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JlucepTarimOHHHST TPYZ € OOCHACH U JIOMYCHAT JI0 3allliTa Ha Pa3IIupPEeHO
3acefanue Ha kareapa ,, MEHK* kbm ,,Mamunoctpoutenen ¢gakynrer (M®D)“ na
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JlucepTaHThT € 3aJI04€H JOKTOpaHT KbM Karenpa ,,MEHK® na ¢akynrer
M®. U3cnenBanusita no qucepTaliMoHHaTa pa3paboTKa ca HalmpaBeHU OT aBTOpa,
KaTo HAKOM OT TAX Ca ITOAKPENEHU OT HAyYHOU3CIECAOBATEIICKU IIPOEKTH.

Agtop: Pocen Binagumupos ®@uuepon

3arnaBue: TekToHUKa U (popMoM3rpaXkaaHe B AU3aiiHa Ha WHIUBUIYATHO
TPAHCIIOPTHO CPENCTBO. O YHKIMOHAIHO-EKCIUIOATallMOHHH,
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|. OBLLWA XAPAKTEPUCTUKA HA OUCEPTAUMOHHUA TPYA

AKTyanHocT Ha npobnema

B masu paboma e HanpaseH 3adbriboyeH aHanui3 Ha npobrnemume U
Hedocmambyume Ha cbuwecmeysawume ¢hopMu Ha uHOusuOyarneH mpaHcropm u ca
HamepeHu u pa3pabomeHu nooxo0sawu peweHusi (Memodu, cpedcmea U MexaHuU3Mu) 3a
cripassiHe ¢ me3u rpobremu.

3a paspabomeaHusi npodykm ca rposedeHU MHOXecmeo omaoesiHU nompebumericku
U nasapHU [Mpoy4yeaHusi, KOUMmO BKJ/lro4eam rcuxoemMoyuoHarHomo eb3delicmeue Ha
gopmume u ysemoseme. OceeH moea ca u3crnedsaHu CcbUecmgysawju eapuaHmu Ha
omaoesTHUme MexaHu3mu, ef1ieKmpoHUKa u cogbmyep, Heobxodumu 3a peanusupaHemo Ha
makbe npodyKkm, U, Kamo ce 83emMam rpedsud mexHume rpedumcmea u HedocmamubUuu,
ca pa3pabomeHu cucmemu U MexaHu3Mu, KOUumo 3Ha4umersiHo nodobpsisam Ka4ecmeomo
Ha paboma om @yHKUUOHanHa U ofnepamusHa anedHa moyka, peanusupalku
UHMyumugHocm rio epeme Ha yrnompeba.

Paspabomkama eknto4ea U u32omessHemo Ha 3adb/i604EeH epP20HOMUYEH aHarnus,
obxeawawy 8CUYKU HaruU4YHU HOpMU U ghakmopu, omHacsuwu ce o mo3u 8ud mpaHcropm.

OcHosHussm npedmem Ha u3cniedeaHe ca rnpobrnemume 8 2padckume paloHu U
HamupaHemo Ha 8b3MOXHU peuweHuUs1 3a nodobpsieaHe Ha Ka4ecmeomo Ha XXUugsom 4Ypes
gHedpsisaHE Ha MUKPOMOBUITHOCM.

Llen Ha AucepTauMOHHUA TpyA, OCHOBHM 3ajayM M MeToAu 3a
uscnepBaHe

Llenma Ha ma3u paboma e Oa OorpuHece 3a npoekmupaHemo u paspabomeaHemo
Ha no-egheKkmueHuU u ycmou4usu peweHus 3a uHousudyareH u obuwecmeeH mpaHcriopm,
Koumo Oaeam ripuopumem Ha Hy)0ume Ha ecuyku rnompebumesnu. Llenma e da ce
paspabomu HanbrIHO QYyHKUUOHaneH npoldykm 3a JIUY4eH MmPaHCcriopm C MHOXECmeo
MPUIOXKEHUSsT, KOUMO 0meoeapsi Ha 8CUYKU U3UCK8aHUs, cmaHdapmu u napamempu.

3aoayu:

AHanus Ha cblyecmesysawume sudoge IuU4YeH mpaHcriopm u uscnedsaHe Ha
I'I,DO5J76MU, C8bp3aHuU ¢ mexHume d)yHKuUOHaﬂHO-eKCﬂﬂOamaL{UOHHU U epcoHOMUYHO-
aHmporiomempu4HuU  napamempu, mexHume  MexaHu3mMu U  eJIeKmpoHUKa U
rcuxoemMoyuoHarIHomo eb3delicmeue Ha mexHume gopmu, riporopyuu, ugemose u Op.

WHOycmpuaneH dusaliH u pa3pabomeaHe Ha uHOuBudyasiHa mpaHcropmHa eOuHuUUa.

M32omesiHe Ha KOHUenmyasHu eepcuu Ha MHO20QhYHKUUOHANIHO UHOUBUOYasHo
rpes8o3HoO cpedcmeo U 11020, 1ol ¢ghopmMama Ha CKuUU.

AHanu3 Ha cbwecmeysawu opMU Ha MPaHCropm, 6K/IYUMESTHO acucmueHU
pobomu, 8 KOHMeKcma Ha rnoodrioMaz2aHe Ha xopa ¢ 08uzameriHU y8pexoaHUsl.

PaspabomeaHe Ha KoHuenyusi, cbobpasdeHa CbC CbomeemHume Hy)0u u cbobpaseHa
C OCHOBHama mema Ha rpoexkma.



3adbr1604eH epa20HOMUYHO-aHMPONOMEeMmMPUYEeH aHasiu3, 6K/MOYUMENTHO XUaUeHHU
rnokazamernu, ¢ yen AocmueaHe OO0 OKOHYamesieH eapuaHm, Koumo e rpedmem Ha
paspabomeaHe 8 criedsawume CmbriKu.

PaspabomeaHe Ha mpuuamepeH moders, ba3upaH Ha OKOHYamesnHusi eapuaHm Ha
rnpeeso3Homo cpedcmeo, U rnod2omoska Ha Heobxodumume cuMyrnauyuu, ce8bp3aHu C
He2080mMo U3Mon3eaHe.

EkcnepumeHmarnHu uscnedeaHus U obpabomka Ha eKcriepuMeHmasHume
pesynmamul.

Memodu Ha uscriedsaHe:

Hucepmavyusima usnonssa nodxod, KoUmo cb4Yemasa meopemuyHu aHanu3u ¢
eMnupuYHU u3credeaHusi, 8KIIIOYUMErTHO Ka3ycu U aHkemu. M3acnedeaHemo ce ocHosasa
Ha enedHUmMe MoYKU Ha 3auHmepecosaHume cmpaHu, y4acmeauju e padpabomeaHemo
u eHedpsiaHemMoO Ha peweHuUsi 3a MUKPOMOBUIHOCM, 6KYumesnHo ypbaHucmu,
docmas4yuyu Ha ycryeu u 4yacmu 3a mo3u eud mMobusiHocm u kpatHu nompebumernu.

3a pewasaHe Ha rnocoyeHume ro-2ope npobriemu ca usrnos3saHu cmamucmuyecku
U aHarumuy4yHU Memodu, cpasHUmMerneH aHanus rno Kpumepuu, kommomspHo 3D u CAD
modernupaHe, KOMMoMBbPHU cUMynayuu u rnpozpamupaHe.

HayuyHa HoBOCT

Cucmemamu3supaHe Ha rcuxoemMouyuoHarIHomo eb3delicmeue Ha
opmousepaxx0aHemo u ysemosume cpedu 8 UHOycmpuasrHusi dusalH Ha uHousudyarsHu
MUKpompaHcrnopmHu cpedcmea, 068bp3aHO C €epPe2oHOMUYHO-aHMPONOMemMpPUYHUMe
xapakmepucmuku Ha nompebumenume (nosn, eb3pacm, HayuoHasIHocm).

Teopemu4yHo o0bOCHOBagaHe U MoOernupaHe Ha UHmMeegpauusma Ha U3KycmeeH
uHmenekm (M) 8 MmukpomobusHocmma, HaCoO4eHO KbM asmomMamu3upaHo ocuaypsieaHe
Ha nbmHa 6e3ornacHocm u uszpaxk0aHe Ha UHmenu2eHmMHuU cucmemu 3a 0bMeH Ha 0aHHU
Mex0y omderiHU mpaHcropm+u eduHuyu (V2V komyHukayus).

PaspabomeaHe Ha HO8 KOHuernmyasneH mooles 3a MeOUUUHCKa U couuarnHa
acucmeHuyusi 4pe3 MUuKpompaHcriopmuu cpedcmea, rnpu kotimo N He camo nodrnomaea
yrnpasneHuemo npu xopa ¢ yspexdoaHus, HO U rnpedasa asmoHOMHO KpUMUYHU cuaHarsu
KbM MeOUUUHCKU rnepcoHar rnpu crnewHu cumyayuu.

MNMpakTuyecka NpuUNoXumocT

lMpakmuyeckama cmolHocm Ha paspabomkama ce u3passiea 6 peasnusupaHemo Ha
UHOBaMUBHO MPUKOSIECHO MpPeso3HO cpedcmeo (,U-Drive*) ¢ onekomeHa xekcazoHarHa
kapocepusi (GeometryNodes) u eaomoe epagpuydyeH uHmepgpetic (Unity 3D/C#) 3a
UHMyumueHo yripasrneHue 8 peasiHo epeme. bnascodapeHue Ha ceosima MoOOyriHa
KOHCMPYKUUS C ecm crieyuanusupaHu yHKUUoHanHu 6rioka, ycmpolicmeomo € CUSTHO
repcoHanu3upyemMo U fpusioXumo 8 pa3HoobpasHu epadcKu U JI02UCMUYHU CyeHapuu —
om Kypuepcku 0ocmasku U ronuuyedcku nampynu 00 ebmpeuwHocepadeH mpaHcriopm.
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Om ocobeHo couuanHo 3HadeHue e 8b3MOXHocmma 3a bbp3a mpaHcgopmayuss Ha
rpesosHomo cpedcmeo 4Ype3 creyuanusupaHa cucmema om ofnopu u rnosduzawy
MexaHU3bM, KOSIMO ocueypsiea a8MOHOMHO rpudsuUXeaHe 8 U3rpaseHo MOJIoKeHUe Ha
Xopa ¢ mexku 0gu2ameriHu yspexxodaHus U napesu.

AnpobGauus

OcHosHume pesynmamu om u3cried0eaHemo, rnposedeHo & ducepmauyusima, ca
OdoknadeaHu u 06¢cbOeHU 8 ropeduya om Mex0yHapoOHU KOHGbepeHYUU, 8KITHOYUMESTHO!

12th International Conference on Mathematical Modeling in the Physical Sciences,
ICMSQUARE 2023

International Conference on Emerging elLearning Technologies and Applications,
IEEE, 2022,

22nd IFAC Conference on Technology, Culture and International Stability

EdHa nybnukayuss e nybnukyeaHa 6 ,bbrnzapcko criucaHue 3a UHXEHEePHO
npoekmupaHe (BJED).

My6nukaumm

OcHoBHUTE pe3ynTatn ca nybnukyBaHu B 0OOLLO neT ctaTuu, 4YeTupu OT
KOUTO Cca OT MEeXOyHapogHM HayyHW KOHdpepeHuMn, a egHa - B
crneunanmsnpaHo Hay4yHO CnncaHue.

CTpykTypa u 06em Ha gucepTaLMOHHUA Tpya

[ncepTaunoHHMAT Tpya € B 06em oT 142 cTpaHuMuM, CANCHK HA OCHOBHUTE
NPUHOCK, CAUCBK Ha nybnukauuuTe NO gucepTaumsita U M3Non3BaHa
nutepaTtypa. Untupanm ca obwo 101 nutepaTtypHmn natodHuum, kato 100 ca
Ha naTuHUUAa, a ocTaHanuTe ca MHTepHeT agpecun. PaboTtarta Bkntoysa o610
80 dwurypun. Homepata Ha durypute u Tabnuumte B aBTopedhepaTa
CbOTBETCTBAT Ha Te3n B ANCEPTALNOHHUS TpyA.

CTpyKTypHO AucepTaumdata e paspaboTeHa no cneumnanHo paspaboTteHa
METOAONIOrs, pasaeneHa Ha ABe OCHOBHM rnasu: [NpeanpoekTHa dasa u
[MpoekTHa hasa, KOUTO BKNOYBAT rofnisiM 6Gpon noarnasu.



Il. CbAbPXAHUE HA OUCEPTALUUOHHUA TPYQ

YACT 1. IIpennpoexTHa (pa3za

1. BbBenenue

Cnopen mpoyuBaHe, MpOBeXAaHO mpe3 mnocieanutre 20 roauHu, ce cMmsrta, ye okoio 70% ot
HACEJICHUETO Ha CBeTa Ie *uBee B rojeMmu rpaaose 1o 2050 r. [lpeanonara ce, 4ye rpajcKuTe
PErvoHH 11I€ MPETHPIT 3HAYUTEIIHUA MPOMEHH MPEe3 CIIEIBAIIMTE HAKOIKO FOANHH, 32 Ja Ch3Aaaar
YCTOWYWBH YCJIOBHS Ha )KMBOT 32 CBOUTE JKUTEIIH.

MoOuiHOCTTa U CHCprusita Cca aBaTa cThJI0a Ha Te3u TpaHC(l)OpMaI_II/II/I N 1 JIBCTC HM3HMCKBAT
paduKajJHa aaalTanusda, 3a aa €S HpI/ICHOCO6HT KbM I[eMOl"pa(l)CKI/IH 1 HKOHOMHUYCCKHA PACTCIK, 0e3
Aa €€ yBC/IMYaBaT 3a[pbCTBAHUATA U 3aMbPCABAHCTO.

EnHa KOHKpeTHa rpajicka KOHIICTIIUS, KOSITO B MOMEHTa ce pa3paboTsa, € ,,15-MUHyTHHAT Tpax’
ToBa e rpamoycTpoiicTBeHa KOHIEMIIUS, CIIOPE KOATO MOBEYETO OT ChOPBHKEHUATA U YCIYTHUTE,
HE0OXOMMH SKEIHEBHO, KaTo HarmpuMep padboTa, Mara3uHu, 00pa30BaTEIIHA WHCTUTYIIUH, OaHKH,
3[paBHU 3aBEJCHUsI, PUTHEC 3aJIH U JIp., MOTaT Ja ObAaT JOCTUTHATH OT BCSKA YacT HA rpajicKkara
30Ha 3a 15 MHMHYTM WM NO-MaJKO I€lla, C BEJIOCUIIEA WM C OOLIECTBEH TpaHCHopT. Tasu
KOHIICTILIMS MMa 3a IeJT 1a HaMaJld 3aBUCUMOCTTA Ha JKUTEIUTE Ha rpaja OT aBTOMOOWIHMTE U MO
TO3U HA4YMH J1a OCUTYPH 3PABOCIIOBEH U YCTOWYMB HAaYMH HA KUBOT.

[Ipunaranero Ha mojena Ha 15-MHUHYTEH Tpajl B yCTAHOBEHH TI'PAJICKH PAOHH € HEeNPAKTUYHO U
He OM MMaJo HHUKAKBO TMOJOXKHUTETHO Bb3leicTBUE. OCBEH TOBa, TOW HE € MOJE3eH B PaliOHU C
MOMAJIKO HACEJICHWe WM KBACTO Xopara OOMKHOBEHO MBTYBaT Ha JBJITU pa3cTosiHusA. B TakuBa
Clly4ad TO-TOJIIMaTa 4acT OT HACEJICHHWETO M3IOJN3Ba JIMYEH WM OOIIECTBEH TPAHCIOPT, KOETO
BOJIM J10 JPYT BakeH MpoOieM, KONTO € 0COOEHO aKTyalleH 3a Te3H, KOUTO M3IO0J3BaT 00IECTBEH
Tpancnopt. To3u mpobaem ce Hapuya ,,[IocIeaHaTa MUJISA U € OMJI OOEKT Ha U3CJIEeBAHMS OT MHOTO
(dbupmMu U opraHU3aIMY MPe3 MOCIeTHUTE ToNuHN. VIMa moTeHIman 3a crpassiHe ¢ T€3H MpooIeMu,
KakTo M ¢ U30pOeHuTe Mo-Tope, upe3 Taka HapedeHara MUKpOMOOMIHOCT. ToBa ca Hampumep
EJIEKTPUYECKU CKYTE€pPH, MOTOIEIH, CJICKTPUUECKHA BEJIOCHUIIEINU, XOBHPOOPIOBE M TUIAHMHCKHU
00oproBe, MaJIKK aBTOMOOMWIN U Jip. Te mo3BoJsABAT JieceH U Obp3 MHAMBUIYaJ€H TPAHCIOPT Ha
KbCU J0 CpPEAHHM DAa3CTOSHUS, O0COOEHO B TPAJCKU pallOHH, KBICTO YCIOBHUATA 3a TIXHOTO
M3Mnoa3BaHe ca OmaronmpusTHU. Hail-mOCTBIIHOTO W CJEMOBaTEIHO HAW-IIUPOKO H3MOI3BAHOTO
MPEBO3HO CPEICTBO OT TO3M KJac € eJeKTpuyeckara TpoTUHeTKa. [loTeHnuanbT Ha
MHUKPOMOOWMIIHOCTTA 00aye ajied HaIXBbPJIsd CBEP3BAHETO HA XOpara ¢ 00IIEeCTBEH TPAHCIIOPT.

2. CpmHOCT Ha npodJaemMa

Hape;[ C MHOFO6p0ﬁHHTC comyuaJJHM MW HMKOHOMHUYCCKH IIOJ3HM OT yp6aH1/I3au1/1;1Ta
(HpeMeCTBaHeTO U IPEMECTBAHETO HA BCE ITOBCYC XOpa OT MAJIKU KbM I'OJIEMU HACCJIICHU MeCTa),
BB3HHUKBAT U MHOT'O HpO6J'I€MI/I OT Pa3JIM4YHO €CTECTBO...

B cpoTBeTcTBHE € Temara Ha TO3M NMPOEKT Morar Aa ObJaT ONpeIesieHH OCeM OCHOBHH
npobiema:
- llTlymoBO 3aMBbpCsIBaHE B TOJIEMUTE I'PA/IOBE.
- UnTen3uBeH Tpaduk, KOWTO € MpEenrnocTaBka 3a MBTHOTPAHCIIOPTHH MPOU3ILIECTBUS U
3a7pBCTBAHMUS.
- 3aM'pr}IBaHe C BbITICPOACH AUOKCHU[] OT ABUT'ATCIUTC C BBTPCIIHO 'OPCHE.

- HemocTtarpuHo MsICTO 3a TapKUpaHe Ha MTPEBO3HU CPEIICTBA.
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- Hemoctur Ha Bpeme u urica Ha 6e30macHu, ynoOHU ¥ Obp3H TPAHCIIOPTHH CPEICTBA 38 KPATKU
'bTYBaHHUS.

- Bucoka 11eHa Ha ChIeCTBYBAlUTE IIPEBO3HU CPECTBA B YCIOBUATA HA IIo0alHa HHGIANUS.
- HapactBamo morpebnenne Ha eHeprus, BOJCLIO J0 HaMalsiBaHE HAa HEBH30OHOBSEMHTE
pecypcu - HanpuMep BbIVIUINA U OCH3HH.

- Penmknmpane Ha M3MOJI3BaHH U Be4e HEHYKHHU MAaTePHAIHN WM POMHIIUICHH TPOAYKTH.

3. OGocHoBKA Ha polemMa

OCHOBHUAT npoOIeM, KOMTO TO3M MPOEKT pasmiexnaa, € JMncara Ha yaoOHM U Obp3u
TPaHCIIOPTHU CpPEJCTBA 3a KpaTKU I'bTyBaHUS B TIpajacka cpena. B moBeueTo ciydan
CBLIECTBYBAIUAT OOIIECTBEH TPAHCHOPT HE MOKPHBA Taka HapedyeHara ,,[1ocielHa MU’
(pa3cTosiHMETO MEXJy JEeCTHHALUATa M CIUpKara Ha TOBa TPAHCIOPTHO cpeactBo). Tosa e
4acTTa OT 'bTYBAHETO, KOSITO MMOKPUBAaT MHOTO (JOPMHU Ha YacTeH TpaHCHOPT. B nombiaHeHne
KbM IIPEIMMCTBAaTa, KOMTO HOCST, Bb3HUKBAT MHOIO HOBU HpPOOJIEMH, KOMTO BJIOLIABAT
KaueCTBOTO Ha JKUBOT B IPaJIOBETE.

[IpobneMyu, npUYMHEHW OT HapacTBamlus OpoOH aBTOMOOWIIHM, Ca HampuUMep LIYMOBOTO
3aMBpCSBaHE U YBEINYaBaHETO HA EMUCHUTE Ha 3aMBbPCUTENHN B aTMOc(hepaTa, KOeTo MOXKe Aa
JI0BEZIE /0 MHOTO TI0-CEpUO3HH mocieannu. Jpyru mpoOiemMu, MpUInHEHH OT aBTOMOOMIIHTE,
BKJIIOYBAT €XKCIHEBHUTE 33JPBCTBAHUS W HEJOCTaThbUHHMA OpOM MecTa 3a NapKupaHe B
rpajosere. 3a Jja ce PeIIaT HIKOHM OT Te3U MPOoOIeMH, Ipe3 MOCISTHUTE TOAUHNU Os1Xa BbBEACHH
Y M3TI0JI3BaHHU MIPEBO3HH CPEICTBA OT KJIAC MUKPOMOOHMITHOCT, KaTO €JIEKTPUYECKH BEJIOCUTICTH
U TpoTHHETKH. Te obaue HOCAT chC cebe CH HIKOJIKO JIPyrd Mpobiema Mo OTHOIIEHHWE Ha
koM¢opTa u 6e3omacHocTTa Ha nmorpedutens. [Ipumep 3a TakbB mpoliieM € HecTaOuiIHaTa
JIBYKOJIECHa KOHCTPYKLHMS, MpPHU KOSTO JIECHO MOXE Ja ce 3aryOM paBHOBECHE, KOETO €
MPENOCTaBKa 3a MbTHOTPAHCTIOPTHO MPOU3IIECTBHE.

4. AKTyajiHa CbIIHOCT Ha npodJema

3aMBpCSBAaHETO Ha BbB3JyXa MMa OTPHULATENHO BbB3ICHCTBUE BbPXY YOBEIIKOTO 31paBE U
okoyHara cpeaa. To Moxe na A0BeAe 10 CEPUO3HU 3/PaBOCIOBHU IPOOIEMH U € BOAeHIA
€KOJIOTMYHa MpUYMHA 3a pexaeBpeMenHa cMbpT B EC. To Boau u 10 T.Hap. ,,TApHUKOB €PEKT".

Jlumicata Ha mapkoMecTa B TpaJIoBETE € €AUH OT OCHOBHUTE MPOOIIeMH 32 COOCTBEHHUITUTE Ha
aBTOMOOWIIH, TIPEBHU]] MOCTOSTHHO HapacTBaIus Opoi MpeBO3HU cpeAcTBa. MHOrO modropu
HaMHpaT PEIIeHHEe, KaTo KynmyBaT WJIM HaeMaT YaCTHU Tapakd, IPYTH MapKUpaT Ha IJIaTeHH
oOmecTBeHn mapkuHTH. He Bcekn o0ade MoXke J1a CH IMO3BOJIH TaKbB JIYKC, 0COOCHO C OIvie/ Ha
HapacTBallaTa UKOHOMUYECKa Kpu3a.

Jpyr mpo6aeM B TO3W KOHTEKCT € MOCTOSHHO HapacTBAIIMIT Opoil aBTOMOOMIIN B TOJIEMUTE
IpajoBe M NPOU3THYAINNTE OT TOBA 3aJPHhCTBAHHS, KOMTO Ca IMpeYKa 3a HOPMAITHOTO H
CTOKOIHO JBMKeHHe. OOIMIECTBEHUAT TPAHCIIOPT peliaBa TO3HM MPOOJIeM JI0 U3BECTHA CTEIICH,
HO HampuMep B CHUTYyallMATa, KOTaTo CBETHT Oemie 3acerHar ot manaemusita oT Covid-19,
OOIICCTBEHUAT TPAHCIOPT HE Oelme MPEINOYMTAHOTO TPAHCIIOPTHO CPEACTBO W JIOpH
M3IMOJI3BAHETO MY Oellie 0OEKT Ha MHOXKECTBO OTPAHUUYCHHUSI.



5. CoumajiHa aHTa)KMPAHOCT

[Torpebuten - IloTpeOuTensT € JTUIETO, KOETO € OCUTYPHIIO MpaBaTa BbPXY HHTENEKTyajlHa
COOCTBEHOCT BbpXY Mpoaykra. ToBa My 1aBa Bb3MOXHOCT /12 TO U3II0JI3BA [0 BCAKAKHB HAUKH.

ABTOp - TepMHUHBT ,,aBTOP* OOMKHOBEHO CE€ OTHACS IO JIUIIEe, KOETO € Ch3Jal0 OOEKT upe3
TBOpYECKHUA cU Tpyd. B To3u ciyyait aBropsT € Pocen Binagumupos ®@uuepoB, 1OKTOPaHT BbB
daxkynTeTa Mo HeMCKO HHX)eHEpCTBO U nHAycTpranieH MeHUDKMBHT (FDIBA) kM TY-Codus,
B oOnactra ,,EproHomMuKa u MHIyCTpHAaJICH TU3aiiH"

Kmuent (ITorpeburen) - KnueHTHT € pU3NUECKO WM IOPHIMYECKO JIHIE, KOETO HM3IOI3Ba
OTIpENeNIEHN CTOKM WJIM YCIYTH 332 CBOM COOCTBEHH HYXJW. B MKOHOMHYECKHM KOHTEKCT
NOTPEOUTENAT Ce XapaKTepu3upa ¢ Bb3MOKHOCTTA CH J1a U30Upa MEXly KOHKYPEHTHU CTOKU
U YCIIYTH.

HpOI/I?;BOLII/ITeJI - Hpennpmnml WM OpraHu3alrH, CICHUAIMN3UPAHNU B MPOU3BOACTBOTO Ha
IMPEBO3HU CPpCACTBA.

Buenpuren (Bw3noxuren) - ToBa e HAKOIl, KOWTO € BbBEJ IPAKTHUKA, IEHHOCT WU MPHIIOKEHUE
Ha Hello.

WMznbaauten - Jluue unu KOMIIaHH:A, KOATO U3BbPIIBA ﬂeﬁCTBHﬂ U 3a1a49, IOpbYaHU OT APYT.

YACT II. IIpoexTtHa ¢a3za

1. Upeiina ¢asa
1.1 Ucropuxo-reorpadgcko npoyuBaHe

Havanomo na MMKpOMO6Z/l]lHOCWlmCl
MI/IKpOTpaHCHOpTHI/I CpeACTBa KAaTO BCJIOCHUIICAU CHIICCTBYBAT OT 1820-1e TOOWUHMU.

- MukpomoOmitHOCT 6e3 mefanu - CKeMTOOpAOBe, TPOTHHETKH U JP.

[IbpBaTa u3BecTHA Bepcusl HAa TPOTHHETKaTa € u3oopereHa ot Jlenuc J[xonceH npe3 1819 . u
C€ ChCTOM OT CPABHUTEIIHO MPOCTA IbPBEHA KOHCTPYKLIHSI.

Fig. 1: Benocumnenst, 6e3 nmeganu, Ha [lennc JxoHchH oT 1819
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[IbpBUTE TPOTUHETKHU CE MOSBSIBAT KaTO MOTOIIEH U MPEKUBABAT KpaTbk OyM mpe3 1915 1.

B kpas na 30-Te ronuHu Ha MUHAJIMS BeK PpeHCKHUAT n3obperaren Mopuc Jlumener, 3aeqHo ¢
Opar cu AnbepT, OCHOBaBa KOMIIaHHUS 3a eJIeKTpuuecku Motorukiery, HapeueHa SOCOVEL.
Mopuc 3amouBa ga u300peTsBa u pa3paboTBa eneKTpuYecKkara cu TPOTHHETKa mpe3 1941 r.
Kommnanusita nmpoabiikaBa 1a MPpOU3BEkK/Ia U MPOAaBa €IEKTpUIECKH Benocumenu 10 1945 .

TpoTHHETKUTE CTaBaT BCE MO-MOMYISPHU U, HApe]l C BEIOCUIIEAUTE, Ca €AHO OT Hall-BaKHUTE
CpeJICTBA 32 MUKPOTpaHCHOpT B cpeAara Ha 20-tu Bek. [Ipe3 60-te u 70-Te roquHu Ha MUHATUS
BEK CKEHTOOp/I0BETE MOCTENEHHO M3MECTBAT TPOTUHETKUTE U C€ MPEBPBIIAT B MPEANOYUTAH
HAYMH Ha TPAHCIIOPT 32 MIIAJNTE MTOTPEOUTEIH.

Bum Y0orep, mBeiinapcku 6ankep, n300peTsaBa MoJiepHaTa IPEHOCUMa, JIeKa TPOTHHETKA [Tpe3
1990 1., karo uenTa My € Jja U3MHHE €HA-BE MIWJIA MEXy JIOMa CM U MECTHUS MarasuH 3a
OparBypcr B L{topux.

®ur. 2: Bum Y6oTep 1 H300peTeHUETO My

Cnooenena MuKpomMoouiHocm

Crnonenenara MUKpOMOOMIJIHOCT € BbBEJIEHA 3a MbpBU BT B EBpona npe3 60-te roguHu Ha
MUHAaJIUS BeK 1oJ opMaTa Ha CXeMH 3a CIOJIEIIsIHE Ha aBTOMOOMIIH.

[Ipe3 roguHKUTE MHOTO MOJOOHH MPOEKTH Ca CTAPTUPAHU B PA3IUYHU EBPONEUCKU I'PaIOBE.
Benukyn umar obma nen: 6opda ¢ HeraTuBHUTE eeKTH Ha ypOaHM3alusATa BbPXY OKOJIHATa

cpena.

CrnenBamoro  IOKOJIEHHME  yCIYyTd 3@  CIOJCJIEHO IbTyBaHE  PEBOJIIOLIMOHU3HPA
ChIIECTBYBAlllaTa CXeMa W U MpHIaJe MO-IIMpOKa OW3HeC KOoHUenus. Td € BbBeleHa M
cTapTupaHa 3a mbpBU 0T npe3 1995 r. B Ilopremyt, Anrmus. ToBa e u mbpBata ManjaOHa
MOJIEpHa I'pajJicka IMporpaMa 3a CIIOAEIECHO II'bTYBAHE U BKIIIOYBA IIUPOKA I'aMa OT IIPEBO3HHU
CPEICTBa, IPEIHA3HAYCHHU 3a Ta3H LEI.

TpeToTo mokoeHUE CIIOIETICH TPAHCIIOPT CE€ CTPEMH J1a OCUTYPH YCEeIllaHe 3a HaJEHKTHOCT 1
(YHKLIMOHATHOCT, W3ION3BAHKU IMO-MOJACPHU TEXHOJOTHH. BCSKO MpEeBO3HO CpeacTBO ce
npociensBa upe3 cBos GPS, koeTo € moBeno 10 ApacTUYHO HaMalsiBaHE Ha KpaxoOwTe Ha
MPEBO3HU CPEACTBA. BBBEXIAT Ce€ M €ICKTPOHHHW CHUCTEMH 3a IUIAlaHe WM JOPU OHJIAMH



CUCTEMHU 3a pe3epBallii, KOETO JOMBIHUTEIHO YIJIECHSBA H3MOJI3BAHETO HA TO3U BHJ
TPaHCHOPT.

YeTBBPTOTO M TMOCIEAHO IOKOJEHHE YCIYTH 3a CIHOJCISHE Ha BEIOCHICAN WHTETrpHpa
JOMBITHATETHN (YHKIIMUA 4Ype3 BHBEXKIAHE HA JOMBIHUTEIHU METOIU U YCHBBPIICHCTBAHH
uHtepdeiicn 3a miamane. EnexrponHute Benmocuneaun (e-bikes) mocrtemeHHO 3amecTBaT
OpPUTHHAIIHUTE BEJIOCHIICIN, a MacoBaTa JUTHTAIM3AINS Ha yCIIyrara mpeajiara u3isiio HOBO
HUBO Ha MOTPEOUTEIICKO U3KHUBSIBAHE.

1.2 TeopeTuuHo-aHaauTHYHA (a3a
Heundopmupan norpedoure.

- ConnaTHO-NIOTPEOUTEJICKH aipec /OTHOLIeHNEe MPOAYKT-IoTpeduTe st/

IloTenumanen HOTpC6I/ITCH € BCJIKO JIMIEC, KOCTO KMBEC B IOJIsIMa IrpaJiCka 30Ha M HM3WCKBa
KOMIIAKTHO IIPEBO3HO CPEACTBO 34 JICCHU U 6’bp31/1 KpaTKu ITbTYBAaHUA B I'pazid.

HNudpopmupan norpedure.

- ConnaTHO-TIOTPEOUTEJICKH a/ipec /OTHOLIEHUEe MPOAYKT-IoTpeduTe st/

IIpeBo3HUTE CcpeAacTBa OT KiIac MHUKPOMOOMJIHOCT ca IpeJHAa3HAaYeHW IVIABHO 3a XOpa,
KMBEELIM B TOJEMM HAcCelIeHW MecTa (T.Hap. Ipajicka cpeaa), U 3a Xopa C OIpaHUYEHU
(UHAHCOBU CpeNCTBa, KOUTO TpsOBa Ja ce MPUIBMXKBAT ObpP30 M JECHO B OKOJIHOCTTA CH.
Co0OCTBEHUKBT Ha IPEBO3HO CPEJICTBO OT TO3M KJ1ac TpsiOBa Ja € HaBbpIIWI 18 roguHu (B HAKOU
CTpaHU Bb3pacToBaTa rpaHuIa € 16 roIuHu U HEMBIHOJIETHH BOAAYM MOTAT J1a IO U3II0JI3BAT €
MPUAPYKHUTEN) U J1a MPUTEKaBa BajluaHa MO(bopcKa KHIKKA OT ChOTBETHHUS KJIac.

Heundopmupan norpedure.

- OYHKIIMOHAJHO-EKCIIOATAIMOHHU KPpUTEpHUH /0€30aCHOCT, 00CIy:KBaHe,
HU3M0J13BaeMocT/

To3u THI MUKPO-TIPEBO3HO CPENICTBO TpsiOBa na ObJe MPOEKTUPAH Ja Mpejiara MakCuMaseH
KOM(OPT, 'bBKaBOCT U CKOPOCT MPH ABUKEHHUE B TPAJCKa cpea. YIPaBJICHHETO TPsiOBa 1a Ob1e
WHTYUTUBHO (T.€. IPEBO3HOTO CPEICTBO TPSOBA Ja € JIECHO 3a M3IOJI3BAaHE OT BCHUKH JIMIIA B
1eneBara rpymna, 0e3 Ja ce M3MCKBaT CHEIMAHA TEXHUYEeCKH 3HAHUS WIH YMEHUs, pa3IudHU
OT OOIIONIPU3HATUTE U YCTAHOBEHM B ,,3aK0OH 3a JBIKeHUe 1o mbrumata(3/I11)).

Nudpopmupan norpeduret.

- OYHKIMOHAJHO-EKCILIOATAIMOHHU KPpUTEpPHUH /0e30IacHOCT, 00CIy:KBaHe,
U3M0J13BaeMocT/

ITpu npoexTHpaHeTo u pa3paboTBaHETO HAa MPEBO3HO CPEACTBO TPsIOBA Ja ce B3eMarT MpeIBU/]
MHOXECTBO M pa3iuyHu napaMmeTpu. ChllecTBYBaT CTAaHIApTH 3a BHCOUYMHA, IBIDKHHA,
OoOMKOJNKa, Maca M Jp. Ha NMPEBO3HUTE CPEACTBA BbB BCEKU KJIAaC, KOUTO OOMKHOBEHO ce
OIpEeNeNIAT OT NpPEAHAa3HAaYeHUETO, U3UCKBAHMATA, ONPEAEICHU B IpeaBapuTenHara (as3a Ha
MPOEKTHpaHe, U XapaKTepPUCTUKHUTE Ha LieJieBaTa rpyra.
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Heundopmupan norpedure.n.

- EproHoMu4H0-aHTPONIOMETPHYHN KPUTEPHH

[lo oTHomIeHWEe Ha pa3Mepa, BCEKH EIIEMEHT OT IPEBO3HOTO CPEICTBO TpsOBa na Oble
MIPUTOJICH, TIO3UIIMOHUPAH U OPa3MEPEH M0 TaKbB HAYHH, Y€ YIPABICHUETO U JBUKCHHUETO /1a
ca JIECHH W yIOOHM KaKTo 3a ,,MaJjikara skeHa (P5)*, Taka u 3a ,,ronemust Mbx (P95). Chiio Taka
TpsiOBa J1a € yI0OHO 3a M3MOJI3BaHE OT XOpa C Pa3IHMYHO TENIO U (hopMa Ha TSIIOTO.

Nudopmupan norpeduret.

- EproHoMn4H0-aHTPONOMETPUYHM KPUTEPUH

Epronomusita urpae M3KJIIOUUTETHO Ba)KHA POJIA BbB BCHUYKM IPOMULUIEHH MPOAYKTH,
MpelHA3HAYCHU 32 YOBEIIKa yrnoTpeda, BKIIOYUTEITHO TPAHCIIOPTHUTE MpoAykTu. Hampumep,
CBIIIECTBYBAT €PrOHOMUYHHU TApaMETPU U CTAHAAPTH OIpPEACNAIlN pa3Mepa, MO3ULUITA U
dbopmaTa Ha IPBKKUTE, CEATKUTE U BCUUKH JIPYTH €JIEMEHTH, C KOUTO MOTPEOUTEINAT BIKM3a B
KOHTaKT. ChILECTBYBAT U PEIUIlAa €PrOHOMUYHH MMapaMeTpH, CBbP3aHU C 3PUTEIHOTO TOJIE U
BUJIUMOCTTA HA BOjAyYa.

TYK ca MoKa3aHU HaW-BaXXKHUTE BIVIM HA BUJIMMOCT U BHJIUMOCT CIIpAMO BCPTHKAJIHATA U

XOpH30HTAJIHATAa OC.

@ur. 8 b Ha BUANMOCT U 0030p

Heundopmupan norpedure.

-  KoHCTPpYKTHMBHO-TEXHOJIOTMYHU KPUTEPHUH /CHOTBETCTBHE Ha opMmara,

MaTrepuajia u TEeXHOJIOrusTa/

Marepuanure TpsiOBa Ja ca ¢ BUCOKO Ka4eCTBO, 3a J1a C€ OCUTYPH IbJIBI EKCII0ATAIIMOHEH
xuBoT. Te obOaue He TpsOBa Ja ObJAT MHOTO CKBIM, Th KaTo TOBa yBeIMYaBa
IIPOU3BOACTBEHUTE Pa3XOIU M CIIEJOBATEIHO LIEHaTa Ha IPEBO3HOTO CPEACTBO. Bcmuko
TpsibBa na ObJe NMPOEKTUPAHO M KOHCTPYUPAHO Taka, Y€ J1a C€ MOCTHTHE MaKCHUMallHa
KOMIAKTHOCT, €(DEeKTUBHOCT U U3KJIIOYUTETHO JIECHO U HHTYUTUBHO yIIpaBIICHHE.

Nudopmupan norpeduten.

-  KOHCTPYKTHBHO-TEXHOJIOTHYHH KPUTEPHH /CHOTBETCTBHE HA (popmara,
MarepuaJja u TeXHOJI0rusaTa/
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3a 1a ce 3amoyHe U3rpakJaHETO Ha IPEBO3HO CPEACTBO, ITBPBO TPSIOBA Ja CE U3SACHST HIKOU
KJIIOYOBU HM3MepeHuss Ha Ju3aiiHa. Criesl ToBa ce MPOBEXKIAT PA3JIUMYHU MPOYYBAHUS U
W3CIIEIBAHUS, 3a J1a C€ pa3pabOTH ACUCTBUTEIHUAT NU3aiiH. BhIpeku e moBeYeTo eeMeHTH
ce MPOM3BEXAAT MAIIMHHO, B CIIyYasl ¢ KJIaca MUKPOMOOUITHOCT CITIOOSIBAHETO HA OTIECIIHUTE
9acTH B TOTOBO MPEBO3HO CPEACTBO OOMKHOBEHO CE€ M3BBPIIBA PHUHO MOPAIN HUCKHUTE
pa3xonu, Thil KaTo TOBa U30SITBa MHOTO JTOMTBIIHUTEIHU Pa3XOIH.

1.2.4 IIporpameH cuHTe3

CuHTe3 HAa HAH-BAXKHHUTE ONBJHUTEHU U NPENOPHYUTETHN KPUTEPHH MO/

(¢popMmarTa Ha nperien HA KJIIOYOBH TYMHU.

CounajHO-OTPEOUTEJICKH aJpec /CbOTBETCTBHE, IPOAYKT, MOTpeduTes1/

- Xopa, )KUBeeU B TOJIEMH I'PaIoBe.

- Xopa, KOHUTO Ca NOCTUIHAJIM OIIPCACIICHA Bb3PAaCT U IIPUTCIKABAT I_HO(i)LOpCKa KHHXXKa OT
CbOTBETHATA KAaTCIrOpH.

- HOJI, CTHHUYCCKaA IIPpUHAIJICIKHOCT, paca H HAaIlMUOHAJIHOCT HE

UrpasT ponsi.

DO YHKIHOHAIHO-CKCIIOATAIIMOHHU KPUTEPUH /0e30MACHOCT, 00CIy:KBaHe,

eKcnJioaranusy/

- I/IHTYI/ITI/IBeH M JIECCH 3a pa60Ta oT HOTpe6I/ITeHI/ITe.

- TpsibBa na ObJe NMPOCT M M3YKHCTEH, HO CHIIEBPEMEHHO pa3lo3HaBaeM U 0O€30I1aceH 3a
NOTpeOUTENUTE.

- TpsbBa na e neceH 3a MOMAPHKKA K MOXKE J1a ce 00CITyKBa CaMO OT OTOPHU3UPAH CEPBU3CH
IICHTHP B PAMKHUTE HA TAPAHIIUATA.
- He TpsiOBa 1a MMa MHOTO CJIO)KHU MEXaHU3MH, KOUTO OHMXa 3aTPYJAHUIINA U3IOJI3BAHETO MY

WM Ouxa JOBeNd 10 OObpPKBaHE U JIUIICA HA SICHOTA.
Exosioruuna aganrauus /u300p Ha MaTepuaIv U TEXHOJOTHHU CIIOPe/

€KOJIOTHYHMTE CTAaHaapTH/
N3paboTeHu OT €KOJIOTUYHO YHCTHU MaTepUaIH.

He NPpCAU3BUKBAT APA3HCHC Ha KOXKaTa I10 BpEMEC Ha yHOTpe6a.

He otnensat BPCAHU BCIUICCTBA B OKOJIHATA CPpCJia U HC 3acATraT HOTpC6I/ITCJ'II/ITe.

I/I360p Ha IPOU3BOACTBEHU TEXHOJIOI'MH, KOUTO CHINO OTroBapsAT HAa €KOJIOTMYHHUTE HOPMHU
" CTaHOdapTH.

KoHCTPYKTHMBHO-TEXHOJIOTHYHH KPUTEPUM /CHOTBETCTBUE HA hopMma,

MaTepuas U TEXHOJIOTHs HA MPOU3BOACTBO/

- M3non3BaHe ¥ KOMOMHUpPAaHE CaMO HA BUCOKOKAU€CTBEHH MaTepHalIu.

- be3 MHOro CIIO)KHM €JeMEHTH WIIM IMOBBPXHOCTH, KOMUTO OWMXa MOIVIH Ja JOBEIar 0
00BbpKBaHe.

- ®opMH, KOUTO Ca Bb3MO)KHO Ha-NPOCTHU W JIECHU 3a MPOU3BOACTBO C OIVIE] HAa HHCKA
MpoJaXkHa IeHa.
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IHoBbpxHUHU M OKpHUTHS /YHIOTpeOa u npuJioxkenne /TexHonsornu Ha

HaHAaCHAHE

- HOKpI/ITI/ISI, KOHUTO HE€ OTACIAT BPCAHHU BCIICCTBA U HE IMPCAN3BHUKBAT HEXKCIIAHU PEaKIUKN
IIPU KOHTAKT C KO’Kara.

- HOKpI/ITI/ISI, YCTOﬁqHBH Ha HaApaCKBAaHE, BbHIIHU BIIMAHKA U U3HOCBAHE, aKO numa
TaKHBa.

1.3 /In3aiiH KOHUIeNIHUA:

- OmnmucaHue

OcHoBHara wWes Ha KOHICHIMATA € HE CaMO Ja OCHUTYPH MPOCTO, TOCTHITHO, O€30IacHO,
€KOJIOTMYHO M OBP30 CPEJCTBO 3a TPAHCIIOPT, HO W Jia IMOJMOMOTHE MOTPEOUTEIINTE B TEXHHUTE
CXKCIHCBHU I[ef/'IHOCTI/I 1 3aHUMAaHUS.

[To-crienupryeH acrekT Ha KOHIENIUATa Ha HACTOSIIIHS IIPOCKT € Bh3MOXKHOCTTA 32
TpaHcOpMUPAHE HA TIPEBO3HOTO CPEACTBO B CPEIACTBO 32 TPAHCIIOPT, KOSTO IIOMara Ha xopara ¢
HamMajeHa MOOUITHOCT Jia U3IBJIHABAT €KEHEBHU 33/1a4, KOUTO Orxa O HEBB3MOXKHU 32 TSIX
(Bapuanr 3).

- Cxunm

Tyxk ca npencraBeHu pa3InIHA BAPHAHTH Ha EKCTEPHOPA HA MPEBO3HOTO CPEJICTBO Bh3 OCHOBA HA
ckuuu. Pasrmeganu ca pasnuyHu Kareropud (GOpMHU U CKYINTYPHU CUTYalldd U € MPOBEICHO
MPOyYBaHE C yYaCTHUETO Ha TOTEHIMAIHU TOTpeOuTenu moja (opMara Ha BBIIPOCHHK OTHOCHO
BIIMSTHUETO HA Pa3IMYHUATE BUAO0BE (DOPMHU U CKYJIIITYPHU CUTYAIlMH BHPXY YOBEIIKATa IICUXHUKA.

Bapuant 1

Shep \

Bapuant 2

Adjustable angle

£

Windshield Luggage
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JombaHuTenHa onius (BapuaHT - 3) - ujaes, CBbp3aHa ¢ MOOMITHOCTTA U MOJIKpENnara 3a Xxopa ¢
JIBUTATEIHHU MPOOJIEMHU.

1 |

N300p Ha OKOHYATETTHHS BapHAHT 33 EKCTepUOpa Ha MUKPO-IIPEBO3HOTO CPEACTBO: KOMOUHAIIHS OT
BapUaHT 2 U HIKOU XapaKTEPUCTUKHU U UJICH OT BapHaHT 3.

1.3.1 EpronomMu4Ho npoy4BaHe. EpronomMmnueH npoexr.

- Ilepcentnn
[lepcenTriinTe UTpasT BaKHA POJIsl B €PrOHOMHSATA, ThH KaTO MO3BOJISBAT JIa CE OIMPEICIH
JINAIa30HbT OT TEJIECHW MEPKH, KOUTO Ce OTHACST 3a XOpa OT OIpe/elieHa eTHHYECKa IpyTia,
paca Wiy HallMOHATHOCT. Ype3 aHaJIn3 Ha MPOIEHTHIHOTO pa3MpeieCHIE Ha Te3U U3MEPBaHUs
MOXeE J]a c€ MOJTyYH MPEICTaBa 3a HaunHa, 10 KOWTO Pa3IMIHUTE TPYNH X0pa B3aUMOICHCTBAT
c paboTHaTa cu cpena, U Ja ce UASHTHUHUIMPAT 00IacTH 3a MoI00peHue.

B 1031 ciyyaii mpeBo3HOTO CPEeACTBO € MOAXO/AIIO 3a MaKCUMAaJleH Opoit MOTpeOuTeNIn MeX 1y
5-us 1 95-us nepceHTH1, Thil KaTo BUCOUMHATA U MO3UIIMATA HA KOPMUJIHATA KOH30J1a MOTaT Aa
ce perynupar. M300pakeHHueTo MOKa3Ba MO3UIIMOHUPAHETO HA KEeHA B S-Hs IEPCEHTUI U MbXK
B 95-us mepceHTu1 Mpu U3MOI3BaHE Ha MMPEBO3HOTO CPENICTBO.

@ur. 26 Pa3nuaHN NPOLECHTIIIN B IPOLIECa HAa N3IION3BAHE HA CKyTEP
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- PaGoTHM no3unuu

PaboTHHTE MO3UIMK B MUKPOITPEBO3HO CPEACTBO MOTaT JIa OKaXKaT 3HAYUTEITHO BIUSHIE BbPXY
koM¢opTa ¥ 6€30I1aCHOCTTa Ha Bojada U mbTHULUTE. HenpaBuiHara paOoTHA MO3ULIUSA MOXKE
Jla 7oBesie 10 AUCKOM(OPT, ymMopa U 10pHu HapaHsBaHe. OOmiara cToiika € 0COOEHO BaXkKHA B
TO3M KOHTEKCT, ThH KaTO IPEBO3HOTO CPEJCTBO CE€ YIPABIsABAa B M3IPABEHO IOJIOKEHUE U
HETIpaBUJIHATa CTOWKA MOXeE J1a JOBeJIE A0 JUCKOMGOPT U 10pH CHIHA O0JIKa B I'bp0a U KPbCTa.

®ur. 27 PaboTHU ITO3UIINNA

- Terno Ha YOBEIIKOTO TSIO

TernnoTo € cBbp3aHO ¢ HATPYNBAHETO HAa Ma3HUHU. B TO3M MpOEKT TOBa MOXKE Aa MOBIUsE Ha
¢dopmara Ha KOPMHJIOTO M IPYTUTE KOHTPOJIHU EIIEMEHTH.

@ur. 29 [MoTpedurenu ¢ pa3auyHa TENECHO TEIIO

bnaronapenue Ha okauBaHeTO, MOJJOOHO Ha MJIAHMHCKO AbCKOOOPA3HO OKayBaHE, U U3BUTATa
¢dbopma Ha TbCKaTa, yCTOMYMBOCTTA HA TEIVIO HA TPOTHHETKATA € 3HAYUTEITHO YBEIHYCHA.
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®ur. 30 OkauBaHe 1 U3BUBKK Ha Bopaa

- 3oHa Ha BUAUMOCT U 0030p ToBa € U3KIIIOYUTETHO BaKEH MapaMeThp 32 BCHUKH YYaCTHUIH B
JIBIYKEHHETO, OT KOMTO MPSIKO 3aBUCH TsXHATa 6e3omacHOCT. Toil ce oTHacs /10 IieiHaTa TOUYKa

Ha BoJ[a4ya BbPXY ITbTHATa OOCTAHOBKA, TUCIUICUTE, HHCTPYMEHTHTE U JIp. Y TyK IPOIIEHTHITBT
Ha BoJjaya € OMpeesisll 3a pa3Mepa Ha Ta3H 30Ha.

@ur. 32a O0XBar Ha BUIMMOCT M BUIUMOCT B XOPU30HTAIIHA MOCOKA...

XHUIrueHHHU NMoKa3aTeJn:

Temneparypa

Temneparypara € BaxxeH KpUTEepUl 3a JajieH NPOAYyKT. Ts € cBbp3aHa ¢ Hesl 10 MHOTO HaYMHH.
W3non3BaiiTe MaTepraim, KOUTO CE€ HAarpsiBaT HE3HAYMTEIHO NP MPOIBIIKUTENIEH KOHTAKT ChC
cipHIlE. Temneparypara e Npsiko cBbp3aHa U ¢ BeHTUanusara. [Ipu Bucoku remmneparypu Moxe
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Ja ce oOpa3yBa IMOT B TOUKUTE Ha KOHTAKT. ClieioBaTeHO TpsAOBa /1a nMa 100pa MOBBPXHOCT,
3a J1a MOXKe BB3IyXbT J]a IPOHUKHE.

Bentnnanus

BeHTI/IHaHI/IHTa Ha IIpoayKTa € IIPAKO CBbp3aHa C KOHTaKTa C OKOJIHATa Cp€aa, TEMIICparypara
u ap. BrHIIIHaTa 30HA MOXKE J1a C€ OXJIaKa HCMPCKBHCHATO U NO-MHTCH3UBHO IIPHU ABWIKCHUC.

OcBeTiienne

B HacTOANIaTa KOHUCIIIHA CBETIIMHUTEC Ca MHTCPAKTUBHU CBETOAUOAMU, KOUTO MOIraT HEC CaMO
Ja U3IBJIHABAT OCHOBHATA CHU (bYHKI_II/IH (OCBeTﬂBaHe Ha II'bTA HUIN HH(bOpMHpaHC Ha OpYyruTe
Y4aCTHHUIU B IBUKCHUCTO KOI'a MOKE Jia CC U3BbPUIN Ilel\/JICTBI/Ie 20048 MaHeBpa), HO M J1a IToKa3Bar
OIIpCACIICHU CLO6H_IGHI/I${, Ja [MpCaoCTaBAT I/IHq)OpMaI_[I/IH 3a HUBOTO Ha 6aTepI/I$ITa u ap.

DOu3noa0ruIHmu HHAUKATOPH:

- Cuna

B3ema ce nmpeasua cuiiata, He0OXoAMMa 3a HaTHCKaHe Ha OyTOHMTE, Thil KaTo € HeoOxoauma 3a
3aBbpTaHe Ha BojaHa. OCBEH TOBA ce B3eMa IIPEeBU U CUJIaTa, HEOOXOAMMa 3a 3aJeiCTBaHe Ha
JpYTUTE OPTaHHU 3a yIPaBICHUE.

- Ckopocrt

OtHacst ce nO BpEeMETO 3a peakuus Ha Bojadya B Clydald Ha OINACHOCT, CKOPOCTTa Ha
TpaHc(opMalys Ha IPEBO3HOTO CPENICTBO U JIp.

- Eneprus

3arybaTa Ha €Heprusi ce MPUYHMHSIBA TJIABHO OT EJIEKTPUUYECKUTE CHUCTEMU B IMPEBO3HOTO
CPEICTBO, KOETO BIMSE BBPXY 3apeKJaHETO Ha Oarepusita, ThH Karo TO € eJIEKTPUYECKO
IIPEBO3HO CPEICTBO.

IIcuxopu3u0J0rMYHN MHAUKATOPH:
- Busyanuu

W3KII0UNTENHO Ba)kK€H MHJMKATOP 3a TaKOBAa YCTPOWCTBO. 3PEHHMETO OCUTYpsiBA OCHOBHOTO
BB3MPUATHE 32 OOKPBHKEHUETO HA MBTA. 3PEHUETO € U IbPBUAT KOHTAKT ¢ MH(pOpMaIUITa Ha
JUCIIJIEUTE U KOHTPOJIHUTE EJIEMEHTH.

- TakTHiIHN

TakTUTHUTE WHAWKATOPU CE€ OTHACAT N0 KOHTaKTa Ha TMOTpeduTens ¢ mpomaykra. Te ce
MposiBIBAT B OOpaBEHETO C KOHTPOJHU €IEMEHTH (IUCIUIeH, OyTOHH, MaHHUITYTallMOHHU
MEXaHU3MHU U JIp.).
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- O0oHsaHUE

I[O HN3BCCTHA CTCIICH HMMa BPB3Ka C IMPOAYKTA, KOraroO CTaBa BBIPOC 3a OTKPUBAHC Ha
CBCHTYAJICH I[e(i)eKT IIpH OTACIIAHC HA MUPU3MaA, HAIIP. C CJICKTPOHHUKA.

Ilcuxosoruyecku nmoKa3aresiu:
- Bun ycnyra (ynorpe6a)

VYnorpebara Moe /1a ce ONpeseNny KaTo NepuoJuydHa, Thil KaTo c€ U3I0J13Ba, KOraTo YOBEK ce
HYXJIa€ OT TPAHCIOPT, [IPU Ma3apyBaHe, HOCEHE Ha Oaraxk WM 3a apyra cruenuduuHa AeHHOCT.

- CepBu3eH niepcoHa/ yMEHUS, KBATH(PUKAIHS/

CepBU3HUSAT MEepcoHaN € 00y4eH OCHOBHO J1a yIpaBisiBa MPEBO3HU CPEACTBA, /1a CII00sBa U
pa3nio0sBa KOMIIOHEHTH | JIp.

ABTOHOMHA/0€3MUJI0THA WJIK OE3MUII0THA CITIOCOOHOCT 3a MOAAPHKKA!
- Banmanue

H606XOI[I/IMO € BHUMAHHUC 110 BpEMC Ha m0(1)HpaHe, TBHU KaTO MOraT Ja Bb3HUKHAT OIIpCACIICHU
CUTyallUd U CUCTCMATA MOXKC Jia ITIOKAXKC MMOBPEAa NI HCUIIIPABHOCT.

- Mucneune

MucieHeTo ce OTHACS 10 HaBPEMEHHATa PEeaKlts B EKCTPEMHA CUTyalus, KaK Ja ce pearupa u
KaKBM JEHCTBUS Jja C€ MPEAITPUEMAT.

- Kpanmudukanus

He ce usucksa IJ.IO(I)BOpCKa KHHM)XKKa 3a CbOTBCTHHA KJIaC 3a pa60Ta C MMPOAYKTa, HUTO IIBJICH
KOMIIJICKT JOKYMCHTH 3a IMPEBO3HOTO CPEACTBO.

EpronomMunyno u3cjieiBaHe, CBbP3aHO ¢ YCTPOICTBO 32 TPAHCIOPTHPAHE HA
XOpa ¢ ABUTATEIHU NMPOGIeMH.

B ToBa mpoyuBaHe ce pasmiexaar HIKOW APYTH KIOYOBHM MOMEHTH. Cropea OpHruHaiHaTa
KOHLIEMIIMS, TPEBO3HOTO CPEICTBO OM MOINIO Jla CE€ W3IOJI3BAa €IHOBPEMEHHO C WHBAIHUIHA
KOJIMYKA, 33 JJa MOXE MOTPeOUTENl ¢ yBpEXJaHUS Ja Ce M3NPaBU WIM JOPH Ja OCTaHE B
M3IPABEHO nosiokeHue. Cie0BaTeIHO, HAalIPUMEP, BCHUKH CIIOMEHATH MO-PaHO €prOHOMUYHH
BBIIPOCH C€ Pa3IIeKAAT U B 3aBUCUMOCT OT MO3UIUATA HA CEJICHE Ha MOTpeOnTes.
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dur. 34 Mosaural, MexaHM3bm 3a XOpa C ABUraTeNHU 3aTPyLaHEHMUA.

1.3.2 /In3aiiHepcku npoeKT /Marepuaan3anus/ KoMno3unnoHHo pemenne upes
OCHOBHH OPTraHU3aUMOHHU NMPUHIIUIIN.

- Pazno3naBaemocTt

OTHacs ce 10 TOBa KaK MPOAYKTHT IIe Ob/Ie BB3MPHUET OT notpedurenute. Jlanu me 0b/1e JecHO
pasno3HaBaeM cpejl APYyry mogoOoHu mpoaykTu. ToBa TpsOBa Aa ObJe rapaHTUPaHO OT Iu3aliHa,

HE cCaMO OT €CTCTHYECKa IJIeJHa TO4YKa, HO H OT (bYHKIII/IOHaJIHa H CBbp3aHa C
IPOU3BOAUTCIHOCTTA ITICHA TOYKA.

1.3.3 Iu3aiinepcku MojaeJI/MaTepuaausanms/

- TexTOHMKa BbB Bpb3KaTa MeX1y (QyHKIUATA U U30paHUTE U MPUIOKEHU Kareropuu Gopmu,
MaTcpualii 1 CBOMCTBA Ha MaTCpHuaJInTeC.

B nu3zaiina Ha cKyTepH, TEKTOHHKATa ce OTHAcs 10 0(OPMSHETO U Au3aliHa Ha KOHCTPYKIUATA

W BBHIIHUTC MOBBPXHOCTU HA IPEBO3HOTO CPCACTBO.

Hsxou k11040BHY aCMEKTH Ha TEKTOHMKATa B JIPI33.I>1Ha Ha INPCBO3HUTE CPCACTBA Ca:

AeponuHaMuKa:

TexToHUKAaTa € OT pemaBamo 3HAYCHUC IIPU MPOCKTUPAHCTO HA IMOBBPXHOCTUTEC HA MHKPO

MIPEBO3HOTO CPEACTBO 3a ONTHMHU3HMpAHE Ha aepoAuHaMuKara. [magkure u QuyunHu Gopmu

rnoMarar 3a HaMaJIdIBaHC Ha CHIIPOTHUBJICHUCTO YPC3 HAMAJIABAHEC HA TadKa HAPCUCHUTEC TOUYKH HA

KOH(pJ'II/IKT. Tosa noz[o6p51Ba Os1J10CTHATa e(l)eKTI/IBHOCT " NPpOU3BOAUTCIIHOCT.

@wr. 37 Br3aymieH mOTOK CIpsMO KOHCTPYKIHATA HAa KOPITyca Ha CKyTepa
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Crun u HJICHTHUYHOCT Ha MapKarta:

Crnopen mpoy4yBaHe BbpXy (OPMUTE, H3MOI3BAHETO HA CIEJHUTE W3BHBKH, JIMHHUH H
IIOBBPXHOCTH IOBJIMSIBA IIOJOKUTEIHO IICUXOEMOLIMOHAIHOTO CHhCTOSIHUE HA ITOTEHLMAIHUTE
KYILyBayH..

®wr. 39 KpI/IBI/I W JIMHUH, OITMCBaII B3aUMOJICHCTBUETO MECKAY aKTHUBHATa r€OMETPUA 1 MaCUBHATa
IIaCTUYHOCT..

1.3.4. I'padmunHO 1 1BETOBO O(OpMIICHHE

- M300p Ha IBETOBO pEIICHWE B CHOTBETCTBHE C ONPEICICHUTE W3UCKBAHUS 3a:
OyHKIIMOHAITHOCT, 0€30MaCHOCT, KaueCTBO Ha MOBBPXHOCTTA U 00pabOTKaTa, MHEMOHHKA U
MICUXOEMOIIMOHAICH e(DEKT.

CkyTepbT 1€ Ce TPOM3BEXKAa B PA3IUYHHM I[BETOBE M C IIMPOKAa rama OT JEKOpaluH, B
3aBUCUMOCT OT MHIMBUIYAIHUTE KE€JIAHUS M MNPEANOYUTAHMUS HA KIIMEHTA. 3€JICHUST LBSIT
obaue Oemie M30paH KaTo OCHOBEH IIBAT 3a MPOTOTWIA, 3a Ja C€ MoJUepTae Bph3KaTa C
MpHUpoJIaTa U SKOJIOTUIHHSAT Xapakrep Ha ,,U-Drive.

Owr. 41 INpeanoxxeHue 3a UBAT 3a MbpBUs npototun Ha U-Drive
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1.3.5 Mapka/cnenuduyen 1u3ailH NPOAYKT, 32 KOWTO ce OTHACAT BCHYKH

ropenoco4eHy U3MCKBaHus/

uoBaruBHOCT

B nu3aiina Ha 3HaKa ca M3MOJI3BaHU TPU OCHOBHU eneMeHTa. Tosa ca naTtuHckute OykBH ,,U“ u
,,D, KAKTO TJIaCK UMETO Ha MPEBO3HOTO CpeAcTBO: ,,U-Drive* - ot anmmiicku: Tu xaparr.

I'paduuen ruractuden Tpancdep

ToBa e TPUU3MEPHO IIPEACTABAHE HA JIOTOTO, U3IIOJI3BAIIO0 IPOCTU INIACTUYHU TCXHUKHU.

2.1 KoHCTpYKUMSA ¥ TEXHOJIOTHUA

- Tupax/BB3MpOU3BOANMOCT/

Vma 1Be OCHOBHHM HAaCOKH 3a peajH3upaHe Ha KOHKPETHO IMPEBO3HO CPeacTBo. ,,UDrive “moxe
na ObJie MPOU3BEICH OT KOMIIAHHS, 3aHUMAaBalla ce ¢ IPOU3BOACTBO HA BEIOCHUIICIH U JPYTH
MaJIKi TPAaHCIOPTHH CPEICTBA, WJIM MOXE Ja C€ Ch3AaJe 4YacTHA KOMIIAHUS, KOSITO
MPOM3BEXKIA CaMO ChOTBETHHS MPOAYKT. B mocnennus ciaydait obade € Heo0xoauM (HHAHCOB
KanuTal 3a HabaBsiHE HAa 00OpYIBaHE U TPYI 32 IEIHsI TPOU3BOJICTBEH UKL
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WNnnycrpuanno obopynsane

Cren KOHCYJTalUsl ChC CIIY)KUTENIM HA TOJISIM aBTOMOOWJICH TPOHM3BOIMTEN IO Ta3W TeMa,
Oelre ChCTaBEH CHHCHK C IUIOTO MHAYCTPUATHO 00OpyABaHE, HEOOXOIUMO 32 CEPHIHO
MIPOU3BOJICTBO.
Codryep 3a MpOEKTUPAHE U MHIKCHEPHHT':

- CAD (koMIIOTBPHO MIPOEKTHUPaHEe) COPTyep 3a pa3paboTBaHE HA TPEBO3HH CPEIICTRA.

- CAM codryep (KOMITIOTHPHO MOAIIOMAraHo IPOU3BOICTBO) cOPTyep.
O0opyaBaHe 3a MPOTOTUITHPAHE:

- 3D npuHTEpH 3a POU3BOICTBO HA MPOTOTUIIH HA YACTH U KOMIIOHCHTH.

- CNC (xoMIIoThpHO U(POBO yIpaBICHUE) MAIIMHHU 3a MPelr3Ha 00padoTKa Ha MPOTOTHIIH.
[IlanmoBane u popmMoBaHe:

- [Ipecu 3a mamnoBane u (opMOBaHe HA JIaMapHUHa B YAaCTH OT KapOCEpUsITa.
3aBapbuHO 000pYyIBaHE:

- 3aBapbuHM POOOTH WM PHYHH 3aBAPBbUYHM CTAHIIMU 33 ChEJAMHSBAHE HAa METAJHH YaCTH.

2.2 ExcriepuMeHTAaJIeH MojeJl

2.2.1 KOHCTPYKIIUI HA eKCIIEPUMEHTAJHHUSA MOJIeJI:

KoHcTpykiusTa Ha pa3paboTeHHs CKyTep BKJIIOYBA CIEAHUTE OCHOBHM €IEMEHTH:
- Kopmyc, u3paboren ot kapOOH WU allyMHUHHA

- [Ipenen nanen, u3paboTeH oT GUOPOCTHKIO

- Tpu xonena

- Mexanusmu - BbpPTAIALl CC MCXAHU3BM, CI'bBACM MCXAHU3BM, ILIH3ramlio yCTpOﬁCTBO 3a
MMpE€aAHOTO CTHKIIO

- Enextpuuecko 3aABMKBaHE W CHUCTEMH 3a YIpaBieHHE (EIEeKTpoJABUTATeNH, Oarepuw,
okabessIBaHe u JIp.)

- KonTposHa koH3011a
- BTOpI/IqHI/I YaCTH KaTO OCBCTIICHUEC, IPBKKHU U JIP.

JIIsckata e ¢ BucounHa 20 cM, Taka 4e 1a MOXKE Jla C€ JIOCTUTHE JIECHO W 0€3 MHOTO YCHIIHSI.
CKyTepbT € TPHUKOJECHO, KaTo 3aJHOTO KOJIEJI0 € MO-MaJKO OT MpEAHUTE KoJena U €
Pa3MOIOKEHO M3ILIO 0N yABJDKEHHETOo Ha abckata (¢ur. 52). Ilo To3n HauWH BOAAYBT
(moTpeOuTensaT) HsAIMa IUPEKTeH KOHTAaKT C KOJENOTO, IhCKaTa C€ JAbPKH B HAITBIHO
XOPU30HTATHO TIOJIOKEHHE, 0e3 a ce MmpeoOpbhIla, a U3MOI3BAHETO HA TPU OT/ACIHU KOJela
OCHTYypsiBa J0Opa CTAOMIIHOCT M TMMHUHIPA HEOOXOAMMOCTTA OT OTAENHA CTOMKA.
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®wur. 52 3agHO KOJIENo Ha TPOTHHETKATa

MexaHu3MBbT Ha BBPTEHE C€ OCHOBABA HAa OKAYBAHETO HA IJIAHUHCKU TCKU U € JOIBIIHEH OT
JIBE CaMOHHMBEJHPAIIHU ce pedpa, KOUTO ca CBbP3aHU C JbCKaTa Ype3 TOPCHOHHH HMIMHAPU

(¢ur. 53).

®ur. 53 MexaHu3bM 32 3aBUBaHE (C MPEJHUTE KOJIeia Ha TPOTHHETKATA)

3aBUBAHETO C€ MMOCTHUTA Ype3 CbHBCEM JICKO HAKJIAHAHC HAJIABO HWJIM HAAACHO U HE H3UCKBaA
yCHIINE, 10KaTO AOI'BJIHUTEIIHUTE HE3aBUCHMHU pedpa HaMassiBaT HaTHCKa BbPXY NPY>KUHUTE U
YABJDKAaBAT MCXKIAYOCHUETO 34 HO-CTa6I/IJIHO BO3€CHC.
Direct kinematics can be derived as:
r = steering wheel radius

V() = ws(t) -7

R(t) =d- tan(g —a(t))

w(t) = & - l';'(t)sin a(t) T

JE&+R(?  d H

®ur. 54 KunemMaTnyHa cxeMa Ha BbPTE€HE Ha TPUKOJIIECHO MIPEBO3HO CPEACTBO

B nomeiHuTENTHAaTA BEepcHs (MTPEBO3HO CPENCTBO 3a TPAHCIIOPTUPAHE | MOJIIOMaraHe Ha Xopa
C JBUTATEIHH TPOOJIEMH), TPOTHHETKAaTa € OO0OpyABaHA C HSAKOM YacTH, IMpeIHA3HAYCHU
M3KITIOYMTEITHO 3a Ta3u ynorpeba. ToBa ca omopuTe 3a KOJEHETE, OmMOpara 3a Kopema M
MEXaHU3MBT 3a TOBJIUTAHE C BbkE. U TpuTe, M3MON3BaHM €THOBPEMEHHO, MO3BOJISIBAT HA
noTpeOUTENs 1a Ce M3MPaBH JOPH B CIIyYail Ha Mapajn3a Ha JI0JIHaTa 4acT Ha TSUIOTO.
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@wr. 57 JlonbIHATENEH ciydail Ha ynoTpeba (3a Xopa ¢ IBUTaTeIHU MPOOIISMH)

2.2.2 ABTOHOMHO ylIpaBJIeHHE

ABTOHOMHUST PEXUM Ha YCTPOWCTBOTO MO3BOJISIBA aBTOHOMHO modupane 6e3 Bogad. Llenra e
IIPEBO3HOTO CPEJICTBO JIa MOXKE J1a CE ABUYKH OT TOYKA /10 TOYKA CIIOPE] BOJISATA HA TOTPEOUTEIS.
ITo To3u HaumH pa3zpaboTeHaTa TPAHCIOPTHA €IUHMIA IlI€ MOXE Ja W3BBpPIIBA ABTOHOMHHU
JBYDKEHUS TI0 TIPEABAPUTEIIHO OIpe/IesieHa TPAeKTOPHUS U IIe CTaHe MMO-U3I0JI3BaeMa. 3a Jia ce
aKTHBHMpA aBTOHOMHMAT PEXHM, ce 100aBs JMHEEH 3a/IBUXKBAlll MEXaHU3bM, KOHTO 3aBbpTa
BOJIaHA. YTIPABJIEHUETO CE€ OCHIIECTBSABA IO ClieHaTa (popmyrna:

Y(©) =T[w(®), 6(O)];

Knpaero:

Y - u3xoneH curHan T -
CHCTEMHH CBOMCTBA W - BIJIOBA
CKOPOCT Ha KOJIEJIOTO

0 - rea HA BEPTEHE

e=r(t)-Y(t)

Kbaero: e - rpemika r - BXoaeH
CUTHaI (TapameTsp)

B nponcca Ha IIPOCKTHPAHE, d)YHKI_[I/IOHaJIHOCTTa Ha HU3KYCTBCHUA HUHTCJICKT CC HU3JIUT'a Ha
IIOBHUCOKO HMBO YPE€3 paslIpsABaHEC Ha 00JIaCTUTE B BB3MOKHOCTHUTE 3a KOMYHHKaluA ¢ Boga4da,
MEICXOAUUTE U AJPYT'U IIPEBO3HU CPEACTBA U OKOJIHATA CpCa.

OCHOBHOTO CpCACTBO 3a p€aJIn3UPaAHC HA TA3W aBTOHOMHOCT € CCH30pHAaTa CUCTCMaA.

2.2.3 Cen3opHara cucrema

I'mobdanna cucrema 3a no3uuuonupane (GPS)
OCHOBHHSIT CEH30p 32 aBTOHOMHATa CUCTEMa € TiiobamHara cuctema 3a nosunuonupane (GPS).
GPS onpenenst TouHaTa MO3UIMSA HA MPEBO3HOTO CPEJACTBO B MPOCTPAHCTBOTO
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Jlokajinu cucreMu 3a nosuuuonupane Te ce mpeasiarar B pa3jiM4Hy BepPCUU:
- 4pe3 paguOBbIHU

- Upe3 BU3YaJTHH MapKUPOBKH

- Upe3 Kamepu

JJOoNbJIHUTETHHA CEH30PH

[Ipy myanmpane Ha MapuIpyTa Ha HPEBO3HOTO CPEACTBO € BaKHa HWHGPOpMaLuUsATa 32
ChCTOSIHMETO Ha Oarepusara. Morar ga ce MHCTalIMpar W CEH30pU 3a YCKOPEHHE, 3a Jia ce
WHJIMKUpPA TPETOBapBaHE TMpPU YCKOpEHHWEe W 3a MO-700Bp KOHTpPOJd Ha paboTara Ha
CJIICKTPUYCCKUS ABUTATCIT U HOI[O6p51BaHC Ha NPCKUBABAHCTO.

2.3 [Inj10THH TECTOBE
HSCJ’IG,I[B&HGTO Ha MI/IKpO HpeBOSHO CpCI[CTBO C BHe,Z[peHI/I (1)YHKI_II/II/I Ha I/ISKYCTBGH HNHTCJIICKT €
MIPOBEJICHO OT Xopa oT Tpu paznuunu ctpanu (CAILl, I'epmanus u boarapus).

Karo msno, OposT Ha xopaTa, KOMUTO IMOIKPENAT HIesiTa 33 MHKPO IMPEBO3HO CPEACTBO C
HUHTCTpHUpaH U3KYCTBCH MHTCJICKT, HAaJIBUIIIaBa 6p0$[ Ha Xopara, KOUTO CC IPOTUBOIIOCTABAT HA
uaesra. TeHJCHIUATA €, Y€ B MO-UKOHOMHYECKU PAa3BUTHTE CTPAHU OOLIMST MPOIICHT Ha
NOAAPBXHULIUTE € MAJIKO ITO-BHUCOK, JOKATO B CTPAaHU C MKOHOMHYCCKHU 3aTPYyAHCHH:A, KAaTO
bwirapusi, xopara ca 1Mo-cKenTHYHU ¥ KOHCEPBATUBHHU 110 OTHOIICHUE Ha HOBUTE TEXHOJIOTHH.
[To-cnermanno, repmaniute (88%) u amepukanuute (81%) ca MOTOKUTETHO HACTPOCHH KbM
uaesTa, MOKaro B bbarapus MpOUEHTHT € MalKo MO-HUCBK - 76%. Pesynratute oT
W3CJIEJIBAHETO Ca MPEJCTABEHU B CIECIHUTE CTHJIOOBUIHU Tpaduku (dur. 58, dur. 59, ¢ur. 60):

4 Mentimeter 4 Montimator

Do you support the idea of having Do you support the idea of having
Al-operating micro-vehicle? (US) Al-operating micro-vehicle? (GER)

Yes

Partially yes Partially yes

Partially no Partially no

10%

Participants: 43 Participants: 24
Responses: 40 Responses: 22

Do you support the idea of having
Al-operating micro-vehicle? (BUL)

Yes
Partially yes

Partially no

Participants: 91
Responses: 70

@ur. 58, 59, 60 Pesynraru ot nzcinenBaHeTo
[IpoBeneHo € ekcnepTHO MPOyYBaHE 3a BCEKU OT ClIeIHUTE Kputepun: HagexaHocr,
BesonacHoct, Yno0cTBO, [Toneznoct, MHOTOGYHKITMOHATHOCT, EpronomuyHocr,

WHTynTHBHOCT Ha au3aiiHa, VHTenMreHTHO (YMHO) yIpaBi€HUE, Karo € MOCOYEH €IUH OT
CIIEZIHUTE BB3MO)KHU OTTOBOPHU: HE € MOCTUIHATO, €1a00 MOCTHTHATo, 100pe MOCTUTHATO,
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BHCOKO TIOCTMTHATO, B 3aBHUCHMOCT OT TOBa JOKOJIKO A00pe AM3alHBT OTroBaps Ha TE3H
KPUTEPUHU.

Expert evaluation
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W not achieved, W poorly achieved,  m well achieved, highly achieved
®ur. 70 Pe3yntaT OT eKcriepTHATa OlIEHKA Ha pa3pabOTeHus MPOEKT
O IMOJIYYCHHUTEC PC3YJITAaTH MOXKEC 1a C€ BUJAU, UC IIPCIIOKCHUAT ,I[HSEIIZH HnMa BUCOKO HHUBO Ha
ONOOpPEHHE Ccpel eKCIePTHTe, KaTo I0 ToKazarens ,,MHoropyHKinuoHamHoct 87% ot
CKCIICPTUTC HU3pa34BaT IIOJIOXKHUTCIHHM MHCHHA OTHOCHO HJACATA 3a MHOFO(i)y'HKI_II/IOHaJIHO
H3I0JI3BAHC Ha TPOTUHETKATAa U HAYMHA, 110 KOMTO Te ca pcainu3rupaHu.

2.4 YepTe:ku, I0KyMEHTALMS.

800 mm

1104,8mm

@wr. 71 ,,U-Drive” Ueptex #1
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203,2 mm

wwogs

304,8 mm

@ur. 72 ,,U-Drive” ueprex #2

Epl“OHOMPI‘-IHO-aHTPOHOMeTpI/I‘{HPI HN3NCKBAaHMUA:

CrpykTypaTa Ha IPEBO3HOTO CPEACTBO € MPOEKTUPAHA U MPUToeHa J1a ObJie MaKCUMAaIIHO y100Ha
3a Bb3MOXHO Hali-MHOTO NPEICTaBUTENH Ha lejieBaTa norpeduTencka rpyna. OTaenHuTe CbCTaBHU
JIETalIN ca MPOEKTUPaHHU M KOH(UTYPHUPAHU TakKa, 4e Jla MOraT JIECHO JIa C€ YIPaBIIsABAT KaKTO OT
MBX OT 95-TH MEpPCEeHTUJI, Taka U OT JKEHa OT 5-TH TMEPCEHTHUJI, KaTo MPEBO3HOTO CPEICTBO €
MOXOMAIIO U 32 ymoTpeba oT Xxopa C¢ pa3nuuHd (OpMHU Ha TSUIOTO M TEIIO, B PaMKHTE Ha
ONPEIEICHUTE JOMYCTUMU TPAHULIH.
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100mm

16 X Z10mm

@wur. 79 ,,U-Drive* ueptex #4

ConuamHo-noTpeduTeNIcka aTpakKTUBHOCT:
[enTa e mocTUrHaTa MPOAYKTHT JIa C€ U3ITO3Ba OT BE3MOYKHO HAal-TOJIsIMa TpyIia OTPEOUTEIH.
OyHKIIMOHAIHH - €KCIUIOATAIMOHHU KPUTEPUH:

[Ncuxonornyeckara Gaprepa MeXx Iy YOBEK M MaIllHA Ce TIPEO0IsIBa Upe3 U3IOJI3BaHE CaMO Ha
WHTYUTHBHU MEXaHM3MHU U METO/IM Ha padorTa.

EproHoMuuHo-aHTPONIOMETPUYHH NTPOYUBAHUS:

CTpykTypaTa Ha TPEBO3HOTO CPEJICTBO € MPOCKTHpaHa W TMPHUTofcHA Ja ObJie MaKCHMAaTHO
y00Ha 332 Bb3MOXKHO HAii-MHOTO YJICHOBE Ha OTPEOUTEIICKATa rpyIa.

Exonoruunu kputepuu:

HpCBOSHOTO CpCACTBO € U3LAIIO CICKTPUYICCKO U HC OTACIIAA HUKAKBU BPCIHU CMHUCHU I10
BpEMC Ha pa60Ta. Bcuuku u3mnoia3BaHu Marcepualin ca PpCHUKIIMPYEMU HIIM JICCHO
pasrpaguMu, KO€TO € OIIC €AWH IIIOC 3a OITa3BaHC HAa OKOJIHATa cpcaa.
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3AKVIIOYEHHUE

B Tasm guceprauus e nmpeacraBeHO pa3pabOTBaHETO Ha MHOTO(YHKIMOHAIHO
MUKPOTPAHCIOPTHO YCTPOWCTBO, KOETO, OnarofgapeHue Ha MOMYyJIHATa CH KOHCTPYKIUS,
MOJKE JIa C€ peryiiupa Criope]l Hy)KIUTe U U3MCKBAHUATA HA TIOTPEOUTEIIS

[TpeBo3HOTO CpeICTBO MOXKE J1a C€ YIPaBIIsiBa PHUHO U Upe3 TEIEKOHTPOII. PazpaboTeHoTo
MHOTO(QYHKIIMOHAJIHO MPEBO3HO CPEACTBO C€ H3MOJI3BAa B HAIBIHO PA3IU4YHU PaOOTHU
cpeau ¥ cutyauuu. Moxe 1a ce u3Ioi3Ba U Ha 3akpurto. Hampumep, kaTo TpaHCIIOPTHO
CPEICTBO 3a OXpaHa B THPTOBCKH IIEHTPOBE, TPAHCIOPTHpPaHE HA Oaraxk Ha JIETUIIA WU
JOpH KaTo KOJIMYKa 3a MOYMCTBaHE. M3Moi3Ba ce W Ha OTKPUTO 3a ToisiM Opoi 1ienw,
HampuMep JIOCTaBKU, TPAHCHOPT 3a MOJMILIEHCKH MaTpyiu B MapKoBe U Apyru. B Obaemne
M3CIIE/IBAHUATA HA MPEBO3HOTO CPE/ICTBO, MIPEICTAaBEHU B AMCEpTALUATA, 1€ MPOABIDKAT,
KaTo 3a Ta3u Len e Obje pealn3upaH (PU3NYECKH MOJEN Ha MPEBO3HOTO CPEACTBO U
MIPOBEPEH B peajHy €KCIJI0ATAI[MOHHU yCIOBUSI.

OBOBLHIEHUE

AHanM3Upaku ChIBP)KAHUETO HA HAaydyHATa MPOIYKLHs, MPEICTaBEHA OT MEH, OCHOBHHUTE
MPUHOCH OT Hes Morar na ObJaT TpynupaHu, Kakto cieapa: Hayuynute mMu myOnmkanum
BKJIIOYBAT 5 3ariaBusi, OT KOUTO 4 ca pedepupaHl Wi UHACKCUpPaHU B MEXKIyHapoaHa 0a3za
nanuu "SCOPUS" ¢ HayuHa uH(opmaIus, U €IMH Hay4eH JOKJIaa, MyoauKyBaH B "bbiarapcko
CIIMCaHUE 3a MH)XEHEPHO MpPOEKTUpaHe".

YacT oT n3cieaBaHUsITa MU € HACOYEHA KbM ypOaHM3alusATa B II100ajieH Maiad 1 HeraTUBHUTE

MOCJIEUIIN OT TO3M Ipolec. Tyk ca u3ciieiBaHU HE CaMO HETaTUBHUTE MOCIIEINIIN 32 OKOJTHATA
CpeZa M YOBEUIKOTO 37jpaBe (IMPEeAMMHO MOpajy HapacTBAIIOTO KOJIMYECTBO BPEITHU EMHCUU B
arMoc(epara), HO ¥ Ka4eCTBOTO Ha >KMBOT B IpaJloBeTe OT IJIEJHAa TOYKa Ha y100CTBO U
ycrounBocT.  KbM Te3u u3cnenBaHus ca NpoyueHH royisiM Opoii ChIIECTBYBAIIM PEILICHUS Ha
yacT OT IMpoOJeMUTe U ca MU3CIIEeABaHM TEXHWUTE MO3UTHBM M HeraTuBu. Ha Oa3zara Ha Te3u
pe3yaTaTtu ca U3rOTBEHH U3BOJM, KOMTO Ca €JHa OT OCHOBUTE 3a MPOEKTHUPAaHE Ha MPOIYKTa —
00eKT Ha pa3paboTKa B AUCEPTALUOHHUS TPY.

Jlpyra gact oT myOnuKalnuuTe MU ca KOHIIEHTPUPAHU BHPXY MPOOIIEMUTE C KOUTO €KEIHEBHO
ce cOmpCKBaT xopaTa C JIBHUTATEIHH MpoOiieMu B exemaHeBuero. Habmernaro € He camo Ha
(u3MYECKUTE MPEYKH U 3aTPYIHEHUS, HO ¥ HAa TIXHOTO MCHUXOJIIOTUYECKO OTPAKEHUE BBHPXY
Xopara, KOE€TO IOHsAKOra MMa ABJITOCPOYHH HCTAaTUBHU IMOCICAWIN BBPXY IICHXMUKAaTa. Te3u
W3CIeIBAaHUS TENAT 3allo3HaBaHEe C peajHuTe MpoOJeMH W ca OCHOBAa 3a HaMHpaHE Ha
BB3MOXKHU PEIICHUS Ha TE3H MPOOIIEMHU.

YyacTuero MM B HayYHOM3CJIEIOBATEICKU IMPOEKTH, KaTo MpOeKThT ,,Redlife* pasmmpssa
cdepata Ha U3CIIEABaHE, J00ABSIHKY MPUHOCH B 00JIaCTTa Ha pOOOTHKATA 32 MEIUIIUHCKH LIEITH.

Juceprauusita U HAy4YHUTE IyOIMKALlMU, CBbP3aHU C Hesl, MPEACTaBIsABaT OCHOBA 3a IIO-
HATaTBIIHU M3CJeBaHus B o0lacTTa Ha MHKpOTpaHcmopra. /lo MOMeHTa, MOM HaydHH [0
JIOKIAagM ca LUTHPAaHM W W3MOJI3BaHM Karo W3TOYHUK B TPU HAy4YHH IyONUKanuu B
MexXayHaponHaTa 6a3a nanau "SCOPUS".
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HAYYHOIIPUJIOKHU IPUHOCH:

° Onpe):[eneHo U CUCTCMATU3UPAHO € BIMAHUCTO HAa IOBCTOBCTC W OTACIHHUTC (bOpMeHI/I
KaTeropruH, KaKTO 1 TEXHUTE KOM6I/IHaI_II/II/I, BBPXY HOBCHIKOTO IMOACH3HAHUE.

. B mpomeca Ha eproHoMHYeH aHAJIM3 ca IMOCOYEHHW W ONKHCAHU BPB3KHUTE MEKIY
pa3IMYHUTE TI0JI, BB3PACT, paca, HAlMOHATHOCT U MPOIINOYUTAHUTE OT TAX (OPMHU, IIBETOBU
KOMOWHAIINU U TH.

. B cnencreue Ha u3cnenBaHe ca yCTAaHOBEHU U IOTBBPJCHHU IIOI3UTE 33 OKOJIHATA CPEJa,
YOBEIIKOTO 37paBe, M OOIIOTO KaueCTBO HA JKHUBOT, OT H3IOJ3BAHETO Ha EJIEKTPUUYECKU
MUKpPOTPAHCIIOPTHH CPEJICTBA B TOJIEMUTE IPaIOBE.

. Ha 6a3ata Ha HON'BJIHUTENHO IPOYYBAHE Ca ONPENEIEHH U ONUCAHU TPYIAHOCTUTE, IPU
KOUTO c€ COMbCKBAT XOpara C JIBUraTeIHU MPpoOiaeMy IPU MPUIBMKBAHE B I'Pa/IoBETE, KAKTO U
TEXHUTE HYKIHU B €KEHEBUETO.

. VYcTaHOBEH € MOJIOKUTETHNSA e(DEeKT OT U3MOJI3BAHETO HA IIPEBO3HOTO CPEJICTBO, OT XOpa
C JIBUTATEIHU MPOOIEMH, BbPXY TAXHOTO Ka4eCTBO Ha YKHBOT, ITOJJ00psABaHE Ha TAXHATa 0o0IIa
MOOUITHOCT, CUTYPHOCT U IICUXHUKA.

. OrmpeziesieHd W OMHUCAHU Ca TOJ3UTE OT M3IOJI3BAHETO Ha M3KycTBeH uHTenekt MU,
KaKTO U CHUCTEMH 3a AUCTAHIIMOHHO YIIpaBJICHUE, MPU U3IMOJI3BAHETO HA MPOIYKTa OT XOpa ChC
3aTpynHeHu MOTOpHU QyHKUMU. TyK € onmucaHa, HanmpuMmep, Bb3MokHocTTa, MW na mpuema u
u3npaiia nHGOpMaIHs ¥ CUTHAIIN 0 HATMYEH MEIUITUHCKH TIEPCOHA, B CITyYaid Ha CIICIIHOCT,
PO KOMTO MOTPEOUTENAT C€ HyXkAae OT MOMOIII.

. OmnpeneneHy U ONMUCaHM ca MOJ3UTE OT U3IMOJI3BAaHETO HA M3KYCTBEeH MHTenekT MU no
BpeMe Ha JABIKCHHE. YCTAaHOBEHHM ca IpeIuMCTBaTa OT IJeJHa TOYKa Ha Oe30MacHOCT.
ITocpenctBoM mpuemaHe m oOpaboTka Ha MH(OpMaIMs OT MbTHAaTa OOCTAaHOBKA, KAKTO M
MPEIOCTaBINKN Bb3MOXKHOCT 332 KOMyHUKalusi U OOMeH Ha MH(pOpMalus MEXAY OTAETHHUTE
TpaHCIOPTHU enuHUIM, I HamansBa nmpeanocTaBKUTE 3a Bb3HUKBAaHE Ha TbTHOTPAHCIIOPTHU
MPOU3LIECTBUS, SIMMUHUPANKU Bb3MOKHOCTTA 3a JOMYCKaHE Ha TPEUIKH WIH Ch3HATEIHO
Hapyumenue Ha 33/111.

HNPUIIOKHU TIPUHOCH:

® OHI/IcaHI/I ca CHCHI/I(bI/IKaHI/II/ITe 1 N3UCKBAHUATA KbM HpeBOSHOTO Cpe)ICTBO Bb3 OCHOBA
Ha MHOTOOpPOIHU MPOyUYBaHUs, Ch3IaJICHH Ca PA3IMYHU BApUAHTH HA AW3aiH KOHIEIIHITA, OT
KOUTO €/IMH € N30paH Bb3 OCHOBA HAa TPOYUYBAHMSI CPE/l MOTCHIIMAIHA TTOTPEOUTENH OT IIeJieBaTa
rpyna, pa3paboTeHo € 33bJI00YEHO epPrOHOMHYHO MPOYYBaHE Ha MPEBO3HOTO CPENCTBO, BbH3
OCHOBa Ha KoeTo 0e ch37aaeH BupTyaneH 3D Momen 3a TecTose.

. [IpoBenen e romnsiM Opoit TECTOBE M CHUMYJIAllUMK, 32 J1a C€ TapaHTHpa BaJIUIHOCTTA Ha
IIPOAYKTa 3a I[0-HATaThUIHO pa3BUTHE M IOTEHIMAJIHO IPOU3BOACTBO. BB3 oCHOBa Ha
napaseiaHo, CbBMECTHO U CUHXPOHU3UPAHO NMPUIOKEHNE Ha TIET codTyepa ca KOMIMINPaHHU U
BHE/IPEHH CHMYJAIMM, 4Ype3 KOWUTO aJTOPUTMHUTE Ha MPEBO3ZHOTO CPEICTBO paboOTAT B
pa3IMYHUTE CH PEXUMH M TPU Pa3TUYHU OOCTOSTENCTBA M YCIOBUSA, MPOBEPEHH OT
JIOKTOpPAHTA.

. [TpoexTrpano U pa3paboTEeHO € MPEBO3HO CPEACTBO C BH3MOXHOCT 3a 3aKperBaHE Ha
roJiiM Habop OT pa3lMYHM YacTH, Ha MOIYJIEH NpHHUMI. Upe3 MojylHaTta KOHCTPYKLHS,
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MPEBO3HOTO CPCACTBO € CUJIHO INCPCOHAIMUZUPYCMO U CICAOBATCIIHO MOKE [1a CC M3IIOJI3BA B
MHOTI'0 pa3jIM4HU CHCHApPHH.

. YcraHOBeHO € MOoAoOpsBaHE Ha KayecTBaTa M CBOMCTBaTa HAa KOHCTPYKIMATA Ha
IIPEBO3HOTO CPEACTBO, UPE3 M3MOJI3BAHE HAa TEXHOJIOIMS 3a M3IPa)KAaHEe HAa XEKCaroHaJHa
CTPYKTypa, mocpeactBoM ¢yHkiusara ,,GeometryNodes. Ilo To3u Ha4MH € TOCTHTHATa
3HAYUTEITHO HAaMaJICHa Maca Ha KOHCTPYKIHSTA, TOAOOPSIBAMKY H3APHKINBOCTTA HA MPOTYKTA
Ha HAaTUCK, OITbH, BUOpALIUU U JIp.

. Pa3paborenn ca 1mecT OTHENHM MOAYJIAa C pa3iuyHd  QYHKIUM, JU3aliH U
IIpeIHa3HaY€HUE, Ype3 KOUTO MPEBO3HOTO CPEACTBO MOXKE J1a padOTH B PA3IMUHU CPEIU U IIPU
pa3IMYHU YCIOBHSA, U MOXE J1a C€ M3I0JI3Ba 32 HAI'BJIHO PA3JIMYHM LI€JIM, B 3aBUCHMOCT OT
HY>XKJIUTE Ha NOTpeduTess.

. Paboreny rpaduyen morpedbutencku uHTEpdeiic (BKIOUUTEIHO apMaTypHO TabdIo,
HaBUTAIMS ¥ MEHIOTA) Ha IPEBO3HOTO CPEJCTBO € MPOCKTUPAH, MOPOrpaMUpaH U pa3padoTeH,
uznon3paiiku Unity 3D, C# u After Effects.

JlokazaHa € MPHUIOKUMOCTTAa Ha Pa3pabOTEHOTO MPEBO3HO CPEACTBO, B peajHa cpeda U B
paznuuHu cuTyauud. [IpoayKThT € mpeMuHan mpe3 pa3iMuHd TECTOBE, KOUTO JIOKa3Bar, 4ye
OCHUTypsiBa 6€3011aceH, CUTYpEeH, CTAa0HIIEH U yCTONYHB TPAHCIIOPT, KaTo ce CIpaBsi ¢ mpobiemMu
KaTto 3aJpbhCTBAHMS, 3aMbpPCSABAaHE HA BBb3AyXa W NIYMOBO 3aMbpCsBaHE, MPOOIEMU C
MapKUPAHETO U JIp.

CIIUCBK HA NTYBJIMKALHUUTE 11O JTUCEPTALIMOHHUSA TPYJ

* Petko Stoev (IICT- BAS), Rosen Ficherov (Technical University - Sofia), Momchil Georgiev
(Space Research and Technology Institute) / 22nd IFAC Conference on Technology, Culture
and International Stability, May 29-31, 2024, Waterford, Ireland / Development of a Mobile
Robot for Distribution of Medicine in Hospitals

* Petko Stoev (IICT- BAS), Rosen Ficherov (Technical University - Sofia), Momchil Georgiev
(Space Research and Technology Institute), Maya Stoeva (South-West University Faculty of
Engineering) / 22nd IFAC Conference on Technology, Culture and International Stability, May
29-31, 2024, Waterford, Ireland / Design of a Micromobility Transportation Unit with Al

» Petko Stoev, Denis Chikurtev, Rosen Ficherov / 12th International Conference on
Mathematical Modeling in the Physical Sciences, IC-MSQUARE 2023 / Remote Control of
Mobile Robotic System Over Web-Based Interface for Supporting People With Physical
Disabilities.

* Denis Chikurtev, Petko Stoev, Rosen Ficherov, Maya Stoeva / 20th International Conference
on Emerging eLearning Technologies and Applications (IEEE) — October 2022 / Development
of a Multifunctional Micro-mobility Unit with Autonomous Mode

* Rosen Ficherov, Petko Stoev / Youth Scientific Conference - Machines, innovations,
technologies "MIT — 2021”; Bulgarian Journal for Engineering Design — Issue 44, November
2021 / Design of a steering mechanism for a personal micro-transportation unit.
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BJIATOOJAPHOCTH

bux uckan na Gmarogaps Ha Most prkoBoauTeN aka. mpod. Camo Jlparanos u ap. unxk. [Tetko
NBanoB CtoeB 3a ChICHCTBUETO UM MPU MPOBEKIAHETO HA U3CIIEABAHETO U MOJArOTOBKATA Ha
JUCepTanusTa.

SUMMARY
This dissertation provides an in-depth analysis of the problems and shortcomings of existing forms
of individual transport and identifies and develops appropriate solutions (methods, means, and
mechanisms) to address these problems.

Numerous separate consumer and market studies have been conducted for the developed product,
including the psycho-emotional impact of shapes and colors. In addition, existing variants of the
individual mechanisms, electronics, and software necessary for the implementation of such a
product were examined, and, taking into account their advantages and disadvantages, systems and
mechanisms were developed that significantly improve the quality of work from a functional and
operational point of view, achieving intuitiveness during use.

The development also includes the preparation of an in-depth ergonomic analysis covering all
available standards and factors related to this type of transport.

The aim of this work is to contribute to the design and development of more efficient and
sustainable solutions for individual and public transport that prioritize the needs of all users. A
multifunctional micro-transport device has been developed which, thanks to its modular design, can
be adjusted according to the needs and requirements of the user.

The developed vehicle can be controlled manually and remotely. It can be used in completely

different working environments and situations, including indoors.
In the future, research on the vehicle presented in the dissertation will continue, for which purpose
a physical model of the vehicle will be implemented and tested in real operating conditions.
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|. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the Research Topic

This dissertation presents an in-depth analysis of the inherent problems and
shortcomings found in existing forms of personal transportation. It establishes and
develops viable solutions—encompassing methodologies, design tools, and mechanical
systems—to systematically address these challenges.

To support the development of the proposed product, numerous comprehensive
consumer behavior and market research studies were conducted, specifically
investigating the psycho-emotional impact of geometric forms and colour palettes.
Furthermore, a comparative evaluation of existing mechanical systems, electronic
architectures, and software frameworks required for such a product was performed.
Accounting for their respective advantages and limitations, newly designed systems and
mechanisms have been engineered to significantly enhance operational performance and
functional efficiency, thereby delivering an intuitive user experience.

The research also incorporates a thorough ergonomic analysis that integrates all current
requlatory standards and physiological factors relevant to micro-transportation. The
primary objective of this investigation is to resolve critical urban transport challenges and
improve the overall quality of life in metropolitan areas through the strategic deployment
of micro-mobility solutions.

Research Aim, Primary Objectives, and Methods

The overarching aim of this research is to advance the design and engineering of highly
efficient, sustainable personal and public transport solutions that prioritise user-centric
needs. The ultimate goal is to develop a fully functional, multi-purpose personal transport
vehicle that satisfies all relevant technical parameters, industry standards, and regulatory
requirements.

To achieve this aim, the following objectives were established:

e Analysis of personal transport variants: Evaluating existing personal transport
configurations and investigating problems tied to their functional-operational and
ergonomic-anthropometric parameters, mechanical parts, electronics, and the
psycho-emotional effects of their forms, proportions, and colours.

e Industrial design and development: Designing a novel personal transportation unit
from initial concept to material execution.

« Conceptual ideation: Generating initial design variants for a multi-functional
personal vehicle and its corresponding brand identity/logo through conceptual
Sketching.



o Assistive mobility evaluation: Reviewing current transport modalities, including
assistive robotic platforms, to support individuals with physical disabilities and
motor impairments.

e Targeted conceptualisation: Developing a specialized design concept tailored to
assistive needs while remaining aligned with the project's core thematic
framework.

e Ergonomic-anthropometric analysis: Executing an exhaustive ergonomic
assessment, inclusive of hygiene indicators, to determine the final design
configuration for subsequent technical development.

e Three-dimensional modeling and simulation: Building a high-fidelity 3D model
based on the finalized vehicle configuration and preparing computer-aided
simulations to validate real-world operation.

o Experimental testing: Conducting empirical research and processing experimental
data to verify performance.

Research Methodology

The dissertation utilizes a hybrid research paradigm that merges theoretical analysis with
empirical investigation, including case studies and user surveys. The study integrates the
perspectives of key stakeholders involved in the micro-mobility ecosystem, such as urban
planners, component manufacturers, service providers, and end-users. Technical
challenges were resolved using statistical and analytical methods, criteria-based
comparative analysis, computer-aided 3D and CAD modeling, computational simulations,
and software programming.

Scientific Novelty

Systematisation of psycho-emotional form-giving: Structuring the psychological and
emotional impacts of form generation and colour environments within the industrial design
of personal micro-mobility vehicles, directly correlated with user ergonomic-
anthropometric variables (gender, age, and nationality).

Theoretical modeling of Al integration: Proposing a theoretical framework for integrating
Artificial Intelligence (Al) into micro-mobility to automate road safety and establish
intelligent Veehicle-to-Vehicle (V2V) data exchange networks.

Novel assistive mobility paradigms: Developing a conceptual model for medical and social
assistance via micro-transport units, where Al assists users with disabilities while
autonomously transmitting critical telemetry to medical personnel during emergencies.



Practical Applicability

The practical value of this work is demonstrated by the physical realization of "U-Drive”,
an innovative three-wheeled micro-mobility vehicle. The vehicle features a lightweight
hexagonal chassis optimized via procedural geometry (GeometryNodes) and a
functioning graphical user interface built in Unity 3D/C# for real-time, intuitive control.
Characterised by a modular architecture consisting of six specialized functional blocks,
the device is highly customizable and versatile across diverse urban and logistical
applications, spanning courier deliveries, security patrolling, and indoor facility transport.

Of vital social importance is the vehicle's rapid transformation capability. Utilizing a
specialized support system and a cable-driven lifting mechanism, it enables individuals
with severe physical disabilities or lower-limb paralysis to commute autonomously in a
stable, upright standing position.

Academic Peer Review and Dissemination

The core scientific outputs of this dissertation have been peer-reviewed, presented, and
discussed at several prestigious international academic conferences, including:

e The 12th International Conference on Mathematical Modeling in the Physical
Sciences (ICMSQUARE 2023)

e The International Conference on Emerging eLearning Technologies and
Applications (IEEE, 2022)

e The 22nd IFAC Conference on Technology, Culture and International Stability
(TECIS 2024)

Additionally, peer-reviewed research papers have been published in specialized
scientific journals, including the Bulgarian Journal for Engineering Design (BJED).

Dissertation Structure and Volume

The dissertation spans 142 pages and includes a comprehensive summary of core
contributions, a list of publications, and a bibliography containing 101 literary sources (100
in Latin script and 1 online reference). The text is supported by 80 figures, with numbering
in this abstract corresponding directly to the main body of the thesis. Structurally, the
research follows a rigorous pre-defined methodology split into two primary phases: the
Pre-Design Phase and the Design Phase, both of which contain detailed sub-chapters.



Il. DISSERTATION CONTENT
PART I: PRE-DESIGN PHASE

Introduction

Long-term demographic projections indicate that approximately 70% of the global population will
reside in urban areas by the year 2050. Consequently, metropolitan environments must undergo
radical structural changes over the coming decades to secure sustainable living conditions for their
inhabitants. Urban mobility and energy distribution represent the two primary pillars of this
transformation, both demanding systemic adaptation to accommodate population and economic
growth without compounding traffic congestion and environmental degradation.

A prominent urban paradigm addressing this shift is the "15-Minute City". This urban planning
framework posits that essential daily amenities and services such as employment, retail, education,
banking, healthcare, and recreation should be accessible from any residential point within a 15-
minute journey on foot, by bicycle, or via public transit. This model seeks to curb reliance on
personal combustion vehicles, fostering a healthier and more sustainable lifestyle.

However, retrofitting the 15-minute city model into rigidly established, sprawling urban zones can
be structurally impractical. Furthermore, it offers limited utility in low-density rural or suburban
zones where long-distance commuting is mandatory. Under these circumstances, commuters rely
heavily on public transport networks, exposing a secondary logistical vulnerability: the "Last-
Mile" problem.

Micro-mobility modalities including electric scooters, mopeds, e-bikes, hoverboards, and small-
format electric vehicles possess immense potential to bridge this infrastructural gap. They enable
rapid, individual short-to-medium distance transport within city centers. Presently, the electric
stand-up scooter stands out as the most economically accessible and widely adopted vehicle in this
class, though the broader potential of micro-mobility extends far beyond mere public transit
connectivity.

Nature and Scope of the Problem

While rapid urbanization accelerates socioeconomic growth, it simultaneously yields severe
environmental and infrastructural challenges. In alignment with this project's research scope, eight
critical problems have been isolated:

- Elevated ambient noise pollution in high-density metropolitan areas.
- Intensive traffic congestion, which increases transit times and accident probabilities.

- High carbon dioxide (CO2) and particulate emissions from internal combustion engines.



- Severe deficits in urban parking infrastructure.
- Time poverty and a lack of safe, comfortable, and rapid transport for short inner-city trips.

- High acquisition and maintenance costs of standard vehicles under global inflationary
pressures.

- Escalating energy consumption and the depletion of non-renewable fossil resources.

- Linear waste management issues regarding the recycling of end-of-life industrial products.

Problem Substantiation

The core design problem addressed herein is the lack of safe, efficient, and comfortable transport
modalities for short urban trips. Traditional public transport lines rarely cover the final segment of
a commute the "last mile" forcing reliance on personal vehicles, which compounds urban
degradation.

While early micro-mobility solutions like commercial e-scooters and e-bikes attempted to mitigate
traffic and emissions, they introduced notable safety liabilities. Chief among these is the inherent
lateral instability of conventional two-wheeled geometries, where a loss of balance frequently
results in severe road traffic accidents.

Contemporary Socioeconomic Context

Air pollution remains the leading environmental cause of premature mortality within the European
Union and drives the global greenhouse effect. Concurrently, real estate inflation has turned private
parking spaces or garages into a cost-prohibitive luxury for the average citizen.

In terms of public health, the COVID-19 pandemic demonstrated that mass transit networks are
highly vulnerable to biological disruptions and regulatory restrictions, underscoring the urgent
need for resilient, socially distanced, yet sustainable personal transport alternatives.

Stakeholder Matrix & Social Engagement

The operational cycle of the developed product is structured around a clearly defined stakeholder
matrix:

o Proprietor (IP Holder): The entity or individual securing the intellectual property rights,
enabling commercial exploitation.

e Author: The creative and technical developer of the industrial property—specifically Mag.
Eng. Rosen Vladimirov Ficherov, PhD candidate at the Faculty of German Engineering
Education and Industrial Management (FDIBA) at the Technical University of Sofia.

e Client/ End-User: The individual or corporate entity utilizing the vehicle to satisfy specific
transport needs.



e Manufacturer: The industrial enterprise specialized in vehicle fabrication and assembly.

e Implementer / Commissioner: The entity supervising the deployment and practical
execution of the mobility system.

e Contractor: The engineering or manufacturing firm executing tasks commissioned by the
implementer.

PART II: DESIGN PHASE
1. Conceptual Design Phase

1.1 Historical and Geographical Review

The roots of micro-mobility trace back to the 1820s with the advent of early velocipedes and non-
pedaled wooden scooters, such as Denis Johnson’s 1819 pedestrian curricle (Fig. 1).

Fig. 1: Denis Johnson's 1819 hobby-horse bicycle

Early motorized stand-up scooters experienced a brief commercial boom around 1915. In 1941,
French inventor Maurice Limelette, co-founder of SOCOVEL, engineered an early electric stand-
up scooter, manufacturing electric two-wheelers until 1945. By the late 20th century, Swiss banker
Wim Ouboter revolutionized modern urban transport in 1990 by inventing the lightweight, folding
micro-scooter to simplify short micro-trips (Fig. 2).



Fig. 2: Wim Ouboter and his invention

Shared micro-mobility began in Europe during the 1960s via early car-sharing clubs aiming to
counteract urban pollution. The next major evolution occurred in 1995 in Portsmouth, England,
with the launch of the first large-scale, formalized urban bike-share program. Third-generation
systems introduced GPS tracking to drastically curb asset theft, while contemporary fourth-
generation fleets feature widespread fleet electrification (e-bikes) and app-based digital payment
infrastructures to maximize user convenience.

1.2 Theoretical and Analytical Evaluation

To capture design requirements fully, the study analyzed the interaction between user groups and
engineering frameworks across four fundamental areas.

Regarding Socio-Consumer Alignment, the project focuses on potential users living in
metropolitan areas who need compact, agile vehicles for short trips. From an engineering
perspective, this maps to target populations requiring low-cost mobility, restricted to operators
meeting legal age thresholds (16+ or 18) with valid licensure.

For Functional-Operational Aspects, the layout prioritizes intuitive handling, high speed, and
maximum riding comfort. Professionally, this requires integrating strict structural constraints
regarding overall weight, track width, wheelbase, and height governed by international vehicle
classifications.In terms of Ergonomic-Anthropometric Factors, components must adapt
comfortably to varying body shapes and user masses. Technically, this means engineering
adjustable configurations that span from percentile female percentile male (P95), while optimizing
line-of-sight and peripheral visibility parameters (Fig. 8).



Fig. 8: Viewing angles and field of view

Finally, under Structural-Technological Criteria, high-quality material selection, durability, and
cost-efficiency are critical. Industrially, this translates into defined global dimensions and
optimized production setups that emphasize manual or automated assembly stages to control
structural pricing.

1.2.4 Programmatic Synthesis (Keyword Matrix)

« Socio-Consumer Demographics: Urban residents; verified age criteria; universally
accessible regardless of gender, race, or nationality.

« Functional-Operational Metrics: High usability; clean aesthetic paired with high
visual distinctiveness; low-maintenance architecture serviced via authorized centers;
elimination of redundant mechanisms.

« Environmental Adaptation: Use of non-toxic, eco-friendly, and bio-compatible
materials; zero hazardous outgassing or skin irritants; production workflows compliant
with global ecological standards.

o Structural-Technological Requirements: Combination of high-strength alloys
and advanced polymers; geometric simplicity to reduce manufacturing tool complexity and
retail cost.

o Surface Finishes: Scratch-resistant, UV-stable, and wear-resistant coatings that do not
trigger dermatological reactions.

1.3 Design Concept

The primary objective of the design concept is to provide an accessible, safe, eco-friendly personal
vehicle that actively assists users in daily urban tasks. A key innovation is its architectural
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transformability, which allows the vehicle to adapt into an advanced mobility aid for individuals
with motor disabilities (Variant 3).

Initial design exploration yielded Variant 1 (exploring active geometric volumes)
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and Variant 2 (focusing on modular utility, adjustable steering angles, and payload options like
windshields, luggage carriers, and child seats).

Overview

Electric scooter

Windshield

The finalized design combines the modular versatility of Variant 2 with the assistive innovations
of Variant 3.
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1.3.1 Ergonomic Evaluation and Human Factors Engineering

o Percentile Distribution: The vehicle accommodates the 5th to 95th anthropometric
percentiles by utilizing a highly adjustable steering console, ensuring ergonomic
compatibility for both small-stature females (P5) and large-stature males (P95) (Fig. 26).

Fig. 26: Different percentiles in the process of scooter usage

« Working Postures: Operating a stand-up vehicle requires a neutral spinal posture. The
platform is engineered to minimize muscle fatigue and lumbar strain during extended
operation (Fig. 27).

Fig. 27: Working positions

« Body Mass Compatibility: To support diverse user weights, the vehicle incorporates
a flexible deck design derived from mountain-board suspension geometry, significantly
increasing structural load capacity (Fig. 29, Fig. 30).

12



Fig. 29: Users with different body weights

Fig. 30: Suspension and deck curves

o Visual Field and Spatial Awareness: Instrument clusters and displays are

positioned relative to the driver's natural line of sight to maximize peripheral road visibility
and situational awareness (Fig. 32a).

13



Fig. 32a: Visual range and horizontal visibility
Physiological and Hygiene Indicators

o Thermal Comfort and Ventilation: Contact surfaces use materials with low thermal
conductivity to prevent solar overheating, paired with porous textures to facilitate airflow
and mitigate perspiration.

« Interactive Lighting: High-efficiency LED arrays provide road illumination, dynamic
signaling, and visual telemetry regarding battery state-of-charge.

« Physiological Force and Velocity: Actuation forces for steering and control
interfaces are calibrated for minimal effort, optimizing response times during evasive
maneuvers.

« Sensory Modalities: Control interfaces leverage multi-sensory feedback (high-contrast
visual displays and tactile/haptic button responses), while electrical compartments are
isolated to ensure rapid olfactory detection of system faults.

« Psychological Variables: Minimizes the cognitive barrier between human and
machine through intuitive control methods that eliminate the need for specialized licensing.

Assistive Mobility Design

For users with severe physical disabilities, the vehicle integrates specialized knee supports, an
abdominal brace, and a coordinated cable-driven lifting mechanism (Fig. 34). Working in unison,
these systems allow a user with lower-limb paralysis to safely transition from a standard
wheelchair into an upright, active standing posture.
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Fig. 34: Lifting mechanism for people with mobility impairments
1.3.2 Compositional and Aesthetic Solutions

Product distinctiveness is achieved by balancing aesthetic appeal with functional performance.
The structural lines convey the vehicle's technological sophistication, creating an easily
recognizable brand profile.

1.3.3 Tectonics in Form Generation

Tectonics denotes the expressive structural relationship between a vehicle's mechanical function
and its visible surface design.

e Acrodynamics: Fluid, continuous surface geometry minimizes aerodynamic drag by
reducing flow-separation conflict points, maximizing energy efficiency (Fig. 37).

Fig. 37: Airflow relative to the scooter body construction

e Styling and Brand Identity: The exterior curves balance structural stiffness with visual
fluidness, generating an attractive and emotionally reassuring product aesthetic (Fig. 39).
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Fig. 39: Curves and lines describing the interaction between active geometry and passive plasticity

1.3.4 Graphic and Chromatic Design

The color scheme balances functional safety, mnemonic clarity, and emotional appeal. While
production units support multi-color customization, the launch prototype uses a vibrant green
finish to emphasize its zero-emission, eco-friendly identity (Fig. 41).

Fig. 41: Color proposal for the first U-Drive prototype

1.3.5 Brand Identity

The corporate mark combines the Latin characters "U" and "D" ("U-Drive"), forming a geometric
monogram. This logo was translated into a physical emblem using 3D modeling and plastic relief

techniques.
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2. Engineering and Fabrication Technology

2.1 Production Scales and Industrial Equipment

Manufacturing feasibility was validated through consultation with automotive industry experts,
outlining two viable paths: integration into existing bicycle production lines or founding a
dedicated manufacturing facility. The required industrial equipment infrastructure comprises:

Design & Engineering Software: Integrated CAD/CAM platforms.
Prototyping Tools: Industrial CNC milling stations and large-scale 3D printers.

Metalworking & Assembly: Sheet-metal stamping presses, robotic welding arrays, and manual
assembly lines to control initial capital expenditure.

17



2.2 Experimental Prototype Architecture

The physical prototype consists of a carbon-fiber or high-strength aluminum alloy chassis, a
fiberglass front fairing, and a three-wheeled geometry. The low deck height (20 cm) ensures
effortless mounting. The single rear wheel is smaller than the front wheels and sits entirely beneath
the deck extension (Fig. 52). This three-wheeled layout ensures static stability without a kickstand
and prevents vehicle tipping.

Fig. 52: Rear wheel of the scooter

The steering mechanism uses a specialized mountain-board suspension layout, enhanced by two
self-leveling linkages connected to the deck via torsion bars (Fig. 53, Fig. 54). Turning is executed
via intuitive lateral body leaning, while the independent linkages reduce spring fatigue and extend
the effective wheelbase for enhanced high-speed stability. For assistive configurations, the
platform easily mounts the knee and abdominal supports.

Fig. 53: Steering mechanism (incorporating the front wheels of the scooter)



Direct kinematics can be derived as:
r = steering wheel radius
(t) = w(t) - r
n
R(t) =d- lan(z - a(t))
w(t)-r  V(t)
= sin

Ja2+R(t)? d

w(t) = alt)

Fig. 54: Kinematic diagram of a three-wheeled vehicle rotation
2.2.2 Autonomous Control Architecture

The vehicle features a driverless autonomous mode for point-to-point transit along pre-defined
paths. Autonomous tracking is executed by a linear actuator linked to the steering column,
governed by the following system transfer functions:

Y() =T[w(®), 6(1)];
Where:

e Y(t) = Output system response

e T =Core systemic properties

e o(t) = Angular wheel velocity

e 0(t) = Steering articulation angle
The tracking error regulation follows:

e=r(t)-Y(t)
Where:

e e = Instantaneous tracking error
e 1(t) = Input reference parameter

The onboard Al interacts dynamically with the rider, nearby pedestrians, and surrounding
infrastructure via an advanced sensor suite.
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Fig. 57: Additional use case (for people with mobility impairments)

2.2.3 Sensor Infrastructure

o Global Positioning System (GPS): Serves as the primary sensor for spatial mapping
and path planning.

« Local Positioning Arrays: Leverages redundant radio-frequency (RF) triangulation,
visual markers, and optical cameras.

o Telemetry Sensors: Integrates battery management telemetry and multi-axis
accelerometers to monitor load shifts and smooth motor output.

2.3 Empirical Pilot Testing and Data Analysis

International user testing was conducted across the United States, Germany, and Bulgaria. Broad
public acceptance of Al-managed micro-mobility was observed, with higher enthusiasm in
technologically developed economies (88% in Germany, 81% in the USA) compared to more
conservative consumer markets (76% in Bulgaria) (Fig. 58, 59, 60).

20



Do you support the idea of having
Al-operating micro-vehicle? (US)

Do you support the idea of having
Al-operating micro-vehicle? (GER)

Yes Yes

Partially yes Partially yes

Partially no Partially no

Participants: 43
Responses: 40

Participants: 24
Responses: 22

Do you support the idea of having
Al-operating micro-vehicle? (BUL)

Partially yes

Partially no

Participants: 91
Responses: 70

Figs. 58, 59, 60: Research results

Expert evaluation across key criteria—including Reliability, Safety, Utilitarian Function, Multi-
functionality, Ergonomics, User-friendliness, Intuitive Design, and Smart Control—confirmed
high professional consensus (Fig. 70). Notably, 87% of the expert panel awarded top ratings to the
vehicle's modularity and multifunctional design.

Expert evaluation
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Fig. 70: Results of the expert evaluation of the developed project
2.4 Technical Drawings and Documentation

Detailed engineering schematics establish the vehicle's primary dimensions: an overall length of
1104.8 mm, a front track width of 580 mm, a wheelbase of 800 mm, a handle height of 750 mm,
and a 40° steering rake angle (Fig. 71, Fig. 72, Fig. 79).
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Fig. 72: "U-Drive" Drawing #2

Ergonomic compliance was verified using digital human mannequins to confirm stable clearance
and comfortable handling for both P5 and P95 operators.

22



Figs. 77, 78: Test vehicle model

400mm

4 X @50mm

. 45mm

Fig. 79: "U-Drive" Drawing #4

23



CONCLUSION

In this dissertation, the development of a multifunctional micro-transport device is presented,
which, thanks to its modular design, can be adjusted according to the needs and requirements of
the user. The vehicle can be operated both manually and via teleoperation. The developed
multifunctional vehicle is utilized in completely different working environments and situations. It
can also be used indoors—for instance, as a transport vehicle for security personnel in shopping
malls, for luggage transport at airports, or even as a cleaning cart. It is also used outdoors for a
wide variety of purposes, such as deliveries, transport for police patrols in parks, and others. In the
future, the research on the vehicle presented in the dissertation will continue; for this purpose, a
physical model of the vehicle will be implemented and verified under real operating conditions.

SUMMARY

Analyzing the content of the scientific output presented by me, its main contributions can be
grouped as follows: My scientific publications include 5 titles, of which 4 are peer-reviewed or
indexed in the international scientific database "SCOPUS," and one scientific report published in
the "Bulgarian Journal of Engineering Design."

Part of my research is focused on global-scale urbanization and the negative consequences of this
process. Here, not only the negative impacts on the environment and human health (primarily due
to the increasing amount of harmful atmospheric emissions) are examined, but also the quality of
life in cities from the perspective of convenience and sustainability. In conjunction with this
research, a large number of existing solutions to some of these problems have been reviewed, and
their positives and negatives have been investigated.Based on these results, conclusions have been
drawn, which serve as one of the foundations for designing the product—the object of development
in this doctoral thesis.

Another part of my publications concentrates on the challenges that people with mobility
impairments face in their daily lives. Emphasis is placed not only on physical obstacles and
difficulties but also on their psychological impact on individuals, which sometimes carries long-
term negative consequences for the mind. This research aims to understand real-world problems
and provides a basis for finding possible solutions to these issues.

My participation in research projects, such as the "Re4life" project, expands the scope of research,
adding contributions to the field of robotics for medical purposes.

The dissertation and its related scientific publications represent a foundation for further research
in the field of micro-transport. To date, my scientific reports have been cited and used as a source
in three scientific publications within the international database "SCOPUS."
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SCIENTIFIC AND APPLIED CONTRIBUTIONS

Systematisation of Chromatic and Form Impact: Quantified and structured the
subconscious psychological effects of specific geometric forms, color combinations, and
design configurations on user behavior.

Cross-Cultural Ergonomic Mapping: Evaluated and mapped the relationships
between user demographics (gender, age, race, nationality) and preferred design aesthetics
within product development.

Environmental & Public Health Validation: Empirically verified the socio-
environmental benefits of electric micro-mobility deployments in high-density urban areas.

Infrastructural Assistive Needs Assessment: Documented the specific mobility
challenges faced by individuals with motor impairments, establishing a baseline for
assistive design.

Psychological Benefit Verification: Validated the positive psychological impact,
improved safety, and expanded independence that the transformable vehicle offers to users
with physical disabilities.

Al-Driven Emergency Management: Engineered an emergency protocol where the
vehicle's onboard Al autonomously transmits location and medical telemetry to healthcare
personnel during user crises.

Autonomous Safety Optimization: Modeled how Al path-planning and V2V
communication minimize traffic accidents by eliminating human operator error.

APPLIED CONTRIBUTIONS

Full-Cycle Design Execution: Translated empirical data into an optimized, virtual
3D vehicle prototype verified against stringent P5/P95 ergonomic constraints.

Multi-Software Simulation Framework: Validated the vehicle's control
algorithms across multiple operational modes by synchronizing five distinct simulation
software suites.

Modular Engineering Specification: Engineered a highly adaptable, customizable
modular chassis platform suitable for diverse commercial and logistics scenarios.

Chassis Weight Optimization: Used procedural geometry (GeometryNodes) to
develop a high-strength hexagonal space-frame chassis that significantly reduces vehicle
mass while maximizing structural strength.
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Functional UI/UX Development: Designed and programmed a complete graphical
user interface and interactive dashboard layout using Unity 3D, C#, and After Effects.

Real-World Feasibility Proof: Proved the capability of the "U-Drive" vehicle to
resolve critical urban issues, including traffic congestion, parking deficits, air pollution,
and noise pollution.
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OBOBIIEHUE

AHanu3upaiki ChIbPKAHUETO Ha HayyHaTa MPOAYKIIHS, IPEICTaBeHa OT MEH, OCHOBHUTE
MPUHOCH OT Hes Morar Ja ObJar TpylnupaHd, KakTo cieaBa: Haydnure mu myOnukanvu
BKJIIOYBAT 5 3ariaBusi, OT KOUTO 4 ca pedepupaHy WM UHACKCUPAHU B MEXAyHapoaHa Oasza
naaan "SCOPUS" ¢ HayyHa nHdopMaIus, v €IMH Hay4deH JOKIIaJ, MyOonrKyBaH B ""brirapcko
CIIMCAaHUE 32 MH)XCHEPHO MpOeKTupane".

Yact oT u3cienBaHMATa MU € HacodeHa KbM ypOaHu3auusTa B DioOajneH Mamad u
HEraTUBHUTE IOCIEAMLIM OT TO3M Ipouec. TyK ca H3CIENBaHM HE CaMO HETaTHUBHUTE
MOCJIEUIM 32 OKOJIHATa Cpela W YOBEUIKOTO 3/paBe (MPEeAMMHO IOpaju HapacTBAILOTO
KOJIMUECTBO BPEAHM €MUCHM B arMocdepara), HO U KaueCTBOTO Ha >KUBOT B I'pafioBETE OT
IJie/IHa TOYKa Ha y100CTBO U ycTolunBOCT. KBM Te3u u3cienBaHus ca IpoydYeHH royisiM Opoit
CBLIECTBYBAILlM PELICHUS] HAa 4acT OT MpoOJEeMHUTE U ca W3CIEeIBAaHU TEXHUTE MO3UTUBU U
HeratuBu. Ha Ga3ara Ha Te3u pe3ysiTaTu ca U3rOTBEHU U3BOAM, KOUTO Ca €/1Ha OT OCHOBMTE 32
MIPOEKTUPAHE Ha MPOAYKTAa — 00EKT Ha pa3pabdoTKa B IUCEPTALIMOHHUS TPY/I.

Jpyra yact ot nyOIMKalUUTE MU Ca KOHLIEHTPUPAHU BbPXY MPOOJIEMUTE C KOUTO €KETHEBHO
ce cOTbCKBAT XopaTa C JABUraTeaHH mpoOieMu B exxenHeBuero. HaOnernato e He camo Ha
(¢u3nyecKuTe MPEeYKy U 3aTPyIHEHMs, HO U Ha TAXHOTO MCUXOJIOTUYECKO OTPAXKEHUE BHPXY
Xopara, KOeTO IOHSAKOra UMa JBbITOCPOYHU HETaTHBHU IMOCIEAUNU BbPXYy IICUXUKara. Tesu
U3CIeBaHMs LEIAT 3all03HaBAaHE C pPEaJHUTE MpoOJIeMHM M ca OCHOBA 3a HAMUpPAHE Ha
BB3MOKHU PELICHUS Ha T€3H MPOoOJIeMHU.

VYyacTero MU B HAayYHOM3CJIEOBATEJICKU NMPOEKTH, KaTo MPOEKTHT ,,Redlife” pasmmpsna
cdepara Ha u3cnenBaHe, H00ABAWKM NPUHOCH B OOjacTTa Ha poOOTHKATa 3a MEAMLIMHCKU
LEJIH.

Jlucepranusita ¥ HaydyHHUTE MyONWKAI[MH, CBBP3aHU C Hesl, TPEJICTABIISIBAT OCHOBA 3a TIO-
HATaThIIHU U3CJIEABAHUS B 00OJAacTTa Ha MHUKpOTpaHcrnopra. /lo MOMEHTa, MOM Hay4yHH 0
JIOKJIAA ca IMTHPAaHW W W3MON3BAaHM Karo W3TOYHWK B TPH HAyYHU MTyOIUKAIMd B
MeXyHaponHaTa 6a3a nanuu "SCOPUS".
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