIEBAHUTE CXEMHM, Ca MPEACTaBEHU
rpaduyHo Ha ¢wur.S.
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W3BOIN

1. Tlpwm u3cnenBaHUTE CXEeMH Ha CBBbpP3BaHE HE CE HAOJI0[aBa 3HAUYMTEITHA PA3IIUKa B CPECITHHUTE
CTOMHOCTH Ha MaKCHMAaJHH TOK Ha yTeuka. CleqoBaTeHO BUa HA Pa3TIIekKIaHUTE CXCMH
HE OKa3Ba BJIMSHHUE BBbpPXY pabOTOCIOCOOHOCTTa W HaJeKTHATa padoTa Ha W3CIeBaHATa
NeeKTHOTOKOBA 3aIUTa.

lan, MA 22
21,8
21,6
71,4
21,2

7

20,8

20,6

20,4

20,2

20
TN-5 T

IT Homep Ha onnTa

=

@ur.5. I'paduyHo mpencTaBsiHe Ha TaHHU 32 TOKA Ha 3apaboTBaHe Ha Je(EeKTHOTOKOBA 3allUTa 32
CepHUH OT OTTUTH

2. AHanM3bBT HA pe3yJdTaTUTE MOKa3Ba, Y€ CXeMara Ha 3a3eMsBaHe HE YKa3Ba BIMSHHUE BHPXY
padorara Ha /JIT3 um 3a cxemu TT, IT m TN-S ycraHOBeHHUTE CTOMHOCTM Ha TOKa Ha
3a/IeUCTBAHE € CHIIOCTAaBUM M OTIOBapsi HA HOPMaTUBHUTE N3UCKBAHMS.

3. UscnenBanumsita OT Hacrosmara paboTa Morar 1ga ObJaT MNPOABIDKEHH B CICIHUTE
HalpaBJICHHUS:

- U3clieJiBaHe Ha BpeMeTo Ha cpaboTBane Ha T3 30mA;

- HU3CJICABAHC Ha BJIIMAHUCTO Ha 6p0$1 N MOIIHOCTTAa Ha 3alllMTaBaHHUTC 00eKTH BBpPXY
HaacXJaHaTa pa60Ta Ha 3alIuTUTC.
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Abstract: Home Control is the technology used to make the electronic equipment in the home work in the benefit
of the occupants. The technology include devices, systems and applications that increase home comfort and automate
the optimization of home solutions automated in terms of lighting, temperature, security and many other features. The
paper presents some home control applications. The study examines the popular Home Assistant platform and its
capabilities for creating a home control applications. Many hardware components from popular companies in the area
of smart devices can be used. As hardware components in this study the ESP8266 Wifi microchip based modules are
used. Two types of applications are developed: at first the integration of ESPHome add-on is used for programming the
modules and “Node Red” add-on is added to the Home Assistant platform for the development of the home control
application.

Keywords: Home Control, ESP8266, Home Assistant, Node Red

INTRODUCTION

In recent years, with the advancement of computer, microprocessor and communication
technology, as well as with the reduction of the size of electronic components, a segment of
technology called sensor networks has developed (Majid, M., & Habib, S. 2022). The idea of sensor
networks is the development of sensors with advanced functionality related to the ability, both for
communication between individual devices and for partial processing (aggregation) of incoming
information. This type of system is being developed into a new direction in computer and
information technology called Internet of Things (loT) (Yadav, R., & Yadav, N., 2022). The
Internet of Things has really transcended the realm of sensors alone and evolved into a multi-device
concept. In this regard, projects related to communication between individual machines called M2M
(machine-to-machine) have emerged (Yadav, R., & Yadav, N., 2022), whose idea is to develop
opportunities for individual devices to communicate with each other. Manufacturers of various
types of home appliances saw the possibility of adopting this type of technology and gradually
began to incorporate different types of microprocessor and communication capabilities in their
products, as well as to provide opportunities to connect their devices to certain platforms. loT
systems have entered many aspects of human life and evolved into stand-alone segments. Areas
such as the Smart City, the Smart Home, the Smart Hotel, as well as the development of the idea of
security through the application of Smart Security can be mentioned here (Aliero, S. & Asif, M,
2022). In the background of the growing capabilities of individual devices and the generation of
vast amounts of information, there is a need to store and process this data. In this regard, the term
"Big Data" also appeared (Hao, Chi, & Yuyan, Chi, 2022). The collection, storage and processing
of multiple data, together with the development of analysis algorithms, has led to the possibility of

6 JlokmambT € HpeicTaBeH Ha CTyAeHTCKaTa HayuHa cecusi Ha 17 mait 2022 B cexuusa EnekTpoTexHuka,
EnexTpoHMKa M aBTOMaTMka C OPHIMHAIIHO 3arjiaBue Ha OBJrapcku e3uk: Pa3paboTBaHe Ha NPUIIOKEHHE 3a
yIOpaBJIeHUE HA JI0Ma.
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more efficient ways of decision-making. All the mentioned above emphasized that not every system
that is being developed can be categorized as "Smart". In the context of all that is said before, we
will consider some components in the development of the "Home Control" as “Smart”. The "Home
Control” includes the components like hardware devices (also known as end-devices), controller
module components and software applications.

EXPOSITION

The main idea of the paper is to make an application for home control using some popular
hardware, software and communication technologies. The presented system can be extended to
many other hardware and software technologies but for the sake of brevity, we will present only a
simple structure of such a system for home control. Without claiming to be exhaustive, we will try
to briefly present the main features and functionalities that can be used.

The hardware components

The “brain” of the hardware components, also called the end-device, is a module ESP8266
(fig.1). It allows wireless connection of the module to the wireless environment. This makes the
module very useful for Internet of Things (l0T) applications. It is used in many mini and large
projects to control a variety of electronic components via WiFi connections. The other components
used for making application for control are a servo drive SG90, PIR sensor and humidity sensor
DHT 11 as shown on fig.1. The sensor node that was structured for the system implementation is
shown on fig.2. It includes all the modules in one component and it is called “sensor node”.
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Fig. 1. Hardware components: servo drive, ESP8266 module, PIR sensor, DHT humidity sensor
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Fig. 2. Hardware connection diagram
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The platform Home Assistant

In the field of smart home control along with the commercial systems, there is a group of
enthusiasts who develop open source platforms designed and functioned as commercial ones. Three
types of platforms are popular here, namely - Home Assistant (Home Assistant, 2022), Open HAB
(Open Hab, 2022) and WebThings (WebThings, 2022). Home Assistant (fig.3) is one of the most
supported one. The developers create many add-ons that could extend the base functionality of the
platform. The platform is a local alternative to SmartThings, as well as most of the commercial
platforms that exist out there. As a local alternative, much of the automation is performed locally
and does not depend on cloud structures. Here we must note that the implementation of some
functionality requires a connection with the cloud structures any other commercial or open-sourced
platforms. Also of interest is the fact that the platform can run on development boards such as
RaspberryPl, as well as virtual machines or virtual services such as docker. Home Assistant has
compatibility add-ons with other platforms as used in our paper - Node-RED. Also it has the ability
to integrate with other popular open-sourced software components like Grafana and InfuxDB that
are popular in the area of visualizing time dependent processes. In this regard it should be
mentioned that the system can do automations and use popular programming languages like Python
for developing some plugins. Due to its great capabilities, additional applications, open source and
the ability to create your own home management algorithms, as well as introducing ideas in the
field of machine learning, this platform is of great interest in the area of home control.
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Fig. 3. Home Assitant front panel

The platform Node-Red

In this paper another platform that is testes for its capability to solve the task of home control
is called Node-Red. The Node-RED is a flow-based development tool for visual programming. The
platform was originally developed by IBM to connect hardware devices, APIs and online services
as part of the 10T paradigm. Through it, hardware devices, APIs and online services are connected
through various networks. It offers a web browser-based stream editor that can be used to create
flows with graphical representation and JavaScript language for more sophisticated functions. There
are a wide range of nodes in the tool's palette that can be used and deployed to a system. Items
created in a stream can be saved and then shared for reuse. Streams created in Node-RED are stored
in JSON format and the MQTT nodes can be used to implement certain connections.

The Home Assistant “add-on” — ESPHome
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The platform Home Assistant is designed to make it as easy as possible for the user to obtain
and remove integrations. On fig.4 the panel with added integrations is shown. To add new ones the
one must use a "Supervisor" (a word used in the platform) menu and then use an open-sourced
"Add-on Repository” from where one can look for certain integration. In this paper the integration
of "ESPHome" (ESPHome, 2022) was chosen to solve the task for home control. This integration
allows us to control and program microcontrollers such as ESP8266 and ESP32, directly through
Home Assistant. The only requirement is to write a "yaml" configuration file, and the rest, such as
over-the-air (OTA) updates, compilation, etc., are performed from the integration.

q

Official add-ons
& | & o . 0
s . i oo

Fig. 4. Official add-ons front panel

In the study the developed sensor node is connected to the Home Assistant platform through
the ESPHome interface as shown on fig.5 on the left. At this stage the node must be created and the
code will be compiled and uploaded to the ESP8266 module. To do this, create a new node by
pressing "+" in the lower right corner and set ESP Model and Name (fig.5 right), and Wi-Fi
parameters (fig.5 bottom). After the compilation stage the firmware is uploaded to the hardware
module using an additional program called ESPHome—flasher. It is used only the first time for
programming. After that the changes to the firmware can be made by the OTA functionality.

= =

¢ EsProme
i(=] ESPHome

© 0 0%

Fig. 5. ESPHome interface and choose of predefined modules
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After the steps above the virtual elements are added to the platform and the application
interface is shown on fig.6 left. As the elements are added, they can be customized according to
their position in the interface and the limits of the parameters can be set. In this case the information
from the sensors for temperature, humidity and presence is displayed. The code for module control
is added to the configuration.yaml file as shown on fig.6 right.

‘79%

‘ 288 °C

bes awxeHune

Fig. 6. Home Assistant interface and “yaml” configuration file

The Home Assistant “add-on” — Node-Red

Another way of structuring the home control system is using a Node-Red. The code in the
Node-Red is a graphical representation of the connections between the modules (fig.7), as well as
you can write a code in JavaScript to specify the functionalities of the system. The program creation
is a drag and drop process using predifiened components from the library and connects them
appropriately. In our situation the MQTT library blocks are used as input and output modules.

Tempesatare

Terpertre

o — ‘Sews_Pasitan

Fig. 7. Graphical representation of Node-Red programming

The Node-Red module has its own capability to create visual panels and because of that we
use this functionality in the paper to create a similar interface to the presented above but with the
capabilities of this platform. The interface created with the module is shown on fig. 8. From the
interface shown on the figure you can monitor the temperature and humidity of the air as well as
control the position of the servo motor and switch on/off the relay.
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Fig. 8. Visual panel represented in Node-Red

CONCLUSION

Home Assistant is a large platform with huge potential for the development of home
automation, due to the much easily accessible integration. It’s main advantage for home automation
development is its open-source paradigm and many community developers. Other platform is Node-
Red which another tool for the home control. It has easy graphical representation of complex logical
interconnections and flexibility in software component. The paper presents some home control
applications. The study examines the popular Home Assistant platform and its capabilities for
creating applications. The first one is ESPHome add-on which is used for programming the
modules and integrate them in the Home Assistant and the second one is “Node Red” add-on which
is added in the platform as well. Developing an application with Node-Red is easier than writing
applications in Home Assistant but the vast majority of integrations make the platform superior.
The represented platforms and applications are developed and tested in a real environment and
show results that are comparable to the modern commercial products. The future developments will
be focused on the implementation of a wider range of functionalities and the development of a
home control application for miniature model.
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Abstract: As drones grow in popularity, new ideas about how to use them in a daily life appear. From Amazon
using drones to deliver goods to obstacle avoidance in drone racing, drones and their technologies are rapidly
evolving. Drones are exiting new technologies applicable to many fields such as entertainment, search and rescue,
defense, agriculture, and land surveys. The quadcopters are a part of a big drone family with its increasing popularity
and functions. This paper sets its objectives on implementing a flight controller and testing its capabilities in the full
motion flight simulators without using the real hardware. The combination of a flight controller with a flight simulator
provides the platform for intelligent autonomous operations testing without putting the quadcopter at risk. From within
the simulator, the pilot will get a live feed from the quadcopter and be able to observe disturbances as well as test some
intelligent features. In this paper some quadcopter functionalities of the ardupilot software are investigated in different
kinds of situations in all sorts of virtual enviroments . It could be concluded that the application of modern virtual
simulation environments can play an important role in the development of new intelligent control algorithms.

Keywords: Quadcopters, UAV, Virtual environments, SITL, HITL,PX4

INTRODUCTION

Unmanned aerial vehicles (UAV) have always been distinguished by having attributes very
different in comparison the rest of aerial vehicles. One of them is their capability to be potentially
smaller than any other vehicle with the same target mission, since they do not need to carry pilots
on board. Because of this fact, they have been considered throughout the history as an excellent
opportunity to develop higher versatility and greater performance vehicles, being the military and
defense industries their principal investors.The first UAV in history was launched by Samuel
Pierpont Langley in 1896. It consisted in an unmanned flight of a steam-powered aircraft over the
Potomac River (Junwei.C,Oleg.Y & Isaac.K 2013).Nevertheless, no guidance navigation or control
system was used. The unstoppable blow up of the UAV applications has led to industries to invest
in this technology. Moreover, the eco-friendly possibilities of these products have contributed for
these industries to gain the sympathy of the public. Looking at the opinion of business experts, the
UAV market is considered a great commercial opportunity, since this market is expected to grow in
the following years, especially in the civil side (a growth of 19% versus a 5% in the military side).
Furthermore, these conclusions are also valid for new firms in this sector, owing to UAV industry is
still young and legacy military drone manufacturer clients does not interfere the civilian
sector..They are a great opportunity for research platforms, since they offer new performance
possibilities due to their high maneuvrability (Belem.R,Hernan.A,Pedro.C,Indira.T & Rogelio.L
2019).Recent publications show that UAVs are being used for studying new control strategies based
on non-linear systems and

7 JlokmambT € HpeACTaBeH Ha CTyAeHTCKaTa HaydHa cecuss Ha 17 maif 2022 B cexuus EiekTpoTexHMKa,
EnexTpoHunka u aBTOMaTHKa ¢ OPUTHHAIHO 3arjlaBue Ha OBIATapcKy e3uk: KOHTpos Ha KBaapakomnTep BHB BUPTyaHA
cpena.
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for creating and validating new matlab Simulink and CAD models (Rub’en. A., 2016). Simulators
have been developed for analyzing real situations without being exposed to any danger. Logically, it
is preferable to suffer an accident when testing new machines in a simulated environment, where
there are no consequences, than in real ones. One of the main features of this kind of software is
that they are real time computing, since simulate results must be as close as possible to reality.
Simulator development has increased considerably in the last years due to the dazzling development
of computer technology, which has let simulators to be more complex and precise (Luke, R., &
Alex, R., 2018). Nowadays, simulators are being used in three main fields. They are used for
academia and research purposes. The simulation of 14 State of the Art real machines or vehicles
helps engineers to understanding their behavior, so that improvements of the real machine or
vehicle can be done through these simulated analyses (Junwei, C., & Oleg, Y., 2013). Moreover,
simulators are currently being used for predicting theoretically object behaviors in environments
where experiments cannot be done. For instance, before the Sojourner landed Mars, the real
conditions of this mission, such as meteorological or gravity effects were not known. So,
simulations were extremely advantageous for estimating those conditions. The second main field is
the military and training one. The need to avoid dangerous situations for the beginners is the main
cause for the use of simulators in this field. Lastly, they are being used for leisure activities. The
computer games industry is the best example of this tendency (Belem, R., & Hernan, A,
2019).There are all kinds of simulators available to the everyday person some examples are as
follows: Gazebo, Jmavsim, Airsim, Hackflightsim, Morse, New Paparazzi Simulator.In this paper
the flight controller software PX4 behavior will be tested in a virtual environment as well as some
intelligent functions to establish if the software is ready to be used on a real quadcopter. Some more
examples of software flight controllers are: Cleanflight, Betaflight, INAV, Hackflight, OpenPilot
series, Paparazzi software, Librepilot, dRonin, Ardupilot

EXPOSITION
Flight Controller Software PX4

PX4 is an open source flight control software for drones and other unmanned vehicles. The
project provides a flexible set of tools for drone developers to share technologies to create tailored
solutions for drone applications (PX4 Autopilot, 2022). PX4 provides a standard to deliver drone
hardware support and software stack, allowing an ecosystem to build and maintain hardware and
software in a scalable way.The low price and availability allow fans of small remote-controlled
aircraft. PX4 is used in a wide range of use-cases, from consumer drones to industrial applications
(PX4 User Guide, 2022). It is also the leading research platform for drones and has been
successfully applied to under water vehicles and boats. Drone development is complicated, and how
to get started can be daunting and hard to navigate. PX4 is part of Dronecode, a non-profit
organization administered by Linux Foundation to foster the use of open source software on flying
vehicles.Dronecode also hosts QGroundControl, MAVLink & the SDK.

SITL simulation in the virtual environment

The Software In The Loop (SITL) is a kind of a simulation software that allows us to run
Ardupilot code without the necessity of any hardware. SITL was initially developed for Linux, but
currently it can be also used in Windows. The great advantage of using simulation software is the
capability of measuring sensor data in the virtual environment. All the data is obtained from the
flight simulator and the flight dynamics of the system can be modeled. On the other hand the SITL
is a software package allowing us to emulate the the functionality of the PX4. As well as some
software programs like Ground Control Station can be used: MavProxy, Mission Planner or
QGroundControl. Another good thing is the possibility to test a wide diversity of vehicles. The
Fig.1 shows a typical SITL simulation environment for any of the supported simulators.
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Fig.1.SITL architecture

By default, PX4 uses commonly established UDP ports for MAVLink communication with
ground control stations (e.g. QGroundControl), Offboard APIs (e.g. MAVSDK, MAVROS) and
simulator APIs (e.g. Gazebo). PX4 uses a simulation-specific module to connect to the simulator's
local TCP port 4560. Simulators then exchange information with PX4 using the Simulator
MAVLink API described in the Fig.2. PX4 on SITL and the simulator can run on either the same
computer or different computers on the same network.

Control signals / Telemetry

[ ]
PX4 inputs from simulator PX4 motor/actuator outputs
Sensor and other message Motor and actuator value messages
- HIL_SENSOR -HIL_ACTUATOR_CONTROLS

-HIL_GPS
- HIL_OPTICAL_FLOW

- HIL_RC_INPUTS_RAW

- HIL_STATE_QUTERNION

Fig. 2. MAVLink API message flow

All simulators communicate with PX4 using the Simulator MAVLink API. This API defines a set
of MAVLink messages that supply sensor data from the simulated world to PX4 and return motor
and actuator values from the flight code that will be applied to the simulated vehicle.

HITL simulation in the virtual environment

The other way to make a simulation is called HITL (Hardware In The Loop). HITL
simulation is a type of real-time simulation where all that is needed is the actual flight controller
hardware combined with the flight controller software. HITL simulation shows how your controller
responds in real time to a realistic virtual stimulus. You can also use HITL to determine if your
physical system (plant) model is valid. In the Fig.3 a typical HITL simulation setup is shown.
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Fig. 3. HITL architecture

The simulator can also be connected via UDP if the flight controller has networking support
and uses a stable, low-latency connection (e.g. a wired Ethernet connection - WiFi is usually not
sufficiently reliable). A HITL configuration is selected (via QGroundControl) that doesn't start any
real sensors. J]MAVSIm or Gazebo are connected to the hardware flight controller via USB. The
simulator is connected to QGroundControl via UDP and bridges its MAVLink messages to PX4.
Gazebo and JMAVSim can also connect to an offboard API and bridge MAVLink messages to PX4.
A serial connection can be used to connect Joystick hardware via QGroundControl. The physical
AutoPilot hardware is configured exactly as for flight, and connects to your computer running the
simulator (rather than the real aircraft).

Simulations of Intelligent functionality in the virtual environment

After getting the newest version of PX4 software which is stored on Github in the PX4/PX4-
Autopilot, to open a virtual environment of our choice a short set of commands need to be added in
Linux OS terminal. For connecting the PX4 software with the virtual environment of our choice
some commands are used and ground control station will help us with controlling the quadcopter in
the environment.If everything works properly the following figures should be opened shown on
Fig.4.

YOS 4 | MOB RN a0

Fig.4.Gazebo virtual environment and QGroundControl station and code loading

After typing the commands if the PX4 code doesn’t have problems a few windows will pop
up as shown in Fig.4.The most left window shown in Fig.4 will show up if the PX4 code is working
properly and after that it will load up the virtual environment which in our case is gazebo virtual
environment and can be seen in the middle window of Fig.5 and also when the PX4 and virtual
environment load up a virtual drone ran by the PX4 code will spawn in the environment.At the right
window of Fig.5 QgroundControl station can be seen which is opened only after the virtual
environment is ready. The connection between the environment and the control station should be
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established automatically. The control station in this project is mainly used for mission based
control on the ardupilot in the virtual environment. After opening the virtual environment and
establishing a connection we can start doing some simulations and here are some of the simulations
that were tested shown on Fig.5.

S | {1 NG LR X

first : roslaunch gazbo obstacle_avoidance.launch
y -v ArduCopter -f gazebo-iris -10
third : roslaunch apm.launch

fourth : rosrun gazbo obstacle_avoidance.py

Fig.5 SITL simulation Obstacle avoidance test within gazebo virtual environment

The first intelligent function of the PX4 code that was tested is Obstacle avoidance system.
Firstly after opening the virtual environment as shown in Fig.4 we need to adjust it for the Obstacle
avoidance to do that we write the commands shown on Fig.5 on the left into the terminal. After that
a figure of some kind in our case a brick wall will appear in the virtual environment in close
proximity of the virtual quadcopter. With that everything is set land the system can be simulated
after stating the simulation we can command the quadcopter to start moving either from the
terminal or the QgroundControl station after that the quadcopter will start to move in the direction
of the wall and if the ardupilot code is working properly without major problems in the virtual
environment the quadcopter will avoid collision with the wall and go back a little after that a
message will appear telling us that the object was successfully as shown in Fig.5 the right window.

The second intelligent function that was tested is optical flow shown on Fig. 6. In the figure
we can see the camera on the bottom right, which is placed under the quadcopter and is an
important part of the intelligent optical control function. The camera detects the environment below
the quadcopter and based on texture or colour it sends signals to the quadcopters flight controller
which in this test is the PX4 code. The PX4 then receives these signals and reacts in a certain way
so that he can maintain his position during the flight without the help of the operator. In Gazebo
virtual environment the ground, texture and colour can be changed so the optical flow can be tested
properly.With the help of QgroundControl station the quadcopter can be given missions while being
controlled using an optical flow.

24O (BOB*VL|R RIROL

Fig. 6.SITL simulation quadrotor with optical flow in gazebo virtual environment

CONCLUSION

This paper sets its objectives on quadcopter control in virtual environment.As flight controller
software PX4 was used for the SITL simulations. SITL runs on a development computer in a
simulated environment, and uses firmware specifically generated for that environment. It is
recommended that the newest version of the PX4 software is installed before trying any kinds of
simulations because with the older versions some problems start to appear like not connecting to the
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virtual environment or the virtual environment not starting or starting in a broken state. While
testing the intelligent function obstacle avoidance of PX4 in gazebo virtual environment some
problems occurred such as the drone randomly spazzing out or not reacting to the mission it was set
from the ground station at all. This problems occurred only one time and were fixed easy by
restarting both the virtual environment and the ground station so i can't say that the problem lies
with the PX4 software here i asume it is a bug of the virtual environment. The test for the intelligent
function FPV also had problems.While in FPV in the virtual environment and the drone doing a
mission that was selected by the ground station if some disturbances occur the drone just stops
immediately. Granted these disturbances are manually added by the operator in the virtual
environment without them the drone completes its mission fine. At this time it cannot be said that
the problem is either with the PX4 software or the virtual environment, so the further research is
needed of both the PX4 software and the virtual environment in wich the FPV test was conducted
for the problem to be found. The future work should be to test the system on the real drone and
compare the results with those in the virtual environment.
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Abstract: The paper reviews two types of flat plate thermal photovoltaic hybrid modules with liquid fluid. Their
possibilities to use in a located area in the continental climate region are analysed. The mean values of ambient and
modules temperatures and solar irradiance are measured. The values of electrical energy efficiency of the investigated
thermal photovoltaic modules are calculatted for measured temperatures. The results show an effective conversion of
the solar energy and better performances of one thermal photovoltaic hybrid module.
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Energy efficiency

BBBEJIEHME

KomOuHupanuTe KOJEKTOpH 3a MpeoOpa3yBaHE EHEprHsTa Ha CIIbHYEBATa paJuanus B
TOIUIMHHA M €JEeKTpUYecKa ca  CbBPEMEHHM  TEXHUYECKH  cpeacTBa  (XMOpUIHM,
tepmodoToBonTanynu, PV/T konekropu), upe3 KOUTO €(DEKTUBHO C€ H3I0J3BAa CIIbHUEBATA
eHeprus. OCHOBHAaTa NpUYMHA 3a MO-ToysIMaTa €()EeKTUBHOCT Ha (DOTOBONTAMYHHUTE KJIETKH Ha
TaKMBa KOJIEKTOPH, B CpaBHEHHE C KJIIACHYECKUTE (POTOBOJTAWYHU IAHENH, € HAMAISIBAHETO Ha
paboTHaTa Temreparypa Ha noxynpoBoanukosute enementa (Tiwari, G. & Dubey, S., 2010).

W3cnenBanu ca M3MEHEHHATA HA €JIEKTPUYECKUS K.II.J. Ha Pa3jIMYHH BHUJOBE KOJEKTOPH -
TepMOOTOBONITaNYEH ¢ TedeH (uyua u obukHoBeH ¢oroonTtandeH (Nicolov, M. & Koev, K.,
2019), u TepModoToBONITANYHH KOJIEKTOpPH ¢ U 0e3 BakyyMHu TprOu (Nicolov, M. & Koev, K.,
2021), 3a TUIIMYEH JIETE€H MEPHOJ, B YCIOBHUATA HA YMEPEHO-KOHTHHEHTaNeH Kiaumar. [lomyuenure
pe3yaTaTH TOKa3BaT, ue eIeKTPUICCKUAT KOSPHUITUEHT Ha TI0JIE3HO JieicTBUE (K.I1.]11.) Ha XUOPHUIHUS
KOJIEKTOpP € MO-TOJISIM OT TO3M Ha OOMKHOBEHHMs (OTOBOJITAWYEH, a paznukarta joctura o 1 %.
EdextuBHoctra Ha miocku PV/T konmexkropu ¢ BakyyMHH TpbOM € MO-TONsIMa, B CPaBHEHHUE C
KOJIEKTOpU 0e3 TakuBa TpbOHM, KaTo 3a Hail-ropemuTe yacoBe OT JIETHUS MEpUOJl Ha TOAMHATa,
pasnukara e (7,16,...,7,62) %.

[Tnocbk TepModoTOBONTAMUEH MaHEN ¢ MOJOOPEHHM XapaKTEPUCTHKU € pa3paboTeH OT
(DualSun). TakuBa K0JIEKTOpH ce U3IMOJI3BAT YCIEIIHO B Pa3TYMHU OOIIECTBEH! U YACTHH OOEKTH.

B noknaga e mpeacTaBeHO CPaBHUTENIHO M3CIE/IBaHE Ha €JIEKTPUYECKUs K.I.J. Ha IJIOCKU
TEPMO(POTOBOITANIHN KOJIEKTOPH — KJIACHYECKH U C TIOJ00PEHH XapaKTePUCTHKH. AHATM3UPAHU Ca
BBH3MOKHOCTHUTE 32 MPUJIOKEHHE B pailOH C yMEpEeHO-KOHTUHEHTAJICH KIMMAT.

8 JloknaabT € NpeiCcTaBeH Ha CTyJeHTCKaTa HayuHa cecuss Ha 17.05.2022 B cexkuust EjeKTpoTexHUKa,
€JICKTPOHMKA ¥ aBTOMAaTHKa ¢ opuruHaHO 3arnaBue Ha Obarapcku e3uk: U3CJIEJJIBAHE HA EJIEKTPUYECKUTE
XAPAKTEPUCTHUKU HA JIBA BUJA TIJIOCKHU TEPMO®OTOBOJITAUYHIN KOJIEKTOPU.
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N3JI0’)KEHUE
XapakTepuCTHKHN HA U3CJIeIBAHNTE TEPMO(OTOBOJTAUYHN KOJIEKTOPH

W3cnenBanu ca /Ba MiIOCKM KOMOMHUPAHU KOJIEKTOPA — C MOJUKPUCTAIHU (POTOBOJITAUYHU
kietku (60 ©Op.), ¢ dayun npormmnen riaumkon CPVT60P250 — ¢wur.l (Crane Ltd.), u c
MOHOKpHCTAIHU (oToBoNTandyHu Kietku (360 Op.) ¢ momobpenu xapaktepuctuku SPRING 400
Shingle Black - ¢ur.2 (DualSun). Pa3mepute Ha a1BaTa BUaa KOJEKTOPH C€ Pa3inyaBaT MajKo — Ha
nppBust BUA ca 1650x990x40 mm, a Ha BTopus — 1646x1140x35 mm.

2 \3

@ur. 1. Koncrpykuus Ha TepmodoroBonTanuex nanen CPVT60P250 — o6 Bug: 1-
dortoBonTanden moayi (photovoltaic module - solar PV cells); 2 — Bxon/uszxox 3a ¢puyuna (fluid
inlet/outlet); 3 — TormoooMennuk (heat exchanger - absorber); 4 — anymunues rpp6 (aluminium

back); 5 — Torutonsoamnust (Bara) (insulation (whole)); 6 — anymunueBa pamka (aluminium frame).

Torumopu3nvaHNTE XapaKTEPUCTHKN Ha TIOJIUKPUCTATIHHS KOJIEKTOp ca MOIXOMISIIHN 3a paboTa
npu Hucku Temmneparypu (Nicolov, M. & Koev, K., 2019), kakBUTO ca KIMMaTHYHUTE yCIOBHUS
npe3 3WMHHUS TIEpUOJ]] B pPa3TekKIAaHWs paloH. MakcHManHaTa eJeKTpUYecka MOIIHOCT Ha
kosekTopa € 250 W, a tommmaHaTta — 890 W. CroliHOocTUTE Ha TE€3U MOKA3aTeau ca U3MEPEHHU IpU
CTAHJAPTHUTE TECTOBH YCJIOBHS: WHTEH3WTET Ha CibHUYeBaTa pammamus G = 1000 W/m?2
Temriepatypa Ha okonHara cpeaa T,= 25°C u AM 1,5 (Crane Ltd.). ITocneanusT mapamMeTsp ce
Hapuya ONTHYHA Maca Ha aTMocgepara U MpeAcTaBs CIEKThpa Ha CIbHYEBATa paaualusi, KOSTO
JOCTHTa OPUEHTHpAHA TI0 OTPEeJIeNIeH HAYMH MOBBPXHOCT, TP ONPEAETICHH aTMOC(EpPHH yCIOBHSI.
CroiiHoctta Ha AM ce ompezaenas KaTo OTHOIIEHHE MEXAYy Ib/DKMHUTE HAa MBTHINATA B
atMocdepara 10 mpeoOpa3yBamiara MOBbPXHOCT, H3MHHABAHU OT CI'BHUEBHUTE JIBUM, MPU JIJCHO
nojioxkeHre Ha CIIBHIETO M NMpH HeroBus 3eHUT. C yBeNMYaBaHETO Ha BI'bJla MEXIY HaJE€HOTO
nonoxeHrne Ha CITbHIIETO MO HEOOCBOJAa M HETOBHS 3€HUT, CE€ yBEIMYaBa U CTOMHOCTTa Ha AM.
Hanpuwmep, ako to3u Bruj e 48°, macata Ha atmocdepata € AM 1,5 U chOoTBETCTBa Ha IOJIO-
xenuero Ha CirbHIETO 3a cpennuTe reorpadeku mmpunun (Duffie, J.A.&Beckman, W.A., 2013).

TepMo(OTOBONTAMUHUAT MAHEN C MOHOKPUCTAIHM (POTOBOJTAWYHU KJeTku (¢ur.2) ce
XapakTepU3npa ¢ HOMHHAIHA eleKTpruuecka MomHocT 400 W u TommuaHa - 660 W/m? (okomo 1280
W 3a mutomra Ha Konekropa). CTOWHOCTUTE ca U3MEPEHH, IPU CTaHJApPTHU TECTOBU YCIIOBUSI.

MoHokpucTaHuTe (HOTOBONTAMYHHM KIETKH Ha KOJEKTOpa Ca TMOKPHUTH C aHTHPE(IEKCHO
CTBKJIO, KOETO OCUT'ypsiBa rojisiMa e()eKTUBHOCT IpH AU(y3HA CBETIMHA.
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VYaTpaThHBK — TOIUIOOOOMEHHHMK, HAITBJIHO HMHTETPUPAH B  KOJEKTOpa, IMOBHIIABa
epeKTUBHOCTTa MNpH mpeoOpa3yBaHE €HEpPruAra Ha CIbHYEBATA paaualys B TOIJIMHHA U B
enekTpuuecka. ['bpOBT HA KOJIEKTOpa € M3paboTeH OT YepeH aHOIUpaH alyMUHHN. Bpb3kara Ha
TOIJIOOOMEHHHKA ChC CHCTEMara 3a CHalOJsBaHE C TOIUIA BOJA C€ OCBIIECTBSABA Upe3 CIELHAICH
JIBOCH KOHEKTOp 3a OBbP30 M HAJCIKIHO CBhP3BaHE.

@nynabpT B TOMIIOOOMEHHHUIIMTE HA J[BaTa BUJIA KOJIEKTOPU € BOJIEH Pa3TBOP HA TIHKOJ, KaTo
o0embT 3a mepBus BuA (dur.1) e 1,2 £, a 3a Bropus (dur.2) - 5 €. [To-ronemust o6em ce moaydaBa
Yype3 yBeIHueHHe Ha Oposi Ha KaHAIKUTE B TOINIO0OOMEeHHUKA 3 (¢ur.2).

@ur. 2. KoHCTpyKIHs Ha TepMO(OTOBOITAHYECH MOJIYJI C MOOOPEHH XapaKTEPUCTHUKHU: |-
anmymuHHeBa pamka (aluminium frame); 2 - poroBonranden Moy (photovoltaic module - solar PV
cells); 3 — Torumooomennuk (heat exchanger - absorber); 4 — Torutonsonarus (insulation).

Uscaenane Ha epexTnBHOCTTA HA PV/T-KONICKTOPH

PaGoTHUTE YCIOBUSI M TEXHMYECKUTE XapPaKTCPUCTHUKH Ha TEepMO(OTOBOITAUYHUTE
KOJIEKTOPH OIPEAEISIT KOHKPETHUTE CTOMHOCTH Ha KOS(UIIMEHTUTE Ha MOJIE3HO AeHCcTBUE (K.II.1T.) —
obmust, enektpudeckust U tommuaus (Tiwari, G. & Dubey, S., 2010). K.n.x. Ha PV-momynute
7)py MOXE JIa C€ ONPE/IeNN Ype3 XapaKTepHU TeMIepaTrypu T 1o ¢popmMyiara:

Npv = Npvrer-[1 — Bo- (Tevy — Tryrer)], (1)

Npyref - KILI. Ha PV-MoxynuTe, Ipu onpeneneHn yCloBus — TEMIIEPATypaTa Ha MOJYJIMTE
Tpyres = 25°C ¥ MHTEH3MTET Ha CIbHYEBATa paguanus G = 1000 W /m?; Tpy, — TeMImepaTypaTa

Ha KOJIGKTOPHTE, TNpH KOHKpeTHuUTe ycnoBusi, °C; [ — TeMmmepaTypHUST KOeQHUIMEHT Ha
KOJIGKTOpUTE, AaJeH OT MpousBoautens, %o/ °C.

KoedummeHTsT 5, onpezens HaMaIsiBAHETO HA CTOMHOCTTa Ha MOIIHOCTTa Ha PV -konekTopa,
Ipu MoBHIIaBaHe Ha Temneparypara My ¢ 1°C (Duffie, J. A. & Beckman, W. A., 2013, Tiwari, G.
& Dubey, S., 2010).

W3cnensaHero e mpoBeeHO 3a paiioHa Ha rp. Pyce. KnmumarsT € ymepeHO-KOHTHHEHTAJIeH
ChC CTyJIeHa 3UMa, ¢ MUHUMaITHU Temriepatypu -20°C ¥ o-HUCKH, U TOPEIIO JISTO, C TEMIIEpaTypu
B wuHTepBana (+20..+40)°C wu mno-Bucoku (WeatherOnline). WM3mon3Bar ce [naHHUTE OT
M3MepBaTeIHa CTAHIUS 32 MOHUTOPHHT HA MapaMeTpUTe Ha M3rpajieHa (OTOBOITaWYHA IEHTpaa
Ha MOKpHBa Ha MpoMUIIeH 00eKT (SMA).
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TemnepaTypuTe Ha OKONHATa cpeJa UM Ha TepMO(OTOBOITAUYHUTE MOIYJH, KaKTO U
MHTCH3UTETHT Ha CI'bHUEBATA pajuallys, ca U3MEPEHH M 3alMcaHu, Npe3 THIu4eH jeteH aeH (11
tonu). Te3nm maHHU, 3aeHO C AONBJIHUTENIHA MHQOpPMAIMS OT KaTallo3UTe Ha IMPOU3BOIUTEIS
(DualSun), ce u3non3Bar 3a m3uucisBaHe no ¢opmyna (1) Ha CTOMHOCTUTE Ha ENEKTPUYECCKHS
k.1m.11. Ha PV/T-konekTopa ¢ mooOpeHn XxapakTepucTUKu. MI3MepeHUuTe CTOMHOCTH Ha BETMYHHHUTE
ca rmoka3aHu Ha ¢ur.3, a U3UUCIeHUTE — Ha Qur.4.
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@ur. 3. M3MeHeHHs Ha HIHTEH3UTETa Ha CrbHUeBarta paauaius (G), TeMrepaTypara Ha OKOJTHATa
cpena (7,) u Temrneparypara Ha naHenute (7m), ©3MepeHu npe3 15 min 3a TUMIMYEH JIETeH JIeH.

WuTeH3uTeThT Ha cabHYeBaTa paguanus G Ha ¢ur.3 ce u3MeHs MO KpHUBa C XapaKTepHa
kambaHooOpa3Ha ¢opMa W c€ IBDKH Ha JECHOHOIIHOTO JBIIKEHHWE Ha 3eMsTa OKOJO OCTa CH.
[TonoOHM ca W3MEHEHUATA W HAa JPYTHUTE JBE BEIMYMHHU - TEMIEpaTypuTe HA MOAYJIUTE Im U Ha
okoiHaTa cpena T, [lpuuwHara e, ye TemmepaTypuUTe 3aBUCAT B MHOTO TOJsMa CTENEH OT
nHTeH3uTeTa G .

Benuuunure, npeacraBeHu Ha ¢ur.3, ce pasziuyaBaT IO AMIUIUTYJIUTE, MUHUMAJIHHUTE
CTOMHOCTH U MOMEHTHTE Ha MAaKCHUMaJHHUTE CTOMHOCTU. TemmepaTypHUTE MAKCUMYMH HacTbIIBAT
MO-KbCHO OT MakcuMyMma Ha nHTeHsurera G (cnmex okono 1,5 h), a croiiHOCTUTE Ha TeMIepaTypHTe
He cnazar 1o 0, kakro G. IlpuumHara e pasiukara B TOIUIMHHUTE KalalUTeTH HA MaHEIUTe U Ha
IIOKpMBA Ha Crpajaara, BbpXy KOWTO Te ca MOHTHpaHH. CTOMHOCTUTE Ha KamalWUTETUTE ca
MIPAaBONPONOPLMOHATHA Ha o0eMa Ha ChOPBHKEHHUATA M CE€ OMPEIENSAT OT XapaKTePUCTHKUTE Ha
KOHCTPYKTUBHUTE MaTepuanu. TOMIMHHUAT KamauuTeT Ha (POTOBOATAMUHUTE MOAYJIH € MO-MalIbK
OT TO3U Ha BB3/AyXa, LBETHT UM € THbMEH M KOE(QUIMEHTHT MM Ha IOIJTbLIAHE Ha CIbHYEBATa
paguauusa e roasm (Duffie, J. A. & Beckman, W. A., 2013). [lo Te3u nmpuuuMHU CKOpPOCTTa Ha
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M3MEHEHUE U aMIUIMTyAaTa Ha TeMIepaTypaTa Ha MOIYJIUTE Tm ca MO-TOJIEMH B CPAaBHEHUE C TE3U
3a TeMIeparypara Ha OKOJHaTa cpena ..

24
Nevi s
Npya, %0 22
20
18
16
12
10 TrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrT
N I~ 0 O N < OO O NMMNINMNMO ANANOMODMDMMANNO MINSS
M AN O N O ANMFWO© o © I I ¥ 00 o M- o o
I M O M O T AN M 0 O AN N d 00 N o M oo m O
N N N N N OO < O WwWwwWmw o O O uumLwmSsSsSsSouoomom
Ty, °C
——nPV1,% nPV2,%

Our. 4. I3MeHeHus Ha eNeKTPUYEeCKUTE KOe(UIIMEHTH Ha MOJIe3HO JeiicTBue (K.I1.J.) Ha
kinacuiecku PV/T-mnockk konekTop (1py4) ¥ Ha PV/T-konekTop ¢ mogoOpeHn XapaKTepUCTHKH
(Mpy2), ipe3 15 min 3a TUIIHUYEH JICTEH JEH.

Ananu3bT Ha rpadukuTe Ha (uUr.4 mokasea, 4e €JICKTPHUYECCKUAT K.I1.J. Ha Kiacudecku PV/T-
IJIOCKK KOJIEKTOPH, 3a THIHYEH JIETEH JeH, € mo-maibk ¢ (5,4,...,6,1) %, B cpaBHenune ¢ PV/T-
KOJIGKTOpPU C TIOJOOpeHH XapakTepUCTUKHU. ToBa € rojsMa pas3iuka, KOSATO 3aBUCH OT
METEOPOJIOTUIHUTE YCIOBUS M OT XapaKTEPUCTUKHUTE HA CPaBHsABaHUTE MOAYNIH. B mepuosa c Haii-
BUCOKH TeMIlepaTypu K.IL.J. 3a JiBaTa BUJA KOJIEKTOpU € Hal-MailbK, HO npu PV/T-konekropu c
MOA0OPEHHU XapaKTEPUCTUKU CTOMHOCTTa My He criajaa nmoj 18%. Ilpu Te3u konekTopu, morydeHara
TOIJIMHHA €HEeprusi OT CiIbHYEBaTa pajualus € Io-rojisiMa, a TeMIepaTypara Ha Bojara B
TOIUIOOOMEHHUKA Ha KoJIKTopa Moxke aa aocturHe 70°C. EnekTpudecKkusT K.I.J. ce MOBHILABA C
(5...15)%, xoero e MOBUIIM M OOIMS K.II.JA. Ha cuctemara. Toil ce ompezaens Karo cyma OT
SNCKTPUYCCKHSI U TOILTMHHUS K.11.11. Ha PV/T-monynure (Tiwari, G. & Dubey, S., 2010).

N3BOJIN

Nzcneaanute minocku PV/T-konekTopu ¢ mogo0peHn XapaKTepUCTUKH ca TO-TIOAXOISIIHN OT
Kiacuueckute 1wiocku PV/T-manenmn, B palioH ¢ wW3pa3eH YMEpPEHO-KOHTHHEHTAJeH KIUMarT.
EnextpuyeckusT k.a.ja. ce u3MmeHs B umHTepBaia (18,5,...,21,6) %, 3a pasriexmaHus OeH OT
roJiiHaTa B aHanu3upanus paioH. CronHocTHTe ca ¢ (5,4..6,1)% mo-romemMu OT Te3W 3a
Kimacudecku TMiaocku PV/T-konekTopu, KoeTo ce MABKH Ha MO-A00pOTO OXJaXJaHE Ha
dboToBoNTanUHUTE e€leMeHTH. [lo TO3WM HauyWH Cc€ Ch3AaBaT YCJIOBHS 3a TMO-MPOABIDKUTEITHA

eeKTHBHA eKcIuloaTanus Ha usciensanure PV/T-konekropu.
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Abstract: Selection, review and analysis of 50 current scientific publications in the field of increasing the energy
efficiency of production machines with electric drives are fulfilled. The sources are conditionally grouped in the
following scientific directions: increasing the energy efficiency of the electric motors; improvement of the electric
drives; energy efficient operations of the production machines; improved production technologies; improved
exploitation maintenance. The research in the subject area should be expanded in terms of adapted approaches,
creating preconditions for justified implementation of measures to increase energy efficiency.

Keywords: Electric Drives, Energy Efficiency, Improvement; Production Machines; State of the Art; Analysis

BBBEJIEHUE

KbM HacTosmuss MOMEHT ce pa3BUBAT peAulla JACHWHOCTH - CTPATETUYECKH, MOJUTHUYECKH,
WH)KEHEPUHTOBH M JIp., 32 BBBEXKJaHE HAa HHCKOBBIJIEPOJHM CHEPTUHHU U3TOYHUIU. BbIpeku
CUCTEMHHUTE yCHJIUS B CBETOBEH Mamlad JedbT Ha KOHBEHI[MOHATHUTE OOEKTH C M3rapsHe Ha
OpraHMYHU TOpHBA OCTaBa BHUCOK. ToBa MPOM3BOACTBO € HEU30€KHO CBBP3aHO C BPEIHU
BB3JICHCTBUSL M C€ XapaKTepHu3upa ChC 3HAYUTENEH MPUHOC 3a HAONIIOJIaBaHUTE KIMMATUYHH U
€KOJIOTUYHU MPOMEHH.

Eaua OT OCHOBHHTE MOAXOMU 3a pa3pellaBaHe Ha MpoOiieMa € ThPCEHETO Ha peIIeHUs 3a
HaMaJsiBaHEe Ha KOHCyMaluaTa Ha eHeprus. Pa3paboTkure B Tazu obiacT ca pazHoobOpaszuu. Beska
OT TSAX C€ XapakTepus3Hpa ChC CBOsITa crenupuka U MO Hes padoTAT YYEHH U CHEIHAUCTH ChC
CbOTBETHUS NPOPUI U KOMIETeHTHOcTU. [lomyuaBaT ce pa3sHOCTpaHHM pe3yJaTaTH - MOJENH,
METOANKH, HOBU JaHHU, TEOPHUH.

Bbrpeku cucteMHHTE yCWIIMS B MHOTO CTPaHU €HepruiiHaTa e(peKTUBHOCT OCTaBa HHMCKa. B
bwnrapus, Hanpumep, ot 2004 1. e B cuiia 3akoH 3a eHepruiiHata edexktuBHOCT. CripaBka oT 0a3ute
nanuu Ha EBpoctat 3a 2019 r. o6ade nmokasBa, ye eHepruiiHaTa MHTEH3UBHOCT Ha CTpaHaTa € Haii-
rojisiMa B CpaBHEHUE C OCTaHanuTe cTpaHu oT EBpomneiickus cbto3. HTEeH3UBHOCTTA € 3,32 mbTH
[I0-BHCOKa OT CPEIHOTO HHBO 3a Cbhi03a U 7,78 ImBbTU MO-BUCOKAa OT Abp)kKaBaTa C Hail-HHCKarta
WHTEH3UBHOCT. JlaHHUTEe ca mokaszarenHu. CratucThueckara WHGOpMaIUs ce MOTBBPXKAaBa U OT
pe3ysiTaTuTe OT HAy4YHHM H3CJIEBAaHUS, MPOBENEHH 3a KOHKpeTHH oOektu B bwarapus. Ilpu
W3CIIEIBAHETO HA HAKOM MPUMEPHU TEXHOJIOTUYHH MPOIeCH KOS(UIIMEHTHT Ha TOJE3HO JIEHCTBUE
3a eJIeKTpuyecKkaTa €HEeprusi, KOHCyMHpaHa OT IPOM3BOJACTBEHHUTE MAIMHU C EJIEKTPUUYECKO
3anBmKBaHe € 0kosio 30 %, KaTo mpH HAKOU OT MamuHUTe HamasBa 110 (1...2) %.

® JloknmajbT € NpeIACTaBeH Ha CTyJeHTCKara HaydHa cecus Ha 17.05.2022 B cekuus “EjeKTpoTexXHHKa,
€JeKTPOHNKA W aBTOMAaTHKA” ¢ OpWUTHHATHO 3ariaBue Ha Owirapcku e3uk: [IPOYUBAHE U AHAJIM3 HA
N3CJIIEABAHUSATA B OBJIACTTA HA EJIEKTPOEHEPTUMHATA E®GEKTUBHOCT HA TTPOU3BOJICTBEHU
MAIIWHU.
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Leara Ha pabGoraTa ¢ 1a ce M3BBPIIM NPOYYBAaHE M aHATU3 Ha MyOIMKyBaHUTE HAy4YHU
JIOCTIDKEHHs B o0OjacTTa Ha TIOBHUIIABAHETO Ha EJCKTPOCHEpruilHata e(eKTHMBHOCT Ha
MPOU3BOACTBEHN MAIIMHU C IEKTPUYECKO 33/IBIKBAHE C MACHTU(DHUINPAHE HA aKTyaTHUTE HAYYHU
HaNpaBICHUS W HUIIM U C Orjex JAepuHHMpaHe Ha ObJEIM JEHHOCTH 3a MOoJ0OpsBaHE Ha
e(heKTUBHOCTTA.

N3J10KEHUE

Upe3 wu3nosi3BaHe Ha CBETOBHOM3BECTHM 0a3M JaHHM CbC CIELUAIU3UpaHa HayyHa
aurepatypa ca mnoxbpanu 50 Op. axTyaqHM JIMTEpAaTypHM U3TOYHHMKAa B o0nacTra Ha
eJIEKTpOeHepruitHaTa e()eKTUBHOCT HAa IPOM3BOJICTBEHUTE MALLIMHH.

N3toununuTe Morat s1a ce rpynupar yCclIOBHO B CIE€IHUTE HayyHU HarpasieHus (Pur. 1):

e [loBumaBane Ha eHepruifHaTa €(EKTUBHOCT Ha €JICKTPUIECCKUTE IBUTATEIIH;
e VYCBBBPIICHCTBAHE HA EICKTPUUECKUTE 3aBUKBAHUS;

EnepruitHoepekTBHI pabOTHU PEKUMHU HA IPOU3BOJICTBEHUTE MAIIUHY;
[Tono6penu Npon3BOACTBEHU TEXHOJIOTHH;
[TonoOpena excruioaTaloHHa TOIAPHKKA;
Jpyru uzcneaBaHusl.

[ MoBuwaBaHe Ha eneKTpoeHepruﬁHaTa echeKTMBHOCT Ha NPOU3BOACTBEHMN I

Enektpunyeckn ||EnekTtpuueckm ||Pa6botHmn NMpoussoacTeeHm Excnnoataum-
ABuratenv 3aABUIKBaHUSI peXxMMm | | TEXHOJIOrMU OHHa noaApbIKKa
Penko3zeMHm Pekynepaums Ha || OnTMManHo MeTtanoobpabot- || OueHka Ha
mMaTepuanu eHeprus pasnpegenexHue BaHe ekcrinoartauu-
Ha ToBapa OHHUS CPOK
NkoHoMmyecku PerynupaHe Ha MuHHO
ob6ocHoBaH 1360p || ckopocTTa MnaBHO NycKaHe | | MpoM3BOACTBO MOHMTOPUHT 3a
Hen3rnpaBHOCTH
Onmummzaums Ha || OnpocTsiBaHe Ha || PerynupaHe Ha MeTanopexelum
MarHUTHUS MOTOK || 3aABWKBAaHETO CKOpOCTTa MaLLMHK ANroput™Mu 3a
niaHupaHe
KOHCTPYKTUBHM MogaepHu3auus ObpaTHa Bpb3ka | | HedbTopobums
nonobpeHus Mo CKOpocT MporHo3Ha
YnpaeneHue Ha XapTueHa noaapbXKa
Mepn BMecCTO BbpTALLMA PerynupaHe Ha MPOMULLIEHOCT
anyMuUHUin MOMEHT npouseoanTer-
HOCTTa
Mo-TbHKM namenu | | KoHTponepu ¢
U3KYyCTBEH
WHTEeneKT
KoHTpon Ha
CTaTOpHUS TOK

MMPOU3BOACTBCHUTEC MAIlIMHU

@ur. 1. Knacudukaius Ha HAy4YHUTE HAIIpaBJIeHUs B 001acTTa Ha eHepruiiHaTa e(peKTUBHOCT Ha

IloBumaBaHe Ha eHePruHATA e(PEKTHUBHOCT HA EJIEKTPUYECKUTE ABUTATEH

W3non3BaHeTo Ha eHeproeeKTUBHU JBUTAaTeIM B TMPOU3BOJCTBEHUTE NPEANPHUATUS €
npenopbuuTenta npaktuka (Tamboli, P., Kulkarni, S., & Thosar, A., 2020).
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B (Gavrila, H., Manescu, V., Paltanea, G., Scutaru, G., & Peter, 1., 2017) ce mocouBa, 4e
JIBUTATEIIU C MOCTOSIHHU MarHuTH OT eHeprueH kiac 1E4 (cwprmacno cranmapt IEC 60034-30-1)
MOrar J1a ce mojoOpsAT, 3a Aa oTroBapsAT Ha crenudukanuure 3a kimac IES, kaTo ce usmonsBar
PEAKO3EeMHH WU (EPUTHU MATHUTH.

3a nmomoOpsiBaHe Ha eHEprUifHAaTa CPEKTUBHOCT B MHIIyCTPHSTA €MH OT BB3MOKHUTE METO/IU
€ 3amsHaTa Ha apuratenu ot eHeprueH kiac IE1 ¢ Takusa ot kiac IE3. B (Gémez, J., Quispe, E.,
del Pilar Castrillon, R., & Viego, P., 2020) aBTopute npeajgarat METOI0JIOTHS, KOSITO ce 6a3upa Ha
W3UYUCISIBAHE HAa BH3MOXKHOCTTA 32 EHEPTrUHHU CIIECTSABAHUS, KaTO C€ U3BBHPINBA allPHOPHA OICHKA
Ha CIIECTSABaHUATA M CE ONMPEICIISAT HIAKOM MKOHOMHYECKH Bh3MOXKHOCTH 32 3aMsIHA Ha JIBUTATENHN C
TaKMBa C MO-BHCOK K.I.J. MeTOoObT HE MpaBH OICHKA HAa BCHUYKH JBUTATEIIM B HW3CICABAHHUTE
O0CKTH, a M3IOJI3Ba TMOTCHIIMAIHUTE SHEPIHIiHU CIIECTSBAHUS, 3a Ja ce M30epar JABHraTeluTe 3a
OILICHSBaHE. 3a pe3yiTarT Ce MPEIOCTaBs ITbJIHA WKOHOMHYECKA OIEHKAa Ha KpaHOTO pelICHHE,
OCHOBAHO Ha METOJIUTE HA JUCKOHTHPAHUTE TTAPHYHH ITOTOIH.

B uscnensane or 2020r. ce ycTaHOBsBa, Y€ NpPU CTAHAAPTHU EKCILUIOATALlMOHHU YCIOBHS
JBUTATEIUTE C TIOCTOSIHHU MarHUTH OT eHeprueH kiac IE4 mpurekaBat 1mo-HUCKa KOHCYyMaIusi, HO
ce IbpiKaT KaTo HenuHeHn koncymaropu (Tabora, J., de Lima Tostes, M., de Matos, E., Soares, T.,
& Bezerra, U., 2020).

3a ma ce monoOpu eHepruifHaTta epEeKTHBHOCT HA aCHHXPOHEH JABHTraTell ¢ Kade3eH poTop B
(Khoury, G., Ghosn, R., Khatounian, F., Fadel, M., & Tientcheu, M., 2018) e wu3BBpIIEHA
CUMYJIAIMs HA yIPABICHUETO HA OPUCHTAIUATA HA T0JIeTO. ENMWH OT edeKkTruTe € U HaMalIIBaHETO
Ha 3aryOute Ha momiHocT. OT Jpyra cTpaHa ce OKa3Ba, ue NPU HaMalsBaHe Ha JcOenuHaTa Ha
JaMeIINTe, U3TPAXKIAINTI CTATOPHUS TaKeT Ha Tpruda3eH acuHXpoHeH ABuraten ¢ MomHocT 0,37 kW
K.ILJ. ce yBenuuana ¢ 1,4 %, a 3arybure Ha momrHocT HamansBar (Yahya, Y., Rahmat, M., Salleh,
S., & Abdullah, T., 2019). B npyro uscnensane 3a mogodpsiBaHe Ha paOOTHUTE XapaKTEPUCTUKU Ha
aCHHXPOHEH JBUTraren ¢ kadeseH poTop € pazpaboreHa mogoopena kKoHcTpykuus (Subramani, C., &
Usha, S., 2020). Ilpu Hes 3a craTtopa € HW3MOJ3BaHA KOMOWHAIMS OT MarHUTH W OOOWHH, a
AlyMHHHUEBUSAT POTOP € 3aMeHeH ¢ MesieH. CuMyianusiTa € U3BbpIICHa C IOMOIIITa Ha codryep.

B cbhoTBeTcBME CBHC 3aKOHOAATEICTBOTO 3a €HEpruiiHa edexTuBHOCT B bpasunus ca
NpeanpueTy AeHCTBUS 3a MOAMSHA Ha JIBUTATENIUTE OT XMMHUYeCKaTa WHAYCTPHUS C TaKUBa C IO-

BHCOK K.I.J. M3mosi3Ba ce MHOTOKpUTEPUHHHUAT Mojen chriacHo mpouenypara FlTradeoff (de
Macedo, P., Mota, C., & Sola, A., 2018).

[IpennoxkeHa € opocTeHa METOAMKA 32 ONITHMH3AIIHMS HA MATHUTHHSI IIOTOK MEXKy CTaTopa U
poTopa Ha ACHHXPOHHM MaIllMHUA. MeToAuKaTa MO3BOJSBa €HeproeeKTHBHO YIpaBiIeHHE Ha
MaigHaTta B quHamudeH pexkum (Dominic, A., Schullerus, G., & Winter, M., 2020).

Karo msipka 3a mocturane Ha eHepruitHa e(peKTUBHOCT B MPOMHIIICHOCTTA, B CPAaBHUTEIHO
W3CIIe/IBAaHE C€ pas3liexkaa IMOAMSIHATa HAa AaCHHXPOHCH JBUTATENl ChC CTaHIAApTeH K.ILJA. C
acCMHXpOHEH jaBuraren ¢ Bucoka edextuBHocT (Donolo, P., Chiacchiera, E., Pezzani, C., Lifschitz,
A., & de Angelo, C., 2020). ABTopuTe OCOYBAT, Y€ C€ MPEAINOIaraT HKOHOMUYECKH OaprepH 3a
BHEJPSIBAHETO Ha EHEpProeeKTUBHU JBUTATENN MpPEIBU] TMOBUIIEHATa UM IieHa. OdvakBa ce
WKOHOMHYECKHATE OapuepH MOCTEIICHHO OTIa/IHAT.

W3non3BaHuTe €NEKTPOJBUraTeNd B MPOMMIILIEHOCTTa Ha MHAMS ca OCHOBHO OT €HEprHeH
knac IE1 wnm gBurarenn ¢ mo-HHUCBK K.IIJI., KOETO Hajara TsSxXHaTa HOAMSHA 3a Ja Ce€ HaMmallk
KOHCyMHUpaHaTa enekrpoeHeprus (Agrawal, S., 2019).

yC'BB'BpI[IeHCTBaHe Ha CJICKTPUYCCKUTE 3aABUKBAHUA

B (Mathaba, T., & Xia, X., 2017) e mpenactaBeH 0000IIEH MOJEN 3a ONTUMH3AIUA Ha
yIpaBIECHUETO HA CHUCTEMHU 3a HEMPEKhCHAT TPAHCIOPT, BKIIOYBAIIM JIGHTOBH TPAHCIIOPTHOPHU 32
cnyckane. OT cuMyJausaTa Cce YCTaHOBSIBA, Y€ W3IOJI3BAHETO HA PEKyNECPATHUBHU 33 BHKBAHUSI U
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pEryJIMpaHeTO Ha CKOPOCTTa MOTAT J1a OCUTYPST 3HAUUTEITHU €HepruiiHu crectsiBanus. CpoKbT Ha
OTKyIyBaHE Ha MHBECTULIUATA € MO-MaIbK OT 5 TOANHHU.

B cpenara na MatLab (Simulink) e peanu3upan Mozen Ha BUOPOIIEHTPOOESKEH cerapaTop Ha
3ppHO ¢ acuHxpoHeH asuraren (Linenko, A., Khalilov, B., Kamalov, T., Tuktarov, M., &
Syrtlanov, D., 2021). ACHHXpOHHHUAT JABHWTaTe] € W3IOJ3BaH 3a BUOPAIIMOHHO 3aJBUXBaHE,
IpeaBamo JBMKEHUETO Ha pabOTHOTO TAJIO O€3 J1a ce U3I0JI3BAT AOIMBIHUTEIHN IpeoOpa3yBaTen
Ha JBKeHueto. [lo To3u HauumH ce u30sSrBa KOHTPOJIHUS OJIOK 3a KOMYTalMsl Ha 3aXpaHBaHETO.
HamansiBaT ce MyCKOBHTE CTAaTOPHH TOKOBE M C€ yBEIMYaBa HAJICKJTHOCTTA HA HWHCTAJAIHUATA.
OtHOBO upe3 mHCTpyMeHTa Simulink € pa3paboTeH epeKTHMBEH aJIrOpUTHhM 3a YINpaBICHHUE Ha
3aJIBIKBAHE C aCHHXPOHEH J[BUTATEIl Ha JICKTPOMEXaHW4YeH BHUOpaImoneH Br30yauten (Simakov,
G., & Topovskiy, V., 2018). To3u anropuTbM CBEXIa 10 MUHUMYM €()EKTUBHUTE CTOMHOCTH Ha
(hazoBUTE TOKOBE Ha CTATOPA.

ITomobpsiBaHeTo Ha eHepruiiHaTa e€()EeKTHBHOCT W 0O€30IacHOCTTAa B 30HATa 3a JOOMB Ha
BBIJIMINA MOXKE JIa C€ MOCTUTHE Ype3 U3IMOJI3BaHE HAa MOJICPHU3MPAHH CIICKTPUUCCKU 3a/IBUKBAHHS
Ha OCHOBHHUTE MalllMHHU, KaTo 110 TO3M HAYWH ce HamassiBa u oocayxsamus nepconan (Kopylov, K.,
Kubrin, S., & Reshetnyak, S., 2018). B mmuBamkara waayctpus Ha banrmagem 80 % ot
3aJIBIKBAHUATA CE OKa3BaT Hee(PEKTHUBHHU IMOpaaM HM3MOI3BaHe Ha cheauHutTend. C men jga ce
cnectu enektpoeHeprus B (Khan, M., Islam Sakib, M., Tasneem, Z., Uddin, M., & Salim, K.,
2020) e npexacTaBeHa mo-e(peKTUBHA [IEBHA MaIlldHa C eJHO(DA3HO 3aBIKBAHE C Mpeobpasysare
HA YeCTOTa.

C momorira Ha aJanTHBEH KOHTPOJEP 332 HEBPOHHA MpPEXa, CBbpP3aH B CXeMa C JAUPEKTHO
yIpaBJICHUE HA BBPTAIIMS MOMEHT Ha ACHHXPOHEH JBUTaTel, ca IMoJ00peHH eHepruitHaTa
e(heKTHBHOCT, Ka4eCTBOTO M HAJCKIHOCTTAa HA YIPABICHUETO HAa CICKTPUYECKO 3aJBHIKBAHE B
npomunuieno npexnpusitae (Davydov, V., & Zhiligotov, R., 2019).

B (Polnik, B., Kaczmarczyk, K., Niedworok, A., Baltes, R., Clausen, E., 2020) ce
000CHOBaBa, 4e MPOLEChT HA PEKYNEPATUBHO CHHpPAHE € €IUH OT 3HAaYUMHUTEe (aKTopu 3a
mojo0psiBaHe Ha EHepruiiHata e(QeKTUBHOCT Ha MPOM3BOJCTBEHHM MAIIMHH OT MHHHATa
npomuiuieHocT. B apyro uscnensane ot 2020 r. ca pa3rieaHu €IEKTPUYECKUTE 3aJBUXKBAHMUS,
3aXpaHBaHU OT aBTOHOMHH aKyMyJaTOpH W paboTeImu MpeauMHO B mpexoaHu pexumu (Susdorf,
V., Cherniy, S., & Buzikayeva, A., 2020). [Ipeayara ce moaxo/ 3a CHHTE3 Ha €HEPTUITHOSPEKTUBHO
CepUiHO yMpaBlIeHUE Ha JBUTATENs, Oa3WpaH Ha HEJIMHEWHa KOpPEKIMs Ha MapamMeTpuTe u
ONTHMHU3HPAHE HAa YeCTOTaTa Ha BHPTCHE.

3a momoOpsiBaHe Ha eHepruiiHata e(eKTHUBHOCT HAa ACHHXPOHHH €NIeKTPO3a/IBIKBAHUS B
JTUTEepaTypaTa € MPEUIOKECH U METOJ 4pe3 W3IOJI3BaHE Ha KOHTPOJIEpH, 0a3MpaHW HA H3KYCTBECH
MHTENEKT. Te ce HacTpoiBaT ¢ MOMOIITAa Ha ONTUMAIHUA CTOWHOCTH HAa TOKa, TMOJYYEHH upe3
Marematuuecku uzuucienus (Shukla, N., Shantanu, K., Singh, K., & Srivastava, R., 2020).

EHepFHﬁHOCq)eKTI/IBHH paﬁoTHn PEKUMU HA NTPOU3BOACTBECHUTE MAIlIMHHA

3a HaMmansBaHE Ha 3aryOWTe Ha EHEprusi Ha XUAPABIUYHU TIpecH € MpeIokKeH
SHEeproCIIeCTBaI METO/I Ype3 OalaHCUpaHe Ha HAaTOBAPBAHETO HA MpecH. MeToIbT Ce OCHOBaBa HA
aHalM3a Ha XapakTEepPUCTUKUTE HA CEHEPTUWHHUS TIOTOK, KaTo pe3yJATaTHTe TOoKa3Bar, ue
HaMaJIsIBAHETO Ha KOHCyMallusTa eJleKTpuuecka eHeprus moxe na aocturuae 36 % (Li, L., Huang,
H., Zhao, F., Sutherland, J., & Liu, Z., 2017). ABTopuTe nmocouBatr KoH(pUTypaIlusi OT IBE MPECH,
IIPH KOSITO TMpETOBapBaniaTa CHEPrys Ha eHaTa Ipeca MOXKe JIa Ce M3IT0JI3Ba KaTo BXOHA SHEPTHUs
3a nmpyrata. Oka3Ba ce, ye MpH HIKOM TEXHOJIOTMYHHU OIEpaluil eHepruiiHata e(peKTUBHOCT Ha
3aJIBIIKBAIIaTa CUCTEMa ce T0100psBa.

B roxHOappUKaHCKM MHHHU 3a MOCTUTAHE Ha CHEPruiiHa €(EKTUBHOCT BEHTHJIAI[MOHHHUTE
CUCTEMHU Ca I/IHCTa.]'H/IpaHI/I 3aBUXBaHUA C HpOMeHHI/IBa CKOpOCT Ha B’BpTeHe, 3aXpaHBaHI/I Ha
cpenno Hampexkenue (Nel, A., Arndt, D., Vosloo, J., & Mathews, M., 2019). Jloka3Ba ce, 4e ¢

.57 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2022, volume 61, book 3.3.

MOMOIIITAa Ha TUPUCTOPEH MpeoOpa3yBaTesl Ha HANPEKEHHE, KOMTO € ChC CTaTHUYEH PETyJIaTOp U C
MOCTOSIHEH CHUTHAJ 3a €TaJIOHHA CKOPOCT MOXKE Jla C€ MOCTUTHE CHEPrHMMHOC()EKTHBEH PEKUM Ha

pa60Ta Ha aCMHXPOHCH ABHUIATCII IIPU BHPTAIIA MOMCHTH, I10-MaJIKl OT HOMHUHAJIIHUTE (Goun, V.,
Bsakin, A., Anikin, A., & Sidorenko, N., 2020).

3a nogoOpsiBaHe Ha eHepruiiHaTa eEeKTUBHOCT U MOA00psiBaHEe PaOOTHUTE XapaKTEPUCTUKU
Ha eaHO(pa3HH ACHHXPOHHH JBUTATENM € pa3paboTeHa OE3CCH30pEH METOJ 3a YNpaBJICHHE Ha
CKOpPOCTTa, IMO3BOJISIBAILl CUMETPUYEH PEXKUM U OalaHCUpaHa paboTa Ha JABHUraTelsi BbB BCUUKHU
paboOTHU TOYKHU OT JMara3oHa Ha CKOpocTuTe Ha BbpTeHe (Almani, M., Hussain, G., & Zaher, A.,
2021). 3a W3MBIHEHHWETO HA TO3M METOJ € pa3paboTeH anropuTbMm 3a (a3oBO HM3MecTBaHe. B
chlaTa myOauKalus ce choOIana 3a pa3paboTeH IbPBH MO POAa CH MOJIEN 32 IUIABHO ITyCKaHE Ha
JBUTATEIs] MPU MHOTO HHUCKM dYecToTH. CuMmynanusTa Ha JBUTATeIsl IMOKa3Ba IOJOXKUTEITHU
pe3yJITaTH OTHOCHO €Heproe(eKTHBHOCTTA HA MPEATI0KEHUS METO/.

ITpe3 2018 (Khoury, G., Ghosn, R., Khatounian, F., Fadel, M., & Tientcheu, M., 2018) exun
OT TeTUMa W3CIeNOoBaTeNId MpeiaraT eHepruiiHoeeKTUBHO ,,CKaJapHO* yIpaBJICHHE Ha
ACMHXPOHEH JBHUTaTe] ¢ Kade3eH pOTop 3a 3aJBHXKBAaHE C IMPOMCHIIMBA YECTOTa HAa BBPTCHE HaA
MIOMITH, KOMIIPECOPH W BEHTHUJATOPH. Pe3yiratuTe OT Ipyro M3CjeIBaHE IOKa3Bar, ye ako ce
U3MON3BAaT TOMIIM C peryjiupyeM JeOutr Moxe na ce mnocturHe 60% HamansBaHe Ha
€JICKTPOIOTPEOJICHUETO Ha KOPAOHO €IEKTPO003aBEKJaHe MPHU MOHUKEHU CKOPOCTH Ha JBUKEHUE
Ha raBatenHuTe cpeactsa (Dere, C., & Deniz, C., 2019).

IonoO6penu NMpou3BOACTBEHH TEXHOJIOTHHI

B u3cnenBane ot 2021 r. ce cpoOmaBa, 4ye ChIIECTBYBAT Bb3MOKHOCTH 32 HaMalsiBaHE Ha
KOHCyMHUpaHaTa eJIeKTPOCHEPT s Ype3 MPHIOKEHNE Ha pa3padOTeHN HU(PPOBU MOJIEIU, OMUCBAIIN
TEXHOJIOTUYHHU Tporecu 3a m3terisHe Ha Ten (Karandaev, A., Gasiyarov, V., Radionov, A., &
Loginov, B., 2021). MeToabsT ce OCHOBaBa Ha M3IOJ3BAHETO HA 3allacUTE OT CHIMTE Ha TPHEHE,
KOHUTO ce HaOJI0AaBaT MpH Mpa3eH XO/I.

[IpoBeneHo e um wm3cimenBane B MuHHOTO mpom3BoacTBo (Golik, V., Komashchenko, V.,
Morkun, V., Morkun, N., & Hryshchenko, S., 2018). B uero e npejcraBeH pa3pabOTeH aJrOpUThM
3a e(heKTUBHO MOTpEeOICHNE Ha eNeKTpUYecKa eHeprusi, 0a3upaH Ha MOJOOPEHHs B TEXHOJOTHS 32
Mpou3BOJACTBO Ha OetoHHU cMmecHu. [Ipe3 2019 r. e HampaBeHa OIEHKAa Ha TMPOIIECH HA ps3aHE C
MOMOIITa Ha TeoMeTpuyHa (usuveckn Oa3upaHa CHUMYJAlMs, KaTo € B3eTa IMOJ BHHMAaHHE
KOHCyMHMpaHaTa €JIEKTpPOCHeprus OoT MeTanopexemara MamuHa (Wirtz, A., Meiflner, M.,
Wiederkehr, P., Biermann, D., & Myrzik, J., 2019). ToBa mpemoctaBs BB3MOXXHOCTH 3a
ONITHUMU3HPAHE Ha TPOIECUTE Ha psi3aHe, KaKTO M 3a TUTAHWpaHe Ha pa3xoaute. EjHa roguHa mo-
KbCHO € TMPEAJoKEHO BBBEXKIAHETO HAa EHEePruiHOePEeKTUBHO o03aBexaaHe mpu HedTo- H
ra3ono0MBa, a WMCHHO EJICKTPUYECKH ITOTOIMSEMHU ILTY>)KEPHH TIOMITH 3a HE(TEHH U Ta30BU
kianennu (Babanova, 1., 2020).

B xapTueHnara mpoMHUIUIEHOCT €IHU OT Hail-roieMUTe KOHCYMaTOpU Ha €JIEKTPOEHEpPrus ce
oka3BaT BakyymHuUTe BoAaHM mnommu. B (Uimonen, J., 2017) ce mnpeayiara M3MOJ3BaHETO Ha
eHepruitHoe(ekTBHa TypOO TEXHOJIOTHSI C POMEHJIMBA CKOPOCT 3a OTCTPaHsSBaHE HA BOJaTa, KaTo
[0 TO3M HA4YMH CE€ IOCTUraT BHUCOKU IPOM3BOJCTBEHHM XapaKTEPUCTUKH U 3aJ0BOJIUTEIIHA
eHepruiiHa e(pekTUBHOCT.

IHoxo0peHa ekCnJI0ATAMOHHA MOAAPBIKKA

ITomoOpenaTa ekcryioaTalMoHHa TMOJAPHKKAa BOAM 10 OTKPHUBAaHE HA paHHM NPHU3HAIM Ha
MOBPE/IM U YJIECHSBA JICWCTBHSITA 32 CBOCBPEMEHHO OTCTpaHsBaHe Ha moBpenuTte (Selcuk, S., 2017).
Ts ocurypsiBa Ge3aBapuitHM peKMMH U HaMallsiBa KOHCyMHpaHarta enektpoeHeprus. Okassa ce, 4e
METOJIUTE 3a MPOTHO3HA MOJJPHKKA, PECH. OLEHKa Ha KU3HEHUS IIUKBJ Ha €JIeKTPOABUTATEINTE,
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M03BOJIsIBAT paboTa M0 HOMHHAJIEH TOBAp 3a MO-ABJIrd nepuoau ot Bpeme (Ayyappan, G., Nikhil,
N., Raja, R., Pandi, V., Angel, T., & Babu, R., 2019).

3a nmonobpsiBaHe Ha €(pEKTUBHOCTTA Ha EJIEKTPONOTPeOICHUETO € pazpaboTeHa HaAeKIHA
CHUCTEMa 3a MOHUTOPUHI, KOSTO OTKpHUBA HEU3NPABHOCTH B HaW-paHEH €Tal B aCUHXPOHHATa

MallliHa, IMOPOJICHH OT HECUMETpHs Ha Bb3aymHaTa MexauHa (Li, D., Wang, W., & Ismail, F.,
2017).

[Ipe3 2019 r. e npemsioxkeH aaropuThbM 3a IJIAaHUPAHE HA JEHUCTBUATA MO MOAAPHKKATa Ha
ACMHXPOHHU JIBUTATENIN C BH3HUKHAIU MOBPEIN, BOJACIIM 0 eKCIuloaTannonnu 3aryou (Singh, G.,
Anil Kumar, T., & Naikan, V., 2019). B cbmiara ny6iukaius ce pa3kpuBa KaKk MOHHTOPHUHI'BT Ha
eHepruiiHaTa eQEeKTUBHOCT W  CBhCTOSHUETO Ha  JBHUraTeJIdTe Morar Ja  HaMmajsaT
€JIEKTPONOTPEOJICHUETO U eMUCHUUTE Ha BBIVIEPOJICH JUOKCHU/.

B Tabnuma 1 ca 0000IeHn JaHHU 3a aHAIW3 HAa AaKTyaJIHOCTTa HA IMPEICTaBeHHUTE JOTYK
HAayYHU HalPaBJICHUS.

Tabmuna 1. JlaHHN OTHOCHO aKTyaJIHOCTTa HAa HAYYHH HAITPABJICHUS B 00J1acTTa Ha
eJIeKTpOeHepruiiHaTa e()eKTUBHOCT Ha MTPOU3BOJICTBEHN MAIIUHU

CpepeH Bbpoi Ha
Oo6w, 6poi 6poit uutupaHuata | MNogHanpasneHue
HayuHo HanpaBneHue | UUTUPAHUA B UUTUPAHMA | HA HaWn- Ha HaU-UMTUpaHaTa
HanpaB/ieHUeTo | Ha egHa uMTMpaHaTa | nybaukauusa
nybaunkauua | nyébankauma
EdekTnBHOCT Ha 46 4,18 14 M3nonssaHe Ha
eNleKTpuYecKumTe peaKo3eMHM
AguraTenu MmaTepuanm
YCbBbpLIEHCTBAHE Ha 33 3,67 15 Pekynepauua Ha
eNleKTpuYeckKuTe eHeprua
3a4BMKBAHUA
EHepruiiHoedeKTMBHM 63 10,5 26 OonTnmanHo
paboTHU pexumu pa3npegeneHune Ha
TOBapa
MopobpeHun 10 2 4 MWHHO
NPOU3BOACTBEHM NpPoOn3BOACTBO U
TEXHONOrNKU MeTasiopexKeLLn
MaLINHU
MopobpeHa 152 38 116 MporHo3Ha
eKCnnoaTaunoHHa noaApbiKKa
NnoAApPbIKKA

Or JaHHUTC B TaGJmua 1 ce YCTaHOBsBA, Y€ CbC 3HAYUTCIIHO ITO-TOJIIMAa aKTYaJIHOCT CIIPSAMO
OCTaAHAJIMTEC € HAYYHOTO HaAIIPaBJICHHUE, CBBP3aHO C HO}IO6p$IBaHe Ha CKCIlJIoaTaluoHHaTa
noaaApBIKKa, CJICABAHO OT OIITUMU3UPAHCTO HA paGOTHI/ITC PCKUMHU HA ITPOU3BOACTBCHUTC MAIIITUHU.
C mo-manka AKTYAJIHOCT Ca HAITPaBJICHUATA OTHOCHO HU3IIOJI3BAHC Ha eHepl"O@(i)eKTI/IBHI/I JABHUTIaTCIIN,
YCBBBPIICHCTBAHEC Ha  CICKTPHUYCCKUTC  3aABUXXBAHUA U HOI[O6peHI/ITC IMPONU3BOACTBCHU
TexHoJiornu. B JUuTeparypara rojiaMo BHUMAHHUEC CE€ OTACIIA Ha MKOHOMMUATA Ha CICKTPOCHCPIUuAa
qpe3 HO-e(bCKTI/IBHa MMPOrHo3Ha MOAAPBIKKA Ha MAIIUHUTC U 6aHaHCI/IpaHOT0 PasnpeaCIICHUC Ha
TOBapa MCXKAY TAX.
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Apyru u3ciaeaBanus

B (Semenov, A., Egorov, A., & Khubieva, V., 2019) ca pa3zpaboTenn MaTeMaTH4YeCKH MOJCITU
B MatlLab 3a olleHka Ha OCHOBHUTE I[apaMeTpU Ha CEJIEKTPUYECKUTE 3aJBUKBAHUS B
TEXHOJIOTUYHUTE 3BEHA Ha MUHHU mpeanpusarvs. [lapamerpure ca BrioBa CKOPOCT, MOIIHOCT U
BBPTSIIl MOMEHT U C€ OLIEHSBAT 3a pa3iMyHu paboTHHU pexxuMu. Ha Gaza Ha Te3u Mozaenu Morar na
Ce HaIpaBsT 3aKII0UeHUS 3a o00psaBaHe Ha eHepruiiHata egexktuBHOCT. B (Tamboli, P., Kulkarni,
S., & Thosar, A., 2020) ca mnpeiacTaBeHH CHCTEMH 3a CHEPTUMHO YyIpaBJICHHE, KAKTO M
eHeproedekTBHY aBuratenu. [Ipeparar ce pemeHus 3a pa3inyHu MpoOJIeMH B POU3BOICTBEHATA
UHIYCTpPHSL.

MerTanopexenure MaluHu ¢ TeKKH padOTHU PEKUMH KOHCYMHUPAT 3HAYUTEITHU KOJIHMYECTBA
enektpoeHeprusi. B wm3cinenBane ot 2019 e paspaboreH 0000meH Mozea Ha KOHCyMalluATa.
MonenbT € ChbCTaBeH Ha TPU HUBA — JNe(UHUpAHE HA TPAHUIIMUTE HA CHCTEMara, pas3riexkIaHe Ha
oOImaTa KOHCYMHpaHa €Heprus U MoJApoOHO omucaHue Ha morpebnenuero (Shang, Z., Gao, D.,
Jiang, Z., & Lu, Y., 2019). Bs3 ocHOBa Ha TOBa ce Ch3JaBa BH3MOKHOCT 3a MPOTHO3HMPAHE Ha
€JIEKTpONnOoTpeOIeHHEeTO Ha (PU3NUECKH HEJJOCTHITHU MAILIUHHU.

[Ipe3 2020 r. e HampaBeHO MpOydYBaHE 3a MPOTHO3MPAHE HA KOHCyMallUsTa Ha €HEpPrus Ha
eJIEKTPO3aJ[BI)KBAaHE C MpeoOpa3yBarell Ha YeCcTOTa, OCUTYpsBaIio BHOpannoHHO cuto (Adenuga,
O., Mpofu, K., & Ramatsetse, B, 2020). B nyOnukauusi OT chlaTa roJuHa Ce€ pasriexaar
MPOSKTHH MEPKH 3a HaMalIIBaHE Ha €JICKTPOIOTPEOJICHHETO Ha MeTajao00padoTBaIlM MAIIMHH,
MeTOoJM 3a e(h)eKTHBHA paboTa Ha Te3U 00CKTH. AHAM3UPAHH Ca Bh3MOXHOCTH 3a MOI00psiBaHEe Ha
eHepruiftHata eekTuBHOCT B MammHocTpoeHeTo (Denkena, B., Abele, E., Brecher, C., Dittrich, M.,
Kara, S., & Mori, M., 2020).

ACHHXPOHHHTE JBHTATEIN OTIACIAT 3HAYUTEIHU 3aryOu MpH paboTa B JAMANA30HH C HHUCKH
HATOBapBaHWsA. 3a pellaBaHe Ha TO3M NPOOJEM ce Mmpejajara H3MOJI3BAHETO HAa CHHXPOHHU
pPEaKTHMBHM MAIIMHH B TE3W J[MAla30HH, KOETO BOAM [0 IIOCTHraHe Ha go0pa eHepruifHa
edextuBHOCT (Bold, S., Dolgirev, J., & Urschel, S., 2018).

B nuteparypara ce cpemar u pa3pabOTKH, CBbP3aHU C €IEeKTpOeHepruiiHa e(heKTUBHOCT Ha
3aJIBUKBaHUS B 00JIacTTa Ha €JEKTPOMOOMIINTE, KEJIe30II'bTHHUS TPAHCIIOPT, CHEPrUMHUTE OJUTH U
CUCTCMUTC 34 CHCPIruc€H MCHHUIKBHHT, HH(bOpMaHHOHHHTe TCXHOJIOI'MH, BKJI. C H3IIOJI3BAHC Ha
M3KYCTBEH uHTeNeKT, u nap. (Biihler at al, 2019; Hua at al, 2019; Javied at al, 2016; Kim at al, 2019;
Lamb, J., & Godbole, N., 2019; Manfren at al, 2020; Nagaveni at al, 2019; Popescu, M., &
Bitoleanu, A., 2019; Toshniwal, S., & Bharkad, S., 2019; Uyulan at al, 2018).

U3BOIMN

W3cnenBanusita B mpenMeTHaTa oOnacT cieiBa Ja C€ pas3liMpsiBaT MO OTHOIIEHUE Ha
aZlanTHpPAHUTE TOAXOM, Ch3JaBallld MPEINOCTaBKH 32 OOOCHOBAHO BHEJpsSBaHE HAa MEpPKH 3a
MOBUIIIAaBaHE Ha eHepruiiHaTa eeKTUBHOCT. ToBa HampaBiieHUE € CPABHUTEIHO CJ1a00 3aCTHIIEHO B
JIUTeparyparta.

OO6XxBaThT Ha MPEACTABEHOTO JUTEPATYpHO MPOYUBAHE CJE/ABA J1a CE Pa3IIUPH U JIOMBIHU C
HOBM CPAaBHUTEJIHU aHAIM3H U JOMBIHUTEIHO PAH)KUPAHE HA HAYYHHUTE HAIIPABICHHUS.
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Abstract: This article discusses the different methods of artificial irrigation. Their advantages, disadvantages,
areas of application and possibilities for automation in the reclamation processes are analyzed. The types of water
sources and the parameters determining the degree of usability are indicated, both for Bulgaria in general and in the
Veliko Tarnovo region in particular. The types of water pumps used in artificial irrigation are described. Their
technical and economic parameters, energy sources for propulsion and areas of application are analyzed. The energy
potential of solar radiation in Bulgaria and its suitability as an efficient energy source for powering irrigation systems
through the use of photovoltaic installations have been researched.
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BBBEJEHUE

Ot nbpia0oKa APEBHOCT € M3BECTHO, Y€ HANOSBAHETO € HAYMH Ja Ce MOBUIIAT JOOUBUTE OT
3emezernckuTe Kynrypu. [Iporaosure ca, ue oxono 60% ot xpanara, HEOOX0MMa 3a U3XpaHBaHE HA
cBeTa B Objenie TpsAOBa ga unsa ot nonuBHOTO 3emenenue (FAO, 1999). Cera to ocurypsisa 40%
OT CBETOBHOTO MPOM3BOJICTBO Ha XpaHHU BbPXY caMo 17% ot obmiata oOpaborBaema 3emsi. Bogara
3a HamosiIBAaHE C€ OCUTYpSiBAa OCHOBHO MO JBa HAuWHA — OT BaJeXH WIH OT JOMBIHUTEITHO
HarosiBaHe, HO M B JIBaTa ciydyasi KOJMYECTBOTO BOJA PAJKO OTTOBapsi HAa HAlIOUTEITHUTE HOPMHU Ha
cpoTBeTHaTa Kyitypa (Evstatiev et al, 2019). KnumarsT B Bbirapus ce xapakrepusupa cbe Cyxo H
rOpelo JIATO, MOpaJyd KOETO HAMOSBAHETO € 3aJb/DKUTENIHA arpoTeXHHUYecKa IMpoleaypa, KosSTo
MOJKE J1a OCUTYpPHU MO-A00Bp pacTeXk M ChOTBETHO Ja yBEIUYM JAOOMBA Ha PEKOJITaTa B OBOLIHHUTE
rpagunu (Evstatiev et al, 2019).

[TonvBHA HOpMa € KOJIMYECTBOTO BOJA, KOETO TpsAOBa Ja ce Jaje Ha eIWHHUIA ol (KB.M,
JieKap WM XEeKTap) 3a HaBJIaKHSABAaHE Ha KOPEHOOOMTAaeMHMsl MOYBEH ILIAcCT A0 IpEJesIHa IMOJICKa
BrIaroeMHocT. T.e. Ja ce HaBIaXHU KOPEHOOOWUTAEMHST MOYBEH IUIACT TOJIKOBA, KOJKOTO BJara
MOKE J1a TIOTHE U 3aIbpKu, 0€3 Ja MMa H3JIMIIHA BOJA, KOSITO Jja Ce MPOCMYKBa MO-IbJIOOKO,
KBJICTO HAMa KOPEHH, WU ITBK Ja 3a0arsaBa noysara (agri.bg, n.d.).

Crnopen paznuunn um3cienaBanus (Nadia Umi et al, 2020; Candra et al, 2015; Kireva and
Mihov, 2021; u Petkov et al, 2007) moBuIicHHETO Ha TOOMBHTE ciea HamosiBaHe ¢ oT 47 10 250% B
3aBHCHMOCT OT BUJa HacaX/IeHHUs, KaTo 00o011eHa nHpopmalus e npejacTaBeHa Ha ¢ur. 1.

10 MoxnagsT e mHpeicTaBeH Ha CTyJeHTCKaTa HayuHa cecus Ha 17.05.2022 B cekuus “EnekTpoTexHMKa,
€JIEKTPOHMKA U aBTOMAaTUKa™ ¢ OpWUTHHAIHO 3ariaBue Ha Obiarapcku e3mk: AHAJIN3 HA BB3MOXHOCTUTE 3A
EHEPITOCHABJISIBAHE OT BB30BHOBSEMH EHEPITMWHM M3TOYHUIIM HA WMHCTAJIALIMM 3A
HATIOSIBAHE B BbJITAPU .
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IlenTa Ha HACTOSIIIMS JOKJIAM €, OTYNTAWKH OCOOCHOTUTE HA HAMosIBaHETO B bwirapus, na ce
aHAIM3UpAT BB3MOKHOCTUTE 3a EHEPrOOCUTYPSIBAHETO Ha HAMOUTEIHM HHCTalallid  OT
Bb300HOBSIEMH CHEPTUIHHN N3TOYHUIIH.
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@ur. 1. [ToBumenue Ha nob6uBHTE Mpu HamosiBane (Stoyanov et al, 2021)

N30 KEHUE

BujgoBe HAaNOMTEJHN MHCTATALMHT

I'pagumauno nanoasane

ToBa e ucropuueckn Hall-CTapuUAT METO/] 3a HAIMOSIBAHE Ype3 CBOOOTHO JBMKCHHE HA BOZAATa
10 [IPEIBAPUTEIIHO HApaBEeHH KaHau (Opa3an) Mex1y peoBeTe ¢ HacaxaeHus (¢ur. 2).

@ur. 2. ['paBuTayHO (6pa3I[OBO)HaH0}IBaHe(agI‘1 bg n. d)

OCHOBHUTE My IIPEUMTBA Ca:
® [IPOCKTHUPAHETO M pa3pabOTBAaHETO Ha Opa3au MOXKe Aa ce IUIaHWpa M U3IThJIHSABA
MOCTETICHHO B 3aBHCUMOCT OT HAJMYUETO HAa pabOTHA PBhKa U CPECTBA;
e eBTHHA MOAJPHKKA - CJIE]l 3aBbPIIBAHE HA HEOOXOAUMHUTE NEHHOCTH I10 M3TPaKIaHe
Ha Opa3anTe MOJAPBKKATa C€ ChbCTOM CaMO B MEPHOAMYHO MAIIMHHO KOPUTHPAHE Ha
nepopmupanute Opas3au;
e MUHHMMaJHa €pOo3Us Ha [0YBaTa;
e JMICAa HAa CIOXHU YCTPOHCTBA — BEHTWJIH, TPBHOONPOBOAM, (UIATPH, KiIamaHH,
PasnpbCKBAYH U JIP. — KOETO BOAM J0 BHCOKA HAJICKIHOCT.
Henocrarbuure npu rpaBUTaYHOTO HAIMOSIBaHE ca:
e HE € MOJAXOAAIIO 3a MOYBH C MO-BUCOKA BepTuKaiaHa nHmiTpauus Hag 30 mm/h u
MO-HHUCKA CTPaHNYHA MHPHUITpALus;
¢ Dpa3XoAbT HAa BOJA € IO-BUCOK B CPABHEHHWE C HAIMOSBAHETO C TNPBCKAYKH WIH
KaIlKOBOTO HAaIOSIBaHE;
e uyMa Bb3MOXKHOCT 32 IIOBUIIIABAHE HA COJICHOCTTA B IIOYBATa MEKIY Opa3aure;
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® [IpU NPEKbCBAaHE HA MpErpajuTe B Kpas Ha Opa3auTe pA3KO Ce MOBHUINABA Pa3XOIbT
Ha BOJa. 3aTOBa € HEOOXOMMO MPUCHCTBUETO HA XOpa 3a HAOII0/ICHUE;

® pa3xomuTe 3a TPYA Ca TO-BUCOKM B CpPAaBHEHHE C OCTaHAJIUTE METOAM 32
HOBBPXHOCTHO HalOsIBaHE;

e Hail-noOpu pe3ynTaTH JaBa [P PEIOBO 3acsiBAHE HA HACAXKICHUATA.

vorcoysane
JIbKyBaHETO € Jpyr I0-MKOHOMUYEH OTKBM pa3Xo/l Ha BOJIa HAUMH Ha HAIOsBaHE, MO-JIEK 3a
peanu3upase U no-e()eKTUBEH, 0COOEHO ITPU KpacTaBULM, ITUIIEP, LIBETS, TIOTIOH, JIFOLEPHA U Jp.

@wr. 3. I'paButauno (Opa3noBo) HamosiBaHe (agri.bg., n.d.)

W3non3ear ce HAKOIKO Buaa ((ur. 3), KaTro ePeKTUBHOCTTA HA HAMOSIBAHE C€ JBHKU MEXKIY
60 u 95%. Haii-BaxxHuTe npeIuMCTBAa Ha CUCTEMUTE 3a HAIlOSIBAHE Ype3 IbXKIyBaHE ca:
® MOAXOJSIIU Ca 3a MOYTH BCHUYKH BHUJIOBE MOYBU ChC CKOPOCT HA MH(DUITpALUS MO
30 mm/h;
MOAXOMSAIIN Ca 3a HAIIOSIBAHE Ha IIOYTHU BCSIKA KyJITYypa;
MO>K€ J1a C€ U3MOJ3BaT PU HEPABHU TEPEHU;
BBB BOJIaTa 3a HANOSIBAHE MOXKeE J1a ce J00aBAT TOPOBE, XePOUIUAN U QYHTULIUIH;
HsIMa HYXKZa OT 3aXpaHBaIlll KaHaIlU C OOJIUIIOBKY;
uMaT HaMmalieHO MOTpeOJieHHe Ha BOJAa U pPa3xogud 3a TPyAd B CpPaBHEHUE C
rPaBUTAYHOTO HAIOSIBAHE.
TpsabBa ga ce orOenexaT M HEAOCTATHIUTE HA JIBXKIYBaTHUTE CUCTEMU:
® BATHPHT NPUUMHIBA MU3KPUBSIBaHE HA BOJHUS CHON W MPEIU3BUKBA HEPABHOMEPHO
pasnpeerneHre Ha BojlaTa BbpXY [104BaTa;
e MEKHUTE IUIOJIOBE, KOMTO y3psiBaT, TpsAOBa Aa OBAAT 3allMTEHH OT MpPbCKAauKara,
3al10TO BOJIHATA CTPYSI MOXKE Ja TY MTOBPEIH;
® BHCOKa ITbPBOHAYAJIHA I[€HA 32 MOHTAX;
® TBXIYyBATHUTE CUCTEMH DPAOOTAT MPU BUCOKHU HASITAHUS, KOETO BOJU IO TOJISM
pa3xo/1 Ha EHeprus;
® IBKIYBATHUTE CHCTEMU HE ca MOAXOMAIIM 3a MOYBH ¢ (puHa TekcTypa ¢ OaBHa
cTerneH Ha uHuITpaIms, 3anoTo 3a0IaTsaBar;
® CaMOXOJHHUTE IBXKIYBAIHH CUCTEMH MOTAT Jia UMaT 3aTPyJAHEHUS TPU JBUKEHUETO
CH B MHOTO MEKH II0YBH;
® IBXIyBAJIHUTE CUCTEMHU HE MOTraT Jia ce Mpujarar Npu pa3HOPOJHU HACAKICHUS B
€JIMH TIapIiell, M3UCKBAIY PA3IUIHH MOJTUBHA HOPMH.

Kankoeo nanoseane

CucreMuTe 3a KalKOBO HAMOsIBaHE MPEACTABISBAT MOJEPHU MOJMBHU CUCTEMH, U3PAOOTEHU
OT TPHOM W MapKy4Yd C OTBOPH M KamkooOpa3yBaTeld, KOWTO C€ TOCTaBST IO pEIOBETE Ha
OTIVICKIAHUTE CEJICKOCTOMAHCKH KyNnTypH (ur. 4).
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Our. 4. Cxema Ha cuCTeMa 3a KalkoBO HamosiBaHe (tehnozona.eu, n.d.)

KamnkoBoTo HamosiBane paboTH m00pe npu Hucku Hamsranus ot 0,5 mo 2 Gapa. Ceriaco
Svemar Agro (n.d), oCHOBHHUTE MPEeIUMCTBA Ha Ta3H CHCTEMA Ca:

JIOCTaBs C€ TOYHOTO KOJIMYECTBO BOJA CHOpes CHElU(UYHUTE HYXKIM Ha BCEKH BHUJ
HacaxxaeHue. CrectsaBar ce Mexay 30 no 60% OT Hy)XKHUTE KOJMYECTBA MPU JIPYTUTE
MeTou 3a HanosBaHe (Agrotex Global, 2021);

MOCTUTA CE PABHOMEPHO HAIOsIBAaHE HA MPE/IBH ICHATA ILIOIIL;

noo0psiBa ce KayecTBOTO Ha MPOIYKIUATA U C€ MOBHUIIAaBa IUJIOJ0JIAaBAHETO MOpaau
MOJIThPXKAHETO Ha MOCTOSTHHA HUBA HA BIIAYKHOCT IIPH YECTH HATIOSBAHUS;

HE € HEoOXOaUMO Ja Ce HW3paBHsBAT mosietata. Moxe Ja ce HamosBaT Mmapueiu ¢
HenpaBuiiHa Gpopma;

pa3xoauTe 3a €Heprus ca MHUHHMAIHU, 3alI0TO c€ pabdOTH IpU MO-HUCKO HajsIraHe B
CpaBHEHHE C APYTU METOJIU 32 HATIOSIBAHE;

pasxoaure 3a TpyA ca no-Hucku ¢ 60 1o 90% crpsiMo Apyrute METOAU 3a HAIlOSIBAHE;
JOCTaBs BOAaTa IUPEKTHO KBbM KOpPEHUTE Ha pPACTEHUETO, HE HamosiBa MoYyBaTa B
CBhCEACTBO, HE MOKPH JINCTATA U IIJIOJIOBETE, KOETO HaMaJlsiBa pa3BUTHUETO Ha TUICBEIIH U
ooiecTu;

BB3MOXKHO € E€JHOBPEMEHHO Ja C€ MpaKTUKyBa HAMoOsSBaHE W JPYTU 3eMEeNICKU
OTIepallMK KaTo NMphCKaHe, MPUOUpPaHe Ha peKoaTaTa, 00padoTKa, IIJIeBEHE U Jp.;
moJieTata ¢ KyJTYypH ca JIECHO JOCTBITHU 3a (epMepuTe 1Mo BCSIKO Bpeme. ToBa He €
BB3MOKHO TIPU JPYTH METOIU Ha HAMOSBAHE;

BBB BOJIaTa 32 KAallKOBO HAMOSBAaHE JIECHO ce J100aBsi TEYEH WM Pa3TBOPUM BHB BOJA
TOp, KOWTO MOJXpaHBa PacTEHUsATA MO BpeMe Ha TsAxHaTa Bererarus. M3momssa ce 30-
40% mo-ManKo TOp MOpaau TOYHOTO MY JIO3MpaHE U MOAaBaHe JUPEKTHO B KOPEHOBaTa
cucrema Ha HacaxaeHusaTa (Agrotex Global, 2021);

CUCTEMHTE 3a KaIlKOBO HAIOSIBAHE WMAT JBJIBI KUBOT Ha EKCIUIOoATaIus (C HyXJa OT
MaJIK TOJ0OpEHUs] WM TMEepUOJAMYHU 3aMEHH) W MOTaT Jla ce MOJI3BaT 3a pa3IuvHU
BUJIOBE CEJICKOCTOIAHCKHU KYATYpH, T.€. Ca YHUBEPCAIHH;

JIECHO Jla C€ aBTOMAaTH3upaT. ABTOMATH3alMITa ONTHMHU3UpA IpoIleca Ha HaIOsBaHE
KaTo OTYWTA BIAKHOCTTA HA IMOYBATA, BAJICXKHUTE, TEMIIEPATYPHUTE, CIBHUCBOTO IPECHE H
CE30HUTE.

HenocraTbiure Ha KalIkOBOTO HAITOSIBAHE ca:

BHCOKAaTa IThPBOHAUAJIHA WHBECTHIIMS, BKIIOYBAIlA MPOSKTHpaHE Ha CHCTEMaTa,
3aKyllyBaHE€ Ha HYXXHHUTE €JEeMEHTH Karo: I[IOMIIa, CMYKAaTeleH MapKyd KbM
BOJIOM3TOYHMKA, TUIOCKM MapKy4H 3a KallKOBO HAloOsBaHe, pas3MpeieiuTeNHa Tphoa,
KankooOpasyBatenu, puntpu u ap. (Evropolimer, n.d.);

KaIlKOBOTO HAIOSIBAHE MOXeE J1a € HEMOXO/IAII0, aKO XepOULIUANTE WM TOPHUTE TOPOBE
Ce HYXXIasT OT HaIosSBaHE ChC CIIPUHKIIED 33 aKTHBHPAHE;
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® KalKOBUTE IUIOCKM MapKy4d HM3UCKBAT JONBIHUTEIHM PA3XOIH 3a MOYUCTBAHE CIEN

npubupane Ha pexontara. [lotpedurenure TpsOBa Aa MiIaHUpaT HaBUBAaHE HA KalKoBa
JIEHTa, U3XBBPJISHE, PELUKIMPaHe WK IOBTOPHA yIIOTpeOa;

e HeoOXOAMMH ca IIOBEYE YMEHHUS M TEXHHYECKM II03HaHUsS, 3a Ja ce yIpaBisiBa
KaIKOBOTO HAaIOSIBaHE HA ONITUMAJIHU HHUBA HA OBJIAXKHSIBAHE;

® BOJIOM3TOYHHMKBT TPsIOBa J1a € HAJESKICH U ¢ 100po KadecTBO. B mpoTuBeH ciydvaii mie
uMa MHOro HpoOJeMH KaTo YyBeJIMYaBaHE Ha COJEHOCTTa WIM 3allyllBaHe Ha
KarKooOpa3yBaTeIu.

IIpu HamosiBaHe ce W3MOJ3BAT CBOOOJHO Teyallld BOAM (IPaBUTAYHO HAIOSABAHE), BOAM,
M3IIOMIIBAaHU C TIOMIIM M BOJM OT aKyMyJIMpaiy pe3epoapu. IIpeauMcTBOTO Ha aKyMyJIUpaIiuTe
pe3epBoapu € Bb3MOXHOCTTA J]a CE HAIlOsIBa U MPU JIMIICA UM HEJOCTAaThYHO KOJIMYECTBO BOJA BbB
BOJIOM3TOYHMKA M TPHJIOKHUMOCT B KAaIKOBOTO HamosBaHe Oe3 H3Moi3BaHe Ha mnommu. llpum
OTCTOSIHUE Ha J0JIHUA pbO Ha pe3epBoapa HajJ TepeHa oT 5 10 10M ce ocurypsBa XuIpOCTaTUYHO
Haysirane ot 0,5 1o 1 Gapa, KOeTo € J0CTaThbuHO 3a HOpMaiHa paboTa Ha KalKoBaTa HAIIOWTEIHA
cucrema. Hepoctarbk € 3HauuTenHaTa @'bPBOHAYAJHA WHBECTHLIMS 3a U3rpaXJaHe Ha
aKyMyJIpallisl pe3epBoap W HyXJaTa OT MEepUOAWYHO moumcTBaHe. [lpm HamosiBane upes
IbXKAyBaHe 3aJbJDKUTEIIHO €€ MOJI3BAT IMOMIM 3al0TO TaM paOOTHUTE HAJSATaHUS ca 3HAUYUTEIIHO
MI0-BUCOKHU OT 2 110 9 6apa. CroTBETHO 3a paboTaTa Ha TE€3U MOMIIU € HY’KHA U 3HaYUTENIHA EHEPrus
— OT eJIeKTpopa3IpeaesuTeIHaTa Mpexa, oT Au3en resepatopu win or BEU cuctemu.

B bparapus Hail-uecTo ce U3I0I3Ba HAIlOSIBAaHE Ype3 AbKAYyBaHE U KAIKOBO.

Bunose Bogon3TouHMIU

Haii-o0mo ka3aHo chlLIECTBYBAT JIBa BUAA BOJOM3TOYHUIM — HA3eMHU U MoA3eMHU. KbM
I'BPBUTE CIAJAT BAJIEKU, PEKH, ITOTOLH, €3€pa, SI30BUPU U OTOYHU BOJoOXpaHuiuia. Kem Bropure
Ce OTHACAT €CTECTBEHU M M3KYCTBEHH apTE3MAaHCKH M3BOPH M KJIQJCHUU U “TIACHYHH KJIaJICHIIH,
pealin3upaHu Ype3 COHJIAXKH U U3KOIIH.

Hanunuuero Ha peka, e3epo WM OTOYHO BOJIOXPAHMIUIIE B OJIM30CT 0 MJIOMIA 32 HAMOsSBaHE €
rojsiMO MPEAUMCTBO, 3al[0TO OOMKHOBEHO KOJIMYECTBOTO HAJIMYHA BOJA B TAX € 3HAYUTEIHO U
JIECHO JoCThIIHO. HepocTaTblm ca ce30HHAaTa MPOMsHA B 1eOUTa U MUHEPATTHUS CbCTaB, HATMYUETO
Ha MEXaHWYHU M OMOJOTUYHHU 3aMbpPCUTEIM M KoJIeOaHHE Ha TeMIlepaTypara. 3aToBa akO T€ C€
M3M0JI3BaT 32 KallKOBO HANOsIBAaHE U JbX/1yBaHE, C€ Hajara u3nojI3BaHeTO Ha KAUECTBEHH U CIIOKHHU
¢bunrpu.

3a na ce u3berHe pucka OT JIMIICAa HA BOJa B ONTHUMAJHUS MOMEHT 3a HarosiBaHE, ce
U3IOJI3BaT PE3epBOAPH 3a CKiIaaupaHe Ha Bojaa. [locpeacTBOM MOMIM Te C€ IBJIHAT C BOJA, KOraTo
BOJIOM3TOYHHMKA UMa JOCTAaThYHO TakaBa. [[penrmcTBaTa Ha BOAOXpAHWINILATA Ca!

® HaJIM4YK€ Ha BOJA BbB BCEKM MOMEHT KOTaToO € HY)KHA;

e BoOJaTa € C MOXOJAIIAa 3a HAMosBaHE TeMIleparypa OJu3Ka J0 TeMIepaTypaTa Ha OKOJIHUS
BB3IYX;

® €CTeCTBEHO (QWITpUpaHE HAa MEXaHMYHUTE 3aMbPCUTENIN 4Ype3 yTasBaHE Ha JIbHOTO Ha
pesepBopa.

HepnocraTpuure Ha BoOXpaHWIIMIIATA Ca:

® HyXXJa OT eJIeKTpO3axpaHBaHEe Ha MIOMITUTE;

e Hy)XJa OT 3HAYUTEJIHA HHBECTUIIMS 3a U3TPaXXIaHETO Ha Pe3epBOapa;

® HYXJa OT TEXHUYECKa MOAJPHXKKaA (MOYMCTBAHE, MOJHOBSIBAHE HA XHMJAPOM3OIAIMATa 3a
OETOHHUTE U 3alUTa OT KOPO3US 32 METATHUTE €JIEMEHTH).

W3mon3Bar ce OCHOBHO TpH BHUJAA MOA3EMHH BOJU — TPYHTOBH, apTe3WAHCKU (HATIOPHH) U
KapcToBU. I'pyHTOBUTE Cca MIUTKU 5-50 m B MIOCPYHUIM U B MOPEUYMUATA HA PEKU. APTE3UAHCKUTE
ca cbc cpenuu apnoounan 50-300 m, a kapctoBute ca ¢ abiadounHu ot 200 mo 1500 m. Ilpum
II'BPBUTE JIBA BHJIa c€ HAOJII0/1aBa CUJIHO U3pa3eH CE30HEH XapakTep Ha eOuTa, KOWTO € Haill-ToysM
pe3 MpojerTa W € B MpsKa 3aBUCUMOCT OT KOJIMYECTBOTO Ha Bainexute. KapcroBute
BOJOM3TOYHHUIIM HMAaT mo-moctosiHeH aeout. Hampumep 3a JloBed-ThpHOBCKHS BOJEH MacuB
(BG1GO00000K1040) 3a mepuoma 2008-2017 r. He ce HaOJIrOAaBa 3HAYMTEIHO W3MCHCHHE Ha
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nebuta, KOMTO € okojo 2445 n/cex u oT Hero ce m3nonsea easa 1% (IAOS, 2017). 3a 2020 r. 3a
paiiona Ha B. TepHOBO HMBOTO Ha MOJ3EMHHUTE BOJM € MAJIKO MOJ HopMmara ¢ 26 mm (¢ur. 5). 3a
[IEJTUTE Ha HANosBaHE HAW-TIOMXONAIIM Ca TPYHTOBUTE BOJAU IMOpPAaXd HAW-HUCKHUTE pa3Xodu 3a
JIOOMBAHETO HM.

CbcTosiHMe Ha NoA3eMHUTe BoAuU
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@ur. 5. [Tonzemun Boau B buarapus — 2020r (BAS, 2021)

Boaau nomnn

KakTo e u3BecTHO, 3a OCHILECTBABAHE HA M3KYCTBEHO HAIOSIBaHE ca HEOOXOAMMHU ITOMIIM 3a
MIPEeHOC Ha BOJaTa OT BOJOM3TOYHMKA M 3a Ch3/JaBaHE Ha HEOOXOAMMOTO PabOTHO HaJsAraHe B
HarouTeNHaTa MHCTajdanus. [lomMmnure uMar pasimveH NpUHIMI HA pabdoTa — POTALIMOHHU, 3HOHM,
BUHTOBH, OuadparMeHu M ca NpeJHa3HAYeHH 3a pa3jMyHU YCIOBHS Ha paboTa — MOTOMSIEMH,
BBHIIHU (HETOTOISIEMH), BHCOKOHAIIOPHHU, CaMO3aCMYKBAIlld, C HHUCKO O€30MacHO IPaBOTOKOBO
3axpaHBamo HamnpexeHue (12-48V), cbc craHmapTHO NMPOMEHIMBOTOKOBO 220V wmmm TpudasHo
380V mpu HyXk7a OT rosieMu AeOuTu. Becuuku BUAOBE BOAHM NOMIIM CE€ XapaKTepU3UpaT C TPHU
napaMmeTsbpa - 1e0UT, BUCOYMHA Ha BOJHUS CTHJIO (HAMop) U IBIO0UYMHA Ha 3aCMYKBaHE.

Haii-macoBute HemoTonsieMyu I'paAMHCKU MOMIM MMaT AbI00YMHA Ha 3acMyKBaHe 5-8 m U
BHCOYMHA Ha BojomnoaaBaHe (Hamop) 15-20 m. Ilpu HsKoOM crnenuamHu MOJENU BHCOYMHATA Ha
BojionoAaBane goctura 230 m (arva.bg, n.d.). IIpeanasnadenu ca 3a rojgemu aedutu 15000-85 000
1/4, paboTAT Ha LIEHTPOOEKEH MPUHIIMII U ca C MOHO(A3HO U TpU(a3HO 3aXpaHBaHE C IPOMEHIIMBO
Hanpexxenue 50 Hz. mat Hucku nenu B quanazona 200-1000 ns.

OOUWKHOBEHHUTE TOTOIMSIEMH TPAJAMHCKH TOMIIM MMAaT ABIOOYMHA HAa 3acMyKBaHe 2,5-7M u
BHCOYMHA Ha BojomnoAaBaHe (Harnop) 5-10 m. CoHnaxHUTE OMITU ca MOTOMSIEMHU CTIelUaIu3upaHn
IIOMITM 33 M3MOMIIBaHe Ha Boja OT rojemMu abadounHu 20-50 m (dur. 96). Mmar xapakrepeH
npodun ¢ ABAro TpHO00Opa3zHO TAIO ¢ Manbk auamerbp 60-100 mm, 3a na morar na Obaar
cnycHatd B coHpaxa. ebutsT uMm e oT 2000 mo 10 000 n/u4, mamopbT 20-100 m u ueHu B
nuanazona 200-700 niB.

Korato Ha TepeH nMIcBa eJeKTpo3axpaHBaHE 3a IIOMIIUTE, C€ M3MOJI3BAaT aBTOHOMHHU
3aIBIKAAHUSI C JBUTAaTelId C BBTpElIHO ropeHe. Pa3HooOpa3zuero € TolsIMO KaTo Haid-
pasnpocTpaHeHn ca OEH3MHOBHUTE, AW3EIOBUTE M mo-psako asurarenn ¢ LPG ropuso. 3a
chKajieHue IieHuTe ca BUCOKH — oT 700 no 6000 ins.

Bce mo-romsiMo pasmpocTpaHeHME HMMAaT IOMIIMTE C EJIeKTPOJABMIaTelH, 3aXpaHBaHU C
MOCTOSTHHO HarnpexeHue. [IpudnHara e, ye uMat ABe BaKHU MPEAUMCTBA — IMO-BHCOKO ¢ 20% K.IT.JIL.
¥ BB3MOXKHOCT 32 JIUPEKTHO 3aXpaHBaHe OT (POTOBOJITAMYHU MAaHENU U OaTepuu. 3a ChKaJeHue npu
JUPEKTHO 3aXpaHBaHe OT (OTOMaHeNIu MPH HEJOCTaThbUHA CIIbHYEBA pagualusi CyTpUH U Bedep U
mpu 00Ja4YHO BpeMe, TeHepHpaHaTa MOIIHOCT He € JOCTaThuHa 3a HOpMaTHA paboTa Ha TIOMIIaTa U
ce Hamara goOaesHeTo Ha DC/DC xontponep (Sado et al, 2018). B mo-craputre monmenu ce
W3MOI3BAT KOJEKTOPHU JBUTATENIH, YHWTO HEJAOCTATHK € M3HOCBAHETO Ha YETKHUTE M HYXKJaTa OT
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MepuoaNyYHa MoaAMsAHa. To3M HEIOCTaThK € OTCpaHeH B HOBUTE Oe3ueTkoBU ABurareian. OcBeH ue
HSIMAaT W3HOCBAIIM CE YETKH, TIXHO MPEAUMCTBO € U (haKTa, 4ye P HUCKA OCBETEHOCT U ChOTBETHO
MaTbK pabOTEH TOK, T€ MPOMOPLMOHAIHO HaMaJsiBaT 000OPOTUTE CH, KOETO MPOMEHs camo AeduTa
HO HE BOJM JIO0 CHHMpaHE Ha TOMIIaTa WJIM CHIIECTBEHOTO HAMaJsBaHE HAa HEWHATa eEKTUBHOCT.
3axpaHBamuTe HanpexkeHus ca ot 12 go 96 V. Jleburure ca ot 500 mo 2000 n/4, qpiOouYnHATA HA
m3nommnBane € 20-80 m, a HanopsT 10 100 m. [{enure Bapupat ot 250 1o 900 nB.

3a ¢yHKIMOHMpAHE HA MOMIIMTE € HEOOXOANMO eleKTpo3axpaHBaHe. ChIleCTBYBaT YETUPHU
OCHOBHM M3TOYHMKAa Ha €J. €HEprus — eJEKTPOIPEHOCHA MpeXa, IU3EJIOBU T'E€HEpaTopH,
dboToBoNTaMYHN W BATbpHU HHCcTanmanuu. B Raza et al (2022) e HampaBeHO cpaBHEHHE Ha
CTOMHOCTTA Ha €J1. €HEprusl MpU MOJUBAHE C MOMIIH, 3aXpaHBAHU OT EJIEKTPOIPEHOCHATAa MPEKa,
IU3e10BU reHeparopu U (otoBonTanyHu uHcTananuu B [lakucran. C Haii-HUCKa ceOECTOMHOCT €
BapuaHThT ¢ poToBoATanuHa nHCTaNaws — 0,12$/kKWh.

Sanchez-Sutil and Cano-Ortega (2021) mokasBa, 4ye (HOTOBOATAMYHOTO 3aXpaHBaHE Ha
MOJIMBHATA CUCTEMa € TMO-CKbIIO OT JU3€JI0B TEeHEepaTrop Mpe3 MIbpBUTE S5 TOAUHU OT
excrutoatanusata. Ho npes crneasamure 20 roguHu €KCIOATAIMOHHUTE Pa3Xxoau U e(PEeKTUBHOCTTA
Ha (OTOBOJITANYHOTO 3aXPAHBAHE Ca 3HAYUTEIHO IMO-HUCKHU.

AHaJIN3 HA HAJIMYHATA eHePrusita oT GOoTOBOJITAMYHH M3TOYHHIU B Bbiarapus

Ha ¢wur. 6 e moka3aH eHepruiiHUAT MOTCHIMAI Ha Bbirapus, KOWTO 3a paiioHa Ha Beauko
TepHOBO € okono 1330kWh/kWp cpeano roaumiHo 3a uHTEpBaI Ha HabmoaeHue ot 1994 mo 2018
r.
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Long term average of PVOUT, period 1994-2018
Daily totals 32 34 36 38 40

B Wh/Wp

Yearly totals. 1168 1241 1314 1387 1461

@ur. 6. CrpHUEB eHeprueH noreHuan Ha bearapus (Solargis, n.d.)

CapHYEeBMAT e€HeprueH NoTeHIMan B bbarapus 3a paitHoHa Ha Bemuko ThpHOBO € OKkoso
3,5kWh/kWp nueBno, pecniektuBHO 1300kWh/kWp romumuo (Solargis, n.d.). Ako pasriemame
IpUMepHa noMna ¢ HoMuHayiHa MomHocT 500W, 3axpaHBaHa OT ()OTOBONTaMYHA WHCTAJALMS C
uHCTamupaHa MomHocT 1kWp, T Om mornma ma paboTH cpemHO TO OKOJO 7 dYaca ITHEBHO.
OtuuTaiiku 1 3aryoure npu npeodpazyBaHeTo Ha (OTOBOJATAMYHATA CHEPTUs B KOMIIOHEHTUTE Ha
cucremara (DC/DC koHBepTOp, HUHBEPTOP U T.H.), KOUTO MOraT Aa JAOCTHTHAT 10 okojo 30% ot
MPOM3BECHAaTa MOIIHOCT, TOBAa OW MO3BOJMJIIO HoMMaTa Ja paboTH CpeJHO MO OKOJo 5 yaca
nHeBHO. Pa3bupa ce, Ta3u cToHOCT mie ce u3MeHs ot 0 yaca JHEBHO (MpU 00JIaYHO BpeMe Ipe3
3MMHHUTE MECeln) 10 8 U MoBeue yaca JHEBHO Mpe3 JETHUTE MECELH, KOraTo JeHST € 3HAYUTETHO
TO-TBJTBT.
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W3BOIN

Ha 6a3ara Ha u3BbpIICHNS aHAIM3 MOTaT J1a Ce HaIlPaBsT CICAHUTE U3BOJIU:

e I3KycTBEHOTO HamosBaHE € JKU3HEHO BAXKHO 3a 3€MENEIMETO NOpaaud Bb3MOXKHOCTTA 3a
CBHILIECTBEHO MOBHILIABaHE HA JOOMBUTE C OrJIe] HEMIPEKbCHATOTO MOBHILABAHE HA HYXKIaTa
OT XpaHH;

e Ot pasriiefaHuTe METOAM 3a HalosBaHE Hal-TIEPECIIEKTUBEH € METOIbT Ha KalKOBOTO
HaIlOsIBaHE MPU MAJIKU M CPEAHM IO rosieMuHa miomu. OCHOBHUTE NPEAMMCTBA Ca HUCHK
pa3xoJ Ha BOJIa ¥ Bb3MOKHOCTH 33 ONTUMU3HMPAHE Ha IIPOLIECca Ype3 aBTOMaTU3 AN,

e BojaHute 3amacu OT HaA3€MHM M MOJ3EMHHM H3TOYHUUM B bbirapus umar HOTaThuCH
MOTEHIIMAJ 33 MallaOHO MPUIIO’KEHUE Ha XOUIPOMEITHOPALINS;

e 3axpaHBaHETO Ha IIOMIIMTE 3a HamosiBaHe upe3 (OTOBOITAUYHM MHCTAJallMk €
WKOHOMUYECKH ONPABIAHO;

e CipHYeBaTa panuanus B bbirapus U B 4acTHOCT B oOsactT Benwko ThpHOBO € HAITBIHO
J0CTaThuHA 3a peaju3alus Ha €(QEeKTUBHO €JIEKTpO3aXpaHBaHE Ha IMOJIMBHU CHCTEMHU OT
(hOTOBONITANYHY MHCTATAIINH.

BJATI'OJAPHOCTH

Hacrosimoro wu3zcnensane € moakperneHo mno joropop ¢ Ne 2022-OEEA-02 , EnexTpoHHU
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Abstract: The report addresses the issues of air pollutant monitoring. A methodology for measuring indoor air
quality is presented. An Arduino-based module has been developed to monitor and provide a safe and conducive
environment for learning and working. A prototype of the electronic module with LED indication and visualization of
the obtained parameters on the LCD display has been developed. A study was conducted in the electronic environment
Tinkercad.

Keywords: electronic module, air quality, temperature, Arduino
BBBEJ/IEHUE

Pa3Butuero Ha eNeKTpOHHATa TEXHUMKAa U HKOHOMHYECKUTE HW3UCKBAaHUS 3a EHEpruiiHa
e(EeKTUBHOCT ca TPEANOCTaBKa 32 ChbBPEMEHHA EJIEKTPOHU3AIMS Ha OOCKTHTE Ype3 MOIYIH ChC
copryepHoTO ocurypsiBaHe. OCHOBHUTE M3UCKBAaHUS KbM €/1HAa ChbBPEMEHHA €JIEKTPOHHA CHUCTEMA
3a MOHUTOpPUHI ca: (1) moBHIIaBaHE Ha KomM@opTa M cuUrypHocTTa; (i1) NHpeaocTaBIHE Ha
BB3MOKHOCT 32 OT/AaJI€UeH JOCTBII O HHpOopMaLus 3a 00ekTa; (iil) ynpaBieHue.

Hacrosimoro u3cienBaHe € HacOYEHO KbM pa3paboTBaHe Ha ApayuHO Oa3upaH MOIYJ 3a
MOHUTOPHUHI U OCUTypsBaHE Ha Oe3omacHa M OjarompusiTHa cpejia 3a oOydeHue. bezomacHata u
OnmarompusiTHa cpeia 3a OOy4YeHHWE BHHArM € Ompeaensma 3a e(eKTUBHOCTTa Ha YYeOHHS U
paOOTHHS Tpolec, KakKTO M 3a CUTYpPHOCTTAa IO BpeMe Ha mnaHjaemMuu. OcHUrypsiBaHeTO Ha
HeoOXoMMaTa cpejia B MOMENICHHATA, M3MCKBA ONTHMATHO ClIa3BaHE HA M3MCKBAHUATA HA OXpaHa
Ha TpyJa CHOpel [IbpXKaBHUTE HOPMATUBHU JOKYMEHTH M MEXIyHapOAHM CTaHIApTH 32
3[IPaBOCIIOBHH U 0€30TMIaCHU YCIIOBUS HA TPY/I.

Ienta Ha U3caeIBAaHETO € J1a ce pa3paboTH U u3cienBa ApJynHoO Oa3upaH eleKTPOHEH MOy
32 MOHUTOPHHT ¥ OCUTypsiIBaHE Ha OJIarompusiTHA cpefa 3a 00y4eHHe Ype3 OTYMTAaHEe KaueCTBOTO Ha
Bb3[yXa B 3aKpUTO IMpPOCTPAHCTBO, KaKTO W cjeleHe Ha Temmeparypara. OT IiieHa To4ka Ha
CyOeKTHTE — TpENoAaBaTeINTe, CIYKXUTEIUTe W CTYICHTUTE, IpellaraHata CHCTEMa OTYHTa
MOTEHIMATHOTO HEOJIaronpHusITHO BbB3JIEHCTBHE OT M3JIaraHeTO Ha PUCKOBE Ha PabOTHOTO MSCTO
BBPXY (HM3MUECKOTO ¥ MEHTAJIHO 37paBe Ha XopaTa, a OTTaM — W BBPXYy TIXHATa
paboTOCTIOCOOHOCT.

N3J10)KEHHUE
CTaHaapTi M HOPpMH Ha IapaMeTpHu

1 NokmagsT e mpencTaBeH Ha CTyAeHTCKara HaydHa cecus Ha 17.05.2022 B cexuus , EnexTpoTexHuKa,
€JeKTPOHWKA W aBTOMAaTWKa’ C OpWrMHaIHO 3arnaBue Ha Obarapcku esuk: EJIEKTPOHEH MOJVYJI 3A
MOHUTOPUHI HA KAYECTBOTO HA BB3/IYXA B 3AKPUTO ITPOCTPAHCTBO.
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CranmapTu3anusaTa Ha CUCTEMHTE 32 yIpPaBJICHUE Ha 3APAaBOCIOBHUTE W OE30MACHU YCIOBUS
Ha Tpya (3BYT) ce ocHoBaBa Ha cepusita OHSAS (Occupational Health and Safety Assessment
Series) 18000. IIpe3 2018 r. ISO nmyb6nukyBa mbpBHTE TVIOOATHHM CTaHIAPTH B Ta3u 00JacT —
cepusra [SO 45000. Kbm Hauanoro Ha 2022 1. ca u3najgeHu 3 cTaHAapTa ¢ U3UCKBaHMS M yKa3aHUs
3a TAXHOTO NpUJIaraHe B paMKUTE Ha cUcTeMara 3a ympasieHue Ha 3BYT, BkitountenHo u 3a
Oe3omacHa pabora B ycioBus Ha manaemusta ot COVID-19. Ilpencrom wu3naBaHero Ha
JOMBIIHUTEITHH 3 CTaH/IapTa, CBhP3aHH C OLICHSIBAHE HA PE3YJITATUTE OT TE3H CUCTEMHU.

OmnacHoctuTe 3a 31IpaBeTO Ha pabOTHOTO MACTO MOraT Ja C€ KaTeropusupar KaTo:
(1) dusnyecku, XuMu4decku (BpeIHN TEYHOCTH M M3MAapeHus), (2) Onosoruunu (BUPyCcH, OaKTEPHH),
(3) dusunonoruunu (TEMIepaTypa, BIaKHOCT, 3aPAIICHOCT), (4) ICUXOJIOTHIECKH (CTpeC, TOPMO3),
(5) eproHOMHYHU, MEXaHUYHH W/UIU CIIEKTPUUYECKH, (6) MPUPOIHU (HABOIHEHHUSI, 36METPECCHHUS,

Ooypn).

Te3u onacHOCTH MOPaKIAT PUCKOBE, HO M Bh3MOXKHOCTH, KOUTO TPsIOBa J1a ObJaT OBIAISHU U
M3II0JI3BAaHU 32 OCUTYpsIBaHE Ha Oe3omacHa U OJaromnpusTHA cpena 3a Tpyx u o0ydeHue. Mepkure,
Yype3 KOWTO TOBAa MOXKE Ja ObJie MOCTUTHATO, BKIHOYBAT: (1) OTCTpaHsBaHE Ha OmacHOCTTa, (ii)
3aMsiHA C TTO-MAJIKO OMIACHH €JIeMEHTH, (1il) HMHXEHEpHH MEPKH 332 KOHTPOJ W/WIM peopraHHU3alus
Ha paborara, (iv) aJIMMHHUCTPATUBHU MEPKH 32 KOHTPOJI W/WIK 00y4deHus, (V) U3MOI3BAHETO Ha
JIMYHY MPENa3Hu CPEeICTBA.

JlomoTo KayecTBO Ha BB3JyXa B 3aTBOPEHHUTE IIOMEIIEHUS € OCOOCHO BpEeIHO 3a Jela,
BB3PAaCTHH XOpa M XOpa CbC CBPACYHOCHJOBHM U XPOHHYHU PECHUPATOPHU 3a00JIsBaHUS.
Boeraoeponen oxcun, BBIIIEPOACH OUOKCHUI, a30THH JMOKCHAM, NPAXOBU YaCTULU U JICTIUBU
OpraHWYHU CHEIUHEHUsS CE CPEIlaT BbB Bb3XyXa B 3aTBOPEHHM M OTBOPEHM IIpOCTpaHCTBA. [pyru
3aMBPCUTENN Ca pajJioH (paJMOaKTUBEH ra3, oOpa3yBaH B IOYBaTa), TIOTIOHEB JUM, Ta30BE HIIU
YaCTULY OT TOPEHE Ha TOPUBA, XMMUKAJI U AJIEPIeHHU.

Beraneponnusar asyokuc (CO2) ce cmsTa 3a BOJEIIO BEIIECTBO CPEJl 3aMbPCHUTEIHTE.
[TonydaBa ce KaTo NPOAYKT MPH TUIIAHETO HA )KUBUTE OpraHU3MH, KakTo U npu roperero. COz e
ra3 6e3 BT 1 0e3 MUpU3Ma IIPU HUCKU JI0 CPeIHU KOHIIeHTpauu u Bapupa mexay 0,03% u 0,06%
(300 no 600 ppm). BbuumnuTe HuBa ca oxosio 300 ppm. Crnopen cTaHAapTHTE C€ H3HCKBa
KOJIMYECTBO CBEX BB3AYX Ja ce noaabpxka nog 1000 ppm. M3anmBanusat cpenen CO2 OT 4OBeEK €
4.5% (4500 ppm). Ilpu xonuentpauuu ot 2.5% 1o 5% (2500 ppm no 5000 ppm) BBIIEPOAHUAT
JIBYOKHC MOKe Ja mpenu3Buka riaaBodonue. [Ipu Bucoku konuentpauuu Hag 3% (3000 ppm) uma
ocTpa W 3ayuuiiBa mMupusma. B msximountenHo Bucoku HuBa npu 10% (100,000 ppm), xopata
ryosT Ch3HaHUE cliefl aeceT MUHYTH, a ipu 20% (200 000 ppm) CO2 npuuMHSABAa YaCTUYHO WU
II'BJIHO 3aTBapsIHE HAa TOPHMSI OTBOP Ha JIapUHKCA.

Cunre3 Ha CJICKTPOHHHUA MOAYJI 3a MOHUTOPHUHI HA KA4Y€CTBOTO HA Bb3/1yXa

EnekTpoHHUST MOy 32 MOHUTOPHHT Ha Ka4eCTBOTO HA BB3/yXa B 3aKPUTO MPOCTPAHCTBO U
TeMIeparypara e 6a3upa Ha ApIyHHO CTPYKTypa U CEH30p 3a TeMIepaTypa U PeTUCTpallvs Ha Ta3.
3a Bu3yanM3aldsg Ha MapaMeTpUTE € HW3TpajieHa CBETOJNMOAHA HapacTBama crbiadouna u LCD
WHYKAlMsI ¢ OTYNTaHE Ha MU(POBUTE CTOWHOCTH Ha TapaMEeTPUTE HA 3aMBbPCABAHETO HA Bb3/IyXa U
Temnepaypara, purypa 1.

MonynsT € m3rpazneH cbc ceHsop 3a raz3 MQ-135, 3axpanBa ce ¢ HampexeHue SV u
KoHcymHpa Tok 110 220 mA. Ilpu crapTupane Ha 3aXpaHBaHETO, CEH30PBT KOHCYMHUpa MHUKOBO 0
600mA, cnex koeto e ce Hopmanusupa 10 220mA. Ilopagu Ta3u npuunHa ce U3M0JI3BA BHHILIEH
3aXpaHBalll U3TOYHUK, OCUTypsiBal] MUHUMYM 600mA.

Cemnzopst gerektupa NHz, NOx, ankoxon, 6en3uH, nuMm, CO2 u apyru. ToBa obocHOBaBa
U3IMOJI3BAaHETO MY B €JIEKTPOHHUS MOJYJ — OTYUTAT C€ OCHOBHUTE 3aMbPCUTENM Ha BB3AyXa B
3aTBOPEHO MOMEIIeHHE 10 BpeMe Ha ydueOeH npouec. MQ-135 uma mect u3Boja, YeTHUPH OT TAX Ce
U3MON3BAaT 3a W3BJIMYAaHE HA CHUTHAIM, a JPYrHUTe JBa C€ W3MOJ3BAaT 3a OCHUIypsSBaHE Ha
HarpeBateneH TOK. CeH3opbT 3a ra3 MQI135 uma Bucoka 4yBCTBUTEIHOCT KbM aMOHSIUEH ra3,
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cyndwua, mapa oT cepust 6EH30JI, CHIO Taka MOXKE Ja HaOJo/1aBa 100pe MUMa M JAPYTH TOKCHYHU
ra3oBe. Toil MOXe Jja ce U3MOI3Ba 32 OTKPUBAHE HA PAa3JIMYHU BUIOBE TOKCUYHU Ta30Be, (urypa 2.

@ur. 1. [IpoToTum Ha eEKTPOHEH MOIYJI 38 MOHUTOPHHT Ha KA4€CTBOTO Ha BB3IyXa
B 3aKPHUTO MPOCTPAHCTBO

CroiiHocTTa Ha CchOpoTuBieHHeTo Ha MQ-135 ce mpomeHs mpu pa3iIMYHHUTE BUJIOBE U
KOHIICHTPALIMU Ha Ta30BETe, OT KOETO CJie[Ba HEOOXOAMMOCT OT KajauOpHupaHe Ha JIETeKTOpa 3a
100ppm NH3 wmu 50ppm KOHUEHTpanusi Ha alKoOXOJd BbB Bb3lyXa U CTOMHOCT Ha
CBIIPOTUBIIEHUETO Ha HaroBapBaHe RL=20kQ) (nmana3onsT Ha m3meHenue Ha RL e ot 10kQ nmo
47kQ).

0 MQ-135
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a) 6)

@ur. 2. XapakTepuCTUKU Ha 9yBCTBUTETHOCT Ha MQ-135 3a Hskonko rasa (a)
¥ cXeMa 3a U3MEpBaHe Ha MmapaMeTpuTe Ha ceH3opa (0), KbAETO:
temneparypara e 20°C, Bnaxknoctra 65%, 02 e 21%, RL=20k(,

Ro e cenporusnenueto Ha cenzopa npu 100ppm NH3 B yuct Bb3ayXx,
RS e chbnpoTHBICHUETO HA CEH30pa MPH Pa3IMYHU KOHIEHTPALlUU Ha ra3oBe.

B enexTtpoHHMS MOy € W3MOJ3BaH aHAJOTOBUAT HM3XOJ Ha CEH30pa 3a HM3MEpBaHE Ha
cToiiHocTTa HAa PPM Ha HeoOXoaumus rasz ¢ BKIIOYEH BBHIIEH MHUKPOKOHTposiep kato Arduino.
MUKpPOKOHTPOJIEPHT 1€ HW3MEpBa CTOMHOCTTAa HA aHAJOTOBOTO HAMPEXEHHWE W U3YHCIISIBA
CTOWHOCTTa Ha OTHOIIeHHETO Rs/Ro, kb1eTo Rs e chIpoTHBICHHETO HA CeH30pa, KOTaTo UMa ras, a
Ro e cenpoTuBieHneTo Ha ceH30pa mpu YncT Bb3ayX. Crien onpenensiHe Ha choTHOMmEeHneTo Rs/Ro
ce u3uucisiBa croifHocTTa Ha PPM Ha HeoOxoammus ra3 upe3 rpadukarta ot ¢urypa 2, KOsSTO €
nazieHa B TEXHUYECKaTa JOKyMeHTamnus Ha cen3opa MQ135. Cnen karo ce oT4eTe BIUSHUETO Ha
TeMIlepaTypara M BIQXHOCTTa BHPXy paboTara Ha ceH30pa OT TeXHHWYEecKaTa JOKYMEHTAIus W
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paboTHUS 00XBaT Ha €NEKTPOHHUS MOJYJI 38 MOHUTOPUHT Ha Bb3/lyXa B 3aTBOPEHOTO MPOCTPAHCTBO
Ha yueOHHTE 3a11H, ce onpenens cboTHoueHne Rs/Ro=0,9.

H3cnenBane Ha paGoTraTta Ha pa3padoTeHUs] MOAYJI

Peanu3upanusr eneKTpoHEeH MOJyJI € TeCTBaH B ejekTpoHHaTa cpeaa Tinkercad 3a moka3BaHe
Ha paborocrnocobHoctTa My. Ha ¢urypu ot 3 1o 5 ca nmpencraBenu Tpu BapuaHTa Ha paboTa — mpu
YUCTa Cpella, CPEIHO 3achpceHa M CWIHO 3ambpceHa. [lokazanusita ca Buzyanusupanun Ha LCD
JMCIIesT C JOMBJIHUTENCH TEKCT 3a MpenyNnpekHEHHe, KaKTO M BU3yalHO uYpe3 CBETOAHMOAHATA
CTBJIOMYKA Ce IPUBJIMYA BHUMAHUETO HAa CyOEKTUTE KbM KauyeCTBOTO HA Bh3/yXa.

@ur. 3. PaboTta Ha eNeKTPOHUS MOJYJI B YUCTA cpejia

B Tabnuua 1 ca oTyeTeHU Moka3zaHUATA 32 KAUECTBOTO Ha Bb3JyXa B Lesus paboTeH 00XBar
IIpU TeMIleparypa Ha noMmeuienuero ot 22°C.

®ur. 4. PaboTa Ha eN1eKTPOHUA Moy N ®ur. 5. PaboTa Ha eNleKTPOHMA moayn
B CPeAHO 3ambpceHa cpeaa B CMJIHO 3ambpceHa cpea

Ta6muma 1. KauecTBoTO Ha BB3/1yXa B LIeTus paboTeH 00XBat
IIpU TEMIIEpaTypa Ha noMenienuero ot 22°C.

T'a3, Hamnpesxenue, I'as, Hanpe:xenue,
Ne Ne
ppm \ ppm \'
1. 306 1,50 1. 570 2,78
2. 357 1,75 8. 595 2,91
3. 400 1,96 9. 621 3,04
4, 455 2,23 10. 684 3,34
5. 482 2,36 11. 720 3,52
6. 507 2,48 12. 748 3,66
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W3BOIN

[IpencraBeHa e KOHIENIHS 32 MOHHUTOPHHI Ha KayeCTBOTO Ha BB3lyXa B 3aTBOPCHHU
MIPOCTPAHCTBA.

Pazpaboten e ApaynHO 06a3upaH MOAYJ 32 MOHHUTOPHHI W OCUTYpsSBaHE Ha OJarompusTHa
cpena 3a 00y4eHHEe ChC CBETOJMOHA MHMKAIMSA U BU3yaJIM3allis Ha MOJyUYCHUTE MapaMeTpu Ha
LCD nmcrunei,

[IpoBeneHo e m3cinenBane B enekTpoHHa cpena Tinkercad, mokasmamio paboTocmocoOHOCTTA
Ha JICKTPOHHUS MOIYI.

[TpeioskeHUST MOTYJT 32 MOHUTOPUHT Ha Ka4eCTBOTO Ha Bb3/lyXa B 3aKPHTO MPOCTPAHCTBO €
MOJIXOSIII 32 MPUJIaraHe B 3aKPUTH MPOCTPAHCTBA OT Pa3IMyYCH BUJ — OQUCH, 3] 32 00y4eHHE,
na00paTOpPHH, 3aKPUTH TTAPKUHTH, TAPAKHH TOMEIICHHUS, TYHEIIH.
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Abstract: The article presents collected and processed data on the load profiles of the electricity system of
Bulgaria for 2021. Received: annual load profile; average daily freight profiles for the busiest month (January), for the
least busy month (May) and typical summer month - July and characteristic coefficients. It is determined: the gross
annual electricity consumption for 2021, the absolute maximum and minimum annual load. The maximum and minimum
loads for each month for 2021 are determined. Important extreme values necessary in power system operation and
forecasting of electrical loads are determined. The change in electricity consumption by day for 2021, the change in
minimum and maximum loads and important extreme values of generated electricity from the main energy sources are
shown. A comparison of Bulgaria's electricity consumption over a five-year period was made.

Keywords: Electrical Load Profiles, Electric Power System

BBBEJIEHUE

OcHoBHaTa 11eN Mpej YIpaBJIEHUETO Ha €IEeKTPOSHEpruilHaTa HU CHCTEMA € Jla C€ OCUTYpPH
MakcuMaiaHa e(eKTUBHOCT MPHU MPOU3BOJICTBOTO, MPEHACSIHETO, Pa3MpeleIeHUETO U U3MOI3BAHETO
Ha eJIeKTpUYecKaTa eHeprusl.

3a Ja U3II'bJIHU Ta3u IS € HCO6XOI[I/IMO Ja C€ peiar CJICOAHUTE 3aa1un:

e J1a ce yIpaBisiBa CTPYKTypaTa Ha eJIeKTPOIPOU3BOJCTBEHUTE MOIIHOCTH, KaTO CE€ yBeIUYaBa
JeIbT Ha BH30OHOBSIEMHUTE €HEPTHITHM M3TOUHUIM, O€3 TOBA Ja BIUSE OTPUIIATEIHO BHPXY
ceOecTOMHOCTTa Ha MPOM3BEXAaHATA EJNEKTpUYecKa EHEeprus M OIla3BaHeTO Ha OKOJHaTa

cpena;
® J1a ce OCUTYpHU MIPEHACSHE U PA3Npe/IesIeHNEe Ha eIEeKTPUUecKaTa EHeprus C

MUHUMAaJIHU (MKOHOMHUYECKU ONTHMAIHH) 3aryOu;
® Ja ce rapaHTHpa CUTYPHO 3aXpaHBaHe Ha €JIEKTPONOTPEOUTETUTE C HEOOXOJUMOTO KaueCTBO
Ha eJIeKTpuYecKaTa eHeprus;

¢ J[a CC OCUTypH MIOAXOAAIO0 U CHPAaBCIIINBO ueH006pa3yBaHe 3a CJICKTpHUYCCKAaTa CHCPIrus 110
jiaTa BEpura: Nporu3BOJACTBO — IIPCHACAHE — Pa3NpPCACIICHUE — U3IIO0JI3BAHE;

2 NlokmagsT e mpencTaBeH Ha CTyAeHTCKaTa HaydHa cecus Ha 17.05.2022 B cexuusa “EnekTpoTexHuka,
€IeKTPOHMKA H  aBTOMAaTWKa’ ¢  OpWUTHHAIHO  3ariaBue Ha  Opharapcku  esuk: AHAJIM3  HA
EJIEKTPOIIOTPEBJIEHMETO HA EJIEKTPOEHEPTMMHATA CUCTEMA HA BBJITAPHS 3A 2021 TOJMHA U
OCHOBHMU IMTOKA3ATEJIN, XAPAKTEPU3UPAIIIY TOBAPOBUTE I'PA®UIIN.
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® Jla OCUTYpST MOJAXOJsIIa CTPYKTypa WM pa3BUTHE Ha €HepruiiHaTa cucTema, Taka 4e Ja ce
3aJI0BOJISIT OBbJCIINTE EHEPTUITHU HYK/IU Ha CTpaHaTa.

CrpoitHaTa CTpPYKTypa Ha €JIEKTpOCHEpruiiHaTa cucreMa Ha bbiarapus u npeaBujeHuTe i
MIPEHOCHU CIIOCOOHOCTH Cca B ChCTOSIHUE JJa OCUTYPSAT HAJEKIHO M KAaUECTBEHO €JIEKTPOCHAO sIBaHe
Ha CTpaHaTa OIle HAKOJKO JIECEeTKH TOAWMHHU. 3a Ta3u LeJd ca HeOOXOAMMHM M C€ H3BBPIIBAT
MUHHMAJIHH JOMbIHEHUS U pexoHcTpykuuu. EEC TpsOBa na mpoabipkd J1a M3MBIHSABA CBOETO
OCHOBHO TpeJHa3HAaYeHHE, KaTo 3a Ta3H LIeJl € He0OXO0JUMO J1a c€ OCUTYypHU e(hEeKTHUBHO yIpaBlICHUE
Ha OTpachiia M KAueCTBEHO M CHUTypHO 3axpaHBaHE Ha BCHYKH EJICKTPOCHEPTHIHM OOEKTH.
EnHoBpeMeHHO ¢ TOBa Ta3u eJEKTpOEHEepruiiHaTa cucreMa TpsOBa Ja OTroBapss Ha BCHUYKHU
OBarapcku " €BPONEHCKH HOpPMaTHUBHU JTOKYMEHTHU [https://e-learning.uni-
ruse.bg/indexc.php?open_item =212121102130218121610921].

Ilesara Ha paboraTa € J1a ce MmoyydaT JaHHU 32 TOBApOBUTE rpauiid Ha eNeKTpOCHEePTuifHaTa
cucreMa Ha bbirapus, Ja ce HampaBsT aHAJIM3M Ha XapaKTEpPHU IIOKA3aTeNM U Jla ce IMPOCIeaH
PETPOCHEKIUATA HA EIEKTPOIIOTPEOICHHETO Ha bharapus 3a neTroauIieH nepuo.

N3J10XEHUE

logumaure  toBapoBu  rpadunu  (TI) oOukHOBEeHO  fmaBaT  W3MEHEHHETO  Ha
eJIEKTPONOTPEOIICHNETO WM HAa CPEeIHHS TOBap IMpe3 MecelHuTe OT roguHara. Te MoraT Ja ce
MOJTy4arT o J1Ba HauUWHa!

- Ype3 MecedHaTa €Heprus, OompesesieHa 3a KaJleHAapHHUs Opod ITHH — MOIXOISIIN ca 3a
CYETOBOJICTBO U CTATHCTHKA;

- Ype3 CpeAHOJHEBHATa €Heprusi (WIM CpelHaTa MOIIHOCT) — IMOAXOJIIN ca 332 Hay4Ha
paboTta, HarpuMep IpU OMpeeisiHe Ha U3YUCIUTEIIHUTE TOBAPH.
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®ur. 1. lToanweH ToBapoB rpaduK Ha e/IeKTPOEHepruiiHaTa cuctema Ha bbarapusn
3a22021r.

3a Bceku neH oT 2021 rommna ot Enextpoenepruiinus cuctemen omeparop (ECO) [ESO
statistical booklet, 2021, https://www.eso.bg/] ca MOJIy4eHW TIOYACOBHTE TOBapU Ha
enektpoenepruitnata cucrema (EEC). Te3n manHu ca oOpaOOTeHW M ca MOJYyYECHH W JIBaTa BHJA
roguiau TT'.

Ha ¢wur.l e moka3zaH TOAMINIHUS TOBAapOB TIpadWK Ha CICKTPOCHEPTHWifHATa CHCTEMa Ha
bearapus moctpoeH upe3 MeceuHaTa eleKTpruiecka eHeprus, U3UUCIIeHa 3a KaJeHaapeH Opon JHH.
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3a ananm3 Ha roqumHus TI [Stefanov, St., Ruseva, V., Mihailov, L., & Nikolov, D., 2001] ce
U3Mo3Ba KoepuIUeHTHT Ha ce30HHOCT Ha roauimHus TT (Kees). Toit ce mpecmsra mo popmynara:

W .
k — mmin W (1)

ces
Mmax

KbJETO Wymin € €HEPrUsATa 3a Hail-MaJko HATOBApEeHHsI Mecell OT roauHara, KWh;
Wamax — €HEprusiTa 3a Haii-MHOTO HATOBapeHus Mecel oT roguHara, kWh.

MecensT ¢ Hail-MajaKa KOHCyMallysl Ha eJIeKTpUYeCcKa eHeprusl € Mail u 3a Hero 15 € 2693751
MWh, a 3a Haii-HaToBapeHUAT Mecen nekemBpu € 3844161 MWh. CrnenoBarenHo Koe(hUIIUEHTHT

Ha ce3oHHOCT Ha roaumHusa TT e 0,7, koeTo o3HayaBa 4ye UMamMe PaBHOMEPHOCT Iipu roguiHusg TT°
Ha EEC.

Ot Tyk e no0pe Aa ce mocTposT W jaeHoHoulHu TI' 3a enexkTpoeHepruiiHaTa cucTema 3a
XapaKTEPHUTE CE30HU OT I'OJIMHATA — 3UMEH, JIETEH U TIPOJICTCH.

Ha ¢ur. 2 e nokazan ycpennenus: aeHonomieH TI' 3a Mecena ¢ Haii-rojisiMa KOHCyMalus Ha
€JIEKTPUYECKa €HEPIUs, & UMEHHO SIHyapH.
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®ur. 2. YcpeaHeH aeHoHouleH TI Ha EEC 3a Ha-HaToBapeHUA mecel, sHyapy

Ha ¢ur. 3 e mokasan ycpemnenus: neHonomieH TI 3a mecema ¢ Haii-malika KOHCyMaIusi Ha
eJIeKTpUUecKa eHeprus - Maid. ToBa e nmposieTeH Mecell.
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®ur. 3. YcpeaHeH geHoHoueH Tl Ha EEC 3a Ha-manKo HaToBapeHUsA mecew, Mmamn
Ha ¢ur. 4 e nokasaH ycpeaHeHua aeHoHoulleH T 3a TUNMYHO JIETEH MECELL N,
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dur. 4. YcpegHeH aeHoHouleH TI Ha EEC 3a TMnnyeH neteH mecel,

CpaBHEeHHETO MEXIy ycpeaHeHuTe AeHoHomHM TI' 3a TpuTe XxapakTepHH IepHoja B
roJIMHATA € TT0OKa3aHo Ha dur. 4.
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@dur. 5. YcpegHeHnun aeHoHowHKU TI Ha EEC 3a xapaKTepHU nepnoaun oT roauHara

B Tabn. 1 ca NnoKasaHM YacT OT roAULWHUTE NOKa3aTenu, XxapakTepmusnpalum pabortaTta Ha
eleKTpoeHepruimHaTa Hu cuctema 3a 2021 r. BpyTHOTO roguWwHO enekTponoTpebneHune e
38505 GWh. CpaBHeHo ¢ npeaxogHaTa 2020 rogMHa e permcTpmpaHo yBesmyeHune ot 61n3o
0,2%. ABCONOTHUAT MaKCMManeH roauweH Tosap e 6805 MW peanunsnpaH Ha 19 aHyapu
(BTOpHKMK) B 10:00 Yaca, a abCoNtOTHUA MUHMMANIEH TOBAP € PeasiM3MpaH Ha NOYUBHUA AeH 3
mai (noHegenHuK) B 05:00 yaca —2525MW.

B Tabn. 2 morKe ga ce BUAN M3MEHEHMETO HAa MAaKCUMMANHUTE U MUHUMAIHUTE TOBapu
no meceum 3a 2021r.

Tabnunua 1. logMWwHM NoKasaTeNn, XapakTepusmpallm paboTaTa Ha
eNeKTpoeHeprnimHaTa cuctema Ha bbarapua 3a 2021 .

T"opunnm nokasarenu
CTOMHOCT JaTa/nes/qac
[ouIHO eneKTponoTpedIcHue GWh 38505
AOCOJIOTEH MaKCHUMAJICH TOBap MW 6805 19.1.2021/B1/10
AGCoI0TeH MUHUMAJIEH TOBap MW 2525 03.05.2021/mon/5
Jlnana3oH Ha U3MEHEHNE Ha TOBapa MW 4280
Enextponorpetiienne Ha 1 xuren kWh 5905

Tabnuua 2. Mece4yHu Nokas3aTeiu, XapakTepu3npaly padoTaTa Ha eJeKTpOoeHepruitHara
cuctema Ha bparapust 3a 2021 r.

Meceunu noka3zarenu

Mecen El\ﬁ?/\?ﬂ MaK'\C/i\T/?/Bap' narta/neH/4ac MHIK/'lTV(\)/Bap' JaTa/neH/qac HH?;IIS\BIOH'
Suyapu 3774306 6805 19.01.2021/B1/10 3141 01.01.2021/met/6 3664
¢beBpyapu 3355083 6794 17.02.2021/cp/10 3538 07.02.2021/uen/5 3256
Maprt 3636885 6228 24.03.2021/cp/20 3602 15.03.2021/mou/4 2626
Anpun 3160098 5683 08.04.2021/4et1/10 3069 30.04.2021/net/4 2614
Maii 2693622 4369 21.05.2021/me1/10 2525 03.05.2021/mon/5 1844
Ouu 2713914 4831 30.06.2021/cp/14 2783 13.06.2021/uen/6 2048
Onu 3063380 5145 30.07.2021/met/14 3014 04.07.2021/nen/5 2131
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Asryct 3015237 5226 02.08.2021/mon/14 2988 08.08.2021.1ex/5 2238
CenremBpH 2763852 4744 29.09.2021/cp/20 2810 06.09.2021/mon/4 1934
OxToMBpH 3168628 5439 14.10.2021/ae1/20 3037 4.10.2021/mon/4 2402
HoewmBpn 3315733 6076 30.11.2021/81/19 3209 08.11.2021/mon/4 2867
JexemBpu 3844156 6623 23.12.2021/4e1/10 3788 27.12.2021/mon/4 2835

Ha ¢wur. 6 e moka3zaHO U3MEHEHUETO Ha MAKCUMATHUTE ¥ MUHUMAJTHUTE TOBAPH 10 MECEIIH 32
2021 r. B rpaduveH B,

My

g

Ty

BO00

5000

e Pmakc.

(e

Soao W —— PMHH.

LU

1000
Mecew
®ur.6. MakcuMaJIHi 1 MUHUMAaJTHU TOBAPU MPE3 LUCIMA IECPUO] HAa rOHATa

3a 1a MOXe Jja ce MPOrHO3Mpa M3MEHEHHETO Ha TOBAPUTE € HEOOXOAMMO ONpEAEISIHETO Ha
XapaKkTepHH MoKa3aTenu. Te ca npeacTaBeHy B Taoil. 3.

Tabmuua 3. XapakTepHH MoKa3aTelu Ha eJleKTpoeHepruifHaTa cucrema Ha brirapus 3a

2021 r.

JeH c CroitHoCT Hata
Hali-BUCOKO eJiekTpornorpedaeHne, MWh 143194 44215
Hali-HUCKO enekTponoTrpednenne, MWh 76198 44319
Hali-BHCOK BHPXOB TOBap, MW 6805 44215
Hall-HHCBK BBPXOB ToBap, MW 3724 44319
Hall-HUCHK MUHHMMAaJIeH ToBap, MW 2525 44319
Hall-BUCOK MUHUMaJIEH ToBap, MW 4906 44244
MaKCHUMAaJICH Juana3oH Ha M3MEHeHue Ha ToBapa, MW 2324 44222
MUHUMAJIEH AMaNa30H Ha U3MEHEeHUe Ha ToBapa, MW 884 44366
Hall-BUCOK KOe(PHIIMEHT Ha TUIbTHOCT Ha TOBapa 0,925 44380
Hal-HUCHK KOCQUITMECHT Ha TUIBTHOCT Ha TOBapa 0,788 44561
Hal-BHUCOK TOJIOKUTEJICH YacOB I'PaIMeHT Ha ToBapa, MW 630 44277
Hall-BHCOK OTPHIIATEJICH YacOB TPaIMEHT Ha ToBapa, MW -641 44561

B 1abin. 4 u 5 ca nokazaHu MUHUMAaJTHUTE U MAaKCUMAJTHUTE €JIEKTPONOTPEOICHUS IO MECEIH.

Tabnnua 4 Tabnnua 5

MakcuMaiHo eneKkTporoTpedieHue 3a MuHHMAIHO eeKTponoTpedIeH e 3a
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€/THO JICHOHOIIHE €/IHO JICHOHOIIME
CTOMHOCT, CTOMHOCT,
MWh nara Mecel| MWh nara

Anyapu 143195 19.01.2021/BT Anyapu 87520 01.01.2021/mer
¢beBpyapu 141915 17.02.2021/cp ¢beBpyapu 102148 27.02.2021/cv6
Mapt 130444 24.03.2021/cp Mapt 100201 28.03.2021/nen
Anpun 118102 08.04.2021/get Anpun 85373 30.04.2021/mer
Mait 92324 26.05.2021/cp Mait 76198 03.05.2021/nou
10):01 101383 30.06.2021/cp 10):01 82883 13.06.2021/1en
HOmm 107077 30.07.2021/mer HOm 87785 04.07.2021/nex
ABrycr 107471 02.08.2021/mou ABrycT 88541 29.08.2021/uen
CenreMBpH 97713 29.09.2021/cp CernrreMBpH 84071 05.09.2021/uen
OKTOMBpHU 111498 15.10.2021/mer OKTOMBpHU 89690 03.10.2021/uen
Hoemepu 124528 30.11.2021/BT Hoemepu 94107 06.11.2021/cu6
HexemBpu 139791 22.12.2021/cp HexemBpu 112303 25.12.2021/cu6

B 1abn. 6 u 7 ca gajeHu Hal-TOJNSIMOTO HApacTBaHE HA EJIEKTPONOTPEOIEHUETO MEXAY JBE
MOCJIEAOBATEIHYU JICHOHOIIHS 110 MECELU U Hali-TOJIIMOTO HapacTBaHE HA TOBAapa ChIIO IO MECEIIH.

Ha ¢wur. 7 B rpaduden Bua € mpecTaBeHO U3MEHEHUETO Ha €IEKTPOIOTPEOICHHETO 0 JTHU
3a 2021 1., a dur. 8§ U3MEHEHNETO HA MUHUMATHUTE U MAaKCHUMAJIHUTE TOBAapH 1o JHH. [lokazanuTte
JAHHW MOTaT Ja C€ M3MOJ3BaT MPHU IMOCTPOSBAHE HA IMOJPEICHHU T'OJUIIHU TOBApOBH I'paduIy U
orpejensiHe Ha Koe(pUIIMEeHTUTE Ha IITBTHOCT Ha ToBapa U Ha 3aryoute [Ruseva, V. 2020].

Tabnuua 6 Tabnuua 7
Haii-roisiMo HapacTBaHe Ha €J1.I0TPeOI. Haii-romsiMo HapacTBaHe Ha MaKC.TOBAp
MEX]y JBE TOCIEIOB. ICHOHOMINS MEXY JIBE TIOCIEOB. ICHOHOMINS
Mecel CTOMHOCT, MEXKIY Mecel CTOMHOCT, MeKITY AaTH
MWh aTh MW
Suyapu 10528 2-3 SAnyapu 540 1-2
beBpyapu 17161 11-12 deBpyapu 709 11-12
Mapt 9831 21-22 Mapt 339 6-7
Arnpun 7615 4-5 Anpun 414 4-5
Maii 6758 24-25 Maii 369 24-25
Oun 7748 27-28 Onu 426 27-28
HOnu 9112 11-12 HOnu 485 11-12
ABrycr 9972 1-2 ABrycr 540 1-2
CenremBpH 6309 12-13 CenremBpu 218 12-13
OxromBpHu 8016 24-25 OxromBpHu 328 23-24
Hoemspn 10720 29-30 Hoemspu 520 29-30
HexemBpu 13141 11-12 HexemBpu 379 11-12
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®ur.8. 3menenue Ha Pmax u Pmin o 1Hu B roauiiieH paspes

3a ;ma MoraT Jla ce M3TOTBAT OallaHCH Ha eJIeKTphuecKaTa e€Heprusi € HeoOXOAUMO Ja Ce
pasmojara ¢ JaHHH 32 €JIEKTPOIPOM3BOACTBOTO U EIEKTPONOTpedieHnero B crpanata. Ot TsIx
JIECHO MOTaT Jia Ce OMpeAessT 3aryOuTe B €JIeKTpOeHEepruiiHaTa HU CHCTeMa, KOETO € BaXKeH
nokasaren 3a epekTuBHaTa i paboTa.

Ta6mz1ua 8. XapaKTepHI/I AaHHU 3a CJICKTPOIIPOU3BOACTBOTO B CTPpAHATA

Eneprus MouHocT
MaxkcuMaJIHH JTHEBHH CTOWHOCTH
MWh aara MW aara
EnekTponpon3BoACTBO B CTpaHarTa 177 851 21.12.2021 /Bt/ 8 348 16.12.2021 /gets/
EnexrponoTpebienue Ha cTpaHaTa 143 194 19.01.2021 /Bt/ 6 805 19.01.2021 /B1/
AEL] 52 045 31.12.2021 /met/ 2171 31.12.2021 /met/
TEL] - o610 95 313 22.12.2021 /ep/ 4121 12.12.2021 /men/
BEIL 29 445 19.01.2021 /Bt/ 2142 09.05.2021 /men/
DEILL 7 466 10.04.2021 /cB6/ 963 10.04.2021 /cw6/
BSEIL 12 709 10.12.2021 /met/ 603 25.01.2021 /mon/
EIl na 6uomaca 1015 03.03.2021 /cp/ 45 03.03.2021 /cp/
Heren usnoc 48 888 22.09.2021 /cp/ 2 449 19.12.2021 /uen/
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®ur.9. CpaBHeHUE Ha €IEKTPONOTPEOIEHNETO Ha bhiirapys 3a NeTrouilieH Nepruoa

Ha ¢ur. 9 e npencraBeHo U3MEHEHHETO Ha elIeKTponoTpedienneTo Ha brirapus 3a 5 roauxu.
Bmxna ce, ue Hali-BUCOKO € eJleKTpornoTpedaeHneTo 3a nocieanara 2021 r.

U3BOIM

CbOpann u 00paboTeHM ca JaHHWUTE 3a TOBAapOBHUTE TIpauUM Ha €JIeKTpOeHepruiiHara
cucrema Ha bovarapus 3a 2021 r. Ilomydenum ca: ToAMmieH TOBapoB TpaduK, KOHTO 1aBa
M3MEHEHMETO Ha EJEeKTPUYECKUs TOBap Ipe3 MEeCelHUTe OT TOJMHATA; YCPEAHEHU ICHOHOIIHU
TOBapOBHU rpaduIld 32 Hali-HATOBApEHUs Mecell (SHyapH), 32 Hail-MaJIKO HaTOBapeHUs Mecel] (Maif)
U TUIHWYHO JIeTeH Mecel] — toiu. [loyueH e Koe(UIMEeHThT Ha CE30HHOCT Ha TOJUIIHUS TOBApPOB
rpaduxk, koito e 0,7. Toll onpenenst paBHOMEPHOCTTA HA TOAMILIHUS TOBAPOB rpaduK.

Omnpeneneno e OpyTHOTO roAuIHO enekTpornorpednenue 3a 2021 r., koero e 38505 GWh.
Cpasueno ¢ npenxoanara 2020 roguHa 1o uMa yBenuderue ot 0,2%. AOGCONIOTHUAT MaKCHMAaJICH
roguiied ToBap € 6805 MW, a aGcomtoTHMs MMHHManeH ToBap — 2525 MW. Omnpexnenenu ca
MaKCHMaJHUTE 1 MUHUMAJIHUTE TOBapH 3a Bceku Mecer] 3a 2021 r.

OmnpeneneHn ca BaXHM EKCTPEMHHM CTOWHOCTH, HEOOXOAMMH IpH €KCIUloaTalusATa Ha
CJICKTPOCHEPTUIHATA CHCTEMa M IIPOrHO3MpAaHE Ha eleKTpudeckure ToBapu. Ilokasanm ca
M3MEHEHHMETO Ha eneKkTpornorpebnenuneTo no g 3a 2021 r., W3MEHEHHEeTO Ha MUHHMAJIHHUTE U
MAaKCUMAaJHUTE TOBAPH U BAXKHHU €KCTPEMHU CTOMHOCTH HAa F€HEPUPAHATA €IEKTPUYECKA EHEPIUs OT
OCHOBHMTE €HEpruilHM u3TOYHMLM. HampaBeHO € CcpaBHEHHE Ha EIEKTPONOTPeOJIEHMEeTO Ha
bearapus 3a neTrogumeH Nepruo.
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Abstract: Companies are creating various financial documents annually for various financial analyses. The most
commonly used is fundamental for financial analysis, which is the balance sheet. They are created in the format of a
digital spreadsheet. The paper presents the development of a software system modelled to analyse balance sheets using
the commonly used financial analysis such as liquidity, financial autonomy, and turnover. A review of existing financial
management systems shows that they require manual data input and do not process the spreadsheet data directly. The
presented system showcases the use of templates to unify data extraction of digital spreadsheet files that contain
financial data. The presented software is to be used in the educational process of engineering students that want to
specialize in the development of financial systems and need a perfect example to understand financial concepts utilizing
the studied theory.

Keywords: Financial Analysis, Balance Sheet, Liquidity, Turnover, Financial Autonomy, Education, E-learning,
Software System

BBBEJEHUE

dupMuTe C TEUEHHUE Ha JIEHHOCTTA CH H3TOTBAT Pa3lUYHU (PUHAHCOBO-CUETOBOJIHU OTYETH.
Te ca enekTpOHHU TAOIUIH, CH3AJICHU Ype3 MPUIIOKEH COPTyep M Ce Ma3siT B apXHB, C IEI J1a ce
M3II0JI3BAT 33 MPOBEXKJAHETO HA aHAJIM3U U CIIpaBKU. YacT OoT TAX UMaT MbPBOCTENIEHHA BaKHOCT 3a
enHa ¢upma. ToBa ca oT4yeTu 3a GUHAHCOBUTE pE3yJITaTH, JBHKEHHETO Ha (PMHAHCOBUTE CPE/CTBA,
M3MEHEHHATAa Ha KaluTaja W CUeTOBOJEeH OamaHc. Bb3 ocHOBa Ha M30pOCHHTE TOKYMEHTH Ce
poBeXJa (MHAHCOB aHAIN3, KaTO C€ IMpuiaraT onpeaeIeHn MaTeMaTniyecku Mojienu. ChllecTByBa
rojsiMo pasHooOpasue ot punancou aHanusu (Thakur, 2022), kouTo mMorar aa ce U3roTBAT BbPXY
Te3u oTUeTH. ToBa rojsiMo pazHooOpasue, MOXKe J1a JJOBEJE /10 TPEIIKU OT YOBEK NP HU3UUCISIBaHE
Ha eauH aHanu3. Hampumep, korato ce M3MOJA3BaT HENOAXOIAIIM AaHHU. ['pemkuTe morar ga ce
cBelaT 0 MHUHMMYM, KaTO Ce€ H3I0JI3Ba MPOrpaMHa CUCTEMa, KOSATO Ja YNpaBlisiBa M W3YHCISABA
(bMHAHCOBHTE aHAJIM3M U JIa TIOJIIMOMOTHE TAXHOTO M3IOJI3BaHEe U pazOupaHe. 3aToBa ynoTpebdara Ha
IIPOrpaMHU CUCTEMH 3a (MHAHCOB aHAIN3 B MAJIKU (PUPMHU Ca MOJIE3HU, 0COOEHO aKo ce mpuiarar u
3a Pa3BUTHETO Ha 3aabji0OYeHH (uHaHcOBM mNo3HaHus U ymeHus (Laitinen, 2018). Enun or
npobiaemMuTe, Bb3HUKBAIL TPH 00yUEHHETO 3a M3IMOJI3BaHEe Ha MOJA0OHU CUCTEMH, € HEYBEPEHOCTTa
Ha noTpedurtenute mpu pabdota cbe camara cuctema (Assareh and Hosseini, 2011). 3a ma Obae
nojie3Ha o0yyaBalaTa mporpaMHa cpefa, T TpsOBa /1a MpeocTaBs Bb3MOXKHOCT 32 HHTEPAKTHBHO
M3YHCIICHUE U OMMCAaHNE Ha JOCTHIICH €3UK Ha CaMHTe aHATM3U. ToBa € C IeJ J1a Ce U3I0JI3Ba KaKTO
3a CaMOCTOSITeNTHO 0O0yUueHHe, Taka U 3a 00y4YeHHE C MPeroaBaTell.

N3JI0KEHUE

3a Cb3JIaBAHCTO HAa TaKaBa CHUCTEMaA, IO KOATO Ja CC IpaBAT aHAJIW3W Ha MHOXKCCTBO OT
CYCTOBOAHU NOKYMCHTHU H3UCKBA MHOI'O BpEMC U CpCACTBA. 3aToBa ¢ OciI U3CJIICABAHCTO HA Ta3u

13 JloxnagsT e mpejacTaBeH Ha CTyJAeHTCKara HaydHa cecust Ha 18.05.2022 B cexuus KoMyHHMKAIllMOHHH U
KOMIIOTBPHH CHCTEMHU M TEXHOJOTHWH C OpHUrMHANHO 3ariaBue Ha Ovirapcku esuk: OBYUUTEJIIHA CUCTEMA 3A
OMHAHCOB AHAJIIS.
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ujes Ime ce pa3paboTH caMo €AWH MOAYJ OT TakaBa TrojisiMa CUCTeMma 3a (PMHAHCOB aHaIHM3 KaTo
camocTosiTenieH. B ocHoBara Ha (UHAHCOBHMA aHalIM3 € (UHAHCOBO-CUETOBOJAEH Oamanc. Toi
ChAbpkKa MHPOPMAIMS 32 OOIIOTO ChCTOSHUE (AaKTHMBUTE M TACHUBHTE) Ha eaHa ¢upma B €IUH
KoHKpeTeH MoMeHT oT BpeMe (Kasarova and Dimitrova, 2005). PazpaboTeHara nporpamHa cucreMa
€ U3ISJIO0 OPHEHTHpaHa KbM (DMHAHCOBU aHAIM3H BBbPXY CUETOBOJIHUS OanaHc. T 1mie ce u3mosis3sa
pu 00y4EeHHETO Ha CTYIECHTH OT HMHKECHEPHH CIICIHATHOCTH 32 00y4yeHHe ¢ (PMHAHCOBUTE MOHATHUS
u BuzoBe aHanmu3u. OCHOBHATA 1el € crenuuuHrTe GUHAHCOBU U3YHCIICHHS J1a CE TIPEACTaBSAT 110
pa3bupaeM M MpaKTUYCH HAYWH, KOHTO Ja pa3sCHU Ha oOydaBaHUTE KakK Ja Cbh3/aBaT IMO-I00pH
MPOTPaMHU CHCTEMH HITU MOJIBPKAT U aJalTUPAT MO-TOJIEMH M CJIIOKHU TaKWBa, KATO CHCTEMH 32
yIpaBJICHUE HA PECYPCUTE Ha MPEIIPUATHETO.

ChbulecTBYBAIIU pelIeHus

Quicken e Haii-mMpPOKO M3MOJI3BaHATA CUCTEMa 3a ynpasjieHue Ha (uHancu. Ts e ¢ Goratu
BBH3MOKHOCTH U € HACOUCHA KbM JIMYHH (PUHAHCH, HO MOXE JIa CE TI0JI3Ba OT MAJIKU HPEATIPUSTHSL.
O0aye, M3UCKBa IaHHUTE J1a CE BHBEXK/IAT PHYHO WIIH J]a C€ CBBPIKAT OT JIpyra MporpamMHa CUCTeMa.

Microsoft Money e 6una cuctema 3a ynpaBjieHUE HA JIMYHU (DUHAHCH CBH3IAJCH, C 11T Ja
0bae koukypeHt Ha Quicken. [TogapwxkaTta Ha Microsoft Money criupa nipe3 2009 roauna u cien
2012 roauna, He MOXe Ja Ob/I€ 3aKYIEeH U U3MO0I3BaH. Ta3u cucreMa ChIlo U3MCKBA BCUYKH JaHHU
Jla c€ BBBEIKAT OT MOTPEOUTEIIS.

Grisbi e Oe3ruiaTHa nmporpaMHa cucTeMa ¢ OTBOPEH KOJI 32 YIIPaBJICHUE HA JIMYHU (DUHAHCH.
Bwrpeku de e npejHa3HavyeHa 3a JIMYHO MOJI3BaHe, MMa JIOCTAThYHO BB3MOXKHOCTH 32 YIPABJICHUE
Ha Maidbk OusHec. Tasu cucrema, ChIIO pa3uuTa Ha MOTPEOUTEINS Ja BbBEJIC MOBEYE OT JAHHUTE
WIH JIa TH BMBKHE OT JIpyTa MPEAUIITHO U3I0JI3BaHa 1Mo100Ha CHCTEMA.

GnuCash e npyra 6e3miatHa cucTeMa ¢ OTBOPEH KOJ 3a ynpasieHue Ha puHancu. Ts cbino
MOJKE JIa ce M3I0JI3Ba 32 ylpaBiieHUue Ha (prHaHCH Ha MaIbK On3Hec. HeoOXxoauMo € naHHuTe 1a ce
BBBOKIAT OT MOTPEOUTENsT WIM Ja C€ BMBKHAT OT (pailyioBe M3HECEHU OT JAPYTHd HPOTrpaMHU
CHCTEMH.

HomeBank e Ge3miatHa nporpaMHa cucteMa ¢ OTBOPEH KOJI 33 YIpaBJjeHUE Ha (UHAHCUTE
Ha €IHO JOMAakWHCTBO. lMa BB3MOXXHOCT IpPU BBHBEKAAHE Jia OTKpUBA JayOJIaku M Ja
npeaynpexaasa norpeduress. OTHOBO pa3unTa U3ILUIO HA JAHHU BBBEICHH OT MOTPEOUTENS I
BHECEHH OT (haifJIoBe OT JPYTH MPOTPaMHU CUCTEMH.

MoneyManager Ex e Oe3miaTHa nporpaMHa CHCTEMa C OTBOPEH KOJI, KOSTO CE pa3ielis Ha
HACTOJIHO MPHJIOKEHUE U MOOHMITHO, KATO MOOMITHOTO TPHIJIOKEHUE € J]a CIOMOTHE BBBEXK/IaHETO Ha
JIaHHH | JIa C MPEXBBPIIAT KbM HACTOJIHOTO. Ta3u mporpaMHa cucTeMa He MOXKe Jia ce M3I0JI3Ba 3a
yIpaBJIcHUE Ha MalIbK OU3HEC.

Scrooge e Oe3miaTHa MporpaMHa CUCTeMa C OTBOPEH KO, KOSTO CIIY)KH 3a YIpaBJICHHE Ha
nuuHu puHaHcH. HelHuTe pa3paboTymiy TBBPAAT, Y€ MOXKE Jia CE W3IMOJI3BA Camo 3a JIMYHU
buHaHCH, HE € MOIXOIAIa 3a MAIbK OU3HEC U Jia Ce TIOThPCH JAPYro pemieHue. T e mojaoOHa Ha
OCTaHAJIUTE CUCTEMH, KaTo MOTPEOUTEIIAT BhBEKAA HHPOPMAIIUATA CAMOCTOSITEITHO.

Actual budget e ye6 0a3upaHa npuiokHa MporpaMHa CUCTeMa 3a yrpaBiieHue Ha (QUHAHCH.
Tst e Qokycupana BbpXy MOBEPUTECITHOCTTA HA JaHHUTE W TOJIbPKAa KPUITHPAHETO WM.
Pa3nuyHuTEe CMETKHM MOTAT Jla ce KaTeropu3upar Wik aBTOMAaTHYHO J1a ObAaT nojpencHu. Ts Moxke
Jla ce M3MOJI3Ba CaMo 3a JIMYHU (PUHAHCH, HE € TIOJIXOIAIIIA 32 YIIPABICHUETO Ha MalIbK OU3HEC.

H3Boam oT pasrienaHuTe ChIIeCTBYBAIIM PellleHUs

OT pasrienaHuTe NpOrpaMHU CHCTEMU C€ OTKpOSiBa TEHACHLHS 3a (OKYC BBPXY JIMYHHU
(¢buHAHCU W TAXHATa MOBepUTETHOCT. CHCTEMHUTE ce OMUTBAT Ja OBAAT JIECHOIOCTBHIIHH, HO Ca
TPYAHH 3a ITbPBOHAYATHO W3IOJI3BaHE Oe3 W3BeCTHAa (PMHAHCOBa MOATOTOBKA. Te W3BEXaar
pesynratute cu rpa@uuHo U TabaudHO. YacT OT TAX MPEIOCTaBAT BB3MOXHOCT 32 BMBKBAaHE Ha
JaHHU OT JPYTU IPOrpaMHU CUCTEMHU KaTo M3HeceHU (aitoBe. Te3n BCHUKM CHCTEMU MOAIBPKAT
aHallM3W Ha TIACMBM W aKTUBU, HO HE MOTaT JMPEKTHO Ja MpaBs aHAIM3H BBPXY EIEKTPOHHU
tabmuiu. TpsOBa fa ce BbBEIAT OT MOTPEOUTEIS UITK Jia C€ BHECAT OT Jpyra MporpaMHa CUCTEMa.

-89 -



PROCEEDINGS OF UNIVERSITY OF RUSE - 2022, volume 61, book 3.3.

en

Ilenta e ga ce mpoekTHpa U pa3paboTH UHTYUTUBHA MIPOTPAMHA CHCTEMA, KOSTO Ja Ipejiara
BB3MOXKHOCTH 32 (DMHAHCOB aHAJIU3 HA OTYETHUTE OasaHcu Ha GUpMH. 3a J1a MOXKE CHCTeMaTa Jia ce
M3MOJI3Ba KAaTO TMOMOIIHO CPEICTBO 3a CTYJACHTH, W3yYaBallld MPOTPAMHHU CHCTEMHU 3a OW3HEC
MOJICJIUpaHe, € HEOOXOAMMO Ts Ja NPeIoCTaBs pa3sCHEHUSA Ha (UHAHCOBUTE IIOHSTHS.
CrpIieBpeMeHHO Ja paboTH C TOJISIM 00eM pealHH JaHHH, KOETO s MPaBU MOJIe3Ha U 32 HAUMHACIITN
(DMHAHCUCTH, 3aMHTEPECYBAaHU OT TE3H BHUJIOBE aHAIU3H.

DOUHAHCOBU AHAJIU3M BbPXY (PDMHAHCOBO-CYETOBOJAEH OaJIaHC

[Ipu 0030p Ha JTUTEpaTypHU W3TOYHU 32 (PUHAHCOB aHAIM3 M 32 HAMUPAHE Ha Hal-4ecTo
U3IIOJI3BAHUTE TaKWBa C€ OTKPH, Y€ AHAIM3UTE BBPXY CYCTOBOJHHS OallaHC ca Hal-4ecTo
u3nom3Banu. To3u OanmaHc ce W3roTBs moJ (opmara Ha €IEKTpPOHHA Ta0JMIla, ChCTaBEHA OT J[BE
yacTu - nacuBu M aktuBH (Nikolov, 1996). ®uHaHCcOBUTE aHAJIM3U HA CUYETOBOJHHUS OallaHC ce
0a3upar Ha OCHOBHOTO paBEHCTBO Ha OajlaHca, TOBA paBEHCTBO rpadpuyHo e nokazaHo Ha wur 1.

CobcTBeH KanuTan
(AKTNBM - Nacuen)

Pa3sxon

[AKTMBM HaCMBM]

®ur. 1. OCHOBHOTO PaBCHCTBO BbB (bHHaHCOBI/ITe aHaJIU3H1

OCHOBHUTE aHAIM3H BbPXY (UHAHCOBHS OalaHC, KOMTO CE€ MOJI3BAT C U3BECTHA MOMYJISPHOCT
cpen anaymtunute (Kasarova and Dimitrova, 2005) ca aHaim3 Ha JMKBUIHOCTTA, aHAIHM3 Ha
(¢uHaHCOBaTa aBTOHOMHOCT W aHaJIW3 Ha OOOPOTHHUS KamuWTajl. 3aToBa T€ Ca W3IMOJI3BAHU NPU
pealM3upaHeTo Ha MporpaMHaTa cCucTeMa 3a pUHAHCOB aHAIH3.

Jlormyecku Mojaena

[Ipy M3M'BIHEHHETO HA MOCTAaBEHHUTE 3aJaud 3a pa3paboTkara Ha oOydWMTEIHA CHCTEMa Ce
ChCTaBM Joruyecku mojea. OT Hero ca nmokaszanu auarpamute, Ha Our. 2 3a ciaydyau Ha yrnoTpeda u
Ha @wur. 3 3a mporeaypara 3a 1o0aBsHe HAa HOB OTUET OT OTpedUTes.

YnpasnsaBa hMHaHCOBUTE OTHETH
3apefeHy B nporpamara

YeTe fokyMeHTaUUs Ha
nporpamara, KoraTo noxernae

\
\

<<Extend>>
A}

\
v

Ynpaenaga WwabnoHu 3a HaMupaHe Ha

HeobXoauMUTE AaHHU NO OTYETUTE MoTpeGuten

Mpernexna peayntatuTe oT aHanuauTe 3a
13bpanu oT4eTH no drupmMa 1 roguHa

-

<<Extend>>

~

<<Extend>>

W36upa koehuureHTH OT aHanus 3a

npaBneHue Ha 0BopoTHWA KanuTarn M3bupa koeduLueHTI oT

aHanua Ha NUKBUOHOCTTa

W3bupa koedUUMeHTH OT aHanu3
Ha puHaHCcoBaTa aBTOHOMHOCT

@ur. 2. /luarpama Ha ciiydauTe Ha ynorpeda Ha mporpaMHaTa CUCTeMa
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B ocHoBara QpyHKIIMOHAIHOCTTA ce pa3zelis Ha JBE — 3a yIpaBJieHUe Ha (MHAHCOBUTE OTYETH

U 3a nperye] Ha ¢puHaHcoBHUTE aHAU3U. [Iporenypara 3a 106aBsHe HA OTYETH € MoKa3zaHa Ha Dwur.
3.

Havano

Wabupa "YnpaBneHwe Ha hMHaHCOBU
otyeru"

v

W3Bupa dhann-oT4HeT oT AManoros
nposopey

V!

Bueexaa AaHHM KaTo UMETO Ha
chupmarta, roguHaTa n apyru

v

WMabupa noaxopswy wabnox 3a
W3BNMYaHe Ha gaHHuTe oT daina

\

/3BeXAAT Ce UABNEYeHUTE JaHHN OT
channa c otyeTa

N T N ) )
N S N

laGnoHa n3enu4a npasunHo & laGnoxa He U3BNKMYa NPaBUIHO ( .
OTeaps "Ynp: ve Ha WwabnoHu'

( MNoTebpiaaBa 3anasBaHeTo Ha ) HOTPEGMTEHH \b

thaiina ¢ otyeTa B 6asarta gaHHn nposepsBa fanu
wabnoHa npasunHo Cbanasa noaxopaly wabnoH sa

W3BNU4a AaHHUTE AaHHWTE

WMasnuyaT ce AaHHUTE OT chaina u
Ce CeXpaHABarT B8 Basata ot AaHHKW

.

Kpain
@ur. 3. Jlmarpama Ha JICHHOCTHUTE, OIMKHCBAIA JOOABIHETO HA OTYET OT IMOTPEOUTEIS

Hauano .
Haqano

Orteaps "lMpernen Ha
aHanuavmpaHuTe aaHHn"

v

N3bupa umeHa Ha hupmute 3a
aHanua

!

W3bupa onpeaeneH nepuoa

!

W3bupa nbpBoHayaneH
koehUUWEHT 3a cpaHeHue

!

Mpernexaa uasefeHUTe AaHHW
KaTo Moxe Aa usbepe v apymv

KoeduLmMeHTn

Kpai

M

OtBaps "lepaaneH ne Ha
wabnoxun"

—

D
N

Gaﬁupa wabnoH unu ck3fasa HOB

MocoyBa NpaBUMHUTE KNETKK 0T
chaiina c HeOﬁXO,D,MMPITe OaHHW

—

N )

WU3BNKYaT AaHHUTE OT OT4eTa

[I'Iposepﬂaa Aanu npasurHo ce

—

2

@aGHOHbT € rOTOB 3a M3Mos3BaH

N N N S N S

D

Kpa#i
@ur. 4. Jluarpama Ha JIEHHOCTHUTE 3a MPETIeKIaHe Ha aHaIH3 (BJISBO) U 3a 100aBsiHE Ha
mabJ10H (BASCHO)

BaxxHus MOMEHT OT Hero € u300pbT Ha MabJIoH, [0 KOWTO Aa ce puiaTpupaT BXOJHUTE TaHHU
U aa 0bpnaT oOpaboTeHu oT mporpamara. [lopanu Ta3um npuurHa € HEOOXOJUMO MOTPEOUTENAT Ja
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MPOBEPH JAJIM W3BEACHUTE JTAaHHW ca MPaBWJIHU M Ja TIPUEME WM Ja Ch3JaZe HOB TOJXOISII]
mabnoH. [Ipoueaypute 3a mpoBexaaHe HA aHAIK3 U 100aBsiHE HA MAOJIOH ca W3IS0 JIMHEHHU U
noka3zanu Ha dwur. 4 u Owr. 5.

Peannzanus

[Ipu peanmuzaumss Ha mnporpamara ce IPOCIEAN BEYE CBh3AAJACHUSA JIOTUYECKHM MOJEI U
MPOTOTHUIT Ha MoTpeduTenckus uHTepdeiic. Pesynratute oT peanmsanusara MOXKe Ja c€ BUIAT HA
@wr. 5, Our. 6, Our.7 u Owur. 8., KBJETO ca MOKAa3aHU eKPaHU B PA3IMYHU MOMEHTH OT padoTara Ha
nporpamara.

B NMporpamna cucTema 33 GUHANCOE aHaNM3

p Ha ¢ dHu omyemu

Balans_Finansovo_Schetovoden.xls

na oTuer (S60p Ha WabnoK)

Mpernea na ananuspanie At

22 2
Company Z 2016 2 BalanceZ  Balan

@wr. 5. 'maBHO MEHIO Ha pa3paboTeHaTa @wr. 6. UaTepdetic 3a ynpaBicHue Ha
nporpaMHa CHCTEMa (DUHAHCOBH OTUYCTH

B Mpernes Ha aHANWSUTE EBPXY OTHETTE Ha BUPMMTE

3apenen oruer: Balans Finansovo_Schetovoden.xls

TMpezned Ha evpxy o om 2a usbp pupmu

Visepn aranzn sa:

| Npeanmuen | 2 Cobereen Kanuran v | Creasawy

3a "CobcTBen KanuTan® no NPUHLAN YecTo ce u3bnpa cTofiHocrTa Ha "O6mio no pasaen A (1 = 11 + ID* or | 0.82
J

KoenumenT Ha 08paLa..
KoELMEHT Ha HATOZap...
- Company ¥

b Ananus wa MlukeuaocTT

CrcronnuTe Ha MECTORO/IOKEHWE Ha KneTKaTa

0.5
Teryuuto nabparara

Koeduument

» AHBNS Ha QUHAHCOBET ABTOH..
KrieTkata € Ha CTpaniua "nacue” c pea 5 u konoka 4. Haua san

Company Y - Oz = AHanus Ha YnpaEnenmero Ha O...
OBOpOT Ha E3EMAHMATA (..

Motgnpan u Cneasay | | Dorespan i

.
‘ .

2020-4 2021-12 2022-12
Bpeme O 2012-December |

MACKB.

PASAENK, TPYNIA, CTATAN wnprp Cyma (mn. ng)
fo: | 2022-December |+
npeAXoAMa FoaNNa TeKyLLa roanHa

Moapobrin arn:
6 1

2020-4|2021-12 2022-12
CompanyZ - Kin | 108525 | 1.09525

CompanyZ - Onaz. 066667

1

2

El

a

5 |A. COBCTBEH KANMTAN 51 145322
6

7

5 Company ¥ - Kitn 025071
)

1. KAMMTAN
1. Ocror
2. lomenrmrenen (sanacen] kanuran 52 92408

Company ¥ - Ous 0.66667

= —_— ——d = — —
e - - - V——""— - 00— —— _
@wr. 7. Expan 3a nepunumms Ha madioH OT @wr. 8. Expan 3a mperiies Ha (UHAHCOBHUTE
u30paH OT4eT aHaJu3u 3a u30panute Gpupmu

Ha ®wur. 5 e naneH expan 3a r1aBHOTO MEHIO HAa IpOrpaMHaTa CUCTEMA, KbJETO BU3YAIHO CE
OTKpOSIBaT JBET€ OCHOBHU (DYHKIMOHATHOCTH Ha mporpamara. Ha dur. 6 e mnpeacraBeHo
YIOpPaBJIEHUETO Ha CYETOBOAHMTE OalaHCH, KOETO ce pas3feiis Ha JBe cTpaHu. JlsBata e 3a
yIOpaBlieHUE Ha 3apelieHus] OTYeT, a JsICHATa - MPOMEHS HETOBHUTE CBOWCTBA, HANPUMEP KBM KOS
dbupMa TpUHAIIECKN OTYETHT. [IBPBOTO CBOICTBO, KOETO MOXE Jia C€ NMPOMEHH € MIA0JIOHET,
MpUHAJIeKAN] KbM ChOTBETHHUs oT4eT. Ha ®ur.7 e moka3aH ekpaH Mo BpeMe Ha JeduHUpaHe Ha
mabsion mo m30paHus orueT. B Hero ce m30upa W 3ama3Ba KieTKa 3a CHOTBETHUS (DUHAHCOB
napaMmersp OT TaOMUYHUS €JIEeMEHT, KOWTO ChIbp’Ka BCHUKH JaHHHU OT (ailia ¢ eleKTpOHHATa
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Tabnua Ha cueToBOgHMA OanaHc. ToBa € KIIIOYOBHAT MOMEHT 3a IIPOTpaMHaTa CHCTEMa, IMTOHEXKE
OpU TBIHO JedUHHMpaHEe Ha IIA0JIOH, TOH MOKE Ja C€ M3IMOJ3Ba MPHU E€IHOTUIIHH CUYETOBOIHU
OTYEeTH, yJEeCHSBAIIM TexHUs aHanu3. Ciex ToBa MOXe Jja ce MPOBEPU aHAJIM3a CaMO Ha €AWH OT
T€3M OTYETH WJIM CHBKYITHO Jla C€ M3BeAaT M30paHU KOS(UIIMEHTH OT U3IMOI3BaHUTE (PMHAHCOBUTE
aHanu3Wu. TSAXHOTO CBHBKYIHO MperjiexaaHe € mokasaHo Ha dur. 8, KpAeTO pe3ynraTHTe ce
M3BEX/IaT rpadUyHO M MMa BB3MOXKHOCT 3a MPOMsHA Ha M30paHHWTE MEpHOJ U KoepUIMeHTH 3a
CHOTBETHUTE (HUPMHU.

U3BOIN

Pa3paborenata mporpaMmHa cuctema 3a (PMHAHCOB aHAJIU3 € MOAXOASIA 32 M3MOJI3BAHETO B
nporieca Ha OOy4YeHHE Ha CTyAEHTH. TS MpeAocTaBss MHTEPAKTUBEH HpUMeEp, KOMTO cromara 3a
pa3bupaHeTro Ha (UHAHCOBAaTa TEOpPUS W MPUMEPHO DPEILICHUE 3a YJIECHSABAHE MPOBEKIAHETO Ha
(MHAHCOBM aHAJM3U CHC CYETOBOAHM (hailioBe, KOUTO (PUPMHUTE MO MPUHIIUIT U3TOTBAT €KETOTHO.
ChIOCTaBSIHETO HA aHAIM3UTE OT CYECTOBOAHUTE OalaHCH OT MPEXOJHU FOJIMHU € €KBUBAJICHTHO Ha
CpaBHSIBaHE HA MMPEIUIIHUTE MOMEHTHHU ChCTOSIHUA Ha eHa (hupMa, KOeTo MoKa3Ba e(peKTUBHOCTTA
Ha elHa (upMa U MOKe Jia ce BUIM ¢ rpaduka OT mporpamHara CucTema.
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Abstract: In recent years, social media has become part of the lives of more and more people. Among them, the
most prominent representative are social networks, which are used by nearly 4 billion people every day. They have both
positives and weaknesses. The main disadvantage is the long time spent in them, instead of in direct communication. At
the same time, communication on social networks is a plus. Other pluses are the easy discovery of new information, as
well as many others. The paper reviews a method for realization of web-based social network. For this purpose, an
analysis of existing solutions has been made. After the analysis, the biggest advantages of each considered example are
selected and added to the prototype development plan. Technologies are used that facilitate the development and
improve the experience of working with the product.

Keywords: social media, social network, software engineering, web-based platform

BBBEJIEHME

TexHosoruuTe ycmsixa Ja MPOMEHST CBIIECTBEHO HMBOTa Ha xoparta (Atabek, G. S., &
Atabek, U., 2020). Mma mMHOro mpuMepH 3a MPHIIOKEHHS, CBBP3aHU C TCXHOJIOIMHTE, KOHUTO
CTaHaxa TMOIYJISIPHU TPe3 TMOCIEHUTE TOIUHU, KaTO Hall-U3BECTHH CPEJT TAX Ca COIUATHUTE METUU
(Alenezi, W., & Brinthaupt, T. M., 2022). Craructukute 3a 2020 roguHa co4ar, 4e ce H3IM0JI3Bar
ot 3,81 munmmapaa norpebutenu. CouuanHUTEe MEAUM MUMAT pa3IudyHU (OpPMH, KaTO BUPTYaHU
obmHoCTH, yeO OjoroBe, MUKpO OJIOTOBE, CIOJAENSHE HA CHUMKH M BUJEO, KAKTO W COIMAITHU
mpexku (Alogool, A., & Alsmairat, M., 2022). Ot u30poeHUTE, MOCICTHUAT TUI CTaAHA HEU3MEHHA
YacT OT JKMBOTa Ha Xopara B MOCHEAHUTE TOAMHU. COIMATHUTE MPEKU HUMAT KaKTO MHOTO
TUTFOCOBE, TaKa U MUHYCH.

EnuH oT HemocTaThIMTE HA COIMATHUTE MPEXH € TOBa, Ue XopaTa MpeKapBaT MpeKaleHO
rojisiMa 4acT OT BpeMeTo cu B TaX. Cpel TUIFoCOBETE MoraT J1a ObJaT U3ThKHATH: yA00CTBOTO MIPH
KOMYHUKAITUS C IPUSATENN M KOJIETH, JIECHUS JIOCTBII 10 HOBAa WH(POPMAIIHS KaKTO U MHOTO JIPYTH.

N3J10KXEHHUE

HacrosmusaTt nokman uMa 3a 1ei Ja mpecTaBd aBTOPCKHU MPOEKT 3a yeh-0a3upaHa coluaina
Mpexka, KOATO Ja ObJe MO-Majako MpOoCiensBalia M C MO-MaJIKO PEKJIaMH CIPsSMO Hai-uecTo
CpelIaHUTe TaKUBa, KAKTO U J1a HAChpYaBa MOTPEOUTENNUTE Ja sl U3TMOI3BAT II0-MaJIKO BpeMe Ha JIeH.

B npencraBenust 10KIaa ce OMUCBAT U3MOI3BAHUTE METOU U TEXHOJIOTHH MpHU pazpaboTkaTta
Ha MPOTOTHUIIA HA COLIMAIHATA MPEXKa.

14 JloknambT € IpeAcTaBeH Ha CTyAeHTCKaTta HayuHa cecus Ha 18.05.2022 B cekius KoMyHHKaMOHHA W KOMITFOTHPHA
TeXHUKa C opuruHamHO 3arnaBue Ha Obarapcku e3uk: [IPOEKTUPAHE W PEAJIM3ALIUA HA COIMAJIHA
MPEXA.
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H3noa3BaHu TEXHOJOTHHU

HpI/I Cb3J1aBAHCTO HA NPOTOTHIIA Ca U3IIOJI3BAHU CIICAHUTC TCXHOJIOTUU!

Node.js - JavaScript framework, mpeaHasHaueH 3a Ch3JaBaHe Ha Malla0HpyeMH
pasnpenenecH: MPEXKOBH IMPWIOKEHHS, HW3MON3BAll CHOUTHHHO-OPUEHTUPAHA
apXMTEKTypa ¥ HeOJIOKHpAIld aCHHXPOHHHU B3aumoeicteus (Suhov, K., 2022);
Express.js - MwuHMMamUCTH4EH, TI'bBKaB, open-source framework, Oasupan Ha
Node.js. Toit BkItoYBa yHUBEpcayieH Ha0Op OT (YHKIIMOHATHOCTH 3a U3rpaKIare Ta
ye6 u moominnmn npunoxenus (Nguyen, K. N. N., 2022);

React.js - TIlo3BonssBa Ha pPa3pabOTUMIIMTE Ja Ch3JaaBaT rojeMu, yeO-OasupaHu
NPUJIOKEHUS, KOWUTO NPOMEHAT JaHHH 0e3 HEeOoOXOAMMOCT OT MOCJIEIBAILO
obHoBsiBane Ha ctpanuiara (Dinku, Z., 2022);

MongoDB - lokymenTo-opueHnTupana 6a3a ganuu. [IpegumMcTBOTO €, 4e TO3U THI
b/] ca no-reBkaBu. JJ00aBSIHETO M MPEMAaXBaHETO Ha TI0JIETa CTaBa MO-JIECHO, TIOpaIu
Juncata Ha npeneduHupana cxema. ToBa mpaBu pa3pabOTBAHETO MHOTO IMO-O0BP30
(Bradshaw, S., Brazil, E., & Chodorow, K., 2019).

JIpyru uU3M0I3BaHu TEXHOJIOTUU:

Redux - 3a paborta ¢ rio0aHUTE ChCTOSHHE;

Socket.io - 3a IUPEKTO M3MpAalllaHe ¥ MMoJydyaBaHe Ha U3BECTUS U ChOOIICHUS;
MUI - 3a qu3aiina;

Cloudinary - 3a cbxpaHeH#e Ha H300paKECHUATA.

Onucanne Ha Mpoleca HA MPOEeKTHPaHe H Ch31aBaHe Ha miaTdopmara

IIponiechT Ha MPOEKTHpPaAHE € 3all0YHAT C aHAIM3 Ha Hal-pa3slpOCTPAHEHUTE CHILECTBYBAIU
peleHusl, KaTo B HEro ca 0000IEeHH CIeTHUTE U3UCKBAHUS:

B nporoTumna tpsdBa na Ob1aT U3MOA3BAHN IPHUSTHH 32 YeTCHE MpU(TOBE;

Bcekn kommnoneHT TpsiOBa a mMa coOCTBEHO INMpeaHa3HAuYCHHUE, KaTo HEe TpsOBa aa
“Ma U3JINAIIHY HEIlla;

I[BeToBaTa cxema TpsiOBa /1a € eIHAaKBa 332 BCUYKHU €KpaHU, C HE MOBeYe OT 3-4 1BATA.
Ju3aiiHbT TpsiOBa Ja € responsive;

TpsabBa ga Moxxe 1a ce 100aBIT MPUATENH;

Tps6Ba 1a UMa B3MOKHOCT 33 KOMYHHUKAIIHSI MY TIPHSITEIIH;

TpabBa na wuMa BB3MOXKHOCT 3a JJ00aBsSHE, XapecBaHe M KOMEHTHUPAaHE Ha
MyOJIUKAIUY;

W3BectusTa, KakTo U CHOOIICHHITA, TPsiOBa a ObIAT moidydyaBaHu Oe3 3a0aBsHE U
0e3 HyX/1a OT Mpe3apekIaHe;

Jlanaute TpsiOBa na ObIAT ChbXpaHSABAHU [0 CUTYPEH HAUMH U Ja He ObJIaT JOCTHITHU
3a TPETH JIUIIA,

Bceku moTtpebuten TpsOBa Ja MMa BB3MOXKHOCT 1@ PEAAKTHpPA JaHHUTE CH, C
M3KJTIOYEHNE Ha Te3U, KOUTO He OU ceaBaio aa ObIaT MPOMEHSHH;

[Tnardopmara TpsiOBa na 6bJe ONTUMU3MPAHA 32 THPCAYKHUTE.

IIpeanMcTBa HA MPEIATAHOTO pPellleHne

W3znon3pan e user-friendly nuzaiin;

3ana3eHy ca OCHOBHUTE JACMCTBUS OT CHIIECTBYBAIINTE COLMAITHU MPEKH;
JlelicTBUsITa ca MAaKCUMAJIHO yJIECHEHH;

Komb6unupanu ca 1o0pu perieHus oT pa3audHu athopmu;

Ha ®wr. 1. ¢ MpeaACTaBCHA AnuarpamMa Ha HeﬁHOCTHTe, Ha KOATO CC€ BHXKIAaT ,HeﬁCTBHHTa, KOHTO
MOKEC aa U3BbpIIBA BCCKU HOTpe6I/ITe.]'I.

Ha ®uwur. 2. e nmpencraBeHa quarpama Ha ciaydauTe Ha ynorpeda Ha BCEKH MOTPeOUTEN mpeau
U CJIe]] BIIM3aHe B MOTPEOUTENCKUS CU PO uII.
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HNuTepdeiic Ha niardopmara

'S "

Experience all the
benefits of the SEA

Join right now and connect with your friends.

JOIN NOW >

et db. g . ofNE

PO

@uwr. 3. OCHOBEH eKpaH MPEeI BIU3aHE B MOTPEOUTEICKU TPODUIT

Bceku moTtpebuten Moxke ca BHIM 3 €KpaHa mpeau Aa Bie3e B npodwia cu. Ha dwur. 3. e
IIPEJICTaBEeH OCHOBHUAT TakbB. Ha Hero uma Tpu OyToHa, kato “Sign In” Boau KbM cTpaHuLaTa 3a
BX0J, a “Join now” u “Sign Up” BoAAT KbM CTpaHMLIATA 3a perucTpainys. Bcuuku Tpu crpanunm
M3MIeKAT 10 MJEHTUYEH HAuMH, KaTO pa3jMKaTa € €IMHCTBEHO B JIABaTa KOJIOHA, KOATO ce
IIPOMEHS 32 BCsKA €JHA OT TIX.

Q aQ

() Viktor Velikov ) Viktor Velikov
Friends Viktor send you a friend request
Hello, world!
Uy CANCEL
ile Like @ comment

User Info
Description:

No

Education:

Not specified

Work:

Not specified

Contact Info

Email: test2 @test.com
Phone number: Not specified
Basic Info

Birthday: Not specified

o —

)

(i) Q - ©)

@ur. 4. [Torpedutencku mpodui

Ha ®ur. 4. e npeacrasen npodunbT Ha nmorpedburten. B cioyuas ce BHKIa Kak W3IJIEKIAT
MoKaHaTa 3a MPUATENCTBO U myoOnukanuure. Korato motpeduTensT € B COOCTBEHUST CH MpOodul
noBedeTo oT uHpopmanusTa, kosto e B “User Info”, moxke 1a 6bJe mpoMeHsiHa, KaKTO U Mapojia u
NOTPeOUTENICKO UME Upe3 JOIbIHUTENEeH OyTOH “Settings”, KOWTO ce MosBsBa Mo UMeHaTa . ChIIo
Taka MOXe Ja nA00aBsi ¥ HOBHW myOnukanuu. CHUMKaTta Ha npoduiia ce CMEeHs, KaTo ce KIUKHE
BbpXy Hes. Korato moTpeOMTEnsT HsAMa CHUMKA, C€ HW3II0J3Ba aBaTap OT IbpBUTE OYKBH Ha
MMeHaTa My.
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Q : Notifications
Q Hello, Viktor
4 Kent Dodds send you a friend
Friends @ request.
= Viktor Velikov m. Viktor Velikov @ G ANCEl
W viktor2 ¥ 20 minutes ago
Hello, world!
il Like B comment
. Viktor Velikov
.

22 minutes ago

Astik & Asti

Garmoniia Groups

Garmoniia
Artik & Asti X

( +Find new song >

@wur. 5. Hauanna crpanuna

Ha ®ur. 5. e npencraBeHa HavaiHara CTpaHMma. s ce CbCTOM OT TpU KOJOHH. JIsgBara
KOJIOHA € JIOCTBIIHA OT BCUYKH CTpaHUIM. B ropHara it yacT uMa Thpcauka, 4ype3 KOsITO Morar Jia ce
Thpeat npuarenu. [lon Hes ca Beye nobaBenute npusrenu. Ciaea ToBa MMa My3UKaJeH IUIEWbp. 3a
nenta € u3noi3BaHa OesmiartHata Bepcust Ha Deezer API, xosto mpemocrass preview ot 30
CEeKyHIU Ha BCUUYKH necHU. [lo/1 Hero nma ruieiiueT Ha NecCHUTe Ha najeHus notpeduren. 1 B kpas
uma OyTOH, KOMTO OTBaps JOMBIHUTEIEH IPO30pElLl 32 ThPCEHE Ha HOBA IECEH.

B menTpannara yact ca myONMKaIMUTEe HA TEKYIIUS MOTPEOMTEN W HA HETOBHUTE MPHSTENH,
IIOJIPE/ICHH 110 JaTa.

B nmscmara xoioHa ca HU3BCCTHUATA, KOUTO MOrar Ja 6’I>I[aT 3a XapeCBaHC, KOMCHTap WJIH
IIOKaHa 3a IPHUATCICTBO. ITox Tax uma mscTo 3a I'pynuTe, B KOUTO HOTpC6I/ITCJ'I$IT YICHYBA.

Q/ a Chats

Q ™ Viktor Velikov
Friends W viktor2: Hi ..
- Viktor Velikov “'
uF viktor2 ) )
Viktor Velikov
viktor2
Hello -
ar
™ Hi
u
Artik & Asti
Garmoniia
—
x4 @30
«“ » »
2 Garmoniia
PN ik & Asti X
Budu odna
Artik & Asti X
< irllramey ) ( +Start new chat

®ur. 6. Ctpanuna 3a cr001IeHUS

Ha ®uwr. 6. e mpeacTaBeHa cTpaHMIIaTa 3a chOOIIEeHUs. B ciyyas MoraT ia ce u3mpamiar camo
TEKCTOBH CHOOIIEHHS, KaTO T€ Ce MOJAPESKIAT MO JaTa W morpeduren. B mscHara yacT ce BHKAaT
BCHUYKH YaTOBE Ha TeKyIus morpedburen. CTapTUpaHeTo HAa HOB YaT CTaBa upe3 OyToHa “+Start new
chat”, kaTo ce oTBapsi HOB IIPO30PEIl, B KOWTO CE€ THPCH JKEIIAHUSI PUSITEIL.
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U3BOIU

[IpencraBenata ye6-6aszupana ruiargopma MpeaocTaBsi MOJIEPHU3UPAH HMHTEpdeic, KOHTO e
IPUATEH U JIECEH 3a M3I0JI3BaHe, KaTo ChILEBPEMEHHO 3alla3Ba rojisiMa 4acT OT MpeAMMCTBAaTa Ha
BEYE CHUIECTBYBALUTE COLUAIHA MPEKU.

B cnenBamu BepcuM Ha IPUIOKEHUETO € TMpPEeIBUICHO Ja ObaaT Jo0aBeHH Olle
(YHKIMOHATTHOCTH:

e XapecBaHe Ha IyOJIMKaLMs;
Komenrtupane Ha myOnukanus;
W3BecTus B HaBUTaLUATA 32 HOBO ChOOLICHUE;
W3Bectue 3a xapecBaHe Ha MyOIMKaIMs;
W3BecTre 3a KOMEHTap KbM IIyOJIMKaLus;
CkpuBaHe Ha myONMKalMUTE B mpoduia 3a XOpa, KOUTO ca H3BBH CIHUCHKA C
HPUATEINH;
e BB3MOXKHOCT 32 CiyIIaHe Ha IeJI MIECHU Tpe3 IUIelbpa Ype3 CBbp3BaHe KbM deezer
npoduI.
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Abstract: The modern world requires the acquisition and use of more and more knowledge by each individual or
group. The technology's advance affects every field of human activity with tremendous speed in all areas - from the
extraction of raw materials and food production to space travel, DNA related analysis and development. Knowledge is
an inevitable part of all rapidly growing economies. The information collected, processed and transmitted, on the basis
of which modern knowledge is created, is growing at an enormous rate worldwide, and the rate of this expansion is
increasing yearly. Here, we examine and summarize the methods and practices that an individual or group of people,
united by a common goal, can use to deal with the flood of information so that they can extract the most relevant
content for themselves and the organization.

Keywords: information overload, knowledge management

INTRODUCTION

The terms 'data’, 'information’ and 'knowledge' are interchangeable at first sight and are often
used as such with similar or with the same meaning. However, they are quite distinct and represent
quite different concepts.

Data is a collection of facts, observations or perceptions, and by definition they lack context,
meaning or intent. For this reason, data can be easily collected, processed and transmitted using
electronics or other media (Becerra-Fernandez & Sabherwal, 2014).

Information is a subset of data, including only the data that possesses context, relevance and
purpose, i.e. information is data in some context. Extracting information involves the processing of
data to obtain something meaningful, some patterns or directions in their occurrence. How the data
is used depends on whether it represents any information (Becerra-Fernandez & Sabherwal, 2014).
Data on daily sales in a store may be information for the manager, but for the buyer in the store it is
simply data.

Knowledge is information that helps take action and make decisions, or in other words, it is
"information with direction”. Plato defines knowledge as "justified true belief." Today, authors
define knowledge as "justified beliefs about relationships among concepts relevant to that particular
area"(Nonaka & Takeuchi, 1996). Knowledge can also be used to extract information from data and
other, less valuable, information, either from a human or an automated intelligent system. The
Figure 1 below shows how data, information and knowledge interact.

15 JlokmamsT e mpencTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 18.05.2022 B cexnus KomyHukanuoHHa u
KOMIIOTBPHAa TEXHHMKAa C OpUruHamHO 3aryaBume Ha Owirapcku esuk: [IPEIJIEJ] HA CBCTOSHUETO HA
NHOOPMALIMOHHOTO ITPETOBAPBAHE 1 CTPATEI'IU 3A HAMAJISIBAHETO MYV.
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Fig. 1. Data, information and knowledge relationships

for the last 3 years:

Table 1. Top 10 Technologies Ranked by MIT

In recent years, we have witnessed an extremely rapid development of different technologies
and the constant emergence of new ones. Their quick growth has influenced the need for more
knowledge in various fields. It is becoming increasingly difficult for professionals in certain fields
to focus only on their exclusive specialty. The Table 1 shows the index of top 10 MIT technologies

2019 2020 2021
1 Robot dexterity Unhackable internet Messenger RNA vaccines
2 New-wave nuclear power Hyper-personalized GPT-3
medicine
3 Predicting preemies Digital money TikTok recommendation
algorithms
4 [ Gut probe in a pill Anti-aging drugs Lithium-metal batteries
5 Custom cancer vaccines Al-discovered molecules Data trusts
6 | The cow-free burger Satellite mega- Green hydrogen
constellations
7 Carbon dioxide catcher Quantum supremacy Digital contact tracing
8 | An ECG on your wrist Tiny Al Hyper-accurate positioning
9 Sanitation without sewers Differential privacy Remote everything
10 [ Smooth-talking Al Climate change attribution | Multi-skilled Al
assistants

There have been many other rankings for leading technologies over the years, and the goal
here is not to compare or even track progress of a particular technology, but to demonstrate the
heterogeneity of fields of science and the scope of emerging new top technologies. The diversity of

areas and their variations over the years clearly shows the dynamics of change.
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compared to the old IPv4, which allows only 232 addresses. The advent of Web 2.0 enables each
individual to produce and publish new information on the Internet.

All of this only means that the information created and updated on a global level is constantly
growing exponentially. The involvement of artificial intelligence in this process makes things even
more complicated and seemingly unmanageable. The serious question of whether man can control
the huge flows of new and constantly changing information arises, or is he on the doorstep of the
so-called Technological singularity, a moment when the control over technology and the related
information and knowledge boom will not be possible.

IDC's Global DataSphere measures the amount of data created and consumed worldwide.
According to IDC, the amount of information in the world has doubled in 18 months, and by 2011,
it was expected to reach 18 zettabytes (ZB). According to the same edition in 2020, more than 59
ZBs were created, collected, copied and used in just one year (IDC, 2020). The five-year forecast
for annual growth of the global data volume is for 26%, and expectations for them are to reach 150
ZB until 2024.

The human’s biological capacity for information processing has increased by only 1-1.5%
over the last few decades. In the same time, the global technological capacity for storing, processing
and transmitting information increased by about 25-30% for the period of 1986-2007, which is
about 5 times more than the economic growth for the same period. (Hilbert, 2012)

The increase in poor quality data can also be a serious problem as a part of the overload. Such
data leads to losses in companies with the corresponding financial dimension (Gartner, 2020), as
well as to a slowdown of the work of analytical and artificial intelligence systems (up to 40%
according to Towards Data Sience (Towards Data Science, 2020)).

CAUSES AND EFFECTS OF INFORMATION OVERLOAD

According to Koltay, (Koltay, 2021) information overload (l1O) is a set of objective and
subjective difficulties caused by the volume and complexity of the available information, as well as
our inability to cope and manage situations related to this effect. Due to the limited capacity for
information processing by a decision maker, the information flow that can serve him for some
decision can reach a saturation point, after which most data is redundant, but can also reduce its
efficiency. In addition to the quantity, the complexity of the information must also be taken into
account (Roetzel, 2018).

The 10 is not purely an informational problem, because it affects many decision-making
activities. For this reason, 10 is the subject of many disciplines, including computer science,
management, sociology, philosophy and medicine (Sadiku & Shadare, 2016).

According to Koltay (Koltay, 2021), several levels of 10 can also be observed.

e Macro level, which is related to the limitations in the capacities for storage and processing
of information, and this type is more susceptible to technological solutions, and

e Micro level, related to our inability to filter redundant information.
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Fig. 2. Data, information and knowledge relationships

As the main reasons for the 10, most authors point out:
e The huge volumes of data generated by many agents;
e The heterogeneity of information and the variety of sources that generate it;
e The complexity of the information;
e The different level of training and skills available in the different subjects of the Project;
e Shortened deadlines for decision-making.

To a large extent, the 10 is a two-way problem, as the responsibilities are shared in both
subjects of this phenomenon - the producers of information and those who consume the
information. Producers of information must consider the quantity, complexity and quality they
generate, and it is the responsibility of consumers to develop the potential to select and filter useful
information.

The 10 can also impact people's physical and mental condition. These effects were
exacerbated by the duration of the subject's exposure to the 10. Research shows that job satisfaction
decreases, the tension in the relations with the other members of the team increases, and the
personal and family relationships suffer (Kashada et. al, 2020). In general, these people have a
general decline in productivity.

STRATEGIES TO REDUCE AND ALLEVIATE INFORMATION OVERLOAD

Despite the tendencies to increase the volume of data and information, there are still some
indicators of saturation. The ratio between unique and replicated data is roughly 1:9, and the trend is
to increase the replicated data. By 2024, this ratio is expected to be 1:10 (IDC, 2020). This tendency
to saturation is also transferred to the average number of devices used by an individual. The average
number of storage devices used by an individual is relatively constant - 22-23 devices per capita
since 2000 (this includes hard drives, mobile devices, own CDs / DVDs, e-books, etc.) (Hilbert,
2012).

The fact that computing resources are still growing much faster than information is good news
for anyone worried about the information explosion. Since the natural evolution of biological
cognitive abilities is too slow, it makes sense to use all technological devices and inventions to help
control these processes, which is not far from the idea of extinguishing a fire with fire (Hilbert,
2012).

The main point in the strategies for reducing the effect of the 10 is the decision of what part of
the information to keep and what to ignore. This is largely related to the "paradox of choice"
described by the American psychologist Barry Schwartz, according to which the presence of
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considerable freedom and autonomy in the choice does not lead to benefits, especially when the
choice is complicated due to the volume, or in other words, "more is less".

The use of instruments by which we can easily recognize replicated data may be helpful here,
as far as this recognition can be automated, given the increasing trend of replicated data.

In order to avoid the 10, many people choose the principle of the least effort. This is observed
in everyday work with social networks, but most often when working with professional
information. However, this approach risks allowing poor quality and unverified information to be
used.

A satisficing strategy, or so-called bounded rationality, is an approach to selecting
information that does not make a detailed assessment of the benefit, rather selects one sufficiently
appropriate for the purpose. This approach does not make a detailed comparison and evaluation in
the selection of appropriate information, but only an assessment of compliance, so it cannot claim
any optimality.

A relatively wide application for dealing with 10 at the micro level is the engagement of
different types of literacy, including information and data literacy, as well as digital literacy. All of
them require a critical approach to data and information (Sadiku & Shadare, 2016).

In our opinion, an approach for selection of information on the basis of proximity to the field
of knowledge of the individual or organization is also appropriate. If we assume each subject has
already established knowledge in a particular field or multiple areas, filtering new information close
to or within these areas is faster and easier than choosing the appropriate one in a remote and new
area. It is also possible to create new pools of knowledge, but the initial volume of information must
be restricted and carefully selected as a quality, usually with the help of other subjects with
knowledge in the new field. In other words, the subject's ability to filter information is greater in the
field where he already has knowledge, or in areas close to it.

Appropriate visualization of the information is also an alternative to filtering out unwanted
content. Advances in modern technology allow the analysis of vast amounts of data using various
analytical tools. These tools can present the information in an appropriate form and help make the
right decisions, reducing the impact of the 10.

CONCLUSION

Information overload is a phenomenon that has emerged due to the rapid advancement of
technology and opportunities for quick dissemination of information. The tendencies for its growth
are obvious. The expansion rates of information flows are many times higher than the rates at which
people's cognitive abilities increase. Therefore, it is better for the parties experiencing the impact of
the 10 to choose appropriate strategies to deal with its influence. The most popular strategies are
based mainly on organizational and technological principles. Both subjects of the 10 must share
their responsibility for the problem - producers should consider the quality, amount and complexity
of the information they generate. The consumers should take care of and use appropriate tools to
filter only the information subset they need.
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Abstract: This paper provides an overview on the current security standards in the wireless local area networks,
as well as a review on the most recently adopted and emerging standards for wireless security. Further to this, several
different attacks on the Wi-Fi security standards are investigated, compared and presented. The most widely known
weaknesses of the WPAS3 security standard are investigated and discussed in the last part of the paper.
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BBBEJIEHHME

[TocTosHHO yBemMuaBamaTa ce CTeNEH Ha JTUTUTAM3alMs Ha HameTo o0IIecTBo, neduHupa
HY)KJara OT pa3pabOTBaHETO HAa HOBU TEXHOJOTMH W penieHus. [loTpeOurtenurte, M3MOI3BaT BCe
IMOBEYC pECYypCHU U CUCTEMH, KOUTO HM3UCKBAT BHCOKA CTCIICH HAa HAACKIHOCT M CHUI'YPHOCT. B
CBIIOTO BpeMe OpOsT Ha KHOSPIPECTHIUICHUATA TPOIbIIXKABA JIa pacTe ¢ Oe3NpeleIeHTHA CKOPOCT,
KOETO M3MCKBa pa3pabOTBaHE Ha HOBU PEIICHHS M CTAHAAPTH 3a TapaHTHUpPaHE MOBEPUTEIHOCTTA,
[[EJIOCTTa M JOCTBIIHOCTTA HAa JaHHHWTE. 3a Jla ce OTrOBOPUM HA YacT OT TE3H MNpoOJIeMH U
NpEeU3BUKATEIICTBA, TIPE3 MOCICAHUTE TOJMHU € pa3paOdoTeH U BHEIPEH CTAHIApPT 3a CBBP3aHOCT U
CUTYPHOCT B O0€3)KHYHUTE JIOKATTHA MPEXH OT HOBO TMTOKOJICHHE.

WPA2, WPS u Hy:k1aTa 0T HOBa TeXHOJ10rus 3a 3amuta Ha Wi-Fi mpexure

WPA?2 u3nbiHsiBa BCUUKU 3a1bkuTenHu Gpynkuuu ot IEEE 802.111 cranaapra 3a 6e3:xu4Ha
curypHocT. Toif ocurypsiBa 3HauUTEIHO MOJAOOPEHNE HA CUTYPHOCTTA, B CPABHEHHUE C MPEIXOAHUTE
n ocrapenu mexanuzMu, kato WEP u WPA. Haii-BaxxHaTa apXUTEKTypHa IPOMsIHA € aJrOPUTBMBT
3a kpuntupane Ha ganan. B WPA2, Chaining Message Authentication Code Protocol (CCMP)
m3non3Ba Advanced Encryption Standard (AES). BeB WPA2, kpuntupanero u mpoBepkara Ha
LIEJIOCTTA CE€ U3BBPIIBAT B PAMKHUTE Ha €AHH jJorudecku 610k — CCM (Pur. 1).

16 JloxnagsT e mpeicTaBeH Ha CTyAEHTCKaTa HaydHa cecus Ha 18.05.2022 B cexuus KoMyHHKAIlMOHHH U
KOMMIOTBPHH CHCTEMHU M TEXHOJIOTMH C OpHUTHMHAIHO 3ariaBue Ha Opirapcku e3mk: [IPUJIOJKEHUME HA WPA3 3A
HAIEX/IHA 1 CUT'YPHA CBBP3AHOCT B BE3>)KUYHU JIOKAJIHU MPEXMU.
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IIpoBepkaTta Ha menoctra W Kpuntupanero npu WPA2 ce ocHoBaBaT Ha ajropuTbma
Advanced Encryption Standard (AES). ToBa e 6;10k0B 128 OUTOB anropuThM, Ipu KOUTO BXOJHOTO
ChOOILIEHHE ce pa3/ielid Ha YacTu ¢ rojieMuHa ot 128 Oupa U ce u3nos3Ba 3aeJHO C PEe3YyATaTUTE OT
MPEAXOAHUTE OINEpaly KaTo BXOJa IMOCJEI0BATEIHOCT, KOSATO ce npeaaBa kbM AES anropurbma
3a mudpupane.

¥

Construct Additional
Authentication Data (AAD)

Plaintext MPDU

Construct
Nonce cCcM
encryption

Encrypted MPDU

Increment Packet
Number
Construct

CCMP header

@ur. 1. Cxema Ha kpuntupane npu WPA2

OcHoBuurte ataku npu WPA?2 Morar ia ce KaTeropusupar B CI€IHUTE TPYIIN:

- Araku or tun ,,Otka3 Ha Ycmyra®“ (D0S) — ToBa e artaka, KOSTO ILENU Ja JOBEIe
cucTeMara J0 CBCTOSHUE, NPH KOETO JOCTBIIBT JO PEecypcu € TPYyIeH WIn
HEBb3MOXKEeH. DOS aTaka Moke J1a ce M3BbpUIM CpEelly BCSIKa CUCTEMa WJIU YCIyra,
BKITIOUHUTETHO 1 cpenty Wi-Fi Mpexxure u ycTpoiicTBara.

- Offline araku ¢ peyHUIM — arakata ¢ O(JaifH peYHUK € HACOYeHa KbM KOITHUETO Ha
Xellla 3a mapoJiata 3a JOCTBII JI0 Mpexara, KOSTO HamajaTelsaT € moiayuyui. Taka ce
,, TECTBa" MapoJiaTa Ha COOCTBEHATa MAIINHA, ChC CKOPOCT, KOSATO € OrpaHNYEHa CaMo
OT U34YMCIIMTEIHATA MOIHOCT Ha camaTta MallfHa.

-  KRACK araku — , Kpak* atakata € Haco4€Ha Cpelly MEXaHU3Ma 32 YETHUPUIIOCOYHO
pbKocTuckane npu WPA?2 nporokona, KOWTO ce M3M0J13Ba KOraTo KIMEHTHT JKellae aa
ce mpucheANHH KbM 3ammuTeHa Wi-Fi Mpexa (Dwur. 2). 3a 1enra ce U3noia3Bar MakeTu
3a TMOTBBpKJIaBaHE HA WICHTH(PHKAIMOHHWUTE JAHHU, KaKTO 33 KJIMEHTHT, Taka U 3a
TOYKaTa 3a JOCTBII U CE JOrOBapsl HOB KJIKOY 33 KpUITHpPaHE, KOUTO ce M3MO0J3Ba 3a
3amTata Ha Tpaduka Ha gaHHU. [loHacTOsAIEeM BCHYKH ChBPEMEHHH 3amTeHn Wi-
Fi mMpexxu u3moa3BaT TO3M METOA 3a MJISHTH(UKAlLMs M HaleXIHAa KOMYHUKaLUS,
KOETO 03Ha4yaBa, Y€ BCUYKH TE€3W MPEXKHU Ca MOJATINBU KbM ,,Kpak* aTakara.

WPAZ3 - unesi u pa3Burue

WPA3, uzsecren ome kato Wi-Fi Protected Access 3, € TpeToTO MOKOJIEHHE HA pelIeHUsTa
32 CUTYPHOCT Ha O€3KHYHHUTE JIOKATHH MPEXH, KOUTO ca pa3paboTeHd W mpuiaaranu oT Wi-Fi
Alliance. WPA3 e Haii-HOBaTa, akTyanu3upaHa peanuzauus Ha WPA2, kosATo ce u3MOna3Ba
opuruHaiHo ot 2004 r.

ITpe3 2018 r., Wi-Fi Alliance craptupa cepTudHUIMpaHeTO Ha KOMEPCHATHH MPOAYKTH, KOUTO
noamaepxkar WPA3. Ilenta ma WPA3 e ma ompoctu cUTypHOCTTa, N1a Jaj€ BB3MOXXHOCT 3a
HAJISKIHO YJOCTOBEpSIBAaHE M J]a YBEJIMYM CTENEHTAa Ha KPHUIITHPAHE M 3alllMTa Ha yCTPOMCTBaTa.
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WPA3 ce mpemmara B nBa Bapumanta WPA3-Personal m WPA3-Enterprise, momo0HO Ha
npenmecrpernka cu — WPA2.

?

i

ANonce

KAWEHT
(Ct3paeaHe Ha PTK)

Snonce + MIC

TOYKA 3A JOCTEN
(Ckagaeane Ha PTK)

GTK + MIC

Ack

@ur. 2. Meton 3a 4-nocoyHo ppKocTuckane npu WPA2

Mexauusmu 3aqg WPA3
WPAZ3-Personal

B WPA3-Personal He ce u3mons3Ba MexaHu3Ma 3a MPEBAPUTETHO CIIOJACIISHE Ha KIIHOYa,
T.H. Pre-Shared Key (PSK), koiiTo e 3amecTen karo TexHonorus cbc Simultaneous Authentication
of Equals (SAE). To3u MeToj ChIll0 C€ OCHOBaBa Ha 0OMEH Ha KJIF0UOBE, HO € YCTOWYUB Ha OduiaitH
aTaku 4pe3 PEeYHUK, MPH KOUTO MPEABAPUTETHO 3alHCaHUTE JaHHU MOTraT Ja Ce W3MOJI3BaT 3a
oTraTBaHe Ha mapoiyata. SAE MexaHn3ma 1mo3BoJIsiBa Ja ce 3allUTAT JaHHUTE, JOPU aKko MapoJiata e
crnaba (Dwur. 3).

IlenTa Ha TPOTOKONBT € Jla TEHEpPHpa KPUNITOrpa(CKU CHIICH CIOJIETICH KITFOY 3a 3alluTa Ha
JaHHWUTE U MpexoBaTa komyHuKanus. [Ipoiieca mo 3ammTa Ha Bpb3KaTa MEXy KIUEHTa U TOYKaTa
3a JIOCTBIT 3ar04YBa KOTaTo €JHAa OT CTPAaHUTE OTKpHE Jpyrara W WUCKa Jla Ce CBBpPKE KbM Hesl.
[IpoTokonsT MOXke na Oblle WHUIMUPAH OT BCsika OT JBeTe cTpaHu. [lpeam ma ce w3mparar
CHOOIIIEHUATA, TOYKATA 33 JIOCTHIT U KIIMEHTHT M30MpaT maponara. ToBa ce mpaBu Bb3 OCHOBA Ha
aBTEHTHKAIUATA HA IBETE CTPAHHU.

WPAS3-Enterprise

WPA3 e usrpanen Bepxy WPA2, HO ipefocTaBs peauiia mogo0peHus:

- YI0CTOBEpPEHOTO KpHUNTHpaHE ce ocurypsiBa or 256-6utoB mpotokoin Galois/Counter
Mode (GCMP-256)

- JlepuBanusra Ha kiarouoBe usnonsBa 384-6utoB Hashed Message Authentication Mode
(HMAC) ¢ Secure Hash Algorithm (SHA)

- VYcranoBsBanero Ha kimtoua u3noissa Elliptic Curve Diffie-Hellman (ECDH) u Elliptic
Curve u Elliptic Curve Digital Signature Algorithm (ECDSA)

- 3Bammra Ha Kagpute € OaszupaHa Ha 256-O6utoB Broadcast/Multicast Integrity Protocol
Galois Message Authentication Code (BIP-GMAC-256)
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WcraHe 3a cTa

npoueca 2a a

OTrosop 3a crapTUpaHe Ha
A

npoueca 3a ae

TeHTUKaLUM

HTuK aumAa (SAE sanaska)

AstenTukauma (SAE 3aaska)

AeTeHTukauua (SAE noTtebpkaasane)

Tukauma (SAE noTevprkaasaHe)

W ckaHe 3a acoummpare

OTtrosop 3a aco uupaHe

®ur. 3. Acommanusa Ha kiuenTd B WPA3-Personal

Henocrarpu Ha WPA3 1 U3BeCTHH aTaKu

IHonmkaBamy aTakM W aTaKM ¢ PeYHUK — IIPU TE3U aTaku, MaplUIpyTU3aTopa MOJIabpiKa
nBara ctangapta, WPA3 u WPA2, ¢ unentuunu naponu. [lpu cp3naBane Ha cTpaHUYHA Mpexa-
KJIOHUHT (Mpexa cbc cbioto SSID), kimeHTa ce 3aabipkaBa Ja ce CBbpke KbM WPA2
Mpeskarta. Cien ToBa Morar Aa ObJaT HampaBeHU aTaku Cpelry pbKocTrckaHeTo Ha WPA?2, 3a
Jla ce Bb3CTAaHOBM Maposara. Ta3u araka Hajara NOHM)KaBaHE HA KIIMEHTUTE OT M3MOJ3BaHE HA
WPA3 no uznon3Bane Ha WPA2 u ciex ToBa nM3noJi3BaHE HA BEYE U3BECTHU YS3BUMOCTU BbHB
WPAZ2.

ATaka Ha CTPAaHMYHHUTE PAJAUO0 KaHAJIU, 0a3MpaHa HA BpeMeBHM HHTePBaJI — [IPU U3IIpalliaHe
Ha 3asBKa 32 aBTCHTHUKAIIHM KbM TOYKaTa 3a IOCTHII, OTTOBOPHT MOKeE Ja ChAbpkKa UH(pOopMarus
3a maponata. Korato najgeHa Touka 3a JOCTBI H3IOJ3BAa TPYNM 3a 3allUTa, OazupaHu Ha
KpuBHTEe Ha Brainpool nin mynturuivkatuBau rpynu 3a 3amurta (MODP), Bpemero 3a peakiius
Ha TOYKaTa 3a JOCTBHII 3aBHCH OT M3MOJ3BaHATa mapojia. ToBa Moke Ja ObJe M3MOJI3BaHO 3a
W3BBpIIBaHE Ha aTaKu C PEUHUK, KaTO C€ CUMYJIHpa BPEMETO, HE0OXOJUMO Ha TOYKA 32 JOCTHII
na 00paboTH BCsKa Mapojia U Ype3 CpaBHsIBAaHE HA TE€3W JaHHU C HAOJIO/aBaHUTE BpEeMEHa 3a
peakuus.

ATaka Ha CTPAaHUYHHMTE PaJHO KaHAJIU, 0a3MPaHa HA Kell — IPU M3IpalllaHe Ha 3asBKa 3a
aBTEHTHKAIUS KbM TOYKAaTa 3a JOCTHI, METOAUTE 3a JOCTHI JO MaMeTTa MOTaT Jia pa3KpusT
uHpopmanus 3a napoiara. B ciydaii, 4ye HamagaTensT WMa KOHTPOJ BbpPXY MPHIOKEHHE Ha
YCTpOICTBOTO Ha >KepTBaTa WJIM MOXe Ja KoHTponupa JavaScript koga B Opay3bpa Ha
JKepTBara, TOraBa TO3W HamajaTrel MOXKe Ja HaOJltoJaBa MOJENU 3a AOCTHI J0 MamMeTTa Ha
YCTPOWCTBOTO Ha JKEPTBATa, KOraTO yCTPOMCTBOTO INMPAaBH PBKOCTUCKAHETO. TBH KaTo Te3u
MOJIETIH 3a JIOCTHII 10 MaMeTTa pa3KpuBaT WH(OpMAIKs 3a MapojaTa, HamagaTelsaT MOXe Ja TU
M3I0J13Ba, 32 J1a CUMYJIMpA MOJENH 3a JIOCTBI JI0 IMAMETTA, CBbP3aHM C OTraTHaTa IapoJia u J1a
CpaBHHM OTTaTHATUTE MOJENU C HAOJIOAaBaHWTE W MO TO3W HAYMH Ja HaMepH HMCTHUHCKATa
rapoJia.
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e Artaka tun ,,OTKa3 Ha ycJayra“ — Ipu Ta3u aTaka, HalmaJaTesaT U3Ipala MHOKECTBO 3asBKU
3a aBTEHTUKALIMS, IPU KOETO TOYKaTa 3a JIOCTHII C€ IPETOBapBa (MOBUIIaBa CE U3MOI3BAHETO HA
pecypcu U mpouecopHo Bpeme). MetoasT 3a oOMeH Ha OuckBuTkn Ha WPA3, u3non3Ban 3a
npenoTBparsBane Ha ¢ammuduuupane ¢ nomomra Ha ¢ammusn MAC anpecu, Moxe 1a Ob1e
3a00MKOJIEH OT HanajgaTeauTe, KOUTO MOraT J1a IPeTOBapsT TOUKUTE 3a IOCThII, KATO FTeHEpUpaT
camo 16 ¢ammmBH Kaabpa 3a 3amMCBaHE BCSKa CeKyHAa. Ta3uM araka NPUYHHSABA BHCOKO
U3II0JI3BaHE Ha Ipollecopa Ha ToYKaTa 3a JOCTBII, M3TOIlaBa Oarepudra W W 3abaBs WU
IIPEIOTBPATABA JPYI'M YCTPOMCTBA, KOUTO CE ONMTBAT /1a C€ CBBPKAT C TOYKATa 3a JOCTHII.
Hsxon BapuaHTM Ha TO3M TUI aTaka Morar Ja ObJaT CMEKYEHM 4pe3 3a/laBaHe Ha HUCHK
IIPUOPUTET HA 3asBKUTE.

e ArTaka ¢ HeBaJIMJAHM KPHBH — [IpU U3IPALIaHE Ha 3a8BKa ChC CHELUAIHO U3PA0OTEHN TOUKH OT
eJIMNTHYHA KPUBA, HAlaIaTeJIAT MOXKE HAITbJIHO J1a 3200MKOJIU Ipolieca Ha aBTEHTUKALMSL.

U3BOIN

WPA3 ce ocHoBaBa Ha HaJeXaHOCTTa W ycnexa Ha WPA2, 3a na BHece HOBO HMBO Ha
CUTYPHOCT 3a MepCOHAJIHATA U KOPIIOpaTUBHA 0e3:KUYHA MPEXKOBa Cpefia, KaTo 3a IeJITa pa3unTa Ha
CWJIHU TPOTOKOIM M MeXaHW3MH 3a curypHocT. DokychT BBPXY Kpunrorpadckara
MOCJIEIOBATEITHOCT M CHJIHATA aBTEHTUKAIIMS BHBEXKIAT I1a3apa B clieJBallaTa ernoxa Ha CBbp3aHOCT
U CUTYpHOCT. BBIpeku OTKPUTHTE YA3BUMOCTH, paboTaTa MO TIXHOTO OTCTpaHsSBaHE H TIO
Pa3BUTHETO HA MEXAHU3MHUTE 32 CUTYPHOCT B O€3KHMUHHUTE Mpexku He criupa. OT Apyra cTpaHa, ako
JaJICHO YCTPOMCTBO OCHUTypsiBa XapayepHa mnomapbxkka 3a WPA3, To TpsOBa BuHarm ga ce
M3M0JI3Ba, 3all0TO TO3U METOJ Ipeajiara Hai-100para CUTYPHOCT IO OTHOIICHHE Ha IIEJIOCTTa U
Kpuntupanero Ha cboOmenusaTa. Ckopo WPA3 mie mogoOpu 3HAYMTETHO BCHUYKH ACHEKTH Ha
CUTYPHOCTTa, a IIEJIOCTTAa W KPUITUPAHETO Ie OBJaT Ha OIe IO-BHCOKO HHBO, OTKOJKOTO
npenoctaBsiHute ¢ WPA?2.

BJIAT'OJAPHOCTH

Ta3u ny6nukanusa e noanomorHata ot [Ipoexkt BGO5SM20OP001-1.001-0004 - YauBepcuretu
3a Hayka, upopmatuka u Texnonoruu B e--oduectBoro (YHUTe), punancupan no OneparuBHa
nporpama ,,Hayka n o6pa3zoBaHue 32 MHTEIUT€HTEH pacTex" .

[lybnukanusara orpassaBa pesynratu ot paborata no IIpoexkt Ne2022-OEEA-03 "Cw3naBane
Ha poOOTH3MpaHa aBTOHOMHA IIaTGopMa 3a MoJyuyaBaHE M aHAIMW3 Ha CIEKTPATHU M300pa)KeHus
Ha 3eMHara MoBbpxHOCT", ¢uHaHcupaH oT PoHn ,Hayunu wuscneaBanus Ha PyceHcku
yHusepcuteT "AHren KpHueB".
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Abstract: The centralized nature of Web 2.0 allows malicious targeted fraud and data falsification to be done,
and provides opportunities to restrict users’ access to the Internet and censor users in entire countries. This is an
enormous problem that could ruin democracy all over the world. Fortunately, it could be solved by the next generation
of the WWW service - Web 3.0, where web applications and their data will be decentralized and replicated across
multiple nodes within the network, and users will communicate to each other directly without mediation of central
servers and without authorization from governing bodies. This paper presents a Web3 protocol for distributing web
applications, and proposes an architecture and a logical model of a system of applications and shell scripts for its
implementation and management. The developed protocol proves that the decentralized nature of Web 3.0 can indeed
overcome most issues related to trust, data falsification, censorship, and etc.

Keywords: Web 3.0; blockchain; decentralized and distributed systems; trust and accessibility.

BBBEJIEHME

WHTepHET OTBOPSI HOB CBST 32 MHOTO XOpa IO CBeTa. B Hero ce mpemarar MHOTO U pa3inyeH
BUJ MHGOpMaNKsa U Bb3MOKHOCTH. VIHTepHeT nomara 3a peMaxBaHeTo Ha (pU3MUYECKUTE TPaHULU
¥ HOCH OIPOMHHU MKOHOMHUYECKH IOJI3M 32 XOpaTa BbB BCsAKA cTpaHa. Tol 1M03BOJIsSIBa HA Xopara J1a
oJI00PAT Ka4eCTBOTO HA KHUBOTA CU U OTBAps JOCTHII JI0 HETOCTHIIHU JI0 O-PAHO Bb3MOXKHOCTH 32
pabota, 3a0aBieHue U KOMyHUKALUS.

WHuTepHeT, kKaTo TEXHOJOTUs, ce 3apax/ja npe3 60-te ronuHu Ha 20-TH BEK, KaTo ce U3MO0I3Ba
3a Bpb3Ka MEXIY BOEHHM JOKalUH (MOJENCHHs) U YHUBEPCUTETH. | 0lMHN MO-KbCHO, MHTEpHET
BCE OIIle € OCHOBHO IIEHTPAIM3UPaH, KOETO O03HA4YaBa, Y€ YOBEK MOXKE Ja ObJe OTpaHUYCH OT KbM
TOBa KaKbB BUJ MH(pOpMalMsg MOXE Jla MOJIyYd M OT Kbje. Bb3MOXHO € moTpeburenure ra He
MOJTyYaT JTOCTBIT 10 NAJACHU JOMEHHN/CalTOBE/TIPHIIOKEHHS, 3alII0TO TEXHUSAT HHTEPHET JOCTABUMK
€ OrpaHUYMII Bpb3KaTta A0 TX. TakbB BUJ PECTPUKIIMU MOTaT Ja ce HANpaBsT He caMo OT MHTepHeT
JOCTaBUUITUTE, HO YECTO M OT LEJN IbPKABH, C KOETO JIa EH3ypUpaT JOCThIa 10 HH(OpMAIHs 3a
rpaxaaHure cu. To3u BHJI OrpaHHYEHHME € BB3MOXKEH 3apaju IMPOTOKOJdA, MO KOMTO TEeKyIIOo
KOMyHHKUpaT kiueHtuTe U cbpBbpure - HTTP (Hypertext Transfer Protocol), u mno-Touno
HETOBUAT LEHTpajdu3upaH xapakrep. Jlokaro nentpanusupanustT HHTepHeT Moxe naa Oble
orpanudeH, Web 3 e u3Isuio ASeHTPATU3UPAH U € COOCTBEHOCT Ha OOIIHOCTTA.

[lenTa Ha TO3M TOKNAJ € Jla MPeJICTaBU TEKYIIOTO chCcTosiHME Ha MHTepHeT m WWW yciyrara,
npobJIeMHuTe, CBBP3aHU C LEHTPAIM3UpPAHUS MM XapakTep U HAuMHHUTE, 110 KOMTO MOraT Ja ce
pemiat mpu Cle[BamioTo MokoyieHne Ha WWW yciayrara — Web 3.0. [lokmagbT mpeacrtaBs u
cooctBern Web3 mpoTokou 3a pasnpocTpaHeHHe Ha ye0 NMPHUIOKEHUs, U Tpeiara apxXuTekTypa u

17 NloxknagbT e mpejacTaBeH Ha CTyAeHTCKaTa HaydHa cecus Ha 18.05.2022 B cexuus ,, KoMyHHKalMOHHH U
KOMIIOTBPHH CHCTEMH M TEXHOJOTHH'‘ C OpUTMHANHO 3aryaBue Ha Owirapcku esnk: PASPABOTBAHE HA WEB3
IMPOTOKOJI 3A PA3ITPOCTPAHEHUE HA YEB ITPMJIOKEHU 4.
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JIOTUYECKH MOJEI Ha CHCTeMa OT MPUIOKEHHS U CKPUITOBE 3a HEroBaTa pealusauus |
yIIpaBJICHUE.

PA3BPABOTBAHE HA WEB 3 ITPOTOKOJI U CUCTEMA
3A PA3SIIPOCTPAHEHHME HA YEB ITPUJIOKEHUSA

ConcTosiHME 1 Bb3MOKHH PpeUICHUA HA npoﬁ.neMa

[Tonacrosiiem xuBeeM B epata Ha T.Hap. Web 2.0. Toii mpaBu npacTudHa NpoMsHA B HAUMHA,
10 KOWTO ce m3moyizBa uHTepHeT. [Ipe3 mocneanute 15-20 roguHu craTHYHUTE yeO CTpaHHMIM Ha
Web 1.0 ca HambJHO 3aMEHEHH OT WHTEepakTHUBHOCTTa Ha Web 2.0, conmanHara CBBP3aHOCT U
TeHEpUPAHOTO OT noTpedutenute chabpxanue. C Web 2.0 munmonu xopa 1o I1su1 CBAT Ch3/aBar,
CTIOACTIAT U MPETJIeKAAT ChAbPKAHUE 32 MUT, KOETO € MPUYMHA 33 BCE MO-HApacTBAIUAT 00eM Ha
TO3H TUII ChABPIKaHUE mpe3 nociaeanute roguau (The Investopedia Team, 2022).

Excnonenrmanauar pacte:xx Ha Web 2.0 ce AB/DKM, KakTO Ha KIIOYOBHM HHOBAIMH KaToO
MOOWJIEH JOCTBII [0 HMHTEPHET M COIMAIHA MpPEXKH, Taka W Ha TIOYTH TIOBCEMECTHOTO
pasnpocTpaHeHUE Ha MOITHU MOOWJIHU ycTpoiicTBa karo iPhone u ycrpoiictBa ¢ Android. Ilpe3
BTOpOTO JeceTwierne Ha XXI Bek Te3n TEXHOJOTMM JONMpHHECOXa 3a pa3paboTkara Ha
NPUJIOXKCHUS, KOMTO 3HAYUTEIIHO pa3lIMpUXa OHJAWH WHTCPAKTUBHOCTTa U TMOJE3HOCTTA —
Hanpumep Airbnb, Facebook, Instagram, TikTok, Twitter, Uber, WhatsApp, YouTube u np.
[TomoOHM TpHUIIOKEHHUS M TIATGOPMHU CTUMYJIMPAT PAa3BUTHUETO HA T.HAp. “‘CBOOOIAHHM Tpodecun”
(ma amri. freelancer), Mo3BOMSIBAliKM HA MMJIMOHU XOpa Ja MEUENST MMapy Ha HENBJICH WM ITbJICH
paboTeH jeH, kaTto modupar, OTAaBaT JOMOBETE CH 0] HaeM, JOCTABAT XpaHa M XPaHUTCITHH
CTOKH HJIU TIPOJIaBAT CTOKH M YCIIyTH OHJIAHH.

Brnpekn BCHYKH BB3MOKHOCTH, KOUTO nipenoctaBs Web 2.0, KIIHEHT-ChpPBBP apXUTEKTypaTa
Y KOMYHUKAIIMOHHUSAT MPOTOKOJI CE 3ara3Bar ChIIUTE, & OT TaM U IEHTPAIU3UPAHUAT XapaKkTep Ha
JOCTBIIa 0 ChAbp)KaHue. To3u MpoOJIeM MPENCTOM Ja Ce Pelld ChC CIEABALIOTO IMOKOJCHHE
WNutepuer — Web 3.0, mbpBoHauanHo HapeueH oT uzoOperarens na World Wide Web - Tum
bwepubpc-Jluit - cemantuuen yeb (Semantic Web). Ilpu Hero ye0 caiiToBeTe M NMPHIOKEHHTA IIIE
Morat ga oOpaboTBaT MH(pOPMAIUS [0 WHTEIUTEHTCH YOBEKO-1I0J00CH HAYMH Ype3 TEXHOJIOTHU
karo MamMHHO oOydyeHue (Machine Learning), oOpaboTtka Ha ecrectBeH e3uk (Natural Language
Processing), ronemu nannu (Big Data), Texnonmorusi 3a aeuentpanusupad peructsp (Distributed
Ledger Technology) u np.

OcHoBuute xapaktepuctuku Ha Web 3.0 ca (Martinez, 2022): oeuenmpanuzayus un
KOMYHUKaIs 6e3 nocpeonuk u o6e3 omopusayun. llpu Web 2.0 undopmanusra ce cbxpansiBa Ha
€IHO IEHTPAIIM3UPAHO MSCTO, OOMKHOBEHO Ha CHPBBP WM KIbcTep OT chbpBbpH. [Ipu Web 3.0,
uHpopManuaTa Ie ce ChXpaHsABa (PEIUIMKMpA) HAa MHOXXECTBO MECTa €JHOBPEMEHHO, KOETO
BCBIIHOCT s JeueHTpainusupa. B nombnnenne, Web 3.0 mie mno3BosisiBa KoMyHUKauus 0e3
MOCPEJIHUK, T.€. YIJaCTHHUILIUTE B Mpe’KaTa Iie MoraT Jia B3auMOAEHCTBAT JUPEKTHO MOMEXy cH, 0e3
MOCPEIHUUECTBOTO Ha CBHPBBpU U 0€3 HEOOXOAUMOCT OT oTopu3anus (pa3pelieHue) ot
ynpasutesneH oprad. Web 3.0 mpuioxeHusTa me paboTAT Ha 6a3a OJOKYElH, AeleHTpau3upaHn
peer-to-peer Mpexu UM KOMOWHAIIUS OT JBETE.

3a peanu3upaHe Ha JaeneHTpanu3anusTa Ha Web 3.0 u mocTuraHe Ha MOBHIIEHO HHUBO Ha
JI0BepHE KbM MpexkaTa € MOJIXOII0 a ce u3nonssa o6mokueiiH (blockchain) rexnonorusita (Grech,
2017; IBM Education, 2022). biokuelin mpeacTaBisiBa pasnpeseieHa 0aza OT JaHHHU, KOSTO Ce
CHOMENsT MEXIYy MHOXECTBO BB3JIM B KOMMIIOThpHAaTa Mpexa. TexXHoIorusra TrapaHTHpa
JOCTOBEPHOCT M CHUTYPHOCT Ha JIaHHUTE, KOETO CE€ IOCTHTa Ype3 PEIUIMKAIUATa WM BBPXY
MHOKECTBO BB3JIM €IHOBpeMEHHO. [Ipu ueTeHe Ha Te3W JaHHH, TE€ HUKOTa HE C€ YeTaT caMoO OT
eIMH eIWHCTBCH BB3€J, a OT MHOTO BB3JIM U TO TPOU3BOJHH, KOSTO TO3BOJISIBA JICCHO Ja Ce
UICHTUQUIMPAT IEJICHACOUeHU MNpoMeHHu U (ammmdukanum Ha JaHHUTE. brokdelH cwnOupa
JAHHWTE 3aeJHO B T'PYIH, W3BECTHH KaTo OJIOKOBe. BiokoBeTe MMaT oOmpeselieH KamaluTeT 3a
ChXpaHEHHE U TIPU 3aITBJIBAHE C€ 3aTBApsT, a OCTABAIUTE JAaHHU CE pas3loJiaraT B clieABall OJIOK,
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KOWTO Ce€ CBBbpP3a C MPEAXOAHUTE, 00pa3yBaliku Bepura oT OJJOKOBE (OT TaM MJIBa K UMETO OJIOKYCHH
- block chain).

(I)yHKIII/IOHa.]IHI/I H3UCKBAHHUA U JJOIT'HYECCKH MOJ€EJ

3a hopmynupaneTo Ha (PyHKIIMOHAIHUTE W3UCKBAHUSA KBM CHCTEMAara, KOSATO IIEe peaan3upa

npeioxkeHuss Web3 MmpoToKoJI, JIMYHUAT ONUT HA aBTOPHUTE € MOAINOMOIHAT OT MHEHHETO Ha §3
BUCOKOKBaJIM(UIUpaHu pa3padbotuuim, tecrepu (QA), nuzailHepH, NPOCKTHU MEHUIKBPH U
KJIMEHTU 4Ype3 aHkeTa, npoBelneHa B mnepuoga 20.12.2021 - 24.01.2022 r. Taka ¢ nomoira Ha
3HAHUATA M ONUTA Ha MHOXKECTBO €KCIIEPTH ca (POPMYJIMPAHU Hali-BaXKHUTE U3UCKBAHHS, HA KOUTO
TpsiOBa /1a OTroBaps CUCTEMaTa, & UMEHHO:

e JlecHa MHCTaJIAUS U NOJAPBKKA.

e JlecHo mpuCheUHSABAHE U MOAABPKAaHE Ha Bpb3Ka C OCTAHAIMTE BH3JIM B MpEKaTa.

e Pasmpenensne / perumkanus KakTo Ha (paiaoBu pecypcu, Taka U Ha 6a3u OT TaHHH.

e [IpoBepka 3a aBTEHTHUYHOCT Ha (ailioBeTe - cpaBHSABaHE Ha (ailyioBeTe C IPYrd BB3IH

oT GJI0KueiHa.
e CHHXpOHHM3ALUSA HA ChIBPKAHUETO HA BB3JIUTE B MpeXKara.
e VHTerpupaHe KbM ChIIECTBYBALIM PEIICHUS / MAIIUHU / MPEXKHU.

[IpouiechT Ha MHCTANMpaHE U MbPBOHAUATHA CHHXPOHM3AIMS C MpekaTa € MpeJCTaBeH Ha
nuarpaMara Ha neriHoctute Ha dur. 1. Tyk e BaxHO 1a ce oTOenexu, ue 3a mo-JIeCHa peann3anus 1
BHenpsiBaHe Ha cucremara ce usnon3BaT Docker kouteitnepu (IBM Cloud Education, 2022).
Docker e copryepHa pamka 3a U3rpaxjaHe, CTapTHpaHe W yIpaBlieHHEe Ha KOHTEHHEPH B ChbPBBPHU
win B o0naka. B koHTeiiHepuTe ce pasnonaraT KakTo BCHUKH (hailiioBe Ha yeO MPHIIOKEHUATa, TaKa
Y TeXHHUTE 0a3W OT TaHHW U HE0OXOIuMUsS UM OOKpBKaBaml codryep (yed CbpBBpP, HHTEPIPETATOP
Ha nporpamuus e3uk, CYBJl u ap). ToBa mo3BojisiBa BCHYKO HEOOXOAMMO (JIaHHU, JIOTHKA,
uHTepdeiic u codryep) na OblIe KaNCyIMpPaHO B €IUH KOHTEHHEP, KOHTO B TOCIIEACTBHE Ja CE
pasmpoCTpaHu Cpejl OCTaHAJIUTE BB3JIM B Mpexara. [Io To3u HaunH, HE € HEe0OXOUMO BCEKU HOBO-
MPUCHEUHIII Ce MOTPEOUTEN KbM MpeXkara Jia CM MHCTAIHpa HEoOXoquMus 0OKpHKaBall copTyep
3a BCAKO yeO MpHIIOKEeHHE, KOeTO MOI3Ba, @ BMECTO TOBA 'O MOJIy4aBa HArOTOBO OT KOHTEHHeEpa.

IIpouechT HAa CHHXPOHMU3ALMS HA JIOKAJHUS BB3EJ C OCTAHAIMTE B MpEKaTa € MPEJCTaBEH Ha
¢urypa 2. Cnen msrpaxknanero Ha Docker koHTeliHepUTe, aBTOMaTUYHO MHHABAT HAKOJKO TECTa,
3a J1a ce IMPOBEpH JaId BCUYKU KOHTEHHEPH ca Ch3JaZcHU npaBuiHo. Cien ToBa ce IpaBH IIpocTa
IpoBEpKa Jajlu uMaT Bpb3Ka A0 MHTepHeT u panu umar mpasa 3a nucaHe B “hosts” Qaiina Ha
ornepanuoHHaTa cucrtema. MHpopmarusra / gaiiaoBere, KOUTO ce CHOJEIAT MEXy MOTPEeOUTENNUTE
ce 3amucBaT B KoOHTenHepute. lloys3ata Ha KOHTEHHEpUTE B Ta3W CHUTyalus € €IHAKBATa
“maTdopma” Ha BCUUKM onepaliioHHu cucteMu. Criopes] TEeKyIIUTe HaCTPOMKH, JIOKAIHUTE TaHHH
Ce CpaBHSIBaT C Te€3U OT 5 npouseo.Hu NPYTU BB3IU/MAIIMHU. AKO ce OKaxe, ue (ailoBere B
JIOKAJTHOTO YCTPOMCTBO Cca MPOMEHEHH, TO T€ CE€ M3TPHUBAT U CE€ CBAIAT OTHOBO (pereHepupar) ot
JpyTUTE BB3IU. AKO MMa JIUIICBALIH (aillioBe, ce U3TErIIAT CaMo Te.
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MoTpebuten

CHPUNT NPOESPASa Jan

Cuctema

TemW U Cb30aB8a BCHYKM

Docker e MHCTaNMpaH

M3zamna cuodlleHne ¢

rpeLwka

HeycneluHa cHHxpoHn3aumMa

KOHTEMHEDK

W

MpOESPRES BCMYKM

CbIOA0EHN KOHTEAHEDH

Mpaew OnuT 38
CMHADOHM3ELMA
Mpe¥ara

YenewHa cHHXpoHM3aUMA

OCBLUSCTERSE BPbIE

(ONWT 38 CHHAPOHWIMPaHE

Ha ooMeiHuTe | JaHkuTe

HeycnewHa cuHxpoHn3auma

Wazawas cuodweqne ¢
rpeluKa

Yenewsa cuHxpoHu3auMa

Wagewga crodweque 3a

ynelwHa WHCTanaunA

@urypa 1. Jlnarpama Ha 1eWHOCTHUTE, OTpa3sBalla Mpoleca Ha UHCTAIMPAHE HAa CUCTEMATA U

II'bpBOHAYaJIHA CHHXPOHH3AallUA Ha JOMEWHUTE U JAaHHUTE
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MoTpeduten

Beniouea
NpWNoHKEHWETO

Blockchain

CuHxpoHWzvpa 0azata C
OaHHKu

HeycnelwHa epkaka

YIMelHa BpLa3ka

(hainoBe C KONWATA oT 5

CpaBHABa NOKANH1TE
APYTH MELIHK

Hamupa paznuka
BBE (halnoseTe

MaTerns nuncealm
M3TpMBa pasniuyHMTE W chainoze amLu
ereHeprpa dainosere :
p pp ChLECTBYBAT TakMBEa

[ BrnroyeH B Mpexarta }

&

@urypa 2. Jlnarpama Ha JEMHOCTUTE, IPEACTABAILA IPOLIECA HA CUHXPOHU3ALIUS
Ha jaHHuTe (Paitnose + BJl) Ha Tekyus B3N ¢ MpekaTa
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ApxurtekTypa

Cucremara kancyiaupa BcHYKHM (paitioBe Ha yeO mpuiiokeHUsTa (CaiTOBETE), KaKTO H
nanaute ot B/, u HeoOxomumus oOkphxkaBail codryep B Docker kouteitnepu. B mociencrsue
KOHTEHHepUTe ce pazNpocTpaHsIBaT (PEIUIMKUPAT) B OCTAHAIUTE BH3JIM B Mpekara ¢ MOMOINTa Ha
OJIOKYCIH TeXxHoJorusaTa. ToBa € mpeCcTaBeHO B apXUTEKTypara Ha Gpurypa 3.

MNoTpefuTen

Epayatp
WMHTepHeT

...................................................................................................

/ Yeb caidToss Ve caidToss Yef cadTose Yeb caidToee \
(HTML, JS W T.H.) | [(HTML, JSwn T.H.)| |(HTML, JS 1 T.H.) (HTML, JS WU T.H

BHDT)I'BIIHH MaLWKWHA

[ Bnok } [ Bnok } [ Bnok ]—[ Bnok ]—[ Bnok ]
\ Blockehain /

durypa 3. ApXUTEKTypa Ha cUcTeMaTa

Bepurara ot O10koBe ce ympapisBa ¢ momomra Ha tuatdopmure Ethereum u Polygon
(Frankenfield, 2022; OriginStamp, 2022). Ethereum ce wu3moi3Ba 3a TOTBBPXKIaBaHE Ha
NOTPEOUTENUTEe W TPUBWICTHHTE WM. braromapeHune Ha Ta3u Bpb3Ka pa3paOOTEHUST MPOTOKOI
MOXe J1a pabdOTH C BCHYKM BeYe TOTOBM CO(TyepHH W XapayepHH KiroudoBe. M3mon3Baiiku
miatpopmara Polygon e BB3MOXKHO Ja ce yBEIMYM TI'bBKAaBOCTTA, MalIadMpPyeMOCTTa U
CYBEpEHHUTETa Ha OJIOKYEHH MPOEKTa, KaTO CHIIEBPEMEHHO CE 3alla3d I'bBKABOCTTA, CHTYPHOCTTA U
omepaTuBHaTa chBMecTUMOCT Ha Ethereum blockchain.

3AKVIIOYEHUE

Llentpammszupanust xapakrep Ha Web 1.0 u Web 2.0 cp3naBa npennocTaBku 3a H3BbPILIBaHE
Ha IIeJICHACOYCHHW HW3MaMH, MOoAMsSHA W (anmuduKanys Ha JaHHUTE B CHPBBPUTE, KaKTO W
BBH3MOKHOCTH 32 LIEH3ypHpaHEe Ha MOTPEOUTENUTE B OINpPENENeHU PErHOHU WM LENu IbpiKaBu.
To3u mpobiieM MOXe /1a ce peln cbe caeasamoTo nokoienne Ha WWW ycnyrata — Web 3.0, ipu
KOSITO ye0 MPUIIOKEHHMATAa UM TEXHUTE JaHHM Ie ObJaT NEHEHTPATU3UPAHU U PEIUTMKHPAHH T10
MHOXKECTBO BB3JIM B MpEKaTa, a YYaCTHHIIUTE e KOMYHUKHpAT 0e3 MOCPEIHUYECTBOTO Ha
LEHTPAJIHU CHPBBbPU M 0€3 HEoOXOIUMOCT OT OTOpU3alMs OT CTpaHa Ha YIpaBIsABaIIU
OpTaHHU3aIUH.
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Paspaborenust Web3 mnporokon 3a pasmpocTpaHeHHe Ha yeO NPHIIOKEHHS, KaKTO |
MPUIIOKEHUATA 32 HEroBaTa pealn3alus U yrnpaBlieHHe HarJleJHO TOKa3Bar, 4e AeleHTpalu3upaHa-
ta cpmuocT Ha Web 3.0 HamcTmHa Moke ga mpeonosiee MpOOJIEMHTE, CBbpP3aHU C JOBEpHE,
dammudukanys Ha JaHHUTE, IIEH3ypHUpaHe Ha norpedutenute u ap. Hukoi HsIMa BB3MOXKHOCT Ja
NpeKbCHE Bpb3KaTa KbM CHCTEMAaTa M HeHHHUTE NOoTpeOuTenu. Thii KaTo JaHHUTE Ce ChXpaHABaT Ha
MHOXXECTBO MECTa W HEMPEKbCHATO C€ IMPOBEpsBA JalIM KOMUSATA Ca WICHTUYHU, TO TAXHOTO
dbammmdunupane 6u OWUIO MPaAKTHUECKU HEBB3MOXKHO. OCBEH TOBa, MPUJIOKECHHATA IIe PadbOTAT
10-0bp30, ThI KaTo ce HaMallsiBaT HeHYKHHUTE 3asiBKH, B cpaBHeHue ¢ Web 2.0.

Jleuentpanu3anusaTa, obadye, HOCH CbhC ce0€ CHM M 3HAYUTENHU IPABHU U PETYIaTOPHH
puckoBe. Kubep-npecTpiiieHnsaTa, peyra Ha oMpasaTa u ae3uH(popManmaTa Beye Iie ca TPyIHU 3a
MOJMLEHCKO yrpaBiieHHe (MOpaay JIMIICaTa Ha IEHTPATU3UpaH KOHTPOJI) U MOTAaT Ja HapacHaT 10
OMacCHO BHCOKM HHUBA. JlelleHTpanu3anusaTa ChIIO0 Taka O3HauaBa W IO-CIOKHO OOHOBSBaHE Ha
cucTeMaTa — TO Beue Cje[Ba Ja Ce W3BBPIIBA NPH BCUYKU YCTPOWCTBA, a HE CaMO Ha €IWH
HeHTpasieH cbpBbp. llogmpbxkkaTa Ha rojsMa Mpexa OT TO3M THII 1€ M3MCKBA 3HAYMTEIICH
CHCTEMEH Pecypc — 4eCTO CaMoO 3a CHHXPOHHM3AIMATA MEXKAY YYaCTHULUTE ca HYXKHU IMraGaiTé
orepaTuBHa (paMm) MaMeT, 3a JJa MOK€ CUCTeMara Ja padoTH “I'bJIHOLEHHO”, HE3aBUCUMO Jallu
NOTPEOUTENAT S U3NOJI3Ba WM HE. B To3m cMmuchl M ynmoTpebaTa Ha MEXaHWYHH, BBPTALIM CE,
muckoBe (HDD) e sxenatenHo na ce M304rBa, Thil KaTO CKOPOCTTa MM Ha OOMEH € HUCKa, Ha (oHa
Ha TOJEMHTE OOEMH OT JaHHM, KOHMTO IIE C€ TpenaBaT MEXKIy BB3IUTE B MpexaTa IpH
CHHXPOHH3AIIUS.
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Abstract: The needs of the modern societies for automation of the processes is significant and is present in many
different areas. As a response to this need, in the last years the robotic systems are becoming more and more widely
spread and used. The intelligent robotic systems are saving time, energy and money, as they are primary used as
suitable replacement for the human workforce. New and modern technologies are slowly being incorporated in many
processes and they are not only increasing the workforce effectiveness, but are also limiting its harmful impact on the
nature and on the environment. This has resulted into the birth of a new term — precision navigation, artificial
Intelligence, machine learning, etc. which represents the incorporation of the modern technologies and approaches, the
paradigms of Industry 4.0 and the advances on the information and communication technologies for our life.

Keywords: Efficiency, Effectiveness, Artificial Intelligence, Al, Machine learning

BBBEJIEHUE

O6pa60TKaTa Ha BU3yaJIHU 00CKTH € TCXHOJIOTHA, IIpujilaradHa BbpXY 1/13o6pa>1<eH1/151 n BHUICO,
KOATO IMO3BOJIABA aHAJIM3UPAHETO U U3BJIMYAHCTO Ha ITOJIC3HA I/IH(i)OpMaI_H/ISI OT THAX.

18 NloxkmagbT e mpejacTaBeH Ha CTyAEHTCKaTa HaydHa cecus Ha 18.05.2022 B cexuus ,, KoMyHHKalMOHHH U
KOMMIOTBPHH CHCTEMH M TEXHOJOTHH' C OPUTMHAIHO 3arnaBue Ha Obarapcku esuk: METOAW U AJITOPUTMU 3A
OBPABOTKA HA BU3YAJIHA NTHO®OPMAIIIA.
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ToBa ¢ egHa oT OBP30 pa3BHBAIIUTE CE TEXHOJIOTHUH, KOSATO CE€ MPOTPECHpa aKTHBHO Ipe3
roguHUTe. B IHENTHO BpeMe MHOr0 KOMIAHWHM U OPraHU3allid OT Pa3IMYHU CEKTOPU H3MOJI3BAT
oOpaboTkaTta Ha BU3yaliHa HH(pOpPMAaIUs B MHOTO pa3jIMYHU OOJIACTHM KaTO H3BJIMYaHE Ha
nH(popManus 32 U300paKECHUS, PA3MO3HABAHE HA MOJIEIH, KIacH(PUKaIUs, CECTMEHTHPAHE H MHOTO
IpyTH.

KoMITIOTBEpHOTO 3peHue € MpoIiiec Mo aHaiu3 U 00padoTka Ha TU(POBU H300PAKEHUS U BUICO
C momomTa Ha WHGOPMAIMOHHM M KOMYHHMKAllMOHHM CUCTeMH. Ta3um Hayka ce CTpeMH Ja
aBTOMATH3Hpa 3a7a4d, KOUTO YOBEIIKOTO 3pEHUE MOXKE Ja MOCTUTHE. ToBa BKIIFOUBA METOIH 3a
npuao0rBaHe, 00paboTKa, aHaTU3MpaHe U pazOupaHe Ha MUPPOBU U300paKEHUS W M3BIMYAHE HA
JAHHYW OT peajHHsl CBSAT 3a mojydyaBaHe HAa uH(opmanus. KoMIIOTEPHOTO 3peHue ChII0 Taka MMa
MOJIpa3/ieid KaTo HalpHMep pa3lo3HaBaHE Ha OOEKTH, BHJIEO TPOCICIsIBaHE W aHalu3 Ha
JIBUKCHHUETO, KaTO TI0 TO3W HAYWH MIMa MPWIOKCHHUS B MEIUIIMHATA, HABUTALUATA, MOJICITUPAHETO
Ha 00CKTH, aBTOMATH3HPAHE Ha 33J1a41 B TIPOU3BOJICTBOTO U MHOTO JIPYTH.

Ilenta Ha KOMOIOTBPHOTO 3pEHHE € Ja aHaJu3upa CHABPKAHHETO Ha IHPPOBHUTE
M300pakeHNs] U BUJCOKIMIIOBE W Ha 0a3a Ha TO3M aHAIU3 Ja ce IpelocTaBs WHpopManus 3a
ABTOHOMHO WJIH TOJTY-aBTOHOMHO B3€MaHE Ha PEIICHUSI.

N3J10KEHUE

KoMIoTepHOTO 3peHHEe ce pasriekja He caMo KaTo 4acT OT METOAuTE 3a o0paboTkara Ha
BU3yaJIHU 00EKTH, HO U KaTo MOJpa3/ie] Ha U3KYCTBEHHs MHTEIEKT U MOXKE Jla ObJie peau3upaHo
Yype3 MOILIHU AJITOPUTMU 32 MAIIMHHO oOydeHune. MammHHOTO 00yuyeHue e o0nact, KOsTO JAaBa Ha
KOMITIOTPUTE CIIOCOOHOCTTA Ja C€ B3MMAT KOHKPETHH pellleHusi, 0e3 ToBa Ja € NpeABAPUTEIHO
3aJ1a7ICHO B TEXHUTE AJITOPUTMU U nporpamMu. OCHOBHUTE Pa3IMKU MEXIY MAIIMHHOTO 00y4YeHHE U
TPaIULMOHHOTO IporpaMupane ca rnokasanu Ha ®dwur. 1.

Rules Answers
Traditiona ANSWESS Machine Rules
Programming learning

@ur. 1. Paznuka Mexay TpaaulMOHHO IPOrpaMHUpaHe U MallIMHHO 00y4eHue

W nBara moaxona ca mpeAcTaBeHHM KaTro OJOKOBE, KOMTO UMAaT BXOAOBE (OTISIBO) U H3XOJ
(otmsicHO). bBiokoBeTe WIIOCTPUpPAT W3YUCIMTEITHUTE JICWHOCTH, KOWTO C€ U3BBpIIBar. B
TPaJAULIMOHHOTO TpOrpaMUpaHe, NaHHUTE Ce€ MpenaBaT KaTo BXOJA M MpaBHJIaTa ca H3BECTHH.
AJ'[FOpI/ITMI/ITe, KOUTO CTOAT 3a[ TPAAUIUOHHOTO IMPOrpaMrupaHe ¢a HACOUCHU KbM M3BBPIIBAHC Ha
W3UYUCIICHHUS BHPXY JaHHUTE, Oa3upaHu Ha MpaBuiaTa, KaTo ClellBa TOBa Ja U3BEAEC OTTOBOPHUTE
kato pesyarar. OT apyra cTpaHa, B MAIIMHHOTO O0yYE€HHE MMa U3BECTHH BXOIHO-U3XO/HH JIBOUKH,
KOUTO Ce MpeaaBaT KaTo BXOAHU JMaHHH. llenTta Ha adropuTMuTe 3a MAIMHHO OOydeHHUeE € Ja ce
OTIPE/ICIIAT MPAaBHIJIaTa MKy TE3H JIBOMKHM U Bh3 OCHOBA HA TOBA 3HAHME J]a CE MPABSAT IIPOTHO3H 32
HOBOIIPEA/ICHU JaHHU, KOUTO HUKOTa HE ca OMJIM M3BECTHHU JlOCeTa.

MamuHHOTO 06yquHe BKJIFOYBa HM3Yy4YaBaHCTO Ha aJlTOPUTMHU KU CTATUCTHYCCKU MOACIIH,
KOUTO TIO3BOJISIBAT Ha MPOTPAMHTE J1a B3UMAT PEIICHUS HAMBIHO aBTOHOMHO. [lo To3u HauwH,
ABTOHOMHUTC CHCTCMHU IIpujaraT TO3WM MNOAXOJ MHpHU HU3SMNBIHCHHUETO Ha 3ajJadu, 3a KOUTO HEC
pasmoyiaraT ¢ M3pUYHM HWHCTPYKIMH, KAaTO BMECTO TOBa pa3yuTaT Ha MOJEIM W H3BOJM.
MammHHOTO OOyueHue ce M3BBHpPIIBa OT KOMMIOTPY M C MHUHHUMAJIHU YCWIHA OT cO(TyepHHU
nporpamMuctu. [lpy Hero ce wu3MoN3BaT JaHHM 3a B3€MaHE Ha pEIICHHs, KOETO IO03BOJIIBA
MPWIOKEHUETO My B pelulla MHAYCTPUHM M B pa3iuyHu chepu Ha HaykaTa U 0Opa30BaHUETO.
BunoBere MammHHO 00y4eHHE MOTAaT Ja ce Kiacu(UIupar KaTo KOHTPOJIUpaHO OOydeHue, moiy-
KOHTPOJIUpAHO O0yYeHHE U y4ueHe 0e3 HaI30p.

KonTpomupanoro obydeHue € moaxo/l KbM MalTMHHOTO 00y4eHHe, KOUTO CHIIOCTaBs BCEKU
BXOJICH OOEKT C JKellaHaTa W3XOAHAa CTOMHOCT. KoMMIOTBHpBHT € oOy4eH aa acomuupa OOEKT C
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KenmaHus u3XoA. Tol uMa MUpOK HAOOp OT AITOPHUTMHU 32 PA3NIUYHH MPOOJIEMH C KOHTPOIHPAHO
oOyueHue.

[Ipu xoHTpOJHMpPaHO OOYYCHHE BXOJIHUTEC NUPOMEHIMBH (X) W CHOTBETHUTE W3XOIHU
npoMervBH (Y) ce mpefaBaT Ha alrOpUTHM 3a MAIIMHHO OOydYeHHWeE, KaTo BXOJIHU jJaHHU. llenrta
Ha aJrOpUTHMBT 32 MAIIMHHO 0OydyeHue € na ce Hamepu (yHKus Y = f(X), KOSTO CBhIIOCTaBs
BXOJIOBETE C HM3XOJUTE, Bb3 OCHOBA Ha JAJICHUTE IBOWKHM BXOI-U3x0j. llo-romsimara yact ot
MPAKTUYECKUTE PEIICHUS 3a MAllMHHO OOYyYeHHE IMpHiaraT KOHTpoJlupaHo oOyueHwe. Tesn
QITOPUTMHU 33 OOy4YeHHe Morar ja ObAar TpylnupaHd B alrOpUTMHU 3a pellaBaHe Ha 3ajadd 3a
perpecust U kiaacudukanus. AITOPUTMUTE 32 PErpecHs Ce ONMMTBAT Ja MPEACKAXKAT Pe3ylaTaTu OT
HEMPEeKbhCHAT HM3XOJ, KOETO O3HAuaBa, Y€ C€ OMUTBAT Jla CHIIOCTABIT BXOJHUTE MPOMEHIIMBH C
HSKOSI HeTpeKbCcHaTa (yHKIMs. Hail-nmpocTHSAT anropuThM, M3IMOJI3BAaH 32 TO3W BHJ| pelllaBaHE Ha
npobiiemMu, € JHMHeWHaTa perpecus. JIMHeWHara perpecusi UMa 3a el U3rPKIAHETO Ha MpaBa
TMHUS Ha 0a3a BXOJHUTE MapaMeTpH, KaKTo € rmoka3aHo Ha (Dwr. 2)

= ' = &
5 A = A
E Linear function E Linear function
o fix) 2 fiix)
¥ + Hypothesis
hix')=y'=0,-0,(x")
input [x) . input (x)
A) B)

@ur. 2. [IpuHIun Ha TUHEWHA perpecus

BcenenctBue Ha TOBa, Ye TO3W MOAXO]I MpHIIara airOPUTHM 3a KOHTPOJIUpPaHO oOydeHue, ce
M3MOJI3BAT BXOJHO-U3XOHHU JIBOMKH, 3a J1a c€ Hamepu JuHerHata ¢yHkuus f(X), kosTo Hal-m100pe
OTroBapsl Ha U3BECTHUTE NBONKU. Ta3u (hyHKIMS TOMBIHUTEIHO C€ M3MOI3Ba 3a MPOTHO3UWPAHE Ha
HOBU M HEM3BECTHH BXOJHU Habopu oT nanHu. Kakto e mokazano Ha ®wur. 2 (B), ¢ momorra Ha
neduHUpaHaTa JUHEHHA QYHKIIUS € JIECHO JIa Ce MPEABUAN U3XOABT Y Ha HOBOMOCTHIMINTE JaHHU
X. Ilporuo3zara ce Hap1ya ollle XUIIOTe3a U ce AePUHUpa ¢ U3pasa:

h(x') = 60 — 61 (x)

@ur. 2 (B) npencrass uaeaneH cueHapuil. B moseuero ciydyan obaue xumore3aTa HE € paBHa
Ha cToiiHOCTTa Ha Y. Bunarm o6aue MMa OTKJIOHEHHME MEXJy IpPOrHO3HaTa CTOMHOCT U
JeCTBUTENHATA CTOMHOCT, KOSITO C€ Hapu4a OTKJIOHEHUE B KOHTEKCTA Ha MAIIMHHOTO 0Oy4YeHue.

ITpumep 3a ToBa e nmokazan Ha Pur. 3 (A). LlenTta Ha anropuTbMa Mo BpeMe Ha OOYUYEHUETO €
MUHUMHU3UpaHe Ha GYyHKOUSATa 3a rpemka. Ta3u (QYHKOMS oOmpeaens KOJIKO ToJIeMH ca
oTkJoHeHuATa. [IporiechT mo onpenensHe Ha BXOJHUS MapaMeTsp (X) U 3a HaMupaHe GpyHkuuara Y
= {(x), KosiTO Hall-10Ope OTroBaps Ha BXOJHUS MapaMeThp, ce Hapuya oO0ydyaBaHe Ha aJrOPUTHMA.
AJropuTbMbT ce 0oOydaBa ype3 IOJaBaHE Ha BXOJEH HaOOp OT JAaHHHU, KOWTO Mpe/aCTaBIIsABa
M3BECTHU BXOJIHO-W3XOJHHU JABOWKH. BBIIpeku ToBa, € Bb3MOXHO Ja Bb3HHKHE MPOOJeM, KOrato
BCHYKH ITapaMeTpH Ha BXOJa ca o0pa3yBaHH OT OOy4YUTETHHs rpolec. B To3u ciydaii chlecTByBa
PHCK OT IpeToBapBaHEe Ha MOJeNla, KOETO O03HauaBa, Y€ MOJENBT ILIE MPEACKAKE YCIEIIHO
CTOMHOCTHUTE HA U3BECTHUTE BXOJHU JAHHHU, HO HMA J1a IPEJICKAKE CTONHOCTUTE Ha HEU3BECTHUTE
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TakuBa. 3a Ja ce m30erHe ToBa, YacT OT BXOJHHS HAOOp OT JaHHU TpsOBa Ja ObJEC OCTAaBEH 3a
OLICHSIBAHE Ha aJITOpUTHMA.

PazgensHeTo Ha BXOIHWUTE AaHHHU 3a OOyYEeHHE W TecTBaHe ¢ mpeactaBeHo Ha dur. 3 (B),
KbJIETO B CHHBO Ca M3BECTHUTE BXOJHO-U3XOJHU JBOMKH, KOMUTO CE€ MpeJaBaT Ha ajlropuTbma 3a
MalIuHHO OOy4eHHeE 1o pea 3a oOydyaBaHe, a 3eJICHUTE CHIIO Ca U3BECTHU BXOJIHO-U3XOHH JIBOUKH,
HO C€ U3IOJI3BAT CaMo 3a OMpeeIiiHe Ha TOBA KOJIKO JoOpe € 00ydeH alropuThma.

P | —_

= =

a =

2 e a

= Linear function =

] fx) =

Y ——» y' - predicted output

v’ + = y'' - actual output + training dataset

== testing dataset
. input (x) input (x)
(A) (B)

@ur. 3. O0ydyeHne Ha AITOPUTHM 32 MALTUHHO 00yYeHHUeE 3a pelllaBaHe Ha MPOOJIeMH C JIMHEHHA
perpecust

Jpyra rpyna npobiemMu Ha MalIMHHOTO OoOydYeHHEe ca mpobiemute ¢ kiacudukanusra. 3a
pasiuMka OT mpoOJeMHTe C perpecusita, npu TnpobieMute ¢ KilacudukanusaTa, IeinTa Ha
ATOPUTHMBT 32 MAIIMHHO OOydYeHHE € Ja CE MPEACKAXKAT PEe3yJITAaTHTE B OTACICH H3XOM WU
Ka3aHO C JPYrd JyMH, Jla C€ KapTUpaT Ha BXOJIHHUTE IMPOMCHJIMBA B OTJCIHH KATCTOPHH.
['opeonrcanuTe mMpoOIeMu ¢ perpecusiTa, MoraT Aa ObAaT pemeHr C TOMOIITAa Ha aJTOPUTMH 3a
JUHEeWHa perpecusi, JOKAaTo MpobiemMure ¢ Kilacu(puKalusaTa ce OTHACAT A0 aJrOpuTMH 3a
noructuuna perpecusi, SVM (Supported Vector Machine) unu Random Forest anroputmu.

Cp1110 Taka, ChIIECTBYBA U MOJIXO0/ 32 MAIIMHHO 00y4YeHue 0e3 Haa30p, IpU KOMTO UMa camo
BXOJIOBE 0€3 KOPECTIOHANpAIy U3Xoau. LlenTa Ha anropuTMuTe, M3MOI3BAaHHA B TO3U METOJI, € J1a Ce
MOJIeJIUpa OCHOBHATa CTPYKTypa WM Ja Ce pa3NpeaessaT JaHHUTe, 3a Ja Ce Hayuyd IOoBeue
nH(opMalus OTHOCHO camara Hes. AJTropuTMuTe 3a oOydeHue Oe3 Haa3op Morar jga Obaar
KaTeropu3upaHy 1Mo JBa HAYMHA, KaTO aIrOPUTMU 3a TPYIIUPaHe U allTOPUTMHU 3a acouuupane. [Ipu
KaTeropusiaTa C rpynupaHeTo UejiTa Ha AJITOPUTMHUTE 3a MAIMHHO o6yquHe € J1a OTKPUAT IIPUTTUKH
B JIaHHUTE W Ja TW TPynupar mo Te3u Npuiuku. [Ipum kareropusita ¢ acolUUpaHETO, IENTa Ha
AJIropuThbMa 3a MalllMHHO 06y‘~IeHI/IC € Ja OTKpHUC IIpaBUJIda, KOUTO OIMUCBAT TOJCMHU YaCTHU OT
JTAHHHTE.

3a pasnuka OT KOHTPOJMPAHOTO OOYYEeHHe, NMPH KOETO JaHHWTE Ca MapKHpaHH PBHYHO,
HEKOHTPOJIMPAHUTE METOJM MOKa3BaT CaMOOPTaHU3aIMs, KOSTO yJIaBs MOJEIH KaTo MIIBTHOCTU Ha
BCPOATHOCTUTE WA KOM6I/IHaHI/I$[ OT NOpCAINOYHMTAaHHMA Ha HCBPOHHU XApPaKTCPHUCTUKH. lIBaTa
OCHOBHHM METO/Ia B yYEHETO 0€3 Ha/[30p ca HEBPOHHU MPEKHU M BEPOSITHOCTHUTE METO/IH.

B KoMIIOTHpHOTO 3peHue U B 00paboTkaTa Ha U300pakeHUs UMa KJ1ac MpoOIeMu, KOUTO ca
CBBbpP3aHU C KOHTPOJMPAHOTO MAaIIMHHO oOydeHue. IIpoOneMuTe, KOUTO ca CBBP3aHU ChC
CBHOTBETHHUSI KJIAc, ca CIETHUTE — JIOKaJIHM3alus, OTKpUBAaHE HAa OOCKTH W CerMeHTHpaHe. Te3um
npobJIeMH UMAT MHOTO OOIIM XapaKTEePUCTHKH, HO Ce pa3jinyaBar Mo HA4KlHa, 10 KOWTO MPEJCTaBAT
uzxona. [IpumepHo, Korato ce U3BbHPIIBA KIacU(PUKAILUSA HA U300paKeHUs, U3XOIBT MOXKe Jia Obe
TEKCTOBa MH(pOpMaIH, KOSITO YKa3Ba KbM KOH KJIac MPUHAJIEKU KOHKPETHOTO n3odpakenue. [1pu
mpoOJIeM C JIOKAIM3alusaTa, U300paKEHUETO BeYe € KIACH(PHUIIMPAHO B TEKYIIUs KIac, KOETO €
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no0pe, HO TO3W KJIac MPUHAIC)KA Ha KOHKPETEH OOCKT B M300paKEHHUETO, KOETO CHIIO0 MOXE Ja
ObZie MOCOYEHO upe3 ouepraBaHe Ha oOekra. OTKpHBAaHETO HA OOEKTH € IMO-00Il ciay4aid Ha
KiacuukanusTa 1 JokaauanusaTa. Korato ce u3moy3Bat peaiHu n300pakeHusl, 11e¢ UMa MOBEYE OT
enuH o0eKT Ha WHTepec B oOpasa. llenta Ha anropuThMa 3a MaIMHHO OOYyYEeHHE € Ja ycree Ja '
OTKpHE, Jla ouepTac OOEKTHTE M Ja MapKupa Kiaca, KbM KOWTO NpPHUHAIJICKAT, 3aeqHO C
BEPOSTHOCTTA Ha HAIPAaBEHOTO MPEIITOJIOKEHNUE.

Haii-ycnemHuTe mnoaxoad 3a OTKpMBaHE HAa OOCKTH C€ OTHAcAT JO MOJCIH 3a
KIacupuKanus Ha N300pakeHUs, KOUTO U3IOJI3BAT HEBPOHHU Mpexu. [1o neduHuUIMsS HEeBPOHHUTE
MPEXH Ca CIeIHATU3UPAHN KOMITFOTBPHHU MOJIETH, KOUTO MOTaT Aa ObJaT 00y4eHH J1a U3ITbIHSIBAT
paznuuHu 3amadd. ChINECTBYBAT Pa3IMYHU BHUJOBE HEBPOHHU MPEXKOBH apPXUTEKTYypH, HO Hali-
MOAXOAIIA 32 KiIacu(UKaIus Ha N300paKeHUTA € AbJI00KAaTa KOHBOJIIOIIMOHHA HEBPOHHA MPEXa,
KOSITO TI03BOJIsIBA €()eKTUBHO M3BJIMYAHE HA XapPAKTCPUCTUKU Ype3 M3MOJI3BAHE Ha KOHBOIIOIIMOHHU
cnoee. [lo moapa3dupane, BCsika HEBPOHHA MpeXa MMa TPH PA3IMYHU THIIA CIOEBE — BXOJEH,
CKPUT M U3XOJEH CIOH. IIbpBHUAT €Ol C€ ChCTOM OT PA3JIMYHO KOJIMYECTBO HEBPOHH, KOUTO
MpueMaT BXOJHUTE JaHHU KaTo HeoOpaOOTEHH CTOMHOCTH. AKO BXOJIHUTE IAaHHH ca N300paKeHHE,
TOTaBa BXOJHHUTEC HEBPOHU CHIBPKAT CTOWHOCTHTE Ha BCEKH MHUKCENT OT TOBa H300pa)KEHUE.
HeBpoHuTE OT CKpUTUTE CI0CBE M3BBPIIBAT MAaTEMAaTHYECKU M3YUCIICHUS. Bb3 OCHOBa Ha Terjiara,
MIPUCBOCHU Ha BPB3KHUTE MEXIY HEBPOHHTE, PA3IMUYHU HAOOPH OT HEBPOHHUTE B CKPUTHTE CIIOCBE
Morar jna ObJaT aKTUBHpPAaHW. YHHUKAJTHOCTTAa HA AaKTUBHPAHMS HEBPOH OMpEIeiIs H3X0Ja.
[TpuHIMITET 32 OTKpUBaHE Ha OOCKTH, KOMTO C€ IMOCTHra OT MOJIella Ha HEBpPOHHATa MpeXka, €
umoctpupad Ha dur. 4.

Fully — connected

Convolutional Layer
layer

14 pixels

| A=

10 pixels
140
input
neurons

@ Output Layer

—

Convolutional
Input Layer

layer

~
Hidden Layers

@ur. 4. [TpyHIMI HA OTKpUBaHE HA OOEKTH, KOTaTO C€ M3I10JI3Ba KOHBOJIIOIMOHHA HEBPOHHA MpEXkKa

KOHBONIOIIMOHHUTE CIIOEBE Ca KIIFOUOBHUSAT KOMIIOHEHT Ha HEBPOHHHUTE MpEXH. Te mpaBsT
BB3MOXKHa 00paboTKaTa Ha M300PAKEHHETO M OTKPHMBAaHETO Ha 0OekTuTe. OOWKHOBEHO, TE3U
clioeBe, ce HapuyaT (UITPH, KOUTO HU3BIMYAT XAPAKTEPUCTUKU OT MPEAMIIHUS CIOH, 3a Ja
TpanchopMupaT BXOJHUTE NaHHHU B MO-TIoJie3Ha (opma. BCekn KOHBOJIIOIMOHEH CJIOW HW3BIMYA
paznuuHa mo TUn uH(OpManus, KakTo € mpeacraBeHo Ha dur. 4. B To3u mpumep, MbPBUAT
KOHBOJIFOIIMOHEH CJIOW MOXKE J1a M3BJIM4Ya (OPMH, KOMTO ca KPBIVIM M KBJITH Ha IBAT, JOKATO
BTOPUAT KOHBOJIOIIMOHEH CJIOH MOXK€ Ja HM3BIUYA WIJIOBUIHU OOEKTH, KOUTO ca 3elIeHH WIH
kadsaBu Ha UBAT. B kpas Ha BCsAka TpaJMIIMOHHA KOHBOJIIOIIMOHHA HEBPOHHA Mpeka ce (hopmupa
HAI'BJIHO CBBP3aH ciaoi. To3u ciaol mpenocTaBs HAYMH 32 U3ydaBaHE HA HENMHEHHU KOMOWHAIIUU
OT BHUCOKO HHMBO, MPEJCTAaBEHN OT M3X0/1a Ha KOHBOJIIOIIMOHHATA HEBPOHHA MPEXKa.
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U3BOIU

TexHonoruute HUKOTa HE CHOUpAT Ja NOJApakaBaT Ha YOBEUIKUS MO3BK M M3KycTBeHUA
untenekt (M) e oGekT Ha Bce MO-TOJSAM HaydeH M NMPUJIOKEH WMHTepec. Bpb3kara mexnay MU,
MalIMHHOTO O0yYeHUE U KOMIIOTHPHOTO 3PEHHE € CHIICCTBEHA M IMPEIUIETEHAa B MHOTO OOJIACTH.
NN e ,danspbr™ Ha TE3u 00OJACTH, a MamIMHHOTO oOydyeHue ¢ yact ot MU, mpu koeto
KOMITIOTEPHOTO 3PSHHE CHIIO € TTOJMHOKECTBOTO Ha MAalTUHHO 00yueHne. KoMmIoThbpHOTO 3peHune
o0aye MOXKe J1a ce pas3riiexkaa U Karo npsika yact oT M3KyCTBEHUS] HHTEJIEKT.

MamuHHOTO 00y4eHHe U KOMITIOTBPHOTO 3PEHUE ca IBE 00JIACTH, KOUTO Ca Ce MPEBbPHAIIU B
TACHO CBBpP3aHM €IHA C JApyra. MamuHHOTO oOyueHue moao0psiBa KOMIIOTHPHOTO 3pEHHUE 3a
pasno3HaBaHe W mpociesBane. To mpemiara eeKTUBHE METOIU 3a MPUA0OMBaHe, 00pabdoTka Ha
n3o0paxeHus U (oxkycupaHe Ha OOEKTH, KOUTO C€ M3IMOJI3BAT B KOMIIOTHPHOTO 3peHue. OT cBOs
CTpaHa KOMIIOTHPHOTO 3pEHHE pa3lIupsiBa 00XBaTa Ha MAIIUHHOTO O0yUYEHUE.

B T03u pen Ha MuciIHM, MAIIMHHOTO OOydYeHHE € Mo-o0mupHaTa 00JacT U TOBAa € OYEBHIHO
3apajy aNrOpUTMUTE, KOUTO MOrar jJa ObJaT MPUIOKEHU U B Apyru obsactu. [Ipumep 3a ToBa e
aHaJIM3UpaHeTO Ha HU(POB BUAEO3AINC, KONTO Cce M3BHPIIBA C M3MOJI3BAHETO HA MPUHIUIIUTE HA
MalmHHO o0ydeHne. KoMImoThpHOTO 3peHwme, OT Ipyra cTpaHa, ce 3aHMMaBa MPEIUMHO C IUPPOBU
n3o0paxeHuss U BuAeokiaunoBe. OCBEH TOBa MMa BPB3KM B oO0JlacTTa Ha MHQPOPMAIMOHHOTO
WHXCHEPCTBO, (rm3ukara, HEBpOOHWOJOTHATAa W 00paboTKara Ha CUTHAIW. llpuinokeHusita B
KOMITIOTHPHOTO 3pEHUE C MalIMHHO OOy4eHHEe HapacTBaT €KCIOHEHIIMATHO Mpe3 TOJAMHUTE, KOETO
BOJM CaMoO JI0 MOJI3M 3a o0mecTBoTo. ToBa HauyMHAHWE CTaBa BB3MOXKHO OjarojapeHue Ha
pa3paboTuuluTe U MpeArnpueMadynTe, padoTely 3aeqHO 3a MOJA0OPSBAHETO U E€BOJIOMPAHETO Ha
TO3H TUIT TEXHOJIOTHH.

BJIAT'OJAPHOCTH

Ta3u myOnmukanus e moanomorHara ot IIpoektr BGO5SM20OP001-1.001-0004 - YauBepcuretu
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Abstract: Education has become increasingly digitalized and personalized in recent years. With the widespread
use of online learning, learning opportunities are increasing. Many learners combine their university studies with
parallel specialized training online in free or paid courses or seminars. For the successful organization of personal
learning process, it is important for every learners to plan and track all learning activities in time. The paper presents
design process of a prototype of a web-based system for planning and tracking of a personalized learning process.

Keywords: personal learning, learning schedule, management system

BBBEJIEHME

OOpa3oBaHueTo TMpe3 TMOCIEIHUTE TOJWHU CTaBa BCE [0 JUTUTAIU3UPAHO U
nepconanu3upano. C MacoBOTO M3IOJI3BAaHE HA OHJIAMH O0YYCHUETO, Bh3MOYKHOCTHUTE 32 O0yUCHHE
ce yBenmu4yaBar. MHOTo oOy4aeMu chyeTaBaT OOYYCHHETO CH B YHUBEPCHUTETa C IIapaJieIHO
CICHUAIN3UPAHO OOYYCHHE OHJIAiH B OC3IUIaTHM WM IUIATCHH KypPCOBE WJIM CEMHUHApH. 3a
YCIIEUTHOTO OpraHW3WpaHe Ha y4eOHHWs CH TpoLec Te3n o0ydyaeMu € Ba)XKHO Jia IUIaHUPAT BBHB
BpEMETO BCHYKM yueOHM neiHocTh. CTUIBT Ha TUIAaHMpaHE U OpraHU3WpaHe Ha TEPCOHATHUS
y4eOeH mpoIiec Ha Bceku oOyudaeM e pazinudeH. ChIIeCTBYBaT U3CIEABAHUS B Ta3W HACOKA, KOUTO
aHaIM3HUpaT I'bBKaBUTE Bb3MOXKHOCTH 3a Ch3[IaBaHE U CIIeIBaHE HA MEPCOHATM3UPAH yueOeH pasiuc
(Lim, D. H. , 2004). CuctemuTe 3a yrnpaBicHUE Ha MEPCOHATM3UPAHU yUeOHH pa3MUCH CTaBaT BCE
no-tTepcern (Yau, J. K., 2008). Toa Hamara HEOOXOAMMOCTTa OT Ch3/IaBaHE W HM3IMOJI3BaHE Ha
co(TyepHH CHCTEMH 32 YJIECHEHO IJIAHUPAHE M MPOCIeIsIBaHe Ha MEPCOHAIM3HUPAH YUeOeH Impoiec
C Bb3MOXKHOCT 32 Obp30 Ipe/cTaBsiHe Ha HHPOpMalUs 3a ydeOHUTE YacoBe.

N3J10KXEHHUE

HacrosmusaT nokmnan uMa 3a 1ei J1a MpeAcTaBu aBTOPCKU MPOEKT Ha yeb-0a3zupaHa cucrema
3a TUIaHMpaHE M TPOCIEAsSBaHE HA IEPCOHANM3UPAH Y4eOCH pas3Nuc, KOSITO Ja OCHIYpH Ha
o0yyaemMuTe JeceH M Obp3 HAuMH 3a YNpaBIE€HUE HA JIMYHUTE UM Y4yeOHU AaHTaKUMEHTH.
[IpencraBeHUsAT aBTOPCKM MPOTOTHII MOJIbPKa CEIMUYHU Tpaduiy M TMO3BOJISIBA J00aBSHE U
OpraHu3upaHe Ha y4yeOHM 4YacoBe, KaKTO M YJIECHEHO CcjeJeHe Ha TMepcoHanHus rpapuk. B
MPEJICTaBEeHUs] JIOKJIAJ CE€ OMUCBAT HM3IOJ3BAaHUTE METOIM W TEXHOJIOTMH TpH pa3padoTkara Ha
MPOTOTHUIA Ha yeb cucreMara.

[Ipy cp3gaBaHeTO Ha NPOTOTHIIA € HANPaBeH CPAaBHHUTENCH aHAM3 Ha JBE COPTyEepHU
NPWIOKEHHS 3a IUTaHUpaHe Ha ydeOeH pasnuc. B Tabnmma 1 e mpeacTtaBeH KpaTbK CpaBHUTEICH
ananu3 Ha School Planner u My Study Life — School Planner.

19 JloknambT € IpeAcTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 18.05.2022 B cekius KoMyHHKaMOHHA W KOMITFOThPHA
TeXHWKAa C OpWTMHANHO 3armaBue Ha Obirapcku e3uk: YEB-BASUPAHA CHUCTEMA 3A IIVIAHMPAHE U
IMMPOCJIEASAIBAHE HA ITEPCOHAJIM3UPAH YUYEBEH PA3IIUC.
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Ta6nuua 1. CpaBuutenen ananus Ha School Planner u My Study Life — School Planner

School Planner My Study Life — School Planner

WUma BrpageH kaneHgap Ja Oa

CbAabpxka peknamm Oa He

Yao6Ho cb3naBaHe Ha y4ebHuU

a a
yacoBe a A
Bb3MOXHOCT 3a BoAeHe Ha
A He He
3anuckKu
MopaepeH u n3uncTeH nHrepdenc [a [a
3agbmkuTenHa perncrpauus He Ja

Onucanne Ha nmpoueca Ha NNIPOCKTUPaAHE U Ch3/IaBaHE HA CUCTEMAaTa

HacTosmoro mnpuiokeHne € HacO4eHO KbM €/Ha IMOTpeOuTeNcKa Tpyna HOTpeOUTesH.
[ToTpeOurensat mMoxxe aa mperiexaa, pelakTupa U U3TPUBAa CBOUTE JaHHU B cucrtemara. Ha to3m
eTall B cCHCTeMara HE € TMpPEIBHJCH aJMUHUCTPATUBEH AakayHT, KOMTO Ja ymnpasisBa
notpedurtenckure akayHtu. Ha ®dur. 1 e mpeacraBeHa auarpaMa Ha CilydyauTe Ha yrorpeda Ha
nmoTpeouTe.

WUsTpusane
Ha H3secTHe

E <<Extend>>

UaTpusane MNpernep wa Pepaxktupane
Ha aKayHT H3BECTHA Ha 6enemHnK

Ynpasnexne
Ha CubuTHe

<<Extend>> Ynpasnexue <<Extend>>
’ Ha yyebeH pasnuc '

f
:
<<Extend>> |
'
:
’

®ur. 1. Jlmarpama Ha ciiygauTe Ha yrnorpeda Ha moTpeduren

Ha ®uwur. 2. e npencraBeH CTPyKTYpPHHS MOJIeT HA U3MOI3BaHUTE 0a3u OT JaHHHU.
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updates notifications
_id _id _id
date date date
language title title
notifications text text
program
type

@ur. 2. CTpyKTypeH Mozel Ha 6a3uTe OT JaHHH

AJ'Il"OpI/IT'I)M 3a BbBC/K/JaHEC HA HOB yqeﬁeH pa3nuc

Ha ®uwr. 3. e npeacraBeH alropuThbMbT Ha BBbBEXK/IAHE HA HOB y4eOeH pasmuc B cucTeMara
ype3 quarpama Ha jeiHoctute (activity diagram).

A\ Fal
V\L
T
Wabop Ha aeH
Mpoeepka pann 4
& BbBe/leH noHe ( ) - X
eAMH NpeMeT Do6aeAHe Ha npegMeT 9
I
BbBeMpaaHe Ha
Ha ceMecTbpa
Wabop Ha KpaeH yac

Tun Ha notpebuten {

MorpeGurenaT nposepasa
Aanu nHdopMaLuaTa,
KOATO & BbBEN & BApHa

3ana3sea uHdopmaumaTa u
npeHacodBa KbM HavanHara
paHuLia 3a NOrHAT NoTpebuTen

HWabop Halcegmuua
3a NpoBEMAaHE

3anaspaHe

®wur. 3. AnropuThM 3a BbBEXKIaHE HA HOB YUEOCH pa3muc
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WutepdeiichT Ha cucTeMaTa € u3rpajeH Ha 0azara Ha Bootstrap — HTML/CSS framework

(Gaikwad, S., 2019). HM3mon3BaHuTE €3WIH ca

HTMLS, CSS3, JavaScript (Hong, P., 2018).

OcHoBHaTa LieT IPH IPOSKTUPAaHETO Ha WHTepdeiica e Tol 1a ObJje MAKCUMAIHO U3YUCTEH U Jia
MO3BOJISIBA HA MOTpeOUTENs Ja paboTH JIECHO W yA0OHO ¢ MpuiioxeHuero. IIpu mpoekTupaHe Ha
uHTepdeiica ca ca W3NOJI3BaHH CHBPEMECHHH yeO CTaHIApTH 3a MaKCHMalHa ChBMECTUMOCT C
MOBEYETO ChBpeMeHHH yeO Opay3bpu (Dur. 4). [Ipu paspaborkara ¢ msnon3Ban Firebase SDK

(Sudiartha, G., 2018).

Aobpe gowau B8 MyDigitalSchedule!

Ouaalii npozpama

r cu BagHuk u 3a Hea! Mpu Boako
nocaegBaugo Bauzare B calima, Bue we Bukgame camo mekyuwusm usy
npegcmoswusm Bu npegmem, 3a ga He eybume Bpeme B mupcene.

CnogensiHe Ha npozpama*

WMckame ga cnogeaume cBoama npozpama cee npusmena? Beusko cmaBa ¢ egud

kauk, kamo Moke ga u uime kog 3a unu Aunk.
Kanengap
Make Bup30 u AecHo ga januweme Bakuu 3a Bac gamu.
Kansoasp ’
[ < Ja] wail 2021 . =
- - - - - - -

HMmame kog 3a cnogeasHe Ha npozpama?

BuBegu kog

CuHxpoHU3ayus*
Ako i p , Benakh k gapum Bu u np NG MAx
g8 Ce cuHxpoHuzUpam Ha Beuuku Bawu yempolicmBa, umame BugmokHocm ga
ce pame ypes umedn, Fi unu Google,
benexkku
BugmorkHocmma ga cu Bogume Geaeskku ¢ Rich Text Editor!

Normal BIUS mMuwz EZ xux EE AWK L

Tyx Maxe na BoavTe ceonTe Genexdm!

PRI —

* NORPABHABANE Ha TERCT
- yaebenmsame
r—

* D0 aRIG
s

o

OrpoMeH TekcT

MHOIO roNAM TEeKCT
ronAM TeRCT

* HykHa @ pezucmpauus

Wmame pezucmpauus? Npogueaku kamo

uAu

Bxog

@wur. 4. [TorpeduTencku nHTEpQEic Ha HAYATHHS EKPaH HA CHCTEMAaTa

Hpe,[[I/IMCTBOTO Ha CUCTCMATa € Y€ perucrpanuiaTra HC € 3aAbJKUTCIIHA. H’praTa CTBhIIKa Ha

€IMH HEeperucTpupaH mnorpedburen € aa uzdepe

Jand € cTyaeHT win ydeHuk. Ha ¢ur. 5 e

IpeJICTaBeH UHTEeP(ENCHT 3a BbBEXKIaHe Ha rpaduk.

MoHeaenHuk BropHuk
Komn. rpag. c-mn (nexuws) EERIED Komn. spenne (nexunn) EEEEIED

8 cTan 1.407 8 cran 26.206

5://bbb uni-ryse ba/blsve. o/ /et

Noxkanwu mpexc (nexunn) CEIRELD

8 cTan 2.203

Komn. 3penne (ynpaxnenme) (ELRLeD)
8 cTan 6207
it

Komn. rpag. c-mu (ynpaxuenue) ETRILD

HeTHa ceaMMUa
8 cran 6.208

Komn. rpad. c-mu (nexuus) EEUEIED f105//meet google com/pvw-zt

8 cTan 1407 = =

5.//bbb yni-ruse ba/bisve YETHA COAMMU

Noxannm mpexw (nexums) QUEEEED Komn. spenste (nexuns) (IIETED
8 cTan 2.203 8 cran 26.206

et} yni-ruse ba/b/mk os//meet) uni-ruse b

hh

Komn. spenne (ynpanuenve) (EIRIED
8 cran 6.207

Kowmn. rpads. c-nan (ynpaxcwenne) (EIEIED
& cTan 6.208

et google com/svw-rt

Ha3an

Cpaaa

HEYETHA CCAMMUA

HETHA CeAMMUA

YerebprhK

HEYETHA CEAMNALA

Vndopmau. encremn (nexumn) (NI Noxanwn mpexw (ynpaxnenne) (CERILD

8 cras 6301 8 cran 6.308
hitps//meetl uni-ruze basbimd Bites//meett uni-ruse ba/b/h,

LR cueren [ossees
8 cran 6401

Nokannm mpexcu (ynpaxnenne) (CEEIED
8 cran 6.308

it et} uni-ruse badhty

ab/h

Wndopmau. cucremm (nexumn) EEERIRD
8 cras 6301
hitps/meetluni-ruse ba/b/md

cncremmn
8 cran 6401
3 WA

@ur. 5. UnTepeiic 3a BpBex1aHe HA rpaduK B cucTeMaTa
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Cucremara € u3Moja3BaHa OT CTyACHTH B PyceHcku yHuUBepcuTeT nipe3 yueOnara 2021/2022 r.
Ha ®wur. 6 e mpencraBeH ceIMUYHHs TpaQuK OT PEATHOTO W3IMOJI3BAHE HA CHUCTEMara C y4eOHU
qucuIInHn Ha cnenanHoct KommiorepHu cuctemu u texHojoruu (KCT) B Pycenckum
YHUBEPCUTET.

HeyemHa Komn. 2pad. c-mMu NokanHu Mpexu
MoxegenHuk AoKiyia Aekuus
9 10:00-11:45 14:00-15:45
YyemHa 1.407 2203
HeuyemHa Komn. 3peHue Komn. 3peHue Komn. 2pad. c-Mu
Aekuus ynpaxHeHue ynpaXkHeHue
I e 10:00-11:45 12:00-14:45 15:00-17:45
Hemua 26.206 6.207 6.208
HeyemHa VHdopmau. cucmemu ViHdopmau, cucmemu
Aekuus ynpaxHeHue
Cpsaga
L 14:00-15:45 16:00-18:45
yemHa 6.301 6.401
HeyemHa NokanHu Mpexu
ynpaXHeHue
Yem8 k
o 09:00-11:45
YyemHa 6.308

@ur. 6. CenmuueH pasnuc B cuctemarta 3a crienuaioct KCT

AKO NafieHa JUCHIUILINHA UMa 331aJICH JIMHK 32 OHJIAlH CTas, TO PHU HATHCKAHETO MY IIE Ce
OTBOpHU Bpb3KaTa KbM OHJIAWH cTasTa. J[pyro mpeaumcTBo Ha pa3paboTeHaTa CHUCTEMa €, Y€ MpHU
KeJlaHue BCEKW 00yd4aeM MOKe J1a CIIOZCIU JIMHK J0 WHIWBHIYaTHUS CHU Y4eOeH paslmc, KOUTO
MOJKE JIa C€ U3I0JI3Ba U OT IPYTrd 00yYaeMH.

B cucremara ce momabpka W KaJeHAAp, KOMTO € CHHXPOHU3HMPAH C HW3BECTHATA B
MPUIIOKCHUETO, TaKa Y€ aKo UMa ChOUTHS 3a JICHS, HaJl NKOHKATa 3a U3BECTHS CE MOsABsBa OPOST Ha
HoBUTE U3BecTus (Pur. 7).

0

T Kanengap X

[Hec nmare cbbuTme!
CbOutune: TecT no MaTemaTtnka
KoeTo we Tpae usan geH

M3uumctm Bcuukm

@ur. 7. Expan 3a u3BeCTUs B cUCTEMATA

Cuctemara noaIbpxka Bb3MOXKHOCT Jia c€ MpoBepsiBaT HOBUTE akTyanu3anuu (dur. §) u aa ce
JIOKJIaJIBAaT €BEHTYAIHU [Ipo0JIeMHU ITpH paboTa C Hesl.

AxTyanusaumu X

T Kanewaap 20.05.2021

C HOBMAT HI KA/ICHAAP LE MOXE A3 TV 3ANVCBATE BaXHH 3a BaC AATH, HAPUMEP AATH HA KOHTPOAHA AW NPOCTO HANOMHAHMA!
KpaTkin MHCTpyKuM¥ 3a ynoTpe6a:

Npy meceuen usrnea:
> EAHOAHEBHO CLBUTHE (TPACLIO EAHH ACH) - HATUCKATE BLPXY KENAHATA AATa, CAEA KOETO lWie Ce NOKAXE NPO3opew 32 BLBEXAaHE Ha
AaHHM 3a cvbutuero.
> MHOFOAHEBHO CHBHTHE (TPAELLIO HAKOKO AHH) - HATHCKATE M 3AALPXATE BLPXY HAHANHATA AATA # NPOBAJYBATE C MALIKATA/NPBCT A0

XenaHaTa KpaiiHa AaTa Ha chbuTHeTo.

Mpw Anesen uarnea:
30 MUMYTHO CHOUTHE - HATUCKATE BLPXY HAMAAHHAT YAC, 3 KPARHUAT HAC Ce 33438 ABTOMATUUHO CAeA 30 MUK,

© Mo u360p - HATUCKATE BBLPXY HAYANHAAT HaC ¥ NPOBAAYBATE C MULIKATA/NPBCT A0 KENAHART KPAEH Yac Ha CbbuTHeTo.

» Benexxn 12052021 ]

HOCTTa A2 Cit BOAMTE 3annckiu! PeaakTopa Ha Genexxy MMa A0CTa ONUMM, HAKOM OT KOMTO!

a MuHKOBE

naHsHe/n: Ha Texcr

¥ OlLle MHOTO APYri

@ Howen pexxum ['17.052021 )
[lo6aBuxMe HOULEH PexwM © caiiTal Beue MOXE A3 WIGHPaTE MEXAY TPY PeXUMa:
Awesen (3f) - HopManen pexum 3a U3non3sane Npes AeHs,

Tomen (L)

e NPeoBaA3BAT THMHHTE UBETORE, C APBK TEKCT 33 IECHO YeTeHe NPe3 HOLUTa 683 HaTOBAPBAHE Ha OuMTe.
Asromatiuen (D) - ABTOMaTMYHO 322283 AHEBEH/TBMEH PEXUM CNOPE/ TOBA AaAW BALWETO YCTPOACTBO (KOMMIOTLP MAN TenedoH) ca
€ BKAIOUEH ThMeH PeXHM

32 22 CMEHATE MEXAY TPHTE PEXUMA, NPOCTO KAUKHETE BLPXy UKOHKATA B FOPHAAT N1AB brbA. TO3H PEXUM € MHAUBHAYaNEH 33 BaMTE

YCTPONCTBA, TaKa He BCAKO YCTPOICTBO 3aNOMMA CBOETO HACTPORHO ChCTORHME.

@ur. 8. ExpaH 3a npoBepka Ha HOBH aKTyaJIN3allul
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W3BOIN

IIpencraBenata ye6 cuctema 3a ynpapjieHHE Ha ydeOeH pas3luc € TeCTBaHA ChC CTYAEHTH OT
cnenuanHocT KoMIOTbpHH cuctemMu M TexHojoruu Ha PyceHcku yHuepcurer. IIpm peannara
eKcIuloaTtanus 0sixa MMIUIEMEHTHpaHu mojoOpeHus. Morar jna ce HanpaBaT H3BOAM OT
U3I0JI3BAaHETO HA CHCTEMaTa, 4e T 3HAUUTENHO YJIECHH oOydaeMHUTE B Ipolieca Ha IUIAHHpAaHE U
opociieAsiBaHE  Ha y4yeOHHUTE UM JEeHHOCTH B U3BBHPEIHHUS OHIAWH pEXUM OO0ydeHue B
enuaeMuyHaTa obOctaHoBka. CucTemMaTa IpefOCTaBsl CHbBPEMEHEH HA4YMH 3a JIECHO U OBp30
no0aBsiHe, U3TpUBaHE U MOAM(ULUpPaHE HA y4yeOHU YacoBe W J00aBsHE HA JIMHKOBE Ha OHJIAWH
CTaH.
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Abstract: This paper discusses the implementation of a chess game based entirely on programmable logic
without the involvement of a personal computer. The goal is to implement the functionality of the chess game with
sound effects, adjustable chess clocks, saving of all the chess moves made, moving backwards and forwards within the
moves and visual effects to better visualize what is happening on and off the board using only programmable logic. The
modern FPGAs have enough computing power to implement the logic of the chess game and to effectively manage the
input and output from and to peripheral devices, enabling the user interaction with the game. Even adding animation
and sound will not be computationally difficult for FPGA devices. Since the project envisages communication with a
monitor and keyboard in order to command the moves, draw the chessboard and the chess figures, and perform sounds,
and the available development board does not provide such capabilities, an expansion board is designed and
developed, which includes the following components: level shifter, VGA sound DAC, VGA colour DAC, VGA and PS/2
connectors.

Keywords: Programmable Logic, FPGA, Chess Play Game, PSB Design

BBBEJIEHUE

[lounTaTenure Ha MaXMaTHaTa UIPa YECTO LIUTUPAT MUCHITA, Y€ LETUAT CBAT MOXKE Ja CE
nobepe B miedicer W yetHpu KkBaapara. (CTomaHeHaTa JIOTMKA Ha Illaxa BEKOBE Hapend e
IIPEIN3BUKBaJIa CbC CBOMTE CTPOTH JIOTHYECKU BPB3KU Hail-IIpOHULIATETHUTE yMOBe. OCBEH MoJIE 3a
O6opba cpenry coOCTBEHUS HU yM, JIpEBHATA IIaXMaTHA UTpa U HEeWHaTa Oe3KpaiiHa KOMOMHATHBHA
CJIO’)KHOCT MOJKE J1a ObJie BIBXHOBEHHME U ITBTEBOJUTEN B CTPEMEXka KbM Pa3BUBAHE HA JIOTHUECKO
MHUCJICHE U YCBOsIBAaHE Ha aOCTpPAaKTHUTE KOHIIEMLMU B 00JaCTTa HA KOMIIIOTHPHUTE HAYKH.
CrnoxHara i npupoja € MpeIu3BUKATEICTBO KbM COPTYEPHUTE M XaplyepHUTE pa3pabOTUUIH OLIe
OT 30paTa B Pa3BUTHETO HAa KOMMIOTHPHHUTE TEXHOJIOTMM U JaBa JONBIHUTEIECH TIAaChK Ha
CTpeMeXka KbM ChBBPIIEHCTBO U U3JIM3aHE OT PAMKHUTE HA peajlHaTa IaXMaTHA JbCKa.

[IbpBUTE KOMIIOTHPHO Oa3upaHM MIAXMaTHU KaJKyJlaTopu ce mosBsBaT ouie npe3 70-te
TOAMHM Ha MHMHaJMs Bek, mpe3 1989 r. ce mpoBexkaa mbpBHUAT Mad Ha cynepkoMmioTbpa Deep
Thought na IBM cpemy rpocmaiictopa I'apu KacmapoB cbe 3aryba Ha MmammHata, a 1997r. 1me
OCTaHe B MCTOPHATA KATO MOMEHTHT, B KONTO HacnenHUKbT Deep Blue mobGexaaBa rpocMaiicropa.
ToBa € W IBIATOOYAKBAHUAT KpaWbI'bJI€H KaMbK B Pa3BUTUETO HA M3KycTBeHHs uHTenekTt (MU) —
yCBOSIBAaHETO Ha IaxmarHaTa urpa (Greenemeier, L., 2017).

Pa3bupa ce, xkoMmIOTbpHaTa TEXHOJIOTUS M IIaXMaThT MPEIUIMTAT IIBTHINA HE CaMO B
obmactta Ha MW — mpe3 u3MUHAIUTE JAECETHIIETHS ca pa3pabOTBaHU U Pa3NpPOCTPAHSBAHU
pa3IMYHMA BHUJIOBE KOMIIOTHPHO Oa3MpaHu IIaXMaTHH HUIPU — KaTo ce 3alo4yHe OT JKOOHa

20 JloknambT € IpeCTaBeH Ha CTYJEHTCKaTa HaydHa cecus Ha 18.05.2022 B cexums KoMyHHKalMOHHH M
KOMIIOTBPHH CHUCTEMH W TEXHOJIOTHH'® C OpWUTHMHANHO 3ariaBue Ha Obparapckm esuk: ,,PEAJIM3ALINSA HA
IMAXMATHA UT'PA C TIOMOILITA HA FPGA OT ®AMUJIINA ARTIX-7¢.
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maxmatHa konzona (VONSET, 2022), neckron mpunoxkenus (Lackey, J., 2006), onnaitH urpu
(Next Chess Move, 2022), onnaitn matdopmu 3a maxmatiu asyoou (Online chess platform, 2022)
u JIp.

C Hampenbka Ha TporpamMupyemara JOTUKa C€ OTKPHUBA U HOBO IMPEIU3BUKATEIICTBO — JIa CE
BIIPETHE M3YMCIMTENHAaTa MOITHOCT Ha FPGA ycrpolicTBara Karo MOMOIIHUK Ha KOMITIOTHPHUTE
KOH(UTYpaIuy MPH PEATM3UPAHETO HA CIOKHUTE alNTOPUTMH [0 WM3YMCIISIBAHE HAa XOJOBETE B
CHMYJIAIIMUTE HA MaxMaTHATa urpa. Haii-nomynsipHuTe pa3paObO0TKU B Ta3u 00JIacT ca MaXMaTHUTE
mammau MBChess, Brutus u nacneauukst Ha Brutus — Hydra (Donninger, Ch. Kure, A., Lorenz,
U., 2004), (Donninger, C., Lorenz, U., 2004), (Boulé, M., Zilic, Z., 2002), noamomorHaru ot Virtex
FPGA ycTpoiicTBa, KOUTO HTPasIT pOJIsATa HA KOMPOIIECOPH B pa3Mpe/ieicHa KOMITIOThPHA CUCTEMA.

HacrosmusT 1okiIag € IOCBETeH Ha peaiu3alsaTa Ha MaxMaTHa urpa, 0asupaHa u3Isio Ha
mporpaMupyeMa JIoThKa 0e3 y4acTHeTO Ha TepcoHalieH KOoMmioThp. Llenta e ma ce peanmsupa
(GYHKIIMOHATHOCTTa Ha IIaXMaTHaTa HMrpa ChbC 3BYKOBO O(OpMIICHHE, IIAXMaTHH YacCOBHUIIM C
BB3MOXHOCT 332 HACTPOWKa, 3ala3BaHe HA BCUYKM HAMPABEHU IIAXMATHHU XOJIOBE, MPHUIABUKBAHE
Ha3aJ ¥ HampeJ 10 HAIpaBEHHWTE XOJ0BE M BU3YaTHH €(EKTH C IIeN Mo-100po OHArIeAsBaHe Ha
CIIyYBAIIOTO CE€ HA JbCKATa W W3BBH HEs CIUHCTBEHO C BBH3MOXKHOCTHUTE Ha MporpaMupyemMara
JIOTHKA.

N3JIO’KEHUE
HN3060p Ha elemeHTHA 0a3a U pa3BoOiiHA IJIAaTKA 32 peaju3MpaHe HA MPOEKTA

C OypHOTO pa3BUTHEC HA HHTETPATHHUTE TEXHOJOTHUH IPOTrpaMHpyeMara JIOTHKa W II0-
koHKpeTHO FPGA cxemuTe 3amoyHaxa BC€ MO-CEpHO3HO Ja HaBIW3aT B udpoBaTa oOpaboTKa Ha
CUTHaJIM, O0COOCHO B o0paboTkara Ha u300pakeHHs. ToBa ce MBDKM HA CHIHO H3pa3eHUS
napajieian3bM B paboTaTa Ha Te3u YCTPOICTBa U Ha BrpajgeHute B TsX DSP siipa. OnTumusupaHurte
FPGA cbi10 ca 1mo-eHepruitHo e)eKTUBHU MPU M3ITBIIHEHUETO HA SKBHBAJICHTHU HATOBApBAHUS OT
CTaHJapTeH mpolecop. Ta3u KOMOHMHAIUS OT I'bBKABOCT, €(PEKTUBHOCT M IPOHM3BOJUTEIHOCT €
0co0eHO TpHBIEKATeTHA 33 Pa3pabOTUMIIUTE HA TACHO CHEHUAIM3MPAHH CUCTEMH, KOUTO Ce
CTPEMSIT Jla MOCTUTHAT 00pabOTKa Ha KOJKOTO MOXKE IMO-TOJSIM O00€M OT JaHHH IPH TO-HUCHK
pa3xon Ha pecypcu. CrBpemenante FPGA mpurexaBaT 10CTaThYHO U3YUCIUTEIIHA MOIII, 32 J1a CE
peanu3upa C TAXHA IMOMOI JIOTHKAaTa Ha IIaXMaTHAaTa Wrpa W Ja ce YIpaBisBa e()EeKTHBHO
BBBEXKIAHETO M U3BEKIAHETO HAa WH(OpMAIU OT U BHPXY MepuepHH YCTPOUCTBA, C KOETO Ja Ce
OCBIIECTBH MBIHOIICHHOTO B3aUMOJICHCTBUE Ha ToTpebutens ¢ urparta. Jopu moOaBsHETO Ha
aHUMAIIVS | 3BYK HSIMa JIa TPEJICTABIISIBA N3UNCIIMTEITHA TPYIHOCT 3a Te3H YCTPOMCTBA.

®avunmuara FPGA Xilinx Artix™-7 (Artix-7 FPGA Family, 2022) e moaxoasma 3a
SHEePruitHO e(PeKTHUBHU Pa3pabOTKH, Thii KaTO KOHCYMAIlMsITa Ha CHEPTHsI € HaMaJleHa HAIlOJIOBUHA,
B CpaBHEHHE C TPEIUIIHOTO TIOKOJEHHE, KaTO ChIIEBPEMEHHO TMPEAOCTaBs paslIupeHa
(YHKIIMOHATTHOCT 3a Hal-ChBPEMEHHM U CIIOXKHH TpUIOKeHUs. Paspaborummmre morar a
W3MON3BaT JIBa MTHTH TMO-TONSIM O0eM JIOTMKAa 3a ChHIIOTO KoindecTBO MoinHocT. Cpen
HEOCIIOPUMHTE MPEIUMCTBA Ha pa3BoiiHaTa matka ZTEX USB-FPGA Module 2.14 (ZTEX, 2022)
ca Heitnata 256 Mbyte DDR3 SDRAM, Bb3MOKHOCTTa ¥ Ja paboTH ¢ TakTOBH curHaiu a0 400
Mhz, 128 Mbit ¢aam koHburypanmonsa naMet u Obp3usT it Tpanchep Ha ganHu — 1600 Mbyte/s.
Tbii KaTO MPOEKTHT MPEABUK/Ia KOMYHHUKAIIMS ¢ MOHUTOP U KJIaBHATypa 3a MoJlaBaHe Ha KOMaH[IH,
n3uepTaBaHe Ha IIaxMaTHaTa AbCKa U (pUrypute u 3ByKOBO opopmileHHE, a pa3BoiiHATa IIaTKa He
MPEIOCTaBs TaKMBa BH3MOXKHOCTH, € HAJIOKUTEIHO Ja C€ MPOCKTHpa U pa3padoTH pa3lIMpUTEITHA
TIaTKa, KOSATO J1a BKITFOYBA CIICTHUTE KOMITOHCHTH

Ananrep — 3.3V xbM 5V

Hudposo-ananoros npeodbpaszyBaren 3a ynpaBlieHUE Ha 3BYK;
[udpoBo-ananoros mpeodpasyBaTe 3a yrpaBiIeHNUE Ha BT,

Kymnynar VGA u kymunysr PS/2 ¢ TexHuTe Bpbh3KU KbM pa3BOiHATA TUIATKA.
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®@ur. 1. ZTEX Artix 7 FPGA Board

IIpoekTHpane Ha pa3IMPUTETHATA IUIATKA

3a cp3aBaHe Ha MPUHIMITHATA CXEMa Ha pa3lIMpUTeNHaTa IJIaTKa, 3a/laBaHe Ha Tpa@uuHUTe
OTIICYaThIIM, MPOEKTHPAHE Ha IeYaTHaTa IuiaTka W u3Baudanero Ha drill m gerber daiinosere e
u3noi3Bana codryepHara cpena 3a aBTomarusupaHo mnpoektupane KiCad. Cpemara Hsama
OrpaHUYEHUS 3a pa3Mepa Ha IUIaTKaTa U NpeAoCTaBsl Bb3MOXKHOCTHU Jla Ce MPOEKTHpa IUiaTka, Ipu
KOSATO ca HAJIMYHM 70 32 MEIHH C10s, 14 TEXHUYECKU CJIOSL U YETUPH BTOpUUHHU ciios. OCBEH, ue €
Oe3miaTHa, TS Ipejiara U3KIOYUTEIHO MHOrO (DYHKLUMHU U YJIECHEHHs 3a pa3paboTyuKa, Karo
HaIpUMep CHUMYJIaTOp, UHTepakTHBHO MapmpyTusupane, DRC mposepka u Oorata 6ubnmoreka ot
CJICKTPOHHM €JIEMEHTH, IpaduuHu oTnedarbiy, 3D Monenu M BB3MOXKHOCT 3a Ch3JaBaHE Ha
cooctBenn OubOmmorexkun (KiCad EDA, 2022). Ha ¢ur. 2 e mnpencraBeHa cxemara Ha
paslIMpHuTeNIHaTa IJIaTka, KbAETO KaTo OTIENHM 30HM MoraT Ja c€ BHIAT IPOEKTHUPAHUTE
KOMITIOHEHTH.

Haii-HoBure 1nu¢ppoBn ycTpoiicTBa cTaBaT Bce IO-MalKH, M0-Obp3M U MO-
eHepruiiHoe(DeKTUBHU 1 0A30BUTE JIOTHUECKU €IIEMEHTH, pabOTeN ChC 3aXpaHBAIO HAIPEKECHUE
ot 5V, Kopenupar ¢ Bce MO-HUCKU CTaHAAPTH 3a HampexeHue kato 3,3V, 2,5V, 1,8V u no-Huckwu,
KOETO BOJW JI0 HEOOXOAMMOCTTA Ja ce peanu3upa e()eKTHBHA M HAACKIHA KOMYHHUKAIUS MEKIY
HECHOTBETCTBAIIUTE CH B JIOTHYECKUTE Hampekenus cucremu (Johanneck, D. 2021).
Pazpabotunnure TpsiOBa ma Morar Ja pa3qumrar, 4e jJorudecka | wim jgormyecka O ca mpeaBHIUMH.
3a peanusupaHeTro Ha adanmepa (dur. 2, level shifter) B To3u MpoekT e M3MOI3BaHO pELICHHUE,
KOETO € C IMO-MajKa CIIO)KHOCT M TO-MKOHOMHYHO OT aKTHBHHTE TPAHCIATOPH WM aJalTepPHU
ycrpoiictBa — MOSFET tpansucropstr BSS138. Tolf € KOMmakTeH, M3BBpIIBA TpaHCIAIMs C
BHCOKA YECTOTa M €(EeKTHBHOCT W OCHUTYpsBa INMPOKM HUBAa HA JIOTHUECKO HAIMPEKEHHE W
JBYIOCOYHA KOMYyHHKaius. IIpoexkTupaH € Ja MOHMKM MHMHUMAJIHO CBIPOTUBICHUETO NpHU
BKITIOYCHO CHCTOSIHUE, KaTO CHIIEBPEMEHHO OCUTYpsIBa HaJeKAHA U Obp3a MPOU3BOIUTEIHOCT HA
MPEBKIIIOYBAHE, MOJAXOAIIA 33 MPHJIOKEHUS C HUCKO HAlpekeHHe M HUCBHK TOK. Jlormyeckure
BHCOKH HHBA C€ IMOCTHUTAT 4Ype3 MOBJAUTAIIM PE3UCTOpU. | eHTHT Ha TpaH3HCTOpa CE MOIIbpKa Ha
HUBO Ha 3aXpaHBaHE ¢ HUCKO HampexeHue. Koraro HHKOe ycTpOHCTBO HE KOHCYMHpa Hajoily IO
IIMHATa, COPCHT C€ W3TEINIsI HArope OT IIOBJWTAIIUTE PE3UCTOPH C HHUCKO HalpeKeHHE.
Hanpexxenueto Ha copca e 1o mpara 1 TpaH3UCTOPBT He € MPOoBOAAL]. ToBa M03BOJIsABA IIMHATA HA
npeitHa na ObJie M3TETJIeHa Harope OT MOBAWTAIIHS PE3UCTOP C MO-BUCOKO HampekeHue. llluHuTte
oT Bcska ctpaHa Ha BSS138 ce nmoaabpxaT BUCOKH, HO NP pa3iIMYHU HUBA HAa HAIIPEKEHUE.

3a ynpaenenue na 36yKka ce M3MON3Ba JBOUYHO NMPUTETIICH IMOCTHIIKOB PE3UCTOPEH NU(PPOBO-
aHaJIOroB mpeoOpasyBaren M omepanuoHeH ycuisaten LM386 (¢pur. 2, VGA sound DAC).
[TocrenkoBusar pesuctopen LIAIl Tpanchopmupa KOHKpeTe€H [ABOMYEH KOJ B EKBUBAJICHTEH
aHaJIOTOB CUTHaJl. AKO JBOWYHMAT KOJ|, AaJIeH Ha BXO/a c€ MPOMEHS HENPEKbCHATO, TO U U3XOABT
CBHIIO M€ c€ M3MEHS B CHOTBETCTBHE ¢ Hero. CTOHHOCTTa Ha PE3UCTOPUTE € KpaTHA Ha JBE KaTo
PE3UCTOPHT C Hall-MaJKO ChIIPOTUBIIEHUE MTPEJICTABIABA OUTA C Ha-roJsIMa pa3psIHOCT.

LM386 e ycuiBaTen 1mo MOIIHOCT, TpeIHA3HAYEH 3a yrmoTpeda B YCTPOWCTBA C HUCKO HAINPEKEHHUE
U HHMCKa 4yecToTa. BeIpeku, ye paboTu Ha HUCKH HAIpPEXEHHUs, TOM MMa 3HAUUTeNeH KoeUIueHTt
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Ha ycunBaHe. llopaau Mankus cu pasmMep € MOAXOIAN] 3a HU3IMOJI3BaHE B YCTPOWCTBA Karo
paanoanapaTty, yCHIBATeNU 32 MY3UKATHH WHCTPYMEHTH, MOOUITHU Tenedonu. KoedumeHTsT My
Ha ycusiBaHe Bapupa ot 20 1o 200.
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@ur. 2. Cxema Ha pa3lIMpUTENIHATA [IaTKa

3a ynpaenenue na yeemoeeme € n3non3sad R-2R cTpIKOB pe3ncTopeH Mu(pPOBO-aHATIOTOB
npeobpasysaren (dur. 2, VGA colour DAC). Toit usnonsea 3akona Ha Kupxod, koito rimacu, ye
cymMaTa OT TOKOBETe, BIM3allld BHB BB3ed, TPsAOBa Ja ObJe paBHA Ha cymara OT TOKOBETE,
HamycKalu aajaeHus Bb3en. B to3u LIAIL BbB Bceku Bb3el, TOKBT c€ pa3zieis HamojJoBHHA. Upes
MPEBKIIIOYBAHE HAa TOKOBETE BBHB BCEKM BB3e€JN OOMIMAT MPOTHYAIl TOK CE MPETErys JBOMYHO.
Koraro npe3 gaaeH pe3ucTop mpoTede MoBeue TOK, OOLIOTO HAIpPEKEHHE, KOETO ce IMOsBsBa €
cyMaTa OT BCHUKH HaNpeXEeHUs, TIOSBUIIA C€ OT BCUYKH JIPYTH OTJIEIHU MPOTUYAIIN TOKOBE. [IpyTo
NPEeJUMCTBO €, Y€ UMIICHJAHChT HABCAKBJE € eluH U Cbl] BB Bepurata. To3u LIAIl e ¢ TokoB
M3X0J, KOETO O3HauaBa, Y€ JBOMYHUTE MY BXOJOBE MoraTr Aa ObAaT CBbP3aHH AMPEKTHO KBM
MOPTOBETE Ha pa3BOiHATa IUIATKA.

Ha ¢wur. 3 u 4 ca mageHu TOpHUAT W JOTHUAT CJIOW Ha pa3paboTeHara meJyaTHa TUIaTKa C
rpaduUUHUTE OTNEYATHIM HA KOMIIOHEHTHTE, IHUCTUTE, MPEXKUTE U TPOXOIHUTE OTBOPH,
MapKHpPOBKHUTE 3a pbba Ha TuaTkata W Ap. KoHHrypupaHEeTo Ha CIIOEBETe € HM3BBPIICHO C
MIOMOIITa Ha peAaKTopa Ha nevaTHH 1aTku B cpenara KiCad karto e u3Bbpiiena u DRC nposepka
3a HECBBp3aHW NHCTH WM KOMIIOHEHTH, KOWUTO ca TBBpIHe Omm3o emuH 1o apyr. [lpwm
MPOEKTHUPAHETO HAa MHMCTOBUTE BPH3KU MEXy KOMIOHEHTHTE € CIIa3€HO MPaBUJIOTO J1a ce U30srBar
MIPaBU BIVIM M OCTPH 3aBOM, THH KAaTO Ch3AaBAT TPYIHO NMPEABHINMH MPEKHCBAHHUS HA UMIICAHCA.
Gerber u drill ¢aitnoBere cblo ca reHepUpaHy OT pa3BoiHATa cpeia KaTo 3a gerber ¢aitnosere e
m3non3Ban RS-274X ¢opmar.
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®ur. 3. TopeH cnoi Ha NeyaTHaTa NnaTka ®ur. 4. [loneH cnoi Ha NeyaTHaTa NnaTka

(I)yHKIII/IOHaJ'[HOCT Ha MPOEKTa

@OyHKIIMOHAIHOCTTA HAa TPOEKTa € peajr3upaHa ¢ MOMOINTa HAa €3WKa 3a MOJEIIMpaHe Ha
xapayep VHDL. Jlorukara Ha wrpara ce ympaeisiBa OT KpacH aBTOMAT C IaMeT W €IHO OT
MPEIU3BUKATEIICTBATa € IOCTPOSBAHETO Ha OJIOK MaMeT 3a HANpaBEHUTE XOJ0BE M HETOBOTO
CUHXpOHHU3HpaHe. 3a u3uepTaBaHe Ha BCSKa OT IaxMmaTHuTe Gurypu e pazpadoren otaenen VHDL
MOJIYJI KaTo € MPEABUICHO W HEMPEKHCHATO ONPECHIBAHE HA €KpaHa MpH JIBIKEHUE Ha QUTYpHTE.
Pa3zpabotenu ca u MOmynu 3a 3BYKOBO O(OPMIICHHE KAaToO 3BYKBT C€ MOJIYJIHMpa C IOMOIITAa Ha
nenuTen Ha yectoTa. [IpenBuaeHa e Bb3MOKHOCT 3a BphIIlaHEe HA MTPOU3BOJIEH OPO X00BE Ha3al ¢
nen paspaborkara ga ObAe MOAXOASIIA 3a CaMOCTOSITENHO pa3surpaBaHe Ha MapTUU U 3a
camooOyuenne. [Ipn HaTMckaHe Ha KJIaBUIIA B MOCiIeIHO HANpaBeHHST XOJ CE OTMEHS |
YaCOBHUKBT CMEHS MPUOPUTETA CH — aKO UepHHUTe (GUTypu ca OWIIM Ha XOI M TOM ce OTMEHH,
Oenmute (GUTYpPHU UABAT HA XOJ M 32 TEXHUS YACOBHHK Ce€ CTapTHpa oTOposiBaHe. Benuku HanpaBeHn
XOJIOBE C€ 3aMKCBaT M ChbXPaHABAT B OJ0Ka MaMeT, KOeTO MO3BOJIsBa MPHUABMKBAaHE HA3a] U Hampe
10 XOJIOBETE Ha MapTHITa C [IeJ1 aHAJIN3 Ha UrpaTa.

Ha ¢ur. 5, 6 u 7 ca npeAcTaBeHU MO-BAXKHUTE €JIEMEHTH OT OJOKCXeMmaTa Ha aJlrOpUThMa Ha
GbyHKIIMOHMpaAHE Ha UrpaTa, a MMEHHO — HAaCTPOMKaTa Ha IIAXMAaTHUS YaCOBHUK, MPUABHKBAHETO
Ha3aJ] ¥ HaIpe]] 10 XO/I0BETEe Ha UTpaTa, MPUIBMKBAHETO HA Kypcopa M MECTEHETO M B3EMaHETO Ha
GburypH OT maxmaTrHaTa JbCKa.

[Ipu crapTupaHe Ha Wrpara, Ha €KpaHa ce BU3YyaIM3UpPAT IIaXMaTHUTE (QUTYPH, AbCKaTa U
JacOBHMKA. AHHMHPAHO 3arjlaBHE€ C€ U3BEXKJa TIOCTENIEHHO OykBa 1O OykBa M 3amoysa
My3UKalTHATa UHTPOAYKIIMS KaTO MOTPEOUTEISAT MOKE Jia 51 CIIPE C MPOM3BOJICH KJIaBHII. 3BYKbHT Ha
urpata Moxke na ObJe COpsiH Npu HaTHUCKaHeTo Ha kiaBuma M (Mute), kaTo e mpeaBHaeHa
WHJVKAIUS B JIOJHUS JISB BI'bJ Ha eKkpaHa (X 3a CIpsH 3BYK M HOTa 3a BKIOUYeH). Upe3 OyToHUTE
W, A, S u D notpebutenst Moxe Aa IBIXKH Kypcopa 1o maxmarHara abcka. C 6yroHa Space ce
n30upa ¢urypa u ChbOTBETHO C€ MOCTaBsl HA AAJCHO IOJIe, aKO MpaBWJIaTa HA IIaxMaTHaTa Urpa
no3BoJisiBat ToBa. C B (back) moratr nma ce BpbIIAT BCHYKM HANpPaBEHH XOJIOBE JI0 H3XOIHO
nonoxkenue, nokato ¢ F (forward) morar nma ce mpemecTBaT XOJ0BE HAmpen, O MOCIEIHUS
HarpaBeH xoJ. [Ipenu crapTupane Ha X0JI, aKO C€ BBbBEE MOCAeA0BaTeIHO KoMOnHanusaTa S-E-T,
MOTaT Jia C€ HACTPOSAT YaCOBHHUIIUTE Ha OeNuTe W Ha YyepHHUTE (PUTYpHU, KaTO HE € 3abIDKUTEITHO
BpPEMETO Jla € eAHAKBO 3a JBeTe cTpaHu. [lociieqHoTO € 0T 0coOeHO 3HAYCHHEe, KOraTo Urpara ce
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M3MO0JI3Ba 3a CcaMOOOydYeHHE 3a HauyMHAelmu. lekymara mudpa Ha YaCOBHUKA TIPEMHIBA,
MOJICKA3BalKH1, Y€ MOAJICKU Ha Kopekuus. Beeku ¢yHKIMoHMpaln OyToH B Urpata € u30paH Taka,
ye 1a ObIc MHTYUTHUBEH 3a UTpaya ¥ MO3HAT OT JPYTH KOMITIOTBPHU UTPH.

[Tpu B3emaneTo Ha najzeHa GuUrypa, TS ce MOsSBSIBAa U3BBH JIbCKATa, a KoraTo moseue purypu
OT €IMH BUJ OBbJAT B3ETH, I10]] KAPTUHKATA Ha UrypaTa ce mosiBsiBa MHANKAIUA ,,Xx2 10 ,,x8%. [Ipu
YCIEIIHO CEJICKTUPaHe Ha (purypa KypcopbT CTaBa 3€JieH, KOraTo € MPEMECTEH BhPXY MPHUATEIICKA
¢durypa, yepBeH ako € BbpXYy IPOTUBHUKOBA M JXBJIT IIPH Ipa3Ho noie. [Ipu ycneniHo cenekTupane
WM TIpeMecTBaHe Ha Osiyia Wi 4yepHa (GUrypa U MpH yCIEIIHO B3eMaHe WJIM U3THYaHE Ha BPEMETO
Ha JjaJicHa CTpaHa, ce MycKa onpe/eacHa MEJIOIus.

HatucHat
ByToH D

HartucHat
oyToH A

HaTtucHar
OyTOH S

HatucHat
ByToH W

Kypcop
Ha Hal-aeceH
BEepTUKan

Kypcop
Ha Hal-nAB
BEpTUKan

Kypcop
Ha Hal-aoneH
XOpW3oHTan

Kypcop
Ha Hal-ropeH
XOpW3OHTAan

He

KypcopsT oTHEA KypcopsT OTHMBa KypcopbT oTuBa Kypcopt®T oTvea
H& Hal-J0MHUA XOpWU20HTan Ha Hal-TOPHWA XOPWU30HTan Ha Hal-0eCHWA BepTUKan Ha Hail-NeBuA BepTWKan

Kypcop®T ce kadea C KypcopsT cnnsa c Kypcop®T ce npemecTea KypcopsT ce npemecTea
XOPU30HTaN Harope XOPW30HTaN Hanony C BEPTWKaN Hanseo C BEPTVIKAN HAOACHO

(1) :
p

®ur. 5. AJ'Il"OpI/IT"bM Ha IIPUABUIKBAHC 110 IbCKAaTa

U3BOJIM

Makap ¥ Ja ©Ma MHOKECTBO pa3pabOTEHU KOMITIOTHPHO Oa3WpaHH, MOOWIIHH W KOH30JIHHU
[IaXMaTHU UTPH, KAKTO U OHJIAHH IUIaTGOPMH 3a IIAXMAaTHU TYPHUPH, peaau3alysira Ha [1axmMaTHa
urpa ¢ NOMOINTa Ha TpOorpaMUpyeMa JIOTHKA € €IHO HECTaHAAPTHO M JOCTa INPEAN3BHKATEITHO
peleHre, KOeTo MoKe Ja MOPOAM 3HAYUTENeH MHTEpeC y 3alalieHUTe LIaXMaTHU WUIpadd 3apaau
cnennpuyHaTa popMa Ha yIpaBIeHHE HA UTPATa, a OIIE MOBEUYE Y MOYNTATEINTE HA KOMITIOThPHUS
Xapjayep U Mo-KOHKpeTHO Ha 6asupanute Ha FPGA npoekTu kaTo To3M HHTEpec Ie ce NpocTUpa He
caMo HaJ Wrpara, HO M HaJ| pealu3aiusaTa Ha (YHKIMOHAJIHOCTHTE C IOMOINTAa Ha €3HMKa 3a
Mojienupane Ha xapayep VHDL.

Ha T031 eranm mpoekTHpaHaTa cHCTEMa IO3BOJISIBA UTPACHETO HA IIaX IO CHIIMUS HAYHH, O
KOITO TOBa OM ce M3BBPIIBAJIO HA )KUBO — 0€3 CTPOro ONpeAEIeHH OrpaHUUYCHHS B ABM)KEHUATA Ha
¢burypure, HO BCEe TIaK € OCUTYpeHa Bh3MOXKHOCT 32 BpPbBIIaHE Ha MPOU3BOJIEH OpOil X0/I0BE Haszas,
KOETO IpaBU pa3paboTKaTa 0COOEHO MOAXOJSAINA 3a CAaMOCTOSITEIHO pa3urpaBaHEe HA MapTUU U 3a
TembpBa MPOXOXKIAN maxMaTucTy. Ciell BpbIllaHe Ha HAKOJIKO XO0Jla Ha3aJ| UTPaybT MOXKE /1a ce
IPUIBHKU B 0OpaTHA MOCOKA U J1a Bb3CTAHOBU M3XOJHOTO ChCTOSIHUE, KAaTO 3a pean3alus Ha Te3U
(GYHKIIMOHATTHOCTH € pa3paboTeH OJ0K MaMeT, KOMTO ma3u MHpopMaIus 3a HapaBEeHUTE XO/10BE.

Peammzammsara Ha VGA u PS/2 mporokonuTe 3a KOMYHHKAluWs MO3BOJISBAa CBHP3BaHE Ha
crcTeMaTa HaBCAKBIE, KbJeTO € HanmnyHa PS/2 kmaBuatypa u monutop ¢ VGA Bxoa. Pabotu ce
BBPXY PEAIM3UPAHETO Ha MO-ChbBPEMEHHH U IO-YCHBBPIIEHCTBAHU TEXHOJIOTHMU 32 BBBEXKJIAHE U
m3Bexkaane Ha ganam 49pe3 USB m HDMI, a exna mo-cMena ujes € Ja ce HampaBu OIKT 3a
MO/JIEJIMpaHe Ha BUPTYyaJleH IaXMaTeH ChIIEPHHUK.

Konnenmusta Ha mpoekTa U peanu3anusaTa Ha pyHKIIUUTE HAa CHCTeMaTa MOTar Jia CIIy)KaT 3a
eTaJIoH INpH pazpaboTkara Ha Jpyru G6azupanu Ha FPGA eleKTpOHHM UIpU WM MPOEKTU, KOUTO
MO3BOJISIBAT Ha TIOTPEOUTEINST B3aUMOICHCTBHE C KJIIABUATYpa U MOHUTOP.
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[ 3BYKOBA MHTPOAYKLNSA ]

HarucHar
ByToH

moves_made =0 &
nocneaoeaTenHo HaTucHaTH
¥knasuum S-E-T

Tekywara uudpa Ha YaCOBHUKOBMA
aucnned Ha BenuTte npemurea

HatucHar
ByToH 0 -9

Tekywara uncpa npuemMa HoBaTa CTOMHOCT, 3a
TeKyLla ce npueMa cnefgaliara uugpa BNABo

Beuukn undpu
Ha YACOBHWKOBUA aucnnel Ha Benure
ca 3afaneHu

y 18

Tekyllata uuhpa Ha YACOBHUKOBMA
LWCNnei Ha YepHUTE Npemurea

HatucHat
BytoH 0 -9

Tekywara uncpa npuemMa HoBaTa CTOMHOCT, 3a
TeKyLla ce NpuemMa cnefeallara undpa BNAso

Beunukn undbpu
Ha YACOBHUKOBWA AWCTINEN Ha YePHUTE
ca 3afaneHu

dur. 6. CeepABaHe
Ha YaCOBHMKA

HatucHar
Space

selected_posX = posX
selected_posY = posY

Bepudukauua:
empty_box, tumn,
figure_color

He

3BYKOB CMrHan
"Wzbpana curypa”

[NpuaeuxBaHe Ha
kypcopa (WASD)

HatucHar
Space

selected posX = pos
selected_posY = posY.

3ByKOB CurHan
"OceobopeHa durypa”
A

Beputhukalna:
figure_color,
next_X, next_Y

He

urn = figure_color,

h 4

HB
turn = 0 (white)

HatucHar
OyToH B

=0
Ha

2enuuyaqe Ha npeaHKA
Xof, oT Dnoka namet u
aKTyanuznpaHe Ha PO

turn = not turn

igure_taken =0

Ha
figure_taken - 1

BiacTaHoeABaHe Ha
B3eTaTa purypata

Hatuchat
OyToH F

moves_made
<= Max_Mmove,

WM3ennuaHe Ha cnedealwmnA
%o oT Bnoka naMeT 1
aKTyanuavpade Ha P®

Ha hurypuTe He

MonowexveTo
Ce NpoMeHA

3BYKOB CMrHan

"3aBbplueH xod"
3BYKOB curHan
"Baera gurypa”

[ moves_made + 1 ]

figure_H = next_X
figure_V =next_Y

figure_taken + 1

o durypata ce nofeAea
M3BEH ObCKATA

dur. 7. MecTeHe v B3emaHe Ha GUrypu 1 NpUABUNKBaAHE HA3as
W Hanpep, No Xo40BeTe Ha urpaTa
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Abstract: The paper discusses the design and development of a specialized software system aimed at specialists
in the field of ergotherapy. With the rapid development of information and communication technologies (ICT) and their
increased usage in almost all areas of life, there is great potential to help specialists in a given field by developing a
specialized software system. Nowadays, virtually all healthcare offices are equipped with a personal computer, but not
all of them have the necessary software tools to handle the increasing volume of documentation that needs to be
generated or handled during everyday operations. The proposed system is aimed at the Centre for Social Rehabilitation
and Integration, which needs an effective way to manage its clients and schedule.

Keywords: ergotherapy, specialized software, web-based software

BBBEJEHUE

Nudopmannonnute u xomyHukaunoHHH TexHonmoruun (MKT) Genexar ocoOeHO BUCOKHU
TEMIIOBE HAa Pa3BUTHE B TIOCJICIHUTE TPH JCCETUJICTHS, HABJIM3AMKU BHB BCSKa eqHa cdepa oT
KUBOTA M paslIupsiBailku mpeaenuTe cu. Upe3 TsIX € Bb3MOXKHO € Ja C€ pealn3upa pelieHue Ha
rojsM Ha0op OT mpoOJieMH U 3aJadyd, OT IIUPOK CHEKThP NpPEAMETHH 00JacTH, Upe3
crenuanu3upal copTyepeH MPOAYKT WM CHUCTeMa, KOUTO Ja ObJaT HACOUEHU MPSKO KbM
JCHHOCTTA Ha CIICIUAIMNCTUTE B KOHKpeTHaTa cdepa.

B cbBpeMenHuTe ycnoBus Ha paboTa He ChIIeCTByBa KaOWHET B o0yiacTTa Ha 3/paBHUTE
TPV, KOWTO Jla HEe € CHA0JCH C MEePCOHAJICH KOMITIOTHP, KOETOo 00ycliaBI HEOOXOIUMOCTTa OT
crenuanu3upaHl co@TyepHH MPOAYKTH B oO0JacTTa Ha 37paBeoNa3BaHETO, B YACTHOCT -
eprorepanusTa.

LCPU (LeunTsp 3a companHa pexaOUIUTAIUS U UHTETPallis) € CIeNUaIn3upaHo 3BEHO KbM
Aconmanusara Ha OBJITAPCKUTE €pProTepareBTH, KOATO 00CIUHSIBA YCUIIUATA HA €PrOTEPAIICBTHTE B
bearapus 3a mpomornwms, yTBBbpXKIAaBaHE M pa3BUTHE HA eproreparneBTUYHATa MPaKTHKA,
o0Opa3oBaHNe W HAYYHOM3CIICIOBATEIICKA IEHHOCT, KAaKTO | 3a TMOJKPEra, 3aiuTa u MpoGecHoHaITHO
pa3BUTHE HA CBOWUTE YJIEHOBE, W CMa3BaHE Ha MpaBaTa M MHTEPECHUTE HAa TEXHUTE MOTPEOUTENH.
LleHTBPBT ce CTpeMH KbM BHCOKO Ka4eCTBO M JOCTBHITHOCT Ha €pProTEPaleBTHYHUTE YCIyTH,
MPEIOCTaBeHH AJANTUBHU CPEJICTBA U MOJKPETsIa cpeia 32 BCHUKH HYXKJAellu ce OT JeHHOCTHU
OTPaHWYEHUS C TIIeJT IBIHOIIGHHOTO MM M aKTHBHO ydYacTHe B OOIIHOCTTa M TOM00psSBaHE
KaueCTBOTO MM Ha KHUBOT.

[IpoGneMbT ¢ orpomMHHsT 00€M JOKYMEHTAaIMs, KOSATO TpsiOBa ma ce oOpaboTBa, HE
MOJIMUHABA U €ProTepaneBTUYHUTE HeHTpoBe. OOEMBT TOKYMEHTH, CBbP3aHU C MpEeIaraHuTe OT
TAX YCIyTd, C€ YyBelWYaBa HEMPEKhCHATO, KOETO BOJW JO 3aTPYJHCHHS ¢ oOpaboTkara Ha

2l JloxnmambT € IpeicTaBeH Ha CTyAeHTCKaTa HaydyHa cecus Ha 18.05.2022 B cexnma KomyHMKamuoHHM n
KOMIIOTBPHH CHCTEMH W TEXHOJOTMH C OpUTMHATHO 3arfaBue Ha Opirapcku esuk: ,,YEB BA3MPAHO
IMMPUJIOXKEHUE 3A YITPABJIEHUE JEMHOCTTA HA EPTOTEPAIIEBTUYEH LHEHTBHP*.
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JOKYMEHTUTE O3 TIOMOINTa Ha CHICNHAIHO pa3padOTeHH TMPOAYKTH OT cdepara Ha
MH(POPMAIMOHHUTE M KOMYHHUKAIIMOHHM TEXHOJOTMH; TO3M MpoOJIeM MOXKE Ja Ce pelld dYpes
CHCTEMHO U MEPHOJANYHO JT00aBsHE M BbBEXKIAaHE Ha HOBU HAYMHU 3a TSIXHATa 00padoTKa.

N3non3BaHeTo HA crienuanu3upana copTyepHa CUCTeMa OW PEemIniao MpoOJieMu, CBhP3aHu C
W3rOTBSHE HAa TOYeH rpaduK 3a MPOBSXKIAHETO HA eproTepaneBTHYHUTE cecuu. [lopaam
HapacTBalmara BCceOOXBAaTHOCT Ha Bb3MOKHOCTUTe Ha WT mpoaykTuTe, MOXE eTamHoO Ja ce
BBBEKJIAT HOBU (PYHKIMOHATHOCTH, KOUTO Jia 3allbJIHAT IPOITYCKH, Ja BHACAT JOITBIHHTEIHU
yJIECHEHHsT M Ja TOA0OpIT KauecTBOTO Ha padoTa Ha CICHUAIKCTUTE OKOJIO Mpolleca Ha
MIPOBEXKIAHETO Ha CAMUTE CECHHU.

Pa3paboTBaHeTo Ha HajexkIHa COPTyepHa CHUCTEMa M3HMCKBAa BHEIPSIBAHETO HA pPEIUIa
CeNUaNIM3UpaHl aroput™Mu. [Ipu nocTuraHe Ha OmpezeNieHO HHBO HA TPYIHOCT CE€ MPEeMHUHaBa
KbM MOIAYJIHO H3rpakaaHc¢ Ha CUCTEMaTa, KaTo CC pasaciid Ha q)yHKI_II/IOHaHHI/I MOAYJHU, KOUTO
Morar jJa paboTsT CaMOCTOSITETHO, KaToO HM3TPaKIAHETO CE HM3BBPIIBA TOCTCIIEHHO - MOIYJ IO
MOJTYJI.

N3J10)KEHUE

DOYHKIHOHAJHOCTH HA MPEAJI0KeHaTa cuCTeMAa

3a pemaBaHeTO Ha HAKOM OT Mpobaemure, cpemanu ot cneunanucture B LICPU, cBbp3anu ¢
MOJTbPIKAHETO Ha JIOKYMEHTALMATA, @ UMEHHO MOJIPHKKA Ha aKkTyaJleH TpaduK Ha JECHHOCTHTE U
[ONTBJIBAHE Ha JIEHHOCTHTE, W3BBPLIBAHM C KIUEHTUTE, B WHIUBHIYaJHUTE UM JOCHETa
(morpebutencku kaptu), € paspaboreHa yeO Oa3upaHa cHCTEMa CbhC CJE€JHATa OCHOBHA
(YHKLIMOHAIHOCT:

e Bb3MOXKHOCT 32 perucTpanusi Ha KJIMEHTH — [OAbpPKAHE Ha AKTyaJleH CIIUCBK C
kaueHtd Ha lleHThpa B 0a3ata OT AaHHM; 3a Aa OBJE PETUCTPUpPAH KIHMEHT Ce
U3MCKBAaT HSIKOM OCHOBHHM JaHHM 3a TAX (MMe, BB3pacT, IMOJ), Karo € JajJcHa
BB3MOXKHOCT Jla C€ BBBEXKJAT U JONBJIHUTEIHU OENEeKKH, BUAUMU €IUHCTBEHO OT
cneuunanuctute B LleHTbpa. Beekn kinmeHT mpurexaBa M T.Hap. HOTpeOHTEICKa
KapTa, KOSITO MPEACTaBIsABA CIIUCHK C IEUHOCTUTE, U3BBPILIBAHU OT CHELIMATIUCTUTE C
KOHKPETHHS KJIMEHT; €JJUH 3aIlluC OT MOTpeduTesIcKaTa KapTa BKJIIOYBA ONMCaHHUE Ha

JIEHHOCTTA, UME Ha CIIEHMAJINCTA U J]aTa U 4ac Ha U3BBPIIBAHETO M.

e Ilogapb:kka Ha akTyajJleH rpaguK Ha JelHOCTHTe — CHCTeMara II03BOJIBA
JUHAMUYHOTO YIIpaBlieHHEe Ha Tpaduka Ha BCHYKM crnenuanuctd oT LlenTspa;
YIOPAaBIEHUETO My CE€ H3BBPIIBA YPE3 MHTEPAKTUBEH €IEMEHT — KaJeHJIap.

M3non3Baliku KalleHJapa, BCEKM CIEHHAIMCT MOXE Jla Hacpo4yBa IPOU3BOJIHO
u30pano BpeMme (B paMKUTe Ha paboTHOTO BpeMe Ha LleHThpa) 3a eproTepaneBTHYHA
CECHH U JIPYTH CBBp3aHU JEHHOCTH C KJIUMEHTH Ha LleHThpa.

e Tlogapbxkka Ha MOTPEOUTEJCKH KAPTH 32 KJIMEHTHUTE — OCBEH OCHOBHHUTE JaHHU
3a BCEKM KJIMEHT, CUCTEeMarTa MOAAbpPKA U AKTyaJeH CIIMCBHK C U3BBPLICHUTE C HETO
eproTepaneBTUYHHU ACHHOCTH; MpH J00aBsiHE HA AEHMHOCT B rpaduka, TS aBTOMATUYHO
ce 100aBs U B MOTpeOUTENCKAaTa KapTa Ha KIMEeHTa, KOETO YJIECHSIBA U aBTOMAaTH3Upa
BBBEXKJIaHETO Ha MHGOpPMAIMS B MOTPEOUTEICKATE KapTU W 3HAUYUTEITHO HaMallsBa
BEPOSATHOCTTA 34 JOIYCKAHE HA IPEILIKH.

IleneBn norpeduTEICKH rPyNH
[IpunoxeHneTo e NpeBUACHO J1a CEe U3I0JI3BA OT JABE OCHOBHU IOTPEOUTEIICKH IPYTIN:

e AaMunHucTpaTop (CHENMAJMCT) — HMMa MBJICH JOCTHI 70 BB3MOXKHOCTUTE Ha
cucremara. Mma mnpaBo KakTo Ja pasriiexnaa, Taka M Ja J00aBs M pelakTupa
eneMeHTH. Moke na mpaBu MPOMEHH MO Tpaduka W TOTpeOUTENICKaTa KapTa Ha
KIIMEHTHTE.

e [IlorpedmTesn — uMa OrpaHWYEHW BB3MOXKHOCTH; B3aUMOJEHCTBA MNPEAUMHO C
nH(pOpMalMOHHATA YacT Ha IPUIIOKEHUETO.
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Ha ®wur. 1 e mokaszana auarpama Ha ciIy4aWTe Ha yrmoTpeOa, WIFOCTPHpaIa Bhb3MOKHOCTHUTE,
KOUTO HMMAaT aJMHUHHCTpaTopuTe, a Ha dur. 2 - guarpama Ha clydyauTe Ha ymoTpeda Ha
nmoTpeouTes.

nepcoHanHuTe s <<extend=>

06aBA ChouTHE
IR, powens napona it A " einciudes>
Tpometis <<extend>> el Brachie
- ueﬁmcr,nmem "
creymanicT

<sincludes>

Mpermexna rpadmk .- <<extend->"

_ <<extend>> s
i <<ex(end>>

- W3TpuBa CuOUTHE

g.
;
.%

Mpemexaa KueHTH ) EEEEEERSS
<<ex!em1>> <<exlend>>_
e ! <<ex(em1>> ~~~~~~~~~~
<<ex(end>> : <., Tpemexaa oTyer 2
: - <=exleﬂ¢ 5 <<extend>> =3
Cwuasa HOB = ex‘e"“” s <<extend>>
Pejjakiupa e Tobpcese no
KIMEHT MU3TpHBa KINWEHT s cneyManucT
<<include>> ,,.c..m, <<ex(end>>
ﬂpemexula ripemexaa CTpaHuLm
noTpeGuTmua
BuBexaa ume,non u Kapra MNpemexaa notpedureny y
"bPCeHe N0 KIMEHT
roavHu <<ex\enﬂ>> <& exlend» <<ex(enu>>

<<extend>> ‘. «e)(te"d .
=<exlem1 >
mma Gttty ]
<<mc\ude <<mclude Pmmpa
- i sy st
Bueexaa

ChbpKaHne

@ur. 1 /lnarpama Ha cilydauTe Ha yrnorpeda Ha aAIMUHUCTPATOP

<<gitend=>
Tl Mpomen

I'IE')C“MI'IIHTE

<<ex|gnd>> HacTpoiitku

<<exiend>>
OEEIELAENET W3non3sa koHTakTHaTa hopMa

@ur. 2 /luarpama Ha cilydauTe Ha yrnorpeda Ha moTpeOuTesn

<<ex|énd>>

Cbxpanenue Ha 1aHHH. PejianimoneH Mojes1 Ha 0a3aTa OT JaHHH.

TBii KaTo MPHUIIOKEHUETO PabOTH C TaHHH, KOUTO CIIe/IBa Ja ObIaT ChXpaHIBaHM, yIA4HO € 32
TSAXHOTO ChXpaHeHHe Ja ce u3mnon3Ba Oa3a ot ganuu (B/I). Penanuonnute 0a3u JaHHH HpaBsT
JIECHO W3MOJ3BAHETO Ha CJOKHU 3asBKM M OCUTYpsIBaT T'bBKaBOCT MpPU H3BJIWYAHETO U
aHaJIM3UpaHeTo Ha JaHHuTe. Hepenanunonnute 0a3u oT JaHHU paboTT J0Ope ¢ TOIeMU KOJIMYecTBa
JAaHHW, HaMaJsBaT JIATEHTHOCTTa W MOJ00PSBAT MPOM3BOIUTEIHOCTTA; YECTO CE€ YIOTpeOsSBaT H
IpPU HECTPYKTYpPUPAHU WM YaCTHYHO CTPYKTYpHpaHM JaHHU. ThH KaTo oO0EeMbT Ha JaHHH,
CbXpaHsIBaHU OT MPWJIOKEHUETO, € CPAaBHUTEIHO HEroysiM, a JaHHUTE ca CTPYKTYpPHUpPaHH,
MOJIXO/S1IA 3a TOCTUTaHe Ha 1esiTa Ou Ouia penanvoHHa 6a3a OT JaHHU.

3a cbXpaHeHWE Ha JaHHUTE, HEOOXOMUMH 33 HOPMATHOTO (YHKIMOHHpAHE Ha
NPUIOKEHHETO, € M30paHa penaluoHHA cucTeMa 3a ympasieHue Ha Oasu ot jganau (CYBJ)
MariaDB.

Ha ®ur. 3 e nokazan penanuonHus moaen Ha bJ1.
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users

clients

pages
—H PK | id bigint(20)
PK |  id bigint(20) AUTO_INCREMENT NOT_NULL *—\l PK | id bigint(20) AUTO_INCREMENT NOT_NULL

name varchar(255) \

litte varchar(255)

age Int(10) content text

email varchar(255

gender varchar(255) created_by bigint(20
email_verity_at timestamp
ta6_by bigint[20)

password varchar(255)

remember_token varchar(100]

/ created_at timestamp
created_by bigint(20)

up#ated_at timestamp

password_resets

=

\ events
migrations PK | id bigint(20) AUTO_INCREMENT NOT NULL
PK | id int(10) AUTO INCREMENT NOT NULL \

]
=

email varchar(255)

i bigint(20

gration varchar(Z55) . token varchar(255)
migration varchar(255 ‘ itie varchas(255) uttemb4_unicode_ci

batch int{11) \ start me ereated_at imestamp

end datetime
created_at timestamp
uptiated_at timestamp.
\od | cienti¢inin

user_id int(11) Bt

®ur. 3 Penanuonen Mozen Ha 6a3ara OT JaHHHA

IHotpeduTesckn unTepdeiic. ApXUTEKTYPa U TeXHUYECKH CPeICTBa 3a peaju3amnus.

HutepdeiickT e usrpagen Ha Oazara na Bootstrap u Tailwind — HTML/CSS framework.
Wznomspanute e3uim ca HTMLS, CSS3, JavaScript, PHP, jQuery. OcHoBHa 1ien Ha uHTEpdeiica e
na Ob/e MaKCMMAaJIHO M3YHCTCH M Ja MO3BOJSBA HA MOTpeOMTENs Aa paboTh JIECHO M yIOOHO C
MPUIIOKEHUETO.

[Tpu pazpaboTkaTa Ha NPUIOKEHHUETO Ca M3IOJI3BAaHH CHBPEMEHHH ye0 CTaHIapTH, KaTo ce
eJIM MAaKCHMaJIHa ChBMECTUMOCT C TTOBEYETO MOJIEPHH yel Opay3bpH.

3a pa3paboTkara Ha TPWIOKEHHETO Ca HM3MOJ3BaHU NporpaMHusT e3uk PHP u pamkara
Laravel, ochoBana Ha apxutektyphus mabion Model-View-Controller (MVC). Toit ce cbetou ot
TPU OCHOBHH €JIEMEHTA:

Mopaea — uenrpaieH kommnoHeHT B MVC mabGmona. IlpeacrapmsiBa guHaMu4yHATA
CTPYKTypa OT JaHHH HA MPUIIOKEHUETO, HE3aBHCUMA OT MOTPEOUTEIICKUS HHTEPPEIiC.
Mopnenute OTroBapsT 3a JOCThIIA JO JaHHUTE M CBhABpPXKAT OU3HEC JIOTHKA,
HeoOXoauMa 3a TaxHaTa o0paboTKa.

M3raen — otroBaps 3a MPEACTaBIHETO HA JAaHHUTE M MPEJCTaBIsABa IalJIoH,
nepuHupai; Gopmara Ha OTTOBOPHTE, BHPHATU NpPU MOJaBaHE HAa MOTPEOUTENCKU
3asBKU. [Ipu ye® MpuIoKeHHITa HA-4eCTO W3TJICANTE TPECTABIISABAT IIA0JIOH WU
,»CKeneT™ Ha yeb crpanuna u cpabpxkaT HTML u norudecku cTpykTypH, HO criopen
crenuguKaTa Ha KOHKpPETHOTO MPUIIOKEHHE, MOXKE /1a AePUHHUPAT U Ipyru popmaru
3a npezacrassHe (JSON, XML u ap.).

Kontposiep — ocHoBHara My 3ajaya € Ja MpHeMa MOTpPeOUTENCKHs BXox (T.e.
JTAHHWUTE, KOUTO IOTPEOUTENII BHBEKIA, HETOBUTE 3asiBKM M T.H.) M Jla HW3II0JI3BA
MOAXOIAUINTE MOJAETU M W3IJIEeNH, Taka 4e MOTPEOUTENAT Aa MOJy4Hd MOIXOJSII 3a
HEeroBara 3asBKa OTTOBOD.

Ha ®ur. 4 e noka3zaHo olpocTeHO rpauyHO NpeAcTaBsHe Ha apXUTeKTypHUs madiaon MVC.,
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Routing

Controller

View

®ur. 4 Apxurektypen mabdion MVC

Peananmsanusa
Ha ®ur. 5 e mokazana HavajqHaTa CTpaHHIA HA MPUJIOKECHUETO, BUAUMA TPH 3apeKIaHe Ha
HETOBUS aJpec.

CUPATI@NAL THER

PEFTUCTPAUMUA HAYAJIO

@ur. 5 HauvaseH ekpaH Ha NPUIOKEHUETO

IIpu oMt 3a JOCTBII IO CUCTEMATa ce MOsIBsIBA OMIIMS 3a BXOJI, KOSITO HACOUBA MOTPEOUTENS
71a BJIe3€ B CHUCTeMaTa ¢ uMe u napoia. OT ChIHs €KpaH € JOCTBICH U JIMHK 33 PErHCTpaIys Ha HOB
noTpeouTel.

Cren ycriemeH BXOJ B CHCTeMara Ce TOsBsSBa HA4YallHUs €KpaH, KOMTO ChIbpKa MEHIO 3a
J0CThI 10 ¢yHKUMUTE Ha cucremara. Ha ®dur. 6 e moka3zaHa eKpaHHa CHHUMKa Ha MEHIOTO IpHU
BIIMCaH aIMUHUCTPATHBCH HOTpC6I/ITeJ'I; aKo HOTpe6I/IT€J'I$IT HAMa aJMHHUCTPATUBCH JOCTBII, TOM
I11€ BUK/1a 3HAUYUTEITHO MO-MAJIKO OIIMH B MEHIOTO.

Tabno 2a ynpasnexue

M3non3eaiite MeHIOTO 33 AOCTBN A0 AAHHW U HACTpPOWKM!

®dur. 6 MeH1o 3a J0CTBI 10 PYHKIIMATE HA TPUITOKCHHETO

TBil KaTo NEWHOCTTa Ha €proTepaneBTHUYHHATE LEHTPOBE M CIELUAINCTH CE€ H3pa3siBa B
eXeJHEeBHa paboTa ¢ KIMEHTH, MOAYJIBT 3a yNpaBlieHHE Ha KJIMEHTH € €IUH OT LIEHTPAJIHUTE B
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cuctemara. Ha ®ur. 7 e mokazana (opmara 3a qo0aBsiHe/peTakTUpaHe HA KIMEHTH, a Ha Dur. 8 -

€KpaHbT 3a YIIPABICHUETO UM.

[o6assaHe Ha HOB KNMEHT

Our. 7 ®opma 3a 100aBsiHE/pelaKTUPAHE HA KITUCHTH
Knnenti
YenewHo AoGaBeH KAMEHT

@ur. 8 Expan 3a ynpaBiieHHe Ha KIUEHTH

OcBeH TO3M 3a yIpaBJlieHWEe Ha KJIUEHTH, JPYT IEHTPAJICH 3a CUCTeMaTa MOy € TpaduKbT, B
KOWTO CIEIUANIUCTUTE MOrar Ja 100aBsT AeiHocTH U chOuTHs. ['paduxbT ce Buyanusmpa moj
dbopmaTa Ha UHTEPAKTUBEH KaJCHAAp, MTOKa3Balll BCHYKM OTMUHAIM U MPEACTOSIIHN CHOUTHUS Tpe3
ChOTBETHUS Nepuo. CrenualucTuTe MoraT /1a B3auMOJEHCTBAT ¢ KaJleHJapa — MoraT Ja IPOMEHST
u3rieaa My (BU3yalu3aliis Ha Mecell, CeIMHIIa WIIK KOHKPETEH JICH), KaKTO U Ja J00aBsT JCHHOCTH
ype3 n300p Ha CHOTBETHUS JIeH M 4yac ¢ Mumkata. Ha ®dur. 9 e mokazan mpumepeH rpaduk c
MeCeUeH U3TJIe/I.

Sl OHn 2022 Meced| Cenmmua  flen

20 21 2 23 24 25 26

®ur. 9 MeceueH u3rien Ha rpapuka
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[Ipu mpakBaHe ¢ MHIIIKaTa BHPXY Ipa3HO MoJie OT Tpaduka ce oTBaps Mpo30pell, B KOUTO
CTMECHUAINCTHT MMa BB3MOXKHOCT Jla TOIBJIHU JaHHUTE 32 KOHKpeTHOTO chOutHe (Pur. 10) —
JNEHHOCT, KJIMEHT U crienuaaucT. KIIMeHThT U CIIeNUaaIucThT ce M30UpaT OT Maaaild MEHIOTa, KOETO
HaMaJIsiBa BEPOSTHOCTTA 3a TPELIKH.

Hobaeu cvbutue

Hauanen vac:
KpaeH wac:
DeAHocT:
HnunenT

WMabeperte W

Cneumanmct:

o ]

@ur. 10 IIpo3open 3a nobaBsiHE Ha chOUTHE B rpaduka

He na nmocneano mscro, npu u3zbop Ha ommwmsTta ,,IloTpeduTencka kapra™ oT crpaHuIaTa 3a
YOpaBJI€HUE Ha KIMEHTH, CIELUAIUCTBT MOXE Ja IMperiexjaa MOTPeOUTENCKUTE KapT, T.€.
CIIUCHKBT C ICHHOCTH, U3BBPIIBAHU ¢ KOHKpeTeH KiueHT (Pur. 11). [IpeasuacHa € 1 BbB3MOXKHOCT
3a TeHepupaHe Ha OTYETH 32 W3BBPIICHUTE IEHHOCTH, C BB3MOXKHOCT 3a W300p Ha MEpUO,
CHEeIHaNUCT U KiIueHT. Kputepuute morar ga ce KOMOWHHpAT MPOU3BOJIHO, KOETO IMO3BOJISBA,
HanpuMmep, 1a ObJaT HAMEPEHH JIEHHOCTH, U3BBPILIBAHN B KOHKPETEH MEPHO/]] C KOHKPETEH KJIHEHT.

Motpebutencka kapta Ha AumMutbp

<Haszapn

@ur. 11 IloTpeburencka KapTa Ha KIUEHT

U3BOIMN

Nznoxenata codryepHa cucrema OM MOIJIa Ja YJIECHH CIEIUATUCTH B cdepara Ha
eprorepanusTa, KIMEeHTUTE U TeXHUTe Oau3ku. KbM HACTOSIIMS MOMEHT, TS MOXE J1a ce M3IO0JI3Ba
3a TIperJieXKaHe Ha KIMCHTH, CTPAHUIIN, TOTPEOUTEIICKH KapTH Ha KIMEHTH, J0OaBsHE HA ChOUTHUS
B TpaduK, ThpPCEHE MO CIENUATUCT WM KJIMNCHT, B MOMEHTa CHCTEMara c€é HaMupa B MUJIOTEH
ctanuii. Ha mo-kbceH etam Morar Ja ce 100aBSIT HOBU (DYHKIMOHATHOCTH, KOUTO OIIE MOBEYe Ja
ONTUMU3HPAT ACHHOCTTA HA CIICIIUATTUCTUTE B IIEHTHPA.

JIOBTHUTETHOTO pa3BUTHE HA CHUCTEMaTa MOXeE Jia sl IPEeBbpHE B MHOBATUBEH M yJ0OCH
NPOAYKT 3a YyIpaBICHHE HA €proTepaneBTHYHA JEeWHOCT. ThH KaTo BCE ONIE HSMA Pa3BUT
copTyepeH MpoIyKT 3a Ta3| Iiell, MPUIOKEHUeTo OW MOTJIO Jia ce pa3BUe O CTEIEeH, B KOATO Ja
¥Ma ¥ MOTEHIMAJ 32 IIMPOKO pa3lpocTpaHeHue B cepara Ha 37paBeona3BaHEToO.

W3non3Banero Ha cucTtemMara B peanHa paboTHA cpena OM MOTJO Jla OKaXe MpsK
MOJIOKUTEICH €(PEeKT BHPXY KadyeCTBOTO W TOYHOCTTA HA W3BBHPIIBAHUTE €pProTePareBTHYHU
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JICWHOCTH M YCIYIH, KaKTO M Ja OCHUTypd OBp30TO HamupaHe Ha HH(OPMAIUS OTHOCHO
HeﬁHOCTHTC, CBBpP3aHU C CProTCparCBTUIHHUTC CCCHUU, KAKTO U JAHHUTC 3a BCCKU CAWH KJIMCHT.

[MpenBuxma ce cucremara jaa Obiae MO-700pe ONTHMHU3UpaHa 3a paboTra ¢ MOOWIHH
ycTpoiicTBa (cMapTdoHHU, TabIETH), KAKTO U Ja ce J00aBAT omle (GyHKIIMOHATTHOCTH 32 YA0OCTBO Ha
MOTPEOUTEITUTE, MMOJI3BAIN CUCTEMATA.
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(2016-2022), YVuebnu mamepuanu no Cogpmyepro unsicenepcmao)
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Abstract: Over recent years, Bitcoin has become well know decentralized cryptocurrency. This innovation has
the potential to play an essential role in our next digital era, as the underlying technology specializes in data security.
The paper presents the developing process of a Web-based cryptocurrency payment system. The purpose of the Web-
based cryptocurrency payment system is to allow students studying at the University of Ruse to invest in innovative
technology to pay their fees and become part of this revolution in the era of payments.

Keywords: Bitcoin, Cryptocurrency, Payment, University Taxes, Blockchain, Smart contracts, Peer-to-peer,
Decentralization.

BBBEJIEHME

PazBuTHeTO Ha TEXHOJOTMHTE IIO3BOJISIBA OE3MPOOJEMHM OHJIAWH IUIAIAHUS, HapUYHU
IPEBOAM U MHBECTUIMM B paMKUTE HA HIKOJIKO MHUHYTU. JlocToiiHa anrepHaTHBa Ha
TPaIUIIMOHHUTE TMMAPUYHU TOJUTUKH Ha TPABUTENICTBATa 10 CBETa M IICHTpPAaJHHUTE OaHKU ca
nuGpoBUTE BAIYTH WM Taka HapeYeHWUTE KPUNTOBAIYTH. Te ca OTpa)keHHWE Ha HACTOAIIUTE
TEH/ICHIINM BCSAKa eIHa 00JacT B JKMBOTA HAa CHBPEMEHHOTO OOIIECTBO J1a CHIIECTBYBA U BBHB
BUPTYaJIHOTO MPOCTpaHCTBO. KpuToBamyTuTe ca Beue NpUEMIIMBO U ThPCEHO CPEICTBO 3a IUIallaHe,
MPOMEHSIM HAauyWHAa Ha MPEJoCTaBsHE HAa (PMHAHCOBU YCIYTH, NMPEMaxBalld MOCPETHUIUTE U
MapruHajJu3upaiiku possta Ha (uHaHcoBure uHCTUTYHMM (Mikotajewicz-Wozniak, and et al,
2015). [Ilo3BomsBar curypHd © He3a0aBHU TpaH3aKIMHM, W3MOJ3BAIIM TMPUHIIMIIA HA
kpunrorpadusra. KioroyoBara MHOBalMsg B TOBa OTHOILIEHHE € BBBEXKJAHETO Ha ,,paslpesielieHa
KHUTA™, KOSTO IO3BOJISIBA HM3IOJ3BAHETO HAa IM(pOBa BalyTa B JEICHTPAIM3MPAHA IJIATEKHA
cucrema. Bceku 1mudpoB 3amMc Ha BajlyTa OTBaps BB3MOXKHOCTTa T JAa ObJe KONMUpaHa H
M3pa3xo/IBaHu MoBeye OT BeAHBK. C KOHBEHIIMOHATHUTE OAaHKOBH JIETIO3UTH, OAHKW MPHUTEKABAT
MG poBUS 3aIUC U ce JJOBEPsIBAT, 3a Jla rapaHTUpaT HeropaTa BanuaHocT. [1pu nudposure BatyTH,
HANpOTHB, CYETOBOJHATA KHWIA, CBHABPXKAIIAa 3alUChT HA BCHYKM TPAH3AaKIUHW OT BCHYKU
noTpeOuTeNnu € MyOJMYHO JOCTBIIEH 3a BCHUKM. BMecTo na M3MCKBAaT MOTpEeOMTENUTE Ja MMaT
J0BEpHE B CHEIHMATHH WHCTHTYIMH, C€ pa3ydTa Ha MpekaTa W IpaBHiaTa, yCTAaHOBEHH 32
HAJEeKIHO cMeHeTe cueroBonHata kHura (Ali, and et al, 2014). buTkoiiH € €THOBPEMEHHO IBE
Hellla — AUTUTATHA BaJlyTHA €IMHHUIA U TJI00ATHa MpeXa 3a pas3IuIalliaHus, 9Ype3 KOSTO MOXKE Jia ce
U3Ipalar v nojy4aBaT BaTyTHH eluHUIM. W BadyTaTa, 1 MpekaTa 3a pa3IUIalllaHus HOCST €HO U
ChHILIO0 UME€ — OUTKOMH.

3amio To3M HOB HAYMH Ha pas3IUIalllaHe Jia He ce MPHJIOKU U B YHUBEPCUTETHUTE, HAPUMED
MU 3aIUlalllaHe Ha CTYAEHTCKUTe TakcH 3a ooyuenue? Bentley University, yacTHa MHCTUTYLUS C
okoso 5000 crynentn B Yanrtxam, Macady3erc, npreMa Bede KpHUIITOBAIYTa 3a ILIALIAHUSA OT

2 JloxnmambT € IpeAcTaBeH Ha CTyAeHTcKaTa HaydyHa cecus Ha 18.05.2022 B cexuus KoMyHMKAalMOHHM U
KOMMIOTBPHH CHCTEMH M TEXHOJOTHH C OPHIHHAIHO 3aryaBue Ha Opirapcku e3uk: Y EB-BA3MIPAHA CUCTEMA 3A
PA3IUIAIITAHE C KPUTITOBAJIYTA.
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cTpaHa Ha ctyneHture. Bentley e enun ot 10-te Hali-no0pu 6usnec xonexu B CAILL nmpe3 2020 .
ciopen Money (https://money.com/). Bucuiero yunmnuimie naptHupa ¢ Oopcara 3a KpUIITOBalyTa
Coinbase, 3a na npuema o6utkoitH, erepuym u USD Coin. B chimoro Bpeme ynuBepcutersT (Mitra,
M. ,2022).

B Hacrosimust OKIaa ce TPEACTaBAT PAa3IMYHUTE €TalM M TEXHOJOTMYHH MpOIECH Ha
Cb3/laBaHe, NpPOCKTHpaHe U pa3zpaboTBaHe Ha yeO-0azupaHa cucTeMa 3a paslJialaHe ¢
KPUNTOBAIYTA B 10132 HAa CTYJCHTUTE OT PyceHCcku yHUBepcuTeT. ChIIEBPEMEHHO MPEIaraHOTO
pelieHre Iend Ja MOJIINOMOTHE CTyJAEHTUTE ¢ HH(OpPManmus U CBBETH OTHOCHO ObJCIIN
WHBECTHIINY.

N3J10XEHUE
DOYyHKINOHAJIEH MO

B nnarpamara Ha ciydaute Ha ynotpedara (Dur. 1) ca npeacraBeHr QyHKIIMOHATHOCTUTE HA
npunoxeHuero. T 1oOKa3Ba BCUYKUTE BB3MOXKHHM JCHCTBUS, KOMTO MOTPEOUTENAT U
aJIMUHUCTPATOPBT MOrar Ja HanpassT. Hanpumep, moTpeOuTensT uMa Bb3MOXKHOCT J1a IPaBU BXOJ]
B CHUCTEeMaTa, Jla 4eTe CTaTHUH, Ja U3BbpIIBA IJIAl[aHUs, JJa PeAaKTHpa CBOs MpOodWI U J1a BUXKIA
HCTOpUS HAa TPaH3aKIUUTE. AAMUHUCTPATOPHT ChILO IIPAaBU BXOJ B CUCTEMATa, YETE CTaTUH, BUXK/IA
UCTOpUS Ha TpaH3aKLMMTE, CBIIO Taka MOXE Ja peJakThpa CTaTUM, Ja YIpaBisBa
noTpeOuTeNncKkuTe NpodWiIn, Ta perakTupa TaKCHTe, W Ja BWKAAa HHGOpMAIMS 33 BCHYKU
MoTpeOUTENH.

Read Articles

Choose Tax <sincludgs>
TTreeeeel £ Make Payment
cainciude”” . Change Password

Edit Profile

Admin

View Payment
Reports

Maodify Detail L
User ’ el ’f&,g,
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Add User
Manage Taxes
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Add Tax “ View User Report
Change Price

®wur.1 [Inarpama Ha ciaydauTe Ha ynorpeda
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B mmarpamara Ha aeitHoct (®Pur. 2 u dur. 3.) e mokazaH Mo-MOAPOOHO IENHAT MPOIEC Ha
cucremara. [Iporecure ca pasleleHH Ha TaKWBa, KOUTO C€ HM3BBLPIIBAT OT MOTPEOHTENS U OT
aJIMHHHCTpaTOpa. 3a Jia M3IM0JI3Ba CUCTeMara, MOTPeOUTENAT TpsaOBa Ja uMma perucrpaius. [lpu
OIIUT 3a BXOO4 U HGYCHGH_IHa aBTeHTI/I(i)I/IKaLII/ISI, HOTpCGI/ITeJ'ISIT MOXE a HpOI[’bJ’DKI/I Ja H3II0J13Ba
cUCTeMara, camMO 3a Jia 4eTe cratud. llpw ycrnemHa aBTEHTH(HUKALNUS IOTPEOUTENAT HMa
BB3MOXKHOCT Ada HpeMI/IHe KbM IlJIalllaHEC HaA CBOJTA TakKCa WK Ada HaHpaBI/I cnpaBKa 3a MHUHaJIAU
TpaH3aKIIHH.

O01ma KoHuenuus Ha MporpamMara

Crynentute oT PyceHCKH YHUBEPCUTET, KOUTO UMAT UHTEpeC B chepaTa HA KPUNTOBATYTHUTE,
e MMaT BBH3MOXKHOCTTA Ja WHBECTUPAT B €/lHa MHOBATHBHA TEXHOJIOTHSA, C KOSATO MoOraT ja
3aryIaTAT CBOUTE TAKCHU M J1a CTaHAT 4acT OT Ta3W PEBOJIIOLMS HA epaTa Ha pa3IllalllaHusITa.

W3BbpriBaHeTo Ha IUTal[aHe B CHCTEMara € YJECHEH MPOLEeC B TPU CTHIKH, KOHTO OTHEMa
HKOJIKO MuHYTH. CrcTeMaTta m3moii3Ba npodecruoHanHo pemieHne 3a pasmiamane ¢ BTCPay, c
KOWTO BCHYKH CPEJICTBA IIOCTHIIBAT IUPEKTHO B mopTdeiina, koito ¢ cBbp3aH kbM BTCPay u B
HUTO €IMH MOMEHT JIPYT YOBEK WJIM KOMIAHUS HAMAT JOCTBHII /IO TE3U CPE/ICTBA.

Activity Diagram for User Side

Login

Authentication
Invalid
Check Check Read articles
Valid

v l -

[ Choose Tax ] [ Read articles ] [ View Account ] [ View Reports ]

L3

Ch Password
ange Fasswor Payment Report

Make Payment
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@

®ur.2 Onucanue Ha I[CﬁCTBPISIT&, KOUTO U3BHPIIBA HOTpC6I/ITeJ'I}IT
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Activity Diagram for Admin Side

Login

l

[ Authentication ]

l

Inwvalid
Check Check —-{ Read articles ]

l walia

=
l |

[ Modify User ] [ Add Taxes ] [ Wievw Account ]

l l

[— Wiew Reports ] [-Change Pass—\."-orcl]

>

®wur.3 Onucanue Ha HeﬁCTBHHTa, KOHUTO U3BBPIIBA AAMUHUCTPATOPA

Crenka 1 3a u3BbplIBaHE Ha IUIAIIaHE € Aa ce BbBene B POS TepmuHana cymara, KOSTO
TpsiOBa na ce 3amuatu U Aa ce HaTucHe Pay. Crex ToBa ce m3Bexaa (akTypa CbhC cCileaHaTa
uHpopmanusa: Bpeme 3a u3BbpIIBaHe Ha IulamaHero, KpunroBaiyTara, ¢ KOSTO 1€ C€ M3BBPIIU
IUIAIAHETO U MO HEs MOMEHTHATA 11eHa Ha Ta3u KPUNTOBAJIyTa B JIEBa M HAKpas Haill-BaXkKHATa 4acT
— QR Koz, B KOWTO MpeIBAPUTENIHO € KOHPUTYpHUpaH aJgpeca Ha KpUNTo nopTdeiina, Ha KOUTO Iie
ObJaT U3NpaTeHH CPECTBATA.

Crbnka 2 e oTBapsHe KpHUITO- NMopTdeilia 0T MOOUIHO YCTPONUCTBO M CKaHUpPAHE Ha Bede
renepupanus QR kon.

Crbnka 3: u3Bexa ce nHpopManus 3a cymaTa, KOSTo TpaOBa aa ce m3npaTd B buTkoiiH,
aZpeca, Ha KOMTO 1€ ce U3MpaTIT CPE/ICTBATa U TaKCcaTa 3a MU3BbpIIBaHE HA TpaH3akuusara. Cien
npernen Ha wuwHoOpMalMATa, TS MOXE Ja ce NOTBbpau. I[lpw ycmemHo W3BBPIIBaAHE Ha
TpaH3aKIUATa Ce U3Mpalla ChOOIIEHUE ¢ TOTBBPKACHNE U C TOBA IUIANIAHETO MPUKITIOYBA.
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CemecTpuanHa Takca X BTCPAY

Bitcoin (BTC) >

Pay with

DA
(< 1\

Crypto Uni Ruse 0.00561732 BTC

DQOIN
3 2 O CemecTpuanHa Takca 1 BTC = 56966,71 ns. (BGN)
Scan Copy

--
--

- -
Open in wallet
Clear

Recommended fee: 17.258 sat/byte

5 BICPAY

®ur. 4. UnTepdeiic Ha cucTemaTa

Confirm Details > BTCPAY

Crypto Uni Ruse 0.00001789 BTC

CemecTpuanHa Takca 1 BTC = 55900,92 ns. (BGN,

This invoice has been paid

Return to Crypto Uni Ruse

@ur. 5. UnTepdeiic Ha cucremara
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W3BOIN

[ToHacTosIIieM KPUNTOBATYTHTE Ca €IHH OT Hal-HANpEeIHAINTE B TEXHHYECKO OTHOIICHHE
wiaTexHu cpeacrsa. Ot apyra crpaHa, Te ca HE caMO CPEACTBO 3a pasiulalliaHe, HO MU MHOT'O
WHTCPECCH HMHBECTHIIMOHEH AaKTHB, CPEICTBO 3a CHhXPAHEHHE HAa CTOHHOCT W TEXHOJIOTHYHA
nenHoct. [IpencraBenara pa3paboTka BKIIIOYBA pasIUIAlaHe ¢ OMTKOWH 3a LIEIUTE Ha YHUBEPCHUTET,
KBJCTO € BB3MOXXHO CTYJICHTHTE Ja 3alulaliaT CEeMECTPHAIHHTE CH TaKCH B KPHUIITOBATYTA.
Cucremara mpeloCTaBs Ha MOTPEOMTENHMTE Ja NpPOCICIIBAT IUIAIAHUATA W Ja TPEArTIeKIAT
MUHAJIM TPaH3aKIuu. B Objemne ce npeaBkia pa3mupsBaHe Bb3MOKHOCTUTE HA CHCTEMara, KaTo
ce 100aBsT pa3InuHU BUIOBE TAKCH, KOUTO J1a MOTaT Jia Ce 3aIlIaliar.
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Abstract: STEM education is actively invading every stage of preschool and school education. The
implementation of STEM education in elementary school responds to the idea that the childhood development is an
irreversible process and the earlier the learning begins the better. The introduction to the basic logic gates is an area of
the engineering knowledge not yet exploited in STEM. This calls for a solution using an interactive software application
which children can experiment with and learn from. In order to be truly intriguing for children, the introduction to the
basic logic gates needs to be presented in the form of a game experience. A major problem in the implementation of the
game, however, is the need to develop a level system with increasing complexity. In order to automate this process, it is
appropriate to create a separate application - a level builder, which allows construction of a diagram for each level of
the game through routine manipulations over visual objects without the need to write programming code. Such an
application will not only facilitate and speed up the implementation of the levels, but also will provide an opportunity
for active learning by giving the task to create diagrams to high school students who already have basic knowledge in
the field. The diagrams generated by the students will be subsequently used in the game levels.

Keywords: STEM, Basic Logic Gates, Educational Game, Visual Component, Digital Library

BBBEJIEHUE

STEM o0yueHueTo Bce MO-MHTEH3UBHO HABJIM3a BbB BCEKM €IMH €Tall OT MpelyYMIUIIHOTO
U YUYWIMIIHOTO 0oOpa3oBaHHE KaTO PEIIaBaHETO Ha MpoOJIeMH € €IHO OT Hail-Ba)KHUTE yMEHWS,
KOUTO JieraTa € Heo0X0AUMO Ja pa3BUAT. To I MOATOTBS J1a CE CIPABST C MO-CII0KHU aKaJeMUYHU
U JUYHU TPEAU3BUKATEIICTBA, C KOMTO IIE CE CpellaT B M3PAacTBaHETO CU. Upe3 BHBEKIAHETO Ha
CUTYyallUH 3a pelllaBaHe Ha MpoOJIeMHu B KJlacHATa CTasl YUEHULUTE ce HayyaBaT J1a UACHTUUIMpAT
npobiema, Ja MpeasioKaT BB3MOXKHU pELIEHHsS, Ja TeCTBAT pELIEHUsATa W Ja aHajau3upar
pe3yJITaTUTE — B KOHTPOJIMPAHa CPEAA, C MOMOIITA HAa YUYUTENIN, KOUTO J1a TM HAco4Bar, JOKATO Ce
yebBbpuieHcTBaT Kozhuharova, D. & Zhelyazkova, M., 2021). ITpunaranero Ha STEM oOyuenue B
HA4YaJIHOTO YYWJINLIE OTrOBapsi Ha €AHO OT OCHOBHUTE IOJIOKEHUS Ha Ta3W KOHLEMNIUS, a UMEHHO
TOBA, Y€ PAa3BUTHETO € HEOOpAaTHUM MpOIEC M 32 HEr0 ca XapaKTepHU OJaronpusiTHU CEH3UTHBHU
nepuoju. Konkoro no-pano 3anoune ga ce ocbiiectssiBa STEM oOyuenue, ToakoBa no-nodpe. B
pa3BUTHUTE B MKOHOMHYECKO OTHOIIEHHE CTPAaHU MMa pealiHd MPaKTUKU Ha BbBexJgaHe Ha STEM
oOydeHue 10pu MpH Hali-mankuTe nena Han 3 rogunu (Kalinova, A., 2019).

N3yuaBanetro Ha 0a30BUTE JIOTMUECKH €JIEMEHTH € €/IHa Bce omle HeekcruioatupaHa B STEM
00JIaCT OT MHXKEHEPHOTO MO3HAaHUE — JOCTaTh4YHO KpacHopeuuB € (akTwT, 4e B (STEM Learning,
2022) pecypcute 1o TeMaTa ce U34epnBaT 10 KOMIUIEKT ypouu B .doc ¢popmaT U eHa Mpe3eHTalu 1.
bescriopHo Haii-g00pusAT HAUMH Ja ce pa3ydar 0a30BUTE JOTMYECKH CXeMU B ycinoBusTa Ha STEM
oOydeHue € eKCIIepUMEHTHpaHeTo C peaneH KOHCTpykTop (Snap Cirquits, 2022), HamomoOsBaly
pa3BoeH MakeT, Ho TakoBa obopyzaBaHe e ckbmo (100 — 150 USD) u e nHanu4Ho B moprana 3a

23 JloknaabT € NpPECTaBeH Ha CTyJeHTCKaTa HaydHa cecuss Ha 18.05.2021 B cexuus "KOMyHHKaLMOHHH M
KOMIIOTBPHH CHCTEMH W TEXHOJOTMH" C OpWTrMHamHO 3armaBue Ha Obarapckm e3mk: KOHCTPYKTOP HA
BU3YAJIHU KOMIIOHEHTU U CXEMU 3A TEHEPUPAHE HA HMBA B ObPA3OBATEJIHA UT'PA.
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eJIEKTPOHHA THProBosi Amazon. OYeBHIHO €, Ye 3aKyIyBaeTo Ha 1Moj00eH KOHCTPYKTOpP HE caMo B
JIOMalTHU yCIIOBUS, HO U B YYWJIMINE WJIU B JETCKAaTa TpajJMiHa € HEMOCUJIHA 3a]a4a, OCBEH TOBa
KOMIIOHEHTUTE B KOMIUIEKTa ca ¢ (PMKCUPAHO KOJMYECTBO U TIOCTABIT OTPaHUYCHHUS B OpOs Jena,
KOWTO MOTaT Jia Ch3/IaBaT CXEMH, KaKTO U B CIIO)KHOCTTA Ha MocleAHnTe. ToBa Hajlara aa ce Tbpcu
pellieHre C W3I0JI3BaHe Ha HMHTEPAKTUBHO COPTYEpPHO MNMPHIIOXKEHHE, C KOETO Jerara Morar Ja
eKCIIepUMEHTUpAT M ydaT. Morar jga ObJaT MOCOYEHW HSIKOJKO MOMYJSIPHA CHUMYJATOpU 3a
Ch3JlaBaHE Ha cXxeMH ¢ 0a3oBu jornyecku eiaemeHTd karo (Logic Gate Simulator, 2022), (Logicly,
2022), (CircuitVerse, 2022), HO Te ca peIHA3HAUCHU 3a CTYJICHTH WM MIO-TOJIEMHU YUEHUIH, HSIKOH
OT (YHKIIMOHAJTHOCTHTE MM Ca IUIaTeHH, (aiijloBETe ¢ IeHEpUPaHUTE CXEMU HE Morar ja Obaar
UHTErpupanu e(heKTUBHO B oOydaBala Wrpa, HAMAT BH3MOXXHOCT 3a aHUMAIIMH, TOJIaBaHETO Ha
BHCOKO MJIM HHCKO JIOTUYECKO HHBO € TBBpJE aOCTPAKTHO M HE € MOJXOJSNIO Jia MOIpacTBAIlH,
KOUTO OMxa pa3dpayii uiesTa Ha KJIIOYETO U CBETEIlaTa JaMIIM4Ka, HO €7Ba Ju Ouxa pa3oOpainu, ue
OIIBETEH B YepBEHO OyTOH € joruyecka "1", a ouBereH B cuHbO - "0".

Teii Karo CTpEMEXBT € Ja ce Ch3halae NPUIOKEHHE, MOAXOAAII0 3a MOJPACTBAIIH, TO
peanu3amusITa My Kato y4eOeH CHMYJIaTOp He € IesiechoOpasHa. 3a jna ObJie 3all03HABaHETO C
0a30BUTE JIOTMYECKH €JIEMEHTH HauCTUHA MHTPUTYBAIIO 3a Jielara, € HeoOX0oIuMo TO jaa Oble
MoJHECeHO ToJ (hopMaTa HAa MrPOBO NpekuBsBaHe. OCHOBEH MPOOJEM TPU pEeaTM3UPaHETO Ha
urpara obaue, € HeOOXOAMMOCTTa OT pa3padOTBaHEe Ha CUCTEMa OT HMBA C HapacTBaIla CIOKHOCT.
3a 51a ce aBTOMAaTU3Upa TO3U MPOIEC JTIOKOJIKOTO € BB3MOXKHO, € yIa4HO Ja CE Ch3JaJie OTIIEITHO
MIPUJIOKEHNE — KOHCTPYKTOP HA HUBA, KOETO Jla MO3BOJIsIBA ChCTABSHE HA CXeMa 3a BCSIKO HHUBO OT
urpata upe3 pyTHHHU MaHMITYJIAlUH C BU3yallHHM OOCKTH O€3 Jia € HY)XHO MHCaHe Ha IporpaMeH
kox. [TomoOHO mpusoKeHne He caMo IIe YJIECHU M YCKOpH paboTara Mo Ch3JaBaHeTO Ha HUBATa, HO
U Ie OTBOPH €/IHa MHTEPEeCHa Bh3MOXKHOCT 3a aKTUBHO yUYeHE KaTo Ce JaJie 3a/lauya Ha YUYCHHIIUTE
OT THMHA3MaJIeH KypC, KOUTO BEYe MMAT HAYaJTHU MMO3HAHUS 32 0a30BUTE JIOTHYCCKH CICMECHTH, J1a
Ch3/IaBaT CXEMH C KOHCTPYKTOpA U TE3HM CXEMH JIa CE U3IOJI3BAT BIIOCIICICTHE B HUBATa HA UTpaTa.

N3J10KEHHUE
OCHOBHHU M3HCKBAHUSA KbM IPHJI0KEHHETO

3a ;1a moBese 10 peliaBaHe Ha rOpPernocodYeHus mpolieM, KOHCTPYKTOPBT Ha HUBA TPsAOBa /1a
OTroBaps Ha cieHuTe QyHKIIMOHAIHU U3UCKBAHMS:

< 1a mo3BOJIsBA JIECHO T€HEPHpPAHE U pa3IoyiaraHe Ha 6a30BH JIOTHYECKH EJIEMEHTH BbPXY
paOOTHHUS MJIOT C PyTMHHU MaHUITYJIAllMM HaJl BU3yaJIHU 00€KTH, HarpuMep — "BiIadu u
mycHH" WK "KJIMKHYU U TOCTaBU";

& na ocurypsBa BB3MOXKHOCT 3a MECTE€HE, BHPTEHE M H3TPMBAHE HA EJIEMEHTHTE,
Pa3MoyioKEeHHU BbPXY paOOTHUS IUIOT;

O Aa IIO3BOJIsIBA JICCHO CBBP3BAHC Ha CIICMCHTHUTC B CXEMaTa KAaTO H3UCPTABAHCTO Ha
BPB3KHUTEC Oa 6’13)16 N CCTCTUYCCKHU U3ABPIKAHO, Ja MMa BB3MOXKXHOCT 3a U3TPUBAHC Ha
T'pCHIHO ITOCTABCHA BPb3Ka,

< J1a ciend 3a KOHCHCTEHTHOCTTA Ha BPB3KHTE MEKIY €JIEMEHTUTE KATO TPEIOCTaBs
CBOEBpEMEHHa OOpaTHa Bpb3Ka 3a YCIEUIHA WIM HEyCIelIHAa BaluJalus Ha BCsKa
HOBOCBH3/1aJIeHa BPb3Ka;

{ 1a mo3BoJisABa BMBbKBaHE, U3TPUBAHE, 3aBbPTAHE M Opa3MEPSABAHE HA JOIBIHUTEIHH
n300pakeHus BbpXY pabOTHHUS ILJIOT;

<& 1a ocurypssa Bb3MOKHOCT 3a IIPOBEPKA M BEPU(PUKAIMA HA TOTOBATA CXEMA;

<{ J1a 1mo3BoJIsABa CTAPTUPAHE HA CUMYJIAIMs Ha 3aBbpIIeHa ¥ BaJIHINPAHA CXEMA,

{ 1a mo3BOJNABAa EKCIOPT Ha Ch3JajJ€HATAa CXeMa B CIyKeOeH (aiiy 3a Mo-HATaTHIIHO
BMBbKBaHe B HUBATa Ha UTpaTa;

< 1a ocurypsiBa Bb3MOKHOCT 3a T€HEPUPAHE Ha Pa3jInueH THUIl HUBA — HAIIPUMED, B €IHO

HHUBO a CC€ U3HCKBA MPCBKIOYBAHC HA KIIIHOYCTA, 3a Ja CC 3aXpaHU KPACH KOHCYyMaTop
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Ha TOK, a B JIPYTO Jia c€ MOCTaBU JIMIICBAIl €JIEMEHT OT cXemaTa KaTro ce n3bepe Haii-
MTOAXOAIIMSA OT OMOJIMOTEKATA. ).
OCHOBHU KOMIIOHEHTH HA NMPUJIOKEHNETO

Ot Taka neuHUpPAHUTE U3UCKBAHUS CTaBa SICHO, Y€ KOHCTPYKTOPHT HA HHUBA CE€ HYXKJae OT
HSKOJIKO 3aIbJDKUTETHH KOMIIOHEHTA, 32 Jja HaMepH e()EeKTHUBHO MPUIIOKEHHUE:

{ 6uMOIMOTEKa OT BU3YaJHU PENPE3CHTALMU HA BCHYKU OA30BH JIOTUYECKU €JIEMEHTH:
BUFFER, NOT, AND, OR, NAND, NOR, XOR, XNOR;

& Momyn 3a KauBaHe W MaHHUIyJalus Ha wH300paxkenus. TbHH Karo wurpara e
IpeJHa3HaueHa 3a IOJpacTBallld, € 3aJbJDKUTEIHO HMBATa Ja ObJaT W3IIBJIHEHH C
LBETHH N300pakeHNs U aHMMAIlUH, KOUTO J1a TpadBaT BHUMAaHUETO HA UTPaya;

< Moayn 3a Bepu(dUKalMs HA CXEMHUTE — MPOBEPKHM 3@ HECBBP3AHU BXOIOBE/M3XOAM Ha
0a30BUTE JIOTUYECKU EIIEMEHTH, KOPEKTHOCT Ha BPB3KUTE MEXKIY CIEMEHTHUTE,
MPaBWJIHO MOAOpaHU KpaliHU KOHCYMAaTOpH, PAaBUITHO MOAOPAHU BXOJIHU Bb3ACHCTBUS;

<{ Moxyn 3a 3amUcBaHe W EKCHNOPTUPAHE HA TOTOBHTE CXEMM, 3a Ja MOrar jga Obaar
WHTETpUPAHU KaTo HUBA B Urpata. Hapen ¢ ToBa e HEOOX0OAMMO 2 MOTAT J]a C€ OTBAPSIT
Y peIaKTUpaT BeUe 3alUCaHU CXEMH;

<{ eproHOMHYEH U MOJCKa3Ball HHTEPQENC.

IIpoexkTHpaHe U peaau3anmus

OT Ka3aHOTO JOTYK MOXE Ja ObJle H3BEACH MUHUMATHHAT HA0Op OT 3aIbJDKUTEITHU
(YHKIIMOHATTHOCTH, KOUTO TpsiOBa Ja MPENOCTaBH KOHCTPYKTOPBHT, @ MMEHHO: ceHepupane Ha
Jlo2uyecKu enemMeHmu 8bpxy paboOmHuus niom, 8MbKeAHe HA U300PAdNCEHUs 8bPXY PAOOMHUSA NIOM,
CBbP36AHE HA eleMeHmume;, KOHMpPOIU 34 U300pajceHusima — 3a W3TPHBAaHE, 3aBbpPTaHE U
peopasMepsiBaHe Ha U300PAKCHUSTA; CUMYAAYUsL HA CXeMume U Usme2isihe Had HUeama.

Haii-cepro3HOTO TPEIM3BUKATEIICTBO B IMOCTPOSBAHETO HA CXEMUTE € pasIojlaraHeTO H
CBBP3BAHETO Ha KOMIIOHCHTHTE, HAMHPAIIHN ce BbpXy paboTHara 1uronl. [lpu n3bop Ha JIOTHYECKH
CIEMEHT OT OuONHMOTeKara, ciell KIMKBaHE C JIeBUS OyTOH Ha MHUINKATa, BH3yalHaTa My
penpe3eHTanus ce pas3mnojiara Karo oO0eKT BBpPXy paboTHATa IUION]. ABTOMAaTHUYHO JaHHUTE 32
elIeMeHTa ce 3amucBaT B MacuBa "Jloeuuecku enemenmu', a ako € TEHEpUPAHO M300paKeHUe, ce
nmpaBu 3amuc B MacuBa "MszooOpascenus". Jlmarpamara Ha kiacoBeTe Ha ¢ur. 1 maBa moOpa
MpeJicTaBa 3a CTPYKTypaTa Ha JaHHUTE, 3aMMCBAaHU B MACUBUTE.

Element In Socket
1.2 —

. +id: in .
Ilt(:f;::tstring o +status: boolean J Connection
+infs.ockets: In Socket *connected: boolsan +!d: int )
+out_sockets: Out Socket +updateStatus(bool) |_< > +input: Object
+status: boolean +getStatus() :ngutF;DCS)ng;ect
+X:int . pos:
+y:int . <> +end_pos: Object

1 1 +status: boolean
+updateStatus
P 0 Out Socket J +updateStatus()
— +updataPos()
+id: int

+status: boolean
+connected: boolean

+updateStatus(bool)

@ur. 1. [luarpama Ha kiaca "Element"

I'maBHusT Kiac e Element, koiito ommcBa eqyH JOrMYECKH €IEMEHT IOCTAaBEeH Ha PabOTHHS
wioT. Atpubyrture omnmcBar tuna (M, WJIM wu T.H.) BXOmOBeTe M HU3XOJIUTE, CHCTOSHUETO U
no3unuaTa My. Beceku eneMeHT MMa 1o e€MH METOM, HYXKEH 3a OOHOBSIBAHETO Ha HETOBHS U3XO[,
KOETO aBTOMaTHYHO OOHOBSIBA M ChCTOsSHUETO My. Hacnemuumure Ha kimaca Element ca Out Socket
u In Socket. [{enta um e 1a cexpaHsBaT HHGOPMAIHS ATl JOTUIECKUSAT €IIEMEHT € CBbP3aH WU He
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(connected = true/false) u crcrostnrero Ha mamenus Bxoma/usxon (true/false). M neara kimaca umat
MmeTona updataStatus(), koWTo ciayXH 3a 3ama3BaHe W M3UYUCIISIBAHE HA CTOMHOCTHTE Ha HM3XO0ja
PECIICKTHBHO BXOJIOBETE Ha elieMeHTa, kato mpu In Socket mma mombiHutenen meron getStatus(),
HEOOXOMM 32 MPECMATAHETO HAa CTOMHOCTTA HA M3X0/1a, Thil KATO PE3yITaThT Ha W3X0J1a 3aBUCH OT
OyneBara (yHKIUs Ha Jorudeckus enement. Kimacst Connection otroBaps 3a Bpb3KaTa MEKIy JBa
enemMeHTa. Besika Bpb3ka MMa 3a atpuOyTu uiaeHTUdHKaTop, o0ekT ot kiac In Socket, onpenensi
Kpas Ha Bpb3KaTa u 00ekT oT kiac Out Socket, onpenensnn Hayamoto Ha Bpb3kaTa. [lo3unusaTa Ha
Bpb3Kara ce 3amasBa B arpubyture Start pos m end_pos, karo Te3u MO3MIMH CE H3IOJ3BaT 3a
H34YepPTaBaHETO Ha BPBH3KUTE HA paObOTHUS I0T. ChCTOSHHETO HAa BPh3KATa MMOKAa3Ba CTOMHOCTTA Ha
BXOJIa Ha JiajieHara Bpb3ka. ToBa ChCTOSHHME CE M3IIOJI3BA MPU CHMYJIAIMATA HA MPOTHYAHETO Ha
Toka. To ompenmens ChCTOSHMETO HA BXOJa Ha Cle[Ballds €JICMEHT B cxemara. MeroabT
updateStatus() 3agaBa chCTOSHHETO HA Bpb3KaTa Ja ObJic paBHO HA CTOMHOCTTAa Ha HAYAJIOTO U, a
updatePos() o6HOBsIBa MO3HUIIUSATA i CHIITACHO IBH)KEHHSTA, KOUTO U3BBPIIBA MTOTPEOUTEIIST.

Ha ¢ur. 2 u 3 ca npeacraBeHn npolecuTe Ha MOCTPOSIBaHE HA BPB3KUTE U Bepu(UKaus Ha
cxemara Ipeay CUMYJIalHsATa.

I13Bupa ce cebp3galla

TOYKa Ha enemMeHT

aa He

Mbpea Touka?

Y
3ana3ea ce B NnameTTa
KaTO MbpBa TOYKa
Ha CBbp3BaHe

He aa

Banuaxa Bptaka?
L 4 A 4

CrobleHue 3a rpellka [eHepWpaHe Ha Bpb3KaTa
Y Y
AKTyanuanpaHe
e ——— 3anuc B Macuea

T - "Bpbakm"”
NMorMyeckn enemeHTK P

A

U3yarHa penpessHTauuna
Ha BpbakaTa

@ur. 2. CBbp3BaHe Ha eIEMEHTUTE B pabOTHATA IJIOI]
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®
y

Macue
ot "llormyeckn enemeHTH"

.| MpoBepka Ha BCUYKN
e na K enemMeHTI

Mima nu HanudHm
ENemMeHTU? MpoBepka Ha TuNa

Ha enemMeHT /

BxoneH enemeHT?

DOBEPKA Ha BXO[OBETE Macus
Ha enemeHT | "Bpbaku”

3anaeaHe CTOMHOCTU Ha
BXOOBETE Ha enemeHT/ / © "+,

T CnpsAMO W3X0OuTe
Ha NPeaXOOHNA eneMeHT
B NOCNEN0BATENHATA CXeMa

He

Bcuuykm Bxoooee
MW ca CBbp3aHn?

3apaeaHe cTaTyca

E lpoBepka Ha Tuna
Ha U3X04a Ha ENeMEHT |

Ha enemeHT |

Ha null

N

VaxomoeH enemeHT?

[pecmATaHe Ha
CTOWHOCTA Ha U3Xofa Ha
EreMEHT |

lpoBepka Ha CTORHOCTTa
Ha BXO[a Ha eNeMeHT |

A h 4

Brnoun enemeHT i Maknioun enemeHT i
L. <
-~ -
> <

Y
A

I = N?

@ur. 3. [Ipouec Ha Bepudukanus Ha cxemara
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[lenTa Ha BepudUKaIMATa HA CXeMaTa € Jla C€ OCHTYPH IMPaBUIHOTO ,,IPOTHYAHE HA TOKA'
npu cumynanusara. Ilorpedurenst He adekTupa MPOTHYAHETO Ha TOKA Mpsiko. Tol camo mocrass
€JIEMEHTHU BbpPXY paOOTHHUS IIJIOT, CBBP3Ba I'M 110 ONPEAEICH HAaulH M IIPEBKIJIIOYBA KIIIOUETATa, 3a Ja
IIPOMEHHU TOJAaBAaHUTE CTOMHOCTM Ha BXOJOBETE HA I'bPBHUTE JOIMYECKHM €JIEMEHTH IO BEpUrara,
Taka, ye KpalHUTe KOHCyMaTopH Ja ObaaT 3axpaHeHu. Ilpu BepudukanusaTa ce 1moi3Bar OCHOBHO
MacuBUTE ,./locuuecku enemenT U ,,Bpw3xku’* KaTO MIBPBO CE MPOBEPSIBA AAJIU UMA €JIEMEHTU BbPXY
paOoTHaTa IUION U IPHU HAJIMYUETO HA TAaKUBA, 3a BCEKU €AMH OT BXOAOBETE UM, aKO € HaJMYHa
Bpb3Ka, C€ 3a/laBa CTOMHOCT, paBHAa Ha CTOMHOCTTa Ha M3X0Ja Ha IpeaxonHus einemeHt. Cren
OIpeJiesIssHE CTOMHOCTUTE HAa BXOJOBETE HA €JIEMEHTa, Ce M3UYHUCIIsABAa CTOMHOCTTa Ha M3X0Ja My
cnpsMo Tuna Ha esneMmeHTta. Hanpumep, ako e renepupan enemeHT ‘U’ (AND) cbe croiiHOCTH Ha
Bxoja true u false e ce kankynupa croiinoct Ha u3xona (true && false), koero e paBno Ha false, a
3a enemeHT ot Tyl MJIM (OR) ce n3non3sa onepaTopbT 3a JIOTUYECKO ,,u1u " Ha IPOTPaAMHHUSI €3HK.

HM3noa3BaHM TEXHOJIOTHH 3a peain3anusi Ha IIPOCKTa

KonctpykropsT € peaniuzupan kato WEB nippunoxxenue, Thid KaToO ¥ UTpaTa € MpeBUACHA Ja
ce noy3Ba B WEB. ToBa no3BoJisiBa KAYBAHETO Ha JIBETE NMPUJI0KEHUS HA €IMH ChPBBP, C KOETO CE
MOCTUTA TIPsIKa BPB3Ka MEXIY TAX. 3a cb3aaBaHeTo Ha WEB chpBbpa € n3bpana TeXHOJIOTHYHATA
pamkka Node.js, kaTo 3a yiecHsiBaHe Ha pabotara ¢ Node ce u3nomsBa oubmmorekata Express. 3a
renepupane Ha HTML ¢aiinoBere Ha KIMEHTCKaTa CTpaHa Ha MPUIOKEHUETO C€ H3IMOJ3Ba
maboHHuAT e3uk EJS, KoiTo 1aBa B3MOXKHOCT 32 IMOAaBaHe Ha MH(OpMAIHs OT CbPBbpPHATA YacT
Ha TPUIIOKEHUETO JUPEKTHO KbM KIMEHTCKaTa, KaKTo M 3a AUPEKTHOTO BKapBaHe Ha Javascript B
equH HTML noxymenT. Te3u TEXHONIOTHU CHIO ca HY>KHH U 3a Ch3J]JaBaHETO Ha MOJyJia 3a pabora
C rajiepusita ¢ U300pakeHUsI.

3a KOHCTpyupaHETO Ha uHTep(deilica Ha mnpuioxeHuero ce usnonsBa CSS, a 3a mo-
crenu(pUIHUTE eIeMEeHTH OT oOpPMIIEHHETO ce M3MoN3Ba Javascript, KOUTO laBa Bb3MOXHOCT 3a
mo-reBKaB KOHTpod Hag DOM (Document Object Model, nedunupai rornyeckara cTpykTypa Ha
HTML/XML nokyMeHTa 1 Ha4YuHa, 110 KOUTO TSI c€ MaHUITYJIUPA).

3a peanusupane GyHKIMOHATHOCTHTE HA MPHJIOKESHUETO C€ U3I0J3Ba ChIo Javascript — Haid-
MOMYJISIPHUAT B MOMeHTa mporpameH e3uk B WEB paspaboTkute, Thil kaTo gaBa aOCOIIOTEH
KoHTpon Haag DOM u Hsma orpaHuueHuss OT NporpaMHa TJeAHAa To4yka. E3UKBT € HaIlrbiIHO
cbBMecTM ¢ Node, uMa OrpoMHa OOIIHOCT OT Pa3pabOTUMIM, CIOAETAIIM OMUT M HOJABpXKa
pa3zHooOpa3HU OMOJIMOTEKH 3a YJIECHIBAHETO Ha paboTaTa Ha MPOrpPaMHUCTa.

KoncTpykTop Ha BH3yaJlHM KOMIIOHEHTH M CXeMH 32 TeHepHpaHe Ha HHBA B y4yeOHA
urpa

Ha ¢ur. 4 e noka3an ekpaHbT Ha pa3pabOTEHHs KOHCTPYKTOP Ha BU3YaJIHH KOMIIOHEHTH U
cxeMH. EKpaHbT Ha NPUIOKEHUETO € OPraHU3UpPaH B CICIHUTE 30HMU:

& Pabomen niom — NPOCTPAHCTBOTO, B KOETO MOTPEOMTENAT pasrojiara JIOTHYECKUTE
€JIEMEHTH, W300pakeHUsTa M IMepcoHaTHM HacTpoiiku. Ilpu 3ama3BaHe Ha HUBOTO,
MOTPEOUTENAT U3TETIISI UMEHHO ChJIBP/KaHUETO Ha pabOTHHUS ILIOT;

O Menio 3a uzbop na nozuuecku enemenm — 30Ha, B KOATO TMOTPEOMTENAT M30Mpa
HYXHUA MY JIOTHYCCKHU CIICMCHT,

O Menio 3a uzbop na uzobparcenue — 30Ha, B KOITO NOTPEOUTENAT U30Mpa, Ka4Ba WITH
u3TpuBa u3o0pakeHus. M3o0pakeHusTa ca HYKHU 3a MpuUIaBaHe Ha IO-TOJsAMa
aTPaKTUBHOCT 3a JIeTCKaTa ayJJUTOpHUs;

& Menio ¢ o6wu Konmponu — CTaHIapTHO MeHI0 ¢ OyTOHMW 3a 3amasBaHe Ha (Qaiina,
KauBaHe Ha cTap MPOEKT, MPOMsIHA Ha 0OPMIICHHUETO Ha TIPUIIOKEHUETO U JIp.;

O Cekyus cve cnoeseme na pabomnus niom — OTIENEH TPO30OPEILL, B KOWTO c€ BIIKIAT
BCUYKH KOMIIOHEHTH, MMOCTaBeHH Ha Pa0OTHHUS TUIOT KaTO OTIENIHHU CIOEBE, C IIeN Ja
MOXKE J1a C€ TPOMEHS TSAXHaTa MO3UIUS U Ja C€ U3TPUBAT TO-JIECHO;
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& Konumponu 3a ynpasienue Ha enemenmume — C TAXHA MOMOLI HAJ JIOTHYECKUTE
€IEMEHTH M M300paXCHUATA, TOCTABEHW BBPXY pabOTHHUS IUIOT C€ H3BBPIIBAT
OIIEpALIMUTE IIPEMECTBAHE, U3TPUBAHE, 3aBbPTAHE, Opa3MeEpsABAHE U CBbP3BAHE.

M . LLG Builder
<" File View Window
Eenert LAYERS
~ Logical Elements
s (5 switch-off X
D3 D L > 1) Grandma Watching TV = D2 3
and
DD D op X
A L .
- NO!
Input I~ o X
(LT - switch-off
(= D7) X
~ Output =
e SwItch-0O
o [l L ID: [8] X
nor
styling By ID: 9] X
Background Color (5 S“Bcﬁb?ﬁ X
_D__ buffer X
Confirm 1D: [11]
xor
D ID:[12) X
y switch-off |
Al =~ Vg X
nor
D & B
= switch-off
= D: [15] X
not
> D:[16] X
lightbulb-off
O D:[17] X
S Image
b Y D3N X

@ur. 4. ExpaH Ha KOHCTpYKTOpa ¢ pa3paboTeHa cxema

U3BOJIM

HpeI[J'IO)KeHI/IHT B JIOKJIaJla KOHCTPYKTOP Ha BU3YAJIHUW KOMIIOHCHTH M CXCMHU pCliaBa CIAWH
OCHOBEH TNpoO0JeM TNpU pealu3upaHeTo Ha oOydyaBalla WIpa 3a MOJPACTBAIlM, MOCBETEHA Ha
M3y4yaBaHETO Ha 0a30BHUTE JIOTHYECKH cxemHu. [IpoOireMbT € CBBp3aH C HEOOXOJUMOCTTa OT
pazpaboTBaHe Ha CHCTeMa OT HHBA Ha Hrpara C HapacTBalla CIOXKHOCT. KOHCTPYKTOPBT
ABTOMATH3HPa TO3H IPOIEC KAaTO IMO3BOJISIBA CHCTaBSHE HA CXEMa 3a BCSIKO HHUBO Ype3 PYTUHHU
MaHUIyJAIUU C BU3yalTHU 00eKTH 0e3 J1a € Hy)KHO MICaHe Ha MPOorpaMeH KOJI.

W3non3BaHeTo Ha KOHCTPYKTOpA HE CaMo IIe YJIECHU U YCKOPH paboTara 1Mo Ch3AaBaHETO Ha
urparta, HO 4 IIe JaJieé Bb3MOXHOCT 32 aKTHUBHO YYEHE KaTo ce Jaje 3ajJaya Ha yYEHUIUTE OT
TUMHA3UAICH KypC, KOUTO BeUe MMAT HAYATHH TIO3HAHMS B 00JIaCTTa, Ja Ch3JIaBaT CXEMH C HETOBa
TIOMOII] ¥ BIIOCJIEJICTHE T€3H CXEMH Jla Ce U3MOJ3BaT B HUBATa Ha UTparta.

CTpaTel"I/IflTa 3a BepI/I(i)I/IKaIII/Iﬂ Ha CXEMUTEC HC CaMO OCUTYypsiBa BHU3yallu3alMdATa Ha
,IIPOTHYAHETO Ha TOKa™ MpH CHUMYJAlMiITa, HO M TapaHTHpa MPAaBHIHOTO MYy ,POTHYaHE" U
JIOTHYECKaTa KOPEKHOCT Ha CTOMHOCTHTE Ha HM3XO0Jla KAaTo 3a TOTPEOHTENst OcTaBa €IHMHCTBEHO
3a/layara Jja IOCTaBU €NEMEHTH BBPXY paOOTHUS IJIOT, Ja TU CBBP)KE MO OMpeiesieH HAYWH U J1a
MPEeBKJIIOYBA KIIFOYETaTa, 3a Ja IMPOMEHU TOJIaBAHUTE CTOMHOCTH HA BXOJIOBETE HAa ITHPBUTE
JIOTUYECKH €NIEMEHTH T10 BepUrara, Taka, ue KpailHUTe KOHCyMaTopH Ja ObJaT 3aXpaHeHH. .

Cpenata Mo>xe 1a ObJIe JOpa3BUTa ChC CUCTEMA, TTOAIBPIKAIA MTOTPEOUTENCKAa OOITHOCT KaTO
Ce TPEIOCTaBH BB3MOXKHOCT 3a JUPEKTHO HUMIIOPTHpaHE Ha HHUBA B Wrpara, CH3JAJACHU OT
MOTpeOUTEN B CeIMATHO 000co0eHa 30Ha. ToBa HE caMo e JOTPUHECE 3a yBEIMYaBaHe Ha Opos
Ha HUBATa, HO U I MOMYJspU3Upa Urpara.
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Abstract: The report examines the impact of social media, parents, fiiends, and teachers on students’ choice of
university and speciality. An online questionnaire including 41 questions was developed and answers were received
from a total of 138 candidate students and university students. It was studied how much and what social media are
used, whether the students do additional research for university and specialty, whether they follow the official
Facebook pages of the desired university and specialty, whom and how much they trust when choosing a university. The
analyses of the answers to the questions are presented and the relevant conclusions are made. These conclusions can be
used to conduct a successful student candidate campaign.
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INTRODUCTION

Today we are witnessing a wide variety of social media that are increasingly entering people's
daily lives. Students who are very active in certain social media and less active in others are no
exception.

According to (Reddy, V. P., 2014), universities do not currently track the use or success of
social media campaigns. It is stated that universities should perform an analysis of social media in
order to track and measure their effectiveness in marketing various courses, activities and other
general inquiries regarding international students.

The analysis of data in a study conducted in the Netherlands (Constantinides, E., & Stagno,
M. C. Z., 2012) shows that student candidates rank social media last in the list of information
channels that influence their choice of education and university. It is stated that this contrasts with

24 JloknambT € IpeAcTaBeH Ha CTyAeHTCKaTa HayuHa cecus Ha 18.05.2022 B cekius KoMyHHKaMOHHA W KOMITFOThPHA
TexHuka ¢ opuruHaiaHo 3arnasue THE IMPACT OF SOCIAL MEDIA ON STUDENTS’ CHOICE OF UNIVERSITY
AND SPECIALTY.
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what can be expected given the high popularity of social media among young people: 95.1% of
prospective students maintain a profile on a social media website and 77.5% of them enter at least
once a day in their profile.

Another study (DiAna, K., 2014) among 131 participants in Minnessota, USA, states that only
21.4% (28) answered positively to the question of whether they used social media as a resource
when deciding where to enroll. According to the author, this low percentage may mean that students
do not use so much social media when making a decision on future enroliment in a college.

The article (Morphitou, R. N. & Demetriou, M., (2017) says that social media is a relatively
new phenomenon but has impressive growth in a rapidly changing environmental and technological
environment. They recommended that communication / recruitment staff at Leeds Metropolitan
University must closely monitor the behavior of current and potential students in relation to the
social media they use.

In a study of 170 students from Oxford Business College (gola, H. M., & Zia, T., 2021),
authors found that the most popular social media site among students is Facebook, followed by
Instagram. The article says that Facebook seems to be more influential in terms of influence than
other social media sites.

STATEMENT

The aim of this study is to establish the influence of social media, teachers, parents, and
friends on students’ choice of university and specialty. In this way it is possible to determine which
communication channels are the most effective for use in conducting candidate student campaigns.

A questionnaire was chosen as the research method. An online survey was prepared, and it
included 41 questions. Through the period January - March 2022 a total of 138 high school students
and university students were surveyed. The high school students (65 in number) were from two high
schools in Ruse and the university students (73 in number) were from the University of Ruse.

Analysis of results

The first two questions the respondents had to answer were related to their age and gender.
The results (Fig. 1) show that most of the respondents are in the age range of 18-19 years (64 in
number), and the least in the group of 16-17 years (only 1 student). The majority of respondents are
men (96 in number), 41 are women, and one student chose not to answer the question.

-
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1817 18-19 20-21 2223 24-26 26+ 0
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Fig. 1. Age and gender distribution: (a) age; (b) gender

The purpose of the next question from the survey was to study which social media are used by
the students and how often (Fig. 2).
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Fig. 2. Use of social media by the students: (a) Facebook; (b) Instagram; (c) YouTube; (d) Twitter;
(e) LinkedIn; (f) Discord; (g) TikTok; (h) Quora
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The results of the answers to this question show that students use YouTube the most, followed
by Instagram and Discord. Surprisingly, Facebook is not among the most used social media.
Students use LinkedIn, followed by Quora and Twitter the least.

It can be concluded that if a successful student candidate campaign is to be conducted
YouTube, Instagram and Discord should be used to reach more candidate students and not rely too
much on Facebook.

On the next question ,,How did you learn about the university?” the most common answers
were: parents, friends, school and social media.

On the other question ,,What motivates you to choose the specialty for which you applied
(e.g., parents, material benefits, continuing education)?” respondents most often indicate in order of
importance: parents, continuing education, material benefits and personal interests.

The purpose of the next question was to study whether students conduct additional research
on the university, the specialty and the subjects in which they want to study, and how they do this
research (receive information from the Internet, brochures, friends, students, etc.). The results of the
answers are shown in Fig. 3.

Fig. 3. Results from the answers to the question whether students do additional research of the
university and the specialty in which they want to study

Almost 80% of students say they do additional research. The most common answers indicate
that additional research was done via the Internet, the websites of the respective universities and by
friends.

The analysis of the results of the question whether students follow the official Facebook pages
of the university and the specialty in which they apply (Fig. 4) shows that much fewer high school
students (age groups 16-17 and 18-19) follow these Facebook pages, compared to university
students in whom positive responses predominate. The reason is that high school students have less
information about these pages than students who are already studying at the university.
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Fig. 4. Responses to the question whether students follow the official Facebook pages of the
university and the specialty for which they are applying
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The last question in the survey is used to find out how much and whom the candidate students
trust more when choosing a university in which to continue their education. Possible answers were:
social media; university lecturers; school teachers; students from the same university; parents;
friends and university rankings.

The results show (Fig. 5) that candidate students trust the students from the same university
the most. There is also a high level of trust on university professors. The largest number of
prospective students answered that they do not believe in the rating of universities and social
networks. That is why it is important to include university students in the student candidate
campaign, as well as to acquaint future students with the ranking of universities.
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Fig. 5. Whom and how much the candidate students trust on: (a) social media; (b) university
lecturers; (c) school teachers; (d) students from the same university; (e) parents; (f) friends;
(9) university rankings

CONCLUSIONS

The research shows that student candidates and university students use YouTube the most,
followed by Instagram and Discord. They use LinkedIn, Twitter and Quora the least.

Most often they receive information for universities from their parents, friends, school and
social media. The reasons for choosing the specialty for which they applied are parents, continuing
education, material benefits and personal interests.

Nearly 80% of the respondents answered that they do additional research on the specialty and
the subjects that are studied. For this purpose, they most often use information from the Internet,
from the websites of the respective university and from friends.

The majority of high-school students do not follow the Facebook pages of the university or
the specialty, while the opposite trend is observed among university students.

Student candidates trust other students from the same university and the university professors
the most. They trust university rankings and social media the least.
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