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150 "'OAUHMU OT ITYCKAHETO B EKCIIVIOATALIUS HA ITbPBATA KEJIE3OITbTHA
JINHUA HA BBJITAPUS PYCE - BAPHA

HHX. BECEJIMH BACWIEB
W3nennurenen aupekrop Ha M3IbIHUTENHA areHys
,»”Kene3ombTHa aAMUHUCTpaLus
vvasilev@mtitc.government.bg

Pe3tome: Ha 26 oxtomBpu 1866 T. € OTKpHTAa U ITyCHATa B €KCIUIOATAIMS ITHPBATa JKeJIe30ITbTHA JIMHMA Ha beirapus —
Pyce - Bapha. Ta3u nata ce cuurta 3a HauaJlo Ha KeJIe30IIbTHUSI TPAHCIIOPT Ha TEPUTOPUSITA Ha ChBpeMeHHa brirapus, a
npe3 2016 roquHa ce HaBbpIuBaT 150 romvHU OT TOBAa 3HAMEHATENIHO ChOUTHE. B joKnana e HarpaBeHa HCTOPUYECKU

aHajIM3 Ha CLOUTHATA OT OHOBA BpEME.

KorouoBu xymu: nvpea sicn s, 200UMHUHA.

1. Hauanoto

Jo Kpumckara Boita (1853-1856) Typrwmsa He
00pbIla 0COOCHO BHMMAaHWE HAa HEOOXOAMMOCTTA OT
M3rpaXxIaHe Ha CHOOLIMTETHA Mpexa (Tenmerpadm)
JKETIe3HH IBTHINA M moceTa. B Xxoma Ha BolHara
TYpLMTE OLICHSBAT TSXHOTO 3HAYECHHE W CIIeH Kpas Ha
BOCHHHUTE JEHCTBUsS HM30CTaHanara Typcka HMIepHs
Owia npuHyZAEHa Jla IOMUCIH 32 MOJIEPHU3ALMATA HA
KOMYHHKAIMHUTE CH 1 MHPpacTpykTypaTta. [Ipe3 1854 r.
C€ U3TOTBsI MPOrpamMa, ChITIACHO KOATO Ha JHEBEH pell €
i1 Bpb3kara Lapurpan - Onpun - [Inosaus - Codwust -
Hwmr - Kparyesan - benrpan, otkpaero TpsoBaio ma
ObIe npoxbkeHa 1o bynanema u Buena (Gurypa 1).

Queypa 1. Kapra Ha 6ankaHCKUs MOITyOCTPOB —
1878-1910 r. 1 OCHOBHUTE HaMpaBJICHHUS 3a
K1 Bpb3ka ciopen Llapurpa.

BeposiTHO B OCHOBaTa Ha TO3H MPOEKT € HATHCKBT
Ha ABcTpo-YHrapus BbpxXy Bucokara mopra. Hena-
MPa3Ho C€ CTPOSIT JKENe3HW IBTHIA, HACOYEHH KBbM
bankanute, kato aBa oT TAX gocturar g0 Cucak B
XwpBatws (Ha TpaHuIiata ¢ bocna) u ba3marm B banar
(TrepBaTa KIT JIMHYS, W3JIs371a Ha peka [lyHaB, Hagomy
1o Te4eHneTo i, cien bynarnemia).

B Gop0Oara 3a HagMOIITHE OTKBIE 1A MAHE XKIT BPB3-
kara ot Ilapurpan 3a EBpona ce HamecBa u bpuran-
ckara uMnepus. Ha Bucokara mopra ce BHyIIaBa, ue
3aja4aTta, KOATO Hal-Hampen TpsOBa Ja pemmd, € na
CBBpIKE CBOMTE MEpUCPHU U LCHTPATHUA OaKaHCKH
paiionn ¢ Ilapurpan u npucranumara Ha Ereiicko,
UepHo u AJpHaTHYeCKO MOpe M MO TEYSHHETO Ha
JynaB. KoHkpeTHO ce jaHcupa ujaedra 3a M3TOYEH
BapuaHT Ha JKene3onmbTHa nmHUS KbM lleHTpanHa
EBpona npe3 PymbHus.

ToBa ceBIIaNa ¢ TWIaHOBETE HA BemukoOpuTanus na
Tpacupa Hail-ipaBus W yA0OEH MBT KbM ,,0Hcepa’ B
KopoHata cu — VHusl, upe3 MOoCcTposIBaHETO Ha JKere-
3€H BT, KOWTO J1a cBbp3Ba [JyHaB ¢ UepHo Mope.

[IppBOHAYATHUST BapUaHT 3a XKIT JIMHHUATA OT peKa
Hynas npu Pyce, e Ouna npe3 Crapa mnaHHHa KbM
Ereiicko mope u ot tam kM Llapurpan, Ho OpuraH-
CKUTE TIpeAlpreMadn choOpassBar, 4de 3a TakKasa
JKeJe3HUIa 1e ObJar HeoOXOIUMH MHOTO MHBECTH-
My, a medanbara HsAMa Ja € curypHa. Taxa, crem
MOCTpOsIBaHETO Ha JiHUsATa UepHa Boja - KrocteHmka
npe3 1860, kosiTo HEe oTpaBaBa OYAKBAHUATA 32 TPace
ot YepHo mope kbM 3amagHa EBpoma, Te HacouBar
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rorie KpM AecTrHarmsTa Pyce - Bapra. Ot 3HaueHme
3a n300pa M € OLIEHKaTa, KOATO JaBaT Ha BApHEHCKOTO
MPUCTAHHMIIIE, KOETO MO-0JIaronpusITHO Pa3MoIoKeHHEe
1 OM MOTJIO ¢ MaJIKO Pa3XO/IH, /1a Ce HAIIPaBH ,,IIPUTO/I-
HO 32 yJ100eH ChOOIIUTENCH MyHKT .

U3zrounoto cBbp3BaHe Ha Typckara wMIepust c
EBpona e mpenmounrtano u ot Pycus, Ti Kato T4
ouaksa npe3 MonjioBa 1 PyMmbHUA /1a MOTy4H JTOCTHIT
JI0 M3TpakaliaTa ce kI Mpexa Ha bankanckus momy-
OCTpOB.

Typuus npuema npeanoKEeHUETo, Thil KaTo IbPBO-
HavaJlHO TpaceTo TpsdBaso na mune rpe3 [1lymen, Haii-
CWJIHO YKpeneHaTa W BOGHHa KpEHocT B YETHPH-
preauuka Pyce - Cunuctpa - Pasrpan - llymen, a ot
JIpyra — Bpb3KaTa JaBa HaAeXKIa Ja CTaHe YacT OT
MEXIyHapoaHa ki Maructpana. C mocTposiBaHeTo i
0u ce CKBbCHITO BPEMETO 3a IbTyBaHe Mex 1y Llapurpan
u Buena (notorasa nmpe3 Mapcrms u Tpuect) ¢ 60-100
yaca.

,Llapurpaacku BecTHUK® oT 1 gekemBpu 1856 r.
oTOeTII3BA: ,,BHCOKaTa TopTa OOHAPOIBa M M3BECTSABA
Ha KalUTAJIUCTHUTE, Y€ UCKa WH >KeJIe3eH BT, KOITOo
Iia 3axBauia ot BapHna, me muHaBa npe3 Llymen u mie
OTXOX/a Ha Pycuyk, 3amoTo TO3M TBT IE CKBCH
pascrosuueTo ot Ilapurpan no Buena cbc cToTHMHA
yaca“ (Purypa 2).

e A e (T i

Queypa 2. Tpaceto Ha x1 nmuHusTa Pyce - BapHa.

2. XpoHoJiorust

Ha 1 centemBpu 1861 r. e W3mameH CynaTaHCKH
(epmaH 3a U3rpaknaHeTo Ha n JuHuA Pyce - Bapna
(Purypa 3). JIurncara Ha cOOCTBEHHM CPECTBA PHHY K-
naBa Bucokara nopra aa otaazie cTpoexa Ha KOHIIECHSI.
ToBa Hamara mpeIBHIEHOTO Tpace Zia ce MOCTPOU IO
BB3MOXHO HAH-Obp3usl MU MKOHOMHYEH HAuMH, 3a A2
MOXeE J]a 3aTI0YHE B Hal-KpaThK CPOK eKCILIoaTaIHATa
MY € IPUJIMYHA TIeqanoa.

WHTepec KbM H3rpaXIaHETO Ha TPACETO IPOSIBABAT
n HAKou Ooratu Owirapu. Cpen KaHIWOaTHTE ca
Credan boropuau u lumutsp ['emmos, nonkpenenu ot
Benukus Besup Pammy mama. LlymeHcku yopOamxum,
C IIPOTEeKLKsATa Ha CBOU IpusATenu B Llapurpan u nuuso
Ha 1-p MBan boropos, chI1io enast f1a B3eMar KOHIIe-
cHATa 3a CTPOUTENICTBOTO Ha JuHMATA. [lomyuaBa s
obaue aHTTIHIICKaTa hupMa ,, Yiirmsam [mamcTon u 6pars
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Bbepxmu‘ ot JloHmoH, kosiTo mox mMeTo ,,Rustshuk -
Varna Railways Company* Ha 1 okromepu 1863 T.
TIOATTMCBA JOTOBOP 3a M3TPayKAAHETO U KOHIIeCHs 3a 99
rojuHU. 3a puHaHCHpaHeTo i m3masa 45 000 akmmu 1Mo
20 aHTHHACKY JIUpY eaHaTa (OKOJIo 22, 5 MITH. 3JIaTHU
JIeBa).

= Cynrancks depman 3a
NOCTPOSBAHETO Ha JaT
manma Pyce-Bapna

01.09.1861 1.

= Jloroeopc bpamra bspiom

01.10.1863 . (Xenpu u Tpesop Bspronm)

= II'spBakonmka
HanpaBeHa oT
PYCCHCKHS Ba/THA
Apud nama

21.05.1864 r.

Queypa 3. XpoHOJIOTHS HA CHOUTHATA JIO ITPBa
KOIIKA.

Emuamsr ot Opatst beprim, wmk. XeHpu beprom,
M3roTBsl MpoekTa. Tol IpOMEHS ITbPBOHAYAIHOTO
Tpace, KoeTo TpsOBajo na mpemune npe3 Llymewn,
M3MECTBAKU IO BCTPaHU C 25 KM U pelllaBaiiky Jia ce
HanpaBy OTKJIOHEHHE 3a KacniuaHh.

CrpourtenctBoTo 3anoysa Ha 21 mait 1864 r. eqHo-
BpeMeHHO oT Pyce n Bapna (®urypa 3). 3Hauutenexn
TIAChK 3a OBP3Ws HANPEABK HA CTPOUTEICTBOTO JaBa
HOBUST yTipaBuTeN Ha JlyHaBCKHS BUJIA€T — U3BECTHUST
Murxat mnaita, KOUTO W3KapBa MPUHYAUTEIHO OBITap-
CKOTO HaceJIeHHe OT JBETe CTPaHW Ha JIMHHATA Ia
pabotu Oe3mnatHO. EAHOBpEeMEHHO ca CTpOCHH H
MIPUEMHHUTE CTpaay Ha JBETE KpaHU LIEHTPAJIHU TapH,
U crpkuTe 1o TpaceTo. CTPOUTETHUST MaTepHran 3a
MOCTOBETE U KAHTOHHUTE CE€ HabaBsl OT CTapoOBITap-
ckure cronuuu [Tnucka u [Ipecnas, kaTo B pe3yaTaT Ha
TOBa Ca YHUIIO)KEHH 3aBHHArM OC3IIEHHU ITaMETHHIH
OT JBOpIWTE, ITBPKBUTE W OOIIECTBEHUTE CrPajy,
TIOCTPOEHH 110 BpeMeTo Ha xaHoBeTe Kpym n Omyprar
u kus13 bopuc.

B kpas na aBryct 1865 r. ca nosioxxeHu 22 KM pejicu
ot Pyce u 32 xm ot Bapna. Kem 31 nexemBpu 1865 r.
TIOJNIOKEHUAT JKele3eH MbT OTKbM Pyce u Bapha
MOKpHBa 00110 paszcTosiaue okoio 92 k. [lo roroBara
YacT OT JIMHHATA Ca M3MOI3BAaHM Ca IO J1Ba MAJIKH
OeNTuiicKH JOKOMOTHBA B JIBETE YacTH Ha cTpoexa 1 80
BaroHa 3a [PeBO3BaHe Ha MaTepUAINTE U PAOOTHHITHUTE.
o HEnmocTpoeHuTe y4acThIN TEXHUIECKHAT MEPCOHAI
Y HaOJIoaBalUTe TYpLUM C€ MPHUIBIDKBAIM C KOHE.
Haii-tpyanara yact Ha TpaceTo € Ouiia H3rpakaaHeTo
Ha Buaaykta npu Kaitnanu nepe, 16asr 230 M 1 BUCOK
25 m.

[IppBOHaYaNHUTE OOCIIIAHNS HA KOMITAHUSTA OMIH
JUHUATA 1 c€ 3aBbpIIKd A0 centeMBpH 1866 T., HO
TOpajy JINIICa Ha PEJICH JaTaTa HIKOJIKOKPATHO OrJa
oTJaraHa.



Ha 26 oxmomepu 1866 2. Mumxam nawa npemunan
be3 npexsvpiisiie Mexcoy 08eme KpauHu 2apu U 00s6u1
auHuAma 3a omkpuma. Tasu dama mookce 0a ce cuuma
30 HAYANIO HA HCENE30NBINHUSL MPAHCIOPM HA MepUmo-
pusama Ha cvepementa bvizcapust.

TepxkecTBa He € MMano. MuTxar mama He ¢ Owu
JIOBOJIEH OT Ka4eCTBOTO HAa CTPOHTENCTBOTO. MMaio e
MHOTO OYEBHIHN TEXHUYECKH HEJJOCTATHIIM, HETOBB-
OIEHW ¥ JIOMIO VBIBIHEHH CTPOHMTEIHH pPabOTH.
TpaceTro nMaao MHOXKECTBO KPUBH C MAJIKU PaIlyCH H
roJIEMH HaKJIOHHU. Perncure ca Omin ,,cTOMaHEHH  caMo
Ha 20 km ot Bapna, a ocrananmmre ,,xene3nu’. Tpasep-
coBara Ckapa e Omi1a ¢ HeZlocTaThuHa I'bCTOTA, JIUTICBA-
T KaHaBKW 332 OTBOAHSBAHE W YECTO JIMHUATA Oumia
HABOJHSIBAHA U JAPYTH TaKHUBA.

[To Bpeme Ha OTKpHUBAHETO W JIMHUsITA OWIA JTBIra
224 km, u OCBEH JiBeTE€ KpallHHU Taph MMajio U OCeM
cnupku: YepBeHa Boma, Berosa, Pasrpan, ymerabak
(ScenoBen), Kaitnamu nepe (Kamensik), KacOuuew,
[posamus u ['ebemxek (benocnas). OCHOBHUTE TEXHHU-
YeCcKH TapaMeTpy Ha XK JIMHHUATA ca: MHUHHMAJICH
panuyc Ha KpuBuTe 335 m., MaKCUMaJIeH HakJIoH 25 %o.
l'opHOTO CTpOEHE € C KeNe30MbTHH MINPOKOCTHITATHN
pencu tur PB-32 kg/m ¢ gpmkuHa 6-7 m. Te ca mocra-
BEHH BBPXY TbPBEHH TPaBEpCH, TMOJaraHd B Oamact-
poBo Jersio. MocToBeTe N0 TpaceTo OWnM TbpBEHH,
ceMadopuTe CHINO, a Bph3Kara MKy TapuTe CTaBaia
¢ TenerpadHu anmapatu ,,Kaapan* - hpeHCKO POU3BOI-
CTBO, a TIO-KBCHO C ,,Mop3* (Durypa 4). HamzopsT 1
MOJUTBPKAHETO HA JIMHUATA CE U3BBPIIBAIIO OT 5 JTyIIH
MUKBbOPU U 7 HAJBUPATEIIH.

3 HEHH Ocurypasane i
ABIEHCHEA 83 cnmp e
- 224 WM * Yepoenapopa, * Pyce, * Mocmoee u
* Berona, * Kacmuuan, cemadopu-
* Paarpap, * Bapna. ABphesd
+ JlymeraBax = Bpraxamengry
(flcenopen), I,
. Kaii menezpaifiiu
(Kamenax) :'Im{ i
+ KacOuuen, W“-“l‘-'ﬂ'
* Mposapmas TPOHIBOACTED,
* lebemrex ANO-KBCHO H
(Benocnan) "Maopa™

Queypa 4. TeXHUYECKHU XapaKTEPUCTUKH Ha
JKII JIMHUATA.

[IspBoHayanHo HamepeHusiTa Ha Typuust ca Owan
ki uHuATa Pyce - BapHa 1a € MexxayHapoiHa, 4acT oT
bt JIonnoH - [apurpa, HO HEKAYECTBEHOTO CTPOU-
TEJICTBO U YECTHUTE JepaAIMpaHisl Ha BIaKOBETE MOTIpe-
YUJIM TOBA Ja ce ciay4H. [1o-KbCHO € Gua BKIIIOYeHa B
MexmyHapoqHoto Tpace Ilapwk - CrpacOypr -
MrouxeH - Buena - bypanema - bykype - ['topreso -
Pyce - Bapna - Llapurpaan. Mexnay ['topreBo u Pyce
ITBTHULIUTE C€ MNPEXBBPJIUIM C HapeH Kopald, a or
npuctanuineTo B6B Bapha o apurpan — ¢ kopab Ha
aBcrpuiickus Jloia. Mexny 1883 u 1885 r. mo Hes e
MUHaBaJI U3BECTHUAT ,,OpHEHT eKCIpec.

IIpe3 1873 r. anrnmiickaTa KOMIaHKA BpPbIIa KOH-
LecusiTa Ha JIMHUATA Ha TYpPCKOTO MPAaBUTEICTBO M

MpeJIsiBSBa UCK B pa3Mep Ha 2 MJIH. AHIJIMICKHU JTUpU
wm 50 MIH. 37aTHH JieBa Karo KOMIIGHCALUs 3a
BJIOKCHUTE HWHBECTULMH. TypCKOTO IPaBUTEICTBO
BB3JIara eKCIuIoaTanysTa Ha JIMHUATA HA KOMITAaHHATA
Ha 6apoH Xupli, KOHTO CTPOH U €KCIUIoATHpa 10 TOBA
Bpeme ,,J3rounute xenesuuum. o 1874 r. Typrus
TUIalla Ha aHrimickara ¢upma ,,Yitmsim [nmancron u
opats bepximu‘ 140 000 mupu crepmurry. [Ipeycrano-
BfBa IUIAIIAHETO CBhC 3allOYBaHE ITOArOTOBKAaTa Ha
Typuus 3a KpumMckata BoitHa. Hemocpenctseno cnen
0CBOOOKICHNETO Ha bhirapws, aHTmiicKaTa KOMIIa-
HUS TIpeNsiBsiBa MCK 3a JOIUIAIlaHe Ha CTOWHOCTTa Ha
WHBECTHULIMUTE Beue npes bbarapus u mo HacTosiBaHe
Ha AHITIUS U ABCTpO- Y Hrapus B oAroTBsHUs bepnun-
CKH J0TOoBOp ce BKMOYBa wWi.10, CHIIIACHO KOWUTO
33IBJDKEHHATA 10 MOCTPOSIBAHETO HA JKEJIC30ITbTHATA
muaust Pyce — Bapha ce mpexBbpisaT ot Typuus Ha
KuspxectBo brirapus. Crenr TeKKH TIPErOBOPH OTKY-
MyBaHETO Ha JIMHUATA CE U3BBPIIIBA C OT/IENICH 3aKOH Ha
14 aBrycr 1886 r. Ha ctoitHocT 44 500 000 31aTHU NeBa,
KOETO € 3 ITbTH HaJl OLIEHKA OIIeHKATa Ha He3aBUCHMHU
CTEIMANNCTH. 32 CBEJICHHE TbpXKaBHUTE TPHXOAN Ha
KusoxectBo bwearapus 3a 1886 r. ca B pasmep Ha 42
MIIH. 3JIaTHH JieBa. 3a Jla U3IUIATH TOBA HAIOXKEHO i
3aabibkeHne KusokectBo bearapus ckirousa ¢ AHIINS
JIbp>KaBEH 3aeM, KOMTO € TMXBUTE AOCTHIa CTOHHOCT OT
52 307 000 3natHu neBa. [IpegaBaneTo Ha JMHUSTA ce
u3BbpiBa Ha 10 aBryct 1888 r.

3. IloagBu:KeH CHCTAB

JloctraBkara Ha ITPBUTE JIOKOMOTHBH CE€ W3BBPIIBA
npe3 1866 T. oT anTmiickaTa dabpuka B MandecTep.
Tosa ca 10 6pos (Purypa 5) MBTHHYECKH TPUOCHH
TIapHU JIOKOMOTHBA ¢ (pabpuaHK Homepa ot 279 1o 288.
Te ca ¢ AByIMIIMHIPOBA MapHA MAIIFHA C €THOKPATHO
pasmmpenue Ha napara. [lapanTe munmuHIpY ca pasmno-
JIO)KEHH B pamara Ha JIOKOMOTHBA, KOETO OMpenes
BTOpara KOJIoOC J1a € ,,KostHoBa™. KoTenbT € 3a HacH-
TeHa rmapa ¢ pabotHo Haysrane 8 MPa. [IpeanaznaueHu
ca J1a BO3SIT BJIaKOBe JI0 73 atm mpu HaKIOH 25 %o CbC
ckopoct 28 km/h. MakcuMarnHa KOHCTPYKTHUBHA CKO-
poct e 50 km/h. JlokomoTHBHTE ¢ TTOJI0O0HA KOHCTPYK-
WSl HsIMa Cpeji JPYTUTE TTapHH JIOKOMOTHBH €KCILIOoa-
TUpaHu B bbarapus.

Quzypa 5. IIbTHUUECKU TPUOCEH MAPEH JTOKOMOTHUB.
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IIpu oTkymyBaHETO Ha XKeJle30bTHATa JUHUA Pyce
- Bapna nipe3 1888 r. bearapckure sxene3HuIM Moyya-
BaT:

* 32 TBTHUYECKH BaroHa OSNITUIHCKO ITPOM3BOACTRO:

1 TpuoceH JyKCO3eH CaloH-BaroH, T.H. ,,Cynra-
HHUE" 3aKyIeH CIEMAIHO, 33 J]a C€ BO3U C HEro
cyaran AOaynm Aswc M JpyTH ,,BOXXHA TOCTH
(®urypa 6);

* 2 caJIoH-BaroHa 3a CIIy>KeOHM ITbTyBaHUs, 5 IBY-
OCHHM ITBPBOKJIACHU BaroHa W 24 MBYOCHH TPETO-
KJIaCHH BaroHa;

523 pa3nuyHYA JBYOCHH TOBApHH BarOHHU C MEXK/TY-
ocue 2,6 m. 1 ToBapHa rmiom 10-12 mz, OT THX:
225 Opost OTKPHUTH C TOBAPOHOCHMOCT 5 T., 294 T10-
KPHUTH 3a TPEBO3 Ha XpPaHU C TOBAPOHOCHMOCT
8 T. 1 4 Opos C MOHTHPAHH PE3EPBOAPH 3a BOJIA;

C BaroOHUTE Ca OTKYIIEH! 1 6 OpOst BATOH-CHETOpH-
Ha ¥ 2 Opost BATOHU C MOHTHPAHU IOJBIKHU PbU-
HU KpaHOBE 3a BIIUTaHE Ha JIepaiiiipany BarOHH.

4. PeMOHT 1 MOTIPBHAKKA

Cren myckaHeTo B eKCIUTOATAIlMsI Ha JKII JINHUSATA
Pyce - BapHa, nopaau MajkoTo KOJIMYECTBO MOIBUKEH
CBCTaB, ca CTPOEHH OOIIM paOOTHIIHUIIN 32 PEMOHT Ha
JIOKOMOTHBH, ITbTHUYECKU U TOBapHU BaroHu. B Pyce,
Kacnmuan u Bapua 6mmu OTKpUTH JIOKOMOTHBHH JIETIa.

[IspBara xn padoTwiHKa (nemo) ,, TpakiusTa” e
mocTpoeHa B Ip. Pyce, eqHOBpEMEHHO ¢ IyCKaHETO B
eKcIuToaTanus Ha i auHusTa Pyce — Bapna mipes 1866
I., TOBA € MIPEAIIECTBEHUKBT Ha JIOKOMOTHBHO-BaroHeH
3aBoj Pyce (JIB3 ,,Bacun Komapos®).

Pabotumaniiata ¥ AENOTO ca TOCTPOESHH W3BBH
YepTHTe Ha Tpaja B Onm3ocT 1o rapa Pyce m xkm
muausTa Pyce — Bapua. PaGoTtunauiiaTa e 6rna ¢ o01io
3acTpoeHa miom oT 100 m’ ¢ YeTHpH OTHCNCHHS:
IIBPBOTO OTHENIeHHe € OWIO 3a MPOMHUBKH M TEKYII
PEMOHT ¢ JiBa KaHaJla 3a IO €[I1H JIOKOMOTHB; BTOPOTO
OTJIEJICHUE 3a TOJIM PEMOHT, CHIIO C JIBA KaHaua C
TEXHOJIOTHYHO 000pyABaHE — /IBa KaHATHH CTPYTa, JIBE
HIETTMHT MAalIWHY, IIOC U OCEM YHUBEPCATHH CTpyTa
CBBp3aHH B 00I[a TPAaHCMHCHS 33/IBIKBaHA OT TMapHa
MaIllMHa pa3NoiI0KeHa B LIEHThPA Ha Crpaaata; TPETOTO
OT/IeNIeHHEe € OMJIO JIarepHO-3aIMBBYHO, TPHOAPHO H
KOBAILIKO, CHA0/IEHO C OTHUILA M MapeH 4yK. YeTBbp-
TOTO OTJIENICHWE € OWIO IBPBOJEIHO 33 PEMOHT Ha
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Duzyp

(meno) ,,Tpakuusira”.

BaroHuTe. PeMoHTa Ha JIOKOMOTHBHUTE M BaroHHUTE CE
W3BBPIIBAJ HA 3aKPUTO B OTACICHUATA U HA OTKPUTO B
JiBOpa Ha paboTwiHHIaTa. Ha OTKpHUTO ce M3BBpIIBAT
PEMOHT Ha JIOKOMOTHBHHUTE TEHJCPU W HAa ITHTHHYEC-
KUTE ¥ TOBapHU BaroHH. B TO3u Buj pyceHckara pabo-
TUJTHHIA TTOCPEIa OCBOOOXKACHHETO Ha Bhirapus ot
TYPCKO pOOCTBO.

5. KenezonbTHU rapu

[IbpBara >xn rapa e mocrpoeHa B rp. Pyce, enHoBpe-
MEHHO C IyCKaHETO B EKCIDIOaTalus Ha KIT JIMHUATA
Pyce - Bapna nipe3 1866 r. (®urypa 8).

Ha 21 wmaii 1864 r. Ha Opera Ha JlyHaBa cperry
I'opreBo ToraBamaus Banmust Ha Pyce Apud mama B
MIPUCHCTBUETO HA KOHCYJTH, TTAIIH, OeHoBe 1 OBITapcKu
40op0OaKUHM TIPaBU ITbpBaTa KOIIKa 10 M3rpakKIaHeTo Ha
rapa Pyce.

Mscroto e otnaneyero Ha 30 MUHYTH BT OT Ipaja
W € Jjaed OT TypcKara KpenocT 1 o0cera Ha ToraBalll-
Hara apTiiepust. [[poekTaHTH Ha rapoBHUs KOMIUIEKC ca
nBaMara Opats umkeHnepr bapkmm. Toi BKITroUBa 11pu-
€MHa CTpajia C TepOHH, MEIUIIMHCKA CITy>k0a U BOTHA
Kyna. [apata e emgHoeTakHa, M3rpajeHa ¢ neOenu
3uzoBe — 50 cm oT 051 BAPOBHK C IUTHTHU (YTH, 10CTa-
BEH OT OKOJIHOCTHTE Ha Tp. Pyce, cemara mo mpotesxe-
Huero Ha p. Pycencku Jlom - [Tuproso, Becap6oBo n
KpaceH. BpTpenHoTo apXUTEKTYpHO pasnpenesieHue
CHOTBETCTBa HAa TOTABAITHUTE CTAHAAPTH U BKIIIOYBA
KaHIIeNapysl 3a HAYaTHUK rapaTa, arapaTHa 3a YHHOB-
HULUTE N0 IBIKEHUETO, YaKATHS 38 TBTHULIM BTOpa U
TpeTa Kjaca, TWIle 3a OuieTH, 0araxHo OTJeJIeHHe,
oroder u npyry. Jlo cTaHIwsATa Ce HAMHPAT U3BECTHHST



1pep Pyee. Marnean OTh HBML AyHaRa

Rustschyl. Ainsicht von der Donau aus

wes. Pyce. lapa npuctanuwe
Rustschuk..Bahnhof Pristanischie

e ey

Ha B Ip. Pyce.

Queypa §. ﬁLaTa KIT répa, HCTpoe

pecTopaHT ,, XeNaiH* B KOUTO 3a IbpBU T MUTxar
Tnamnia BeBeK/Ia B Pyce BEUepHUHKY C TaHIM U BECENue.
Ot ceBepHaTa CTpaHa Ha rapara ce HaMHpa HEepPOHBT
MOKPUT ¢ o4, Tyk ca rapoBHsi YaCOBHHK U FapoBaTa
kambana. [lokprBHaTa KOHCTPYKIIHS Ha ITEpOHA € N3pa-
0oTeHa OT IBpBO, HOCEHa OT 16 ABPBEHH KOJIOHH.
[IpenrapoBoTo MpOCTPaHCTBO ce 3aeMa OT TPHU KOJIO-
B03a, CHTHAIM3UPAHU C TbPBEHH ceMadopH.

Ha 26 1ouu 1966 1. B ieHs Ha TpaHCTIOPTHUSI paboT-
HUK U BBB Bpb3Ka ¢ vecTBaHero Ha 100 roguirHus
[00WIel Ha JKeNe30mbTHUS TpaHclopT B bbarapus B
nbpBaTa K rapa — Pyce e orkpur Hanumonamsusr
My3ell Ha TpaHCIopTa W ChoOUIeHMsTa B Bbarapus.
Crpajara e peKOHCTpyHpaHa M IIPUCIIOCOOeHa 3a
3aKpHUTa M OTKpUTa My3eiiHa ekcriosumms. Ot 1974 T.
»Crapara rapa“ e cpen 110-te crpaau, oOsiBeHH 3a
MMAMETHUIIN C apXUTEKTYpPHA M UCTOPUYECKA CTOMHOCT
OT HAIMOHAJTHO 3HAYEeHHE.

B niepriona 1958-1960 r. pencoBust mbT € IOAMEHe-
HHU U TpaBEPCHTE 3aMEHEHU ChC CTOMaHEHO-OETOHHH.
IIpez 1960-1964 r. yuvactekbT Cunpen - BapHa e
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YIBOEH, a MO-KbCHO, BBB BPB3KA CBC CTpOEkKa Ha
npucTanuine BapHa-3aman TpaceTo MeXIy CIHUPKUTE
TpbctukoBo u CTpallMMHpPOBO € M3MEHEHO U
VIABIDKSHO C 2 KM.

IIpe3 1988 r. xn muamata ot Pyce mo Bapha e
eNeKTpU(UIMpaHa.

Ot 20 ronu 2016 r. Bbearapckara HaponHa OaHka
MycHa B OOpbIIeHHe cpeObpHA BB3MOMEHATEIHA
MoHeTa ¢ HomuHan 10 sreBa, nocBerena Ha 150 romuHu
OT IbpBaTa XM JUHUA B bbarapusa: Pyce — Bapha
(Durypa 9). Ha emmata cTpaHa Ha MOHeTara €
n300pa3eHa napHa BIaKOBa KOMIIO3HIIHS U OKOJIOBPBCT
Haamucu ,,150 TOAWUHU® u wa na pena ,JIbPBA
JKEJIE3OITbTHA JIMHKM A B BBJITAPUA“ u,,PYCE
—BAPHA*.

Quzypa 9. Br3noMmeHarenHa MoHeTa ,,150 rogusu ot
IIbpBATa I JTUHUSA B Beirapus®.

150™ ANNIVERSARY OF THE
COMMISSIONING OF THE FIRST RAILWAY
LINE IN BULGARIA, RUSE - VARNA

ENG. VESELIN VASILEV
Executive Director of the Executive Agency
"Railway Administration”
vvasilev@mtitc.government.bg

Abstract: On October 26" 1866 the first railway line
in Bulgaria, Ruse - Varna, was opened and commis-
sioned. This date is considered the beginning of rail
transport on the territory of modern Bulgaria, and 2016
marks the 150" anniversary of this milestone. This paper
contains a historical analysis of the events of that time.
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PROBABILISTIC CHARACTERISTICS OF VOLCANIC ASH AND THE IMPACT ON
BULGARIAN AIRSPACE

MARIA PETKOVA

BULATSA, Sofia, Bulgaria
petkova.maria@hotmail.com

Abstract: Flying under conditions of various meteorological hazardous have always been a challenge facing the crews of
aircrafts with regard to the procedures of ensuring the safety levels. The problem also indirectly affects the quality of the
information provided by air navigation and meteorological services.

With regard to the volcanic ash in the last 30 years there have been 10 serious accidents which led to engine failure. As
well as icing conditions, severe turbulence, thunderstorms, the volcanic contamination poses operational risks that must
be identified and mitigated in order to achieve a safe flight. Risk assessments and risk analyses are significant and
fundamental base for identifying the steps needed in order to avoid and mitigate the risks of volcanic contamination. The

establishment of standards and procedures for evaluation is a new challenge facing aviation society.

Keywords: volcanic ash, risk assessment, probabilistic characteristics, airspace management.

1. Introduction

Flying under conditions of various hazardous
meteorological events have always been a challenge
facing the crews of aircrafts with regard to the
procedures of ensuring the safety levels. The problem
also indirectly affects the quality of the information
provided to suppliers of air navigation and
meteorological services. And if with regard to the
frequent and already quite sufficiently studied
phenomena such as icing, turbulence, windshear,
cumulus clouds and thunderstorm activity, there have
been specific safety levels, rules for decrease of the
impact on aircrafts, procedures for their evasion
established, then volcanic ash and its dispersion in the
atmosphere is the new challenge facing the aviation
society.

The cases of aviation accidents involving the
registration of aircraft engine breakdowns have grown
over the latest twenty years, due to the influence of
volcanic ash. This led to the development of different
procedures for operating in volcanic ash conditions.
Unfortunately, they have been practiced only under the
conditions of training situations of a simulated fictitious
eruptive event.

That is the reason why the total collapse of aircraft
traffic after the eruption of the Icelandic volcano in 2010
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raised the issue about volcanic ash, the evaluation of
safety levels under conditions of volcanic ash, the
procedures of ground and air navigation organizations
in real and emergency situations. The detailed analysis
of the encountered situation showed that the procedures
developed until the moment of eruption had been firmly
restrictive. They do not contain requirements about
provision of forecasted values of volcanic ash content in
the atmosphere; do not indicate specific safety levels for
flights in clouds of volcanic ash, thus turning in fact to
be only formal procedures with no distinct operational
application. The lack of specific safe operation levels
for aircraft engines in clouds of volcanic ash, without
strict limitations and certification on behalf of the
aviation industry for operating in similar conditions,
seriously raise the question of risk assessment of flying
under volcanic ash conditions.

The ensuing reaction of the European Commission
on the run during the crisis intended to establish new
rules by introducing three zones of safety and
temporarily managed to bring the situation under
control. Despite the measures undertaken, the fact
remains that the unprecedented closing of the European
airspace for a long period of time resulted in
incomparable economic loses to the amount of 1.7
billion EUR for its civil aviation and similar amounts for
the tourist industry [1].



The formation of an all-embracing concept of air
traffic organization and management under volcanic
contamination conditions at a national level is an
indispensable task. It will be applicable in cases of
similar types of pollution in the atmosphere such as
chemical and radioactive contamination. Similar were
the cases of dispersion of radioactive materials in the
atmosphere due to the accident in Chernobyl in 1986
and in the Japanese Fukushima nuclear power station in
2011.

2. Risk assessment analysis of volcanic ash

2.1. Origin of volcanic ash clouds and impact of
volcanic ash to the aircraft

A volcanic eruption is a volcanic activity which is
characterized by very strong explosive lava emission of
short duration forming a volcanic eruptive column.
During such an eruption, volcanic ash and volcanic
gases are emitted in the atmosphere.

The column of volcanic ash, which is formed above
the crater upon eruption of a volcano, could reach
substantial vertical development in height up to the
tropopause.

The shape of the cloud is deformed by the spatial
distortions of the wind vector in the atmosphere (wind
shear). The upper limit of the cloud spreads along the
direction of the predominant wind at the eruption height.

The concentration of the particles in the volcanic
cloud depends on a range of factors such as volcanic
column height and meteorological conditions
(principally the spatial variability of wind speed,
especially in the upper layers of the troposphere and
stratosphere).

The movement and evolution of volcanic clouds in
the troposphere, in the first hours following the eruption,
strongly depend on the meteorological factors related to

Table 1. Typical characteristics of volcanic ash.

Tephra | Typical | Distance from | Residence
particle the volcano time in the
size vent atmosphere
Ash <64 um | Hundreds to Days to
thousands of | months or
kilometers years
64-532 Tens to Days
Hm hundreds of
kilometers
Lapilli | 0.532— | Few to tens of Few
2.56 mm | kilometers minutes
2.56-32 | Hundreds of | Seconds to
mm meters to a minutes
few
kilometers
Blocks | >32 mm Tens to Tens of
hundreds of seconds
meters

the transfer, as well as to the conditions of volcanic ash
sedimentation through gravity sedimentation in the
form of rainfalls. In the course of time, the cloud
changes its structure by becoming diffuse, i.e. the
dispersion of impurities depends less and less on
gravitational sedimentation and starts resembling a
passive impurity in the air, which disperses under the
influence of turbulent diffusion in the atmosphere[2].

The impact of volcanic ash to the aircrafts is related
to degraded engine and systems performance and etc.
and the most significant are shown in table 2.

1. Short-term operational hazards:

* Partial or complete occlusion of turbine blade
cooling channels leading to blade overheating with
a corresponding reduction of blade life and
premature blade failure;

* Abrasion or contamination of pneumatic ducting;

* Damage to aircraft exterior e.g. windshields, wing
leading edge, landing lights;

* Contamination of pitot tubes and static ports.

1. Long-term operational hazards:

« Corrosion of exterior, corrosion of interior;

* Degraded integrity of composite structure;

* Electric/electronic compartment contamination
and cooling.

II1. Health hazards:

* Impaired breathing;

* Impaired vision (physically);

* Long-term exposure health risks to operating crew
and passengers.

Table 2. Impact the volcanic ash to aircraft
and aircraft systems.

Parts | Occupants Cause Effect Response
Turbine engines fuel injection and combustor  surge, shut-down, difficult  idle thrust, evasive maneuver
deposits of melted ash glassy  restart in flight
coatings)
Turbine engines tlogging the turbine cooling  overheating idle thrust, evasive maneuver
vents
Pitot-static clogging the sensars unreliable air speed attitude-based flying,
indications indicated air speed deducted
from ground speed and wind
velocity
Turbine engines gbrasion with hard particles  wear of fan, compressor,  idle thrust, evasive maneuver
turbine, transmission
Pneumatic controls  clogzing the vents failure evasive maneuver
Windshield, body, cracks, abrasion with hard Wea, 0paqueness gyasive maneuver
wings, empennage  particles
Avionics, on-board  clogging air-coaling vents, overheating, malfunction  evasive maneuver
instruments electrostatic discharges
Human occupants breathing contaminated air,  respiratory problems, eye  nose breathing, replace

ey comea contact with damage contact lenses with eyeglasses
ashfdust particles
Turbine engines, body  acidity, exposure to associated  corrosion (in time)

50, and sulfurous acid

maintenance check and
and instruments
metallic parts

replacement
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2.2. Methodology Elaboration Principles

When developing the entire risk assessment vision
regarding the conditions of volcanic eruption and
volcanic ash pollution, it is necessary to adhere to the
standards and the recommended practices of the civil
aviation annexes, the ICAO documents and last but not
least the risk assessment practices of the ISO standard.

In this connection, it is essential to make preliminary
analyses of the possible sources, to assess the risk for
each of the possible consequences and zones of impact,
etc.

In the course of the research work, it was found out
that, keeping in mind the fact that the source of risk in
this case is multifaceted, the risk matrix would rather
have the appearance of a tensor of dynamic structure
strongly dependent on time and space.

The risk assessment methodology regarding
volcanic eruptions is based on the calculation of
probability  characteristics ~ concerning  volcanic
eruptions that have already past.

The framework of the methodology is based on four
fundamental tasks related to:

* Identification of volcanic sources with regard to
the studied territory and probabilistic assessment of
the possible volcanic ash pollution hazard for the
studied area;

* Determining the annual eruption probability for
each of the sources of volcanic ash based on the
following dependence: Volcanic Explosivity Index
- Volcanic Eruption Frequency;

* Calculation of stochastic events of volcanic ash
pollution by means of process modeling using
numerical models of volcanic ash dispersion.

¢ Calculation of deviations from the annual
probability regarding the probability of volcanic
ash hazard for each stochastic event within the
entire zone of interest.

3. The Probabilistic Volcanic Ash Hazard Analysis

The application of statistical methods in the
evaluation of volcanic eruptions and volcanic ash
contamination zones is an approach borrowed from the
assessment of the risk of earthquakes and their
consequences.

The methodology consists of a four-step procedure:

1. Identification of volcanic sources with respect to

any given site of interest for a probabilistic
assessment of volcanic ash hazard.
. Assignment of annual eruption probabilities for
each volcanic source based on magnitude-
frequency relationships.
Calculation of volcanic ash load attenuation
relationships for a set of stochastic events
(synthetic catalogue) using ash load prediction
equations (ALPEs) derived from ash dispersal
modelling.
4. Calculation of the annual exceedance probability
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versus volcanic ash hazard for each stochastic
event at each site across a region of interest.

The procedures used for methodology are based on
identifying volcanoes of interest (step one), undertaking
a statistical analysis of magnitude-frequency
relationships for each volcano (step two) and deriving
volcanic ash hazard attenuation relationships for a set of
stochastic events using ash dispersal modelling (step
three) as well as the development and implementation
of the mechanism for undertaking step four [2].

3.1. General statistical characteristics for volcanic
ash risk assessment

3.1.1. Magnitude-frequency relationships

A procedure analogous to developing earthquake
magnitude-frequency distributions is adopted here to
characterise the annual rate of occurrence for eruptions
of different magnitudes from each volcanic source. It is
important to acknowledge here that volcanic ash hazard
at any given site may represent the cumulative hazard
from multiple volcanic sources, all of which are likely
to have different eruption probabilities, styles and
magnitudes. Therefore, the individual annual eruption
probability for each volcanic source is calculated
following the procedure outlined below.

3.1.2. Record of completeness

Following assembly of the eruption database it is
necessary to assess the eruption record of completeness
(ROC). Different magnitude eruptions have different
time periods for which the record is relatively complete,
and these periods may differ across a region. Larger
eruptions are better preserved in the record than smaller
eruptions and this has important implications for the
ROC. A complete record for larger magnitude eruptions
might be thousands of years but only tens of years for
smaller magnitude eruptions.

3.2. Probability of an event

The average annual event probability for a volcanic
source (4) is determined by dividing the total number of
events (N) by the time period for which the catalogue is
thought to be complete (7). This calculation is
performed for each source volcano in the small
magnitude class (V1.3) to determine the likelihood of an
event of any magnitude occurring and under the
assumption that past averaged frequency is charac-
teristic of future event frequency. The calculation is
repeated for sources in the large magnitude class (V47).

A=NIT. (1)

In order to calculate the likelihood of an event of any
magnitude occurring (1V17) the ROC for each
magnitude class must be aggregated into a single
(converted) ROC (eruption record of completeness)
value (RC) for all magnitudes. Different magnitude
eruptions have different time periods for which the



record is relatively complete, and these periods may
differ across a region. Larger eruptions are better
preserved in the record than smaller eruptions and this
has important implications for the ROC. This is
achieved by normalising the different record lengths to
one time period, assuming a constant eruption rate. The
factor for converting RV1.3 to RV is calculated:

RC=RVi1/RV). Q)

The converted number of events for the small
magnitude class (NVCvi3) and a normalised total number
of events (Vv1.7) are calculated:

NCvi3=Nvis*x RC; 3)
Nvi=NCyiz + NCvas. 4

Using the normalised total number of events (Nv».7)
the likelihood of an event of any magnitude occurring is
calculated for each volcanic source:

/vi = Nv1/Rva. %)

4. Definitions and time frames of Probabilistic Risk
Analysis (PRA)

4.1. Event tree

A graphical, tree-like representation of events in
which branches are logical steps from a general prior
event through increasingly specific subsequent events
(intermediate  outcomes) to final  outcomes.
Constructing event trees for volcanic crises event trees
to show possible outcomes of volcanic unrest at
progressively higher levels of detail. We also estimate
probabilities for each event through the tree.

4.2. Probability tree

A graphical, tree-like representation of the
probabilities of comprehensive (exhaustive), mutually
exclusive events. As above, events are progressively
more specific as one moves outward along branches. As
above, the multiplicative product of probabilities along
any one path will be the probability of the most specific
event. However, the requirement that events at any
given level of specificity be comprehensive and
mutually exclusive means that probabilities of events at
that level will sum to 1.0. This sum of 1.0 is required if
one wishes to know, for example, the total probability
of an outcome (e.g., death) that might be reached along
several different possible paths.

4.3. Stochastic set of events

A stochastic set of events are developed for
probabilistic analysis. An estimation of the rate at which
volcanic ash load decays with distance from the source,
as a function of magnitude, eruptive column height,
duration, dispersal model and wind speed is required for
the stochastic set of events under consideration. The
dispersal of volcanic ash through the atmosphere
produces deposits at ground level that diminish

gradually in load (kg/m?) with distance from the source
but in directions controlled by the wind. Consequently,
ash load attenuation is a complex function of distance
and azimuth from source. Each event is simulated, using
a volcanic ash dispersal model. Stochastic events
developed here were based on the development of a
logic-tree data structure, the purpose of which was to
capture and quantify the uncertainty associated with the
inputs for each event and thus enable estimation of the
resulting uncertainty in the hazard.

The logic tree data structure developed here is
presented in Figure 1.

Input parameters include:

* Eruption magnitude (VEI between 1 and 7);

* Eruption column height (in meters; between 1,000

and 40,000);
* Eruption duration (in hours);
* Eruption style (from Strombolian through

Vulcanian and Sub-Plinian to Plinian);

» Wind speed (in meters per second and increments
of 5, 10, 15 and 20; variations in wind direction are
considered in a subsequent step).

volcano eruption column | eruption duration A ertption style™ stochastic event
explosivity height *

index®

Strombolian /- )
(weight 1)
1 hour
@)
(woight 1)
Vulcanian . 4) 4)
2 hours (weight 2)
1000 meters P e e
(weight 2)
(weight 1)
e
VEI 2 ( \ (weight 3)
\
\\ @hous

A s (weight (n)

(weight (n))

‘ver2-7

*1000 m increments
1 hour increments

#
dispersal model parameters
/ reflecting eruption style
NEln) “mis (5 m/s increments)

Figure 1. Logic tree for volcanic ash sources.

representation of a single event in the synthetic catalogue

The conceptual model of tree forming a synthetic
catalogue of events which consider the ground load
hazard for all sites of interest, from every possible
magnitude, at every possible distance, from every
possible volcanic source [3].

5. Volcanic ash sources and the impact to Bulgarian
airspace

The analyses of all possible sources of volcanic ash,
which may impact to Bulgarian airspace, are recognized
37 sources. In fact, for 25 of them there are fully
recorded records. For scope of this research are used all
records from A.D. to 2013. The number of all eruption
for this period in Europe is 533. As the feeble explosive
eruptions are classified 417 as well the intense are 59
eruptions. The results include only classified examples
with VEI 1 to VEI 7, despite existing 21 examples with
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VEI 0. According the most important characteristic of
volcanoes — volcanic explosive index (VEI) and
frequency of eruption, the most significant volcanoes in
the region of interest (Bulgarian airspace) are selected in
Table 3.

Table 3. Major sources of volcanic ash for
Bulgarian air space.

Volcanic Frequency
Volcano explosive of eruptions

index VEI P
Etna, Italy 1,2,3 167
Stromboli, Italy 2,34 11
Vesuvius, Italy 1,2,3,4,5 54
Bardarbunga, 1246 3]
Iceland
Grimsvotn, Iceland 1,2,4 46
Eyjafjallajokull, 234 4
Iceland
Katla, Iceland 3,45 21
Santorini, Greece 2,34 10
Furnas, Portugal 3 6

In respect of volcanic ash and spread of volcanic
clouds forming in atmosphere, the major sources for
Bulgarian air space regarding VEI the volcanic
eruption may divide in two groups:

* Feeble explosive volcanic eruption — VEI 1 to

VEI 3;
* Intense explosive volcanic eruption — VEI 4 to
VEIT.

The identified sources are grouped in two zones with
respect of distance to the region of interest as shown on
Figure 2.

Figure 2. Scheme of potential sources of volcanic ash
and region of interest.
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In fact, the distance is one of the major parameter
that provides information and defines the necessity of
prospective measures in applying VCP contingency
plan.

The lessons learned after Eyjafjallajokull eruption
in 2010 are shown that despite of the significant
distance from the source of volcanic ash to the
region of interest, the impact on aviation might be
devastating [4].
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Bb3MOXHOCTHU 3A IPUJIATAHE HA I'PB-BUOEJIEKTPOI' PAOUSATA 3A
OLEHABAHE U ITPOT'HO3UPAHE HA IICUXO-OU3UOJIOI'MYHOTO CbCTOAHUE
HA PABOTEIIIUTE B TPAHCIIOPTA

I'EHHAJMITI MAKJIAKOB

HuctutyT 32 KocMuuecku u3ciensanus u TexHosnorund BAH, Codwust, Buirapus
gmaklakov@mail.bg

Pe3rome: 3a Ge30macHOCTTa Ha TpaHCHIOPTa TOJIMA POJISL UTPae YMEHHETO Ha YOBEKA Ja TPHeMe MPABIITHO PEIICHHE B
eKCTpeMalTHa CUTYaIrsl, KOraTo 0COOSHO Ce TpOosiBSBA Taka HAPECUCHHUST JOBEHIKH (akTop. B mokmama ce pasriexna
METOABT TazopaspsaHa Busyammsanust (I'PB) 3a mrarHocTika Ha MCHX0-EMOIMOHATTHOTO CHCTOSHUE Ha pa0OTeIiTe B
TpaHcopTa u ce aHammupat te3u [ PB-npubopu, KouTo ca Hail-NoaXosIIIy 32 U3M0JI3BaHe B TPAHCIIOPTHHS OTPACHII.
OOocHoBaBa ce BHcokata edekrtuBHOCT Ha [ 'PB-Omoenekrporpadusra 3a nporHo3upaHe Ha TMOBENCHHETO Ha
orepaTopuTe B KPUTUYHU cepd Ha NEHHOCT (MOPCKH, BOZIEH, XKEJIE30ITbTEH, aBTOMOOMIICH TPAHCIIOPT U Ap.) C 1iel

[IPEIOTBPATABAaHE HA ABAPUIHU CUTYaLUH.

KnrouoBu aymm: pabomewu 6 mpauncnopma, OUASHOCHUKA, NCUXO-(PUIUONOSUNO CLCHOSHUE, YO8EWIKU (Pakmop,

2a30paspaOHa GU3YANUIAYUL.

1. BLBenenne

VYenemHoTo  QYHKIMOHHMpaHE Ha  CIIOXKHUTE
epraTiyHd CUCTEMH 3aBUCH OT e(EeKTUBHOCTTA H
CUTYPHOCTTA, C KOSITO paboTsAT oreparopute. KM Haii-
CIIO)KHHTE BHOBE OINEPATOPCKa NIEWHOCT Ce OTHACS
VIIPABJICHUETO HA JAWHAMUYHU OOCKTH, B YaCTHOCT B
TPAHCIOPTHHUS OTPACHIL.

3a Ge30macHOCTTa Ha TPAHCIOpPTA TOJSIMA POJIST
Wrpae yMEHHETO Ha YOBEKa Ja IMpHeMa IPABUITHH
PpelleHus] B eKCTPEMAITHU CUTYAIIUH, KOTaTo 0COOSHO ce
IPOSIBSIBA TaKa HAPEUSHUST YOBEIIKH (pakTop. FiMeHHO
TOBA TPaBH OCOOCHO aKTyallHa 33javyata 3a pa3pabor-
BaHETO Ha METO/W, KOWTO OOEKTWBHO Jla OILICHSBAT
BIIMSHUETO Ha BHHITHAUTE (JaKTOPH BBPXY IICHXHUKATA H
(M3HONOrMYHATE CTPYKTYPH Ha OpraHm3ma, orpese-
JSIIIA YOBEIIKOTO TOBCIICHUE B CIOXKHH KPUTHYHH
CHTYAaIHH.

CobliecTByBanuTe MPHOOPHU METOM 32 HaOIoIe-
HUE HE BUHATW MO3BOJISBAT €(PEKTUBHO MPOCIIC/SIBAHE
Ha 0COOCHOCTHTE B IICUXO-(PU3HOIOTHYECKOTO CHCTOS-
HHE Ha YOBEKa B PEXKUM Ha PEaHO BpeMe, KOETO €
CBBP3aHO CBC CJIOKHOCTTa Ha 00pabOTBaHETO HA
JTAHHWTE, 3HAYUTEITHOTO KOIMYECTBO apTedakTH, He-
CBHBBPIICHCTBOTO Ha METOWTE 3a HaOmoaenue [1, 2].

[NomoxeHnero KapAMHAIIHO C€ TPOMEHS Cliel
TOSIBSIBAHETO HA MPUOOPHTE 32 TUArHOCTHKA Ha Oa3ara

19

Ha Meroma rTazopaspsamHa Bmyammsamust (I'PB).
MeToabT € OCHOBaH Ha e()eKTa Ha CBETCHETO Ha OOCKTH
OT pa3NIMYHO E€CTECTBO B EJICKTPOMATHHUTHH TIOJIETA.
Texuonorusta ' PB-6noenekrporpadus ¢ n3BecTHa Ha
YUEHHTE TI0OBEYE OT JBE CTOJICTHSI.

Ipe3 1882 r. Genopyckusat yuen Hapkesua-Moako
OTKpHBa cmoco0 ma dortorpadupa CBETCHETO Ha
00€KTH, Pa3NoJIOKEHH BbB BUCOKOYECTOTHO ENIEKTPH-
4yecko mose. B mporeca Ha u3cieaBaHusATa Ha OWO-
JIOTUYHUTE OOEKTH YUYCHHWST PErHUCTpupa HW3KITIOYH-
TEJTHO JIFOOOTIMTEH (QaKT: Pa3psIHUAT IPOIIEC CE OKa3Ba
3aBHCHM HE CaMO OT OOJIECTHOTO, HO U OT TICHXHYec-
KOTO ChCTOsSIHHE. BcecTpaHHO TO3M mporiec U3ydaBar
ome nipe3 1939 r. B KpacHogap pyckure yuenu Banen-
tuHa 1 CempoH Kupmuan. Te mpoBexaaT uscieaBaHe
BBPXY CBETCHETO Ha HEOPraHWYHU W OUOJOTUYHH
00eKTH, B TOBA YHCIIO JINCTA HA PACTEHHUS U IPHCTH Ha
X0pa, B €JIEKTPOMarH|THO Tojie. Pe3ynrara perucrpu-
par Ha ¢oroxaptus. JlHec, Mopagd BaXHOCTTA Ha
TEXHUTE U3CIEBAHUS, B CBETA Hapes ¢ TepMuHa ,,I PB-
OroenekTporpadus’ ce U3MONI3Ba U MMOHATHETO ,,ePeKT
Ha Kwupmuan“. JIBamara Kupmman mnpoektupar u
Ch3/1aBaT HEOOXO/IMMaTa anaparypa, a pe3yJTaTUTe OT
W3CIIe/IBAHUATA WM Ca TOJKOBA 3alllEeMETSBAId |
MEPCIEKTHBHY, Y€ BCHYKO € CTPOTrO 3aceKpeTeHo.
[IepBara um myOnukamws [3] ce mosiBsiBa eBa IMpe3
1968 r.
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Ta3u TeXHOJIOTUs € YCIEX ce U3MO0II3Ba B YKpaiiHa B
o0nacTTa Ha pPaKETHO-KOCMHYECKHTE W3CIICIBAHUS.
Cnen pasnananero Ha CCCP ueHThpBT 32 U3CIEABAHUS
ce mpemectBa B Cankr [lerepOypr (Pycus), kpaero mos
peroBoacTBoTo Ha mpod. Koncrantun Kopotkos
METOJIBT MOJTy4YaBa MO-HATATHIIHO Pa3BUTHE U 3aII0YBa
MIPOMUIIIIEHO MPOW3BOJICTBO HAa CHOTBETHATA arapa-
Typa. [ PB-ipubopu cera ce m3moisBaT MpakTHICCKH
BbB BCHYKH BOJICIIIN CTPAHH B CBETA.

IIpe3 1978 1. e ch3maneH MexxayHapoIeH Chio3 3a
MEIWITMHCKA W TIPWIOKHA  OHWOeNeKTporpadus
(IUMAB, International Union of Medical and Applied
Bioelectrography) ¢ ma6-ksaptupu B CALL 1 Benuko-
Opuranus. llenmn Ha Heroara JEHHOCT ca: YTBBPIKIA-
BaHC HAa 3HAYMMOCTTA W HAaydyHHs CTaTyC Ha OHO-
eNeKTporpadusiTa Mo MHTS HA CUCTEMHH U3CIIC/IBAHUSE
KOHCOJIHMAIWS Ha YCHIIMATA HAa YISHUTE, YIacTBAIIH B
PA3IAIHN acCTICKTH Ha OMOENIEKTPOrpad)CKUTE H3CIICI-
BaHUS, PA3BUTHEC HA TE3W M3CICABAHUA B CTPOTH
HAYYHH PaMKH.

Tyk pasrnexxaame BB3MOxHOCTUTE | PB-Onoerek-
TporpadusTa na ObJe M3MON3BAaHA 33 M3CIICIBAHE HA
MCUX0-(DPU3HOJIOTUIHOTO CHCTOSIHUE Ha OTIEPATOPHUTE B
KpUTHYHH c(hepH Ha ISHHOCT (MOPCKH, BOJICH, JKeIe30-
ITTEH, aBTOMOOWJICH TPAHCIIOPT M ZIP.) C TIEN TPEIo-
TBpATsSBaHE HA aBAPUITHY CUTYaIIUH.

2. OcnoBnu npunuumy Ha I'PB-0noenexrpo-
rpagusra

IIpuHITMITET Ha Ta30pa3psAHATa BH3yam3anys [4] e
npescraBeH Ha Ourypa 1.

' > - e
! OberT Ha « | Enextpomarmmrmo | |
: npoy4BaHe - i

Yy

noac

Cuetema Ha
rpanchopMaiis
HAl HITEYBAHCTO

a) &)

Queypa 1. IlpuHnyn Ha ra3opaspsHaTa
BU3YaJIM3alKs: a) CXeMa 3a IpeoOpa3yBaHe Ha
nH(opManusITa 3a apaMeTpUTe Ha U3CIICIBAHMS
00ekT B MH(popMaIms 3a Xxapakrepuctukure Ha I PB-
rpamu 0) cxema Ha ycrpoiictBoro 3a [ PB.

Mexny m3cnenBaHust o0ekT 1 U IueneKkTpuYHaTa
IUIACTUHA 2, BBPXY KOSATO € IOCTaBEH OOEKTHT, Ce
M0JIaBaT WMITYJICH Ha HANpPEeKEHHE OT TeHepaTropa Ha
EJIEKTPOMAarHUTHO IoJie 5, 3a KOeTo Ha oOpaTHaTa
CTpaHa Ha IJIaCTUHAaTa 2 € HaHECEHO MIPO3payHo TOKO-
MpoBeXxaanio mokpuree. IIpu BIcoKo HarpeskeHrne Ha
TIOJIETO B Ta30Ba cpeia MeX Iy 00ekT 1 1 mracTuHa 2 ce
pa3BUBa JTABUHOOOPA3EH W/WIH IIBJ3SI Ta30B paspsil,
YUUTO TApaMeTpH Ce OINpPEAeNAT OT CBOMCTBaTa Ha
o0ekTa. CBETemMAT pasps ¢ MOMOINTA HAa ONTHIHA
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cucTeMa M BuIeoKamepa 3 ce ImpeoOpa3yBa BBB
BUJICOCUTHAIM, KOUTO C€ 3alucBaT BbB BHJ Ha
emuanuan kaapu (IPB-rpamu) win AVI-¢aiinose B
6110Ka Ha mamerTa 4, CBbp3aH ¢ KOMITIOTBPEH IPOLIECOp
3a obOpaborka. To3m mpouecop mpeacTaBisiBa
CHELMAIM3UPAH  AIlapaTHO-NPOrPpaMeH  KOMILIEKC,
KOWTO MO3BOJISIBA Ja C€ M3UYMCIAT MapaMeTpUTe U Ha
TAXHA OCHOBAa Jla CE€ HaNpaBAT OIpelcIICHU
JIMArHOCTUYHU 3aKJIIOYECHUSL.

3. Ooum npunuunu Ha I'PB-ananuza

Ot remHa Touka Ha Omodmsmkara I'PB m3mepBa
CTUMYJIHPAHO OTTOCIEKTPOHHO M3IIBYBaHE HA OHOIIO-
TH4YeH OOEKT (B TO3M CIy4ail YOBEIIKH TPBHCTH).
3puTeNnHO, Ha eKpaHa Ha MOHHMTOpa Ha KOMIIIOTBPA,
TOBa M3MNIEKIAa KaTo M300pakeHHE Ha KOHTypa Ha
NPBCTa ChC CBETEIL Opeodl 0KkoJIo Hero (Durypa 2).

Queypa 2. I300paxeHre Ha KOHTypa Ha IPbCTa.

Nmenno Toa n3obpaxenue (I'PB-rpama) u Hocu B
cebe cu wHGpOpPMAIMATA 3@ TCUXO-(PU3HOIOTHYHOTO
CHCTOSIHUE Ha YOBEKA.

3a oraeneH aHAM3 Ha (U3MUYECKOTO M TICHXH-
yeckoTo cberosuue I PB-rpamure TpsiOBa 1a ce cHUMAT
B JIBa pEXKUMA.

I'PB- epamume ¢ ¢unmvp (0003Ha4YaBart ce ¢ ,,F*)
oTpa3sBaT 0a30BOTO paBHHWINE HAa EHEprerukara Ha
opranusma. [lpu HOpMaimHO (PYHKIMOHHMpaHE Te ca
MHOTO CTaOWJIHH, BB3MPOU3BOANMH. TEXHHUTE MPOMEHH
MOKa3BaT HAIMYMETO Ha MarojorudHu mporecH. C
npyru gymu I'PB-rpamure F otpassBar ¢uzuueckoro
CBCTOSIHUE HAa OPTaHUTE U CUCTEMHUTE.

I'PB- epamume 6e3 ¢gpunmovp (00O3HAUABAT ce C
,,WF) TIOKa3BaT TEKYIIOTO CBHCTOSHHE HAa YOBEKa,
HETOBUSI TICUXMYECKH CTaTyC B JaJieH MOMEHT. Te
0Tpa3sBaT XapaKTePUCTUKUTE Ha BETETATHBHUS CTATYC,
T.€. BIASHHAETO KaKTO Ha (DM3HOJIOTUYHHTE, Taka U Ha
TICUXWYECKHUTE TPOIIECH.

[lpn muarHocTHIWIpaHE Ha TICHXOMOIMOHATHOTO
CBCTOSIHME Ha paboTemuTe B TPAHCIIOPTAa WHTEpPEC
npejcTaBisiBa cpaBHeHuero Ha ['PB-rpamu wF u F.
3amo? 3amoTo KaTo ce aHAJIM3Upa TAXHOTO ChOTHOIIIE-
HHUE € BB3MOXKHO Jla Ce OMNpeJleNli HUBOTO Ha IICHXO-
emormonanHo Hanpexkenue (ITH). Kakto e n3BectHo,
[TH ce xapaxTepu3upa C BpEeMEHHO HaMaJsiBaHE Ha
CTaOWITHOCTTa Ha TICHXWYECKHTE M IICHXOMOTOPHHTE



(hyHKIIMH, HECTIOCOOHOCT 3a M3KITIOUBAHE OT TPEBOXK-
HUTC MOCTIPECMBHU MPCKUBSABAHHNA, HaMaIIBAHC Ha
(PM3HONOTMYHHTE PE3EPBH, KOETO BOIH JI0 U3TOIABAHE
Ha OpraHm3Ma.

IIposienennero Ha cuiHo IIH y omeparopute Ha
CIIO)KHH €praTHYHH CUCTEMH BOAM A0 3HAYUTEITHO
HaMaJsiBaHe Ha TSIXHaTa pabOTOCIIOCOOHOCT, KOETO Ce
MIPOSIBSIBA TIPEIH BCHYKO TIPH CIIPABSHETO CHC CIOMKHH
1 HOBH HpOGJIeMI/I, KOUTO H3UCKBAT TBOPYECTBO U
KOHIIEHTpatys. B cb3HaHMETO Ha oriepaTopa JOMHHHPA
YyBCTBO Ha OE3NMpHYMHHA TPEBOTa BHB (popMaTa Ha
BBTPEIIHO HAINPEKEeHUe, 001 TrucKkoMdopT, decto Oe3
KOHKPETHO TICHXOJIOTHYECKO ChabpkaHue. Te3n cum-
IITOMH CHJTHO 3aTPYy/IHSABAT TIPHEMAHETO Ha MPABUITHH
pClIIeHUs B €KCTPEMaTHA CHTYALHs, B pe3yITaT CHITHO
Cce TIOBHIIIAaBa BEPOSITHOCTTA OT BH3HUKBAHE Ha aBapUU
1 KaracTpodu.

4. 00112 XapaKTepuCTUKA HA JUATHOCTUYHUTE
Bb3MOKHOCTH HA TexHoJ1orusita 'PB-
ouoesiexTporpadus

IMupokoro mpunoxkeHue Ha Meroga [PB-
ouoenekTporpadus ¢ o0yCIOBEHO OT TOBA, Y€ TOH ¢
€IUH OT MaJIKOTO CEBPEMEHHH METO/IH, TTO3BOJISIBAIIIH
OBp30 ma ce 3adukcupaT JaHHA 32 GYHKIFOHUPAHETO
Ha XOMEOCTa3zaTa C LIeJl Jla Ce M3BBPIIN EKCIpecHa
OLIEHKa, MOHHTOPHHT, KOPEKIMH, IPOrHO3a, KOHTPOJ H
n300p Ha cXxeMu 3a edekTtuBHO JeueHue. CienBa na
noguepraeM, ye I PB-u300pakeHnsTa MHOTO 4yBCTBHU-
TEJTHO pearupar Ha W3MEHCHUETO Ha (PU3MYECKOTO W
MICUXUYECKOTO CBhCTOSIHUE Ha 4oBeka, 3atoBa ['PB-
onoenekTporpaduaTa HaMHpa TPUIIOKEHUE 332 paHHA
JMarHOCTMKa Ha 3a0O0JsBaHMATA, KOTaTo JPYTHTE
JMarHOCTUYHN METOMH TIOHSKOTa HE IaBaT OCHOBAHUSA
3a 3aKTIOYEHHe, Y€ y HYOBEeKa 3al0o4Ba IMaToJOTHYeH
npotiec. PaHHaTa quarHocTrka Ha IPHYMHHUTE 32 BCSKO
3a00IsBaHe € IIeJIecho0pa3Ha, Thil KaToO ITO3BOIISBA
CBOEBPEMEHHO J[a CE B3eMaT afeKBaTHI MEPKH U Jia Ce
YBEJIWYH [IAHCHT 32 YCIEITHO JIeYEHHE.

PasButnero na ['PB-Onoenexrporpadusita mo3soin
Ia ce GpopMyiupa CISTHUST TE3HC. «ChCTOSIHUETO Ha
MAIMEHTHTE MOXKE J1a CE pasriexnaa He ¢ TePMUHHATE
HOpPMa WM MaToyiorus (3a00iiBaHE), a C TepMHHA
CBCTOSIHME Ha OpraHu3Ma». BbB Bpb3ka ¢ TO3M Te3HC
MOXE Ja c€ OTKPOST CIICJHUTE /IBE HAIPaBICHHS 3a
Juardoctuka [5]:

* JlnarHoctuka Ha (usmyeckoro ((pu3nomornyHo-
TO) CBCTOSIHWE Ha 4YoBeka. JlmarHoctmkara ce
W3BBPILBA, KaTO CE MPABH aHAIN3 Ha CBETEHETO I10
cektop. [Ipumepu 3a CbCTOSHHETO HA OpraHM3-
Ma: ChCTOSIHME Ha PA3IMIHUTE OPTaHU U CUCTEMU
Ha OpraHm3Ma, HOpPMa, WHTOKCHKALUS, BH3IIa-
JIEHUE, OHKOJIOT 1S, CETICHC.

JluarHoctrka Ha TICHMXHYECKOTO (EMOIIMOHAITHO-
TO) CHCTOSHHME HA HOBEeKa. J[MarHoCTHKaTa cTaBa
Ha OCHOBaTa Ha aHAJIM3 Ha olIlaTa KapTWHA Ha
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CBETEHETO (IUIOII, MHTEH3UBHOCT, (hpaKTaTHa pa3-
MEPHOCT), UHTETPAJICH aHAIN3 Ha N300PaKEHUETO
Ha KOpOHaTa Ha cBeTeHeTo. [IpumMepu 3a cheTos-
HHUETO Ha TICHXHKaTa: HOpMa (CTIOKOIHO ChCTOS-
HUE), BE30YICHO CHCTOSIHUE, YTHETEHOCT, CTPaXx,
panoct, MeNaHXOJTHSL, BhITHCHHE.

Kato m3nmzame OT mocodeHWs: Te3Wc, IIe pasriie-
naMme Br3MoxkHocTuTe Ha I PB-6noenekrporpadmsiTa 3a
JUAarHOCTHKAa Ha IICUXO0-COMAaTHYHOTO CBCTOSHHE Ha
paboTeluTe B TPAHCIIOPTa B JBE HAIPABIICHUS:
(DMBHONIOTUYHO CHCTOSHUE M TICHXWYECKO CHCTOSHHE
(HO-TO‘IHO JUArHoCTHKa Ha CbCTOSHHUETO HAa BUCHINTEC
KOTHUTUBHU (YHKLIUHN).

5. Buamo:knoctu Ha I'PB-6nostextporpadusra 3a
JAMATHOCTHKA HA (PU3MYECKOTO CHCTOSTHHE

JuarsocTrika Ha U3NYECKOTO ChCTOSIHIE MOXKE JIa
OBJie OCBIIECTBEHO Ha CIICAHHUTE JIBE PABHHUIIIA!

1) BusyamHo, anammsupaiiku ['PB-rpammre Ha
TMeTTe MPBHCTa Ha JisBaTa U AscHaTa pbka. Jlopu u 6e3
rosisiM onuT B I PB-mmarHoctukara BU3yaaHo MOXKE Aa
ce paznmuu 37paBus oT OomHus YoBek. Ha ®durypa 3
Kato npumep e nokazaHa I PB-rpama Ha npbCT Ha 37paB
1 Ha OoJteH.

A

Queypa 3. 'PB-rpama Ha ipbeT Ha 371paB (A) u
Ha 6oJieH JoBek (B).

ChIecTBYBAT CIICTIUATHH TAOIHUITH, TIO KOUTO MOXKE
C BHCOK MPOIIEHT TOCTOBEPHOCT JAa ObJE OIpeesieHO
Pa3BUTHETO Ha MATOJOTHMYEH TIPOIEC B OIPEICIeH
opran. Haif-mmpoko ce w3mon3Bar TaONMIMTE HA
[Merep Mannen (Mandel P., I'epmanust) u Koncrantun
Kopotkos (Pycwust). /luarsoctukara ce U3BbpIIBa KaTo
Ce aHAITM3HUPa CBETEHETO IT0 CEKTOPH (CEKTOPEH aHaIH3
Ha M300paXEHUETO HA KOpOHATa Ha cBeTeHe). M3mod-
3Baiikyl TakuBa TaOJNUIM, U3y4Baiiku edopmapuTe B
CBETEHETO (Pa3KbCBaHMA, HAJIMYKE HA TETHA, CHOTIOBE
CHSIHHE - CBETEIM TECHHW KaHAIHM U T.H.), € BB3MOXHO
OTIepaTUBHO Ja ce MpHEME pellIeHHe 3a IICHXO0-COMa-
TUYHOTO CHCTOSIHME Ha W3CIICABaHMS, J1a CE MOKaKaT
3a00JsIBaHUATA TPAKTHYECKH HA BCEKH OpraH W,
TJIAaBHO, J]a C€ IPOTHO3UPAT BE3MO)KHUTE MaTOJIOT UUHH
nporecd. To3u MeTon 3a AMArHOCTUIIMpaHe oOaue
n3nckBa momopatenar Ha [PB-npubopa nga wmma
CHOTBETHA MOATOTOBKA.

2) OreHka Ha MCHX0-COMATUYHOTO CHCTOSIHHE 10
yrcieny rokasarenu 3a [’ PB-rpama (cpenHa siprkoct Ha
M300paKeHUETO, TUIONT HA CBETEHETO, KOS(UIIMEeHT Ha
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(hopmara, koeuITHeHT 3a hpakTaTHOCT U 1p.) 1o Te3n
TIOKa3aTeNy ce ONpPEEIIT KOePUIIMEHTHUTE, HETIOCPE-
CTBEHO XapaKTepU3Upalld TCHXO-(PHU3HOIOTUUHUS
CTaTyC Ha M3CJIC/IBAHUS YOBEK.

Ot 2002 r. B OTpacnoBust IEHTHP 3a TCUXOIOTH-
YeCKH U3cieBaHus Ha MUHUCTEPCTBOTO Ha TBTHIIIATA
u croomenusta - OLIIM MIIC (Canxkr [lerepOypr,
Pycus) npu npose)xaaHe Ha IUIAHOB NICUXOJIOTMYECKU
npo)eCHOHAJICH TOA00p Ha TepcoHalia, paboTel] B
YIIPaBJICHUETO HA IBMKCHHETO HA BIAKOBETE, C yCIeX
CE U3BBPILIBA OLEHSIBAaHE HAa NPOPECHOHATHO BaXKHU
KadecTBa 1o Metojia Ha [ PB-O0noenekrporpadusra.

Kato npumep MoxeM aa pasriegame kak B OLITN
MIIC ce oueHsBaT TICUXUYECKUTE KauyecTBa U
CBOWCTBa, HEOOX0IMMH 32 e(heKTHBHA MPodheCHoHaTHA
JEWHOCT. AHAQIM3UPANKM CHOTHOIIECHHUETO MEXIY
IUIOIITA Ha CBETCHE Ha AACHATA M IUIOLITA HA CBETCHE
Ha JisIBaTa pbKa, MOXKE J1a Ce ONPEAEIISIT yCTOHIMBOCTTA
Ha (PYHKIMOHATHOTO CBCTOSHME, OalaHCHT Ha
BB30Y’KIaHE, HUBOTO HAa CaMOKOHTPOJI, MHAEKCHT 32
TPeBOKHOCT. Te3n JaHHW aBaT BB3MOXKHOCT Jia Ce
MPOTHO3MpPa TIOBEJCHHETO B cTpecoBa curyarws. o
IUIOIITA HA CBETEHE MOXKE Jia Ce ChAU JSCHOTO WM
JSIBOTO IMONYKBJI0O HAa MO3bKa 111e ObJAaT JOMUHUPALIN
IIPY eKCTPEMAaJIHA CUTYaLHs.

ITo nmoxkaszarenure or I'PB-rpamara € BB3MOXHO
CBILIO TaKa Ja ce ONpeneSM HUBOTO HA HOPMAaTUBHOTO
HoBeJeHUEe (KAKTO € M3BECTHO, HOPMAaTUBHOTO IIOBE-
JIeHUE M3HCKBA aHT@)KUPAHOCT, OTTOBOPHOCT, YyBCTBO
3a IBJT, Ch3HATENHO NMPUABbpPKAHE KbM NPUHLUINTE,
HOPMAaTHBHHUTE U3UCKBAHWS U IIPUETHUTE MPaBUIIa, KbM
OIIpe/IeNIeH! JIOTMUECKU CTPYKTypu). Moxke nga ce
MPEIOIOKHN U CTEeNIeHTa Ha JaTepaiu3alys Ha (QyHK-
LHOHAJTHOTO CHCTOSHUE, OCUTYPSIBAILIO WIIH CHIIPOBOXK-
JaI0 JOMUHAHTHOTO MOBEIECHHE, XapaKTEPHO 3a CUIICH
WHIUBUI, KOHTO JeiicTBa CMeENo, EHEPruyHo H
aKTUBHO, CTPEMH C€ Ja OTCTOSIBA CBOSITA JIMHUS HA
MOBEJICHNE, ]a KOMaH/ABa M [ja KOHTPOJIHMpPA APYTHUTE,
MMa WU3pa3eH CTpeMeX KbM CaMOYTBBPIKIaBaHe,
CaMOCTOSITEITHOCT M HE3aBUCHMOCT, T.€. 1a Objie n30paH
MOTEHLUAICH JILAED.

6. Bbamo:knoctu Ha I'PB-6uoesiekrporpadusra 3a
JAMArHOCTULMPAaHE HA CHCTOSTHHETO HA BUCIIIATE
(no3HaBaTeJIHH) KOPOBH (DYHKIIMH

BHuMaHneTo Ha y4eHUTe OT pa3in4HH 00JIacTH Ha
MeIULIMHATA U TICUXOJIOTHATA BCE MO-YeCTO Ce Haco4Ba
KBbM TaKa HapeueHHsI YOBEIIKH (aKTop, BIHUSCI BHPXY
0€30IacHOCTTa Ha YOBEKA B ChBPEMEHHHS TEXHOT€HEH
car. C men Ja ce MUHMMH3MpA BIMSHUETO Ha TO3U
(baxTOp MpOIBIKABA AKTUBHOTO ThPCEHE Ha METOAN 32
O0EKTHBHO OILICHSBaHE HE CaMO Ha IICHXO-(H3UOIIO-
TMYHUTE OCOOEHOCTH M (DPM3MYECKOTO CHCTOSHHE HA
YOBeKa, HO 1 Ha 3HAYMMHTE B TOBA OTHOILIEHHE ChCTOS-
HUA Ha BUcmmTe KopoBu (yHkumu (BK®), Hapuyann
Ollle KOTHUTUBHH, T03HABATCIHH.
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W3zBecTHO €, ye KOTHUTHBHUTE (PYHKIUH Ca TACHO
CBBP3aHH TOMEXIY CH;, KbM TSAX C€ OTHACSAT Haii-
CIIOXHUTE (DYHKIIMU HA TJIABHUS MO3BK — MHTEJICKT,
ped, Tpakcuc (CIIocoOHOCT 3a M3BBPINBAHE Ha ITIElie-
HACOUCHH JIBUTATCITHU aKTOBE), THO3UC (TIO3HAHHWE 32
MPEAMETHTE, SIBIICHUSTA, TXHOTO 3HAUCHUE U CMUCHIT),
maMmeT, BHMMaHwue. IlommkaBane Ha otraenHd BK®
(mameTt, BHIMaHWE) ce HaOFO/IaBa TP MHOTO HEBPO-
JIOTHYHHU 3a00JISIBAHUS, KAKTO U 110 BPEME Ha JICUCHHE C
TICUXOTPOITHH JieKapcTBa. T031 TpoIiec BIUsie He CaMo
BBpPXy Ka4eCTBOTO Ha >KMBOT, HO W BBPXY HpodecHo-
HaJIHaTa TPUTOMHOCT OCOOCHO HA TE3W JIUIIA, YHSATO
paboTa W3UCKBa BHHMAaHWE, KAaKTO € Hampumep B
TPaHCTIOPTHHS OpaHIIL.

B nHemHo Bpeme Hall-MmoAXos1l € KOMIUIEKCHUST
moxo1 KbM orieHsaBaneTo Ha BK®, BkirouBar HeBpo-
JIOTUYEH TIPeTJie]], HEBPOIICHXOJIOTUYHH TECTOBE, J1a00-
paToOpHU ¥ WHCTPYMEHTAITHA METOIH 32 THATHOCTHKA,
METOAU 3a CTPYKTypHA ¥ (PYHKIIMOHAJHA BHU3yalH-
3aiust. Ckpro u nponbipkutenHo! Kakes e uzxonbr?
I'PB-6moenexrporpadusra!

JIBATOrOAUIITHATE M3CTCBAHNUS B MHOTO MEIUITH-
HCKM YYpEXIEHMs IO CBeTa IMokaszear, ue [PB-
TEXHOJIOTHUTE Ca HE caMO OOEKTMBEH METOJ] 3a
JIMarHOCTHKA, AOITHIIBAI KIIMHUYHOTO BIIEYATIICHHE 32
CBCTOSIHUETO HA KOTHUTUBHUTE (DYHKIIUH; TE YECTO Ca
€IMHCTBEHUAT METOJI, ITO3BOJISBAI OIEPATUBHO H
JIOCTOBEpHO Jaa ce moiyun mHpopMarms 3a BKD na
orepaTopa Ha CJIOKHH epraTHYHA CHCTEMHU.

3a 1enra Hak-yZ00HO € Ja ce M3MOJI3Ba MHOTO-
(YHKIMOHATHUAT aHanmm3arop ,,l PB Kommakr KO
ChC CHOTBETHOTO MOTpaMHO 00e3IeUeHIE.

3a ma ce momyyaT MapamMeTpuTe, OTpa3siBalli
cbcrosianeTo Ha BK®, e nenecrobpas3Ho na ce aHanm-
3upar: HopMammupana miom (HIT), cpemra nHTEH3MB-
HocT Ha cBereHero (CU), koedummeHt Ha (opmara
(K®). HeobxomuMmo € Te 1a ObaaT OTYSTCHH 3a BCEKH
m3ciensan 0e3 purrsp (WF) u ¢ e (F).

CBIOCTaBSIHETO HA PE3YNITATUTE OT IICHUXOIUArHO-
CTUYHOTO W3CIIC[BAHE HAa KOTHUTUBHUTE (yHKIMH
(JTormdgecka mamMer, IMPOM3BOITHO BHUMaHHUe, Obp3UHA Ha
muciene) u ['PB-mapamerpure HII nu CH mnoxkassa
CTaTHCTUYCCKH 3HAYMMH KOpelaluu Mexay Tax. Ha
Hali-BHCOKOTO PaBHHUIIIE Ha JIOTHYECKA MTAMET ChOTBET-
CTBaT HUCKHU 3HadeHUs Ha mapamerpure HIT m CU nHa
JIsIBaTa phKa; Ha Hal-BUCOKOTO PABHUIIIE HA TIPOU3BOJI-
HO BHUMaHHE ChOTBETCTBAT HUCKU 3HAYCHUSI HA Tapa-
metpure HIT u CU Ha nscHara u isiBata peKa.

3nauenvero Ha mapamerpute HII u K® otpasssa
MICUXO0-EMOLIMOHAIHU ~ HapyIIeHus:  (TPEBOXKHOCT,
JIeTIpecHs).

JlaHHUTE OT TICMXOJIOTHUYECKHS TecT Ha CriiObpr-
XanuH (CUTyaTUBHA TPEBOKHOCT) 3HAYMMO KOPEIUPAT
¢ K®. BeaMoxkHO € na ce HanpaBu onieHka Ha BK®,
M3CcJIe/IBaliKy caMo €JIUH MPbCT Ha pbhKaTa. Hanpumep,
pbeThT Ha mapamerbpa HIT 1L wF (mapamersp HII Ha



ITBPBHUS TIPBCT HA JIsiBaTa phKka 0e3 (QITHp) MOKa3Ba
HaMaJIeHa CKOPOCT Ha MHUCJIEHE; PhCTHT Ha TapaMeThpa
HIT SL wF (mapamersp HII Ha metust mpbeT Ha nsiBaTa
pbKa 0e3 GuITHp) O03HAYaBa HAMAJICHO IPOHM3BOIIHO
BHMMaHHe (CPaBHEHUETO € ChC 3HAUCHUSTA 110 TECTOBE
Ha [ymnre).

W taka, metonsT ['PB-6moenexTporpadus Moxe ¢
ycmex Ja ce M3I0JI3Ba KaTo HHTEerpajeH METox 3a
O0EKTHBHO OIICHSBAHE HE CaMO Ha eMOIMOHATHUS, HO
1 Ha KOTHUTUBHUS KOMIIOHEHT B ISHHOCTTa Ha YOBEKa-
orepaTop.

7. 3axiouenue

Pa3Butnero u TEXHONOTMYHATA MOJICPHU3AIMS HA
TPAHCIIOPTHUSI CEKTOp, HEMPEKHCHATO HApaCTBAIINATE
W3UCKBaHMS 32 KAUeCTBO M OE30MacHOCT Ha Ipolieca Ha
TPAHCIIOPTHPAHE TIOCTABS 33/1a4H 32 YCHBBPIIICHCTBAHE
Ha TICUXO-(PU3HONIOTMYHOTO JHATHOCTUIIMPaHE Ha
pabotemuTe B OpaHIIa.

EnvH oT nepcneKTUBHUTE METO/IM 3a OLIEHSBAHE Ha
(DyHKIIMOHAITHOTO CHCTOSHAE HA YOBEKA € METOIbT
razopaspsiiHa Br3yanm3aiws. V3nomBaneTo Ha ChBpe-
MEHHU KOMITIOTBPHH TEXHOJIOTHH B 0OpaboTKaTa Ha
I'PB-rpamure 3Ha4MTEIIHO YCKOPsIBA [IOJIyYaBAHETO HA
pe3yNITaTUTE OT W3CIIeIBAHUITA, HAMAJISABA BIASHUAETO
Ha cyOekTwBHUSA (akTop Tpu (opMHpaHETO Ha
3aKIIIOUCHUS 332 MpOo(eCHOHAHATA TPHTOJHOCT HA
W3CIIeIBAHUSL.

I'PB-6moenekTporpadusra ¢ Brcoka e(eKTHBHOCT
MOXKe Jla ObJic U3MOI3BaHa HE CaMo 3a OlCHSIBaHE Ha
TEKYIOTO MCUXO-(PU3HOJIOTUYHO CHCTOSIHUE, HO U 32
MIPOTHO3MpPaHE Ha TIOBEJCHHETO HA OIepaTophTe B
KPUTHUYHH cepH Ha TeHHOCT (MOPCKH, BOJICH, JKeJIe30-
ITBTEH, aBTOMOOMJICH TPAHCIIOPT U JIP.) C LeN TpeJIo-
TBpaTsSBaHE HA aBAPUIHY CHTYaIIUH.

I'PB-nipubopute Orixa MOTJIM MHOTO YCIENTHO J1a
CIy’KaT M TIPH TECTBaHE 3a Mpo(eCHOHAIHA MPUTO/I-
HOCT 3a paboTa B CIIOKHHU epratudHu cucteMu. He mo-
MaJIKO e(peKTUBHY Onxa OWim IpH pa3paboTBaHETO HA
00pazoBaTellH U TPEHUHTOBHU MPOTrpaMu B KypcOBETE
3a TOBUINABAHC HA KBATU(UKAIMATA HA 3aCTHTE B
TPAHCIIOPTHHUS OTPACHIL.
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THE POSSIBILITY OF APPLYING OF GRYV-
BIOELECTROGRAPHY FOR ASSESSMENT
AND FOR PREDICTION OF
PSYCHOPHYSIOLOGICAL CONDITION OF
TRANSPORT WORKERS
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Abstract: The report examines the method gas-
discharge visualization (GDV) for the diagnosis of
psycho-emotional state of workers in transport. The
proposed GDV technology can be used to predict the
behavior of operators in critical business areas (sea,
water, rail, road transport etc.) to prevent emergencies.
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I'PB-TEXHOJIOI'USATA KATO ITPUHIMII 3A U3CJIEIBAHE HA
MN3MEHEHU CbCTOAHUA HA Cb3HAHUETO I1PH
MMPO®PECUOHAJIHATA TEMHOCT HA ABUAITMOHHUS TEPCOHAT

I'EaHAIMIT MAKJIAKOB, IIETHP TELHIOB

HuctutyT 32 KocMuuecku uiciensanus u TexHosnorund BAH, Codwust, Buirapus
gmaklakov@mail.bg

Pestome: IIpoBenenuTe OoT HAaC M3CIIENBAaHMS JaBaT OCHOBAHWE Ja CE MPEIONOXKHU C ToJisiMa CTEIleH Ha BEpPOSTHOCT
BB3HHKBAaHETO HA I3MEHEHH ChCTOSTHUA Ha cb3HaHMeTO (VICC) y aBHAIMOHHATE CTICIMAJIACTH B €KCTPEMAITHH CUTYAIIHH,
KOraTo O0COOEHO Ce TpOsBsBa pOJiATa Ha Taka HapedeHWs JoBemkH Qakrtop. 3a ma mcmemsame MCC, mpuexme
THOJIOXKEHHETO, Ye METOIBT Ha ra3opaspsiiHaTa BU3yaln3alys Hail-ITbJIHO OTpa3siBa ChCTOSHUETO Ha YoBeKa. B mokmaa
e pasmienan metonsT I'PB 3a monenmpane va ICC ¢ 1ien mporHo3upane Ha MCUX0-(H3HOJIOTHYHOTO ChCTOSIHUE Ha

ABHUAIIMOHHMSA TICPCOHAIL.

KirouoBu AYMHU: Ad8UAYUOHEH NEPCOHAI, ncuxo—qbwuwlozuww CbCmosiHue, 406eKu qbaicmop, U3BMEHEHO CbCMOSHUA

HdA Cb3HAHUEemo, 2a30pa3pﬂ<)Ha BU3YATTU3AYUAL.

1. BLBenenne

M3BecTHO €, Ye yCHemHOTO (DYHKIIMOHUpaHE Ha
CIIOXKHUTE €PraTHYHU CUCTEMH 3aBHCH OT ©()eKTHB-
HOCTTa M CUTYPHOCTTA, C KOSITO PadOTAT ONepaTopuTe.
B cpmioro Bpeme mpoBeneHHWTE OT HAC W3CIIEIBAHUA
[1-4] maBaT ocHOBaHHWE Ja CE MPEAIONOKU C TONsIMa
CTEeNEH Ha BepOsITHOCT, Y€ Y Xopara, KOUTO padoTsT B
TaKWBa CUCTEMH, [IPY EKCTPEMAITHA CUTYaIllH Bh3HUK-
Ba M3MeHEHO cheTosiaue Ha cb3nanneTo (MCC). Torasa
poJIATa Ha TaKa HapEUeHHUs YOBEIIKHU (DaKTOp € U3KITO-
YHTEJTHA, 3aII0TO [IeHaTa Ha TPEITHOTO PEIIeHNE YeCTO
e (haraneH usxo. ToBa ¢ ocoOeHa crila BaXKH 3a yIpaB-
JICHUETO Ha JWHAMUYHH OOCKTH, B YACTHOCT Ha
CaMOJIETH.

KakBo Moke a TOMOTHE 3a TpenoTBpaTsBaHe Ha
MIPOM3IIIECTBHUS M TIOBUIIIABAHE HA HUBOTO Ha Oe3011ac-
HocT Ha nonetute? EQHO OT BB3MOXKHHTE pEelIeHHs €
CB37]aBaHETO HA METOIM 3a OOEKTWBEH KOHTPON Ha
NCUX0-(DU3HOJIOTUYHOTO CHCTOSIHUE Ha YOBEKa M
MIPOTHO3UPAHE HA HETOBOTO MOBEACHUE B €KCTPEMATTHU
CHTYAaIIHH.

ToBa He MOKE J1a C€ OCBILECTBY 0€3 U3IOI3BAHETO
Ha ChBPEMCHHU JIMarHOCTUYHU CHCTEMH, Oa3upaHy Ha
TIOCITETHAUTE ITOCTHKEHHS HA M3YHCITUTEITHATA TEXHHUKA.
[lepcriexkTrBeH, OT TakaBa IiieHa TOYKa, € METOIBT Ha
razopaspsinHara Buzyamuzaius (I'PB). Tlomydenure ¢
HEro N300paKeHUsI TTO3BOJISIBAT HE CaMO JIa CE HATIPaBH
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orenka Ha pasaumero Ha MCC, HO m ma ce moaydn
KOJIMYECTBeHa MH(MOPMAIIKS 32 PaBHUIIETO HA XOMEO-
CTa3ara Ha IIeTHsI OpPraHu3bM U HA HETOBUTE OTACITHU
(YHKIIMOHAITHA CHUCTEMH.

B cratusita pazriexiaaMme MpeaBapuTeHA U3Ce-
BaHMS 3a BE3MOKHOcTTa [ PB-TexHosoruara na onae
M3II0JI3BaHA C IIed Ja C€ HaMalli BIHSHHETO Ha
YOBEMIKKSA (PaKTOp BBPXY IpoIleca HAa B3eMaHe Ha
peIleHNs B €KCTPEMAaJTHA CUTY IS

2. M3noxenne

MertonudeckuTte TPUHIWIN 3a H3CIEABaHE Ha
CBCTOSIHUS HA CH3HAHMETO Ca PasliieiaHd B JOKNIAJ U
00CchICHN Ha MEKIyHapoJieH KoHrpec Ha JpykecTBo-
TO Ha nicuxono3ure B bearapus npe3 2011 roguna [4].

ChIHOCTTA Ha TIPEUTOKEHUSI TIOAXOZ TP OTpese-
msiHe Ha ICC ce cheTOM B M3MepBaHe Ha ChOTBETHH
(GU3HONOTMYHN KOpelaTh Ha ch3HaHuero. C apyru
IyMH: HHE HE MOXKEM Jla M3MEPHM HENOCPECTBEHO
HHUBOTO Ha CH3HAHMETO, a CAMO BIIUSHHUETO MY BBPXY
¢du3uronornuHUTe ¥ PrznueckuTe mpouecy. Tosa Bius-
HHUE ce MpenaBa MO HAKOJIKO KaHana U Mpeaud BCUYKO
Ype3 IIaBHUSA MO3bK, KOMTO aKTHBHO Y4acTBa B IpoIIe-
CHTE Ha MHCIEHE W eMOUMH. MO3BKBT NMPOM3BEXIA
KacKa/ia OT XUMUYECKHU BEIIECTBA, KOUTO BIUSISIT BEPXY
(MBHONOTMYHAUTE TPOIECH, a 4Ype3 IeHTpajHaTa
HEepBHA CHCTeMa MOJYJIMpa ACHCTBHETO Ha BEreTaTHB-
HaTa HepBHa cucrema. | PB e mHOro uyBcTBHUTENEH



METOJl 32 M3MEpBAaHE Ha BIMSHHETO HA CH3HAHUETO
BBPXY (DM3HUOJOTHYHUTE TIPOLIECH U € B CHCTOSHHUE J1a
pearupa Ha Hal-(puHHMTE TpoMeHHM B paboTara Ha
BereraTuBHATa HEpPBHA CHUCTEMa, KOETO II03BOJISBA
PETHCTPHPAHETO Ha TMOACH3HATENHH U €MOLMOHATHU
TIPOLIECH.

CrmHoctTa Ha MeTofa ['PB e pasriienana B pabo-
Tata Ha . MaksakoB ,,Bb3MOKHOCTH 3a IipujiaraHe Ha
I'PB-6uoenexrporpadusra 3a olieHsIBaHE W MPOTHO3H-
paHe Ha TIcUXO-(M3HOJIOTUIHOTO CHhCTOSIHUE Ha pabo-
TEIUTE B TpaHcmopTa® (MyOnIMKyBaHa B HACTOSIIIHS
coopumk). Tyk me ce crmpeM caMO Ha OCHOBHHTE
TIOJIO’KEHHUS B TO3H METO/I.

1) Metoxst ['PB e ocHOBaH Ha cTuMynupaHeTo Ha
eMUCHH (DOTOHHM U EJICKTPOHH OT IMOBBPXHOCTTA HA
o0ekTa (pbKa, NPBCT WK NPBCTH) NPU MOMATAHETO
MY B eJIeKTpOMarHuTHo mose. [Ipu ToBa ce ochIecTss-
Ba (horoenexTpoHHa emrucusl. [IpoTnda ra3oB paspsz,
KOHTO NIMEHHO NPEIN3BUKBA CBETEHE.

2) U3zxoana nHbOpMAIHS 32 TICUXO0-(PU3UOIOTHYHA
JIMarHOCTHKA Ce SBsIBa CBETEHETO Ha OMoIUIa3Mara 1o
KpauInaTa Ha IpbCTUTE Ha ManueHTa. M300paxxeHneTo
Cce pa3ziens Ha CEKTOPHU M CE CPaBHSABA C AMarHOCTHYHA
Tal/uila, [aBalia KOpelamus MeXIy OTIESITHHUTE
CEKTOpPH Ha TIPHCTUTE M SHEPrUIHOTO CHCTOSHHE Ha
OpraHuTe U CUCTEMHUTE.

3) MeToabT € MOaXOIsM] 32 TUArHOCTHKA Ha TICH-
XHYECKOTO (€MOIMOHAITHOTO) CHCTOSIHAE: HOpMa (CTIO-
KOMHO CBCTOSHHE), BB30YJIEHO CHCTOSHHE, YTHETEHO
CBCTOSIHME, CTpax, pajfocT, MbKa, BBIHEHHE U Jp.
WzBbpiiBa ce Ha 6a3aTa HAa KOJMWYECTBEHU XapaKTepH-
CTHKHM Ha oOIaTa KapTHHA Ha KOpOHATa Ha CBETEHE:
IUIONI, MHTEH3UBHOCT, (ppaKTaiHa pa3MepHOCT H JIp.

WzcnenBanmsta moKa3BaT, Y€ WHTEH3UBHOCTTA,
XapakTepbT U CTPYKTypara Ha Crieli(IIHOTO CBETEHE
Ha JKMBH TBhKaHM B enekTpomarauTtHo moje (I'PB-
CBETCHE) B TOJsIMAa CTENEH 3aBUCH OT W3XOJHOTO
CBCTOSTHIE Ha O0OCKTa (HUBO HAa KM3HEHWTE IPOIIECH,
(DYHKIMOHAJIO CBCTOSIHUE HA OTJAEIHWTE OpPraHd H
TBbKaHW, CIEIU(PHUKA HA TATOJOTHYHUTE IPOLIECH)
[6,7]. WuTepecha m MHorooOemiaBama oO0IacT Ha
npuiokeHue Ha ['PB ce sBsiBa u3ciie1BaHETO Ha MpOoLe-
CHUTE Ha Ch3HAHHETO. MHOTOTOAMIIHU €KCIIEPUMEHTH
MO3BOJISIBAT /14 CE OMpPEACNAT OMOoeNneKTporpad)cKuTe
kopenatu Ha ICC [5].

M3xoxgailku OT METOJMYECKUTE MPUHLIMIN 32
M3CIIe/IBaHE Ha ChCTOSHUS Ha Ch3HAHHUETO, NIPOLIECHUTE
Ha CH3HAHUETO Ce MPOSBSIBAT BHPXY (PH3UOIOTHIHUATE
npouecH, u3Mepenu o I'PB-merona. M3Menenusra B
I'PB-rpamure npu UCC morar aa ce 3abenexar A0pu ¢
HEBHOPHXKEHO OKo (Durypa 1).

ITo-moapoOHY M3cnenBanms nokassar, ge mpu MCC
XOMeOCTa3aTa IPEMHHABa KbM JIPYTO HUBO Ha (DYHKIIHU-
oHnupare. [Ipu ToBa OpraHM3MBT HAITBIIHO IMTPOMEHS
XapakTepa Ha €HEPTUIHOTO OCHTYpsBaHE U padOTH B
CIIeIMaJIeH PEKUM, B KOMTO € Bh3MOYKHO JIa CE TIPOSIBSIT
peanna cnermuyay edextu. Ha mppBo MsicTo ToBa ce
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Queypa 1. T'PB-rpama Ha nnpbscTH npu:
A - HOpMaNHO ChCTOsIHKE Ha ch3HaHueTo, B — ICC.

u3pa3siBa B XapaKkTepHa aKTUBHOCT Ha HEBPOHHATA
MpeKa Ha MO3bKa, B CHelu(HKaTa Ha BBHTPEIIHUTE
yCelIaHus1 U BHHIITHUTE TPOSBY. Te31 ChCTOSHUS CHIIO
ca cBBbp3aHH ¢ ompenencH Bup | PB-u3obpakenws.
XapakrepsT Ha I PB-rpamute HanrbaHo ce IPOMEHS, Te
MpUIOOMBAT PEAWIla XapaKTepHH MpPU3HAIW, KOUTO
Morar J1a ObJat pa3nesieHu Ha 3 TpyTH (110 Kiacupuka-
st Ha K. KopoTkoB).

» ,,JIBOIHU MIpBCTEHN", M3pa3eHn OOMKHOBEHO IO
(hopmara Ha BTOpH IphCTEeH okoio [’ PB-rpamara,
MPEIUMHO B JOJMHHUTE CEKTOPH, BBIPEKH Y€ B
HSIKOHM CITy4au MoraT Jia Obaat 1 B ropHuUTe. Yecto
JIBOMHUSAT MIPBCTEH He € 0(popMeH HaITBIHO, a €
TIPEACTaBEH KaTo oTaeHn emuchu (Purypa 2).
OtnenHu paszfaigedeHd MeTHa, KOWTO MOHSKOra
BUCAT KaTo TPO3MIOBE OT MPBCTA, a MOHSKOra ce
pa3neNsT Ha 3HAYMTETHO pascTosaue (Purypa 3).
Te3u meTHa ca MHOTO CTaOWJIHH M CHIIECTBYBAT
M0 BpeME Ha IJIOTO M3MEHEHHE ([0 HAKOJIKO
JIECETKH MUHYTH).

* . KimoHOOOpaszHu emMucuun‘, KaKTo OTICITHH, TaKa 1
MHOTOOPOHHH, KOUTO Ca Pa3MoJIOKEHH TI0 11s1aTa
okpbxHOCT Ha I PB-rpamara (Qurypa 4).

L]

"’3@2 -"'-‘.'.n‘v‘ '--'
QDueypa 2. Ilpumep Ha ' PB-rpamu ,,iBoiHI
MPBCTEHH ",

7 PR TR
‘r... '-i-w j:.\ b
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@ueypa 4. Tlpumepu 3a I'PB-rpamu ¢ ,,kj1oH1".

Te3u xapakrepHu ueptu Ha MCC morar nma ce
MIPOSIBAT Ha BCUYKH ITPBCTH HA PBLETE WIN HA OTACITHA
npbecTh. ToBa ce Buwkaa npeauMHo Ha I'PB wF, makap
4ye B peauia ciaydam ce HaOmogasar u Ha ['PB F.
Meronukata 3a u3MepBane Ha [PB wF u I'PB F e
ormcana B padorara Ha I'. MakiakoB ,,BB3MOXHOCTH
3a npuiarade Ha ['PB-Onoenexktporpagusta 3a oueHs-
BaHE W MPOTHO3MPAaHE HA MCUXO-(PU3HOIOTHYHOTO
CBCTOSTHHE Ha PalbOTeIuTe B TpaHCTIOpTa™ (B HACTOS-
st COOPHUIK).

I'PB-rpamure npu UCC mnpumoOuBar xapakrepHa
¢dopma Ha 3Be3[a, KapTHHATa Ha €HEPIUMHOTO IOoJe
ocraBa (pakTUYecKu mpa3Ha. ToBa ce MposBsiBa Hai-
yecto Ha 'PB wF, obaue, B Hail-sIpkuTe Clly4an - U Ha
I'PBF.

CkaHupane Ha OWOCNEKTpUYHATa AKTHMBHOCT Ha
MO3bKa C TIOMOIITa HAa CHBPEMEHHH WHCTPYMEHTH
pa3kpu, ue B cberostnue Ha ICC MO3BKBT peMUHaBa
B 0COOCH PEXUM: HaMaJlsIBa Ce aKTHMBHOCTTA B IPaHU-
LUTE Ha O YECTOTHTE, MOBHUINABA CE€ aKTHBHOCTTA Ha
JpYTH YECTOTHM JHMAala3oHW M Ta3u AaKTHUBHOCT Ce
pasmpocTpansaBa OT (POHTATHUTE JOOOBE Ha MO3bY-
HHUTE TONYKBI0a KbM mepudepusra, Kato o0XBalla
MIOCTENEHHO Liesus Mo3bK. I PB-u3MepBaHus nokassar,
4ye IPOMEHUTE C€ CIy4BaT HE CaMO B MO3bKa, HO U B
1sIaTa eHepruiHa cucTema.

3a xomuuectBeHO oreHsBaHe Ha [ PB-rpamwre,
xapakrepmupainy HuBoto Ha VICC, e menecro0pa3Ho
Jla ce M3MO0I3Ba MHOTO(YHKIMOHAJIHUAT anapaTHo-
nporpames kominiekc ,,Il PB kommaxkt KO, paspabo-
TeH oT ¢upma ,,Kirlioniks Technologies International®.
To3n KOMIUIEKC TO3BOJISIBA C BUCOKA TOYHOCT J1a CE
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JUTATAIU3UPAT POCTPAHCTBEHUTE EHEPrOEMUCHOHHH
npouecu (I'PB-rpamu) u 1a ce M34MCIAT 3HAUUTENEH
Opoii pasnu4HN apaMeTpy.

3a mpoyuBane Ha MICC morar na ca pBHKOBOIHH
CJIeTHUTE TTapaMETPH 110 YMCIIEHHU noka3arenu 3a ['PB-
rpaMa: o0Ila 1 HOpMaIM3HUpaHa IUIOII Ha M300paxe-
HHETO, HMBO Ha SAPKOCT, KoepuIMeHT Ha ¢opma,
(dpakrarHOCT 10 MaHAEI0poT.

Ot ocobeH nHTEpec € oleHKaTa 3a eHTponus. PakT
€, 4ye OT CHEpruiiHa IJIeHA TOYKAa BCHYKU BHHILIHU
BIIVSIHUS TIPOMEHSAT CHTPONUATA HA (PU3HOIOTUYHUTE
cructeMu. Harpumep, B ChCTOSTHUE Ha CTPEC TSIIOTO ce
0opH ¢ HIKAaKBO OTPHLATEIHO BBHHIIHO BB3/ICHCTBHE:
HeraTuBHa MH(opManus Wik (u3ndecky arent. Tosa
BB3JCHCTBHE TMOBWINAaBa oOIara eHTponHs Ha
OpraHv3Ma W YyBEIM4YaBa BBTPEIIHUS Oe3NOpSIIbK,
KOETO HeM30eKHO Boau 110 3abonsBaHe. OpraHu3MbT
yBENUYaBa MPOM3BOJACTBOTO HA BBTPEIIHA CHTPOIUS,
3a na Oanancupa curyauusata. B UCC B pesynrar Ha
ITbIOOKA MEIUTALNS, MEHTAJICH TPEHUHT WM CIIOPTHA
KOHIIEHTpalnysi IPOM3BOJCTBOTO HA OTPHULIATENIHA
SHTPONHSI € CJIEACTBUEC OT BBTPEITHO MEHTAIHO
ycuItie, TO3H Ipoliec HamaisiBa 001aTa eHTpONHATa Ha
CHCTOSHUETO U MOPAJIX TOBA UMa TIOJIOKUTENEH e(eKT
BBPXY CbCTOSHUETO Ha YOBEKA.

3. 3axumiouenue

CUHTE3bT Ha 3HAHUWS, TMPUIOOUTH B HAYAIOTO Ha
XXI Bek B obyacTTa Ha HEBPOJIOTHATA, TICHXOJIOTHATA
1 icuxo(hu3mKaTa, OTBaps U3LIO HOBHU BE3MOKHOCTH
3a m3yuaBaHero Ha VICC. EquH oT Hali-akTyaiaHuTe
METO¥ B Ta3W 00JacT € rasopaspsaHara BH3yald-
3aiMsa. AHaIM3BT Ha JIUTEpaTypHHUTE H3TOYHUIM H
COOCTBEHHTE HM TMPOYYBAHUS JaBaT OCHOBaHUE Ja
TBBPIUM, Y€ METONBT Ha Ta30opa3psqHaTa BU3yallH3a-
U Hall-ITBJITHO OTpa3siBa MCHXWIECKOTO ChCTOSHUETO
Ha YOBEKa.

I'PB-texHonorus 3a HaOMIOOECHUE HA HUBOTO HA
NCC e menecrobpa3Ho 1a ce M3MON3Ba 10 BpeMe Ha
MICUXO-(U3UOIOTHIHUTE TPSHUHTH Ha CITY>KUTCIIUTE B
aBMAIMOHHUS OTPaChJl (CKUIaXH Ha CaMOJIETH, PBKO-
BOJIWITENTH Ha TOJIETH, IUCTICYepPH B YIPABICHHUETO Ha
BB3/LYIIHO JIBIDKEHHE U JIp.) C LEN J1a Pa3BUAT YMEHUS
32 B3eMaHE Ha TPABWJIHU pEIICHUS B EKCTPEMHU
curyanuu. Chbe chlara 1ei Moxe 1a ce u3nonspa [ PB-
o0opyBaHe 3a MOATOTOBKA Ha OIEePaTOpH Ha CIOKHH
epraTuyHy CUCTEeMHU (YTIpaBleHHE HAa KOCMHUYECKH
amapaT, aTOMHH EJIEKTPOCTAHIIMH, XHIPOCIEKTPO-
CTaHIIMM, TIPOW3BOJCTBO HAa CIOKHA W OIACHH
XMMHYECKH BEIIeCTBa M JIp.), a CHUIO M 3a BOJHUS,
JKEJIC30ITbTHUS, ABTOMOOWITHHS TPAHCIIOPT.

3a eexTrBHOTO M3y4aBaHe Ha ICC e HeoOxoammo
JIa ce OOCAMHAT yCUIHMATa Ha YYEHH OT Pa3uuHU
CTpaH{ U Hay4yHU oOnacTd (TICHMXOJIO3H, OMO(U3HIIH,
MEeTUIHN, KHOSPHETHITH U T.H. ).
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GRV-TECHNOLOGY AS PRINCIPLE FOR
THE STUDY OF ALTERED STATES OF
CONSCIOUSNESS OF AVIATION
SPECIALISTS
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Abstract: The report examines the method gas-
discharge visualization (GDV) for the diagnosis of
altered states of consciousness of aviation specialists in
extreme situations. The proposed GDV technology can
be used to predict the behavior of operators in critical
business areas (sea, water, rail, road transport etc.) to
prevent emergencies.

Key words: human factor, altered states of
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JOINED-WING AERODYNAMIC OPTIMIZATION UNDER UNCERTAINTY

PLAMEN ROGLEV

Department of Aviation and Transport Technology, Technical University, Sofia, Branch Plovdiv, Bulgaria
plroglev@mail.bg

Abstract: The traditional deterministic optimization applied to unconventional configurations such as the joined-wing is
likely to produce designs that outperform the conventional ones only at the specified conditions and are not robust in
regard to variations in the operating environment. To overcome this problem uncertainties present in the design process
must be accounted for in an efficient way with sufficient accuracy. In this paper several approaches for probabilistic
uncertainty propagation in the design analysis system are studied and compared to Monte Carlo simulation method.

Keywords: joined wing, robust optimization, uncertainty propagation.

1. Introduction

The nonplanar wing systems such as the joined-
wing and box-wing attract a lot of attention lately
because they are promising substantial aerodynamic and
structural advantages. The two configurations look
much the same and are actually a tandem wing system
with the front and rear wings joined at their tips either
directly (joined-wing) [1] or with the help of additional
vertical plates (box-wing) [2]. Further we will refer to
both as joined-wing.

The application of mathematical modelling and
optimization is a fundamental method in engineering of
designs for which little or no historical data is available.
Such is the case of joined-wing aerodynamic conceptual
design. And it has to be performed in a state of high
uncertainty. It is present in the models, the requirements
and the operating conditions. The classical conceptual
aircraft design which incorporates statistically derived
formulae implicitly accounts for the presence of
uncertainty, but this approach is impossible for novel
configurations. Often promising new configurations
when realized prove to be superior to the classical ones
only in very limited operating conditions or modes of
utilization [3]. So uncertainty has to be confronted by
applying mathematical techniques to explicitly quantify
it and optimize the systems in its presence. This leads us
to the concept of robust design optimization (RDO) that
is seeking a design that is less dependent on the changes
in its environment. Approaches for RDO have been
developed in different disciplines mainly in Operations
research and engineering design [4]. G. Taguchi was the
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pioneer in RDO in engineering. His methodology is
based on direct experimentation. Further RDO was
extended to simulation-based design and improved.

The RDO strategy contains three main parts [5]:

¢ identifying and quantifying the sources of
uncertainty;

* propagating the uncertainty through the analysis
system to form probabilistic objectives and
constraints;

* optimizing the robust objectives subject to the
robust constraints.

There exist three different approaches to quantify the

uncertainties [4]:

* deterministic — defines domains in which the
uncertainties can vary, also known as interval
uncertainty;

* probabilistic — defines probability measures
describing the likelihood of a certain event;

* possibilistic — defines fuzzy measures describing
the possibility or membership grade by which a
certain event can be plausible.

The probabilistic approach has found widest

acceptance in RDO.

In mathematical terms a deterministic optimization

task is stated as:

Find x € R" to minimize: f(x, z),

subject to: ¢(x,2)<0;i=12...1 (1)

where: X =[x;.....x, ]" is the vector of design variables,

i.e. ones that are under control of the designer; n —
number of design variables;



Z=[z...z, 1" is the vector of external (environmen-

tal) parameters over which the designer does not have
control;
m —number of parameters.
Usually the design variables are bounded:
X, . SX; <X

Imin imax?>

i=12.n )

With the probabilistic approach we regard the design
variables and parameters as random variables obeying
specific distribution functions. As a result the function
(X, ) becomes random function. The analysis of this
function, also termed uncertainty propagation, is usually
done by estimating its first and second statistical
moments — mean (3) and variance (4).

F,(x,z)= E[f|x,z] = If(x +0,2)p(0,2)dodz (3)

x,z])’} =
x,z]}*1p(8,2)dddz

F,(x,2) = E{(f (%,
= [{f(x+8,2)- ELf

4)

In the above equations & is the vector of the
tolerances of the design variables, p(d, z) is the joint
probability density of the uncertainties and Q is the area
over which the integration is performed.

Since the evaluation of f(X, z) is usually performed
by numerical simulations the integrals (3) and (4) do not
have closed form solutions. With the increase of the
number of design variables the classical numerical
integration methods such as the Gauss-Hermite
quadrature formulae face the “curse of dimensions”.
The evaluation of the mean and variance has to be done
at each step of the optimization process and that
seriously increases the already high computational cost
of simulation-based high-dimensional optimization. In
order RDO to be successfully applied in practical design
a method for the propagation of uncertainty that is
accurate enough and computationally efficient is
needed.

The purpose of this work is to study the applicability
of existing uncertainty propagation methods for robust
aerodynamic design optimization of unconventional
aircraft configurations such as the joined wing and
compare their effectiveness and accuracy.

2. Methods for uncertainty propagation
2.1 Monte Carlo methods

There exist several approaches based on the
stochastic interpretation of multidimensional integration
collectively known under the name of Monte Carlo
Simulation (MCS). The probability distribution of the
output induced by the probability distribution over the
inputs is evaluated by performing m repetitions of the
process at sampling points x; drawn from the input
space. For random sampling the integrals (3) and (4) are

calculated by the following formulae:

Foes = Zf(x ) ®)

Foes = Z [f (x;)— #MCS] (6)

Their error is O(m™"'*) 5 it depends on the number of

runs m, but is independent from the number of input
variables n. Quasy Monte Carlo methods that replace
the pseudo-random numbers with low discrepancy
sequences, lead to faster convergence, but they still
require a large number of function evaluations. MCS is
usually used as a measure when other methods for
uncertainty propagation have to be evaluated.

2.2 Tailor expansion methods

When the objective function is differentiable a
sufficient number of times with respect to the uncertain
variables x its statistical moments can be calculated by
a Taylor series expansion around the point px. This
approach is widely used and known under the name
Method of Moments (MM).

:f(""‘)+;a Ax,) ¥ ;;[Gx ox }A A%
(7
;;;(Gx v %, JAprquxr

plqlrfl s=1

N 5
zzz Z[@x x, . Ox ]Aprqux,AxS + O(AX)

where Ax,=x,—p, , and the term O(Ax”) is the

remainder representing all terms of order 5 and higher.
If the input variables are independent, the following
expressions for the mean and variance, truncated to the
second order terms, can be obtained [5]:

EMM=f(ux)+;§ZC{% ®)
Fa Z T Z(JX@)%,% )

where 7, is the skewness, or the second statistical

moment of variable x,,.

Tailor expansions including first order terms and
second order terms, to which we will refer as First Order
MM (FOMM) and Second Order MM (SOMM) are
widely used in practice [4] mainly because of their
computational efficiency. FOMM requires 2n+/
function evaluations and SOMM - 2n*+1. But the
accuracy of the method can severely suffer from
nonlinearities in the system response. Also the
numerical determination of derivatives for noisy
functions is unreliable.
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2.3 Metamodels

The metamodel (also known as surrogate model) or
,,model of a model”“ is an abstraction of the model
representing its properties in a computationally efficient
way. It is an approximate representation (y*=f*(x)) of
the objective function ()=f(x)). Metamodels might be
used for the wuncertainty propagation, for the
optimization and for both [7]. The meta-model is based
on a set of results that are obtained with high-fidelity
simulation. For this purpose, sampling of the multi-
dimensional design domain is done by design of
experiments (DoE) methods.

Most commonly used for uncertainty propagation is
a relatively simple class of meta-models - the
polynomial regression models, which are also often
referred to as response surface models (RSM). The
coefficients of the polynomial regression model are
determined according to a least-squares procedure.
RSM was originally developed to build models from
experimental results and then started to be used for the
modelling of numerical experiments.

Most often a second order polynomial is used. The
second order polynomial regression models take the
following form:

f*(x)= ﬂo+2ﬂm+ZﬂLx +ZZ Bixix

i=l j=1
where n is the number of de51gn variables, and £;; Si; Bii
are the regression coefficients determined by the linear
regression (the model f*(x) is linear in the coefficients)
of the polynomial model. The minimum number of
points necessary is (n+1)(n+2)/2.

2.4 Univariate Reduced Quadrature

(10)

This is a novel uncertainty propagation method
presented in [8] under the name Sigma point method
and further detailed in [5] designated Univariate
Reduced Quadrature (URQ). It aims at increasing the
accuracy of mean and variance estimation by using
information collected at multiple points in the input
space while preserving the computational efficiency of
FOMM. The following expressions for the mean and
variance are provided:

} (11)

Eurg =Wof (0,) + Z{

e ;{W{( )pf(x} {( h, }(12)

: [7(x)- 1 (uh)lhf () /(o) |

The sampling points are found as follows:

4

X, =

(13)

where e, is the pth vector of the identity matrix of size n
and /7, are given by

n, +hp0'xpep
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2
peoles p - 3% (14)
P 2 Xp 4
The weights are calculated as follows:
“1ey L (15)
p=l php
1
E——— (16)
ht—h,
) —hph, -1 (17)
P (/’l; _h;)z
The URQ method requires 2n+1 function
evaluations.

3. Uncertainty propagation test case

In order to compare the accuracy provided by
FOMM, SOMM, RSM and URQ a bivariate test case is
designed. The flight velocity and air density are chosen
as uncertain variables. Their behavior is described by
four realizations of Beta distribution [9] which is a
family of continuous probability distributions
defined on a closed interval, parametrized by two
positive shape parameters, denoted by a and p,
controlling the shape of the distribution. This allows
us to test the accuracy of the different methods for
various combinations of variance, skewness and
kurtosis of the input variables. The mean of C;/Cp ratio
of a joined-wing small unmanned air vehicle (SUAV) is
estimated for two arbitrary configurations named Model
A and Model B (Figure 1) having the same mass of 5
kg and wing area of 0,8 m” The results obtained were
compared to a MCS with 10° samples. The C;/Cp ratio
was determined with XFLRS5 [10], which is a panel
code. The behavior the C;/Cp ratio as a function of flight
velocity for a range of air densities from 1,225 kg/m’ to
0,9 kg/m3 is shown on Figure 2.

The results of the investigation are presented in
Table 1. It should be noted that despite the fact that the
maximum C;/Cp ratio of Model B is higher than that of
Model A, the mean estimate of C;/Cp ratio for model A
is higher, except for the instance of unsymmetrical Beta
distribution (a=2, f=5).

", |

Figuue 1. The joined-wing SUAYV configurations as
modeled in XFRLS5; model A (top); model B(bottom).



25 CLICD
20

15

10

S

¥ (m/fs)
0
0 5.0 10.0 15.0 20.0 25.0
25 CLICD -
Fif e
'.1'.’:‘,
#i
@ #1
r,.

15

10

S

¥ (mfs)
0
0 5.0 10.0 15.0 20.0 25.0

Figure 2. Graphs of C/Cp dependence from flight
velocity for a range of air densities from 1,225 kg/m’
to 0,9 kg/m® for model A (top) and model B (bottom).

Table 1.
B.eta CJCp Abs. relative error of mean estimates
distr. Model
coef. mean | FOMM | SOMM RS URQ
a=1, A 21,146 | 0,03665 | 0,0295| 0,01801 | 0,0124
p=1 B 20,823 | 0,03657 | 0,0286 | 0,00568 | 0,0044
a=2, A 23,704 | 0,01809 | 0,0141 | 0,00516 | 0,0004
p=2 B 22,695 | 0,01871| 0,0142| 0,00566 | 0,0005
a=5, A 22,403 | 0,01132 | 0,0094 | 0,00556 | 0,0042
p=5 B 21,349 | 0,01237 | 0,0102 | 0,00566 | 0,0052
=2, A 23,021 | 0,02722 | 0,0252| 0,00891| 0,001
B=5 B 23,652 | 0,02642 | 0,0242| 0,00931 | 0,001

31

4. Conclusions

The URQ provides better means of uncertainty
propagation than FOMM, SOMM and RSM and does
that at a modest computational cost. It does not use
derivatives and this makes it applicable to cases
involving noisy numerical simulations. This makes
URQ suitable for optimization under uncertainty of
unconventional aircraft configurations such as the
joined-wing.
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Abstract: This paper presents an analytical and numerical evaluation of the airplane yawing stability characteristics, based
on general theory of the aerodynamic design and flight dynamics considerations. The separate formulation of the Fourier
coefficients in the series solution to the Prandtl’s lifting line theory was made first, followed by the sidewash gradient
numerical evaluation for a standard configuration. The results include the discussion of the vortex model for the sidewash

gradient on the vertical stabilizer.

Keywords: vortex model, airplane stability, Fourier transform.

1. Introduction

The stability in the rotational degrees of freedom is
of primary importance for maintaining airplane trim. To
be statically stable in rotation, any disturbance in roll,
pitch or yaw must all result in the production of a
restoring moment that will return the airplane to the
original equilibrium attitude. The airplane is defined to
have a positive sideslip when the component of airplane
velocity relative to the surrounding air is positive [1].
For equilibrium longitudinal motion, the net side force,
rolling moment and yawing moment must all be zero.
No airplane can be always be perfectly symmetric.
Asymmetric loading and thrust, propeller rotation or an
asymmetric distribution of bugs on the wings can cause
either aerodynamic or inertial asymmetry, thus, even for
level flight, some provision must be made for trimming
the airplane in roll and yaw [2]. For a standard
configuration of an airplane geometry, a yaw
disturbance in a positive sideslip angle requires a
positive yawing moment to restore the disturbance to
zero, so, in mathematical terms, static stability in yaw
requires that C,;=0C,/op>0, where C, is the

aerodynamic coefficient for the yawing moment and 3

is the sideslip angle. Good handling qualities for a
typical airplane configuration are normally found with
C,p in the range between 0.06 and 0.15 per radian.

Any disturbance in velocity in a direction normal to the
equilibrium flight path will result in an aerodynamic
force that opposes the disturbance.
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2. The sidewash gradient

The sidewash induced on the vertical tail by the
wingtip vortices has a significant effect on the static yaw
stability of an airplane. For a vertical tail mounted above
the wing, the sidewash gradient is negative and has a
stabilizing effect on the airplane. The sidewash gradient
produced by the wingtip vortices can be estimated using
the vortex model (Figure 1). In the coordinate system
(x, v, z) , x 1S the axial coordinate in the direction of the

freestream, z is the upward normal coordinate and y is
the spanwise coordinate, all measured relative to the
wing quarter chord of the aircraft plane of symmetry.
According to Biot-Savart law [1], the y component
of velocity induced by the pair of wingtip vortices at the
arbitrary point in space (x, ¥, z) can be written as

r . x—lb'tanA
v, =—tt = 1+ 2 -
4z ( 1 J JA
zi+|y+—=>b
2
L,
r z x——>b"tan A
wt 1+ 2
4z 1) JB
z +(y—2b/j
ey
where
1 2 1)
A=|x—=btanA| +z2+| y+=b'
2 2
| 2 1)
Bz(x—gb’tanl\j +22+[y—zb']
()



Figure 1. Vortex model.

The wingtip vortex strength is proportional to the
product of the wing lift coefficient, C;,, and airspeed,

V., . The vortex strength T, and spacing &' can be

calculated from Prandtl’s lifting line theory [1].

Taking into account that the sidewash is positive
from left to right (according to the sign convention)
applying the small angle approximation, the sidewash
angle can be written as

g == 1+ —

Ve 7%, Z2 +()7—kb)2 Ja

Cuk, z (1+ X—ky tanAJ
A, z° +(y+kb)2 VB

where C;,, and A, are the lift coefficient and aspect

ratio for the wing and

=2 5= 5%
e TR,
Z:()?_kbtanA)z‘f‘Zz‘f‘()_/_kb)z,
B=(X-kytan AY +22 +(7+ky );

Figure 2. Effect of sideslip on the wingtip.

The vortex strength factor £, is a ratio of the wingtip
vortex strength to that generated by an elliptic wing
having the same lift coefficient and aspect ratio. The
vortex span factor k;, is defined as the spacing between
the wingtip vortices divided by the wingspan [4].

When the airplane has some component of sideslip
(Figure 2), the wingtip vortices are displaced relative to
the position of the vertical tail, and the y coordinate is
replaced with the )’ coordinate, measured from the
centerline midway between the two wingtip vortices.
Using also the small angle approximation, the )’

coordinate is related to the y coordinate by the equation
?'(B)zycosﬁ—(x—%b'tan AjsinB 3

Within this small approximation, the sidewash
gradient can be written as

O 05 O )
o &' Oop
where
de, Cp,-k, zZ(3-ky) X —k, tan A
Z%s _9 Lw "y b 1+ b +
' 7y 52“‘(?—]%)2[ VA J
S Cruhy 25 +ky) [1+)_c—kbtan/\j_
7, 22+ (F+k, ) JB
e CukZ, (¥ — ke tan ANy — k) N
FeGnrlen
_ CLkE (X —ky tan A )y + k)
2+ +k, P 24, l?%
and

Ziﬁ =—(X -k tan A)

The sidewash gradient induced at an arbitrary point
in space can be estimated by using the above equations
and it depends on the platform shape of the wing and the
position of the tail relative to the wing [5].

3. Lateral static stability

The yaw stability derivative is estimated by
combining the contributions made by the various
components of the airplane (fuselage, propeller and
vertical tail). The contributions from the fuselage and
propeller are typically destabilizing, but these are small
and easily countered by the stabilizing effect of an aft
vertical tail. The lift developed on the vertical tail as a
result of a positive sideslip produces a side force from
right to left (Figure 3). Since the vertical tail is aft of the
airplane center of gravity, this lift produces a positive
yawing moment about center of gravity. This is a
restoring moment, which tends to point the airplane into
the relative wind and return the sideslip angle to zero [1].
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Figure 3. Effect of sideslip on the aecrodynamic yawing
moment.

If the vertical tail were isolated in a uniform flow
field, the angle of attack for this lifting surface would be
equivalent to the sideslip angle £ . The magnitude of the

airflow relative to the vertical tail can be decreased if the
surface is in the wake of the wing or the fuselage. This
magnitude can be increased if the vertical tail is in the
slipstream of a propeller or jet engine. The angle of
attack for the vertical tail can be modified by the
slipstream of a propeller or by vorticity shed from the
main wing. For small sideslip angle, £, the sidewash

on a vertical tail can be considered to be a linear function
of B,

‘C"s = 850 + gs,ﬁ : ﬂ (5)
where &, is the sidewash angle at zero sideslip and

&, p 1s the sidewash gradient,
&5 =0¢,10B (6)

The lift developed on the vertical tail is linear for
small angles of attack and rudder deflection. Positive
deflection (leftward) of an aft rudder produces a
rightward increment in the lift developed on the vertical
tail and a negative increment in the aerodynamic yawing
moment for the airplane. Using standard sign
convention, the contribution of the vertical tail to the
yawing moment is

|
An), == pV2S, -
(an), == oV, -
lc o (B-e.-68)+2,C, s 6]

v=mv,0,
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where 7/ is the local magnitude of the relative airspeed
at the position of vertical tail, Cy,, , is the lift slope for
the vertical tail, ¢, is the rudder effectiveness, ¢, is the
mean chord length of the vertical tail and C,,,, 5 is the

change in the moment coefficient for the vertical tail
with respect to rudder deflection.

The contribution of the vertical tail to the yawing
moment coefficient is

(86,), =155 lli=e, )8 -Coren -
=1, vav Lva( CLv,a_l_vav,J,.Jé‘r

where 7, is the dynamic pressure ratio for the vertical

tail which is analogous to that for the horizontal tail.
Equation (8) provides the contributions of the vertical
tail and rudder to the yaw control derivative

Syl
(Acn,ﬁ) =M< =t CLV a(l & ﬁ)
v S0, )
S, c,
Cn,(f, /N S Vb‘ CLv a(‘g CLv aQ IV m,,0, 5rJ
wrw v
The aerodynamic derivative C,, s is always

negative, thus, the change in the airplane yawing
moment coefficient with rudder deflection is always
negative for an aft rudder, when leftward deflection of
the rudder is considered to be positive [1]. The sidewash

gradient, & 4, is typically negative and thus it increases
the stabilizing effect of the vertical tail. The lift slope for
a vertical tail in combination with a horizontal tail can

be estimated using the numerical lifting line method or
from three dimensional panel code.

4. Fourier coefficients for a wing with aerodynamic
twist
The parameters k, and k;, can be written in the form

k, =1+ Zﬁsin(n%j;

n=241

f+z

n=\n —1

cos(n j (10)

1+ Z—” sin(n Zj

n=2 Al

where 4, 4,,......4, are the Fourier coefficients in the

series solution to Prandtl’s lifting-line equation. The
Fourier coefficients for a wing with geometric and
aerodynamic twist are given by

A4, =an((x_aL0) -b,Q (11)

root

where



Na _ 2?\.(1+r) n ‘|sin o)1

”2::1 n[CL,oc[l—(l—r)|cose|]Jr sin0 () 02
N 20(1+7) .
EbH[GL,a[l—(l—r]coseu-‘_ sinels ( 6)—| 9'

In the above equations A is the aspect ratio, 7 is the
taper ratio, Ez,q is the section lift slope for the airfoil
from which the wing was generated, Q is the maximum
washout  (geometric plus  aerodynamic) and
0 =cos(2y/b).

In order to obtain » independent equations for the N
unknown Fourier coefficients a, and b,, the above

equations can be written for each spanwise sections of
the wing. With the first and last sections located at the
wingtips and the intermediate sections spaced equally in
0, this gives the system of equations

4 A Ay || @ 1
Ay Ay Ay || @ ~ 1 13)
AN Az Any | lanv ] 1]
4 Ap Ay | [B ] [ cos(6;)
Ay Ay A | |b | cos(0;) (14)
ANt Ano Ay | |by | |cos(Oy)]
where
4,;=j% j=LN;
24(1+7) il
L= — 9 ,
iJ CL,a[l—(l—rlcos(HiX]Jrsin(@i) sin76,)

(i - 1)7:

0, = , i=2,N; j=1,N;
N-1
Ay, =152 j=1LN.
5. Numerical results

For a wing platform with an aspect ratio of 8.8, a
taper ratio of 0.5 and S, =16 mz, b,=10m,
A=625 C, ,=45 A=10, [ -1 =4m,
a=5", a,,=—15", X=0.9 and z =1, the Fourier
coefficients are:

35

[0.198575 ] [—0.011237]
0 0
0.006929 0.008744
0 0
a=|0.009344 b=| 0.011790
0 0
0.003888 0.004906
0 0
10.003887] ;| 0.004905 |

The sidewash gradient is ¢ , = -0.0043 . This

model could be extended to others geometrically and
aerodynamically airplane configurations.

Conclusions

The even Fourier coefficients in both a,, and b, are

identically zero for the plane tapered wing, so, the
computation time can be reduced by forcing all even
coefficients to be zero and solving the system of
equations for the old coefficients using sections
distributed over only one side of the wing.

The numerical results show that the sidewash
gradient on the vertical stabilizer increases rapidly with
the distance aft of the wingtips. Also, there is an
optimum in the trade-off between the area of the vertical
stabilizer and its distance aft of the center of gravity. The
numerical lifting line method gives very good results
and can be used for accurately estimating the
aerodynamic  derivatives associated = with  tail
configurations.

References

[1] W. F. Phillips, Mechanics of Flight, John Wiley &
Sons, Inc., Hoboken, New Jersey, USA, 2010.

[2] C. Rotaru, I. Circiu, M. Boscoianu, Computational
Methods for Aerodynamic Design, Review of the Air
Force Academy, 2(17), 2010, pp. 42-48.

[3] M. R. Napolitano, Aircraft Dynamics. From
Modeling to Simulation, John Wiley & Sons, Inc.,
Hoboken, New Jersey, USA, 2012.

[4] C. Rotaru, A. Arghiropol, Maple soft solutions for
nonlifting flows over arbitrary bodies, Proceedings of
the 3rd WSEAS international conference on Finite
Differences-Finite Elements-Finite Volumes-Boundary
Elements, Volume 2769, 2010, pp. 270-274.

[5] J. Katz, A. Plotkin, Low Speed Aerodynamics,
Cambridge University Press, New York, USA, 2010.

BulTrans-2016



BulTrans-2016
Proceedings

14-16 September 2016
Sozopol

MN3CJIEABAHE HA PEHIEHUSATA HA KOH®JIMKTU BbB BB3IYIIHOTO IBUUKEHUE

IITAMEH IIETPOB

Kar. “Bw3aymien Tpancniopr”’, Texanuecku yausepeutet - Codust

plamenp@tu-sofia.bg

HUBAH IUMUTPOB

Kar. “Bw3aymuen Tpancniopr”’, Texanuecku yausepeutet — Codust

i.didmditrov@ tu-sofia.bg

Pe3tome: M3crenBan e eH reoMeTpUYeH METOJ 3a OTKPUBAHE U PelllaBaHe Ha KOH(IMKTH MEX Ty Bb3/yXOIUIaBaTeHU
CpEJICTBa BbB BB3YIIHOTO JBIKeHUE. [IpeacTaBeny ca uncneny pesynTtaty. HanpaseHu ca TOMbIHEHN KbM METOa U

MPENOPBKU 3a MPAKTUICCKO IMpHIarale.

Ki1iouoBu xyMu: 6u30V1iHO 08UdICEHUEe, KOHGIUKM.

1. YBox

OTKpHBaHETO M pPEIIaBaHETO HAa KOH(IIUKTU ¢©
OCHOBHATA 33j[aua Ha YIMPaBJICHUETO HA BBH3IYIIHOTO
mewkearne (YB/I), ¢ xoeto ce ocurypsisa Ge3orac-
HocTTa Ha monerute. Hacrosimara paboTta mokasea
pe3yaTaTd OT MpUiaraHe Ha €WH METOJ] 33 pelllaBaHe
Ha KOH(IIMKTY B pa3IHYHY CUTYAIHH.

2. OTkpuBaHe 1 peliaBaHe HA KOHGNIMKT
2.1.3apaua

Pasmiexxna ce noOpe mosHata B TeopusATa U
MpaKTUKaTa 3a]a4a: IBe Bb3IyXOIIaBaTeIIHA CPECTBA
(BC1 u BC2) netst paBHOMEPHO B €Ha XOPU30HTaIHA
paBHHMHA 1O TpaBOIUHEHHH, npecuyany ce (B T. O)
TpaekTopuu. Ako BC ce moOmmKkar eaHo 10 Ipyro Ha
pa3CTOSHHUE TO-MAIKO OT 0€30HacHMs] MHUHHMYM 32
XOPH30HTAIHA CeTapaLyis § 1e Bb3HUKHE KOHMIUKT. B
HavaHusg MoMeHT BC1 e BT. A, a BC2 —B 1. B (purypa
1). 3Haar ce: Havamuute pascrosaus AB, AO = X,
BO = xy, mpTHUTE CcKOpOCTH Vi u V> U BrBIBT HA
npecuyaHe Ha Tpaekropuute o. Tasu uHbopManus e
HaJIM4Ha B aBTOMaru3upaHara cucrema 3a YBJI u cbe
cpelcTBaTa Ha YOBEKO-MAILIMHHUS HHTEpdeiic MOXe 1a
Ce MPEIOCTAaBH HA PHKOBOAUTESI HA IIOJICTUTE.

Ja ce ompenmerny 11e HaCTHITH JI KOH(MIAKT (OTKPH-
BaHE Ha KOH(IMKT) U aKo TpsiOBa, Ja ce IpeArpruemMar
MEpKH TOBa JIa He Ce CITy4H (peliaBaHe Ha KOH(IIUKT).

2.2. OTKpuUBaHe HA KOH(NIMKT

OTkpuBaHETO HAa KOH(IMKT € TPEICTaBeHO U
aHAM3UPaHO MoAPoOHO B [1,2], KbIETO ca MOTBBPACHU
Y NPOABIKEHN U3BECTHU pe3yaratd [4,5]. M3uncnsasa
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Ce MEHUMAJTHOTO pascTosare Ha commkenue (MPC) d
Mexay BC

d=).xe (1)

C U3M0JI3BaHC HA KOHCTAHTUTC

P sina ,m=V2,x02=Vz[);/20—wa )

Nm? =2mcosa +1 4 2 v

U mporuo3HoTo Bpeme 1o MPC 7,

X X, (V, =V, cosa
— 10+T*, T*_ 02( 2 1 )

z-d - 2-
4 V, =2V V,cosa+V,

©)

Kondmukr 1ie uma xorato d <s. [Ipu aBTOMaTH4HO
NporHo3upaHe Ha KoH(MKTH o-100pe e MPC d na ce
CpaBHSIBA C KpUTEpUH 3a OTKpuBaHe (Tpar Ha
cpabotBane) S(7;), 3aBHCEI] OT IMPOTHO3HOTO BPEME T10
MPABHJIOTO: ako d < S npedcmou KoHgpauxm.

2.2. PerniaBane Ha KOHUIMKT

OpurvHamHu perieHus ca npeactaseHu B [3]. Ako
M3KITIOYAM BEPTHKATHOTO MaHEBPUpPAHE, OTKPUTHUST
KOH(JIMKT MOXe Jia O'bJIe PEIIIeH 110 JIBa HAYMHA:

A) Upe3 npomsiHa Ha Kypca Ha enHoto BC(B(C2)

ChC CTOHHOCTTA Y
K+CJC? —K*+1

= arcsin 4
v Tl )
C=tg(f+¢), p=arcsind, 5)
. S+ .
£ =arcsin> 4 — arcsmi , (6)
AB



K:_Ccosa+sina. )
m

3a cmATaHe ,.Ha yM", 0€3 U3UMCIUTEIHN CPEIICTBA,
ce npejyiara [3] mpuOIM3UTEITHOTO PEIICHUE:

s+1,
AB

B) Upe3s npomsina Ha CKOpOCTTa Ha exHoTo BC

v,, =57 ®)

* ako ToBa ¢ BC1, ckopocTTa My TpsiOBa Ja CTaHe:
___on

=————, C=1g(f+e); ©)
sina + Ccosa

4

* ako ¢ BC2, ckopocTTa My TpsiOBa Jla CTaHe:
sina
C

3. YTouHsiBaHe HA peleHHeTo

Vy, =Vi( +cosa). (10)

3.1. U3uncasiBaHe HA BIBJI f, KOTATo € ThIl bI'bJ

ToBa e BIBIBT MEKAY BEKTOpa Ha CKOpocTTa V3 Ha
BC2 u BexTopa Ha oTHOCHTETHATA CKOpocT AV Ha BC2
cpsimo BC1. ®opmynara (5) 3a W3UMCISIBAHETO MY,
naneHa B [3] e B cuia B mpeo0iafaBalinTe Ciiyda,
koraro f§ < 90°. Tyk ca noGaBeHH (opMymu U 3a
OCTAHAJIUTE CIIy4Yau.

brenst f € ThIL, KOraTo

Vicosa>V;. (11)

Bb3MoKHU ca 1Ba cydas:
A) Ako 7* > 0, BC ca Ha MUHUMAJTHO OTCTOSIHHC
cIien mpecudane Ha Tpaektopuute [1]. B To3u cimydai:

[ =m—arcsin 4. (12)

b) Axo 7* < 0, MUHUMaJTHOTO OTCTOSIHHE € KOTaTo

X2

Queypa 1. I'eomerpus Ha KoHPIUKT Mexxay BC u pemaBaneTo my.

BC1 e na pasctosiHUE X01 IPEIU TOUKATa HA IPECUYAHE
Ha TpaekTopuute (T. O). B To31 cimydaii:

T . Xy Sina
=—+arcsin———. 13
B 2 7 (13)

3.2. ManeBpupaHe 1o Kypc

KoraTto KoH(IUKTBT ce pelraBa upe3 XOpHU30HTAIHO
MaHeBpupane eqHoTo BC Moe Ja 3aBH€ B JIIBO WU B
micHo. Kosi mocoka nma ce um3bepe, 3a na Obae
OTKJIOHEHHETO OT IIbPBOHAYAIIHUS My KypC I0-MaJIKO?

I'eoMeTprYIHOTO peliaBane Ha KOH(IHUKT ce CBEXIa
JI0 3aBbpTaHe Ha HAIIPaBJICHUETO Ha OTHOCHUTEIIHATA
ckopoct Ha eqHoTo BC crpsimo apyroto. Ha durypa 1
€ n300pa3eHa OTHOCHUTENHATa CKopocT Ha BC2 crpsMo
BC1, kosiTo MbpBOHAYAIHO € O HalpaBlieHueTo BE.
JIvusT BE TpsiOBa na ce 3aBBPTH B TOYKATa, KBIETO €
BC2, taka ye ma ce nompe IO OKPBKHOCTTa Ha
3amuTeHara 30Ha okoso BC1 [3]. Ot enna Touka (1. B)
MoOraT Jia ce IMOCTPOSAT /B JONUPATEIH KbM €IHa
okpwxHOCT (B Toukn C u C” Ha ¢urypa 1) u 3aroBa
petienusTa ca age. OT €JHaKBOCTTa HAa TPUBIBIHULUTE
AABC n AABC’ cnenpa, ue <ABC = <4BC’ = y. Heka
<ABE = 6. 3aBbpranero Ha BE 1o BC' e Ha brba1 y + 0,
a 110 goruparenHara BC — Ha I0-MaJIKUS BI'bJ

e=y—0. (14)

CrienoBateslHO npu peuiasane Ha KOHGIUKmMuU ¢
NPOMSIHA HA KYPCa 3a680am mpsioea 0a 6voe GuHaU KoM
opyeomo BC 6 komugruxma, 3a oa 6vOe noO-MamKo
OMKTIOHEHUEMO OM NbPEOHAUATHUSL KYDC.

3.3. MaHeBpupaHe 110 CKOPOCT

KoH}pmukThT MOXKe 1a ce n30erHe upe3 IpoMsiHa Ha
cKopocTTa Ha eqHoTo BC (MOXe W Ha JABETE, HO ce
npuiiara psiiko). OTHOBO ca BB3MOYKHHU JIBE PEIICHUSL:
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yBeJIMYaBaHe WM HaMalsiBaHe Ha ckopocTra. Koe e 3a
MIPEIIoUnTaHe, 3a Aa Oblie MpOMIHATa HA CKOPOCTTa
mo-Maska?

dopmymmte (8) 1 (9) ca 3a cirydast, KoraTo JIommpa-
tenHata € B T. C Ha @urypa 1. Cien 3amectBane Ha (14)
B (9) 3a koHcTanTaTa C ce monyyasa:

C=1g(f+y=9). (15)

Jla nomyuumM 1o Ha4uMHa NokaszaH B [3] Gpopmynu 3a
JIpYTHUs BB3MOXEH Ciydaif, Korato reoMeTpHYHOTO
pemrenne e gornuparensa B T. C'. Ilpu 3anma3Bane Ha
ckopocTtTa V, Ha BC2, mpoMeHeHara ITbTHAa CKOPOCT Ha
BC1, xosiT0 permaBa KOH(IMKTA KaTO HACOYBA OTHOCH-
TeJIHAaTa CKOpocCT 1o gonuparenHara BC e:

, c'v,

V=——=  (C'=t —y=90).
7 sing + C'cosa gh=r=0)

(16)
Axo obpatHo, V; octane chliara, a KOHQIUKTHT ce

peum k6M T. C” Upe3 mpomsiHa Ha ckopoctTa Ha BC2,
T TpsIOBA Ja CTaHE:

v,,= VI.(SICL,O[+cosa).

Tl karo ot (15) u (16) C> C”, To:

sina

. +cosa
Vip C(sina+C'cosa) n,

= =— =—=<I1
! '(si s
W, C'(sina+Ccosa) g vcosa Vor

OTKBJIETO

V1p<V’

Ip>°

Vy,, >V, . (17)
B crnemBamata uyact € MOKa3aHO, Y€ KOraTo
KOH(QIMKTET Ce pelllaBa 4Ype3 MaHEBpUpaHE II0
CKOpOCT, BUHAaru usmMmeHeHneTo AV =V ,—V| Ha mbTHaTa
ckopoct Ha BCl e TMONOXWTEIHO, a H3MEHCHHUETO
AVy=Vy—V> Ha BC2 — otpuuarenHo. Tosu ¢axr,
3aemHO ¢ HepaBeHcTBara (17) mokasBa, Y€ OTHOBO
W3MEHEHHUETO Ha CKOPOCTTa € TMO-MajKoO B ITBPBHS
pasriexaaH ciydaii (momupatenHsa B T. C).

Ilpu pewasane Ha KOMDIUKMU C NPOMAHA HA
ckopocmma Ha eoHomo BC mpsbea da ce ysenuuasa
ckopocmma wa BCI unu 0a ce Hamansiea ckopocmma
Ha BC2, 3a 0oa 6w0e no-manko OMKIOHEHUemo om
HNBPEOHAYATIHAMA UM CKOPOCL.

4. YucseHo u3ciieiBaHe HA PelieHusITa

B tabnummre mo-mony ca JaneHU pe3yATaTuTe OT
YHCIICHO W3CJIe/IBaHE HA pelleHHsATa Ha KOH(IMKTH
NP pa3au4Hu cutyaiwy. Taomuna 1 e 3a o011 cityyai,
MpY KOHQIIMKT ciies| okono 15 munyTH, a Tabnuma 2 u
Tabmuia 3 ca 3a MO-TEKKH CITyJaH MPH roJisiMa Pa3inka
B TbTHUTE CKOpocTH Ha BC 1 kKoH(IWKT crien oKoo 5
MHUHYTH.

Tabnuya 1. V=780 km/h, V> =890 km/h, x19 = 185 km, x29 = 220 km, niporao3noto Bpeme 10 MPC 7; = 15 min.

a,° 30° 60° 90° 120° 150°
o, min 0,58 0,37 0,34 0,33 0,32
B,° 61,3 53,5 413 278 14
e’ 8,5 47 2.9 32 32
v, ° 10 7,6 6,5 5.8 6
Wips ° 124 6,6 4,7 3,9 3,5
W Vs ° 24 1 18 18 2,5
Vip, km/h 848 858 865 943 1192
Vap, km/h 819 808 802 736 582
AVi=Vi,— Vi, km/h 68 78 85 163 412
AV =Va,— Vo, km/h —71 —32 —88 —154 —308

Tabnuya 2. V1 =900 km/h, V> =630 km/h, x190 = 75 km, x20 = 60 km, nporao3noro Bpeme 10 MPC 7;~ 5 min.

a° 30° 60° 90° 120° 150°

*, min ~03 0,13 0,23 0,27 027

B,° 108 76 55 354 174

e’ 11 6 5 5 54

v, ° 72 20 14,3 12,3 12,4

W ° 21 12 9 7 6

W~ Y, ° 51 8 53 53 64

Vi, kmv/h 1070 1011 1088 1236 1942

Vap, km/h 530 561 521 459 292

AVi = Vi, — Vi, km/h 170 111 188 336 1042
AV2=Vsp— Vo, km/h —100 —69 ~109 —171 338
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Tabnuya 3. Vi =630 km/h, V> =900 km/h, x190 =42 km, x20 = 72 km, nporao3noro Bpeme 10 MPC 7;~ 5 min.

a,° 30° 60° 90° 120° 150°

o, min 1,1 0,8 0,53 0,49 0,47

B,° 428 136 354 24,5 12,7

g° 8,8 53 34 5 5,8

v, ° 8,9 6,4 48 83 10,6

Wi ° 20 13 9 8 7

WV Y ° T —66 —41 0,3 3,6
Vip, km/h 720 717 720 874 1426

Vs, km/h 788 791 788 649 398

AV =Vi,— V1, km/h 90 87 90 244 796
AVa=Va,— Vo, km/h —112 ~109 —112 —251 ~502

AHaIN3 HA YHCJIEHUTeE Pe3yJITaTH:

Ipu BITK Ha TipecHYaHe HA TPASKTOPUHUTE 0, OKOJIO
1 mo-Mayiku 0T 30° BB3HUKBAT 3aTPY/IHCHHS: HETOYHO
MIPUOJM3UTENHO pelieHne (TosMa TPEIIKa ¥ — Wyp),
ThIIM  BIJIA ﬂ, MHHUMAJIHO OTCTOSIHUE  MPEaU
MpEeCceYHAaTa TOUKA Ha TPACKTOPUUTE (OTPUIIATENHO 7¥),
3ary0a Ha cemaparus JI0CTa MOo-paHo OT BPEMETO Ha
MPC.

3a BIYIM HAa TpeCUYaHe Ha TPACKTOPUHTE o TI0-
romeMu oT 30° ¥ MaHEBpUpaHEe MO KypC, pasiMKara
MEX]Ty TOYHOTO PEIICHUE ¥ U IPUOTUIUTETHOTO Yy, HE
HaJIBHIIIaBa 7°, KOETO MOXKE JIa CE CUMTA 32 TIPUEMITHBO.
C wmen mo-romsiMa Ge3omacHocT OM MOMJIO Jia ce
Ipenopbya NPUOIU3UTEITHOTO PEIICHUE BUHATH JIa CE
yBenM4aBa che 7° U J1a ce 3akphriBa mpe3 5° (10°, 15°,
20° U T.H.).

PemaBanero Ha KOH(IHMKTa ¢ MaHEBpHpaHE IO
CKOpPOCT BHHACM C€ CBEXIAa JI0 YyBEIMYABaHE Ha
CKOpOCTTa Ha MbPBOTO BC 1 HAMANSIBAHE — HA BTOPOTO.
ToBa He € y1agHo, KOraTo CKOpocTTa Ha ITbpBoTO BC ¢
roisiMa, a Ha BTOPOTO — MaJIKa, 3all0TO pPEelICHHsTa
Morar Jja ObJIaT Hepeaan3yeMu.

Ilpu MaHeBpupaHe IO CKOPOCT HEOOXOIUMHUTE
W3MEHEHHUSI Ha CKOPOCTTa PacTar NpH HapacTBaHE HA
BrbJla Ha MpPECUYaHe HA TPACKTOPUUTE U PS3KO
HApacTBaT MpU THIU BIIK 0. ToBa O3HAYaBa, 4e
pellieHns upe3 MPOMsSHa Ha CKOPOCTTa HE ca yJauHd
TIPH HacpeIuu mmojetH (a > 90°).

5. 3akmr0uenne

B HacTosims TOKNa ca JOMBIHCHH U3BCICHUTE B
npenxomauTe padoTw [1,2,3] hopMym u anropuT™Mu 3a
OTKpUBaHC M PCIIaBaHC Ha KOH(i)J'II/IKTI/I BBB BB3YlI-
HOTO JIBIDKCHHME W TE Ca M3CICIABAHU 4Ype3 YUCIICHU
NpUMEPH B PA3IMYHA CUTYallMd M KOMOWHAIIMU OT
N3XOJHU JaHHU. Pe?:y.]'[TaTI/ITe MOTBBPKAAaBaT BEPHOCT-
Ta Ha (QOPMYITUTE U ATOPUTMHUTE U BH3MOXKHOCTTA 32
MPaKTHYECKOTO UM MpHUIIaraHe.
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EnmHO BB3MOKHO pa3BUTHE HAa METOJIA € ITOBHIIIaBa-
HE Ha aJIeKBaTHOCTTa Ha PEIlIaBaHETO Ha KOH(IMKTUTE
Ha PeaTHUTE CUTYallUH Ype3 OTUYNTAHE Ha:
* JIEHCTBHETO Ha BATHpA C 100aBsHE Ha BEKTOpa Ha
CKOpPOCTTa My BbB BEKTOPHHUTE 3aBUCUMOCTH H
* IMHAMHKATa Ha TIpolleca Ha MaHEBPHPAHETO IO
KypC WITH CKOPOCT.
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Abstract: The report is suggests a criterion for adapting the antenna systems with spatial — temporal signal processing,
which allows a simplified calculation procedure of the gradient of the objective function in multipath antenna systems and
the ,,Howells-Applebaum™ procedure is applied as an analytical option for prompt resolution that meets the criterion of

minimum interference of output in the antenna system.

Keywords: criterion for adaptation, spatial-temporary processing, multipath antenna systems, the procedure of

., Howells-Applebaum .

Introduction

At the present stage in the development of
surveillance systems (radar) for air traffic, the multipath
antenna systems with spatial - temporal processing
(STP) of radar information (RI) are the main applied
technology. The main direction in building such
systems at the "modeling" stage of the processing of RI
are: synthesis of new, powerful analytical models and
algorithms for spatial-temporal processing radar
information, ensuring maximum signal / interference at
the output of the antenna system and increased
opportunities to adapt their work in constantly changing
conditions.

The study of adaptive algorithms for spatial -
temporary treatment most often leads towards reducing
the mean square error, minimizing the amount of
computational procedures for determining weightings at
priori set limitations on the power of the received
reflected radar signal. Difficulties in setting priori
constraints Weightings are caused by: lack of prior
information on the direction of arrival of the reflected
signals, and the split in space antennas, leading to a
resolution of the partial diagrams of directional (DD)
individual antenna elements.

Exposure:

Adaptive algorithms for operation of antenna
systems for spatial - temporal processing (RI) are based
on the realization of one of the predefined criterion for
adaptation. The main criterion for adapting the

BulTrans-2016

operation of antenna systems is the criterion of
maximum signal / noise + interference by minimizing
the mean square error or the power of the output signal
at set limitations of the weight coefficients [1,2].
According to published theoretical research in spatial -
temporal signal processing in the phased array, only the
criterion of ,minimum output power“ at pre-set
restrictions of the weight coefficients doesn’t require
precise determining the direction of arrival of the useful
signal.

In multipath adaptive antenna systems, imposing
restrictions of weight factors is difficult due to high
spatial distribution of the partial direction diagrams
(DD) and the high indeterminacy of the area of space
where you can expect the arrival of one or several
useful, reflected by the observed object, signals. The
most acceptable approach, in the absence of any a priori
data for the useful reflected radar signals in multipath
adaptive antenna systems, is considered modifying the
criteria of ,,most of the signal / noise* with known in
advance initial weight coefficients of partial DD, that
identify the area for reception of useful signals.

From literary sources is known that for adaptive
antenna arrays the criterion for maximizing the signal/
interference has the form:

F S SW (1.1)
WeRW

where: W — vector of weight coefficients, S — vector

(multiple) of the values of the useful signal at the outputs

of the elements of the antenna array, carrying



information about the direction of arrival; R — covarian-
ce matrix of noises and interferences; & — a sign for
Hermitian conjugation; 7 — a sign for transposition; * —
a sign for complex conjugation.

In the case of multipath adaptive antenna systems
and in the presence of a priori information about the area
of arrival of the useful signal, the criterion for adaptation
is transformed into the following expression:

A

= 1.2

WERW (12)
where: W, — initial values of the weight coefficients of
partial DD. The expression (1.2) can be written in the

form:
Fe w, w Wqu .

1.3
W RW (13)

The criteria written in the form (1.3) is equivalent to
the criterion of ,,maximizing the ratio of the power of
external noise to the power of additive mixture noise +
disturbance*. If external noises are considered isotropic,
the maximization of the external noise is equivalent to
maximizing the value of DD multipath antenna in the
reception area of the useful signals. This way the
criterion (1.3) represents a compromise between the
shape of the beam-steering in the zone of reception of
the useful signals and the interference power at the
output of the antenna. Optimal values of the weight
coefficients which implements criterion (1.3) is defined
as:

Wo=R"'W,. (1.4)

In the implementation of an iterative optimization
procedures, they are very often used as a gradient of the
function, and in particular the gradient of the objective
function (1.3) has the form:

2ww, wew,
wt = - Wq_ - RW |. (1.5)
WeRW WeRW

From the analysis of (1.5) can be deduced that the
gradient is non-linear and its analytical defining is
complicated and complicated enough for the technical
realization. In practice, implementation of the gradient
of the function, which is described by the expression
(1.3), it is linearized and calculated with some
approximation. In the iterative tasks the optimization of
the decision (1.3) seeks such meanings that are defined
by (1.4). Simplification of the procedure for finding
optimal values of the weight coefficients with the help
of gradient optimization procedures is possible with the
use of ,,quadratic* adaptation, which also leads to the
solution of (1.4):

F=W'RW-2 W, W,=min. (1.6)

The criterion (1.6) is very commonly used in
optimization tasks [3]. Let the same be applied in order
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to adapt arrays spatial — temporal processing the
reflected radar signals. This criterion in the adaptive
antennas terminology is formulated as a criterion of
,minimum interference power in the output of the
antenna system®. The gradient of the objective function
(1.6) is written in the following form:

AwF=2 R W-W,). (1.7)

To determine the optimal meanings of the weight
coefficients corresponding to the criterion (1.6), the
gradient of the function (1.7) is equated to O which leads
to:

Wo=R"W,. (1.8)

The adaptive algorithm for iterative calculation of
the optimal values of weight coefficients taking into
account (1.7) has the form:

WG+ )= Wi) -2 a R WG - W),  (1.9)

Where o — constant coefficient determining the
speed of convergence of the algorithm. Analogical
adaptive algorithm for finding the gradient in (1.5) is
recorded in the following manner:

W(i+1) = W) = 2 (W@O)y (WORWE) — Wyl (1.10)
where: L)) = —(; Wq* ;
weRW (i)
wew,
7 (M(0)) :W :

That way the optimal values of the weight coeffi-
cients shown criteria (1.3) and (1.6) are the same, but the
expressions for determining the gradient of the objective
function when criterion (1.6) are considerably simpler
than the expressions for calculating a criterion (1.3). It
should be emphasized that expression (1.7) for the
gradient of the function of the implemented criterion for
adaptation coincides with accuracy up to a constant
efficient of the linearized value of the gradient of the
function (1.3) [1]. As a constant coefficient only affects
the convergence of the adaptation process, it can be
adjusted in case of linearization of the gradient of the
function, expressing the signal — noise + interference
ratio (1.3) in the implementation of the algorithm (1.10)
coincides with the algorithm (1.9) of the function (1.6).

Famous management procedure ,,Howells-
Applebaum™ [1] is a specific realization of the algorithm
of linearized gradient function (1.3). It can be perceived
either as a procedure for adaptation in approximately
description of the function of the signal — noise +
interference ratio (1.3), or as a procedure to adapt exact
description of the function determining the interference
power at the output of the antenna system without
counting the doubled level of covariance of the current
and initial vectors of weight coefficients.
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Conclusion

It can be concluded that the introduction of the
criterion of adaptation (1.6) allows to simplify the
calculating of the gradient of the objective function in
multipath antenna systems with spatial - temporal
processing the radar reflected signals and the procedure
for adapting ,,Howells-Applebaum‘ be perceived not as
a realization of approximately solving iterative
algorithm that provides criteria for maximum signal —
noise + interference ratio, but as a realization of the
uniquely and precise solution that ensures the
implementation of the criterion for minimum power of
the interferences in the output of the antenna system
without counting the doubled level of covariance of the
current and initial vectors of weight coefficients.
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VARIATION OF ALGORITHM FOR MEASURING SPATIAL COORDINATES OF FLYING
OBJECT ACCORDING TO INFORMATION FROM ONE STATIONARY RADAR COMPLEX
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Abstract: In the report is suggested an option for determining the spatial coordinates of FO measurement of a stationary
RC using additional information - measured by the same RC value component " speed vector of FO" synthesis of the
model and evaluate the efficiency of the algorithm with a priori set requirements concerning the accuracy of determining

the location of the FO.

Keywords: accuracy of radar complexes, spatial coordinates of FO, speed vector of FO, stationary RC.

Introduction

Examine the possibility of determining the
coordinates of the flying object using a stationary
complex, taking into account the information contained
in the velocity vector of the flying object.

To determine the spatial coordinates of flying
objects (FO) is used a method based on the measure-
ment of three inclined distances to the subject of three
split positions [1]. It is expedient to present the
opportunity to assess the coordinates of the FO using
one observation complex, the system measurements in
determining the component of the velocity vector of a
FO is taken as additional information.

Exposure: Let the object is moving in a straight line
at a constant speed, once for a period of repetition T
enters information about the component of the velocity
vector of the FO %, y, , Z, and the distance R, from

FO to the measuring system.

R, Z\/(xk _x0)2+(yk _yo)2 +(Zk _20)2 (1.1),

where: x,, y,, z, — Cartesian coordinates of the
observation complex; x,, y,, z— values of the
coordinates of the FO in a discrete point in time
t,=Tk.

If the magnitudesx,, y, , z, and R, are observed
on the background of additive Gaussian noises, then
mathematical apparatus of optimum nonlinear filtering
in discrete point in time can be used to design the
algorithm for evaluation of the coordinates [2]. Then the

pattern of movement of the subject will be written as
follows:

Xppt =X X5 Xy = X5
Yird = Ve T Vs Vi = Vi (1.2)
=4kt i =4

The state vector of the system has the form

. (1.3)

T

Y(k): |kakaxk)>k2k

where 7' — a symbol of transposition.
The model of observation would look as follows:

Z(k)=n[x (k).k]+ v (k). (1.4)
Here h [)? (k), k] —a vector of the observed parame-
ters, where:
R[X (k) k)= Rk 32|
(k) — vector of normal distributions of the noise.

In the algorithm for filtering are used expressions for
the extended discrete Kalman filter [2].

X(k) = X(k(k - 1))+ K()Z (k) - R[X (k(k-D).A]}. (1.5

Here X (k) —an assessment of the state vector k"

cycle of the system; X (k|k—-1)= X (k) -
Extrapolation algorithm, wherein according to (1.1),
one-step prediction matrix @ has the form:
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The gain coefficient K(k) is defined as:

K(k)=Vg(k).H" (k)V, ™", (1.6)

where V. (k) — covariance matrix of the errors of the

model. It contains a priori information about errors in
measuring the coordinates and the components of the
velocity vector at the first cycle and further is calculated
using the following formula:

Ve =VE(k) =V (k) H' (k)x
! (17)
E T E
<|EwE oy T o+, ] GOV (0
where V)f (k) — the extrapolated covariance matrix of

the error, where:

VE() =@V (k-1)07 ;

oh [)?(k | k—l),k}

ox (k| k—1)
is the matrix of surveillance; ¥, — Covariance matrix of
the observation noises, looking like

2
or O

S

=

0
0
ol

o

o8 o o

0
0
Here o, — intensity of the noise of observing the

. 2 2
distance; o7, o}, O}

z

— intensity of the noise of

observing the velocity vector component.

To check the efficiency and effectiveness of the
proposed algorithm for determining the parameters of
movement of the FO is performed computer
mathematical modulation of the ratios (1.2—1.7).

As an example, in Figure 1 is shown the
dependence of the errors in measuring the coordinates
of the FO Ax, Ay, Az from the number of cycles, during
operation of the system, N. It is clear that the initial
impedance mismatching at coordinates x, y, z, which in
this case is D = 1000 m, D, = 1000 m,
D. = 400 m, after 300 cycles of the system
(T'=0,02 s) is less than 100 m along the x and y and less
than 300 m along the coordinate z (altitude).
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Figure 2 shows the dependence of the mean square
error in measuring the coordinates

0,,0,,0, respectively

V@D, V5 (2.2), |V:(3.3) fromN.

The slow decrease of the value of the error leads to
the conclusion that an increase in observation times the
informativity of the observations drops, performed by
one measuring complex and there is no further
clarification of the assessment.

In general, the mathematical modeling confirms the
stability of the proposed algorithm using different
combinations of the input impedance mismatching
coordinates for coordinates, but the rate of convergence
in greatly depends on the level of impedance
mismatching.

If possible, along with stationary observation
complex — use and mobile observation station, it can be
expected to increase the speed of convergence of the
assessment up to the set accuracy at the expense of
higher informativity of the system.

In the cases where can be set uniform rectilinear
motion of both FO and the observation station, the state
vector of the system will look like

X(k) = |x1ky1kzlkxlk)>lkz'1kx2ky2kZ2kx2k)‘}2kZ'2k| (1.8)

AX, Ay, Az, m
400H
1 Az
200 ——
N Ay
—~— AX
0 100 200 300 400 N
-200 ’I
-400 l’
-600 'II
Figure 1.
600 ‘ 6X L] 8y1! 6211 m
400
200
W 5
ESSS Zi 3y, AX,
0 100 | | 200 300 400 N

Figure 2.



The indices 1 and 2 refer respectively to the FO and
the observation station. The vector of the monitored
parameters will expand too:

RIX (). K |= Ry Roy Rty g iz (19)
where:
Ry :\/(xlk —x0)2 +(J’1k —y0)2 +(Zlk _20)2 (1.10)

— the distance from the stationary complex to the FO;

Ry, :\/(x2k _xo)2 +()’2k —y0)2 +(sz _Zo)2 (1.11)

— the distance from the complex stationary to the mobile
station;

2 2 2
Ry, :\/(xlk _xzk) +(J/1k _J’2k) +(Zlk _sz) (1.12)
— the distance from the FO to the mobile station.
The expressions for the optimal algorithm in this
case are similar to (1.2—1.7), but the range of the filter is
significantly higher.

Conclusion

The modeling of this type of algorithm shows that
the speed of convergence depends not only of the initial
impedance mismatching but by mutual location of the
trajectories of the objects.

The most favorable situation is when the directions
of the FO and the observation station intersect at an
angle of 90°. The dependence of the time to reach the
desired precision from the accuracy of the information
set a priori is significantly weakened. On Figure 3 is
presented diagram of the mutual location of the
trajectories of the objects, and in Figures 4 and 5 -
dependencies of the absolute values of the errors of
measurement of the coordinates of FO and their mean
square deviation from the number of cycles of the
system. Figures 6 and 7 are adduced analogical depen-
dencies for the coordinates of the observation station.

References:
[1] Zhdanyuk B.F. Basic statistical processing trajectory
measurements. M., Sov. Radio, 1978.

[2] Sage E., Mels J. Estimation Theory and its
application in communication and management. M.,
Communications, 1976.
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Pesrome: IIpencraBena e MeTOAMKA 33 EKCIEPUMEHTAITHO ONPEEIISTHE Ha HHTErPAIHY A6POIUHAMUYHH XapaKTePHUCTUKHI
Ha MHHHM OE3MIJIOTHM CaMOJIETH C Pa3MYHU aepPOAMHAMHYHH CXEeMH. MeTomukara OT4WTa OCOOEHOCTHTE Ha
aepommHammyaHaTa TppOa YJIAK-1. TlpencraBeHn ca M3HMCKBaHUATA KbM MOJCIHTE 32 M3MHTBAHE, TEXHOJOTHATA HA
TSIXHOTO M3pabOTBaHE, KAKTO M IOATOTOBKATa M IPOBEKIAHETO HA aCpPOIMHAMUYHHTE EKCTIEpUMEHTH. VI3BbpIIeH e

aHaJIN3 Ha PE3YIITATUTE OT MPOBEACHUTE U3CIICABAHUS.

KunrouoBu qymm: aepoounamuuen excnepumenim, MuHu 6e3nuiomHu Camonemu, aepoOUHAMUYHU XAPaAKMEPUCMUKU.

1. YBox

M300pbT Ha acpoAMHAMHYHA cXeMa (aepoTHAMII-
Ha KOMITAaHOBKA) € €/IHa OT Half-aKTyaJHUTEe 33/1a4i Ha
AepOJMHAMHYHOTO TPOCKTHPaHe Ha BCEKH JieTaTeleH
amapar (JIA), B ToBa WHMCIO W Ha OC3IMHIOTHHUTE
nerarenau anapatil (bJIA). AeponunamudHaTa cxema
(AC) na BJIA xapakTtepu3npa HETOBUTE T€OMETPHYHU
U KOHCTPYKTHBHH oOcoOeHocTH. Ts e oOcHOBa 3a
pelllaBaHe Ha 3a/add, CBBP3aHU C (OpMHpaHETO Ha
($H3UYECKUST My OOJNHMK, OCHTYpSIBalll HIOCTHTaHETO Ha
JIeTaTeITHO-TEXHUIECKUTE XapaKTEPUCTUKH, CHOTBET-
CTBAaIll HA WM3WCKBAHUSITA HA TAKTHKO-TEXHUYECKOTO
3amanue. [lombopsT Ha GopMUTE U PA3IIONOKEHUETO HA
KPUJIOTO, TSUIOTO, OTIEPEHUETO M CUIIOBAaTa YCTAHOBKA,
IO CHINECTBO, ca (popmupaHe Ha reomerpusiTa Ha AC,
KOSITO ocurypsiBa HeoOxomumure 3a BJIA meraremnm,
MaCOBH M CKCIUIOATAIMOHHY XapaKTCPUCTUKH.

B HacTosmms moknaj ce mpaBu €KCIIepUMEHTAITHO
W3CIIe/IBaHE W aHAIN3 Ha aepOJMHAMIYHUTE XapakKTe-
puctuky Ha aBe TUoBH AC, M3MON3BaHU TIPU MUHH
oesmotan camonetu (MBC). Pesynrarure ot To3m
aHaJIN3 MOYKE /1A Ce M3IIONI3BAT ITPY TAXHOTO KOHIIETITY-
aJTHO TPOEKTHPAHE B YCIIOBHATA Ha CHIIECTBYBAIINTE
OTpaHUYCHUSL.
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2. MeTonuka Ha U3CJIEIBAHETO

2.1. IlpoexkTnpane u M3padoTBaAHE HA MOJEJIUTE 32
u3c/IeIBaHe B AepOIMHAMUYHATA TPHOa

3a m3paboTBaneTo Ha 3D MozenmuTe Ha pa3TMYHUTE
AepOIMHAMUYHM CXEMH € U3IO0JI3BaH IIPOrpaMeH
npoaykt 3a 3D moxemupane Ha Siemens PLM — Solid
Edge ST7 — Student Edition.

Ilopamn romemust oOeM BBB BapHalMUTe Ha
W3CJIC/IBAHUTE aepOAMHAMHYHH CXEMH, KOECTO BOIH JIO
yBenuMuaBaHe Ha W3noisBaHus 3a 3D mpuHTHMpaHeTo
Marepuail € B3eTO pelleHNE 3a yHU(DUIMPAHE Ha TeaTa
Ha pa3IMYHATE aepoanHaMudIHn cxemu (Durypa 1),
T.e. €IHO TAJIO C€ W3MON3Ba 3a M3CJIEBaHE Ha TpH
ACpPOIMHAMUYHHU CXEMH.

"

Queypa 1. Tsmo Ha MOJIETTUTE 32 U3NUTBAHE.



[Ipu mpoBexnaHe Ha W3CIEABAHETO B ACPOIMHA-
muyHata TpeOa (AT) Ha YHHPHIMPAHOTO TSIO Cce
MOHTHpAT Pa3IMYHUTE BApHAHTH Ha KOH30MIHU (TIOJTy-
Kpuita). TSTOTO € ChCTaBEeHO OT JBE YaCTH — OCHOBA (32
MOHTaX BBbpXy Be3HaTa Ha AT) u JeMOHTHpyema
HocoBa yacT. OCHOBaTa Ha TSUJIOTO € KOHCTpYyHpaHa U
n3paboTeHa Taka, e Ja I03BOJISIBA MOHTAX KbM ChIlIe-
CTBYBAILlaTa BTyJKa Ha Be3HaTa HA AT. Hocoara yact
ce MOHTHpa KbM OCHOBAaTa IOCPEJICTBOM HIU(PTOBE
clie]] KaTo OcCHOBaTta ObJie MOHTHPAHA KbM BE3HaTa.

Komzonmre (momykpriara) ChIIO C€ MOHTHPAT
MOCPEZICTBOM IMU(TOBE KBbM OCHOBara Ha TSUIOTO.
[pakTiueckoTo H3CleBaHEe € W3BHPIICHO Ha JBE
acpOIMHAMHUYHM CXEMH — HOpPMAJIHAa acpoIvHAMHYHA
cxema JpyrpenoBa ¢ [1-oOpa3Ho omamiHo orepeHHe
(®urypa 2) 1 HOpMallHa aepoAUHAMUYHA CXEMa eIHO-
rpenosa ¢ V-o0pa3Ho omamHo omnepenue (Purypa 3).
Bapuarnuure Ha u3cinenBaHUTE aepOIMHAMUYHN CXEMU
BKJTIOUBAT 110 Tpu ctpenoBuaHoctd A = 0% 5% 10°% u
nBe ctecHeHns A = 1; 0.5.

Mopenure 3a NpOLyXBaHE B acpOAMHAMUYHATA
TppOa ce n3paboTBaT IO TEXHOJOTHATA 3a OBP30
npototunupane Fused Deposition Modeling (FDM),
KOATO M3M0i3Ba nonuMepH (ABS), moaxoasmu kakTo
3a [IPOTOTUIIH, TaKa 1 38 KpalHHU IPOLYKTH.

Bcenuku m3cnensanyn KOHQUrypanuu ca ¢ eJHaKBU
pa3sMepu Ha TSIOTO M MMar pasnepeHocT 400 mm.
[Ipodwmrst Ha kpumoro € NACA 23012, a BreabeT Ha
MIOCTaBsHE CHpsIMO ocTa Ha Tsuoto € 5°. B Tabmuma 1
ca IpeJICTaBEeHN 03HAYECHUATA U OCHOBHH T€OMETPHYHI
napamMeTpH Ha n3cieasanute Mogeny. CroiiHocTute 3a
TUIONITA Ha KPUJIOTO CE OTHACAT 32 U30JIMpaHaTa IUIOII
Ha KOH30JTHTE.

Tabruya 1. I'eoMeTpUIHYN TTapaMETPH Ha MOJICITHATE.

OzHa- | [lmomr Ha Cpemna A
YeHHe | KpHIOTO, | TeoM.Xopaa, | A 4 ’
m? m 8
IIo 0.0104 0.026 1 0
I15 0.0104 0.026 1 5
110 0.0104 0.026 1 10
V0 0.0148 0.040 1 0
V5 0.0126 0.034 0.5 5
V 10 0.0126 0.034 0.5 10

Dueypa 2. HopMaiiHa aepoiHaMITIHA CXeMa,
npyrpenosa ¢ [1-o0pazHo onamHo onepeHue.

2.2. IlonroroBka 3a NPoBeKIAHE HA H3NTUTBAHETO
Ha MoJleJTuTe B aepoquHAMuYHaTa Tphoa YIAK-1

ExcriepruMeHTaHUTE U3CIIeIBAHUSI CE U3BBPIIBAT B
aepopnHamudHata TprOa YJIAK-1, kosito e ypenba 3a
MAJIKH JTO3BYKOBH CKOPOCTH ChC 3aTBOPEH KOHTYP U C
OTKpHTa pabOTHA YacT.

Ipemu na ce mpoBemaT M3MMTBAHUATA € HEOOXO-
JIMO JIa Ce OTIPEJIEH bI'bjia Ha CKOC Ha TCYCHUETO BbB
BEPTHKAJIHATA PaBHHHA U JIa CE BHECE Ta3M MOIPABKA B
MOJTYYCHUTE PE3yJITaTH 3a aePOJMHAMIYHUTE XapaKTe-
puctuku. V3BbpIiBa ce upe3 U3NHUTBaHE HA €TATOHEH
MOJIEI B MOJIOXKEHHE ,,HopMauieH nonet™ (¥ = 0° ) u B

noJnoxeHue ,,rproeH noner” (y = 180°)

o = Aoy ~ Xoy=180 ’ (1
2

KBJIETO 0l — BI'bJI HA aTaKa [P HyJIeBa II0JIEMHA CHJIA,
PECTIEKTUBHO, TIPH HOPMAJTHO 1 TPHOHO MMOJIOKEHNE Ha
Mozena. OT npoBeAeHUTE U3CIIEBAHMA 32 ONIPEACIIIHE
Ha Ta3M MONpaBKa C€ YCTAHOBH, Y€ BIbIBT HA CKOC €
1.2°

Jpyra nompaBka Ha IOMy4YEHHTE pE3yNATaTH €
CBBp3aHa C BIMSIHUETO Ha CTETICHTA HA TypOYJIEHTHOCT
Ha Teuenuero. TypOymentaus dakrop vHa AJ/IT e 2.4,
KOETO O3HauaBa, ye e(peKTHBHOTO YHCIIO Ha PeiiHoic
€ TOJIKOBA ITBTH 110 — BUCOKO OT MOJIETHOTO.

Koeduimenture Ha cuiure M MOMEHTHTE,
MOJTy4YeHn B pe3ynTar Ha npoxyxsaHero B A/IT, ca B
KOOpIMHATHAaTa CHCTeMa Ha Be3HaTa (O3HA4YEHU C
usgekc ,,B“). TaxHoto npeoOpasyBaHe B CBbp3aHAaTa
KOOpJIMHAaTHA CHCTEMa Ha MOJielia CTaBa 1o (hopMysuTe

C,= CA,B ; @)
Cy= CN,B ; )
Cy = CY,B 5 (4)
C C
szcm,B+(yB_yT) E +(xp —x7) - ®)
Crmac Cmac

-

QDueypa 3. HopmanHa aepoanHaMHYHA CXeMa,
elHorpeoBa ¢ V-00pa3Ho OMalllHO OIllEPEHHE.
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IIpeoOpazyBaHeTOo Ha CHOTBETHHUTE KOC(HHUITUCHTH
Ha CUIITE OT CBBbp3aHaTa KOOpAMHATHATA CUCTEMA HA
MoOJIe7la B CKOPOCTHaTa KOOPJIMHATHA CHCTEMa Ha
MOJIelia Ce U3BBPIIIBA Upe3 U3Pa3KTe

Cp,=C cos(a)+Cysin(a); (6)
C, =Cycos(a)—C sin(a); (7)
C
==L, 8
K C. )

B uzpazure (6) u (7) cToliHOCTHTE Ha BI'bJIa HA aTaKa
ca MPEU3YUCIICHH ¢ OTYMTAHE HAa BIMSHUETO HA CKOCa
Ha TEYCHUETO U e1acThyHara jgeopmalius Ha Be3HarTa.

IMocnenoBatenHocTTa Ha 00pabOTKa Ha pe3yiTa-
THUTE OT U3IUTBAHETO € CIIC/IHATA:

* U3MEPBaHMATA CE U3BBPIIBAT 34 CIICAHUTE CTOM-

HOCTH Ha BXOJHHTE MapaMeTpu — CKOPOCT Ha
TeyeHrero V=22 m/s, bI'bj Ha aTaka o = —8°+16°
¢be cThIKa Aa = 2°;
W3MEpBAT Ce BEIMYMHUTE HA CUITUTE © MOMCHTUTE
B koopaunHaTHaTa cuctema (KC) Ha Be3HaTa U ce
MpecMsITaT CTOMHOCTHTE Ha KOCUIMECHTH B
cebp3anara KC Ha mojiena

[Cu5:Cyp,Cypl=f(a);

MpEeCMATaT C€ IO ChOTBETHHTE (HOpMYIH
croriHocture 3a C;, Cp, C,, K. Ilonoxkenuero Ha
Havasioto Ha KC Ha Be3Harta u Ha cBbp3aHata KC
Ha MOJIeJIa OTHOCHO TIpeTHAaTa TOYKA Ha TSUIOTO CE
ompenenst oT cneanure BenumuuHd x5=0.1156 m,
x=0,y=0,yr=0;

* TIOCTPOSIBAT CE TPa)MUHUTE 3aBUCUMOCTH
C,=f(@), Cp=f(C,). Cy=[(Cy),

Cm :f(O!), Cm :f(CL)a K :f(a)'

3. PesysrraTu M aHa M3

Ha ®urypu or 3 10 7 ca mpeicTtaBeHU 4acT OT
MIOJTyYEHNTE PE3YNITaTH 3a JIBETE M3CIIeIBAHU aepOH-
HamMuyHu cxemMd. OsHaueHHsSTa Ha KpUBHUTEC Ca B
choTBeTCTBUE ¢ Tabmuma 1. Bemdkw pasriexaaHu
KOHQHTypalyy ca ¢ OJM3KH CTOHHOCTH Ha HOCEIIaTa
crnocoOHOCT, HO Tpu cxemara ¢ [1-o0pa3Ho omarHo
OllepeHre ce HaOJIo/[aBa HEIMHEWHOCT IMpU 10 —
BHCOKHM CTOWHOCTH Ha BI'bjla Ha aTaka, a ChIIO H TIO -
HUCKHM MaKCHMaJIHM CTOHMHOCTH Ha KOC(bI/II_[I/IeHTa Ha
M0JIeMHA CHJIA.

Haii — BHCOKO aepoJMHAMHUYHO KayecTBO IpUTeE-
*aBa cxemata ¢ o3nauenve V_0. [lpu pasrnexxmannre
CXEMH Ce HaOJIFo/1aBa 3ara3BaHe Ha J00pHU TMoKa3aTesu
Ha aepOJMHAMUYHOTO Ka4eCTBO B HMIMPOK JMANa30H Ha
M3MEHEHUE Ha BI'hJIa Ha aTaka.

Ot mpexacrasenute B Tabmuma 2 pesynraTtd, ce
BWKIAa BIMSHUETO HAa YHCIOTO Ha PeliHomuc wu
KOMITAaHOBKATa Ha MOJIEITHTE.
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Queypa 4. 3aBUCHMOCT Ha KOS(HITEHTa Ha MOJieMHa
cuna Cy OT BI'bIa HA aTaka a.
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Queypa 5. 3aBUCHMOCT Ha KOS(HITEHTa Ha MOJeMHa
CHiIa OT Koe(hHLEHTa Ha YETHO CHIIPOTHBIICHUE.
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Queypa 6. 3aBUCUMOCT Ha KOSPUIMIEHTA Ha HaUTHXK-
Hust MoMeHT C,, OT KoeduIieHTa Ha rmojiemMHa cua Cy.

Tabnuya 2. Pe3ynraryu 3a UHTETpaTHU
aepOIMHAMHUYHY XaPaKTCPUCTUKH.

Mogen ( L/D)max CLmax ;:ig Comin Re
1o 6.1 1.16 -5.5 | 0.069 | 4.10*
I1 10 5.6 1.15 -6.0 | 0.086 | 4.10*
Vo 11.7 1.56 -7.0 | 0.045 | 6.10*
V_10 9.2 1.54 -6.5 | 0.071 | 5.10*




3. 3akmouenue

W3BBpIICHO € eKCIIepUMEHTAIHO ONpenessHe Ha
aepoavHaMH4HUTE XapakTepuctuku (AX) B aepoau-
HaMHU4HA Tpbh0a U HAIPaBEHUTE 3a LIEJITA U3CIICIBAHUS
Y METOJMKA 3a TSAXHOTO MpoBexaane. [Ipoexktupanu u
n3paboTeHn ca Mopenu 3a m3nuTtBane B AT u ca
nojy4eHn 3aBucuMocTHTe Ha AJ[X B HaUIBKHOTO
IBIDKCHME BBbB (YHKIMS Ha BIrbla Ha aTaka.
OtunTaliki eKcliepMMEeHTATHUTE JaHHH MOXeE Ja ce
OIIpE/IENIAT TONpPABKUTE, C KOMTO Ja C€ KOpUTUpar
TEOPETUYHUTE JaHHH, OIy4YeHH ¢ MpoayKTa TopHao,
1 J1a ce MOBHIIH TSIXHATA JOCTOBEPHOCT 110 OTHOILICHUE
BIIMSHHUETO Ha CUJIMTE Ha TpHEeHe U Ha Tsu1oTo Ha BJIA.

Baaroxapuocti

Wscnensanusita, NpeAcTaBeHU B TO3M JOKIaJ, ca
u3Bbpienu ¢ noakpenara Ha HUC na TY — Codwust n
ca ¢uHaHcHpanu 1o npoekt Nel6111710030-24.
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Queypa 7. 3aBUCUMOCT Ha a€POAMHAMHIHOTO
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Abstract: Procedure for experimental determination
of aerodynamic characteristics of mini UAVs with
different aerodynamic schemes is described. The
methodology takes into account the specifications of
wind tunnel ULAK-1. Presented are the requirements
for models, technology for their manufacture and

preparation and conduction of aerodynamic
experiments. Analysis of the survey results is
performed.
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Abstract: In this article the author present different approaches for the numerical computation of the induced velocity
field of a scale helicopter rotor in hover. These numerical models are based on the vortex theory and include
representations of the rotor trailing vorticity with: A) a helicoidal vortex with straight-line segmentation; B) a series of
vortex rings, positioned in the rotor downwash; and C) a series of vortex rings, followed by one semi-infinite vortex
cylinder, situated downstream of the rotor wake. The wake is considered to be rigid and non-contracting. Conclusions are

made and the results are presented in a convenient form.

Key words: helicopter rotor, hover flight, induced velocity, vortex ring, semi-infinite vortex cylinder, rigid wake,

prescribed wake, free wake.

1. Introduction

Although today’s widespread use of CFD
simulations, vortex theory based models are still in use,
especially in the vibration and acoustic analysis of
helicopter and wind turbine rotors. As shown in the
literature, the vortex based models gain an advantage to
CFD simulations, regarding the required computational
resources in achieving a similar degree of accuracy.

The author of the present article has participated in
the recent development of a computer program, based
on the blade element theory (BET), with which a
numerical study of a scale rotor in hover was performed
[15]. After being exposed to the limitations, imposed by
the BET, a decision was taken to develop a numerical
model, which can provide a greater inside into the
physics of the flow around the rotor thus allowing for a
more complete evaluation of the performance of
helicopter rotors, operating in hover and vertical flight.
The author is particularly interested in the development
of a fast and reliable numerical model, based on the
vortex theory that will be capable to compute the
induced axial and radial velocities at each point of the
wake in real time. For that an introduction of the time
dimension is considered on a later stage of the
development. In such a way it will be possible to model
and study non-stationary operation regimes of
helicopter rotors for the cases of sudden load changes,
like an instant change in the pitch angle of the blades or
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a quick change in the speed of rotation of the rotor.

A state-of-the-art review was made regarding the
existing theoretical and numerical models, based on the
vortex theory, which were specially developed for
helicopter rotors operating in forward flight and hover
[1-11]. These models, proposed by dedicated authors,
such as Johnson, Landgrebe, Reddy, Miller and others,
were increasingly popular in the late 1970s and through
the 1980s. According to Miller et al. [5] the main reason
for that is the invention of the high-speed computer,
which offered a more affordable computational time and
sufficient computational power to handle the amount of
required computation. This allowed the free wake
approach to replace the less accurate rigid and
prescribed wake modeling techniques, which existed at
that time.

Based on the bibliographical revue, it became
apparent that there cannot be a single universal
numerical model, based on the vortex theory that is
suitable for rotor performance evaluation in both high-
speed forward and stationary hover flight. This further
convinced the author to remain focused solely on the
hover and vertical flight regimes of the rotor.

2. Theoretical introduction

Different theoretical approaches for the rotor wake
modeling are proposed in the literature. Depending on
whether the model is two- or three-dimensional and
depending on the configuration of the trailing vorticity,



there are different types of vortices being used,
including:

* helicoidal vortex with straight-line or curved-line

segmentation;

* infinite or doubly-infinite vortex lines;

» rectilinear or curved vortex sheets;

» circular or elliptic vortex rings;

* semi-infinite vortex cylinders.

For each type of vortices, there is a different
mathematical model that describes it. Most of them are
based on various forms of the Biot-Savart law, used to
compute the mutually induced and self-induced
velocities between the various vortex elements,
modeling the trailing wake. The induced velocities on
each vortex element can then be used to compute the
new position of those elements for the next iterative time
step, thus allowing the wake to propagate in the
computational space and take the necessary geometry,
in order to adapt to the latest flow conditions.

As a rule, all non-stationary models are modeled as
free wake. The wake may be considered as rigid or its
displacement can be limited in one of the three
dimensions for simplification purposes.

Modeling the wake with a helicoidal vortex trailing
from each of the blades of the rotor is being
demonstrated in the literature to work adequately. For
this model the three dimensional helical vortex elements
are being approximated with either straight-line or
curved segments. In both cases the more segments are
being used for the representation of the helix the lower
is the computational error. The problem with this
theoretical approach is the huge amount of vortex
elements being taken into account for the computation
of the induced velocities. In example for a twin-bladed
rotor and a model with 100 complete helixes and 360
segments per helical turn, there are 2x100%360=72000
elements being displaced in the wake at each iteration
step and each one is inducing velocities on the other
vortex elements and on itself.

The theoretical approach for modeling and compu-
tation of the wake in hover flight, proposed by Miller et
al. [5] and Reddy [6], is considered through the
development of the numerical model. It offers the
possibility for a major computational simplification in
comparison to the helicoidal model due to the necessity
to compute for significantly less amount of vortex
elements. A typical model based on the Reddy-Miller
approach is composed of no more than 20 circular
vortex rings arranged in series behind the rotor and one
semi-infinite vortex cylinder, placed behind the last
vortex ring. This makes a total of only 21 vortex
elements to be accounted for the computation of the
entire induced velocity field, regardless of whether the
point is on the rotor or it stretches into infinity, for the
case of the estimation of the far wake velocity behind
the helicopter rotor. The computations for the case of
hover can be even further reduced by the fact that it is

an axis-symmetric operational condition, thus only half
of the field is being computed. Such a simplification is
impossible for the three-dimensional helicoidal model.

Adding to that is a comparison with the CFD based
methods of studying stationary and non-stationary flows
with the use of hundred-thousand and even millions of
computational nodes, for each one of which multiple
equations are being computed in function of the
viscosity model and other factors.

All of this is promising for the development of a fast
and reliable numerical model, based on the serial
arrangement behind the rotor of a series of circular
vortex rings and a semi-infinite vortex cylinder.

Due to the overall complexity of the intended tasks,
the development of the program code is divided into two
parts, as follows:

* Part I: Initial development of the numerical
model, in which the induced velocity field is being
explored, while the wake is assumed to be
stationary, rigid and non-contracting.

e Part 2: Further development of the numerical
model, in which a free wake is allowed to contract,
while all vortices in the downwash move freely as
a result of the interaction between themselves,
meaning that mutual and self-induction will also be
taken into account.

In this article, the author presents only the first part
of the development of the numerical model. Induced
axial and radial velocities are computed for three
different vortex based models and the results are being
presented in a convenient graphical form. A comparison
between the three vortex models is being made for the
computed induced axial velocity V, and the coefficient
of thrust Cr for a specific operational regime of a scale
rotor.

3. Assumptions made for the numerical study

For this first part of the development of the
numerical model the following assumptions are made:

* hover flight is considered, thus the only axial
velocity component, computed along the axis OX,
is the induced axial velocity at that point;

* the wake is considered to be rigid, thus fixing a
constant speed of displacement of the trailing
vortices;

« the wake is stationary, thus the induced velocity
field of the rotor is independent from the time
dimension;

e the wake is non-contracting, thus all trailing
vortices are situated at the same distance R from
the axe of rotation of the rotor OX. The vortices are
only allowed to move in the axial direction along
axis OX.

These assumptions allow the prescription of the
exact positions where the trailing vortices will be
situated, which technically is referred in the literature as
a prescribed wake.
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3.1. The geometry of the rotor

The scale rotor, used as reference geometry in the
numerical models presented below, is the same one that
was studied in [15]. The rotor has two rectangular,
untwisted blades of NACA 0012 profile. The tip radius
R of the blades is 288mm, the root radius at the hub
mounting 1o is 65mm and the length of the chord c is
25mm. The pitch angle of the blades is adjustable and
thus can be varied between experiments.

3.2. Theoretical approach toward the study

The following three theoretical approaches for
modeling of the rigid non-contracting wake of the scale
rotor are being selected for this initial development
stage, namely:

1) with helicoidal vortex model with straight-line

segmentation;

2) with a series of vortex rings, each one being

emitted per blade for each revolution of the rotor;

3) the model proposed by Miller et al. [5] and Reddy

[6], which consists of a near wake with circular
vortex rings and a far wake, modeled by one
semi-infinite vortex cylinder.

The spacing between the vortex elements in the axial
dimension of the flow, along axis OX, depends from the
pitch angle, at which the blades are being set relative to
the plane of rotation and also from the rotational speed
of the rotor Q. For case 1 this corresponds to the pitch
of the helix, denoted in Figure 1 as p. For cases 2 and 3
this corresponds to the spacing between each two
consecutive vortex rings, emitted by the same blade for
one complete revolution of the rotor, which is denoted
as P on Figures 2 and 3.

For all three cases the axial distance between the
rotor plane and the first trailed vortex element is denoted
with Py, which is shown on Figures 1, 2 and 3. Pyis also
referred in the literature as the initial blade encounter
position, which represents the distance between the
vortex ring from the preceding blade and the blade that
follows it. This parameter can be varied manually, in
order to study the influence of the initial axial position
of the trailing vorticity behind each blade on the induced
velocity field on the blades in the rotor plane and in the
wake below it.

On the left part of the Figure 4 is presented the case
for the helicoidal vortex model with straight-line
segmentation. The induced velocity in point M of the

wake from the element ds with vortex strength I,
situated in point N at distance 7, is calculated with the
law of Biot-Savart, presented in equation (1):

s T dsx?
Vx,hel = E/ N (1)

The other key dimensions, used in the computation
of the induced velocity field of the rotor, are shown on
Figure 4.
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Figure 1. Helicoidal vortex model with straight-line
segmentation.

system of vortex rings

JOO00000000

R v,
T—)""

Helicopter TOO?OOOOOOO

rotor plane
P Py Py

Figure 2. Rotor wake modeled with a system of vortex
rings, emitted one per blade for each revolution.
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Figure 3. Rotor wake modeled with both a system of
vortex rings and a semi-infinite vortex cylinder.
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Figure 4. All key dimensions, used in the computation
of the induced velocity field of the rotor.



Karpatne et al. [8] derive equation (2) by assuming
uniform bound circulation and a single trailing tip vortex
per blade:

2T
- , 2
PN,RV @

In equation (2) T is the total thrust of the scale
helicopter rotor at a fixed rotational speed () and pitch
angle of the blades 6. R is the tip radius of the blades,
Vip 1s the velocity at the tip of the blades, N, is the
number of blades of the rotor and p is the density of the
surround air. The expression is used for the computation
of the bound circulation /" due to fundamental simila-
rities, which include matching of the following para-
meters: NACA 0012 airfoil; 77v = 20000; CT/o = 0.04;
My, = 0.2, where:

+ v=0,000015111 m?s is the kinematic viscosity of
the air for International Standard Atmosphere
(ISA) conditions;

* My, = (Vip/a) is the Mach number at the tip of the

blades of the rotor, being the ratio between the tip
speed of rotation of the blade V;, = 60.32 m/s and
the local speed of sound a = 340.29 m/s for ISA
conditions at sea level,
Cr is the coefficient of thrust, which is being
calculated with equation (3), for which: 7[N] is the
thrust produced by the rotor; p = 1,225 kg/m’ is the
density of the air in ISA conditions; Q [rad/s] is the
rotational speed of the rotor; R = 0.288 m is the
radius of the rotor and A = R m? is the area of the
rotor disc;

T
CT = pAQZRz; (3)

o is the rotor solidity, which is being calculated
with equation (4), for which: N, is the number of
blades of the rotor; ¢ = 0.025 m is the chord of the
blades of the rotor and R = 0.288 m is the radius of
the rotor;

__ Npc

o = E (4)
On the right part of Figure 4 is presented a general
case for a system of vortex rings. It can be seen that the
dimensions 7, 7, X» and x, are universal for both the
case with vortex rings and for the semi-infinite vortex
cylinder. These represent the coordinates of two points,
namely M and N. It is considered that the induction
happens in point M by a vortex element, situated at point
N. Lewis [14] introduce the dimensionless parameters »

and x with equations (5) and (6):

X = Xm—Xp : (5)

r=2 (6)

Those are used for the derivation of the equations for
the axial (V%) and radial (V) induced velocities. For the
case of the semi-infinite vortex cylinder, the axial
velocity is computed with equation (7) and for the case

of r=1, equation (8) is used:

% Z{B+ﬁ[K(k2)—:—iH(n,kz)]}U)

xeyl = an
_ (1 xK() )
Veargmn = T (3% 5vem ) ®
For the case of a semi-infinite vortex cylinder, the
radial induced velocity is computed with equation (9):

o= s 06~ (-5 k)

The constant B in equation (7), depends from the
ratio between the outer radius of the vortex cylinder and
the radius of the rotor. For the case of ¥ =1 it is:

For the case of the system of vortex rings, the axial

induced velocity is computed with equation (11) and for
the radial induced velocity equation (12) is used:

— r 2 2(r=1) 2
Vs = 5 | K () = [ 1+ 28] £0) | @)

1% I'x 2r

PIE S R IR [K(k2) - [1 + x2+<r—1>2] E(k2)] 12

Equations (7-9, 11, 12) contain complete elliptic
integrals from first £(k%), second K(k*) and third order
II(n, k). The elliptic parameters n and k are introduced
with equations (13) and (14):

_ [ 4 .
k= xX24+(r+1)2° (13)

4r (14)

= U

In article [14], Branlard et al. present a different
approach toward the derivation of the equations,
concerning the semi-infinite vortex cylinder. The alter-
native form of those expressions is used in order to allow
simplified analytical estimates for the induced speed in
the case of a horizontal axis wind turbine.

3.3. Setup of the parameters for the study

With the use of equation (2) for every change in
either the rotational speed Q) or the pitch angle of the
blades 6, the total thrust of the rotor 7" and the bound
circulation /" are also going to be changed. The bound
circulation 7 trailing at the tip of each blade, is being
calculated. An assumption for the conditions of the
International Standard Atmosphere is being made for an
altitude of 0 meter above sea level, for which: the air
density is p = 1,225 kg/m’ and the kinematic viscosity is
v = 0,000015111 m%s. The bound circulation I is
computed as a function of the pitch angle 8 with the use
of the BET based computer program, presented in [15].

For the numerical model with the helicoidal trailing
vorticity with straight-line segmentation, the number of
trailing helixes N; and the number of segments per helix
revolution Ny are being varied. The helical pitch p is
calculated with equation (15):
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p = 2zRtan(d). (15)

The study is being conducted for N, = 10, 20, 50 and
100 trailing helical revolutions and for Ns= 30, 60, 360
and 720 straight-line segments.

For the numerical model with the system of vortex
rings, it is assumed that each vortex ring has strength 7,
such as calculated with the BET code. The study is
being made for 10, 20, 50 and 100 trailing vortex rings.

For the case of the model, proposed by Miller et al.
[5] and Reddy [6], the study will consist of:

* finding the optimal number of vortex rings in the

near wake;

* finding the optimal value of the dimension para-
meter P, of the initial placement of the beginning
of the semi-infinite vortex cylinder in the far wake,
where P> will be presented as percentage of the
helical pitch p from equation (15).

3.4. Results from the numerical study

The induced axial velocity field for the case of the
helicoidal wake, computed for Q = 2000 RPM and
6 =10 deg, is presented on Figure 5. The horizontal and
vertical axes are being shown as the dimensionless
ratios x/R and #/R. The side colorbar shows the color
code, which corresponds to the axial velocity V; in m/s
that is computed in the points with coordinates (x/R,
7/R).

The axial induced velocity Vs, increases nearly two
times from the plane of the rotor x/R = 0 downstream to
position x/R = 5, which corresponds well with the theory
of the helicopter rotor in hover.

The induced axial velocity field from the helicoidal wake

iR [-]
Vx [m/s]

05 1 15 2
xR []
Figure 5. The axial induced velocity by the helicoidal
wake for the case of 2=2000 rpm and 8=10 deg.

On Figure 6 is presented the induced axial velocity
V, computed for radial position 7/R = 0.75 in the plane
of the rotor for the model with the helicoidal wake. The
induced axial velocity V4, is being computed for pitch
angles from 2 to 16 degrees with an increment of 2
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degrees. For each pitch angles there are four different
results, corresponding to the four different cases of
modeling of the helicoidal wake, respectively with 10,
20, 50 and 100 complete helixes.

Axial induced velocity computed for the helicoidal wake

0.5, mrammsmars s e Rl e D S |
0 : i [+++ 10 complete helixes
2 A et i..|##+ 20 complete helixes |_____
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Pitch angle [deg]
Figure 6. The axial induced velocity by the helicoidal
wake, as function of the number of helixes

On Figure 7 is presented a similar case of the
computation of the induced axial velocity V,, for radial
position /R=0.75 in the rotor plane for a helicoidal
wake, modeled with 100 complete helixes. Here again
for each pitch angles there are four different results, this
time corresponding to four different cases of modeling
of'the helicoidal wake, respectively with 30, 60, 360 and
720 straight segments per helix.

118 119 12 1210 122

Vx [m/s]

* 30 straight segments
#+ 60 straight segments
+ 360 straight segments
* 720 straight segments

P e o -

35 i i i |
2 4 6 8 10 12 14 16
Pitch angle [deg]

Figure 7. The axial induced velocity by the helicoidal
wake, as function of the number of segments per helix.

In the zoom-in window of Figure 7 is being shown
the computational case for 8 = 12 deg, which allows a
closer look on the exact values of the axial induced
velocity Vs for radial position 7/R = 0.75.



On Figure 8 is presented the computed induced axial
velocity V; in the plane of the rotor for a helicoidal wake,
modeled with 100 complete helixes. For each radial
position there are four different results, corresponding to
four different cases of modeling of the helicoidal wake,
respectively with 10, 20, 50 and 100 complete helixes.

On Figures 9 and 10 are presented the computed
induced axial (Vy) and radial (V;) velocities for each
blade section for the model with the system of vortex
rings. There are four different results for each of the four
cases of modeling the trailing rotor wake with
respectively 10, 20, 50 and 100 vortex rings.

On Figures 11 and 12 are presented the induced axial
and radial velocities for each blade section, computed
for a system of 20 vortex rings. There are four different
results for each of the four values of the initial position
of the first vortex ring behind the rotor plane, denoted in
Figure 2 with the dimension Po. Those four computa-
tional cases correspond to 0.25, 0.5, 0.75 and 1 times the
helical pitch p, calculated with equation (15).

Auxial induced velocity for pitch angle 10 deg, computed in the rotor plane
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; = 50 complete helixes
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82 03 02 05 06 07 08 09 1
R[]

Figure 8. The axial induced velocity in the rotor plane,
as function of the number of helixes.
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Figure 9. The axial induced velocity on the rotor blade
sections in function of the number
of vortex rings.
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Figure 10. The radial induced velocity on
the rotor blade sections in function of
the number of vortex rings.

Axial induced velocities on the rotor blade sections by the vortex rings

#* % +# initial blade encounter at 13% of helix pitch
#+++# initial blade encounter at 25% of helix pitch
initial blade encounter at 38% of helix pitch
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Figure 11. The axial induced velocity on the blade
sections in function of the initial encounter position.
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Radial induced velocities on the rotor blade sections by the vortex rings
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Figure 12. The radial induced velocity on the blade
sections in function of the initial encounter position.
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On Figures from 13 to 16 is presented the induced
axial velocity field, computed for the model of Miller,
composed from 20 vortex rings and one semi-infinite
vortex cylinder.

The induced axial veloaty held for Miller model P2 =0.25"p

¥R 1]
Figure 13. The axial induced velocity field for Miller
model for dimensions P>= 0.25p and Py= 0.5p.

The induced axial velocity field for Milker model P2=0.5"p

1 1.5 2
Wl []

25 3

Figure 14. The axial induced velocity field for Miller
model for dimensions P,= 0.5p and Py=0.5p.

The induced axial velocity fiekd for Miller model Py =0.75%p

Vi [mfs]

1 1.5 5 3 35 4

2
W, [
Figure 15. The axial induced velocity field for Miller

model for dimensions P,= 0.75p and Po= 0.5p.

The induced axial velocity field for Miller model Pa=p

1 1.5

25

lb'R?[-l
Figure 16. The axial induced velocity field for Miller
model for dimensions P, =p and Py =0.5p.
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Those four computational cases are for dimension P,
of 0.25, 0.5, 0.75 and 1 times the helical pitch p, while
Py is set to 0.5 times p.

In Table 1 is presented the comparison of the axial
induced velocity V5 in the plane of the rotor for radial
position 7/R = 0.75 for all three models, plus the value
given by the BET model, described in [15]. In addition
to that in Table 1 are also presented:

* the estimated coefficient of thrust Cr for each

model;

* the absolute value of the estimated error for the

computation of the axial induced velocity Vi,
denoted with |A| and given in percentage.

Table 1. Comparison of the axial induced velocity and
the coefficient of thrust for #/R = 0.75.

Models BET Helicoidal Vrionr{t;;x Mﬂ;f ret

Vs, [m/s] | 3.2099 3.2053 32037 | 3.2028
Cr, [x103] | 5.66384 | 5.64762 | 5.64198 | 5.63881

|A], [%] 0.1435 - 0.05 0.078

For each of the four models presented in Table 1, the
axial induced speed Vx and the coefficient of thrust Cr
are being computed for rotational speed of the rotor
Q=2000 RPM and pitch angle of the blades =10 deg.
For this comparison case each of the three models was
set up as follows:

* the helicoidal model was run for 100 complete
helixes with 360 straight-line segments and
Po=0.5p;

* the model with the system of vortex rings was run
for 100 vortex rings and Py = 0.5p;

* the model proposed by Miller et al., was run for 20
vortex rings and one semi-infinite vortex cylinder
with Py = 0.5p and P, = 0.5p.

3.5. Discussions on the results
3.5.1. The helicoidal vortex model

The results obtained for the axial induced velocity
for radial position #/R = 0.75 in the plane of the rotor for
the case of the helicoidal model, are presented on
Figures 6, 7 and 8. They show that the wake must be
modeled with a minimum of 100 complete helixes and
at least 360 straight-line segments. If the number of
complete helixes is smaller, then the axial induced
velocity will not double in the far wake. An increase of
the number of complete helixes in the wake does not
contribute to a significant change in the magnitude of
the induced axial velocity V. Thus a two time increase
in the number of complete helixes from 100 to 200,
results in a change of the magnitude of V; with 1.56%.

An additional set of experiments was made for 250
and 500 complete helixes, in order to compare yet
another two times increase in the number of helixes
modeling the wake. The velocities, computed in the
plane of the rotor for Q = 2000 RPM, & = 12 deg and



radial position #/R = 0.75, where respectively 3.1984
and 3.2088 m/s, which is a change of 0.32%. The same
applies for a two time increase in the number of straight-
line segments from 360 to 720, resulting in a change in
the magnitude of Vi with only 0.001 m/s, shown on
Figure 7. This increase in the induced axial velocity
from 3.457 to 3.458 my/s is less than 0.03%.

Thus it can be concluded that for the development of
a numerical model with a helicoidal wake, no more than
250 complete helixes are needed, for which a represen-
tation with 360 straight-line segments is accurate
enough.

3.5.2. The model with the system of vortex rings

The results obtained for the axial and radial induced
velocities in the plane of the rotor for the case of the
system of vortex rings, are presented on Figures 9 and
10. They show that the wake must be modeled with a
minimum of 20 vortex rings. If the number of vortex
rings is smaller, then the axial induced velocity will not
double in the far wake. If the number of vortex rings in
the wake is increased above 100, then this does not
contribute to a significant change in the magnitude of
the induced axial velocity V,. Thus a two time increase
in the number of vortex rings from 100 to 200, results in
a change of the magnitude of V in #/R=0.75 from 3.594
to 3.598 m/s, which is 0.11%.

It was found that there is not a significant change in
the magnitude of the radial induced velocity V; for an
increase of the number of vortex rings above 20. This
can be seen from the coincided point for 20, 50 and 100
vortex rings on Figure 10.

Thus it can be concluded that for the development of
a numerical model with a system of vortex rings, no
more than 100 vortex rings are needed.

It was found that the choice of the initial position of
the first vortex ring behind the rotor plane, which is also
known in the literature as the first blade encounter
position, denoted on Figure 2 with Py, is significantly
important in the computation and analyze of the induced
velocities. From the results presented on Figure 11, it is
noticeable that the magnitude of V; in the plane of the
rotor changes significantly from radial position 7/R = 0.7
toward the blade tips. The gradient is steeper for the
cases, in which the initial vortex ring is closer to the
plane of the rotor.

From Figure 12, it is noticeable that the magnitude
of V. changes significantly outward of radial position
7/R = 0.85, where steeper gradients are observed for the
cases of initial vortex ring positioning at 0.25 and 0.5
times the helical pitch p.

In the literature, according to different authors, there
are different suggestions for the optimal positioning of
the initial vortex ring. According to Miller et al. [5], for
a two-bladed rotor the range varies between 5 and 6
percent of the blade span, which is (R-7p). Other authors
suggest that this initial position is inferior of one chord

length. For the case of the studied rotor with rectangular
blades, the range between 5 to 6% of the blade span
corresponds to an initial vortex ring position equal to
respectively 0.3 and 0.36 times the helical pitch p.

In the present study, values of Py ranging from 0.25
up to 0.5 times the helical pitch p were found to be pretty
adequate for both the loading distribution on the blades
and the gradual axial velocity increase toward the far
wake.

The initial vortex ring position affects the
distribution of the induced velocities along the span of
the blades in the rotor plane. Thus by changing the
magnitude of Py it will be possible to adjust the blade
load and the bound circulation distribution. As it is
suggested in the literature, the models with a system of
vortex rings require calibration for the magnitude of Py,
based on experimental results.

3.5.3. The model proposed by Miller et al.

The results obtained for the axial induced velocity
field for the case of the model, based on the theoretical
approach proposed by Miller et al. [5] and Reddy [6],
are presented in Figures from 13 to 16.

This study case clearly showed that the wake must
be modeled with a minimum of 20 vortex rings and that
the initial position of the semi-infinite vortex cylinder
must be equal to P,= 0.5p, such as it is calculated by
equation (15) for the vortex rings that precede the vortex
cylinder. If the number of vortex rings is smaller, then
the axial induced velocity will not steadily increase
toward the far wake. If the number of vortex rings in the
wake is increased above 30, then this model is gradually
becoming a model with a system of vortex rings that do
not need the vortex cylinder in order to achieve a two
times increase of the axial induced velocity in the far
wake, compared to V in the rotor plane.

In the process of the evaluation of the optimal value
of P, it was found that for values below 0.5p and
especially below 0.4p a compression zone is being
observed between axial positions x/R = 2.5 and 3. In this
compression zone the axial induced velocity initially
increased beyond the gradual and almost linear transi-
tion, which is observed for P, = 0.5p. Then immediately
after this compression zone there is a zone between axial
positions x/R = 3 and 3.5, where V; slightly reduces.
Then after x/R = 3.6, the axial induced velocity starts
gradually to rise again toward its value for the far wake.

The absolute opposite phenomenon was observed
for values of P, above 0.5p and especially above 0.6p,
where there is a depression zone being formed between
axial positions x/R = 2.5 and 3, in which the axial velo-
city stops rising and even might slightly drop in
magnitude. Then immediately after this depression zone
there is a zone between axial positions x/R = 3 and 3.5,
where V; increased beyond the gradual and almost linear
transition, which is typical for P, =0.5p. Then as for the
previous case, after x/R = 3.6, the axial induced velocity
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starts gradually to rise again toward its value for the far
wake.

When P, rises above 0.7p and approaches 1.0p, a
wake split phenomenon start to develop, which can be
observed on Figure 16 for axial position x/R = 3.4. Not
only that this bubble zones grows quickly for any further
increase in the P, value but their growth become even
more sensitive and they quickly introduce important
gradients inside the computed axial velocity field. After
P»>1.75p, there is a huge depression zone being formed
between axial positions x/R = 3 and 4, where the speed
may drop to value below those in the plane of the rotor.

It can be concluded that any numerical model, based
on the approach proposed in [5] and [6], must be
calibrated for the specific rotor geometry type and test
bench set-up, before any comparison is being made
between the obtained numerical and experimental data.

3.5.4. On the test case comparison from Table 1

The comparison of the results from the test case
computation, presented in Table 1, clearly shows that
the model, based on [S5] and [6], is by far in a class of its
own, as it comes to the level of accuracy, achieved with
only 21 vortex elements.

The helicoidal model was chosen as a base of
comparison for the estimation of the error, so that a
direct comparison can be made with it. The difference
between the helicoidal model and the model of Miller et
al. is less than 0.8% and the latter is few times quicker
to compute. For practical performance estimation of the
rotor, those tiny deviations in the estimation of V; and
Crare negligible.

4. Conclusion and future work on this project

Based on the results from the numerical study of all
three models, the following conclusions can be made:

* When the rotor wake is being modeled with a heli-
coidal vortex with straight-line segmentation, the
optimum is found to be 250 complete helixes and
360 straight-line segments per helix;

When the rotor wake is being modeled with a
system of vortex rings, the optimum is found for
100 vortex rings;

For the model with the system of vortex rings and
the model of Miller et al., the dimension Py can be
varied between 0.25 and 0.5 times p, in order to
simulate different blade loadings;

For the model, based on the approach of Miller et
al., a great level of accuracy is achieved with a
fairly low number of vortex elements, compared to
other vortex methods;

For the model of Miller et al. the optimal value for
the initial position of the semi-infinite vortex cylin-
der P, behind the last vortex ring, was found to be
equal to half the spacing between two consecutive
vortex rings, trailed from the same blade;

* Based on the results from this comparison study
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between those three vortex based models, the
approach proposed by Miller et al. [5] and Reddy
[6], is the most appropriate candidate for part two
of the development of the intended non-stationary
numerical model.
The future work on this project includes:
* To allow the wake to contract freely, by taking into
account both mutual- and self-induced velocities,
which will in turn change the induced velocities on
the blade sections, thus redistributing the blade
loads and affecting the bound circulation;
To allow the numerical model to dynamically
change both the rotational speed of the rotor Q and
the blade pitch angle 6, thus making possible to
study the dynamics of the rotor wake in the
transition between different operational regimes of
the rotor;
To allow the possibility to vary dynamically both
Pyand P»in function of the computed blade loading
and bound circulation distribution can be foreseen;
To introduce the real fluid viscosity effects by
taking into account the actual vortex core radius 7.,
which will be allowed to change in function of the
axial and radial displacements of the vortex
elements in the free wake.
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Abstract: A mathematical model with 4 degree of freedom in Matlab for aircraft final landing trajectory is described in
this paper. A midsize commercial passenger aircraft similar to an Airbus A320 has been chosen as a reference aircraft.
The information about the model parameters are obtained from the passenger aircraft A320-200 specifications, Sofia
airport and meteorological station data. The simulated aircraft trajectory is compared with a real landing trajectory
obtained from the FlightAware. The development of the model and its application for studying and obtimization different

situations of intensive airport traffic are discussed.

Keywords: aircraft landing trajectory generation, aircraft modelling

1. Introduction

The larger air traffic over the last two decades has
involved many challenges that could be solved with
mathematical models. The models can study technical
and environmental problems during the landing. In the
literature, the models that are used are with 3 to 6
degrees of freedom according to the problem that they
solve. Models with 4 degrees of freedom are often used
and the difference between them is the wused
mathematical algorithms and methods.

In works [1,2,3,4] the authors described models with
4 degrees of freedom that optimized the aircraft landing
trajectory in case of failure of speedbrakes, aircraft
landing in the presence of obstacles, the minimization of
landing time of two or more aircrafts on the airports with
only runway and the minimization of fuel
consummation. The authors of [5] design model with 4
degrees of freedom for minimizing aircraft noise around
the airport areas.

The goal of this work is to present a mathematical
model of final landing trajectory on Sofia airport of a
commercial passenger aircraft similar to an Airbus
A320-200 and its verification with the real trajectory
data from FlightAware. The model has 4 degrees of
freedom. Matlab is used to simulate the landing process.
The reference model parameters are technical
characteristic of the aircraft, the decent speed as function
of the altitude and the thrust force.
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2. Data selections
2.1. For modelling

For the simulation are considered:

* the general characteristics (Table 1) [6] for a mid-
size commercial passenger airplane A320-200;

* the elevation of Sofia airport above the sea level
(531 m) and the final angle of descent (3°) [7];

* the weather report for the temperature are obtained
from the weather station on airport Sofia [8];

* the final landing time are obtained from Flight-
Aware database.

Table 1. General Aircraft Characteristics Data —

A320-200.
Operating Empty Weight 66 400 kg
Maximum Take-off Weight 73500 kg
Maximum Payload 18 000 kg

Maximum Landing Weight 64 500 kg
Maximum Zero-Fuel Weight | 61 000 kg

Fuel Capacity 241001
CFM International CFM56 2 x CFM56-
5B (98 kN)
Wing Span 35.8m
Wing Reference Area 122,6 m?
Wing Sweep 25 degree




2.2. For real trajectories

The data from FlightAware [9] are obtained to
verificate the model. Ten different landing scenarios are
investigated. In Table 2 is shown data for five of them.

Table 2. Fight data record.

. Aircraft Ambient
Date Flight Temperature,

type OC
21.08.2016 | Munch-Sofia | A320-200 20
21.08.2016 | London-Sofia | A320-200 38
21.08.2016 | Rome-Sofia | A320-200 32
25.05.2016 | Vienna-Sofia | A320-200 24
01.09.2016 | Frankfurt-Sofia | A320-200 25

Figure 1 illustrates the live flight tracking service
with real-time information about aircrafts FlightAware.

Figure 1. Live flight tracking from FlightAware.

3. Modelling of aircraft landing trajectory

The initial states that are used for computation the

final aircraft flight path during landing are as follows:

* Eurocontrol Base of Aircraft Data (BADA)
methodology [10] is used for the calculation of the
International Standard Atmosphere (ISA). The
deviation of the ambient temperature from the ISA
temperature is considered;

» the drag coefficient Cp for landing configuration is
computed with the methodology proposed in
BADA [10];

» the required thrust force is calculated as function as
air density p and Mach number M. During the final
landing trajectory the thrust force has to not exceed
10% from maximum thrust force;

» the aircraft angle of descent is 3 degree;

* the landing process begin at a 3000 m;

* the data for the minimal weight, the aircraft speed
profile during the final descent and values of Cpy is
obtained from BADA [11].

* the simulation for all landing scenarios are made
for the same aircraft weight.

Figure 2 shows the aircraft model used in this study.

For the differentials equations (1) describing the

system is valid:
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x=Vcosy; V':Q—gsin;/;’ (1)
. m

h=Vsiny, m=—tsfcxT,

where (x, /) are the position of the aircraft, (¥, y) are
respectively the speed and the angle of the descent. The
variables (7, tsfc, L, D, m and g) are respectively the
engine thrust, thrust specific fuel consummation the lift
force, the drag force, the aircraft weight and gravity

acceleration.

hy
~
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Figure 2. Mathematical model of
aircraft landing trajectory.

4. Numerical application and results

In this topic we present the obtained results for the
aircraft landing trajectory using the parameters
described in Tables 1 and 2. Figure 3 shows the block
diagram of modelling.

Data input for initial aircraft state

v

Solve the differential equation

v

Compute the parameters

v

Trajectory reconstruction

i

Figure 3. Blog diagram for simulation.

Figures (4-6) represent the comparison between the
computed and the real trajectories for model verifica-
tion.

—Model
—FlightAware
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Figure 4. Real and modelling landing trajectories
for flight Frankfurt-Sofia.
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Figure 5. Real and modelling landing trajectories
for flight Vienne-Sofia.
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Figure 6. Real and modelling landing trajectories
for flight Rome-Sofia.

The computed error between the real and modelling
landing trajectories is shown in Table 3.

Table 3. The computed error between the real and
modelling landing trajectories.

Landing time
Date Flight AFvlv‘ffet"S Model, | Erors,
01.09.2016 | Frankfurt-Sofia | 638s 638.0s 0
25.05.2016 | Vienna-Sofia 600 s 6250s | 4.16
21.08.2016 | Rome-Sofia 681s 643.4s | -5.52
21.08.2016 | Munch-Sofia 750's 651.8s |-13.09
01.08.2016 | London-Sofia 813s 621.1s |-20.63

We assume that the higher differences in the results
are due to:

+ the input data (topic 2.1) is constant;

« insufficient information about the real aircraft
weight during the final landing phase;

* presence of horizontal section in the real
trajectories due to the guidance of the air traffic
control (ATC).

5. Discussion and conclusion

In the paper a mathematical model with four degrees
of freedom simulating the final landing trajectory of an
aircraft at Sofia airport is described. The model allows
investigating the influence of:
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« aircraft characteristics;

 rate of descent as function as the altitude and

aircraft weight;

« wind disturbance;

* technical failures during landing (speedbrake);

* environmental problems (noise levels and air

pollution around airports),
which are subject to further works.

The analysis of observations of real and modelling
trajectories proposed in this paper strengthen our model.
The results indicate also that the used mathematical
method is simple and this decreases the computation
times.
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HEMHBA3UBHA OLHIEHKA HA PABOTATA HA /IHO3A YPE3 AHAJIN3 HA IIPOMSHATA HA
TEMIIEPATYPATA U

LIBETAH HIOPJIAHOB
Karezpa >xene3onsTeH TpaHCHIOPT,
Texumuecku yrusepcutet, Codust, Beirapus
cvetan.jordanov@abv.bg

Pe3tome: B nyOimkarmsaTa € pasriienana nmpoMsHaTa Ha TEMIlepaTypara Ha OCTaThYHOTO TOPHBO Ha BIIPHCKBAY THIT
KombH peiin B cTeHI0BH YCIOBUS IPH CUMYJIalvsl Ha CPEIHO HaToBapBaHe Ha nu3enoB [IBI. M3cieaBanusr BIpbhcKBad
e npousBernieH ot ¢upmara Delphi u e npenHa3zHaueH 3a BrpakaaHe B JAW3EIOBH ABUIaTellM ¢ X0H0B odem 2,2 [. 3a
M3CIICIBAHETO € pa3paboTeH TabIueH MOJIET ¢ TIOMOIITa Ha porpamara ,,Microsoft Excel”. 3a kamubpupate Ha mojiena
Oelie MPOBEIEHO EKCIIEPUMEHTAIHO M3CIIe/]BaHE Ha BIPBCKBAada M3IOJI3BANHKK CTEHIOBOTO 0OOpPYZIBaHE CIEIBANHKU
m3nurarenHus wiad Ha gupmara Dieselland. C nomorira Ha Moziena Geltie n3cieiBaHa Bpb3Kara MEK Ty OBUILIABAHETO
Ha TeMIleparypara Ha (QIyHIa i TCXHHYIECKOTO ChCTOSIHIC Ha BIPHCKBAYA.

KorouoBu xymu: common-rail, excnepumenmanto uzciedsane, memnepamypa, CUMyIayusl.

1. BLBenenune

Jlnarnoctrkata Ha KOMITOHEHTUTE Ha JU3CIIOBaTa
TOPUBHA CHCTEMA € KIIIOYbT KbM HABPEMEHHOTO TpeI-
OTBpaTsBaHe Ha OTKa3W. KOHCTPYKTHUBHO CIIOXKHHTE
KOMITAHOBKH Ha CHBPEMCHHHTE JIBUTATENd Ch37aBaTr
TPYIHOCTH TPH WHBa3UBHUTE METOMU 3a TECT Ha
arperaTuTe Mopajy HEIOCTHITHOTO Pa3IOIOKCHUE Ha
JIM3EIIOBUTE BIPHCKBAYH.

IIpe3 mocnemHUTe TeCETUIICTHS HABIN3aT JHarHOC-
TUYHU MTOXBATH BKITIOYBAIH 00pab0TKa Ha TAaHHUTE OT
Oopnosute BB3pueMareny. [locpencrsom pasHooOpa-
3ue oT MHTepdeiCHN COMTYepHH MPOAYKTH CIeIra-
JIMCTUTE MOTaT Jia OLICHST padoTara U ChCTOSIHUETO Ha
HIKOM CHUCTEMHM Ha aBuratens. HemocTaTbk Ha TO3H
METO/I 32 JMarHOCTHKA €, Ye TON OopaBu U 00paboTBa
nHGOPMAITHATA CaMO OT CBIIECTBYBAITUTE HA MAIllH-
HaTa Bh3IPHEMATE]IH.

WznomsBaHeTo Ha IOITBIHWTENHH BB3IPHEMATEIH
JIECHHU 32 MOHTa)K OM JaJI0 BE3MOKHOCT 34 ITO-IThJIHA U
sICHa KapTHHA Ha pa0doTaTa Ha MalllMHATa U B YaCTHOCT
Ha ,,prime” CUCTEMHUTE.

IlenTa Ha W3cNegBAHETO € Ch3JaBaHe MOJAET Ha
MpoMsIHATa Ha TEeMIlepaTypara Ha U3Xojia Ha eJIeKTpO-
MarHUTeH MHXEKTOp oT KOMBH peiin au3enoBa ropus-
Ha CHCTEMa, KOETO € JIOKAa3aHO C OMUTHO W3MEPEHH
TEMITCPaTyPHH TTOKa3aTeNy Ha QIIynaa.
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2. O0eKT Ha M3CIeBAHE
2.1. BopbcKBay € eJIEKTPOMATHUTHO YIIPABJIEHUE

WscnenBaHusT BOPBCKBAY € C EIEKTPOMATHUTHO
ynpaBiieHre. Toi € OT TpeTo TOoKOoJcHHe Ha (upma
Delphi 1 ce Brpax/a B UeTHPH LIFIUH/POBH IBUTATEIN
c obem 10 2143 cm® (535,75 cm® wa mmwmMHABD) 1
MorHocT A0 17,5 kW Ha numHIsp.

CuCcTeMHOTO HaJsTaHe Ha WU3eloBaTa TOPUBHA
CHCTEMa, OT KOSITO € YacT u3NuTBaHara mto3a e 800 bar.
Konctpykimsara e nokasana Ha @urypa 1.

C 1men rapaHTHpaHe TOYHOCTTa Ha Mozena Osxa
B3€TH TPEABUJIl OCHOBHH MapaMeTpd Ha paboTHaTa
cpena Ha BIpPhCKBada. Temrieparypara Ha OKOJHATA
cpena Ha [ro3ara (4acTra Ha Jf03ara, KOSTO € M3BBH
MIMHApoBaTa TiaBa). OcTaHaMTE MapaMeTpu ca
B3€TU OT TEXHUYECKA MH(OPMAITUS HA TIPOU3BOTUTEIIS.
[lapamerpure W3MOI3BaHM B H3CIEABAaHETO Ca
n30poenu B Tabmmma 1.

2.2. Ilpunnun Ha padora

EnexTpoMarHUTHUAT BIIPHCKBa4 OWBA YIIPABIISIBAH
IO JIBa HaYMHA — C MIPOMSIHA Ha HANPEKCHUETO WU C
MPOMsIHA Ha CHJIaTa Ha TOKa KbM Hero. M3creaBaHusT
BIIPBCKBAU OCBILECTBABA BIPHCKBAHE CIIEH TIOBHIIA-
BaHE Ha cujiaTa Ha Toka 110 22 A. Tok ¢ Ta3u cuina rapas-
THpa OBP30ACHCTBHETO HA €JEKTpHYecKaTa YacT U
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TpalfHO YCTAHOBSBAHE HA KOTBATa B JKejaHaTa TMO3H-
us. 3arbppoKariara crToiHocT € 6 A. Cnen JocTuraHe Ha
KpallHO TOJIOJKEHHE Ha KOTBaTa € HEOOXOIUMO TO-
MAJIKO KOJIMYECTBO ENICKTPUYECKa SHEPTHsl 38 TIOJUTbP-
JKaHC€ B ChOTBETHATa ITO3UIIMSA. To3u BUJ] BIIPHCKBAUH
OCBCH I10/]aBaHe HAa TOPHUBO B IWJIMHIIBPA, OCUTYPSBAT
U peryJIUpaHe Ha CHCTEMHOTO HAJSITAHE B CHCTEMAara
MOCPEJICTBOM MEXITMHHHA OTBApSHHS Ha  CJIEKTPO-
XUJIPAaBIAYHATA UM KJIAIIaHHA rpyna. Te3u ,,AMUTalyn
Ha BIPBCKBaHE * JIOCTHTAT J0 TPH 34 €IHO CHIIUHCKO
BIPBCKBAaHE Ha pa3npbckBava. [Ipu HopmaiHa paboTa
Ha BIPBCKBAaYa M B YACTHOCT Ha KJIallaHHATa TPyra ce
HaOJII0/IaBa MMOBUIIIABAHE HA TEMIIEpaTypara Ha rOpu-
BOTO BPBINAHO KbM pe3epBoapa. [Ipu aedextupane Ha
YIIPaBJISBAIKS KJIAlaH KOJIWYECTBOTO TOPUBO B Ta3W
IOCOKA CE TIOBHIIIABA JI0 YSTUPH ITHTH. TOBa € peaTHusT
MakCHMyM Ha JeOWTa B Ta3W 4YacT HA BIOPHCKBAYa
MOpaJId pa3MepUTe W TMPOIYCKATENHATa BB3MOXKHOCT
Ha m3nycKareiaHus kanain. C HapacTBaHe Ha criaja Ha
HAJIATaHEeTO TMOPaJd HEIUTBTHOCTTA HA KJlamaHa ce
YBEJNYaBa U OT/IENICHATa B Ta3W 00JIACT TOILIUHA.
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Queypa 1. Korcrpykuust Ha KombH peitn

umxekTop Delphi
1 - Enexrpomaraur; 2 — Knanansa gacr;
3 — MexxauHeH auck; 4 - Pasnpbcksay; 5 - Kanauka;
6 — Wrna Ha pasnpbckBaya;7 O0eM ¢ BICOKO HAJISTaHE;
8 — YurpTHHUTENHA OBBPXHOCT; 9 — O0eM ¢ IOJHATIATAHE;
10 — Ipenusen orBop; 11 — Knanan; 12 — Kananu 3a pasroBapBaHe
Ha HaysraHeTo; 13 — [IbaHuTenex oTBop;
14 - IIpemseH otBop; 15 Kanan 3a 3axpaHBaHe Ha pa3lpbcKBaya;
16 - KonTpomnza kamepa.

Tabruya 1. Ilapamerpy Ha BIPHCKBaYa.

JlnameTbp Ha uriara 4,5 mm
JlnamMeTbp Ha ceJUI0TO Ha uriara 1,6 mm
MakcumalieH X0 Ha urjiata 0,2 mm
Bpoii oTBOpU Ha BITbCKBaya 6
Jlnametnbp Ha oTBOpHUTE Ha BripbckBaya | 0,15 mm
O6eM Ha BOpbCKBaua 200 mm’
OO6eM Ha KOHTpOJIHATa Kamepa 26 mm’
O0eM Ha KJanaHa 15 mm®
Kanan Ha paznpbckBaya 1 mm
CMyKareyeH 0TBOp 0,25 mm
[IpenuBeH oTBOp 0,15 mm
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3. ExcriepMMeHTAJIHA IIOCTAHOBKA

Ha wsnurareneH cTeHm 3a [r03M C Mapkarta
Dieselland e morTHpaH HOB BipbckBad. O0OpyIBAHETO
3a eKCIIEpUMEHTa € ITOKa3aHo Ha (ur. 2.

OnuTHATA TIOCTAaHOBKA BKIIFOYBA CTAHAPTEH CTEH]T
3a TU3EJI0BH TIOMITH C MOHTHPAHA Ha HETO KOMBH et
nomia Bosch, tunm CP3. 350Ha moakauyBaia IoMIIa
3aCMyKBa KaJMOpOBaIlla M3MUTATeTHATA TEYHOCT OT
pe3epBoapa. DiyuasT ce mogaBa B peitn Tphba, 000-
pyZABaHa C peryiaTtop Ha BUCOKOTO HaJsiraHe, paboTer]
C TpaBOBrBIHM wMIyiIcH. Crem akyMmyiaropa Ha
HaJISITaHE MMOCPEACTBOM TBBPI TPHOOIPOBOI CE 3aXpaH-
Ba U3CJICABAHUAT BIPBCKBaY. TeCT IIaHBT 32 BIPHCK-
Baya BKJIIOYBA TECT HA IUTBTHOCT, PSKAM Ha ITHIIHO
HATOBapBaHe, MPAa3eH XOJ U PSKUM Ha U3MEpBaHe Ha
NpeBIPhCKBaHETO. V3MepBaHe Ha Temrieparypara Ha
W3XOJIAIIIOTO TOPHBO OT BIPHCKBAa4a € TPENBHJICHO B
OpUTHHATHATa KOMIIAHOBKA, HO € W3BBPIIICHO Ha pa3-
CTOSIHME OT M3MHUTBaHMUs arperar paBHO Ha 350 mm. 3a
Jla ce rapaHTHpa TOYHOCTTA Ha U3CIIEIBAHETO TeEMIIepa-
TYPHEST BB3IPUEMATe]l € TIPEMECTEH HETIOCPEICTBEHO
JI0 BIPHCKBAyUa Ha CIEIMATHO TOILIOMPOBOIMMO TSIO,
MOHTHPAHO Ha M3XOs1us Tphoomnporoz, [Ipennpuern
ca IMPOMEHH 10 TeCT IUIaHa ch3zazeH oT Delphi, 3ammoro
HE BBbB BCHYKH PEKHUMH CE HU3MEPBa H3XOSIIOTO
KOJIMYECTBO TOPUBO M Temrieparypara my. [Ipenmo-
CTaBKUTE 32 M3ITUTAHUETO Ca M3JIokeHHn Ha Durypa 3.

3a Hy>KIUTe Ha U3CIICABAHETO TECTHT € MPOBEICH 3a
nBa BrpbckBada. Cien MpeMHHABaHE HA BCHYKH
CTBIIKH OT W3MUTATENHUS JUCT Ha HOBWS arperar ce
MIpeMUHaBa KbM ITOATOTOBKA 3a BTOPH TeCT. Bropusit
BIPHCKBAY € HACHTUYEH C IIbPBUS, HO TIPESIBAPUTEITHO
0€ MoMEHEH XHUPABIMYHUAT YIIPABJISABAILl KJIallaH 3a
BHUCOKO HaJsiraHe. BMpbckBaubT ce  pasriiodssa,

TemneparypeH gar4ux

@Dueypa 2. BEkcriepMeHTalIHaA TIOCTAaHOBKA.



JEMOHTHpaHa € KJIallaHHaTa rpyTia ¥ Ha HeWHO MSICTO €
[I0CTaBeHa U3HOCEHA TaKaBa C MOKa3aTeN! JOCTaThYHMY,
3a J1a ce OCBIIECTBsIBA BIPHCKBAHE, HO ChC 3aBUILICHU
HUBa Ha TPOMyCKaHe HAa TOPHBO KbM M3XOAa Ha
BIIPHCKBAYA.

Company name: Sofia Diesel Center Itd.
37 Paprat str. Tel.: 070010730
www.sofia-diesel-center.com #

equipment for diesel

Injector Info: Customer:
Injectors serial:
Number: EMBR00002D
Designation: 1: 1105400733843 3:
Type: DELPHI
Info: CRI 2 4:
Point | Pressure, bar | Pulse, ps | IPM | Flow, mm?®/st | Overflow,mm® /st |
Leak test 1400 0 1000 0 15,0-45,0 |
[ v | 1400 | sso [1000] 429571 | |
[ u [ 250 [ 680 J1o0] 4470 | |
[ w [ 80 [ 335 [1000] 1844 | |
Q@ueypa 3. IIpennocTaBky 3a U3NUTAHUETO HA
BIOPBHCKBAYa.
4. CumynanuoHeH MozeJ1

OcHOBHHUTE 3a TOBa W3CIEBAHE BEIWYMHH Ca
KonmuuecTBOTO (orynn Qrop WM TeMmmeparypara Ha
n3XoJla Ha BIphckBada 7. Hamsranero B cucremara e
MIPUETO 3a KOHCTAaHTa 10 BPeME Ha BIIPHCKBAHETO H
TeMIIepaTypHHUTE 3aryou He ca oruerenu. B Tabmuma 2
ca BBbBEJICHU PE3YJITATUTE OT U3CIICIBAHETO.

Tabnuya 2. CpaBHHUTEIHA Ta0JIUIIA HA
pe3yATaTH OT U3CIIEIBAHETO.

CRI'1 CRI2

Orop T | Oror| T,

Pexam mm’ | °C | mm’ | °C

Tect Ha TITBTHOCT 14,1 | 36,2 | 56,9 50
[IpnHO HatoBapBane | 51,5 | 284 | 73,5 | 65,2
TIpazen xon 473 40 25 | 51,5
[IpenBnpbckBane 2,1 324 | 32 | 578

5. M3Bomu

[Ipemioxen e Moziesn 3a HEMHBA3UBHO W3IMTBAHE HA
KombH peiin umkekrop. M3nomsBano e HaarpaxaaHe
Ha cw3nanenus ot Delphi Tect mman. CpaBHEeHHETO €
HAIIpaBEeHO Ha YETHPHU OCHOBHU CTBIIKH:

* Leak Test — pexxuM TeCT Ha IITHTHOCT;

* VL — pexuM IIbJIHO HATOBAPBAHE;

* LL — pe:xuM Ha Ipa3eH XOJ;

* Pi —pexuM Ha IPEeBIPHCKBAHE.

HabGntonenusara ot TecT Ha BOPBCKBAY C HEMHBA3H-
BEH METO[] Upe3 AOMBIHUTEIHO U3MEPBaHE Ha TEMIIe-
parypara Ha M3NMTATeNHaTa TEYHOCT Ha M3Xoza ca
HHCKa ceOeCTOMHOCT Ha M3MONI3BAHOTO OOOpYyIBaHE,
Obp3 MOHT&X Ha JONBIHUTEIHUTE NPUOOPH,
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OCHTypsiBaHE Ha TIO-BUCOKH HHBa Ha TOYHOCT B Je(hek-
TaluMsTa Ha AU3ENOBH O3 IIPY CTEHI0BY W3MHUTBAHUS
Y HaJISKAHOCT Ha pe3yJITaTUTe.

O030pHO TIONYYECHUTE TI0 BpeMe Ha W3MUTBAHETO
JTAHHY Ca BbBENICHU B TaOJHMILIA U CTaBaT JOCTHITHM 32
AHAJIN3 ¥ OT HUCKO KBATM(ULIUPAH CIEHAIIHCT.

lNonemu paznuku ce HaOIFOMABAT TP PEKUMUTE C
BUCOKO HasiraHe. [Ipu TecToBeTe ¢ HUCKH CTOMHOCTH
Ha HaJISITaHeTO METOABT € He JIOCTaTh4YHO TOYEH Mopa-
JI1 OTHOCUTETTHO MAJIKUTE IPOMEHH B TEMIIEpaTypara.

MonensT qoKa3Ba OPUIOKUMOCT Ha TEXHOJIOTHATA
py Bcudkd KOMBH pelin 1u3e510BU FOPUBHU CUCTEMU
HE caMO MpU CTEHJOBHU M3MUTBAaHUS, HO U TIPH aHAIN3
Ha CHCTOSIHUETO Ha BIPBCKBAYMTE 110 BpeMe Ha padoTa
Ha JIU3EJI0B JIBUTATel.

buaaronapnocru

bnaromapss Ha ¢upma Dieselland 3a oxkazanarta
HOJIKPETa, OCUT'YPEHNTE TPEI-IOCTABKH 32 H3INTaHHe-
TO, TIapaMeTpy Ha BIPHCKBA4a U CTCHI0BO 000pyIBaHEe
3a OCBIECTBSIBAHE HA CKCIIEPHMEHTA.

Bubunorpagmus

[1] Koncynt - Jlo3anoB, CucteMu 3a ympapiieHUE Ha
m3enoBu aeurares, Codus.

[2] II. JumutpoB, Cuctemu 3a ynpaBlieHHE Ha TpoLie-
CHTE B IBUTATENNTE C BHTpENIHO ropeHe (Bropa wact —
JIBATATeNI ChC CaMOBB3IUIAMEHSBAHE HA TOpHUBHATA
cmec), TY-Coous, 2015r., Codust.

[3] IL. IlynoB, ,,M3cnenBane Ha XapaKTEPUCTUKUATE Ha
M0/IaBaHe Ha TOPHBO Ha BIPHCKBAU C €IEKTPOMArHUTHO
ympaeienne ot Common-rail TopuBHa cucrema',
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NON-INVASIVE EVALUATION OF THE
WORK OF THE NOZZLE THROUGH
TEMPERATURE CHANGE ANALYSIS

CVETAN JORDANOV

Department of Railway Engineering
Technical University, Sofia, Bulgaria
cvetan.jordanov@abv.bg

Abstract: The temperature variation of the residual fuel
in common-rail injector type at test bench conditions is
analyzed in this publication by simulating average loading of
a diesel internal combustion engine. The examined injector is
produced by the company Delphi and is designed to be
mounted in a diesel engine with 2,2 / swept volume. A chart
model is created for the examination with the program
“Microsoft Excel”. An experimental examination of the
injector was made for the calibration of the model using test
bench equipment and following the test plan of the company
Dieselland. The result allow us to examine the connection
between the rise in temperature of the fluid and the technical
condition of the injector.

Keywords: common-rail, temperature, experimen-
tal examination, simulation.
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AHAJIN3 HA PABOTATA HA JIO3ATA ITPH CITA/l B HAJIITAHETO
HA KOMBH PEIJI CUCTEMATA

LIBETAH HIOPJIAHOB
Karezpa >xene3onsTeH TpaHCHIOPT,
Texumuecku yrusepcutet, Codust, Beirapus
cvetan.jordanov@abv.bg

Pestome: Llenrta Ha myOnuKaimsaTa € Cb31aBaHE M M3CJIEBAHE HA ONMTHA ITOCTAHOBKA HA KOMBH PEIJI CUCTEMA C Lel
NpOCIIEABaHE M aHAJIU3 Ha CIaja B HAIATAHETO B HEs, KOTaTo KJANaHbT Ha Jr03aTa Ce 3aJ€iCTBa U CE€ OCBHIIECTBH
BIpBCKBaHe. ['eHeprupaH e MOJies Ha IPOMSIHA Ha HAJSITAHETO B MOMEHTHUTE OT paboTara Ha KOMBH peilll cuctemara, B

KOHMTO TO C€ IMpUEMa 3a KOHCTaHTa.

KitrouoBu xymu: komwvh petin, 0103a, Haieane, OCYUIoZpama.

1. BLBenenue

C HapacTBaHe Ha M3MCKBaHUsTa KbM paborara Ha
JIM3EN0BUTE [FO3M CE Hajlara yChBBPIIEHCTBAaHE Ha
3aKOHa Ha BOpbckBaHe. HansiraneTo Ha cuctemara Kato
OCHOBEH IapaMeThp MMa KIIFOYOB XapakTep B HEro 3a
MIOCTUTaHE Ha MOCTABEHUTE ONTHMHU3ALMOHHHU 3371a4H,
HO YBEJIMYaBaHETO MY BOOHM A0 HECTaOMJIHOCT HA
CHCTEMaTa B MHTEPBAJIMTE MEXIY OTACTHUTE €TalH Ha
BIPBCKBaHeTO. bes 1a Ob1aT oTpazeHy Te3u MpoOMEHH B
3aKOHa Ha BIPBCKBAHETO HE OW MOTJIO /1a C€ TTOCTUTHE
PaBEHCTBO MEXIy 33JaJlCHOTO M JIEHCTBUTEIHO
KOJIMYECTBO FOPUBO KbM LIIITHHABPA.

LenTa Ha n3cnenBaHeTo € Ch3JaBaHEe HA MOJIEN Ha
KOJIe0aHMATA B HAJSITAHETO B KOMBH PEiil cuctemMa 1o
BpEME Ha pEaJHOTO BIPHCKBAHE HA KOMBH pe
BIPHCKBaya.

2. OmTHA MOCTAHOBKA
2.1. Ctenp 3a moMIIN M J1031

OcHoBaTa Ha ONIMTHATA [TOCTAHOBKATa € CTaHAapTEeH
YHUBEpCAIEH CTEH]| 3a IW3EIOBU TMOMIH W JFO3U —
Ourypa 1. EnexrpoMoTop cb3maBa HEOOXOAUMHTE
000pOoTH Ha 3aBbpTaHE HA TOpPHBHATA [OMIA —
3500 min". TopuBoTO Cce TonaBa KbM peiin TpwOa,
000py/IBaHa C BB3MPHUEMATeN U PEryJIaTop Ha HaJlsITaHe.
Upes rpBKaB TPHOOIPOBOJ € OCHIECTBEHA Bph3KaTa
MEXIy aKyMyJIaTopa Ha HaJsiraHe U A103ata.
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Queypa 1. Monen Ha MEXaHUYHATA IOCTAHOBKA.
1 — Crenpg; 2 — Ilomma; 3 — Perynarop Ha HajsiraHe;
4 — T'opuBONIPOBOA 32 BUCOKO HAJIATaHE; 5 — Peiin;
6 — Bpanpuemaren Ha HassiraHe; 7 — BrpbckBay; 8 — PesepBoap;
9 — 'opHBOITPOBOJ 32 HUCKO HAJISTaHE.

2.2. EjIeKTpOHHO 000pyIBaHe

Cnenmanen moaynarop (durypa 2) ce3nasa ycio-
BUSATA 3a M3BBPIIBAaHE Ha M3MUTaHUsATAa. Perymmpa
aBTOMAaTUYHO, B 3aTBOPEH KPBI, HAIATAHETO B CHUCTE-
Mara, yIpaBisiBa 3aJlaJeHUTEe Ha momiiata 000OpOTH U
mmojiaBa HeoOXoaMMu 3a paboTa Ha JF03aTa IMITYJIC TI0
IIMPOYNHA U IbCTOTA.

VYcnopenHo Ha MOIyJaTopa € MOHTHPaH OCLMIIO-
CKOII, KOWTO € CBBP3BaH C €IEKTPUIECKUTE U3XOAU Ha
BB3MpHUEMaTessl Ha HAJISITaHe U TaBa Bb3MOXKHOCT J1a Ce
NPOCIEIAT U HAl-MaJIKUTE W3MEHEHHS B HAJISITAHETO.



3. OchblecTBSIBAHE HA EKCIIEPUMEHTa

[ocpencrBom crienmanu3upanus copryep ,,ARM -
diesel Ha upmara Dieselland, e craprupana onutHaTa
roctaroBKa. [Ipu mocTurane Ha HEOOXOIUMHTE 000PO-
TH Ha TOPHUBO HarHeTaTeslHara MoOMIIAa ce HaOromaBa
Ch3/laBaHe Ha HaysiraHe B cucremara ot 250 bar. Pery-
JAaTOpBT HA HAJIATAHE BCE OIIe He € akThBUpaH. Toii e
OT THII ,,HOPMAJTHO OTBOPEH"* 1 0€3 ToAaeH KbM HETO
YIpaBJsiBalll HUMITYJIC MpOMycka (uyna HaBBH OT
aKyMyJaTopa Ha HaJsraHe Tpe3 MpEUBEH KialaH
00paTHO B pe3epBoapa Ha MallliHaTA.

CrnenBa BBBEXIIaHE Ha TMapaMeTpHTe, Ch3JaBalld
MPEIIOCTaBKUTE 332 M3NHMTAHUETO. 3alafecHO € Hallsi-
rase oT 800 bar m UMMyJC KbM €JIEKTpOMarHuTa Ha
nro3ata ot 500 ps. OT To3M MOMEHT MHTEpEHCHT HA
MoOJyJIaTopa CIy’KH CaMoO 3a CIIE/IeHE Ha 33/1a/IcHUTE
nmapameTpu. M3cienBaHeTo ce KOHIGHTPHpa BBPXY
KprBaTa Ha HAJITAHETO, KOETO ce HalozaBa dpes
eKpana Ha oc1usockona — durypu 3 u 4.

[Iprn Bcekm mToOmazeH WMIYJIC W IIOCIIENBAIO
IIpeMecTBaHe Ha KOTBaTa Ha EJIEeKTPOMarHuTa Ha
HH)KEKTOpa ce HabJIr0/1aBa IIIaBeH CIia]l Ha HAJISITAHETO
C BpeMeTpaeHe T = 15Us U IUIaBHO MOBHINIABAHE IO
HOMHHAITHOTO HAJISITaHE CIIe]T 3aTBapsIHE.

3HaeiKu Kora 3arovBa BCEKH €Tall OT paboTarta Ha
JF03aTa ce OTYMTa KOr'a HaJAraHEeTo € HUCKO, Kora e
BHCOKO M KOTa € JIOIyCTHMMO OTKJIOHEHO (He OKa3Ba
BJIMSTHHE HA 3aKOHA Ha BIIPHCKBAHE C TOBede OT 2%).

4. N3Boau

Yucnenute mnpecMsATaHUs Ha (QYHKUUATa Ha
KOJIMYECTBOTO TOPUBO, IMOJABAHO B LWJIMHABPA HA
JIM3ETIOBUS JIBUTaTell 3a €HO BIPHCKBAaHE, BUHATH Ca
NpUeMald CTOHHOCT Ha HaJAraHeTo B OOIIMS peit,
paBHa Ha KOHCTaHTa. Thil Karo ToBa HE € Taka B
JEWCTBUTEIIHOCT, C€ TMpPEropbuBa HMHTETPUpaHE Ha
MPOMEHIINBA CTOMHOCT B OBJICLIUTE MOJIENH, C e T10-
TOYHH PE3yJITaTH.

Benuku npugaraHu B IIpaKTUKaTa MOZAENH 32
CBh3/[aBaHE Ha peaTHHA 3aKOH Ha BIPHCKBAHE IpHeMat
HAJIATaHEeTO B aKyMyJjlaTopa 3a PaBHO Ha KOHCTAHTA.
Pesyntatute OT ch31aIeHaTa EKCIIEPHUMEHTAIHA [IOCTa-
HOBKA JIOKa3BaT HAIMYMETO HA KOJeOaHWs B Hasra-
HETO B MOMEHTA Ha 3aficliCTBaHE Ha €JIEKTPOXUAPAB-
JIMYHMS KJIalaH Ha BOPBCKBAya ITPU BCHUKH PEKUMU Ha
pabora. IIpu BcHYKM eTamum Ha M3CIEOBAHETO CE
HaOJF01aBaT MPOLIEHTHO CXOAHH OTKJIOHEHUSI BBIPEKU
CTOXaCTHYHUSI M XapakTep.

WscnenpareTo e mpoBenieHo B Tpu pexknma (G) Ha
pabota Ha BIpbCKBava:

* PP — pexuM Ha NIpeIBIPBbCKBAHE;

* LL —pexxyuM Ha TIpa3eH XOI;

* VL — pexxuM Ha ITbJIHO HATOBapBaHE.

Ha 6a3a na momyuenure pesynratu ot ®urypa 4 e
noctpoeHa Tabmuua 1, B KoATO € onucaHo KojebaHue-
TO Ha HAJLITAHETO, B PA3IMYHUTE PEKUMU Ha paboTa Ha
BIpbcKBaua. B3er e BpemenusaT unrepsan 0 - 15 ps.
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Quzypa 2. Mopnen Ha eneKTpOHHATa TOCTAHOBKA.
1 — Murepoeiic Dieselland; 2 — Moxymnarop;
3 —Perynarop Ha Hajsirane; 4 — Be3npuemaren Ha HaJsrase;
5 — Beanpuemaren obopotu Ha BepTene [ HIL;
6 — YrpasnsBain cursai; 7 — OCLIOCKOIL.
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Quzypa 3. OCUIOCKOIICKA JUarpamMa Ha HaJsITaHETO B
peiiiia Ipeau NpeMecTBaHeTo Ha KOTBara Ha
€JIEKTPOMAarHura.
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Quzypa 4. OCIIIOCKOIICKA piarpamMa Ha HaJIsITaHeToO B
peiina crnen npeMecTBaHEeTO Ha KOTBaTa Ha
EIIEKTPOMAarHuTa.

Tabnuya 1. EkCieprMeHTaTHU TAHHH.

Bl o 36| o] 2] s
PP,bar | 796 | 794 | 778 | 796 | 790 | 795
LL bar | 251 | 249 | 243 | 248 | 242 | 251
VL, bar | 1405| 1400| 1375| 1400| 1315 1385
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3HAYUTETTHU OTKIIOHEHUS OT 3aJaJCHOTO H
IIGfICTBI/ITGJIHOTO BIIPHCKaAHO TOPHUBO CC OYaKBaT B
PEKUMUTE C BUCOKO CUCTECMHO HAJIAATaHE.
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ANALYSIS OF THE WORK OF
THE NOZZLE UNDER REDUCED PRESSURE
IN COMMON RAIL SYSTEM

CVETAN JORDANOV
Department of Railway Engineering
Technical University, Sofia, Bulgaria

cvetan.jordanov@abv.bg

Abstract: The aim of the publication is to examine
an experimental common rail system in order to monitor
the drop of pressure in it when the valve of the nozzle is
activated and the injection is done. A model for the
pressure changes that occur in the CR system is
generated, where the change of the pressure is accepted
as a constant.

Keywords:
waveform.
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OPTIMISATION OF WASTE HEAT RECOVERY SYSTEM OPERATING PARAMETERS FOR

DIESEL ENGINE BASED ON RANKINE CYCLE

NIKOLAY MILKOV!, PLAMEN PUNOV?,
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Abstract: This article presents an optimization study of the Rankine cycle operating parameters as a function of diesel
engine operating mode. The Rankine cycle here is studied as a waste heat recovery system which uses the engine exhaust
gases as a heat source. The engine exhaust gases parameters (temperature, mass flow rate and composition) were defined
on the engine test bed at constant engine speed and variable load. It was found that the exhaust gases temperature is within
the range of 167°C to 557°C and the mass flow rate varies from 88,5kg/h to 281,3kg/h. An engine speed of 2000 rpm was
chosen in this study due to the fact that this speed provides higher engine thermal efficiency. The Rankine cycle thermal
power and efficiency was numerically estimated by means of a simulation code in Python(x,y). This code includes
discretized heat exchanger model and simplified model of the pump and the expander based on their isentropic efficiency.
The Rankine cycle working fluid mass flow rate was varied within the range of 1g/s to 10g/s and the working pressure
was within the range of Sbars to 25 bars. The numerical results revealed that the cycle thermal power increases slightly as
a function of engine load. Thus, the optimal operating parameters of the Rankine cycle depend on the heat source.

Keywords: diesel engine, waste heat recovery, Rankine cycle, numerical and experimental simulation.

1. Introduction

The future CO, emissions restriction imposed to the
internal combustion engines is difficult to be met by
means of available technologies. The waste heat
recovery system based on Rankine cycle seems to be a
promising method for increasing the engines thermal
efficiency.

The engine waste heat recovery system based on
Rankine cycle was recently largely studied [1-11]. In a
previous study of our team [1] the parametric analysis
of the Rankine cycle based waste heat recovery from
exhaust gases of a diesel engine was conducted. The
results in this study revealed the improving in the engine
output power from 1,7% to 3% in the studied engine
operating points. The estimated Rankine cycle output
power was ranged from 0,25 kW to 1,0kW. In [2], the
effect of waste heat recovery system by means of
Organic Rankine cycle (ORC) on the passenger car
engine fuel consumption was studied. This study
revealed reduction in fuel consumption by 5,96%.
Punov et al. [3] presented a study on the impact of a
waste heat recovery system based on Rankine cycle on

the fuel consumption of an diesel engine for passenger
car. The results revealed lower fuel consumption up to
7,57%.

Domingues at al. [4] studied different types of heat
exchangers. For an ideal heat exchanger the simulations
revealed higher engine thermal efficiency from 1,4% to
3,52%, while for a shell and tube heat exchanger, the
simulations showed an increase of 0,85% to 1,2% on the
thermal efficiency. The work of Peris at al. [5] is focused
on waste heat recovery from the engine cooling system.
Results show that the Double Regenerative ORC using
SES36 has the maximum net efficiency of 7,15%,
increasing the engine thermal efficiency by up to 5,3%.
In the paper reported by Zhu at al. [6], a theoretical study
of a bottoming Rankine cycle for engine waste heat
recovery is conducted from energy and exergy point of
view. The results revealed that the global recovery
efficiency does not exceed 14% under typical operating
conditions.

Wang et al. [12] reported a dual-loop ORC optimi-
zation. Their study represented that ORC output power
increased with increasing the evaporation pressure.
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Thus, the aim of this study is a parametric analysis
of the steam Rankine cycle implemented as waste heat
recovery technic in a diesel engine exhaust system at
various engine operating points.

2. Experimental and numerical approach

This study was conducted in two parts — experi-
mental and numerical. For our numerical study a
simulation code was developed in Python(x,y) while the
experimental study was conducted on our engine test
bed at Department of combustion engines, automobiles
and transport in Technical university of Sofia.

2.1 Experimental equipment

The engine under study is a 2.0 1 four-cylinder high-
pressure direct injection (HDI) diesel engine developed
by PSA Peugeot Citroen. The maximum output power
is 101kW at 4000rpm and the maximum torque is
320Nm at 2000rpm. The engine is equipped with a
variable geometry turbocharger. The boost pressure is
limited to 1.3bar. The Common rail system of the engine
is produced by Delphi. The maximum injection pressure
is 1600bar. The engine is also equipped with an exhaust
gas recirculation (EGR) system and post treatment
system including a catalytic converter and diesel
particulate filter (DPF). The cylinder is equipped with
four valves per cylinder. The main geometrical
parameters of the engine are listed in Table 1.

Table 1.
Number of cylinders 4
Total volume 2L
Cylinder bore 85 mm
Cylinder stroke 88 mm
Compression ratio 17,6
Valves per cylinder 4

The experimental study was conducted at Depart-
ment of combustion engines, automobiles and transport.
The test facility includes an engine test bed equipped
with hydraulic brake, flexible diesel engine manage-
ment system and data acquisition system for data
analysis. The engine test bed is shown in Figure 1.

The engine is mechanically coupled to hydraulic
brake D4. The maximum power absorption from the
brake is 257 kW at 4500 rpm. A strain gauge sensor is
used in order to measure the brake force. The sensor was
produced at Technical university of Sofia for operating
range from 0 to 1500 N. Two mechanically controlled
valves are used to control the brake.

In our experimental research the engine operation
was controlled by means of Real Time controller
produced by National Instruments and specialized
modules for control and measurement produced by
Drivven. A Lab View project was developed in order to
control the engine operation. The entire system provides
large functionality such as: injection process control
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with up to five separate injections per cycle, injection
pressure control, boost pressure control, exhaust gas
recirculation (EGR) control etc. The front panel of the
project host application and the system hardware are
shown in Figure 2.

2.2 Numerical model

A 0D physical model of the Rankine cycle in steady-
state operating mode was developed assuming some
simplification on the pump and expander machines.
Then, the Rankine cycle model was transformed into an
simulation code in Python (x,y) [13]. Thermo-physical
properties of the working fluid were defined by means
of database CoolProp integrated to Python(x,y). The
Rankine cycle consists of following elements: working
fluid, pump, heat exchanger (evaporator), expander and
condenser (Figure 3).
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Figure 2. The front panel of the project host ‘
application and the system hardware.
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Figure 3. Model of the Rankine cycle.

The pump increases the fluid pressure (process /-2)
at relatively constant temperature. Then, the pump
power consumption can be estimated as follows:

oy (hy—hy)

Bp= = ()
where m,, — working fluid mass flow rate [kg/s];
hu,hois — working fluid specific enthalpies at point 1 and
2, respectively [kJ/kg]; n,, — pump isentropic efficiency.

In order to improve the accuracy of the simulation a
discrete heat exchanger model was developed Figure 4.

The evaporator heat flow rate was calculated taking
into account the temperature of fluids, heat transfer
surface and heat transfer coefficient as follows:

Qhe[i] = App- K- (Tgasm - TWf[i])’ ()

where 4 — heat transfer surface[m’]; K — total heat
transfer coefficient [W/(m*.K)]; Tyus, Toy — temperature
of exhaust gases and working fluid [K], i- number of the
heat exchanger cell.
Overall heat transfer coefficient was estimated by
means of following equation:
1 1, (dy=d)) |, 1
= o + % + e 3)
where a; — heat transfer coefticient of the working fluid,
o> — heat transfer coefficient of the exhaust gas;
k — thermal conductivity of the wall material;
d\, d» — internal and external diameter of the tube [mm)].
Heat transfer coefficient in respect to working fluid
was estimated using correlations for single and two-
phase flows. In case of single phase fluid Dittus et
Boelter equation [14] is used:

Working
fuid \Toey piy |Thw  Ppw Taen Paoy
—> h : h
1) A A+l
EEEENE EEEENEEIEEENNI Exhaust
T . 1
£ p) cpgmﬂ_ ; Tgm(l) i cpmﬁ) L gas i1 1P g ) < _%;as
Toas (i1 /) gm(l ) 2as(i+ 1) "
i-1 i itl

Figure 4. Discrete model of the evaporator.

0,023.Re>8 P04 4
1= % > “
where 4 — thermal conductivity [W/(m.K)]; D — charac-
teristic distance for fluid flow (in our case D = d)).
Within two-phase zone the Kenning-Cooper
correlation [15] is used:

1+1,8.X7%87].0,023. Re™8 P04 4
o =1 Lo NG

where X is known as the Martinelli factor [14], as given
in the following equation:

= @A) o

v

where x - the vapor quantity; p., p;— the vapor and liquid
densities [kg/m*]; v, vi —the vapor and liquid viscosities
[Pa.s].

Heat transfer coefficient in respect to exhaust gases
was estimated by means of single phase correlation (4),
using the wvalues for the thermal conductivity,
characteristic distance, Reynolds and Prandtl number
correspond to exhaust gases.

The overall heat flow from exhaust gas to the
working fluid was estimated as follows:

Qhe = ?:1 Qhem' (7)

The efficiency of the evaporator can be estimated by
means of following correlation:

_ mwf~(h3_h2)

Nue = Mgy (Tge—Tg) 100, ®)

where: 7 - inlet temperature of the exhaust gases
[K]; 75 — ambient temperature [K]; 71, — mass flow rate
of the exhaust gas [g/s]; ¢, — specific heat capacity at
constant pressure of the gas [J/(kg.K)].

The power produced at the expansion machine
(process 3-4) is calculated as follows:

PExp = mwf. (h3 - h4is)‘ r]exp . (9)

where 445 — specific enthalpy of the working fluid after
an isentropic expansion [kJ/kg]; 7Mey, — expander
isentropic efficiency.

The process of condensation in the condenser occurs
at constant pressure. Then, the heat transfer rate can be
calculated as:

0.= mwf(h4 - hy); (10)
h4 = h3 - nexp(h3 - h4is)' (1

Finally, the recovered power and the efficiency of
the Rankine cycle were estimated by following
correlations:

PRCZPexp_Pp; (12)
P
Nrc = Ql;i : 13)
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The wvalidation of the Rankine cycle model
developed in Python (x,y) was presented in a previous
study [13]. In that study the results which were
presented show maximum deviation of 6,4% in relative
values between numerical and experimental results. The
small deviation obtained in the model calibration
allowed us to use the simulation model in our numerical
study.

3. Engine experimental test

The engine test was conducted in order to obtain the
experimental data for the engine fuel consumption, air
mass flow, air-excess ratio, temperature and mass flow
of the exhaust gases. An engine speed of 2000 rpm was
chosen in this study due to the fact that this speed
corresponds to maximum engine torque and maximum
engine thermal efficiency (Figure 5). The experimental
results are present in Figures 6 and 7.

Engine efficiency (%)
rCase 4

BMEP (bar)

Engine speed (rpm)
Figure 5. Engine thermal efficiency and studied area.
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Figure 6. Fuel consumption, air excess ratio and

air mass flow.
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Figure 7. Exhaust gases temperature and mass flow.

BulTrans-2016

It was found that the engine fuel consumption varies
from 1,41kg/h to 14,87kg/h, the engine air mass flow is
in the range of 85,9 kg/h to 266,4 kg/h and the air-excess
ratio varies from 4,27 to 1,23.

The temperature of the exhaust gases was measured
1,5m downstream the engine exhausts ports. We
considered this section of the exhaust system suitable for
the Rankine cycle heat exchanger. The temperature of
the exhaust gases is in range of 167,3°C to 557,5°C and
the exhaust mass flow was calculated to be in the range
of 87,6kg/h to 281,3kg/h.

The parametric study of the Rankine cycle was
conducted in four cases using the measured exhaust
gases parameters. The values of the exhaust gases
parameters are presented in Table 2.

The first and the fourth cases are chosen in order to
study the Rankine cycle operation at maximum and
minimum thermal energy of the exhaust gases while the
other cases are chosen at partial engine load in order to
observe the whole engine map at 2000 rpm.

Table 2.
n M, T M,,
[pm] | [Nom] | °C | [kg/h]
Case 1 2000 24.9 195 87.6
Case2 | 2000 123.1 340 150.4
Case3 | 2000 2457 529.8 201.4
Case 4 2000 3224 557.5 281.3

4. Rankine cycle optimization

The Rankine cycle numerical study was conducted
using water as working fluid. In this model the
parameters of the working fluid are calculated by means
of CoolProp database. The isentropic efficiency of the
expander machine was considered to be 60%.

The numerical study was performed by variation of
the mass flow rate and pressure of the working fluid at
each case. Here, the pressure values between 5 bars and
25 bars are used while the mass flow rate was varied
from 1 g/s to 10 g/s. The results of this study are
presented in Figures 8 to 11.

In case 1 (Figure 8), the estimated Rankine cycle
output power is in the range of 0,003kW to 0,066kW. In
this case the output power is close zero, because the
temperature and mass flow rate of the exhaust gases are
low. Normally, in this case it is better to use the organic
fluids which provide higher efficincy in low
temperatures at high pressure. Regarding to the engine
output power in this case the Rankine cycle leads to
maximum improvement by 0,5%.

In case 2 (Figure 9), the Rankine cycle output power
is in the range of 0,23kW to 0,64kW. In this case the
highest Rankine cycle efficiency was observed in the
area with the working fluid mass flow variation from 1
g/s to 5,5g/s and the pressure higher than 10 bars. Here,
the maximum engine efficiency improvement by 1,98%
can be reached.



In case 3 (Figure 10), the Rankine cycle output
power was observed to be in the range of 0,3kW to
2,2kW. Here, the highest output power was estimated
when the system pressure is higher than 15 bars and
mass flow rate ranged from 4,5g/s to 10g/s. Regarding
to the engine output power in this case the Rankine cycle
leads to maximum improvement by 4,76%.

Case 1
n = 2000 [min’'] Texg = 193 [de

- Mexg = 87.6 jjligfhl
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z 0.048 =
-= = e
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5 (Sl 0.024

1 2 3 4 5 6 7 8 9 10
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Figure 8. Rankine cycle output power map.
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Figure 9. Rankine cycle output power map.
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Figure 10. Rankine cycle output power map.
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Figure 11. Rankine cycle output power map.

In case 4, the Rankine cycle output power is in range
of 0,31kW to 3,26 kW (Figure 11). In this case the
highest thermal energy in the exhaust system provides
the highest Rankine cycle output power in our study.
The maximum engine efficiency improvement by
4,97% can be reached in this case.

In order to summarize the results, the Rankine cycle
output power depends on the thermal energy content at
the exhaust gases (related to engine operating point) as
well as the pressure of the working fluid and the
working fluid mass flow rate. The steam Rankine cycle
studied here as a waste heat recovery system from the
exhaust gases of a modern diesel engine reveals
promising results in the engine operating range with
high exhaust gases thermal energy. However, in the
operating area with low exhaust energy the Rankine
cycle cannot improve the engine efficiency
significantly.

5. Conclusions

This article presents an optimization study of the
Rankine cycle operating parameters as a function of
diesel engine operating mode. The chosen engine speed
was 2000 rpm while the load varies from idle to
maximum torque. That operating mode provides highest
engine thermal efficiency and it is commonly used in the
studied diesel engine designed for light-duty vehicle.

On the bases of the results it can be concluded:

* The working fluid parameters (pressure, and mass
flow rate) of the Rankine cycle have to be chosen
precisely depending on the exhaust gases
parameters in order to optimize the efficiency of
the cycle;

» The water as working fluid at the Rankine cycle
provides the best efficiency of the cycle in cases of
high value of the exhaust gases thermal energy. In
case of low exhaust gases thermal energy the steam
Rankine cycle efficiency is not significant;

» The maximum Rankine cycle output power for
each case studied here is 0,066kW; 0,66kW;
2,2kW and 3,26kW. Taking into account the
engine output power it leads to engine efficiency
improvement by 0,5%; 1,98%; 4,76% and 4,97%,
respectively.

Our future research will be focused on the impact of
waste heat recovery system based on Rankine cycle
over the engine efficiency improvement over the whole
engine operating map. It includes the Rankine cycle
parameters optimization as a function of exhaust gases
parameters.
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Pe3tome: B crarusita ca npencTaBeHn eKCIIepUMEHTAIHH JIaHHH, TIOJIy4eHH 1T paboTara Ha iBa jsurarens — /] 3900 n
Volkswagen 1.9D, pabotenm 1o ra30-Iu3e10B paboTeH MUK ['a30BOTO TOPHBO, U3IIO3BaHO Ipy uraTen /[ 3900 e
CT'BCTEH IPUPOJICH T'a3 — METaH, a Npu asurartens Volkswagen 1.9D e BTedHeH IETPOIICH ra3 — CMeC OT IPOoraH i OyTaH.
Ot mnpoBeneHHTE CTEHAOBH M3MUTBAHMSA € YCTAaHOBEHO BIIOIIABAHE HA WKOHOMHYHHTE MOKA3aTeIM IPU HUCKU
HATOBapBaHMs, KaTO C yBeIMYaBaHE HA HATOBApBAaHETO MKOHOMUYHHUTE IMOKA3aTen MpH paboTa JBUTATENs MO Ta30-
J3esioB pabOTEH MUKBI ce JoOmpKaBaT 10 Te3H MpH paboTaTta My ¢ KOHBEHIIMOHATHO TH3€I0BO roprBo. Habmogasa
ce MOBHILIaBaHe Ha KOHILICHTpalusITa Ha BbIyiepoieH okuc — CO, BbriieBoiopoan — CH, HamassiBaHe Ha KOHLICHTpALsTa
Ha a30THU OKUCH — NOy ¥ Ha JIMMHOCTTA Ha OTPaOOTIJIMTE Ia30Be Ha JBUraress, IpHu padoTara My ¢ J00ABKa ra30BO

TOPHBO.

KirouoBu xyMu: ousenogu oguzament ¢ 6bmpewHo 2o0pene, 2a30-0u3enos pabomen npoyec, 24306 20pusd.

1. YBox

Heo0xoauMocTTa OT HamassIBaHE KaKTO Ha YIIOTpe-
0ata Ha WM3KOMAaeMH TOPHBA, Taka W Ha BPETHUTE
EeMICHHU Ha JIBUTATeNINTe ¢ BBTpemrHo ropeHe (JIBI)
BOJIU JIO TIOJIAraHETO Ha 3HAYUTEHU yCHINS, TEIISIIN
YCHBBPIIIEHCTBAHE HAa TOPUBHMSA MPOLIEC HA JBUTATE-
JWTe ¢ BBTpEmTHO ropeHe [7]. OCHOBHHUTE TOKCHYHH
KOMITOHCHTH, OTACJISIHU OT JTU3EJIOBUTE JBUTATCIU C
BBTPEIIHO TOPEHE ca a30THUTE OKUCU NOx U CaXIUTe
(Berepon — C B mUcniepcHO ChCTOsHME). EamH ot
HAauMHWTE 32 HaMaJsiBaHEe Ha TE3W TOKCHYHH KOMIIO-
HEHTU TpU CHBPEMCHHUTE U3CJIOBU [BUTATCIU €
MIPUBEKIAHETO MM B paboTa I0 Ta30-AW3eNOB IHKBIL.
[Ipu paboTa Ha ABHUTATENS O T'a30-AW3ENOB KB Ce
M3II0JI3Ba TOPHBO C BUCOKO IIETAHOBO YMCIIO (HATIPUMED
JI3EJI0BOTO TOPUBO, OWMOAM3EIIOBO TOPUBO, JTUMETHIT
erep W JAp.), CaMOBB3IUIAMEHSIBAHETO Ha KOETO Ja
WHUIMUpPA TOPEHETO Ha Ta30BOTO TOPWBO (BTCUHEH
nerponeH ra3 — BIII, crecren mpuponen raz CIII —
MeTaH, Bomopox u ap.) [9]. OcBeH NOIOKHUTETHOTO
BIMSHUE BBHPXY IUMHOCTTA W KOHIIEHTpAIWsATa Ha
A30THU OKHCH B OTpaOOTHJIMTE Ta30BO, paboTara Ha
JI3EJIOB JABUTATEIN TI0 T'a30-IU3EII0OB UK Ce XapaKTe-
p¥3Hpa ¥ C MOBHUINIaBaHe KOHIIEHTPALUSTa Ha BBIIIEPO-
men okuc — CO wu BeoIeBOmopomu — CH B

otpaboTmmute razose [1, 2, 4-6, 8-10], OTHOCHO HKOHO-
MUYHUTE TIOKa3aTeld Ha JOU3CIOBU  JIBUTATEIIH,
paboTely Mo Ta30-An3eNoB UKEI € YCTAaHOBEHO, 4e
m3nom3BaneTo Ha BIII'[1, 3, 6, 10, 11], xakTo n Ha CIIT"
[1,2,4,5, 8], kaTo ra30BO TOPUBO BOIHM JI0 YBEITUICHHUEC
Ha e(heKTUBHHUS CIICIM(UUCH Pa3XxoJl Ha TOPHBO — L,
MY HUCKWUTE HATOBApPBAHUSI, KATO C YBEINYaBAHETO HA
HATOBapBaHETO ce HaONI0JaBa HAMAJSBaHE HA Ta3W
pasnuKa.

2. Hen

Ilenra Ha HacTosIATa MyOIHUKAUS € TIPEICTABSIHE
Ha PE3yJITaTH, MOJYYCHH OT TPESBAPUTEIIHN CTCHIIOBH
W3MUTBAHUS HA JW3CTIOBU JBUTATENH, PabOTENU MO
Ta30-IU3eJI0B PA0OTEH UKL

3. I3nurBaTe/IHM CTEH/I0Be

Ha ®@urypu 1 u 2 ca npecraBeHn (PyHKIIMOHATHUTE
CXEMH Ha CTEHIIOBETE, M3ITOJI3BAHM 32 TPOBEKIAHE Ha
MIPEABAPUTEITHUTE U3IMUTBAHNS HA CHOTBETHUTE JIBUTA-
TEITH, pabOTEIIH O Ta30-TU3EII0B IUKBIL

[Ipu w3nuTBarenHusT credn ¢ asuraren /[ 3900
(Durypa 1) e m3MON3BaH Cr'CTCH TPHPOJCH Ta3 —
MeTaH, KaTo Ta30BO FOPUBO 32 OPraHU3UpaHE Ha Ta3o-
JI3eJI0B paboTeH IMKBI. OTYMTaHEeTO Ha pa3xoja Ha
JTN3ETIOBO TOPUBO CE U3BBPIIBA IIOCPESICTBOM MACOBHSI
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.l'.he

@ueypa 2. VI3nuteatenieH CTEH/I C TBUTATEN
Volkswagen 1.9D.

pazxommep — 1, a pa3xobT Ha BB3IyX Upe3 ChBMECTHa-
Ta paboTa Ha IPOCEIMPAIIIO YCTPOUCTBO — TUT OJeH/Ia
—2 u audepeHipane MaHoMeTsp — 3. Vi3amepBaneTo Ha
00eMHHsI pa3xo]] Ha Ta30BO TOPUBO CE€ OCHIIECTBSIBA
Ype3 MOHTHPAHUST CJIE/ pelyKTopa — M3MapuTeNs Ha
razosara ypenoa 4, ooemeH pasxoznomep, tirn G4 — 5.
[NokazanusTa Ha 0OeMHUS pasxofoMep — 5, MaHOMe-
Thpa — 6 U TEPMOJIBOMKATa — 7 TIO3BOJISIBAT U3UUCIISIBA-
HETO Ha MAcCOBHST Pa3XxoJ HA ra3oBO ropuBo. [Ipoms-
HaTa Ha KOJMYECTBOTO Ta30BO TOPHUBO, MOJABAHO KbM
JBUTATETsI CE€ OCHIIECTBABA Ype3  EIEKTPOHHO
YCTPOKCTBO 9, YIPaBISBAIIO TPOIBIKUTEITHOCTTA HA
OTBOPEHO CBCTOSIHME HA Ta3oBHs BIpbckBad — 10, a
MOMEHTa Ha TI0[]laBaHe Ha Ta30BOTO TOPUBO CE
OTpe/IesIsi OT CHTHAJI, TTOJyYeH OT ChBMECTHaTa paboTa
Ha UAYKIMOHEH Bh3npuemaren 11 u mudroBe, MOHTH-
paHu Ha peMbYHaTA I1akioa Ha qBuratens Maauppane
Ha JBUTAaTeNlsl € OCBHIIECTBEHO CBC CHCTEMa 3a
naboparopun m3cnensanus Ha JBI — Indiset 620 Ha
¢upmara A VL (ABCTpUst), KOSTO € KOMIUICKTOBAaHA ChC
CHOTBETHHUTE BB3IIPHUEMATENN: MHE30eNeKTPHYCH 3a
HAJSITAHETO B LMJIMHAbPA (MOHTHPAH B HaJ0yTaTHOTO
MPOCTPAaHCTBO) M HMHAYKIMOHHM 3a YecToTaTa Ha
BBPTEHE U BIIIOBOTO MOJIOKEHNE Ha KOJISTHOBHUST BaJl HA
meuraters. V3amepBatenHata amaparypa, M3IOJI3BaHa
32 OTYATaHE Ha CHIABPKAHUETO Ha TOKCHYHU
KOMITOHEHTH ¥ JJMIMHOCTTA Ha OTPaOOTHIINTE Ta30Be Ha
JIBUTATEJIS ChOTBETHO € Ha Tra30HaIM3aTop — Mojien 473
Ha pupmara “Tecnotest” (Mtams) u qumomep “Bosch”
— EFAW 68A (I'epmanus).

I[lpy  ¥BmMTBaTENHUAT CTEHJ C  JABUTaTeN
Volkswagen 1.9D (dur. 2) e wu3MON3BaH BTCYHCH
MIETPOJICH r'a3 — CMeC OT IpoIMiaH 1 OyTaH, KaTto ra3oBO
TOPUBO 3a OpPraHM3MpaHe Ha Ta30-AU3elIOB PabOTeH
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Kb OTpenensHeTo Ha pa3xo/a Ha I3eI0BO TOPHBO
NPH TO3M CTEHJI CTaBa 4pe3 M3MOJI3BAHETO HA 00eMeH
pazxomomep — 1, a Ha pa3xoza a Bb3AYyX upe3 MoKaza-
HUSITa HA MUKPOMaHOMETED — 2, paboTem] ChBMECTHO C
JIPOCEHPAIIO YCTPOMCTBO THUII 11032 — 3. 3a MpoMsiHa
Ha KOJNHMYECTBOTO Ta30BO TOPUBO € W3MON3BaH
EIIEKTPOHEH IPOTpaMHpyeM OJIOK — 4, KOUTO ITO3BOIISIBA
W3MEHEeHHEe Ha BPEMETO Ha OTBOPEHO CBHCTOSHHE Ha
ra3oBUTE BIPbCKBAaYM. MOMEHTa Ha TMOJjaBaHE Ha
ra30BOTO TOPUBO CE€ OIIPEJIEIIsl OT ChBMECTHATa padoTa
Ha MHIYKIHMOHEH Bh3NpHeMarell — 5 U 360HO KOJIeTIo C
36 3p0a, OT KOUTO €IMH € TIpeMaxHar. 3a orpeesisiHe
Ha pa3XoObT Ha Ta30BO TOPHBO, JAWMHOCTTa U
TOKCUYHHTE KOMITOHEHTH B OTPa0OTHIINTE Ta30Be ca
HM3M0JI3BaHU ChIIUTE TEXHUYCCKU CPEACTBA, KaKTO IIPHU
crenna ¢ asuraren /{ 3900, onucanu no-rope. Cucre-
Mara U3I0JI3BaHa 32 MHUIIUPaHE Ha IBUTATENS CHIIIO €
KaTo Tasu, U3MOoJI3BaHa nipu asurarens /[ 3900 c tasu
pasziuKa, 4e MHEe30eNICKTPHYHUAT BB3IpUEMaTeNl €
MOHTHpaH, TOCPEJCTBOM IPEXOMHUK Ha MSCTOTO Ha
MOATPEBHATA CBEII M OTYNTA W3MEHEHUETO Ha HaJsTa-
HETO B HAJOYTATHOTO MPOCTPAHCTBO, a BEB BUXPOBaTa
Kamepa Ha JIBUTaTelIsl.

4. EkciepMeHTAJIHI Pe3yJITaTH

KonmuecTBOTO Ta30BO TOPHBO, TOAABAHO KBbM
JIBUTATEIIS Ce XapakTepu3npa ¢ koepuuueHra K, KOHTo
NpEeICTaBIsABA OTHOIICHHETO Ha MOAAJCHOTO KbM
JBUTATEIISI Ta30BO TOPUBO KBbM OOILIOTO KOJIMYECTBO
TOPHBO:

K= (Gze/(G e T Gag)IO(), %,

KbeTo G.. € 9acOBHAT Pa3xojl Ha Ta30BO TOPHBO, a
(... — 4aCOBUST Pa3xo]] Ha AU3EJIOBO TOPUBO.

Ha ®wurypa 3 ca mpencraBeHH peryJMpOBBYHU
XapaKTepUCTHKU TI0 ChIbP)KaHUE HA Ta30BO TOPHBO
(creCTEH TpUpOIEH Ta3 — METaH), IMOJMYYCHU IIpH
paboTa 1o ra30-au3eNoB UKEI Ha japuraten / 3900.
ExcriepuMeHTamHuTe pe3yaTaTy ca CHETH IIPU YeCTOTa
Ha BEpTeHe 7 = 2000 min' U cpemHO epeKTHBHO
Hajsirase p. = 0,39 MPa.

Ha ®urypu 4 u 5 ca npeacraBeHu peryIMpoBbUHH
XapaKTEePHCTHKY TI0 ChIbP)KaHNE Ha Ta30BO TOPUBO OT
00III0TO KOJIMYECTBO TOPUBO HA apurarten Volkswagen
1.9D nipu paboTaTa ¢ BTEUHEH METPOJIEH Ta3 — CMeC OT
nporad u OyTaH 3a OpraHM3UpaHe Ha Ta30-IH3ENIOB
paboTeH 1WKBI. EKcriepuMeHTaHuTe pe3ynTaTH ca
CHETH [P YecToTa Ha BhpTeHe n = 2000 min™ u cpeHo
edextuBHO Haysirane p. = 0,39 MPa. Ha 6a3a cHema-
HETO Ha CepHs OT PEryINPOBHYHHN XaPAKTEPHCTHKU €
MOCTPOEHA TOBapHA XapaKTepPHUCTHKA HAa JBHUIATEILI
Volkswagen 1.9D mpu pa3nuyHd CTOWHOCTH Ha
koeurmenta K — @urypa 6.
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Queypa 3. BrmsHre HA IPOIICHTHOTO CHABPKAHNE HA
ra30BO FOPUBO (TIPUPOJIEH Ta3) BPXY HKOHOMUYHHTE
Y TOKCUYHUTE MOKazaTenu Ha asuraren /[ 3900 npu
paboTaTa My IO Ta30-JHU3eN0B IUKBII C
yecToTa Ha BbpTeHe 72 = 1400 min™ u
cpenHo edhekTHBHO Hassrane p. = 0,39 MPa:

a) (g G.) =f(K); 6) (CH,CO) = f(K);

6) (NOx, Rb, CO2) = f(K); &) ((dp/dp)max; Tor) = fK).
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Queypa 4. BivsiHue Ha MPOLIEHTHOTO ChIbPKAHUE Ha

ra30BO FOPUBO (TIPONIaH-0yTaH) BEPXY HKOHOMHYHHTE

Y TOKCUYHHTE TIOKa3arTenu Ha neuraren Volkswagen

1.9D, ipu paboTara My IT0 Ta30-IH3€JI0B IIUKBII C
yecToTa Ha BEpTeHe — 71 = 2000 min™' u
cpenHo eekTuBHO Hassirane p. = 0,58 MPa:
a) (8. G2) = K); 6) (CH,CO) = f(K);

6) (NO,, Rb) = fiK); 2) ((dp/dp)mar, CO2, Tor) = AK).
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Queypa 5. BnusHue Ha NPOLIEHTHOTO ChIbpyKaHUE Ha
Ta30BO 'OPUBO BBPXY HAKOU IMApPAMETPHU Ha TOPUBHUA
TIPOIIEC TIPH PAdOTA TIO Ta30-TU3EIIOB UK
a) P:=f(K) 3a neuraren /] 3900; roprBo MpUpoJICH Tas3;
n= 1400 min’'; p. = 0,39 MPa;

0) P-=f(K) 3a nuraren Volkswagen 1.9D; ropuBo nporas-0yTaH;
n=2000 min’'; p.= 0,58 MPa.

5. M3Boau

[Ipn m3mon3BaHe Ha CrBCTEH MPHPOJEH Ta3, Karo
ra30BO rOpUBO 3a pabota Ha auraten /4 3900 mo razo-
JU3EN0B IMKBT U 1 = 1400 min, u Ppe = 0,39 MPa e
YCTaHOBEHO, Ye:

* 1o K =30 % g. n Gr namanssar, a cien K=30%
CTOMHOCTHUTE UM HE CE OTKJIOHSBAT CHILECTBEHO
OT Te3W TpH paboTa Ha JBUTATENS C KOHBEHITHO-
HAJTHO JI3EJI0BO TOPHBO;
¢ yBenmuaBaHe Ha K koHneHTpanusita Ha CHu CO
B OTpabOTUITUTE Ta30BE HAPACTBA, a IUMHOCTTA U
ceabpprkanuero Ha NO; u CO: B OTpabOTHIINTE
ra3oBe HaMasiBa;

Ipy HapacTBaHe Ha K CTOMHOCTUTE HA (dp/d®)mas
" P, HamansaBar;

mpu K > 30 % TemmneparypaTta Ha OTpabOTHIINTE
ra30Be Ce IMOBHUIIIABA, CIIPSIMO Ta3H MpU paboTa Ha
JIBUTATENs C KOHBEHIIMOHAJIHO JU3EJI0BO TOPHBO.

IIpy wm3nom3BaHeTO0 HAa BTEYHEH IETPOIICH
ra3 — cMec OT MpOIaH U OyTaH, KaTo ra30BO FOPHBO 32
pabota na gBuraren Volkswagen 1.9D 1o razo-nu3enoB
LUKBJI € YCTAHOBEHO, Ue:
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Quzypa 6. CpaBHeHUE HA UKOHOMUYHUTE — @ ¥ HA
TOKCHYHHTE — 0, 8, 2 TIOKa3aTeH Ha IBUTATEl

Volkswagen 1.9D B 3aBHCHMOCT OT HaTOBapBaHETO
TIpu YecToTa Ha BhpTeHe 72 = 2000 min™' u pabora 1o

ra0-U3eJI0B UK MPU PA3IUYHU CTOMHOCTH Ha
koe(urmenTa K.




* ¢ yBenm4aBaHe Ha K g. u GrHapacTBaT, [Py HACKU
HaroBapBaHus. [Ipu HaToBapBaHe 1Mo — roJIeMH OT
pe > 0,45 MPa MKOHOMUYHUTE TMOKa3aTeNd Ha
JBHUTATENSI TpH paboTaTa My IO Ta30-AW3ENIOB
LUKBT ca MPUONM3UTENHO CBHIIUTE KAKTO IpU
paboTtara My camo ¢ IM3€JI0BO TOPUBO;

* ¢ HapacTBaHe Ha K ce TIOKauBa KOHIICHTpAIusITa
Ha CH 1 CO B 0TpabOTHIINTE Ta30BE, 2 TAMHOCTTA
u cpabpkanuero Ha NOx, CO; B oTpaboTuiuTe
ra30Be HAMaJIsIBa, HE3aBUCHMO OT HATOBAPBAHETO;

* (dp/dp)max P: HapacTBaT ¢ yBETMUaBaHE HA KOJH-
YeCTBOTO Ta30BO TOPHBO, TIO/IaBaHO KbM
JIBUTATEIISL;

* ipu HaTtoBapBaxe noA p. < 0,50 MPa Temnepary-
para Ha OTpaOOTHIIUTE I'a30BE € 110 — BUCOKA, a TIPH
10 — TOJIEMH HATOBApBaHHUs ce HabJr0aBa o0paTt-
HUSIT e(eKT.
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AN EXPERIMENTAL RESULTS OF
COMPRESSION IGNITION ENGINES
OPERATING IN DUAL-FUEL MODE
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Department of internal combustion engines,
automobiles and transport,
Technical University of Sofia
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Abstract: This paper presents an experimental
results, obtained from the operation of two internal
combustion engines — Perkins D3900 and Volkswagen
1.9 working on gas-diesel duty cycle. The gas fuel used
in Perkins D3900 is compressed natural gas (CNG) -
methane while the gas fuel used in Volkswagen 1.9D
engine is liquefied petroleum gas (LPG) — a mixture of
propane and butane. From the conducted experiments
has been established that dual-fuel mode lead to
increasing of the fuel consumption at low loads but with
increasing the load there is no significant different
between fuel consumption when engine work on dual-
fuel mode or operate with diesel fuel. There is increasing
the concentration of carbon monoxide — CO, hydro-
carbons — CH, reducing the concentration of nitrogen
oxides — NOx and soot emissions in exhaust gas of the
engine in dual-fuel mode.

Keywords: diesel engine, dual-fuels, gas fuels.
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Abstract: This paper concerns the utility of the automobile sensors waveform. The control systems of the automobile and
automobile engines are consist generally of the electronic control unit ECU, the sensors and the actuators. The very control
is realized by the signals, which are received by the sensors and treated by the ECU [2]. The sensors applying in the
modern automobiles are most often inductive, capacitive and potentiometer types or Hall sensors. The quantity received
by the sensors such as position, rotation speed, pressure, flow, temperature etc is transformed in electric signals, which is

directed to the determined port of the ECU.

Keywords: sensors, automobile sensors, crankshaft position sensors, waveforms.

1. Introduction

The signals or the waveform is the wave curve,
which is written on the scope display during the
measuring of the component or the system [3]. The
parameters of the signal represent basically the signal
form and the signal current value. Every one signal has
own specific parameters and its deviation may be
counted as sign for malfunction occurred in the system
watched by the sensor or in the sensor itself. The
deviation of the automobile sensors parameters depends
as the rule on its technical condition and lifetime. The
article renders some specific automobile crankshaft
position sensors waveforms and makes an attempt to
point a possibility to applying perspective solutions in
this application.

2. Equipment
A. Structure

For the present researching is used laboratory
equipment consisted of stationary equipment SV-1 [1]
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(Figure 1) and moveable equipment SL-1 (Figure 2).
The measuring and recording the signal waveforms of
the automobile crankshaft position sensors is realizing
by the specialized automobile digital oscilloscope, with
technical data pointed in [S]. Also are used standard and
specialized tools for measuring and diagnostics with the
main aim to receive live signals parameters, which can
be observed, processed and memorized in database and
for next analyze and evaluating.

B. Methodology

In the current researcihing are used standard
automobile crankshaft position sensors from the leading
OEM in this area. The methodology are based on the
result obtaining by two ways: first — by laboratory
equipments, and, second — by the real automobiles on
the random principe. The researching objects are three
common and widely spread type of the automobile
crancshaft position sensors — inductive, pick-up and
Hall sensors.



Figure 2. Equipment SL-1.

3. Application

On the Figures 3 and 4 are represented the inductive
crankshaft CKP (1) and inductive camshaft CMP (2)
position sensors waveforms at certain engine rotation
speed [2]. The two sensors have different shape
waveform due to the different shaped toothed ring,
which correspond to them. Also there is a difference in
the amplitude of the signals (CMP amplitude is two
times more), which has importance for recognizing the
two signals.

The inductive sensors are used also as inductive
pulse generator (or pick-up) to point the cranshaft
position in accordance with the cylinder firing orderq
which is used in the automobile ignition system. On the
Figures 5 and 6 are shown the waveforms of such signal
at the engine start and engine running [4].

The more is the revolution of the crankshaft the more
pulses are generate by the sensor. The pulses are
changed by frequency and amplitude and has sharp
edges due to the sharp rotor edges determing the
moment of firing the inductive coil and activating the
spark plug of the certain cylinder.

The Hall sensors are used in the pick-up generators
or in the automobile transmission modules. On the
Figure 7 is represented the CKP Hall sensor waveform
at engine start and on the Figure 8 — at engine running.

The more is the revolution of the crankshaft the more
pulses are generate by the sensor. The pulses are
changed only by frequency and their amplitude is fixed
on steady value at the any crankshaft rotational speed.
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Figure 3. Inductive CKP sensor and CMP sensor
waveform (engine start).

Figure 4. Inductive CKP sensor and CMP sensor
waveform (engine running).

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

Figure 5. Inductive pick-up CKP sensor waveform
(engine start).

Figure 6. Inductive pick—ag CKP sensor waveform
(engine running).

et T

Figure 8. Hall sensor waveform (engine running).
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All above mentioned CKP sensors are used in the
modern automobiles and has established specifications,
manufacturer data sheets, guarantee requirements and
lifetime.

Although, there is a room for CKP developments to
obtain a device combining powerless feature (like
inductive CKP type) and steady reading (like the Hall
CKP type) [6]. To achive this aim is need to pay
attention at the perspective materials and technologies
of different type but with the same purpose.

4. Conclusion

In this paper it is analyzed different crankshaft
position sensors type and their specific waveforms. It is
made an attempt to point a possibility to applying
perspective solutions in CKP sensors developments.
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MN3CJIEABAHE BIMAHUETO HA TEJIECHUS NHAEKC BBPXY KOOPIUHATUTE HA

HEHTBHPA HA TEXKECTTA HA ATV

NmaHA MUHKOBCKAY, TEOPTY KAJIMKSTHOB?, TEPTAHA CTAHEBA?

Karenpa J[BHraTenu u TpaHCHOPTHA TeXHUKa, TpaHcopTeH (akyJirert,
Pycencku ynusepcuter ,,Anren KbHues”
1) iminkovska@uni-ruse.bg; 2 gkadikyanov@uni-ruse.bg; 3 glstaneva@uni-ruse.bg

Pestome: [IpomsiHaTa Ha KOOPMHATUTE HA IIEHTHPa Ha TexxecTTa Ha ATV B 3aBUCUMOCT OT (PU3HUECKUTE NapamMeTpy Ha
BOJIAYMTE € KIIFOYOB (haKTOp MPH 3arydara Ha YCTOHYMBOCT MPH JBW)KCHUE B 3aBOW. B cTaTmsita eKCIIEpUMEHTAITHO €
OIIpeIesIeHO BIMSHUETO Ha MHIEKCA Ha TeJleCHaTa Maca Ha pa3iIM4HH BOAUd BbPXY U3MEHEHHETO Ha KOOPAMHATUTE Ha
LEHThbpa Ha TexkecTTa. M3non3Bana € ctaHAapTHa METOAMKA 3a ONpeeNsiHe Ha KOOPIMHATUTE Ha LIEHTHPA Ha TEXKECTTa,

Yype3 MOBJUIaHE U U3MEPBAHE Ha CUJIUTE, iecTBaiu Bbpxy ATV.

Ki1i04oBH IyMH: KoOpOuHamu Ha yeHmwvpa Ha medcecmma, uHoekc Ha menechama maca, ATV.

1. BLBenenne

B nmocnemnuTe TONMHM B CBETOBEH Maruad
3agectsBar npowmsmiectBusta ¢ ATV (All Terrain
Vehicle)[8, 9]. MHTepechT KbM yNpaBICHUE HA TE3U
MPEBO3HU CPENCTBA HAPacTBa, OCOOCHO B MO-HUCKATA
BB3PACTOBA Ipymna OT HaceneHuero. HeonutHOCTTa HA
BOJAYUTE M HENO3HABAaHETO Ha crenudukara Mpu
YIPaBIEHUETO MM BOAW JIO TPOU3IIECTBUS, KOUTO
4ecTo ca W c QarajeH kpail. B Bbrirapus murcsa
CTaTUCTHKA 3a Opost Ha mHIwaeHTHTE ¢ ATV[4].

CrInecTBeHa NMpUYMHA 32 BB3HMKBAaHE Ha IPOM3-
mectBust ¢ ATV ce siBsiBa 3ary0aTta Ha YCTOHYHMBOCT.
Haii-gecto T4 ce cimy4Ba nMpu HATMYUETO HA KPUTUYHU
CTPaHHYHU CHJIU TIPH JBHKEHHE B 3aBOH[ 5, 6, 7].

Bnusnuero Ha KoopAMHATHUTE Ha LEHTbpa Ha
TexecTTa (LI.T.) BBPXY YCTOWYMBOCTTA Ha ABW)KCHHUE €
OT 0COOEHO 3HAa4YeHHE 3a MPEBO3HUTE CPEICTBA C IIO-
HHUCKO Teryo, kakButo ca ATV. Topa e Taka mopamau
CBhILECTBEHAaTa IPOMSHA HA KOOPAMHATUTE IIPU
YIIPaBJICHUETO UM OT BOJAYM C PA3IMYHU (pu3HIecKu
napamerpu (pseT, Tersio u ap.). Cnopen [1, 2, 3, 4] npu
JBIDKEHHE C BUCOKM CKOPOCTH M TIPH IO-TOJEMU
CTOWHOCTH HAa BepTUKAJIHaTa KOOpAMHATa Ha ILT.
BB3HHUKBA [IPEPA3IPEICICHUE Ha OTIOPHUTE PEAKIUHU HA
KoJIenaTa ¢ MoCIeBaIlo AMHAMUYHO MPpeoOpblIaHe Ha
ATV. Te3u uHIMACHTH OOMKHOBEHO Ca CHIIPOBOJICHU H
OT CepHO3HM HapaHsBaHWA Ha Bogauute(8, 9].

Enna Bp3MOXKHOCT 3a 0000111aBaHe Ha (pr3HuecKuTe
mapamMeTpu pbCT U Ternmo 3a Bomaunte Ha ATV e
Wunexcsr Ha TemecHara maca — Body Mass Index
(BMI). BMI e menuko-61ooruyeH mokasaten, KOMTo
CITy>KH 3a OMpeJIeNiTHE Ha HOPMAJTHOTO TEIJIo P Xopa
¢ paznuueH puet[10].

BMI = Z, k_g’
h? m?
KBJIETO:

W e ternoro Ha uoBeka, kg;

h — BUCOYMHATA HA YOBEKA, M.

Upes BMI ce ynecHsiBa cpaBHSIBAaHETO Ha pe3yJi-
TaTUTE TPH ONPENSIIHE Ha KOOPAWHATUTE HA II.T. HA
ATV ¢ Bomauw, wuMald pa3IHYHA  (QUHIECKH
MapaMeTpH — PBCT | TETJIO.

LenTa Ha HACTOSIIIOTO M3CIICIBAHE € /1a CE YCTAaHOBU
BIMSHUETO HA HHJAEKCA Ha TeJIECHATa Maca BBPXY
KOOPJIMHATHUTE HA LIEHThpa Ha TexecTra Ha ATV,

2. MeToauka Ha H3CJI€IBAHETO H H3IIOJI3BAaHA
amaparypa

[Ipu npoBexaaHEeTO HA M3MEPBAHUSATA 3 OTIPEIENs-
He Ha KOOPAWHATHUTE Ha I1.T. y4acTBaT IETHMa BOJIAuH C
pa3IMuHM TEr0 M BHCOYMHA. 3a BCEKH EAWH OT
BOJIAUNTE € W3YMCICH WHICKCHT Ha TelleCHAaTa Maca
(BMI). ®usrdeckuTe mapaMeTpy Ha BOAAIHTE (TETII0 U
pBeT), Tersoro Ha npazHo ATV, kakro u BMI 3a Beeku
€[IMH OT BoJlaumTe ca AaaeHu B Tabmuma 1.
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Tabruya 1. Ou3mdeckn apaMeTpHy Ha
BOJIAYMTE M TETJIOTO Ha mpa3zHo ATV.

Terao | BucoumHa | BMI
G, kN h, m kg/m?
ATV 1,32
Bogau 1 0,527 1,58 21
Bogau 2 0,76 1,76 25
Bonau 3 0,92 1,72 31
Bopau 4 1,01 1,82 30
Bopau 5 1,25 1,77 40

B omnmrHara ycraHoBka e msnon3Bano ATV mozen
XIONGTAI D150. H3mepBanusaATa ca MpOBEICHU
bpBo 3a npazHo ATV, a cien ToBa mocienoBaTeIHo ¢
pazIHUTEe BoAauW. M3mos3BaHaTa amaparypa 3a
M3MEpBaHe Ha CHJIaTa Ha TEXKECTTa MPU ONPEICIITHETO
Ha KOOpJMHATUTE Ha ILT. € ToKa3aHa Ha Dwurypa 1.
CeH30pbT, U3MEpBAl] CHJIaTa Ha TEKECTTa € TEH30-
METpUUCH C MeTajieH S-00pa3eH eJIeMEHT ¢ 0TcliabeHo
ceuenue. TouyHoctTa My € +1N.

3
HYIMPAKE X OC
-

]
HinMPAE Y OC

]
TR

— prmp———

@ueypa 1. OO0 BU Ha M3MEpBATETHATA araparypa.

3a onpesernsiHe HA HAJUTHKHATA KOOPAWHATA Ha IL.T.
b mox 3amaUTE KoNena Ha ATV ce mocrags rratdopma
¢ He rojsMa BucounHa. Korenara ot 3agHusI MOCT ce
3aCTONOpPSBAT C MOMOIITAa HAa CIHMpayKa U BKIIOYCHA
TIpeIaBKa B TPAaHCMUCHATA. [ [peMHUST MOCT Ce TOBIMTA
¢ Tendep, okaueH Ha MOJBKHA cTpena, Taka 4ye ATV-
TO J1a 3a€M€ XOPU3OHTAITHO MOJOKEHHUE, a BHXKETO 3a
MOBIWTaHE Ja ocTaBa BepTukamHo. (Cxemara Ha
ONMTHATA yYCTAaHOBKA 3a OMpEACsIHC Ha HaUTHKHATA
KOOpJMHATA Ha II.T. € ToKa3aHa Ha durypa 2.

Cunara Fo, npunoskena B Toukarta Ha nopaurase O,
Ce M3MepBa C MoMoITa Ha anaparypata ot Gurypa 1,
BKIIOUEHAa B TMIOBAWIallOTO BBXe. HamrexkHara
KOOpIMHATa Ha ILT. C€ ONpEAeNs OT YCIOBHETO 3a
paBHoBecue Ha ATV-to cripsmo T. Os.

3a ompenensHe HA BEpTHKAJIHATa KOOpAWHATA Ha
u.T. Ha ATV-TO mpeaHUsIT MOCT ce TIOBAMIA Taka, 4e
ATV-TOo nma 3aeMa HAaKJIOHEHO IMOJOXKECHUE CHPSMO
XOpHU30HTANaTa Mo brbd ap = 20°. C momornra Ha
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n3MepBaTeHata anaparypa ot ®urypa 1 ce m3mepna
cuiara F, mpuiiokeHa B TOUKaTa Ha noBaurane D.

- -

QDuezypa 2. Cxema 3a onpeaesHe Ha HalTbKHATa
KoopauHata Ha 11.T. Ha ATV.

‘breabT Ha TOBIUTaHe o Ce U3MEPBa € IOMOIIITa Ha
BITIOMEpP, MOHTUPaH HaabxkHO Ha ATV-10. Cnnata Ha
TexxectTa G ce onpenes, upe3 npererisiae Ha ATV-to
C TIOMOIITa Ha H3MepBaTeNHaTa amaparypa oT
@urypa 1. CxemaTa Ha ONMMTHATA YCTAaHOBKA 32 OTIPEe-
JISIHE Ha BepTUKAIHATa KOOPAMHATA Ha II.T. € II0Ka3aHa
Ha @wurypa 3.

Beprukannara koopAnMHaTa Ha II.T. CE€ ONpPEENs OT
ycrmoBreTo 3a paBHoBecne Ha ATV-to cripsimo T. O.
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Owr. 3. Cxema 3a onpe/iesisiHe Ha BEpTUKaTHATa
KoopauHaTta Ha I.T. Ha ATV.

3. Pe3ysiTaTu OT H3C/1€IBAHETO

Cren mpoBeicHUTE U3MEPBAHUS C BOAAYN C Pasiiv-
uyeH BMI, Bepxy ATV-T0 ca U3UMCIIeHU HaJUThKHATA U
BEepTUKAIHATA KOOpIWHATH Ha II.T. Pesymrature c
TOYHOTO PA3MOJIOKEHHUE Ha I1.T. B HA[UTHKHATA PAaBHUHA
Ha ATV ca nokaszanu Ha Owurypa 4.

Or ¢urypara ce BIKIa, 4e KOJIKOTO BOJIAYBT € C I10-
TOJIsIM HWHAEKC Ha TellecHaTa Maca, TO TOJKOBa
HEHTHPBT Ha TeXKECTTa ce N3MECTBA Ha3a/l M Harope.
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Queypa 4. VIameHeHune Ha KoopuHaTuTe Ha 11.T. Ha ATV ¢ Bojauu ¢ pa3iMyHu UHAEKCH Ha TeJlecHaTa Maca.

TaxoBa u3MecTBaHe Ha I1.T. BOJH 10 JOHATOBAPBAHE
Ha 3aJBIDKBAIIMTE KOJielda OT 3aJHHUS MOCT, KOETO
o/T00psIBa TETIIUTETHO-CIICTTHUTE CBOiicTBa Ha ATV-
to. OT &Ipyra crpaHa TMOBAWTAHETO HA II.T. HArope
HamajsiBa ToJ€MUHATAa HA KPUTUYHATA CUJIA, KOATO
Moke fa npeodnspHe ATV-T0 Tipy JBIKCHUE B 3aBOW.
Taka cBUIO ce HaMalsiBAa M KPUTHUYHUS BB Ha
MpeoOpbIlaHe Ha3a]| P N3KauBaHE Ha HAKIIOH U TIPH
YCKOpsIBaHE.

Ha ®urypa 5 € nokazaHo U3MEHEHHETO HA BEPTH-
KaJIHaTa KoopauHara Ha II.T. Ha ATV B 3aBUCUMOCT OT
HWHJIEKCa Ha TeJIeCHaTa Maca Ha Bojava.

Ot (urypara ce BUKIa, 4e CPEAHOTO KBaPATUIHO
otkioHeHne R> = 0,9916, KOETO MOKa3Ba, Ye OTKIOHE-
HUSITa Ha CTOMHOCTUTE OT alpOKCUMHUPALIATa KPUBA HE
ca rosjeMu. ToBa ce IbDKU Ha (aKTa, Y€ H3MEHCHUETO
Ha BEPTUKATHATA KOOPJMHATA Ha I1.T. CHJIHO 3aBUCH OT
rojieMHUHaTa Ha MHACKCA Ha TEJIECHATa Maca.

Ha ®urypa 6 e nokazaHo U3MEHEHUETO Ha HaITbK-
HaTa KoopawHaTa Ha 1.T. Ha ATV B 3aBHUCHMMOCT OT
HMHJIEKCA Ha TeJIeCHaTa Maca Ha Bojava.

CpenHOTO KBaIpaTUYHO OTKIIOHEHUE € R = 0,8754.
3a HSIKOU OT CTOMHOCTHUTE MMa 3HAYMUTEIHO OTKJIOHE-
HHUE OT alpOKCHMUpaIiaTa Kpuba. ToBa BEpPOSITHO ce
ITBIDKH Ha BIMSTHUETO HA crelpdurKkara Ha CTOWKaTa,

Ah,
m

0.65
0.6
0.55
0.5 1
0.45 A

0.4 T T T
20 25 30 35 40

_—

R*=0.9916

BMI,
kg/m2
QDuzypa 5. VI3MeHeHne Ha BepTUKAJIHATa KOOpAUHATA
Ha 1.T. Ha ATV B 3aBHCHMOCT OT
MHZIEKCa Ha TeJlecHaTa Maca Ha Bojayva.
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KOSITO 3a€Ma BCEKHU OT BOJAUUTE BHPXY U3MEHEHHETO
Ha HA/THKHATa KOOPIUHATA.

4. 3axutiouenue

B®3 ocHOBa Ha mHoiyueHHTE pe3yiTaTd M U3BBp-
LICHUS aHAJIM3 MOTaT Ja CE HaIPaBsAT CJCTHUTE U3BOAM:

1. IIpu makcumamHOTO moBHITaBaHe Ha BMI Ha
Bomaunte Ha ATV ¢ 19 kg/m?, BepTukanHaTa KOOp/u-
Hara h Ha 1.T. HapacTtBa ¢ 0,22 m, a Ha/uTkXKHATA b Cce
m3mecTBa Hazazg ¢ 0,16 m.

2. I3mecTBaHeTO HAa KOOPAWHATHTE HA I1.T. TIPH pa3-
JIMYHHUTE BOJAYM Harope 1 Haza l BOIH JI0 MOA0OpsIBaHEe
Ha TEIJIMTEHO-CLICITHUTE CBOMCTBA, HAMasIBAHE Ha
rOJIEMUHATa HAa KpUTHYHATa CHJIA, KOSATO MOXE Ja
npeoospHe ATV-TO TpH IBHKEHHUE B 3aBOMA, a CHIIO H
ce HamMaJsiBa KpUTUYHUS BI'bJ Ha TIPEOOphIaHe Ha3al
IIPA U3KauBaHE Ha HAKIOH. Te3u MpoMeHH Ha mapa-
Mmerpute Ha ATV-T0, cBbp3anu ¢ BMI Ha Bomaumre
W3UCKBAT MNPOBEKIAHETO HA NOIBJIHUTEIHU W3CIEH-
BaHUsI BbB BPb3Ka C yCTOMYMBOCTTA HA IBHKEHUETO.

5. baarogapHocTi

Hay4unure m3cneaBanus B HaCTOAIIATA Ty OJHKAIIHST
ca punancupanu 1mo qorosop Ne 2016 ®T-01 or DHU
Ha PY , Auren KnHueB”.

BMI,
kg/m2
40 A
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Quzypa 6. VI3MeHeHNE Ha HAUTHKHATA KOOPIIFHATA
Ha 11.T. Ha ATV B 3aBUCHMOCT OT
MHJIEKCca Ha TeJIeCHaTa Maca Ha BO/Iaya.
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A STUDY THE INFLUENCE OF BODY INDEX
ON COORDINATES OF THE CENTER
OF GRAVITY OF ATV
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Abstract: Changing the coordinates of the center of
gravity on ATV depending on the physical parameters
of the drivers is a key factor in the loss of stability when
it maneuvering in corners. In this paper has been
experimentally determined the influence of body mass
index of different drivers on changes of the coordinates
of the center of gravity on ATV. Has been used a
standard methodology for determining the coordinates
of the center of gravity by lifting the ATV and measure
the forces which act it.

Keywords: Coordinates of the Center of Gravity,
Body Mass Index (BMI), ATV.
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W3CJIEIBAHE HA YCTOMYMUBOCTTA CPEILY YHACSIHE HA IBYOCEH ABTOMOBIT
ITPHU YCKOPUTEJIHO IBUKEHHME 11O ITbT C HAVTBXKXEH HAKJIOH

POCEH UBAHOB
Karenpa ,,/[Burarenu u TpaHCIOpPTHA TEXHHUKA,
Pycencku ynusepcuter, Pyce, bbpiarapus
rossen(@uni-ruse.bg

Pe3stome: B pabotara ca npeicTaBeHH pe3yiiTaTd 3a KPUTHYHUTE CKOPOCTH CpEllly YHACSHE, MOJMyYeHH ¢ pa3paboTeH
cUMyJaliMoHeH Mogen. M3cnenBanu ca pasinyHu CIy4yad Ha HEYCTaHOBEHO JABIKEHUE [0 XOPU30HTAIEH M HAKIIOHEH
ITBT. AHAJIM3UPAHO € BIIMSHUETO Ha YCKOPEHUETO/3aKbCHEHUETO U HAKIIOHA BBPXY KPUTHYHHUTE CKOPOCTH.

KorouoBu xymu: ycmouiuugocm na 08udiceHue, HeyCmaHo8eH0 OBUNCEHU, KPUMUYHU CKOPOCHIIL.

1. BLBenenue

HeycranoBennTe pe:KuMu Ha IBHKCHIE HA aBTOMO-
Owia TPyJTHO CE MOJIaBaT Ha ONMCAHUE M MOJICITHPAHE.
Ot nmpyra cTpaHa TOBa € HY>KHO 3a Jla CE€ HM3CIIe/IBaT
CUEMNHO-TErJIUTETHUTE  CBOMCTBa, YCTOMYMBOCTTA,
MaHEBPEHOCTTA U JIp.

Mopenu 3a IOBEAEHUETO HA aBTOMOOMIA U HEFOBU
CHCTEMH ca pa3paboTBaHU OT PEIUIla aBTOPH U KOJIECK-
tuBH [1-13]. B PyceHCKkusi yHUBEpCHUTET MIMa peIuIia
M3CIIeNIBaHUS B 00J1aCTTa Ha YCTOMYMBOCTTA HA JIBUKE-
HUE Ha pa3NyHy aBToMobmm [3, 4, 5, 7, 10, 11, 12].

OT KOJIEKTHB C YJaCTHETO Ha aBTopa Oe pazpaboreH
MOJIENI 32 ONpENeNITHE HA HOPMATHUTE PEaKLUU MpU
HEYCTAaHOBEHO JIBIDKEHHE Ha JBYOCEH aBTOMOOWI [2].
be peammsupan cuMynandoHeH MOIENT B cpena
Simulink u 0sixa MPOBEICHU MBPBH CUMYyJAUU [3].
BriocnienctBue MoaensT O JOpa3BUT C BH3MOXKHOCT 32
OlIpe/ieNiTHe ¥ Ha HAlpeYHWTE PeakidH, CHiaTa Ha
CIICTUICHUE U CYMapHUTE PEAKINH BHPXY KoJiesara 1 o
moctoBe [1,4,5], Karo ce M3MON3BaT CIMIICUTE Ha
TpueHe [7].

Ilenta Ha HacTOsIMIATa PabOTa € A ce TPEICTABAT
pe3yaTaTH, TOIyYeHH C MOJIENA, U BE3MOKHOCTUTE MY
3a M3CNe/IBaHe Ha YCTOWYMBOCTTA CPENLy YHACSHE, TIPH
HAIMYAE HAa YCKOPECHWE/3aKbCHEHHWE W HATHXKCH
HAKJIOH Ha ITHT.

2. Mznoxenue

3a TecTBaHEe pPabOTOCIIOCOOHOCTTA HA CUMYJIAIIHOH-
HUSIT MOJEN Ce u3clief[Baxa HAKOJNKO Ciydasd Ha
HEyCTaHOBeHO nBWkeHHe [l]. Pesynratute mnaBaxa
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TiepBa NpeJICTaBa 3a Bb3MOXKHOCTUTE Ha MOJIENa, HO He
pa3KprBaxa BIMSIHHETO HA BAXHW EKCIUTIOATAI[MOHHH
¢akropu. 3aroBa Osixa MPOBEIACHU JOMBIHUTCITHU
cumynanun. OOXBaHATH OsXa CIETHHUTE ClIydad Ha
HEYCTAaHOBEHO JIBIDKCHUE:

e Cayuaii 1: [ImkeHMe B 3aBOM C ITOCTOSIHECH
pagMyc M TOCTOSHHA CKOPOCT Ha JBIDKEHHUE
(R = const, V' = const);

» Caryuaii 2: Criupase B 3aBO¥H C IIOCTOSHEH PainycC
Y TIOCTOSIHHO CIIMPAaYyHO 3aKbCHeHue (R = const,
V' = var, a., = const),

» Cayuaii 3: [IpaBonuHEHO crivipaHe ¢ TIOCTOSIHHO
3akbcHenue (R = 0, V' = var, a., = const);

e Cayuaii 4: [IixkeHne B 3aBOM C NPOMEHJIMB
paryc ¥ TIOCTOSTHHA CKOpocT (R = var, V' = const);

* Cyvaii 5: J[BwkeHre B 3aBO C TPOMEHIIMB
paauyc, MPOMEHINBA CKOPOCT M MOCTOSHHO CIH-
payHo 3aKbCHeHUe (R = var, V' = var, a., = const);

e Cayyaii 6: [IpmwkeHne B 3aBOH C INPOMCHJIVB
paaMyc, MpPOMEHIIMBA CKOPOCT M MPOMEHIIHBO
CTIHPavHO 3aKbCHEHUE (R=var, V = var, a., = var);

e Cayuaii 7: [IwkeHHe B 3aBOH C INPOMCHJIVB
paamyc, IPOMEHINBA CKOPOCT U TIOCTOSIHHO YCKO-
penue (R = var, V' = var, a = const);

e Cayyaii 8: [IpwkeHne B 3aBOH C NPOMCHIIVB
paiaMyc, MPOMEHIIBA CKOPOCT M MPOMEHIIHBO
yckopenue (R=var, V=var, a=var).

3a BCHUKHM H3CJEABaHH CITydyad Ha JIBIDKEHHE ca

MOTy4YeHH TpadyuHN 3aBUCHMOCTH Ha I3MEHEHHETO Ha
CpeIHus BI'bJI Ha 3aBbPTaHE Ha YIPaBIsIEMHUTE KOJIEa
O¢p, PaIIHyCa Ha 3aBOS R;, CKOPOCTTA Ha JBWKEHHE V7,
HOpMAJIHUTE Z;, HampeuHutre Fy; U HaanbxHuTe Fl;
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peakiuu BepXy KoJienaTa, CuilaTa Ha cUerlieHue Fy 1
CYMapHHUTE PeaKIiu R; 10 MOCTOBE.

B HsIKOH OT 3aBHCHMOCTHTE Ha MO/IeJIa Ca U3II0I3Ba-
HU EKCIICPUMCHTAIHM CTOWHOCTH, TOMYYCHH TIpH
M3NWUTBaHE Ha KOHKPETHHS Mozen ryma. Hampumep 3a
KoeuIMeHTa Ha CICIUICHHE ¢, KOS(UIIMCHTa Ha
HaIpPEYHO YBIMYAHE K5 U 3aBUCHIMOCTTA UM OT HATOBAp-
BAHCTO U HAJLITAHCTO HA Bb3z[yxa B FYMI/ITe.

B cumynanuurte ca M3MON3BaHA TE€OMETPUYHUTE H
MacOBH TTapaMeTPH OT pealieH IByOCeH TOBapeH aBTO-
MOOWJI ChC CABOCHU TYMH Ha 3a1HHS MOCT. OCHOBHHUTE
OT TAX Ca :

* mbaHO Tero — 160 kN;

* HaTBhKHA O0aza — 5,0 m;

* Pa3CTOSIHUE OT IICHTHPA Ha TEXKECTTa JIO 3aHUS

mocT — 1,875 m;

* HampeyHa 6a3za — B =225 m;

* yeyHa o — S = 7,4 m%;

* KOS(UIIMCHT Ha BB3AYIIHO CHIPOTHBICHUE —

k= 0,6 Ns>/m*;

* BUCOYMHA JIO IICHTHPA Ha TexkecTra — 1= 1,5 m;

* paauyc Ha kKonenata rx = 0,505 m;

* KOS(hUIIMECHT Ha CHIIPOTUBIICHUE OT PHUIBIKBAHE

f—0,018;
* HaYaJlHA  CTOMHOCT
cuerieHue @ — 0,85.

KpurnuHata ckopocCT 3a JajieH Cilydail Ha JIBHDKE-
HUE € OTIpe/ieisTHa Ype3 MOTydeHNTe TpaduaHI 3aBUCH-
MOCTH TI0 CJCTHHSA HadyMH. AKO CyMapHaTa peakIus
BBPXY HIKOM MOCT HaJXBBpPJIs CHJIaTa Ha CICTUICHHUE,
TOBA O3HAuYaBa, Y€ WMa YHAcsHe Ha To3u MocT. OT
MIPECEYHUTE TOYKH Ha CyMapHAaTa PeaKiys U chiiaTa Ha
CIICIUICHUE CE ONpe/essi B KO MOMEHT OT BpeMe €
HACTHITHJIA 3ary0aTa Ha YCTOHYMBOCT U OT ChOTBETHATA
rpaduka 3a U3MEHEHHE Ha CKOPOCTTa BBB BPEMETO CE
OTYHTA KaKBa € OFJIa CTOMHOCTTA Ha CKOPOCTTa B TO3H
ChIII MOMCHT. Ta CC sBsBa KpI/ITI/I‘-IHaTa cpemy
YHACsIHE U 3ary0a Ha YCTOWYHMBOCT OT aBTOMOOMIIA.

3a cpaBHEHHE € OIpeeiicHa KPUTHIHATA CKOPOCT
IO KJIaCHUYecKaTa 3aBUCUMOCT [9]

Ha KoeduIMeHTa Ha

Vo =8P, R,

KblIeTO R € pagMyChT Ha 3aBOH; ¢ — HAaIpPEYHUAT
KOoe(DUIIMEeHT Ha CIICTUICHHE.

M3uncnaenara CTOMHOCT IO Ta3d 3aBHCHMOCT, C
HM3XOIHHUTE JAaHHH 32 aBToMOoOMIa, € 56,88 km/h.

Cren ToBa, 32 BCEKH CITy4ai € M34KCIIeHa Pa3IuKaTa
B % MEXIy CTOMHOCTTa Ha KpPUTHIHATA CKOPOCT,
M3YMCIICHa TI0 KiachdeckKara 3aBHCHMOCT M Tasu
MojlydeHa ¢ pa3paboTeHus Monenl. Pesynrarure ca
najnenu Ha @urypa 1.

Tbit kaTo B cy4aii 3 u 8 He ce JocTUra yHacsHe, 3a
TAX HE ca IOKa3aHH CThIIOOBE.

OT cpaBHEHHETO, HATIPABEHO 32 PA3IMYHUTE CITydan
(Durypa 1) ce BKIma, 9 Pa3IUKUTE B TOIYICHHUTE
KPUTHUYHH CKOPOCTH TIO KJIACHUECKATa METOJIUKA U TI0
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MojIeNa, ¢ OTYMTAHE MpepasNpefelIeHUETO Ha peak-
[MUTE U U3MEHEHNETO Ha Koe(hUIIMEeHTa Ha CIICTICHHE
OT HaTOBapBaHETO Ca 3HAYMTEIHM W HE OWBa Ja ce
npeHeOpersar. [lomydeHnTe CTOMHOCTH C Moena ca
MO-MaJIKM, OT Te3W IO KJACHYecKaTa METOJHKa, 3a
BCHUKH W3CJIEIBAHU CIIy4yal M Pa3IUKUTE BapupaT B
rparunute 6,05 — 7,92 km/h wmu 10,44 — 13.92 %.

Bceuukute 8 mbpBU ciydan ca Tpy JBWXKEHHE IO
XOpHU30HTAJIHA TOBBPXHOCT. 3a J]a C€ OLIEH! BIMSHUETO
Ha YCKOPEHHETO WIH 3aKbCHEHUETO, KAKTO U HaJUThK-
HUAT HAKJIOH Ha IbTA OsIXa H3CIENBAHM HSKOJIKO
BapHaHTa Ha HAuaJTHUS CITydai 2.

Pesynrarute ca nanenu Ha @urypa 2. CtoifHoCTHTE
Ha HaKJIOHA M YCKOPEHHETO ca IOKa3aH! Ha rpadukara.

OTHOBO, 32 BCHYKH BAPUAHTH, ITOJTyUYEHUTE CTOHHO-
CTU C MOJieNia ca MO-MaJIKH, OT Te3H MO KJlacHuecKaTa
METOVIKA.

Bmxna ce, 4e npu paBHU IpYTW YCJIOBHS, IIPH
yCKOpeHHe/3aKbcHeHHe 1 m/s’, M3MEHEHMeTo Ha
HaJUTHKHUS HAKJIOH HA ITBTS ¢ +5° BOJM /10 U3MEHEHHUE
Ha KpUTH4YHarta ckopocT ¢ 1,6-6%. Ako ce cpaBHAT
KPUTHYHUTE CKOPOCTH, TIOJNy4eHW IIpU Ppa3IuuHH
YCKOPEHMS1/3aKbCHEHMS, C€ BIDK/IA, Y€ IIPH CIIUPAHETO B
3aBOM C TOCTOSHEH paJuyc yBeIM4YaBaHE Ha 3aKbCHe-
Hue oT —1 Ha —6 m/s® HaMaIABa KPUTHYHATA CKOPOCT
cpotBeTHO ¢ 13,92 mo 40,75% 1o OTHOIIeHWE Ha
KJIacM4yeckara METOJMKa, WIM pa3jiuKaTa HapacTsa
OKOJIO 3 ITBTH.

3. 3akmouenne

Pesynratute, momydyeHu ¢ paspaboTeHUs] MOJET U
MpOorpamMHaTa My pealu3alysiTa, MOXKe Jja Ce U3M0NI3BaT
3a M3CNeIBAHE HA YCTOWYMBOCTTA CPEIly YHACSHE Ha
aBromMobOuna. Te ca TO-TIpEelM3HU OT Kilacuveckara
METO/IMKA, 3alIOTO OTYMTAT IpepaslpencicHue Ha

peaKuuuTe, W3MEHEHHeTO Ha Koe(HIMeHTa Ha
CILICTIJICHHE.
Paznmukara Mexmy —ompeneneHata  KpHUTHYHA

CKOPOCT CpeIIly YHACSHE Ype3 MOJIeNa U 10 KIachdec-
KaTra 3aBUCHMOCT, 32 Da3HYHUTE 8 MBPBOHAYATHO
BKJIFOUCHU CJTyuad B TOBA U3CJICIBAHE, Ca B TPAHHUIINTE
6,05 — 7,92 km/h wm 10,44 — 13.92 %.

YCTaHOBEHO €, ue CIHUPAYHOTO 3aKhCHEHHUE BITHSC
3HAQYUTEIIHO IO-CMJIHO BBPXYy CTOMHOCTTA Ha
KPUTHYHATA CKOPOCT OTKOJIKOTO HA/THKHHS HaKJIOH
Ha meTa. Ilpu coMpayHO 3aKbCHeHHME -6 m/s
HAMAJICHUETO HA H3YHCIEHATa KPHUTHYHA CKOPOCT
CHpsIMO OMpEZeicHaTa MO KJacHdyeckara METOIUKA
noctura 40,75%.
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MOTION ON INCLINED ROAD

ROSENIVANOV
Department ,,Engines and Vehicles”,
University of Ruse, Ruse, Bulgaria
rossen@uni-ruse.bg

Abstract: In the paper are presented results for
critical speed, obtained by developed simulation model.
Some cases of unsteady motion on horizontal and
inclined road are studied. The influence of
acceleration/deceleration and the road inclination is
analyzed.
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CPABHUTEJIEH AHAJIN3 HA EHEPTUHUTE CBOMCTBA HA IIPEBO3HUTE CPEJICTBA
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Pycencku ynusepcurert, Pyce, brirapus
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Pe3tome: B paGoraTa e HanpaBeH CpaBHHUTEICH aHAIN3 Ha CHEPIUIHNTE CBOMCTBA Ha TPAHCIIOPTHHUTE CPEACTBA 38 MPEBO3
Ha IBTHULM. B TaOmideH W rpauyeH BUJ ca MPEACTABEHW CHEPTHMAHHMTE MMOKA3aTeld HA HSIKOWM MAapKH U MOJCIH
NPEBO3HH cpercTBa. [lomydeHHTe pesyiTaTd OT aHaIM3a JaBaT sICHA IpelcTaBa 3a PEAHUTS BB3MOXKHOCTH 32
HaMaJIsIBaHe U3I0JI3BAaHETO Ha €HEPrHsl B TPAHCIIOPTHIS CEKTOP 32 IIFTHHYECKH IPEBO3H.

KnrouoBu gymu: dsueamen ¢ evbmpewino 2opete, enekmpoosueamer, TUYHY NPEBO3HIU CPeOCmad, NPeeosHU Cpeocmed

3a 0buecmeer MpaHcnopm, pasxoo Ha eHepeUs.

1. BLBenenue

TpancnopTausT cektop B EBpora morireiia okoo
e/IHa TpeTa OT KPaifHOTO MOTpeOIIeHNE Ha EHepI s, OT
kouto 70% ce menKu Ha TpeBo3 Ha mbTHUIM 1 30%
3a MPeBO03 Ha pa3INyHU TOBapu. TPaHCIIOPTHT, B T. .
W aBTOMOOWIHHSAT, € HalW-Obp30 pa3BUBAIIMAT CE
CEKTOP OT MKOHOMMKATA MO MOKA3aTesisl CHEPTrHUiHO
notpeOieHre, MOpaau KOETo € HeoOXOIUMO Ja Ce
TBPCAT PellieHusI 3a oJ00psBaHe Ha EHepruiiHaTa My
e(hEKTHBHOCT.

[Tpu oOchxkIane MPUYMHKUTE 32 U3MEHEHUETO Ha
KIIMaTa, Ha IBPBO MSCTO BHHArW C€ IOCTABST
M3KOMaeMUTE TOpHBa. BSpHO e, 4e meTpoibT, mpu-
POIHHUAT r'a3 ¥ 0COOCHO BBITIMIIATA JCUCTBUTEITHO Ca
OCHOBHHTE aHTPOIIOTCHHU U3TOYHHUITM HA TAPHUKOBU
razose. [lopaau pa3nuyHOTO BB3JIEHCTBUE HA TE3U
MApHUKOBU T'a30BE BBPXY KJIMMara, T¢ C€ MPEU34u-
CIIIBaT BBB  BBIVIEPOACH  IUOKCHJ ,,CO2
€KBUBAJICHT .

OcHoOBHa 3a/1a4ya Ha TIpoIieca 3a YCTOHIMBO Pa3BH-
THE Ha TPAHCIIOPTa € HEMPEKhCHATO Jia CE YChBBP-
[IEHCTBAa TPaHCIOpPTHATa MH(MPACTPYKTypa U Jia ce
M3IIOJI3BAT €KOJIOTMIHH IPEBO3HU cpencTra [1, 3, 7.

[pe3 mocnenHUTe TOIUHN SHEPrUiHATA e()EKTHB-
HocT (EE) Ha mpeBo3HUTE CcpeficTBa ce NMPEeBhpHA B
OCHOBEH Ipo0JIeM Ha MHOTO CTPaHH, 2 OCHOBHATA I1EIT
B Ta3d HAcOKa ¢ HAMasiBaHE HA CHEPTHUMHOTO
notpebaenue ¢ 20% mpe3 2020 T.

LenTa Ha HacTosIIIaTa paboTa € Ja ce aHAIU3UpaT
EHEprUifHUTE CBOMCTBA Ha  HAW-W3MOJ3BAHUTE
MPEBO3HM CPENICTBA 32 MBTHUYECKH MPEBO3H, KOETO
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Ja gaac siCHa HaCOKa 3a TAXHOTO HO-G(I)CKTI/IBHO
H3II0JI3BAHEC.

2. Mzno:xenne

[Ipe3 mocnenaHUTe TOMUHHM B TPAHCIIOPTHHS
CEKTOp ce OYepTaBa elHa TeHICHIWS B HapacTBaHE
Jiefla Ha aBTOMOOWJIHHS TpPAHCIIOPT B oOImmara
TpaHCIIOpTHA JieiHOCT. TOBa HECHMHEHO BOJIU U JIO
HapacTBaHE HAa MOTPEOJCHUETO Ha EHEPrHs, KOETO
mpe3 MmociaegHuTe TomuHu Haaxebpias 90% ot
EHeprusTa Ha MM CEKTOpP.

[IpeBo3HuTE CpeacTBa 3a MBTHUYECKU TPAHCIIOPT
Morar /1a ObJiaT pa3/ielieHy Ha JBe OCHOBHHU TPYIIH —
JINYHU TIPEBO3HM CPENICTBA M MPEBO3HM CPEICTBA 32
OOIIIECTBEH TPAHCIIOPT.

JIM4YHH NPEBO3HH CPEICTBA
Bestocumenn

BenocuneHUSIT TpaHCIOPT € C  HAali-BUCOKA
eHepruiiHa e()eKTUBHOCT B CPaBHEHHE C BCEKU APYT
TPAaHCIOPT, BKJIFOYHUTEIHO W ABTOMOOWIIHUS, THi
KaTO Ha MpaKTHUKa HE M3I10JI3Ba HUKAKBU I'OpUBa WIN
JpYTH MpUpOAHH pecypcu. ChIIeBpeMEeHHO € U TIo-
Oe3omaceH, Topajii HUCKUTE CKOPOCTH Ha JBIDKCHUE
U TIO-JIECHOTO TIOAIbp)KaHE Ha BEJIOCHIICINTE B
100po TeXHUUIECKo cheTosiHue. Komoesnenero e Bun
CIIOPT, TOBWIIABA  JIBUTATENIHATA  AKTHBHOCT,
IpenarnasBa  OT 3aTIBCTABAHE, BHCOKO KPBHBHO
HaJsirane u ipyru 6onectu. Criomara 3a HamassIBaHe
Ha cTpeca M pucka or agemnpecusi. [lopamu te3u u
JPYTH NPEMMCTBA Pa3BUTHTE ABbP)KAaBH OT 3araHa
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EBporma monarat BCHYKHA yCHIHS 3a Ja OTpaHAYaT
aBTOMOOWIITE B TpajoBeTeé M Jia Hachpyar
TPaKIAHUTE J1a TBTYBAT C BEJIOCHIIC I,

WzcnenpanmsTa B [14] mokassar, ge 3a 20 000 km
po0er, CpeTHO M3pa3XoABaHaTa EHeprHs P KapaHe
Ha Benocures € 3,08 kWh/100km.

Mscnenpanusta, mocoueHu B [11], naBaT Bb3MOX-
HOCT J1a C€ OTIpEZeNr eHEeprHsTa, OT/IaBaHa OT BeJo-
CHIICZIUCTAa B 3aBUCHMOCT OT HEroeara Maca M
ckopoct Ha apmwkeHne (Purypa 1). Tesu pesynratu
TTOKa3BarT, 4e TpH Maca Ha BeJocHureancta 75 kg u
ckopocty Ha aBwkenue ot 20 no 35 km/h ce uspasz-
xoBa ereprus ot 3,49 1o 4,24 kWh/100km. 3aBucu-
MOCTTa Ha W3pa3XojBaHaTa CIeNU(pHIHA CHEPIUs €
Mpe/icTaBeHa B JIMHEHHA 3aBUCUMOCT OT Macara Ha
BEJIOCUIIE/IUCTA.

[Ipn Xonmene ce m3pa3xolBa IMOBEYE SHEPTHS B
CpaBHEHHE ¢ KapaHe Ha Bermocunen — 44 Wh/km wmu
4,44 kWh/100km [18]. Uscnensanusra [13, 29] 3a
SHepIrHsTa, U3Pa3X0/[BaHa 10 BpeMe Ha XOJIeHe IMpH
Maca Ha rrenrexonena 68 kg u ckopoct 5,64 km/h e
280 kcal/h nimm m3pazxonBana crielupuIHa CHEPTHS
— 5,74 kWh/100km.

Ha ®urypa 2 e ganeHa 3aBUCUMOCTTa Ha U3pas-
XO/IBaHaTa EHEePTHs Ha TIEMIEXOEI] B 3aBHCHMOCT OT
Macara My U CKOpOCTTa Ha XOJICHE.
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Quzypa 1. 3aBUCUMOCT Ha U3pa3XOABaHATA CHEPTHS
OT Macara Ha BeJIOCHIIEAUCTA IIPU CKOPOCT Ha

nerokenre 20 (uaus 1) u 35 (maaus 2) km/h.
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Queypa 2. 3aBUCUMOCT Ha U3Pa3X0/IBaHATa EHEPIUsl
OT Macara Ha Ielexoera py X0IeHe CbC CKOPOCT
3 (mnawst 1) u 6 (muaus 2) km/h.

3a IPOM3BOICTBOTO Ha BEIIOCHIIE]] CE M3Pa3X0/1Ba
cpemro oxono 360 kWh eneprus [14].

Bcunuko M3nokeHO NOTYK JlaBa OCHOBaHHUE IIPe3
TMOCJICTHUTE TOJIMHU B PEIUIIA CTPAHH JIa CE CTUMY-
JHUpaT TPpaXJaHWTE Ja W3MOJI3BaT KOMOWHHUpaH
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TpaHCTIOPT (BEJIOCHITEICH M OOIIECTBEH). 3a 1IenTa B
HeTIocpe/IcTBEHa OJIM30CT A0 BpaTUTE Ha MPEBO3HUTE
cpeicTBa 3a OOIIECTBEH TPAHCHOPT ca OMNpEACIICHA
MecTa 3a OKauyBaHE Ha BEJIOCHIICNUTE WIH Ce
MOCTaBAT HA CICHUATHA PAaMKH OTHPEI/OT3a] Ha
npeBo3HOTO cpeacTso (Purypa 3).

Queypa 3. Vzmion3saHe Ha KOMOMHUPAH TPAHCIIOPT
Ha JIBILKCHHE.

EnexrpoBesiocunenu

EnexrpoBenocunerbT € HOB BHI] TIPEBO3HO CPEI-
CTBO, KOETO YCIIEIITHO CH MPOOMBA ITBT Ipe3 Toce-
HUTE ToAuHM. V3MON3BaT ce OCHOBHO JBa BHJA
EIIEKTPOBEJIOCUTIEI — C BrPaJIeHH MOTOpP-KOJeia
(Durypa 4) u eIeKTpOABUTATEIl, MOHTHPAH B IICH-
TpayHOTO 3a/1BWkBaHe (Purypa 5). Hiakon monenu
MMaT BB3MOXKHOCT Jla pPEreHepupar CHEprusi MpH
HaMaJsiBaHe CKOPOCTTA Ha JIBIKEHHE WX CITUPAHE.

EnexTpoBenocurneqsT B TMOBEYETO €BPONEHCKU
CTpPaHM € PErjaMeHTHPaH KaTO XUOPUIHO MPEBO3HO
CPEACTBO C MOIIHOCT Ha eneKTpoasuratens 1o 250 W
W MakKCHMaJlHa CKOpOoCcT Ha maBmkeHne 25 km/h.
MakcumanHata CKOPOCT € EIEKTPOHHO OrpaHHYCHA.
B Kanana makcumanHaTa MOIIHOCT Ha €IEKTPOIBH-
rareist € 500 W, a ckopocTTa Ha €JIeKTPOBENOCH-
rena— 32 km/h. B CAILl makcuMaliHaTa MOIIHOCT Ha
enexkrponurarens e 750 W.

CrienmpuyHUAT pa3xoj] Ha €HEprusl 3aBHCH OT
o0laTa Maca Ha BEJIOCHIIEIA M BEJIOCHIICIUCTA,
CpeHaTa CKOpOCT U MapIipyTa Ha ABWkeHue [21].

Quzypa 4. OO0 BU Ha €JIEKTPOBEIIOCUIIEN C
MOTOp-KOJIeINa:
@ — TIPEIHOTO KOJIEJIO 3a/IBHKBAILO; 6 — 3aJHOTO KOJIETIO
3a/IBIDKBAILIO; 6 — IBETE KOJIEA 3aABIDKBALIH.



& is i T
Q@uzypa 5. ENEKTPOBENOCUIIEN C EIEKTPOBUTATEIL,
MOHTHpaH B [IEHTPAITHOTO 33BIKBaHE.

OOUKHOBEHO pa3XOIbT Ha SHEPrHs Ce JIBUKU B
rpanaurute ot 7 10 12 Wh/km nipu ckopocTH Ha 1BU-
skerwne ot 15 mo 25 km/h [21]. Uscnenpanusita 3a mpo-
oer ot 50 000 km [12] ycTaHOBSIBaT cpeleH pazxon
Ha enektpoeHeprust ot 1,32 kWh/100km. Toa naBa
OCHOBaHHE IIPYW U3BHPIIBAHE HA TPHOIM3UTEITHN
aHAMM3M 3a e(QEKTHBHOCTTA OT W3MON3BaHE HA
CNICKTPOBEJIOCUTICIUTE Jla Ce TpUEME pa3Xo] Ha
ereprust 10 Wh/km v 1 kWh/100km [17, 21 u 30].

3a TIPOM3BOACTBOTO Ha EJIEKTPOBEIOCHIIE CE
n3pasxonBa cpenHo okoio 1 453 kWh [14].

Motonenu 1 MOTOIMKJIETH

Mortormnenute 1 MOTOIMKIIETUTE HE TPsiOBa Jia ce
npeHeOperBaT KaTo MPEBO3HH CPEICTBA, Thid KaTo B
HSIKOM CTPaHH 10 Opo¥ ca MoBeve 0T aBTOMOOMIINTE
(Durypa 6). MoToneauTe OCHOBHO C€ M3ITONI3BAT B
IPaJICKH YCJOBHS HA JBMXKCHHE M TO B IOBEUETO
CIIy4au C ¢JIVH ITBTHHK. B KaKBa CTETICH e U3MO0JI3BaT
OT JiBaMa MbTHHUKA HAMa KOHKpETHA MH(OpMAIIusl.
MoTouKIeTHTe ¢ TO-ToJsiMa  MOIIHOCT — Ce
M3M0JI3BAT 332 MEXKIYTPAJICKA TETYBAHUS U TYPU3BM,
B TIOBEYCTO CITyYaH OT JBaMa JyIIH, HO ChIIO 3a TIX
HsIMa KOHKPETHA HH(OPMAITHSL.
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Q@uzypa 6. bpoli MOTOIMKIIETH 1 aBTOMOOWITH B
CpaBHEHHE Ha HACEICHUETO B HAKOW CTPAHH.

CpemHo m3pa3xoBaHaTa EHeprusi OT MOTOIICTIUTE
[20] e 22,22 kWh/100km (2,36 1/100km), a oT MOTO-
muknerure — 55,6 kWh/100km (5,91 1/100km). B
CAIL] pa3xonpT Ha eHEprusi MpU MOTOIMKIETUTE €
51,42 kWh/100km (5,47 1//100km) [28].

B Tabnuma 1 e manen criennuyHUAST pa3xo]] Ha
EHeprus Ha Pa3INIHI MapKHA MOTOITUKIICTH.

EnexrpockyTepH 1 eJIEKTPOMOTOIUKIIETH

AmnamorngyHo Ha CJICKTPOBCJIOCUIICANTE, TE3U
IPpEBO3HU CPEIACTBA C BCAKA M3MHHaIa rOAWHaA CC
YBCIIMYaBaT BCE MMOBEYEC U MTOBCUC. C’bHIeBpeMeHHO C
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TOBa TEXHUTE TEXHWYECKH TMapaMeTpH ce Tomoops-
BaT. AHAIU3BT MOKa3Ba, Y€ eIEKTPO-MOTOLMKIICTUTE
[0 HSKOW OCHOBHH IapaMeTpH, KaTO MaKCHUMaHa
CKOPOCT | TIPOOer, He OTCTHIIBAT Ha €IEKTPOMOOH-
nmre (Durypa 7). CienupuIHAST pa3xo]] Ha CHEPTHs
3a enekrpockyrepure e cpemnHo 3,3 kWh/100km
(0,35 1//100km) [4], a 3a eneKTpO-MOTOIMKIIETUTE —
5,5 kWh/100km (0,86 1//100km).

[pe3 mocneqHUTE TOAMHN EIEKTPOCKYTEPHTE Ca
€IHU OT OCHOBHUTE MPEBO3HHU CPE/ICTBA 3a TPAJICKU
YCIIOBUSI HA ABWDKEHHWE B PEIWIa a3WaTCKH CTPaHM.
Enna oT mpuuuHUTE € MHOrO J00pe u3rpajcHarta
MH(PACTPYKTYPa, KOATO OCUTYPSIBA BE3MOKHOCTH 32
M3MIHABaHe Ha JKeNaHus mpoder Oe3 3ary0a Ha Bpeme
3a 3apeKIaHe Ha Oarepuure.

3a MpOM3BOJCTBOTO Ha EIEKTPOCKYTEpP Ce M3pa3-
xozBa cpemHo okoio 2 119 kWh [14].

B Tabnmmia 2 e gageH CpemHusT CHeIugIYcH
pa3xoll Ha eHeprys Ha HAKOM MapKH €JIEKTPOCKY TEPH
U €IIeKTPOMOTOIMKETH.

KoM oxtomBpu 2015 r. B P bwarapus ca peru-
cTpupanu 444 Op. eNEKTPHUUYCCKHU IPEBO3HU CPE/ICTRA,
ot kouto 0,27% ca MOTONEAN ¥ MOTOITUKIICTH.

Tabnuya 1.
CrietmdryeH pa3xo Ha CHeprust
Ha MOTOLIMKJICTH.

Makc. |CrnerpduyeH pazxon
HanmenoBanue Opoii 1a ereprns
nbTHH | kKWh/ I/
m | 100okm | 100nkm

Wasp Scooter (5,3
kW, automatic with 2 13,90 1,48
CVT)
Suzuki GS500
(motorcycle 0,5 L) 2 17,35 1,85
Honda NC700X 2 20,68 2,20
BMW K1300R 2 27,26 2,90
Honda Gold Wing
(motorcycle with 1,8 2 31,95 3,40
L, 6-cylinder)
Honda ST1300 2 35,72 3,80

Tabnuya 2. CienududeH pa3xo/1 Ha eHepris Ha
€JIEKTPOCKYTEPH U EJICKTPOMOTOLIMKIICTH.

Makec. | CnermuyeH pazxon
HanmenoBanue Opoii Ha CHOPTIA
meTHH | kKWh/ I/
ma | 100mkm | 100nkm
KLAS 5000 2 1,03 0,11
Vectrix VX-2 2 1,6 0,17
2014 Zero S 2 3,5 0,37
2013 Bramo 2 3.8 0,40
BMW Maxi-Scooter | 2 4.0 0,43

BulTrans-2016



Pmax.

KAl

40

a0
a
) 20

10

0

2008 2010 2011 2012 2013 2014

Vmax.

krih

140

120

100
6) 8o

B0

40

20

O oo 200 2011 2012 2m3 2014
Emax.

KAh

14

12

10
6 8

B

4

2

0

2008 2010 2011 2012 2013 2014

Lmax.

km

240

210

180

150
2 120

a0

B0

an

03009 200 2011 2oz 2013 2014

WF EM mxl mSisK mDs

Queypa 7. VI3MeHeHue 10 TOJIMHU Ha HAKOU OT
OCHOBHMTE ITApaMeTpH Ha paznniHu Moaenu ZERO
€JIEKTPO-MOTOLIUKIIETH:

@) MaKc. MOIIHOCT; ) MaKC. CKOPOCT Ha JIBIKCHHE;

6) MaKC. SHEpIsl, ChXPaHsBaHa B OaTeprsiTa;

2) MaKc. Ipo0er ¢ eIHO 3apeKIaHe Ha OaTepHsTa.

ABTOMOOMIH

Jlexutre aBTOMOOWIIM Ce YTBBpAMXa KaTo Hai-
NPaKTUYHOTO  TPEBO3HO  CPEACTBO 32  €AHO
CEMENCTBO.

[Ipon3BoaCTBOTO Ha €IMH aBTOMOOWII, B CpaBHE-
HHE C BEIOCHIICIUTE U MOTOLMKIIETHTE, € H3KITIOUH-
TEJIHO CKBIIO, €HEProeMKO M IPHYMHSABA TOJIEMHU
3aMBbPCSBaHUsI Ha OKOJTHATA Cpe/a.

beskonmponnomo usnonseane na npupoonume
pecypcu e npednoCcmasKa 3a 8b3HUKBAHE HA CEPUOSHU
exonocuuny npobnemu. B pesyntar Ha TOBa, Impes3
2009 roa. EBponeickusT ChiO3 MpHE PEIIaMeHT 3a
HaMassiBane emucuuTe Ha CO; OT IBTHHYECKUTE
npeBo3Hu cpencta. Cpegnante emucuu CO; OT HOBU
aBTOMOOWNH, TpondaBanu B EBponeickust cbio3,
TpsibBa na nmocrurae 120 g/km. IlomoOpenusita B
TEXHOJIOTHATa Ha IPOM3BOJCTBO MOXKE J]a HaMajd
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cpenaute croitHocTH Ha emucuute 10 130 gkm, a ¢
HSIKOM JIOITBJTHUTEITHN MEPKH MOTaT Jia Ce JOCTHUTHAT
xenanute 120 g/km — Hanmpumep mogoOpsiBaHe Ha
eQeKTUBHOCTTa OT U3ION3BAHETO HA PA3IMYHU
rOpHBa, aBTOMOOWIIHH TYMH, KITMMATHIH 1 T.H. 3aKO-
HOJIATEJICTBOTO € ONPEJIENHIIO JIMHUS Ha TPaHUYHNTE
cTolHOCTH Ha nomyctumute emucuu CO; Ha HOBUTE
aBTOMOOMJIM B CHOTBETCTBHE C Macara MM.. laszu
JIMHUSL OTIPEeNeNisl CPeIHUTEe CTOMHOCTH Ha eMUCHHTE

ot 130 g/km (Purypa 8) [23] .
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Queypa 8. 3aBUCUMOCT Ha TPAHUIHUTE CTOMHOCTH
Ha CO, eMUCHHTE OT MacaTta Ha aBTOMOOMIIA
¢ 6a3a 130 g/km npu maca 1372 kg.

m, kg

CpenHusT pa3sxox Ha TOPUBO 332 HOBUTE JIEKU
aBroMoOmM 3a Hikou crpanu oT EC e mokasaH Ha
Ourypa 9. Ha ceiara gurypa € qajgeH u cpeqHusT
pas3xoj Ha ChIIUTE aBTOMOOWIIN OOIIIO 33 CTPAHHUTE OT
EC[16].
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Q@ueypa 9. CpeneH pa3xoj] Ha TOPUBO
3a JICKUTE aBTOMOOMJIH.

PazxombT Ha TOpuBO (OCH3WH WK AW3EI) 3aBUCH
OT MHOTO (haKTOPH — MapKa 1 MOJIE] Ha aBTOMOOWIIA,
Tpaduka Ha JBW)KEHHE, TeMIIepaTypaTa Ha OKOJIHATa
cpena u 1p. 3a BCsKa CTpaHa € pa3iiiyeH U B IIOBEYETO
CIlydan JOCTaThbyHO A00Ope M3cielBaH. 3a HalaTa
CTpaHa He ca U3BECTHHU W3CIICABAHMSI, KOUTO J1a TIpe-
CTaBAT PEATHUAT CPEICH Pa3Xxo]] Ha TOPUBO, KAaKTO 32
HOBHTE aBTOMOOWIIM, TaKa M 32 HaMHpAIIUTE ce B



eKcIutoaTanus. 3a BemukoOpwTaHuWs, HampuMep
CPEIHUSIT Pa3X0J1 Ha TOPUBO 3a JIEKUTE aBTOMOOIIH €
mpuer 8,6 1/100km (80,84 kWh/100km). 3a ®unnan-
W CPEIHUSAT Pa3Xxoll Ha TOPHUBO 3a OCH3MHOBHTE
aromooun e 11,28 1/100km (106 kWh/100 km), 3a
muzenosute — 8,84 1/100km (94 kWh/km), npupag-
HEH KbM €KBUBAJICHT OEH3MHOBO TOpHBO [20].

B Tabnvma 3 ca mameHd XapaKTEepUCTUKUTE Ha
W3TOYHMIINTE Ha eHeprus. [Ipu mpecMmsraHusTa 32
eHeprusaTa Ha | JuThp OCH3WH W IU3eT Ca MPHUETH
croiiHoctuTe 9,4 m 10,4 kWh/l. Usnons3Banero Ha
eHeprusAta Ha TeuHuTe ropusa ¢ npuero 100%,
JOKAaTO EHEprusTa, ChXpaHeHa B aKyMyJaTOpHUTE
6atepun — 80%.

Ot Tabnura 3 ce BIKIAT IpeIUMCTBaTa Ha aBTO-
MOOMITITE B MaJIKMs 110 00OEM M TErJIO0 M3TOYHHK HA
CbXpaHEHHE Ha SHepPrusTa, B CpaBHEHHE C eJIeKTPO-
moOmmTe. Kato HemocTaThk OCHOBHO MOXE J1a Ce
OTYeTe CPABHUTETHO MHOTO TO-TOJSIMaTa €HEeprus,
HeoOxonmMa 3a peanupane Ha 1 kWh Ha amkeru-
Te KoJIena.

[locoyeHuAT B TeXHUYECKaTa XapaKTepHCTHKA Ha
aBTOMOOMIIA CpelieH Pa3xo] Ha TOPHBO MOXe Ja ce
IIpreMe 3a IPHOIT3UTEIICH TP ONPeIeTIeHH YCIOBHSI
Ha JIBIKEHHIE.

Be3onoBHuTE OCH3MHM C OKTAHOBO YHCJIO IIO
m3cnenosarenckust Meron (RON) ot 91 no 98, npu
temreparypa 15°C (crnermdukars 228), IMaT IbT-
Hoct 0,720 — 0,775 kg/l, a nmu3enoBute ropusa, mpu
chluara Temneparypa (cnemmdukanys EN 590) umar
wretHOCT 0,820 — 0,845 kg/l. [Ipn nzuncnenunsra ca
MIPUETH CIEJHUTE CTOMHOCTH Ha IDTBTHOCTHTE:
oemsuH — 0,740 kg/l; muzenoso ropueo — 0,839 kg/l;
ouomzen — 0,880 kg/l.

Heo6xoanMo KoIr4ecTBO eHeprusi OT pa3IHIHH-
Te U3TOYHMIIM 32 peaym3upane Ha 1 kWh eneprus na
xo/10BUTE KoJtena [25] e nanena B TaOnuna 4.

B Tabnwmiia 5 e maneH criennuYHUAT pa3xo]] Ha
€HepIHs Ha Pa3IMIHH JIEKH aBTOMOOHIIH.

3a moBuIaBaHe 0€30MacHOCTTa Ha JBIKEHHE U
HaMaJsBAaHE HA pa3Xola Ha EHEepPrus Ha BCHYKH
aBTOMOOWIH U aBTOOYCH, 3a ITbpBH BT B CAILL mpe3
2007 1. e BBBEACHO 3aBDKUTETHO HM3ION3BAHE Ha
CHCTEMH 3a clie[IeHe Ha HansraeTo B rymure (TPMS
— Tyre pressure monitoring systems).

JBIkeHHETO Ha aBTOMOOMIA MOXKE Ja ce
pasriea KaTto ChCTaBEHO OT HSKOJIKO eTamna: paboTa
Ha JIBUTATEITs Ha TIPa3eH X0/, YCKOPSBAHE, IBIDKCHUE
C TIOCTOSIHHA CKOPOCT, 3aKbCHHUTEIHO IBIKECHIC
(HamaiABaHE CKOpPOCTTa Ha JIBIDKEHHE) U CITHpaHe.
JenbT Ha BCEKU eTar OT LENUs MapIIpyT 3aBUCH OT
MIOBE/ICHNETO HAa BOJIAya, THIA HAa IBTHOTO ILIATHO,
yCJIOBHATA Ha JIBIDKEHHE (B I'paja, M3BBH Tpaja),
Tpadrka Ha aABWKeHUE U np. [paduyHO BIUSIHUETO
Ha Te3u (PakTOpW MOXe J1a ce TIPEICTaBh 4pe3
M3MEHEHHET0 Ha CKOpPOCTTa Ha JBIKEHHE 3a
onpeneseH nepuox ot Bpeme (Purypa 10).
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Tabnuya 3.
XapaKTepPUCTUKK Ha M3TOYHUIIUTE HA CHEPTHSL.

VBTOUHMIA HA | a0 | Wil | %
eHeprus
beHzuH 13,1-12,0| 89-9.7 18
Jwmsen 12,8—-11,9/10,0—10,7 22
buoauzen 11,1-10,3| 9,1-9,8 22
Barepuu:
* OJIOBHU; 0,030 0,06 80
* NiMH ; 0,060 0,15 80
* LiFePOu; 0,100 0,15 80
* LiPo/LiCo| 0,135 0,25 80

Tabnuya 4. HeobXomuMo KOIMIECTBO SHEPTHS 3a
peammupane Ha 1 kWh Ha XomoBHTE KOJea.

Vstousmut |y o | o I(cm?.10%)
Ha CHEPIHs
benzun 5,56 |1 042-046 | 0,57-0,62
Husen 4,551036-0,39 | 0,43-0,46
buomuzen 5,56 | 0,50-0,54 | 0,57-0,61
barepuu:
* OJIOBHH, 1,25 41,70 26,04
* NiMH; 1,25 20,83 10,42
» LiFePOy; | 1,25 12,50 10,42
* LiPo/LiCo| 1,25 9,26 6,25

Tabruya 5. CrierdrudeH pa3xo.r Ha CHEPTHS
Ha JICKU aBTOMOOHJIH.

Makc. |CrnempduyeH pazxon
Opoit Ha EHEprus
HanmenoBanue eran | KW T
| 100okm | 100nkm

VW Golf TDI (1,9L

diesel, automatic) S 10,56 1,12

Ford Explorer (4,6L

V8, automatic) 7 21,19 2,25
Range Rover Sport | 5 32,7 3,48
Porsche Boxster S

(3,2L, Tiptronic) 2 46 49
Porsche Carrera GT

(5,7L, V10, 445 kW, 2 101 10,75

6 speed manual)

V, kmv/h

100 |

80

60 |
a0 |-

vy
iVl

0

200 300 4&)0 ts

= TPAJCKH YCIOBUs;, ™ H3BBHIPAIACKH yCIOBUA

Queypa 10. I3MeHeHUE CKOPOCTTA Ha IBIKEHUE

B OTIpPE/ICTICH MHTEPBAJ OT BPEME IPU Pa3IuIHU
YCIIOBHS Ha JIBYKCHHE.
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PasxoabsT Ha eHeprus u kommdecTBoTo CO,, KOETOo
ce OTIeNs [0 BpeMe Ha JBIDKCHHE Ha IMPEBO3HUTE
CpelCTBa, 3aBHCH OT MOCOYEHHUTE (HaKTOpU M MOTatr
Jla Ce OmpeleNsiT C JOCTaThYHA 3a IPAKTHKATa
TOYHOCT C MOMOIITA Ha MATEMaTUIHH MOJICITH.

Wzcnensanusita B [19, 27] mokaspart, 4e MKOHOMUS
Ha TOPHMBO 32 aBTOMOOWIIM MOXKE J1a C€ TIOCTUTHE TIPH
ckopocTH Ha apmwkenne ot 60 mo 90 km/h (durypa
11). Ilpn 1O-BHCOKH CKOPOCTH Ha ABIKEHHE Pa3Xo-
6T Ha TOPUBO CE YBeNM4aBa MOpaay HAPaCHAIOTO
BB3AYIIHO CHIIPOTUBIICHWE W CHIPOTHBICHHETO OT
npenBmwkBane. [Ipy HUCKM CKOPOCTH HA JIBIYKEHHUE,
Pa3XonbT Ha TOPUBO CHIIO c€ MOKayBa, IOpaiu
YECTHTE CITUPAHUS ¥ TIOTETIISTHE OT MSICTO Ha aBTOMO-
OWIMTe U U3pa3XoJ[BaHE Ha MO-TOJSIMO KOJIMYECTBO
TOPHBO TIPU yCKOpsiBaHE. Pa3xombT Ha ropuBo Hax
MTOCOYECHUTE MKOHOMHYHH CKOPOCTH CE€ yBEIUYaBa
KaKTO CJIe/IBa:

* 3% yBenuuenue Ha pazxona mpu 97 km/h;

* 8% yBennueHue Ha pazxona npu 105 kmvh;

* 17% yBemmuenne Ha pasxona mpu 113 km/h;

* 23% yBenuuenue Ha pasxozaa npu 121 km/h;

* 28% yBenuuenue Ha pasxoza npu 129 km/h.

AKoO 110 BpeMe Ha JIBIKEHHE CE U3M0JI3Ba KITMMa-
THK, Pa3XOAbT HA TOPHBO MOXE Ja Ce YBEIHYH JI0
10% [19].
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Quzypa 11. I3meHeHue Ha pa3xo/ia Ha TOPHUBO B
3aBHCHMOCT OT CPEIHATa CKOPOCT Ha JIBHKEHHUE 3a
nek apromo0mn VW Passat Synchro 1.8 (118 kW),

XuOpuaHU AaBTOMOOHIIH

XuOpUITHUST aBTOMOOWIT M3IT0JI3BA JBA U TTOBEUEC
W3TOYHMKA Ha eHeprsi. Haif-MacoBo B eKcIuioaTamyst
ca HaMePUJIM XMOPHIHUTE aBTOMOOHIIN, N3TIOJ3BAIIN
eHeprusita Ha JIBI' u Ha TsiroBa akyMmylaTopHa
Oatepust. XMOpHIHUTE aBTOMOOWIT OMBAT C TOCIIe-
JOBaTeNHa, MapaleflHa U KOMOWMHMpaHa CXEMH Ha
3a/BIDKBaHe. Besika eHa OT Te3d CXeMU UMa CBOUTE
IpeMMCTBA U HepocTaThlu. PeanHo, Te3u xubpunau
TEXHOJIOTHM MOTaT Ja peajlm3upaT HMKOHOMHS Ha
ropuso oT 20 um 30%, pa30dupa ce npH onpeaeIeHn
PEeXUMHU Ha JBHKCHUE.

B Tabnuiia 6 € najieH crieupUIHUST pa3xo] Ha
SHEeprus Ha Pa3InyHu XuOpuaHu aBToMoommu [10].

[Ipe3 mocnenHuTe TOAMHY HABIA30Xa B €KCILIOA-
tamus Plug-in  Hybrid (PHEV) aBromoOummre.
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TexHusT pa3xo1 Ha €HePTHs 3aBUCH OT T.H. CTETEH Ha
xubpummsais (DOH —  degree-of-hybridization).
I'pynupanu ca ocHOBHO B Tpu crenenu — PHEV-10,
PHEV-30 u PHEV-60, xaro 1mudpoBHAT HHACKC
O3HauaBa M3MUHATHS TPOOEr B MHWJIM CaMO Ha
enexkTpuaecTBo. CleOBaTEIHO CPEIHUST Pa3xo/l Ha
€Heprusl Ce ABW)KU B TPAHUIUTE MEXIY CPEIHUST
pa3xon Ha KIACHYSCKUTE XUOPUIHU aBTOMOOWIA U
CIIEKTPOMOOHITHTE.

B Tabmuma 7 ca mameHu XapakTepUCTHKUATE Ha
aKyMyJaTOpHHUTe OaTepuyl TP OTpenesieHa CTENeH
Ha xuOpuaM3arys [26].

Tabnuya 6. CienuueH pa3xo/] Ha €Heprus
Ha XHOPUIHN aBTOMOOHITH.

Makec. |Crermdudaes pazxon
HaumenoBanue Opoid 1a eieprid
nbTHH | kKWh/ I/
m1 | 100okm | 100nkm
2015 Toyota Prius 5 10,53 1,12
2014 Honda Civic 5 11,09 1,18
2012 Lexus CT 200h| 5 12,60 1,34
2013 Ford C-Max 5 13,35 1,42

Tabnuya 7. XapakTepUCTHKU Ha OaTepuuTe Ha
PHEV npu paznnuen npoGer Ha elneKTpuIecTBO.

[IpoGer Ha Gatepuwu, km 16 48 | 96
Barepus:
* eneprust, KWh 36/ 82| 16,5
 MomHocT, KW 48,6 45,1| 478
* cren. eneprus, Whikg 112] 137] 138
* cner. MomHoct, W/kg 1519| 752 398
* Mmaca, kg 32| 60 120
Maca na PHEV, kg 1280[1 340] 1430

EaexTpoMoouiu

[Tpu enexrpomoomnuTe BMecto JIBI' ce m3momnspa
enekTpojBurarell. Toil ”Ma OCHOBHOTO MPEAUMCTBO
— CPaBHUTEIHO MHOTO IO-Majka Maca IpU eIHa U
ChIlla MOIIHOCT Ha aBurarenute. 1lpu OenzuHoBuTE
JBI" otHOCHTETHATAa MOIITHOCT € okoo 0,75 kW/kg,
a Ha enekrponsurarenure — 6 kW/kg. Moxe na ce
Ka)ke, Ye eNeKTPOJBUTaTeNINTe ca MOYTH § TBTH T0-
neku ot OersuHoBuTe JIBI™ mpu eqHa v chia mMorr-
HOCT. 3a CHKaJieHHe, MacaTa Ha aKyMyJaTopHara
OaTepust P €IEKTPOMOOHIINTE OKa3Ba CHIIECCTBEHO
BIMSIHUE BBpPXy OOIaTa Maca Ha eJIeKTpOMOOmia
(Durypa 12). Eto 3amo m300pbhT Ha BHAa Ha
GaTtepusTa € OT ChIIIECTBEHO 3HAYCHHE.

Ha T03u etan Ha pa3BUTHETO Ha TEXHOJIOTHUTE Ha
MPOU3BOJICTBO HA aKyMyJIaTOpPHUTE OaTepuy ce AaBaT
CBIIIECTBEHH TPEIUMCTBa Ha JIMTHEBUTE OaTepuu.
[pu 151X B equHMIIa Maca ce ChXpaHsiBa HAH-TOISIMO
konmuecTBo eHeprusi — ot 80 mo 200 Whikg.

B 3aBucuMocT oT Macata Ha GaTepusita 3aBUCH U
MpoOersT, KOUTO MOKE 12 N3MUHE €JIEKTPOMOOHIIA C
€IHO 3apexaaHe Ha Oatepusita (Durypa 12).
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Queypa 2. 3aBUCUMOCT Ha MacaTta Ha
€IIEKTPOMOOUIIA C TATOBU OaTepUH U TOPUBHU
KJIETKU OT U3MHHATHS MPoOer:

1 — ¢ Pb 6arepuy; 2 — ¢ NiMH 6Garepuu;

3 —c Li-ion 6atepuu; 4 — c TOPUBHU KIIETKH.

Ot @urypa 13 ce BuKIa, Y€ ako ce MOBHUIIH ClIe-
nuduIHaTa CHEeprHs Ha JuTHeBUTe O6atepru ot 200
Ha 1000 Wh/kg, npobersT Ha el1eKTpoMOoOmIIa ¢ €HO
3apekaaHe Ha Oarepusrta mie ce yBeamdu oT 120 Ha
~ 600 km.

JIuTHHA-BR3AYIIHATE aKyMYJIaTOpHH Oareprun
npeJyiarat, o MPUHIMI, 3HAUYUTETHO MO-100pa Teo-
peTHYHA IUTBTHOCT HA €HEPTHsl, B CPAaBHEHHUE C TPAIH-
MOHHUTE JIMTUH-HOHHM aKyMyJIaTOpHH Oarepun
(®urypa 14).

[octuranero Ha cnienmduuna eneprus ot 1 000
Wh/kg nopu u moseue, e moctmkuMa. Tazu crienu-
(¢uyHa eHeprusi Iie MO3BOJHM EJIEKTPOMOOWITHTE /12
JOCTHTHAT Ipo0er OJIM3Ka 10 Ta3W Ha KOHBEHIIMOHAT-
HUSI aBTOMOOWIL.

Ha ®urypa 15 e naneHo cpaBHeHHe Ha MacaTa Ha
HSKOW MapK{ eJICKTPOMOOWIIM C SKBMBAJICHTHH Ha
TAX aBTOMOOWIIM TIPH CETAlIHUTE TEXHOJOTHH 3a
MIPOM3BOJICTBO Ha Oatepumre. Ilpy Bcmukm ciydan
Macara Ha eJIeKTPOMOOMIUTE € MO-TOJIsIMa OT Macara
Ha €KBUBAJICHTHUTE HA TAX aBTOMOOMIIH.

HesaBucuMo ot ToBa, ye MacaTa Ha €JIEKTPOABH-
raressi € OKOJIO OCeM ITHTH TMO-MaJlka OT MacaTa Ha
OCH3MHOBYS ABUTATEN, IPH €AHH U CHLIY MOIITHOCTH,
CBILECTBEHO BIMSIHUE BBPXY MacaTa Ha €IeKTPOMO-
Orta oka3Ba Macara Ha akyMyJlaTopHaTa My OaTepusi.

AKO elMH aBTOMOOMIT ce€ KOHBEPTHPA B €IEKTPO-
MOOWJI ¥ IBUTATENAT C MOIIHOCT OT 75 kW ce 3ameHn
C CBHIOWSA TI0 MOIIHOCT EJIEKTPOJBUTATEl, IIe Ce
criecty Maca ot 87,5 kg. 3a cmxalieHue, BCe OIlie Ha
TO3M eTalm OT pa3BUTHUETO HAa TEXHOJOTHUHTE 3a
MPOU3BOJICTBO Ha aKyMyJIaTOpHM OaTepuu, obrara
Maca Ha eJIeKTpOMOOHIIa ce OIIpe/ieNsl B 3HAUUTEIHA
CTENeH OT MacaTa Ha 0aTepusra, OT KOSTO 3aBHUCH
MaKCHUMAJTHUST IIPOOET Ha eNeKTpoMoOuIa.

IIpn enexTpoMoOWINTE MUHWMAJEH pasxoj] Ha
SHEeprusi ce TMOJIy4yaBa MPH MO-HUCKH CKOPOCTH Ha
IBIDKEHHUE, B CpaBHEHHE ¢ aBToMoOmuTe. Harmpumep
3a enekrpomoOmn Tesla S [29], MuanMManeH pa3xon
Ha CHEPTHs Ce TMOTy4YaBa NP CKOPOCTH HA JABWKCHHE
ot 20 o 65 km/h (®urypa 16).
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Queypa 13. Bp3MoxKeH mpoler Ha eneKTpoMoOuiia B
3aBHCHMOCT OT MacaTa Ha OatepusiTa 1
crierpipuyHaTa i eHeprsL.
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Queypa 14. TeopeTndHa 1 peaM3npaHa B
MpaKTUKaTa cueu(UIHa HEeprusl Ha HAKOH
aKyMyJiaTopHH Oatepuy 1 OeH3MHA.
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@ueypa 15. CpaBHEHHE MacaTa Ha HAKOU €IEKTPO-
MOOMIN C eKBUBAJICHTHU Ha TSIX aBTOMOOWIIH.
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Queypa 16. 3aBECIMOCT Ha pa3xo/a Ha eHeprusi OT
CKOpOCTTa Ha JIBW)KeHHUE Ha enektpomooun Tesla S.
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3a J1a ce HaMaITh pa3xo/ia Ha CHEPr sl IIPH TPaJICKA
YCJIOBMS Ha JBM)KEHHE, KBJIETO YECTO CE HaJjlara Jia ce
MIPOMEHSI CKOPOCTTa Ha JBIKEHHE, HAKOU (DupMu
BrpaXKIaT B ENICKTPOMOOUITHTE TIPEIABATEITHH KYTHH.
Upes npoMsiHa Ha MPEAaBATSTHOTO YUCIIO Ha TPAHC-
MUCHSITa MOXKE JIa CE TIOCTUTHE ONITHMAJICH PEXHUM Ha
paboTa Ha eNeKTPOABUraTeIs, MPU KOWTO 3aryoute
Ha eJIeKTpHIeCcKa CHEeprys J1a ca Hal-MaJTKH.

B Tabnuiia 8 € majneH crieupuIHUST pa3xo] Ha
CHEPrusl Ha HAKOM MapKU €IEKTPOMOOVITH, H3MEHSIII]
ce ot 1,8 mo 7,0 kWh/100mkm.

Tabnuya 8. CnenuduyeH pa3xol] Ha eHEprus
Ha eJIeKTPOMOOHJIH.

Makc. | CnermpuyeH pazxon
HaumenoBanue Opoid Ha grieprt
nbTHH | kKWh/ I/
m | 100okm | 100nkm

REVA NXR 242 1,8 0,19
REVA NXR City 2+2 24 0,26
2016 Nissan Leaf 5 2.8 0,30
2012 Mitsubishi
MIEV 4 3,4 0,36
Tesla Model S 5 3,6 0,38
2015 Kia Soul 5 4,0 0,43
Fiat S00E 242 4,5 0,48
Smart ED 2 6,0 0,64
Tesla Roadster 2 6,4 0,68
2013 Toyota RAV4 5 5,5 0,59
MINI E 2 7,0 0,74

3a 1a ce OLCHW peanHo eHepruiiHara e(eKxThB-
HOCT Ha aBTOMOOMIIUTE € He0OXOJUMO Ja CE HaIlPaBU
eHeprueH OallaHC 3a IeNMUS UM JKU3HEH IHKBIL.
OOWKHOBEHO TIpH U3CJe[BaHHATa ce Uu30upar
MPEBO3HM CPEACTBA C €AWH M ChIIM JAW3adH U
paznyaBaliy ce caMO OT M3TOYHMKA Ha EHEprHs.
Hanpumep B [24] ca u3mon3Badu IPEBO3HU CPEACTBA
¢ npubnm3nTeHO enHa u cbiia Maca 1 500 kg, kato
MacaTa Ha akymyiatopHara Oarepus (Li-ion) e
300 kg. Cmopem wscrmenBanmsita Ha Southern
California Edison [24], edexrtuBHMAT pecypc Ha
npeso3nute cpeactaa € 290 000 km (180 000 miles),
KOHTO MOTaT Jla Ce I3MUHAT 3a Iepuoz OT 15 rox.

B Tabmra 9 ca mokazaHu YUCICHATE pe3yITaTH
3a GHEeprUUHUTE pa3xoau U otaeneHute emucun CO2
3a pa3riekKaaHuTe aBToMOOMIH, oTHeceH  3a 100 km
W3MHHAT BT 32 [EJHs UM JKH3HEH IUKBIL.

Tabnuya 9. Pa3xoy Ha eHEprus U OTACICHH EMUCHUU
CO; 3a sxm3HeHns kbl Ha BEV, CV 1 HYBRID.

[IpeBo3HO E, CO,,
cpenctBo | kWh/100km | kg/100km
BEV 48,7 11,2
CvV 82,4 21,7
HYBRID 54,2 14,3
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PasxogbT Ha TrOpMBO Ha KOHBEHIMOHATHHA
aBromobun e mpuer 7,6 1/100 km, na xubpumaus —
4,7 1/100 km, a Ha enexrpomodmia 0,21 kWh/km.

Konpennmonaaust asromobmn (CV) e ¢ 69,2%
o-eHeproeMbk u ¢ 93,8% renepupa rnoseue eMUCHH
CO2, oTKONKOTO e1eKTpoMoOWITBT ¢ Oatepru (BEV),
a cpo Taka ¢ 52,0% e Mo-eHeproeMbK U reHepHupa
51,7% moBede emucHH, CIIPSIMO XHOPHUIHUS aBTOMO-
own (HYBRID). XuOpumHusT eneKTpoMoOus ¢
11,3% e no-eHeproemsk u ¢ 27,7% reHepupa noseue
emricuu CO2, OTKOJIKOTO €JIEKTPOMOOHIIA.

Ha ®wurypa 17 e mokazan pa3zxoja Ha €Heprus
npe3 pa3nyHUTE eTaly Ha JKU3HCHUs LHUKBI Ha
pasriexaaHuTe MPEBO3HU CPECTRA.

E, MJ(KWh).10°
800 (222,4)

700 (194,6)

600 (166.8)

500 (137,0)

400 (111,2)

300 (83,4)

200 (45,6)

100 (27,8)

0

cv BEV

ODe3BpexgaHe
m e oTnagbLUM u

HYBRID

Mpe3 nepuoga Ha

ekcnnoartaLmun B Tpaucnopt

W Batepum[IBI W ABTOMODHMHK
Queypa 17. EHeprus, u3pa3xoaBaHa mpe3 meus
JKM3HEH LIUKBII Ha IPEBO3HUTE CPEACTBA!
CV — KOHBEHIIMOHAJIHNA aBTOMOOUJIN;
BEV — enekrpomobuiu ¢ 6atepuu;
HYBRID — xubpuaHu aBTOMOOHIIH.

[Ipu KOHBEHIMOHAITHUTE aBTOMOOWIIN NPHOIHN3H-
TeHO 95% OT eHeprusiTa 3a e KU3HEH UK Ce
H3pa3xo/Ba Mo BpeMe Ha eKCIUIoaTalysl Ha aBTOMO-
Owra. ToBa ce IBDKM Ha KOJIMYECTBOTO ECHEPIH,
Heo0XoaMMa 3a TI0lydaBaHe Ha FOPHBOTO, a ChHIIO U
SHEeprusiTa, KOATO Ce TOyYaBa OT CaMOTO T'OPHBO.
Hdpyrun eramu OT >KM3HEHUS ILIMKBJI, Halpumep
MPOU3BOJICTBOTO HA YacCTH 3a IPEBO3HUTE CPELCTBA,
MPOU3BOJICTBO HA JBUTATellsl, TPAHCIIOPTUPAHETO U
00€e3BpEeKIaHeTO Ha OTHAIbIN W3UCKBAT MHOTO TI0-
MaJIKO EHepIusl.

3a eJIeKTPOMOOIIIHTE, TT0 BpeMe Ha eKCIIIOaTaIws
Cce U3pa3xo/iBa Hali-MHOTO EHEPTHs 3a 3apeKIaHe Ha
aKyMmyJaTtopHaTa 6arepusi — 74% ot o011aTa eHeprus
3a Lenus XKu3HeH IUKbiI. Eneprusita, HeoOxoauma 3a
npou3BoJICTBO Ha Oarepusita ¢ 19% or oOmara
CHeprusi 3a LN >Ku3HeH LKbI. Eneprusrta 3a
MPOU3BOJCTBOTO HA PE3EPBHU YacTH, TPAHCIIOPTH-
paHe u 00e3BpekJaHE HA OTMAIBLUTE, € MHOTO
MaJka.



[Ipn xubOpumHUTE AaBTOMOOWIM HAaW-TOJIEMH ca
pa3xoiuMTe Ha €Heprus ChIIO IIpe3 erarna Ha
excroarauust — 89%. Ilopaan ManKkoTo KOIMYeCTBO
€Heprus, KOSATO Ce ChXpaHdBa B aKyMyJlaTOpHATa
OaTepust, 32 POU3BOJICTBOTO ¥ Ce M3pa3xo/Ba camo
4% oT eHeprusTa 3a UeIus >KU3HEH LUK BIL. 32 BCUUKU
OCTaHAJIM €Tali — TPAHCIIOPTHUPaHe, MPOU3BOICTBO
Ha pe3epBHU YaCTH, KaKTO W 3a 00e3BpeKmaHe Ha

OTHAJIbIHTE, U3pasxo/iBaHaTa  EHEprus e
HE3HaYMTEIHA.
OO0uiecTBeH TPAHCIIOPT

OO111eCTBEHUAT TPAHCTIOPT, KAKTO TPAICKHU TaKa U
MEXKITYTPAJICKH, € €1H OT Hal-eEKTUBHUTE HAYNHU
3a IPEeBO3 Ha bTHUIM. B KakBa creneH ce u3nomnsea
B HSKOHM eBpomeWcku crpanu u obmo 3a EC e
nokaszaHo Ha (Purypa 18).
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Queypa 18. I3non3Bane Ha OOIIECTBEHUS
TPaHCIIOPT B HAKOH €BPOMEHCKY CTPaHU.
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ABT00ycH

ABTOOYCHTE Ca eIIHU OT Haii-MacoBUTE PEBO3HU
cpelcTBa 3a oOIIecTBeH TpaHCopT. M3nomsear ce 3a
TPaJICKH U MEXITYTPaJICKU TpaHCTIOpT. CpemHuAT pas-
XOJI Ha EHEpPrysl 3aBUCH OT TAXHATA TOBAPOHOCUMOCT
1 yCIIOBUSITA Ha EKCILTOATAIISL.

JmzenoB aBroOyc ¢ 49 mbTHHKA W pa3xoa Ha
ropuso 28,2 1/100km nipu cpeHa CKOpOCT Ha ABHXKE-
mue 105 km/h, w3pasxoma 0,58 1/100mkm
(6 kWh/m100km wmm 0,64 1/100nkm exBHBaI€HTHO
TOpPHUBO OCH3WH).

3a BCeKH ONpECNIeH MapiIpyT, B IaJICHO HACEIIe-
HO MSICTO, CPEJHUST OpOi MpEeBO3BaHU ITHTHULU €
pazmiueH. CrieoBaTenHO e()eKTUBHOCTTA OT H3IOJI-
3BaHETO Ha aBTOOYyCa 3aBUCH OT MHOTO (DaKTOpH.
Hampumep e HeoOXoAMMO CBIIO Taka Aa ce OT4eTe
SHeprusATa, W3pa3xoJBaHa 3a TMONIbPKAHETO Ha
aBTOOYCHIS TTapK. 3a TOBa € HE0OXOIMMO KOHKPETHO
3a JaJIeHOTO HACENIEHO MSICTO JIa CE HAIpPaBST HE0O-
XOIIMMHTE U3CIICIBaHMS M C TIOMOLITa Ha ChbBPEMEH-
HUTE MaTeMaTHYHU allapaTH /1a Ce aHAIM3UPAT Te3H
npoueck. Hampumep pasxomure Ha €HEprus mpes3
2006 — 2007 roa. Ha aBTOOYCHHSI TPAHCIIOPT B Ipajl
JlonmoHn e 32 kWh/100mkm (3,4 1/100mkm).

99

WzcnensanunsTa B [11] mocousar 3a crerududeH
pa3xoll Ha CHEeprusi Ha TPaJCKUS M M3BBHIPAICKHS
Tpancnopt — 27,8 kWh/100nkm (2,96 1/100nkm) u 25
kWh/100nkm (2,66 1/100nkm).

Ha ®wurypa 19 [10] e mokazaHo pasnpeeneHre Ha
SHeprusiTa Ha Au3eNoB aBToOyc ¢ obuia maca 14 250
kg (BrmounTenHO Macata Ha 38 ITBTHHKA) TIPH pa3-
xox Ha eHeprus 3,64 kWh/km (9,58 kWh/100mkm),
exBuBasieHTHO Ha 0,39 /km (1,03 1/100mkm). Haii-
rojieMH ca 3aryOuTe IpH H3rapsiHe Ha TOPHUBOTO B
meuraterst — 2 200 Wh/km (61% ot msmata eneprus,
HeoOXxoauMa aBToOyChT na m3muHe 1 km paszcros-
HUE).

90 Whikm (3%)

370 Whikm (10%)

“\.___350 Whikm (10%)

B
| 130 Whikm (3%)

480 Whkm (13%)
2220 Whikm (61%)

I Oevraten [ | CeNpoTUBNEHWe OT NpeaBIbKBaHE
B Avcecoapn I CrupauHa c-ma
[ TpaHcmucka I Bu3). chNpoTHBNEHKE

Quzypa 19. PaznpeneneHue Ha eHEprusaTa Ha
JTN3EITOB aBTOOYC.

EnextpoOycu

EnextpoOycure ca TpeBO3HH CpeicTBa 3a
OOIIIECTBEH TPAHCIIOPT, 3aXPaHBAHU C €IEKTPUIECcKa
CHEprus OT aKyMyJaTopHa Oarepus WM Cymlep-
KOHJICH3aTOPH.

B Ta6mna 10 e mageH cneruaHuAT pa3xo Ha
HSIKOHM MapKu enekTpodycu [22, 28].

Tabnuya 10. CienduyeH pa3xon Ha eHeprus
Ha eNIeKTPOOyCH.

Makec. |CrnenududeH pa3sxoxn
Haumenoanue Opoid 1 CIEpTie
mbTHH | kKWh/ I/
1 | 100mkm | 100nkm
SOR EBN 10.5 85 1,06 0,10
AMZ CitySmile 10E| 85 1,29 0,12
Skoda Perun 82 | 1,59 0,15
Stratos LE 30 E 30 1,67 0,16
Solaris Urbino 12 85 2,26 0,24

Ha ®urypa 20 e moka3aHo pasmpeieicHue Ha
CHEprusiTa Ha eNeKTpoOyC CbC ChlllaTa Maca
14 250 kg u pazxon Ha eneprus 1,02 kWh/km
(2,68 kWh/100nkm wm 0,29 1/100mkm).
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Quzypa 20. PaznpeneneHue Ha eHEPrusaTa Ha
enexTpolyc.

AKO ce HanpaBH CpaBHEHHE NIPH pasIpee/ieHHe-
TO Ha HeoOXOIWMMaTa EHeprus 3a JABIDKEHHE Ha
aBToOyc U enekTpodyc (Purypu 19 u 20), Mmoxe 1a ce
omnpeneiyd NPOLEHTHHUAT [T Ha BCAKA €IHa OT
CBCTaBKHTE B O0Omms a1 eHeprus. Hamprmep
SHEeprUsiTa, KOSTO TPEOI0JIsiBa CHIPOTHUBICHUETO OT
NpEeIBIKBAHE, €AHAKBO M 32 JBETE IPEBO3HU
cpenctsa (350 Wh/km), ipu aBToOyca npecTaBisiBa
10% ot msmata eHeprus, a rnpu enexktpoodyca — 35%.

Tpoueiidycn

Tponeiibycure ca rpaCKu MPEBO3HU CPEACTBA 32
OOIIECTBEH TPAHCIIOPT, 3aXPAaHBaHU C E€IEKTPUYECKa
€Heprus OT CHELUHATHO W3rpaZieHa 3axpaHBalla
BB3IYIIHA Mpeka HaJl TbTHOTO ILJIaTHO.

TponeiOycuTe mpu cpeiHa CKOPOCT Ha IBIKCHIE
15 km/h u HatoBapenu ¢ 40 mbTHMIM [ 15] u3pasxon-
Bar 7 kWh/100nkm (0,74 1/100nkm). [TpeaBapuren-
HHTE IPOYYBaHUs 38 PA3X0Aa Ha CHEPTHs Ha CHLINUTE
TponeiidycH, ekcruroarupann B rpax Codwus, mpu
CpeIHO HaToBapBaHe 25 NHTHUIM Moka3BaT 1,85
kWh/km wma 2,61 kWh/100nkm (0,28 1/100mkm),
0e3 oT4UTaHe PA3XOAUTE 32 EKCIUIOATALINS U PEMOHT.

B [6] ce mpaBu cpaBHEHME Ha pa3xo/a Ha eHeprys
MeXIy Tpojeiidyca u aBroOyca Karo MPeBO3HU
cpencrtsa 3a oOmecTBeH TpaHcopT B P Boearapust.
[locouBa ce, 4e pa3xoAbT Ha €HEpPrusi Ha aBTOOyCa
BB3mm3a Ha 11,34 MJ/km (3,15 kWh/km), a pa3zxoasT
Ha eHeprus Ha Tpojeibyca 5,94 MJ/km
(1,65 kWh/km), 1.e. TpomeitdbycsT m3paszxomsa 1,9
BT NO-MANKO eHeprus. He ce mocoysa ¢ KOJKO
ITBTHULN CPEAHO Ca HATOBAPEHU IPEBO3HUTE CpEl-
ctBa. [IpuOIM3UTETHO 0 Ta3W CTOMHOCT € Tocode-
HUAT pazxon Ha eHeprus 1,58 kWh/km [2, 19].
AHaJIOTMYHM CpaBHEHUs ca HanpaBeH! B [11].

TpamBau

TpamBauTe 3a pasnyka OT TpoJeiOycHuTe U3Ioi-
3BaT CICLHMATHO M3TPajeH 3a TSIX PEJICOB IBT, 32
KOETO ca HalpaBeHH JOIBIHUTEIHO KaIlUTajo-
BIIOKeHMA. ToBa OCKBIISIBA TO3M BHI TPAHCIIOPT, HO
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MOpajy 10 MaJKOTO HEoOXOoJ¥Ma eHEprHs 3a IpH-
JIBIDKBAHE M 00CITYXBaHE, OU TPSIOBAJIO TOITBIHUTEI-
HHTE ChOPBKEHHS 32 OMPEEIICH CPOK OT BpeMe J1a ce
OTKYTIST.

3a pa3BUTH CTpaHu Kato BennkoOpuTaHus TaHHH-
TE 3a pa3xojla Ha CHEePrusi Ha TPaMBaWTE B TPaj
JIoHIIOH, BKJIFOUMTENTHO TSIXHOTO OOCITy)XBaHE W
pemonT, moctrra 9 kWh/100mkm.

Cmopen  [2] TpamBas u3pa3xofBa  OKOJIO
2,31 kWh/km 3a gacoBete ¢ HaToBapeH TpaduK, J0-
KaTo TIpe3 YacoBeTe C HOpMaieH TpapuK CTOMHOCTTa
My e okono 2,13 kWh/km. Ilpe3 mounBHUTE THU —
okouto 2,00 kWh/km.

MerpononureH

MeTpononauTeHsT ce sABsABa Hail-BUCOKaTa CTETIEH
Ha Pa3BHUTHE HA TPAJICKHs OOIIECTBEH SNCKTPUICCKH
TPaHCIIOPT, XapaKTepU3UpaIl] CE C BUCOKA ITPEBO3HA
CIOCOOHOCT, OBP30 M KOM(DOPTHO MMETYBaHE, BUCOKA
CTeneH Ha 0e30MacHOCT, CaMOCTOSTETHOCT U
0e3KOH(MIMKTHOCT Ha JBM)KEHHUETO Ha BIIAKOBETE B
TPAHCIOPTHATA My MpPEXa.

JIOHIOHCKOTO METpO MMa CpelieH pa3xoj Ha
eneprus 4,4 kWh/100mkm, a wmerpoto B Tp.
Xemunku 5,0 kWh/100mkm. Ako ce ordere obmiara
SHepIHs 32 OCBETIICHHUE, 33]IBIDKBAHE Ha €CKAIATOPH,
acaHChOPH, OOCTY)KBAaIli TIOMEIIEHHS W  Jp.
pa3xoasT Ha eHeprus 3a JIOHIOHCKOTO METpo
BB31U3a ouTH TpoitHo — 15 kWh/100nkm [15].

BHCOKOCKOPOCTHM BJIaKOBE

JKene3ombTHUAT TPaHCHOPT € eKOJIOTHIECKH Haii-
0e30MacHUSIT BUJ TPAHCIIOPT, O-EHEProe)eKTHBEH €
Y VIMA TTO-HUCKH BPEIHN EMUCHH OT JAPYTUTE BUIOBE
Tpa"cnopT. ETo 3amo n3mon3BaHeTo Ha TO3HM BUA
TPaHCTIOPT € eNMH e(hUKACeH HAYMH Jia ce HaMAaJiT
E€MUCHHUTE, KOUTO 3aMBPCSABAT OKOJIHATA CPeJia U J1a Ce
OTpaHMYM W3MOJI3BAHETO HA TEYHW TOpWBA B TpPaH-
criopTHUS cektop. O11ie moBeye, ue eaHa enekTpuu-
LMpaHa >KeNe30ITbTHA CUCTEMA MOYKE JIa CE M3IOJ3Ba
€Heprusi, IPOU3BECHA OT BCSKAKBH BH30OHOBSEMHU
€HEPrUHNA U3TOYHMIIM.

Craructukara [8] mokasBa, ue B HaIIaTa CTpaHa C
BCSIKa M3MUHANA TOAMHA HamMalsgBa Oposi Ha TIPEBO3-
BaHWTE IIBTHUIM OT >KENE30IbTHHS TPAHCIIOPT
(®urypa 21).

[lyckaneTo B ekcrioatanysi Ha BUCOKOCKOPOCTHH
BJIaKOBE y HAC MOXKE B M3BECTHA CTEIIEH /1A TIOBHIIIH
vHTepeca KbM H3MOM3BaHeTo MM. B MoMeHTa nma
CaMo M3rpaJiecHu MaJIKU YYacTHUIIM, B KOUTO BIIAKO-
BETE MOT'aT JIa Ce IBIKAT C MAKCUMAJIHU CKOPOCTH OT
160 mo 220 km/h.
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Q@ueypa 21. llpeBo3BaHU TBTHUIIN 10 TOAWMHH OT
JKEJIEe30IIbTHUS TPAHCIIOPT.

CpeHUST pa3xoj] Ha EHePrHsi HA BUCOKOCKOPOCT-
HU BJIAKOBE C pa3lIMYHU CPEIHH CKOPOCTH Ha
JIBIDKCHHE W OpOil IPEBO3BaHM ITBTHHUIM € JIJICH B
Tab6mma 11.

Tabnuya 11. Cnienduden pasxojl Ha eHEprus
Ha BUCOKOCKOPOCTHH BITAKOBE.

]

HaumenoBanue P — Ha CHCPIrUsi
KWh/ m

"1 100mkm | 100nkm
oy | 180 | 085 | 09
ts,lgzgrzlsnfgllg))mz 200 | 1,62 0,17
X000 (200 ki, | 320 | 371 | 039
tTrgszt(lgggiﬁ/h) 485 | 2,72 | 029
tTrgr\llsglgloeg kmm) | 34 | 330 | 035
I isgameion | 5 | 373 | o
Mot Seue 1 313 | 507 | 054
;l;rggsliif/ihd) train 440 470 0.50
(Tjggsﬁi?/ﬁ train 440 6,60 0.70
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CBETOBHUMAT PEKOpP/ 32 MaKCHMalHa CKOPOCT Ha
JBDKEHUE 32 BJIAKOBE HA MAarHUTHU BB3TJIABHHIIH,
T.H. ,,Maglev” Brnakose, ¢ 581 km/h, nocturnara B
Snonms mpe3 2003 rom. [12]. ,,Maglev”’ BmakeT B
[llanxaéi wuma MakcumaiHa ckopoct 430 km/h
(Purypa 22). Ogaksa ce ,,Maglev” cucremure 1a 3a-
ITBJIHAT CKOPOCTUTE Ha JIBIDKEHHE MEXKIY Klachdec-
KHATE BECOKOCKOPOCTHH BIIAKOBE M CAMOJIETHTE.

Haii-nogxondmo pascTosHuMe 3a MbTyBaHE Ha
cucremara ,,Maglev ¢ MakchMmaiHa CKOpPOCT OT
500 km/h e 500 - 1 500 km, mipu KosITO BpemeTo 3a
IIbTYBaHe € B paMKHTe Ha 3 - 4 yaca. B To3u ciyyaid,
BpeMeTo 3a IIbTyBaHe ¢ ,,Maglev” cucremuTe MOXe
Jla Ce CPaBHH C Ta3W Ha BB3IYIITHHUS TPAHCIIOPT.

V, km/h

500

400

300

. /// ’_‘___.--—-'<<\

L LN AN
ﬂ | % ] ]|

Shinkansen 700 Series (0 - 285 km/h)
430 kmfh)

Transrapid Shanghai (0

QDuzypa 22. YckopsBaHe Ha BUCOKOCKOPOCTHU
BJIAKOBE.

OcHOBHUTE NPUYMHH, TOpagu Kouto ,,Maglev”
BJIAKOBETE MMAT MAJIKO IO-100Bp €HEprUueH pasxof,
otkonkoTo Ha ICE Bmakoere ca: BIaKbT MMa IIO-
MaJlka Maca, Thbi KaTo MOBEYETO OT EINEMEHTHUTE Ha
cHCTeMaTa 3a 3a[IBIDKBAHE € B camaTa I1CTa, a He Ha
BJIaKa; TOJIe3HaTa IJIOI Ha BJIaka € 3Ha4MTeHa To-
rojiiMa U JiaBa BB3MOXHOCT 3a pas3MoJIoKEHHE Ha
MOBeYe MbTHULIM.

Bb3ayuiex Tpancnopt

BB3mynHusaT TpaHCHOPT C SICHO HM3pa3eHH To-
BHCOKH TEMIIOBE OT CPEIHUS PacTeX Ha MKOHOMH-
KaTa B cBeTOBeH acnekT. Crient 1960 r. mbTHUYECKUIT
TpaduK BCsKa TOAMHA HAPacTBa NMPHOIM3UTEIHO C
9%.

B chiroro Bpeme HapacTBaT U MHOTOCTPaHHHUTE
OTPHULATCIIHA BL3HeﬁCTBHH OT BL3AYIIHUA TpaH-
CIIOPT BBPXY OKoNHaTa cpena. [obanHo mormex-
HAaTO, TOBAa JOTpPHHACS 32 TAPHUKOBHA €PEKT U
M3THHIBAaHE Ha O30HOBHS CJIOH, KHJIETO EMUCHUTE OT
caMoJIeTuTe ca crerduyeH mpooIeM.

Cpennaust pazxon Ha eHeprust B kWh/100nkm u
exBuBasieHTeH B 1/100mkm Ha HKOHM BB3AyXOIlIaBa-
TEJTHU CPeCTBa € najieH B Tabmuma 12.
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Bonen Tpancnopt

BoaHusT TpaHCIOPT € Hall-CTapusT U Hall-eBTHU-
HUSIT BUJI TPAHCIIOPT C Haii-MabK 00E€M Ha KaIuTa-
JIOBJIOKEHUSITA 32 CTPOUTEIICTBO HA ITHTHUYECKU
CHOPHKEHHS.

B Tabmuia 13 e pmaneH cpemHHAT pa3xoj Ha
€Heprus 3a HAKOU CPEACTBA 33 BOACH TPAHCIIOPT.

Harnenno cpaBHEHMETO MEXAY PpPa3IUYHU
MIPEBO3HU CPENCTBA € mpeacTtaBeno Ha urypa 23.

3.3axoueHue

B3 ocHOBa Ha HarpaBeHHUTE TPOYIBAHKS U M3CIIETI-
BaHUsA HAa CHEPIWIHUTE CBOICTBA HA IIPEBO3HUTE
CPEJICTBA MOT'aT J1a C€ HAIPABSIT CIISTHITE N3BOJIH:

* crierUIHAAT pa3xoJ] Ha eHeprus 3a IPUIBIK-
BaHE Ha €JJMH ITbTHHUK 3aBHCH OT U3IOJI3BAHOTO
MPEBO3HO CPEICTBO U CE ABMKH B TPAHULIUTE OT
1,00 oo 131,39 kWh/100nkm (0,11 — 13,98
1/100mkm);

OT JIMYHUTE IMPEBO3HM CPEACTBA C Hail-HUCBHK

pa3xofl Ha EHEeprHsl ca eNeKTPOBEIOCUTICINTE H

emektpomodmmte — 1,00 kWh/100nkm (0,11

1/100nkm) mipu enexTpoBenocunenure u 1,8 no

7,0 kWh/100nkm (0,19 — 0,74 1/100nkm) mpu

SIIEKTPOMOOMITNTE (MAKCUMATHO HATOBapBaHe);

3a TeITHsl )KU3HEH KB aBToMoOMTsT ¢ JIBI e

¢ 52% mno-eneproeMbk u renepupa 51,7%

MOBEYE €MHCHU, CHPSIMO XUOPUIHHS aBTOMO-

ou;

3a 1[eNUs J)KU3HEH UK aBToMoOmTsT ¢ JIBI e

¢ 69,2% mno-eneproeMbk U ¢ 93,8% renepupa

roBede emucuu CO;, OTKOJIKOTO EIEKTPOMO-

OWITBT ¢ aKyMyJIaTOpHH OaTepuu;

xubpuaHuaT enekrpomooun c¢ 11,3% e mo-

eHeproeMbk u ¢ 27,7% reHepupa moBeue

emrcui CO,, OTKOJIKOTO €JICKTPOMOOHIIA;

Hall-MaJTbK Crelu(HuIeH pa3xoj Ha SHeprus 3a

OOIIIECTBEH TPAHCTIIOPT B HACEICHHWTE MeECTa

mMar enekrpobycure — ot 1,06 mo 2,26

kWh/100mkm (0,10 — 0,24 1/100nkm) npu

MaKCHMaJIHO HaTOBapBaHE;

* BUCOKOCKOPOCTHUTE BIIAKOBE WMAT CIelU(H-
yeH pasxom Ha eHeprus ot 0,85 mo 6,6
kWh/100nkm (0,07 — 0,70 1/100nkm).

* TIpH BB3/IYIIHUSL M MOPCKHUS TPAHCTIOPT CIICIH-
(bUIHAAT pasxof HA €Heprysl € 3HAYUTEITHO I10-
BHCOK OT TO3H Ha BUCOKOCKOPOCTHHUTE BIIAKOBE
(ot 4 10 15 meTH).

Baarogapnaoctn

ABropHuTe W3Ka3BaT OnaromapHocT Ha (oHX
,~HaydHu u3cneaBanus’” Ha PyceHCKUsl yHUBEPCUTET,
poekT 2016-TdD-01, ¢ unaTo huHAHCOBA ITOMOIT €
[IPOBEIEHO TOBA M3CIIEIBAHE.
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Tabnuya 12. CpeneH pa3xoj] Ha EHeprisl Ha HIAKOH
MPEBO3HU CPEJICTBA 32 BB3IYILICH TPAHCIIOPT.

Maxe. Creuuduien
pasxoj
op.
HaumMeHnoBanue e Ha CHEeprus
" kWh/ 1/
"1 100nkm | 100nkm
Diamond DA-42 4 29,25 311
(MKOHOM. TTOJIET)
Airbus A320 (2185 156 | 29.92 3.12
km nqucraHims)
Bombardier Q300
(DHC-8-300) 50 35,22 3,75
Boeing 737 (977 137 | 3548 3.77
km nqucraHius)
Cessna 172 4 41,45 441
Columbia 400 4 41,52 4,42
(MKOHOM. TTOJIET)
Columbia 400 4 52,00 5.53
(MKOHOM. T0JIET)
Beechcraft Duchess| 4 55,25 5,88
Beechcraft King
Air B-100 9 75,56 8,04
Sikorsky S-76C++
twin turb. 12 105,33 11,2
helicopter
Bell Longranger
IV, helicopter 6 118.00 12,2
Concorde 100 | 131,39 13,98

Tabruya 13. CpeneH pa3xo]] Ha EHEPrus Ha HAKOU

CpEACTBA 3a BOACH TPAHCIIOPT.

Makec. Crettgier
pasxoj
op.
HaumenoBanue i HA eHeprus
m’; kWh/ I/
™1 100nkm | 100nkm
Griffon 2000TD, 25 25 2,66
hovercraft
Griffon 8000TD, 30 35,1 3,73
hovercraft
SeaBus, Vancouver
(Canada) 400 - 2
BC Ferries, Splrlt 2100 | 405 431
class car ferries
Cunard Queen ‘ 3090 90 9,56
Mary 2 ocean liner
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Queypa 23. CienuduyeH pa3xo] Ha CHEPrHsl 32 Pa3IMYHUTE TUIIOBE PEBO3HU CPEACTBA,
B 3aBUCHMOCT OT CKOPOCTTa Ha JIBUKCHUE.
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A COMPARATIVE ANALYSIS OF THE
VEHICLES ENERGY PERFORMANCE

IVAN EVTIMOYV, ROSEN IVANOV,

GeorGl KADIKYANOV

Department of Engines and Vehicles,
University of Ruse, Bulgaria

Abstract: The work presents a comparative
analysis concerning energy consumption properties of
passenger vehicles and aircrafts. In the tables and the
graphs are presented energy performance of some
types and models of transport machines. The results
from the analysis give a clear picture of the real
opportunities for energy consumption reduction in the
passenger transport sector.
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motor, personal vehicles, vehicles for public
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CHUCTEMM 3A IIOJIOBPSIBAHE HA EHEPTUMTHATA EGEKTUBHOCT
TP CTPOUTEJIHU MAILLIMHU

IIETHP UBAHOB

Kateznpa ,,/KemnesompTHa TexHuKa , Texaudeckn yauepeutet - Codust, Bearapus
ivanov.peter@abv.bg

Pestome: Hacrosimioro mpoyuBaHe MMa 3a IIeJl Jja IOKa)KEe Hal-HOBHTE KOHCTPYKTOPCKU PEILEHHs, CBBP3aHU C
noo0psiBaHe Ha CHepruiiHaTa e(heKTUBHOCT Ha BeprokHUTe Oarepu. ChIIo Taka e 1ajieHa HHGOpMAITHS 33 Pe3yJITaTH 1o
OTHOIIICHHE HA Pa3Xxojia Ha TOPHUBO OT IOJICBH TECT Ha €HA OT ONMUCAHUTE CHCTEMU. HampaBeHo € cpaBHEHHE MEXITY

MOJIYYCHUTC JaHHU 1 TaKKWBa 34 €INH OT I10-CTap MOAEII.

Ki1rouoBu xymMu: enepeutina eqoeKkmusHocm, pazxoo Ha 20puso, 20pUSHAmMA eqheKmueHOC, epudicer bazep, Xuopuora

cucmema.

1. YBox

[TonoOpsiBaHeTo Ha eHepruiiHaTa e)eKTUBHOCT BbB
BCEKH €IIMH OTPach (TPAHCIIOPT, MHIAYCTPHS, EHEepre-
THKa W Jp.) B CBETOBEH Mamad € eIrH OT OCHOBHHUTE
BBIPOCH Kacaclyd OBJENIeT0 Ha YOBEYECTBOTO.
Crarucrrkara roKasBa, 4e eIiH OT BOJCIIIUTE CEKTOPU
B TIOTPEOJICHUETO HA SHEPTHUS € TPAHCTIOPTHHAT [5].

Jpyr BakeH OTpackl, KOWTO 3aCily’kaBa BHUMaHHE
€ CTpOWTENIHaTA M MHWHHA TEXHUKA. Pa3xompT Ha
€Heprusl MpU TEe3W TUIIOBE MAIllMHH Ca B IBTH TIO-
TOJIEMH OT BCAKO €JHO TPAHCIOPTHO cpenctBo. C
BHEJIPSBAHETO HA €KOJIOTWMYHUTE cTaHdaptu Stage [V
3a EBpoma (Tier 4f 3a CAILl) nBurarenure Ha BCUYKH
CTPOWTEITHM W MUHHH MaIllMHU OsiXxa 00OpyIBaHH C
JOITBITHUTEITHA CHUCTEMH, Karto (WITPH 3a TBBPIH
YaCTHIM U BIPBCKBaHE HA ypes, KOCTO JOBENE IO
HYXIIa OT JOITBJIHUTEITHO BIPHCKBAaHE HA TOPHBO C 11T
pereHepaloHeH Mpoliec 3a MOYMCTBaHe Ha QIITHPa 32
TBBPIM YacTUIM. TOBa TOPHBO HE CE M3pa3XojBa 3a
edekTiBHA pabOTa Ha MAlllMHATA M B KpaliHa CMETKa
BJIVIsSIC HETATUBHO Ha eHepruiiHara it eekrusHOCT. OT
JpyTa cTpaHa yrnorpedaTra My € 3aIbJDKUTENHA C TIe
MIOCTHTaHe Ha €KOJIOTMYHATA HOPMA.

ToBa HaI0kH HEOOXOIMIMOCTTA OT pa3paboTBaHE Ha
CHCTEMH, KOUTO JIa TIOJ00pAT eHepruiiHaTa e(exTus-
HOCT Ha TaKbB THIl MalluHU. Bojenmre mpousBo-
JTEITH TIPUIIaraT pa3IidHy PEIIeHns], KOUTO ca 00EKT
Ha pasryexIaHe B HACTOSIIETO H3CIIE/IBaHE.

3a nenuTe Ha aHanu3a O0¢ TPOBENCH MPAKTUYCCKH
TECT Ha MallliHa 000PY/IBaHA C €JHA OT Pa3TIISKIaHITE

CHCTEMH W pe3yNTaTHTe OsiXxa CpaBHEHH C AaHHU OT
MIPOM3BOAUTENS 32 AHATIOTUYHA OT HO-CTap MOJIEL.

2. OCHOBHM ITOJIOKEHUS

Enepruitnarta e(hekTHBHOCT € TIOHATHE, KOSTO MOYKE
Jla ce THIKYBAa N0 Pa3IniHA HAYMHU H J1a ObJIe OCTIop-
BaHO OT IJIeJHATA TOYKA Ha Pa3iIMYHH U3CIICA0BATEIH.
3a ;1a He ce JI0IyCKa HETOYHOCT B U3JIOKEHUETO U 0e3
Jla ce IpeTeHIMpa 3a a0COMIOTHA H34ePIaTeTHOCT, TOBA
HOHATHETO € Ie(UHUPAHO 1O CIICAHMS HAYHH:

Enepeuiinama eghexmusnocm € KOMIUIEKCEH (ak-
TOp, KOWTO BKJIFOUBA B ce0€ CH 1Ba KOMIIOHEHTA:

* [opusHa UKOHOMUYHOCH — KOTMYECTBOTO TOPHUBO,
KOETO Ce M3Pa3xoBa 3a ONpPENESICHO BpeMe WIIH
HM3MUHABAHETO HA OIpe/iesIeH IPOOeT, IpU CTPOHU-
TEJIHUTE MAIlIMHU B MTOBEYETO CIIy4au ce M3MepBa
B JuUTpH 32 yac — /h U Mo-psaKko B JHMTPH 3a
kiomeTsp — Vkm.

* lopusHa eghexmugrnocm — KOMMIECTBOTO TOPHBO,
KOETO Ce n3pasxo/iBa 3a 00paboTBaHe Ha eMHHIIA
TOBap. 3a CTPOUTEIIHUTE MALIVHH, P TOBAPHHUTE
aBTOMOOMIIM M JKEJIC30IIbTHUTE KOMIIO3ULIUM CE
U3IT0J13Ba JINTHP 32 TOH — |/t M JIUTHD 32 KyOUUeH
MeTEp I/m’,

Ionskora, Makap 1 HO-PSAKO 3a MsIPKa 3a TOPUBHA
e(eKTUBHOCT C€ U3I0JI3Ba H PEIUIPOYHATA HA CIIOME-
HaTaTa 1mo-rope, a UMeHHO — t/1.

Bonemure npon3BoAUTENH Ha CTPOUTENHA U MUHHA
TEXHHUKA IIPUJIaraT pasjIMdHU CUCTEMH 3a I0J00psIBaHe
Ha eHepruiiHara eeKTMBHOCT. TyK € MACTOTO jaa ce
YTOYHH, Y€ BCHYKM T MpeiaraT Ha EBPONEHCKUS
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rasap JIBUTaTelu ¢ ekojioruueH cranaapt Stage [V. He
BUHArd pa3pabOTEHUTE CHUCTEMHU BJIMAST TMPSIKO Ha
npurarenst. [lonsikora Te momoOpsiBaT paborata Ha
Jpyrata OCHOBHAa CHUCTeMa IIPU TO3M TUI MallMHUA —
XUJIPABIAIHATA.

ITonacTosimem ce oTaMYaBaT TpY CUCTEMHU 32 IOJI0-
OpsiBaHe Ha eHepruiiHaTa e)eKTUBHOCT. Beekn mpouns-
BOJIUTE € MPEJI0KUIT OPUTUHAIHO PEIIeHHE, KOETO He
3aMMCTBa UJies OT APYyruTe aBa. Taka Hail-u3BECTHUTE,
a BeYC WM W3NHWTAHU Ca: XHUIPABIMYHA XHUOpUIHA
TEXHOJIOTHS, CICKTpUIeCKa XHOPHIHA TEXHOJIOTHUS H
copTyepHo OasupaHa cucTeMa 3a IOA0OpsABaHE Ha
paboTara Ha XHPABIMYHUTE TIOMITH, KOSITO HE TMOJI3Ba
XHOpHITHA cCHUCTEMA.

Hacrosmoro n3cnensade Hsama 3a 11ej1 Ja HaBJIN3a B
TEXHUUECKH JETAIN IPU PEACTABIHETO HA Pa3IIIeiK-
JAHWUTE CHCTEMH, a CaMo Ja MOoAYepTae pPasuKUTE B
TEXHOJIOTUYHUTE PEIICHUSI.

3. OcHOBeH NMPUHLHUII HA padoTa HA XUIPaBJIUYeH
Oarep

IIpenu na ce onuIIaT TPUTE CIIOMEHATH CUCTEMH, €
npejcTaBeHa oOIla cXeMa Ha KOMIIOHEHTUTE Ha
xuapasnyeH oarep (Purypa 1). Lenra e T ga nociy-
U1 32 OCHOBA IIPHY NIOCJIEBAILOTO OIIMCAHHE.

Queypa 1. O0Ima cxeMa Ha XHIPaBIAICH Oarep.

OcHOBHUTE arperatv Ha XUAPaBINYHUs Oarep ca:

1. JIBuraten ¢ BpTpemHo ropere (JABI);

2. XuapaBaudHU MTOMIH (B TOBEYETO CITydau J1Ba
Opos, CBBp3aHU TOCIICAOBATEIHO);

. XuapaBIudeH pa3rpeaeIuTel;

. XAapaBIrdeH MOTOD 3a 3aBbpTaHe Ha KyToJa
Ha Oarepa;

. Bepmxen aBmxurer;

. Koda;

. Pamo;

. Ctpena.

JlBuraTtenar 3aaBmKBa TOMITUTE, KOUTO ITOJaBaT
paboteH Guiyna IMOJ HAIAraHe KbM XHUIPABIHYHUS
pasmpenenuTe, Toi OT CBOSI CTpaHa B CJIEACTBUE Ha
KOMaHJIUTE OT oIepaTopa, nojiana (QIyHIbT ¢ He00X0-
TUMOTO HajsraHe W JeOMT KbM PaOOTHHUTE OpraHd —
cTpena, paMo U Ko(ha, a ChIIo TaKa U KbM XUJIPABJINY-
HUsI MOTOpP 3a 3aBbPTaHE HA KyIOja HAa MalllMHATA.

W
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XUIpOMOTOpPHUTE HAa BEPYIKHUS JBWXKUTEN CHINO Ce
3axpaHBaT OT PA3IPEICTHUTEIT. [[BIKEHIETO Ha Te3n
MAIlIMHY € OTPAaHHYCHO U PSIKO M3IMOI3BAHO. 3a TOBA
BEPIKHUAT ABIKUTEN C€ KIIacH(HIMpa KaTo BTOPO-
CTETICHHA CUCTEMa W HE C€ B3eMa MPEIBH/I IIPH OIpe-
JICTISTHE Ha CHEepruiiHaTa e(DeKTUBHOCT.

4. XustpaBam4Ha XuOpuIHA cucTeMa

Ha ®urypa 2 e mokazana cxema KosTo H300pa3ssa
00IIl TUIaH Ha JOITBIHUTEIIHUTE €IEMEHTH Ha XUOPHU/I-
HaTa TexHosorus [1].

YiApAAAHL EH
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Queypa 2. OO0 TJIaH Ha SIEMEHTHTE Ha
XHOpHUTHATA TEXHOIOTHSL.

IIpu Ta3u cucrema ce U3NoN3Ba U3LSII0 XUAPaBINY-
Hara CHCTeMa Ha MallinHara Oe3 Ja ce Hanara yrnorpeba
HAa ENIEKTPUYECKO XUOpUIHO 3aaBmkBaHe [1,5]. OcHOB-
HaTa pa3JiiKa OT MalnHa 0e3 XuApaBIMIHa XUOpUaAHa
CHCTEMa Ce ChCTOM BBB (DYHKIIMOHUPAHETO Ha CHCTE-
Mara 3a 3aBbpTaHe Ha Kymnona. [Ipu KiacndeckoTto
pellieHre orepaTopbT MO/IaBa KOMAH/IA 3a 3aBbpTaHe
Ha Kymona. CreJ; KaTo KOHTPOITHHAT OpTaH MpeKpaTu
KOMaHJaTa, XHAPOMOTOPHT 3a 3aBbPTaHE Ha KyIojia
IpeéMrHaBa B pCKHUM Ha XUAPOIIOMIIA, a MOAAACHHUAT
neout ce 6iokupa. Kunetnunara eHeprus otaeneHa ot
CIHPaHETO Ha BHPTEHETO ce Mpeo0pa3yBa B TOILIMHA U
ce ryou. [lpm xuppapnmdHaTta XHOpHIHA CHCTEMA,
KUHETUYHATa CHEPrHs Ce 3ala3Ba, KaTo MOJaACHHUST
JIeOnT He ce OJIOKMpa, a TPEMUHABA TIPe3 Pa3IpeIesTH-
TE 32 yIaBsHE Ha eHEePrHsTa U ce TpeiaBa KbM a30THU
akymyJatopu. [1o To3u Ha4MH ce KOMIIPECHpA ra3bT B
aKyMyJIaTOpUTE U €Heprusira He ce ryou, a ce TpaHc-
thopmupa 1 Moxke ma ce m3nomBa oTHOBO. Criopen
TPOU3BOJIUTENIAT Ta3H CHCTEMA BOJIM IO HAMAJIIBaHE Ha
pasxoza Ha ropuso ¢ noseue ot 20% [5].

5. EnexkTpudecka XuOpuaHa cucremMa

IIpn mpoexTHpaHeTo HA XUOPHUIAHU ENEKTPUICCKH
CUCTEMHU CBUICCTBYBAT JBC€ OCHOBHHU [IPUHIUITHA
CXEeMH, TIOKa3BallY [TOCIIEI0BATEIIHOCTTa Ha CBHP3BaHE
Ha arperaTure, peaji3upaliy POBeKIAHETO Ha eHep-
TMAHATE TTOTOLM MIPY Pa3IMYHUTE PEXUMH Ha padoTa.
Te3u 1B€ OCHOBHU IPUHLIUIIHYA CXEMU, XapaKTEPHHU 32
€JIEKTPUYECKUTE CUCTEMH ca [2]:



* TIOCIIEeZIOBATEITHA (CepHIAHA)

* TIapajenHa.

ToBa perieHne moYrBa Ha U3MOI3BaHETO HA OB
HUTEITHA KOMIIOHEHTH, KOUTO Ja Ipeodpa3yBar KuHe-
THUYHATa eHeprus B enekTpuyecka [ 1, 7]. Kimacudeckara
cxeMa Ha TaKbB TUIl XUOPHIHA TEXHOJOTHS BKIFOYBA
JIBa €IEKTPOMOTOpPA, KOUTO PalOTAT M B PEKUM Ha
reHeparopy. EMVHUAT ce MOHTHpa MEX Ty IBUTATENs U
XHApaBJIMYHaTa nomria, a APYTUAT CIIy>KU 3a 3aBbPTaHE
Ha Kyrona Ha MamuHaTa. ChIo Taka ce W3IMOoI3BaT U
KOHJICH3aTOp ¥ MHBEPTOP, KOHTO KOHTPOJHMPA TIOCOKA-
Ta HA EHEPTUIHUTE MTOTOLH.

Kunernunata eHeprus, KOsTO ce OTHEIS HpH
CIpaHe Ha 3aBBPTAaHETO Ha KyIoa ce mpeodpasyBa B
eNICKTpHYECKa M ce TpeaBa Mpe3 HHBEPTOpa KbM
KOHZIeH3aTopa. Taka Beue ChbXpaHeHaTa eHeprisl MOXKe
Jla TIOATIOMOTHE CJIE/IBAIIOTO 3aBbPTaHE WM Jla Ce
0J1aJie KbM €JIeKTPOMOTOPa, MOHTHPAH MEXTy IBUTa-
Tens U mommata. Toif oT CBosI CTpaHa MOXKe J1a paboTh
Y KaTo TEHepaTop W MpH HEOOXOAWMOCT Ja 3aXpaHu
KOHJeH3aTopa. TyK MPOM3BOIUTEIST AEKIapHpa MOI0-
OpsiBaHE Ha Pa3XxOabT Ha TOPUBO C 25 % [7].

6. Cucrema 3a nono0psiBaHe Ha eHepruiiHaTa
e()eKTHBHOCT Ype3 KOHTPOJI Ha padoTara Ha
XUIPABJIMYHUTE NOMIIU

TpetoTo perienue 3a moJoOpeHne Ha eHepruiiHaTa
e(EeKTUBHOCT W3KJIFOUBA YNOTpeOaTa Ha XHOpWaHA
CHCTEMa — HE3aBHCHMO JAIIM TS € XUAPABIMYHA WM
enekTpryecka. ToBa HECBMHEHO MOXKE a C€ TI0COUH
KaTo HPEIMMCTBO OT IJIeHA TOYKA HA OIIPOCTSBAHE Ha
KOHCTPYKLMATA W JIMIICA HAa JONBIHUTCIHU BB3IM U
arperaT, YMHTO >KU3HEH IIMKBI MOXE Ja ce OKake
eIMH OT BXHHUTE KPHUTEPUH 3a HAIESKIHOCTTA Ha
MallMHaTa Karo Isuio. Tasu cuctema HE BIWse IO
HHUKaKbB HAYMH HA JIBUTATEIIS, 2 CAMO Ype3 eNICKTPOHHO
yIpaBieHHE Ha XUIPaBIMYHUTE IIOMIHM HaMaJsBa
TEXHHTE 3aryou npu padora [3, 8]. [purarensr pasmo-
Jlara ¢ MOIYJIaTOp Ha MOILIHOCT, KOHTO OrpaHHdaBa
00opoTuTe cropes JkeJdaHueTo Ha oneparopa. Cxema-
THYHO paboTaTa Ha HOMITUTE B Pa3IMIHUTE MOIIHOCT-
HU PEXUMU MOXE Ja Ce IPEICTaBU Ype3 KPUBH
roka3anu Ha Ourypa 3.

Q, lfmin
A~

=
B, MPa

@ueypa 3. PaboTa Ha IOMITUTE B Pa3INYHU
MOIIHOCTHHU PEKUMH.

PaboTaTa Ha IOMITHUTE B €IWH PEKHM MOXE Jia ce
u300pasu ¢ eqHa kpusa (Durypa 4) xkaro 3ampuxoBa-
Hara IUION] TIOKa3Ba XUIPABIUYHHUTE 3aryOu.

Q, I/min

P, MPa
Queypa 4. PabotaTa Ha IOMIIHTE B €AWH PEXKUM.

Taka paboTAT TOMIIMTE aKo HE ce U3IMOo3Ba
coTyepbT, KOMTO J]a ONTHMHU3UpA XapaKTepUCTHKATa
uM. ToBa ce OTHACS U 32 BCHUKH CTapy MOJENH, KOUTO
HSMaT pasriexaanara cucrema. Koraro ce akTuBmpa,
TS KOMIIGHCHPA 4YacT OT 3aryOHuTe Ha MOMITUTE H T10
TO3M HAUMH HamalsiBa OOEMBT TOPUBO, KOWTO ce
n3paszxozBa 0e3 Aa monpuHacs 3a eheKTHBHA padoTa Ha
MaimHara. Purypa 5 nokaspa cCXeMaTUYHO HaMaJIsiBa-
HETO Ha 3aryoure.

a, I/min

A\

Bes cucTema 3a b
YNpagleHWe Ha NnomnuTe

ChC cUCTEME 33
YNPaeleHWe Ha NnomnuTe

P, MPa
@ueypa 5. Paborara Ha nommute 6€3 U CbC
CHCTEMa 32 yIIpaBJICHHE.

KakTo ce BiK1a 3apruxoBaHaTa ol 0Tpasssaiia
XHUJPABIMYHUTE 3aryOM HaMassiBa, T.C. CHEpruiHaTa
e(EKTHBHOCT CE TTOBHUIIIABA.

7. HatypeH eKkcriepuMeHT

3a ;1a ce u3cieaBa Ha MPAKTUKA MOI0OPSIBAHETO Ha
eHepruifHaTa e()eKTUBHOCT Ce MPOBEE TeCT Ha MalllH-
Ha M3MOJI3Ballla TpeTaTa ONKCaHa CHCTeMa — BEPHKEH
barep Volvo EC220ENL, ¢ roquHa Ha IPOU3BOACTBO
2016. OCHOBHM TEXHUYECKH XapaKTEPUCTHUKH Ha
MoJiena ca rmocodeny B Tabmura 1 [3].
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Tabnuya 1.

Mapxka Volvo
Monen EC220ENL
JlBuraren Volvo D6J
MakcumaiHa MOIIHOCT 129 kW /175 hp
[Tpu o6opotn 1 800 rpm
MaxcuMaineH BbpTSIIL MOMEHT 849 Nm
I[Tpu 06opotu 1 350 rpm
Bpoii xuapaBnuuHu noMnu 2
MaxkcrmMaieH ne0uT 2 x 207 /min
MaxkcruMaTHO HaJIsTaHe 36,3 MPa
OneparuBHa Maca 25100 kg

MarmHara e TecTBaHa Ha TP M3ITUTATENHN 0a3u B
brarapus. Besika emHa oT TSIX € IpeocTaBeHa Ha co0-
CTBEHUIIHTE 3a Tieproy oT 10 gHM mpu § YacoB THEBEH
pexuM Ha paborta. basute ce Hammpar B cleqHUTE
rpajoBe:

1. Uckbp (obnact I1neBen);

2. Jlernuna (o6nact Jloseu);

3. dpsiHOBO (00mact I'abpoBo).

B mepBuTe 1BE 0a3u OarepbT € N3M0N3BaH 3a J0OUB
HA ISCHK W YaKbJ ChOTBETHO OT peka Mckbp u peka
OcnM, a B TpeTara 6a3a 3a U3BBPIIBAHE HA CTPOUTEITHU
JIEHHOCTH (M3KOITH 1 TTO/IPaBHIBAHE HA TEPCHH).

IlepmomuTe Ha TecTBaHe ca Mpe3 HACTOSIIATA
rO/IMHA B MECEIIY FOHU U FOJIH, KaKTO CIIC/IBA:

1.25.06.16 7. — 04.07.16 T.;

2.05.07.16 r.— 14.07.16 1;

3.15.07.16 r. —25.07.16 1.

Beekn omepatop € OOydeH OT OTOPU3HpPAHO OT
IIPOU3BOTUTEITS JIATIE.

Pa3xombT Ha rOpUBO € 3acHM4aH upe3 ICHTPATHUSL
KOMITIOTHP Ha MalllMHATa CJIE BCEKH TecT. Pe3ynra-
THUTE OT TECTOBETE ca Moka3anu B Tabmmra 2:

Tabnuya 2.
baza CpesieH pa3xoj1 Ha TOpUBoO, I/h
1 12,1
2 9,8
3 9,6

CpemHusT pa3xo] Ha TOPUBO CIIENl TPUTE TecTa €
10,5 1/h.

3a cpaBHEHHME Pa3XOIbT Ha TOPUBO HA BEPIIKCH
6arep Volvo EC210C ot no-crapo HokoJieHHe, KOHTO
He pasIiojiara ChC CHCTeMa 3a KOHTPOII Ha paborara Ha
XMJPABIMYHUTE TIoMITH € Mexy 13,3 u 17,3 I/h, t.e.
cpenHo 15,3 I/h mo manau Ha npousBoauten [4]. Tora
O3HauaBa, 4e upe3 W3MOJI3BaHe Ha OMHCaHATa CHCTeMa
Ce MOCTUTa PEATHO MTOI00OpEHNE Ha TOPHBHATA NKOHO-
MUYHOCT B niopsizbka Ha 30 %. B iugpoBo uspaxenue
TOBa 03Ha4aBa 4,8 1/h, koeTo 3a eqHa 8 yacoBa CMsIHA €
38,4 1/h, a mpu pabotHa roguHa OT 251 mHYU (M3BaICHA
ca MOYMBHUTE JHU U orie 10 aHU 32 ohUIIHAIHY Tpa3-
HUIIM ), UKOHOMHUSTA Ha TOPUBO BB3M3a Ha 9 638,4 [/h.
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8. U3Bomu

C HacTOSIIETO U3CIIEABAHE aBTOPHT OMX KN Jia
MOTYEPTAAT HEOOXOAUMOCTTA OT pa3pabOTBaHE Ha pa3-
JIMYHY TEXHOJIOTUYHH PEIICHUS, KOUTO JIa OI00psBaT
eHepruiiHata e(eKTUBHOCT TP CTPOUTENIHA U MHUHHA
TexHHKa. [IpakTUUECKUsAT TpUMep MOKa3Ba JO KakBa
WUKOHOMHSI Ha CHEpPrus MOXKE Ja Ce MOCTUTHE TpH
BEpIDKEH Oarep oT cpeneH kiac. Pa3bupa ce B orre mo-
roJisMa CHjia TOBAa BRXKH 33 MAIIMHUA OT TEXKBK KIIac
(ram 50 t omepariBHA Maca).

B cBeroBen mamab W3MOI3BAaHETO W TOJOOpSBaA-
HETO Ha TaKWBa TEXHOJIOTMH O JOBEJIO 10 IMO3UTHBCH
e(eKT He caMo 3a PabOoTeIIUTe B CEKTOPa KOMITAHUH,
HO ¥ 32 HACEJIeHUeTOo Kato 1suto. Heobxonmumo e na ce
OTOETICXKH, Y€ CUCTEMH OT MTOJIO0CH XapakTep TpsioBa 1a
ce pa3paboTBaT He caMo 3a BEPIDKHUTE Oarep, HO U 3a
JIPYTH TUTIOBE MAIIIMHK XaPAKTEPHU3UPAILH CE C BUCOKH
HOPMH Ha Pa3XxoJl Ha TOPUBO, KAaTO YEITHU TOBapauH H
CHWICHEHHU CaMOCBAITH.
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Abstract: The current study aims to show the latest
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Pe3tome: CraTusita mpeacTaBs METOIMKA 3a M3MUTAHKE U ONIUTHU JAHHU, CHETH OT CTEH]I 32 M3IUTBAHE B JTA0OPaTOPHH
YCJIOBHS Ha IBYIIOTOYHA OOEMHA XUIPOMEXaHHYHA [IPe/jaBKa C NpeHa3HaYeHUE U3I0I3BaHe B CUJIOBOTO NpEiaBaHe Ha
TETJIUTEIHA, TPAHCIIOPTHA MM CIICIHATN3UPaHa MOOVITHA MAIITFHA.

Keywords: usnumeane, 08ynomouna obemHa XuopomexanuyHa npeoaskad, XuopasiuiHa MmpaHcCMucis, eqekmugrHocm,
MOUWHOC, KUHEMAMUYEH UHIMEPBAT HA NPE0AsAMeIHO YUCTO.

1. BLBenenue

WznurBanara ABynoToYHa 00eMHa XHAPOMEXaHIY-
Ha npenaBka — OXMII, nokasana na ®urypa 1, ce
M3M0JI3BA 32 TMpeiaBaTellHa KyTWs 3a TETJIMTEIHHY,
TPAHCIOPTHA ¥ CHEIWAIHN MAIlHN C KOJECEeH WJIH
BEPYOKEH JIBIDKUTEN (TIPU MOCIIETHUTE € BE3MOXKHO Jia
M3MBIHSABA (DYHKIMATA HA MEXaHW3bM 32 3aBHUBAHE).
Lenra Ha w3MMTBaHETO € Ja Ce  ONpeneiH
MIPUTOJHOCTTA Ha TO3W THII MPEJaBKa 3a M3IMOI3BAHE B
CIIOMEHATOTO TPUIIOKEHUE, Ype3 pEaTHH OIUTHU
JaHHA OT Ja0OpaTOpHO W3IUTBAaHE Ha IPEIaBKaTa,
KOraTo He € MOHTHpaHa Ha MOOWIJIHATA MaIlfHa.

Karo Bug mpemaBarenen mexanuzsm OXMII ce
sIBSIBA I3TOYHUK Ha 3aryOH Ha TpejjaBaHaTa MOITHOCT U
€HepIHsi, YUETO OIPeIeIITHE MPE/ICTaBIsIBA HA-TOJISIM
WHTEPEC, 3aIIoTO BT Mpsko Ha obmmsar KIIJ a
MMEHHO TO3H MapaMeThp MMa pPellaBalio 3HaYCHUE 32
MIPUTOJHOCTTa Ha TMpEelaBKaTa BBB BCAKO CHIIOBO
npenaBane. B pasrmexmganata OXMII mpuckcTBat
CIICITHUTE BUJIOBE 3aryOH:

* CUn06U — MEXaHWYHU OT TPHEHE B 3bOHUTE TIpe-
JIaBKU - 350HU 3aIICIUICHUs], TPUEeHE B ILTH3TaIlN U
THPKAAILIM JIATEPHUA BB3JIM, YIUTBTHEHUS, pas-
TUTMCKBAaHE Ha MAacJOTO B KapTepHTe, KaKTO U 3a-
XpaHBaIaTa MacjeHa CHCTeMa 3a XUPaBIMIHATA
gact Ha OXMII, TpreHe B momreHaTa 4acT Ha
XHUJIPABIAYHUS KJIOH, OTIOPUTE HA ILTYHKEpUTE Ha
00eMHUTE XUAPOMAIIHHI;

* XuopaeiuuHy — OT TNPEMHHABaHE Ha PaOOTHHUS
(utyn pe3 XuIpaBiMvHaTa apMaTypa — KIarnaHu,

TPBHOOIIPOBOIH, OXJTAAUTENN PUITPH;

* KUHeMamu4Hy — XapaKTepHU 3a XHUIPABIHMIHUSL
kioH Ha OXMII, m3pazsBamm ce B 3aryba Ha
CKOPOCT, IbJDKAILH CE HA YTEUKUTE B IOMIICHUTE
CIIEMEHTH Ha XUApPOMAIIMHWUTE (T.Hap. OOeMeH

KITD).

XUAPOMOTOD _ S
- FloMria 3a 3axpaHBaHe

ueypa 1. O6u1 m3rnen va OXMIL

2. Cxema Ha crenaa 3a m3nursane Ha OXMII

Cxemara 3a creHaa (Purypa 2), ooxBama u Jpyra
BHUJIOBE TIPEIABKH C 1€ YHHUBEPCATHOCT Ha TPHIIOKe-
HHETO My, KaTo 3a BCAKO M3MMTaHUE B METOJUKATA MY
ce NPeIBWKAA M3UMCIICHHE ¢ MPUOIIKEHHE HA BEH-
YMHM, KOUTO HE MOrar Ja ObAaT HEeNOCPEICTBEHO
n3MepBaHH. B KOHKpeTHus ciry4yail 00eKT Ha M3MepBa-
Heto € OXMII , o3HaueHa KaTo ABYMOTOYEH MOIYJI Ha
cxemara. MeToankara ce ChCTOH B IOAaBaHe Ha IOCTO-
SIHHa MOIIHOCT Ha BXOJia Ha MpeJaBKara MOCTOSHEH
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3agemKealy 3aasmkealya

en. gpuraten obemHa
perynupyema
npeaaska

[OeynoTo4eH
Mogyn

Hartoeapeauwa
cnupavka

Quzypa 2. KunematuuHa cxeMa Ha cTeH 3a m3nutBane Ha OXMIL

BBPTAI] MOMEHT (M, Ha Purypa 3) W HOCTOAHHA
BIJI0Ba CKOpOCT Ha Bxozaa Ha OXMII. Taka ce cumyinu-
pa paboTa Ha ABUraTesn ¢ BHTPELIHO T'OPEHE C MAKCHU-
MaJlHaTa CH MOIIHOCT B e1Ha paOOTHA TOYKa OT MHOTO-
rapaMeTpoBata My XapaKTEpUCTHUKA C MOCTOSHHU
BIVIOBA YECTOTA W BBPTAI MOMeHT. llenra e nma ce
OIIPENIEIIAT MapaMeTPUTE Ha MOIIHOCTTA Ha M3X0/1a Ha
OXMII (M = finz), @urypa 3), 3a ga ce HanpaBu
OLICHKa HA HelHaTa epeKTUBHOCT OT IVIeAHA TOUKa Ha
KITJI, xakTo 1 peaqu3upaHus JUana3oH Ha U3MEHEHNE
Ha CHJIOBOTO M KHHEMATHYHOTO TIPEIaBaTeHO
OTHOIIICHWE TP OrpaHUYEHHE 33 MUHUMAaHa
croitrocT Ha KI1/[ (Purypa 4). CrimHOCTTa HA METOH-
KaTa ce ChCTOU B ITOCTPOSIBAHE HA TETJIMTENHATA XapaK-
TepucTHKa Ha wusxomumsa Ban Ha OXMII, npu
[OJJaBaHE Ha ITOCTOSTHHA MOLTHOCT C IMMOCTOSTHHU T1apa-
meTpu Haxoma Ha OXMIIL. [IpomeHnmBOTO TIpenaBa-
TEJTHO OTHOIIEHHE CE OCHUIypsBa 4pe3 IMpoMsHa Ha
paboTHHTE 00EeMM Ha XHAPOMAIIMHUTE MOCPEACTBOM
JoctoBere Lo v L3 KaTto B ciy4asl U JIBeTe MaIllMHU ca
PETYIUpyeMH C pPhUHO yTIPaBICHUE 00EMH.

3. UzmepBanu Besiwunau (Tadmmma 1)

P, W — akTiBHA MOIITHOCT Ha €IHA OT TpUTE (a3,
KOHCYMHpaHa OT 3aJIBIDKBAIMS  €JICKTPOIBHUIATE],
KaTo Ce MpUeMa Y€ CIIEKTPHUYCCKUST TOBAP B HAMOTKUTE
e cuMmeTrpuueH. M3mepBa ce ¢ BaTMETHp 32 aKTHUBHA
MOIITHOCT.

Kvi23u4, V — BIJIOBO MONOKEHNE HA JIOCTOBETE 32
yIIpaBJIEHHE Ha PETYIMPYEMHUTE XUIPOMAITHHU L1723 1 4.
WzmepBa ce ¢ MOTEHIIMOMETHD 3a 3aBbpPTaHe ¢ 00XBaT
or 0 no 270 rpamyca ¢ JMHEWHa XapaKTEpPUCTHKA.
Wunekcute Ha L ca: 1 —3a mommnara Ha 3a/[BrKBaIaTa
XHIpooOeMHa TpeNiaBKa, 2 — 3a XHIpPOMaIIHHATa OT
OXMII, paboTtemia B IOMIICH PEXKUM, 3 — 33 XHUIPO-
mammaaTa or OXMII, paboteria B pe:KUM Ha XHIPO-
MOTOp ¥ 4 — 32 XUIpooOEeMHATa CIIpavKa.

71, Min" — CKOpOCT Ha BBPTEHE HA M3XOMSIIUS Bal
OT 3aJIBIDKBAINATa XUIpoodbeMHa rnpeaaka. C u3umcie-
HUE Ce OIpeeNs CKOPOCTTA Ha BEPTEHE Ha BXOISIIHS
BaJI Ha JBYNOTOYHHUSI MOIYJI, Thi KaTo € OCHUTypeHa
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TBBbp/a Bpbh3Ka Ha KMHEMAaTHYHATa CXeMa Ha XHIPO-
MeXaHWYHATA [TpeiaBaTellHa KyTHsl, 4pe3 OJIOKupaHe Ha
xunpotpanchopmaropa. [IpeodpasyBaremmre 3a CKo-
POCT Ha BbpTEHE Ca M3rPajieHH OT ONITPOHHU E€IIEMEHTH,
paboteny ¢ HHPpaYepBEHH JIHUH.

12, Min" — CKOPOCT Ha BBPTEHE HA M3XOMSIIUS Bal
Ha JBYNOTOYHHS MOJYJ, KOATO CBIJIACHO CXeMaTa Ha
CTeHIa ChBMAJa C Ta3d Ha HATOBapBallaTa XHIPO-
o0eMHa CTIipayKa.

T, V — BbpTAI MOMEHT, JACWUCTBAIll HA HETIOIBHX-
HOTO TUIAHETHO KOJIENIO OT AudepeHIpana Ha XUapo-
MexXaHW4yHaTa mnpegaBarenHa KyTusa. C OTYMTaHE Ha
TpUEHETO B AU(EPEHITHATHIS MEXaHU3IbM CE F3UHCIIS-
Ba BBPTAIIMS MOMEHT Ha BXOMSIINS BaJl B JBYIIOTOY-
HUsI MofyJl. M3MepBaHeTO cTaBa MOCPENCTBOM €Tajo-
HHUpPaH TeH30METPHYEH ITOTyMOCT.

Ap», V — HajsiraHe Ha paOOTHATa TEYHOCT B HATIOP-
Hara MarucTpana Ha usciensanara OXMII. PabotaoTto
mdepeHInaTHO HasiraHe Ce ONpEeAeNs Karo pasiu-
KaTa OT HAJIATaHETO HAa HATOPHHUS W CBBHP3BAIA
TprOOnpoBoa. Hansranero B HamopHus TpHOOIPOBO.
Ce OTUHTA C eNeKTpuueckH mpeodpasysaten T PSPR
¢ ki1ac Ha TouHocT 0.5%, 3axpaHBallO HAPEKEHHUE OT
10 go 30V DC. M3x0mHOTO HANPEKEHHE € MPaBOIPO-
MOPLUOHAIHO Ha U3MEPBAHOTO HAJIATAHE U CE IIPOMEHS
B rpanuure ot 0 1o 10V.

Ap1— HajsIraHe Ha paboTHATa TEYHOCT B PaOOTHHTE
MarucTpalii Ha 3aJBIKBaIaTa XUIPOOOEMHA 00eMHa
npenaBka. M34ncnsgBa ce KaTo pasziMKaTra OT Haisra-
HETO HAa HANOpPHHUSA W CBBP3BAIWA TPHOOIPOBOSI.
N3mepBa ce ¢ MEXaHUYHU MAHOMETPH.

Ap3— HaysiraHe Ha pabOTHATa TEYHOCT B PaOOTHUTE
MarucTpaiy Ha HaToBapBallara crimpadka. M3uncnssa
ce KaTo pa3liKara OT HaJIATaHeTO Ha HAIOpPHUS H
CBBp3BalIys TPHOONpoBo. M3MepBa ce ¢ MeXxaHHYeH
MaHoMmeTrsp. [Ipu onpenensHero Ha Api, Apo 1 Aps ce
MpreMa, 9e HaIATaHEeTO B CBhP3BaIis TPHOOIIPOBOI C
HHUCKO HaJIsiTaHe € PaBHO Ha 3aXpPaHBaIlOTO HaIATaHEe
Ha CbOTBETHUTE KPBIOBE.

0, l/min — ne6ut Ha paboTHAaTa TEIHOCT B pabOTHATA
MarmcTpaia Ha xunpomaruanTe o OXMIL.



t, °C — temmniepatypa Ha padotaus ¢uryun 8 OXMIL
Crnierm ce 3a TOCTOSTHCTBO B CTOMHOCTTA, 32 HAJIMYHETO
Ha JUHaMHYeH TpOLEeC, CBBbp3aH C yBENMYCHHE HA
CHJIOBHTE 3aryOH.

4. N3unciienn Besimunnu ( Tadiuma 1)

OtHOCHUTEICH pa6OT€H obeM Ha XUAPOMAIIINHUTEC:

Kv,tex
KU _ 0
Kv,max’

KblIeTo Kv,TeK € TeKyIusIT paboTeH odem, a Kv,max —
MaKCUMAaTHUAT paboTeH o0eM. 3a IenTa ce M3IoI3Ba
KOHCTaHTaTa Ha IpeoOpa3yBaTess 3a BIJIOBO IIPEMECT-
Bane Cx,, V"' Ha ChOTBeTHaTA XMAPOMAIINHA (MHIEKCH
ot 1 1o 4). I'padmuanTe 3aBucuMoctr Ha Kv3, Kv, v Ha
obmmust KIT/1, kato (hyHKIMS OT YecToTaTa Ha BhPTCHE
Ha U3XOSIIMS Ball ca moka3anu Ha Gurypa 5 [1].

JudepeHnnaino HamsraHe MEXIy HAIOpPHUS H
CBBp3BaIlMs TPHOOMPOBOJ HA CHOTBETHHUTE XHAPO-
00eMHM TIpeIaBKy, ¢ uHaekeu 1,2, 3 u 4.

Ap =pr—p1, X10°, Pa.

MsnomnsBa ce koncranra Pa/V wnu Pa/nern;

M ex.oxmm, Nm — Bxozsin BepTsi MoMeHT B OXMIL.
[Mpecmsata ce oT wu3MepeHara BenmuuuHa 1 |
koHcrantata Cr, Nm/V.

Moxwn, Nm — Bxozsi BepTs MoMeHT B OXMII
CJIE/T ChITIACyBAIUS PEYKTOP:

M] = TCT.in.;’Icp, Nm,

kpaeTo Cr € KOHCTaHTaTa Ha TEH30METPUYHUS Bb3-
npuemaren, ip, — MNPeJaBaTeTHOTO YUCIO Ha ChIVia-
CyBalllUsl PEnyKTop, #o — KIIJ Ha chriacysaims
PEIyKTOP.

Moxmm, Nm — CTORHOCT Ha BbPTSAIIKA MOMEHT, IIpe-
MUHaBam npe3 xuapaBmuaaus kioH Ha OXMII Ha
m3xoza Ha XOI1 npu xuapomoTtopa (MHIeKC 3):

_ Mj.Kvyag, , 0,05.M,
OXMIl 2kvy, T2

M

,Nm,

kpreto M1 = T.Crigp.Hp, Nm € BXOIAMIUAT BBPTSII
momeHT B OXMII crien cermacyBamus peaykrop, Cr—
KOHCTaHTaTa Ha TeH30METPHYHUS BB3IPHEMATE, i, —
[IPeIaBaTEeTHOTO YHCIIO Ha CHITIACYBAIUS PEIyKTOp,
Hep, — KIIJI Ha chIyIacyBaius pemayKTop, /xm — XHIAPO-
mexanndeH KI1/] na xunpomammante or OXMII, 2 e
MIPeIaBaTETHOTO YMCIIO Ha AU(EePSHIMAITHIS MEXaH!-
3pM Ha Bxoga Ha OXMII, B ciydas cuMeTpHYEH,
3HAKBT ,+* OTYMTA [OCOKATA HA TPHUCIIHSI MOMEHT B
mepeHInaIHNS MEXaHI3bM TIPH PEXXUM Ha paboTa
Ha OXMII xato pexykrop/yckopsBaria npemaaska, 0,05
— Koe(uIMeHT Ha ONokupaHe Ha An(epeHIHATHHS
MEXaHU3bM. I'paduunnre  3aBHCUMOCTH  Ha
Apoxvn = Ap2= ps— p3 (o1 @urypa 2) u Ha oomest KITJT
KaTo (DYHKIMS OT YeCTOTaTa Ha BHPTCHE Ha M3XOISIIHS
BaJI ca [oKa3aHu Ha wur. 6.

M., Nm — BbpTsiI MOMEHT Ha u3xona ot OXMIL.
ChpBriazia ¢ BBPTSAIINS MOMEHT, TIOTacsiBaH OT HaTOBap-
BAIL[OTO YCTPOMCTBO — XUIPOMAIIIMHA, PETYyINpyeMa 1

paboTelia B TIOMITEH PEXUM, Pa3TOBapBaHa Mpe3 Apo-
Cell, HACTPOCH Ha TIOCTOSHHO Hassirane S MPa (Aps):

— KU4~Vmax .Ap3
MCH = T N Nm.

Hex.0XMII, MIN" — BIIIOBA CKOPOCT Ha BXOMAIIMS BAl
Ha OXMII cnex cprmacyBaus peayKTop:

Ny = ——1—— min’,
U Uy Uep
KBJIETO ¥ € MpeaBaTelHO YMCIIo Ha: nudepeHuaneH
Mexanm3bM (M) Ha OXMII; npemaBaTenHaTa KyTHs
(mx) wa XIIMK; rmaBHOTO mpemaBaHe (TT) Ha
npenasarennata kKytuss Ha XMIIK; cproacyBamms
penykrop (cp) npequ OXMIL
ic — CUJIOBO IIPE/IaBaTeIHO OTHOLICHHUE:

l' — MCI'I
Cc Ml
Ortunra cunoBute 3aryon Ha mnurBaHata OXMIL
ix — KNHEMaTH4YHO [IPEeJaBaTe/IHO OTHOLLIEHUE, OTYH-
Talo KMHEeMaTUyHaTa 3aryda Ha CKOpPOCT, BCJICACTBHE

XUAPABINYHUTC YTCYKH Ha XUAPOMAIIIMHUTC:

m

lk:n

BX
n — KI1 I Ha n3cnenBaHara rnpegaBka:

.. M n
=i.i,=—= 2%
n k*‘c M, “n

BX
n xapaktepuzupa Bcuukd 3aryon Ha OXMII u e
OCHOBHA I1€J1 Ha U3MUTBAHETO.

HN3Bomm

Wscnenpana e AByoTOYHA 00EMHA XUAPOMEXAHIY-
Ha IIpe/IaBKa, ChCTOSIIA CE OT pa3/Ieliii AudepeHIra-
JIeH MEXaHW3bM M [IB€ WICHTUYHH PETYIHPyeMH
00paTHMK aKCHATHOOYTAIHH XUIPOMAILIHH B XU/IPaB-
muuHus KioH. M3cienBaHeTo e mpoBeneHo B nabopa-
TOPHM YCJIOBUSI Ha CTEHH CIIOpEl TPEIBapUTETHO
pa3paboTeHa MeToMKa. MeTouKara 1mo3BoJisiBa Ja ce
EKCIIEPUMEHTHpPA C Pa3IMYHU PEXMMH Ha pabora Ha
XHUJPaBIMYHATE MAIlIMHH, 33/IaBAaHU 4pe3 W3MEHEHHUE
Ha TEXHUTE pabOTHN 00EMH.

3a oreHKa Ha mpeoOpas3yBaliTe CBOWCTBA Ha IIpe-
JTABKaTa ca TI0Ka3aHH Pe3yNITATHTE 33 €AWH KOHKPETEH
Clly4ail — KpuBa OT CEMEHCTBO XapaKTEPUCTUKH, KaTO
KPUTEPHS € Ta3U C HAW-TOJIsIMa CTOMHOCT Ha M., onpe-
JieJIeHa OT MHCTAJTpaHaTa MOIIHOCT Ha CTEH/Ia C OTJIe]
MaKCHMAJIHO H3IOJI3BaHE HA CHJIOBHTE BH3MOXKHOCTH
Ha MHCTAIMPAHNTE XUPOMAIITHHU 1 MEXaHHIHH! BH3ITH
C orJies mocTurade Ha peasisa croiHoct Ha KI1/1, caern
MY TIOCTOSTHHU TIapaMeTpH Ha BXOJa W H3IIOJI3BaHE
BB3MOXKHOCTTA 32 PEryJlHpaHe W Ha JBETE XHApPOMa-
IINHHA. 3aZIBI/I)KBaHII/DIT arperar CbIl0 UMa Bb3MOKHOCT
0e3CTeneHHO Aa MPOMEHsI MapaMeTpuTe Ha BXOJa Ha
W3NHUTBAaHATa TpeJaBka. Taka ce MMHUTHpAT YaCTUIHH
PEXMMH Ha JTU3EJI0B JIBUTaTeNl U MOXKE /1A C€ TIOCTPOST
CEMENCTBO U3XOAIIN XapaKTEPHCTUKH.
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Tabnuya 1. I3mepBaHy ¥ U3UUCIICHH BEJIMYMHH.

p1= 1,36 MPa; P20XMI13T) = 1,5 MPa; P31 = 1,7 MPa.
Nigeoxmn = 727 min™t; proxmn = 7,

Py =3,33 kW; Myu0s=31,9 Nm; ¢ =70 °C; Aps = 5 MPa; n; = 1300 min'; Kvxon = 0,85;

; pur) = 6,4 MPa; Api1 =2,6 MPa; M, = 97,6 Nm;
43 kW, nigoxvm = 727 min .

HU3MEPBAHU BEJIMYNHN

HU3YUCJIICHU BCIIMYHMHUA

Kvi |proxvm|  m2 Kvy )2 Kv, | Kns Kvy Apy | Moom | Men P, e ik n
A% V |mn!| V [10°5Pa| - - - 10°,Pa| Nm | Nm kW - - -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1,10 (3,63 |0 1,25 |181 0 1,00 10,55 164 354 405 1,66 4,151 0,054 0,223

1,11 1349 |33 1,24 |175 0,05 [1,00 10,54

158 341|392 2,63 4,018 {0,088 10,354

1,12 |336 |67 1,23 |168 0,1 1,00 ]0,52

151 328|379 4,87 3,884 10,169 10,656

1,13 13,23 [100 1,22 |161 0,15 [1,00 ]0,46

144 282|333 6,16 3,417 10,243 10,830

1,14 |3,09 |134 1,21 |155 0,2 [1,00 ]0,36

138 212|264 6,24 2,700 |0,311 10,840

1,15 1296 [167 1,2 |148 0,25 [1,00 10,30

131 170|222 6,32 2,270 10,375 10,850

1,16 2,82 201 1,19 [141 0,3 1,00 10,26

124 142|194 6,38 1,983 10,433 10,859

1,17 12,69 (234 1,18 |135 0,35 [1,00 10,24

118 122|174 6,44 1,779 10,488 10,868

1,18 2,56 268 1,17 128 04 1,00 (0,22

111 107 159 6,50 1,625 10,539 10,875

1,19 1242 301 1,16 |121 045 (1,00 10,20

104 96 147 6,56 1,506 0,586 10,883

1,20 12,29 |335 1,15 |115 0,5 [1,00 10,19

98 86 138 6,61 1,410 0,631 10,890

1,21 12,16 368 1,14 |108 0,55 [1,00 10,18

91 79 130 6,66 1,332 10,673 10,896

1,22 12,02 1410 1,13 |101 0,6 (1,00 10,17

84 72 124 6,79 1,267 10,722 10,914

1,23 |1,89 445 1,12 |94 0,65 [1,00 10,16

77 67 118 6,83 1,212 10,759 10,920

1,24 11,76 479 L11 |88 0,7 1,00 10,16

71 62 114 6,87 1,164 10,794 10,925

1,25 11,62 |513 L1 |81 0,75 (1,00 0,15

64 58 110 6,90 1,123 10,827 10,929

1,26 |149 |547 1,09 |74 0,8 [1,00 10,14

57 55 106 6,94 1,088 10,859 10,934

1,27 1,36 [581 1,08 |68 0,85 [1,00 10,14

51 52 103 6,97 1,056 0,889 10,938

1,28 1,22 |615 1,07 |61 09 [1,00 10,14

44 49 100 7,00 1,028 10,917 10,943

1,29 11,09 [650 1,06 |54 0,95 (1,00 0,13

37 47 98 7,03 1,003 0,944 10,946

1,30 10,95 698 1,05 |48 1 1,00 0,13

31 44 93 6,95 0,955 10,980 10,936

1,30 (0,95 |747 1,04 |48 1 0,93 (0,11 31 34 81 6,23 0,827 (1,014 10,838
1,30 (0,95 |804 1,03 |48 1 0,87 10,11 31 34 80 6,42 0,823 (1,051 0,865
1,30 (0,95 |870 1,02 |48 1 0,80 0,11 31 31 78 6,44 0,795 (1,090 (0,866
1,30 [0,95 |948 1,01 (48 1 0,74 0,10 31 28 75 6,45 0,766 (1,132 10,868
1,30 0,95 |1042 |1 48 1 0,67 10,10 31 26 72 6,46 0,738 (1,178 (0,870
M5 Moxms My, = fny) ‘ i L 1= A1)
400 \ 4 D
350 \\ 3,5
200 \\ 2
150 \\ 1,5
\\ s .
0 T T T T UoE Ilnln 1 / T T T e mln\l
0 200 400 600 800 1000 0 200 400 600 800 1000
—M u3x M oxmn M Bx ik ic eta

Queypa 3. VI3MeHeHrEe Ha CHJIOBHTE MTOTOIY B 3aBUCH-
MOCT OT YECTOTara Ha BbPTEHE Ha U3XOISALIMS BaJl.
M,5x — BBPTSAII MOMEHT Ha HU3XOISIIUST BA;

M, — BBPTSIIT MOMEHT Ha BXosiwst Bai Ha OXMIT,
Moxuir — BBPTSIIL MOMEHT HA M3X0/la Ha XUAPOCTaTHYHATA
gact o OXMII (ot xumpomoTopa).
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Queypa 4. I3MeHeHune Ha CUJIOBOTO MPEAAaBATENIHO
YHCIO i, KIHEMAaTHYHOTO MPEIABATEIIHO OTHOIICHUE ik
u o6 KIT/] xva OXMII B 3aBHCUMOCT OT YecTOTaTa

Ha BBPTEHE Ha U3XOISIINS BaJL.



0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

Kv,; Kv,.; n = fln,)

—7 \
— \o—
/ _
[
I
I
/
/
1/ n,, min-!
0 200 400 600 800 1000
Kvp Kvm eta

Queypa 5. VI3MeHeHrne Ha OTHOCUTETTHUTE PAOOTHH
obemu Ha xuapoMarmauTe 0T OXMIT 1 Ha 0OIIHs
KIIJl Ha mpenaBkaTa (MHIAEKCH p — romIia 3a Kva;
M —XUAPOMOTOD 3a KV3), B 3aBUCUMOCT OT 4eCTOTaTa

160 -

Ha BBPTCHE HA M3XO SIS Bal.

Poxmi Pen =)

140 -

120
100 -

80 -

60 -

40 -

20 -
O:

-1
n,, min

0

T T T T T T T T T T T T T T T T

200 400 600
p ohmp

T T T T T T

800 1000
pcn

Queypa 6. I'paduku Ha U3MEHEHHE Ha

IrepeHIMaTHITE HASTaHUS MEKTYy: paOOTHHTE
MarucTpamy Ha xunpoMaruaute oT OXMII — poxvr;
HaToBapBaIlaTa Cupavyka —Apc,, B 3aBUCHMOCT OT

YeCToTaTa Ha BbPTCHE Ha U3XOIAIIUA BaJl.

113

[Tpu n36panms pekuM Ha paboTa Ha TIpeaaBKaTa ce
NoJTydyaBa peajieH Oe3CTelieHeH CHJIOB JHara3oH OT
nopsimbka Ha 5 mpu o6 KII/1 He nmo-Hucek ot 0,75,
KOETO He OH MOTJIO J1a Ce TIOCTUTHE CaMO C XUIPaBIIY-
HaTa 4acT. B To3u ciydaii 3a crienuaiHa TerJIMTENHa
MallrHa I11e € He0OXOAUMa AOTBIHUTEIHA Tara30HHA
Tpe/iaBaTeTHa Ky THSI.

Moske na ce u3cieBa M Bb3MOYKHOCTTA 33 yBEIINYa-
BaHe Ha OE3CTCNCHHMS IUAaNa30oH 4pe3 H3IOJ3BaHe
00paTUMOCTTa Ha XHIPOMAIITHHUTE.

[NomydgennTe pe3yiraTv OKa3BaT U ChOTHOIIICHHE-
TO MCXKIY BBPTAIIUTEC MOMCHTHU, PCCIICKTUBHO MOII-
HOCTHHMTE IOTOLIM B OTACIHHUTE YacTW Ha MPEAaBKaTa,
OT KOHUTO 3aBHCH ¥ U3MeHeHueTo Ha obmmwst KIT/1.

Jluteparypa:

[1] Giles, Hancock, Drive line engineering, Proc Instn
Mech Engrs, 1969-70, Vol. 184, Pt. 31 L.

[2] TuroB b., PycanoB P. Monyn 3a uscnenBane Ha
IBYIOTOYHA XHIOPOMEXaHWYHA IIpelaBka, [paHc-
MortayTo, 2007.
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Abstract: The paper presents a methodology for
tests and experimental data collected from the test bench
in the laboratory of two-stream volumetric hydromecha-
nical gear with purpose use in powertrain traction,
transport or specialized mobile machine.
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Pestome: B paboTata e npecTaBeH pe3yaTaThT OT U3CISBAHIATA Ha CLIEIUICHUETO BbPXY eKCIIEPUMEHTaJIeH MaTepHal,
KaTo ONOpHa MOBBPXHOCT Ha ype/0a 3a M3MUTBaHE Ha THEBMATHYHK T'YMHU U TIOKPUTHSI HA TPEKOBE B IPOMHUIIIEHOCTTA.
B Tabnuuen u rpaduueH BUJ ca IPUBEICHH TOJYYSHHTE CTOMHOCTH 3a KoeduireHTa Ha cueruienue. [lomyuenure
pe3yJTaTy U aHAIU3BT AABAT SICHA MIPEJICTaBa 3a PEaHUTE Bh3MOXKHOCTH 3a M3ION3BaHEe Ha NpeylaraHus MaTepyan B

TPaKTHKATA.

KiarouoBu AYMUM: nHeemamu4Ha cyma, KoeqbuuueHm Ha cyenjierHue.

1. BLBenenne

BsaumopeiicTBUeTo Ha MHEBMAaTUYHOTO KOJIENO C
OIIOpHATa MOBBPXHOCT HAa TEPEHa € OT ChILECTBEHO
3HaUeHHE 3a YCTOWYMBOCTTA M YIPABIAEMOCTTa Ha
MalIMHHATE, a OT TaM M 3a Oe30MacHOCTTa Ha JBWIKE-
Huero [1-3, 12]. XapakTepucTUKUTE, ONPEIEIISIIN TOBA
B3aMMOJEHCTBUE C TPAJUIIMOHHO ac(haiTOBO HOKPUTHE
ca W3CNEABAaHU NOCTaThUHO ToApoOHO [3-6, 8-11].
W3BecTHO €, 4e OCHOBEH NapamMeThp BIWsEIl HA
CIIMPaYHUsI TBT Ha KOJIECHUTE TPAHCIIOPTHU CPECTBA €
KOC(HIEHTHT Ha CHETUICHHUE C ITBTS. Y CTAaHOBEHO € U
TOBa, Y€ OCBEH KOHCTPYKTUBHHUTE OCOOCHOCTH Ha
mHeBMarn4Hata ryma [5, 10, 11] Bepxy TO3u Koedu-
LMEHT OCHOBHO BIIMSHHME OKAa3BaT M EKCIUIOATAlMOH-
HUTE YCJIOBMA: THIl U CBHCTOSHHE Ha TOKPUTHUETO U
rymara [10, 11, 13], kakTO BBTPEIIHOTO HANATAHE, TAKa
U OT BUjA Ha JedopManuuTe B pe3ynraT OT HaTOBap-
BaHeTo [5, 8].

Lenta Ha Hacrosimata paboTa € jJa ce H3ClieqBa
KOe(HIMEHTHT Ha CLEIUICHUE Ha THEBMAaTH4HA I'yMa C
eKCTIEpUMEHTAIHO TOKPUTHE, TpeJHa3HaYeHO 32
00opy/BaHe 3a olpe/eisIHe Ha CIEIJICHUETO Ha TyMUTE
1 33 TIOKPHUTHS M3IOJI3BaHU B TPAHCHIOPTHUTE CHCTEMU
Ha poOOTU3UPAHNU [IPOU3BOCTBA.
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2. M3no:xxenne

[lpu ekcnepuMeHTHTE 3a W3CJICABAaHE HA CIICILIC-
HUETO, € U3M0JI3BaHa chliecTByBanla B kKar. ATK Ha PY
“A. KpHueB” mnaboparopna ypenba [7]. Ta uma
BB3MOXKHOCT 32 O€3CTEIIEHHO PaJMalIHO, TAHTCHIIAJI-
HO, HAIPEYHO W BIVIOBO HATOBAapBaHE Ha KoJjena C
MTHEBMATHYHA TYMHU Ha KOJIECHU MAIlIMHH, OCBHIIECTBS-
BaHM 4pe3 BHHTOBU mpuctocoOmenns (Durypa 1).
Wndopmarusita 0T TEH30METPHYHHA CEH30pH  Ce
00paboTBa OT ENIEKTPOHEH OJIOK 1 Ce U3BEKA B pEaTHO
BpEME Ha JTUCILICH.

ToBa &aBa BB3MOMKHOCT 32 CHEMaHE Ha BCUYKU
CTaTHYHU XapaKTEPUCTHKU TPH PA3IUIHO HOPMAJHO
HATOBapBaHE Ha KOJEIOTO W Pa3lNYHO HAISTaHe Ha
BB3JlyXa B U3HUTBAHATA T'yMa.

OnpenesisiHe HA TAHTEHIUATHATA Peakiusi X ¥ Ha
KoeHUIMEHTAa HA CLEIUIEHHE B HATHKHO
HanpaBJIeHUE X100

OnuTHTe Ca NPOBEACHU MPH YCTUPU Pa3IMIHU
CTOMHOCTM Ha HAJIITaHETO Ha BB3IyXa B Tymara
(p=0,15 MPa; 0,20 MPa; 0,25 MPa; 0,30 MPa) u eqna
CTOMHOCT Ha BI'bJIa Ha HAKIIOHA HA W3IMTBAHOTO
koueno o = (0°.



Queypa 1. O611 BUI Ha M3M0JI3BaHAaTa CTALMOHApHA JJabopaTopHa ypeada 3a M3NUTBaHE HA THEBMATUYHU TYMU.

BepTukanHoTto HaTOBapBaHEe ce M3MEHS B HMHTEp-
Bana 2 — 4,75 kN. Hansranero Ha Bp31yXa B Tymara ce
orynta ¢ MaHoMmeThp ¢ TouHocT A0 0,01 MPa mpu
MOBWTHATA 'yMa.

[penu 3amouBaHe Ha EKCTIEPUMEHTHUTE ONOpPHATA
wromaka (durypa 2) ce mouncTsa oT IpeOHI YaCTUIH
Y TIETIEN C BB3AYIIIHA CTPYSI OT KOMIIPECOP.

[IpoBexnar ce HAKOJIKO MPEABAPUTEIHU OIHTA 3a
cpaboTBaHe Ha ryMara M omopHara momanka. Cren
M3BBPIIBAHE HA BCHYKH TOATOTBUTEHH OIIEPAIH CE
MPUCTHIIBA KbM CHIIMHCKATA YacT Ha EKCIICPUMEHTA 32
OIpe/ieNisTHe Ha TaHT€HIMAITHATA Peaknus X, a OT Hes ’
Ha Koe(HWIeHTa Ha CIEIJICHHE (xio0 B HAIUTHKHO
HampaBleHHe. 3a MenTa M3IUTBAHOTO KOJENO C
[THEBMATHU4HA TyMa ce IOBUIa U ciiel OJIOKMpaHe OT

NS : J F: ;
Queypa 2. Yact OT rymMaTa M ONOpHATA IUIOMIAAKA Ha
ypenoara ¢ eKCIepUMEHTAITHOTO ITOKPHUTHE.

NPEBBPTAHE CE CITyCKa BBPXY OMOpHATa IUIOIIAKA,
KOATO IPEBAPUTEIIHO € Pa3IoyIoKeHa Taka, 4e TO Ja
JIeTHE Ha cpefara . Upe3 BUHTOBara JIBOMIIATA HA
ypenbara ce 3aaBa BEPTHKATHOTO HAaTOBapBaHE,
M3BEXKIAHO B pealHO BpeMe Ha JHCIUICH OT U3MepBa-
TenHaTa MH(OpPMalMOHHA chucTeMa Ha ypenbata. Crien
MIOCTHI'aHe Ha HEOOXOJMMOTO 32 OIUTA HATOBAPBAHE C&
M3TerNIl  KONMYKarta Ha ypexdara C  oOmopHara
TUIOIA KA.

Otunra ce BB3HMKBAIATA B 30HaTa HA KOHTAaKT
TaHTeHIMAIIHA PEaKIKs, IIPH KOETO ce HaOJIo/aBa, ye
ITBPBOHAYAIIHO TSI 3aII04Ba Jla HAPacTBa A0 ONpEACICHa
MaKCHMaJIHa CTOWHOCT, CJie]] KOeTO MMa MaTbK CIIa 10
YCTaHOBSBAHEC Ha €IHa INOCTOAHHA CTOMHOCT OTIOBa-
psiia Ha meaHO (100%) nperuTb3Bane Ha W3MUTBAHOTO
KOJIENO CHpsIMO OIOpHATa Iulomanka. B u3cnensa-
HUSATA ¥ OTIPENIEIITHETO Ha KOe(HITNEeHTa Ha CIICIUICHUE
@x100 B HAITHKHO HAMPaBJICHHUE € U3MIOJI3BaHa MIMEHHO
Ta3W CTOMHOCT Ha TAaHT€HUMAIHATA PEAKLIHS.

3a emHO HansAraHe Ha BB3/AyXa B rymara p, H
HOpMaJHO HatoBapBaHe Gk, OIUTUTE Ca TPOBEICHU C
TPUKPATHO TIOBTOPEHHE.

Pesynratute 3a @00 OT TIpOBEIEHHWTE ONWTH Ca
npuBeaeHu B Ta0Onuiia 1.

Tabnuya 1.
G, kN 4,75 4 3 2
p=0,15MPa 1,018 1,06| 1,12| 1,318
p=0,20 MPa 0,989 | 1,03| 1,08 1,29
p=0,25MPa 0,958 | 1,012| 1,056 1,26
p=0,30 MPa 0,93| 0,99 1,04| 1,24
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Crnen mpwiaraHe Ha PETPeCHOHHMS aHAIN3 Ha
HOJIy‘-IeHI/ITe JaHHU OT HpOBeZ[eHI/ITe eKCHepI/IMeHTI/I ca
HN3BCACHU CJICIHUTEC 3aBUCUMOCTU HA HAUTBKHHUA KOEC-
(buTEIeHT Ha CIETTICHHE OT BEPTHKATHOTO HATOBapBaHE
3a paanqHH HaAJSIraHUA Ha BL3):[yxa B I[THCBMAaTHU4YHATa
ryma:

* ipu p = 0,15 MPa:
px100=—0,0243 Gi* +0,2873 Gk*—1,1738 Gx+2,7102;

* ipu p = 0,20 MPa:
ox100=—0,0301 Gx*+0,3505 Gx*>—1,3916 Gx+2,9115;

* ipu p = 0,25 MPa:

@x100=—0,0349 Gx>+0,3942 Gx*> —1,5116 G +2,9858;

* ipu p = 0,30 MPa:

@x100=—0,0335 G +0,3766 Gx*>— 1,4462 Gx+2,8942.

'padyynuTe 3aBUCUMOCTH OT  IIPOBEACHOTO
u3cneasane (Ourypa 3) nmokazpaT HamalsIBaHE Ha KOe-
(ummeHTa ¢ yBelIM4YaBaHE HA BEPTHKATHOTO HATO-
BapBaHe, KOETO MOTBBPXK/IaBa PE3YNTATUTE OT JPYTH
u3cnenBanus [5, 8, 10, 11]. 3a pa3nuka oT MOIydIeHOTO
3a KOHBEHIIMOHAIHU (acdanT uiti O€TOH) TTOBbPXHOCTH
[5, 10, 11], B KOHKpETHHS CITydaii, C yBeIMUaBaHE Ha
HASITaHETO B T'yMara, KOe(HIHECHTHT Ha CIICTJICHHE
cnabo HamaJsiBa.

1,4 I I
§ Op=0,15 Mpa
13 1 & [p=0,20 Mpa I
Ap=0,25 Mpa
1,2 \\ Xp=0,30 Mpa ||
1,1 N
s o~

| S ——

T

v

0,9

G, kN
0,8 f
1,5 2 2,5 3 3,5 4 4,5 5

@ueypa3. Pesynraru 3a KOe(hUIMCHTA Ha CICTUICHHE B
HaJUTHKHO HAIIpaBIICHHE.

3. 3akutrouenue

B13 ocHOBa Ha MOy4YEHUTE PE3YNITATU U U3BHPIIIE-
HUsSI aHAIIU3 MOT'aT J]a C€ HATIPABAT CIITHATE U3BOJIN:

1. U3crnenBaHOTO IOKPUTHE OCUTYPSABA 3HAUUTEITHO
MO-BUCOK KOE(IMIIMEHT Ha CLCIUICHHE B CPAaBHEHHUE C
acanroBoto — ot 0,95 1o 1,32. To Moxe 1a ce M3Io-
3Ba 3a MOKPHUTHE HA CHEIMAIHU NHCTH 3a IBIDKEHHE
MOAEMHO TPAHCHOPTHH MAallMHA B CKJIAJ0BE WM
OapabaHy 32 eKCIIEPUMEHTAIHI CTCH/IOBE.

2. BcenenctBrue nedopmarmsata Ha TOKPHTHETO U
no0puTe My CLIETTHM CBOWCTBA HAMAJIIBAaHETO Ha HaJIA-
TaHEeTO B TYMUTE BOAM JIO TTOBUIIIABAHE HA CLICTUICHUETO
¢ okono 10% mpu BCHYKM CTOMHOCTM Ha HaTOBapBa-
HETO.
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Abstract: The paper presents result from a study of
grip on an experimental material as surface cover for tire
testing facilities and industrial tracks. In the table and
graphics are presented obtained values of grip coeffi-
cient. The results and analysis give a real impression for
the possible applications of the experimental cover
material in practice.

Keywords: prneumatic tire, grip coefficient, experi-
mental track cover.
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Pestome: LlenTta Ha pa3spaboTKaTa € CBbp3aHa C MOJyYaBaHE HA PEATHU JaHHM 33 XapaKTEPUCTHKU Ha CBETOAMOIHU
JamIi 3a apromoOmitHu apose ot tuna H4 u H7. M3cnenBanyu ca KOHCyMHUpaHaTa MOIIHOCT, CBETJIMHHHMSAT ITOTOK,
CIEKTPAIHOTO Pa3lpeleICHUE U LIBETOBUTE XAPAKTEPUCTUKY HA JTbYEHHUETO Ha Jlamrure. [lomydenure pesynratu ca
CBIIOCTaBEHHU C JaHHUTE B peKaMHHUTe MaTepuanu U ¢ usuckBanuaTa Ha IKE nva OOH. U3Bbpiuenute u3cieaBaHus
JlaBaT BB3MOXKHOCT Ja CE€ OLEHAT IPWIOXKHUMOCTTA, IPEIUMCTBAaTa U HEJOCTATBLMTE HA CBETOAMOJHUTE JIAMIIU OT
TIOCOYEHHS THIT IIPH 3aMsIHA Ha CTaHJapTHH JIAMITH C HAKE)KaeMa KUIKa B aBTOMOOWITHH (hapoBe.

Ki1iouoBu xyMH: c8emoouoory asmomooutHy 1amMnl, aemomMoOUuIHy ceemooUuooHu papose.

1. BLBenenne

[TpunoxkeHneTo Ha CBETOAMOAUTE KATO OCBETH-
TENTHA W WHIWKATOPHH €JIEMEHTH B aBTOMOOWIUTE €
IIMPOKO PasnpocTpaHeHoO OT MHoro romuad [1-11].
W3nom3BaneTo UM KaTo CBETIMHHHU U3TOYHUIIL B
ABTOMOOMJIHMTE (DapOBE HABJIM3a IIUPOKO €1Ba OT
HSIKOJIKO TOJIMHH, CJIe]] KaTO CBETIIMHHATA €()EKTHBHOCT
Ha (apoBeTe Ha 0Oa3zara Ha CBETOAMOAM 3allouyHA Ja
KOHKypHpa Ta3d Ha KCEHOHOBUTEC M HaH-I00puTe
xajioreHHu (papose. [lonoxxuTenHuTe TEHACHIMN TIPH
pa3paboTkara Ha Oe CBETOAMOIH TH TIPABAT BCE TI0-
NOAXOJAIIN W OTroBapAlid Ha BUCOKHUTC M3UCKBAHUA
TIpY Ch3J1aBaHETO Ha (hapoBe C IBITH U KbCH CBETIINHY,
KakTo U (hapoBe 3a MbIvIa. CHIIECTBEHO TIPEAUMCTBO €
JKUBOTBT Ha CBCTOAUOAUTEC U CBBP3aHUAT C HETO
EKCIUIOAaTallMOHEH pecypc Ha ¢apa. Bpemero Ha ®HBOT
Y CBBP3aHUTE C TOBA TIOIMSHA U TAPAHITHOHHH Pa3X0/IH
32 Pa3IMYHA KOMITOHEHTH CTaBaT BCE IT0-BAXKHU.
CpeHUSIT )KUBOT Ha IIPEBO3HOTO CPEJICTBO CE OIICHSIBA
Ha 5000 gaca, KaTo >KUBOTHT HAa CBETOIHOIUTE HaJIBH-
111aBa Ta3u CTOMHOCT 3HauuTeHO. [lopaau yBenuuenue
Ha TapaHIMOHHUA CPOK Ha MNPOU3BOAUTCIIUTEC Ha
ABTOMOOWJIM CPEITHUAT KMBOT HA JIAMITUTE B aBTOMO-
ownHuTE (hapoBe MPUIOOMBA CHIICCTBECHO 3HAYCHYIC.

Jlpyro roisMo HpeauMCTBO MPU M3MOI3BAHETO Ha
CBETOIMO/IV 32 aBTOMOOWIHUTE (hapoBE € BB3MOKHOCT-
Ta 32 MHOTOBapUAHTHU PEIICHHUS MPY PeaTu3aisiTa Ha
KOHCTPYKIHATA — C €AWH W HIKOJIKO CBETOVIOIHH
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MOJIyJla, CEKIMOHMpaHE Ha CBETIMHHUS W3TOYHUK,
Ch3/1aBaHEe Ha aJ[alITHBHO OCBETIICHHUE U JIp.

B mocnenHuTe HSAKONKO TOMWHW CBETOIHMOIHATA
TEXHOJIOTHS HaBJIe3€ CTPEMHUTEITHO ITPY ITPOU3BOICTBO-
To Ha aBToMOOWIHHTE (apoBe. [louTn mpu BCHUKH
HOBHU aBTOMOOWIIM CE€ BbBEXKIIAT CBETOIMOTHA OCBETH-
TEITHA CUCTEMH 32 KbCH, IBJITH CBETIIMHU U 33 MbIJIA.

ChIIecTBEHO Ce MPOMEHH W TIOIXOIBT, CBBP3aH C
W3UCKBaHUATA KbM aBTOMOOWJIHOTO OCBETJICHHE.
AKIIGHTBT ce TOCTaBs HEe caMO KbM TOlleMHUHATa Ha
CBETJIMHHUS TIOTOK, HACOUEH KbM ITBTSI, HO M KbM aiarl-
TUBHOCTTA Y MHTEIMTCHTHUTE CUCTEMH 3a KOHTPOJI Ha
ocBerieHreTo — Purypa 1.

Brrpexkn OmsickaBrTe TEHIEHINH 3a Pa3BUTHE Ha
CBETOJIMOTHUTE OCBETUTEITHU CUCTEMHU B CBETA Ha aBTO-
MoOwnTe TpsOBa Ja ce OTOENEKAT HSIKOJIKO BAKHH
¢axrta. Te3u cucTteMu ce Brpaxkaar Bce OIlIe TJIABHO B
aBTOMOOWITH OT Hall-BUCOK KJIac, KOUTO ca JaJieKo OT
MacoBusi morpeduten. Mcropusita HM yuu, 4ye Haud-
BEPOSATHO INl€ M3MHWHAT JOCTa TOAWHH, TIPSO Ta3u
TEXHHUKA J]a CTaHe MacoBa (IT0I00HO Ha aHTUOJIOKMpa-
IIUTE U CTAOWITM3HUPAIIN SJICKTPOHHH CUCTEMH B aBTO-
MoOmwuTe). B ChIOTO BpeMe Ha maszapa ce npejyiarar
CBETOJIMOTHH 3aMECTUTEITN Ha Hali-MACOBHTE XaJIOTeH-
HU aBTOMOOWJIHU JIaMIIH, TJIABHO OT KUTAMCKU MPOU3-
Bojutend. [Ipemioxkenusra ca MHOTO TIPUMAaMITUBH —
[IEHUTE ca MPUEMIIMBH, JIAMITUTe O TpsiOBajo 1a ca
BEUYHH B CpaBHEHHWE C JKMBOTa Ha aBTOMOOMIA, a
pEKJIaMUPAHUTE CBETIMHHU  XapaKTEPUCTHKH — Ha
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Queypa 1. TerneHIMy B aBTOMOOWITHOTO OCBeTIIeHHE ((hapoBe) 3a To0OpsiBaHe Ha
CHT'YPHOCTTa, YI00CTBOTO, (PYHKIIMOHATHOCTTA U afanTuBHOCTTa [11].

CBETOAMOJHUTE JIaMId Ca TO-J00pH OT Te3W Ha
KCEHOHOBHUTE JIaMITH (KOWTO Taka M He CTaHaXxa MAaCOBH
3apajii BUCOKaTa CH IieHa) — durypa 2.

[IpoGeMbT €, 4e MHOTO YECTO ChILECTBYBA 3HAYH-
TeNTHa pa3iuKa MEXKAy peKiamMa H JeHCTBUTEITHH
XapaKTECPUCTUKHN Ha U3JCIIMATA IIPU PCAJIHU YCIIOBHS Ha
ekcruioaranus. Hamero MHeHUE €, 4e B Ta3u 00iact
CEpPHO3HU HEJIOCTATHIIM Ca HEJJOMYCTUMH — T MOTaT Ja
KOCTBAaT MaTE€pUaITHH IIETH, 3PABETO MIIH KUBOTA Ha
MOTPEOUTEITUTE WK HA APYTH XOpa.

Eto 3amo menta Ha Tasum paboTa € CBBp3aHA C
W3CIIeIBAHETO ¥ TIONydaBaHEe HAa DPEaTHd JaHHWU 3a
XapaKTePUCTUKUTE HA HSIKOM OT Hal-pasmpocTpaHe-
HUTE CBETJIMHHU M3TOYHUIIM 332 aBTOMOOWITHH (hapoBe
Ha 0a3ara Ha MOIIHM CBETOIAMOON W CBETOVIOIHH
MOJTYJIH.

2. M3no:xenne
EKCHepI/IMeHTaJIHH H3CcJIeABaAaHUSA

Wscnenpanusta ca n3BBPILICHU B 1a0OPATOPUATA IO
CBETJIOTEXHUYECKU U3MEpPBaHUs Ha Kareapa ,,dusuka’
— PY ,Anren KvHueB“. M3nomBaHOTO 00OpyIBaHE
BKJIIOYBA HHTerpupamia cdepa ¢ guamersp 1 m
(cpraacuo m3uckBanusaTa Ha MKE na OOH — IpaBumno
112), cnekrpodoromeTsp Ha ¢upmara Stellar Net,
tepmokamepa ThermaCam E300 — FLIR Systems,
TEPMOMETPH, EIICKTPOU3MEPBATEIHN YPEIU U Jp.

WscnemBann ca XapakTepuCTMKA Ha TPHU BHIA
cBeTOMNOTHA JaMItH 3a (apose — H4 — I T (Durypa
2 a), H4 — Il tun (durypa 2 6) u H7 (dur.2 a).
HampaBenu ca m3nmTanus Ha TpU oOpasena OT BCEKH
BU/I JTAMITH, KaTO TIOTyYeHUTE PE3yNITaTH 32 00pasImTe
OT €JIMH BUJI TIPAKTHYECKH Ca CTHAKBU.

Queypa 2. Pexiiama Ha CBETOIMOIHH JIAMITH 32 (pap OT THIIA:
a) H4 — I tum u H7 ( Runstreet(TM) Super Bright R3 9600Im Xenon White 6000K Car LED);
6) H4 — 11 T (Headlight Conversion Kit Cree XHP-50 4800lm Bulb).
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3a cpaBHECHHME Ha ChIT[aTa H3MEpBaTeIIHA araparypa
Ca M3BBPIICHM WU3NUTAHUS HA CTAHJAPTHU JIAMIIA C
Ha)kekaema sxruka oT turn H4 u H7.

Pesynraru
HM3nuTanus Ha cBeTOAUOMHH Jammu ot Buaa H7

Beunuku cBeToanoIHM JTaMii ca CHaOJIeH! ¢ Ipaki-
BEp, KOUTO OCUTYpsBA HEOOXOIUMHUTE TOK U HAMPEKE-
HHE 32 3aXPaHBaHE HA CBETOIMOIUTE B JIAMITaTa.

TUrmIYHY pe3yNTaTH 3a eJICKTPUYHHUTE XapaKTePUC-
THKU Ha W3MUTBaHUTE JiaMu oT Buma H7 ca mpencra-
Benu B TaOnuma 1.

Tabnuya 1. 3axpaHBaIlo HarpexeHHe, KOHCYMHUPaH
TOK Y MOIIIHOCT Ha CBETOJHO/IHA J1amIia oT Tuna H7.

UV LA P,W
9,00 2,77 24,93
9,50 2,62 24,89

10,00 2,48 24,80
10,50 2,37 24,89
11,00 2,26 24,86
11,50 2,16 24,84
12,00 2,07 24,84
12,50 1,99 24,88
13,00 1,91 24,83
13,50 1,84 24,84
14,00 1,78 24,92
14,50 1,71 24,80

KakTo mMoxe a ce BUAU OT IPEACTaBEHUTE Pe3yJl-
TaTH, KOHCYMHpaHaTa MOIIHOCT OT JiaMrara e
MPaKTUYECKH OCTOsIHHA — OKOJI0 25W 1 He 3aBUCH OT
3aXpaHBaILOTO HampekeHue. V3nuraHusara mokaszaxa,
4ye CBETIMHHUAT IIOTOK Ha JlamMIlata HamaysiBa Clel
BKmouBaHeTo (okojyo 10-15%), xato cren okomo 7-8
MHHYTH C€ CTa0WwiM3upa M cJei ToBa OcTaBa
nocrosiHeH. ChITacHO M3MCKBaHUsITa Ha MIKoHOMMYeC-
kata Komucus 3a Espona (MKE) xeM OOH wuzmura-
HUATA 32 (POTOMETPUYHHUTE XapaKTEPUCTUKH Ha JIAMIIH
3a (hapoBe ce pean3upar Mpy 3aXpaHBaILO HaIpeKe-
aue 13,2 +0,1V. B Tab:. 2 ca npeacTaBeHn MOTyYeHH-
Te pe3ynTaTH 3a cBeroAuMopHa jamma H7, kato ca
CBIIOCTABCHH C XapaKTEPUCTHKUTE Ha CTaHIapTHA
JIaMIIa ¢ Haxkexaema skndka H7, momydenu ¢ nomorura
Ha ChIllaTa U3MepBaTeliHa araparypa.

Tabruya 2. KoHCyMHpaH TOK, MOIITHOCT U
CBETJIMHEH TOTOK IPY 3aXPaHBAII0 HATIPEKECHHE
13,2 V Ha cBEeTOIHMOIHA JIaMIIa U
JIaMIIa ¢ HaXKe)KaeMa )KH4JKa oT Ttira H7.

Caeronuonna gamma | Jlamia ¢ Hakexaema
ot tura H7 sknuka H7
UV 13,2 13,2
1A 1,88 423
P,W 24,82 55,84
F,Im 1370 1060
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CpaBHEHHETO Ha TPEICTABEHUTE PE3yITaTH TIOKa3-
Ba, Y€ JIaMIIaTa Ha 0a3aTa Ha CBETOIUOIU MMa C OKOJIO
30% mo-rosiM CBETIMHEH MOTOK, KaTO CHIIIEBPEMEHHO
KOHCYMHpaHaTa EJIeKTPUIEeCKa MOIIHOCT OT aBTOMO-
OMJIHATA HHCTAJIAIMS € OKOJIO 2,2 ITETHU O-MaJIKa.

M3cnenBaHo € U CHOTBETCTBHETO Ha IIBETOBUTE
XapaKTePUCTHKY Ha CBETIIMHATA Ha JIaMITaTa (ChIJIACHO
npasmwiata Ha MKE #a OOH — IlpaBmmall2, 113) —
Owurypa 3. LiBeToBuTe KOOPIAMHATH HA W3CIICABAHUTE
oOpa3iy ca B TPaHUIIMTE HA paspelleHaTa 30Ha B
IIBETOBOTO TpocTparcTBo (MKO 1931).

[ o

E 1931 CIE Chromaticity Diagram

Datalog

Save Sample

#=0.308 p=0.319 lux=12262. 3457 domiwave=0.0 purity=100% X=0.16 =017 Z=0.20 CCT=E928K

Queypa 3. 11BeToBH XapaKTEpUCTUKH Ha
cBeroauoaHa jramma H7.

Karo HeocTaThK HA U3MUTBAHKS THIT JIAMIIH MOXKE
Ja ce TOCOYM, Ye TeMIeparypata B 30Hara Ha
3al0siBaHe Ha CBETOJMOTHHUTE YHIIOBE IO BpEME Ha
m3nuranusgTa gocrtura 110 °C, xoero o3HadaBa, 4e I10
BpEME Ha EeKCIUIOATaIlksl CBETOIMOAUTE PabOTAT MpU
TOIUIMHHU HATOBApBaHUs, OJM3KA [0 MAaKCHMAJIHO
JIOITy CTUMHTE.

HM3nuTanusa Ha CBeTOAMOIHM JiaMiH oT Buga H4
Cseromnonnu Jamnu ot Tuna H4 — I tun
A) KbcH cBeTVIMHH

B Tabmuia 3 ca npenicraBeH TaHHU 32 KOHCyMHUpa-
HAaTa MOIIHOCT OT TO3U THII JIAMITH 33 KbCH CBETJIMHH.
[IpakTuyecku TS HE 3aBUCH OT 3aXpaHBAILIOTO Harpe-
skeHre. M3nuTaHusaTa mokasaxa, e CTaOMIu3alis Ha
XapaKTEPUCTUKUTE Ha JlaMIiaTa HacThIIBa OKOJIO 5 — 7
MUHYTH CJIE[l BKJIIFOUBAHETO .

CpaBHeHHETO Ha XapaKTePUCTUKUTE Ha
M3IUTBaHaTa cBeTonuoaHa namma H4 — I tvm ¢ Te3u Ha
CTaHIAPTHU JIaMIM C HaXeKaeMma XUUka (3a KbCU
cBemHA) — Tabnuia 4 mokasBa, Y€ CBETJIIMHHUST
IOTOK Ha CBETOAUOAHATA jJamma € ¢ okoio 10-15% mo-
roJIsiM, KaTo KOHCYMHpaHaTa MOIIHOCT € Okojo 3.9
ITETYU O-MaJIKa.



Tabauya 3. 3axpaHBaIo HaPSKEHIE,
KOHCYMHpPAaH TOK M MOIITHOCT Ha CBETOAMOTHA JIaMIIa
ot tura H4 — I Tim — KbCcU CBETIIMHM.

Tabnuya 5. 3axpaHBaIio HaPEKEHHE,
KOHCYMHPAaH TOK U MOIIHOCT Ha CBETOIMO/THA JIaMIIa
ot Buga H4 — I i — 1earu CBETIIMHM.

UV LA P,W
9,00 1,81 16,29
9,50 1,71 16,25

10,00 1,63 16,25
10,50 1,55 16,28
11,00 1,48 16,28
11,50 1,41 16,24
12,00 1,35 16,24
12,50 1,30 16,25
13,00 1,25 16,25
13,50 1,20 16,24
14,00 1,17 16,38
14,50 1,12 16,24

UV LA P,W
9,00 2,65 23,89
9,50 2,52 23,89

10,00 2,39 23,90
10,50 2,28 23,94
11,00 2,17 23,89
11,50 2,08 23,89
12,00 1,99 23,89
12,50 1,91 23,89
13,00 1,84 23,89
13,50 1,77 23,90
14,00 1,71 23,90
14,50 1,65 23,93

Tabnuya 4. KoncymupaH TOK, MOILTHOCT ¥ CBETJIMHEH
MOTOK MU 3axXpaHBalIo HanpeskeHnue 13,2 V Ha
CBETOAMO/IHA JIaMIIa U JIAMIIA C HAKe)KaeMa KU9Ka OT
Buna H4 — I tur 3a kvcu ceemaunu.

Tabruya 6. Koncymupas TOK, MOIITHOCT U CBETJIMHEH
MOTOK IPH 3aXpaHBallo Hanpexenue 13,2 V Ha
CBETOMO/IHA JIaMITa 1 JIaMIIa C HAKEKaeMa KHUIKa OT
Buna H4 — I tun 3a owieu ceemnunu.

Caeronuonna namna H4 — | Jlamna ¢ Haxxeskaema Caeromuonna namna H4 | Jlamma ¢ Haxkexxaema
I Tumn - xbcu sknaka H4 - kecn — I Tun - pparu sxnuka H4 - nearu
UV 13,2 13,2 UV 13,2 13,2
LA 1,21 477 LA 1,82 5,4
P,W 15,972 62,04 P,W 24 71,28
F,Im 997 848 F,Im 1400 1445

LlBeroBHUTE XapaKTEepUCTHKA Ha JbYEHHETO Ha
W3CTIeABAHUTE O0pa3l OTrOBapsT HAa M3HUCKBAaHMATA
cbriacHo npasunata Ha UKE na OOH.

Temneparypara B 30HaTa Ha 3al0siBaHE Ha CBETO-
JMOJTHUTE YMIIOBE 110 BpeMe Ha M3MUTAHUSTA JOCTHra
90 °C, x0€eTo € MPUEMITUBO.

B) Abaru ceeryiunum - iamiu ot Buga H4 — I tun

Kakro ce Bmwkma or Tabmuma 5, cpemHara KOHCY-
MUpaHa eJISKTpPUYHAa MOIIHOCT € okoio 24 W, karo 14
HE 3aBHCH OT 3aXpaHBaIIOTO HampeskeHne. Bpemero 3a
crabunm3anyst Ha (POTOMETPHYHUTE XapaKTePUCTHKU
Ha namrara e nof 10 MUHyTH.

PesynratuTe moka3Bar, ye CBETIIMHHUSAT MOTOK Ha
cBeroquoaHara jgamna H4 — I tum 3a IBIru CBETIMHA
MPAaKTUYECKH € KaTo Ha CTaHJapTHA JiaMIa C HaxKe-
JKaeMa JKMYKa, Karo KOHCYMHpaHaTa eNeKTpUYecKa
MOIITHOCT € TTOYTH TPH ITHTH ITO-MaJTKa.

ExcrniepuMeHTaHUTE H3CTIeIBAaHNS TIOKA3aXa, 9e 10
BpeMe Ha M3MUTaHWATA TeMIlepaTrypara B 30HaTa Ha
3a0sBaHe Ha CBETOAMOAHHMTE YWIIOBE JOCTHTa J0
120 °C — ¢akrt, KOHTO TOKa3Ba HEOOXOAUMOCTTA OT
JIOIBJIHUTCITHH JICTANIIHH M3CIICABAHUS HAa TOIUIMHHOTO
HaTOBapBaHe HA CBETOIHMOIWTE B PEATHH EKCILIOATa-
[IMOHHH yCJIOBHSL.

L[BeToBHTE XapaKTEPHCTUKA Ha JBUYCHUETO HA
u3cieABaHuTe 00pa3uyu ceeToaroanu Jammu H4 — I tumn
JTBJITH CBETIIMHU OTTOBAPSIT HA M3UCKBAHMSATA CHITIACHO
npaswiata Ha MKE va OOH.

Ceeromnonnu Jsammu ot Buaa H4 — I tun
A) Kbeu cBevinHu

CpenHaTa KOHCyMHpPaHa MOIIIHOCT 33 CBETOJHOHA
Jamma oT To3u Tl € okoio 20 W u He 3aBHCH OT
3aXpaHBalOTO HanpexeHue — Tabnuua 7.

CBEeTIMHHUAT IOTOK HAa CBETOAMOAHUTE JIAMIIM OT
TO3U BUJL € C OKOJIO 5% IO-TOJISIM OT TO3M Ha JIaMIU C
Hake)kaeMa JKUUKa, KaTo KOHCyMHUpaHaTa eJIeKTpHIec-
Ka MOIIHOCT € OKOJIO TPH ITbTH MO-MaJIKa.

Cepuo3eH npoOiieM Ipy eKCIUTOATAIMATA Ha JIAMITH
OT TO3M THI € TOIJIMHHOTO HaTOBapBaHE HA CBETO-
mroute. [lo Bpeme Ha (hOTOMETPUYHHTE U3MUTAHUS B
MSICTOTO Ha 3aIlOsIBAaHE 10 CBETOIMOJHUTE YMIIOBE O
m3mepeHa temmeparypa 145 °C, koeto o3HauyaBpa, 4e
CBETOIMOIUTE B TO3M MOMEHT palOTAT MpH HEIOIy-
CTUMU TEMIIEPATyPHH PEKUMH.

CrexTpaiHuTe XapaKTepUCTHKU Ha JIBUYCHHETO Ha
TO3HU TUIT CBETOAWOIHH JIaMITH OTTOBapsT Ha U3UCKBa-
HusTa ceriiacHo npaswiarta Ha UKE na OOH.
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Tabauya 7. 3axpaHBaIio HaPEKEHIE,
KOHCYMHpPAaH TOK M MOIITHOCT Ha CBETOAMOTHA JIaMIIa
ot tura H4 — Il tum — Kb6CcH CBETIINHM.

Tabruya 9. 3axpaHBaIio HaPEKEHHE,
KOHCYMHpPAaH TOK 1 MOIITHOCT Ha CBETO/IMO/THA JIaMIIa
ot Buga H4 — I TvI — IBIru CBETIIMHM.

UV LA P,W
9,00 2,31 20,79
9,50 2,18 20,71

10,00 2,05 20,50
10,50 1,94 20,37
11,00 1,85 20,35
11,50 1,76 20,24
12,00 1,68 20,16
12,50 1,61 20,13
13,00 1,54 20,02
13,50 1,48 19,98
14,00 1,44 20,16
14,50 14 20,30

UV LA P, W
9,00 2,19 19,71
9,50 2,04 19,38

10,00 1,93 19,3
10,50 1,82 19,11
11,00 1,74 19,14
11,50 1,65 18,975
12,00 1,58 18,96
12,50 1,52 19
13,00 1,45 18,85
13,50 1,41 19,035
14,00 1,36 19,04
14,50 1,31 18,995

Tabnuya 8. KoHCyMUpaH TOK, MOIITHOCT U CBETIIMHEH

Tabnuya 10. KoHCyMUpaH TOK, MOIITHOCT U CBETJIMHEH

MOTOK MU 3axXpaHBalIo HanpeskeHnue 13,2 V Ha
CBETOAMO/IHA JIaMIIa U JIAMIIA C HAKe)KaeMa KU9Ka OT
Buaa H4 — 11 tun 3a kwcu ceemnunu.

Cseromuonna namna H4 — | Jlamna ¢ Haxxeskaema
II Tum - xbeu sknuka H4 - xecn
U,V 13,2 13,2
I, A 1,52 4.7
P,W 20,064 62,04
F,Im 900 848

MOTOK MPH 3aXpaHBaIo Hanpexenue 13,2 V Ha
CBETOJIMOIHA JIAMIIa M JIAMIIa C HaXKe)KaeMa JKA4IKa OT
Buna H4 — 11 tum 3a ovreu ceemaunu.

Caeromnonua jtamma H4 —
I v - nearN

Jlamma ¢ Haxkexxaema
sxnuka H4 - nenru

U,V 13,2 132
LA 143 5.4
P,W 18,876 71,28
F,Im 1038 14448

b) Ibaru cBeyinnu - 1ammu ot Buaa H4 — I tun

CpeHara eneKTpUYecka MOITHOCT Ha JIAMITUTE OT
To3M THO ¢ okojmo 20W, karo He 3aBHCH OT
3aXpaHBaIOTO HATIPEKECHUE.

CBETIMHHUSAT ITOTOK HA CBETOAMOIHATA JIAMIIA € IT0-
MalTbK OT TO3HM Ha CTaHJAapTHA JlaMIla C HaKexaeMma
KUYKa, HO € B TPAHWUIIUTEC Ha TPEHOPHUNTCITHHS
CBETJIMHEH MOTOK 11o npaBmiiara Ha MKE #a OOH.

OO0e3noKoUTENHN ca TOIUIMHHUTE pPEKUMU Ha
paboTa Ha CBETOMHOIWTE, KOWTO TpsOBa Ja Obmar
M3CIICIBAHU ICTANITHO — [0 BpeMe Ha (POTOMETPUYHUTE
M3IUTAHUS HAa JBITH CBETIMHU B OIU30CT [0
CBETOMOJHATE YMIIOBE OsXxa M3MEPEHU TEeMITepaTypH
1o 148 °C!

IlBeToBUTE XapaKTEPUCTHKA HA JIBYCHHETO Ha
smammute ot Buaa H4 — Il Tvum — Opiaru CBETJIMHU ca B
JIOITY CTUMHTE TPAHUITH.

3. 3akutrouenue

W3cnenBanu ca eleKTPUYESCKU U CBETIIOTEXHHIECKH
XapaKTePUCTUKA Ha  CBETOAMOJHM JIAMIK  3a
aBromoOuHU Qapose ot Buna H4 u H7. Ha Gazara Ha
MOJTYYCHHUTE CKCIICPUMEHTAIHH PE3yJITaTH MOXKE Ja Ce
HAIpaBsT CICAHATE U3BO/IU:

1. Bcuukn wuscienBaHd CBETOOMOMHM JIAMIIM CE
3axpaHBaT OT JpaliBepd, KOUTO OCUTYpSIBAT CIHAKBA
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CIIEKTPUYECKa MOIIHOCT Ha JlaMIata W CHAKbB
CBETIMHEH TIIOTOK HE3aBHCHIMO OT 3aXpaHBaIllOTO
HaIpeKCHHUE.

2. CBETJIMHHUAT TIOTOK HAa CBETOIMOTHUTE JIAMITH €
B TpaHHIUTE, TpernMcann oT npaBwiara Ha UKE Ha
OOH u e cbU3MEPHM ChC CBETIMHHUS TIOTOK, Ch3/IaBaH
OT JIaMITH C HAXKCKacMa JKHU4YKa OT ChIIHA BH/I, HO HsIMa
HUIIO OO0 ChC CTOWHOCTHUTE, TIOCOYEHU B PEKIIaM-
HHUTE MaTepUaJIHA — TO-MATBK € HAKOJIKO ITHTH.

3. KoHcymmpaHaTa eNeKTpuYecka MOIIHOCT OT
CBETOJIMOJTHATE JaMNu € 2 J0 4 IbTU TO-Majika OT
MOIIHOCTTa, KOHCYyMHpaHa OT CTaHAAapPTHH aBTOMOOHII-
HHU XaJIOT'€HHU JIaMITU OT CbIIWA BUA NIPU CbUSMEPUM
CBETJIMHEH TOTOK.

4. Ilpu peartHa €KCILTIOATAIIUS HA CBETOIHOHUTE
JIAMIIA MOXeE J]a Ce OKaKaT MPOOJIeMaTHIHH TOTUTMHH-
HTC HAaTOBApBaHUA Ha CBETOANOAUTE — ITPHU CTATUIHHUTC
W3NHUTAHUS JOCTUTAHUTE TEMIICPaTyPH Ha CBETOJHOI-
WTe TpU HAKon OT jammmre ca Hax 120 °C, xoeto e
HEJIOITY CTUMO.

buaaronapnocru

WscneaBanusita, W3MOI3BaHM B Tasuw pabora ca
M3BBPILIEHU NPH M3ITbJIHEHHE Ha TpoekT 2016-DT-04,
a myONMMKyBaHETO Ha pe3yJiTaTUTe — C MOMOIITa Ha
®HU na PyceHckus yHusepcuteT, npoekt 2016-DT-
04.
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AN INVESTIGATION ON CHARACTERISTICS
OF LED BULBS FOR CAR HEADLIGHTS
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Abstract: The aim of the study is related to
obtaining real data on characteristics of LED lamps for
automotive headlights type H4 and H7. Power
consumption, luminous flux, spectral distribution and
color characteristics of the lamps’ radiation have been
investigated. The results are compared with data in
promotional materials and the requirements of
Regulations of the United Nations Economic
Commission for Europe. The studies enable to assess
the feasibility, advantages and disadvantages of LED
lamps of this type when replacing standard incandescent
lamps in the headlights.

Keywords: LED Auto Lamps, Automotive LED
Headlights.
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EKCTEH30METDBHP 3A USMEPBAHE HA HAITPEYHA TE®@OPMALIUA
B YCJIOBUATA HA BUCOKHU TEMIIEPATYPHU
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AHotanusi: B noknana e onmcaHa KOHCTPYKIMS Ha €KCTEH30METHP 3a M3MEpBaHE Ha HalpedHa JedopMaiys IpH
BHUCOKH TeMIiepaTypu. Hanpases e SIKocTHO-Ie(opMalioHeH aHalIN3 Ha €TaCTUYHUST €JIEMEHT Ha EKCTEH30METHpa M0
MeTOoZIa Ha KpaifHuTe eneMeHTH. ExcTeH30MeThpbT € H3padoTeH U eTaJIOHHUpaH C MOMOIITa Ha CIILHAIeH CTeH ] OIIUCaH
B Ta3u pabota. [IpoBesieHN ca eKCliepUMEHTAIHN M3CIIeBaHUA ¢ Pa3pabOTeHHs] eKCTEH30METBD U eKCTEH30METhp Ha
¢upma SCHENK 1pu craiiHa TemnepaTypa v € HalpaBeH CPaBHHUTEIICH aHaIIH3.

KorouoBu xymu: excmenzomemup, Hanpeuna 0egpopmayusi, 6UCOKU memMnepamypu.

1. BLBenenne

WmKeHepHUAT MOAXOJ 3a SIKOCTHO-Ie(opMario-
HEH aHalIW3 Ha KOHCTPYKLIMOHHH €JIEMEHTH MOIJIO-
KEHHU Ha MPOIBIDKUTEIIHO BB3ACHCTBUETO HAa BUCOKU
TeMIlepaTypy Ce OCHOBaBa Ha CTAHIAPTHU MEXaHWYHH
tectoBe. [IpoOHO TS0 (HAM-4ecTO IIITMHAPUYIHO) CE
HarpsiBa 1o 3a/iaJicHa TeMIIepaTypa 1 ce HaToBapBa CbC
IIOCTOSIHHA CHJIA Ha OITbH WJIM IIOCTOSIHHO HaIlPEKEeHHE
C IIeJT 1a c€ YCTaHOBH JiepopMaruiTa Ha meiseHe [1].

Meroaukara 3a €KCIIEPUMEHTAIHO YCTAHOBSIBAaHE
Ha KpUBWTE HA ITBJI3EHE B YCIJIOBHATA HA IIOCTOSHHO
HaIpPEKEHNE € 3HAYMTEIIHO M0-CJI0KHA. B TO3M Ccityyaii
Ce Hajara /la ce€ KOpurupa HelpeKbCHATO CTOMHOCTTA
Ha NpHjlaraHata Cujia BbB BPEMETO, B 3aBUCUMOCT OT
HW3MEHEHHEeTO Ha HampedHara naedopmanmsara. Tosa
o0aue ce KOMIIEHCHpPa OT MO-TOYHOTO PETHCTPUPAHE Ha
MOBEJICHUETO Ha MaTeprasa B yCIOBUATA Ha IOCTOSIHHO
HarpekeHue. B pesynrar ce romy4asar o-10CToBepHH
pe3yNITaTH 32 MHKEHEPHO MPAKTUIECKO MPUIIOKEHHUE.

EnuH ot ocHOBHUTE TPOOIIEeMH IPY M3ITUTBAHETO HA
MaTepuaiTe B YCIOBUSTA HA BUCOKH TEMIIEPAaTypu €
CBBP3aH C PETUCTPUPAHETO Ha MpOTHYAIIHTE e opma-
min. Wma penomupann ¢upmu kato INSTRON,
EPSILON wu ppyru, npeanaramiy €KCTEH30METpH 3a
n3MepBaHe Ha naedopManuy, LEHHTE Ha KOMTO ca
W3KITIOYUTETTHO BUCOKH.

ExcreH3omeTpuTe 32 BUCOKH TEMIIEPaTypu ChILE-
CIBCHO C€ OTJIMYaBaT II0 KOHCTPYKLHS OT TE3H 3a
M3NHUTBaHE TIPH HOPMAIHU TemriepaTypu. Enactianust
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eJIeMeHT Tps0Ba Ja Oblle W3HECEH W3BBH 30HATa Ha
BUCOKa Temrieparypa. KoHTakra ¢ mpoOHOTO TsIIO ce
OCBIIIECTBSIBA C MHUNajJa OT MaTepuall, H3IbpKall
BUCOKH TemrepaTypu (Purypa 1).

Straight Vee Conical
Chisel; Chisel; Tip;
Flat and Round Flat

Round Specimens Specimens  Specimens

Queypa 1. Ilunana ot marepual,
M3IbPIKAlll HA BUCOKU TEMIIEPaTypH.

B Hacrosimata paborta ce mocras 3amadara 1a ce
pa3paboTH eKCTEH30METhD 33 N3MEPBAHE HA HAMPEUHA
nedopManis B yCIOBHSATA HA BUCOKH TEMITEPATYPH.

2. KoncTpykimsi Ha eKCcTeH30MeThpa

Ha 6azara Ha onwta, HaTpynaH B MPEIUIITHA pa3pa-
0OTKM [2] ¥ TaHHM OT CIICIMATM3HpaHaTa JIMTeparypa,
€ n30paHa KOHCTPYKIHSATA, MoKa3zaHa Ha durypa 2.

KepamuaausT nnmmHIBp, TN1aBaTa 3a 3aXBallaHe Ha
MIPOOHOTO TSUTIO M KEPAMHYHHSAT NPT ¢a N3Pa00TEHHU OT
BHUCOKOTEMIIepaTypHa Kepamuka. KepaMUYHHAT MpbT
KOHTaKTyBa ¢ mpoOHOTO Tsuio. [Ipu MoHTHpaHeTo Ha



EKCTEH30MEeThpa TOW ce M3IBPIBA 33 JIa C& OCUTYPH
HeoOxomuMaTa Xj1a0uWHa B IlaBata 3a 3axBalllaHe Ha
npoOHOTO Tsu10. B pe3ynrar Ha TOBa eNACTHYHUST
eNeMeHT ce ieopMHpa | Py HaMaJsIBaHE HA Harped-
HOTO CEYeHHE Ha MPOOHOTO TSUIO, TOM ce CTpeMH Ja
BB3CTAHOBH IThpBOHaYanHarta cu (opma. M3zmepsaren-
HOTO YCTpOMCTBO 3a nedopMarusi € u3paboTeHO Ha
TIPUHITAITA Ha TIpeoOpa3yBaHe HAa MeXaHUIHaTa aedop-
Malysi B TPOIOPLUUOHATICH CICKTPUYSCKU CUTHAT —
MBJTHOMOCTOBA TEH30METPUYHA CXEMA.

EnactniausaT enemeHT e m3pabOTEeH OT 3aKajeHa
cromana CT40X Ha enekTpoepo3uiiHa MaIlIuHa.

3. SIkocTHO-1e(popMAIIMOHEH AHAJIHA3 HA
€JIACTHYHHS €JIEMEHT HA eKCTeH30MeThpa

IIpecmsitaHusATa ca HampaBeHW IO MeEToJa Ha
Kpaitaute enemeHT cbc COSMOS WORKS.

Ha ®urypa 3 e nokazana Mpexara oT KpaiiHU eJie-
MEHTH U HAJIOXKEHUTE TPaHUIHU ycIIoBys. M3uncnenn-
siTa ca HaNpaBeHW 3a OCOBAa CHJIA 332 EKCTEH30METhpa
10 N.

@ueypa 2. ExcTeH30MeTHp 3aHanpedHa aedopmarius.
1-poGHO TsL10; 2-TJ1aBa 3a 3aXBallaHe; 3-KepaMHUYICH [FTUHIBD;
4-kopITyc; 5-e1acTUUEH eJIEeMEHT; 6-TIpeAra3eH IuT;
7-MPOTHUBOTEIKECT; 8-KEPaAMIUCH MPBT.

QDueypa 3. Mpexa 1 rpaHUYHH yCIIOBHSI.
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Ha ®urypa 4 e mokazana kapTHHaTa Ha HaIpeke-
HUSATA Oe. CpPABHUTENHO HHUCKUTE HAlpeXeHHs B
eNacTUYHOTO TS0 ca ChOOpa3eHM C OYaKBaHOTO
JOIBJIHUTEIHO HATOBAapBaHE IIPU HEOOXOAUMOCT OT
MpeooNsiBaHe Ha TpPUEHE B TOABM)KHHUTE YacTH Ha
€KCTEH30METhpa.

Ha ®urypa 5 e nokasana kapTuHata Ha IPEMECTBa-
HUATA B €IACTHYHUS €IEMEHT 10 0CEBO, Ha EKCTEH30-
MEeThpa, HalpaBJIeHHE.

4. M3paGoTBaHe U eTAJIOHHPAHE HA eKCTeH30-
MeTbpa

Ha ®wurypa 6 e nokazana CHUMKa Ha n3pabOTeHHs
EKCTEH30METBD.

won Mizes (Ninm*2 (MPa))
400.3M
366.943
L 333586
. 300223
. 26670

. 233513

L 133440

200155

166797

. 100082

BE.724

33367

0.003

Queypa 4. EKBUBAJICHTHU HANIPEKEHUS Oy

URES {mm)

- 1.36
- 103
[IRE]
034

0.0o

Queypa 5. IlpemecTBaHus MO HANIPABJICHUE HA
0CTa Ha eKCTEH30MeThpa.

Queypa 6. CHIMKa Ha M3paOOTEHUS EKCTEH30METB.
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Ha ®urypa 7 e moka3ana 6;10k0oBa cxema Ha U3I0J-
3BaHMS CTEH/I 32 €TATOHMPAHE Ha EKCTEH30METhpa.

min
N ANV ANV

QDueypa 7. briokoBa cxeMa Ha CTEHZA 3a €TAIOHNPAHE

Ha €EKCTCH30METhPA.

1 - npprkareny, 2 - KOpIyc Ha CTeH/a, 3 - ceuia MO/IBIKHUY,
4 - pbKOXBaTKa C MUKPOMETPHYCH BUHT, 5 - CKaJla ONITHYHA,
6 - yHHBepcaieH TCH30METPUYCH YCHIIBATeN , 7 - 6ONTOBE
¢ukcaropuy, 8 — puxcaropu.

min

Upes eauHus AbprKaTed HAa CTEHA 3a eTaJIOHHpaHe
€ 3aXBaHaTa CielMaliHa TIJIaHKa, a Ype3 APYTHUsI CAaMUST
excreHsomeTsp (Purypa 8). M3mepBarennara cxema
OTroBapsl HAIBIHO Ha peanHoTo wu3MepBane. C
[IOMOIITa Ha MHKPOMETPHUYHHMAT BHHT € 3aaBaHo
npemectBade npe3 0,2 mm g0 croitHocT 1,6 mm, cnen
KOETO Cce TPhIBa B 00paTHa Iocoka OTHOBO Tpe3 0,2 mm
JI0 BpBILAHE B M3XOAHO TMOJOXKEHHe. 3a OTYMTaHe Ha
nedopMalinTe B €IaCTHYHHMST €JIEMEHT € M3MOJI3BaH
ycmnsaren Tt DMD 20 za HBM — I'epmanus.

QDuzypa 8. CHIMKa Ha EKCTEH30METBPA, MOHTHPaH
B CTEH[Ia 33 €TAJIOHUPAHE.

Hamnpagenu ca 6 nykbia m3mepBanyst. Ha 6a3ata Ha
TIOJTyYSHHUTE PE3YJITAaTH € MPECMETHATO MaKCUMAITHOTO
OTKJIOHEHWE OT JIMHEHHOCT HA EKCTCH30MeThpa —
0=0,15%.

5. EkClIepUMEHTAIHO H3CJIeIBAHE HA €KCTEH30-
MeTbpa

IIpoBeneHO € eKCIEpUMEHTAIHO W3CIlIeBaHE B
YCIIOBHSITAa HA HOPMAJTHU TEMITEPATypH MPH CTATHYHO
HATOBApBAHE CbC Pa3pabOTEHHs] EKCTCH30METBD U
tenzomeTsp Ha Qupmara SCHENK. M3nomsBanu ca
TPOOHU TeNa OT ATyMHHHEBA CIUIaB.
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Ha ®wurypa 9 ca moka3aHd CHUMKH Ha €KCTEH30-
METpHUTE, MOHTUPAHH Ha IIPOOHH TeJa.

-

Queypa 9. CHUIMKA Ha €KCTEH30METPHTE,
MOHTHpaHH Ha MPOOHO THIIO.

Ha ®urypa 10 ca nmoka3anu kpuBHuTe Ha neopMu-
paHe, NOJIy4eHH C JjBaTa eKCTEH30METhpA.

P e =

W
{r
{

= = S

—— ekcTeHsomeTbp SCHENK

—s— pa3paboTEeHUSIT EKCTEH3OMETBP

0 T T T T
100 200 300 400
Hanpe4Ha gedopmanusi, pm

500

@ueypa 10. Kpusu Ha nedopmupane,
HOJIy4eHH C BaTa EKCTEH30METhpa.

6. 3axkouenue

KoncTpyupan U n3paboTeH € EeKCTEH30METhp 3a
M3MEpBaHe Ha HampeyHa AeopMarys, KOeTo Iie Mo3-
BOJIH TIPOBEXKIAHETO HA €KCIIEPUMEHTAJHN H3CIIe/IBa-
HUSI B YCJIOBUSITA Ha ITBJI3EHE MPH ITOCTOSHHO Harpe-
skerne. ['pemrkara ot muraeiHoCT € 0,15 %, Koero ¢ B
paMKuTe Ha JaBaHaTa OT (PUPMUTES-TIPOU3BOAUTEIKH Ha
TaKMBa SKCTCH30MeTpH. M3Mepenute nedopMarivu ¢
MOMOIIITa Ha pa3padOTeHUs €KCTEH30METhP B YCIIOBUS-
Ta Ha HOPMAJHU TEMIIEPATypH KOPECIIOHIUPAT C TE3H
M3MEpEHH C TIOMOIIITa Ha eKCTEeH30MeThpa Ha prpMaTa
SCHENK, koeTo € ocHOBaHHE Ja Ce€ JajJe BHCOKa
OIICHKA 32 TOYHOCTTA HA PE3yJITATHTE, KOWUTO IIE CE
TOJTyYaT B yCIOBUATA HA TTOBUILIEHN TEMITEPATYPH.

Jlureparypa
[1] EN 10291:2000, Metallic materials — Uniaxial creep
testing in tension — Method of test.

[2]T. Croitues, JI. JIazos, B. LloneB, ExcTenzomeTsp 3a
BUCOKM Temneparypu, III HammonanHa cryneHTcka
Hay4JHO-TexHHYecka KoHpepenmwms, 2007, crp.29-32,
Codwust, bbnrapust.



HIGH TEMPERATURE EXTENSOMETER FOR LATERAL STRAIN MEASUREMENTS

VESELIN TSONEV IvAN MUHTAROV
Department Strength of Materials, Department Strength of Materials,
Technical University of Sofia, Bulgaria Technical University of Sofia, Bulgaria

tzonev(@tu-sofia.bg i_muhtarov@tu-sofia.bg

Abstract: The paper presents design of a lateral strain extensometer for high temperature conditions. Strength analysis
of the elastic element by means of FEM software was conducted. The extensometer was produced and calibrated with
specialized test equipment. Simultaneous test measurements were realized both with the designed extensometer and
extensometer made by SCHENK at ambient temperature. Results were compared and analyzed.

Keywords: extensometer, lateral strain, high temperatures.
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Pestome: [lyOmkaumsita pasriexaa (GusnueckuTe MpoLEcH NPOTHYAIM B MarHUTHO-PEOJIOTHYHUTE IOJIyaKTHBHU
Jemripepy, MaTeMaTHIecKOTO MM MOJEIMPaHe ¥ TMOJydaBaHe Ha BTOPHYHM MOJICIH 32 IEJUTE Ha YIPABJICHHETO B

peajHo Bpeme.

KorodoBu qymu: macnumuo-peonozuser oemngpep, OUHAMU4er Mooel, npaeg U UHEEPCEH HeGPOHEH MOOEIL.

1. BLBenenue

AxTHBHaTa BUOPO3aIUTa HAMUPAT BCE HO-IIUPOKO
MIPUJIOYKEHHUE B TPAHCIIOPTHA U BOGHHA TEXHHKA, CTPOU-
TEJIHUTE ChOPBKEHHS, TPELM3HA 00pabOoTBAIIM Malli-
HH " Jp. XapaKTepHO 3a MOITyaKTUBHUTE AeMidepu e
OTCBCTBUETO Ha JOIIBIIHUTEIICH U3TOUHHK Ha €HEepris,
KOETO, ChUETaHO C BUCOKaTa CTENEH Ha HaZeXK THOCT, TH
Hajara Karo NPEANOYMTAH BapUaHT 3a TO3M THII
BuOpo3ammra. C orjgen Ha CHHTE3a Ha ONTHMATHH
KOHTPOJIEPH, € OT CHIIIECTBEHO 3HAUECHHE H3MOI3BAHETO
Ha MAaKCHMaJIHO aJIeKBaTHH TEXHH MOJEIH, KOHTO
CBILEBPEMEHHO Jla ChOTBETCTBAT M Ha W3MCKBAHETO 32
yIIpaBJIeHHE B peastHo BpeMe. TakuBa ca mpeyioKeHH B
[1-3], kaKkTO ¥ B 3HAUUTENIEH OO IPYTH U3CICABAHUSL.
3amaunTe B HACTOAIIETO U3CIIEABAHE ca [ Ce pasriesar
(u3nUecKuTe NPOSIBICHHUS B MarHUTHO-PEOJIOTMUHUTE
(MP) ¢orynnm, na ce u3rpajy MOJeN Ha MOy aKTHBHUS
MP nemndep, crnen Koeto Aa ce peanusupa Herona
MOAXOJIIIA AIPOKCUMAIHs, He0OX0quMa 3a yIpaBiie-
HHUETO B PEAJTHO BpEME.

2. Koncrpyxuun Ha MR gemngep

[omyakTuBHUTE HAeMripepd HMAT KOHCTPYKLHS
0713Ka 10 Ta3u Ha KOHBEHIMOHAIHHUTE TTACHBHU JEMII-
(epu, KaTo MpH TAX OKOJIO APOCETUPAILIOTO MPOCTPAH-
CTBO Ca Pa3IONOKEHH EIEKTpuueckd 000nHU. YTpas-
JSIBAILMAT CUTHANI JOCTHIA A0 TAX IO Kaben MUHaBalll
npe3 OyTATHUAT MPBT, KATO POTHYAIIHS TOK Ch3/1aBa
eNIEKTPOMArHUTHO TIOJIE.

CrImiecTBYBAT TpH OCHOBHU Buaa MP nemridepu -
€IHOO0EMHH, IByOOEMHHU U ¢ J1Ba OyTaIHHU MPbTA.

Ennoobemuustr MP nemndep e mokazan Ha
Ourypa 1. Toil nMa akyMylaTOpeH MEXaHU3BM,
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KOMITEHCHpAIIl IpoMsiHaTa Ha obema Ha (uryuna npu
JIBIDKEHHUETO Ha OYTaJIOTO. AKyMYJIaTOpPHOTO OyTajo
CITy>KH 3a Tiperpana Mexay MP ¢duyuna u crecreHus
ra3 (0OOMKHOBEHO a30T).

JByoOemuanTe MP nemndepu nmar nea odbema 3a
¢mynna, TOMECTeHH €IUH B JPYT, Upe3 BHHINCH M
BBTpeIleH Kopiyc — durypa 2.

HA MATHHTHHA IOTOE

Queypa 2. Cxema Ha n1ByodeMeH MP nemridep.



BbHUIHUAT pe3epBoap € 3anbJIHeH 4acTUYHO ¢ MP
(haynn u KoMIeHcHpa MpoMsiHaTa Ha o0eMa TPy ABH-
KeHueTo Ha OyTtanoTo. PasnosnoxxeHuTe B JbHOTO Ha
BBTPEIIHNUS KOPITYC KIIAllaHu peryaupar (payunaHus
ITOTOK MEXTy ABaTa obema.

KoncTpyknuara Ha MarHuTHO pEOJOTMYHHTE
nemridepH ¢ aBa OyTaTHU NPBTH € TIoka3aHa Ha durypa
3. [Topagu TOBa, Ye OyTATHUAT MPHT U3IU3a OT JBaTa
Kpasi Ha KopIyca, oOImus ooeM Ha (Iyuaa He ce Tpo-
MEHS 1 He € He00XO0IMM aKyMyJIaTOPEH MEXaHU3bM.

MP gayna i

| |

sazer GyTames OpbT

ay-m.-m/

Queypa 3. Cxema Ha MR nemmdep
C IBYCTpaHEH OyTajeH NpbT.

AMOTEA
Openes SyTanem OpeT

\\-. MATHHTHE CHECEH JHMHE

Ha ®urypa 4 ca naaeHy pa3ivuyHU BUJIOBE CXEMH,
TTOKA3BAIY HAYMHATE Ha PA3MOJIOKEHHE Ha O0OUHMTE,
CH3/IaBaIli EIEKTPOMArHUTHOTO TOJIE U PECIICKTUBHO
U pazmiHuTe (GOPMH Ha AKTUBHUPAHUTE O0EMH OT
MarHUTHO-PEOJIOTHYEH (DITyHI.

Queypa 4. CxeMa Ha pa3IoJIOKEHUE Ha
aKTHBHpANTITE OOOMHY.

2. duzuyecKy npouecu BbB quiyniure ¢
yHpaBJisieMa peoJiorusi

MarHuTo-peoaoruyHuTe QIyHId UMaT MPOMEH-
JVBU PEOJIOTMYHU XaPAKTEPUCTUKU — BHCKO3UTET,
€aCTUYHNA W IUIACTUYHH CBOMCTBA, YTIPABIISBAHU
gpe3 BB3IACHCTBHE HA MAarHWTHO IIOJIe, KaToO Ta3d
MpOMsIHA HACTBIIBA 32 MHTEPBAJ OT TMOpsIbKa Ha
MUITUCEKYH/IU. Te MpeCcTaBIsBaT CyClieH3ul 0T 0a30B
(hyun v pepoMarHUTHH YaCTUITH (IHUITONH) OT YKEISA30,
HUKEJ, KOOQIT M TEXHWUTE CIUIABU C pPa3MEepH OT
HSKOJIKO MHKpOHa. BriouBar ce ©  pa3nuyuHH
MpuOaBKW ¢ IIeJI HaMmasiBAaHE Ha BTBBPASBAHETO,
Pa3CIOsBaHETO, CEAMMEHTAIVATA, TEMIICPATypHUTE U
IpyTd W3MEHEHHS Ha CYCICH3UUTEC B TEUYCHHE HAa
BPEMETO.

Ilox BB3AEHCTBHETO HA MATHUTHO MOJIC, TUIOINTE
ce MOJPekKAaT 00pa3yBaliKu KOJIOHUAIHH CTPYKTYPH
IO JINHUUTE Ha TOBA I10JI€, MPEAU3BUKBAIIH ITPOMSIHA
Ha BHCKo3uTeTa. llpW Hagmuwe HA  BBHHIIHO
MarHUTHOTO IIOJIE C HMHTCH3WTET M, TO jciicTBa C
JlopeHIIOBM CHITM  BBPXY JWIOIUTE W Ch3/aBa
MEXaHMYHN MOMEHTH, OPHCHTHPANTH THUITOJUTE II0
HampaBlicHWEe HAa MAarHUTHOTO Toie. ToBa Bomm 1O

Ch3/1aBaHEe Ha MHYLIMPAHO MarHWTHO I10JI€ C MAaTrHUTHA
HWHAYKIOWA, KOATO CBIJIACHO H'I)pBOTO ypaBHeHHe Ha
Makcyer, e:

m

B =yy(H +P,),Am™", (1)
KbACTO:

P, =n,p, tanh(’%) 2)

€ BeKTOPHT Ha HAMarHATBAHETO (MArHUTHUTE MOMEHTH
B eIMHUIIA 00EM);
=107 m> e Oposi MArHUTHUTE JTUIIONY B SAWHHIIA
o00em;
k=1,38 10 J/K — koHcTanTa Ha BoMan;
T—Temnepatypa B °K;
P1=8Ds;
2 — dakrop Ha JlaHzae. 3a opOuTaneH MOMEHT g = 1, 3a
CTIMHOB g = 2;
Ds = 0,92.10% Cm?*s — CIMHOB MarHUTEH MOMEHT,
XapakTepr3upall BBPTEHETO HA EJIEKTPOHa OKOJIO
coOcTBeHaTa My Oc;
o = 4107 Hm' — MarHuTHa NpOHMIIAEMOCT BBB
BaKyyM.

Ilpn cnabu monera 3aBucuMmocTra 3a P, ce
JIMHEapHU3upa KaTo:

2 2
" - - _
P, & ny =B =pn, = H = y,H 3)

u (1) mpumoO¥Ba M3BECTHOTO MPECTABIHE:

B = uy(1 + x,)H, “4)
: ri

KBJIETO: ¥, = M, 1 Mo — MATHATHA BB3IPHEMIHBOCT.
B ciydas Ha MarHuTHO-peosiormyHUTE QITyHIH
obaue, B 3HAYMTEIIHO Ha/BUILLABALLA TA3H HA BHHIIHO-
T0 mone By = woH u 3aBucumoctute (1) u (2) umar
HENIMHEeH XapakTep, KaTo 3aBHUCIT OT WCTOPHATA Ha
HaMarHUTBaHETO (TIPOsIBsIBA ce xuctepesuc), Gurypa 5.

e 9 By @

m Br @

(©) (©)
Hc > H¢ -
H,A/m /é H, A/m

'%
@
a) 0)

Queypa 5. a) Bextop Ha HAMarHUTBAHETO;
0) MarauTHa HHTyKITHSL.

Yacrra | OT KpHBaTa Ce MOayyYaBa MPU HAYATHOTO
HAMarHUTBAaHE HA YacTuIMTe. TS JOCTHra J0 JHHEHHA
gacT 4 (HachIIaHe), IPH KOSTO MAarHUTHUTE JTUTIONUTE
BCUC Ca OPUCHTHPAHU 110 HAIIPaBJICHUE HA MAarHUTHOTO
niosie — durypa 6, KaTo UHAYMPAHOTO MATHUTHO TOJIC,
TIPEBB3X0K/1a BHHIIHOTO B TOpsabiH — 10°+10% meTh.
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®urypa 6. OpueHTupane Ha GpepUTHATE JUIIOIH.

hepuTHH
OMMonu

C HamassiBaHe HA MAarHUTHOTO I10JI€, Pa3MarHUTBa-
HETO Ha JIUIOJINTE CE N3BBPIBA 10 KprBa 2 oT durypa
5, Karo NpH HyJIeB HHTEH3UTET ()epOMarHUTHHS MaTe-
puan ocTtaBa HaMarHUTEH, T.€. Bb3HUKBA CIIOHTaHHA
HaMarHUTEHOCT Ha ()epOMarHuTa, XapakTepu3upalia
Ce C MarHUTHA MHAYKUWS B, = 1P, (ocTaTh4yHa Hamar-
HUTEHOCT). 3a J1a ce HyJIMpa MarHUTHATa UHIYKIHS €
HEOOXOIMMO J1a Ce TIPUIIOKH BBHIITHO MarHUTHO TI0JIE
¢ oOpaTHa 1MocoKa U ¢ uHTeH3uTeT. HenuHelinoctTa Ha
BEKTOpa HA HAMArHUTBAHE U PECIIEKTUBHO MarHUTHATA
HWHAYKIUS, KAKTO U CHOHTAHHATa HAMAarHUTEHOCT, CE
O0SICHSIBAT C HATITYMETO HA JIOKAJTHA MarHUTHU TI0JIETA,
JEUCTBAIM BBPXY CIIMHOBUTE MATHUTHH MOMEHTU H
OTIpEIENISIIM SHEPrusiTa HA MATHUTHUS AUNON. TsxHa-
Ta MarHUTHAa MHIYKLUS NPEACTaBIsiBA CyMa OT Tas Ha
BBHIIHOTO TOJIE U OT JAONBIHUTEIHA KOMIIOHEHTa,
sIBSIBAIIA Ce (PYHKIMS HA BEKTOpa Ha HAMArHUTBAHETO:

B = By + APy, (5)

KBJETO A € KOHCTaHTa, XapaKTepU3UpaIia MarHUTHOTO
B3aUMO/ICHCTBUE MEXKIY OTICTHUTE aTOMH.

Taka, crieq 3amecTBaHe B (2) ce MoTyyaBa HElTMHEH-
HOTO YpaBHEHHE

P,=n,p, tanh(pl M). (6)

kT

C nHapactBaHeTo Ha Bj, BEKTOPHT Ha HaMarHUTBa-
HETO P, = nmp1 ¥ Bh3HUKBA HACHIIAHE.

be3 npuioskeHo BHHIITHO MarHUTHO TIOJIE, (IIyHUIBT
MOXE Jia ce pasriekaa Karo HeHamarHurteH. [lpu
MIpUJIaraHe Ha BBHIIHO TIOJIE, ChITIACHO MPUHIIMIA Ha
[aymm, eHepreTHYHO MO-M3rOHO CTaBa YCIOPETHOTO
Ha Hero OpHEHTHPaHe Ha IOMEHHTE, Thil KaTO Ch3/Iajie-
HOTO OT T4X BBHIIHO IIOJIC € MNPOTHBOIIOJIOXHO Ha
MIPUIIOKEHOTO W BOJU JIO HETOBOTO PEIyIIUPAHE.

C yYBCIIMYaBaHE Ha HWHTCH3UTCTAa HAa BBHIIHOTO
MarHuTHO IIONe, JOMEHHWTE ce pa3pacTBaT M ce
JOCTUTA JI0 CUTYaIlWsi, IPH KOATO HAMarHUTBaHETO Ce
TIPOMEHS CKOKooOpazHo. I1pu ToBa HacTHIBA 1 HEOOpa-
TUMa 3ary0a Ha €eHeprus, Mopagu OTAEISHETO Ha
TOIUINHA, TPEAU3BUKAHO OT IPOTHUYAINUTE HHIYIIH-
paHu BUXPOBH TOKOBE M BH3HMKBAHETO HA MAarHUTHO-
CTPUKLHMOHHH e(eKTH B fomMeliHnTe. C HaMaIsIBaHe Ha
BBHIIIHOTO 110JI€, OTHOBO CE Ha0JT0/1aBa CKOK, KaTo MU
HyJIeB WHTEH3WUTET JOMEWHHUTE HE Ce€ BPBLIAT KbM
IIBPBOHAYAIIHOTO CH CHCTOSHUE U 3alla3BaT M3BECTHA
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OpHEHTaIMs T.€. OCTaThuHa HaMarHWTeHoCT. Pa3pacrt-
BaHETO HAa JIOMEWHHUTE MPOJb/DKaBa JO MIMPUHA
10°+10° mm u 70 KOJMYECTBO HA ATOMHUTE B HETO
10°+10°. TIpu nocTHTaHe HA TE3M CTOWHOCTH, TOPAIN
YCIIOPEIHOTO Ha BHHIITHOTO I1OJIE OPUEHTUPAHE, HEChB-
MaJIaIo ¢ TOBA HA OCUTE HAa CTPAHUTE Ha (pepoMarHuT-
HUTe Kpuctamn — durypa 7, HapacTBa 4yBCTBHUTEIHO
MarHATO-KpHCTATHATA aHW30TPOIHA €HEprus Ha
JOMEWHa M  [O-HATATBIIHOTO pPa3pacTBaHE Ce
npekparssa [4].

ITII

Queypa 7. DepoMarHuTHa KpUCTAIHA aHU30TPOTIHSL.

WW‘B:
WW%
e
il
S

a)

— T
510 515 520 525 530 535 540 545
t(s)

Queypa §. Tunose, peopraHu3anyst ¥ SKOCTHO
BJIMSHHUE Ha HG(I)CKTI/ITG B TUIIOJTHUTE BCPUTHU.

Jpyr ¢akTop ca paziuaHuTe JUNoiHy aedektr. Ha
Ourypa 8a ca MoKazaHW BB3MOKHUTE JIeeKTH mpu
(dopMHpaHe HA JUMOJIHUTE BEPUIH — CATEIUTHH, TUII
KPBCT U TUI JABOCH KphcT. Ha @urypa 86 ¢ mokazaHo
W3MEHEHHETO Ha JUIOJIHA BEPUTa, 3aCHETO C ONTHUYHA
Jla3epHa ONMUTHA MOCTaHOBKA [5], mpH mpuiaraHe Ha
OITFHOBO YCWJIHE C TIOCTOSIHHA CKOpOCT (Z6umy/s).
Bepurara ce peopranusupa, Karo 1e()eKTHUTE JTUIONTA
(mpocnensiBa ce AeeKT TUIT IBOCH KPBCT) CE 3aBbPTaT
U npu pedopmanysi, CbOTBETCTBAIlA HA HAIPErHATO
CBCTOSIHUE, OTOCIISI3aHO C f Ha (urypara, ce BKIFOUBAT
BBbB BepHraTa T.€. Ha MpakTUKa Aedekra nzuessa. [Ipu
ToBa OoT durypa 86 ce BWKAa, 4e MpH JOCTUTAHE HA
TOBA HAIIPETHATO ChCTOSIHUE, CHIIPOTUBHUTEIHATA CHIIA
F Ha oMeliHa pA3Ko HapacTBa U JOCTHUra 10 MaKCUMaJl-
Ha CU CTOMHOCT, OTTOBapsillia Ha HaYaI0TO Ha pa3pyllia-
BaHE Ha JuIonHuTe Bepurd. OOSICHEHHETO ce KOPEeHU
BBB (pakTa, 4e JedeKTuTe BOIAT IO OTCIadBaHE Ha
B3aMOJIEUCTBUSATA U JOPH J10 B3HUKBaHE HAa CHJIM Ha
OTONbCKBAHE, KAKTO B JMWIIOJHATa BEpHUra, Taka WU
MEX]y BEpUTHUTE B IOMelHA (Ha OCHOBAaHUE HA JAUCKY-
TUpPAHUTE I0-TOPE EHEpPruiHu choTHOWEHus). [lpu
NpUjaraHe Ha OIBHOBO Bb3JeHcTBHE AeEKTUTE ce
peopraHu3upaT, To3u eeKT Ha OTCIa0BaHE ce MHHU-
MH3Hpa 1 SIKOCTTa Ha IOMEHHa CKaya CKOKOOOPa3Ho.



Ha ®urypa 9 ca mokazaHu CHUMKH OT €JIEKTPOHEH
MHKpockorr Ha MR ¢uynn, moanoxxeH Ha BB3zCH-
CTBUETO Ha CTaTMYHO MArHUTHO MOJIE C pa3inyHa
HHIYKIWA [6].

() 15mT (d) 20 mT

Queypa 9. MP durywn ipu pa3InIHA CTOHHOCTH
Ha MarHUTHATA UHIYKIKS Ha aKTUBUPAIIIOTO TIOJIE.

I'oprOTO pasmieknane nMokassa GU3MIECKUS MeXa-
HU3bM Ha JeHCTBME M OOOCHOBaBa HAJIMYUETO HA
peavia HelMHEHHN (PeHOMEHH B MOBEJICHHETO Ha Peo-
JOTMYHUTE (IIyHANM KaTo: XHUCTEPEe3HC, HacCHILAHE,
OCTaThbYHATA HAMArHUTCHOCT, PE3KH IPOMEHH B Xapak-
TEPUCTHKATA P PEOPTaHM3aIMS HA JUIIOINUTE U AP.

3. MozaempaHe Ha MATHUTHO-PEOJIOTHYHUS
nemiigep

Pasriiexnia ce U3IIbIHEHUETO C aKTUBUPAILA 30HA B
apocenute Ha 6yranoro durypa 4a.

Ha ®urypa 10 e nokazana auarpamara Ha CKOpO-
cTuTe U cpssBaiure HanpexeHus. dmynna nporrua
npe3 IpocenuTe, Moj JeicTBUe Ha JedopMalisaTa Ha
nemrdepa.
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@ueypa 10. CKOpoCTH U HANIPEKEHHUE TIPU JBIKCHNE
Ha ¢ynna B apocenute Ha MP nemndep.

AKo ce mpueMe, 4e B 30HaTa Ha KOHTaKTa MOYTH
OTCHCTBA TPHUILTH3BAHE, TO 32 OTHOCUTEIIHATA CKOPOCT
Ha ¢uIynaa B Hes MOXKE Jla ce TIpHeMe, 9e € TTPUOITH-
3UTEITHO HyJIA.

ChIIIacHO M3CIIENBaHUATA B TIO-TOpHUS maparpad,
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MpOLIECUTe HajlaraT HelnHelWHa (pyHKIMOHAIHA 3aBHU-
CHMOCT Ha M3MEHEHHE Ha CPA3BAILOTO HAMPEKEHUE OT
ckopocTtTa B 30HUTE AB 11 CD:

n

Tx =~ y_n<_%> . (7)

Cnen mpencraBsHe Ha ypaBHEHHEeTo Ha Hasue-

CtOKC B MOJIIPHU KOOPAWHATHU, OTHUTAHC HA I'PAHUY-

HUTE YCJIOBUA, HHTCTPHUPAHE U OTUUTAHE JUHAMUKaTa

Ha I[eMH(l)epa, CC 1ocTura a0 CJICAHUTC 3aBUCMOCTH 3a
CKOpPOCTTA Ha NPOTUYAHEC Ha (I)J'Iy naa:

v, (r) =
( 3a0<r<rg:
const = v, (r)) =
1
2n n"ﬁ( dpry )%1 ( dpr, >%
-———-1 —--———=-7 ;
n+ldp \ dx2 7 dx2 7

= dx (8)

-1 ntl
2n n n(_@1_1>n _<_@r_2_r>n
n+1 dp dx2 7 dx2 7
L dx

CboTBeTHO J1e0UTa U pa3BUBaHATA B IeMII(epa CHIla ca:

rn
O0=N [27:/ v, rdr + m‘fux(rl)] =
r

dpry\3 1
_<d_xT) 0
dpr 2 dpr ©)
[(-#3-) 2(-#3-0)n 2|
3n+1 2n+1 n+1J’
L
F=- @.i(a_P)_E(T_1> Q- A4v

T TP dx ot \ox/ ’

A L 2 x
» 0,25(7—1) -%

KBJIETO: N € OpOsIT Ha JPOCEITUTE;
E — Monmyn Ha enacTMYHOCTTa, OTYMTAIL OOeMHaTa
nedopmMars Ha GuTyna;
A, — edpexTrBHATA IIOMIT Ha Oy TAIOTO.

OnpezensHeTo Ha TPaAMeHTa HA HAISTAHETO M OT
TaM W cuiarta B Jemidepa Hauara periaBaHeTo Ha
CBINIECTBEHO HeNMMHeHHaTa cucteMa (8) - (9).
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Queypa 11. T'eoMeTpuiHN XapaKTEPUCTHKU
Ha MP nemngep.
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Omuumarne na 6IusHUEMO HA akmusupauomo
MASHUMHO noJie

MarautHOTO ToJe ce PA3MpOCTpaHsBa HIKOIKO
4acTH Ha JieMidepa, OTIMYaBALIU CE C Pa3INYHU Mar-
HUTHH XapaKTEPUCTHKN — TaBa ca SAPOTO Ha eIeKTPO-
MarHuTa, XjaOWHaTa WM APOCENUTE C MPOTHYALLHS
MAarHUTHO-PEOJIOTHYHMS (GIIyH U CTEHUTE Ha KOpIlyca
Ha nemriepa — Ourypa 12a u urypa 126. [TpumepHo
pasnpoCTpaHeHNne Ha MATHUTHHUTE CUJIOBH JINHHUH B TSIX
e nokaszano Ha ®urypa 12s.
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Q@ueypa 12. ObnacTn Ha pa3NpPOCTPAHCHUE
Ha MarHuTHOTO Tojie B MP nemmndepa.

Ot 3akoHa Ha KupxoB 3a MarHuTHHUTE BEPHUTH, 32
HeoOxoaumust Opoii amriep-HaBuBKY (N) 11e € B cuna
3aBUCHMOCTTA:

NJI=H;L;+HL +H,L,, (10)

KBb/1eTO: N € OpOAT Ha HAMOTKHUTE Ha EIEKTPOMAarHura,
[ — cunara Ha IpoTUYALLKS TOK;

Hy, Hy, H,, ca CbOTBETHO MHTEH3UTETa HA MAaTHUTHOTO
moje B xjaOMHATA, SAPOTO HA ENEeKTPOMATHWTA H
CTEHHUTE Ha eMndepa;

Ly Ly, Ly, ca CbOTBETHUTE IBJDKMHU Ha MarHUTOIPO-
BOJIHTE.

Ha ®urypa 13 ca naneHn M3sMEHEHHETO Ha Harpe-
JKEHHETO Ha IOTAAaBaHE Ha MarHUTHO-PEOJIOTUYHUSA
¢utyun 7,, Ha MarHATHaTa My MHAYKIWS U HA MarduT-
HaTa WHAYKIMS B CTOMaHEHUTE €JIEeMEHTH Karo
(YHKUMSI MHTEH3UTETa HA aKTHBUpALIoTo mnosne 3a MP
nemndep RD-1005-3 na ¢pupma LORD Corporation.

4. Bropuyunu Mojiesin Ha Jemiidepa ¢ ynpasiisieMa
peoJiorust

B ropnute naparpadu Osixa pasrienanu dpuzndec-
KHUTE TIPOLIECH B PEOJIOTMYHHUTE (DIIyHIIM 1 HEITMHEHHN
MPOSIBIICHUS KaTO XUCTEPE3UC, HACUILIAHE W CKOKO-
00pa3HU IPOMEHH B XapaKTEPHCTUKUTE TIPU PEOPraHH-
3upaHe Ha Ae(eKTUTE B JTUIOJIHUTE BEPHUTH, IPH IPH-
JlaraHe Ha aKTUBHpAmIo mosne. M3BeneHusAT Mozen ce
OIKCBA OT HEJIMHEHHU CHCTEMH OT AU(EpeHIMATHN U
anreOpuyHy ypaBHeHus. OT aHam3a My CTaBa SICHO, Ue
cuiara B geMidepa ce ChbCTOU OT ABE KOMIIOHEHTH,
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Quzypa 13. MarHuTHU XapaKTEPUCTUKU
Ha MP nemndepa [7].

e/HaTa 3aBHCEIIA OCHOBHO OT XapaKTEPHCTHKUTE Ha
aKTHBHUPAIIOTO TIOJIE ¥ TaKaBa 3aBHCEIa OT CKOPOCTTa
Ha iedpopmarus Ha emrdepa.

MaremarrdeckaTa CIOXKHOCT Ha MOJIETBT obaye He
TMO3BOJISIBA [Ia CE M3IIONI3BA 34 IIEJIUTE Ha YIIPABICHUETO
B peaJHO BpeMe M € HeoOXOAMMO H3IOJI3BAHETO Ha
BTOPHYHU MOJIENH, OMUCBALIM B MakCHUMajHa CTEHeH
NposiBIIeHHsATa Ha nemriepa. B mureparypaute n3rou-
HUIM ce TIpeyiaraT TolisiM Opoii TakuBa MOJENH — Ha
bunrem, Ilayen, bunr-Makc, [I'amora-Denucko,
lManBun u gp. [1].

3a Haif-aJekBaTeH MOXKE J1a Ce ITpHeMe MOIUDUIIH-
parusT Mozen Ha boyk-Yen-Crnencep [8], mokasan Ha
Qurypa 14. To3u Mojen BKIIOYBA IOYTH BCHUKH
(hu3MYIecKy POSIBIICHUS Ha AeMiidepa.

X2

1500

Boue-Wen

T

ksl

(CIICPUMEHT

|

1800 i
012 06 2

a) 0)
Queypa 14. Monen na boyk-Yen-Criencep.

Cunara B nemriyepa B TO3H CITydaii €
F = Co(xO - x2) + bo(XO - xZ) - ChC +

+ey(x) — x5 + 8g) = ¢5(x] — x5 + 8p) + by(x; — X¢) (12)
KBJIETO Op OTYMTA HATMYMETO HA XUIPOAKYMYJIaTop.

Ot Oamanca Ha cwmute BBPXY HHBOTO X0, Ce
TMOJTy4aBa:

. . X .

co(xg = x3) + by(Xg — X3) — ¢, ¢ = by(X; — Xp) =

1

= s [0+ bota = eolxg = x2) + e4¢]. (13)

X



EBosmorrionHaTa mpoMeHiBa { C€ OMpenesss OT
3aBHCHMOCTTA:

&= —ylxg = %|CIC1F T 4 Blxg — X)IENF = v(5y — Xy) =
= {[B —sign((xg — %2)¢)7]IC1F — v} (g — X).  (14)

XapakTepUCTUKUTE HA MOZEJa 3aBUCST OT U3MEHE-
HHUETO Ha MArHUTHOTO TIOJIE, PECTIEKTUBHO OT YTIPABJIsI-
Bauws Tok /. CroitHoctute Ha ¢j, by U by', B I'BPBO
MPUOJIKEHHE, CE MIPEACTABAT Ype3 CICAHUTE JTMHCHHH
3aBHCHMOCTH:

cp=cp+c s by=by+bol'; by =by + by 1. (15)

Tyk I' e pyHKIMSITA HA M3MEHEHHE Ha TOKA, B KOATO
€ OTYETeH M IpOoleca Ha JIOCTUTaHE Ha PEOSIOTUYHO
paBHOBECHE, 4Ype3 alepUOAMYHATA 3aBUCUMOCT OT
IIBPBHU peft

I'= : (16)

KbJIeTO: / € yIpaBsBalys TOK,
T, — BpEMEKOHCTaHTa Ha Ipolieca.

OcHoBeH mpobieM 3a HEroBara aJeKBaTHOCT €
MPaBWJIHOTO (DYHKIIMOHAJIHO 33/IaBaHE U CTOMHOCTHO
OTpe/IeTIsTHE HA MAPAMETPHTE MY.

5. ExcniepumMeHTa iy u3ciieasanus Ha MP
Jaemigepa

W3znuTBarennaTta ycraHOBKa € oKa3aHa Ha Purypa
15, m3nurBanus gemndep — Ha Ourypa 16, a xapakre-
puctkute Ha MP ¢myun MRF-132LD — na @urypa 17.

KBasucratnunute  XapakTEpUCTHKH, —3aIaBalld
cuiaTta pa3BuBaHa OT Jemrdepa BB (YHKIUS Ha
CKOpocTTa Ha Jedopmaruira My, MpU  pPa3IddHH
CTOWHOCTM Ha CcHiaTa Ha YIpaBIsBalIUS TOK ca
nokazanu Ha @urypa 18.

®urypa 15. M3nuTaiua enexTpo-xuapapIndHa
YCTaHOBKaA.

Arymynatop  [uadparma
Na - ZMPa Apocen

Hamorim Mp ‘;‘"W EneKTpoMarHuTa
Queypa 16. MP nemngep RD-1005-3
Ha LORD Corporation.
Bucwmaner 1) Pas] Harpenesve a norgaeae Ty

CXOpOCTEN MpaeHT ¥is!) 0 Dis 1
Marwirsa iayruym B(T)

Queypa 17. Xapakrepuctku Ha MP durymz
MRF-132LD LORD Corporation.

4500
3500
2500
1500
500
-500
-1500
-2500
-3500
-4500

[N]

[mis]

QDueypa 18. KBa3ucTaTHIHN XapaKTEPUCTUKU
Ha RD-1005-3.

Ha ®wurypa 19 ca nokazanu moTydeHUTE XapaKTe-
PUCTUKHTE TIPY HUCKOYECTOTHO XAPMOHUYHO Bb3ICH-
ctBre ¢ ammmryaa 0,013 m u wectora 1 5™ n ammm-
tyzma 0,01 m u gectora 27 s™' 3a pasnUUHM CTOHHOCTH
Ha YIPaBJISBAIIMS TOK.

Upe3 uuciIeHO peliaBaHe Ha ONTUMU3ALMOHHA
3ajaya Mo MeToja Ha Hal-MaJKuTe KBaiparH, Osxa
UICHTUQHULMPAHH CTOHHOCTUTE Ha MapamMeTpuTe Ha
Bouck-Wen-Spenser mojiena Ha MarHUTHO-PEOJIOTHY-
Hus nemridep — Tabmuma 1.

Ha ®urypa 20 e moka3zaHa CBHIIOCTaBKa MEXIY
EKCIIEPUMEHTAIHUTE JAHHK W Te3HM OT MOJENIHATa
cumynarst. HabmomaBa ce emHa MHOTO J00pa ampo-
KCHMaIIUs, PECTICKTHBHO aJIeKBATHOCT Ha IOTyYCHHS
MOJIE.

BulTrans-2016
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Quzypa 19. JlnuHaMUYHU XapaKTEPUCTUKHI
Ha RD-1005-3.
Tabruya 1.
b¢¢, Ns/m boV, Ns/mA | co, N'm | ¢¢, N/'m C},V, N/mA
780 2230 1400 | 14500 | 71500

by, Ns/m| bo"¢, Ns/mA | co", N'm| 7, S

28000 500 540 2 0,0053

y, m2 B, m? ) do, M

05.10° | 08.10° 170 0

T T T T T T e e —T
— mmodel

00 e oo | — mode
- expaimet |, s e - exparmert a2

Foree (M)
Forea (M)

200

400

500

9 & 4 2 0 2 4 8 8
Dispiacenant (n)

005 0.04 -0.03 002 001 0 001 002 003 0.04 0.05
ot Valocity (ms™)

Quezypa 20. EKCIEpUMEHTATIHU U CUMYJIALIMOHHU
pesyiTarH.

6. Cp3naBane Ha IPAB U HHBEPCEH HEBPOHEH
Moze

3a 1enuTe Ha CHHTE3a Ha YIPABISBAIL KOHTPOJIEP €
HeoOXOIMM WHBEpPCEH Mojen Ha memmdepa. Ilopamm
CHJTHATa HEJIMHEHHOCT IOJy4YaBaHETO MYy OT 3aBHCH-
Moct (12-16) e cnoxxHO (4pe3 HelMHEHHa ONTHMH3a-
[IMOHHA TIPOIIeTypa) ¥ He OM MOTJIO Ja ce pealn3upa B
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peanHo Bpeme. HabopsT 0T eKcliepuMeHTaIHU IaHHU 1
UIICHTUQUIPAHKS MOJIeN 00ade MO3BOJISIBAT Ch3/IaBa-
HETO Ha MpaB U MHBEPCEH HEBPOHEH MOJIET.

Bxomauar oOydaBamg BekTop ce Qopmupa 3a
MOMEHTHTE OT BpeMe t = i.At, i = 1,.n = T'/At, or
croiiHocTHTe Ha nedopManmsta Ha agemidepa U
HEHHUTE IbpBa W BTOpa IPOW3BOAHM, KAKTO M OT
CTOMHOCTHTE Ha YIPABJIABALLOTO HANpPEXKEHUEe M Ha
cwiata B JemIipepa, B3eTa CbC CTHIIKA Ha3a] BbHB
BpeMmeTo Input; = [5,- 5, 6, u:eg Fi_l] ’. LleneBusr Bek-
TOp Ha OOYYeHHETO TPEACTaBIsABa TCHEpHpaHaTa OT
nemrdepa cuna Target; = [F;).

Mznon3Banara Mpexa e npaBa ¢ €IMH CKPUT CJIOH OT
14 HeBpoHa C TAHTCHCXMIEPOOIMYHH AKTHBUPAIH
¢byHKUMH (tansig). I3x0qHUs CIIOH € OT €I1H HEBPOH C
TUHEHHa akTrBHpania Gyakmus (pulerin). Mertoabt Ha
00y4YeHHETO € 00pPaTHO Pa3NMpPOCTPaHEHUE Ha TPEITKaTa
¢ onTuMH3anms 1o Merona JlesenOepr — MapKyapar.
3a mosyyaBaHe Ha MO-I00pPH pe3yJTaTH ce U3IO0JI3Ba
HOPMHpAaHE Ha JAHHHUTE 10 OTHOILIEHUE HA MaKCUMal-
HUTE U MUHUMAJIHUTE UM CTOMHOCTU. TpeHnpaHeTo ce
u3BbpiIBa 3a 300 enoxu.

Ot oOyuaBammre mgaHan 60% ca W3MON3BaHU 3a
obyuenne, a o 40% 3a TecTBaHEe Ha aCKBATHOCT Ha
o0yueHara Mpexa.

Ha ®urypa 21 ca nokazanu cunara B feMrdepa u
n3xoja oT Mpexara. HabmroaBa ce MHOTO 100pO ChB-
najJieHue Ha pe3yaTaTuTe.

Ha ®@urypa 22 ca noka3anu ca oka3aHu rpaQuKkuTe
Ha cruaTe oT MP nemnidepa 1 oT mmosydeHara HeBpOH-
Ha Mpexa npH 2,5 TbTH pa3inyaBally Ce CTaTHCTHU-
YECKH XapaKTEPUCTHKW Ha CMYLICHHE OT Te3U IpU
00y4YeHHETO.

Damper Force vs. NN Output
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Quzypa 21. PeayataTu OT TPEHUPAHETO Ha MPEXKATA.

Damper Force vs. NN Output
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Queypa 22. Pe3ynTaTi OT HEBPOHHUS MOJIEII.



Hnsepcen neeponer Mooen Ha MASHUMHO-
peonocuunus demnghep

BxomHusr oOyuaBamy Bektop ce Qopmmupa, 3a
MOMEHTHUTE OT Bpeme t; = i.Af, i = 1,.n = T'/At, ot
CTOlHOCTUTE Ha aAedopmamusaTa Ha gemmdepa u
HEHHUTE ThpBa U BTOpa MPOU3BOAHH, KAKIO M OT
CTOMHOCTUTE HA YIPAaBIIABALIOTO HANPEKEHUE, B3ETO
CbC CTBIIKA Ha3aJq W Ha cwiara B Jemidepa, BbB
Bpemero Inputi = |6, 6, 6; u,; F;|". Llenesust Bexrop
Ha 00YYEHHUETO CE ChCTOM OT CTOHHOCTHTE Ha YIIPaBJIsi-
Bamus Tok Target; = [ui ).

CrpykTypaTa Ha W3M0JI3BaHATa Mpeka € aHAJIOTHI-
Ha Ha Ta3u [PH [IPaBHUs MOJIET.

Ha ®wurypa 23 ca moka3aHu yHpapisBaiioTo
HalpeXeHre W u3xofa OT Mpexara. HaOmomasa ce
MHOTO 00pO ChBMAJIEHIE HA PE3yJITaTHTE.

Ha ®urypa 24 ca noka3anu ca oka3aHu rpaKuUTe
Ha VIpaBSABAIlUTE HANpEeXeHUs Ha Aemrdepa u
WHBEpPCHAaTa HEBPOHHA MpeEKa OTHOBO MpH 2,5 MbTU
pa3nMyaBalliy ¢ CTATUCTHYCCKU XapaKTEPHUCTHKUA OT
THSI Ha 00OyJaBallysl CUTHAIL

nnnnnnnnnnnnnnnnnnnnnnnn

Ueg()

t(s)
Queypa 23. Pe3ynTtaTy OT TPEHUPAHETO Ha Mpeskarta
Ha MHBEPCHUS MOJIETL.

aaaaaaaaaaaaaaaaaaa

Uty
o °

ts)

Queypa 24. Peynratu OT THBEPCHUS
HEBPOHEH MOJICIL.
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Abstract: The publication examines the physical
processes occurring in the magneto-rheological semi-
active dampers, their mathematical modeling and
receiving secondary models for management in real
time.
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Pe3tome: AeponHaMUYHN M3CIIEIBAHUS BBPXY BETPOr€HEPAaTOPHHU TypOWHH, OCHOBABAIIM CE HA MOAXO0/A Ha IBYMeEp-
Hata Blade Element Momentum (BEM) Theory 3a quckpeTn3upane Ha JIONaTKUTe Ha eIEMEHTH, pa3riIekiaT yepeaHeHa
CKOPOCT Ha BSIThpa, JeUCTBalll BbpXy TypOuHata. [Ipy MoIlHuTe reHepatopu, pa3MepbT Ha BUTIATa U BUCOYMHATA HA
KyJIaTa ca TaKWBa, Y€ CKOPOCTTA Ha OOTHYAIMS BB3IYIIICH MOTOK BbPXY OTICIHHUTE TUCKPETHH CJICMEHTH 3aBHCH OT
Pa3MoIoKEHUETO 10 BEPTHUKAIIATA, T.€. OT 3aBbPTAHETO Ha TypOHHATa. 3a MO-KpaifHO pa3MoJIOKEHUTE 10 AbJDKAHATA HA
BUTJIaTa €JIEMEHTH, Pa3iMKaTra B CKOPOCTTa B JIOJHO U TOPHO MOJIOXkKeHHE € OT nopsiabka Ha 30-40%. ToBa € U3TOUHHK
Ha 3HAYMMH JOMBJIHUTEITHA TUHAMAYHHA HATOBAPBAHMUS, KOUTO Ca OT 3HAUCHUE NP MOJICITUPAHETO M KOHCTPYHUPAHETO

Ha T€3U BETPOIrCHEpATOPpHATAa YCTAaHOBKA.

KitrouoBu xymu: sempozenepamopu, ckopocmer npoghun Ha ésmuvpa no eepmuxana, BEM Theory.

1. BLBenenue

Lenta Ha M3MOKEHOTO U3CIENBAHE € J1a CE OTYETe
BIIMSIHUETO HA BEPTHKATHOTO PA3NPEACICHUETO Ha CKO-
pOCTTa Ha BATbPa BbPXY JUHAMUIHUTE HATOBAPBAHUS
IpH  BETPOTCHEPATOPHU YCTAHOBKK OT BHCOK KIIac,
HMaIlH TOJIEMHU Pa3MepH Ha KyJiaTa U TypOMHHHUS AUCK.
Karo mpumep, BerporenepatopsT NREL 5 MW [1] e c
KyJnia ¢ BucounHa H; = 90 m u paguyc Ha TypOMHHUS
mick R, = 126 m. IlyOnukanuure, Haco4eHH KbM
W3CIEABAaHE HA AaepOAMHAMUYHOTO B3aHMOJICHCTBHE
MeXIy BiTbpa u TypOunara upe3 BEM Theory
nosxona [2], pasriekaar BXOISAIIUS Bh3AyIIEeH OTOK
HMaIll TIOCTOSIHHA CKOPOCT BBB BEPTHKAIHO HAIlpaB-
neHue. Jlokaro mpu mo-mMaikute TypOMHM TOBa Hpen-
NIOJIOKEHUE HE BOIM JI0 3HAYMMHU HETOYHOCTH, TO IIPU
MOIIIHHTE, TPaAMeHTa Ha CKOPOCTTa HA BATHpa BHB
BEPTUKATHO IOJIOKEHHE O0OOCHOBaBa 3aBHCHMOCT HA
00THYaHETO Ha eIIEMEHTHUTE OT bI'bjla Ha 3aBbpPTAHE HA
BUTJIOTO W MPEIU3BUKBA IOIBIHUTENHA TUHAMUKA HA
BBPTAILMA MOMEHT W aKCHaIHO-AeiicTBalara cuia.
WzcnensaneTo Ha TO3W TPoOJieM O CIOCOOCTBAIIO,
0c00eHO 3a TypOMHHTE C WHAWBUIYAJIHO yIpaBjcHHUE
Ha BI'BIBT HA 3aBBPTaHE HAa BUTJIATA, A CE MOBHIIN
MPOU3BOIUTEIHOCTTA B ChUETaHUE C OTPAaHNYABAHE HA
JMHAMWYHU HATOBAapBaHUsI HA KOHCTPYKLHSATA.
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2. M3Bexnane HA CUMYJIALIMOHHMS MOJIeJT

2.1 Pa3npenesienune CKOPOCTTA HA BATHPA MO
BepTHKAJIA

V3ameHeHHeTO Ha CKOPOCTTa Ha BATHPA BHB BEPTH-
KaJIHO HalpaBjeHHUE 3aBHCH OT pef (akTopH Karo:
CTEIEeH Ha CTaOWIHOCT (CTabMITHA, HEYTPAITHO CTAaOWII-
HAa WM HecTaOWIHA), 3aBHCEINa OT IIPOIIECHTE Ha
BEpPTUKAJHA TEMIIEpaTypHa KOHBEKIHS B PE3yJITaT Ha
PaJIMAlMOHHOTO HM3MCHEHHE Ha TeMIieparypara Ha
3eMHAaTa MOBBPXHOCT U TypOYJIICHTHOCTTAa Ha TIOTOKA;
roJIEMHHA Ha HAIOPa; aTMOC(EPHO HAJSTaHEe; XapaKTep
Ha TepeHa W HaJIMYMe Ha TMperpagd C TEXHUTE
XapaKTEePUCTHKH 1 T.H. KaTo oTpassBaiia B 3HaUMTEITHA
cTerieH m30poeHNTE IMo-rope (haKTOpH M OCHOBABAIIA CE
Ha (QUM3UYHH M METCOPOJIOTUYHUTE H3CIICABAHMS Ce
SIBSIBA JIOTAPUTMHUYHATA 3aBUCHMOCT 33 BEPTHKATHOTO
pasnpenerieHre Ha CKOpocTTa Ha BATEpa [3]:

Vo= () rvien] s )
KBJIETO: 0
A vie [E @

CKOpOCT Ha CpsA3BaHE Ha IMIOTOKA, XapaKTepU3Upa
CTCIIEHTa HAa BEPTUKAICH IPEHOC B CJEIACTBHEC Ha
TypOyJIEHTHOCTTA 32 €AWHHIIA Maca Bh3IYyX;

4 7, — HalIPS)KCHUE Ha Cpsi3BaHe Ha (DIIyuTHUS MTOTOK;



4 p — MacoBa IUTBTHOCT Ha BB3/YIIHUS NOTOK, 3aBH-
cellla OT TeMIlepaTypaTa U OT HaIMOpPCKaTa BUCOUMHA,
CBITIACHO MoJlapHaTta opMa Ha 3aKOHBT Ha KianelpoH

_ p(2)M,
- RT(Z), (3)

Karo:
gMg

h
p(a) = py (1-22) ™

€ aTMOC(hepHOTO HAJSITAHE HA BUCOUYMHA Z;
Po — atMoc(EepHOTO HalsTaHe Ha HYJICBOTO HHBO (32
MopckoTo paBauiie1 01325 Pa);

Ty — TemriepaTypaTa Ha TOBa HHBO, B °K;

h; — TemmiepaTypeH BucounHeH rpaaueHt, 0,0065 K/m;
2 =9,81 m/s’ — 3eMHO yCKOpeHHE;

R=8,31447 J/(mol.K) —yHuBepcanHa ra3oBa KOHCTaHTa,;
M, —momnapra maca (0,02896 kg/mol 3a cyx BB3IyX);
1(z) = To — h;z - TemmniepaTypara Ha BUCOYMHA Z.

B Tabnuma 1 ca fageHu U34HUCIIEHUTE CTOMHOCTH 3a
MacoBara IUTBTHOCT, OT KOUTO CJIeZBa W3BOAA, Y€ 3a
BHCOUYMHHH THAIa30HH, OTTOBAPSIIHM Ha pa3MepHUTe Ha
W3CIIEIBAHUS THIT BETPOTEHEPATOpH, TS MOUTH HE Ce
MPOMEHSI ¥ 3aBHUCH OCHOBHO OT TeMIIepaTypara, T.e. 3a
HPECMSITAHETO MOXKE [Ia CE M3I10JI3Ba 3aBUCUMOCTTA:

_ PoMy
RTy’

(4)

nokasana rpaguuno Ha Purypa 2.

Tabnuya 1. MacoBa IITBTHOCT BbB YHKIHS OT
TeMIIepaTypaTa Ha Bb3yXa H BUCOUMHATA.

Macosa rwrstHOCT p kg/m?
-10| 5| 0| 5| 10
1,34 1,31 1,29| 1,27 1,24
1,331 1,31] 1,28 1,26 1,24
1,32 1,30| 1,27| 1,25| 1,23

T,°C
30
90
160

20
139
138
137

15
1,36
136
135

15

1,22
121
121

20

1,20
1,19
1.19

27

1,17
1,17
1,16

B N

09

[lrwmnocm (kg'm3)

0.6

0.3

-100 0 100 200

50

50 1
Temneparnnpa (°C)

0 50 25(

®urypa 2. 3aBUCUMOCT Ha MacoBaTa ILTBTHOCT
OT TEMIIEpaTypaTa Ha Bb3yXa.

¢ k€[0,35+0,42] — xoncranra Ha (o Kapman (Von
Kérman) 3a pa3npeneneHuero;

4 d — o1leHKa 32 BHCOYMHATA HA HEPABHOCTHTE HA 3E€M-
HaTa HOBBPXHOCT B MeTpH ~0,67 OT cpeiHaTa BUCOUMHA
pacTUTEIHOCTTa WM MPEMATCTBUSATa IO 3EMHATa
MTOBBPXHOCT;

137

¢ Zp — OIGHKA 3a JBDKMHATA Ha HEPaBHOCTHTE Ha
3eMHaTa TMOBBPXHOCT B MeTpu ~0,15 or cpennata
BUCOYMHA PACTUTENIHOCTTA WM TNPEHATCTBUATA TIO
3eMHara IMoBLpXHOCT, Tabmmia 2;

Tabnuya 2. CTOMHOCTH Ha TapaMeTPUTE 3a BIMSIHUETO
Ha HEpaBHOCTUTE HA 36MHATa MOBBPXHOCT.

CbcTOsIHME HA 3¢MHATA MOBBPXHOCT d,m | zo,m
Bonsa noBspxHOCT 0,009 | 0,002
Brnarucra nim 3acHe)KeHa IIOBBPXHOCT 0€3 0,023 | 0,005
pacTeHus U IPEISITCTBHUS
TpeBucTa paBHUHHA TIOBBPXHOCT C MAJKK 0.138| 0.03
HPEIISITCTBUS
Hucku pacturenHoct; cirydaiiHi IPETsITCTBUS ChC

0,466 | 0,10
CHOTHOIIICHNE IIMPHHA KbM BUcOuMHA X/H > 20
Hucku pactuTeHOCT; pa3npbCHATH IPETISTCTBHS
c15<x/H<20 L1751 0,25
3arpakICHHs, XPACTH; TOJISIM OpOM TIPETISITCTBUS, 2235| 05
x/H=10
OOIMPHY TOPHCTH TPEMATCTBIS WITH TIPEATPaIns 4467| 1.0
Ha HACeJICHH MecTa i ’
I'pancku HaceneHu MecTa >10 | =22
¢ yw(z, L)=
In(0,125(1 + x*)(1 + x)*) — 2arctan(x) + 0,5z,
0,25
={x=(1- %) , 32 HeCTaGMIIEH TIOTOK 3)
G—LZ ,3a cTabUJIeH NOTOK
*3 %3
kprero: L= —— —=— ;/ ,m 6)
k2 k=@ g
T, p cp Ty

— mbeiokrHa Ha MOHMH-OOYKXOB, KOSITO CE SIBSIBA KPH-
TepHii 32 yCTOWYMBOCTTA Ha (PIyHIHUS IOTOK U XapaK-
TEPUCTHKA 3a OLICHKaTa Ha TypOyJCHTHATA KUHETUYHA
EHeprHs;

T, = (1 + 0,61w)T — abcomoTHa BUPTyaIHA TEMIICPa-
Typa, w=3,5 gkg;

o h

’
Py

Km

N

(7)
— KMHEMATH4YCH MOBBPXHOCTCH TOIIMHCH MTOTOK;
\\
h=1045-V, +10/V, -

— KOoe(hMIIMEeHT Ha KOHBEKTUBHO MPEHACSIHE Ha TOIUTHHA
npe3 earHuLa ot — durypa 3;

<

T 40

=

« 30

@

5 20

(=]

o

% 10

c

£ 0

T 0 5 10 15 20 25
= Velocity (m/s)

@ueypa 3. KoedurmeHT Ha KOHBEKTUBHO ITPECHACSIHE
Ha TOIUTHA BB (DYHKIHS HA CKOPOCTTA Ha ITOTOKA.
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¢, Jkg K) - cnemududeH TomMHEH KamamuTeT
(Tabnwma 3).

Tabnuya 3. CTOWHOCTH Ha HSIKOW XapaKTCPHCTHKH
Ha BB3/IYIIHUS TIOTOK.

Tempera- Bty Specific ”I’herm.al. Kipemqtic Expans_ion Prandtl's
ture - Heat c, Conduct21v1ty Vlicos;ty Coegﬁment Number
t°C JkgK) | kW/(m*K) | 10°m?/s | 10° /K P,
—50 1,534 | 1005 0,0204 9,55 4,51 0,725

0 1,293 | 1005 0,0243 13,30 3,67 0,715
20 1,205 | 1005 0,0257 15,11 343 0,713
40 1,127 | 1005 0,0271 16,97 3,20 0,711

B m3cnenBaneTo ce M3IMON3Ba JOTapUTMHYHO pas-
TpeieTIcHHe Ha BITHD, CbC CKOPOCT Vo = 12 m/s Ha
BrucounHaTta z = 90 m mpu remneparypa 288 °K (15 °C)
1 TpeBUCT TepeH. CTOMHOCTUTE HAa MapaMeTpUre U
W3YUCIICHUTE BEIMYMHHU, CHIIIACHO TOPHUTE 3aBUCHMO-
ctu ca nanenu B Tabmuna 4, KaTo 3a caMoTO pasnpee-
neHue, nokaszano Ha durypa 4, ce moryyana:

V(=070 [n(342) yo.12]. @)

0,03

Tabnuya 4. CTOMHOCTH Ha MapaMeTpHTE 3a JIoTa-
PUTMUYHOTO pa3lipeielIeHUe CKOPOCTTa Ha BITHPA.

L Dy P To Cp T,
m Km/s |kgm®| K |J(kegK)| K
59,91 | —0,0275 |1,225| 288 1005 | 290
k h \a T d 20
- | W/(mXK)| m/s | Pa m m
0,4 33,09 |0,282(0,0975| 0,138 | 0,03

X Vertical wind speed distribution
160 T ' . - ' v - .

X: 16.85
¥:153

100 X:12.03
¥Y: 90

Height m
@=

B0 [

s X: 6.738
Y. 27

m—= i L s i -
2 o 2 4 (] a 10 12 14 16 18
Wind speed m/s

Duzypa 4. BepTukanHo pasnpenencHue
Ha CKOPOCTTA Ha BATHPA.

3a CIOMEHAaTHAT II0-TOpE BETPOrE€HEpaTop THII
NREL 5MW, ce Buxkaa ce, ye pa3idkaTa B CKOPOCTTa
Ha BATbpPa MEXIy IOJHO M TOPHO IOJIO)KEHUE IIpU
BbpXa Ha BHTIOTO € B mopsgpka Ha 10 m/s:
[6,74+16,85] m/s, ipu CKOPOCT TpH OCTa HA TypOHHAaTa
12 m/s.
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2.2 MoneJs1 Ha aepoIMHAMHYHUTO B3aUMOJelicTBUE

Ha ®urypa 5 ca nokazaHu OCHOBHUTE XapakTe-
PUCTUKM Ha aepoAMHAMMYHOTO OOTHYaHEe 3a EIHO
HAaIPeYHO CEUCHHE.

Hanpaeaeume
- -4 maporaums

Oc ma aonatkata .

Oc ma peratussoTo
JBMACHHE MEETY 4
BATHPA H OepKaTa “'..

Quzypa 5. OCHOBHU XapaKTEPUCTUKU Ha
ACPOMHAMIYHOTO OOTHYaHE.

OO0o3HaveHUTE MapaMeTpH ca CIICTHUTE:

Fnr), Fr(r), Cn(r), C1(r) — HOpMaTHa ¥ TaHTCHITHATHA
CHJIU U ChOTBETHUTE KOC(HIIEHTH;

Fi(r), Fp(r), Ci(r), Cp(r) — moieMHa ¥ CHJIa Ha IbpIIaHe
(lift 1 drag) 1 chOTBETHUTE KOSPUIMIEHTH;

Frorque(r), Fronus{(r), Crorque(r), Crinust(?) — BBpTAILA U
aKcHuaiHa (TJIaCKallla) CHIA U CbOTBETHUTE MOMEHTH;
M(r), Ca(r) — ycykBani MOMEHT U KOe(DUIIMEHTA MY;
Va(z) — cKOpOCT Ha BATHPA B FICKa HAa TypOUHATA;
Vu(r) = wwi ¥ — TMHEHHA CKOPOCT HA TOUKHUTE OT MepKa-
Ta B Pa3IIeKAAHOTO CEUCHHE,

@,y = @,y — BIIIOBA CKOPOCT HA TypOUHATA;

Vwrap(r’ Z) = \/Vd(z)z + vb(r)2 — CKOpOCT Ha
00THYaHE Ha CEYEHHETO;

o(r, z) = arctg(Vaz)/Vi(r)) — Brea Ha oOTHUAHE Ha
MIOTOKA 32 Pa3riekIaHOTO CEUCHHUE;

S(r) — BreI Ha 3aBbPTaHE HAa CEUCHUETO OKOJIO
HaJTkKHATa OC Ha BUTIOTO (’pitch”);

a7, z) = ¢(r, z) — f(r) — BI'bi1 Ha aTaKa;

z(r, pw) = H;+ ¥ cos(pw) - aIumKara Ha pasriaex1aHoTo
CEeYeHHE 110 OTHOIIIEHNE Ha 3eMHATa MOBBPXHOCT;

| — mhIHKWHA HA HATIPEYHOTO CEYCHUE (XOPIIa).

2.3 Monen Ha Berporeneparop npororunn NREL
SMW B cpenara Ha SolidWorks.

OCHOBHHUTE TMapaMeTpd W XapaKTEePUCTHKUA Ha
BETPOreHepaTopa ca:

e BHCOYMHATA Ha MadTaTa: H, =90 m;

* TMaMeThp Ha TOHIOJATa: dg = 3 m;

* IbDKMHA Ha BUTIATta: L = 61,5 m;

* IMameTbp Ha TypOuHHUS Auck: D= 126 m;

* HOMHMHAJIHA BITIOBA CKOPOCT: ww = 1,523 s (3a
cpenHa ckopocT Vu(h) =12 m/s;

* BUTJIAaTa Ca U3TPaJIeHH OT 17 CeKIuu C mapameTpH,
nmanean B Tabmmra 5.



Tabnuya 5. XapakTepUCTHKN HA U3TPasKIAIITITES
BUTIIaTa ceKiuy Ha BeTporenepatop NRELSMW.

Cekupa | Ceuennie &%‘f’;a}:& ﬂé’@i—*ﬁ.‘}ﬂ%é“ ﬂ‘;{}jﬁ‘i&!ﬁa“a Re/10¢ Tpadmn
) (m) ) (m) (m) (=)
1 2.8667 13.308 2.7333 3542 244 Cylinderl
2 5.6000 13.308 27333 3.854 312 Cylinder]
3 8.3333 13.308 2.7333 4.167 3,79 Cylinder2
4 11.7500 13.308 4.1000 4557 547 DU40
5 15.8500 11.480 4.1000 4.652 6,36 DU35
6 19.9500 10.162 4.1000 4458 6,98 DU33
7 24.0500 9.011 4.1000 4.249 7,69 DU30
b 28.1500 7.795 4.1000 4.007 712 Du2s
9 32.2500 6.544 4.1000 3.748 8,72 Du2s
10 36.3500 5361 4.1000 3.502 9,08 DUl
11 40,4500 4.188 4.1000 3256 947 DUzl
12 44.5500 3.125 4.1000 3010 9.53 NACAG4
13 48,6500 2.319 4.1000 2.764 949 NACAG4
14 32,7500 1.526 4.1000 2518 944 NACAG4
15 56.1667 0.863 2.7333 2313 913 NACAG4
16 58.9000 0.370 27333 2.086 8,78 NACAG4
17 61.6333 0.106 2.7333 1419 847 NACAG4

DU40D
DU35 -
DU30

DU25

pDU21 |
NACAG4
(1] 0.2 0.4 0.6 0.8 1

Queypa 6. DopMa Ha UrPaKIAIIUTE CEKIIUU.

[m] e m
Aspommmneress)
30 e mTap
/—-—.___________.
20 L]
10 _-—-—-—-\\
0.0 Tt
10 —— —
20 T |
0 10 2 30 0 50 60
Pamuyc [m]

Queypa 7. Pa3nonoxeHue Ha MaCOBUS U
ACpOMHAMUYHHUSA IICHTHP HA HAPSYHUTE CCUCHUS 110

JABJDKWUHA Ha JIoIIaTKara.
[deg]l
16
14
——
12 —
10 N
8 \
(3 P
4 ™~
2 ]
o ]
0 10 20 30 40 50 60

rotor radius [m]

Queypa 8. bren Ha yCcyKBaHe Ha HAIPEYHNUTE CEYCHMSI.

Wsrpanenust TpumsMepeH Mojenl € IOoKa3aH Ha
Ourypa 9.

B3 ocHoBa Ha BEM Theory nonxoza ce npeMuHa-
Ba KbM JIByME€pHaTa 3ajJiaya, KaTo BUTJIOTO CE JUCKpe-
TH3Mpa Ha enemeHT — Gurypa 10.

@ueypa 9. I3rpaxkaaHe MOJICTBT Ha BETpOreHeparopa
B SolidWorks.

Weticity [15]

% Cul Plot 1 confours

Queypa 10. TIpexoa KbM ABYMEPHO MOJICTMPaHE U
BUJ] HA U3YUCIIUTECIIHATA MPCKa.

B mpunoxennero Flow Simulation Bceku ot
(parMeHTHTE € O0TCUCH 32 5 Pa3IMYHHU TMOJIOKEHUS B
poTuHUS IHcK Ha TypOunata ot 0° zo 180°, mpe3 45°.
BBB BCsIKO MOJI0KEHHE 32 BCEKU OTIEJIEH SJIEMEHT Ha
pas3CTosHME 7 OT OCTa Ha TypOWHATa, ce OIpenens
roJIeMHUHAaTa Ha OOTHYAIMS MOTOK V«(z), TMHEHHATa
CKOpOCT Ha eneMeHTa V(r), CKopocTTa Ha oOTHYaHe
Vwrap(7, Z), BIBIIBT HA 3aBBPTaHE HA CEYEHHETO OKOJIO
HaJUTkKHATa oC A(7) U BIBJIBT HA ataka ofr, z).
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3. Pe3ysiTaTu OT CUMYJIALIMOHHUTE M3C/IEABAHUS

Ha @urypn 11 u 12 ca noka3zaHu WIFOCTPAaTUBHH
PE3yNITaTH ChOTBETHO 33 CKOPOCTUTE M HAJLSITAHUSITA
Ipu 00THUYaHe Ha eleMeHT 7 = 60 m KaTo:

a) € JmomHO BepTuKamHO monoxenue 180° cwe
CKOPOCT Ha ataka V(z) = 6 m/s;

0) e Xxopu30HTAIHO TosToXkeHue 90° ¢he CKOpPOCT Ha
ataka Vu(z) = 12 m/s;

C) € TOPHO BEPTHUKAIHO monoxkeHue 0° ¢bec CKOPOCT
Ha ataka V4(z) = 13,9 m/s.

Bmxmar ce panuknTe B aepoAMHAMHUYHHTE T1apa-
METPH 32 €HO U CHI0 CEYECHHE MPH PA3TNIHA HETOBH
TMOJIOXKEHHMS], 3a€MaH! TIPH BBPTEHETO OKOJIO OCTa Ha
TypOuHara.

Ha ®urypu 13 u 14 ca ioka3anu 0000IICHUTE CTOM-
HOCTH 32 BUTJIOTO CbOTBETHO Ha Frnrust(@wt) M BBPTALIHA
MOMEHT MTorque(@wi). SICHO Ce ouepTaBa BH3HUKBAHETO
Ha [JVHAMUAYHN HATOBapBaHWS IbDKAIM Ce Ha
BETPOBUS TPAIUCHT BbB BEPTUKAIHO HAIIPABJICHHE.

125000
12222
00488
et
Tanee
s

Queypa 11. PaznpeneneHue CKOPOCTUTE TIPH
obtuuaHe Ha ceyeHue » = 60 m OT BUTJIOTO.

10388800
102077 78
102268667
101555.58
100844 44
100122.33
5042222
111

Quzypa 12. PaznpeneneHye HASITAHUATA IPU
o0Tr4aHe Ha ceueHue ¥ = 60 m OT BUTIOTO.

Queypa 13. I'padmka Frnusl(@wt).
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T [M.m]

Queypa 14. I'padmka Mrorque(@wi)-
4. 3akToueHne

IlokazaHo € CBILECTBEHOTO BIMSHUE HA BETPOBUS
TpaJMeHT BBPXY IMHAMUYHUTE HATOBapBaHWS IIPH
BETPOr€HEPaTOpH OT BUCOK Kiac. ChILEBPEMEHHO €
oIlFcaHa METOJMKa 32 aHAIIN3a U MOJyYaBaHe HA Te3U
NPOMEHJIMBY Bb3zekcTBusL. [lomydenure pesynratu ca
TIOJIC3HU KaKTO 3a SIKOCTHOTO Opa3MepsBaHE Taka M 3a
CHHTE3a Ha ONTUMAIHU KOTPOJIEPH NPH YCTAHOBKUTE C
WHIMBUIYaJIHO YIPaBJICHUE bI'bjla HA aTaKa.

Baaronapuocr

[TyGnmukaista ¢ BbB Bpb3Kka ¢ padorara Mo Jor.
No162I1710031-04, punancupan or HUC TY-Codus.

H3noizBana mTeparypa:

[1] L. Landberg, Meteorology for Wind Energy - An
Introduction, John Wiley & Sons Ltd., 2016, pp.215.

[2] J. Jonkman et al., Definition of a 5-MW Reference
Wind Turbine for Offshore System Development,
Technical Report NREL/TP-500-38060, 2009, pp.75.

[3] M. Hansen, Aerodynamics of Wind Turbines, Third
edit., 2015, Taylor & Fransys, pp.171.

INFLUENCE OF VERTICAL WIND SPEED
DISTRIBUTION ON THE DYNAMIC LOADS IN
LARGE WIND TURBINES

JULIAN GENOV', IvO ANGELOV?

Dept. of Mechancs, Technical university - Sofia, Bulgaria
Dj_genov@mail.bg; ? ivvoangelov@gmail.com

Abstract: Aerodynamic research on wind turbines
based on two-dimensional Blade Element Momentum
(BEM) Theory to threshold blade, considered average
wind speed acting on the turbine. For large wind tubes
speed of the airflow on the individual discrete
components depends on the rotation of the turbine. The
difference in speed in the lower and upper position
reaches 30-40%. This is a source of significant
additional dynamic loads, which are important in
modeling and design of these wind turbines.

Keywords: wind turbine, wind vertical distribution.
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MHOI'OKPUTEPHUAJIEH CUHTE3 HA YECTOTHO-MOAYJIMPAHO JUCKPETHO
YIHPABJIEHUE HA TTOJIYAKTUBHO OKAYBAHE —YACT 1: AHAJIM3 U CTPATEI'MA

I0OmsaH 'EHOB

Karepa ,,Mexanuka“, Texuudecku YHusepcureT - Codust
j_genov@mail.bg

Pestome: Pasrmiexxna ce NpOTHBOPEYMBOTO BIIMSHHE B OTIEIHWTE YECTOTHM JAWANa30HW HA CMYLICHHETO, Ha
KoedunmeHTa Ha JemiupaHe BbpXy KOM(OpTa Ha BO3EHE U YCTOWYMBOCTTA Ha TPAHCIIOPTHHUTE CPENCTBA BBHPXY
IIbTHATA HACTIJIKA. AHAIM3UPAT ce 3aKOHH 32 yIPaBJICHUE Ha MOJyaKTHBHO OKAUBaHE C JUCKPETHO YIPaBJICHHE OT THUIT
,»BKITFOYEHO-M3KIIIOUEHO™ 32 MOJIEII, OTYMTALI NPEMECTBAHHATA BbB BEPTUKAIHO HarpaBleHue (Mopen Ha ,,UeTBbpT
aBToMOoOMIT”’). BB3 OCHOBa Ha aHAIM3 HA YECTOTHUTE XapaKTEPUCTHUKHU CE Mpeyiara KOMOWHAIWS Ha YIIPABICHUATA HA
0a3aTa Ha YECTOTHA MOIYJIALIS, PeaTM3UpaHa upe3 (IITpaLysl Ha CUTHATIUTE.

KirouoBH JyMU: nonyakmueHo ynpagienue, 4ecmomma MoOyIayus.

1. BLBenenue

XapakTepuCTUKUTE Ha JeMIQUpaIys eJIeMEHT B
OKAuBAHETO HA TPAHCIIOPTHUTE CPEICTBA HE BIIHSC
€IHO3HAUYHO BBPXY KadeCTBOTO Ha BHOpo3aIuTa.
IMopanu ha3oBOTO U3MECTBAHE HA TCHEPUPAHATA B HETO
CHJIA, 32 YaCTH OT MEePHOJa Ha TPENTEeHE, BMECTO Jia Ce
pasceiiBa ce HacouBa BHOpAlIOHHAa €HEPrUsi KbM
oOckta Ha BUOpowm3onaius. KonuuecTBoTo Ha Ta3u
EHeprus 3aBUCH OT Koe(HIreHTa Ha AeMII(HpaHe U OT
YEeCTOTHHUSI CIEKThp Ha cMylienuero. Karo wsuio
KOoM(OpTa Ha BO3CHE € CBBP3aH C I0-HUCKU CTOWHOCTH
Ha JEeMI(UPAHETO, & YCTOMYUBOCTTA BHPXY ITBTHATA
HACTHUJIKA C TTO-BUCOKH. JIoOpH pe3ynTaTh B ThpCEeHE Ha
ONTUMAITHHSI KOMIIPOMHC JIaBa M3IOJI3BAHETO HA MOJTY-
AKTUBHUTE JEMII(EpH, YUITO PEONIOTHSI CE MPOMEHS
4pe3 YIPaBIIBAIIO eJIEKTPOMArHUTHO TI0JIe.

4500

3500 b
2500 =

==

1500 b

500 =
-500
-1500
-2500
-3500
-4500

M

[mis]

Queypa 1. XapakTepuCTUKa HA ITOTyaKTHBEH
nemrdep [1].

[MpumepHa xapakTeprCTHKA Ha CHIaTa B JieMIiepa
BBB (DYHKIIHS HA CKOPOCTTA Ha JehopMaIusTa My, IpH
Pa3IMYHN CTOWHOCTH Ha YTIPaBISIBAIIA TOKA, € JaJieHa
Ha Ourypa 1. OcHOBHATa ues MPH YIIPABICHUETO HA
TaKbB JieMiiep e, 4ye B CIy4auTe, KoraTo ce HacouBa
BHOpaIMOHHA CHEPrHsl KbM O0eKTa Ha BHOPO3aIlnTa,
Ce pean3upar MUHUMAIHUTE HUBA HA KOS(HUITUCHTA Ha
JeMriprpaHe U ChOTBETHO, KOIaToO Ce pa3ceiiBa eHep-
ruATa, KbM MakcumanHurte. Koraro menrta e xoMmpo-
MHCHOTO YIpaBieHHEe MEXIy KoM(popTa U YCTOWYHU-
BOCTTa W MPU HAIMYKME HA TOJMXaPMOHHYHO CMYIIIC-
HHe, TO3H IMOJXOJ HE JaBa Hal-I0OpHUTE BBH3MOXKHH
pe3yNTaTH, a U PA3KOTO BTBBPASBAHE M OMEKOTSIBAaHE
Ha OKa4YBaHETO BOJM 0 ¢()eKTH Ha BHTPEIIHHU YIapH B
cucTeMara.

2. AHAJIN3 Ha BB3/1€eliCTBHETO HA CIJIATA B
aemingepa

Ha Qurypa 2 e moka3zaH €IHOMAacoB JIMHEEH
MOJIE]I Ha OKauBaHE NPH KUHEMAaTHYHO CMYILICHHE.
ITapamerpure Ha MojieNa ca:

* m, kg — obpecopeHa maca;

* k, N/m — xoe(pHIIMEeHT Ha eTaCTUYHOCT;

* ¢, Ns/m — xoe(huIrieHT Ha aeMIihupane;

* z() — BepTUKAJIHO IIPEMECTBaHe Ha oOpecopeHara
Maca, OTYMTAHO OT IOJIOKEHHETO Ha CTaTUYHO
PaBHOBECHE;

* Jp— cBOOOHA JIBIDKHMHA HA OKAYBAHETO,

* (f) — KUHEMATUYHO CMYILICHUE.

BulTrans-2016



Sl z(t)
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Quzypa 2. Cxema Ha OKaYBaHE HA MOJIEI
c 1 cremnen Ha cBoOOza.

dazouecTOTHATA XapaKTEPHCTHKA MEXTY BHUOPO-
CKOpOCTTA Z ¥ criaTa B emridepa Fon = (& —2) e:

F,,, (@) = arctan (226‘)) -, (1)

KBJIETO: (, € COOCTBEHA YECTOTa;
n — Koe(hUITUCHT Ha 3aTUXBaHE,
@ — 4eCcToTa Ha CMYIICHHUETO.
Ha ®urypa 3 ca nokazanu pe3ynraTure OT CUMYJia-
uusTa 3a 2 u (€ — 2) npu B3/eiicTBYE ¢ TUHEHHO Ha-
pacTBaila BbB BpeMETO 4eCTOTA.

Vz, (-Vz+Vksi)

vz

)
°

i

[ [l | [l
| | | |
o ‘2 l“ ‘6 ‘8 10 12 14 16 18 20
Queypa 3. I'paduky Ha CKOpPOCTTA HA MacaTa
1 Ha CKOpOCTTa Ha aedopmaris Ha aemiidepa.

Bpemero, choTBeTCTBAINO HA TOBA (DA30BO M3MECT-
BaHe, KaTo (DYHKIWIA Ha YeCTOTaTa €

P:Fy (@)
fo() = 2o @
a TPOIIEHTHT OT MePHO/Ia, B KOWTO cHlata B JeMidepa
M CKOPOCTTa MMaT €/IHa M ChIla TIOCOKa Ce M3YMCIIBA
OT 3aBHCUMOCTTA!

100Qt0(@)—1) _
T

= 100 (T”— 1)%, 3)

KBJETO 7 = 27/ @ € IepHo/ia Ha CMYILIEHUETO.

'padykn Ha NPOLEHTHOTO CBHOTHOIICHHE Ha
BpEMETO, Ipe3 KOETO aMOPTHUCHhOPA BKapBa €HEPrusl B
cucTeMaTa, OTHECEHO CbM IIepHojia Ha TpeHTeHe, 3a
paziInuHK KoeUIMEHTH Ha AeMn(HupaHe ca NoKa3aH!
Ha @urypa 4.
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In same phase time response
a5

©=1012 Ns/m| | | | | | | |
©=1518 Ns/m
40 ©=2024 Ns/m
©=2530 Ns/m

©=3036 Ns/m

350 ©=3542 Ns/m

Yoot paricdd
N
a

frequency 1/s

@ueypa 4. T'padviku Ha MPOLIEHTHOTO CHOTHOIIICHNE HA
BpEMeTO, Ipe3 KOETO aMOPTUCHOpa BKapBa HEPIUs B
CHCTEMaTa, OTHECEHO ChM IIepHO/ia Ha TPEMNTEHE.

Ot aHanm3a Ha pe3yJiTaTuTe CieiBa, Y€ JOKaTo B
JIOPE30HAHCHAaTa W PE30HAHCHA YECTOTHU OOJACTH,
(ha3oBOTO M3MECTBaHE MEXIy cuiara B Aemrdepa H
NOCOKaTa Ha JABWKEHHE Ha oOpecopeHara maca €
ommko o 180°, T.e. nemmdepa MpenMyIIecTBEHO pas-
celiBa BUOpaIoHHATa €HEPTHsl, TO B CJIE]] Pe30HAHCHA-
Ta 00JacT HapacTBa OTHOCUTEITHATA POIBIDKHTEITHOCT
Ha MHTEpBAINTE, IPH KOWUTO MOCOKUTE CHBIAJIAT T.C.
nmemripepa HacovyBa BHOpAIIOHHATA CHEPTHS KBbM
obpecopenara maca. [Ipu ToBa, KOIKOTO Koe(hHUITMEeHTa
Ha JeMmidupaHe € MO-ToJisIM, Te3H WHTEPBAIN ca TI0-
MPOJTBIDKHUTEITHY, KaTO CHINEBPEMEHHO Ipe3 TAX Ce
BHACS U TIO-TOJIIMO KOJIM4YecTBO eneprusi durypa 5.

Damper Power
so0

;

20

\

!\I
l
Il
\HHI

i
l
Il

Q@uzypa 5. MoiHOCT pa3BrBaHa oT Aemidepa:
P=Fuuz

[pu monenst Ha ,,YeTBBPT aBTOMOOMI” — DUrypa
6, pasriieKaal] TPENTEeHUITa OTHECEHH ChM KOJIETIOTO
Ha TPAHCIIOPTHOTO CPEICTBO, BIUSHUETO HA KOS(HHITH-
eHTa Ha JeMmrdupaHe Ha OKA4YBAaHETO ¢, € OIIe TI0-
cnoxHo. Ha @urypa 7 a) u 6) ca nokazanu $paMunum
AMIUTUTY/IHO-YECTOTHH ~ XapaKTEPUCTUKH 33 Zz| W
F™ = k(=21 + &) + ci(—21 + €), cBBp3aHH ¢ yCTOHUR-
BOCTTa, a Ha Durypa 7 8) M &) — zx U Z», CBBP3aHH C
KoMQopTa 1 BHOPOHM3OJIAISATA Ha IITACHTO.
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@ueypa 6. Mopen Ha ,,YeTBbPT aBTOMOOIT .

Magnitude response Z1

)

©2=1012 Ns/m
©2=1518 Ns/m
©2=2024 Ns/m
©2=2530 Ns/m
©2=3036 Ns/m

)
Magnitude response Z2

1
160 180

©2=1012 Ns/m
c2=1518 Ns/m
©2=2024 Ns/m

©2=3036 Ns/m

|
02=2530Ns/m [ — T~ — —

|

|

P (1/s)
Magnitude response A2

©2=1012 Ns/m
©2=1518 Ns/m
©2=2024 Ns/m
©2=2530 Ns/m
©2=3036 Ns/m

80 100
p(1/s)

Duzypa 7. DamMuIMK 4YECTOTHU XapaKTEPUCTHUKH.

OueBHIHO €, e BHB BCEKH HOB YECTOTEH MHTEPBAJ,
ompezieNieH OT WHBAapUAHTHUTE Ha KOS(HIIMEHTa Ha
3aTUXBaHE YECTOTH, CE IPOMEHS BIMSHUETO Ha JEMII-
¢uparero. [Ipn ToBa WHBapHAHTHHUTE YECTOTH KaTO
ISUT0 Ca Pa3iIMYHU 32 BCAKA OT XapaKTEePUCTHKH.

2. ChIIHOCT M 32aKOHH 32 NMOJTYAKTUBHO
yIpaBjieHue

[lpn momyakTHBHUTE BHOPOHM30JATOPH TOA ACH-
CTBHETO HA EJEKTPOMArHUTHO Tmose ce Qopmupar
KOJIOHMAJIHH CTPYKTYpH B peonornunus (uynz u ce
NPOMEHS B IIMPOK JUANa30H KOe(hUIMEHTa Ha JIEMII-
¢upane. B nuHeapuzupaH BapuaHT TOBA W3MEHEHHUE
MMa BUJA:

c=cl+(c"—cl)U, )

KBJIETO ¢’ 1 ¢ ca CHOTBETHO JIONIHATA ¥ TOPHATA TPaHH-
ITM Ha M3MEHEHHUETO Ha KoeHitneHTa Ha nemrdupane,
nomy4deHu Tpu ctoiiHocty 0 M 1 Ha ympaBiABaIIus
curnan U.

Knacmaeckust momxo 3a 3ammra Ha oOpecopeHaTa
Maca € yrnpasJieHHEe, KOeTO 3a/laBa MaKCHMAaJIHO JIEMII-
¢upaHe Korato cunara Ha JeMidepa € B MpOTHBOIIO-
JOKHA TIOCOKa Ha CKOPOCTTa W W MHHHUMAIHO B
TIPOTUBHUS CITyqai:

¢, =ch+ (c¥ - cé)Us,

— 1, (Zus - Z.s)z.s <0
Us = {0, (G = 2)2. > 0; ®)

U = 17 FC”I)H,ZZ.S < O;
s {0, Fonnzs > 0.

Pesynrature npu ToBa yrnpasieHHe ca TOKa3aHU Ha
Q@urypa 8.

Bwxkna ce, e ToBa ympaBlieHHE € e(PEKTHBHO
OCHOBHO W3BBH T'DaHUIUTE HAa YECTOTHHUSI MHTEPBAI
MEXITy ITbpBaTa v BTOpaTa MHBAPUAHTHU YECTOTH.

IIpu ynpaBnenue ot tuna:

S s

¢, =ch+ (c¥ —cl)U

1, (2, — 2%, <0
v={g ¢ lnte O
1’ FLH,ZZS < 0;

_ c
U, = {o, FonaZy >0,

TIOJTyYEHUTE Pe3yJITaTh ca nokazanu Ha durypa 9.

Tyx edekTa € TOUHO MPOTUBOTIOIOKEH HA TO3H MPU
ympasnenue (5).

Ot aHanm3a crienBa, 4e ako ce KOMOMHHpPAT JIBETE
yIpaBieHHs, IIe ce MOIyYd MaKCHMalHO 1o0pa
BHUOpOM30JIaIMs Ha 00pecopeHuTe MacH. ToBa MOXKe 1a
ce peanr3upa, 4pe3 HM3IOI3BaHETO HAa KOMOWHUPAIIH
(GUITPY — HUCKOYECTOTEH 32 yIIpaBiieHue (5) v JICHTOB
3a (6):
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1 i . 5. gy — 5 .
Cs = Cg + (C’; - cs)Us’ a= FCHI,ZZS’ v= FCHI,ZZS’
0, 3a[a>0]nfv>0]
Ips
ZMS
U = T T 3ala<0ln[v> 0]
ZMS + ZMS
Us =9 szs (7)
U? = “ , 3ala>0]n[v<L0];
F=manpe ®la> 0N <o
\U; + U¢, 3ala <0ln[v <0l

YecTOoTHHUTE XapaKTEPUCTUKN Ha HUCKOUECTOTHUS U
JIeHTOBHS (QUITHD ca mokazaHu Ha durypa 12, a momy-
YeHUTE pe3yJiTaTh ca rnokaszanu Ha durypa 10.

Ynpaenenuemo peanuzupa maxcumanna eubpo-
3awuma Ha obpecopenume Macu, Kamo ecmecmeeHo
OUHAMUKATNA HA HeoOpecopeHume e CUTHO 3a8ULUEHA.

25

Magnitude response Z2

©=1150 Ns/m
c=1560 Ns/m

©=2530 Ns/m
©=3036 Ns/m
©=3542 Ns/m
semi active

30 40 50 60 70 80 90
w (1/s)

Magnitude response A2

600 ©=2530 Ns/m)|

©=3036 Nsim
————— £=3542 Ns/m
———— semi active

msim

30 40 50 60 7O 80 [0
w (1/s)

Magnitude response Z1

30 40 50 60 7O 80 20
w(1/s)

Magnitude response F1

s
a5 <10

©=1150 Nsim

©=1560 Ns/m

“ £=1770 Nsim

- c=2580 Ms/m

as ©=3036 Nsim

©=3542 Nsim

30 <40 50 60 70 80 20
w (1/s5)

Quzypa 8. YecTOTHU XapaKTEPUCTUKU
ipu yripasieHue (5).
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3a HaMansBaHEe IWHAMHKATa Ha HEOOPECOPCHHTE

MAcH U € TOBa YCTOMUMBOCTTA Ha IPEBO3HOTO CPEJICTBO
BBpPXY IIbTHaTa HACcTHJIKa, 1O aHajorus Ha (5) ce

PasIIexIa yIpaBIeHUETO:
¢, = cé + (cé‘ — ci)UuS,
— 1, _(Zus - Z‘s)z’us <05
Uus = {0, —(z,. — 22, > 0; ®)
U = {1’ _chn,Zzus <0
us =0, =F 02, > 0.

ChbII,

INomyuenuTte pe3ynratu ca nokazanu Ha @urypa 11.

Habnronasa ce Hee)eKTHBHOCT Ha YIIPABICHUETO MEX-
Jly ITbpBaTa U BTOpa MHBAPUAHTHU YECTOTH 3a z1 U F1.

misim

misim

Nim

Magnitude response Z2

©=1150 Ns/m

o 10 20 30 a0 50 &0 70 a0 90
w (1/s)

Magnitude response A2

©c=1150 Ns/m
—— c=1560 Ns/m
600 ©=1770 Ns/m
£=2530 Ns/m
©=3036 Ns/im
©=3542 Ns/m
——— semi active

o 10 20 30 40 50 60 70 a0 20
w (1/s)

Magnitude response Z1

©=1150 Ns/m
©=1560 Ns/m
©=1770 Ns/m
©=2530 Ns/m

©=3036 Ns/m
———— ©c=3542 Ns/m

o 10 20 30 40 50 60 70 a0 20
w (1/s)

wrah Magnitude response F1

o 10 20 30 40 50 60 70 a0 20
w (1/s)

Quzypa 9. YecTOTHU XapaKTEPUCTUKU
ipu ymipasieHue (6).



Ilopamu ¢azoBuTe CHOTHOMICHHUS YIpaBICHHE

aHajorn4yHo Ha (6):

| I}
c,=c,+ (c;‘ - cs)Uus,
U,={L—@m—gﬁmgm

us 0, —(2,5 — 2)Z,5 > 0;

U, = s
0’ _FC’bl'[,ZzuS > 0’

us

{1’ _Fc1>n,2Z <0;

©)

HE ce sABsBa e(h)eKTUBHO (32 KPaTKOCT HE ca IIPUBEICHH

pe3yaTaTure).
Magnitude response Z2
26
c=1150 Nsim
———— c=1560 Ns/m
©=1770 Ns/m
21 ©=2530 Ns/m
- c=3036 Ns/m

©=3542 Ns/m
——— semi active
15

90

£
£
1k
05}
o
o 10 20 30 40 50 60 7o 80
w (1/s)
Magnitude response A2
600
£=1150 Ns/m
———— c=1580 Ns/m
c=1770 Ns/m
500 [ ——— c=2530 Ns/im
—— ¢=3036 Ns/m
———— c=3542 Ns/m
400 | ————semi active
E
s 300
E
200
100
o
o 10 20 30 40 50 60 70 a0
w (1/8)
Magnitude response Z1
22
£=1150 Ns/m
£=1560 Ns/m
2 ©=1770 Nsim
©=2530 Ns/m
18} ©=3036 Ns/m
©=3542 Ns/m
16 | L———semi active
14t
E
=
121
1k
0.8
0.6 [
0.4
o 10 20 30 40 50 60 70 80 20
w (1/s8)
~ 105 Magnitude response F1
4.5
©=1150 Ns/m
©=1560 Ns/m
4 ©=1770 Ns/m
©=2530 Ns/m
3.5 -~ c=3036 Ns/m
3
2.5
E
=
z
1.5
1
0.5
o
o 10 20 30 40 50 60 70 80 20

w (1/s)
Queypa 10. YecTOTHU XapaKTEPUCTUKU
ipu yrpasierue (7).

TakoBa obave ce sIBSBa YIPaBICHUETO:

.l 1
c,=c,+ (c? — cs)Uus,
UVZ{L—@M—anSQ

us 0,—(2,5 — 2z, > 0;

U — us —
O’ _Fc1>n,22us > O’

us

{1, —FepnnZys < 0;

(10)

[Tosmydenute pesynraru ca nokazanu Ha Gurypa 13.

Magnitude response Z1

22
c=1150 Ns/m
2 —— ¢=1560 Ns/m
c=1770 Nsim
18 ©=2530 Nsim
- c=3036 Nsim
c=3542 Nsim
16 ——— semi active
1.4
£
E
1.2
1
0.8
0.6
0.4
o 10 20 30 40 50 60 TO 80 20
w (1/s)
«10% Magnitude response F1
4.5
©=1150 Ns/m
4 ——— c=1560 Ns/m
e=1770 Ns/m
©=2630 Ns/m
S - c=3036 Ns/m
©=3542 Ns/m
3 ——— semi active
2.5
£
=
2
1.5
1
0.5
o
o 10 20 30 40 50 60 70 80 o0
w (1/s)
Magnitude response Z2
2.5
©=1150 Ns/im
———— ¢=1560 Ns/m
©=1770 Ns/m
2 ©=2530 Ns/m
— c=3036 Ns/m
£=3542 Ns/im
——— semi active
15
E:
@B
£
1
0.5
o
o 10 20 30 40 50 60 7O 80 90
w (1/s)
Magnitude response A2
600
©=1150 Ns/m
— ——— ©=1560 Ns/m
c=1770 Nsim
500 ©=2530 Nsim [T
- c=3036 Nsim
©=3542 Nsim
400 ——— semi active |-
£
“p 300
E
200
100
o
o 10 20 30 40 50 60 70 80 20

w (1/s)
Queypa 1. YecTOTHU XapaKTEPUCTUKU
pu ympasieHue (8).
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EdexTBHOCTTA Ha TOBa yIpaBleHHE € TOYHO B
HHTEpBaJia MKy HHBAPUAHTHUTE YECTOTH.

Ananuzem na pesynmamume om ynpaeietus (8) u
(10) nanaza creonume u3600u:

B YECTOTHUS IMaIa3oH J0 MbpBaTa WHBapHaHTHA
4ecToTa € HEOOXOAMMO pPean3UpaHeTO Ha Bb3-
MO>KHO Hal-TBBPAO YNpPaBJICHHE C BUCOK KoehH-
IIUCHT Ha eMIIpupane;

B IIbpBaTa TOJIOBUHA HA YECTOTHHS IMAIa3oH
MEXIy IbPBUSI U BTOPHS PE30HAHC — MPHOIN3H-
TEJIHO MEXIy ITbpBaTa W BTOpaTa MHBAapHaHTHA
YecToTa 10 MPEMECTBAHETO Ha HeoOpecopeHaTa
Maca, ONTUMAIHO € YIPABIECHUETO 3a7aBalllo
MHHHMaJIEH KOe(HUIIMEHT Ha leMI(upaHe;
BTOpaTa TOJIOBUHA OT JHMara3oHa Ha TOPEOIH-
CaHus UHTEepBaJl, ynpasieHueTo e oT Timna (10);

B 30HaTa Ha BTOPUSI PE30HAHC U CJIE HEro, BTBBP-
ISIBaHE Ha OKAUBAHETO, YPE3 MaKCUMAJIEH KoedH-
IIEHT Ha AeMIIpUpaHe, OCUTYPsIBA MAKCUMYM Ha
KpUTEpUsI 32 YCTOHYMBOCT.

Bb3 ocHOBa Ha Te3W W3BOM YECTOTHO-MOIYIHPA-
LIOTO YIIPaBIICHHE CE peaTi3upa C IIOMOIITA Ha YSTHPH
(unThpa 32 BCEKH OT IMAINIA30HHUTE, CHOTBETHO HUCKO-
YeCTOTEH 3a ITBPBUS, [IBA JICHTOBH 32 BTOPHS U TPETHS
JIFaTa30H ¥ eIMH BICOKOYECTOTEH 32 YETBBPTHSL.

AKO TPONyCKaHUTE CHTHAITU TIPe3 BCEKU OT TAX ca
CBOTBETHO:

4

lpus( )

us

fus(t) — Ipus(t)+

bplus bpzus

0, 2" () =
bPl“S(I) + bquS(t) + hpus(t)

0.z

TO YIIPABJICHUCTO MOKE a CE ,E[eq)I/IHI/Ipa Karo:

m/sim

Magnitude response Z1

©=1150 Ns/m
&=1560 Na/m
c=1770 Ns/m
c=2530 Ns/m
1.8 <=3036 Ns/m
c=3542 Ns/m
16 — semi active

o 10 20 30 40 50 60 70 80 90
w (1/s)

Magnitude response Z2
2.5

©=1150 Ms/im
©c=1560 Ns/m
e=1770 Ns/m
©=2530 Ns/m
- c=3036 Ns/m
©=3542 Ns/m
——— semi active

1.5

0.5

o 10 20 30 40 50 60 70 80 20
w (1/8)

N N A

c.=ch+ (c”—cl)U

I us bpyus
P 2! (I)

(I)‘+kbp2| Zus

bplus(t)‘-‘r bpzus(t)|+‘ hﬂus(t)‘ (11)

P {1’ FC’LH,ZZMS <0
bp, — 10, —F >0

CbI1,2 Zys

hpus(t)

us —

Ipus

[onmyuenuTe pe3ynraru ca nokazanu Ha Ourypa 14.

Iomy4enute pe3ynTaTu, CbOTBETCTBAT HAIIBIHO Ha
LIENTUTE Ha YIIPABJIEHUETO C OTJIe]] MUHUMU3UPAHETO Ha
JVHAMHYHaTa KOMIIOHGHTa Ha HOpMalHaTa Ccuia.
OcBeH TOBa, C M3KIIOYCHUE HAa 30HATa CJEA BTOPHS
pE30HAaHC, MHOro a00pu ca pes3yiTaTuTe M MO
OTHOIIIEHHE Ha YCKOPEHHETO Ha oOpecopaHaTa Maca.

Magnitude response Phase response [rad]

o 10 20 30 o 10 20 30
frequency [1/s] frequency [1/s]
Magnitude-Phase response Loss response [db]
90

frequency [1/s]

Magnitude response Phase response [rad]
1 T T 20

10
| o
2
0.5 £ 0
A
-10

o - -20
] 20 40 60 ] 20 40 60
frequency [1/s] frequency [1/s]
Magnitude-Phase response Loss response [db]
1

magnitude

frequency [1/s]
Queypa 12. YeCTOTHHN XapaKTEPUCTUKH
Ha MOIyJIUpaIuuTe QUITPU.

. 10° Magnitude response F1

©=1150 Ns/m
©=1560 Ns/m

©=2530 Ns/m
35| - - c=3036 Ns/m
©c=3542 Ns/m
—— semi active

£
=
=
1.6
1
0.5
o
o 10 20 30 40 50 60 70 80 20
w (1/s)
Magnitude response A2
600
500
400
£
“t 300
E

200

0 10 20 30 40 50 60 70 80 20
w (1/8)

Queypa 13. YecToTHHN XapaKTepUCTUKH TIpH yripaBnernue (10).
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mim

N/m

m'sim

Magnitude response Z1

©=1150 Ns/m
2 ©=1560 Ns/m
c=1770 Ns/m
©=2530 Ns/m

- c=3036 Ms/m
©=3542 Ns/m

1t —
0.8
0.6
0.4
o 10 20 30 40 50 60 70 80 80

w (1/s)

«10% Magnitude response F1

c=1150 Ns/m
©=1560 Ns/m
4 ©=1770 Ns/m
©=2530 Ns/m
35 ©=3036 Ns/m
©=3542 Ns/m
semi active

o 10 20 30 40 50 60 70 80 80
w (1/s)

Magnitude response Z2
25

c=1150 Ns/m
c=1560 Ns/m
€=1770 Nsim
©=2530 Nsim
©=3036 Ns/m

©=3542 Ns/m
———— semi active
1.5
i 1

0.5}

o 10 20 30 40 50 60 70 80 90
w (1/s)

o=1150 Naim Magnitude response A2
©=1560 Ns/m
c=1770 Ns/m
©=2530 Ns/m
- c=3036 Ns/m
©=3542 Ns/m
semi active

200

100

o]

o 10 20 30 40 50 60 7o 80 20
w (1/s)
Quzypa 14. YecTOTHU XapaKTEPUCTUKU MIPU
ynpagierne (11).

3aKiroueHue

Bb3 ocHOBa Ha aHanmM3a HA aMIUTHTYAHO U (ha3o-
YECTOTHUTE XaPAKTEPUCTHKH, Ca PA3ITICAAHH TTOXOAN
3a yIOpaBJieHHE HA TMOJTyaKTHBHO OKauBaHE Ha
TPAHCIIOPTHO CPEICTBO, TPEACTABEHO Ype3 MOJeN Ha
,»deTBBPT aBTOMOOWI”. HOBaTMBHUST MOMCHT B
W3CJIC/IBAHETO € ChUCTaBaHETO MNPEAUMCTBATA HAa
pasrielaHuTe 3aKOHU 3a yIpaBlieHHe, Ha 0a3zara Ha
YeCTOTHA MOJYJIAlUsl, peau3upana 4upe3 (IITpaIws
Ha CcuUTHamuTe. Taka KIaCHMYECKOTO JTHCKPETHO
VIpaBJICHHUE OT THTI ,,BKITIOUCHO-U3KIIFOUEHO CE TPaHC-
(dopMHpa B HEMPEKHbCHATO NEHCTBAIIO, TIPH KOETO Ce
MOJTyYaBaT MHOTO IO-J00pH PE3yJTaTH B acleKT Ha
OCHTypsiBaHE KpHUTEpUHTEe 32 KOMGOPT Ha BO3CHE U
YCTOMUYMBOCT BbPXY ITBTHATA HACTUJIKA.
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MULTI OBJECTIVE SYNTHESIS OF
FREQUENCY-MODULATED CONTROL OF
SEMI-ACTIVE SUSPENSION - PART1
ANALYSIS AND CONTROL STRATEGIES

JULIAN GENOV

Dept. of Mechancs, Technical university - Sofia, Bulgaria
j_genov@mail.bg

Abstract: The paper consider the contradictious
influence of damping, in the different frequency ranges
of the excitation, on the vehicle's ride comfort and
stability. Laws of "on-off" type for control of semi-
active suspension of a vehicle model that takes into
account the displacement in a vertical direction (quarter
car model'). Based on an analysis of the frequency
characteristics is offered a combination of the control
laws based on frequency modulation realized by
filtering the signals.

Keywords:  semi-active
modulation.

control,  frequency
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MHOI'OKPUTEPHUAJIEH CUHTE3 HA YECTOTHO-MOAYJIMPAHO
JUCKPETHO YIIPABJIEHUE HA ITIOJIYAKTUBHO OKAYBAHE -
YACT 2: MHOI'OKPUTEPUAJIEH CUHTE3

1OJImstH 'EHOB
Karepa ,,Mexanuka”, Texumdecku Yuusepcuret - Codust
j_genov@mail.bg

Pestome: Pasrienan e 3akoH 3a ynpaBjeHHME Ha IOJNYaKTHBHO OKauBaHe Ha Mojen Ha ,UeTBbpT aBromMoOWI”,
Ppea3upal KOMIIPOMUC MEXTy U3HCKBaHMTa 32 KOM(OPT Ha BO3EHE U 3 HAJICXK/IHO CLICTUICHHE C ITbTHATA HACTHJIKA.
Pentena e 3amauara 3a MHOTOKpHTEpHAJICH CUHTE3, IPH KOSITO OT MHOXecTBOTO Ha [lapeTo ce moadupa paBHOBECHOTO

PCHICHUE, OCBILICCTBABAIIIO ONTUMAJITHHSA KOMIIPOMUC

KrouoBu xymMu: nonyaxmugho ynpasnenue, 4ecmomna MoOyiayus, MHO2OKDUMEPUANEH CUHMe3

1. BLBenenne

B mbpBata yacTra Ha myOIuMKanusTa ca pasrieaaHn
3aKOHHM 3a YMpPAaBICHHE HA TONYaKTUBHO OKAauyBaHE,
BCEKU OT KOHMTO Pean3rpa MHOTO JIOOPU XapaKTeprc-
THKH, ChOTBETHA IO OTHOIIECHHWE HA JBaTa OCHOBHU
KpuTepus: koM(popTa M CICIUICHHETO C MbTHATa
HacTWIKa. M3UCKBaHMATA HA TE3H KPUTEPHUH I10 ChIIlE-
CTBO Ca MPOTHBOPEYMBH W 3aTOBA OCHOBHA CHHTE3HA
3a/aua Ce SIBSIBA OMNPEJCISHETO HA ONTUMATHUS
KOMITPOMHC.

2. 3akoH peaM3upany KOMIPOMHCHO 4€CTOTHO-
MOTYJIMPAHO yIIpaBJieHHe

B mbpBata yact Ha MyONUKANMATA C ODNIEN Ha
BHOpOM30JIalKsl Ha 0OPECOPEHUTE Macu ce Tpejyiara
YECTOTHO-MONYJIMPAaHO  YIpaBJCHHE, CHUYETABAIIIO
aHaNlM3a HA CBHOTHOIICHHETO MEXIy CHIaTa B

neMrdepa H  CKOPOCTTa W YCKOPEHHETO  Ha
00pECOPEHUTE MaCH:
_ .l I} . _ 5. _ 5 .
Cs = G + (C? - Cs)Us’ a= Fc1>r1,2zs’ U= Fc1>r1,2zs’
0, [a>0]n[v>0];
Ips
Z
v o_ us .
US - Zipss + szs ) [a S 0] n [U > O]’
Us =9 bps (1)
a _ us .
US - zlulzs + zzfs ) [a > 0] n [U S O]’
\U; + U, [a<0]n[v<0],
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KBJIETO:

* ¢y, ¢, ¢4 ca CHOTBETHO KOE(HIIHEHTA HA IEMII(H-
paHe Ha TIONyaKTHBHHS JeMII)ep U HEroBUTE
(hu3ryecKkn pearM3upyeMy 4pe3 YIPaBICHHETO,
MUHUMaJTHA ¥ MaKCUMaJIHa CTOMHOCT;

* U e ynipaBInsiBalys. CUTHA,

* 2,/ — CHTHaJa 3a TPEMECTBAHETO HA HEOOPECo-
PEHHTE MacH Clie]l HICKO-YeCTOTHUS (PHIITED;

* 2/’ — CHT'Hala 3a IPEMECTBAHETO Ha HEOOPEco-
PEHUTE MacH CIIeJT JICHTOBUSI (DIITHP.

CbOTBETHO 32 HaMAISIBaHE TMHAMUKATA Ha HeoOpe-
COpPEHUTE MACH U C TOBA YCTOHYMBOCTTA Ha MPEBO3HOTO
CPEICTBO BBHPXY IbTHATA HACTUIIKA, C€ pa3lIIeKia
YEeCTOTHO-MOJIYJIMPAIIOTO YIpaBJICHHE Ce pPeali3h-
paHo ¢ MOMOIIA Ha YeTUpH (QUITHPA 32 YECTOTOHHUTE
JIMANa30Hd, CHOTBETHO HHCKOYECTOTEH C TpaHU4YHA
4YecToTa Ha TIPOIyCKaHe IThpBaTa HMHBApHaHTHA
YeCTOTa, /IBa JICHTOBH 34 3a JIHara3oHa MeXTy IbpBaTa
W BTOpaTa WHBAPUAHTHH YECTOTH M €IWH BUCOKO-
YeCTOTeH 3a WHTEepBaja CJel] BTOpara WHBAPHAHTHA
YecToTa.

AKO TIPOITyCKaHUTE CHTHAITU TIpe3 BCEKU OT TSX ca
CHOTBETHO:

Ipus bpyus bpyus hpus
ws sz, (), 2, ) ), z,4 (Z) >
2@y = 2P0 + 2P+ 2P () + P,

us us us us us

TO YIPABJICHHETO ce Ae(UHIpa KaTo:



Cs

e+ (c” — cI)U

N us?

U _ fius(t)‘+kbp2 P2us(t) :Lpus(t)

us lpuv bPIMS bPZ“S(t)‘_i_ hP‘”(,)|. (2)
k — 19 FCLH,ZZus < 0

pr O, _Fc1>r[,2zus > O

3a pelieHye Ha 33jadara 3a CUHTE3 Ha yIpaBJicHUE
peaM3UPAILO ONTHUMATIHUS KOMIIPOMHUC MEXAY AWHA-
MHKaTa Ha oOpecopeHaTa U HeoOpecopeHaTa MacH, €
HeoOxomuMmo chBMecTsBaneTo (1) u (2). Toma ce
W3BBPIIBA UPe3 BbBEKAHE Ha (DAKTOP HA KOMIIPOMHCA
0€[0, 1], mocpeaCTBOM KOMTO MHOTOKPUTEPHUATHOTO
yIIpaBJIEHHE CE MPEJICTaBs BB BUA:

¢, =+ (e = e)U,
U=aU,+(1-a)U,, ac[0+1];
(0, [a>0]N[v>0];
Ips
USU les :_S bps [a S 0] N [U > 0],
bps
U =<77a Zus ‘
s Uszw, [a>0]n[v<0];
u;+U! [aSO]ﬂ[fJSO]; 3)
a= Fc1>n,2z§9
- U= FCT)H,ZZS;
f,l;us(l)|+kbp2 quv(t) l}:;ms(t)
us — lpus(t>| bplus(t)| bpzus hpm(r)‘ )
k., = {1’ —FepnnZys <05
bp, 0, =F.y 22,5 > 0.

3. lepunupane Ha ONTUMHM3ALMOHHATA 32/1a4a

OnTUMU3AIIMOHHUTE TTApAMETPU ca KOSHHUITHEHTHT
HA ENIACTMYHOCT Ha OKa4yBaHETO M (HaKTOPhT Ha
KOMITIPOMHCA:

= [k, a]. )
BekTopbT Ha ONITUMU3UPYEMUTE KPUTEPUU €
J(X) = [4,(X), J,(X), J5(X), J,X)|" 5)

Ji(X) = ZkN=1|VVzusé(iwk)|k
JHr(X) = ZkN=1|VVzS§ (i) |«
J;(X) = ZkN:1|Wis§ (iwp)|y’
TiX) = B Wi i)

KBJCTO!:

kato J1(X) u J3(X) umar oTHOIIEHHE KbM KoM(opTa, a
JS(X) u Ji(X) — kpM ycTOHUMBOCTTA, ¢ W ca 0003Haue-
HU TUCKPETHHTE TIpeIaBaTelTHA (DYHKIMH MEXITy BXO/I-
HOTO cMmyIeHne ¢ M ChOTBETHATA XapaKTePUCTHKA, a
i = kAw ca TUCKpeTHHUTE 4eCTOTH, Aw — CThIIKA Ha
M3MEHEHHE.

IIpeMsTaHeTO HAa AMIUIUTYIHO-YECTOTHUTE XapaK-
TEPUCTHKU CE OCHOBABAa HA TIO/IaBaHE HA XapMOHUYHO

KMHEMAaTUYHO CMYIIEHUE C YECTOTa w; U CIIEH TOBa
ANpOKCHMALHS 10 Hali-MaJIKKM KBaJpaTy Ha YHUCJIEHOTO
pELLIEHHE B PAMKHTE HA €UH NIEPUOJ] C XaPMOHUK ChC
ChIIATa YECTOTA U OT TaM I10/Ty4aBaHe Ha OTHOLLIEHUETO
MEXY aMIUIMTYIUTE Ha U3XOJHATAa BEITMYMHA U BXOJ-
HOTO CMYILICHHE.

OmnpenensHeTo Ha MHOTOKPUTEPHUATHOTO PEIICHHE
Ce U3BBPILIBA B CIIEHATA IIOCIIEN0BATEHOCT:

4 U3BBPIIBA CE EIHOKPUTEPHAIIHA ONITUMM3ALIMS 10
BCEKH €IMH OT KPUTEPUUTE, IIPU KOETO CE OIPENEIIAT:

I = (X i= 14

opt
J

= max

j=1.4nj#i Jl( )}’

¢ (hopMHpa ce MHOTOKPHUTEPUATTHATA KOATUIIMOHHO-
WUTpoBa CXeMa, dpe3 MamadupaHeTo Ha (YHKIIHOHA-
JIHTE:

¢ onpezermsit ce J;M

5X)-J"
Jma_gor

JXX) = i=1.4;

4 ChCTaBs ce 0000IIIECH KPUTEPHIA:

LX) = 2L, 47X,
A, €(0,1]
KBIETO A = § 4, [ 4 1. =1 ( © TeIVIOBEH BEKTOP;
i=1 M=
4 peanusupa ce fiepapxuyecka ONTHMH3ALMS Ha JBE

HUBA:
* Ha TOPHOTO HUBO C€ ONTUMHU3UPA CYNEPKPUTEPUIL

S = m/lin gﬁﬁ(Ji*(Xp)) ;

* Ha JIOJTHOTO HUBO ce ompenernst llapero pemre-
ausaTa XP upe3s MUHHMH3HpaHe Ha OOOOMIEHHS
KpUTEpHit:

X« Irgn L(X).

Taka craBa BB3MOXKHO ONpENEISHE HA CTAIHO-
HapHOTO penieHre Ha Herr (onTrMamHust KOMIPOMHUC)
nu 0e3 ma e wuneHTH(HIMpaHo 1wioTo Ilapero-
MHO’KECTBO.

4. Yncyen npumep

OO6mnacTTa Ha BH3MOYKHUTE PEIICHS €:
D,= {ks € [12000 + 28000], N/m

}

a €[0+1]
[MapameTpute Ha Mozena ca:
=40 kg; m, =320 kg;
keus 180000 N/m, cus =100 Ns/m.

CroitHOCTHTE, MEXIYy KOUTO BapHpa Koe(HIeHTa
Ha JeMIupaHe TIPU YIIPABICHAETO Ha IOy aKTHBHHS
nemrdep ca:
&= 3542 Ns/m; ¢/ = 1012 Ns/m.
N=90;Aw=15s"

[IpecmsaTanusaTa 1 pe3ynrature ca aaaeHd B Tabmuim
1,2 n 3, kaxro 1 Ha Purypa 1.

149 BulTrans-2016



Tabnuya 1. EnHoxpuTepraiHa ONTUMU3ALHSA 110 BCEKH €AUH OT KPUTEPHUTE.

CTOMHOCTH Ha

OHTI/IMI/I3I/IpyeMI/ITe CTOI7IHOCTI/I Ha LCJICBUTC (I)yHK]_II/II/I:
J napameTpu
k. a
= Ji® JS® J, 572 Ji2 N/
N/m ) 1 2 35,8 4, N/
Ji | 27000 | 0,0625 | 85,63 | 30,38 | 2,7922.10* | 1,0973.10’
J | 12000 0 90,2 | 25,02 | 2,6740.10* | 1,1418.107

J5 | 13000 | 0,9375 | 124,07 | 29,55 | 2,3927.10" | 1,65.10
Ji | 27000 | 0,0625 | 85,63 | 30,38 | 2,7922.10* | 1,09730

Tabruya 2. [lepurmpane Ha UTpoBaTa CUTyanyst U TpaHC(HOPMUPaHE Ha KPUTCPHUHUTE.
le Jza) J3 w S—2 J4a)’ N /m

J¥ | 8563 | 2502 |23927.10* | 1,0973.107
Jm 124,07 | 30,38 | 2,7922.10* | 1,6500.10’

Tt 6]11/!140 3.P €3yJITaTh OT MHOT'OKPUTCpHaIHATAa OIITUMU3ALIASA.

OntuMuzupyemMu

MHOT O- napameTpH CroiiHocTH Ha LienieBUTE (DYHKLIMH:
KPUTEPUAJIHA i T I N NG
OITUMMBALI s @ 1 2 3 4
N/m - s! s! s3 N/ms

gleiggﬁﬁ(J,-(X)) 14250 | 0,4219 | 0,35 | 99 | 0,20 | 26,1 | 0,05 | 2,41.10*|0,21| 1,25.10’

Magnitude response Z1 105 Magnitude response F1
22 4.5
c=1150 Ns/m
©c=1150 Ns/m c=1560 Nsim
2 c=1560 Ns/m 4 c=1770 Ns/m
c=1770 Ns/m c=2530 Ns/m
18 ©=2530 Ns/m asl - c=3036 Ns/m
©=3036 Ns/m ©c=3542 Ns/m
c=3542 Ns/m semi active
1.6 semi active 3l
1.4 25
£ £
= =
= =
12 =
1 16F
0.8 1r
0.6 0.5
0.4 o
o 10 20 30 40 50 60 70 80 20 o 10 20 30 40 50 60 7o 80 90
w (1/s) w (1/s)
a5 Magnitude response Z2 Magnitude response A2
800
c=1150 Ns/m
c=1150 Ns/m — &=1560 Ns/m
C~1500 M €=1770 Nsim
c=1770 Naim 500 | ——— c=2530 Nsim
9 =230 Nsfm - ©=3036 Nsim
- c=3036 Ns/m e aEAD Maim
©=3542 Ns/m semi active
semi active 400 F
1.5
§ .'I il ‘E~
& \ N 300
= E
1
200
0.5
100
o o
o 10 20 30 40 50 60 70 80 20 o 10 20 30 40 50 60 7o 80 90
w (1/s) w (1/s)

(Dueypa 1. YecToTHH XapaKTCPUCTUKU B ONITUMAJIHNA KOMITPOMUC.
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Queypa 2. CTpyKTypHaTa CXeMa Ha KOHTpouepa, peajmnsupas B cpenata Ha MATLAB — Simulink.

Ha ®urypa 2 ¢ mokazaHa CTpyKTypHaTa cxema Ha
KOHTpoJiepa, peammsupan B cpenara Ha MATLAB —
Simulink.

3akmouenne

[IpennoxeH e BapraHTa 3a KOHTPOJIEP 3@ YECTOTHO
MOJyTMUPAHO TUCKPETHO YIIPABJICHHE HA MOTYaKTHBCH
nemriep, 00CUHABAI BE3MOKHOCTHTE Pa3TIICAaHUTe
3aKOHU 32 CHIDKAaBaHEe TMHAMHKATA Ha 00PECOPEHUTE U
HeoOpecopeHuTe Macu. [Ipu 3amaeHl XapaKTepUCTH-
KH Ha MojIena ¥ Ha femMridepa, 00SKT Ha ONTHMHA3AITHS
ce siBsiBa KOe(hUIIMEHTA Ha €1aCTUYHOCT Ha OKAYBAHETO
1 (haKTOPBT Ha KOMIIPOMHUCA B CUHTE3UPaHUsI KOHTPO-
nep. Pasriienan e moxos1 3a HaMHUpaHe Ha ONTHMATHO-
TO KOMITIPOMHUCHO pellleHHE, OCHOBABAILII CE Ha TEOPHSTA
Ha KOAUIMIIMOHHUTE UTPU 1 MO3BOJIABAII] Aa CC UACHTU-
¢buIrpa 0T MHOXKECTBOTO Ha [lapero CTalmoHapHOTO
pellieHue, SBSIBAIIO CE ONTUMATHHS KOMIIPOMHC.

H3nosn3Bana Juteparypa
[1] J. Nash F., 1951, Non-cooperative Games, Annals
of Mathematics 54 2 (September) pp. 286-295.

[2] B. llogunosckwuii B., Horun B. 1., [lapeto-ontu-
MaJTbHbIE PEIIeHHsT MHOTOKPHTEPHAIBHBIX 3amad, M.,
Hayxka, 1982,256 c.

[3] I. BenkoB, OcHOBH Ha aBTOMAaTH3MPAHOTO
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MPOSKTUPaHE — CHCTEMH 32 ONTUMAIHO NMPOEKTHPaHe,
J® “Odcer Tpadux”, 1991, Codus, ¢.212.

[4]J. Genov, S. Tashkov, G. Venkov, On the Synthesis
of Optimal and Quazi-optimal Control of Semi-Active
insulation System, 35th International Conference
AMEE-2009, American Institute of Physics Conference
Proceedings 1184, pp. 32-38.

MULTI OBJECTIVE SYNTHESIS
OF FREQUENCY-MODULATED CONTROL
OF SEMI-ACTIVE SUSPENSION —
PART2: MULTI OBJECTIVE SYNTHESIS

JULIAN GENOV
Dept. of Mechanics, Technical University — Sofia, Bulgaria
j_genov@mail.bg

Abstract: It is suggested a law for control of a semi-
active suspension in quarter car model that implements
a compromise between the requirements for ride
comfort and reliable adhesion to the road surface. The
multicriteria synthesis is realized by algorithm in which
from the Pareto set is selected the equilibrium solution
that presents the optimal compromise control.

Keywords:  semi-active  control, frequency
modulation, multi objective synthesis.
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BJIIMAAHUE HA BUCOKOYECTOTHUTE TPEIITEHUS BbPXY
OI'bBBAHETO HA KOPABHM OT HEPEI'YJIAPHO BBJIHEHUE

MATJAJEHA JFOJITEPOBA, IMMUATHP PYCEB

Yuusepcurer ,,IIpod. 1-p Acen 3narapos®, beirapus
mdyulgerova@abv.bg

Pe3stome: Kopabute ce HaMHpat 10| Bb3ICHCTBIETO Ha CHJIM, IPEAN3BUKAHN OT MOPCKOTO BhJIHEHHE. Bbpxy kopityca
HeﬁCTBaT €AHOBPECMCHHO BBHIIHW HATOBApBaAHMA C PA3JIMYHU YECTOTU, UMAlIM CIIYYaCH XapakTep. OI'])BaIJ_H/lTe
MOMCHTH, AbJDKAIlKM CE€ Ha HATOBAPBAHCTO HAa THXa BOA4, CE€ U3MCHAT B TCUCHUEC Ha BPEMETO 68.BHO, a BBJIHOBUTEC
HATOBAPBAHUSI CE M3MEHST OBP30. HepaBHOMEPHOTO MOPCKO BBIIHEHHE MOYKE [1a CE Pa3riie/ia KaTo CTAIOHAPCH CITyYacH
nporiec. Pa3paboTeH e mMareMartHyeH MOJEN 3a OTYMTAHE HA BIMSHUETO HA BHCOKOUECTOTHHTE TPEHTEHHS BBHPXY

OI'bBAHCTO Ha Kopa6a.

KnrouoBu xymMu: ocveare na kopaba, Hepe2yisapHo bliHeHUe

BnBenenne

[lpu mnaBaneTo cu KopaOWTe ce HAMUpPAT TOA
JICHCTBUETO HAa MOPCKUTE BBIHH. TO TPeIu3BHKBA
o0 ¥ MECTHH BHOpAITH HA KOPITyca W HETOBHUTE
KOHCTPYKIIMH. MOPCKOTO BBJIHCHHE € HEpaBHOMEPCH
poliec, KOWTO uMa cirydaeH xapaktep. [Ipenu3suka-
HHTE OT HETO CHJIM MOTaT J1a e KIACU(PUIMpPAT CIIOpeN
cBosl meprof. Taka MOXKe Ja ce OICHH TAXHOTO
BIMSHHE KaKTO BBPXY MapaMeTpure Ha O0OII0TO
Or'bBaHE HAa KOPAOHUS KOPITYC, TAKa M BbPXY Herorara
paboTOCIIOCOOHOCT B IEepHo/Ia Ha EKCILTOATAIIS.

1. Knacudukaims Ha cuiiure, 1elicTBalld BbPXY
Kopata

XUIpOCTaTUUHUTE CWIM Ca TPEAW3BUKAHU OT
IUIaBaHETO Ha Kopala B Tuxa Boja. Te mmar npoxbi-
JKUTEJIHOCT, KOSITO € MHOIOKPAaTHO IO-TojsiMa OT
NIEPUOJA HA MOPCKUTE BBIHU. T€3U CHIM 3aBUCAT OT
KOHKpPETHHMS CITy4ail Ha HaToBapBaHEe HA KOopaba, KaTo
TAXHOTO Pa3NpeesIcHHe U TOJIEMUHA HE3HAYUTEIHO CE
IIPOMEHAT 10 BpeMe Ha pelica. XUAPOCTATUYIHUTE CHUIIN
MOrar Ja I[OIy4aT CBIIECTBEHO W3MEHEHUE IIPU
TOBapHO-Pa3TOBAapHH OIIEPALVIH.

KBasucrarnunure cuiam oOXBaIaT HaTOBApBaHUS,
KOUTO C€ IPOMEHIT B 3aBUCUMOCT OT 4eCTOTaTa U
CHJaTa Ha MOPCKOTO BBJIHEHHE. TEXHUAT NEpUoj €
CBHOTBETEH HAa MEpHOJa HA MOPCKHTE BBIHH M €
MpUOIM3UTENHO B TpaHULUTE OT 5 10 15 cek. B Tasu
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KaTeropHsl Ce BKITFOUBAT CHJINTE, KOUTO CE TIPEIU3BHK-
BaT JUPEKTHO OT MOPCKOTO BRIIHEHUE, KAKTO U CHJINTE,
TeHepHpaHy OT KoyebaHWsATa Ha Kopaba U HaMHpaly
ce B CPHIIMS JIWAla30oH Ha YECTOTHTE (MHEPIMOHHH
cuim). Te3un CHiTH ce ONPEeNersiT KaTo KBa3UCTaTHIHH,
3aI10TO OTBETHUTE PEAKLIMK Ha KOPITyca ce OMpPeACsIT
C U3MOJI3BAHETO Ha CTaTUYHU Mozenu [3].

XUIPOIMHAMAYHUTE CHJIA TIPEIU3BUKBAT PEaKIIN
Ha KOpITyca Ha Kopaba, KOUTO UMAaT YECTOTH, OJIU3KH JI0
4ecToTara Ha ITbPBU TOH Ha TpenTeHue. Te morar na
JIOBENAT 10 OOIIM BEPTHUKATHU PE30HAHCHH TPEIITEHHS
Ha KOpaOHMs KOPIyC BCJICACTBUE HA TMEPUOIUIHO
M3MEHSIIIOTO CE MO ABJDKUHATA Ha Kopada XUIpOIUHA-
MHYHO HaJIsraHe. SIBIEHNETo e MO3HATO B JITepaTypa-
Ta TI0J] HAMMCHOBAHUETO ,,CTIPUHTUHT . B KopaOHMA
KOPIYC BH3HHKBAT HAMPEKEHUS OT OOIIOTO OI'bBaHE,
KOWTO C€ M3MEHSAT OBp30 B TEUCHHE Ha BPEMETO.
[omyuernTe BHCOKOYECTOTHH TPENTEHUS 3aTHXBAT
MHOTO OaBHO.

AKO TIpH JBIDKEHHETO CH KOpaObT ce Hamupa B
YCTIOBHATA HA BBHIHEHHE C TOJSIMA WHTEH3WBHOCT, TO
KOPITYChHT € MOJUIOXKEH Ha CHJTHHU yIapH, TIPSTU3BUKAHN
OT PSI3KOTO TIOBHUINIABAHE HA HAJSTAaHETO OT BoJara B
paiioHa Ha HOCOBaTa Yacr.

XuApoaMHAMIYHATE yJapH ca TPUYUHA 32 TIOBEUE
ot 10% ot noBpeauTe B KOHCTPYKTUBHHUTE €JICMEHTU
Ha KOHBEHITMOHAIHUTE Kopabu. Te morar ma mpeau-
3BHUKBAT JIeOpPMHUpPAHE WIH pa3KhCBAHE HA OOIITMBKATA
B HOCOBaTa 4acT, KaKTO U Or'bBaHE Ha TOJKPEILIIUTE



pebpa. B HIKOM ciaydan HampekeHusaTa U nedopma-
LUUTE JOCTUraT CTOMHOCTH, 32 KOWTO LEIOCTTa Ha
HOCOBATa 4acT Ha Kopaba Moxe 1a ObJIe HapyIlcHa.

OcBeH MeCTHU TIOBpETN XUIPOJMHAMUYHHUTE YAapH
MIpeN3BUKBA OOLIM TPEeNTeHUs Ha KopaOHaTa Tpena,
KAaTO NP TOBA CE MOSBABAT 3HAUYUTEITHA BUCOKOYECTOT-
HU Halpe)KeHHs BB BCHUYKH KOPaOHM KOHCTPYKIHH.
Ha ®urypa 1 e nmokazaHo U3MEHEHHETO Ha OT'bBAIIUA
MOMEHT B MoOjiejia Ha KOpad 3a HAacHWITHH TOBapu B
TEYeHUE Ha BPEMETO.
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Quzypa 1. VI3MeHeHre Ha OrbBALMsl MOMEHT OT

XUIPOAVHAMWYIHA CHIH [5].

EpeMe, S

SIBnieHMETO € MO3HATO B JIMTEpaTypaTa Moj HauMe-
HOBAHHETO ,,CIIEMHAHT"".

CleMUHTBT BB3HHUKBA caMoO, aKo 4acCT OT AbHOTO Ha
Kopaba e u3Ms1371a U3BbH BojaTa (OroJIBaHe Ha ABHOTO),
Hal-4ecTo MpH cpellia ¢ BBJIHU, UMAIIM TbIDKUHA OT
MOpsiTbKa Ha IBJDKMHATA Ha Kopaba. BeposTHoctTa 32
MOBpeI B KOpIlyca pacTeé C YBEIMYaBaHETO Ha
HeroBata ckopocT. ETo 3amo npu ynpasneHHeTo Ha
KOpaba B yCJIOBUSTA Ha CHJIHO BBJIHEHHE HEPSIKO Ce
JOCTHTa 10 TOOPOBOJIHO HAMaJIsIBaHE Ha eKCILIOATaI-
OHHATa CKOPOCT, 3a Ja CE¢ HaMalsiT HeKeIaHUTe
MOCTIEAICTBUSL OT CleMHHra. M300pbT Ha CKOpOCTTa,
obave, BUHaru HOCH CYOEKTHBEH XapakTep, 3alloTo
3aBHCH OT OITMTa Ha KallUTaHa, a ChILO M OT MICUXOJIO0-
TMYECKOTO BB3ICHUCTBHE BBPXY EKHIIaKa OT CHUIIHHTE
BHCOKOUYECTOTHHU TPENTEHNS Ha KOPITyca OT CIIEMUHIA.

Hampexenusara, KOUTO ce IMONTy4yaBaT BCIIEACTBHE
Ha yzapa Ipd CJIEMHMHI C€ HapuyaT BUIIMHIOBU
HAaIPeKECHMYS.

2. MaremaTu4Ha (popMyJIMpOBKa

B murepatypara [1, 2] e mokazaHo, 4e HepaBHOMEP-
HOTO MOPCKO BBJIHEHHE € BB3MOKHO Ja Ce PasIiieKaa
KaToO CTallMOHapeH CilydaeH mporec. ToraBa m peak-
[IUUTE Ha KOPITyca Ha BhJIHEHUE Ca ChHIIIO CTAMOHAPHU
CJIy4ailHU IPOLIECH.

Brpxy xopaba geiicTBaT eTHOBPEMEHHO BHHIIHA
HATOBAPBaHUS C Pa3IMYHU YECTOTH, UMAIIU CIy4YacH
xapakTep. Te3um HaroBapBaHMs TNpeIU3BUKBAT
OTKa3M, AbJDKAIIM Ce Ha BH3HMKBAHETO HA MYKHATH
BCIEICTBME  yMopara Ha  Marephajga  Ha

KOHCTPYKTHBHUTE eneMeHTH. OcoOEeHO ToisiMa e
pOJISITa HA HAMIPEKECHUATA OT yMOopa 3a JCTalInTe U
BB3JIIUTE, U3MHUTBAIM BUOPAIIMOHHN HATOBAPBAHMUS,
KaKBHUTO ca KOpaOHHTE.

Ha ®urypa 2 e mnokasaH THUIHYEH 3amHCc Ha
W3MEHEHHETO Ha OrbBAIlUs MOMEHT B MHIENa Ha
KOHBEHIOHAJIEH KOpad, OT KOATO SICHO MOTaT Jia ce
BUIAT JBa mporeca. [IspBUAT mporec ce IbIDKU Ha
KBa3UCTaTUYHUTEC XHUAPOAWMHAMHUYHU CUJIIM U € C
4ecToTara Ha MOPCKOTO BBIHEHHE, a BTOPHAT
MIPOIIEC c€ ABIDKA Ha NEHCTBUETO Ha YAAPHUTE CHIIN
Y MIMa MHOTOKPATHO MO-TOJIIMa YECTOTA.

CyMapHOTO HamnpeKeHHe, Bb3HUKBALIO B KOpaOHUS
KOPIYC, OT JIEWCTBUETO HA MOPCKOTO BBHITHEHHE, MOXKE
Jla ce TpenCTaBH Karo cyMa OT JBa CTaIlIOHApHH
TayCOBCKH ITpolLieca:

s(2) = 5,(t) +5,(0), (M

KpJeTo: si(f) — HampexeHwe, MPeIu3BUKaHO OT
BBJIHOBHS OT'BBAIll MOMEHT, $x(f) — HaNpeXeHHe OT
BUIMHTOBHUS OT'BBAIl MOMEHT.
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Queypa 2. VI3MeHeHYE HA OTBBAIIHSI MOMEHT B
MuJielia Ha Kopad B 3aBUCHMOCT OT BpeMeTo [5].

BeposiTHOCTTa 3a BB3HUKBaHE Ha OTKa3 Ha
€JIEMEHT OT KOpaOHUsI KOPIYC 32 CPOKa Ha HEroBara
EKCITOATAIIHS, CE OTIPEICIS OT Pa3peICICHUETO Ha
OrbBalllisi MOMEHT MO JIbJDKWHATA HA KOpaba Karo
(GYHKIUS HAa BpPEMETO M OT TEOMETPHUYHHUTE MY
XapaKTePUCTUKU. BBIIPEeKH ye ChIlecTBYBa U3MCHE-
HHUE Ha CHIIPOTHBHUTEIHUTE MOMEHTH Ha KOpaOHUTE
ceueHus B Tpolieca Ha eKCIUIoaTalus Ha kopaba, ce
MpHreMa, 4e TO3H MPOIEC HAMA CIIy4acH XapakTep.

ToraBa 3a IUITBTHOCTTA HA BEPOATHOCTTA Ha
€JIEMEHT, MPUTEKABAIl AKOCT R, ¥ UMaIl| Hanpexe-
HUEe S(t), MOXE J1a Cce 3aIrIlle 3aBUCUMOCTTa [2]:

P=~1- exp(— J'OTP ny(s)d tj, )

KkbaeTO T, — TEXHUYECKH PECYpC Ha CUCTEMATa, Mo(s)
— CpEIHO YHMCJIO HA HAJAXBBHPJSHETO Ha HANPEKCHU -
Ta ChC 33JaJICHO HUBO (JIOMyCTHMU HATIPEIKCHUS).

OT Teopusi Ha BEPOSITHOCTUTE € W3BECTHO, Y
YUCIIOTO no(s) ce masa ¢ ¢popmynara [1]:

no(s) = p(s)[ $p(5)ds, &)

KBJETO S (f) — CKOpOCT Ha mporieca, s, p(s) u p(S) ca
IUTETHOCT Ha BEPOSTHOCTTA Ha mpouecute s(7) u S (7).
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Hexka niporiecute s(f) 1 § (£). c€ M3MEHSAT 10 3aKOHA
Ha [ayc (HopmamHO pasmpenencHue) W ca
HEKOPDHUTHPaHH, a CJICIOBATECIHO, UM HE3aBHUCHMH
MIOMEX]TY CH.

3a /1a ce MMoJTy4u 3aBUCHMOCT 3 €JHOBPEMEHHOTO
JCCTBHE Ha Te3W JBa IMpoleca, ce Mpuiara
(dbopMyiaTa 3a KOMIIO3UPaHE HAa HOPMAJIHHU 3aKOHH,
Clie]l KOETO c€ IojiyuyaBa 3a IUTBTHOCTTa Ha
BEPOSATHOCTTA HA CyMapHUs MPOIIEC:

N W =y W

p(s) =

Ja to
N 3a IIIIBTHOCTTA HaA BepOHTHOCTTa Ha HEroBaTa
CKOPOCT:

S-,Z

1 1 20' +o-2
— , 5
()= ol o eiea2) 5)

Gs] i o-sz H o-il H o-&z

KBIETO ca CpEeTHOKBAIAPATHIHU

OTKJIOHEHHMS! Ha MPOLIECUTE U TEXHUTE CKOPOCTH.
Hexka 3a onpocTsiBaHe Ha 3amuca ce BbBe/ar:
a=o0’+0!
21 922
_ 2 2
p=o; +o;
Axo ce 3amectsT (4) u (5) B (3), 3a Opos Ha HaABU-

IaBaHUsATAa Ha JOITYCTUMUTC CTOMHOCTH Ha HaIpeKe-
HUATaA CC IOJIyYaBa:

no(s):

S

2671' \/_\/_J‘

Cren npeoOpa3oBaHus ce Moyvana :

1 2
o(s)=—exp g—a .%, (7)

KOETO MOXeE Jia Ce 3aIuilie BB Buaa [4]:

S ezﬁds 6)

2

no(s) = s S @®)
T, 2(O'i +0'S22)

Beanunnara

T, =— ©)

MPEJICTaRIsIBA NEPHOIBT HAa CyMapHHs NPOIEC, OT
KOETO MOJKe Ja ce JAehuanpa u e)eKTUBHATA YECTOTa
Ha CyMapHUS MPOIIEC:

2 2
\Oi T O35
N (10)
o, +o
Or dopmyna (8) ce BmKOa, Ye OTYATAHETO HA

BHUCOKOYCCTOTHUTEC HAIMPECKCHUSA, NPCAU3BUKAHU OT
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XUAPOAUHAMUYHUTE YIOapHU CUJIM, KOUTO HMaT
CJIy4acH XapakTep, BOAU OO0 MPOMAHA Ha BEPOATHOCTTA
34 Bb3HUKBAHC HAa OTKa3.

3. OnpenesisiHe HAa TEXHUYECKHsI pecypc Ha Kopada
€ OTYHTAHE HA BUCOKOYECTOTHUTE TPeNTeHHsl

TexHUYeCKUAT pecypc Ha BCsIKAa CUCTEMA CE J1aBa C
uspasa:

szw;’ (11)
J'dno(s)ﬂ
o ds [N(s)

KBJIETO V(S) — KpuBa Ha ymopara.

Bunbr Ha KpuBata Ha ymopara € IpenopbyaH B
IpaBuWIaTa Ha KJIACHU(DMKALMOHHUTE OpraHW3aluM 32
CHOTBETHHS THIT KOPao.

OTunTaHeTo Ha €IHOBPEMEHHOTO JIEHCTBHE Ha ABa
CIIy4aiHU Ipoleca BbpXy TEXHUUECKHUS PECYPC MOXKeE
Jla ce TIPOBeie, KaTo Ce M3IO0JI3Ba MPECTaBIHE BB BUJ]
[4] n mpusoXxat NpenIoKeHNUTE CTOMHOCTH Ha mapa-
METpHUTE BbB (POPMYJIUTE CHITIACHO aKTyAIM3UPAHUTE
TIpaBWIIa HA KIIACH(PUKAITMOHHUTE OpTraHm3aiH [3]:

T, =Lk(o.0,) (12)
R 105, )

P

KoedpuimeHnTsT R € paBeH Ha:

(o2 o,
N B O )

o )\o

R= 1+&

5y 51

Ot u3pasu (12), (13) ce Bmwxna, e MHOKUTEIAT 1/R
0Tpa3siBa BIMSHUACTO HA BUCOKOYECTOTHUTE TPEIITCHHUS
BBPXY OOIIHS MPOIIEC Ha OI'bBaHE Ha Kopaoa.

4. YucjieH npumep

B mnocnenHnTe rOIMHU CTATUCTHYECKUTE NAHHU
TIOKa3BaT, 4e KopaOuTe 3a HACUITHA TOBAPU MPETHPIIs-
BaT CEPUO3HU MTOBPEU BCIIEACTBUE HAa XUIPOAUHAMUY-
HuTe HaroBapBaHus [6, 7]. Te3u HaToBapBaHUs ca
MIPOMEHJIMBY U MPEAIN3BUKBAT HAIIPEKEHUS OT yMOpa.
B ronsm Opoii OT mokasaHWTe Clydad Ha aBapud B
KOHCTPYKLIMUTE HA Kopa0a BB3HUKBAT ITyKHATHHH,
KOWTO MOraT Ja HE MNpEeIu3BUKAT pa3pyllaBaHe Ha
€JIEMEHTUTE Ha ChOPHKEHNUETO, HO BbB BCUYKH CITydau
BOJIAT JI0 AOITBJIHUTENHN Pa3X0/1 38 PEMOHT U MHCIIEK-
thpaHe. [loBuiaBa ce BEpPOATHOCTTA 3a EKOJOTUYHU
npoOIeMH.

ETto 3amo BeposiTHOCTTa 3a BH3HMKBAaHE Ha yMopa
Tpsi0Ba a Obje OLIEHEHA C OTYMTAHE U Ha BUCOKOYEC-
TOTHHUTE HAIIPEKECHMUS.

Karo mpumep 3a ompenensHe Ha BIMSHHETO Ha
BHCOKOUYECTOTHUTE HampexeHus € paszrienad 38000 —
TOHEH KOpa0 3a YHHMBEpPCAIHM HACUIIHU TOBAapH,
TiaBail B OajacTeH PeXuM. XapaKTePUCTUKHTE Ha
kopaba ca nokazanu B Tabmuna 1.



Tabnuya 1. Xapaktepuctaku Ha 38000 YKHT
(bayracTeH peXxiM Ha TUIABaHE).

JbmxuHa MEXIY TIepIL. 187,7 m
[Mupounna 27,8 m
I"a3ene B HOCa 6,82 m
CpenHo razene 7 m
Heseiit 29400 t

B pasrnenanurte ciyyad, IpH KOWTO Ta3€HETO €
MAJIKO, TIPH TOMaJaHe HA CHJIHO BBIHEHHE KOpaObT
U3MUTBa CJIeMUHT. KopaOHusAT Kopryc 3amouBa ja
M3BBPIIBA BHOpAIMM C YECTOTA, KOSATO MUMa OJIM3KH
CTOMHOCTH JIO CTOMHOCTHTE 3a ITbPBH TOH HA TPETITEHE.

3a pazrienanus kopab ca M3UMCIICHA MTapaMETPHUTE
Ha TPENnTeHe JI0 MEeTH TOH BKITIOYUTEITHO KaTO CTOHHO-
CcTUTE ca rmoka3aHu B Tadmura 2.

Tabruya 2. YectoTta Ha CBOOOIHN BUOpAITN

CoOCTBEHH YeCTOTH Ha
TpenteHe [Hz]
0,932
1,753
2,790
4,070
5,483

Howmep Ha
TOH

N[N |[—

BrutrouBaneTo Ha BUCOKOYECTOTHHUTE yIApHU TPETI-
TEHUs TIOKa3Ba, Ye € HaJIMIle HaMaJIsiBaHe Ha TeXHIYec-
KUl pecypc Ha Kopaba.

3axiniouenne

OrmpeienieH € TEXHIYECKHAT pecypc Ha KOpaOHUTE
KOHCTPYKUMH TPH LUHUKIMYHA HATOBApPBaHUS, KaTo €
OTYETEHO BJIMSIHHETO HAa BUCOKOYECTOTHUTE TpeEIITe-
HUS, TIPEM3BUKAHN OT AMHAMHYHUS YAAapeH HAaToBap-
BaHUSL.

OrunTaHeTo Ha EJHOBPEMEHHOTO JEHCTBHE Ha
HHUCKOYECTOTHUTE BBJIHOBH MOMEHTH W BHCOKOYEC-
TOTHUTE yJIAPHIA MOMEHTH € HEOOXO/IMMO 32 PEATHOTO
YCTaHOBSIBAaHE Ha CTOWHOCTTa HA TEXHHYECKUS pecype
Ha KOpaOHHUTE KOHCTPYKIIIH.

155
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EFFECT OF HIGH FREQUENCY VIBRATIONS
ON BENDING OF SHIPS IN IRREGULAR
WAVES

MAGDALENA DYULGEROVA, DIMITAR RUSEV
Technical faculty, University ,,Prof. Asen Zlatarov®, Burgas
mdyulgerova@abv.bg

Abstract: Ships are under the influence of the forces
caused by rough seas. On the hull loads act
simultaneously at different frequencies having random
nature. Bending moment due to the load on the quiet
water vary over time slowly and wave loads change
rapidly. The Irregular waves can be considered as
stationary random process. It has been developed a
mathematical model to account for the influence of
high-frequency vibration on the bending of the ship.

Keywords: ship bending, irregular waves.
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1. O610 onmcanme

UnepropsT Sitras® PCI ce u3nomspa B enekTpo-
CHAOJSIBAHETO HA IIOCTOSHHOTOKOBH KI JIMHUH [0
1500 V somunanmHo Hampexenue. C M3M0I3BAHETO HA
HMHBEPTOPH MOXKE []a CE HaMaJId 00II0TO NOTpedneHue
Ha €Heprus Ha JKeJIe30ITbTHA MpEeXKa.

C’beeMeHHI/ITe TIOCTOSTHHOTOKOBHM KII JIMHUH MOI'aT
Jla TIoJlaBaT 00paTHO CIUpayHaTa CH €Heprusi B OCTO-
SIHHOTOKOBaTa KOHTakTHA Mpeska (Purypa 1). Twii kato
TATOBOTO €JICKTPOCHAO SIBaHE OOMKHOBEHO CE U3BBPIII-
Ba C MOMOILTA HA JUOIHU M3IIPABUTENH, NOaBaHaTa
00paTHO eHeprusi Ha COMpald HPEBO3HH CpeICTBa
MOJKE Jla Ce HM3MOJI3Ba Karo IPaBHJIO CaMO KOTaTo B
KOHTAaKTHaTa Mpeka JpYTd IPEeBO3HU CPElCTBA CE

.

@ueypa 1. znomseane Ha naseptop Sitras PCI B moacTaHIms ¢ €HEPrUEH MOTOK.
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HYKIasT CHIIEBPEMEHHO OT €HEeprus. AKO TOBa HE €
Taka, W3NMIIHATA CIMpayHa €HEeprusi ce ryOM Kato
TOIUIMHA B CIHMPAYHUTE PEOCTaTH HA IPEBO3HUTE
CperncTBa.

WHBepTopuTe B OJICTAHIMHUTE IO3BOJISIBAT PEKyIIe-
parysiTa Ha eHeprus OT KOHTAaKTHATA MPEXa B MpeXxaTa
CpEIIHO HAIPEKEHUE OT MO-BUCOKO HUBO. Upe3 Mpexka-
Ta CPEHO HAIPEKECHHE CHEPrHsATa Ce MPENOCTaBs Ha
PpasIoNoXeHNe Ha IPYT KOHCYMAaTOpPH.

Sitras® PCI e npemMuHan H3NMTBAHE HA TUIIA, ABTO-
nomeH unBeptop ¢ IGBT 3a usrpaknane Ha pexynepa-
tuBHM DC nopcraniyn. MHBepTOpHT € NpensuacH 3a
M3M0JI3BaHE HA 3aKPUTO, B 3aTBOPEHHU EJIEKTPUUYECKH
[EX0Be, KaTo TpsiOBa Jja ce Cra3BaT pasdeTHUTE MY
CTOMHOCTH.

-



VYkazanus:

+ Sitras® PCI Tps6Ba 1a 6bJe BKIIOUEH B 3aIUTHA
KOHIIEMIIHS OT TI0-BHCOKO HUBO Ha LIAJIOTO ChOPh-
JKEHHE ChC CHOTBETHHTE HMBA Ha BpPBIIAHE B
M3XOJIHO TIOJIOKEHHE (B 3aBHCHMOCT OT IISJIOTO
cropbxkenne). IIpu Toa TpsabBa na ObaaT
OTYETEHH CLCTOSHMATA HA M3IpaBHA PaboTa,
OTKA3 ¥ TIOIPHKKA.

ITocTurHaTaTa MKOHOMESI HA GHEPIUs Ce BIIMsC
CHITHO OT M300pa Ha MsACTO Ha CBEp3BaHe. IToxo-
JAITATE MECTAa HA CBBP3BAaHE MOraT 1a ObaaT
OTIpe/ICNieHH HATIpUMep upe3 ITPOSKTHpaHe Ha
cHcTeMaTa.

2. Konuenust 3a vHBepTOpa

Cxema Ha BKJIFOUEH B HOICTAHIMs HHBEpTOp Sitras®™
PCI e nokazan Ha durypa 2.

WmmyscHo ynpapnsBaausT uaseptop Sitras® PCI
(4) e 3aMuCIIeH 1 KaTO aBTOHOMEH, M KaTo CIioMarare-
JIeH UHBEpPTOp. TepMUHET ,,criOMarateieH* ce OTHACS
3a 3aXpaHBaIl] KOHTAKTHATa MpeXa JTHOJICH H3IPaBH-
ten (3), kbM Koitto Sitras® PCI e BKIFOUeH JUPeKTHO
ycnopenHo. TOYKWTE Ha CBBpP3BaHE HA MHBEPTOPA B
MOACTAHLMATA Ca BTOPUYHATA CTpaHa HA TpaHCQOp-
Maropa Ha u3npaBuTens (2 4epBeHO) WM BTOPUYHATA
CTpaHa Ha aBTOHOMEH TpaHc(OpMaTop 3a HaracBaHe
KbM CHCTEMaTa CpeJHO HampexeHHe (2 CHHBO) H
MIOCTOSIHHOTOKOBara crouparenHa mmHa Ha DC KPY
(5). IIpu cBBp3BaHE KbM TpaHCGHOPMATOPA HA U3PABH-
TeJs ChIIO Taka € HeOOXOAUM AOIBJIHUTENICH TPaHC-
(hopmaTop 3a HamacBaHe Ha HUBOTO Ha HATIPEXKESHUE.

W3mbiHeHneTo KaTto cnomMararteieH HHBEpTOp I103-
BOJISIBA MHOTO KOMITaKTHA U 10 TaKbB HAYMH 3acMaria
MaJIKO MSICTO KOHCTPYKLHS, MOXKE HaIpuMep Ja ce
no0aBu J00pe KbM Bede CHINECTBYBAIM TOACTAHIINN
(gepBeHo). OOIIOTO M3ITOI3BAHE Ha TPaHC(HOPMATOP Ha

m3npasurens 1 KPY cpemno Hanpexenne (1) TpsioBa ga
ce OTdYeTe MpU HACTpOWKATa Ha 3aIlUTara W TOTLUIMH-
HOTO TIpecMsITaHe.

IIpn mpoexTpaHeTo/M3rpakIaHeTo Ha MOZCTaH-
i Sitras® PCI mosxe z1a ce cebpske ome B KPY cpen-
HO HamlpeXeHHe YCIOpeIHO Ha JUOIHUS H3IPaBUTEI
(3) (cunpo). 3a HamacBaHe Ha HAIPEXKEHHETO, TPEe
Sitras® PCI (4) ce cBBbp3Ba OT/IENEH TPaHCHOPMATOP.

WmItysicHATE MHBEPTOPU Ca Pa3dyeTeHH 32 MaKCH-
MmanieH Tok oT 3000 A u edektuBeH Tok oT 1256 A.
Tos3u edexTrBEH TOK OTroBaps Ha MUKHI Ha HATOBAp-
BaHe ¢ 2800 A B mpoxbmkenue Ha 20 s u 100 A B
npoxabibkenue Ha 80 s. IHBEepTOPBT € M3MBJIHEH KaTo
WMITYJICEH UHBEPTOP, KOWTO ChIIbpIKa JIBa YCIIOPEIHU
moayna ¢ IGBT. UuBepropbT € KOHCTpyupaH U
npemMyHai u3nuTBaHe Ha thna o [EC 60146-1-1 pecr.
EN 60146-1-1 u EN 50328.

Konremmisara 3a criomMararesieH THBEpPTOp O3Ha4aBa
MHUHMMaJlHA Hameca B CBIIECTBYBAIM CHOPHKEHUSL.
Ilo TakpB HauMH cTaBa BH3MOXKHO J0000pYABaHE Ha
CBHIIECTBYBAIM CHOPHKeHHA. Ilpm moBpemu Sitras®
PClI ce otnens ot chopwkeHuero. M3npaBurenst Moxe
Jia TIPOIBIDKH [ C€ M3I0JI3BA.

3. TexHu4ecKkH JAHHA

INokazanute B Tabnuia 1 CTORHOCTH Ce OTHACHT 3a
WHBEPTOPEH BB3eJ, ChCTosIl ce OT Tpu (3) mkada.
Ternara u pasMepute Ha IpoceiuTe W TpaHchopma-
TOpa ce MoJy4aBaT OT cHelnu(UUHHATE 3a TPOoeKTa
MPECMATAHHMS.

4. M3nurBanust

WHBEPTOPBHT € TpeMUHAI U3IUTBAHE HA THUIIA IO
IEC/EN 60146-1-1 u EN 50328 ¢ nomorrra Ha
NPOTOTHUI. BCeky MHBEPTOP MPEAN JOCTABKA MPEMH-
HABAa 3aBOJICKO €IUHUYHO U3IIUTBAHE.

Tabnuya 1. TeXHUYECKH TaHHH.

- . = INapamernp Enununa CroiiHoCT
1 | \ [T HOMMHAIHO BXOJIHO HANPEKEHUE DC[V] 750
() O01ma MpOIBIDKUTETHOCT Ha IAKBIT HA
4 @ % 8 HATOBapBaHe [5] 100
i B ‘ uxbn Ha HaTOBapBaHe DC[A] 2185)00:33:82005
7AC) 3AC AC EdexrruBer Tok DC[A] 1256
sl “x | ¢ | 4 |Makcumanen Tok DC[A] 3000
e I - l \Ji DC‘(ES HoMuHamHO M3X0IHO HATIPEXKEHIE AC[V] 525
= | : Homunnanna gectoTa [Hz] 50/60
l HowmuHanao HanpexeHre Ha H30JaIusITa [V] 900
-t st o Makc. OKoJIHa TeMIieparypa [°C] +40
! i Makc. HaJIMOpCcKa BHCOYHMHA Ha MSICTOTO [m] 1000
\ il [ Bucounna Ha mkada [mm] 2900
" [‘T' " 'I " (6e3 noxpuB, 6€3 BEHTUIATOP)
l- 1] 1Y Inpounna Ha wkada [mm] | 1400-+1400+1400
: l JIpn0ourHa Ha IOJIETO [mm] 1400
®uzypa 2. Uaeeprop Sitras® PCI, Crenien Ha 3anmTa - P20
BKJIFOYBAHE B ITOACTAHIMA. L[BsT Ha TaMapyHKUTE HAa CTPAaHUTE U BpaTara - RAL 7047
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METO/IUKA 3A U3BbPIIBAHE HA CITMPAYHU U3IIUTAHUSA HA KEJIE3OITbTHU
BO3WJIA C TIOMOLITA HA ITPEHOCUMA MOBWJIHA CUCTEMA

Kupru1 BEJIKOB!, OJIEr KPBbCTEB?, CUMEOH BEJIKOB?
Kateznpa ,,/KemnesompTHa TexHuKa , Texaudeckn yauepeutet - Codust, Bearapus
Y khvelkov(@tu-sofia.bg; 2 okrastev@tu-sofia.bg; > s.velkov@abv.bg

Pe3tome: B noxnana e mpencraBeHa METOMKA 32 ONPEENsTHE Ha CIIMpadHaTa Maca Ha eINEeKTPUYECKU JIOKOMOTHUB Upe3
MPOBS)X/IAaHE HA CIHPAvYHH M3NHUTAHUA. Te3n mpoOM ca W3BBPIIEHH HE C TIOMOIITa Ha BaroH JabopaTopws, a C
M3I0JI3BAHETO HA MOOMITHO MPEHOCHMO YCTPOHCTBO, pa3paboTeHo Ha Oa3ata Ha MOOMIeH KOMIIOTEP U GPS npreMHUK
— EVK-5H, npousBozcteo Ha ¢upmara U-Blox. Upes Hero e u3MepeH CIupavHus MbT Ha JKEeJIe30ITBTHOTO BO3KJIO MPU
eKcTpeHo crirpane. Ha ta3u 6asa u chriiacHo Homorpamara ot ¢ 544-1 va UIC e onpenenen cipayHust POIICHT HA

JIOKOMOTHBA U € U3YUCJICHA ClIMpaYHaTa My Maca.

KurouoBu xymu: 1oxomomus, cnupaunu usnumanusi, GPS.

1. YBox

KadecTBeHO M KOJIMYECTBEHO CpaBHEHHE Ha peall-
HUTE MMOKA3aTeNN Ha CITUPAYHUTE CUCTEMH CE U3BBPIII-
Ba Ype3 U3MEpHTENTE Ha eeKTHBHOCTTA. Te3n n3me-
PHUTEIIM Ce M3IIOJI3BAT 3a OIICHSIBAaHE HA CHMPAYHUTE
BB3MOXKHOCTH Ha BCEKHU BJIAK B TpOIeca Ha €KCILIOa-
Ty, & Taka ChIO M 32 ONPEICIISTHE HA IOMYCTUMUTE
1 BB3MOXKHUTE CKOPOCTH Ha JIBIKEHHE.

W3Mmepurenure ce pa3uessaT Ha ABE OCHOBHHU IPYITH
— aOCOJTFOTHH M OTHOCHUTEITHH.

AOComoTHI W3MEpUTEIH Ha chupadHara edek-
THUBHOCT Ca:

* CIIUPAYEH ITbT;

* MOII[HOCT Ha CIIUpAYHATa CHCTEMA;

* CHJIa Ha HATUCK BbB (DPUKIUOHHHS BBH3CI;

* CriMpayvHa Maca.

OTHOCUTEITHH W3MEPHUTEIN Ha ChUpavHarta edek-
THBHOCT Ca:

* crierpUuHa MOIITHOCT;

* KOS(UIIMEHT Ha CHJIATA HA HATHCK;

* cnenMuYHa CIFpavHa CHJIa;

* CIIMpPAYEH IPOIICHT.

B Hacrosims 1okiaja € npeacTaBeHa METOIUKA 3a
ompe/iesisTHe Ha CIIUpadYHATa Maca Ha EJICKTPHUYCCKU
JIOKOMOTHB 4pe3 TpPOBSKJIAHE HA CHHPAYHH H3IH-
TaHUSL.
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2. MeTonuka 3a NpoBeKIaHe HA M3NIUTAHUSATA B
MoMeHTa B bbirapus

CrnimpauHaTta Maca Ha JIOKOMOTHUBHTE CE OIpeness
ype3 [IPOBEKIAHE Ha CIUPAYHU M3NMUTaHUs. B ciydas
TIO/I CIIMPaYHK M3MHMTAaHMs ce pa3dupa He mpoduTe Ha
ABTOMATHYHUTE BIAKOBH CITUpavKu (podu A, B u D),
pernmamentupanu B Hapenda 58 Ha MunnctepcTBo Ha
TpaHcnopTa. B ciydas ce umar npensua CKOPOCTHO
CIIMpaYHUTE M3MUTAHUS, U3BBPIIBAILY CE Ha 00pa3Ly
OT HOBH CEpHH{ BarOHH WX CJIe]] CIIMpavHa PEBU3US Ha
€IMHHULIY TTOJBIDKEH JKEJIE30IIbTEH ChCTAB U Ca periia-
MmeHTHpand BB (um 544-1 Ha UIC. ChriacHo U3HCK-
BaHUATA, LETa Ha TE3U M3IHMTAHMS € J]a C€ YCTaHOBU
TI0 OITUTEH ITBT CIMpPAaYHaTa Maca Ha BO3WIOTO.

B naii-uectust y Hac ciydaii, TOBApEH BaroH OT HOBA
cepusi ce 3acHiBa IO MPaB XOPH3OHTAIEH YYacThK OT
xene3Hus T 10 ckopocT 100 km/h. lpu Tasu ckopoct
Ce OTKayBa BarOHbT OT BaroH-J1IabopaTtopusita U ce Ipe-
JIM3BUKBA eKCTpeHo (0bp30) crimpane. Baron — nadopa-
TOpUSITa CEe TEIJIM HEMPEKBCHATO OT JJOKoMOoTHBa. Criex
OTKa4YBaHETO JIOKOMOTHUBBT U JIA00paTOpHUsITa HIPOABII-
JKaBaT Hampe[l, 3a Ja He Ob/IaT yAapeH! OT U3MTUTBAHMUS
BaroH, Karo ChHIIEBPEMEHHO c€ M3MepBa U3MHUHATOTO
Pa3CcTosHUE OT MOMEHTa Ha oTKauBaHe. Koraro m3nur-
BaHUSAT BaroH OKOHYATEJIHO CIpe, JIOKOMOTHUBBT H
nabopaTtopusTa ce BpblLaT oOpaTHO mpu Hero. Pascro-
SIHUETO 32 00PaTHOTO BPBIIAaHE Ce N3BaXKla OT W3MUHA-
TOTO U IO TO3U HAYMH CE ONPEAEIIs Ha KOJIKO METpa OT
MOMEHTa Ha OTKa4YBaHE € CIIPSJI M3MHUTBAHUST BaroH.



CrwriacHo HOMorpamurte Ha ¢um 544-1 ma UIC, ce
onpe/iesIsl CIMPAYHKST POIIEHT Ha BaroHa. Ha Ga3ara
Ha CIIMpa4yHus MPOLCHT CC€ M3YMCIIKIBA U CIIMpadyHaTa
Maca. 3a JOCTOBEPHOCT Ha pE3yNTaTHUTe ca HeoOXo-
JMMH TIOHE OCEM OIHTA, HA KOMTO PE3yJITaTHTE Ca B
HOPMHTE H ca OJIM3KHU 10 CTOWHOCT.
Baron-naboparopusita e 000pyBaHa ChC CreIHa-
Ha U3MepuTenHa Kojooc. Ha Hes € MOHTHpaH ONTHKO
eNIEKTPOHEH MpeoOpa3yBared 3a K3BMEepPBaHe Ha HI3MIHA-
TOTO pa3crosHue. TOil mpencraBisiBa AWUCK, TBHPIO
CBBP3aH ¢ KoJI00cTa, Iepdopupan 1o nepudepusra. C
OTBOPHTE CE BH3/ICHCTBA Ha ONTOCTICKTPOHHH JATUHIIH,
KaTo MO TO3M HAyMH €AWH O0OpOT Ha KOJIOOCTa €
JWICKPETH3UPAH OT Te3W JAaTJMIK. Ta3u nu3mMepBaTeHa
CHCTEMa € IIPOBEPEHA U JIMIICH3UPaHa B areHIHATA 10
MeTpoJIoTHYeH KOHTpo1. To3u HaYMH Ha U3MEpBaHe €
TOYEH, HO J1ab0paTopHsiTa € TBhpAe 00EMHA U TEKKA.
[Ipn cKOpOCTHO CTIMpaYH¥ MU3MHUTAHUS HA CIIHPad-
HUTE CUCTEMU Ha JIOKOMOTUBUTC HAYUHBT HA U3BBPII-
BaHe € M0I00eH, KaTo U3MEPBAHETO Ha Pa3CTOSHUETO
CE M3BBPIIBA ¢ OPOST HAa MEKTYCTHIONATA HA KOHTAKT-
Harta Mpexa. SICHO €, 4e TO3W HaYMH € TBhp/E HETOUCH
U NpuUMHTHBEH. I'pelikara ce mosydaBa OT M3HMCKBa-
HETO 32 33/IbJDKUTEITHA PA3JIMKa B PA3CTOSHUATA MEKTY
OT/IENHUTE CTHIOOBE TpH MOHTHpaHeTo WM. [lpu
n3MepBaHeTo obaue, To ce npuema 3a 50 m.

3. GPS cucrema 3a npoBeXIaHe CIIUPAYHA
M3MUTAHUS B KCIVIOATAIMOHHH YCJIOBUSL.

3a NMpoBEXIaHETO Ha EKCIEPUMEHTa € M3II0JI3BaHa
paspaboTeHara B Karempa ,,Kene3ombTHa TeXHHKA™
MOOWJIHA cHUCTEMa 3a HATYpHH TAIOBO — CIMPAa4yHH
n3cnenBanus. B MoOwiiHara cucrema e BkiroueH u GPS
npuemauk EVK - 5SH (®@urypa 1) Ha ¢pupmara u-Blox
ChC CBHOTBETHMS ClieLMaIn3UpaH codryep, 3a ga ce
BHU/IM KaK paboTH.

F s

f

-,

Quzypa 1. GPS npuemnuk EVK-5H.

IIpenumcrBara Ha To3u GPS mpuemHuk ca, ue B
Hero ce mnoisBa copryepeH kut (Software Customi-
zation Kit - SCKit) ANTARIS, paspadoren ot pupma-
Ta 1 JaBalll Bb3MOKHOCT 3a U3MOJI3BAHC HA IMPUCMHU-
KOBHSI TIPOLIECOP 32 PElIaBaHETO Ha PA3IMYHU 3a][auH,
pa3paboTeHH OT TIOJI3BATEIIA.

ANTARIS GPS TexHomorusita usmnon3sa pazpado-
TeHa OT Uu-Blox apxurTekTypa 3a IMOCTHTaHETO Ha
0CcO0EHO HHCKM HMBa Ha KoHCcyMamus. [IpueMHHKBT
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uznomBa ANTARIS Autonomous Power Management
32 MUHUMH3UpPaHe KOHCYMaIusTa BbB BCEKH MOMEHT
OT paboTara Ha MpUeMHHKa. B MoMeHTa, B KOWTO HE €
HEOOXOMMO MaKCHMalHa CKOPOCT Ha MPHUEMHFKA,
gacoBHUKBT Ha CPU aBromatmueckw mpeMuHaBa Ha
MO-MajKa CKOPOCT, T.€. B 3aBUCHMOCT OT HEOOXOAM-
MaTa U3YUCIUTENHA MOLITHOCT, CKOPOCTTA Ha IIPOLIECO-
pa ce meHn. ToBa naBa BE3MOXKHOCT COPTYEpHO Ja ce
HaMaJIi cpeqiHaTa KOHCYMHpaHa MOITHOCT. OCBEH TOBa
3aXpaHBaHETO KbM HEW3ION3BAaHUTE TIEepUPEPHU
YCTpOIMCTBA aBTOMATHYECKH C€ H3KJII0uBa. BcHYko
TOBA /IaBa BE3MO)KHOCT 3 €/IHa MPUINYHA KOHCYMAaIns
Ha eJIEKTPUIECcKa EHeprusl.

MapuipyTa, Mo KOMTO ca NpOBEACHU CHHPAYHUTE
m3nuTanus e ot ki rapa Iloxyene o rapa Vckbp m e ¢
nemkuHa 6200 m. M3nutanuTanusaTa ca caMo B ITOCOKa
Ionyene — Hckbp. I'padmkara Ha u3MeHeHHE Ha
CKOpOCTTa Ha JBI)KEHHE IO y4yacThbKa € MOKa3aHa Ha
Ourypa 2.

90 7
80 -

S [m]

0 1000 3000 4000 5000 7000 8000

9000

2000 G000 10000

-10
Queypa 2. I3MeHeHue Ha CKOPOCTTa Ha JIBM)KEHUE
I10 BPpEMEC Ha U3IIHMTaHUATA.

3. PesyairaTu OT M3NMTAHUATA

Ot @urypa 2 ce BiKa, 4e [eJHTe Ha U3CIECIBAHETO
MOraT Jia ce U3MOILI3BaT 3anucure Mexay km 4500 u
km 7700. B To3u mHTEpBan MoraT Aa ce H3IO0J3BaT
pe3yiTaTuTe OT 5 eKCTPEHHH CIIHPaHUS, TIOKa3aHW Ha
Tabmmna 1.

Tabnuya 1. CrkpaTeHa TabIHIA ¢ pe3yITaTHTE 32
CIIMpaYyHuA I'bT U BPEMETO 3a IIOCTUTAHETO MY,
CJiea CIIMpavYHUTEC U3IMUTAaHUA.

Ilpoda 2 Ipoda 3 Ilpoia 4

Hpooa 1 Ilpoéa 5

v Sen.
[km/h] [m]
809 0 [0
80,6 | 22,4 | 1
803 | 447 | 2

v Scn.
[km/h] | [m]
80,75 0 0
80,46 | 22,4 | 1
80,35 44,7 | 2

v Scn.
[km/h] | [m]
80,71 0 0
80,60 | 22,4 | 1
80,35 | 44,7 | 2

Vv Scn.
[km/h] | [m]
8125 0 0
80,96 | 22,5
80,82 | 449 | 2

v Scn.
[km/h] | [m]
81,97 0 0
81,76 | 22,7 | 1
81,54 | 454 | 2

s/ s/ s/ s/

428
429
429

1,48
0,79
0,58

42
43

422
424
425

5,65
5,44
5,26

393
394
394

4,03
3,45
327

581
581
581

401
401
401

2,81
0,04
0,00

1,12
0,32
0,00

I'padmuHO pesynrature OT IHPBOTO EKCTPEHHO
CIiupaHe ca rokazanu Ha Ourypu 3 u 4.
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Queypa 3. I'paduxa V=f(S) npu ekcTpeHo crimpane 1.

V [km/h]

90 81,972

80

70 \

60 \

% NEZ

40 \

30 \

20 \
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0

N b

0 5 10 15 20 257 30 35

Queypa 4. I'padpuka V=f(f) npu ekctpeHo crimpasne 1.

4. Onpenesisine CIMPAYHUS MPOIIEHT HA
JIOKOMOTHBA

IlocpencTBoM cpemHust crivpadeH BT S, KOUTO €
ompe/ieyIeH Clie]l CITUPAaYHUTEe W3MUTAHUS W HOMOTpa-
mute (Durypa 5) 3a cbOTBETHATa CKOPOCT, CE U3UHC-
JIsiBa CIHPAYHUs MPOLIEHT HAa W3NHWTBAHATA CIMHUIIA
TIOJIBIKEH K.II. ChCTaB. V3UNCIIIBaHETO Ce M3BBPIIBA
upe3 popmyure AageHu B ot ¢urn 544-1 ua UIC.

1500 1300 1100 900 00 700 60D 500 400

300
=

—

BO
" A wpeman
! e nam: 5 S
I }Z;.‘: BN 3 | Tip5{419, 63 ?(1(25.51}7,
o0 o0
3 _"_.;.;:.::l'_/ H—
i / e H oy
‘ o) — Vwrdsiay |

ISAI]J 1300 1100 900 800 700 60D 500 300
Cuwpaecs i, m]
Quzypa 5. Homorpama 3a U34uCIIsiBaHE Ha
CIMpayHusl IPOLICHT Ha U3IIMTBAaHA €ANHULIA

TIOABHKCH KII CbCTaB.

400
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Ha 6a3a Ha nosyyeHuTe pe3yaTaTu 3a IeTTe CIu-
paHus ce M34MCIIsABa CIIMpavYHaTa Maca Ha JIOKOMOTHBA:

* Exctpeno cnimpane 1

IIpu Se, =401 m u npu m = 126 t, o HOMorpamara
3a eIMHUYEH MOABIKEH cheTaB (Purypa 5) ce ompe-
JIEeTISL:

Jp=67.8 %,
OTKBACTO:
B’ A xm
A =22 5100% = B =22
L ? =100
B, = 078x126 _¢s 4nt.

* Excrpeno crimpane 2
ITpu S = 581 m u ipu m = 126 t, mo HOMorpamara
(®wurypa 5) ce onpenerns:

p=67.8%,

B, =4120_ g1

* Exctpeno cnupane 3
IIpu Se =394 m u npu m = 126 t, o HOMorpamaTa
(®wurypa 5) ce onpenerns:

Jp= 68,1 %,
_ 681x126
100

* Excrpeno crimpane 4
Ilpu Sen = 425 m u npu m = 126 t, mo HoMorpamara
(®urypa 5) ce onpenes:
Ap =64 %,
_ 64x126
100

B, =85,80t.

B, =80,64t.

* ExcrpeHo criupane 5
ITpu S =429 m u ipu m = 126 t, mo HOMOTpamara
(®urypa 5) ce onpenes:

Jp=63%,
 63x126

=79,381.
100

B,

O00011IeHNTE pe3yTaTy ca oka3anu B TaOuia 2
u Ha @urypa 6.

Tabnuya 2. Tabnuiia CbC CTOMHOCTHTE 3a
CrMpaYHaTa Maca Ha JJOKOMOTHBA.

Ne Sen, M Doy %o Bt
1 401 67.8 85,42
2 581 48,0 60,48
3 394 68,1 85,80
4 425 64.0 80,64
5 429 63,0 79,38




HScn. Wip WBp
429

581
25
394 429
8 6.1 64 63
60.48 85.8 $0.64 29,38
= | ]| | 1| 1]
2 3 4 5

Queypa 6. [lnarpama Ha pe3yaTaTUTE OT
IMPOBCACHUTC CIIUPAYHU U3ITUTAHUA.

401

67.8
8542

m
1

5. A3Boau

b CI/ICTCMI/ITG 3a CII'bTHUKOBA HaBUT'allUs U HA3€MHO
MO3UIMOHUPAHE MOTAT YCIEIIHO Ja Ce U3MON3BaT
1 B JKEJIC30IIBTHHUS TPAHCIIOPT.

* [Ipu npoBerxiaHe Ha CIMPAYHU IPOOHU C TIOMOIIITA
Ha MPEHOCHMMO MOOHJIHO YCTPOWCTBO, OTMaja
HEOOXOMMOCTTA OT U3ITOJI3BAHE 33 BaroH J1adopa-
TOpI/ISI 158 CB’bp?:aHI/ITC C HEI HETOYHOCTHU HpI/I
I/I3MCpBaHC Ha CHI/Ipa‘-IHI/ISI ITBT.

* BBE3MOXKHOCT 3a Omnpe/ielisiHe Ha eKBUBAICHTHOTO
BpeME 3a Pa3BUTHE HA CIMPAYHHUs MPOIEC U HA
3aKbCHEHUSTA [TPU BUCOKOCKOPOCTHHUTE BIIAKOBE.

JIureparypa:

[1] Benxos K., O. KpbcTeB. TeXHOIOTHY U CUCTEMH 3a
yrpasneHue Ha Brakosere. Codus, 2010 r.
[2] ©um UIC 544-1 - 2004

[3] Conoebes, FO. A., CriyTHUKOBasi HaBUrausi U €e
npwioxkenust, Exo - Tpenac, Mocksa, 2003 T.
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* www.gpsworld.com;
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» www.predavatel.com;
* http://www.european-satellite-navigation-
industries.net.

METHODOLOGY FOR PERFORMANCE OF
BRAKING TESTS ON RAILWAY VEHICLES
WITH PORTABLE MOBILE SYSTEM

KIRIL VELKOV!, OLEG KRYSTEV?,

SIMEON VELKOV?
Department of Railway Engineering,
Technical University - Sofia, Bulgaria
Dkhvelkov@tu-sofia.bg; 2 okrastev(@tu-sofia.bg;
Is.velkov@abv.bg

Abstract: The report presents a methodology for
determining the braked weight of electric locomotive by
conducting braking tests. These tests were carried out
not by wagon laboratory, but using a portable mobile
device, based on mobile computer and GPS receiver —
EVK-5H, produced by company U-Blox. This device
measures the braking distance of the railway vehicle
during emergency braking. Based on this measuring
results and in accordance with the nomogram of UIC-
Leaflet 544-1, we determined the braking percentage of
the locomotive and calculated its braked weight.

Keywords: locomotive, braking tests, GPS.

BulTrans-2016



BulTrans-2016
Proceedings

14-16 September 2016
Sozopol

N3YNCIABAHE HTAPAMETPUTE HA CIIMPAYHATA CUCTEMA HA JIOKOMOTHUB MDD+4

Kuprui BEJIKOB!, BATEPM CTOWNJIOB?, CBETOCJIAB CJIABYEB?, CAHEJ ITYPTUY*

Karezpa ,,)KenesornsTHa Texuuka“, Texanuecku yausepeutet - Codust, Bbirapust
D khvelkov(@tu-sofia.bg; > okrastev(@tu-sofia.bg; ¥ slavchev_s s@tu-sofia.bg; ¥ s purgic@tu-sofia.bg

Pe3stome: B HacTosims JOKIIaz € IpeicTaBeHa METOANKA Ha M34YHCIIIBAaHE HA TapaMeTpHTE Ha CIIpavHaTa CCTeMa Ha
Jqu3enoB okomotuB MDD4. To3u nokoMoTuB ce npoussexna ot ,,Excrpec cepsus — OO/ rp. Pyce u ce n3nacs B
[lBeiiapust. Crimpadnara cCTEMa € JIMCKOBa C 110 J[Ba IMCKA Ha KOJIOOC 1 IPY>KMHHO-aKyMyJIMpallia IapKUHL CITIUPavKa.
V3uncisBaHeTo Ha OCHOBHHTE IApaMETPH € H3BBPLICHO CHIVIACHO M3MCKBAHWATA HA IOCICIHUTE M3MEHEHHS Ha

¢umosere Ha UIC u mo-touno UIC 544-1/2014 .

KiarouoBu AYMM: U34UciAeane, cCnupadia cucmema, 10KoOMomue.

1. OcHOBHM JaHHM 32 JIOKOMOTHBA

B Obnrapckara kommanus EKCIIPEC CEPBU3
OO/1 e kOHCTpyHUpaH U MPOU3BEJICH MAHEBPEH JIN3EJI0B
nokomotuB M MDD 4, 3a m3noc B IlIBeiinapus.
OCHOBHHUTE TEXHHUYECKH [TaHHM Ha JIOKOMOTHMBA ca
CIIC[THUTE:

1.

2.
3.

Pasmonoxkenne Ha Konoocute (KoloocHa ¢op-

Myna): B

Mexnaypencue: 1435 mm;

Mornoct: 403 kW /540 HP;

Ckopocru:

* Makc. KOHCTpyKTHBHa ckopocT: 60 km/h;

* MUH. IPOIABIDKUTETHA CKOpocT: 4 km/h;

TernurenHu cuiu:

* MakcC. TerJIMTENHA CHja NpH MOTerysHe (Ipu
koed. Ha cuermenue u = 0,33): 133,5 kN;

* TETJIMTEIHA CHJIa P Makc. ckopocT: 22,3 kN;

Macu:

* Maca Ha JJokoMoTuBa npazeH: 40 t + 2%;

* crykeOHa Maca (2/3  cimyxeOHH  3amacH):
41 t£2%;

» MakcuManHa Maca (3/3 ciyxeOHM 3amacu):
42 t £ 2%;

* cpemHo KosoocHO HatoBapBaHe: 196 kN +2%;

. Bw3mymmna cripauka (mpouss. Wabtec MZT):

* nuckoBa cniupayka: tur -MH-Lst 1-P+ep D;

* (hyaxnmoneH BeHTHT: Wabtec MZT - Lst 1;

* KpaH-MAaIIMHUCT ~aBTOMATWUYHA CIHpayKa:
Wabtec MZT - EPM 5;

* KpaH-MaIIMHUCT TUpEeKTHa crupadka: Wabtec
MZT - KEP 21;

* criMpavHu OJOK-IIHHAPH: 4 Op.;
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8. TlapkuHr cimpauka: IpyXHHHO-aKyMYyJIHpaIia.
TernuTenHata xapakTepUCTHKa Ha JIOKOMOTHBA €
noka3aHa Ha @urypa 1.

Ve nume g XapaKmepuciesa
U P T
il A dRL Ko smie mn A 4
Excnpec-Cepaits Pyoe

Queypa 1. TernutenHa xapaKTepHUCTHKA.

3a na ObJe JOIMyCHAT JIOKOMOTHBBT B HOpPMalHA
eKCILI0AaTalus, ChIIacHo [4, 5] ¢ Heo6XxoauMo Aa Obaar
U3BBPIICHN U3UYKCIICHHUS HA CIUpavYHaTa My e(eKTHB-
HocT. ToBa € 3ab/DKUTENIHO M3MCKBAHE KbM BCHUKH
€IUHULM [TOABIKEH JKeJIE30ITbTEH ChCTAB U LIEIIH J1a CE



M3YHCITH CTOMHOCTTA HA OCHOBHUSI H3MEPHTET Ha CIH-
padHaTa e(h)eKTHBHOCT — CITpavHaTa Maca. To3u u3me-
purten e nepunupan B pamkute Ha UIC 1 e BanieH 3a
BCHYKH CTPAaHH WICHYBAIH B Ta3H OpPraHU3aLHsL.

2. [TapameTpu Ha ciMpaYyHAaTa cCUCTEMa

CrupavHaTta cucTeMa ce ChCTOU OT JBa OCHOBHHU
THIA: THEBMAaTHUYHA CITUpaYHa CUCTEMa W TPYKUHHO-
aKyMyJupalia TMapKUHT crupadka. DOpUKIHMOHHUTE
BB3JI1 Ca AMCKOBU M Ca MOHTHUPAHU 110 JIBa OIMCKa Ha
BCSIKa OT JIBETE KOJIOOCH, C (PUKCHpaHa JIOCTOBA CHCTe-
ma [3] — Durypa 2. JIBeTe criupayHu CUCTEMH JIEHCTBAT
Ha €OHH U CBIIH (prKuMOHHI/I BB3JIA. 3a BCEKU
(DpUKLMOHEH BB3eJ € TPEABUICH OTAENCH CHHpayueH
muHABD. [ IpeaBaTetHOTO OTHOIIEHNE Ha JIOCTOBATa
CHCTEMa Ce OIpesieNis OT AbDKUHATA HA pamMeHarta a U
b, Gurypa 2.

1 2 3 4 5

Queypa 2. DpUKIIMOHHU BH3JTU Ha
CIIMpaYHaTa CHCTEMA:
1 — xonooc; 2 — cnvpayeH JUCK; 3 — COMpavyHa HaKJIa/IKa,;
4 — T0CTOBA CHCTEMA; 5 — CIIUPAYCH IITHHIBD.

Bpnpexw, ue METOIUKHTE 3a MPOBEXKIAHE HA M3UHC-
JICHWST HA CHHPAYHUTE CHCTEMHA HA Pa3IMIHHUTE
YKEJIe30ITbTHH BO3WJIA Ca PEITIaMEHTHPAHH B [5], TOUHO
TaKbB CIydail, TaM He e pasriexnad. [lopagu ToBa,
MIPOBEACHOTO M3YHCIICHNE € M YTOYHSIBAHE HA METOTH-
KaTa My, KOHKPETHO 32 JIOKOMOTUB C JTMCKOBU (DPUKITH-
OHHH BB3JIM Ha CIIPAYHATA CUCTEMA.

3a mpoBexlaHe Ha M3YMCICHHATA Ca H3IOI3BaHH
CIICTHUTe KOHCTPYKTHBHU JaHHA Ha CIIUpadHaTa
cucTeMa:

1. IlpomsBomuten: Wabtec MZT;

2. Bun u o0o3HaueHHE Ha CIMpavHa CUCTEeMa:
Juckosa cnmpadxa, MH-Lst 1-P+epD;
OyHKIMOHEH BeHTW: Lst 1;

Bpoii auckoge: 4;

Pazmepn Ha mucka: 640x110 mmy;

CpezieH payc Ha TPUCHE Ha CITUPAYHUS JTUCK:
247 mm;

7. IlpenaBaTenHO OTHOILUEHHUE HA JIOCTOBA CIIUPAY-

Ha cuctema: i = 3;

8. Ilnom Ha yenoto Ha 11" crupadeH UUIMHIBD

(ca): A =615 cm?;

9. Craruruen KIIJI: 0,90,

SNk w

10. Junammgen KIT/I; 0,95;
11.Cuna Ha BB3BpaTHaTa MPY)KMHA HA CIIMPAYHUS
wIHAEP: Fp = 1,8 kN;
12. Haxmaaxu: 2x220 cm? nach UIC 543-1;
13. JIlnameTsp Ha KOJIEIOTO:
* MakcuMajieH: 920 mm;
* [IPU CPETHO U3HOCEHO Kojeno: 890 mm;
* [P MACKUMAIHO U3HOCEHO KoJjieso: 860 mm.

3. Meroauka 3a H34HCJICHHA

3a J1a ce M3YKCIM CIIpavYHaTa Maca Ha JIOKOMOTHBA
€ HEoOXOMMO J1a C€ ONPEACTA CIHUPAYHUST MY TTBT.
Toit ce meduHupa, Kato pa3CTOSHUETO M3MUHATO OT
JOKOMOTHBAa OT MOMEHTAa Ha 3ajleliCTBaHe Ha
cnMpavHaTa CHCTeMa B PEKUM €KCTPEHO CITUpaHe, JI0
OKOHYATETHOTO My YCTAaHOBSBaHE Ha  MSCTO.
Havannara ckopoct Ha cniupanero e 60 km/h, Ha nipaB
XOPU30HTAIEH YYACTBK OT ITBTA. 32 ONPEENSTHETO My
¢ HeoOXomnmMO Ja OBJaT W3MBIHEHH CICAHUTE
OCHOBHH M3YHCIMTEIIHU CTHIIKH:

3.1. M3uucnsBane Ha edeKTUBHATA CHJIa Ha
OyTaJIOTO Ha CIIUPAYHUS MWIMHIBD F5, I3UUCIICHA TIPH
MakcumMarHo Hamsrane (1), [1, 2, 5]:

F6 :Pcmax‘A_an’kN’ (D
KBJIETO:
Perax € MakCUMAITHOTO HasTaHe B CIMPAYHUS LIU-
JTUHIBP, bar. Ilpy TUCKOBUTE CIMpavykd Ha
BaroHUTE € IPUETO Ta3u CTOMHOCT Jia € 3,0 bar,
HO B TO3H Ciry4aii T4 e 3,8 bar;

A- JIMIIETO Ha OYTaJIOTO Ha CITUPAYHUS [IIHHABD;
F,,— cunara Ha BB3BpaTHaTa NPYXUHA HA IHJIVH-

aepa— 21,57 kN.

3.2. WzuncisBane Ha cujiaTa HAa HATHCK HaKIamKa/

ek Fan, [1, 2, 5]

den = Fb ‘l‘ndynﬂ kNa (2)
KBJIETO:
i € MPelaBaTeHOTO OTHOLIEHHWE Ha JIOCTOBATA
CHUCTEMA;
Ham—  JuHamuaHusT KITJT.

3.3. OmpenensHe Ha cnMpadHa CHia, IpPHUBEACHA
KBM Kpbra Ha ThPKAJISTHE TP CPEJHO M3HOCEHH KoJIesia
F,, kN, [1,2,5]:

n r,
Fo= 2 Fam ot~ KN, (3)
h
KBJETO:
Jj=l+n e OposT Ha PPUKIIMOHHHUTE BBH3IH HA JJOKOMO-
THBa, 11 = 4;
Un—  KOCOQHLHMEHTHT Ha TPUECHE BHB (PPUKIMOHHUS
Bb3el. 3a JAUCKOBH CITMPAYKH M HAKJIAIKU OT
TO3M THUII i, = 0,35;
Fm—  CPEOHHAT pajuyC Ha TPHEHE HA CITHUPAYHHS
IIHCK, mm;
rp—  PAIMyCHT HA CPEAHO M3HOCEHO KOJIENo, mm.
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3.4. M3uucnsiBaHe HA CIOUPAYHUS IIBT HA JIOKOMO-
THBa. M3uncnenusra ca H3BBPUICHU IO METOI, OTYU-
Tall NpoTHYaluTe (U3MYHU TPOLECH B CHHMpavyHaTa
cucrema [1, 2, 5], a He o emnupuyHu. B neictBuren-
HOCT TO3W METOJI TIPEICTABIISIBA pElIaBaHe HA ypaBHE-
HHUETO 32 IBIKCHHUE HA BIIAKa C HHTETPUPAHE TI0 BpeMe.
OtnenHUTE CTHIKH OT TOBAa HW3YMCICHHE Ca KaKToO
cinenga, [1, 2, 5]:

OT TeopeTryHaTa MEXaHUKA € U3BECTHO:

ZE +VVi = me'ai ] (4)

KBJIETO:

SF; € CyMara OT 3aKbCHHUTEIHO JEUCTBAIUTE CUIIN
Ha BCUYKH CIHUPAYKH 3 i~TUsI BDEMEBU UHTEP-
BaUI,

W;—  CBIPOTHBWTEITHA CHJIA B i-THSI BPEMEBU UHTEP-
Basl. CTOMHOCTUTE U C€ OMpPEHETST OT TErJIU-
TeJHaTa XapakTepUCTHKA Ha JIOKOMOTHBA —
@urypa 1;

m.—  MacaTa Ha JJOKOMOTHBA, BKJIIOUUTCIIHO U JIC/a
Ha POTUpAILUTE YacTHU. 3a TO3H TUM JIOKOMO-
THB, MOXe Ja ce mpueme 10 % msut Ha potupa-
ILIUTE YaCTH.

a; —  ycKkopeHHe (B Cilydas € TPHETO Jia Ce Hapuda
3aKBCHEHUE) 32 [-THsI BPEMEBH MHTEPBAL.

CrieoBaTesiHo:

2E
a, ==—"—" m/s’. (5)
m

e

3.5. N3uncisBaHe HA CKOPOCTTA B Kpas HA BCEKU
BpPEMEBH HHTEPBAT Vi

Vi+l = I/l - ai'Ats m/s, (6)
KBJCTO:
Vi € CKOpOCTTa B HAYAJIIOTO HA i-TUS BPEMEBU
WHTEPBAJ, M/S;
At—  BpemeBu uHTepBai. llpn u3uncnenus ot To3u

TUN € npenopbuutenHo [1, 2, 5] croitHocTTa
My 1a 0b1e Af < 1 s. B KOHKpeTHHS Cciydaii e
MpueTa CTOMHOCT 1 s.
3.6. U3uucnsBaHe Ha cOMpayHMsl BT 33 BCEKH
OTZIeJIEH BpEMEBH MHTEpBaT As;:

As, =V

mi

—a, At,m, (7)

KbIETO Vi € cpeiHaTa CKOpocT B HHTepBana Af, my/s.

CyMapHUAT crMpadeH IbT € cOOp OT MONydYEeHHUTE
cbriacHo (7) 3a oTAeHUTE BpeMeBH HHTepBa. M34n-
CJICHHETO Ce U3BBPILBA C IPOMSIHA Ha Af, 10 JOCTHTaHEe
Ha CKOPOCT Ha JIBIDKEHHE paBHA Ha Hyja. [lomydenara
CTOMHOCT B KOHKpeTHHS cimydaid € s = 173 m. To3u
METOJ TT03BOJISABA /1A CE& U3YMCIIN U CPEJHOTO yCKOpe-
HHE, IIPU CIIMpaHe 3a Lenust mpouec. ToBa chUIoO €
MHOTO Ba)KEH IIapaMeThp Ha e(eKTUBHOCTTAa Ha CIU-
pauHara cucrema. Ha 0azara Ha Te3W W3UHCIICHUS €
MOCTpOEHa M 3aBHCHMOCTTa V = F(s), moka3aHa Ha
®urypa 3.
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V, km/h

173

» ]

5, m
Queypa 3. VI3aucneH cniipadeH IbT Ha JJOKOMOTHB
MDD 4.

e
>

3.7. OmnpenensHe Ha CHOUpayHUS MPOLEHT Ha
JIOKOMOTHBA 4, %.

W3BbpiBa ce chIIIACHO HOMOTPaMHUTE U W3HCKBa-
HUsTA B [5], KakTO € mokazano Ha Purypa 4. [lomyue-
Hara cToiHoCT e A =97 %.

173m| g |

97%

® - r - P x

Bremshundertstel

Queypa 4. Homorpama 3a onpezaesnsHe Ha
CIMpayvyHus IpoLEeHT Ha JokoMoTuB MDD 4.

C Taka onpeeeHus CIIPAyeH MPOLIEHT Ce N3UHC-
JIBa CIIMpavyHaTa Maca Ha JJOKOMOTHBa — 41 t.

N3uncnsBaneTo Ha crMpayHara e(eKTHBHOCT Ha
NPY)KUHHO-aKyMyJIpaliaTa TapKUHT CIHpavka ce
M3BBPIIBA CHIJIACHO clieBalmTe Touku — 3.8 1 3.9.



3.8. M3unciaBane Ha o0Iara cTaTHYHa HATHCKOBA
CWJIA HA HAKJIAAKUTE [

Foy=F, Xi, X0, XNg,, KN, (®)
KbJIETO:
Fy € TIoJIe3HaTa CWiia Ha TIPY)KWHHATa 4acT Ha
CIMpaYHMS ITWIHHIIBP, HA M3X0/Ia Ha IWIHH-
JTbpa B CIy4as ,,IPy’KUHHATA CIIMPavKa 3a7IeH-
creana‘“, kN. F, = 8 kN;
TIpeaBaTeITHO OTHOIICHUE MEXKITY CIIPATHIS
HWIMHIBD C IPY>KUHEH aKyMyJIaTop ¥ HaKJIa -
KUTe. iy = 3;
KOCUIIMEHT, TIPEACTABSII CTaTHIHATA MOIII-
HOCT Ha TMPEHACSIHE Ha CHJIaTa MEXIy CIIHpad-
HUSI IWIMHABD C MPYKUHEH aKyMyJaTop |
Haknagkure. ;= 0.9;
Opoli Ha IMWIMHIPUTE C TPYKIUHHO-aKyMYJIH-
palla Ciupauka. freq = 2.

3.9. M3uucnsBane Ha CiipayHaTa Maca Ha ApKUHT
crimpaykara By, t:

Ip—

nsi—

NFed —

B, =0,88x ZFd,vn X U, xr—’", ©)

"

KbAeTO: Y Fyn € ofllara IUHAMHYHA CHIIA BBPXY
Haknmaakure, kKN. B cimydast Y Fy, = Fpp = 43,2 kKN.
W3uncnenara crorHocT € By, =4 t.

4. M3Bommn

* I3non3Banara MeTOIMKA 32 U3YHCIICHHE € YTOY-
HCHAa YU KOHKPCTHU3UpPaHa 3a TO3U THUII IMOABHMKECH
JKENE30MbTEH ChCTAB;

CnmpauHata cucteMa Ha JIM3EJIOB JIOKOMOTHB
MDD 4 e ¢ nobpa crimpauHa e(eKTHBHOCT;
HesaBucuMo oT TOBa, Ye KOHCTPYKTOpHTE ca
M30paTH TI0-BHCOKA CTOWHOCT Ha MAaKCUMATHOTO
HaJSITaHe B CIMpavHUTe INUTHHIpU — 3,8 bar,
CLeNHaTa CHJjia Ha JIOKOMOTHBA, U3UYHCIIEHA TPU
MHHHMAJTHA CTOMHOCT Ha KOe(hHIIHEeHTa Ha CIICTI-
nerne — 0,15 e mo-romsiMa OT crimpadHara. Tosa
3Ha4M, Y€ TMPHU HOPMAJHHU YCIIOBHSI Ha EKCILIOa-
Tarysi, JIOKOMOTUBET HSMa Ja MPOSIBSIBA CKJIOH-
HOCT KbM OJIOKMpaHe Ha KoJIenara 1 Moclie/[BaIio
noBiyaHe. OMacHOCT OT TIOBJIMYAaHEe OH ce Mposi-
BWJIa TPH JPacTUYHO TPOMEHEHU YCIOBHS Ha
CIICTIJICHHE;
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* [Tosmy4eHuTe yCKOpEHus MU CIIMPaHE ca B JIOMMyC-
THUMUTEC I'PaHULIN,

* [TapkuHr cnimpaykata e ¢ 1o0pa eeKTHBHOCT U €
B CbCTOSAHUEC [1a 3aIbP>KH JIOKOMOTHUBA 10 HAKJIOH
10,2 %0;

« Karo IJ1I0 CriMpavyHaTa CucTeMa € ;[o6pe CHUHTC-
3UpaHa U OCBbLIICCTBCHA.
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Abstract: This report presents a methodology for
calculating the parameters of the braking system of a
diesel locomotive MDDA4. This locomotive is produced
by ,,Express service - Ltd.”“ Ruse and is exported to
Switzerland. The disc braking system is equipped with
two discs per axle and spring-loaded parking brake. The
calculation of the basic parameters was performed
according to the requirements in latest amendments of
UIC-Leaflets, precisely to UIC-Leaflet 544-1/2014.

Keywords: brake system, calculation, brake system,
locomotive.
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N3YNCJIIMTEJIHU MOJEJIN U AKOCTEH AHAJIN3 HA TAJIUTA Y-27

CBETOCJIAB CJIABUEB!, BAIEPU CTOUIOB?, CAHE ITYPT'UY3, BJIAIUCTIAB MASHUYKUH*
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Dslavchev s s@tu-sofia.bg; ? vms123@tu-sofia.bg; ¥'s_purgic@tu-sofia.bg; ¥vladi kn55@.abv.bg

Pe3tome: [loxinaabT chabpika pe3yaTaTUTe OT CTATUUEH SIKOCTEH aHaM3 M OLIEHKA 33 yMOpa Ha MaTepualia Ha Tajura
Y-27. TeopeTHUHUTE U3CIIEIBAHUS Ca HAIIPABEHU MO0 METO/Ia Ha KpailHUTEe eleMEeHTH. AHAIM3UPaHH ca BCUYKU perja-
MCHTHpPAHU PSXMMH Ha HaTOBapBaHe. Pa3paOoOTeHM ca CIIO0KHU MPOCTPAHCTBCHU WU3YMCIUTEITHH MOJIEIH, OMCBAII
MHOTO TOYHO TeoMeTpusiTa. B mporieca Ha ch3maBaHe Ha MOICIHTE € M3CIeBaHa CXOJUMOCTTa Ha perieHreTo. ToBa
TO3BOJISIBA 1A Ce MPEIUIOKAT BH3MOXKHO HAH-TIOIXOIAIINTE CXEMH TI0 OTHOIIICHHE HA: TEOMETPHYHOTO TIPEICTABSIHE HA
00cKTa, BBBEKIAHETO Ha NEHCTBAIMTE HATOBAPBAHMS U PEAKINH W TTOTyYaBaHE HA JOCTATHYHO TOYHU PE3YNITAaTH 32
pazmpezienienue Ha neopMalunTe, MPEMECTBAHUATA U HATIPS)KSHUSATA.

KnrouoBu qymu: manuea, Akocmen ananu3, Memoo Ha KpauHume eremeHmu.

1. BLBenenue

[IpoBepouHHTE SIKOCTHU U3YHCIICHUS Ca HAllPaBEeHN
mo 3asBka Ha TPAHCBAI'OH AJl rp. byprac. B
NPEINPUATHETO ce pa3paboTBa HOBa KOHCTPYKIHS HA
,»H’—00pa3Ha Tanura Y-27 3a crienuaiiu3upaHy U KOH-
BEHIMOHATHNA ToBapHHW Baronm (®Purypa 1). Hactos-
IIOTO W3CIIEABAaHE € MEXIUHEH erarm OT pa3pabort-
BAHETO, MMALIO 32 I1eJ TOA00psBaHE Ha TEXHOIOTHATA
Ha MPOU3BOAICTBO U ONTUMU3ALMS HA ITapaMeTpUTe Ha
KOHCTPYKITHATA.

Tanurara e ¢ oceBo HatoBapBaHe 22,5 t/oc, ¢ Maca
4130 kg. Cnupavnara cuctema € pasnoJIokKeHa eIHO-
CTPaHHO HA KOJIOOCHUTE, KaTO Ca M3II0I3BaHU KOMIIO3H-
LIMOHHHU KaJOJKH.

2. Pexxnvu Ha HaTOBapBaHe

B croTBercTBHE C MEXIYHAPOAHHUTE M3MCKBAHWS,
BCSIKa HOBOCTPOSIIIA CE TajWra ce Iojyiara Ha Teope-
TUYHHU W HATYPHU W3CIICABAHUS 32 JOKA3BaHE SIKOCTTA
Ha KOHCTpyKuusTa. BugoBere u ycioBusTa 3a HaTOBap-
BaHe ca periamentupanu B EBpocrammapr BJIC EN
13749:2011 [4], TCOC [3] u ¢umose 510-3 u 615-4
[7,8] Ha MexayHapomuus sxene3onbreH cbto3 (UIC).
ChritacHO IUTHPaHHUTE JOKYMEHTH HAaTOBAPBaHMSATA Ca
pa3lieNieHu B CIEIHUTE TPYIIH:
* SKCTPEMHH (TaKwBa, KOUTO C€ TOSBSIBAT MHOI'O
PAIIKO B Tpolieca Ha eKCIIIOATAaIlis);

* HOpPMAaJIHY WM €KCIUIOATAIlOHHM;

* HATOBApBaHMS 3a W3CICABAaHE Ha yMopa Ha
Marepuaia.
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B®B Bceku oT CJIy4auTe C€ 3a/1aBaT CWIH, IIPEAU3BU-
KaHH OT MPOLIECUTE: TIOTETIISTHE, CIIUPaHe, TAIOITUPaHe,
JIBIDKEHUE B KPHBa, B3aMMOJCHUCTBHE HA BO3ZWIIOTO C
peJcure U JIp.

Cumute, AeficTBaIM HA TAJIMTaTa, CE ONPEIEIIST 10
dopmymure [4,10], or Tabmura 1. TsixHara ronemMuHa 1
MOCOKATa Ha JISWCTBHE 3aBUCAT OT CITydasi Ha HATOBap-
BaHe (Purypa 2).




Tabnuya 1.

Force on Force on pivot Force on Transverse
sidebearer 1 sidebearer 2 force
F, Fo Fa F,
1 0 F, 0 0
2 0 (1+ g)F, 0 0
3 0 (1- B)F, 0 0
4 0 (1-a)(1+ B)F, a1+ g)F, F,
5 a1+ G)F, (1-a)(1+ G)F, 0 -F,
6 0 (-a)1- A)F, a(1-p)r, F,
7 a(1- p)F, (1-a)(1- BIF, 0 -F,

B Tabmura 1 ca m3mon3BaHy CIEAHUTE O3HAYCHUSL:
F.,— BepTHKaHa CHJIa OT KOIIIa, IPUIIO’KeHA B IEHTPaI-
HUS J1arep Ha Tajaurara; Iz; u I, — BEpTUKaIHU CUIIY,
MpeaBaHu upe3 CTpPaHUYHUTE ONOpH; F), — HampeyHa
CHIIA; 0. — KOC(HIIMCHT, OTUNUTAIN HAKIOHIBAHETO HA
KOIlla Ha BaroHa; (3 — KOe(hUIIUECHT Ha TUHAMUKA.

CrmpayHaTa cuja ce pazless Ha JIB€ KOMIIOHEHTH
10 BEPTHKAJHATA M HAIUTHKHATA OC M 3aBUCH OT BHJIA
Ha KOHKpETHaTa KOHCTpYKIMs (BOJEHE Ha Oykcara,
JocToBa crupadHa cucrteMa u ap.) [10], m ce
KOMOHMHHpA ChC CHJIaTa OT BEPTHKAIHUS TOBap.

3. M34uucMTe THA MOJETH

TouyHOCTTa HA PENICHUETO B TOJISIMA CTEIICH 3aBUCH
OT ONHMTAa Ha M3CIICAOBATEIUTE NMPH H3rPaKaaHe Ha
H3YUCITATEITHNS MOZET.

Ot HampaBeHUsl aHAIN3 Ha KOHCTPYKTHBHATA JIOKY-
MCHTAILlUS Ca ONPEICICHH HOCCIIMTE CICMEHTH Ha
KOHCTPYKIIMSTA, MAaTEPUATUTE OT KOUTO € M3rPaJicHa 1
TEXHOJIOTHUATA HA U3Pa00TBaHe (TUII 3aBaphUHHU IICBO-
Be, IOITBIHUTENHH 00paboTky U 1ip.) Ha Ga3ara Ha ToBa
ca B3€TH CJICAHUTE PCIICHUS MPH HU3IPAXKIAHCTO Ha
HU3YUCIIUTENTHUS Mozen [9].

3.1. l'eomempuyro mooenupare

JleraiitHOTO MoJeiHMpaHe IOHSKOTa Ce OKa3Ba
HeTeecho0pa3Ho, Thil KATO PEATHUAT OOCKT MOJKE J1a
ChIBpPXKa CIOKHH KOH(HUTypaluy, KOUTO HEe OKa3BaTr
BJIMSIHHAE BBPXY SKOCTTA Ha KOHCTPYKLMATA, HO BOAAT
O 3HAYUTEIHO YCIOXKHEHHE Ha W3YHCIUTEIHUS
Mozell. B To3m ciydaii e mienecho0pa3Ho qa ce Hampa-
BAT HAKOM OHNPOCTCHUA B HUIYUCIIUTCIIHUA MOIACIL.
Hampumep: He ca MomenupaHu 3a3eMUTEIHUTE H
OCUTYPUTEITHU ITUIAHKW, BTYJIKUTE 3a JlarepyBaHe Ha
CJIICMCHTH OT CIIMpa4YHHUA MCEXaHU3bM, CTPAHUYHHUTC
ormopu (Purypa 3), yactd OT OYKCOBUTE BOJAYH
(®Durypa 4) u ap.

‘tﬁ ] ) =y e« Ell UJ.‘_l
. Ij—i.l/,// m][—hﬂ : S EI -
o= a0 o T i
Quzypa 3.

Br3npuernte pemieHus He OKa3BaT BIMSHHE Ha
SIKOCTTa Ha KOHCTPYKIHUSATA, BOIAT JIO CHIIECTBEHO
OIPOCTSABaHE Ha reoMeTpudHus Mojen (Purypa 5) u Ha
W3YHCIIUTEITHUTE TIPOIIEIYPH.

3.2. Mpeoica om Kpatinu enemenmu

3a onTUMU3aLHs Ha U3UUCITUTEIHUSI MOZIEII, 38 /1A Ce
TMOJTy4aT BB3MOYKHO Hali-TOYHH PE3yJITaTH 3a HaIpesKe-
HUATA U feopManunTe Ha KOHCTPYKLUATA, € U3CIe-
BaHa CXOAMMOCTTA Ha peleHueTo. [IpucTeiu ce KbM
(hopMupaHe Ha Mpexarta OT KpaifHu exeMeHTH Tvil solid
€ MaKCHMaJIeH pa3mep 36 mm Ha Ha4aIHHUs MOJIE.

3a wm3cnenBaHe CXOAMMOCTTA Ha pelICHUsTa €
pa3paboTeH BTOPH — YCIOKHEH M3YHUCIUTEIEH MOJCI.
IIpn Hero MpekaTa OT KpalHU €JIEMEHTH € CT'bCTEHA
Karo OpoAT WM HapacHa OKoJio 1,4 TBTH CHPSIMO
epBus (328756 Br3ena u 177251 kpaiinu eneMmeHTa),
MaKCHUMAJIHUST pa3Mep Ha KpailHWTE eJeMEHTH € 25
mm, KOeTO MOKa3Ba e[Ha MHOro JoOpa IUIBTHOCT Ha
AHATM3UPAHUTE BEJTTYNHH.

Crien M3BBpIIBAaHE HA M3YHUCICHHUATA € YCTAaHOBEHO,
Yye pa3liuKaTa 3a HalPEKCHUsITa B UICHTUYHUTE BB3JIH
Ha aBara Mojeia He HamMmuHaBa 3,24%. ToBa maBa
OCHOBaHHME Jla CE€ HAIlPaBU W3BOIBT, Y€ PELICHHUETO €
CXOANMO U Y€ [JBaTa MOJIeJIa ca HOIXOAIIN 3a SIKOCTEH
AHAJIN3 Ha pamara.

B®b3 ocHOBa Ha TOpHUS M3BOJ € B3€TO peLIeHHE a2
CE M3M0JI3Ba [TO-CIOKHUAT MOJIEN, Thid KaTo TOH 103B0-
JIsIBa J1a C€ MOJIy4H HO-ITBJIHA U [10-TOYHA HH(POpMAaLHs
3a pasnpeelicHue Ha HAlIPEXKCHHSTA.

Duzypa 6.

3.3. Mamepuannu xapakmepucmuxu

Pamara Ha TanmraTa e m3rpazeHa ot JICTOBA CTO-
MaHa ¢ nebenrna oT 6=~16 mm. M3noa3sana e croMaHa
S355J2+N mo EN 10025-3-2004 ¢ xapaKTepUCTUKH:
Remin = 355 N/mm?% R, > 470 N/mm’ (3a nebemiuu
3<¢t<16 mmu 4 > 10%). bykcoBure Bogauu ca uspa-
6otenu upes neeHe ot cromana GE240 mo EN 10293:
2005 ¢ XapaKTepHCTHKH: Reni,= 240 N/mm’ u R,, >
450600 N/mm? (3a nebeminn ¢ < 300 mm u 4 > 22%).
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3.4. I panuunu ycnogus

Beprukanaute cuiam ce BBBEKAAT B LIEHTPATHHA
narep u crpannunute onopu (Purypa 7). Hanpeunure
CHJTH ca MOJIENTUpaHy B rieHTparaus jtarep (durypa 8).
B crotBercTBHE ¢ TpHHIMIIA Ha paboTa, HAUTHKHHTE
CHJTH ca MpriIoskeHH B OykcoBuTe Bogaun (durypa 9).

C men W3YUCIUTETHUAT MOJeN Ja ce AOONMKH
MaKCHMAJIHO IO PEATHHUTE eKCIUIOATAI[MOHHH YCIIOBHS
1 n30sTBaHe HA CyOCKTHBHA TpeIKa (IpeMecTBaHe Ha
KOHCTPYKIMATA ¥ OrpaHUYCHUE Ha MPEMECTBAHETO B
eIHa ¥ ChIla TOYKAa), OTPAaHWYEHMATa HA MPEMECTBa-
HUsTa B 30HaTa Ha OyKCHTE ca MOJAEIMPAHH C BPH3KH
THn ,,pyxuta‘ (Gurypa 10). 3aganenu ca peanHure
CTOWHOCTH HAa TMapaMeTpUTe KOpaBHHA W MOJYJ Ha
€JTaCTHYHOCT.

Queypa 10.
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4. AHAIM3 HA TIOJTyYeHHTe Pe3yJITaTh

Ipn sikOCTHHS aHAJ M3 HA paMara Ha Tanuurara e
W3MON3BaH  MapaMeTpUyeH TPUMEPEH MOJACN Ha
peaHaTa KOHCTPYKUMS. [IporpaMHHST TPOAYKT €
SolidWorks 2015 u HeroBoTo nprmnoxxerne SolidWorks
Simulation 2015.

OreHkarta Ha SKOCTTa Ha pamara Ha TalWrara e
HarnpaBeHa Ype3 Koe(HIHEHT Ha CUTYPHOCT, TIPEeJICTaB-
JSIBAIl OTHOILCHHE Ha JONMYCTHMHUTE W HM3YUCIICHHUTE
Harnpesxenwus [ 1-8] ycnoue (1):

Szo-c)on >1
O

u

(1)

4.1. Pe3y.11TaTn OT CTATUYHUSA AHAJIU3 TIPHA
CKCTPEMHUTE PEKUMU

JlomycTMHTE HANPEXEHUSI Oyon 32 EKCTPEMHHTE
PEXHUMH ca Ovon = R, = 355 MPa (3a ocHOBEH MeTan
W3BBH 3aBapbyeH IMIEB) U Opon = Rp/ 1,1 =323 MPa (3a
OCHOBEH MeTaJ B OJIM30CT JI0 3aBaphueH 1ueB) [1, 3-5].

AHanu3bT Ha NOJYYEHUTE PE3YNITAaTH 32 paslpese-
JICHHE Ha HaIIPEKECHUATA [IPU €KCTPEMHUTE PEKUMH Ha
HaTOBapBaHE TI0KA3Ba, Ye € HAJMIIEe CaMO SIIMH PEKIM
(Pwurypa 11), mput KOWTO KOSPHUITUEHTHT HA CUTYPHOCT
€ mo-ManbK OT eauHuna. Ciex Momy4yaBaHe HA MEX-
JMHHUTE PE3yJITaTH ca MPEANPUETH MEPKH 32 JIOKaJTHO
yCUIIBaHE Ha 30HaTa (M3pa3eH KOHLICHTPATOp Ha Harpe-
JKEHHE), upe3 MpOoMSHa Ha reoMeTpuuHara (opma Ha
HIapHUPHATA BPB3Ka.

Queypa 11.

4.2. Pe3ysITaTv 0T CTATHYHHSI AHAJIM3 TIPU PeKUM
Ha ymMopa

3a mu3cnenBaHe Ha ymMopara Ha MaTepralia B 30HUTE
Ha 3aBapbUHHTE IIEBOBE ¥ 30HUTE C KOHIIEHTPATOPH Ha
HAIPEKCHHS Ca N3M0JI3BaHA HATOBAPBAHUSATA OT T. 2 C
ycrnoBHu o3Haudenus: ot 1.1 mo 1.17 (17 pexuma c
KOC(HITMCHT Ha JMHAMHKA PaBEH HA CTUHUIIA) KOMOH-
Hupanu ¢ pexumu ot 1.4.1 mo 1.4.17 (17 pexuma c
Koe(MIMEeHT Ha TUHAMHKa paBeH Ha 1,4). OueHkara e
HampaBeHa B choTBeTcTBUE ¢ DVS 1612 [2, 6] npu
cna3Bane Ha ycnosue (1). JlomycTumuTe Hampe:KeHUs
Chon 32 PSXKFIMHUTE 32 M3CIIEIBAHE Ha yMOpa Ha Mare-
pHana ce OmnpeaesiaT OT 3aBUCUMOCT (2) U 3aBUCST OT
koe(uIMeHTa Ha acuMeTpusi R, BUAa Ha 3aBAPbYHUS
I1eB, BUJIa Ha KOHTPOJIA U JIp.
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Queypa 12.

OreHkara e HampaBeHa 3a BCHYKH E€IIEMEHTH OT
KOHCTPYKIMATA Ha Tanurara. Be3en Ne52294 (Durypa
12) e c Haii-HHCKa CTOMHOCT Ha Koe(HLHeHTa Ha
curypHoct S. Hamupa ce BbB Bpb3KaTa MEXIy BEpTU-
KaTHUST M JOJMHMS TOAC Ha CTpaHWYHATa Tpena, B
0JM30CT 0 ABYCTPaHEH 3aBapbyeH ILIEB ChC CKOCSBAHE
Ha naBata kpas (kpuBa El mo [6]). MunmMmamHaTa
CTOWHOCT 3a HANpPEXEHUSTa, MOTyYeHU MPU BCHUKH
PSKAMH HA HATOBAPBAHE € Omin — 33,00 MPa, makcu-
MaJTHa CTOMHOCT € Omax = 200,20 MPa. KoedurmeHTsT
Ha acuMeTpusl R, NOMYCTUMHTE HANPEKEHUSI Goon H
KOoe(hUIMEeHTHT Ha CUTYPHOCT S ca:

R = Omin / Omax — 0.17 = 0)1()11 = 146,23 MPa;
S: Oron / Omax — 0,73

AHanu3bT Ha MOJTYyYEHUTE IMBPBOHAYATIHH PE3yi-
TaTH IPU PEKUMUTE 32 U3CIICIBAHE Ha yMOpPa IIOKa3Ba,
4e B MaJTbK OpOoil 30HN KOS(HIMEHTHT HA CUTYPHOCT €
Mo-MabK OT eauHuLa. Cies nogydaBaHe HA MEXTH-
HHTE pe3yJTaTu ca IPEANPUETH MEPKH 3a IIOBUILIABAHE
Ha TMHAMHUYHATA SIKOCT Ha KOHCTPYKIHATA, Ype3 TEXHO-
JOTHYHY (BHZ Ha 3aBapbUHUTE ILEBOBE, 00padOTKa M
KOHTPOJI) U KOHCTPYKLUHMOHHH MPOMEHH (1eOeMH 1
(hopma Ha TICTOBaTA CTOMAHA).

5. 3axirouenue

1. Pa3paboTeHnu ca CII0KHH IPOCTPAHCTBEHU MOJIe-
I Ha Tanura Y-27 3a crienuau3upald U KOHBEHITHO-
HaJTHA TOBAapHH BaroHM.

2. M3cnenBaHa e CXOMMOCTTa Ha PEIIEHUETO, KaTo
€ YCTAHOBEHO TI0 TEOPETHYEH IThT, Ye MPEIIOKEHHUST
MOJIET € TIOIXO/IAII 32 M3CJIIBAHE Ha TAJIWTHU 32 TOBap-
HU BaroHH. [loCcTUrHATO € ONTUMAIHO CHOTHOILIEHHUE
MEXTy OTHOCHTEITHO MaTbK OpOil KpaliHH eIeMEHTH U
TOYHOCT Ha TIOJMyYEHHWTE PE3yNTaTH 3a HW3CIICIBaHE
pasTpeaeneHneTo Ha HalpeXEeHUITa B KOHCTPYKIHATA.

3. HaroBapBaHeTo € MOJEIMPaHO CHIIIACHO periia-
MEHTHPAHUTE OT E€BPOIEHCKO 3aKOHOAATENICTBO CHIIH
BJC EN 13749-2011.

4. AHanMM3BT HA pe3yJTaTUTE MOKa3Ba, Ye ca HaluIe
OrpaHWYeH Opol 30HH C HEOCTAThYHA SKOCT. Makcu-
MaJTHATE CTOWHOCTH Ha HaIlPEKEHUATA Ca PETUCTPHpa-
HHU B JIOJIHUS MOSIC HA CTPAHWYHUTE TPENIH, IIapHUPHUTE
BPB3KH, Bph3KaTa MEeX/y [ICHTPATHO-00JTOBaTa Ipe/ia

W CTpaHWYHATA Tpena, TOPHHS TOSC HAa HaUTHKHHUTE
rpenu (yasipkeH). [Ipeanpuern ca MepKu 3a yCHIIBaHE
Ha KOHCprKL[I/IHTa B 30HUTE C HEAOCTAaThb4YHA CTaTUYHa
M JMHAMHYHA SKOCT.

5. Pa3paboTeHnTe N3UMCIUTEITHNA MOJETIN MOTaT Ja
HaMEPSIT IPUIOKCHNUE TP MIPOSKTUPAHE HA HOBH KOH-
CTPYKIIMY BATOHHH TAJIUTH, KAKTO M 32 ONTUMH3AIIHS Ha
TapaMeTPUTE Ha HACTOSIIIATA.
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STRENGTH ANALYSIS OF BOGIE Y-27
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Abstract: The paper contains the results of the static
strength analysis and fatigue assessment of the bogie Y-
27. Theoretical studies have been done using the Finite
Elements Method. All prescribed load cases were
analyzed. Sophisticated three-dimensional calculation
models have been developed describing precisely the
bogie geometry. In the process of models creating the
similarity of the results has been analyzed. This allows
the development of the most suitable schemes with
regard to visualization of the object geometry, input of
the applied loads and reactions and obtaining of precise
enough results concerning the distribution of deforma-
tions, displacements and stresses.

Keywords: Finite
Elements Method.
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MN3CJIEABAHE HA BPEMETO 3A YAKAHE ITPU ITPEMMHABAHE HA
KPBI'OBH KPHBCTOBHIIIA
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Pe3rome: B noxnana ce pasmiexaaT BBIPOCH, CBBP3aHU C €KCIIEPUMEHTATHOTO M3C/IEIBAHE Ha BPEMETO 3a YaKaHE P
NpEMHUHABaHe Ha KPBIOBU KPBHCTOBHIIA. AHAIM3MUPAHH Ca Pe3yJITaTUTE TIOTy4YeHH IIPH M3MEpBaHe Ha HHMBHIYATHOTO
BpEME 3a YakaHEe Ha aBTOMOOWJIMTE Ha BCEKH OT BXOJIOBETE Ha JABE KPBroBU KpbcToBUIL@ B rpan Codwusi, KOUTO ce

OTJIIM49aBaT C BUCOKa HHTCH3UBHOCT.

Knro4oBu qymMu: kpveosu kpvcmosuwa, mpagux, gpeme 3a 4axkame.

1. ¥Box

CKJIOHHOCTTa Ha J1aJieH Bb3en (KPBCTOBUIIE) WA
yuacTbk KbM IITII ce onpenenst OT B3aUMOJEHCTBUETO
MEXKIy TPAHCIOPTHUTE TOTOIM W CJIOXKHOCTTa Ha
IbTHAaTa OOCTAHOBKA NPH U3BBPIIBAHE HA MaHEBPUTE
OTKJIOHEHHE, CIIMBaHe U npecniaHe. ToBa ca Mecrara,
KOUTO BB3MPEISATCTBAT ITBTHOTO JIBIYKCHHUE W TIOPaXK-
JIaT 3aIPBKKHU Ha JBIKCHUETO [2].

3a HaMaIsiBaHe Ha KOH(UIMKTHUTE TOYKH, TIOPOJICHA
OT B3aUMOJICHCTBHETO HAa TPAHCIIOPTHUTE MTOTOIHN TIPH
U3BBPIIBAHE HA PA3IMYHUTE BUIOBE MAHEBPH, CE MPH-
JaraT pa3liiuHA METOJN: PETYJIMPaHe ChC CBETJIMHHA
CUTHAJIM3AIINS FJTH ITHTHHU 3HAIM, BEBEKIAHE Ha €THO-
TIOCOYHO JIBIDKEHHE, KPBrOBO JABWKCHUE U IPYTH [5].

Kpbrororo apmkeHHe € MOIYYHIO TOJISMO TPHJIO-
JKEHHE B MHOTO CTPaHHW TIOpaJy HETOBUTE 3HAUUTEITHH
nperpMcTBa. To HsIMa KOH(MIMKTHH TOYKH KaTo TIPH
KPBCTOBUINE OT JIPYTUTE THUIIOBE, 3alOTO CE CHCTOU
MIPEMMHO OT €JIEMEHTHUTE CIMBAHUS U OTKIOHEHWS,
KOETO T'0 MpaBH 1Mo-0e3omacHo [2].

2. IpennocraBKy M HAYMHH 32 pelllaBaHe Ha
npoodyieMa

Crocobute 3a HaMasiBaHe Ha KOH(QIIMKTHHUTE
TOYKH HaMaIBaT IbTHO-TPAHCHOPTHUTE NPOU3IICCT-
BUS, HO B TIOBEUETO CIIy4YaW yBEIMYaBAT TPAHCIIOPT-
HUTE 33/[PHKKH.

3a 3aJIpBKKA Ha TPAHCIIOPTHUSI TOTOK MOTAT Jia ce
CUUTAT HE CaMO 3aJIPHKKUTE B CIyYauTe Ha CHPEIIH
ABTOMOOWIIM HAa BXOJIOBETE HA KPBCTOBHUINATA, MPE]
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JKEJIE30ITBFTHUTE TIPENIE3H U T. H., HO U 3aAPHKKUTE TIPH
JIBIDKEHHUE C MO-HUCKH CKOPOCTU OT pa3perieHUTe 3a
JTAEeHNS YIacThK OT BT [3].

[IpoxsmKUTENHOCTTa HA 33JAPHKKUTE HA HEpery-
JIMPAHO KPBHCTOBUILEC 3aBHCH OT KOH(Urypanusta Ha
KPBCTOBHUIIIETO U XapaKTEPUCTUKHUTE HAa TPAHCIIOPTHUSI
MTOTOK KBM BCEKH OT ITOJIXOIUTE Ha KPBCTOBHITIETO. 3a
KPBCTOBUIIIA, PETYJIUPAHU C ITFTHU 3HALM, IOTOKBT, HA
KOWTO € JajieH MPUOPUTET, IPEMUHABa 0e3 CIUpaHe, T.
€. HAMa 3aJPBXKKHU. [IpoaBIDKUTEHOCTTa Ha 3apPhXK-
KHTE TIPY BTOPOCTENEHHUSI TIOTOK 3aBUCH OT MHTEpBaIa
MEXKTy aBTOMOOMJIMTE B OCHOBHUS TIOTOK. [Ipy BEBEX-
JIaHe Ha peryJmpaHe ChC cBeTo(apHa ypenoda ce sBsBaT
3apHKKA U TIPY JBaTa MOTOKA, KOETO IMOKa3Ba, 4e C
TO3M METO]] HeBUHATH CE€ HaMasiBa o0IIara 3a/jphKKa
Ha KpbcToBuIeTo [1].

OnpenenssHeTo Ha TPAHCTIOPTHHUTE 3aIpHKKH €
BB3MOXKHO J[a C€ U3BBPIIIH [0 PA3IMIHU HAYMHU, KOUTO
ce Tpejyiarat OT CIEeIUAINCTH B 001acTTa Ha OpraHu-
3aIusITa, YIPABICHUETO W MOJCIHUPAHETO Ha JBIDKE-
HUETO B TPAIICKH YCIIOBHSL.

3aIpBKKUTE HA HEPEryIHpaHO KPHCTOBUILE CE
OIPENIEIIAT IO CIIeIHATA 3aBUCUMOCT [6]:

fo_ o da

t2w = tlw X mln[”—B, 1], (1)
KBJIETO

fo_ (k=1

1, = 0.05 % [F== = p|, )

KBIIETO n € OposT Ha JICHTHTE HAa BXOJa Ha
KPBCTOBHIIIETO;



[t — OpOSIT aBTOMOOWITH, TIA/IAIN C€ Ha STUH METHP OT
[IMPUHATA HA IUIATHOTO 3a JIBUXKEHUE OT ChOTBETHHS
IIOTOK 32 SJIUH Yac;

B — mmprHa Ha TPTHOTO TIIATHO, M;

k — OpOSAT Ha JICHTUTE Ha U3X0J[a Ha KPBbCTOBHMIIIETO;

p — OposT Ha 3a0paHEHHUTE 3aBOM Ha KPHCTOBUILIETO;
n(k — 1) — OposIT Ha BB3MOXKHHTE JBMKEHHUS (TIOCOKH)
Ha KPBCTOBHUIIIETO.

IIpencraBenara 3aBucumoct (1) Moxke ma ce
M3M0JI3BA 32 OIIEHKA Ha 33JIPHKKUTE U Ha KPBCTOBHIIIE,
PETyJIMpaHo C ITHTHHU 3HAIM, OKa3BaIN PEIIIMCTBO Ha
€JIUH OT MOTOIIMTE.

BapuaHTy Ha U34HCIICHUS 32 BPEMETO 3a YaKaHe Ce
mpemaraT u B [7], KpAETO ce IMocouBa, Ye odmiara
3aipbxkka (4,) Ha aABTOMOOWIMTE B OMAllka B
OIIpE/ICNiCH WHTEepBal OT Bpeme (4, ) € IUIoNITa,
3aKITI0YeHa MEXK]Ty Ha9aIoTo M Kpasi Ha MHTepBaa:

t, = /,’12 L(t)dt. 3)

[Tocovenara BenruMHa 32 TPAHCTIOPTHA 33IPHKKA
BKJIIOYBA 3aJIPBHKKAaTa HA aBTOMOOHMJIMTE, KOUTO ca B
OllallIKa CJIe/l HAYaJlOTO Ha M3CJIENIBAHMS MHTEpBAT /1,
HO M3KJIIOYBAa HaMaJleHaTa 3apbXKKa Ha aBTOMOOWIIH-
T€, KOUTO NMPEMHHABAT Mpeayu Kpas Ha U3CIIEIBAHUA
HHTEpBAJI f.

Bb3MoxHH ca H34MCiIeHns Ha BPEMETO 3a YaKaHe,
KOMTO CE€ OCHOBaBaT Ha CKOPOCTTA HAa JIBIKEHHE Ha
MPEBO3HUTE CpeAcTBa. B HiIKOM OT pasrienaHuTe
BapHaHTH Ha U34UCIIEHHUS Ce IPUeMa, Y€ aBTOMOOMIINTE
NPUCTUTaT PaBHOMEPHO M HMHTEH3UBHOCTTA € KOH-
CTaHTa, KOETO IOBEXA /IO MPELIKH IPH ONpEEiIHe Ha
pearTHOTO BpeMe 3a YyakaHe Ha apTomoowmte [7].

TouHa oIeHKa Ha TPAHCIIOPTHUTE 3aJPHKKU Ce
MoJTy4yaBa MpHU U3MEpPBAHE Ha UHAWBUIYAITHOTO BpeMe
32 yakaHe Ha BCEKH aBTOMOOMJI. ToBa € MOCTHKMMO
IIPY HaJIM4ue Ha HEOOXOIMMHTE TEXHUYECKH CPEACTBA
3a HErOBOTO OMpEAENSIHE WIH MU JIMIICa Ha TaKuBa
cpelcTBa — OCHIypsIBaHE HA JIOCTaTbyeH Opoi
HaOJIFo/IaTeN! 3a rapaHTUPaHe Ha JOCTOBEPHOCTTA HA
H3MEPBAHETO.

LenTa Ha mpoBeEHOTO U3CIIEBAaHE, TEMA HA HACTO-
SILIMST AOKJIaM, € yCTAaHOBSBAHE HA PEaHH CTOMHOCTH
Ha TPaHCHOPTHUTE 3aIPBKKU IPHU NPEMUHABAHE HA
KpPBroBH KPBCTOBMIIA, XapaKTEPU3UPAILK CE C BUCOKA
HMHTEH3UBHOCT Ha TPAHCIIOPTHUTE HOTOLIH.

OO0eKkT Ha W3CIEIBAHETO Ca JIBE OT KPBIOBHUTE
KkpberoBuina B rpan Codust — Ha I noma Ha aBuanus-
Ta“ u Ha TeneBusnonHa Kyna. CxeMu Ha KpbCTOBHIIATA
ca IoKa3aHy cboTBeTHO Ha Durypu 1 u 2. CtoiftHOCTHTE
32 WHTEH3UBHOCTTa Ha TPAHCIOPTHHUTE MOTOLM
obocHoBaBar TexHUAT n3dop. [Ipe3 kpbeToBUIETO HA
,» | LJI0IIa T Ha aBUaIsTa" IPEMUHABAT ITPUOIU3UTEITHO
5500 aBt/9 3a cyrpenmHus HKOB rreprof ot 08:30 mo
09:30 yaca. 3a chIIMAT NIEPUOA TIPe3 KPBCTOBUILETO HA
TeneBusnonHara Kyna npemuHaBat Haj 7000 aBt/4 [4].
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Quzypa 2. Cxema Ha KPbCTOBUILETO HA
TeneBu3nOHHA KyJIa.

3. Pe3ysiraTu v iucKycust

WzcnenBanero BKIIOYBA W3MEpBaHE HA HMHIWBU-
IyaTHOTO BpEME 3a YaKaHe Ha aBTOMOOWINTE IIPH
MOCTHIIBAHETO MM 32 MIPEMHUHABAHE MPe3 ChOTBETHOTO
KpbcToBuIle. [IpoBeneHO € B JETHUYHM OHU TIpe3
Mecell toHu 2016 roauna. Ilepuona Ha u3MepBaHe €
cytpenmauaT muk Mexay 08:00 u 09:00 gaca. Otunra-
HETO Ha BPEMETO C€ OCBHLIECTBSBA C IOMOILITAa Ha
XPOHOMETBP, KOWTO Ce BKITFOYBA B MOMEHTA Ha IPHUCTH-
TaHe Ha aBTOMOOWIJI B Kpas Ha OIaIlKaTa OT JaKaIly
MIPEBO3HU CPEJICTBA 33 BCEKH OT BXOIOBETE HA CHOTBET-
HOTO KPBCTOBHMILE MU C€ HM3KII0YBA B MOMEHTa Ha
TTOCTHITBAHE Ha CHINMS aBTOMOOMII B JICHTA OT KphI'a Ha
KPBCTOBHUIIIETO C MOBEJCHHUE, KOETO MIOKAa3Ba, Y€ € JacT
OT JBIIKEIUTE CE AaBTOMOOWMIIM B Ta3H JIEHTA.
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3a menmmTe Ha M3CIEIBAHETO BXOOBETE Ha M30pa-
HHUTE KPBCTOBHMIIA CE O3HAYMXA KAKTO € IOKAa3aHO Ha
Ourypu 3 u 4.

Pesynratute OT W3MepBaHMSATA ca TOKA3aHU B
tabnuiia 3.1 u Tabnuna 3.2.

Bmwxna ce, ue Ha kpbcTOBHIIETO Ha ,,Ilnoman Ha
aBHaLMATa" HAU-TOJIIMO BPEME 3a YaKaHe UMAaT aBTO-
MOOMIINTE, KOMTO TIOCTHIBAT mpe3 BXox 1 u Bxoxm 3.
ABTOMOOMIIUTE  TIOCTBIIBAIIIM  TPE3  OCTAHAIUTE
BXOJIOBE C€ OTJIMYAaBaT C HEKOJKOKPATHO MO-MAIIKO
BpEME 3a YaKaHe, KaTo CTOMHOCTTa My € Hal-MaJjika 3a
MPEBO3HUTE CPENCTBa OT BXoA 4. 3a aBTOMOOWIHTE
MOCTHIIBAIIM TIP3 BXOX 3 ce 3a0eisi3Ba 3HAYMTEITHO
MOBHUINIABaHE Ha BPEMETO 3a YaKaHe Tpe3 MOCIIEeTHUTE
10 mMuHYTH OT mpoBeneHoTO H3ciensaHe. [logoOHa
TCHJICHIIMS Ce HaOJII0/IaBa ¥ TPH aBTOMOOWIUTE OT
BXOJ1 5, TIpY KOWTO TIOBHIIIABaHE HA BPEMETO 3 YaKaHe
e peammupano npe3 reproza ot 08:00 no 08:10 gaca u
ot 08:30 mo 08:40 waca. CroifHOCTHUTE 3a CpeTHUTE
BpEMeHa 3a YaKaHe 332 BCEKU OT BXOJIOBETE Ha KPBhCTO-
BHUILIETO Ca OHarJieieHn Ha durypa 5.
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Quzypa. 3. O3HauCHUE HA BXOJIOBETE HA
KPBCTOBUILIETO Ha ,,Jnoman Ha aBuanusTa‘.
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Quzypa 4. O3HaueHNe HAa BXOJIOBETE HA
KPBCTOBHIIIETO Ha TeJIeBU3NOHHA KyJIa.
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3a KkpwCcTOBHINETO Ha TeneBM3MOHHA KyJjla Haii-
TOJIIMO BpEeMe 33 YaKaHe MMaT aBTOMOOHJIMTE, KOUTO
nocthrBat ot Bxox 1. [IpeBo3nuTe cpeacta oT ocra-
HAJINTE BXOJOBE MMa MPUOIU3UTEITHO €IHAKBO BpeMe
3a YakaHe. 3a aBTOMOOMIMTE OT BXOZ 1 OTHOBO ce
Ha0JII0/jaBa TIOBUIIIABAHE HA CTOMHOCTUTE HA M3CIIE-
BaHMS MOKa3zaren B rocnenaute 10 MUHYTH OT ieproa
Ha m3MepBaHe. CTOMHOCTHTE 3a CPEIHUTE BpeMeHa 3a

JaKaHe ca oHarJiesieHu Ha durypa 6.

Tabnuya 1. Bpeme 3a yakaHe Ha KPBCTOBHIIIETO Ha
,. ] LJToIa ] Ha aBHaImsaTa’.

Ilepuonm Ha Nena BpeMe 3a qaKaHe, CeK.
uzMepeade | mamepeadeTo |Bxom 1 |Bxop 2 |Bxop 3|Bxon 4|Bxog 5
1 71 25 148 38 122
0800 - 0810 2 103 41 70 14 139
3 131 27 45 12 130
4 162 38 89 19 94
5 308 60 130 47 30
0810 - 0820 6 266 73 140 21 62
7 238 29 173 24 26
3 243 55 196 27 65
9 345 47 187 21 59
08:20 - 08:30 10 289 81 180 13 42
11 304 71 199 21 63
12 289 48 210 47 62
08:30 - 08:40 13 274 33 216 86 114
14 258 37 170 18 104
15 273 55 312 73 122
08:40 - 08:50 16 221 39 295 16 116
17 252 70 388 61 95
18 266 41 344 34 72
08:50 - 09:00 19 235 46 552 82 37
20 291 62 426 35 48
CpenHo BpeMe 3a YaKaHe, CeK 242\ 52.4| 2235 3545 816

Tabnuya 2. Bpeme 3a yakaHe Ha KPBCTOBHIIIETO HA
TeneBru3noHHA KyJia.

ITepuon Ha Ne HR Bpeme 3a yakaHe, cex.
miMepeane | naMepeaneTo |Bxon 1|Bxon 2|Bxon 3 |Bxom 4
1 158 76 72 23
08:00 - 08:10 2 58 63 48 21
3 86 52 86 29
4 152 39 51 17
3 102 30 63 36
08:10 - 0820 6 La 48 38 26
7 35 62 35 34
g 38 23 33 37
9 68 33 81 49
0820 - 0830 10 71 57 45 41
11 91 31 93 35
12 56 35 37 30
08:30 - 0840 13 57 53 106 52
14 83 50 70 57
15 84 56 61 72
08:40 - 08:50 16 54 48 37 62
17 70 28 43 54
18 127 54 25 23
08:50 - 09:00 19 135 58 45 31
20 109 52 3% 23
Cpenno BpeMe 3a yakane, cex| 87.9) 474 574| 3885
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Queypa 5. CpemnHo BpeMe 3a YakaHe 3a BCEKU OT
BXOJIOBETE HA KPBCTOBHIIETO Ha
L JToIa Ha appanusara‘.
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Dueypa 6. CpeHO BpeMe 3a YaKkaHe 3a BCEKU OT
BXOJIOBETE Ha KPBCTOBUILETO HA TelneBU3UOHHA KyJIa.
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Bonpexu pa3nmmaHATe CH TApaMETPU H3CIIEABAHNUTE
KPBCTOBHITIA TTOKAa3BaT OJM3KHM CTOMHOCTH Ha BpeMe-
HaTa 3a yakane. [IpeacraBenute or MianeHos B [4]
JIaHHM [TOKa3BaT U OJIM3KM I10 3HAYEHUS CTOMHOCTH Ha
WHTEH3UBHOCTTA T10 BXOJIOBE, KOETO MOXKE JTa € TIPEIIIO-
CTaBKa 3a OOSICHEHME Ha M3JIOKEHOTO. M3Kimrouenue
MIPaBsT aBTOMOOWINTE OT BXOA 1 1 BX0O1 3 Ha KPBCTO-
BHIIIETO Ha ,, ] [;Tomma ] Ha aBuaImaTa“, 3a KoeTo OKa3BaT
BIIMSIHAE BHJA HAa KOPECIIOHICHIIMUTE 3a TOBa
KPBCTOBHIIIE.

3axiniouenne

I/ISBT)pHIeHOTO H3CJICABaHE ITOKa3Ba, Y€ BPEMETO 3a
YakaHE IpU MPpEMUHABAHEC HAa KPBIOBU KPBHCTOBHUIIIA,
KOUTO CC€ XapaKTCpu3npaT ¢ BUCOKH CTOMHOCTH Ha
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MHTCH3UBHOCTTA HAa TPAHCIIOPTHHUTE ITOTOLM, HOCTHII-
Ballli KbM TSIX, HE CE BiHMse OCOOCHO OT KOH(HTY-
paiuaTa Ha KPHCTOBHIIETO. 3a CpelHa CTOMHOCT Ha
TPaHCIIOPTHATA 3aAPBKKA, 38 H3CICABAHUTE KPBCTO-
BUIIIA, MOXKE JIa CE MPHUEME €JHA MHHYTa, KOSTO Jia Ce
KOpPHUTHpa B 3aBUCHMOCT OT CIEHHU(DUYHUTE YCIOBHS,
NpH KOUTO TMPOTHYA JBIDKCHHETO MO TpHMepa Ha
yakalure aBTOMOOMIM Ha HIKOM OT BXOJOBETE Ha
KpBCTOBUIIETO Ha ,, I [omia Ha aBuanmsTa®.
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AN INVESTIGATION OF THE
WAITING TIME AT ROUNDABOUTS
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Abstract: The report examines issues related to the
experimental study of waiting times when crossing the
roundabouts. Analyzed the results obtained by
measuring the individual waiting time of vehicles at
each of the entrances of the two roundabouts in Sofia,
which are characterized by high intensity.
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MN3CJIEABAHE HA BPEMETO 3A IBUKEHUE B KPBI'OBU KPBCTOBUILA
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Pe3tome: OcHOBHATa TeMa 3aCThIICHA B JOKJIaJla € U3CJICABAHC Ha BPEMCTO, H€06XO,HI/IMO 3a JIBWJKCHUC B KPBI'OBU
KPBbCTOBHILIA. CpaBHSIBaT CC€ IMMPOCKTHUTE CKOPOCTHU HA ABMIKCHUE C PCAJTHO MIOCTUTHATUTE IPHU CHbOTBETHUTC CTOMHOCTH

Ha MHTCH3MBHOCTTA HAa TPAHCTIOPTHUTEC MOTOLIH.

KirouoBu 1yMu: kpwveosu Kpbemosuwa, mpaguk, 6peme 3a 08UdiCeHue, CKOPOCH Ha O8UdICEHUE.

1. ¥Box

Kpbroeoro apmwxeHre Mo3BOJISIBA Ja CE€ IMOCTUTHE
3HAUUTEIHO TIONOOpSBaHE HA OpraHW3alusaTa M
0e301MacHOCTTa Ha ABM)KEHHETO. Y CIIENTHO ce TIprJiara
B CJIOKHU KPBCTOBHUINA, BB3IM U TPAIACKU ILIOMIAIN
KaKTO Ha €IHO, TaKa U Ha roBeue HuBa. [1].

Wsrpaxxmaneto Ha TakbB THII CHOPHKEHHE €
00OCHOBAHO TIPY M3IIBJIHEHHE HA HAKOE OT CIICTHUTE
YCIIOBUS: HAIMYME HA TMOBEYE OT YETUPU KIIOHA Ha
KPBCTOBHIIIETO, BUCOK MIPOIICHT HA 3aBUBAIIUTE HAJISBO
MOTOIM, HEJOCTaThYHA IMUPUHA 3a FRTPAKIAHE Ha
OTJEJTIHU JICHTH 3a 3aBUBALIIUTE MTOTOLU U ApyrH [3].

Hapen ¢ mpeamuMcTBaTa Ha KPHroBUTE KPHCTOBHINA,
KOHTO Ca CBBP3aHHU C 0e30IacHOCTTa Ha JBIKEHHETO,
CBIIECTBYBAT U HSAKOHM HEJOCTATHIM KAaTO 3aTPyAHEHO
OpraHu3UpaHe Ha IEMIEXOAHOTO JBIKEHIE U HaMals-
BaHE Ha CKOPOCTTA Ha MPEBO3HUTE cpezcTna [1].

2. IpennocraBKu M HAYMHH 32 pelllaBaHe Ha
npoodyieMa

EdexTtuBHOTO H3MOI3BaHe HA KPBrOBOTO JIBIKEHHUE
3aBHCH TJIABHO OT MPABWIHOTO Opa3MepsiBaHE Ha
JMaMeTbpa Ha LIEHTPAIHHUS OCTPOB, OT ABKUHATA HA
JVHUWATE HAa CIMBAaHUSTA W TPEIUIUTaHETO, OT
[MpHHATa Ha ITHTHOTO IUTAaTHO | ApyTH. Te3n pazmepn
3aBUCAT OT MHTEH3UBHOCTTA U CKOpPOCTTa Ha
nBrokeHneTo. [IpomyckarenraTa ciocoOHOCT B 30HaTa
MIPEIUINTaHe CHIIO € BBB (DYHKIHA OT CKOPOCTTa Ha
nekenne [1]. ToBa Hamara BEB&KIAHETO HA M3UCKBA-
HUSI OTHOCHO IBJDKUHUTE Ha JIMHUUTE HA PETIUTAHE U
pamiyca Ha TEHTPATHUS OCTPOB B 3aBHCHMOCT OT
MPOEKTHATa CKOPOCTTa Ha IBIDKEHHUE B Kpbra [4].

WzcnenBane Ha BpeMeTO 3a ABU)KEHHE B KPBIOBUTE
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KPBCTOBHIIIA JIaBa WH(OPMAITHS 32 ChOTBETCTBUETO Ha
MIPEABUJCHUTE CKOPOCTH Ha JBIDKCHHE C PeaHo
TIOCTUTHATHUTE TIPY PEMHUHABAHE TIPe3 KPBCTOBHUILETO.
OO0ekT Ha M3CIeIBaHe ca IBe KPHroBU KPHCTOBHIIA
B rpaj Codust — KpbCTOBUILETO Ha , I o1a Ha aBua-
usTa® ¥ KpbCTOBUILETO Ha TeneBu3noHHa Kyna. Te ce
OTJIMYABaT C BUCOKH CTOWHOCTM Ha MHTEH3MBHOCTTA,
KOETO € MpEeANOoCcTaBKa 3a TexHus u3oop [2]. Cxemu Ha
KPBCTOBHUIIIATA ca MoKazaHu Ha Ourypu 1 u 2.
KpbcroBumero Ha ,Jlnoman Ha aBuanusira® e c
pamuyc Ha IISHTPATHUAT OCTPOB 85 M. 3a BCEKH OT BXO-
JIOBETE € OCUT'YPEH MOAXOJ C IBE JICHTHU 3 ABUKCHUE.
B kpbra qBmKeHNeTo ce OCBIECTBsIBA B TPH JISHTH TIPH
HaJIM4re Ha ChOTBETHUTE 30HU 3a TperumTane. Cropesn
Hape0a No 2 3a myIaHupaHe v IPOSKTUPaHE Ha KOMYHU-
KaI[MOHHO-TPaHCIIOPTHUTE CHCTEMH Ha ypOaHHM3Upa-
HUTE TepUTOprH [4] poeKTaHTa CKOPOCT Ha BIDKEHHC
B KPBCTOBHIIETO € Mex 1y S0 kv/4 1 60 xm/4.
Kpncropuiiero Ha TeeBU3MOHHA KyJia € C Pajuyc
Ha LIEHTpaJIHUs OCTPOB 24 M. 3a BCEKU OT BXOJIOBETE €
OCHT'YpEH TIOAXOJI C JIBE JICHTH 3a JIBIDKeHne. B kppra
JIBIDKEHUETO CE€ OCBIIECTBABA CHITIO B JIBE JICHTH IIPH
HallM4ure Ha ChOTBETHU 30HHM 3a mperumrane. Cropesn
HapemOa Ne 2 3a TutaHUpaHe 1 MPOSKTHPaHE Ha KOMYHH-
KaI[MOHHO-TPAaHCIIOPTHUTE CHCTEMH Ha ypOaHHM3Upa-
HHUTE TEPUTOPUH [4] CKOpOCTTa Ha JABM)KEHUE B Kpbra
Ha KPBCTOBUINETO TPsIOBa Aa € mo-Majka oT 30 km/d.

3. Pe3ysiraru v iucKycust

[IpoBeneHoOTO M3CIEABAHE BKIIOYBA WU3MEpPBAaHE Ha
BpPEMETO 3a JIBIKEHHE B KPBIa HA OT/IEITHUTE aBTOMO-
O¥TH, KOWTO ITOCTHITBAT B M3CIICIBAHUTE KPHCTOBHITIA.
N3BwpITieHO € B NEHUYHY THU 1pe3 Mecel] o 2016
roauHa 3a cytpeHuAT nuk ot 08:00 no 09:00 yaca.



M3mepBaHmsITa OTINTAT BPEMETO OT TIOCTHIIBAHE Ha
aBTOMOOMJIA B 30HATA HA MPEIUIUTAHE OT CHOTBETHUS
BXOJl JO HaIyCKaHe Ha 30HaTa 3a MpEIUIUTaHe Ha
CBOTBETHHS U3XO]I.

BxomoBete u uzxonuTe Ha M30paHUTE KPHCTOBHINA
ce HOMepHpaxa Mo HauuH mnoka3zaH Ha Durypa 3 3a
KpbCTOBUIIETO Ha ,llmoman Ha aBuanusaTa™ M Ha
®durypa 4 3a KpbCTOBHUIIETO HA TelleBU3MOHHAA KYJIa.

Hanpagenu ca mo MUHUMYM JieceT U3MEpPBaHUSA 3a
JIBIDKEHUETO OT BCEKU BXOJ KbM BCEKH HU3XO0/I C H3KIIIO-
YeHHE Ha JIBIKEHHETO OT BXOJ[ JIO CHIIMAT 10 HOMEP
U3XO0/1. 3a Te3H CIydau U3MEPBAHUATA Ca 110 TPH Mopa-
W PEIKHTEe ClIyyad Ha TOAO00OHHM KOPECIOHJICHIHU.
CpenHute CTOMHOCTH Ha BpPEMETO 3a JBW)KEHHE B
Kpbra, OT BCEKH BXOJ KbM BCEKH H3XO]l HA U3CIICABA-
HUTE KPBCTOBHIIIA, ca IpejcTaBeHu B Taomumm 1 u 2.
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Quzypa 1. Cxema Ha KPBCTOBUILETO HA
,Jnoman Ha aBuasTa‘.

cnupKa
‘TenesnanoHHa kyna®
[

Quzypa 2. Cxema Ha KPHCTOBHILIETO HA
TeneBu3noHHa KyJa.
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H3mepeHo e 1 pa3cTOSHNETO, KOSTO aBTOMOOMITHTE
M3MHUHABAT MEXKIY BXOJIOBETE M U3XOAUTE Ha KPHCTO-
Buinara. Pesynrarure ca nokasanu B TaOmmim 3 u 4.

[TosydyenuTe pe3yaTatd OT U3MEpBaHUATA Ha
BPEMETO 3a JBIKCHHE B Kpbra Ha aBTOMOOWJIMTE
MOCTHITWIIA B W3CIIEABAHUTE KPHCTOBHUINA U U3MEpe-
HUTE Pa3CTOSHUSA 10 KOPECIOHAEHIMHU 3 BCAKO OT TSIX
JIaBaT Bb3MOXHOCT 3a OIpPEIEIISIHE HA CKOPOCTUTE Ha
JIBIDKEHHE OT BCEKH BXOJ KbM BCEKH U3X0[l. Pe3ynra-
TUTE OT U3UUCIICHUATA 32 BCSIKO OT KPBCTOBUILATA CA
nokaszanu B Ta0muim S u 6.

[TosydyeHuTe CTOMHOCTH 3a KpPBCTOBHUILETO Ha
L JIOIal Ha aBHAIMATA™ TOKA3BaT, Y€ IMPOEKTHATa
CKOpPOCT Ha JBIKCHHUE HE C€ IOCTUra 3a HUKOS OT
KOPECTIOH/ICHIIUUTE MEXKITy BXOIOBETE U M3XOIHTE.
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Q@uzypa 3. Homepanus Ha BXOJOBETE M U3XOIUTE HA
KpbCTOBUIIIETO Ha , I [0m1an Ha aBHanmsTa®.
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Queypa 4. Homepanus Ha BXOJOBETE U U3XOJIUTE Ha
KpPBCTOBHUIIIETO Ha TeneBU3nOHHA KyJIa.
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Tabruya 1. CpemHO BpeMe 3a JBIDKSHHE 10
KOPECIIOHJICHITMH 32 KPhCTOBHIIIETO Ha
L, 111011 Ha aBUanuysTa‘.

Bpewme 3a Ot BXOT
JIBIDKEHHE, CEK. 1 b 3 4 5
1 40.0( 4.8] 17.1] 28.6] 29.1
KM 2 28.3( 36.3] 4.5| 16.3] 22.5
M3X0N 3 20.6( 26.7| 43.3] 52| 98
4 5.6] 19.1 23.3| 47.0| 37.7

Tabnuya 2. CpesiHO BpeMe 3a IBIXKSHHUE 10
KOPECIIOH/ICHIIUH 32 KPHCTOBUINETO HA
TeneBn3noHHA KyJia.

Bpewme 3a Ot BxOAt
JIBIDKEHHE, CEK. 1 2 3 4
1 19.7) 49| 142 8.0
KbM 2 14.6] 21.0| 10.3| 4.4
13X0n 3 45| 11.0] 21.3] 13.7
4 7.7( 149 4.6] 203

Tabruya 3. PazcTosiHME HA KOPECTIOHICHITUNTE 32
KPBCTOBHUIIIETO Ha , I l1o1a  Ha aBrarmsTa.

OT Bx0J
Pascrosnue, m
1 2 3 4 5
1 4801 42| 180] 300| 350
Kem 2 320] 440| 40| 160 210
M3X0[1 3 210] 310| 460 30 90
4 41| 160 310 420 470

Tabnuya 4. Pa3crosiHre HAa KOPECTIOHISHITUHTE 32
KpbcToBHUIIETO Ha TeneBu3noHHa KyJa.

OT BXOJ
Pascrosinue, m
1 2 3 4
1 173 431 120 63
KM 2 130( 190 82 27
H3XO0T 3 38| 100 176| 135
4 701 143 331 175

Tabnuya 5. CkopocT Ha IBIDKEHHUE TI0
KOPECTIOHICHITNH 32 KPBCTOBHIIETO HA
L JLTo11a1 Ha aBuanmsaTa’.

CxkopocT Ha Ot BxOJ
JIBIDKCHHE, KM/4 1 2 3 4 5
1 43.2( 31.6| 37.9| 37.7] 43.3
KeMm 2 40.7( 43.6| 32.0] 35.3] 33.6
U3XO0J, 3 36.8] 41.9| 38.2] 21.0] 33.1
4 26.4( 30.1| 47.8| 32.2| 44.9
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Tabauya 6. CKOpPOCT Ha IBIDKEHHE TI0
KOPECIIOH/ICHITH 32 KPhCTOBUILIETO Ha

TeneBusnoHHa KyJia.
Cxopocrt Ha Ot BXOI
JIBWDKCHUE, KM/4 1 2 3 4
1 31.7] 31.5( 30.4( 28.4
KM 2 32.11 32.6| 28.7| 22.3
H3X0A 3 30.21 32.7| 29.7| 35.4
4 32.9] 34.6| 25.6( 31.0

Haii-Bucokara cKOpoCT Ha JIBUKEHHE, TIOCTUTHATA
TIpY IBMKEHUE MEXTY BX0J 5 ¥ n3xon 4, € ¢ okoso 20%
MO-HUCKAa OT TPOEKTHaTa, a CpelHara CKOPOCT Ha
BCHYKH KOPECTIOHICHINY € ¢ TprOm3uTenHo 35% mo-
HIHCKa OT Hesl.

Pesynrarute mokasBar, 4e CKOPOCTTa Ha JIBIKEHHE
TIPH TOJISIMA YacT OT KOPECTIOHICHITNHUTE MEKIY BXOIO-
BETE U M3XOAWTE 33 KPHCTOBHIIECTO Ha TeneBU3nOHHA
KyJia € [0-BUCOKa OT CKOPOCTTA 3a JBIKEHUE B KPbIa,
onpenenena B [4]. [Ipu ToBa 3aBUILIEHUETO HA CKOPOCT-
Ta MeX1y Bxoa 4 n m3xox 3 e ¢ Hax 15%. B octanammre
ciryyaun To € Mexy 5% u 10%.

3a pasriexaaHuTe KPBCTOBHINA IO OTICIHO Ce
HaOIrOaBaT TMPHOIM3UTEITHO C€THAKBH CKOPOCTH Ha
JBIDKEHUE TIPU OJM3KK CTOMHOCTH 33 Pa3CTOSHHSTA
MEXKTy BXOIOBETE U M3XO/UTE, HE3aBUCHMO OT UHTEH-
3WBHOCTTA Ha KOPECTIOHACHIIHTE [2].

B ciyyaute, mpu KOUTO pa3CTOSHHATA MEXITY
BXOJOBETE M M3XOIOWTE Ha JBETe KPBCTOBUILA ca
MpUOJM3UTEITHO €JTHAKBY B TOBa Ha ,,I lioras Ha aBua-
nusATa’ ce peam3upar mo-BUCOKM CKOPOCTH Ha JIBUKE-
HHE B KPbIa, KaTo pa3IMKUTE MOTar Jia ce OOBBpPIKaT C
payca Ha IEHTPAITHHS KPBT U TBJDKUHATE HA 30HHUTE
Ha TIpeTUINTAaHE.

BpeMer 0 3a IBM)KCHUE B KPbI'a OKa3Ba BJIIMAHNC U HA
Oposi aBTOMOOMIM, KOUTO MOIaT Ja MpeMUHAT Ipe3
KpbcroBumieTo. [Ipu mo-manko Bpeme, KakBOTO €
W3MEPEHO Ha KPBHCTOBHIIETO Ha TeleBM3MOHHA KyJa,
npeMuHaBaT ¢ okono 45% moBeye aBTOMOOMIA B
CpaBHEHHE C KpbcTOBHIIETO Ha ,llmoman Ha
aBUalMATA® 33 €IUH U ChIIU MIEPUOJL OT ACHOHOUIUETO
[2], xoeTo e mpUONMM3KUTETHO PaBHO HAa pa3jivKaTa B
CPEemHOTO BpeMe 3a JBWKEHHE B KpPbra MEXIy JBETe
KPBCTOBHIIIA.

3akiouenne

Pesynratute oT mpoBENEHOTO H3CIEABaHE AaBaTr
nH(pOpMAINS 32 pean3upaHnTe PEaTHA CKOPOCTH Ha
JIBIDKEHUE B KPBrOBU KPBHCTOBHIIA C PA3IMYHU PaIUy-
cH Ha neHTpanHus Kpbr. Oka3Ba ce, 4ye KpPbrOBHUTE
KPBCTOBUIIIA C TO-MAITBK PaJIyC W3ITBIHSABAT ITHJIHO-
[IEHHO CBOETO IpeAHAa3Ha4YeHHe, KaTo JAaBaT BH3MOXK-
HOCT 3a peasi3upaHe, a B HAIKOH CIIyYaH U 3aBUILIaBaHEe
Ha HOPMATHUBHO ONPEJIENICHUTE CKOPOCTH Ha JIBIDKEHHUE
B Kpbra.



IIpu kpbecTOBUILIETO Ha ,,I IT0IIIa/] HA aBUanUsATa™ Ce
OKa3Ba, 4e MPOEKTHATA CKOPOCT Ha JBIDKEHHE HE MOXKE
Ja ObJe TOCTUTHATA W KPBHCTOBUINETO YCIIABA Jia
TIPOIYCHE TO-MaJIKO aBTOMOOWIIA Ja TpEMHHAT IIpe3
HETO B CPaBHEHHE C KPHCTOBHUIIETO Ha TeneBH3HOHHA
KyJa.
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cucteMu Ha ypOaHmupanute Tepuroprn (00H. JIB,
0p.86 ot 1 okromBpu 2004 1.).

AN INVESTIGATION OF THE TIME FOR THE
MOVEMENT IN ROUNDABOUTS

DURHAN SALIEV

Technical university - Sofia, Bulgaria
durhan_saliev@tu-sofia.bg

Abstract: The main theme in the report is a study of
the time required for movement in roundabouts. The
design speeds and the actually achieved speeds with the
corresponding values of the intensity of traffic flows are
compared.

Keywords: roundabouts, traffic, time of movement,
speed of movement.

BulTrans-2016



BulTrans-2016
Proceedings

14-16 September 2016
Sozopol

OIIEHKA HA BJIMSTHUETO HA CTOMHOCTTA HA BIWJIETA BHPXY BPOSI HA
INPEBO3EHUTE ITbTHULIX C OBIUECTBEH TPAHCIIOPT B I'P. CO®UsA

AypPXAH CAJIMEB

Texumuecku yausepeutet - Codust, Codust, Benrapus
durhan_saliev@tu-sofia.bg

Pe3stome: B nokiaza ce npeacTaBsT pe3ynTaTd OT IpUIIaraHeTo Ha METOJMKA 33 OLEHKA Ha BIIMSHHETO Ha Pa3iniH{
napaMeTpy BbpXy H300pa Ha BHJIa TPAHCIIOPT TP IIPUIBHKBaHE B rpagoBere. OObpHATO € BHUIMAHUE Ha BIIMSHUETO Ha
CTOWHOCTTA Ha OuiIeTa 3a IOJI3BaHe Ha OOIIECTBEH TPAHCIIOPT BHPXY Opost Ha MPeBO3EHUTE MBTHUIM B TP. Codust.

KorouoBu xymu: obwecmeen mpancnopm, usobop Ha 6u0 mpaHcnopm.

1. YBox

W360pa Ha BHAa TpaHCHOPT 3a MPUABIDKBaHE Ha
HACEJICHHNETO B TPaJOBETE 3aBUCH OT MHOXKECTBO
(axTopu. YacT oT TIX ca CBbp3aHU ChC CKOPOCTTa HA
NPUJIBMKBAHE, PETYJSIPHOCT HA MPEBO3UTE, KOMPOPT-
HOCT ¥ Apyru. KaTo 0CHOBHU ce ompeaesaT BpeMeTo 1
pa3xomuTe 3a MbTyBaHe [2].

IIpe3 2016 roguna B rp. Codus 6e B3eTO pelicHue
32 TOBHIABAHE LIeHaTa Ha Owiera 3a €IHOKPATHO
IIBTYBaHE C IPaJCKu OOIIECTBEH TPAaHCIIOPT che 60 %.
B HacrosmmAT nOKIa ce OLEHIBa BIMSHUETO Ha TOBA
pelieHrne BbpXy OposST Ha NMPEBO3CHHUTE ITBTHHIM C
MAacoB I'PaJiCKU TPAHCIIOPT.

2. IlpeanocTaBKy ¥ HAYMHM 32 peliaBaHe Ha
npodiiema

3a KOJMYECTBEHA OLIEHKA HA CHBKYITHOTO BIIMSHHES
Ha (haKkTOpUTE, KOUTO BIMSAT BHPXY M300pa HA BHIA
TpaHcropT B [ 1] e nedrHUpaH KpUTEpUH 3a IPEATIOUH-
TaHue Ha BUA TpaHcnopT. PopMyJvpaH € KaTo Cyma OT
MIPUBEICHOTO B MAPUYHO W3PAKEHHE BpEMe 3a IBTY-
BaHe W pa3XOoAWTe 3a MbTyBaHe. Kputepusar orpassisa
00o00IIeHaTa CTOMHOCT Ha TbTyBaHe, KaTo 3a W3BBPILI-
BaHE HAa IBTYBaHe, MPTHUKBT U30MPa BU/IA TPAHCTIOPT
C Hali-MaJIka CTOMHOCT Ha KpUTEpUS.

Bpemero 3a meTyBaHe ce orperens 3a paziuuHATe
BHUJIOBE TPAHCIIOPT, KOUTO CE M3MOJI3BAT B TPaJOBETE:

* Tpancku obmmectseH Tpancnopt (I'OT);

* JIOIBJIHUTENIEH MAapIIpyTeH TPaHCIOPT (Map-

LIPYTHO TaKCH);
* TAKCUMETPOB TPAHCIIOPT;
* HHIUBUIyaIeH aBToMoOmiIeH Tpancnopt (MAT)

[].
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Bpemerto 3a mbTyBaHe ¢ rpaacKusi OOIIECTBEH TpaH-
cHopT (fmrror) CE OIIPENIENIS OT BpEMEHaTa 3a Ielexo-
JIeH TIOXO0J], KbM H OT CITUPKATA (fnewa,ror), BPEMETO 32
JakaHe (fyacror), IPH KOETO C€ OTUATA M HEpaBHOMEp-
HOCTTa TIpU JBIDKCHHE Ha TMPEBO3HUTE CpEJICTBA,
BPEMETO 32 MpeKayBaHe (fupex) U BPEMETO 32 JIBIDKEHHE
B IIPEBO3HUTE CPEACTBA (fy ror)-

t =2t

ObT,IOT nema,rot

+1 +1 +1

npex muH.(1)

YaK,rot 1IB,FOT?

Bpemero 3a mpTyBaHe ¢ MapmIpyTHO TAKCH (fusryr)
3aBHCH OT BPEMETO 3a IEIMIEXOAHO MPUIBIKBAHE /10 1
OT MapIIpyTHaTa THHUSA (nemanr), BPEMETO 32 YaKaHE HA
MAapUIPYTHO TAKCH (fyacyr) U BPEMETO 32 JIBIDKCHHE B
MAapIIPYTHOTO TAKCH (£ urr)-

=2t

nera,MT

t

MIBT,MT

+t +1 MUH.

7IB,MT?

@)

Bpemeto 3a mpTyBaHe ¢ TakCH € CBHBKYITHOCT OT
BPEMETO 332 HACMaHE Ha TAKCH (fuaemr) | BDEMETO 32 JIBU-
JKeHHE Ha TAKCHMETPOBHS aBTOMOOH (Z,5). OTUMTA Ce,
Yye HAeMaHEeTO Ha TAKCH MOXKE JIa Ce M3BBPILH 110 TPU
cniocoba: clieJ; MOpbhYBaHE MO TeNeOH, OT TaKCHU-
METpOBa CTOSIHKA WJIM HEMOCPEICTBEHO OT YIIMYHA
MpeKa.

YaK,MT

t

myrr = 1 + 1, 1, MUH.

HAEeM,T 1B,T?

G)

Bpemero 3a mbTyBaHe C MHIMBHIYalIE€H aBTOMO-
OnsieH TpaHCHOPT Ce ChCTOHM OT BpeMe 3a IMeIeX0JIeH
TTOJTXOJT IO aBTOMOOWITHUS TTAPKUHT (Zneman), BPEME 32
JIBIDKCHUE ¢ aBTOMOOWIIA (#5a1), BPEME 3a TTAPKUPAHE
(napx), TIPH KOETO C€ OTYMTAT KOMIIOHEHTH KaTO BpeMe
3a ThPCEHE Ha TMAPKOMSCTO M BEPOSTHOCT Ja HAMA
CBOOOTHM TTAPKOMECTA, ¥ BPEME 3a MEMIEX0IeH MOAXO0/
OT MapKHHT JI0 LeNTa Ha IBTYBAHE (frema,py)-



tnm,MaT = tnema,n + tJ:[B,I/Ia'I‘ + tnapK + tnema,pw MUH. (4)

[MapameTpu, ompenensy IeHaTa Ha EAWHHIA
Bpeme (C,) ca pabotHara 3amiata (3psm) W OpOST
padotan gacose B Mecena (Upasm) [1]-

C, = 31";6‘“—%1 X 50%, nB./MuH, ®)
pad,Mm
KbeTO: [l1s, — 1T HA TPYOBO 3a€THUTE JIHIA B OOIIHS
Opoii ITTHHIH, U3BBPIIBAIIN ITHTYBAHHS.

Pa3xoau 3a mbTyBaHe C TPajICKK OOIIECTBEH TPaHC-
1opT (Purror) Ca CBBp3aHH C IIEHATA HA IPEBO3HUSA
nokyMmeHT, kouto ce 3amiama (Lguor) 1 OpoaT Ha
MpeKavYBaHUsITa JIO0 JIOCTUTAHE HA IIeNTa Ha MbTyBaHe

(Kiper)-
P IBT,TOT — H6Hn,r0T‘ KnpeK’ JIB. (6)

Pa3xoaute 3a W3BBpIIBaHE Ha ITBTYBaHE C Map-
mpYTHO TaKCH (Prrar) Ca CBBP3aHU €IMHCTBEHO ChC
3aKyIyBaHeTo Ha OmieT 3a mbTyBaHe (Lguwwr).

Pasxoaute 3a mbTyBaHEe C TAKCH HAa €IUH ITBTHUK
(Pir,r) 3aBUCAT OT 1IeHaTa HA TBTyBaHE C TAKCH (L)
1 Opos ITbTHUIIM B TaKCHMeTpoBHs aBToMoowm (I1;).

P obT,T — Hﬁr"I—J:MT, JIB. (7)

[pu onpenensiHe Ha IieHaTa 3a TBTYBAaHE C TAKCH CE
W3M0JI3Ba MOAXOJ, OTYMTAL pasMpencsieHHeTO Ha
MOPBUKHUTE HAa TaKCH B 3aBUCHUMOCT OT CIIOCOOWTE 3a
HaeMaHe.

Pasxopure 3a mpTyBaHe ¢ MHAMBHUAYAIEH TpPaHC-
TTOPT Ha eIWH MBTHUK (Prryrpar) €€ OPMHpPAT OT TIPEBO3-
HOTO pa3cTosHue (Lyp), U3MHUHATOTO C aBTOMOOMIA
pasCTosHKUE 10 HaMHUpaHE HAa CBOOOJHO MApPKOMSCTO
(Luamnapc), pazxona Ha TopuBo Ha aBTOMOOMIA (Propa),
7/kM, nieHata Ha ropuBata (L), J1B./1, pasxomure 3a
nputekanue Ha aBToMoOuI (Prpa) 1 Opoit IbTHULIM B
aBTomoOmia (I1,).

((an+LHaM,nap|<) ~(Prop,a'ur0p+Pnp,a) )
Pl'["bT,MaT = 11

,1B.  (8)
a

Kpurepns 3a mpexnounTanne Ha BHA TPAHCIIOPT
npercTaBisiBa 0000IIeHaTa CTOMHOCT Ha ITBTYBaHe Ha
ITBTHHKA U CE TI0JlyYaBa OT CyMaTa Ha OCTOWHOCTEHOTO
BpeMe 3a ITbTYBaHE M PA3XOAWTE 33 M3BBPIIBAHE HA
IBTYBaHETO. [1]

3a onpenensine Ha kputepus (C) 3a OTHENTHUTE
BHJIOBE TPAHCIIOPT CE M3II0JI3BA:

C= T Co + PH'I)T’ JIB. (9)
3. Pe3yaTaTu U AMCKycHS

IIpn w3BBpIIBaHE HA WM3YHCICHUATA CE TpHUEMaT
nocoueHuTe B [l] cTOMHOCTM 3a CKOPOCTUTE Ha
TIEMIEXOIUTE U MPEBO3HUTE CPEICTBA 32 PA3IUUHUTE
BHJIOBE TPAHCIIOPT, BPEMETO 3a HaeMaHe Ha TaKCH,
TIENIEXOTHUTE PA3CTOSHIS JIO CIIUPKHUTE M CTOSHKUTE 32
TaKCUTa, BPEMETO 3a YaKaHe Ha TPaJICKU OOIIECCTBCH

TPaHCIIOPT, MEMIEXOJHNTE PA3CTOSIHUS 10 TTAPKUHTHTE
3a aBTOMOOWJIM M BPEMETO 32 HAMHUpaHE Ha MSCTO 3a
napkupane. KoeuiueHThT Ha NpeKayBaHe Ha ITHTHU-
IIUTE, KOUTO M3IMOJI3BAT IPAICKU OOIIIECTBEH TPAHCTIOPT
ce mpuema 1.3 cp00pa3eHo C JaHHUTE MPECTABEHH B
[3]. Pa3xomure 3a mpuTekaHue Ha aBTOMOOWI ca
m3unciaeHd cpimo Ha 0,05 JB./KM € OTYMTaHE Ha
Pa3xoAnTe 3a 3aCTPAXOBKH Ha aBTOMOOMIIA, Pa3XOHTe
3a Macna, (QWITPH, PEMBLH, TYMH, AAHBK BBPXY
MIPEBO3HAUTE CPEICTBA W PEMOHT 33 CPEAHOTOUIICH
mpober. Cien 06padoTka Ha HHQOpPMAIIUATA 32 IICHH HA
ropuBaTa KpM M. ronu 2016 romuHa ce mpue cpeaHa
CTOMHOCT OT 2,1 JIB./UTHD.

3a paboTHa 3aruiaTa ce mpueMa CTOHHOCTTa 00sIBeHa
ot HarmoHamHus cTaTMCTHYECKH MHCTUTYT 3a CpeliHa
MeceyHa 3aruiaTa Ha HaeTUTE JIMIIA TI0 TPYOBO U CIIy-
JKeOHO TPABOOTHOIIIEHHE TI0 CTATUCTHYECKH PaioHN U
obmactu mpe3 2016 romuHa, a mMeHHO 1296 neBa 3a
rpan Codust [4].

OreHkara Ha BIMSHHETO Ha B3€TOTO PEIICHHE OT
CronvvHa oOnmHa 32 TIOBHIIIABAaHEe [IeHaTa Ha OmeTa
3a €IHOKpATHO ITbTyBaHE C OOIIECTBEH TPAHCIIOPT C
60% ce oChILIECTBY C MpeAcTaBeHus B [1] kpuTtepwii 3a
n300p Ha BHJ TpaHcropT. CTOMHOCTHTE HA KPUTEPHS
Mpeny YBEMMYEHHETO ca TMPEeACTaBeHH TpadudHO Ha
Ourypa 1, B 3aBHCUMOCT OT pa3CTOSHHETO Ha
ITBTYBaHE.

o==C roT C Mt Ct1 e=t==C par
20
15
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1 3 5 7 9 11 13 15 17 19 21 23 25
IIpeBo3HO pacTosiHUE, KM
Quzypa 1. CTOMHOCT Ha KpUTEPHUS IO BUIOBE
TpaHcnopT B rpax Codus pean yBEIMIcHIe Ha
LieHaTa Ha OmIeTa 3a eTHOKpaTHO IIbTyBaHe
C IPazICKH OOLIECTBEH TPaHCIIOPT.

Bwkia ce, 4e mbTyBammTe 10 OKoJo 4 KM IPEBO3HO
pa3CTOSHAE UMaT BB3MOXKHOCT Ja HM30HMpaT MEKITy
YETUPUTE BUJA TPAHCIIOPT 32 CBOETO TPHIBHIKBAHE.
IIpy TOBa OCTOMHOCTEHOTO BpEME 3a ITbTYBAaHE €
MPUOJM3UTEIHO C €HA U ChIa CTOHHOCT, KaTo IMpH
MBTYBaHHS JIO 2 KM HaH-€BTHHO € C WHIUBUIyaJICH
aBTOMOOMIIEH TpaHcTopT. [Ipy NoBUIIIaBaHe Ha JTHIDKH-
HaTa Ha ITBTYBaHE JI0 CPEIHOTO MPEBO3HO PA3CTOSHHE
Ha efuH mhTHUK 3a Tpag Codwus (6,3 kM crniopen [1])
Hali-eBTUHO € ITbTYBAaHETO C TPAJICKH OOIIECTBEH
TPAHCIIOPT, CJIE] KOETO C MAPIIPYTHO TAKCH.
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Pesynrarute 3a CTOMHOCT Ha KPUTEPHSI CIIE]] yBEIIHU-
YEHHETO ca MpeCcTaBeHu TpaduaHo Ha Durypa 2.

OkazBa ce, ye MOBHIIIABAHETO HA LIeHATa Ha Ouera
3a €IOHOKpAaTHO IThTyBaHE C OOIIECTBEH TPAHCIIOPT
yBEJINYaBa Pa3XoIUTe 32 HErOBOTO M3IOI3BAHE C OKOJIO
15%, xoeTo ro paBu HENPHBIIEKATENIEH IIPU M300pa Ha
BUWJI TPAHCIIOPT 3a MPHUIBIKBAHE B CPAaBHEHHE C U3MIOJI-
3BaHETO Ha MapIIPyTHO TakcH. PesynraTnTe mokassar,
4e JI0 CPETHOTO MPEBO3HO PA3CTOSHUE Ha €IUH ITBTHUK
B rpax Codust rpajcKusT 00IIECTBEH TPAHCIIOPT MOXKE
na Obl1e 3aMEHeH U C TIPHIBIKBAHE C TIO-€BTHHHS Beye
YHIMBUIYaJICH aBTOMOOWIICH TPAHCTIOPT.

I[lo panEm Ha HaumoHamHMS CTATUCTHYECKH
vHCTUTYT [4] Hacenenuero Ha rpan Codus e 1260120
nym. YzcnenBanust mokasBat, e okojio 65% ot ToBa
HaceJieHHe M3I0I3BaT OOILIECTBEH MPEBO3 32 CBOETO
npuaswksane. IIpu ToBa 85% OT TAX wM3MOM3BAT
aboHaMeHTH KapTH [5].

Crenn 00paboTKa Ha TIOCOYEHHTE NIAHHH C€ yCTa-
HOBH, Y€ ITETHUIINTE, KOUTO CE OYaKBa Jla TPe/IIoueTaT
IpyT BHI TPAHCIOPT TpPEeA TPAICKHS OOIIECTBEH
TpaHcropT ca npubmusutenHo 125000 6pos. Karo ce
B3eMe 1ol BHUMaHue, 4e okoiio 30000 ot Ts1x (criopen
kmeTa Ha Tpaj Codust) ca IPOABIDKIIN H3IIOI3BAHETO
Ha TPAJCKUS OOIIECTBEH TPAHCIIOPT C a0OHAMEHTH
KapTH ce OKa3Ba, Ye U3BBPIIBAHNTE IbTYBaHMS 3a €JHA
roguHa 1e Hamaiest ¢ Haxm 45000000, xoeto e
nipub3uTenHo 6% ot oot Opoit [3]. Tosa oT cBos
CTpaHa IIe J0Belle W 0 3HAYMTEIHO HaMalsiBaHEe Ha
MpeIBUACHNUTE IPUXOAN OT MpoAakOa Ha OUIETH.
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[IpeBo3HO pacTosiHue, KM
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Queypa 2. CTOMHOCT Ha KPUTEPHS TI0 BUIIOBE

Tpancnopt B rpan Codwust ciex yBeianieHue Ha
IIeHaTa Ha OmJIeTa 3a eIHOKPATHO ITbTYBAHE C

IPafCKH OOLIECTBEH TPAHCIIOPT.
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3aKiroueHue

W3BbpiiieHaTa OlGHKA Ha B3€TOTO PEIICHUE 3a
TIOBUIIIABaHEe IIeHaTa OuIleTa 3a eHOKPATHO ITbTyBaHEe
¢ rpaackd obmectBeH TpaHcopt B rpax Codums
MoKa3a, ue OpOsT Ha MPEBO3CHHUTE ITBTHHUIM INE CE
Hamai ¢ okoyio 90 XWiIamu, KOeTo I JOBEAE 0
HaMaJIsiBAaHE Ha W3BBPIUICHUTE IThTyBaHHWSA 32 €IHa
TOJMHA C OKOJIO 45 MUIMOHA.
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INFLUENCE ESTIMATION OF THE
TICKET PRICE ON THE NUMBER OF
PASSENGERS CARRIED BY
PUBLIC TRANSPORT IN SOFIA CITY
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Abstract: The report presents results from the
application of a methodology to assess the influence of
various parameters on the choice of mode of transport
when traveling in cities. Attention is paid to the
influence of the public transport ticket price on the
number of transported passengers in the Sofia city.
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THE ROLE OF WOMEN IN THE TRANSPORT SECTOR

BORISLAV ARNAUDOV

University of National and World Economy
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Abstract: More women means bringing more talent to transport and a broader view conducive to innovation. Women’s
skills and perceptions are central to addressing different gender requirements in access to transport and mobility, as well
as to safety and security. To increase the number of women in the male-dominated transport industry, it is crucial to set
specific targets:

- develop road maps to reach these;

- implement regular monitoring;

- setting targets in the recruitment process.
The role of women in the transport sector is something that needs to be addressed. The importance of their increased
participation in transport skills and perceptions in their possession is the key to sustainable development of the industry.
Women bring a unique perspective to the issues facing a modernizing global transportation system. Furthermore, when
women are given an equal opportunity to succeed in transportation careers they unlock new pathways for growth and
profitability.

Keywords: transport sector, working women, mobility

1. Introduction

The future of modern transportation is built on three
degree — climate change; the entry of young transport
workers in the sector and increased participation of
women in male-dominated industry. This article is
considered the role of women in transport. Over the past
nearly three decades in Europe upward trend of
improving women's participation in the labor market in
all sectors. This trend continues today, but the transport
sector remains largely unfriendly attitudes towards
working women.

In this context, the EU has taken various initiatives
related to overcome this gender divide, but the transport
sector remains segregated industry where men work
mainly as drivers, pilots, ship captains, technical
maintenance of various types of vehicles or activities
requiring entrance physical labor (storage) and heavy
workload (work shift, 56 hour work week). While
women hold jobs mainly in service activities,
administration and organization of freight movements
(logistics companies). Currently, the introduction of
new technologies enabling women and men to take
equally jobs in sectors that are traditionally included
heavy physical labor. However, the balance between
work and family life remains a problem, and continues

to prevent the employment of women, especially when
it comes to mobile workplaces.

The aim of the report is to examine the possibilities
for better access of women to all occupations in the
sector, including management and technical functions,
such as this be linked to the implementation of all EU
legislation on equal opportunities in the transport sector.
To achieve the set goal so it is necessary to consider the
following questions:

1. What are the specifics related to gender equality
in the transport sector?

2. What changes need to be made?

3. How can the various stakeholders to support this
objective?

With answers to these questions can be triggered
widespread discussion in which to emphasize the claim
that a strong transportation system depends on a vibrant
and diverse workforce that includes both men and
women. Removing the difference the gender equality in
the transport sector is a priority for all governments in
the Community — i.e. people need to succeed thanks to
their preparation, abilities, skills and commitments.
Industry needs all qualified individuals to operate and
manage European transport networks. Moreover,
women have a unique perspective on solving problems
related to the modernization of the transport system.
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When women are given equal opportunities for success
in transportation careers, they find new avenues of
growth and profitability.

2. General characteristics of the workforce in the
transport sector

In the transport sector of the European Union
employs around 12 million. Workers including the
automotive industry and related spare parts. But, as can
be seen from Figures 1 and 2 is very different ratio
between women and men across the economy as a
whole and particularly in the transport sector.

General of the EU economy proportion in gender
equality is favorable (54% to 46%). Significantly
different is the pictures in the Transportation sector -
78% of employees are men and only 22% are women.
There is also a strong imbalance between the different
categories of workers in each mode of transport. For
example, in railways proportion of women in the
administration is 60% (as in "HR" up to 75%), but their
share in the management of vehicles is below 3%. The
data are for 2104 but the situation has not changed
significantly over the past five years. In different modes
of transport situation is as shown in Figure 3.

In land transport (road and rail) is most pronounced
gender inequality. This sector is the most male-oriented
— 86% of workers are the stronger sex, which represents
5 million. Workers, while women are 14% (810
thousand Workers). The reason is the widespread
impression that road and rail transport are very suitable
for men. This has a significant impact on recruitment
and retention of women in occupations where they are
underrepresented. The lack of corporate initiatives
relating to balance work-life employee is also a barrier
to their employment in this sector.

Water transport is also one of the sectors that are
most male-dominated 80% of workers are men,
representing 250,000 people, while the remaining 20%
are women (65,000 employees). In maritime transport
men work longer hours and take more jobs full-time,
while women tend to choose more flexible working
arrangements that offer limited opportunities. For
women it is more difficult to work every day away from
home, which is characteristic for water transport, so for
the most part mobile jobs are occupied by men. These
jobs are generally better paid and thus the pay gap
between women and men in transport settled
permanently and become increasingly difficult to find a
solution to this problem. Also, water transport offers
better career prospects for men than for women.

As evident from the chart air transport sector showed
a better balance between men and women who work
there — 61% against 39% (293 000 against 187 000
workers). Over the past five years the number of
employees in the air transport decreased by about 7%,
this reduction in men is slightly (-0.6%), while women
is 14.6 percent.
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Another thing that should be stressed is that women
workers in the transport sector leave earlier than their
male counterparts. Overall employment among men has
decreased over the period 2010-2014 by 3.7% and
female employment by 6.5%. The most affected age
group in absolute terms is between 25 and 49 years.

The following Figure 4 shows the percentage of
women workers in the transport sector in different
Member States. From the graph it is noteworthy that the
percentage of women employees in Eastern European
countries is slightly higher compared to Western
countries.

Another can be seen from the graph that the average
percentage of working women in the EU transport
sector is 23%. In the author made a survey among 28
companies Forwarding industry shows that the average
percentage of women in the sector is near 47% in two
companies he is 100%. Table 1 shows the data of the
survey which were asked three questions:

1. What is the number of women in your company?

2. What percentage are they of the total number of
employees?

3. How many of them are in leadership positions?
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Notably, forwarding and shipping companies with
over 100 employees the percentage of working women
in them is approximately 50%. Only six companies have
less than 21% (which is the average for Bulgaria in
Eurostat statistics) working women. And in 19 of the
companies at least 33% are women and 10 companies
with over 50% share of working women.

The bad trend which is evident from the survey made
is that nearly 85% of companies have reduced the
percentage of working women in 2016 compared to
2015. Another unpleasant trend is the low percentage of
women executives (below 10%) in 23 of the 25 compa-
nies. Greater participation of women in senior positions,
proven brings important benefits for companies. The
participation of women in the process of decision-
making will help companies, institutions and
associations to innovate and bring new ideas to market.

3. Necessary measures for a better gender balance

In order for the EU transport sector to achieve
success in terms of creating a stable sustainable growth,
it must be a neutral in terms of gender procedures in the
policy formulation and decision making. Women

Table 1. Source: author’s research.
Now many of

Share of women

Number of . them are in

Compa- women employed in the leadership

nies compames positions
clalziels|e|lxlele|le|l=|s
SRIKINS|S|S|S|S|S|IS|S| K|S
AL. [20]25] 242538 [36[36(33]| 5|8 |13]12
A. ITl2(2]2]10]20[20(20] 1|1 |1]]1
AL. [49]34(30|28[37(39[36(34]|2|2]2]1
A. 126 [13]25|25(42(39]0|0|0]|0
BT. |32 (3|3]60|25[50[50]2]|1|1]1
BSH.[3|3|2|2]60[60|50|50|0]|0]0]0O0
D.LE.|133|141|141[133] 51 | 44 |42 [ 38| 13| 15| 16| 18
DE. [9|9 |9 |12]65]65{60|70] 3|3 | 4|4
EZ. |20|17|19|21]|61|55|76|78| 3|3 |3 |2
M. 4 676755542222
ML. |2 |4]4|5]|8|8|8|8]0|1]2]1
M. |23]26(33]|40|35|36(35[34|4|8|9]|9
M. 66| 6750|5038 |41]2|2]2]2
PSH. [10]|13]15|12]30(33|33|17|0| 0| 0]O
CT. |12|13|20|20|30|34|63|57|0]0]| 3|3
C. 1|1 3313340 0f0]0|0]0O
CK. | 5|5]4]|4]100/100{100{100] 1 | 1 |2 ]2
TY. | 7|7 |10]11]100/100[{100{100] O | O [ O | O
TO. |6 |10]|12[11 23|34 (34321 |2]|2]2
TF. (1099|930 |31 |24]|21] 1| 1|1]1
TE. |77 7|6|70[58|64]|50[2]|3]3]3
CC.lo|of1|3]o]o|30[70]0]|0|O0]1
CT. | 3|4 |44 |38|4 |44 1|1 |1]1
SH. |81 |85|128]151| 53|49 |49 (49|17 |17 |19 21
YJ | 22|11 |22|25(17{20(0| 0] O0]0

should be included equally in both, not because of
positive discrimination, and merit, competence and
transparency in appointments.

Commitment to gender equality in transport and
empowerment of women is an issue that should not be
only the competence of the institutions. It is a serious
participation of the private sector in providing opportu-
nities for professional development, qualifications and
skills. Increased participation of women in the sector
depends on human resources development, training,
skills upgrading and diversification, working condi-
tions, wages, working hours and the balance between
work and private life. For women that includes safety
issues, violence based on gender and sexual harassment
from fellow passengers or men. Furthermore, women
may need to interrupt their careers due to maternity or
care. Therefore, the return sector requires flexible
modes of operation, retraining and measures to prevent
the loss of their status. For owners of companies this
expresses into opportunities for innovation, growth and
job creation.

The survey among firms forwarding industry
showed that women choose sustainable alternatives to
travel a greater extent than men. For example, men use
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cars to 68% of their transport needs, while for women
the figure is almost twice lower — 36%. If men begin to
travel as women, CO2 emissions will decrease by 42%,
particulate emissions will be reduced by 29%, NOx
emissions by 35% and the noise level will decrease by 1
decibel. Reduced negative impact on the environment,
accidents and noise imply annual savings of hundreds of
thousands of dollars. Therefore, the debate is how
important the role of women in transport is needed in a
wider engagement with the participation of various state
(municipal) institutions, universities and businesses.
Increased participation of women, with their unique
skills and perceptions, is an opportunity that the sector
should not be overlooked.

To overcome the inadequate participation of women
in the sector and for more effective and wider use of
their potential is necessary to develop specific
coordinated action between institutions and private
businesses, to increase the added value of better
inclusion of women in the transport sector. Mitigate
gender inequality in terms of equal pay for equal work
and transparent procedures for the hiring of staff, are
actions that will lead to motivating the future generation
of working women. The inclusion of more women on
the boards of companies (in making decisions), as well
as in policy making related to the development of
transport will engage and inspire the future generation
of young women.

Another major problem that leads to segregation in
the transport sector and repulsive working women that
is characterized by a high incidence of all forms of
violence. Violence caused by a third party, e one of the
most common actions in the performance of duties in
transport, as women are concentrated in transportation
occupations involving direct contact with customers, so
that they are exposed to a greater degree of aggressive
behavior and attacks by customers. Personnel who have
direct contact with customers has to deal with rising
levels of frustration among the public caused by
congestion, delays or lack of information on delays. In
this context it should be more efforts to encourage
transport companies to adopt a policy of zero tolerance
of violence in the workplace.

Conclusion

Although in 2010 female workers in the transport
sector were a minority, in recent years the number of
women increases, but action on health and safety in the
transport sector remain targeted to men because of the
difficulty of combining work and family life, the great
physical exertion and lack of easy to use women
transport facilities.
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Trends show that the sector opens more to women
and those efforts to actively hire women and to provide
career development in transport have doubled. In the
development of modern transport seek employees and
impose professions which are largely related to
terrestrial services and investment in technology that no
longer require physical strength or manual labor, which
helps maintain the upward trend in the number of
women in the sector. For this purpose it is necessary to
develop active policies to attract more women to work
in transport. To enhance the economic engagement of
women in the transport sector by ensuring better access
to jobs, reduce turnover, and provide path to leadership.
The measures to be taken to a more balanced working
environment to women, will also help solve another
serious problem facing the industry - the shortage of
skilled labor. Currently one third of all mobile workers
are over 50 years old. With the advent of new techno-
logies (automation and digitization) and deployment of
intelligent transport systems will lead to even greater
opportunities for the entry of women in a male-
dominated sector.

The transport sector will require all qualified
individuals to operate and manage not only transport
processes, but transport infrastructure. That is why it is
essential to promote the leadership of women in the
transport sector. Women have a unique perspective on
solving problems related to modernization of the
transport system. When women are given equal
opportunities for success in transportation careers, they
find new avenues of growth and profitability. Women in
senior management positions can affect the dynamics of
the board and expand the knowledge of the company
and raising its profile. To increase the number of women
in the male-dominated industry, it is crucial to define
specific goals and then develop roadmaps to reach them,
and not least the implementation of regular monitoring.
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Pe3rome: Pa3paboTeH u n3cieaBaH € MOZIEN HA MOHUTOPHHTOBA CHCTEMA 33 O30IIaCHOCT 32 Hy’ KIUTE Ha KeNIe30IIbTHATA
unopactpykrypa B P. Bbarapus. M30panu ca OCHOBHM NPHMHLMIIM M TOAXOM MPH MOJEIUpaHe HAa cHUcTeMara 3a
MoauTOpuHT U KoHTpoiI Ha IDKIIC B mBrkeHMe 1o Kene30mbTHaTa Mpeka, OCHOBAHH Ha BB3NPHETH M YTBBPIACHH
MPaKTUKA B paboTara Ha BOJACIIM EBPONECHCKM W CBETOBHHM JKENIC30ITBTHH AJMHHHCTPAIMM M 32 OTYMTAaHE Ha
crierupUIHUTE 0COOCHOCTH M XapaKTEPUCTHKU Ha TIPEBO3HMS MPOIIEC HA TEPUTOPHUSATA HA CTpAHATA.

KarouoBu AaymMm: MO()e/lupaHe, MOHUMOPUHS U KOHMPOJl HA 6/1aKoe6e, bezonacrnocm Ha deuofcenue, KOHMPOJIHU MOYKU.

1. BLBenenue

B npeaxonuu myOnuKanuy Ha aBTOPCKUS KOJIEKTHUB
M0 TeMara ca NpeICTaBeHH, aHAIM3UPAaHU U 00OCHO-
BaHH, KaKTO M3KIIOUMTENIHATA aKTyaJIHOCT Ha IpooJie-
Ma, BaXXHOCTTA ¥ 3HAUMMOCTTa Ha OYAKBAHUTE €(PEKTH
OT HEWHOTO pa3paboTBaHe W BHEAPSBAHE MO IsLIaTa
JKeJIe30IIbTHA MpeYka Ha CTpaHaTa, Taka U CpaBHUTEIICH
aHAJIM3 HA BHEAPEHW CHCTEMU 32 MOHUTOPHHI H
konTtpon [1-3].

Hacrostiara pazpaboTka e mocBeTeHa Ha pa3paloT-
BaHE W WU3CJEABaHE HAa MOJIE]I Ha MOHHMTOPHHIOBA
CHCTEMA 3a HY)XXUTE Ha XKeJIe30IbTHaTa HH(pacTpyk-
Typa, eKkcrioatupana u ympasnsBada ot {11 HKOXKU.
HampaBenn ca aprymenTtupan u300p, WU3cielBaHe U
OITUMU3MPaHE Ha OCHOBHU (DYHKIIMH U NapaMeTpu Ha
cHcTeMara, KakTo ¥ OIpeJeNisIHE MECTOIONOKEHHUETO
Ha JIOKaJITHUTE KOHTPOJIHU TOUKH.

2. MozeipaHe Ha CHCTeMA 32 MOHUTOPUHT U
KkouTpo Ha IKIIC B 1Bi:keHue

B mporneca ma MozenmpaHe ca u30paHH OCHOBHU
NPUHLOMOM M TIOOXOAW, CTPYKTypa Ha cucTeMmara,
(DYHKIMOHAIHOCT HA OTIEIHWUTE KOHTPOJIHU TOYKH,
CBBP3aHOCT Ha MOYJHTE, TEXHOJIOIHs Ha paboTa,
OlpeieIeHN Ca OYAKBAHUTE €PEKTH, KAKTO OT TEXHUKO-
HMKOHOMUYECKA, TaKa ¥ OT IJIeAHA TOUYKA IIOBUILIABAHE
Ha 6€301acHOCTTa Ha ABM)KEHHE Ha BIIaKOBETE.

B mopena, npencraBen Ha ®urypa 1 ca nzdpanu
CICHUTE OCHOBHM (YHKIMM Ha CcHcTeMara 3a

MoHuTOpUHT U KoHTpou1 Ha IDKIIC B nBmxeHue:

1. Pazmo3naBane nHa IDKIIC mo wHamBHmyaieH
HOMep (MICHTU(HKALIS);

2. 3amepBaHe HaTOBapBaHETO HA BCSIKO KOJIENIO;

3. Jlerekums Ha NEPUOAWYHM OTKJIOHEHHS OT
KPBIJIOCT [0 MOBLPXHUHATA HAa ThPKAJISTHE Ha KOJIenaTa
(HaruTacTsIBaHE, OKOIIABaHE);

4. [lerexuys 3a MPEBUILCHUE HA TPAHUYHH TEMIIE-
parypu (TIpeTpsTH BB3JIN);

5. TenexoMyHMKalIOHHA BPb3Ka 32 MpeaBaHe Ha
JAHHW OT KOHTPOJHHUTE TOYKM KbM PETHOHAIEH H
LEHTPAJICH IUCIEYEPCKHU ITyHKT.

Ha 6a3a mapamerpuTe Ha yene3Hus BT, HATOBape-
HOCTTa Ha TpaduKa 1 0T ChOOpaKeHHs 38 €PEKTHBHOCT
U PALMOHAIHOCT, 33 BCSIKA KOHTPOJIHA TOUKa € n30paHa
mpHA (C KOHTPOJ HA BCHYKHM TApaMeTpy) WA
orpaHnieHa ()YHKIIMOHATHOCT (C KOHTPOJI Ha N30paHu
rapaMeTpH).

JlaHHUTE 332 IPaHUYHUTE KOHTPOJHM TOYKH M 32
KOHTPOJIHUTE TOYKH IO BBTPEIIHATa >KEeNe30IIbTHA
Mpeska ca rokasanu B Tabmmma 1.

OOmrara XapakTepUCTHKA Ha BCHYKHA KOHTPOIHH
TOYKH € KakTo ciensa: 10 6post ¢ GpyHKImMs 3a HIEHTH-
¢ukanms, 20 Opos ¢ (yHKIMS 3a HaTOBapBaHE B
KoJleliata M oKornanu Oanmaxu, 20 Opost ¢ GpyHKIus 3a
nperpsat Oykcu, 8 Opost ¢ QyHKUMS 3a IperpsTd
crimpaukd, 10 Opost Ha ABYNBTHH y4acTbly, 21 - 001
Opoii Ha HOBUTE TOUYKH, 6 OpOsi TPaHIYHN TOYKH, 3 Opos
JUcTIedepcky TieHTpoBe U 10 Opost Ha HOBM TOYKU Ha
JBYITBTEH YYaCThK.
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@ueypa 1. Monen Ha cucteMaTa 3a MOHUTOpUHT ¥ KOHTpolT Ha IDKIIC B mBrokenwe 1o Ko Mpexa B P. beirapust.

Crenpaiiku KakTO H30paHUTE OCHOBHH ITPUHIIATIH U
MTOJIXOAM TIPH MOJIETIMpaHe Ha CHCTEMaTa 32 MOHHTO-
puHr 1 kouTpon Ha [DKTIC B BrKeHuE 110 KeIe301bT-
Hara Mpexa Ha P. bearapus, n3Opanara (hyHKIIMOHAI-
HOCT | OTIpEIeIICHH JIOTUIECKH ITPUHIIUIIY, Ha KOUTO Ce
OCHOBaBa BJIaKOBaTa paboTa, Taka W Ha 0a3a BHIOBE
rapu U uHGOPMAIIMS 32 TOBAPOIIOTOIMTE, Ha (ur.2 e
MIPE/ICTaBeH JIETalJIeH MOJel-KapTa Ha CHCTeMara C
Pa3IOJI0KEHNE Ha JIOKATTHUTE KOHTPOJHU TOUKH.

YacT OT KOHTPOJIHUTE TOUKH Ca TIO3UIIUOHUPAHHU T10
IpoTexxeHne Ha EBponelicku TpaHCTIOPTHH KOPUJIOPH,
MIPEMHHABAIIM TIpe3 CTpaHara: Kopuaop 1V u kopumop
X.

Crnenpa na ce oTOeneXH, 4e B U3IBIHCHHE Ha
MHQPACTPYKTYpHH KM TpoekTh 1o OnepaTuBHA
mporpama ,, Iparcropr 2007-2013“ ce wm3rpaxkmar
KOHTpoHU Touku 1.4, 2.13, 2.14, 2.15 u 2.19, cbc
3aJI0’KeHH T10-OrpaHYeHd (DYHKIWH (HAIpUMep CaMo
KOHTPOJI Ha 3arpeTH OYKCH).

[IpeaBua MOLYTHHUAT NPUHIIMIT HA U3TPKIAHE HA
cucTeMara, € TpeBHICHA BE3MOXKHOCT, TIPH HEOOXO-
IWMOCT J1a MOraT Ja ce JI00aBAT HOBH JIOKATHH
KOHTPOJIHM TOYKH M 00XBaTa M ()YHKIIMOHATHOCTTA Ha
[SUTOCTHATA CUCTEMA JIa CE Pa3IIUPsIBaT.

WsrpaxknaneTo 1 BEBEXKIAHETO B KCILIOATAIHS Ha
[UIOCTHATA MOHUTOPHHIOBA CHCTEMa MOXKe Ja ObJe
peaM3UpaHo 4pe3 TOAXOMAII0 ChUeTaBaHE Ha
BB3MOXKHH TPHHIMITHA TIOAXOMM 3a (pUHAHCHpaHe
(HaITMOHAJTHM W €BPOIICHCKH), a TpeaBUi M30paHaTa
MOJIyJIHa CTPYKTYpa Ha CHUCTEMaTa, Ha MpPaKTHKa TS
MOXE Jia padOTH BBB BCEKH C€IUH MOMEHT C
W3rPAJICHUTE U CBBP3aHH KbM Hesl JIOKATHI KOHTPOITHH
TOYKH W TIOSTAIHO /1a OBb/ie pa3mmpsBaHa 10 HEHHOTO
OKOHYATEITHO U3rPaKIaHE.

HaunnabT Ha CBBp3BaHE HA OTACIHUTE KOHTPOIHH
TOYKH C KOMyHUKAIIMOHHNTE KaHAJN Ha YKEJIe30TbTHa-
Ta aJIMUHUCTPALIHS JI0 TOJISIMA CTEIICH 3aBUCH OT TSIXHA-
Ta Jokarws, urpaxnane Ha GSM-R Bpb3ka u Hawm-
YHEeTO Ha CHIIECTBYBAIIM ONTHYHN TPaceTa B paioHa.
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OsHauenute Ha Kaprata Ha PUrypa 2 KOHTPOIHU
Touku ¢ HOomepa oT 1.1 mo 1.6 ca pa3monokeHH 0
TPaHUYHHUTE TIPOITyCKATENHH ITyHKTOBE Ha CTpaHara.
Toukute ¢ HoMepa ot 2.1 mo 2.19 ca BpTpemHU 3a
CTpaHaTa U 0OCIyKBaT TpaceTa CbC CMeCeH TpaduK —
ITTHAYECKH ¥ TOBAapHM BllakoBe. KOHTpoHHTE TOUKH,
KOUTO CIIeJl YHCIIOBara HOMepalusi uMar OyKBEHO
o0o3HaueHue (Harpumep ,,a", ,,0° 1 ,,6°) ca pasrmomno-
KEHH B €lHa W ChIl[a Tapa Ha BXOAHHUTE CTPEIKU OT
Pa3IMYHU TOCOKH.

IIpn cv3maBaHeTO Ha MOzEN Ha cUCTEMaTa 3a
MoHuTOpuHT ¥ KoHTposl Ha IDKIIC B mBmkeHwe oT
CBIIECTBEHO 3HAYEHHE Ca N300PHT U peaM3upaHeTo Ha
TeJIeKOMYHHKAIIMOHHA BPB3Ka 3a IpeaaBaHe Ha TaHHU
OT JIOKAJHUTE KOHTPOJHH TOYKH KBbM CHOTBETHUSI
pETHOHANIEH IUCTIedepcKr MyHKT. [Ipn Hammgmero Ha

Tabnuya 1. PasnionoxeHne Ha KOHTPOIHUTE TOYKH U
KOHTPOJIPaHHUTE MapaMeTp/(DyHKIIMK B TOUKHTE.

I panuunu konmpoanu mouku
KounTposupanu
Kontpou- napamMeTpu
Ha Mexayrapue | Yuacrbk | (pyHxkumm B | 3abesexka
ToYKa Ne KOHTPOJIHA
TOYKA)
BuyH ToBapHa — - MJICHTU(DHKALIS;
1.1 PIT EnHonbreH |- perpsitn Oyken;
Kanmranosum - HATOBAPBAHE;
- MJICHTU(DHKALIS;
Tropreso — Pyce e
12 EnHonbTeH |- perpsitn Oyken;
Ppasmpeie/IuTenHa .
- HATOBapBaHe;
- NJICHTU(HKALIS;
13 |bwraposo— JBymrsTeH Il;l;lerpﬂg)d 63]1;14"
’ Aiftoc . ’
- HATOBapBaHe;
- HIICHTU( UKL
CauneHrpay — " (buxars; Warpaxna ce
14.a EnHonbTeH |- mperpsitu Oykeu;
Karrbkyne B MOMEHTa
- HATOBapBaHe;
CauieH - Wsrpaxia ce
1.4.6 Tpan EnHomnbTeH |- mperpsitu Oykeu; P
Jlrobumert B MOMEHTa
- MJICHTU(HKALS;
Kynara — a (puxa ’
1.5 Tlpomzxon EnHonbreH |- mperpsitn Oyken;
- HATOBapBaHe;
Tparom — - uieHTH (UKL,
1.6 Tparowa EnHonbreH |- mperpsitu Oyken;
- HATOBapBaHe;




YaCTUYHO W3rpajieHa ontuyHa mpexxka Ha JIIT HKOKU
[4, 5], KoATO HEMPEKBCHATO CE PA3IIUPSIBA U JOU3TPaK-
112, € 00OCHOBAHO JIa CE U3M0JI3Ba CBBP3BAHETO KbM Hesl
TaM KBJETO TS € M3rPajicHa. 32 OCTAHAJNTE JIOKATHH
TOYKH € TIPEUIOKEHO BPEMEHHO (10 M3rpakAaHeTo Ha
LsJIaTa ONTUYHA MpPEXa) Jla Ce M3IMOJ3BAT APYT THIL
MOOWJIHM BPB3KH — upe3 OezxudnHn Mpexu (GSM,
GSM-R, UMTS mm GPRS).

[pu ycoBue, 4e qaHHUTE OT KOHTPOJHHUTE TOYKH
Ce pas3mpelenaT KbM PETHOHAIHHUTE JUCIICUYEPCKH
myaktoBe — Codmust, ['opaa Opsixopuria u [1oBaus
(Brx @urypu 1 u 3), BB3MOXKHO € OCBHIIIECTBSBAHETO Ha
CBBP3aHOCT I10 CJICAHMS HAUHH:

Kontponna touka 1.1 — Bugus — nuricBa ontiuyHa
cebp3anoct kbM EJILIP-Codust.

Kontpomnna touka 1.2 — Pyce — nuncBa ontuyna
cBbp3adocT kbM EJIIIP-I"'opHa OpsixoBuiia.
Kontpomaa Touka 1.3 — bwirapoBo — nmricBa
ontnyHa  cBbp3aHocT KkbM  EJI[IP-I'opHa
Opsixosutia w EJJLP-ITnoBaus.

Kontpoman touku 1.4.a u 1.4.6 — CeuteHrpan —
TIPE/ICTOSIIIIO M3TPaKIaHe Ha ONTHYHO Tpace KbM
EALIP-IInoBaus.

Konrtponna touka 1.5 — Kynara — nuncsa ontuyHa
cBbp3adocT KbM EJ[I[P-Codmst.

Kontpomnna Touka 1.6 — JIparoMan — HaM4Ha €
ornrrryHa cBbp3aHocT kKbM EJIIIP-Codust.
Kontponaa touka 2.1 — WnustHIM — TOUKaTa € B
omoctr go  EJII[P-Codus,  onTuuHara
CBBP3aHOCT € BB3MOXKHA, JIOpH J1a HE € HAIUYHA
KBbM HACTOSIIS MOMEHT.

Konrtponmna Touka 2.2 — Mesgpa — mwurcsa
orntryHa cBbp3aHocT KbM EJ[IP-Codust.
Kontponna Touka 2.3 — Pa3aenna — nurncsa or-
TvHA cBBp3aHocT keM EJII[P-I'opra OpsixoBuria.
Kontponna Touka 2.4 — KOHak — IumicBa onTiHIHa
cBbp3adocT KkbM EJIIIP-I"'opHa OpsixoBuiia.
Kontponaa touka 2.5 — [laBnmkeHn — mipeacTos-
0 M3rpaxkJaHe Ha onTW4HO Tpace kbM EJILP-
I'opHa OpsixoBuua.

Kontponna Touka 2.6 — I'opHa OpsixoBuua —
Toukara ¢ B 0im3oct 10 EJILIP-I"opua OpsixoBuiia,
ONTHYHATA CBBP3aHOCT € B3MOKHA, JIOPH Ja HE €
HaJIMYHA KbM HACTOSIINSI MOMEHT.

Kontpomaa Ttouka 2.7 — CaMywii — JIMTICBa OII-
TuHa cBBp3aHocT kbM EJII[P-I'opra OpsxoBuria.
Kontponna touka 2.8 — 3uMHHMIIA — JHMIICBA
ontryHa cBbp3aHocT KbM EJITIP-ITnoBaus.
Kontpomnna touka 2.9 — Crapa 3aropa — juricBa
ontnyHa cBbp3aHocT KbM EJIIIP-ITnoBaus.
Konrponna touka 2.10 — 3nmathna — numcea
orrtugHa cBBp3aHocT KbM EJIIP-Coduws.
Konrpomna Touka 2.11 — AHTOH — nwmcBa
orrtyHa cBBp3aHocT KbM EJILIP-Codust.
Kontpomaa touka 2.12 — TymoBo — mwmricBa
ontnyHa  cBbp3aHocT KkbM  BJI[IP-I'opHa
Opsixosutia wi EJILIP-ITnoBaus.

Tabnuya 1. (MpombIDKEHNE).

KOHMPOJIHM MOYKU NO 8bMPEUIHAMA HCh Mpedca
KonTtposiupanu
Kontpos- napameTpu
HA Mewxkayrapue | Y4yacTbk (pynxumu B 3a0enexka
TouKa Ne KOHTPOJIHA
TOYKA)
Vi — - HICHTU(DHKALIHS,
2.1 JIBynBTeH |- perpsiti Oykcw,
Kypmuio
- HaTOBapBaHE.
- IperpsTh OyKcH;
Mesnpa 1or — - TIPErpsTH
22 Mesnpa HAsymsren CIIMPAYKH;
- HATOBapBaHe.
Cunnen - HIICHTU(HKALS;
23 pasmpenenurensa | ABysTeH |- mperpsitu Oykeu;
— Paznenna - HATOBapBaHe.
Cren - TIPErpsTH OYKCH;
- IIPErpATH
24 pasnpenenurenHa| EqHornrsren
CITHPaYKH,
—IOnak
- HaTOBapBaHe.
- TIPErpsTH OyKCH;
25 ITaBmyxeHy — Tsymoren |- TIPErpsTH
Pecen CIUPAYKH;
- HATOBapBaHe.
T'opra HperpsaTH OyKcH;
2.6 OpsixoBHIIa — JBymsTen |- ’
Jo— - HATOBapBaHe.
27 Camymn — Esiorrsrer|” PETPATH OyKcH;
Bucoka nosnsina - HaTOBapBaHe.
- IIPErpsATH OyKCH;
28 3uMHULA — Tsymsten | HperpsTi
Crpanmpka CIMPAYKH;
- HATOBapBaHe.
- TIPErpsTH OYKCH;
KanosiHoser — - IPErpsTH
29 Crapa 3aropa Asymsten CIIMPAYKH;
- HATOBapBaHe.
210 3naruna — Exsorsten|” HICHTH(UKALS,
Iuppon - HaTOBapBaHe.
- uieHTHUKALWS;
2.11 AwnroH — [Tupnon | EnHorrsTeH| - HaToBapBaHe;
- IIPErpsTH OyKCHL.
- IperpsTh OyKcH;
Tynoso — - TIPETPATH
212 0080 Apyrmsten CIMPAUKH;
- HATOBapBaHe.
CenrremBpu — Marpaxna ce
213 [Mazapmxux Apyrmsten B MOMEHTA
CramOonuiicku — Visrpaioa ce
2.14  |Tonop JlBynbTeH B MOMEHTA
Kabnemkos
JlumurpoBrpag — Marpakna ce
2.15.a J661K080 EnnonbTeH |- nperpsit OyKcu. B MOMGHTA
JlumurpoBrpag — Marpakna ce
2.15.6 Hosa Hazexa EnnonbreH |- nperpsitu Oykcu. B MOMCHTA
JlumurpoBrpag — Marpakna ce
2158 ocoKa XacKkopo EnnomsTeH |- mperpsitu Oykcu. B MOMCHTA
- IIPErpsTH OyKCH;
Tpakust — - TIperpsTH
216 Cxkyrtape Apyrmsten CIUPAYKH;
- HATOBapBaHe.
Hckbp — - HaTOBapBaHe;
217 Kazuuene HAsymoren | nperpsTy OyKCH.
- TIPErpsTH OYKCH;
JlsikoBO — - TIpErpsTH
2.18 Tynsuma EnsonbTeH crmpavia;
- HATOBapBaHe.
2.19 ILoB 1B — EnnonsreH|- nperpstu Oykcu Msrpaxa ce
) Kpymoso i perp YRCH- 15 Mowmerra
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» Konarpomna Touka 2.13 — CenrreMBpH — TIpENCTO-
SIILI0 U3TPaX/JIaHe Ha onTU4HO Tpace kbM EJIIIP-

Codwms.

* Koarpomaa touka 2.14 — Crambomuiicku —
MPEJICTOSIIO U3TPaXK/IaHEe HA ONTUYHO TPace KbM
EJLP-Codus.

Konrpoman Toukm 2.15.a, 2.156 u 2.15B —
JMMUTPOBrpaa — HAJIMYHA € ONTUYHA CBBP3aHOCT
kM EJILP-ITnoBaus.

Konrtponna touka 2.16 — CkyTape — Toukata € B
ommzoct go  EJLIP-IlmoBmuB,  omnrudHaTa
CBBP3aHOCT € Bh3MOXKHA, JIOPU J1a HE € HaJIUJIHA
KBbM HACTOSIHS MOMEHT.

Kontponna touka 2.17 — Mckbp — TOukarta € B
omoctr go  EJIIP-Codus,  onTuuHara
CBBP3aHOCT € Bb3MOXKHA, JIOPH J1a HE € HAJIWYHA
KbM HACTOSILLIUS] MOMEHT.

Kontpomaa Touka 2.18 — Jlymawmma — miwmricBa
ontryHa cBbp3aHocT KbM EJILP-Codusi.
Konrtponna touka 2.19 — KpymoBo — HanuHa €
ontryHa cBbp3aHocT KbM EJITIP-ITnoBaus.

Hanaramwu ce usmenenus B I'/IB u B TexHonmorusita
Ha BiakoBara pabora, ympasmsBaHa ot 11 HKIKU,
Cllel BbBEXKIAHE B EKCIUIOATalls HAa aBTOMATH3Hpa-
HUTE CUCTEMH 32 MOHUTOPUHT ¥ KOHTPOJI Ha BJIAKOBETE
B IBW)KEHHE 10 JKEJIE30ITbTHATAa MPEXka, Ha HACTOSILHS
€Tall He ce MPEBIKAAT.

IlenuTe Ha cucTEMUTE 34 MOHUTOPHHT U KOHTPOJI HA
IDKTIC B gBrkeHHe € MOBUINIaBaHE HUBOTO Ha 0e30-
MIACHOCT C TIPEBAHTUBEH XapakTep 3a JKENE30IbTHUTE
MIPEBO3M M HE BIUSIAT MPSIKO Ha rpaduka 3a IBIDKEHUE
Ha BiakoBere (I'JIB), kakTo M Ha TEXHOJIOTHSATA HA
BJIaKOBaTa paboTa B rapuTe KbETO MPH HEOOXOJUMOCT
Ce Hajara W3BBPIIBAHETO HAa MAaHEBpPEHA JEHHOCT.
[Ipomenn B pasmucaHneTo Ha JafeH BIaK Omxa
HACTBHIIWJIM B CITyYaii, 4e B JIOKaJTHA TOYKa Ha CUCTEMaTa
32 MOHUTOPUHT U KOHTPOJI CE€ PETUCTPUPAT OTKIIOHEHHS
B KOHTPOJIMPAHUTE MapaMeTpd Ha IPEMUHABALIMA
MOABMKEH ChCTaB. B ciywail, ye OTKIOHEHHSTA ca
TaKyBa, Y€ BarOHBT WIM BArOHWUTE C OTKJIOHEHUS HE
MOrar Ja OpoIb/DKAT IBM)KEHHE, ChILIUTE ClIE/Ba Ja
ObIaT M3BaJCHU OT ChCTaBa HAa BJAaKa B ITbpBara
MIOITBTHA Ha JIBIYKEHUETO HA BJIaka rapa.

ManeBpara Ha BIAKOBETE B FApUTE CE U3BBPILIBA I10
cera JIeiCTBaIlUTe HOPMAaTUBHU AKTOBE 32 U3BBPIIBAHE
Ha MaHeBpeHa IEHWHOCT OT MpeBO3Badya Ha KOTOTO €
BJIaKa, a B CIIy4ald, 4e BIaKbT € Oe3 mpeBo3Ha Opuraia —
ot ciyxkutenute Ha JIT HK)KU B rapara, B KosITO €
CIIpsIH BNIAKbT. B TO3W ciyyan mpoMeHH B pasmuca-
HHUETO Ha BJIaka Ce U3BBPIIBAT CBIVIACHO ACHCTBAIINTE
HOPMAaTHBHH aKTOBE, perJaMeHTHpanu paborara B
JKEJIE30ITBTHUS TPAHCIIOPT, ,,] [paBUIIHUK 32 IBU>KEHHE
Ha BIIaKkoBeTe W MaHeBpeHara pabora“ (I1IBuMP),
kakto u nogmucanute mexay 1T HKIK u Bceku equn
OT JIMLIEH3UPAHUTE KEJIE30ITBTHY ITPEBO3BAYM ITPABHIIA.
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3. U3Boau M 3aK/II0YEHHS

ChIilacHO persiaMeHTalluuTe, IUTHPaHu B WI. 1 U
4j1. 3 oT 3aKoHa 3a JKeNe30IbTHHUS TPAHCIIOPT, TEXHU-
YEeCKOTO EKCIUIOATHpaHe W YIpaBJieHHe Ha CHCTeMaTa
crenBa Aa ce ocwiectssiBa oT I HKXKU. TIpexnara
ce cucTeMara Jja ce M3rpagu KaTro CTPYKTypa, KOsITO
CHIbpIKa JIOKATHH KOHTPOJIHA TOYKH KBM CHOTBETEH
peruonarnien aucrniedepcku myHKT (PIT) 1 mentpanexn
mucniedepcku myHkT (LIAIT) 3a ynpasnenue. Peructpu-
panute nanau ot npemunai IDKIIC npe3 KoHTpoaHUTE
TOYKW, Ja C€ W3Mpamar B moaxonsima ¢opma
(TIpPOTOKOJT) KbM PETMOHAITHUS MYHKT, YUUTO OCHOBHU
(YHKLIMH ca CBOEBPEMEHHO B3eMaHE Ha OIEpaTUBHU
pEeIIeHNs OT MOCTHIIBAIINTE JAHHH, KAKTO W M3TOTBAHE
Ha CTaTUCTUYECKHU CIIPABKH, apXUBUpPAHE U JIp.

B npotieca Ha noeTanHo U3rpaxaHe Ha cucTeMaTa
ITBPBOHAYAITHO I1Ie (DYHKIIOHUPAT PETHOHAITHUTE JTHIC-
nedepcku myHkToBe (PIII), a cnen m3rpakmaHeTo Ha
I[SUTOCTHATA CHCTEMA MITH HAa ChOTBETEH €Tall OT Hed, I1e
ce OCBIIECTBSBA CBBP3BaHE KbM IIEHTPAIHUS IWCIIC-
YepCKH MyHKT Ha cucTeMara. ONMUTHT OT BHEPSBAHETO
Ha TaKvBa CHCTEMH BHB BOJCIIUTE CBETOBHHU U €BPO-
MEWCKN HKEJIE30ITbTHH aJMUHUCTPALMM [OKa3Ba, Ye
YIIpaBJIEHUETO U KOHTPOJIA Ha paboTaTa Ha cHcTeMara
OT pETHOHAJIEH IUCTICUEPCKH IMyHKT Ca 33AbJDKUTEIHH,
Th KaTo 3HAYMTENHO CE MECTH E€KCIUIOATAIIOHHO U
MH(OPMAIIMOHHO BpeMe, TIOBHIIIaBa C€ HUBOTO Ha 0e3-
OTIACHOCTTA, KaTo ce peayrmpa Opost Ha Bh3HUKHAINTE
TEKKH KEJIEe30ITBTHH POU3ILIECTBUS U MHIUICHTH.

[Ipemnara ce cumcremara nma ce eKCIUIoaTHpa H
nombpxka ot T HKOKH. TI/II, B KoifTO 111€ MOCThITBA
0000mIeHa MH(pOpMAIUS 332 NPEMUHAIA BJIAKOBE,
PETUCTPUPAHN AJIapMH U Jp. 1€ € MO3ULMOHHUPAH B
CTpyKTypara Ha ,,lleHTpanHo AucedepcKo pHKOBOI-
ctBO* (LI/IP). BE3MOsKeH € 1 BapraHT ¢ M3rpaxIaHe Ha
pernoHanHu aucriedepckd  myHkrose (PHID) xbMm
PernonanHuTe 3B€Ha 32 ONIEPATHBHO JBIKEHHE B TIOIC-
JIeHUsITA 32 ,, Y TIPaBJIeHHE JBIKEHUETO HA BIIaKOBETE U
raposa nerinoct (Y/BI' ) — Codwus, ['opra Opsixo-
Buna u I1nosnus.

B 3aBucmmoct oT pazpaboTeHara W Tpuera B
HACTOSIIIIOTO M3CJIEABaHE CXeMa Ha HalMOHaJHATa
cUcTeMa 3a KOHTPOJ U MOHUTOPHUHT Ha MapameTpy Ha
[DKTIC B nBm>XeHHE, MECTOIOJIOKEHUETO HA JIOKAJ-
HHUTE TOYKM W LIEHTPOBETE 3a yIpaBJeHHe Ie Obaar
pasnpeneneHd Ha TEPUTOPHAIEH MPUHLUI KbM
nocouenute noneneHus Ha JII HKOKU. [penmoxe-
HaTa B U3CJICABAHETO HOBA HHPPACTPYKTYpA, IIe Obe
e(eKTHBHO W pPAIMOHATHO W3IOI3BaHA, Karo TIIo-
B)XHUTE MEPKU, KOUTO TapaHTHUPAT TOBA Ca:

* 3aio)keHaTa MOJIyJIHA HepapXuiHa CTPyKTypa Ha
crcTeMara 3a MOHMTOPHHI' M KOHTpOJ Ha Tapa-
metpu Ha [DKTIC B nBmkeHne o0Oe3mnedara, KakTo
BHCOKA CTETICH Ha HaJIe)KTHOCT ¥ O€30TKa3HOCT Ha
CHCTEMarTa, Taka W HEMpPEKbCHAT TEXHOJIOTHYEeH

BulTrans-2016



KOHTPOJI HaJ peruoHaiHuTe nojaenenus Ha [I1
HKIKW, otroBapsiim 3a u3mpaBHOCTTA U paboTaTta
Ha KOHTPOJIHUTE TOYKH B Tapy U BH3JIY;
OTroBOpHOCTHTE W 3ab/DKEHHSATA Ha 00CITyKBa-
IIKS TIepCOHa B MOJICNEHUSITA 1Ie ObAAT pasiu-
CaHH B JUTH)KHOCTHUTE XapaKTEPUCTHKHU U LIE ce
YIpaXXHsIBA HETIPEKhCHAT KOHTPOJ BHPXY HM3ITHII-
HEHHETO, Ype3 TPENOCTaBsIHUTE OT CHCTeMaTa
Hal-CbBPEMEHHH €JIEKTPOHHH TEXHOJIOTHH, Pado-
TEI B pearHo Bpeme. HarrbiHo 111e Ob/1e M3KITHo-
YeHO BIIMSTHUETO Ha CyOSKTHBHUS (PaKTOpP BBPXY
paboTara Ha cucTeMara U MHOTOKpPATHO IIE Ce
MOBHIIM HUBOTO HA 0E30MacHOCT Ha JKeJIe30IThT-
HUTE MIPEBO3HY;

IIle ce ycbBBpIIEHCTBA M MOJIEPHU3MPA TEXHO-
JIOTUATA Ha MpeBO3HaTa paboTa B CHOTBETCTBHE C
Haii-HOBUTE N3UCKBaHMS B CEKTOPA Ha YKEJIE30IThT-
HUSI TPAHCTIOPT;

Ile ce mpenoTBpaTAT 3HAYUMHU SKENE30IBTHH
TIPOMBIIECTBUS ¥ MHIWICHTH C YOBEIIKH JKEPTBU
Y 3HAYNTENTHW MAaTepHalHH IIEeTH, CBBP3aHU C
OTPOMHHM Pa3XO/iM 32 BH3CTAHOBSIBAHE Ha JKeJe30-
meTHata uHQpactpykrypa, IDKIIC u oxonHata
cpena.
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Abstract: Developed and tested model of
monitoring safety system for the needs of railway
infrastructure in the Republic of Bulgaria. Selected basic
principles and approaches to modelling the system for
monitoring and control of the railway rolling stock in
traffic on the railway network based on well-established
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the territory of the country.

Keywords: modeling, monitoring and control of
trains, traffic safety, control points.



BulTrans-2016
Proceedings

14-16 September 2016
Sozopol

MN3CJIEABAHE HA U3ITBJIHEHUETO HA I'PAOUKA 3A IBUKEHUE HA
BbP3UTE BJIAKOBE B KEJIE3OITbTHATA MPEXA

PainunAa HUKOJIOBA
Karenpa ,,KenezombTHa TexHuka™ , @aKymrer 1o TpaHCHOPT,
Texumueckn Yuusepcuter-Codust, Bpirapust
r.nikolova@tu-sofia.bg

CBETJIA CTOWJIOBA
Karenpa ,,)KenezonbTHa Texnuka* , @akynrer Mo TPaHCIOPT,
Texumdecku Yuusepcnter-Codst, Bpirapust
stoilova@tu-sofia.bg

Pe3tome: B u3creiBaHeTo ca aHAIM3UPAHU 3aKhCHEHHATA HA OBP3KUTE BIAKOBE B JKeJIE30ITbTHATA Mpexka. V3cenBanu
ca MPUYUHUTE, OPOST U MPOIBIDKUTEIHOCTTA HA 3aKbCHEHHMsITA. [IpUIIOKeH € METOAbT Ha MaTpuliaTa Ha pHcKa 3a
ompesieNisiHe HAa HHMBOTO Ha PUCK OT 3aKbCHEHHWE Ha Obp3 BJiaK. YCTAHOBEH € 3aKOHBT Ha paslpe/eiieHHe Ha
MPOIB/DKUTENTHOCTTA Ha 3aKbCHEHHSTA Ha OBP3UTE BIIAKOBE.

KunrouoBu nymm: 6wps3 enax, 3akbCHenue, 2pagux 3a 0sudicenue Ha 61aKogene, PUck, 3aKoH 3a pasnpeoeieHue.

1. BLBenenue

IIpn m3mbIHEHWETO HA Tpaduka 3a ABWKCHHE Ha
BaakoBere (['JIB) morar ma ce mosBAT pemauia
MIPUYMHH, KOUTO J1a JOBEAT JI0 3aKhCHEHUE HA ITBTHHU-
YeCKUTE W TOBapHUTE BIaKoBe. HeHaBpeMeHHO
MPUCTUraHEe HA ITBTHUIMTE OM OTOIBCHAIO KIIMCHTUTE
Ha JKEJE30IbTHUS TPAHCIOPT KbM JPYTH BUIOBE
IIPEBO3H, KOETO BOAM IO HEroBaTa HEKOHKYPEHTHO-
CIOCOOHOCT. 3aToBa € HEOOXOOMMO J1a C€ W3BBPIIU
MOAPOOHO M3CIIC/IBAHE HAa 3aKhCHEHUSTA Ha BIIAKOBETE,
U CIIyYauTe, KOUTO TW MPUYMHSBAT. 3aKhCHEHUETO Ha
OTIETICH BJIAK MOXKE J1a C€ IBIDKM CaMO Ha ejHa
NPUYUHA WK Ha KOMOMHAIMS OT HSKOJKO NPHUYHHHU,
BB3HHKBAIIM 10 BPEME Ha JBWKECHHETO MY. 3aKbCHE-
HUSATA HA BJIAKOBETEC MOTaT Jia BH3HUKHAT B HAaYaIHA
rapa, Ha MeXIyrapye, B MeKIIHHA WJTH BH3JI0BA Trapa.

B HayuHara suTepaTypa U3cieBaHeTo Ha 3aKbCHE-
HUSITA HAa BJIAKOBETE € HACOYEHO B CIICIHWTE HAIpaB-
JICHWS: OTpeNeIsIHe Ha 3aKOHA 3a pasmpeneriecHre Ha
MPOIBIDKUTETHOCTTa Ha 3aKbcHeHueTo, [1,3,5,9,10];
CHMYJIAIIMOHHO MOJICIIMPAaHE Ha JIBIDKCHUETO Ha
BJIAKOBETE C I1J1 M3CIICABAHE HA PA3ITHIHN PUYNHA Ha
3aKbCHEHUS, [4,0]; onTUMU3UpaHe HA 3aKHCHEHHSATA,
[9,10].

OnpenensiHETO Ha 3aKOHA 3a paslpeieiecHHe Ha
TIPOTBIDKHUTEITHOCTTa HA 3aKBCHEHWETO € BaXKHO 32
W3CJIC/IBAHE HA MIPUYUHUTE, KOUTO T'0 MOPAXK/IAT, BIINS-
HUETO BBPXY TBPCEHETO HA TPEBO3M, B3aUMO/ICH-
CTBHETO Ha ITHTHUYCCKUTE BJIAKOBE OT pa3IMIHU
KaTerOpHU BbB BB3JIOBUTE I'aPU, B3aMMOOTHOIICHUATA

MEXKJTy JKEJIE30ITBTHUTE ONEpaToOpy U YIPaBHTEIs Ha
xere3ompTHaTa MHGpacTpykrypa. [Ipn onpenensHe Ha
3aKOHa 3a pasmlpeNeNieHe Ha MPOIBIDKUTEIIHOCTTA Ha
3aKbCHEHEHUETO, HAM-4eCTO MpUIaraHuTe (PyHKIIMHU ca
EKCIIOHEHIIMAJIHO paslpeielieHre, ramMa pasipezere-
HUE W pasnpeneneHre Ha BeitOymn. B [9] e ompenencH
OTpUIIATEIICH SKCIIOHCHITMAICH 3aKOH 3a pasipeerie-
HUE Ha 3aKbCHEHUSTa, B [1] ciem wuscienBaHe Ha
3aKBCHEHUSITA 110 OPUTAHCKUTE YKEIE30ITbTHH JINHHUH €
ompezieNieHa T.Hap. (-CKCIOHCHIMANIHA (YHKIMSA 3a
3akbcHeHUsITa. B [10] ca u3cnenBanu 3aKbCHEHUATA B
Xara, Xomauaus 1o 3akoH Ha Be#Oyi 1 eKCrioHeHITH-
amHo pasmpezeneHue. B [5] ca m3cnenBaHu 3aKbCHE-
HusATa 10 K0 JimHuATa [ lapmok-MoHTnenue, u € onpeze-
JIHO Y€ TPOIBDKUTENTHOCTTa HA 3aKbCHEHUSTA Ce
OTIHCBA C pasmpeecHrueTo Ha BeiiOyn. 3a ycmoBusTa
Ha bharapckara Jkene3ombTHa Mpeka B [3] ca uscnen-
BaHM 3aKbCHEHHSATA HAa IBTHUYECKUTE M TOBapHHTE
BJIAKOBE 00110, TIOPOICHH 110 MTPUIMHU OT HHAPACTPYK-
Typa, NPEBO3Bay WM BHHIHU BiMsHUA. V3Mon3BaH e
MOJXOABT OT Teopus Ha BEPOSATHOCTHTE 33 3aBUCUMO-
CTUTE Ha [IEHTPATHUTE MOMEHTH Ha CllydaiiHa
BEJIMUMHA, KaT0 CyMa Ha CydacH Opoil HE3aBHCHMO
pasIpe/ieNieHy CITyYaliHi BeTMYMHH, 34 J1a CE OIPEIeITH
cpemHara CTOMHOCT ¥ IUCTIEPCHSATA Ha TIPOIBIDKUTEN-
HOCTTa Ha 3aKbcHeHueTo. OnpenerneHo e ['ama pasmpe-
JIETICHHE 32 TIPOIBIDKATETHOCTTA Ha 3aKECHEHUETO.

llenTa Ha wW3CIENBaHETO € Ja CE aHAIM3MpPa
M3ITBITHEHUETO Ha Tpadrka Ha MBIDKEHWE Ha OBp3UTe
ITBTHUYECKH BJIAKOBE, KaTO C€ MPOydaT 3aKbCHEHHSATA
UM U NPUYUHUTE, KOUTO TH TIOPaXK/IaT.
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ITocraBenaTa 1ieN TOpakaa CIIEAHHATE OCHOBHHU
3a7a4H:
* W3CIIEIBAaHE HA PUCKA OT 3aKbCHEHHE M0 BHUIIOBE

MIPUYUHY;
* OlpesieNiTHE Ha 3aKOHa 3a paslpeneNieHHe Ha
MPOABIDKUTEIIHOCTTA HAa  3aKbCHEHHETO  Ha

OBp3UTE BIIAKOBE.
2. BusioBe NpU4MHM 32 3aKbCHEHUSI HA BIIAKOBETe

[TpyruvHKTE 332 3aKBCHEHUETO HA BIAKOBETE MOXKE
na ca o BuHa Ha HK , . )Kene3omrpTHa nHpacTpykTypa“
(HK,KW*), ,,BJUK ITpramueckn mpeBo3u’ (,,bJI0K
MIT*) wmu o mpyru paxropu. HK, XKW w B, ITIT
BOJIT CTAaTHCTHKA 3a CJCIHUTE BUJIOBE NPHUYMHU 32
3aKbCHEHMSTA Ha BIIAKOBETE:

3axvcuenus, npuwunenu om HK,, JKH “:

* VpaBjicHHE Ha JBMKCHHETO Ha BJIAKOBE U Kara-
murera. [[prarHATE 33 3aKBCHEHUSATA Ca CBBP3aHU
C HEW3NPaBHOCTH, KAaTO HAamp. HEJOCTaThYHO
BpeMe 3a MaHEBpa B rapara; HECBOEBPEMEHHO
BBPHAT TPO30pEIl 32 U3BHPIIBaHE Ha PEMOHTHU
pabotu u zip.

XKenesen mbT U chopwkeHHs. [IpuumHHMTE 32

3aKbCHCHUSTA Ca CBBP3aHH ChC CIICTHUTEC HEU3-

MIPAaBHOCTH: TPOOJIEMH B PEJICUTE U CKPETUICHNS-

Ta; aBapUHU PEMOHTH, MPU KOUTO CE HAMAJIsBa

CKOPOCTTa Ha JBIKEHUE; TEXHUUYECKHU TPO30PIIH,

CBBp3aHH C PEMOHT Ha XN HH(PPACTPYKTYpa;

TpaHcOOpAUpaHe Ha ITBTHUITATE C aBTOOYCH U JIp.

* CpoOruTenHa TexHuka. OCHOBHUTE TPUYMHU 3a
3aKbCHEHHUSTA Ha BIIAKOBETE Ca HEM3IPAaBHOCTH,
CBBP3aHH C TapOBUTE WHCTATAIMH, CTPEIIKUTE U
CUTHAIM3ALMSATa B Trapara, MeXKIyrapoBara
OJIOKH-POBKA U JIp.

» EreprocHa0nsiBane. OCHOBHHTE HEU3IPAB-HOCTH,
KOHWTO BOIST JI0 3aKBCHEHHS Ha BIIAKOBETE Ca:
MOBPE/IM HAa KOHTaKTHATa MPEXa U JIp.

* Bpn3ka Mexny rnakoBere. [[puaunanTe 32 3aKBC-
HEHHe Ha BIIAKOBETE ca HapyIICH! BPB3KUA MEXKIY
BJIaKOBETE, ITOPAIX KOETO CE YBEJINUaBa IMPEeCTOsT
WM B rapara 3a Bpb3Ka.

3axwcuenus, npuuunenu om BIDK,, TITT*:

* JlokomoTrBH. OCHOBHHTE TOBPEAU B JIOKOMOTH-

BUTE Ca CBBP3aHU C MaHTOrpadure, JIOKOMOTHB-

HUSI JBUTATEN, ITOBpea Ha OOPIOBUSI KOMITFOTBD

ipu EMB (enexTprdecku MoTprceH Biiak) u JIMB

(T3e10B MOTPHCEH BJIAK), MTOBpea 10 X00BaTa

YacT, JepaiiimpaHe; TOBpela B CIHpadyHATa

cHcTeMa.

Baronn. OcHOBHUTE HEU3IIPABHOCTH 110 BpEME Ha

JIBIDKCHHE ITPY BarOHUTE, KOUTO Ca MPUYMHA 32

3aKbCHEHHs Ha BIJIAKOBETE Ca: MO XOJI0BATa YacT

Ha BaroHa, CIHUpayHaTa CHCTEMa; KOJIOOCHTE,

OaHIaKUTE U JIP.

3aKbCHEHUS T10 IPYTH TPHYHHU:

* MeteoposioruyHu yciaoBus. BroimeHure mereo-
POJIOTUYHN YCJIOBHSI BOAAT JO HaMAaJIBaHE Ha
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CKOpOCTTa Ha JIBIKEHHE.
Mumyunentn. Hikon MHIMAEHTH ¢ ITBTHUIIUTE 110
BpEeME Ha JIBIXKEHHUE Ha BIIAaKa MOraT Ja JOBeJatT
JI0 HETOBOTO 3aKbCHEHME, KaTo: KOH(INKTH BHB
BJaKa C HEPEIOBHU ITHTHUIM, 3JI0HAMEPEHH
JISCTBUS KbM TOJBIDKHUS ChCTaB, UHIIUICHTHU C
TpaXJaHu U Jp.

Kpax6n. Kpaxbn Ha eJIeMEHTH OT KeJe30ITbT-
Hata MHQPACTPYKTypa, KaTo: KOHTAKTHA MPEKa,
cBerohopr, MarucTpalHu Kabemw, JMHEeHHH
BEPUTH OT CHCTeMara 3a OJIOKMPOBKA H Jp.

[Ipu 3aKbCHEHNE HA TFTHAYECKH BJIaK CE 3aIUiammar
HEYCTOMKH 32 BCSIKA MUHYTA 3aKbCHEHUE B 3aBUCUMOCT
ot npuunHata. ToBa e pernmameHTupaso B [2]. B [8] ca
peryiaMeHTHpaHy TpaBaTa Ha ITFTHUKA MTPY 3aKECHEHUE
HA BJIaK.

3. M3cieiBaHe Ha PUCKA 3a 3aKbCHEHUe Ha Obp3
BJIAK

AHaNMM3bT U OLICHKATa Ha PUCKOBETE € MPOLEC, IPH
KOMTO PHCKOBETE CE aHATIM3UPAT C 1IN J]a CE ONpeIeIIH
BEPOATHOCTTA Te Jia ce cObaHarT. LlenTa e ma ce mocraBu
KOJIMYECTBEHA OLICHKA Ha BCEKH PHCK Ha 0a3a, Ha KOATO
Te Ja ObaaT npropUTH3UpaHH (3a LeanuTe Ha Moxudu-
IIUPAHETO MM).

Marpuiiata Ha prcKa 1aBa TaOJITYHO H300payKeHHe
32 HMBOTO Ha PHCKOBE 3a HACTBHIIBAaHE Ha [aJeHO
crOuTHe. 3a BCsAKa elHa OT KIIETKHTE W MOXe Jia ce
MOCOYX OTPE/IENIEHO HWBO HA PHUCK B 3aBUCHMOCT OT
BEPOSITHOCTHUTE U ITOCIICTULIITE.

Tabmima 1 noka3a MarpuIiata Ha prcka 3a Obp3u
ITBTHAYECKH BIIaKoBe. MarpuIiata Ha prcKa OT 3aKbC-
HEHHs € ChCTaBeHa 10 MPUYMHHU Ha MpeBO3Baya, Ha
VYrpaButenss Ha K HHPPACTPYKTYypa W IO JpPYyrd
MPUYUHN. 3aKbCHEHMSATa Ha OBp3UTE BIIAKOBE Ca
n3cneaBanu 3a TpuroauiieH nepuon 2011 r — 2013 r.
MuHyTUTE Ha 3aKbCHEHHE Ca CTPYKTYpHpaHU B 8
rpyn: 1o 10 min.; ot 11 mo 20 min.; ot 21 g0 30 min.;
ot 31 10 40 min.; ot 41 10 50 min.; ot 51 g0 60 min.;
ot 61 1o 100 min. 1 Hax 100 min.

30HHKTE B MaTpPHIIATA HA PUCKA Ca YepBEHA, 3eJIeHa 1
xbiTa. B uepBeHaTa 30Ha ca 3aKbCHEHHS C BEPOSITHOCT
HaJ 50%, B )KBJITaTa 30HA Ca 3aKHCHEHHS C BEPOSITHOCT
oT 25% nmo 50%, a B 3eneHaTa ca 3aKbCHEHUSA C
BepoaTHOCT oT 0% 1o 24%. UepBeHata 30Ha MMOKa3Ba,
4e PUCKBT OT 3aKhCHEHHE TPsOBa f1a ObJe YIpaBIsIBaH,
T.€ Ja ce MpeAnpreMaT MEpKH 38 HETOBOTO HAMAJICHHUE;
JKBJITaTa 30HA TIOKa3Ba, Y€ PHCKBT OT 3aKbCHEHHE
TpsiOBa nma OBae aHAIM3HWPAH, C OIJIe] TOJOOpeHHe
u3nrbiiHeHueTo Ha I'JIB; 3enenara 30Ha mokasBa, ue
PHCKBT OT 3aKbCHEHHE MOXe J1a Obje mpeHeOperHar,
T.€. TOH € He3HaunTeIeH.[7].

Ot Mmarpuiiara 3a OlleHKa Ha PUCKa ce YCTAaHOBSIBA,
Ye B UepBEHAaTa 30HA TMOMajaT 3aKbCHEHUSTa B
unTepBaia ot 10 1o 20 MUHYTH, KaTO HA-BEPOSITHUTE
MIPUYMHY 32 TOBA Ca CBBP3aHM C YIpaBJIEHHE JBHKe-
HHETO Ha BJIAKOBETE W KaIlal[UTeTa, YKEJIE3HUSIT BT U



ChOPHKEHHATA, CHOOITUTEIHA TEXHUKA, CHEProCHA0-
JsIBaHe, BPB3KH Ha BIAKOBETE, JIOKOMOTHBH M BarOHU.
B xbnTata 30Ha nomnanaT 3aKbCHEHUSTA B MHTEpBajia
ot 10 no 30 munyTu. B 30Hata ot 30 1o 60 MuHyTH Ca
3aKBCHEHMSITA 32 OCBINECTBSIBAHE HAa BPH3Ka.

UepBeHara 1 JKbJITa 30Ha [IOKa3Bat, 4e TpsiOBa aa ce
MpeAnprueMar MepKH 3a HaMallsiBaHE Ha MPOIEHTa Ha
3aKbCHEHHE Ha BIIAKOBETE B TE€3W MHTEPBAJIH.

Hampasenoro u3cnenpaHe MokasBa, 4e Hai-BHCOK
PHCK OT 3aKbCHEHUS Ha ObP3UTE BIAKOBE € CICAHUAT:

* YBB — B untepBana 10 10 MuHyTH, 110 BUHA Ha

TIpeBO3Baya MM MOBPE/Ia Ha BaroHM;
* bB — B unTepBana 10 10 MuHyTH NOpaau npuyu-
HH, CBBP3aHU C TOJBHKHUS CHCTaB.

ITo Buna na HK, KU 3axnscusaBar 29% oT Biako-
Bere, mo BuHa Ha BJIK IIIT“ 3akbcHsBar 27 % or
BJIaKOBETE, a IO Apyru npuurHU — 10%.

* [lo-romsima 9acT OT BIakOBETE 3aKbCHIBAT CaMO

1o exHa nprarHa (66%), KOSATO € WK 110 BUHA Ha

HK”2KI”, wim o BuHa Ha BJDKITIT wiom mo
JPYTH PUIUHHU.

* [lo nBe mpuunHu, KouTo ca no BuHa Ha HK, K
u BJK, I 3akbcHsiBaT 26% OT BIIaKOBETE.

* OTHOCHUTEIHUSIT JUT Ha 3aKbCHEHUSTA T10 TTOBEUE
OT JIBE IPHYUHU € HUCHK — 710 5%.

Ha ®urypu 1 u 2 e nokazaHo IpOLEHTHOTO CHOT-
HOIIIEHWE Ha BUIOBETE NPHYMHH 32 3aKbCHEHHE Ha
prnakoBere. Hali-BUCOK OTHOCHUTENEH M  UMar
MPUYUHATE — XKeJe3eH BT U ChophkeHus (25%) u
JoKoMOTHBH (36%).

Oznauennsra Ha Ourypa 2 ca cnemaure: Y/ IBK —
VYmpaBieHue Ha JBIDKEHHETO Ha BJIAKOBE U Karlall-
tera; XKIIC — xene3en nwT U cbopbxkenus; CT- curna-
Ju3anus U TesekoMyHukaiuu; E — eHepreruka; Bp-
Bpm3ku Ha Biakosere; JI-tokomoTnBY; Bar — Baronu;
[II-ITpTHUYECKU TPEBO3U.

Tabnuya 1. Matpuiia Ha pucka 3a Obp3u BIAKOBE.

HK “AG1" "BIX . [T E00J
2011-2013r] Y IBK Xnc CT E’“‘::*" Tpaaxa ”ﬂ::o’" Baroxx ur::::ﬂ pamxa e
BE PORTHOCT
YEB
0.10 0.50 0.44 048
11 80 20 0.40 : 0.00 0.20 024 0.06 0.44 027
21 po 30 0.10 0.02 0.03 0.06 0.00 0.06 0.12 0.02 0.11 0.07
31 go 40 0.00 0.01 0.02 0.03 0.00 0.02 0.03 0.01 0.00 0.04
41 go 50 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.03
51 no 60 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.02
6100100 0.00 0.00 0.00 0.05 0.00 001 0.09 0.00 0.00 0.05
inan 100 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.04
BB
0.10 0.38 0.37 0.33 0.35
11 no 20 0.27 0.19 0.19 0.19 0.32 0.19 020 0.23 0.42 026
21 no 30 0.05 0.04 0.03 0.10 0.05 0.05 0.12 0.02 0.09 0.12
31 0o 40 0.02 0.01 0.01 0.08 0.11 0.03 0.04 0.02 0.05 0.06
41 po 50 0.01 0.00 0.00 0.05 0.1 0.02 0.02 0.02 0.02 0.05
51 no 60 0.01 0.00 0.00 0.03 0.00 0.02 0.01 0.00 0.05 0.03
16120100 0.01 0.00 0.00 0.10 0.05 0.02 0.05 0.01 0.04 007
Hag 100 0.00 0.00 0.00 0.09 0.00 0.02 0.00 0.01 0.00 0.06
40%
35% =
Apyru 30% =
HK-HM =
21% S50 =
20% = o
15% = ?—
. = Z
10% = 7
= Z
5% = — 7
0% o 7
BA-NN 2215 |51 2|E| 4K
41% 1 =
HK-KH BJDK-ITIT

Queypa 1. IIpoLIeHTHO CHOTHOIIIEHUE Ha
MIPUYMHUTE 32 3aKbCHEHUE.
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Quzypa 2. BunoBe NpuuuHM.
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4. OnpeneJisiHe HA 3aK0HA 32 pasnpee/ieHre Ha
NPOXBLJIKUTETHOCTTA HA 3AKbCHEHHETO

3a mpoBeXAAaHE HA W3CIIEABAHETO Ca M3ION3BaHU
cnpaBky, npenocrasenu ot bJIK LI 3a exennes-
HHUTE 3aKbCHEHUS Ha Obp3uTe BiakoBe. Te3u NaHHU
OTYMTAT 3aKbCHEHUSATA B KpaliHaTa rapa OT MapuipyTa
Ha BJaka MO BHIOBETe NPHYMHM, IIOCOYEHH B T.2.
JlonbiHUTENHO € U3N0iI3BaHa U HH(opMaLust OT exe-
JTHEBHUTE CIIPaBKHU 32 €KCIUIOaTallHOHHATa JEHHOCT, B
KOWUTO C€ OTYUTA MACTOTO Ha 3aKbCHEHHETO (MEXIY-
rapue, HauajiHa, KpaiiHa WM MEXIUHHA rapa), Ipuiu-
HaTa ¥ MPOTBIDKUTEIHOCTTA My. AHaIM3UpaHa e 6aza
JaHu 3a Tpu roguuieH nepuox (2011 r—2013 ).

3a ;a ce ompeneny 3aKOHBT 32 paslpenesieHre Ha
MPOABIDKUTENTHOCTTA HA 3aKbCHEHWETO, JaHHUTE ca
00paboTeHn ¢ momoriTa Ha coTyepa 3a CTaTUCTH-
yecku m3cnenanus Statgraphics Centurion XVI.

[IpoBeneHOTO U3CIenBaHe BKIIIOYBA:

* OnpeniensHe Ha 3aKOHA 3a paslpereieHre Ha
NPOABILKUTETHOCTTA Ha 3aKbCHEHUETO Ha OBbp3H-
Te BJIAKOBE B KpaiiHa rapa, oOILO 3a Mpexara.
Bpost Ha uzcnensanute ciaydan e 13539.

* OrmpenensiHe Ha 3aKOHA 32 PasNpeIelieHre Ha po-
IBIDKUTEITHOCTTA Ha 3aKbCHEHHWETO Ha Obp3uTe
BJIaKoBe B KpaitHa rapa Codwus. bpost Ha m3cren-
BaHUTE ciryydau € 4712.

* OmpenienisiHe HA 3aKOHA 3a pas3lpesesieHHe Ha
HPOABIDKUTETHOCTTA Ha 3aKbCHEHUETO Ha Obp3u-
TE BJIAKOBE B MexIuHHaA rapa — ['opra Opsixo-
Buna. bpost Ha u3cnenBanure ciaydaun e 1150.

3aKbCHEHUETO Ha BJIAKOBETE € CIIyJaiiHa BEeJIMUMHA.
Ilo Buma Ha XucTorpamara Ha pasmpeereHHeTo Ha
clydaifHaTa BeJIMYMHA € TIPEATIONOXKEHO, Ue pasnpee-
JICHUETO Ha CIydaiHaTa BEeIMYMHA MOXKE [ia CE OITHILIE
C JIOTapUTMUYHO-HOPMaJIEH 3aKoH, l'ama pasnpene-
JIeHHUe, pasnpe/ie-icHre Ha BeliOyI1 v eKCrIOHEHIIMAIHO
pasnpenenenve. IlpoBepkara Ha Xumoresure 3a
CBOTBETCTBUETO UM C EMIIUPUIHOTO PasIIpesiesicHHe €
HampaseHa 1o Kpurepust Ha Komvoropos-CMUpHOB 1
no kputepusit Ha [lupceH. HuBoTo Ha 3HauMMocT e
95%.

Ha ®urypu 3, 4 u 5 ca noka3aHu XHCTOTpaMH Ha
n3cnensanute cirydau. B Tabmmim 2, 3 u 4 ca gagexu
pe3yJaTaTté OT IIPOBEIEHUTE TECTOBE 3a IPOBEpKa Ha
XUIIOTE3H 32 BUJa Ha paslpesiesieHueTo. B nocienHus
pell Ha TaOJUITUTE ca TIOKa3aH| MapaMeTpUTe Ha n30pa-
HOTO pa3IpesesieHuE.

B Tabmmria 5 € mokazaHo cpaBHEHHE Ha eMITUPHY-
HHUTE W TEOPETUYHWUTE CTOHHOCTH HA TPOIBIDKHUTEIN-
HOCTTa Ha CPEJIHOTO 3aKbCHEHHE.

ITo xpurepus Ha KonmmoropoB-CMUpHOB HUTO €1HA
OT U3CIIEIBAHUTE XUIIOTE3H 32 3aKOH 3a paslpeielIeHIe
HEe MOXKe Ja Objie OTXBBpJIEHA 3a BCEKH OT M3CIIe/IBa-
HHTE CIIy4YaH.
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Queypa 3. OnpenensHe Ha 3aKOHA 32 pa3npeie/icHre
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Quzypa 5. OnpenensiHe Ha 3aKOHA 3a pa3npeielicHUe
Ha IPOIB/DKUTENHOCTTA Ha 3aKbCHEHHETO Ha
Obp3uTe Bi1akose B rapa ['opra Opsixosuiia.

Tabnuya 2. KenezombsTHa Mpexa.

Kolmogorov-Smirnov Test

Exponential | Gamma | Lognormal | Weibull
DPLUS 0,05789 0,065953 [0,08591 0,06886
DMINUS ]0,08214 0,071833 [0,12868 0,07139
DN 0,08214 0,071833 [0,12868 0,07139
P-Value ]0,53795 0,69266 [0,07789 0,69987
Chi-Square Test
P-Value [0,784384 [0,91897 [0,15838 [0,9339

Gamma — a = 1,05512;
B =0,00036
a;  — napamerpu Ha I'ama pasnpeaeeHHeTo
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Tabnuya 3. Lentpamna rapa — Codus.

Kolmogorov-Smirnov Test
Exponential) Gamma | Lognormal | Weibull
DPLUS |0,08636 0,09608 10,04596 0,08305
DMINUS |0,07827 0,06736 0,03331 0,08216
DN 0,08635 0,09608 10,04596 0,08305
P-Value [0,48101 0,34063 ]0,98731 0,5369
Chi-Square Test
P-Value |O,14486 0,206449 |0,458944 0,05855
Lognormal - mean = 1088,38;
standard deviation = 1601,39
Tabruya 4. I'apa I'opaa OpsixoBwria.
Kolmogorov-Smirnov Test
Exponential| Gamma |Lognormal| Weibull
DPLUS [0,166172 ]0,16054 |0,103357 |0,166099
DMINUS [0,120121 0,074244 |0,107221 |0,12054
DN 0,166172 |0,16054 (0,107221 |0,166099
P-Value [0,126434 |0,151992 |0,613437 |0,126739
Chi-Square Test
P-Value [0,02768 [0,12812 [0,15148 [0,01875
Lognormal - mean = 285,76;
standard deviation = 288,38

Tabnuya 5. O0OOLIEHN pe3yITaTH.

KenezonbTHa Mpexka
ITo 3akoHa 3a
EmMnupuuno

pasnpernesieHue
MUHYTH 2939 2939
MUHYTH/3aKbCHCHHE 21,21 21,21

LlenTpanna rapa Codust
MUHYTH 1033 1088,38
MHHYTH/3aKbCHEHUE 21,28 22,40
JKIT I'apa I'opHa OpsixoBuna

MUHYTH 309,46 285,76
MUHYTH/3aKbCHCHHUE 13,45 12,42

Ilpn wm3cnenmBaHe Ha 3aKbCHEHMATA OOMIO 3a
MpexaTa Hal-100pH MOKa3aTeNy, KOUTO ca OJIM3KH 110
CTOMHOCTH MMaT [‘ama pasmpezneneHHeTo M pasmpe-
nenenriero Ha BeitOyn. Ilopamu mo-ymoOHUST BUI Ha
I'ama pa3npeneneHreTo ¥ HAYMHBT Ha ONpe/eIsIHE Ha
cpeaHaTa CTOMHOCT € n30paHo ["ama pasmpeneneHuero.

ITo xpurepus Ha [TupchH 3a rapa I'opra OpsixoBuua
Ce OTXBBPJIIIT XUIIOTE3NUTE 32 eKCIIOHEHIHAITHO pasIipe-
JieJieHHe | pasnpeneicHie Ha BeliOyn 3a 3akoH 3a
pasnpezieneHie Ha MPOXBIDKUTEIHOCTTa Ha 3aKbCHe-
HUETO.

3a mentpamHa rapa Codwus u rapa I'opaa Opsxo-
BUIIA IO J00pH TIOKa3aTel WMa JIOTapUTMUYHO-
HOPMAITHOTO pasMpe/iesieHue.

HN3Bomm

[poBeneHOTO M3cienBaHE JaBa OCHOBaHHE Ja ce
HAIPAaBAT CICHUTE TIO-BAKHU U3BOJIH:

» Ha 6azara Ha aHa3 Ha 3aKECHEHUSATA HA OBP3UTE
BJIAKOBE 33 TPHU-TOJIUIIEH TEPUOJ € ChCTaBeHa
MaTpulla Ha pUCKa.

Haii-BUCOKHST PUCK OT 3aKbCHEHHUE € C TPOBII-
JKUTETHOCT A0 10 MUHYTH, KaTO BUHATa MOXeE Jja
ObJIe KaKTO OT CTpaHa Ha MPEBO3BaYa, Taka M OT
VYrpaButens Ha IKeNe30MbTHATa HHPPACTPYK-
Typa.

Ha ®urypa 2 Hait-rossim Opoii Cilyyan Ha 3aKbC-
HEHUS Cca TIOpaJy NMPUYUHU OT KEJIE3eH BT U
CHOPBKEHHS, U JIOKOMOTHBHU. ToBa ce JIbDKH Ha
ocrapenusi TAroB TMoABIKeH cheraB Ha B/DK m
PEMOHTHH JIEHHOCTH TI0 JKelie30IbTHaTa UH(pa-
cTpykTypa. OGHOBSBAHETO HA TATOBUS MOJBHIKCH
CHCTaB OW JIOBEJIO JI0 HAMAIISIBAHE HA TIPOIBIDKH-
TEJTHOCTTA HA 3aKbCHEHUSITA.

OmnpenieneHl ca 3aKOHHUTE 3a pasnpe/ieicHue Ha
MPOIBIDKUTENTHOCTTA Ha 3aKbCHEHHETO B KpaiHa
rapa oOmo 3a Mpexara u 3a LleHTpamHa rapa
Codwust. OnpeniesieH e 3aKOHBT 32 pasipeieieHe
Ha 3aKbCHEHHETO 3a rapa [opHa OpsxoBwila,
KOSITO € MSK/IMHHA TP JIBIOKSHUETO HA Obp3UTE
BJIAKOBE.

OmnpenienieHa € cpeaHaTa MPOABIDKUTEIIHOCT Ha
3aKbCHEHUE Ha OBbp3 BIIAK B KpaliHa 1 MEXKIUHHA
rapa, KOeTo MOXKe Ja TOCTY)Kd IPU ONTUMHU3H-
paHe Ha BPB3KHTEC HA BIIAKOBETE BHB BH3JIOBUTE
rapu.

CpenHaTa NpOABIDKUTENTHOCT Ha 3aKbCHEHUSTA Ha
Obp3UTE BIIAKOBE B KpaifHa rapa OO0 3a JKII
Mmpexxata u 3a llentpanna rapa Codus umar
O3k cToitHOCTH. ToBa ce IhIDKU Ha (hakTa, 4e
Lenrpamna rapa Codwust o0ciyxBa OCHOBHATA
YacT OT OBP3UTE BIAKOBE B XKIT MpEKa.
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1. Introduction

Availability of well-developed and maintained
transport infrastructure is crucial precondition for local
economic and social development. The European
Structural and Investment Funds (ESIF) appear to be the
major source for funding aiming improvement of
transport infrastructure in Bulgaria, requiring national
funding from 15 % of total project budget for each
investment. During the first for Bulgaria as a member
state in European Union (EU) programming period
2007-2013 the main investments in transport infrastruc-
ture were provides from European Regional develop-
ment Fund (ERDF) and Cohesion fund through
Operational Programme ,,Transport and Operational
Programme ,Regional Development” and from
European Agricultural Fund for Rural Development
(EAFRD) though Rural Development Programme. The
goal of current article is to analize the role of ESIF for
development of transport infrastructure in Bulgaria
during period 2014-2020, based on national strategic
documents and to define possible weaknesses of current
policy in the end of third year of implementation of
projects during the programming period.

The following tasks are set:

(1) To clarify the importance of transport infra-

structure for local economic development.

(2) To summarize the goals and priorities for trans-
port infrastructure development, according the
national programming framework for 2014-
2020 period.

(3) To define possible problems following the
current policy for investments in transport
infrastructure in 2016.

Limitations: in current material only road transport
infrastructure in North Central Region (NCR) is a
subject of problem analysis, but the analysis of
programming strategic framework apply to all types of
transport infrastructure.

2. Transport infrastructure and regional economic
development

Relationships between public funding of infrastruc-
tural projects and regional economic development is
been discussed by many researchers. Duffy — Deno and
Eberts [4] estimate positive and statistically significant
effect of public investments in infrastructure on personal
income within metropolitan areas.

Munnel [1] concludes that those regions that have
invested more in infrastructure tend to have greater
output, more private investment and more employment
growth. Public investment comes before the pickup in
economic activity and serves as a base.

At national level Avramov [9] proposes a set of
indicators for evaluation of transport infrastructure (road
and railways network) stressing on population certainty
with transport infrastructure, evaluation of current state
of infrastructure considering population interest, access
of settlements to transport infrastructure, evaluation of
interaction transport infrastructure — population. He
concludes that local roads are crucial for local
economies.
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Dimitrov [3] study economic efficiency for users of
road infrastructure in its building in directions of the
land trans-European transport corridors in the territory
of the country, while Stoyanov [10] investigates the
opportunities for investment realization in transport
infrastructure construction as a precondition for regional
economic development.

Public investments in transport infrastructure
generate wealth, stimulate production process, encour-
age private investments by creation of attractive locati-
ons, increase regional incomes and lead to employment
growth. Thus the infrastructure is evaluated as funda-
ment of economy and society and provides opportu-
nities for sustainable, inclusive and intelligent growth
which refers to Europe 2020 strategy.

The transport sector in Bulgaria is of an exceptional
importance for raising the competitiveness of national
economy and for providing services to its citizens.

Transport and communications generate 11,7% of
the gross value added in the country and directly employ
more than 137,073 persons. The development of the
transport sector is of a paramount importance for enhan-
cing Bulgaria’s foreign trade relations and of tourism.

For improvement of transport infrastructure in
Bulgaria during 2014-2020 the infrastructural projects
will be funded by Operational Programme ,,Transport
and Transport Infrastructure* 2014-2020 — for highways
and first-class roads and by. Operational Programme
»Regions in growth* 2014-2020, focused on improve-
ment of local and regional accessibility. The projects,
implemented with funding by it, will be for rehabili-
tation of secondary and tertiary roads.

The funding of road projects shall be provided both
by national budget and loans from international finan-
cial institutions.

The main document setting the priorities for trans-
port infrastructure development is Strategy for the
development of the road infrastructure in the Republic
of Bulgaria 2014-2020 [6], based on the recommenda-
tions and goals of the White paper - Roadmap to a
Single European Transport Area — Towards a competi-
tive and resource efficient transport system issued on
2011. The Strategy defines the mission of the transport
sector as ,,Bulgaria’s transport sector must support the
economic and social development of the country by:

* Providing efficient (with maximum benefits),
effective and sustainable (with minimum external
influences) transport;

* Supporting a balanced regional development;

* Assisting in Bulgaria’s integration in the European
structures.*

The following vision for the development of the
transport sector has been derived on the basis of the
principles mentioned above:

By 2020, Bulgaria should have a modern, safe and
reliable transport system in order to satisfy the demand
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for high-quality transport services and to provide better
opportunities for its citizens and business.

The mission of the transport sector was further
developed in the strategic policy objectives, as follows:

* Achieving economic efficiency through raising the
competitiveness of Bulgaria’s transport system
creating the conditions required for a sustainable
growth of domestic and international transport at a
higher energy efficiency and assuring the condi-
tions for a loyal competition among and within the
different transport modes.

Development of sustainable transport sector by
reducing the negative influence of transport on the
environment and the climate, integrating
Bulgaria’s transport system into the European
network and assuring a high level of safety and
security of the transport system.

Regional and social cohesion improvement
through coordinated development of the transport
sector in compliance with the economic and social
development at a national and regional level,
improving, at a regional level, the access to the
transport corridors and creating incentives for the
development of border regions and assuring the
mandatory public transport services at affordable
prices. [6]

According National Statistical Institute on
31.12.2015 the average length of roads in Bulgaria is
19853 km, from which 734 km are motorways (Table
1) [8]. The data shows that there is significant difference
between road infrastructure development in North and
South Bulgaria. There is a presence of 102 km motor-
way in north part of the country compared to 632 km of
motorway in south part, which shows serious disparity
in potential for economic and social development and is
a major source of threats for future of North part of the
Country. The less developed regions in Europe are
North-West region with 7 km of motorway and NCR,
where motorway does not exist. The lack of appropriate
road infrastructure, damaged and narrow roads in North
Bulgaria and heavy traffic in the main roads from Sofia-
Pleven-Ruse, Sofia-Veliko Tarnovo-Varna and Veliko
Tarnovo-Ruse are reasons for difficulties for develop-
ment of economic connections and are source of huge
risk from road accidents, which happens every day on
that roads.

The priority 8. Improving transport connectivity and
access to markets of National Development
Programme: Bulgaria 2020 (NDP) [7] sets the aim
,,Construction and reconstruction of transport infrastruc-
ture and establishing optimal conditions for economic
development, improved market access, reduced envi-
ronmental pollution”. In Sub-priority 8.2 Effective
maintenance, modernization and development of the
transport infrastructure. Integrating the Bulgarian trans-
port system with the European one are defined the main



Table 1. National road network by road category as of 31.12.2015 (kilometres), source: NSIL.

Statistical zones, Category Category Category III roads and
statistical regions Total Motorway road connections by
o I roads 11 roads LT
and districts croossroads and junctions
Total 19853 734 2954 4025 12140

North-West region 3402 7 393 766 2236
North Central region 2965 - 462 636 1867
North-East region 2690 95 487 467 1641

North Bulgaria 100% 1,13% 14,82% 20,64% 63,42%
South-East region 3307 223 600 754 1730
South-West region 3387 215 596 618 1958
South Central region 4102 194 416 784 2708

South Bulgaria 100% 5,85% 14,93% 19.97% 59,24%

national road infrastructural projects - Strouma motor-
way; completion of Hemus motorway; construction of
Black Sea motorway/express road; construction of Rila
express road; construction of Sofia-Kalotina motorway;
construction of Maritsa motorway; construction of
Trakia motorway. There are two projects in North
Bulgaria evaluated as projects with high national
priority, but in document it is stated that ,,With view of
the limited financial resources from the EU funds and
from the state budget for the construction of motorways
and express roads, possibilities for attracting private
capitals will be sought for.“ Consequently there is a
presence of high risk concerning the start and end date
of implementation of these two infrastructural projects
with highest priority for regional development.

The main infrastructural projects for which is
planned funding, according NPD are presented in
Table 2.

Table 2. Main infrastructural projects in
North Central Planning Region, according NPD.

Name of projects Source of funding
Construction of detour of town |  OP Transport 2007 -
of Gabrovo 2013
Completion of construction of OP Transport and
Hemus Motorway (280 km) Transport Infrastructure
2014 —2020
OP Transport and
SR Russe - Shumen Transport Infrastructure
2014 - 2020

Construction of speed road
(SR) Russe - Veliko Turnovo - n/a
Makaza (261.2 km)

OP Transport and
SR Durankulak - Varna Transport Infrastructure
2014 - 2020
Stage V of the detour of OP Transport and
Gabrovo, incl. a tunnel under | Transport Infrastructure
Peak Shipka 2014 - 2020

The transport model of Bulgaria updated in 2013
(part of the General Transport Master Plan), identifies

main sections of the road and railway network with
expected major traffic increase until 2020 and 2030 and
sections where demand forecast is close to or above
existing capacity. Highest average annual daily traffic
volume of road transport by 2020 is expected on the
sections Sofia-Burgas, Sofia-Kulata, Sofia-Ruse, Sofia-
Varna, Burgas-Vama and Ruse-Nova Zagora. This
defines as very important construction of motorway
Hemus and reconstruction of roads Ruse-Veliko
Tarnovo and Ruse-Shoumen for further development of
NCR and North Bulgaria. Which will be the ways of
funding for this projects?

In Operational Programme ,,Transport and
Transport Infrastructure* 2014-2020 [5] as project ,,of
paramount importance® is set the completion of the road
section from Blagoevgrad to Sandanski along the
Struma Motorway in the direction of the Orient/East-
Mediterranean corridor of the TEN-T network,
followed by projects for completion the sections of the
Hemus Motorway and the tunnel under Shipka Peak. In
Operational programme it is stated that the ,,Construc-
tion of the Hemus Motorway and Construction of a
tunnel under the Shipka Peak - will be financed from the
State Budget and/or international financial institutions.
If funds under OPTTI 2014-2020 become available,
they will also be used for the implementation of sections
of Hemus Motorway and the Shipka Tunnel.*

These statement can be a topic of detailed analysis in
the following context - if the priorities are well set and
if the proper planning of available funding for 2014-
2020 is done in advance.

The practice from previous programming period
show that there are differences between preliminary
planning of funds allocation and selected projects. In
Operational program ,,Transport“ 2007-2013. The
results from implementation of programme in Table 3
show that the main investments are focused in South
Bulgaria and they include 249,58 km motorways. In
comparison roads infrastructure in North Bulgaria,
funded from Operational programme includes 31,59 km
new roads and rehabilitation of 10,94 km.
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Table 3. Main investments in road infrastructure,
funded by OP ,, Transport™ 2007-2013.

Main projects for
road infrastructure Results
. 10.940 rehabilitation and recon-
Ring road Gabrovo struction + 12,314 new road
Ring road Montana 12,452 km new road
Ring road Vratsa 6,8166 km new road
Motorway Strouma 68,96 km new road
Motorway Hemus 8,46 km new road
Motorway Maritsa 65,620 km new road
Motorway Trakia 115 km new road

GDP of all planning regions for 2014 is presented in
Table 4. The fact that 73,45 % of GDP is created in
South Bulgaria, and the 86,1 % of motorways are
located there can be used not only for prove of
effectiveness of ESIF funding, but also shall be a major
start point for future programming and funds allocation
until the end of programming period 2014-2020.

Table 4. GDP and GV A by region, 2014.

Statistical GVA, GDP, GDP per
region Million Million capita,
(NUTS II) BGN BGN BGN
Bulgaria 72 608 83612 11574
North West 5151 5932 7381
North Central 6042 6958 8376
North Bulgaria 19276 22 198 25532
North East 8083 9308 9775
South East 9048 10419 9819
South West 34373 39 582 18614
South Central 9911 11413 7872
South Bulgaria 53332 61414 36 305
Conclusions

There is a clear connection between investments in
road infrastructure and regional development.

ESIF contribute significantly for local economic and
social development and proper programming of their
allocation and spending in correspondence of local
needs is a precondition for declining of regional
dipartites and future development of Northern part of
Bulgaria.
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Pe3stome: B T03u JI0KIIa] € NpezicTaBeHa METO/IMKa 33 H3ClieiBaHe Ha ebeKTa M pa3poCTpaHeHHeTo Ha HedopmanHaTa
norpebuTencka HH(GOpMAIHs OTHOCHO aBTOMOOWITHU CepBU3U. 3a LIENTA € HalpaBeH TEOPETHYEH aHaIN3 U € U3BEJICHO
CHHTE3MpAHO OIpe/eieHue Ha MOHATHETO HedopMaiHa moTpedurencka uHpopManus. [IpemsioxkeHa e moaxozsiia

MCTO/IMKa 3a U3CJICABAHC Ha 0a3aTta Ha aHKETHH KapTu.

KunrouoBu xymu: nepopmania nompebumencka un@opmayusi, amomoouner cepeus, ROmpeobumei Ha cepeusHa yciyed.

1. BLBenenue

B rp. Pyce no nanHu Ha pa3iMyHUA CIIPaBOYHUIINA
[13] uma Hax 29 aBromoOunHu cepsuza (AC), mpemna-
rainy pa3HoOOpa3HH YCIyTH MO TOUTBP)KAaHETO Ha
apToMoOmwM. ['onemusaT mM Opoii, OT emHa CTpaHa,
3aTpyAHsBa NOTEHIMATHUTE IOTpeOUTeNH B H300pa Ha
KOl J1a ce JOBEPSIT, a OT Apyra CTpaHa, CaMHUTe CEPBU3U
ce 3aTpyaHsABaT B M300pa Ha TOJXOAAIIA peKIaMHa
cTparerus. BaxkHa poinst Ipy B3eMaHETO Ha pelIeHUsS
nMa pexiamaTta u HepopmanHata HHGOpMAaLHSL.

Ilon HedopmannaTa morpeduTencka HHPOpMAITHS
ce pa3dupa: MEeXIyIMIHOCTHA KOMYHHUKAITHS, OTHACS-
1A ce JI0 ompe/ieieHa CTOKa MM YCIIyTa | ce Mpe/iaBa
OT W3TOYHHK, KOWTO HE € CBhP3aH C AajieHa OpraHn3a-
oUst ¥ HE TpUTeXaBa JIMYHOCTHH TOAOYAW Oa o
NpeIOCTaBH.

Bopemiara nprunHa 32 MHTEH3UBHOTO PA3BHTHE U
IIMPOKOTO PA3NpOCTPaHEHHWE HA TO3W BHJ Ia3apHa
nHGOPMAITH € KEJIAHUETO Ha TOTpeOuTenuTe 1a Obaar
MO-CUTYPHU TIpY B3€MaHE Ha pelleHHs MOJI3BaHe Ha
cepmu3Ha yciyra. [lapanenno ¢ ToBa, morpeduTennTe
TTOJTy9aBaT Hal-pa3HOOOpa3Ha peKiiaMHa HHPOpMAaITHs
3a Pa3MYHU YCITyTH, KOUTO 33[I0BOJISIBAT €ITHU U CHIIH
HyXI4d. VIMEHHO B TakuBa YCJOBHS T€ TO-Y€CTO Ce
oOpwIIaT KeM HedopMamHaTa WHGOPMAITHS, TPHIO-
OuTa OT MPUSITENHN, TIO3HATH, ChCEIN 1 IPYTH.

Ot notpeduTencka rieHa TOYKa 3HAYMMOCTTa Ha
HedopMmanHaTa WHQPOPMALUS B OCHOBHH IJIMHUHM CE
CBeX/a JI0 HAMAJSIBaHE HAa PHCKA TP IOJI3BaHETO Ha
CEepBHU3HA yCITyra.

Peguua aBropu [9-11] B cBouTe u3cneABaHUsS
pasTiekaaT CTOKH, KOUTO ca € TIO-Crei(uaeH Xapak-
TEp Ha MOTPeOJICHNE U NPEIIOIAraT Io-BUCOKA CTETICH
Ha PHCK P TTIOKyTKa. ToBa € 0CHOBaHUE 3a ThPCEHE Ha
cuiieH ebekT OT criofiesieHaTa HedopMaaHaTa HHDOp-
Mallus TIpY B3eMaHe Ha PEIICHHUE 3a ITOKYTIKa. Pasriiex-
JAHETO Ha pA3IMYHH BWJIOBE YCIYTH WU TO-TOYHO
YCIIyTH CBBP3aHH C TIOAIPHKKATA H PEMOHTA Ha aBTO-
MOOWJIM M APYTH MOTOPHH TIPEBO3HA CPEICTBA OTTOBA-
ps IMEHHO Ha TE3U U3MCKBAHUS, KOETO € U OCHOBAaHHUE
3a MPOBEKIaHEe Ha U3CIIC/IBAHE B Ta3H HACOKA.

LenTa Ha HACTOSIIIOTO M3CIIEIBAHE € J1a Ce pa3pa-
00T METO/IMKA 3a YCTAHOBSABAaHE Ha e()eKTa U OCHOB-
HUTE KaHAIM 3a Pa3lpoCTpaHeHHe Ha HedopMaliHa
norpeduTercka nadopmartust (HITN).

3a U3ITBJIHEHUETO Ha MOCTABCHATA 11E)T Ca U3BE/ICHU
CJICJTHHTE 3a/1a9H:

1) Jla ce cbcTaBM TeopeTHMYHA TIOCTAaHOBKA 32
CBIIHOCTTA, POJIATA W 3HAYEHWETO Ha HedopMaHaTa
noTpeduTeIcka nHpopMarusL.

2) Jla ce mpeanoxu METOAMKA 3a M3MEpBaHEe Ha
epekTa W Pa3OPOCTPAHEHHMETO HA TO3H  BHJ
nHOpMAIHSL

2. TeopernuHa NOCTAHOBKA

HIIH ce onpenens kato criofielicHa HHPOPMAIHS OT
€/IHO JIMIIE Ha JIPYTO JIMILE ITOCPEACTBOM pA3INYHU
cpeAcTBa 3a KOMyHHMKalus. TaBa cHogeisiHe HMa
HeoHIaieH XapakTep, OOMKHOBEHO 4pe3 pa3roBOP
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HJIAIE B JUIE", 1Mo TenedoH, Ype3 TEKCTOBH CHOO-
ieHus1, yeO auasor, Onorose, UMeIH u Apyru [6].
BaxHo e 1a ce orOernexu, Ue CroJeNIHETO Ha TaKaBa
rHpOpMAaIs Hal-4ecTO Ce CIy4Ba MEKIY JIHIA ChC
CXOJIHO TIOTPEOMTEJICKO MOBEICHUE U BKycoBe [9].
Coio Taka HITW moxke na ce u3Mnoli3Ba OT pa3jinuHu
OM3HeC OpraHW3alliK, KOWUTO Ype3 Hesl ce CTPEeMST Ja
CBH3/IaJIaT MOJIOKUTETHA OOIIIeCTBEHA Haraca 3a CBOsITa
JeiHoCT [6].

HITA ce nmpuema xaro HeroiaTeHa (hopma Ha peKiia-
Ma, TIPY KOSTO €IWH IOBOJIEH MOTPEOHTEN MPHUBIIIYA
MHOTO JpYTd TOTEHIMATHU TMOTpeOUTENn Mocpes-
CTBOM criofieiisiHe. BB3MOXKHO € U JIOBOJIHU CITYKHUTEIIH
Ha OpraHm3alyATa Ja pa3lpocTpaHsBaT MoJ00Ha
uapopmanys. Caura ce ome, ue HITH, npenocrasena
OT POIHHMHH W TPUSTENN, UMa HAH-TOJIsIMa POJIS TIPH
B3eMaHeTO Ha motpedurencku pemenus [8]. Ts chiio
Ipe/iaBa JIMYEH OMHT OT HAKOTO, 33 KOTOTO CE MPHEMa,
4e TOi He e cTUMyJupan (uHaHCOBO 3a ToBa [10].
Uecto TOBa ce pasriiexia KaTo eBTHH MapKETHHTOB U
YIIPaBIEHCKH HHCTPYMEHT.

VYcraHoBsiBa ce TCHICHIMS OpraHu3alvuTe Ja
TBPCAT HAYWMHU 32 CTHMYJHMPAaHE HAa pa3lpocTpaHe-
HHUETO Ha TIOJIOKHTEIHA 32 TAX HHpopMarys. 3a menra
CE M3MOJI3BAT Pa3INIHN (PHHAHCOBH CTUMYJIH [7].

3a menuTe Ha HACTOSIIOTO U3CIIE/IBAHE CE AUCTaH-
[MpamMe OT IIaTeHara popMa Ha TO3H BUI HH(popMaIws
M ce HacoyBaMe KbM TaKaBa IpeOCTaBeHa 10 ecTe-
CTBCH IIbT U 663 JOITBJIHUTCIIHU CTUMYJIN.

Moxe na ce 00001H o11ie, ue:

* TSI MOXKE Jla ce Oa3upa Ha Hy>KAWTE Ha N3TOYHHUKA,
CBEICHH 10 BB3TOPI U 3aJ0BOJICTBO, WM Ha
HYXIIUTE Ha TIOJTy4YaBallia CTpaHa, B CITyJai, 4e TS
TBHPCH CBHBET, WJIH J1a Bb3HUKHE CITY4aifHO;

* TS Ce CBhP3Ba OOMKHOBEHO C B3aNMOACHCTBHETO
,JIUIIC B JIMIIE™, BB3MOXHO €, 00aue, Jia Ce MoJy4u
W 4pe3 JPYrd W3TOUHMIM, KaTo TeleoH WIn
WHTEPHET.

Cuura ce oie, ue norpedutenute usnonssar HIIN
IPU OCBINECTBIBAHETO HAa TOKYIIKM HAi-MalKO B
CIIITHATE CITyJau:

* [Ivpeo, KOraTo MOTPEOUTENUTE NPEIBAPUTEITHO
TBHPCAT MH(POPMAIIUS 338 CTOKH, KOUTO 33J0BOJISIT
TEXHHUTE yTUIUTAPHHU TOTpeOHOCTH. JlocTaThyHO
€ Te /1a OCh3HaBaT KOHKPETHUTE HY XK,

* Bmopo, Kxoraro noTpeOuTenTe ThPCsT UHPOpMa-
IUsI C XCJOHUCTUYHA 1€ — 32 yJIOBOJICTBHE WU
MOJHOCT. JlocTaThuHO € Te Aa UMaT paroHATHA
MIPEICTaBH 3a MoN3uTe [2];

* Tpemo, KOTaTo NOTPEOUTENHTE THPCAT UHPOPMA-
IS 32 J]a HAMAJISIT PHUCKA, CBBP3aH C OCHIIECTBS-
BaHETO Ha MOKYTIKaTa.

BB3MokHY ca ciieTHUTE BUIOBE PUCKOBE, CBBP3aHH

¢ mokymnkara [4, 5]:

* (DMHAHCOB PUCK;

* 3/IpaBOCJIOBEH PHCK;

* BPEMEBU PHCK.
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Criopen IpyTrwl M3CIIE0OBATENH TPYIUTE CTOKH, 32
KouTO chluecTByBa U ce crioesns HITU ca cnennure:

* CTOKH, KOHTO BBJIHYBAaT XOPaTa;

* MHOBAaTHBHH CTOKH (EIEKTPOMOOHIIN);
CTOKH, TIPEJIIIOIATAIIH JIMYSH OIHUT OT MOTPeOUTE-
JINTE;
TEXHUYECKH CIIOKHU CTOKH;
CKBITH CTOKH, KOUTO HWCKAaT CEPHO3HU KaIuTaIo-
BJIOKEHUSI M IMaT BHUCOKA CTETIeH Ha PHCK [8].

OcHoBHaTa pasriexnaHa o0NacT B HACTOSIIOTO
M3CIIe[IBAHE € CepBU3HATA YCIyra 3a MOITbpKaHe Ha
ABTOMOOWITH, KOSITO OTroBapsi Ha Te3u ycnoBusa. OT
e/Ha CTpaHa TS € TEXHUYECKU CIIOXKHA, a OT Jpyra
CTpaHa, MOXe JIa Ce IIPUeMe, Ue Ipr n300pa Ha MACTOTO
3a OCBIIIECTBSABAHE HA Ta3H YCIIyra HOTPEOUTEIHUTE Ce
CTpEeMST Ja W30erHAT BCHYKHM BUIIOBE OT TOPEIOCOYe-
HUTE PUCKOBE.

3. MeTonuka 3a u3MepBaHe Ha edekTa u
pasnpocTpaHeHHeTo Ha He(hOPMAIHATA NOTPedH-
TeJICKa MH(opMaLus 32 ABTOMOOWIHM CepPBU3HU

B pasrnexnanara kateropusi yciayru MomajaaT
pemviia Mankd U cpenHu 1o pazmep AC ¢ pasnmmaHu
BB3MOXKHOCTH W KamaluTeT Ha neitHocT. HacrosmoTo
W3CIIC/IBAHE MIMA 3 IIEJT Ja CE YCTAHOBAT OOIIM Xapak-
TEPUCTHKHA W TEHISHINH 33 e()eKTa U pa3rpocTpaHe-
HHUETO Ha To3W BU nHpopmarst 3a AC.

NscnenBaneTo pa3kprBa BXOAHUTE KOTMISCTBEHH U
Ka4eCTBEHU IapaMeTpy 3a MollydeHara MHGOpMaIus,
KakTO ¥ W3MOI3BaHWTE KaHAIM W CpPEACTBa 3a
OCBIIECTBIBAHETO HA TO3H MPOLIEC.

MeronukaTta 3a u3MepBaHe Ha edeKra U pasipo-
crpanennero Ha HIIM oOxBama mpoBexnaHeTo Ha
EMITMPUYHO U3CTIEBaHE CPEe MMOTPEeOUTENNTE OCpe-
CTBOM aHKeTupaHe. Brrnpocure ca pasieneHu Ha Tpu
OCHOBHH TPYIIM CIIOpEJT TAXHATa Liel. B mbpBara rpymna
nonajar Bbipocute 3a nosydeHara HITHM. Be BTopara
rpyma ca BBIPOCHTE 3a CHOMENSHETO U Pa3lipoCcTpaHe-
Huero Ha HIIM, a B Tperara rpyma ce HOCTaBsT
TPYTUPOBBYHATE (TTACTIOPTHH, PEKBU3UTHH ) BHITPOCH.

3.1. BbnpocH 0THOCHO MOJTyYeHara
HedopMaTHATA NOTPe0MTeNICKA MH(pOopMALMS

3a menuTe Ha U3CIEIBAHETO BHPXY IMOTyUYeHaTa OT
pecroH/IeHTHTE (aHKeTUpaHuTe) MH(GOpMALs HE ce
n30Mpa MOMEHTHT Ha HEHHOTO IoJydYaBaHe, a TIo-
KBCHUSAT €Tall, KOraro Te ca UMaJld Bb3MOYKHOCT Ja 5
OCMHCIIAT, JIa OLIEHAT HEHHUTE acIeKTH, Ja ce yOe T B
JIOCTOBEPHOCTTa Ha M3TOYHMKA M Ha Ta3u 0asa Jia ot-
YeTar BIMSHUETO M BEPXY TIXHOTO Ma3apHO PeIlieHue.

AHKETHUTE KapTU Ca CHCTABEHH Upe3 aJalTUPaAHE
Ha BBIPOCHHIM Ha 0a3a METOJMKAaTa, MPEJCTaBEeHA B
MPOYYBAHE 32 OLICHKA HAa MA3apHUTE PELICHUsS Clel
npunoousane Ha HITM, npoBeneno B Anrmust. OcHo-
BaTa Ha Ta3u METOJMKA € TpejicTaBeHa oT PoobpT Uiict
Y HETOBUS €KUM [3], KaTo 3a U3CIIEABaHE CE U3IO0I3BAT
BBIIPOCHUIIUTE, HACOYEHU KbM nosydaBaHeTo Ha HITN
Y HEHHOTO BIMSIHUE BHPXY PEIICHUETO 32 MOKYTIKA.



OlieHsiBaT Ce KAUYeCTBEHUTE aCIIEKTH Ha NOJTydeHaTa
HIIH, xaTo: A0CTOBEPHOCT (E€KCHEPTHOCT), COITUATTHH
OTHOILICHUSI ChC CTpaHaTa, Npe/OCTaBiIa HH(pOpPMa-
[USTA, BIASHUETO M BEPXY IMOTPEOHTEIICKOTO PEIICHIE
U KOHKPETHHTE TPAHHUIIM HA HETOBOTO HM3MCHCHHE.
WznomsBar ce T.HAp. ,, IUKBPTOBU CKalH'‘, KOHUTO
MO3BOJIIBAT MO-TOYHOTO YCTAHOBSIBAHE HA BIIASHUETO
Ha KOHKpPETHUTE (DaKTOPH MPU U3CIICIBAHETO.

3.2. BbIIpocH OTHOCHO CIIOJEJISIHETO U
PA3NPOCTPAHEHHUETO HA HepopMaTHATA
norpeduTescka nagopmanmst

Tyk ca aganTupaHd BBIOPOCH OT METOJMKATa Ha
arenrms ,,I'tnd Research® [12] u MeToanKkaTa Ha M3cie-
noBaTeny oT yHuBepcurera B KunarersH [11], kouTo ce
OTHACAT JI0 W3XOJHUTE BPBH3KU WM CIOACISIHETO Ha
HIIN. JTaBaT BB3MOXHOCT /14 CE YCTaHOBSIT OCHOBHUTE
KaHaJIH, U3MOJI3BaHU OT MOTPEOUTENNTE 3a CIIO/CISTHE
Ha HIT.

Pasrnexxna ce W M3MON3BAEGMOCTTa HAa HUHTEPHET
Karo cpenctBo 3a Tbpcene Ha HIIW. Ienta Ha BbIpO-
CUTE € Jia C€ OICHAT Pa3IMYHUTE BBH3MOXKHOCTH Ha
€JIEKTPOHHUTE KaHaJIM 3a MMOJydyaBaHE Ha TakaBa. Tyk
BKJIFOUBAHETO Ha (POpMATHU KaHAIW 332 WHQOpMAITHS
MPeOCTaBd BB3MOXKHOCT 3a CBIIOCTaBKaTa MM C
HedopmarHuTe.

3.3. I pynupoBLYHH BHIIPOCH U NIOA00P HA
pecrnoHieHTHTe

Tyk H3MOM3BaHUTE BBIPOCH Ca OTHOCHO IIOJA,
BB3pACTTa, 00pPa30BaHUE HAa PECHOHACHTHUTE, KAaKTO U
Janmu ca akthBHH odpopu. Te3w BBIIpOCHTE JaBar
BB3MOXHOCT J1a c€ 00pa3yBaT pa3IMyHU, XOMOT€HHH,
MOTPEOUTENICKH IPyNH. Te ce MOCTaBsIT B HAYAJIOTO WIN
Kpasi Ha aHKETHUTE KapTu, HO MOrar u Ja Obmar B
OCHOBHATA 4acT Ha BBIIPOCHUKA, CTUTa 12 HE PA3KbCBAT
JIOTMKaTa U MOAPEXIaHEeTO Ha OCHOBHUTE BBIIpocH [1].
WznomsBar ce OCHOBHO IMXOTOMHH BBIIPOCH H
WHTEPBAIHU CKAJIH.

3.4. IlonGop Ha pecrOH/IEHTH

M360pbT Ha pecrioHAEHTH B peauiia Cilydau e
orpannyeH. IMEHHO nopay Ta3u MPUYMHA 33 PECTIOH-
JIEHTH B HACTOSIILIETO M3CIIEIBAHE CE IPUBIIMYAT JIULA C
Pa3IMYEH COLMANIEH CTaTyC M OT Pa3IN4HU Bb3PACTOBH
rpynu. Ilpuiara ce METOABT Ha LieieBaTa HeCIy4JaiiHa
n3BajKa. 3a Ta3u LieJl PECIIOHACHTHUTE ca MOAOPaHH MO
TPY OCHOBHH METOJIA!

* TIONBJIBAHE HA aHKETHU KapTH OT CIIyYaiiHH JIUIa;

* TIOMTBbJIBaHE HA AHKETHH KapTH OT JIMLA, TIOA0paHu

IO E€JIEKTPOHEH ITBT;
* IIOITHJIBAHE HA AaHKETHU KapTH OT CTyIeHT! Ha PY
,,2Anren KeHues®.

[Ipu mepBaTa rpyIma ce ey 1a ce pa3lupyu 00XBaTa
Ha U3CJIENBAHETO U [Ia CE MOITBIIHAT AHKETHU KapTH OT
JIMIIa B TIO-TOPHU BH3PACTOBH KaTErOpUHY B CPABHEHHUE C
TpeTaTa KaTeropus — cTyieHT ot PY |, Anren KpHuep®.

Bropara rpyna ca nuia, nonOpaHu 10 €JIeKTPOHEH

ITBT, KaTO € NPUJIOXKEH METOIBT Ha “CHEXKHaTa ToIka™ ,
T.€. BCSKO JIMIIE € TIOMOJIGHO Jia TIperpaTd aHKETHH
KapTH Ha JPYyrd JWa OT HETOBOTO COLUAIHO
00kpBxkeHne. OCHOBHUTE M30paHN KaHAIH 3a TOBa ca
conpanHara Mpexxa — DelcOyk W Mo WMeil1, Kato
TIONBJIHEHUTE aHKETH CBUIO CE€ B3eMaT OT Te3U
M3TOYHMITM. 3a [enTa € n3dpaHa rpymna B COlMaIHaTa
Mpexa DelicOyk cBbp3aHa ¢ aBTOMOOMHTE — ,,YeTnpu
KoJena‘®.

Tperara rpyna ca ctyaentu ot PY ,,Anuren KpHuep®
OT pa3IYHN CIEIHATHOCTH.

4. 3axuiouenue

[pencraBeHUsT B CTATUATA TEOPSTUYCH aHAITU3 HA
TIOHATHETO HehopMaTHa MOTPeOUTENCKa HH(POpMAITHs
JlaBa BB3MOYKHOCT 3a I0-I00pOTO MY THJIKYBaHE U TI0-
MOAXOSIIIOTO MY OLICHSIBAHE.

IpencraBeHara MeTOMMKA € TOMXOAAINA 3a IO-
HATATHIIHO OIICHSABAaHE HA BCHYKMA acleKTH Ha
NPOSIBJICHUE M BJIMSHUAE Ha HedopMmaaHaTa moTpedu-
Tencka HHGOpMAIWs BbPXY MPOALKOUTE HA YCITyTHTE
Ha aBTOMOOWITHUTE CEPBU3H.
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Pe3stome: Ha 6a3a aHkeTHO npoydBaHe ce OleHsBa edekTa Ha HeopmanHaTa noTpeduTencka HH(OpMAIWs OTHOCHO
aBromoOmHuTEe cepBu3d. [IpencraBeHn ca n pesynTaTy 3a MHTEH3MBHOCTTa Ha THPCEHE M MOJIydaBaHEe Ha MOJO0HA

MH(pOpMALHS OT OTpeOHTENHTE.

KnrouoBu xymm: neghopmanta nompebumencka un@opmayus, asmomoouneH cepeus, nompedumen Ha cepeusHa yciyad,

OYEHKA, UHMEH3UBHOCN HA MbPCEHRE U NOYyYA6AHE.

1. BLBenenue

B rp. Pyce mo naHHM Ha pa3nuyHU CIPABOYHHUIH
[3, 4] uma Hazg 29 aBTOMOOWITHH CepBH3a, TIPEUIATaIIN
Pa3HO00pa3HK YCIyTH 1O MOIBPYKAHETO HA aBTOMO-
Owm. ["onemusaT uMm Opoif, OT e1Ha CTpaHa, 3aTpyaHsBa
MOTEHIMAHUTE MTOTpeduTeny B n300pa Ha KoMl 1a ce
JOBEpST, a OT Jpyra CTpaHa, CaMHTEe CEpPBH3H CE
3aTpy[HsABaT B W300pa Ha TOIXOMIa peKiaMHa
CTpaTerwsl.

Cropen npoyuBane [2] mexay 13-20% moTtpebu-
TEJIUTE THPCAT UHGOPMAIIHS OT TPAIUIIMOHHA PeKIama
Y MHTEPHET, 00a4ye eEeKTHT M BBbPXY B3EMaHETO Ha
pellleHUe 3a MOKYyINKa ce OLEHsABa Ha okoio 4%. B
CBIIOTO BpeMe 0K0JI0 34% OT moTpeOuTeNnruTe THPCAT
HeopManHa wHOpPMAIKS, a HEWHUAT €PEKT BBPXY
B3€MaHETO Ha pelleHHe ce oueHsBa Ha okoino 40%.
Tesu pesynraru ca BanmuaHu Oe3 1a ce B3eMa IIPEABUL
KOHKPETCH TPOIYKT.

AstromobOuHuTe cepusn (AC) ce 3aTpynHsaBar B
n300pa Ha CBOATA peKJIaMHa CTpaTerysl IOPaan Peaniia
OO/DKETHHU OIPaHUYCHUS, KOUTO NPE/ITioiaraT ThPCeHEe
Ha AJITCPHATUBH — KaTO HepopMasTHaTa MOTPEOUTEIICKA
nHpopmanus (HITN). Llenra Ha HacTosAImoTo uicnen-
BaHe € J1a ce yJieCHH M300pa Ha PeKIIaMHa CTPaTeTHs OT
CTpaHa Ha aBTOMOOMJTHUTE CEPBH3U.

3a ma ce mMocTHTHE IieiTa TpsOBa Ja ce pemar
CIIeITHHTE 3a]1a49H:

* Ia ce OmpeseNl CPETHOTOAUIIHATA HEOOXOH-

MOCT OT CEPBU3HH YCIIYTH OT CTPaHa Ha )KUTEIINUTE

Ha rp. Pyce;

* Jla ce ONpPEieNH CPEJHOTOAUIIHOTO KOJIMIECTBO
Ha Toiy4eHa He(opMaliHa MOTpeOHTENCKa WH-
(opmanyst OTHOCHO aBTOMOOWITHUTE CEPBU3H;

* 51a ce oreHu eeKTa OT MmonydyeHaTa HeopMaiHa
noTpedurerncka nH(popManys.

2. M3no:xenne

[To ommcanata meromuka [1] € chcTaBeHa aHKeTa
Ype3 KOSATO € HalpaBeHO MPOy4YBaHE Cpel TIOBEUE OT
100 moTpebuTenH Ha pa3iIyHa BB3PacT U 00pa3oBaHME.
Hacrosmoro n3cnenBane 6erre IpoBeeHO B IEpHoaa
Ha MecenuTe MapT u anpwi 2016 romuna.

Ot pecnionmentute (aHketupanute) 84% ca oOT
MBKKH 10T ¥ 16% KEHCKH TI0J1.

[lo xputepusi 00pa3oBaHHE PECIOHICHTUTE CE
pasmnpenensiT KakTo Clie/IBa:

* 27,18% cpemHo 00111000pa3oBaTeIHO;

* 34,95% cpemHo TEXHUIECKO;

* 19,42% BucIIIE XyMaHUTapHO;

* 18,45% cpemHo TeXHUYECKO.

Ot BB3pacTOBUTE TPYNH HAW-MHOTO MTPEACTABUTEIN
MMaT BoJaunTe Ha BB3pacT Mexay 21-30 roauwHm
(49,51%), cnenBaHu OT BOJAYHUTE HA BH3PACT MEXKIY
31-40 romunn (32,04%). UscnenBaneTo € chcpenoTo-
YeHO BBPXY TE3W TPYIH, 3alIOTO MJIaIHUTe BOIAYH
TIOPaJIX CBOSTA HEOITUTHOCT I1Ie IPHOSTBAT MO-YECTO JI0
YCIyTUTE Ha aBTOMOOWITHHTE CEPBU3M M 1€ THPCAT
nHpopmars 3a TaX. Bropara meneBa rpyma mormaiar
BOJIAYM C IO-TOJISIM CT&X U I0-I00pe OMXa OICHWIH
noyueHata HedopmaiHa uHpopmarwmsa. OcTaHaauTe

BulTrans-2016



BB3pacToBU rpynH (mox 20 u Hax 51 ToMHN) YCIOBHO
ce TprieMa, Y€ He ca aKTHBHH BOJAYH.

B koHKpeTHOTO M3cnenBaHe 3a 6a3a e n30paHo pas-
peeneHneTo 1o mod. [ Ipu kateropusupaneTo Ha Opost
Ha T'OAUIIHUTE ITOCCIIEHUA B aBTOCCPBU3U U KOJIMYC-
CTBOTO Ha mojy4eHa HedopmanHa wuHpOpMAIUS €
W3M0JI3BaHa CJIeHATA CUCTEMA!

* KaTeropusra ,,HuKora — ormenka ( mpTy;

* KaTeropus ,,MHOTO PSAAKO* — OIleHKa MeXIy 1-3

ITBTH;
* KaTeropus ,,psAaKo‘ — OlleHKa MEXIY 4-6 ITHTH;
* KaTeropwus ,,4ecTo’ — Haj 7 IIbTH.

2.1. M3cenBaHe HA CPeTHOTOMUIIIHATA
TIOCEINAeMOCT HA ABTOCEPBU3H

CpenmHorofuIHaTa TIOCEIAeMOCT Ha CEPBHU3UTE
nma Bua ot durypa 1.

Ot ¢urypara craBa SICHO, Y€ TO-TOIIIMAaTa 4acT
(oxom0 59%) OT MBXKEeTe PEecIOHAEHTH MHOTO PSIIKO
MOCEIIaBaT aBTOCEPBU3M WM MEXKTY 1-3 IBTH rOAMII-
HO, IOKATO IpH JAMUTE TOBA € BATUAHO 32 OKOJIO 47%.
Oxo110 22% 0T MBXKETe MOCOYBAT, Ye PSAKO U3MONI3BAT
cepBu3M (Mex 1y 4-6 ITETH TOIUIITHO), KOETO € BaJIHTHO
u 3a okosio 12% ot >xeHute. Moke Jia ce 3aK/IIouH, 4e
CpEeIHOTOVIITHATA TIOCEIIaeMOCT Ha aBTOCEPBU3M € 4
TOCeIIeHusI WK 1o 1 mbT Ha TpuMeceune. Ta3u Hucka
YeCTOTa Ha MOCEIICHUTA MIPEAToiara moBeue BpeMe 3a
roJTyJaBaHe U rmojodop Ha HeopMaHa HHGOpMaIHs 1
JI0 TIO-BHICOKA HEeWHa e()eKTUBHOCT.

2.2, M3cenBaHe Ha CPETHO-TOIUIIIHATA YECTOTA HA
NOJTy4aBaHe U HHTEH3WBHOCT HAa ThpceHe Ha
HedopMaTHa HH(pOpMALUS

KomuuectBoto Ha monyueHata —HedopMaiHa
rH(OpMALUsI OT PECTIOHACHTHUTE MOXKE Ja C€ BUIU Ha
Owurypa 2.

Tyk pecrnoHAEHTUTE U OT JiBaTra I0jia OCHOBHO Ca
OTTOBOPHJIM, Ye MOJTy4aBar HehopMaHa nH(opMaIust
OTHOCHO aBTOMOOWJIHWTE CEPBH3M MHOTO PSIIKO VUIH
Mexay 1 u 3 metu roguiHo. ToBa ce OTHacs 3a OKOJIO
71% ot mBxeTe u okoio 59% ot xkenure. OT qpyrure
Ppa3TIIeKaaH KaTerOpUH 10 3HAYKMMHU ca ,, HUKOTa'* (M
0 weTH) 32 MBXETe — mouTH 16% wu ,;gecto™ (Ham 7
mpTa) 3a OKoJo 18% xenwmre. Te3m pesynratu
KOHTPACTUpAT C M3Ka3aHOTO TO-PaHO MPEAJIOKEHNE 3a
O-TOJIIMAaTa BH3MOYKHOCT 32 TIOJTyJaBaHe U OIICHsIBaHEe
Ha MOJ00HAa WHGOPMAIUS TPEIABHI IPOIBIDKUTEI-
HOCTTA Ha IMEPUOa MEXIY JBE OTJCIHU TOCCIICHHUS.
SIcHO ce ouepTaBa TEHICHIMATA KEHUTE PECTIOHICHTH
Jia ca T0-aKTHBHHU TIPH MOJTyYaBaHETO Ha HeopMayiHa
vH(popManus. 3a TOBa CBUICTEICTBAT PE3yATATUTE OT
[I0-TOPHUTE KaTerOpUy OTHOCHO TONTy4deHa MHpopma-
s (KaTeropusTa ,,4ecTo™ € BamiaHa 3a okojio 18% ot
JaMuTe, a 3a Mbxere — okoio 4%). Moxe nma ce
3aKJTF0YH, Y€ JKESHUTE Ca MMO-PAIlMOHATIHY TIOTPEOUTEIH
Y TIOJTydYaBaT TOBedYe TakaBa WH(OpPMAIHS, 3aII0TO S
TBpesT. ChINO Taka, MOXKE /1a ce TIPEATIONOXKY, Ye Te 1e
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Ce BIIUSIAIT B MO-TOJISIMA CTETICH OT ToydeHara nHdop-

MaIIUs B CPAaBHEHUE C MBXKETE PECIIOH/ICHTH.
WHTeH3uBHOCTTA Ha ThpPCEHE Ha HehopMaiHa

nHpOpMAITHs € IpeacTaBeHa Ha durypa 3.
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Konko 4ecTo Minonieare ycnyrure Ha
aBTOMOGMNEeH cepBU3 roANWIHO?

Quzypa 1. CpemHOTOAUIIIHA MTOCEIIAEMOCT Ha
ABTOMOOWITHU CEPBHU3H.
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Queypa 2. VIATEH3MBHOCT Ha MOJTyYaBaHe Ha
HedopMaTHa HHPOpMAIIHSL.
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MonuTax 3a NpenopBka
Quzypa 3. VIHTEH3UBHOCT Ha ThPCEHE Ha
HedhopMaTHa HHOpMAIIHS.

Bewe mu gageHa

HabmtonaBa ce paBeHCTBO B aKTHBHOTO M MACHB-
HOTO ThpceHe Ha HedhopMaHa HHpopMarms. AKTHBHO
ThpceHe Ha HedopManHa MHPOpMAIWsl € KOraTo ce



TOTBPCH CBHBET, a MACHBHO THPCEHE € B CIIydaid, Ue
noJyuuin nHdopManus Oe3 1a CH mUTal 3a Hesl.

PesynraruTe OT mpoy4YBaHETO TIOKA3BAT, Ye MBKETE
ca TO-aKTHBHH TIpH TBPCEHETO Ha HedopMaIHa
uHpopMaIys 3a aBTOMOOWJIHM CEPBHU3U OT JaMHTE,
KaTo TOBA € BAJIUAHO 3a OKOJIO 65% 3a MBXKETE 1 OKOJIO
30% 3a mamurte.

Cpure pe3yiTaTH ITIOKa3BaT, 4e€ Ha JKCHHUTE
PECIIOHJICHTH C€ IPEI0CTaBs TakaBa nHpopmalus 0e3
CaMH J1a ca s ITOMCKaJIM, KaTo TOBa BaKH 3a OKOJI0 65%
oT TsX. B chimoTo Bpeme 6130 6% oT maMute BhOOIIIe
HE Ca OTTOBOPIJIN Ha BBIIPOCA.

2.3. OuensiBaHe Ha e(peKTa OT OJTyYaBaHe HA
HedopMaTHa uH(pOpMaLUs

3a 1a ce orieHH BIMSHUETO (eeKTa) OT MoydeHaTa
HedopMmanHa HH(OpMaIS Ce U3ION3BAT JIBa MOMCHTA:

* OIlCHKA Ha BEPOATHOCTTA Ja OBJe IOceTeH

TIaJICHIsT aBTOMOOMIIEH CEpBHU3 TIPEITH TIOITydaBaHe

Ha TPETopbKaTa;

* OIIEHKa Ha BEPOSTHOCTTA Jia ObJIe TIOCETEH Jiajie-

HUSI aBTOMOOMIIEH CEpPBH3 CIIe]] KaTo 51 € IOy YL

[IpunoxkeHa e T.Hap. ITUKBpTOBa ckana oT 10 cre-
TIeHU Ha BeposITHOCT. OIIEHKHTE IO JIMKBPTOBATA CKaJla
ce mpeoOpa3yBar IO CIETHHAT HAaYWH — BCAKA OT
JieceTTe CTEIeHN Ha oIrleHKa ce mpuema karo 10%. B
ciyyast 1 crasa 10%, 2 —20%, 3 —30% u 1.H. M3nomsea
Ce CpeHaTa BeJIMIHMHA TIPE/IH 1 CIie]] TOTyYaBaHeTo Ha
HedhopMmaTHaTa HHGOpMAITHSL.

BeposiTHOCTTa Ha TOTPEOUTEIHTE /A TOCETSAT NAJICH
CepBH3 TIpely W cjef ToydaBaHe Ha Tperopbhka 3a
Hero, O¥Ba OlleHeHa 10 HaurHa rocoueH B Tabmuia 1.

BeposiTHOCTTa 1a TOCETAT CepBU3a Mpeau Ja
MOJTy4ar TOJIOKHUTEHA MPENophka OUBa OllCHEHa OT
JlBaTa TOJA MPUONMHM3UTENHO enHakBO (okomo 40%).
To3u mbpBOHAYATIEH BHCOK PE3yJTaT ce OOSCHSBA C
KOMOMHAIIMATA OT CKIIOHHOCTTA Ha XOpaTa Jia PUCKYBaT
U TIoNy4eHata H(OpMaIWs 10 JPYTH, TPaIUINOHHY,
MapKETUHTOBH KaHAM WM COOCTBEHHM TO3HAHUS B
obnacrTa. Pa3nikara B HaracuTe MEXIy JiBata IoJja e
6 TIyHKTA, KaTo JJaMHTe ca TIO-TPEIa3IuBUTE OT JBaTa
ToJna.

Cren moyyaBaHETO Ha TPEMOPBKATa BEPOSAT-
HOCTTa Jia OBbJe TOCETeH MNPETOPhYAHUST CEPBH3
HapacTBa W IIpW JIBaTa Iojia AOCTHUTAWKH JI0 CPEHO
okoro 69%. W OTHOBO MBXKETE€ Ca TO-JOBEPUMBH
OTKOJIKOTO KEHHTE (Pa3jvKa B BEPOSTHOCTTA OKOJIO 7

ITyHKTA).

Tabnuya 1. BeposTHOCTHA OIICHKA 3a TIOCEIICHNE Ha
CepBU3 TPeIH U CJie]] [ToTyyaBaHe Ha MPEropbKa.

Cpenna | Cranpaptho | Cpenna | CrangapTHO
OLCHKA | OTKJIOHEHHE | OLEHKAa | OTKIOHEHHE
npeau npeau cren cren
Mbx | 4,0581 2,36322 6,9884 2,30342
XKena | 3,4706 2,52779 6,1765 2,87740
Oo6mo | 3,9612 2,38838 60,8544 2,41079
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TBBpIEHNETO M3KA3aHO TIO-TOPE, Ye KEHUTE Ca T10-
JOBCPYUBH OT MBKCTE, KbM I10TydaBaHaTa I/IH(bOpMa-
IIUSE HE CE MOTBBPIK/IABA, HO Pa3jiMKara € He3HAUNTeTHA
- camo 1%.

Karo msuto Moke fa ce 3akimoun, ye 6e3 3HaueHHe
OT TI0JIa, BEPOSTHOCTTA Ja OBbJIC MMOCETEH aJICH CEPBH3
Clie]] MOJNy4YaBaHe Ha TPENOphKa HApacTBa CPEIHO C
okomo 28%. ToBa MOTBBpKIaBa, Y€ HeopMaHaTa
rH(OpMaIIUsi UMa OTHOCHTEITHO [O-TOJISIMa TEXKECT U B
u3cienBanara cepa, OTKOJIKOTO BCHYKH OCTaHAIIH,
TpaJIUIIHOHHH, MAPKETUHIOBH KaHAIU TI0 OTJIEITHO.

Hedopmannara vHbOpMAaIys BEPOSITHO CE BB3IPH-
eMa 3a I0-JI0CTOBEPHA OT TPAIUIMOHHUTE MAPKETHH-
TOBU KaHAJM, KOETO MPEAroyiara COOCTBCHUIIUTE T
YIPaBUTEINTE HA aBTOMOOWIIHM CEPBU3H Jla OOPBIIAT
MOBEYE BHUMAHUE HAa TO3W MAPKETHHIOB KaHAI.

3. 3akmouenne

Ot HanpaBeHOTO EMIIMPUYHO M3CIICBAHE MOXKE J1a
ce 3aKIIouH, 4e 82% OT KEHHUTE PECTIOHICHTH ITOYTH He
W3II0JI3BaT yCIYIUTe Ha aBTOMOOHMJIHHTE CEPBU3M.
CaI10TO Ce OTHACA U J1a OKOJIO0 66% OT MBXKETE.

[lo-ronsamara yact OT aHKETHpaHUTE 3asBSBaT, 4e
MHOTO PSAKO ToiydaBaT HedopMaiHa HHGPOpMAIHs
OTHOCHO aBTOMOOWJIHHTE cepBu3u (okoino 71% ot
MBXKeTe M OKoyo 59% ot xkenure). TakaBa uH(Op-
Maimsa MbxeTe (0Kojo 65%) momyuaBaT MpeauMHO,
KOraTo s MOTBPCAT, a MpU IMOYTH CHUIMAT AN OT
KEHUTE TaKaBa UM Ce IIPEA0CTaBsi 0e3 OMCKBAHE.

Moxe na ce 3akiroud, ye 06e3 3HaueHHe OT Iojia
BEpOSITHOCTTA Ja OBblie MOCETeH MANEH CEPBU3 Cle
NOJIy4aBaHe Ha MPENopbKa HapacTBa CPEJHO C OKOJIO
28%., KaTo JaMUTE PECIIOHJIEHTH Ca MO-Bh3MPHEMUUBH
KbM TO3W BHUI peknama. ToBa J0Ka3Ba, 4e TO3M BHUI
pexiamMa uMa Io-roisiM eeKT OT TPaaULMOHHUTE
(opmu ¥ 1Ipu U3CIIEABaHATA KATErOpysL.
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Abstract: This survey based study measures the effect of word-of-mouth information for car repair services. Conclusions
for the intensity of searching and receiving of this type of information by consumers have been drown.
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Pe3tome: B To3u oki1a ca n3ciieiBaHN KaHAIUTE 32 paslpocTpaHeHne Ha HehopMaiHaTa notpeduTesncka nHdopmarms
OTHOCHO aBTOMOOMJIHH CEpBHU3H. 3a IIeNITa € HalpaBeH aHaJIN3 Ha CTEMNEHTA Ha JIOBEPUE KbM Pa3IMYHUTE N3TOUHUIIN Ha
HeopmaiiHa ToTpeduTencka uHpopManys. OleHeHH ca OCHOBHUTE M alTEpPHATUBHHUTE (MHTEPHET) KaHAIM 32

pasmpocTpaHeHre Ha moJ00Ha HHpOpMAIIHSL.

KnrouoBu xymm: neghopmanta nompebumencka un@opmayus, asmomoouneH cepeus, nompedumen Ha cepeusHa yciyad,

KAaHal 3a pasnpocmpanerue.

1. BLBenenne

B rp. Pyce mo naHHM Ha pa3nuyHU CIPABOYHHUIH
[5, 6] uma Hag 29 aBTOMOOWITHH CepBH3a, TIPEUIATAIITN
pa3sHo00pa3Hy yCIyTH 1O MOTHP)KAaHETO HA aBTOMO-
owmm. ["onemusiT M OpoiA, OT eJHA CTpaHa, 3aTPyAHsBA
MOTEHIMAHUTE MTOTpeOUTeNn B 1300pa Ha KoMl 1a ce
JIOBEPSIT, a OT IpyTa CTpaHa, CAaMUTEe CEPBHU3H Ce 3aTpy/I-
HABAT B M300pa Ha MOJXOAIA PEKIaMa U KaHATBT Ha
HEWHOTO Pa3NpOCTPaHEHUE.

Cunra ce, 4e moTpeduTennTe HalH-MHOTO CE JIOBe-
psBar Ha HedoOpMalTHA IMOTPEOHWTENICKAa WHPOPMAITHS
(HITA) ot mpusitenu u no3Hat (¢ 90 % T0CTOBEPHOCT)
1 Ha 1moji00Ha nHpopMarys, crioaensiHa ornaiH (70%
JIOCTOBEPHOCT). JIpyTH aBTOPH AOCTUTAT A0 MO-KpaiHH
pe3yJITaTH ¥ ONKCBAT HedopMaliHaTa MOTPEOUTENICKa
vH(OpMALUs KaTo €H OT OCHOBHHUTE (haKTOpH 3a
MIPUBIIMYAHETO Ha HOBH M 33IbP)KAHETO Ha HACTOSIIH
notpeourenu. HIIU e dakrop, Baustert ot 20 10 50 %
BBPXY PCIICHHETO 3a IIOKYIKa B 3aBUCUMOCT OT
cTokara [4].

Ot nipeuiHO M3cnienBane [ 1] e moka3aHo, ue BIvs-
nuero Ha HIIW, npu B3emaHe Ha perieHue 3a Moj3Ba-
HETO Ha YCITyTUTe Ha JlaJieH aBToMo0uiieH cepeus (AC),
oM 1a B IIOCOYEHUTE TIO-Tope TpaHui (0koJo 28%).
BenuunHata Ha TO3M €EeKT € 3HAYMTEIHO TMO-ToJsMa
or edekTa Ha TPAIUIMOHHUTE MAPKCTUHTOBH
cpeacTBa, Bh3nu3all cpeaHo Ha 4% [2]. Tosa Hanara
OITPEICIITHETO Ha HAN-TIOAXOSAIIMAT HAUYKH 32 Pa3Ipo-
CTpPaHCHHE, KOCTO € IMPHUETO 3a IIeJl Ha HACTOSIIOTO

u3cienBaHe. PemraBaHero Ha MOCOYEHHTE MO-IOILY
3a/1a4M 11e I0BEJIE 10 IOCTUTaHe Ha MTOCTaBeHaTa 1Iell.

Sagayu:

* J1a ce OLIEHU CTEIeHTa Ha I0BEpHE Ha NIOTpeOuTe-
JIUTE KbM pa3IMIHUTE N3TOYHUIIN Ha He(hopMaTHa
uHbOpMALIS;

* J1a Ce OLEHST KaHAIUTE, 110 KOUTO IOTPEOUTENUTE
THPCAT HHpOpPMALIHSE;

* J1a ce ONpeAeNd NPENOYUTaHUAT OT OTpeOuTe-
JIUTE aTepHATUBEH (MHTEPHET) KaHa 3a ThPCEHE
Ha WHPOPMAITHSL.

2. M3no:xkenne

Hacrosmioro m3cienBane € mpoBeAeHO Upe3 aHKe-
tupane Ha Haz 100 moTpeOuTen Ha CEPBU3HHU YCITyTH.
Ot ankerupanute 84% ca OoT MBXKHU 1011, a 16% ot
JKSHCKH TIOJL.

[To xputepust 0OpazoBaHNE PECIOHIACHTHTE (aHKE-
THPAHHTE) CE PasNpeeNsIT KaKTO CIIe/IBa:

* 27,18% cpemHo 00111000pa30BaTEeIHO;

* 34,95% cpenHO TEXHUYECKO;

* 19,42% BucIie XyMaHUTapHO;

* 18,45% cpemHO TeXHUYECKO.

Ot BB3pacTOBUTE IPYIU HAW-MHOTO MPEACTABUTEIN
“MarT BoJauuTe Ha BB3pacT Mexmy 21-30 romuHM
(49,51%), cnenBaHu OT BOJAYUTE HA BH3PACT MEXKIY
31-40 romunu (32,04%). Uscnensanero € chcpenoTo-
YeHO BBPXY TE€3HW TPYIH, 3all0TO MIIQAWUTE BOJAYH
Topaau CBOATa HCOMMMTHOCT 1IE HpI/I6$II‘BaT I10-4€CTO a0
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YCIyTUTEe Ha aBTOMOOWIIHHTE CEPBH3H H IIE THPCAT
nHbopMaIs 3a TIX. Bropara 1eneBa rpyma momangar
BOJa4M C TMO-TOJISIM CTaX W TO-100pe OMxa OLEHIIN
royrydeHaTa HedopMmaaHa wHbopmMarst. OcTaHaIuTe
BB3pacToBu rpymH (ox 20 u Hax 51 roxuHN) YCIOBHO
ce mpueMa, 4e He ca aKTHBHM BOJaud. AHKETHTE ca
aHaNIM3UpaHu U 00paboTeHu upe3 copryep Ha IBM —
SPSS (CratucTideckul mMakeT 3a COIMATHUTE HAYKH).
PesynratuTe mpencraBnsiBaT JABYMEPHH pasmpenelie-
HUSI HA OTTOBOPUTE Ha aHKETHUpPAHUTE, KaTo 3a 0aza e
M30paHo pa3npeneeHHeTo Mo oIl

2.1. M3ciieBaHe HA cTeNeHTA HA JI0BepHe Ha
Pa3IM4YHUTE M3TOYHUIM HA HepopMaTHa
norpeduTescka uagopmanmst

Wscnemosarenure ot ,,Trend Research® cuurar, ue
HedopmManHaTa MH(POPMALHsl OTHOCHO Ja/IeHa CTOKa ce
puI00MBa HA-4eCTO OT T.HAp. ,,CUIIHH BPB3KH WIIH
Haii-ONMM3KUTE XOpa — MPHUATEN W POJHHWHH, KOHTO
npenoctaBaT okono 71% nedopmanna mHbOpMaIHs
[3]- Umaliku ipeaBU T€3U PE3YNITATU CE OUAKBAILIE U B
pasriexaaHaTa KaTeropus pe3ysiTaTuTe Aa ca 1moaoo-
HU, HO TPEBUJI N3UCKBAHUTE CIEIM()UIHI TIO3HAHUA
3a aBTOMOOWITUTE U TAXHOTO OOCIyXBaHe Oetiie 100a-
BEHA OILIE €/{Ha KaTeTOpys B U3CIICIBAHETO — ,,ClIeINa-
TUCT®. 3a Jja ce HallpaBU CHIIOCTABKA B CTEMCHTA Ha
JIOBEpUE MEXIy ,,CHIHUTE BPB3KU® (POJHUHU U
NpUATENN) U ,crenuaniucTute”. Pasnpenenenuero Ha
OTFOBOPUTE HA PECIIOHAEHTUTE MOXKETE /1a C€ BUAU HA
Qurypa 1.

Bawmar
non

[ (=

E*ena

Percent

Pogrewa Mgsearen

Ha xoro or

CnewsanscT

Suxre ce 3a yHeHa
npenopeKa?

Queypa 1. CterieH Ha I0BEpUE KbM PA3TUIHUATE
M3TOYHHIM Ha HehopmaHa HH(OpMAITHSL.

Ot mpxere 36% ce noBepsBaT HAN-MHOTO Ha
CBOUTE TPUSTENHN, HO KATETOPUSTA ,,CIIELIUATIUCT € Ha
BTOPO MsCTO ¢ okoio 31% mosepue. B chiioro Bpeme
JKEHUTE MPEANOUUTaT ,,CIICHUANUCTUTE  — 0KOJI0 47%,
a ,ipuarenute’ ca ¢ ensa okoso 18% nosepue. [pu
TSIX JOBEPUETO € B TO-BHUCOKA CTEIEH KbM ,,pONIHU-
HuUTE" — 0K0JI0 35%, IOKATO MPHU MBXKETE TO3U MPOLICHT
€ okoJ10 26%.

B citydas Moxke J1a ce 3aKiI04d, Y€ UIMEHHO TEXHO-
JIOTUYHUTE OCOOEHOCTH HAa KAaTeropusTa yCIyrd Ha
ABTOMOOWIHHUTE CEPBU3HU TPEIIoiara M IMo-BHCOKaTa
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CTEIEH Ha JIOBEpHUE B T.HAp. ,,crieranucty’. ToBa 1aBa
BB3MOXHOCT CepBI/I3I/ITe aa HO’I'I)pCHT paSJII/IT-IHI/I
BB3MOXXHOCTH, 34 Ja CTUMYJIUPAT CIIEHUAIICTUTE 14 TH
MIperophYBaT.

Wndopmanust OTHOCHO MHEHHETO Ha pasiNdHU
CIELMATUCTH KbM JajieHa CEpBH3HA yCIyra MOXE Ja
Ob/ie OTKpHTA MO Pa3IYHN HAYUHH, JOKaTO MHEHHAETO
Ha POJTHWHH U TIPHSTENN MOXE 1a ObJIe IIOTHPCEHO TI0
JIBa OCHOBHHM KaHaja — pas3roBop ,JIMIE-B-IULE" WIN
4ype3 pa3roBop Mo Tenedona, e-mein, ,,Ckain®,
,,DeficOyk* u T.H. ToBa oCTaBs BBIIPOCA IO KOW KaHAIT
MOTPEOUTENUTE HAN-9eCTO THPCAT HHpopMarms 3a
pa3sIMYHHUTE IPOAYKTH U YCIIyTH Ipeylaradi OT aBTo-
MOOWJTHUTE CEPBU3H.

2.2. Kanajiu 3a TbpceHe Ha He(popMaTHa
uHpopmanmst

B HacToAIIOTO W3CienBaHE ca pasrieAaHd CIei-
HHUTE OCHOBHU KaHAIH:
* IMPEKTHO OT CepBU3a IPU Pa3roBOp;
* JIMPEKTHO OT Pa3roBOP C MPHATEN, TIO3HAT, POIHH-
Ha ¥ JIPYT;
* KOMYHHUKAIUs C TIPHUATENT B MHTEPHET (COLMATHU
MpPEXU U JIp.);
* BBB (POpyMH H OJIOTOBE CBBP3aHM C TEMATa,
* OT APYT KaHa.
Pasnpenenenuero Ha OTTOBOPUTE HA AHKSTUPAHUTE
MOXKe Ja ce Buau Ha Durypa 2.

Bawnar
non

[ [A3%T

Wera

60,0%]

40,0%-

Percent

20,0%

fvperTHo 0T [lvperTro oT  KomyRukaws ¢ Bbe dopyman b
cepsuaa npn pasrosop c npHATEN B Gnorose,
PaI0EOP  MPUATEN, MOIHET,  WHTEPHET CB BpaaHN ©
PORHIHE 1 Ap (coLpantm Temata

WpERI 1 Ap.)

OT kbAe HamupaTe WH¢OpMaUMA 32 aBToMoBKMNeH cepBH3?
Queypa 2. Kananu 3a TepceHe Ha HeopManHa
HHGOOPMAITHSL.

Ot (urypara siCHO ce BIXKJIa, Y€ M MPHU JBaTa MoJa
MPEANOYNTAHUETO aJia BBPXY Pa3roBOD ,,JUIIE-B-ITHIIE
C POAHUHA, IPUSITEN U T.H.“, KOETO CE OTHACS 33 OKOJIO
61% ot MBxeTe u okoJo 65% ot sxernte. TpsiOBa 1a ce
0TOENEeXKH, Ye Ta3! KaTeropus € chOupareliHa oT Kare-
ropunTe Juna (POAHWHA, TIPHSTENT W CIICIUAINCT), B
KOMTO PECIIOHJICHTUTE UMAT Hal-TOJISIMO J10BepHue (OT
Qurypa 1). B cioydas mo-BaxHOTO €, 4e IMpeIrnodnTa-
HHUETO Taja BBPXY JMYHUS Pa3roBop (JIUIIe-B-IJHIIE)
NpeJT AITEPHATUBHUTE BAPUAHTH U Hali-BeUe HHTCPHET,
kato enBa 10% oT MBXKETE M OKOJIIO 7% OT JKEHHTE
W3MOJI3BAT Ta3H OIIIHSL.



Bropoto mpeanmouutaHue Ha ~aHKETHpaHUTE
OTHOCHO HauMHA Ha MpuA0O0MBaHe Ha WHpOpMALKS €
TIpH ,, TUPEKTEH PA3roBOpP B CEPBH3A™‘, KOETO € BaXKHO 3a
PBKOBOAUTENUTE HA aBTOMOOWIHH cepBu3u. Ilo To3n
Ha4YMH MOXeE J1a c€ OchllecTBU KOoHTpos Ha HITH upes
KOHTpOJIIpaHe Ha KOHTaKTUTE Ha KIMEHTHTE Ha
CEepBU3a ChC CIIYXUTENUTE. MHOr0 4ecto B cepBH3a
SIMHCTBEHUTE CIy>KUTEIM, KOMTO HMaT IIpaBoO Ja
KOHTaKTyBaT C KIIMEHTH Ca OCHOBHO NMPHUEMYHITUTE Ha
cepBusa. B ocobenu cityuan, kaTo Hyaata oT 000CHO-
BaBaHE Ha JaJIeHa CEpBU3HA IPOLEAypa WIH Ip., €
JOMyCTUMO C KJIMEHTA Jia TIPOBEJie pa3roBOp U TIJIaB-
HUST MEXaHVK (MH)XeHep) Ha cepBu3a. EMMHCTBEHO B
Clydail Ha pexjIamMalysl ¢ KIMEHTa TOBOPH U YIIPaBH-
TeJsl Ha cepBr3a. 1e3u Jmia yecto ca 00ydeHH Kak Jia
KOMYHHKUpAT C KIMEHTUTE M KaK Ja Ce CIPaBsiT C
PpazIr4HUTE MPOOJIEMHH CUTYALUH.

OCHOBHHAT TIpoOJIEM, KOHTO BBH3HHKBA € B
CITy4anTe Ha KOMYHHKAIUS Ha KIMEHTUTE C TIPHSTET,
POAHMHA, CIEUHATUCT WIM OpPYr KIMEHT W3BbH
cepBu3a. ToraBa ppbKOBOJICTBOTO HA CEPBU3a HE MOXKE
Jla KOHTPOJIMpa criofieiieHara HH(popMaIys, HO TakaBa
uHopManust He ce CIOAENs TOJKOBa YeCTO IO
HHTEpHET (B e-Meim, (opyMu, 4aToBe, HeopuIMaHu
yeO-cTpanuy u 1p.). Bee mak B To3u kaHan, pupMmara
MOXE J1a MIOBJIKsE Ype3 JINUHO yyacTHe.

2.3. U3zciienBaHe HA HHTePHeT KaHAJIMTe 32
crnofe/siHe Ha uHgopmanmst

Ilopagu romsamMoTo pazHOOOpasue Ha HaYMHWUTE 3a
criofiensiHe Ha MH(OpPMAaLMs B MHTEPHET, B KOHKpET-
HOTO H3Clie[iBaHe, ¢ OObpPHATO BHMMAaHHME CaMO Ha
(opymu, vaToBe, HEOPUIMATHN ¥ O(UIMATHUA yeO-
CcTpaHuLM. Pa3snpeneneHneTro MM € TIOKa3aHO Ha
Ourypa 3.
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Queypa 3. V3non3BaHe Ha MHTEPHET KaHAIN
3a pa3npocTpaHeHne Ha HeopMarHa
noTpedureIcka nHpopMaus.
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[Ipu TpceHe Ha MHEHHE OTHOCHO NaJIeHa yCITyTa
WK CepBU3, 0€3 3HAUCHHUE OT I0JIA HA aHKETUPAHUTE
Hal-4ecTo ce 00phIuaT KbM ,,(hopyM, UK yeO-caiiT ¢
BB3MOXHOCT 3a 4aT™. ToBa e BamaHo 3a 0kono 43% ot
MBxeTe u 41% ot xenute. Bropust Hail m3nomssaH
MHTEpHET KaHal ¢ oduimanHara yeO-CTpaHHIla Ha
WMHTEpECYBAIIUAT TH CEPBHU3, KaTO TOBA Haii-Bede ce
orHacsi 3a xeHure (okono 41%). Oxomo 22% ot
MBXKETe MPENIOYNTAT Ja IPOBEPSBAT IMyOIMKyBaHAaTa B
ouHATHUAT callT HH(OPMAIWS U B PYTH CANTOBE.

Brrpexu ToBa BepXy MH(pOpMaImsATa, CriofielieHa B
TE3U ANITEPHATHBHU CANTOBE MTPUHITUITHO MOXKE J1a OBbIIe
MOBIUSAHA, Ype3 MOAXOMAIM CTUMYJIM KbM XOpara
aJIMUHUCTpUpAIIH caiiTa. MHpopManusaTa crioziensHa B
paznmaHuTe GOPYMH CHIIO MOXeE Aa O'bJIe MOBJIUSIHA 10
Mo7I00eH HAYKH.

Ot enHa cTpaHa, MPEANIOYUTAHKATA HA PECTIOH/ICH-
TUTE KbM ourmanans caiit Ha AC UM 1maBa wicaaHa
BB3MOXKHOCT J]a KOHTPOJIMpaT HedopMaaHaTa HHPOp-
Mamus 3a TAX W Ja Ch3AafaT MOIXOIAI UMUK B
HMHTEpHET NpocTpaHcTBOoTO. OT Jipyra crpaHa, Haii-
YeCcTOo M3MOJI3BAaHUS HAuMH 32 ThpCeHe Ha MHPOpMaIHs
oT aHkeTupanute (Oorose 1 GopyMHu), JaBa OTIIPABHA
TOYKa Ha 3aMHTEpPEeCOBaHUTE pbKoBomuTeNd Ha AC na
ce Haco4aT KbM CTUMYJIMpaHe Ha pa3iiMdHy OJOTHPH U
MOTPEOUTENI OTHOBO C LeN M3rpakaaHe Ha IOOBp
UMHDK M TIOAXOAAIIA peknama. B peauma ciydaw,
OorppuTe W HAKOM TIOTPEOUTENHWTE B Pa3IMIHA
(dhopymMu Morar a ObJaT CIUTAHH 32 CIICIHAIICTH OT
OCTaHAJINTE, 8 IMEHHO TE CE TOJI3BAT U C BUCOKA CTETICH
Ha JIOBEpHE CTIOpe]l aHKETHPAHUTE.

3. 3axkuniouenue

Ot HanpaBeHHs aHAIU3 CE YCTAHOBH, Y€ MOTPEeOH-
TEMUTE Ha YCIYyIM Ha aBTOMOOWIHH CEpBH3H Ce
JIOBepsIBaT Hal-MHOTO Ha HedopMaTHa WHPOPMAITHS
MOJTy4YeHa TpU AWUPEKTEH pasroBOp ., IUIIE-B-JIUIE.
[pu TO3M BUI KOMYHHKAIHS C HAI-TOJISIMO JIOBEPHUE Ce
TOJI3BAT ,,crieruanucTuTe (okomo 34% 06e3 3HaueHHe
OT TI0J1a), CIIeABaHU OT ,ipusiTens (33% 0e3 3HaueHHe
OT TIOJTa).

[Ipn anTepHaTHBHAUTE KaHAIM 33 ThPCEHE HA TaKaBa
nHpopmarys, 6e3 3HaUeHHE OT I0JIa, HA-BHCOKO ca
otieHeHu ,,opymute u Onoroere” (okoio 45%), a
,»,OUIMATHUAT yeO-caliT Ha JajeHus CepBu3 € Ha
BTOpO MsicTo (okomo 25%). ToBa maBa OCHOBaHHE H
HACOKHU Ha PHKOBOJICTBOTO Ha aBTOMOOMITHUTE CEpBU3H
MMEHHO KbM Te3U KaHaIW U TEXHUTE BE3MOXHOCTH 32
pEeKIIaMupane 1 UaJIoT ¢ oTpeduTenuTe.
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Abstract: This article is a research of the diffusion
channels of word-of-mouth information about car repair
services. For this purpose an analyses for the degree of
trust in various word-of-mouth sources has been done.
The main and alternative (internet) diffusion channels
have been evaluated.
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Abstract: In order to acquire correct values of the junction temperature of LEDs, the temperature needs to be measured
as close as possible to the source of heat — P-N junction. The widely accepted method with temperature sensor, connected
to the solder point of LED has some drawbacks and practically is inapplicable. LEDs have strong correlation between
forward voltage and junction temperature. This paper presents a method for obtaining LED junction temperature by
measuring forward voltage drop, using short pulses of current. Experiments show that this method gives reliable results.
The voltage drop of LEDs in traffic lights modules are measured, at various temperatures and the collected experimental
data are used for calibration and estimation of LEDs’ thermal loading during traffic lights operation at different ambient

conditions.

Keywords: LED thermal management.

1. Introduction

Light emitting diodes (LEDs) are -currently
dominating the lighting industry, since they employ
more efficient technology and bring a lot of opportu-
nities for design and manufacturing of luminaries,
backlights, signs, smart lighting system etc. The old
traditional lighting sources have lots of drawbacks.
Most of the electricity consumed by an incandescent
lamp is spent on heating. It is better with the halogen
lamps but still most of the energy is lost on heating.
Fluorescent and compact fluorescent lamps (CFLs) are
with better efficiency — up to 4 times less energy
consumed when compared to incandescent — but they
have limitations in the number of cycles. High pressure
sodium lamps are also widely used to replace the
mercury vaporized lamps, but HPSs have too small
overall light efficiency. The efficiency of LEDs is a
matter of constant improvements — nowadays white
LEDs with efficiency above 80-90 Im/W are easily
available and some of the main suppliers announce that
in laboratory conditions they achieved 250 Im/W.
However LEDs are semiconductor devices and as such
they are sensitive to high temperatures. High working
temperatures can reduce the efficiency by reducing
luminous flux and can shorten the life of a single LED
twice or more. Moreover, under normal operating
conditions, approximately 50% to 60% of the input

power of a LED is output as heat which thus needs to be
dissipated, while the rest of the input power is converted
to light [1].

Traffic light signal heads have long utilized
incandescent long life lamps (8000 h), later there were
attempts with low voltage long life halogen lamps, but
the main problem is high consumption and regular
maintenance, that’s why new standards and regulations
have been imposing their phase out, leaving space for
LED only traffic lights, that are more efficient, durable
and long lasting. During normal operation in summer
time, the ambient temperature outside of a LED signal
head may exceed 65 °C though. That is why thermal
measurement is at high importance when estimating
lifetime and appropriate design. During operation
junction temperature of LED chip must be below 80 °C
in order to meet the specified by manufacturer lifetime
[2] of over than 50000 h. Moreover overheating has
negative effect on the luminous flux output of the LED.

2. Problem Statement

LED system typically consists of a multi-component
assembly, called a thermal stack, in which all compo-
nents contribute in various degrees to the total system
thermal performance. In a typical system, the LED is
soldered to a PCB, cither metal core or FR4, which is
then usually attached to a heat sink. It is critical to
maximize heat transfer between the heat sink and PCB,
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so a good TIM is needed to fill any gaps due to uneven
surfaces of heatsink and PCB. The best method to
enhance the thermal path is to minimize the number of
materials in the thermal stack and use the best thermally
conductive materials available.

Thermal calculations and estimation of junction
temperature are easily done, since analogy with electri-
city is used [3], where Temperature 7 in K corresponds
to Voltage U in V, Heat flow P in W corresponds to
Current / in A, Thermal resistance Ry, in K/W corres-
ponds to Resistance R in V/A or Q, Thermal capacitance
Cyin Ws/K corresponds to Capacitance Cin As/V or F.

Thus a model for heat transfer can be derived as
shown on Figure 1.

1

!
P(t) on, lT

i

Figure 1. Thermal model of heat generating
electronic component.

P(t) is power dissipation in the junction. For
convenience, thermal resistance and capacitance are
combined in order to produce practical model for
calculating the heat sink’s thermal resistance. This
model is presented on Figure 2.

Rthjsp }—A—{Rthsppcb }—A—{ Rthpcbtim }7
T Tsp Tpcb

Ttim

»—{ Rthha }—o—{ Rthtimh }—
Ta Th

Figure 2. Thermal resistance model for heat transfer of
power LED, soldered to PCB or MCPCB, mounted on
heatsink with thermal interface material (TIM).

T; is the temperature of the junction, 7§, — solder
point temperature, 7,., — PCB temperature, T, — TIM
temperature, 7), heatsink temperature, and 7, — ambient
temperature, all in K (°C). Rys— is the junction to solder
point resistance, Rusyper — solder point to pcb thermal
resistance, Riperim — pcb to TIM resistance, Riimn — TIM
to heatsink and Ry, — heatsink to ambient resistance, all
in K/W (°C /W).

The junction to ambient resistance is:

Rthja = Rthjsp + Rth sppch + Rth pebtim + Rth timh t Rth ha- (1)

Rujyp may represent the total resistance of multiple
LED emitters, soldered on the Same PCB, using a
parallel thermal resistance model [4]. The resultant
resistance Ry, 18:

Rthjsp total — [(I/Rthjsp 1) + (I/RthjspZ) + (I/Rthjsp 3) +
+ (VRijpn)] )
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where n is the number of LED emitters on one PCB.

Temperature may be measured on each node of the
scheme, thus other temperatures may be calculated
knowing the thermal resistances and heat power
transferred. For example, the solder point temperature
(Ty) represents the location on the board, where the
temperature on the top of the PCB is usually measured.
This is used to calculate the junction temperature:

7}' = Tsp + Rthjsp X Prrp, (3)

where Prep is the LED chip’s power and Ry sy is taken
from the LED's data sheet.

In order to calculate correct value for the junction,
the following data is required: real results about solder
point’s temperature 7y,; data about thermal resistance
from the junction to the solder point (R sp); real values
of LED’s power P;zp during operation. Under normal
operating conditions, approximately 50% to 60% of the
input power is output as heat, while the rest of the input
power is useful light. The conservative approach,
assumes 75% of the LEDs input power to be output as
heat [1]. This estimate varies depending on current
density, brightness and component, but is a good
estimate for thermal design. The following equation
shows how to calculate the thermal power:

Praiep=0.75 x I x Up, 4)

where Pryiep is the thermal power (W); Ur is the
forward voltage of the LED (V); Ir is the current through
the LED.

Ur and Ir can be measured directly so the thermal
power can be easily calculated. This is the amount of
power the system/heat sink must dissipate.

Experiments confirm the necessity of measuring
forward voltage drop on every LED during operation for
correct calculation of Pyzp, because even at constant
current forward voltage drops of same LEDs differ from
one another. Experimental equipment with accuracy
better than 0.1% is necessary for measuring /r and Ur
[5].

Correct estimation of Pz rgp is difficult; for correct
junction temperature calculation, it is necessary to mea-
sure the solder point temperature, as recommended by
manufacturers and use more often equations (3) and (5):

Prep=1Irx Ur, )

An appropriate designing of a thermal system,
evaluation & assessment of an existing design — both
require accurate temperature measurements. Whether
for a final design or a prototype, the measurement
process is the same and requires due diligence to make
sure realistic and accurate measurements are made.
When performing thermal measurements, it is critical to
set up the test subject as close as possible to the real-life,
worst-case scenario at which the system may be
subjected. This ensures, that the temperatures measured
correspond to real-world, worst-case scenarios.



There are various methods for measuring tempe-
rature. The most common methods for LED luminaries
thermal measurements are: with thermocouples, with
thermal cameras and with pulsed voltage/transient
response monitoring. Thermal (infrared IR) camera
measurements are convenient for quick visual
representation of the heat spreading through LED
system, exposing any hot spots. However, using an IR
camera for absolute temperature measurements can be
very complex and may lead to inaccurate results.
Knowing the exact emissivity of the material is crucial
for accurate results, but often it is not precisely known.
One way to overcome this is to take a measurement with
a thermocouple and then adjust the emissivity setting on
the IR camera to match these results. Unfortunately IR
cameras are quite expensive. Most common and simple
method to obtain accurate data is by thermocouples,
usually recommended for precise absolute LED system
measurements. However this method for solder point’s
temperature measurements has considerable disadvan-
tages. Practically the temperature can be measured in a
few points only. It is impossible to estimate temperature
distribution on all LEDs in the light equipment and to
verify the correctness of results, obtained by modeling
and by thermal management’s calculations. The
assumption about Pz rep (equation (4)) also introduces
some degree of inaccuracy.

In equation (4) the forward voltage drops on the
LEDs is required to be measured during operation. It
would be practical, if only this voltage may be employed
for correct measurement of LED’s junction tempe-
rature.

In semiconductor devices there is strong correlation
between forward voltage drop and junction temperature.
The method of using P-N junction as a temperature
sensor itself is well known [5-7].

Previous investigations show that proposed method
is suitable for application, obtains reliable results in
situ” and doesn’t demand expensive experimental
equipment [5]. For single LED, temperature coefficient
of voltage, varies from approximately -3 to -5 mV/°C
per LED [5]. The main goals of this paper are connected
with assessment of applicability of forward voltage
method for measuring junction temperature of different
type of traffic light LED Arrays.

3. Experimental Part

Two different types of LED traffic light modules are
examined. The first is green LED module composed of
2 power LEDs in series, driven with 680mA constant
current. The LEDs are soldered to a FR4 PCB designed
with multiple thermal copper vias to conduct the heat
away from the LED chip to signal head’s internal
heatsink plate. The second LED module is composed
from 5 green LEDs in series, driven with 335mA
constant current. LEDs are soldered to aluminum
MCPCB.

Thermometer

LED module

O

Heater
Heater —— Control

Thermal Chamber

Figure 3. Experimental thermal chamber with
examined LED module inside.

Each LED module is placed in a thermally insulated
chamber (Figure 3). The temperature inside is measured
and kept at desirable values, with accuracy better than
0.2 K. The temperature range of interest is 25°C + 85°C.
Experiments are carried out in the following sequence:

e The LED module under examination is connected
in parallel with precise voltmeter MS-8050 with
accuracy of 0.03% (Figure 4).

MS-8050

©

~
=~

NV
SICEOR
I e

Figure 4. Experimental set up.

The forward current /+ through LED module is:

* 1 mA for registration if temperature equilibrium is

reached;

* 680 mA working current for the first LED module;

* 335 mA working current for the second module.

e The temperature inside the chamber is kept at a
desired value T,. LEDs are at ImA current. At this value
self-heating of the P-N junction can be neglected [5-7].
The forward voltage drop on LEDs is measured. When
the forward voltage drop on LEDs remains constant (U},
Figure 5), the temperature of LED’s junction is constant
and is equal to the temperature inside the chamber 7.
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Figure 5. Diagram of current through LED and
the corresponding forward voltage drop.

e Then the current through the LEDs is set to the
working value — 680mA for the first LED module and
335mA for the second. The measurements are done
quickly (for about 2 seconds).

The current reaches its constant value in less than a
millisecond. In order to record the quickly established
forward voltage, function “MAX” of the voltmeter is
used. Because of the transiency of the measuring time,
we can consider that measured forward voltage corres-
ponds really to the measured junction temperature.

o After that the heater controller is adjusted to the
next desired value of the temperature Tq and the
measuring procedure is repeated. LEDs’ forward
voltage drops are measured at several temperatures in
the range 25°C + 85°C.

In that way for each constant temperature in the heat
chamber a value of the forward voltage is found.

4. Results

The investigations of the temperature dependences
of LEDs modules forward voltage drop as a function of
temperature, for two different traffic light LED modules
are obtained. Results from the measurements are shown
on Figures 6 and 7.

U,V 2 LED module 680 mA
10,1
10,0
R2=10,9991
9,9
9.8
9,7 T T T T T T
25 35 45 55 65 75 85

Figure 6. Temperature dependences: forward voltage
Ur / junction temperatures 7; for 2 LEDs traffic light
module; /r= 680 mA.
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The dependences forward voltage Ur / junction
temperatures 7j, shown on above figures are with very
good overall linearity (R* equals 0.99).

This dependence can be expressed:

Urr=Uriv+ Krur % (T — Ty ), ®)

where Ur ris forward voltage at junction temperature 7};
Ur,wv 1s forward voltage at some initial junction tempe-
rature 7jv. From above dependence it follows:

Ti= Ty + (Upiv— Urn)/(Krur|), (6)

1.e. junction temperature may be obtained if the corres-
ponding forward voltage is measured Uy r and there is
previous data about: forward voltage Up at some
initial junction temperature 7} and temperature coeffi-
cient Krur.

In practice because the temperature coefficient Krur
differs even for LEDs of the same series, it is better to
obtain experimentally characteristics Ur/T; for all LED
modules, which is necessary for development of
experimental lighting equipment or assessment of
luminaries. Measuring procedures are time consuming,
but give reliable results. The maximum inaccuracy for
the value of 7;, obtained by dependences forward
voltage Ur/ junction temperatures 7j can be considered
to be under 2°C + 3°C, which is acceptable. The method
is suitable for real applications.

5. Conclusions

A method for direct obtaining LED junction
temperature of traffic light LED modules (each
composed from several LED chips) by measuring
forward voltage drop, using short pulses of current is
presented. This procedure is in situ, more practical and
accurate than the other methods. Experiments show that
these tests give reliable and useful results. The data for
dependences forward voltage Ur / junction temperatures
Tj of LED modules for traffic lights modules can be
used for further tests in real operation conditions.

U,V 5 LED module 335 mA
16,4
u
16,2
R2=10,9925

16,0

15,8

15’6 T T T T T T

25 35 45 55 65 75 &5

Figure 7. Temperature dependences: forward voltage
Ur / junction temperatures 7; for 5 LEDs traffic light
module; /=335 mA.
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