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Bausinne Ha 5G BbpXy 0€30MaCHOCTTA HA MOJIETUTE

Maptun UBanos u Kpacun I'eoprues?

Kameopa ,, Bvzoywen mpancnopm *, Texnuuecku ynusepcumem — Coghusi,
oyn.,,Kn. Oxpuocku “ Ne§, 1000 Cogusi, Bvreapus

3 krasin@tu-sofia.bg

Pesrome. OcurypsiBaHeTo Ha 0€30IIaCHOCTTA Ha IIOJIETUTE € OCHOBEH MPHOPUTET IIPHU U3TPaKIaHe U MOAIbPKAHE HA
aBHAIMOHHATa TPAHCIIOPTHA cucTeMa. [IpoMeHM KakTo Ha aBHAI[OHHATa, Taka M Ha CBBP3AHUTE C Hes CHCTEMH,
MOrar Ja HMMaT Heo4yakBaH e(peKT BBpPXy O€30IIaCHOCTTa M CIEJOBaTeNHO TpsAOBa na ObJaT OLCHSABAaHU MU
KOHTpOJMpaHu. TakbB € CIIy4asT ¢ IOBCEMECTHOTO BbBeXkJaHe Ha 5G KOMyHHKallMU. B HacTOSAIOTO M3Cie/BaHE €
HalpaBeH MPerie]l Ha ONacHOCTHUTE 3a MOJIETHTE BCJICACTBHE HA CMYIICHHUs OT 5G U € U3rOTBEH KauecTBEH MO/ Ha
pucKa 3a 6€30IaCHOCTTA Ha MoseTUTe. MOAETBT MO3BOJISIBA Jla Ce MACHTH(HULMPAT TEKYLIINTE MEPKH 3a HOJUIbpIKAHEe
Ha HUBOTO Ha Oe3zomacHOCT. OOBpPHATO € BHUMAHHUE, Y€ YacT OT MEPKUTE 3a OCHTypsBaHe Ha 0e30macHOCTTa ca
W3BBH KOHTpPOJIA Ha aBUAlIMOHHATA TPAHCIIOPTHA CHCTEMA M ChOTBETHHUTE CHCTEMH 3a Ka4eCTBO.

BBBEJEHUE

Panno-BrcoroMepuTe ca eIMHCTBEHUTE CEH30pH Ha O0p/a Ha TPaXIAHCKUTE CAaMOJIETH, KOUTO OCHUTYpsIBAT
JUPEKTHO W3MEPBaHE Ha BHCOYMHATA Ha CaMoJieTa Haj TepeHa WM APYTH MpensaTcTBUs. IloBcemecTHOTO
narpaxiade Ha 5G KOMYHHMKal[MOHHM CTaHIIMM MMa IMOTEHLMal Ja Hapyluu padoTara Ha BHCOTOMEpPUTE U
CJIEJIOBATEJIHO € ONACHOCT 3a aBUAIIMATA, KOSATO He € JOCTaThuHO JoOpe u3yyeHa. JIuncsa HaTpynnaH eMIUPUYCH
OIUT W YTBBPJCHU MPAKTUKH 32 YIpaBJIeHHE Ha 0€30M1aCHOCTTA.

Panno-BucoToMepute paboTAT B TI00aTHO pa3npe/eneHata acpoHaBurannonna nenra 4.2—4.4 GHz. Hosure
5G mpunokeHus ca B pa3nyHa, HO OJM3Ka decToTHA JieHTa, Hanpumep 3.7-3.98 GHz B CreauHeHuTe AT U
3.3-3.8 GHz B EBpoma. Pagno-ob6opynBanero, kakto 3a 5G, Taka W 3a BHCOTOMEpHUTE, HE € WaeaTHo. ToBa
03HaYaBa, 4e paJapHUAT IPUEMHHUK HAMA Jla MOXKe Ja (GUITpUpa HAKOW OT OCHOBHHUTE 5G €eMHCHH U 4acT OT TAX
e ce CMeCAT C MOJIE3HUsI CUTHaM 3a BHcounmHata. OOopynBaneTo Ha 5G Iie MMa W Mapa3sdUTHU U3JIbUBAHUSA
W3BBH OCHOBHATA MY JIEHTa, KOWUTO IOTIa/IaT JUPEKTHO B 00XBaTa Ha pagapHus nprueMHuK (Bix dwur. 1 [1]).

MouwHocT
3
5G (CALL)

HuBo Ha 5G, [3700 - 3980] Paamo-

N3N BYBAHE B weet BUCOTOMEpH YecToTHa XapaK('Ic'pepMCTVIK)a
OCHOBHa JleHTa Ha MpueMHuKa (punTbpa

[4200 — 4400] Ha pafuno-BucoToMepa

Hueo Ha 5G,

NapasNTHN weef o

U3MbYBaHUSA I 3

3700 3980 4200 4400 Hecrora

(MHz)

DUI'YPA 1. Uznpusane 5G B ocHoBHa JieHTa 3.7-3.98 GHz 1 napasutau 5G n3mpuBaHus B YECTOTHATA JICHTA HA
Bucotomepure 4.2—4.4 GHz, anantupaso ot [1].
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OmacHoctta OT 5G KOMyHHMKAIMHTE 32 aBHALMATA ¢ OOCKT HAa H3CiIeABaHE OT HAKONKO roauHu [1-3].
OmaceHust 3a BB3JCHCTBHETO BBHPXY aBHAlMOHHATa OE30IacCHOCT Ca M3pa3eHH OT MHOXKECTBO BOJCIIN
aBUAIIMOHHU opraHu3amyu [4-6]. Br3gerictBuero Ha 5G BBpXy paboTaTa Ha AaBHOKOMITAHUHTE U PETryISIPHOCTTA
Ha TIOJIETHTE NPONBIDKaBa Ia € akTyalHa Tema 3a mpecata [7-9]. Pasrppmanero Ha 5G B C-nmeHra B
ChequHEHNTE IATH € CBBP3aHO C MHOXECTBO IMPEKTHBH 3a JIETaTEHA TOAHOCT, alTEpHATHBHU HAUYMHM 3a
CBOTBETCTBHE, NONBIHUTEIHA YKa3aHUS W OTpaHWYCHHs Ha mojeTHaTta aerHocT (m3mameHn NOTAM-u) [10,
11].

CpIiecTByBaT MHOXKECTBO TEXHHWKH, METOIM, MOAETH M METOJOJIOTHH, KOUTO CE H3IOJ3BaT BBB BHCOKO-
PHUCKOBHTE MHIYCTPHU HPH OCHTypsiBaHE Ha 0€30IIaCHOCTTa, B TOBa YMCIIO 3a WACHTH(UIMpAHE, aHAIN3 U
OLICHKA Ha pHcKa 3a Oe3zomacHocTTa [12]. Hsikou OT Haii-M3M0I3BaHKUTE MOAXOIH B aBUAIMOHHATA HHAYCTPHS Cca
npencrasenu B [13]. Bceku meToa/Mozen uMa omnpesieneHa o0IacT Ha MPUIIOKEHHE, KOSTO TPsOBa a ce oT4eTe
IIPY M3TOTBSIHE Ha METOI0JIOTHsI, HAIIpUMep:

e Amnanu3 Ha omacHocTHTe M (YHKIMOHaieH aHanu3 Ha omacHoctute (Hazard Analysis u Functional
Hazard Assessment -FHA) — moaxoasiiu npu oleHKa Ha pHCKa Ha HUBO HIECH MPOCKT, KOraTo He ce
pasmonara ¢ mogpodHa HHGOPMAIHA 33 MPOCKTa / SBICHUATA WA KOTaTO pa3MephT Ha OMACHOCTTA €
JOCTAaThYHO MAIIBK, Y€ JIa HE M3UCKBA M0-33ABJIO0UCH aHATIH3.

e Amnanm3 Ha Buzma u edekra ot orkasute (Failure Mode and Effect Analysis — FMEA) — moapo6en
aHaIM3 Ha XapAyepHO WM (YHKIMOHAIHO HMBO. MHOTO MOJE3€H NpH HamnpegHal CTaguid Ha
MIPOEKTUPaHE ¥ MPU HATPYIIaH EKCIUIOATAI[IOHEH OTINT.

e JleTepMMHHCTHYHH aHAIM3M — MOJENIUpAT ce W30paHu aBapHiHHU CLEHAPUU WM NPOCTPAHCTBA OT
rapameTpu — oMaraT 3a pa30upaHe Ha U3yYaBaHUTE SIBIICHHUSI.

e Meron Ha nannonkara (Bowtie), appBera Ha chOutns (Event Trees — ET), npBera Ha oTkazute (Fault
Tree Analysis — FTA) — Meroau ¢ HapacTBamla CTENEeH Ha 3aIbJ00YEHOCT 3a MPEACTaBAHE HA
aBapUiHU CIIEHAPUH U JIOTUYECKH BPB3KHU MEXKIYy CHOUTHSL.

e BepositHocTeH ananu3 Ha pucka (Probabilistic Risk Analysis — PRA, Probabilistic Safety Assessment —
PSA) — kombunanus ot ET, FTA u FMEA 3a npencraBsiHe Ha CTPYKTypara Ha MHOXECTBO CLIEHAPUHU U
32 U3PUYHO MPEHACSIHE HAa HEOTIPEIENICHOCTUTE HAa BEPOSATHOCTUTE OT 0a30BUTE CHOUTHSA KbM KpalfHHUTE
PHCKOBE.

ITocouennTe Meroanm Morar Aa ce W3IION3BAT IOOTACITHO WIM B KOMOHMHAIMs, KaTo 4acT OT MHTETpHpaHa
Metozosorus. OT4nTaiiKy, ye TeXHOJIoruATa 3a 5G KOMYHHKAINY € B HAaYaJIeH eTall Ha BbBEXK/IaHE HA TEPEH U B3
OCHOBa Ha HaJM4yHaTa WH(pOpPMAlMs B JMTEparypaTa, 3a H3ydyaBaHe Ha puUcka OT 5G CMyIIeHUsl BBPXY
0e30MacHOCTTa Ha MOJIETUTE IIIe U3MoI3BaMe koMOuHanus ot FHA, nerepMuHucTHYHY aHan3u U Bowtie Mozer.

Bwopeku ve u3ciieABaHETO Ha BB3cicTBHETO Ha 5G BHPXYy aBHAIMOHHUTE NCHHOCTU IPOIBIIKABA BEUe
HAKOJIKO T'OJJUHU, MOXKE Oa C€ IpUEME, Y€ HiAMaA pa3pa60TeH IpOCT U HArJCACH MOJECI Ha BCUYKU CBBP3aHU
PHCKOBE M MEPKH 3a yNpaBieHUeTo UM. LlenTa Ha HACTOSIIETO M3CIIe/IBaHe € JJa OCUTYPH MOJIEN, ITOIXOJIII 32
M3I0J3BaHE OT PHKOBOJHHA CHCTaB, KOMTO PAAKO BKJIIIOYBaA CIICHHUAIUCTA BBB BCHUYKH 3aCCTHATU O6J'IaCTI/I, B
TOBA YMCJIO KOMYHUKAIIMOHHH TEXHOJIOTHH, aBUAIIMOHHY CHCTEMHU M MOZIEIMPAHe Ha PHCKa.

PazpaboTenu ca ciegHUTE BBIIPOCH:

e  [perie] Ha OIacHOCTTa, Ch3/aaeHa oT 5G U3 buUBaHMS;

e pa3zpaboTBaHE HA KAYECTBEH MOZEN Ha PUCKa 32 O€30MaCHOCTTa Ha MOJIETHTE;

e  preHTHGHUIMPAHE HA HATMYHNUTE W JIMIICBAIUTE MEPKH 3a yIpaBlieHne Ha 0€30I1acHOCTTA Ha ITOJIETUTE.

AHAJIN3 HA OITACHOCTTA OT 5G CMYUWEHUS HA PAIMO-BUCOTOMEPUTE

Bw3aeiicTBHeTO Ha MOOMIHUTE KOMYHHUKAlMd Ha dectotd B C-auama3oHa BBpXYy paboraTa Ha pajuo-
BHCOTOMEPHTE € pa3riielaHo moapoOHO B gokian Ha komucus kbM RTCA, cienmanHa cb3naeHa 3a u3cieIBaHe
Ha Te3u Bw3AekcTBus Ha 19.12.2019 r. [1]. ChuiecTBYBaT 1Ba HOBHM THIIA CMYIICHUs, KOMTO TpsiOBa jaa ce
OTYHUTAT — OT OCHOBHHTE 5G M3Mb4BaHUS U OT mapasutHute 5G m3npuBanus. CMyIEHHS OT JPYTH BUCOTOMEPH,
KaKTO Ha Oopaa Ha JeTaTeNHUs amapar, Taka ¥ OT APYTH JICTATEIHU amapaTH, JOcera He ca IpeICTaBIIIBaIH
3HAaYMMa OIACHOCT. YS3BHMOCTTA, a CIICAOBATEIIHO M PUCKBT OT CMYIICHUATA, MOXKE JIa BapUpa 3a Pa3INIHUTE
MOJICTI! PAJNO-BUCOTOMEPU U 32 DPA3NIUYHHUTE TOJETHH clydan (BUCOYMHA, PA3CTOSHUE W IMOJOKEHUE Ha
JieTaTeHus anapar). B tasu cexims ca 0000IIeHH pe3yiITaTuTe OT TOPECTIOMEHATOTO M3cieasane [1], kaTo 6asa
3a [TO-HATATHIIHU aHAJIU3H.
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IMoTenumaanmn nmocjaeaACTBuA

I'pemran mokazaHUs 3a BHCOYHMHATAa HAJ TEPEHA WM HEOYaKBaHATa 3aryda Ha ITOKa3aHHUS ca OCHOBHHTE
BHZIOBE OTKA3W Ha PaIu0-BUCOTOMEPHUTE, KOUTO UMAT HAalf-CEPHO3HH ITOCIIEICTBUS:

e 3aryba Ha IpPOCTPaHCTBEHa OpPUEHTALMSl — OIACHAa CHUTYyalHs, KOSITO MOXE Ja IpepacHe B
MIPOM3LIECTBHS.

e  VYopaemsieM cOmbebk ¢ Tepena (Controlled Flight into Terrain - CFIT) — kaTactpodanta cutyanus.

e ['pemniHM CHTHAMM KbM CHCTEMAara YIPaBICHUC HA CAMOJICTA W YCTAHOBSBAHE HA TPEIIHU 3aIUTHU
PEXUMU Ha TIOJICTHUTE MAapaMETPH — KaTacTpodaiiHa CUTYaIHsL.

e KoHGIUKTH C TpaeKTOpHsTa Ha APYTH CaMOJETH — CIIOKHA (WK OmacHa) curyanms. Hampumep
HEOYaKBaH MaHBOBBD 3a M30ArBaHE Ha CONBCHK C TepeHa BCIICACTBHE TPEITHO AKTHBHPAaHE HA
cucteMaTa 3a m30sArBaHEe Ha COTBCHK C TEPEHA; IPOITyCHAT 3aX0]] 33 KallaHe W IpEeMIHaBaHE Ha
BTOPH KPBI' BCIEACTBHE (haimmBO CpaboTBaHE HAa OTpaHMYCHUS 3a KallaHe; HEeBB3MOXKHOCT 3a
Kallade B ycioBus Ha HamaneHna suaumoct (Karteropust [1/111) 1 oTKIOHEHHE KBM APYTO JICTHIIIE.

Henanexxmaara pabora Ha pamno-BUCOTOMEpHTE OM HM3KIIOYMIA BB3MOXKHOCTTA 32 W3IIOJI3BAaHETO UM 3a
KalaHe B ycnoBus Ha HamaneHa Bugumoct (Kateropus II/111).

3amuiaxu (M3TOYHMIM HA CMYLIICHHA)

PasriexxaaT ce ¥ ce IpeJoCcTaBsT pe3yNTaTh 3a CICIHATE H3TOYHUIM Ha cMynieHus [1]:
e  5G 6a30BU CTaHINH (HA 3eMs).
e 56 motpedurencku ycTpoiicta (MoOmiHN TenedoHn) Ha Oopa.
e 56 moTpeOUTEIICKH YCTPOCTBA HA 3eMSI.
e Pagno-BHCOTOMEpH.

I[eTepMI/IHHCTI/I'{HI/I NnpecMATaHuA 3a Pa3/IMYHU CUTyalluu

Pa3zmepbT Ha onmacHOCTTa (MOIIHOCTTAa HA CMYIIEHHATA MJIH CIICKTpaJHaTa ITBTHOCT Ha MOIIHOCTTa, Power
Spectral Density - PSD) ca wu3cnenBaHu 3a TOMSIMO pasHOOOpasde OT YCJIOBHUS, OTYMTAHKH HAJIUYHOTO
o0opyzaBaHe, JIeTaTeTHN ASHHOCTH, BUCOUYNHH, MTOJIOXKEHHS U Pa3CTOSHUSL:

e  BONMMHCTBOTO HMHCTAIMPAaHW MOJENH paJHO-BUCOTOMEPH Ca TPYIHpPaHW B TPH KaTETOPHUHU
OTPeOUTEIH:
o [Ilorpebutenu xareropus | — caMoieTH 3a THPrOBCKH MOJIETH (ITBTHUYECKH U Kapro)
o llotpebutenu kaTeropus 2 — Ipyrd CaMOJIETH C HEMOBUKHO KPUJIO (PETUOHAHU TOJIETH
1 001112 aBuaIysl)
o llorpebutenu kareropusi 3 — XEJIUKONTEPH 32 TPAHCTIOPTHA U 001I1a aBUATIHS
e  Pa3znuuHu BHIOBe 6a30BM CTAHIMHM, XapaKTepHU3UPaHU B3 OCHOBA Ha pa3Mepa M BHJa Ha aHTEHATa
(ycwBhpIieHCcTBaHM aHTeHHH cuctemu (advanced-antenna-systems — AAS) ¢ pasmuuen 6poi
ememenTn — 8x8 AAS, 16x16 AAS, cexkTopHa aHTeHa ¢ (HUKCHpaH Ib4Y) W pEKAM Ha
paboTta(rpaacku, KpaTpaacKu, H3BBHTPAJICKH))
W3cnenBanusTa ca OpraHM3Upany, KaTo
e [lapameTpuyHM aHaNN3U
e  XapaxkTepHH IIPUMEPHH CLIEHAPHN

Homyctumorto HuBo (JJH) Ha cmymeHusta e ompeneneHo B [l], KakTo ¢ oT4YMTaHE Ha IPUIOKHMHUTE
CTaHAapTH 3a 00OpY/ABAaHETO, TaKa M EMIIMPUYHO, 4Ype3 M3MHUTaHus. JomycTHMUTE HUBa ce pa3iM4yaBaT 1o
MOTPEOUTETICKU KaTErOPHH.

MOoIIHOCTTa Ha M3IBYBAHETO, PETHCTPUPAHO HA BXOJA HAa NPUEMHHMKA Ha BUCOTOMEpPA, € CUMYJIHMPAaHO NPHU
pa3IMYHM KOMOWHAIIMH OT pa3CTOsHHUE /10 0a3oBaTa CTAaHIMS, BHCOYMHA HA CaMOJIeTa, BI'hJl Ha MOCTAaBSIHE Ha
aHTeHaTa Ha 0a30BaTa CTAHIWS, BI'BJI HA TAHTXK WM HAKJIOH Ha camoJjera. [IpuMepHH pe3ynTaTu ca JaJeHH Ha
@ur. 2(a) u 2(6). C uyepBeHM TOYKM ca MapKHpPaHU 30HHTE, B KOUTO JOMYCTHMOTO HHMBO € HaJBHIICHO.
[TocoyenusT mapamMeTpuyueH aHAIN3 € JIOMBJIHEH OT J[Ba MPUMEPHH CIICHApUH — KallaHe Mo NpUOOpH Ha JIETHIIE
B Uukaro u KalmaHe Ha BB3JYyIIHA JHMHEHWKa-XEJIUKONTEp B Ipajcka cpena. 3a yJeCHSABaHE Ha aHAIM3UTE
MakcumanHuTe S5G  CMyIIeHHst ca TpeicTaBeHH rpaduyHO Karo (YHKIUs OT BHCOYMHATa Ha
BB3/1yXOIUIABATEIIHOTO CPE/ICTBO 3a PA3IMYHU Kareropuu norpedurenn (Pur. 2 (B) u 2 (1)).
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(a) [TapameTpudeH aHAIM3 11O PA3CTOSHUE U
BHCOYHHA, Tpajacku 16 x 16 AAS ¢ HakiIoH

#s  -30° morpebutenu kateropust 1, cTpaHuueH
% Pa(::vouuuo uginy cauogf'ra " Gaso:afa :‘rauu:ci, NM 1 " HakJI0H WM Tauraxk Ha BC — He Biuse.

Buco4YmMHa Ha caMoneTa Hafg Tepexa, ft
a
3
3
PSD Ha Bxoaa Ha sucotomepa (dBm/MHz)

(0) MapamerpuyeH aHanus, rpajacku 16 x 16
AAS c HakioH -30° notpeburenu
KaTeropusi 2, CTpaHW4CH HAKIOH WIH

0.2 04 06 08 1 12 14 16 Tanrax Ha BC ot 0°.
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)

—— [lONyCTUMO HHEO
70 ICAO 6dB sanac
Tpanckn 8x8 AAS
panckm 16x16 AAS

pancku, cexTopha

PSD Ha sxona Ha sucoTomepa (dBm/MH;

80| Kpairpaacku 8x8 AAS
Kpairpancku 16x16 AAS
Kpanrpanckn, cexTopra
-80 } WsebHrpanckm, Bx8 AAS
Wssbnrpaackm, 16x16 AAS
MsevHrpaRCKW, CoxTopHa (B) Makcumainsu 5G cMmymieHus,
-100
5 R 76,600 MOTpeduTeNH Kateropus 1, pa3aniHu

BucoUVHa Haa Tepewa, ft BHJIOBE 0A30BH CTAHIIMH.

-30

Py
.90 }

(r) Makcumanuu 5G cMyieHus,
R : T ) HOTpeOUTENH KaTeropus 2, pasiniHu

BUCOUMHA HaA TepeHa, ft BHUJI0BE 0a30BU CTaHIMH.

®OUI'YPA 2. PSD na Bxona Ha Bucotomepa (dBm/MHz), 5G n3npuBane B ocHoBHA JeHTa 3.7-3.98 GHZ — nomno6un
rpaduKy ca HATMYHY 32 BCHYKHU W3CIIEIBAHN CIIydaH (KaTeTOPHHU MOTPEOUTENH, THI CMYIIEHNS, KOH(PUTypanuy Ha 6a30BUTE
CTaHINH, KOHKPETHH CIICHAPUH 32 MTOJIETHHU 3aa4n), (aganTupaHo ot [1]).
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BeposiTHOCT 32 omacHa cuTyanus

BeposiTHOCTTa 3a IpeBHIIaBaHEe Ha JOMYCTHMHUTE HMBA Ha CMYILICHHATa MOXKE J]d CE OLIEHHM KadyeCTBEHO HA
0a3a Ha pa3iIMKaTa MEXIy MaKCHMAaJIHOTO M JIOIyCTUMOTO HHBO. KaTo ce oTdere, 4e MpH AETEPMUHUCTHIHNUTE
aHaJIM3W LIEJICHACOYECHO ca JOIyCHATH Hali-HeOJaronpusTHUTE KOMOWHALMHM OT MapamMeTpH, MOCTUTaHEeTO Ha
CMYIIEHHUS TOJ AOIMyCTUMOTO HUBO MOXeE Jla Ce MpHUEMe 32 €KBUBAJICHTHO Ha BEPOATHOCT 3a ONAcHA CUTyallus
nox 1x107 3a nerarenen yac (Manko BeposTHO chOuTHe) [1, T. 6.3.2.]. JlombIHUTENHA 3amUTHA 30Ha OoT 6 dB
ocurypsisa T.Hap. 6e3onacHo gonyctumo HuBo (BH), rapantupaino sepostaoct 1x107 3a neratenen yac (30Hata
moJ|, JomycTuMoTo HUBO Ha Pwur. 2 (B, r)) (KpailHO Manko BeposTHO cwOuTHe). [locoyeHute croiHOCTH
OTTOBapsAT HAa OTrPaHMYEHHUATA 3a OMNACHU M CIIOKHH OTKa3HU cuTyaruu no persament CS 25.1309 Ha
eBpoIeiickaTa KoMucus. Pesynrature oT oOMMpPHUTE CUMYJIAINN, €KCIICPUMEHTH M aHAIM3H, W3IbIHEHH B [1],
ca 0600menn B Tabm. 1. KomOuHHMpana ¢ mpueTuTe MpaBwWia MO-TOpe, Ta3W TaOJHIa OCUTypsBa KadyecTBEHA
OIIEHKA Ha BEPOSITHOCTTA 32 ONIACHU CMYIIEHHS OT Pa3IMdHU N3TOYHUIN Ha 5G CHUTHAIL

Taoamua 1. Hanuaue Ha npeBumasane Ha gomyctumMoTo HuBo (J{H) u 6e3onacHo HuBo (BH) Ha cMmymieHusTa.
Be3omacHOTO TOMyCTHMO HUBO OCUTYpsiBa 3amac oT 6dB mo momycTHMOTO HUBO (TabjMIaTa € ChCTaBeHa 1Mo JaHHH oT [1])

3angaxa MMorpeduTenu kar. 1 I[MoTpeduTenu Kat. 2 [MorpeduTenu kat. 3
HN3T0ouHuK N3nbuBaHe JAH BH JAH BH JAH BH
Z[a % I[a K3k Ha *%
Basosa crams ~ Ocrosrazenta  Jla® g 135 gp /A (32-47) dB Hla (25-45) dB
(mapaMeTpuIHO
H3CIIeIBAHE) IMapa3utHo He He Jla Jla = Jla Ha ==
P (22-27) dB (6-12) dB
5G mobunaH OCHOBHa JIEHTa He He He He *** He He ***
yCTpoOIiCTBa Ha
3eMs [TapazutHo He He He He He He
5G MoOWIHH OcHOBHa JIEHTa He He Ja Ja, 39 dB Ja Ja, 52 dB
yCTpoiicTBa Ha
6opaa [MapasuTtHO He He Ja Ja, 20 dB Ja JHa, 33 dB

* caMo 3a HAKOU 0a30BU CTAHIIMH NP MAIIBK Opoi crieupIHr KOMOMHAIINK OT MapaMeTpH Ha MojIeTa
** 3HAYUTEITHU CMYILCHHUS 32 BCHYKHU €KCIJIOATAllMOHHU CLICHapHH
*** npeHeOpeknMH CMYIIICHHS

Tabmmna 1 mokassa, 4e mpeBHIIaBaHe Ha OE30MAaCHOTO M JOIMYCTHMOTO HHUBO € BB3MOXHO 32 KaTeTrOpHs
notpeduTeny 1, HO He e KpaifHO MaJIKO BEPOSITHO. 3a KaTeropuu MoTpedurenu 2 U 3 He ce OCUTypsiBa Mallka
BEPOSITHOCT Ha CMYIIIEHHATA, KaTO 3HAYMMH ca HE CaMO CMYIIEHHsATa OT 0a30BUTE CTAHIMH, HO U OT MOOWIIHUTE
tesieoHn Ha Gopna Ha BC. BaxHo e na ce orOenexu, ye cuTyanusTa 32 BCHYKH KaTETOPUH ITOTPEOUTETTH MOXKE
Jla € MHOTO MO-TIECHMUCTHYHA, aKO BEPTHKAIHHUAT BI'bJI Ha TMOCTaBsHE (CKaHMpaHE) Ha aHTEHUTE NMpEBHIIaBa
JOIyCKaHUATA, KOUTO CE OCUTYPSIBAT OT Clla3BaHe Ha HOPMATUBHUTE MIPEATINCAHUS.

AHAJIN3 HA BE3OITACHOCTTA TP HAJIMYUE HA 5G ITIO METOJIA HA
ITAIIMOHKATA (BOWTIE)

W3roTBeH e rpaduueH Mo/ien 3a BU3yallu3upaHe Ha pucka oT SG CMylleHHs IPH Bb3ICHCTBUE BPXY Pajano-
BucoTomepure. M3momsBaH e MeronbT Ha mnanuoHkata (Bowtie). MogensT ciyu 3a mojanomaraHe
HACHTUGHUIMPAHETO U YNPaBJIEHHETO Ha pHckKa 3a Oe3zomacHocTTa. Ha ®ur. 3 ca nmokazanu omacHocTTa (TOPHO
0JI0KYe B cpenaTa), OMAacHOTO ChOuMTHE (KPBIJIO OJOKYE B IEHTHhpPa Ha (urypara), 3amiaxure (IPUIHMHATE 32
OTAacCHOTO CHOWTHE — JAaBaT Ce B JIIBaTa YacT HA CXeMarTa) M MMOCIeICTBUATA (BB3MOKHHUTE Hal-HEOIaronpusTHA
W3XO0/H, JSICHATa 4acT).
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5G 6asosn
CTaHuMn

MoTpebuTtencko
5G obopyABaHe I

3aryba Ha
opueHTaums n
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Ha paauo-
BUCOTOMEpA

Ha 3eMA

HapywasaHe Ha
nposex aHeTo
Ha nonetuTe

MoTpebuTencko
5G obopyaesaHe
Ha Bopaa Ha BC

DUI'YPA 3. Moznen Bowtie Ha pucka oT 5G cMyIIEeHHs — OTTACHOCT, 3aIlJIaXH U MOCICACTBUS.

OCHOBHHUTE NPEBAHTUBHN MEPKH 32 YIPABICHUE HA PUCKA 3a KaTEropus MOTpeduTeNnu 1 ca pasnoiIokeHHeTo
Ha aHTEHHUTE CIPAMO MHCTHTE 3a M3JIMTaHE M KallaHe, KOH(GUIypalusTa Ha aHTCHUTE M TapaHTHPAHE HA
CrIa3BaHe HAa €KCIUIOATAIIMOHHHUTE OTPaHMYCHMS (MOIIHOCT HA M3TBYBAHETO, BIVIM HA BEPTHKAIHO CKAaHHPAHE)
(®ur. 4). 3a ocurypsBaHe Ha 0€30MaCHOCTTa Ha MOTPEOWTENN KaTeropud 2 W 3, 3a KOWTO aHAJIM3UTE Ha
OMAaCHOCTUTE Ca TMOKa3aJid 3HAYMUTEIHO I0-BUCOKO HHBO Ha cwmyiueHusita (Tabm. 1), ca HeoOxoaumu
JNOMBIHUTCTHH MEPKH. MepKuTe MoraT Jda BKIIOYBAT XapAyepHH Wi COQTYEepHH MMOJ00peHUs Ha
BUcoTOMepuTe. KpaTKOBpeMEHHHU pelIeHHs ca HajlaraHeTO Ha eKCIUIOATALMOHHU OTPaHUYECHHUS MMOCPEICTBOM
n3naBaHe Ha cpoOmennss NOTAM. OnacHocTra Moke Ja Oble INpeMaxHara Hal’blHO, aKO YECTOTHHSAT
auana3oH Ha 5SG ce OTHaledd OT TO3M Ha paJuo-BHCOTOMEpPHUTE, HO TOBA CHILO MOXE Jla CE pas3riiex]a Karo
KpPaTKOBPEMEHHO pEIICHNE, OTYMTAKM HapacTBAIINUTE HYXIU OT HOBH YECTOTHH JICHTH 33 KOMYHHKAIL[HIOHHU
LEITH.

AHanu3bT Ha ONMACHOCTHUTE ITOKa3Ba, Y€ BB3ICHCTBHETO OT MOTpeOMTENCKH ycTpoiicTBa 3a 5G Ha 3eMs €
IIpeHeOpEKMMO, HO BB3/ICHCTBIETO OT yCTpoiicTBaTra Ha 6opaa Ha BC nMa cepro3eH NOTEeHIHAN 3a HapyIlaBaHe
Ha pa0orara Ha BUCOTOMepHTe. TeKyIiaTa MpakTHKa 32 OCBEJOMSABAaHE Ha ITbTHUIIMTE 3a HEOOXOAMMOCTTA /1A
M3KII0YaT MOOWIHHTE CH TelneOHM MOXe Ja ce mpueMe 3a HemocTtaTrbuyHa. JloOpe e nma ce pasrienar
JIOITbIIHUTEIIHY MEPKHU 3a YNpPaBICHUE HA PUCKA, HAIIPUMEP OCUTYDPsSIBAHE HA aKTUBHU YCTPOMCTBA 3a 3aCHYaHE
Ha JeiicTBaiy MOOWIHM ycTpoiicTBa. Ole moBede 4ye akTHBHpaHEeTo Ha 5SG yCTpoicTBO Ha Oopaa MOXe 1a
CTUMYJIHpa 0a30BUTE CTAHIMU A3 (HOKYCHUPAT H3IBUBAHE C MOBHIIICHA MOITHOCT KbM BC, KOETO HE € OTUSTEHO B
MIPE/CTaBEHUs MOJIEIL.

5G Gazomn ™ ™ ™ ™ ™ ™
| s u u - u u u
YecToTHa HacoueHocT Ha MoluHocT Ha Cneundukauus
neHTa MecTononoxexne aHTeHaTa M3NbYBaHETO Ha paguo- NOTAMs
BUCOTOMEpa
CMywieHnn
MoTpebuTencke H H
5G obopypeaHe BMCOTOMEpa
Ha 3eMmfa H H
PascTosHne Pasnpeaenexne
MoTpebuTtencko H H H
5G obopyaBaHe H H H

Ha Gopaa Ha BC

WHdopmnpaHe
Ha NBTHAUUTE

YcTponcTeo
3a OTKpUBaHe Ha
BKAIOYEHN TenedoHN

ExkpaHupane
Ha paguo-
BACOTOMEpUTE

DUI'YPA 4. Mozaen Bowtie Ha prucka oT 5G cMyIIeHHS — pa3IINPEHO MPEACTaBsHEe Ha IPEBAaHTUBHATE OapHepH.

KoM MCPKUTE 3a IMIOHN)KABAHEC HA pUCKA MMOCPEACTBOM CMEKYAaBaHE Ha MMOCJICACTBHATA OT OIlaCHATA CUTyallusd

Morar Jia ce IocodaT OCUTypsiIBaHE Ha HajexkIHa MH(OpManus 3a HaJudhe Ha CMYIICHHUS, OCUTYpsSBaHE Ha
AJITCPHATUBHU HpI/I60pI/I U JOIIBJIHUTCIITHO 06yquI/Ie Ha MHUJIOTUTE 3a OTKPUBAHE HA CMYUICHUA TPU HECHAACK/THA
paboTa Ha BHCOTOMepHUTe, OaJaHCHpaHe Ha pUCKa 3a Oe30MacCHOCTTa C pa3Mepa Ha HapyliaBaHe Ha KoM¢popTa Ha
I'BTHHULIMTE U B3EMaHEe Ha pellieHue 3a JICHCTBUE, B TOBA YUCJIO U OTKJIOHSBAaHE HA IMOJIETA JI0 PE3ePBHO JICTHIIE
(®wur. 5).
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DUI'YPA 5. Mozen Bowtie Ha pucka oT 5G cMyIIeHHS — Pa3LINPEHO MPEACTaBsHE Ha 3aIUTHUTE OapHepH.

HuBoTo Ha pucka ce ompenens OT ChbCTOSHUETO Ha OapHepuTe W OT HUBOTO Ha KOHTPOJ HA aBHAI[MOHHUTE
OpraHW3allMM ¥ PETYIATOPHU OPTaHU BBPXY TAX. B HAKOM IbpKaBM ca yCTAaHOBEHH NO-TOJEMH OTPAaHHYCHUS,
otkosikoto B npyrd. CpaBHenue Ha Mepkute B CAILl m @pannus e nokazaHo rpaduuno na dwur. 6 [11].
YecrorHaTa 1eHTa 3a 5G yCIIyrd, pa3MepuTe Ha 3allUTHUTE 30HU OKOJIO JICTUIATa U HUBAaTa HA U3JIBYBAHUATA
Ha 0a30BHTE CTAHLIMU BapupaT 3HAYUTEIIHO B pa3IMUHHUTE AbpXKaBU. BepoaTHO obsicHeHHe MoXe J1a Objae
YCTaHOBEHOTO HMBO Ha KOHTPOJI BBPXY CIIa3BaHe Ha MPUETUTE OIPaHUYCHHS.

5G 6ycpepHM 30HMN MouHocT Ha 5G ‘brbn Ha nocraBsHe
OoKoOJ10 sieTULLaTa npepasatenure Ha aHTeHUTe
A
®paHuma - 96 s T
il
£ o
2 3 ¥
3 wn
a L 1
o
wn .
CALL - BpeMeHHMU 30HU = i
(3a 50 neTuwa) = |
®paHLU KA - NOCTOIHHA 3aluMTa |
P S L
€S M opanuns cALL

DUT'YPA 6. [IpeBanTnBHE Oaprepn — CpaBHEHHE HA CTaTyca Ha HIKOM OT MEPKHTE 32 yIpaBJcHUE HA pUCKa BbB DpaHmus
u CAILl (M3rounuk: FAA [11]).

3AK/IIOYEHUE

Pa3paboTeH e kauecTBeH MO/ieN Ha pUCK 3a Oe3omacHOCTTa Ha nojerute npu 5SG cMmyiueHus. Upes Hero ca
M3CJIE/IBaHH [0 CHCTEMaTHYCH HAYMH TEKYIUTE U ITOTEHIMATHUTE MEPKHU 32 OCUI'YpsIBaHe Ha 0€30I1aCHOCTTA Ha
nojerure. Hsikon OT MepkuTe 3a 0O€30MaCHOCT HE Ca 4YacT OT AaBHAIlMOHHATA TPAHCIIOPTHA CHCTEMa H
CJIEIOBATEJIHO KayeCTBOTO MM HE C€ rapaHTHpa MO CTaHJapTHTe, OIpe/elieHH 3a aBUALMOHHATa WHJIYCTpPHS.
[Mpeanasnure Oapmepy, BKIOYBAIIM KOHTpOJ 3a akTHBHO 5G o0opyaBaHe Ha IIBTHUIM Ha Oopna, € apyra
HeW3cieBaHa 30Ha 3a 10100psiBaHe Ha 0€30MacHOCTTA.

Mosxe 51a ce o4akBa B ObJeIe [a ce HAaTpyHaT eMIMPUYHN JJOKA3aTeICTBa 32 e()EeKTUBHOCTTA Ha Pa3INYHU
Gapuepu M HMBa Ha 3amura. Te Morar Ja ObJaT OLEHEHHM B KOHTEKCTa Ha CIOXKHOCTTa Ha aBHAlMOHHHTE
oliepaly ¥ HUBOTO Ha KyJITypa Ha 6e3omacHocT (0e3 1a ce orpaHu4aBa JIo aBHALMOHHATA UHIYCTPHS).
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Abstract. Ensuring flight safety is a top priority in building and maintaining the aviation transportation system.
Changes to both aviation and connected systems can have an unexpected effect on safety and, therefore, must be
evaluated and monitored. Such is the case with the ubiquitous rollout of 5G communications. In this study, flight
hazards from 5G interference are reviewed and a qualitative flight safety risk model is developed. The model allows
us to identify the current measures to assure the level of safety. It is noted that some of the safety measures are
outside the control of the aviation transport system and the corresponding quality systems.
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Pe3tome. CEBpEMEHHOTO COLMATHO-OPHEHTHPAHO OOMIECTBO CE Hy’)KAae OT MOJKpeNa Ha BCHUKH, Hali-Beue Ha Te3H,
KOHTO ca B HEPaBHOCTOITHO mosnoxkeHne. ColuIapHOCTTa ¢ MpoOIeMHTe Ha TE3H JINNA MIPEANonara MeponpusTHs B
TAXHA TIOMOII, 32 J]a MOTaT J1a Mmoj3BaT olmiecTBeHaTa HHYPACTPYKTypa u Oiara, MOpaa CrenuduKaTa Ha CBOUTE
3abossBanus [1, 8]. Exun m0o0bp BapuaHT 3a TakaBa MOJKpENa WM MPUOOIIABAHE HA XOpa ChC 3APABOCIOBHU H
COLMaTHU MPOOJIeMH € BKIIIOYBAHETO MM B Pa3IMYHM JEHHOCTH, KOMTO Ja MOKaXKaT, 4e Te He ca OTXBBPJICHH OT
00mecTBoTo. TAXHOTO MHTErpUpaHE B OOILIECTBOTO € 3aJI0KEHO B PEIMIA €BPONEHCKH MPOrpaMH, KOUTO YCIICLITHO
(MHAHCHpAT TPOEKTH, CBBP3aHM C ©IHAKBB JOCTBI 3a HMHAWBHIUTE C YBPSKAAHMS N0 BCHYKH OOILIECTBEHH
HHQPACTPYKTYpHH OOSKTH M TNPEIOCTaBEHH YCIyTM B CHOTBETCTBHE C TEXHUTE MOTPEOHOCTH. TEeXHUUECKUST
yauBepcuteT — Codust, KaTo OpraHu3aIys, KOSTO € KOPIIOPAaTHBHO COLUATHO OTTOBOPHA CHIIO pa3BHUBa JEHHOCTH B
MOZIKpena Ha MHTErpalysaTa Ha CTYACHTH B HEPaBHOCTOHHO monoxenue [2, 9]. B TexHHUeckd yHHUBEPCHTET —
Coodust cbc cwueiicteuero Ha Kartenpa ,.Bwr3mymen Tpancmopt, HaydHOHM3CIeqOBaTEICKH CEKTOp, CTYACHTH H
¢upMu Osixa W3rpajgeHd OBa aBHManMOHHH cuMynartopa (AC) 3a BUpTyaleH TPEHHHT Ha NHJIOTH HAa CaMOJIETH,
apoHoBe U ap. [3-5]. Te3u cuMynaTopu ce M3MOI3BAT CHINO 32 00yUEHUE Ha CTYICHTH, BU3YaIU3alUst Ha PA3IHIHU
IpOIeCH MO BpeME Ha eKCIUIoaTauus Ha JietatenHu amapatu (JIA). JlemoHcTpupar ce mporec npen Obaemu
IIJIOTH WM HAa3eMHO ONlEpHpaHe CbhC CpeicTBara. M3monsBa ce 3a M3clieZloBaTeNCcKa JAeHHOCT, 3a 3al03HaBaHe Ha
JelaTa ¢ NPUHLIUNUTE 3a paboTa M eKciuloaTanusara Ha JIA, KakTo M 3a MOTHBALMOHHM nosetH. Pa3paboreHa e
nporpama 3a o0y4eHHe ¢ el 3al103HABaHe Ha OCHOBHHU IIPUHIMIIM Ha I10JI€Ta M eKCIIOATAIMSA Ha CHMYJIATOPUTE.
Bcewuku Te3u npuitoxeHus, KakTo ¥ HOBHTE, KOUTO B MOMEHTA C€ YCBOSIBAT — CIIE/ICHE Ha IOTJIe]], BHIMaHUe, KOeTO
MIJIOTa ChCPEAOTOUYaBA B IOJE€Ta, MOMEHTHH WM JPYTH CBCTOSHHS — yMOpa, CTpec, ,[IperapsHe’, mpeKaizeHa
CaMOYBEPEHOCT U T.H., KaKTO U ClIeieHe Ha OMO(U3HONIOTHIHY ITOKA3aTeNN KaTo MyJIC, UIIAHe, KOXKHO-TaIBaHNIHA
peakiys, KPBBHO HAIAraHe, MO3bYHATA AKTUBHOCT W JPYTH, JOMBIBAT BB3MOXKHOCTTA CHCTEMaTa aa Obae
M3M0J3BaHa MPH JIMIA C BIIOLIEHA MOJBWKHOCT WIM 3aTPYAHEHAa MHCIIOBHA JEHHOCT, KOSTO € BCIICACTBHE Ha
HAKaKBO 3a00JBaHE KaTo AeTcKara nepeOpanHa mapanu3a. To3n oK MMa 3a Lel Aa MPEeJCTaBd MMEHHO Ta3H
BB3MOKHOCT.

BbBEJEHUE

L[epe6panHaTa Inapajinsa € 4eCTO CpCuiaHo 3a00J11BaHe Ha HCHTpa/JIHATa HEPBHA CUCTEMA. Tsae CBBbp3aHa CbC
CMYIICHUA, KOUTO CC MpOABABAT B PAHHUTC CTAaAWUM HA YOBCILIKHUA OHOJIOTHYEH pacTeXK U B paHHA JACTCKa
BB3pacT. Te3un CMYyLICHUSA Ouxa MOIiIu Ja c€ MposBiABAT 1O pasjiMdHU (bOpMI/I U C pa3janvHa TCEKECT.
3aboiIBaHETO Cce JIOKa/IM31pa B MO3bKa, 3acAraku KpaﬁHHHHTC, KaTO HEPAAKO € HNPUAPYKEHO OT YMCTBCHaA

14



Sozopol, 10-13 September 2022 BulTrans-2022 Conference Proceedings

M30CTAHAJIOCT, ENWJIENCHss W HeoOW4YaiiHo mnosenenwe. YecTo HaGNIONABaHW CHI'BTCTBALIM NPH3HAIM Ca
MICUXUYHH Pa3CTPOMCTBA, 3PUTEIHH, CIYXOBH, €3UKOBH M JPYTH CHUMITOMH. [IOTBHPIEBIIETO AETE MMa HUCKO
CaMouyBCTBHE, pa3(OKYCHPAHO BHUMAHWE, YECT IUIau M OTKa3Ba Ja ChieiicTBa Ha siedeHuero. Haif-yecto
pasriiexaanara GopmMa ce OTHACS J0 Pa3CTPOMCTBO B IBHMIATENHUTE (DYHKLMH HA J€IaTa, 3aCAraiiki TAXHOTO
JBWOKEHME W TPOCTPAHCTBEHA OpveHTalus. Jlenara, IHArHOCTULMPAHH C TOBAa 3a00JIABAaHE, HE NPHTEKABAT
NpaBUiIHA [POCTPAHCTBEHA OpHEHTALMA. HAKOM M3CIeqBaHUA COYAT, Ye lepedpaiHara napaiusa BiIusie BbPXY
COLIMAJIHOTO TIOBEJEHME M KOMYHHKALUsA, KAKTO W BbPXY IIO3HABATEIHUTE CIOCOOHOCTH, YCEIAHHATA WU
emoruure [6].

VIMeHHO Topaad ToBa peXxaOMINTAIIMOHHATA TEPATIMSA € HAJOKUTEHO J1a 3a1I0YHe Bh3MOXKHO Hal-paHo u Ou
Moria na Oblle MHOTO HeyJno0Ha, yMOPHUTEIHA U JIOpU Oolie3HeHa 3a Jielia ¢ nepeOpanHa napanusa. Taka de,
HaW-CHIIECTBEHUAT MPOOJIEM, KOWTO BB3HMKBA € Kak Jelara jJa ObJaT MOTHBHPAHM W CTUMYJIMPaHH Ia
NpEMUHAT TpE3 Takapa AbIra, CKydHa M TpyAHa Tepamus. TOH 3acsra HE caMoO Jelara, HO CBINO TakKa
TepaneBTUTE M poaurenure. [IpakTukara mMokasBa, 4e BCE MOBEUYE H3CIEIOBATENM THPCAT BH3MOKHOCTH 3a
AHTa)KUPAHE Ha JACTCKOTO BHUMAHHUE Ype3 ChbBPEMEHHH UHTEINIECHTHH CPEICTBA BHPXY MIPOBH IIIAT(GOPMHU BHB
BUPTYaJHa Cpela 3a YCTAHOBSABAHE HA COLMAJEH KOHTAKT WM OOMeH Ha wuH(opMamus ¢ Jenara upes
WHTEPAKTUBEH YOBEKO-KOMIIOThPeH HHTepdeiic. ToBa € HEOOXOAMMO € Lied 3aJeCTBaHE Ha COLMATHUTE
B3aMMOJIEHCTBHA U 32 YJIECHABAHE HA BPb3KATa MEXKIY J€LATA U TEXHUTE TEPAIIEBTH.

HABJIIOJEHUE HA IIOBEJAEHUE HA JELA ITPU U3IIOJI3BAHE HA
CUMYVYJIATOP

Ipu pasiuuHM CHOWTHS, KOTaTo ca mpeacTaBsHd naBata AC, Hall-roisM HHTepec € HaOIodaBaH MpH
MaJKHTe Jelia, KOUTO MHOTO OBp30 CBHKBAaT W CE€ CIPABAT C yrpasieHHeTo Ha paszimmanu JIA. Cropen Su
Komencku (1592-1670) nenara Haii-no0pe ce oOyuasar o Bpeme Ha urpa. Ha ®ur. 1 ca mokasaHu Majku Jera,
KOHTO C€ CIIPaBIT MHOTO JOOpE C MOJIETH, IPH MOJOKCHHE, Y€ CaMO BEAHBXK UM € OOSCHEHO M JEMOHCTPHUPAHO.
Jlerata U3KIFOYUTEITHO MHOTO ce 3a0aBisiBaT U TOBa PEaHO ,,ll0Mara B mporieca Ha obydenue. Upes urpa ce
yUH JIECHO 1 IMEHHO TO3H (haKT ce M3I0JI3Ba MPH Jielia ¢ Iiepedpanta mapannsa, KbCeTO 3a1a4yara € ¢ OBHIICHA
CIIOXHOCT. B mporieca Ha obyueHne Te ce 3amo3HaBar ¢ jaajaeH JIA Wi 3amada W cjiei TOBa MO BpeMe Ha
urpoBata TPpEHUPOBKA CC U3BHPIIBAT Ha6J'IIOI[eHI/IH, KOUTO MpocCiieadaBaT WM CTUMYJHpAT MYCKYJHHU CIla3MU
WK JIPYTH TIPOLIECH, KOUTO CE CITyYBAT BBPXY JHIaTa UM. Te3u HAONIOACHUS TETAT Ja MOCIYXaT Ha eKHIIa 3a
ChCTaBsiHE Ha paboTeINy TMPOTpaMH, METOIWKH 3a paboTa ¢ Xopa ChC 3aTPYAHEH KOHTPOJ U JBIKCHHE Ha
OIpeieNIeHd MYCKYJIHU TPYIIH, BCIEICTBHE Ha IiepeOpaHaTa maparmsa.

i

DUI'YPA 1. Mainku fenia ,, arpast’ Ha CHCTEMHTE [0 BPEMe Ha Pa3InYHU ChOUTHS.

[TpuHIMIBT 32 U3Mo3BaHe U Ha ABaTa AC € eJHaAKBB U ¢€ ChCTOU OT CJIETHUTE TPOIIECH:
®  TEOpeTHYHA YacT — MPEIOCTaBs Ce TEOPETUUHATAa OCHOBA 3a MOJ3BaHE HA CUCTEMATa;

[IOCTaBsIHE Ha 3aJJaYMTEe — PA3sSICHSBAT CE 3aJJaUUTE;
ynpasieHue Ha JIA — cToeHe Ha MsICTO U H3BBPIIBaHE HAa HAOIIOICHUETO;
M3BBPUIBAHE HA MOCTABEHUTE 33]]auH;
aHaJU3 Ha CBBpIICHATA PabOTa;
IJTAaHUpaAHE Ha CJIeIBAIIH 3aJ]a91 WA JeHCTBUS.

KbM TO3M mporec ce nombiBa M3cieAoBaTelcKaTa 4dacT, Koato BkiouBa EEIDT curnanu, mpocnejnsiBane
JBHKCHHUATA HA OYUTEC, eneKTpo-OKynorpaMeH CUTHAJI U )IpyFI/I 61/IOJ'IOFI/I‘-IHI/I CHUTHAJIU, KOUTO HaMI/IpaT HII/IpOKO
MIPUIIOKEHNE B TPEHUHTA IIPH PeXaOMINTANNS | TOMOII 32 BCHYKH BHIOBE XOpa C YBPEKIAHUS.
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Cuctemata e 000py/IBaHa ChC CIICAHUTE CEH30PU M KOHTPOJIH 32 YIPABICHUE U BU3YaTH3aLUs:
1. Cen3zopu 3a cneaHUTE (HU3UOIOTUYHU MOKA3ATCIIH:

KOXKHO-TAJIBAHUYHA PEaKIIHSI;

TUIIIaHe (4ecToTa);

Chp/IevHa YECTOTa;

KPBBHO HaJIsraHe;

JIBIDKCHUE HA OUYUTE;

JIBIDKCHUC HA IJ1aBaTa;

EET.

2. VYupasnenue Ha JIA:
e  JIOCT 3a yIpaBIICHUE;
®  pBUKa 3aras;
®  DPa3IMYHU KOHTPOJH BBPXY THIX;
e menanu (KOUTO ce M3IOJI3BAT 3a YIpaBJICHNE Ha JISIBO U ASICHO).

3. Bmyammanuns
e 3D ouyusa 3a BUPTyaJIHa PEATTHOCT;
®  MOHHTOPH;

e codtyep;

DUI'YPA 2. [lomemeHns Ha aBHAIMOHHUS CUMYJIATOP.
EKCIHEPUMEHTAJIHA IOCTAHOBKA

Kuraiickure mapTHpOpH OT YUMJIMIIETO IO ENeKTPOTEXHWKa M aBTOMAaTH3alMi KbM TeXHOIOTWYHHA
WHCTUTYT Ha YaHTmry, B TSICHO CHTPYOHHYECTBO ¢ OTIENEHHETO MO pPeXaOINTAllMOHHA MEIUIMHA KBbM
Bropata HaponHa OomHuna Ha YaHTmry W YUIIHIIETO IO MAITUHOCTPOCHE KbM TEeXHOJOTHYHHS WHCTHUTYT Ha
SHueHr MO0E3HO MpEJOCTaBHXa MPOBEPEHa, JTO0Ka3alla ce BBB BPEMETO, METOIWKA 3a aCHCTHpaHa OT POOOT
TuIeBa pexabwinrtanus Tpu IepeOpanHa mapanms3a. Ts e 0asmpaHa Ha MO3BUYHO-KOMIIOTHEPEH HHTEpdeiic
(BCI), obopymsan ¢ Emotiv EPOC+. Ts mpencraBisiBa cucreMa 3a TpEeHHpaHE HAa U3PAKCHHS BBPXY JIHIIETO.
CucteMata m3MOJ3Ba KOMyHHKaIMOHHUS TpoTtokon WebSocket B cpemara 3a paspabortka Ha Python, 3a nma
HaCTpOM cHUCTeMaTa KIHEHT-ChPBBHP 3a MOCTUTAaHE Ha MBJIHA AYIJEKCHA KOMYHHUKaIUs MEeXIy Opay3bpa u
chpBBpa, 0asupana Ha TCP mporokon. Ts peanu3upa ABYNOCOYHO MpeaBaHe W IMpUEMaHe Ha HMH(OpMAIHS,
OTNpOCTsiBa OOMEHa Ha JaHHU MEXAY ChpBBbpa W KineHTa. M3mons3Ba ce 3a KOMOWHHpaHe Ha JEHHOCTHTE TIO
MpUI0OMBaHE HA CUTHAIIM OT 000pyIBaHETO, 00paboTKa U MpHJIaraHe Ha CUTHAIUTE, KaTO C€ U3I0JI3Ba METOIBT
3a 00paboTKa Ha yeWBIeT TpaHChOopMaIus 3a yJIaBsHE Ha MPOMSIHATA B JIUIIEBH KOHBYJICHH U U3PAKCHHUS.

CremmpuyHAAT CUTHAT HAa €IUHIYCH KaHaJ B ONpEZeIIeH Iepro ] Ha 00ydeHne 3a7eiicTBa BPb3KaTa MeXIy
CHOTBETHMSI XapaKTEPHCTHUCH CHTHAJ W KOMaHJara 3a JeHCTBHE 3a 3aJIBIDKBaHE Ha JBUIATelsi Ha EMOJKH
po0OOT, TMOJ3BaH OT KHUTAMCKWTE MapTHHOPH. B HacTosAmus ciaydail BUPTyaJHUST CHUMYJIATOp Ce SIBSIBA B
Ka4eCTBOTO Ha HMHTEIUICHTEH 3aMECTHTEN] Ha EKCIIPECHOHHMS eMOKH poOoT, 0azupaH Ha oOopynBaHe 3a
unrepdeiic Mo3pK-KoMmIoTEp. Ha ®ur. 3 e npexcraBeHa auarpama Ha BbJIHOBaTa (hoOpMa Ha €IHO MHUTraHe Ha
OKOTO 3a OIIpe/ielIeH Iepruol oT Bpeme. Ha Hest Moxe 1a ce BUIH, 4e CUTHAIBT UMa OTKPOSIBAI CE MHUK.
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DUI'YPA 4. UznuTBaHe HAa KOMYHHUKAIIMOHHUTE BPB3KU HA YCTPOUCTBOTO.

IMpexBnxna ce cien ToBa, ChIVIACYBAHO C POAWTENH U JIEKYBalll JOKTOp, Ha Jenara aa ObAaT MPHUI0KEHH
pa3paboTeHnTe METOAH, 1a ObAaT aHAIM3UPAHH PE3YJITATUTE, 1a Ce Ch3AaAaT U 00ydar JOIBIHNUTEICH SKHIl OT
CBHTPY/IHHIIM, 3aI0TO CUCTEMHTE Ca CIOXHU W HU3UCKBAT KBaNM(UIMpaH mepcoHan. B To3M eKcrepuMeHT ca
3aJI0’KEHH O0JIeKYaBaHe Ha CUMIITOMATHKaTa IPH JiellaTa ¥ TEXHUTE POJMTENUTE IIPU CIpaBsiHe ¢ npoliemMure,
CBBP3aHHU C 00JIeCTTa U caMaTa pexaOuIuTalys.

3AKVIIOYEHUE

[ocpencTBoM ch3maneHus nHTEpPENC 3a B3aUMOACHUCTBIE YOBEK-KOMIIIOTHP C€ TIOMara Ha TPEHBOPHUTE Ja
CTUMYJIAPAT Jena ¢ IepedpaHa mapain3a Ja W3BBPIIBAT MPEIBUACHUS TPCHHHT, Taka 4e N1a Ce IIOCTHTHE
3aJbp)KaHe W aHraXupaHe Ha BHUMAaHHMETO Ha JiellaTa U CTHMYJHpaHe Ha TSIXHOTO ChJICUCTBHE B
TPEHUPOBBUHHS TPOLEC HA JIMIEBUTE MYCKYJIHH TPYIH B €CTECTBEH WIPOBU PHUTBM. [Ipu TpeHuHra ce
chyeTaBaT CIIOCOOHOCTHTE Ha YOBEIIKWS MO3bK M KOMIIIOTBPHOTO OOOpY/JBaHE 3a yIpaBJieHHE, 3a lia CH
B3aUMOJICHCTBAT €IHOBPEMEHHO KaTO M0 TaKbB HAYMH MYJITUILTMLIMPAT CHUHEPTUUHHs e(peKT, KOWTO ce
MoJIydaBa B pe3yJTaT OT CbBMECTHOTO UM JieiiCTBHE.

PexabminTaninOHHATa CHUCTEMa € MPOSKTHUpaHa 3a MNpobjemMu Karo Hamp., (apuHreagHa auchOHHS.
CB3HATETHOTO KOHTPOJIMPAHE Ha MUTAHETO U YCMHUBKATa MOXKE J1a YIPAXKHU JTUIEBUTE MYCKYJIH OKOJIO OYHTE,
MYyCKyJIH Ha Oy3uTe, IHBKATCITHH MYCKYJIH H JPYTH MYCKYJH, KOCTO 3HAYHTEIHO IMOBIHSIBA U IMOJIOMAra
mporeca 3a TMOAOOpsSBaHE Ha CHCTOSHUETO HAa HIKOW Jiela C IiepeOpaiiHa mapann3a IMpH ChINECTBYBAIIH
CUMIITOMH KaTO nucdarus u TUCPOHUS, HO H 3a momoOpsiBaHe Ha BHEMaHWeTO. Cieq aHanu3 Ha MONYYCHHTE
pe3ynTatu e Ob/ie peieHo J0 KO eTar 0T 00y4eHHETO e ObAaT IOMYyCHATH JINIATa ChC 3aTPyIHCHHUS.
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ABropute Onxa uckanu na m3kaxkar omaromapaoct Ha HUC xem Texmmdecku yHuBepcuter — Codus 3a
¢uHaHCOBaTa moakpena. Hactosmmsar nokman e pa3paboTeH B XoAa Ha M3NMbiHEHHEe Ha [IpoekT B momomr Ha
nokropant Ne222T1/10024-15 na tema: ,,I'bBkaBu (Agile) moaxonu 3a HHTEIUIEHTHA HHTETPALHs U YIPaBJICHHE
ua UT ycayru u npouecu” [7].
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Abstract. Today's social society needs support for everyone, especially those who are disabled. Solidarity implies
action to help those who are disadvantaged, those who cannot use public infrastructure and public goods because of
the specifics of their diseases. A good option for such support or inclusion of people with health and social problems
is to involve them in various activities to show that they are not rejected by society. Their integration into society is
embedded in a number of European programs that successfully fund projects related to equal access for people with
disabilities to all public services and public objects in a way tailored to their needs. The Technical University of
Sofia, as an organization that is corporate socially responsible, also develops activities to support the integration of
disadvantaged students. At the Technical University of Sofia with the assistance of the Department of Air Transport,
Research Sector, Students and Companies was built aviation simulator. This simulator, in addition to training
students, visualising different processes during the operation of aircraft in front of future pilots or ground operation
with the means and research, is used to introduce children to the principles of operation of an aircraft, as well as to
motivational flights. An established training programme has been established. All these applications, as well as the
new ones that are currently being digested — eye monitoring, attention that the pilot pays in flight, momental or other
conditions — fatigue, stress, “burnout”, excessive self-confidence, etc., as well as monitoring of biophysiological
indicators such as pulse, breathing, skin-galvanic reaction, blood pressure, brain activity, etc., complement the
possibility that the system can be used in persons with impaired mobility or difficulty in mental activity, disease such
as cerebral palsy. This report aims to precisely present this possibility.
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Application of Small Wind Turbines on Sailing Yachts
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Abstract. The growing demand for clean energy prompts new technologies to search for unique solutions on a
small, previously unnoticeable scale. Marine transport has been known for centuries as one of the most widely used
in transit and shipping. Its universal application creates an excellent opportunity to collect the kinetic energy of the
wind by installing small turbines. An in-depth exploration of the wind energy potential in marine applications could
be a ground-breaking innovation for more sustainable power. While larger size turbines may be ineffective due to
weight, their smaller counterpart may find use in powering small devices. Exploring new possibilities of obtaining
clean energy and storage of wind energy in the water transportation industry may be a contribution to solving an
existing problem. This article mainly focuses on the application of the microturbines on mid-size yachts. The
aerodynamic analysis of the wind energy potential on the southern region of the Baltic Sea was performed.
Moreover, the annual energy production and savings generated by the small wind turbine installed on mid-size yacht
were calculated. The research was executed based on an exemplary route of a sailing yacht at the Baltic Sea as a
proof of the applicability of small wind turbines in marine conditions.

INTRODUCTION

The UN, European Union, and the IPCC [1] intend to reach carbon neutrality by 2050. As the world
recognizes the existing problem of climate change, the maritime sector must adapt to the requirements enforced
by governments. Maritime shipping transports produced nearly 3 percent of the world’s carbon dioxide
emissions [2], and it is responsible for 90 percent of world trade [3]. Although growing focus for the long-term
systems starts to bring the first results, such as digital software for wing sail systems and intelligent wing sails
[4], renewable sources may be the short-term solution. Solar panels and wind turbines begin to capture attention
of many international shipping companies; however, it is the small private yachts owners, who first saw its
potential [5]. By adjusting already existing sustainable power supply to the marine conditions, one can quickly
and effectively reduce greenhouse gas emissions.

GUST (Generative Urban Small Turbine) device, built in 2015 and modified throughout the years, is the
current biggest accomplishment of the student association group from Lodz University of Technology based in
Poland. Although never tested before in the maritime conditions, it could be a potential candidate for this kind
of applications. The wind turbine would achieve the highest efficiency for medium-sized vessels, due to its size
and energy production. It could be applied to yachts with sails only and motorboats alike. Even though it may be
installed on a vessel regardless of its traveling route, the Baltic Sea is a local water reservoir selected for further
investigation due to its location close to the University. Further examination will reveal its effectiveness under
those conditions. In addition, the GUST turbine may have restrictions on yachts due to the size of its diameter
and weight.

WIND CONDITIONS AT THE BALTIC SEA
To investigate the performance of the GUST HAWT (Horizontal Axis Wind Turbine) on ships, one should
firstly establish the specific location of the wind turbine operation. For this study the potential route of the ship

is Kotobrzeg-Bornholm which is one of the most popular ferry and sea yacht routes in the southern Baltic
region. This route was taken as an example of GUST SWT implementation for yachts sailing on Baltic Sea (see
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Fig. 2). The next step is to analyse the data about the wind (direction and magnitude) for the chosen location.
Based on this information, one can adjust the wind turbine parameters for the operation at any specific location.

The data about the wind was obtained from the Earth observations by the QuikSCAT satellite collected from
1999 to 2009 by NASA [6]. Pena Diaz et al. developed the wind atlas for the South Baltic Sea which describes
the wind distribution and verified it with measured data on the masts [7]. Furthermore, Hasager et al. created the
maps of the Weibull A and k parameters in the South Baltic and Danish seas [8] (see Fig. 1), where A is the
parameter of the Weibull scale in m/s. In other words, the parameter A is a measure of the characteristic wind
speed of the distribution), which is proportional to the average wind speed. The second parameter, k, determines
the shape of the Weibull distribution and can range from 1 to 3. For a smaller value of k (e.g. 0.5), the wind is
highly varying, while a greater value of k (e.g. 2) indicates more stable, constant wind speed [9]. According to
[8], Weibull A parameter varies between 8.0 m/s and 8.5 m/s in the South Baltic Sea, and Weibull parameter k
is in the range from 1.9 to 2.3.

Weibull A
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FIGURE 1. Weibull A within a range from 7.5 (yellow) to 10.0 (orange) m/s and Weibull k ranging from 1.8 (yellow) to 2.5
(orange) in the Baltic region, QuikSCAT ocean wind maps [8].

Based on the study done by Zalewska and Jakusik [10] and Wind Frequency Rose [6] one can deduce the
distribution of wind speed and direction. On average, it can be assumed that the most frequent wind direction is
west wind. Hence, the value of apparent wind speed (for ship in movement, see Fig. 2) can be calculated, using
the basic trigonometric law of cosines:

Vapparent? = Vship? + Vwind? — 2 - Vship - Vwind - cos(alpha)

The straight-line distance between the above-mentioned locations is approximately 100 km. Assuming that
the average speed of the yacht in the Baltic Sea is 4-5 knots (2 m/s = 7.2 km/h) [11], it can be calculated that the
yacht covers this distance in about 14 hours.
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FIGURE 2. Average wind speed in the Baltic on the route Kotobrzeg- Bornholm on 30.08.2022 and method of calculation
for the apparent wind speed [6].
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For the first case (yacht sailing from Kotobrzeg to Bornholm), along an approximated straight-line route (see
Fig. 2), the tested value of the apparent wind speed is 8.88 m/s and is taken as the average value for the Weibull
wind distribution. The parameter k = 2 was selected based on Fig. 1. For the return route to Kotobrzeg, the
average wind speed equal to 7.55 m/s was calculated. The k parameter was selected as before. During the
investigation it is assumed the vessel anchored only in Kotobrzeg, hence Weibull A parameter is equal to 8.0
and Weibull k is 2. The Weibull wind distribution graphs for these cases are shown in Fig. 3.
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FIGURE 3. Weibull wind speed distribution on the route Kotobrzeg-Bornholm:
A) From Kotobrzeg to Bornholm; B) From Bornholm to Kotobrzeg; C) Anchor in the port in Kotobrzeg.
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GUST SMALL WIND TURBINE

After completing the wind conditions analysis, next step is to develop the aerodynamic design of the small
wind turbine. The construction and geometry of the rotor as well as the entire construction should be optimized
in such a way that the turbine could harvest the greatest amount of energy from wind in the chosen location.

Gust wind turbine aerodynamic design has been developed to have the optimal performance for Weibull
distribution of rated wind speed 5 m/s. The aerofoil chosen to meet those requirements is the S826 profile,
which according to acquired data corresponds to rated wind speed assumed basing of Weibull distribution (see
Table 1). The turbine operates in the wind speed range from 3 m/s to 15 m/s meaning it produces energy through
gentle breeze (3.3 m/s - 5.3 m/s) to near gale (13.9 m/s - 16.9 m/s) conditions, with the most preferable working
conditions are between 7 m/s and 8 m/s. 1kW can be achieved during operation in the wind speed of 13 m/s, at
rotational speed equal to 895 RPM.

The rotational speed of the generator can be adjusted for different wind speeds, allowing it to work in the
most efficient way, regardless of weather conditions. The turbine is equipped with a passive yawing system
which allows it to adjust itself to the direction of the wind. Components that are used in the production of GUST
wind turbine are cheap and reliable. The materials used in manufacturing are characterized by high durability
and low weight. The turbine cover is made in 3D-Print technology and coated with acrylic primer and paint,
which contributed to the resistance to weather conditions, providing protection against long-term exposure to
sunlight and humidity. In addition, multiple seals protect it from salt and corrosion, while making it resistant to
dust and water. The modularity of the turbine saves assembly and disassembly time. Moreover, it can be
mounted on custom made stand, allowing variety of heights it can operate on, where lowest possible height is
1.7 m imposed by rotor 1.6 m diameter, which is slightly above 1.2 m than some of the largest used wind turbine
on yachts [12].

TABLE 1. Summary of characteristics features of the considered small wind turbine.

Parameter Value
Aerofoil S826
Number of blades 4

Rotor diameter 1.6m
Rated wind speed 5mi/s
Cut-in wind speed 3mils
Cut-out wind speed 15 m/s
Survival wind speed 39 m/s
Rated power 57 W
Rated TSR 3.6

Rated rotational speed 214 RPM
Rated rotor torque 2.54 Nm
Design Weibull distribution A=55m/s,K=25

The unit blades are made of CFRP (carbon fiber reinforced polymer) which is a composite material. CFRP is
composed of carbon fiber, which provides most of the key mechanical properties of the composite, and polymer
resin, which guarantees its integrity, stiffness, and resistance to compression. Such properties, combined with
affordable price, ensure high strength and resistance to vibrations (see Table 2).

TABLE 2. Basic properties of the CFRP material.

Parameter Value
Young’s Modulus (along the fibres) 70 GPa
Ultimate Tensile Strength 600 MPa
Poisson’s Ratio 0.77
Density 1.6 g/cm®

Calculations of the strength were made for extreme conditions following the standard IEC (International
Electrical Committee) 61400-2 defined in Simple Load Model [13], which outlines static strength calculations
for wind turbines. Those calculations can be regarded as an introduction to further evaluation, since there are no
explicit standards, which explore application of small wind turbines used on the sea. The extreme load cases
thus evaluated make certain that turbine would be able to withstand hurricane speed between 32.8 m/s and 36.9
m/s (force 12 established in Beaufort scale).
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FIGURE 4. Model of GUST small wind turbine.

THE USE OF THE GUST SWT ON YACHTS

This chapter will describe the benefits coming from the use of the GUST SWT on ships according to the
wind conditions (e.g., Weibull distribution, annual energy potential) presented beforehand. The next step is to
check effectiveness and benefits of using GUST SWT on yachts.

Wind tunnel experiments of the GUST turbine prototype, conducted in the Delft University, enabled to
measure the power of the wind turbine (see Fig. 5 (a)) and the efficiency (described by the power coefficient Cp,
see Fig. 5 (b)). All data were gathered for wind speeds ranging from 3 m/s to 13 m/s. As can be seen from the
graphs, the maximum wind power of 13 m/s produced around 1 kW The maximum value of cp coefficient is
about 0.4 and is approximately constant for wind speeds between 8 m/s and 13 m/s.
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FIGURE 5. (a): The characteristics P(vwind) of the GUST SWT; (b): The Cp (vwind) curve for the GUST SWT
The combination of the annual energy potential of the wind speed in the Baltic Sea and the power factor of

the GUST small wind turbine allows for the creation of the Annual Energy Production Characteristics (AEP)
based on the following formula:

AEP =n-

1000 P 4
where: n — frequency of occurrence in days (coming directly from the Weibull distribution), P — available
aerodynamic power from the wind, Cp — power coefficient, A — rotor swept surface area.

For the purpose of this study, it was assumed that during the year-round operation, a medium-sized yacht
sails from the beginning of May until the end of October on the exemplary route (back and forth) from

Bornholm to Kotobrzeg with the average speed 4-5 knots. It will take approximately 14 hours travel the straight-
line distance between the above-mentioned locations.
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Additionally, it was assumed that the average number of days a year the yacht sails is 80 (4 days a week for
5 full months), which translates into 560 hours on the route from Kotobrzeg to Bonholm and 560 hours on the
route from Bornholm to Kotobrzeg. The remaining time (7640 hours) is considered a stopover in port. Based on
the above conditions, the characteristics of energy production as a function of wind speed were obtained for
three mentioned variants. In Figure 6 the annual energy production (AEP) of the GUST SWT in off-shore
conditions (Baltic Sea) is presented, including:

e Figure 6 A: 560 hours, route from Kotobrzeg to Bornholm,
e Figure 6 B: 560 hours, route from Bornholm to Kotobrzeg,
e  Figure 6 C: 7640 hours, yacht at anchor in the port (Kotobrzeg).

For the route Kotobrzeg - Bornholm the largest amount of energy (about 42 kWh) is collected at the apparent
wind speed 12 m/s. From Bornholm to Kotobrzeg, the greatest amount of energy (around 28 kWh) is
accumulated at the apparent speed equal to 10 m/s -11 m/s.

During the stay in the port (yacht at anchor) the highest amount of energy (around 118 kWh) is gathered at
the apparent speed (equal to the wind speed): 10 m/s -12 m/s.
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FIGURE 6. Function of annual energy production to apparent speed:
A) Route from Kotobrzeg to Bornholm; B) Route from Bornholm to Kotobrzeg; C) Anchor in the port in Kotobrzeg.

Considering the 3 aforementioned yacht status variants and by integrating AEP (Vapparent) functions, it is
possible to obtain the total annual energy generated by SWT GUST. The result is presented in Table 3.

TABLE 3. Total AEP for the mid-size yacht at the Baltic Sea.

Kolobrzeg-Bornholm  Bornholm - Kolebrzeg Anchor in the port

Avg. Energy [kWh] 354.6 236.4 2070
Total annual energy (sum) [kWh] 591 2070
Electric charge at 12V [Ah] 140 473
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Having the 2661 kWh “extra” from the use of the GUST SWT (591 kWh underway and 2070 kWh at
anchor), it is possible to estimate the potential savings of equipment operating on board during a sea voyage.
Table 4 presents the most important elements of the ship's equipment together with the energy consumed.

TABLE 4. Energy consumed by the equipment at the yacht based on help guide of Dick McClary [14].

Device Underway At anchor
Daytime Ah Nightime Ah Daytime Ah Nightime Ah
Anchor lights and windlass 0 0 8 17
Autopilot 48 48 0 0
Cabin Light 0 1.8 0 7.2
Cockpit Lights 0 0 0 4
GPS 9.6 9.6 0 0
Cockpit Instruments 3.6 3.6 0 0
Deck Lights 0 1.7 0 1.7
DB Board & DCM 1.2 1.2 1.2 1.2
Freshwater pump 4 4 4 4
Fridge 24 24 24 24
Gas alarm 7.2 7.2 7.2 7.2
Laptop/Computer 0 0 16 0
SSB 37 12 37 12
VHF 4. 4.2 4.2 4.2
Watermaker 6 6 12 0
144.8 123.3 113.6 82.5

TOTAL

268.1 196.1

A typical yacht battery can provide the voltage equal to around 12V [15]. Thus, the 2661 kWh of energy is
enough to provide in annual scale:

e 140 Ah of electric charge in underway conditions,
e 473 Ah at anchor.

This covers 52% of the energy demand at underway conditions and over 241% of the energy demand at
anchor for electrical equipment operating on a medium-sized sailing yacht. While the GUST turbine is
theoretically capable of producing almost three times more energy than is needed for an anchored vessel, more
research is required to confirm this calculation. Wind conditions at different ports can be highly dependent on
many factors such as nearby urbanization and port location. In addition, it should be emphasized that all the data
used is the average over the years, a more detailed study would be able to measure it for each month.

CONCLUSION

In the presented research the suitability of the GUST small wind turbine for marine applications was
assessed. The performance and effectiveness of the unit mounted on medium-sized sailing vessels in the South
Baltic region were estimated. On this basis, the annual energy generated by the wind turbine in seashore
conditions was calculated and the following conclusions can be drawn;

e The GUST SWT produces the highest amount of energy for the yacht's apparent average speed
(wind speed + own yacht speed) at 10 m/s - 12 m/s.

e The wind turbine produces an average of 2661 kWh on the Kotobrzeg - Bornholm route, for a
medium-sized sailing yacht, it can cover up to 52% of the total energy demand.

e The examined turbine is capable of withstanding extreme weather conditions at Baltic Sea, such as
windstorm up to almost 37 m/s. Moreover, it is resistant to high humidity and salt concentration in
the sea air due to protective layer and seals.

Although the GUST SWT has proven to be a suitable renewable energy sources for the marine units in the
South Baltic Sea region, the following aspects should also be considered when installing such a device:

e The height and position of the turbine should be adjusted to the size of the vessel. The installation
of the turbine causes a shift of the center of gravity, which affects boat stability and buoyancy.
Additionally, with the added weight, the overall weight changes. Moreover, the turbine should
withstand the acceleration generated by rocking or tilting during the passage.

e The turbine should not interfere with the daily activities performed on the vessel, as it may
adversely affect the safety during the voyage. For instance, the operation of radio and navigation
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10.

11.
12.
13.

14.
15.

equipment must remain undisturbed to ensure constant contact with other units and the land.
Potential disturbances may be caused by the reflection of the radio beam from the turbine structure
or its mountings.

e There is no set dimension of the units on which the GUST turbine may be installed. Although it has
a greater diameter than a regular marine turbine available on the market, the size limitations cannot
be estimated. Each case should be considered independently, due to differences such as; mast
position, sail size, weight distribution and battery capacity.

e  Approximate lower size limit of the yacht may be set based only on the average power consumption
and vessel physical limitations.

e Even though there is no fixed maximum vessel length restriction it needs to be acknowledged that
as the size increases, so does the power requirement. Enlarging the unit will reduce the share of
wind energy in total energy consumption, while still beneficial, it becomes less important to overall
power production. However, it is still possible to use several turbines to overcome this effect.
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Abstract. Self-driving vehicles are the engineers dream since the dawn of transportation. In recent years it becomes
reality thanks to the modern technologies. Autonomous vehicles are designed to be connected cyber-physical
systems. This is possible mostly due the rapid advancement in Industry 4.0 and the concepts of smart cities. This
arises the danger of ill-intended actions towards such systems. This article will explore how such system works, the
most common security flaws and how engineers aim to remedy them. Based on the results, the article will propose a
method of how such system can be protected.

INTRODUCTION

Cities’ populations are growing rapidly, and it is expected to rise in the future. Technologies,
communications and artificial intelligence has improved the standard of living of the people to a great extent.
Many scientific discoveries and inventions in the area of autonomous vehicles and smart cities has led to the
rapid development in countries and in the world. Smart cities could solve various problems in today’s urban life
such as transportation, energy, citizen inclusion, etc. Driverless cars, taxis and buses can be connected to
important information that reduces traffic and makes driving safer. Nowadays, more and more cities are
collecting data to manage traffic flow. They are now using connected networks and cloud technologies to
collect, analyze and link the data. The next step is combining the ready-made infrastructures with sophisticated
data analysis and artificial intelligence algorithms.

SMART CITIES

Smart city, the concept is around since the 90s [1]. But it took a leap forward towards the beginning of Industry
4.0 [2]. Thanks to IoT (Internet of Things) the network infrastructure is far more advanced, and this gives the
possibility many devices to be connected to each other or to a cloud that gives endless possibilities for
innovative technologies such as fully autonomous and safe city. One of the main goals of a smart city is that its
applications are designed to manage urban flows and allow for real-time responses.

For a smart city project to be effective several frameworks are required for it to be successful [3]:

e Technology framework — This is one of the most important frameworks, because the concept heavily
relies on technologies. Communication between every node of the system is done through this
framework.

e Human framework — Another key framework because this affects citizens lives and they must be
provided with the knowledge how to use it safely and productively [4].

e Energy framework — For a smart energy infrastructure to be created a different kind of datasets are
required [5]. They can be received through the various sensors that monitor core aspects of the smart
city project.
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e Data management framework — The core of those kind of project is the data. It is key for the
concept. The data collecting and process is necessary to improve a city that aims to become a smart
one, this can be narrowed down to some of those key dimensions — health, government, and
transportation [6].

Nowadays there are at least a dozen examples of such cities, thanks to the new technologies that they
implemented. Those are such an example — New York, Dubai, Oslo and more [7]. Copenhagen is a great
example. In 2017 [8], it has received an award for centralized system that combines traffic lights, electric
vehicle charging points and smart metering to a single platform to help deliver a more efficient automotive
experience.

If we look into the US market for smart cities, it is predicted that there will be increased investment into
those kinds of project [9]:

U.S. Smart Cities Market BEv9E

size, by application, 2020 - 2030 (USD Billion) GRAND VIEW RESEARCH
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2022 - 2030

$271.48 .
$248.38 — -— -

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

@ Smart Governance Smart Building Environmental Solution

Smart Utilities @ Smart Transportation @ Smart Healthcare Wy grandviewresearc

FIGURE 1. Predicted growth of the Smart Cities market in the US.

In the advancement of the new technologies and the vision of the engineers that design such cities there is
the uplifting danger for them. Ill-intended attackers can become extremely dangerous for the people and
infrastructure. We will investigate possible main weak points of the network in such concepts and more in
particular how autonomous vehicles can be affected.

SECURITY RISKS AND VULNERABILITIES IN AUTONOMOUS VEHICLES

Autonomous vehicles, or driverless vehicles, are a category of automobile where some or all of the driving
tasks are executed without human’s intervention. “Autonomous” comes from the vehicle operation mode. An
autonomous car is capable of using sensors to get a picture of its operating environment make decisions based
on the collected data.

The Society of Automotive Engineers defines 6 levels of driving automation ranging from 0 to 5 [9]. The
classification describes the extent to which the vehicle may take over the tasks of the driver.

Level 0 (No Driving Automation) refers to a vehicle that has no driving automation technology, which
means that they are completely manually controlled — without ESP, parking assistance or any other kind of
assistance system.

Level 1 (Driver Assistance) is the lowest level of automation. The vehicle has a single automated system for
driver assistance such as cruise control, lane departure warning and emergency brake assistance. These
automated systems can support the driver and increase its safety.

Level 2 (Partial Driving Automation) means advanced driver assistance systems. Here, several assistance
systems are often combined with one another so that the vehicle can independently perform different tasks such
as parking, driving maneuvers, etc. Tesla Autopilot and Cadillac Super Cruise systems are classified as Level 2.

Level 3 (Conditional Driving Automation) may use several driving assistance systems and artificial
intelligence in order to make decisions, based on changing driving situations around the vehicle. People inside
the vehicle do not need to supervise the technology, which means that they can devote themselves to other tasks
during this time. Mercedes has a level 3 technology called Drive Pilot.
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Level 4 (High Driving Automation) vehicles can operate in self-driving mode. These cars do not require
human interaction in most cases. However, a human still has the option to manually drive. A few companies
already develop various technologies and test them in different environments.

Level 5 (Full Driving Automation) is the highest classification of driving automation. Level 5 vehicle can
drive itself everywhere in all conditions without any human interaction. The only human involvement will be to
set a destination. Fully autonomous cars are tested in several places on earth, but they are not yet available to the
public.

According to a market report published in January 2022 [10], the autonomous vehicle market is forecasted to
grow at a compound annual growth rate of 13.3% from 2021 to 2030. This growth has many positives, including
more people’s lives saved, as well as cut down on traffic congestion and carbon dioxide emissions. With the
benefits comes one drawback — autonomous vehicle security concerns. The dependence of automated vehicles
on software exposes them to significant cybersecurity challenges. The higher the level of autonomy, the greater
the risk of cyberattack.

In 2016, Troy Hunt and his student discovered a vulnerability in the Nissan Leaf car which allowed hackers
to remotely use and control some of the car’s functionalities. Software developers, who work in Nissan, have
designed an app for Android and iOS that allows users to control some of car’s functionalities. The security
researchers discovered that the iOS app used only VIN (Vehicle Identification Number) for authentication.
Further analysis revealed that the API used by the app could be accessed completely anonymously. Figure 2
depicts GET request which gives battery status information. Vehicle Identification Number and hostname are
obfuscated to ensure user’s privacy.

FIGURE 2. GET request [11].

Figure 3 illustrates the JSON response from executing the GET request on Fig. 2 [11].

status: 288,
message: “success”,
- BatteryStatusRecords: {
OperationResult: "START",
OperationDateAndTime: “jan 21,2016 21:47",
- BatteryStatus: {
BatteryChargingStatus: "NORMAL_CHARGING",
BatteryCapacity: "12",
BatteryRemainingAmount: "12",
BatteryRemainingAmountWH: "",
BatteryRemainingAmountklH: "
}s
PluginState: "CONNECTED",
CruisingRangeAcOn: "135664.8",
CruisingRangeAcOff: "157%04.0",
NotificationDateAndTime: "2816/81/21 28:47",
TargetDate: "2816/01/21 20:47"
}
}

FIGURE 3. Response from executing the GET request in Fig. 2 [11].

This indicates that an authentication module is not implemented. The experts discovered that the exposed
vulnerability allows users, using only vehicle’s VIN, to control vehicle’s climate system and to collect vehicle’s
details such as fuel consumption, distance travelled, number of trips and information about them. As a result, the
hacker can drain the car’s battery by turning on the air conditioner. In addition, attackers having access to the
entire vehicle’s travel history, can pose a serious risk to users’ privacy. At first glance, targeting the VIN of the
target vehicle is not that easy. In reality, the researchers noted that the VIN is the same consecutive characters
excluding the last 5. Hackers need small amount of time to try different combinations and successfully get a
response from the car.

In 2015, two white hats named Charlie Miller and Chris Valasek discovered a vulnerability in the Jeep
Cherokee model that allowed access to the steering and braking systems of the car. Based on their work and
analysis, they have created detailed research [12], containing the sequence of steps for executing the exposure.
There are number of steps to get control of the vehicle. An attack starts with targeting a particular vehicle. The
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IP address is needed for the hack to work. If the attacker has the VIN and knows the location of the vehicle, the
IP address would be easily guessable. The next step is running the exploit of the car’s computer (head unit). The
infotainment head unit is a specialized computer that can be used to control the car’s functions. Jeep Cherokee
uses the Fiat Chrysler Automotive Uconnect System. Researchers exploit the OMAP chip, embedded in the
system. In this way, they get full control of both the system and most of car’s functionalities. Hackers can
control radio stations, adjust the climate system, etc. Charlie Miller and Chris Valasek should hack the Renesas
V850 chip, which is responsible for carrying out most of vehicle’s features, in order to take control over the Jeep
Cherokee. Therefore, they developed a custom firmware, which is installed remotely through the Uconnect
System. After the full installation of the firmware, hackers have full physical access to vehicle’s steering and
breaking systems.

RECOMMENDATIONS

For the autonomous vehicles to become more mainstream first their security must be on the bleeding edge.
As seen with the Nissan Leaf example, poorly written application can become serious threat for the automobile
and/or the passenger. The security of the platforms must be main concern for the manufacturers when creating
and implementing system for communication and control of the car or any other autonomous vehicle.

Another key factor is the cloud. Again, it must be protected from all kinds of attacks and exploits, and it
must be worked on solutions that could prevent or mitigate damage from zero-day attacks. The communication
between the autonomous vehicle and the cloud must be done through secure and encrypted connections. Also,
the authentication process must be more secure and to rely on modern cyphers.

ECUs are particularly important part. They control the core parts of the vehicles, so attackers often try to
target it to gain illegal access. To remedy that is recommended of upgrading the entire electronic of the
automobile so it can work with new security modules that handle security tasks. Such models are TPMs (trusted
platform module). They are used for secure storage of security keys for encryption of processes and data in the
vehicles [13].

For an autonomous drive system to be secure, some precautions must be taken to the driving environment
itself. The kind of exploits that are discussed here and the security issues can be scaled up to the entire
infrastructure of a smart city. If it is not well protected from ill intended actions the danger and the fallouts of it
could endanger the safety of the people who live in a city who aims to become smart and autonomous. It must
be invested into protection from all points of a possible breach. From the application that the user uses to the
cloud servers that collect and process all the data. Nothing can be 100% secure, but the efforts must be focused
on everlasting maintenance and developing modern technologies that ensure that people data and lives are safe
and cannot be used against their interest and safety. This can be done through use of hardware security like
TPMs, ensuring that network infrastructure is modern and well secured and regular software updates that patch
newly find exploits that are find through ethical hacking. But even that may not be enough in some cases, so it
must be worked on technologies or at least procedures when zero-day attack occurs.

CONCLUSION

The concept of the smart city is a promising one and it could be the future of all cities in the world. For such
evolution to become reality, security is key factor. It must not be taken lightly because people safety depends on
it. Autonomous vehicles are a focus of such a city. There are never ending security vulnerabilities, but it must be
invested into technologies that aims to protect the people and their data. Ethical hacking is important in the
testing and providing data for prevention of zero days attacks. They can be most dangerous so campaigns that
challenge systems can be very beneficial for data that can be used for patching. Future work’s needs to be driven
by techniques for Artificial Intelligence. It can make autonomous vehicles more reliable and the systems that
makes them more secure. The data for training such algorithms can be collected through the campaigns for
ethical hacking.
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Abstract. This study contains the solutions for detouring after the flood in the Black Sea Region in Turkey back in
the summer of 2021. Moreover, it proposes an emergency support facility location in the vicinity of the disaster area.
However, the region's problem is lacking a detouring plan for transportation management in the case of road closures
due to flood effects such as damaged bridges or landslides. Since the region is prone to heavy precipitations and the
terrain is appropriate for possible floods and landslides, the region's transportation management during or after a
disaster is vital. In this manner, Dynamic Programming (DP) is utilized for arranging the detours for the
transportation road network in the area of disaster. Furthermore, Stochastic Based Optimization (SBO) techniques
are powerful in solving network optimization problems. Hence, location analysis via Whale Optimization Algorithm
(WOA) is conducted for siting an emergency support facility according to the spatial characteristics of the road
network. Results indicate that although detouring lengthens the transportation paths between origins and
destinations, disasters such as floods can obligate such interventions. Moreover, the deterioration of a network link
plays a critical role because it changes the spatial topology. Therefore, a facility for emergency cases is located based
on the current data in the region for quick intervention using an SBO technique of WOA.

INTRODUCTION

This research provides options for detours following the flood in Turkey's Black Sea Region in 2021.
According to the records, some regions' precipitation per square meter was high. For example, the rainfall in the
cities of Kastamonu, Sinop, and Bartin between 10-12 August 2021 was recorded as 2/3 of the total precipitation
in a year [1, 2]. Furthermore, this paper suggests locating an emergency assistance facility near the catastrophe
area. The region's difficulty, however, is a lack of a detouring plan for transportation management in the event
of road closures owing to flood effects such as destroyed bridges or landslides. Because the region is prone to
significant precipitation and the terrain lends itself to possible floods and landslides, transportation management
during or after a disaster is critical.

Due to the geographical location of a country, it can be in a position to face natural disasters, but in recent
years, floods have increased in Turkey, especially in Black Sea Region. Floods may cause loss of life and
significant damage to infrastructure. In the summer of 2021, the flood influenced the western Black Sea due to
excessive precipitation and weather warming. It caused significant damage to the roads and bridges with the loss
of life and transportation problems due to floods and landslides. Apart from meteorological reasons,
geomorphological-lithological conditions, soil moisture, and vegetation are also effective [3]. Although the
precipitation in the region is not very heavy, it has been reported that the deterioration of the hydrological
balance by human activities aggravated the results [1]. A couple of flood disasters happened in the past. For
instance, in May 1998 and in June 1998, similar tragedies took effect. However, enough types of precautions
against the flood effects were not considered.

In case of an emergency or a disaster, a region's transportation network may require a solution to address trip
assignment concerns. Network flow problems, which have been utilized to classify the quantity of flows on
transportation networks, occur at this point. Many methodologies have been investigated to the transportation
problem since it requires a particular mathematical structure and solution procedures to clarify [4]. The process
of the solution was close to the commonly used simplex approach [4-6] since the design of the transportation
problem was initially described [7]. The problem has been and continues to be applied to a wide range of
engineering optimization methods [6, 8]. For example, while one study indicated that the transportation problem

33



BulTrans-2022 Conference Proceedings Sozopol, 10-13 September 2022

can answer a case of shipping routes and periods [9], another study indicated that the transportation problem
may direct services on a business or residential network [10].

An expansive range of transportation problem assessments is carried out in order to identify the shortest
path. In this respect, the shortest route or least cost path challenges in transportation-related difficulties are
addressed by re-implementing mathematical techniques [4, 11]. For example, one common technique is to
designate the least-cost path by claiming that all of a network’s nodes are structured for the same purpose in the
network [12, 13]. Additionally, the mathematical approaches used in those research were linear-integer.

Moreover, the other technique to be applied in this paper is WOA, which is inspired by the bubble-net
behavior of humpback whales [14]. WOA's performance regarding transport facility location assessment is a
priority since it provides enhanced tools for dealing with such circumstances. The studies, however,
incorporated WOA application to seek solutions to real-life transportation facility site challenges, despite the
fact that many used the WOA approach to address a considerable number of engineering challenges [15-20].

METHODOLOGY

Dynamic Programming Phase

Many criteria in transportation concerns, including the cost (i.e., time and distance) with an origin and a
destination site, are subject to frequent adjustments. In such non-static instances, dynamic programming (DP),
one of the most effective methods for determining the shortest paths on a transportation network, may be
securely implemented [4]. DP aids in the resolution of these complicated network issues. As a result, DP is used
to plan diversions for the transportation route network in the disaster region. The DP is an effective strategy to
address relatively big-scale transportation issues because it is an approach to discovering an optimal value in
large-scale computational problems by breaking the problem down into smaller components. A case study is
presented next to show the DP's approach and capabilities, including its application procedures, to discover the
ideal solution.

Whale Optimization Algorithm (WOA) Phase

Secondly, Stochastic Based Optimization (SBO) approaches effectively optimize the network. As a result, a
location study using the Whale Optimization Algorithm (WOA) was carried out to locate an emergency
assistance facility in the region based on the spatial features of the road network. Mirjalili and Lewis [14]
proposed a singular objective algorithm (WOA), a stochastic population-based and nature-inspired approach.
The program was driven by humpback whales' spiral bubble-net predation strategy for capturing prey. WOA is a
solid and innovative meta-heuristic approach. Moreover, WOA has been shown to be useful in engineering
challenges such as optimizing complicated frameworks. As a result, WOA's resilience has already been
demonstrated in current research [21, 22], and the essential algorithm stages are below (Fig. 1).

Generate the whale population randomly X; (i= 1, 2, ..., n)
Calculate the fitness of each whale(solution)
x*=the best solution
Do t =1 to maximum number of iterations
Do i =1 to each search agent
Update a, 4, C, I, and p
f(p<03)
4l <1
Update the position of the current search agent by the encircling prey operator
else if (|4] >=1)
Select a random search agent (Xyama)
Updeate the position of the current search agent by the search prey operator
end iff
else if (p>=0.5)
Update the position of the current search by the bubble-net attacking operator
end if’
end do
Check if amy secarch agent goes bevond the search space and cmend it
Calculate the fitness of each search agent
Update x* if there is a better solution
End do
[Return x*

FIGURE 1. The Pseudocode of WOA [14].
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e  Step-1: ‘Setting the initial solutions’. The initial solutions in the WOA memory are generated [14].
e  Step-2: ‘Solutions update’. WOA determines the kind of operator for the application [14].

e  Step-3:

‘The memory refresh’. The comparison of the new solutions and their fitness values

between the prior solutions takes place. Next, new versions are replaced rather than using the old
ones only if the new solutions’ fitness values are better. Then, WOA goes back to Step-2, and all
operations between Step-2 and Step-3 goes on until the arrival of the maximum number of

iterations [14].

APPLICATION

After the flood, the investigators reported 11 damaged roads or bridges in the region (Fig. 2). The data in this
study consist of 41 nodes with 44 arcs linking specific origin and destination network nodes (Fig. 3, Table 1).
The connections or links between roads and bridges, including those damaged 11 locations, are depicted in Fig.
3. Looking at Fig. 3, it has been determined that many of the points are interconnected. In this case, it has been
concluded that there may be alternative roads when the roads are closed during maintenance or floods. Although
DP computations might take a lengthy time, computer tools or software available on the market can provide
rapid solutions. Because the LINGO software can solve the DP to disclose the shortest path, it is employed in
this work as a tool for studying the shortest distance and thereby optimizing [23]. The reported script in the
software explaining the DP is used to discover the shortest transit pathways in the example network.
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FIGURE 2. The pseudocode of WOA [24].

FIGURE 3. The connections of the state roads.
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TABLE 1. Roads, bridges and corresponding stations.

. From To Distance

Road or Bridge Name Station-A Station-B (km)
Road (Bartin-Avrit) S1 S2 28
Bridge (Kumlucal) S2 S3 0.033
Road (Derbent-Kavlakdibi Br) S2 S4 18
Bridge (Bartin-Kumlucal) S1 S3 40
Road (Bartin-Pinarbasi) S1 S7 94
Road (Bartin-Kavlakdibi Br) S1 S4 32
Road (Kumlucal-Kavlakdibi Br) S3 S4 19.1
Bridge (Kavlakdibi) S4 S5 0.11
Road (Kavlakdibi-Pinarbasi) S5 S7 61.3
Road (Kavlakdibi-Asiklar) S5 S9 37
Road (Azdavay-Pinarbasi) S7 S8 22.6
Road (Kastamonu-Cide) S8 S16 145
Bridge (Asiklar) S9 S10 0.046
Road (Asiklar-Cide) S10 S14 115
Road (Daday-Azdavay) S11 S12 40.3
Road (Senpazar-Azdavay) S13 S8 52.2
Road (Cide-Inebolu) S14 S19 136
Bridge (Irmak) S15 S16 0.10
Road (Irmak Br-Irmakkoy) S16 S17 76
Bridge (Zarbana) S17 S18 0.10
Road (Zarbana Br-Bozkurt) S18 S21 57.3
Road (Inebolu-Kure) S19 S21 20
Road (Inebolu-Kure link) S19 S22 27
Road (Inebolu-Devrekani) S19 S25 714
Bridge (Kure2) S20 s21 0.050
Road (Kure2 Br-Kure) S21 S23 45
Road (Kure Connection) S22 S23 4
Road (Kure R-Kure) S23 S24 6
Road (Kure-Devrekani) S24 S25 55
Road (Abana-Devrekani) S25 S27 61.1
Road (Gemiciler-Catalzeytin) S26 S30 47.3
Bridge (Harmason) S27 S28 0.15
Road (Harmason-Catalzeytin) S28 S30 23
Road (Abana-Catalzeytin) S29 S30 324
Bridge (Catalzeytin) S30 S31 0.07
Road (Catalzeytin-Akcakese) S30 S33 39
Road (Catalzeytin-Yali Br) S30 S35 44.2
Bridge (ikizi) S32 S33 0.10
Road (ikizi Br-Ayancik) S33 S36 20.6
Bridge (Yali) S34 S35 0.10
Road (Ayancik-Erfelek) S36 S39 34
Bridge (Sevki Senturk) S37 S38 0.15
Road (Sevki Senturk Br-Erfelek) S37 S40 422
Road (Yenikonak-Erfelek) S39 S40 31.9
Road (Turkeli-Ayancik) S36 S41 50.1

RESULTS AND DISCUSSION

Although detouring lengthens transportation routes between sources and destinations, events such as floods
sometimes need such interventions. The degradation of a network connection is critical. As a result, a center for
emergencies is established in the region for speedy intervention employing a WOA, an SBO approach.

Dynamic Programming Phase

The data in the case were handled in LINGO 17.0 x64 to accomplish the DP results. The script and the data
were moved into the software [23]. Accordingly, a processor with Intel® Core™ i7-2640M CPU @ 2.80GHz
was utilized to run the solver program. Since there are 41 points in total in the program, the sample network,
including the farthest points (station-1 and station-41) was used as input. Thus, the shortest path in the largest
possible network provided by the data is found as follows. The least cost path was discovered by running the
program by assessing the inputs, as shown in Table 2. The route begins at station-1 as the starting node and ends
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at station-41 as the destination node. In other words, in order to approach station-15 from station-1 with the
lowest cost path, one should visit nodes 1, 4, 5, 9, 10, 14, 19, 25, 27, 28, 30, 33, 36, and 41. The solver also
reports a total of 0.000 infeasibilities. Likewise, alternative pathways offered and their distances are computed
using the software. Thus, the percentage changes in the distance were reported in Table 3. Although most of the
alternative roads between the stations can be determined, the damaged roads and bridges (a total of 11 locations)
were considered in the first instance. Therefore, the alternative paths and the distance changes in percent are
suggested in this study.

TABLE 2. The least cost path between S1 and S41.

Road or Bridge Name From To Distance
(km)
Road (Bartin-Kavlakdibi Br) S1 S4 32
Bridge (Kavlakdibi) S4 S5 0.11
Road (Kavlakdibi-Asiklar) S5 S9 37
Bridge (Asiklar) S9 S10 0.046
Road (Asiklar-Cide) S10 S14 115
Road (Cide-Inebolu) S14 S19 136
Road (Inebolu-Devrekani) S19 S25 714
Road (Abana-Devrekani) S25 S27 61.1
Bridge (Harmason) S27 S28 0.15
Road (Harmason-Catalzeytin) S28 S30 23
Road (Catalzeytin-Akcakese) S30 S33 39
Road (ikizi Br-Ayancik) S33 S36 20.6
Road (Turkeli-Ayancik) S36 s41 50.1
TABLE 3. Alternative roads.
. From To Distance Distance
Road or Bridge Name Station-A Station-C (km) Change
Road (Bartin-Pinarbasi) S1 S7 126 +34.04%
Road (Derbent-Kavlakdibi Br) S2 S4 19 +5.55%
Road (Kavlakdibi-Pinarbasi) S5 S7 75.7 +23.49%
Road (Daday-Azdavay) S11 S12 58.9 +46.15%
Road (Zarbana Br-Bozkurt) S18 s21 59.4 +3.66%
Road (Abana-Devrekani) S25 S27 87.7 +43.56%
Road (Abana-Catalzeytin) S29 S30 49.8 +53.70%
Road (Catalzeytin-Akcakese) S30 S33 48 +23.08%
Road (ikizi Br-Ayancik) S33 S36 38.7 +87.86%
Road (Ayancik-Erfelek) S36 S39 70.8 +108.24%
Road (Turkeli-Ayancik) S36 S41 68.1 +35.93%

Transportation Optimization Phase

The primary goal of this operation research challenge is site optimization. The weighted Euclidean distances
were minimized in order to discover an ideal site supplying the demand locations. The weights represented the
traffic flows. When the WOA was used in conjunction with the inputs, the optimal solution coordinate (X;: the
final location related to the X axis; Y;: the final location related to the Y axis) was obtained as (0.729570,
0.625664). The geographic findings of 0.729570 and 0.625664 for the Mercator projection correspond to
41°48'04.6"N and 33°42'53.3"E, respectively (Table 4). Furthermore, despite being the local optimal solution
with no infeasibilities indicated by the solver, the above local minimum is really the global minimum. The
reason for this is that the problem is convex. As a consequence, the results are confirmed.

TABLE 4. The results of WOA process.
Optimum Location

Latitude 41°48'04.6"N
Longitude 33°42'53.3"E
Town of Kure,
Place
Kastamonu
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CONCLUSION

State roads in the Black Sea Region are one of the critical infrastructures of Turkey for road transport. The fact
that the region is mountainous and rugged and has many creek beds makes transportation difficult, but state roads
and bridges were built to overcome this difficulty. Considering these conditions, flood damage causes severe
deterioration to multiple state roads and bridges and significantly changes the traffic flow. In the summer of 2021,
a large flood struck the region. However, the region lacks a detouring strategy for transportation management in the
case of road closures due to flood outcomes such as damaged bridges. Since the region is prone to heavy
precipitations and the terrain is suitable for potential floods and landslides, the region's transportation management
during or after a disaster is vital. Furthermore, the region also lacks an emergency support facility location in the
vicinity of the disaster zone. In this manner, DP is utilized to position the detours for the transportation highway
network in the disaster neighborhood. Secondly, a facility for emergency cases is located according to the current
data in the province for rapid intervention using WOA, an effective method of SBO.

Several transportation engineering issues are solved using mathematical approaches and models, including
allocating the shortest pathways based on network topology structure. The shortest transportation routes were
identified using a powerful tool of the DP approach that took into account the network factors in the current
scenario. Obviously, the primary origin may generate travels to a final destination, and the other nodes in the
network can also generate journeys to the same destination. Because DP can handle such enormous problems, this
article shows how it may be used to tackle transportation problems. This article's contribution can be in making
beneficial judgments on transportation alternatives for non-static phases of regional traffic and in boosting the
comfort of many travelers by providing the most convenient routes. Thus, time loss, especially in emergencies, can
be avoided.

Additionally, it is critical to intervene quickly in an emergency to reduce the loss of lives and money. The town
of Kure was recommended for the placement of the personnel and equipment required for emergency response in
this research as a result of the analysis done using traffic flow and location data. As a consequence of the WOA
optimization strategy and under the study suggestions, it is envisaged that progress will be made in limiting the loss
of life and lowering time and money loss. As a result, a significant contribution is projected to result in regional
growth.
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IIpoyuBaHe HA CHINECTBYBAIIMTE TEXHOJOTUH 32
BEPTUKAJHO MAHUIYJIMPAHE HA HHTEPMOIATHHA
TPAHCIIOPTHH €AMHUIHA B HHTEPMOAAJIHUA TEPMUHAJIHN B
EBpona

CeetocnaB MapTHHOB

Kameopa ,, ’Kenezonomna mexnura *, @axyimem no mpancnopma, Texuuuecku ynusepcumem — Cogpus,
oyn. ,,Kn. Oxpuocku“ N8, 1000 Cogpus, Boacapus

s.martinov@tu-sofia.bg

Pe3ome. B nHTEpMOIATHUTE TEPMHUHAIH CE MPUIATaT Pa3InuyHK TEXHOJOTHU 32 MAHUIYJIMpaHe HA UHTEPMOIATHUTE
TPaHCIIOPTHH COVHULHK. BBpXy m300pa Ha TEXHOJOTHS BIMSHHAE OKa3BaT MHOXECTBO (DAaKTOPH — TEXHOJOTWYHH,
TEXHUYECKH, HKOHOMHYECKH U Jp. B HacTOAMUMAT NOKTaa € U3BBPIICHO MPOYYBaHE HA CHIIECTBYBAIIUTE TEXHOJIOTHH
3a BEPTHKATHO MAHUITYJIUpaHE HA HHTEPMOIAIHHI TPAHCTIOPTHH €IWHHLN B HHTEPMOJAIHN TEPMUHAIH, PA3MOJIOKEHH
Ha tepuropusirta Ha EBpona. M3cnensanu ca 415 uHTepMOIaTHA TEpMUHANA, pa3ookeHu B 24 nrbpxkaBu. Pasrienanu
ca JKeJIe30IIbTHO-aBTOMOOIIHY 1 MPUCTAHUIIHN HHTEPMOJIATHY TepMuHaIH B EBporna, o0ciTyKBaly BbTPEITHOBOIHI
MBTHUINA WK QUACpHH KOHTeHHepHU TMHKUU. [IpoydeHr ca OCHOBHHUTE BHIOBE MAIIMHHU, H3IOJI3BAHH 32 BEPTHKAIHO
MaHUITyJTUpaHe HA MHTCPMOJAIHU TPAHCIOPTHH CIUHHUIM B HM3CIICABAHUTC WHTCPMOMATHH TEPMUHAIA — MOOWMIHHU
CTpEJIOBH TOBApadH, PEJICOBH KOHTCHHEPHH KPAaHOBE, KPAaHOBE C TYMEHH XOIOBH KOJIeJia M KPAaHOBE 3a TOBapeHE W
pasroBapBaHe Ha Oapxu W/WmH QuaepHH Kopadu. M3BbpiIeHo e knacuduimpaHe Ha TEXHOJOTUUTE 32 MAHUITYJTUpaHE
Ha TOBAapUTE CIOpEA BHAA Ha W3MOJ3BAHUTE TOBAPHO-PA3TOBAPHM MAIIMHHU. B pe3ynrar Ha MpPOYyYBaHETO H
M3BBpIICHATA KIaCH(PUKaIMs € YCTAaHOBEHO pasNpeeleHIeTO Ha TEXHOJIOTHUTE 3a BEPTUKAJIHO MaHWITympaHe. Haii-
YeCTO NpHJIaraHd, 32 MaHUITyJHpaHe Ha TOBAPHTE B HM3CJEIBAHUTE MHTEPMOJATHH TEPMHHANHM, Ca TEXHOJOTHH C
MOOWIHH cTpenoBu ToBapaun (41,9 %), KOMOMHALMs MEXIy DPEJICOBH KO3JIOBH KPaHOBE M MOOWIHH CTPEIOBH
ToBapaud (18,8 %), percoBu ko3noBu kparose (15,4 %) v MPUCTaHUIIIHI KPAHOBE B KOMOWHAIHSI C MOOWIJIHH CTPETIOBH
ToBapaui (15,4 %).

BbBEJIEHHUE

WuTepmonanHaTa TpaHCIIOPTHA CHCTEMA € CHCTEMA 3a IIPEBO3 Ha TOBAPH C J[Ba WJIM IIOBEUYE BHIA TPAHCIIOPT.
ToBapure ca pa3nojiOKEHU B TPAHCIOPTHA €AMHMLA, HapeuyeHa ,,MHTepMOJajHa TPAHCIOPTHA eauHuua* [1],
KOSITO Ce MaHMITYJIpa TPH CMsHA Ha BHAA HA TPAHCIIOPTHOTO CPEJCTBO O€3 J1a ce M3BBpIIBA IPETOBApPBaHE HA
TOBapa, pasnojokeH B Hes. HaroBapBaHeTo Ha TOBapa B MHTEPMOJA/IHATA TPAHCIIOPTHA €MHHIA CE U3BHPIIBA
B HAyaJoTO Ha IIpeBo3a — IpPH TOBapoJaTens, a pa3TOBapBaHETO My B Kpas Ha IpeBo3a — IpH
ToBapomnosryyaTtens. IlpomeckT Ha TpaHCHOpTHpaHE Ha HMHTEpPMOJANHATa TPAHCIOPTHA EAMHHUIA OT
TOBapojaTess 10 TOBApPONOIydaTelIs Ce W3BBPIIBA B €JHA HENPEKbCHATa TPAHCIOPTHA BEpUTa, HapeueHa
. AHTEPMOaJIHA TPAaHCIIOpTHA BepHura‘ [2].

OCHOBHHTE TPUHIMITN Ha WHTEPMOIAJIHHUTE MPEBO3H Ca: OCHOBHATA YacT OT TPAHCIOPTHPAHETO HA TOBapa
Ha TOJISIMO Pa3CTOSHUE CE OCBIIECTBABA C KEJIE30IIbTCH W/MIN BOAEH TPAHCIOPT; U3MOI3BAT CE€ HHTEPMOIAIHU
TPAHCIOPTHH €IUHHIIM, KOUTO C€ NMPETOBapBaT IIPH CMsHA HA BHJA HA MPEBO3HOTO CPEICTBO B MHTEPMOIATHH
TEPMHUHAIIN; HAYaJIHUS W/WIN KpalHUS eTal OT TPAHCIIOPTUPAHETO CE€ OCHUTypsiBa C MPEBO3 I10 II0CE, KaTo Te3H
€Talu ca BB3MOXHO Ha Hal-KbCO pa3cTosiHUE. TpaHCHOPT, KOMTO OTroBapsl Ha T€3W HPUHIUNK C€ Hapuya
WHTEpMOJIaJIeH TpaHCHOpT. Pa3HOBUAHOCT Ha MHTEPMOJAIHUS TPAHCHOPT € T. Hap. ,,KOMOMHUpaAH TPAHCHIOPT
[1], xaro mpu Hero ocHoBHaTa 4acT oT EBporieiickusi MapmpyT ce OCHIUIECTBSIBA C JKEJE30IIbTEH W/UIIM BOJICH
TPaHCIIOPT — BTPELIHOBOAEH H/UIU IO MOPE.
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[lpn wmHTEepMOmanHUTE NPEBO3UM ca 000COOEHH HSIKOJIKO OCHOBHHM BHJA HHTEPMOAAIHU TPAHCIIOPTHU
€IMHULM: TOJSIMOTOHA)XHU KOHTEHHEpPH, CMEHSIEMH HaJCTPOMKH, IOJypeMapKeTa, HOAXOISIIM 3a IPEBO3 C
HMHTEPMOJAJICH TPAHCIIOPT M ChWICHEHH IIPEBO3HU CPEACTBA (BJICKad M MOIypeMapKe).

[onaruero ,roMIMOTOHAaXEH KOHTEHHep™ e o00oOmaBaml TEepMHUH 3a CTAaHJAPTHU3UPAHO TOBAPHO
MIPOCTPAHCTBO, MO3BOJISABAIIO MHOTOKpaTHa ymoTpeda, MOAXOAAIIO 3a TPAHCHOPTHPAHE C Pa3IMIHN BUIOBE
TPAHCIIOPT — IIOCECH, JKENIE30MbTEH U, B HAKOM CIIydau, BOACH M CHA0AEHO C BIVIOBU YCTPONCTBA 3a 3aXBalllaHE
1 MaHUIyIupaHe (GUTHHIM) MpH CMsAHA HA BHJA HA IIPEBO3HOTO cpencTBO. [lo3BosBaT MOgpeKAaHe Ha pElOBE
€IUH BBPXY OpYT. [ 0IIMOTOHaXKHNTE KOHTEHHEpH (MM caMO KOHTEHHEpH), CIIOpeA IbDKHHATA UM, Ca YETHPH
Buza — 20, 30, 40 wm 45 ¢yrou. Criopes nperHa3HAYEHHETO CH, KOHTEHHEPHUTE ce KiIacu(DUIMpAT Haii-001110
KaTo KOHTEifHepu: ¢ 00110 MpeHa3HaueHNe; ChC CIICIMAIHO NpeJHa3HaYeHue (aTGopMeHu, OTKPUTH U IIp.);
3a cneuupUIHN TOBapH (M30JMPaHH, C TOIUIMHEH PEXHUM, IINCTEPHU, HACUITHU TOBAPH, )KUBU )KUBOTHH, ONTACHU
TOBapH U T.H.) u Ap. Criopes Buaa Ha TpaHCIOpPTa C KOWTO MoraT ja ObaaT TPaHCIOPTHPaHU, KOHTEHHEPHTE ca
JBa BHUJAA: KOHTEWHEpPU 3a IPEBO3 C Ha3eMEH TPAHCHOPT (XKEIe30mMbTeH M IIOCEeH), KOUTO ca CbC
crneuuQuKay, OTrOBapsIlM Ha W3UCKBaHUATA Ha MEXIyHApOIHHS J>KEJIe30IbTEH ChI03 3a INPEBO3 IO
JKeNe3HuIa (Ha aHrd. ,,Inand containers) m MOpcku KOHTeHHEepH (Ha aHTIL ,,Sea containers‘), MO3BOJABAIIN J1a
ce TPeBO3BarT Mo Boja ¢ KOHTEHHEepHH Kopadu [3].

CMmeHsieMHTe WHTEPMOJANHN HAACTpoWkw (Ha aHrIL ,Swap body®) ca craHmapTH3WpaHd TOBapHHU
MIPOCTPaHCTBA 32 MHOTOKpaTHa yMoTpeda C MOAXOAAIIM Crenu(UKanud 32 TPAaHCIIOPTHPAHE, OCHOBHO C
KEJIE30ITbTCH W IIOCECH TPaHCTOPT. CHOPBKEHH Ca C YCTPOMCTBA, MO3BOJIIBAINM /a CE MAHHITYJIHPaT ChC
CHELHaIHA XBAaTOBE C paMEHa IIPY CMsHA Ha BU/a Ha TPAHCIIOPTHOTO cpeacTBO. He mo3BosBaT nmoxpex1ane mo
BUCOYMHA, €IHO BBPXY Apyro. YecTo M3MON3BaHH B HKENE30IIbTHO-aBTOMOOMIHUTE KOMOMHUPAHU TIPEBO3U Ca
CMEHsIeMHU HaJCTPOUKH OT Kiac ,,A“ (mpmxuna 13,6 m) u knac ,,C* (¢ apmxunu 7,15 m, 7,45 m unu 7,82 m).

WurepmonanuuTe nonypemapkera (Ha anri. ,,Craneable semi-trailers®) ca moceiiHu IpeBO3HU CpeACTBa 32
IIPEBO3 Ha TOBApH, KOUTO Ce€ ChUJICHABAT U 3a/BIKBAT OT BiIeKad. Te ca MOAXOAAIIN 32 HHTEPMOAJIEH IPEBO3 C
JKEJIe30IIbTCH TPAHCIOPT, KAaTO Ce pasloJiaraT B CICLHUalHd HHTepMoJaiHK Baronu. OOOpyaBaHM ca CbC
CTPaHWYHHU IIPUCIIOCOOJIEHHS, TO3BOJIABAINM BEPTUKAIHO MaHHITYyJHpaHEe OT KpPaHOBE, CBOPBKECHH C
TOBApPOXBATHHU MPHUCIOCOOJICHNS ChC CIEIUATTHN paMeHa.

[Ipn mHTEpMOnmaNHUTE NMPEBO3M ca MO3HATH IBa OCHOBHHM METOJa 33 IPETOBAPBAHE HAa MHTEPMOAATHUTE
TPAHCIIOPTHU €UHUIM PU CMsIHA HA BHJA HA TPAHCIIOPTA — XOPH30HTANEH (T. Hap. ,,Roll-on — Roll-off* meron
i ,,Ro-Ro*) u Beprukanen (T. Hap. ,,Lift-on — Lift-off* meron umu ,,Lo-Lo*) [1, 4]. [Ipu xopu3oHTaIHUTE
METOJY, HAaTOBAPBAHETO/Pa3TOBApBAHETO HA TOBapa BBPXY/OT BIaKa MM Kopabda OOMKHOBEHO C€ HM3BBHPIIBA
Ype3 HM3IMO0JI3BaHE Ha XOJOBUTE KoJiesla Ha TOBapHHs aBTOMOOMJ WM BaroHa (mpu (epuOOTHU NpEeBO3U Ha
)KEJIe30ITbTHU BaroHn) 0e3 M3MoJj3BaHe Ha TOBapPHO-PAa3TOBAPHU MAallMHU C KOUTO Ja Ce NOBAMIHE ToBapa. [Ipu
BEPTUKAJIHUTE METONU CE€ H3IO0J3BAaT TOBAPHO-PA3TOBApHM MAlIMHHM, KOWUTO IOBIWTaT WHTEPMOJAIHUTE
TPAHCIIOPTHU €MHULM (KOHTEHHEPH, CMEHSIEMHU HAJACTPOWKU MJIM MHTEPMOJAIHH IOJlypeMapKeTa) IpHU CMsiHa
Ha BHJIa HAa TPAHCIIOpTa.

ChIecTByBaT J1B€ OCHOBHHM HAIpPAaBICHUS MHTEPMOJAIHU IPEBO3H — NPHIPYKEHH M HempHuapyxeHu [1].
[TpuapyxeHuTe WHTEPMOJAITHE NPEBO3K CE€ OTHACAT 3a MPEBO3 HA CHUWJICHEHO IIOCEHHO MPEBO3HO CPEICTBO —
BJE€Ka4 M II0JlypeMapKe, TPAaHCHOPTHPAHO C JKeJIe30IbTeH WM BoJeH (pepuboren) Tpancnopt. Ilo Bpeme Ha
NIPEBO3a, BOJAYBT HA TOBAPHMS aBTOMOOWI TO NPHUApY)KaBa B CIIEIMaJICH ITBTHUYECKH BaroH OT ChCTaBa Ha
WHTEPMOJJAJIHAS BJIaK WJIM KaioTa B Kopaba. [IpuapykeHuTe MHTEpMOAAIHH MIPEBO3H Ha CHUICHEHO IMPEBO3HO
CPE/ICTBO C JKEJIE30MbTEH TPAHCIOPT ca MO3HATU KaTo ,,Ro-La*“ mpeBo3 unu T. Hap. ,,ioABMXHO wmoce™. [Ipu
Te3U NPEBO3M, HATOBAPBAHETO W Pa3TOBAPBAHETO HA TOBAPHHUTE ABTOMOOWIM BBPXY/OT CHELUATH3HPAHUTE
)KEJIe30ITbTHU BarOHM C HUCHK MOJ CE U3BBPIIBA Ype3 XOPU30HTANIeH MeToA. HenpuapykeHuTe HHTepMOIallHU
NPEBO3M CE€ OTHACST 3a TPAHCIOPTHPAaHE Ha WHTEPMOJAIHU TPAHCIOPTHH EIMHHUIM - KOHTEHHEpH, CMEHSIEMU
HAJICTPOMKK W/WJIM HHTEPMOJAIHM TOJypeMapKeTa, KOMTO HE Ce NpWApYXaBaT OT BOAa4ya/BOJlAuuTe Ha
TOBapHHUTE aBTOMOOMIIU 110 BPEME Ha MPEB03a ¢ BJIaK U/win Kopad (Hali-4ecTo Mpu KOMOMHUPAHUTE MTPEBO3H).

WHuTepMoanHuTe TEPMHUHAIN Ca OCHOBHHU €JIEMEHTH Ha MHTEpMOJANHaTa TPaHCHOpTHA cucteMa. OCHOBHO
TSAXHO IIPEAHa3HAYCHUE € Jla OCHTYpsIBaT BB3MOKHOCT 3a NMPETOBapBaHE Ha WHTEPMOJAIHHTE TPAHCIOPTHHU
eIMHMAIM TIpH CMsSHAa Ha BHUJA TPAHCIOPT (IIOCEEH, KEJIe30IbTEeH, BBTPEIIHOBOJCH W/WIM MOPCKH,
BKJIFOUUTENHO U (epubOTEH) M YCIIOBHS 32 BPEMEHHOTO UM (KPAaTKOCPOYHO) CKJIaJMpaHe NpH HEO0OXOIMMOCT
[5]. Cnopen Buzma Ha MHTEPMOJAIHHUTE TPAHCIIOPTHH E€IWHMIM, KOUTO CE MAHUIYJIUpAaT B MHTEPMOJATHHTE
TEPMHUHAJIN C€ W3MOJI3BAT PA3JIMYHN TEXHOJIOTHH 32 MaHUITYJIMPAHETO UM — XOPU3OHTATHHU WJIM BEPTUKAIHU. B
3aBUCHMOCT OT IIPEAHA3HAYCHUETO M PA3IOI0KEHUETO UM, HHTEPMOJAIHUTE TEPMUHAIN MOTaT, Hal-001110, Ja
ce KIacuuIpar KaTo:

- KOHTEHHEePHH NMPUCTAHUIIHA TEPMHHAIN — OOMKHOBEHO Ca 4acT OT MPHUCTAHUILE U OCUT'YPSIBAT YCIOBHUS 3a
BEPTUKAJIHO TOBapeHe W pa3ToBapBaHe Ha KOpaOHW, TPaHCIOPTHpAILX KOHTeWHEepH. TepMHHAIBT € CBbp3aH C
IoceifHaTa W, B MOBEUETO CITydyaw, C JKeJIe30IIbTHATa HHPPACTPYKTYpa;
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- HA3¢MHM HHTCPMOJAIHM TCPMUHAIM, HAPUYaHH OIIC JKEJIC30IbTHO-aBTOMOOWIHN HHTEPMOIATHU
TEPMHHAIN — OOCITY)KBAT CE OT JKEJIC30MBTCH U MIOCECH TPAHCIIOPT M, B 3aBHCUMOCT OT CIICI[MATH3AIUATA CH, B
TSAX MOTAT Jia C€ MaHUIMYyJIHpaT KOHTCHHEpH, CMEHSEMH HAJCTPOUKH H/WIH MOJTypeMapKeTa Ype3 BEepTHKAIHU
METOJIU Ha MPETOBapBaHE;

- cyxu mpucranuma (t. Hap. ,,Dry ports) - >keme30mbTHO-aBTOMOOWIIHH HWHTEPMOJIAIHU TEPMHHAIH,
CHeLUaT3upaHu 3a 00CIy)KBaHEe HA €HO WIIH [MOBEYE KOHTCHHEPHHU IPUCTAHUIIA,

- Ro-La TepmMuHamMm — WHTEpMOJAICH TEPMHUHAN, OPraHU3WpPaH W OO0OpYyABaH 3a XOPH30HTAIHO
MpeToBapBaHe Ha CHUJICHEHH HPEBO3HH CPEICTBAa BHPXY/OT KEJIE30MbTHU BArOHM 3a MPEBO3BAHETO UM IO
cHCTeMaTa ,,II0JBIDKHO II0ce";

- (hepuOOTHO TPHUCTAHUINE — CHCIUANTU3UPAHO MPHUCTAHMINE 32 XOPU30HTATHO HATOBapBaHE/pa3TOBapBaHE
HA TOBapHU aBTOMOOWJIH W/WIIY JKEJIC30ITBTHU TOBAPHU BArOHU BBPXY/OT (epuOOTHU KOpadu.

- BETPCIIHOBOJHO HWHTECPMOJATHO TPUCTAHUINE — CBBP3aHO C JKEJIE30IMbTHATA W/WIM IIOCCHHA
HHPPACTPYKTYpa M OCHUTYPSIBALIO YCIOBHS 32 BEPTHKAJIHO HATOBApBAaHE W pPa3TOBapBaHE HAa WHTCPMOIAITHH
TPAHCIIOPTHU CIUHUIN (HA-4ecTO KOHTEHHEPH U CMEHSAECMH HAJCTPOWKH) 3a MPEBO3 ¢ OAPKU /WK (PUICPHU
KOpaom.

METOAUKA HA U3CJIEJIBAHE

B moknmama e W3BBPIICHO MPOYYBaHE HA OCHOBHHTE BHIOBE TOBapHO-Pa3TOBapHH TexHojoruu [6, 7],
M3IMO0J3BaHN 3a BCPTUKAJIHO MAHUITYJIMPAHEC Ha HUHTCPMOAAJIHHU TPAHCHIOPTHU CIAWHUIMA B HHTCPMOAATIHU
TepMuHanu Ha EBpoma. Upe3 cpaBHUTeNeH aHanuM3 ca KIACUQHUUUPAHW W TPYNHPAHU NPOYUCHHUTE
HUHTECpMOJAJIHA TECPpMHUHAIN CIIOPC] HM3IMOJ3BAHUTE TCXHOJIOTMH 3a BCPTUKAJIHO MAHUITYJIMPAHC HaA TOBApPUTE.
W3cenBaHeTo € MpoBEICHO B TPH OCHOBHU €Tara:

Eran 1. IIpoyuBane Ha chIeCTBYBAall MHTEPMOAAIHH TepmuHaaun B EBpona. B To3u eram, Ha 0azaTta
Ha JOCTBIIHU JINTEPATYPHU U3TOYHHUIIH, € N3BBPIICHO NMPOYYBAHE HA CHINECTBYBAIIN HHTEPMOAAIHN TEPMUHAIN
B EBpomna [8, 9, 10], B xouTO ce HU3BBpIIBAa MaHWIYJIMPAaHE HAa HWHTCPMOJATHH TPAHCHOPTHU CIMHHLM.
Pasrnenann ca Ha3eMHH JKEIE30IIbTHO-aBTOMOOWIHHM, BBTPEIIHOBOAHH W NPHCTAaHUIIHU WHTEPMOJATHH
TEpPMHUHAIM, B KOUTO C€ M3BHPIIBA BEPTUKAIHO MAHUITyJHpaHE HA CHOTBETHH MHTEPMOJAIHH TPAHCHOPTHH
eIMHMIM, CHOpE] CHenualu3alysiTa Ha TepMUHAlla — KOHTEHHEpH, CMEHSEMH HAaJCTPOMKH W/ WK
HoJTypeMapKeTa.

Ertan 2. Knacupuunupane na tepmunaanre. B To3u eran ce nepuHupar KputepunuTe 3a KiacupuKanus Ha
TEPMHUHAIUTE U C€ U3BBPIIBA KIaCH(DUIMPaHe HAa TEPMUHAINTE CIIOpe] N30paHUTE KPUTEPUH.

Etan 3. OnpenesisiHe Ha KpUTepuuTe 32 Kiaacuukanus Ha TEXHOJIOTHMTe 32 MaHuNMyJupaHe. Llenrta
Ha erama e jga ce (OpMyJIMpaT KPUTEpUH IO KOMTO Ja ce KIACHGHUIMPAT TEXHOJIOTMHUTE 3a BEPTHKAIHO
MaHUIYJIMpaHEe Ha WHTEPMOJAIHUTE TPAHCIOPTHH €AWHHMIM CIOpE] W3BBPLUIGHOTO MpOydYBaHE 3a
WHTEPMOJATHUTE TEPMHUHAIIH.

HpquBaHe Ha CbIIECTBYBAIlM UHTECPMOJAJIHUA TEPMUHAIN B EBpona

3a mpoBexIaHe Ha U3CIEABAHETO € U3BBPIICHO MPOYYBaHe HA CHIIECTBYBAIINTE HHTEPMOJATHN TEPMUHAIII
B KOUTO C€ W3BBHPIIBA BEPTUKAIHO MAaHUITyJMpaHe HAa WHTEPMOJAIHW TpaHCHOPTHH eAawHuiu. Ha Gaza Ha
JOCTBITHU JIUTEPATYPHU W3TOYHHUIIM € HM3TOTBEH CIMCHK HA MHTEPMOJATHH TEPMUHAIM Ha TEPUTOpHUATA Ha
EBpoma B KOWTO ce M3BBPIIBAa MAHUITYJMPAHE HA WHTEPMOJAIHHM TPAHCIOPTHU enuHuiu. [Ipoydenn ca 415
MHTEPMOJATHN TEPMUHANA Ha TepUTOpHUATa Ha EBpoma, pasmonoxkeHu B 24 nmbpxkau — benrwus, Bearapws,
UYexus, Hdanus, ['epmanns, ['epums, Vcnanus, @pannms, Xepearus, Wramus, Jlareus, Jlutea, JIrokcemOypr,
Vurapus, Xonanaus, Asctpus, [lomma, Pymbuus, Cnosenus, Cnosakus, HIBenus, Iselinapus, CeepHa
Makenonus u Cop6ous [10].

Kunacupukanus Ha TepMuHaIuTe

B mpoydBaHeTo, MHTEpPMOJATHUTE TEPMHUHAIM ca Kiacuuuupanu cropen oOCTYKBaHUTE B TepMHUHAjA
BuaoBe TpaHcmopT. Cropen Opost Ha 0OCITy)XKBaHWUTE BHJOBE TPAHCIOPT, WHTEPMOJATHHUTE TEPMHUHAIH CE
KiIacuuoupaT Kato IBYMOJATHU WU TPUMOJATHU. J[ByMOIaNHHTE TEPMHHAIX ce OOCITY)KBaT OT J[Ba BHIA
TPAHCIOPT — JKEJIE30IbTEH W aBTOMOOWICH WM aBTOMOOWJICH W BOJCH. TpUMOIAHWTE TEPMHHAIH CE
00CITy’)KBaT OT TpPHUTE BHUJAA TPAHCIOPT — AaBTOMOOWIICH, JXENE30MbTCH W BOJCH. BposAT Ha mIpoydeHUTE
WHTEPMOJIATHI TSPMHUHAIH 110 IbPXKaBH € ocodeH B Tabmuma 1.
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TABJIMIA 1.
Bpoii npoyyenn Bpoii npoyyenn
HbpixaBa HHTEPMOAJIHH HbpixaBa HHTEPMOAJIHH
TePMHHAJIN TEPMHHAJIN
benrust 26 JlrokceMOypr 1
Bearapus 6 Yurapus 6
Yexus 15 XomaHaus 24
Hanns 4 ABcTpus 16
I'epmanus 140 [omnma 34
I'epums 1 PymbHuA 20
Hcnanus 19 CnoBeHus 5
Opanuus 23 CrnoBakusa 10
XBpBaTUs 6 IBerus 15
Uranus 19 [IBeitapus 16
JlaTtBus 1 Cesepna MakenoHus 1
JIuTtBa 5 Copbus 2

Cnopen Buza Ha TPAaHCIIOPTA, MHTEPMOAATHUTE TEPMUHAIHN Ce KIacH(pHUIIMpaT KaTo:

- KEJe30ITbTHO-aBTOMOOWIHY, HAPUYAHHU OIIe HA3eMHHM TEPMUHAIH - IBYMOJAIHH TEPMHHAIM, KOUTO ce
00CITyKBAaT OT JKEJE30IbTCH W aBTOMOOMJICH TpaHCIOpT. Pa3HOBUAHOCT Ha HA3eMHUTE TEPMHUHAIN ca U T. HAp.
,,CYXH MPUCTaHUIIA U

- IPUCTAHUIIHN TEPMUHAIHN — TEPMUHAIIN, KOUTO c€ 0OCIY)KBaT OT BOJICH TPAHCIIOPT, KaTO B 3aBUCHMOCT OT
Opost Ha 00CITy)KBAIUTE BUAOBE TPAHCIIOPT MOTaT Jia ca AByMOJAIHH — OOCITy>KBaHU OT BOJIEH M aBTOMOOHJICH
TPAHCIIOPT WJIN TPUMOJAIHU — 00CITY)KBaHH OT BOJICH, )KEJIE30IIbTEH M aBTOMOOMIICH TPAHCIIOPT.

B nmpuctaHumHNTEe TepMUHAIN, 00XBaHATH B M3CJICJBAHETO, CE€ M3BBHPIIBA BEPTUKAIHO MAaHUIyJIHpaHEe Ha
WHTEPMOJIAJIHA TPAHCIIOPTHU EAWHHULIM - KOHTEHHEPU W/WIM CMEHsIeMH HajcTpoiiku. [lanHu 3a Opost u Jena Ha
TEPMHHAINTE C OCUTYPEH JOCTBII 1O CBOTBETEH BUJA TPAHCHOPT — MIOCEEH, BOJEH WM JKEIIE30IbTEH ca
noco4yenu B Tabnuma 2.

TABJIMLA 2.

JocThn A0 Bpoii Ha TepMUHAIIHTE A, %
[loceen TpaHcmopT 415 100,0
JKenesombpTeH TpaHCTIOPT 391 94,2
Boxen 113 27,2

Pasnpenenennero Ha Opos Ha W3CIEABAHUTE TEPMHUHAIM CIOpEX BHIAa Ha TEPMHHANA — XKEJIE30IIBTHO-
aBTOMOOMJICH WU NIPUCTAHUIIEH U criope Oposi Ha 00CITy>KBaHHUTE BUJIOBE TPAHCIIOPT € nocodeHo B Tabuuma 3.

TABJIMIIA 3.
Bujx Ha TepmMunaja O06cayxBaH Bpoii na s, %
BHJI TPAHCHOPT TepPMHHAJINTE
JKemnezombTHO — aBTOMOOWIICH, IByMOAJICH Kene3ompTeH U aBTOMOOHIEH 302 72,8
[Ipucranumen, AByMoganeH Bonen n aBromo0uiieH 24 5,8
ITpucTaHuIleH, TPUMOIAJICH JKene3onmbTeH, BOJEH U aBTOMOOHIIEH 89 21,4

JBymonanauTe TepmuHaiu ca 326 Opos ¢ man 78,6 % or oOmus Opoil mpoydeHu tepmuHaiu. OT
JIBYMOJAJHUTE TEPMUHAJIH, JKeJIe30MIbTHO-aBToMOOMITHH ca 302 Tepmunana wiu 92,6 %, a 24 TepMHHANIA WK
7,4 % ca o0Ociy>XKBaHU OT BOJIEH M aBTOMOOMJIEH TpaHCHOPT. ['paduyHO, AeTBT HA HHTEPMOJATHUTE TEPMUHAIN
criopenr O6posi Ha OOCIY)XBaHHUTE B TSAX BHIOBE TPAHCHOPT (ABY- WM TPUMOAAIHH TEPMHHAIM) M BHIA Ha
TPAHCTIOPTHHUTE CPENICTBA, OOCITYKBaHH B IBYMOJIATHUTE TEPMHUHAIH ca TocodeHn Ha dwr. 1 u 2.
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[lAn Ha UHTepMoAanHUTe TepMUHaANK cropen 6posi Ha
obcnyxBaHUTe BUAOBE TPaAHCNOPT

[ByMOAanHU TepMUHanK crnopeq oGCcnyXBaHUA
TpaHcnopT

78,6%
92.6%
= Tpumopanum = [Isymoaanyu = enesonbTeH n asTomobuneH TpaHcnopT = Bogex v asTomobuneH TpaHcnopt
DUI'YPA 1. DUI'YPA 2.

Knacm])mcaunﬂ Ha TEXHOJIOI'MUTE 3a MAHUITYJIUPAHC HA HHTEPMOJAATHU TPAHCIIOPTHU

eIMHHNIHU

OCHOBHHTE TEXHOJIOTHH, KOWTO CE€ H3ION3BAT 3a BEPTUKAIHO MAHHIYJIHPAHEe HA WHTEPMOJATHHUTE
TPAHCIIOPTHA EIWHHIN B MPOYUICHHTE WHTEPMOIATHH TEPMHHAIH Ca C M3MOJI3BAaHE HAa MOOWIHH CTPEIOBH
toBapaun (Ha anru. Reach Stackers), pemcoBu kosmoBu kpanoBe (na auri. Rail Mounted Gantry cranes),
KO3JIOBHM KpaHOBE ¢ TyMEHH XO10BH Kosena (Ha anri. Rubber Tyred Gantry cranes), mpucTaHHUIIHA KPaHOBE 3a
TOBapeHe Ha Gapyku u/win puaepHd Kopabu — MOOMITHY UK penicoBd (Ha anrit. Barge cranes).

JlaHHM 3a TEXHOJIOTHHTE 3a MaHMITyJHMpaHe, KOMTO C€ H3IOJI3BAT CAMOCTOSATEIHO WM B KOMOHHAIMS B

NPOYYEHHUTE TEPMHUHAIH, ca ocoyeHu B Tabnuua 4.

TABJINIIA 4.
TexHoJorus 3a BEPTUKAJIHO Bpoﬁ HAa TEPpMUHAJIUTE B KOUTO
MaHUIIyJIMpaHEe Ce nmpuJjiara TEXHoJorusita
Mob6wuien crpesos ToBapad (T) 339
Pencos ko308 kpan (PKK) 153
KosmoB kpas ¢ rymenn xon0eu konena (KI'XK) 13
[MpucranumeH kpas (1K) 88

PE3YJITATU

O606H.IGHI/I JaHHU 34 pPasnpeAcICHUECTO Ha TEXHOJOTHHUTE 3a
HUHTCPMOAJAIHUTE TPAHCHOPTHU SAWUHULIA, CIIOPC] 6p0$[ Ha TCpMHHAJIUTE B

Tabnuna 5 u rpa¢puano Ha Dwur. 3.

BCPTUKAJIHO MAaHUITYJIUPAHC
KOUTO €€ Ipujiarar, ca rnoCco4cHu B

Ha

TABJIMIIA 5.

TexHoJ10rus1 32 BEPTUKAJTHO MAHUIYJIMPaHe bpoii Tepmina.m 5 daa, %

KOHUTO ce mpuiiara

Mobwuen crpenos ToBapau (T) 174 41,9
PesicoB ko3n0B kpa (PKK) 64 15,4
MoburieH cTpenioB ToBapay u pencoB ko308 kpan (T+PKK) 78 18,8
MoburieH ctpenoB ToBapad u npuctanuiieH kpad (T+I1K) 64 15,4
IMpucranumien kpan (1K) 12 29
MoO0wuiieH cTpesioB TOBapay, KO3JI0B KpaH ¢ TYMEHH XOIOBH KOJIEa U 2 0,5
npucranuiieH kpad (T+KIXK+IK)
MoOuseH cTpeoB ToBapay, PeJICOB KO3JIOB KpaH W MPUCTAHUIIEH KpaH 10 24
(T+PKK+IIK)
MoOuseH cTpelioB TOBapad U KO3JIOB KpaH ¢ TYMEHHU XOJI0BHU KoJiena 10 2,4
(T+KT'XK)
MobuieH cTpelioB TOBapay, pesiCOB KO3JIOB KpaH M KO3JI0B KpaH C T'yMEHH 1 0,2

xonoBH konena (T+PKK+KI'XK)
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0sn Ha NpunNaraHATe TeXHONOIMKM 3a MaHUNyNUpaHe
2,4% 02&

29% 0. 5%
=T
= PKK
T+PKK
# T+K

"MK
T+KIXK+TK

® T+PKK+TK

= T+KMXK

= THPKK+KIXK

18,8%

15,4%

DUTI'YPA 3.

Cnopen nepuHUpaHUTE KPUTEPHUH 32 BUAA HA HHTCPMOIATHATE TEPMUHAIN U TEXHOJIOTHHTE, IPHIATaHH 3a
MaHUIYJIMpaHe Ha HHTEPMOAATHN TPAHCIIOPTHH €AMHHUIM B IIPOYUYECHUTE TEPMUHANH, € KiIacu(punupaH Opos Ha
TEPMHUHAINTE B KOUTO CE MpHJIara CbOTBETHA TEXHOJIOTUS MM KOMOMHANNS OT TEXHOJIOTHH 33 MAaHHITYJIUPAHE.

B Tabmuma 6 e mocoueHa o0obmieHa MHGOPMAIHSA 32 TEXHOJOTHHTE 34 BEPTUKAIHO MaHHIYJIHMpaHE Ha
WHTEPMOJATHA TPAHCIIOPTHH €AWHMIM, U3IOJI3BAHU B JIBYyMOJAIHHUTE JKEJIE30IbTHO-aBTOMOOMITHH TEPMUHAIH
1 Opost Ha TEPMHUHAIIUTE B KOMTO CE MPUJIara ChbOTBETHA TEXHOJIOTHS MJIM KOMOWHAIUS OT TEXHOJIOTHH.

TABJIMIIA 6.
TexHoJ10rus1 32 BEPTUKAJTHO MAHUNYJIHPaHEe B Bpoii Tepmunanu B o
JKeJ1e30IbTHO-aBTOMOOMJIHN TEPMUHAJIN KOMTO ce mpujara Ana, %
Mobwuen ctpenos ToBapad (T) 154 51,0
Pescos ko3inoB kpan (PKK) 64 21,2
MobuieH cTpenoB ToBapad u pesicoB ko3ioB kpaH (T+PKK) 74 24,5
MoOwuieH cTpernoB ToBapayd M KO3JIOB KpaH C T'yMEHH XO/I0BH KoJiena 10 3,3

(T+KIC'XK)

B Tabmuma 7 e mocouyeHa o0obmieHa MH(GOPMAIHA 32 TEXHOJOTHHTE 3a BEPTUKAIHO MaHHIYJIHMpaHE Ha
MHTEPMOJATHA TPAHCIIOPTHH CIUHMIIM, M3II0JI3BAaHH B MPOYUYCHUTE NPHCTAHUIIHN WHTEPMOJATHA TEPMUHAIH,
00CITyKBaHH OT BOJAEH W aBTOMOOWJIEH TPAaHCIOPT M Opos W Jesia Ha TEePMHUHAJIUTE B KOMTO C€ IpHiara
CHOTBETHA TEXHOJIOTHS MJIM KOMOMHAIINS OT TEXHOJIOTHH.

TABJUIA 7.
TexHoJI0THsI 32 BEPTHKAJHO MAHHITYJIHPaHe B

Bpoii Tepmunagm B

NPUCTAHULIHA UHTEPMOIAIHH TEPMHHAIIHU, 00CITYKBAHU OT 1, Yo
i BOJIEH 1:) aBTOMoﬁlflﬂeIl)-l TPaHCHOPT ' KOMTO ce ripuaara 8
MobwuieH crpenos Toapay (T) 8 33,3
MobuieH cTpenoB ToBapad u npucranuiie kpan (T+I1K) 12 50,0
Mpucranumes kpad (I1K) 4 16,7

B Tabmuna 8 e mocoyeHa o6oOmieHa MHGOPMAIMS 332 TEXHOJOTHHTE 32 BEPTUKAIHO MaHMITyJIMpaHe Ha
HUHTEpMOJAJIHU TPAHCHOPTHU €AUHUIIU B MMPOYUCHUTE TPUMOLAJIHU UHTCPMOJATHU TCPMHUHAIN U 6p05[ n acia
Ha TCPMHUHAJINTE B KOUTO C€ Npujiara CbOTBETHA TEXHOJIOTHUA UITU KOM6I/IHaHI/I$[ OT TCXHOJIOTHH.

I'paduuno, nenbT Ha CHOTBETHHTE TEXHOJOTMM 33 MaHHITYyJMpaHe B M3CICIBAaHUTE ABYMOJAIHH —
KEJIEe30ITbTHO-aBTOMOOMIIHM W TPUCTAHWIIHM W TPHUMOJAJIHM WHTEPMOJAIHM TEPMUHAIM € H300pa3eH
cboTBeTHO Ha Dwr. 4, 5 u 6.

TABJIMIIA 8.
TexHo10rus 32 BEPTUKAJIHO MAaHUIYJIHpPaHe B Bpoii Tepmunaau B Tan, %
TPUMOJIAIHU TePMHUHAIH KOWTO ce MpHujiara i

MobwueH crpenos Toapay (T) 12 13,5
MoGwieH cTpesioB ToBapad u peiicoB ko31oB kpan (T+PKK) 4 45
MobwuieH cTpenoB ToBapay u npucranunieH kpad (T+IIK) 52 58,4
Ipucranumen kpas ([1K) 8 9,0
MoOwuiieH cTpenoB ToBapay, KO3JI0B KpaH ¢ TyYMEHH XOI0BH KoJjela 2 2,2
u npucranuines kpan (T+KIXK+HIK)

MoOwuiieH cTpenoB ToBapay, peJICOB KO3JIOB KpaH U MPUCTAHHILCH 10 11,2
kpan (T+PKK+IIK)

MoOwuiieH cTpenoB ToBapay, peJiCOB KO3JIOB KpaH U KO3JIOB KpaH ¢ 1 1,1

rymenu xonosu kosena (T+PKK+KI'XK)
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[sn Ha npunaraHuTe TEXHONOTMK 3a MAHUNYNUpPaHe B RN Ha NpUNaraHuTe TEXHONOTMM 33 MaHUNYNWpPaHe B
KenesonbTHO - aBTOMOBHNHUTE MHTePMOAANHW TePMUHANK [ABYMOAANHW NPUCTAHNLLHW MHTEPMOAAMNHMU TEPMUHANK

3,3%

=T

= PKK
= T+0K
T+PKK

= THKIXK MK

50,0%

DUI'YPA 4. DOUI'YPA 5.

Osn Ha npunaraH1Te TEXHONMOIMU 33 MaHUNynNMpaHe B
TPUMOAANHWU UHTEePMOAANHN TEPMUHANKU

1.1%
22% 1.2% uT
.\ ’ = T+PKK
T+MK
=K
= THRTRKTK

T+PKK+MK

58,4% = T+PKK+KMXK

®UT'YPA 6.
3AK/IIOYEHHUE

ITpoyuenu ca 415 nHTEpMOaTHN TEPMUHATIA Ha TEPUTOPHUATA Ha EBporna B KOUTO ce M3BBPIIBA BEPTUKAITHO
MaHUIYJIUpaHe Ha 0oOpaOOTBaHWMTE WHTEPMOJAIHH TPAHCIOPTHH EIUHWIM — KOHTEHHEPH, WHTEPMOJATHH
MOJTypeMapKeTa W/WIN CMEHsIeMU HaJCTpOoHKH. OT Mpoy4YeHUTe TepMHUHAIH, AByMOJATHUTE TEPMHUHAIH ca 326
opos (78,6 %), xato 302 (92,6 %) OT TAX ca Ha3eMHH, OOCITY>KBAaHH OT JKEJEC30IPTCH W aBTOMOOWICH
TpaHcnopT, a 24 tepmuHana (7,4 %) ca NMPUCTaHUIIHM — OOCIY’KBaHH OT BOJCH W aBTOMOOWIJIEH TPaHCHOPT.
TpumopanHuTe TepMUHAIN, OOCIY)KBAaHU OT KEJIE30IbTEH, aBTOMOOMIIEH U BOAEH TpaHCHopT ca 89 Opost mim
21,4 % oT BCHYKHM NPOYYEHH B U3CIEBAHETO TEPMUHAIIH.

OT &naHHUTE, ONKMCAaHH IO-TOpe B JOKJIaAa, € BHIHO pPa3HOOOpa3HeTo B IpUJIaraHUTE TEXHOJIOTHU 32
BEPTUKAJIHO MAaHUIyJIHpaHEe Ha HWHTEPMOJAIHHUTE TPAHCIHOPTHH EOUHMLM B PA3IUYHUTE W3CIEIBAHU
TEpMHUHAIM. B JByMOJAHUTE >KEJIe30IIbTHO-aBTOMOOWIIHM HMHTEPMOJAIHH TEPMHHAIN HPEANOYUTAHU Ca
CaMOCTOSITETHUTE TEXHOJIOTMU C MOOWIIHH CTpesioBU ToBapauu (st 51 %) Wiin pesicoBU KO3JIOBU KpaHOBE (s
21,2 %), xaTo oOIIus 5T HA TSPMUHAJITE B KOUTO HE Ce IIpHIara KoOMOWHUpaHe Ha TexHoJoruu ¢ Hax 72 %. B
OCTaHAJINTEe TEPMHUHAIM HAH-4eCcTO ce Ipuiara KOMOWHAaIWs MEXIy PEICOBH KO3JIOBH KPaHOBE M MOOWIIHH
ToBapaud (B 24,5 % OT U3CIeABaHUTE TEPMUHAIHN OT TO3H BH]).

B mnpucraHnmHuTe IBYMOJANHHM TEPMHUHAIM, OOCIYXKBaHM OT BOJEH M aBTOMOOWIEH TpaHCIIOPT,
MIPEANIOYNTaHa TEXHOJOTHS € KOMOWHHPAHETO HA NPHUCTAHUIIEH KPaH ¢ MOOWIIHM CTPEJIOBH TOBapadd, KaTo
Ta3u TexHoJyorus ce npmiara B 50 % OT u3cienBaHNWTEe TEPMHUHAIM. B ocTaHainTe TEpMUHAIM C€ W3MOJI3BAT
CaMOCTOSATENIHH TEXHOJIOTHH ¢ MOOWIHH ToBapaud (33,3 %) wiu ¢ NPHUCTaHWIIHU KPAaHOBE — PEJICOBHU WIH
MooOwHY (Tipu 16,7 % OT TepMUHANIKUTE OT Ta3u Tpyma).

[Mo-ronsiMo pazHoOOpa3ue OT HpHUIIaraHW TEXHOJIOTHMH C€ HaOJIoJaBa NPH H3CJICIBAHUTE TPHUMOJIAIHU
HHTEPMOJATHN TepMHUHAIW. lIpeArnodnTaHa TEXHOJIOTHA INPH TEPMUHAIUTE OT TO3M BHJ € KOMOMHAIUATA
MEeXJy TPHUCTAHUIIEH KpaH W MOOWJeH cTpenoB ToBapau (mpu 58,4 % OT TepMHHAIMTE B Ta3W Tpyma).
CrnenBamiara mpennouynTana TexHonorus ¢ 13,5 % e MaHuWITyaMpaHe Ha TOBapuTe ¢ MOOMIHH CTPEIOBH
ToBapayd. Ha Tpero MsicTo 1O M3MOJI3BaHE € KOMOWHHMpaHE Ha NPHUCTAHUILEH KPaH, PEJICOB KO3JIOB KpaH U
MoOuieH cTpenoB ToBapad (11,2 % ot n3cieaBaHuTe TEpMHUHAIKM B Ta3u rpymna). Ha cnensamo mscro ¢ 9 % ce
MOJPeXkia CAMOCTOSTEIHO U3M0I3BaHe Ha IPUCTAaHUIIHI KPaHOBE.
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Study of the Existing Technologies for Vertical Handling
of Intermodal Transport Units in Intermodal Terminals in
Europe

Svetoslav Martinov

Department of Railway Engineering, Faculty of Transport, Technical University of Sofia,
8 KI. Ohridski Blvd., 1000 Sofia, Bulgaria
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Abstract. Different technologies are applied for handling of intermodal transport units in the intermodal terminals.
The technology selection is influenced by various factors - technological, technical, economical, etc. A study of
existing technologies for vertical handling of intermodal transport units in intermodal terminals located in Europe is
carried out in the present report. In the paper, 415 intermodal terminals located in 24 European countries have been
studied in total. Rail-road and port intermodal terminals in Europe, serving inland waterways and/or feeder container
lines, have been included in the study. The main types of transshipment equipment for vertical handling of
intermodal transport units in the intermodal terminals have been studied - reachstackers, rail mounted gantry cranes,
rubber tyred gantry cranes and barge cranes in inland waterway ports. A classification of the cargo handling
technologies in intermodal terminals according to the type of transshipment equipment has been done. As a result of
the study and classification, the distribution of the vertical transshipment technologies that are used in the studied
intermodal terminals has been determined. The most frequently used cargo handling technologies in the studied
intermodal terminals are the reachstackers (41,9 %), rail mounted gantry cranes in combination with reachstackers
(18,8 %), rail mounted gantry cranes (15,4 %) and reachstackers in combination with barge cranes (15,4 %).
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Abstract. Research is devoted to the development of an electrically conductive silicate composition and the
improvement of screen protection against electrical corrosion of reinforced concrete and concrete structures, in
particular high passenger platforms, overpasses, and bridges operated on sections of railways electrified with direct
current. Theoretical and experimental investigations of electrical corrosion of concrete supports of passenger
platforms have been carried out. It was found that under the influence of the pulsating unidirectional electric
potential, which occurs during the passing of the trains, a stray current, carrying Ca?* and OH- anions, flows through
the concrete supports of the passenger platforms. On the supports, zones of neutralization and concrete leaching are
created, where destruction takes place. These processes can be prevented by eliminating the electric current through
the concrete of the support or by reducing its density. The dependence of efficiency of grounded screen-coatings Ep
of electric conductor compositions based on mineral compositions on the frequency of contact of the steel grounding
electrode with the screen X has been investigated. It was found that with increasing of X efficiency of protection
increases. For the grounded screen-coat composition based on Portland cement optimum protective effect of 0.92 is
achieved at a fraction of the contact area of the electrode with the screen X = 6.9 %. For the grounded screen-coating
with a composition based on sodium silicate the optimum protective effect of 0.59 is achieved in case X = 5.9 %.
According to the results of investigations ordering measures of repair and protection of concrete supports of
passenger platforms is in dependence on the degree of their deterioration. The structural and technological solution
for the protection of concrete supports of passenger platforms by grounded screen-coating from electric conductive
compositions is developed, which provides an optimum part of the contact area of steel electrode of grounding with
screen-coating of 6-7 %.

INTRODUCTION

Currently, a significant amount of freight and passenger traffic in the world is carried by railways. The most
economically efficient and environmentally friendly are the electric rail lines. But electrified railway lines are a
source of current flows and stray currents which flow from the rails into structures, facilities, and soil. A
significant number of railway lines are electrified by direct current. It is known that metal structures and
reinforcement of reinforced concrete structures under the influence of direct current flows are a subject
ofelectrical corrosion [1-5]. Electrocorrosion damage, although to a lesser extent, can be observed even on steel
fiber reinforced concrete [6]. The concrete supports of passenger platforms of the railways (Fig. 1) are
susceptible to electrical corrosion. Perhaps due to this, in the 1980s, more massive concrete supports were
installed on the Ukrainian railways as a primary protection against electrical corrosion in many cases instead of
concrete columns. But in fact, in the zone of action of stray current they also quickly acquired damage (Fig. 2),
which allows us to assume that these damages also have electrocorrosive character. This assumption is
supported by the fact that [1] indicated destructive changes in the concrete under the influence of direct current
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in the reinforcement, and in [7] determined, that the concrete in the volume of the structure causes electrical
corrosion, which consists in intensive electromigration leaching of lime from cement stone under the influence
of pulsating unidirectional electric potential of PUEP, which occurs during the passing of trains on the
electrified with direct current section of a railroad track.

Concrete supports of passenger platforms are usually repaired by plastering, replacement of damaged
elements with new prefabricated or monolithic elements, including concreting in unremovable formwork (Fig.
3), without special measures to prevent further electrical corrosion. Therefore, the study aims are to establish the
electrocorrosive effect of current flows on concrete supports of passenger platforms and to supplement the
structural and technological solutions for their repair with electric corrosion protection measures.

FIGURE 1. Longitudinal cracks in the reinforced concrete pillar of the high passenger platform due to electrical
corrosion of the reinforcement.

FIGURE 3. Repair of concrete support of a high
passenger platform by replacing the damaged part
with concrete in an unremovable formwork.
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ANALYSIS OF RECENT STUDIES, DEVELOPMENTS AND PUBLICATIONS

The structure shown in Fig. 3 is a steel-concrete jacke. This jacke increases the load-bearing capacity of the
structures, ensuring their complete water tightness. The metal sheathing completely protects the concrete against
carbonization and leaching, and the concrete cement stone protects the sheathing in the middle against
electrochemical corrosion. But in conditions of influence of stray current the metal covering will be susceptible
to electrical corrosion which will occur in anodic zones. To protect against electric corrosion of analogous
structures, a diode grounding was suggested in [8] (Fig. 4). This grounding protects the covering against
electrical corrosion by transferring the anodic zones to the grounding. This structure is a grounded screen that
absorbs the current flow and drains it through the ground. However, the steel-concrete structure is metal-
included, expensive, and therefore suitable for use if the load-bearing capacity of supports with significant
damages is to be renewed.

7
2

71000

(a)

FIGURE 4. Diode grounding for electric corrosion protection: (a) - scheme: 1 - metal covering, 2 - diode,
3 - steel grounding bar; (b) - exterior view.

In [9] to reduce the cost of repair and protection of similar structures, it was suggested to use grounded
screens-coatings made of electroconductive compositions based on silicate compositions (Portland cement,
sodium silicate) with graphite powder as a filler. As a result of experimental investigations, it was found that
they provide a reduction of current density through the structure: coating based on Portland cement with a
complex chemical additive [10] - by 49-66%; coating based on sodium silicate hardened with sodium
siliconifluorite [11] - by 34-60%. It was recognized that the protective properties of the grounded screen also
depend on the part of the contact area of the steel grounding electrode with the screen-coating of electric
conductor composition (Fig. 5) and increase with increasing of this contact area part. Therefore, establishing and
using of this dependence for protection design is an urgent task.
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FIGURE 5. Grounding with screen-coating using a metal plate: (a) - general view; (b) - ground conductor fixing to the plate.

In [8] a scheme of current flow through the concrete supports of passenger platforms has been proposed (Fig.
6). Figure 6 shows that the railway track sections with positive pulsating unidirectional potential on rails current
(2) and concrete supports of the passenger platforms. Figure 6 shows that at the lath stake sections with positive
pulsating unidirectional potential on rails the current (2) flows through the rail fastenings, sleepers, and ballast
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into the ground, from here it flows onto the wet structure, passes through zone (3), flows from there into the
ground and is spread by it. Since the metal handrails of the platforms are obligatorily grounded, part of the
current (4) flows through the handrails. It is unclear from Fig. 6 what causes the current to flow across the wet
ground and concrete, and which electrochemical or chemical reactions cause the current to flow across the
spreading boundaries ground-concrete. An analysis of these reactions is important due to determine the
mechanics of electrical corrosion in order to prevent it.

/1]

@l”‘
L

(=]

FIGURE 6. Scheme of stray current through the concrete supports of the passenger platform: 1 - stray current, which
prevails in dry weather; 2 - stray current, which prevails in wet weather; 3 - support area, where concrete is exposed to
electrical corrosion; 4 - part of the stray current through the grounding of the platform's metal handrails.

Therefore, in order to complete the task, the following research tasks are to be carried out:

o the theoretical study of the mechanism of stray current flowing through the concrete, particularly
the analysis of corrosion reactions at the soil-concrete boundary;

o experimental investigation of the efficiency of the grounded screens depending on the contact area
of the screen and the grounding electrode;

e arrangement of repair and protection measures for concrete supports of passenger platforms and
improvement of design and technological solutions of their protection with a grounded-screen
covering.

THEORETICAL INVESTIGATION OF THE FLOW OF STAY CURRENT
THROUGH CONCRETE AND THE ELECTRO-CORROSIVE EFFECT ON IT

The scheme of the flowing of the stray current (Fig. 6) is detailed taking into account possible
electrochemical and exchange reactions, which ensure the flow of the current across the dividing boundaries
ground - concrete (Fig. 7).

Leaching —one Neutralising —one

e el T

_— Ay Concrete Concrete @
-© 7T
= / Na:CO: + HiO
— KO0 - H.O

CaC0y + H.O
Wet Soil \l\ \f\ Wet Soil

FIGURE 7. Scheme of the stray current flow through the concrete support and its electrical corrosion leaching.
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It can be seen from Fig. 7 that the most movable mineral ions in the ground electrolyte are sodium Na* and
potassium K* cations, which are transported from the rails to the structure. In concrete, the stray current carriers
are calcium Ca?* cations and hydroxyl anions OH-, which are the components of the most soluble mineral of the
cement stone - portlandite Ca(OH),. The electric current is carried by electrons e— in rails, rail fasteners, and
grounding electrodes. As a result of this and due to the conditions of the penetration of water and gases into the
soil and concrete in quantities that are sufficient for chemical reactions, the presence of free water H,O in the
concrete and the presence of oxide O and carbon dioxide CO: in the concrete structure, two zones of concrete
neutralization and concrete leaching are created.

In the neutralization zone of the concrete, exchange reactions take place:

2Na* + 20H "+ COz = Na,COs + H20 @
2K* + 20H + CO, = KoCO3 + Hz0 @
Neutralization of the OH" is taking place in this zone, pH reduction of the pore electrolyte concrete and

portlandite decomposition Ca(OH), and calcium hydrosilicates nCaOxSiO;xmH,O cement stone with ion
formation Ca?*, OH amorphous silica SiO2., (in conditions of water deficit) or silicic acid Si(OH)a:

Ca(OH); = Ca** + 20H ©))
2Ca0xSi0,;x2H,0 = 2Ca?* + SiOzum + 40H- (4)
2Ca0xSi0;x4H,0 = 2Ca?* + Si(OH)s + 40H- )

Produced ions Ca?*, OH are responsible for the transfer of electric current. Created instead of portlandite
Ca(OH), and calcium hydrosilicates nCaOxSiO,xmH,0 amorphous silica SiO2., and silicic acid Si(OH)4 do not
have compressive properties, which leads to a decrease in strength and frost resistance of the concrete, its
deterioration, and ruin, as shown in Fig. 2, (b).

In the concrete leaching area, calcium Ca?*cations are removed from the surface and the exchange reaction
of carbonization takes place:

Ca?* + 20H + CO, = CaCOs+ HrO (6)

This zone, the concrete surface has intense salt efflorescence (Fig. 2, a), which are indicative of an intensive
leaching process. Leaching, as in the neutralization zone of the concrete, leads to a decrease in pH,
decomposition of portlandite Ca(OH); and calcium hydrosilicates nCaOxSiO,xmH,0,decreasing the strength
and frost resistance of concrete, its deterioration, and the need for repair (Fig. 3). The analysis of these processes
allows us to conclude that their prevention can be achieved by eliminating the electric current flow through the
concrete support or by reducing its density.

EXPERIMENTAL STUDY OF THE DEPENDENCE OF THE EFFICIENCY OF
GROUNDED COVERING SCREENS ON THE CONTACT AREA OF THE SCREEN
AND THE GROUNDING ELECTRODE

The dependence of efficiency of grounded screen-coatings with electroconductive compositions with a
graphite powder based on Portland cement (infiltrated) and sodium silicate hardened with sodium silicon
fluoride, the compositions of which were taken from [10] and [11] respectively from the contact area of the
screen and the ground electrode. The investigation was carried out on model supports, which were subjected to
electric influence and its characteristics were measured according to schemes and methods suggested in [9].
Models and electrical scheme of the research (Fig. 8) were developed on the basis of the scheme of stray current
flowing through the support from the rails on the site with the positive PUEP (Fig. 6). The model is a prism
made of high-strength concrete with a strength of 20 MPa (1), with a steel bar (2) installed in it. The concrete
between the bar and the external face of the prism corresponds to the concrete of the building between its sides
(Fig. 6). The model-prism was installed into the soil model - water-saturated and very fine sand (4), filled into
the metal container (3). The current which are flowing through the concrete and onto the support from the rails
was simulated by an application of 40 V potential difference between Container (3) and Reinforcing Bar (2),
and its strength was checked by means of lancet-mounted micro-ammeters (Sanwa PC510 digital multimeters)
(8) and (9). Part of the contact area of the steel ground electrode with the screen-coat X, which was changed
during the investigation, was defined as the ratio of the square of the contact area of the steel electrode with the
screen-coat Se to the square of the entire screen-coat Sp:
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X = 100S4/Sp, % @

Measurements were carried out simultaneously on the models without and with protection for 240 hours at
an interval of 24 hours. To evaluate the effectiveness of the protection with formula 7, the maximum values for
240 hours were taken.

(©

FIGURE 8. Experimental study of the effectiveness of grounded screens made of electroconductive compositions for
protection of structures against electrical corrosion: (a) - scheme in general; (b) - model with coating; (c) - general view;
1 - model concrete; 2 - model reinforcement bars; 3 - protective screen (coating); 4 - steel container; 5 - water-intensive

sand; 6 - electric current generator; 7 - voltmeter; 8 - milli-ammeter for measuring the force of the current flowing through
the concrete Is; 9 - milli-ammeter for measuring the force of the current flowing through the protective screen and ground
(not available in the model without protective screen).

In contrast to [9], a significant reduction of the current strength through the concrete by fitting a grounded
screen-covering is suggested as an efficiency indicator:

Ep =(|c0—|c)/|c0= 1 —Icllco (8)

where Ico — current strength through the concrete of a support model without a safety screen, MA; l.—current
strength through the concrete of a support model with a safety screen, MA.

Maximum protection with the highest efficiency equals E, = 1, without protection - £,=0.

As aresult of the research, graphs of the dependence of the protection efficiency E, on the part of the contact
area of the grounding electrode with the screen-coating X were created (Fig. 9). Figure 9 shows that the
efficiency of protection grows with increasing X up to 5% intensively, after 5% - continuously. Part of the
obtained graphs up to value X = 5% were approximated by second-order polynomials and by differentiation
more precisely the optimum values of X were found, after further increase of which no further increase of E; is
observed.
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FIGURE 9. Dependence of protection performance indicators Ep with grounded screens made of electroconductive
compositions based on Portland cement CEM and sodium silicate NS on the contact area of the steel grounding electrode
with the screen X.

For screen-coating with a Portland cement-based composition:

Y = —0.019X2 + 0.264X 9)
Y' = 2.0.019X — 0.264

0.038X —0.264 =0
X =6.95; Y = E, = 0.92

For a screen-coating composition based on sodium silicate:

Y = -0.016X2 + 0.19X + 0.03 (10)
Y' =2.0.016X- 0.19
0.032X - 0.19=0
X =5.94; Y= E, = 0.59

Therefore, for a grounded screen-coating with a composition based on Portland cement has an optimum
protective effect E,= 0.92 is achieved at a fraction of the contact area of the steel ground electrode with the
screen X = 6.9 %. For a grounded screen coating with a composition based on sodium silicate, an optimum
protective effect £, = 0.59 is achieved at a fraction of the contact area of the steel grounding electrode with the
screen X = 5.9 %.

ARRANGEMENTS FOR REPAIR AND PROTECTION OF CONCRETE SUPPORTS
OF PASSENGER PLATFORMS AND IMPROVEMENT OF THE STRUCTURAL
AND TECHNICAL SOLUTIONS FOR THEIR PROTECTION WITH A GROUNDED
COATING SCREEN

As a result of the research, a set of measures for repair and protection against electrical corrosion of concrete
supports of passenger platforms on the sections of railways, electrified by direct current (in places with a
positive potential on the rails) has been arranged. The approaches are selected depending on the condition of the
support (Tab. 1).
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TABLE 1. Measures for repair and protection of concrete supports of passenger platforms depending on their condition (in
places with a positive potential on rails).

Condition of the Support Measures for Repair and Protection
The stray current is critical, but there Protection shielding with 3-5 mm thickness from electroconductive
is still no damages silicate composition with graphene filler
Damages does not reduce load- Repair of surface and protection with 7-10 mm thick grounded screen
bearing capacity, but reduces coating with electroconductive composition based on Portland cement
durability with complex chemical additive and graphite filler
Damages reduce load-bearing

. Steel-concrete or metal injection jacke with diode grounding
capacity

Damages is critical and cause an
accident emergency

Replacement of the support with a new structure with 3-5 mm thick
earthed screen-coating made of electroconductive silicate
compositions with graphite filler

The structural and technological solution for the protection of concrete supports of passenger platforms with
a grounded screen-coating of electroconductive compositions has been developed. It enables to ensure an
optimum fraction of the contact area of the steel grounding electrode with the screen-coating X = 67 % (Fig. 10).
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FIGURE 10. Constructional and technological solution for the protection of the passenger platform support with a grounded
screen made from an electroconductive composition (a), (b): 1 - electrode - belt made from steel cord of 40-50 mm width,
3-5 mm thickness, fixed with anchors; 2 - steel conductor &10 mm.

CONCLUSION

1. As a result of theoretical investigations, it was found that on sections of railways electrified by direct
current, under the influence of a pulsating unidirectional electric potential, which occurs when the trains are
passing through, a stray current flow through the concrete supports of the passenger platforms and causes
electrical corrosion of the concrete. The current flow is carried by Na* and K* ions in the soil, by Ca?* and OH"
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ions in the concrete, and by e- electrons in the steel elements. The concrete structure of the support under the
influence of this potential leads to corrosion cracking and the formation of zones of neutralization and release of
concrete, where demolition takes place. These processes can be prevented by eliminating the electric current
through concrete support or by reducing its density.

2. As a result of experimental investigations of dependence of efficiency of grounded screen-coatings E,
from electroconductive compositions on the basis of mineral compositions from the frequency of contact of the
grounding electrode with the screen X is established, with the increase of X the efficiency of E, grows. For the
grounded screen made of Portland cement-based composition, the optimum protective effect E, = 0.92 is
achieved at a part of contact area of the steel grounding electrode with the screen X = 6.9 %. For a grounded
screen consisting of a composition based on sodium silicate, an optimum protective effect E, = 0.59 is achieved
if X=5.9 %.

3. Based on the results of the research, an order of measures for repair and protection of concrete supports of
passenger platforms depending on the degree of their damage has been established. The structural and
technological solution for the protection of concrete supports of passenger platforms by grounded screen-coating
from electroconductive compositions which allows providing an optimum part of the contact area of steel
electrode of grounding with screen-coating X = 6-7 % is developed.
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Abstract. As the capabilities of vehicles on the global market increase, their drivers, who are not professionals by
definition, have to deal with the physical limitations beyond which the vehicles can take them. One of the most
important aspects of this challenge is the transmission of power, whether for acceleration, braking or cornering, from
the wheels of the vehicle to the road surface. In this article is considered the definition of a program, which should
work in advance, with predictive accuracy, and to determine the coefficient of adhesion with the road surface in front
of the car. It should work with visual inputs, and will work with artificial intelligence to serve the determination.
Some constraints, system usability suggestions, as well as several architectures will be introduced, depending on the
application of the program. Results from a survey is also presented in which participants share the number of
different types of road pavements that come to their mind in stressful situations. Determining the requirements can
also be seen as the first part of creating the solution that will benefit the automotive industry in terms of driver
assistance and also the higher levels of autonomous driving programs.

INTRODUCTION

The main purpose of the system for determining the relative coefficient of adhesion between the tire and the
road surface is to provide an important input parameter to the autonomous driving system. This parameter is of
primary importance for determining the mode of movement of the vehicle.

During the long history of the automotive industry, this task has been performed only by the driver of the
vehicle. They, on the basis of their experience and visual capabilities, takes into account the type of the
pavement and predicts with not particularly high accuracy and in an indirect way the coefficient of adhesion
between the car tire and the road surface. Based on familiar surfaces and what appears in their mind in
milliseconds, they determine the speed of movement. It must be such that it does not put the vehicle in a state of
loss of control or traction.

During driving, the driver must take into account many constantly changing parameters of the surrounding
environment. This leads to deterioration of concentration, accuracy itself and accuracy of the judgements and
decisions. A misjudgment could lead to a poorly chosen mode of movement and determine a future accident. A
large amount of incidents occur long before the initial contact. Therefore, the presence of a system that
determines the relative coefficient of adhesion between the vehicle tire and the road surface can significantly
increase safety by providing information to the driver about the recommended maximum speed or be an
important factor in determining the driving mode of the autonomous system.

The system itself can be realized in these two variants: Standalone — which uses its own perceivers and input
data and Auxiliary — which is included in a part of an autonomous system and supplies only part of the
necessary information to determine the maximum speed of movement.

HIGH-LEVEL ARCHITECTURE

The high-level architecture shows the main components of the system as well as the logical blocks that must
process the information. The more complex concept is Standalone. Figure 1 shows the architecture of this
variant.
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FIGURE 1. System architecture of Standalone variant.

The system has two main sensors. The camera shall capture the ambient in front of the vehicle and shall
provide picture frames to the Object extraction algorithm. It will decompose the image and extract the road in
front of the vehicle as a separate object [1]. The shape of this object has to be sent to the Road surface
recognition algorithm which should compare it with the provided by p Database. The last consists of shape
images and measured values about their coefficient of adhesion at different temperatures.

Laser thermometer shall measure the temperature of the road surface in front of the vehicle. At higher speeds
the friction between vehicle tire and pavement has the tend to increase with increased temperature, but for low
speeds the tend is inverted [2]. This is the reason why surface temperature is important for determining the
vehicle speed mode. The sensor shall provide continuously information about the measured temperature in a raw
format of 0x00-OxFF which represents the temperature in °C with resolution of 0.5 °C. The minimum valid
value should represent -40°C and the maximum one - +87°C. Values 0x00 and OxFF are reserved for
inoperability and signal not available (SNA) statements. The signal should be sent internally together with a
timestamp. The last will be taken into account in the Input data synchronization mechanism. It has the main
purpose to synch the data of camera with this one from the laser thermometer and to provide it to the p
Determination algorithm.

The p Determination algorithm is the most complex part of the system and it is a topic of another further
study. It shall determine the coefficient of adhesion between vehicle tire and the road with approximate accuracy
based on the p Database data collection, tire pressure (the lower and the higher), vehicle initial speed (at the
moment of determination), recognized road surface type, measured road surface temperature and the
information from the non-volatile memory (NVM) for tire radius and type. The u Determination algorithm itself
uses artificial intelligence to be able to determine the coefficient of adhesion.

The NVM will be set via Unified diagnostic services (UDS). This, the TPMS information about tire
pressures, vehicle speed and Terminal 15 status will be provided by the AUTOSAR Integration layer. Figure 2
represents the architecture of AUTOSAR. Runtime Environment and Basic Software provide an abstraction
layer for the Application Software [3].
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UDS, Communication — CAN or Ethernet, Functional Safety (FuSa) and Security features will come
together with the latest version of the AUTOSAR architecture.
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FIGURE 3. System architecture of Auxiliary variant.
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As a result from the p Determination algorithm calculation, the maximum speed in km/h will be sent via the
interfaces as output signal in a raw format 0x000 — OxFFF with physical meaning of km/h and resolution 0.1
km/h. The range will be from 0.0 km/h to 409.4 km/h. OxFFF will be reserved for Signal not available (SNA)
statement.

The purpose of the standalone variant of the system is to provide calculated maximum speed for the road
surface and to provide the value to the vehicle network. From this point, the vehicle architecture can use it to
warning the driver via the instrument cluster for example to reduce the vehicle speed (or in another case to
advice driver to increase).

This is not the case for the Auxiliary variant. Figure 3 represents the architecture for the system in case it is
integrated in bigger autonomous driving system. Then most of the inputs will be considered outside the road
surface determination system [4].

The left side is almost the same as this, described in the Standalone variant. The difference in the
architecture is that the temperature is provided by the vehicle network and the thermometer is a part from
another system. The 1 Determination algorithm has different purpose. Here it is to provide the surface p and not
a velocity.

The result from the u Determination algorithm calculation will be sent via the interfaces as output signal in a
raw format 0x00 — OxFF with meaning of u and resolution 0.01 km/h. The range will be from p =0.00 to p =
1.00. OxFF will be reserved for Signal not available (SNA) statement and values from 0x65 to OXFE will be
reserved.

BASIC REQUIREMENTS

The number of recognized road surfaces: Matching the imaged road surface to the nearest recognized one
can be infinitely detailed. The more information and recorded and measured pavements there are, the more
accuracy can be injected into the system. However, it is of paramount importance that the system performs
better than the driver of the vehicle, whose sole responsibility at this moment is to determine the coefficient of
adhesion between the tire and the road surface.

In order to get an idea of the number of road surfaces that drivers recognize in practice, a study was
conducted for the article among 101 people, 56 men and 45 women. The responses were grouped by age and the
results are shown in Figs. 4 and 5. The study was done under the condition of no preparation of the participants
and listing the largest possible number of surfaces in the minimum time (about 1 minute). It was a requirement
that road surfaces be listed by traction perceptions.

Men

W 1825
25-35
35-45

a 45-60

FIGURE 4. Number of different types of road surfaces recognized by men.
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FIGURE 5. Number of different types of road surfaces recognized by women.

These are group averages of 100 people (55 men and 45 women). One of the participants was removed from
the statistics. This is Dimitar Iliev, the 8-time rally champion of Bulgaria. He, based on his huge experience with
racing cars on various surfaces, was able to list 29 different ones within 90 seconds.

That is why, taking into account the approximate number of a well-prepared driver and greatly increasing it,
the solution for the requirement for the number of recognized pavements is 254.

Range/Distance for detection: The distance in front of the vehicle at which the system must determine the
type of road surface must be determined by a trade-off between comfort and the vehicle's ability to reduce
speed.

The study considered the distance required to reduce speed for common speeds. Tables 1 and 2 show the
calculations for speed reduction from higher to lower in the table. The calculations were made based on the

2
formula for the distance at constant deceleration S = V,t + [5], where S is the distance to reduce the speed, Vo
is the initial speed, a is the acceleration (with (-) for deceleration) and t is the time for deceleration from Vo to V1.
Based on the human exposure and perception studies, exposed in the international standard 1SO 2631-1 [6] a
calculation with little uncomfortable feeling is performed with -1.6 m/s?,

at
2

TABLE 1. Distance in meters to reduce the speed from the higher

km/h) to lower

km/h), calculated with a = -1.6 m/s?.

180

170

160

150

140

130

120

110

100

90

80

70

60

50

40

180

0.0

84.4
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663.1

694.4
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742.7
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0.0
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405.1

455.7

501.5

542.5

578.7
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636.6

658.3

160

164.0

79.6

0.0

74.7

144.7

209.8

270.1

325.5

376.2

422.0

463.0

499.1

530.5

557.0

578.7

150

238.7

154.3

74.7

0.0

69.9

135.0

195.3

250.8

301.4

347.2

388.2

424.4

455.7

482.3

504.0

140

308.6

224.2

144.7

69.9

0.0

65.1

125.4

180.8

2315

277.3

318.3

354.5

385.8

412.3

434.0
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135.0

65.1

0.0
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166.4

212.2

253.2

289.4

320.7

347.2

368.9

120
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349.6
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195.3

125.4

60.3

0.0
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192.9

229.1

260.4

286.9

308.6
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325.5

250.8
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376.2
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0.0
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154.3

180.8

202.5
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347.2

277.3

212.2

151.9

96.5

45.8

0.0

41.0

77.2

108.5

135.0

156.7

80

626.9

5425

463.0
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318.3
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41.0

0.0

36.2

67.5

94.0

115.7

70
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229.1

173.6

123.0

77.2

36.2

0.0

31.3

57.9

79.6

60

694.4

610.1

530.5

455.7

385.8

320.7

260.4

205.0

154.3

108.5

67.5

31.3

0.0

26.5

48.2

50

721.0

636.6

557.0

482.3

412.3

347.2

286.9

2315

180.8

135.0

94.0

57.9

26.5

0.0

21.7

40

742.7

658.3

578.7

504.0

434.0

368.9

308.6

253.2

202.5

156.7

115.7

79.6

48.2

21.7

0.0

Also a calculation with more intensive braking is performed — with -2.5 m/s?.
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TABLE 2. Distance in meters to reduce the speed from the higher (km/h) to lower (km/h), calculated with a = -2.5 m/s?.

180| 170| 160| 150| 140| 130| 120| 110| 100 90 80 70 60 50 40

180 00| 540 104.9| 152.8| 197.5| 239.2 | 277.8 | 313.3 | 345.7 | 375.0| 401.2 | 424.4 | 444.4| 4614 | 475.3
170| 54.0 00| 509| 98.8| 143.5| 185.2| 223.8| 259.3 | 291.7 | 321.0| 347.2| 370.4 | 390.4 | 407.4| 421.3
160 | 104.9| 50.9 00| 478 92.6| 1343 | 172.8| 208.3 | 240.7 | 270.1 | 296.3 | 319.4 | 339.5 | 356.5| 370.4
150| 152.8| 98.8| 47.8 00| 448| 86.4| 125.0| 160.5| 192.9 | 222.2 | 248.5| 271.6 | 291.7 | 308.6 | 322.5
140] 197.5| 1435| 92.6| 44.8 00| 417| 80.2| 115.7| 148.1| 177.5| 203.7 | 226.9 | 246.9 | 263.9 | 277.8
130| 239.2 | 1852 | 1343 | 86.4| 41.7 00| 386 74.1| 106.5| 135.8| 162.0 | 185.2 | 205.2 | 222.2 | 236.1
120 | 277.8| 223.8| 172.8| 125.0| 80.2| 38.6 00| 355| 679| 97.2| 1235]| 146.6| 166.7 | 183.6 | 197.5
110| 313.3| 259.3 | 208.3 | 160.5| 115.7| 74.1| 355 00| 324 61.7| 88.0| 111.1| 131.2| 148.1| 162.0
100 | 345.7 | 291.7 | 240.7 | 192.9| 148.1| 106.5| 679| 324 00| 293| 556 78.7| 98.8| 115.7| 129.6
90| 375.0| 321.0| 270.1 | 222.2| 177.5]| 135.8| 97.2| 61.7| 293 00| 262| 494| 694| 86.4| 100.3

80| 401.2| 347.2| 296.3 | 248.,5| 203.7| 162.0| 123.5| 88.0| 556| 26.2 00| 231| 432 602| 741

70| 4244 3704 | 319.4| 271.6 | 226.9| 185.2| 146.6| 111.1| 78.7| 494| 231 00| 201| 37.0] 509

60| 444.4| 390.4 | 339.5| 291.7 | 246.9| 205.2| 166.7| 131.2| 98.8| 69.4| 43.2| 20.1 00| 17.0| 309

50| 461.4| 407.4| 356.5| 308.6 | 263.9| 222.2| 183.6| 148.1| 1157| 86.4| 60.2| 37.0| 17.0 00| 139

40 [ 475.3| 421.3| 3704 | 3225| 277.8| 236.1| 197.5]| 162.0| 129.6| 100.3| 74.1| 50.9]| 309| 13.9 0.0

Considered speeds are not higher than 30 km/h, even 40 km/h, because of the study for injuries and accident
consequences [7] around 30 km/h — there is a possibility for easy ensuring of the movement.

Based on the calculations a range of 150 to 250 meters is sufficient for credible determination with very
small discomfort generation.

Resolution of the camera: Nowadays devices produce high resolutions. Based on the study for Determination
of minimum pixel resolution [8], the minimum resolution should be around 300x150 pixels. The technologies
grew up and these days we can choose as a minimum required resolution 2096x900 pixels.

Update process: i Determination algorithm should have implemented by design an updating mechanism.
The artificial intelligence should be continuously improved.

CONCLUSION

The system for determination of the relative coefficient of adhesion between the tire and the road surface
should have camera range of 150-250 meters and resolution of at least 2096x900 pixels. It shall recognize 254
different pavements and surfaces. It should have a laser thermometer with the range of 150-250 meters (same as
the camera). The system shall be integrated in an environment with AUTOSAR integration layer and
communicators for CAN or Ethernet and to provide Unified Diagnostic Services. Trained neuron networks can
be included as a module in the main algorithm for determination of the coefficient of adhesion. It can be
continuously updated with specifying more shapes and temperatures as a result of deeper measurement
campaigns. The system should be integrated as a standalone feature and also as auxiliary sub-system of the
bigger automation system.
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AHAJIN3 HA M3NUTATEHU IIMKJIM 32 IBUKEHHE HA
ABTOMOOWJIM B M3BBHIPAJICKU, TPAJACKH U CEJICKH YCJIOBUS
Ha JIBUKCHHE

flopz[aH JlepMeHKUNCKA

Daxyrmem no mpancnopma, Texnuuecku ynueepcumem — Coghusi,
oyn. ,, Knumenm Oxpuocku“ 8, Cogusa 1756, bvreapus

y.dermendzhiyski@tu-sofia.com

Pe3tome. B HacTosimara myOauKamys ca aHATM3HPAHU [MKIN Ha JBIDKCHHUE 3a M3MIUTBAaHE HAa IPEBO3HM CPE/CTBA B
Pa3IHYHU yCIOBUS Ha ABHKeHHe. CpaBHUTENHHUAT aHAIN3 U3THKBA NPEANMCTBATA H HEAOCTATHIUTE Bb3 OCHOBA Ha
nHpopmarmATa B HaM4HATa auTeparypa. [IpocnensBar ce mpoMeHHTE B MapaMeTPUTE Ha M3MOI3BAHUTE IUKIH OT
CaMOTO UM CBb3[aBaHE 10 ChBPEMEHHHUTE UM BEPCHM U CE€ AHAIU3UPAT NPUUYMHUTE, BOJACILU 1O TE3U IPOMEHH.
CKOpOCTHOTO HaBJIM3aHE Ha eJEKTPOMOOWMINTE Hanara IpOMsHA WIH Ch3/laBaHEe Ha HOB LIMKBJ HA JABMKCHHUE, 33 Ja
MOXe Ja ce JaJie OLleHKa 3a Ipodera U eHepruiiHaTa HKOHOMHYHOCT B TPAJICKH, CEJICKHU MM U3BBHIPAICKH PEXUMHI
Ha JIBIDKCHHUE.

BbBEJIEHHUE

Iopann mapactBamoTto otnensae Ha CO, emucuu B atMmocdeparta, EBponeiickuar Cpro3 mpennpruemMa HOBa
CTBIIKa B 00JIaCTTa Ha aBTOMOOWIIHUS TPAHCIIOPT, KATO OMPEAEN MHOTO MO-CTPOTH IIETH 32 EMUCHUTE OT JIEKH
1 JIEKOTOBAapPHU aBTOMOOWIIN M HAaChp4aBa M3II0JI3BAHETO HA IPEBO3HM CPEICTBA C AJITCPHATUBHN M3TOUYHHIN Ha
eneprust. [lapmxkorto criopazymenue [1] mocrass sicHa 1iel, 1a ce OrpaHUYH OKayBaHETO Ha TeMIlepaTypara 0
mo-Manko ot 2 °C u ;a ce IMmoyokaT 3HAYMTENHH ycuius 3a B Opjaemie na ce orpanmum mo 1.5 °C. 3a nma ce
MIOCTUTHAT LenuTe Ha [IapmKKOTO criopasyMeHHe € HEeOoOXOJMMO Jla Ce YCKOpH NpeoOpa3yBaHETO Ha LEeIHs
TPAHCIOPTEH CEKTOp J0 HyJeBH eMucuu. llle e HyHO eMHCHUTE OT IPEBO3HUTE CPECTBA Ja OBAaT HAMAJICHU
nomeiaHUTENHO cnen 2020 r. IIpeBo3HMTE cpeacTBa ¢ HYJIEBHM M HUCKH €MHCHH TpAOBa Ja HaBisA3aT U Ja
noBnusAT Ha masapHuUs 151 10 2030 1. Crnex 2030 r. me 6b1¢ HeoOXxoauMo HamansiBaHe Ha emucuute oT CO2 oT
JIeKd MHTHUYCCKH aBTOMOOWJIM © OT JiekotoBapHu aBromobumu [2]. Tlonacrosiiiem aBTOMOOMIHATA
WHIyCTPUSITa WHBECTHpA 3HAYMTENHHU CPEJICTBA 32 MOAOOPSIBaHETO Ha MAPHUKOBUSI €(EKT OT aBTOMOOHIIMTE.
[IpeMuHaBaHETO Mpe3 MOCIEAHUTE TOAUHN OT KOHBEHI[MOHATHI aBTOMOOMIIN C JIBUTATENIN C BHTPELIHO FOpPEeHe
KBbM XHOPHIHU aBTOMOOMIIN € JOCTA 3HAUUTEIIHO 1 € KPayKa KbM CKOKa Ha YOBEYECTBOTO KbM €IEKTPUIECKUTE
aBToMoOmIn. OCBEH TOBa ITBTHUTE YCIIOBHS, OCOOCHO B TOJEMHUTE TPaJOBE HENPEKbCHATO CE IPOMEHAT B
pesyJiITar oT HO-TOJSIMOTO HacHIlaHe Ha Tpaduka M CBbP3aHHUTE C TOBA M3MEHEHHUS B IIbTHATAa HH(pacTpyKTypa.
IMopagu Te3w NMPUYMHHU peauna CTPaHH HAJIAaraT M3MEHEHHE Ha ChIECTBYBAIIM IMKIHM Ha JIBI)KCHHE, LENSIIN
TAXHOTO mojio0penne. Karo Hali-3Ha4nM NpUHOC B Ta3W HAacOKa Moxe Jia ce otoenexxn npuerara or MKE kbm
OOH 3awmsHa Ha ceiiecTByBamus kb Ha aewkenne NEDC (New European Driving Cycle) kbM HoBa
xapmonmsupana mporexypa WLTP (Worldwide Harmonized Light-Duty Vehicles Test Procedure) B kosito ca
BBBEICHH TECTOBH M3WCKBAHUS 332 XHOPHIHH W EIEKTPUIECKH aBTOMOOWIM oT Havamoto Ha 2018 r. [3, 4].
Huxkbeasr WLTP oTuuTa NO-peajuMcTUYHO CBBPEMEHHMTE YCIOBHS Ha JABWKEHHE C I0O-UHTEH3UBHU
YCKOpsIBaHMSI M CIMPAHUS U I0-BUCOKM CTOMHOCTM Ha cCpelHaTa M MakcumanHara ckopoct. WLTP ce
XapakTepu3upa C MO-TOJsIMa MPOABDKUTETHOCT HA IIMKBIA U CHOTBETHO MO-TOJSIMO M3MHHATO Pa3CTOSHUE OT
W3MHUTBAHOTO ITPEBO3HO CPEACTBO.

B cratus [5] e orGemszano, ye mpu WLTP umkbna W3MCKBaHUATA M JOMYCTUMUTE OTKJIOHCHHUS IO
OTHOIIEHHE Ha MPOLEypHUTE 3a ONpeeIsIHE Ha ITBTHUTE CHIIPOTUBIIEHHS ca MO CTPOTU M MOAOOpEHH CHpsiMO
u3nUTaTeIHUTE Tpoueaypu no uukbia NEDC. HU3BbpiueHusT aHanu3 B [5] oTBbpikAaBa, 4e Mo OTHOILICHUE Ha
emucunte Ha CO2 u paszxoxna Ha ropuBo, WLTP Bonu no no-no6pu pesynraru B cpasHenne ¢ NEDC. Hskon
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M3YHCICHUS W W3UCKkBaHuWs Ha npouenypara mo NEDC, kouto ca Owim mareMaTHYecKd M (PU3HYCCKH
HETPABWIHU U TO-MAaJKO CTPOTH, ca OWIIM MPOMCHEHU W/WIM HAMPAaBEHU MO-CTPOTH U € OCTABCHO IMO-MAJIKO
MSCTO 3a morpenrHn wHTepnperamud. [Ipomenypara WLTP ocBeH Ha AMHAMOMETPWUYEH CTCHI MOXE Ja ce
NpuJiara B peajHd MbTHU YCJOBHs, KaTO C€ M3MOJI3Ba CHEHHUAHO 00Opy/BaHe 32 M3MEpBaHEe HA EMHUCHHTE W
pasxona Ha ropuBo [4, 6]. B pemuiia m3cieaBaHus BMECTO CTaHIAPTHH W3MHTATEIHH IUKIN CE pealu3upar
LUK B PEaIHU IbTHU YCJIOBHS 32 ONPEIeNIeHH MapIlpyTH, KATO MO TO3U HAYUH € Bh3MOXKHO OIPEACIISHETO Ha
pasxojia Ha TOPUBO M EMHCHHTE C TOJISIMAa TOYHOCT 32 ChOTBETHHS MapUIPYT U IPH pa3jinvyHa UHTCH3MBHOCT Ha
Tpaduka [7, 8]. HemoctaThk Ha TakMBa W3MHUTATEIHH IMKIA € 9€ HE MOTAT [a CE H3IOJI3BaT 3a THIIOBO
0/100psIBaHE M CPaBHEHHE HA EMUCHUTE M Pa3X0ja Ha TOPUBO Thi KAaTO Cca CTPOT0 MHIWBUIYATHU 33 ONpPEACICH
MapIIpyT.

Ienta Ha HacTOsIIaTa MyOJMKAIUS € 1a CC aHAIM3MPAT M3MUTATCITHUTE MK Ha JBHKCHHUC HA ITHTHHUTE
MPEBO3HU CPEJCTBA BBH3 OCHOBAa Ha WH(OpMANUATA OT HAJMYHATA JIMTEPaTypa, KakTo W Jla Ce MPOCIEIAT
MIPOMCHHTE B MapaMETPUTE Ha W3MOJI3BAHUTE IMKIU OT CAMOTO UM Ch3JaBaHE N0 ChBPEMCHHUTE UM BEPCHU H
Jla Ce aHAIM3HUPAT MPUIHMHUTE, BOJACIIN J0 Te3H IPOMCHHU.

EBPOIIEVICKHY ITUKJIA HA IBUKEHUE

NEDC (New European Driving Cycle) HoB eBponeiickn IMKBJI HA IBH:KEHUE

TecTOBHUAT IUKBI € CHBKYIMHOCT OT YETHPH MOBTAPSIIHU ce Tpajacku nukbia Ha asmkeHne (ECE-15) u enqun
m3BpHTpancku nukea Ha apmwkenne (EUDC). TectoBaTta mponenypa e omrcana noapoOHo B mpasmwio R101 [3,
9] ma UKE xsMm OOH 3a m3mepBane Ha CO2 eMuCHHTE U pa3Xxoja Ha TOPUBO W/WIIK 32 M3MEpBaHe Ha pa3xoja Ha
SJICKTPUUECKA CHEPTHUs U MPOOeT MpH eNEKTPUUSCKH WM XHOPUAHU aBTOMOOWIH OT Kareropus M1 u N1. Ot
2000 r. e BbBEIEH HOBUAT €BPONEMCKU LUKBI Ha JBIKEHHUE, KaTo TOM crapthpa oT 0 s. U ce u3MepBaT
€MHCHUTE IIPU CTYACH ABHUIaTel.

IIpoyeoypa no usnumeane

I'paocku yurxvn na wogupane. JIpurarensar ctaptupa u 11 S, paboTu Ha MsICTO, 6 S Ha HEyTpaJIHA CKOPOCT C
BKIIFOYCH CHhEIUHUTEN U 5 S Ha 1-Ba mpeaaBka (C M3KIIOYCH ChEIUHHUTEN) — CJIe] TOBa OAaBHO ycKopsBa a0 15
km/h, 4 s nBKeHHE C TIOCTOSIHHA CKOPOCT 32 8 S M crupaHe 3a 5 S (MOCIeAHUTE 3 S ¢ U3KIIOUYEH ChETUHUTEN),
cren ToBa crmpa 3a 21 S (16 S Ha HeyTpanHa mpeaaBka, cieq ToBa 5 S Ha 1-Ba mpemaBka). Ilpu 49 S
aBTOMOOMIIBT 6aBHO yckopsiBa 0 32 km/h 3a 12 s (5 s na 1-Ba npeaaBka, 2 S CMsiHA Ha Tpe/IaBKa, CJIe TOBa 5 S
Ha 2-pa TpelnaBKa), YCTAaHOBEHO JABIDKCHHE 3a 24 s cliel KoeTo 0aBHO HaMalliBaHE Ha CKOPOCTTAa JIO ITHITHO
cnupane 3a 11 S (mocnemuute 3 S ca ¢ U3KIIOYEH CheIMHUTEN), Clie] ToBa nay3a 3a oute 21 S (16 S Ha HeyTpaiHa
u 5 s Ha 1-Ba npenaska). [Ipu 117 S aBToM0oOMIsT 6aBHO yckopsiBa 10 50 km/h3a26s (55,9 S, u 8 S Ha 1-Ba, 2-
pa u 3-Ta mpedaBKa, C JONBIHUTENHM 2X2 S 3a CMsSHA Ha IpelaBKUTE. YCTAaHOBEHO ABWXKEHHE 3a 12 S,
3aKbCHUTENHO JaBmwkeHue 10 35 km/h 3a 8 s, ycraHoBeno apmwxenue 3a 13 S, HamassiBaHE Ha CKOPOCTTA JI0
IIBJIHO criupane 3a 12 s (2 s cMsHa KbM 2-pa IpeAaBKa, 7 s Ha 2-pa NpelaBKa, HOCIEAHUTE 3 s C M3KIIOUEH
creauanTeN). [UKbIbT 3aBbpiiBa mpu 195 s cinen TeopeTudHo pasctosaue ot 994.03 merpa, cien KoeTo ce
MOBTaps YETUPH TOCieoBaTeTH! mbTH. O0mara npoabmkuTeHOCT € 780 s (13 MUHYTH) Ha TEOPETHYHOTO
pascrosiaue ot 3976.1 metpa c¢be cpenna ckopoct 18.35 km/h.

Hsevuepadcku yukva na wogupane. Cnen cnupane ot 20 s (ako € 000pyiBaH ¢ pbuHA CKOPOCTHA KYTHUs, HA
1-Ba nipeaBKa ¢ M3KIIIOUYCH CheAMHUTEN — O0aBHO yckopenue 10 70 km/h3a41s(5s,9s, 8 su 13 s Ha 1-Ba, 2-
pa, 3-Ta u 4-Ta IpeNaBKU C TOMBIHATEIHH 3X2 S 32 CMsSHA Ha MPENaBKUTE), YCTAaHOBEHO ABWXeHHUe 3a 50 s (Ha
5-Ta mpemaBka) HamainsBa ckopoctra 10 50 km/h 3a 8 s (cmsHa OT 4-Ta Ha 5-Ta IpegaBKa) U ce ABHXKH 3a 69 s,
cien koeto 0aBHO yckopsiBa 1o 70 km/h 3a 13 s. IIpu 201 s aBToMoOMITBT ce aBmxu ¢be 70 km/h 3a 50 s (Ha 5-
Ta TpeaaBka), cuen koeto 6aBHO yckopsBa 1o 100 km/h 3a 35 s u ce apmxu 3a 30 s (5-Ta u 6-Ta npenaska). [Ipu
316 s aBTomMoOmITBT O0aBHO yckopsiBa A0 120 km/h 3a 20 s, ycranoBeHO nBrkeHue 3a 10 s, ciieq KoeTo ciensa
OaBHO criupane 3a 34 s (cMsiHa OT 6-Ta Ha 5-Ta mpeaaBka, nocaeanute 10 s ¢ U3KITIOYEH CheTUHUTEN), paboTa Ha
mpaseH xof 3a 20 s. O6maTta npoasmkutenHocT € 400 s (6 munyTH 1 40 ceKyHIN), a TEOpETHIHATA AUCTaHIIHS
e 3956 meTpa, cbe cpeaHa ckopocT 62.6 km/h.
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Common Artemis Driving Cycles (CADC)

[uxmute Ha namwkenne Ha Artemis (CADC) ca mpoueaypu Ha IMHAMOMETPUYEH CTEHJ| pa3paboTeHH B
paMkuTe Ha eBponeiickute npoektd Artemis (OneHka 1 HaIe)KTHOCT Ha MOJCIIUTE Ha TPAHCIIOPTHUTE EMHUCHH H
CHCTEMHTE 3a WHBEHTapH3alms) (OpPMHUpaHH Ha CTATHCTHYSCKH aHAM3 Ha roisMma 0asza OT HaHHU OT
eBpoIeiickuTe MoJein Ha modupane. LlMKInTe BKIIOYBAT TPU PEXUMA Ha JBHKCHUE — CEJICKH, TPAJICKH H
U3BBH I'PaJICKH PEKUM Ha JBIKeHHe. KaTo 0cobeHOCT MoKe 1a ce 0TOeNeXH, e IPpU U3BBHIPAICKHUS PEXKUM Ha
JIBIDKCHUE UMa JIBe MakcuMaiHu ckopocti — ripu 130 km/h u 150 km/h [10, 11].
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TABJIMLA 1. XapakTepuCTHKH Ha IIMKIMTE HA JIBHKeHHE Artemis.

XapaKkTepuCcTHKA rpaacko u3BbHIpajacko Marucrpaia 130 km/h  marucrpama 150 km/h
[poabmxuTeTHOCT, S 993 1082 1068 1068
Pascrosinue, km 4,874 17.275 28.737 29.547
Cpenna ckopoct, km/h 17.7 57.5 96.9 99.6
Maxkcumainta ckopoct, km/h 57.3 1111 131.4 150.4
Pasnpesenenue Ha ckopocrra, %
- mpasen xoz (S = 0 km/h) 21 2 1 1
- Hucka ckopoct (0 < S < 50) 77 32 15 14
- cpeana ckopoct (50 <S<90) 2 59 14 14
- BrCOKa ckopoct (S > 90) 0 7 70 71

ADAC Highway Cycle (BAB 130)

Ha npaxTrka TO3M HHKBI € MarucTpajieH IUKbBJI pealu3upaH Ha JTUHAMOMETPUYEH CTEHJ pa3paboTeH OT
ADAC (Allgemeiner Deutscher Automobil-Club e.V.) [12, 13]. U3nutaTeaHusT HUKBI BKJIIOYBA H3MEPBaHE
4pe3 U3MHUTATEICH CTeH ] Ha TOKCHYHH BelecTBa kato BeraepojeH okcup (CO), BpriieBogopoau (HC), azotHu
okcunu (NOx), maca Ha mpaxosure dactui (PM), Opoit Ha npaxosure yactunute (PN) m mapHuUKOBHA ra3
BoriteposeH auokcu (CO»). OnpeneneHu ca peuiia U3UCKBaHUs, TaKa Ye MPHU MPOBEKAaHEe HA U3IMUTBAHETO 110
npoteaypara jia ObJar MoJIy4YeHH Bb3MOXHO HAM-TOYHHU PEe3yIITaTu.
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®UT'YPA 5. ADAC Highway Cycle (BAB 130) — uykbi Ha IBHKEHHE.
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ECE 15 + EUDC

Huksrer ECE 15 + EUDC e m3nuraTeneH OUKBI ch3faneH ome mnpe3 1970 r. 3a m3NUTBaHE Ha JIEKH
NIPEBO3HU CPEICTBA. B mocnencTBre mpeMuHaBa Ipe3 peAulia IMPOMEHH U clell OCHOBaBaHe Ha EBpomeiickus
cpio3 e onucad B jupektuBa 91/411/EEC. LlukbabT ce mpoBekaa H3MSUI0 HA JUHAMOMETPHYEH CTEHI H
BKJIIOYBA YETUPH cerMeHTa Ha u3nuTBaHe. CermeHT 1 nmoBrapsm ce 6e3 npexkbeBane ECE (nBukeHue B rpajcku
yCIOBUSI) € cerMeHT ¢ MakcumaiHa ckopocT or 50 km/h (dwur. 6). Ce3ganen e taka, 4e Ja npechsiaBa
yCIOBUATA HA TIPAFCKOTO IBIDKEHHE B TOJEMUTE €BpONeHcKu rpanoBe, Hanpumep B Ilapmwx wnmu Pum.
XapaxTepHsupa ce ¢ HUCKa CKOPOCT Ha aBTOMOOMIIa, HUCKO HAaTOBapBaHE Ha JBUraTels U HHCKa TEMIIepaTypa
Ha oTpaboTuiute rasose. CienBauuar cermedt (Pur. 7) e n3BbHrpajacku nukba Ha amwkeHne EUDC (Extra
Urban Driving Cycle). JIoGaBeH e ciex 4eTBbpTHs IUKET Ha nemxeHne Ha ECE, 3a 1a orueTe mo-arpecuBHATE
PEXUMH Ha JIBIKEHHE C BHCOKa cKopocT. MakcumanHaTa ckopoct Ha EUDC e 120 km/h. Crpio Taka Moxe na

ce M3II0NI3BA U 3a TIPEBO3HU CPEICTBA ¢ MajKa MOIIHOCT, KaTO M3MHUTaTeIHaTa MakcuMaiHa ckopocT € 90 km/h
(Pur. 8) [14, 15].
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TABJINIIA 2. XapakTepucTiku Ha mukimte Ha apmkenne ECE 15 + EUDC.

XapaKTepucTHKH Enununna ECE 15 EUDC NEDC!
PascrosiHue km 0.9941 6.9549 10.9314
OO61m10 Bpeme S 195 400 1180
IIpa3zen xox S 57 39 267
Cpenna ckopocT (BKITIOYMTEITHO TIOUYHBKHUTE) km/h 18.35 62.59 33.35
CpezHa ckopocT Ha JBIKeHue (6e3 km/h 25.93 69.36 43.10
MOYHUBKHTE)
MakcumaiHa CKOpOCT km/h 50 120 120
CpemHo ycKopeHHe m/s? 0.599 0.354 0.506
MakcumaiaHo yCKOpeHHe m/s? 1.042 0.833 1.042

! Yerupu nosropenus na ECE 15, nocneasanu ot enun EUDC.

WLTP (Worldwide Harmonized Light Vehicles Test Procedure) — cBeroBna
XapMOHM3MPpaHa nmpoueaypa 3a u3aliiTBaHe Ha JICKHU IIPEBO3HHU CPEACTBA

IToBeueTo MPOM3BOAUTENM HAa NPEBO3HU CPEACTBA IPOM3BEXKIAT CBOMTE NMPOIYKTU 3a CBETOBHHUSA Maszap.
ITopaau ronsaMa aAMHUHUCTpaTHBHA paboTa, 1a ce Ch3AajAe BbB BCEKH PETHOH OT/ENIHA MPOoLEAypa 3a U3IMUTBaHE
Ha TPAHCIOPTHHU CPEJCTBA, CIEIOBATEIHO IIPOU3BOIUTEINTE HAa IPEBO3HU CPEJICTBA Ca CHIIHO 3aMHTEPECOBAHU
KBbM XapMOHU3HMpaHe Ha MpOLEIyPUTE 3a U3IIUTBAHE HA EMUCHUU M M3MCKBaHMS 3a e()eKTHBHOCT. B pesyirar Ha
TOBa 3aMHTEPECOBAHUTE CTPAaHM ca 3almo4yHaiu padora 1o rIobasHa TeXHHYECKa HH(POPMAIHs OTHOCHO
XapMOHM3UPAHUTE B CBETOBEH Mamlad MpoLEeAypH 3a M3MUTBAHE Ha JIEKHW IpeBo3HM cpeactBa (WLTP).
[Tpouexypure 3a 3MUTBaHE HA JEKH NIPEBO3HM CPEACTBA TPsiOBa Aa OTpa3siBaT PEaHH YCJIOBHS Ha IodupaHe.
3a chKalleHHe, TO3HM ACHEKT Hajlara HIKOW OIPaHWYEHUs BBPXY HEOOXOAMMOTO HHBO Ha XapMOHH3ALMS, ThU
KaTo HampuUMep TeMIlepaTypaTa Ha OKOJIHaTa CpeAa Bapupa 3HAYMTETHO B TIiobaneH mamad. WLTP e
TIpeJCTaBeH 3a MHPBH BT Ipe3 roHK 2009 r. kato BrmouBa TpHu dazm: Paza 1 (2009 — 2014 r.) xpurepuu 3a
mMepBane Ha CO, emucum, pa3xon Ha ropuBo u eHeprus; Paza 2 (2014 — 2018 r.) mpomenypa 3a H3MHUTBAHE
IpU HHCKA TEMIepaTypa/rojisMa HaJMOpPCKa BHCOYHMHA, IBITOTPAHHOCT, CHOTBETCTBHE B EKCILIOATALMS,
TEXHUYECKH M3UCKBaHUS 3a OoproBa nuarHoctuka (OBD), enepruiiHa e(heKTHBHOCT Ha MOOMIHA KIMMAaTHYHA
cucrema (MAC), emucuu U3BbH LUKBJ/peanHo apmwkenue; ®aza 3 (2018 r. mo aHec) mpenenHu CTOWHOCTH Ha
eMHCHUTE U TpaHW4YHH cToiHocTH Ha (OBD), ompenensHe Ha e€TaJOHHU TOpPHBA, CPABHEHHE C PErHMOHAIHHUTE
nm3uckBanus [15]. Ilponenypure WLTP BxmouBar HAKONKO nuKbiIa Ha mi3nutBaHe WLTC, mpumoxumu 3a
MIPEBO3HU CPE/ACTBA C Pa3lInYHO CHOTHOIIEHHWE MOIIHOCT KbM Maca. [lapaMeTbpbT MOIIHOCT KBbM Maca ce
orpe/ensi KaTo ChOTHOIIEHUETO HOMUHAHA MOIIIHOCT KbM cOOCTBeHaTa (3apeneHa) maca (W)/meos. [16].

TABJIMIA 3. WLTC u3nuraTe/Hu [UKIIN.

Kareropuss PMR, W/kg Vmax, Km/h CxopocTHa (a30Ba Moc1e10BATETHOCT

Kiac 3b PMR > 34 Vmax > 120 Hucka 3 + cpenna 3-2 + Bucoka 3-2 + MHOTO BHCOKa 3
Knac 3a Vmax < 120 Hucka 3 + cpenna 3-1 + Bucoka 3-1 + MHOTO BHCOKA 3
Kiac 2 34>PMR >22 - HHCKa 2 + cpefiHa 2 + BHCOKa 2 + MHOTO BHCOKa 2
Kiac 1 PMR <22 - Hucka 1 + cpenna 1 + Hucka 1

C Haii-BHMCOKO CHOTHOIIIEHHE MOIIHOCT/Maca € kiac 3. [IpeBo3HHTE cpecTBa OT Kilac 3 ca pa3jielieHu Ha JiBa
MOJIKJIaca CTIOPE TAXHATa MaKCHUMalTHa CKOPOCT: KIac 3a ¢ Vmax < 120 km/h u ximac 3b ¢ vimax > 120 km/h.

68



Sozopol, 10-13 September 2022 BulTrans-2022 Conference Proceedings

TABJINIA 4. WLTP nuxsn 3 knac: u30paHu napaMeTpH.

®a3a Hpoabmku  Ilpoabaxu-  Pascrosinue  IlpouentHnm V- V- V- a_min  a_max
TEJHOCT TEJHOCT Ha CIHUpaHus max  cpeaHo 6e3  CpeaHO CbC
cnupaHe CHHPAHUsl  CNIHPAHHUSA
s s m km/h  km/h km/h m/s? m/s?

Kaac 3b (Vmax > 120 km/h)

HUCKa 589 156 3095 26.5% 56.5 25.7 18.9 -1.47 1.47
3
cpenna 433 48 4756 11.1% 76.6 445 395 -1.49 1.57
3-2
Bucoka 455 31 7162 6.8% 974 608 56.7 -1.49 1.58
3-2
MHoro 323 7 8254 2.2% 131. 94.0 92.0 -1.21 1.03
BHCOKa 3
3
obmo 1800 242 23266
Kaac 3a (Vmax < 120 km/h)
Hucka 589 156 3095 26.5% 56.5 25.7 18.9 -1.47 1.47
3
cpenna 433 48 4721 11.1% 76.6 441 39.3 -1.47 1.28
3-1
pucoka 455 31 7124 6.8% 97.4 60.5 56.4 -1.49 1.58
3-1
mHoro 323 7 8254 2.2% 131. 94.0 92.0 -1.21 1.03
BHCOKa 3
3
obmo 1800 242 23194
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DUT'YPA 9. WLTC 1ukbia 3a IpeBO3HU CPEACTBa OT Kitac 30.

Knac 2 e mpeacraBuTesNeH 3a MPEBO3HM CPEACTBA C HUCKA MOIIHOCT. M30paHuTe mapaMeTpy Ha IHUKBIA OT
kiac 2 ca npejacraBeHu B Tabnuia 5, a ckopocTTa Ha MPEBO3HOTO CPEACTBO € mokazana Ha dwur. 10.
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TABJIMLA 5. WLTP 1nuksn 2 kiiac: n30paHu mapaMeTpH.

da3za Hpoabm- IIpoabixku Pascrosinue [pouenTHHn V- V- V- a_min a_max
TEJIHOCT TEJIHOCT CIMPAHUST max cpeaHo 6e3  CpeaHO ChC
Ha CIIMpPaHusl  CHHPAHMSA
cnupaHe
S S m km/h km/h km/h m/s? m/s?
HHCKa 589 155 3101 26.3% 514 25.7 19.4 -0.94 0.90
2
cpenHa 433 48 4737 11.1% 74.7 44.3 394 -0.93 0.96
2
BHCOKa 455 30 6792 6.6% 85.2 57.5 53.7 -1.11 0.85
2
MHoro 323 7 8019 2.2% 123.1 91.4 89.4 -1.03 0.65
BHCOKa
2
0010 1800 240 22649
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DOUT'YPA 10. WLTC uukss 3a MpeBO3HH CPEACTBA OT Kitac 2.

C Haii-HHUCKO CHOTHOIIICHHE MOIIHOCT/Maca ¢ kiac 1. ['padukara u Tabiuiara ca moKa3aHu 1Mo-I0Iy.

TABJIMUA 6. WLTP 1uksn 1 kiiac: u30paHu mapaMeTpH.

®aza  Ipoabiaxn- Hpoabixn- Pascrosinne IlpouenTHn V - V- V - a_min a_max
TEJHOCT TEJHOCT HA cnupaHusi ~ MaxX  cpeaHo cpeaHo
crnupane 0e3 cbC
CHHMPAHUsl CIUPAHHS

s S m km/h km/h km/h m/s? m/s?
HHCKa 589 154 3330 26.1% 49.1 27.6 204 -1.00 0.76
1
cpenHa 433 48 4767 11.1% 64.4 446 39.6 -0.53 0.63
1
BUCOKa 589 154 3330 26.1% 49.1 27.6 204 -1.00 0.76
1
001110 1611 356 11428
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OUI'YPA 11. WLTC nuksbi 3a IpeBO3HU CPEACTBa OT Kiac 1.
AMEPUKAHCKH HUKJIX HA IBUKEHHUE
FTP-72 (Federal Test Procedure) — ®exepaJina TecToBa nmpoieaypa

Hukbabr FTP-72 ce napuua ome I'paduk 3a modupane ¢ rpaacku guaamomerbp (UDDS). HukbabT
cuMyIipa rpajacku Mapmpyt ot 7.5 munu (12.07 km/h) ¢ yectn ciupanus. MakcuManHata ckopoct € 56.7 mph
(91.25 km/h), a cpennata ckopoct ¢ 19.6 mph (31.5 km/h).
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®UT'YPA 12. I'paduka 3a ynpasineHnue Ha rpajackus auaamomersp Ha EPA na CAIL (FTP-72).

HukwrsT ce cbetou oT aBe ¢asu: daza 1 — 505 s (5.78 km mpu 41.2 km/h cpenna ckopoct) u ¢daza 2 — 867 S.
[TbpBara daza 3amouBa cbe cTyeH cTapT. EMUCHUTE ce M3MepBaT B rpaMOBe/MUJIS.

FTP-75 (Federal Test Procedure) — @enepajiHa TecToBa mpoueaypa

OenepanHaTa TECTOBAa TPOLEAYpa € M3ION3BaHA 3a CepTH(PHUIUpaHe HAa EMHCHUTE W TECTBAaHE Ha
MKOHOMMSITA Ha TOPUBO HA JIEKOTOBAPHU JIEKOBEPHU NPEBO3HU cpenctBa B CwenuHenure maru. FTP-75 e
BapuanT Ha EPA (Urban Dynamometer Driving Schedule UDDS). Lluxbast FTP-75 nponsnuza ot FTP-72 upes
nobassiHe Ha Tpera (asza ot 505 s, npeHTH4Ha Ha mbpBara ¢aza Ha FTP-72, Ho ¢ ropemr crapt. Tperara dasa
3a104Ba ciieJ| ciupane Ha auratens 3a 10 MuH. Taka HeNusT IUKBI Ce ChbCTOM OT CIIETHUTE CETMEHTH:
Ipexoana (asa Ha cTyzeH cTapT (okonHa Temneparypa 20-30°C), 0-505 s;

Crabummsupana ¢asa ot 506-1372 s;
3arpsiBane Ha nBuratens (MuH. 540 s, makc. 660 s);
IIpexoana (asa ua ropen crapt 0-505 s.
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®UT'YPA 13. I'paduka 3a yrnpasieHue Ha rpajackus fuaamomersp Ha EPA Ha CAILL (FTP-75).

OCHOBHHU ITapaMeTpH Ha LUKbJIA:
e [IpogpmxurenHoct: 1877 s
e  Usmunaro pascrosiaue: 11.04 mumu (17,77 km).
e  Cpenana ckopocrt: 21.2 mph (34.12 km/h).
e  Makcumaina ckopoct: 56.7 mph (91.25 km/h).
B nompnaenne keM mMonenute ot 2000 T. IpeBO3HHUTE CPelnCcTBa TPsOBa Ja OBOAT TECTBAHU JOIIBIIHUTEIHO
mo aBe HOBU (hemepanuu tectoBu npouenypu (SFTP) [17]. ArpecuBno mogupane ¢ Bucoka ckopoct (US06) u
2. Uznom3Bane Ha xmmatuk (SCO03) [18]. Ot momemnara roauHa 2008 r. FTP ce u3nmon3Ba 3a onpexpersae Ha
HKOHOMMSTAa Ha TOpuBO B IbTHU ycinoBusa no EPA [19, 20], karo ce u3non3BaT S-uKkbIHUA MeTod Ha EPA.
Pesynrature oT 5 1MKBJIA ce M3YHMCIIABAT Bb3 OCHOBA Ha pesyntature oT aa FTP tecra — einH OOMKHOBEH U
€IMH TECT MMPU HHCKa TEMIlEpaTypa, MPOBEAeHH NpH JabopaTopHa Temmepatypa ot 20 °F (-6.7 °C) — karo u
EPA Highway Fuel Economy Test Cycle (HWFET) [21], SFTP-US06 Supplemental Federal Test Procedure u
SFTP-SCO03 Supplemental Federal Test Procedure (SFTP).
Bapuanr ot yetnpu cermenTa Ha uukbia FTP-75 — kpaero crabunmsupanara ¢asza ce M3IBIHIBa OTHOBO
cieq 3aBbpUIBaHE Ha (hazaTa Ha TOpENl CTapT MOHSAKOTa Ce W3IIONI3BA B OIpEICNICHH IPUIOKEHHS, HAPpUMED
IIPH HAKOW TECTOBE HAa XUOPHIHU IMPEBO3HU CPEACTBA.

KUTANCKHA IUKJIN HA JIBUKEHUE

Kuraiickn uukna Ha asukenue — (CLTC) China Light-Duty Vehicle Test Cycle

KuraiickusT MUKBI 32 U3NUTBaHE Ha JekoToBapHH NpeBo3HU cpenctBa (CLTC) [22] e wacT OT KUTalCKUsA
nukbn 3a u3nurBane Ha aBromoomwmm (CATC) [23], pa3paboreH oT Kwuraiickus HEHTBp 3a aBTOMOOWITHH
texaonorun u m3cnenpanus (CATARC) [24], 3a ma 3aMeHH eBpOIIeiiCKUTE MPOIeIypH 3a U3MUTBAHE HA Pa3Xo]]
Ha TopuBo/eHeprusi U emucuu. CLTC e crammaprm3upan oT HanumoHamHus cranmapt GB/T38146.1-2019,
Kuraiicku aBTOMOOMIIEH TECTOB LIUKBII, YacT 1.

CLTC-P: KuTalicku Jiek1 IPEeBO3HH CPEJICTBA 32 M3MUTBAHE HA JIEKU ITbTHUYECKH aBTOMOOMIIH.

CLTC-C: Kuraiicku IUKBJI HAa U3MHUTBAHE HA JICKOTOBAPHH aBTOMOOMIM (THPrOBCKH ITPEBO3HU CPEIICTRA).

TecToBuTe UKIM ca 3a OKAa3aHU Ha (UTYpPUTE MO-0Jy U BCEKH TECT BKJIOYBA TpH (a3 Ha aBmkeHue: (1)
6aBHO, (2) cpento u (3) ObP30 ABMIKCHHE.
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®OUI'YPA 14. CLTC-C: Kuralickn KB Ha H3MUTBAaHE Ha JICKOTOBAPHN aBTOMOOWIIH (THPTOBCKH ITPEBO3HHU CPEIICTBA).
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®UI'YPA 15. CLTC-P: Kuraiicku Jieku IPEBO3HU CPEACTBA 32 U3MHUTBAHE HA JICKH ITbTHAYECKHA aBTOMOOMIIH.

W36panuTe XapakTepuCTUKN HAa M3MUTATEIHUTE IUKIN ca oka3Hd B Tabmuma 7 CLTC uma Hucka cpenHa
CKOPOCT U YecTa NMPOMHA B yCKOPEHMATA Ha aBTOMOOMIIA (TTOJIOXKHUTEITHA ¥ OTPUIATEITHNA YCKOPEHUS, CIIMPAHUS

U TOTerIsHUA). B pesynrar Ha ToBa pa3xoxsT Ha ropuBo Ha CLTC e MHOTO MO-BHCOK OT TO3M Ha LIMKJINTE
NEDC u WLTC.

TABJIMIIA 7. Kuraiicku 1uksi Ha aswkenune - (CLTC) China Light-Duty Vehicle Test Cycle.

XapakTepucTuka MepHa equHULA CLTC-P CLTC-P
Pascrosiue km 14.48 16.43
06110 Bpeme S 1800 1800
Cpenna cKopocT (BKIFOYHUTEHO CIIUPKUTE) km/h 28.96 32.87
O6m1a ckopoct (6e3 crupKuTe) km/h 37.18 41.25
MakcumarnHa CKOpOoCT km/h 114.00 92.00
CpemHo ycKopeHue m/s? 0.45 0.47
MaxkcuMaaHO YCKOpEHHe m/s? 1.47 1.36
CpeHo 3aKbCHUTEITHO JBIKCHHUE m/s? -0.49 -0.48
MakcuMaTHO 3aKbCHATENHO IBIKEHNE m/s? -1.47 -1.39

ABCTPAJIMACKHA IIUKJIA HA IBUKEHUE

ABCTpaJuiicKi IHKDBJ Ha aBUKeHne — Composite Urban Emissions Drive Cycle
(CUEDC)

IMpe3 2005 r. e 6u pazpaborern Composite Urban Emissions Drive Cycle (CUEDC) [25] 3a nekoToBapHH
npeBo3HU cpexacTBa. ToBa e mocienHoTo paspaborBane Ha ki CUEDC 3a nu3enoBu nmpeBO3HU CpeacTBa
npe3 1998 r. Petrol CUEDC e paspaboteH, 3a na Oble NpeacTaBuTe] Ha aBCTPAIHMHACKOTO TPAACKO JBIIKCHHE
modupane B peanHy ycioBHs. Toill BKIIIOYBA YETUPU CETMEHTa — B JKWJIMIIHH 30HH, T10 TJIAaBHU I'PAACKU IIBTHH
apTepuy, 110 MarkucTpaia u B 3aJipbCTBAHE — KAKTO € Noka3zaHo Ha dwur. 16.
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®UT'YPA 16. Composite Urban Emissions Drive Cycle (CUEDC) — koMOHHHpaH I'PaJCKH LUKBJI Ha ABHKCHHE.

Colo Taka e paspaboren u ,,Kbc 6er3naor CUEDC* (SPC240), koiiTo ce onuTBa 1a MPECch3Aaae PeKUMHUTE
Ha modupane Ha 1enus Ocu3mHoB CUEDC B mo-kpaThk M TMOTCHIMAIHO MMO-JIECEH 3a H3MBJIHCHHE TECT.
LuxbapT € hopMyNupaH, KaTo 32 OCHOBA € M3MOJI3BaHE MOCIEHUTE 2 MUH. OT apTepuaiHaTta (asa 1 mbpBHUTE 2
MHUH. OT (ba3ara Ha JBMXeHHE 1o Maructpana Ha Petrol CUEDC.
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®UT'YPA 17. CUEDC (SPC240) — uuKkbi Ha ABHKEHUE.

TABJIMIA 8. Ascrpanuiicku nukny Ha asmwkenue — Composite Urban Emissions Drive Cycle (CUEDC).

XapakTepucTuka MepHa equHuDA CUEDC SPC240
Pascrosinue km/h 19.44 3.10
Bpemertpacue S 1797 240
Cpenna ckopoct km/h 38.95 46.57
MakcumManHo m/s? 3.61 3.61
YCKOpEHHE
3aKbCHUTENHO m/s? -2.78 -2.22
JBIOKCHHE
% IIpa3sen xox 21.1% 12.5%
% 1-24 km/h 13.9% 10.8%
% 25-40 km/h 14.6% 6.7%
% 41-65 km/h 28.2% 51.3%
% man 65 km/h 22.3% 18.8%

Real Driving Emission Cycle (RED) — M3nuraTejieH aBTOMOOWJIEH IHKBJI B PeaTHH
II'bTHU YCJI0BUSA

TectsT 32 peanmnun emucuu npu modupane (RED cycle) n3mepsa 3ambpcurenn, kato NOX, OTAEICHHA OT
aBTOMOOWIINTE, JOKATO CE JBIKAT IO ITbTA. TecThT 3a peajlHu eMUCHH IIPY HIO(HUPaHE € 4acT OT Mpolexypara
WLTP. TectbT rapanTupa, 4e aBTOMOOMIINTE JOCTABAT HUCKH EMHUCHH B YCIIOBHATA Ha ITbTs. EBpomna e mbpBUAT
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PETHOH B CBeTa, KOWTO BBBEXKIA MOJOOHM TECTOBE HA IBTS, OTOCNSA3BAaHKU TOJSIM CKOK B TECTBAHETO Ha
aBTOMOOMITHUTE eMucuu. ChIIIacHO MTHUTE U3MUTATEIHU IIUKIU aBTOMOOWIBT CE YIIPABISABA MO OOIIECCTBCHU
ITBTHIIA U TIPU ITMPOK TUATIA30H OT Pa3INYHHA IBTHHU YCIIOBHSL.
VYcaoBus 3a IpoBeXIaHE:
e Hwcka u roixsiMa HaIMOpPCKa BIHCOYHHA;
Lemoroauniau TeMmepaTypu;
JIOTIBITHHUTENICH TI0JIe3¢H TOBAP HA IIPEBO3HOTO CPEICTRO;
[Hodupane mo HAKIOHW;
I'paacku mbTHIA (HUCKA CKOPOCT);
Cencku mpTHIIA (CpEIHA CKOPOCT);
e  Maructpanu (BUCOKa CKOPOCT).
3a u3MepBaHe Ha OTPAOOTHIIMTE T'a30BE, JOKATO MPEBO3HOTO CPEACTBO CE JBUKH, U3MUTBAHUTE MPCBO3HH
CcpencTBa ca OOOpYyJBaHM C TMPEHOCHMH CHCTeMH 3a u3MepBaHe Ha emucuu (Portable Emission Measuring
System — PEMS), kouto ocHrypsBaT IBJICH MOHHTOPMHT B PEaTHO BpeME€ Ha OCHOBHUTE KOMITOHEHTH,
M3IyCKaHu OT peBo3HOTO cpenctro (NOX) [4, 26-28].
XapaKTepHOTO TP TO3M THUIl M3MHUTBAHE Ha aBTOMOOWMII HSMa CTPOTO ONpezesicHa IpoIeaypa KOosATo aa ce
cieqBa, KaKTo € OMMCAHO B MPEIXOTHUTE U3IMUTATEIHA IIHKIIH.

3AK/IIOYEHUE

B HacTosAmusa nokiIaa ca pasriieaHd aBTOMOOWIHM M3MUTATENHU IUKIH, KOMTO ca NpHiaraT B pexuia
ctpanu kato CAILl, ABctpanusa. Kutaii, EBpona. Pasrnenanu ca mpouenypure o M3NHUTBAHE HA BCEKU €IUH
TECTOBM IMKBJ U ca MpeAcTaBeHu rpaduuno. VcTopuueckn aBTOMOOMIHUTE TECTOBH IIUKJIM IPEMHUHABAT IIPE3
penuna U3MEHEHHS, Th KaTo aBTOMOOWIHUS TpaduK CTaBa BCE MO JUHAMHYCH, TOKCHYHUTE KOMIIOHEHTH Ce
yBEIMYaBaT M € HEOOXOAWMO BBBE)KAAHE HA MO-CTPOTH H3MCKBAaHHS KbM aBTOMOOWINTE. BBBekmaHeTo Ha
IIBTHU M3IHTATENHH LUKJIN JlaBa IO sSCHA IMPEACTaBa 3a KOJMYECTBOTO OTAEICHH TOKCHYHH KOMIIOHEHTH 32
JaJICHO TIPEBO3HO cpeacTBO. HaBnm3aHeTo Ha XMOPHIHU M ENEKTPHUYECKH aBTOMOOMIN HajlaraT MHOTO CTPOTH
W3UCKBAaHUSI KbM KOHBEHIIMOHAIIHM aBTOMOOWIIM, ThH KaTO MPHU TAX TOKCHMYHUTE KOMIIOHEHTH Ca 3HAYMTEITHO
penyuupanu. B 0bele n3nuTaTeTHUTE NUKIH I1e OBAAT Olle MO-CTPOTH U IIaAAIIU OKOJIHATA Cpefa.
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Analysis of Test Cycles for Driving Cars in Extra-Urban,

Urban and Rural Traffic Conditions

Yordan Dermendzhiyski

Faculty of Transport, Technical University of Sofia, 8 KI. Ohridski Blvd, 1756 Sofia, Bulgaria
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Abstract. In this paper, driving cycles used for testing vehicles in different driving conditions are analyzed. The
comparative analysis highlights the advantages and disadvantages based on the information in the available
literature. The changes in the parameters of the used cycles from their creation to their modern versions are traced
and the reasons leading to these changes are analyzed. The rapid penetration of electric vehicles requires a change or
creation of a new driving cycle to be able to assess mileage and energy efficiency in urban, rural or extra-urban
driving modes.
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