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ITPOEKT Ne BG051PO001-3.3.06-0008
wIloamomMaraHe U3pacTBaHeTO HA HAYYHUTE KaJpH B
HHKEeHePHUTe HAYKH M MH(POPMAIHOHHUTE TEXHOJIOTUH”

ITpoexkt Ne BGO051PO001-3.3.06-0008 ,,ITogmomarane
U3PACTBAHETO HA HAYYHHMTE KaJpU B MH)KEHEPHUTE HAYKH U
MH(POPMALMOHHUTE TEXHOJOIMH* ce (uHaHCHUpa TO cxema
»lloJKpena 3a pa3BUTHETO Ha JOKTOPAHTH, MOCTIOKTOPAaHTH,
CIelMAIM3aHTH U MJaau ydeHu“ Ha OnepaTuBHa Mporpama
“Pa3BuTHE Ha YOBEHIKUTE pecypcu’ ¢ (puHAHCOBaTa MOMOIL Ha
EBponeiickus coruane GoH.

IMapTHBLOpPH MO MpoeKTAa:
Pycencku ynusepcurer ,,Auren KeHues u TexHuuecku yHUBepcUTeT — ['abpoBo

IpoabakuTennocT Ha nmpoekTa: 24 mecena /22.07.2013 - 21.07.2015 r./

OcHoBHa meq Ha mnpoekrta: [logoOpsBaHe KauecTBOTO Ha OOyYEHHE U HAyYHHU
W3CJIeIBAaHUS 4pe3 Ch3JaBaHe Ha TMO-I00pW YCJIOBHUS 3a paboTa Ha JOKTOPaHTH,
MOCTJIOKTOPAHTH Y MJIaJI YUCHHU.

OcHoBHHU 3a1avui 3a IIOCTUTAaHE Ha 11eJITa:

L4 MOTI/IBI/IpaHe N CTUMYJIMPAHC PA3BUTUCTO HA HAYYHH ITOTCHIMA HA IIaPTHLOPUTE
I10 IIPOCKTA,

L sz[aBaHe Ha NpCaAInoCTaBK1u 3a II0-Ka4CCTBCHA nu pe3yJITaTHa
HAaYYHOH3CJIICOAOBATCIICKATA HeﬁHOCT Ha IMMapTHBOPUTE I10 ITPOCKTA.

OCHOBHH J€fiHOCTH 1O NMPOEKTA:

Meanocm 1. [lookpena na Ho6uU U 3an0YHAIU OOKIMOPCKU NPOCDAMU YPE3.

1.1. OcurypsiBane Ha JOMBJIHUTEIHHU CPEICTBA 3a JOKTOPAHTH 3a MOBUIIIABAHE
Ha MOTHUBAIMATA 32 MOJATOTOBKA HA TUCEPTALIMOHEH TPY.

1.2. Ilonmomarane pa3paOOTBAaHETO Ha AUCEPTALMOHHUS TPYJ 4Ype3 HAyYHU
IJIAHOBE, HAYYHH MyOJIMKAIUM, €KCTIEPTU3U OT XaOWJIUTUPAHU JIUIIA, HAeM 3a JIOCTHII
70 CIenuaau3upaHa amaparypa u oOopyJBaHe, CHeIualn3upaHa H3MEpBaTeIHA
amaparypa, xapayep u codryep, MaTepraid U KOHCYMaTHUBH 332 €KCIIEPUMEHTUTE U

1p.

1.3. HacppuaBane Ha akajeMHuHaTa MOOWJIHOCT - y4acTHE€ B HAIlMOHAJIHHU U
MEXAYHApOAHU HAydHH (GOpPYMH, ydacTHE€ B MpPAKTHUECKa M EKCIEPUMEHTATHA
JNEUHOCT BBB BOJACIIM HAYYHU LICHTPOBE U JIP.

1.4. Ilonkpena 3a Hay4yHU MyOJIMKAIMU B MEXAYHAPOJIHO MPU3HATH U3JAHUS,
y4acTHusl B HAYYHH MPOSIBU U JP.

Heiinocm 2. [Ipocpama 3a passumue HA NOCMOOKMOPAHMU, CHEYUATUSAHINU U
MAAOU V4EeHU Ype3:

2.1. Opranusupane ¥ MPOBEXJIaHEe HA MPOrpaMH 3a OOydyeHHE U MOBUIIABaHE
KBaJIM(UKaLMATa Ha MJIaIUTE X0pa, paboTely B chepaTa Ha HayKaTa C y4acTUETO Ha
CHELHUAIUCTH OT ChOTBETHATa HayyHa OOJACT C LieJ MOBHIIABaHE MOTHBALMATA Ha
BKJIIOUYEHUTE B IIPOrpamMara.
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ITPOEKT Ne BG051PO001-3.3.06-0008
wIloamomMaraHe U3pacTBaHeTO HA HAYYHUTE KaJpH B
HHKEeHePHUTe HAYKH M MH(POPMAIHOHHUTE TEXHOJIOTUH”

2.2. Ilonkpena 3a HAyYHU MyOJMKAIMU B MEXIYHAPOJAHO MPU3HATH U3IaHUS U
y4acTHs B HAYYHU MPOSIBU

2.3. Usrpaxknane Ha paboTelM MEXaHU3MHU M MOJAKpena 3a pazaudyHu (popmu
Ha MOOMJTHOCT Ha YYCHHTE 32 HayuyeH OOMEH, yJacThe B paOOTHU CpEIIH, CEMUHAPH,
KOH(EpEeHIIMH U KOHTPECH Ha HAIMOHAITHO U €BPOIEHCKO paBHHUILIE.

2.4. llpenoctaBsHe Ha (uHAHCOBAa TOMOIN 3a MPOBEXKIAaHE HA HAYYHHU
W3CJICIBaHNsI, CBBpP3aHM C: IOBHINABAHE HA HAy4HMs IMOTEHLHMAJ; 3a IpOrpami,
MOJKPESAIIM Ch3AaBAHETO HA BPB3KH MEXKYy YHHBEPCHUTETCKH M YaCTHHU CTPYKTYpPH
3a TpaHc(ep Ha 3HaAHUS; KOHCYMaTHBH 32 €KCIIEPUMEHTHUTE U JIp.

2.5. OcurypsiBane Ha JOCTBI JO CHEHUAJIM3UPaHa HU3CJIEI0BATENICKA
amapaTtypa, Hay4YHU ChbOPBKEHUs, 0a3a TaHHU, OMOJINOTEKH U JIp.

2.6. OcurypsiBaHe Ha crienrain3vpan coTyep 3a CbOTBETHaTa Hay4YHa 00JIaCT.

Bbpoii yyactHunu B mpoekra: — 40 B T.4. 28 or PyceHcku yHHMBepcuTET ,,AHTrel
KbHues* u 12 ot Texunuecku ynusepcuteT - ['abpoBo. OT TX:

e JlokTOopaHTH -26

e [Iloctnmokropantu -9

e Muaau yuenu -5

PbKOBOACTBO HA MpoOEKTAa:

PvrxoBoauTen - 4j1. Kop. npod. nrH Xpucrto benoes;
Koopaunarop - npod. a-p Muxaun Unues;
OtroBopHuk 3a PY - nou. n-p Huna benuena;
OtroBopHuk 3a TY - nou1. 1-p Upuna Anexkcanaposna.

Pesyaratu ot padorara Ha NpoeKTa:

Pe3ynrature OT U3MIBIHEHUETO HAa MPOEKTA JJOCETa ca MHOTO JOOpH: 8 y4acTHMIIU ca
3aIUTUIIN JAUCEPTAllMOHEH TPYJ 3a 00pa3oBaTellHa W Hay4Ha CTerneH ,,JlokTop®, 4
MOCTIOKTOPAHTH ca M30paHW HAa aKaJeMU4yHa JUThXKHOCT ,,JIoleHT®, 2 OT miagurte
YYEHHM Ca 3a4UCJIEHU B JOKTOPAHTYpa. YUYAaCTHULHUTE B MPOEKTA Ca MOATOTBUIU U
nyOnukyBanu Haj 140 Hayuynu nyonukanuu B bearapus u gyx6una. Otneyatanu ca
4 xuuru, 3 moHorpaduu u 2 yuye6Hu nocodus. [IpoBegeHn ca MHOXKECTBO pabOTHH
CEMUHApH 10 pa3JIMyHU TEMH, MOJANOMAraiy padorara Ha y4YaCTHUIIUTE B MPOEKTA.
PesyntaTtute OT M3MBIHEHHWETO HA MPOEKTa ce MyOJIMKyBaT B yeO CTpaHMIIaTa Ha
npoekTa — http://pink.uni-ruse.bg/.
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Cepusn o Texnuuecku HayKu o

BB3MOKHOCTU 3A ITIPUJIOKEHUE HA METOZA SERVPERF 3A
OIEHKA KAYECTBOTO HA TAKCUMETPOBMUTE YCJIIYI'H

Jenuna MuteBa, Benuzapa [lenueBa, Acedn Acenos, JJumMutsp I'po3en
Pycencku ynusepcumem ,, Ancen Kvnues”

OPPORTUNITIES FOR APPLICATION OF THE METHOD TO EVALUATE SERVPERF
QUALITY OF TAXI SERVICES

Denitsa Miteva, Velizara Pencheva, Asen Asenov, Dimitar Grozev
., Angel Kanchev” University of Ruse

Abstract: A SERVPERF model was expressed to assess taxi service quality. All 22 items can be
divided into five dimensions including tangibles, assurance, reliability, responsiveness, and empa-
thy. It is done a questionnaire on the bases of SERVPERF model. To improve the quality of taxi
services in the survey were added and questions about this — how many passengers in taxis automo-
biles are there, at what age and what sex they are. These data bases will help us to further research,
analysis and improvement of the quality of taxi services in real conditions in city of Ruse, Bulgaria.

Keywords: Taxi transport; Service quality; SERVPERF; SERVQUAL; Passengers; Questionnaire.

BBBEJIEHUE

TpaHcnopThT € OTpachil, OT KONTO 3aBU-
CH CbCTOSTHUETO U Pa3BUTHUETO HA BCUUKH JIPY-
I oTpaciu. B mocienHuTe HSIKOJIKO J€CEeTH-
JIeTHs Ha HAIETO ChBpPEMHE, aBTOMOOMIHUSIT
TPaAHCIOPT CE€ OYepTaBa KaTo Hall-AMHAMUYHO
Pa3BUBAIIMAT C€ TPAHCIOPT, MOKa3Ball edek-
TUBHO B3aUMO/ICCTBHE c HAy4HO-
TEXHUYECKHUS IIPOTpEC.

[IbTHUYECKUST TaKCUMETPOB TPAHCIOPT
JOMBJIBA TPAACKUS MBTHUYECKH TPAHCHOPT U
MMa Ba)KHO 3HAYEHME 3a IMO-ITBIHO 3a/10BOJISA-
BaHE Ha TPAHCIOPTHHUTE MOTPEOHOCTH Ha Ha-
ceneHueTo B rpagosere. Toil ce sBsBa Hepas-
JIeJIHA ¥ MHOTO Ba)KHA ChCTAaBHA YacT OT TPaH-
CIIOpTHATa CUCTEMa Ha CTpaHaTa.

bnarogapenue Ha HEro >KMBOTBT Ha XO-
paTa JAHEC ce € MojA00puil KaueCTBEHO U caMo-
TO KayecTBO Ha MpeJjiaraHara TPaHCHOpPTHA
ycllyra ¥ MO-KOHKPETHO MpU TaKCUMETpPOBaTa
ycilyra 3aBUCH JI0 TOojsiMa CTENEH U OT Ipe-
BO3BauuTe. B nuTepaTypaTta ca mocodeHu JBa
Metosia - SERVQUAL u SERVPERF, kouro
ca TMOJXOJSIIM OLEHSBaHE Ha KayecTBOTO B
pa3IMYHUTE CEKTOPH Ha yciyrure [1].

B nHacrosimara cratus ce npaBu nperiies
Ha MOCOYEHUTE JIBA METOAA, C L] ONpEeeis-
HETO Ha MO-MOAXOJISALINS 32 OLIEHsBAaHE Kadec-
TBOTO Ha TAKCUMETPOBUTE YCIYTH, OTUYUTANKU
M3HMCKBaHUATA Ha MBTHULUTE U CE Mpenasara
aHKETHa KapTa.

N3JI0KEHUE

Meroastr SERVQUAL (abpeBuatypa ot
Service Quality — kaduecTBO Ha yciyra) € pas-
paboTeH OT rpyna amMmepuKaHcKu aBTopH - Ila-
paurypaman, 3entamai u bepu, npe3 1985 r. 3a
OlLICHSABaHE Ha KayeCTBOTO B cepara Ha YCIIy-
rute [1]. Toit ce 6a3upa Ha pazOupanero 3a
BB3NPUETOTO KAYECTBO Ha YCIYTUTE, KaTo pe-
3yNTaT OT CBIOCTaBKaTa Ha KIUEHTCKHUTE
OYaKBaHMS M pealHO MpeJoCTaBeHaTa yciyra.
Cren mpoBexJiaHe Ha M0-3a1bJI00YEHH UHTEP-
BIOTA C PBKOBOJUTEIM HA YETHPH TOJIEMHU
komnanuu B CAILl u cepust pokycHu rpynu c
KJIIMCHTH OWJIHM W3SICHEHU KJIIOYOBHUTE aTpUOy-
TH 3a KayecTBOTO, BB3IMPHUEMAHO OT [BETE
cTpaHH. JlaHHWTE TOKa3BaT, 4ye BBIPEKH pa3-
JUUUATA MEXIY OTAEIHUTE WHIYCTPUH, ca
HAJIAIIE MHOTO OOIIM XapaKTePHCTHUKU Ha Ka-
4ecTBOTO. ToBa OTKpUTHE MO3BOJISABA Ja Obje
pa3paboTeH eIMHEeH MoJied 3a OlLIEHKa U Io-
no0psiBaHE Ha KayecTBOTO B cpepara Ha ycCIy-
THTE.

MonensT, npezacTaBeH Ha ¢ur. 1 Busya-
JU3Mpa Ipolieca Ha Bb3IpUEMaHE Ha KayecT-
BOTO, KaToO aKIEHTUPA BbPXY OCHOBHUTE NpPH-
YHHU KJIAEHTHT JIa HE OIICHW BHCOKOTO Kadec-
TBO Ha enHa ycayra. Cnopen [3] nHanmue ca
MeT 30HU, B KOUTO MOJKE /1a BE3HUKHE HECHOT-
BETCTBHE BbB BB3IPUEMAHOTO Ka4eCTBO.
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Mesxxaynn4HocTHa INnyrn noTpebHocTM MuHan onut
KOMYHMKaLms
> OuakBaHa ycnyra <

Fm-m------- »
1
' A )
| 5 HecboTBETCTBUE ;
1

MoTpebuten ! Bb3npuerta ycnyra <
1
1
]
|
1
1

___________ I__________________.____________________ — — — ——

|
1

[ocTaBuunk Ha ! BbHLHa

ycnyrata : AocrtaseHa ycnyra (BKI. F ________ p KOMyHMKaLys
: KOHTaKT\ Npeav u cnepq) Ha KIveHTa
]
|
|

4 HeCcbOTBETCTBME

A
|
3 HecbOTBETCTBYE ¥

1 HecboTBETCTBUE

lMpexoa oT Bb3NpuATHEe

KbM crieuuduka Ha
Ka4yecTBOTO Ha ycryrata

+
|
2 HeCcbOTBETCTBME *

| YnpaBneHcKko Bb3npuaTme
3a notpeoduTenckuTe

O4YakBaHuA

®ur.1. Monen SERVQUAL

[IbpBUAT TpobaeM Moxe Aa Objae mor-
pEIIHOTO pa30upaHe Ha MEHUKBPUTE 3a
OYaKBAaHUATA HA KJIIMEHTA 32 KAYeCTBEHA YCITy-
ra. ToBa 0OOMKHOBEHO BOJM JI0 MpEUIaraHe Ha
yciayra, YMiTO XapaKTepUCTUKU HE Ca BUCOKO
IIEHEHH W CHOTBETHO HE Ca B CBHCTOSHHE JIa
YJOBJIETBOPSAT KIMEHTA.

BropoTo HechOTBETCTBHE ce MOpa)kaa
OT HEBB3MOXKHOCTTA Ha HAKOU MEHUKBPU J1a
OpPTaHU3UpPAT HM3MBIHCHUETO HAa BCHUYKH eJe-
MEHTH Ha YyclyraTa, BBIPEKH Y€ ca HasCHO
KOJIKO Ba)KHU Ca T€ 3 KJIMCHTA.

Tpetustr nmpobiem, ¢ KOUTO ce cOIbCK-
BaT MEHU/DKBPUTE, € Pa3pUBBT MEXKIY IIbPBO-
HayaJHMUSA 3aMUCHJI 32 TOBA KaKBU XapakTe-
pUCTHKH TpsiOBa a MpUTEkaBa MpeiaraHaTa
yciayra U HEHMHHUTE XapaKTepUCTUKU CIIel] pe-
aTHOTO W nocTaBsiHe. TyK BakHa poJisi UTpae
KOMIIETEHTHOCTTa M MOTHBAIMATa Ha IEPCo-
HaJla, N3BBPIIBAII yCIyraTa.

Crnenpamara Bb3MOXKHA MPUYMHA 32 pa-
309apoOBaHME OT KadeCTBOTO HA yciyrara e

[IOTpEIIHa KOMYHUKATHBHA CTpaTerus Ha
¢upmara. [loHsikora B KE€JaHUETO CHU Jla peK-
Jamupar 100pe NpoyKTa, MEHUIKbPUTE Tpe-
yBeJIMYaBaT pealHUTe KauecTBa Ha Ipejasiara-
HaTa yciayra U 10 TO3W Ha4MH, MOBHUIIaBalKu
OYaKBaHMSITA HAa KIMEHTa, HaMajsBaT YIOB-
JIETBOPEHOCTTA MY CJI€]] MOJy4YaBaHE Ha yCIly-
rarta.

[lerara npoGyiieMHa 30Ha, pasriejaHa Ha
¢ur. 2 e cBbp3aHa ¢ HECHOTBETCTBUETO MEXY
OYaKBAaHOTO HUBO Ha OOCIY)XBaHE M PEATHO
BB3NPUETOTO. ABTOpPUTE OTOEINSI3BAT, Y€ TOBA
HECHOTBETCTBUE € IMPSIKO MOBIUSIHO OT HAaJIU-
YHEeTO WM OTCHCTBHETO Ha MPEIXOIHHUTE 4Ye-
TUPHU, KaTO TO MOXKe Jla ObJIe C pa3inyHa cuja
U mocoka. B cirydait, ye Bb3IIPUETOTO HUBO HA
KaueCTBO NPEBB3X0KJ1a OYAKBAHUATA HA KIIU-
€HTa, HeropaTa OIIEHKa 3a KaueCTBOTO Ha ycC-
nyrata Ou Ouia MOJIOKUTENHA, a B MPOTHUBEH
CIy4ail — OTpUIATEeIHA.
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Me)KJJ,yJ'IM‘-IHOCTHa
KOMYHUKaLuna

JInyHm notpebHoCTM

MwHan onut

A\

y

[JeTepMuHaHTK Ha > OuakBaHa ycnyra

Bb3npemMaHeTo* BbanpueTto
Ka4eCcTBO Ha

1.0ce3aemocTt ycnyrata

2.YBepeHocT

3.0T131BYMBOCT ’ Bb3aneTa ycnyra

4.HapexnHocTt

5.CbnpuyactHocT

* Pegyumpanm ot 10

@ur.2. Kputepuu Ha KJIMEHTa NPH Bb3IIpHEMaHe KaueCTBOTO HA yCiyrara

Ha 6a3a HampaBeHOTO H3Cle[BaHE € ycC-
TaHOBEHO, Y€ KPHUTEPHHTE, KOUTO MOTPEeOUTE-
JTUTE U3MON3BAT Mpu (popMmupaHe HA OUYaAKBa-
HUATA ¥ BB3MPUATHATA CH MO OTHOIICHUE Ha
KauecTBOTO Ha YCIIyrara, ca YHUBEpCAIHHU 3a
BCHYKHA THUNOBE yCIyrd. [IbpBoHavamHO ca
uAeHTU(PHUIMpATH JeceT MOoKa3aTelu Ha Ka-
94eCTBOTO Ha ycIyratra, HO MO-KBCHO CIIEH I10-
3a1bpa0oueHa pabora ca T 0000IMIN B TET —
HAJICKTHOCT, YBEPEHOCT, 0CE3aeMOCT, CHIIPH-
9acTHOCT, OT3UBUYMBOCT (reliability, assurance,
tangibles, empathy and responsiveness), KOWUTO
obOpasyBar akponnma RATER — | excrepTsT*
[6].

W3mepBaTeTHUSAT WHCTPYMEHT TIpeJic-
TaBIIsiBa MyJITUTOYKOBA CKaJla, ChbCTOSIIA CE OT
22 mapanenHu TBbpHeHus — ouaksanus (E ot
aHIJI. €3MK - expectations) u Bp3npusaTus (P ot
aHrJ. €3uK - perceptions), KOUTO MPEICTaBAT
MeTTe Pa3MEPHOCT HAa KadyecTBEHATa YCIyra.
[Ipu oneHsBaHE HAa KAYECTBOTO KIIMCHTUTE
OuBaT MOMOJIEHH Ja u3bepar oTroBop mo Jlu-
KEepPTOBa CKalla, KOATO BKJIIOYBA OTTOBOPU OT
HAI'BJIHO CHITIACEH JO0 HAMBIHO HECHITIACEH -
KaTto ,,1 e HaITBIHO HechINaceH’, a ,,5 — Ha-
IIBJIHO Chraacen”. Pasnukara Mexay Bb3Mpus-
THATA ¥ OYAKBAHUATA MPEJICTaBIIsABA OICHKATA
Ha kadecTBOTO Ha ycmyrara (P-E=Q). Koraro
Q<0 e nanuIe HECHOTBETCTBHME B HHUBOTO Ha
oOciyxBaHe, a koraro Q>0 odakBaHUSTa Ha
KJINEHTA ca OWJIM HaIXBBHPJICHH.

Brrpeku ToBa eeKTUBHOCTTAa HA METO-
na SERVQUAL crwiiectByBaT HSKOJKO IPO-

yYBaHUs, KOUTO ca MpeAu3BUKAIU Ae0aTh OT-
HOCHO IIPUJIaTraHETO MY.

[Ipe3 1992 r. Kponun u Teinbp npena-
raT, 4yeé BB3MPHUTHATA Ca CAMHCTBEHUTE KpH-
TE€pUHU, KOUTO MOTAT Jia U3MEPBAT U ONPEAEIIAT
KaueCTBOTO Ha OOCITYyXBaHE M HW3BEXJIAT MO-
nena SERVPERF (¢wur.3) [1]. IIpe3 1993r.
BoynnuHr CcBHIIO OTXBBPISA MPUIATAHETO Ha
aHKETa, CBbP3aHa C OYAKBAHUATA HA KJIUEHTHU-
T€ U MOTBBPXKAaBa CBOSATA T€3a, Y€ KAYECTBOTO
Ha YCIYTUTE CE€ BJIMSE CaMO OT BB3MPUSITHUS .
NMeHHO Te3u KPUTHYHHU OENEeKKH ca JIOBEIH
JI0 Pa3BUTHETO Ha IO-OMPOCTEHUS HWHCTPY-
MEHT 32 U3MEPBAaHE HA KaYe€CTBOTO HA YCIyTHU-
te Ha ume SERVPEREF [1]. Bewmnoct, Moae-
16T SERVPERF ¢ KOMIOHEHT, KOMTO OTYHTa
JNEUCTBUTEITHUTE BB3MPUITHSI U C€ CHCTOM OT
22 mnapaneiaHu TBBpAEHHS (CBIIO KAaTo
SERVQUAL), HO ce u3KiIr0YBa BCAKAKBO pas-
TNIeXkK/IaHe Ha OYaKBAHUATA HA TIOTpeOUTENHTE.
Brnocnencteue, SERVPERF ce usnonsBa 3a
M3MEpBaHE Ha KaueCTBOTO Ha OOCIy)XBaHE B
pasznuunu obnactu [4].

CaMusT TEpMUH ,,04aKBaHUSA~ € OOBpK-
Balll CIIOpE] aBTOPUTE, KOWUTO TMpemjaraT B
METOJa J1a C€ M3I0J3BAT CaMO ,,Bb3MPHUSATHUS-
ta” Ha kinueHta (SERVPERF-meton), B pe-
3yJITaT Ha KOETO IIe ce MOJy4d MO-T00Bp KO-
JIMYECTBEH MOKa3aTel 3a KauecTBO Ha yciyra-
Ta. IMeHHo 3apaju TOBa 3a MpOy4BaHe Kadec-
TBOTO Ha TpPaHCIOpPTHAaTa yclyra MpH TaKCH-
METPOBUTE MPEBO3U € HEOOXOAMMO J1a CE U3-
M0JI3Ba MpeJIaraHaTa oT TSIX METOIHKA.
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Cepusn o Texnuuecku HayKu o

OcesaemocTt
YBepeHocT
OT31BYNBOCT

HapgexagHocT

O 5= A

CobnpuyacTHocT 2o

Bbanpueto

BbanpueTta

Ka4eCTBO Ha

®ur.3. Mogen SERVPERF

Ha nwepBo msicto SERVPERF metonsT e
MO-TMOJIXO/IAI 3a MpUJIaraHe, 3alioTo BpeMeT-
pacHeTo 3a MOMbJIBAaHE HAa aHKETHATa KapTa €
MO-MaJKO ¥ OM MOTJIO J1a C€ U3BBPIIH B paM-
KUTE Ha €IMH NIPEBO3 HA MBTHUK/IIM OT HavaJI-
HaTa JI0 KpaifHaTa To4Ka Ha U30paHusi OT HETO
MapupyT.

Bropo — odakBa ce nma ce mosiyuu mo-
n00Bp M MO-TOYEH KOJWYECTBEH IOKa3aTell,
OTUHMTAIl KAYECTBOTO HA TPAHCIIOPTHATA yCIy-
ra rpu TaKCUMETPOBUTE NPEBO3HU.

Ha Ttpero MscTO, HO HE Ha MOCJIENHO IO
3HAYCHHE, OYAKBAHUATA HA KIUEHTUTE (MpHU
SERVQUAL merona) morat aa 0bIaT HUCKH,
MIPUYKMHEHO OT IPEIUIIEH OMUT OT MOJI3BAaHETO
Ha ycIllyrara, ¥ ako Te He ce cOBbAHAT, HAMA J1a
ChILIECTBYBa HECHOTBETCTBHE, a KAUECTBOTO Ha
ycllyrata 1ie ce cuuTa 3a HeyTpaylHo. B mor-
BBpXAeHUE Ha T0100Ha Te3a ['pponpoc (1993)
CUMTa, Y€ ,,04aKBAHUATA HAPACTBAT C TCUCHHUE
Ha BpEMETO’ W MpPHU30BaBa 3a HOB €Tall NpHU
W3CIIEJIBAHETO Ha KadyeCTBOTO Ha YCIYTUTe

ype3 W3MEpBaHE W OIleHKa B JWHAMUKaTa Ha
yciyrata. CXOJIHHM pa3ChKIEHUS pa3BUBa U
AnnmepceH  (1992), kato pombiBa, 4Ye B
SERVQUAL-meTona He ce B3eMar NpeaBui
pasxoauTe 3a MoJA0OpsIBaHE HAa KAa4eCTBOTO Ha
yciayrute [1]. Ilpu nmpunaranero Ha metojna
SERVPERF ce m3nonssa enqHa 6a3oBa aHKeTa
— 32 TOJy4eHO (BB3MPHUETO) KAa4ecTBO, KOETO
ce ajanTtupa KbM OCOOCHOCTUTE Ha TAKCUMET-
poBaTa yciayra 1 TAKCUMETPOBHUTE ITPEBO3BAUU
(mocraBunin) Ha yciyrara. Bwrpocute B aH-
KeTaTa ca pa3/ieJIeHd Ha rPyIu, KOUTO OTYUTAT
MeT TPYMOBH MOKa3aTelu 3a KauyecTBO Ha YcC-
myraTa, mokaszanu B Ta6mn.1 [2].

Bovnpocute B mpuiiokeHaTa aHKETHA
Kapra (npunodcenue 1) ce NOAPENIEHHU 3a MO-
roJIsIMa MPETJICTHOCT CTIOPE]] TOBA JIajlu Ce
OTHACSAT 32 TAKCUMETPOBHUS aBTOMOOWII, TaK-
CUMETpPOBHS BOJAY WU OOKpBIKaBaIaTa r'u
cpena. ToBa Hanara pa3MecTBaHe Ha BbIIPOCHU-
T€, KOETO € MPEeCTaBeHO B TaoI. 1.

Ta6mmma 1
B’prOCI/I OT aHKCTHAaTa KapTa, CbOTBCTCTBAIIIKM HA ITIOKA3aTCJIN 3a
OIICHKA Ka4Y€CTBOTO Ha TAKCUMETPOBATA yCiIyra
Ne Iloxka3zarenu XapaKkTepucTHKH Bunpocu Ne
1 | Ocezaemocm Ou3nyeckuTe 0KazaTelcTBa 3a yclyrara U cpeaara, B 1,2,3,5,7
(tangible) KOSITO TS C€ Ipejylara, Mpou3Bex/a U JOCTaBs — IoMelle-
HUs1, 000pyIBaHE, BHHIICH BHJ] HA CITY)KUTCITUTE
2 | Yeepenocm KoMmeTeHTHOCT, BEKIMBOCT Ha CIYXKUTEJIUTE U TAXHATA 4,6,8,14,18
(assurance) Ccroco0OHOCT J1a ch3faBat atMocdepa Ha OBEPHE U IOBE-
PHUTEIHOCT
3 | Om3usuusocm Kenanuero OT cTpaHa Ha CHyXMTEJIWTE Ja MomaraT Ha 10,16,20,21
(responsiveness) KIIMEHTUTE U He3a0aBHO J1a TH 00CITyXBaT
4 | Hadexconocm CriocoOHOCTTa Ha MPEANPUATHETO U HETOBUTE CITYKHUTE- 13,15,19,22
(reliability) JIM 1a M3IIBJIHN yCITyTaTa BB BUJ M BpeMe, KOUTO ca obe-
[IaHW Ha KITUEHTa
5 | Conpuuacmuocm I'pmxa W MHIUBUAYaJIeH MOIXOJ MPH OOCITYXKBaHETO Ha 9,11,12,17
(empathy) KIIMEHTUTE
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Cepusn o Texnuuecku HayKu o

MeTtoa 3a u34McJIeHHE 110 MOeJI
SERVPEREF ciien npoBexiaHe Ha aHKETHO-
TO MPOY4YBaHe

TakcuMeTpoBHUTE YCIYyrd WMaT TaKWBa
XapaKTEPUCTUKUA KAaTO HEOCE3aeMOCT, HEeTpai-
HOCT, HEJIEMMMOCT U paszHopoauu [4]. Cneno-
BarenHo MmouensT SERVPERF Mmoxe ma ce
M3T0JI3Ba 32 OICHSIBAaHE HAa HM3ITBIHECHUETO Ha
KauecTBOTO Ha TakcuMeTpoBute yciayru. Cro-
pen ocHoBHuAT npuHuun Ha SERVPERF, rak-
CUMETPOBH yCIyTH MOTAT Ja ObJaT pa3aeleHu
Ha n Ha OpoH acmekTH. 3a BCEKH achekT 1 (1 =
1, 2, ...,n), ce m3non3Ba opmynara (1) 3a uz-
YUCJISIBAHE HA W3ITBJIHEHUETO Ha BB3NPHUATHS-
Ta OT TAKCUMETPOBUTE yCIIYTH

1 m
SQ =—>PS,, (1)
m j=

KbIACTO SQ[ € KauCCTBOTO HAa TAaKCUMCTPOBH

YCIIyru B 1aJICH aACIICKT i;

m - OposT Ha €JIEeMEHT BbB BCSKa
MIOCOKa,

M - oOmusar Opoit Ha BbHpocute (
meM);

PSZ.J_ - CpPEeACTBOTO 3a M3I'BIHEHHE Ha

Ka4eCTBOTO Ha TAKCHMETPOBHTE
YCIyTU Ha BCEKU j-THU PECIIOH-
JIEHT 32 OTTOBOPHUTE TO i-1 ac-
NeKT (TBbPACHHE, BBIIPOC).

[MpererneHusT SQZ,' (Service Quality

Index - kommekceH mokaszaTenl 3a KayecTBO
[4]) ce onpenens o popmyrna (2)

, 1 mo o

SO, = -~ Z}ISZJ' PS, . )
J=

kbaero SO, e mpeTeriienara CTOWHOCT Ha Ka-

9YECTBOTO Ha TAKCUMETPOBUTE YCIYTH B JaJicH
ACIIeKT 1,

JIUTEPATYPA

PSZ.J_ - Cpe/lHa MO BAXKHOCT IMO3UIUS HA

BCEKH ]-TH PECTIOHJICHT 3a OTTOBOPHUTE TO 1-5
acreKT (TBBP/ACHUE, BBIIPOC).

[TosrydeHuTe OIIEGHKM OT aHKeTaTa II0
TPYIH C€ OCPEIHABAT C OTYUTAHE HA 3HAYU-
MOCTTa Ha TPYIOBUTE IMOKAa3aTeIu, KOUTO ca
MPUOPUTETHU 3a KIUEHTHTE 4Ype3 JOIMbIHH-
TeJTHA aHKeTa, KOETO JaBa KOMIUIEKCHA OIleHKa
3a Ka4eCTBOTO Ha TakcumeTrposata yciyra. C
e nogo0psiBaHe KaueCTBOTO HA TAKCUMETPO-
BaTa yciyra Karo IsjI0 ca J00aBeHH BBIIPOCH
B aHKeTHa Kapra (mpuiiokeHue 1), oTHaCSIIN
Ce 3a TOBa KOJKO IBbTHHIM Ca B TAKCHMETPO-
BUS aBTOMOOWJI, Ha KaKBa BB3pacT Ca M KaKbB
TOJT.

Ckanata va SERVPERF me 6vae moa-
XOJfIIIa 32 TMPOBEXKIAHE HA M3CIICABAHUSI B
peaiHa cpena 3a OmpejelisiHe KaueCTBOTO Ha
TaKCHMETPOBHTE YCIyTH B Tpaj Pyce.

3AKJTIOYEHHUE

Ot aHanm3a Ha ABaTa METOJA, MOXE Ja
ce kaxke, de wmetoabT SERVPERF e mo-
noaxoasm; oT SERVQUAL, Twit kaTo HE caMo
HaMaJssiBa Oposi Ha aHKETUTE, HO CHIIO HaMa-
JisiBa HATOBapBaHETO HA CAMOTO MPOYYBaHE,
KakTO OT CTpaHa Ha aHKETHUpaIuTe (TaKCHh-
METPOBUTE BOJAYM), TaKa U HA aHKETUPAHUTE
(TbTHULIUTE), KOUTO TeHepupaT OOEKTHUBHU
orroBopH. [1o TO3M HaUMH 1Ie MOXKE J1a ce U3-
BBPIIM OOEKTHBHO OIIEHSBAHE HAa Ka4eCTBOTO
Ha TaKCUMETpOBaTa yClyra, KakTo u Ja Obaatr
pelieHn BBIIPOCH, CBBP3aHU C IOBUIIABAHE
KauecTBOTO Ha OOCIyXBaHE 3a TO-II'BJIHO
YIOBJIETBOPSIBAHE TOTPEOHOCTUTE HA KIIMCH-
THUTE.

[1] Anron Hensinkos, [IpoOiaemu Ha KaueCTBOTO B ONEpaIlMOHHUS MEHIKMBHT Ha ycinyrute, Py-

ce, 2012r.

[2] AnrTon HensmkoB, MeTouka 3a n3MepBaHe Ha KauecTBOTO Ha yciyrure, Pyce, 2011r.

[3] A. Parasuraman, Valarie A. Zelthaml, & Leonard L Berry, A Conceptual Model of Service
Quality and Its Implications for Future Research, Journal of Marketing, 1985

[4] Mohd. Adil, Dr. Odai Falah Mohammad Al Ghaswyneh, SERVQUAL and SERVPERF: A Re-
view of Measures in Services Marketing Research, Global Journal of Management and Business

Research Marketing, 2013

[5] YAO Zhi-gang, Xiao-dong D., Measuring Passenger’s Perceptions of Taxi Service Quality with
Weighted SERVPERF: a Case of Hangzhou, China.
[6] http://www.mindtools.com/pages/article/rater.htm

H3zeecmua na Covioza na yuenume — Pyce ® 2015


http://www.mindtools.com/pages/article/rater.htm

Cepusn o Texnuuecku HayKu o

AZpecH 3a KOHTAKTH:

mar. uHxk. /leauiia Murtesa

Kameopa ,, Tpancnopm™

Pycencku ynusepcumem “Ancen Kvnues”
Ten.: 0883 412051

E-mail: dmiteva@uni-ruse.bg

npod. n-p Benmzapa [lenuena

Kameopa ,, Tpancnopm™

Pycencku ynusepcumem “Ancen Kvnues”
Ten.: 082 888 377

E-mail: vpencheva@uni-ruse.bg

Jo1. A-p AceH ACEHOB

Kameopa ,, Tpancnopm™

Pycencku ynueepcumem “Aneen Kvnueg’
Ten.: 082 888 605

E-mail: asasenov@uni-ruse.bg

1

nHX. A-p Jumutsp ['poses

Kameopa ,, Tpancnopm™

Pycencku ynusepcumem “Anecen Kvnueg’
Ten.: 0899 809 884

E-mail: dgrozev@uni-ruse.bg

1

Hacrosmata cratus e u3rorBeHa ¢ ¢puHaHcoBara nomouy Ha EBponeiickus comuaieH (GoH.
PycenckusT yHuBepcuret ,,AHren KpHU€B” HOCH 11s1aTa OTTOBOPHOCT 32 ChIBPKAaHUETO HA HACTO-
AU TOKYMEHT, U NPU HUKAKBU OOCTOSITENICTBA HE MOXKE J1a c€ MpreMe KaTo o(puIlMaIHa MO3HUIINS
Ha EBporneiickus cpi03 i MUHHCTEPCTBOTO HAa 00pa30BaHUETO U HayKaTa'.

IIpoekt: Ne BGO51PO001-3.3.06-0008 ,,Ilonmnomarane u3pacTBaHETO Ha HAyYHUTE KaJapH B
WH)XCHEPHUTE HayKH U MHPOPMAIIMOHHUTE TEXHOJIOTUH .

H3zeecmua na Covioza na yuenume — Pyce ® 2015
14


mailto:dmiteva@uni-ruse.bg
mailto:vpencheva@uni-ruse.bg
mailto:asasenov@uni-ruse.bg
mailto:dgrozev@uni-ruse.bg

Cepusn o Texnuuecku HayKu o

AHKETHA KAPTA

YBaxkaemMu mbTHULM,

BbB Bpb3Kka C npoy4sBaHe KayeCTBOTO Ha TakcumeTpoBuTe ycnyrn B rpag Pyce, we Bwu

6baem MHOro 6narogapHu, ako OTrOBOPUTE Ha BbNpocute no-gony. Mons oueHeTe Ka4ecTBOTO Ha
TakcumeTpoBaTa ycnyra B 3aBUCMMOCT OT CTeneHTa Ha Balwarta yjoBneTBOpeHoCT.

Ozpademe unu mapkupatime c ,,X” omeoeopume Ha e brpocume Kamo ,,1 e HanbJHO

HecbasiaceH”, a ,,5 — HanbJIHO chasaceH”.

Konko nbmHuka cme?

N

w

O

N

B kosi eb3pacmoea 2pyna nonadame?:

D 0 + 12 roanHmn

[]

13 + 17 rognHu
18 + 25 rognHmn

26 + 49 roguHum

65 + 79 roanHn

L]
L
|| 50+ 64 ropuiu
L
L

80 1 noBeye rogmHu

Mon:

D Mbx
D KeHa
D Hete

lpunoxeHue 1

Bnazodapum Bu!
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Cepusn o Texnuuecku HayKu o

Bbnpocu

OrpapeTe unu mapkupaunte Ba-
wuma otroBop ¢ ,, X’ kamo
»1 e HanbJIHO HeckbasiaceH”, a
29 — HanbJ/IHO chajlaceH”.

1 TakcMMeTpoBUAT aBTOMOOMN € Aobpe uarnexgaiy u 1 > 3 4 5
YUCT OTBBH
2 TakcMMeTpoBUAT aBTOMOOWUN € 4McT U yaobeH OT- 1 > 3 4 5
BbTpe
3 Mma HanuyeH 0603Ha4YeH NULEH3EH HOMEP U UME Ha 1 5 3 4 5
TakCcMMeTpOoBUSA NpeBo3Bay
4 O06o03HayeHa NMbpBOHaYanHa ueHa v npober 3a Kku- 1 > 3 4 5
NOMEeTBP
5 B TakcumeTtpoBus aBTomMOOMN uma HeobxoaMmoTo 1 5 3 4 5
obopyaBaHe 3a npeBo3a (kacoB anapart, 6araxHuk)
6 B TakcumeTpoBuMs aBTOMOOUIT ca HANMYHW CbOpPbXKe-
HUSA 3a CUTYpPHOCT, KOJiaH, CTomn4e, Bb34. Bb3rfaBHU- 1 2 3 4 5
ua
7 TakcumeTpoBUAT Bogay € fobpe obrneyeH 1 2 3 4 5
8 TakcUMEeTPOBUAT BOAAY € YYTUB U BEXITMB KbM KIW- 1 5 3 4 5
eHTUTE CU
9 TakcMMeTpoBUAT BOAaY CbpAeyHO 0OCnyXKBa MbTHU-
umTe 1 2 3 4 5
10 | TakcMmeTpoBMAT Bogay MMa TbpPnenueo OTHOLLEHME
CNpAMO NbTHUUMTE 1 2 3 4 o
11 | TakcMmeTpoBMAT Bogay € NONOXUTENTHO HACTPOEH 1 2 3 4 5
12 | TakcMMeTpoBUAT Boda4y BMHaArM uma Ham-gobpu Ha- 1 > 3 4 5
MEpPEHUSA KbM KIIMEHTUTE.
13 | TakcumeTpoBMAT BOAaY He MyLlu, He roBopu Mo Te-
nedoHa NnNn He ce XpaHn 1 He NMe No Bpeme Ha Lo- 1 2 3 4 5
dumpaHe
14 | TakcMMeTpoBUAT Bogad nsgasa duckaneH 6oH 1 2 3 4 5
15 | TakcumeTpoBMAT BoAad cnassa npaswunaTta 3a ABU-
XEHue no nbTuwarta 1 2 3 4 S
16 | TakcumeTpoBMAT BoAay B rOTOB Aa M3nonssa Maplu-
pYT NO XenaHwe Ha NbTHUKA 1 2 3 4 S
17 | TakcumeTpoBMAT Boday npuTexaBa MNO3HaHUS 3a
obuiecTBeHM MecTa (3a oTAMX, NasapyBaHe, KynTypa, 1 2 3 4 5
Ap.)
18 | TakcumeTpoBMAT BOAay npuTexasa 3HaHMA 3a Map-
wpyTUTe 1 2 3 4 5
19 | TakcMmeTpoBUMAT BoAdad OTkasBa M3bpaHust OT Knn-
€HTa MapLUpyT Unn n3nonssa 0OXOAeH TakbB 1 2 3 4 S
20 | OdncnedepcKkuaT LEHTbP OCUrypsiBa B CPOK pe3epBu-
paHns TaKCMMETPOB aBTOMOOMIT Ha CBOUTE KIMUEHTU 1 2 3 4 5
21 | OncnedepckuaT UEHTbp ageksBaTHO pearupa npu 1 5 3 4 5
Xanbwu n/vnn 3arybeH 6arax
22 | HeeTu4yHa KOHKypeHUMS cpef TakCUmeTpoBuTe npe- 1 5 3 4 5
BO3Bauu

[Opyro, nocoyeTte
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Cepusn o Texnuuecku HayKu o

OCHOBHH TOBAPOIATEJIN/TOBAPOIIOJIYYATEJIA B I'PAAOBETE U
OBIIA XAPAKTEPUCTUKA HA TPAHCITIOPTHUSA NPOLUEC ITPHU
ITPEBO3UTE HA TOBAPU B MAJIKHU ITAPTUIN

Jxeman Tonuy, Benuzapa [lenuesa
Pycencku ynusepcumem ,, Anecen Kvnues”

THE MAIN SHIPPERS / CONSIGNEES IN CITIES AND GENERAL
CHARACTERISTICS OF THE TRANSPORT PROCESS IN THE TRANSPORT
OF GOODS IN SMALL BATCHES

Dzhemal Topchu, Velizara Pencheva
,Angel Kanchev” University of Ruse

Abstract: This paper presents a general characterization of the transport process in the transport of
goods in small batches in the cities of Bulgaria and the main shippers / consignees in cities. A sur-
vey and analysis of the total number of outlets and the population by planning regions in the coun-
try in recent years was done. The transport process is analyzed for the transport of goods in small
batches. Comparative characteristic of the technical-performance indicators of the car is made in
linear reversible and assembly/delivery/delivery-collective routes.

Keywords: Domestic Carriages, Shippers / Consignees, Loads, Shops, Small Batches, Outlets.

BBBEJIEHUE

ABTOMOOUITHUSAT TPAHCIIOPT UTPae BaXK-
Ha poJig B TPaHCTIOpPTHATa cucTteMa Ha brira-
pusi. Ts ce 0OycnaBsi OT y4acTHETO MYy B TpaH-
CIIOPTHUTE TIPOIIECH, KATO OCHOBEH M CIIOMa-
rareneH Bux TpaHcnopt [3]. C Hero ce u3Bbp-
I1Ba OCHOBHATA YaCT OT MPEBO3UTE HA TOBAPH.
Toli € OCHOBEH KOMITIOHEHT MPU AUCTPUOYITHSI-
Ta Ha MaTepUaIHU MIPOIYKTH B TPATOBETE, MPU
CIa3BaHETO Ha CpOKa 3a JOCTAaBKa, MPU HAHU-
Yye Ha U3UCKBAHETO ,,MOYHO HA 8peme”’, ChX-
paHEHUETO Ha IMPEBO3BAaHUTE TOBApPH, HAMU-
paly ce moj pasnopexaaHeTo Ha IpeBOo3Bayda
1 Bb3MOXKHOCTTA BPB3KHUTE Ja OBJAT peanu3u-
paHu ,,om eépama 00 eépama”. ABTOMOOWITHU-
ST TPAHCHOPTEH IMPOILIEC 3aeMa ChIIECTBEHO
MSCTO TPHU pean3alusirTa Ha THPTOBCKUTE
B3anMOOTHOIIeHHs. OCBEH upe3 (aKTUIEeCKO-
TO Clla3BaHe Ha CpOKa 3a JOCTaBKa U YpE3 Chb-
JNEUCTBUETO CU 3a MaTepuaigHaTa peaju3aius
Ha THProBCKaTa CJeJKa TOM ce MPEBPbhINAa BB
BA)KEH €JIEMEHT Ha JIOTUCTUYHATA BEPUTa.

B Hacrosimata pabota e mpelcTaBeHa
o0mra uHboOpMaIvs Ha TOBAPOJATEIUTE U TO-
BapOMOJIyYaTeIMTE Ha TOBAPH B MAJIKU MApTH-
TV ¥ XapaKTepHUCTUKA Ha aBTOMOOWITHUS TPaH-
CIIOPTEH TIPOIIEC MPHU MPEBO3BAHETO HA TE3M
TOBapH.

N3JI0)KEHUE

1. O6ma undopmanus 3a TOBapoaa-
TeJINTe/TOBApONoJyyaTejuTe Ha TOBApU B
MaJIKH NapTUAU B palioHMTe W rpajoBeTe
Ha CTpaHaTa

Peny6nuka bbiarapusi e pasjgeneHa Ha
mecT pailona Ha ranupane [5] - CeBepo3arna-
neH, Cesepen 1eHTpaneH, CeBEepOM3TOUEH,
Oro3zananen, IOxen nentpanen u FOrousto-
4yeH paiionu ¢ur.l. Mapopmanus 3a miomnrra,
HaceJIeHHeTo W Oposi Ha THPTOBCKUTE OOEKTU
3a IIeCTTe paiioHa Ha CTpaHara € MpeJCTaBeHa
B Tabu. 2 [1]. Bcexku equn pailoH BKJIIOYBA B
ce0e cu MO-MaJKi aJIMUHUCTPATUBHU €IUHU-
1 — obnactu. B ctpanara ca o6ocobenu 28
00J1aCTH, BKIIIOYBAILM I'PAJIOBE U CETIa.

Ksm 2013 r. B rpasoBere Ha cTpaHara
€ OTYETECHO, 4Ue XKuBeAT 5 291 675 xwurenu,
koeTo € 72,83 % oT HaceneHnueTo Ha CTpaHaTa.
Hacenenuero Ha Jecerte Half-rojieMu rpaja B
bovarapus (¢ur. 2) e nokazano B Tad. 1.

BbposT Ha THProBCcKUTE OOEKTH B CTpa-
HaTa HempekbcHaTo pacte [1]. B mocnemnuTe
roguau Toi € Mexay 125000 u 130 000 Tsp-
roBcku 06exTH (¢ur. 3). Pezynrature mokas-
BaT, Y€ KaTo LJI0 MMa TEHJCHLUS 3a yBEJH-
yaBaHe Ha ThProBckuTe oOekTu mpe3 2012r.,
cupamo 2008r., KaTo YBEIWYEHHETO € C
13%][1]. ToBa ce mbIXKHU HA TOISIMOTO ThpPCEHE
U Mpejjiaraie Ha pa3HoOpa3HH MPOLYKTH.
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@ur. 1. 'eorpadckoTo pasnpenenenue Ha paiionute B bbarapus

@ur. 2. ['eorpadcko pasnonoxenue Ha odnacture ¢ 10-Te Hail-ronemu rpajia B bbiarapus

Taomuma 1

Hacenenue Ha 10-Te Hali-roaeMu T'pada B CTpaHaTa U NPOUCHTHO CbOTHOMICHUC CIIPSAMO OCTaHAJI0-
TO HACCJICHUC

I'pan Bp. Hacese- | % ot HacegeHuero B | % 0T 00mOTO
HHE rpajgoBere 3a cTpaHaTa
Codus 1 204 685 22,78 16,58
I1noBauB 338 153 6,39 4,65
Bapna 334 870 6,33 4,61
Byprac 200 271 3,78 2,76
Pyce 149 642 2,83 2,06
Crapa 3aropa 138 272 2,61 1,90
[TeBen 106 954 2,02 1,47
CauBeH 91 620 1,73 1,28
JoOpuu 91 030 1,72 1,25
Mymen 80 855 1,53 1,11
O6mo B 10-Te rpaga 2736 352 51,72 37,67
Hpyru Hacenenu mecra 2 555323 48,28 62,33

Bposar Ha Thproeckute obextu (Tadi. 2)
TSICHO KOpEJIMpa ¢ HACEJICHHETO B OCHOBHHTE
rpajioBe Ha pernoHuTe Ha mianupane. B FOro-

3amaJHus paiioH, ¢ ueHtsp rp. Codus nma
Hali-MHOTO TBHPrOBCKM OOEKTH (Mara3uHu)
39 424 Opos, cnensan oT HOxeH neHTpaneH
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paiion (uentsp rp. [lmoBnus) ¢ 24 234 Opos
THProBcku 00ekTHu, FOrousToueH paiioH (ueH-
Tbp Ip. Bapna) ¢ 19 893 6pos, CeBeponsrouex
( ¢ mentwp rp. byprac)- 16 600 6pos, CeBepen
IEeHTpaJieH paiioH (¢ 1eHTsp Tp. Pyce) ¢
13 075 6p.

Criopex HampaBeHOTO HW3CIIE/IBAHE B
Tabn. 2 ce HaOmonaBa, ye B FOrozamaanus
palioH UMa Hali-MHOTO ThPTOBCKH 00EKTH (Ma-
razunu) 39 424 6pos, ot xouto 26 057 Opos
ca ThPrOBCKUTE OOCKTH 32 HEXPAaHUTEITHH CTO-
k1 1 13 367 Opost ca XpaHu, HATUTKU U TIOTIO-
HeBH [1].

[InanupaneTo Ha MPEBO3UTE 0 THPIOB-
KUTe OOEKTH B TPAHCIOPTHUTE CUCTEMU Ha
rOJIEMHUTE TpajioBE CE€ OCHOBaBa Ha ONpeess-

HE Ha PaIMOHAIHUSA 00€M MPEBO3U B 3a1aJIcH
UHTEpBal OT Bpeme. [IpeBo3ute ce U3BBPIIBAT
C aBTOMOOWJICH TPaHCIOPT, HA KOWTO TpsOBa
Jla C€ OCUTYPH BHCOKa MOOUITHOCT M MaHEBpe-
HOCT, 3a Jla Ce TNOCTUTHE OBbp3a JOCTaBKa Ha
TOBapa B HeoOXoaumus cpok. M3momsBar ce
MPEIMMHO aBTOMOOHIIN ¢ TOBAPOHOCHMOCT OT
1,5 no 3,5 t. 3am0TO B roJieMHUTE TPaloBE UMa
3a0paHa 3a JBW)KCHHE HAa TOBAPHH aBTOMOOH-
T (IBMKEHUETO € CaMO IO OMpeeIeHd Map-
OIPYTH W/WIA ChC Pa3pelIUTETHO) IOpaTu
TOJIEMUTE MM Ta0apUTHU pa3Mepu M TOBApO-
HocumocT Haxa 3.5 t. [IpeoOnamaBamia gyact ot
MPEBO3UTE Ca HA TOBAPH B MAJKU MAPTUIH.

TbProBCKU 06€eKTH,

Xun.bpoa
135

2008 2009

2010

2011 2012

®uwur. 3. bpoiif Ha THPTOBCKUTE 00EKTH 3a IPoIaxoa Ha TpeOHO

Tabnumna 2

Bbpoii Thprocku o0exTu 3a mpogaxoa Ha 1pedHo kpMm 31.12.2012r.
Ilo cratucTuyecku palioHH, HACEJIEHUE U ILJIONI Ha CTpaHaTa

Inom, Hacenenue | XpaHu, HAaUTKA U Hexpanutennun | OOII0 XpaHUTEITHA
KM’ KBbM TIOTIOHEBH H3]Ie- CTOKH, Op. Y HEXPaHNUTEITHH

CTaTHCTHYECKH PaiioH 31.12.2013r. s, Op. CTOKH, Op.
OO0 32 cTpaHaTa 111 001.50 7245 677 47 248 78 661 125 909
Cesepua bbarapus 48 531 2 600 750 16 673 25 685 42 358
CeBepo3amnajieH 19 070 810 401 5361 7322 12 683
CeBepeH LEeHTpaJIeH 14 974 835 813 5150 7925 13 075
CeBepon3TodeH 14 487 954 536 6162 10 438 16 600
[lngen Do s 62470.50| 4644 927 30 575 52 976 83 551
IOrozananen 20 306.4 2127618 13 367 26 057 39424
IOxeH nenTpaseH 22 365.1 1453 619 9 455 14779 24 234
IOrousrouen 19 799 1 063 690 7753 12 140 19 893
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TOBapI/ITC, MPCBO3BAHU HA MAJIKH I1ap- - YCOPCHO pa3HACAHC Ha CKCIHCBHHA IICYAT,
tuau (Tabin. 3), ca CBBp3aHU C TPAHCIOPTHpa- - -KOMYHaJIHO-OMTOBH ycNyru (cbOupaHe Ha
HE Ha! CMET U JIp.) U T.H..

- TIPOJIOBOJICTBEHU CTOKH (XJs10 U xJIeOHU B Tabn. 3 ca mocoyeHH THPrOBCKUTE
n3aCiaud, MIAKO U MJICYHHU U3ACIINA U I[p), 00EKTH B CTpaHaTa Mo I'pylu TOBapH.

- IMPOMHIIJICHU CTOKH,

Tabmuua 3
Tbproeeku 06ekTH 3a Npoaaxxom Ha ape6Ho kbM 31.12.2012r.

Bua u crokoBa cnenudukanus 2008 2009 2010 2011 2012

TbHproBcku 00eKTH 111 370 121 039 130102 | 132304 125 909

3a XpaHW, HAIUTKU ¥ TIOTIOHEBH N3EITUS 43 784 45930 48 877 49 324 47 248

B TOBa YHCIIO:

Hecnennanmsupanu ¢ pa3HOOOpa3HA XPAaHUTEIHU CTOKU 30 835 31 986 32 841 32 559 29 856
IInonoBe u 3eneHyynn 2 143 2518 2930 3163 3262
Meco 1 MeCHH TPOAYKTH 979 1113 1 340 1349 1385
Puba u pubHU nposyKTH 352 424 460 481 484
X510 ¥ XJIEOHU U3IENHS 1 833 1961 2260 2379 2290
3axap ¥ 3axXapHH CIaIKapCKHU U3IEIUS 2023 1793 2118 2143 2 074
AJKOXOJHH U 0€3IKOXOHU HAITUTKU 2 090 2 148 2576 3043 2 929

3a HeXpaHWUTEIHU CTOKHI 67 586 75 109 81225 82 980 78 661

B TOBa YHCIIO:

Hecnenmanmsupann ¢ pa3HOOOpasHH HEXPaHUTEIHH

CTOKH 10 490 12 604 14 469 15287 14 991
TexcTUIIHN U3eIHs 2415 2 808 2 879 3156 2923
Obnekio 15317 17 604 18 076 17371 17171
OOYBKHU ¥ KOXKCHU H3JICIHS 3174 3637 3 835 3 869 3 696

Mebenn, OCBETUTENHH TeIa U CTOKH 3a JJOMaKHMHCTBOTO 3273 3400 3530 3410 3104

ENeKTpoOMakMHCKH YpeAH, pPajuo U TEJIeBH3MOHHH

CTOKH 2 059 1908 2 047 2 058 1691
“Kenezapust, 601 1 CTBKIA 2 760 2 825 2 960 2 876 2757
Kanrn, BeCHUIIN ¥ KHHKAPCKU CTOKH 2 955 2701 2 875 3189 2 652
CTpouTenHy U OTOIUIMTENHU MaTEPHAIH 1 860 1598 1 883 2215 1878
[Tapdromepust u KO3METHKA 2725 3044 3178 3051 2993

ABTOMOOWIIA, MOTOITMKIJIETH M PE3EPBHH YaCTH 3a TAX 4 842 4 820 5676 6174 5188
ANTeKH, ONTUKU ¥ CAHUTAPHU Mara3uHu 4 825 5268 5281 5360 5245

BeH3nHoCcTaHIIUM 2 882 2 804 2766 2725 2 684

I'a3ocTrannum 804 672 607 534 555

Or I/I36p06HOTO B Ta6J'II/II_Ia 3 ce BMOKA, ABUXKCHUC W HATOBAPCHOCTTAa HA TPAHCIIOPT-

Ye€ TOBa Ca CHGHI/I(bI/I‘IHI/I CTOKH. CHGHI/I(l)I/IKaTa HaTa MpEXKa OKa3Ba CbIUICCTBCHO BIMWAHUC IIPU
uaBa OT TOBa, Y€ TC Ca [2] HU3BBPIIBAHC HA TC3U MMPEBO3H,; B YCIIOBUATA HA
- Ip€AHa3Ha4YCHU Ca 3a OTACJIHH JIUIa WA TACHO CBCCACTBO HAa NBTHUYCCKHUTC M TOBAp-

JOMAKHMHCTBA, OOMKHOBEHO B MAaJIKU KOJIHYEC- HUTC IMOTOLU OCTHP HpO6HCM e Oe3omacHOCTTa

TBa, Ha IBMKCHHUECTO U CKOJIOTHATa Ha rpaaa;

- Bb3BHUKBAT KAaTO MpPaBUJIO B I'paZICKU yCJIO- - 3a MHOTO OT TOBApHUTC C(I)GKTI/IBHOCTTa Ha

BUs, KOCTO Mpearogara: CI0XHO pa3sBuTa IbT- IMPEBO3UTE HE CC OMNPEACIIA OT XApPaKTCPHUTEC

Ha MpEKa, HWHTCH3UBHOCTTA HaA TPAACKOTO MOKa3aTCJIn 3a TPAHCIIOPTHHA IIPOLIEC (I/I3HOJ'I-
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3BaHe TOBAPOHOCHMOCTTAa Ha TPaHCIOPTHOTO
CpPelICcTBO, MHUHUMAJEH Mpoder u 1p.), a OT
3HaYEHUE € ChXPAHSBAHETO Ha TOBAapa U CBO-
€BPEMEHHOTO MY JIOCTaBSHE;

- - OpOST U ChCTaBa Ha MOTyYaTEIIUTE.

ToBa Hajara u IPOMEHH B caMara CHUC-
TeMa Ha pasnpeaeeHUETO:

- B OaylaHca Ha BpemeTo 3a paboTa Ha Tpe-
BO3HOTO CPEACTBO 3HAYUTEIHO MSCTO 3aeMa
BpPEMETO 3a MPECTOU (32 TOBapHO-Pa3TOBAPHU
orepauu U oQopMsHE Ha TOKYMEHTH) U Bpe-
METO 32 MAHEBPH Ha aBTOMOOMIIA;

- BBPXY CKOPOCTTa Ha TpPAaHCIOPTHUTE
CpeZCcTBa MPH MPEMECTBAHETO HA TOBapa OKa3-
Ba BJIMSIHWE W ITbTHATA OOCTaHOBKA, KOSTO OT
KJIIUMAaTUYHUTE YCIIOBHS [2].

2. TpancnopTeH npouec Npu nNpeso3
HA TOBAapH B MAJIKH NapTUAU

TpaHcropTeH mpolLec ce Hapuya Mpole-
ChT Ha MPEMECTBAHETO HA TOBApHU U II'bTHHIIH,
BKJIIOYBAIl BCHYKM HEOOXOAMMH 32 TOBA MOJ-
TOTBUTEIHH U 3aJbJDKUTEIIHU OINEpaluu: MOJ-
rOTOBKAa Ha TOBapuTe, TOBapE€HE U pa3ToBap-
BaHe (KayBaHe U CIIM3aHE HAa MbTHULIUTE) MPHU-

PastoBapBsaHe

eMaHe U ChXpaHsBaHE Ha TOBapa, MOJaBaHEe Ha
MTOJABMKHUS ChCTaB 3a HATOBAPBaHE U JIp. [4].

Masnku mapTHUaMd ca TakoBa KOJIUYECTBO
TOBap, KOETO HE MOXKE M3I[UIO Ja 3aIlbJIHU
€IHO TPAHCIIOPTHO CpeacTBO. B cyxombTHuUs
TPAHCTIOPT MAJKOMAPTUIHH CE CUYUTAT TOBAPH
¢ maca no 2000 kg. [4].

[IpeBo3BaHETO HA TOBAapW B MAJKH Map-
TUJM C€ U3BBPIIIBA [0 PA3HOCHU, ChOUpATETHH
U pa3HOCHO-chOuparenHu wmapupyTtu. Ilpu
cbOupatesHus MappyT (ur.S), TOJABUKHUAT
ChCTaB, IMpEMHHaBa IIOCJEJ0BATEIIHO IIpe3
TOBapHUTE IYHKTOBE, IOCTENEHHO C€ HarTo-
BapBa W NPEBO3Ba TOBapa B €IWH MyHKT. [lpn
paszHocHUTE MapuIpyTu (¢ur.4), HATOBAPEHUST
MOJIBUKEH ChCTaB B HaYaJIHUS MyHKT CE€ HATO-
BapBa IEJIHs TOBAp M C€ pa3Hacs Ha MapTHAN
[0 TMYHKTOBETE HA MapIIpyTa, KaTO MMOCTEINEeH-
HO ce pa3ToBapBa. Pa3HOCHO-CHOMpATETHUST
Mapuipyr € KOMOMHauus ~ OT  JBara-
MOJIBMKHUAT CHCTaB €JIHOBPEMEHHO CHOMpa
€/IMH TOBap U pa3Hacs Apyr (HampuMmep pa3Ha-
CSIHETO Ha XPAHHUTEIHU MPOJYKTH C €IHOBpE-
MEHHO ChOMpaHe Ha TapaTta).

PastoBapBaHe

2.Q-(Q+Q)

PasToBapBaHe

®ur. 4. Cxema Ha pa3HOCEH MapIIPyT

KbJETO Ao, A1, Az, A3 1 A, ca OTIIPaBHH ITyHKTOBE;

lapax — rapax;

Q — KOJIMYECTBOTO TOBAP MPH PA3HOCEH MAPIIPYT.
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ToBapeHe

ToBapeHe
//

ToBapeHe

®ur.5. Cxema Ha chOMpaTeNeH MapIIpyT

Kb1eTo By, B1, By, B3 u B, ca otipaBHUM IIyHKTOBE;

lapax — rapax;

G — KOTMYECTBOTO TOBAp MPHU ChOMpATETIeH MapLIpPyT.

[Tpu pasHOCHUTE MapUIpyTH AbJDKUHATA

Ha mapupyra ¢ [, =AA,....A... A, a npu
ceouparenaure |, =BB,....B;...B,, xprero

[ =12,...n e OposAT Ha Pa3TOBAPHUTE MJIH TO-
BapHU MyHKTOBE. [IpM IBMKEHHUE MO MapuIpy-
Ta aBTOMOOWIBT U3BBPIIBA €UH KypC [4].

[Ipn OIpeAcIIsiHe Ha  TEXHUKO-
eKCIUIOaTallMOHHUTE MT0Ka3aTeNn Ha paboTa Ha
aBTOMOOWIIUTE npu pas3Hoc-
HU/CHbOMpaTEeTHN/Pa3HOCHO-CHOUPATETHH
MapIuIpyTu TpsOBa Ja ce B3eMe IMpEelBUJ pa3-
JMYUETO B CPaBHEHUE CHC TE3U Ha JMHEWHO
o0paTUMHUTE MapLIPYTH.

B 1abn.4 e mokazaHo cpaBHUTENTHa Xa-
pPaKTepUCTHKA HAa TE3W IOKA3aTeNd 3a JBETE
rpynu mapuipyTt. Pasnuka mma mpu ompene-
JSHETO Ha JBJDKWHATa Ha Mapiipyra, Koedu-
[IMEHTa Ha CTATHYHO H3IOJI3BaHE Ha TOBapO-
HOCHMOCTTa Ha aBTOMOOMIIA.

Crnenudukara Ha pa3HOCHUTE, ChHOMpa-
TEITHUTE U Pa3HOCHO-CHOUPATEITHUTE MapIIPy-
TH TOpaxaa MOTPeOHOCT OT TO-aJeKBATHO
MOJIeJIUpaHe Ha MPOU3BOJICTBEHUTE CUTYaIlUU
U TMPOLIECUTE C OTYHUTAHE Ha TMOBeYe (PaKTopu
Y W3WCKBAaHMS, HAJIO)KEHH KAaKTO OT Pa3HO00-
Pa3HOTO MOTPEOUTENICKO THpPCEHE, Taka U OT
MIPOMEHSIIUTE CE YCJIOBUS TPH HETOBOTO 3a-
JOBOJIsIBAaHE. AJIEKBAaTHOTO OTpa3sBaHE Ha
Ma3apHATE YCIOBHUS Hajlara HEOOXOJAMMOCT OT
CIIOKHH KOHCTPYKIIMU U MOJENIH Ha CHUCTEMHU
3a onTuMU3aIMs. Mojenure ce U3MEHST (€BO-
JIOWpAT), OTpa3sBalikl MU3MEHEHHETO Ha OIle-
panMoHHaTa cpeaa (MOTOKa Ha BPB3KH U JaH-
HU, [IETTUTE U TOTPEOHOCTHUTE).
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Tabmuna 4

CpaBHHTEIIHA XapaKTEPUCTHKA HA TEXHUKO-CKCIIOATAIIHOHHHUTE TIOKA3aTeId Ha aBTOMOOHIIA TTPH
JUHEHHO 00paTUMU U CHOMPATEIHN/Pa3HOCHH/PA3HOCHO-CHOUPATEITHA MapHIPyTH

Ne Iloxa3aTenn Ha paGoTa JInHeliHO 00pATHMHU MAPIIPYTH Cnoupare1HH/pa3HOCHH/PA3HOCHO-
HA NOABHMKHHUSA CHCTaB HA ch0UpaTeTHH MAPLIPYTH
MapupyTHUTe
.| Aemxnna  Ha  mapmpyra | | ;m © HBTAT, KOHTO IOJBIDKHHSA CBCTaB / m= / °
m M3MHMHABA TOCICIOBATEIHO MPE3 BCHUKH | oo /O ¢ POGErBT Ha ABTOMOGHIA 32
TOBApHU W PA3TOBAPHHU IIyHKTOBE IIPH
JIBHYKEHHE B €IHATA TOCOKA. e 06opor.
2. | Bpeme 3a o6opora t, o l, . ¢
o ZKO' —-p?°
VT
KpeTo V.. e cpeHaTa TeXHHIECKa CKOPOCT Ha JBIDKCHHETO Ha IIOBIDKHIS ChCTAB;
tT_p — CPEJHOTO BpPeMe 3a TOBapeHe M pa3ToBapBaHe 3a 1 Kypc;
Z, , — OposT Ha KypcoBeTe 3a | 060poT.
3. | bpoii Ha KypcoBeTe 3a Z, =1 - mmnompane npobera B eIHATA Z, =1
00opoT z
POT Zio MOCOKa.
Z,, >2 -3 JIpyTH JTUHEHHO OOpaTHMHU
MapuIpyTH.
4. | CpenHo BpeMe 3a TOBapeHe z, k
W pa3ToBapBaHE 3a Kypc Z 1‘T » tT_p = Z tT_p/. >
t i=1 ' =
T-p t =1
T—p z > KBJETO K € OpOsIT Ha MMyHKTOBETE HA MapIil-
k pyTa;
KBETO Zy ¢ GPOAT Ha KypcoBeTe; tT, p, - BPEMETO 3a TOBapeHe / pasTo-
tT, _ - BpEMETO 3a TOBapeHe / pa3- ! )
Pi BapBaHeE B J-1 IIyHKT Ha MapuipyTa.
TOBapBaHe Ha i-s Kypc.
5. | Cpenna npxUHA Ha Kypca z,
C TOBap / r lTi
I _ =
Kt s
ZK
KBJETO IT € npobersT Ha aBTOMOOMIIA;
lTi —IBJDKUHATA Ha i-51 KypC C TOBap B y4acThK OT MapuIpyTa.
6. | Cpenen KoepUIMEHT Ha z, zy 9,
max
CTaTUYECKO HM3IIOJI3BAaHE Ha Zq ® Zyc Ye = 2—- 3a  cpOuparenHuTe W
i i
TOBapOHOCHMOCTTA Y ¥, = i=1 _ =t q
c 7z z ’ Pa3sHOCHHUTE MapIIPYTH;
q k K
Ye =Yc1 T Voo~ 3a  cobuparenHo-
A3HOCHU MapIIPYTH;
KBJIETO Y/ . € KOEDUIIMEHTHT Ha CTATHYECKO P pripy
xkpaero g € MaKCUMalHOTO (haKTH-
M3M0JI3BaHe Ha TOBAPOHOCUMOCTTA Ha @ max
TPAHCMOPTHOTO CPEJICTBO Ha i-s Kypc; 4eCKO KOJMYECTBO TOBAp, IPEBO3BAH IO
q nax © MAKCHMAJHOTO KOJIMYECT- AQNIeH yHaCTPK Ha MapIupyTa,
u K HIIUCHTUTE H TaTUu4d-
BO TOBap, IPEBO3CHO B JaJICH y4ac- 701 702 ca oe(b ne ¢ Ha CTa
TBK OT MapuIpyTa; HO H3MOJ3BaHE TOBAPOHOCHMOCTTAa Ha
¢ -HOMHMHAJIHaTa TOBAapPOHOCHMOCT | aBTOMOOWJIA IIPH Pa3HOCHH U CHOMpATEIHHU
Ha aBTOMOOHIA. MapIpyTH.
7. | Cpenno Bpeme 3a [ kypc /
— — KT
t =t +t, = +t,
VT' K
8. | Bpoii na oGopotute Z, 10 T, —t,
z, = ,
MapupyTa 3a BPEMETO B t

Hapsg T,

KbICTO tH € BpEMETO 3a HYJICBUSA np06er Ha IIOJBHXKHUA ChCTAaB,
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Ne IMoxa3aTenu Ha padoTa JInHeiiHO 00paTHMHU MapUIPYTH CnoupaTteTHU/pa3HOCHU/PA3HOCHO-
Ha NMOJABMKHHS ChCTaB Ha ChOMpaTeJTHU MapLIIPYTH
MapUIPYTHTe
TH -BpEMETO B HApsd.
9. | bpoii Ha KypcoseTe z, 3a T,—t,
BpemeTo B Hapsa T, = f =Z,Z,,
K
10. | KonmnyectBo Ha TOBapwTe — .
PATE, | 5a kype Q, =Q.Y,;
KOUTO aBTOMOOWJIBT TIpe-
BO3Ba 3a Kypc, 00OpOT H Q xo
speme B Hapsin Qy, ) 3a o6opor &y, = Q.Y -2, = Q-Z Ve, »
: =
3a BPEMETO B Hapsj QH = QO.Z 0"
11. | I3BbpiuieHa TPaHCHOPTHA | 5, Kype PK =Q _/KT;
paboTa 3a Kypc, 000poT H
ZKD
BPEMETO B HapA
P P Puo) | 3a o6opor P,=Q,.l, = q.Z(}/c./T ),. ;
i=1
zKO
3a BpEMETO B HAPsIA PH = QH./Q = ZO.qZ(}/C./T ),. .
i=1
12. | Cpemmonnesen npoGer |, lo=1z,+1,,
KBJETO /H € HyJeBus npooer.
13. | KoedpunmeHT Ha u3MON3Ba- Zeo Zyeo
He Tpobera 3a 060OpOT H I z,) I,
Bpemerto B Hapsn Py, B i=1 B, =—I=1
o > H
I Iz, +1,
14. | HeoOxomuM Opoii aBTOMO- ZQ -
A = K(0,H)
0wy 1Mo MapuIpyT AM v = _Q s
K (0,H)
5P
M P s
K (0,H)
KbICTO Z QK (O H) € KOJM4YCCTBOTO
TOBAapHU B TOHOBE, MOMJICIKAIIIN Ha IPEBO3-
BaHE OT BCHMYKH aBTOMOOMIH 3a onpenene-
HO BpeMe (Kypc, 000poT, Hapsin);
P TpaHCIOpTHAaTa
K (0,H)
paboTra, TOJIeKalla HAa W3BBPIIBAHE OT
BCHYKH aBTOMOOHIIH 3a OMPEICICHO BpeMe
(xypc, o6opoT, Hapsi).
15. | NuTepBan Ha nBuxkeHue | / to -
AM
16. | YUectrora Ha JIBHXEHUETO A _
A, A=7"
tO

SAK/IIOYEHHUE
OT HampaBeHOTO H3CIEIBAaHE MOXKE Ad

CC HAIIPpaBAT CIICAHUTC U3BOAU:

1.

[Ipe3 mocnemnuTe TOAMHU ce HaOIrOIaBa
HapacTBaHe Oposl Ha THPrOBCKUTE OOEKTH
¢ 13% (126 000 6post) mo 2012r. B pesyn-
TaT Ha KOETO MPEBO3CHUTE KOJIUYECTBA TO-
Bapu B MAJIKU MapTUAX B I'paJOBETC HECII-

PEKBCHATO pacTe MOpaan TAXHOTO HIMPOKO
U3I0JI3BaHEe INIPU TPAHCHOPTHpPAHE Ha CO-
LIUAJIHO 3HAaYMMH CTOKH.

[Ipu cwvOupaTenHuTe, pa3HOCHU U pa3HOC-
HO-CHOMpATEIIHU MapUIpyTH TPaHCHOPT-
HUA MPOHEC U HETOBUTE IMOKA3aTCJIM UMaT
cnenudurka, Koero TpsOBa aa ce OTYMUTA
IIpru MOACIIMPAHETO U OIITUMHU3aUATA MY.

H3zeecmua na Covioza na yuenume — Pyce ® 2015

24



Cepusn o Texnuuecku HayKu o

JIUTEPATYPA
[1] Harmonasnen cratuctuuecku nactutyT, HCU, 2013, www.nsi.bg.
[2] [lenueBa, B., M3cneaBane u ontuMu3anus NpeBO3UTE HA TOBAPU B MAJIKU MAPTUAM, AUCEPTALIU-
oHeH Tpya, Pyce, 2000.
[3] [TetkoB Y. ABTomMOoOUIHM mTpeBo3u, Codus. 1999.
[4] Cumeonos /1., B. IlenueBa. B3zaumopeiictBue Ha BumoBere TpancnopT, PY “Anren KbHue”.
Pyce. 2001.
[5] YcroituuBo pa3zsutue Ha pernonute. PY ”Anren Kenues”. Pyce. 2008.

AJpec 32 KOHTaKTH:

Mmar. unx. xeman Epon Tonuy
Kameopa ,, Tpancnopm “

Pycencku ynueepcumem “Aneen Kvnueg”
Ten.: 0898201679

E-mail: dtopchu@uni-ruse.bg

npod. n-p Benuzapa [lenuena

Kameopa ,, Tpancnopm™

Pycencku ynusepcumem “Ancen Kvnues”
Ten.: 082 888 377

E-mail: vpencheva@uni-ruse.bg

Hacrosmata cratus e u3rorBeHa ¢ ¢puHaHcoBara nomouy Ha EBponeiickus comuaieH (GoH.
PycenckusT yHuBepcureT ,,AHren KpHueB” HOCH 11s71aTa OTTOBOPHOCT 3a ChIBPIKAaHUETO HA HACTO-
AU TOKYMEHT, U NPU HUKAKBU 0OCTOSITENICTBA HE MOXKE J1a ce MprueMe KaTo o(puUIIMaTHa MO3HIINS
Ha EBporneiickus cpi03 i MUHHCTEPCTBOTO HAa 00pa30BaHUETO U HayKaTa'.

IIpoekt: Ne BGO51PO001-3.3.06-0008 ,,Ilonnomarane u3pacTBaHETO Ha HAyYHUTE KaJapH B
WH)KCHEPHUTE HayKH U MHPOPMAIIMOHHUTE TEXHOJIOTHUH .

H3zeecmua na Covioza na yuenume — Pyce ® 2015
25


http://www.nsi.bg/
mailto:dtopchu@uni-ruse.bg
mailto:vpencheva@uni-ruse.bg

Cepusn o Texnuuecku HayKu o

CTEHA-CUMYJIATOP 3A KAJIMBPUPAHE HA YPE/IU, U3BMEPBAILIN
IHAPAMETPHU HA IBU/KELIN CE OBEKTHU

Xacan XacaHoB, Anekcanabp JonueB, Momuun Kupunos
Texuuuecku ynusepcumem - [ abpogo

STAND-SIMULATOR INSTRUMENT CALIBRATION, MEASURING PARAMETERS OF
MOVING OBJECTS

Hasan Hasanov, Aleksandar Donchev, Momchil Kirinov
Technical University of Gabrovo

Abstract: This article presents a model system for verification and calibration of measuring instru-
ments working on moving objects, and in particular - of vessels. The system is a stand-simulator
based on a six-degree-of-freedom Stewart Platform which provides the necessary sensitivity, ma-
noeuvrability and precision of movement of the working platform. Based on the mathematical mod-
el developed kinematics of mechanical module is designed sufficiently effective control algorithm,
which is presented in detail in this work..

Keywords: Calibration system; Parameters of moving objects; Dynamic measurements&accuracy.

3aTPYAHCHUA B TOBA OTHOIICHHUC Bb3HUKBAT OT

BBBEJAEHUE 00CTOSTEIICTBOTO, Y€ B 00JIACTTa HA TUHAMMY-

W3mepBaTenHuTe cpencTsa, OMpeness- HUTE U3MEPBAHMS HE CHIIECTBYBA JOCTATHUHO
1 TTapaMeTpH Ha MOABUXHHU 00EKTH, paboTAT nobpe pasBura erajoHHa Oa3a. ToBa Baxu
B YCIOBHUSITa HAa JAMHAMUYHU Bb3ACHCTBUS, 0COOCHO 32 M3MEpBATEITHUTE CPENCTBA, OMpe-
00yCJIOBEHH NP BCHUKO OT JBMKEHUETO HA TSI TTapaMeTPHUTE Ha JIBIDKCHHE Ha Kopa-
camure o0exTu. Te3n ob0exTH Morar na Obnaar 0a.
caMoJIeTH, KOpaOu WM CyXOMbTHU TPAHCIIOP- ETo 3amo oGe3neyaBaHeTO Ha METPOJIO-
THU cpeacTBa. JluHaMUuyHUTE BB3ACHCTBUA rUYHAaTa JIEWHOCT, CBhp3aHa ¢ KaTMOpUPAHETO
OKa3BaT BIUSHUE BBPXY paboTara Ha H3MeEp- (calibration), mpoBepkara, HacTpoWkara u Jap.,
BaTEJIHUTE CPEACTBA, KOETO CE U3pa3siBa Mpeau B Ta3W O0JIaCT € CBBP3aHO C PEIIaBaHETO Ha
BCHUYKO C HaMasiIBaHE Ha TOYHOCTTa UM B peauna NpaKTHIECKd U TEOPETUYHU 3a/1auu [2,
JuHaMu4eH pexuM. KomudyecTBeHUAT mokasza- 3]. B ocHoBarta Ha BCHYKH TsX obade CTOU
T€JN 3a OIpelessHe Ha TOYHOCTTAa B JUHAMHU- 3a/1auaTta 3a Ch3/IaBaHE Ha JOCTAThYHO (YHK-
YEeH pEeXUM € JUHAMHUYHATa TpElIKa, YUATO LMOHAJHA U MPUTEXKaBallla €TaJIOHHU CBOWCT-
OCHOBHa CBHCTaBJIsABAIllA 3aBUCU OT HHEPIIHO- Ba aBTOMAaTH3HMpPaHa CUCTEMA 3a BH3IIPOU3BEK-
HOCTTa Ha ypeauTe U JUHAMUYHUTE XapakTe- JlaHE Ha BEJIUYMHUTE, KOUTO XapaKTepu3Hpar
PUCTUKHN HA U3MEPBAHUTE U BIIHMSCIINTE BEIIH- MOJIOKEHUETO | JIBIDKCHHETO Ha Kopaoba.
yuHU. Ta3W chCTaBisABaIlla Ha JUHAMUYHATA HampaBenute uscnenaBaHusi B Ta3u 00-
rpenika ce Hapuya HHEpIUOHHA U OOMKHOBEHO nact [4, 5, 6, 7], KAKTO ¥ aHANU3BT HA Xapak-
MpueMa CTOMHOCTH, KOUTO 3HAUUTEITHO Mpe- TEPUCTUKUTE, NeUHUPAIIN ABIKCHUETO Ha
BHIIIABAT OCTAHAJINTE CHCTABKH Ha TpeEIIKara Kopa0a Mo miecTre My CTENeHH Ha cBoOoja
ot u3Mmepnane [1]. ETo 3amo BaxxHu 3a1ayu 3a [8], moka3axa, ye HaW-MOAXOASAIIUAT BapHAHT
METpPOJIOTMYHATa HayKa B Ta3Mu o0iacT ca Ka- 3a HEMHOTO MoCTposiBaHe € Ha 0a3ara Ha Me-
TUOpUpPAHETO HAa W3MEPBATEIHUTE CPEICTBA, XaHU3MU C MapajieTHa KHHeMaTHKa (XeKCaro/1
OIICHSBAHETO W KOPEKIUATA Ha TPEIIKUTE OT C IIECT CTENeHUu Ha cB0Ooa). Te3n mexaHus-
H3MEpPBaHE. MU MPUTEKABAT PE/IMLIAa JOCTOMHCTBA, TAKUBA

[IpakTrueckoTo pemiaBaHe Ha Te3W 3a- KaTO BHCOKa YYBCTBUTEIHOCT, MAaHEBPEHOCT,
Jlayyl Hajlara €JHO OCHOBHO YCIJIOBHE, a UMEH- TOYHOCT, T'OJIEMH JIONYCTUMHU HATOBapBaHUS,
HO - HaJIM4YME Ha JOCTAaThYHO (DYHKIIMOHAIHA HAJIeXKTHOCT, KOMIAKTHOCT W Jp. Bwopexu
3a CbBPEMEHHUTE CTaHAApTU anaparypa, npu- TOBA, BCIEJACTBUE Ha peauua npuuusau [9, 10,
TexaBalla pe)epeHTHU KauecTBa. 3HAUUTEITHH 11], peanusupaHeTo Ha rojieMusi MOTEHIIHAI,
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KONTO MMaT Te3M MEeXaHW3MU B H3MepBarTel-
HaTa TEXHUKa € TBHBPAC HCECAOCTATHBYHO B
nHemHo Bpeme. Cpen Te3uw NPUUMHHU  ca:
CIIO)KHOCTTAa Ha YIpPABJICHHUE Ha aKTyaTOPHTE;
HEembJIHATa TeopeTHyHa 0a3a, oOyciaBsIa
MPUBCKIAHETO HA BCIWYUMHUTE, BDB3IPOU3-
BEX/aHU OT TE€3W MEXaHU3MHM, B YCIIOBHS,
o0e3rneyaBaly METPOJIOTHYHA TPOCIIEITUMOCT
Ha MU3MepBaTellHaTa eMHUIA; HeJoCTaThbyHAaTa
MPEUU3HOCT HA METOJIUKUTE, NO3BOJISIBALIA /14
ce MoJlyyaT KakTO ONTHUMAJIHU BapuUaHTH Ha
KOHCTPYKIMUTE, TaKa WU HaW-MOJXOISAIIUTE 32
n30paHaTa KOHCTPYKLHUS alTOpPUTMH Ha YII-
paBlieHHE, KOWTO IWIe OCUTYpAT 3ajJajJieHaTa
TOYHOCT 3a BB3MNPOU3BCKIAHEC HA CTATUYHU U
JMHAMUYHU BEJIMYUHU U JP.

BbB Bpb3Ka ¢ BCHUKO TOBa, 0coOeHa ak-
TyaJHOCT MpHUIoOMBa 3ajadata 3a pa3padoT-
BaHE Ha YCJIOBHSTA, OO€3MeYaBalld PeasHo
NPUIOKEHNE Ha Bb3MOKHOCTUTE HAa MEXaHU3-
MUTC C IapaJiciHa KMHEMaTHKa B CUCTCMHUTC
3a TMpoBepKa Ha JAMHAMHUYHATa TOYHOCT Ha
CpeacTBaTa, W3MEpPBAIIM MapaMeTpu Ha JIBH-
eI ce 00eKTH, KOETO € U LIeJTa Ha HACTOosI-
miaTta paboTa.

CTPYKTYPHA CXEMA HA CHC-
TEMATA

OO6o0menara CTpyKTypHa cXeMa Ha CHC-
TeMaTa € mokazaHa Ha ¢ur.l. MexaHU4YHUAT
MOJTyJl Ha arapaTypara ce yIpaBlisiBa OT KOM-
MIOTHP, @ BpBh3KaTa MOMEXKIY UM € OCBIIEeCT-
BEHA IIOCPEJICTBOM TOJXOJIAN] HWHTEpdeic.
MonenbT Ha 3amaHueTo, (GOpMyITUpaH upe3

KOMITIOTHPA, € 00pa3yBaH Bb3 OCHOBA Ha CTe-
MEHUTE Ha cBOOO/a Ha paboTHaTa Tuiaropma
oT MexaHuuHus Moayi. [lopamu xKoeTo, KakTo
€ TIOKa3aHo Ha (ur.l, 3a1aHUEeTO Ce CHCTOH OT
TpH BIII0BU (popmynupanu ot praute Ha Oii-
JIep) ¥ TPU TIPABOJTMHCHHU JBUKCHHSL.
MexaHUYHUSAT MOAYJNT Ha cHUcTeMaTa
MpeJCTaBisBa MISCTCTEIIEHHA TUIaTgopma Ha
Crroapn (xekcamoj), a BHHITHUST BUJ Ha pa3-
paboTeHus 3a meiTa MPOTOTHII € MPEICTaBeH
Ha ¢ur.2. MoaynbT uMa MIECT KUHEMATHUYHU
BEPUTH, CheIUHSABANIM paboTHATa TUIaTdhopma
1 ¢ ocHoBara 2 (¢ur.2). BeB Bcsika egHa oT
TE3W CHSJAMHHUTCITHH BEPUTH TPHCHCTBAT JIBE
chepryH KHHEMAaTUIHH JIBOWKH M €J{Ha TI0C-
ThIATeNHa, CHA0eHA ChC 3aBMKBAHE.

ITOCTAHOBKA HA 3AJIAYATA

B ocHoBara Ha mMaTemMaTHuecKHUs MOJEN
CTOAT 33JaUYNTE Ha KUHEMATHKaTa U JUHAMHU-
KaTa Ha MEXaHU3MUTE ¢ NapajesHa CTPyKTypa.
B Hacrosius aHanu3 1€ c€ OrpaHu4YuM CaMo
710 U3CIIe/IBaHe, MO3BOJISABAILO ChCTABIHETO HA
MaTeMaTH4ecKu MojieN, AeuHupan] 3aKoHa
Ha JBIKeHHe Ha paboTHarta miuatdopma (PII)
BbB (DYHKIIMS HA €IEMEHTApHU MPEMECTBAHUS
Ha aKTyaTOpHTE, T.€. B YCIOBHUATA HA 3aja4ara
Ha KNHEMAaTHKaTa.

3ajadaTa Ha KMHEMaTHKaTa JaBa pele-
HUE 3a 3aBUCUMOCTUTE HA U3XOAHUTE KOOPAH-
Hatu Ha PII, T.e. Ha 0600IIEHUTE KOOPAUHATH
OT U3MEHEHHMETO Ha ABDKMHUTE Ha aKTyaTo-
pure.

Assignment

&
<

Connection
and control |« >
interface

Computer

Power supply

Mechanical module

Fig. 1. Generalized block diagram of the calibration system
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Ta3u 3amaua Moxe Ja ObJe paszeneHa Ha JiBe
yacTu - IpaBa U oOpaTHa 3anada. [IpaBara
3aJja4ya € CBbp3aHa C ONpEEIsIHE Ha U3XOIHU-
T€ KOOPJIUHATH, KOraTO ca M3BECTHU IbIIKH-
Hute. Llenta npu pemasane Ha oOpaTHaTa 3a-
Jlada € Jia ce ONpeaeNd U3MEHEHHETO Ha JIbJI-
KUHHUTE, KOraTo ca 3aJaJeHU U3XOJHUTE KO-
OpAMHATH, KOETO ChBIaJa C JeKJIaphpaHaTa
mo-rope Lei Ha Hacrosmara pabora. Cbcra-
BSHETO Ha O0IIWTE ypaBHEHHUs Ha oOpaTHaTa
3ajjaua Ha KWHEMaTuKaTa € OOeKT Ha peaula
nyOnukanuu, Hanpumep B [2, 3]. B 3aBucu-
MOCT OT KOHKPETHOTO NPUJIOXKEHUE Ha TE3U
MEXaHU3MHU BB3HHMKBAT peAMlla YaCTHU CIy-
Yaif, CBbp3aHU C pEIIeHHeT0 Ha oOpaTHaTa
3aJlaya Ha KUHEMaTukara. Te3u 4acTHU cilydan
MMaT BaXHO 3HAY€HUE IPHU ChCTAaBSIHE Ha Ma-
TEMaTUYECKHUsI MOJEN Ha pasriiekJaHaTa ana-
paTypa, 3amoTo aepuHUpaT 3amajeHara Tpa-
exTopus Ha AsuxeHue Ha PII B 3aBucumoct ot
€JIEeMEHTAapHUTE MTPEMECTBAHMSI HA MOABHKHU-
Te eJeMeHTH Ha akryaropute. Ha Gazata Ha
KOHCTPYKTUBHHUS MoJien OT (ur.2 e cbcTaBeHa
ChOTBETCTBAIllaTa KWHEMAaTHYHA CXeMa Ha
XeKcarnoja, mokazana Ha ¢ur.3. Pasrinexmaiiku
aKTyaTOpPUTE B yCIIOBUSATA Ha 3aJadara Ha KU-

HEMAaTHKaTa MOYKEM Ja IIPUEMEM, Ye Te MpeJIC-
TaBIsBaT OE3TETJIOBHU TPHTH, O3HAUYCHH Ha
¢ur.3 ¢ B:/P, i = 1,2,...,6. llpprute B;P; ce
CBCTOAT OT JIBA €JIEMEHTA, CBBP3aHU C MOCTh-
naTteJHa KWHeMaTuuHa JBodka. Toukute P;
nexaT Ha paborHara tuiardopma (¢wur.3), pas-
MOJIOKEHU BBPXY OKPBKHOCT C paguyc 7 u
ueHTsp Op, ChbBOAAAI] C MAacOBHS IIEHTHP Ha
PII. Bepxy HenoaBuKHaTa OCHOBA €a yCTAHO-
BEHU TOUYKUTE B;, J€KaIU BbPXY OKPBAKHOCT C
pamuyc R u uentsp Op. [IbpBUAT €neMeHT Ha
BCEKH €IMH OT MPBTUTE € CBBbP3aH IIAPHUPHO
C OCHOBaTa M HMa BB3MOXKHOCT 3a BIJIOBO
npeMmecTBane chpsamo Hes. [locTemartenHara
KMHEMAaTU4YHa JIBOMKA OCHUTYpsiBa JUHEUHOTO
JBUKEHUE HA BTOPHS €JIEMEHT B HaIlpaBJICHU-

€T0, 1ePMHUPAHO OT EIMHUIHHUTE BEKTOPH €, ,

CBBp3aHU CbC CHOTBETHUTE NMPHTH B;P;.

Henoasuxnata KoopAMHATHa CcUCTEMa
OpXYZ e cBpp3aHa ¢ OCHOBaTa, KaTo LEHTBbPA
U ceBnaga ¢ Touka Op, a oc OpZ ¢ Haco4YCHa
no Hopmanara. C paborHata miuatdopma e
CBbp3aHa MOJBUKHATA KOOpPAMHATHA CHCTEMa
Opxyz. Pazctosinuero mexay Toukute Op u Op
B HA4YaJIHO TMOJIOKEHUE € H.

/

./_

/

Fig.2. Mechanical module of the system

H3zeecmua na Covioza na yuenume — Pyce ® 2015



Cepusn o Texnuuecku HayKu o

Operating
platform

Fig.3. Kinematic diagram of the mechanical module

B xunemaTuuyaus moaen ot ¢ur.3 ca 03-
HAYCHHU CIEAHUTE PaNyC-BEKTOPH, Ne(DUHU-
paly KMHeMaTuKaTa Ha cucTemara:

e R - paaMyc-BEKTOp A0 TOUKHUTE B,
nmpeAcTaBeH B a0CoNOTHATa KOOpPJIWHATHA
cucteMa OpXYZ;

® 7. - PaguyC-BEKTOp 10 TOYKHUTE P; OT
mwiardopmara, 3a7aieH B HEMOJBIKHATA KO-
opauHaTtHa cucrema OpXYZ;

® ¢, - CIMHUYEH PaJUyC-BEKTOP, CBBP-

3aH C aKTyaTOpHTE, Ei| =1;

e [, - panuyc-BEKTOp Ha i-TUSl aKTya-

Top, L, =B.P =L ¢ i=12,...6.

O0001meHn KOOpAMHATH, AepUHHUPA-
1M IBH’KEHHETO HA padoTHaTa miaaTgopma

OCHOBHOTO TpeJHa3HAYEeHNUE Ha CTEH]-
cUMyJaTopa € Ja Bb3IPOU3BEAE IBUKEHHETO
Ha IUIaBaTEJIEH CbJ, IPU KOETO CHUTHAIUTE,
nepUuHUpaII TOBa JBWXEHHE, Ca U3pa3eHH B
Y3aKOHCHHU CIWHHIN, a CTOMHOCTHUTE WM cCa
W3UYUCIIEHH C IpHUHAJJIeKaliaTa HEOIpeaee-
HOCT Ha M3MEpBaHe U € 00e3ledeHa TIXHaTa
IpocIeIUMOCT J10 pedepeHTeH eneMeHT. Toa
OTroBapsl Ha yCIJIOBHATA, 00e3MedaBalyl eq1H-
CTBOTO Ha u3MepBaHuATa. KopabbT nma miect
CTENIEHU Ha CBO0OOMA, OTKBJIETO M ChCTaBIIA-
BalllUTE Ha KOJIEOATETHOTO MY JBMXKCHHE ca

cpio mect. [locnennure ce aepuHUpar OT
ecT 06001eH! KOOPAUHATH.

B®B Bpb3Ka C BCHUKO TOBa MOXEM Ja
0000IMM, Y€ OCHOBHHUTE CBLCTABJISIBAIM Ha
nsmxeHuero Ha PII, u3pazenu upe3 TepMHUHO-
JorusiTa OT yIpaBJeHHEe Ha Kopaba, ca:

® HA/NIBKHO-XOPU30HTAITHU KOJIeOaHuUs
(surge) — MOCTHIIATETHO-KOIEOATEITHN JIBHKE-
HUsI Ha KOpaba B HampaBJIeHHE, CHBIAIAIIO C
MOCOKaTa Ha CKOPOCTTa Ha HETOBHS XOI -
nsmwkenue Ha PII mo Hanpasnenue Ha oc OpX,
ompesieseHo oT 00obImenara KoopanHara Xp;

® HAIIPEYHO-XOPU3OHTAIHU KOJIeOaHUs
(sway) — mocThIIaTeTHO-KOJICOATEIHN JIBUXKE-
HUS Ha ChJa B HAINpaBIIEHHE, KOETO € YCIIOo-
pelHO Ha paBHHMHATa Ha CPEIHOTO pedpo Ha
Kopaba - nemxenue Ha PII mo nampaBnenue Ha
oc OgY, ompeneneHo or o0o0IIeHaTa KOOPAU-
Hata Yp;

e BepTUKanHO kiateHe (heave) — moc-
THIIATEITHH KOJIEOaHUsI BbB BEPTHKAJIHO Harll-
paBlieHHe, T.. PeIyBalll ce M3IUIaBaHE H I0-
TansHe Ha ChJla 3a€JHO C LEHThpa My Ha Te-
XecT - nBrwkeHue Ha PII mo HampaBnenue Ha
oc OpZ, onpeneneHo otT o0o0IIeHaTa KOOpaAU-
HaTa Zp;

e kmieBo kinateHe (roll) — brioBu Ko-
nebaHUsl Ha Kopaba OKOJIO HallpeyHa oc, Je-
)Kala B paBHUHA yCIIOpeHa Ha paBHUHATa Ha
cpenHoto pebpo, T.e. penymail ce audepeHT
Ha HOca M KppMmata - poranus Ha PII okono oc
OpX, nepUHUpPaHO OT BIIIOBATA KOOPAUHATA

H3zeecmua na Covioza na yuenume — Pyce ® 2015

29



Cepusn o Texnuuecku HayKu o

e 0opnoBo kmateHe (pitch) — brioBu
KojeOaHusl OKOJO HaThKHA OC, JieXala B
IraMeTpaiHaTa paBHMHA Ha Kopaba, T.e. pe-
JyBalll ce KPeH Ha JIeBUs U JeCHHs OopA - po-
tamst Ha PIT okomo oc OpY, neduHupano or
BIIIOBATa KOOpAUHATA f3;

® BIUIOBU KOJIeOaTeTHH IBUKEHUSI OKO-
JI0 BEpPTHUKAJIHA OC, IPEMHUHABAIIA MPe3 EHTh-
pa Ha TeXecT Ha kKopaba (yaw) - poramusi Ha
PIT okono oc OpZ, nepuHupaHo OT bIIIOBaTa
KOOp/WHATA .

[Tonoxxennero Ha mnarpopmara B He-
MOJIBM)KHATA KOOPIWHATHA CHCTEMa Ce OIpe-
Jelis ¢ 6-MepeH BEeKTOP-CTHJIO OT BUIA

R, :[XP Y, Z, a P V]T (1)
[IlecTTe KOMIIOHEHTH Ha BCKTOpa Ha I10-

JIOXKCHUCTO RP 3aBHUCAT OT AOBJDKMHUTC Ha

OTJIEJTHUTE AKTyaTOpU L; U KOHCTPYKTUBHUTE
pa3MepHl Ha MexaHHM3Ma C MapajieJJHa KuHema-
tuka (MIIK).

BexkTopHM ypaBHeHHusl 3a onpeneJisiHe
ABJKUHUTE HA AKTyaTOpHUTe

B ocHoBaTta Ha Te3uM ypaBHEHHS CTOH
BEKTOPHO CHOTHOILIEHHUE, KOETO €€ OTKpOsBa
SICHO Ha KUHEMaTU4yHaTa cxema oT ¢ur.3, T.e

0,0, +7 =R +L,, )

kpaero 0,0, = Pe paanyc-BeKTOpBT 1O Ha-
JaJloTO Ha TIOJBMKHATA

KOOpJAuHaTHa CHCTCMaA,
nim

P+r =R +1L,. 3)
TpumepHUAT BEKTOP-CTHIO 77, MOXe J1a
6’5)16 NpEeaACTaBCH YpEC3 BCKTOPHOTO CBHOTHO-

HICHUE

r,=[T]r", (4)

1
~p
KBACTO 7; € TPUMEPEH BCKTOp-CT’LJ'I6 Ha KO-

opAMHATHTE Ha chepuyHuTe mapHupu Ha PIL;
[T] e xBaapaTHa 3x3 marpuia, TpaHcHoOpMHU-
paia OpHeHTAIMsITa Ha TOBI)KHATA KOOPIH-

cosa.cosy + sino COSﬁ

—cosa.siny +

HaTHa cuctemMa Opxyz COPSAMO HEMOABHM)KHATA
OpXYZ.

Tpancdopmupamara marpuna [7] e cbe-
TaBeHa OT IIOCOYEHHUTE KOCHUHYCH Ha TpHUTE
OiinepoBu vrau o, B u y. 'eomerpuyHara uH-
Tepriperanus Ha Marpuuata [7] ce u3passBa
4ype3 TpU KpailHW 3aBBPTAHHS, ONPEICISIIN
U3LSII0 TIOJ0KEHUETO B BITIOBO OTHOIIEHUE Ha
MOJIBW)KHATA KoopauHaTHa cuctema Opxyz
oTHOCHO HemojBwxHata OpXYZ (¢pur.4). Ma-
TEMaTUYECKHUAT 3alUC Ha Ta3u MaTpula ce
orpesiesis OT MaTPUYHOTO MPOU3BEICHHE

[71=[r, 11, ]I, ] (5)
Marpunara [7,] onpenens briaioBoTo 3a-
BbpTade Ha PII okono oc OpZ B monoxxeHue,

nepuHUPAHO OT KOOpJAWHATHATA CHCTEMa
0,x"y'z" (pur.4), a chOTBETCTBAIIUSAT 3AITUC €

cosa sina 0

[T, ]=|-sina cosa 0]. (6)

a

0 0 1
Crnenpamure JBe pOTalllu, KOUTO Ca Ch-
OTBETHO 0K0JO o¢ O,x" ¢ 0000IIeHa Koopau-
HaTa 3 U 0KOJIO Ooc O,y" OT MEXJUHHATA CUC-
"

tema O,x"y"z" c BI'bJl Ha 3aBbpTaHe ¥ (pur.4),
MoraTr Aa ObJaT NpeACTaBEeHH MOCPEICTBOM

MAaTpPHIUTE
1 0 0
[TB ]: 0 cosPB sinf|, @)

0 -sinf cosp

cosy 0 —siny
rl=l o 1 o | (8)

siny 0 cosy
3amectBaiiku (6), (7) u (8) B (5) momyda-
BaMe OOIIMs BUJ Ha TpaHChOpMHUpalaTa Mat-
puta (9):

+ sina.sin .siny

—sina. +
[T]= SUQ-COSY T cosa.cos B
+ cosa.sin B.siny

+ sina.sin .cosy
sina.siny +
+ cosa.sin B.cosy

cos 3.siny —sin B cos 3.cosy

©)
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Fig.4. Diagram defining the geometry of the angular rotations of the coordinate axes

BekTopbT Ha MOJ0KEHUETO HA LEHTHPA
Ha PI1 P mie Obne

XP
P=|7Y, (10)

N

P
Ot (3) u (4) cnenBa BEKTOPHOTO ypaBHEHHUE

- - .
L =P+[Tlr" =R, i=12,.6. (11)

[Topauraitku Ha KBaApaT BEKTOPHOTO
ypaBHeHue (11) m B3emailiku B mpeaBui, ue
e’ =1, momyJaBaMe CIEIHOTO ypaBHEHHE 3a
onpeJesHE Ha AbJDKUHUTE HA aKTyaTOpPUTE:

2 . . . P
L =[(cosa.cosy + sina.sin B.siny)r} +
. 2 .
+sina.cos [3.;3; +X, - Rl.x] +[(=sina.cosy + (12)
+cosa.sin B.siny)rl +cosa.cos [3.;3; +
. . 2

+7, —Riy]2 + [cosﬁ.smy.rlf —sznﬁ.r; +ZP] .

OueBuHO €, Y€ penieHneTo Ha oOpaTHa-
Ta 3aJaya Ha KUHEMaThKaTa MoOXxe na Oblae
MOJTYYEHO B sSIB€H BHUJ (SIBHU aHAIUTUYHU 3a-
BUCUMOCTH OT Xp, Yp, Zp, @, 3, ¥), 32 paznuka
OT IIpaBaTa 3a/laya Ha KHHEMaTuKara.

OBOBILIEHHUE

VYpasHenus (12) naBaT Bpb3KaTa MEXIy
MOJIOKEHUETO Ha paboTHaTa Iulatdopma MO
[IECTTE U CTENEHH Ha CBOOOJA M CHOTBETCT-
BalllUTE JBJDKUHU Ha HIECTTE akTyaTopH. Te3n
ypaBHEHHsI Morar Ja ObJaT MpPeICTaBeHU B
HEsIBEH BUJI OTHOCHO BpemeTo. ClieZJoBaTeIHo,
T€ JaBaT BB3MOXKHOCT 3a Je(UHUpAaHE HA Ma-
TeMaTh4yecKkaTa 3aBUCUMOCT MEXy 3aKOHa Ha
nerkenue Ha PII u 3akoHuTe 3a ynpaBieHue
Ha aKTyaTOpUTE.

ToBa ycnoBue Moke aa Ob/ie U3ITBIHEHO
ype3 nedpuHMpaHe HA MACHBH OT JIaHHH,
CTPYKTYpPUPAaHH OTHOCHO IIecTTe 0000IIeHn
koopauHatu Ha PII, T.e.:

X, =[xl x2 xi,..,x:];
Y, =y, Y2, v, .. v];

z,=12}.2;.2},...2}; (13)
az[al,az,of, ,a”],
p=[p'. B B, .. B"];
y=ly vty eyl

IIo KOOpJuHaTaTa Ha BpEMETO TC3U Ma-
CHUBU MOrart aa C€ MmpEeacCTaBiAT KaTO AUCKPCET-
HHUTE CTOMHOCTH OT K€JIaHHUs 3aKOH 3a JABHIKC-
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Hue Ha PII, ¢ukcupanu B mocnemoBaTeTHHUTE JUHAMUYHUTE U3MEPBaHMs, 3aI0TO IIPU TIX €
MoMmeHTH OoT Bpeme [12]. Taka Hanpumep npu HeoOXoauMoO Ja ce o0e3neyd TOYHOCTTa He
CUHYCOMJIAJIEH 3aKOH Ha JBW)XCHUE MAaCUBBT CaMO Ha BEJIUMYMHUTE, HO U HA TAXHOTO U3MeE-
OT JJaHHM 3a KoopauHaTaTta Xp ce opmupa ot HEHHUE BBB BPEMETO. 3a rojsiMa 4acT OT BEIIU-
X = Xp(t,)=A4,. sin(oa» c1;+0 h), YUHUTE, ONpPEACIIIN MOJ0KEHUETO Ha KOpa-
j=12..n (14) 0a cnpsMO BOJHATa MOBBPXHOCT, HE CBIIECT-

ByBa HeoOXoIuMara etajoHHa 6a3za. ETo 3armo
ype3 IpelcTaBeHaTa B Hacrosmara padorta
aBTOMATU3WpaHa CUCTEMa Morar Ja ObJatr
PELICHN BaXKHU 3aJaud B Ta3W 00JACT HA MET-

ToraBa MacuBBT OT CTOMHOCTH 3a YII-
paBJIeHHE Ha i-mus aKTyaTop Iie ce oOpasyBa
BB3 OCHOBA Ha (12) 1 uma Buaa

L=, ], i=12..6.  (15)

poJiorusTa.

Croiinoctute oT Macusa (15) ca crporo BBB Bpb3Ka ¢ TOBa, MEXaHUYHUAT MOIYJI
(QuKCHpaHUTe 3HAYEHHUs HA WIECTTE aKTyaTopa Ha CHCTEMAaTa € U3rpaJcH BbB BUJ Ha XEKca-
3a MOCJICAOBATCIIHUTC JUCKPETHU MOMCHTHU OT OJI C MIECT CTEIIEHU Ha 03060)13, KOETO OCHU-
BpeMe, JeQUHHUpAIlY CHOTBETCTBALIUTE KM rypsiBa HEOOXOauWMara YyBCTBUTEIHOCT, Ma-
3aKOHH 32 yNPaBJICHHE. HEBPEHOCT U TOYHOCT 3a BB3IPOU3BEKIAHE HA

OcurypsiBaHeTO Ha HEOOXOIMMHTE YC- 3amanenoto naBwkenne Ha PII. Paspaborenust
JIOBHA 3a TapaHTUPAHE Ha TOYHOCTTA Ha H3- MaTeMaTHueH MoJieJ Ha KWHEeMaTuKaTa Ha
MEpBaHUATA € €IHA OT OCHOBHHUTE 3aJa4d B MEXaHUYHUS MOJIYJ JaBa BBb3MOXKHOCT J1a Ce€
METPOJIOrMYHATa TCOPHs M NpakTHKa. B ToBa Ch3/1ajie JOCTAThYHO €(PEKTHBEH AITOPUTHM 32
OTHOLIEHWE 3HAYUTEIHO MO-TPYAHHM ca 3aja- yIIpaBJIeHHE.

YUTEC, KOUTO CTOAT 3a pCIIaBaHC B o0OyacTTa Ha
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AHAJIM3 HA KPUIITOT'PA®CKUTE METOAU, KPUIITOIT' PA®CKUTE
PEXXUMMU U ATAKHN

Bukropus Pamkosa
Pycencku ynusepcumem ,, Anecen Kvnues”

ANALYSIS OF CRYPTOGRAPHIC METHODS, CRYPTOGRAPHIC MODES AND
ATTACKS

Victoria Rashkova
., Angel Kanchev” University of Ruse

Abstract: The Internet is an important tool for exchange of messages, for sending and sharing in-
formation; for online shopping; video-conferencing; searching information, etc. One of the big
problems with the development of information technology becomes the protection of user data.
Without appropriate safeguards, these data are susceptible to interception, deletion, modification or
addition during transmission, so the confidentiality and integrity of certain information must be pro-
tected with cryptography tools. Cryptographic attacks are designed to subvert the security of cryp-
tographic algorithms, and they are used to attempt to decrypt data without prior access to a key.
They are a part of Cryptanalysis, which is the art of deciphering encrypted data. Cryptanalysis and
Cryptography form the science of Cryptology. This paper gives an over view of the basic cryptanal-
ysis techniques, cryptographic modes and cryptographic attacks.

Keywords: cryptography, cryptanalysis, cryptology, cryptographic attack, cryptographic mode.

BBBEJAEHUE K1 anropuTbM. HeoOxoaumocTra OT M3MOIN3-

WHTepHeT e Bak€H MHCTPYMEHT 3a 00- BaHETO Ha MaTeMaTHMYeCKU HHCTPYMEHTH ce
MEH Ha ChOOLICHHMS; 3a M3MIpaIlaHe U CIHoje- Hamara mopaau (akta, 4e KpUNTOTrpaCKUSAT
JsiHE Ha MH(OpMalMsl; 3a OHJIAaiH Na3apyBaHe; QITOPUTHM € MaTemMaThuecka (YyHKUUS, U3-
BUJICOKOH(EpPEHTHA BPB3Ka; ThPCEHE Ha WH- MOJI3BaHA MPU TMPOIECUTE HA KPHUIITUpPAHE U
dbopmarus u np. Equn ot ronemute npodiemu JEKpUNTUPaHE. Y CTOMYMBOCTTA HA KPHUIITOT-
C Pa3BUTHETO HAa HH(POPMAIIMOHHUTE TEXHOJIO- padCckus anropuThbM W TailHaTa Ha KIIOYBT
MM € 3allUTaTa Ha MOTPEOUTENICKUTE JaHHH. OTIpe/IeNAT HUBOTO Ha CUTYPHOCT Ha KPUITHU-
be3 nmoaxopsmy mpennasHu MEpKHU, TE3U AaH- panara undopmanus. Kpunrorpapckuar mm-
HU ca MOJATJIMBU Ha MpHUXBallaHe, U3TPUBaHE GBp ce cMmsATa 3a CUTYPEH, aKo 3a HEro ca He-
Y TIpOMsIHA TI0 BpEME Ha MPEJaBaHeTO UM, TaKa 00X0AMMH MHOTO TTOBEYE CPECTBA U PECYPCH,
4ye MOBEPUTENHOCTTAa U LIEJOCTTa Ha OIpeje- OTKOJIKOTO OM Omia obnarara cies; HEroBOTO
neHa uHpopmalus, TpsaOBa aa ObaaT 3aluTe- pasmugpposane [1, 9]. Crarusita npeacrass
HU ¢ KpunTtorpadceku cpenctsa. Kpunrorpad- OCHOBHUTE TE€XHMKH Ha KpUIITOAHANIU3, KPHUII-
CKUTE aTakd ca MpeIHa3HauYeHW Aa pazOousT Torpad)CKUTE PEKUMU U KpUOTOrpadCKUTe
CUTYPHOCTTa Ha KPUITOTrpaCKUTE aJroOpuT- aTaKy.
MU, 0e3 1a uMaMe J0CThII A0 Kimod. Te ca yact
oT KpunroaHanusa. Kpunronorusita e Hayka, METOAUN HA KPUIITOAHAJIN3
KosiTo obenunsaBa Kpunroananusa u Kpunror- OCHOBHMTE METOJIM Ha KPUIITOHAJIN3 Ca:
pa(bm{Ta. KpI/IHToaHaJ'II/IS”bT Hn3ydyaBa aHaJIU3U- e Yecmomen ananus3 (ﬁ'equency
PaHETO Ha METOAUTE U CPEACTBATA, KOUTO CE analysis) — V3M0I3Ba CTATUCTUYECKU TAHHM 32
W3MOJI3BAT, 32 Jia Ce pa3Oue JaJeH KPHUIITOr- gecToTaTa Ha M3IMO0JI3BaHe Ha OYKBHUTE B Jajie-
padekn mmdwp ¢ Hen xa ce pasdepe KPUITor- Ha a30yka. [Ipu Hero ce THPCAT YECTO TOBTa-
padckus KiIr04, 1 1a ce Aermudpupa mpaBuITHO psamy ce OYKBU WM AYMHU B MIUPPOTEKCTA H
3HaUY€HHETO Ha OTKpUTHUs TeKCT [13]. Toi cb- C€ TpaBIT MPEANOJIOKEHHUS 3a OTKPUBAHETO
YyeTaBa aHAJUTHUYHOTO U JIOTUYHO MHUCIEHE C uM. [lpu npaBuiaHO pasmmdpoBaHe Ha MOBTaA-
pa3IMYHU MATeMAaTHYE€CKH HWHCTPYMEHTH 3a pAIIMTE ce CUMBOJIM, T€ CE€ 3aMECTBAT B OCTa-
ONTHMAaJHa aTaka cpelly JajeH Kpunrorpade- Hajata 4acT OT IUQPOTEKCTa U OTHOBO Ce
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TBPCAT YA3BUMH MECTa, B KOUTO MOXKE /a ce
OCBIIIECTBH pasrajaBaHe.

Crnopen nanaute ot ¢ur.1 ce 3abens3Ba,
4ye Hal-4eCcTO M3MOJI3BaHUTE OYKBH B OBJITapC-
KHs e3uK ca rinacuute: A, E, U u O u cbriac-
Hute M u T. Cnopen ¢ur.2 Hali-uecTo U3I0JI-
3BaHUTE OyKBU B aHTIUiicKus e3uk ca: E, A, T,
I, N u O, a ciopex ¢ur. 3 ChbOTBETHUTE OyKBU
B pyckusi esuk ca: O, E, A, U, Hu T.

e Memoo na baouosc (napeuen owie
memoo na Kazucku)( Kaziski's method) —
THPCU €IHAKBU TMOPEIULHA OT CHMBOJU U C€
03Ha4YaBaT UHTEPBAJIUTE Ha TsXHATa mosia. OT
TSIX C€ Ompenens Ab/DKMHATa Ha KIo4Ya WIH
JTBJDKAHATA, KOSITO € KpaTHA Ha IbDKHHATA Ha
kitoua. Cres KaTo ce onpeienu AbJKUHATA Ha
KJIfoYya (MM HETOBUTE BapHaHTH) 4pe3 MH(b-
pa Ha KOnuit Le3ap ce paskoaupa mudpoTek-
CTBT.

o /lughepenyuanen ananus (Differential
cryptanalysis) — Tpu TO3UM METOJ C€ Clieau
KaKBH U3XOJHU JIaHHU CE€ TIOJTydaBaT MPH BCS-
Ka MpOMsHA HAa BXOAHUTE AaHHU. To3u MeTon

Ha KpUITOAHAJIM3 € CBbP3aH C METOJa Ha JIU-
HeeH aHanu3. M3mon3Ba ce mpu CHUMETpPUYHU
6noxoBu mu¢ppu. Iposepkute 3a DES (Data
Encryption Standard) anroputbm c TO3u aHa-
3 ca 247.

o Jluneen ananus (Linear cryptanalysis)
— Moj00eH € Ha MEeTOAbT Ha AudepeHLnaneH
aHaJIN3, HO 3a BCEKU AJITOPUTBM C€ THPCH JIU-
HEWHO mpencraBsHe. M3monsBa ce npu cuMer-
puunu 610koBu mugppu. [Iposepkure 3a DES
ANTOPHUTHM C TO3M aHaiIu3 ca 243.

e Memoo ,2pyoa cuna” (Brute-force
cryptanalysis) — cbCTOU ce B TOBa, 4e TpsOBa
Ta ce u3MpoOBaT BCHYKU BBH3MOKHOCTH 32
kimoya. BewiHocT, ,,pa30uBaHeTo” Ha JaJeH
mUQbp ce ChCTOU B TOBA, J1a C€ HaMepH Ha-
4HH, 10-0bp3 OT rpyda-cuna. Hampumep, ako
enuH mmdbp uMa K04, ¢ 250 Bb3MOXKHOCTH,
METOABT Ha Ipyda Cmila Oo4yakBa pa30MBAHETO
na ctane ¢ 249 npoBepku.

W 4ecToTa

YecToTa

ABBTITAEXK3SIUUKIMHONPCTY ® XU YWWD bA

bykea

@wur. 1. YecToTa Ha M3MOI3BaHe Ha OYKBUTE B OBJITAPCKHS €3UK

14,00

12,00
10,00

8.00 4

6,00

W yecToTa

YecToTa

4.00 +
2.00
0.00 4

ABCDEFGHI JKLMNOPQRSTUVWXYZ

bykea

®wur. 2. YecToTa Ha M3MOJI3BaHE HA OYKBUTE B aHTJIMHCKUS €3UK

YecroTa
o
|

O4ecToTa

E:Hﬁ ,n,n,ﬂ}ﬁ ﬂHH o Al

AEBTLAEEXK3IWNUKNMHONPCTYOXUYWWbbb 2K84

bykea

®wur. 3. YecToTa Ha M3IMOJI3BaHE Ha OYKBUTE B PYCKHUS €3UK
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PEXKMUMU HA WM3IIOJI3BBAHE HA
KPUIITOTPA®CKHUTE HLIN®PU

PexxumuTe Ha M3nosi3BaHe Ha 0a30BUTE
KpUNTOrpadCKu aJTOPUTMH C€ Mpujarat ¢
paznuuHu uenu [14, 8]: moBuIlIaBaHe Ha CH-
I'YPHOCTTa, CKpUBaHE Ha IIA0JIOHUTE B OTKpPHU-
TUTE TEKCTOBE, OCHUIYpSIBAaHE Ha IO-ToJisIMa
CIIy4allHOCT B IIHU(POTEKCTOBETE, OTKPUBAHE
Ha BB3JICHCTBUSA BBPXY JaHHOBUTE IOTOLH,
mudpupaHe Ha MoBede OT €JHO CHOOIICHUS C
€MH U ChII KIII0Y, pa3napajeiBaHe Ha MpolLie-
nypute Ha mudpupane U aemudpupane, mo-
BHIIABAaHE Ha PA3MEPHOCTTA HA CEKPETHUTE
KJIIOYOBE, TapaHTHpaHE Ha CHUTypHOCTTa Ha
HEJ0CTaThbUHO M3CJE/IBAH aJTOPUTHM, HU3pPaB-
HSIBaHE HA JBJDKUHUTE Ha OTKPUTHUTE TEKCTOBE
1 Ha U(POTEKCTOBETE U JIp.

e Pe:xxuM Ha eIeKTPOHHA KOJ0BA KHH-
ra (ECB - Electronic Codebook Book)- To3u
PEXUM € OCHOBEH 3a OJIOKOBUTE KpUHOTOrpad-
cku mudpu. [lpu TX, equH U cbil OJOK OT
OTKPUTHS TEKCT BUHATU ce mupupa B €IUH U
cbll mHu@pobsok. Tasum 3akoOHOMEpPHOCT JaBa
BB3MOXHOCT J1a CE€ Ch3Ja/le KOAOBAa KHUTA ChC
CHOTBETCTBUATA “‘OTKPUT TEKCT - IIHQPO-
TekcT”. OT TyK IpOM3IM3a U HA3BAaHUETO HA
TO3U pexuM. To3u pexum e 6aBeH, Thil KaTo
3a 56-6uTOB Kmo4, ca HeoOxomumu 2° pas-
JIUYHU KOJOBH KHMTH, BCSIKA OT KOMUTO IIIE Chb-
mepoka o 2% croTBeTCTBHS.

e CaMOCHMHXPOHM3HUpAIl Cce IMOTOKOB
pe:xkum (SSM - Self-synhronizing Stream
Mode)- u3non3Ba ce Npu CUHXPOHHHU MOTOKO-
Bu mu¢pu. ChinecTByBa oOpaTHa Bpb3Ka, 3a-
TOBa OTHOBO MMa e()eKT Ha pa3MHOXKaBaHE Ha
IpELIKUTE.

e Pexxum Ha Os10xoBa Bepura (CBC -
Chain Block Cipher)- To3u pexxuMm H3M0I3Ba
oOpaTHa BpB3Ka, 3aToBa IIH(ppUpaHETO Ha
TeKyIUsl OJIOK MPSKO 3aBHCH OT HIM(puUpaHe-
TO Ha npeaxoauus 0ok, Haii-yecto ce u3mon-
3Ba IpU CYOCTUTYLHMOHHUS MIM(BP, 3aIbIBaIL
JTBJDKAHATA HA KITFOYa ¢ MU(POTEKCTA.

e BepnkeHn 0/10KOB pexuM Ha pasn-
pocrpanenne (PCBC- Propagating Cipher
Block Chaining)- T0o3u peXuM OTHOBO MPHJIU-
Yya Ha pexrMa Ha OJokoBa Bepura. Pasnmkara
€, 4e Mpeau Ja ce MU3BBPIIM KOJUPAHETO Ce
npuiara onepauus XOR Ha mnpeaxonnure
0JIOKOBE OT OTKPHUTHUS TEKCT U OT IHUPPOTEKC-
Ta.

ePe:xkum ¢ obpatHa Bpb3ka (CFM -
Cipher Feedback Mode)- To3u pexxum ce u3-
0JI3Ba ChINo npu OnokoBu mudpu. [pu Hero
JTaHHUTE ce mudpupar / gemudpupar Ha yac-
. Mima 3aBucumocT mMexay mudpooiiokoBe-
T€, 3aTOBA MPHU Bb3HUKBAHE HA I'PEIIKa B €IUH
mppobIIOK, TO TA 11I€ C€ OTPa3u BBPXY BCHU-
K1 mocnenBany mudpodiaokose (edexkr Ha
pa3MHOXKaBaHE Ha TPEIIKUTE).

e Pe:kum ¢ BbTpeliHAa 00paTHA BpPb3Ka
(IFB - Internal FeedBack Mode)- To3u pexum
BbB (DYHKIIMOHAJIHO OTHOILIEHHE € CXOJEH Ha
pexxuma ¢ oOpaTHa Bpb3ka. Pasnukara e, ue 3a
oOpaTHa BpB3Ka C€ U3MOJI3BAa HU3XOJAHHUAT
mmdpoOnok. M3nonsBar ce 3a peaqu3upaHeTo
Ha OJI0KOBUTE MIU(PU KATO CUHXPOHHH MOTO-
KOBU IHU(PH.

e PeskuM ¢ BBHIIHA 00OpaTHa BpPb3Ka
(OFB-Output FeedBack Mode) e pexum Ha
6mokoB mmdwp. Toil e cxoleH c pexxuma 3a
oOpaTHa Bpb3Ka, KATO HEro U3MOJI3Ba MHUIINA-
nu3upanl BekTop. OCHOBHATa pasiiuKa €, ue Ha
u3X0/a Ha (PyHKUHMATA 3a KPUITHPAHE Ha OJIOK
ce u3IoJi3Ba oOpaTHaTa Bpb3Ka, BMECTO M-
POTEKCTBT.

ebposiuen pexum (CTR- Counter
Mode) — TO3u pexuM € CTaHIapTU3UPaH Ipe3
2001 romguna ot HanuoHamHHST MHCTUTYT IO
craunapta u texHoiorun (HUCT). U3nonssa
ce npu noTokoBH mudpu. Toil BMECTO MHUIIU-
aJlM3Mpall BEKTOp HM3MO0J3Ba Oposd M OT TaM
uaBa UMeTo My. [Ipu TO3M pexUM HsIMa pa3M-
HOKaBaHe Ha eIMHUYHU TPELIKH.

B tabn. 1 ca npencraBeHn nmpeauMcTBa-
Ta, HEJOCTAThLUTE U MPUIIOKEHHUATA Ha pasr-
JIeTaHUTE KPUMITOTPAPCKH PEKUMHU.

KakTto ce Bmxma ot Tabn. 1 Bceku pe-
UM CH MMa IMPeIMMCTBA U HEJOCTaThLU. 3a-
TOBa MPaBWJIHUAT KOHKpETeH U300p Iie 3aBH-
CH OT YCJOBMSTa M CHEU(PUYHUTE H3UCKBA-
HUS KbM KpHUNTOrpadcekara cucrema.

KPUIITOI'PA®CKU ATAKH

Kpunroarakure Ha mudpuTe 1Mo chimec-
TBO Ca MPOIIECH Ha Pa3KpUBAHE HA OTKPUTUTE
TEKCTOBE W/WJIM Ha KIIIOYOBETE 3a JAemudpu-
pane [11, 15]. U3non3BanuTe B KpunToaHaiu-
3a CTPAaTEeTHUU 3aBUCIT OT KOHKPETHUTE CXEMU
3a mudpupane U OT HaAIUYHATa UHPOpPMAIUs

3, 7.
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Tab6muma 1
CprnocTaBka MeXy KpUNITOTPAPCKUTE PEKUMHU
Kpuntorpadcku MpunoxeHne NMpegumcTEa HegocTarbuu
PEHHM
Petim Ha enekTponHa | Manonsea cenpu Gnokoeu | -npocT v Oups -HE [OCTAaTEYHD CUTYREH
kopoBa rHura (ECB- wwugpn. Hammupa - ypofeH sanapanenHa - MWNCca Ha CUHXPOHW3ALMA
Electronic CodeBook) | npunoxenwe npw PEANUIALRA; - 8KO pASNONAraMe ¢ OTEPWMTWTE TEKCTOBE M C

WWPMPaHE HA CECHIHI
KMICHOBE B NPOLEOYPHUTE
33 YMPaBNeHne Ha
KMICHOBETE

-OMPaHNYeH eherT Ha

PA3SMHO¥ABAHE HA rPDEWMATE

-Bcekn Gnok ce obpaBoTea
CAMOCTOATENHD

WP POTEKCTOBETE HA HAKDMKD PASMMYHN ChOBLLEHNA, MOKE A3
CE CbCTABM YacT OT KA OBATA kHUra, Ges 43 SHAEM knioua

- ALMGKMHATA HA ChOGLEHMATA HE BIHAM €3 KDATHW Ha
pasMepaHa Gnoka Ha CHOTBETHUA WKMGILP

CamMo CHXPOHUEMP ALl
CE NOTOKOE P EXMM
(S5M- Self-
Synhronizing stream
Mode)

W=nonzeat cenpl
CHHXPOHH W MOTOKDBIA
wudpr

- UMA CUHXPOHW2aLMA

~ HANW4WE HA EPEKT HA PASMHOMKABAHE HA P ELUKN

-craba YeToRYMBOCT Cpelly BLEREACTEMA BbpXy AAHHOBENA
noToK

-TRYAHO NOARbPHKEHE HA CHHXP OHW3ALMATE

Pexnm Ha Bnokoea
sepura (CBC- Chain
Block Cipher)

Wsnonsea cenpu
CHMETPUYHA 1
ACMMETPMYHI WP W

-CHIYREH
-OMPaHNYEH ediekT Ha

PA3SMHO¥ABAHE HA rPDEWMATE
-Bb3CTAHOBABAHE NpK P ELWEKNA

- DageH

-BOHK W Cbl IpParmedTi ce WWPpMpaT egHarkso
-HAMWYKMETD HA WYM BOGW B0 MPEWEN B WWEpWMpPaH eTo

-MpKY NUNCa Ha CUHXPOHW3ALWMA NWNCEA Bb3CTAHOBABAHE NpKX
rpELW KA

BepuxeH Gnokoe
PERIM Ha
pasnpocTpaHeHue
(PCBC-Propagating
Cipher-Block Chaining)

Wznonsea ce npu
CHMETPUYHI 1
ACUMETPUYHI LWACEP K

- BbLICTAHOBABAHE NpW
TPELKKN

- HanW4We Ha Ed}EKT HA PA3SMHO¥ABAHE HA P eWEkKn

Pexum C obpama
Bpbaka (CFM-Cipher
FeedBack Mode)

BErnokoBuTe Wndpn Morat
Ad CE peanMMpar kato
NOTOKOBW

-AaHHATE MOTAT fa Ce
wdprpar / gewndgprpar
4actu

-WM3NoN3Ba ce any4daeH
WHULWANWSMP ALY BEKTOR

- CBLECTBYEA 3ABMCMMOCT MERAY WNPPoBNoKoseTe
Ha | - SREKT HE PASMHOKABAHE HA TPELWIRATE
- HanW4We Ha DﬁpﬁTHﬂ BPb3Ka

PesmM C BhTpEWHA
obpatHa spbaka (IFB}
(Intemal FeedBack
Mode)

Wznonsea ce 6 GNoOKoBM 1
NoTOKOBA Wndgpn

-AaHHWTE MOraT ga ce

WK prpat / gewngprpar
YACTH

- HanW4We Ha o0patHa Bpbaka

Ha | - KNIQYOBATE NOTOLWM Ca HESABWCHMW OT OTKDUTAA TEKCT/
WK poTekeTa

-HANMYME HA TPELL KA NPK CUHXPOHWZALAA

Pexnm c BbHWHE

EnokoBuTe wudpn ce

-AaHHWTE MOraT ga ce

-HE CE& CAMOCMHXPOHM3pa creq saryba Ha BuToee

obpatHa epbaka (OFB- | peanusupar kaTo Wi prpat / gelwngpUpaT Ha | -CMAHETE HE MHULMANWEUPALLWA BEKTOp BOQM 00 TOBA, Y& eOMH
Output FeedBack CMHXPOHH M MOTOKO B YACTK W Chll M3X0AEH TEKCT CE WWdpWPa No pasnuyed HavyuH
Mode) wwdp -HE PASMHOKABA EANHUHHWTE
TP EL kA
Epoayed pexum (CTR- | Mznonseat cenpy - NO3BONABA - BdEKT HA PASMHOKABAH & HA TPEWKMTE

Counter Mode)

NoTOKOBA Wndgpn

Bb3CTAHOBABAHE NP NP ELWWEKA

B M3YNCMEHNETO
- HAMa 0fpaTHa Bpb3ka

- HE &€ MHTErTpUpaH

- NapanenHo KpunmpaHe!

ASKPUNTMPEHE

W3BecTHuTe paznuuHu Kpuntorpadcku
aTakd MoraT JAa ObAar kiacuduuupaHu B
CIIETHUTE OCHOBHH TPYIH, B 3aBHCHMOCT OT
nHpOpPMANHATA, C KOSTO pasnojiaraT KpUIToa-
HATUTULIATE:

eamaxka camo c¢ uzeecmen wuPpo-
mexcm (known ciphertext-only attack) —toBa
e mbepBara oTkputa araka oT Goldberg,
Wagner u Green [6]. Ta3u araka e Hail-uecTo
M3MOJI3BaHaTa, Thil KaTO CHIECTBYBAT MHOTO
CpeACTBa 3a MpUXBaIlaHe Ha MUPPOTEKCTa, HO
1 Hal-TPyJIHO peanu3yeMara, Thid KaTo JIUICBa
nH(pOpMAaIHsI KaKTO 332 OTKPUTHS TEKCT, Taka U
3a kio4da. ChCTOM ce B TOBA, Y€ OMHUTBAIIUSAT
ce J1a pa3zyeTe ChOOIIEHUETO, pa3nojiara camo
¢ mudporekcra. Panaure mmdpu ca ysa3BUMHU
Ha Ta3u ataka. Ha ¢wur. 4 arakara e mpencra-
BEHA CXEMAaTUYHO;

samaka ¢ u3eecmHu (ppazmenmu Ha
omkpumus mexcm (known-plaintext only/
fragments attack) - Tyk aTakyBamMsT pas3mo-
Jlara ¢ MpUXBaHATH YaCTH OT OTKPUTHUSA TEKCT
WM C LEHsI OTKPUT TEKCT M C YacCTH OT mug-
pPOTEKCTa M OT TAXHATa WH(OPMAIHS Ce OIHT-
Ba Ja pa3bepe KiIr04a, 3a fa Aemudpupa 1sio-
TO ChOOIIEHHE.

eamaka ¢ u30pan oOmKpum meKcm
(chosen-plaintext attack) — Ta3u ataka ce OT-

JJMgaBa OT aTakKara C (bpaFMeHTI/I OT OTKPUTHUA
TEKCT IIO0 TOBa, Y€ HaIlaJaTcIAT MOXKE Ja H3-
6Hpa KOA 4aCT OT OTKpUTHUA TCKCT da KPHUIITHU-

pa.

£ - _ £
TTonaten HATIAJATeTAT TTomy4aTen
pazmoara ¢
nrHdpoTeKcTa

Hamanaren

@ur. 4. CxemMaTHUYHO NPEACTABSIHE HA aTaKaTa
C U3BECTEH MHU(POTEKCT

Ha ¢ur. 5 aTakara e mpencraBeHa cxe-

MATHYHO,
E 1IadpoTeKcT Q
<
TTomaTen ITomygaren

HanmaJgaTerdT pasmnojara ¢
TacT 0T mﬂ@porex{cra H
CBOTBETCTBAITHA MY
OTKPHT TeKCT

Hz-ina.zate:l
®ur. 5. CxeMaTHYHO IMMPEACTaBsAHC HA aTaKaTa
C U3BECTHU @paFMeHTI/I OT OTKPUTHUA TEKCT

Ta3m araka e 1ecHO IMPpUIIOKUMaA 3a CCTallTHUTC
KPUIITOCUCTEMH. Hznon3Ba ce npru acuMeT-
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pUYHUTE WUPPU, KOUTO UMAT MYOJINYEH K0
3a KpUITUpPaHe, U pa3OuBausT mudbpa jec-
HO MOXe€ Jla KpUNTHpa CHOOLIECHHETO, CIel
KOETO J1a c€ OIUTa Ja pazdepe JINYHUSA KITH0Y.
Koraro kpunToaHalUTUKBT pas3nojiara He C
U3BECTHU (parMeHTH, a ¢ IIbIHA UHPOpMaUs
32 OTKPUTUTE TEKCTOBE, Ta3W aTaka ce Hapuya
amaka ¢ uzeecmen omxpum mexcm. Ha ur. 6
aTakaTa € IIpe/ICTaBEHa CXEMaTUYHO;

@ur. 6. CxeMaTUYHO MpECTaBIHE HA aTakaTa
¢ U30paH OTKPUT TEKCT

eamaka ¢ uszbpan wugpomexcm
(chosen-ciphertext attack) - arakata 3amouBa
na ce minomBa ot 2002 r., xorato Mihir
Bellare u Tadayoshi Kohno [10] my0auxysat
II’bpBaTa CTATHUS 3a Ta3W aTaka. To3W BHJI aTaka
ce cBBbp3Ba ¢ mpoleca Ha nemmdpupane. [Ipu
HEr0 HApYIIMTENSAT W3Mpalla TeHepupaH OT
Hero mu@pPOTEeKCT U TMOTy4aBa ChOTBETCTBA-
s My OTKpHT TekcT. OT mojydeHara WH-
dbopMarus ce omuTBa Aa pasdepe KiIro4a 3a
nekpuntupane. HeoOxonuMo € aTakyBalusT
Jla IMa JIOCTHII O CTpaHara-moiny4aten. Tasu
aTaka € Hail-cimabara OT BCHYKH pasrie/laHu
1o MomeHTta. Ha ¢ur. 7 atakata e mpejacraBe-
Ha CXEMAaTHUJIHO;

@ur. 7. CxeMaTU4YHO Npe/ICTaBsHE Ha aTaKkara
¢ u30paH MUPpPOTEKCT

e amaka ¢ a0anmueHo u3opan omKpum
mexcm (adaptive-chosen-plaintext attack) e
aTaka, IpHU KOSITO HAPYUIUTENSAT M3Mpalia Or-
penenern Opoil oT MpoOHHM MHUPPOTEKCTOBE
KbM JICKPUIITUPAIIOTO YCTPOMCTBO, KaTO W3-
MOJI3Ba TIOJTydeHaTa WH(pOpManus OT JEKPHUII-

tupaneto. Ha ¢ur. 8 arakara e mpeacraBeHa
CXEMaTUYHO;

@wur. 8. CxeMaTH4HO NMPECTAaBsSIHE HA aTaKkaTa
C aJIalTUBHO M30paH OTKPUT TEKCT

eamaka ¢ adanmueHo u3opam wug-
pomexcm (adaptive-chosen-ciphertext
attack)- BrBenieHa e ot Rackoff m Simon [2], ¢
1en Tpedmna3BaHe OT aKTUBHU aTaku. Tasu
aTaka € Pa3HOBHIHOCT Ha aTakaTa ¢ HW30paH
MUQPPOTEKCT, HO HAMaAaTeNSIT MOXe Ja U30u-
pa BXOAHHUTC JaHHHU, B 3aBUCHUMOCT OT IIPCI-
XOJTHUTE 3alHUTBaHMs OT M3MPATCHUTE YacTH
OT TreHepupaH MHUPPOTEKCT. IIPOTUBHUKBT
uMa J0cThI A0 nemmudparopa. 3a 1a cMe Cu-
TYPHH, Y€ CJIe]T KaTO Hama aTessaT pasoiara ¢
mUPPOTEKCTa, TOW HE MOXE Ja TOIy4d HH-
dbopmarus 3a KiIHO4Ya, € HEOOXOIMMO J1a ce
OTpPaHWYM JOCTHIIA HA MPOTHBHHUKA. TOBa cTa-
Ba upe3 qo0aBsHE Ha TacH K04, Ta3u araka
ce cMsTa 3a eqHa OT Hal-curypuute. Ha dur.
0 aTakara e mpejCTaBeHa CXeMaTHYHO,

@ur. 9. CxeMaTUYHO MpECTaBIHE HA aTakaTa
C aJlanTUBHO U30paH mudpoTeKCT

eamaka c¢ uHngopmayus 3a Kioua
(related-key attack)- otxputa ¢ or Biham u
Knudsen [4], [5] npe3 90-te ronunu. Ts npen-
rmoJlara HaJIMIueTo Ha WHGOpMAIUs 3a B3aH-
MOBPB3KUTE MEXIy pa3IU4YHU HW3MOI3BaHU
kimoyoBe. Ta3u araka MOXe Ja ce pas3riiex/a
KaTo JOMBbIHEHHE U B KOMOUHAIIMS C BCSAKA OT
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pasrieaHuTe MO-TOpe aTaku, Halpumep, aTa-
Ka camo ¢ mudporekcT W uHpopManus 3a
KJIF0Ya, aTaka C M3BECTEH OTKPHUT TEKCT U WH-
dopmarus 3a kioua u T.H. He e 3agpmxuren-
HO J1a C€ M3MO0JI3BaT U MyOJIMYEH U TaeH KIIIOY,
KaKTO W HamajaTelsT Ja pasmoiara ¢ uHPop-
Manus 3a jnBara kimoda. Ha ¢ur. 10 atakara e
MpeCTaBeHa CXEMAaTHUYHO;

P Iy OIH9EeH KIH09 ()—W TaeH K11
£ o £
Tonaten H3BeCTeH ,+» [Tomygaten

mIHGPOTEKCT:.

HH(BOpMAIHA 32
KITHOHA

HHGbOpMAITHA

3a KTH4a
HalagaTelaT Hyva m-[d)opnam KaKIO 3a

DIH@pOIEKC’Ia, TaKa H 33 KIK49a

Hananaten

@ur. 10. CxemMaTnuHO Npe/ICTaBsIHE HA aTaKa-
Ta ¢ MHQOpMaIHs 3a KiIroya

eamaka poxcoen oen (birthday atack)-
Ta3W aTaka 3a MPHB BT € JCMOHCTPHpPAHA OT
Ernst Bovelander npe3 1997 r. Ts usnonssa
TEOpUATAa Ha BEPOSATHOCTTA 32 CHBIAJICHHC
MEXJy ompejenieH Opoil Xopa Ja ce HaMmepu

MOHE €JIHa JIBOWKa, KOATO J1a € poJieHa Ha e/THa
u cpma gara. Crnopen Hed usMexay 23-ma
MPOM3BOJIHO M30paHM XOpa, IIAHCHT Ja UMa
JIBaMa C €/IHa U cblua poxaeHHa gata € 50%.
AKko xopata ca HaJ 60 Ha Opoif - HIaHCHT € To-
ronsim [3]. @opmyna (1) mpeacraBsi u3uucie-
HUETO Ha BEPOSITHOCTTA 3a ChBIAJCHUE, KbJIe-
TO n- € Opos Ha YHHMKAJTHUTE BEPOSTHOCTH.
Lenra Ha arakara € HaMUpaHE Ha KOJHU3UU
Opy U3MO0N3BaHETO Ha Xxem-¢pyHkuuute. Ha
¢ur. 11 aTakaTa e npeacTaBeHa CXeMaTUYHO;

HHHIHATH3HpAIl BEKTOP

HbpoTeReT "
£u maroe & I

OTEPHT
TEKCT 2

TTomaTen [Tomy4aten

Xem
cToHHOCT 1

OTKPHT
TekcT 1

Xem
CTOHHOCT 2

HallagaTel AT H3Ipania MHOKECTBO
00KOBE OT OTKPHTHA TEKCT H 09aKBa
KOJI3HA B XeI cToHHOCTTa

Hanagaten

@ur.11. CxemaTH4HO MpeICTaBSIHE HA aTaKara
POXKIIEH JeH

pn) = 1-(1 —

eamaka ¢ nocpeOHuxk (meet-in-the-
middle attack) — otxpura e ot Diffie u
Hellman [12].

Wznon3Ba ce B alropuTMu, KOUTO H3-
MI0JI3BaT MHOKECTBO KJIFOUOBE 32 KPUIITHPAHE,
T.e. 3a cHCTeMa MyOJIUYEH-TMYEH KITIOY.
Kpunroananutuker, TpsiOBa ma MoOXe Ja
NpUXBalia ChbOOIEHUATA MEXY JBETE KOMY-
HUKHUPAIIA CTPAHU U JIa T poMeHs. B pesyi-
TaT Ha aHaAJIW3WpaHaTa WH(GOpPMAIUS OTHOCHO
OTKPUTHS TEKCT W IMHU(PPOTEKCTa Ce HaMHpa
kmoubT. Ha ¢ur. 12 arakara e mpencraBeHa
CXEMaTHYHO.

Kpunrorpadgckure anroput™Mu, KOUTO ca
YCTOWMYUBHU CpeIly Te3W aTakh, C€ CUUTAT 3a
MakcuMaiaHO curypHu. [IpakTukara mokas3Ba
o0ade, ye HUKOTa HSAMA TapaHIWs, Y€ B JIaJICH
MOMEHT oOIllpe/ieieH WHUdbp HsAMa Aa Objae
pasowur.

1 > (1 2 ) (1 n—l) 365 - 364
365 T 365/ \" " 365 /) 365n

(365 —n+1) 365!
~ 3657(365 — n)!’
(1)
Om Ty OTHIeH KT TaeH KIHT
ITadgpoTexet
Ho,aaIe‘[ Howane'[
MHQPOTEKCT
TekcT 1
OTKPHT mTHGPOTEKET

TeKcT 1 TeKeT 2

HallaIaTe/lAT OPHXBAINa ChOOIIEHHATA
MeKIy KOMYHHKHPANTHTe CTPAHH H TH
POMEHS

Harmanaten

@ur. 12. CxemMaTH4HO NPE/ICTaBsIHE Ha aTaKa-
Ta C MOCPETHUK

3aToBa € HaJIOKUTEIHO KPUMITOrpadcKu-
Te mHU(pPU NEepUOANYHO Aa OBAAT MOAPOOHO
AQHAJTM3UPAHU OT KPUNTOAHATUTHIIUTE U JIa Ce
NpPEJOCTaBAT JAHHUTE OT TEXHUS KpUITOaHa-
m3.
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Tab6muna 2

CpnocTaBka MCXKY OCHOBHUTE BUIOBEC KpI/IHTOFpaCbCKI/I aTaKn

Kpunrorpadcka aTaka Crurnocr MeTon Ha Kpunrorpadckn ANTOpPHTBM Kpunrorpapern
EPHITOAHATH mHpLp BEBPIV KOHTO ce PEEHM
MpHIara
ATara camo ¢ DASTENIETEME CAMD & MeTeT  TpvOa cHIa pAHHETe ITEQPE ca DES, AES mpoterasa CBC
mmdpoTercT (ciphertext- | mudpoTercTa 9eCTOTEH AHATHS, THHESH | ASEHME HA TASH 2TaKa
only attack) AHATHT, METOI H2
Fasucsm

ATaEa C HSEECTSH OTEPET | PRIDIMIZTEME C TaCT 0T TECTOTEH aHATHS, Ipy0a | medpw © emmoasGyzma | DES npoduEzemu: ECE,
TeweT (kmown plam text OTEPHIHA TEKCT H CEUTA, THHEEH 3HATHS, CYOCTHTYIEA (IIEG DD CBC
attack) CBHOTEETCTEAITEA MY meTon B2 Kasnorm, ma [Tesap u ap.),

IHGPOTERET TEilepeHIHATEN SHATHS | DOTOUHH MHGPH
ATaga ¢ H3OpaH OTEPHT H300] Ha 9aCT OT OTKPHTHA “rpyta cEra”, acEneTpHaEE muthpE, | DES mpoterasa CFL
TeRcT (chosen-plamtext TEECT H CHOTECTCTERINEA MY | ImbepeRmmanen anamws | GUOROEE mmudipe ceryprE: CBC,
attack) MG POTERET QFE, CTE.
Artara c mfpan H350p Ha 9acT oT TECTOTSH AHATHS, METOO | RCHMETPHEEH mEGpE E | RSA mpobeEasm: S5M,
mEdpoTereT (chosen MHAPOTERCTE H Ha FasEcrHp MeTox PRIED 38 CHMETPHIEH CBC, OFE, CTE.
ciphertext attack) IPEXEIM2EE Ha rpyv0a cTa

CBOTESTCTEAINER MY OTEPHT

TERCT
ATaE2 ¢ YTATTHEHO HITPEIaEs Ha Ipo OmE THESSH AEATH, ACHMETp HIEE IEfpe B | ESA mpoderas: CBC,
H30paH OTEPHT TERCT CrOOMIEHEA H HS HNISESHE Ha PAIED 32 CHMETPHIHH OFE. CTE.
(adzptive-chosen- OTEPHTHR HM TERCT, HO BETe
ciphertext attack) IHNTYIATETAT HEHNISES T2EH

ETEOT
ATaE3 C ATAITHERO HINPAIIaE: Ha MEOESCTED mEepSHIMATER 2HATHS | CHMeTpEdEE SromoE | DES mpoduEas:CEFM,
H30paH OTEPHT TeRCT OTEPHIH CBOOIMEHRE H mHipE ceryprE: CBC,
(adzptive chosen plamtext | mpExpamams Ha OFE, CTE.
attack ) IHGPOTERLCT HM
KmowoEa araka (related- | areryEape Ha mMudpoTeRcTa ¢ | MHESSH AHATHS cEMeTpEMER DoTokoEE | DES, IDEA, mpoduEzsn: CBC
key attack) paSTIHTHH ETM0ES, EATO He 2 IEDPH B Ip. AES cerypEE: S5M

SETHTEET 2THD T2 HM2

HEOpMATHA 32 0T
ATaE2 C pOEIEHEH J3TH | ESIOASER ce T.E birthd ay THEESSH AHATHS, Xer GVHEIHE MD3, SHAI cerypeE: CTR, OFB
(birthday attack) HEPRTOKC H C2 TEPCAT mEdepERIHATEH 2HATHS

EANTHIHE
ATaEa ¢ IOCp eIHHE EBIMOEHOCT 32 IPEKEAIAHE | METOI IpyDa CHIa, ceneTpEem Gaokoer | SDES, DES, cerypeE: CEC,
(meet-m-the-middle Ha ChOOMEHHEATE MEETY mudepeHIEATSH SHATHY | MEQPH E Ip. , XM IDEA, AES, CTE.OFB
attack) EOMVEHKEDAITETE CTPIHE ByERIEH MD3, SHO

Ot 1abin. 2 ce BWkaa, 4e Hal-4ECTO W3- 3AK/IIOYEHUE

MOJI3BaHUSl METOJl Ha KpPUNTOAHAIIU3, B Cly4a-
UTE, KOTaTO aTaKyBaIIMsT U3Mpalia MHOXKECT-
BO MakeTu € Au(epeHIUaTHUAT aHanus. Me-
TOABT Ipyda CUiIa € MHOTO TPYAOEMBK U IO-
panu TOBa HErOBOTO HM3MOJ3BaHE OOMKHOBEHO
e aBToMaTusupano. Koraro ce nsnonssar cyo-
CTUTYLIMOHHH MMH(PH, Hai-4ecTO H3MOJI3BaA-
HUTE aTak{ ca YeCTOTEH aHaJlu3 U METOABT Ha
Kasucku. Hail-ys3BumusaT kpunrorpadcku
QITOPUTBM CpELly aTaku OT pas3liieJaHuTe €
DES.

JIUTEPATYPA

Cratusita mpeacraBs oOOII Tperyien Ha
OCHOBHUTE PEXUMHU Ha paboTa Ha eHa KpHII-
Torpadcka cuctemMa, MEeTOJUTe Ha KPHUITOaHa-
JU3 ¥ OCHOBHHUTE KpUNTOrpadCKU aTakH.
[IpencraBeHu ca mpeAnMCTBAaTa U HEIOCTATh-
IUTE OT W3IOJI3BAHETO HA BCEKH PEXHM H Be-
POSITHOCTTa OT pa3duBaHe Ha mUpBpa ¢ Haje-
Ha ataka. EdekTuBHOCTTa Ha €AHA KPHUINTOT-
padcka cuctema ce ompeensi OT BEPOSATHOCT-
Ta Ja ce HaMepH KpUINTorpaCcKus KoY U Ja
ce HaMepHu TEKCTa Ha KPUNTHPAHOTO CHOOIIIE-
Hue. [lo3HanudaTa B o0iacTTa Ha KPUITOJIOTH-
ATa MO3BOJISIBAT JIa C€ HaMalu BEPOATHOCTTA
oT nMpoOuB B AajneHa cucrtema [1].
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AHAJIN3 HA XAPAYEPHO U CO®TYEPHO OCUTI'YPSABAHE HA
CUCTEMMU 3A EHEPTUEH MOHUTOPHUHI'

3npaBko XpuctoB, Bsapa Pycesa, Credan Credhanos
Pycencku ynusepcumem ,, Anecen Kvnues”

ANALYSIS OF HARDWARE AND SOFTWARE SYSTEMS ENERGY MONITORING

Zdravko Hristomirov Hristov, Viara Sabova Ruseva, Stefan Petrov Stefanov
,Angel Kanchev” University of Ruse

Abstract: Ever-increasing requirements for reduced consumption of electricity required to use en-
ergy management systems, in particular systems for energy monitoring. The article is a generalized
analysis of available devices and systems for energy monitoring and proposed criteria for the com-
parison at the design stage. The system selection indicators are classified into three groups: hard-
ware security, software development and user interface. For the convenience of users the ad-
vantages and user interface. For the convenience of users the advantages and disadvantages of ener-
gy management hardware and software products.
Keywords: Energy Monitoring, Struxure Ware, Sentron Power Manager, Power Xpert Meter.

BBBEJAEHUE

PanmoHaTHOTO M3MONI3BaHE HA EICKTPH-
gyecKaTa €HEprusi CTOM KaTo OCHOBEH MpobiieM
IpeJl BCSKO TPOW3BOJCTBO M TOW HMMa JBE
CTpaHU — TEXHHYECKa M UKOHOMHYECKa. TBp-
TOBCKOTO U3MEpBaHEe Ha KOHCyMHpaHaTa eJieK-
TpUYeCKa E€Heprus, BBIPEKH MOoApoOHaTa WH-
dbopMaris, KOSTO Ce 3alKhcBa B TMaMeTTa Ha
CTaTMYHUTE €JIEKTPOMEpH, He TO3BOJsABA Ja
Ce OTrOBOPHM HAa HapacCHAUTE W3WUCKBAHHS 3a
aHaJIM3 Ha eHeproe(eKTUBHOCTTA MO OTACITHU
IIeX0Be, MPOU3BOJICTBA, TOJIEMA KOHCYMAaTOpPH
u ap. [1].

[ToBumaBanero Ha eHepruiiHata edek-
TUBHOCT BOJAM J0 HaMaJsBaHE Ha pa3xojia Ha
SJICKTpUYECKa SHEprusi, HO 3a JIa MOXe Ja ce
Cllequ TO3U TOKas3aTell € HeoOXOauMo Ja ce
W3rpaid ChbOTBETHO TEXHUYECKO OCHUTYPSBaHE
U JIa ce aBTOMaTu3upa mpoiieca mo oopadboTka-
Ta Ha TbpBHYHATA WH(GOpMANUsI. MUHUMH3H-
paHeTo Ha pa3XoAWTEe 3a 3alljallaHe Ha KOH-
CyMHpaHaTa eJIeKTpUIecKa CHePTHs MMa BaX-
HO MKOHOMHUYECKO 3HAU€HUE 32 KOHKPETHHUTE
MHIYCTpUaIHU noTpedutenu [2].

3a menTa ce U3rpaXKaaT CUCTEMHU 3a MO-
HUTOPHUHT, KOUTO JIaBaT BB3MOXKHOCT 3a Clie-
JIHe B peajHO BpeMe Ha IMOKa3aTesH, Xapak-
TEPU3UPAIIN EJIEKTPOCHAOISIBAHETO, TAXHOTO
MpeJicCTaBsHEe B ya00€H BHUJI 32 BCIKO KOHKPET-
HO TIPOM3BOJICTBO, aHAJIW3 Ha IOCTBITUIATA
nH(pOpMaIINS U apXUBUPaHE HA HEOOXOIUMHUTE
nanHu. PesyntaTuTte oT aHanmu3a TpsOBa 1a ce

U3IMONI3BAaT B CUCTEMUTE 3a €HEPrUEH MEHH-
JDKMBHT C IIeJ1 HamaliiBaHEe Ha pa3xoja Ha
SHeprus 4pe3 NpuiaraHe Ha pa3jiMyHU EHep-
roe()eKTUBHU MEPKHU.

CbBpeMEHHHUTE CUCTEMH 32 MOHHUTOPUHT
Ha eJIeKTpUYecKaTa eHeprusi ca CTaHajll MHO-
ro cioxHH [ 1] 1 oOXBamar cepro3eH Hadop OT
TEXHUYECKH CPEJICTBA, BCEKH OT KOUTO € ChC
coOcTBeHa crienu(UKaAIMs U KOHKPETHO IMpH-
noxxeHue. Tazu MoayaHA KOHCTPYKLHS TO3BO-
JsIBa OTPOMEH HAOOp OT BB3MOXKHOCTH U CTaBa
BCE MO-TPYAHO JIa C€ OINpeieid, KaKBO KOHK-
PETHO € HeoOXOAMMO Ha ChOTBETHOTO MHAYC-
TPUAJIIHO TpEanpusTHe, 3a Ja C€ IMOCTUTHE
I00Bp pe3ynTar.

ToBa Hamara ga ce ¢opMyaupar KpuTe-
puM pu 1300pa Ha CHCTEMH 33 €HEPTrUeH Mo-
HUTOPUHTH Jla C€ THhPCU pELIECHHE, IaBaIllo
ONTHMAJIHOTO CBOTHOLIEHHE MEXIy LI€Ha-
BB3MOXHOCTH, KaTO C€ OTYUTAT HAYaJIHUTE
pa3xoau 3a XapaAyepHO U COPTYEpPHO OCHUTYPsI-
BaHe, HEOOXOAUMUTE TPYZ, BPEME U CPeJICTBa
MpPU EKCIUIoATaluATa, KPAWHHUST BHUJ HA WH-
dbopManusaTa U Bb3MOXKHOCTHTE 3a aHAIU3 U
NPAaKTUYECKO M3MOJI3BAaHE Ha IOJyYeHHUTE
JTaHHHU.

OcHoBHATa 1eJ HA CTATUATA € Ja ce
(dbopMynupaT KpUTEpUHU, 0 KOUTO MOXKE Ja ce
NIPaBU CPaBHEHHE MEXIy CUCTEMHM 3a €HEpIH-
€H MOHMUTOpPUHT. [IpunoxkeHueTo UM OT MOT-
peOutenuTe 1ie J0BeAe IO MO-JIeCeH u300p,
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KOWTO Ja OTroBapsi Hail-moOpe Ha M3WCKBAHU-
sITa HA KOHKPETHUS 0OEKT.

HN3JI0KEHUE

KoraTo mpeacron wm3rpaxmaaHe Ha CHC-
TeMa 32 EHEPrueH MOHUTOPUHT MBPBO € HEO0O-
XOJIUMO J1a C€ B3€M€ PEIICHHE KaKbB THIT CHC-
TeMa € moaxojsma B ciydas [3,4]. M3non3sar
ce JIBa OCHOBHHU THIIa, OOUTUAT BT HA KOUTO €
nokasad Ha ¢ur.1 u ¢ur.2:

® ITBPBH THI - U3MEPBATEIIUTE CE€ BKIIOU-
BaT Upe3 KOMYHUKAIIMOHHUTE KaHAJIU HaIpaBo

A [y mmwe mmarawpaaea wvans

Modbus RTU /RS485

B ChPBBp, KOWTO 00paboTBa U ChXpaHsBA JaH-
HUTE;

®BTOPHU THUIl — Bpb3KaTa MEXAYy H3MeEp-
BaTEJIUTE U ChpPBbpPA CE OCBIIECTBSABA IIpe3
KOHTpoJIep (KOHTPOJIEpPH).

[IpenumcTBa Ha MBPBUS THI ca TO-
HHUCKa IIeHAa U OINpPOCTEHO OOCIyKBaHE M H3-
IIOJI3BaHE Ha cucTteMara. Tol e MoaxoasI Ipu
OTHOCHUTEJIHO TO-MaJIbK Opoil KOHTPOJIHH TOY-
Ki. BB3MOXXHOCTHTE 3a yIpaBlieHHE Ha OT-
JIEJIHA KOHCYMaTOpH M 3a pa3BUTHE B CHCTEMA
3a eHEepPrueH MEHUKMBHT ca OTpaHUYEHHU.

| U3MepBaTEIH

@ur. 1. O611 BU Ha CHCTEMa 32 EHEPTUEH MOHUTOPHUHT C TIPsIKa Bpb3Ka MEX/1y U3MEpBaTeInTe U
ChpBBpa

H3eéecmusn na Covroza na yuenume — Pyce ® 2015

43



Cepusn e Texnuuecku nHayku o

@ur. 2. O011 BUT HA CUCTEMA 32 CHEPTUEH MOHUTOPHHT C M3IOJI3BAHE HA MEXIUHEH KOHTPOJIEP

Bropust tun gaBa no-royisMa CUTypHOCT
U M0-700pU BB3MOXKHOCTH 32 YIpaBJICHUE HA
€UHUYHU WU Tpynu KoHcymatopu. Tou e
HOJIXOAAL] TpPU MO-TOJNSAM Opoil KOHTPOJIHU
TOUYKH, OCOOEHO aKO ca pasloJIOKEHH B Hsl-
Kosko rpynu. Hemocrareiu ca no-Bucoka Iie-

Ha M I10-CJIOXKHO 06CJ'Iy>KBaHe Ha cucremara,
34TOBA BTOPUSAT THUIL TpH6Ba Ja Ce IipuJiara npu
JOKa3aHa HGO6XO}II/IMOCT OT HETO.

J4! Ipu ABaTa THUIIa CUCTCMU HMaA O6IJ_II/I
CJIICMCHTH, KaTO INBPBUYHU W BTOPUYHHU IIpEC-
O6paSYBaTCHI/I, U KOMYHUKAIIUOHHU KaHAJIN 3a
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CBBbp3BaHE Ha M3MEpPBATEINTE KbM CHCTEMara
3a chOMpaHe Ha JaHHU. B 3aBUCHMOCT OT BB3-
MO>KHOCTUTE 32 KOMYHHKAallUsi Ha M3MepBaTe-
JUTEe W TAXHOTO B3aMMHO DPA3IIOJIOKEHHUE IO
TEpUTOpHSATa Ha 00€KTa, ce Hajara M3IoJ3Ba-
HETO W Ha JOIBJIHUTEIHH YCTPOWCTBA 3a KO-
MYHUKalUs, KaTO apeCHU MOJAYJIHU, KOHLEHT-
paropu, pyTepH, PEXOTHUIH U JP.

N36upaneTo Ha €AMH WM JPYT THII CHC-
TeMa 32 EHEPrUeH MOHUTOPHUHT JaBa Pa3InIHH
npeAuMCcTBa U HenoctaThlu [8]. B3emanero
Ha TOBa pelleHue ce 0a3upa Ha MpeIBapUTE-
HO MpOYyYBaHE M ONHTa Ha MpoekTaHrta. M300-
PBT 3aBUCH OT OCOOCHOCTHTE HAa KOHKPETHHS
00eKT, KaTo Hail-BaKHU ca: Opol M B3aMMHO
pa3noJIokKeHne Ha KOHTPOJIHUTE TOUYKH; HU3HUC-
KBaHMATA HA TIIOJI3BATEIIMTE HA CHCTEMATa;
HEOO0XOIMMOCT OT U3MEpPBaHE HA HAKOJIKO BH-
7la €HEepTUH; HaJWYHAa W3MEpBaTEeIHA TEXHUKA
B 00€KTa; MEepPCHEeKTUBH 32 Pa3BUTHE Ha OOEK-
Ta; IPEIBIDKIA JIM Ce M3IIOJI3BaHE HA BHEAPS-
BaHaTa CHUCTEMa 3a YIpaBJIIEHUE HA TEXHOJIO-
THYHY JTUHAY ¥ KOHKPETHU KOHCYMAaTOPH.

Kakto mpu BCSKO CTPOMTENCTBO, U MpPH
CHCTEMHUTE 32 €HEPrHeH MOHHTOPWHT TPOECK-
TAaHTHT NpejJiara BapuaHT (BapHaHTH) 3a W3-
IBJIHEHHUE, ChC CHOTBETHa OOOCHOBKA, a WH-
BECTHUTOPHT (COOCTBEHUKBT Ha 00EKTa) M30M-
pa. M3mbpnHenunero Ha paborata TpsOBa 1a
IpoTeye Ha HAKOJIKO eTara:

® VYTOYHSBaHE W KOHKPETHU3HWPaHE
M3MCKBAaHUATA Ha MHBECTUTOPA. 3a Ta3u ILel
TpsiOBa oOMeH Ha HMH(OpMaIUs U B3aUMHO
OCBEJIOMSIBaHE: NMPOEKTAHTHT Jla CE 3all03Hae C
KOHKPETHUTE OCOOCHOCTH Ha 00EKTa; WHBEC-
TUTOPBT Ja J00We MpecTaBa KaKBU OCHOBHH
armapaTi U Bb3MOXXHOCTHU Ce IpejjiaraT B CHC-
TEMHUTE 3a €HEprWeH MOHUTOPHHT; 3a KaKBO
IIe ce U3IO0J3BaT MOJYYEHUTE AAHHU, BKIIO-

YUTEJHO 1€ C€ pa3BHUe JIU CUCTeMaTa B TaKaBa
3a EHEprueH MEHW/IKMBHT; OYaKBaT JH Ce
NEPCIEKTUBU 32 Pa3LIMPEHUE M pa3BUTHE Ha
cCHCTEMaTa;

e u300p Ha XapIyepHO OCHUTypsiBaHe,
KOETO BKJIIOYBA IbPBUYHU U BTOPUYHM IIpe-
oOpa3yBaTeny, W3MEPBATEIHU arapard, YCT-
pOMCTBa U KaHAJIM 32 KOMYHHUKAIIUS;

e u300p Ha cOPTyepHO OCUTYpPSIBAaHE B
0a30B U pa3lIMpPEH BapUaHT;

e u300op Ha MOTPEOMTEICKH HHTEp-
¢eiic ¢ OCHOBHM M JOI'BIHUTEITHH BB3MOX-
HOCTH.

[Ipu mpoekTupaHe Ha cuCTeMa 3a €Hep-
TMEH MOHUTOPHHI OTHOCHTEITHO €IHO3HAYHO
MoOXe J1a ObJie U3BBPIICH IbPBUAT €Tal — OIl-
penensiHe Opost ¥ MSCTOTO Ha KOHTPOIJHUTE
TOUYKH, B KOWTO II€ C€ M3BBPLIBA M3MEpBaHE
Ha EHEPTUMHUTE MOTOLH.

3a onNTUMaJHO NPOEKTHpaHE Ha Cle/Ba-
IIUTE eTanu, TpsAoBa 1a ce GopMynHupaT Kpu-
TEPUH, KOUTO € MOIXOISAIIO Ja Ce MPEACTaBST
KaTo cepus OT IpaBmiia (mokazartenu), 000co-
OeHu B otnennu rpynu. IIpaBuiata Tpsa6Ba na
OBIaT JTOCTaTHUYHO KOHKPETHH W SICHU 32 WH-
BECTHTOPA, 32 J1a MOKE TOH J1a C€ OPUEHTUPA B
CBHOTHOIICHUETO IIeHa — BBh3MOKHOCTH. Cren-
Baifku Te3M IpaBHJja IIe ce J1aJe Bb3MOKHOCT
Ja c€ MUHUMU3Upa IIeHaTa Ha IbpBOHAYATHA-
Ta MHBECTHIMA, KAaTO C€ CHa3sAT BCUYKU OC-
HOBHHM U3UCKBaHUS KbM CHCTEMATA.

AHanu3bT MOKa3Ba, 4ye MoKa3zaTeluTe 3a
n300p Ha cucTemMa 3a €HEeprueH MOHUTOPHUHT
Morar Jia ce 0o0OOIIAT B TPU T'PyNH, KaKTO €
MmoKa3aHo B OJl0KoBaTa cxema Ha ¢wur.3.

IToka3zaTenure OT BCsKa Ipyma ca CUCTe-
MaTU3UpaHu B Ta0. 1.

Tpera

IIvpBa rpyna Bropa rpyna Siipen

N360p Ha MSACTO U HAYMH HA N36op HaA codryep,
MOHTa)X Ha ITbPBUYHUTE U BTOPUY- KOHTO Ja OCHTypH HOp- [Totpebu-
HUTE MpeoOpa3yBaTeny, anapaTure MajHaTa ¥ e(eKTUBHA pa- TEJICKH  UHTep-
3a KOMYHUKallUg M KaHaJIUTE 3a 6ora Ha cucTeMara 3a deiic u nexora Ha
Bpb3Ka MEXIY H3MepBaTeiIuTe M eHeprueH MOHUTOPHUHT U3I0JI3BAHETO MY
CBhPBBPA (MEHMKMBHT)

®wur.3. [Tokazarenu 3a u300p HA CUCTEMA 32 CHEPTUEH MOHUTOPUHT
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Tabmuma
[Tokazaremnu 3a H300p HA EIEMEHTHUTE Ha CHCTEMA 32 CHEPTrUeH MOHUTOPUHT

—

II'bpBa rpyna — xapayepHo ocUrypsiBaHe

> KakBo e TeputropuamHOTO pasnpeaelieHHe HAa HAOIIOaBaHWUTE MAIIWHU (KOH-
CyMaToOpH) M KaKBa € TAXHATa CXeMa Ha CBBbpP3BaHE KbM pasNpeAeiUTSIIHATE Tabaa — paauaina
WJIM MarucTpaiHa;

> KaKBa € MOIIHOCTTA Ha BCsJKa OT MAallITMHUTEC UJIN rpyna KOHcyMaTOPI/I, Ha KOUTO
e Ob1aT MOHTUPAHH U3MEPBATEINH;

> Kou MammHu MMar chleCTBYBAllld MbPBUYHU W/WIIM BTOPUYHU MpeoOpaszyBa-
TEJH U U3MEPBATENN, TEXHUTE TEXHUYECKH crieln(UKaIK, MICTO U HAUMH HA MOHTHPAHE;

> BB3MokHO M € Aa ce pa3moyiokaT MBPBUYHUTE W BTOPUYHHTE IpeolOpasy-
BaTeJIM U M3MEpPBATENH B eqHO Tabno. Mma mu u3rpajeHa KOMyHHUKAIIMOHHA Mpexa O30 10
TOBa Ta0JIO;

> KakbB THI € u3rpajgeHaTa KOMyHUKallMOHHA MpeXa U B KaKBa CTEIEH € HaTO-
BapcHa,

» Kakso mie e HeoOX0aMMO Ja ce J0pabOTH WITH U3TPAJIH, 3a JIa C€ U3IBJIHU KOMYHH-
Kallisg MeXAy U3MepBaTenTe U 00CITy>KBalllUsl ChbPBB).

Bropa rpyna — copryepHo ocurypsiBaHe

> CreneHTa Ha CIOKHOCT Ha M3TpakJaHaTa CHCTEMa MPU BHBEKIAHETO HA CHUC-
TeMaTa B eKCILIOATaIlNS;
> KaxbB chbpBbp € HEOOXOAMM 3a 00CTyKBaHE Ha M3rpajieHaTa Mpexa OT U3Mep-

BaTcClIn. HCO6XO,Z[I/IMO Ji1 € 1a CC MU3I10JI3Ba ITOBCYC OT CAWH CBPBBP, 3a 1a MOXKC O6CJ'Iy)KBaHC-
TO Ha BCMYKHU U3MCPBATCIIN Ja CTaBa B IPUCMIIMBO KPATKO BPEMCE;

> Heo0xoaumo 11 e pe3epBupaHe Ha ChbPBBPA, 3a Ja ce MOJCUTYpPH OT 3aryoa Ha
nanHu. Kbzie me ce MOHTHpa pe3epBeH ChbPBBP H/NIIN PE3EPBHO 3aXpaHBaHE;

> [Monapwxkara, mpeiaraHa OoT HMPOM3BOIUTENS, U BPEMETO 3a peakus IpH
BB3HUKBaHE Ha MPo0IIeM;

> BB3MoxkHOCTTA J]a ce peain3upa eleMeHTapHa JIOTHKA 32 YIpaBJIeHUE Ha HEOT-
TOBOPHH IIPOLIECH C IIOMOIITa Ha HAJTUYHUS XapAyep;

> BB3MoXHOCTHTE 32 JIECHO pa3lIMpsBaHE HA CHUCTEMara 3a €HeprueH MOHHUTO-

pHUHT upe3 J100aBsiHE KbM CHCTEMaTa Ha M3MEpBATEIHHU YPEIu Ha JPYTH MPOU3BOAUTEIN WU
Ha ypeIM 3a u3MepBaHe Ha JIpyru GU3NUeCKU BEIMYMHH (32 BOJa, 32 IPUPOJCH Ia3, 3a mapa, 3a
CI'bCTEH BB3IYX);

> Bb3MmoxkHOCTHUTE [a ce U3H0I3BaT pa3Hoo6pa3HH BApHWAaHTH IIPU U3TPAKIAHC HA
KOMYHHKAIITMOHHUTC KaHAJINU MCXKAY U3MCPBATCIIHUTC €au U COPTyEpa,
2

> Kaksn PaSMIUPUTCIIHNU TIAKETU 3a l'IOIIO6p$IBaHC Ha (IJYHKI_II/IOHaHHOCTTa Cce

npeiaraT NMpu HEOOXOAMMOCT OT paslIMpsBaHE Ha cHUCTEMaTa 3a €HEPrWeH MOHUTOPUHT.
[IpumepHO: maker 3a cielieHe U aHAJIM3UpPAaHE Ha KOHKPETHU MMapaMeTPH, MAKET 32 ONTUMH3U-
paHe Ha pa3XoJUTe upe3 U3KIKYBAHE Ha TPAHC(HOPMATOPHU WIM Ha AYOJUpPAaHU €HEProeMKH
MalIMHH, TAaKET 32 IPOrHO3UPAHE HA Pa3XOJUTE CIIOPE] HIKAKBH ITapaMETPH.

Tpera rpyna — norpedurtesicku nurepgeiic

> JIOKONKO JIeCeH € HayMHa 3a W3BEeXKJaHE Ha PA3IUYHUTE THUIOBE I'paduku U
Ta0IMIIH;
> KakBu ca Bb3MOKHOCTHUTE, KOUTO Ca MPEIOCTABEHU OT MPOU3BOAUTEINS, 32 UH-

JTUBHUIyIM3UpaHE HA OTJCITHUTE €JIEMEHTH OT MPEJCTaBeHUTE rpadUKH W HAYWHA, 110 KOWUTO
T€ U3TIICKIAT;

> BB3moxkHOCTHTE, KOUTO Ca MPEAOCTABEHM 3a M3MOJI3BAHE HA JAHHUTE YpE3 OT-
najieded JOCTBII, U CIIOKHOCTTA Ha HEOOXOIUMHTE CTBHIIKM 3a M3IIOI3BAHETO HA OTHAICUECHUS
JIOCTBII.
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3a ynecHeHue Ha moTpeduTenuTe (MPOSKTAaHTH W WHBECTUTOPH) € pa3paboTeHa o00OIIeHa

Tabauna (Tady.2) ¢ OCHOBHUTE MPEAUMCTBA U HEAOCTATHIN HA PA3TUYHUTE XapyepHU U cOPTyep-

HU MPOJYKTH B 00JIaCTTa HA €HEPTUIHUSI MEHUKMBHT, KOUTO C€ Mpeaarat oT HIKOU OT BOJIEIIH-
Te (MpPMH Ha HaIIMS rasap.

Tab6muma 2

CpaBHsBaHe Ha MPEAMMCTBATA U HEJOCTATHIUTE Ha XapAyepHU U COPTYepHU IPOIYKTH B 00-

JaCTTa Ha CHCpFHﬁHHH MCHUJKMBHT,IIPCAJIAraHU B bear apusl.

IToka3zarean

HluaiinepEaexkTpux|S]
StruxureWare

Siemens[6]
Senton Power Manager

Eaton [7]
Power Xpert Meter

XapayepHo ocu-
rypsiBaHe

IIpemyiara ce rosmsiMo pasHo-
o0Opazue OT W3MepBaTenu 3a
€JIeKTpUIECcKa eHeprus
ION6200, PM700, PMS8O00,
PM1200, DM6200 u ap.

Te ce pasznuuaBaT 1O BB3-
MOKHOCTH, TOYHOCT U I€HA.
Bp3moxHO € nobGaBsiHe Ha
pasLIMpUTEIHY MOIYJIH 32
yOpaBleHHEe Ha amapatd |
MIPOIIECH.

N3non3Bar ce  HAKOJIKO
U3MepBaTeNs 3a EJIeKTPH-
yecka eneprus: PAC3100,
PAC3200, PAC4200,
PAC1500. WMma «kpaitHO
pemenne 6e3 TT mo 125A.
M3nomseat ce TunoBu All ¢
€JICKTPOHHA 3aImmuTa
3WL/3VL. Hepocratbk e
JUTICATA HAa CaMOCTOSITEJICH
MapHIpyTH3aTOpP.

W3non3ar ce paziuyHu
CEpUU H3MEPBATENH, KaTo
PowerXpertMeter
2000/4000/6000/8000/Mult
ipoint, IQ35M, 1Q250/260,
1Q1508/2508,
1Q130/140/150.
IIpemiarar ce u MWUPOK
Habop xapAyepHH aHaIu-
3Upally ycTponcTBa.

Co¢ryepHo ocu-
rypsipate

EnHokpaTtHO 3akylyBaHe Ha
sutocTeH  coTyep, UHSTO
[IeHa 3aBHCH OT Opos Ha KOH-
TPOJIUPAHUTE TOYKHU

3akynmyBaHe Ha Oa3uceH
coTyep, KOHUTO MO3BOMISABA
Jla Ce pasliupsiBa HEroBaTa
(YHKIIMOHAIHOCT C JIOIBJI-
HHUTEITHH TTaKEeTH

[Ipennara ce 6a3ucHa Bep-
CUs, KOATO MOXE Ja ce
pasumpya ¢ JONBIHUTEIHA
(YHKIIMOHATHOCT, W /1a Ce
KyIU MaKeT 3a TeHepupaHe
Ha OTYCTH.

MMomapbxkka ot
NMPOU3BOAUTEJISA

Ilpennaranara nogapbKKa OT
MIPOU3BOAUTENS € YCIOKHEHA
ChC 3alUTBAaHE 4Ype3 EJICKT-
poHHa ¢opma mpe3 riaobdai-
Hug caut. Ilo TO3mM HaumH
HsIMa MEPCOHAJHA aHTAXHUpa-
HOCT.

IIpemyaranata noaapbKKa
€ Ype3 3alluTBaHE B PEATHO
BpeMe KbM TII00aTHHS JI0C-
TaBYMK Ha Yycnyrara. He-
JIOCTaThK € HeOOXOIUMOCT-
Ta Jla ce 3Hae Ha 100po
HUBO 9YXK] €3UK.

N3noa3Bane Ha
TeXHUKA Ha JpPyr
MPOU3BOAUTEN

IIpennara ce BB3MOXHOCT 3a
BBBEXK/IaHE B CHCTEMara Ha
ypeam Ha  TpeTd  Ipo-
M3BOAWTENN C YCJIOBHETO Aa
noaabpxat Modbus TCP wnu
Modbus RTU.

IIpemyara ce BB3MOYKHOCT
3a BBbBEXKAAaHE B CHCTeMaTa
Ha ypeAM Ha TPETH IMPOU3-
BOJWTENH C YCJIOBHETO Jia
nomaspkar Modbus TCP
wm Modbus RTU.Henoc-
TaTbK € Heo0X0AnMOoCTTa
or PAC4200 3a gateway
kbM RS485 Gazupann ycrt-
poiicTBa.

B®3MOXHO € 11a ce BKIIIO-
YyaT yCTPOWCTBA Ha APYTH
MPOU3BOAUTENN, HO 32
[enTa € HeoOXoauMO J1a ce
M3I0I3Ba pasuiupeHara
Bepcus PowerXpert
Software

Enterprise Edition

HN3noasBane
HAJIUYHO
pyABaHe

HA
000-

BB3MOXHO €, ako HaTUYHUAT
ypen T03BOJISIBA CBBP3BaHE C
MOAXOSI KOMYHUKALIMOHEH
MOy

BB3M0XHO € M3I0I3BAaHETO
Ha HAJIMYEH Xapayep, HO €
HEOOXOJMMO 3aKyITyBaHETO
Ha pa3IIUpeHus MaKeT cod-

Tyep.

BB3MOXKHO € N310JI3BaHETO
Ha HaJIU4YHU YPEaH, ako Te
MOraT J1a KOMyHUKHpPAT 1O
HSIKOM OT MpeajiaraHuTe
MPOTOKOJIM 3a KOMYHHUKa-
.

H3noa3Bane Ha
HAJIMYHATA KO-
MYHUKAIIUOHHA
UHppa-
CTPYKTYpa

Bw3moxkHo e 0e3 mpobiemu
Jla ce W3I0i3Ba HAIMYHATA
MpeXka, IpeJHa3HayeHa 3a
JpyTH aJIMHHUCTPAaTHBHU
YCIIyTH

Moxe na ce u3Ioii3Ba Ha-
JIMYHaTa KOMYHHKallMOHHa
unppactpykrypa.  Kena-
TETHO € W3I0JI3BAaHEeTO Ha
JIpyra TMOAMpPEKa, KOSTO €
pasjMyHa OT Ta3H Ha ajMH-
HUCTpAIUsATA.

Uznon3ea ce mmpok HabOp
KOMYHHUKAIIUOHHH HMHTEP-
(eficu ¥ TPOTOKOIM TIpe3
Ethernet mpexara. Hsama
CIELMAIIHO H3UCKBAaHE 3a
U3I0J3BaHE Ha OTHENHA
MperKa 3a Ta3u Ledl.
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IMoka3zarenu HInaiinepEaexTpux[S]

StruxureWare

Siemens|[6]
Senton Power Manager

Eaton [7]
Power Xpert Meter

Jlekota Ha wu3-|HactpoiiBaneto Ha otnen-

noJ3BaHe Ha |HUTE TpaduKU WM TPYIH OT
NPUJI0KHUSA rpaduKy € YIECHEHO B MHOTO
codryep roJisiMa CTETNEH U € Bb3MOYKHO

C MMHHUMAJIHO pa3ydaBaHe aa
ce TOJIyyaT >KEeJIaHUTE KOM-
OMHaAIMHK OT rpad)uKu.

HactpoiiBanero Ha cog-
Tyepa MpH TbPBOHAYAITHOTO
IyCKaHe W3UCKBa JIOCTa
mMUPOK 00eM OT 3HaHWS 3a
paboTara Ha cucTeMaTa M
Ha CTPYKTypaTa Ha W3I0JI3-
BaHUTE KOMYHHUKAIIWU.

B nmocraBenus codryep ca
3aJI0KEHU TPEIBAPUTEITHO
nepuHUpaHu MIA0JIOHH 3a
paborta cropea pa3IUYHU-
TC TUIIOBE N3I10JI3BAHHU
YCTpOICTBA.

Bob3moxkHocT 3a|lMa mnpeaBapurenHo nedu-

chb3/aBaHe Ha | HupaHu rpaduku, KOUTO MO-
NMOTPEOUTEJICKH |TaT J1a CE MOJI3BaT BbB BCUUKH
rpa¢ukd M Ta0-|BH3MOXHH KOMOWHALIMK OT
JHIH, CbOTBET-|pa3INIHUTE TAPAMETPH.
CTBAllM HA WH-

AUBHIYATHUTE

HYKIH Ha 00eKTa
H MOJ00EKTHTE

W3nomn3Ba ce rinaBHO mpen-
BapUTEIIHO  [OJTrOTBEHUS
HaOop ot rpaduku. 3a na
MOraT Ja ce H3I0JI3BaT
norpeduTeNcku neuHupa-
HU rpaduku € HeoOXOaUMO
U3MOJI3BAHETO Ha Pa3lliH-
peHus naket copryep.

Moske na ce g00aBsT MOT-
peOUTEIICKH  Tabiumu |
rpaduku, 1 fa ce mpeodpa-
3yBaT BBB BUJ, cHelH(U-
YeH 3a BCEKHM CaMOCTOSTE-
jmeH obekr. MMa BB3MOXK-
HOCT 3a W3IO0J3BaHE Ha
MOIXOISIIH IA0JIOHU.

Bn3MoikHOCT 3a
JUCTAHIIMOHEH
JOCTHI 70 CHC-
TEeMHHUTE JaHHHU

JocThbT 10 AaHHUTE TIpe3
WHTEPHET € YJECHEH MAaKCH-
MaiiHO. EjuHCTBEeHHIT He-
JIOCTaTBK €, Y€ M3MO0JI3BAaHETO
Ha 4acT OT NPUIIOKEHUETO €

JlocThIBT 10 [aHHUTE €
BB3MOXEH ClEeJl 3aKyIlyBa-
He Ha WEB naker.

JlBaTa BapuaHTa Ha COPTY-
epa mpemiarat pabora ¢
WEB wunrepdeiic, ¢ moc-
ThII Ha IIOBEYEC OT C€AUH
KJIMEHT €THOBPEMEHHO.

00BBP3aHO c Internet

Explorer.
Bn3moxknocer 3a|Upes momsnHHTENHA KOoH30Ma | [Ipenporpamupane Ha u3-|[Ipum HE0OXOIUMOCT € BB3-
HacTpoiika  Ha|(managementconsole) CE |MepBaTeNIUTE MOXKE Ja CEe|MOXKHO Ja ce  Ipe-
u3MepBaTeJIuTe |IPaBAT HACTPOHKM HA OTHEN- | peaju3upa ChC CIEIUald- | IporpaMupar  JAUCTaHIIH-

HUTEC U3MEPBATCIIU, CBbP3aHU
B cucrtemata. lIpu HeobOxo-
JMMOCT M3MEpBATENISIT MOXKE
Jla ce mporpamupa C Hai-
HOBaTa BEPCHUS HA CHCTEMHHS

codryep.

3upaH copTyep, HO HE U
npe3 CUCTeMaTa 3a eHEepru-
€H MOHUTOPHHT.

OHHO M3MEpBaTEINTE Ha
EATON (HO HE M Te3u Ha
JIPYTH  TIPOU3BOUTEIH),
KaTo TEKYIIOTO ChCTOSHUE
ce oTOenms3Ba C IIBETHA
KOJIMPOBKA.

3abeneocka: Hpedﬂoofceﬂama cpasHUumelHa ma6]l1/ll4(l ce 0CHOBABA HA BUNCOAHEMO HA asmopume u pase-
aeaHcoa camo mexHudyeckama cmpana Ha npedfzaeaﬂume npoaykmu.

[Ipy mbileH aHanu3 Ha MpeJIaraHuTe
CHCTEMH, OCBEH TEXHHYECKa, CJIeBa Jla yJac-
TBa ¥ MKOHOMHYeCcKa 000CHOBKa. OKOHUATEI-
HO CpaBHEHHE OM MOTJIO Jla C€ HalpaBU CaMo
Mpu W3paboTBaHE HaA MapajenHu odepTd Ha
0a3ara Ha eUH U CHIIl KOHKPETEH peasieH WIn
BUpTyaJieH 00EKT, KaTo ce OTYeTe U MPOIYK-
TOBOTO pa3HOOOpasue Ha OT/AEITHUTE MIPOU3BO-
nutend. Camo Mpu TakoBa KOHKPETHO CpaBHE-
HUE MEXAy OTAETHHUTE CHCTEMH MOXE Jia ce
M3II0JI3Ba Pa3HOOOPAa3MeTO OT BBH3MOXKHOCTH,
Ipe/UlaraHy OT PA3IMYHUTE POU3BOJUTEIH, U
na ce uzbepe Hail-moOpUSAT BapuaHT, KOMTO
JlaBa ONTHMAJIHO ChOTHOLIEHHWE MEX]y 1IeHa U
BB3MOKHOCTH.

3AK/IIOYEHHUE

BbBekgaHeTo Ha CHCTEMHU 3a €HEPTUEH
MOHHUTOPHHI € Ba)KE€H €Tal B IMOBUIIABAHETO
Ha eHepruiiHata edexkTuBHOCT. M300pBT Ha
CUCTEMa 3a €HEpPrueH MOHUTOPHUHI TpsOBa 1a
CE M3BBPIIBA HAa OCHOBAaTa Ha I0Ka3aTellu,
KOUTO Ca CHUCTEMAaTHU3UpaHU B TPU IPYNH, Cb-
OTBETHO: XapJyepHO OCUTYpsiBaHE, COYTYyEepHO
OCUTYpsIBaHE M TMOTPEOUTENCKU HUHTepderic.
[Ipemioskenara B craTusiTa Tabiauia 1aBa Bb3-
MOXKHOCT 3a TEXHMYECKO CpPaBHEHHUE MEXIY
IpeJUlaraHuTe XapAyepHU U copTyepHU Mpo-
OYyKTH B 0o0JlacTTa Ha €HEPrMMHUS MEHUJK-
MBHT, HO ITBJIEH TEXHUKO-UKOHOMUYECKHU aHa-
JM3 MOJKE Ja C€ HalpaBU CaMO 3a KOHKPETEH
peasieH Ui BUPTyaJieH 0O€eKT.
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Cepusn o Texnuuecku HayKu o

TEHAEHINHU B PASBBUTHUETO HA CJIEJABALIO IOKOJEHUE MPEXHU

Enena MBanosa, Teonop Uines
Pycencku ynusepcumem ,, Anecen Kvnues”

TRENDS OF DEVELOPMENT OF THE NEXT GENERATION NETWORKS

Elena Ivanova, Teodor Iliev
,Angel Kanchev” University of Ruse

Abstract: Right now, all over the world, mobile access to the internet is becoming wholly funda-
mental to doing business in all industries. And not only ICT networks infrastructure in business
efficiency, but it is now a vital driver of economy growth. Societal development lead sto changes in
the way mobile and wireless communication systems are used. The future information of society
private and professional users will be provided with a wide variety of applications and services,
ranging from in fotainment services, through increased safety and efficient usage of transportation,
to completely new industrial and professional applications.

The development of 5G technologies, the new types of challenges that arise from new application
areas are the very low latency, and the very low energy, cost, and massive number of devices..
Keywords: mobile access, wireless communication systems, telecommunication services.

BBBEJIEHHUE

CpBpeMEHHHUTE  TEJIEKOMYHUKALIMOHHU
yCIyTd W TPWIOKEHMsI ca JIBUTaTEJINTE Ha
porpeca, HO CBHIIEBPEMEHHO T€ TOCTaBAT
HOBU M3UCKBAHMS KbM TEXHOJIOIMHMTE Ha Mpe-
xuTe. B mocnenHuTe HAKOJIKO FOJUHU, Oy1aro-
napeHue Ha OBbP30TO pa3BUTHE HA ChHOTBETHH-
T€ TEXHOJOTMHM B O€3:KMUHUTE MPEXHU 3a JI0C-
THI, ce HaOJI0/1aBa HAapacTBaHE Ha MpPeOCTa-
BSHUTE yCIyrd Ha Oazata Ha [P mportokomna.
TpetoTo mokoseHre MOOUIHHM KJIETHUHU CHC-
TEMHU HE MOJKE J]a YJOBJIETBOPU HapacTBAIlIUs
IIMPOKOJIEHTOB TpauK, KOETO Hajara BHE-
pSIBAaHETO Ha YCHBBPUICHCTBAHM CTaHIAPTH,
MI03BOJISIBAILM PA3MPOCTPAHEHUETO HA MYJITH-
MEINIHO ChIBPKAHHUE OT U 10 KpaWHUTE MOT-
pebduremny.

HenpexbcHato pa3Butue Ha paguoKo-
MYHUKallMUTe ¥ B YacCTHOCT HAa MOOWIIHHTE
CUCTEMHU 3a BpPb3Ka B HA4aJI0TO 21 Bek, ch3na-
JI€ YCIIOBMsSI 32 Pa3BUTHUETO HAa BHCOKOIIPOU3-
BOJMTEITHU U BHCOKOCKOPOCTHHU PaJMOCHCTE-
MU 3a Bpb3Ka. ToBa € cBbp3aHO C OBUILIABAHE
Ha JIOCTOBEPHOCTTa Ha Bpb3KaTa MEXIY OT-
JeTHUTE TOTPEOUTEIN U OCUTYpsiBaHE Ha cpe-
Jla 3a JOCTBI Ha MO-TOJISIM Opoit moTpeduTenu
IIPU MO-BUCOKA CKOPOCT Ha OOMEH /1a JaHHHU.

Cnen 2005 rommHa moTpeOUTENUTE Ha
MHTEPHET ca M0BeY€e OT €IMH MUJIUAp/[, a Ipe3
IpeIxoJHaTa roJMHA CTaTUCTUKATa IOKa3Ba,
4ye 2,7 Munuapia Iylld NOJ3BaT MHTEPHET U

ca CBbp3aHU C MOOMJIHH YCTpoiicTBa. Y aMBHU-
TEJTHOTO pa3BUTHE U MOTpeOJeHHe Ha KOMY-
HUKAI[MOHHU YCTPOWCTBA, OTPOMHOTO KOJIH-
YeCTBO MPUIIOKEHUS, BOASAT 1O OTPOMHOTO
yBEJIMUEHUE Ha KOJIM4ecTBOTO Tpaduk. Exnu
OT TMOCJIETHUTE TPOBEACHU H3CIEABaHUS 3a
norpebnenuero mpe3 2012r mnokasBar, ue
OOMKHOBEH MOTPEOHUTEN BCEKH Mecell IMO0JI3Ba
342 Mbyte Ha MOOMJIHOTO CH YCTpPOWCTBO, Ha
tabser 8§29 Mbyte, a Ha KOMIIOTHP WU Jaf-
tom 2,5 Gbyte [2].

Pa3BuTHe Ha TeNEeKOMYHUKAllMOHHU YC-
JYT'M ¥ MHTEpHET Tpaduka, OrpOMHOTO KOJH-
4eCTBO TeHepHpaHa WH(OpMaIlus Ha BCHYKU
HUBa BOJAT JI0 pa3pabOTBAHETO Ha Cle/Balll
craagapt (5G) 3a mpemocTaBsHE Ha CBBp3a-
HOCT JI0 BCSIKO MOOWJIHO YCTPOHCTBO M IO
BCAKO BpPEME MEXJIy OT XopaTa, MAaIIMHHUTE
(pu3nyeckn Hemia), MPOIECH, CBOEBPEMEHEH
JOCTBI 10 MH(OPMALNS, CTOKH U YCIYTH IO
CUTYpPHH U HaJIeXK/ITHU HAYMHH.

5G MoOunHa Mpexa 1ie ObjAe ¢ yBeIu-
yeH KananureT npubnusurenHo 1000 mbta u
e nojabpka Bpb3ka ¢ moBeue ot 100 mum-
OoHa MOOWIHU ycTpoiicTBa. Ha Bceku nmoTpedu-
Ten me ObAe mpeaocTaBsiHa cKopocT oT 10
Gb/s ¢ mpeHeOpeKMMO MalKO 3aKbCHEHHE U
BpEME 3a peaKItsl.

HoctersT B 5G Mpexata e 0bae pea-
JU3MpaH eIHOBPEMEHHO C JIB€ HOBU TEXHOJIO-
rud 3a jpoctell  RAT  (Radio  Access
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Cepusn e Texnuuecku nHayku o

Technologies) n eBomonpann O€3KUYHU TEX-
Honoruu (LTE, HSPA, GSM u WiFi). BoBex-
JAHETO Ha TEe3W MPEXKH Ce OYaKBa Jla CTaHE
mexay 2020 u 2030.

HeobxomuMocTTa OT HaAJIEKIHOCT, BH-
COKa CKOPOCT M CUTYPHOCT, Hajara CHUMYyJa-
[MOHHHU HW3CJICJIBAHUS HAa PEATHHTE CHUCTEMHU
ype3 TeneTpaduIHu CUCTEMHU.

[Ipn mpemaBaHeTO Ha TOJSAM IO 00EM
uHbOpMallisi 3a KpaThbK IEPUOJl OT BpEME,
KOJIMYECTBOTO HAa BB3HUKBAIIUTE TPEIIKHA Ce
yBEJIMYaBa MPOMOPIMOHATHO HAa CKOPOCTTA.
Bb3HuKBaHeTO Ha OJIOKHPOBKH, 3aryba Ha
uHboOpMallvs, 3amylIBaHUs Bede MIe OKa3Ba
MHOTO TOJISIMO BJIMSIHHE Ha KpalHUS TOTpeOu-
TEJ, KaTO BEPOSATHOCTTA 33 BH3HUKBAHETO WM,
TpsiOBa Ja € MHOrO Mo-HUCKA. Bucokara cko-
pOCT M HEOOXOJUMOCTTa OT TapaHTHpaHE Ha
yCIyTUTE, Hallara Ch3JIaBaHETO W U3CJIe/IBaHE-
TO Ha aJIcKBaTeH TejeTpaduyeH MO Ha Bb-
3]l WIM 4acT OT HajArpajeHaTa TeIeKOMYHHU-
KallMOHHA Mpexa.

CO®EPU HA IIPUIOXEHUE U
IINTAHUPAHO PA3BUTHUE

BbBexaaHeTo Ha cineaBamioTo IMOKOJe-
HUEe MOOMJIHM Mpexa ce rutanupa 3a 2020 ro-
JIMHA, KaTo TpsOBa ga OBAE CHBMECTHMO C
npeaxoaHuTe reuepaunu Mpexu. LTE texHo-

JorusTa me e 0a3oBa 3a clieBamiara reHepa-
s, kakto ca 6unu HSPA u Wi-Fi. [lopu 2-ta
TeHepanuss OKa3Ba BAXKHO BIIHMSHUE, IMOPAIH
BakHOCcTTa HAa RAT B MHOTO TOYKHM Ha CBETa,
OYaKBaHETO € BIUSHHUETO 1A TPOIBIIKH, JOPH
cnen 2020 r..

[Inanupa ce kanauuTeTsT HA 5G Mpexka-
Ta Ja € OJIM3BK IO TO3H Mpe3 ONTUYHA CBBP3a-
HOCT, HO TIO BCSKO BpeMe M Ha BCSKO MJCTO,
KaTo MOJAbpKa MOOWIHH MIaTdopMHU MO 3a-
SIBKa, YJIOBJICTBOPSABAIIM BCUIKH IMMOTPEOHOCTH
HAa TIEPCOHAJHHUS U CIy)keOeH CcTaHAapT
[4,5,6]. OuakBa ce 5G MpexuTe aa 6b1aT mpo-
eKTUPaHHU 32 MYJITUMEANHHU Cpeld BBHB BHUP-
TyajHa peajgHocT (¢wur.1).

VYcemaneTo 3a OTAAIEYEHOCT NPU KOMY-
HUKalusg Mexay oducu Ha OM3HEC opraHu3a-
[IUU, HAMHPAIIN Ce Ha Pa3InIHH (PUINICCKU
MecTa, He O TpsIOBajo Ja ChIECTBYBA MMOBEYE
[7]. Omeparopure, kouto paszmosarat ¢ 5G
MpEXH, II€ MOraT Ja Ch3/laBaT U BHEIPSBAT
MHOTO TO-JIECHO HOBH YCJIYTH, O4akBa c€ HO-
BUTE MOOWJIHH MPHUJIOKEHUS U MHOBAIIUU 3HA-
YUTETHO Ja ce yBenudaT. OcBeH ymoTrpebara
HA TEJIIEKOMYHHMKAI[MOHHO CpPEICTBO  WIHU
miatdopma, 5SG Mpexure Ime mnpeodpasyBaT
pUpoJIaTa Ha pacTeka Ha BEPTUKAIHUTE WH-
JTyCTPUATHA CETMEHTH M BCHYKH OICPAIMH B

Tsx [8,9].

Owr. 1. CJ'IC,Z[B&IJ_IO TIOKOJICHHUE MPCKHU, TPOU3BOAUTCIIHOCT, CBBP3aHOCT U 3aKbCHCHUC
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Cepusn o Texnuuecku HayKu o

Tpancnopra, 06pa3zoBaHuETO, 3paBeo-
Ma3BaHETo, MHIyCTPUsATa, (UHAHCOBUTE OIle-
paruu u npeoOagaBamiaTa 4acT OT HHIYCT-
pHATHUTE OPraHU3alllK CE€ OYAKBA J1a CE Bb3-
I10JI3BAaT OT CBBP3aHOCTTA CU KbM 5G MpExXHU-
T€, @ B HAKOM CIJIy4aH IIE 3aBUCAT U3ILSUIO OT
Ta3u CBbP3aHOCT. MBKIIOUNTENTHUAT ri100aneH
Maiia0 Ha 5G MpeXuTe ce 04aKBa /1a CBbPKe
MUJIMOHU IIPEBO3HU CPENICTBA, CTPaIH, aBTO-
HOMHH MH]TyCTPHAJIHU MaIIMHH, YCTPOUCTBA U
ap. Twit kato 5G MpexuTe 11e ca SAPOTO Ha
Ta3| CBHP3aHOCT, Te TPSAOBA /1a pa3unuTaT Ha
,,CBOJIFOIIMOHHM"* IPOMEHHU B O0JIAYHUTE U MO-
OMJIHUTE TEXHOJIOTUH, MPUJIaraHu B IIHPOK
mara0.

TEJEPA®UYHU ITAPAMETPU

HoBoTo mokoneHne MOOUITHU MPEXH 1I1e
MOAABPKA Pa3IudHU BHIOBE Tpaduk, B pas-
JTUYEH BPEMEBU TUATIA30H, KATO HAJIEKIHOCT-
Ta 3a Mojy4yaBaHe Ha WHpoOpmaIms, TpsOBa na
Opae nmocta mo-ronsMa. IIpomyckarenHara
CIOCOOHOCT 110 KpaiftHo ycTpoicTtBo Ha MAC
HUBO, TpsiOBa na Obae neduHupaHa 3a AaneH
BpeMeEBHU ydacTbK. To3M mokazaTes € eIuH OT
BB3MOXKHHUTE TMIOKa3aTelu 3a H3MEpBaHE Ha
HUBOTO Ha KauecTBO quality of experience
(QoE) 3a ompenenenu yciyru. JlaHHOBOTO
HUBO Ha 00CITy’)KBaHETO Ha MOTPEOUTENs € To-
HUCKO OTKOJIKOTO HPOIYCKAaTE€ITHOCTTAa Ha J10-
II'BJIHATEIEH TMPOTOKOJI HAJArpajeH Ha To-
Bucokure HuBa, kato PDCP unu RLC nwa LTE,
IP, TCP/UDP/SCTP. IIpou3BoauTeIHOCTTA,
KOSITO TMOTPEOUTENAT TOoNyyaBa 3aBUCH U OT
3aJlaZieHaTa OCTaHOBKa, HO U OT Opos MoTpe-
OuTenyu, KaKTO U OT KOJIMYECTBOTO JaHHH, KO-
WUTO C€ TeHEpHpaT, Opaau TOBA, Y€ T€ BIUSAT
HAa HATOBapBaHETO Ha KIETKaTa, KaKTO U Ha
3a00MKaJSIIUTE 51 KJIETH B JaJieHaTa MOOMIIHA
mpexa [1,3].

3aloXeHUTe 1eNd, B ObIeI0TO MOKOJIEe-
HUE MOOWIIHH MPEXH, ca WU3KIIOYHUTEITHO BU-
COKHM - CKOPOCTTa 10 KpailHus MOTpeOuTes
TpsiOBa na ce yBenuuu a0 100 mbTH, B cpaBHe-
Hue c¢ aaemrHara [10]. [lopanu Ta3u npuunHa
TpsOBa Ja ce HampaBsAT MaTEeMaTHYeCKH W3-
YUCJICHUS, OTTOBApsIIM Ha aJeKBATE€H TEJeT-
paduveH MOJEN, MO3BOISIBAIIN MTPOBEXKIAHETO
Ha CUMYJIalMsTA.

[Tpuemame, ue k-tus naker Ha MAC Hu-
BOTO Ha I-TWsS TOTPEOUTEN, WMa pa3Mep
L;[bits], kato pasmpeneneHueTro 3aBUCH OT

n3bpanoro npuinoxenue. Heka 7;; Obme 3a-
KbCHEHHETO 3a TpeJlaBaHe Ha IakeTa, OT Ha-
YajiHa 710 KpaifHa To4Ka, KaTo 3aBHCH OT:
e RAN pemenuero;
e [lonoxeHneTo Ha MOTPeOUTENS;
e ToBapa B MOMEHTA.
bazupaiiku ce Ha TOBa, MPOU3BOJIUTEN-
HOCTTa Ha IaKeTa Ce OIpeJeNs MOCPEICTBOM
U3pa3bT:
Ri,k = Li,k /Ti,k (1)
CrannapTHaTa MPOU3BOAUTEIHOCT, H3-
YHCIIeHa KaTo OYaKBaHa MPOU3BOIUTEITHOCT Ha
naketa me 0bne Th, = E,[R,, ]. Kato ouaksa-

HETO € choOpa3eHo ¢ BPEMEBUS OTPSA3bK, MPH-
€T B JIaJICHOTO U3CJIE/IBaHE.

ATpokcuManusaTa Ha IPOU3BOIUTEITHOCTTA
MoOKe J1a Ob/ie U3YHCIICHA KaTo:
EL )/ ET 4] 2)

TpsiOBa na ce oTOenexu, 4e B TOBA U3-
YHCJIeHUE He ca BKIIIOYEHM, BpeMeHaTa 3a W3-
YaKBaHE Ha MPHUIIOKEH CIIOM, BPEMETO 3a MpPo-
yuTaHe Ha Opay3bpa, KakTO U BpEMETO 3a
BpbIllaHE 3aJI0)KEHO B TpauK KOHTpOJIa Ha
TCP/IP. ITopaau Ta3u npuurnHa, UMa pazInyHa
MIPOITYCKATEIHOCT Ha Pa3IMYHUTE HUBA.

Pasmpenenenusita Ha TeHepUpaHUs Tpa-
¢uK Ha MOTpeOuTeNs, CIPSIMO MPOU3BOIUTEI-
HO, TpsiOBa Ja ObAaT pa3nuyHu. [TaBHOTO
JIOTIyCKaHe 3a M3I0JI3BAaHUTE DPA3MpeesIeHus,
TpsiOBa na ObJe choOpa3eHo C TOBa, 4Ye IMOJIy-
YaBaHUTE YCIIYTU U MPUIIOKEHUS ca Pa3IUYHU.

Paznuunute BHUIOBE TpaduK, KaKTO H
paznuyHuTEe napameTpu 3a QoS, chIIo OKa3Bar
BIMSIHUE Ha TesneTpaduyHUs MOJEN 32 CHUMY-
nanus, Kakto B mpasa (uplink), Taka u B 00-
patHa mocoka (downlink). ]JluHAMUYHOTO
MIPEBKJIIOYBAHE MEXKIY TACHA U HIMpPOKa Yec-
TOTHA JIGHTa MpH IMpeJaBaHeTO Ha JIaHHH,
TpsiOBa na Obae oTUYeTeHO. Bhrpeku, ye Hikou
OT TMPUJIOKEHHUATA TO3BOJSIBAT IO-TOJSIMO
3akbcHeHue [11].

Tenerpaduuen mojen, omucpai rojis-
MaTa BapHualys Ha MPOMEHJIMBUTE MapaMeTpH,
CE ONMCBA CBbC TEKKOBPEMEBH 3aBHUCHUMOCTH,
KaTo B ONpEJEJICHN MEepHUOIu MMa HaTOBapBa-
He 710 100%, B chIIOTO BpeMeE Aa UMa NepUOIU
6e3 3asBku. [logxomsmu npumepu ca ['eomer-
puuHoTo, [lapero pasnpeneneHus, KakTo U Ha
BXOJALIUS TpapuK, Taka U Ha pa3mpeiereHne-
TO Ha O00CITy>KBaHe.
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Tenerpaduuna cucrema ¢ BXOJSI TO-
TOK ITOCTBITBAII IT0 TEOMETPUICH 3aKOH C €/THA
OTaIlka, KbJIETO MecTaTa 3a o0ciyxBaHe ca N
Ha Opoii, ce M3MoJ3Ba 3apagu HE0OXOIMMOCT-
Ta OT W3CJEIBaHE Ha PA3HOPOJHHU CHUCTEMHU C
BHCOKOCKOPOCTEH TpauK, KBIETO BEPOST-
HOCTTa OT 3aryOu TpsiOBa Ja CBeAE J0 MHUHU-
MyM. [Ipu TeIIEKOMYHHKAITMOHHH CUCTEMH OT
tun 5G 3a ChOTBETHUTE XEHAOBHPH, 3HAUCHHE
MMa M JUCIUIUTMHATA Ha 00CTy»XBaHe, 3a7aBa-
HETO Ha MPUOPUTETH. B aHANMUTHYEH U CUMY-
JAIMOHEH TIJIaH TPsAOBa /a ObJAT W3CIIEIBAHU
BEPOSITHOCTHHUTE MapaMeTpu 3a OJOKHPOBKA U
3a MpembJIBaHe Ha CHCTEMAaTa.

['eomerpuuHoTO  pasmpeaesneHue  ce
OMMKCBA C JBaTa 3aKOHA WHTErpajeH u nude-
peHianex (3), KpIETO MapaMeTbpbT p € B
uHTepBansT [0;1]:

Foo :{ p(l-p) ", x=12,..
0, 3a ecuuku ocmananu (3)
G(x)={ 1-p(1-p),x>0

0, 3 8CUYKU ocmaHaiu

Marematuueckoro ouakBaHe E/X]/=1/p
U BapualusaTa ca ONMCAaHU C MaTEMAaTHYECKU
u3zpa3 (4), xpaero g=1-p, a mapameTbpbpT p
OoTHOBO TpsiOBa na ¢ B uHTepBan [0;1/. KBax-
paTraHEAT Koeduuuent ¢ C-=g.

Var[X]= % 4
BepositHocTHaTa reHepaTopHa (yHKIIHS
3a TEOMETPUYHO pa3NpeieieHue ce n3passiBa ¢
uzpas (5), a ako e gajaeHa z-TpanchopManusTa
Ha €/Ha ciydYailHa NPOMEHJIMBA, TO BEPOAT-
HOCTHUTE pj C€ U3UUCIISIBAT ¢ u3pas (6):

pz
G = 5
x[2] 1—(-p)z )
1 d*G,(z)
Py =G, (0) p, :E-TX;(‘ZZO (6)
3a k=123
JUTEPATYPA

I'enepaTopHaTa GyHKIUS 32 CyMa OT He-
3aBUCUMHU CJ'Iy‘-IElfIHPI IMPOMECHIIMBU € IIPOU3BC-
JIeHHE OT TeHepaTOpHUTE (PYHKIMHM Ha BCSIKa
MIPOMEHJIMBA U ce J1aBa ¢ u3pasa (7):

G.(z)= ﬁGXi (2,X=) X, (7

Bepo}ITHOCTHI/I napamMeTpu 3a OLICHKA Ha
CuCTeéMaTta TpyAHO CC€ p€alnu3vupar aHAJIUTHY-
HO, Mopaayd U3YHUCIIHUTCIHATA CIIOKHOCT. Cu-
MyJanysaTa Ha TeHeTpa(bI/I‘—IHI/I CHCTEMH, MOJEC-
JIMpaHd 3a MpPECKHU OT HOBO ITOKOJICHUC ou
CIIECTUJIO MHOT'O BpEME U CpCICTBA.

3AK/IIOYEHHUE

Tpure OCHOBHU LIeNM INOCTaBEHW Mpex
TexHosorusaTa 5G ca: yBeIM4aBaHE KarlaluTe-
Ta Ha MpexaTa M CBBP3aHOCTTa, MOAIPBKKA
Ha BCE MO-pa3HOOOpa3eH HabOp OT YCIyTH,
NPUIIOKEHUS U MOTPEOUTENN - BCUUKU C U3K-
JIOYUTENTHO Pa3IMYHU B M3MCKBAaHUS U I'bBKa-
BO U e(pEeKTUBHO M3IMOJI3BAHE HA BCUYKU Ha-
JUYHU HEChCETHHU CIEKTPH 3a HAIbJIHO pa3-
JUYHM CLIEHApUHU 3a pasrpblllaHe Ha Mpexkara.
Ta3u amanTUBHA Mpeska 1€ MO3BOJIM ChbBMECT-
HaTa pabota Ha LTE M ycCBHBBpIIEHCTBaHUSA
BB3MylIeH uHTepdeiic, obmaynute SDN
(Software Defined Networks) u NFV (Net-
work Functions Virtualization) TexHonoruw,
I11e MPOMEHSAT ChIIECTBYBAIllaTa MOOMIIHA CUC-
Te€Ma U I1Ie C€ YCKOPHU Ch3aBaHETO M U3IOJ3-
BaHETO HAa MHOKECTBO YCIIYTH U IIPUIIOKEHUS.

MHoro ot TexHu4eckuTe NnpoOiIeMH Ha
ObIeluTe MOOUIHM MpPEXH HMAT pPeleHHs,
HO CBILECTBYBAT MpPOOIEeMH, KOUTO OMXa MOT-
JIM J1a ce pelaT MHOIO M0-€BTHHO, ChC CUMY-
Janysg Ha TeneTpaduYHM MOJETH, OMHMCBAIIM
Tpaduka, KaTo napameTpuTe OUxa MOIJIU Ja ce
IIPOMEHAT B MHOTO IIMPOKHU Trpanunu. [Ipenc-
TOM MOJIETIUpaHe U CUMYJAIIMOHHO H3CJe/IBa-
HE Ha OBJCIUTe KOMYHUKAIIMOHHU YCTPOUCT-
Ba.
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EKCIHEPUMEHTAJIHO N3CJIEABAHE HA IUPEKTEH METO/] 3A
KOHTPOJI HA MATTHUTHO IOJIE

Benuuncnas Kecees
Pycencku ynusepcumem ,, Anecen Kvnues”

EXPERIMENTAL STUDY OF THE DIRECT APPROACH FOR CONTROL OF
MAGNETIC FIELD

Ventsislav Keseev
., Angel Kanchev” University of Ruse

Abstract: The paper represents the experimental results from the case study on the direct approach
of magnetic field control. An experimental setup has been created for magnetic field redirection
investigation. The electronic schematic of the setup is given together with the methodology of ex-
perimentation. Analysis of the final results has been done.

Keywords: Magnetic Field Control, Permanent Magnet, Ferromagnetic Core, Flyback Transformer.

INTRODUCTION

A patent research has been done in the
field of devices and methods for control of the
magnetic field of permanent magnets which
main purpose is useful work to be done. The
final conclusion of the analysis of the devices
found is that theoretically they won’t work in
the way they have been represented and de-
scribed in the patents. Another conclusion is
that under some special conditions it should be
possible real working models to be created.
Preliminary simple practical tests clearly point
that if the magnetic field of permanent magnet
could be artificially redirected to flow alter-
nately through two alternative magnetic paths
this would lead to electromotive force induc-
tion in the output windings. The only way
those conclusions to be verified are through
creation and practical examination of real
models of such devices, step by step improv-
ing the design until working model is devel-
oped. Such an investigation cannot be com-
pleted with the help of simulation software
because not any suitable one has been found.
Even if there is such simulation platform the
plausibility of the results would be questiona-
ble, which will lead to the necessity of addi-
tional real experimental results in order to ver-
ify the simulation ones. The eventual use of
such analog event simulation platform, which
experience shows are pretty incorrect, will
only lead to loss of precious time in this par-
ticular case.

METHODOLOGY OF

THE EXPERIMENTATION AND

FINAL RESULTS

Methodology and experimental setup

The correlation between the input and
output parameters and their influence over the
overall work of the device should be clearly
found. In order this to be achieved, during the
experimental tests only one of the input pa-
rameters should be variable while all others
are constants. The change of one of the input
parameters will probably cause change of an-
other one which leads to the necessity of ex-
perimental setup design oriented towards easy
input parameter adjustment. All important pa-
rameters should be monitored for deviations in
real-time, so many meters should be connected
to the setup. All necessary measurement points
should be easily and safely accessible which is
taken under consideration during the design of
the experimental setup. The input and output
voltages and currents are with high frequency
pulse form. In order realistic experimental
results to be achieved and measurements to be
done in an easier manner they will be linear-
ized with the help of appropriate filters. The
measurement of direct voltages and currents
will diminish the possibility of incorrect read-
ing and will allow for real time conclusions
and easier and more flexible parameter ad-
justments. This will accelerate the experi-
mental tests of different models and will save
precious time which will be used for extraction
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of important conclusions and development of
improved models.

The necessity of real-time measurements
and adjustments of all parameters leads to the
usage of many devices such as different type
of meters, input and output transformers, addi-
tional autotransformers, circuit protections,
filters and others which will complicate the
design process of the setup. The development
tasks are even more difficult because the con-
trol unit should be able to control different
models of such devices with different input
parameters and work requirements. To sum-
marize, a versatile experimental system should
be created.

The setup project has been designed in a
similar way as the design of forward and fly-
back DC-DC converters, as those devises work
in similar manner [6-10]. The whole design
process is based on the worst-case scenario
from all possible ones. The control unit is
based on the specialized integrated circuit
SG3525 designed for control of DC-DC con-
verters. The IC can maintain high frequencies,
has a totem-pole outputs and high functionality
which allows easy reconfiguration. The main
part of the experimental setup and the control
unit are shown on fig.1 and 2.
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Measurement results

The results of the experimental study are
represented in graphical view. All measure-
ments have been done with only one variable
parameter while all others are constants. In
order realistic conclusions to be extracted out
of this experimental work concerning the in-
fluence of the integrated permanent magnet
over the work of the pulse transformer like

device, all measured parameters has to be
compared to those measured in the case with-
out magnet. The influence of magnet orienta-
tion will also be investigated. The magnet po-
sition when its north pole is located between
the control windings as shown on fig.l is
called forward orientation. The opposite case
when its south pole is located between the con-
trol windings is called reverse orientation.

Fig. 3. Device efficiency dependence on input voltage. Constant parameters: frequency f=50kHz,
duty 6=0.25, SG3525 voltage Uc=14V, gate resistance Rgs=4.7Q, output voltage Uout~1.1Uin
with output load resistance Rj,ng =200Q2.

Fig. 4. Device efficiency dependence on switching frequency. Constant parameters: input voltage
Un=20V, duty 6=0.25, SG3525 voltage Ujc=14V, gate resistance Rgs=4.7€2, output voltage
Uout~=1.1Uin with output load resistance Rjo,q =200€2.
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Fig. 5. Device efficiency dependence on output load resistance. The threshold output resistance val-
ue over which the output voltage becomes higher than the input one is around 190 Q. Constant pa-
rameters: input voltage Un=20V, frequency f=50kHz, duty 6=0.25, SG3525 voltage U;c=14V, gate
resistance Rgs=4.7Q.

Fig.6 Device efficiency dependence on the duty factor which is proportional to the time of
switched on transistor divided to the switching period represented in percent. Constant parameters:
input voltage Un=20V, frequency f=50kHz, SG3525 voltage Ujc=14V, gate resistance Rgs=4.7€Q,

output voltage Uout=1.1Uin with output load resistance Rjp,g =200Q.

Fig.7 Device efficiency dependence on gate resistance. Constant parameters: input voltage
Un=20V, frequency f=50kHz, duty 6=0.25, SG3525 voltage U;c=14V, output voltage
Uout=1.1Uin with output load resistance Rjoag =200Q.
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The experimental results clearly point
that the efficiency of the model is low and it
varies a lot with different parameters values.
The aim of the device modeling in our case is
creation of an exact copy as described in the
patents with the purpose of verification of the
claimed results and the influence of the mag-
net incorporated in the structure [1, 2, 4, 5].
The main conclusion is that the higher the in-
put voltage, switching frequency and load re-
sistance, the higher the efficiency and the low-
er the duty factor, the higher the efficiency.
The overall efficiency doesn’t depend on the
transistor’s switch-on time.

The experimental results comparison
clearly point that the device model has lower
efficiency in the case with integrated perma-
nent magnet than the case without it, fig. 3,4
and 5. It could be concluded that the perma-
nent magnet integrated in such a way in the
device model doesn’t help its work but stands
on the way and leads to lower efficiency.

Measurements have been done with
three different strength magnets which are not
displayed in here. The results point that the
higher the magnet strength the lower the effi-
ciency.

CONCLUSIONS

The experimental results clearly show
that the direct way of control investigated with
the help of a model designed based on patent
descriptions, is not a working one and cannot
contribute to higher efficiency. The strength of
the magnet manifests in a non-ancillary man-
ner and leads to about 25% lower efficiency
than the case without it. The fact that the per-
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manent magnet force manifests even negative-
ly is prove that it could do work anyway and
there should be an appropriate arrangement
under which it could manifest in a helpful pos-
itive manner. The arrangement of the right
conditions seems to be possible with the indi-
rect way of control of magnetic field, which
allows for partial separation between the input
and output main magnetic circuits and for
more flexible design process. The indirect
method theoretically has a potential which
should be verified experimentally in future
research. The experimental setup should be
slightly rearranged in order to be able to be
used for indirect models experiments. There
are many designs of such magnetic switch
devices which brings the necessity of creation
of simple algorithm for preliminary model
effectiveness evaluation. The preliminary fast
evaluation could considerably accelerate the
design process.

To summarize, this practical investiga-
tion of the direct way of control of permanent
magnet field, based on model created in a way
explained in patent claiming achieved useful
results, showed no any evidence this method to
be a working one. Many patent holders omit
important details concerning the design and
work of their devices with the clear aim no one
else to be able to recreate them. Although the
expected negative results which have been
obtained in this case, theoretically the indirect
way of control of magnetic flux seems to have
potential and under some special design condi-
tions it seems to be possible a working model
to be created. The investigation of the indirect
way is mater of future research.
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N3CJIEABAHE BJIMAHUETO HA BPOSA U OCTATBYHATA EHEPI'UA
HA CEH3OPUTE BbPXY TOYHHOCTTA HA JIOKAJIM3UPAIIIUTE
METO/IX1 B bCM

NBanka I{BeTkOBa
Pycencku ynusepcumem ,, Anecen Kvnues”

A STUDY ON THE IMPACT OF THE SENSORS DENSITY AND THEIR REMAINING
ENERGY ON THE ACCURACY OF THE LOCALIZATION METHODS USED IN WSN

Ivanka Tsvetkova
., Angel Kanchev” University of Ruse

Abstract: This paper presents a simulation study on the impact of the sensors density and their re-
maining energy on the accuracy and the efficiency of four different localization methods for wire-
less sensor networks (WSNs). The Introduction section of the paper presents the WSNs, their main
parameters and the need for localization of the sensor nodes. The next section of the paper presents
three widely known localization methods and the conceptual idea behind a new fourth localization
algorithm. The paper continues with a description of the simulation models, which are used for
evaluation of the localization methods and the results of the conducted experiments. The paper is
then completed by the conclusion section, followed by the acknowledgment and references sections.
Keywords: Wireless Sensor Networks, Localization Methods, Density of Sensor Nodes.

INTRODUCTION

Wireless sensor networks (WSN) are
new generation of the wireless networks,
which are used for many different applications
— military purposes, remote control of different
devices, intelligent housing, medical experi-
ments, etc. [10]. These networks consist of
large number of tiny devices, which are usual-
ly limited in their hardware resources. Many of
the location based applications of the WSNs
requires precise information about the position
of the sensor nodes in the network [1]. Deter-
mining the position of the nodes in a WSN is
also known as localization in WSN. Localiza-
tion plays a major role for data packet routing
[3, 7], collaborative information and signal
processing [4] and other vital network tasks.
Knowledge of the location of a given node in
the network can also reduce the size of the
data packets, which are transmitted to and
from it, as the information about the position
of the device can simply be replaced by its ID.
The sensor nodes are suffering from many
limitations, like lack of computational re-
sources, high power consumption and restrict-
ed memory capacities, which are to be consid-
ered during localization in a WSN. Because of
the usually huge number of devices in the

WSNe, it is impossible to precisely position all
of them.

The small size, the limited computation
power and the restricted battery energy ex-
clude the use of GPS by all nodes [11]. In
many localization techniques some of the sen-
sors are assumed to have predetermined coor-
dinates [8]. These devices are used as refer-
ence sensors [5] and help for the localization
the other nodes in the network. These devices
are usually placed manually or have techno-
logical means for precise determination of
their coordinates [4]. The number of the refer-
ence sensors required for localization of the
WSN nodes depends on the localization meth-
od, but should be kept small in order to reduce
the complexity of the algorithms and the ener-
gy consumption.

ANALYSIS OF THE METHODS
FOR LOCALIZATION IN WSN

In order to evaluate the proposed method
for localization it is compared with three dif-
ferent methods. The first one is general multi-
lateration, where the unknown sensor uses
multilateration and all references to estimate
its location and this estimation is done only
once [9]. In this paper this method is called
Al. The second one also uses multilateration
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and all references but in this case the estima-
tion is refined [6]. In this paper this method is
called A2. In the last method a subnet of refer-
ences is used by the devices for location esti-
mation [2]. In this paper this method is called
A3. Those widely known approaches are com-
pared with a new one, which is called method
with choice of subnet of references (MCSR).

When the sensor with unknown coordi-
nates uses MCSR it chooses only these refer-
ences with which it can estimate the most ac-
curate position. By doing this it eliminates the
sensors with high error. MCSR uses improved
algorithm for reference selection. In this case
the smallest numbers of references are used to
achieve higher accuracy. The other difference
in this method is the termination approach,
which is used to stop sending messages for
“location request”. MCSR consists of four
phases: initialization, initial position estima-
tion, refined position estimation and update of
the position. The main functions of those
phases are:

Initialization

if (final=true) then exit

send “location request”

receive “location respond” from the neighbors
if (those neighbors are smaller than three) then
exit

Initial position estimation

choose subnet from the references
measure the distance to those references
estimate the initial position

Refined position estimation
for (j=1 to the number of references)

estimate the error

if (this error is bigger than certain val-
ue) then (enhancement=true); break
if (enhancement=true)

for (j=1 to the number of references in
the subnet)
estimate the error
if (this error is bigger than certain value) then
remove the reference r;
estimate the refined position like it is shown
in the previous step
else
keep the previous position

Update of the position

compute the position’s degree of accuracy

if (the new degree of accuracy is better than
the one from the previous iteration)

accept the new estimated position

if (the position is accepted) and (its degree of
accuracy is less than the accuracy target) then
(this position is a final one and stop sending
“location request” messages)

In the first phase, the sensor collects in-
formation from nearby references. In the sec-
ond phase, the sensor selects a subset of refer-
ences to estimate its initial position. In the
third phase, the sensor checks the possibility of
improving the current position. In the final
phase, the sensor decides to accept this posi-
tion or not, and if the accepted position should
be considered as a final estimate. This ap-
proach provides two types of optimization.
Firstly, the sensor increases the number of
participating references till it reaches a certain
level of accuracy based on the location error.
Secondly, the sensor eliminates irrelevant ref-
erences, based on the distance error, which
could bias the estimated location toward incor-
rect references.

SIMULATION INVESTIGATION
OF THE LOCALIZATION METH-
ODS IN WSN

The investigation of the methods is done
with created in NS2 simulation models. Sensor
nodes are with random deployment. The de-
ployment area is 200 m x 200 m. All sensors
have a limited transmission range of 50 m. At
each experiment the simulation was run 100
times and at each run sensors were redistribut-
ed randomly in different places. However, to
simulate noise, each measured distance was
disturbed by a normal random variant with the
following settings: a mean of 0.1% of the
measured distance and a standard deviation of
1% of the measured distance.

In order to investigate the influence of
the sensors density first the number of nodes
with known coordinates is fixed, while the
number of devices with unknown location is
changed. Then the number of sensors with
unknown coordinates is fixed and the number
of sensors with known location is changed.
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The first experiment is done with 12 ref-
erences and 64 unknown sensors. The results
from the conducted experiments are shown in
fig. 1, where the mean error is shown in func-
tion of the time of the simulations and with
blue is shown A1, with red — A2, with black —
A3 and with cyan MCSR.

Fig. 1. Mean error in time of the simulation

The second one is with 12 references and
96 unknown sensors. The results from the
conducted experiments are shown in fig. 2,
where the same color are used to present the
methods. These colors are used in all figures to
represent the different methods.

Fig. 2. Mean error when the number of refer-
ences is constant

The next one is with 12 references and
160 unknowns. The results from the conducted
experiments are shown in fig. 3.

When it is compared the results from
first, second and third experiment (shown in
fig. 1, fig. 2 and fig. 3) it is shown that A2 has
a little higher accuracy when the number of
sensor increase. In the last case the mean
number of used references is 37.5 when the
number of unknown is 160. When such a high
number of references are used the computa-

tional and communication cost increase also.
These results are shown the disadvantages of
using elimination criterion and the impact of
using criterion for choice, which can help to
choose the smaller number of references,
which can achieve better accuracy in location
estimation. When the density of the unknown
sensors is different MCSR has higher accuracy
than the other methods, because it has im-
proved algorithm for the choice of the subnet
of references. MCSR use mean number of ref-
erences less than 3.5 nodes.

40
/ Al
35 A2
R S T T %

Fig. 3. Mean error when the number of un-
known sensor is 160

The next experiment is done with 16 ref-
erences and 64 unknown sensors. The results
from the conducted experiments are shown in
fig. 4.

Fig. 4. Mean error when the number of un-
known sensors is constant

The last experiment is done with 20 ref-
erences and 64 unknown sensors. The results
from the conducted experiments are shown in
fig. 5.

When the results from fig. 1, fig. 4 and
fig. 5 are compared, it is seen than when the
density of the references increased, the accura-
cy of all methods also increases.
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In this case MCSR has the better accura-
cy than the other methods.

Fig. 5. Mean error when the number of refer-
ences is 20

When the number of references increase
the mean number of used references of MCSR
decrease. This is caused from the improved
method of choice of the references in the sub-
net, which leads to more sensors with known
location, which leads to more nodes with high
degree of accuracy, which helps to the sensor
with unknown location to choose smaller sub-
net of references.

The comparison between the methods
when the density of the unknown sensor is
different is shown in table 1, while the com-

parison between the methods when the density
of the references is different is shown in table
2. In both tables B is the number of references
and U is the number of unknown sensors. In
all cases the mean number of the used refer-
ences of MCSR is smaller than A1 and A2 and
close to A3.

In the beginning of the simulations every
sensor nodes have 2.0 Joules. In fig. 6 it is
shown the remaining energy of the methods in
time of the simulations, when only the cost of
communication for the localization is taken for
consuming energy process.

The difference in energy between MCSR
and A2 will be much more if it is considered
that the computation process also consumes
energy. This will be true, because MCSR uses
a smaller number of references in localization
than A2. The bigger number of references is,
the more complicated is the algorithm, which
is used in localization and the consumed ener-
gy is also increases.

Table 1
Different density of the UDensity of B
Density of U 12 12 12
64 96 160
Mean Mean Mean
Methods 1:52? number of Z{izl: number 1:5_3? number
B of B of B
MCSR 1,75 3,4 1,76 3,35 2,5 3,5
Al 13,8 5,5 14 7 14 35
A2 7,4 13,8 6,8 15 6,6 37,5
A3 32,5 3 32 3 41 3
Table 2
Different density of the B
Density of B 12 16 20
Density of U 64 64 64
Mean Mean Mean
Methods 1:1[:2: number of 1:::::: number 1:1[:2: number
B of B of B
MCSR 1,75 3,4 2,6 3,3 2,5 3,3
Al 13,8 5,5 12 6 11 4.2
A2 7,4 13,8 6 12 5,8 8,2
A3 32,5 3 24 3 21 3
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Fig. 6. The remaining energy

The Al and A3 have more remaining
energy than the others, because in these meth-
ods the unknown sensor nodes are estimated
only once their location. But both have smaller
accuracy than MCSR.

comparison is conducted with different density
of the unknown and reference sensors. Then
these methods are evaluated according the
remaining energy in the sensor nodes. In all
experiments MCSR has better accuracy and
uses less energy than A2. Al and A3 have
more remaining energy, which is expected,
because they estimate only once the location
of the sensors, but those methods have smaller
accuracy. When the accuracy needs to be high
and the energy need to be saved, the proposed
MCSR method provides better results. The
proposed method always uses a mean number
of references close to three to provide high
accuracy of the localization. MCSR is suitable
for WSN, especially with the small usage of
energy, which is very desirable for the limited

resources of the sensor nodes.

In the future MCSR needs to be more
investigated in different experiments under
different conditions. Also it should be imple-
mented in real WSN.

CONCLUSION

In this paper a new localization method
is proposed. It is called MCSR and it is com-
pared with three widely known methods for
localization in WSN. They are evaluated ac-
cording the accuracy of the localization. The
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CTPYKTYPA HA PABOTHUTE HAKETH U AJI'OPUTHBM HA
JAEU-HOCTHUTE 11O PEAJIMBAIIUATA HA ®OTOBOJITANYHU
INPOEKTH B BBJI'APUSA

JInnmmst Unuesa
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A WORK BREAKDOWN STRUCTURE AND AN ALGORITHM FOR
IMPLEMENTATION OF PHOTOVOLTAIC PROJECTS IN BULGARIA

Ilieva Liliya
., Angel Kanchev” University of Ruse

Abstract: In view of the expected steady growth of renewable energy technologies in the power
sector of the EU member-countries and the significant development potential of solar photovoltaics
(PV) in Europe and in Bulgaria, introduction of tools is needed to facilitate investment analysis and
evaluation as well as preparation, planning and implementation of PV projects. The work break-
down structure (WBS) of PV projects in Bulgaria has been developed in this paper and the activities
required to accomplish the project objective are briefly outlined with particular stress on time, costs
and resources needed to complete the PV project tasks. An algorithm which schematically displays
the sequence of works for implementation of PV projects in Bulgaria is also proposed. This algo-
rithm is applicable to all PV system categories regardless of their type, installed capacity and use of
produced electricity. The tools presented below aid local investors in time, cost, resource and risk
planning and management and enable more accurate determination of the indicators for PV project
profitability and financial feasibility.

Keywords: RES, photovoltaic projects, work breakdown structure, algorithm, project planning,
project management.

INTRODUCTION any geographic location; they operate under

Renewable energy sources (RES) are different climatic conditions and environment
deemed by the EU member-countries as a key and have no viable alternative for certain uses.
factor in the transition towards a competitive Furthermore, PVS are becoming increasingly
low carbon economy with a secure and sus- competitive due to the recent rapid drop of
tainable energy system [1, 7]. Europe has system prices, improved module efficiency
therefore committed to increasing the RES and system performance, extended operational
share in final energy consumption to at least life of photovoltaic (PV) technologies and
27% by 2030. Meeting the above target re- relatively low operation and maintenance
quires that the power sector contribute by a costs.
RES share of 45% [7]. Bulgaria experienced rapid PV market

In view of the projected depletion of development in the period 2009 — 2012 when
conventional energy sources, the adverse ef- slightly over IMWp solar PV capacities were
fects of climate change and the rapidly escalat- connected to the grid (99% of the country’s
ing environmental problems numerous experts cumulative installed capacity) [4]. The in-
are confident that photovoltaics (PVY), creased investors’ attention in the last few
amongst the other RES, have significant de- years was for the most part generated by the
velopment potential as they utilize as fuel the favorable RES legislation and incentives. Nev-
free and essentially infinite sunlight. There are ertheless, investors experience difficulties
many arguments supporting the claims that while implementing their PV projects due to
such systems are very much suitable for the insufficient knowledge of the numerous appli-
European as well as the Bulgarian market. cable regulations and normative acts, underes-
PVS are used in a great variety of applications timation of project duration or inadequate re-
and sizes; their installation is possible at nearly source and financial planning of project tasks.
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Consequently, schedule delays are caused,
additional costs are incurred, the overall pro-
ject financial indicators are adversely affected
and some project initiatives are after all com-
promised. The objective of this work is to
develop a work breakdown structure for im-
plementation of PV projects in Bulgaria and to
create an algorithm detailing the sequence and
relationships between the various project ac-
tivities, thus aiding entrepreneurs in their in-
vestment analysis and evaluation as well as in
schedule, cost and resource planning and man-
agement.

A WORK BREAKDOWN

STRUCTURE FOR

IMPLEMENTATION OF PV

PROJECTS IN BULGARIA

Further to a technical feasibility assess-
ment, project analysis and planning phases call
for a detailed presentation of the intended PV
venture as a hierarchical sequence of works
required to accomplish the project objective.
The accurate identification and arrangement of
project activities and tasks is provided through
the work breakdown structure (WBS) which
subdivides and organizes project work into
smaller, more manageable components
grouped together in terms of technological,
organizational, administrative or legal princi-
ple [3, 20]. Building an accurate WBS is a key

to effective project planning as it provides the
framework for schedule development, cost
estimation, planning of project funding, risk
identification, responsibility assignments and
communication planning. The WBS is also
essential for successful project coordination,
monitoring and control.

Developing a WBS and gaining a broad
understanding of all works, activities and tasks
involved in PV project implementation is a
critical factor to timely and cost-efficient pro-
ject completion as PVS construction and re-
ceipt of all required approvals is, at times, a
rather long and complicated process involving
coordination of numerous activities, undergo-
ing compliance procedures and endorsements
by various authorities as well as observing a
diverse number of laws and regulations [10].
PV project implementation can generally be
decomposed to the work packages shown on
Fig. 1 and briefly described below. Neverthe-
less, it should be noted that not all PV projects
go through every identified work package. The
nature and sequence of project activities are
determined by the PVS type and its installed
capacity, the construction site and the use of
produced  electricity  (sale  or  self-
consumption). Only activities that require time
and/or utilization of resources (i.e. human,
financial, material) are discussed.

WBS | Task Name

0. | Photovoltaic Project

1. | Property search and selection of a site for PVS construction

(land/roof/parking/building, etc.)

1.1. Review of property adverts and other sources of information
1.2. Property viewings
1.3. Analysis of the conditions of sale/use/construction and the land status — agricultural land

category and scope of potentially affected protected areas

2. | Tax assessment and acquisition of property ownership/establishment of real rights

over the construction site of the PVS and transmission and connection equipment
(right to construct on third party land)

2.1. Property encumbrance check
2.2. Obtaining tax assessment, a property sketch and other documents
2.3. Conveyancing completion

3. | Preparation or change of the detailed development plan (DDP) of the PVS site

3.1. Preparation of required documentation and submission of an application

3.2. Obtaining an endorsement for elaboration or change of the DDP

3.3. Design of the DDP proposal

3.4. Obtaining approvals of the DDP from the specialized control authorities and the utility

companies
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WBS | Task Name
3.5. Submission of an application for approval of the DDP proposal
3.6. Presentation of the DDP proposal to the interested parties
3.7. Approval of the DDP proposal by the Municipal Expert Council
4. | Change of agricultural land designation
4.1. Preparation of documentation required as per the provisions of the Ordinance on Agricul-
tural Land Categorization
4.2. Obtaining a land categorization certificate
4.3. Preparation of files for the construction site and routing of the PVS and its associated in-
frastructure and submission of an application for plot approval
4.4. Verification of the information for the PVS construction site and the power lines routing
by the competent authority
4.5. Approval of the DDP proposals for the PVS construction site and the power lines routing
4.6. Submission of an application for land designation change
4.7. Obtaining a copy of the resolution for the land designation change
5. | Assessment of the availability and estimated solar resource potential over the intended
PVS construction site
5.1. Analysis of information regarding consulting companies and conclusion of contract be-
tween the investor and the consultant
5.2. Assessment of the availability and estimated solar resource potential and preparation of
report
5.3. Analysis of the proposed technological solutions in consideration of the anticipated in-
vestment costs, funding and system performance and making a decision
6. | Determination of the need of an environmental impact assessment (EIA)
6.1. Collecting project information required as per the provisions of the Ordinance on the
Conditions and Order for Implementing an EIA
6.2. Notification of the competent authorities and the population concerned regarding the in-
tended project
6.3. Submission of an application for EIA screening to the competent authority
6.4. Receipt of a written statement with regard to subsequent EIA proceedings
6.5. Obtaining a copy of the resolution on the need of an EIA
7. | Completion of an EIA
7.1. Consultations with the competent authorities and interested parties
7.2. Preparation of a report from the consultations outlining the arguments for accepting or re-
jecting the relevant comments and/or recommendations
7.3. Preparation of EIA terms of reference and report
7.4. Receipt of a positive assessment on the quality of the EIA report from the competent au-
thority
7.5. Public discussion of the EIA report with the municipalities, districts and/or regions likely
to be affected by the project proposal
7.6. Submission of minutes of public discussion to the competent authority, together with all
written statements received
7.7. Submission of a written statement to the competent authority with regard to the pro-
posals, recommendations, judgements and objections expressed during the public discus-
sion
7.8. Obtaining a copy of the resolution on the EIA from the competent authority
8. | Assessment of the investment proposal’s likely degree of adverse impact on the affect-
ed protected areas
8.1. Preparation of documentation and notification of the competent authority

H3zeecmua na Covioza na yuenume — Pyce ® 2015

69




Cepusn o Texnuuecku HayKu o

WBS | Task Name
8.2. Admissibility verification of the investment proposal with regard to the regime of activi-
ties and/or the management plan of the affected protected areas and obtaining instructions
from the competent authority on the applicable proceedings
8.3 Project approval or assessment of the investment proposal’s likely degree of adverse im-
pact on affected protected areas
9. | Issuance of a CA decision by the competent authority
9.1. Compatibility Assessment (CA) of the project with the scope and purposes of the affected
protected areas
9.2. Preparation and submission to the competent authority of a report assessing the project's
degree of impact on the protected areas
9.3. Assessment of the quality of the CA report
94. Public consultations
9.5. Issuance of a CA decision by the competent authority
10. | Acquisition of design visa
10.1. Preparation of documentation and submission of request for design visa issuance
10.2. Design visa issuance
11. | Inspection of the conditions and method for grid connection
11.1. Preparation of documentation and submission of an application for inspecting the condi-
tions and method for grid connection to the relevant electricity network operator
11.2. Receipt of a grid-connection statement
12. | Conclusion of preliminary contract for grid connection
12.1. Submission of an application for conclusion of preliminary grid-connection contract to
the relevant electricity network operator
12.2. Preparation and signature of preliminary grid-connection contract
13. | Preparation of investment design
13.1. Design
13.2. Conclusion of contract with a construction supervision company
13.3. Endorsement of the investment design for the grid-connection equipment (power lines
and transformer station) by the electricity network operator
13.4. Endorsement of the design by other authoritues, if needed
13.5. Obtaining a compliance assessment report by the construction supervision company
14. | Construction permit issuance
14.1. Preparation of documentation and submission of an application to the Chief Architect of
the relevant municipality
14.2. Receipt of construction permit
15. | Conclusion of final contract for grid connection
15.1. Preparation of documentation and submission of an application for conclusion of final
grid-connection contract
15.2. Preparation of the draft contract by the electricity network operator and endorsement of
the investment design
15.3. Approval of the contract content and contract signature
16. | PVS delivery and construction/installation
16.1. System delivery
16.2. Construction and preparation/signature of acts and protocols during construction
16.3. Dry-run, commissioning and 72-hr tests
16.4. Obtaining a final assessment report by the construction supervision company
17. | Design and construction of the grid-connection infrastructure
17.1. Preparation and approval of the detailed design for the grid-connection equipment by and
at the expense of the electricity network operator
17.2. Establishment or transfer of real rights over the construction site
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WBS | Task Name
17.3. Implementation of construction and assembly works for grid connection of the PVS
18. | PVS grid connection
18.1. Obtaining a permit for use of the grid-connection equipment
18.2. Conclusion of contract for sale of electricity and grid access
18.3. Verification of compliance with the technical requisites for grid-connection including
submission of documents confirming the availability of trained operational personnel for
the PVS
18.4. 72-hour testing of the PVS transformers and other grid-connection equipment
18.5. Submission of documentation to the electricity network operator as per the requirements
of Art. 66 of Ordinance No 6 on Connecting Electricity Producers and Consumers to the
Electricity Transmission and Distribution Grids
18.6 Grid connection
19. | Issuance of permit for use
19.1. Preparation of documentation, incl. as-built-drawings and submission of an application
for issuance of permit for use to the competent authority
19.2. Appointment of a state acceptance committee
19.3. Preparation of protocol No 16 for establishing the fitness for use of the construction
19.4. Obtaining a copy of the permit for use
20. | Receipt of a license for generation of electricity
20.1 Preparation of documentation for verification of the applicant’s capabilities for electricity
generation and for observation of the health & safety and environmental protection stand-
ards and submission of a licensing application
20.2 Receipt of a license for generation of electricity from the State Energy and Water Regula-
tory Commission

Fig. 1. Work Breakdown Structure of PV Projects in Bulgaria

- Selection of a site for PVS construction
(land/roof/parking/building, etc.) — the dura-
tion and use of human and financial resources
for the tasks in this activity group vary de-
pending on the availability of a vacant terrain
for PVS construction, the property market
condition in the desired area and its develop-
ment trend, the information sources for in-
vestment properties and their accessibility, the
possibilities for establishment of real rights
over the chosen property, the project financ-
ing, etc. Furthermore, it should be noted that if
the investor’s decision is to build a ground-
mounted PVS on agricultural land and the
generated solar energy is intended for sale, it is
imperative that the land category of the chosen
construction site be checked. The above is
important as the provisions of Art. 23, Para. 3
of the Law on Protection of Agricultural Land
amended in 2011 ban construction of PVS on
agricultural land from 1* to 4t category unless
the produced solar energy is intended for self-
consumption [12].

- Tax assessment and acquisition of
property ownership/establishment of real
rights over the construction site of the PVS
and transmission and connection equipment
(right to construct on third party land) — to
reduce the risks of project delays it is recom-
mended that an encumbrance check be carried
out on the property before its acquisition. The
tasks in this activity group also include tax
assessment and preparation of a property
sketch. The duration of the work packages
depends mainly on the property location and
the established administrative timeframes for
issuing the required documents.

- Preparation or change of the detailed
development plan (DDP) of the PVS site — the
above procedure is quite long and lumbering
and takes at least 3 months if the time for re-
ceipt of all required approvals is taken into
consideration [9]. The likely duration of this
activity group should therefore be accounted
for before proceeding to design and construc-
tion stages. The DDP proposal has to be
adopted by the relevant Municipal Expert
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Council upon receipt of all necessary approv-
als from the electricity system operator, the
state authorities specified in the DDP order
(the Regional Inspectorate of Environment and
Water - RIEW, the Regional Directorate of
Agriculture, etc.), and/or others.

- Change of the designation of agricul-
tural land — building on agricultural land, in-
clusive of PVS, is permissible only upon
changing the land use. The administrative pro-
cedure for this activity group is also a lengthy
one and requires receipt of DDP approvals for
the construction site and routing of the PVS
and its associated infrastructure. The land des-
ignation change act is issued within 30 days
upon final approval of the site and routes and
following payment of the relevant administra-
tive fees [12].

- Assessment of the availability and es-
timated solar resource potential over the in-
tended PVS construction site — the assessment
aims to determine the technical and economic
feasibility of the PV project, to analyze the
financial effectiveness of the relevant techno-
logical options for implementation of the sys-
tem on the particular site and is a step preced-
ing the investment decision-making and design
[14]. The implementation of the aforemen-
tioned assessment is a requirement set out in
Art. 19, Para. 1 of the Energy from Renewable
Sources Act (ERSA). The assessment is exe-
cuted pursuant to the provisions of Ordinance
Ne 16-27/22.01.2008 on the Conditions and
Arrangements for Assessing the Availability
and Estimated Potential Resource of the Ener-
gy from Renewable and/or Alternative
Sources. Art. 19, Para. 2 of the ERSA stipu-
lates that the provisions of Art. 19, Para. 1 do
not apply to construction and commissioning
of green electricity projects, incl. PV, with a
total installed capacity of up to 30 kW includ-
ing such on the roof and facade structures of
buildings or on the property to them within
urban areas and to renewable power installa-
tions with a total installed capacity of up to
1 MW incl. and mounted on the roof and fa-
cade structures of buildings used for produc-
tion and storage purposes or on the property to
such buildings in industrial areas [5].

- Determination of the need of an envi-
ronmental impact assessment (EIA) — since PV
projects qualify as investment proposals for

construction, the need of an EIA for the PVS
and the activities involved in the construction
of the installation and its associated transmis-
sion infrastructure has to be considered during
the project planning stage. Art. 93, Para. 1 of
the Environmental Protection Act (EPA) pro-
vides for an EIA screening of all investment
proposals referred to in Annex Ne 2 to the
EPA, incl. the ones associated with the “ener-
gy industry” and containing projects for con-
struction, extension and modification of PVS.
To initiate the EIA screening procedure the
investor shall submit a written application to
the competent authority (RIEW or the Ministry
of Environment and Water) who within 1
month following receipt of the request shall
rule on the need for preparing an EIA [19].
The implementation of PV projects outside
protected areas generally does not require an
EIA [11].

- Completion of an EIA. 1f the investor
has been notified that an EIA has to be carried
out, consultations are subsequently organized
with the competent authorities and interested
parties, an EIA report has to be prepared by
registered experts as detailed in Art. 11 of the
Ordinance on the Conditions and Order for
Implementing an EIA and the quality of the
report has to be assessed by the competent
authority. In the event of a positive assessment
a public discussion of the EIA report is held
with the municipalities, districts and/or regions
likely to be affected by the project proposal.
The competent authority shall rule on the EIA
within 45 days of conduct of the public discus-
sion and in consideration of the specific nature
and complexity of the investment proposal [6,
19]. It should be noted that the average dura-
tion of the EIA process is approx. 11,6 months
and the procedure generally takes not less than
5 months [8].

- Assessment of the investment pro-
posal’s likely degree of adverse impact on the
affected protected areas — PV projects falling
entirely or partially within the boundaries of
NATURA 2000 protected areas shall undergo
a compatibility assessment (CA) with the
scope and purposes of the protected areas pur-
suant to the provisions of Art. 31 of the Bio-
logical Diversity Act (BDA) [2]. If the invest-
ment proposal is a subject to an EIA, the CA
may be carried out together/in parallel with the
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EIA procedure. If no EIA has been instructed
for the project, then the CA shall be imple-
mented in accordance with the provisions of
the Ordinance on the Conditions and Order for
Carrying out Compatibility Assessment on
Plans, Programmes, Projects and Investment
Proposals with the Conservation Objectives of
the Protected Areas (CA Ordinance). Art. 18,
Para. 1 of the CA Ordinance stipulates that
unless irregularities have been established, the
competent authority shall within 30 days upon
receipt of notification for the investment pro-
posal, conclude that there is no likelihood of
adverse effects by the project on the protected
areas [18].

- CA of the project with the scope and
purposes of the affected protected areas — if
the competent authority reaches the conclusion
that the investment proposal is likely to have
adverse effects on the protected areas, it re-
quires that a CA report be prepared. Within 30
days from holding public consultations the
competent authority shall rule on the CA and
shall approve or reject the project in view of
its likely implications for the protected areas.
It should be noted that implementation of PV
projects within NATURA 2000 sites is viewed
as a high-risk investment [11] and it is recom-
mended that their financial effectiveness be
analyzed by using a higher discount rate.

- Acquisition of design visa — the docu-
ment entitles the developer to start design
preparation and to obtain initial design data
from the utility companies. The design visa is
issued by the chief architect of the municipali-
ty within 14 days from filing the relevant re-
quest and is valid for 6 months [21].

- Inspection of the conditions and meth-
od for grid connection — the survey is carried
out by the relevant transmission or distribution
network operator to whose electricity network
the PVS can be connected. The application for
inspecting the conditions and method for grid
connection should consider the regions for
connection and voltage levels indicated in the
operator’s estimates of annual electricity pro-
duction capacities that can be provided for
connection. Art. 23, Para. 8 of the ERSA stipu-
lates that at the time of filing the application
the investor shall deposit a guarantee for par-
ticipation in the procedure in the amount of
BGN 5,000 per megawatt (MW) of capacity

applied for connection in favor of the operator
of the respective electricity grid. The relevant
network operator reviews the applications in
the order they are received and with a reasoned
opinion rules on the acceptability of each ap-
plication within 14 days of its submission [5].

Art. 24 and Art. 25 of the ERSA stipu-
late that the connection procedure as referred
to in Art. 23 of the ERSA does not apply to
renewable electricity projects, incl. PV:

a. which are with a total installed capac-
ity of up to 30 kW inclusive and rooftop or
facade-integrated in grid-connected buildings
or ground-mounted in the property to such
buildings in urban areas;

b. which are with a total installed capac-
ity of up to 200 kW inclusive and rooftop or
facade-integrated in grid-connected buildings
for production and storage purposes in urban
areas.

c. for which the investor declares at the
time of submitting the application for connec-
tion that will not make use of the preferences
referred to in Art. 31 and Art. 32 of the ERSA
(which relate to the feed-in tariff).

The capacity of the above PVS shall not
be included in the operator’s estimates of an-
nual electricity production capacities that can
be provided for connection [5].

- Conclusion of a preliminary contract
for grid connection between the transmission
or distribution network operator and the PVS
investor. The preliminary contract shall be
prepared within 30 days from submission of
the application for connection to the electricity
distribution company and within 40 days from
receipt of the application by the transmission
operator. The preliminary contract aims to
reach an agreement on the basic technical pa-
rameters of the grid connection procedure and
to guarantee the investor the possibility to car-
ry out all administrative procedures required
for concluding a final contract. The maximum
preliminary contract duration pursuant to Art.
29, Para. 5 of the ERSA is 1 year. Upon con-
clusion of a preliminary contract for grid con-
nection the investor is obliged to pay the rele-
vant transmission or distribution network op-
erator advance payment in the amount of
50 000 BGN for each megawatt (MW) in-
stalled capacity of the intended energy project
if the planned installed capacity is higher than
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5 MW and in the amount of 25 000 BGN for
each MW installed capacity of the system if
the planned installed capacity is equal to or
less than 5 MW [5]. The aforementioned
amounts are considered a part of the connec-
tion price which shall ultimately be determined
in the final grid-connection contract and aim to
restrict phony PV projects.

In accordance with Art. 26, Para. 4 of the
ERSA investors in PVS with a total installed
capacity of up to 30 kW incl. and rooftop or
facade-integrated in grid-connected buildings
or ground-mounted in the property to such
buildings in urban areas, shall not conclude a
preliminary contract for grid-connection. Such
investors enter directly into final grid-
connection contracts under the conditions laid
down in the grid-connection statement issued
by the network operator and provided that a
building permit has been issued [5].

- Preparation of investment design —
pursuant to the provisions of Ordinance Ne 14/
15.06.2005 on the Technical Regulations and
Standards for Design, Construction and Use of
Facilities and Equipment for Production,
Transformation, Transmission and Distribution
of Electricity an investment survey and in-
vestment design shall be implemented for PV
projects. The investment survey includes fea-
sibility studies, an economic assessment of the
intended venture and preparation of design
terms of reference [17]. In accordance with
Art. 138, Para. 1 of Ordinance Ne 14 the design
of PV projects shall be carried out in two stag-
es — technical and detailed design prepared as
per the requirements of Ordinance Ne 4 of
2001 on the Scope and Content of Investment
Projects. The design for the grid-connection
equipment (power lines and transformer sta-
tion) shall be approved by the relevant elec-
tricity network operator.

Art. 147, Para. 1, Item 14 of the Spatial
Planning Act (SPA) stipulates that no design
approval is required for construction permit
issuance of PVS with a total installed capacity
of up to 30 kW inclusive and mounted on ex-
isting buildings in urban areas, i.e. rooftop,
facade-integrated PVS or ground-mounted in
the private property to such buildings. The
investors of the aforementioned projects are
obliged to submit statements from a structural
and an electrical engineer, as well as drawings,

diagrams, calculations and instructions for
their implementation [21].

- Construction permit issuance — con-
struction permission shall be granted only up-
on receipt of an approved DDP proposal, a
design visa and an approved investment design
endorsed by the grid operator and the other
relevant authorities depending on the category
of construction (for PVS with a total installed
capacity of over 30 kW). The owners of roof-
top and facade-integrated PVS shall also ob-
tain the written consent for construction of all
property co-owners (if any). The building
permit shall be issued by the Chief Architect
within 7 days from receipt of the written appli-
cation and upon approval of the investment
design (Art. 148, Para. 4 of the SPA) [21].

- Conclusion of final contract for grid
connection — the contract establishes and regu-
lates the rights and obligations arising between
the parties including the payment of the re-
mainder of the grid-connection price (when it
is higher than the advance payment amount)
and the duration of the contract with the grid
operator. Art. 29, Para. 6 of the ERSA stipu-
lates that the duration of the final grid-
connection contract shall not exceed the period
until commissioning of the PVS and its associ-
ated connection infrastructure and shall be no
longer than three years if commissioning of
the project is implemented in one stage [5].

The relevant transmission or distribution
network operator prepares the contract and
within 60 days from filing the request for grid
connection submits a written notice for con-
clusion of contract to the PV project investor
[16]. Art. 26, Para. 5 of the ERSA stipulates
that the draft grid-connection contract for PVS
with a total installed capacity of up to 30 kW
inclusive and rooftop or facade-integrated in
grid-connected buildings or ground-mounted
in the property to such buildings in urban
areas, shall be submitted within 30 days from
filing the request for grid connection [5].

- PVS delivery and construc-
tion/installation — the duration and costs for
the tasks in this activity group vary subject to
the PVS type and installed capacity, the select-
ed technology and system configuration, the
need for construction of grid-connection infra-
structure, power lines, transformer stations etc.
and the relevant service activities, the experi-
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ence of the contractor responsible for the con-
struction and assembly works and of the con-
struction supervision team, the availability of
sufficient and qualified staff for implementa-
tion of the tasks, the weather conditions, the
terrain characteristics and condition, etc.

- Design and construction of the grid-
connection infrastructure — the tasks in this
activity group include preparation and approv-
al of the detailed design for the grid-
connection equipment by and at the expense of
the electricity network operator, exchange of
technical data with the PV project investor,
establishment or transfer of real rights over the
site and implementation of the relevant con-
struction and assembly works for grid connec-
tion of the PVS. With the conclusion of the
final network connection contract RES project
investors generally undertake the obligation to
execute all grid-connection works [11].

- PVS grid connection — connection of
the solar PV installation for parallel operation
with the electricity network. Art. 65 of Ordi-
nance Ne 6 on Connecting Electricity Produc-
ers and Consumers to the Electricity Transmis-
sion and Distribution Grids outlines the three
stages of grid connection of energy plants [16].

- Issuance of permit for use — PVS fall-
ing under 1-3 category of construction are put
into operation by virtue of a permit for use
issued by the Directorate for National Con-
struction Supervision (DNCS) [21]. Within
7 working days from submission of the permit-
for-use application and all other required doc-
umentation the DNCS shall appoint a state
acceptance committee who shall be responsi-
ble for issuance of Protocol 16 for establishing
the fitness for use of the construction — a doc-
ument containing recommendations whether
the construction shall be accepted or rejected.
Upon consideration of the committee’s propo-
sition and within 5 working days from receipt
of Protocol 16, the DNCS shall issue (or refuse
to issue) a permit for use [15].

- Receipt of a license for electricity gen-
eration (for PVS with a total installed capacity
of over 5 MW) — the requirements for legal
entities who are entitled to a license for elec-
tricity generation are set out in Art. 40 of the
Energy Act and are mostly related to verifica-
tion of the applicant’s technical and financial
capabilities, material and human resources and

organizational structure needed for electricity
generation and to observation of the health &
safety and environmental protection standards.
The licensing procedure is outlined and regu-
lated by the provisions of Ordinance Ne 3/
21.03.2013 on Licensing Activities in the En-
ergy Sector (OLAES) and is initiated by sub-
mitting an application to the State Energy and
Water Regulatory Commission (SEWRC) con-
taining detailed information regarding the en-
ergy plant and its investor, as well as numer-
ous other documents. The SEWRC shall issue
a license within 3 months from receipt of the
application or from correction of any incon-
sistencies found [13].

It should be noted that a license for elec-
tricity generation may also be obtained prior to
the PVS construction. The proceeding is simi-
lar to the general licensing procedure and yet
there are differences due to the lack of a fully
operational energy plant and the need to sub-
mit projected data. Obtaining a license prior to
the PVS construction is not by itself sufficient
to start electricity generation when a permit for
use has been received. To commence exercis-
ing the licensed activity the investor shall fur-
ther submit to the SEWRC additional docu-
ments which the Commission will review
within one month from their receipt and will
authorize operation [13].

Having finalized the last activity of PV
project implementation, the investor is entitled
to operate its generating capacities while ob-
serving the technical requirements for opera-
tion of power equipment and installations. The
identification of the final task for the project
execution is crucial for the assessment of the
venture’s profitability as its completion serves
as a timestamp between the end of the invest-
ment outlay period (whenever the project is
carried out in one stage) and the moment from
which the power producer is able to consume
or sell the generated solar electricity.

AN ALGORITHM OF ACTIVITIES
FOR IMPLEMENTATION OF PV PRO-
JECTS IN BULGARIA

The next step in PV project planning in-
volves organization of the project work pack-
ages in their logical sequence and establish-
ment of the relationships and dependencies
among the various project tasks.
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Fig. 2 An Algorithm of Activities for Implementation of PV Projects in Bulgaria

The sequence of works to be completed for
implementation of the investor’s idea until
utilization of the generated electricity is shown
on Fig. 2. Some of the activities can be per-
formed simultaneously provided that there is
sufficient staff with the required qualifications,
effective project management and ample fi-
nancial resources. For example, the procedure
for determination of the need of an EIA can be
carried out simultaneously with the assessment
of the availability and estimated solar resource
potential over the intended PVS construction
site (if required for the relevant PVS catego-
ry); the PV plant licensing procedure (for in-
stallations over 5 MW) may start during the
construction, etc. The operation of parallel
project tasks may reduce both time and costs
required to complete the project but requires

careful resource planning and precise estima-
tion of project financing so that quality is not
compromised.

There are also activities that cannot start
before the completion of others. For example,
the PVS construction may not commence prior
to obtaining a building permit; the inspection
of the conditions and method for grid connec-
tion and the conclusion of a preliminary con-
tract for connection to the electricity network
cannot be performed unless a design visa is
issued or a DDP has been approved, etc. Un-
derstanding the sequence and dependencies
between the various project tasks is a prerequi-
site to time, cost, resource and risk planning
and is essential for effective management and
control of the overall project implementation.
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CONCLUSIONS

As an essential and very promising part
of RES, PVS have the potential to emerge as a
preferred decentralized power technology in
Bulgaria. A gradual revision and phasing out
of support policies with regard to the solar PV
producers are expected to address the dynamic
PV technology advances and the need for inte-
gration of increasingly higher shares of renew-
able electricity into the grid. The number of
residential, rooftop and building-integrated
PVS in Bulgaria, as well as of solar electricity
installations for self-consumption, will mean-
while continue to grow partially enhanced by
the simplified regime for their construction
and regularization. Particular tools with regard
to increasing the financial and economic effi-
ciency of PV projects in Bulgaria are therefore
needed.

An in-depth knowledge of the work
packages required for completion of solar elec-
tricity projects and a comprehensive under-
standing of the relationships and dependencies
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W3CJIEJIBAHE BJIMSSHUETO HA TPAHUYHUTE CTOHHOCTH HA
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Cumeon Nnues
Pycencku ynusepcumem ,, Anecen Kvnues”

INVESTIGATION OF THE INFLUENCE OF THE BOUNDARY VALUES OF EXHAUST
GAS RECIRCULATION IN DIESEL ENGINE

Simeon Iliev
., Angel Kanchev” University of Ruse

Abstract: This paper presents an investigation of the influence of high exhaust gas recirculation
(EGR) for reducing the NOx emissions from diesel engines. The aim of this paper is to study the
relationship between EGR parameters, diesel combustion instability and particulate formation so
that can be explored for maximizing the EGR limit. For this purpose the one dimensional (1D) CFD
modelling of four-stroke turbo-charged diesel engine is developed. The results of this investigation
give information about the effect of EGR level on the development of gaseous emissions. The re-
search shows a sharp increase in hydrocarbon emissions and particle size at higher EGR conditions
thereby further reducing NOx emissions while minimizing particulate formation.

Keywords: Diesel Engine, Engine Simulation, EGR, Fuel Efficiency, Exhaust Emissions.

INTRODUCTION

Exhaust gas recirculation (EGR) is used
to reduce NOx emissions in diesel engines [1,
2, 3]. EGR involves diverting a fraction of the
exhaust gas into the intake manifold where the
recirculated exhaust gas mixes with the incom-
ing fresh air before being inducted into the
combustion chamber. The percentage of ex-
haust gas recirculation is defined as volume of
the EGR to total intake charge into the cylin-
der.

The EGR technology reduces NOx be-
cause it dilutes the intake charge and lowers
the combustion temperature, but suppresses
flame speed sufficiently that combustion be-
comes incomplete and unacceptable levels of
particulate matter (PM) and hydrocarbons
(HC) are released in the exhaust. Diesel en-
gines are characterized by low fuel consump-
tion and very low CO emissions, but the NOx
emissions still remain high. To fulfill the envi-
ronmental regulations, it is desirable to reduce
the amount of NOx in the exhaust gas.

There is plenty of literature studied the
effect of using various percentage of exhaust
gas recirculation on excaust emission.

Selim [4] studied the effect of exhaust
gas recirculation on combustion characteristics
of dual fuel engine. He found that the combus-

tion noise and thermal efficiency of the dual
fuel engine are affected when EGR is used in
the dual fuel engine.

Kumar A.et.al [5] studied the effect of
EGR on exhaust gas temperature and exhaust
emissions opacity in diesel engines. They
found that the exhaust gas temperatures reduce
significantly by employing EGR. Thermal
efficiency and brake specific fuel consumption
are not affected significantly by EGR. Howev-
er particulate matter emission in the exhaust
increases, as evident from smoke opacity ob-
servations.

Krishnan A. et.al [6] studied the predic-
tion of NOx reduction with EGR using the
flame temperature correlation technique. They
developed a procedure to calculate the reduc-
tion in NOx levels due to EGR, given only
engine base-data. This approach utilised the
flame temperature correlation technique to
obtain NOx predictions with sufficient accura-
cy — 6.5% at part loads. In the current study we
done experimentation on variable compression
Diesel engine by varying compression ratio,
load on the engine and percentage of exhaust
gas re circulated.

The output parameters found from the
study are specific fuel consumption, brake
thermal efficiency, heat release rate, mass frac-
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tion burnt and composition of exhaust emis-
sions.

ENGINE SIMULATION

Engine simulation is becoming an in-
creasingly important engineering tool for time
and cost efficiency in the development of in-
ternal combustion engines (ICEs). Most of
results that are obtained by simulation are ra-
ther difficult to be obtained experimentally.
The use of Computational Fluid Dynamics
(CFD) simulations allow researchers to under-
stand flow behavior and quantify important
flow parameters such as mass flow rates or
pressure drops, provided that the CFD tools
have been properly validated against experi-
mental results. For reasons such as the afore-
mentioned, CFD simulations have become a

valuable tool in helping both the analysis and
design of the intake and exhaust systems of an
ICEs. Many processes in the engine are 3-D
but it requires greater knowledge and large
computational time. Thus simplified 1-D simu-
lation is often used. There are several compo-
nents that manifest a complex three-
dimensional flow behavior, such as turbo ma-
chinery or manifolds which cannot be simulat-
ed properly by 1-D codes, and thus require
viscous, 3-D codes [7].

The present paper aims to develop the 1-
D combustion model of four-stroke turbo-
charged diesel engine for predicting the effect
of EGR on the exhaust emissions. For this
purpose, simulation of diesel engine model
was used as basic operating condition for cal-
culating the changed combustion duration.

Fig. 1. Turbo-charged Direct Injection Diesel Engine Model

The 1-D engine simulation model is de-
veloped by using the software AVL BOOST
and has been employed to study the engine
performance.

The engine model used in this simulation
was performed on a four stroke, four cylinder
turbo-charged diesel engine with direct injec-
tion and its layout is shown in Fig. 1 with en-
gine specification shown in Table 1.

Table 1

Engine Specification
Number of cylinder [i] 4
Bore [D] (mm) 75
Stroke [H] (mm) 78
Compression ratio [g] 21
Connection rod length [L] (mm) | 120
Engine speed [n] (min") 3000
Piston pin offset (mm) 0
Fuel nozzle diameter (mm) 0,1
Fuel injection [pr.i] (MPa) 100
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In Fig.1, EI represent the engine while
Cl1, C2, C3 and C4 represent the number of
cylinders of the engine. MP1 to MP18 repre-
sent the measuring points. PL1 and PL2 repre-
sent the plenum. SB1 and SB2 are for the sys-
tem boundary. The flow pipes are numbered 1
to 26. CL1 represent the cleaner. R1 and R2
represent flow restrictions, CAT1 represent
catalyst, CO cooler and TC1 represent turbo-
charger.

420

400 - . |

RESULT AND DISCUSSION

The present study concentrated on the
emissions characteristics of diesel engine with
different EGR rate.

Fig. 2 shows the influence of EGR rate
on engine effective pressure Pe. Increasing the
EGR rate to 45% leads to a reduction in engine
effective pressure Pe slightly.

10 20

T T T

30 40 50 60
EGR, %

Fig. 2. Influence of EGR rate on engine mean effective pressure
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Fig. 3. Influence of EGR rate on HC and NOx emissions.
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Fig. 4. Influence of EGR rate on Particulate mass accumulation rate and NOx emissions.
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Fig. 5. Influence of EGR rate on Size Class Frequency.

Influence of EGR rate on HC and NOx
are shown in Fig. 3. This figure shows NOx
concentration decreasing and HC increasing
with increasing EGR. The sudden increase in
HC and leveling-off in NOx is observed at
approximately 45% EGR. The level of nitro-
gen oxides decreased due to the decrease the
temperature in cylinder and the slowdown in

the rate of combustion. The sharp increase of
hydrocarbons after 45% EGR rate is due to the
fact that it cannot proceed and complete the
combustion process a large part of the fuel
cannot burn.

Mass accumulation rates begin to in-
crease significantly at 30% EGR and continue
to increase rapidly until the maximum EGR
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level. The intersection of the particulate mass
and NOx curves represents a region where the
engine out particulate mass and NOx concen-
tration are minimized.

Fig. 5 shows the disappearance of small
particles and the growth of much larger parti-
cles. The divergence between the curves for
particles > 100 nm and particles 60-100 nm
increases significantly at 30% EGR and con-
tinues to increase. The figure does appear to
show that the smallest particles are contrib-
uting to the growth of the largest ones. The
increase in larger particles is less steep than
the increase in particle mass in Fig. 4. The
particle mass, however, increases as a function
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MEXAHWYEH JU3AH HA MOJYJIEH CAMOKOH®I'YPUPAII] CE
POBOT PAIA

Meroau JIuMuTpoB
Pycencku ynusepcumem ,, Anecen Kvnues”

MECHANICAL DESIGN OF THE RADA SELF-RECONFIGURABLE ROBOT

Metodi Dimitrov
,Angel Kanchev” University of Ruse

Abstract: The current paper presents the mechanical design of the Rada self-reconfiguring modular
robot. The basic mechanisms that enable two or more adjacent modules to connect to each other are
also discussed. The current paper also presents some basic configurations and structures, which can

be formed by coupling the modules.

Keywords: Rada, self-reconfigurable, modular, robot, mechanical design.

INTRODUCTION

Development of  self-reconfiguring
modular robots would lead to the creation of
multifunctional machines, which would be
able to perform a wide variety of tasks [1, 2].
In recent years, many modular robots with
unique design and engineering solutions were
created [3]. Despite the multitude and variety
of the modular robots, their application in
various spheres of life is still too modest. Sci-
entists are still struggling to find suitable are-
as of application of these robots [4].

The current paper extends the family of
the self-reconfigurable modular robots by
presenting the Rada robot. The mechanical
design of the robot and the mechanisms that

allows the modules to connect with each other
are discussed.

The robot is able to form both Iattice
and chain structures. Therefore, according to
the presented in [4] classification of taxono-
my of architecture, the current robot belongs
to the hybrid robots.

THE RADA SELF-
RECONFIGURABLE ROBOT

As can be seen from fig. 1, the robot
Rada has the shape of a cube. The left image
of the figure, shows the robot without the out-
er panels and the right image shows the robot
with them.

Fig. 1. The module of the Rada robot

Fig. 2 shows a closer view of one of the
edges of one of the modules of the robot. As
can be seen from the figure, the integrity of

the structure of each module is supported by
the outer frame, which is composed of drilled
steel strips.
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A cube (fig. 2) is placed in each corner
of the module. The cube strengthens the outer
frame and at the same time serves as a basis
on which the rest of the mechanical parts, that
move the modules or lock them together, are
attached.

As can be seen from the fig. 2, three of
the sides of the corner cubes are turned in-
ward and the other three are facing outwards.
Several parts are fastened on each of the inner
sides (Fig. 3). They allow the module to grip
the adjacent module or to position itself in the
space.

Fig. 2. Closer view of the Rada module

Fig. 3 shows a closer view of the parts,
attached to one of the sides of the cube. Fig.
3.a) shows a view from the outside of the
module, and fig. 3.b) shows a view from the
inside of the module. The paddle “d” is used
to hold two adjacent modules together. The
paddle surface is concave on one of its sides
and convex on the other. Thus, the paddle of
one module enters into the paddle at the other

a)

module. This allows them to attach to each
other.

Since each of the corner cubes has two
paddles, positioned opposite to each other,
when the two paddles of one of the modules is
coupled to another two paddles of the other
module, the two modules are fastened tightly
and fixed to one another.

b)

Fig. 3. Parts, attached to the module angle:
a) Front view; b) Back view.

The "d" paddle can be retracted in the
module by the electrical motor "c". When the
motor rotates, it pulls back the "d" paddle
inside the robot module. If “c” rotates at the

opposite direction, the "d" paddle is posi-
tioned back at the module edge.

The retraction of the "d" paddle makes
the module reconfiguration more flexible. For
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example, when two modules must slide over
one another their paddles can be pulled inside
the modules. That way, they do not interfere
the movement.

The "c" electric motor is attached to the
screw "b", which is rotated by the electric
motor "a". Due to the rotation of the screw
"b", the paddle "d" moves along the edge of
the module. This enables the module to at-
taches to the adjacent modules.

Once the two adjacent modules are cou-
pled, they can be rotated relative to one an-
other. This is possible due to the cylindrical
shape of the paddle "d". The rotation occurs
by the electric motor "e" and the plate "f".
When the motor rotates, the plate "f" is ex-
tended outside the module. This repels the
two modules from each other.

The "a", "¢" and "e" elements were re-
ferred as electrical motors, but actually they
consist of motor and reducer. This gives
greater force to the moving parts.

MOVEMENT AND POSITIONING
OF THE MODULES

The architecture of the Rada robot al-
lows the individual modules to be positioned
by two different ways. The first type of posi-
tioning i1s by turning (rolling) a module over
another, and the second way is by sliding a
module over another.

Fig. 4 shows some basic joints that are
obtained by rotating the modules around the
cylindrical paddles "d". Fig. 4 a) shows a
standard coupling of two modules. Fig. 4.b)
shows how two modules can be positioned by
rotating the plate "f" by 90°. If the both mod-
ules rotate their plates "f" synchronously, the
repulsive force becomes greater. The manipu-
lation of the angle of rotation of the plate "f",
allows the construction of more complex
structures, shown on fig. 4.c) and fig. 4.d).

b)

¢)

d)

Fig. 4. Modules, connected in different configurations

When two modules are attached to one
another, except by turning, they can also be
positioned by sliding. To achieve the sliding
locomotion, first the two adjacent modules
must be fastened at two opposite edges of
their common face. Then the modules must
move their paddles "d" synchronously, in the
same direction. Fig. 5 shows a common edge,
where two modules are coupled and illustrate

how a synchronous movement of the paddles
"d" can move one module over another.

To move a module from one position to
another, the modules, over which it slides,
have to work together. Module 3, on Fig. 6,
pushes the module 1 to such position that will
allow the module 2 to catch it and pull it over
itself. Subsequently, module 3 can push the
module 1 over another module, which can
intercept it and pull it again.
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Fig. 5. Edge between two modules: mechanical joint between two modules

Various structures can be formed by vertical surface (fig. 6), to slide over a hori-
sliding of two or more modules. Such manner zontal (fig. 6) or an inclined surface (fig. 4.c
of movement, allows a module to climb the and fig. 4.d).

Fig. 6. Module 1, sliding over modules 2 and 3

DISCUSION AND CONCLUSION ¢ Obtaining a prototype of the robot;
This paper presents and discusses the e Examination of different module con-
mechanical design of the Rada self- figurations and locomotion.

reconfigurable modular robot. The next steps
of the Rada development are:
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T'PA®UYEH JTU3AVMH HA KOITPYC B PDF3D

CranucnaB Kocragunos, CranucnaB IBaHoB
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PACKAGING DESIGN ANIMATION IN PDF3D

Stanislav Kostadinov, Stanislav Ivanov
,Angel Kanchev” University of Ruse

Abstract: This paper presents an approach for export of packages and other structures into PDF3D
format. The main goal is to provide realistic animation of paper, carton and plastic deformable ob-
jects. The paper provides two approaches for deformation of package creases and cylindrical panels.
Results and conclusions are presented at the end of the paper.

Keywords: PDF3D, Morph Target Animation, EngView Package Designer Suite.

INTRODUCTION

3D animation has become a major field
of research in computer graphics in the last 10
years. Its main purpose is to present realistic
view of 3D objects. More and more software
applications provide functionality for export
into the most common formats for 3D visuali-
zation [1]. One of the most commonly used
formats for storing and previewing 3D scenes
is the U3D file format integrated within PDF
documents [2]. In the last few years, this for-
mat became universal approach for storing
data and models into universally accessible,
interactive 3D PDF called PDF3D. The
PDF3D software team works closely with
earth science, geophysical, geological, geospa-
tial, engineering, CAD, and PLM communities
to develop a flexible interactive viewer and
currently it is one of the easiest solutions for
3D viewing which does not require installation
of specialized software on the client's
computer.

One of the approaches presented in this
paper is an algorithm for deformation of creas-
es of package panels and their export to
PDF3D. This solution provides a realistic ani-
mation of paper or carton deformation during
animation of the packages with different
shapes and sizes. The other solution is cylin-
drical deformation of package panels. It is
mostly used for generation of custom packages
with complex shapes. These two approaches of
a structural deformation are integrated within
the PDF export function of EngView Package
Designer Suite - an integrated CAD/CAM en-

vironment for design of folding carton and
corrugated packaging [9].

The rest of the paper is organized as fol-
lows. The next section reviews previous work
on deformable objects animation. Section 3
describes the crease and cylindrical panel de-
formation approaches. Section 4 gives results
of the experiments and the last section con-
cludes the paper.

PREVIOUS WORK AND THEO-
RETICAL FORMULATION

Some of the biggest CAD/CAM suites
provide functionality to export 3D scenes into
PDF3D format. Such desktop applications are
SketchUp, ProgeCAD, AutoCAD Architec-
ture, etc. Even some open source applications
integrate PDF export, for example SALOME.
Some of them export animated scenes, see Fig.
1. There are two types of PDF3D animation:
key-frame and bone-based. Fig. 1 presents a
key-frame animation and the main concept is
translation and rotation of specific parts of the
scene. Every scene contains a tree structure of
meshes that construct the whole scene. The
key-frame animation is defined as a set of dif-
ferent motion resources. A motion resource
contains animation data and it is stored in a
number of tracks. Each track is composed of
key frames with rotation, displacement and
time information. A motion track can be used
to animate the spatial information for a node or
a bone in a bone hierarchy. The default motion
resource has zero motion tracks [3]. Each track
is a single animation and they can be auto-
executed or user can execute specific motion

H3zeecmua na Covioza na yuenume — Pyce ® 2015

91



Cepusn o Texnuuecku HayKu o

track by interaction with the 3D scene - mouse
button click, keyboard key stroke, etc. If the
key-frame animator modifies the position of a
node from the tree structure, then all its chil-
dren are transformed with the same transfor-
mation. The transformation is performed by

editing the location of the meshes within the
local coordinate system from the parent tree
node. Most of the applications that export 3D
animations use this kind of animation.

Fig. 1. Car animation within PDF3D

The second type of animation (bone-
based) is mostly used to deform the initial
shape of the meshes. Theoretically, using
bone-based animation, developers can replace
animation with key-frames, but the optimal
combination is the combination of two of
them. Such animation is also known as morph
target animation and requires a skeleton - a
bone structure used in 3D animation and in-
verse kinematics. A skeleton, similarly as in
human bodies, is a tree structure with bones
used as nodes. Each element involved in the
animation is attached to one or more bones
with different weights. The sum of all weights
associated to an element is equal to 1 as in
equation (1) where w; is the weight associated
to each bone.

S Wi=1 (1)

An animation is initiated by animation
modifiers. They use the bone structure to de-
form geometry based on the position and ori-
entation of the bones. The animation modifier
also modifies the bone structure based on in-
formation defined during file generation. Dur-
ing animation, each bone can be translated,
rotated and scaled.

As we can see in equation (2) current
position of each element (P') can be calculated
by summing the result positions generated by
transforming the initial position (P) with trans-
formation matrix T; and multiplied by the

weight associated to each bone w;. The trans-
formation matrix T; is a 4x4 matrix generated
from the transformation elements - translation,
rotation, scale.
P'=) Wi*P*Ti )
The bigger the value of the weight asso-
ciated with specific bone is, the bigger impact
it makes to the initial position. Associating
different elements from a single mesh to bones
with different weights leads to deformation of
the mesh from the initial shape. Such charac-
teristics of bone-based animation are suitable
for realistic animation of packages.

BONE-BASED ANIMATION AP-
PROACHES

The EngView Package Designer Suite is
an integrated CAD/CAM environment for de-
sign of folding carton and corrugated packag-
ing and related converting tools. It is struc-
tured as a set of functional modules, covering
the whole process. A part of the business pro-
cess is the presentation layer of 3D deformable
packages. It is implemented by exporting all
internal packaging structures into PDF file
format. The most sophisticated part of that
export is the conversion from GLSL shading
language code and structures to PDF 3D struc-
tures and animators.

Each 3D scene contains one or more
packages and each package is built by panels.
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The most useful structure for such scene is a
tree structure with panels as nodes of the tree.
The tree has its own root node which is the
base panel and all other panels are connected
directly or indirectly to it. A connection be-
tween two panels is made by key-frame ani-
mators which rotate and translate the child
nodes of the tree. These transformations influ-
ence indirectly all elements within the sub-tree
that is transformed. The package materials
differ from each other in their thickness and if
they require cutting of the creases - Fig. 2.1.

Materials like plastic require such creases be-
cause of their flexibility characteristics. If the
crease is not cut in such shape the folding pro-
cess will deform the whole panel not just the
crease area. Such materials do not require
bone-based animation because practically they
are not flexible and non deformable. Other
materials like paper, carton, etc., are more
flexible and do not require cutting of the
creases. The process of crease generation is
done by pressing with a crease wheel with an
adequate thickness of the tool.

Fig. 2. Crease types: 1 - 45 degrees bevelled cutting crease, 2 - basic crease

Fig. 2.2 presents two panels and a crease
between them which is deformed to make the
package fold easier. If this folding is animated
only with key-frame animators, the creases
will be divided into two different peaces and
the package scene won't be realistic, see Fig. 3.

Fig. 3. Package folding animated with key-
frame animators

A successful solution of this problem is
the bone-based animation. It is also called
skeleton animation and it is a technique in
computer animation in which a character is
represented in two parts: a surface representa-
tion used to draw a 3D object and a hierar-
chical set of connected bones called skeleton
used to animate and deform the object. A pre-
cise deformation will stick the side walls of the
panels and will simulate a realistic crease.

There are different approaches which use
bones [4][5][6] but most of them are designed
for avatar animations. The solution for crease
deformation requires precise synchronization

between the deformations of two sibling pan-
els. The two surfaces of the panels should lit-
erally merge into one or otherwise the anima-
tion itself won't be realistic. That's why both
ends of the joining panels should be fragment-
ed into small slices and each of them should be
attached to bones in a way that they will com-
pose a smooth curve - Fig. 4. The main part of
each panel will be animated in the same way
as the key-frame animator so a single bone
called base-bone can be attached with weight 1
to it. All other bones have to be child bones
and they will be attached with different trans-
formations to the base-bone. The minimal
number of bones for each crease is one and it
is the easiest solution for generation of a pre-
liminary mathematical solution. Fragmentation
depends on the thickness of the material.

Fig. 4. Mesh structure of a fragmented panel

Each slice from the creases is attached to
the base bone and crease bone and the sum of
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the two weights is always 1. Another fact is
that by increasing the value of weight to an
attached bone it increases the influence of the
bone to the attached resource. By using these
facts, the variation of the weights can be calcu-
lated with a function F(x). Let's suppose that
F(x) 1s the weight of the base bone and the
weight of the crease bone is G(x) where:
G(x) =1-F(x) 3)
F(x) varies in the interval [0;1]. The
highest value 1 is at the beginning of fragmen-
tation of each panel and the lowest value 0 is
at the end of the panel. That restriction indi-
cates that x variable is the distance from the
beginning of the fragmentation. To simplify
the function F(x) we can assume that the initial
value of x is 0 and the biggest value is 1 and
scale all other possible solutions to fit this
mathematical scenario.
Important structural information about
F(x) is the smooth slope between the function
itself and the surface of the main part of the
panel on one side and the other panel on other
side. The second panel contains symmetric
fragmented slices. Because of the symmetry
between the panels we can assume that the two
panels are attached to one another on the bi-
sector plane of the folding angle. These re-
quirements can be accomplished by creating
two solutions of the equation:
F'(x)=0 4)
The F'(x) is the first derivative and it
should be equal to 0 for x=0 (5) and for x=1
(6) [7][8].
F'(0)=0 (5)
F'1)=0 (6)
Generation of curve similar to Fig. 2.2
requires inflexion point within the interval
[0;1]. By using this restriction and equations
(5) and (6) one can assemble a generic formula
for F'(x) (7).
F'(x)=x*(1-x)*P(x) (7)
P(x) from the formula is a function of
the variable x. The function F(x) has to be
smooth within the interval [0;1] so we can
assume that P(x) imitates the other part of the
equation (7) and F'(x) becomes:
F'(x)=x"*(1-x)" ®)
The degrees m and n are positive integer

numbers. By integration of F'(x) the function
F(x) becomes:

F(x) =Y Cl*x""™ [(m +1) 9)
The mathematical expression C;' within

the function (9) is the combination and the
variable 1 is the rank of the combination. By
conducting experiments with a set of different
functions F(x), the function that fits best to the
purpose corresponds to degrees m=4 and n=1.
The result from this function is illustrated on
Fig 5.

Fig. 5. Package folding animated with a bone-
based animators

The animation itself is done by rotation
of the crease bone on half of the folding angle.
This is a consequence of the symmetric panel
structures and attaching of the panels on the
bisector plane of the folding angle. Frames
array are stored in the PDF file with transfor-
mation data about the animation. The bigger
the array is, the smoother the animation looks.
Each array element contains rotation, scale and
translation vectors and they are used to attach
each bone to its parent bone within the skele-
ton structure. Crease animation is implemented
by proportional update of the rotation angle of
the crease bone from 0 to a/2 degrees where o
is the folding angle.

Another deformable structure that is im-
possible to be simulated with key-frame ani-
mations is the cylindrical shape. The approach
for solving this problem starts with a fragmen-
tation of the panel on thin slices. The size of
the slices depends on the length and thickness
of the panel. Because of the size of the panel it
1s not possible to use the same crease defor-
mation approach. An appropriate and easy to
implement solution is to generate of a bone for
each slice and attach each slice to the corre-
sponding bone with the maximum weight val-
ue of 1. These bones are siblings with parent
node the base bone of the panel. This solution
ensures integration between the two approach-
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es within a single panel. Fig. 6 illustrates ani-
mated cylindrical panel.

Fig. 6. Animated cylindrical panel: 1 - wire
frame object, 2 - solid object

The animation of cylindrical panels is
done by rotation and translation of all the chil-
dren of the base bone. The parameter P recip-
rocal to the cylinder radius is used to generate
cylindrical animation frame array. The obvious
solution for such parameter is the radius itself
but the initial state with radius equal to infinity
can not be presented as the other states of the
panel. The reciprocal value on the other hand
fits perfect for this purpose. If the animation is
divided on N equal time frames, then P varies
proportionally from 0 to 1/Rcy1 where Ry is
the radius of the cylindrical panel. Let M is the
number of fragmented slices which construct
that panel. Then the angle of rotation R of each
bone is:

R =i*j*P=i*j/R,, (10)

The '1' parameter varies between 1 and N
and it presents the index of the frame and pa-
rameter ')’ varies between 1 and M and pre-
sents the index of the bone generated for this
panel. Rotation is executed around Oy axis
within the local coordinate system of each
panel. There is a connection between the rota-
tion angle and the translation vector V of each
bone:

Ve=R,, *sin(X, /R ;)-X,
V.=R, *cos(X,/R ,)-X,/R,,
(12)
Vi and V, are two of the components of
the 3D vector V and the value on the third di-
rection Vy is equal to 0. Parameter X; within
equations (11) and (12) is the initial distance

from the bone with index i1 and the fixed edge
of the panel.

(11)

RESULTS

These algorithms were implemented in
C++ programming language and they were
both integrated within the export functionality
of EngView Package Designer Suite. Both of
the approaches are adapted to deform panels
together within a single panel. Fig. 7 and Fig.
8 illustrate real world packages exported by
this application.

Fig. 7. Initial package state: 1 - regular tuck lock package, 2 - rounded top package
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Fig. 8. Usage package state: 1 - regular tuck lock package, 2 - rounded top package

CONCLUSIONS AND
WORK

This paper presented two approaches for
bone-based animations. The following conclu-
sions can be drawn.

Animation using bone structures, also
called morph target animation, provides flexi-
ble solution for deformation of packages. This
technique is easy and fast for implementation
and ensures realistic 3D bone-based structures
for export from CAD/CAM applications.
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ABTOMOBUJIHA CBETOTEXHUYECKA CKYJIIITYPA.
POJEHM OTBB/l CBIIECTBYBAIIUTE 'PAHUIIA

Teonop Krouykos
Pycencku ynusepcumem ,, Anecen Kvnues”

AUTOMOTIVE LIGHTING SCULPTURE.
BORN BEYOND EXISTING BORDERS

Teodor Kyuchukov
., Angel Kanchev” University of Ruse

Abstract: At the end of 2005 a project development entitled ""4’KIMONO" was launched, aiming
to present the concept of automotive exterior lighting (awarded at the Desire Design Contest 2007,
organized by Domus Academy and Style Bertone). A year later a new evolutionary design called
Audi A’KIMONO LS2.0 was on focus and few months after it was finished, the project received
wide public appearance with its original concept of © “Automotive Lighting Sculpture” in the face
of the leading Italian online resource for automotive design CarBodyDesign. Then a few publica-
tions in a number of other web sites, newspapers and magazines followed. In early 2009 AUDI-
BLEYES ALS concept — The Eyes of Audi project was completed — a new design concept which
received the special prize in the Second Edition of Desire Design Contest 2009, organized by Do-
mus Academy and Audi. In 2010 five years passed since the birth of the Automotive Lighting
Sculpture concept. In the same year the fourth project called Bugatti Atolla ABLS Concept was
finished; it was honored with People's Choice Award at RTT Excite 2011 in May. In 2013 it was
revealed the © ALS Semantic Circle, Dorteo 2013 Massage: © Reduce Glare, Show Beauty,
Reach Harmony! ©| G1B—H! 2014 unveiled the idea of © Vehicles Without Headlights.

Keywords: Automotive Lighting Sculpture; Retrospection 2005-2014; A'KIMONO concept
(2007); Audi A'KIMONO LS2.0 concept (2008); AUDIBLEYES ALS concept (2009); Bugatti
ATOLLA ABLS concept (2010); ALS Semantic Circle (2012); Dorteo; Reduce Glare, Show Beau-
ty, Reach Harmony! |G1B—H! (2013); Vehicles Without Headlights VWHL (2014); VIVALS;
SATI — System Approach Towards [llumination.

1. Introduction great industrial progress which significantly

Modern culture covers three fundamen- reflects the quality of life. Today, design is
tal directions - art, science and design. Art is a regarded as "third" layer of modern culture.
creative form of subjective expression where Information design is a representative
the personal experience, knowledge and skills of a relatively young interdisciplinary field of
of the author have a major role. Art consisting science, having occurred as a ,replica® to-
of two main branches - Fine and Plastic arts, wards the ever more noticeably evolving
reflects the awareness and attitudes of a par- global information society. It is a powerful
ticular social group and defines its level of tool in building strategic approaches and key
social and cultural development' Science co- tactics, thanks to which the available data sets
vers massive information database defining can be properly managed and smoothly mod-
four major areas - humanitiesj natural, social eled. The results of these efforts lead to build-
and technical sciences, built on the human ing a better view (disclosure of so called Aolis-
knowledge, experimentally verified through tic picture) over high intellectual products and
the scientific method. Born in the interaction services, and provide a methodical system of
between science and art today design is a rep- alternative approaches for their improvement.
resentative of the cultural development of con- This report deals with that philosophy
temporary Society and a clear evidence of the as an alternative development of the creative
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and innovative process in the contemporary
design field, especially automotive design, as
it represents some fundamental aspects of the
ideology of the Automotive Lighting Sculp-
ture concept (known also as ALS concept;
Aemomobunna  ceemaunHa - CKyInmypa;
ACC).

2. Definition of the ALS concept

The creative application of the Automo-
tive Lighting Sculpture concept (ALS concept)
is associated with the development of atypical,
unexpected, unusual imageries, "something"
on four wheels, which allows the individuals
to examine the vehicle as a nonlinear open
system, susceptible of experiments, interpreta-
tions and metamorphoses, independent of the
classic rules and constraints that the industrial
design standards (and in particular transporta-
tion design field) strictly require [1,5,8].

"The ALS concept is a matter of “crea-
tive and intellectual permissiveness” — it is
based on experience and knowledge (general,
medium and narrow competence) where a
symbiosis between elements appears as a form
of synergetic interaction [7]. In other words,
the concept provokes the emergence of asso-
ciative thinking, as a "purposeful and reckless
brainstorming” where the transfer of infor-
mation between relative and/or distant in
compatibility units could connect in order to
obtain new innovative solutions that stimulate
creativity and lead to hard-to-reach ideas and
concepts This is a creative approach that calls
the designer's desire to show artistic reckless-
ness as a manifestation of nonlinear thinking -
a road that is going beyond the existing bor-
ders of the familiar, proper, common under-
standing.

The ALS concept gives validity to the
"right" to be "wrong" (bootlegging crazy ide-
as) through the whole creative process.
Thanks to this philosophy, the creative person
behaves liberally on the white sheet of paper
and the horizon (directions) of "thought vec-
tors" are open, selected intuitively - "as the
artist understands and feels it"(Fig. 1), [9].

The idea of Automotive Lighting Sculp-
ture concept has emerged as a result of the
development of several contemporary art di-
rections like light sculptures, light installations
and many other creative performances; a rea-

sonable response to the rapid progress of
lighting systems.

Fig. 1. Location and behavior of the ALS con-
cept to established cultural trends.

The concept projects A'’KIMONO [3], Audi
A'KIMONO LS2.0 2], Audibleyes ALS [4],
Bugatti Atolla ABLS [6], (www.dorteo.com)
represent the First Closed Cycle of ALS Con-
cept where the synergetic interaction between
light and form brings different “weights” of
the rationality, the associativity giving the
floor to the avant-garde attitude over the status
quo (Fig.2a,b), [9].

3. Generalized model for the de-

sign of the ALS concept

The ALS strategy includes three major
aspects of design - marketing, technical and
styling parameters. The following three-
component system builds up the overall phi-
losophy of the ALS concept and has been
adapted to modern strategies for automotive
design and manufacturing (Fig.3a).

The Marketing unit covers the devel-
opment of leading global trends and innova-
tions in all areas and levels, the emerging pub-
lic and consumer interests and demands in
response to recent market developments, ob-
jective analyzes (observations) of the interac-
tion (behavior) of the individual consumer
towards his/her own vehicle.

The Technical unit relates to the main
structural, functional and ergonomic aspects
of the designed model.

The Styling unit reveals the three fac-
tors that decisively affect the costumer final
choice when buying a car ("how it looks like")
- concept, vision (outlook) and message.
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4. Systemological Approach to
Lighting Systems

Historically, at the very beginning, the
electric lighting systems was realized through
analysis, synthesis and evaluation of individu-
al items without applying any systematic ap-
proach, without taking into account the prin-
ciples and laws of the "man-machine-
environment" system, but only simply focused
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on the methods of technical sciences, hence
machine-centric approach. At a later stage the
human factor took a larger role in the design
of lighting systems, as it provided the oppor-
tunity to explore specific problems with the
light climate and the processes that occurred
in the human perception towards visual infor-
mation.

Fig. 2. Evolution of the contemporary design. Emergence of the Automotive Lighting Sculp-
ture concept (ALS), (a). Design process of a real vehicle. The place of Automotive Lighting
Sculpture concept (b).

Therefore, thanks to the anthropocentric ap-
proach, today the contemporary lighting sys-
tems have acquired other dimensions, as the
operator is not treated as a simple unit but ra-
ther as a highly organized subsystem with es-
sential and specific functions. There has been
noticed that the lighting system should be
considered as a complex system "man-
machine-environment" built by a number of
subsystems.

4.1. Structure of the "SATI" system -
I’ level. The methodological lighting design
system "SATI" (System Approach Towards
IHllumination) includes twelve major ap-
proaches which covers the main issues when

building sustainable lighting systems (Fig. 3b,
Table 1) [10].

4.2. Structure of "SATI" system - I
level. The SATI system includes subsystems
(""Extended Block of the Systematic Lighting
Design') including twelve fundamental ap-
proaches (needed for building sustainable
lighting systems) with a definitive autonomy
and with a direct interaction in the lighting
network. Each subsystem has an individual
conceptual focus, structure and properties.
The subsystems are built up of elements,
called "factors" that make up the uniqueness
of each approach.
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Fig. 3. Generalized model for the design of the ALS concept, (a).
Structure of the SATI system I(b) and II(Extended Block of the
Systematic Lighting Design, (c¢)) level.

Table 1
"SATI" - System Approach Towards Illumination

The Aesthetic approach represents three main groups: 1. Compositional criterion. 2. Lighting crite-
rion. 3. Color criterion. Compositional criterion refers to the composition development in lighting
design, focusing on the major categories, and properties - their interaction with light environment.
Lighting criterion examines the relationship between the lighting design and the various types of
lighting sources, the behavior of light in space and evaluation of the light climate by qualitative and

AT 13- quantitative indicators. The colour criterion plays a critical role in the design process towards the
P lighting environment. In general the Aesthetic approach provides a that works to thorough deter-
mined insight and concrete focus to direct aesthetic "tools" necessary for the realization of lighting
systems with leading In general plan Aesthetic approach is focused on the basic aesthetic "tools",
which are essential for the development of complex lighting system with a distinctively decorative
character (decorative application).
The Functional approach examines the variety of lighting systems in terms of their practical use.
Two main groups are defined here - functional and decorative lighting. Despite the strong distinc-
Functional tion between the both types of lighting application, there has been found a third one that refers to
approach both types of application with a different “weight” of the functional and decorative element. There
also have been pointed out some aspects of the pure functional nature of lighting systems and the
way they work towards several specific visual task.
The Ergonomic approach focuses on the objectively necessary requirements and constraints which
Ergonomic influence the design of the lighting systems including the normal functioning of the eye and the direct
approach impact of light on it (types of glare, visual dysfunctions, direct exposure to strong light) the general
human condition, taking into account the peculiarities of the climate, latitude, seasons and others.
Psycho- The Psycho-physiological approach reveals the influence of lighting systems on the activity of the
physiological human body. The approach takes on focus the various characteristics of visual functions, the visual
approach perception of shapes, color and light.
The Visual communication approach examines the visual information transfer which concerns the
Visual commu-  elements of visual communication process, the distribution of information relating to the human
nication ap- receptors, the characteristics of visual information and others. In addition, there is a focus on the
proach physiological characteristics in visual perception and specific factors that affects the human inter-

action with light environment.
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Approach

The Biological approach takes direct role of the light design with regard to natural and healthy

oo ling development of biological objects (people, animals, plants). With particular relevance in this section
RS is concerned the impact of artificial light sources in terms of their radiation spectrum.
The Social approach plays an important role in the adaptation of the light climate to the visual ne-
Sy cessity of the different social groups distinguished by gender and age. The social approach is essen-
" tial for the development of the advanced lighting systems and it dramatically changes the quality of
proac light when the main parameters are synchronized the values specified in the Bulgarian standards
(Bulgarian Institute for Standardization).
Energy- The Energy-economic approach examines in detail the possibilities for optimal energy management
economic ap- of functional and decorative lighting towards the use of light sources, luminaires and lighting sys-
proach tems.
The Ecological approach provides a detailed overview of the possible types of lighting pollution and
Ecological especially the impact of the artificial light. In this regard, the use of modern energy sources leads to
approach the use of a small amount of energy generated by power plants and thus it reduces the greenhouse
effect globally.
The Sanitary-hygienic approach outlines the basic requirements that must be observed when using
Sanitary- artificial lighting. Ensuring healthy and safe working conditions and rest is a matter of the rational
hygienic ap- design quantitative and qualitative indicators, light modeling (adequate amount of light, biodynamic
proach lighting planning) which are dependent to the specific conditions of the light environment in certain
geographical areas.
The Multicomponent approach reveals the complex nature of the lighting systems — a network of
Multicomponent  individual lighting elements which have different functional application to build up certain lighting
approach environment in specific fields like Architectural lighting, Road and Street Lighting, Advertising and
Information lighting, Automotive Lighting and Interior lighting.
The Systemological approach reveals the boundless horizons of conceptual solutions in modern
: lighting design. The knowledge of systems’ types and behaviors namely linear and nonlinear, open
Systemological . S ; .
B and closed (and the possible combinations between them) provokes and encourages the innovative

and creative thinking. The Automotive Lighting Sculpture is a clear example of that philosophy (ALS
concept). The Systemological approach is an open window to novelty and beauty, to the future.

The information of each factor is otginized by
a number of criteria that determine the sys-
tematic nature of the whole block system [10].

5. New horizons. "The Light

Plot”

5.1. Background

At the end of 2005 a project develop-
ment entitled ""A'KIMONOQO'" was launched,
aiming to present the concept of automotive
exterior lighting. It was awarded at the Desire
Design Contest 2007, organized by Domus
Academy and Style Bertone. A year later a
new evolutionary design called Audi A'KI-
MONO LS2.0 (Fig. 4a) was on focus and few
months after it was finished, the project re-
ceived wide public appearance with its original
concept of © “Automotive Lighting Sculp-
ture” in the face of the leading Italian online
resource for automotive design Car-
BodyDesign [1’]. Then a few publications in a
number of other web sites, newspapers and
magazines followed [2°,3°,4°,5°,6°,7°,9°,10°],
[2,37°,6’]. In early 2009 AUDIBLEYES
ALS concept — The Eyes of Audi project was
completed — a new design concept which re-
ceived the special prize in the Second Edition

of Desire Design Contest 2009, organized by
Domus Academy and Audi (Fig. 4a). In 2010
five years passed since the birth of the Auto-
motive Lighting Sculpture concept. In the
same year the fourth project called Bugatti
Atolla ABLS Concept (Fig. 4a) was finished,
it was honored with People's Choice Award at
RTT Excite 2011 in May. In 2013 it was re-
vealed the © ALS Semantic Circle, Dorteo
2013 Massage: © Reduce Glare, Show Beau-
ty, Reach Harmony! ©|G1B—H! 2014 un-
veiled the idea of © Vehicles Without Head-
lights, © UUL.VWHL.VIVALS.

5.2. Motivation of the Light Plot and
ALS concept appearance

At present the dynamic development of
lighting systems in modern vehicles provide
many new opportunities to be revealed and
redefined. Designers are looking for new op-
tions to achieve their aesthetic design solu-
tions taking inspiration not as much the great
diversity of technical means as the synergistic
interaction between light and form. The ef-
forts that the design specialists have been
making in the last decade apparently show the
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result of quite well lit road forward. However, do not fully satisfy the drivers participating
there are some issues related to driving, which from the other side of the roadway.

Fig.4. "The Light Plot"; Audi A’KIMONO LS2.0 Concept; Audibleyes ALS Concept; Bugatti At-
olla ABLS Concept; (a). Hypothesis of the development of the 21st century vehicles (b).
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According to recent studies, a significant part
of drivers are middle-aged (50 years) as the
report refers not only to Bulgarian citizens but
also to other European countries.

From psychophysiological perspective
this group of participants on road can be rea-
sonably considered as precarious (‘rickety’,
‘liable to collapse’). The reason for this lies in
the details of the operation and condition (co-
ordination) of the visual system in the elderly
people and in particular the way their visual
accommodation works. With the increasing
age, the ability of the visual accommodation
in drivers significantly reduces, because the
lens becomes less elastic.

Another major problem relates to the
higher values of light intensity of the head-
lights and especially the direct light that con-
fuses the drivers from all social groups (20, 40
and 60 years old). It is a well-known fact that
the systemic exposure to direct intense light
(glare) leads to changes in the general condi-
tion of the human eye and often followed by a
chronic disease. Obviously the night lighting
system of modern vehicles carry some risks
and problems of social, biological, ergonomic,

psycho-physiological nature. In that context
the First Closed Cycle of ALS concept (incl.
A'KIMONO, Audi A’KIMONQO LS2.0, Audi-
bleyes ALS concept, Bugatti Atolla ABLS
Concept) brings out a hypothesis towards the
way how vehicles of tomorrow might look
like, addressing the light discomfort problem
during the night driving and the way it could
be reduced (Fig. 4 a,b), [2,3,4,6,7,9,11].

6. Conclusion

The integration of unconventional (al-
ternative) lighting installations with the appli-
cation of diffuse illumination of certain sur-
faces in the car body is an author’s cue having
arisen from the deliberate analysis of contem-
porary trends (objective pros and cons) in au-
tomotive design field and the opportunities
that the progressive lighting technologies have
been recently providing. Thanks to the artistic
and functional exterior lighting the surface
language of the vehicle reveal a new imagery
of the future means of transportation. It is rep-
resented in the following prognosis defining
some main aspects of The Light Plot (Fig.5):

Fig.5. The Light Plot. Dorteo’s Semantic Circle of ALS Concept. Personal Harmony: Conventional
vehicles - Beauty against Harmony; Vehicles without Headlights - Reduce Glare, Show Beauty,
Reach Harmony! © |G1B—H; Automotive Lighting Sculpture — Beauty releases Harmony;
UUL.VWHL.VIVALS.
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Fig.6. The Official website of the Automotive Lighting Sculpture,
Dorteo Style&Design 2014 (www.dorteo.com)

A. The exterior and interior layout of future
vehicles will take increasingly strong sculp-
tural appearance to bring the car image closer
to the evolution of a living organism.

B. Due to the high technology progress
of lighting systems the automotive lighting
systems would change its appearance as they
would accept the case of being “partially re-
duced" in a combination with night vision sys-
tem and/or autopilot navigation to satisfy a
higher degree of safety. In that scenario the
"Light Modeling" and "Light Modulation"

C. The interior of the car would turn
into an environment that could provide the
opportunity for the experience of "Relaxation
in Motion".

Finally, the Automotive Lighting
Sculpture Concept as an open nonlinear sys-
tem allows building different design hypothe-
ses in order to seek new distinctive and ration-
al approaches. As a result it reconsiders the
design of the contemporary motor vehicles as
the issue of the ALS concept does remain
open to a broad creative and innovative de-

would play a significant role. bate.

REFERENCE

[1] Kyuchukov T. (2006), Honda S 2000 Evolution. Proceedings of Scientific Student Seminar
AIF’2006, ISSN 1311-3321. Angel Kanchev University of Ruse, Bulgaria.

[2] Kyuchukov T. (2008), Automotive Lighting Sculpture. University of Ruse, Proceedings, Vol.
47, book 1.1, ISSN 1311-3321, p. 58.

[3] Kyuchukov T. (2008), Automotive Lighting Sculpture “A’KIMONQO”. International scientific
Conference Unitech'08, Proceedings, Volume I, ISSN 1313-230X. Technical University of Gabro-
vo, Bulgaria, p. 1-65.

[4] Kyuchukov T. (2009), Automotive Lighting Sculpture — Illusion or Necessary Reality. Engi-
neering Design and Ergonomics National Conference, Proceedings, ISSN 1313-9584, Technical
University of Sofia, Bulgaria, p. 25.

[5] Kyuchukov T. (2009), Development of Lighting Systems in modern cars. Engineering Design
and Ergonomics, National Conference, Proceedings, Technical University of Sofia, Bulgaria, ISSN
1313-9584, p. 12.

[6] Kyuchukov T. (2010), Automotive Lighting Sculpture — A Look Towards Bioluminescence.
BulLight 2010, XIV National Conference with International Participation, ISSN 1314-0787. Varna,
Bulgaria, p. VI-31.

H3zeecmua na Covioza na yuenume — Pyce ® 2015
105


http://www.dorteo.com/

Cepusn o Texnuuecku HayKu o

[7] Kyuchukov T. (2010), Automotive Lighting Sculpture — Synergetic Interaction Between Form
and Light. Terminological Development of the Concept. BulLight 2010, XIV National Conference
with International Participation, ISSN 1314-0787. Varna, Bulgaria, p. 12.

[8] Kyuchukov T. (2010), Systematic Approach for the Classification of the Contemporary Auto-
motive Lighting Devices. Automotive Lighting Sculpture. BulLight 2010, XIV National Confer-
ence with International Participation, ISSN 1314-0787. Varna, Bulgaria, p. X-7.

[9] Kyuchukov T. (2012), Automotive Lighting Sculpture. Definition and Realization. IX Interna-
tional Congress "Machines, Technologies, Materials". Machines Technologies Materials. Interna-
tional virtual journal for science, technics and innovations for the industry. Year VI, Issue 10/2012
ISSN 1313-0226, Varna, Bulgaria, p. 52.

[10] Kyuchukov T. (2012), Systematic and methodical approaches to lighting design. “SATI” sys-
tem. IX International Congress "Machines, Technologies, Materials". Machines Technologies Ma-
terials. International virtual journal for science, technics and innovations for the industry. Year VI,
Issue 10/2012, ISSN 1313-0226, Varna, Bulgaria, p.3.

[11] Kyuchukov T. FEEARA — Automotive Lighting Sculpture. XV National Conference with In-
ternational Participation “BulLight 2014” ,ISSN 1314-0787, Sozopol, Bulgaria, 2014, p. 219.
INTERNATIONAL ONLINE REFERENCE

[1’] Traverso M. (2009), Audi A’KIMONO LS2.0 Concept. CarBodyDesign. Retrieved from:
http://www.carbodydesign.com/archive/2009/01/26-a-kimono-Is20-concept/ .

[2’] Ricciuti A. (2009), Design Excercise: Audi A'KIMONO LS2.0 Concept. WorldCarFans. Re-
trieved from: http://www.worldcarfans.com/109020316701/design-excercise-audi-akimono-1s20-
concept .

[3’] Traverso M. (2009), The Top Ten Stories of 2009. CarBodyDesign. Retrieved from:
http://www.carbodydesign.com/archive/2009/12/top-ten-stories-of-2009/.

[4’] Ricciuti A. (2009), Design Excercise: Audi A'KIMONO LS2.0 Concept. WorldCarFans,
Comments (13): February 3, 2009 9:02 pm; February 3, 2009 11:49 pm; April 15, 2009 4:46 pm.
Retrieved from: http://www.worldcarfans.com/109020316701/design-excercise-audi-akimono-
1s20-concept .

[5°] Kyuchukov T. (2009), Audi A'KIMONO LS2.0. Behance Served Sites: Industrial Design
Served, featured on 10/24/09; ID Magazine, featured on 12/24/11. Retrieved from:
http://www.industrialdesignserved.com/gallery/Audi-AKIMONO-LS20/311103;http://www.id-
mag.com/gallery/Audi-AKIMONO-LS20/311103 .

[6’] Campagne B. (2008), La voiture de demain : 12 visions de designers, Audi. Planet.fr . Re-
trieved from:

http://www.planet.fr/auto-la-voiture-de-demain-12-visions-
designers.18615.1499.html?page=0%2C11 .

[7°] Emunu (2009), bwarapun cmas cera ¢ koHuenuusra Audi A KIMONO LS2. Volvo Club
Bulgaria Forum. Retrieved from:http://www.volvoclub-bg.com/forum/viewtopic.php?p=79803

[8°] Cuellar A. (2011) What are the challenges? LinkedIN, Automotive Lighting Sculpture Group.
Registration required.
http://www.linkedin.com/groupltem?view=&gid=3766913 &type=member&item=77426984 &trk=g
roups_most_popular-0-b-

ttl&goback=%2Egsm 3766913 1 *2 *2 *2 Ina PENDING_ *2%2Egmr 3766913%2Egmp 376
6913 .

[9°] Janovicek P. Concept Cars — A Glance into the Future of Automobile Industry. Cruzine. Re-
trieved from: http://www.cruzine.com/2011/01/27/concept-cars-photography/

[10’] Battenbough G. Driven by design. Architecture & Design. Retrieved from:
http://www.architectureanddesign.com.au/comment/driven-by-design

INTERNATIONAL PRESS REFERENCE

[1’’] De’Silva W. (2005), If you want to see the new Audi, just design it. Auto&Design 153,
Luglio/Agosto 2005, Anno XXVII, N.4, ISSN 0393-8387, Italy.

H3zeecmua na Covioza na yuenume — Pyce ® 2015
106



Cepusn o Texnuuecku HayKu o

[2’] Huxomoma JI. (2009), ExcnepumeHTHT ,,ABTOMOOWIHA cBeTinHHA ckynntypa“ (The
Experiment “Automotive Lighting Sculpture®) cn. AutoBild bearapus, 26.02-04.03.2009, 6p.8
u3n. Memuallaptaep EOO/], bearapus.

[3°’] MapxkoB A. (2009), Hquzaitn Made in BG (Design Made in BG). ci. MotorShow, mapt 2009
op. 52 uzn. Asro Mortop loy OO/, bwnrapus.

[4’] MunanoB K. (2009), Pycenen ,,Bae“ aBTOMOOWSIHM CBeTMIMHHH CKyantypu (Man from
Ruse”’sculpts” automotive lighting sculptures, [GT]). B-k Monwutop, 07-08.02.2009, 6p. 3449, ro-
nuHa X1, n3n. Hosa bearapcka Menunitna rpuna, bearapusi.

[5°°] HoueB M. (2009), bearapun u3o0peTu mpoekT Ha Konata Ha OpaemieTo (Bulgarian invented
the design of the car of the future [GT]). B-x HoBunap, 31.01-01.02. 2009r., chb0Ta-neaens, op. 24
(5181), roguna X VII, uzn. Hosunap meaua AJl, boarapus.

[6°°] TlenueBa A.(2009), Pycenckusar camypaii ,,AKUMOHO' pa3Thpcu aBToMoOMIHUS au3aiiH (The
Samurai from Ruse ,,Akimono” rocked automotive design [GT]). B-kx Y1po/21-22 ¢es., 2009r.,
opoit 43(5535), ronuna XIX, uzn. [pecrpyn Ytpo EOO/, c1pl,5, Pyce, brarapusi.

Contact Information

Teodor Kyuchukov, PhD

Angel Kanchev University of Ruse
Department of Industrial Design
E-mail: tkyuchukov@uni-ruse.bg
URL: http.//www.dorteo.com

The present paper has been produced with the financial assistance of the European Social
Fund under Operational Programme “Human Resources Development”. The contents of this docu-
ment are the sole responsibility of the “Angel Kanchev” University of Ruse and can under no cir-
cumstances be regarded as reflecting the position of the European Union or the Ministry of Educa-
tion and Science of Republic of Bulgaria.

Project Ne BG051P0O001-3.3.06-0008 “Supporting Academic Development of Scientific Per-
sonnel in Engineering and Information Science and Technologies”.

H3zeecmua na Covioza na yuenume — Pyce ® 2015

107


mailto:tkyuchukov@uni-ruse.bg
http://www.dorteo.com/




EBponeickn Cbto3

MPOEKT Ne BG051P0001-3.3.06-0008 ,TOAMNOMAIAHE N3PACTBAHETO HA
HAYYHUTE KALOPU B UHXKEHEPHUTE HAYKN 1 UHOOPMALIMOHHUTE
TEXHOAOT N

MNMpoekmbm ce ocvbwecmBaba ¢ huHaHcoBama nogkpena Ha onepamuBHa
npozpama ,,PazBumue Ha 4YoBewHKume pecypcu”, CbpuHaHcupaHa om
EBponetlickua coyuaneH hoHg Ha EBponecKusa cbioa.

NHBECTWPA BbB BALLETO EbJELLE!

EBponeiicku counaneH GboHp
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