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YBaxaeMble YYACTHUKU KOH(pepeHIUU
«MCKYCCTBEHHbIN MHTE/LJIEKT.
NHTe/uIeKTyaIbHbIE TPAHCIIOPTHBIE CUCTEMbI»

B nacrosmee Bpems B benapycu, Ykpaune, Poccun u BO BceM MHUpe YCUIIUIIOCH
3HAYECHHUE HAYYHBIX MCCICJOBAaHUN CUCTEM U CPENCTB UCKYCCTBEHHOIO MHTEIIIEKTA U
aKTyaJlbHOCTh PEIICHUs MPOOJIEeM HCKYCCTBEHHOTO WHTEJUIEKTa, BHEIPEHHUE JIOCTH-
’KEHHIM UCKYCCTBEHHOT'O MHTEJUIEKTa B pa3IU4HbIE c(hephl UeTOBEUECKON ICATeIbHO-
CTM M B TOM YHMCJE€ B TPaHCHOPTHYIO. [lanbHeiiee pa3BUTHE TPAHCHOPTHOM Acs-
TEIbHOCTU 0€3 MCMOIb30BaHUS JOCTH)KCHUN 3TOW HOBOM HAayKU M€ MPEACTABISACTCS
BO3MOYHBIM.

B cBs3M ¢ MOCTOSSHHBIM POCTOM CIIpOCa Ha MEPEBO3KH, KOTEPHIN 00YCIOBIEH
Pa3BUTHEM DKOHOMMKH, TPOUCXOAUT YBEINYEHUE ITAPKA TPAaHCTIOPTHBIX CPEICTB, T.K.
TPH YETBEPTH BCETO 00BEMA TPAHCIIOPTHOTO OOCITYKHUBAHUS HPUXOIUTCS HA aBTOMO-
OMJIBHBINM TPAHCIIOPT.

ABTOMOOMIIBHBIA TPAHCIOPT MOMOTAET YEIOBEKY BO MBcex cepax ero aes-
TEJIbHOCTH, OJHOBPEMEHHO CO3[aBas Maccy MpoOjeM, Ha pa3pelleHue KOTOPBIX
NPUXOAUTCS YACIIATH Bce Oouiblie U OoJblie BHUMAHUsA. VIMEeHHO mo3TOMY creayer
yIENATh 00Jbllle BHUMAHUS UHTETPALIMM CUCTEMyM CO3/IaHUIO €UHBIX UHTEIJIEKTY-
AJBHBIX CHCTEM YIPABIICHUS IBHUKECHHEM PA3IIMMHOTO YPOBHS MEPAPXUYECKOTO CO-
OJAYNHECHUS.

B 1eBsIHOCTBIX rojiax MpOoILIOro Beka Bo MHorux crpaHax mmpa (CILA, fmo-
HHHM, CTpaHax 3amaaHoil EBpombl) Hayamy _peann3oBBIBATHCS MPOEKTHl WHTEIUICKTY-
anbHBIX TpaHcmopTHEIX cucteM(MTC) — «Intelligent Transport SystemBo mHorux
crpanax EBporbl monb3yrorcs TepMUHOM « Telematic Systems».

[locTpoeHne TakWx CHCTEM ©CHOBBIBACTCSI HMEHHO Ha MHTErpanuu uHdopma-
UOHHBIX U YIPABJISIOLUX CHEIEM, KOTOPHIE CO3IaBAIINCh PA3pO3HEHHO, HO CBS3aH-
HbI C aBTOMOOMJIBHBIM TPAHCIIOPTOM M MOJYMHEHBI OJJHOM U TOM K€ LI — MOBBILIE-
HUI0 3(pdexTuBHOCTH (DYHKLNOHUPOBAHUS AOPOKHOTO TpaHCHOpTa. B pamkax stux
CUCTEM Ha CETOJHSIHUI, I€Hb OTAENIHO PEIIA0TCS BOIPOCHI NOBBILIEHUS Oe30mac-
HOCTU JIBUKEHUS, CHUKEHNS YKOJOTHUECKOTO BO3JAECHCTBUSA HA OKPYKAIOILIYIO CpEny,
yJIy4lIEHUs] Ka4eeTBa-TPAHCIIOPTHOTO OOCITYKUBAHUS, TOBBILIEHUS Ka4eCTBa JOPOXK-
HOI'O IBUKEHUS B LIEJIOM H IIp.

bpecr€kuil ToCy1apCTBEHHBIM TEXHUYECKUI YHHBEPCHUTET TaK)KE BEIET HCCIIe-
JIOBaHMS B.ATOM HarpaBieHuu. V3 necatu HaydHO-HCCIeI0BaTENbCKUX JTa00paTOpHid
yHMBepeuTeTa onHa (opranuzoBana B npounioMm 2015roay) akTHBHO MPOBOIUT pas-
paborku B mmpokom cnekrpe UTC.

OcHoBHOH 3amaueil 1abopaTOpUM SABIIETCSA pa3padOTKa TEOPETUUYECKUX OCHOB
ONITUMAIILHOTO YIPABIEHHS aBTOTPAHCIIOPTOM B yIu4HO-nopoxHoU cetn (Y C) ro-
poza, BHEAPEHHUE NOJMy4YeHHBbIX pe3ynbratoB B Y/JIC r. bpecra, ncnonp3oBanue uH-
(opMaIMOHHBIX TEXHOJIOTUN B YIPaBIEHUN FOPOJICKUM TpaHcropToM. B HacTosiiee
BpeMsi Ha reniexogHoM nepexone bymneapa KocmonaBToB (Marasun «Kocmoc») yc-
TAHOBJIEH OIBITHBIA OOpa3el] aJanTUBHOW CHUCTEMBbl YNpaBICHHS. AHAJIOTHYHBIMU
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cUcTeMaMu TutaHupyercst ooecrieuntb ropoa bpect no 2020rona roga mojgHOCTHIO
(mo BceM cBETO(OPHBIM MEPEKPECTKaM) U STUM WHUITUUPOBATH MIOCTPOSHUE HEKOTO-
pbix anementoB UTC B ropoze.

HampaBnenus aestenbHOCTH Ta0OpaTOPHUU:

1. VccnenoBanusi peryjiMpyeMbiX MEPEeKpPeCTKOB ropoja W COCTaBIIECHUE IJIaHa
ONTUMAJILHOTO YIIPABJICHHUS,

2. MonenupoBaHie aBTOTPAHCHIOPTHBIX MOTOKOB HAa Pa3JIMYHBIX MEPEKpPecTKax
ropoJia co CBETO(QOPHBIM PETyIUPOBAHUEM;

3. PazpaboTka U BHEJApEHHE AJaNTHUBHBIX CUCTEM YIpaBIeHUSCBETO(POPHBIMU
00bEKTaMH IIUPOKOTO CIEKTPA U HA3HAYEHUS;

4. Pa3paboTKa METO/IOB BHUACOJETEKTUPOBAHUS aBTOTPAHCIIOPTA, MCHOJIH30BA-
HUE HEMPOCETEBBIX TEXHOJIOTUN MPOTHO3UPOBAHUS TPAHCIIOPTHBIX. TOTOKOB;

5. MaructpaibHOe yIpaBJieHUEe TPAHCIIOPTHBIM MOTOKOM.(3€JICHAs BOJIHA);

6. MoaenupoBaHue TPAaHCTIOPTHBIX IMOTOKOB, YBSI3AHHBIX CO BPEMEHEM PaOOTHI
NpeAnpuATUA ropoaa;

7. Pa3zpaboTka HOBBIX THUIIOB MHTEJJICKTYaIbHOTO,TPAHCHIOPTA, M B TOM YHUCIIE,
pOOOTU3UPOBAHHOTO, OECTTMIIOTHOTO.

PaboTa naGopaTopuu BeAeTCS B TECHOM .B3auMOeiicTBUU ¢ obmactHbM ['AU,
npeanpustueM «bpectroprpanc», HaydyHo-uccae10BatebcKuM [IEHTPOM JOPOKHO-
ro aswxkenns BHTY (MuHCK), a Takxke ¢ MOAOOHBIMU opraHu3anusiMu B Poccuu u
VYkpaune. CorpynHuyaer nabopaTopus HUHTEILIEKTYalIbHBIX TPAHCHOPTHBIX CHCTEM
bp.I'TY c uccnenoBarenssMu 1o JTaHHOMY HANPaBICHUIO U3 YHUBEPCUTETOB Puma,
Adun, Bapmassl, Aurnuu , JlarButu, JIuTBBI M 1p. CTpaH.

CoBMecTHbIE HAyYHbIE UCCIIEAOBARMS € 3apyOCKHBIMU MMAPTHEPAMHU OCYIIECTB-
JSAIOTCS. IO MHOTMM Hay4dHbIM HamnpasieHusMm B obmactu UTC. O mexnyHapoIHOM
NPU3HAHUU STUX HMCCIEI0BAHUN, CBUACTEIILCTBYET 3HAUUTEIbHOE KOJIMYECTBO ITyO-
JUKAIMA B aBTOPUTETHBIX HAYUHBIX'M3AHUSAX, B TOM YHCIIE 3apYyOS)KHBIX, yIacTHE B
paboTe MEeXTyHapOIHBIX KOH(EPEHIINI, CEMUHAPOB, BHICTABOK, a TAKXKE JJOTOBOPHI O
COTPYIHHUYECTBE C 3apyOSKHBIMU ITapTHEPAMHU.

Kondepenuust nocssgena 50-1eTHi0 yHUBEPCUTETa W MPOBOAUTCS B paMKax
npoekta mporpammel « TEMPUS» 544181-TEMPUS-1-2013-1-IT-TEMPUS-JPCR
Belarusian Road Safety Netwodapunancupyemoro Espomnetickrim Coro30M.



1 CEKLAS
MCKYCCTBEHHBI UHTEJJIEKT

Y JIK 004.89, 004.93

WCHOJb30BAHUE CTPYKTYPHOI'O OITUCAHUA U30BPAKEHUM
JJIAA AETEKTUPOBAHUSA U TPEKUHI'A IBUXYIHINXCA OBBEKTOB

A.B. Arapkos
HuctutyT npobiem uckyccrsennoro untemwiekra MOH Ykpaunst w HAH Ykpaunsr,
Kues, Ykpauna

B oannoti pabome npeonosceno pewenue 3a0auu 0emeKmupo8arus u mpexKunea
00beKmos 6 sudeopsioe ¢ HeNOOBUNCHLIM (POHOM HA OCHOBE AHATU3A OBUNCEHUS 8 KAOpe
U npedcmasienus u300padxcenus u 06vLEKMo8 KaK MHOXCeCmaa CimpyKmypHuIX d1eMeH-
mos. Onucanue 00beKmMo8 umeem 08YXypOSHe8YI0 UepapXuio, 4mo no36o.sem 2uOKo
aoanmuposams €20 npu usMeHeHuu oovekma. A0OumusHoe onucane oovekma 6 suoe
MHOIICECNBA CMPYKMYPHBIX JNEMEHMO8 NO360JIs1em OCYWECTIBIAMb MPEKUHE 8 YCI086U-
AX YACMUYHO20 NEPeKPLIMUSL.

BBenenue

Tpekunr (oTcnexuBanue) 0ObEKTOB B BUAEOITQOTOKE — ONPE/ICIICHUE UX PacIio-
JIOKEHUSI Ha KKIOM KaJpe B BHUIEOMOTOKE: /st erncTteM peanbHOro BpeMEeHH HeoO-
XOJUMO JIOKaJIN30BaTh OOBEKT, UMEsT MH(OPMAIINIO O PACIIOIOXKEHUH Ha MPEIbIay-
meM kajape. TpeKHHT Halreja MPUMEHEHHE B CHCTeMax BHJICOHAOIOACHMS ISl aBTO-
MaTH3alliy PACIIO3HABAHMS TPCBOXKHBIX CHTYAIIUH, B CUCTEMaX BHJICOAHATMTUKHU IS
yIpaBlieHUs] OM3HEC-TIPOoIIecCaMu, B CUCTEMax PacIlO3HABAHUS IIEJICBBIX OOBEKTOB M
T. 1. K HacrosimeMy BpeMeHU pa3pa0OoTaHO MHOXECTBO METOJOB W TOJIXOOB JISI
peleHus JaHHOM 3a7aui. AKTYalibHOCTh PEIICHUsI 33]]aui TPEKUHra HE MajaeT — C
pa3BUTHEM METOJIOB PacCIO3HABAHMS 3PUTEILHBIX 00pa3oB I €€ perieHus IpruMe-
HSIOTCSI BCe 00J1ee HOBBIC METOTUKH.

B nmanHO#1 paboTe Mpe/uIOKeHO PEIICHNE 3a/1a4ll BBIICICHUS U OTCIICKUBAHUS
OOBEKTOB B BHJICOPSIE ¢ HEIOJIBIXHBIM (DOHOM Ha OCHOBE aHAJIM3a JIBIKCHUS B
KaJpe U TPEICTABICHHS sHM300pKCHUS U OOBEKTOB KaK MHOXKECTBA CTPYKTYPHBIX
asieMeHTOB. Onrcanne 00BEKTOB UMEET JIBYXYPOBHEBYIO UEPAPXHIO, UYTO ITO3BOJISCT
ruOKO aJanTHPOBAThs €T0 TNPU HW3MEHEHWH OOBEKTa. AJJIUTUBHOE OIHMCaHUe-
JIECKpUNTOp O0BEKTa B BHUJIE MHOXKECTBA CTPYKTYPHBIX 3JIEMEHTOB IMO3BOJIIET OCY-
MICCTBIIAThAPCKUHT B YCIOBUSAX YACTHIHOTO MEPEKPBITHSI.

1. CTpyKTypHbIE 3J1eMeHThI H300paKeHuil

U300paxenne | paccMaTpuBaeTCsi KaK MHOXKECTBO CTPYKTYPHBIX 3JI€MEHTOB
p - I's{ p'}. BuaeonocnenoBarenbHOCTh - 3TO MOCIEIOBATEIBHOCTh CTATHUSCKHUX
n300paxeHuil. J[Ba mociaenoBaTeNbHBIX U300paKEHUSI BUIEOPAIA OTINYAIOTCS C1a0bo
BCJIE/ICTBHUE HEOOBILON PAa3HOCTH BO BPEMEHHM, PACIIOIOKEHUS KaMepbl U1 0OBEKTOB
pH ux nosydeHuu. COOTBETCTBEHHO, BUJIEONIOCIEA0BATENBHOCTD V - 3TO MHOKECT-
BO CTPYKTYPHBIX 3JIEMEHTOB -

vV} :Uj{ p|pi ar},
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rae j- HoMep kaapa. s kaxxaoro p, 3adaHbl UX HAIMYME b(p;,j) U MOJOKEHHE
r(p;, ) A7 KQXAOTO Kaapa |, BUICOTOCICTI0BATEIBHOCTH.,

OtnenbHbIM OOBEKTaM COOTBETCTBYIOT TOJMHOMKECTBA OTHIENBHBIX CTPYKTYPHBIX
anemenToB (OCD). [Ipu nBmkeHnn 00BEKTa B KaJpe UX B3aMMHOE PACHOJIOKEHIE MEHSI-
eTcs cinabo, 1Mo kpaHen mepe 11 6u3ko pacnonoxkeHHbix OCH. Kak cneactue —
st coceqaux OCD ogHOTO 00BEKTAa MEKKAIPOBOE CMEIIICHUE

SP.j)=rp.j)-rlp.ji-1
OyIeT mpuMEpHO COBIaaTh. TakuMm 00pa3oM, OTIAEIbHBIM O0OBEKTAM BKaApe COOT-
BETCTBYIOT MOJAMHOKECTBA CTPYKTYPHBIX 3JIEMEHTOB, JJI KaXJI0r0 U3 KOTOPBIX BbI-
MOJIHSIETCS YCTIOBUE COBMAICHUSI MEKKAIPOBOTO CMEILICHHUS 111 COCEe 1 i

AR D=R. D:(R. A)ON;, (1)
rae N;- MHOXecTBO Beex map OCD, KOTOpBIE ABJIAIOTCA COCENHMMH APYT IPYry Ha

j -M xagpe. Pazymeercs, ecnu Ba 00bEeKTa B KaJpe HAXOIATCAPIAOM U OJMHAKOBO
CMENIA0OTCs, TO OHU OYIyT OTCIEXKHUBATHCSA KaK OJMH OOBEKT /10 TeX MOop, MOKa OHU
He pazonayrcs. OnHako mpu COMMKEHUH pPa3HbIX OOBEKTOB MX<CIMSHUE MPOUCXO-
IUTh HE JTIOJKHO.

2. CeFMeHTalII/IH ABUKCHUSA

[Ipu nBKeHUN 0OBEKTA B KaJpe BCE €r0 YacTH CMEIIal0TCs CoriacoBaHHo. [la-
K€ €CIIM OTICNIbHBIC €r0 YacTHU ONMCHIBAIOT(Pa3Hblc TpacKTopuu (Hampumep, MpH
X0bp0e y YeI0BeKa PyKH U HOTH JIBUTAIOTCS OTHOCHTEIHHO TYJIOBHINA), OJM3KO pac-
MOJIOKEHHBIE TOUYKH CMEMIAIOTCS OT Kaipa.K KaJpy MPUMEPHO OJMHAKOBO, MHAYE Ha-
pylIaercs UeJ0CTHOCTh 00bekTa. TakuM o0pa3oM, oTaeabHOMY OOBEKTY Ha n300pa-
KEHUU COOTBETCTBYET MOAMHOKECTBO, CTPYKTYPHBIX 3JIEMEHTOB HU300paKeHUs, IS
KaXJI0M Mapbl cOCeAei U3 KOTOPOTO BBITIOTHIETCS YCIOBUE MOA00US MEKKAIPOBOTO
CMEIICHHUS.

N3 storo crnenyer, yTo A BBIACICHUS OTIEILHOTO 00bEKTa HA OCHOBE MCIOJIb-
30BaHMSI MHOXKECTBA CTPYKTYHBIX JIEMEHTOB U UX MEXKAJIPOBOTO CMEIICHUS HEOO-
XOAMMO BBIIEIUTH NoaMHOXKecTBa OCD, cormacHo ycioBuro (1). lanHbIC MOAMHO-
’KECTBA HE SIBJIAIOTCS KJIACCAMHM SKBUBAJECHTHOCTH, MOCKOJIbKY YCIOBUE TPaH3UTHUB-
HOCTH 17151 mogo6ust cocenaux OCD B 001meM cirydae HE BBITIOJHSETCS. JTa Tpolie-
ypa He SBISETCS AOCTATOYHON IS BBIACICHUS OTIACIBHBIX OOBEKTOB, MOCKOJIBKY
BO3MOXEH CITy4ail, KoT/la pa3Hble 00BEKTHI MPU JIBUKEHUU HAXOAATCs paoM. Jis ux
pasneneHus HGOOXOAWMO MPUMEHEHHE JTOTOJIHUTEIHLHBIX METOIOB M3 00JIacTh Jie-
TEKTUPOBAHUSI M PACMO3HABAHMS O0BEKTOB HA N300PAKECHUM.

B napHoil padote a4 noucka 1aHHbIX moaMHoxkecTB OCD uCnoib3yercs METOT
CTEIHOTr0 Mnokapa. B mpocrelimeM ciaydae MEXKaIpOBOE CMEIIEHNE IBYX COCETHUX
CTPYKTYPHBIX 2JIEMEHTOB CUUTAETCS TIOJIOOHBIM, €CJIM MOAYJIh UX PA3HOCTH MEHBIIIE
ropora h

<R, )-Hp, < h(p R)ON;. (2)

OpHako pe3ysbTaThl BbIACICHUS IBWKYIIMXCS OOBEKTOB MPHU HCHOJIb30BAHUU
JTAHHOTO YCJIOBHS SIBJISTFOTCSI HEYJIOBJICTBOPUTEILHBIMU — TIPU MEIJICHHOM JBHKE-
HUU OOBEKTOB OHU CIIMBAIOTCA C (DOHOM.

Jliist 60oee KaueCTBEHHOIO pe3ysibTaTa BbIACIECHUS ABMXKYUIUXCS OOBEKTOB YC-
nosue (1) 6put0 MOAMdUIMpoBaHO. B maHHOW paboTe IS ONpEIeICHUS ITOI00MS
MEXKaJIpOBOro cMelleHus Ay AByX cocenHux OCD ucnonb3yeTcs: alanTUBHBINA MO-
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pOr, KOTOPBIA BBIUUCISAETCS OTAENBbHO 11 Kaxaoro OCO. g kaxaoro OCO nopor
(dopMupyeTCsl Ha OCHOBE CPEIHET0 OTKJIOHEHUS MO COCESIM, CPEAHEKBAAPATUIECKUX
OTKJIOHEHUH MOJIYJISI MEKKaJIpPOBOIO CMEIIECHUS M €ro 3Ha4eHud X u Y. Mexkanpo-
Bble cMelleHus1 IByX cocefHux OCD cuuTaroTcs NOJOOHBIMHU, €CIU BBIIOJIHAETCS
yCIIOBHE
fQ, )0 g0 )0 iy ot ¢i)af,G.)af,.1),
rae
i )="¢p 1=(3Cp, I <("p. D-(3(n, I): (R, A) T Ny,
LG =] x(py D= % (R < xRy D= % (B, D))< (R, AODIN,,

G0 0= y(p D= vy (R < ¥ (R, D= vy (R, D)) 36R, RN,
S(p, j) - MEXKaApPOBOE CMELICHUE I CTPYKTYPHOIr'O DJIEMEHTA P Ha j-M Kaji-
pe, (3)(p,j) - cpemHMii MO COCENHMM BEKTOP CMENIEHHUs CTPYKTYPHOIO JJIEMEHTa P
Ha | -M KaJpe, X, Y. - KOMIIOHEHTBI BEKTOpa §S.

3. ®opMupoBaHHe ONMCAHUS 00bEKTOB TPEKUHIA

Onucanre 00BEKTa CTPOUTCS HAa OCHOBE . HEIOJIb30BAHHUSI MHOYKECTBA CTPYK-
TYPHBIX 3JIEMEHTOB, KOOPAUHATHI KOTOPBIX OT Kajpa kajapy u3MeHstorcsa. OT kaapa K
KaJpy Takxke u3MeHseTcs:i MHOXecTBO OC3,, KOTOpPOE COOTBETCTBYET OTAECIBHOMY
00BEKTY, BCIEACTBUE yaneHus u poxaeHus yacta OCO.

Hecmotpst Ha TO, 9TO coceqHHE TOYKH QOBEKTa CMEIIAIOTCs MOXO0XKE, XapakTep
JBWKEHHS €r0 pa3HbIX YacTell MOXKET OTINYATHCS. ITO MPUBOAUT K pa3OMEHUI0 MHO-
xectBa OCD 0TaEeNbHOTO 00bEKTa Ha MOAMHOMKECTBA, KAXKIOMY M3 KOTOPBIX COOTBET-
CTBYET 4acTh (CErMeHT) 00beKTa. XapaKTep ABMKEHHS KaXKJIOTO U3 JAHHBIX CErMEHTOB
OTJIMYAETCSl OT cocelHuX. Takum 00pa3oM, onmucaHue OObEKTa MPEACTaBIsET cOOON
MHOKECTBO CEIMEHTOB, KX Iblid U3 KOTOPBIX IpeACTaBiIeH MHO)kecTBOM OCD.

QYit $ =U{ p pus},
rae O,(j) - onucanue k-ro 00BEKTa Ha |-M Kaape, S/, - CErMEHT, MPUHANCKAIINH

O,(j), p - CTpYKTYpHBIi1 OOHEKT.

Hecmotps1, Ha pa3Hblil XxapakTep JBUKEHUS, CETMEHThI OJTHOTO 0OBEKTa OT Kaj-
pa K KaJpy ocTarofcs coceasiMu. JJaHHOe MOCTOSIHCTBO MO3BOJISIET BBIACISITH CETMEH-
ThI, OTHOCSIIINEES] KIOIHOMY O0BEKTY, KaK CBSI3HOE MOJAMHOkKeCcTBO MHOkecTBa OCD.

3akJIroueHue

B, 1aufoil paboTe MpeIoKeHO PEIICHNE 3a/1a4ll BBIICICHUS U OTCIICKUBAHUS
00BEKTOB B BHJICOPSAC C HEMOABM)XHBIM (JOHOM HA OCHOBE aHAJIM3a JBUKCHUS B
KaJipe W TMpeJCTaBlIeHUsI MU300paxKeHUsi U OOBEKTOB KaK MHOKECTBA CTPYKTYPHBIX
AJIEMEHTOB. [[1s1 ATOro BHIEOpSAN paccMaTpPUBACTCI KAaK MHOMXECTBO OTIEIBHBIX
CTPYKTYPHBIX 3JIEMEHTOB, ISl KaXKJOTO M3 KOTOPHIX OMPEICIICHBI TOJIOKEHUE U Ha-
JMYHE HA KaXI0M Kajpe.

Pa3paborana Meronuka JETEKTHpPOBaHHS OOBEKTOB Ha OCHOBE aHAIM3a MEX-
KaJIpOBOTO CMEIIEHHUS OTIEIBHBIX CTPYKTYPHBIX AJIEMEHTOB. J[aHHAas MeToawKa Io-
3BOJISIET CETMEHTHPOBATh M300pakeHNE BUACOPsIIa Ha 00JIaCcTH ¢ pa3InIHBIM Xapak-
TEpOM JABWKEHHUS O0€3 UCIOIb30BaHus nHdopmaimu o GoHe.
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Pa3zpaborana meroanka (pOpMUPOBAHUS HUEPAPXUUYECKOTO OMUCAHHS OOBEKTOB.
JlaHHas vepapxusi UMEET JBYXYPOBHEBYIO CTPYKTYpPY - 1) OOBEKT OmNMChIBaCTCS Kak
MHOKECTBO CETMEHTOB, 2) CETMEHT ONHCHIBACTCS KAK MHOXKECTBO OT/ENBHBIX CTPYK-
TYpPHBIX 3JIeMEHTOB. Takum 00pazoM, TPEKUHT OOBEKTOB MPHU UCHOIB3YEMOM MOIXO0-
Jie TIPEeICTaBIsIeT COOOM BBIZEIICHNE CBS3HBIX O0NacTell M3 CTPYKTYPHBIX CIUHHII
(cermenToB u OCD).

DKcrepuMeHTallbHAsL OIIEHKA KAa4eCcTBa MPEAI0KEHHOTO METO/1a TPEKUHTa 00b-
€KTOB TIOKa3aja ero YCTOMYMBOCTh K M3MEHEHHIO OOBEKTa, CTAOMIIBHOE yACpIKaHHE
MOJIBIKHBIX U HETOABM)XHBIX 00BEKTOB. [lpu mepekpriTun 00beKTOBIHAOTIOAACTCS
HEyCTOWuYMBas paboTa - CIusHUE 00OBEKTOB, MMOTEPST OAHOTO U3 OOBEKTOB, UTO, BUU-
MO, CBSI3aHO C HECOBEPIIIEHCTBOM MPOIIETYPhl CETMEHTAIINH I10 IBHIKESHHIOQ.

B nannoii paGote mpennonaraetcsi, YTo (HOH SBIAETCS HEHOJBUKHBIM, HO JaH-
HBI MOJXO]T IO3BOJISIET OTCJIEKMUBATh U3MEHEHUs (POHA, BBIIETSS €ro Kak HanboJb-
i cerMeHT (MPH YCIIOBUH, YTO IJIOIAlb 00BEKTOB MEHBIIIE, Y4eM()OH, YTO BBIIIOJ-
HSIETCS B TIOJIABJISIFOIIIEM OOJILIIIMHCTBE CITy4aeB).
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PROBLEM OF COMPLEXITY IN MODERN CYBERNETICS AND
POLYMETRICAL ANALYSIS AS POSSIBLE WAY OF ITS RESOLUTION

P.P. Trokhimchuck
Lesya Ukrayinka East European National University, Lutsk, Ukraine

The problem of complexity in modern cybernetics is discussed. This,problem must
be resolved with help theory with change hierarchy. It was shown that this problem may
be resolved with help theory of calculations. Basic peculiarities of polymetric analysis
are represented and analyzed too.

Introduction

Problem of complexity is one of central problem in.modern science, including
mathematics and cybernetics [1 — 12]. This problem is caused in synthetically
sciences. Roughly speaking it has two aspects: system (problem of century in cyber-
netics according S. Beer [1 — 4]) and computational (problem of computational com-
plexity [1, 12]. Last problem is included in basic problems of modern mathematics
(Smale problems) [1, 11].

Problem simplicity — complexity is includediin Polymetric Aanalysis (PA) (uni-
versal system of analysis, synthesis and foermalization of knowledge) as principle
simplicity.

Hybrid theory of systems (HTS) is created on the basis principles (criteria) of reci-
procity and simplicity [1-4]. Only 10 minimal types of formalization system may be
used. But number of real systems may be infinite. It is may be represented as answer on
the one of basic question of modern,theery of systems [1aBp8} possible number of
systems and its classification with point of simplicity — complexity [1-4, 9].

Therefore HTS may be represented as variant of resolution the problem of cen-
tury in cybernetics according 'S. Beer and may be used for the resolution problem of
computational complexity (theory of informative calculations, TIC).

Results and discussions

Polymetric analysiS was created as alternative optimal concept to logical, formal
and constructive/conceptions of modern mathematics and theory of information [1].
This concept is based on the idea of triple minimum.

Basic elements of this theory and their bonds with other science are represented
in Figure 1 [1].

Basic"mathematical element of polymetric analysis is functional number (gene-
ralizing elements of square forms) [1]. As in Greece mathematics number is basic
elements ofits system. For these numbers generalizing mathematical transformations
were constructed. 15 minimal types of its transformations are existed. Informative lat-
tice is,constructed on the basis if functional numbers and generalizing mathematical
transformations. Theory of informative calculations is created for this lattice. Basic
principle of this theory is the principle of optimal calculations.

For classification of systems of calculation hybrid theory of systems was
created. This theory is based on two criterions: criterion of reciprocity — principle of
creation of proper formal system, and criterion of simplicity — principle of optimality
of this creation. For “inner” bond of two elements of informative lattice a parameter
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Fig. 1 Schema of polymetric method and its place in modern science [1]

At help these criteria of reciprocity and)simplicity and parameter of connected-
nesss the basic famous parts of knowledge and. science may be represent as next 1
types of hybrid systems [1 — 4]:

1. The system with conservation all positions the criteria of reciprocity and sim-
plicity for all elements of mathematicah,construction, @nd transformations) is

called thesimple system.
2. The system with conservationithe criterion of simplicity onlyNgris called

theparametric simple system.

Remarkl. Further in this classifieation reminder of criteria of reciprocity and sim-
plicity is absented. It mean that these criteria for next types of hybrid systems are true.

3. The system with conservation the criterion of simplicity only for general ma-
thematical transformations is calleahctional simple system.

4. The system withononconservation the principle of optimal informative calcula-
tion and withg; = 1 is called theemisimple system.

5. The system with nonconservation the principle of optimal informative calcula-
tion only for Nand witha; = 1 is called th@arametric semisimple system.

6. The system with nonconservation the principle of optimal informative calcula-
tion only fer,general mathematical transformations and with 1 is called théunc-
tional semisimple system.

7. The.system with nonconservation the principle of optimal informative calcula-
tion and withg; # 1 is calledcomplicated system.

8. The system with nonconservation the principle of optimal informative calcula-
tion only for N, is calledparametric complicated system.

9. The system with nonconservation the principle of optimal informative calcula-
tion only for general mathematical transformations and @ith1 is calledfunctional
complicated system

10. The system with nonconservation the criteriums of reciprocity and simplicity
and withg; # 1 is calledabsolute complicated system
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With taking into account 15 basic types of generalized mathematical transforma-
tions we have 150 types of hybrid systems; practically 150 types the formalization and
modeling.

HTS may be used for the classification and creation old and new chapters of
computing science.

But four types of these systems aren’t mathematical in classical sense [1]. Hybr-
id theory of systems is open theory. Parameters of openness are number of generaliz-
ing mathematical transformations and parameter of connectedness. Thereby we have
finite number of types of systems, but number of systems may be infinite. Hybrid
theory of systems allows considering verbal and nonverbal knowledge with one point
of view [1, 4, 9]. Therefore this theory may be represented as variant of resolution S.
Beer centurial problem in cybernetics [1].

TIS may be represented as application PA (HTS) to the problem of calculation
[1, 3]. This theory was used for the problem of matrix eomputation and problem of
arrays sorting [1, 3].

TIS may be connected with problem of computatienalicomplexity. This problem
was appeared in modern cybernetics for resolution.of problem the transition from in-
finite (analytical) to discrete representation of computing procedures [1, 3]. In may be
connected with 4 and 5 Smale problems [1,11]

Mathematical constructive element may be represented as generalizing knot of
informative lattice. Generalizing mathematical‘transformations are classified as quan-
titative and qualitative, left and right. Calculative (quantitative) transformations are
corresponded to primary measurement and qualitative transformations — to derived
(secondary) measurements. It allows formalizing N.R.Campbell concept [1, 2] about
primary and derived measurements. Result of this formalization was named polyme-
tric theory of measure and measurement. Basic principles of this theory are principle
of asymmetry of measurement for.calculative transformations and principle of di-
mensional homogeneity. This'theory is optimal synthesis of all famous theories of
measure and measurements and dimensional analysis [1]. N.R. Campbell concept is
more general as “measuring” part of quantum mechanics. Therefore L.l. Mandelstam
called Quantum Mechanics as science of derivative measurements [1, 2].

Polymetric analysis is the system of optimal formalization, synthesis and analy-
sis of knowledge: But.it is the nature of mathematics [17]. For creation of theory of
foundations of. mathematics we must include three aspects: synthesis, analysis and
formalizations This theory must be open system. Therefore Russel — Whitehead “log-
ic” concept, Hilbert — Bernayce “formal” concept and Brauer — Heiting “construc-
tive” concept can't be full theories of foundations of mathematics [1]. It was cause of
crisis‘in theory of foundations of mathematics. Therefore A.N. Whitehead made con-
clusion that logical concept can’t be the theory of foundations of mathematics [1, 2].
But'it must be “organismic” theory. Practically this concept was realized in cybernet-
ics: theory of neuronets, systolic computers, theory of cellular automata a.o. [1].
Therefore polymetric analysis may be represented as variant of realization of White-
head concept of “organism” mathematics and formalizing unification of proper cy-
bernetic theories (Ivakhnenko concept of neurosets itc.)[1, 7, 8].

Polymetric analysis may be represented as optimal “dynamical’ formalization of
Errol E. Harris polyphasic concept of modern science [1].
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Thus basic concepts of awakening, creation and development of synthesis with
including of historical analysis of this problem are represented in [1]. Therefore with
this point of view polymetric analysis is the necessary development of problem of
formalized synthesis in modern science.

According to A Ershov basic problem of modern computer scince is formalization
of phrase of Canadian philosopher L. Hall: “Everything comes from the head — intelli-
gent” [1]. Therefore PA may be represented as optimal formalization of this thesis and,
as effect, theoretical basis of modern computing science (informatics) [1, 2].

Conclusions

1. Problem of complexity in modern cybernetics and computing science is
discussed.

2. Basic concept and chapters of polymetric analysis.are analyzed.

3. It shown, that polymetric analysis is the necessary development of problem of
optimal formalized synthesis in modern science.

4. 1t was shown that HTS may be represented as variant.of resolution problem of
century in cybernetics according by S. Beer and theory of informative calculations —
as variant of resolution of problems of computational complexity.
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VJIK 004.318

K AHAJIN3Y ECTECTBEHHO-A3BIKOBBIX OTBETOB
B CUCTEMAX TECTUPOBAHUA

A.C. BBeHHropOILCKHﬁl
lHHCTI/ITyT npobisieM uckyccrseHHoro natesiekta MOH u HAH VYkpanssi,
Kues, Ykpauna

Hpedcmaeﬂelm A3blKO6AA MO()eﬂb'HGOCWZPOIZKa O/l AHAU3A CMbIENA OMBEEmo8
muna «npedﬂoofcenue» 6 cucmemax mecmupoearusl. Onucan anzopummanaiusa cmslc-
Jld A3bIKOB0O2O omeema u npacmamudecKux 0GHHbZX, COOBP.WCCZWLDCC}Z 6HEM.

Beenenue

Cuctembl TECTUPOBAHUSI UMEIOT BaXKHOE 3HAUEHHE, BOMHOTHX cdepax uesoBe-
YECKOM JESATENbHOCTH U UMEIOT TEHJICHLUIO K NIMPOKOMY UCIQIIE30BaHUIO METOOB
UCKycCTBeHHOTO MHTeuIeKkTa [1] . [IpoBepka u ollcHABaHME 3HAHMI BO MHOTOM 3aBU-
CHUT OT CIIOCOOOB MOJIyY€HHs] OTBETOB OT MOJIb30BATENS, KOTOPBIE ONPEEISIOTCS TH-
nom Borpoca. Tak, B [2] Bompockl KiaccuGUIUPYIOTCsl HA BOCEMb THIIOB, CEMb H3
KOTOpbIX (hOpMalIU30BaHbl M MPEACTABISIIOT [0 CYTM pa3Hble BapHaHTbl BBHIOOpA
M0JIb30BaTEJIEM OTBETOB U3 Habopa, mpenajaraeMoro cucremoil. Ilpu aTom BochMoi
THUII BOIIPOCa M OTBETa — 3TO MpEJUI0KEeHNEe, Haupolee ecTecTBeHHas popMma I ye-
noBeka. OpHako, MO 3aMEUYaHUIO aBTOPOB,\«...BBITIOJHATh AaBTOMATHU3MPOBAHHBIN
aHaJM3 BOIIPOCOB C OTBETAMM THUMA 'MPEAJIQKCHUE" HAa COBPEMEHHOM dTalle WHTEI-
JEKTyalu3aluyd MPOrpaMMHBIX CPEACTB HEBO3MOXKHO, IMOATOMY 3TO €JUHCTBEHHBIN
THUII BOIIPOCOB, aHAJIM3 OTBETOB Ha KOTOPHIE,BHIMOIHAETCS SKCIEPTOM». AHAIU3 JJaH-
HOTO THIIAa OTBETAa MpPEAINojaraet, B IepBYyI0 Ouepe/b ONPEEICHHE CMbICa MPeaio-
KEHUSI, a TOTOM OLICHKY WJIM ETE€NEeHb COOTBETCTBUS MPABUILHOMY OTBETY. OTBETHI
MO>KHO paccMaTpuBaTh Kak ©IPaHUUMEHHOE MOJMHOKECTBO MpeasiokeHuil. OrpaHu-
YeHUs BKIIIOYAIOT pa3Mep JIPeJIOKEHUs U CIIOBApHBIN 3amac, Tak Kak OTBETHI OObIY-
HO CBSI3aHBI C OTPAaHWYCHHBIMHU IPEAMETHBIMU OOJIacTsMU (HArpuMep, IIKOJIbHAs
IMCLUIUIMHA), TIO9TOMY, KOHCTPYKTUBHO ONPEACIUB 3TH OrpaHHYCHHs, 3ajada Io-
HUMAaHUS OTBETA THHA, ITPSATOKEHNE» MOXKET OBITh YIIPOIIEHA U PeIIeHA.

AHanu3 npood/eMbl

OnpenenuM CyTh CMbICIA OTBETA TUMA «IIpeasioxkeHne». OCTaHOBUMCS KPAaTKO
Ha Ba)XHBIX COCTABIISIONIMX ATOr0 MOHATHUS JIJI JaHHOM 3aJ1auM.

1:byném cunrtath, uTo npeaMeTHas obnacth Borpoca ([IOB) y3kas, T. e. orpaHu-
4yeHa TeMOH, BOIPOCOM TeMbl 1 T. 1. OTcloza, OTBET OYAET CoJepKaTh OTPAaHMYCHHBIE
naHubIe, oTHOcsmmecs K orpanndeHHoi [IOB, u uMers cMmbica Tosibko B 3ToM 11OB.
M3BeCTHO, YTO A3bIKOBBIC BhIpaKeHUs (MPEAI0KEHHUS) C MOUIMN JTIMHIBUCTUKHA MOTYT
UMETh HECKOJIBKO CMBICIIOB, HO B HAIlleM ClTy4ae HET HEOOXOIWMOCTH pPacCMaTpyBaTh
cmbliciel BHe [1OB, a cinenoBaTeibHO, OTBET MOKET UMETH TOJIBKO OJIMH CMBICII.

2.01eHnBaHrEe OTBETA 3aBUCUT HE TOJBKO OT MPABUJIBHOCTH CMBICIA, HO U OT
MParMaTUYECKUX JAAHHBIX, HAMTOJHAIOIINUX 3TOT CMBICI. J[pyrumMu cioBamu, B OTBETE
JTOJKHBI COAEPAKATHCS YUCICHHBIE WM TEPEUUCIISIEMbIEC JTaHHBIE, KOHKPETUZUPYIO-
IIIME€ CMBICJIOBBIE COCTABJISIOIINE OTBETA.
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3.IIOB npencraBum B Buje ¢pperiMa co CIOTaMH, ONPEACIISIONIUM CMBICIOBBIE
COCTaBJISIIOLIME BONPOCA, a 3HAUYEHUS B CIOTaX OyIyT ONpenessaTh IMparMaTHYeCKHUe
3HAYEHHUS.

4.C I1OB cBsi3aHa s13pIKOBasi MOJIEIb (HAJICTPOWKA), OTPEACIISIONIAst CJIOBAPHBIM
3amac ¥ TpaMMaTHYECKHE MPaBUIIA, OTHOCAIIMECS K UMEHAM CJIOTOB M IIparMaTrhye-
CKHM 3HAYEHUSIM.

Onpenenenue 1. OTBET «IpeAJIOKEHUE» UMEET CMBICII, €CIIU T10 €r0 SI3BIKOBOMY
peACTaBISHUIO MOXKHO MOCTPOUTH (Ppeiim, npuHapiexammuii [TI0B.

Omnpenenenue 2. OTBET «IIpeUIOKEHUE» UMeeT nparmaruyeckuii-cmbien [10B,
€CJIM 3HAYECHHUS CJIOTOB (peiiMa HaXOASATCsS B Mpejesiax MparMaTU4eCKUX 3HAUCHUN
(amana3oHoB) npaBmiIbHOTO OTBeTa B [10B.

ITocTanoBka 3a1aun

B mpenmeTHO# 001acTH CTPOUTCS WM MMOCTPOCHA 3apaHee (pperiMoBast MOJIETh
OTBETA C A3bIKOBOW HAJICTPOMKOW M MparMaTu4ecKuMH AaHHbiMu. Ha ocHOBe aHanm3a
A3BIKOBOTO OTBETa CTpPOUTCS (peiiM OTBeTa C M3BIACUCHHBIMU, ITPAarMaTHuYECKUMU
naHHbIMU. [IpaBUIBHOCTE OTBETa OMpEENsAeTCs CpaBHEHNEM, OCTPOEHHOTO (peiima
¢ (ppeliMOM NpPaBUIBLHOTO OTBETA, a HE CPABHEHHEM KAKUX-JIMOO JIMHIBUCTHUYECKUX
111a0JI0OHOB MJIM MHOKECTBOM BCEX BO3MOXHBIX OFBETOB Ha €CTECTBEHHOM SI3BIKE.
OrneHka OTBETa OINpPENENseTCs] CTENEHBI0 COBMAACHUS, PPEUMOB U IPYTUMH KpUTE-
pUsIMH, HapuMep, NOporoBeIMU. Takum oOpa3oM, ' HEOOXOAMMO ONPEAEIUTh COCTaB-
JISOIIKE SI3bIKOBOM HAJCTPONKU OTBETA «IIPEIJIOKEHUE» U alITOPUTM aHaJIM3a OTBETa
THUIIA IPEAJIOKEHUE, IOCTPOUTD SA3bIKOBYIOHAACTPONKY

Mopenb-HaACTPOMKA 0TBETA TUIIA HPEAJl0KeHUe

[MocTpoeHuro S3BIKOBBIX MOJIEIIEH aHaM3a CMBICIIa OTBETOB MIOCBsIIIeHa padoTa [3].
OnHako OHa OCBeIaeT OJUH OTBET HA OJUH THIl Bollpoca. Bompoc Ha nepeuncieHue
U TpeOyeT JanbHEWIIEero pazBuTusyHa Ooee 0000IIeHHbIe TUITBI BOIPOCOB. B 3T0ii
paboTe S3BIKOBYIO MOJIENb-HAMACTPOIKY MPEICTABUM B BUIE JBOUKH:

R ={A, L},

rae A —andaBut (MHOKECTBO CHMBOJIOB SI3bIKA U CIICIIUATBHBIX cHMBOJIOB [1OB);
L — MHOXKECTBO JieKeeM, yrnoTpedaseMbix B qanHoi [1OB.

MHuoxecTBO Lk pazouBaercs Ha TpU NOIMHOKECTBA!
L ={S, C, UL},

rae S, — HOIMHOXKECTBO JIEKCEM, 0003HAYAIONMUX CMBICTBI OOBEKTOB U CHUTYAIHi
[1OB u X CBOKCTB U MparMaTH4e€CKOE 3HAUEHHUE 3TUX CMBICIIOB,;

€ — NOIMHOKECTBO JIEKCEM, HE MMEIOLUX CMBICIOBOTO COJIEP/KATEIBHOIO 3HA-
yeHUs;HO yroTpebnsemble B 1anHoil [IOB mia BeipasutenbHOCTH, CleI0BaHUS IMpa-
BUJIaM BEJICHUA Majora u T. II.;

UL — moJIMHOKE€CTBO HEJIOMYCTUMBIX JIJIsl YIIOTpeOeHus B mpodeccroHaaIbHOM
oOrnIeHuu JiekceM u MeTadop (HECHOPMATUBHBIX).

Bce ocTanbHbie 1IeKCeMbl, KOTOPBIX HET B A3bIKE, HEMIPEAHAMEPEHHbIE OIINOKU
noJip3oBarens, JekceMbl U3 aApyrux I1OB onpenensrorcs kak HEU3BECTHBIE U IPU
aHaJIU3€ HE PACCMATPUBAIOTCHL.
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[TonmMHOXeCTBO Spa30uBaeTCs HA YETHIPE COCTABISIOLIHX:
S ={K, NL, CS, M},

rae K —kimroueBsie cinoBa [10B;
NL — nexkcembI-OTpullaHus;
SS —cnenuanbHbIC JJEKCEMBI U 3HAKU,
M — meTtadopsl.

Omnurem JeKceMbl, 00pa3yoIIre coaepkanne, 6oee moapooHO.

Kitrouessie ciioa (K) —3T0 6a30BbIe JIEKCEMBI ISl ONPEACIICHUS HaTMIrs B CO-
o6mennu cmbicna I10OB u ero onenkm.

Jlekcema-otpumanue (NL) —3To nekceMa, KoTopasi MeHseR TIparMaTHIeCKOe CO-
nepxanue oobekra, cutyanuu [IOB u ux cBoiCTB, 0003HAUCHHBIX CIIEAYIONICH 3a
Hel JekceMoil. B O0NBIIMHCTBE ClTydaeB ATO JIGKCEMa «HE».

CrelnasbHble JIeKceMbl ¥ 3HaKU (SS) —3To JeKceMbl ¥ 3HAKH I BHIPAXKCHUS
cpaBHeHHs (OoJbIlie, MEHBINIE, PaBHO, >, <, =,JIyUYII¢/H T.Ji.), 3HAKH MPCIUHAHUS U
crenuaibubie 3Haku ganHoii [10B.

Metadopsr (M) — 3T0 CHHOHHMBI, COYCTAHHS M3 JABYX WM TPeX JEeKceM, 000-
3HAYAIOUIMX CMBICIBI (Coaepkanne) 00bekToB W .cutyaruii IIOB u ux cBoiicTBa.

AJIFOpHTM AHAJIHN3a H OLICHKH 0TBE€TA «IPECAJIOKEHUE>

Ha puc.1 npuBenen pa3paOoTaHHbBIA.B COOTBETCTBUU C MIOCTAHOBKOM 3a/1a4ul aJ-
TOPUTM aHaju3a OTBETa B BUE Npeaokenus. [Ipu pabore anroputma ucnoyib3yercs
nexkcuueckas 0Oasza maHHBIX [IOBgo comepkamias KIIOYEBBIE CIIOBA, JIEKCEMBbI-
OTpUIIAHUS, CTICIUAITLHBIE JIGKCEMBI U 3HAKH, METadOPHI.

S3bikoBas mozens [1OB conepxut rpaMMaTHYECKHe W IPYTHE MPaBHIIa YIOT-
pebsienus nexkcem B nanHoit ITOBy B nparmatuueckoit 6a3e coaepikarcst [uarna3oHbl
3Ha4YeHUM cIoTOB (PppeitmoB. €. 1MOMOIILI0 3TOW 0a3bl MPOBOIUTCA CEMAHTHUUECKUN
aHanu3, onm3kui x [4].

CpaBHenue (PpeMOB=IIPOM3BOAUTCS C MCIOJIB30BAHMEM JIOTUUECKHUX MpPaBUII
tuna «ECJIN A TO.B». [Ipr coob1ieHnn moab30BaTeNi0 pe3yabTaTa YKa3blBaeTCsl HE
TOJIBKO OLIEHKA OTBETA, HO U JIONYIIEHHbIE TPAMMAaTHYECKUE OIMOKH, PEKOMEHIAIIUU
M0 MOCTPOEHUKO B OYAYILEM S3bIKOBBIX OTBETOB, MCIOJB30BAHUIO MPOdEeCcCUOHATb-
HOU JIEKCHKHU

BoIBOALI

Hcnionp3oBanne pa3pabOTaHHOM S3BIKOBOM MOJIENN U aITOPUTMA ITO3BOJISCT:

- OIICHUTHh OTBET, JIaK€ €CJIM B €ro COCTaBE KPOME JIEKCEM, OTHOCAIIUXCA K
npeaMEeTHON 00J1acTH BoIpoca, OyAyT MOCTOPOHHUE JIEKCEMbI UJIU CUMBOJIbI;

- OIIEHUBATh OTBET, €CJIM B HEM OyayT IpaMMaTH4YeCKUe OIMOKH, HE MCKaXaro-
IIIFE CMBIC]I OTBETA.

B nocneayromnux vccie0BaHUsAX B 3TOM HaNpaBICeHUU HEOOXOAMMO KOHKPETH-
supoBath npeactasienue [10B, Bo3MoxHO, BeeUTh Kiacchl [IOB pist auciumiu.
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Y JIK 004.89, 004.93

METOA ®UJIbTPAIIMU BEKTOPOB ITPUSHAKOB B 3A/TAYE
TEKCTOHE3ABUCUMOU NIAEHTUOUKALINU TUKTOPA

H.C. Knumenko
HNucTuTyT npobsieM NCKYCCTBEHHOTO MHTEIUICKTA
MOH VYkpaunsl 1 HAH Ykpaunsl, Kues, Ykpanna

B cmamve npeonosicena moouguxayus memooa udeHmuuxayuu Apu nomouu
Gurbmpayuu MHONMCECMBA 6eKMOPOE AKYCMUYECKUX NPUSHAKOS KAK 00yuaiouell 6bi-
Oopku, max u eblOOpKU mecmupyemozo obpazya. Pezynomamoer uuciennvix uccnedosa-
HUUl NOKA3anU, Ymo OaHHAsE MOOUGDUKAYUsL NO360]em NOBLLCUNIL BEPOSIMHOCTb MEK-
CMOHE3A8UCUMOLL UOeHMuUpuUKayuu Ha 0cHose 00HO20 Klaccuguxamopa. Bmecme ¢
mem, 00beM GbIMUCIEHUL COKPAWAEMCsl 8 CPABHEHUU C UCNONb306AHbIM PaHee Peulaio-
WUM IPABULOM, NOTYYEHHBIM OYCIMUHS-AI20PUMMOM.

BBenenue

JlanHast pabota siBnsiercst mponoipkeHueM [1], roe Obila paccMoTpeHa amanTa-
1Sl aNropuT™Ma OYCTHHIA K 3a7au€ TEKCTOHE3aBUCHMMON HMJIEHTU(UKALNUU JUKTOpA.
TexcToHe3aBUCUMON SIBISIETCS MACHTU(DUKALMS, BBIMOJIHSAEMAsT MO MPOU3BOJILHOMY
(¢parMeHTy 3ByKO3alMCH peun 06e3 MHpopMall 0,€€ TEKCTOBOM COJIEPKUMOM. JTa
BO3MOKHOCTb YCJIOXKHSIET PEaIN3alUI0 TEKCTOHE3aBUCUMBIX CHUCTEM, MOHMKAET MX
HAJEKHOCTh U CKOPOCTh PaCIiO3HABAHUS,

BycTuHr — Meron, OCHOBaHHBIN #Ha KOMOMHHPOBAHUM HECKOJIBKUX «CIa0bIX»
KJaccu(UKaTOpOB B OJMH «CUJIbHBLA». Peutaromee npaBuiio, moyiydyeHHOe OycTur-
anroputMoM AdaBoo0St,moka3pBagT TyHITYE BEPOSTHOCTh PACIO3HABAHUS B CPaB-
HEHUU C €MHUYHBIMU KJIacCU(PUKATOPAMHU.

Pabora 3akimroyaeTcst B NOBBHIIEHUN YPPEKTUBHOCTH €AMHUYHOTO KJIacCU(pUKa-
TOpa JUIsl peUIeHHs] MpoOIeMbE 3HAYUTEIHLHO BO3POCIIET0 00beMa BBIYMCIECHUH, UTO
MPUBEJIO K HEBO3MOXKHOCTH PaboOThI ¢ OOJBLION aKyCTHYEeCKOW 0a30il TMKTOPOB B
pEXHUME PEAIBHOTO BPEMEHU.

Onucanue

Jlst BeIOOpaomxeia GUiIbTpauy ObLT PACCMOTPEH Pl paboT, MOCBAIIEHHBIX KaK
(GUIbTpaLMKM MHOXEETBA BEKTOPOB NPU3HAKOB, TaK U ONTUMM3ALUM [TOJMHOKECTBA Ca-
MUX TIPH3HAKOB [2-4]. MeTon MUHUMATBbHOW M30BITOYHOCTH M MAKCHMAJIBHOM peleBaHT-
HoctH (mMinimum redundancy-maximum relevance, mRMR)emro npumensiercst s
(GrIbTPaMAEPOCTPAHCTBA IPH3HAKOB B 33/1a4aX pacro3HaBaHus 00pa3os [4].

Kputepuii MakcuMalbHONM PEEBAaHTHOCTH HAXOIUT TAKOE MOJMHOMXKECTBO MPH-
3HAaKOB, YTO OHO MaKCHUMM3HUPYET CpelHee 3HAUeHHE B3aMMHON HH(pOpMAIUH MpH-
3HaKa M KJ1acca 1o BCeM MpU3HaKaM, BKIIOYEHHBIM B TOAMHOXecTBO. Kputepuii ObLn
NpUCHOCOOIeH A pelieHus 3afadd (UiIbTpalMu aKyCTUYECKUX IPU3HAKOB cClie-
IYIOLIUM 00pa3oM:

MRMRS)=mg iZl(xi,cj)—i2 21X,
K0S '

| %, X 0s

20



re X — BEKTOpP MHOKECTBA aKyCTHUYECKUX MPU3HAKOB S;
Cj —aKyCcTHUYeCKasi MOZENb TUKTOPa;
S —MOAMHOXKECTBO IPU3HAKOB,
I(X', G) —paccrosiHue B POCTPAHCTBE MPU3HAKOB WJIM KPUTEPUii KOPPEIISIIHIH,

B kadecTBe aKycTHYeCKMX NPHU3HAKOB B JaHHOW paboTe BhICTymarT Mer-
YaCTOTHBIE KENCTPaIbHbIE KOA(P(UIIUECHTHI, 3apEKOMEHIOBABIIHE Ce0s KOMIAKTHBI-
MU ¥ MHPOPMATUBHBIMM MPU3HAKAMU BO MHOKECTBE COBPEMEHHBIX HCCIEAOBAHMM
KaK 10 Paclo3HABaHUIO pe4H, Tak U aukropa [5, 6]. BekTop npu3HakOB=EQHOIHECH
MPOU3BOAHBIMH OT aHAJOTUYHBIX KOA(D(PHUIIMEHTOB, MOTYyUYEHHBIX MMO/COCETHUUM OK-
HaM, JIJIs ydeTa IMHaMH4YecKon cocTaBisitonieil. Takum oOpa3om, @bI1as AJIMHA BEK-
TOpa NpU3HAKOB paBHA 39.

B pamkax maHHOU pa®OThI mJis KiacCU(pUKAIMKM UCIOJIB30BaH METO/ TayCCOBX
cMmeceil. IToT Ki1accu(puKaTop MOKET MPEACTABIATh COO0M aHATORHUIO CKPBITON Map-
KOBCKOM MOJIETTM C OJHHM COCTOSIHHEM. MoJenu TrayCcCOBBIX CMECEe OTOOpa)karoT
KJIACCHI B MTPOCTPAHCTBE MPU3HAKOB B BUJIE MHOTOMEPHOTO BEPOSITHOCTHOTO pacipe-
nenennsi. Kitacc onuceiBaeTcs Kak B3BElIeHHAs CyMMa M _HOpMalIbHBIX pacmpenene-
Huil. Takum o0pazoM, MOJIENb OMHUCHIBACTCS BEKTOPAMH MaTeMaTH4YEeCKOTO OXKHUia-
HUS, KOBapUAIIMOHHBIMU MAaTpPHUIlAMU W BECaMHU CMeCed ISl KaKI0ro KOMITOHEHTa
moenu [5]. CriocoOoM OICHKH TTapaMeTpOB MOJCIHHM SBJIICTCS METO]T MAaKCHMHU3AIHH
paBIONOA00HS.

Monudukammeir MeToa raycCoBbIX CMeCel M, IVIaBHONH 0COOEHHOCTBIO MPEAsio-
KEHHOW CXEeMbl UIACHTU(DUKAIMHU SBISCTCS, YICTHIIUPOKUX (HOHETHIECKUX KIIACCOB
(LIDK) - MmHOXKECTBA, XapaKTEPU3YIOIIELO. aKYCTHISCKOE MTPOCTPAHCTBO TOJI0Ca JIUK-
topa. [IIOK B nanHO# paboTe MpeaCcTaBISIIOT aKyCTUYECKHE COOBITHS, HA OCHOBAaHUHU
KOTOpBIX MJET JanbHeilmas padorta MeronoB kinaccupukanuu. [LIOK onuceiBaror
ornpeeneHHbie (GoHeTHYecKre coObITUs\(TTacHble, GPUKATUBHBIC U T. 1.), IO KOTO-
PBIM B OTAETHLHOCTH (DOPMUPYIOTCS,AKYCTHUECKUE MOJIEH, B COBOKYITHOCTH TIPE/I-
CTaBJISIONINE «KOMIUIEKCHYIO» MOJIeNb TuKTopa. [lo pe3ynbraram YHCIIEHHBIX HC-
clieloBaHU ObLT MCIOJIb30BaH coctaB u3 uetbipex LIIDK: rimyxue, 3BoHKHE, COHOP-
HbIE U TJIacHbIe. Takol COCTAaB WMPHU3HAH ONTUMAJIBHBIM JIJISi 3BYKOB PEYH PYCCKOTO
S3bIKA TI0 TIapaMETPaMsMEXKIACCOBOTO M BHYTPHKJIACCOBOTO Pa30OpPOCOB BEKTOPOB
MPU3HAKOB B X0JI¢ TIPOBEACHHOIO YHCICHHOTO UCCIeoBaHs [1].

C yuerom npeAiioKeHHoro Kputepus GUiIbTpauu Ha OCHOBE UMEIOIINXCS pa3-
paboToK ObUIO CHOPMHUPOBAHO MHOKECTBO KJIACCH(PUKATOPOB JJISI TIPOBEICHUS YHC-
JIEHHOTO MCCIIGNOBAHUA. B Hero BKIIIOYEHBI KJIACCU(PHUKATOPHI HA OCHOBE OJHOIO U
BCEX IIMPOKAX (DOHETHYECKUX KIJIACCOB, a TAKXKE pEIlalollee MPaBWIO Ha OCHOBE
OyCTHUHT-IFOpUTMA. 3BYKO3AMKUCH JUKTOPOB OBLIN B3SITHI M3 OOIIEAOCTYITHON Oa3bl
VoxEorge [7]-breuia noaydeHa BoiOOpKa 3ByKko3amucedi 50 qukTopoB. 3ByKO3amnucu
NpENCTaBleHsl B Bulle WaVv-hailjoB ¢ riayOMHON KBaHTOBaHUS 16 OMUT M 4acToTOM
nuckpetusannu 16-44,1xI'11. Bece nukTops! 3amucansl AUHAMUYECKAM MUKPO(HOHOM
B CHOKOWHOM SMOIIMOHAJIBHOM COCTOSIHUH, 38 TUKTOPOB — MYKUMHBI, 12 — XKeH-
1111205158

HccnenoBanus mpoBOAMIMCH HA 00YUYaOIMIUX BEIOOPKAX C pa3HBIM KOJIMYECTBOM
pacrno3HaBaeMbIX KiaaccoB (qukTopoB) oT 2 1o 50. O0yueHue mpoBoAMIOCH Ha (par-
MEHTaxX peYd JAUKTOPOB MPOJOKUTENBLHOCTHIO OT 8 no 35 cekyHa. Pacno3naBanue
MIPOBOJIUIIOCH TIO (pparMeHeTaM IUKTOPOB TOH K€ CECCHHM 3BYKO3AIMMCH IPOIOJIKHU-
TEJTBLHOCTBIO 5-7 CeKyH/I.
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[IpoBeneH cpaBHUTENBHBIA aHAIN3 ((EKTUBHOCTH HIESHTH(PHUKAIMU JUKTOPA
knaccudukaropamu 1o oraenbHbM DK, KOMITIEKCHBIM KiTaccu(UKaTOpoM Ha UX
OCHOBE M KOMIIO3MLIMHUEH Kiaccu(UKaTopoB. 3aBUCUMOCTh BEPOSTHOCTH PacIio3Ha-
BaHUS OT pa3Mepa oOyyaromield BeIOopku (konmdectBa Monener aukropa) 2 < N < 50
MO3BOJIIET YyCTAHOBUTD!

— ¢unbTpanus yYBEIUYHBACT BEPOSTHOCTh pACIO3HABAaHUS B CpPEIHEM Ha
3,9+1,81%1 < 0,05)mpu 10< N < 5010 cpaBHEHHIO C MTOIHBIM MHOXKECTBOM TIPH-
3HAKOB,;

— TIOBBIIIEHUS BEPOATHOCTH PACIIO3HABAHUS BO3MOXKHO T0OUTHCSLOOSI3aTeIbHOM
¢unbTpanueit ooyyvaromeil BHIOOPKH, B TO BpeMsl Kak (UIbTpaLUs TECTOBBIX BEKTO-
POB MPU3HAKOB Ja€T HECYIMIECTBEHHBIN MPUPOCT (32 UCKIIIOYCHUEM INHUTIBSIIIUX 1 TIy-
xux [DK).

CpaBnenune 3¢p(HeKTUBHOCTH KOMJIEKCHOTO KJIaCCH(PHUKATOPa C PeLIaroluM IMpa-
BUJIOM, TIOCTPOEHHBIM aJITOPUTMOM OYCTHHTA HA MHOXECTBE TEX e Kiiaccu(pukaro-
POB MOKAa3aJI0 MPEBOCXOACTBO OYCTHHTA MO J10JIe BEPHO WIACHTUPUIINPOBAHHBIX TUK-
TopoB B cpeaHemM Ha 1,1 £ 0,6% f < 0,05)mpu 10< N <50.

BoiBOABI

[IpensioxkeHO HCMONB30BaHUE KpUTEpUsi (PUAbTpAIMN MPU3HAKOB JIJIsi OTCEBA
BEKTOPOB AKYCTUYECKHX MPU3HAKOB MPUMEHUTEIBHO, K 3aa4€ TEKCTOHE3aBUCUMOMU
UACHTU(GUKALIMY TUKTOPA, BKIIOYAIOIIEH MPEABAPUTEIILHYIO CETMEHTALMIO M0 IIH-
pokuM ¢ouetrueckuM kiaccam (ILIDK). [Tokazano, uto uiabTparms yBeaIMunBacT
BEPOSTHOCTH pacrio3HaBanus B cpeaneM Ha 3,9 +1,81% 1§ < 0,05)mpu 10< N < 50
[0 CPABHEHHUIO C MIOJIHBIM MHOKECTBOM ITPU3HAKOB.

[Tonyuyun nanbHeiiee pa3BuTHe pOOACTHBIN METOJ KiIacCU(UKAIMU HAa OCHOBE
rayccoBbIX cMmecei. Ero nmpuMeHeH#s €)BO3PACTAHUEM KOJUYECTBA MOJEIIEN JUKTO-
POB TMOKa3bIBACT 3HAYUTEIBHOE COKpAIEHHUE 00beMa BBIUMCIECHUMN MO CPABHEHUIO C
penaroumM IpaBuiioM Ha OCHOBE OyCTHUHT-aJITOpUTMAa.
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YJIK 004.8+616.008

PA3PABOTKA MHTEJUIEKTYAJIBHON CUCTEMBI
C BUOAJJTATITUBHBIM YIIPABJIEHUEM JIJISA
INCUXOPU3NOJOI'NMYECKOU KOPPEKIIUN

1
N.B. Kauyp
1
NuctuTyT mpobiieM HCKYyCCTBEHHOTO MHTEIIEKTa MUHHUCTEPCTBA 00pa30BAHUS U
Hayku Ykpaunbl 1 HanimoHansHOM akajgeMuu HayK Y kpaunbl, Kue, YikpauHa;

ObocHosana HeoOX00UMOCIb UHMENLIEKMYANbHbIX CUCEM, HANPAGTIEHHbIX 05
KOppeKyuy NCuxo@u3uoiIocu4ecKko20 COCMOHUSL Yel08eKd, HAX0OAWELOCs 6 YENOBUSIX
HaodsKkcmpemanbHulx 6030eticmeuti. Tlokazana cmpykmypa u @QyHKyuu ynpasisaoujux
O10K068 0anHOU cucmemol.

BBenenue

B coBpeMeHHOM MupE, HECMOTPSI Ha BBICOKVIQ CTEHEHb aBTOMAaTH3AllMU MPO-
MBIIIJICHHBIX IPOLECCOB M MPUMEHEHNE TEXHOJOTUH, VIAISIONINX YeJIOBeKa U3 KOH-
Typa YIOPaBIICHUS ONACHBIMU MEXaHU3MaMH, 00QPYAOBaHHWEM U T. II., BHICOKHM OCTa-
€TCsl 3HaYEHHE YEeJIOBEUYECKOro (hakTtopa nmpu NpUHATHN PELIICHUM.

AHanu3 3apy0eXKHbIX NMYOJIMKalMi MOKa3BIBAET, YTO B 00JACTH HCCIEIOBaHUMN
ncuxo(hU3HOIOrMUYECKUX COCTOSHUN YeI0BeKa HPEMkKIEe BCEro pacCMaTpUBAIOTCS IKC-
TPEMaJbHbIE YCJIOBUS UIsl OTAENbHBIX Mpedeccuii: pabOTHUKOB aBUAKOCMUYECKON
OTpaciu, BOAUTENEH, ONIEPATOPOB CUCTEM.C BBICOKON OTBETCTBEHHOCTHIO 3a MPHHSI-
THE PEUICHH, BOCHHOCIYKAIIUX MPH BBITOMHEHUN MPOdeCcCHOHANbHBIX 003aHHOC-
Tel BO BpeMs OOEBBbIX NEWCTBUM, MPEACTaBUTENCH CIIyKO Upe3BbIYAHBIX CUTYaIIUN
[1-5]. OcoOeHHOE BHMMaHUE yIESETCS U3MECHEHUSIM KOTHUTHBHOTO BOCHPHUSATHS U
OBICTPOTHI PEAKITUHN.

[Ipu onHO3HAYHOM NPU3HAHUU KpaliHEe HETraTUBHOTO BIUSHUSA NEHUCTBUS CTpEC-
COBBIX (hakTOPOB, cUCTEM, KOTODBIE ObI pelianu MpoOJIeMy MPEIYIPEXKICHUS U HU-
BEJIMPOBAHUSI CTPECCOBBIX, CHTYAIMI, OCYIIECTBIISAS MCUXOKOPPEKIIHIO, OCOOEHHO B
OKCTPEMAJIbHBIX YCIIOBHUSX, Ha TAHHBI MOMEHT He HaizeHo [3].

OpHoit u3 npoOaeM, BWTON 00slacTu cTaja mpobjiemMa peaduIuTalud BOCHHOC-
JTyXKaIMX Mocie MpedbiBauMs B 30He 00eBbIX neiicTBuil. [lanHas nmpoOiema He ucc-
JefoBaHa B YKpauHe, TaK KaK Ha MPOTSKEHUU MHOTHX JIET He ObUIa aKTyaJIbHOM JIJIst
VYkpaunbl. Cerogus Hailla cTpaHa CTOJKHYJIAach C BbI30BaMH, CBSI3aHBIMU C MPOBE/IE-
HUM aHTUTEPPOPUCTHUECKON omnepanuu Ha cBoer Teppuropuu. bonee 40% Boennoc-
JTy>aIIuX, BEPHYBIIUCH U3 30HBI OOEBBIX IEHCTBUM, CTPAJAIOT MOCTTPAaBMATHUYECKUM
CTPECCOBBIM/ PACCTPONCTBOM, KOTOPOE HUMEET pa3pylIUTEIbHbIE MOCIAEACTBUS IS
MICUXWKHU, MOKET MPUBOAUTH K aCOLMATIN3AIMU 1eMOOUIN30BaHHBIX, JETPECCUBHBIM
WArpecCUBHBIM COCTOSTHUSM U JIaXKe CYUIIUAATBHBIM MTOCIEICTBHUSIM.

CoBpeMEHHBIMU HCCIIEOBAHUSAMHU J0Ka3aHO, YTO 3((PEKTUBHBIMU CPEICTBAMHU
YBEJIMYEHUSI BHIHOCIMBOCTH, BOCCTAHOBJICHUS (DYHKIMOHAIBHBIX PE3EPBOB OpraHU3-
Ma, MPO(PUIAKTUKH Pa3BUTHS HEONArONPHUATHBIX (HYHKIMOHAIBHBIX COCTOSHUMN, CUU-
TAIOT METOJIbl, K KOTOPBIM OTHOCSAT: (PU3MOJIOTHYECKHE cpencTBa (PU3UUecKue U Jbl-
XaTeNnbHbIe YIPaXXHEHUs, BOJHBIE MPOLEAYPhl, HH(ppaKpacHOe U YIbTpaduonaeToBoe
U3ITyYeHUE, KOHTPACTHBIE TeMIIepaTypHbIE BO3ACUCTBUS, THIIEPOAPUIECKYIO OKCUTE-
HAIMIO U T. J.); ICUXO(QHU3UOJOTHUECKUE CpeCcTBa (anmapaTHble U KOMITBIOTEPHBIC
METOAMKH ¢ HHPOPMAIIMOHHON OMOJIOTHYECKOW 00pPaTHOM CBS3BIO).
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Onucanue ycrpoiictBa

[Ipennaraemas MHTENIEKTyajdbHas cuUcTeMa MCUXO(MU3UOIOTMYECKON peaduiu-
TallMy 4YeJIOBeKa MpHU NpeObIBAHUU B HAAIKCTPEMAIbHBIX YCIOBUSX MPEACTABISET CO-
00l COBOKYIHOCTh METOJIMK OLEHKU, TUATHOCTUKU U KOPPEKIMH MCUXO(PU3NO0JIOTHYE-
CKOTO COCTOSIHHS OpraHu3Ma 4YelOBEeKa U KOMIUIEKC MPOrpaMMHO-TEXHHUECKUX
CPEICTB ISl MX peau3aliu. DIEMEHTbl IPOrPAMMHO-TEXHUYECKUX CPECTB Peatn3o-
BaHbl B IHCTUTYTE MTPOOIEM UCKYCCTBEHHOTO MHTEJUIEKTA B BUJIE POOOTOTEXHUUYECKUX
CUCTEM, CUCTEM U TEXHOJIOTHI pacrio3HaBaHUs 3PUTEIbHBIX U PEUYEBBIX 0OPas3OB.

JlanHasi Hay4yHO-TEXHHYECKasi pa3paborka MHcTHTyTa mpobieM MCKyCCTBEHHOTO
unTeiviekTa (KueB, YkparHa) He perraeT BceX MpoOsieM peaOMIhTaliH, HO MPEI0CTaB-
JSIeT OJJMH U3 MHCTPYMEHTOB B 3TOM HAIPaBJICHUH,TaK KaKk OCHOBaHAa HA CO3JAHUM TEX-
HUUYECKUX CPEICTB KOHTPOJIS (PM3HOIIOTMYECKUX TMOKa3zaTesel uefioBeka, ¢ pa3paboTKoil
MHTEIIEKTYaIbHBIX TEXHOJIOTHI aHaIn3a COCTOSIHUS U YIIPABJICHHsI WM C YU4€TOM 00part-
HOM OHonorudeckor cBsizu. MTak, 1enpio paboThl CTajo co3/1aHie HOBOM BhICOKOA(D(hEK-
TUBHOM CUCTEMBI NMCUXOPU3UOTIOTMIECKON KOPPEKIIUU B YCIOBUAX ACHCTBUS HAJIKCT-
peManbHbIX (PaKTOPOB 32 CUET pa3pabOTKU MHTEIICKTYaIbHOU CHCTEMbI JUATHOCTHU-
KU U KOPPEKIMH MCUXOPU3NO0TOTHYECKOTO COCTOSTHUS YEIIOBEKA HA OCHOBE HOBBIX U
YCOBEPILIEHCTBOBAHMSI CYIIECTBYIOUIUX METOJUK MCUXO(PU3NOIOTHYECKON AUarHoc-
THUKHU ¥ KOPPEKITUH.

B unTemnekryanpnyto cucremy (MC) mogawTes CUrHajbl ¢ 1aTYMKOB OCHOBHBIX
BUTAJBHBIX TIOKAa3aTeNed, KOTOPBIE SIBIAIOTCS (MapKepaMu peann3aluu cTpecc — pea-
KIuu (4acToTa CepACYHBIX COKPANICHUN, MOKA3ATEM BapuaOEIbHOCTH CEPJECUYHOTO
pUTMa, IOKa3aTeNU AbIXaHUs, MHOTpaUUECKUe Moka3aTenu, TeMeparypa Teina, mo-
TEHIMAJ KOKU U T. 1.). bjok nmpuema HanpasiieH Ha GopMUpoBaHHe 0a3 TaHHBIX HH-
dbopmanuu; 6510k 00paboTKK MH(pOpMaNHuUS TpeoOpa30BbIBACT U UJACHTHU(HULIIUPYET
CUTHAJIBI TaKUM 00pa3oMm, uto ympasistomunii 61ox MC npuaumaer pemenue u op-
MHUPYET COOTBETCTBYIOIINE YIPABISIOIIME CUTHAIBI BO30YKICHUS WIH TOPMOKEHHUS.
baza 3HaHuii, KOTOpas HAXOJIUTCA B OJIOKe 00pabOTKM MHGOpPMAIIMH, MOMOJHIETCS
MaccuBaMu HH(OpMAaINK, KOTOpas BIOCIEICTBUM HHTEPIPETUPYETCS SKCHEPTHOM
cUCTeMOM aJisi GOPMUPOBAHKS TOFO MJIM MHOTO TUIIA BO3/ICHCTBUM.

KOHCTpYKTHBHO CHETEMA MPEICTABIACT COOOW HuIeM (C IENbI0 BBITOJIHEHHS
3alUTHOW (PYHKIIMH), OCHAICHBIH BHOPOAKTyaTOpaMH, YCTPONUCTBAMHU sl THEBMO-
KOMITPECCUOHHOTO/MaCcaXa peQIEKTOPHUX YYACTKOB T'OJIOBBI, YCTPONCTBAMH IS
MOJIayll 3BYKOBBIX M BHJICOPAIOB ISl TOCTHIKEHUS HEOOXOAMMOTO JO3UPOBAHHOTO
penakcupyroieropdexra.

Cucrema mpeycMaTpyuBaeT NPUMEHUE B CTAlMOHAPHBIX HIIM MOJIEBBIX YCIOBU-
AX JUIsl TPOBENCHUS MCUXO(PHU3UOIOTUYECKON KOPPEKLM HETMOCPEICTBEHHO B 30HE
HAIDKCTPEMAIBHBIX BO3ICHCTBUM.

[TpuHIAM neficTBUS MHTEIIEKTYaIbHOTO IJIEMa OCHOBaH Ha 3 dekTe O1oIoru-
YECKOM 0OpaTHOM CBSI3U, OCHOBHOM MPUHIIUIT — CAMOPETYJISIHS BCEX OMOTOTUYECKUX
CUCTEM, ISl OCYIIECTBIECHHUS 3TOT0 MAIlMEHTY B PEKUME PeaIbHOr0 BpEMEHHU MpeJo-
cTaBJsieTcss MHGOPMALIHMS O COCTOSSHUM OPraHU3Ma U O HEOOXOJUMBIX HaIpaBICHUSIX
M3MEHEHUH C LEeIbI0 YCTPaHEeHUs MPOOJieM WM paclIMpeHus: Bo3MokHocTel. dusn-
OJIOTMUYECKH JIEUCTBHE IIJIEMAa OCHOBAHO HA OMOAIalITUBHOM YIIPAaBICHUHU.

HccnenoBanusi MHTEIIEKTYalbHOM CUCTEMBI, KOTOpas B PEKHUME PpEaTbHOTO
BPEMEHU OCYUIECTBISIET AMArHOCTUKY, MOHUTOPUHT MoOKa3arenael ncuxodusnonoru-
YEeCKOT0 COCTOSIHHSI, BbIOMpaeT MpoleaAypbl, Haubojaee MOIXOIAININEe KOHKPETHOMY
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YEJIOBEKY Ha OCHOBE NMPUHSATHUS pelIeHul B skcriepTHou cucteme. MC uMmmer B coc-
TaBe 0a3y JaHHBIX O MAIMEHTaX, TEKYIIyI0 HH(GOPMAIINIO O TPOBEACHHBIX MPOIETY-
pax U uX pe3yJbTaTax, YTO IMO3BOJSET ONEPATHBHO AHAIM3UPOBATH PE3YJIbTATHI U
BHOCHUTH KOPPEKTUBHI B MIPOIIEyPHl U IPOrpaMMHOE oOecrieueHne cuctembl. Kpome
TOTO, B JIONOJHUTEIFHOM BCTPAUBaEMOM OJIOKE, OCHAIIIEHOM YCTPOMCTBAMU Mepe/a-
yu uH(pOpMaIK, BO3MOXKEH OH-JIaliH PEXKMM MOHUTOPHHTA COCTOSIHUS TOKa3aTesen
YEJIOBEKA HA YJTAJICHHBIM MEIUIUHCKAMN TyHKT.

[IpeumyiiecTBaMu JaHHOM UHTEJUICKTAILHON CUCTEMBI SIBJISIFOTCS 0OBEKTUBHBIN
KOHTPOJIb TICUXO(H3UOJIOTHIECKOT0 COCTOSIHUS TAlMeHTa, BO3MOXKHOCTB ajialTaiuiu
MPOIIeTyPhl peabmINTallY K MHANBUIYATEHBIM OCOOSHHOCTSIM YEJIOBEKa, aIarTalius
caMoM MpoIEaypbl HEMOCPEICTBEHHO BO BpEeMs pellaKcalivu, cOop B CTAaTUCTUYECKUI
aHaJIM3 JAaHHBIX O COCTOSHUM TAIlMEeHTa ¢ XpaHeHHeM uHpopMamnu B 0a3e JaHHBIX,
W3y4YECHUE JUHAMUKU COCTOSIHUS MAIMEHTA ¢ BO3MOXHOCTBIO OHEHKU COCOTSHHUS IMa-
I[MeTa C MOMOIIBIO TeIEMEIUIIMHBI, UHPOPMATUBHOCTh METOIOB.

BriBoabI

Pe3ynbratel mpoekta OyayT UMETh IIUPOKOE BHEIPEHUE, TAk KAaK HAMpPaBJICHbI
Ha MPEOI0JICHUE COLUAIbHO-PKOHOMUYECKUX YOBITKOB JJIsi BCEro oOIIecTBa, ycue-
HUe 0€30I1acHOCTH U 000POHOCIIOCOOHOCTH; TaK KakK MOCI€ACTBHS CTPECCOBBIX BO3-
JEUCTBUI MPOSIBISIIOTCS HA MPOTSHKEHUH MHOTHX JIET,IIOCIE y4acTus B OOEBbIX Jeiic-
TBUAX U IPUHOCST MOTEPU BCIEACTBHE NCUXUYECKUX 3a00JIEBaHUM, CONOCTABUMBIE
M0 YHCJICHHOCTH C OOEBBIMH TOTEPSIMH (IO CTATUCTHKE IOTEPH CPEIU BOCHHOCITY-
xamux CIIA nmocne npebsiBanus Bo BoetHame, Mpake, Aranucrane mpeBbICUIH
OoeBble TOTepH). Peanmuzanys NaHHOW MHTEIIEKTYalbHOW CHCTEMbI IO3BOJIUT pe-
AT PsJl BXKHEUIIUX NPOoOJIEM U JUIsh BOCCTAHOBJIEHHS pabOTOCIIOCOOHOCTH U CHU-
’KEHHIO YPOBHS CTPECOBOTO BO3ACUCEBUS WIS IpeJCTaBUTeNel nmpodeccuit, rae He-
00XOMMBbI OTBETCTBEHHBIE PUHATHS pEHICHUI.
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VJIK 681.327

KOPPEJISIIUOHHBIN AJITOPUTM COBMEINIEHUSA KAJIPOB ITPH
INOCTPOEHHHU ITOJIHOT'O U30BPAKEHUSA

C.M. Asaxos’, B.B. Boponos®
'0AO «KBTOM-OMO» I'HITO Toutoro marmnoctpoeHus «I lnandap»,
MuHck, bemapych
2Focyz[apCTBeHﬂoe Hay4dHOE yupexaeHne «O0beTMHCHHBI HHCTUTYT
npo6iem nnpopmaruku HAH benapycu»,
MuHck, bemapych

B pabome npeonocen npubaudxcennvlii aneopumm 07 PopMUPO8anus noIHO20
usobpadxgcenuss N0 COBOKYNHOCMU PACMPOBLIX KAOPO8 u300paxicenuil. Aieopumm oc-
HOBAH HA UCNONL30BAHUU CHEeYUATbHBIX I8PUCMUK, YMO 0Decneuusaem cosmeujerue
obnacmeiti nepekpvimusi 6e3 UCNONb308AHUsL PENEPHBIX MOYEK.

BBenenue

Bonpmme n3o0paxeHus, Kak MPaBUIIO, MPEACTABISIOTCS COBOKYIMHOCTHIO Kal-
POB C HEKOTOPBIM MEPEKPHITUEM COCEIHUX KafpOB. 3anaya GopMUPOBaHUS MOJTHOTO
N300pakeHHs 10 COBOKYITHOCTH KaJpoB TMOJyUYHiia Ha3BaHUE CITMBKH KajapoB. Eciu
CIIIMBaeMbI€ Kapbl KIMEIOT OOIIHE TOUYKH KaJpOB. (periepHbie METKH JIHOO HEKOTOPbIE
JApYyTUe OMOPHBIC TOYKH), TO 3aJla4ya CIIMBKM,CBOJANTCS K MEpecyeTy KOOPAUHAT Kal-
POB B eIMHYIO cucTeMy koopauHat [1]. FTpu 3ToM, eciu perepaMu sSBISIOTCS o0Jac-
TH, BHaJaje HAXOIUTCS TOJIOKEHHE, TIPH KOTOPOM CyMMa HOPM OIIMOOK IJisi BBI-
OpanHbIX K METOK MUHUMU3UPYETCS:

K
M =argminY.| X - Y(mn)|, (1)
m,n =1
ric BEKTOphI X 1 Y| IPECTaBIsiFOT COOTBETCTBYIOIIHUE I-€ BHIOPAHHBIE 00JIACTH KaIPOB.
B psine TexHWYECKUX, MPHIQKEHUI COBMEINIAeMbIe KaJphl HE UMEIOT BBIJICIICH-
HBIX OMOPHBIX TOYEK, A M3BECTHHI JIUIb CPEAHEE 3HAUCHUE TIEPEKPBITUS I HEKOTOPOE
JOIyCTUMOE OTKJIOHEHHE OT 3aJaHHOTO 3HadeHus. [[pumMepoMm Takux HM300paKeHHM
MOTYT CITY)KUTh U300paxkentsi, opmMupyembie aBTOHOMHBIME poboTamu win BJIA. B
ATOM CIlydae CIMMBKA KaJIpoB M300paXKeHWH OCHOBaHA HAa aHAIM3e WH(POPMAIMH B
00JacTax MepeKPBITHS COCETHUX KaapoB M ONPEICICHUN CTETICHH PAa3Id4usl Imepe-
KPBIBAOIIUX S, 001aCTeH UM X CXOJICTBA, KOTOPBIE OBl ¢ MAKCUMAIILHO BO3MOYKHOU
TOYHOCTHH W IOCTOBEPHOCTHIO MO3BOJISITN JIOKAIM30BATh ()ParMeHT.
Mepa €X0AcTBa MOXKET OBITh ONpe/eneHa depe3 (PyHKIUIO pPACCTOSHUSA: CUUTA-
eTes, 4To nuKcenu cxoxu, ecnu d(py, p,) <A, rae A — HEKOTOpbI YCTaHOBJIEHHBIN

nopor. Ecmu B kauectBe Mepbl pazinmuus B HekoTopoM mmkcene (K, |) Oymxem Opatpb
CPEIHEKBAIPATUYHYIO OITUOKY

e2(k) =221 R(% Y~ p(x+ky+1)]*, (2)
Xy
KOTOpasi MUHUMH3UPYETCS MepedopoM BCEX AOIMYCKAEMBIX CABUIOB 3TaJOHA MO 3a-

TaHHOW 00JacTH CHUMKA. CUUTACTCS, YTO B TOYKE IKCTPEMYMa peain3yeTcss CXOJICT-
BO, €CIIH £° (k,I)< A, tne 4 — HEKOTOPHIN yCTAaHOBIIEHHBIH TIOPOT.
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KoppensaiuoHHbIi MOaX0/1 XapaKTepru3yeTcs: OOJIBIION BBIYUCIUTEIBHON CIOXK-
HOCTBIO, TIOATOMY HCIIOJIB3YIOTCS CIEIHATbHBIE MTPE0oOpPa30BaHUs, YTOOBI YCKOPHUTH
BBIYKCIICHUS Koppesauu. [IInpoko ucnosib3yercst mpu NOCTPOCHUH HAUIYYIIIETO CO-
BMEIIICHUS TEPEKPHIBAIOIMINXCS 00JacTel crocod, KOTJa BBEIOMPAIOTCS HEKOTOPHIC
oOmue 00JacTH, KOTOPhIEC CYIIECTBEHHO MEHBIIE, YeM 3aJlaHHBIC COBMEIIaeMbIe 00-
nactu. B mokiane npemiaraeTcss OICTPBIN aIrOPUTM TAaKOTO THIIA, KOTOPBIH COCTOUT
U3 JIByX IIIaroB. KOPPEJSIMOHHBINA MOUCK KIIFOUEBBIX TOYEK U BBHIYMCIICHHUE HX JTECK-
PHUIITOPOB; MOKUCK TOJIOKEHUS KaApOB, MUHUMHU3HUPYIOIIETO KOPPEIALMOHHYIO (PyHK-
IO COBMEIEHHNS 10 BBIIEIEHHBIM KIIOYEBBIM TOUKAM.

1. IToucK KII0YEBbIX TOYEK

JI71st IOMCKa KITFOUEBBIX TOUEK ObUIM MPOTECTUPOBAHBI CIEAYIOIINE AITOPUTMBI T10-
HCKa KJITFOYEBBIX To4eK U ormucanus aeckpuntopos: SIFT, SURR1ORB. TectupoBanue
NPOBOAMIIOCH HA CIEIYIOIIMX JaHHBIX: pazMep kaapa 64480 rukeeneid, pazmep obiac-
TH IepeKphITUs 46x28, uncino kanpoB 3542,001m1ee yucio nepekpoitiii 3234, pa3mep o-
Horo u3o0pakenust 455M0, uncio u3o0paxenuit 7 (OOumi pazmep’ nanHbix 3185M0).
B pesynbrate BeiOpan anroput™ SIFT [2], koTopsiit mokazan 969 ommbok moncka
KIIIOYEBBIX ToueK (mBa npyrux anroputMma 79 %u 76 %co0TBETCTBEHHO).

OnTuMH3aIMs TTOMCKA BBITIONHSAETCS HA OCHOBAHUU CIEIYIOIINX OTPAHUYCHUNA

1. [Mouck cmemieHuil KagpoB BeAETCs TOMBKO B, 00JACTH MEPEKPBITHS JaHHBIX
KaJpOB W HEOOJBIIOW OKPECTHOCTH 00JacTH “HEPeKphITHs (pa3Mep OKPECTHOCTH
MEHBIIIE pa3Mepa 00JIaCTH MEePEKPBITHS).

2. Vickomplii 11a0JIOH HE IMEET UCKAKEHNH TEOMETPUIECKUX XAPAKTEPUCTUK HA
N300paKCHHSIX KaIPOB.

2. AIrOpUTM CIIMBKH

C y4eToM JaHHBIX OTPaHMYEHHH aJrOpUTM CIIMBKHA KaJpOB MOXKET OBbITH pac-
IIMPEH C UCIOJIL30BaHNEM METOMA CKOJIB3AIICTO IpocMoTpa. Mies MeTo1a ocHOBaHA
Ha MOMCKE MaKCHMyMa KOPPEJISAINA MMECIOIIETrocs MmadoHa Ha 3aJaHHON o0yacTtu
noucka (puc. 1). [Ipu 3TOM OCYIIECTBISIETCS TMOCJICIOBATSIIBHOE COMOCTABICHHE
AMeEIoIIErocst oopasma c.u300pakeHeM B KaXKI0M TOUKE.

% WabnoH ona noncka

O6nacTe Noucka

ObnacTe nepeceyeHus

Pucynok 1 —Cxema pacnonioskeHus 00JaCTH MOMCKa U Ma0JI0Ha MOUCKa
JUTSL IBYX KaJIpOB U300pa>keHust

OTcrofa mepBbIil 3Tan anroputMa OyAeT CIEAYIOLUUM Ji BCEX COCETHUX H30-
OpakeHuil KaipoB B 00JIACTH MEPEKPHITHS:
1. Beiuucnenue MakcuMyma KOppesiliiy B 0071acT NEPEKPHITHSI IBYX KaJIPOB.
2. Ecnu HaiiieH eAMHCTBEHHBIN MaKCUMYM, TO TIEpEeXo]l 1.6
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3. BrImoHsAETCS TOUCK KITFOUEBBIX TOYEK U BEIYMCICHUE UX JIECKPUIITOPOB.

4. BeinensitoTcsi COOTBETCTBYIOIIUE APYT APYTY KITFOUEBBIE TOUKH.

5. Beigensercss mogHabop TOYEK MaKCHMAJILHOTO pa3Mepa ¢ OAMHAKOBHIMU Tia-
pamMeTpamMu CMEIICHHM, OCTABITUECS TOUYKH OTOPACHIBAIOTCS KAK JIOKHBIE.

6. Beraucisitorest cMeneHus 1 OTICHKY KadecTBa JjIs map KaJapoB.

TectupoBanue ¢ rcnoip3oBaHueM onomoTekn 0penCVitokaszao, 9To BEIYUCICHUE
MaKCHMyMa KOPPEISITUH BBITIONHSAETCS B 3 pa3a ObICTpee, YeM MOKCK KITFOYEBBIX TOUYCK U
BBIUUCIICHUE IECKPUNITOPOB. [Ipr 3TOM B 3aBUCHMOCTH OT BXOJIHBIX JAHHBIX KOPPEKTHO
€IMHCTBEHHBIN MakcuMyM onpenensarcs 1t /0-97%map kaapos.

3. Peasimzaums aaropurma

OcuoBueiM MoxynieMm siBisiercst ssapo GUI (GraphicUserlInterface peanu3yro-
mee peaakTop W cpenctBa (GopMupoBaHus OMOIMOTEKH (PArMEHTOB IS TIOWCKA,
OCYIIECTBISIIOIIEE TAKXKE BBI30OB APYTUX MOIYJei: mpenoOpabeTku n300pakeHui
(KOPPEKTHPOBKH TIOJIOKEHUST KAJAPOB, KOPPEKTHPOBKH IPKOCTH) U TIOMCKA OOBEKTa
v mabsona (puc. 2).

GUI

Mony b
> KOPPEKTUPOBKHU
- Snpo GUI - TIOJIOYKESHUS

A

[
A 4 v

Mony ik
KOPPEKTUPOBKU
SIPKOCTU

Monysib noucka
mabJoHa

4 A

\ Y v

daiisioBas cucreMa / ba3a jaHHBIX -4

Pucynok 2 = Cxema B3auMoJIeiiCTBUS MOy ICH

AnTopuTMBI peanu3oBaHbl. Moaynau pa3paboTaHbl HA OCHOBE OPUTHHATBHBIX
QITOPUTMOB C WCIIOJIb30BAHWEM pacrlapauleIMBaHusl Ha [IEHTPAILHOM U Tpaduye-
CKOM TIpoIieccope ¢ uenodibzoBanreM TexHojoruii OpenMP, CUDAu/umun OpenCL
u 6ubmortexku anroputMoB. OpenCV, rpaduyeckuit maTepdeiic paspadboran Ha 0aze
Kpocc-aTGopmMeaHOro HtHeTpymenTapus Qt.

3akJIroueHue

Bce paspaborannbie mporpaMMHbIE MOJIYJIA XapaKTEPU3YIOTCS BBICOKON CKOPO-
CTBIO_IIpH 00pA0OTKE OOJIBIINX U300paKEHU U HU3KUM MPOIEHTOM OIIHUOOK CIIHMB-
KUATPHY pabOTe C 3allyMICHHBIMH U300paKEHUSIMHU.
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YJIK 004.8.032.26

WHTEJ/UVIEKTYAJIBHAA CUCTEMA JJI51 IOUCKA
AHOMAJIbBHBIX UTBMEHEHUU B CUT'HAJIAX

C.B. ApremeHko"
1BpeCTCKI/Iy”1 rOCyJ1apCTBEHHBIN TEXHUYECKUM YHUBEPCUTET,
bpecr, bemapych

Paccmampueaemca cozoanue unmennexmyanvbHol cucmemsvl Ha 0GHOBENUCKYCCHI-
BEHHBIX HEUPOHHBIX cemell OJisl NOUCKA aHomanull 8 cuenanax. Ilokasama mooeinv enado-
CBA3AHHO20 NepcenmpoHa ONisl YCKOPeHUsi pabombvl GblYUCTUMENBHBIX AN20OPUMMOS.
IIpeocmasneno sKcnepumeHmanbHoe UCCLe008aHue HaA npumepe OOHAPYIHCeHUs aAHO-
MANbHOU AKMUBHOCIU 8 CUCHANAX INEeKMPOIHYeDAN0cpaMM.

BBenenue

3amaya aHanM3a Pa3iUYHBIX JAHHBIX MPUPOIAHOTO, TEXHUYECKOTO WM OHoMe-
JUIUHCKOIO XapaKTepa SBISETCA aKTyaJlbHOW HA CErOAHSIMHNNM neHb. OTHUM U3 ac-
IIEKTOB TAaKOr'0 aHAJIN3a SBJIAETCS MOUCK AaHOMAJIBHBIX U3MEHEHUH B OTUX JIAHHBIX,
KOTOPBIY MPUBOANUT K HAPYLIEHUIO paOOThl CUCTEMBI, IIPUPOIHBIM KAaTaKJIM3MaM WIH
ob0octpenuto OonesHei. JlaHHble UId aHAIK3A, KaK [PaBWIIO, MPEACTABISIOT COOOM
JUCKPETHBII CUTHAJI WIK HAOOp CUTHAJIOB, XAPaKTEPU3YIOLIMM M3MEHEHHUE COCTOS-
HUsI UCCIIENYEMOU CHCTEMBI BO BpeMEHM. PacCMOTpUM B KayeCTBE TAKOM CUCTEMBI
TOJIOBHOM MO3I 4Y€JIOBEKa M 3aJady [IOMCKa M OOHAapyKEHUs aHOMAJIbHOW AMMJICNITHU-
YEeCKOH aKTHMBHOCTH B CHTHalaX (dnekrposHiedanorpamm (3317). HccnemoBanus
OO0l curHajoB NMOKa3aJyd, 4TO OHU SBJSIFOTCS HECTALMOHAPHBIMU M XaOTUYECKUMHU
[1]. TTooToMy npuMeHEeHHE JIMHEHHBIX METOJOB aHajm3a sBIsETCS Maod(pQeKTuB-
HbIM [2,3]. CymiecTByeT pa3HuULa B TUHAMHYECKUX CBoiicTBax DD curHama B HOp-
MaJIbHOM M 3MWIENTHYECKOM COCTOSIHUU. 1Ipy BO3HMKHOBEHUHM BO BpPEMS PETHCTpa-
nuu D01 BCbIIIEK SNMIENTHYECKON aKTUBHOCTH OTMEYAETCSI CHUXKEHHUE CIIOAKHOCTH
CHTHAJa, YTO MPUBOIUT K CHIDKCHUIO CTETIeHU XaoTUYHOCTH curHana [3]. s ouen-
KM TaKUX U3MEHEHNU BO3MOKHO IPUMEHEHUE TEOPUU Xa0Ca U HEJIMHEWHOW AUHAMU-
Ki. B KadecTBe,AMarHOCTUYECKOr0 KPUTEPUS MOXKHO HCIIOJIB30BaTh KOPPEISLUOH-
HYIO pa3MepHOCTh W, CcTapinnii mokasatenb JIsmyrosa [4]. s oOHapy)eHUS HIIe-
TUYECKOW aKTUBHOCTU HEOOXOJUMO pa3paboTaTh poOACTHBIE aJITOPUTMBI ONpeEseIie-
HUS XaOTHYHOCTH DI CUTHAJIOB.

I"Meroanka o0OHApPYKEHUS] AHOMAJIUH

B nanHom paszgene omuceiBaeTcs OOOOUIEHHBIN aaroput™M IJisi OOHapyKEHUs
SMUJICITUYCCKON aKTUBHOCTH B curHanax D0I .

B kauecTBe MUArHOCTHYECKOTO KPHUTEPHUS MCIOJB3YETCs 3HAYCHUE MOKA3aTels
HETPEICKa3yeMOCTH CHUTHaJla, KOTOPOE CHIIKACTCS NMPU HACTYIUICHHH DIHJICTITHYC-
ckux mpumnaakoB. Ha pucynke 1 npejcraBineHa o0masi cxema 0OHapyKEHUsI SUJIeT-
THYECKOM aKTUBHOCTH B curHanax 221 [5,6].
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Ha6op 23l S MpenobpaboTkan Pacyetnapametpos | M, T>

CermeHTayma
CUrHanos dunbTpauma BIOMEHNA

CermeHTbl

N

OugeHKa nokasartensa Lmax(t) NpeHTMdMKauma 3nunenTnyeckne

>

HenpeackasyemocTn aHoOMannn CermeHTbl

Pucynok 1 —IIporecc 06pabdotku curnana D31 1 0OHaApYy)EHUS SMUIECNTHYSCKON aKTHBHOCTH,
Lmax(t) — psa3HaueHnii mokas3aress Hempeacka3yeMoCTH, M — pa3MepHOCThIPOCTPaHCTBA
BJIOKEHUS U T — BpEMEHHas 3a/IePIKKa.

Ha Bxon cucremsl moctymnaer Habop curHaigoB D21 onHOU peructpanuu. ITu
CUTHAJIBI OMMCHIBAIOT JUHAMHUKY HEJIMHEMHOW XaOTHYECKOW CHUCTEMBbI, KOTopas Xa-
PaKTEpPU3YET IIEKTPUUYECKYK) AKTHUBHOCTH HEWPOHOB TOJIOBHOTO Mo3ra. Kaxapiit
O0T curHan CHUMAaeTCs C OMPEEJICHHOTO y4acTKa roJIQBHOTO,MO3ra, XapaKTepH3yeT
ANEKTPUUECKYI0 aKTUBHOCTh MHOKECTBA HEMPOHOB COOTBETETBYIOIIETO yyacTKa ro-
JIOBHOTO MO3Ta M COACPIKHUT pa3inyHble apTe(akThl (HOMEXW, MOSBISIONIUECS Ha
O0I B pe3ynbTaTe MOpraHus, IBMKEHUS TOA00POAKOM U T/11.). [TosTomy Ha mepBoM
JTane HeoOXOAUMO OCYHIECTBUTH MpeoOpaboTKy D3I curHaioB, 4ToObl OTHUILT-
pOBaTh UX OT PA3IMUYHOTO PojAa aApTEPaKTOB U MOIYHINTH MAKCUMAIbHO HE3aBUCHUMBIE
curHazbl. J{ns takoir oOpaboTku D3I curHanoeB MEHOIb3yeTCs METOI HE3aBUCHMBIX
komnoneHT (ICA — Independent Component AnalysiBy3yapTaToM mpenoopadoTKu
ABIISIIOTCA YUCThIE cUrHaibl D01, comepiKallne IeKTPUIECKYI0 aKTUBHOCTh HEMpo-
HOB TOJIOBHOTO Mo3ra. [locne 3Toro mpoucxoeauT onpenesaeHue napaMmeTpoB BIOXKe-
HUSL YUCTHIX CUTHANIOB D3I, 4TO MO3BOJIAET BHIMOIHUTH HACTPOUKY HEHPOHHOU CETH
u chopmupoBath oOydaromre BoIOOpkry Kaxkapiii curnasn, nomydennsiii mocie ICA
¢bunbTpanuu, NoABEpracTCs alalTUBHOM CETMEHTAIMH MPU TTOMOIIM MHOTOCJIOHHOTO
nepcentpoHa (MLP). B pesyibTare cerMeHTalMKU TPOUCXOAUT Pa3OUCHHUE KasKI0TO
CUTHAJIa Ha KBa3HUCTALIMOHAPHBLIE YYACTKH, IJIe MOBEJICHUE CUTHAJIA HE U3MEHSETCS.
3areM 7S KaKJ0TO BBIJICACHHOTO CErMEHTa MPOU3BOAUTCSA BBIYUCICHUE OIICHKH I10-
KazaTelssi HempeckazyemMocTu. B pe3ynbrare nomayyaeTcss JeTEpPMUHUPOBAHHBIN Psifl
nokasareyieil HempeackazyeMocTu JUisl KakJoro uucroro curnaia O30, Ecnu pas-
JIMYHBIE CErMEHThLUMEIOT OJMHAKOBBIC 3HAUEHHUS MOKa3aTelsi HEeMpeacKa3yeMOCTH,
TO OHM OOBEIUHSIOTCS B OJUH cerMeHT. Ha 3akiItouuTenbHOM 3Tare MpOUCXOJUT
UACHTUDUKALUS BIMAETITUYECKON aKTUBHOCTH B COOTBETCTBUU C KPUTEPUEM CHUXKE-
HUSl TIOKa3aTedsl HEMmpeICKa3yeMOCTH HIKE IMOPOTOBOTO 3HAYEHUS. DKCIIEPUMEH-
TaJbHO BBISIBIICHO; YTO JJAHHOM MOPOroBO€ 3HAYEHHUE PaBHO HYJIO. B pe3ysibTaTe BbI-
MOJIHEHUS JAHHOM mponeaypsl Uil Kaxaoro curHana O30 BbIAENISIOTCS BpEMEHHBIE
CEFMEHTHI C3MUICIITUYECKON 1 HOPMAJIBHON aKTUBHOCTBIO.

2. YeKkopeHHe BbIYUCIeHUit

Pacuer mokaszaresns HeENpenCcKasyeMOCTH CUTHAJA BBITOJIHSAETCS MPU MOMOIIU
NpOrHo3upyole HepoitHHo# cetu. Apxurektypa MHC, ob6ydaemoii Ha mporHo3u-
poBaHHe, COCTOUT U3 K BXOIHBIX, P CKPBITHIX M OJHOTO BBIXOJHOTO HEHPOHOB (CM.
puc. 2). B mporecce 00y4eHuUs! BBITOTHIETCS HACTPOIKa BECOBBIX KOA(D(DUIIMEHTOB

wij uvj, 1 =LK, 1=1p
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Pucynok 2 — Apxutekrtypa nporuosupyrornieit MTHC

JIyist yCKOpeHUsT BEIYMCIICHUN OBLIO MPEUIOKEHO MOIUMDUHUPOBATH APXUTEKTY-
py MHC na stane ¢pynkuuonuposanus. HoBas apxurekrypa GopMUpyeTcsl Ha OCHO-
Be apxuTekTypsl 00yueHHoit MTHC nytem no6aBieHUs: OJHOTO-HEHPOHA BO BXOHOM
CJIOH, yJIBaUBaHWEM HEHPOHOB B CKPBITOM M BBIXOJIHOM cIIOsiX (cM. puc. 3) [6]. Beco-
Bbie K03 dunmenTsl paccmatpuBaemort MHC W’ u V' hopmupytorcst Ha 6aze mart-
puil BecoBblx Koddduuuentob W u V, nyrem n00aBiCHUs CHEAYIONIUX BECOB:
Wrij =w; p+j = Wip erk+1'p+j = Wlkj =

d ! ! ! !
= Wgj; W&+1j=_WJ.:j+p=ﬂ$ Vig =V jupa Vi Vispr1 =V, =0,
rae i=1k-1 j=1p.

[IpumeneHre MPeaTOKEHHOTO HEMPOCETEBOTO MOIYJISI BMECTO KJIACCHYECKOTO
MHOTOCJIOMHOTO TIEPCENTPOHA TO3BOJSET COKPATUTH BpeMsl pacyeTa MpuOIu3u-
tenbHO Ha 10%, Tak Kak 3a OAHY UTEPALMIO,PaOOThl BHIYUCISIETCS MPOTHO3 Cpasy
IBYX ONM3KUX TPACKTOPHUA BPEMEHHOTQ Psia:

In(Di
Apbutp )

Prcynok 3 — CTpyKTypa HEHpOCEeTEeBOro MOLYJIS IS pacueTa MmoKa3aTessi HelpeICKa3yeMOCTH

PCBYHBTaT YCKOPCHHUA ABJCTCA CYHICCTBCHHBIM, TaK KaK aJIr'OPHUTM pacucTa ToO-
YeyHOU OLCHKHU ITOKa3aTCJIA HCIIPCACKA3yCMOCTH CUTHAJIA SABJIACTCA OCHOBOM paspa-
OaThpIBaEMOI CUCTEMEBI aHaIu3a curaajon D01

3. Onucanue IKCIICEPUMECHTAJbHBIX JAHHBIX

DKCnepuMEHTAIBHOE HUCCIIeIOBaHUE MPOoBOoIMIoch Ha 48 Habopax D3OI curna-
J0B (peructparmii), 3anucanHbix y 20 MarueHToB pa3IMYHOTO Bo3pacta. JlaHHBIC
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Ipea0CTaBIeHbI 5-if TOPOJACKOM KauHHYecKoH OonpHuIeH (r. Munck). Kaxxmas peru-
CTpauus npeacrasisiia co0oit 16«anansayro I3 murensHoCThIO O 8 cekyHa. U3
16 curnanoB, kaxaoil peructpauuu B pe3ynbtate |CA ObUIO MOTydYeHO 6 CUTHANOB,
TaKUM 00pa30M BCEro ObLIO MPOaHATU3UPOBAHO /58 CUrHaIOB, B pe3yibTaTre (PUIbT-
pauu nosydeHo 288 curnanos. [ 3TUX CUTHAJIOB pacCYUTAHbBI MapamMeTphl BJIO-
xeHus: T = 1,31Hauenne M < 81yis pa3Heix curHajnoB nocie |CA punbTparumn.

4. Pe3yabTaThbl JKCIIEPUMEHTOB

Heiiponnas cetb s skcriepumenTa popmupyercs u3 7, Su 1 HEMpOHHBIX 3J1e-
MEHTOB BO BXOJHOM, CKPBITOM M BBIXOJHOM CJOSIX. Pe3ynbTaThl SKCIIEpUMEHTOB
OLICHEHBI TIPU TTOMOIIM CTATHCTUYECKUX TMapaMeTpoB (cMm. Tabmmily 1). Kak cremyer
u3 TabmuIel, ommoOKka neporo poxa o = 0,3%, uro xapakTgpu3yer OoueHb Maioe
3HaYeHHE JIOKHBIX CpabaThIBAHUN.

Tabnuna 1 — 3HaueHus: CTAaTUCTUYECKUX TapaMeTpPOB

CraTuctuueckue napameTpbl 3HayeHus
Cnermuduunoctp TNR 99,7 %
UyscTtBuTenpHOCTh PR 93,1 %
O6mr1ast Tounocts kinaccupukanuu ACC 99,6 %

3ak/jIoueHue

OCHOBHBIMHM TIPEUMYIIECTBAMHU TMPEIIOKEHHON METOI0JIOTUH  OTpe/IeTCHUS
SMUJIETITUYECKON aKTUBHOCTH SIBJISIOTCSBBICOKAst TOUHOCTH Kinaccudukanuu 99,6%wu
OTCYTCTBHE HEOOXOIMMOCTH OOy4YeHUS Ha ITAJIOHHBIX HaOOpax, a Takke CIocoo-
HOCTh BBIJICTISATH B cHrHajiaX DO BpeMEHHBIC CETMEHTHI C AMUJICITHYCCKON W HOP-
MaJbHOW aKTHBHOCTHIO [5,6]. TIpemioxkeHHas cHUCTeMa MOXET HPUMEHSATHCS IS
aHanM3a APYTUX JaHHBIX Xa0TUYECKOr@XapaKTepa U MOUCKA aHOMaJINi B HUX.
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VJIK 004.032.26,004.4

HEWPOCETEBBIE AJITOPUTMbI UJIEHTUOUKAIIMN PEXKUMOB
OYHKIIMOHUPOBAHUA AIIITIAPATYPBI 110 JAHHBIM TEJEMETPUA

E.E. Mapymko
['ocynapcTBenHOe Hay4uHOE yupexkaeHue «O0beInHEHHBI HHCTUTYT pobaem
nHpopmatuku HarmonansHoi# akanemuu Hayk benapycu»
Munck, benapyce

B pabome npeonosicenvt netipocemegule aneopummul UOeHMUDUKAYUY COEMOAHUS
noocucmem KOCMUYECKUX annapamos U pexitcumos ux QYHKYUoHUposanus no meiemems-
PpUYeCKUM OAHHBIM.

BBenenue

[IporpaMMHBIil KOMIUIEKC UACHTH(PUKAIMHA PEKUMOB (YyHKHMOHUPOBAHUS IO
cucteM KocMuueckux anpaparoB (KA) u geTekTupoBaHus HCMITATHBIX M aBaAPUIHBIX
CUTYyallui SIBJSIETCS. OJTHUM U3 OCHOBHBIX CTPYKTYPHBIX COCTABIIIOIIUX IKCIIEPUMEH-
TaJbHOTO 00pasia HEMPOCETEBON CUCTEMBbI MOHUTOPHWHIA COCTOSIHUS U TIOBEACHUS
MOJICHCTEM KOCMHYECKUX alllapaToB MO TeJleMeTpudeckuM naHHbIM [1]. OcHOBHOM
€ro 3ajayeil ABISIETCSI KOHTPOJIb 32 COCTOSHHUEMuH peXuMamMu (PYHKIIMOHUPOBAHUS
O60pTOBOTO 000PYAOBAHMS HA OCHOBE HEHPOCETEBBIX TEXHOJOTHHM 0OpabOTKU Bpe-
MEHHBIX psA70B 3HaueHUi TenemerpuueckuXy(TM) mapamerpoB (TemmepaTypsl 1aB-
JIEHUS )KUAKOCTU U rasa, JJIEKTPUYECKOI'O)TOKa, IMOJOKEHUS U opueHTaunn KA,
YPOBHS KHJIKOCTH).

1. OcHOBHBIE AJITOPUTMBI

JInist ocyiecTBiIeHUs MASHTH(UKAIIMU cocTosiHUM nojicucteM KA pa3zpaboTanbl
CJIEIYIOLIUE AT OPUTMBI:

— aNropuT™M OOYYEHMUsL |HEHPOCETEBBIX MOMIYJEH CHUCTEMbl HUACHTU(DUKAINH
cocTostHUM nojcucteM/KA;

— QJITOPUTM CHUHTE3a MHOTOCJIIOMHOTO NIEPCENTPOHA,;

— aNropuT™M (MACHTA(DHUKAIMA HEMTATHBIX CHUTyallMid C HCIOJIb30BAHUEM
HeriponHsix ceter (HC),

— anropufM WICHTU(UKAIMK 3TanoB (yHKIHOHHUpOBaHUs moacuctem KA ¢
ucnosibzoBanueM HC;

— aJrOpWIM MHKpEeMeHTHOro aoooyuenust HC.

Ha ocHoBe onmcanusi pe:xxuMoB (YHKIIMOHUPOBAHUS U JOIMMYCTUMBIX JUanaso-
HOB 3HAUEHUN 1aTYUKOB (popMuUpyeTcst oOydaronias BHIOOpKa s MOyJiel Helpoce-
TeBOU nneHTu(uKanuu coctossauii cucteM KA. B kauectBe npenBaputensHOi 00pa-
OOTKHM HAHHBIX MPOBOJUTCS PETYJISPHU3ALUS 0 BPEMEHH HE PETYJISIPHO TPEICTaB-
JIEHHBIX JAHHBIX, C HCIOJb30BAHHWEM aNMPOKCUMALIMKM 3HAYEHUH, OO KyCOYHO-
TuHEHHBIM o0Opa3oM. Jlamee ocymecTBisieTcs mpeoOpa3oBaHue UCXOMHBIX JAHHBIX C
Y4ETOM XapakTepa M TuIa NpoOJieMbl, 0TOOpakaeMoil HEWpPOCETEBOM MOJIEIbIO, U
BBIOMPAIOTCS CIIOCOOBI TIPeACTaBIeHUsI HHGOPMAIIUH.

Brei6op anroputma obydyenuss HC 3aBucut OoT MHOTHX (DaKTOpOB, BKIIOYAs
CJIOKHOCTB 33/1a4H, YUCIIO 3JIEMEHTOB 00Y4YaroIero MHOKECTBA, YUCIIO HacTpanuBae-
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MBIX TIapaMETPOB CETH M KOHEUHYIO OMUOKY. B pesynbpTaTe SKCIEpUMEHTOB IS
o0yuenus BeiOpaH anroput™M RPROP kotopsiii He TpeOyroT UcIoap30BaHus Mpolie-
yp OJHOMEPHOTO TIOWICKA W MPEABSBISIIOT HE3HAUYUTEIbHBIC TPEOOBAHUS K MAMSITH.
PabGoTtaer moctaTouyHO OBICTPO W MOXKET OBITH WCIIOJIB30BAH I PEIICHHUS 3a1ad
00JIBIIION pa3MEpPHOCTH.

2. @opMupoBaHne MOAYJIsl 00pPadOTKHU

@opMHUPOBaHUE HEMPOCETEBBIX MOIYJIEN NMPOU3BOAUTCS Uil KaXAOIO PEeKUMaA
nojacucteM KA. ABToMaTtnyeckoe pelleHre 3aJaud HaXOXACHUS CyOONTHUMAlbHOM
CTPYKTYpBl MpeIaraloT KOHCTPYKTUBHbIE anroputmbl cuHTe3a MHC. brok=cxema
IIPEACTABJICHA HA PUCYHKE puC.].

[Ipu mpeanonoxeHusx 0 penpe3eHTaTUBHOCTH 00y4aromeél BEIOOPKH, BO3ZMOXK-
HOW MCXOJHOM M30BITOYHOCTH HAOOpa HE3aBUCUMBIX IMPU3HAKOB,3aJauyd U CTapTe
CUHTE3a CTPYKTYPbI CETH ¢ MUHUMAJIBHOT'O pa3Mepa B Ka4eCTBE MEHSIOLIUX CTPYKTY-
py HC onepauuii npennaraercs cieyromuii airOpuT™M CMHTE3a HEHPOHHOM CETH:

1) Ananu3 nmapameTpoB 3a1auu (BKJIIOYAst CI0KHOCTH 3813491, YHCIIO DIIEMEHTOB
o0yJaromiero MHOXeCTBa) M BEIOOp COOTBETCTBYOIIErQ ajiroputma ooydenus HC.

2) JloGaBieHne HEWPOHA B CETh.

a)Co3anre ceTh YBEIMYCHHOTO pa3Mepag, 3aMelIaloniell MCXOAHYI0, WU
HCIIOJIb30BAHUE OJHOIO I1ara KOHCTPYKTUBHOI'Q aJIrOPUTMA HAXOKIEHUS TOTO CIIOS
HC, poct uncna HEMPOHOB B KOTOPOM MPHUBEIEE K MAKCUMAJIbHOMY YJIyUYIIEHUIO
TOYHOCTH PELICHUIO 3a/1a4H.

b) O0yueHue ceTH yBEIMYCHHOTO pa3Mepa.

C) Ouenka ommOKoi 0000IICHHS.

d) [ToBTOp 1.8, €citn He JOCTUTHYTHEIHEQOXOMMBIE CBOMCTBA CETH

3) Penykuus HekoToporo uncia N30bITQUHBIX CHHAIICOB Wi HelipoHoB HC.

CoagaHve
HEWPOHHOW CaTH
MHHUMANEHOIO
paamepa

Pegykuma ceth

Yeenw{etne Yoanute
CETH HEMPOH

1
OLeHWTE oLUMBKY
HobasnTe o6oBLerun Ha
HeWpoH TECTOBOM
nafope 2
I

OBy4mTbL ceTh

¥ BENMYeHne
OLWNEKK > MaKCHManbHOrD
pHpaLLEHWE

| HeT

[OueHuTE owmbky
oBobLieHus Ha CoxpaHnTe
TECTOBOM TEKYLYH CeTh

Habope

YeenwieHwe
CeTH, Noka Penykuws cetu,
wwbka = nopor, noka He
NpoNaeHs BCE
HENPOHLI

BepHyTk HeltpoH

Pucynox 1 — Anropur™mcunTe3a 1 00ydeHHs HEHpOCETEBBIX MOAYIICH
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B 1.2 u3ameHeHne pazmepa ceTH MPOUCXO/INT:

a) IpU TOCTYKEHHH aCUMIOTOTHI MJIH JIOKAIBHOTO MHHUMYMa KpuTepreB bapt-
nerta wim Mypatel-Amapu [2], XapakTepu3yrommx 0000IaroIne CBOMCTBA MOJICIIH
(pu AOCTIKEHUH MUHUMYMa IMPOTHOCTHYECKOHN OIMMOKU 0OO0OIIEH S BBITIOIHIETCS
MepeKII0YCHUE Ha onepalny, cHkatomume n3osirouHocts HC);

b) npu mpesbiieHnn ommMOKON 0000MIeHNs (pacCYMTaHHOW HA HE3aBUCHUMOMN
TECTOBOW BBIOOPKE WJIM HA OCHOBe KpurepueB baprierra mmm Mypartsl-Amapu) 3a-
JAHHOTO I0JIb30BaTeNIEM MaKCUMAJIbHO JIOMYCTUMOTO YPOBHS OIIMOOK.

B kopugope Mex 1y 3Ha4eHUSIMU MaKCHMAJIbHO JIOITYCTHMBIX OITUOOK OOYHEHMSI
Wi 0000IIEHHS U HYJIEBBIM YPOBHEM TaKHX OIIMOOK U BEJETCS aJalTaius CTPYKTY-
pot HC nipu 3aaHHBIX KPUTEPHUAX BTOPUYHOW ONTHUMHU3AIUK (TpOOBAHHE MUHUMH-
3allM¥ YUCJIa HE3aBUCHMBIX IPU3HAKOB, MUHUMU3AIUH YHCIIa HSWPOHOB U TUII.).

HeiipocereBbie Moaynu, 1o0aBisieMble B mpoliecce GyHKIIMEHUPOBAHUS HA JTa-
e 1000y4eHus, sl OIMHAKOBBIX PEKUMOB OPTraHU3YIOTCS B aHCAaMOJIN.

3. AJIroput™M uaeHTUQUKAIUH

Aaroput™ ueHTU(GUKALNN 3TANoB (YHKIIMOHUPOBAHUSI BKIFOYAET CIIETYIOIINE
I1ary:

1.Ha ocHoBe pnanHHbIX MaccuBoB TM-uHbOpmanmu GOpMHpPYETCS BXOAHOU
BeKTOp X /U1t 00y4eHHBIX MOAYJICH HEHpOCeTeBOM WASHTH(PUKAIIMU Ha0Oopa.

2.Ha ocHoBe KOMaHAHO-TIpOrpaMMHON \WHMHGOpMAaLMK U HUH(OpMAUU OT
NOJACUCTEMBl UMUTALIMOHHOTO MOJICIMPOBAHUS Oy TEKYLIEM DPEXUME OMNPEIEIIACTCS
aHcamOJIb MOTyJiel HEHPOCETEBOM.

3. Ilo BXx0mHOMY BEKTOPY aHCaMOJEM BBIYMCIISIETCS BHIXOIHON BEKTOP.

4. V13 BBIXOJJHOTO BEKTOPa U3BJIEKACTEAMACHTU(PUKATOP TAla IUKIOTPAMMBI.

AJNTOPUTM MHKPEMEHTHOTO J1000YUEHUs, HEUPOCETEBbIX MpeIHa3HAYeH Al 00y-
YeHUS] HEHMPOCETEBbIX MOYJIEH B/ATpoLecce (PyHKIIMOHUPOBAHUS, C LIEbIO YUeTa n3Me-
HeHuit TM-undopMaimu co BpeMEHEM, BbI3BAHHBIX APEH(POM 11eJIeBOr0 3HAYCHUS.

AJTOpUTM MHKPEMEHTHOFO AOO0OYYEeHUS HEHPOCETEBBIX MOIYJEH HIeHTU(UKA-
LIAHA COCTOSIHUM BKJIFOYACT CIIEAYIOIINE IIIarn:

1. IIpousBoauTCS OUEHKA TOYHOCTH aHCAMOJIsI MOAYJied HEeHpOCeTeBOM HJICH-
TU(UKALIMA TYTEM CpABHEHHMsS TOYHOCTH pe3yJbTaTa Ha IMpeablAyIleM Iare
(GYyHKIIMOHUPOBAHUS W TEKYILIEM.

2. Eciiu TOYHOCTH HE H3MEHWJach JHMOO M3MEHWJIACh B 3apaHee 3aJaHHOM
Arana3oHe, alFOPUTM 3aBepILaeT padoTy.

3. Unadve,popmupyercs Habop oOydaromuX NaHHBIX, KOTOPHIA BKIIIOUAET BCE
HAKOIJICHHBI® JAHHBIE C MMOCIEIHET0 1000yUeHUS.

4. ITpon3Boautcs popmupoBaHre U 00ydeHHE HOBOTO HEMPOCETEBOIO MOIYJIsS
COIVIACHO aJrOpuUTMy OOyuYeHHs HEMpPOCETEBBIX MOJYJIEH CHCTEMBbI MACHTU(UKALNU
cocrosiHuii IA.

5. ChopmMupoBaHHBII MOTYJTb TOOABISIETCS B aHCAMOJTb.

6. Jlnms Bcex HeHpOCeTeBBIX MOIyJiel aHcamOns MPOU3BOAUTCA IMEpecueT
BECOBBIX KOA(PPUIIMEHTOB HA OCHOBAHUM UX TOYHOCTH HA MOCIEAHUMN TaHHBIX.

[Tpouenypa 1000yueHUsI HOBTOPSIETCS ISl BCEX aHCaMOJIeH.

OprannszoBaB AHC B 11Ba ypOBHSI, MOKHO peajn30BaTh I'€T€POr€HHOCTh HEUPO-
CETEBOT0 KOMIUIEKCA, T/ie MEePBbIA YPOBEHb CTPYKTYpHI MPEACTABISIET cOO0M HAaOOp
aHcaMOJieil pa3HOPOJHBIX CETEH, a BTOPOH MPEACTaBICH OJHUM OOOOIIAFOIINM MO-
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nyneM. Ha mepBoM ypoBHE MOTYT UCIIOJIB30BAThCS PA3TUIHBIC alTOPUTMBI OO yICHHUS
(BFGS, Jleenoepra-Mapksapara, RPROP);nmono6HbIe ceTd, ¢ pa3Iu4HbIMHU Iapa-
METpaMH aHAIM3HPYEMBIX JaHHBIX (IIar TUCKPETH3aIlid, TOPU30HT MPOTHO3HPOBA-
HUS); TTOJOOHBIE CETH C PA3IMYHBIMHU MapaMmeTpamMu OOYyYeHHs, Pa3HOPOIHBIC CETH.
Takast apXuUTEKTypa MOXKET HCIIOIB30BATHCS JIJIS TIOMCKA OMTHMAIBHBIX TTapaMeTPOB
HEUPOCETEBOU MOJEIH.

B kadectBe skcmepra BTOPOTO YPOBHS MOXKET HCIIOJIB30BATHCS aHCAMOIb WITH
OJIMHOYHASI CETh CYNMEepBU30p, 00pabaTHIBAIONINE BHIXOJHBIC 3HAYCHHS BCEX NIEMEH-
TOB TIEPBOTO YPOBHS.

3arijIroueHue

OnuncaHHbple aITOPUTMBI MPEAOCTABIISAIOT MHTEIUICKTYAJBHBIA UHCTPYMEHT pe-
HMIEHUs 3a]a4y aHaiu3a TeleMeTpuueckol HHpopMauuu s pa3pabaTbiBaeMoro B
OUIIN HAH benapycu coBMECTHO ¢ LIEHTpoM ynpasieHusi moieramu bKA skcne-
PUMEHTAJIBLHOTO 00pa3lia HEMPOCETEBOM CUCTEMbl MOHUTOPUHLA COCTOSIHUSI MOJICUC-
T€M KOCMHUYECKHUX anmnapaToB IO TEIEMETPUUECKUM JAaHHbIMAL[00KEHHBIN B OCHOBY
MOHHTOPHUHIA U IUArHOCTUKH alIlapaT UCKYyCCTBEHHBIX HEMPOHHBIX CETEU IO3BOISAET
C BBICOKOI TOYHOCTBIO 00pabaThiBaTh TEIEMETPUUECKYIO MH(pOpMAIINIO, MOCTYIa0-
myto ¢ KA no paauokaHaiy, pacrno3HaBaTh U KIACCUPUIIMPOBATH COCTOSIHUS TMOJ-
CUCTEM M NATTEPHBI UX MOBEACHUS Ja)K€ NPU HENOJHBIX M 3alIyMJIEHHBIX BXOJHBIX
naHHbIX. OTKpBITOW 3amaudeld Juis JalibHeWnfell paspaOboTKu sBIseTCS pa3paboTka
UMUTALMOHHOM MOJIENU MOBeIeHU OOPTOBBIX OOBEKTOB U €€ B3aUMOJIeHCTHs ¢ 00Y-
YEeHHBIMU HEMpPOCETEBHIMU MOJYJSIMHU, YEQ MO3BOJUT BBISBIATH J1aXKe HEOOJbIINE
OTKJIOHEHUS TUHAMUKH MOBEJCHHS OT HITATHO MPOTHO3UPYEMON W MPUHUMATH COOT-
BETCTBYIOIME CUTYallUH PELICHHUS.
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2 CEKIIUAS
UHTEJUIEKTY AJILHBIE TPAHCIIOPTHBIE CUCTEMBI

VJIK 656:681.32

CO3JAHUE U PASBBUTUE NHTEJVIEKTYAJIBHBIX TPAHCITIOPTHBIX
CUCTEM HA BA3E ABTOMATHU3NPOBAHHBIX CUCTEM
YIIPABJEHUA ABUKEHUEM

J1.B. Kamnckuii, B.A. I'pabaypoB
benopycckuii HaMOHAIbHBIN TEXHUYECKHUI YHUBepcuTeT, MUHCK, bBesrapyce

B cmamve ocsewenvr 6onpocel cozdanus u pazeumus UHHIELIEKM)ATbHbIX
MPAHCROPMHBIX CUCMEM HA Oa3e YCneuwHo QYHKYUOHUPYIOWUX 8 0OIACTIHbIX 20p00ax U
2. Muncke asmomamusuposanHulx cucmem ynpasienus 00poICHbiM Osuxcenuem. /lanvl
PpeKoMeHOayuu no co30anuio OmoeabHuIX noocucmem, a mardice ocHawenuio L{VII.

BBenenue

B cBsi3u ¢ MOCTOSHHBIM POCTOM CHpOCa Ha MEPEeBO3KU, KOTOPBIA 00YyCIIOBIEH
Pa3BUTHEM SKOHOMMKH, TPOUCXOAUT YBEJINUYEHNE MAPKA TPAHCIOPTHBIX CPEACTB, T.K.
TPH YE€TBEPTH BCETO 00BEMa TPAHCIIOPTHOTO OOCHYKHBaHUS IPUXOIUTCS HA aBTOMO-
OWJIbHBIN TPAHCTIOPT.

ABTOMOOWIIbHBIN TPAHCHOPT MOMOTAETMENOBEKY BO BCEX Cepax ero AesTeabHO-
CTH, OJHOBPEMEHHO CO3/1aBasi Maccy MpoONeM, Ha pa3pelieHue KOTOPBIX MPUXOANUTCS
yIIeNATh Bce 0oJbllie U 0oJbllie BHUMaHUs. FIMEHHO MOATOMY ClieyeT yAensTh OoJblie
BHUMAaHUSI MHTETPALMU CUCTEM U .€O3AHMIO €IMHBIX HHTEIUIEKTYAJIbHBIX CHCTEM
YIIPaBJICHUS ABHKEHUEM PA3IMYHOLO YPOBHSAMEPAPXUUECKOTO COITOAUYNHEHHS.

1. leiicTByI01IINE CHCTEMBI

B ropome Muncke .c '1981roma nelicTByer aBTOMATH3UpOBaHHAs CHCTEMa
yhopaBieHus: JopoxHbIM ABMmKeHnEM «I'OPO/I-M1», B coctaB KOTOpON Ha JaHHBIA
MOMEHT BX0uT 0k0J10 400eBeTOhOpHBIX 0OBEKTOB.

Yder U ONTHUMM3ALMIO JBWKEHUS Ha TOPOJACKOM TPAHCIOPTE OCYILIECTBIISET
ACIY—A (aBTOMaTH3MPOBAHHAS CUCTEMA TUCIICTUYSPU3ANNH YIIPABICHHUS aBTOOYCaMH).

ABTOMaTH3aLMS, YHPABICHUS OCTAILHOTO TOPOACKOIO TPaHCIOpTa, aBTOMOOMIIEH-
TaKCH U CTOSIHOK TPaHCIOpTa He ocyllecTBisieTcs. Takum o0pa3oM, CUTyalusi C UHTe-
rpamuei aBTOMaTH3UPOBAHHBIX CUCTEM B O0JIACTH TPAHCIIOPTA SIBJISAETCS aKTyaTbHOM.

Tem/0o€e uTO UMEIOT MeCTO NOMBITKK coBMelIeHUsI ACY JOpPOXKHBIM JBIKEHUEM,
Moepau3ausL KoTopoit Havanmack B 2002rofy, ¢ cucteMamul MapiipyTHOTO OPUEHTHPO-
BaHMs, / CICLIMAIM3UPOBAHHOTO TPOIYCKa OOIIECTBEHHOIO TPAHCIOPTa, B TOM 4YHCIE
TPaMBAEB, IPOE3/1a KEJIE3HOJOPOKHBIX MEPEE3/I0B U KOHTPOJIUPYIOIIUMH CUCTEMAMHU.

2. C03zla1me HHTC/UICKTYAJIbHBIX CUCTEM

B neBsHOCTBIX Toax MpPOIUIOro Beka Bo MHOTUX cTpaHax mupa (CILA, Smo-
HUM, cTpaHax 3amaaHoii EBpoOIbI) HaYaau peasr30BBIBATHCS MPOCKTHI MHTEIICKTY-
aIbHBIX TpaHCHOPTHBIX cucteM — «ntelligent Transport SystemBo mHorux crpa-
Hax EBporbl monb3yrorcs TepMuHOM «T elematic Systems
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[locTpoeHne TakWx CHCTEM OCHOBBIBA€TCS MMEHHO Ha MHTErpanuu uHpopma-
LIMOHHBIX U YIPAaBJISIOIUX CUCTEM, KOTOPbIE CO34aBaINCh Pa3pO3HEHHO, HO CBA3aH-
HbI C aBTOMOOMJIBHBIM TPAHCIIOPTOM U MOJYMHEHBI OJHOU U TOM e 1EJIN — MOBbIIIIe-
HUI0 3 PeKTUBHOCTU (HYHKIIMOHUPOBAHUS JOPOKHOTO TPAHCIIOPTA.

B pamkax 3THX cHCTEM Ha CErOAHSIIHHMIA JAEHb OTAEIBHO PEIIAIOTCS BOIPOCHI
MOBBILICHUST O€30MaCHOCTH ABM)XCHUS, CHIKEHUSI SKOJIOTMYECKOr0 BO3JEUCTBUS HA
OKPYXAIOIYIO Cpelly, YJAydllleHUs KauyecTBa TPAHCIOPTHOrO OOCTY>KUBaHUS, MOBbI-
IIEHUS] Ka4eCTBa JOPOKHOIO JIBUXKEHHUS B LIEJIOM U TIp.

3. [lepcnekTUBbI pa3BUTHSA

Pa3zpabateiBaeMyt0 WHTEUICKTYaIbHYIO0 TPAHCTIOPTHYIO CHCTEMY IiefecooOpas-
HO cO3/1aBaTh Ha 0a3e aBTOMATU3UPOBAHHOW CHCTEMbl YIPABICHUS TOPOKHBIM JIBU-
xerreM (ACY JOpOKHBIM JBUKCHHEM).

ABTOMAaTH3UPOBAHHBIC CUCTEMBI YIIPABJICHHS TOPOKHBIM TBUKEHUEM TTOCTOSH-
HO COBEPIIECHCTBYIOTCS B PA3IMYHBIX HANPABJICHUSIX, PA3BUBANKCH B TEPPUTOPUATTH-
HOM U ()YHKIIMOHAJILHOM IIJIAHE U MOJICPHU3HPOBAIUCH (38 CYET TEXHUYECKOIO U Ma-
TEMaTHYECKOT0 00eCIICUeHUs).

Ha ceropnsimanii A€Hb MOKHO KOHCTATUPOBAThH, YTO:

— BHE/IPSHBI HOBBIE BEIUMCITUTEIIHHBIC CPEICTBA U alliapaTypa nepeiavn TaHHbIX;

— MCIIOJIB3YIOTCS TIEPEIOBbIC TMHUU CBSI3H (HAMpUMEp, COTOBBIC U CITyTHHKOBBIC
KaHAJIbI);

— aKTHBHO YCTaHABJIHMBAIOTCS JETEKTOPBI TPAHCIIOPTAa Pa3IMYHBIX BUAOB (110
HPUHITUITY TEHCTBUS U YyBCTBUTEIbHBIM JIEMCHTAM);

— TIPOUCXOJIUT HapallMBaHUE WHTEJUICKTYalbHBIX BO3MOXKHOCTEH HCHOJIb3Yye-
MBIX IOPOKHBIX KOHTPOJUIEPOB,;

— BHEIPSIOTCS MHOTOIO3MIHOHHBIE NUCTAHIIMOHHO YIPABIISEMbIE JTOPOKHBIE
3HAKM, YKa3aTeau NepeMEeHHOW/CKOPOCTH IBHXKEHHUSI, IPeAynpexaatone Tado;

— INPUMEHSIOTCA 0oJiee AJeKBaTHbIE MO ISl ONMCAHUS TPAHCHIOPTHOTO TO-
TOKa U COBEPIICHCTBYETCS MPOTPAMMHO-AITOPUTMHYECKOE 00ECTICUCHHE.

Ha nexoTtoprix yuacTkax ACY H0pOXHBIM IBIKCHHEM 00€CTIeUnBaET aanTHB-
HOE€ yINpaBlieHHE CBETO(POPHON cUTHaNM3aluen B peaibHOM BpemeHu. Ho, k coxare-
HUIO, 9TO HE OTHOCHTES KO/BCEH yIUIHO-TOPOXKHOU ceTh (He Bce cBeTO(OpHBIC 00h-
€KThI BKJIFOYCHBI B CHCTEMY WJIM OCHAIICHBI JAeTeKTopamu). Takxke Toibko Ha MuH-
CKOM KOJIbLIEBOM'@BTOMOOMIILHON JI0pOre MPOU3BOJUTCS aBTOMAaTHYeCKOe UH(OpMHU-
pOBaHUE BOJMTENCH) 00 YCIOBUAX ABWKEHHS, a TAKKe, YACTUUYHO, U O MaplIpyTax
JaJIbHENIIErQ,CeOBAHMUS.

Kax| BUITHO, SIBHBIM HEJIOCTATKOM CHUCTEMBI SIBISIETCS OTCYTCTBHE YIIPaBICHUS
OOHICCTBCHHBIM TpaHCIIOPTOM (0COOEHHO TpaMBasMHM, MOCKOJIbKY B 70 % cirydaeB
rocajika 1 BhICAJKa MacCaXKUPOB MPOU3BOIUTCS C TPOTyapa) U MapKUHTaMU U CTOSH-
KaMH., Y IpaBJIeHWE MU TTO3BOJUT Pa3rPy3UTh LIEHTP TOPOJIa U MOBBICHTH MPOITYCK-
HYI0 CLIOCOOHOCTH OTIENbHBIX MarucTpase.

CoBepiieHCTByeMas CHCTEMa YIPaBJICHHUS JOPOKHBIM JIBUKEHUEM JOJIKHA
oOecreynBaTh TAKKE€ U aBTOMATUYECKYIO MJICHTU(UKAITIIO TOPOKHO-TPAHCIIOPTHBIX
npoucIIecTBUi (MX (UKCAIUIO) JIJIS 3KCTPESHHOTO BHI30Ba aBapUIHO-CIIacaTeIbHBIX
CIIy0 M OpraHu3zaiu oObE3IHBIX MAPIIPYTOB JABMKEHUSI C HUHPOPMUPOBAHUEM BO-
JUTENEeN O IOPOKHO-TPAHCTIOPTHOM CUTYALIUH.
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Pa3BuTHe cucTteM AETEKTUPOBAHMS TO3BOJHUT KOHTPOJIHPOBATH COOJIIO/IEHUE
YYaCTHUKAMHU JIBU)KCHHUS CYIIECTBYIOIIMX OTPaHWYCHHN (HAmpuMmep, BUIACOIACTECKTH-
pOBaHKE), MPEAOCTABISATH BOJUTEISIM OIEPATUBHYIO HH(OpMAIHiO 00 YCIOBHAX
JBYOKCHHSI, OTCIIC)KHBATH CKOPOCTh JBUKCHHSI TPAHCTIOPTHOTO TTOTOKA (KCITOIh30BaATh
METO/IbI YCIIOKOCHHSI IBUKCHUS).

Hcnonp30BaHne 3KOIOTHYECKUX JATYUKOB M JIETEKTOPOB IMO3BOJIUT OCYIECTB-
JATH 3KOJIOTMYECKUM MOHUTOPHHI YJIIMYHO-JOPOXKHOM ceTH ropoaa. Taxxke BO3MOXK-
HO OCYILIECTBJIEHUE KOHTPOJISI 32 BBINOJHEHUEM PACIUCAHUS U MOHUTOPUHIA JABUXKE-
HUS TOPOJICKOTO MACCAKUPCKOTO TpaHcnopTa ((hopMupoBaHKe 3asBOK Ha 3aMeElICHUE
TPAHCIIOPTHOTO CPEJICTBA, BBIIICAIICTO W3 CTPOS HA JIMHHH).

K kouTponupyromeit GyHkiuu pazpadaTbiBaeMO CUCTEMbBLMOKHO, OTHECTH U
(UKCaIMI0O YTOHOB WM HECAHKIIMOHUPOBAHHOTO IPOHUKHOBEHUS B TPAHCIIOPTHOE
CPEACTBO.

[IpumeHeHue B COCTaBe MHTETPUPOBAHHON HMHTEIUIEKTYaldbHOM cuctembl ACY
TOpOXXHBIM JBIKeHHneM GPSTeXHOIOTni U COTOBOM CBS3HL TIO3BOJIUT ONMTUMHU3ZHPO-
BaTh JIBIDKEHHE TPY30BOTO TpaHCIOpTa (MMOSBUTCS BO3MOXKHOETB/IETAILHOW OTepa-
TUBHON MapUIpyTU3alUU MEPEBO30K, CBSI3U C BOJAUTEISIMH, CICKEHUS 32 MPOLECCOM
MEPEMEIIEHHS, CKOPOCTHBIX PEKUMAaX, PSKAMaX TPY/ia ¥ OTIBIXa BOJIUTEIICH).

OTAenbHO MOXKHO BBIICTTUTH MOJCUCTEMY MH(POPMUPOBAHUS YIACTHUKOB JBU-
KEHUs, KoTopas Oyner obecrneunBarh nojavdy uHbOpMauu:

—gooumensiM 0 HAIMYMHA CBOOOJHBIX MECT'HA MAPKOBKAX (IPEANOYTUTEIEHBIX
MECT JIJIsl CTOSIHKM M XPaHEHWH aBTOMOOWIS) MyHMX CTOMMOCTH; O KpaTdauiieMm Mmap-
HIpyTE CIIEIOBAHUS U JOPOXKHBIX M MOTOAHBIX YCIHOBUSIX Ha HEM; O 3aTOpax U BO3-
MO>KHBIX MapuIpyTax 00be3/1a; O HATMYUA KOHTPOJIsi co ctoponbl ['AU 1 Bo3MoxkHOM
MIPEBBIIIEHUH CKOPOCTH JIBUKEHUS;

— naccasxcupam u newexooam e, AOMOJHUTENbHBIX MapUIPyTax TOPOACKOTO
TPAHCIIOPTA; O PACIUCAHUMU JBUKEHUS U €r0 COBMEIICHUM C MPUTOPOIHBIM TpPAHC-
MIOPTOM; BO3MOXHBIX NEPECANKAX U OPUECHTUPOBOYHOM BPEMEHU JIBUKEHUS; MOTO-
HBIX YCJIOBUSAX; OIJIATE MPOE3Aa,;

— 800UMENIAM CNEYUATIbHBIX U CReyUaiu3supO8aAHHbIX MPAHCHOPMHBIX CPeOCm8 O
MapUIpyTax NPUOPUTETHOTO, IPOITYCKA;

— 00 omacHOM MECTe MM MECTOIOJIOKCHUM aBapuu (MMPOMCILIECTBHS, IMOXKAPA,
OOJIBHOTO, TPEOYFOIIETO METUIMHCKOTO 00CITY )KUBaHUSI, TOJI0JIe/a, HAHOCA CHEra U T. JI.).

B cocTaB MHTEILICKTyaaTbHOU CUCTEMBI MOTYT BXOJUTb CUCTNEMDL:

—yIpaBJiieHUsI ABMKCHUEM Ha ITyTENpOBoaX (MOCTaxX M B TYHHEISX);

— cOopa miaThl Ha IJIATHBIX MEXIyHAPOAHBIX qoporax (Hampumep, M1/E30);

— BECOBOTQ. KOHTPOJISI U CO3JaHUS TAMOXKCHHBIX KOPUIOPOB (B TOM YHCIIE TIPH
OpraHu3alyy [BUKCHUS KPYITHOra0APUTHBIX M OMACHBIX TPY30B);

=9KCHJIyaTallU! U COJIEPKAHUS TOPOT U YJIHL; TPOTUBOYTOHHEIE,;

— TPAH3UTHOTI'O JBM>KEHUSI U MAPLUIPYTHOTO OPUEHTUPOBAHUS,

< HaBUTALIMU U MHOTHE JIPYTHE.

VYupapiieHrue MOXeT ObITh peaan3oBaHo Yepe3 MojiepHusupoBannbiii [IYII ACY
TIOPOKHBIM JIBI)KEHUEM, KOTOPBINA TMO3BOJSET OCYIIECTBISATH OOJBIIOE KOJUYECTBO
dbynkuit. st ynoocTBa nosas3oBatens B coctape [[YII MoryT ObITh peyCMOTPEHBI
HECKOJIbKO MOHUTOPOB, HAa KOTOPBIX OJHOBPEMEHHO MOXXET OTOOpa)kaThCsl pasiny-
Hasi uHGopMaIusl.

JIJist 9TUX XKe 1esiell MECTO MOHHTOPOB MOTYT OBITh MCIOJB30BaHbI Mpodeccro-
HaJIbHbIC TUIA3MEHHbBIC AUCIJICHHBIE MaHENU. DTO I[BETHbIE CBETOM3IYYAIOIINE JUC-
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mien ¢ spkuM (go 1000 kn/m?) 1 kortpactHeM (3000:1) n306paskerneM. Mosxer
BapbupoBaThcs u coctaB [[YII (Hampumep, TOTOTHATHCS HECKOJIBKUMHU aBTOMAaTH3H-
POBaHHBIMHM PabOYMMU MECTaMM, HA KOTOPBIX OCYLIECTBISET ACSITENIbHOCTh CIElra-
JIUCTBHI PA3JIUYHBIX CHEHU(PUUECKUX TOJCUCTEM, BXOJSIIMX B COCTAB MHTEIUICKTY-
QJIIBHOH CHCTEMBI).

KoneuHno, pa3BuTHE aBTOMATHU3UPOBAHHBIX CHCTEM YIIPABICHHS JOPOKHBIM
JBMYKEHUEM B 3TOM HaIpaBJICHUM MPOIECC TPYIOEMKHIl U TpeOyeT Maccy pecypcos,
HO 3HAaYUTeNIbHAs 4acTh MH(OpMalmu, KoTopas HeoOxoauma il QyHKHUOHMPOBA-
HUSL BXOJSIIMX B €€ COCTaB «BEJOMCTBEHHBIX>» MOJICUCTEM, SIBIISIETCS O01LEH ISl HUX
Y OCHOBHOM JUIsl MOAEPHU3UPYEMOM CHCTEMBI. A Takke co3faHus Ha €e 0aze MHTe-
JIEKTYaJIbHOW TPAHCTIIOPTHOM CHCTEMBI JII000TO YPOBHH.

Hampumep, B ACY 10poXHBIM JBUKEHUEM OCYIIECTBISIETCS cOOp AAHHBIX 00
MHTEHCUBHOCTU M CKOPOCTH ABWKECHHS TPAHCIOPTHBIX MOTOKOB, MX COCTaBeE, O CO-
CTOSTHUM JIOPOYKHOTO TOKpBITUSL (TeMriepatype, KodpOUIMEHTS \CIEIUICHNUs), UIeT
HKOJIOTUYECKUNA MOHHUTOPHUHT, (OPMHUPYIOTCS 3asBKU( 'TIO PEMOHTY TEXHUYECKUX
CPEACTB CUCTEMBI, HA IPUOPUTETHBIN MTPOMYCK TPAaHCHOPTHBIX, CPEACTB.

Ha cerogusmnuil nenp npu MoaepHuzauuu ACY IOpOKHBIM JBHKEHHUEM HC-
MOJIB3YIOTCSL JIBa TUMa AOPOKHBIX KOHTpoJuiepoB. «bJIKJIM» u «/ITYMKA». O6a
ATUX KOHTPOJUIEpPA, B OCHOBHOM, UMEIOT CXOKHE XapakrepucTuku. HekoTopbie KOH-
TPOJIEPHl HE MO3BOJIIOT OCYHIECTBISITH yIpaBI€HUE JETeKTOpaMu TpaHcmopTa (Ha-
pUMeEp, BHICOJETEKTOPAMH, SKOJIOTUICCKUMHy, JOPOKHBIX YCIIOBHI), MHOTOITO3H-
IMOHHBIMHU YTIPABISEMBIMU JOPOKHBIMU 3HAKAMU U 3HAKAMU MPEINHChIBAEMON CKO-
poctu 1 ip. HeoOxoamumo oTMeTHTh, 9TO B Tw, MUHCKE YK€ UMEETCsI TIOJIOKUTEIIbHBIN
OMBIT (PYHKIMOHUPOBAHUS B COCTaBE @BTOMATH3UPOBAHHOW CHUCTEMBI YIPaBJICHUS
JNOPOXHBIM JBH’)KEHUEM HHOCTPAHHOI'O, KOHTPOJIJIEPA, MO3BOJSIOIIETO PEATU30BbI-
BaTh YIpaBJiCHHUE JOPOKHBIMU . CBETOPOpPaAMH HE TOJBKO MO CUTHAJIBHBIM IpyMIaMm,
HO U 10 OTJEJIbHBIM PErYJIMPYEMBIM HAIIPABIICHUSM.

[TosTOMy HpeAnOYTUTEILHBIM YIS HUCIIOJIb30BAHUS SIBISETCS KOHTPOJUIEP, KO-
TOpBIA YK€ Cceiluac yCTaHABIMBACTCS C JCTEKTOpaMu TpaHcmopta (M0 BXojam) M
(GYHKIIMOHUPYET ¢ MHOFOQIIOSHIIMOHHBIMH 3HAKAMHU, & TAKXK€ MO3BOJISIET PEaIN30BbI-
BaTh YIPABJICHUE JTOPOKHBIMU CBETOGOpaMHU IO HAIPABJICHUSM, YTO SBIISETCS Hau-
0oJiee mepCreKTHBHbIM:

3axijIroueHue

Takumobpazom, ACY N0poxKHBIM ABHKEHUEM, O€3yCIIOBHO, UMEET MPEANOUTH-
TeJbHBIC TPEIMOChUTKH JIJII CBOCTO Pa3BUTHUSA U (PYHKITMOHHPOBAHUS B 00JIACTH WH-
TEFPUPOBAHHBIX UHTEJUIEKTYaIbHBIX CUCTEM.

(Co3aHue TaKMX CHUCTEM SBJISIETCS OYEHb Ba)KHOUM TOCYIapCTBEHHOM 3ajlayei,
3HAYMMOCTh KOTOPOU MOBBIIIAETCS C KAXKIBIM FOJIOM.

Henoonienka 3Ha4MMOCTH CKOPEHIIEro CO3/aHusl UHTErPUPOBAHHBIX MH(OpMa-
[UOHHBIX CUCTEM, 10 MHEHUIO aBTOPOB, HEAOMYCTUMA.

YupexaeHue MeXBEIOMCTBEHHON CTPYKTYPhl YIPaBICHUS JOPOKHBIM JIBUXKE-
HueM B PecriyOnuke benapych v mHTErpanus ¢ MexXHalMoHa IbHbIME (Hanpumep, EB-
POIEHCKUMH) CUCTEMaMH 3HAYUTEIILHO OBl YCKOPHIIO 3TOT MPOIIEeCC.
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VJIK 656.1

ITPOBJIEMBI ITPOABUKEHUA UHTEJIVIEKTY AJIBHBIX
TPAHCIHHOPTHBIX CUCTEM B BEJIAPYCHU

B.A. I'paGaypos
benopycckuii HalMOHAIBHBIM TEXHUYECKUN YHUBEpPCUTET, MUHCK, benapych

Pacckazano 06 ucnonvzosanuu HumeniekmyaibHblX MpPAHCHOPMHBIX CUCIEM
(UTC) ona pewenus ycyeybnsiowuxcs mpancnopmusix npooiem. Iokazawo, umo UTC
ABNAIOMCSA CTLOHCHOU KOMNIEKCHOU HeNnpepuleHO PA36UBAIOWECS CUCMEMOLL, 8:CO30aHUU
U NPOOBUIICEHUU KOMOPOU NPUHUMAEM YYacmue WUPOKULl Kpye 3auHmepeco8aHHbIX
CMOPOH: MPAHCROPMHUKU, A MAKJHCe co30amenu asmomoounell, agmomoouIbHulx 00-
poe, cpedcme ces3u u 0opabomku uHGopmayuu, MyHUYUNAIbHbIE GRACIMU, NPOMbIUL-
JIeHHble PupMbl, HayYHble Opeanuzayuu, yieoHvie yeHmpul u m. 0. Takace oceeujervl
n00xo0ul K cozoanuio UTC Kax crox#cHOU cucmembl, Onblm pazeumulX\,CMpaH u cneyu-
¢uxa benapycu.

1. UTC kak cpeacTBo pelieHUsi TPAHCHOPTHBIX MP0d.JiemM

B Hame BpemMsi aBTOMOOWIIA CTAHOBSITCSI BC@ MOIITHEE, CKOPOCTH UX BO3PACTAIOT,
M B KOHIIC KOHIIOB OHM CTaJIM MOXOAWTHh Ha MOTYYHX. M 0€3MO3IJIBIX MOHCTPOB. Ko-
JMYECTBO aBTOMOOMIIEH BCE POCIIO, MOCTENEHHO'@aBTOMOOWIIN 3allpyIWINA YIUIII TO-
POJIOB, a CKOPOCTH JABIoKeHUs (Harmpumep, 17 Km B 9ac B MUHCKE) CTaJId Ha MOPSIIOK
MEHBIIIE TEXHUYECKHMX BO3MOXKHOCTEW aBToMoOMmeil. Pesko Bo3pociu mpobiemMsbl
0€30MMacHOCTH ABM)KCHUS M SKOJIOTHH. Been0ombIie mosIBIsIETCs 3aTOPOB, IPUUEM HE
TOJILKO B TOpOJiaX, HO M Ha Tpaccax: YBEJMYHUBATh CKOPOCTHh IBW)KCHHS 33 CUET
CTPOUTENLCTBA AOMOIHUTENBHBIX JOPOT, TIOCCE W TPAHCIIOPTHBIX Pa3BS30K CTAHO-
BUTCS BCE HaKJIaJIHEE.

[Tomonts B pelIeHny 3TUX APoOISM MPUIILIA CO CTOPOHBI BBICOKUX TEXHOJIOTHH,
B IIEPBYIO Ovepeab HHPOPMAIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHIA. B pe3yinbTa-
TE€ WCIOJIb30BAHUS UX Ha TPAHEIIOPTE MOSBWIMCH MHTEIIEKTyaIbHbIC TPAHCIIOPTHEIC
cuctembl — Intelligent Transport Systems (IT®eiroga oueBnaHa 1 UIMeeTCS B Kax-
JIOM CeKTope TpaHcmoprHoi cdepsr [1], [2]:

o [lomoww 8 ymeHblUeHuUu 3amopos.

* Viyuwenue'bezonacnocmu.

* DKonoeudeckue npeumyuecmed.
IIpouzéodumenvrocmo u 3¢ghghexmusHocme.
Dakmopul komgpopma.

2. |TS =370 He NPOCTO HECKOJIbKO MPOrPAMMHO-TEXHHYECKHUX pelleHui

Tak xak ITS TonpKO BXOAST B HAIY KWU3HB, CYIIECTBYET PACXOXKICHUE B MOHU-
MaHum cyTd u 3a7a4 ITS. CoBcem HEOONBINION 1 HE OUEHBb YJAYHBIA OTBIT CO3TAHUS
ITS B benapycu yxe ectb. [Ipeasiaymas nonsitka Bueapenus TS B Muncke cdop-
MHUpOBaIa y HEKOTOPBIX HAIMX JIFOJIEH KpaitHe ympoIeHHoe npeacTasienue oo ITS.
Korma nomeitanuck 3akazate MuHCKYIO I TS B Kutae, To MHOTMM Ka3anack, uto ITS —
ATO HEKas KOpoOOUKa, Jiexaras Ha CTOJIC W yIpaBJisronias cBerodopamu. JloctaTou-
HO MPOTrPaMMUCTaM U AJIEKTPOHIIUKAM CIENATh XOPOIIYI0 KOPOOOUKY, /ajiee HyKHO
HaXkKaTh KHOMKY, U BCce 3apaboTaeT camo coOoil. Takoe npencrabienue o6 ITS chir-
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paJsio KpaiiHe HEraTUBHYIO POJIb B mocienytomiem pa3sutuu | TS B benapycu u Ha He-
CKOJIBKO JIeT oTOpocuio Hac Ha3ana. Hackonbko manexu peanbubie | TS oT Takol «ko-
pPOOOUYKM» MOKA3bIBAET OMBIT PA3BUTHIX CTPaH, M MOAXOIUTH K PEHICHHIO MPOOIeM
co3manus | TS Hy»KHO CUCTEMHO | C ITOJIHOM OTBETCTBEHHOCTHIO [4].

ITS onupaercst Ha MMPOKUI THUATIA30H TEXHOJIOTUN U (PYHKITHIA:

* KommyHnuxayuu.
l'eoepaguueckoe nonoswcenue.
l'eoepaghuueckue ungopmayuonHvle cucmemo.

* [lonyuenue, Hakonnienue u 0OMeH OAHHbIX.

* Cucmembul Kamep u UCKYCCMBEHHO20 HAOIIO0EHUSL.

* ObHapyoiceHue u Kraccugukayusi.

* Cucmemvl 8 MpaHCNOPMHOM cpedcmae.

* [ughposas xapmoepagpus.

daktruecku ITS peanu3yroT Moaxo «YMHbIe AaBTOMOOHIM HAa YMHBIX JI0PO-
rax».

['maBHBIMHM 3aMHTEPECOBAHHBIMU MOJb30BaTesIMUA | TS, ABAAIOTCS TpaHCIOPT-
HUKH, a CO3/1aTe]Id aBTOMOOMIIEH, aBTOMOOWJIbHBIX JOPOT, CPEACTB CBSI3U U 00padoT-
KU MH(POpPMALIUU — OCHOBHBIMH HUCTOJHUTENSIMHU. TpaHCHOPTHUKUA — 3TO HIMPOKHI
KpYT MOJb30BaTENEeH: CIIEUAINCThI IO TIepeBO3KaM, OpraHMn3aluy ABMKEHUS, MUAJTHU-
s, MUC, ckopasi momolilb, BOEHHOCHTYXalmue U Ap. [Tlomumo HUX B co3gaHUuU U
skcrutyataiuu TS, kak MmokaspiBaeT OMBIT Pa3BUTBIX CTpaH, MPUHUMAIOT y4acTHe
MYHHIIMIIAJIbHBIE BIACTH, MPOMBILIUICHHbIE (PUPMBI, HAYYHbIE OpraHU3aIH, Y4eOHbIe
LEHTPbl 1 MHOTHE JIpyTUue€ CTPYKTYypbl U oOBenuHenus. T.e. ITS - 3To ruranrckas,
HEMPEPHIBHO PA3BUBAIONIASCA CUCTEMA.

PasButne u pacrnpoctpanenue | TS 3a pybexxom B nocnennue 15 net npuseno K
dbopmupoBaHHIO TpeX LEHTPOB: B/EBpocow3e — moj pyKOBOJACTBOM OpraHU3aluu
ERTICO ITS Europe [3]a takke B.CeB. Amepuke u Snonuun. B Poccun Takxke Be-
ayTcst paboTel o opMupoBannio opranuzanun «ITSPoccus». B Snonun B pabote
M0 Pa3BUTHIO HAIMOHAIBHOMN 'S Y4acTBYIOT S MUHHCTEPCTB MO PYKOBOJCTBOM IIpe-
Mbep-MUHHCTpA!

Brieuarssiror yennustmo'pazsutuio TS B EBponie. Pabota Benercst Bo Bcex cTpaHax
EC. Perynsipuo myomukyrores HoBoctu ERTICOkak B neuatHom Buze, Tak u B MHTep-
Here. OYHKIMOHUpYET, crieuranbhbii nopran ITS, obcepratopus ITS. B 2016 roay B
['masro cocroutcs yxe 11 eBporneiickuii koHrpecc | TS. BaxxHo mog4epKHyTh, YTO MEX-
Ay HAIlMOHAJBHBIMU CEPYKTYpaMu | TS ocyriecTBisieTcs TeCHbII KOHTaKT, UM OKa3bIBa-
€TCS METOJMYECKas | MHAS TIOMOIIb CO CTOPOHBI MEXKIYHAPOIHBIX [IEHTPOB.

KitoueBbIMIMOMEHTOM B CO3/IaHMH CJIOKHOM KoMIUIekcHOM | TS siBnsiercs ee ap-
XUTEKTypa. B HpoILIoM CUCTEMbI YIPABIECHUS TOPOKHBIM JBHKEHHUEM YacTO CO3/a-
BaJIICh, UTOOBI 0OKa3aTh TOJIBKO OJHY WJIM JIBE YCIYTH, C IIOMOIIBIO pabOTAIOIMIUX He-
3dBUCUMO OTJAEJIbHBIX MOACUCTEM. B TO BpeMs Kak €CTh pUCKH KOH(JIMKTOB MHOTHX
MOJICUCTEM, UMEIOTCS TAK)XKe CYIIECTBEHHbIE BO3MOXKHOCTH JAJISi OOBEIUHEHUS 3TUX
MOJICUCTEM JJIsi COBMECTHOM paboThl. Apxutektypa |TS HyXHa 1715 TOro, YTOOBI ON-
pEeAeNUTh, YTO UMEHHO HYKHO JI€JIaTh U KTO 3TO JOJBKEH AenaTh. CylecTBYIOT ABa
BUJA apXUTEKTYpHl | TS: nocuueckas n gusuueckas.

Jloeuueckasa apxumexkmypa |TS onpenensieT, 4T0 UMEHHO HYXXHO jenaTh. Ilo-
ATOMY JloTMYecKasi apxuTektypa | TS yHuKanbHa 11 KaXI0M CTpaHbl UM PETHOHA.
OTa apXUTEKTypa COCTABISIETCA KaK KOMIIPOMHCC MHEHHMH BCEX 3aMHTEPECOBAHHBIX
YYaCTHUKOB M CIIY>KUT OCHOBOU J1JIs TIJITAHUPOBAHUS U BbIMoaHeHUs I TS,.
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Qusuueckasn apxumexmypa |TS xapakrepusyeT OCHOBHBIE NPOLECCHl U ydacT-
HuKOB ITS. B nepBuunom npencrasnenun gusndeckas apxutekrypa I TS coctout u3
TpeX yPOBHEI: CETEBOT0, TPAHCIOPTHOTO U UHCTUTYIIMOHATIBHOTO.

1. CereBoii ypoBeHb ¢ KaHallaMu CBSI3U. 371eCh cobupaeTcst u oOpabaTbIBaeTCs
uH(pOpMaLus.

2. TpaHCTIOPTHBII ypOBEHb, paaud KOTOPOTO CYIIECTBYET HMHTEUIEKTyalbHas
TpaHCIOpPTHAasA cuctemMa. Ha 3ToM ypoBHE IPOUCXOAUT MEPEMELIEHUE MMACCAKUPOB U
Ipy30B.

3. UHCcTUTYIMOHAIBHBINA YPOBEHb. OpraHM3allMM, MOJUTHKA, MEXaHW3Mbl (u-
HaHCUPOBAHUS U OU3HEC-TIPOLIECCHl, HEOOXOAUMBIE NIl CO3JIaHUsl M SKCIUTyaTalluu
ITS. Croga BXoIAT rocy1apCTBEHHbIE OpPraHbl, HAyYHbI€ U NPOCKTHHIE, MHCTUTYTHI,
IPOMBILLUIEHHBIE MIPEANPUATHS, YHUBEPCUTETHI U 00pa3oBaTesibHble IEHTPbI, (PMHAH-
COBBIE OPTaHU3ALMH U T. 1.

TpaHcnopTHBINA YpOBEHb CYIIECTBYET U3HAYAIBHO, TaK KaK BIHEM PEaIU3yHOTCS
nepeBo3ku. CeTeBoil ypOBEHb CO3/1a€TCsl YCUIIUSIMU MHKEHEPOB = 37ieCh BCE J0CTa-
TOYHO SICHO. A MHCTUTYIIMOHAJbHBIA YpOBEHb TPeOyeT CEPbE3HBIX OpraHHU3alOH-
HBIX YCWJIHN. [ TaBHBIM JIEHCTBYIOIIUM JIULIOM B (OPMUPOBAHUM MHCTUTYIIMOHAJIb-
HOTO ypoBHS ITS sBisieTcst rocyaapcTBO, 3aMHTEPECOBAHAOE B MIOBBIIIIEHUN CKOPOCTH
nepeBo3ok, cHmwkenuun ATl n coxpanenun skosioruu. Bierpanax ¢ ppIHOYHOM IKO-
HOMHKOU MOOYIUTENbHBIM MOTUBOM ydacTHs B /TS yacTHBIX mpeanpusiTuil sBiseTcs
CTpeMJICHHE K MPUOBLIH.

3. Cnenuduxa benapycu

Bbenapyce oTHOCHTCS K CTpaHaM C TMePEeXOAHON SKOHOMUKON, MOITOMY PacCMOT-
puMm cnenuduky BHeapenus B HuX |TS. CymectByroT uetbipe Muda o ITS B nepe-
XOJTHBIX CTpaHaX, KOTOPhIE OTIPOBEPLAIOTCsA (PaKTaMu.

Mud 1: “ ITS TexHomorusi ABIASEICS CAMIINKOM CJIOKHBIMA U JIOPOTOCTOSIIITUMU H,
CJIEIOBATENLHO, HEMOAXOIAIINMI I JIEPEXOHBIX CTpaH.” /lelicmeumenvHocmby.
yorce ecmb wiupokuii ouanazou 1S npumenenuii 6 smux cmpanax, u 1ITS ToolkitBce-
MmupHoeo banxa npugen (0 npumepos 6 smux cmpaax.
Mug 2: “ Ilepexonnsie npa3BUBarOIIUECs CTPaHbl HYXKAat0Tcs He Oosee, yeM B ITS
MPOJIYKTaX, KYIJICHHBIX=B TMIABHBIX WHIYCTPUATIBLHO PA3BUTHIX CTpaHax.” [lelicmeu-
menvHocmy. TS pazeepmvisanue namno2o 6onee Cl0NHCHO, Yem NPOCMO NOKYNKA U
ynpasinenue HeoOXQOUMbIMOO0PYO08AHUEM.
Mud 3: “ ITS MOFyT HCMOIB30BATHCS, YTOOBI MOJHOCTHIO 3aMEHUTH JIOPOKHBIE Ka-
MUTAJIOBIOKECHMSE:, B UHPpacTpykTypy.” [eticmeumenvrocmo. TS moocem nomous
UCNONIL3068aAMb. CYUICMBYIOWYI0O OOPONCHYIO UHDPACMPYKMYDY U YMEHbUUMb UHBe-
cmuyuu 8 ovoymwetl ungpacmpykmype. |TS oonscnvr ucnonvzosamocs napsaoy c oo-
NOJHUMEAbHBIMU OOPOIHCHBIMU KANUMALOBN0HCEHUAMU 8 UHDPACMPYKMYDY.
Mud 4: "Haufa moTpeOHOCTH B HOBBIX CHOCO0AaX PELIUTh MPOOJIEeMbl TPAHCIOPTH-
POBKHM /HACTOJIBKO CpPOYHA, YTOOBI MBI MPEANPHUHSIIA pa3BepThIBAHUE KpPyITHOMAC-
mtabHeIx | TS, He TpaTs Bpems [1sl TOrO, 4TOOBI MPOBECTU UcCienoBaHus.” [leticm-
sumenvhocms. Peanvuvie |TS mpebyrom mwamenvnoeo nianuposanus. | TS pazeep-
MbIBAHUIO OO0JINCHO NPeouecmeosams cocmasienue niana cmpykmypol, TS apxu-
mexmypbol u m. 0.

benapyce umeer psij crieniupuIecKux 0COOEHHOCTEH:

* bemapyce ABnseTCA TPAaHCIOPTHBIM KOPUIOPOM MEXAY EBpONENCcKUM COr30M
u Poccueit, n nanee Kuraem. IlosTomy Best qopokHas HHPPACTPYKTypa, B TOM YUCIIE
ITS nomkHA COOTBETCTBOBATH €BPONIEHCKUM U POCCUHCKUM TPEOOBAHUSIM.
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* B bemapycu HabmomaeTcs mapajokcaabHasi CUTyalus. ¢ OJHONW CTOPOHBI, YPO-
BCHb pa3BUTHs HH(pOopMaMOHHBIX TexHoJorui (UT) oueHb BBICOK, C IPYroii CTOPOHBI,
ucnons3oBanue T Ha TpaHCIOpTEe HOCUT HE CUCTEMHbIN, a BEIOOPOUYHBINA XapakTep.
DaKTUYECKH OTCYTCTBYET MOJHOLEHHOE B3aMMOBBITOJJTHOE COTPYTHUYECTBO.

* VmeroTcs oTaenpHbIe pa3pabOTKU U UcToiib30BaHue 3nemMeHToB | TS. Ho enu-
HOU HarmoHaNbHOU Oenopycckoil ITS moka HeT. OTCYTCTBYET TakKe €UHBIN KOOP-
JTUHUPYIOIIUNA MPaBUTEILCTBEHHBIN opraH 1o | TS.

* IIpodeccuonanos o ITS B benapycu nukro e roroBut. o cux nmop bBHTY
HE OpraHM30BaJl AHOHCUPOBAHHYIO MOATOTOBKY clienuanucToB no ITS, BAaaeommx
3HAHUSAMM KaK B TpaHCIIOPTHOM cdepe, Tak u oonactu UT.

BriBoabI

Takum oOpa3zom, ocHOBHOM npoOiemoi benapycu B cozgannu TS sBnsercs He
TeXHUYECKas, a MHCTUTYIHOHANIbHAS TipoOsiema. Tak kak | T SHyKHBI TpPaHCTIOPTHU-
KaM, opraiam jnopoxHoro asuwxenus, ['AW, MBI, MUC, ckopoii momoIu, opraHam
TOPOJICKOTO YMPABIICHUS | JP., TO BO3MJIABIATH CTPYKIYPY I 1S mOmKeH BICOKHIA op-
raH rocyjapcTBeHHoM Biactu Pb, o0beauHsoNMii BCe 3TH MUHUCTEPCTBA U CTPYK-

TYPBI.

Cnucok urepatypbl

1. I'pabaypoB, B.A. UnTennexryanbHasi TpaHCIOPTHAS CHCTEeMa KaK WHHOBALIMOHHAS KOH-
nennus pa3putus Tpancrnopra// Hayka u rexnuka. — 2014, Ne 1. C. 63-69.

2. ITS Handbook/ http://road-network/.
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VJIK 004.896

AJI'OPUTM ABTOHOMHOI'O YIIPABJIEHUSA IBU/KEHUEM
HA3BEMHOI'O POBOTA C YYETOM ITPOI'HO3A MECTHOCTHA

J1.B. Baracs®, ALA. Ko63es?, U.H. Kionos', B.B. HemonTos?
'OI'BOY, BHOF «KoBpoBCKas rocyapCTBEHHAsI TEXHOJIOTUYECKAS
akapemust umenu B.A. [lertsapesa», KoBpos, Poccus;
2O’ BOYABITOT «BmaguMHUpCKui rocy1apCTBEHHBIN YHUBEPCUTET
umenu A.I'. u H.I'. CroneroBbix», Bnagumup, Poccus

Paccmompena cmpykmypa cucmemsl ynpasnenus mpaekmopHuIM O8UNCEHUEM
HA3eMHO020 poboma ¢ NPOSHO3UPYIOWUM YRpasieHuem mpaexmopuu osudicenus. [loxa-
3dHbI aneopummbsl GopMUPOBaAHUs NPOCPAMMHOU mpaekmopuu. Ilpueedenst ancopum-
Mbl YIPAGIEHUS OBUNCEHUEM HAZEMHBIM POOOMOM 8 A8MOHOMHOM, NOJYAGMOHOMHOM U
OUCHAHYUOHHOM PENHCUMAX C NPOSHO3UPOBAHUEM pelibeha MeCmHOCmU.

BBenenue

Kak mokaspIBaeT OIbIT MCIIOIb30BaHMs Ha3eMHbBIX poboToB (HP), ocobenHo Bo-
CHHOro HasHaueHus [1], pa3paboTKa HOBBIX AJITOPHUTMOB YIPABJICHHUS IBHKECHHUEM
HA3¢MHBIM pOOOTOM MMEET 1€l — IIPEOI0JIEHUE MPUHIMITHANIBHBIX OTPaHUYEHUN H
HEJIOCTATKOB JUCTAHIIMOHHOTO YIIPaBJICHHS.
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JlanpHeiee pa3BUTHE HA3eMHONW POOOTOTEXHUKH CBSI3aHO C IMOBBHIIIICHUEM aB-
toHoMHOocTH HP B pesynbrate mnepenaun (yHKIMI, BBIMOJHSEMBIX YEIOBEKOM-
orepaTopoM OOpTOBBIM CpeACcTBOM. Takasi «uHTemekryanusanus» HP tpebyer pe-
IICHHSI OOPTOBBIMHU CPEJICTBAMU CIICAYIOIINX OCHOBHBIX 3a/1a4 [2]:

— JHUCTAaHIIMOHHOE ONPEAEIEHUE T€OMETPUYECKUX M ONOPHBIX XAPAKTEPUCTUK
IMOBEPXHOCTU — 30HBI MAHEBPUPOBAHHS;

— OIIpeJeNeHne TEKYIUX KoopauHat u opueHrauuu HP;

— (opMHUpOBaHHUE ONEPATUBHOMN (JIOKATBHOMN) M TAaKTHYECKOH (ri00aabHOM) MO-
Jiesie BHEUTHEN cpeibl C YYETOM MOKa3aHUsi OOPTOBBIX TAaTYMKOB M CEHCOPOB, @ TaK-
&Ke KapTorpaduyeckue JaHHbIE O pailoHe MaHEBPUPOBAHUS;

— COIVIaCOBAaHHOE IUIAHUPOBAHUE TPACKTOPUM NBUKEHUS Ha OICPATUBHON H
TAKTUYECKOW MOJEIISIX BHEIIHEN CPEJIbI;

— 0TpabOTKa TPACKTOPUI TBUKEHHUS.

AHaln3 U3BECTHBIX cHCTEM ynpasieHus HP mokasan, 4posgoCcTaTouyHo XOpOIIo
pa3paboTaHbl U peaii30BaHbl MPUHIIMIIBI TOCTPOCHUS CUCTEM YIIpaBlieHUs poOoTa-
MH, TIEPEMEMIAIOIIUXCS IO 3apaHee U3BECTHBIM TPACKTOPHUAM, KOTOPBIE ONPEAEISIOT-
Csl TUPEKTUBHBIMU CIOCOOAMU. DTU CUCTEMbI MOTYT HpPENyCMaTPUBaTh JIOCTATOYHO
CJIO’KHOE MOBeIeHHE POOOTOB!

— MEpPEeXOo] C OJJHOM BO3MOKHOM TPAEKTOPHUH Ha APYTYIO;

— aHaJU3 OPEMATCTBUI MECTHOCTH;

— ONTHUMAJILHOE TPYNIIOBOE yIPABJIECHUE.

OpnHako HU OJIHA U3 HUX HE YYUTHIBAET BO3MOXKHOCTU 00be3/a MPEMSITCTBUH C
OTKJIOHEHUEM OT 3aJaHHOU TpPACKTOpUHU. M3BECTHBI 3KCIEPUMEHTAIBHBIE CUCTEMBI
yOpaBiIeHUs poOOTaMH, MO3BOJISIONIHNE, 00bE3KATH MPEMATCTBUSI, HO OHU HE HAXOJST
ONTUMAaJIbHON TpaeKTopuu 00be3na. OAHUM u3 >PGEKTUBHBIX BUAOB YIPABICHUS
nekeHneM HP B ycrmoBusx HeonmpeneaeHHOCTH pesibedpa MEeCTHOCTH U TPACCHI SIBIISI-
eTcs MporHo3upytoiee ynpasieane, [3, 4, 5, 6]. DyHkunoHanmkHas cxema yrpaslie-
Hus HP npuBenena Ha puc. 1§ Tue MCIoiab30BaHbl cieayronme ooo3nauenus: HP —
Ha3eMHBIH po0oT, M — NCHOIHUTEIBbHBIA MeXaHU3M (IBWKHTEIH ¢ KopirycoM HP);
JII' — neBas rycenuna, JIIL —mpaBas rycenuna; V, , V, — CKOPOCTH ABHKEHUS, CO3/1a-
BAa€MbI€ COOTBETCTBEHHOWIEBOM U ITPABOM I'yCEHULIAMM.

HP

Cucrema
TEXHUYECKOro |-
3pEHHs

Brnok nporxosa 2

AAA

y Tpuson JII'

Yemosek-
orneparop

]

Cucrema
yTIpaBIeHHS
(cTpareruyecku
1 YPOBEHb)

Brok
yIpaBIeHH
> (TaKTHYECKHI

YPOBEHB)

A A

-

TIpuson IT"

A

Bnok nporxosa 1

Bueurssas
cpena

AAA

Pucynok 1 — ®yHkiuonanpHas cxema ynpasiaeHuss HP

Hapuramponnas
cucTeMa
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OmHuM U3 BONPOCOB TPH Pa3padOTKE TAKUX CHUCTEM SBIISIETCS BBIOOp MeETOAa
IPOTHO3UPOBAHUS U MPOTHO3UPYIOMMX (QyHKIUNA. B HacTosIiee BpeMs CyIIeCTBYIOT
Pa3TUYHBIC METOJIBI TEXHUYECKOTO, SKOHOMHUYECKOTO U COIUATHLHOTO MPOTHO3UPOBA-
HuUsd. J[71s1 3TOro MoryT OBITh UCTIOJIB30BaHbI TOJIMHOMBI HbfoTOHA, Jlarpanxka, Ha oc-
HOBE METOJ]a HaUMEHbBIIIUX KBaJpaToOB, TPUTOHOMETpUUYECKUX QyHKuud u aAp. Hawu-
0oJiee MprUeMIIEMbIM, KaK TIOKa3aJId NCCIIeIOBaHUS, SIBJIsIeTCs ojimHOM HerotoHa [5].

Pa3paboTky anropuTMOB ympaBieHHUS BIKCHHEM HA3eMHBIX pOOOTOB\B aBTO-
HOMHOM, MOJyaBTOHOMHOM M JMCTAHIIMIOHHOM PEXUMAaxX C MPOTHO3UPOBAHUEM pEib-
ea MECTHOCTH MOXHO TPEACTaBUThL B BUIE OOOOIIEHHON CXEMBI BBIMOTHICMBIX
mporenyp Mpu ympaBieHuW nprkenreM HP ¢ mpormosmpoBaHueM TpaeKTOpuu H
penbeda mectHOoCTH (pric. 2). Ha puc. 2 UCmonb30BaHbl ClEAyIOHe 0003HAUCHUS
byHKIMA: F(X,,Y,,2,) — OporpaMMHas TPaeKTOpHs IBWXKEHHS, F(x, .Y, ,z,) —
CKOPPEKTUPOBAHHAS TI0 MTPOTHO3Y TpaeKTopws; V, , V, — CKOPOCTH, JBUKECHUS, CO3/a-
BAEMBbIE€ COOTBETCTBEHHO JICBOM U MPABOM I'yCEHHUIAMH; X, (1) o ¥p(t) , 2, (1) — bakTuye-

CKHUEC COCTaBJIAIOIIMC BCKTOPA CKOPOCTHU HP cootBeTcTBEeHHO, 1O TpEM ACKAPTOBBIM

OCAM KOOpIWHAT.
y l

/ / TTamsTts nporpavvbr Tportiosatop
: TPaeKTOPHHU
i F(XnnZ0)
dopmupoBanne
pOrpaMMHON
TPAEKTOPHHA
Yoy v
Koppexmus
NpOrpaMMHOM
TPACKTOPHH

‘f[X*n(t)-y*n(t)]

®dopmupoBanne
yHpaBJIeHHs Ha
TaKTHYECKOM yPOBHE

! \_l Vi), Va0

Tpancropraas
cucreMa

Xp(1).Yp(1). 20, V(1)

!

/%///%/ -
] |

Pucynox 2 —O060011ieHHas cxemMa BBITOJHIEMBIX TIPOLETYP

B nporuiecce tpaekropHoro ynpasieHuss HP peanusyercs Tpu rpyIibl alroput-
MOB. MPOTHO3UPOBAHMS TPACKTOPHUH; (POpMUPOBAHHE MPOTPAMMHON TPAECKTOPHUU
YOPABJISIIOLIEN MOJCUCTEMAMHA CKOPOCTHOTO BPAILCHHS T'YCEHHMII; IPOTHO3UPYIOLIETO
yIpaBIIEHUS TPACKTOPUEH JBUKEHHUS.
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Aemonomuutii pexcum. Anzopummol RPOHOZUPOCAHUA MPaAeKmMopuu. 3agadya
COCTOMUT B MPOTHO3UPOBAHUU TPAECKTOPHUU 10 TPEM AEKAPTOBBIM KOOPJIAMHATAM B CHUC-
teme HP. [lepBuunas mHbopManus o TeKymux (MrHOBEHHBIX) KOOPAWHATAX IMOCTY-
[aeT ¢ HaBUTalIMOHHOM cucTeMsl. [Tporuosarop popmupyer 3HaUEHUS NOCIEAYOLIINX
KOOPJMHAT TPAacChl IBM)KEHUS C MHTEPBAIOM Ha HEKOTOpPOE Bpemsi Briepen (Bpems
POTHO3UPOBAHUS).

Anzopummol popmupoeanun npozpammuon mpaekmopuu. B Hacrosmen pa-
6ore nns ympasinenus asuwxkennem HP mo 3amannHoil TpaekTopuu B .aBTOHOMHOM
(mporpaMMHOM) pEXHUME PACCMATPUBAIOTCS METObl U aITOPHTMBI PA3IIOKCHUS 3a-
JAHHOW TPACKTOPHUHU HA YNPABIIIOIINE BO3IEHCTBHS Ul IPUBOJIOB LYECHULl, HPUME-
HSEMbIC B TEXHOJIOTHUECKOM 000pyaoBanuu (ctanku ¢ UITY, mpombInuieéHHbIe po0Oo-
Tb1). CerofHs 3TH METOJbl U UX MOJU(UKAIINK, UCTIOIB3YIONME MOJIEIN BUPTYaIIb-
HOW pEaJbHOCTH, IO3BOJIAIOT PELINTh CIEAYIOIIHAE 3ala4d HMHTEIUIEKTYyaJIbHOIO
ynpasienus HP:

1. OntumManbeHOE WM aJanTUBHOE IUIAHWPOBaHME MapilpyTta asBwxeHus HP B
cpene ¢ MPEensTCTBUSMU U MCIIOJB30BAaHUEM JIOKAJIbHOW (CEHCOPHOM) MM TII00alTb-
HOU (CynepBHU30pHOIT) HHPOpMAIHY,

2. MogenupoBanue B BUPTyaJbHOM IpocTpaHcTBe HPokpyxaromen cpeasl u
€ro MOBEICHUS,;

3. Pacno3HaBaHue cuTyaruii 1 puUHITHE ONTUMAIBHBIX PELICHUI;

4. IlporpammupoBanue (MHTEPIIOISLNS) U QHANTUBHAS KOPPEKIIHS JBIIKSHISI
HP no cnnannpoBaHHOMY MapuipyTy;

5. AnantuBHOe ynpasiieHue quxxeHueMyHP.

Haubonee n3BecTHOE perieHue 3aauu yrnpaBieHHUs JBUKEHHUEM HA3€MHBIM pO-
00TOM OCHOBBIBAETCS HA MOCTPOCHUH CHEIEMbI YIIPABJICHHUS 110 IPUHLUITY CIEASIIEH
CHCTEMBI (3a/1a4a CIISKEHHS 3a MPArPaMMHOM TpaekTopueii). B atom ciydae xenae-
Masi TPaeKTOpHUs 3aJaeTcs B mapaMmerpudeckoi ¢popme. /st ee mocTpoeHus B cucTe-
My YIIPaBJICHUS] BKJIIOYAIOT TEHEPATOP XKeJIaeMbIX CUTHANOB (nHTEeprositop). OmHa-
KO, TOYHOCTHBIE TPEOOBaHUA ) IPEABSIBIIEMbIE K HHTEPIIOIATOPAM, & TAKKE HU3KUN
YPOBEHb COBMECTHUMOCTH €. CEHCOPHON MH(pOpPMAIUEl CYIIECTBEHHO OrPaHUYMBAIOT
BO3MO>KHOCTH IIPUMEHEHHS CHEISIINX CUCTEM yIPABICHUSA.

Meron TpaeKTOPHOTO | YIIPABICHUS IPEANOJIAraeT HUCIOJIb30BAaHUE TEKYIIHUX
3HAYEHUI OTKJIOHEHU, 0T 3apaHee 33aJJaHHOW TPAaeKTOPUM M HCKIIIOYAeT HeoOXOoau-
MOCTb IPHBJICUECHUS T€HEPATOPOB 3TAJIOHHOW MOJENH. 3/1€Ch KETaeMasi TPACKTOPHUS
JBUKCHUSI TIPEACTABAACTCS OTPE3KaMHM IJ1aJIKOW KPUBOH, 3a1aHHOI B HEsIBHOU (op-
Me. 3ajaya KOHTYPHOTO YIIpaBJICHUS 3aKJIIOUAeTCsl B cTabuiIM3aluu podoTa OTHOCH-
TEJIBHO 3aflaHHONM TPAEKTOPUH U MOAEP)KAHUU TPeOyeMON CKOPOCTH HEPEMELICHMUSI
BJIOJIb HEE.

s yripasiienus nBukeHrueM HP mo 3amaHHOM TpaeKTOpUM C MPOU3BEICHHOU
TOMEFPa(hUIECKON CHEMKON MECTHOCTH MOTYT UCIOJIb30BaThCS U3BECTHBIE AITOPUT-
MBI WHECPIOSALHAA C KOPPEKIMEN PACYETHBIX KOOPAMHAT B 3aBUCHUMOCTH OT THIIA
npusoaa HP.

AnroputMmsl, paboTarplye M0 METOAY OLEHOYHOW (YyHKIUH, PELIAIOTCS C IO-
MOILBIO KJIIACCUYECKUX METOJI0B JUCKPETHOI'O LEIOYUCIECHHOTO IPOrPaMMHUPOBAHMS.
CyTb 3TUX QJITOPUTMOB 3aKJIFOYAETCSA B TOM, YTO B KaXKJIOM LUKJIE pacyeTa npupauie-
HUN HEOOXOAMMO MUHUMHU3UPOBATH COOTBETCTBYIOIINE 1€eBbIe (YHKIIUU B (hopMe C
HEOTpHULATEIbHBIMU KO3 (PUIIMEHTAMU U IEPEMEHHBIMU.
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Pesrcum oucmanyuonnozo ynpaenenusn. PexxuM TUCTaHIIMOHHOTO YNIPABJICHUS
BBIIIOJTHSETCSA ONEPATOPOM C IYHKTa AUCTAHLIMOHHOTO YIPABIICHUS, PACTIOJIOKEHHO-
ro e HP. IIpu 3TOM uenoBek-onepaTtop KpoMe BO3AEUCTBUS HA JHYKOWCTUKHU BBIIOJI-
HSET CIEAYIOLINE MPOLEIYPHI:

— YCTaHaBJIMBACT BHJ PEKHUMa YIpPaBICHUS (CTpAaTErWMYeCKHid YPOBEHB) - JHC-
TaHIIMOHHOE; IIPXU 3TOM JIOKAJIBHBIE CHUCTEMBI YNPABJICHUS CKOPOCTBIO T'YCEHHIL IO
YIPABISIOUIEMY U1 HUX BO3JEHCTBUIO NIEPEKIIIOYAIOTCS Ha JPKOUCTUK OIIEpaTopa;

— aHaMM3UpyeT MHPOPMALIUIO C CUCTEMbI TexHHUecKoro 3perus (CT3);

— NPUHUMAET pelleHre 00 ydere NpOrHo3a TPAECKTOPHUH U COOTBETCTBEHHO
yIpaBJIIeT OpraHaMu yrpaBiieHus (JpkoiicTukamu), (Mporuo3atop GOpMupyeTKoop-
JIMHATBI TPACKTOPHH C YIPEKICHUEM, U OHH BBIBOJISTCS HA HH/IUKAIIUIO).

Pesrcum nonyaemonomnozo ynpagienusa. Pexum 1moayaBrOHOMHOIO yIIpaBiie-
HUsI TIPEACTABISAECT COYETAaHWE NMCTAHLIMOHHOIO M aBTOHOMHOIO, ynpasieHus. [Ipu
NOTEPU CBS3M OIEpaTOpa B PEKUME AUCTAHIMOHHOTO yrpasienus ¢, HP, nocnennuit
NEPEXOAUT B PEKUM aBTOHOMHOTO yrpasieHus. [Ipu stom«popmupyercs ¢pparmeHt
MOZYJISA Uil ABUKEHHUS B PEKUME MMPOTPAMMHOTO YIIPABIICHUS €y iPOTrHO3UPOBAHUEM.
Hcnonp3yroTes anropuTMel, paCCMOTPEHHBIE 11 aBTOHOMHOI0 peKHUMa.

3ak/JIoyeHue

IIporHosupyrouiee ynpasjieHHe TPaeKTOpHbIME IepemenieHussMu HP Bo3MoxkHO
C peayM3anuen 1o JByM alropuTMaM JUisl CUCTEM YIIPaBJICHHUS CKOPOCTSIMU I'yCEHHMIL!
1) ¢ popmupoBaHrEeM aOCOTIOTHOW COCTABIBSIFOIIEH JOMOJHUTEIIEHOTO YIIPaBIICHUS,
2) ¢ KOppeKIHi MporpaMMbl Ha JTarle jHa3iloKeHUs] ee Ha 3aafollue BO3JCHCTBHSA
HP. ®ynkiuu u nmommHOMSBI 11 3a1a49 nporHosa tpaekropur HP momxHbl yunTsI-
BaTh YaCTOTHBIE BO3MYILEHUS, OPOKAACMBIEC B3aUMOJICIICTBIEM HA3¢MHOI0 po0OOoTa
C IIOBEPXHOCTBIO IIPU €T0 JBHKCHHUH, U HaCTOTHBIE CBOMCTBA U XapaKTEPUCTUKHU KaK
HEINOCPEICTBEHHO TpaHCNOpTHOU creréMbl HP, Tak u nmoxcucreM yrnpasieHus CKo-
POCTSIMU T'YyCEHUL.
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VJIK 004.94:656.11

AUHAMUYECKASI MOJEJIb PABOTbI
TPAHCIIOPTHOU CUCTEMbI <MHD®OBYC»

[Ipomucko E.E., lllyrs B.H.
bpectckuil rocyiapCTBEHHbBIN TEXHUYECKUN YHUBEPCUTET, bpect, bemapyce

IIpeonazaemcs mamemamuyeckas Mooeib pabomvl camoynpasiaemoi mpanc-
NOPMHOU cucmembl nepego3ku naccaxcupos «Hugobyc». Ilpoussedena onmumusayus
pabomosl cucmemvl Npu UBECMHBIX NAPAMEMPAX MAPUPYMa OBUNCEHUS 1 8ePOAMHO-
CIMHbBIX XAPaKmepucmuk nOmMoKo8 naccaxcupos. Pezynomamol npogepenvl Memooamu
UMUMAYUOHHO20 MOOETUPOBAHUS.

BBenenue

Panee mpemiokeHHas MoOjedb TpaHCHOPTHON cucrembl «HpoOyc» [1] pac-
cMaTpuBajia CJIy4aid, IPH KOTOPOM JUIS JTFOOOTO MOMEHTA BPEMEHH Ha MapiipyTe Obl-
70 He Oornee omHoro moesna. [locraBuM 3aauy MOCTPOSHYSI MOJIENH JAHHOW CUCTE-
MBI, €CJIM OYEPETHOM MOE3/] BEIXOJUT B PEHC B TO BPEeMS;KOTIa Mpeablayiiuii (mpe-
ABIAYIINE) CIle He 3aBEPIIIIN CBOC ABIKECHHE.

OcHOBHBIE KOHIIETITNH, JISXKAIUe B OCHOBE () yHKIIMOHUPOBAHHMS JTAHHOM TpaHC-
MOPTHOW CUCTEMBI ¥ BAKHBIE C TOUKH 3PEHUS PEIacMOi TPOOIeMBI:

1) xmueHT (maccakmp) Ha OCTAHOBOYHOMWIIYHKTE BO BpeMs OIUIATHI 4epes
TEPMHUHAJ YKa3bIBAET TAKXKE U OCTAHOBKY, JO'KOTOPOH JKeIaeT exaTh;

2) uHpopMaIrs C TEPMUHAIIOB MOCTYITAET HA IUCIICTUCPCKUNA TYHKT;

3)u3 aeno mo MapumpyTy OTIPABISETCS MMOe3]] M3 HECKOJIbKUX CaMOYII-
paBJISIEMBIX BarOHOB, KOJIMYECTBO KOTOPBIX MOYKHO H3MEHSTH,

4) eMKOCTh BaroHOB, MHTEPBAJIbI BPEMCHH JIBFDKCHUS MEXKIY OCTAaHOBKaAMH M
BpEMsI CTOSIHKUA Ha OCTAHOBKAX/Isl JAHHOM CUCTEMbI U3BECTHBI.

PaccMoTprM OCHOBHBIC@TANBIHOTOTOBKY JBHKCHHS ITOE3/1a

1) npu GopmMUpOBaHKU COETaBa B JEMO MMEETCS KaK TOYHAsS WHQOpPMAIUSI O
naccakupax Ha CTAHIUAX (CKOJBKO M JJO KAKMX OCTAHOBOK €/IyT), TAK MU HEKOTOPas
BEPOSTHOCTHAs MH(OPMallis 0 «OYAyIIUX>» HAcCaKUPax, KOTOPbIE MOJOMIYT Ha OTH
CTaHIIUU JI0 TIPUXOJAHOe3/a,;

2) ecii TaHHBINA TOE3]] HE MEPBBI, TO HAJO YYUTHIBATh, YTO BIIEPEAU HIYIIHC
M0€3/1a Tak)Ke COOMPatOT MacCaxupoB,

3) Ha OCHOBE Beeit 3Toi MHDOPMAIUK (POPMHUPYETCSI COCTaB, T. €. OTNPEACIICTCS
KOJIMYECTBOw, BATOHOB 110 KaKOMY-JIMOO KpUTEpHUIO, HAmpuMmep, coOparh Bcex
NaCCKUPOB'C 3aTaHHON JOBEPUTEIHHON BEPOSTHOCTHIO.

KonmensyanpHass MoJenb MaHHOW CHUCTEMBI JOJDKHA YYHUTHIBATh CIIEAYIOIINE
MOMCHTBHI:

1) Oynem cuuTarth, 4TO 00a HAmNpaBIEHUS IBHKCHUS HMMEIOT COBEPIICHHO
CUMMETPHYHBIC CBOMCTBA, MOATOMY O€3 TMOTEph aJCKBATHOCTH MOXHO paccMar-
pPUBATh TOJIBKO OJHY BETBb MapIIpyTa,

2) Ha MapmIpyTe uMeeTcs K cTaHImii;

3) uHTEepBAI BPEMEHH JIBMIKCHUS 0e3/1a OT Jeno A0 1+ ctaHuuu paBHbIi Aty, a
ot (i — 1)4i go i-ii cranuuu paBubie At (i = 2,...,K) cuntaeM M3BECTHBIMH C JIIOOOM
TOYHOCTBIO;
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4) macCakupbl HAYMHAIOT IMOAXOJUTh Ha CTAHIIMKA 3a HEKOTOPBIA HHTEpPBa
BpeMenu At 10 BBIXOa IEPBOTO MOE3/1a;

5) moe3a BeIE3KAIOT U3 JICTIO Yepe3 paBHbIC HHTEPBAJIbI BPEMEHH T;

6) M3BeCTHa MHTEHCUBHOCTH, C KOTOPOU MOAXOIAT HOBBIE maccaxupsl Ai(t), roe
I =1, ...,K—HoMep cTaHIHH.

Kputeprem onTrMaibHOCTH BhIOEpPEM OMpeecHHEe MUHUMAIbHOTO KOJINYeCT-
BO BaroHOB, BBIXO/IAIIMX 33 OJHY ITOS3/KY, KOTOPhIE «COOEpPYT BCEX>» MacCakKUpOB Ha
OCTaHOBKaX C 3aJaHHOM JTOBEPUTEIILHOM BEPOATHOCTHIO (.

1. Pacuer 3arpy3ku noesaa

Ha ocHOBe 1aHHBIX ¢ TEPMUHAJIOB HA OCTAHOBKaxX Ha MOMEHT OTIIpaBJ@HHUS T10-
€3/1a MO’KHO MTOCTPOUTH MaTpUILy KoppecnoHaeHuui M

0 rnl’2 nl3 rnl’j nl,k
M=l0 0 m,i+1 an]J mk ’ (1)

rae K — KoIM4ecTBO OCTaHOBOK, IT}j — KOJIMYECTBO 11acCaXUPOB, CEBIINX Ha i-if ocTa-
HOBKE C IIEJIbIO JI0eXaTh J10 |-i octaHOBKM (I, =1,...K). Bce anmemenTsr matpuiib M
Ha IVIABHOW JMAarOHAJIM U 10 IJIABHOM TUAroHa b0 paBHBI HYJIIO (T.K. MACCaXKUp HE
MOXET BBIHTH Ha OCTAaHOBKE, Ha KOTOPOW CEJL.B BaroH, M HE MOXKET €XaTh «HA3a/1»).

[To maTpuile KOPPECTOHICHLIUI MOYXHO PacCYUTaTh O0IIee KOJIMYECTBO Macca-
KUPOB CAIAMINXCS Ha i-i OCTAaHOBKE M} 7 KOTOPOE ONpeesieTcss Kak CyMMa dJIeMeH-
TOB |-i CTPOKH MaTpuLibl M

K Kk
Me=>.m,=> m, i=L...,k (2)
=1 jmi+l
M KOJINUECTBO BBIXOAMIMX Ha -1 OCTAaHOBKE My KaK CyMMY 3JIEMEHTOB i-TO CTOJIONA
k i-1
m=>m=>m, i=l..,k (3)
=1 =1

TOFI[a MOCJIe OTHE3/1a OT OCTAHOBKH C HOMCPOM I KOJIMYECCTBO MMAaCCaAXXUPOB B Ba-
ToHax

s=Ym-Ym=Y(m- . =L | @

®opmyinbl (1) — (4) yUuThIBaIOT TOJBKO MACCAXKHPOB <«HU3BECTHBIX» HA MOMEHT
BbIe3/1a moe3/aa u3 aeno. Ho 3a BpeMst ABMOKEHMS TO€371a Ha OCTAHOBKH MOAXOIAT HO-
BbI€ TACCAKUPBI. YUET 3TUX «IOMOJHUTEIBHBIX» MaCCAKUPOB TPEOYET 3HAHHS anpu-
OpPHO# BEPOSATHOCTHOW WH(OPMAIMH O PEKUME MOCTYIUICHHS ITHX IMACCAKUPOB IO
KaIOW CTAHIIMKA M O PACIpeIeICHUN BEPOSTHOCTH HX «IIOXKETaHUI» 10eXaTh 10 Ka-
KOW-TM0O0 M3 MOCHEIYIOMMX CTaHIwi. Toraa, 1mo, HarpuMep, IpeaBapuTeIbHBIM CTa-
TUCTUYECKUM HAOJIOJCHUSM HaM JOJDKHBI ObITh U3BECTHBI 3HAUCHHUS [ n — BEPOSITHO-

50



CTH TOTO, YTO 3a 3aJaHHOC BPEeMs Ha I-I0 CTAHIIMIO MOJOWAET POBHO N MACCaKHUPOB
(i=1,...k=1,n=0, 1, 2,... 1 maTpuiry BeposiTHOCTe# Q, 3a1aHHOM KaK

0 Q1,2 q1’3 quj O&,k

0 0 q2’3 q2,j qz,k
Q: 0 0 qi,i+1 q‘j q’k ,

0 0 qk—l,k

rie 0jj — BEPOSATHOCTH TOI'0, YTO IaCCaXHP, CEBIIMH Ha I-ii OCTaHOBKE, BBIIIET Ha |-H.

OueBUIHBIM SIBJIIETCS YCIIOBUE HOPMUPOBKH. J[J1s1 KXk 101 CTPOKH C HOMEPOM |

MaTpuirsl Q
K

K
da,=>.q,=1 i=1. k.
=1 j=i+1

B wactHoCcTH, Q) 1x=1 , T.K. maccaxup.c mpeanocnennein (K— 1)4 craniuu
JOCTOBEPHO €/IET Ha MOCCIHION K-F0 CTaHIIHIO.

PaccMoTpuM citydaii, KOrja MOTOKH MMAacCaXUPOB SBJISIOTCS YaCCOHOBCKHMHM C
n3BeCTHbIMM HMHTeHCUBHOCTSIMH Ai(t), | = 1,...K=1 (Ha mocienneii k-ii ocTraHoBKe,
OYEBHUIHO, HUKTO HE caauTcs). JlaHHOE mpemoioKeHHE SIBISETCS JOCTATOYHO KOp-
PEKTHBIM, TOCKOJBKY J0Ka3aHO, 4TO .LyMMa OOJIBIIOr0 KOJMYECTBA HE3aBHUCHMBIX
OpAMHAPHBIX CIy4YalHBIX IMOTOKOB CIPEMHEICS K IMYyaCCOHOBCKOMY MMOTOKY [2]. Ilpu
3TOM CyMMa IyaCCOHOBCKHX IOTOKOB ¢ HM3BECTHBIMU HHTCHCHBHOCTSIMHU SIBIISCTCSI
TaK)Ke MMyaCCOHOBCKHMM IOTOKOM{ HHICHCHBHOCTh KOTOPOI'O paBHA CyMME MHTEHCHUB-
HOCTEl MOTOKOB-CJIaraeMbIX, & HMpU MPOPEKUBAHUHU ITyaCCOHOBCKOI'O IMOTOKA IOJIY-
YaeTCsl TaK)Ke MyacCOHOBCKHM, ITOTOK, HHTEHCHBHOCTh KOTOPOTO YMEHBIIACTCS B CO-
OTBETCTBYIOIIEE KOJUUECTBO Pa3s.

OCHOBHOM TPOOJIEMOH “IpHU IMOCTPOCHHM MaTeMaTHYCCKOM MOJEIN SBIISETCS
y4eT BO3MOYKHBIX IMaCCAXUPOB, KOTOPBIE MOTYT OCTAThCSA HA CTAHIHUAX MOCIE OTXO0/1a
noe3aa. X HeBO3MOKHOTOYHO YUYECTh, MOCKOJIbKY OUYEPEIHOM MOe3]] BhIE3KAET 3a-
JI0JITO JI0 TOTO, KaK JaHHBIN [MOE3]] Ipoe3KaeT 3TH cTaHuuu. Ho u3 pe3ysabTaros, mo-
Jay4deHHbIX B [1], M3BECTHO, uTO /I 1F000# 3aaHHON JTOBEPUTEIILHOW BEPOSATHOCTH
«3a0paTh BCEX» MCIOJIb3YCMbIH aJITOPUTM HUMEET HEKOTOPBIH «3amac MmpoyHocTh». B
pe3ysbTaTe €CanyIaXKe KaKOM-ITu00 10e3 U OCTaBUT MMAaCcCaKUPOB Ha CTAHIIUH, TO
CIIEAYIONIMIA 32 HUM OyJeT MMETh Pecypc MX 3a0paTh C OYEHb BHICOKOH BEPOSITHO-
CTBIO.

Beenem Benmunny AT;, KOTopas onpeaeseTcs Kak

|
AT =) At, i=1..k
=1
MHTEPBAJ BpEMEHH OT BBIXOJ[a M0e3/1a U3 JAETO A0 OThe3/a OT i-i CTaHIHH.
Torna KoaMYeCcTBO MOMOTHUTENBHBIX TACCAKUPOB HA I-if OCTaHOBKE OyJeT OImu-
chIBaThCs pacnpeznencHuemM [lyaccona ¢ mapamerpom /\;. s nmepBoro nmoeszna B mpo-
TOHE JIAHHBIN MapamMeTp MOKHO BBIYHCIHTH Kak [1]
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i-1| AT

A, Z j/l(t)dt[ﬂ(l g,) +Af/1i(t)dt, i=1,.. k-1

= 1=j+1
JI71s1 KaKJ10T0 U3 TTOCIIEAYIOIINX MOE310B

i-1 h

A, Zj/\ (t)dt[|_|(1 q;,) +T/\i(t)dt, i=1,.. k-1,

i1 o I=j+1

I7Ie BEPXHHUM Mpee Kaxaoro 13 I/IHTCFpaJIOB hi i =1,...Kk— 1 onpenensercs mo mnpa-
BUITY

h =AT, ecnimAT<T
h=1, ecmAT>T1
OTKyza MOXHO MOJIy4UTb pacHpe/iefieHue KOINYecTBa JOMOJIHUTENbHBIX MHac-
Ca)XHUpPOB
n
(A)” on

P,= > e, i=1...,k=1, n=.0,12...

T. k., OpuTa MOCTaBIIEHA 33a7a4a «cOOpaTh BCEX» MACCAKUPOB C 33TaHHOM BEPOST-
HOCTBIO O, TO JJIsl K&KAOH OCTAaHOBKH C HOMEPQM I ONPEAEIMM TaKoe YUCIIO Z;, 4TO
BEPOSITHOCTh TIOSIBJICHUS Ha JTAHHOM OCTaHOBKe/JIOMQJIHUTEIbHBIX MacCaXUPOB B KO-
JIMYECTBE, HE MPEBHIIAIONIEM Z;, paBHa 0. O4eBHIHO,

Z =min i:ipu.zo( : (5)
j=1

Torma, yuuThiBasi U3BECTHBIX HAa4MOMCHT BbI€3/1a M3 JIENO MAcCCaKUPOB, 3ajia-
BaeMbIX (hopMyJioii (4), U TONOTHUESABHBIX TIACCAXKUPOB OMpeAeIsieMbIX (HOPMYJIIOi
(5) MOXHO yTBEp)KIIaTh, UTO C 3aIAHHON BEPOSTHOCTHIO O TIOCJIC BBIXOJa CO CTAHIIUU
C HOMEpOM I' B BaroHax OyzieT maCCakupoB He OoJiee ueM

§=$+7

[omyanm S’ =max($ ), a 3aTem HailjleM He0OX0IMMOE YHCIIO BarOHOB
r

=[%0] ©)

rae V — EMKOCTh BarOHa,sa KBaIpaTHhIE CKOOKH 0003HAYAIOT, B JAHHOM CITydae, OK-
pyTJieHNEe BBEPX.

2. IIpoBepka pacyeroB

JIyisi IpOBEPKH MOJTYYEHHBIX COOTHOIIECHUN OBUIM MPOBEACHBI UMHUTAIIMOHHBIE
SKCIHEpPUMEHTBI. MoienpoBaiack TpaHCHOpTHAs cuctema, umerorias K = 10 ocrano-
BOK; MaccakUpbl Ha4aJIM MOAXOAUTH Ha cTaHluu 3a At ,, = 10 ycIOBHBIX BpEMEHHBIX
€AVHUI] 10 Havyasla ABM)KEHUs;, BCE MHTEPBaJIbl BPEMEHU MEPEABUKEHUS MEy COCE/I-
HUME ctanimsmu At, 1 = 1,...K omuHakoBble ¥ paBHBI At yCIIOBHBIM BPEMEHHBIM
€MHUIIAM; MHTEHCUBHOCTH TMOSBIICHUS TOTOJHUTEIbHBIX MMaCCAKUPOB HE 3aBUCST OT
BPEMEHU, OJIMHAKOBBIE JJI1 BCEX OCTAHOBOK U IMOJTYYEHBI OLICHKU MOJIENH JJIs 3HaYe-
Hui oT A = 0,01m 10 A = 5, mpu 3TOM KKl U3 TTACCAKUPOB C PABHOUW BEPOSITHO-
CTBIO MOXKET €XaTh JI0 JIFDOOW M3 CIIEAYIOIIUX OCTAaHOBOK; €eMKOCTh Barona V = 50;
WHTEPBAJIbl MEXKy BBIXOAAMH MOE370B T; KOJUYECTBO MPOTOHOB ISl KAXKIOTO CITy-
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gast N = 10. Ucnons3ys popmyny (6) 11st Kaxa0ro KOHKPETHOTO CIydast, OIeHNBA-
J0Ch HEOOXOIMMOE KOJINYECTBO BarOHOB.

Ha puc. 1 u 2 npuBeneHsl pe3yinbTaThl HMHTAIUOHHBIX SKCIIEPUMEHTOB — JOJIS
«IIOJTHOCTBIO OOCITY>KEHHBIX» PEHCOB, T. €. KOTOPhIE HE OCTABIISIM MAaCCAXHUPOB HA
CTaHLUAX, IPU AOBepUTeIbHON BeposTHOcTU o = 70%. [lockonbky anst 3aAaHHOTO
KPUTEPHS ONITUMU3AINH KOJIMYECTBA BATOHOB BO3MOJKHBI JIMIITHAE BarOHbI, TO ITyHK-
TUPOM IOKa3aHa JIOJIsi PEeHCOB, B KOTOPBIX MMEETCS XOTS Obl OJMH MyCTOM BaroH.
HITpuXnyHKTUPHOW JTUHUEH HAa PUCYHKAaX OTOOpakeH YpOBEHb JOBEPUTEIHHON Be-
positHocTH 0. = 70%

Ha puc.1 uzobpaxen cimyuait, korna At = 10,a T =40, 1. e. BAMOMEHT BBIXOJa
OYEpPEAHOT0 Moe3/1a NPeAbLAYIINNA yxKe mpoexai yacTh craniuil. Ha puey, 2 —ob6par-
Has cutyarus At = 40,a T = 10, T. e. B MOMEHT BBIX0JIa OUYEPEAHOTO MMOE3/1a TIPE/IbI-
YU elle He Joexall 1axe 10 IepBOil CTaHIHH.

1
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Pucynok 1 — Pe3yapTarsiMonenupoBanus npu At = 10,1 = 40
1 T —
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flonanonHoctbly ====- NonApelicoe C
00CNyHEHHbIX peficoe nyCcTblMH BaroHamm

Pucynoxk 2 — PesynprarsiMogenmupoBanus npu At = 40,7 = 10

U3 JaHHBIX Fpa(i)I/IKOB BHUAHO, 4YTO NPCATIOKCHHAd MCTOAHMKaA pacucTa OIITH-
MaJIbBHOT'O KOJIMYCCTBA BArOHOB ITIO3BOJIACT IIPOACIIBIBATE 3TO C BaﬂaHHOﬁ HaJaCKHO-
CTBIO.
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Abstract

Main benefits of road automation will be ebtained when cars will drive them-
selves with or without passengers on-board and'onyany kind of roads, especially urban
areas. This will allow the creation of new transport services, forms of shared mobility,
which will enable seamless mobility from door.to door without the need of owning a ve-
hicle. To enable this vision vehicles willnot'just:need to become “autonomous” when
automated, they will need to become.partiof an Automated Road Transport System
(ARTS).

The CityMobil2 EC project mission is'progressing toward this vision defining and
demonstrating the legal and technical frameworks necessary to enable ARTSs on the
roads. After a thorough revision of the literature allowing to state that automation will
give its best when it will be full-autemation and vehicles will be allowed to circulate in
urban environments, the papenidentifies where these transport systems perform at their
best, with medium size vehicle as on-demand transport services feeding conventional
mass transits in the suburbs of large cities, on radial corridors as complementary mass
transits with large busses.and platoons of them and as main public transport for small
cities with personal vehicles; then defines the infrastructural requirements to insert
safely automated. vehicles and transport systems in urban areas. Finally it defines the
vehicle technigal requirements to do so.

1. Introduction

CityMobil2“is a European project which deals with automating mobility. The
CityMobil2«vision can somehow clash with other based on the automation of the sin-
gle vehicle®which is supposed to bring all kinds of benefits without requiring neither
communication nor the involvement of the infrastructure. The first section of this pa-
per isidedicate to analysing the claims and quantifies the expected benefits of automa-
tion demonstrating that only driverless communicating vehicles which are capable of
driving themselves out of the motorway can really provide the promised break-
through.

Established that automating mobility is much more than just automating vehi-
cles, not all automation forms are useful whenever and wherever; each environment
has a best performing system and sometimes, though sustainable in the long term, the
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implementation of automated road transport system might require legislative inter-

vention to make possible and sustain the start-up of new transport concepts. Building
on the results of its predecessor CityMobil project, CityMobil2 uses a geographical

classification to identify the transport tasks better suitable to each transport system
based on road vehicle automation. CityMobil2 has 12 cities studying how best inte-

grate (and where in the city) automated road transport systems.5 of them will become
real life demonstrators.

Where does this vehicle have to run then? How safely (and legally) insert them
on urban roads? CityMobil2 defined where these system should run“and how adapt-
ing roads to make them as safe as rail transport though as flexible as cars. Section 1.3
reports on these findings of the project.

Final section of the paper, before conclusions, reports on the development of a
list of technical requirement for automated vehicles to be part of an automated road
transport system.

2. Vehicle automation levels and their benefits

NHTSA (National Highway Traffic Safety Administration) and SAE have re-
cently classified automated road vehicles in levels on the basis of how many and
which ones of their functionalities are automated.

NHTSA has defined 5 levels of automation [1], from Level O (ho automation) to
level 4 (full self-driving automation) whefe:]the driver [...] is not expected to be
available for control at any time during the'trip. This includes both occupied and un-
occupied vehiclesSAE is currently defining.6 levels of automation (they will be re-
ported in standard SAE J3016, currently work in progress) [2], from level O (non-
automated) to level 5 (full automation),where the vehicle automatically mapages
all aspects of the dynamic driving task under all roadway and environmental condi-
tions [...].

The potential benefits of automating road vehicles are: increased road capacity, in-
creased safety, lower environmental impact, opportunity for new business models.
However different levels,of automations bring to different levels of achievable bene-
fits. In this section therachievable benefits coming from different levels of automation
will be discussed and analyzed.

Both SAE and"NHTSA fail to include in their definitions of automation levels
cooperative systems; V2V (vehicle to vehicle) and V2l (vehicle to infrastructure)
communications,can'be crucial to claim some of the benefits.

Safety. Piao and McDonald argue in [3] that only cooperative systems allow to
reach safety,and efficiency benefits. For example ACC (Adaptive Cruise Control) al-
lows.to maintain a desired time gap from the preceding vehicle but for driving com-
fort convenience the braking capacity is limited and the driver has to take over the
contrel when a higher level of braking is needed. Such situations can bring to not
negligible safety issues. Many studies addressed this topic; among them [4, 5, 6 and
7], agree that Advanced Driver Assistance Systems (ADAS) while increasing safety
one side might decrease it on several others:

» some drivers might fail to intervene effectively in automation failure scenar-
los; ADAS seemed to make drivers less likely to reclaim control in an emergency-
braking, the measured brake time was 3 times higher and the brake reaction time 2
seconds higher than the corresponding ones in a fully manual scenarios;
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* it is conceivable that newly qualified drivers with basic training could imme-
diately use a vehicle equipped with ADAS; this may improve their performance in
the short-term, but since novice drivers do not possess the knowledge or experience
to react in a critical situation, there will be no over-learned reactions to emergency
situation and errors may occur.

Level 4 (according to NHTSA) and levels 4 and 5 (according to SAE) on the
other hand will need to embed recovery strategies and fail-safe and safe-life protected
failure modes not having the possibility to rely on the driver presence in case of
automation failure strengthening safety.

Capacity. Many studies have been carried out to investigate the effects of ADAS
on road capacity. In short road capacity is mainly a matter of timeigap between 2 ad-
jacent vehicles. In [8] the effects of both autonomous and«cooperative ACC on high-
way capacity have been evaluated in a simulation of a single-lane highway. They rep-
resent the typical results that can be obtained in terms of road capacity using ACC.
Setting an average time gap of 1.4 s they found the greatest impact is from 20% to
60% of ACC penetration in the flow but, even in this best'case, the estimated capacity
increase with ACC remain quite modest, at best less than,10%. This means going
from the 2100 v/h of the reference scenario to the 2250 v/h of the best scenario.
Moreover, increasing ACC penetration above 60% leads to modest loss of capacity.
The conclusion is that sensor-based (autonomous) ACC can only have little or no im-
pact on highway capacity even under the most favourable conditions.

Time gap between vehicles can be reduced using communication-based (or coopera-
tive) systems. Reducing the time gap under 1.4 s leads both to user acceptance anc
safety issues if driver intervention is still.expected in emergency situations. These is-
sues can be solved non contemplating driver intervention at all through CACC or pla-
tooning. According to [8] CACC set.with a time gap of 0.5 s can potentially double
the capacity of a highway lane at a high market penetration. In this paper it is worth
to consider that such a result‘can‘be reached only at a 100% market penetration: ever
just a single vehicle not communicating with the other vehicles and/or with the infra-
structure would create a non-negligible safety concerns.

Furthermore there is\a legal issue to consider on this regard. Road code indicates
the brick-wall-stop as the criterion to calculate the safety distance from the preceding
vehicle. Setting an average deceleration of 5 anid a reaction time of 1 s this crite-
rion returns a maximum lane capacity of 1500 v/h at 25 km/h that decreases increas-
ing the speed:.1300 v/h at 50 km/h, 1125 v/h at 70 km/h and so on. Basing on this cri-
terion a lanefcapacity of 2100 v/h is already illegal and, in a certain way, the intro-
duction of partial automation tends to force drivers to go against the law reducing
even mare_ the time gap between the vehicles. Platooning will only be possible if
amendments.to the road code are made as explained in appendix 1 to [13].

Environment. A recent study [9] comparing an automated highway system
(AHS) and ADAS in terms of environmental impact, technical feasibility and eco-
nomic affordability found that AHS are the most promising technology for increasing
capacity and reducing CO2 emissions.

An in-depth overview of many ICT-based solutions and their contribution to CO2 re-

duction is reported in [10]. Among the most promising technologies of road automa-

tion platooning is the one guaranteeing the greatest CO2 reduction, approximately be-

tween 5 and 7.5%. At second place it can be found ACC, with an addressed CO2 re-

duction slightly above 2.5%. Benefits of platooning in terms of CO2 reductions are
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addressed in many other studies. Among those in [11] a 15% reduction is reported for
three trucks driving at 80 km/h with a gap of 4 m. In [12] a fuel save between 7 and
15% is reported for three cars with a gap of 8 m following two heavy trucks at 85
km/h.

A vehicle consumes less energy in a smooth driving at constant speed rather
than in stop and go conditions and it consumes less energy at high speed closely fol-
lowing another vehicle because it has less aerodynamic drag. Therefore from the en-
vironmental point of view the major contributors of automation to fuel consumption,
keeping the total driving mileage constant, are reducing congestionand smoothing
driving conditions and platooning to reduce aerodynamic drag at high speed.

As explained in 1.1.2 before full automation (and the necessary legal amend-
ments) there is little contribution to be expected in reducing congestion and allowing
platooning.

Lifestyle and business model. Automation, the full automation which allow to
send empty vehicles to relocate themselves where needed most, allows implementing
shared mobility and transit systems much more flexible and comfortable than conven-
tional ones especially in those areas traditionally<adly served by public transport.

The eventual increase of public transport (and'shared mobility) share that might
result because of automation implies economic changes too, the greatest being repre-
sented by the overall business model of the road transportation system. There will be
the real chance to substitute the one person-one’ vehicle business model with other
business models. Such a topic deserves aniin depth argumentation that, however, goe:
beyond the aims of this section. On this regard part of the work going on in the
CityMobil2 project is focused on assessing the socio-economic impact of automated
road transport systems. Findings fram this work will help to define the economic sce-
nario of the future and to set the preperpath to make it real and convenient.

3. Which automated transportin‘which part of the city

A new mobility baseds«on automated road vehicles providing door-to-door seam-
less mobility (on-demand ‘and/or scheduled) with the aim of replacing private cars
and, in some contexts, even traditional public transport is the subject of several sub-
sequent research projects funded by the European Commission.

ARTS, Automated Road Transport Systems, as lately defined by the CityMobil2
project, range from large buses to be used on corridors to small individual vehicle to
dual mode city:cars.and have been tested in several European Research Projects an
some of them areynow operating in different cities and contexts. Such ARTS can be
summarized.inithe following four following categories.

» Personal Rapid Transit (PRT): automatic individual transport systems that use

4-place vehiéles running in dedicated lahd3RTs work like taxis, carrying passen-
gers from origin to destination without intermediate stops [14-17].

*.CyberCars (CC): automated road vehicles ranging from 4 to 20 passengers.
Such vehicles work in a network as a collective taxi, in which the passengers can
have different origins and destinations. The lane used by the network can be segre-
gated or not [15-19].

! The traditional PRT concept is to keep the entire network dedicated and segregated to the point that most PRT net-
works are conceived on elevated monorails; however the same concept might apply using road lanes non-necessarily
fully segregated and this concept has been exploited here.

57



* High Tech Buses (HTB): vehicles for mass transport using an infrastructure
which can be either exclusive for the buses or shared with other road users. They can
use various types of automated systems, either for guidance or for driver assistance or
for full automation and platooning [15-16].

» Dual-Mode Vehicles (DMV): city vehicles with zero or ultra-low emission and
driver assistance systems, parking assistance, collision avoidance, also supporting full
automated driving in certain circumstances (e.g. platooning for relocation, [16-17].

According to the service required, the four ARTS perform best in different con-
texts inside and outside the cities.

An approach to evaluate where the ARTS perform best has been developed in
the framework of the EU project CityMobil (2006-2011) [20],«where the four ARTS
were tested in 13 European cities through large scale demonstrators, showcases, anc
city studies. They were evaluated by collecting indicators, of social, environmental,
economic, legal and technological impacts of the ARTS [20].

A Passenger Application Matrix (PAM), consisting in atwo-dimension symmet-
rical matrix where the results of the evaluations ofithe"ARTS are grouped according
to their origins and destinations (respectively rows and columns of the PAM), was
developed to consolidate and cross-compare results of different demonstration, study
or simulation.

Ten possible origins and ten possible destinations are in the PAM.

They are:
 City centre,

* Inner suburbs,

 Outer suburbs,

» Suburban centre,

» Major transport nodes (e.g. airpert; central station),

» Major parking lots,

» Major educational or service facilities (e.g. university campus, hospital),

» Major shopping facilities;

* Major leisure facilities,(e.g. amusement parks),

 Corridor.

The cells of the PAMrepresent all the possible OD pairs, as reported in figure
1,where the final PAM ‘of the CityMobil project is reported, filled with the results of
the evaluations made, (the grey cells are those with evaluations available, whereas the
white cells have no evaluations within CityMobil).

The PAM identifies which automated transport is best suitable to each cell and
helps evaluate pros and cons of the implementation of the different technologies in
each particularenvironment.

1. City centre
'2. Inner suburbs

'3. Quter suburbs
:4. Suburban centre
-5. Transport node
'6. Parking lot
|7. Service facility

8. Shopping facility

|9. Leisure facility
10. Corridor

B with evaluation || without evaluation

Figure 1 —-The Passenger Application Matrix
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An example of the evaluations in the cells is reported in figure 2, where an ex-
tract of the CityMobil PAM, concerning the city centre and inner suburbs rows and
columns, is showed.

Looking at the city centre to city centre cell, three ARTS were tested in seven
European cities: Cybercars in four cities, Personal Rapid Transit in five cities, and
Dual-Mode Vehicles in two cities. For each of them different indicators were meas-
ured. The main outcomes on the ARTS after comparing the evaluations, extensively
reported in [21-22], are:

» The dual-mode vehicles are considered by the users as easy toruse, useful and
safe, in order to substitute the conventional cars.

» People are willing to pay more than conventional public transport to use the
innovative service provided through the ARTS and well disposed to substitute the
private car with such new technology.

* PRT resulted to be more convenient than the.other, ARTSs in terms of
performance and emissions reduction, but applicableonly in small to medium size
cities while conventional mass transits are the best optien for the centres of large
cities.

» As final result, in the city centre of small/medium cities both Dual-Mode
vehicles and PRT can be applied, being well-accepted by the users and providing
good improvement to the city mobility.

D |City centre Inner.suburbs
o) |
[City CC (Gateshead, Madrid, |GG (Gateshead, Trondheim) |
centre | Trondheim, Wien) PRT (Gateshead, Trondheim,
PRT (Gateshead, Madrid, Uppsala)
Trondheim, Wien, Uppsala) |HTB (Gateshead, Madrid,
DMV (La Rochelle, OrtaSan’ ' Trondheim, Wien)
Giulio)
'Inner 'CC (Gateshead, Trondheim )_rCC (Gateshead, Madrid,
suburbs PRT (Gateshead, Trondheim, |Trondheim, Wien)
Uppsala) PRT (Gateshead, Trondheim,
HTB (Gateshead, Madrid, | Daventry, Uppsala)
Trondheim, Wien) HTB (Gateshead, Madrid,
| Trondheim, Wien)

Figure 2 —An extract of the Passenger Application Matrix

This is an example on how to use the PAM; the other main results which can be
found in [21-22], are:

o with medium /size vehicle as on-demand transport services feeding
conventionalkmass transits in the suburbs of large cities,

e on radial corridors as complementary mass transits with large busses and
platoons/of them and

»as main public transport for small cities with personal vehicles.

CityMobil2 [23] will contribute to populating the PAM with the results of its 12
ARTSs studies and 5 demonstrators in European cities.

4. How to integrate automated road transport systems in urban areas

ARTS have the main purpose of providing passenger transportation services in
urban areas, but deploying an ARTS in public urban roads must be done, first and
foremost, safeguarding both the ARTS’ users and the road users in the surrounding
environment [25]. Of all road users, special attention must be given to Vulnerable
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Road Users (VRU). In fact, pedestrians’ road fatality in urban areas is above 70%,
both in Europe and in the US [26 and 27], with the elderly representing the highest fa-
tality rates [28 and 29]. Since elderly-related incidents have greater impact and likeli-
hood of occurrence [30], elderly safety should define the baseline for the safe integra-
tion of ARTS in urban areas. Thus, the focus in the definition of the ARTS’ safety re-
qguirements in CityMobil2 has been shifted, from a driver-vehicle-centric approach, to a
comprehensive, road-safety approach. Other objectives, like the improvement of traffic
conditions or users’ comfort, were subordinated to safety. Though seemingly conserva-
tive, this approach aims might finally help to make road transport as safe as rail one.

Up to date, the most relevant legal experience of an ARTS using at-grade infra-
structure was the CityMobil Rome, Italy. In order to grant the construction and test-
ing clearance?2 to the system, the Ministry of Infrastructure and Transport (MIT) de-
manded, besides an extensive series of tests of all the safety-related subsystems, tha
the ARTS’ vehicle track be entirely segregated with physical barriers [31].

5. Conclusions

After examining the quantification of potential‘benefits of partial automation
available in literature, the paper highlighted how most of the promised benefits will
be delivered by automation when it will be “full’.and on urban roads. The new auto-
mated road transport systems, that can become extensively applicable, will make
seamless mobility from door to door possible without the need of owning a vehicle
and deeply impacting the economy and.the society.

The paper then reported the main.findings of the CityMobil project, which high-
lighted how Automated Road Transport Systems suitable for different trips might
range from individual to ridesharing.to.collective mobility depending on the city area.
It finally showed how the infrastructurefirst and the vehicles and communication
system then should be made‘to:make ARTS fully safe, even in non protected envi-
ronments.

Main conclusions of this paper are:

* a legal and public intervention is needed to understand that inserting
automated transport en,roads is much more than automating a vehicle, but requires to
revamp the law, the roads, and even the communication infrastructure; much less
road and much morexrailfinally bring road safety to acceptable levels;

» automated vehicles would not need to be autonomous, they would need to be
constantly connected and a supervising system (much like the air traffic control)
should be established;

« further research and standardisation is needed in the communication field to
allowslarge scale applications of these new transport systems.
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HIGH CAPACITY ROBOTIC URBAN
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A project of intelligent transport system is discussed in the article. The system is
based on mass.transportation of passengers by means of mobile autonomous robots.
The robots are assembled in caravans on cluster basis. This new type of public trans-
port system. is aimed to increase mobility and flexibility of public conveyance. It also
ensures significant economic benefits - since efficiency is almost equal to metro trans-
portation but at the same time the cost of manufacturing and maintenance is much low-
er. The"project is at the stage of conceptual design. Ongoing research is related to com-
puter simulation of the system in different conditions and intensity of passenger traffic.

Keywords: traffic, adaptive control, passenger traffic, rate of vehicle utilization,
intelligent transportation system.

1. Introduction

The increase in motorization and transport mobility of the population has led to
increase of the city streets transport flow, causing revaluation of principles of traffic
management, as well as an incentive to develop new forms of public transport. Statis-
tical data of traffic on the main streets of the United States and Europe show that
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people spend (on average) from 1 to 2.5 hours a day to move around the city. That
causes significant interest in improving traffic management and public transport in the
city roads and main streets. The annual increase in the traffic load on the main highway
Is leading to a steady decrease of transport speed and the creation of traffic jams.

Private transport is not able to provide a high capacity as each car moves with an
average of 1.2-1.5 person[1]. Therefore in order to avoid traffic jams it is necessary to
unload the transport lines by expanding the performance of ground ‘public transport
approaching the performance of the metro. The costs of metro construction are too
high (1km. of metro costs 40-60 min. dollars) [2].

Transport with high performance should not interfere with' other traffic partici-
pants or with the road network infrastructure, for example trafficulights. Achieving
such an effect may be done by the diversification of different traffic flows through
the levels. Hence, accordingly we have an underground, ‘ground and elevated trans-
port. The last one moves using overpasses. Constructionwof overpasses is about
4-8 times less expensive than construction of underground transport (metro). And
from the standpoint of the safety of passengers such trucks are much safer than the
subway. But elevated transport lines badly fit infurban infrastructure and distort the
appearance of the city.

Thus, ground public transport with mass transportation of passengers is the best
alternative urban transport of the future. 4s it possible under conditions of intense
ground transport flow? Oddly enough, but the answer is yes.

In this work we propose a new type ofyurban public transport - based on robots
and information. It is capable of operating in an intensive environment of the streets
and roads without interference from_ the other vehicles and also of transportation of
the large numbers of passengers comparable to the subway. In contrast to the metro
this type of transport is more energy. efficient, as there are no escalators to move pas-
sengers to a station and to lift them from'it.

The proposed type of transpoert’is a system in which information processes (in-
formation gathering, information processing, decision-making) are carried out conti-
nuously and form the basisiof the information transport systems. Violation of any of
these processes, making. the system unworkable. The vehicle in such a system is an
electric car (without driver) called infobus with ability to carry up to 50 people. In
contrast to the known means of passenger transport (bus, trolleybus, tram, etc.) that
operate autonomously TNFOBUS can only function as part of an information trans-
port system.

2. Analysis ofithe urban transport of passengers

In transport practice in order to characterize needs of the urban population in the
transportation and toanalyze systematically the conditions of passengers carriage cat-
egory ‘passenger traffic’ is used [3], which is described by its’ intensity. Data on the
intensity of traffic flow is used to select means of transport with required capacity
and to determine the necessary number of vehicles.

On each route can be used vehicles with the similar or different capacity. Selec-
tion and justification of the vehicle with necessary capacity for qualitative passenger
service, more rational and efficient use of vehicles is a complex management task in
conditions of incomplete and often inaccurate information. The capacity of the ve-
hicle is set according to the distribution of passenger traffic and the uneven nature of
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its time, the length of the route and the direction it follows. Information is probabilis-
tic in nature and presented in the form of points of the first, second and third distribu-
tion order of the random variable (ie the math expectation, variance and capacity
excess in passenger traffic).

The decision-maker (DM) [4] in such difficult circumstances, should have the
relevant qualifications, experience and even intuition. Wrong decisions lead to losses.
For example, the use of small vehicles in case of a high traffic capacity increases the
required number of passenger vehicles (drivers) and increases the load of the streets.
On the contrary, exploitation of large vehicles on the route withsthe low.intensity of
passenger traffic results in too large intervals of motion, unnecessary passenger wait-
ing time and, in connection to that, in the great inconvenience to the public. The main
criterion for the choice of optimal capacity of the vehicle far a particular route is pri-
marily suitable motion interval.

Thus, the current state of passenger traffic has the following disadvantages:

- The lack of accurate, objective information in real time about the capacity of
passenger traffic on the route which prevents the adoption‘of optimal solutions and
leads to economic losses;

- The presence of the human factor in making responsible decisions.

And third, very important, and perhaps the most important drawback is the small
range of vehicles of various capacities for mare,accurate coverage of the changing
traffic flow. This disadvantage in the modern,logistics of urban passenger transport
can not be overcome, because the industry is not able to produce, say, twenty types of
buses of various capacities.

Even if hypothetically assume that'the desired range is made, it is difficult to
find a person to effectively manage it. Moreover, the control decisions are based on
an integrated (averaged) last information on passenger traffic. And the second ques-
tion. Where and how to store such a diverse fleet of vehicles?

Since the first urban passenger vehicles appeared (more than 100 years ago) anc
provided transportation throeugh urban transport routes for the population, the organi-
zation of transportationshas not been changed. Here the ‘organization’ refers to the
whole range of activities related to the planning, control and management of passen-
ger vehicles in the city. This stability is caused by the immutability of the vehicles
themselves.

The development of information technologies makes it possible to reconsider the
concept of the organization and management of modern public transport. At the same
time the diversity of urban passenger transport vehicles should be abolished and re-
duced tosatransport unit of rated capacity - infobus. Depending on the capacity of
passengerstraffic on the route (measured by sensors in the automatic mode) computer
sends on the route a number of infobuses so that to their total capacity was equal to or
slightly greater than the capacity of passenger traffic.

This infobuses then are to be gathered into cassettes (hence the term "cassette
type of transport"), consisting of a number of different units. The cassette can consist
of different number of infobuses: one, two, etc. It depends on the capacity of passen-
ger traffic at the current time. Perhaps collect a vehicle of any capacity required on
the route now, quickly and at no cost, as the mechanical connections in the cassette
absent. Connection virtual as in road trains [5]. The minimum safety distance be-
tween INFOBUS cassette provides electronics.
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This transport system is adaptive to passenger traffic. It is timely and operative
changing and adapting to the passenger traffic capacity. In connection with this points
system is the most economical one and best meets the transport needs of the popula
tion as vehicles will not be run half-empty or too crowded.

3. The base of cassette assembly of buses - European system SARTRE

One of the promising projects that could change the current situation in the use
of private and public transport by creating a safe caravan or the se=called road trains
Is a system SARTRE. Founded by the European Commission in September 2009, the
project Safe Road Trains for the Environment (SARTRE) allows several machines to
move along the road in an organized column. SARTRE was initiatedyto study the cre-
ation of strategies and technologies for testing the caravan. of vehicles on regular pub-
lic roads [5]. The project could not be better suited to address.a similar problem - cas-
sette assembly of infobuses into a single trailer.

The project is a system in which the cars follew the leading truck vehicle with
professional driver. Cars line up with a distance‘of 6sm and fully repeat the move-
ments of the leading truck that allows drivers to rest, eat, talk on the phone. Each one
of the vehicles is able to leave the column on request. The composition of the column
changes from time to time: some drivers take'control in their hands, others join and
“inferior wheel '(Figure 1).

:

e e e es = es REN

Figure 1 —The road train of the SARTRE project

The driver knows it'is possible to join the road train moving ahead by satellite
navigation, the driver, transmits a signal of the intention "to become the wagon" to
the head car chauffeur. Similarly, it should signal the intention to continue the path
on their own.

Insertion,of trucks on the roads with private vehicles provides a number of bene-
fits (approximately 20% reduction of emissions), security benefits (reduction of acci-
dents_caused by the action of the driver) and the reduction of congestion (smoother
traffic flowwith a potential gradual increase in traffic bandwidth) .

In" January 2012, the SARTRE project entered its final phase with the demon-
stration of a leading train truck driven three cars. Testing was conducted on Héllered
polygon in Sweden. The test vehicles have proved to be excellent at a speed of about
90 km / h, fully repeating the move of the leading truck.

To implement the system in the information transport system (or in other words
- cassette assembly of infobuses) it is required to equip each infobus with rangefind-
ers, onboard computers and wireless communications. Fig. 2 shows a train consisting
of N infobuses. The number of infobuses joined into a train is determined by the ca-
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pacity of passenger traffic on the route line at the current time. Information about the
number of passengers from the route stops comes from the camera to the server,
which calculates the required number of infobuses to join the trucks.

NansHomepsl
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Figure 2 —The road train with N infobuses

The process looks like this. The driver of the infobus-at the last stop gets the
signal to start the route. When he moves to the beginning“of the route his leading car
Is followed by the number of infobuses that is necessary exactly to cover passenger
capacity on the route. The server performs calculations,for.each stop on the route to
predict the possibility of increasing of the number.ef passengers as a stop service is
performed with a delay in the arrival time on a specifie'train stop. After the route as-
signment and before the next lap to the train€an be joined or detached a number of
infobuses depending on the situation with passenger traffic on the route for the up-
coming tour.

Thus the control system of the vehieles inithis project is adaptive to the main pa-
rameter - passenger capacity on the route: This ensures high efficiency of the system
and its attractiveness to passengers in terms of comfort of travel in the evenly filled
infobus cabin, as well as guaranteed acceptable waiting time for the vehicle at the bus
stop. Such features are not available in“currently operating management systems of
urban passenger transport.

4. The movement of buses inithe streets environment

It is necessary that the streets environment was as neutral as possible to the info-
bus motion. It is impossible to fully achieve zero impact on the infobus vehicle, like
that can be done with.the subway . You can reduce this impact through the provision
of special lanes as.is.done for public transport such as bus or trolley.

The disadvantage of this separation is reduction of the number of lanes for the
other road-users and with this the decrease in road bandwidth. Hence the requirement
for the width of infobus: it should be minimal and be like 1-1.5 meters. This choice is
made because of two factors. The highway lane width is equal to 3-3.5 meters. One
lane can be divided into two strips - and as a result we get two lanes (forward and re-
verse) for the infobuses.

Infobuses lanes are directly adjacent to the curb and is separated from it by fenc-
ing and from the main road - by a solid line (Fig. 3). In some cases, can be used the
simple fencing made of a continuous line of plastic cones. The second reason why the
infobus should be narrow is connected with the process of loading the passengers in
the cabin. For quick discharging (download) the infobus has a low floor (on the same
level the platform is) and also has a lot of doors.

66



Time of unloading and loading passengers is limited and shall not exceed, in
best case, the duration of the cycle of traffic lights (80-120 sec.), or be aliquot to it.
This will let infobuses to cross intersections with traffic lights without stopping in a
coordinated ‘green’ wave, because after stopping it starts to move from the very place
in traffic light cycle where it was stopped.

Figure 3 —The road buses of the two infobuses:at the crossroads

The time of loading and unloading passengers in the system is 20 seconds. That
means every 20 seconds the infobus departs‘from a stop with the maximum number
of vehicles in a train up to six at rush heur. Limits for the number of linfobuses in a
train are connected with the recommended length of the stop (30 meters). With a in-
fobus length of 5 meters on the stop'up to 6 infobuses can be placed. Whis the capaci-
ty of 50 passengers infobus train,which consists of 6 vehicled within one minute
transports up to 1,000 passengers, and for 1 hour - up to 60 000, which is comparable
to the performance of the metro.

If the traffic lights object isioff-line (not included in the plan for coordination)
the system responds with the start time from the stop in order to pass the current traf-
fic lights smoothly. To de.this the "Mobile Assistant to the driver” [6] system is used,
which at any stage of+iinfobus movement indicates the time remaining for a green
phase of traffic lights. The system indicates the recommended speed for non-stop tra-
vel. Some compleX intersections infobus can pass through the underground crossing
as shown in Figure 4.

Figure 4 —-Underground crossing on difficult crossroads
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Each INFOBUS is equipped with a computer, GPS-navigator, the device for
communication with the main managing computer in the system and with other info-
buses, sensors providing security. On-board computer monitors all activities (tracking
the position of the car, speed, doors, etc.). [7] Infobus has a different security sys-
tems, including a buffer, which is a rubber seal on the back and the front.

5. Conclusions

A new type of urban public transport is informational. Thistype of transport is
capable of operating in a high-capacity environment of the street without interference
from the other vehicles and transport large numbers of passengers.comparable to the
subway. This type of transport is more energy efficient than the existing transport
systems. This transport system has no negative influence of the human factor since
the system is fully autonomous and operates automatically. to,service requests from
the passengers.

The proposed form of transport is a system_in which'information processes (in-
formation gathering, information processing, decision-making) are carried out conti-
nuously and form the basis of the information transpert systems. Violation of any of
these processes makes the system unworkable. The identity of a vehicle is an electric
car (without driver) which can transport up to 50 people (called infobus). In contrast
to the known means of passenger transpert (bus, trolleybus, tram, etc.) that operate
autonomously infobus can only function,as apart of an information transport system.

This work was supported by the European grants «Grant Agreement Number
2013-4550 / 001-001» project Be-Safe - Belarusian network of safe roads, together
with three European universities..Sapienza University (Rome), National Technical
University of Athens and the University of,Laffboro (England).
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OIIBIT CO3JAHUSA POBOTOTEXHUYECKOI'O KOMIIVIEKCA
HA BASE MUHU-TPAKTOPA «BEJIAPYC 13H»

C.H. lTonny6oxo, A.B. benesuu, B.W. Jlykuit
I'HY «O6beaunensbii MHCTUTYT MammuHocTpoenust HAH benapycu,
r. Munck, Pecriybnuka benapychs.

IIpeocmaenen onvim co30anusi pOOOMOMEXHUYECKO20 KOMNIEKcd, 0becneuusar-
We20 BO3MOICHOCHb OMPAOOMKU MEXHON0UL NPOEKMUPOBAHUsL dNIeMeHmos becnu-
JIOMHBIX MPAHCNOPMHBIX CUCmeM OJi UCNONb308AHUL 8 COCMABE CEPULIHBIX MAUUUH
0MeuecmeenHH020 NPoOU3BOOCMEa U OmpaboOmKu RPOMbIULIEHHBIX MEeXHOIO2UL NPUMEeHe-
HUsL MOOUTBHBIX POOOMOB.

BBenenue

Kpyr noteHIManbHbIX MPUIOKEHUH AJI MCHOJIB30BaHMsl OECIMIOTHBIX TpPaHC-
MOPTHBIX CHCTEM 3HAYUTENIeH, UMEET OTYETIMBO BBIPAKEHHBIH TPEHA K POCTYy U
BKJIIOYAET CIIEAYIOIINE OCHOBHBIE 00JIACTH:

- CEIIbCKOE XO3SUCTBO (TIaTGOPMBI [Tl TPAHEIIOPTHPOBKH MPOAYKIIMHU, BHECE-
HHS yI0OpeHHid, yOOPKH, MOHHUTOPHHTA U T. 1I.);

- IPOMBIIIICHHOCTD (T1aTHOPMBI ISl TPAHCHOPTUPOBKH KOMILIEKTYIOUINX, MO-
HUTOPHHTA MPOIECCOB, OYMCTKH TEXHOJOTHYECKUX ITyTEIPOBOJIOB H T. II.);

- Oe3omacHOCTh (TIATGOPMBI ISl _MOHHMTOPUHTA, Pa3MHUHHPOBAHUS B3PHIBO-
OTaCHBIX 0OBEKTOB, IEPEBO3KU TPY30B Ha ONACHBIX TEPPUTOPUSIX U T. 11.);

- IACCAXUPCKUM U KOMMEPUYECKUN TPAHCIIOPT.

[Tpu 3TOM, OCHOBHBIM (haKTOPOM CACPKHBAIOIINM MAacCOBOE MPUMEHEHHE Oecr-
JIOTHOTO TPAHCIIOPTa B MPOMBIIUIGHHOCTH U CETbCKOM XO3SHCTBE, SBISIETCS €r0 JI0POro-
BH3HA U MTOTEHIMAJIbHAS OTIACHOCTh JUTS JKU3HU U 3/I0POBbSI OKPYKAIOIIETo IIepcoHara.

1. OcHoBHBIE MOAX0ABI B,CO3IaHNHU 0eCNMJIOTHOIO0 TPAHCIIOPTA

B nacrosimiee BpéMsi.co3qaHre MOOMIBHBIX POOOTOB M OECHUIOTHBIX TpaHC-
MOPTHBIX CUCTEM BEJETCS MO ABYM OCHOBHBIM HANPaBICHUSIM:

- pa3paboTKa Crenualn3upOBaHHBIX pOOOTOB MO KOHKPETHYIO 3a/1ady;

- CO37]aHNEM POOOTOTEXHUYECKUX KOMILJIEKCOB Ha 0a3e CepUIHbIX MaIIHH.

PazpaboTka ¢meuain3upoBaHHBIX pOOOTOB MO3BOJISIET CO3/1aBaTh «HUCaTbHbIE»
TEXHOJIOTUYECKHE MAIIUHBI, CTOUMOCTbh KOTOPBIX JJISi OTPEOUTENs IPU €AUHUIHOM
1 MEJTKOCEPUIHOM MPOU3BOJCTBE YACTO MPEBPAIIAET UX B «BBICTABOYHBIE HKCIIOHA-
TBI»¢#B, TO\BpPEMS KaK KPYHMHOCEpUHHOE MPOHM3BOJCTBO CAEP)KUBAETCS JIOIYCTHUMOM
00J1acThO IPUMEHEHUS.

(C6opka poOOTOTEXHUUYECKUX KOMIUIEKCOB Ha 0a3e CEpUIHBIX MAalllUH SIBISETCS
00J1eC BKOHOMUYECKH 11EIecO00Pa3HOM, T. K. HCIIOIB3YeT TOTOBbIC (IPeaBapUTEIBHO
0Tpa0OTaHHBIC B aBTOHOMHBIX YCJIOBHSIX) TEXHHUYECKHE pelieHus (Kak MpaBuiio, Mo-
AYJTBHOTO THUIIA), MOHTUPYEMbBIE HA CEPUIUHOE IACCH. [Ipr 3TOM MOKET COXPaHSATHCS
BO3MOKHOCTH YIPABJICHUS MIACCH B «IITATHOM» PEXHUME (BOIUTENIEM), YTO MO3BOJIS-
€T €ro HCIOoJb30BaTh B 30HE MACCOBOTO CKOMUIeHUs tojei. [loaToMy Ha HayanbHBIX
ATamax pa3BUTHS OECHMUIOTHOTO TPAHCIOPTA, BKIIOYAIOUIMX KaK 3Tambl OTPaOOTKH
KOHCTPYKLHU CaMHUX POOOTOB, TaK M TEXHOJOTHH UX MPUMEHEHUS B Pa3IUYHBIX OT-
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pacisix XO35IMCTBEHHOM NEATENBHOCTH, 3TOT IYTh Pa3BUTHs, C HAIIEH TOYKHU 3PEHUS,
ABIIsIeTCS HanboJiee NePCIeKTUBHBIM.

B Hacrosiiiee Bpems peAnpUsTUsIMA PECITYOJIMKH pa3paboTaHbl U U3TOTOBJICHBI
cienyromye o0pa3ibl 0ECIMIOTHBIX TPAHCTIOPTHBIX CPEICTB:

- poOOTH3UPOBAHHBIN KapbepHbIii camocBan benA3-75131 @binosHeH Ha 0ase
CEpUIHOTO aBTOMOOWIIS);

- pobGoTtu3upoBaHHas miuaTdopma Ha Oaze MuHU-TpakTopa «bemapye 13Z2H»
(BBINOJIHEH HA Oa3e CEpUIMHOTO IIACCH);

- aBTOMATH3WPOBAHHBIN UCTAHIIMOHHO-YIPABIIAEMbI HaOII0AaTEMBHO-0THE-
Boi komruieke «AJ[YHOK> (BbImtostHEeH Ha 0a3e Crieluan3upoBaHHOIO MACCH);

- OeCnuJIOTHBIE aBUAIIMOHHBIE KOMILIEKCHI «bycen», «bycen-M» u «bypesecT-
HUK» (crienaibHas pa3paboTka).

2. OnbIT NPOEKTHPOBAHMS

OaHMM U3 TOCIEAHUX OTEYECTBEHHBIX OOPa3I0B POOOTOTEXHUYECKUX KOM-
IUIEKCOB sIBJIsieTCs poOOTH3MpOBaHHAas IutaTdopMa Hal 0a3e MuHU-TpakTopa «berna-
pyc 13ZH», opueHTHpOBaHHas HA MPUMEHEHHE B YCIOBHUSIX BaKPHITHIX CEIHCKOXO-
39CTBEHHBIX OOBEKTOB M MECTAaxX Ype3BbIYAWHBIX cHUTyauui. JlanHas pa3paboTka
BhINoIHeHa OObEeJMHEHHBIM UHCTUTYTOM MarmHocTpoeHnsi HAH benapycu coBme-
ctHo ¢ OO0 «MHurennekryanbhbie nporeccops» B pamkax HUOKP «Pa3pabotka u
CO3/IaHHE BBICOKOTEXHOJIOTUYHOTO MPOU3BOJACTBA POOOTOTEXHHUUECKUX MOOMIIBHBIX
KOMIUIEKCOBY», ['0Cy1apCTBEHHOM ITPOrpaMMbl HHHOBALIMOHHOTO pa3BUTHUsA I'. MUHCKa
Ha 2011-2015T. B kadecTBe mepBOTO 3aKaA34MKa KOMIUIEKCA BhICTynaeT MuHucTep-
CTBO IO Ype3BbIYAaHBIM cuTyauusMm PeemyOmuku benapychk, a B KauecTBe MepBOro
obpasia — pobotuzupoBanHas miaThopma (prUCyHOK 1) ¢ AUCTAHIIMOHHO YIIpaBiisie-
MBIM J1apeTHBIM CTBOJIOM TOkapoTymeHmI(OAO «JluaTepa»).

Bcero nnst poGotuzanu MOOUABHON TIAT(GOPMBI HCTIONIB30BaHO 11 MexaTpoHHBIX
CHCTEM YTIPABIICHUSA, U3 KOTOPHIX 9 =yHMU(PHUIIMPOBAHBI 110 KOHCTPYKIMH, a 8 U3 HUX —
M0 KOHCTPYKLMH M TNPOrpaMMHO=aIropuTMU4YecKoMy obecrieueHuio. CTojb BBICOKas
CTeneHb YHU(HUKAIUK 00eCeYUBACT TaKyl0 BAKHYIO XapaKTEPHUCTHKY, KaK PEMOHTO-
MPUTOAHOCTH, YTO OCOOCHHO, BAXKHO JIJIs1 MAIIIMH, PA0OTAIOIINX B CIIOKHBIX YCIOBHSIX.

DneKTpoMeXaHuuecK it TPUBO] Papnoynpasisemblit nadeTHblit
« »
[EPEKTIYEHUA TIepefay creon (OO0 “Unmnpecca”)

bBeH3UHOBBII iBUTATE D

Hondag 13 n.c. \

CucTema MAIIMHHOTO 3peHNA
000 “UnrennexryanbHbie
npoueccops”

Cucrema
GecripoBoO/IHOI
nepezadi JaHHBIX

TexHOnmornueckas
~ nnardopma

> IIpusog BOM

Konecnoe nraccu cepuitHoro
nponssoncTa OAO “CMOProHckmit

o »
ABTOArperaTHbL 3aBOL Mecto YCTAHOBKHM BCTIOMOTATC/IbHOTO

TEXHOMOTIYECKOT0 0600PYIOBaHNA
(Kocuika, OTBAJL, WETKA U T.11.)

Pucynok 2 —PobotusupoBanHas miargopma Ha 6aze MuHH-TpakTopa «bemapyc 132H»
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JlanHast pa3paboTKa SBISIETCS CBOETO POJa XOJOBBIM MAaKETOM JISI OTPAOOTKHU
KOHCTPYKTOPCKMX W TPOrpaMMHO-aJTOPUTMUYECKUX PEIICHUH poOOTH3alUU BCEH
HOMEHKJIATypbl MOOWJIBHBIX MAaIIMH OTEYECTBEHHOTO Tpom3BojacTBa. Co3maHue
m1aTdOpPMBI TTO3BOJWIO B TIOJHOM Mepe ampoOMUpOBaTh OCHOBBI METOJOJOTHU MO-
OYJBHOTO KOMIUIEKCUPOBaHUSI OECUIOTHBIX TPAHCIOPTHBIX CHUCTEM C HCIOJIb30Ba-
HUEM KOMIIOHEHTOB €IMHOUW MPOTrpaMMHO-aNMmapaTHON MiIaTGopMbl, pa3paboTaHHOM
CHeIUaINCTaMu JIa0opaTopuu OOPTOBBIX MEXATPOHHBIX CHCTEM MOOWIBHBIX, MAIIHH
O0beauHeHHOr0 MHCTUTYTA MatuHocTpoeHuss HAH Benapycu [4]. [lanHas MeTo10-
JIOTUS BKIIFOYAET CIICTYIOIINE OCHOBHBIE ATAIIbL:

- BBIOOp 0a30BOTO MIACCH W3 HOMEHKJIATYphl MOOMITEHBIX MAIIIAH OTEYECTBEHHO-
ro MPOU3BOJACTBA U OmpenesieHne GyHKIMOHAIBHO 3HAUYMMBIX apPeraTtoB, yIpasJe-
HUE KOTOPHIMU OOECIEUMBAET BO3MOXHOCTh pealn3alii KOMIlIeKca IMokKa3arenen
(YHKIIMOHATLHOTO HA3HAYCHUS OIPECIICHHBIX TEXHUYECKUM 3aaHueM Ha poOoTo-
TEXHUYECKUN KOMILIEKC;

- BEIOOP TEXHUYECKUX CPEACTB aBTOMATHU3AIIMN Ha OCHOBAHWH THUIIOPA3MEPHOTO
psA1a MEXATPOHHBIX CUCTEM YITPABJICHUS,;

- MOJIEJIMPOBAHUE U Pa3pabOTKy ajJrOpUTMOB 4 MPOTPAMMHBIX CPEACTB IMOJ-
TEPKKU (PYHKITMOHUPOBAHUS TUTIOPAZMEPHOTO Psifia MEXaTPOHHBIX CHCTEM YIIpaBJie-
HUS,

- pa3pabOTKy MEXaHU3MOB aJlallTallud UCHOJHUTEIbHBIX YCTPOUCTB U3 COCTaBa
TUNIOPA3MEPHOTO PsAZia Il MCMOJIb30BaHUs B COCTABE aBTOMATU3UPYEMBIX Y3JIOB U
arperaTos;

- HACTPOMKY MEXaTPOHHBIX CUCTEM YIIPABICHUS y3JIaMH U arperaramu B COCTa-
B€ POOOTU3MPOBAHHOTO KOMILJIEKCA.

boproBas cucreMa ynpapieHUs"pOOOTH3NPOBAHHON M1aT(GOPMBI BBIIIOJIHEHA HA
0a3e pacrpeneseHHOW apXUTEKTYPbl C KCIOJIb30BAHUEM YHU(MUIUPOBAHHBIX 3JEK-
TPOHHBIX Moaynel. OOmmiA BHI CTPYKTYpbl W KOHCTPYKLUHUU HWHTEIPUPOBAHHOM
AJIEKTPOHHON CHCTEMBI YNPABICHHUS POOOTU3MPOBAHHOW IUIAT(OPMBI MPENCTABIECH
Ha PUCYHKE 2.

[ 1 —— K 157
e oV —— K 1%
1t —— K15

—

bresin =
K o —— S

£ 3 npubono BOM =

Pucynok 3 — CTpyKkTypa HHTETpUPOBAHHON 3JIEKTPOHHON CUCTEMBI
yIpaBJICHUS POOOTU3UPOBAHHOM TuIaTGopMbl. OOIIHIA BHI.
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Mcnonp30BaHue JaHHOTO MOAXOAAa OOECIEYMBAET BO3MOXKHOCTh HPHUMEHEHUS
YHU(PUIUPOBAHHBIX AJIEKTPOHHBIX MOJYJEH, 00eCreUnBaIONINX CHUKEHHE TPY103a-
TpaT Ha pa3pabOTKy MPOrpaMMHOIo oOecleyeHus, a IJIaBHOe, B 3HAUUTEIbHOH cTe-
MEHU TOBBIIIAIOIINX )KUBYYECTh CHCTEMBI 32 CUET BO3MOXKHOCTEH €€ OMepaTHBHOTO
BOCCTaHOBJICHUSI.

VYuuThIBas NPEIIOKEHHYIO CTPYKTYPY CUCTEMBI, €€ (DYHKLIMOHAJILHOE PAa3BUTHE,
HE0OX0UMOE JUIsl MOHTa)ka Ha pOOOTHU3MPOBAHHYIO IUIAT(HOPMY TEXHOJIOTHUYECKUX
CUCTEM pa3JIMYHOr0 (PYyHKIMOHAJIBHOIO HA3HAYEHUs, JOCTUIaeTCsl MOAKIOYECHHEM
JIOTIOJIHUTENbHBIX NEepU(EepUitHBIX MOYJIEH JTMOO CO3JaHUEM OTIEIbHBIX OJCUCTEM
CO CBOMM ypoBHeM ympasieHus. OOumii Bua poOOTOTEXHUYECKOLO KOMILIEKEa, Oc-
HAIICHHOTO TUIPABINYECKUM MAHHUIYJISTOPOM U YNPaABISIEMBIM OTBAIOM;, IPUBECH
Ha pUcyHke 3.

Kak roBopumoch BbllIe, JaHHBIA 00pa3er; poOOTH3UPOBAHHOM, MIaT(HOPMBI, U3-
TOTOBJICHHBIN B KOJIMYECTBE TPEX LITYK, B MIEPBYIO OUEPEb SBISIETCA MHCTPYMEHTOM
U1 OTPaOOTKH TEXHOJIOTMH UCIIOJIb30BAHUS pOOOTOTEXHUUECKUX KOMIUIEKCOB B pas-
JMYHBIX OTPACsAX MPOMBIIUIEHHOCTU. B yacTHOTCTHY OauE M3 00pa3LoB nepeaaH B
nonpaszaenenne MYUYC s orpaboTKH METOI0B €ro 00EBOT0 IIPUMEHEHUS B YCIOBUAX
Yyepe3BbIYAHBIX CUTyaluil, BTopoil oOpaser mponad B Peenyonuky Kazaxcran mis
OTpabOTKM TEXHOJOIMM TOYHOIO 3eMeJeNentsi<C UEHoab30BaHueM pOoOOTOTEXHHUYE-
CKHUX KOMIUIEKCOB, U TpEeTUW 00pasel] HaxXOAUTICHA BPUHCTUTYTE IJii MPOBEACHUS
JaJIbHEHIINX paboT Mo OTpabOTKE AJITOPUTMOB aBTOHOMHOTO (YHKIIMOHUPOBAHMS

KOMILJIEKCA.

Pucynok 4 —PoGortusupoBanHas rmardopma Ha 6a3e MuUHU-TpakTopa «bemapyc 132H».
Kommrexranus 2, o0mmii BUg
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NHPOPMAILIMOHHBIE ITIOTOKH B UTC: PASBBUTHEMETOJOJIOI'NH
BE3OITACHOCTHU ®YHKIIMOHUPOBAHUSA. TPAHCHOPTHBIX
CUCTEM «HEJIOBEK-MALIMHA>

B.B. CaBueHKoO
OObeIMHEHHBIN HHCTUTYT MalTMHOCTPOEHU I HarmonanpHON akaJeMiuu HayK
benapycu, Munck, benapyce

Pazeumue UTC u ee xomnonenog no3goasem cmasumoy u peuams NPUHYUNUAIbHO
HOBble 3a0auu no 6e30nacHOCMU QYHKYUOHUPOBAHUS MPAHCNOPMHBIX CUCmeM " Yeno8eK—
Mawund’, npudem agmoMamuidecKuls@HAMU3-PasHOPOOHbIX UHDOPMAYUOHHBIX NOMOKO8
Odaem cunepeemuyeckuil s¢hgexm.

Beenenue

W3BecTHO, 4TO CEero/iHs OCHOBHBIMU 3aJjauaMi WHTEJUIEKTYyaJbHBIX TPAHCIIOPT-
HeIX cucteM (MTC), npu BKCIuIyaTaliud aBTOMOOMJIBHOTO TPAHCIIOPTA, SBIISIFOTCS:
oOecrieueHrne 0€30MaCHOCEM MOPOXKHOTO JIBHXKEHHMSI, MOBBIIIEHUE 3(P(HEKTUBHOCTH
MCTIONIb30BaHUS IOPOT, NOBBIICHHE Y((HEKTUBHOCTH MCIIOJIB30BAHMS TPAHCIIOPTHBIX
CPEICTB, TIPEIOCTABICHUE YIaCTHUKAM JBM)KCHUS WH(POPMAIMOHHBIX (Teremarnye-
CKHX) CEPBHUCOB:; JTO OMCHb EMKHE, CO CJIOXHOW MEePapXHUECKON CTPYKTYpOH, 3aja-
yi. B HacTosmiee BpeMs HCCIIEIOBATEIHCKUMHU IIEHTPAMHU W OpTaHU3AIMsIMHU, OPUECH-
TUPOBAHHBIMH HA MOJydEHUE MPUKIAIHBIX PE3yJIbTATOB IMPOBOJATCS padOTHI, B TOM
quclie Q' OMPEACIICHHUI0 MPHOPUTETHBIX WH(GOPMAIMOHHBIX MOTOKOB OOMEHa WH-
dbopmailnuy B paMKax MPOTOKOJIOB TPAHCIOPTHOE CPEICTBO — TPAHCIIOPTHOE CPEICT-
B0  (vehicle-to-vehicle) V2V tpancnioptHOE CpeicTBO — BHEHIHSST HHPOCTPYKTYpa
V21, (vehicle-to-infrastructure)OueBuaHo, 4T0 MHPOPMAIIHOHHBIE TOTOKH M MPEJIO0-
NpeaSIsIT MPUKITAIHYIO peaTn3aliio OYEBUIHBIX CeroaHsl OCHOBHBIX QyHKImi UTC
1 C(HOPMUPYIOT IPUOPUTETHI PA3BUTHS HA CPEAHECPOUHYIO TIEpCTIeKTUBY. [losiBieHme
B WH(OPMAITMOHHBIX MMOTOKAX MPU3HAKOB, XapPAKTEPHUIYIONIUX AUHAMUKY TEKYIIETO
M3MEHEHUS! (DYHKIIMOHAILHOTO COCTOSIHUSI BOJAUTENSI M aOCOTIOTHBIX 3HAYCHUI TICH-
x0(u3noaornuecknx (HyHKUUN, HEMOCPEACTBEHHO BIMSIOMIMX Ha 3(PQPEKTUBHOCTD
BBITIOJTHEHHSI BOJUTENIEM QJITOPUTMOB JISATEIBHOCTH 0 YIIPABJICHUIO aBTOMOOUIIEM,
Harnpumep (HO HE TOJILKO), BPEMsI IIPOCTOM CEHCOMOTOPHOM PEeaKI[iu, MO3BOJISET CTa-

73



BUTh M pELIaTh 3a/a4dl MO pacIIMpeHHI0 (QYHKIMOHAIBHBIX Bo3MoxHocTed MTC,
WuTennektyanpHasi TOpOKHASI CETh aAANTUPYETCA K TEKyIMIMM (PaKTUYECKUM H3Me-
HEHUSM 00CTAaHOBKH B PEAIbHOM PEKUME BpeMeHH, nH(opMalus 00 HHTEHCUBHOCTH
Tpaduka, GaKTUIECKOM COCTOSIHUU Y3JI0B U arperaToB TPAHCIOPTHBIX CPEACTB, WH-
LAJICHTAX U aBapUsX CTAHOBATCS NOCTYIIHBIMH ISl BCEU CETH.

Hepapxuueckas crpykrypa UTC

Hepapxuueckas ctpykrypa UTC mocrarouno moapoOHO, ¢ y4ETOMSCUCTEMHOTO
MOIX0/Aa W MEKIUCIUIUIMHAPHBIX TO3UIMH, n3noxeHa B padore C.B. JKankasuesa
[1], BeImensieTcst msiTh cioeB (ypoBHeit). IlepBhlid coii mpencTaBiseT i co00r CaMblit
HU3KHI YpOBEHb CHCTEMBI, KOTOpasi o0pa3oBaHa Kak JETEKTOpaMy, TakK W, MCIIOJTHU-
TEJIbHBIMU 3JIEMEHTaMH, U B HEM MPOBOJUTCS Kak cOOp JaHHBIX, TaK U JEHUCTBUS IO
yhnpaBieHuio. BTopoil cioil xapakTepusyeT onepaTUBHOE yNpaBieHHe HEOOIbIINMHU
Y4aCTKaMU TPAHCIIOPTHBIX CETEH, OTACIBbHBIX TEPMHUHATIOB MM ) TPAHCIIOPTHBIX
cpenctB. TpeTuil ciol XapakTepu3yeT BCIO TPAaHCIOPTHYIO €€Th OOJIBIINX y4aCTKOB
U, B OOJIBIIIMHCTBE CIy4yaeB, peuyb HAET 00 00paboTKe, YHU(DUKAIIMY U U3BJICUCHUU
MH(pOpMAaLUY U3 MTOICUCTEM BTOPOTO Ciosl. UeTBEepTHINCIION OTpa)aeT rocy1apCTBEH-
HYIO TPAHCIIOPTHYIO MOJINTUKY U €€ HEOOXOAMMBIX 4acTH, KaK, HapUMep, CO3JaHHe
(doHIa pa3BUTHA TpaHCIIOPTa, PUHAHCUPOBAHUE TPAHCIOPTHOW MH(PACTPYKTYphI, Ha-
rpy3Ka TPaHCHOPTHOM HMH(PACTPYKTyphl, OLEHKA HOTEPh OT IMPOMCIIECTBUM, CTATHU-
cThyeckas o0paboTKa IaHHBIX U T. A. TeneMaTHUecKre JIEMEHThl MOKHO paccMaTpu-
BaTh KaK MCTOYHUK MHGOpPMAIMU ISl OTpEeNedeHrs 3TuX mapamerpoB. [IATeIil croit
NPEACTABISIET EBPONEHCKUI (MHPOBOIA) YPOBEHb M TPAHCIIOPTHYIO MOJUTUKY CTPaH —
uyneHoB EBponeiickoro Coroza (71160 r1I00aibHYI0 TPAHCIIOPTHYIO MOMUTUKY) [1].

[Tepserit cnori UTC xapaktepu3yercsi COOPOM CTAaTHYECKUX M JUHAMUYCCKUX
JAHHBIX O TPAHCIIOPTHO-IKCIUTYaTAMHOHHBIX KAa4eCTBAX IYTH, TPAHCIOPTHBIX CPE-
CTBaxX M TPAHCHOPTHBIX TEpPMHHATIAX. XapaKTepHBIM AJIsl 3TOTO CJ0s, KpoMme cOopa
JAHHBIX, SIBJIIETCS OCYILECTBIICHNE YIPABICHHUS C ITOMOIIBIO MCIOJIHUTENBHBIX dJIe-
MeHTOB. Ha aBTOMOOHIBHOM, TPaHEIOPTE TO CIEAYIOIIUE MPpHiIokeHus [1]:

— cOOp TaHHBIX O TPAHCHOPTHO-IKCILUTYaTallMIOHHOM COCTOSIHUM aBTOMOOUIIbHON
noporu (MHTEHCUBHOCTH M'€OCTAB JBMKEHHS, TUIOTHOCTh U CKOPOCTH JIBUKCHUS, Me-
TEOPOJIOTUYECKUE TAHHBIG U T.J.);

— cOOp JaHHBIX O TPAHCIIOPTHBIX CPENCTBAax (CIIEKEHUE 3a OMACHBIM TPY30M,
MOHHUTOPUHI YTHAaHHBIX, ABTOMOOMJIEH, aBTOMAaTHYECKOE OIOBELIEHUE O JOPOKHO-
TPaHCTIOPTHBIX HPOMCIIECTBHUSIX H T.1I.);

— cOOp MaHHBIX O TPAHCMOPTHBIX TEPMHUHANAX (3aHATOCTHh MAPKOBOK, COCTOSHUE
JOTHCTUYECCKAX, IICHTPOB | T.1.);

— COCTOSHUE M M3MECHEHUE MCIIOJIHUTEILHBIX 3JIEMEHTOB (M3MEHEHHUE COCTOSHHUS
YIPABISIEMBIX JOPO’KHBIX 3HAKOB, U3MEHEHHE COCTOSIHHS CBETO(OPOB H T.1I.).

KOoMMyHUKallMOHHAs cpefa MEXIy IMEPBbIM M BTOPBIM CIOSMH IMPEABSBISET
Camble >KEeCTKHE TpeOOBaHUS K 3allUTe, HAJIEKHOCTU U JOCTYMHOCTU Mepenayul uH-
dbopmaimnm.

CocTaB U XapaKkTepuCcTUKU HHPOPMAIIMOHHBIX OTOKOB

Cpenu crienuanucToB CEro/iHd HET €JUMHOrO MOHUMAaHUs OTHOCUTENIBHO COCTaBa
U XapaKTepUCTUK NepenaBaemMbix AaHHBIX B riepBoM cioe UTC. Cepbesnas npobiiema
JEKUT U B (PAKTHUECKUX HCIOJIb3YEMBIX MPOTOKOJIaX oOMeHa uHpopmaluei B 6op-
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TOBBIX CHUCTEMax M KOMIUIEKCAaX, U €CJIM Ha KOMMEPYECKOM TPAHCIIOPTE yCTaHABIIU-
BaloTCA OOPTOBBIC IMHBI IEPEIauM JaHHBIX, cCaMast pacCpOCTpaHEHHAs U3 KOTOPBIX —
mmHa CAN (emuHblii hopMaT KOIUMPOBOK, nepenaBaembix 1o mmHe CAN mapamer-
poB, onmcanHbii B crangapre SAE J1939-71)u paspaboran yHU(DUITUPOBAHHBIHI
MPOTOKOJI Tepenadn AaHHbix (ctangapt FMS), To st 1erkoBoro aBTOTpaHCIOPTA,
Takoi Qopmain3anuy HEeT. ITO CBA3aHO C TeM, 4TO 0a3bl JAHHBIX JEKOJAUPOBAHHMS
CAN coo0mennii y Bcex MPOU3BOAMTENCH JIETKOBOTO aBTOTPAHCIOPTA WHIAWBHIY-
aJbHBIE ¥, 00Jiee TOr0, OHM MOTYT OTJIMYATHCS JaKe JUIS Pa3HbIX MOJEJEH aBTOMO-
Owsieit 0OTHOTO MPOM3BOAMUTENS U OTHOCATCS K KOH(UICHIIMATbHOW HH)OPMAE#H, 110-
CKOJIBKY paccMaTpHBAIOTCS UMM KakK JOMOJHUTENbHAA CTENEHb 3aIlUThl OT BO3MOXK-
HBIX YTOHOB aBTOMOOMJIEH.

Crrernanuctel MAJIM cumTaroT, 9To JJIT KOMMEPYECKOTO TPpaHCIopTa (1o mpo-
tokosaM V2V u V2I) B cetb UTC GOpTOBBIC CHCTEMBI JOJDKABL IepeaBaThCs Clie-
Ayrolye HaObopbl TaHHBIX [2]:

1) reorpadudieckue ITaHHBIC MMOJIOKCHHUS aBTOMOOWIS (H0JTQTa, mHpoTa, abco-
JFOTHOE BPEeMs, KypCOBOM YTOJI, DJUTUIITUYECKAsl BBICOTA), TIOIYIYCHHBIC C IMPHMEHE-
HUEM OOPTOBOM CHCTEMBI HABUTAIIHH;

2) KUHEMAaTHUYeCKUE IMapaMeTpbl IBMKCeHHS (MPUBEACHHAS CKOPOCTh aBTOMOOM-
751, IPOAOIbHOE U OOKOBOE YCKOPEHHMs, MPUBEACHHAS YIOBasi CKOPOCTh BpAICHHUS
Ky30Ba aBTOMOOMJISI OTHOCUTEIILHO BEPTUKATIbHOM OCH);

3) maHHbBIe 00 YIPaBISAIOUIMX BO3ICHCTBHSX Ha ABTOMOOWIJIb CO CTOPOHBI BOIH-
Tens (MOJOXEeHHWEe Teain ra3a, HaxaThe Ha feJalib TOpMO3a, Yrojl MOBOpOTa pyJie-
BOTO KoOJieca, peKuM paboThl yKazaTesei moBOPOTa, peXKUM BKIIOUCHHS aBapUHHOMN
CUTHAJIM3AI1H);

4) napaMeTpbl, XapaKTePU3YIOIIUe YCIOBUS JTBUKCHUS (3HAUCHUE TEeMIIePaTyphI
OKpY>KaroIlllel Cpelibl, PeKUM PaOOThL CHCIEMbI TOJIOBHOTO OCBEIICHUS aBTOMOOWIIS,
peXUM palbOTHI CTEKIOOYUCTUTENCH, MHAUKATOP CpaOaThIBaHUSA CHUCTEM aKTHUBHOM
oesomacuoct ABS, TC, ESR1 sipyrux);

5) uaeHTH(UKATOPH aBTOMOOMIIS (KaTeropusi TPaHCIIOPTHOTO CPEJICTBA, Macca,
JUTMHA, IIAPUHA, BEICOTA, HICHTU(HUKAIIMOHHBIA HOMED).

OTMeuaeTcs, 4TO MPAKTUYSCKH BCE MEPEUHCIICHHBIC BBIIIEC MapaMeTphl (B 3aBH-
CUMOCTH OT OCHAIIICHHOCTH ‘@BTOMOOWJISI) MPUCYTCTBYIOT B TOM WJIM WHOM BHUJC B
OOpTOBOI ceTH mepemauél AAHHBIX, U LEIecCO00pa3HO HCMOJIb30BaHUE HMEIOIIEHCs
uH(pOpPMaLIUU ¢ CCHCOPHBIX TaTYMKOB aBTOMOOMIIS, BMECTO JIOOCHAIICHUSI TeJleMaTH-
YECKOTO MOJYJISI TOTTOJIHUTEIILHBIMU TaTYMKAMH, TyOJUPYIOIIMMU TaTHBIC [2].

Passutne meromosioruu 0e30macHOCTH (YHKIMOHHMPOBAHMS TPAHCIHOPTHBIX
CHCTEM «HeJJOBeK—MAIIMHA»

OCHOBHBIC TIOJIOKEHUS METOJOJIOTUM 0e30MacHOCTH  (PYHKUMOHUPOBAHUS
TPAHCHOPTHBIX CHUCTEM <«UCIIOBEK—MAIIIMHAa», pa3BHBAeMON aBTOPOM, H3JI0KECHBI B
nyomukanusx [3—5u ap.]. Pazsutne UTC, nosiBneHne B cucreMax pasHOPOTHBIX WH-
(GbopMallMOHHBIX TMOTOKOB, aJanTanus MOJ HHUX MEPCIEKTUBHBIX TPAHCIOPTHBIX
CpeACTB U OOPTOBBIX CUCTEM MO3BOJISIET CTABUTH U PELIaTh HOBbIE 3a/IaUH:

pa3pabaTbIBaTh MOJEIH U, HA UX OCHOBE, HH(POPMAIIMOHHO-aHATUTUYECKHE CUC-
TE€Mbl TPEBEHTUBHOTO TMPOTHO3UPOBAHUS DPA3BUTHUS CUTYAlMOHHBIX CIIEHAPHEB H
yIOpaBIEHUSI pUCKaMU B OOECIeueHUU KOMILIEKCHOM Oe3omacHocTH 00bekToB UTC
no (QakTUYECKOMY COCTOSIHMIO, T€ MCXOTHBIMU OyayT (pakTHuecKue, AUHAMHUYHO
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MEHSIOIUECS B peajbHOM MaciTabe BpeMEHH, JaHHbIE, XapaKTepU3yIOIIUe OCHOB-
HBIE€ MPOIECCHl B CUCTEMAX «UEJIOBEK—MallIMHa», B TOM YHUCJIE JTUHAMUKY (QYHKIHO-
HAJIBHOTO COCTOSTHUSI KOHKPETHOTO BOJIUTEIS;

aHaIN3 Pa3HOPOAHONW MH(OPMAIUK ¢ OOPTOBBIX CUCTEM, OPUEHTUPOBAHHBIX HA
MUHHMH3ALUI0 HETaTUBHBIX ACIEKTOB YEJIOBEYECKOTO (hakTopa (CHCTeMbI aKTHBHOM
0€30IMacHOCTH, «IMPOABHHYTHIe» cucTeMbl moMomu Bogutenaw (Advanced Driver
Assistance System — ADASiaxorpad) B0 B3aUMOCBSI3H ¢ KHHEMAaTHYCCKHMHU TIapa-
METpamMH ABWKEHUS, JaHHBIMU 00 YIPaBJISIONIUX BO3JAEHCTBUAX HA aBTOMOOMIB CO
CTOPOHBI BOJUTEIIS, reoTpaduuecKUMH JaHHBIMH O TTOJIOKEHUST aBTOMOO IS, "(haKkTH-
YECKOM COCTOSIHUHM JOPOTH, B TOM YHCII€ 00YCIOBIEHHOM METEOPOJIOINIECKUMU YC-
JIOBUSIMU, TUIOTHOCTH TPAHCHOPTHOTO TIOTOKA, BBIYUCIUTEIbHBIMU MOITHOCTSIMU
NTC no3BOJUT MOTYUYUTh CUHEPTETHYECKUM dPEKT.

[loaroToBieH NpOEKT, OPUEHTUPOBAHBINA HA pa3pabOTKy OOpTOBOW MH(OpMAIIH-
OHHO-aHAJUTUYECKOM CHUCTEMBbl OMPEICIICHUS MECTOMOI0KEHH ), TPAHCIIOPTHOTO
cpenctBa U MHGOPMHUPOBAaHUS OO0 aBapuUWHOM CUTyalluH, IIO3BOJMT B aBTOMaTH4Ye-
cKoM pexwume, ¢ TouyHocThio oT 0,1 1o 3 M, ompenensiTh MEETOMOIOKEHUE TPAHC-
MOPTHOTO CPEJICTBA C MPUBSI3KOW K IU(PPOBOIl KapT€ MECTHOCTH, M aBTOMATHYECKH
MHPOPMHUPOBATh 00 aBapuiHOW cUTyalud (COBMECTHO £ TpYNIONW KOMIaHHMA
«HTJIa6», PB). Kak momomnutensHas ommus (paszpabatbiBaer 3A0 «Heipokom»,
P®), cucrema B aBTOMaTHYECKOM PEKUME OMPENCSIBSICT OMACHBIE COCTOSHUS BOJIUTE-
ast (rmyOokasi penakcaiysi, motepsi CO3HaHUsI, ‘€MEpPTh) C BEPOSTHOCTHIO OIACHOM
ommbku Meroga (oumbka 2o poxa) He Gomee' 4-10" M MOTOKOM BEPOSTHOCTH
ONAaCHBIX OTKa30B, npuBoaiamux K [TII, He xyxe 10° gac™l; U ¢ HMCIOJIb30BaHUEM
IITATHBIX OOPTOBBIX CHCTEM JUCIIETYEPH3ALINU, NIEPEAAECT B UCIETYEPCKUN LEHTP
NepeBO3YHKa W/WIIH TIO CTaHIAPTHRIM IpoToKosiam B UTC.

Cerogusi akTHUBHO OOCYXKJIacTesi, BOSMOXKHOCTh JTATbHEHMINEro pacIIMpeHus
(YHKIMOHATBHOTO Ha3HAauYEHUs OOPTOBBIX CUCTEM 00ECIeUeHUs BbI30BA SKCTPEHHBIX
orepatuBHbIX cinyx0 (e—Call)sanpumep, B “OPA-TJIOHAC”, xak monumenckoro
crioco0a OOPHOBI ¢ YTOHIIMKAMU WyHAPYIIUTEISIM MTPABIII JOPOKHOTO JABMKEHUS [6].
[Tonuueiickue cMOTyT AMCTAHUMOHHO OTKIIIOYATh 3a)KUTAaHUE Y MPECIeayeMOro aB-
TOMOOWMJISI, @ YUUTHIBAs, YTO, B KPATKOCPOUHOM MEPCIEKTUBE HABUTALMOHHBIE CHCTE-
MBI CMOTYT pa00TaTh ¢/CAHTUMETPOBOI TOYHOCTHIO, KOHTPOJIb 32 COOTIOACHUEM Tpa-
BUJI JIOPOXKHOTO JIBHXKEHUSI TPAHCIIOPTHBIX CPEACTB, 00OPY/IOBAHHBIX TaKOW CHUCTE-
MOM, MOET OBITh @BTOMATUYECKHUA U TOTAIbHBIMN.

BeiBOI

Pazeurue MTC u ee KOMIIOHEHOB MO3BOJISIET CTABUTH U PELIATh MPUHLIMIINAIBHO
HOBBIC 3a/1daud 1O O€30MacHOCTH (PYHKIIMOHWUPOBAHUS TPAHCTIOPTHBIX CHCTEM
“geffoBeK—MamHa", TPUYEM AaBTOMATHYECKUN aHaIW3 pPa3HOPOIHBIX WH(MOpMa-
IMOHHBIX TTOTOKOB JJAE€T CUHEPTreTUYECKUM (D PEKT.
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VJIK 681.327

ATIIMMAPATHO-IPOT'PAMMHBINA MOJYJIb BECHMJIOTHOI'O
JETATEJIBHOI'O AIIMTAPATA (BJIA) JJIA BBICTPOU ONEHKH
KAPT CEJIbCKOXO3AUCTBEHHBIX ITOJIEN

H.B. borganos, B.B. I'anueHko
[NocynapcTtBeHHOE HayuHOE yupexieHne «OQbeTMHEHHBIM HHCTUTYT IPoOieM
nHpopmatuku HarmmonansHoi akanemMuu Hayk benapycu»
MuHck, benapych

IIpeonooicen annapamuo-npoepammusbii MOOVL 0151 OeCnUIOMHO20 1emamenbHO-
2o annapama (bJIA), npeonasnauennvlii 015 KOPPEKMUPOSKU KAPMbL COCMOSHUSL Cellb-
CKOX035UCmBeHHbIX nosel. Mooynb no38onsen blnoIHAMb ObICMPYIO OYeHKY ¢homo-
U300padiceHUll NOAsL NO MaApuwpymy Cle008aHuUs 1emamenlbHo20 annapama, Gopmupo-
8aMb KOMAHObL 0 HE0OX0OUMOCTNU KOPPEKMUPOBKU KAPM U COOMEEMCMEYouue Yynpas-
nsrowue cuenanvl 0 BJIA.

BBenenue

TouHoe 3emuieniene B HACTOsIIIEe BpeMs MOJydaeT BCe OoJiblliee pacrpocTpa-
HEHHE BO MHOTHX CTpaHaXs TeXHOJIOrMsi TOYHOTO 3eMIICAEIUsl pacCMaTpUBAET Kax-
JI0€ CeNbCKOXO03MCTBEHHOE MOJIe KaK HEOJHOPOIHOE IO pebedy, MOUBEHHOMY IO-
KpOBY, arpOXMMHYECKOMY COJEPKAHHUIO U MOAPA3yMEBAET MPUMEHEHNE HA KaXKIOM
YUYaCTKe TOJIS Pa3HbIX arpoTexHosoruid [1, 2]. OcHOBOW TEXHOJIOTUU SIBISIFOTCS Kap-
Thl COCTOSIHUSI PACTUTEIbHOCTH, IOCTPOEHHBIE METOJAMHU JUCTAHLIMOHHOTO 30HIUPO-
BaHUs 3eMJIH € KOEMOCa, KOTOpbIE TPEOYIOT KOPPEKTHUPOBKHU MEPE MPOBEACHUEM ar-
POTEXHUUECKHX, MeponpusiTuidi. JJis KOPPEeKTHPOBKU HCIOJB3YIOT (hoTOoM300paxke-
HUS, TIOMYyYaeMble HA3eMHBIMU WM BO3AYIIHBIMH POOOTOTEXHMYECKUMHU KOMILIEK-
CaMU-€EIIBCKOX035CTBEHHOIO HA3HAYEHUS.

CyinectByronue bJIA Takoro tvna XapakTepu3yIOTCS HU3KOW MPOU3BOAUTENb-
HOCTBHIO 00paOOTKH JAHHBIX, HEBO3MOKHOCTBIO XpaHEHHUs OOJIbIINX O0BEMOB JaH-
HBIX MHOTCYTCTBUEM CTAOUIILHOM CBSI3U ¢ 0a30BOM cTaHiueil. B cBsizu ¢ aTuM, pazpa-
00TKa MPEICTABICHHOIO B JOKJIA/I€ annapaTHO-IIPOrpaMMHOTO MOAYJIS JUIsl ObICTPOI
OLIEHKH COCTOSIHUSI PACTUTEIbHOCTH SABJISIETCS aKTyaJIbHOM.

1. Onucanue padboTbI MOIYJISI

ArmnmapaTHO-TIPOrpaMMHBIA MOIYJb MPEICTABIIsAET COO0N OTHOTUTATHBIA KOMITh-
FOTEP, Ha KOTOPOM BBIMOJIHIETCS MPOTrpamMMa, COCTOSIAs M3 YETBIPEX OCHOBHBIX
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noanporpamm (moacuctem, puc. 1.): BBIIEIEHUS UCCIEAYEMOTO y4acTKa, CpaBHEHHUSI
y4acTKa U 3TalloHa, KOPPEeKTUpOBKHU noJoxkeHus: bJIA u ¢popmupoBanus JaHHBIX IS

OTIPAaBKH.

Iopcuctema
ELIIENeHNA
HCCIeqy eMoT O
v4acTKa

IMopcuctema

CpaBHEHHA

IToncucrema
bopuuposara
O@HHBIX O
OTIIPABKH

i

IMopcuctema
KOPPEKTHPOEKH
momoerna BIITTA

Pucynok 1 —CrpykrypHas cxema nporpaMMHON 4acTH MOJyJIsl

Iloocucmema e6videnenus ucciedyemozo y4acmk@ peamu30BbIBaeT MOUCK U KO-
MUPOBaHUE y4acTKa A uccienaoBanus. OHa BRIACISICT, IPAHUILy HCCIEAYEMOTO U30-
OpakeHus MO 3a/laHHBIM MAaTTepPHAM U OTAEJSIET €ro OT QOIIEro U300paKeHUs IS
JanbHenero ananmmsa. [lpu 3Tom pe3ynbTaT paborhl MOTYJISI COXpAHSIETCS B TIPOMe-
’KYTOUHOM (paitne Ayt ynoOcTBa qanbHene paboThl €aMoil TPOrpaMMBl.

[Toncucrema kKoppekTupoBku nosoxxkenusibJTA criienquT 3a marTepHamMu KOTOpbHIE
HAXOJATCA Ha MOJIYYEHHOM H300pakKeHHUH, U CPABHUBAECT UX C TEMH, YTO JOJIKHBI
UATH TI0 33JJaHHOMY MapuipyTy. B ciydae cMemieHus nojydeHHble KOOPAUHATHI BbI-
YUTAIOTCS U3 TE€X, B KOTOPBIX MOJIKEH HaX0TUThCs BJIA. Pe3ynbTaT 3TOT0 BRIYUTAHHS
(dbopMUpYET U OTIIPaBISET CUTHAI UL CHETEeMbl yripaBiieHus BJIA.

[Toncucrema dopMupoBaHus JaHHBIX A OTIIPABKU BBIACIAET U3 JAHHBIX, KO-
TOpBIE COXPAHSIOTCS HA KapTy HaMsTH; KOOPIUHATHl YYaCTKOB, HEOOXOIUMBIX IS
TaJTbHEUIIIETO H3yUeHUSI.

[loncucrema cpaBHEHUS:, UCTIONB3YET Kaue€CTBEHHBIM KOA()(PUIIMEHT, KOTOPHIH
BBIUMCIIAECTCS 10 3HAYCHUSIM  M300pakeHusi B 1[BETOBOM mpocTpanctBe HSV. Dto
C/IETaHO IS CHUKCHUSLBIVSHUS YCIIOBUI OCBEIICHHS.

3nauenne orTeHka HU@BbIUHCIseTcs mo hopmyre:

.2 .2
sm(g M —S|n(§ ) [

Hue= arcta , (1)
r+ cosén)Eg + cosé ) [
a HaceIeHHOCTH Sat—1o dhopmye
Sat= max(r,g,b)— min(r, g,b) . (2)

OtreHok Hue moxet mpuHUMATh 3HadYeHUs oT —1/2 mo m/2, a HACBIIEHHOCTD
Sat— ot 0 go 255.B tabnune 1 npuBeaennsie 3HaueHus Hue u Sat s pa3muaHbIx
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TUIIOB CErMEHTOB (MaHHbBIC O 3HAYCHHSX OTTCHKA M HACBHIIICHHOCTH IMOJYYEHBI IKC-
MePTOM Ha OCHOBAHUM aHAJIM3a I[BETOBBIX XapaKTEPUCTUK M300PaKEHHI OTAEITbHBIX
pacTeHHI U a3POCHUMKOB ITOJIsI KapTodeis [3]).

Taomuna 1 — 35ayeHns Aruana3oHOB IIBETA

Tun cermenra JAmnana3on orrenka Hue Jnana3oH HachIleHHOCTH Sa!
3/10pOBBIii (3€ICHBIH) [0.1; W2] [110; 255
BonbHO# (KEenThIN) [1.0; /2] [170; 255
bonbHoit (Oypo-3eseHbIit) [1.0; n/2] [128; 175

3Ha4YeHUs KOOpAUHAT MpocTpaHcTBA HSV BBIUMCIAIOTCS 1151 K&KAQI'O MTUKCEIIS.

ITocne omnpeneneHuss 3HAYEHUN MPOUZBOAUTCS MOJACUYET KOIMUECTBANIUKCETICH
310POBOTO cerMeHTa. Tak ke CUMTAETCS KOJIMYECTBO MUKCENEH, KOTOpbIE HE MOMaln
HU B OJMH U3 Auana3oHoB. M3 o01iero kojanyecTnBa MUKCeIe BEIYATAETCSI KOJIUUECT-
BO IMHKCEJICH, KOTOPBIE HE MOMaJIM HU B OJMH U3 AWAIa3zoHOB. s BelUMCICHUS Ka-
YeCTBEHHOT0 kod(dduinenta 0epércs OTHOIIEHHE KOJMYECTBA MUKCENENH U3 3710po-
BOI'0 CETMEHTa K IMOJYYE€HHOMY MOCJE BbIUUTAHUS KOJIW4YeCTBY mukcenei. [lo cytu,
JTAHHBIA KO3(PDUIIMEHT XapaKTEePU3yeT COCTOSHUE CEJIBCKOX035iCTBEHHOI'O Y4acTKa.

BakHpIM MOMEHTOM MNpH MPOEKTUPOBAHUHU amNMapaTHO-IPOrPAMMHOTO MOJYJIs
SIBJISIETCS HEOOXOAMMOCTh peaIM3alluy CBS3EH, OTHOILIATHOIO KOMITbIOTEpa ¢ O0pTO-
BoiMH cucTteMamu (puc. 2). [Toatomy, OMHMO, OCHOBHOM MPOrpaMMbl, OIMKMCAHHON
BBHIIIIE, HA OJHOIUIATHOM KOMIThIOTEPE (YHKHMOHHUPYET PSI CEPBHUCHBIX IOIIPO-
rpamMM, (OpMHUPYIOMKUX CUTHAIBI YIIPABICHMS IS, CUCTEM OTIIPABKU JaHHBIX, POTO-
ChEMKH, YIIPABJICHUS U JP.

Jlyist coBmernieHus OOPTOBOTO HATIPSKCHUS U HAMPSHKEHUS, HEOOXOIUMOTO JIJIs
paboThI anmapaTHO-MPOrPAMMHOTO MOJYJSL, HEOOXOAUM aJanTep MUTaHUs.

CBsI3b MOXKET OCYIIIECTBIISCTCS Yepe3 YCTAaHOBJICHHbIC HA OOJBITUHCTBE OJIHO-
IUTaTHBIX KoMIbloTepax uaTepdetick (USB, Ethernet) [4].

Cucrena
Cnctena ynpasnzsua | /L OTIpe IemeHIa
BITIA N MECTOTTOIOKEHNA
(GPS, TJIOHACC)
W

Crcrcma oTHpass
JAHHBIA HA UHELIEMY
OpVHATHE Pemedns |~ |

I CEpE2p

|
|
| |
| |
| |
| |
| |
| |
| |
| |
|

|
| ’ it |
|
l :
| |
| |
| |
| |
| |
| |
|
| |

OMENMIATHRT KOMITRROTED

DCDC
IIpeobpazoEaTens
174 af anTarnn
boproecro
HalPAKEHIA

Eorrceas
BIEKTPITMECK:T CeThk

. CobcrrRapramiit
Cucrema poto- |— - F Flash-narormrrens

BHIE0CE EMEHR —— (mnn 5D - Kapra) monyne ¢ oTo-

BFOCOCH CMEF

Pucynox 2 — AnmapaTtHoe npectaBieHue cBsa3ei moayns u cuctem bIITTA
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2. Anroputm padoThl IPOrpaMMHON YaCTH CHCTEMbI

Anroput™ (yHKIMOHHUPOBAHMS MPOTPAMMBI MOJIYJSl COJEPKUT CIEAYIOLINE
IIaru:

1. IlpoBoauTcs BhIpaBHUBaHKE OanaHca OEIOro MOTYYEHHOTO U300paKEeHHUS.

2. BoimonHsieTcsl MOMCK Ha MOJYYEeHHOM H300pakKeHHWU ydacTKa Ui HCClie-
JOBaHUS. DTAJOHHBIE YYaCTKH JUIsl CPaBHEHUST (POPMUPYIOTCS 3apaHee.

3. Haiinennslif y4acTOK KOMUPYETCS B ONMEpPaTHUBHYIO MaMsTh ycTpoiicTBa. Tak
&Ke Konupyercs uMms ¢aiina

4. Ecnu y4yacTOK HE HaXOJUTCS, IPOUCXOJUT OBICTPHIN NMOUCK HO marrepHam. B
cllydae HaXO)KJIEHUsl IMaTTepHAa M3 JpYrod o0JacTU BBIYMCIAETCS OTKIOHEHUE U
MOJAIOTCA CUTHAJIBI Ha y3Jibl yrpasieHus BJIIIA. Ecnu He HaliigH HU OJIUH NTATTEPH,
TO MOAAETCS CUTHAJ O BO3BpAIlleHUU Ha 0asy.

5. Boruncnsercss kauecTBEHHBIM KOA(D(PUIIMEHT ydyacTKa W MPOU3BOJIUTCS
CpPaBHEHHE MOJYYEHHOTO KOA(PPUIIMEHTA C STAJOHHBIM 3HAUEHHWEM KaueCTBEHHOTO
kod(durmenTa a1 JaHHOTO y4acTKa.

6. lpy HaNMYMKM 3HAYUTETHHBIX OTKIOHEHHU (FpaHHIA)OTKIOHEHUH YCTaHAaB-
JIMBAETCs ONEPATOPOM CHCTEMBI IIPUHATHUSA B 3aBUCUMOCTH OT TUIIA PACTUTEIBHOCTU
M Tepuoja BereTanuu), uMs Qaiijga ydacTka, IepenacTéss B CHCTEMY OTIIPABKH
JaHHBIX JUIsl UX 00pabOTKM B CHUCTEME NPUHATUS pemeHuil. Tak jxe A1 BO3MOKHOM
Ha3eMHON 00pa0oTKK KOADUITMEHT COXpaHAETEs B OTACIBLHBIA MaCcCHB.

AJNropuT™M MOBTOpPSIETCS, MOKAa He OyJeT CHMTaH NociaeaHui (aiim ans cpaBHe-
HUS WIK TTOKa He OyJIeT MpUHATa KOMaHaa 0T, 0neparopa.

3akioueHue

PesynbraTom paboThl ABISIETECS pa3paOOTaHHBIM alrOpUTM PabOThl MPOTPAMMBbI
MOMYJIS M CX€Ma €ro armapaTHOTO B3aMMOJICHCTBUS ¢ OOPTOBBIM O0OpPYIOBAHHEM.
[IporpamMa BBITIOJTHSIET KCIIPECC=0IICHKY U (PYHKIIMIO MOHUTOPUHTA COCTOSTHUS pac-
TUTEIBHOCTH, YTO IO3BOJISET, YMECHBIINTh TPAThl HA CEIbCKOXO3AMCTBEHHYIO €S-
TEJIBLHOCTh 3a CUET YMEHBIICHHS KOJMYECTBA YYaCTKOB JUIsl OoJiee TIATEIbHOrO aHa-
nu3a. Tak ke nmporpaMma MOAYJIsl OTCJIEKUBAET MAPUIPYT JIETATEIBHOIO armapara u
KOPPEKTUPYET €ro B ciiydae He0OX0AUMOCTH IyTEM yripaBiienus y3namu BJITTA. Hc-
MOJIb30BAaHUE OJHOIIATHOTO KOMITBIOTEPA MO3BOJISIET YIIPOCTUTHh HANAJKY 000pYyI0-
BaHMsI JJIsl KOHKPETHBIX 33129 M MMO3BOJISIECT PACIIMPUTEL (PYHKITMOHAIBHOCTD TIPH He-
00X0IMMOCTH«

Cnucoxk JMTepaTypbl

1. .Greenbelarus Jexrponnsrii pecypc]. — Pexxum nocryma: http://greenbelarus.info/-
files/downloads/zashchita_rasteniy v_organicheskom_selskom_hozyaystve.pdfllara
noctyma: 22.02.2016.

2. NsuypPnexrponnsiii pecype]. — Pexum mocryma: http://www.nsu.ru/xmlui/bitstream/-
handle/nsu/318/03.pdf;jsessionid=F6A19137B3C6CC404E3CF081A2FEDF8F?sequence=1
#page=2&zoom=auto,-202,556. — [Jgractyma: 09.02.2016.

3. Zastosowanie technik analizy obrazu do wczesnego wykrywania patogeno'w ziemniaka.
Praca nie publicowana / B. Sobkowiak [et al.]. — Poznan: PIMR, 2006.

4. SBC DPmnekrponnsiii pecypc]. — Pexum moctyma https://dl.dropboxusercontent.com/u/-
4035896/a320_downloads/SBC_comparison44.pdfra nocryna: 20.03.2016.
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VIIK 004.94

CUCTEMA ®OPMHUPOBAHUSA U BEPUPUKALINN
IMPOI'PAMMBI ABTOHOMHOI'O ITOJIETA BECIIMWJIOTHOT'O
JIETATEJIBHOTI'O AITITAPATA (BIIJIA)

B.B. I'anuenko, A.A. ynkun, E.E. Mapyuiko, JLIT. ITonenox
TocynapctBenHoe HayuyHOe yupexkaeHne «O0beIMHEHHBIM HHCTUTYT MPOGiIeM
nHpopmaTuku HarnonanbHoM akajgeMuu Hayk bemapycu»;

Munck, bemapyce

IIpedocmasnena cucmema @GopMuposanus NPoOSPAMMbL ABMOHOMHO20 HOTemd
(Z1I1) BIIJIA camonemnoii cxemvl U3 6X00H020 HaAboOpa y3noevix mouek mapupyma. 111
npedcmasinsiem CcoboU NOC1e008AMENIbHOCb  KOMAHO MPAEeKMOPHO20 YAPABIEHUs.
BIIJIA, a makowce yHKyuOHATbHBIX KOMAHO, NPEOHA3HAYEHHBIX O/l 8bIROIHEHUS HEeKO-
MoOpPo20 NPOMANCEHHO20 80 6pemenu ulunu npocmpancmee nPoYEecanne €6a3aHH020 ¢
mpaexkmopuwvim ynpagnenuem. 1111 ¢popmupyemcs ¢ yuemom OCHOBHbIX OUHAMUYECKUX
xapaxmepucmuk BIIJIA, ¢husuueckux u KOHCMPYKYUOHHBIX OCPAHUY@HULL, A MAKdiCe A~
POOUHAMUYECKUX XAPAKMEPUCTUK NIAHePd.

BBenenue

PazButue BIIJIA uaer nmo mytu noBblieHus: 3P@EKTUBHOCTH IKCIUTyaTalluu U,
Kak cienactsue, coBpeMenHbie BIIJIA cTaHOBSITCS, JOPOTOCTOSIIIIMMU U CHEHUATU3HU-
poBanHbIMU [1]. DTa TeHaeHIUs TpeOyeT MOBBIMICHUS O0S30MaCHOCTH MOJIETOB M OII-
THUMU3ALUH TIOJIETHBIX 3a/1aHHIA.

OcHoBoil nonetHoro 3aaanusi BIITAWsBisercs nporpamma mojera, KOTopas
MpeCTaBIsieT co00 BPEMEHHYIO MOCHEIOBATEIHHOCTh T€ONPUBA3AHHBIX IMyTEBBIX
TOYEK, B KaXJI0M M3 KOTOPBIX TOMUMO TEOAE3MUCCKUX KOOPAMHAT (10JT0Ta, IMPOTA,
BBICOTA), 3a/Ial0TCS BPeMsl €€ MPOXOXKICHMsI, TapaMeTphl nosera (PexuM, CKOPOCTh,
JOMYCTUMbBIE TPACKTOPHBIC W BPEMCHHBIC OTKJIOHEHUs), (QyHKIIMOHAIbHAS HArpy3Ka
(cOpoc rpy3a, poTo ¥ BUACOCHEMKA, TOCTABKA TEIIA M CBETA) U MpoYee.

Kputepruem kauecTBa MOMETHOIO 3aJaHUS SBISIETCA OLEHKA TOYHOCTH €rO BbI-
TIOJTHEHUS, B TIEPBYIO OYEPEb, TOYHOCTH BBITIOJHEHUS IIPOTPAMMBI moJieTa (IpOXoXK-
JICHUST BCEX MYTEBBIX TOUEK M YYACTKOB MEXAY HUMH, & TaKKE WCIOJHCHUS (yHK-
IIMOHAJIBHBIX COOBITHII) C MAHUMAJIBHBIM TPACKTOPHBIM U BPEMEHHBIM OTKJIOHCHUSI-
MH B YCJIOBHSIX BO3MYIEHHOM aTMoc(epbl (BeTep, TypOyJICHTHOCTD).

B cnyyae puiorupyemMon aBuanuy MUAJIOT SBISIETCS YaCThIO YIPABIAIOIIEH CHCTE-
MbI (YC) U B JIMHAMHYCCKOM PEXKHME ¢ HEOOXOIUMBIM YIIPEKICHUEM dPPEKTUBHO pe-
IIaeT CYIIECTBEHHO HEIMHENWHBIE 3a]]a4K YIIPaBJICHUs, BBIOUpPas MOMEHTBI U TTapaMETPhI
WCTIOJTHEHNS ,MaHEBPOB U AKTUBAIIMU COOBITUH, PEAU3YIONIUX MPEANUCAHHYIO IPO-
rpamMMy, IMOJIETHOTO 33/1aHUsI COIIACHO 3aJaHHBIM KPHUTEpUSM KadecTBa. JTOT BHIOOP,
KakK ITPaBUJIO, OCYILIECTBIISIETCS HA OCHOBE TEOPETUYECKUX 3HAHUM U ONbITA MUJIOTA.

B ciayuae BITJIA Gonee HanexHbIM U 3PGEKTUBHBIM SBIISCTCS Je7aTh TAKOW BbI-
6op Ha 3emiie U GpopmupoBaTh Kyaa 6onee neranpuyto [1I1, yem Te, KOTOpBIE UCTIONB-
3yIOTCSl B MUJIOTUPYyeMOi aBuaru. C 3TOi LENIbI0 NPUMEHSIOTCS. METOIbI UMUTAIIMOH-
HOT'O MOZEJIMPOBAHUSI MAaHEBPOB C yuyeToM a’ponuHamuku BIIJIA, ero nnHammyeckux
CBOMCTB M BO3MOXHOCTEH YC, a TakKe IPOrHO3UpPyEeMbIX Ha MOMEHT rcnonHenus [111
meteoycnoBuii. III1, cocTaBmenHbie Oe3 y4era BHIIICHA3BAHHBIX (PAaKTOPOB 3a4aCTYIO
HE MOTYT OBITh BBINIOJHEHBI C 33JJaHHOW TPACKTOPHOW M BPEMEHHOW TOYHOCTBHIO, YTO
CO3Ja€T ONPENEIICHHBIE CIOKHOCTH IIPHU PEIICHUH TPYIIIOBBIX 33/1a4.
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AroHomHubIi TosieT BIIJIA mo mporpamme xapakTepu3yercs TE€M, YTO OCHOB-
Hbl€ HABHUTalIMOHHBIE W3MEPEHMs, HEOOXOAMMBbIE IJI TPACKTOPHOTO YIpaBieHHUS,
OCYIIECTBIISIIOTCS UCKIIOUUTETHHO N0 Teodu3nyeckumM noisiM. B kadecTBe ncrouHu-
Ka TaKhX W3MEPEHH OOBIYHO BBICTYNAET MHEpLMaIbHAs HABUTALIMOHHAs CHCTEMa
(MHC). B 3aBucumocty ot TpeOOBaHNH K TOYHOCTH TPACKTOPHOTO YIIPABICHHS U Xa-
pakrepuctuk MHC B psine cityqaeB OCylIECTBISETCS MIEPUOANYECKAS] KOPPEKTUPOBKA
NoJIoKeHHs cOOCTBeHHOM cucTembl koopauHar MHC mo pesynbsraTtam BHEIIHUX HaBH-
ralMOHHBIX U3MEPEHUN.

Yame Bcero noja mporpaMMou IojieTa UMEKT B BUY IPOCTO I1OCIEAOBATEIIb-
HOCTB y3J10BbIX Touek MapupyTa (YTM), B kotopbix BITJIA u3MeHsE€T Kypc, BBICOTY
WIM WHULMUPYET T€ WIK WHBIE coObITHs. B pamkax HacTodmieil padOThl moa mpo-
rpaMMOM aBTOHOMHOIO TOJIETa IIOHUMAETCA MOCIEN0BATENbHOCTS KOMAaH TPAeKTOP-
HOTO yIpaBiieHHs] U (QYHKIIMOHATBHBIX KOMaH/I, MPeIHA3HAYECHHBIX /JI BBIOJHEHUS
HEKOTOPOTO MPOTSHKEHHOTO BO BPEMEHH W/WMJIM MPOCTPAHCTBE IpONecca, He CBSI3aH-
HOT'O C TPACKTOPHBIM yIpaBlieHHEeM (1anee — myTeBbie TOUKH). [TocienoBarenbHOCTh
nyteBbix Touek ([IT) momomuser mHOkecTBO YTM. BFHUX M3MEHSIOTCS COCTOSHHS
aKTyaTOpOB, YTO MPUBOAMT K BBIITOJHEHUIO TON WK MHOM (Pasel ManeBpa. [locneno-
BarebHOCTh Takux [1T u cocTaBiseT CyTh MPOrpaMMbl [ABTOHOMHOTO| OJIETa.

1. ®opmupoBanmue II1

[Mpennonaraercs, uto BITJIA BbINOSHEH MO, KTACCUYECKON CaMOJIETHOH cxeme [2]
¥ BKJIFOYACT CIICIYIONIUE adPOTMHAMUYCCKUE JICMCHTHI yIpaBieHus (akTyatopbl) —
PYJIb BBICOTHI (CTaOMIM3aTOp), py/ib HANPABICHHUS, SJICPOHBI, IBUTATEIbHAS YCTAHOB-
Ka U UHTEPUENTop (MCIONB3yeTcs B MOACIHU JJIsI PACIIUPEHUs Jrara3oHa YIJioB CHU-
’KEHUS C MOCTOSTHHON CKOPOCTHIO).

TpaekTopHOE IBHKEHHUE PACCMATPUBACTCS KAaK MOCJIEAOBAaTEIBbHOCTh JJIEMEH-
TApHBIX JBUKCHUN U MAaHEBPOB,BBIIOIHAEMBIX PA3ACIbHO B BEPTUKAIBHOU W ITOpH-
30HTAIBHOM IIOCKOCTAX. B pé3ymbrare Tpaekropus IIII cocront m3 ydactkoB mnps-
MOJIMHEHHOTO ABYoKeHUs! (BIOIb OPTOAPOMHU) MOJT YIJIOM K TOPU30HTY B BEPTUKATIb-
HOM IUIOCKOCTH M KOOPAMHUPOBAaHHBIX Pa3BOPOTOB B IOpU3OHTaiIbHOM. McxonmHsle
nanubie s GopmupoBauus LIl mpencrasisior coboil mocnenoBaTtenbHOCTh Y TM,
KoTOpast GOpMUpPYETCs BHE pacCMaTpUBAEMON CUCTEMBbI (PUCYHOK 1),

Pucynok 1 —IlocnenoBarenbHOCTD Y3JI0BBIX TOUEK MapuIpyTa
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Kaxnas YTM xapakrepuszyercsi TUTIOM, TTOJIOKEHHUEM B BBIOpAHHOMW Teojie3nye-
CKOM CHCTEME KOOPAMHAT U CKOPOCTBIO. Y3JIOBBIE TOUKHM JEJATCS HAa TPU Kjacca —
TOYKU M3MCHEHUSI BEpTUKAIBbHOTO peknMa monera (BYT), orMeueHHbIe HA pUCYHKE
Kak tx, Touku pazBoporoB (YTP), oTMeueHHbIC Ha pUCYHKE KaK Ik, U y3JI0BBIC TOUKH
coosituii (YTC), ormeuennsie Ha pucynke kak 3Ky, Mexny VTP BITUJIA aBukercs
II0 OPTOAPOMHH, BAOJb KOTOPOW B NPOW3BOJIBHOM IOPSAKE M PACIIOIATarOTCs BCE
BYTu YTC.

Cdopmuposannas 111 npeacrasnser coboit mocnemnoparenbHocTh [IT. TIT cme-
Hbl pexxuma nonieta ([1TP) dhopmupyrores uz YTP u BYT ¢ yyerom auHamMmdecKkux
xapakrepuctuk 1 YC BITJIA. IIT coosituit (ITTC) dpopmupyrorcs u3 YTC ¢ yderom
BPEMEHHBIX U MPOCTPAHCTBEHHBIX TPEOOBAHUM.

Kaxnoit YTP cooTBeTCTBYET a’dpOoIMHAMHYECKUN MaHEBP/KOOPAMHUPOBAHHOTO
pPa3BOpOTa B TOPU30HTAIBLHOM MJIOCKOCTH, COCTOSIIMIN U3 KOHEYHBIX MO0 BpeMeHH (a3
BXOJIa, UCTIOJIHEHUS M BBIX0Ma, 7151 KOTOphiX B [T dhopMupyroTCs COOTBETCTBYOMIHE
IIT, a Takxke II'T BbIXO@a HA HOBYIO OPTOAPOMMUIO.

Kaxnoir BYT cooTBeTcTByeT a’poauHaMHYECKHIl MaHEBP, UBMEHEHHUSI yIlIa Ha-
KJIOHA TPAEKTOPUM, COCTOSALIMHN U3 (a3 Hayajga U 3aBEPLISHUS, 1l KOTOPhIX (hopMHu-
pytorcs coorBercTByromue 1T, a Takxke [I'T Hauana HOBOIO BEPTUKAIBLHOIO PEKUMA.

Kaxnoii YTC cooTBETCTBYET BBINOJIHEHUE, HEKOTOPOLO MPOTSKEHHOTO BO Bpe-
MCHH M/WJIM TIPOCTPAHCTBE MpoIiecca, He CBI3aHHOI0,C M3MECHCHHEM PEXKUMa JBIIKE-
Hus. s takoit YTC dopmupyeTcs: KoMIUIeMeHTapHast mapa MmyTeBbIX TOYEK Hayasa
Y 3aBEPIICHUS COOBITHS.

Pacuer nonoxenus 1111 u pexxnmoB nomeTa BIIPOLECCE BBIMOTHEHNUS MAHEBPOB
BBITNOJIHIAETCS Ha OCHOBe auHamuueckoiw monenu (JIM) BITJIA, koropas BKito4Yaer
JIM npoponsHoro ABMkeHUS, JIM BpamieHusi BOKpYr NpoaosibHOi ocu, M Oanan-
CHUPOBKH, BBIpaOOTKY ToIuMBa, a Takke JIMYC. Ha pucynke 2 npeacraBieHa cxema
BBITIOJTHEHUSI BEPTUKAILHOTO MaHEBpa «CHIKEHHE — HAa0OP BBICOTHI».

~

START O ENISH
NODE

Pueynok 2 —Cxema BBINOIHEHHS BEPTUKAIBHOTO MaHEBpa

NODE — y3noBas Touka Mapuipyra. START —Hauano manespa. s stoii IIT
PacCUNTHIBATOTCA HEOOXOJUMbIE YCTAHOBKU PYJS BBICOTBHI M TSATH JUISL BBHIIOJHEHHS
Haubollee «KOMITAKTHOT0» B BEPTHKAJIBHOM IJIOCKOCTU MaHeBpa, AOIyCTUMOIO Orpa-
HUYEHUSIMHU Ha TipouHOCTh kpbuia. FINISH — 3aBepiienne maneBpa, obGecneurBaro-
I1Iee BBIXOJI Ha MPAMYIO C 3aJlaHHBIM yIJIOM HakjoHa TpaekTopuu ©2. CLIMB — tou-
Ka Hayaja y4acTka Habopa BBICOTHL. B CBs3U ¢ TeM, UTO MpeAenabHbIE YIIIbl KOHTPO-
JUPYEMOTO CHIDKCHUSI OTPaHWUYMBAIOTCS adpPOAMHAMUYECKMM KadecTBoM JIA (uem
OHO BBIIIE, TEM YIIbl CHUKCHUSI MEHBIIIE), C [EIbI0 PACHIMPSHHS UAITa30Ha YIJIOB
CHIDKEHHUSI B MOJIEJNb JIJIsl OBBIIIEHUS K03(duirenTa 1000BOro COMpOTUBICHUS BBe-
JI€H UHTEPLETITOpP.
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Ha pucynke 3 mpencraBieHa cxema BBINOJHEHHUS TOPU30HTAIBLHOIO MaHEBpA.
[TyteBas Touka TURN_START onpenenser Hauano ManeBpa. MaHeBp HAYMHAETCS C
OTKJIOHEHHUS BJIEPOHOB, YTO BBI3bIBAET Hauaslo BpaieHus. OTKIOHEHHE AJIEPOHOB B
0oOpaTHYI0 CTOPOHY OCTAHABIMBAET BpalleHHE, IPU 3TOM YIoJl KpeHa yCTaHaBJIMBa-
ercs B monoxkenuu TURN_WP,xotopoe HeoOXoamMMo /17151 BHITTOTHEHHS] KOOPIUHHUPO-
BaHHOTO pa3Boporta ¢ 3aganHbM paguycoM. TURN_FINISHompenenser 3apepiienue
KOOPAMHUPOBAHHOTO pa3BopoTa U Bbixoa BIIJIA B pexxuM NpsSMOIMHEHMHOFO TOpH-
soHTanbHOTrO ToJieta (CRUISE_WP).PacnionokeHue myTeBbIX TOUEK ONMPEAEsIeTCsI
UCXOJIS U3 IMHAMUKH YTIIOBOM CKOPOCTH BPAILIEHUS U KPEHA.

Pa3BopoT Ha Manblid yrojl xapakTepu3yeTcs T€M, YTO IMOJOBHHA BPEMEHH €ro
BBITIOJTHCHUSI OKA3bIBAETCS MEHBIIE, YeM BpPEMsS BBIXOJAa B KOOPIAMHUPOBAHHBIN pa3-
BOPOT, U yYaCTOK JIYT'M MOCTOSHHOTO KpeHa OTCYTCTBYeT. B 3ToM ciydae,pa3Bopor
BBITIOJTHSIECTCS MEPEKIIOYEHUEM OPTOIPOMHH B TOUKE Hadasia Majioro pa3BopoTa, B pe-
3yABTaTe KOTOPOTO PAa3BOPOT OY/IET BBHITOJHEH YIPABIISIIOIIEH CUCTEMOM, KaK PeaKIus
Ha OOKOBOE OTKJIOHEHUE M OTKJIOHEHHE M0 Kypcy A HOBOsOpToapomun. Ilonoxe-
HUE TOYKHU Hayajia MaJloro pa3BoOpoOTa YCTAaHABIMBAETCS,HCXOLS M3 pPaBEHCTBA BIIMS-

HMSI OOKOBOTO OTKJIOHEHHUS Y OTKJIOHEHHS I10 KYPCY HY¥ OTKJIOHCHHUC 3JICPOHOB.
TURN_NODE

~ Ve
TURN_START N L/) ¥ CRUISE WP
P IS

e

TURN.WP -~ ~_TURNLFINISH

-

Pucynok 3 =€Xema BbINOIHEHUS! TOPU30HTAIBHOTO MaHEBpa

2. Bepu¢ukanusi nepevHs y3/J10BbIX TOUEK MAPLIPyTa

[lepBas daza Bepudukanuu BoinonHseTcs Ha ctaauu Gopmuposanus 111 u3 ne-
peunsa YTM. KOHEpOANPYIOTCS CIEAYIOLIAE MapaMeTphbl:

- YIJIbI IOABEMA U CHUYKCHUS,

- paceTOsIHMsE MEX Y y3JIOBBIMU TOUKAMHU;

- BO3MOKHOCTb BBIMTH Ha PEKUM IPSMOJIUHENHOIO TOPU3OHTAIBHOIO I10JIETa K
MOMCHTY Ha4alla HABUTallMOHHBIX U3MEPEHUH B 30HE KOPPEKIUH;

- /BO3MOXXHOCTh CKOPPEKTHUPOBaTh TpaekTopuio nocie koppekuuu MHC no pe-
3yJIbTaTaM HaBUTALMOHHBIX U3MEPEHU 10 BbIXxoAa Ha ouepeanyto I1T;

- TOCTUKHAMOCTbD LIEJIM TI0 3aracy TOILIMBA.

Cnucok iureparypbl

1. Kenzo Nonami, et al. Autonomous Flying Robots. Springer 2010. ISBN 978-4-431-
53855-4. — 329 P.
2. Jlebener A.A., UepnoOposkuH JI.C. JInnamuka nonera BIIJIA. — M.: «MammuHocTpoe-
Hue», 1973. — 616 C.
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VJIK 004.94

MOIEJIUPOBAHUE ABTOHOMHOI'O ITOJIETA BECITMJIOTHOI'O
JIETATEJIBHOTI'O AITITAPATA (BJIA) IO TPOT'PAMME

A.A. Qynkun, JLIT. [Togenok
TocymapcTBeHHOE HaydHOE yupexaceHue «O0beTMHEHHBIH HHCTUTYT TTpo0IemM
uHpopmatuku HarnonanbHoM akageMuu Hayk bemapycu»,
MuHck, bemapych

IIpedcmasnena cucmema MOOeIUPOBAHUS ABMOHOMHO20 Nolema OecnuiomHo20
nemamenvroeo annapama (bJIA) camonemmuoil cxemvl no npocpamme. Mooenuposanue
8bINOIHANIOCH C YYEMOM NO2PpeuHoCmel UHEPYUATbHOU HABULAYUOHHOU CUCTNeMbL, Ou-
Hamuxu u aspoounamuxu bJIA, a maxoce memeoycnoguil.

Beenenue

[enpto MoAenupoBaHUs SIBISETCS BepUPUKAIMSL BHITOMHUMOCTH MPOTPAMMBI
noneta (I1I1) u/unm onpeneneHus: BEPOSTHOCTH €€ HEBHITIONHEHUs. MeTooM MoHTe-
Kapno. MonenupoBaHue 1ojieTa BhIIOIHUIOCH C y4€TOM ITOIPENIHOCTEN HHEPLUATb-
Hoii HaBuraruonHo# cuctembl (MHC), ocoOeHHOCTEH IMHAMUKH M a’pOJWHAMUKH
OecnioTHoro JerarenbHoro anmnapara (bJIA),«a'Takeke MeTeoyCIIOBHI.

[T — Ga3oBasi KOMITIOHEHTa aBTOHOMHOTO d10JIeTHOTO 3ananus bJIA, mpencras-
JsIeT cOOOM MOCIEN0BATENbHOCTh KOMaH | Tpa@KTOpHOro ynpasieHus bJIA, a Takxke
(YHKIMOHAJIBHBIX KOMaH/[, IIPEIHA3HAYEHHBIX JIJIsl BBIIIOJIHEHUS HEKOTOPBIX HpPOTS-
’KEHHBIX BO BPEMEHH W/WJIM TIPOCTPAHCTBE-HPOLECCOB, HE CBA3aHHBIX C TPACKTOPHBIM
ynpasieHueM. TpaektopHoe asuxenue bJIA' B paMkax Mozxenu paccMaTpHUBaeTCs Kak
IIOCIIEAOBATENBHOCTD MPSMOJIMHEWHBIX YHACTKOB YCTAHOBUBILETOCS IIOJETA U Ma-
HEBPOB, KOTOPBIE BBINOIHAIOTCS PAa3deilbHO B BEPTUKAIBHOM M TOPU30HTAIBHOU
mwiockocTsax. [T ¢popmupyercs #13 mOCACI0BATENLHOCTH Y3JIOBBIX TOYEK MapIIpyTa
(YTM), B xotopbix BJIA m3mersier Kypc, BEICOTY WM WHUIIMAPYET T€ WIA HHBIE CO-
obiTus. YTM gnensarca Ha TPH, KJIAGca — TOUKM M3MEHEHUS! BEPTUKAJIBHOIO peXUMa
nosnera (BYT), YVTM paspeporos,(YTP), u YTM coOwituii (YTC). Mexny YTP BJIA
JBIDKETCS IO OPTOAPOMMEHM. B pesynbrare LeneBas TPaeKTOPHsl COCTOUT U3 Y4acCTKOB
TOPU30HTAIBHOTO IT0JIETA B IVIOCKOCTH OPTOAPOMHUHU U KOOPAMHUPOBAHHBIX Pa3BOPO-
TOB B ropu3oHTaNbHOM. Y ITM mnpencrasnensl B reoaesndeckoit CK (1, ¢,k ). Dnemen-
oI [1I1 — myteBbie Toukn (I1T) — B oprogpomuueckoit CK, 1 cBS3aHHOI ¢ HEl MeTpu-
YeCKOM, B KaueeTBE koTopoil ucnonb3yercs CK Jlambepra.

Monenbdipennesnaraet, 4To bJIA BbINOJHEH MO KJIACCUYECKOW CaMOJIETHOM CXe-
M€ M BKJIIQMACT EJICIYIOINE a3POAMHAMUAYECKNE 3JIEMEHTHI YIIPABIEHUS — PYyJb BbI-
COTHI (LIeILHOTIOBOPOTHBIN CTA0MIIN3ATOP), PY/Ib HAIPABICHUS, DIICPOHBI, ABUTATEIIh-
HYK yCTaHOBKY U nHTepuentop. bJIA B paMmkax NpuHATON MOAENH MPEANOIaraeTcs
aspoTMHAMHUYECKH 0e3yclIoBHO ycToW4uBBIM. J[nHamudueckas momens (JIM) BJIA
BKitO4aeT /IM mpoponpHoro nmxkenus, JM BpamieHuss BOKpyr HPOJOJIBHOW OCH,
MOJIENIA 0aJIaHCUPOBKH, a Takxke JAM ymnpasnsromei cuctemsl. [lapamerpsl Mogenu:

- MPOYHOCTHBIC MApaMeTPhl IUTaHepa (MaKCUMalbHAsl MOJOKUTENIbHAS U OTpPH-
aTeNbHas Harpy3ka Ha KpbUIO), KOTOPhIE MUCIIONB3YIOTCS TIPU pacyeTe JOMYCTUMBIX
NEPETPY30K B IPOLIECCE MAHEBPUPOBAHNUS;

- MOJICTHBIE XapaKTePUCTUKU (IIyCTOH M MaKCHMAaJbHBIA Beca, CPEIHUN Y/Ieb-
HBIM pacxoj] TOIUIMBA, XapaKTepUCTUYECKAas IUIOLIAb, MAKCUMaIbHasl U MUHUMAJIb-
Hasi BO3YIITHBIE CKOPOCTH);

85



- a’pOAMHAMHMYECKHE XapaKTEPUCTHKHU, B YACTHOCTH, 3aBUCUMOCTH KO3 duiu-
€HTOB MOJ’bEMHON CHJIBI U JOOOBOTO CONMPOTUBIIEHUS OT yIJla aTakH, CKOJbXEHUS U
CKOpPOCTH,;

- XapaKTePUCTHKH JIBUTATEIIFHON YCTAHOBKH (BPEMsI YCTAHOBIICHUS CTATUIECKO-
IO YPOBHS TATW, QYHKIMS NIEPEIaYn YIPABICHUS TATOM Ha ypOBEHb YCTAaHOBUBLIECHCSI
TSITW, MAKCUMAJIbHOE M MUHMMAJIbHOE 3HAYCHHUS TATH);

- XapaKTEePUCTUKU AIEPOHOB (MaKCHMABbHOE OTKJIOHEHHUE, 3HAYCHHE KpUTHYE-
CKOTO KpEHA, BPEMsl YCTAHOBIICHUS CKOPOCTH KpEHa, Iepeada OTKIOHEHUS 3JIEPOHOB
Ha yCTAaHOBUBIIYIOCS CKOPOCTh KPEHA);

- XapaKTePHUCTUKH PYJIeH BBICOTHI (MAKCHMAIIbHOE OTKIOHEHHE,BPEMS yCTAHOB-
JICHHS yTJIa aTaky, epeaada OTKIOHSHUS pyJiel Ha YCTAaHOBUBIIHIACS YTOJL aTaKH);

- XapaKTepUCTUKHU pyJiei HarpapieHus: (MaKCMMallbHOE OTKIIOHEHHE, BpeMs yc-
TAHOBJICHUS yIJIa CKOJIBKEHUS, IIepelaya OTKIOHEHHMS Pyl Ha YCEAHOBHBIIMICS YIO
CKOJIB)KEHU).

OyHKIMOHUPOBAHUE MOJEIN YIPABIIOLIEN CUCTEMBI, 0CHOBAHO HA COIIOCTAB-
JICHUU IUIAaHUPYEMBIX [TapaMEeTPOB JBMXKCHMS M IOJYyYE€HHBIX HO PE3yabTaraM HaBU-
FallMOHHBIX M3MEPEHUH ¢ moMmolplo (peHomenonorudeckon moaenu MHC u Bwipa-
0OTKe yMpaBJSAIOUINX BO3ACHCTBUI Ha aKkTyaTopsl U TAry. [lapameTpsl Monmenu cuc-
TE€MBbI YIIPABJIEHUS BKIIIOYAIOT:

- MapaMeTphl JBUTATEIbHON YCTaHOBKH (M€pefada OTKIOHEHHUS MO JAIbHOCTH U
CKOPOCTH Ha TATY);

- TapaMEeTPhI YIPaBIEHUS PYJIEM BBICOTHI (IIEpeIada OTKIIOHCHUSI BBICOTHI, TaH-
raxa/HakJIOHa TPAEKTOPHUU M YITIOBOW CKOPOCTH TaHTa)Ka Ha YTrojl OTKIOHEHHS PYJIs
BBICOTHI);

- mapaMeTpsl yrpaBieHus depoHaMu (fiepeaada OTKIOHCHHUsS Kypca, OTKIIOHE-
HUS 10 KPEHY U YITIOBOM CKOPOCTH<KPEHAa; a Takke OOKOBOTO OTKJIOHEHMsSI Ha Yo
OTKJIOHEHUS SIEPOHOB);

- mapameTpbl yIpaBicHUsi pylaeM HampapieHus (mepenada OTKIOHEHHS I10
CKOJIBXCHHIO HA YTOJ OTKJIOHEHHSIPYIISl HAITPABIICHIS).

B ocHOBE a3poaMHAMUYECKON MOJEIN JIEKUT KJIACCUYECKask MOAEIb JJIMHHOIIE-
puoanueckux ABmkeHui JIA ‘Ha ocHoBe nu((epeHIMATBHBIX YPaBHEHUHN JBUKECHMUS
neHTpa mMacc U audGepeHUNANBHBIX YPaBHEHUH 1T MOMEHTOB [1], mpu sTom mpen-
II0JIATAETCs, YTO KOPOTKONIEPUOINIECKNAE ABUKEHHUS 110 TAHTAKY, KPEHY U PBICKAHBIO
CTaOUIIM3UPOBAHBL

1. AnropurmmoaeapoBanus nmoJiera no ITI

Kunemarndeckoe cocrossaue BJIA xapakrtepusyercs CIeayOIMUMU ITapaMeT-
pamu:

- TeOJe3NUECKUe KOOPIUHATH MecTonojokeHus (4.¢.h). DT Tpu mapamerpa
ONPEAEIIAIOT MTOJIOKEHNE COMPOBOXKAAIOIIEIO T€0AE3UIECKOTO TPEXTPAHHUKA, B KOTO-
POM 3a4ar0TCs OCTAJIBHBIE ITAPAMETPBI;

- CKOPOCTB JIBUKCHUS OIPENEIACTCA KaK MOAYJIEM ¥ U IByMs yIVIaMU — KypcCo-
BBIM ¥ W HAaKJIOHOM TPAEKTOPHUH © , TAK U KOMIOHEHTAMHU ‘= ¥y V=

- OpPHUEHTalLUsl B IPOCTPAHCTBE ONpPEAEIAETCS yINIaMU CKOJIBKEHUS 5 , TaHraxa
& u KpeHa ¥» B noimyckopoctHoi CK;

- CKOPOCTb BPAILIEHHS ONPEIEIAETCS TPEMS KOMIIOHEHTAMM YIJIOBOM CKOPOCTH
(., Wy, ; B KOHCTPYKIMOHHOM cucteme koopauHat bJIA.
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Ha6op napamerpos X =4 @.hve vy, 128,87, w05, 0.} cocraBiser BekTop KuHe-
MaTH4eCcKoro coctossHus bJIA.

B pamkax momenu mbl pa3indyaeM HUCTHUHHOE KMHEMATHYECKOE COCTOSHHUE X,
KOTOpOE SIBJIIETCSl HEHAOII0NAeMOU BEIMUUHOM, 1 HabmogaeMoe X, , KOTOpoe h3Me-
psieTcst mHepuuaabHoi HaBuranuonHou cuctemort (MHC). ITocmenoBaTelbHOCTD KO-
MaHJ TpaeKTopHOro yrpasieHus u3 [1I1 onpenenser mmaHupyeMyro mocienoBareib-
HOCTh KMHEMATUYECKUX COCTOSIHUM X¥ = X.({t;) JJIS KaXJA0ro MOJEIHbHOTO MOMEHTA
BPEMCHH Lr.

HcTrHHOE KMHEMAaTHYeCKOE COCTOSIHUE M3MEHSETCSI BO BPEMEHU: 3aKOH H3Me-
Henus X. = X.(f) onpenensieTcss COCTOSHUEM U IMHAMUKON aKTyaTOpOB; XapaKTePOM U
MHTCHCUBHOCTBIO BHENIHUX BO3aeicTBuil F- co croponsl armMocdepnl (aapoarHamu-
Ka), TuHaMHU4YecKkuM cBoiictBaMu BJIA, a Taxke quHaMukoil Y.C ¥ BO3MOXKHOCTSIMH
HNHC.

AJTOpPUTM MOJIETMPOBAHUS TIOJIETA B 1[EJIOM BBIIVISIIUT CISAYIOWUM 00pa3oM —
YIIPABJIAIONIAS CUCTEMA HA OCHOBAHMH JAHHBIX, U3BIeKaembix u3 111, nepuoguue-
CKHM PaCCUUTHLIBAET OYEPEIHOE 3HAUYECHHE IIAHUPYEMOIO COCTOSHMS Xi M CpaBHHBA-
€T ero ¢ cocrosiuueM X, Kotopoe chopmupoBano Monaeibio MHC st ncTuHHOTO
cocrosius X¥. [lo pe3ynbraraM CpaBHEHHUS yCTAHABIMBAETEH HOBOE COCTOSHME aK-
TyaTopoB. [lJI1 HOBOrO COCTOSIHUS AKTyaTOPOB{PACCUUTHIBAETCS JUHAMHUKA OPHUEH-
taruu BJIA, 3HaueHus a’poJMHAMUYECKUX BIMSIHAIHA MJIaHEP U B KOHEYHOM CUETE
JUHAMUKA MOJHOTO KMHEMATHYECKOTO COCTOSIHUSA. TaK mpomosxkaercs, rmoka He 3a-
koHuutcs [1I13. [lepuon oueHKM paccoriacOBaHMS 3allJIAHUPOBAHHOIO COCTOSTHUS
OT MCTMHHOTO W BbIJa4ya KOMAaH]l aKTyaTOpaM 33aJaeTCs HE3aBUCHMO OT IIara Mo-
JNEIBHOTO BPEMEHU.

3. Mogear HHC

IIpennonaraercs, uro MHC'B cocraBe moaenu BJIA yunTeiBaeT BpaiieHue 3eM-
. Moxpens MHC cumynupyet BeKoBOH Jipeiid Hauama cOOCTBEHHOMN CHCTEMBI KOOP-
muaat (CCK) n BexoBoit moBopor CCK Bokpyr Beprukanmm. [peiidp CCK monenupy-
€TCs MO0 CTENEHHOMY 3aKOofy, Apeild moBopoTa — no jguHerHoMy. OcTanbHOU nperd u
NOTPEIIHOCTH U3MEPEHUN HE Moaenupyrorcs — npeamnonaraercs, yto MHC unmeer
BCTPOCHHBIE BO3MOKHOCTH KOPPEKTUPOBKHU BEPTUKAIIM M ONTHUMAIBHOU (DUIBTPAIIH
MU3MEPUTEIBHOTO IUyMa,

Monens MHC conepkut ciieayronue KOMIOHEHThI (KaHaIbl), KaKIbIi U3 KOTO-
PBIX MOJEIUPYETCs. HE3aBUCUMO — KaHaJl Kypca, KaHaJl OpUEHTAalWH, KaHaJl CUMCIIe-
HUS TPOIIeHHEro myTH. Takke CUMYNIUpyeTcsl Bblaua BO3AYIIHON CKOpOCTH, Oapo-
METPUYECKON BBICOTHI, IABICHUS U TEMIIEPATYPHI.

Kypcosas ommbka onpeenseTcsi OMMOKON BRICTABKM HAYAIILHOTO Kypca (pac-
npenenena mo ['ayccy) U KOHEUYHOM CKOPOCThIO jpeiida kypea (pacnpeneneHa mo Pe-
JICH0).

OmnOka curcieHus: IpONACHHOTO MyTH ABISETCS HAKOIUIEHHOW OMIMOKOM U OII-
penensieTcss MHOTUMHU (aKTOpaMu, Cpeld KOTOPBIX, B TOM YHCIIe, U OLIIUOKU U3Mepe-
HUA ymioB. C TOCTaTOYHOW Ui PAcuyeTOB B paMKaxX MOJEIM TOYHOCTBHIO MOTpELl-
HOCTH BBIJIaud MPOWUJEHHOTO MyTH OMHUCHIBAETCA CYMMOW OIIMOKMA HavyalbHOW yCTa-
HOBKH M BEKOBOI OLIMOKH, KOTOpask MOAEIIUPYETCA SMIIMPUUECKH IO CTENIEHHOMY 3a-
koHy. [loka3aTenb cTeneHy U olmmMOKa HauajdbHOM YCTAaHOBKHM NMPUHUMAIOTCS paciipe-
neneHHbIMu 110 [ayccey.
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4. Moneab paguoBbIcOTOMEpPa

Hapuranus no pensedy ocymecTBisieTcss Ha 0a3e JaHHBIX, BHIJJABAEMbBIX UMU-
TallMOHON MOJIEbI0 paaroBbicoToMepa Hu3kKuX BbicoT (PBHB). B kauectBe mcxon-
HbIX gaHHBIX 111 PBHB ucnons3yrores mudpossie monenu peaseda (LIIMP) u mec-
Hoctu (LIMM). Monayns umuTanmonHoro moxenupoBanuss PBHB peanmsyer cie-
OyrOImi PyHKIIMOHAI:

- MOJIEJIMPOBAHUE BBIIAYM JAHHBIX O BBICOTE HAJ MOACTUJIAKOIICH TOBEPXHOCTHIO
Ha OCHOBAHMWM BXOJIHBIX JIaHHBIX O MOJIOKEHWH Ha MECTHOCTH U BBICOTE HOMETa,

- MOJZICJIMPOBAHNE CTOXAaCTHKHA HA OCHOBAaHWM CBEJICHUM O XapakTepe U CBOWCT-
BaX MOJCTWJIAOLIEH NOBEPXHOCTH;

- (hopmupoBanue (haiiia ¢ mporeccom ceiekropa ypouei LIMP/LIMM.

3navyenue BbIcOTHI, BeigaBaemoe PBHB ¢opmupyercs na ocaose LIMP, LIMM, u
KJIacCEe TMOJICTUIIAIONIEH TTOBEPXHOCTH B 00JIACTH, HAKPHIBAEMOW MTSITHOM JHATPAMMBI
HanpasiieHHocTid PBHB. Iloactumnaromias moBepxHOCTh MOAEIHUPYETCS KAaK BA OT-
paXkaroluX YpOBHs, OMH U3 KOTOPBIX COOTBETCTBYET YPOBHIO peiibeda, BTOPOUH —
YPOBHIO MECTHOCTH (JIeC, KyCTapHUK, JIOPOra, ...). CATHaIwKaXA0ro uX ypoBHEH 00-
JAJAaeT CBOMMHU CTOXAaCTUYECKMMH XapAKTEPUCTUKAMU. Kaxplii U3 THUIIOB ITOKPBITUN
IIPU 3TOM XapaKTEePU3YyETCA CBOEH NAapOil OTPAXKAIOIIMX YPOBHEN.

5. Yder arMocepHBIX SIBJCHUIN U CTOXACTHKH

BozneiictBue armocepHbIX SBICHMI Ha JBUKEHUE YUYUTBIBAETCS B paMKax
KJIACCUYECKOTO ITOAX0a — Pa3JIOKEHUE Ha CKOPOCTh CPEIHETO BeTpa V.. U IyJbCalu-
oHHYyIO (TypOyneHTHyI0) V'. B mpouecce aBroHomuHoro nojiera YC CTpeMHUTCS BbI-
JNEPKUBAaTh 3aaHHYI0 CKOPOCTb OTHOCUTENIBHO 3EMHOM IIOBEPXHOCTH, MOITOMY
BIMsSIHUE V.. YUUTBIBAE€TCS TOJIBKO /B pacxoae TorumBa. TypOyneHTHOe Bo3zaeicTBHE
BJIUSIET, B OCHOBHOM, Ha opueHTauuko bJIA u ero 60koBoe U BEpPTUKAIBHOE JBUKECHUE
Y MOJEIUPYETCs KAK CIy4anHBIW MMPOLECC ¢ 3aJaHHOM CHEKTPAJIbHON IUIOTHOCTBIO.
MonenupyroTcs Tpu KOMIIOHEHTHI = IIOABbEMHAsI CWIIA £ U 1BA MOMEHTA, IIPUBEICH-
HBIC K yIJIaM — CKOJIBKEHUE & MKpEH v: . I reHepanuu cily4aiHoro Ipouecca ¢ 3a-
JAHHBIM OI'PAaHUYEHHBIM,CIIEKTPOM ucronb3yeTcs Meron Oypee-Pernes.

3akJIoueHue

BbIxoaHbIC, JABHBIE CHCTEMBI MOICTTUPOBAHUS TIPEICTABISAIOT COOOH MOCIeI0Ba-
TETLHOCTh KHHEMAEMYECKUX COCTOSTHHM B MOJICIBHOM BPEMEHU W BBIBOIATCS B Ta0-
JUYHOM BUJIE, KOTOPHINA MO3BOJISIET WX HUCIIONH30BATh JIsl BU3yalU3aIlii CPEACTBAMU
nporpammbl gnuplot.Cucrema MoneanupoBaHus HamucaHa Ha s3pike C++ (gec 5.3.1).
Bpewsty, cuMyasiiiuy mosieta mo Mapuipyty npofobkuteabHocThio 2700 ¢ Ha mutar-
dopme./Intel Core2 Quad CPU Q9550 2.83Giry Linux 4.4.6cocrasiser MmeHee 3
¢ ipy mare mojaeiapHoro BpemeHu 0.01 C,uTo mo3BOISET UCIIOIB30BATh CUCTEMY IS
OILICHKHMBEPOSITHOCTH BBITTOJIHUMOCTH TTOJIETHOTO 3a/1aHusi MeTogoM MonTte-Kapio.

Cnmcoxk jureparypsl
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VJIK 681.327

MHOT'OATEHTHASI CUCTEMA JUISI MOCTPOEHUSI KAPT
COCTOSAHUA CEJbCKOXO34AUCTBEHHBIX ITOJIEN

K.B. Pomasosckwuit!, B.B. I'anuenko?, A. 1. [TeTpoBckmii®
"HayuHO-IIpOM3BOICTBEHHOE OOILECTBO C OrPAHMYEHHON OTBETCTBEHHOCTHIO
«Bucma-IInanap», Munck, benapyces;

“TocymapCTBEHHOE Hay4HOE yupexaenne «O0beIMHEHHbII UHCTUTYT [IPOOIeM
uHpopmatuku HarmonaneHoii akanemun Hayk benapyen»,

MuHck, bemapyce

Onucana cucmema Ol NOCMPOEHUS. KAPM CeNbCKOXO3AUCMBEHHbIX NoJlell 8
OCHOBe KOMOPOTU 1edHCUM IKCHpecc-aHanus homozpaguii, nonyiaemlx ¢ KeaopoKonmepa.

BBenenue

[Ipy mpUHATHU peUIeHUH B TPOIECCE MOHUTOPUHIA CEThCKOXO03HCTBEHHBIX
NoJieii OCHOBHBIM SIBJIIETCS PAcIiO3HABAaHHE MOPAKEHHBIX, 3a800JIEBaHNUSMU Y9aCTKOB
Y COCTABJICHUU KapT JUIsl UX JajJbHEHIIero UCTofib30BaHUs POOOTaMHU U 3KCIEPTaMHU.
JIns penieHus TaHHOM 3a7auu MPeI0KeH MHOTOAneHTHBIH moaxon [1]. Paspaborana
MHOTOAareHTHasi MpoTrpaMMHO-amNnapaTHas CHUCTEMa, BKIIIOUaroIas MOCT orepaTopa,
cepBep U OCCHNMIIOTHBIN JIETATENIbHBIN anmapat, (kBaapokontep). CepBepHasi 4acTh
IperoiaraeT UCHOIb30BaHUE MOIIHOTO KOMIIbioTepa. OHa mpeacTaBieHa MOJCHUC-
TeMaMH MapajuielibHOM 00paboTKU M300PAKEHMI U npuHATHS peleHuid. [lepBas u3
HUX BKJIFOYAET B ce0s HanboJiee 4acTO MCIOJIb3yeMble METOIbI 00paboTku ¢GoToas-
POCHHMKOB, BTOpasi — OTBEYAET 3aBBIQOP Criocoba MmocTpoeHus: HHPOPMALMOHHBIX
NPU3HAKOB HAa OCHOBE JTAHHBIX TUCTAHIIAOHHOTO 30HIUpPOBaHUs 3eMin. B pesysbra-
T€ DKCIEPT MOIYYaeT BO3MOKHOCTh ACTAILHOTO M3Y4YEeHHS 00padoTaHHBIX (OTOad-
POCHHMMKOB pa3UYHBIMU METOJIaMHK, COKOHOMHUB IPU 3TOM BpeMs Ha 00paboTKy 3a
CUeT pacrapayieIMBaHus Ha COBPEMEHHBIX BBIUHUCITUTEIBHBIX CHCTEMAX.

[Toct omepaTopa (MOOWILHBIM KOMIUIEKC) — 3TO MpPOTrpaMMHBIE cpeacTBa (Mo-
OWIbHOE TPUIIOKEHHE) U -alllapaTHbIe cpeacTBa (IMyJbT YIPABICHHS), MPEIOCTaB-
JISIONINE BO3MOXHOETh 0TOOpaxaTh MH(DOPMAIMIO O COCTOSHUHM CEIhCKOXO3SHUCT-
BEHHOH pacTUTENBHOCTH Ha KapTe, KOTopasl sBJIseTcs Ha0OpOM YIOPSIOUYEHHBIX IO
reorpaduueckum, KooparHatam nudpossix (oTtorpaduii. JJannas moacucrema oc-
HallleHa BO3MOYXHOCTHIO SKCIIPECC-OIIEHKH COCTOSHUS PACTUTEIHHOTO MIOKPOBA U OTI-
peleeHunsL. 30H (CerMeHTOB) ¢ HapylieHneM (OTOCHHTE3a, TI03BOJISIET MOMy4YaTh Ha-
[T THYIO MH(OPMALIMIO O COCTOSIHUU PACTUTENIBHOCTH B paMKax II€JIOTO IMOJIS WM O
ero/OTHCTBHBIX ydacTkax. CKOpOoCTh 0OpPaOOTKU JaHHBIX OOYCIIOBIMBACTCS HAXOXK-
A€HHEeM MOOMIIbHOM MIaTGOpPMBbI HETIOCPEICTBEHHO Y M3Y4aeMOro y4acTka — uQpo-
BbIC poTorpaduu MomagalT B CUCTEMY Cpasy IOCIe OKOHYAHUS MPOIEcca ChbeMKH,
0e3 uX IITUTENbHON TPaHCIIOPTUPOBKH HA CEPBEP, a TPAHCIIAIMS BUICO BO BpEMs I10-
JeTa Ha MyJIbT YIPaBICHHUS.

1. CTpykTypa MHOTO0areHTHOI CHCTEMBbI

MmHoroareHTHass CUCTEMa COCTOHUT M3 MOOMJIBHOTO H CCPBCPHOI0 KOMIIJICKCOB

(puc. 1).
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MoburbHbIl KoMieKkc CepeepHbili KOMIIEKC

Hoym6yk c MO IMynem Cucmema Cucmema npuHaIMUSA

Keadpokonme .
P P 0ns aHanusa ynpaeneHusi pacrnaparnnenueaHusi peweHul

Pucynox 1 — CtpyKTypa MHOTOareHTHON CHCTEMBI IPUHATHS PEILCHHIA

Mobunbnblii komniexc TPeACTaBIseT co00i ucTouHuK (heTorpaduit, (kBaapo-
KOITEp) U MOCT ONepaTopa, BKIIFOYAIOIINN MyJIbT JUCTAHIIMOHHOrO yrpasienus (V)
U HOYTOYK C YCTAaHOBJICHHBIM MPHUJIOKEHUEM JIJISl SKCIIPECC-aHAIN3a, COCTOSIHUS Cellb-
CKOXO3SIMCTBEHHOM PACTUTENLHOCTH M MOCTpOeHUs WHpOpMaTUBHON kapThl. Mc-
MOJIb30BaHNE MOOMIIFHOTO KOMIUIEKCA MO3BOJMIO YCKOPUTH HPOUECC MPUHATHUS pe-
IIEHUI U TOCTPOeHUs1 HPOPMATUBHOM KapThl P MOHUTOPUHTE COCTOSHUS PacTu-
TEIBHOCTH 3a cueT Oosee paHHell 00paboTKU U SKCIPECe-aHajn3a, IPOBOJAUMBIX YXKe
Ha JTare Mojay4yeHus MH(OpMalMH, a TaKKe 3a CUeT COKpallieHus oObeMa JaHHBIX,
MOCBUTAEMBIX JIsl 00paOOTKH Ha cepBep.

Cepgep-komniexc TpeACTaBiseT coO00 MOUIHBIH, CTAIIMOHAPHBIA KOMIBIOTED C
CHUCTEeMaMHM paclapajieIMBaHus JaHHBIX W MPUHSEMAS PELICHHH, BKIIOYAIOIIe B ce-
051 607b1I0M HA0OP Pa3HOOOPA3HBIX METOJ0B OOPAOOTKH U aHaM3a U300pAKEHUH.

BaxxHolt 0COOEHHOCTBIO MOJy4yaeMblX CHUMKOB SIBIISIETCS UX OOJBIION pa3mep,
YTO, BMECTE C OTPAaHUYEHHBIMHU BBIUMCHUTEABHBIMU pecypcaMy MOOMIIBHBIX KOMIIb-
I0TEPOB, HAKJIAAbIBAECT OINpE/eSieHHbIE TPEeOOBaHUSI K alrOpuTMaM OOpabOTKH JaH-
HBIX M300paK€HUM: BO3MOXKHOCTU MX ONEPATUBHON 00pabOTKU M pacnapaijieanBa-
HUSI, OTPAHUYCHUS 10 THITY (TOYEUHBIHN, JIOKATHHBIN WIH TI100aIbHBIN) U CII0KHOCTH
anroputmos [1, 2].

C TOYKHM 3peHHs BBIYUCIUTEIABHOW CIOKHOCTH M HEOOXOAMMOCTH JIMIIL IKC-
npecc-aHann3a Ha MOOMJIBHOM KOMITBIOTEPE MPEANOUYTHTENbHEE OYIET UCTIOIb30BaTh
AJITOPUTM TOYCYHOT'O THIIA €, MCII0JIb30BAHUEM uBeroBoi moaemn RGB (Red, Green,
Blue —kpacHbIii, 3eTICHbI,*CHH).

Hcmounuxkom _O0annpix OB BbIOpaH OECHUIIOTHBIM JI€TaTeNbHBIX —armapar
(PIIJTIA), a UMEHHO OJWMH M3 COBPEMEHHBIX KBaJPOKONTEPOB, MOSBUBLIMICS B OT-
KpbITOi mponake B:mapte 2016rona - Phantom 4®anrtom 4). JlanbHOCTE ero mole-
Ta COCTABJIAET O KWIIOMETPOB, UTO MO3BOJIUT OXBAaTUTh MOJIE MJIOIAAbI0 10 /8 KBaj-
pPaTHBIX KUJIOMETPOB PACMOJIOKUB IYJIbT YIpaBieHUs B ero leHTpe. Buaeokamepa
HD 4K ¢ yactotoil kaapoB 24,25,30B cexyHAy HENPEPHIBHO TPAHCIUPYET BUIECO-
n300paxeHue Ha mynbT ynpasieHnusa. Pazmep uzoopaxenuss B 4000na 3000 nukce-
JeN - Oonee yeM J0CTATOYHO JJisi KAYECTBEHHOI'O0 MOHMTOPHHTIa sKkcrepToMm. Ha-
cTpauBaemasi (GoTOChEMKA MO3BOJIAECT AenaTh pororpadum kadectBoM B 12 Mm c
auana3’eHoM Bbiepkek oT 8 ¢ go 1/8000 c.dotorpaduu coznmarorcs B (opmare
JPEGu RAW mnpsmo Bo Bpemst nojsiéra. [Iporpamma, BimTasi B KOHTPOJLIEP, MO3BO-
JSeT 3a7aBaTh TOYKU oOusiera i moidydeHus: ¢potorpaduil B TOYHO 3alaHHBIX Mec-
Tax, YTO peuiaer npobjaemMy MOCTPOEHUsI TOUHOU KapThl. KBagpakonrtep, UCIOIB3Ys
CIyTHUKOBOE mo3uninoHnupoBanue GPSwmum ['monace, 106aBUT HEOOXOIMMBIE METO-
JaHHbIE K Kaxa0u ¢ororpaduu, KOTOpble HEOOXOAUMBI ISl COPTUPOBKU M CKJICUKH
M300paxeHui mpu odieTe moJsl.
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Ilynem JIV — 3T0 MHOTO(QYHKUIMOHAJIBHOE YCTPOMCTBO OECHPOBOAHOMN CBSI3H,
KOTOpO€ OOBEAMHSIET CUCTEMY BUJEO MO BXOJSALIEH JIMHUM CBA3M HA 3€MJIE U CUCTE-
MBI JIUCTAaHLIMOHHOTO YIPAaBJIEHUS KBaJApOKONTEpPOM. Buaeo mo Bxonsdmled JHHHUH
CBSI3M U CHCTEMa JUCTAHIIMOHHOTO YMPAaBICHUS KBAaIPOKONTEPOM pabOTaOT Ha yac-
tore 2,4 1T Ilyner JIY ynpapnseT QyHKIIUIMH KaMmMepbl, TAKUMU KaK MPUHITHE U
npocMoTp doTorpaduil u BUACO, a TAKXKe yrpasieHueM nprkenus. [lynst 1Y nura-
€TCsl OT aKKyMYJISITOpHOM Oatapeu 2S. [y mOCTpOEHUS KapThl MyJbT MOAACPKUBACT
HAacTpauBaeMbIll pPEKUM CEpUHHON CheMKH. JlepkaTeiab MOOWIBHOIO YCTPOMCTBA
CIy’)KUT KPETUICHHEM JUIsi MOOWIIBHBIX YCTPOHMCTB (puc. 2). MoOWIbHOE YCTPOKICTBO
nojkitouaetcs K myabTy Y nocpenctBomm kabenst USB.

Pucynox 2 —IlyapT JUCTAaHIIMOHHOTO YIPABJICHUS C AEPIKATEIEM Ui MOOMIIBHOTO yCTPOiCTBa

[Mpunoxenne DJI Pilot, koropoe,He00X0muMO 1S yripaBieHUs BceMu (PyHK-
UMM KBaJPOKOIITEPa, COBMECTUMO..C MOOMIBHBIMH YCTPOMCTBaMU IO YIIpaBiie-
auem I0S 8.0mnu Gonee mo3aueid Bepenu wian android 4.1.2umu Gosiee mo3aHEH
Bepcuu. Crenyronue yctpoicTBa pekomenaytorcs: iPhone 6 Plus, iPad Air 2, iPad
mini 3, Google Nexus 9, Nubia Z7 mini, NotelBoaaepsxka apyrux Android yct-
POMCTB BO3MOXKHA TIOCJIE€ TECTUPOBAHUSI.

Jlns mpoBeneHusl sKenpece-aHanmsa (ororpapuu HEOOXOAUMO MepeAaTbh Ha
HOYTOYK C YCTaHOBJICHHBIM HA HETO MOOWJIBLHBIM IpHIIOKeHHeM. HeoOxoaumo mo-
kaounTh kadbear USBk Data Porkameps (puc. 3).
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Pucynok 3 —3arpys3ka ¢ororpaduii c kamepbl Ha HOYTOYK

Pa3zpaboTtanHO€ MOOUIBLHOE MPHUIIOKEHNE BKIIOYAET YETHIPE OCHOBHBIX MOIYJIS
(puc. 4): mpueMkH 1 niepeaadn HHPOpMaIUN, 00padOTKN N300paKEHUH, ITOCTPOCHUS
KapThbl, XpaHEHUS JAHHBIX.
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2. Aaroputm padoThbl IPOrpaMMbl NOCTPOEHUsSI HH(POPMATUBHOM KapThI

Anroputm o0paboTku ¢oTorpaduil ¥ MOCTPOECHUE KAPThl COCTOUT B CIIEAYIO-
IIeM:

1. Ha ocHoBe mony4eHHBIX (oTorpaduii 3a1al0TCsi OCHOBHBIE TTapaMeTPhl — BhI-
OupaeTcsi MATh 3TAJOHHBIX IBETOB, X JIWANa30H U MOPOrOBOE MPOIIEHTHOE COMEP-
*aHue Ha goTorpaduu.

2. IIpousBoautcs obpaboTka Bcex dortorpaduii. [logcunTeiBaeTcs: KOJIUUECTBO
MUKCENEeH I KaXKI0TO 3TaJIOHA, BRIMOIHIETCS MPOBEPKa, HE MPEBBIIIACTIINA,ITO KO-
JMYECTBO 3aJaHHBIA Muana3oH. Beskoe mpeBbIlIeHHE PeTUCTPUPYETES U MOKa3hIBa-
€TCsl TT0JTH30BATEI0 HA MHPOPMATUBHOM KapTe.

3. [IpousBonutcs obpabotka GPSxoopaunar ¢ortorpadus. lannsie Oepyrcs
13 nHOPMAIINK, 3aKPETUICHHOM 3a KaXK10M U@ poBoit ¢hoTorpadueii corimacHo cTaH-
napty EXIF. YnopsnouuBas CHUMKHY 1O J0OATOTE W 1UpoTte, hopMupyercs uHdpop-
MaTHBHas Kapra (Ha HEW yKa3aHbl MPOOJEMHBIE YYACTKH CEIBCKOXO3SHCTBEHHOTO
OJIsT).

3akJIoueHue

Pa3zpaboTanbl cTpyKTypa U aaropuTM padoTbkMOOUILHOTO MPUIIOKEHUS CHUCTe-
MBI paclO3HAaBaHUSI COCTOSIHUS CEJIbCKOXO35IMCTBEHHOM pacTUTEIBLHOCTH, YTO TTO3BO-
JIUJIO PEIIUTh 3a7a4y MOCTPOCHUST MHGOPMATHMBHOM KapThl M JKCIPECcC-aHaIu3a Co-
CTOSIHUSL CEJBbCKOXO03AMCTBEHHON PACTUTEIbHOCTH, C BO3MOKHOCTBIO 33/ICHICTBOBAHUS
MOIIIHOCTEN CTAllMOHAPHOTO CEPBEPA U MPOU3BOINUTH IKCIIPECC-aHAIN3 PACTUTEIIBHO-
CTH HETOCPEJCTBEHHO BO3JI€ MCCIIEAYEMOro y4acTka, CyleCTBEHHO YCKOpss paboTy
JKCIIEpTA.
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3 CEKLIMS
UH®OPMALIMOHHBIE TEXHOJIOT UM HA TPAHCIIOPTE

V]IK 681.32

PASPABOTKA MOBWJIBHOI'O TTPUJIOKEHUA VIS
NHO®OPMALIMNOHHOU CUCTEMbI «<YMHASA OCTAHOBKA»

A.H. Xoran", M.M. Konriesoit’,
'KTYII «Bpectroprpanc», bpecr, benapycs
2]SpeCTCKI/Iy”I roCyJIapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET, bpeer, benapych

B ooknaoe paccmampusaemca ungpopmayuonnas cucmema «YMHAR0CMaHOBKA» .
IIpeonazaemcs pacwupenue ee QYHKYUOHANA HA OCHO8e pPA3PAOOMKU COOMEEMCH-
8yrouec0 MOOUIbHO20 NPUNONCEHUS 8 KOHMeKCme UHmezpayuu W opMayuoHHoU cuc-
membl «YMHAA OCMAHOBKA» 8 COBPEMEHHYIO 20POOCKVIO MPAHEHOPMHYI0 UHQppa-
CMpPYKmMypy Ha 0CHO8e KOHYenyuu < YmHulil 20poo».

BBenenue

Pa3BuTHe COBpEMEHHOM TOPOICKOMN CPEIbI OCYLIECTBISIETCS HA OCHOBE «UHTEII-
JeKTyanbHbIX TpaHcmopTHeIX cuctem» (Intelligent Transport SystemH,TC) — cuc-
TEMHOM MHTErpalMyd COBPEMEHHBIX MH(OPMALOHHBIX U KOMMYHUKAIIMOHHBIX TEX-
HOJIOTUN U CPEACTB aBTOMATU3ALUU C TPAHCHOPTHON MH(PACTPYKTYpOil, TpaHCHIOPT-
HBIMH CpPEICTBAaMH M TOJb30BaTEIIMH; OPUEHTHPOBAHHON Ha MOBBIIIEHHE Oe3ormac-
HOCTH ¥ 3(dexkTuBHOCTH TpaHcHoprHErowmporecca [1]. [IpoektupoBanue, BHepe-
HUE, npoABMKeHHEe U 3p¢dexkTuBHOE ncrioub3oBanue UTC npexacrasnser coboit MHO-
TOKPUTEPHAILHYI0O 1 MHOTOYPOBHEBYIO 3a7auy [2]. B paMkax koHuenmmu «YMHOTO
ropozia» MOKHO BBIACINTH  Ciacayromue HampasieHus paszsutus WUTC. «YMmubIM
TPAHCIIOPT», «Y MHasl MAPKOBKa», «YMHasi OCTAHOBKa».

1. UnopmanmonnasicncreMa «Y MHasi 0CTAHOBKA»

HNupopmanmortasi cucreMa «YMHasi OCTaHOBKa» MpeAHa3HAuYeHa JJIsl TOBbIIIIe-
HUSl KauecTBa TPAHCIOPTHOTO OOCITYKMBaHUSI HACEJIEHMs] HA OCHOBE ONEPATUBHOTO
UH(GOPMUPOBAHMSE, [TACCAXKUPOB O paboTe TPAHCIOPTHOTO KOMIUIeKca ropoga. Mu-
dbopMarmoHHas cucreMa «YMHasi OCTaHOBKa» O00ECIEeUrBAaET Ha CTAal[MOHAPHBIE MO-
HUTOPBI OCTAHOBOYHBIX ITYHKTOB OTOOpak€HHE MH(POpPMALMU O PEaJbHOM BPEMEHHU
npUOBITHSE FPAHCTIOPTHBIX CPEJCTB HA JAHHYIO OCTAHOBKY U CMEXHBIE OCTaHOBKH
Ya¢TUYHO NYOIIMPYIONIMX MapIIpyTOB (Ba MapuipyTa SBISIOTCS YaCTHYHO IyOIH-
PYIOIIMAMHU, €CITU C HUX TAKXKE MOYKHO JI0€XaTh JI0 TPeOYEeMOro MecTa, IIeIH MOS3/IKH).

Mudopmanmonnas cuctema «YMHasgs OCTaHOBKa» MCIHOJIb3YyeT 0a3bl JaHHBIX, B
KOTOpBIE COOMpAIOTCs JaHHBbIE O MapLIpyTaX TPAHCHOPTHBIX CPEJCTB, OCHAIICHHBIX
CHCTEMaMH CITyTHUKOBOTO MOHUTOpUHTA (pueMHukamu GPS).

NudpopmanmonHas cucrema «YMHasi OCTaHOBKa» OCHOBaHA Ha MCIOJb30BaHUU
KJINEHT-CEPBEPHON apXUTEKTYyphl. PaboTa ¢ JaHHBIMHU OCYIIECTBISETCSA Ha CEPBEPE B
aBTOMATUYECKOM PEKUME Kak JUIsl 0€30MaCHOCTH U COXPAHHOCTH JAHHBIX, TaK U IS
OTIEpaTUBHOTO BPEMEHHU X 00PabOTKH.
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[IporpamMmmuoe obGecnieueHrne HHGHOPMALMOHHON CUCTEMBI «Y MHasi OCTAHOBKa» B
aBTOMATHUYECKOM PEKHMME OCYIIECTBIIIET KOHTPOJb rpaduka IBHKEHUS IO BCEM
MapIpyTaM U BUAAM TPAHCIOPTA; CUTHAIM3UPYET 00 OTKIOHEHUSX, MPEBIIIAIOIINX
3aJI0’KEHHBIE JIOMYCKHU; OCYIIECTBISICT CTATUCTUKY OIMO3JaHHI 10 MapuipyTaMm U BO-
JAUTEISIM OTZIENbHO; MASHTU(PULIUPYET ONO3JaHMs, CBI3aHHBIE C JKEJI€3HOIOPOKHBIMH
nepee3iaMu U ¢ MpoOKaMu Ha Joporax. BaxkueiM ¢akTopom noBsimeHUs 3G HEeKTHB-
Hoctu U paszButusa UTC sBisercs peanusanusi U NOJAepKKa UX UHPOPMALUOHHO-
KOMMYHHUKAIIHIOHHON COCTABJIAIONIEH HA OCHOBE MOOMIIBHBIX MPUIIOKEHUH.

2. MoOu1bHOe NPUIIOKEeHHEe <Y MHAs OCTAHOBKA»

OcHoBHbIE HHPOPMAIIMOHHBIE JaHHBIE MPEJOCTABISIOTCS HACCAKUPAM C TTOMO-
b0 [IU(PPOBBIX MOHUTOPOB OCTAHOBOYHBIX MYHKTOB. JlJIs MOlHOMAcIITaOHON pea-
AM3aluu  MTHPOPMALMOHHO-KOMMYHUKALIMOHHOTO (PyHKIIMOHAJIA "€UCTEMY «Y MHasl
OCTaHOBKa» MpeJIaraeTcsi JOMOJHUTh MOOWMILHBIM MPHIOKEHNEM Ha 6a3ze Android
KaK HanOoJiee MomnyJsspHON ONEepallMOHHON CUCTEMBI UL MOOMIIbHBIX YCTPOMCTB.

MoOunbpHOE NpUIOKEHUE «YMHasi OCTAaHOBKa» HO3BOJIUT MOJIb30BATENIO BHIOU-
paTh BpEMEHHbIE OTPE3KH U THUIIBI COOOILIECHHH, KOTOPBIE OH QYJET MoIy4yaTrbh Ha MO-
OMJIbHOE YyCTpOHCTBO. Bee onoBeleHus moyib30BaTeib CMOXKET IPOCMOTPETh B Kaye-
CTBE CIIMCKa COOOILEHUH MM Ha MHTEpaKTUBHOU (kapte. Ilonp3oBaTens Taxke cMo-
KET MPOCMOTPETh MAPILIPYThl OTACIBHBIX TPAHEHOPTHBIX CPEICTB, JAETAIBHOE OIU-
caHM€ BBIOPAHHOTO MapuUIpyTa, a TaKXKe KOHTAKTHHIC JaHHBIE 0 TPaHCHOPTHBIM
cpeactBaM. lIpennonaraercs, 4To MOOMIBHOE ITPUIIOKEHNE MTPENOCTABUT MOJIb30BA-
TEJII0 BO3MOYKHOCTb MMO3BOHHUTH WJIM BBICJAATH'QJIEKTPOHHOE COOOIIEHUE COOTBETCT-
BytomieMy ydactHUKy UTC npsiMo U3 0KHa IIPOCMOTpa YBEIOMIICHUS.

MoOunbpHOE MpUIIOKEHNE «YMHASI WOCTAaHOBKA» I103BOJMT PACCUUTATh BpEMS
MapIipyTa Ha OOIIECTBEHHOM TPaHCIOPTE € YYETOM paclHucaHus aBTOOYCOB U y3-
HaTh, Y€pe3 CKOJbKO MUHYT MPHUIET,aBTO0YC; MOACKAXKET Cpa3y HECKOJBbKO BapUaH-
TOB Mapmpyta (Taccakupbl CMOTYT BBIOPATh CaMblii OBICTPBIN U JEIIEBBIH); YCTaHO-
BUThH «OYIWIBHUK», KOTOPBIM,IPEAYTIPEAUT O NMPUOBITUN aBTOOyca Yepe3 3aJaHHOe
BpeMs.

B o6mactu UTC paccMatpuBaeTcs MHOTO MPHIOKEHUN PA3TUUHON TPUPOJIBI,
TpeOOBaHMS KOTOPBIX 3HAYUTEILHO Pa3InYaroTcs APYyT OT Apyra. [Ipunoxenus 6e30-
MaCHOCTH JTOPOKHOTO ABWKEHUS, HAIPUMED, TPEOYIOT BBICOKOW HAJEXKHOCTH, OBICT-
pOJEHCTBUS U paObOThl B peaJIbHOM peKUMe BpeMeHU. [IpuiojkeHus, oTBevaromue 3a
koMpopT u 3hPeKTHBHOCTD TpaduKka, NPEABABIAIOT 00Jiee HU3KUE TPeOOBaHUS K 3a-
NEPKKaM 0 BPEMEHU, B TO BPEMS KaK I'OJIOCOBBIE U BUJICONPUIIOKEHUS UMEIOT Me-
Hee BBICOKHE TpeOOBaHuUs 10 Ha/IE)KHOCTU. BpiOOp Habopa MCHOIB3yEMBIX TEIEKOM-
MYHUKALIMOHHBIX TEXHOJIOTUH JOCTYIa BCEr1a I0JKEH COOTBETCTBOBATh TPEOOBAHU-
M TIPHIIOKEHNN U ceTeBOM MHPPaCTPyKTyphl. {151 MOOMIBHOTO MPUIOKEHUS «Y M-
Hast, OCTAaHOBKa» ONTHMabHOW OynmeT ceTh nepenaun naHabix WiFi, cosmanas mms
BBICOKQCKOPOCTHBIX MHTEPHET-IIPUIIOKEHUN U 00ECIIEYMBAIOIAsl BEICOKYIO CKOPOCTb
Y HaJIe)KHOCTD, HO, KaK IIPABUJIO, HE B PEXKUME PEATILHOIO BPEMEHHU.

3. TpancnopTHbIe MOOW/IbHBIE IPUI0KEHUS

MoOuIbHBIE TIPHIIOKEHHUS CETOJHS PA3BHBAIOTCS ONEPEKAOIIMMH TEMITAMHU.
CornacHo uccienoanuio Altarix, B 2013 roay 4uciio monb3oBareiieli MOOMIBHBIX
YCTPOMCTB AOCTUIIIO 6.8 MiIp/ YestoBeK, OOJIBITMHCTBO KOTOPBIX MCITOJIB30BAIN YCT-
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poricTBa Ha 6a3e ruiardopmer Android, npudem mpoduik MoceTUTENEH MOOUIBHOTO
MHTEPHETa CMEIICH B CTOPOHY Mosoaexu [3]. Beicokoll MOmymIsipHOCTBIO Cpemau
TPAHCHOPTHBIX MOOWJIBHBIX MPHJIOKEHUI BO BCEX PErHOHAX MHUPA IMOJIB3YIOTCS MO-
OWIbHBIE CEPBHCHI 3aKa3a TAaKCH, OIUIATHI MPOE3/a, MAPKOBKU, WHPOPMHUPOBAHHS O
MaplIpyTax U OCTAaHOBKaX OOIIECTBEHHOTO TPAHCIIOPTA.

Kak moka3pIBalOT uccienoBaHus, BCe 0ojee BOCTPEOOBAHHBIMH CTAHOBSITCS
MYJIbTH()YHKIIMOHATIBHBIE TPAHCIIOPTHBIE MOOHIIBHBIE MPHIIOKEHUS (CoueTaHue cpa-
3y HECKOJBKHX BHUJIOB OOIIECTBEHHOTO TPAHCIOPTa B OJHOM NPWIOKEHHH, 3aKa3
TaKCH, MMOWCK W OIUIaTa MapKOBOK M T.X.). Takum 00pa3oM, Ha OCHOBE/MYITBTU(DYHK-
[IUOHAIBHOTO MOOWJIBHOTO TMPHJIOKEHUS MOXET OBITh OCYIICCTBICHA HHTELPAIIHs
Pa3UYHBIX TPAHCIOPTHBIX (M IPYruX) YpOBHEW KOHLENIHMU «YMHBIH FOPOA» H Cy-
[IECTBEHHO IOBBIIICH YPOBEHb aIalTAllMU TOPOJCKOW TPAHCIIOPTHOW MHPPACTPYK-
TYpHI K (DaKTUIECKUM U3MEHEHHSIM 00CTAaHOBKH B PEaTbHOM PEKHME BPEMEHHU.

4. CeMMOTHYECKHMI MOAXO0 K peaju3alli¥ MOOWJIBHOIOQ. MPHI0KEHUS <YMHasA
OCTaHOBKa»

YHUKAJIBHOCTh OMKCHIBAEMOTO MOOWJIBLHOTO MPUIOKEHUS «YMHAsi OCTAaHOBKa»
3aKJIF0YAETCsl B TOM, YTO OHO PEAIU3YETCS] Ha OCHOBE CEMHUOTHYECKOrO MOAX0Ja K
JIOTUCTUKE TOPOJICKUX MACCAKUPCKUX MEPEBO30K KaK COBOKYIHOCTHU MPOEKTHBIX pe-
IIIEHUH, TEXHUYECKUX CPEACTB, METOJIOB OpPTaHU3ali W YIpaBicHUs, obOecreyu-
BAIOIIUX 3aJIaHHBIM YPOBEHb YJIOBJICTBOPECHUS\ TPAHCIIOPTHBIX MOTpeOHOCTEN macca-
’KUPOB IIPU MUHUMAJIBHBIX 3aTpaTtax [4].

B KoHTEKCTE mpeanaraeMoro CEeMUOTMYECKOro MOAX0/A MACCAKUPCKUN TPaHC-
MOPT aHAJIU3HUPYETCA KaK €IMHCTBO JABMIXKCHUS MAaTepUAIbHBIX U MH()OPMAIIMOHHBIX
(3HaKOBBIX, CUMBOJIMYECKUX) PECypCOB. Lopo B CEMHOTHYECKOM KOHTEKCTE pac-
CMAaTpUBAETCS KaK CJIO0KHO OpPraHM30BAHHBIM MHOTOYPOBHEBBIN THIIEPTEKCT, a €ro
TPAHCTIOPTHBIE TTOTOKH MOTYT OBITHA\IOHSTHI B Ka4€CTBE 0COOOM CHCTEMBI 3HAKOBO-
CHMBOJIMYECKHUX KOMMYHUKaniiyllaccaxupckue nepeBo3Kd HE MPOCTO COMPOBOXK-
JAIOTCS COMYTCTBYIONMMHU WM, TOTOKaMu WH(OpMaIuu, HO Bce OOJbIIe MOTHBUPY-
IOTCSI TIOCIICTHUMU, YIOBICTBOPSSS HWMEHHO WH(POPMAIMOHHBIE, 3HAKOBO-CHMBO-
JUYeCKue MOTPEOHOCTHMACCAXKHUPOB.

[Ipemmaraemplii CEMHUOTUYECKUN TTOAXOJ IMO3BOJIET MO-HOBOMY OCYILIECTBHUTH
JNEKOMIO3UIIUI0 JTOTUCTUYECKON CUCTEMbl, BBIIBUTH HOBBIE CYIIECTBEHHBIE CBS3H,
KOTOPBIE C HEOOXQAUMOCTHIO OINpPEESAIOT HHTErPaTUBHBIC KauyecTBa CUCTEMBbI, U, B
KOHEYHOM HMTOI'E,'0Ka3aTh HY>KHYIO YCIYT'y HEOOXOJJMMOI0 Ka4eCTBa B HY>)KHOE BpPEMs
B HY’KHOM MECTE€ C MUHUMAJIbHBIMU 3aTpaTaMu, aIalTUPYACh K U3MEHSIONIUMCS yC-
noBUSIM Cpe€fibl. CeMHOTUYECKUE aCIEKThI MPEANOJIAracTCs peaan30BaTh B AU3aiiHE U
CpeAcTBax AIEPCOHAIM3ALINY, TTOBBIIAIOIINX PEJIEBAHTHOCTh U MEPTUHEHTHOCTh OT-
KJIMKa Ha MTOWICKOBBIE 3aMpoChl, ¢ Oobiel 3(hPEeKTUBHOCTHIO YIOBICTBOPSISI Oa3uc-
HBIE TPAHCIIOPTHBIC MOTPEOHOCTH OJIH30BATEIIS.
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YK 681.32
O KJIACTEPHOM MOJIEJIA TOTOKOBB TPAHCTIOPTHBIX
CUCTEMAXTOPOJ0OB
I1.M.Crpycurekuii:

1 o o o o
MockoBCKHiT aBTOMOOUITEHO-TOPOKHBIN MOCYIaPCTBEHHBIN TEXHUYECKHMA
yHuBepcuteT, MockBa, Poccus

B pabome uccnedyemcs knacmeprag'mooeib nomoKkos u ee npumeHerue 0/ aHa-
JU3A MPAHCNOPMHBIX CUCmeM 20p0008: Paccmampusaemasn moodenv s6ns1emes HO8biM
NnOOX000M K MOOENUpOBaAHUIo, KOMOPbILL Yuumpleaem OoIvbuie Napamempos, no cpasHe-
HUIO C KIACCUHECKOU BONHO60U meopueth,(ckopocmyb, niomuocms, UHMEHCUBHOCb) U
3HAYUMENLHO MeHbULe, YeM 6 A2eHMUbIX MoOoelax, 20e OoIbuloe KOIU4ecmeo xapaKme-
PUCIMUK NPUBOOUN K POCIY NOPEUHOCTU 8 Pe3YIbMAamax U OCIONCHAEN NPOYecc Uc-
C1e008aHUsl HA DOLUUUX VUACTIKAX,2OPOOCKUX cemell npu OTUMENbHOM 8PeMeHU MoOoe-
quposanusi. B cmamve npo@emoHcmpuposanvl npumepsbl NPAKmMuiecko20 UCnoib308a-
HUsL MOOeNU HA 20POOCKOUW. MPAHENOPMHOU Cemiu.

1. Knacrepnasi Mojesib.{OCHOBHBbIE TIOHSITHUS

1.1. Knacrep

Kaacrep — 5To, nipeieibHOE YCTOWYMBOE JABMKEHHE IBYX M Oojiee yacTwil (aB-
TOMOOMJICH;+KIETOK U T.[.) Ha OJWHAKOBOM DPACCTOSHUHU IPYr OT Apyra B moodeiu
crnedosanus sawuoepom. MoJenb Kiactepa — 3TO MPSIMOYTOJbLHUK, MMEIOIINHN JTHHY
d wBBICOTY., (H1omHocmy) Y [1], [2], [3], [4]. [Inomans Gurypsl paBHa KOJIHYECTBY

vacTuil B Kiactepe mian macce kinactepa M =Y -d | Kmactep coBepruaeT JBHKEHHE
10 CETH CO CKOPOCThIO V, 3aBHUCsIIeH OT Y [6].

1.2. Knacrepbl B TPAaHCIIOPTHOM NMOTOKeE

Knactep — 310 rpynmna aBTOMOOWIIEH, ABHXKYIIUXCSA C OJUHAKOBOW CKOPOCTHIO

Ha PaBHOM PacCTOSHUU ApPYT OT Apyra. OH umeeT JUUHY (M), TUIOTHOCTH (aBT/M) |

ckopocTh (M/c). IlmoTHOCTE Kimactepa (Y) BBIYUCIISACTCS C MIOMOIIBI0O HHTEHCUBHOCTH

(q) TpancnopTHOTO TOTOKAa M ero ckopoctu (V). COOp MaHHBIX MPOHU3BOIUTCS C IO-
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MOIIIBIO MOCJIEI0BATENIFHOTO aHAIM3a KaJIpOB HA BUJIEO U ONPEICTICHHUS aBTOMOOUIIEH
Ha CHUMKE IOCPEICTBOM CPaBHEHMS JIBYX KaJpOB U ONPEIEIICHHUS Pa3HULBI B LIBETO-
BOH cxeme. Torga MHTEHCUBHOCTh — KOJIMYECTBO aBTOMOOWIICH, MPOEXABIINX Yepe3
OTMETKY Ha BUJEO, 33 €IMHULY BPEMEHH, CKOPOCTh — OTHOLIEHHE PACCTOSTHUS MEKIY
JBYMSI OTMETKAMHU K BPEMEHH, 32 KOTOPOE aBTOMOOMIIb MPOEXall 3TH OTMETKH.

[Ipu nccnenoBaHMM MHOTOIOJOCHBIX HOCHUTENEH MOTOK pa3/iessieTcs Ha THUIIbL:
Ipy30BOM WJIM MEIJICHHBIN U JIETKOBOW WJIM OBICTPBINA, COCTOAILINE COOTBETCTBEHHO
13 TPY30BbIX U JIETKOBBIX TPAHCHOPTHBIX CPEACTB. MeIeHHbIE TPY30BbI€ KAACTEPHI
MEPEMEIIAIOTCS MPEUMYIIECTBEHHO MO KpaHUM MPaBbIM MOJ0CaM, OBICTPBIE IETKO-
BbI€ 110 KPAWHUM JIEBBIM.

Ha ceTsix cymiecTByroT MECTHBIN (JIOKAJIBbHBIN) U TPAH3UTHBIMA (CKBO3HOI) MOTO-
k. COOTBETCTBYIOIIME KIACTEphl MOTYT JHOO MepEeMeIaThCsi’ TOJIBKO MO CBOEMY
KOJIbILy (MECTHBIC KJIaCTEPhI), JIMOO MO KOJbIIaM BCEH CETH C BO3MOXHOCTBIO Iepe-
X0J1a MEKy HUMHU (CKBO3HBIE).

1.3.B3aumoneiicTBue KJIacTepoB

B3anMopeiicTBue KaacTepoB aBTOMOOWIICH MPOJEMOHCTPUPOBAHO HA MPUMEPE
PEryJIMpyeMOoro rnepeKkpecTka.

.

Pucynox 1 —B3aumoseiicTBre TPy aBTOMOOMIIEH pa3HbIX IMJIOTHOCTEH

[Ipubnuxkasch K NEPEeKPECcTKY, CKOPOCTh aBTOMOOMJIEH M pacCTOSHUE MEXY
HAMHM YMEHBIIAETCS MTOCTEHEHHO} YTO ABJISIETCA AHAJIIOTOM JIOKAIbHO20 PACNPOCmpa-
HeHus. uHgopmayuu B Knactepe. bamxke Kk mpoOKe aBTOMOOWIM OCTaHABIMBAIOTCH,
TpaHCHOPMUPYSCh U3 NOTOHSIONIETO KiacTepa B KIACTEP-MPOOKY, aHAJOTUYHO pe-
3yJbTaTy B3aUMOEHCTBUS ABYX U OoJiee KJIAcTEpOB Ha MpsiMoM. B3aummonericTBue
KJIACTEPOB TNPOUCXOAUT B YCIOBUAX MOMANbHO-CEA3ZHO20 NOMOKA, KOJUYECTNEO
TPAHCIIOPTHBIX CPELCTB coXpaHAemcs BO BpEMs B3aUMOICUCTBU.

B camoii Moaeny B3aMMOJECICTBHUE KIACTEPOB PEAIUIYETCS C MOMOUIBIO CUCTE-
MBI TU()PEPEHIIMAIBHBIX YpaBHEHUH, TI€ KaXI0€ YPaBHEHHUE OMHCHIBAET CKOPOCTH
MepEeMEIIeHN S TPaHUIIbI B3aUMOJICUCTBUS KIaCTEPOB.

Xo=1,
i, = UV V2 =1 Vs
Ya=V1
i, = UzY3=—U3),
Ya=DY2
X g = UnlVn—Vn1¥na
Yn—Yna
Xp =1,
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Pesynbrar B3auMOAEUCTBUS KJIACTEPOB, MOJTYUYEHHBIN C MMOMOIIBI0 KOMIIBIOTEP-
HOM MOJeNu, TOJITBEpPX)AAeTCs HAOII0MaeMbIMUA PE3yIbTaTaMH B3aWMOICHCTBHUS
TPaHCIIOPTHBIX TOTOKOB Ha MTPAKTHUKE.

e ) | I 4

Pucynok 2 —B3anMojeiicTBIE KITaCTEPOB B MOJICITH

1.4. KnacrepHasi Mo/ieJib OTOKOB HA YJIMYHO-T0OPOKHOM CeTH

JIrobo¥ 3aMKHYTBHIN Yy4acTOK JOPOTH amnmpOKCUMHUPYETCs B BHAE KOJbLA, T7Ie
oOmrasi MPOTSXKEHHOCTh JOPOTH OyIeT COCTaBIsATh €ro JUIMHY./Maccaynoroka Ha
KOJIbIIC pa30MBaETCs HA KJIACTEPhI B 3aBUCUMOCTH OT CKOPOCTH(MHTEHCUBHOCTH HITH
IUIOTHOCTH) MOTOKA. B 0THOMEpHO# ceTH, paccMaTpUBaeMOii Ha TIpUMeEpe TOPOICKOit
VJIC, yauTBIBAIOTCS pa3Mepbl KOJICI] U PACIIONIOKEHHE Y310B+O0IIue TOuK (y3IIbl)
Ha CETH SIBJISIOTCS] TOUKaMU KOH(IMKTa MoToKoB pa3Hblx kojien. Ha VIC ropona Ta-
KM€ TOYKH 0003HAYaIOT PEryJIMpyEMbIE U HEPETYINPYEMbIE HIEPEKPECTKH, MTPSIMOIIH-
HEHHbIE YYaCTKU JOpPOTHd, OOLIMe JUIs IBYX KOJIEL, KPYDOBBIC Pa3BsA3KU U MECTa CO-
€IMHEHHUS Pa3BETBICHUS I0POT.

[Tpn HEOOXOAUMOCTH aHAJOTHYHBIM 00PA30M y4aCTKU FOPOJICKON CETH MOKHO
NpPECTaBUTh B BUJIC MHOTOIMOJIOCHBIX HOCHTENQH /] Wi IByMEpHBIX CETei, MO3BO-
JSIOUINX MOJYYUTh JOTONHUTEIbHYI0 HHPOPMAIINIO U yUECTh OOJIbIIee YUCIIO Tapa-
METPOB NOTOKA. YaCTHBIMU CIIydassMHM JBYMEPHBIX, CETEN ABIAIOTCS npasuivhvie ce-
mu, BcTpedaromuecs B ropozackoi YJIC repoaa bapcenona (Mcnanus).

Pucynox'3 — Yuacrok Y/JIC B nieHTpe bapcenoHsl B BUjie MpaBHIIbHON ABYMEPHOU CETH

2. UceaenoBanue B3aUMOJECTBHSI TPAHCMOPTHBIX MOTOKOB HAa MNpUMepe
ropoackoit YJIC

B npumepe uccienyrorcs 1Ba NpOCThIX BapUAHTAa MHOTOIOJIOCHOM CETH: JBYX-
MOJIOCHAsI M TPEXIOJIOCHAs OJHOMEpHasi 3aMKHYTasl CETh W3 JBYX MHOTIOMNOJOCHBIX
kouiel]. Ha kaxxnoil cetn pacrpe/iesieHbl JOKAJIbHBIN U CKBO3HOM IMTOTOKU OJWHAKOBOU
maccel 62800TpaHCOPTHBIX CPEACTB.
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Pucynox 4 —CpaBHeHHE cpeiHel CKOPOCTH JIBYX THUITOB IMOTOKA Ha2-X W3-X MOJIOCAX

JlokasibHBIE KIIACTepPhl TIEPEMENIAOTCSl TOJBKO M@ CBOMMLKOJBIIAM MPEHMYIIIe-
CTBEHHO 110 BHYTPEHHHUM T0j0caM. CKBO3HBIE JBMKYICS/TOJBKO TO KpaiHe! BHEI-
HEell ToJloce W MEHSIOT KOJIBLIO TP MPUOMKEHUH K mepeKpecTKy. B pesymibrare
KOMITBIOTEPHOT'O MOJICIIMPOBAHUS MOJTydeHa CPEHHsISI CKOPOCTh JOKAJILHOTO M CKBO3-
HOTO IMOTOKOB. [IpoBeZIcHO CpaBHEHWE MOTYICHHBIX PE3yJIbTATOB. CKOPOCTD JIOKAJIh-
HOTO TIOTOKa BO BTOpOM citydae gospocia Ha 90 %, ckBo3noro na 40 %
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YJIK 656:681.32

OLEHKA KAYECTBA JIOPOKHOTO JIBUKEHUS
C UCIIOJb30BAHUEM JBYXKUJIKOCTHOM MOJEJINA
TPAHCIOPTHOTI'O MOTOKA

J1.B. KaHCKHH B.B. KaCB}IHI/IK O.A. KanueBI/Iq B.H. KyBBMeHKO
JI.B. Mo3aneBckuit, A B. Esryx®, B.H. lllyTs’
'"Benopycckuii HalMOHAIbHBII TeXHHUECKHi yHuBepcuTeT, MuHCK, berapyes;
BpCCTCKI/II/I roCyapCTBEHHBIA TEXHUYECKUI YHUBEPCUTET, bpect, benapycs;
*0AO «Arar — CHCTeMBI YIPABICHHS» — YIPABIISIOMAsA KOMIAHHS XOITHHTa
«["eonH(pOpMALIMOHHBIE CUCTEMBI yIIpaBlieHUs»), MuHek, benapycs

B cmamve paccmompenvl memoo oyenku napamempos mpaHcnopmubix HOmMoKo8
C UCNONBL308AHUEM 08YXHCUOKOCMHOU Mamemamuyeckou moodenu I epmarna-ITlpucoscuna
U pazpabomanHas Ha OCHOBE NPEOIONCEHHO20 Memooa CUCmMemMa QYeHKU Napamempos
Ha OCHOBe NACCUBHOU 00pPabOMKU HABUSAYUOHHBIX OAHHBIX O OBUNCEHUU MPAHCNOPM-
HbIX cpedcma.

BBenenue

B macrosimee BpeMs B OOJBIIMHCTBE PA3BUTHIX CTPAaH MHUpPA aKTyaIbHOU TIPO-
osiemoil B cpepe TpaHCHOpTa SIBISETCS NMEPEIPYKEHHOCTD JIOPOKHBIX CETeH JBHUXKeE-
HueM. [Ipexme Bcero, 3Ta mpobieMa xapaKTepHa i KIIIOUYEBBIX MAarucTpajiei, mo
KOTOPBIM OCYIIECTBIISIFOTCS 3HAYNTEIbHBIEN00BEMBI TPY30BbIX M MACCAKUPCKUX TIe-
PEBO30K, a TaKXe I YIMYHO-TIOPOKHBIX CETel TOpoJIoB, /i€ cOoCpeoTOUeHa 00JIb-
11asi 4acTh MapKa JMYHOTO aBTOTpaHCHOPTa:

Ha cerogusinuii 7eHb B MUPE HAKOIUJICH 3HAYUTEIBHBIN ONBIT PEAIU3ALUN ME-
PONPUSATHIN, HAMPABJICHHBIX Ha/pelIeHre ToN MpoOjeMbl. DT MEPONPHUATHS TOJ-
Pa3AeIsSItOTCS HAa TPU OCHOBHBIE TPYIIBI:

— MEpBbI, HaMPaBJICHHbIC Ha. MTOBBINICHHE MAaKCUMAJILHON MPOITYCKHOU CTIIOCOOHO-
CTH JIOPO’KHOM ceTH (CTPOUTENBCTBO M PEKOHCTPYKIIUS JTOPOXKHBIX 00HEKTOB);

— MephI, HANPaBJICHHBIC Ha MOBHIICHUE Y ()EKTUBHOCTH HCIIOIB30BAHUSI TIPO-
MYCKHOM CITIOCOOHOCTH CYIIECTBYIOIIEH TOPOKHOU ceTh (COBEpIICHCTBOBAHUE Opra-
HU3ALMUKU TOPOKHQIO JBHKEHMS, BKIIIOYAs MPUMEHEHUE aBTOMATHU3UPOBAHHBIX CHUC-
TEM YIpaBJICHHSL TOPOKHBIM JIBIDKEHUEM);

— MEpBI, AalPaBICHHBIE HAa PETyIUPOBaHUE 00beMa M CTPYKTYPHI TPAHCTIOPTHO-
ro cropoca (BBeIEHHE pa3IMYHBIX OTPaHHUYCHHUH Ha JBMIKCHHE M IApPKOBKY aBTO-
TPAHCTIOPTHBIX.CPEACTB, CHIDKCHHUE MTOTPEOHOCTEH SKOHOMHUKHU M HACEJICHUS B TIepe-
BO3KaX)3a €UCT MEPOIPHUATHIA B chepe TepPUTOPHATTLHOTO INIAHUPOBAHUS | T.1.).

[Ipu 5TOM METO0JIOrHYECKOM OCHOBOM ISl pa3pabOTKH MOJOOHBIX MEPOTpPHSI-
TUMM TIPUHATHS HaydYHO OOOCHOBAHHBIX PEIICHHUM JJISI UX pean3alu Bce B 00JIb-
el CICNEHU CIYKUT MPUMEHEHHE METOJ0B MAaTeMaTUYECKOro MOJEIMPOBAHUS
(OYHKITMOHUPOBAHUS CYIIECTBYIOIINX U MPOCKTUPYEMBIX TPAHCIIOPTHBIX CUCTEM, UC-
MOJIb30BAaHUE KOTOPBIX MO3BOJIUT:

— OLICHUTH I(HPEKTUBHOCTH TUTAHUPYEMBIX MEPOTPUATHM, KaK C UCIIOTh30BaHU-
€M JKCIUTyaTal[MOHHBIX, TAK 1 SKOHOMUYECKHUX MTOKa3aTeNeH;

— BBISIBUTh BO3MOYKHBIE€ OTPHUIIATEIbHbBIC MOCJICACTBUS UX BHEAPECHUS,

— pa3paboTaTh HAyYHO OOOCHOBAHHYIO MPOTPAMMY UX peaTU3aIlHH.

100



[IpornosupoBanue 3¢ hexTa OT pa3IUIHBIX MEp MO YIPABJICHHUIO MPOIMYCKHON
CITOCOOHOCTBIO JIOPOXKHOM ceTH TpeOyeT pPeIIeHHs Pa3IudHbIX 3a7a4 TPAHCIIOPTHOTO
MOJCITUPOBAHUS:

* IporHO3upoBaHue APPEKTa OT CTPOUTEITHCTBA HIIM PEKOHCTPYKIIUU JTOPOKHBIX
00BeKTOB TpeOyeT MoearpoBanus pacnpeaencHus TI1 Ha TopokHOI ceTw;

* orieHKa 3G(HEKTUBHOCTH MEP MO COBEPIICHCTBOBAHUIO OPTraHU3AIUHN JOPOKHO-
ro JBWKCHHS, KaK MPaBWIO, TPeOyeT MOACIUPOBAHUS JIBIKCHUSI WHINBUYATbHBIX
asromoOumien B T1I;

* orieHKa 3((HEKTUBHOCTH MEp O PETYIMPOBAHUIO TPAHCIIOPTHOFO CTIPOca Tpe-
OyeT MoJenpoBaHus 00beMa U CTPYKTYPHI MOTPEOHOCTH HACETECHUsS B SKOHOMWKH B
[I0€3IKaxX.

1. IlocTanoBka 3agaun

OObeKTaMH HCCICIOBAHMS SIBISIOTCSA TpaHcmopTHbie NOTOKH (TIT) Ha maruct-
pamsix PecnyOnuku benapych, HaBurauvonHas vuHGoOpManus, U APYrue MCTOUHUKHU
uH(pOpMaIK, aJTOPUTMBI UX 00pa0OTKHU C 1ENbI0 HOJYyYE€HHS OLICHOK MapaMeTpoB
TII.

OCHOBHBIMU HaINpaBJICHUSIMU HKCCIEAOBAHUS SIBIISIFOTCS BONPOCHI HAY4YHO-
METOJIMYECKOr0 M alrOpUTMHYECKOr0 00ecredeHus:, MPOIeCCOB MOHUTOPUHIA Mapa-
MmeTpoB TIT Ha ocHOBe 00pPaOOTKH JaHHBIX O ABMKCHNW, TpaHCITOPTHBIX cpenctB (TC)
st oueHku napametpoB TII ¢ ucnosb30BaHEM HABUTAITMOHHOW HH(DOpMAIUK.

OCHOBHBIMU 3a7Ja4aMH MPU STOM SIBIISIKOTCS :

— pa3paboTka MeToJa pacuera OCHOBHBIX mapamerpoB TII ¢ ucmonb3oBaHuEM
IBYXKUJAKOCTHON MaremaTuueckoi mogenu I'epmana-IIpuroxuHa Ha OCHOBE MacCUB-
HOM 00paOOTKM HABUTALIMOHHBIX JaHHBIX O ABM>KeHuU TC Ha MarucTpasisx v yJIudHO-
nopoxHbIX ceTsx (YC) ¢ yaeTroM 9COOCHHOCTEH MX JBHKCHUS,

— pa3paboTka cucTembl orneHKmIapameTpoB TII, obecneunBaromieit cOop HaBH-
ralMOHHBIX JaHHBIX, XpPaHEHHE, \BEPUPUKALIMIO JAHHBIX TPEKOB, YIpaBJICHUS JaH-
HBIMHU JIOPOKHBIX y4acTKOB (yuruir), pacuyer mapamerpoB TII ¢ UCMONb30BaHUEM BbI-
[ICYKa3aHHOT'O0 METOJIa M KJIACTEPH3AIUIO JIOPOKHBIX YIaCTKOB (YJIHUIL) IO TOJTYYCH-
HBIM ITapaMeTpaM.

2. Onucanue MOAETH TPAHCIIOPTHOIO MOTOKA

Onnolt n3Mmanbesaee nomyaIpHbIX MOJAENEH, IPUMEHAEMbIX JIJIS PEeIleHus 3a1a4
oueHku napamerpos, TII Ha maructpaisax u Y IC, aBusercsa AByXKUIKOCTHAs MOJEINb
TII I'epmana-IIpuroxuna [4].

B kaueCTBe OCHOBHBIX Xxapakrtepuctuk TII s pacdeTroB ¢ HMCHOJIB30BaHHEM
IBYXKHIIKOGEHON MaremaTtudeckoil moaenu I'epmana-IIpuroxxnHa paccmaTpuBaroT-
CSl;, UHTEHCUBHOCTb, 00bEM JIBUJKEHUS, CPEAHsISI CKOPOCTh JABMXKEHHUS, BPEMs CO00-
HIeHUs], KO3 OULMEHT 3arpy3Ku JBUKCHHUEM.

C ¥cnosb30BaHUEM JAHHOM MOJENH ONPEIEISIIOTCS HEJIMHENHBIE 3aBUCUMOCTH
MEXAY YAEJIbHBIM BPEMEHEM B IIyTH, 3aTpayMBAacMbIM Ha C€IMHMIY PACCTOSIHUS, W
YAEJIbHBIM BPEMEHEM 3a/IEPKEK HA EUHUILY PACCTOSHUS.

Mopnens I'epmana-IIpuroxkuna o4eHb IPUBJIEKATENbHA I IPAKTUYECKOTO HUC-
[I0JI30BAHMSI, ITIOCKOJIBKY OHA II0 CPaBHEHUIO C IPYTMMHU MOJEISIMU JIETKO NTPUMEHU-
Ma MpU MPOBEIECHUH PETYJSPHBIX 00CIEI0BAaHUI YCIOBUN TOPOKHOTO ABMXKEHUS, U
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1EJIeCO00Pa3HOCTh €€ NMPUMEHEHHs Obula 00OCHOBaHA B paHee MPOBEICHHBIX Hay4y-
HBIX UCCIICIOBAHMSX 10 TJAaHHOM Tematuke [6].

IIpennaraemas monens ['epmana-IIpuroxuHa mo3BoiseT OCyIIECTBIATH WUHTE-
IPAJIBHYIO OLIEHKY Ka4eCTBAa OpPraHM3alM{ ABVIKCHHS C MCIOJIb30BAHUEM JIAHHBIX,
MOCTYMAOIINUX OT HABUTAIIMOHHOTO 000PYIOBAHUS.

Baxxnoe cBoiictBo kuHetnueckon teopum onucanus TII P. I'epmanom u Y. Ilpu-
TOXKUHBIM 3aKJIF0OYAETCS] B TOM, YTO MOTYT OBITH PACCMOTPEHBI M OTOOPaXKEHBI JiBa pas-
JIMYHBIX PEKUMA JBWXKCHUS [2]. DTO MHIUBHUIYATBHBIN U KOJUICKTUBHBIN IMOTOKH, KO-
TOpbIe (PYHKIIMOHAILHO 3aBUCUMBI OT KOHIIeHTparuu TC (IUI0THOCTH OTOKA)-

IIpy HE3HAYNTENBHON IUIOTHOCTH IOTOKA IBUKEHNUE OCYLIECTBIACTCS B PEKUME
WHJIVMBHUAYaJIbHOTO MOTOKA. [Ipy MOBBIIEHUH INIOTHOCTU NMOTOKA JABUKEHHE MEPEXO-
JUT B COCTOSIHME KOJUIEKTMBHOI'O IOTOKAa. B TaHHOM cCiy4dae ATOTOK CTaHOBHUTCS B
3HAYUTEIBHON MEPE HE3ABUCHUMBIM OT KEJIAHUM MHIAMBUAYAJIbHBIX BOAUTEIECH B BbI-
0ope pexxuMa JTBUKEHUS.

Ha ocHOBaHumM TOrO, 4TO KMHETHYECKAsI TEOPUSI U3Yy4aE€T MHOTOIIOJIOCHOE JIBU-
xenHue (0oJiee mprCyIee ropoJckoMy ABMWkeHH0), P. Fepmanomu 1. [TpuroxuHbM
Oblja BBIIBUHYTA TEOPHUSI JIBYX MOTOKOB JBUKEHUS, KAK XAPAKTEPUCTUKH JIBHIKECHUS
KOJUIEKTUBHOI'O MOTOKA MO 10pokHOo# cetu. [Ipu 3tom TC B.CocTaBe moTOKA JBUKE-
HUS pa3JeseHbl Ha JABE Tpynnbl — ABKynuecsu ocranoBusirecs TC. Ilocnennue
BKJIrOYa0T TC, OCTAaHOBUBIIMECS B CaMOM NOTOKE,\T.€. OCTAHOBUBIIMECSA Ha Iepe-
KpPECTKax, OCTAHOBUBIIHMECS H3-3a MOMEX IBUKEHUIO (HAmpumep, MO MPUYUHE 3a-
rpy3ku win pasrpy3ke TC, KOTOpble OJOKHPYIOT ‘HOJIOCY IBMXKEHUS), OCTAHOBHB-
HIMecs Mo NpUYMHE 0OBIYHOTO 3aTOpa JBWKEHMS W T.J., HO UCKIIOYAIOT HaXOsIIue-
Csl BHE JIBMDKEHUS cpesicTBa (HanmpuMep, IPuilapKoBaHHbIC aBTOMOOWIIN).

Mopenps AByX MOTOKOB IPEACTABAAECT MAKPOCKOIIMUECKOE U3MEPEHUE KAYeCTBa
(GYHKUIMOHUPOBAHUS JOPOKHOU ceTumMOoens 0a3upyercs Ha ABYX UCXOIHBIX Mpe-
MOJIOKEHUSIX

* CpeIHsIsl CKOPOCTh ABMKEHUS MO IOPOKHON ceTH npornopuroHansHa goie TC,
HaxXOJSIINXCS B JBUKCHUH,

* JUINTENBHOCTH 3afepkek, I'C, nBuUraromerocss o TOpOKHOM CETH, MPOMOPILIHO-
HaibHA KoauuecTBy TC, 0OCTaHOBHBILKXCS B IaHHBIII MOMEHT BPEMEHH.

[Tapametpsl, ucnonszyemeie B Moaenu I 'epmana-IIpuroxkuna, cocrosmen us
JBYX MOTOKOB (aBMKYylecs u crosime TC), MpeicTaBiIsIOT CPeIHUE TaHHbIE, OI-
penencHHbIE B MacilTabe BCeil TOpOKHOM CeTH 3a JaHHBINA NEPUO BPEMEHHU.

PaccmoTtpum 6os1ee moipoOHO 3TH MapaMeTpHhl.

B cooTBeTcTBUM C MpHUBEACHHBIMU BbIlIE MojoxkeHusaMu TII B m000ii MOMEHT
BPEMEHU COCTOMT U3 JBYX YACTEH:

f, — mBuraromuxcsa TC;

fg— crosmmx TC (odepenu Ha MOIX0Jax K MEPEKPECTKaM, TPAHCIIOPTHBIC 3aTO-
pHi).

[pu sTom cobmonaercs ycnosue fr + fs = 1,a cama nons crosmux TC fg onpe-
NensieTess OTHOUIEHUEM

f= 1
i )
S TS
rae Ts — ylenbHbIe 3aTpaThl BpEMEHH, BEI3BaHHBIC 3aJiepKKaMu (Ha TEPEKpecTKax, B
TPAHCIIOPTHBIX 3aTOPAX M T.J.), MUH/KM.
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CpenHue yaelbHBIC 3aTpaThl BpeMeHU (win Temi jaBrokeHus) 7, (MuH/KM) sB-
JISIFOTCSI CYMMOWM CPEHETr0 YACIbHOTO BpeMeHH ABMKEHUS 7, (MUH/KM) U yIIEIBHOTO
BPEMEHU 3a/IepKeK Tg (MUH/KM):

T=T7,+T. (2)
Cpennsis ckopocts Apuratomuxcs TC V, onpenensieTcs: Kak Mpou3BeacHuUe:

V, =V, [, (3)

rae Vi — cpeiHsisi MakCUMallbHasi CKOPOCTh JABM)KEHHS Ha JOPOYKHOM CETH WM Ha
paccMaTpuBaEMOM €€ YYacCTKeE;

N — moka3aTesb, XapaKTepPU3YyIOIUi KadyecTBO (YyHKIIMOHUPOBAHUS JOPOKHOM
CETU WJIA €€ PACCMAaTPUBAEMOI'0 YYaCTKa, YKa3bIBAIOIIMMI, KAk TIOWMEPE pocTa 3arpys-
KM CETH MaJaeT CKOPOCTh JBUKEHUS.

C ydeToM 3a/iep:KeK CpPEelIHSIsl CKOPOCTh JABUKECHUS MO JAOPOMKHON CETH WU €€
paccMaTpUBaEMOMY y4acTKy V pacCUMTHIBAETCA KakK:

V=V, O (4)

YuuteiBas 6anancoBoe paBeHCTBO f, +.fs = L, ypaBHenue (4) MmoxkeT ObITH Mpe-
CTaBJICHO B BHUJIE

V'=Vn l:":rnﬂ =V, - fs)n+1 ©))
IpU 3TOM TpaHu4HbIe yeinoBus Moenu (5):
ecau fs= 0,70V =V,
ecmn fs=1,ToV=0.
[MpuHMMas BpeMst OE3/IKW,B pacueTe Ha €AWHUILY JUTHHBI T, BpeMs B IBIKCHUU
B pacueTe Ha eIWHUILY JJIMHBL 7, U CpeaHee BpeMsl 3aJepKeK MpU Mpoe3e yuacTKa
eIMHUYHON JUTHHBI T, MIOJYYaEM COOTHOIICHHS:

1 1
T==u Th=>-
m )
Vv Vi
rae V — cpeaHsIsiiCKOPOCTh JIBHXKEHHUSI 10 JJOPOKHOU CETU C YUETOM 3aJEPIKEK;
Ty~ cpéaree MUHUMAIbHOE BPEMs IIPOE3/1a YUaCTKA EAUHUYHOMN JITUHBI.

[Tapametp T, XapakrepuzyeT MHUHUMAJbHBIC YJIEIbHBIE 3aTpaTbl BPEMEHH Ha
TIBMIKEHHE B CBOOOTHBIX YCIIOBHSIX, T.€. IPU OUYE€Hb HU3KOM YPOBHE 3arpy3Ku CETH, IIPH
KOTOPOM OTCYTCTBYET B3anmojiericTBue Mexay TC B OTOKeE.

DTO0 MO3BOJISIET MOJaraTh, YTO [y, COOTBETCTBYET YCIOBHUSIM CBOOOJIHOTO JIBUKE-
HUSI U OTPAXKAET T€OMETPUUECKUE XAPAKTEPUCTUKHU TOPOKHOU CETH, TUHEUHYIO ILIOT-
HOCTb pa3MEIICHUS EPEKPECTKOB, MEMIEXOAHBIX EPEXOA0B, TPUMBIKAHUN U T.J.

B cBow ouepenp, mapameTrp N, MOJy4YMBLIMK Ha3BaHue Kputepus ['epmana-
[Ipuroxuna, oTpaxaeTt BIUSHUE YPOBHS 3arPy3KH HA CHUKEHHE CKOPOCTHU JBHKEHUS
TII. Ero MOKHO paccMaTpuBaTh KaK HHIUKATOP KadecTBa oOcaykuBanus TII.
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BTopoe ucxonHoe noyOKEeHNE IBYXKUIAKOCTHOM MOJEIM 3aKIIIOYAETCS B TOM,
YTO JUIMTEIBHOCTh 3azepkek TC, neuraromerocs o JOpOXKHOW CETH, MPONOPLHO-
HajbHa KoiandecTBy TC, OCTaHOBHBIIMXCS B JJaHHBIA MOMEHT BpeMeHU. B cooTBert-
CTBHUH C 3TUM BTOPOE MPEAIOI0KEHUE MOJIETN MaTEMaTHYECKH 0TOOpaXkaeTcs Kak:

f =i, (6)

CootHomenne (6) MOKa3bIBaeT, YTO YCIOBHUS JBIKEHHS IO TOPOIKHON CeTH MO-
I'yT OBITh OLIEHEHBI HA OCHOBE (DUKCAIIMU XapaKTEPUCTUK IBIKeHusidioooro TC, ko-
TOpPOE HAXOJIUTCS Ha TAHHOW JOPOKHOM cetH [1].

VYpaBHeHue (4) MOKHO niepedOpMyIUPOBATh ISl OCYIIECTBIACHUS OLIGHKH YCIIO-
BUI MOE3/IKH 10 YJEIbHBIM 3aTpaTaM BPEMEHH CIEAYIOLUIIM 00pa3oM:

T=Tpl- fs)"™D,
Ter-
Tfma-f)mm,

1 1
Tr - Tngn+l) T (n+D) \

B stom ciydae obmas ¢popmyna moaenu I epmana-Ilpuroxkuna nomyyaer cie-
YOI BU!

1 1
L=T-Tm o, (7)

IIpencrasiennsle Beile, MOIENb U KpuTepun I'epmana-Ilpuroxxnna N mo3sosns-
IOT IIOJIyYUTh CUCTEMHYIO OLIEHKY TPAHCIIOPTHOW CUTYAIlMX HA JTOPOKHOU CETHU B Lie-
JIOM, T.€. BO3MOYKHOCTb_KOJHYECTBEHHO M3MEPATh YyBCTBUTEIBHOCTh YCIOBUHN JBU-
YKEHHUsI K U3MEHEHHUIO 3arpy3Ku JOPOKHOM CETH.

YHHKaIbHOCTbsMOJEIM COCTOUT B TOM, YTO IIPU OLIEHKE BIUSHUSA YPOBHs 3a-
Ipy3KH JOPOXHOW CETH Ha YCJIOBHUS JBUKEHHsS HE TPeOyeTCsl ONpeAeiTh YPOBEHb
3arpy3KkH, T.e. OfipeAessiTh UHTEHCUBHOCTh T1I M mpomyckHy!0 cocoOOHOCTb 3JIEMEH-
TOB JIOPOXKHOM ceTws, J{71s1 onieHku mapameTpoB N U T, HEOOXOIUMBI JIUIIb TaHHBIE 00
yJI€JIbHBIX HOKA3ATENAX BPEMEHU MOE31KU | ¥ BpEMEHU NMPOCTOs T,

Jloraputmmnueckoe npeodpa3zoBanue paBeHCTBa (7) B CIICAYIOIINI BH]I:

1
(n+1)

n

= +—
InT, n+D)

OnT,, OnT, (8)

00ecreynBaeT BO3MOKHOCTh TPUMEHEHUS JTMHEHHON perpeccuu JJis MOody4YeHus 3a-
BUCHUMOCTH MEXAy napamerpamu N u T,

C 1emnbio MCIOJB30BAHUS JIMHEHHOM perpeccur Beipaxkenue (8) mpeoOpasyroT K
BUJTY:

InT, =InT, +n(InT =InT).
104



YpaBHEHUE JTMHENHOM 3aBUCHMOCTH YIPOLIAET caMy MNPOLENYyPY PErpecCHUOH-
HOI'O aHaJu3a U MO3BOJISET NOJIb30BATHCSA CTAHAAPTHBIMU CTATUCTUYECKMMHU METOIA-
MH OlleHKH napameTpoB TII.

HccnenoBanusi MOATBEPIMIIN TIOJIOKEHUSI TEOPUH JBYX MOTOKOB [3, 5]. OnmHo-
BPEMEHHO OBLIO YCTAHOBJIEHO, YTO JIOPOXKHBIE CETU MOTYT OBITH OXapaKTEPU30BaHBI
IBYMSl TapaMeTpaMHu MoJenud —1 U 1,,. DTO NOATBEPKAAETCS BBIYMCICHUSIMH Ha OC-
HOBE SKCIIEPUMEHTAJIBHBIX JAHHBIX, MOJYYEHHBIX IO pe3yjbTaTaM OOCICHOBAHUN
JOPOKHBIX CETEW KPYIHEUIINX TOPOJOB MUPA.

Mopens I'epmana-IIpuroxxnaa MoxeT NpUMEHATHCS

* JUIsI CPaBHEHMsSI JOPOKHBIX CeTel MEXIy cOOOil MM CpaBHEHHs y4acTKOB B
npenenax OqHOU TOPOKHOMN CETH;

* JUIsl CPAaBHEHUSI OCOOCHHOCTEN MOBEICHUS BOAUTENIECH U ABUKEHUS OTACIIbHBIX
tunos TC;

* JUIA JE€TalbHOW OLIEHKH BJIMSHUSA N€OMETPUYECKUX U APYEHMX HapaMeTpoB J10-
POKHOM CETH Ha YCIOBUS JOPOKHOI'O IBHKCHHS;

* B MogenupoBanuu TII ¢ nenpro OLEHKU NPOrHO3MPYEMBIXIYCIOBUM IBUKEHUS.

Knaccudukanus 10poKHBIX ceTeil Ha OCHOBE MApaMETPOB, BXOISIIMX B COCTaB
mozenu I'epmana-Ilpuroxxuna, mo3BossieT NPOrHO3UPOBATLCKOPOCTU COOOIIECHUS U
3aTpaThl BpEMEHM Ha NEPEIBUKEHUE Ha JTF0OOM 3aJaHHOM y4acTKe JOPOKHOM CETH.

Knaccudukanus MoxeT ObITh MOCTPOEHA, HAIPUMEp, C MPUMEHEHHEM KJIacTep-
HOT'O aHaJIM3a 3KCIEPUMEHTAIbHO YCTAaHOBIJICHHBIX, 3HaueHui napametrpoB 71, 7, u Tg

[7].

[To cremenu BAMSHUS YPOBHS 3arpy3KHWIOPOKHBIM JBIKCHHEM Ha TEMII JBU-
xKeHust T TOpO>KHbBIE CETU KIACCUPUIIMPYIOTES CIIeTyIOMUM 00pa3oMm:

* He pearupyomye Ha yBenuuenue 3arpys3ku (1, 2xmaccel) —n = 0;

* umerornue cnadyro peaknuio/(b knace)—n = 1,22;

* IMCIOIIINE YMEepEeHHYI0 peakmuto (6, 8, 9xmacce) —n = 2,50-2,90;

* UMEIOIIHE CUIIbHYIO peakmuio (3, 7ximaccel) —n = 3,70—-4,90;

* UMeroIre MakcuMaishyto peakuuio (4, 10kmaccsr) —n = 5,40-7,01.

[Tomy4yeHHBIE KTACCHRUITH AHAIIOTHYHBIE MOTYT HCTIOJIb30BAThCS:

* NI7Isl ICTAIbHON OMEHKHW yCIOBUN JABMKCHUS M KAUECTBA OPTaHU3aIlUU JIBUKE-
HUS C MCITOJIb30BAHMEM HABUTALIMOHHOIO 000pyaoBaHus aBTroMoOmiel (cuctem GPS
u 'JTOHACC);

11 BepuuKauy pe3yIbTaToB MUKPO- U MakpomoienupoBanust TI1

3. Peasm3zauns cucTeMbl OLIEHKH MAPaMeTPOB TPAHCIIOPTHHIX MOTOKOB

Ha ©Gage mByxxuakoctHoit monenu ['epmana-Ilpurokuna peanvs3oBaHa mpo-
rpaMMHas CMCTEMa, KOTOpas IO3BOJISIET IIPOU3BOAUTH KOJIMUYECTBEHHYIO OLICHKY I1a-
PaMETPOB TOPOKHOIO ABHMXKEHHUSA C MCIIOJB30BAHUEM HABUIALMOHHBIX IAHHBIX, a
TAKKEMX BH3YyaJIH3alHIO C UCIIOJIb30BaHUEM reonH(opmannonHol cructeMbl Google
Maps [2, 4, 19].

IIporpaMMHBIN KOMIUIEKC, MpEIIaraéMblid Ui PELICHUSA ITOCTaBICHHBIX 3azad,
peann3oBaH Ha 0a3e KIIMEHT-CePBEPHON apXUTEKTyphI (pUcyHkH 1u 2).

KimmeHnrtckas yacTe peann3oBaHa M IIPEACTABIICHA ABYMsI TUIIAMH YCTPOMCTB —
BCTPOEHHBIM HAaBUTALIMOHHBIM MojyJieM B coctaBe TC niau MOOUIIBHBIM MPUIIOKEHU-
em Ha 6aze OC Android.
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BusyanpHas dyacte pa3paboTaHa B COOTBETCTBHH ¢ TpeboBanusimu Google [14]
s uatepdeiica Android npuoxeHui.

A

Moayne Mogyne
. KNHEHTCKOMD CEPEEPHOrD 4

NpHnoxeHuA MNPWnox*eHnA

h J

MNone3geatens 2

SKCNMATaUMeHHE A NepooHan

/

Moneaoearens M

Parse.com

Pucynok 1 — ApxuTeKkTypa CUCTEMBbI OLIEHKU MapaMeTpOB TPAHCIIOPTHBIX TOTOKOB

KnneHTCcKasa yactb CepBepHaﬂ HacTb
r ﬁﬁlfg;m Moayne Moaynb Moayik Mogynb Mogynb
p o noNyYeHUs pa6oTbl ¢ onpepeneHus 3arpysku aHanusa
nHTepdeiica KoopanHar cetvio yiuL, Tpekos TpeKoB
Mopayne Mogyne
M moﬁgnm Mopyne not:TqugeHwn
oAyTb FepMata - Knactepuaa- oTueTa 1
KapTb! oy
MpuroxmHa rpachvkos

Pucynok 2 —CoctaB cUCTeMbl OLIEHKH MTapaMeTPOB TPAHCIIOPTHBIX TOTOKOB

[Tpu monydeHwn | PU3AICCKOTO agpeca TEKYIIEr0o MECTOIOJOKEHUS ObLI HC-
M0JIb30BaH cTaHaapTHbIN Geocoder [8].

JlanHbIC TTOTB30BATENSI OTIPABIISIOTCS HA 00JaYHbBIN cepBep Parse.comyis mo-
CJICTYIOIIET0 XPaHCHHS W dKCIopTa B HY)XHOM ¢opMmare. [[iist paboThl ¢ JTaHHBIMA
s Parse.cendeita ucnonb3oBana oudanoreka Parse.com [11].

CepBepHas\yacTh peajn30BaHa B BHJIE BEO-TIPUIIOKEHUS, KOTOPOE TpeaHa3HAa-
YEeHO IS peHISHUS CIISAYIONMNX 3a/1a4:

1. 3arpyska tpexoB u3 (aiina. [Ipy 5TOM MOTYT HCIIONB30BAThCS Kak COOCTBEH-
nble Tpeku B popmate JSON [10],monydeHHbIe ¢ TOMOIIBIO KJIMEHTCKOTO MPHUIIOKE-
HUS, TaK U TPEKU CTOPOHHUX opraHu3anuii B popmare CSV.

2.00paboTKa TPEKOB ¢ UCToIb30BaHueM Mojenu [ epmana-IIpuroxxuHa.

3. Busyanu3zanus MoJiy9eHHBIX PE3yJIbTaTOB C HAJIO)KCHHEM Ha KapTorpadude-
ckuii cepsuc Google Maps [10].

4. Kiactepu3aiys y4aCTKOB JIOPOKHOW CETH C HCIIOJIb30BAHHEM I1apaMeTpOB
monenu ['epmana-IIpuroxuna [17].

Jliis oroOpaxenust B Web 6pu1 riciosezoBan @peiimBopk Flask [9].B kauectse
KapTorpaduueckoil OCHOBHI HcIoib3oBajics cepeuc Google Map v3 [13]/1st manu-
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MyJSAIANA C KapTOH: MOCTPOSHHUS TOYEK, MapIIPyTOB, ObUT MUCIOJIB30BaH S3bIK MPO-
rpammupoBanus JavaScript [12].

Jliist paboThl ¢ 6a3oii JaHHBIX Ucnoib3oBatack ORM SqlAlchemy [15]8 kaue-
ctBe CYB/] obu1 mpumenen SQLite [16].

[lo oxoH4YaHMU aHAlIM3a TPEKOB U pacueTa MapaMeTpOB C HUCIOJb30BAHUEM MO-
nenu ['epmana-IlpuroxxuHa CTpOUTCS OTYET, KOTOPBIM MpeACTaBIsET co00i (ailn B
TEKCTOBOM (popmarTe.

Texnudeckoe obecrnieueHrne MPOrpaMMHOTO KOMITIIEKCa OIleHKH mapameTpoB TII
BKJIIOUYAET B ceOs:

* MOOHWJIHOE yCTPOMCTBO JJisi cOopa MHPOpPMAIMH O JBUKCHUH — HABUTAIMOH-
HBIH MOAysb B coctaBe TC miu MoOuabHOe ycTpoiictBo ¢ GPSHpuemunkom (orme-
pammonnas cucrema Android Bepcun 4.0 1 BbIle) ¢ aKTUBUPOBAHHON (DYHKIIHEH T1e-
penayu NaHHBIX,

» SDK Parse.com [11}n1s OC Android —6ubaroTteka, KOTopas yrpoIaeT pa-
6oty ¢ iardopmoii Parse.conia MOOHIIBHOM YCTPOMCTBE;

* IPOTPaMMHBIC MPOTYKTHI TPAHCTIOPTHBIX KOMITAHNH, KOTOPBIC MPEIOCTABIISIFOT
HaBUTAIIMOHHBIC TaHHBIE B opmaTe CSV,

* aBTOMaTH3UpOBaHHOE pabouee mecto (APM) omepatopa, BKIItoUaromiee mnep-
COHAJIbHBI KOMIBIOTEP TOJ| YNpPaBICHUEM OIICPAIlMOHHON CHUCTEMBI CEMECTBa
Linux. IIpu paspabotke APM wucnoas3oBainch BupTyaabHoe okpyxenue (virtual
env), a takxe ®OpeiimBopk Flask [9], BeO-npritkeHne pa3paboTaHO UCIIONB30BaHU-
eM si3bIKa rporpammupoBanus Python [18];

» obnmaunbIii cepBuc Parse.com [1ll}juisa xpaHeHus nepeaaBacMbIX JaHHBIX OT
KJINEHTOB.

4. Anipodaiusi MPOrpaMMHOI0 KOMILIEKCA OLleHKH MapaMeTPOB TPAHCTIOPTHBIX
MOTOKOB C HCMOJb30BAHNEM IKCHEPUMEHTAIBHBIX TAHHBIX

Jns mpoBepku (GyHKIMOHMpoBaHUs padboTel Moxaenu ['epmana-Ilpuroxxuna B
COCTaBe MPOTPAMMHOIO KOMILJIEKCa OLleHKH mapameTpoB TII ObLIM MCHOIB30BaHbBI
MapLIpyThl, CO3/1aHHbIE U 100aBIECHHBIE IO pe3yabTaTaM pabOThl MOIYJIS OIpeaese-
HUS JOPOKHBIX YYACTKOB, a TAK)K€ HAOOP TPEKOB, NOJYYEHHBIN MO pe3yJibTaTaM pa-
O0TBI MOYJIS BBIJICJICHMSE TPEKOB, COBIAIAIONINX C CO3AHHBIMU MapUIPyTaMH.

Ui TecTupoBaHus AA@HHOTO (PYHKIMOHAJIA pa3pabOTaHHOW CUCTEMBI ObLI BBI-
Opan yyactok maructpaiu M-1 ot Kobpuna no JI3epxuncka (pucyHox 3).

bysaferyindex: Map Add street
; 4

B E

| Burycros
Augiustow

BenocTok
Biatystok
5

Pucynox 3 — Yyactok MexayHapoHo# Maructpainu M-1 BeIOpaHHBIH 715 aHaK3a
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Otuer mo pesyapraTaM pacyera napameTpoB TII ¢ mcnosib3oBaHMEM MOJENH
I'epmana-IIpuroxuna sl 1aHHOTO y4acTKa TPAHCHOPTHOM MarucTpajlu IpeacTaB-
JIEH Ha pUCYHKeE 4.

= Hogems T

Pucynok 4 —Otuer no pe3ynbraraMm pacyerd napamerpos ['epmana-IIpuroxuna

Kak BUHO U3 JaHHOTO OTYETa, YYaCTOK TPAcChl UMeeT JIMHY 246 KuioMeTpoB,
cpennsisi ckopocth TC Ha maHHOM yuacTke ‘CoctaBisier 81 km/u. KauecTBo 00cmyxu-
BaHU JIJIsl JAHHOTO y4acTKa paBHO 4.6149T0 COOTBETCTBYET MAaKCUMAIbHOM peaKIMU
Ha YBEJIMYEHHE 3arpy3Kd TPAHCIIOPTHOM MarucTpajyd HAa OCHOBAHHMHM paHee IpHBeE-
JEHHOM K1acCU(pUKALIHH.

Hcxons v3 monMydyeHHBIX PE3YJIbTAaTOB, MOKHO CIIE€NIAaTh BBIBOJ, YTO HA JAHHOM
y4acTKE MarucTpaau Npy yBEIUYECHUWHATPY3KU CPEIHSSI CKOPOCTDh JIBUXKEHUS OyIeT
CUJIPHO YMEHBIIATHCS, 4 BPEMS MPOE3/1a MOKET CYIIECTBEHHO YBEJINUYNBATHCS.

Takum 00pa3oM, yUuThIBasi UCKIIOYUTENbHYIO BaXKHOCTh JAHHOW MarucTpas,
IpU OpraHU3alMU JOPOKHOENO ABMKEHHS HEOOXOIMMO MpopadaThiBaTh BapHUAHTHI
COBEPILIEHCTBOBAHUS WHPPACTPYKTYPhl MATUCTPAIIU C LEIbIO YMEHBIICHUS BIUSHUS
Harpy3Ku Ha XapaKTEPUCTUKHU U Ka4€CTBO TPAHCIIOPTHOTO COOOIICHHUS.

3akiIrouenue

PazpaboTan Meroa olleHKHM OCHOBHBIX mapameTpoB TII ¢ wucmosib3oBaHHEM
JIBYXKUIKOCTHOW) MaTeMaTuyeckol monaenu ['epmana-IlpuroxvHa Ha OCHOBE mac-
CHUBHOM 00pa00TKM HAaBUTAIMOHHBIX JAaHHBIX O JABIKeHUU TC Ha TpaHCIOPTHBIX Ma-
ructpasix 'y JIC roponos.

(QCHOBHBIM JIOCTOMHCTBOM M HOBH3HOW pa3pabOTaHHOTO MeTojaa (B OTIMYUE OT
TPaJUMOHHOTO UCIIOIb30BaHUsI MaTeMaTudeckoit Mojenu ['epmana-Ilpuroxxuna Ha
OCHOBE aKTHBHOW OOpa0OTKH HABUTAIIMOHHBIX JAHHBIX) SBJISCTCS IacCHBHas oOpa-
6otka GPSTpekoB, 4TO MO3BOJSET CYIIECTBEHHO TMOBBICUTH KA4ECTBO W aJeKBaT-
HOCTb PE3yJIbTaTOB MOJIEIH.

Pazpaborana cucrema onenku napamerpoB TII, Bkirowaromas Moayau coopa
HABUTAIIMOHHBIX JIAaHHBIX, XPaHEHUS, BEepU(UKAIMN JAHHBIX TPEKOB, YIPABIICHUS
JTaHHBIMHU JIOPOXKHBIX YYacTKOB (YJIHII), TTOJCUCTEMBI pacueTa mapameTpoB TII ¢ uc-
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IIOJIb30BaHUEM MaremaTudeckor Mmoaenu ['epmana-llpuroxkuHa m kimacrepusauuu
JTOPOKHBIX YYaCTKOB (YJIHII) 110 TTOJyYCHHBIM TapaMeTpaM.

OCHOBHBIMH IOCTOMHCTBAaMH M HOBH3HOU pa3paOOTaHHOW CUCTEMBI SIBISIOTCS

— o0ayHast 00paboTKa MaHHBIX (MCIIOIB30BAHME TSI XPAHEHUST OOJBIINX 00be-
MOB JIaHHBIX OOJIAYHOTO XPaHUJIHIIA);

— HAJIMYKE KIMEHTCKOro MoOmisHOTOo npritoxkenus st OC Android mist coopa
JaHHBIX B JOTIOJHEHHUE K BO3MOXHOCTH PabOTHI ¢ yKe cOOpaHHBIMUA HaBUTAUOHHBI-
MU JIaHHBIMH OT HaBUTAllMOHHO-MH(POPMALIMOHHOTO LIEHTPA U APYTUX UCTOYHUKOB,;

— nojaepkka popmaToB coBpeMeHHbIX GPStpekepos;

— MHCIOJIb30BAaHME JI PAacueToB U OOpabOTKM MaHHBIX COBPEMEHHBIX BEO-
TEXHOJIOTHH,

— MacIITabupyeMOCTh U HACTPAUBAEMOCTh CUCTEMBI.

PaboTocrnocoOHOCTh MPEAJIOKEHHBIX aJTOPUTMOB, MAaTEMATUUYECKUX MOJENei
oueHku napamerpos TII u cuctemsl B LIeJIOM NOATBEPKIEHA B.XO0/1e.€€ anpodaluu ¢
MCIOJIb30BaHNEM Habopa TPEKOB Ha OCHOBHBIX Maructpaisix, berapycu.

ITonydeHnnsle pe3ynbpTarsl OLEHKM mapameTpoB LI moryr mpumensarscs ¢ ne-
JbIO MOBBIIEHUS 3(P()EKTUBHOCTU U KavyeCcTBa J1E€ATEIAbHOCTH [OCY1apCTBEHHBIX Op-
raHoB, CIYk0 M KOMIaHUN B cepe TpaHCTOPTa ISl HOMACPHKKY MPUHATHS PELICHHIMA
no ydery u nepepacnpeneneauto TII B mpeaenax TpaHCHOPTHBIX MarucTpajied u
YJC, aHanu3y TpaHCHOPTHOM HArpys3kH, ONTHMAJBHOM OpraHU3allUH JTOPOMKHOIO
JBVKEHUS, a TAKXKE MPU MOJECPHU3ALUHN CYLIECTBYIOLUINX U MPOCKTUPOBAHUHN HOBBIX
JOPOKHBIX CETEM.
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VJIK 656.07

HNCITIOJIb3OBAHUE APXUTEKTYPHOI'O INOJAXO/JA IIPU BbIBOPE
NHPOPMAIIMOHHOU CUCTEMbI YIIPABJIEHUSA
ABTOMOBUWJ/IBHBIMHA INTEPEBO3KAMMU

B.M. Kypranos, A.H. [Jopodees?
lTBepCKOﬁ rocyJTapCTBEHHBIN YHUBEpCUTET, TBeph, Poccns;
? HanmoHabHbIi Hecie10BATENbCKUIT YHIHBEPCHTET «BBICIIAS ITKOJIA SKOHOMHKI,
Mocksa, Poccusa

Kak nokaseieaem npaxmuxa, npuobpemeHnue npocpammHoz2o obecnevenus O/
asmomamudayuy MpaHCnopmHO-102UCMULECKO20 NPoYecca 4acmo NPOUCXOOUm Ucxo-
051 U3 CyOBEKMUBHOU OYeHKU Uy, npUHUMarowux pewenus. Ilpu smom 6 b6onvuuncmese
Cyuaes onpedesiouumM (haKxmopom A6IAemcs CMmoumMocms NPOOYKmMa u COnYmcmeyio-
wux yenye. 4 cmpamezuueckue yenu, MUCcus, 8udeHue, AHaiu3 mpeoo8aHull pasiuyHblx
3AUHNEPECOBAHHLIX CMOPOH U  (popmanuzayus OUHeC-NpoYeccos NPAKMuUYecKu He
npumensiemcs. OOHaKo, UMEHHO dMuU IMANbl AGNAIOMCA OCHOBHLIMU NPU UCHOIb30BAHUU
ApXUmMeKmypHo20 nooxooa, 8 mom uucie npu paccmampusanuu 1MSkax o6vexma un-
secmuyull ¢ yenvio nosbluleHUss 0OX0OHOCMU MPAHCHOPMHO20 OU3Hecd.

B coBpemeHHOM Mupe cTpaTerusi pa3BUTHSI MPAKTUYECKHU JTFO00TO MPEaTPUSTUS
HEpa3pBhIBHO CBs3aHA C UCIIOIh30BaHUEM MH(GOPMAIMOHHBIX U TEICKOMMYHUKAIIMOH-
HBIX TE€XHOJIOTMW. B mocrnenHue necAaTHIeTHsl CPeCTBa BBIYUCIUTEILHON TEXHUKU
KapAUHAIbHBIM 00pa30M U3MEHUIIU METO/IbI ¥ TIOJIXO0/IbI BEJIEHUsI OM3HECa BO MHOTHX
OTpACIISIX 3KOHOMUKH, B TOM YUCJIE B OpraHU3allMy U YIPABJICHUH LEMSIMU [TOCTABOK.
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Tak, 17 TOBBIMIEHUS CTENEHW KOOPAMHALMWK MCIHOJIb30BAaHUS MAaTepHAIbHO-
TEXHUYECKHX PECYpPCOB MPHU OKA3aHUU JIOTMCTUYECKHUX YCIYT OMPEIEIISIONIYI0 POJb
urparoT uHTerpupoBannsie | T-pemenus [1]. Ilpu 3TOM ciiegyeT OTMETHTSB, YTO CyIile-
CTBEHHOE MOBBIICHHE 3()PEKTUBHOCTH U KOHKYPEHTOCIOCOOHOCTH TPAHCIIOPTHO-
JIOTHCTUYECKOT0 O0ecleyeHnss KOMIaHUN JOCTUraeTcs MpHU 3HAYUTEIHLHON poJin 4e-
JIOBEUECKHUX PECypCOB, 3a CUET TECHOM B3aMMOCBSI3M CTPATETHH MPEANPUATHUS, €TO
OM3HEC-TPOIIECCOB, OPraHU3AIMOHHON CTPYKTYphI U | T-undpactpykrypst [2]. Takoe
00bEeIMHEHNE PA3TIMYHBIX COCTABISIONIUX JESATEILHOCTH OpraHMU3alluu B €AHHOE Lie-
Joe mony4mniio Ha3Banue Apxutekrypa [Ipennpusitus (Enterprise Architecture).

Konnenims apXxuTeKTypHOro Moaxo/a Modyduia cBoe Havana B padore Jlx. 3a-
xMaHa [3], KoTopas B JadbHEWIIEM IOCITY)KWJIa OCHOBOW U PA3paOOTKHU JPYTUX
mozeneit — DODAF, TOGAF, CIMOSA, GERAMu np. Moaéens 3axMaHa MOXHO
HCIIOJIb30BaTh B KA4eCTBE MHCTPYMEHTA, MO3BOJISIOIIEr0 aHAIU3UPOBATh U KIJIACCH-
(buupoBaTh pa3IUYHbIE CXEMbI CUCTEM YMPABICHUS TPAHCIIOPEHOWACITETLHOCTHIO.
Monens npencraBisger coO00i MaTpHUIly, COCTOSIIYIO U3 ILECTH €TOJOLIOB, OMUCHI-
BAIOIMX OCHOBHBIE c(epbl MEHEIKMEHTa MNPEeNnpusaTHs, a ‘Fakke AT (IIecTu)
CTPOK, COJIEp>KaIlIMX TOYKH 3PEHHSI COTPYIHUKOB pa3iMyHbiX ypOBHEH yrnpaBieHYe-
CKOIl Mepapxuu ¢ COOTBETCTBYIOIIUM YPOBHEM JAETaTU3aHUU — BlIaeiel] KOMIaHUH,
ee JUPEKTOp, PYKOBOIUTENH MOIpa3/ieieHui, IepcoHa cpeHero 3BeHa u T.4. Oue-
BUJ/IHO, YTO y JAUPEKTOpa KOMIIAHUU U JuUcreTdepa OyIeT pasHoe BUACHUE Ha TO, Ka-
KM 00pa3oM JN0JKHA (QYHKIMOHHPOBATH KOMIAHMS, YTOOBI yCHEmHO padoTaTh Ha
PBIHKE JIOTUCTHYECKHUX yCiyr. Ha kaxaoM ypOBHE HepapXuu HeOOXOIUMO OTBETHUTH
Ha Bonpockl «4to? Kak? I'ne? Kto? Korna? Tlouemy?»,

* Yto? - KaKkue JaHHbIE HEOOXOIUMBI IS YIPaBICHUS TPAHCIIOPTHOM AesITelNb-
HOCTbIO KOMITAHUY;

» Kak? -Kkak 3Tu AaHHBIE € UCHOIB30BaTh B MPOIIECcCaxX YIPaBICHUS LETSIMU T10-
CTaBOK;

* ['ne?- rae 5Ty naHHbBIE PONKAAIOTCA U KyJ1a OTHPABISIOTCS AJIS MOCIEAYIOIeH
00pabOTKU COTJIACHO CETEBOM,TOMOIOTHH;

* K107 -Kakue coTpyAHUK,0yIyT HCIIONb30BaTh 3TH JIaHHbIE,

» Korga? - Ha Kakux STamax Te WIM WHbIE JaHHbIE OyAyT HCIOJIb30BaThCS B
npolLeccax ynpapieHUs TPAHCIOPTHON AesITebHOCTbIO;

* [louemy? -c/KaKQIF' IEbIO ATU JaHHBIE OYAYT UCIIOIB30BATHCS ISl YIIPABIICHUS.

B HacTosmee BpeMsi Ha pbIHKE MPUCYTCTBYET JAOBOJILHO OOJIBIIOE KOJINYECTBO
WH(GOPMALIMOHABIX CHCTEM YMPaBIEHUS MEPEBO30YHBIM IPOLECCOM, MOJYyUYUBIIUX
HaszBanue TMS «Transportation Management Systeix.pyHKInOHAT BapbUpyeT-
Csl B IMPOKOM JHAna3oHe U OXBAThIBACT OOIIMPHBII KpyT 3ana4 (puc. 1).

CpelndBTUX CHUCTEM NPECTAaBICHBI KaK POCCUICKUE pa3pabOTKH, TaK U 3apyOeK-
Hpie. Cpenart #HOCTpaHHBIX | MS M3BeCTHBI pellieHnss MUPOBBIX MTpou3BoauTenein ERP-
cucreM, Takux kak IBM, SAP, Oracle. TMSaech npeacTaBisiioT co00i CreraaIn3u-
POBaHHBIE MOJYJH, SIBIAIOIIMECS YaCTbIO MOIIHBIX ITAKETOB Kiacca YIpaBIICHUS
npeanpuaTueM. Poccuiickuii cerMeHT MporpaMMHOTo o0ecriedeHus Al yIpaBiIeHUs
TPaHCHOPTHO-JIOTUCTUYECKON JIEATEIbHOCTHIO MOXKHO YCJIOBHO pazaenuts Ha 1C u
He-1C pemenus. M3Bectho, uto 1C siBisiercs matdopMoit 11t pa3paboTKH cOOCTBEH-
HbIX |T-perienuil B pa3nuyHbIX OTPACIAX, B TOM YHCIIE U B YIPABICHUH IEPEBO30Y-
HBIMH TporieccaMi. MOXKHO BBIIEIUTH CIEAYIONMe MH()OPMAIMOHHbIE CUCTEMBbl Ha
mwiarpopme 1C, mpucyrcrBytomnue poiHke:«1C-PAPYC: TpancnopTHas JIOTUCTUKA U
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skcnieaupoBanue», «1C-PAPYC: Ynpasnenue aBrorpancnoptrom», «bUT: Dkcnenu-
poBanue», «<bUT: Ynpasnenue tpancrnoptHoi joructukoir», «IC:TMS Jloructuka»,
«AXELOT: TMS YnpapneHue TpaHCIOPTOM M MIEPEBO3KAMI.

Mouck YnpasneHue Paspabotka YnpasneHue
TPAHCMOPTHOM
NepeBo3ynKoB 3¢pPEeKTUBHOCTBIO cetn foropopammn

Ynpasnenue YnpasneHve YnpasneHue YnpasneHue
aKTMBamu 1 CTaBKamu 1
MOLLHOCTAMM aBTONapKOM pecypcamm Taprdbamn

TakTU4ecKuin
YPOBEHb

OnepatuBHbIN
ypOBEHb

~— N [

N £
KoHconupauua Mprem 3adaBOK 1 Tno6anbHbii
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s W\
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cpepcrBa
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CeAsb €
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L \ ) \_pesatenbHocts g/ VAR J)

Pucynok 1 — ®yHKIHOHAIBHBIE MOIY/IH krAnsportation Management System

B nacrosimee Bpems B Poccuu npoayknys xkommnanun 1C sBisieTcs TUIEPOM B
CerMEHTE IMPOrpaMMHOro oOecreueHusl Misiapromatu3anuu Oyxranrepud. Cucrema
peanu3yercsi B paMKax KOHIICTIIIUY «0a3a aHBbIX - Tu1aTdopMa - MpriiokeHue». B mo-
HATHE «IaTGopMa» BKIIOUAIOTCS METaTaHHbIe, 0OBEKThI, COOCTBEHHBIN SI3BIK MPO-
rpaMMHUPOBaHMS, YTO MO3BOJISET Pa3pabOTUNKY JenaTh THOKWE HACTPOWKHU KOH(UTY-
pamyy CUCTEMBI, BKITFOUas TIYyQ0Ky0 MoauduKanyio nHTepdeiica u On3Hec-IOTUKY.

B 10 %e Bpems HeMafiag HuacTh TPAHCTIOPTHO-JIOTUCTUYECKUX KOMIAHUN MPEIo-
YUTaeT He MPUBSA3BIBATECS K MaThopme 1C, HECMOTpPS Ha TO, YTO HEPEIKO HCIIOJIB3Y-
10T OyXranTepckoe MporpaMMHOe oOecriedeHne 3TOH (pUpMBL. DTH TPEINPUATHS TI0
pa3IMYHbIM NpUuyruHaM opucHTUpYIoTCs Ha TMS-pemenus, nezasucumbie ot 1C. Ta-
KUMU TpUMEpaMU  SBISIOTCS W3BECTHBIE HAa PBIHKE CIEAYIOIIME HH(POPMALUOHHbIE
CHCTEMBI YIPaBICHUS TPAHCIOPTOM W Joructukoi: «TpaHc-Menemxep», «Mercury
TMS», «IT-Bex I'pysonepeBosku, Jloructuka, Ckiaan», «<BPMonlineCargo», «Antor
LogisticMaster», «SmartTruck»A®rob6aza». B npencraBineHasix TMS B paznuaHoit
CTCTIeHH Peann30BaH (PYHKIIMOHAJ, OPHEHTUPOBAHHBIN KaK Ha pelieHue 3ajad ore-
paTUBHOTO YIIPABIICHUS, TaK U HA MOAJAEPIKKY TAKTUIECKOTO M CTPATETUYECKOTO TIIa-
HUPOBAHUS 1€ATEIHHOCTH, CBA3AHHON C SKCIUTyaTalllei aBTOMOOWIIEH, a TakKe JInc-
METYEPU3ALMEA U MAPIIPYTU3ALIUEN.

PaccmatpuBasi peanusanmio mpoekta TMS ¢ TOYKM 3peHHs] apXUTEKTYpPHOTO
MOJIX0/a, CIeAyeT UMETh B BHJY, YTO, KPOME HEMOCPEACTBEHHO BHEAPEHUS MpO-
rpaMMHOTO OOECTIeueHHs, aHAJIM3Y U BO3MOXKHOH TpaHchopMaluy TMoJJjIeKar Ous-
HEC-TIPOIIECCH M OpPTaHU3alMOHHAs CTPYKTypa MPEANpHUATHS, a TaKKe anmapaTHoe
obecneuenne. OueBUIHBIM (HAKTOM SIBISIETCS TO, YTO B «KOPOOOUYHOI» HHPOpMAIH-
onHoit cucteme (commercialoff-the-shelf, COTS)eanmuzosana ta OusHec-JIorHKa,
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KOTOPYIO B HEE 30NN pa3padoTauku. COOTBETCTBEHHO, B MPOIIECCE BHEAPCHUS
ToM wiau uHOM TMS HEeoOX0aUMO OCYIIECTBUTH «IOJATOHKY» €€ IMOJI TEXHOJIOTHIO
PabOThI KOHKPETHOTO MPEIPHUSTHS.

CrnemyeT OTMETUTb, 4YTO Tpoliecc BbiOopa TMS sBisieTcss MyJIbTUKPUTEpPHUATD-
HO# 3amaueli (amri.- multiple criteria decision making (MCDM) B Hacrosiiee
BpEMsI UMEET psiJ METOJOB U MOJIXOJ0B €€ pellieHus. B yacTHOCTH, Kak cieayeT u3
aHaIM3a JINTEPATYPHBIX MCTOYHHUKOB, MOMYJISAPHBIMU SIBISIOTCS METOJ B3BEIICHHOM
cymmsl kpurepues (MBCK, anrn. — weighted sum method (WSMMeton ananmza
uepapxuii (MAU, aunria. Analytical Hierarchy Process (AHPMetog ELECTRE
T.1. Tak npu ucnonp3zoBanu MAUW (AHP) ucxozas n3 ocHOBHOI 1€l BRICTpauBaeT-
Csl Mepapxusi, B KOTOPOW Ha Pa3HbIX YPOBHSX MPOUCXOJUT MOCIEHOBATEIbHAs JeTa-
nu3anus (pakTopoB, BIMSAIONIMX Ha JOCTHKEHHE Lenau. Ha kaxaoMm ypoBHe Jula,
MPUHUMAIOIINE PEIIECHHUs, POBOIST MAapHbIE CPABHEHHS U AT OIEHKH KKIOHM 13
anbTepHaTuB. Mepapxuueckyo ceTh mpoiiecca Beidbopa TMS MOXKHO npeacTaBuTh B
Bue crieayromeit moaenu [4] (Puc.2)

Llenb: Bbibop TMS - pelueHus

B0O3MOXHOCTb paboTbl
6e3 conpoBoxaeHua

CBA3b C
Byxrantepckon NC

AsTOMaTMasaLma 3agay MpocToin

. CronmocTb
nHTEpdeic

[ncnetuepuzayma | | MapwpyTusaunsa

bopHuka:

AgTobasa TpaHc Menepxep BPMonline Cargo

YnpasneHue AT

Pucynoxk 2 —Hepapxuueckoe fpeactaBieHue 3a1aun Beioopa TMS

Hcnonezys MAU kak MHCTpyMEHT HMPHUHATHS PELICHUM, MOXKHO 0oJjiee TOYHO
c(OpMyJINPOBATh OTBETHI COOTBETCTBYIOMMX pazaenax «drto? Kak? I'ne?» c Heobxo-
JUMOMN CTETEHb JAeTalu3alii, 7€M caMbiM C(HOKYCHPOBAB M BBHIACIUB YIIpaBJICHYE-
CKYIO MpO0JIeMy ¢ TOUKH 3peHus dusHec-npasui [5]. Kpome Toro, 6naromapst atomy
METOJY, MOKHO TaK)Xe JYULIEIOHATh COLMAIbHbBIE ACIEKThl, 0003HAUYEHHbIE pa3/e-
namu «Kto? Korga?», kacaiolinecs: CTpyKTypbl OpraHu3alliy, a TakKe MOTHBAIOH-
Hble — paznen «llouemy?». PaccmarpuBast 3ToT noaxoa npu Beibope TMS B KoHTEk-
cTe ApXUTeKTypsl [IpeniipusaTisa B CONOCTABICHUH C MOJENBI0 3aXMaHa, MOXHO I10-
JYy4YUTh OLEHKA HANOOJNEe TIPEeAOUYTUTENbHBIX aJbTEPHATUB AJS KaXI0H M3 TOYEK
3peHUs BIAACTbIA/IUPEKTOPa KOMIIAHHH, PYKOBOAUTENCH MOApa3ae/ieHH, MEHE/I-
’KEpOB, MOJIH30BATEIEH NHPOPMAITMOHHON CUCTEMBI
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ONPEAEJEHUE HAITOJTHAEMOCTHU ABTOBYCOB C
UCITOJb30BAHUEM CIITYTHUKOBOU HABUT'AIIU

N.A. T'opsiea, E.H. BaBunona
HOxHO-Ypanbckuii rocy1apcTBEHHBIN YHUBepcuTeT, Yensionnck, Poccus

IIposedeno uccredosanue IUAHUSL KOIUYECTNBA NACCANCUPOS 8 agmobyce Ha 0as-
JleHue 8 WUHAX U PAcX00 MONAUBA C UCNONIb30BAHUEM CRYMHUKOBOU Hasueayuu. Mccie-
008aHUe NPoBOOUTOCHL C UCNONb308aHuem obopyoosanus Asemol pag s PressurePro.
Yemanoenenwvl 3asucumocms oasnenusn 6 wunax agmoodyca u pacxoog moniuea om Ko-
JU4ecmea naccaircupos.

BBenenue

CoBpemeHHbIe TPUOOPHI CITYTHUKOBOW HaBUTAIlMKM IO3BOJISIIOT (DMKCUPOBATH
MapamMeTpbl B NPUJIOKEHUN K MECTY M BPEMEHU C aBTOMATHYECCKOW Mepefaden JaH-
HbIX. JIJIT MHOTHX TPEeaNnpUsATANA MACCaXUPCKOTO TPAHCIOPTA aKTyaJdbHOU mpoobiie-
MOM SIBIIIETCS OIPEACICHUE MacCaXUpONoTOKOB [1], Tak kaK mpoaaka Ouiera (uk-
CUPYET TOIBKO (HAKT MOE3KH, HO HE €€ MPOJOIKHUTEIHHOCTD. M 1eanbHbIM JOTIOTHH-
TEJIbHBIM NapaMEeTPOM IS OINPEICIICHUS MAaCCAXKUPOHOTOKOB SIBIIIETCS HAIMOJIHSE-
MOCTh aBTOOycOB. Hamu ObLIO MPOBENCHO HECISHOBAHUE BO3MOXKHOCTH OIpesee-
HUS KOJIMYECTBA MACCAKUPOB B aBTOOYCE 110, TABIEHUIO B IIIMHAX U PACXOAY TOTUIMBA,
TaK KaK Ka)XJIbl MMACCakKUp MUMEET BEC, KOTOPbIM BO3JIEMCTBYET Ha IuMHbI. [Ipenmno-
JIOKEHHUE O BIMSHUM KOJIMYECTBA MACCAKUPOB HA PacxoJ TOILUIMBA OCHOBBIBAETCS Ha
TOM, YTO HOPMBI PacXojia TOTUIMBA JIJIsl FPY30BBIX aBTOMOOUJIEH YUNUTHIBAIOT BIHSTHUE
3arpy3ku (pacxoj TOIUIMBA Ha TPAHCIOPTHYIO padoTy), XOTs (aKTHUYSCKUN pacXoj
HECKOJIBKO OTJINYAeTCS OT HOPMATUBHBIX 3HaUCHUH [2].

1. leiicTBy1ome HOPMATUBbBI M MEKITYHAPOAHBIH ONBIT

Hetvicteyronuit 'OCT, P 54723-2011 KnobanbHas HaBUTallMOHHAs CITyTHUKO-
Basg cuctema. CHUCTeMBI JIMCIETUYEPCKOTO YIPABJICHUS TOPOJCKUM IMACCAKUPCKUM
TpaHcopToM. Ha3HaueHne, cocTaB U XapaKTePUCTUKH PEIIaeMbIX 3a7a4 TOJICHUCTe-
MBI aHAJIM3a MacCAKUPOITIOTOKOB» MPEAYCMAaTPUBACT HAMYUEC aBTOMATH3UPOBAHHOM
CHUCTEMbl MOHHUTOPHHTA W aHAJIN3a MACCAXUPOIOTOKOB HAa MapIIPyTax TOPOJICKOTO
acCaXUPCKOTO TPAHCTIOPTa, CXeMa KOTOPOM IpeicTaBlieHa Ha puc. 1.

FMOHACE/GPS

Tanematu-eckmni
OSopygosanee TG cepaep
HA MaDHUDYTHOR CETH 5 UAC _I

Pucynox 1 —Cxema aBToMaTu3upoBanHoi cuctemsl o 'OCT P 54723-2011
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B nacrosiee BpeMst HauOoubliee pacpoCTpaHEHUE OTYyYHIM KOMOUHUPOBAH-
HBbIE METObl aBTOMATHU3UPOBAHHOTO 00CIIEI0BAHUS MTACCAKUPOIIOTOKOB, IOTOMY UYTO
OHU 00€cTeynBaloT OOJBIIYI0 TOUYHOCTH OOC/eoBaHMs. Tak aBTOMaTHU3WPOBAHHAsS
cucTeMa, MpUMEHseMass Ha MPEANPHITHH Haccaxupckoro tpancmopra RATP [3]
(Cen-lenu, [Napux, Opannus) BKIIOYAEeT B ce0sl yUET BXOASIIUX MACCAKHUPOB C TO-
MOILBI0 aBTOMaTHYECKOTO TYPHUKETA, a YYET BBIXOIAIIUX MACCAKUPOB C IIOMOIIBIO
CHELMAIBHOTO YCTPOMCTBA Y BBIXOAHOW ABEPH, CpabaThIBAIOIIEIO OT BO3AEWUCTBUS
HOTH ITacCa)Xupa MpHU BBIXOJE.

[IpakThKa HCIOJIB30BaHUS JAHHOW CHCTEMbl (PAHLY3CKMMH HEpPEBO3UMKAMU
MOKa3ajia, 4TO MOrPEIIHOCTh TAaKOM aBTOMATU3UPOBAHHON CHCTEMbBl HE MPEBBIIACT
5%.

Hcxons v3 BBIIIECKA3aHHOTO, OYEBUIHO, YTO ISl MOBBILIEHUS HAJAEKHOCTH aB-
TOMAaTU3UPOBAHHOTO 00CJIEIOBAHUS MACCAKUPONOTOKOB JyYIlle UEIOIb30BaTh KOM-
OMHMPOBAHHBIE METObI, IO3TOMY BO3ZHUKJIO NMPEMJIOKEHNE OMPEAETATh KOIUUYECTBO
[ACCAXUPOB IO PacxoAy TOIUIMBA W JABICHUIO B IIMHAX, YUYUTBIBas BCTPOCHHBIC
BO3MOKHOCTH CITyTHUKOBOTO U OOPTOBOr0 000py10BaHus aBTOOYCOB.

2. UccaenoBanue

Jlnst mpoBeneHns uccienoBanus ObLT 000pyn0BaH aBToOyc mapku Ford Transit.
BmectumocTts aBToOyCa coctaisieT 14 maccakupekux MeCT, TO €CTh OH OTHOCUTCS K
kareropuu M2. ABToOyC HEMEIIKOTO MPOU3BOJICTBA.

Heo6xonumoe 060pyi0BaHNe BKIIOYAIIO:

1. BoproBoii koHTpoutep MOoHUTOpUHTA "ABTOrpad-GSM+" (OCHOBHOI HaBU-
ralMOHHBIA MOJYJb, KOTOPBIN coOUpacT B.ceOs BClo MHGOPMAIMIO U TEepelaeT Ha
cepBep).

2. Jlatunku masnenus V8 PressurePro (ycraHaBmuBaroTCHA KaKJ0€ KOJIECO —
6 mTyK).

3. Monwutop nasienus B mmHaxXx PressurePraa 16 konec (sBisieTcst KOHIICHTPA-
TOPOM JIJIsl IOKA3aHUHN TaTUMKOB ¥ BU3yaIH3UpPyeT HHPOPMAILIUIO).

4. YuuBepcanbHbi KOHBEpTOp RS-232 <-> RS-485 (0OecneunBacmoakitoye-
HHE CHCTEMbI KOHTPOJIS AaBleHUs K O0pTOBOMY KOHTposuiepy "ABTorpadg-GSM+"),

5. Anantep CAN-LOG (oOecrieuriBacT CUMTHIBAHUE JAHHBIX OT TPAHCIIOPTHOTO
cpenctna, nepeaaBaeMbix mo CAN-mmHe).

6. CAN-cunthiBatens OeckontakTHbeId NICAN (oOecriednBaeT MOAKIIIOUECHUE K
CAN-mmHe TpaHCOPTHOTO cpeicTBa 0e3 HapyIIeHUS H30JISIIHHA TIPOBOJIOB).

7.RS232kabenp nuTaHus ¥ CKauMBaHUsI HHPopManuy (MUTaHWE HA MOHUTOP +
nepénaya HaHHbIX U3 MOHUTOPA).

8/AHTeHHa MOHUTOpPA JaBieHus (00ecreunBaeT CBsI3b TaTYUKOB C MOHHUTOPOM).

YkazanHoe o00py0BaHUE MO3BOJIAET cOOMpPaTh MH(MOPMAIUIO O pacxojie TOI-
JMBa U NABJIEHUIO B IIMHAX B PEaJbHOM MacilTabe BPEMEHU C MPUBSA3KON K MECTO-
MOJIOXKEHUIO TPAHCTIOPTHOTO CPEICTRA.

Mounutop aaBneHus B mnHax PressurePro nmomoisio aHTEeHHBI cOOUpaeT AaH-
HBIE C JATUYMKOB JaBieHUs. JlaTunku JaBiaeHUs KPETATCsS CHAPY KU HETIOCPEICTBEHHO
Ha HUMIETb. Takas KOHCTPYKLHUs BbIOpaHa Ui TOTO, YTOObI MHHMMHM3UPOBATH 3a-
TpaThl Ha HIIMHOMOHTA, MUHYCOM SIBJISIETCSI HE3HAYUTENbHBIN JUCOaIaHC KOJIeca.

115



JInst ycTaHOBNIEHHS 3aBUCHMOCTH MEXJY JaBJICHHEM B IIMHAX, PACX0J0M TOIN-
JIMBA M KOJIMYECTBOM MaCcCaKUPOB MPOBOIMIOCH 00Cie0BaHKe 10 MapiipyTy Nel2.

Pa3paboTka mporpaMMHOTO MOAYJIS MO Mepeaade AaHHBIX MO PacXoay TOIUIMBA
Y JIaBJICHUIO B IIMHAX C MPUBS3KOM K JAHHBIM CIIyTHUKOBOI'O MOHHUTOPHWHTA C/eaia
BO3MOXXHBIM aBTOMAaTH3WPOBAHHOE MOJyUYE€HUE NAHHBIX MO PAcxXxoay TOIJIMBA M Me-
CTOTIOJIO’KEHHIO B 33[1aBaeMbIX (DUKCUPOBAHHBIX TOYKaX (OCTAaHOBKaX OOIIECTBEHHO-
ro TpaHcmopra). Beirpy3ka nmaHHbIX U3 cucteMbl ABtol pad ocymectBisuiack B (op-
mate CSV.

[Ipumep BuU3yanu3aluu JaHHBIX IO JABJIEHUIO B IIMHAX U PAacXojay TOMJIMBA
Mpe/ICTaBJIeH Ha puC. 2.

CraTucTrueckue JaHHbIE COOMPATHCh MO Pa3HBIM JHSIM HEHAENU U BPEMEHU Cy-
ToK. [lonmydeHHbIe pe3ynbTaThl MO BIUSHUIO KOJIMYECTBA MACCAXKHUPOB HA PAcXoJl TO-
IUIMBA MPEACTABICHBI HA pUC. 3,a Ha JaBJICHHUE B IIUHAX Ha puc. 4,

M - T D ‘- ' ‘ u_ﬂ"
‘@ [JaHHeie no pa‘t:fop‘y Ha p-e_u_ce .. d B a - E— ’ (=]
1 1 M2 |OcTaHoBka OasneHne |He YYUTEIBATE 4. |PECC|'OF|HME |Bpenﬂ |Pa:xm |He YYUTEIBETE P, |I'Iacca:-o(v1pos| -
aa SN rpvroponHee kacos! 3,971 v 1,209 00:02:23 58,9917 [ 2
| 2locrcraz 3,85 [v od 422 00:16:57 | 8,967 [ 3
| 3 ocT Momimcnin (Bacnor) 3,93 [v _ 1,85700m03:12 58,9308 [ 4
| 4 |ocT, 3acnoHoBa 3,907 |7 _054_5 00:01: 26 9,093 |—
R | 5/3acnonosa 3,384 [ 0,824 00:10:54 9,049 [
M & MonMKnuHiea (3acnoHosa) 1] l_ . 0,502700:00: 58 9,04 l_
7 Napk B 3,873 | @ 1,003 00:08:54 8,03 [
| 8 maso 3,93 [ L 0,744 00:01:46 3,054 [
I o 9 MpuropoaHbie Kaccs! 3851 4 T__[_ 1,029 00:05:30 8,9903 |—
I | 10 ocr. 3acnonosa 3,833 | @ 3,285 00:12:34 58,9848 [
i | 11 noc.NokomoTieHe 4,103 mp 0,726 00:02:21 8,9452 [
12 |¥aapHas 3,516 [ 0,349 00:01:26 83,9714 [
13 |SacnoHoBa 4,051 r_ 0,431 |00:03:33 9,023 l_
| 1a|rommnima Gacnoresa) | L 37 [ 0,564 00:02:52 9,071 [
15 Maso y 4 3,85 [ 1,649 00:04:08 58,9939 [
16 MpuroponHsie kaccsl 4 3,85 [ 1,014 00:07:15 9,04 [
| 17ocrcinase - 0, 3,758 [ 1,069 00:26:22 | 8,9907 [
| 18 locT Mapk s . 24088 [ 0,666 00:01:08 8,9403 [ I
19 ocT MommkmiH (3achen) . | 3,775 [ 0,573 00:02:55 5,031 [ i

Pucynok 2 —Buzyanu3zaius 1aHHBIX
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() NaeneHue

Pacxop

@

Pucynox 4 — JlaBneHue B mmHax
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3. BeiBoanl

HOJ’Iy‘-ICHHBIe PE3yJIbTaThl ITO3BOJIAIOT CACIIATH BBIBOJ O TOM, 4YTO KOJMYCCTBO
macCaxxupoB B aBTO6YCC HC3HAYUTCJIbHO BJIMACT HA pacxod TOINIMBA M JAaBJICHUC B

muHax. Tak Kak 3Ta 3aBUCUMOCTh HOCUT HE JJOCTOBEPHBIN XapaKTep JJI1 pacCMaTpu-
BaE€MbIX YCJIOBHM, ONpeAeeHUE HAMOIHIEMOCTH aBTOOYCOB MO JJaHHBIM KOCBEHHBIM

IMOKa3aTCJIsIM HE MPCACTABIIACTCSA BO3SMOKHBIM.
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ONITUMUBAIIUA HOPMUPOBAHMS PACXOJA TOIVIMBA
C UCITIOJIb30OBAHUEM CIIYTHUKOBOU HABUT'ALIUN

H.K. I'opsies
FOxHO-Ypanbckuit rocy1apcTBEHHbIN YHUBEPCHTET, UensaOunck, Poccus

Cywecmeyrowue HOpMbl pacxooa moniuea, ymeepicoenHvle Munucmepcmeom
mpancnopma Poccutickoii @edepayuu, ne cQomeememasyom co8pemeHHblM 00po2am U
MPAHCNOPMHBLIM cpedcmeam. 1 1aeHbiM HeQOCGMKOM IMUX HOPM ABNAEMCA NOCMOSAH-
HbIl YPOBEHb pacxo0a MONIUea HA MPAHCNOPMHYI0 pabomy, 6He 3a8UCUMOCTU OMm
NOJHOU MACCbl MPAHCNOPMHO20 cpedcmed. buliu codpansl u npoaHanusuposaHvl OaH-
Hble NO pacxo0y MONAUEA NPU MeHCOVCOPOOHBIX nepedo3kax. buvlnu eviasnensi ocHogHble
Gaxmopwi, erusaowue Ha pacxod monausa. C ucnonb308aHuem CnymHUK08ol HA8uea-
yuu 6vLIU NPEONoHCeHbl MemodUUeCKue peKOMeHOayuu no CO8EpULeHCMBOB8AHUI0 HOP-
MUPOBAHUS pacxo0a moniued.

BBenenue

B Poccuu Hepenk# cirydau, KOTaa BOAUTENN AOMYCKAIOT HECAHKIIMOHUPOBAHHOE
MCIIOJIb30BaHUE MOABHKHOFO COCTAaBA U CJIMB TOILIMBA, YTO MPUBOAUT K YBEIMYCHUIO
pacxoja TorumBa. [y CHUKEeHUsT pacxo/a TOIUIMBA TPAHCIIOPTHBIE CPECTBAa 000pY-
aytotcs cnytHukoBoi-HaBuramueit (GPSI'JIOHACC) ¢ mpubopamu yuéra pacxona
tormBa. OHaKo, Fakoe pelleHHe MPUBOIUT K CYIIECTBEHHBIM JIOTIOJHHTEIbHBIM
3aTpaTtam. i CHIDKCHUS 3aTpaT MpeAiaracTcsi UCIONb30BaTh CIIYTHUKOBYIO HABH-
ranuio s /COBEpPIICHCTBOBAHUSI HOPMHUPOBAHMS pacxoja TorummBa. OObEKTHBHEIE
HOPMBI pacxofla TOIUIMBA MUCHUIUIMHUPYIOT BOJIUTENEH M CTUMYIHUPYIOT K AKOHO-
MHUYHOMY CTHJIIO BOXKJICHUSI.

1. leiicTBy1o1IMe HOPMATHBHI M PaHee NMPOBeI¢HHbIC HCCJIeI0BAHUS

B HacTos1iee BpeMsi B COOTBETCTBUH C HOPMaMHU pacxo/ia TOIUIMBA, YTBEPKIEH-
HbIMM MUHHUCTEPCTBOM TpaHcnopTa Poccun, pacxos TOIIMBA IIPU MEXITYTOPOIHBIX
IEPEBO3KaX PacCUUTHIBAETCA MO (PopMmyIIe:

Qz(l?H-Hft(GS/tr+G|oad)(1+0,01K), (1)
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rae Hy — 0a3oBbIll pacxoj TomMBa JJis celeiabHOro Tsrada, JuTpoB Ha 100 kM
(H. =17 —cpennee 3HaucHUE);

Hy¢ — pacxon TomnmBa Ha TpaHCHOPTHYIO paboty, nuTpoB Ha 100 TOHHO-KM
(Hw =1,3 —mmocTostHHas AJIs JU3€JIbHOIO TOILINBA);

Ggjtr — CHapsDKEHHASI Macca MOJIypuUIlera, TOHH;

Gioag — Macca rpysa, TOHH;

K — cymmapHbIii monpaBouHbiid ko3¢ dunueHTt, %0.

CyMMmapHsbIii orpaBoyHbIit KoahpuimeHT BirodaeT B ceds 6oaee 10 koadhdu-
[MEHTOB, YYHUTHIBAIOIINX YCIOBUS TEPEBO30K, KIMMATHYECKUE YCIOBUS, BO3pACT
MOJIBIKHOTO cocTaBa. [locnennuit Ko3QUIIMEHT OYeHb BayKeH, OTOMY 9TO CPEIHHI
BO3pacT MOJBMXKHOTO coctaBa B Poccuu mpesbimaer 10 net. QtoT k03P PuireHt B
HACTOSIIEe BPEMS CIICMYIONIUIA: JJIs TIOJIBFXKHOTO COCTaBa S5—8 €T pacxo/1 TOIUINBA
yBenuuuBaeTcs: Ha 5%, a 1 nmoaBwKHOTO coctaBa crapiie 8 er Ha 10%. OueBu-
HO, YTO pEaIbHOE YBEIMYCHHE PacXojia TOIUIMBA B MPOLECCE IKCITyaTaI[H O IBHXK-
HOTO COCTaBa MPOMCXOJUT IUIABHO M HE HOCUT TaKOW/CTyHeHYaThIl XapakTep. Panee
IPOBEIEHHBIC UCCIeI0BaHus I cenenbHbIX Tarader VOLVO FH12 ¢ momynpurie-
namu SCHMITZ [1] noka3zanu, 4yTo pacxoxa TorymBa yBenutnBaetTcs Ha 1% 3a kax-
JIBIIA TOJT B OKCIUTyaTaI|H.

Pacxox TommmBa a1 MOABMKHOTO COCTaBaHONHOM Maccoit 40 TOHH B COOTBET-
ctBuM ¢ popmyioit onuH (1) cocraBnsier okoa0'50 amTpoB Ha 100KkM, B TO Bpems Kak
KOHTPOJIbHBIE M3MEpPEHUs] TIOKAa3bIBAIOT ypOBeHb 38—40UTPOB ISl STUX YCIOBH.
AHanoruuHble TaHHbIE PUHCKUX MCCIIEHOBATENCH MOKa3bIBAIOT, UTO CPEAHHUMA PACXO/
TOILTMBA TIPU MEKIYTOPOAHBIX MepeBO3kax coctabisieT 39,6 mtpa Ha 100 km [2].
O4eBHUIHO, YTO CYIIECTBYIOIINE HOPMBL paCXo/a TOIUTMBA HealeKBaTHbI. OCHOBHBIM
HECOOTBETCTBUEM SIBJISICTCS] TOCTOSIHHBIA HOPMATUB PAcX0/ia TOTUTMBA Ha TPAHCIIOPT-
Hyto pabory Ha 100 TOHHO-KM/IJIST TOABMXKHOTO COCTaBa Pa3IMYHOM Macchl. Tak, B
pabote Komdepa [3] ykaspiBaeTcsy, 4To MO OOIICIPUHATON B I'epMaHUM METOJHKE
pacxo/1 TOIUTHBA Ha TpaHCHOPTHYO padoty (B murpax Ha 100 TOHHO-KM) CyIIeCTBEH-
HO 3aBHCHUT OT IOJIHOW MAaCChL TPAHCIIOPTHOTO cpezcTBa (Tabmuma 1),

Tabmuma 1 — Pacxo 70mimBa Ha TpaHCIIOPTHYIO paboTy

[lonmnas macca Pacxon TomnmBa Ha TPaHCHOPTHYIO paboTy
Kareropus TC
(momnmn) (rumpos na 100 monnorm)
TCuo 40 0,36
€12 12 0,76
1Cis 7,5 1,54
1Cs5 3,5 3,31

2. UccaenoBanue

Jlist cOopa nmaHHBIX ObLIa KCIIOJIb30BaHA CHCTEMa CITYTHHKOBOW HaBHUTAIlUU
GPSI'JIOHACC ¢ ycTpoiicTBOM KOHTpOJIS pacxojaa ToruBa. O0opypoBaHue TOKa-
3aHO Ha puc. 1.
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Pucynok 1 — O6opynoBanue st cOopa JaHHBIX

JlanHoe o0opy/10BaHHE MO3BOJSIET TOYHO ONPEACIUTh MPOOErH U Pacxo/ TOI-
nuBa. ITonmyyaeMble ¢ 3alaHHOM NEPUOJAMYHOCTHIO JTaHHBIE HEPETAKOTCA C HCIIOJIb-
30BaHMEM MOOUIIBLHOM CBsI3M Ha cepBep. i1 mpocMoTpa moilyuyaeMbIX JaHHBIX UMe-
€TCs MporpaMma, KOTOopasi cpa3y pacCUUTHIBAET pacXoOl TOIUIMBA 3a KaXKAYIO €31IKY

(puc. 2).
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Pucynoxk 2 —IIporpamma jy1st aHanmm3a TaHHBIX

Jliist onpenesnienysi peaibHOro YpOBHSI pacxojia TOIUIMBA HA TPAHCIOPTHYIO pa-
00Ty ObUIE=HPOBEACHO HccienoBanue 1no JaHHbiM OO0 «HOxYpanMoHUTOpUHT
s cenefibHbIX Tsraueir DAF XF105 ¢ monmynpunenamu Schmitz SO1npowussenen-
HeIX B 2008320111 2012ro0max, KOTOphIE HAXOASITCS B AKCIUTyaTallil B Pa3TMIHBIX
TPaHCHOPTHBIX KoMmmaHusX. bouta cobpana undopmanus o 160 e3akax, BBINOIHEH-
HbIX BikoHIle 2012—-201301108B.

Brauane ObluM poaHaIu3UpOBaHbl TaHHBIE IO MOPOKHUM npoberam. [Ipumep
JAHHBIX MO TOpoKHUM MpoOeram HoBeIX DAF XF 105 npencrarien B Tabmumie 2.
Cpennuii pacxoj TormauBa ais ceaenbHbIx Taraden DAF XF105 ¢ nonymnpunenamu
Schmitz SOcocrapun 22,3 mutpoB Ha 100kM ¢ y4éToM MOMPAaBKH HA BO3PACT IOJ-
BW)KHOT'O COCTaBa. [[aHHBIN pe3yabTaT COOTBETCTBYET CYIIECTBYIOINUM Poccuiickum
HOpPMaM pacxojia TOTUIHBA.
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Tabnuna 2 — JlaHHbIe 110 TOPOXKHUM Mpoderam

E3nka (oTkyna — kyna) Pacxon torumusa (iumpos na 100 kn)

UYensbunck — Yda 21,z
Tseps — C-IletepOypr 22.,¢C
Camapa — YensOuHCK 23,
TBepb — Psi3anb 22,
Yda — Kypran 21

CaparoB — Boponex 22,¢
Tpounk — YensOnuHck 20,¢&
[Tmact — YenssOnuck 20,1
Yensounck — IOprozann 20,¢
Yena0ouack — Muacce 22t

Kak 0b110 cKa3aHO BbIIIE, OCHOBHBIM HEJOCTATKOM CYIICCEBYIOLIMX HOPM SIB-
JSUICS TIOCTOSTHHBIA HOPMAaTHB pacxoja TOIUTMBA HAa TPAHCIOPEHYIO padoty. s ero
orpeseneHusi ObUIM cOOpaHbl AaHHBIE MO TpyKeHBbIM e3akam. [Tpumep maHHBIX 1O
IpyKEHBIM e371KaM JJ1s1 HoBoro ceaenbHoro Tsraya DAF XF105 ¢ momynpunenom
Schmitz SOInpencrasnens! B Tadiuie 3.

Tabnuna 3 — JlaHHbI€ 1O TPYKEHBIM €3/IKaM

Jlata Esnka (oTkyma — Kya) Fpy3, ToHH (JZI;;CPX::HT;?%%B’?@
11.01.1. Yensounck — C-IletepOypr 1C 25,1
15.01.1¢ C-IlerepOypr — YenssOuHCK 22 39,¢
22.01.1. Yensaounck — Mocksa 20 37,¢
27.01.1 Mocksa — HoBocubupck 20 35,¢
02.02.1: HoBocubupck — YensOunck 20 37,C
07.02.1. Yensounck — Mocksa 20 39,(
15.02.1. MockBa — YenstOnHCK 20 36,C
19.02.1. Yenaounck — C-IlerepOypr 22 40,1
24.02.1. C-IlerepOypr — Yenssbnuck 22 39,¢
04.03.1: Yenabuack — Mocksa 20 36,1

3. BeIBOaBI

HccnenoBann€ pagxoa TOIIMBA HA TPAHCIIOPTHYIO pabOTy IMOKa3ano, 4To pe-
ANbHBIA YPOBEHbB 'CYIMIECTBEHHO HUKE CYIIECTBYIOIIETO HOPMATHBA M COCTABIISCT
0,76 nmutpa Ha' 100 TOHHO-KM JIJIsi aBTOIOE3/I0B ¢ cefenbHbiMu Tsaradyamu DAF XF
105¢ nonympumenamu Schmitz SO1.

B coOTBeTCTBHUM C BHIIECKA3aHHBIM, JIJIS pacdyéra pacxojia TOIUIMBA MPU MEXK-
JTYTOPOIHBIX TIEPEBO3KAX MpeIaracTcs cieayromias hopmyJia:

Q:(rH'HfGIoad) (1+0,01T) (2)

rne Hy — 06a30BbIi pacxoj TormmBa Uil aBTonoes3na, JutpoB Ha 100 kM (paccunTsr-
BAeTCS B COOTBETCTBUHU C OOIENPU3HAHHONW METOJUKON ¢ Y4ETOM Bcex Kod(dduinen-
TOB, BKJIFOYasi BO3PACTHOM);

H¢ — pacxon TomnuBa Ha TpaHCHMOPTHYIO pabotry, nuTpoB Ha 100 TOHHO-KM
(Hw =0,76 —11s AByXOCHBIX MaruCTpaibHBIX aBTOIIOE3I0B);

Gioag — Macca rpy3a, TOHH,

T —BO3pacT NOJBUKHOTO COCTABA.
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[Ipennoxennas Gopmyna pacuéra pacxojia TOIJINBA SIBISIETCS 00Jiee TPOCTON U
aJIeKBaTHEE OMpeelsieT pacxo TOIJIMBA TPU MEXKTYTOPOIHBIX MTEPEBO3KaX.
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YJIK 656:681.32

IMPOJOJI’KUTEJIBHOCTbD PASPEHIAIOIIEI'O CUT'HAJIA
JJIA ITPOITY CKA MAKCUMAJIBHOI'O KOJIMYECTBA
TPAHCHOPTHBIX CPEJACTB, PACHPEAEJIEHHBIX B BU/IE
UMITYJIbCOB UHTEHCUBHOCTU INTPUBLITUA

JI.B. Kanckuii', JI.B. Hasoit, J1.B. Posxanckuii®
1BenopyCCKI/II71 HallMOHAJIBHBIM TEXHUYECKUN YHUBEpCUTET, MUHCK, benapych,
YT AU I'YB/1 Munropuenosikoma, MuHck, benapycs

B cmamwve paccmompenwvi #100%00bl Kk yuemy pacnpedeneHusi UMNYIbCad UHMEHCUE-
HOCMU 8 pAMKAX C8emO@dOPHOLOYUKIA U CO30AHHBILL AlOpUmMM onpedeneHusi npoooJ-
AHCUMENLHOCU paspeularwe20 CUeHAa O0Jisl NPONYyCcKa MAKCUMATbHO20 KOAU4ecmea
MPAHCROPMHBIX CPEOCm8, PACHPEOeNeHHbIX 8 GUOe UMNYIbCO8 UHMEHCUBHOCMU NpU-
Ovimus 68 cCmpykmype c6emogopHo20 Yyuxia.

BBenenue

ACY JI/1 npeacraBiseT co00i KOMIUIEKC TEXHUYECKUX CPEJICTB, PEaTu3yIOIIHi
OTIpe/IeIICHHBIE TEXHOMOTUUECKHIE aTOPUTMBI YIIPABJICHHS TPAHCIIOPTHBIMU TTOTOKA-
mu [1, 2, 3].

Ilo npoempancmeenHoMy Kpumepuro BCE alTOPUTMBI CBETO(DOPHOTO PETYIIH-
pOBaHMsI HSMSITCS Ha JIOKAJIbHBIC U ceTeBbIe [3, 4, 5].

AJropuT™ CBETO()OPHOTO PEryIMPOBAHUS SIBIISCTCS JIOKATBHBIM, €CITH JJIST OTpe-
JCNCHMS TTapaMEeTPOB PETYJIUPOBAHUS HA MEPEKPECTKE UCIOIB3YETCS TOJIBKO MH(POP-
MaIMsH0 TPAHCIIOPTHBIX MOTOKAX Ha MOAXOAaX K ATOMY MEPEKPECTKY U B 30HE mepe-
kpectka [6, 7, 8].IIpu 3TOM JOKaIBHBIA aITOPUTM MOXKET UCIIOIB30BaTh WH(pOpMa-
IO, TTOJIYYCHHYIO KaK HETMOCPEACTBEHHO HAa CTON-JIMHUAX, TaK M Ha OTJIAJICHHBIX
nojxoaax k nepekpectky (200—400m ot crom-imHum). JIokambHBIE arOpUTMBI OTIpe-
JENSIOT [UKJI PETYJIUPOBAHMS, TMOCIEIOBATEILHOCTD (Da3 peryianpoBaHusl, WX IJIU-
TEIBHOCTH WJIM MOMEHTBHI MepeKtoucHus (a3, mapaMeTpsl MPOMEKYTOUHBIX TAKTOB.
Jlyis ompeneneHusl MEPEYUCIICHHBIX MMapaMeTPOB HCIOJb3yeTcsl WH(GOpMAIUS O Teo-
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METPUYIECKHX XapPaKTEPUCTHKAX TEPEKPECTKAa, MHTCHCUBHOCTH M COCTaBE TPAHCIIOPT-
HBIX IIOTOKOB Ha MOAX0/aX K HEMY U/WIIM Ha TEOMETPUUYECKUX HAMPABICHUSX MPOE3/a
gyepe3 MepeKpecToK, HATMYUY H/WIM OTCYTCTBUHU TPAHCIIOPTA U TIEIIEXO0I0B B pa3jiny-
HBIX 30HAaX MEPEeKpecTKa (Ha CTOM-TMHUSAX, B KOHQJIMKTHBIX TOYKAX).

OCOOEHHOCTBIO CETEBBIX aNTOPUTMOB SIBIISIETCSI UCTIOJIB30BAHUE /ISl OTpeeie-
HUS TIAPaMETPOB PETyIMPOBaHUS WH(POPMAIIMU O TPAHCIIOPTHOW CUTyallMd Ha He-
CKOJIBKMX TIEPEKPECTKax, OOBIYHO CBSI3aHHBIX B CIMHYIO CETh, XapaKTEePHU3YIOIIYIOCS
3HAYUTEIIbHON WHTEHCUBHOCTBIO JBMKCHHS TPAHCIIOPTa MEXIY COCEIHUMH Tepe-
kpectkaMu 1 HeOoabimmMu (10 600—700M) paccTosHUSMU MeXTy HUMH. Kak mpa-
BUJIO, HA CETEBOM YPOBHE OIPEACIISIOTCS ITUKIIBI PETYJIUPOBAHUS ISk IPYIIITBL ITepe-
KPECTKOB M CIIBUTH. J[JIs1 onipeiesieHus 3TUX apaMeTPOB UCIIONIb3YeTCsT uHbopManus
O TOTIOJIOTHH CETH, TEOMETPUICCKUX XapaKTePUCTHKAX BXOISAIAX B Hee MEpeKpecT-
KOB, HHTCHCHUBHOCTH W COCTaBE TPAHCIIOPTHBIX ITOTOKOB HA MOAXOJaX K HUM W/WH
Ha TEOMETPUYECKUX HaMpaBlIeHUSIX MPoe3ia yepe3 NepeKpecTKU, BPeMEeHax Mmpoe3aa
MEXTy COCSTHUMH CTOTI-THHUSMHU.

Ilo épemennomy Kpumepuro BCE aITOPUTMBI CBETO(GOPHOrO PETYIHPOBAHHS
JENATCS Ha METOBI, PEATM3YIOIINE YIPaBICHUE TOPOKHBIM ABMKCHUEM TI0 TIPOTHO-
3y ¥ METOJbI, ACHCTBYIONINE B peabHOM BpeMeHU (aTaliTUBHBIC aaropuT™msl) [3, 8,
9]. Ilpu 3TOM K aJaNTUBHBIM METOJaM TPATUITMOHHO OTHOCSTCS W aJTOPUTMBI, HC-
MOJIBE3YIONINE KPATKOCPOYHBIN MPOTHO3 TPAHCHOPTHON CUTyalluu Ha Onrkaiiime 3—
15 muH. Y1ipaBlieHHe TI0 MPOTHO3Y (MK JKECTKOS,YIPABICHNE) HE UCKITFOYAET JOCTa-
TOYHO YacToro (o 3—5pa3 B CyTOYHOM ITHKJIE) M3MCHECHHUS MapaMeTPOB PEryIHpo-
BaHUsI, OJTHAKO ITH MMapaMeTPhl OMpenessiroTes He UCX0as U3 TeKyIIeH TpaHCIOPTHON
CUTYaIlMH, @ METOJIOM €€ IMPOrHO03a, OCHOBAHHOTO HAa BBHITIOJIHEHHBIX paHee (3a CyTKH,
HEJIeI0 WiIi 0oJiee UTUTEbHBIN epHOJL) HaOI0ICHHUMX.

[TpoMexyTo4YHOE TMOJIOKEHUE MEKIYaJaTUBHBIMA M HEAJalTUBHBIMH aJIro-
pPUTMaMH 3aHUMAIOT METOJIbI, OCHOBaHHBIC HA CUTYallMOHHOM YIPAaBJICHUU. MeTOIbI
STOW TPYIIILI IPEIOJIATAI0T MPEIBAPUTCIILHBIN pacueT mapaMeTpoOB PETyINPOBAHMS
JUTS Pa3JIMYHBIX KJIACCOB TPAHCTIOPTHBIX CUTYAIUi M CO3/IaHue OMOIMOTEKN TUTIOBBIX
PEXKHUMOB peryaupoBaHus. BEIOOp KOHKPETHOrO pekrMa M3 OMOIMOTEKH MPOU3BO-
JTUTCSI B pealbHOM BpeMCHH Ha OCHOBAaHWHW TEKyIIeH MH(POPMAIIUU O TPAHCIIOPTHOM
CUTYaIliu ¥ OTHECCHUH €€ K OMIHOMY U3 KJIACCOB TPAHCTIOPTHBIX CUTYAIIHH.

OpHako Bce BBIMICIIEPEUNCIICHHBIE aJITOPUTMBI HEAOCTATOYHO O00eCIeYrBAIOT
3¢ (heKTHBHOE UCTIOIH30BAHUE BPEMEHH OCHOBHOTO M IMPOMEKYTOYHOT'O TAKTOB, UTO
JOCTUTAeTCs yYETOM BPEMEHH MPHUOBITHS (MMITyJIbCa HMHTCHCUBHOCTH) aBTOMOOMJICH
B pacueTHbIN Hepuo Bpemenu [10, 11, 12].

AJITOPUTM oTipe/iesieHUs] MPOAOJIKUTEJILHOCTH pa3peliaiero CHrHajaa

Pacnpeniesienre MMITyJIbCa HWHTEHCHMBHOCTH B CBETO(GOPHOM IHKIIE 3aJaHO
byukiueii f, onpenenacHHoi Ha oTpe3ke [a, D], rae a — BpeMs Havaia mnukiaa, b —
BpeMs OKOHUYAHUS LKKIA. I onpeaeaeHrss MaKCUMaIbHOTO 00beMa JIBH)KEHUS, He-
00XOAMMOTO I MPOITyCKa B TEUCHHE TOPEHHS BPEMEHHU pa3peliaroliero CUrHaa,
TpebyeTcs HalTH O0Tpe3oK [U, V] B 1ukiie ceeTodopa mmunsl T, a < U, vV < b takoi, 4ro
00BbEM JIBMKEHHS TPAHCIOPTHOro moroka (miomians) mod rpadpukoM ¢yakiuu f Ha
otpeske [U, V] Obuta MakcuManbHOH (prcyHOK 1).

®dyukius f onruceiBaeT HHTEHCHBHOCTDH MIPUOBITHS TPAHCIIOPTHBIX CPEACTB K TIe-
PEKPECTKY 110 OAHOMY HalpaBJIeHHUIO.
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O0o03HauuM JIeBBIM Kpalk MCKOMOTo orpe3ka [U, V] depe3 X. Torma uckomas
IJIOIAIb paBHA

x+T
S(x)= [ f(t)dt.

[Tonyyaem crenyroniyro 3ajady Ha SKCTpeMyM (PYHKIMU OJHOM JEHCTBUTEIb-
HOUW NMEPEMEHHOM:

SK)=[f ¢)d — max

asx<b-T.
Jliist petieHus 3ToM 3aaaun npoauddepernupyeM GyHkno SX):

S’(X)=(Xﬂ(t)dtJ =(Xﬂ (t)dt—](f(t)dtj =

N3BecTHO, 4TO TOYKOM, B KOTOPOH (QyHKUUS S AocTHUraet MakCUMyMa, SIBIISETCS
1160 ToYKa &, Moo Touka b — T, 160 Touka X takas, ureS(X) =f(x + + T) —f(x) = 0.
Takum oOpa3om, aisi TOro 4toObl pemuTh 3amauy (1), HysHO pelIUTh ypaBHEHHE
f(x+T) —f(x) = 0. {yst aToro mpeioxkeH anroput™. HOBA3HA anroputMa 3aKioyaeT-
Csl B HCIIOJIb30BAHHUH JUII PACYETOB MPOJOJDKUTEIHHOCTH ITUKIIA U Pa3peIIaloniero
CUTHaJIa TaKOTO MapaMeTpa, Kak UMITyJIbC HHTCHCUBHOCTH, PACTIPE/ICIICHHBIN B IIMKJIC
peryJIupOBaHUS.

7T
e

Pucynox,1l —I'paduk pyukmu f Ha oTpeske [U, V]

A Touka U AacT IIPEACTABIICHUC O CABUIC HadaJla BKIKOYCHHA paspCIIaromicro
CUrHaja B HC TOJIBKO B'CTPYKTYPC LIKMKJIA, HO WU IO OTHOICHUIO K COCCAHUM PCTYJIN-
PYEMBIM IIEPEKPECTKAM, UTO ITO3BOJIACT MOACIIMPOBATE MPHUXOJ «ITAYKH>» K COCCIHUM
MEPCKpaACKaMM MUHNMHN3AIHIO ITIOTCPb HA MAruCTpaiu.
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NHTEJ/UIEKTYAJIBHBIE UH®OPMALIMOHHBIE CUCTEMbI
OBECIIEYEHMS BE3OITACHOCTHU JOPOKHOI'O IBUKEHUA

3.B¢#AnbmetoBa, J[.C. 3axaposa
®I'BOY BIIO «tOxHo-YpanbCkuii rocyaapcTBeHHbIN yHHBepcuTeT» (HIY),
Yensa0unck, Poccus

B pabome pacemampusaemcs enusiHue uHmMenneKkmyaibHulX mpaHCNOPMHbIX CUC-
mem (UTC) na croaxcuswiytocs cumyayuio 6 cghepe 0opoxcrnoco osudicerust. Coenam ul-
600 0 mom, umo cosatue poccuiickou accoyuayuu UTC — camblil 0ue8uOHbILL MEMOO
pazsumuisi, UCHOAL3YS MPU IMOM 8bICOKO PA3BUBAIOWUECS MEMNbl HEOPEHUSl MEXHON0-
utl U yuumol8as NOmMpeOHOCMb 00Wecmea 8 3hHeKkmusHom UCNONb308AHUU MPAHC-
NOPMHBIX €pe0CM8 Npu 0OHOBPEMEHHOM CHUJMCEHUU TI0OCKUX NOmepb 8 pe3yivbmame
JTII.

Jlop0XKHOE ABM)KEHHE B COBPEMEHHOM OOIIECTBE CJIEIYEeT pacCMaTpUBaTh Kak
OJIHY U3 CaMbIX CJIOXHBIX U BaKHBIX COCTABJISIIOUIUX COLMATBHO-?KOHOMHYECKOIO
Pa3BUTHS TOPOJOB M CTPaH B IeJIOM. B maHHOM cepe AOMKHBI UCITOTB30BATHCS Ca-
MbIE COBPEMEHHBIE TEXHOJOTHMH cOopa W 00paboTKu WHGPOpMAIMH O TMapaMeTpax
TPAHCIIOPTHBIX MTOTOKOB.

B nocnennue necATuneTus yBeITUIHBACTCS HECOTIIACOBAHHOCTh MEXKIY TOTPEO-
HOCTSIMH B TPAHCIIOPTHBIX YCIyraX M PeajbHBIMHU IMPOIYCKHBIMH BO3MOXKHOCTSIMH
BUJIOB TpaHCIOpTa. BO3MOXKHOCTH SKCTEHCHBHOTO MyTH YJOBJIETBOPEHUS TOTPEOHO-
CTel olIecTBa B HapallMBaHUKM 00BHEMOB TIEPEBO30K MACCAKUPOB Oiarogapst yBemu-
YEHUIO YUCIICHHOCTH TPAHCTIOPTA B 3HAUYNTEIHLHON CTETICHH UCUEPIIaHbl — 0COOCHHO B
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Oonpix Toponax. B Hacrosimee Bpemst B Poccuu Benetcst pa3paboTka U BHEIPECHHE
MHTEJUICKTyalbHbIX TpaHcopTHBIX cucteM (UTC) pasnoro macmraba. OnHako Ha-
3pesio Co3AaHNe WHTEUICKTYalbHON TPAHCIIOPTHON CHCTEMBI HOBOTO IOKOJICHUS, CO-
OTBETCTBYIOIICH CIICHAPUIO MHHOBAIIMOHHOTO PAa3BUTHSA, BEKTOP KOTOPOTO 3ajJaH
TpancnoptHoi ctparerueit Poccuiickoit ®denepannu Ha nepuoa 10 2030roxa. Cos-
nanue poccuiickoi accounanuu UTC — Hanbonee oueBUAHBINA MyTh Pa3BUTHUS, YUH-
THIBasi BHICOKHE TEMITbl BHEAPEHUS WHHOBAIMOHHBIX TEXHOJIOTHH W HACYIIHYIO TIO-
TPEOHOCTh AJIA CTpaHbl B OoJiee 3PPEKTUBHOM MCIOJIb30BAaHUU TPAHCIIOPTHOTO pe-
cypca Mpu OJHOBPEMEHHOM CHUXEHUU OTPHIIATEIIBHBIX TOCIIEICTBUL aBTOMOOHIIN-
3aIU¥ ¥ COKPAIEHUH JTIFOACKUX TIOTEPb.

[Ipu upe3mepHOi 3arpy>KEHHOCTH AOPOT TPAHCHIOPTHBIMU CPEACTBAMU CKOPOCTh
WX JBWKEHUS, OCOOCHHO B KPYIHBIX rOpojiaxX, CHI)KAETCS HACTOJIBKO, 9TO aBTOMO-
OWJIb TIOJTHOCTBHIO YTPAUYMBAECT OJHO M3 CBOMX BAXXHEHITNX JOCTOUHCTB — JUHAMUY-
HOCTb, KpoMe Toro, yBenuuuBaetcsi konuuectBo JTII. be3zomacHocTh MOpOKHOIO
newkenus ([1J1) orHocuTcs Kk HauboJiee MPUOPUTETHBIM 3aAa4aM Pa3BUTHUSI CTPAHBI.
['ocynapctBa Mupa paccMaTpUBAaIOT oOOecredeHrne OE€30MACHECTH HACETICHHS Kak
BKHBIN DJIIEMEHT OOECIeUeHUs] HAlMOHAIHHOW O€30HACHOCTH M)CTapaloTCs HANTH
TEXHUYECKHE U OpPraHU3allMOHHBIC CPEICTBA M METOIbI Jisl e¢ pemieHust [1].

Ananu3 cymiectBytomux B Poccun npo6iiem B cepe 6€30macHOCTU TOPOKHOTO
JBYDKEHUS TIOKA3aJl, YTO HE PEIICHBI IPUHITMITHAIBHBIC BOIIPOCHI oOectieueHus 6e30-
MACHOCTH JOPOKHOTO JBUXKEHUS, U, KaK CIIEJICTBUE, CO3AaBIIasCs CUTyallUs B yCIO-
BUAX OypHOT0 pOoCTa aBTOMOOMIJIM3AIMU CTPAHBIIOCTOSIHHO yXyAuiaetrcs. ExeroaHo
Ha aBTOMOOWJIBHBIX Joporax ropoaoB Poccum morunbator 30-35ThIC. YenmoBek u 1mo-
nydarot panenust 6onee 200 Teic. yenoBeK. OTHOCUTENBLHAS OMTACHOCTh aBTOMOOUITE-
HOTO TPaHCHOPTa MPEBBIIIAET OTHOCUTEIbHYIO OMACHOCTh BO3AYIIHOI'O TPAHCIIOPTA
Oonee yeMm B 3 pasa, a xkene3HoaopoxkHOro =B 10pa3. Ha 1 mapa. nacc.-kMm Ha aBTO-
MOOWJIBHOM TPAHCIIOPTE MPUXOJMTES IBAIATH MOTUOIINX, HA BO3AYIITHOM — IIECTh,
Ha JKeJIe3HOOpOoKHOM — 1iBa. 1o cpaBHEHMIO CO CTpaHaMH C Pa3BUTON PHIHOYHOM
skoHoMuKkoi B Poccun uucne JITThaa 1 000ex. TpancnoptHeix cpencts B /-10pa3
Bhlllie, ueM B CIIA, fAnonuu, I'epmanuu, @paniuu, GUHASHIUU U APYTUX CTPAHAX.

B cBsi3u ¢ BhIllIeCKazaHHBIM CIIEAYeT OTMETUTh, UTO:

— MPUMEHEHHUE HOBBIX KOMIBIOTEPHBIX M TEIEKOMMYHUKAIIMOHHBIX TEXHOIOTUI
B UH(pOpMaTHU3alMUW AR TEALHOCTH M0 obecnieyeHuto Oezonacuoctu 1)1 sBnsercs ox-
HUM U3 BOXXHBIX TIPHOPUTETOB B Pa3BUTUU TPAHCTIOPTHOW MHPPACTPYKTYPHI PETUOHA,

— MEpONPUATHS*HATIPABIICHHBIE HA CHIDKCHUE aBApUMHOCTU U YIYUIICHUE Op-
raHu3allui JTBIHKEHUS TPAHCIIOPTA U TEIIEXO0JI0B, B 3HAYUTEIbHON CTENEHU MOTYT
OBITH PEILEHBL MHTEIUVIEKTYaIbHBIMU CUCTEMAaMHU, CO3JaHHBIMU HA OCHOBE COBPEMEH-
HBIX UH(DOPMAITMOHHBIX TEXHOJIOTHH.

3HAUYCHWE M BAXKHOCThH MPUMEHEHHSI HOBBIX TEXHOJOTHH B 3TOW 00JIaCTH yBeIH-
YUBAITCS 1O Mepe Toro, kak obiacte npumeHenuss UTC pacummpsiercs oT cBoero
MEPBOHAYAILHOTO TPEAHA3HAYCHUS IO YIPABJICHUIO JOPOKHBIM JBWKEHUEM, WH-
dbopMaIimOHHOMY 00ECIICUEHUI0 YIYACTHUKOB JIBFDKCHHS M DJICKTPOHHBIM ITIIaTEXKaM.
Ceronnst Hanpanenus pa3putus UTC oxBaTbIBalOT Takke: pabOTy TPaHCIOPTHBIX
CeTel U eSITeIbHOCTh M0 00CIYKMBAHUIO TPAHCIIOPTA; MOOUIIBHOCTH KOMMEPYECKO-
ro TPAHCTIOPTa M HHTEPMOJAITbHYIO COBMECTUMOCTD; MYJIbTUMO/IAJIbHBIC TTepeMeIe-
HUS B YaCTH, BKIIIOYAIOIIEH B ce0s TOTPAHCIIOPTHYIO HH(POPMAIIHIO, HHPOPMAIIHIO Ha
MapIuIpyTe U IJIAHUPOBAHUE MEPEBO30K.

126



B nononnenue k BoimeckazanHomy pasButie UTC obHapyxuBaer cBs3u ¢ 60-
nee 0000IIEHHBIMY HAMPABIICHUSIMUA PA3BUTHS U 00JIACTSIMH BHE TPAHCTIOPTHOTO CEK-
topa. Hanpumep, cuctembl cOopa MOPOKHBIX IJaTeKed B3aUMOJCHCTBYIOT C Jesi-
TEIbHOCTHIO B CEKTOPE JIEKTPOHHON KOMMEPIIMU U MOTYT TaKUM OOpa3oM HCIOJIb-
30BaTh CTAHNAPTHI W MPHUHITUIEI 0AHKOBCKOW HHIYCTPHH, & TaKXKe OOIIETPUHSTHIC
Oyxranrepckue TexHonoruu. Hanpasnenue pazsutus UTC, cBsizaHHOE ¢ HAI[MOHAJb-
HOM 0€30MacHOCThIO, Takke TpeOyeT oOpalieHus K CHelyalbHbIM HallMOHAIbHBIM
TpeOOBaHUSAM, OTHOCSIIUMCS K TPaXIaHCKON 00OpOHE, CPEACTBAM CBSI3U IMPH Upe3-
BBIYAMHBIX CUTYyalUsX W JIPYTUM MpoleaypamM. DTU B3aUMOJICUCTBUS, JIexalllue B
OonplIell creneHn BHE cephl AesTeabHOCTH Mo craHaapTuzauuu B odnactu UTC,
TEM HE MEHee, OKa3bIBAIOT OIIYTUMOE BIMSHHUE Ha (QYHKIMOHUPOBAHUE PAZTUUHBIX
CEpPBHUCOB, MOIEP)KUBAaEMbIX JoMeHaMu 1 rpymmamu UTC [2].

C 1 utons 2008rona B Poccuu BcTynawT B cuily u3MeHeHust, BHocumbie B Ko-
nekc PO 00 amiMHUHUCTPATUBHBIX MMPABOHAPYUIEHUSIX, CBSI3aHHbIENC duKcauueil aj-
MUHHCTPATUBHBIX MPABOHAPYIIEHUN Ha IOPOTax MNP HUCIOJIH30BAHUU CIELHAb-
HBIX TEXHUYECKUX CPENICTB, PAOOTAIONIUX B aBTOMAaTHYECKOM, PEKIME.

K aaMuHHCTpPaTUBHOW OTBETCTBEHHOCTH OVAET JMPUBICKATHCS BIIAJICIIEI]
TPAHCIIOPTHOT'O CPEACTBA B TOM CIIydae, €CIM OH HE EMOXKET MPEIOCTaBUTh T0CTO-
BEPHBIE CBEJICHUSI O JIMIIE, BO BIAJCHUU KOTOPOTO TPAHCHOPTHOE CPEJCTBO HAXO-
AUJIOCh B MOMEHT (UKCAIlMU MPaBOHAPYIICHUS,WIHO0 O TOM, YTO TPAHCIOPTHOE
CPEICTBO BBHIOBLIO U3 €ro oOjajgaHusi B pPe3yibTaTe, MPOTUBOIPABHBIX IEHCTBUI
apyrux jmi. KoHeuyHo, HOBBIN 3aKOHOTPOCKT, HS HOHPABUTCS JIIOISM, TPAKTHKYIO-
UM MPOAAXy CBOMX JIMYHBIX aBTOMOOWJIEH 110, reHepaibHOM goBepeHHocTu. On-
HAKO 3TO HE O4YeHb OojbInas miaata 3a Ty d3MdEeKTUBHOCTL B 00phOE ¢ HapylIeHUs -
mu [TJIJ1 1 10p0XKHO-TPaHCTOPTHBIMU MPOUCIITIECTBUAMH, KOTOPOM, KaK MOKa3bIBa-
€T 3apyOEXHBIM OMBIT, MOXKHO JOCTHYb,IIPA T'PAMOTHOM BHEJIPEHUU aBTOMATH4e-
CKOM CHUCTEMBI PErUCTPaIUH.

bopb0a ¢ HapymuTens My He €IUHCTBEHHAs 3a/1a4a MHTEJUIEKTyalIbHbIX TPaHC-
HNOPTHBIX cUcTeM. J[pyroil BaskHOW CTOPOHON UX BHEAPEHUS SIBISETCS aBTOMaTUYe-
CKOE€ peryJMpOBaHHE TPAHCHOPTHBIX MOTOKOB M, KaK CJIEICTBUE, MOBHIIIICHUE MPO-
MyCKHOM CIIOCOOHOCTH JAOPOT MyCHIKEHUE KOJIMYecTBa 3aTOpoB. OAMH U3 crnocoboB
pPEryJIMpOBaHUsI TOTOKOB aBTOMOOMIIEH — CO3/laHHME TaK Ha3bIBAEMBIX 3€JICHBIX
BOJIH. CBETO(OPHI HACTPAUBAIOTCS TaKUM 00pa3oM, 4TO MPU OMpPENeICHHON CKOpo-
CTH JIBIDJKEHHUS MOTOKA MPU MPOe3/ie OJAHOro cBeTo(opa Ha 3€JeHbI CBeT OoJblIas
4acTh MAaIllMH MOABEACT K ClenyIouieMy cBeTodopy, Koraa TaMm OyJaeT BKIIOYEH 3e-
JIEHBIN CUTHAIL— W, TaK najnee. OMHAKO MPHU OTPAHWYCHUHN CKOPOCTH JBVIKCHHS B
ropoje 60 km/d MMOTOK 3a4acTyIO ABMIKETCS OBICTpEE.

OcCHOBOW €IMHOW TPAHCIIOPTHOM CUCTEMBI sIBJsieTcs miarhopma «HTEIeKT».
«HTENNEKT» o,— MHOTOQYHKIMOHANIbHAS OTKPBITas MporpamMMmHas miatdopma,
npeAHasHaldeHHast s CO3/JaHus KOMIUIEKCHBIX CHCTEM O€30MacHOCTH JH000ro
macmtaba. [lnardpopma xommanuu ITV onTumanbHa ISl TTOCTPOSHUS OOJBIITUX
CUCTEM C pacmlpe/ielIeHHOW apXUTeKTypoil. OHa yXe MCIOJIb3yeTCsl KaK OCHOBA JJis
pemeHuii «be3onacHbelii Topo», BHeApsaeMbiXx B MockBe, Cankt-IletepOypre, Jlo-
Henke, HoBocubupcke, Kpacuosipcke, lllmmnccennbypre, Dnexkrpocranu, HuxHem
Hosropozae n JKuromupe. birarogapst OTKpbITOM apXUTEKTYyPE U MUPOKOMY CIIEKTPY
WHTETPUPOBAHHOTO 000pyaoBaHus, «HTEIIEKT» MO3BOJAET 00BEAUHUTH BCE HC-
MOJTb3YEMbI€ CHCTEMBI B €IMHBIA KOMIIJIEKC, OPTAaHMU30BATh IIEHTPATbHBIC MYHKTHI
MOHUTOPUHTA W HEOTPAHMYCHHOE KOJIMYECTBO yMAJICHHBIX paboumx Mmect. Kpome
Toro, ardopma ITV uMeer BCTpOCHHBIE CPEICTBA YAAICHHON MPOBEPKH paboTo-
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CIIOCOOHOCTH TOJKIIOUEHHOTO O0OpYAOBaHHS. DTH KayecTBa >KU3HEHHO HE00XO-
TUMBI JUIsl CO3/IaHMsI TAKMX CUCTEM, KaK €IuHas MHTEJUIEKTyalbHas TPAaHCIOPTHas
CHUCTEMA TOPOACKOT0o Macutada. «/HTenneKkT» JaeT BO3MOKHOCTh MHTETPUPOBATH
CPEACTBA PErYJIUPOBAHUS TOPOKHOTO JBHXKEHHUS M YyIPAaBISATh UMU B COOTBETCTBUHU
C 3alpOorpaMMHUPOBAHHBIMH AJITOPUTMAaMHU, COOMPATh JOPOKHYIO CTATUCTUKY U Iie-
penaBaTh MH(GOPMAIMIO BO BHEUIHUE cuUcTeMbl. B muardopme «MHTEmIeKT ecTh
TaKXe ClEeLHAIN3UPOBAHHbBIE MPOIPAMMHBIE MOAYJIH, MMO3BOJISIIOIINE PEIIATh 3a/a-
YH, CBA3aHHBIE C KOHTPOJIEM JOPOKHO-TPAHCIIOPTHOW OOCTAaHOBKM M aBTOMaTHYe-
CKOM perucrtpaiueii HapymieHuit [3].

Hanuuue monyns pacro3HaBaHUs aBTOMOOUIIBHBIX HOMEPOB HO3BOJISET JABTO-
MAaTUYECKH OMpEAeNsITh U pacrno3HaBaTh HOMEpAa aBTOMOOMWIIEH BITIONE 3peHUs Ka-
mepsl. [lo3BossieT pukcupoBaTh U COXpaHATH B 0a3e NaHHBIX paclio3HaHHBIN HOMED,
a TaKke U300pa’keHHre TPAHCIIOPTHOTO CPEJICTBA, YACTh KaJpa ¢ HOMEPHBIM 3HAKOM
U BpeMs peructpanuu. Takum oOpazom, dopmupyercs 0a3a BEeX TPaHCIOPTHBIX
CPEJACTB, MPOLISANIUX Yepe3 30Hy KOHTPOJIS, C BO3MOXKHOCTBIO A00aBICHUS TEKCTO-
BOI0 KOMMEHTapHs K KaKJIOMy PacliO3HaHHOMY HOMepY. JlONOJHUTENIbHBIA MOTYJIb
«Pamap» Mmo3BOJISET MPUMEHSTH ISl ONpPEETICHUsI CKOPOCTH aBTOMOOMIIECH CepTH-
¢buLpoBaHHbIE alapaTHbIE CPEACTBA — paJapsbl.

Moayib KOHTPOJISI XapaKTEPUCTUK TPAHCIOPTHBIX HOTOKOB BEJET YUET CTaTH-
CTUYECKHX XaPAaKTEPUCTUK TPAHCHOPTHOIO MOTOKA — KOJMYECTBA MPOEXABIINX aB-
TOMOOMJIEH, X CKOPOCTH, 3arpy>KEHHOCTH JOPOTH MyIPYyTUX XapakTepucTuk. JlaH-
HbIE, IPEAOCTABISIEMbIE MOAYJIEM, ITO3BOJISIOT. PE€AIN30BaTh aJTOPUTMBI PETYJIUPO-
BaHMS JIOPOKHOTO JBUKEHHUS C YUYETOM peajbHOM TOPOKHO-TPAHCIIOPTHON 00OCTa-
HOBKH, aBTOMatuuecku (ukcupoBath ¢akThh ATII u aBTOMOOMIBHBIX MPOOOK, OI-
PEIENATh TUIBI TPAHCIIOPTHBIX CPENICTB U PACCUYNTHIBATH NHTEHCUBHOCTD JABHKCHUS
Ha 3aJJaHHOM y4acTke [4].

C ucnosib30BaHHEM ONMUCAHHBIX BbILIE, MOYyJeH Ha miuatgopme «HTEMIEKT»
MOKHO CO3/1aBaTh pacIpeeiICHHbIE CUCTEMbI, BEAYyIIHE LIEHTPAIU30BAHHBIA COOp
JIOPOKHOM cTaTUCTUKHU, perucrpupyromue JTII, mpoOku u HapyieHus mpaBui J10-
pPOXKHOTO JBIKEeHMs. Hampumep, Wucnonib3ys JaHHBIE O CKOPOCTH aBTOMOOMIIEH
BMECTE C Pacrno3HaHHBIMU HOMEpPaMHU, MOXKHO CO37aTh 0a3y BCeX HapyIICHHH CKO-
POCTHOTO peXHuMa, COASpXKallylo JaHHbIe HapylIuTesel, Bpems (UKcalud U BH-
JICOPOJUK C 3amuchio ((hakTa HapymeHus. Bes HeoOxomumass mHDOpMALHS MOXKET
ONepaTUBHO TepenaBaThCsi Ha Ommkaimue noctel [ MUBJ1J]. Tak, Bce pacmno3HaBae-
Mble HOMEpa MOTYT CpPaBHUBATHCS C BHemHend SQL-0a3oii HOMEpOB — Hampumep,
ATO MOKET ObITh 0a3a aBTOMOOMIICH, yncasumxcs B po3bicke. [Ipu coBmageHuu Ho-
Mepa MPOoeXaBlIErQ, aBTOMOOUIIS ¢ OJJHUM M3 HOMEpOB B 0aze «MHTemnekTom» Oy-
JIeT OAaHO_COQOIICHUE OMEPATOPY, YTO MO3BOJUT HE3aMEIJIUTENbHO MPUHATh Me-
pBI IO 3afiepKaHNI0 aBTOMOOWJISA. Y 100HAas cucTeMa MoKCKa B 0a3e JaHHBIX MO pa3-
JTUYHBIM KPUTEPUSIM ¢ riIbTpaliel Mo CKOPOCTH U TUIIAM TPAHCIOPTHBIX CPEJNICTB
MIO3BOJIAET OBICTPO HAXOIUTh HYXKHYIO HH(pOpManuio [5].

Takum 00pa3om, MOKa HE UCMOJb3YIOTCSA MHOTHE BO3MOXKHOCTH MOJYJSl KOH-
TPOJISl XapaKTEPUCTUK TPAHCIIOPTHBIX MOTOKOB, BXOASILIEr0 B cocTaB «/HTeIUIeK-
ta». OQHAaKO B JaJbHEHIIEM IJIAHUPYETCS PACIIMPUTh KaK caMmy CHCTEMY, TaK H
KpYyT pelaemMbIX €10 3a1a4. TeM He MeHee, co3fanue poccuiickoil accounauuu UTC
— caMblii OYEBUJIHBIA METOJ] Pa3BUTHUSA, HCIOJb3Ys IPHU 3TOM BBICOKO Pa3BUBAIOLIME-
Csl TEMIIbl BHEJIPEHHS] TEXHOJIOTMM M YUYUTHIBAs MOTPEOHOCTH oOmIecTBa B 3Pdek-
TUBHOM MCIOJIb30BAHUHM TPAHCHOPTHBIX CPEACTB NPU OJHOBPEMEHHOM CHUKEHHUH
JTIOACKUX noTeps B pesynbTare JTII.
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K BOITPOCY O NIPUMEHEHHAHU TU®POBBIX
NHPOPMALMOHHBIX TABJIO'B TPAHCIIOPTHOU OTPACJIN

3.B. Anbmerosa, J[.C. Hukpanona, O.B. I'epackuna
®I'bOY BIIO «tOsxHO-Ypansekuil TocyAapcTBeHHbINH yHUBepcuTeT» (HIY),
Yensiounck, Poccus

B pabore paccMaTpuBaloTCS pa3nuyHble TUIBI HH(POPMALIMOHHBIX TabJ0, TEXHO-
JIOTUU U BO3MOXKHOCTH UX MPUMEHEHHS B TPaHCIOPTHOH oTpaciu. [IpuBonsarcs ux oc-
HOBHbIE TEXHUYECKHE XAPAKTCPUCTHKH. AHAIM3UPYETCS OMBIT NMPUMEHEHUs HHPOpMa-
IIUOHHBIX YCTPOWCTB/HA OCTAHOBOYHBIX MyHKTax B T. YemsOuHcke. PaccMmaTtpuBaercs
BO3MOXXHOCTh JAJIbHEHHIETO HCIOIb30BaHUS 3JIEKTPOHHBIX NH(POPMAIIMOHHBIX TabJIO Ha
PBIHKE PEKJIaMHBIXTEXHOJIOTHUI 1 paboTe TpaHCIOpTa.

B nacrosiiee BpeMs 1upoBbIe BEIBECKH JOCTATOYHO OBICTPO 3aMEHSIOT OOBIK-
HOBEHHBIE B TPAHCHOPTHBIX MPHIOKEHUAX. Hapsay ¢ oToOpakeHueM nHGOPMAIIH O
pacTlyCaHNM,, THGPOBasi BEIBECKA MOXKET TAK)KE BBITIONHATH (DYHKIHIO peKJIaMbl TO-
BapOB U YCIIYT«T€M CaMbIM IOJIy4ast JOTIOJTHUTEIbHBINA JOXO/.

IMudpopast BrIBecka cTana 4acThiO TPAHCIIOPTHOM oTpacnu. Hampumep, B aspo-
nOpTy AMQPpoBasi BIBECKa COOOIAET HaM BpeMs MPUOBITUS U OTIIPABJICHHUS, HAIIPaB-
JSET/HAC K HY’)KHOMY MECTY IMOCaJKH M obecriednBaeT nH(popmammei o moroje, Me-
CTHOCTW U CBEXXHX HOBOCTAX. B camornere 1upoBble SKpaHbl, BMOHTHUPOBAHHEIE B
CHJICHUS, Pa3BJICKAIOT MMacCaXUPOB BO Bpems nosera. L{upoBeie BEIBECKH Ha TaKCH
MOKA3bIBAIOT MH(OPMAIIMI0 O MECTHBIX JOCTONPHUMEUYATEIbHOCTSIX, a JKpaHbl Ha
CTaHLIMSIX METPO U aBTOOYCHBIX OCTAHOBKAx MPEAYNpPEKIAlOT HAaC O CIEAYIOIIEeM
npuObITUH TpaHcopTa. Jlake Ha CTAHIMIX TEXHUYECKOTO OOCTyKHUBaHUS IIU(PPOBbIE
SKpaHbl Ha OEH30KOJIOHKAX MOMOTYT CKOPOTaTh BPEMs, a HHOT/Ia U OTBJIEYb HAC B TO
BpeMs, KaK HAacoC MPoJIoJpKaeT paboTtath. Bo Bpems cOoeB B paboTe TpaHCIOpTa ATH

129



BBIBECKH TTOKAXYT WHGMOOPMAIHIO, KOTOPAs MPEIyNPEIUT MOTEHIIMATBHBIX MacCaKu-
POB O TEKYITUX HEMOJIAAKaX Ha MAPIIPYTE.

Bo3MoxHOCTH, KOTOPBIE MPEAOCTABIAECT pa3MenieHrne MudpoBeIXx Tabio B 00-
JIACTH TPAHCIIOPTA, HEMAJIbIE.

HNHTepakTuBHBIC CEHCOPHBIE SKPAHBI MOKA3BIBAIOT HHPOPMAIIHIO O PUOBITUHA U
OTMPABIIEHUU TPAHCIIOPTA, MOKA3bIBAIOT COOTBETCTBYIONINE OOHOBICHUS, TTIO3BOJISIOT
MJIAHUPOBATH ONTHMAJIBHBIE MAapPUIPYTHI ISl TIOE370K U MOTYT OTOOpaKaTh KapTy
paiioHa u OJM3IeKAINUE TOCTOPUMEYATEIIBHOCTH.

OnHa U3 OCHOBHBIX (DYHKITHH AJEKTPOHHBIX Ta0JI0 HAa TPAHCIIOPTE —HUHPOPMU-
POBaHME MACCAKUPOB O MPUOBIBAIOIINX U OTHPABIIOMIMXCS MapuipyTax. M3nauans-
HO JTaHHAas 3a/1aya BBHITIOIHSUIACH OJlarogapsi MEXaHMYECKUM IIUTaM C BPaIaroiMH-
cs nudpamu, a yxe mOoToM Obljla 3aMeHeHa Ha MOHUTOpHI. OIHAKO 3TH MOHUTOPHI
OBLIM CKIIOHHBI K BO3TOPaHUSIM M ObLITH BU3yaJIbHO HETPUBJICKATEILHBIM.

Jlpyrvue BapuaHThl BKIIOYAIOT CBETOIUOHBIC TAa0JIO, TIe C MOMOIIBI0 KPACHBIX
CBETOJIMOJIOB Ha yepHOM (oHe popmupyroTcst OykBbI 1 nudpsl [1].

Crnenyrouuii mar B pa3BUTHH IUGPOBBIX Ta0JI0 U3BECTeH NoJ Ha3BaHueMm FIDS
— CUCTeMa, TpeIHa3HAYCHHAs IS BU3YAIbHOTO WHGOPMHPOBAHMS JIIOICH B a’po-
MOPTY W TPHWIETAIOIINX K HEMY TEPPUTOPHUSIX (aBTOOYCHBIC OCTAaHOBKH, MapKOBKH,
otenu asporopra u 1p.). FIDS nmokassiBaeT HHGOPMAITUIO,Q' TEKYIITUX peiicax, Mmoro-
7ie, TaKXKe COJEPKUT B Oaze porTorpaduu Mect HazHaueHus [2].

Cucrema |1S-FIDS no3Bossier He UMETh OTACABHOIO JUCTIETYEPA, CICASINETO H
YOPABJISIIOIIETO PACIUCAHUEM TEPMUHAIA U JABHKEHHEM pelica Mo TEXHOJIOTUIECKON
nernouke. Cucrema IS-FIDS nonyyaer naHHbI€ W3 HECKOJBKUX MCTOYHUKOB U yCTa-
HaBJIMBAET CTATYChl PEHCOB:

— OT areHTOB CITy>KOBI MEPEBO30K HA TEXHOJOTHMYECKUX MecTax. Hampumep, muc-
neTyep BHIXOJIa Ha TOCAJKy MPH HACTYIUICHUM BPEMEHH IMOCAKH TAcCAXUPOB B BO3-
AYIIHOE CYIHO MOATBEPKIACT Hauaslo MOCAAKH I YKa3bIBACT MPUIHNHY 3a/ICPKKH;

— IIOCPEACTBOM 00pabOTKH €c0001IeHn paguoBemanus ADS-B ot Bo3aymHbIX
CYy/IOB,;

—nocpeacTBoM 00padorku cooduenuii MVT, DIV.

Taxum oOpazom, pa0oTa M@ AMCIETYEPU3ALNN NPUIETOB U BBUIETOB MPOUCXO-
JUT TTOJTHOCTHIO aBTOMATHYECKH, a TEXHOJIOTHYECKHE CTaTyChl peicoB (mocajka, 3a-
JICpKKa) BBICTABIISIOTCS PACHPEICIICHHO areHTaMHU CITYKObI IIepeBo30K [3].

Bce Gonee mmpoexoe ueToap30Banne IMU(POBBIX BHIBECOK HA TPAHCIIOPTE TPE/I-
MOJIaraeT MCTOIB30BAHUE TEXHOJIOTUN OTCICKUBAHUS IS OTICHKHU PACCTOSHUS, TIPO-
XOJIMMOTO Ha aBTOOYCEe; TOE3/I€ WU METPO M YBEIOMJICHUS IMACCAKUPOB uepes3 ud-
pOBBIE Ta0J10,0 NPUOBITUN HYKHOTO UM MapIIpyTa.

PanHue Bepcuy cHCTeMbI BKIIIOUAH UcToib3oBaHue GPS-A0kaTopoB Ha TpaHC-
MOPTHBIX /CPEACTBAX, CBSI3aHHBIX CO CTAHIIUSAMHU Yepe3 OeCIPOBOIHBIC CETH NEpeadn
TaHHBIX, HO, K COXXAJICHHIO, TIepeiadya JaHHBIX OT TPAHCIIOPTHOTO CPEICTBA K CETH
MOKET ObITh MEICHHOM, a, CJIEJIOBATEIbHO, HETOYHOH [2].

B pesynbrare mHorue cucreMnl nepenuid Ha RFID — rexnonorun (Radio Fre-
guency. Identification pagrovyacToTHas UACHTH(PHUKAIMSA) — 3TO TEXHOJIOTHS HOBOTO
MMOKOJICHHS, OCHOBAaHHAsI HAa WCIIOJIh30BAHUM PATMOYACTOTHOTO JJIEKTPOMArHUTHOTO
M3ITydeHHs. TEeXHOJIOTHS TPUMEHSIETCS I UACHTU(PUKANN W y4eTa OOBEKTOB.
RFID-cuctema OTAMYHO BBITIOTHSAET CBOKO pabOTy TaMm, Tie TpeOyeTCs KOHTPOJIb Tie-
peMenieHus 0ObEKTOB B PEATBHOM BPEMEHH, WHTEIUICKTYalbHbIE PEIICHHS] aBTOMa-
TH3AIMH, CITIOCOOHOCTh Pabd0TaTh B JKECTKUX YCIOBUAX JKCIUTyaTaluu, 0e30muoou-
HOCTbh, CKOPOCTh M HaJIS)KHOCTH [4].
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Yro kacaercs Poccum, To B Hacrosiiee BpeMs MUPpPOBbIe Ta0IO YCTaHOBIEHBI
BO MHOTHX KpymHBIX roponax (Mocksa, Cankr-IlerepOypr, OMck u ap.).

Tabno «y3Haer» Bpemsi mpuObITHS OnrpKalero aBroOyca Wiu TposuienoOyca,
onaromapst ycranoBieHHbiM B TpaHcnopre GPSIJIOHACC-patunkam. OHU mepe-
Jar0T UH()OPMALIMIO O MECTOTIOJIOKEHUU B aBTOMAaTHU3UPOBAHHYIO CUCTEMY yIIpaBJe-
HUS TopoaAcKkuM naccaxxupckuM tpancnoptoM. ACY I'TIT cobupaer nanHsie co Bcex
MapIIpyToB, 00padaThIBAE€T UX U MEPEIACT Al OTOOPaKEHUS B CIIEUATbHBIX TPAHC-
MOPTHBIX CEpBUCAX. JTa K€ CHUCTEMa MPOCUUTHIBACT U MPOTHOZUPYEMOE BpeMS MpH-
OBITHS PA3JIMYHBIX MApUIPYTOB TPAHCIIOPTA HA KaXKIyl0 ocTaHOBKY. MeHHOM3 ACY
I'TIT undopmarus OyeT nmocTynath Ha JEKTPOHHBIE TA0JIO0.

Tabno nmokaxeT HOMEp MaplIpyTa, MPOTHO3UPYEMOE BpeMsi HPUOBITHS, HauMe-
HOBaHUE HAINpPABJICHUsS MaplIpyTa U yKaxeT, OyAeT Ju npuObIBaIOIIUi aBTOOYyC WM
TPOJUIEHOYC HU3KOIOJIBHBIM [5].

B 2012rony B r. UenssOuHCKe MpEe3eHTOBAIA 3JIEKTPOHHBIC Ta0j0 HA OCTaHOB-
Kax oOuiecTBeHHOro TpaHcnopra. Kak nepenaer koppecnonaeHT «HoBoro Pernona»,
Ha TOT MOMEHT MOAOOHBIe Tabso ObUIM yCTaHOBJIEHBL/HA 95,0CTaHOBKaX: «J[Boper
criopta «FOHOCTB», «Anoe none», «dlnomans Peomonnu»y, FOYpl'Y» u «Komco-
MOJIbCKasl TuTommans». Ha mnpsmoyromsHOM Tabi0 (I'merp 27 caHTHMETpPOB Ha
40 canTUMETPOB) OTOOpaKaeTCs BpeMsl, JaTra W TeMIIEparypa BO3ayXa, HO CcaMoe
IJIABHOE — TaM YKAa3bIBae€TCAd 4epe3 KaKoW MPOMENYTOK BPEMEHH MpHENET TOT WM
WHOU Tposuieidyc wiu aBToOyc. BykBbI U IH(pHI Ha, CBETOJUOIHOM Ta0JIO BHUJIHBI
KaK B TEMHOTE, TaK U Ha SPKOM COJIHIIE.

Becw ob6mecTBenHbli TpancnopT ocHacTwm, cucteMor «I'JIOHACC», omnpene-
JSAOUIEN HaxOoXAeHUEe Tposuieiidyca U aBTo00yca B KOHKPETHBIN IPOMEXYTOK BpeMe-
HU. OTU TabJ0 PACMO3HAIOT KaXKJ0€ TPAHCHOPTHOE CPEACTBO, U TOPOKAHE MOTYT
TOYHO y3HaTh, YEpPE3 KAKOE€ BpeMs HAa OCTAHOBKE MOSBUTCA TOT WM MHOM aBTOOYC
Wi Tpoieiioyc. Kpome anmekTpoHforo,Tabio, riaBe aiMUHUCTPALMU MPEACTaBUIN
4eJII0MHCKOE HOY-Xay. paclucaHHe aBToOyCOB M TpOJUIEHOYCOB, NOMELIEHHOE B
crenuagbHble aHTUBaHAAIbHBIC  KpYTIIIMECs IWIMHAPUYECKUe ycTporctBa. Hu B
oxHOM Topozae Poccuu moka gakoroyHeT [6]. OmHako, omsTh ke, O0JIBIIMHCTBO TAKUX
TabJIO0 MO MPOUIECTBUHM HECKOIBKHUX JIET He paboTaroT. M3 OCHOBHBIX XapaKTEpUCTUK
CYLIECTBYIOIINX WH(POPMANMOHHBIX TAa0JI0 MOXHO BBIJCIUTH CJICAYIOIINE. YHCIIO
3HAaKOMECTHBIX M OEryIluXyCTPOK; YHCIO 3HAKOMECT B CTPOKE, MHIUKAIUS BpeMme-
HU/TeMITepaTyphl; BBICOTA IM(p ¥ 3HAKOB, PETYIUPOBKA SIPKOCTH CBEYCHUS MHIMKA-
TopoB. [Ipu yucne mapupyToB 6ojiee 1ByX OTOOpaK€HHE BEIETCS B PEXKUME CKPOJI-
JWHTA, Ta0JI0 HMEIOT (KaK OMINI0) CHCTEMY 00OrpeBa M JUATHOCTHKH JIO KaXIOTO
CBETO/IMO/1a, BBOJIBL, CUJIOBBIX M MHTEPHENCHBIX 1IeNel UMEIOT 3alIUTy OT UHAYCTPH-
anbHbIX noMexKoprnyca Tabiio U3roTOBJIEHBI U3 CIEHHAIBHO pa3pabOTaHHOrO AJis
ATUX LENEUN M 3allaTEHTOBAHHOTO aJIOMUHUEBOTO MPOQuIIsl, 00eCIIeYNBaAIOT CTEIEHb
samTel (P65 [ioaTBepk1eHO MCTIBITAHUSAMHU) U BMECTE C TEM MPOCTOTY U yI00CTBO
JOCTyNA K 2JEKTPOHHBIM OjiokaM. JIuiieBasi maHesb BBIIIOJIHEHA U3 yJIApOIPOYHOTO
nojukapoonaTa. Tabmo cepTruduIMpoBaHbl Ha diekTpode3onacHocTh 1 OMC [6].

Takum oOpa3oM, CBETOAMOJHBIE SKpaHbl U HHMOPMALMOHHBIE 3JIEKTPOHHBIE
TabJI0 MOTy4aroT BCE OOJIbIee pacnpoCcTpaHEHHe, BCE Yallle HCIOIb3YIOTCS B LIETSIX
peKJamMbl Ha yIIMLAX KPYHMHBIX TOPOJIOB MM B KauecTBe MH(OPMALMOHHBIX SKPAHOB
[7]. DxcnepTsl pa3BUTHS PHIHKA PEKJIAMBI CXOAATCS B €IUHOM MHEHUH O TOM, YTO C
KaXKIbIM TOJIOM JIOJII CBETOIUOAHBIX HH(POPMALIMOHHBIX Ta0JIO HA PHIHKE PEKIaMHbBIX
TEXHOJOTHI OyleT TOJbKO BO3pacTarh. JleMCTBUTENBHO, ANEKTPOHHBIE HH(pOpMAaIIU-
OHHBIE TabJIO COUYETAIOT B ce0e BCe OCHOBHBIE MPEUMYILIECTBA CYIIECTBYIOUINX BU3Y-
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QJIbHBIX PEKJIaMHBIX TeXHOJOoruil. Tabio pacmucaHuil MCIONB3YIOTCS Ha BOK3alax,
a’ponopTax Ajs OToOpaskeHuss MHPOpPMAIMU O BPEMEHHU, MapIIpyTe U €ro COCTOs-
HUH, ITOCaIKe/BbICaIKe, MECTEe OCTAHOBKH MJIM HOMEPE TePMHHANA, TIOTOJIE U CEPBUC-
HoU nHpopmarmu [8].

OcHoBHast mpob6sieMa TaHHOTO BUAa WH(OPMALMOHHBIX TEXHOJOTHH — 3TO He-
J0CTaTOYHAsI HaJaKEHHOCTh O0OpPYAOBaHUS M TMOJABEPKEHHOCTHh MojioMKe. Ho MbI
CUMTAEM, YTO FJIEKTPOHHBIE TAOJIO —3TO BHITOJHOE BIOXKEHUE B Pa3BUTHE U yITyulle-
HUE TPAHCHOPTHBIX KOMMYHUKALIUH.

Taxum 00pa3oM, HECOMHEHHO, 3TO OJiarasi HTHULMATUBA, KOTOPYHO HYIKHO J10Be-
CTH JI0 JIOTUYECKOIO 3aBEPUICHMsI. 00YCTPOUTh BCE OCTAHOBKU TaKUMM TabIo, Haja-
IUTh UX padOTy, HOPMAJIU30BaTh IBUKEHUE TPAHCIIOPTA [0 PACIINCAHUIO.
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K BOIIPOCY BJINSTHUA DKCILTYATAIIMOHHBIX ITOKA3ATEJIEN
HAATPOU3BO/IUTEJBHOCTDH ABTOIIOE3/10B

1 1 . 2
) [Menenes B.JI.", Anexcanaposa T.A.", lllenenés C./I.
, FOxH0-¥ panbckuii rocyaapcTBEHHbIH yHUBepcuTeT, YensouHck, Poccus
HOsxHO-YpanbCKuil rocy1apcTBEHHBIN arpapHbiii yHuBepcuteT, UensOunck, Poccus

Buoannoii cmamve paccmompeno 6nusHue OCHOBHLIX MEXHUKO-IKOHOMUUECKUX
nokazamenei Ha NPOU3800UMENbHOCHb NOO8UNCHO20 cocmasd. C yenvio nosvlueHus.
ahhexmusnocmu nepesoszox asmopamu npeoiazaemcs 68ecmu Kodpuyuenm uc-
NORbL306AHUSL NOOBUICHO20 COCMABA, KOMOPbII YUUMbI8Aem COKpaujeHue npoussoou-
MENbHOCMU A8MOMOOUISL 8 3AGUCUMOCTIU OM CPOKA CIYHCObL.

BBenenue

Ha ceronusmnuii feHb, B YCIOBUSX Claa PHIHOYHOW KOHOMHUKH, OTpaHUYECH-
HOCTHU CPEJCTB, a TaK k€ OCTPOM KOHKYPEHILIUH, AJIA JHOOOr0 aBTOTPAHCIOPTHOTO
OPEeAnpusATAS XapaKTepHO CTpemiieHHe HaubOosee dS(PPEKTUBHO MCHOJIb30BATh
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uMerouecs: pecypebl. I103ToMy 01HOM M3 MPUOPHUTETHBIX 3a/1au SBJSETCS TMOBBIIIE-
Hue 3(Q(HEeKTUBHOCTH MEPEBO30K, B YACTHOCTH HanboJiee MPOIyKTUBHOE MCTOIb30Ba-
HHE MOJIBUKHOTO COCTAaBA.

OnHUM U3 BaKHEHIINX MOKa3aTeseH, BIUAIOMMX Ha 3 (EKTUBHOE UCIIOIh30Ba-
HHE TPAHCHOPTHBIX CPEJCTB, SBISIETCS €r0 YacoBasi MPOU3BOIUTENLHOCTb.

YacoBoil MpOM3BOIUTENBHOCTHIO HA3bIBAECTCS KOJUYECTBO INEPEBE3CHHOTO aB-
TomMoOmIeM rpy3a 3a 1 yac pabotel. OHa onpeaenseTcs CIeAyIomuM 00pa3oM:

_9, 04, BV,
CoLtt, IBY,
r7ie ¢, —HOMHUHAJIbHAS TPY30MOhEMHOCTh aBTOMOOWIIS, T;
y — CTaTUCTUYECKUM KOAPDUIIMEHT UCTIOIb30BAHUS IPY30NQAbEMHOCTH;
|, — ITTMHA €3/IKH C TPY30M, KM,
[ —Kkod3(pbULIMEHT UCTI0JIb30BaHMS TTpodera 3a e3/KY;
V_— TeXHUYECKasi CKOPOCTh aBTOMOOMJIS, KM/4;
t,, — BPEMS IOTPY3KU-Pa3rPpy3KH, 4.

1 Bausinue OCHOBHBIX IMOKa3aTejeil HA NPOU3BOAUTEAbHOCTH IOABHKHOIO
cocTaBa

J{ns onpeneneHus pe3epBOB NPOU3BOAUTEILHOCTH MOIBUKHOTO COCTABA BAXHO
YCTaHOBUTH, KAKOE€ BIMSIHUE OKA3bIBAIOT HA HEE OCHOBHBIC DKCIUTYaTAllHOHHBIE TTOKA-
3aTeNu: JINHA €3]IKH C TPY30M, TEXHUUYECKasi CKOPOCTh aBTOMOOWIISI 1 BpeMsI TIOJT T10-
IPY30YHO-Pa3rpy304HbIMU paboTamu. OCHOBHBIE TMOKa3zaTeau padOThl aBTOTPaHC-
nopTa MOTYT OBITH IMOJYYEHBI C MOMOIILIO, CITYTHUKOBOM CHCTEMbl MOHMTOPHHIA
TPaHCTIOPTHBIX cpeACTB «ABTOI PA®». JlanHOe mporpaMMHOE 00eCleueHHe MO3BO-
JIA€T MPOU3BOJIUTH MOHUTOPUHI TPAHCHOPTA M MOJYy4aThb OTYETHOCTh, MPOAHATU3U-
POBaB KOTOPYIO, MOKHO BBISIBUTE ITPOOJIEMHBIC MECTA B UCIIOIH30BAHUN TTOABUKHOTO
COCTaBa W YIIPaBJICHUH CUCTEMOW, TPAHCIIOpTa B 1Ie)IoM [2].

DKCIuTyaTallMOHHBIE MMOKA3aTEN CHUMAIHUCH B TIpOIiecce PabOThI ¢ 7/-MU €TMHHII
MOJBMKHOTO cocTaBa. B 0OIMIEH CI0KHOCTH, C TIOMOIILI0O CHCTEMbl MOHUTOPHWHTA,
OBLIO MpoaHaIU3UPOBaHO SO €3710K, MO JaHHBIM KOTOPBIX HaMU OBLJIO OMPEIEINICHO,
YTO CPeIHsAsA TCXHUYECKAAICKOPOCTh paBHa 63,5 kMm/4, cpeaHee cymMMapHOE BpeMms
IPOCTOSI IO/ TIOTPY3KEH K pa3rpy3koi coctapisieT 10,34, a 1iMHA €3]IKU C TPY30M —
1301,6xmMm.

J{ns onpeaeneHus BN HAS TEXHUKO-IKCIUTyaTallHOHHBIX MTOKA3aTeNeN Ha 4aco-
BYIO MPOU3BOAUTEABHOCTh HMCIOJB3YEM CIEAYIOIIMUA MPUEM: MOKA3aTellb, BIIMSHUEC
KOTOPOTr'0 YCTAHABIIMBAETCS, MPUMEM BEJIMYMHOW NEPEMEHHOM, a IPYTUe MOKA3aTelN
B 9TOT MOMEHT IPUMEM TIOCTOSIHHBIMH, 3HaUYEHUS KOTOPBIX OYIyT JIeXKaTh B Mpeie-
J1aX4'COOTBETCTBYIONIMX YCIOBUSIM 3KCILTyaTallMy JAHHOTO MOJABU)KHOTO COCTaBA.

B./coorBerctBum ¢ [IpaBunamu nopoxxHoro asuxeHus Poccuiickon deneparnuu
MaKCUMAaJIbHO pa3pellleHHasi CKOPOCTh I'PY30BBIX aBTOMOOUIICH HE MOXKET MPEBHIIIATh
70 kM/4; a B COOTBETCTBHHU C JaHHBIMH, IMOJYYEHHBIMU C MIOMOIIBIO JTUCIETYEPCKOTO
IPOrPaMMHOI0 OOeCTeUeHHs CPEAHssI TEXHUYECKas CKOpPOCTh paBHA 63,5 km/u, ce-
JIOBATEJBHO, MOBBIIIEHUE TAHHOTO MOKA3aTeNs IS YBEIMYEHUS MPOU3BOIUTEIBHO-
CTH IIOJABMKHOT'O COCTaBa HE SIBIACTCI ONTHUMAIbHBIM.

BpeMms mpoctos moa morpy3kor M pasrpy3Kod MOYKET M3MEHSTHCS B IIHUPOKUX
npenenax. [lockonbKy JaHHBIN TTOKA3aTellb HAXOAUTCS B 3HaMeHartene Gpopmyibl 1,
3HAQYMUT, MPOU3BOJUTEIIBHOCTh OOpaTHO MPOMOPIMOHAIBHA BPEMEHU MPOCTOS TOJI-
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BIDKHOTO COCTaBa, YTO BBIPAXKAaeTCsl HUCXOAIICH runepOoioi Ha rpaduke, moka3aH-
HBIM Ha pucyHke 1.YeM mydle opraHU30BaHbI IOTPY30UYHO-PA3rPy30UHbIE pabOThI U
MEHBIIIE MPOCTOH, TEM BbIIIE KOIPPUIMEHT HCIONb30BAHHUS paboyero BpEeMEHH H
BhIMIE () PEKTUBHOCTD UCTIOIH30BAHNUS TPAHCTIOPTHBIX CpeacTB [1].

[IpoananusupoBaB Gopmyiy 1, MOKHO BBISIBUTH BIHMSHHE [MOKA3aTeNsl pacCTOs-
HUS MEPEBO3KU I'Py3a HA IMPOU3BOJUTEIBLHOCTh MOABMKHOrO coctaBa. [Ipu pacuere
BJIMSIHUSL IJTMHBI €3/IKM Ha IIPOU3BOJUTENILHOCTh B TOHHAX JaHHAs 3aBUCUMOCTb Oy-
JIET, KaK ¥ 3aBUCHUMOCTb OT BPEMEHHU IPOCTOs IOJ NOTPY3KOM U pa3rpy3KoH; BbIpa-
KATbCS HUCXOMSAIIEH TUrnep00Jioi, BBUAY HAXO0XKICHUS 3TOW MEPEMEHHON TOJLKO B
3HameHarene. [Ipu 3Tom, Kak BUIHO U3 pucyHKa 1, BiusHue OyneT JOCTaTOYHO Cepb-
€3HbIM, @ U3MEHEHUS I0Ka3aTessl ¢ POCTOM PacCTOSIHUS OyAeT JAOCTHUEATh MHOTO-
KpaTHOro ymeHbleHus. Ha npon3BoaUTENIbHOCTS B TOHHO-KUAJIOMETPAX JUIMHA €3[1KU
OKa3bIBAET BJIMSHUE AHAIIOTMYHOE TEXHUYECKON cKopocTH. [Tpu yBennmuenun pac-
CTOSIHUS TIEPEBO3KHU IPy3a MPOU3BOJUTEIBLHOCTh B TOHHO-KWJIOMETPAX yBEIMYMBACT-
csi. UeM Ooublile pacCTOSIHUE NEPEBO3KH, TEM MEHbILIEE BINAHNE QKA3bIBAET U3MEHE-
HUE 3TOr0 MOKa3aTess Ha MPOU3BOIUTEILHOCTh MOABHKHOTO COCTABA.
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Pucynox 1 — Bnusgaue mokasaresieil Ha MpOU3BOIUTEILHOCTH TOJIBHIKHOTO
COCTaBa B TOHHO-KHJIOMETpax

W3 ananm3a GopMyJibl MPOU3BOAUTEIHLHOCTH, BUIHO, UTO TaKHE IMOKA3aTelH, KaK
Ipy30MObEMHOCTh, KOIPPUIIMEHT HCIOIb30BAHUS TPY30MOABEMHOCTH U KO3PPu-
IIUEHT UCTOJIB30BAHNUS MPOOera HaXOAATCS B YUCIUTENNE ¥ IPU HEM3MEHHOW BEJINYH-
HE BCEeX JAPYPHX 'TOoKa3aTelel, BXOIIMHMX B (HOpMyIy, MPSIMO TPOMOPIIMOHATBEHO
BITUSIOT HAATPON3BOTUTEITHHOCTD.

KosdduiinenT ucnonp3oBaHUS TPY30MOABEMHOCTH 3aBHUCUT OT IMPABHIIBHOTO
BBIQOPA MOJBUKHOTO cocTaBa. JJisi MOBBIMICHUS] JaHHOTO Ko3(duimenTa Heo0Xo -
MO OOECTICUUTH TMOHYIO 3arpy3Ky TPAHCIIOPTHOTO CPEICTBA, YTO HE BCETIa BO3MOXK-
HO BBHUJY CHEIM(PUICCKIX TPEOOBAHUI M CBOWCTB HEKOTOPBIX TPY30B. Y BEIMUCHHE
Kod(puImeHTa UCNoab30BaHUsI TPY30MOAbEMHOCTH TaK K€ MPUBOJIUT K JOTIOTHU-
TETBHBIM 3aTpaTaM BCJIEICTBHE POCTA PACXOJia TOIUIMBA W MOBBINICHUS] HATPY3KU Ha
MOJIBIKHOW COCTaB, YTO B CBOIO OU€pellb 3HAUMTEIBHO BIHMSIET Ha CPOK IKCILIyaTa-
UM TpaHCHOPTHOTO cperactBa [4]. TloBeimeHu0 xo3gpuyuenma ucnonb308aHus.
npobeza cnocobcmeyem TIATEIbHAS pa3pab0OTKa MapIIPyTOB ABMIKEHUS IO IBHKHO-
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ro cocrana. Yem OoJibllie UITMHA €31KH C I'PY30M M MEHBIIIE XOJOCThIE IPOOETH, TEM
BBIIIIE JTAaHHBIN KOX(MMUILIMEHT, CIIEA0BATEILHO, €T0 N3MEHEHNE HEBO3MOKHO 0€3 MU3-
MEHEHUSI paCCTOSHUS MTEPEBO3KU IPY30B.

AHanM3 BIUSHUS TEXHUKO-IKCILUTYaTallMOHHBIX MOKa3aTesel MpOU3BOAUIICS Ha
OCHOBE M3MEHEHHSI OJTHOU M3 MEPEMEHHBIX, OCTAIbLHBIM MMPHUCBANBAIIOCH KAaKOE-THOO0
IIOCTOSIHHOE 3HAa4Ye€HHE, OJHAKO OYEBUIHO, YTO M3MEHEHHUE OJHOTO M3 ITOKa3aTelieh
B TOM WJIM MHOW CTETICHU OKA3bIBACT BIUSHUE HA APYIOH.

2. KoyppuuueHT HCMOIb30BAHNSI MOABUKHOIO COCTaBA

HecmoTtpst Ha TO, YTO TEXHUKO-IKCIUTYaTAIMOHHBIE MOKa3aTedN WMEIOT OTPOM-
HO€ BJIMSHHE Ha MPOU3BOIUTENBHOCTH MOJBHXKHOTO cOCTaBa, 3hhEeKTHBHOCTH HC-
MOJI30BAHUSI TPAHCHOPTHBIX CPENICTB TaK )K€ 3aBHCHUT OT COBEPLICHCTBA KOHCTPYK-
[IUH TPY30BOTO aBTOMOOWMIISI U COOTBETCTBUS YCIOBUH €ro dKCcIuTyaranuu [3].

VYXyauieHne TeXHUYECKOr0 COCTOSHUSI aBTOMOOMIISI CHIpKAET BpeMs MpeObIBa-
HUSI aBTOMOOWIISI HA JTUHUM. J{J1s1 OTpaXKeHUs 3TOW 3aBUCHMOCTH Tpe/IaracTcsl BBe-
CTH HOBBIN KO3((UIMEHT UCIOIb30BaHMS MMOJBUKHOIO COCTaBa'T, KOTOPBIN C poC-
TOM CpOKa 3KCIUTyaTaluu OyAeT OTpa)kaTh COKpAIEHUE TIPOU3BOIUTEILHOCTH aB-
TOMOOMUJISI C YBEJIIMYEHHUEM €T0 CPOKa CIIY>KObI. ITO 00YCIOBICHO B MEPBYIO OUYEPEb
POCTOM KOJIMYECTBA MOJOMOK M MPOCTOEB HAa PEMOHT, YTO COKpPAILAET CPETHETr00-
BOI mpoOer aBToOMOOWJIs, @ 3HAYUT U MPOU3BOAUTEABHOCTD Tsraya. K Tomy ke cHu-
’KAIOTCS €TO TATOBbIE CBOWCTBA, BCJIEACTBHE YET'0,aBTOMOOMIIb YK€ HE MOXKET Pa3Bu-
BaTh OOJIBIIYIO0 CKOPOCTh, YMEHBIIIAsI TEM CaMbIM, [TPEO0JIEBAEMOE PACCTOSHUE.

JIJis HaX 0K IEHUSI JTAHHOTO KO3 PuIIMeHTa HailjeM OTHOILIEHUE CPETHET010BO-
ro npobera aBTOMOOWJISI i-TO CpOKa JKCMIyaTallMd K MaKCUMalbHO BO3MOKHOMY
cpenHerogoBomy mpobdery (1-ro roga aKcIIyaTamnum):

1

L
B 2o @)

max ’
ch.z.

rae’ —Kod(pGUIUEHT UCTIONh30BAHMS TOABMYKHOTO COCTaBA,;
L. ., —CpeIHEero0BOi HpoOer aBTOMOOWIIS I-TO CpOKa KCILTyaTall|H;

cp.e.

L7 — MaKCUMaITbHBIN, CPETHET0/TOBOM MPOOET JIsl JTaHHOW MapKHU.

cp.2.

Ha pucynke 2 otpak€Ha TuHaMyKa H3MEHEHHUS TaHHOTO Kodd ummeHTa.

mVvolve HMAN MA3

Koapduumentt

CpoK sKkcnayaTtaumm, net

Pucynok 2 — JIlunamuka usmMeHeHus kospduuuenta 7, 1Ji1 BBIOpaHHBIX MapOK aBTOMOOMIIEH

Kak BUIHO U3 pHUCYHKA, C U3BMEHEHHUEM CPOKa AKCILTyaTallMu MOABUKHOTO CO-
CTaBa MPOCIIEKUBACTCS OINpeeIeHHAs TMHAMUKA CHUKEHUS €ro NPOU3BOAUTEIBHO-
CTH B 3aBUCUMOCTH OT Mapku Taraudeid. Takum oOpa3oM, YUUTBHIBas CPOK CITY>KOBI
I1C, MOXHO MPOTHO3UPOBATH €r0 NOTEHIHUAIBHYIO T'OJJOBYIO TPOU3BOAUTEIBHOCTD.
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VY4uuThiBast HOJMy4eHHbIE JaHHBIE, COOCTBEHHHUKH IMOIYYalOT BO3MOXKHOCTh IpHoOpe-
cTid U Haubosiee 3(DPEKTHUBHO HCMOJIb30BaTh CYIIECTBYIOUIUMN MapK TPy30BOT0
TPaHCIOPTa, B 3aBUCUMOCTH OT IUIAHHPYEeMOro 00beMa padoThl, UTO B CBOIO OdYe-
peab CYIIECTBEHHO BIUSET Ha MEpBOHAYalbHbIE 3aTpaThl o npuodperenuto [1C u
ce0eCcTOMMOCTD MEPEBO30K.
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®OPMUPOBAHNE EJINHON NTHO®OPMAIIMOHHOM
CUCTEMBI TTACCAKUPCKOI'O TPAHCIIOPTA

A'B. Kopornes, B.B. IlIxyparos
benopycckuit HaygHO-UCCIEA0BATEIbCKUN MHCTUTYT TpaHCIIOpTa
«Tpancrexuuka», MuHck, benapycs

Breopenue “aémomamuzuposanuvix cucmem RnACCANCUPCKO20 MPAHCNOPMA
Pecnybniku benapyco nocum 10KanbHblli Xapakmep, Ymo He N0o360J51em 8 NOJHOU
Mmepe peaauzosamsv ux nomenyuan. Kax cneocmesue, nem eOuHvIx un@opmayuontsix
u Qunancosvix nomoros. /[na s¢hpexmurnoco u onepamusHo2o ynpasienus mpamc-
NOPMHBLMY NPOYECCamu U npedoCmasienus 00CMoOB8ePHOU U NOIHOU UHGOpMAayUl
naccax)cupam yenecooopasHo 00vbeOUHUmMsb JOKAIbHblE aABMOMAMUIUPOBAHHbBIE
Cucmembl 8 eOUHYI0 UHOPMAYUOHHYIO CUCIEMY NACCANCUPCKO20 MPAHCNOpmA.

Ha coBpeMeHHOM 3Tare MOXHO paccMaTpyBaTh CIEMYIONTUE HAMPABICHUS I0-
BhITIICHUS 2((HEKTUBHOCTH MACCAKUPCKOTO TPAHCIIOPTA:

1) oprann3oBaTh CUCTEMAaTHUYCCKUI YUET U aHAJIH3 MTACCAKUPOIIOTOKOB;

2) Ha OCHOBE M3yUEHHSI TTaCCAKUPOIIOTOKOB ONITHMHU3HPOBATH MApIIPYTHYIO CETh,

3) yBsi3aTh MEXKIy COOOW pacluCaHUs Pa3IUYHBIX BHUIOB MACCAKUPCKOTO
TPaHCIIOPTA,;
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4) co3naTh CHCTEMY B3aMMOPACUYETOB MEXKAY YIaCTHHKAMH IPOIEcca ePEBO30K
acCcaXHpoB;

5) BHEIPUTH €MHBII HHCTPYMEHT ISl OTUIATHI TIPOE3/1a Ha TPAHCIIOPTE;

6) opraHn30BaTh B3aMMOJICHCTBUE MMEIOIIUXCS aBTOMATU3UPOBAHHBIX CHCTEM
Ha MacCaXHUPCKOM TPAHCIOPTE CO BCIIOMOTATENBHBIMH CHCTeMaMu (cucteMa BHIEO-
JIETEKTUPOBAHUS JOPOKHOTO ABMXKCHHUS, CUCTEMA YIPABICHUS JOPOKHBIM JIBUKEHU-
€M, CHUCTeMa YIpPAaBJICHUS IUIATHBIMU MapKOBKAMU U CTOSIHKAMHU, CHCTEMa OpUEHTH-
pPOBaHHS U HaBUTAIMH U T.].).

B cdepe maccaxupckoro tpancnopra Pecriyonuku benapycs GyHKUMOHAPYET psint
aBTOMATU3UPOBAHHBIX CUCTEM, KOTOpPbIE HANpPABJICHHbBI HA JUCIICTUYCPU3AIINIO U YIpaB-
JIeHHE MePeBO3KaMH, OIUIaTy Mpoe3/a, OpOHUpOBaHKE U MpoJaxy OmsteToB (puc. 1).

AeTomMobBUABHBIN TRARCNOPT HWenesroAopoKEbIE
w 3T TRaHCNORT:
ABTOMATHAHpOBANHAR CreuuanoHan AsTOMaTMIMPOBAHHARA ABTOMETMZMPOBaHHAA
R KOMMNBIOTEPHERA cHUcTEME CHCTEMS YAPESBNEHWA
RO cUCTEME . AMCNETYEPCKOM oBCMyHRMBAHKUA
Yl eriin UEHTPaRM30BaHHOK UEHTPanM3aLMuK MaccammnposK/g,
npogaki Buaetos GHemar TpaHCcnopTa
ABTOMaTH3HPOBaHHAaA

ABTOMATH3MPOBAHHAR RIS S AATRl

CHCTEME ONIETE! U KOHTPONA Npoesa &

EGHIREIRE S0 Noesax ropoACKMX

JMHMW

Pucynok 1 — ABTOMaTu3upOBaHHBIE, CUCTEMBI TACCAKUPCKOTO TPAHCIIOPTA

ABTOMaTHU3UPOBAHHBIC CHUCTEMBI PEIIAIOT OCHOBHBIC 3aJa4M, CTOSIIUE IEpe]
MACCaXUPCKUM TPAHCIIOPTOM, OHAKO UMEIOT psii HepocTaTKoB (mpobiem) (Tadm. 1).

Tabmuna 1 — 3agaun 1 HeAocTaTKu (MPOOJIEMbI) aBTOMAaTU3UPOBAHHBIX
CHCTEM MaCCaXUPCKOT Q. TPAHCHOPTA

HaunmeHnoBaHme
Henocrarkn/
aBTOMaTI/IBI/IpOBaHHLIX BBIHOJIHSICMBIG 3a1a4uu
crCTeM POOJIEMBI

ABTOMOOUIIBHBIN U TOPOACKON DJIEKTPUUECKHNA TPAHCTIOPT
ABTOMaTHU3MPOBAHHASL CHC- (OniepaTUBHBIA KOHTPOJIb U yIipaBie- |[OTCYTCTBUE CBSI3U MEXKITY CUC-

TeMa JIUCTIETUYEPEKOTO HUE MMACCAKUPCKUM TPAHCIIOPTOM;  |T€MaMU Pa3HbIX MEPEBO3UYUKOB,
ynpasineHug (AC1Y) IJIAHUPOBAHUE NTACCAKUPCKUX II€pe- |APYTUX BUIAOB TPAHCIIOPTA U
BO30K U 00ecIieueHne PerysIPHOCTH [TOPOJICKUX CITYXKO;
JBHKCHUS OTCYTCTBUE OHJIANH-

pa3paboTKa pacrvcaHHid, TOBBIIIE- |YIPABICHHS MACCAKUPCKIM
HHUE KOHTPOJIS U y4Y€Ta BBIIIOJHEHUS |TPAHCIIOPTOM,

TPAHCIOPTHOM paboTHT, HE BCE MPEyCMOTPECHHBIC 3a]1a-
I/IH(l)OpMaI_[I/IOHHOe O6CCHC‘-I€HI/IG mac- (4M BBIIIOJIHAKOTCS UIJIN BBIIIOJI-
Ca)XMPOB HA OCTAHOBOYHBIX ITYHKTAX; |HAIOTCS (HOPMAIBHO
nHPOPMAITMOHHOE 00ECTICYCHHUE T1ac-
CQKHMPOB B TPAHCIIOPTHBIX CPENICTBAX;
NpeJ0CTaBICHIE OTYETHON HHDOP-
Manuy 1o uToraMm pa6OTBI BOOUTEC-
JeW ¥ IPENPUSITHS B TIEJIIOM
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[Tponomkenne Tabnuipt 1

ABTOMOOWJIBHBIN M TOPOJCKON AIEKTPUICCKUN TPAHCTIOPT

ABTOMaTH3MPOBAHHASL CHC-
TeMa OIUIaThl U KOHTPOJIA
npoesaa (AC OKII)

Kontponb omnatel npoe3na,
ruOkas TapudHas IOJIUTHKA;
MPEI0CTaBICHUE BO3ZMOXKHOCTH OII-
aThl IPOe3/ia €AMHBIM HHCTPYMEH-
TOM;

AMUCCHSI TPAHCIIOPTHBIX KapT, Mep-
COHanM3alus 000pYIOBAHUS CUUTHI-
BaHUsI U KOHTPOJISI TPAHCTIOPTHBIX
KapT;

(dbopMHUpOBaHHE aHATUTHYECCKOU OT-
YETHOCTHU

OtcyrcrBre auddepeHupo-
BaHHOW OILIATEI,

OTCYTCTBHUE €ITUHOT'O UHCTPY-
MEHTa OILIaTHI;

JOKAJIIHOCTh CHCTEMBL 1 CIIOK-
HOCTh MacIITaOUpOBaHMS

CnenuanbHasi KOMIIBIOTEP-
Had CUCTEMa I_[eHTpaJII/I30'

BaHHOW MPOJaXH OUJICTOB
(CKO)

KoHIeHTpamus pacnucanus JBHKe-
HUS aBTOOYCOB B eIMHOM 0a3e;
nH(popmanmoHHoe obecrieueHue
MacCcaXMPOB O PACITUCAHUHU, HAJH-
YUK CBOOOHBIX MECT, CTOMMOCTH
omera;

npojaka OUJIETOB

CucreMa 1j11 OJHOIO BUIA
TPAHCIIOPEA;

OTCYTCIBYET B3aHMOpacueT Me-
Ky YIaCTHUKAMU CUCTEMBI,
HET B3aUMOJICHCTBUSI C IPYTUMHU
CUCTEMaMHU MPOJaKH OUIIETOB

2Kene3Ho10poKHbIM TPaHCHOPT

ABTOMaTH3MPOBAHHASL CHC-
TeMa JUCIETYEPCKON 1EH-
Tpanu3auuu «Heman»

OnepaTuBHBIN KOHTPOJIb U yIIpaBiie-
HUE IBUKCHHEM IOE30B,
peanu3aiys mIaHOBOTO rpaduka
JBUKCHUS TIOE3/10B,;
JUCTAaHLIMOHHBIN KOHTPOJIb, YIPaB-
JICHUE U BBISBICHUE

IPEJOTKA3HOTO COCTOSIHNS OOBEKTOB

BHenpena He Ha Bcell TeppUTO-
puu pecryOuKy;

OTCYTCTBYET CBSI3b C CUCTEMaMHU
JUCIIETYEPCKOTO YIPABICHUS Ha
JIPYTUX BUJIAX TPAHCIIOPTa

ABTOMaTHU3MPOBAHHASL CHC-
TeMa OIUIaThl U KOHTPOJIS
IIpoe3Jia B oe3aax ropoj-
ckux guani (AC OKII)

AHaAJIOTMYHO CHUCTEME HA aBTOMO-
OMJIbHOM TpaHCHOpTe

AHAJIOTMYHO CUCTEME Ha aBTO-
MOOWMIIBHOM TPaHCIIOPTE

ABTOMaTU3MPOBAHHASL CHC-
TeMa yIpaBJIeHHUS 00CITy-
KMBAHUS MTACCAKHUPOB HKe-
JIE3HOJJOPOKHOTO TPAHC-
mopta (ACY «Oxkcmpecc»)

ABTOMATH3AIUS OMIIETHO-KACCOBBIX
onepauuii;

MOJTyYCHUE CTATHCTUYECKON OTYeT-
HOCTH 110 ITACCAKUPCKUM TTePEBO3-
Kam,

(dbopMupOBaHUE eTUHOM 0a3bI 10
pacnucaHuio, HATHIHUIO CBOOOTHBIX

MECT, CTOUMOCTH OUJIETOB

CucremMa g OQHOTO BHIA
TPAHCIIOPTA;

HET B3aUMOJCHCTBHUS C JPYTUMU
CHUCTEMaMH IMPOJIaXKH OUJICTOB

OcHOBHOM, Tp061eMO aBTOMAaTU3MPOBAHHBIX CHCTEM Ha MAacCaKUPCKOM TpaHC-
IIOPTE SABISETCS WX HEAOCTATOYHOE B3aUMOJEHCTBHUE APYI C JAPYIOM M C IPYTMMH
CMEXKHBIMU/CHCTEMAaMHU, a B OTIEJIBHBIX CIIY4asiX UX IOJIHAs aBTOHOMHOCTb.

CucteMBl omaTsl U KOHTPOJISI IPOE3/1a B OE€34aX TOPOJACKHUX JIMHUM U TTOJBUXK-

HOM, cocTaBe ['Tl «MuHCKTpaHC» UMEIOT CBSI3b JIUIIb HA YPOBHE HOCUTENS HH(POpMa-
i (GeckoHTaKTHas KapTa), cojaeprkaiieM HHGOPMAIHIO0 O MPUOOPETEHHBIX MPOC3/-
HBIX OMjIeTax, HO HET €UHOTO Mpoe3THOTo Omiera. CUCTeMbl PO OUIIETOB Ha
aBTOMOOMIIEHOM U JKEJIE3HOIOPOKHOM TPAHCIIOPTE aBTOHOMHBI JIPYT OT JApyTa.

B kadecTBe mHCTpyMeHTa JJIsl perieHus 0003HaYeHHBIX MTPo0IeM Ha Maccaup-
CKOM TPaHCHOPTE MOXXHO pacCMaTpUBaTh CO3JaHUE €AMHOW MH(POPMAITMOHHOM CHC-
TEMBI TACCAKUPCKOTO TPAHCIIOPTA, HA OCHOBE MH(GOPMAIIMOHHOTO B3aUMOICHCTBUS U
MHTETPAIMK CYIIECTBYIOIIMX JIOKAJIbHBIX CHCTEM (pHC. 2).
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EOWHAA UHLPOPMALIMOHHAR CUCTEMA MACCAXUPCHKOIO TPAHCMOPTA

/ OCHOBHOW BNOK \ / BCMOMOTATENBHbIA BNOK \
e

CneuuanoHan ABTOMBTUZMPOBaHHAA (- S\ <
KOMMbIOTepHaR cuCTEMa Ynpasnesna ABTOMETH3MPOBEHHSEA CucTEMS yrpasneHus
cHCTEMa obcnymueanna GHCIoN HIASTEEINA
LEHTPAAM3083HHON naccaMMpos #/a BUAE0OETERTHPOEEHMA asTOgOpOrami
npogawu BaeTos L TpaHcnopTa J AOPOKHOND ABUHEHWA (ynmu@nm)
AsTOMaTUzMpOBaHHER ( )
AsTOMaTHIMPOBaHHEA
SR ABTOMETUIMPOBaHHEA o i
CHUCTEME e P Cucrema koHTPOARA
AMCNETUEPCKOrO chcTEMa YpaBneHA [OPOMKHOR CETH
yhpasnesms HEHTDIGaLLN DOPOMHBIN ABUKEHMEM
\_ i 1\ «Hemar» p, \_ )
ABTOMaTH3MpOBaHHAEA a Q

ABTOMEITHBMDOBE!HHSF! CHUCTEMSI ONAZTHL W CucTema

CucTema ynpasaeHua
cucTema OnAaTE! 1 KOHTPONA Npoesga 8 : g

nAaTHbiMM naproekanil, L b ity
KOHTPONA NPOe3aa NOE3AaX rOPOACKMX croan T Basuraumm

- =\ A >

Pucynok 2 — Cxema equHoi nHGOOPMAIIMOHHOW CHCTEMBI TTACCAKUPCKOTO TPaHCIIOpTa

Enunas uHpopmaonHas cucreMa MaccakKUPCKOTO TPAHCIIOPTAa MOXKET ObITh
CO3/IaHa KaK B I'PAHUIIAX OTIEIBHON TEPPUTOPHUATHLHON eMUHUILI (Topoj, paioH, 00-
JacTh), TaK U B MPEJIEIax PECIyOInuKH.

Hnsa 3 dextuBHOrO (HyHKIMOHUPOBAHUS CUCTEMBI HEOOXOAWMO OMPEICIIUTh
oreparopa cucteMbl. OnepaTopoM CUCTEMBI MOXKET ObITh ONIEPATOP ABTOMOOMIIBHBIX
MEPEBO30K WM ONEPATOP IIEPEBO30OK MACCAXKUPOB TOPOJACKUM DIIEKTPUUECKUM
TPAHCIIOPTOM U METPOIOJIUTEHOM, KOTOPbIE B COOTBETCTBUM ¢ 3aKOHOM PecmyOnnku
benapych ot 14.08.2007Ne 2783 «O06 aBTOMOOHMIEHOM TPAHCIIOPTE U aBTOMOOHJIb-
HBIX MepeBo3kax» u 3akoHOM Pecnyonuku benapyck ot 05.05.2014\e 1413 «O ro-
POJICKOM 3JIEKTPUYECKOM TPAHCIIOPTE U METPOIOIUTEHE» OCYLIECTBISIOT (HOPMUPO-
BaHHUE CXEMbl MapILPYTHOW CETH, U3YyUEHHUE MACCAKUPONIOTOKOB, KOOPIMHALIMIO pac-
NUCaHU TuOO0 MHTEPBAJIOB JBIKEHUS M JIpyrue (PYHKIMU MO OTHOLIEHHUIO K TMacca-
KUPCKOMY TPAHEIIOPTY+

Hcnonp30Banue eauHONW WH(OPMALMOHHONW CHUCTEMBI MAaCCAXHUPCKOTO TPaHC-
MopTa NPEJOCTABUT BO3MOKHOCTH!

3aKaguuKaM NacCaKUPCKUX MEPEBO30K — ONMPEALISTh MOTPEOHOCTh B MEPEBO3KE,
IUIAHWPOBATh OFO/KETHBIE CPEACTBA HA MACCAKUPCKUIM TPAHCHOPT, KOHTPOIUPOBAThH
BBITIOJTHEHHE TPAHCIOPTHOU pabOThl, KOHTPOJIMPOBATH KAYECTBO U YPOBEHb Oe30mac-
HOCTH TIPEIOCTABISIEMBIX TPAHCIIOPTHBIX YCIIYT;

IIEPEBO3YMKAM — IUJIAHUPOBATH CBOIO TPAHCIIOPTHYIO pabOTy C y4E€TOM JIPYTUX
YYaCTHUKOM TIpOLiecca MEPEBO3KM U MMEIOUIErocs MacCaKUpPONOTOKa, ONEpPaTUBHO
yIOPaBJIATh U KOHTPOJUPOBATh COOCTBEHHBIA MOJBUXKHOM COCTaB C Y4YETOM BCEX
BIUSIOIIKUX (PAKTOPOB, MPU HAJIUMYMHM CHUCTEMBI B3aMMOPACUETOB YINPOCTUTH (PUHAH-
COBBIE MMOTOKH, TTOBBICUTH 0€30MAaCHOCTh U CKOPOCTh MEPEBO3KH;

MAcCCaKUpaM — MOTYy4aTh aKTyaJbHYI0 HH()OPMALIMIO O pACIMCAHWH, HAJTMYMHU CBO-
OO/HBIX MECT U CTOMMOCTH OWJIETOB Ha BCE BH[bI TPAHCIIOPTA, MCIIOIB30BATh €MHBIMI
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WHCTPYMEHT OILIaThl Tipoe3/ia (€IMHBIN MPOS3THON JOKYMEHT), BEIOPATh ONTHMAJIBHBIHN
MapuIpyT MOE3AKU U BUJ TPAHCTIOPTA C YIETOM WHAWBUAYAbHBIX TPEOOBAHU.

dopmupoBaHue eAUHON HWH(OPMALMOHHONW CHCTEMBbI MACCaKUPCKOTO TpaHC-
OpTa MO3BOJIUT MOBBICUTH €ro 3((HEKTUBHOCTh, CHU3UTH CE0ECTOMMOCTH MEPEBO30OK
Y ONITUMHU3HUPOBATH OIOJI’KETHBIE PACXO/IBI.

YK 656.1, 656.022, 656.025.6, 656.072

NH®OPMALUOHHO-PEKJIAMHASA CUCTEMA IS
OBIIECTBEHHOI'O TPAHCIIOPTA “2JIEKTPOHHBIU TU/T":
COBOKYIIHOCTb GPSMOHMTOPOB, CEPBEPA YIIPABJIEHUSI
N MOBHWJIBHBIX ITPUJIOXKEHUN

®.M.Tpyxaues, A.1.I'yropoB
['VBIIO benopyccko-Poccuiickuii yausepcuret, Morunes, benapych

Paspabomana cucmema «3Onekmponnusiti 2ud» 015 06UecmeeHHO20 MPAHCNOPMA.
COBOKYNHOCHb UHPOPMAYUOHHO-DEKTIAMHBIX MOHUMOPOE, YCMAHABTUBAEMbIX 6 CATIOHbL
aemobycos (mponnei6ycog u 0p.), YnpasisieMblxX € YeHmpaibHo2o cepsepa. Monumopet,
8 ABMOMAMUYECKOM pedcume nepeoarom 6udeQ-axKyCmuyecKyio uHpopmayuio o map-
wpyme (mexyujee Memononoxcenue u OAUNCAUUIUE OCMAHOBKU), 2€0PEKIAMY, NPOSHO3
no200vl, Kypcul eanom u op. Monumop ‘ebinonnaem gpyukyuro GPSmpexepa u euoeope-
2uCmpamopa, ¢ 603MOACHOCMbIO NePedaull KKApMUHKU» HA cepeep 8 PedibHOM 8peme-
HU, 4MO MOXMCem UCNONIb308ambCA. cneyuanohbimu cayxcoamu. Cepsep ananuzupyem
uHghopmayuro 0 NpooKax, 4mo NONE3HO_OMIsl CIYHCO 20pooda.

BBenenue

Konnenmumst ymusiti 20p00 BKIIOYaET B ce0s Pl COCTABJISIONINX, TaAKUX KaK:
sHeprodPpheKTUBHOCTL; I PeKTHBHAs TpaHCHoOpTHas HHGpACTPyKTypa, dPdeKkTus-
HOCTh KOMMYHAJIbHBIX M WHEHEPHBIX CHUCTEM, IMPUBJIEKATEIBHOCTD AJISl TYPUCTOB U
WHBECTOPOB, YAOOCTBOWAIS kuTeneil ropona. Takke akTyalbHOH SIBISETCSA 3aqada
oOecnieueHns o0LIECTBEHHON Oe3omacHOCTH. [loyiHas uMIuIeMeHTausl KOHIENIUNA —
JOPOTOCTOSIIAS 3a7aua, KOTOPYIO B COCTOSIHUM PEIIMTh METAIOJIMCHl CTPaH C pa3BU-
TOM HayKo#l, UAGOPMALIMOHHBIMU TEXHOJIOTUSIMHU U AP.

31ech MBL. OCTAaHOBUMCS Ha PELIEHUM 3aJa4d CO3JaHUSl €YMHOT'0» OOIIECTBEH-
HoTorTpaHeopra. O6mecTBeHHbIN TpaHcopT (nanee OT) — KIFOYEBOM JIEMEHT WH-
(bpacTpyKTypbl COBPEMEHHBIX METrarnoIicoB, OCHOBHAS 3a/1aya KOTOPOro — IIepEeBO3Ka
naceas)kupoB. OmHAKO, UCIONb3Yys COBPEMEHHBIE TEXHOJIOIMH, MPEICTABIAETCA BO3-
MOKHBIM DPAcKpbITh MHGopManmonHbiii norenuuan OT, TeM caMmbIM CyIIeCTBEHHO
MOBBICUTH 3PPEKTUBHOCTH U YIOOCTBO €r0 UCIOIH30BAHUS.

ITpouecc nepenaun nHPopMauuu 00 OCTAHOBOYHBIX MMYHKTAaX aBTOMAaTU3UPOBaH
B HEJIOCTAaTOYHOM cTeneHW U TpeOyeT yyacTusi Boautens. Kpome Toro, maccaxupsl
MOJTy4aroT UH(POPMAIIMIO TOJIBKO O TEKYIEH U cienyroiei Touke mapupyra. Co3na-
HUE CUCTEMbI aBTOMATUYECKOTO OINpPEAEIECHUSI OCTAHOBOYHBIX IMYHKTOB C UCIOJb30-
BanueM TexHosoruii GPS, GLONAS103B0UT 001€TYUTh pabOTy BOAUTEIIS.
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OT monb3yroTcs TypUCTHI, pa3pabOTKa U BHEAPEHHE COBPEMEHHBIX HMH(pOpMa-
[IUOHHBIX TEXHOJOTUH Ul TPAHCHIOPTAa MO3BOJIUT Pa3BUTh UH(PPACTPYKTYpPY TypHU3-
Ma, MIOBBICUTH CTENIeHb NH(POPMATU3ALIUU B TOPOJE.

XKutemu roposoB, KOTOpbIE MOTYT Toiy4arh real-timeundopmanmio o MecTo-
IOJIO)KEHUU OOBEKTOB OOLIECTBEHHOI'O TPAHCIOPTA 4Yepe3 MHTEPHET OyAyT Jydlle
IUTAHUPOBATh MApUIPYT U PallMOHAIBHO MCIOJIb30BaTh pabouyee BpeMsi, YTO OTpa3uT-
Csl HAa IPOU3BOUTEIBHOCTH TPYAQ.

OT npennonaraercs UCIONb30BaTh B KAUE€CTBE MCTOUYHMKA MH(POpPMAIUMKU O CO-
CTOSIHUHA TPAHCHOPTHOW CUTYallMM B T'OPOJAE, @ TAKXKE B KA4eCTBE CHCTEMBI Iiepe-
JBUKHBIX KaMep BUICOHAONIOACHUS, MHPOPMAIHIO C KOTOPHIX MOXKHO TOJYyYMThH B
peasibHOM BpeMeHHU. lloBbilieHNE 0OIIECTBEHHON 0€30IacHOCTH,— BaXkKHas 3a/1auya,
AKTyaJIbHOCTh KOTOPOM B IOCJIEIHEE BPEMS ITOBBIIIAETCS.

AKTyaJbHBIM TAKX€ SIBISIETCS CO31aHUE HOBOW PEKJIAMHOM IJIOIIAJIKY C ITOTEH-
UaJIbHO IIMPOKON ayJUTOPUEH C IIUPOKUMHU BO3MOKHOCTIMUKOHTPOJISI PEKIAMHO-
ro KOHTEHTa (IpUBS3Ka PEKIAMBI KO BPEMEHHU H K MECTOIOJIQKECHHIO).

1. CocTosinne npoo1eMbl

[Tpobaema nHGOpMUPOBaHUS NAaCCaXXKUPOB EOIECTBEHHOIO TPAHCIIOPTA pelleHa
K HACTOALLEMY BPEMEHHU HECKOJIBKUMHU CIIOCOOAMMU

1.O0®bsBIEHNE BOUTENEM OCTAHOBOYHBIX ThyHKTOB 110 TPOMKOM CBsI3U. J{aHHBIH
croco0 B HACTOSIIEE BPEMsS HE HCIOJIb3YETCs;, TOCKOIbKY HE MOYKET O0ECHEedHTb
BBICOKOE KauecTBO Iepenayd HHG(OpMalnu, KpoOMe TOro, B 3HAYUTEIBHOM Mepe
OTBJIEKAET BHUMAHNE BOJUTEIIS.

2.1ludpoBoe BocmpousBeneHue “UHGOPMALIMM O MapUIPYTE C KHOMOYHBIM
yIpaBIEHUEM. DTOT CHOCOO SABIIACTCHNJIOTMUECKUM IPOJIOJDKEHUEM MPEABIIYLIETO,
o0OecreunBaeT BBICOKYIO pa300pUMBOCTh pedeBoil MH(OpMaLNU, a TaKKe o0erdaer
paboty Boautens. Tem He MeHEE, cucTeMa TpeOyeT pyuyHOTO YIIPaBJICHUS.

3.BeiBox TekcToBOM MH(pOpManuu Ha MH(OPMAIMOHHBIE TAabJO ¢ KHOMOYHBIM
yrpasieHrueM. JJaHHbI METOH TWO3BOJISIET BHIBOIUTH MH(POPMALIKIO B TEKCTOBOM BH/IE,
YTO aKTyaJIbHO AJI1 CAa0OCHBIIAIMX MACCaKUPOB U B LIEJIOM MOBBIIIAET Ka4eCTBO
ucnonb3oBanuss OT, BTOCOOEHHOCTH B 3UMHMU MEPHOJ U B TEMHOE BPEMsI CYTOK.
CucreMa mpenmnosiaracT py4yHoe WM aBTOMATUYECKOE yIpaBiieHHWe. B yacTHOCTH, B
noe3nax kommanuun Stadler, kypcupyromux B MwuHcke ¥ MuHCkoM o00nacty,
YCTaHOBJICHBI MH()OPMAMOHHBIE SKPAHbI C aBTOMATHUECKUM YIIpaBlieHueM [1].

Bce yxa3aHHblE crnocoObl HMH()OPMHPOBAHMS IACCAXKUPOB OOLIECTBEHHOIO
TpaHCIOpTa 00JANAI0T PSIAOM HETOCTATKOB, TTIABHBIMHU M3 KOTOPBIX SIBJISFOTCS

a) HU3Kas MH(OPMALIMOHHAS HACKIIIIEHHOCTS,

6),y9acTre BOIUTENsI B YIIPABICHUN CUCTEMON;

B) mepenavya nHPOpMAIH Ha OJHOM SI3BIKE.

2. CucreMa «JIeKTPOHHBIN U

B npemaraemoii pabote onrcaHa HOBasi aBTOMAaTU3MpPOBaHHAs MH(POPMAIMOH-
Has cucTteMa <«OIEKTPOHHBIA TU» AJ O0IIECTBEHHOTO TPAHCIIOPTa C PACIIUPEHHBI-
MU BO3MOXXHOCTSIMHU. B ocHOBe nH(popManinoHHON cuctembl Jexat Texnonorun GPS,
I'N'TAHHAC. DneMeHThl cUCTEMBbI pabOTalOT MO YIIPaBICHUEM OINEPAIIMOHHBIX CHC-
tem Android u Windows. Pazpabotannasi cuctema MOXeT paboTaTh KaKk MCTOYHHK
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JaHHBIX O TIOJIO)KEHUHM TPAHCIIOPTHBIX CPEACTB JUIS TUCIIETYEPOB aBTOMAPKOB [2],
MOCKOJIbKY UCTOJIb3yeT 35ieMeHThl ¢ GPSu 3G moaymsimu.

HubopManoHHO-peKIaMHas CUCTeMa «DIEKTPOHHBIN THI» MPEACTABISET CO-
00l COBOKYMHOCTh MH(OPMALIMOHHBIX SKPAHOB B TPAHCIOPTHBIX CPEACTBAX, YIPAaB-
asroux yerpoicts ¢ moayisimu GPSu 3G, ycraHoBiIeHHBIX B KaOWHE BOIUTENS, a
Takke ceppepa, coaepxaiiero CYB/l u cpeacTBa aiMUHUCTPAIIMHA CUCTEMBI.

NupopmaninoHHbINA SKpaH — yJapONpPOYHBIN KUAKOKPUCTATUIMIECKUH (AUCTLICH
pasmepom 20 — 3010iMOB, CTAIIMOHAPHO YyCTaHABIMBAEMBbI B cajloHE aBTOOyca
(Tpomneitbyca ® T.0.), NpeIHA3HAUYCHHBIA IS OTOOPaKCHHS . BU3YAIbHON
uH(pOpMallMK O MapIIpyTe U APYroi nHGOpMALIUY.

Yupasinsomee yctpoictBo — 0ok non ympasinennem OC<Android (Linux),
KoTopblii Ha ocHoBe GPS nmaHHBIX BbIaeT Ha WH(POPMAIMOHHBIN SKpaH HE0OXO-
AUMYyI0 HH(GOpMaInio. YTpaBisioliee yCTPOMCTBO MOXKET NepeaaBaTh HH()OPMALIHIO
O MECTOIOJIO)KEHUH M CKOPOCTH TPAHCIIOPTHOTO CPEACTBAa HA \LOJOBHOH cepBep
oreparopa TPAHCIOPTHBIX CpeAcTB (aBTOOYCHBIN mMapk u (ap.), mocpeactsom 3G
KaHalla CBS3W. YNPAaBJISIONIEe YCTPOWCTBO MOXkeT paberath B Offline pexume mpu
orcyrcTBuu 3G KaHamna CBA3HM.

[lenTpanpHBIN cEpBEp — cepBep, 0OpadaThBaIOMUKA HHPOPMAIIHIO O MECTOIIO-
JIO’)KEHUHW TPAHCIIOPTHBIX CPEACTB W IMPEACTABISIONIUIN €€ aBTOPH30BAHHBIM KIIMCH-
tam. CepBep TaKKe CONEPKUT CPEJCTBA YIpaBlieHWs 0a30i JaHHBIX, COJEpKaIleH
BCI0O MH(POPMAIMIO O MaplIpyTax, KOTopas MOXKET ObIThb 0TOOpakeHa Ha MH(pOpMa-
IIMOHHBIX JKpaHax. KimeHTaMu MOryT OBITB J1H00BIe ycTpolicTBa (MOOWIIBHBIC WM
CTallMOHAPHBIE), IOJKIFOUYEHHBIC K ceTH nHTepHeT. [IpaBuia nocryna k nHbopmamuu
Ha CepBepe yCTaHaBIMBAET aIMUHUCTPATOP CepBepa.

3. DJ1eMeHTBI CHCTEMBbI

3.1. UndopmanuoHHbIH IKpaH

WHpopmalMoHHbIE SKpaHbly, YCTAHABIMBACMbIC B CAJIOHBI aBTOOYCOB (TpoJsuiek-
OyCOB | JIp.), SIBJISIFOTCS OCHOBHBIMICPEIICTBOM IEpeiayy BU3yallbHONW HMH(DOpMAIUH.
Brenrnwmii Bua nHGOpMaImOHHOFO dKpaHa MpeCcTaBeH Ha pucyHke 1.

M MOFUNEBCKUA ‘ YYUNULLE AWATHOCTUYECKUA

PbIHOK KYNbTYPbI 2 LIEHTP
.

3ENEHbLIA nyrg
PABOUNIA MOCENOK Q
OAO "PEMOHTHbIA 3ABOA™
FONMKIMHUKA Ne11\ XK. BOK3AN ABTOBOK3AN MOCTMHMULIA
RAILWAY BUS HOTEL
XnEB3ABOA &) STATION STATION

yn. NA3APEHKO

I 7772772%Z
T R85888RTE
£ 3%BGRARI

B

Ko A
ooooooo

Pucynok 1 —MudopmarmonHslii 3xpaH ¢ auaronansio 22-30 aioitMoB

Ha skpane oroOpakeH MapHIpyT CI€AOBaHUS, TEKyIIas U JBE CIEAYIOLIUE OC-
TAHOBKH, KapTa ropoza u jp. [Iporpammuoe obecneuenue, aBromarnuecku (mo GPS
JIAHHBIM) OIIPEJIENIIET MECTOIOJIOKEHUE TPpoJuieiiOyca (aBToOyca) U BU3yalbHO TO/I-
CBEUYMBACT TEKYIIYIO U CIICTYIONINE OCTAHOBKH.
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HenocpeacTBeHHO Ha OCTaHOBKaxX Ha KpaH KPYIMHBIM HIPU(PTOM BHIBOIUTCS Ha-
3BaHUE OCTAHOBKH (Ha HECKOJBKHX s3bIKax). Ha meperonax Mexmy CTaHIMSIMHU Ha K-
paH MOKET ObITh BbIBEICHA BUICOMH(POPMAIUS O KYJIbTYPHBIX U aPXUTEKTYPHBIX 00b-
€KTaX, pacrojI0KEeHHbIX MOOJM30CTH OT OCTAHOBOK MapuipyTa, a Takke HHpopMaIus
0 TOCTUHHMIIAX, CIOPTUBHBIX COOPYKEHHUAX, BOK3aJIaX, IPOTHO3 MOTObI, KYpChl BAJTIOT
u 1p. Kpome Toro, peknamuas uHdopmarus (Marasusbl, kade, pecTopaHbl) MOXKET
ObITh BbIBE/ICHA B MPUBA3KE K MECTHOCTH M BpeMeHu. Hampumep, 1HEM MOXKET BBIBO-
JIUTHCS peKiaMa pecTopaHa, pachoioKEHHOT0 OKOJIO JAHHOM OCTAaHOBKHU C OOCACHHBIM
MEHI0, @ BEUEepPOM pEKJIaMa TOT'O K€ PECTOpaHa ¢ BeUepHEN NpOorpaMMO A Tl

3.2.PacnoJio:xxenne HHGOPMAMOHHOI0 IKPaHA

VYcTpolcTBO pacmonaraloT Tak, YToObl SKpaH ObUT BHUJIEH AlacCakKUpam, Harpu-
Mep, B MiepeiHel yacTu aBToOyca (Tposuieiidyca), Kak Ha pUCyHKe, 2.

Pucynox 2 —IIpumepHoe pacnofoxeHnue nH(GOpMaImoHHOT0 KpaHa B CAJIOHE aBTOOYyca
3.3.llenTpaabHblii cepBep M KIHEHTHI

HNudopmanys 0 MECTONOIOKEHUN KaXXIOTO TPAHCIIOPTHOTO CPEACTBA MOMKET
nepeaBaThCsl Ha AUCIIETYEPCKUI MYHKT B aBTONAPKE B PEKUME PEAIbHOTO BPEMEHH
yepe3 3G kanan csasu (pexxum GPStpekepa). MHpopmalius ¢ eHTpaIbHOTO CepBe-
pa MOKET IepenaBaThes KIMEHTaM, B KA4eCTBE KOTOPBIX MOTYT BBICTYNATh JIIOObIC
YCTPOICTBA, MOJAKIIOYEHHBIE K CETH HMHTEpPHET. AJMHMHUCTPALMS TPAHCIOPTHOTO
MPENNPUATHS OTIPEASIAET MpaBuiia JOCTyNa K cepBepy. MiMeeTcss BO3MOKHOCTH Tie-
penaBath JaHHYI0 MHGOpPMAIMIO Ha CMapTQOHBI IMOJIb30BATENECH Yepe3 MHTEPHET.
Cucrema FaxKe BHITIONHACT (PYHKIMIO BUICOPETUCTPATOPA C BOZMOXKHOCTBIO Tepe-
Ja9n_«KapTHHKK» Ha CEpBEP B peajJbHOM BPEMEHH, YTO MOKET HCIIOIh30BAThCS CIIe-
nuanbHBIMI ey x0amu. CepBep aHanu3upyeT HHPOPMAIUIO O MPOOKax, YTO MOJIE3HO
0T, ciy>KO Topoza. [IMmOoTHBIN TPOEKT CHUCTEMBI «IJEKTPOHHBIA THA» BHEIPEH B
TpouelioycHom mapke Ne 1 ropoga Morunesa.

Cnmcok ureparypsl

1. Capsupos, H. HoBslit hopmar maccakupckux nepeBo3ok / H. Capsupos // Hayka u vHHOBa-
rn. HayuHo-tipakTrueckuii xkyprain. — 2011, — 2(96). €. 16-18.

2. CraposoiitoBa, E. Ha HoBbI#1 ypoBens /E. CrapoBoiitoBa // I'azera «Tpancnoprauk Cto-
ey, — 2009. — Bem855.
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4 CEKIIMS

YIIPABJIEHUE TPAHCHHOPTHBIMU IOTOKAMHA

HACTPOMKA AJAIITUBHOI'O YIIPABJEHUS PEI'YJIUPYEMbBIM
IHEPEKPECTKOM

B.B. MnxaﬁHOBl, K.T.H., noueHrt, C.b. C06oneBCKI/II711, K.T.H., JOIIEHT,
All. CHI/ITKOBZ., M.T.H.
lBenopyCCKHﬁ HAay4YHO-MCCIJIENOBATENBCKUM HHCTUTYT TPAHCHIOPTPA « I paHCTEXHUKA»,
Munck, benapyce
THY «O0beiMHeH DI uHcTUTYT ManHocTpoenuss HAH benapycu»,
MuHck, bemapyce

Knwoueswie cnosa. nepekpecmox, mpancnopmHule/ NOMoKUy, Aleopumm, mMooeiu-
posanue, NoaHbIU PaKmMopHbIl IKCNEPUMEHM, UHMEHCUBGHOCHb, YAPAsIeHue

B pabome npeonoosicen ancopumm nonyuenus OAUmeENIbHOCMU CUSHANA YRPAGLEHUS
ceemoghopom 05l 0OOHOYPOBHEBO20 NEPeKPecmKa, CO. CAYYAUHBIMU MPAHCNOPMHBLIMU
NOMOKAMU U PA3TUYHBIMU XAPAKMEPUCMUKAMU GDUKCUPOBAHHBIX 30H 3AMOPMANCUBAHUS
U 0OCMAaHo6KU nepeo HUM.

BBenenue

CornacHo 0030py MHOCIEIHUX AHHOBALMOHHBIX NPOAYKTOB, IPEACTABISEMBIX
Ha PBIHOK IEPEIOBBIX TEXHOJIOTUH, HAPUMED Kak B [1], TpaHCIOPTHOE MPOEKTUPO-
BaHUE HMHTEJUIEKTYaJbHBIX pa3pabOoTOK MPOBOAAT B CIEAYIONIMX HampaBieHUsX (B
MOPSIIIKE CIIOKHOCTH):

- TPAaHCIOPTHO-3KOHOMUYECKHUE HM3bICKAHHUS; -TPAHCIOPTHOE IUIAHUPOBAHUE; -
TPAHCIIOPTHOE MOJEIUPOBAHUE; - UHTEIUIEKTYAJIbHBIE TPAHCIIOPTHBIE CHUCTEMBI.

CoBpemennble GPS =rexHOI0rMY MO3BOJISAIOT C JOCTATOYHON CTENEHBIO TOYHO-
CTH ONIPEAEIATh KOIMYECEBO HAXOMSIIMXCSA HA BBIICICHHOM KOHTPOJIBHOM YYacCTKe
aBTOMOOWJIEH, UX| CpeIHHUE CKOPOCTH, 3aMEIUICHUs, YCKOPEHUs U MHYI0 HH(OpMa-
muto. bonee tore, pupma ADMA-SpeednpencraBmia CrielUANBHBIA JaTYUK TOP-
MO3HOTO YCHIIUS, CONPSDKEHHOTO C BHEIIHUM HMH()OPMAIMOHHBIM YIPaBISIONINM
KOHTYpoM/[2]:

B oToif CBsi3u Hamuume OOJBINOr0 KOJIMYECTBA aBTOMOOWIICH, CTPEMSIIUXCS
pOeXaTh MEPEKPECTOK, TMHAMHYECKUE NTapaMEeTPbl JBUKEHUS KOTOPBIX CIIyHYalHbI U
pa3Ho00pa3Hbl, 3aa4a 0€301aCHOTO U 3(PPEKTUBHOTO YIIpaBIEHUs HECKOJIbKUMU I1e-
peCceKaeMbIMU TPAHCIIOPTHBIMH MOTOKaMH, COPMUPOBAHHBIMU STUMH aBTOMOOMJIS-
MU, SIBJISIETCSl AKTyaJIbHOM. Ba)KHBIM HEIOCTAaTOK MHTEJUIEKTYaJIbHBIX CHCTEM YIIPAB-
JIEHUS MO-TIPEKHEMY SIBIIIETCS OTCYTCTBUE YIPEKIAOLIErO CTPATErM4ecKoro mpo-
THO3UpOBaHUs. B 3TOM ciyyae ynpaBisiOUIUil alrOpuTM TaKOM CHUCTEMBbI CIIOCOOEH
HE HWHTEIUJICKTYyalbHBIM, @ MaTE€pPHAIbHBIM O0pa30M MOBBICUTH  3()PPEKTUBHOCTD
TPAHCIIOPTHON CHUCTEMBI Y€pe3 MAKCHMH3AIUIO CKOPOCTH M KOJIMYECTBA aBTOMOOU-
JIe, IPOE3KAIOIIUX ITIEPEKPECTOK.
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1. lunaMu4yeckasi Mojejdb /AJsi NPOTrHO3UPOBAHMSI JABHKEHHSI OJAUHOYHOIO
TPAHCIOPTHOTO NMOTOKA

TpaHCOPTHBIN MOTOK SABJSICTCS HECTAOUIBHBIM U MHOTOOOPA3HbIM, WH(pOpMa-
U O HEM pecypcoeMKa I HaCTPOWKH MH(POPMAITMOHHBIX ITOTOKOB CTaHIAPTHBIX
KOMAaH/THBIX CUCTEM YIPABJICHHS, & KPUTEPUU KaYECTBA YIIPABJICHUS IPOTHBOPCUUBBI
M JIOPO’KHBIC YCIIOBHSI HENpenckasyembl. [103TOMy MO aHAJIOTUU C TUAPABAMYCCKON
MOJIeTIbI0 ObLTa pa3paboTaHa MOJEb OJWHOYHOTO TpaHCHOpPTHOTro mortoka [3], [4],
npuBeIeHHas Ha pucyHke 1, [2].

HakonneHxue - Asmomobunu Asmonmobunu Bbies@ - "ernus
"Hanop" Va < Va HmL Sa 7 Va >Va lim
2 Hp - wupura
l |
-~ - —H nornocsl
Zb A - konuvecmeo | A /l L i |_:| =
nonoc i 1l I
dsuxeHus == | 1 | /I T l | &3
npu
H‘:KOHHBHUU i E \Hllb Hepeaynupyembil ZpB/- konuyecmso
1 dpoccernb nosnoc
Hemouruk kooo | OsLKEHUA
dasnenus Pesynupyemsii & Ha 6ble3de
nomoxa Opoccens - Mosopom
ceemodbop Hanpaso

Pucynox 1 —O0miast opoxHas cxemMa EPaHCIIOPTHOTO MOTOKa

Ycnosasie nedopmupyembie 00beMbl Wiya, Wag 1 Wat yaactkoB goporu NA, AB
u BT npencrasnens! uepe3 anuny L, mupuny F noporu, konudecTBo moyioc Z v mu-
pHHY OJHOM monockl Hp , T.€.

Whia =EnaZpa Hp, [m® ],
Wig =.0,01 Wi, [M ],
Wit= 100Wia, [M* I1].

[IpomyckHasi CrOCOOHOCTh KaXKIOTO TPAHCTIOPTHOTO CEYCHHS OMPESsIeTCs
«IUIONIA/IbIO TPAHCTIOPTHOFO, TPOCCEIIS»

Faa=Hp Zoa [m 1],
Fzgz Hp ZpB [M H]

YcnoBHOGIaBICHHE HA KPOMKY PACCYMTHIBACTCS M IPHHSTO:
Ps = pr = O [aBTO/M IT],

Pn = Pa = Navto/ Fza, [aBTO/M IT].

Bennunnbl pacxonoB nosry4aror
Qn = Vana Fana = Vana Zoa Hp, [M2 I/c],
Qr =Vaet Fze7=Vast Zos Hp ,[MZ I/c],
Qa =0,0291 B (v — p1)™
Qs = 0,0291 Ry (pa— pn)”°.
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T.H. Mogyns ynpyroctu E onpenensior:

Ena = N avio mad Fza= [I—NA ZpA/(I—a + Sa)] Foa [aBTO/M]-
Eas = 10Eqa,
EBT = OalENA-

JInHaMu4ecKre W3MEHEHHS TaBJICHUI U MMOTOKU B y371aX MOTYT OBITh OMpeere-
HBI, KaK
(4plat)a =Ena (Qn —Qa) / Wiias
(4plat) o =Ena (Qn — Qg) / Wiya, momarast, uto Qa = Qp;
(dplat)s _EAB (Qa—Qg) / Wag,
QN - aNA ZpA Hp,
Qr=Qp = 0,0291 Fe (pn)*".

2. O0bekT ucciaenoBanus. [lapamerpsl moaesn

CxeMa MOJEIMpPyeMOTo y4acTKa JOPOTH IpejcTaBiicHa Ha pucyHke 1. O0bek-

TOM MCCIEJ0BaHUs BBIOpAaH yY4YacTOK JOPOTH C mnapamempamu:. Zpa =3; Zpg =2,;

= 3,5; Lya = 200 m; Wya=2100...1050M21T;, mapametp Ena = 12,7 aBTo/MII;

QNA = 150...30 M71/c; CpemHsisi ITMHA aBTOMOOWIA L, = 3,59, MUHUMAITLHOE PacCTosI-

HUE MEXTy TPaHCIOPTHBIMU cpeactBamMu S, =(1,0M5 Lgr = 10001; Wer=210000Mm211;
Esr = 127asro/mIT; Qr = 150...100m°I1/c.

3. Mooenv mpancnopmuozo nOmoOKa 0, HOCMPOCHUS MOOeNU YRPAGIAEMO20
nepekpecmka

JIJIs BBISIBIICHUS ITApaMETPOB FPAHCIIOPTHBIX TIOTOKOB, JBMIKYIIIMXCS Yepe3 Tie-
PEKPECTOK, UCTIOJIb30BAHBI MPUEMBI MATEMATHIECKON CTATUCTUKY JIJIS:

- YCTaHOBJICHUS 3HAYMMOCTH ¥ BaKHOCTH BEIOPAHHBIX (PaKTOPOB,;

- TIPOBEICHHs TOWCKA 3HAYEHUI CTATUCTHYECKUX OIICHOK KO3(PPHUIIMEHTOB
JIMHEWHOW perpeccun;

- BBISIBJICHUS ONTUMAJIbHBIX 3HaUYeHUH nccienyemor Gyakmuu Yiu COOTBETCT-
BYIOIIIUX €My 3Ha4YeHM, PaKTOpOB X] .

JlJig ipuMepa B Ka4eCTBE BBIXOJHBIX MapaMeTpoB (apaMeTpOB ONTHMH3AIHH

OJTHOTO TPaHETIOPTHOTO TIOTOKA) OBUTM WCIIOJIB30BAHBI CICAYIOUINE TUAIa30HbI

BBIOpPaHHBIX (baKTopOB - TpaHCHOPTHBIA MMOTOK a0 cBerodopa (dakrop X1);
Qv = 150.. 30{«[ I[1/c]; - TpancmopTHBIN MOTOK mocie cBetodopa (pakTop X2);
Qa=150.. 100 f1° TT/c]; - 06BeM 30HBI HAKOIUICHHS [Iepe/L HAKOMHTEIs! TIEPezL STOP -
nuhneii ceetodopa (haxrop X3); W = 2100...1050 ¥i* I1]; - Bpems BKIIOUCHHS
pa3peinaroiero curHaina ceerodopa (paxrop X4); T =90 ...20cek.

Ilnan monHoro (hakTopHOrO SKCNEPUMEHTA AJIsi OTHOTO TPAHCIOPTHOIO MOTOKA
MpecTaBiieH B Tabnuiie 1.

JlJi1 OAMHOYHOTO TIEPBOTO TPAHCIOPTHOTO MOTOKA OBLIO TIOIYYEHO CIETYIOIIEe
ypaBHEHHE PErpeccMd WHTEHCHBHOCTH THUIIMYHOTO TPAHCIOPTHOTO MOTOKA, BKJIIO-
Yarollee napamerTp, B TOM YKCIIe, U 3aKOHA PEryJIMpPOBaHuUs CBETOPOPOM:

Y =15,18+7,31 X; +1,32X;-2,31X%;3-2,81X,.
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Takum 00pa3oM, HWHTEHCHUBHOCTb JIaBJICHHUS TPAHCIOPTHOTO IOTOKA B
Qurcuposannvix 30Hax 3amopmadicueanus u ocmanosku nepen STOP-AuHuein B
HauOOJNBIIEH CTENEHU OIpeAeNaeTCs] WHTEHCUBHOCTHIO TPAHCIOPTHOTO TIOTOKA.
Hpyrum 1mo BaxxHOCTH (DAKTOPOM SIBISIETCS JJIMTEIBHOCTh CUTHANA PETYIUPOBAHUS
ceetoopoM. BennunmHa HeyuyTeHHBIX (HAaKTOPOB TaKXkKe JOCTATOYHO 3HAUMMA, UTO
CBSI3aHO C HEOIPEAEIECHHOCTHIO OMKUCAHUs MAPAMETPOB IOPOKHBIX YUACTKOB.

4. HacTpoiika aJirOpuT™Ma aJanTHBHOIO YIIPABJICHHUA CBeTO(OpPOM ¢ nepecedeHueM
YeThbIpeX TPAHCHOPTHBIX OTOKOB

Mopaenb ynpaBiasieMOro MEpPeKpecTKa IMOJIyYeHAa Ha OCHOBE pPErpeCcCHOHHBIX
YpaBHEHUI NEPECEUEHUS YEThIPEX TPAHCIIOPTHBIX MOTOKOB!

Y1— Bor = K11 X131 + K12 Xi2 + K3 X13 + K14Xe4
Yo— Boo = Ko1 Xo1 + Koo Xoo + Koz Xogt Koy X4
Y3— Bos = K31 Xa1 + Kzz Xs2 + K33%g3 +' K34 Xaa
Ya— Boa = Ka1 Xa1 + Kz Xa2 + Kz X4z +0.K4 Xag

[Tnan monHOro (hakTOPHOI'O SKCIEPUMEHTA COTIACHO [5] MO3BOJIMII MOJYYUTH
CIeNyIONMe 3HAYEHUST WHTECHCUBHOCTH (POPMUPOBAHUS TIEPBOTO IOTOKA pa3Mmep-
Hoctu [aBTo/MII]: Y =10; 30; 11; 1; 19; 4; 20;4; 19; 4, 24, 4; 38; 8; 39; 8.

ITockonpKy 3HaueHHs (AKTOPOB X; SBISIOTCSA CAy4alHBIMHM, TO 3HAYEHHA Y]
PErpeCCUOHHBIX YPaBHEHUH Takke OyAyT pa3inyuaThCsl.

3amaua ympaBieHus (HopmyIupyeTes Kak TMOWUCK 3HaueHus mnapamerpa X4
peryJupoBaHus JJIUTEIBHOCTH CUTHaNIA ¢BEeTOdOpa.

B o0miem ciyyae n3-3a HHEPIIMOHHOCTH TPAHCTIOPTHOM CUCTEMBI IEPEKPECTKA U
YOpaBICHUS paCUET [JIUTEHLHOCTH curHana X4 HeoOXOoAUMO MPOBOJIUTH s
HEKOTOpOTOo mepuojaa BpeMmeHH Al mepexmroueHusi cBetodopa MO HAKOIJIEHHOMY
KOJIMYECTBY aBTOMOOMIICH B KaKAOM U3 YETHIPEX TTOTOKOB!

Ky K K3 Y)—Ba
K K Kz Y:—B,;
K3 K;; K33 Y3—Bg
Ky Ky Ky Yy—By
X4=
Ky Kz K3 Ky
K3 K3 K>3 Koy
K3, K3; K33 Ky
Ky Ky Ky Ky

[TockoJIbKy HEBO3MOXKHO B TEKYILIEM II1are BRIYUCIUTH 3HAYCHUS Y1,2,3,4 U X4,
3Ha4YE€HUs Y1 2 3 4 IPUHUMAIOTCS MO MPEAbIAYIIEMY IIary.

C yd4eToM NMpUHYAUTEILHOIO0 KOMAaHJAHOTO peKUMa HacTpOMKHU cBeTodopa, aj-
TOPUTM HACTPOUKHU (pa3 MOKET OBITH MPEJCTABIEH aATOPUTMOM, KaK MPEICTABICHO
Ha pUCYHKE 2.
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KomaHOHbIT pexcum

Hacmpouku
A t=const

Onpoc damuyukos
cKopocmu u Koruvyecmsa
asmomobunel

|
Pacuems! QN, QA, W
ona kaxxdozo nomoka

BbiqucneHue Y dnsa
Kaxdoz20 nomoka

Y7+ Y2|-|Y3 +Y4| < MOPOT

AdanmusHsilpexum
At =varia
Ha3Ha4YyeHue

_\
unu

Pacyem OnumensHocmu T
Pacuyem

cueHana csemocpopa
. dnumeneHocmu T no
no MakcumanbHou
mampuye X

UHMEeHCUSHOCIMU NoImMoKos

Y =max{Yi} /

Fpodomxume

Pucynok 2 — AnropuT™m aganTUBHOTO YIIPaBIEHUS CBETOPOPOM X - 00pa3HOTO MEepeKpecTKa

B pesynbrate 1npemsiomMEH OTHOCUTEIHLHO HECIOXKHBIA — alroOpuT™M  BbIOOpa
JUTUTEIFHOCT CUTHAJid YTPaBICHUS CBETOPOPOM, PETYIUPYIOIIEr0 [BM)KEHHE Ha
OJTHOYPOBHEBOM  [I€PEKpeerke, B COOTBETCTBUU C TIEPEMEHHBIMU CITyYailHBIMU
XapaKTePUCTUKAMHU MePECEKAIOIINXCSI TPAHCIIOPTHBIX MOTOKOB B (DMKCUPOBAHHBIX 30HAX
3aTOPMAKUBAHWA, M "OCTAaHOBKM Tiepes; HUM. [IprMeHeHue yIpapistomeld MaTpHLbl
CYIIECTBEHHOYCKOPSET padOTy aIalTUBHOIO aJITOPUTMA PETYIUPOBAHUSI CBETO(OPOM.

Cnucok Jureparypsl

1. Pesxum cBoOoiHOTO Moctyma: http://apluss.ru
2/Pexxum cBoOOIHOTO Moctyma:http://www.genesys-offenburg.de/en/products/adma-speed/
3. Muxaiinos, B. I'mapoauHamudeckasi MOJENbh TPAHCIIOPTHOTO TIOTOKA JIJISl PEryIUPyeMO-
ro ydacrka noporu // B.B. Muxaitnos, U.B. XKyk, A.I'. CHUTKOB.— ABTOTpPaHCIIOPTHOE
npeanpusatue.—2015.—Hos6ps.— Mocksa, ¢.39-44.
4. CemeHoB, B. MaTemaTuueckoe MOJIETUPOBAHUE JUHAMUKU TPAHCIIOPTHBIX TOTOKOB Me-
ranosiuca // B.B. CemenoB.— m.— Ilpenpunt. UTIM um. Kenapimma PAH. — 2004. —Pe-
UM cBoOoaHOTrO Hocryma: http://www.keldysh.ru/papers/2004/prep34/prep2004_34.html
5. Mutkos, A.Jl., Kapnamesckuii C.B. Craructiudeckrue METOAbl B CEIbCKOX035HCTBEHHOM
mammHoctpoenuu /I A.JI. Mutkos, C.B. Kappamesckuii.—M. —MamuHoCTpOECHHE. —
1978.—360c¢

148



VJIK 629.1.004

HCCJEJOBAHUE SHEPTETUYECKON CUCTEMBI TPAHCIIOPTHOT'O
CPEACTBA HA BO3OBHOBJISIEMbBIX UICTOYHUKAX SHEPT'MA
(HA MIPUMEPE MOPCKOMU SAXThbI)

A. Kosunckuit', Andrzej Czerepickj Marcin KoniaK
! Bpecmexuii 2ocydapemeennviii ynusepcumem umenu A.C. [ywikuna,
bpecm, benapyco
? Bapwasckuii nonumexnuueckuii ynugepcumem, Bapwasa, lonvua

Ilpugoosmcs pezyromamsl UCCIe008AHUS IHEP2eMUYECKOU cucmembl sxmyl. B
pabome onucaua, cozoannasn 6 pamkax npoekma REP SAIlL xonyenyus ons cucmem
XPAHEHUA dHep2uu MmpaHCnopmHo20 CPeOCmeEd Ha OCHO8e 60300HO6IACMbIX UCHOYHUKOE
onepzuu. I[locmpoennas mamemamuueckas MoO0enb IHEPeemuyecKotsCUCIeMbl UCHOTIb-
3yemcsi OJis1 NPOSHO3UPOBAHUSL COCMOSHUSL UCTNOYHUKO8 XPAHEHUsLIHEPSUL .

1. BBenenue

B pamkax maHoBaimonnoro npoekra REP SAIL (Renewable Energy Powered
Hybrid Innovative Sailing Yatchpenercst ctpoWTenbcTBO SIXThI M3 COBPEMEHHBIX
KOMITO3UTHBIX MaTE€pPUATIOB C TUOPUIHBIM MPUBOIOM. ] MOPUIHBIN TTPUBOI TIPEATIO-
JlaraeT KCIIOJIb30BaHHE BO300HOBIIIEMBIX MCTOUHUMKOB dHepruu. s obOecrieueHus
0€30IIaCHOCTH Ha SIXTE YCTAHOBJIEH KJIACCUYECKUIIBUTATEIb BHYTPEHHETO CTOPAHUS
KJlacca eCoO. Pe3yipraToM peanm3aniii OPOCKTa SIBJISICTCS COBEPIICHHO HOBBIM THII
JIETKOTO 0JI0Ka, KOTOPBIA MOKET CTaTh,IPOTOTUIIOM JJISI CTPOUTEIILCTBA TIPUBOJIOB U
KOPITYCOB SXT Ha Ommkaiiimme 20 e,

[Ipu mpoekTUPOBAHUH CYIHA HOBOTO ITOKOJEHUS YUTEHBI psAa (aKTOPOB MPOU3-
BOJICTBA, PAa3MEIIEHUI U KCIIOJIB30BaHUSA MATEPUAJIOB, KOHCTPYKTHBHBIX DJIEMEHTOB
SIXTBI M MX DKCIUIYaTallMOHHBIE CBOMCTBA. XapaKTEPHUCTUKA MATEPHAJIOB U IIPOIlEcca
IIPOU3BOJICTBA OMOKOMIIO3UTOB, pacmmpenne Bepxaer nainyos! Ha 10-12m2 st pas-
MEILEHNS COJIHEUHBIX aHeJIeH, HOIHATHE 00JIacTH KaOWHBI JJI1 MUHUMAJILHOTO H3-
MEHEHHS OABOIHON YaCTH, pa3pad0TKa BETPOBBIX TYPOUHBI UISI YCTAHOBKH BHYTPH
Kopmyca. M3-3a orpaHn4eHHOro o0bemMa CTaThU MBI HE OyJeM OIUCHIBaTh BCE ITH
YCJIOBHSI TIOJIPOOHO!

dakyapTeT TPAHCIIOPTA BaplaBcKOro moMTEXHUUYECKOro yHuepcurera [1] B
paMkax mnpoekra REP"SAILorBeuaer 3a pa3pabOTKy U KOHTPOJIb 32 IPOEKTUPOBAHHU-
€M CHCTEMBI ‘aKKyMYJIUPOBaHUs dHEepruu. 110 yka3aHHOW MpUYWHE MEePEYNCIIUM He-
KOTOPbIC BaKHBIE)YCIIOBHS MMPOCKTUPOBAHUS SHEPTCTHUCCKOW CUCTEMBI CyJIHA Ha OC-
HOBE.-BO300HOB/IIEMBIX MCTOYHUKOB JHeprur. K HUM OTHOCSTCS. IPUMEHEHUE aK-
THUBHBIX COJTHEUHLIX MMAHEIEH, YCTOMYUBBLIX K MOPCKUM YCIIOBHUSIM, IPUMEHEHUE MO-
anyOHBIX TYPOUH U TYpOMH, MUTAIOIMX OaTaper BO BPeMs OIEpallii C mapycaMu,
HCIIONIb30BAHUE YILTPACOBPEMEHHOIO DJIEKTPOIIPUBOAA A1 ABMXKEHUS CyQHA B IIOP-
Tax W palioHax, T'I€ OTCYTCTBYIOT YCJIOBHUS MCIOJIB30BAHUS ABUTaTeIEll BHYTPEHHETO
cropanus Wiy Berep (HarmpuMmep, LIEHTP ropoaa), IPUMEHEHUE COBPEMEHHBIX UCTOU-
HUKOB IUTaHUs (aKKYMYJISITOPHBIC OaTaper Ha OCHOBE JIMTHS), MCIIOJb30BaHHE CO-
BPEMEHHBIX CHCTEM YITPABJICHUS TUTAHUEM.

B pamMkax mpoekra HEOOXOAMMO PEIINTEH CIEAYIOIINE 3a4aui. BEIOpATh TEXHO-
JIOTHUIO HCTIOB3YEMBIX XUMHUYECKUX Oarapeil, yAOBICTBOPSIONIYI0 KPUTEPHUSIM TIPO-
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€KTa, IPOBECTU HCCIECIOBAHMUSI BBLIOPAHHBIX TEXHOJIOTHMH COIVIACHO pa3padOTaHHOI
[IporpaMme, co31aTh KOMIIBIOTEPHYIO MOJEIb CUCTEMBI DHEPrOOOECIIEYEHUI Ha OC-
HOBE MPOBEACHHBIX HCCIIENOBAHUM, BLIOPATH I[EJIEBYI0O TEXHOJIOTHIO HA OCHOBE MO-
IETAPOBaHUs, pa3padoOTaTh TEXHUYECKHE TPeOOBaHUA I IMaKeTa Oarapen, MPOu3-
BOJICTBO KOTOPOT'O OYIET IIOPYUYEHO CYOHOAPAIUNKY, HHTErPHPOBATh ITAKET OaTapeu ¢
IPYTUMHU KOMIIOHEHTAMH B JIAOOPATOPHOM BEPCHUU U MPOBECTH ero ucrbiTadus. [locie
OKOHYAHWS UCIBITAHNS MOYKET OBITH BBIITOJIHEH MOHTAX OaTapeu B KOPITyCe CY/IHA.

B mporecce penieHus IepeynciIeHHBIX 3a1ay ObLIa CO3JaHa KOHLEMIUS I
CHCTEM XPAaHEHUS DHEPTHU U OMPEAEICHBLI €€ TEXHUYECKUE MPEUMYILECTBA,;  O3BO-
JISIIOIIHE BBIIOIHSTL CTPOUTENLCTBO CYAHA U €ro nogcucreM. Ha oCHOBe KOHLIEITNHA
BBITIOJIHEHBI Pa0OTHI IO pa3pabOTKE KOMIBIOTEPHOUN Cpebl sl MOJCTHPOBAHUS pa-
00ThI OaTapewu.

2. JHepreTu4ecKasi yCTAaHOBKA

OCHOBHOU IPHUBOJ SIXThl 00E€CIEUUBAETCSI CHJIONW BETPa, JICHETBYIOIIETO Ha I1a-
pyc. OnHaKo s HOJIHON MOOMIIBHOCTH SIXTHI, HAIIPUMEP, B OPTY U aKBATOPUIX, I'1I€
HE MOXET OBITh HUCIIOJIL30BAH BeTEP, dbGIEKTUBHEES MPUMEHITh B KAaUECTBE IPUBOIA
Tpexdasublii BeHTWIbHBIN 3iekrpoasurarens’ BLDC (Brushless Direct Current
Motor). Takoil IpuBOI MPEACTABIAET COOOM MOIHBIN TMOPUIHBIN ABUTATEND. DIEK-
TpUYECKasl DHEPrus, HEOOXoauMasi ISl €ro paboeThl, XPAHUTCS B DIEKTPUUECKUX JIU-
THEBBIX akKyMyJitTopax. CucremMa nuTaHus ‘Ha BO300OHOBIIEMBIX HCTOYHUKAX DHEPTUHU
COIEPIKUT TaKKE COJIHEUHBIE MOy, BKirouaroue ot 6 qo 30 maneneii mo 100Bart
kaxxgas. VX Haauuue mo3BOJIUT 00ECHEUUTH HEOOXOAUMOM DHEPrUEil KaK IIPHUBOIDI,
TaK ¥ JIPYrUe dJeMEeHThI cyaHa (HanpuMepy HaBUrallMOHHYIO cucTeMy). B HacTosee
BpeMsl ISl TIPOMBIIUICHHBIX YCTAaHOBOK WJIW Ha AJICKTPOCTAHIIUSX YCTaHABIUBAIOT
CUCTEMBI, KOTOPHIC BKJIFOYAIOT B/CEOSTBICSIYN COJTHCUHBIX TTaHEIICH.

&+l p=- Mpoune
' YCTPOWCTBA
WMHBepTop I norpebnenua

3Heprumn

AKKyMynsTop
CMNOBOM YCTAHOBKH

A

Mynet
ynpasneHus

Arkymynatop

INeKTPUYECKUiA ABUraTeNb .
BCOMOraTe/bHbii

ConHeuHan
6atapesn

Tmapo
TypbuHa

Pucynok 1 —Cxema 3HepreTH4ecKoil CUCTEMBI HAa BO30OHOBIISIEMBIX HCTOYHUKAX YHEPTHH

150



JlocTurayThId K03 PUIIMESHT MpeoOpa3oBaHUs MO3BOJIIET TOBOPUTE 00 (pdhek-
THBHOCTH 3THUX cHUCTeM. CBETOBBIC BOJIHBI, MMEIOIIME IJIMHY, HAXOIAIIYIOCS B IIpe-
Jelax 3aJaHHOTO JMaIla30Ha, MOTYT OBITh IIPeoOpa30BaHBI B AJIEKTPHUECCKYIO dHEP-
ruto. [Ipy 3TOM HEHUCITOJIb30BaHHBIN CBET IOIVIOMIACTCS MATECPHAIOM HAIOIHUTEIEM
OaTapen mim oTpaxaercs. [laHenn Ha cyJaHE aganTUPOBAHBI IIOJ CTPYKTYPY CYIHA H
MOPCKHX ycloBHH. KpoMe TOro, oHM MOT'YT 3KCILIyaTHPOBATHCS 0€3 TEXHUYECKOIro
oOCIyKUBaHUS U OYMCTKU (Oaromaps MCIOJb30BAHHMIO IMOKPHITHS U3 OKCHAA THTa-
na). ITaneneit o6mieit momnaaso okoino 10 M2 70CTATOYHO IS MONYYEHMS SHEPTHH,
obOecrieunBaroIel IBMKEHHE CO CKOPOCThIO 5 y3110B B 4yac. IIpon3BoaicTBO HEOOXO-
JUMOI'0 00beMa PHEPTHH B TaKOH CHCTEME 3aiMET OKOJIO 2 4acoB.

Kon1enmus cTpouTelIbcTBA SIXTH BKJIIOYAET UCIOJIH30BaHNE SHEPTUM,BETpa IS
3apSAIKH SJIEKTPUUECKUX aKKyMYJISTOPOB. /{1 yBelIMueHus CKOPOCTH BETPOBOIO IO-
TOKa IIPUMEHEHBI BETPOBBIC KaHAJIbI M COOTBETCTBYIOIIKE CIIMPANIA Ha KOPITyCe CYI-
Ha. CKOpOCTh BeTpa yBelIMUeHa Oarojaps KaHajlaM, pa3MeEIeHHBIM 10 [ICHTPY CIIU-
panM, riae KMHETHYEeCKas dHEPrus MpeoOpa30OBhIBACTCSOB SAEKTPHUCCKYIO SHEPTHIO
IUIS 3apSIKH aKKyMYJISITOPOB.

SIxTa crocoOHa ABUTAThCS CO CKOPOCTHIO 6-7 y3710B B 4yac. I mapoTypOUHbI, KO-
TOPBIEC IIPOU3BOIATCS B PaMKax IIPOCKTa, Pa3MEIIAIOTCA MO OOCHM CTOPOHAM KHIIS
BHYTPH KOpPIIyCa M HE MEHSIOT CKOPOCTh CyaHa OOJbIIEe, YeM Ha OJWH y3eil. YcCTa-
HaBJIMBacMble KOHUYECKHE TUIPOAUHAMUYCCKUE KAHAMBI Pa3MEIal0TCs BOJIM3U CHC-
TeMbl TpancMuccrud. TypOrHa, moMemEnHas B KOHITE KaHala, BEIITOIHSIET IIOBOPOT CO
ckopocthio 10 y3mn0B. Takoe pemenue mo3BoiseT aoctTuraytb 800000p0oTOB B MHHY-
Ty Ha TeHepaTope MOCTOSIHHOTO TOKa, HEHQIL3YEMOTO IS MPeoOpa3oBaHUs B AJICK-
TPUYECKYIO DHEPTHIO.

C ucnoip30BaHUEM KOMIIBIOTEPHOM CPEIbl MPOAHAIM3HPOBAHEI BO3MOXKHOCTH
JUISL ICIIOJIb30BAHMS B IIPOCKTE TEXHOJIOTHH OaTaperHbIX OJIOKOB M pa3paboTaHa IIpo-
rpaMMa MX HCIBITAHMN OaTape€UHBIX "0J0KOB. Pe3ylbTaThl MPOEKTUPOBAHMS IIPE]-
CTaBJICHBI B BUJIE CXEMbl DPHEPTETUUECKON CHUCTEMBI SIXTHI Ha BO30OHOBIISIEMBIX HC-
ToYHUKaX dHepruu (puc. 1).

3. MaTtemaTu4eckasi MoJe/ib aKKyMYJISITOPAa CUJI0BOI YCTAHOBKH

Hakorutenue w ynpaBiieHHe HEprueH, MoCTynarmeld OT BO30OHOBIISIEMBIX HC-
TOYHHMKOB, SIBJSICTES BaXKHBIM BOIIPOCOM MPOEKTa. [IpaBuIbHBINA BEIOOP HCTOYHHKA B
npoliecce MPOU3BOJCTBA U XPAHCHHUS SHEPTHH MOXKET 3aMETHO YIYYIIMTh IPOU3BO-
TUTENBHOCTDH CUCTEMBI, YTO U SIBJICTCS MPEIMETOM HAyYHBIX MCCleI0BaHui. JInTue-
BbIe/Oarapen, HpuMeHsIeMbIC IS XpaHCHUS SHEPruHd, pa3paboTaHbl TaK, YTOOBI HaKa-
IJINBaTh €€ ¢ MUHUMAaJbHBIMH moTepsaMu [2]. s 3¢ (PEeKTUBHOIO HCIIOIb30BaHHUS
JUTUEBBIX OaTapeil BBITIOJIHEHBI MCCIICOBAHUS TPOIIECCOB MX 3aPSIKH U Pa3psIKU
[3]. McenenoBanus MpoBEACHBI I PA3IMUHBIX PEKHMOB, K&KIOMY U3 KOTOPBIX CO-
OTBETCTBYIOT MHAMBHUAYyalbHbIC MapaMeTphbl. IlapamMeTpbl PEKHMOB OIPEICISIOTCS
TOKOM 3apsaaku B npeaenax ot 0,1 10 6 Amnep. @ukcarus Apyrux u3MepseMbIX Ia-
paMEeTPOB BBINOJHEHA Yepe3 Kaxable 5 cekyHI. eMKocTh (MAMmep/d), HalpsKeHUue
Ha Toyrocax akkymyssitopa (MB) u npyrue. Bee m3mepenust mpejacraBiieHbl B 0ase
JTAHHBIX.
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Ha ocHOBe JaHHBIX M3MEPEHMI CIPOEKTHPOBAHA MaTeMaTHYecKas MOJEIb I
IIPOTHO3MPOBAHMS €MKOCTH aKKyMYJIITOPHOH Oarapew mpu ee 3apsake (paspsiake)
TokoM | B Teuerne Bpemenu t. J1s1 OCTPOEHMST MOIENN UCIIOIB30BaH CIUIAiH BTOPO-
0 TOPSIIKA, HMMEFOIIUI BHI;

E(t1) =ay(t—t)(I — L) + byt — t) + cu (I — I) + dip. (1)

Koadduumentst &y, by, Cy,, d; 1, OUpEOEIAIOTCS M3 CHCTEMBI YpaBHeHuI (2):

E(tl) = ag(t, — t) (I, — L) + by (¢, — t)) + ¢ (I, — L) + d
E(t_y,) = ay(t_y —t)(, — L)+ by (t_ s — t) + (L, — ) + diy (2)
E(tl ) = ag(t; —t )Ly — L)+ by (t, —t) + cp (1 L) +dy
E(ti—qlp—1) = @y (2o — £)(Fpmqg — L) + By (g — £) + € (L2 — 1) +

rae E(t, ) emxocts GaTapen B MOMEHT BpeMeHH t rpu 3apsike TOKoM ;.

t;_4,t; — MOMEHTBI BPEMCHH, JUIsI KOTOPHIX BBHIHOJHCHBIZM3MEPEHHUS XapaKTe-
PUCTHK aKKyMyJsATOpHOHM Oartapen (cuia Toka, EMKOCTH OarapeH, HalpsLKEHUE |
T.O.), L4 < Lj;

T — MOMEHT BpeMEHH, JUISI KOTOPOr0 HEOOXQAMMO OMpEACIUTh EMKOCTh Oara-
peH B COOTBETCTBUH C MOCTPOECHHON MOenbio (L;_; St < });

I, _4, I}, — 3HAYeHUs CUIIBI TOKA 3apsiiKK 0aTape, H3MEPEHHbIE B MOMEHTHI Bpe-
menu t;_ H t; ,coorBercTBeHHO ([},_; < I});

| — Tok 3apsIKH, I KOTOPOTO HEOOXOAMMO OTPEICIIUTh EMKOCTh OaTtapew JJis
MoOMeHTa BpemeHu t. I, =1 = [};

E(t,,[,,) —emKkocTh OaTapen B MOMEHT.BpEeMeHH L., IpH 3apsiAKe TOKOM I,,.

JlaHHbBIC 3HAYEHHUS 3aHECEHBI B 0a3y JaHHBIX U3MEPEHUIA.

Bripaxkenns (1), (2) B coBOkymHOCTH ¢ 0a30ii JaHHBIX BBINOJHEHHBIX H3MEpe-
HUN 00pa3yloT MaTeMaTUYECKyI0 MOC/Ib MOBEACHUS aKKyMYJIATOPHOH Oatapen. B
X0/JI€ MIOCTPOEHHS MOJIEIN BBITONMHEHA OLIEHKA IMOIPEIIHOCTH HU3MEPEHUI M BhIYKCIIE-
Hui. Pe3yapTaThl OIEHKH IOTPEIIHOCTH MO3BOJISIOT CAENAaTh BBEIBOJ O JOCTATOYHOM
aJIeCKBaTHOCTH TIOCTPOCHHOM MOJIEIIH.

4. IIporpaMMHoe ‘00ecmiedeHHe

Pa3paboTanHoe B paMKax MpOEKTa MporpaMMHOE oOecleyeHre npeaHa3HauyeHo
JUIS I3MEPEHHS TlapaMeTPOB IPOLIECCOB Pa3pSAKU M 3apsaKd aKKyMYISTOPHO# Oara-
peu AXThl, HPSABAPUTEIILHON 00pabOTKH PE3yIbTaTOB M3MEPEHUU M MX ITOCIICIYIO-
1Iei 3arpy3Kke’B 0a3y JaHHBIX.

Ha ocHoBe MaTreMaTHM4eCKOW MOMENIH aKKyMyJsSToOpa pa3paboTaH HTEpallioH-
HBIM @QITOPHUTM, ITO3BOJISIONIMA Ha OCHOBAaHMM rpadHKa pacipeleNeHusl CyTOYHOH
HArpy3Kd B DJIEKTPUYECKON LIENN SXTHI IPOTHO3UPOBATEL IIPOLIECC Pa3PSIAKH aKKyMYy-
aaTopa Bo BpeMeHu. IIporpaMmuoe odecrieueHre ObUI0 pa3pabOTaHO ¢ MCIOJIL30Ba-
aueM texnoaoruu WebFormsaasa mmardopmer .NET dupmer Microsoft. B kauectse
0a3el ganubeix BeiOpana CYBJl Microsoft SQL Server 20144udopmanronHas cuc-
tema pabotaer mox ynpasieauem OC Microsoft Windows Server 201Zxemy uH-
(hopMaIMOHHON CHCTEMBI MOJICIIMPOBAHMS ITPEICTABIISET puUC. 2.
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+| I- XapaKTepuCTUKM

JKCNEePUMEHTA/NbHbIE U3MEpeHUA— P 3apAaKM 1
| I paspagKku
AKKYyMynATop
MmnopT
MCcTOUYHMKM
3HEPIrHKn
\J
. paduk
1 pacnpegeneHus WUmnopt > L baza AaHHbix
aHeprmn
-
Motpebutenn i
3Heprmn
Bbibop pexmma———— | MoaenuvpoBaHue

N’E —Busyaauzaumsa
0 [

MporHos cocToAHnA
aKkKymynaTopa

Pucynok 2 — Cxema nH(GOPMaITMOHHON CUCTEMBI JIJIS1 MOJICITUPOBAHUS
MPOLIECCOB IKCIILyaTalluk AKKYMYJISITOpa

5. BeiBoabI

C ucnonbp30BaHUEM MOCTPOCHHONW MaTeMaTUYeCKOW MOJENIM BO3MOXKHO pelle-
Hue 3a/1a4 3 (PEeKTUBHOTOUCTIONB30BaHUS JINTUEBBIX OaTapell B COCTaBe IHEpreTuye-
CKOM CHCTEMBI CyJHA HA)OCHOBE BO300OHOBIISIEMBIX MCTOYHUKOB DHEpruu. B ymcie
TaKMX 3aJlay. OLlEHKa ONTUMAIbHBIX MapaMeTPOB 3apSAKA aKKYMYJISITOPHON Oatapeu
U OMmpeneeHue PEKUMOB™ ee pas3psiiku. PazpaboTaHHOe B paMKax MpPOEKTa IMpo-
rpaMMHOE 00eCIedeHIE TTO3BOJIIIIO ITPOBECTH TPOBEPKY KOPPEKTHOCTH MaTeMaTHye-
CKOM MOJIeIH,HMacTh €ro Oy/eT MUCIoiIb30BaHa B MHPOPMAIIMOHHON CUCTEME YNpaB-
JICHUS SIXTOU.

Takum 06paszom, B HacTosmIeH paboTe MPEACTaBICHBI JUITh HEKOTOPHIE UTOTH
NPOSKTUPOBAHUS U UCCIIEIOBAHMS YHEPIETUYECKON CUCTEMBI SIXThl HA OCHOBE BO300-
HOBJISIEMBIX UCTOYHUKOB SHEPTrUU. AHAINU3 MOJYYEHHBIX PE3yJbTaTOB MO3BOISET YT-
BCPXKAATH, UYTO OHHM B MOJIHOM O0BEME MOTYT OBITh HCIIOIH30BaHBI B MOJOOHBIX pe-
HMICHUSX JIJIS1 IPOEKTUPOBAHUS SKOJIOTUYECKUX TPAHCTIOPTHBIX CPEJICTB.

[Ipoexkt «HHOBalMOHHAS SXTa C THOPUIHBIM MPUBOJOM MHUTAHUS OT BO300-
HoBIsieMbIX ucTouHNKOB dHeprun (REP SAIL)» ¢punancupyercss HanmonanbHBIM
IIEHTPOM HCCIeIOBaHMM MW pa3BuUTUs B pamkax nporpammbl ERA — NET
TRANSPORT Hacrosias my0aukarius moaroToBjieHa npu GUHAHCOBOM MOJIEPIKKE
OtneneHuss WHPOPMAIMOHHBIX M MexarpoHmdeckux cucreM (SIMT) dakynbrera
TpaHcmopTa BapiiaBckoro moauTeXHHYECKOTO YHUBEPCUTETA.
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O IIEPCIIEKTUBAX PA3ZBUTHUA TPAHCIIOPTHBIX CUCTEM
KPYIIHbBIX 'OPOJAOB

O.H. Jlapux™, J1.9Tapacos
"Poccumiicknii MHCTUTYT CTPATETHYECKUX UCCIIEN0BaHUM,
MocksaypPoceus;

*MOCKOBCKHit rOCYJapCTBEHHBI YHUBEPCUTET ITyTEU
cooOmenus Mmmepatopa Hukomnas |,

MockBa, Poccus

Paccmampusaromesa 6onpocul. 8peonozo o3deticmeusi asmomoOUIbHO20 MPAHC-
nopma Ha 9K0102UI0 KPYNHBIX:20p0O08 HA (POHe 03A00UEHHOCIU MENCOYHAPOOHO20 CO-
obwecmea npoodremam U, cI00ARLHO20 USMEHEHUsT KAUMAma Om NAPHUKOBLIX 2d308.
IIpugedenvl Oehunuymm, cucmemMHbIX NOHAMUL NPUMEHUMENTbHO K 3A0a4am pa3eumus
MPAHCROPMHBIX cucmem 20po0os. Codepaircamcs IKChepmuble OYeHKU 0 NePCReKmueax
8HeOpeHUsl 8 KDYHHBIX 20PO0ax IKOJLOSUUHBIX 8ULO08 MPAHCNOpMA.

BBenenue

OnHa U3 OCHOBHBIX 3a7]a4 BHEJIPECHUS MHTEIJIEKTYaIbHBIX TPAHCIIOPTHBIX CHC-
TEM CBs3aHa'¢ HEOOXOIMMOCTBIO YIYUIICHHS JKOJIOTHMYECKOM OOCTAaHOBKH. 3ajadyu
CHIAEHHS MACTATUBHOTO BO3JCHCTBUS TPAaHCIOPTA HAa DIKOJIOTHIO OOCYXXKOAduCh Ha
2141 Knumatnueckoii koHdepennmu Opranm3annn O0bennaéuapix Hamuii B [Tapu-
*kewB/2015 rony. KondepeHun mo KiuMaTy IPOBOISTCS €KETOJHO M SIBIISIOTCS
cBO€OOpa3HBEIM MEXaHH3MOM pealu3aluu ImojiokeHnii Pamounoii kouseniuun OOH
00 M3MEHCHHMHU KJIMMaTa, MOJIKMCAHHON IMpaKTHYeCKHM BCEeMH cTpaHamu mwupa. Ilo
JAHHBIM MEXIYHApOIHBIX HMCCICIOBAHUM, BKJIaJ TPAHCIOPTa B TJIOOAIBHOE MOTEMN-
nenue mpesbimaer 30 % oT Bcex BhIOPOCOB, BBI3BAHHBIX CKUTAHUEM HCKOTIAEMOI'O
TOILJIMBA. YUUTHIBAs XapakTep U Macitad mpobiemsl, ['enepanbublil cekperapp OOH
[Tan I'm MyH npu3biBall MPaBUTEIHCTBA BCEX CTPAH MUpA «clleJaTh MYIPbIi BEIOOD U
MOUTH MO HU3KOYTIEPOAHOMY ITyTH.
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Brictynas na [Tapmwxkckoit kondepeniuu, [Ipesunent Poccun Bnagumup I[lytun
OTMETHJI, YTO Hallla CTpaHa BBIIUIA HA OJHO U3 TEPBBIX MECT B MHUPE MO TEMIIaM
CHIDKEHHMS dHeproéMkoctu 3koHOMUKHN — 33,4%sa nepuona ¢ 2000mo 2012roxsl, a K
2020romy emé Ha 13,5%.K 2030roay Poccusi ctaBuT 3a1a4y YyMEHBIIUTH BHIOPOCHI
MapHUKOBBIX Ta30B A0 /0 nporeHToB oT 6azoBoro ypoBHs 1990roma. Jlns moctuxe-
HUS 3TOTO YPOBHS HEOOXOJAMMO aKTHBHO MCIOJIb30BaTh SHEPTOCOEPETAIONINE TEXHO-
JIOTHH, B TOM 4HCJIE B cpepe TpaHCTopTa, Tak Kak y Poccun UMeroTcs CyIeCTBEHHbIS
pe3epBrl i orpaHudeHus: BbIoOpocoB CO, 3a cUET MOBBINIEHUS TOTUITMBHON DKOHO-
MUYHOCTH MPH IKCILTyaTallii aBTOTPAHCIIOPTHBIX CPEJICTB.

1. TpancnopTHBIii (pakTOP B IKOJIOTMH KPYIHBIX TOPOA0B

Haubonee uHTeHCHMBHOE BO3JEWCTBHE aBTOTPAHCIIOPTA HA BKOJOTHIO U 370PO-
BbE JIIOJICH MPOSIBIAECTCA B KPYMHBIX ropogax. OOmias mioniaib ropoaoB MHpa co-
cTaBisgeT Bcero juiib 3% cymu 3emid, oaHako Ha HUX mpuxoautcs 60—80%ro-
TpebieHus sHeprur U /5% BrIOPOCOB yriiekucioro raza. B ropeaax npoxusaer /5%
Bcero Hacenenus Poccun, mpuuem 30% npoxuBaeT B, ropoax ¢ HaceleHueM Oosee
1 miH. YenoBeK, B KOTOPBIX MPOOIEMbI SKOJIOTHH B OOJIBHIEH CTENEHN 00YCIIOBICHBI
BpPEIHBIMHU BBIOPOCAMHU aBTOTPAHCIIOPTHBIX CPEACTB, MCIONB3YIOMNUX HEPTSIHBIC TO-
mwmBa. [loatomy 3amavya obecrieyeHus] HAcEICHUsSI FOPOIOB HEOOXOAUMBIMHU TpaHC-
MOPTHBIMU YCIIYyTaMU TPU OJHOBPEMEHHOM COKpALIEHUN HETaTUBHOTO BO3ICHCTBHUS
TPAHCIIOPTA Ha OKPYKAIOIIIYIO CPEy SBISCTCS aKTyAIbHON B MHPOBOM MaciiTabe.

K OCHOBHBIM BpeIHbIM BO3JEHCTBUAM aBTOMOOMIBHOIO TpaHCIOpTa, paboTaro-
1iero Ha OEH3MHOBOM U JIM3€JIbHOM TOINIMBE, OTHOCST: BHIOPOCHI BPEAHBIX BEIIECTB,
BBIOPOCHI TAPHUKOBBIX Ta30B, IIyM, BUOPALIMS, FNEKTPOMArHuTHOE U3JIy4YeHUE, pa3-
pYILIEHUE €CTECTBEHHBIX JaHAIAa(TOB, 3arpI3HEHUE NPUPOIHBIX 00BEKTOB U Mp. Pe-
TYJSIPHOE BO3JICHCTBHE MEPEUHCACHHBIX, (DaKTOPOB SIBIISETCS OJHOM M3 TJIABHBIX MPH-
YUH MHOTOYHUCJICHHBIX 3a00JICBAHMI, XapaKTEPHBIX KaK pa3 JJIA JKUTEJEeH KPYITHBIX
ropo/ioB: 3a00J€BaHUE IBIXATEIHHOU U CEpAEUHO-COCYAUCTON CHUCTEM, OHKOJIOTHS,
HapylieHue oOMeHa BelleE¢TB B OpraHu3Me, YBEJIMUEHNE MAacChl Tela B CBSI3H CO CHU-
’KEHHEM JIBUTaTeIbHOAKTUBHOCTH, ICUXIYECKHE 3a00JIeBaHUS U TIP.

Bo MHOrmx ctpaHax Mepa CIOXKWJIach YCHEIIHas MPaKTUKa PEUIeHHs MpoodiiemM
BPEIHOTO BO3CHCTBIS, aBTOMOOMIIBHOTO TPAHCIIOPTa HA AKOJIOTHIO TOPOJOB Ha OC-
HOBE pa3pabOTKM ‘M peanu3allid KOMIUICKCHBIX MPOrPaMM IOBBIIMICHUS SHEPTodd-
(EeKTUBHOCTH M IKOIOTHUECKON 0€30MaCHOCTH aBTOTPAHCIIOPTHBIX CPEICTB.

2. 3enénbie» TPAHCIOPTHbIE CUCTEMbI KPYIHBIX TOPO/I0B

[Ton TpaCOPTHBIMU CHCTEMaMU TOPOJIOB MOHUMAETCS COBOKYITHOCTh BCEX BH-
70B, TpaHcropTa (BKJIIOYAsk METPO, BEJIOCUIENBI Tp.), KOTOPbIE MPEUMYIIECTBEHHO
MCIIOMB3YIOTCSI OCHOBHOM YaCThIO JKUTEJIEN ropojaa Il peaqu3aluy yCTONYMBBIX Iie-
PENBMKEHUN C TPYJIOBBIMH, AECIOBBIMU U KYJIbTYPHO-OBITOBBIMH LIEJISIMHU.

C TeopeTHueckoil TOUKH 3peHusi PYyHKIIMOHUPOBAHUE CUCTEM JIOO0M MPUPOIHI,
B TOM 4YHCII€ ¥ TPAaHCIOPTHBIX, XapaKTEPHU3YyeTCs CIEHUATbHBIMU TEPMUHAMU: CO-
CTOSIHUE, [IOBEJICHUE, PABHOBECHUE, YCTOMYUBOCTD, Pa3BUTHE.

IloHATHE «COCTOSTHME» OTPa)X]KaeT JNOCTUTHYTBIM CHCTEMOM Ka4eCTBEHHBIH ypO-
BeHb (yHKIMOHHMpOBaHUA. CoOCTOsSIHHME CHUCTEeMBbl (DAKTUYECKU SIBIACTCA (YHKIIHI
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OLICHKU €€ KOJMYECTBEHHBIX XaPAKTEPUCTUK — PE3YIbTATOB JNEATEIbHOCTH CUCTEMBI.
[IpyMeHUTENHHO K TPAHCHOPTHBIM CUCTEMaM TAKUMH XapaKTEPUCTUKAMHU SIBISIOTCS
CKOpPOCTH JIBIXKEHUS, INIOTHOCTH MOTOKA, ypoBeHb COu Aap.

[lepexon cucTeMbl U3 OJJHOTO COCTOSIHUS B JAPYro€ MOJ JACHCTBHEM BHEIIHUX U
BHYTPEHHUX (AaKTOPOB HA3BIBAETCS MOBEJACHHEM CHUCTEMbI. PaBHOBecHe CHCTEMBI
IpeanosjaraeT COXpaHeHHe €€ H3BECTHOTO COCTOSIHUS MPU OTCYTCTBUM BHEUIHUX
Bo3neicTBUM. [lo yCTOMYMBOCTBIO CUCTEMBI TOHUMAETCSl €€ CrOCOOHOCTh BO3Bpa-
IaThCs B MPEKHEE COCTOSHUE MOCIIE €r0 HEeXKEeNaTeIbHbIX U3MEHEHUH 1101 BIMSHUEM
BHEILIHUX BO3MYILIAIOMIMUX BO3JeHcTBUM. [IoHsATHE «pa3BUTHE CUCTEMBI» OOBICHSET
CJIO’KHBIE MTPOLIECCHI, KOTOPbIE B HUX MPOUCXOAT, CBS3aHHbIE C u3MeHeHueM 3¢ dek-
TUBHOCTH JI€STEIBHOCTH CUCTEM.

[Ipu nmepexoae cuctemsl B J1t000€e HOBOE cocTosiHUE €€ I(PPEKTUBHOCTH U3MEHS-
€TCsl Ha ONPECICHHYIO BEeMUYNHY. Pe3yabTaT u3MeHeHUs: MOXKET ObITh KaK MOJI0KH-
TEJIbHBIM, TaK W OTPHIATEIBbHBIM. [IpuveM HampaBlieHHOCTH d(dekra (TUIoc MM
MHHYC) ONPECIIACTCS] KOHKPETHBIMU YCIOBUSAMHU (DYHKUMOHUPOBAHHS OOBEKTA U I1e-
MU ero pa3BuTus. COOTBETCTBEHHO IO/ Pa3BUTHEM CHUETEMBI,CIIEyeT MOHUMATh
a3 PeKTUBHOE TTOBEICHUE CUCTEMBI.

Torama mox ycTOMYMBBIM pa3BUTHEM TPAHCHOPTHBIX)CUCTEM TOPOAOB MOKHO
MOHMMATh MPOLIECC TAKOTO U3MEHEHHUSI COCTOSHUSL TPAHCIIOPTHON CHCTEMBI, TO €CTh
bakTHyeCcKu mepexos e€ B HOBOE COCTOSIHUE, MYTEM L[EEHAIIPABICHHOTO N3MEHEHUS
XapaKTEPUCTHK, MPU KOTOPHIX 3()PeKTUBHOCTHPaBOTHI TPAHCIIOPTHON CUCTEMBI TO-
BBIIIACTCSA TPU COXpaHeHWH (MM JIydine ‘CHUKEHHWU) HCIIOJIb3YEMbIX PECYpCOB B
J0JITOCPOYHOM NIEPCTIIEKTUBE.

B HexoTopoil HayyHOI ¥ NOMyJISPHON JTUTEPATYPE UCTIOJIB3YIOTCS OJTHO3HAUHbIE
M0 COJIEPKAHUIO U CMBICITY TOHSATHUS «yCTONUHMBBIN TPAHCIIOPT» U «3EJIEHBIN TpaHC-
MOPT», OJ] KOTOPHIMU TTOHUMAIOTCSL JIFOObIE CIIOCOOBI MEPEIBIKEHHSI, 00eCTIeYnBato-
M€ CHU)KCHUE YPOBHS BPEAHOLO BO3ACHCTBUS TPAHCIOPTA HAa OKPYXKAIOUIYIO CpelLy
npu 6€3yCIOBHOM peaan3alii BCEX\ TPaHCIOPTHBIX TOTPEOHOCTEH MOIb30BaTENEl.

Hcnonb3oBaHne TepMUHA <BEJIEHBIA TPAHCIIOPT» MPEJCTABISIETCS ONPaBIAaHHbBIM,
TaK KakK MeIIeX0AHOE U BEIOCUIIETHOE JTBUXKEHUE, SKOJIOIMYHbIE aBTOMOOUIIN, TPAH3UT-
HO-OPUEHTUPOBAHHOE MPOEKTMPOBAHUE TOPOAOB U T.II. CIIOCOOHBI 00ECTIEYUTH YCIOBHS
U1l yCTOWYMBOTO PA3BUTUSLKAK OTJEIILHOTO FOPOJia, TAK U CTPAHBI B LIETIOM.

Takum 00pa3oM, padoTa YCTOWYHBOTO («3EIIEHOr0») TpaHCIopTa A0 KHa o0ec-
NeYnBaTh MOJHOE, M'0E€3yCIOBHOE YJOBIECTBOPEHUE CYIIECTBYIOUIUX M MEPCIIEKTHB-
HBIX MOTPEOHOCTEN BCEX CIOEB HACENIEHUS U YKOHOMHUKH B TPAHCIIOPTHBIX MEpPEABH-
KEHHSIX CBaJaHHBIMU KPUTEPUIMH KAaueCTBA MPU UCKIIOUEHUH KaK PeabHBIX, TaK U
NOTEHUUANBHBIX yTrpo3 HEed()(PEKTUBHOTO HCHOIB30BAaHUS BCEX BUIOB PECYPCOB H
BPEHOMY BO3/IEHCTBUIO HA HKOJIOTHUIO.

[porpaMMbl pa3BUTHS <GEJIEHBIX» TPAHCIIOPTHBIX CHCTEM TOPOAOB BKIIOUYAIOT
KOMITJIEKC MEPOTIPUSATUIA, B TOM YHCIIE, IO CHUKEHHUIO YUCIIA MTOE3/I0K HACEJICHHs Ha
JUYHOM aBTOMOOMJIBHOM TPAHCIOPTE, PA3BUTHUIO MEIIEXOJHOIO M BEJIOCUIEIHOTO
JBUYKEHUS, UCTIOJb30BAHUIO TPAHCIIOPTA, pabOTAIOIIEro HA SKOJIOTMUYECKOM TOTUIHBE
(’sIeKTpHUECTBO, Ta3 U Tp.), BHEAPESHUIO HHTEIUICKTYAIBHBIX TPAHCIIOPTHBIX CHCTEM
U TIp., YTO B UTOT€ JOJHKHO 00ECIIEYUTh HE TOJIBKO CHIYKEHUE BPEIHOTO BO3IACHCTBHS
TPAHCIOPTa HA DKOJOTHIO OOJIBIIMX TOPOAOB, HO M chenath ux (ropoma) Oonee
«yAOOHBIMU» JIJIS )KU3HH JIFOJIEH.
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3. [lepcnekTUBBI PA3BUTHS TPAHCIOPTHBIX CHCTEM KPYNHBIX TOPO/I0B

BakxHBIM HampaBJICHHUEM Pa3BUTHUS TOPOJCKHX TPAHCIIOPTHBIX CHUCTEM SIBIISCTCS
YBEJIMUCHHUE YJICILHOTO BeCa MCIOJb30BaHUSA SKOJOTHYHBIX BHIOB TPAHCIIOPTHBIX
CPEJICTB.

CoBpeMeHHbIC TCHJICHIIMM Pa3BUTHS HAYKH W TEXHHKU HE HCKIIFOYAIOT IOCTe-
MEHHBIN <«BaKaT JPbI» HCIOJIb30BAaHUS TPAHCIOPTHBIX CPEACTB HA TPAAUIMOHHBIX
JNBC st roponckux mepensmwkennid. [lo pasnmuunbiv onerkaMm, depe3 30—501er B
KPYIHBIX TOopojax OyayT HMCIOJIb30BAaThCS MPEUMYIIECTBEHHO OECIUAOTHBIC DJICK-
TPOMOOWIIH, YIpaBisieMble W3 E€AMHOTO HWH(OPMALMOHHOIO IIEHTpa TOPOACKOI
TPAHCTIOPTHOM cHCTEeMbI. [IpOTOTHIIBI OMOOHBIX TPAHCIIOPTHBIX CPEACTB U CUCTEM
aKTHBHO pa3pabaThIBAIOTCS U YK€ TeCTHPYIOTCSA. CTOUT 3aMETHTh, YTO COBPEMEHHAS
TEHJICHIIUSA WHTEIUICKTyaIN3aIllid TOPOJACKUX TPAHCIIOPTHBIX €HUCTEM CIIOCOOHA Cy-
IIIECTBEHHO TIOBJIHSTh HA TEPCTIEKTUBBI aBTOMOOUIIECTPOUTEITHLHOM MPOMBIILIEHHO-
cti. OTHOTHUITHBIE «YMHBIE» aBTOMOOMIH, paOdOTaoIINe M0 WHAUBUAYaTbHBIM 3aKa-
3aM B peXXHME TaKCH, OyAYT CLIOCOOHBI MPAKTUYECKH MOIHOCTHIO 3aMECTUTh UCTIOJb-
30BaHME JIMYHBIX aBTOMOOWJIEH B TOPOJCKHX YCIOBHSIX.sKak CiencTBue, MOXKHO
0’KHJIaTh CHIDKEHHS CIIPOCa HA TOJABUKHOM COCTaB JUISINIMYHOIO T0JIb30BaHMS, KOTO-
PBIA CEroJIHS MPEACTABIICH Pa3IUYHBIM MapKaMH W IIHPOKUM MOJCIIBHBIM psiioM. B
nmepcneKkTuBe OyAeT BOCTPEOOBAHO TMPOU3BOACTBO OJHOTHUITHBIX TPAHCIIOPTHBIX
CPEACTB, MPUCIOCOOJEHHBIX HJiI TOPOJACKHMX IEPEBO30K maccaxupoB. llomoOHbIe
TEHJICHIINM CJIEAYeT YUUTHIBATh MPU peasi3alldid HOBBIX MHBECTHIITMOHHBIX TIPOCKTOB
B aBTOMOOWJIBHOW MTPOMBIITICHHOCTH.

VJIK 681.

KOMIIBIOTEPHOE MOJIEJIMPOBAHUE TPAHCIIOPTHO-
PUHAHCOBBIX ITOTOKOB ITPU BBIITIOJIHEHUU TEXHUYECKOI'O
PETJIAMEHTA EAJC

A.A. Muxanpuenko, B.A. ®anenkwnii, B.B. ITamkeBua
benopycCkuil rocy1apCTBEHHbIN YHUBEPCUTET TPAHCIIOPTA,
I'omens, benapych

Ilpuseosamcs pesynomamul ucciedo8anull 3¢pexmusHocmu UCNONb308AHUS PaA3-
JIUYHBIX HAYYHBIX NOOX0008 NpU OoPpMUPOBAHUU KOMNLIOMEPHBIX MOOenell MpaHCnopm-
HO-(UHAHCOBbIX NOMOKO8 NPEONPUAMUL HA3EMHO20 MPAHCHOPMA 8 YCI0BUAX GbINOJIHE-
Hus, mexuuueckoz2o peznamenma EADC npu obecneyenuu 6ezonacHocmu 00pO*CHO20
0BUIICEHUSL U NEePEeBO30K 2PY308 U NACCANCUPO8 NO BUOAM COOOWEHUI C yYemom 0oc-
muoiceHus OnpeoeneHHo20 GUHAHCO8020 pe3yibmamad.

BBenenue

O0s13aTenbHOE UCTIONB30BaHUE TexHUYecKoro pernamenta EADC no ¢yHkImo-
HUPOBAHUIO TPAHCIOPTHOTO KOMILIEKCA COAPYKECTBA IMPEAINONIaraeT JOCTHXKEHHE
HOBOTO YpPOBHSI HMHTEJIENKYTYaJbHOI'O PA3BUTHSl TPAHCIOPTHBIX CUCTeM. Pa3Buthe
PBIHKA TPAHCIIOPTHBIX YCIYT B HOBBIX YCIOBHUSX (DYHKIIMOHUPOBAHMS TPAHCIIOPTHOM
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cuctembl Peciy6nuku benapych motpe6oBano pa3paOOTKy HOBBIX MOJIXOJOB B pe-
IIEHUHU MPOOJIEM YIIPaBIEHUS TPAHCIOPTHO-(OMHAHCOBBIMU MOTOKamMH. OTCYTCTBHE
pelIeHus] TaHHOW MPOOJIEeMbl CO3/1aJJ0 MHOTO HOBBIX HEPEIIEHHBIX BOMPOCOB, KOTO-
pble OTPa3WINCh HETATUBHO Ha 00bEMax MEpeBO30K, ICHEKHOM MOCTYIUIEHUH, YTO B
UTOT€ MOCTAaBUJIO MHOTHE TPAHCIIOPTHBIE OPraHU3allul Ha TPaHb OaHKPOTCTBA.

eau u 3apaun

HepemeHHOCT ONTUMH3ALMOHHBIX 3a4a4 110 YIPAaBICHUIO APAHCHOPTHO-
(MHAHCOBBIMHU MTOTOKAMH MIPUBENA K TOMY, YTO HallMOHAJIbHBIMU NIEPEBO3UNKAMHU YT-
padeHsl BEAyIME MMO3UIUN B KOHKYPEHIIMU HA PBIHKE TPAHCIIOPTHBIX YCILYT Ja)Ke Ha
COOCTBEHHOW TEPPUTOPUHU. DTO CO3/1aJ0 HOBBIE NMPOOJIEMBbI B pA0OTE TPaHCIOPTHOU
CHCTEMBI CTPaHbI, YTO HE3aMEIITUTEIBHO CKA3aJI0Ch Ha JIBYX HampaBieHusx: 1) cHu-
’K€Ha JIOXOJTHOCTh OT TPAHCIIOPTHOM AeATENbHOCTH (paHee 3To.coctaBisiio 17 Y%mo-
CTYIUIEHUH B OIOKET); 2) co3aaHa mpodiaema 6e30MacHOCTHIOPOYKHOTO ABMKEHUS U
MEPEBO30K TPY30B U MACCAKHUPOB (CTapeHUE TPAHCIIOPTHBIX CPEAETB, UCIIOIb30BaHUE
yCTapeBUINX TEXHOJOTUHN U 000pya0BaHMsI, OOeCTIeuBaONINX O€30MaCHOCTD JIBHKE-
HUs). [t permennss MHOTUX TIpoOJieM 1O YIPABICHHUIO TPAHCTIOPTHBIME U (PUHAHCO-
BBIMU IIOTOKaMH KOHKYPEHTHBIE OPraHU3alUN HCIIOJIb3YIOT KOMIIBIOTEPHBIE MOJIEIIH,
KOTOpBIE MO3BOJISIIOT BBINOJIHATh NOUCK Hanbosiee dPPEeKTUBHBIX PElICHUH Mo yya-
CTUIO B TPAHCHOPTHOM pbIHKE. OTCYTCTBHE TaKUX MoJenel y OeI0pyCCKHX TpaHC-
HOPTHBIX OpraHu3alMil co3aano npodsieMbl pabOTbl ¢ MHOCTPAHHBIMU NapTHEPaMH,
YTO MPUBEJIO K JUKBUAALMM MHOTMX MEXIYHAPOJHBIX MAapLIPYTOB KaK MACCAXKUP-
CKMX, TaK M TPy30BbIX IepeBo30K. [1o pe3yibratam nposenennsix benl YTom uccne-
JOBaHUW B TPAHCHOPTHBIX opranu3auusx, Pecnyonuku benapyce, Ykpaunsl, Kazax-
cTaHa u cTpaH bantuu mMoxer ObITh CPOPMYIIMpPOBaHA TIeIeBas 3a1a4a — pa3paboTka
KOMIIBIOTEPHBIX MoOJeNel (OopMUPOBAHUS U NPOABUKEHHUS TPAHCHOPTHO-(UHAH-
COBBIX IIOTOKOB C Y4E€TOM H3MCHEHHUS PBIHKA TPAHCIOPTHBIX YCIYT, TEXHUYECKOIO
perilaMeHTa MCIOJIHEHHs ‘HEPEeBO30K M Pa3BUTHUS IPOU3BOIACTBEHHO-TEXHOJIO-
rMYeCcKoi 0a3bl, alalTUPOBaHHOW 1101 HOBBIE YCIIOBUS PAOOTHI.

IIyTu pemienusi nocTaBJaeHHbIX MP00JIeM M 32124

B coOTBeTCTBUHU C MOCTAaBICHHOM LIETBI0 UMEETCS MOTPEOHOCTh PEIECHUs He-
CKOJIBKHX TPOOJIEMHBIX 33/1a4: 1) MHTEIEKTyalIbHOE Pa3BUTHE CHCTEMBI YIIPABICHUSI
TPaHCIOPTHLIMU. U (PMHAHCOBBIMHU MOTOKAaMU OpPraHU3alMi-I1EpeBO3UYNKOB, BIIaeib-
1eB MHQPACTPYKTYpbI, pacIOpSAUTENCH TPAHCIIOPTHBIX CPEACTB; 2) TOBBIIICHUE
YpOBHST), 0€30[IaCHOCTH JTOPO’KHOT'O JABM)KEHUS U NEPEBO30K I'Py30B U IACCAXKUPOB;
3) co3manue ycioBUi, 00ECIIEYMBAIOIINX COBMECTHYIO ACSITEIBHOCTh OCIOPYCCKUX U
MHOCTPaHHBIX OpPTaHMU3AIMI MO0 OCBOCHHUIO OENIOPYCCKOTO W MEXKIYHApPOJHOTO PbIH-
KOB TPAHCIIOPTHBIX YCIIYT; 4) cO31aHUe HOBBIX BHIIOB IOJBIXKHOTO COCTaBa C WC-
II0JIb30BaHUEM MHHOBALMOHHBIX TEXHOJOTHM.

WuTennekTyanbHoe pa3BUTHE CHCTEMBI YIPABICHUS TPAHCIOPTHBIMU U (PUHAH-
COBBIMM ITOTOKAMH OCHOBBIBAETCSl Ha MCIOJb30BAHUM KOMIIBIOTEPHBIX MOZEIIEH, OC-
HOBAHHBIX HA MCIIOJIb30BAHUY IIPUHLUNKAIBHO HOBOTO MAaTEMAaTHYECKOTO aIlllapara,
00pa30BaHHOIO0 Ha OCHOBE MHTErPALMH OTAEJBbHBIX IMOJOKEHUN TEOPUU TPAHCIIOPT-
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HBIX CHCTEM H TPOIECcCOB [2], Teopuu mepapxudeckux cucreMm [3] U Teopun uccle-
noBanus oneparnuii [1]. OCHOBHBIE MPHHIUIIBI TOCTPOCHHUS MATEMaTHIECKOTO aIla-
paTta KOMITBIOTEPHOM MOJIENI YIpaBJICHUS! TPAHCIOPTHBHIMU U ()MHAHCOBBIMHU TIOTO-
KaMH BKJIFOYalOT: 1) pa3paOoTKy OHTOJIOTMHM HPEAMETHOH 00JacTH 3a/1a4 KOMIIbIO-
TEPHOTO MOJICIMPOBAHUS (PMHAHCOBO-TEXHOJOTHUECKUX MPOIECCOB; 2) pa3pabdoTKy
MaTeMaTH4eCKOM MOCTAaHOBKH 33/1a4K 110 (POPMHUPOBAHUIO MOJAETH pacyeTa TeXHOJIO-
T'MYECKUX CXEM HaIlpaBiieHUs] (PMHAHCOBBIX M TPAHCIIOPTHBIX IMOTOKOB C YUETOM HX
audepeHnnanuy mo BUIaM cOOOIEHUH U CTPYKTYpE UCIIOTHEHUS TPAHCIIOPTHBIMU
OpraHHM3alUsIMH U UHTETPAIMU Ha YPOBHE TEHEPAIILHOTO YIPABJICHUS, 3) pa3paboTKy
JITOPUTMA pPacyeToB M TPeOOBaHMI K BBIXOJHBIM JAaHHBIM Ui MPAKTHUYECKOTO HC-
MIOJIb30BaHUS TIOJIYYCHHOW Mojenu; 4) GopMUpoBaHHE €IUHON MOJEIH TepeMeIe-
HUSI TPAHCIIOPTHBIX M (PMHAHCOBBIX MOTOKOB B HAIIMOHAJIBHBIX FpaHuIax PecryOmu-
K1 bemapych ¥ Ha TeppUTOPHIX TOCYAApPCTB, HA KOTOPHIX BBHINOMHICTCS OCBOCHHE
pBIHKA cUJIaMH 0€JIOPYCCKUX MePEBO3YUKOB.

MaremaTnyeckuil annapar KOMIBIOTEPHOM MOJEHAN CTPOMTCS Ha HCIIOJIb30Ba-
HUM KOMOWHATOPUKH, KOTOpas MpeaycMaTpuBaeT MpocTeifiiine KOMOMHAIIUHN, KOTO-
pble MOXHO COCTaBUTh M3 3JIEMEHTOB KOHEYHOTO MHOXKECTBA, YCTAHOBHUB B 3TOM
MHOKECTBE OKHJAeMblii TOPSAIOK pa3MelieHus, ero 31eMeHToB. K komOuHaTtopuke
yIenseTcsl 3HaYnTeIbHOE BHUMaHNE, TaK Kak OHa MCHOIb3yeTcs pu (opMUpOBaHUH
MaTpPHUILIbI OTHECEHUS PacXOJ0B Ha MEPEBO3KU 110, BUAAM IPY30BOM M MaCCaKUPCKON
JIOTUCTHKHU B 3aBUCUMOCTU OT (YyHKIIMOHAJIHHOW (POPMBI UX BBIMOJIHEHUS U (HOPMBI
HKOHOMHYECKOTO UX OTHECEHHUSI.

OsxugaeMble pe3yabTaThl OT HCIOAB30BAHMS KOMIBIOTEPHOU Mojenn: 1) orpe-
JIeJIeHue MEeCTa 3a/ay M0 COBEPIICHCTBOBAHHUIO JIOTUCTHUKU YIPABICHUS PaCXOIaMH
TPAHCHOPTHBIX OpraHU3alMi NP M3MEHCHUH TPAHCIIOPTHO-(MHAHCOBBIX MOTOKOB
Ha TIOJIMTOHE TPAHCIIOPTHOM JESATEABHOCTH; 2) BBIICHEHHE MPUYUH TOJTYYCHUS OTPH-
[ATEJILHOTO pe3yJibTaTa pacuefoB M IMOUCK YIPABISIIOMIUX MEPEMEHHBIX, 0Oecreyu-
BAIOIUX MEPEXO0JI U3 OTPHUIATSIFHOFO COCTOSHHS B ITOJIOKUTEIBHOE; 3) UCIOIh30Ba-
HUE MHOTO(AKTOPHOTO TEXHOIOFMYECKOTO YIPaBICHUS, TO3BOJISIONIETO MEPEXOAUTD
Ha yNpaBlieHUE C BbIICACHUEM B MOJEIN SKOHOMUYECKUX (PaKTOPOB IO KJIaccaM BbI-
TIOJIHEHUS TIEPEBO30K W 0OCIYKMBaHUS MOTPEOHUTENeH TPaHCIOPTHBIX YCIIYT.
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YJIK 656.078

OCOBEHHOCTH OPTAHU3AIIUU PAIMOTEXHUYECKOI'O
OBECHEYEHUS NOJETOB 1 ABUALTMOHHOMU JJIEKTPOCBSI3U
I'PA’KJAHCKOU ABUAIIMU B PECITIYBJIMKE BEJIAPYCb

A.B. Kamuncknii, T.H. TkaueBa
benopyccknit HAy4HO-UCCIIEN0BATENBCKUN UHCTUTYT
TpaHcnopra «Ipancrexnuka», Munck, bemapyce

OO0HuM u3 2naeHbix MpeboaHUll K BbINOJHEHUIO NONEMO8 SGIACMC 00eCneyeHUe
bezonachocmu npu YnpasieHuu 8030YUIHbIM CYOHOM, KAK 6 8030yXef maxk u Ha 3emie.
Obecneuenue 6ezonacHocmu nOAEMO8 BO30YUIHBIX CYO08 BbINOHAEMC S KOMNIEKCOM
OPeAHU3AYUOHHBIX U MEXHUHECKUX Mep U CPedCms, BbINOJHAEMbIX COOMBEMCMEYIOUWUMU
Op2aHamu UCHOTHUMENLHOU GACMU 6 YeIOM U KOHKDEMHbIMU OOJNCHOCIHBIMU TUYAMU.
Cpeocmeamu ynpasienuss camoiemos Ha 3emiie A6ISII0Mcs CPeoCcmea paouomexHu4ecKkoeo
obecneueHusi NoOIEMoO8 U ABUAYUOHHASL NeKMpocessb. Takum obpazom, HeoOX00uMo
8bINOIHEHUE B8ceX MpebOsanuti K COCMmaAgy, pasmeujeHurdy @YHKYUOHUPOSanuw u
NepUOOULECKOMY KOHMPOJIO MEXHUYECKUX XAPAKMePUCTUK PAOUOMEXHUYECKUX CPeOCmE U
ABUAYUOHHOUL DILEKMPOCESI3U.

PannoTrexnuueckoe obecneyeHne a’dpornopToB M BO3AYIIHBIX Tpacc MpeacTaBIs-
eT co00if Ha3eMHbIE CPEICTBA PAJUOTEXHUUYECKOT0,00€ecriedeHns MojaeToB u cBsizu. C
TEYEHHEM BpeMeHH pa3BUTHE |T-TeXHOMOTH NPUHOCUT BKJIAJ B YIyYIlIEHUE YCIOBUN
Tpyaa, obJseryasi paboTy COTpYJHUKAM aBUANPEHNpUATHA. brarogaps 3TMM TEXHOJIO-
THSIM MBI MOKEM TIOJIYYHUTh TOYHBIE TAaHHBIE ONTF000M BO3ayITHOM cyaHe (nainee — BC)
B JTII000# TOYKE 36MHOTO II1apa.

C mMomeHTa, KOor/ia HayaJld IpOKJIaAbIBATh BO3AYLIHBIE TPACChl, BO3HUKJIA HEOO-
XOJIMMOCTh MPEIbSBICHUS TPeOOBAHUU K TOYHOCTH BBIJAEPKUBAHUS BO3AYLIHBIMU
CyZlaMH CBOEr0 MeCTOIONOKeHNA. [I0CKonbKy Tpaccel MPOKIAABIBAIUCh OT OJHOTO
Ha3¢MHOI'0 HABUTALMOHHOI'O €PEACTBA K APYTOMY, CAMOJIETOBOXKACHUE CBOAUIIOCH K
BBIYKCIICHUIO Kypca CJIeIOBaHUSC YU€TOM (PaKTHUECKOTO BETpa U OmpezesieHus 0o-
KOBOT'O YKJIOHEHUS OT OCH, TPACCHI.

3axoApl HA MOCAAKY M I10CA/IKa TaKKEe MPOU3BOAITCS C MCIOJb30BAaHUEM COOT-
BETCTBYIOIIEI0 HA3EMHOEIO'000PYI0BaHUSI, OJTHAKO YK€ U JJIA 3TUX LIeJIeH COBpEeMEH-
HbI€ CaMOJIETHI MOLYT UCTIOIB30BATh TOJBLKO aBTOHOMHOE OOpPTOBOE 000PY/I0BAaHUE U
3aXOJIUTh Ha MOCAAKY 10 Mpudopam 0e3 MOMOIIN Ha3eMHBIX CPE/ICTB.

Opranusauust paauoTeEXHUYECKOTO 00eCIeYeHHsI TI0JIETOB U aBUALIMOHHOM 3JIEK-
TPOCBSI3H/HEBO3MOXKHa 0€3 COBEPIICHCTBOBAHUS HOPMATHUBHO-paBoBOM 0asbl. bes
00s3aTeIbHbIX K HCIIOJHEHUIO MPAaBUII, PErJIAMEHTUPYIOUIUX BBINIOJHEHUE TOJIETOB,
HEBO3MOKHO TapaHTUPOBATh 0€30MMACHOCTh MOJIETOB.

B Pecniy6ommuke benapych B 0671acTH paguoTeXHUUECKOTO 00€CTIeueHUs TI0JIETOB
YTBEPMACHBI aBUAIIMOHHBIC MpaBujia «PaguoTeXHUYECKOE OOECIeUeHUE MOJIETOB U
aBUAITMOHHAS JIeKTpocBs3b» (manmee — AIT PTOII). [leficTByroriue npaBuia pacnpo-
CTPaHAIOTCS Ha OOBEKTHI U CPEJCTBA PAAMOTEXHUYECKOTO OOECTIeUeHHs IMOJIETOB U
CBSI3U, MCIOJIB3YEMBIE HA TPAXKIAHCKUX a’pPOJIpOMax, HaXOMSIINXCS HAa TEPPUTOPUU
ctpanbl. AIl PTOII pa3paGoTtanbl B cooTBeTCTBUH ¢ Bo3ayniHbiM koaekcoM Peciy6-
muku benapycs, mpunoxkenneM 10 k KonBeHnu o MexayHapOAHOW TpakIaHCKOM
auanmu (nanee — ['A) m ycraHaBimBaioT TpeOOBaHHS K O0BEKTaM paJHOTEXHHUYE-
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CKOTO 00ecreYeHusl MOJIETOB M aBUAIIMOHHOMN JJIEKTPOCBSI3H, a TAK)KE K OpraHu3aIiu
TEXHUYECKOU IKCIUTyaTalluu dTUX 0OHEKTOB.

Cornacuo AIT PTOII Bce panuounsnyyaromiuye cpeicTBa, HaXOsuecs Ha Tep-
putopun benapycu, mopiexar rocygapCTBEHHOW PEruCTpaldd U JIOJKHBI UMETh
paspelieHne Ha IpaBo dKCILTyaTallud, UMETh CepTU(UKAT THUIIA, BBIJAaHHBIA MexXro-
CyJIapCTBEHHBIM aBHAIIMOHHBIM KOMHUTETOM, M YJOCTOBEPEHHE IOJHOCTH K DKCILTya-
taii. OTBETCTBEHHOCTh 32 TOTOBHOCTh K MPUMEHEHUIO M0 Ha3HAYEHUIO CPEJCTB
PTOII u cBsi3u Bo3naraercs Ha CiyxO0y dKCIUTyaTalluu PauOTEXHUIECKOTO 000py-
noBanus u cBs3u (nasee — DPTOC), koTopass opraHu3yeT CBOIO JCATCIBLHOCTH 10
PTOII u oGecniedyeHnto MpoU3BOJCTBEHHON NESATEIHLHOCTH aBUAIIMOHHOW OpraHu3a-
IIMM, 00ECIIeUurnBaeT OPraHU3allUI0 U MPOBEICHUE TEXHUYECKOU SKCILTyaTallud B CO-
OTBETCTBUU C ONEPATUBHBIM U NEPCIEKTUBHBIM INIAHUPOBAHUEM TIO BCEM BHUIaM Jiesi-
TEIBHOCTH, a TaK K€ BEIET €KErOAHBII aHAINU3 COCTOSHUS 00€CHeUeHNsT OE30I1acHO-
CTH MOJIETOB.

[Tomumo AII PTOII, Ha Tepputopuu 1ist paIuOTEXHUUECKOTO 00ecrieyeHus mo-
JIETOB CIIY>KObI HCHOJIB3YIOT JOKYMEHTHI, ONUCaHHble Bi«llepeyHe NOKyMEHTOB, Jeii-
CTBYIOIIMX B TpakaaHcKoil aBuanmu PecryOnumku benapych». JlaHHbIl nepedeHb
BeTynud B crity 15 centsabpst 2014 rona. OH BBeneH BilleNsaX oOecrieyeHrs KayecT-
BEHHOTO BEJCHHUS KOHTPOJBHBIX M Ppab04YuxX »dK3eMMISIPOB OpraHU3aIlMOHHO-
pacropsiIUTENbHBIX JOKYMEHTOB, perjiaMEeHTUPYIOMmUX nesaTenbHocTh ['A. PacecmoT-
PUM B OTJIENIBHOCTU KaX bl U3 HUX:

— ABHAalMOHHBIE TIpaBWia «OpraHu3alusisyd HPOBEICHUE HA3EMHbBIX U JIETHBIX
IIPOBEPOK HA3EMHBIX CPEJACTB PAJUOTEXHUUYCCKOro OOecIeueHusl TMOJIETOB, aBHUa-
IIMOHHOMN DJIEKTPOCBSI3U M CHUCTEM CBETOTEXHUYECKOTO 00OPYJAOBaHHUS a’pOIPOMOB
rPaXJaHCKOW aBUALIUN»;

— [lonoxeHue 0 METPOJIOTUYECKOM OOECTICUYCHUN aBUATIPEANIPUATAN TPaXIaHC-
Koii aBuanuu Pecniyonriku benapych;

— C Th 1864.1-5-200ABuanuossas >1eKTPOCBI3b;

— PykoB0o/CTBO 110 paguoTEeXHUYECKOMY 00ECIIEUCHHIO MOJIETOB B IPaKaHCKOM
asuaiuu (nanee — PPTOII 'A-2000).

ABunanuoHsble npaBuia «OpraHuzaius U NPOBEACHUE HA3€MHBIX M JIETHBIX
MPOBEPOK HA3EMHBIX CPEACTB PATUOTEXHUUECKOTO OOCCIICUCHHsI MOJIETOB, aBUAIlH-
OHHOM DJIEKTPOCBS3U M CHUCTEM CBETOTEXHHYECKOTO OOOpYAOBaHUS a’pOIPOMOB
rpaXJIaHCKON aBHAIMU». B mpaBuiiax yuTreHbl MexayHapoIHble CTaHIAPThl U PEKO-
menayemasi npaktuka Upunoxxenus 10 k KonBeHunu o MeXIyHapOIHON TpakaaH-
CKOM aBHaruu' ABHAIIMOHHAS JIEKTPOCBS3h , ToM 1 — "PagnonaBuramnonnsie cpea-
ctBa" (MexaymapoaHas rpaxaaHckas apuarusi, 1996r.); u [lpunoxenus 14 k Kon-
BEHIIMHU O MCSKAYHAPOIHON TpakaaHCKo aBuamuu " Aspoapomsl”’, Tom 1 — 'TIpoek-
TUPOBAaHUE M KCIUTyaTanus a’dpoapomMoB” (MexayHapoaHas rpakIaHCKas aBUaIus,
2004 1.). B mipaBuiax B MOJHOW Mepe OTOOpPaKEHbI BOIPOCHI M0 OpraHU3aIMU Ha-
3€MHBIX U JIETHBIX MPOBEPOK TPACCOBOTO M a’3POJPOMHOI0, BTOPUYHOTO 0O30PHOTO
paguonoKaTopa, TPAaCCOBOTO PaTUOJIOKAIIMOHHOTO KOMIUIEKCa, 000PYIOBaHHS CHUC-
tem nocanku |, I, Il kaTeropuu, BceHanpaBiIeHHBIX paguoMaskoB. B aBUAIIMOHHBIX
MpaBUjIaX OMUCAHBI TPEOOBaHUS, MPOTPAMMBI TIPOBEICHUS MPOBEPOK, METOIUKA Op-
raHu3anuy padoThl JUIsl KXKIBIX U3 YHKTOB, OMIMCAHHBIX BBIIIIE.

[TonoxxeHne O METPOJOTHYECKOM OOCCICUCHHH ABUANPEANPHUATHI TpakIaH-
ckoi aBuanmu PecnyOnuku bemapych BBEAEHO C LENbIO OPraHU3alUU LIEHTPAIU30-
BAaHHOW CITYOBbI METPOJOTUYECKOTO O0ECIICUeHUs aBHANPEIIPHUATHI, aBHAKOMIIA-
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HUAW U YYPEKICHUN I'PAKIAHCKOM aBUALlMU CTPaHbl. [ TaBHOW 3a1a4yell METPOJIOTHYE-
CKO# cIy>KObI sIBIIsIeTCSl 0OecreueHne eMHCTBA U3MEPEHUI B OTpaciiv, IPOBEIACHHE
€IMHOM TEXHUYECKOH MOJMTUKUA B 0OJACTH COBEPUICHCTBOBAHUS METOJIOB U CPE/ICTB
M3MEPEHHM, UCIIBITAHUI, KOHTPOJII U TUarHOCTUPOBAHHUS, UCIOJIb3yEMbIX B MPOU3-
BOJICTBEHHBIX IIPOLIECCaX OTPACIIH, HAIIPABICHHON HA JOCTH)KEHUE BBICOKOTO YPOBHS
PEryJIApHOCTH U O€30MaCHOCTH MOJIETOB, KaueCTBa TEXHHUUECKOIO OOCIY>KUBAHUSA U
PEMOHTA ABUALIMOHHOW TEXHUKH U BBIITYCKA€MOH POYKIHUU.

B cBoeil nedaTenbHOCTH METPOJIOrHUYecKas CIyk0a pyKOBOJCTBYETCS 3aKOHO/A-
TenbcTBOM PecnyOnnku benapych, crangapraMu cUCTEMbl 0OecneUeHUS "eAUHCTBA
n3Mepenuit Peciyonuku benapycs, npaBuiaMu, METOIMYECKUMH YKa3aHUSMU, MHCT-
pykuusimMu ['ocynapcTBeHHON MeTposiorudeckoi ciyxonl Pecnybnnku benapycs,
HOPMaTUBHBIMU aKkTaMu M caMuM llojoxkeHueM o MeTpoJIOrM4€CKOM 00€credeHun
aBUANPEIPUIATUN rpakaaHcKol aBuanuu Pecniyonuku benapyes. Cnyx0a Hecer oT-
BETCTBEHHOCTb 32 COOJIIOJIEHUE B OTPACIIM METPOJIOTUYECKUX NPABKMII, TPEOOBAHUH U
HOPM, COCTOSIHUE U pPa3BUTHE METPOJIOTUYECKOTO 00ECTIEUEHHS B aBUATIPEATIPUATHUSAX,
OpraHM3aLMsIX U yUYpEKIACHUAX. B 1MonoxeHun ykasaHa eTpyKIypa METPOJIOTUYECKON
CITyk0bI, ee QyHKIIMOHATBHBIE 00S3aHHOCTH U TIPaBa.

CTb 1864.1-5-200%0Th 1 AEUCTBYIOIIHI JOKYMEHT, HO HE B MTOJIHOW Mepe CO-
OTBETCTBYIOIIMI MEXIYHAPOJHOMY JOKYMEHTY «ABHAllMQHHAs 3JIEKTPOCBs3b. [Ipu-
noxenue 10 k KoHBeHIIMH 0 MeXAyHapOAHON TPakJaHCKOM aBHAllUK», TaK KaK B
HEM He y4dTeHbl nmomnpaBku, BHeceHHble ¢ 2012 roma. Kpome Toro, B COOTBETCTBUU C
Boznymnbeiv konexkcom Pecrybnuku benapyce, ceprudukanuy B 001acTu rpaxiaH-
CKOH aBHAIMM MOJUIEkKAT BCE CPEACTBA HAaBUI'AllWM, HAOJIOJEHUS U CBA3M IpakJaH-
ckoil aBuanuu. TpeOoBaHUs, IPENBABIAEMBIEK 00bEKTAM CEPTUPUKALIUN B 00JIaCTH
IPAKIAHCKOM M DKCIEPUMEHTAIbHOW ABHAWMH, YCTAaHABIMBAIOTCS aBUALMOHHBIMU
[IpaBUJIAMU U MHBIMU HOPMATUBHBIMU [IPABOBBIMU aKTaMM, 32 UCKIIIOUEHUEM TEXHU-
YeCKUX HOPMAaTHBHBIX IIPABOBBIX aKTOB),B Q0JIACTH TEXHUYECKOTO HOPMUPOBAHUS U
cranpaptuzanuu (ct.20 BK PB). Tak xak CTb 1864.1-5-2009 sBisitoTcst TeXHHYE-
CKMMHU HOPMAaTUBHBIMU MPABOBBIMM AKTaMH B 00JaCTH TEXHUUECKOTO HOPMUPOBAHHUS
U CTaHIapTHU3aI1H, CJIeI0BATEIbHO,TPEOOBAHNS, N3TI0KEHHBIE B HUX, HE MOTYT OBIThH
yuTeHsbl pu ceptudukanuu 006extoB PTOII.

PPTOII I"'A-2000 pa3paGoTano B COOTBETCTBUH C TpeboBanusmu BozmymiHoro
konekca Pb, AIl PTOII, astakxe ¢ yuyetom ombiTa 3Kkciuryarauuu cpeacts PTOII u
CBsI3M B mpeAnpusitusix rpaxaanckor asuaruu. PPTOII I'A-2000 sBnsiercs HOpMa-
THUBHBIM PACIOPSAUTEIIBHBIM IOKYMEHTOM, PErJIAMEHTUPYIOIIMM OpraHu3allMOHHbIE
Y TEXHUYECKHE FPEOOBAHUS M0 PAAUOTEXHUYECKOMY OOECIIEUEHHUIO MTOJIETOB U aBHUa-
UOHHOW AJIEKTPOCBS3U, KOTOPBIM OMHUCBHIBAET OCHOBHBIE NMPUHLUIIBI TEXHUYECKOU
skcrutyataiuu 0bekToB U cpeAcTB PTOII u cBszu. TpebGoBaHuss U MOJOKEHUS
PPTOITI I'A-2000 o06s3aTenbHbl NI BBINOJHEHUS PYKOBOJSAIIMM W WHXCHEPHO-
TexHUgeckuM dtepconanom cinyx0 OPTOC npennpusituii rpakIaHCcKol aBHAlMM, a
Tak>Ke HMPEANPUATHIMH, UCIIOIB3YIOIUMHU B CBOEH nearenbHoCcTH cpeactsa PTOII u
CBs3M, oOecrneunBaromye Oe3zomacHocTh noneroB BC mo mpaBuiam rpakaaHCKON
aBualuy. besonacHocts nosieroB BC B yacTu pagMOTEXHUYECKOTO OOECIEUEHUs U
aBUAIMOHHOMN SJIEKTPOCBSI3U OINPEAEISETCS HAIeKHOCThIO (PYHKIIMOHUPOBAHUS 00B-
exToB u cpenactB PTOII u cBsizy, Ka4eCTBOM OpraHM3allyd UX TEXHUYECKOM IKCILTya-
TalluM ¥ YPOBHEM NOJATOTOBKHU UHKEHEPHO-TEXHUYECKOTO ITEPCOHAIIA.

JleiicTBytolue HOpMaTHBHBIE JOKYMeHTHl Pecnybnuku benapyck ¢ Teuenuem
BPEMEHH YTPAaTWINA CBOIO aKTyaJlbHOCTh M HOBU3HY, HE B IOJHOW MEpPE YUUTHIBAKOT
COBPEMEHHBIE TEXHOJIOIMHM U TEHACHLIMHM OpraHU3alui paJuoTeXHUYECKOro odecme-
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YEeHUsI TOJIETOB U aBUAIIMOHHOM 3JEKTpOCBsA3H. [[s perienus 3aiad mo MojaepHHU3a-
[IM1 U COBEPILICHCTBOBAHHUIO CHCTEMBI CIIEIyeT MPUBECTU BCE JOKYMEHTHI K €IUHOMY
BUAY, npuBeas ero B coorBercTBue ¢ [Ipunoxennem 10 k KonBenmuu o mexayHa-
POIHOM Tpa’kAaHCKOl aBuanuu. JlaHHBIA MyTh pelIeHrs NpUBEIeT K TapMOHU3AIUH
HOpMaTuBHOM 0a3bl Pecnybnuku benapych B o0mactu paanoTeXHUYECKOTO olecre-
YEeHUS TTOJIETOB ¥ AaBHALIMOHHOM 3JIEKTPOCBSI3H.

Cnucok JuTepaTypsbi:

1. ABuanuonunsle npaBwia «PaguoTeXHUUYECKOE OOECreYeHue M aBUAlMOHHAsL 3JIEKTPOC-
BSI3b», YTBEPXKIEHHBIC IMOCTAHOBIIEHHEM MUHHUCTEPCTBA TPAHCIOPTaL M KOMMYHHKAITHI
Pecniy6uku benapyck ot 29 mapta 2000roma Ne2.

2. ABuarnonnslie mpaBmia "OpraHuzamysi ¥ MPOBEICHNE HA3eMHBIX U JIETHBIX MPOBEPOK
HA3eMHBIX CPEJICTB PaJUOTEXHUYECKOT0 00ecreyeHus IMOJIETOB, aBUALMOHHOM 3JIEKTpOC-
B3 U CHCTEM CBETOCHUTHAJIBHOTO OOOPYIOBAHMS a3POAPOMOB’ TPAKAAHCKOW aBUAINH
Pecny6muku benapycs”, yTBepkaeHHBIE MOCTaHOBICHHEM JMHUHHUCTEPECTBA TPAHCIOPTA H
koMMYyHHKanuii Pecriyonmku benapycs ot 2 centsaops 200&. No 93.

3. PyKkoBOJCTBO MO painOTEXHHYECKOMY OOECIICUEeHHUIO TOICTOB B IPaskJIaHCKOW aBUAIIHH,
yTBepxkaeHHbIe puka3zoM ['KA ot 26 aBrycta 1996 ronaNe99;

4. CTb 1864.1-5-2009 «ABHAaIMOHHADICKTPOCBA3H>», YTBEPKIACHHBIE MOCTAHOBICHUEM
I'occrangapra Pecriyonuku bemapycs ot 20 depais 2009roma Ne8.

5. TlonoxxeHne 0 METPOJOTMUECKOM 00eCTIeYeHUH aBUANpeMIPUATHIA TPaKJaHCKOM aBUAIMU
Pecnybnuku benapycs, yrBepxnennsie npukazoM I'KA or 14 utons 1996 romaNe64.

VJIK 656.078

UHTEI'PALIMS BECIIWJIOTHBIX JIETATEJIBHBIX AIIITAPATOB B
EJUHYIO CUCTEMY.I'PAXKIAHCKOU ABUALIUU PECITYBJINKA
BEJIAPYCb

3.B. Mamapckuii
benopycckuil HaydHO-HUCCIIEI0BATENbCKAA HHCTUTYT < paHCTEXHHUKA»,
Munck, bemapyce

Ilpumenetue 6ecnuiOmMHbIX 1eMAMENbHLIX ANNAPAMO8 8 SPANCOAHCKOM CEKMope 8
HACMOAWEe N 8PeMsl  HAXOOUMC 6 ONCUOAHUU peuleHUs HeKOMOPbIX MEeXHUYeCKUx u
Op2aHUBAYUOHHBIX NpoOIeM, 6e3 ue20 HeBO3MONCHO UX cmaduIbHOe UCNoNb308anue. B
cmamuve’ npusooamcs OCHOBHbIE ACNEeKmMbl NPUMEHEeHUs OeCRUIOMHbIX JlemamelbHbLX
annapamos 6 paxcoOancKoll asuayuu, paccmampueaemcs KOMNIeKc UHPOPMAYUOHHBIX
MEXHON02Ul UCNONL3YEMBIX NPU UX NPOEKMUPOBAHUU U NPOU3BOOCHEE, AHATUIUPYEMCS
HopmamusHo-npagogas basa Pecnyoniuxu benapycv no ucnoavszosanuio 0Oecnuiomuuix
JlemamenbHulX annapamos.

CornacHo Bozagymuomy koaekcy Pecny6muku benapych «OecnuiaoTHBIN seTa-
TEJIBHBIN amnmapat —3TO BO3AYIIHOE CYJIHO, MPpeJHa3HAuEeHHOE AJIsl BHIMOJIHEHUS IO-
neta 0e3 dKuIaxka Ha 0opTy».

CTuMysnoM K pa3BUTHIO OECHMIOTHOM aBHAIMM BO BCEM MHUPE TMOCIY>KUJIO
YCIIEITHOE ¥ IIMPOKOE MCIIOJIb30BaHUE OSCIMIIOTHBIX JIeTaTeIbHbIX amnmapaTtoB (BJIA)
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apmusimu  CIIIA wu WM3pamns B xome BoeHHbix omnepanwii ([lepcunckuit 3amus,
OrocnaBus, bmmxauii BocTok, apabo-uspawmibckue BoiHbI). [Ipu stom BJIA
3apeKOMEHJI0Baiu ce0s Kak 3(h(PEeKTUBHOE CPEJCTBO Pa3BEAKH, COIPOBOKIACHUS 004,
B KQ4eCTBE JIO’KHBIX MUIICHEH 111 OOHAPYKEHUS 3€HUTHBIX YCTAaHOBOK MPOTHUBHUKA,
JOCTaBKH IPY30B, AJIsl BBIMOJIHEHUS MPOYUX OOEBBIX 3a/1a4.

Hcropuuecku pa3BuTHE OECHUIOTHBIX CHUCTEM IIJIO MO JABYM HaIpaBICHUSIM.
IlepBoe HampaBiieHHME, Kacarolleecs, Npexae Bcero, Manbix bBJIA, BeIpocio u3
aBuamMojieln3Ma. ODHTY3MacThl, HayaBIIMe padOTaThb B 3TOM HANpPAaBICHUH, MaJo
3alyMbIBAJIUCh O Kakoi-mubo HopmaTtuBHOM Oaze. Ha naHHBI MOMEHT Yka3om
npesunenta Pecyommku bemapyce Ne81 ot 25.02.2016pasrpadnueHbl TOHSTHS
«aBUAMOJICNIb» M «OECTMJIOTHBINA JIETATEeNbHBIN ammapar». Tak, &m0 aBHAMOJIEIbIO
MOHUMAETCS JIeTaTeIbHBIA anmnapar 0e3 uenoBeka Ha OOpTy, yIpaBieHHE KOTOPOIo
BO3MOKHO TOJIBKO MPHU YCIOBUHM BH3yaJbHOTO KOHTaKTa C HUM, a TaKXe HEyI-
paBIIIeMbI CBOOOIHOJETAOIMMKN anmapaT». OTcroa cieayer, uTo M HOpMaTUBHAas
0a3a s aBuamojeneit u BJIA O6yner oTaudaThes.

Jpyroe HampaBieHHe — pabOThl OONBIINX KOHCTIPYKTOPCKUX OIOpO aBHa-
[IMOHHOM HAIpPABJIEHHOCTH, KOTOPHIE YBHUIETH NMEPCIICKTHBHI, BKIIIOUas (PMHAHCOBEIE,
pa3BUTUsl OECIMJIOTHBIX CHUCTeM. B nmaHHOM ciydae Tak#e ammapartbl SIBISIOTCS
MEPEYTSHKEIEHHBIMU M SKOHOMHUYECKH HE . BBINOJHBIMH, TaK KaK OCHOBHBIM
HarpaBlieHHeM co3nanus BJIA sBnsercs BoeHHoE€ NpuMeHeHue. Ho ecnu mepso-
HavyaJIbHO B Hauieil ctpane bJIA Hauumm npuMEHEHUE TOIbKO B BOEHHOM 00JacTH, TO
ceivyac 3HAYUTENIbHBIA CErMEHT NMPUMEHEHU KOMILIEKCOB ¢ bJIA mpuxomurcs yxke
Ha TrpaxaaHckylo cdepy. B Hacrosiee, Bpems 3a pyOeKOM MPAKTHUYECKH BCe
aIraparbl IPOCKTUPYIOTCS B KAYE€CTBE AIIIAPATOB JIBOMHOIO HA3HAYCHMS.

I'paxnanckas chepa npumeHeHus, bJIA upesBbruaiino mmpoka. K o6mactsam uc-
noibs3oBaHusl BJIA M0XHO OTHECTH!

« CEKTOp 0€30MacHOCTH, BKIIOYasTIaTPyJIMPOBAHUE YIIUIl TOPOIOB, TPAHCIIOPT-
HBIX Pa3BA30K WJIM UHBIX TEPPUTOPUM;

« IPEAYNPEKACHUE WIH VIPABICHUE YPE3BBIYANHBIMU CUTYAIUSIMH, BKJIOUas
MOKapHYI0 0€30MaCHOCTh, PA0OTY MO YCTPAHEHUIO MOCIECTBUNA KaTacTpod;

« CEJIbCKOE XO035IUCTBOsB TOM YHCII€ HAOII0IEHUE 32 TOCEBHBIMU TUIOLIASMU,

« pHIOOJIOBCTBO-M., JISCHUYECTBO, BKJIIOUAs OXpaHy JIECHOIO XO3SIIICTBA M KOH-
TPOJIb PHIOHOTO MPOMBICIIA;

« Te0Ie3Us i KapToTrpadupoBaHEe MECTHOCTH,

- reorpadus M ECONOTHS, BKIIIOYAsl U3YYEHHUE TPYJHOIOCTYITHBIX T€0JIOTHUECKUX
TEI,

« CTPOUTEABCTBO, B TOM YUCJIE KOHTPOJIb 332 CTPOMKAMU,

- He(pTera3oBbIil CEKTOp, BKIIIOYAS U3YYEHUE U MOHUTOPUHT He(Tera3oBbIX 00b-
€KTOB4 Ha0IIOCHUE U JTUCTAHIIMOHHBINA COOp AaHHBIX O COCTOSTHUU TPYOONPOBOAOB U
IPOUYNX OOBEKTOB;

« CPEIICTBA MacCOBOW HMH(pOpMAIMK, B TOM dYHCIEe a3pO(OTOChEMKAa U BUICO-
CBhEMKA,

« KUHEMaTorpagus — TeJIEBU3MOHHbBIE U KHHOCHEMKH.

W3 nocTaBieHHbIX TPaXAAaHCKUM CEKTOPOM pbIHKA 3a1ad npumeHeHus bJIA, B
NEPBYIO OYEpEe/lb, XOUeTCSd OTMETUTh KOHTpoiabHble (yHkiuu BJIA. C momorisio
OECHMIOTHBIX CUCTEM MOXHO KOHTPOJIMPOBATH KaK TEXHUYECKOE COCTOSIHUE 00OBEK-
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TOB, TaK U UX O€30MaCHOCTh U (DYHKLIMOHUPOBAHUE, IPUTOM, YTO KOHTPOJIUPYEMBIE
OOBEKTHI MOTYT HAXOJIUTHCS Ha OOJBIIOM yAAJNCHUH.

JUis NOCTMIKEHHUs IOCTAaBJIIEHHBIX 3aJad B O0JIaCTM TpaXAaHCKOW aBHALUU
IPOEKTUPOBAaHUE U MNpou3BOACTBO BJIA Benmercs ¢ HCIOIB30BaHUEM IEPENOBBIX
COBPEMEHHBIX MH(QOPMALMOHHBIX TEXHOJIOTMHA. B mpouecce BbIONHEHUs MOJIETa,
KaK IpaBuio, ynpasieHue BJIA ocyliecTBisieTcss aBTOMaTUYECKH IOCPEACTBOM
OOPTOBOTO KOMILJIEKCA HABUTAIIMH U YIIPABICHUS, B COCTaB KOTOPOT'O BXOIAT:

- IPUEMHUK CIyTHUKOBOM HaBWUTranuy, OOECNeuMBAIONIMKA TNpUEM HaBHra-
nmonHoU nHpopMmanuu ot cuctem [ JIOHACC u GPS;

- CUCTEMa HHEpUHUAJIbHBIX JAaTYMKOB, 00ECIEUMBAIONIAs ONPEHEICHUE OPUEH-
TalWU U IapamMeTpoB JIBHKeHUs BIIA;

- CUCTeMa BO3IYIIHBIX CHTHAJOB, OOECMEUMBAIOIIas H3MEPEHHE BBICOTHI U
BO3AYIIHON CKOPOCTH;

- pa3Iu4HbIC BUJIbI AHTCHH, NTPEHA3HAYEHHBIC JUJIS BBIIIOJHECHUS 3a/1a4.

BboproBas cuctema HaBUraluu U ynpasjieHUs] 00eCIIeUnBaCT:

- TOJIET MO 33/JIaHHOMY Mapuipyty (3aJaHue MapuipyTa, TpPOU3BOAUTCS C
yKa3aHHWEM KOOPJIWHAT ¥ BBICOTHI IOBOPOTHBIX ITYHKTOB MaplipyTa);

- I3MEHEHUE MapUIPYTHOTO 3a/1aHUs WIM BO3BpAT B(TOYKY CTAPTA I10 KOMAaHJE C
HA3€MHOT0 ITYHKTA YIIPaBJICHUS,

- 00JIET yKa3aHHOH TOYKH;

- aBTOCOIPOBOXK/IEHNE BHIOPAHHOM 11eJIH;

- cTabunmn3anuio yrioB opueHTanuu bJIAjG

- IOJIEp’)KaHUe 3aJaHHBIX BBICOT M |CKOPOCTH Tojera (myTeBoi Jmbo
BO3/TyIITHOWM);

- cOop U mepedady TeleMETpUUYECKOW HH(pOpMalMu U MapaMeTpax MojeTra u
paboTe 1eneBoro 060pyI0BaHus;

- IPOrpaMMHOE yIpaBlieHUuE YETPOUCTBAMU 1IEJIEBOT0 000PYI0BaHUSI.

boproBas cucrema cBs3H:

- (yHKIMOHMPYET B pa3peilieHHOM Juana3oHe pajuovacTor;

- o0ecrieunBaeT neperady JaHHbIX ¢ OOpTa Ha 3eMJII0 U C 36MJIA Ha OOpT.

JlanHble, nepenaBaemble C QOpTa Ha 3€MIIIO, COIEPKAT:

- IapaMeTphl TEIEMETPUL;

- IOTOKOBOE BUI€0- M'POTON300paKEHHE.

JlanHble, nepegaBaeMbie Ha OOpT, COAEpKaT:

- KOMaH[1bl yiipaBieHus bJIA;

- KOMaHbl YIIPaBICHMNs LIEJIEBOM aIllIapaTypou.

Ha ceronnammHuii neHb pa3BUTHE phIHKA TpaxkaaHckux bBJIA Topmosurcs
OTCYTCTBHEM. MMOIHONW HOPMATUBHO-TIPAaBOBOM 0asbl Mo ucmosb3oBanuio bBJIA. DTta
npoOiieMa HE ¢pelieHa MOJHOCTbIO HU B OJHOM cTpaHe mupa. B PecmyOnuke
benapycr ‘u3menenuss B Bo3gymiHbiii konekc ObLin BHeceHbl B stHBape 2014 r.
noctaHoBieareM Ne 1273, KoTOpoe BBOAMIIO MOHATHE «OSCIMIOTHBIN JeTaTeIbHbBIN
anmapar» u «oneparop bJIA». Takxe o BJIA ynomunaercs B [IpaBuiax ucnosnb3o-
BaHHs BO3IYIIHOrO IpocTtpaHcTBa Pb m B ABHAnMOHHBIX NpaBWIAX IOJETOB B
BO3IYLIHOM IpocTpaHcTBe Pecnydnuku benapyce. J[aHHbIE TOKYMEHTBI ONPEAEIISAIOT
npasa oneparopa bJIA, yro4HsA0T MOMEHTHI, CBA3aHHbIe ¢ noaeToM bJIA, u nmpupas-
HUBarOT oneparopa bJIA k skumaxky BO3YIIHOTO CyJHA CO BCEMH COOTBETCTBYIO-
myMH npaBamu. O4eBUAHO, YTO JUIS TIOJHOM periaMeHTaluu ACSITENbHOCTH 0 UC-
nosbs30BaHuio0 BJIA HeoOxoauma pa3paboTka aBUALMOHHBIX MIPABWJI OpraHU3alUuU U
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obecneuenus noneroB bJIA B PecyOnuke benapych, B KOTOpbIX OyayT 0TOOpaXKeHbI
BCE CTOPOHBI 3KCILTyaTallluu, perucTpauuu u ceptudukanuu bJIA.

B Poccun ¢ 1 nos6ps 2010 roga Bcrynunu B cuily HoBble DenepanbHble
[paBuia HCIIOJIb30BaHMUs BO3AYIIHOrO mpocTpaHcTBa Poccuiickont denepanum.
BriepBbie B 3TOT IOKYMEHT BKJIIOYEHO OMpEeTIeHHE OECHUIOTHOTO JIETATEIbHOTO
amrapara, a TaK)Ke BBEJIEHBI ITOJIOKEHHUS OTHOCUTEIBHO MOpPSAJIKA HMCIIOIb30BAHUS
OECNUIIOTHOTO JIETATEJILHOTO ammapara B BO3AYLUIHOM IpocTpaHcTBe. OIHAKO 3TOT
JOKYMEHT JIOJKE€H OBITh JIOTIOJHEH PSAOM COIYTCTBYIOIIUX JOKYMEHTOB, COZAEP-
KallUX MOAPOOHBIE MPaBUJIA U UHCTPYKIIUU.

Takke OAHUM U3 ITIaBHBIX BOIPOCOB SIBJIICTCS MOJyYEHHE CTATYCA BO3LYUIHOTO
cynna (BC) OecnmnotHeiMu ammapatamu. BJIA, He sBusasce BC, He mojiexar
peructpaunu B peectpe BC n He umeror CBUAETENBCTBA O PETUCTpaIMU 1 TOAHOCTH
K HCIIOJNB30BaHUIO. VIM HEBO3MOXKHO, Ja M HE HYKHO IIOJIy4aTb pas3pelleHUuE Ha
UCIIOJIB30BAaHUE BO3YIIHOIO IPOCTPAHCTBA. A 3TO YK€ 4YpPEBATONCAMBIMHU CEPbE3-
HBIMH ITOCIIEACTBUIMU.

B pamkax AEUCTBYIOLIETO 3aKOHOAATENIBCTBA €CTh BHUJIZABHALMH, B KOTOPOM
BJIA MoOryr cymecTtBoBaTh Ha 3aKOHHOM OCHOBAHHMM. DTO - SKCIIEPUMEHTaJIbHAs
aBuanus. [1o atomy nmytu uayt u apyrue crpanbl (CIIA, Espoma). B atoii orpaciu
€CTh MHOTOJICTHHM OMBIT MCIOJb30BaHUS JICTATEIbHBIX alllapaToB, HOPMAaTHUBHBIE
JOKYMEHTBI, pa3paOOTaHHbIE 1E€CATUIETUIMH, TAK/KE,ECTh BO3MOXXHOCTb KOHTPOJIS 32
texHuueckuM coctosinueMm BJIA u muoroe npyroe. [Tonyuus craryc BC B pamkax
DKCIIEpUMEHTANbHON aBuanuu, BJIA cmoryr, MCHoIb30BaTh BO3AYIIHOE IIPOCT-
PAHCTBO MO CYIIECTBYIOIIMM PAaBUIIAM.

BJIA B mnocnegHue TOABI AKTUBHO HPUMEHSIUCh BOCHHBIMH, MO3TOMY
HapaOOTaHHBIM UMM ONbIT KcIUTyaTad bJIA B pa3nuyHbIx ycnoBUsSX 0TOpachiBaTh
HU B KOEM ciyyae Henb3sd. HaoOopoT, HY’)KHO NIpUBIEYb BOEHHBIX K BbIpaOOTKE
TexHuueckux TpebdoBanuii Kk BJIA (¢ yderom'Toro, 4yTo 1Heau W 3a1a4dl MPUMEHEHUs
BJIA' B TpaxmaHCKOM CEKTOpEe HEeKOTOphIM 00pa3oM OTIMYalTCs OT 3ajad,
penracMbIX BOCHHBIMH.

Wtak, moaBoOas UTOTH, MOKHO OTMETUTH TOT (haKT, 4TO HUcmonb3oBanue bJIA He
TOJIbKO BO3MOXHO, HO HyHeoOxoaumo. [lonetsr BJIA BO3MOXHBI MpH YCIOBUU
BBINOJIHEHHS TpeOOBaHNH, BBIPaOOTaHHBIX Ui MonydeHus CBUIAETENBCTB O JIETHOM
TOJHOCTH M PEruCTPALMH. DTO MOXHO CHENAaTh B paMKaxX 3SKCIEPUMEHTAIBHON
aBHALUH.

B3psiBHOM poeT phiHKa BJIA M CBS3aHHBIX ¢ HUM YCIIYI' IIPOTHO3ZHUPYETCS NPHU
IIPEOJOJICHUN/ B ZCKOPOM BPEMEHH psiia TEXHUYECKUX W aJMUHUCTPATHBHBIX
0appepoB, OrpaHMUMBAIONIMX HCIONb30BaHHEe BJIA B HalMOHaIbHOM BO3IYIIHOM
IPOCTPAHCTEBE.

Mauor#e npo6ieMbl pa3BUTHsI OECIIMIIOTHON aBHALIMK MOTYT OBITh PEIICHbI pa3-
paboTKO M BBEJCHHEM aBHALIMOHHBIX MpaBmil ucnonb3oBaHus BJIA. UToOsl 310 pea-
JIM30BATh B ITIOJIHON MEPE, HY’KHO BBIIIOJIHUTH HECKOJIBKO OCHOBHBIX MEPOIIPUSATHM.

1.B mepByro ouepenp Hamo NpudATH K eAuHON TepMuHojoruu. Ceituac
WCTOJB3YIOTCA Pa3IUyHble TEPMUHBI U TMOHITHUSA CIEHUATUCTaAMU-Pa3paboTYNKaMH,
npousBoautensamMu. [laxe B BoszmymHom konmekce Pecnybnmuku bemapyck u
ABUAIMOHHBIX NTpaBUJIaX MOJIETOB B BO3AYIIHOM NpocTpaHcTBe PecryOnuku benapych
OIpeAeSIEHUs] NOHATHS «OECIUIIOTHOTO JIETATEILHOT'O allapaTa» OTIUYAOTCS.

2.BHenputh OTEYECTBEHHbIE HOPMBI JIETHOM TOAHOCTH i OECHMJIOTHBIX
CUCTEM pA3JIMYHOIO Ha3Ha4YeHMs. Takue HOPMBI Yy HAac B CTpPaHE OTCYTCTBYIOT.
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[ToaTomy BhIava cepTudurkaTta Ha OECIUIOTHBIA KOMIUIEKC <«IIOBHCAET B BO3TyXE»
U3-32 OTCYTCTBUS CEPTU(PUKALIMOHHOMN Oa3bl.

3.TpebGoBanus k 0€30MaCHOCTU SKCIUTyaTallMd OECIMIIOTHBIX CHUCTEM JOJKHBI
ObITh TAPMOHU3HMPOBAHBI C JEHCTBYIOIIMM 3aKOHOJATEIBLCTBOM JPYIHX CTpaHax.
JlomxHbl OBITH ompeneneHsl nopsaok ceprudukauuu BJIA u  mopsgok ux
peructpauuu Ha Tepputopun Pecnyonuku benapych.

4.0OueHb BaKHBIM BOIIPOCOM SBIIETCS MPOLIECC 00yUeHHsI TIepCcoHalla 1 Bbljaua
cBUIETENBLCTB oneparopam BJIA.

Nurerpanus BJIA B eauHyr0 cucTeMy IpakIaHCKOM aBHALIMM MOXKET OCYILECT-
BUTBCS TOJIBKO MOCJE ONPEAEIEHUS] HOPM JIETHOW FOJTHOCTH, MPaBUJL I IIEpCOHANA U
AKCIUTyaTalyy, U MOCJE NOATBEPKICHUS COOTBETCTBUS 3TUM HOPMAM. JTO OCHOBHBIE
TpeOOBaHUs, KOTOPbIE HEOOXOAMMO PeaTM30BaTh JIsl BHEAPEeHUE B MpakTUKY bJIA.

Cnmcok JuTepaTypsl:
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yrpo3a pacnpocTpaHeHus U nepcrnekTuBbl pa3sutusi / M. [TaBnymenko// HayuHble 3anucku
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yejgoBeka», 2005. —612.c
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VJIK 656.0:00:

HUCIIOJb30BAHUE COBPEMEHHBIX METOJ0OB
NCCIEAOBAHUA JISAA ITIOCTPOEHUS KOMITBIOTEPHBIX
MOIEJEU ®UHAHCOBBIX IOTOKOB
B TPAHCIIOPTHOU AEATEJIBHOCTH

AvA. Xonockuna, B.B. [Tamkesny, B.A. ®anenkui,
Benopycckuil rocy1apcTBEHHBIN YHUBEPCUTET TPAHCIIOPTA,
I'omens, benapyco

IIpusoosamcs pesynbmamul uccie008aHull UCNONb30BAHUSL COBPEMEHHBIX MEMOO08
U HAYUHBIX NOOX0008 K pa3padbomKe KOMNbIOMEPHLIX Mooenell (PUHAHCOBLIX NOMOKO8
NpU GbINOTHEHUU MPAHCNOPMHOU 0esmelbHOCMU U HANpasisemvlX Ha obecneueHue
0e30nacHocmu O0POAHCHO20 OBUINCEHUS U NEPEBO30K 2PY308 U NACCAHNCUPOB.

BBenenue

CoBpeMeHHbIE METO/Ibl OpraHu3alMi TPAHCIIOPTHBIX U (PUHAHCOBBIX MOTOKOB
0a3upyIOTCS Ha MCIOJIH30BAHUM KOMITHIOTEPHBIX MOJIEICH, OMPENesIIomnX MHOTO-
oOpa3ue mnpemsiara€MblX pEHICHUN, YTO HUMEET BaXKHOE 3HAUYEHUE MJis1 YyHOpaB-
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JICHYECKOI'0 yueTa B OTJIMYHE OT MPUHUMAEMBIX PELICHUH MO (UHAHCOBBIM PE3YJIb-
TataM, OmnpeaesieMbiM OyXraarepckuMm ydetoM. [Ipu 3TomM He BMHOJIHE SICEH BOMPOC
oOecrniedueHrs 0€30MacCHOCTH JOPOKHOTO JBMXKEHUS U MEPEBO30K, KOTOPbIE HAMIPSIMYIO
3aBUCAT OT PELICHWH MO YHPaBICHYECKOMY Y4Y€Ty — OOHOBJIEHHE TPAHCIIOPTHBIX
CPEJICTB, COCTOSTHHUE JTIOPOXKHOM (ITyTeBO#) HHPACTPYKTYphI, KX OOHOBJICHUE, MOJICP-
HU3alUUA U pa3BuTue. HedeTkocTh NCIoIb30BaHMsI COBPEMEHHBIX HAyYHBIX METOJOB U
MOJIXOJIOB M OTCYTCTBHUE JIOCTATOYHO KAYECTBEHHBIX KOMITBIOTEPHBIX MOJENEH HE MO-
3BOJISIET NMPUHUMATh 3((EKTUBHBIE PEIICHUS B JaHHOW O0JIACTH TPAHCIIOPTHOW nes-
TEIbHOCTH.

eau u 3axaun

Iles mpoBOAMMBIX HMCCIIEIOBAaHUNM HCIOJIB30BAHUSI COBPEMEHHBIX METOJOB U
HAy4YHBIX MOAXOJO0B K pa3pa0d0TKe KOMIMBIOTEPHBIX MoJieNel (PUHAHCOBBIX MOTOKOB
MIPY BBIMIOJTHEHUU TPAHCIIOPTHOU JEATEILHOCTH BKIIOYAIOT BHIOOP OMPEICICHHBIX H
aJICKBAaTHBIX HAYYHBIX HaIpaBJieHUI, 00eCTIeUNBAIOIIUX KAYECTBEHHOE MOCTPOCHHE
TaKUX MOJEJEN, KOTOPBIE MOJHOCTBIO CO3/1a0T MHOFOBAPHAHTHOCTH IPUHUMAEMBIX
PEIICHUI 1 al0T BO3MOXXHOCTh BEIOOpPA ONTUMAIBHOTO,C YIETOM MHOTO(aKTOPHOTO
aHanmu3a. 3 mocraBieHHOMW LIEM BBITEKAET COOTBETCTBEHHO M psijl 3a1a4: 1) cucrem-
HBII MOWCK HAYYHBIX METOJIOB JJIS TOCTPOCHUSA/ KOMIIBIOTEPHON MOJIENI ONPEAEIIECH-
HOTO BHJa TPAHCIIOPTHOW AESATECIBHOCTH; 2) BRIOOPHpA3ACIIOB WM HAIpaBIICHUN
NPEAIIECTBYIONUX TEOPETUYECKUX HCCIIeOBaHW# [0 MHTErpalibHOMY OObeInHe-
HUIO TEXHOJIOTHYECKOW, (PMHAHCOBON U KapTOrpapuyeckod MoAesieil TpaHCIOpT-
HBIX U (PUHAHCOBBIX ITOTOKOB B €IMHOE LEI0€; 3) CO3/IaHNe MATPUIIBI MUHUMAJIbLHO-
ro KOJUYECTBA MPUHUMAEMBIX PEIICHUH, Ha 0a3e KOTOPBIX MOXKET OBITh BHIOPAHO
ONTHUMAJIbHOE.

IIyTu pemieHust mocTaBJIeHHbIX TIPO0JIEM M 32124

HekadecTBeHHOE perieHude 3afjaq 1Mo ynpaBIeHUIO TPAHCIIOPTHO-(OHUHAHCOBBIMU
NOTOKaMH TMPUBENIO K TOMY, HTO HAIIMOHAJIbHBIE MEPEBO3UYMKH CYIIECTBEHHO CHAIH
CBOM TMO3UIMU KOHKYPEHTaM; KaKk Ha aBTOMOOMJIBHOM, TaK M Ha JKEJIE3HOJOPOKHOM
TpaHcnopte. B pe3ynbrare;3HaUnTEIbHAS YaCTh TPY30BBIX U MACCAKUPCKUX MEPEBO-
30K Mepelnia Ha TPAHCIOPT WHOCTPAHHBIX KOMITAaHUH (B OCHOBHOM B MEXIYHApO/I-
HOM COOOIIEHUH), YTO CYIIECTBCHHO CHU3WJIO PEUTHUHI OEIOPYCCKUX aBTOIECPEBO3-
quKOB. OTCYTCTBHE JHOCTATOYHBIX (PMHAHCOBBIX PECYPCOB y OCIOPYCCKUX TEPEBO3-
YHKOB CTAJIO MIPUUMHON PE3KOT0 M3HOCA TPAHCIIOPTHBIX cpeacTB (B 30He 60 Yokak Ha
ABTOMOOMIBHOM;,\TaK U Ha JKEJIE3HOIOPOXKHOM TpaHcopTe). B pe3ynbTare, akTMBU3M-
POBaH POCT MaPyIICHUI 0E30MMaCHOCTHA JOPOKHOTO ABMXKCHHUS, YTO TIPUHECTIO 3HAYH-
TelIbHBIE JTOHOIHUTEIILHBIE PACXO/Ibl KaKk aBTOMOOMIBHOMY (pocT coctaBmi 22-26 %),
TaK 1 xkene3Hoaopokaomy (12-14 %)rpancrnopry. Co3aaHne COBPEMEHHON CHCTEMBI
ONTAMAIBPHON OPTaHM3aIMU TPAHCTIOPTHO-(DMHAHCOBBIX TTOTOKOB 0a3upyeTcs Ha Ka-
YECTBEHHOM YTPABICHYECKOM y4YeTe, KOTOPHI HE MOXET OBITh MpHeMIIeMbIM 0e3
KOMIIBIOTEPHBIX MOJEIIEH.

Takue mMomenu HE MOTYT Ka4eCTBEHHO (DYHKITMOHHPOBATH, OMUPASCh TOJBKO HA
JTaHHBIE OyXTaJTepCKOTO y4YeTa, KOTOPHIH MajiéK OT HWHTEIUICKTYaJIbHOTO HAaroJ-
HeHus. MccnemoBaHue TPEAIISCTBYIONIMX HAy4YHBIX pa3pabOTOK B oOjacTu
WHTEJUICKTYaJIbHOTO HAIOJIHEHHSI KOMIIBIOTEPHBIX MOJENe MoKa3ajao, 4YTO B
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COBPEMEHHBIX YCJIOBUAX OHO JOJDKHO 0a3upoBaThCcs HAa TEOPUAX TPAHCIOPTHBIX
CHUCTEM W TIpoIieccoB [2], mepapxudeckux cucteMm [1] W MeTomax ONTUMHU3AIUU B
Teopun ynpasieHus [3]. M3ydeHue HaHHBIX HCCIENOBaHWI IMOKa3alo, 4YTO IS
MOCTPOCHHUS KOMITBIOTEPHBIX MoOJelel (PUHAHCOBBIX IOTOKOB IPH BBITOJHEHUU
TPAHCIIOPTHOM JIEATENBHOCTH U HampaBisieMbIX Ha oOecredeHne Oe30MacHOCTH
JOPOKHOTO JBMXKEHUS U TIEPEBO30K I'PY30B U MACCAKHUPOB, MOTYT ObITh IPUMEHUMBI
CIIEIYIOIUE TPUHIUIBL: 1) OHO3HAYHAST KOHIICTIIHMS IOCTPOSHHS MOJIEITH, OTpe/ie-
Jsromas  pacmmpeHue  ceppl MPUMEHEHHUS TEOPUU HEpPApPXUUYECKUX CUCTEM
YIPaBICHUS, XapaKTepHBIX IS TPAHCIOPTA; 2) PAa3BUTUE ONTUMH3AIMNOHHBIX
METO/IOB YIpaBJICHUS MaTepUAIbHBIMU MOTOKAaMH TPAHCIIOPTHBIX OpraHu3ailuii B
3aBHCUMOCTH OT HCIIOJIb3YEMBIX TEXHOJOTHH BBITIOJHEHHUS MEPEBO30K, 3) CO3/IAHHE
BO3MOXXHOCTEH COKpAIlIeHUS BPEMEHHOI'O MHTEpBaja XU3HEHHOTO LUKJIAa yIpaB-
JEHYECKOTO ydera (MEXAy NOCTYIUICHHEM HOBON WHQOpMAIMM W 3aBEepIICHHEM
MOCTPOEHHSI MOJIeNn); 4) TONy4YeHHWEe HECKOJBKHX PEKOMEHMAlWif, 0 TOM, KakK B
YCJIOBUAX HENPEACKa3yeMOCTH U HEONPEAETICHHOCTH PBHIHKA TPAHCIIOPTHBIX YCIyT
MOYKHO YHOPSIOYUTH U ONTHMH3UPOBATH MPOILECCHl HEPEBO30OK M KaK HEOOXOAUMO
KOHKYpHUpOBATh MO0 TaKUM MapaMeTpam, Kak Bpemsi, CTOUMOCTh, K&YECTBO Ha OCHOBE
MOJYYEHHOM MOJAENTN B KOOPAMHAIMM C MAapKETHHTOBOM \€TpaTerueil TpaHCIOPTHBIX
OpraHM3anuii BUJOB TPAHCIIOPTA; 5) olleHKa 0€30MACHOCTU JIBMIKEHUS U TIEPEBO3OK,
JNOCTUTIaEMOM IO BapUAHTaM PUHUMAEMBIX PEILCHUM:

BriBoabI

Pa3BuTHE HMHBECTHIIMOHHOTO MpOMECEa B YCIOBHSAX TMOBBIIICHHOTO PHUCKAa B
TPaHCIIOPTHON AEATENFHOCTH, CBA3aHHOLO C HEONPEICICHHOCThIO TIEPEBO30OK U OII-
TUMU3AIHUEH JOTHCTUYESCKON ICSITEMHHOCTH, Ha TPAHCIOPTE, HE MOXKET MOJEIUpPO-
BaThCs 0€3 yueTa OCHOBOMOJIATAKIINX HAYYHBIX HAMpaBiieHUi: 1) B IaHupOBaHUU U
MOJICTTMPOBAHNH WHBECTHIIMOHHBIX ITPOCKTOB Pa3BUTHS TPAHCIOPTHOW MH(pacTpyk-
TYpBI, CBSI3aHHOH ¢ 0€30MaCHOCTHIO,IBIKCHHUSI TPAHCIIOPTHBIX CPEACTB; 2) MOCTpoe-
HUE TEOPETHUECKUX MOJICICH YHPABICHUS WHBECTUIUSME MPH OPTraHU3aIMU TPaHC-
MOPTHO-(MHAHCOBBIX TTOTOKOB MCIOJIB3YETCs MPH BHIOOPE ONTHUMAIBHBIX MPOU3BO/I-
CTBEHHBIX MPOrpaMM TPAHCIIOPTHHIX OpraHM3anuii, aHanuse 3(pPEeKTUBHOCTU MPO-
€KTOB CO3JaHMs TPAHCIIOPTHOW MHQPPACTPYKTYPHI, YIPaBICHUH OOOPOTHBIM KaIlH-
TAJIOM TPH TMPOBEJCHUM 3aKyNOK MaTepHAIbHBIX pecypcoB [2]; 3) ympaBienue
TPAHCIIOPTHBIMH, IIOTOKAMH, OCOOCHHO BO BHEIIHEIKOHOMHUYECKOH AeATeIbHOCTH,
JOJDKHO 0a3HMpoBaThCs HAa KOMITBIOTEPHBIX MOJEISAX, MOCTPOSHHBIX C YYETOM He-
papxu4eckoro QPYHKIIMOHUPOBAHUS TPAHCTIOPTHON CHCTEMBI M PEAIbHOTO TEXHOJIO-
THYECKOTO HUKJIA.
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YVJIK 656.13

OIIEPAIIMOHHOE IINTAHUPOBAHUE U YIIPABJIEHUE
TPAHCIIOPTHBIM OBEIIEYEHUEM YEMIIMOHATA MUPA 110
®YTBOJY FIFA 2018I'OJA HA TIPUMEPE I'OPOJIA COYM

1

. C.H.KapaceBuu

Hay4ano-uccienoBarenbCckuii HHCTUTYT aBTOMOOHMIIBHOTO TPAHCTIOPTA,
MockBa, Poccus

B pabome paccmompenvl nooxoowvl Kk nIaGHUPOBAHUIO U YRPABILEHUIO MPAHCNOPNI-
Hoim obecneuernuem meponpusmuil Kyoka Koungheoepayuii FIFA 2017200a u Yemnuo-
nama mupa no ¢ymoony FIFA 2018 na meppumopuu Kpacnooapékoeo xkpas u Heno-
cpeocmeenno 6 2opode Coyu Ha OcHO8e paspaboOmKu u peanu3ayuith, OnepayuoHHO20
macmep-niaua. B pamxax pazpabomannozo onepayuonHo20 Macmep-niana npoeeoevl
pacuemsl U MOOEIUPOBAHUE PADOMbI MPAHCHOPMHOU CUCMEMbL, EPOPMUPOBAHBL HAYY-
HO 000CHOB8AHHbIE NPEONONHCEHUs NO ONMUMUIAYUU NACCANCUPEKOU TIO2UCTMUKU NpU
docmaske 6cex Kame2oputi KIUEHMCKUX epynn QymoOoIsHbIX HEPEEHCNE PA3TUYHbIMU
BUOAMU MPAHCNOPMA U NO YNPAGIEHUI) NACCANCUPCKUMU, NEPEBOZKAMU U OOPOIHCHBIM
O0BUIICEHUEM 8 20PO0e-0PeaHU3AMOPEe COPEBHOBAHULL C YUemOM mpedyemMoco YpPOGHs.
cepsuca mpancnopmuuix yciye. Paspabomannvie sexanuzmvl mpancnopmmozo niauu-
POBANUS U YAPABIEHUSL BHEOPEHbl 8 NPAKMUYECKYIO '0@AmelbHOCIb 3a0elC808AHHBIX
8€00MCME U OP2AHUZAYUI.

B cBs3u ¢ npoBeaennem Ha tepputopuu Poccuiickoit @eneparnun Kyoka Kon-
denepammii FIFA 2017rona (manee - KK-2017) u Yemmnuonata mupa mo ¢yrooiy
FIFA 2018 (UM-2018pcolyro BasKHOCTH UMEIOT BOTIPOCHI, Kacatomiuecs d(hHeKTrs-
HOTO TUIAHUPOBAHUS W YMNPaBICHUS TPAHCHOPTHBIM OOECIEUeHUEM AaHHBIX (yT-
OOJIbHBIX MEPBEHCTB B rOpoax-opraHu3aTopax COPEBHOBAHUM.

Hay4dHo-uccienoBarenbCkuM €eKTOpoM «TpaHCHIOPTHOE TUIAHUPOBAHUE U MO-
aenmupoBanne» OAO «HUUAT» (r."MockBa) coBMecTHO co creruanicrama 3A0
«HUIIN TPTU» (r. Cankr-IIeTepOypr) no 3akazy MHUHHCTEPCTBA TPAHCIIOPTA U JI0-
POKHOTO XO3siiicTBa aaMUHUCTpanu KpacHomapckoro kpasi BBIMOJIHEH KOMILIEKC
HAy4YHBIX UCCJIEI0BaHUNA U Pa3paboTaH onepalvoOHHbIM MacTep-1iaH TPAHCIIOPTHOIO
obecneuenus meponpusiThid, KK-2017 1 UM-2018 na tepputopun KpacHomapckoro
Kpasi.

MeTtononorus IpOBEACHHBIX MCCIETOBAaHUI 3aKII04aNach B CHCTEMHOM aHaJIH-
3€ TPAHCIIOPTHOM CHCTEMBI, MPOTHO3UPOBAHUY MACCAKUPCKUX OTOKOB, TPOBEICHUH
HATYPHBIX 3aMEpPOB, U PAcuETOB, BBISIBICHUU MPOOJIEMHBIX OOBEKTOB TPAHCIIOPTHOM
UHQPACTPYKTYPBI MOCPEICTBOM KOMITBIOTEPHOTO MOEIUPOBAHUS IBUKEHHS TPAHC-
MOPTHBIX { TTACCAKUPCKUX U TIEMIEXOTHBIX TIOTOKOB ¢ pa3paboTKoil Hanboee ¢ dek-
TUBHBIX MPOCKTHBIX PELICHUH MO TPAaHCIOPTHOMY OOCITYKHBaHUIO COPEBHOBAHUM.
[1o cBO€it CTPYKTYpE MOATOTOBICHHBIM ONEPAIIMOHHBIN MacTep-TjlaH BKJIIOYAET clie-
NYIOL¥e pa3ienbl:

1. OnepanuoHHas cTpaTerusi 1 OPraHM3alMOHHAS CTPYKTYpa 1o
TPAHCIIOPTHOMY 00C/Iy’KHUBAHHI0 COPEBHOBAHUIA.

Ha nannom stame paboT omnpenesneH rnepeueHb BOBICUECHHBIX BEIOMCTB M Opra-
HU3aI1i, OTBETCTBEHHBIX 3a MOATOTOBKY M 0OecreueHre TPAaHCTIOPTHOTO OOCITy>KUBa-
HUSI COPEBHOBAHMIA, a TakXKe pazpadoTaHa cXxema pacrpeieleHns: OTBETCTBEHHOCTH.
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2. Opranusanusi NpuObITUS U 0THE3/10B KJIMEHTCKHUX TPyl

PaccMoTpeHnsl pa3imyHble BapHaHTHI PaOOTHI TPAHCIOPTHBIX CHCTEM TIO JIOTH-
ctuke nepeMenieHuii kimmeHTckux rpymmn KK-2017u UM-2018,BXxoasamux B CUCTEMY
MEXIYHAPOIHBIX, MEXKPETHOHAIBHBIX W MEXIYTOPOAHBIX TPAHCIIOPTHBIX KOPHJIO-
POB, B pa3pese BO3AYITHOTO, KEJIE3HOAOPOKHOTO, BOAHOTO U aBTOJOPOKHOTO CO00-
HIEHUSl U clieJiaH BhIOOp HamOoliee pallMOHANBHBIX cXxeM nepeMelieHuid. [Ipopabdora-
Ha TEXHOJIOTHSl MCIIOJb30BAHMS TPAH3UTHBIX W 3allaCHBIX TPAHCIIOPTHBIX Y3JIOB H
B3aUMOJIEHCTBUS PA3INYHBIX BUIOB TPAHCIIOPTA B TAKUX y3JIaX.

—

|
CXEMA NPUELITHA/YELITUA L :
KMMEHTCKMX TPYTIM FIFA Eﬂ m m F
.
H

Cxema nprbeiTHA POCCHHCKMX 3puTenei Cxema npubbiTHA MHOCTPAHHbBIX 3pUTEnei

Pucynok 1 —TpancnopTHbie cXxeMbl NPUOBIEUS W YOBITHS KIMEHTCKUX rpynm B . Coun

ConocraBneHne mokazaTenell CHPOTHO3UPOBAHHOTO TPAHCIOPTHOTO CHpoca U
(aKTHYEeCKOro MPEeaoKEeHHs] MPOMYyCKHON '€lTOCOOHOCTH OOBEKTOB TPAHCIIOPTHOU
MH(DPACTPYKTYphl MO3BOJIUIIO BBISIBUTL €€ ACPUIUT HA PA3TUYHBIX 00bEKTaX TpPaHC-
MOPTHON MH(PPACTPYKTYPHI U BHEECTH 00OCHOBAHHBIE PEKOMEHAAINH IO YCTPAHESHUIO
TaKUX HEJAOCTAaTKOB. B OCHOBY OIICHOYHBIX PAcUETOB TPAHCIOPTHOTO CIPOCA MOJIO-
KEHBbl BEPOATHOCTHBIE MOBEACHYECKUE MOJIETU PAa3INYHbIX KaTeropuil KIMEHTCKUX
rpynt, copMupoBaHHEIG, HA OCHOBE MUPOBOTO OTIBITA, SKCIIEPTHHIX OIICHKAX U KOM-
NBIOTEPHOM MOJeUpOBaHum. [Ipy 3ToM OBLTH MPEexyCMOTPEHBI pacdeThl U OlEHKA
pa3IMYHBIX CIIEHAPHEB, 0" MAKCUMAIBHBIM M MUHUMAJIBHBIM TOKA3aTeNsIM, YTOOBI
CBOEBPEMEHHO CIPABUTHCS C HAMOOJIEE CIIOKHBIMH TPAHCIIOPTHBIMU CUTYAITHSIMHU.

ol w | b

Pucynox 2 — MukpoMoaenupoBaHue TPAHCIIOPTHBIX IIOTOKOB B 30HE a3poBok3aia r. Coun
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3. YnpaBJ/jieHue nmpoueccaMu nepeBo30K U JOPOKHbIM JBHKeHHeM B r. Coun, B
30He cTaguoHa «@UIIT», B 30He mpoBeaeHusi «DecruBajieid 00J1eJbIINKOB»
(30HBI MYGJIHYHOTO POCMOTPA (PYTOOIBLHBIX MAaTY €l )

Ha ocnoBe xomnbrotepHbix pacuetoB (PTV VISSIM,VISUM, AnyLogic)onpe-
JIeNICHBI <«IPOOJIEMHBIC MECTa» B KJIFOUEBBIX TPAHCIIOPTHBIX y3/1ax M B MacmiTabax
ropojaa B IIEJIOM, pa3paOOTaHbl MPOTOKOJbHBIE MAapUIPYThl JABMIKEHUS KIHCHTCKUX
rpynn FIFA.
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Pucynox 4 —KaprorpamMMsl ypoBHS 3arpy3KH JBIKEHHEM YIMYHO-I0POXXKHOM cetu r. Coun
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Ilenn opraHn3anny U ynpasJieHUs MIEPEBO3KAMU U TOPOKHBIM JBHKECHUEM IIPH
IPOBEJEHUM CIIOPTUBHBIX Mera-coObITHil B I'. COUM BKJIHOYAIOT JOCTOBEPHOCTh MPO-
THO3UPOBAHMs, TapaHTHHU 0€30MaCHOCTH, THOKOCTh M HEOOXOAMMBIN YpOBEHb ajam-
TallMd K BO3HHUKAIOIIUM H3MEHEHHUSM, a TaK)Ke€ MaKCUMH3AIUio 3((HEKTUBHOCTH.
[IpenycMOTpeHO, 4TO TpaHCHOPTHOE oOOcIyxkuBaHue TypHUpa B I. Coum Oyzer
YIPABIATHCS €IMHOW OPraHMW3alMOHHOM CTPYKTypoH - LleHTpoM ymnpasneHus nepe-
BO3KaMu U J0pokHbIM nBrkeHueM (LIYTI/I/]), koTopsiii HHTETpUPYET U YIpPaBISET
MH(POPMAILIMOHHBIMU PECYPCaMHU TPAHCIIOPTHOM CUCTEMBI U UMEET COOTBETCTBYIOIINE
o(UIMATBEHBIE TOJIHOMOYHS.

l _ LlYIIJZI.EI

LENL Lynan 3AOAYM LYNan OCHOBHGIE OYHKLUWKM Liynan
OBECINEYEHWUE I SYHKLMA NNAHUPOBAHWA I
ONEPATUBHOE NNAHWPOBAHWE W YTIPABNEHWE NEPEBOIKAMM
KAUECTBEHHOTQ, IPHTENEW, NEPCOHANA, KNWEHTCKAX TPYNN FIFAPTKOMMTETA
HALQEXHOIO,
SOOEKTMBHOIO U I @YHKLUWA ONEPATUBHOIO YMIPABNEHWSA I
BE30MACHOIO MO[ENMPOBAHME NPOLECCOB TPAHCTIOPTHOIO OECIYKUEAHWA,
TPAHCMOPTHOMO TEXHONOTMYECKAHA NOATOTOBKA MPCLECCOB YTIPABNEHMA ’
OBCITYXMBAHWA DRECTANECH DEFERO I OYHKUMA MOHWTOPUHIA I
KIMEHTCKUX FPYII FIFA K
OPTKOMMTETA, 3PUTEINIEW U WMHSOPMALIMOHHOE B3AMMOOEACTBME C OPTAHM3ALIMAMM, 5 =
BONENLLUMKOB BOBMNEYEHHLIMM B MPOLECC NACCAKMPCKMX NEPEBOIOK ' I BYHKLWA OEMEHA MHOOPMALIMEN I

WHSOPMHPOBAHWE NOTEHLWAIEHELX NONB30BATENEA
MACCANMMPCKOIO TPAHCNOPTA O NMNAHOBGLIX W TEKYLLAX
MAPAMETPAX TPAHCNOPTHOTO NPOUECCA

KOOPOWHWPOBAHWE TPAHCTIOPTHOIMO OECAYHMMEAHMA B KNKOYEBLIX
TPAHCNOPTHBIX Y3NAX

OBECNEYEHHE EE30NACHOCTH TPAHCNOPTHOTO OBGITYNMEAHWA,
CKOOPOWHWPOBAHHOE PEATUPOBAHME HA TPAHETIOPTHLIE
MHLMAEHTE}

SOPMHUPOBAHUE OTYETHOCTH O PESYAIETATAX TPAHCTMIOPTHOMO
OECAYHWWBAHWUA KNUEHTCKMX I'_I’VI'[I'! FIFAIOPFKOMMTETA, NEPEBO3KM
3PHTENEMW M NEPCOHANA

AJIMHHHCTPALUS T'Y MUC Poccun o T'Y MB/I Poccun o
ropoaa Cou A T Kp s y Kpacnonapckomy
JlenapTaMeHT TpaHcIopTa Jlenapram R orapcicoro Kpaio Kpaio
Kpacnoaapckoro kpast TPaHCHOPT: o (O6LeHHeHHBIH HEeHTD| YIUBJ/ no
ATMHHH ynpaeJieHust KpacHoaapcekomy
IO ThI0 Kpaio

u
1 o Onoseuenye 0 4C Ha Tparcnopre, 5 "¢°p"‘a“"; o mepax o
Komnnexca UHGOpPMaLMA © Mepax No obecnedeHmio eoecnenenmo besonacHocm
paGorsi o ropOAgKiX MOHUTOPHHT FOPOACKNX : & nepuoa nposeaenua
2 P Y MeponpuATA €301aCHOCTH B N1epOa NpOBeAeHIA UM-2018
. COPeBHOBaHUA 2. C60p uHdopmaLm o AT
Koopaunauo rpancnopruex | AHO «Tpancnopraast
1. HaBUraumoHHble AakHbie no HIMT J’z:ﬂ‘g’:::w::mw — aupexnus Pocenst
Onepatopbt HUIIT  |-2. C60p nHpopmaui o naccariponorokax,— A Te 2018»
oTknoHexM oT pacrincariig, YC
hopmauus o mepax no
Onepatopsi C60p MHGBOPMALMM O NACCAKMPONOTOKaEX, IlenTp ynpasJieHust | oSecnedermio Gesonacroc] ®CB, ®CO Poccnn
MEAIYTOPOTHBIX s 3akpbiTeIX  —]
ABTOOYCHBIX N1EPeBO30K yuacrkax YAC P "
JAOPOKHBIM ABHKEHHEM
OAO «DITK» C60op MHPOPMALWK O naccaxnponoTokax, | [—Mepbi no o6ecnevenuio ®enepanbHbie opra“Hu
3anepKKax & pacnncaHmm, 4C Ge3onacocTy, usmeHeHue rocyapcTBeHHoi
1010C 040 P - yuapersen
! C60p MHGOPMALWM © KON-Be CBOBOAHBIX.
- A — 1. Mnawsl, npuKass, =
Oneparoy ﬁ 'MAUMHOMECT Ha NapKOBKax pacnopmeHuA, DegepaabHbIii HEHTP
2. AnannTiseckas ud. YHpaBJjieHust
© pesynbrarax NACCAKHPCKHMH
C60p MHPOPMALMH O NACCAKNPONOTOKAX, nepesosok
i gonennn nepeBo3KaMu
cyaos, YC
Whdopmauuna o KonuyecTse OnepaTopu
rocr X
Homepos KOMILIEKCOB
C60p uridopmaumn C6op urdopmaumu o6 C6op o6 o) o
C60p uHPopmaLun o .
0 meTeoponorMIeckiX 3BaKynpoBaHHbIX TC OTMeHax v 3anepKe pelicos  KaueHTckux rpynn FIFA u Opriomureta
cocTonHm YAC yenosuax
TIpeacTaBuTe bCTBA
ACY Mereo (uiu ~ o TpaHCHOPTHBIE HEHTPBI
Opranusamnn JKKX T
aHAJIoT) asponopr Ha 00beKTax

:] FopogcKoi ypoBeHb |:| PervoHanbHbI ypoBeHb |:| depepanbHbIii ypoBeHb

Pucynox 5 —Ilenu, 3anaun, ¢pynkuuu LIYTIJ] B r. Coun Ha mepuo/] mpoBeACHUS TypHUPA
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Kpome ToOro, mpenyCMOTPEHO WIMPOKOE HCIIOIb30BAHUE HHTEIUIEKTYAIbHBIX
tpancnopTHbiX cucteM (UTC), pa3pabOoTaHHBIX CHENMAIbHO IS OCYIIECTBICHHUS
[aCCaXUPCKUX MEPEBO30K B IIEPUOJ POBEACHUS COPEBHOBAHUM, B TOM 4HCJIE Ha Oa-
3e ['JIOHACC, 4T0 mO3BOJUT HaKarjiuBaTh, 00pabaThiBaTh U NepenaBaTh HHPOpMa-
IIUI0 0 pabOTEe M COCTOSIHUU TPAHCIIOPTHOM CHUCTEMBI, OCYIIECTBISATH OOMEH HH(OP-
manueit mexxay nosnb3oBarensiMu UTC 1 equHbIM yIpaBIIsSoONUM HEHTPOM B PEXKUME
pPEaJIbHOTO BPEMEHHU M YNPaBJATh Pa3jiMYHbIMU BUJAMHU HAa3€MHOTO TPAHCIOpTa U3
€MHOTO LIEHTpA.

4. OpraHu3anusi CNeNuAJTN3HPOBAHHBIX ABTOTPAHCIIOPTHBIX MAPKOB, (/1€10)

i pa3menieHus, oOCIy)KMBaHUS U YIPaBICHUS NapKOM{JIETKOBBIX aBTOMOOM-
Jeil u aBTOOYCOB, 3a/IEHCTBOBAHHBIX I HYXJ TPAHCIOPTHOTO QOCITY>KMBaHUS CO-
peBHOBaHMM B I. CouM, NPEeIyCMOTPEHO CO3/laHuE CHEUUaiN3HPOBAaHHBIX aBTOMO-
OMJIBHBIX TIAPKOB.

OneIT TpancnopTHOro odecnedyeHuss OTuMNuncKnX urp'e r..Coun nokasai, 4ro
BueApenue cucreMbl ['JIOHACC/GPSMonuToprHra 3a JBUKCHHEM aBTOMOOHIICH
OKa3bIBACTCSl YCHEIIHBIM MHCTPYMEHTOM ONTUMM3AIMK MMPOU3BOJACTBEHHBIX Pacxo-
JIOB CMELABTONAPKOB, MOBBHIIICHNUS BHYTPEHHEW AWCLUIUIMHBI BoauTeneil. Dddekr
JOCTUTAETCA 3a CUET BO3MOKHOCTU KOHTPOJIMPOBATh IIEpEMELICHHsI aBTOMOOUIIEH 11O
3aJJaHHBIM MaplIpyTaM, 4TO MO3BOJseT U30ekarh AUIIHUX pacxonoB Ha ['CM, co-
0JIF0J1aTh BPEMEHHBIE PAMKH IIPU JOCTABKE KIMEHTCKUX I'PYII, YMEHbIIUTh 3aTPaThl
Ha HKCIUTyaTallMl0 U aMOPTU3aLMI0 TPaHCIOPTHBIX cpenctB. KoHTposis nepensuxke-
HUs, cOOp, XpaHEHHUE U Mepelayu JaHHBIX B OMEpalMoOHHBINA 0(uC aBTONMapka mo3Bo-
JSIET ONPEAEIATh COCTOSIHUE paboyero Mponecca B peKUMe peajbHOI0 BPEMEHH, UTO
JaeT BO3MOXHOCTb IIOBBICUTh KQ4E€CEBO YCIYT.

5. UudopmanuonHoe odecreyeHue cCOpeBHOBAHUI

B pamkax uHbopmaimoHHOro oOecrnedyeHus COPEeBHOBAHUN MPETyCMOTPEHbI
KaHaJibl KOMMYHUKAIMH A pa3InYHbIX LEJIEBBIX TPYIII, pa3paboTaHbl AUCIOKAINH
YCTAHOBKU 3HAKOB' MAPLIPYTHOTO OPUEHTUPOBAHUSA U MH(POPMAIIMOHHBIX CTOEK Ha
3a/1eliCTBOBaHHBIX O0BEKTAX TPAHCIIOPTHOU U MHON MH(PPACTPYKTYPHI.

6. Il;1aH NOAr0OTOBKH MEPCOHAJIA M MATEPHATbHBIX PeCypPcoB

Pa3paboTaH niaH noAroTOBKY TPAHCIOPTHOIO U BCIIOMOTaTEIbHOTO NIEPCOHAIA,
BBIJIENIGHBI KIIIOUEBbIE 3a7]aud KaJpOBOrO OOecreueHus AJid KaueCTBEHHOW peannsa-
UA MacTep-TJlaHa TPAHCIIOPTHOTO 00eCTIeYeH s TYPHHUPA U aJTOPUTMBbI IEHCTBUH.

7. YnpaBJ/jieHHe PUCKAMH U pe3epBHBIMHU BO3MOKHOCTAMM

PaccMoTpenbl Bce BOZMOXKHBIE PUCKH U pa3paOOTaHbl TUIaHbl YIPABICHUS PUC-
KaMU U PE3€pBHBIMU BO3MOXKHOCTAMMU JIJIs Pa3IMYHBIX BUJIOB TPAHCIIOPTA.
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NMpoueaypbi AeiicTBMiA
B cny4ae [ATN/nonomen

Knaccudpmrayma HeluraTHbIX
cUTyaumit:

HusHeHHDbIA LMK yNpaB/ieHMA pUCKamm [OPOKHO-TRAHCMIOPTHBIE

NpoOUCLUECTBWA;

Oquuaaﬁs\-’—=ﬂ> Vnpagnats nofoMKa TpaHCRnopTHOro

W paHHHpoBaTL :
PHCKH pUCKamim cpefcTea;

; 3aKpbITHE YY4aCTKOB YNWYHO-
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HenpeaBWOeHHbIE NMKOBLIe
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pHCKN PHCKM
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YCNOBWUA;

&a“”::“ﬂ:mw cO0M ABMKEHNA NacCaKMPCKoro
CH

TpaHcnopTa obuwero
Nonb30BaHUA U Op.

Pucynok 6 — TpaHcriopTHbIE pUCKH U IPOLIETYPHI YHPABICHUS UMU

8. «Jlopo:kHasi KapTa» N0 peaju3alui ONePAHNOHHOI0 MacTep-TUIaHA

PazpaboTtanHas «qopokHasi KapTa» BKIIFOYACT KOMIUIEKC IMOATOTOBUTEIHHBIX
MEpONPUATHIA U TPEAyCMaTPUBAET YETKOE pacipeiesieHre 3aaHlil 1 OTBETCTBEHHO-
CTH TI0 HaIpaBJIEHUSM JESITEIHHOCTH B Cepe TPAaHCIOPTHOTO IUIAHUPOBAHUS H
VIPABJICHUS, OPTaHU3AIMOHHBIX MEPONPUSTUI U TIOJITOTOBKU TPaHCTIOPTHOM MH(ppa-
CTPYKTYpPhl Ha Pa3U4HbIX BHJIaX TpaHCHOOpPTa, MOHUTOPUHTA U KOHTPOJIS 32 XOJIOM
BBITIOJTHEHHSI pa0oT.
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Abstract

Cycling is the most energy efficient and environmentally friendly:transport mode,
suitable especially for short distances.

However, cyclists are considered as Vulnerable Road Users (VRUs) who show an
high casualty rate; therefore, actions to promote cycling in cities should go together
with improving road safety.

ITS can be used to develop intelligent applications assisting cyclists and other
road users to avoid, prevent, or mitigate accidents.

This paper presents the results of the assessment of impacts of ITS on the safety of
cyclists, realised in the framework of the EU co-fundedproject SAFECYCLE.

Eleven applications were selected and analysed in‘term of benefits and costs. The
analysis allowed comparing the potential impacts of these applications in four EU
countries (the Netherlands, Belgium, Italy and,CzechiRepublic), having different mobili-
ty and social characteristics.

Keywords:. cyclists safety / cost-benefit analysis / e-safety / Vulnerable Road Users

1. Introduction

Cycling is energy efficient, environmentally friendly and very suitable for short
distances. At the same time, 10,2009, around 2,100 cyclists were killed in road acci-
dents in the EU-19 countries (around 7% of all fatalities) (ERSO, 2011). Therefore,
actions to promote cycling in cities should go together with improving road safety.
Apart from the traditional.measures like a dedicated cycling infrastructure, improving
visibility and reducing speed of cars, ICT can be used to develop intelligent applica-
tions that assist ¢yclists and other road users to avoid, prevent, or mitigate accidents.
However, there.is'nosntegrated approach to research activities in this domain at a na-
tional or international level. To fill in this gap, the SAFECYCLE project, co-funded
by the European Commission was started in 20The main objectives of
SAFECYCLEfwere to identify e-safety applications that have the potential to en-
hance the safety of cyclists in Europe, to create knowledge and raise awareness abou
e-safety applications applied to cycling (policy, industry, users) and to speed up the
adoption of (new) e-safety applications in cycling.

E-safety here is defined as a vehicle-based intelligent safety system that could
improve road safety in terms of exposure, crash avoidance, injury reduction and post-
crash phases.

3 The project SAFECYCLE — ICT applications for safe cycling was finished in November 2012. Results can be found
on the websitewww.safecycle.eu

176



2. Background

In Figure la the data related to modal share of bicycle use per country (from dif-
ferent sources and years) are presented. In many European countries there is not &
good road infrastructure network for cyclists. Cycle paths are poorly maintained, dir-
ty and not entirely safe. Often, cyclists are expected to share the road with fast traffic.
This makes cyclists feel unsafe and does not encourage them to use the bicycle as &
means of transport. Fig.1b indicates the deaths in traffic involving at least one bi-
cycle, per million inhabitants in different countries in Europe. Almost 60% of the bi-
cycle fatalities in the EU-23 countries were killed in urban areas. Anyway, there are
large differences ranging from over 75% in Spain to 24% in Romania (ERSO, 2011).

The Netherlands 26

Denmark
Germany |E—— 10
Austria | 5
Switzerland T O

Belgium |E—— g
Sweden |I—

Erance |EE—

Italy | C—

inhabitants

Irelang =3
Czech Republic |mm— 3
Canada S92

Great Britain | 2
usa =21

Australia @81

Cycling fatalities per milion

Figure 1: a) Bicycle modalsshare for all journeys per country4;
b) Deaths in traffic accidents involving at least a bicycle per mil.inhabitants
in Europe,.in 2010 (CARE, 2012)

3. Overview of e-safety application

E-safety applications in‘eycling can be used to provide intelligent systems that
assist in avoiding, preventing or mitigating accidents with cyclists. The following di-
mensions can be identified:

» Cyclists applications addressed to the cyclist.

* Bicycles applications addressed to the bicycle or have their main focus on the
bicycle.

» Othervehiclesapplications integrated in or used by other vehicles.

* Infrastructure applications integrated in infrastructure or having their main
focuswoninfrastructure.

» Web applications (Internet and Nomadiapplications used through internet
or specific application on a nomadic device (smart phone).

Figures 3 shows different ICT applications for each dimension identified.

4 sources:Australian Bureau of Statistics (2007); Netherlands Ministry of Transport (2006); United States Department
of Transportation (2003); Isfort Italian survey ‘Audimob’ (2006); Annex I: Literature search bicycle use and influencing
factors in Europe— ByPad Project (2008). In: “Promotion of cycling”
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BlinkHelmet
a Idea (Giovanni Dodi, Itali§)

Airbag for cyclists
Idea (Hdvding, Zweden)

Light Lane d Airbag ter bescherming van fietsers
In

er:
Existing — patent has been applied for development (TNO — APROSYS)

See-Mi
Existing (Copenhagen, London)

f Sling: somn isn
Figure 2 —a-f: Selected e-safety:applications

More than 120 applications for cyclists,were found (the search not only included
Europe, but also other continents). Not all of the applications are in definition e-
safety applications, but have the potentiakto increase safety in a smart manner. The
list of e-safety applications was reduced to 30 applications that are representative of
various categories. These applications.were then assessed through a SWOT analysis
Cycling, ITS and road safety experts filled in many SWOTSs, resulting in a list of
applications from most to less promising in relation to increasing road safety for
cyclists. Eleven most promising applications were identified and selected for the
impact assessment (Tripodi.et al., 2012). Table 1 shows the applications selected for
the impact assessmenty, More: information about these applications can be found in
Zoer et al. (2012).

Table™1: List of most promising applications

Bicycle Other vehicles Infrastructure | Internet Nomadic
HindSight SaveCaj- Car Countdown trf- | Routeplanne Citizens
(Phis (gal roblems) airbag for cyclists| fic lights Gent connect
yealp (Airbag) (Traffic light) (Routeplanner) | (Monitoring

: 4 ISA- Intelligent | Traffic Eye and action)

l(‘é%rh;elz%r;gjgg:%n) Speed Adaptation) Zurich
(Speed (Traffic light)

! L Lexguard blinc LED-Mark

E'\'/%’ig'iﬁtb;ak'”g Ight s ot system (Visibility)
y (Visibility)

4. Methodology

Due to the lack of impact assessments and real case tests on applications for
cyclists, the assessment of the e-safety applications selected has been mainly basec
on a literature review of impacts on safety of similar measures (i.e. having similar ef-
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fects on cyclists safety). For each of the eleven applications selected, a Cost Benefit
Analysis (CBA) has been realized. This procedure allows for assessing the differenc-
es, in term of impacts, of the applications between the four selected countries. This
especially allows understanding if (potentially) certain applications would be more
cost effective to implement than others (i.e. if benefits are higher than costs) and in
what countries applications could provide the highest benefits. The results of the
CBA and the assumptions and estimations made were also assessed by internationa
road safety, ITS and cycling experts.

5. Results

Table 2 shows the results of the Cost Benefit Analysis'(i.e. the?sEU average val-
ues).In general, the applications providing the higher benefit€anatdownand
Light Lane Bike

Table 2—- Result of the Cost Benefit Analysis for the selected applications

Category Name of application | Costs (min € Benefét)s (min CBA
Bicycle
Physica HindSigh 27,10: 2,41°F 0.0¢
Street projectio Light Lane Bike 5,42( 7,81 1.44
Visibility Bike braking ligh 3,252 2,30( 0.71
Other vehicle
Airbag SaveCa 51,74« 2,302 0.0<4
Spee! ISA 103,54t 2,521 0.02
Visibility Lexguard 31,02« A77 0.0z
Infrastructure
Traffic light C_ountdovy! _ 362 9,21¢ 25.3¢
Traffic Eye Ziricl 36 51 1.41
Visibility LED-Mark 3,111 397 0.1:
Internet (web
Route planne Routeplanner Ge 44 334 7.61
Nomadit
Monitoring Citizens conne 44 334 7.61

Figure 3 allows comparing the results obtained. The dimensions of the circles in
the figure give an'idea of the Benefit Cost ratio, while the position of the circles give
an idea of how.much the application could reduce the severity of accidents (on ordi-
nate) and the‘probability of event (on abscissa).

max

@ Bicycle Airbag for Cars SAVECAP

Hidden Airbag for cyclist:

Cyclist
® ISA ® Bicycle
@ Othervehicle
® infrastructure

® Blind spot svstem trucks
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Figure 3 —Results of Cost Benefit Analysis for the selected applications
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Although the results of the CBA are based on many assumptions and best esti-
mates, the outcomes are hinting towards some conclusions:

* Applications that require installations in all passenger cars, such as SaveCap
and ISA, result in a very low Benefit Cost ratio. This is caused by the fact that the
systems need to be installed in millions of vehicles and therefore are very costly in
total.

» The same applies for applications that need to be installed in‘trucks, such as
Lexguard. On a European-wide basis, this requires an investment.of hundreds of mil-
lions of euros.

* For the systems to be installed at the bicycles, two out.of three seem to have a
positive Cost Benefit ratio (i.e. Bicycle braking light and thedight Lane Bike). These
are relatively cheap applications. On the other hand, the HindSight does not have a
positive Cost Benefit ratio.

* The infrastructure-based systems show a mixed picture. The Countdown traffic
light system has a positive Cost Benefit ratio for all four countries, but the Traffic
Eye Zurich only seems to have a positive Cost Benefitratio for The Netherlands and
Belgium. For the LED-Mark system the expectedicosts are always higher than the
expected benefits in all four investigated countries.

* Last but not least, it seems that the«lnternet applications, such as the Routep-
lanner Gent and the Citizens Connect, have,the highest Benefit Cost ratio. With rela-
tively little investment many potential users,can be reached, which seems to result in
a very positive Benefit Cost ratio.
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Abstract

The increasing age of the United Kingdom (UK) pepulation coupled with en-
hanced life expectancy impacts on transport-user demographics and will affect trans-
port planning in the years ahead. Whist passenger caruseds the ultimate means of per-
sonal independence, at some point the physielogical and psychological impact of age-
related conditions will inevitably shift people out,of their vehicles and onto public
transport systems. Overall, public transport istseen to be vital for social inclusion (Lu-
cas et al 2008, Rowntree Foundation) and itds.considered a safe means of mobility. How-
ever, it is important that the public and in particular, the elderly perceive it to be so.

Injuries (across a spectrum of severities) do occur during public transport use
from time to time. In fact, over 5,000/people are injured on UK buses each year alone
with over 300 bus-users killed/seriously injured (Department for Transport, 2012). This
study was designed to examine themnature of injuries and their causes to older bus-users
with the aim being to establish/where design countermeasures may be indicated. The
study uses linked (accident.anduinjury) data involving a sample of older bus-users.
Most incidents in the linked‘dataset were non-collisions (62 per cent) resulting in 1,381
recorded injuries in thoseraged 60+ years, of which 46 per cent were 'slight' and 54 per
cent 'serious'.

Keywords:Bus; older passengers’ injury;, 60+ years; injury; injury severity.

Introduction

Modern societies have a duty of care to help older people live in their homes and
communities.for as long as they want. The physical environment, and the services
upon whicheelder people rely, must be ‘age-friendly’, so as to remove barriers to their
participation in their communities.

In practice, part of this means addressing older people’s anxieties regarding in-
cidence of crime, recognising the unique characteristics and needs of people growing
older in rural communities, tackling the problems caused by isolation and loneliness
and addressing older people’s transport needs. This last point is particularly important
as it involves providing a transport system that is safe and secure as well as afforda-
ble. In the majority of cases, the public transport of choice is the public bus since this
Is by far the most common form of public transport provision in terms of numbers
and frequency of routes.
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In the main, public transport is relatively safe - according to Mabrook (1994),
Injuries sustained by passengers travelling on public buses are relatively uncommon;
public service vehicle passenger casualty rates, per billion passenger kilometre tra-
velled are much lower than for cars, motor-cycles, pedal-cycles and pedestrians.
Nevertheless, during the period 2008 to 2012, over 20,000 UK bus and coach users
were injured whilst using this form of transport. The problem is not confined to the
UK - a study in Israel (Halpern, 2005) estimated that as many as 2,700 bus-users per
year might be injured whilst using the bus representing an ‘alarmingly high level of
morbidity’. However measuring injury outcomes does not tell the whole story since
those not necessarily injured but ‘shaken’ or ‘thrown off balance’ whilst using the
bus can easily be dissuaded from further bus use. This is principally because of fear
of falling or future injury. Ultimately, these events can lead to social exclusivity and
ultimately isolation through eventual lack of personal mobility:

Previous studies have looked at characteristics and incidence of accidents in
which injuries have occurred to public bus users{An early study is reported by Jova-
nis et al (1991) in the United States of America which lgoked at 1,800 accidents be-
tween 1982 and 1984 to identify factors contributing'to accidents involving mass
transit buses. They observed that on a passenger-mile basis, bus travel has relatively
low risk but that as many as 63 per cent of bus'transit accidents involve no collision.

Related studies were conducted in Denmark by Moller et al (1982) through ex-
amining records of 183 injured bus passengers who sustained between them some
212 injuries. 85 of the 183 passengers'were injured whilst the bus was in motion and
58 of these passengers were standing on the bus at the time of the incident with acce-
leration/deceleration of the bus therefore being a major factor in these accidents. A
subsequent Danish study by Albrektsen and Thosen (1983) looked at 221 bus acci-
dents and incidents in Copenhagen and found that 60 per cent of their sample were
females aged over 60 years with most of the passengers (n=138) sustaining injury
whilst the bus was in motionibetween stops. The vast majority of these (83 per cent)
were found to be standing,up at the time of the collision.

Similarly, Kirk et al+(2003) found that in approximately 65 per cent of cases,
there was no actuakimpact involved and that the injury had occurred to a seated (~44
per cent) or standing (~30 per cent) passenger whilst the bus was in motion. Their
study also found that older females were particularly over-represented and that the
likelihood of serious or fatal injury to both males and females increases as age in-
creases. +The cause of incidents included slippery and uneven floors, high steps and
lack of visual cues.

More recently Halpern et al (2012) made similar findings in Israel to those of
Kirk et al in that 56 per cent of injuries were sustained by passengers who were either
standing or moving in the bus and that the major mechanism of injury was sudden
deceleration or acceleration of the bus.

Mabrook (1994) noted that whilst travelling by bus is one of the safest ways to
travel, little is written about injuries and injury causation and that some attention
could be paid to the design of hand rails or seats which appeared to be the root-cause
of many injuries. However, no study to date has made an in-depth appraisal of injury
outcomes to users of buses in order to establish the likely injury mechanisms in order
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to ascertain which design countermeasures might be feasible in the prevention of
such injuries. . Therefore, the aim of this study was to develop a comprehensive acci-
dent analysis matching reports of accidents and injury reports where older users of
public bus transportation were injured through everyday use of the public bus. The
objective was to highlight the key aspects of bus travel that have an impact on the na-
ture of specific injuries and their severity which can be used to inform future design
countermeasures.

Methodology

Two main United Kingdom national databases have been used in this study —
namely the UK national road accident database known as STATS19,and the Hospital
Episodes Statistics (HES) database.

The STATS19 database is a national road accident database which is founded on
accident records that are completed by police officers in the event of an accident oc-
curring on the roads in the United Kingdom. To become a record within the
STATS19 database, the accident has to be reported.to,the police and should involve
human injury or death. The STATS19 data collection form collects a wide variety of
information about the accident (such as time, date, location, road conditions) together
with information about the vehicles and casualties involved and the contributory fac-
tors (as interpreted by the police). The form is cempleted at either the scene of the
accident, or when the accident is reported:to the police. In this study, STATS19 data
were analysed for the years 2008-1012.

The Health Episodes Statistics (HES) iIs a data warehouse containing details of
all admissions, outpatient appointments<and Accident and Emergency (A&E) atten-
dances at National Health Service (NHS), hospitals in England. This data is collected
during a patient's time at hospital.and is a records-based system that covers all NHS
trusts in England, including acute hospitals, primary care trusts and mental health
trusts. Patient confidentiality.is strictly maintained within this database.

To establish injury “outcomes in relation to accident characteristics, the
STATS19 and HES databases have been linked so that accident records are uniquely
matched to injury.records.

The record-linking process is described more completely in a separate report
(Department oryIransport, 2012). Linked data were used for the period 1999-2009
during which,41per cent of road accident records in STATS19 were successfully
linked to a"hespital record.

This study focuses on public bus passengers aged 60 years and over since this is
the age at'which senior citizens are offered a free bus-pass and therefore where bus
travelis most common within this user-group.

Results
1. UK STATS19 Data Analysis

For the 5 year period 2008 to 2012, 17,728 bus/coach passenger casualties were
recorded accounting for 2.7% of all known road accident casualty types.
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Table 1- Proportion of bus and coach casualties among all casualties

Year Bus/Coach casualtie All casualties Bus/Coach
casualties as
percentage of otal
200¢ 6,27¢ 230,90! 2.7
200¢ 5,73¢ 222,14¢ 2.€
201C 5,71¢ 208,64¢ 2.7
2011 5,68¢ 203,95( 2.€
201z 4,79( 195,72 2.4
Total 28,20¢ 1,061,37. 24

When examining those aged over 60 years, there were 10,010:injured bus/coach
passengers nationally over the 5 year period accounting for 8.4per cent of all 60+ ca-
sualties (Table 2).

Table 2—- Proportion of bus and coach casualties aged 60+ among all casualties

aged 60+

Year Bus/Coach casualtie: All casualties Bus/Coach casualtie:
age 60- aged 60- as percentage ofotal

200¢ 2,181 24,48« 9

200¢ 2,11 24,41t 8.7

201( 2,01( 23,52¢ 8.5

2011 2,04¢ 23,97¢ 8.5

2012 1,65¢ 23,35’ 7.1

Total 10,01( 119,75 8.4

Overall there has been a general trend showing that bus and coach accident ca-
sualty costs (which are calculated according to casualty severity) have been declining
over the past 5 years (Figure 1)...However for the 60+ years there has been no corres-
ponding decline with a peak/in 2009 and a dip in 2010 and 2012. Examination of the
average costs for the 5 year period shows that the 60+ years account for some 47pel
cent of the total costs of.all bus and coach passenger accident casualties (Table 3)
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Figure 1 —Casualty costs for all bus and coach passengers and 60 + years
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Table 3— Cost (£) of bus and coach casualties by casualty age and accident year

All ages Age 60+
(£) (£)
2008 170,960,344 76,211,144
2009 164,918,066 83,517,644
2010 159,303,728 67,247,954
2011 150,555,934 74,388,380
2012 139,011,302 67,395,066
Total 784,749,374 368,760,188

Most bus/coach passengers (94per cent) are recorded as ‘slightly injured’ casual-
ties with very few fatalities (table 4). The proportion of ‘sefious’ casualties for the
over 60 years was higher at 9.6per cent compared to the average 5.9per cent for all
ages.

Table 4- Severity of all bus and coach passenger and those aged 60+ (2008-2012)

All bus users % Age 60+ bus users %
Fatal 43 0.2 30 0.3
Serious 1,674 59 964 9.6
Slight 26,489 94 9,016 90.1

The distribution of age in the over 60 years (table 5) shows that the number of
fatalities increased for those in the 70-79 years and 80-89 years age brackets further-
more, there was a corresponding increase in the number of serious injuries. This is
further evident in the 60-69 year.group where there were similar numbers of casual-
ties as in the 70-79 year greup,but the proportion of ‘slight’ injuries was higher in the
younger group.

Table 5- Casualty age by casualty severity - bus and coach passengers aged 60+

Age Age Age
Age 90+years
6069 years 70-79 years 80-89 years
Fatal 5 12 12 1
Serious 250 344 323 47
Slight 3,425 3,254 2,053 284
Total 3,680 3,610 2,388 332

Passengers are categorised at the time of the incident into a particular location
and table 6 shows the distribution of the passenger locations. For all passengers the
majority of injuries occurred whilst seated (70 per cent) however for the older pas-
sengers the majority were injured whilst boarding the bus (63 per cent). It is also ap-
parent that some 63per cent of the serious injuries and 79 per cent of fatalities whilst
standing occurred in the 60 + age group.
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Table 6—- Bus and coach passenger severity by passenger location (n=28168) all

ages with known location and n=9999 60+ years with known location)

: N Standing Seated
Boarding Alighting Passenge Passenge

Fatal —all 6 2 14 21

(60+ years (n=5 83% (n=1 50% (n=11 79% (n=1362%
Serious- all 145 18¢€ 64z 70z
(60+ years (n=102 71% (n=101 54% (n=403 63% (n=403 51%
Slight —all 161t 140¢ 685¢ 16572
(60+ years (n=1008 62% (n=570 40% (n=2683 39% (n=474429%
Total n—all 176/ 159¢ 751¢ 1729%
(60+ years (n=1115 63% (n=672 42% (n=3097 42% (n=5115 30%

2. HES/STATS19 Linked Data Analysis

Overall, a total of 4,352 linked records were available for analysis for the period
1999 to 2009. Of these, some 1,016 records of older (aged 60+) bus / coach passen-
gers were available for analysis with 63per cent of the"passengers aged over 75 years
(Table 7). Of the 1,016 passengers, 793 were female (78 per cent) and 223 male
(22 per cent).

Table 7- Age distribution of bus and coach passengers aged over 60

Age Category Frequency %
60-64 102 10.0
65-69 102 10.0
70-74 170 16.7
75-79 177 17.4
80-84 246 24.2
85-89 152 15.0
90-94 64 6.3
95-99 3 0.3
Total 1,016 100

Table 8 shows the passenger location, bus manoeuvre and injury severity and al-
so identifies that 62/per cent (n=628) of all casualties occurred following a non-
collision incident.s, The main cause of injury for standing and seated passengers was
during normak,bus driving manoeuvres mid-journey. As would be expected the
boarding ands alighting passengers were injured whilst the bus was stationary but
55per-cent of all alighting and 40per cent of boarding passengers were recorded as
being injured whilst the bus was manoeuvring. This suggests that there may be some
discrepancy in the recording of the incidents of which 27per cent were classed as
mid-journey across these 2 passenger locations, normally a bus manoeuvre not asso-
ciated with alighting or boarding. Further to this, the distribution of injury severity
identified more ‘serious’ injuries occurring whilst seated and predominantly ‘slight’
injuries occurring on boarding. Overall the risk of injury increased as age increased
with 46 per cent of older bus /coach passengers in the 80+ years and only 20 per cent
in the 60-69 years.
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Table 8 Characteristics of older bus passengers by location

Collision type Bus manoeuvrt Casualty severity |(Gendet Age
(n=1,016 (n=1,016 (n=1,016 (n=1,016 (n=1,016
Total Yes No N/K  |Mid journey Moving Slowing Parked, |[Slight Seriousg [Male Female (6C-6S 7C-79 80+
n=1016 off down waiting years years years
other
Alighting |9 104 3C 26 28 24 65 7C 73 35 10¢ 18 45 8C
(n=143  [(6%) (73%, (21% |(18% (20%  (17%; (45%) (49% . (51% (25% (75% |(13% (31% (56%
Boarding |2 76 25 9 25 7 62 66 37 21 82 14 28 61
(n=103" [(2%) (74% (24% |(9%) (24%  (7%) (60%) (64% (36%) (20% (B80% |[(14% (27% (59%
Seate 83 181 84 26C 25 53 10 13€ 212 87 261 83 13€ 12¢
(n=348" [(24% (52% (24% |(75% (7%) (15% (3%) (39% (61% (25% (75% |[(24%) (39% (37%
Standing |23 267 132 19¢ 67 13z 23 192 23C 8C 34z 89 13¢ 19t
(n=422) |[(6%) (63%) (31%) |(47%) (16%) (31%) (6%) (46%). (54%) (19%) (81%) |(21%) (33%) (46%)
117  62¢ 271 494 14t 21€ 16C 464 552 22¢ 79¢ 204 347 46E
(11%, (62%, (27% [(49% (14% (21%; (16%; (46% (54%) (22%  (78%, |(20%) (34% (46%;
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In total, the injured bus passengers sustained 1,381 Injuries following the bus /
coach incident. The distribution according to body region is as shown in figure 3. As
can be seen injuries to the upper extremity, lower extremity and head predominated,
with almost one-third of injuries involving the lower extremity.

Body region injured for older bus users (n=1381 injuries)

15 4

10 -

i1 &

0- . .

Head Neck Thorax Trunk Spine Upper extre mity Lower extremity ~ Unknown

Percentage

Body region injured

Figure 3 —Body region injured in bus/,coachipassengers 60+ years

The distribution of the injuries by body region varied depending on known pas-
senger location at the time of the incident (Table 9, n=1308; this excludes multiple
injuries and unspecified injuries). Therewwas a significantly increased likelihood of
sustaining more head and chest injuries whilst seated; chest and trunk injuries whilst
standing and lower extremity injdries.on.boarding and alighjihd@9.26 d.f. = 12,
p<0.05). For upper extremities it.appeared not to matter where the passenger was lo-
cated.

Table 9—- Distribution of body region injured and passenger location

Alighting Boarding Seate( Standing Total
(n=190; (n=123 (n=472 (n=523 (n=1308
Head/neck 37 17 181 * 15¢ 38¢
Ches S 7 53 * 48 * 115
Trunk/lower *
back 11 5 31 49 96
Upper
extremity 38 20 94 114 266
Lower * *
extremity 99 74 113 159 445

The severity of the casualties could be further categorised according to the most
serious injury sustained by the individual based on their Maximum AIS score (MAIS,
Table 10, AAAM 1998). In 18 per cent of cases, an AIS code could not be attributed
to at least 1 of the passengers’ injuries and therefore the MAIS was unknown. Twen-
ty seven percent of the passengers had MAIS 1 and therefore ‘minor’ injuries were
most severe. ‘Moderate’ or MAIS 2 injuries accounted for 28 per cent of passengers
and 26 per cent of passengers sustained ‘serious’ (MAIS 3) injuries. 1.5 per cent of
passengers sustained MAIS 4+ (‘Severe’ to Maximum) injuries.
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Table 10~ Distribution of MAIS categories for passengers 60+ years

N=1,01¢ %
MAIS 1 27¢ 27.1%
MAIS 2 284 28%
MAIS 3 261 25.7%
MAIS 4 11 1%
MAIS 5 1 0.1%
MAIS 6 4 0.4%
MAIS 9 (unknown MAIS) 18C L7%

Interestingly and as can be seen in figure 4, the distributioniof passengers with a
known MAIS injury severity and their corresponding policednjury severity code re-
veals a variation between the two severity ratings. Whilst there is some consistency
at the MAIS2 level, there is a notable difference in the MAIS3+ category where some
37 per cent (n=102) of passengers who were clearly ‘Seriously’ injured (due to sus-
taining MAIS3+ injury) were categorised as ‘Slight’ in the police STATS 19 records.
This suggest that under-reporting of injury severity may be“a significant issue in the

UK Police reporting system.
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Figure 4 —Frequency of known MAIS and police casualty severity classification

The distribution of known MAIS for passenger location suggests that there was
a significant, likelihood of sustaining MAIS 2 and MAIS 3+ injuries when standing
(Table 11)+ Alighting passengers also were at risk of a significantly increased like-
lihood' of sustaining serious (MAIS3+) injuries. For those passengers boarding and
being.seated on the bus, their injury severity was more likely to be minor (MAIS 1)
injuries ( 28.23 d.f.= 6, p<0.0001).

Table 11- Distribution of MAIS by passenger location

Total n=83€ MAIS 1 MAIS 2 MAIS 3+
Alighting 32 42 52 *
Boarding 47* 27 15

Seate( 98* 90 83
Standing 08 125* 127 *
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Alighting and boarding buses were both significantly more likely to cause inju-
ries for the older passengers 80+ years. Passengers between 60 and 79 years wer
significantly more likely to sustain injuries whilst seated whereas the data suggests
that all ages are at risk of injury whilst standing on buses; although the 60-69 year
age group have a slightly increased likelihood of sustaining injuries standing
(" 41.07 d.f. =9, p<0.0001).

Discussion

Although UK national injury rates are low for bus and coach passengers (2.7 per
cent) the age-group 60+ years are over represented in the<casualty figures (8.4 per
cent). Furthermore some 47 per cent of the overall bus and coach casualty costs were
attributed those aged over 60 years. These higher figures,possibly reflect the higher
exposure to this transportation method compared to younger. travellers however the
injury risks associated with the physiological effects of ageing are also higher. This
factor was evident in this study as the rate of ‘serious’ injury tended to increase with
age. Interestingly and as was found in other studies, non=collision incidents predo-
minate in injury causation for bus / coach passengers (Jovanis 1991; Kirk et al 2003).

Passenger location at the time of the incidents also had an impact on the injury
outcome in terms of body region injured and alse injury severity. The main body re-
gions injured were the head and the lower ‘and upper extremities and ‘standing’ was
associated with sustaining more injuries, clasely followed by being seated. Intuitive-
ly, this points towards loss of balance during various vehicle manoeuvres. When ex-
amining the severity of injuries using,the Maximum Abbreviated Injury Scale
(MAIS) level it was identified that ‘Standing’ and ‘Alighting’ were the main passen-
ger actions for sustaining ‘serious MAIS 3+ injuries. ‘Boarding’ and ‘Seated’ pas-
sengers tended to sustain injuries that were more ‘minor’ (MAIS1) in nature. Pre-
vious studies have also identified standing passengers to have higher incidences of
injuries (Moller, Halpern and Albreksten) whilst the study by Kirk et al identified
high incidences in ‘seated” passengers (Kirk et al, 2003).

Many incidences.of injury have been associated with sudden braking or accele-
rating although this studyitended to reveal higher incidences of injury that occurred in
the mid-journey phase (46 per cent; Halpern 2005). However particularly noticeable
was the discrepancies in passenger location and bus manoeuvres - it would be ex-
pected that alighting“and boarding incidents would be associated with a ‘parked’ or
‘stationary’ vehicles but this was only recorded for 45 per cent and 60 per cent of
these incidentsirespectively. 20 per cent of alighting incidents were recorded during
‘moving 'off manoeuvres which are of concern since passengers should have exited
from the vehicle prior to the bus departing. In addition, some 24 per cent of boarding
incidents were classed as ‘moving off’ and it is presumed that these represent inci-
dences whereby the driver continued the journey before the passengers were correctly
seated. This categorisation of passenger location is somewhat limited for examining
Injury causation as there is scope for error and subsequent misclassification as alight-
ing incidents could be associated with moving through the bus or standing prior to
getting off both of which can be interpreted as ‘standing’ whilst in the process of
alighting the bus. For injury prevention strategies extra passenger location codes
would be of future benefit in the design of countermeasures.
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Analysis of the linked data allowed for injuries to be explored further and the
varying severity levels to be collated and coded to an internationally recognised in-
jury scale. What was highly evident in this study was the mismatch between police
severity categories and hospital severity categorisation of the same injuries. Of most
concern with regard to MAIS3+ injury severity is that 37 per cent of these injuries
were categorised as ‘Slight’ in the STATS19 data. Similarly 51 per cent of ‘Mod-
erate’ injuries, often consisting of fractures to the wrist, ribs or spine; were catego-
rised as ‘Slight’ whereas the STATS20 guidelines clearly indicate that such injuries
should be coded as ‘Serious’ casualties. These inaccuracies n the"STATS19 data
have been highlighted previously (Jeffrey et al) but it is evident,that a large propor-
tion of casualty severities in this study were miscoded in the STATS19 data suggest-
ing that the morbidity and casualty costs are also undersestimated. This issue has
been addressed and recommendations for helping police officers to more accurately
categorise injury severity at the scene are being proposed-«(\Ward et al 2006).

Another limitation includes the small number of road accident records that were
linked for bus and coach passengers which probably leadsto under-representation (1
per cent). Furthermore it was found that whilst 58 per cent of linked casualties were
correctly coded as ‘Serious’ with the remainder being/coded slight, 42 per cent of
road accident injury statistics may be underestimated in terms of severity.

One of the main aims of the study was to establish injury causation patterns of
older bus passengers and overall the national data has provided an insight into these
issues but there is potential for under-recording of injury severity and also cause as-
sociated with passenger locations. It is recommended that extra passenger location
codes are included within the police CRASH system for collecting data. Furthermore
the recommendations from Ward _if adopted would improve the police reporting of
‘slight’ and ‘serious’ casualties. These analyses used national datasets and are limited
to those incidents reported tohe, police and for those linked cases who attended hos-
pital. Further analysis will be ‘undertaken of Bus Company data where it is expected
that higher number of incidents occur that are not required to be reported to the police
and therefore do not appear in,any national data but are potentially rich sources of da-
ta for exploring injury.causation in detail.

Overall, the results from this study suggest that sufficient information can be
gained in order te"consider countermeasures to injury during bus—use although more
detailed information from in-depth studies would be of benefit. One of the main con-
siderations for injury prevention includes an appraisal of existing operational proce-
dures to ensure that in all cases, passengers have properly exited form vehicles or are
correctly seatedrat the time the bus moves away from the stop. This could be easily
achieved without radical (if any) changes to the design of the bus interior. Re-
design of bus interiors is a somewhat different proposition but this could be
achieved providing accurate information about injury causation is recorded. At the
moment, there is scope for improving the data collection process for incidences on
buses, especially where serious injury has occurred and this study suggests that an
injury surveillance system relating to the more serious events would be of great
benefit to the community.

Funding: This study was funded by the Medical Research Council —Lifelong and
Health and Wellbeing Phase 3
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VIIK 656.13.08

PA3BPABOTKA MOJAEJIN TPAHCIIOPTHOI'O Y3JIA
B COCTABE KCOA I'OPOACKOI'O OKPYT A

C.H. KapaceBHq B.M. Epemun®, A.M. bagamsn®, C.A. Azemura’
"HUU aBToMOGHIEHOTO TpaHcnopra, Mocksa, Poccus,
I/IHCTHTyT AKOHOMUKO-Marematnueckux meronos B JITU, Mocksa, Poccus,
EeHOpyCCKI/II/I roc. yHUBEPCUTET TpaHcnopTa, ['omens, benapychp

B cmamve paccmampusaromces éonpocwi, césazannvle ¢ pazpabomiou Komniexc-
HOU cxembl opeanusayuu 0opodcrozo osuxcenus (KCOI) copoockaeo oxpyearHean-
meeexka Mockogckou obaacmu. Jlana Xapakmepucmuka OOHOMY U3 NPOOIEMHbIX
mpancnopmuvlx Y3108 (crooicHoe pezynupyemoe nepecevenue), KOMoOpPbvlll Ce513bi6aem
NAAHUPOBOUHBLE PALIOHBL 20P00A, PA30eNeHHble eCmecmeenHbiMu npecpadamvu (pexa u
acenesnas oopoea). Onucana mexnonozaus pabom npu npogederuld ucciedosanuil. Ilpu-
8005IMCSL Pe3VIbMAMbl HAMYPHLIX 3AMEPOS U UMUMAYUOHHOLO MOQETUPOBAHUS 0BUIICE-
HUSL ABMOMOOUTILHBIX NOMOKO08 NPpU 0O0CHOBAHUU NPEOJIOINCEHHORO HPOEKMHO20 peuie-
HUSL NO YCMPOUCMBY KONbYeB8020 nepecedeHus 8 OaHHOM mpancnopmuom y3ie. Paspa-
bomanHbie nNpaKmuyeckKue peulenus U peKoMeHOayuu cnocoBemeyom nosvlueHu 3¢-
gexmusnocmu u 6€30nACHOCHU OOPOAICHO20 OBUNCEHUS.

CtpemMHTENbHBIE TEMIIBI aBTOMOOMIM3ALIMKA, HACEICHHS B TOPOJICKOM OKpYyTe
HBanTeeBka MOCKOBCKOM 00JaCTH, KaK U BO| MHOTHX APYTUX KPYIHBIX, CPEIHUX H
MaJlbIX TOpojax, OCTPO 0003HAUYMIIM MPOOIEMbl HEPAIIMOHATLHOCTH B 00JIacTH opra-
Hu3anuu jgopoxHoro aswkenus (OJ1/1).Bwcesazu ¢ stumu obcrosTenscTBamu Hayd-
HO-HCCJIeI0OBATEIbCKIUM HUHCTUTYTOM aBTOMOOUIIBHOTO TPAHCIOpPTa MO 3aKa3y aaMu-
HUCTpAILMKU ropojackoro okpyra ManteeBkaMockoBckoi o0nactu Obu1a pa3paboTa-
Ha KoMmruiekcHas cxema opranusanu gopoxuoro nemxenns (KCO/).

[Tpu pazpaborke KCO/I/l mocpeaeTBoM HaTypHBIX HAOMIOACHUN U 3aMEPOB ObI-
JIO YCTaHOBJICHO, YTO OJHHUM ‘U3 Hanboyiee MpoOsieMHBIX (Y3KMX) MECT Ha YJINYHO-
JIOPOXKHOM ceTu T. MIBaHTeeBKa SBISIETCS TPAHCIIOPTHBIN y3€JI B MECTE NEPECECUCHUS
ymur, HoBass Cnoboma, JKenesnonoposknas, Xie003aBojckast U 3apedHas, 4Tto 00y-
CJIOBJICHO Pa3JelIeHHOETHIO PailoHOB T. VIBaHTeeBKa €CTECTBEHHBIMHU IMPErpajlaMu U
MCKYCCTBEHHBIMH COOpYXCHUsMHU (peka Ywua, jelie3Has jopora). JlaHHBIA y3el
MpeCTaBIsIeT COO0N PeryaupyemMblil epeKpecToK, KOTOPbI o0opynoBaH 14 TpaHc-
noptHbiMU cBeTodopamu: 12 tuna T.1u 2 tuna T.1x. [Toaxon ¢ yn. HoBas Cnobona
obopynoBaH cBetopopom tuma T.1J, a ocranbHble MOAXOABI 00OPYAOBaHBI CBETO-
¢dopamu tuna T.1. Ppadux pabotsl cBeTOhOpOB, B TOM YUCIE JUIUTEIBHOCTH (a3 U
TaKTOB, MpeacTaBieH Ha puc. 1. KpoMme 4 0CHOBHBIX MOAXO0/I0B K MEPEKPECTKY UMe-
eTCSLSAThIA — BBbE3]l B MPOM3OHY, KOTOPBIN Takke 00OpyAOBaH CBETOPOpPOM THIIA
T.4.Ha yn. X1e603aBoCcKOi B HEMOCPEACTBEHHOM OJIM30CTH OT MEPEKPECTKA PACIIO-
JIOMEH KeJIe3HOTOpoXKHBIN Tiepee3s (Puc. 2).

Bpeua, cex o i 20 a0 40 50 60 bil] el af 100 i 120] 5]

yn. 3apeynan ‘

npano W Hanpatol

yn. Hogas CnoGoaa
waneko

KeneaHoaopokHLIi nepeesn ‘

yn. Xnedosagogcran

Mpom 20Ha

Pucynox 1 — I'paduk paboTsl cBETOHOPOB HA UCCIETYEMOM MEPEKPECTKE
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Pucynok 2 — CymecTBytoniee moJ0KeHHEe B 30HE UCCISMYSMOEQ TEPECCUSHHSI YITHIT

Llenbro MpoBeACHUS HATYPHBIX HAOIIOCHUIN U 3aMCPOB ABIISIOCH:

a) cOOp MCXOMHBIX JAaHHBIX, HEOOXOAMMBIX JIUTSI HMUTAIIHOHHOTO MOJCIHPO-
BaHWS JIBIDKCHHS TPAHCIIOPTHBIX IMMOTOKOB B y3iIe. MexoIHbIe TaHHBIC BKIIOYAIOT B
ceos:

|. 'eomeTprueckre XapakKTepUCTUKUAIOIX0/I0B K IEPEKPECTKY:

KOJIMYECTBO MOJIOC IBUKEHUS KaXA0ro NOAX0a K IEPEKPECTKY;

LIMPUHY MOJIOC B KaXJA0M HalPaBIACHUM JIBUKEHUS;

MPOJIOJIbHBIN YKJIOH; MIOTIEPEUYHBIN YKIIOH;

paanyChl IOBOPOTOB B ILJIAHE II0,BEEM HAIIPABJICHUSIM JUI KAXKI0TO I10IX0/4,;

YIJIBI MEXKY TPOAOJIBHBIMU QCAMU MOJIXOA0B K IEPEKPECTKY;

KOOPJIMHATHI OOBEKTOB OKPYKAIOIICH CPeabl, OTpaHUYHBAIONINE OOKOBYIO BH-
JAMOCTBD JUISl KaXI0TO MOIX0IA.

II. JlopoxkxHoe IOKpbITHE: KOIPOUIIMEHT CIEIUICHUS JTOPOKHOTO MOKPBITHS,
POBHOCTB JOPOXKHOTO MOKPhITHUS (110 TXK-2).

[ll. XapakTepucTuku TPaHCHOPTHBIX MOTOKOB BCEX MOJXOJIOB K MEPEKPECTKY:
CYMMapHY.MHTCHCHBHOCTh JBM)KEHHUS HA BCEX MOAX0aX K y3iy (aBT/yac); pacmpe-
7ielicHre MHTCHCUBHOCTEH 0 HAMPABJICHUSIM JBHKCHHS Ha KaKIOM oaxoe (B mpo-
[ICHTaX HaJNeBO, PSIMO, HAPABO); COCTAB ABMKCHHUS HA Ka)KIOM IOIXO0JE IO THUIIaM
aBTOMOOMIIEH (JIErKOBBIE, JIETKUE TPY30BbIC, CPEIHUE IPY30BbIC, TSUKEIBIC TPY30BhIC,
aBTOMOE3/1a, JISTKKUE aBTOOYChI, CpeIHHE aBTOOYCHI, TSHKEJIbIe aBTOOYCHI).

V. Cxemy OJI/l: mucnokanus JOPOKHBIX 3HAKOB Ha MEPEKPECTKE U Ha MOIXO-
JaX K HEMy Ha pacCTOSIHMM 30HBI BIMsHMS nepekpectka (He meHee 200 M); Hamnume
JOPOKHOM pa3METKH Ha MEPEeKPeCTKe M Ha MOJX0AaX K HEMY Ha PACCTOSHUU 30HBI
BJIMSTHUS TIEPEKPECTKA; HATMIME aBTOOYCHBIX OCTAHOBOK B 30HE BIIMSIHHSI TICPEKPECT-
Ka U UX KOOPIMHATHI, HAIMIKE IMENICXOIHBIX MIEPEX0I0B Ha MEPEKPECTKE W Ha TOJ-
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XO0IaX K HEMY B 30HE€ BIIMSHUS NepekpecTka. [I0CKoIbKy NmepeKkpecToK peryimpye-
MBI, TO 3aJ1aBaJICSI THIT U PEKUM PabOTHI cBeTOo(opa (IUTMTEIHPHOCTH IIUKIIOB, TAKTOB,
a3 1 T.21.) IS KQXKIOTO TOIX0a K IIEPEKPECTKY.

Bce nepeuncnenHbie Bbilie BIUSAIOMIME (HAKTOPhl OBLIIM YYTEHBI B XOJ€ MPOBE-
JICHUSI KOMITBIOTEPHBIX 3KCIIEPUMEHTOB, XOTS BapbUPOBAIUCH TOJIBKO HEKOTOPBIE U3
HUX.

0) cOop maHHBIX 00 00BEKTAX, HAXOAIIMXCSA B 30HE BHAMMOCTH HECICTYEMBIX
Y3JI0B JIJ1s1 BU3yaJIM3allly Ipoliecca JOPOKHOTO ABUKEHUS HA HUX.

NHTEeHCUBHOCTH ABWKEHHUSI, paciipeicICHUE NHTCHCUBHOCTH HO HAIIPaBIICHUSM,
a TaK)Ke COCTaB JBMIKEHUsSI HA KaXKJIOM TOAX0/Ie y37a TpeacTaBigHbl B Tabm, 1 — 3.

Ta6nuna 1 — MIHTeHCUBHOCTH JBMKEHHS aBTOMOOMJIEH Ha MOAXO0/ax y3i1a

HMHTEHCUBHOCTD ABUXEHUS, asmluac
HaszBanue ynuist
B (DM3HUECKUX EANHUIIAX B HPHBEICHHBIX CIMHHUIIAX
yi1. 3apedyHas 39¢ 43¢
yn. Hosas Cno6oza 652 739
JKenesHomopoKHBIN Mp-1 11€ 13E
yi1. X1e603aBojCKasl 772 85¢

Tabnuma 2 — Pacnpenenenne MHTEHCUBHOCTH, [0 HAMPABICHUSIM JIBIXKEHUS Ha
IIOAXO0AAX y371a

HanmenoBanue noaxoza K y3iry Hampagnenue nrxeHust %
HAJIEBO 86
yi1. 3apeuHas IpsiIMO 11
HaIpaBo 3
HaJIEBO 2
yn. Hosas Cno6ona psSMO 93
HaIpaBo 5
HaJIEBO 27
XKenesHonopoKHbIA p-11 PSMO 21
HarpaBo 52
HaJIEBO 6
yi1. Xnebo3aBojacKasi psSMO 51
HarpaBo 43

Tabymma 3 = CocTaB IBHKCHUS Ha TOJIX0JIaX y3Jia

Hosas Kenesnomo- Xiebo-
Ty aBTOMOOMIIS 3apeuHas .
Crnobona POXHBIN TIp-1T 3aBOJICKAs
JlerkoBrle 90,9 88,5 86,3 91,3
JIerkue rpy3oBbIe 2,0 1,8 3,4 1,0
Cpennue rpy3oBbie 1,C 1,8 0,C 1,C
Tsoxenble TPy30BbIC 1,0 1,2 0,0 0,0
ABTonoe3ia 0,C 1,2 6, 0,C
Jlerkue aBTOOYCHI 51 1,2 34 4.1
Cpennue aBTOOYyCHI 0,0 0,0 0,0 0,0
Tspxenbie aBTOOYCHI 0,0 4,3 0,0 2,6
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B kauectBe MeponpusTUs sl YCOBEPUICHCTBOBAHUS (DYHKIIMOHUPOBAHUS JaH-
HOTO y3J1a MPeJJIoKeHa OpraHu3alus KOJbIEBOTO ABUKEHUS C D MOJX0JaMU: MOAXO0/
Nel —yn. 3apeunas; noaxon Ne2 —yn. HoBas Cnobona; moaxon Ne3 — XKenesznomo-
POXKHBIN TTp-11; Toaxo Ned —yi. Xiebo3aBoackast; moaxoa Ne5 —mnpomsona (puc. 3).

be3ycnoBHO, B epcnekTUBe BOCTPEOOBAHBI KPYITHOMACIITAOHBIE CTPOUTENIbHbBIE
MEPOIPHUATHS IO CO3/IaHHI0 OOBEKTOB TPAHCIOPTHON MHPPACTPYKTYpHI, obecrneyu-
BAIOLIEH NOBBILIEHUE YPOBHS TPAHCIIOPTHOM CBSA3aHHOCTH IUIAHUPOBOYHBIX PaliOHOB
roposa (CTpOUTEIBCTBO TPAHCIIOPTHBIX Pa3BSI30K B Pa3HbIX YPOBHAX U T.1.). OmHaKo
TaKh€ MPOEKTHbIE pPEUICHUs TPeOYIOT OONBIINX KAaNUTaJbHBIX BIIOMKEHUI; 3HAUN-
TEJbHBIX CPOKOB peaju3allid MEPOIPHUATUN U CBS3aHbI C OTUYKICHHUEM TOPOACKHUX
TeppuTopuii. B cBsi3u ¢ 3TUMHM 0OCTOSITENHCTBAMHU ObLT NpeaiokeH Bapuant OJ1JI,
MPEyCMaTPUBAIOLINN YCTPOMCTBO KOJIBLEBOTO MEPECCUCHMUS.

Mpomsona

yA. 3apeyHan yn. Xne6osaBogcKan

¥n. Hosaa

Cnobona ene3HoA0pOMKHbLINA Np-A

Pucynok 3 —Opranuganus KOJIbHEBOrO [epeceyeHusi B y3ie

[Toctpoenne 6a30BO MUKPOMOJIETN HCCIEAYEMOTO TPAHCHIOPTHOIO Y374, Mpo-
Heaypbl cOopa MCXOAHBIX TAHHBIX,»MOJICTTUPOBAHUS U OIICHKH PEe3yJIbTaTOB MMMUTA-
[IUOHHBIX AKCIEPUMEHTOB BBIIOIHINCh 10 METOIUKe, u3NokeHHbx B OJM
218.6.011-20131 OAM..218.2.039-2013LIpu 3TOM o1ieHKa 3P PEKTUBHOCTH MPUHS-
TBIX MPOEKTHBIX peuieHud fo Bapuantam OJ1J] ocymiecTBisiiach Ha OCHOBE OLICHKH
CTETIEHU ONMACHOCTH IS JABWKEHHSI U TPOITYCKHOW CHOCOOHOCTH HA UCCIIEAYEeMbIX
00BEKTaxX.

[TepBoHaYANBLHOSOBLTN TPOBECHBI KOMITBIOTEPHBIE SKCIIEPUMEHTHI TSI OL[CHKH
3HAYECHUI nokazareneil, xapakrepusyomux O/ Ha cyliecTByOIMEM TpaHCIOPTHOM
y3ie B yrpesnmii yac muk (7-00 + 8-004). AHanmu3 pe3ynbTaToB, MPUBEICHHBIX Ha
TabJ. 4 MOKa3BIBaeT, YTO JTAaHHBIN y3€ll B 4achl MUK PadOTaeT B peXXUME MPOIMYCKHOM
CIIOCOOHOCTH-MITU OJTU3KO K HEMY.

Tabmuua 4 — Ilokazarenu omacHOCTU U MPOMYCKHOW CITIOCOOHOCTH y3J1a

No YucnenHoe
HaunmenoBanue nmokasaresns
/o 3HAYCHHE
1 | CymmapHasi MFHTCHCUBHOCTD JIBHXKCHUS, aBT/4 193¢
2 | IlponryckHas cmocoOHOCTH y3i1a 202:
3 | YpoBeHb 3arpy3ku 0,957
4 Crenenb onacHoctu goposkuoro asmxenns, KC/1000 aBtkm 164,¢
5 | Cpennsisi cTENEHb OMACHOCTH 0,24<
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[lenbto cnemyromel cepru KOMITBIOTEPHBIX SKCIIEPUMEHTOB OBLIO OMpEe/esieHUE
3HAYEHWI WHTEHCUBHOCTEH JBIXCHUSI TPAHCIIOPTHBIX MOTOKOB HAa KOJIBLIEBOM IIepe-
CEUeHHUH, MIPHU KOTOPHIX HAYMHAIOTCS 3aTOPHI (T.€. OmpejesieHre MPOMyCKHOM CIio-
COOHOCTH KOJBIIEBOTO IepecedeHus). [Ipu 37TOM cOCTaBbl TPAHCTIOPTHBIX MOTOKOB U
pacrnpeeneHns: HHTCHCUBHOCTEW 110 HAIPaBJICHHUSIM JIBUKCHUSI HE BapbUPOBAIUCH U
COOTBETCTBOBAJIU CYIIECTBYIOIIUM 3HAYCHHSIM. VIHTEHCHUBHOCTH JBM)KEHUSI HA KaX-
JIOM TIOJIXOJI€ K KOJIBIIEBOMY IEPECCUCHUIO YBEIUYUBAINCH CHHXPOHHO (IIPSAMO TPO-
MOPLIMOHANBHO) JI0 JOCTHKEHUS MPOIYCKHON CITOCOOHOCTH KOJIBIIEBOTO Iepeceye-
HUS. 3HaYCHUE MPOITYCKHON CITIOCOOHOCTH OBLIO JOCTUTHYTO WUTEPAIOHHBIM: CITOCO-
OooM.

AHanu3 pe3ylbTaToB KCIIEpUMEHTOB (Tadi. 5) mokasan, uTo B pe3yibTaTe BHE-
APEHMS KOJIBIIEBOTO JBM)KCHUSI MPOITYCKHAsI CIOCOOHOCTh y3Jid yBEIMYMBACTCS Ha
25-30%,a cTeneHb OMAaCHOCTU JOPOYKHOTO IBUKEHUS yMeHbInaercs Ha 20-25 %.

Tabmuma 5 — Iloka3aTenu OMacHOCTH W MPOMYCKHOW CHOCOOHOCTH y3Jia MOCIe
BHEJIPEHUS TPEJIOKEHHBIX MEPONPUSITUI

1?/&;1 HanmeHoBanne nmokasareis YUucneHHnoe 3HaUeHUE
1 CymMapHast FHTEHCHBHOCTD JIBHKEHUS, aBT/u 193¢
2 | IIponyckHas ciocoOHOCTB y371a 2441
3 | YpoBensb 3arpysku 0,79:
4 Crenens onacHocTH qoposkHoro asmwxenuss, KC/1600 aBT.km 127,¢
5 CpenHsis CTeTeHb OMMaCHOCTH 0,25¢

Brenpenue moiayyeHHBIX B Pe3ysbTaTe,IPOBEICHHBIX HCCIEIOBAHUNA pelIeHUN
U PEeKOMEHAAINI Ha IPAKTUKE MOBBICAT 3(DPEKTUBHOCTD U 0€30MACHOCTH JOPOKHOTO
TIBYKEHUSL.

VIIK: 656.02

OIIEHKA DKCILTYATAIIMOHHBIX ITOKA3ATEJIEH IIOJIBUKHOI'O
COCTABA BSBABUCUMOCTHU OT UBSMEHEHHMSA BPEMEHHU I'OJA

B.JI. lllenenés, A.B. Kneuos, K.2. I'epiib.
HOxxHO-YpanbCkuii rocy1apcTBeHHBIN yHUBepcuTeT, YensionHck, Poccus

Llpu mooenuposanuu 2py306vix nepeso3oK A8MOMOOUNbHLIM MPAHCHOPMOM Cy-
wecmeyem HeobX00UMOCmb yuema YClo8ull dKCHIyamayuu Nno0BUICHO20 COCMAsd U
usmMeneHull e2o0 noxazamenell NPOU3BOOUMENbHOCMU. A8mopamu npueooOAmMcsa aHaAIU-
muyecKkue OaHHble IKCHIAYAMAYUOHHBIX XaAPAKMePUCTNUK NPU USMEHEHUU 8PEMEHU 2004d.
Boisisnennvie uzmenenus sKkcniyamayuoHusblx nokasamenell npoOaHaIu3upo8ansl agmo-
pamu u npedcmasgieHvl 8 cmamve 8 guoe cpaguros.

[Ipouecc opranu3anuy NEPEBO30K COMPSIKEH C PEIICHUEM IIeJIOr0 KOMILIEKCa
OpraHU3aIMOHHBIX, JKOHOMHYECKUX, TEXHOJOTUIECKUX U YIPABICHUYECKUX MPOOIeM
[1, 2]. OcHOBHOI#1 3a1a4eii IOTUCTHKH SIBJICTCS 00ECIICUYCHHE TPAHCIIOPTUPOBKH TPY-
3a OT TPY300TIIPABUTENS K TPY30IOIydaTeNI0 ¢ MUHIMAIBHBIMU 3aTpaTamMu Ha Iepe-
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BO3KY. B CBsI3M C 3TUM HEOOXOIUMO YIUTHIBAThH IKCILTYyaTAIIMOHHBIE XapaKTEPUCTUKH
UCII0JIB3yEMOT0 MOJIBUKHOTO cocTasa [3, 4].

Poccust HaxonuTes B 30HE YETHIPEX KIMMATHYECKUX TOSICOB, U OCOOCHHO C H3-
MEHEHHEM BPEMEHHU Trojia TeMIIEpaTypHbIC YCIOBHUS PE3KO MEHSIIOTCSA. JTO 3HAYU-
TEJIBHO OTPAKaeTCsl HA XapaKTEPUCTHKAX HCIIOJIBb30BaHUS MOJBUXKHOTO COCTaBa [5,
6]. BBugy sroro ¢akropa CieIyeT YYHTBIBATH CE30HHOCTh INPH MOCIMPOBAHHUU
mpolecca TpaHCIOPTHUPOBKH Tpy3a [7, 8].

C nomol1pio cUCTEMbl CIYyTHUKOBOTO MOHUTOPHHTA OBLJIO MPOBEACHO UCCIIENO0-
BaHUE ceMu cenenbHbIX Tiaraued mapku MAN m VOIVO cpokom skcmiyatamuu Ot
4 no 10 net. Vccnemyembie aBTOMOOMIIM PETYJISIPHO MPOXOAT TEXHHIECKOE QOCTy-
KUBaHUE B (PUPMEHHBIX CEPBHUCHBIX IIEHTpax. B ucciemyeMom: TIpeAnpusTUU ce-
JIENbHBIC TATAYM C TEHTOBAHHBIMH TOJYMPHUIICTIAMH PA0OTAIOT/HA MEXIYTOPOTHUX
MapmipyTax. [I[pakTUKyeTCsl TOJIBPKO TOMAIIMHHAS OTTPYy3Ka, CPGOHUN BEC Tpy3a Co-
ctaBua nopsaka 17 tonH. Cpenuss amHa e3aku coctaBisieT. 1700 km. [ensro uc-
CJICIOBAHUS SIBIISICTCS BBISIBJICHUE M3MEHEHUS DKCIUTyaTaIllMQHHBIX MTOKa3aTeNIeH B 3a-
BUCHMOCTU OT BPeMEHU Toja. JlaHHbIE aHATM3UPOBAIKMCH 10 QAHOMY TOJIHOMY JIET-
HEMY U 3uMHeMy Mmecsny. [ns ananuza netom 2018rona Obw1 ¢eOpaH cTatucTUYe-
CKHI MaTepual 3a uroJib, ¥ 3umont 2016rona nanueie cHuMaii B pespane [9, 10].

Ha pucynke 1 npencraBieHa 3aBHCHMOCTbD(CPEIHETO BPEMEHH JIBHIKCHUS aBTO-
MOOWJIS M BpEMEHU PabOThI IBUraTess 32 OAUHTICTHUN MECSILl SKCILTyaTaluu.
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= Bpems AeMkeHUA asTomobuns Bpems pa6otel geuratens

Pucynox 1 —3aBuCHMOCTb typux. OT t, 45 B JIETHEE BpeMs (HIONB)

Ha pucyHnke 2 npelcraBiieHa 3aBUCUMOCTh CPEIHETO BPEMEHU JIBH)KCHHSI aBTO-
MOOMJIS U BpEMEHH padOTHI IBUTATeNs B (heBpalle.
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PucyHOK 2— 3aBHCHMOCTB Uygx. OT 1, 55, B 3MHeE BpeMs ((eBpain)
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Ha pucynke 2 BUIHO yBenn4YeHNE BPEMEHH HETPOU3BOIUTEIHHONU pabOThI ABU-
ratelyisd B 3UMHUI niepuoj. YTo oObsICHAETCS XpaHEHHEM aBTOMOOMWIIEH HA OTKPBITOM
CTOSIHKE, B P€3yJIbTaT€ MEXaHU3Mbl U arperarbl TAradya NOJABEPHKEHbI NHTEHCUBHOMY
OXJIAXKJICHUIO, KaK CJIEICTBHE, 3aTPAYUBACTCSA JOIOJHUTEIBHOE BpEMs HA 3allyCK U
MIPOTPEB JIBUraTessl. Y YUThIBas MPEJCTaBICHHbIE JaHHBIE, MEPEBO3YMKAM HEOOXO 1~
MO 3aKJIaJIbIBATh JOMOTHUTEIILHOE BpEMs Ha TI0/1avy aBTOMOOWIISI TIOJT TIOTPY3KY.

Ha pucynke 3 0oToOpakeHbI TaHHBIE TI0O M3MEHEHUS CPEHEN IKCITTyaTallMOHHON
CKOpPOCTHM B 3aBUCUMOCTHM OT BpEMEHHM roja. Tak, B 3MMHUI NEPHUOJ SKCILTyaTalluOH-
Has CKOpocTh cHIKaetcs 10 20%.

KM/4

Pucynok 3 — CpenHsist SKCIUTyaPallAOHHAS CKOPOCTh

BaxxHO OTMETHTh, 4TO NPU IJIAHUPOBAHWUH, PAOOTHI TIOJIBUKHOTO COCTaBa B pac-
YyeTax MPOBO3HBIX BO3MOYKHOCTEH TPAHCHOPTHBIX, CPEJICTB KCIIOJIB3YIOT BEIHUHHY
9KCIUTyaTalldOHHOM CKOPOCTH JIBHKEHUS-LI09TOMY MOJydeHHBIE JaHHbIE HEOOXOIH-
MO YYHTBIBATh MIPU YU€Te BPEMEHH Ha,HYJIeBOM MPOOEr ¥ MPOCTOU MOJBUKHOTO CO-
CTaBa IO/ MOrpy3Koi u pasrpyskoi [11].

Cpenssist TEXHHUYECKasi CKOPOCTh B 3MMHMI [IEPHOJ] CHIU)KAETCS B mpeenax ot 4
10 5%. He3naunTenbHO CHU)KEHME TEXHMUCCKONH CKOPOCTH aBTOMOOWMIISI HEOOXOMMO
YUYUTBHIBATh P TUIAHUPOBAHWM MAPIIPYTOB Ha OOJIBIINE PACCTOSIHUS. 3aBHCHMOCTH
CpeHei TEeXHUYECKOH CKOPOCTH OT W3MEHEHHSI BDEMEHHM T'0/1a IoOKa3aHa Ha pUCyHKe 4.
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Pucynok 4 — Cpennsist TeXHUYECKast CKOPOCTh

B MexayropogHux rpy3onepeBo3kax 3aTpaThl Ha TOIUIMBO, KaK MPaBUIIO, 3aHU-
MaloT 3HAUUTEIbHYIO YaCTh PACX0/I0B, B HEKOTOPBIX ciiydasx gocturaioT 50%ot ce-
0ecToUMOCTH. 3amycK ABUTATeNss B 3UMHEE BPEMsSI XapaKTEpPHU3yeTCs YBEIHMUYECHHEM
SHEpreTuyeckux 3arpar. s obnerdeHus mycka y Tsradei MmpeayCMOTPEHbI aBTO-
HOMHBIE nTogorpeBatenu. Kpome Toro, mpuHiun padoTsl aBTOHOMHOTO MTOI0TpeBaTe-
7l OCHOBAaH Ha CKMTAaHWMW TOIUIMBA, YTO TAKXKE MPUBOJUT K JIOMOJHUTEIHLHOMY pac-
xoxay ToruBa [12]. Ha pucynke 5 oToOpakeHa TuHAMHMKa M3MEHEHHUS pacxoja Tol-
JIMBa B 3aBUCHMOCTH OT BPEMEHH roJ1a.
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Pucynox 5 —Pacxon TorumBa

Cpennuii pacxoja TOIUIMBAa B 3UMHHUI mepuon Bo3pacTtaer Ha 6%. KonebGanus
pocTa pacxojia TOTUIMBA B 3aBUCUMOCTH OT MapKH CEJEIbHBIX TAra4e COCTAaBHIIO B
npexaenax ot 7 1o 15%.

Ha ocHOBe moJTy4eHHBIX TaHHBIX MOKHO CJIEIaTh CJICTYIOIIHE BHIBOIbI:

1.BpeMs HEMPOU3BOIUTEIHLHOM pabOTHI ABUTATEISI AaBTOMOOMIIS B 3MMHEE Bpe-
Ms yBenmauBaeTcs Ha 12% (1,224aca).

2.Cpenusisi SKCILUTyaTallMOHHAsI CKOpOCTh B JieTHEE BpeMst 30,5%m/4. B 3umHee
BpeMsi OHA CHIKaeTcs 10 25,2km/4. [Ipu 3TOM epeiHsst TEXHUYECKask CKOPOCTh UMe-
€T He3HAaYNTeIbHOEe u3MeHeHue: jieto — 61,5xmfu; 3mma — 59,4xm/4.

3.Pacxon TtorumBa uw3Mensercs B mpeaenax or 33,7 n1/100km neTom, 0
35,71/100kM B 3UMHUI TIEPHO/I.

JlaHHBIE, ITOJIYYCHHBIC B XOJI¢ MCCIICAOBAHMS, IIO3BOJIAT TPAHCIIOPTHBIM KOMITa-
HUSAM 0oJiee TOYHO MOJICIIMPOBATH TPAHCHOPTHBIC MPOIECCHI U, KaK CIEICTBUE, d(]-
(eKTHBHEE MCTIOJB30BaTh IMOBHKHOM €COCTaB,
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HEPCHIEKTUBBI UCITOJIB30BAHUA TEOMH®OPMAINNOHHBIX
CUCTEM YIIPABJIEHUA CYTO0XOJACTBOM U OBECIIEYEHUA
BE3OITACHOCTH IIVTABAHUSA HA BHYTPEHHEM BOJIHOM
TPAHCHOPTE PECIIYBJIUKHU BEJIAPYCb

A.Il. AdpanacbeBpA.Il. BoBOenb, MarucTp TeXHUYECKUX HAYK,
PecnyOnukanckoe yRuTapHoe npeanpustue «benopycckuii HayuyHo-
MCCIIEIOBATEIbCKMN NHCTUTYT TpaHcnopTa «IpaHcTEXHUKA,
Munck, benapyce

B nacmosyee 8pems 6ospacmaem nompednocms 8 0oMeHe uHgopmayuen Mexcoy
CMOpoHamu, y4acmeyowumMy 8 mpaHCnOpPmMHOL 0essmelbHOCMU, 8 MOM YUCie HA 6HYM-
peHHem 800HOM mpancnopme. I eoungopmayuortsvie cucmemvl YnpasieHus cy0oxoo-
cmeom udodecneuenus 0e30nacHOCmU ABIAIOMCA CUCMEMaMU UHGOPMAYUOHHOU NOO-
0epIHCKUHA OCHOBe coepemenHblx cucmem ceazu u | T-mexnonoeuu, komopule cobupa-
rom, ©06pabamvlearom, oyeHUBAOM U PACHPOCMPAHIIOM UHDOPMAYUID O 6HYMPEHHUX
BOOHBIX NYMAX, OUCTIOKAYUU CYO08, CNOCOOCMBYIOM NOBLIUEHUIO YPOBHS DE30NACHOCU
u Appexmusnocmu nepeo3ok u Haubonee NOIHOMY UCHOTLIOBAHUIO 803MONCHOCMEU
GHYMPEHHUX BOOHLIX Nymell.

Beenenue

Ha coBpemeHHOM 3Tare pa3BUTHs MH()OPMALMOHHBIE TEXHOJOTUU CTAHOBSITCS
HEOTHEMJIEMON COCTaBHOW YaCThIO TPAHCHOPTHOTO KOoMIuiekca. MHpopMaimoHHsle,
KOMMYHHUKAIMOHHbIE, T€OMH(MOPMAIIMOHHbIE U MHTEJIEKTyaJIbHbIE CUCTEMBI IOJIY-
YalT IMIMPOKOE PAaCHpOCTPAHEHUE B cdepe aBTOMOOUIBHOIO, YKEJIE3HOJOPOKHOTO,
BO3AYIIHOI'O, BHYyTPEHHETO BOJHOIO U MOPCKOT'O TPAHCIIOPTA.
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B Pecny6nuke benapych B cpepe BHYTpEeHHETO BOJIHOTO TPAHCIIOPTA BBIIIEYKA-
3aHHBIE CHCTEMBbl B HACTOSIIIMM MOMEHT HPHUMEHSIOTCS «TOYEYHO», OHH HE HOCST
CUCTEMHOI'O XapaKTepa M HallpaBJICHbl HA YAOBJIETBOPEHUE MOTPEOHOCTEW KOHKpET-
HOW OpraHu3auuu. B OCHOBHOM IIPUMEHSIOTCSI CUCTEMBI KOHTPOJIS M y4eTa pacxonaa
TOIUIMBA HA CYJOBBIX JHEPreTUYECKUX YCTAHOBKAX, MEPEJaTYMKU CHUTHAJIOB
GPSI'JIOHACC mist JIoKambHOM TUCHIETYSPU3AIIMN TTEPEBO30YHOTO MPOIIecca, CPe-
CTBA CBSI3U — PaJAMOCTaHIIMHN, MOOUJIbHBIE TENE(DOHBI.

OpnHako NaHHBIE JIOKAJIBHBIE CUCTEMBI HE HAIIPABJICHBI HA KOMIUIEKCHOE yIIpaB-
JIeHHE CYJ0XOJICTBOM M o0ecrieueHne 0e30macHOCTH T1aBaHus, QYHKUMIO KOTOPBIX B
HACTOAIIEE BpeMsl JOJKHBI BBIIOJHATH COBpEMEHHbIE MH(POPMAIHOHHO-KOMMYHH-
KallMOHHbIE U T€OMH(DOPMALIMOHHBIE HHTETPUPOBAHHBIE CUCTEMBIL,

1. Buyrpennuii Boaubiii Tpancnopt Pecnyoiuku benapycs

PecniyOonuka benapych, SBIISSCh BHYTPUKOHTHHEHTAJIbHBIM [TOCYAApPCTBOM, HE
HMMEET IPSIMOTO BBIXOJA K MOpIO. JlocTaBka Irpy30B B MOPCKUEHOPTHI OCYIECTBIISAET-
Csl JKEJIE3HOJOPOKHBIM M aBTOMOOWMJIBHBIM TpaHcnopTom: CTOWE OTMETUTbH, UTO B
HaIlel cTpaHe (PyHKIMOHUPYET BHYTPEHHUI BOAHBIN TPAHCHOPT — Hanbosiee 3KOHO-
MUYHBIN, SHEPTrod()PEKTUBHBIA U IKOJOTUYHBIN, 10 CPABHEHHUIO C IPYTMMH BUIAMH
TPaHCIOPTA, KOTOPBIN SBISIETCA aJbTEPHATUBHBIM CBA3YIOIIUM 3BEHOM PecrnyOnnku
benapych u MOpCKHX MOPTOB, B YACTHOCTH YEPHOMOPCKHUX. [IpOTSKEHHOCTh BHYT-
PEHHHX BOJHBIX NyTed B peciyOiauke cocTaBisieT okoio 1700 kM, cynoxonacTBo
ocymiectBisierca no pekam Jluemnp, Ilpursics, bepesuna, Cox, Heman, 3amannas
JlBuna, Jlnenpo-byrckoMmy kanany. B 30%HOW 4vacTu 1o tepputopuu PecryOnuku
benapyck npoxoauT BOAHBIN MyTh MesKiayHapoaHoro 3HaueHus E 40 (o kmaccudu-
kammu EBpomnetickoit Dxonomuyecko Komuccuu OOH (naee — EDK OOH), koro-
prIii mocpeactsoM pek Onep, Bucna, byr, [Ipunsats u Inenp coenunser bantuiickoe
u YepHoe Mops. B HaCTOAIMI/MOMEHT U3-3a HAIUYMS TIIYXOHW IUIOTUHBI B T. bpecra
U OTPaHWYEHHBIX YCIOBHH LI CymoxonacTBa Ha Tepputopuu Pecnyonmuku Ilombina
GyHKIIMOHHUPYET y4acTok OT T. bpecTa 1o r. XepcoHa.

2. Ilpunnunbl (yHKUHOHUPOBAHUS IreOUH(POPMAIMOHHBIX CHCTEM HA BHYTPEHHEM
BO/IHOM TPaHCIOPTE

JUid yHU(UKAWUUTI0X0A0B U TpeOOoBaHUI K MH(POPMALMOHHBIM CHCTEMaM Ha
BHyTpeHHeM BOAHOM TpaHcnopre EDOK OOH nmpuHATEI MHOTOUHCIEHHBIE MEXIyHa-
POJHBIE CTAHIAPTHI U PEKOMEHIAIlMH, HarpaBlieHHbIe Ha 3(pPeKTUBHOCTH U Oe3ormac-
HOCTb IIEPEBO30YHON ACATEIBHOCTH MIOCPEACTBOM BHEAPEHUS U NPUMEHEHMS T€OUH-
(OpMalMOHHBIX CUCTEM YIPABIEHUS CYAOXOJCTBOM U oOecreueHus 0e30MacHOCTH
TWIaBaHMs 10 BHYTPEHHUM BOJHBIM My TsIM (anee — reonH(pOpMaIlOHHBIE CHCTEMBI).
["eonHbOpMalIMOHHBIE CHCTEMBI SIBIISIFOTCSI CUCTEMaMU MH(OPMAlMOHHON TOAepPXK-
KA Ha OCHOBE COBPEMEHHBIX CHUCTEM CBS3M U |T — TEXHOJOTMI M HOCAT Ha3BaHME
«Peunsie mHpOpManmonusie ciyxOb» (mamee — PUC). PUC akTuBHO BHEpSIOT
ctpanbl-cocenu Pecrybnmuku bemapycs — Poccus, [lonbma 1 Ykpanna, HanOo bz
MHTEPEC U3 KOTOPBIX JUIsl HAalllel pecIyOJIMKY NPEACTaBIAeT YKpauHa U3-3a HaJauuus
CMEXHBIX CYJOXOJHBIX YYAaCTKOB BHYTPEHHUX BOAHBIX IIyTed: p./lHenmp w
p. IIpumsats. [lpuanunuanenas cxema PUC Ykpaunsl npeacrasieHa Ha pucyHke 1.
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Pucynok 1 —Ilpunuunuanshaas cxema PUC Vkpaunst

PUC noBoibHO NaBHO pa3BUBAIOTCS Ha BHYTPEHHUX BOJHBIX MYTAX EBpOTHLI.
Oobmeespornetickas Konnenmuss PUC 3akmodaercss B cO3AaHUM TEIEKOMMYHHKAIH-
OHHOU MH(DPACTPYKTYpHI — INEKTPOHHBIX KAPT BHYTPEHHUX BOJHBIX ITyTEH, KaHAJIOB
CBsI3H, OEPETOBBIX CETEH PalMOCBSI3U M PATMOIIOKAIINN, COBPEMEHHBIX aBTOMATH3H-
poBaHHBIX HAcHTH(UKanHOHHBIX ¢ucteM (AMC), cucrem moBemeHus WHGOPMAIUH
no notpeouteneii — WebsiopramoB \PUC n «ExuHOro okHa» mojaydeHuss HHpopMa-
nuu PUC. Takum o6pazom, PUC, coOuparoT, 00pabaThiBalOT, OLICHUBAIOT U Pacpo-
CTpaHsIOT MH(pOpPMAIKIO O MapaMeTpax BHYTPEHHUX BOJHBIX MyTeW M MHOpacTpyK-
Typbl, JAWCIOKAIIUU CYJIOBM CITIOCOOCTBYIOT 3((HEeKTUBHOMY U 0€301IacCHOMY TIEPEBO-
309HOMY TMIPOIIECCY W HauboJiee TMOJTHOMY HCIIOIH30BAHUIO BO3MOXKHOCTEU BHY-
TPEHHUX BOJIHBIX ITyTEH.

B mporecce co3manus’ PUC eBporelickumMu opraHuzaisiMi pa3padoTaHo U yT-
BEPKJICHO MHO>KECTBO HOPMATHBHBIX IOKYMEHTOB, OCHOBHBIMHU M3 KOTOPBIX SIBIISTFOTCSI:

Pezontonus ESKFOOH Ne 57 «PykoBojsiiue NpUHLIUINBI U PEKOMEHAAIUN IS
peunbix nHGOpMamoHHbIX ciyx0 (PHUC)» ot 21.10.2005;

Pezoarounst ESK OOH Ne 58 «PykoBOJICTBO M KPUTEPUU JJISI CIYKO JTBUXKCHUS
CYZIOB Ha BHYTPEHHHUX BOJIHBIX MyTsx» oT 21.10.2005;

Pezomomiss EOK OOH Ne 63 «MexmyHapO HbIN CTaHAAPT AJII CUCTEM OOHa-
PYXKCHHMS M OTCICKUBAHUS CyIOB Ha BHYyTpeHHMX BOAHbIX myTsax (VTT)» ot
13.10.2006;

Pezomommst EOK OOH Ne 48 «PexomMenaarius, Kacaromascs CHCTEMbI 0TOOpa-
KCHHsI DJIEKTPOHHBIX KapT W HH(OpManMu JUIsi BHYTPEHHETO CYIOXOACTBa» OT
25.10.2001;

Pesomroruss EDK OOH Ne 60 «MexnyHapoaHbIe CTaHAAPTHI, Kacalomuecs 13-
BEIICHUI CYJOBOAMTENSIM W CHUCTEM DJIEKTPOHHBIX CYAOBBIX COOOIICHHWI BO BHYT-
penneM cynoxosactse» ot 21.10.2005.
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3. IIpumeHeHne reOMH(POPMALIMOHHBIX CHCTEM HA BHYTPEHHEM BOJIHOM
TpaHcnopre B Pecny0siuke besnapycs

Jl7is BKJIIOUEHUsI BHYTPEHHUX BOJHBIX MyTed PecnyOnuku benapych B enuHyro
BOJIHOTPAHCIOPTHYIO CUCTEMY HEOOXOJUMO OOECIEeUUTh UX Kau€CTBEHHYH HaBUIa-
[IUOHHYIO NOJIEP’KKY Ha €BPOIEIICKOM YPOBHE 3a CUET BHEAPEHUS T'€OMH(pOpMaIu-
OHHBIX CHCTEM, UHTETPUPOBAHHBIX INPEXKAE BCErO CO CTPaAHAMHU-COCENIMHU. ITO IO-
3BOJIMT MOBBICUTH 3()()EKTUBHOCTH UCIOJIb30BAaHUSI BHYTPEHHUX BOAHBIX IyTE€H pec-
myOIMKY, 00ECIeUnTh BHICOKHI YPOBEHb 0€30MaCHOCTU CYIOXOJCTBAy a TAKKE pas-
BHUBaTh MEXIYHapOJHbIE MEPEBO3KU I'Py30B BHYTPEHHUM BOJHBIM TPAHCIOPTOM, B
yacTHOCTH B Ykpauny. IlepcnextuBHas ctpykrypa PUC B Pecinybnnke bemapychb
npe/icTaBJIeHa Ha PUCYHKE 2.
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Pucynok 2 —IlepcniektuBHas ctpykrypa PUC B Peciybnuke benapych

Jlnis BHeApeHUs W NPUMEHEHHs] T€OMH(OPMALMOHHBIX CUCTEM Ha BHYTPEHHEM
BOJHOM TpaHcnopTe BiPeeryOiinke benapycs moTpeOyroTcsi Hemalible KanuTaloBIIo-
’KEHHMsI, IOCKOJIbKY, TaHHbIE CUCTEMBbI BKJIIOUAIOT B ce0s KOMIUIEKC MHPPACTPYKTYp-
HBIX O0OBEKTOB/M YCTPONCTB HEMOCPEACTBEHHO Ha CyJ1aX, B TOM 4HcJIie OEpEroBhIe Ie-
penarorue/IPEHUMAOININE CTAHIIMK, aBTOMATHYECKUE METEOPOJIOTUYECKUE M TIPO-
MepHbIe TOCTHI, CyaoBbie TpaHcnopaepsl AVC, coBpeMeHHOe Cy/10BO€ HaBHTaIHOH-
Hoe .000pyioBanue, rnaBHblil HeHTp PUC, a Takxke TeppuropuaibHble CyOLIEHTPHI.
Kpowme 'Toro, notpedyetcst coznanue mHpopmaruonnoro Web- noprana PUC, mo-
CPeACcTBOM KOTOPOT0 3aMHTEPECOBAHHBIE MOJB30BATEIM CMOTYT IOJy4yaTh HE0OXO-
IUMYIOWH(pOpMAIIHIO.

OkoHOMHYECKHH 3(PPEKT OT MPUMEHEHUs TeOMH(POPMAIIMOHHBIX CHCTEM Ha
BHYTPEHHEM BOJIHOM TPAHCIIOPTE JOCTUIAETCs 33 CUET IMOJIyueHHUs BCel HeoOXoau-
Mol MHpOpMAIUK O Cy/ax M BHYTPEHHEM BOJHOM IYTH B PEKUME PEaIbHOTO Bpe-
MeHU (mpsMON A(PQEeKT) U BO3MOKHOCTH O3HAKOMIICHHS C JTaHHOHM HHpopmarmeit
BCEX aBTOPU30BAaHHBIX 3aMHTEPECOBAHHBIX JIUI (KOCBEHHBIN 3(deKT).

204



Cnucok surepatypbl

1. Guidelines and Recommendations for River Information Services (ResoNstton)
[Electronic resource]. — Mode of access: http://www.unece.org/fileadmin/DAM/trans/-
doc/2012/sc3wp3/ECE-TRANS-SC3-165-Revle.pdf. — Date of access: 12.04.2016.

2. International Standard for Tracking and Tracing on Inland Waterways (VTT) (Resolution
Ne 63) [Electronic resource]. — Mode of access: http://www.unece:org/fileadmin/-
DAM/trans/doc/finaldocs/sc3/ECE-TRANS-SC3-176rle.pdf. — Date of access: 12.04.2016.
3. International Standards for Notices to Skippers and for Electronic Ship.Reporting in Inland
Navigation (ResolutiotNe 60) [Electronic resource]. — Mode of access: http://www.unece.org/-
fileadmin/DAM/trans/doc/ finaldocs/sc3/ECE-TRANS-SC3-175e.pdfi "= Date® of access:
15.04.2016.

4. Recommendation on Electronic Chart Display and Information System for Inland Navi-
gation (Inland ECDIS) (ResolutiotNe 48) [Electronic resource}. — Mode of access:
http://mww.unece.org/fileadmin/DAM/trans/doc/2016/sc3wp3/ECE=TRANS-SC3-156-Rev3e.-
pdf. — Date of access: 13.04.2016.

5. Guidelines and Criteria for Vessel Traffic Services on_Inland Waterways (Resolution
Ne 58) [Electronic resource]. — Mode of access: hitp://www.unece.org/fileadmin/DAM/-
trans/doc/finaldocs/sc3/TRANS-SC3-166e.pdf. — Date of.aceess: 12.04.2016.

6. Peunas maopMarmonHas ciayx0a BOTHBIX IyTeld YKpaunHBI [DIeKTpOHHBIN pecypc]. —
Pexxum mocryna: https://ukrris.com.ua/ — Jlataoctyna: 11.04.2016.

A CLASSIFICATION.OF.DRIVER ASSISTANCE SYSTEMS

G. Yannis;C. Antoniou, J. Golias, S. Mavromatis
National Technical University of Athens, Greece

Abstract

The objective, of this work is to examine advanced driver assistance systems
(ADAS), with notable potential for road safety and traffic efficiency improvement, and
to proposefan impact oriented classification of these systems. Based on the traffic and
safety featurestanalysis, the distinct phases in the accident process are often used for
the classification of the driver assistance systems. On the other hand when functional
analyses of the driver assistance systems characteristics are addressed, these systems
are classified based on the supported levels of driver tasks. The results of this work
might be used to support decisions related to the adoption and market penetration of the
most promising ADAS systems.

Introduction

Driver assistance systems seem to have a considerable potential for road safety
and traffic efficiency improvemen#t present the use of driver assistance systems
presents a rapidly growing industry as these systems are expected to improve road
safety, increase road capacity and attenuate the environmental impacts of traffic. The
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advent of new technologies supporting vehicle intelligence (e.g. sensors, transmitters,
communications and computers) makes the use of driver assistance systems less un
approachable to the wide public, allowing for safer and more efficient driver expe-
riences.

Driver assistance systems support the modification of the driving task by provid-
ing information, advice, and assistance, they influence directly and indirectly the be-
haviour of users of both equipped and non-equipped vehicles and alleviate accident
consequences by in-vehicle intelligent injury reducing systems (Naniopoulos, 2000).
According to the literature, the classification of such systems follows either a system
oriented approach or a user oriented approach, fully responding to the increasing
complexity of driver assistance functions.

Based on the road safety features examination, the distinct phases in the accident
process are often used for the classification of the driver assistance systems (Heijer et
al 2000).

On the other hand when functional analysis of the driver assistance systems cha-
racteristics is attempted, these systems are initially classified according to the type of
user (individual driver, professional driver, fleet ewner, elderly drivers, etc.). Inevit-
ably these systems are classified according to the levels of driver tasks they are sup-
porting.

Although these kinds of classification “fail to,provide answers on the usefulness
of driver assistance systems, as the impact te traffic efficiency and road safety is not
taken into consideration, the present paper. aims to outline these two different ap-
proaches on driver assistance systemswhere priorities for future developments can
better be identified.

1. Classification of driver assistanceisystems based on the distinct phases in the
accident process

Driver assistance systems, have the potential to improve road safety by influen-
cing traffic exposure, by reducing the probability of crashes and by reducing injury
consequences. Towards, thisdirection, a fundamental classification of these systems
consists of certain advances during the following accident phases:

* pre-crash

* crash

* post-crash

1.1. Pre-crashyphase

During the pre-crash phase, the driver assistance systems are mainly focused in
the support=provided to the driver in terms of information, perception, convenience,
and (driver — vehicle) monitoring.

The classic systems for driver information are those relatedatgation
routing, which provide location and route guidance input to the driver (Srinivasan
and Jovanis 19978 number ofintegrated navigation system#iave emerged in the
past years, supporting the driver through a variety of additional services, such as sign-
ing, warning or even intervening in the driving process (e.g. by temporarily taking
control of the vehicle), in the event of unsafe driving conditions, such as unsafe travel
speed for the geometry ahead. No significant traffic efficiency impact is anticipated
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from these systems as speed and headway benefits are not expected to be consider:
ble. Real time traffic and traveler information systems combine the information
available to users of traditional navigation systems with real time travel-related in-
formation, which they receive from the infrastructure (e.g. through dedicated radio
channels, roadside beacons or wide-area transmissions). Real time traffic and traveler
information systems can exploit information such as vehicle location, previous route
guidance instructions, safety and advisory information, and other real-time updates
on conditions such as congestion, work zones, environmental, and road surface con-
ditions (Davison et al 1997). Nevertheless, significant headway improvements are not
anticipated, as real time traffic and traveler information systems do not assist vehicle
control. It should be stressed that negative safety consequences from the above driver
information systems are possible, as they require in-vehicle screens, which may dis-
tract the driver attention from his primary driving task.

The driver convenience during the pre-crash phase._is clesely related to the eli-
mination of unnecessary and sometimes dangerous,/deceleration and acceleration
areas. Automated transaction systemssuch as electronicytoll collection, facilitate
such transactions and at the same time make possible for the vehicles to sustain their
speed.

The driver’'s performance for potential signs that'may lead to safety violations
such as drowsiness as a consequence of fatigue (Sugasawa et al 1996), alcohol abust
medication, etc., or lack of attention, e.g. due to stress (Boverie et al 2000) may be
monitored through vigilance monitoring systemsiver health monitoring systems
take driver monitoring a step further by“monitoring several parameters of the driver's
health conditions and combining the results to estimate the current health level of the
driver. From this information the system assesses the condition of the driver and if it
appears to be below certain pre=selected "safe" levels then the driver and possibly
some external entity, e.g. a doctor or the'police, are notified (Hernandez et al 1998).
A simple system for vehicle/status“monitoring is thehograph recording equip-
ment which can record, store, display, print, and output data related to driver activity,
as well as log information'describing the beginning and end of each trip, control ac-
tivities performed during:the trip, e.g. by the police, etc. Furthermvelecle diag-
nostic information systems are an extension of current vehicle monitoring and self-
diagnostic capabilities, offering elaborate engine condition information services such
as oil pressure, coolant temperature gauges, etc..

1.2.Crash phase

Duringithe,crash phase the recent developments in the vehicle restraint systems
(EN1317),/such as crush cushions etc., as well as the passive safety of support struc-
tures for road equipment (EN 12767) contribute in reducing accident effects.

1.3.Post-crash phase

A large number of alerting systems have been developed aimed at alerting the
emergency services (e.g. police, ambulance, fire brigades, highway patrols) in case of
a traffic incident. Furthermore, some of these systems offer also dedicated support
services, to which the troubled drivers get connected automatically. Most of the sys-
tems feature either a cell-phone technology connection or satellite-based communica-
tions.
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2. Classification of driver assistance systems based on the supported levels of
driver tasks

The supported levels of driver tasks are either tactical or operational (Michon
1985). The tactical levels of driver tasks consist of the following support systems:
* longitudinal control
The most well-known longitudinal control system is ititelligent speed adaptation
(ISA). Different implementations range from external speed recommendations to an
automatic speed reduction function. The latter may be impoSed=directly to all
(equipped) vehicles within the control area, e.g. through a communication centre, or
indirectly, e.g. by managing the local traffic lights accordingtlaptive cruise con-
trol (ACC) is a more elaborate longitudinal control system whichuadjusts vehicle
speed to maintain a safe separation with the preceding vehicle (Martin 1993, Winner
et al 1996). Adaptive cruise control senses the presence andirelative velocity of mov-
ing vehicles ahead of the equipped vehicle and adjusts the speed of travel accordingly
(Hayward et al 2000).
* lateral control
Road and lane departure collision avoidancés a lateral control system providing
warning and control assistance to the driver throughilane or road edge tracking and
by determining the safe speed for road geemetry in front of the vehicle (Pomerleau et
al 1997). The system continuously calculates the vehicle's optimal position and com-
pares it with the actual vehicle position. Ifithe:system detects deviations exceeding
the defined safety thresholds, then it creates audio-visual warnings for the driver.
Lane change and merge collision aveidancsystems are another type of lateral
control systems providing various devels of support for detecting and warning the
driver of vehicles and objects in adjacent lanes. While this information can be useful
during normal driving conditions, it is particular valuable during lane change or
merging maneuvers. Systems'in this category track vehicles in adjacent lanes and use
this information to warn thedriver when their position and/or speed make the planned
lane change/merge maneuver unsafe.

* general vehicle control
Automatic stop-and-go systems allow vehicles to automatically stop when this is
necessary, e.g. the preceding vehicle has stopped, and starts again when the condi
tions allow it (Carrea:1993). Such systems could offer significant safety benefits in
hazardous situations and in situations where frequent stop-and-go is required, such as
congested conditions. Another system in this category, albeit with a lower level of
maturity is platooning, a situation where each vehicle travels keeping a constant
headway from the preceding one, either through external speed control or through
electronic/speed control by the vehicle itself. A special case of this function is the
tow-bar application, where the vehicles (usually trucks) are electronically coupled
andyeach follows the preceding one. Platooning application areas are usually re-
stricted, to highway and motorway network sections with a reduced speed limit
(usually up to 85 km/h).
» collision avoidance
Rear end collision avoidancesystems sense the presence and speed of vehicles and
objects in the vehicle's lane of travel and provide to minimise the risk of collisions
with vehicles and objects found in front of the equipped vehicle (Ganci et al 1995,
Woll 1995).Obstacle and pedestrian detectiorsystems offer similar services by
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warning the driver when pedestrians, vehicles, or obstacles are in close proximity to
the driver's intended path (Butsuen et al 1996, Kamiya et al 1996, Sugasawa et al
1996, Papageorgiou et al. 1998). Most accidents happen at intersdntensgction
collision warning systems utilize a cooperation of vehicle and infrastructure systems
to provide warning to the driver for potential collision at an intersection (Lloyd et al
1996). A special category of intersection collision avoidance systems is railroad
crossing collision avoidance systems, which provide in-vehicle warnings to drivers
approaching railroad crossings when a train is approaching (Luedeke 1997, Polk
1997).

The operational levels of driver tasks consist of the followingisupport systems:
» Aiming to augment driver's perception certain systems_have been released or are
under development. Such systems are focused owislmer enhancementof the
driver and vary from specially designed headlights to infrarediand radar sensors (e.g.
blind spot detection, electronic mirrors, parking aid, etc.). A promising category of
driver information systems refers to systems collecting and.analyzing information on
the road surface conditions using vehicle-mountedor fixed infrastructure road
sensors (Cremona et al 1994).

* Driver convenienceis a key factor determining their performance. Systems already
commercially available offer the capability to identify the driver (from a choice set of

a few pre-configured drivers) and automatically adjust the seat, the steering wheel,
the rear and side mirrors, the temperature, etc. to the particular driver's pre-set
preferences. Also in this category fall varicusnds-free interfaces and remote
control units located on the steering wheel The impactmier identification
systems on driver awareness can be significant, as the driver is not distracted by
trying to adjust the driving environment (seat, steering wheel, rear and side mirrors).

3. Conclusions

The specific contribution of driver assistance systems on road safety and traffic
efficiency is something“still under consideration and research. However, several at-
tempts already revealed basic trerffisme systems present a net potential for road
safety improvement, while some others have an effect mainly on traffic efficiency
improvement

The individual systems can benefit from the combination of more integrated
systems. On.theother hand there is a need for "intelligent” roads that will support and
cooperate with.the "intelligent” vehicles.

More and more systems tend to connect and collaborate with external systems.

In,_every case the safety of the driver as well as the vehicle passengers is the
overall goal.

The results of this work might be used to support decisions related to the
adoptien and market penetration of the most promising ADAS systems.
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STAR RATING DRIVER TRAFFIC AND SAFETY BEHAVIOR
THROUGH OBD AND SMARTPHONE DATA COLLECTION

G. Yannis, D.Tselentis, E.Papadimitriou, S. Mavromatis
National Technical University of Athens, Greece

Abstract

The objective of this paper is to demonstrate the potential for monitoring.and star
rating driver traffic and safety behavior, through the use of continuous data“eaollection
from the vehicle (On Board Diagnostics) and the smartphone. Current technological
advances in Europe and worldwide make data collection and exploitation substantially
easier and more accurate than before. The present work examines the correlation be-
tween driving behaviour and degree of exposure with traffic risk. Moreover, the impact
of critical behavioural and exposure indicators on traffic risk as‘well as driving beha-
vior and exposure models using the above indicators for trafficrisk calculation are also
examined.

Introduction

Road Safety is a typical field with high risk of important investments not bring-
ing results. Absence of monitoring and accountability limits seriously road safety per-
formance. Therefore there is a high need forimonitoring road safety policies and per-
formance.

Road Safety Performance Indicators (SPIs) are the measures (indicators), re-
flecting those operational conditions’of‘the road traffic system, which influence the
system'’s safety performance (Hakkert et al., 2007). SPIs aim to:

» reflect the current safety conditions of a road traffic system;

» measure the influence of various safety interventions;

» enable comparisons between different road traffic systems e.g. countries, re-
gions, etc.).

Until recently, thethigh cost of real-time drivingitd recording systems, data
programs, cloud computing services, the inability to accumulate and exploit massive
data bases (Big/Data) for transport and traffic management purposes (De Romph,
2013, Lee, 2014), as.well as the low penetration rate of Smartphones and social net-
works, made/it extremely hard to collect and manage real-time data and, therefore, to
study the relation between driving behaviour and travel behaviour and the probability
of crash involvement.

Meore specifically, current technological advances in Europe and worldwide
make data collection and exploitation substantially easier and more accurate than be-
fore.For example, On Board Diagnostics (OBD) systems are more affordable nowa-
days and big data analysis is becoming more and more insightful because of the ad-
vanced tools that have been developed to exploit it. Such an example is also the In-
ternet of Things (loT) which comprises of several proposed developments of the In-
ternet in which everyday objects have network connectivity, allowing them to send
and receive data. Examples of the loT application which are progressively bringing
new possibilities and opportunities towards this direction are:
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» wide penetration of smartphones & social networks,
« efficient data transmission (through GSM networks),
» powerful cloud computing,

It should be mentioned that research has indicated that barriers like those men-
tioned above can be overcome when consumers are given an incentive such as a
monetary prize (Reese and Pash, 2009).

The objective of this paper is to demonstrate the potentiahémitoring and
star rating driver traffic and safety behavior, through the use of continuous data
collection from the vehicle (On Board Diagnostics) and the smartphone.“More specif-
ically this research attempts to address:

* the correlation between driving behavior and degree of exposure with traffic
risk

* the impact of critical behavioral and exposure indieators on traffic risk

« driving behavior and exposure models (and their combination) using the above
indicators for traffic risk calculation

5. On Board Diagnostics (OBD)

OBD is referring to a vehicle's self-diagnostic and reporting capability. It pro-
vides access to data from the engine control unit (ECU). OBD systems give access to
the status of the various vehicle subsystemsiwhich can be used for recording several
driving characteristics (Boquete et al.,.2010), (Igbal and Lim, 2006). The installation
process is easy through an existing,plug in the vehicle.

Data are automatically transmitted.in a central database through the mobile net-
work of a telecom provider. The data collection from the OBD and the smartphone is
much easier today since an OBD(on-board diagnostics) device can be easily installed
in the vehicle at an affordable price. Moreover, this OBD integrates GSM/GPRS
technology which records ‘and transmits critical driving behavior features such as:

* mileage driven

* road network used.(through gps position)
duration and.time of the day driving
harsh braking
harsh aceeleration
speed
fuelreensumption

6. Data Transmission and Analysis

The procedure of data transmission is continuous from the vehicle CAN bus via
the OBD device and the GSM (Figure 1). This aim is feasible since:

» data collected can be continuously recorded (1 - 30 Hz frequency)

» data recorded from the vehicle sensors is transmitted in real time by GSM
cards (OBD or mobile phone)

e data are stored through web clouds to remote servers and to back office
databases
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However an issue of general concern is whether the anonymization of the data is
possible in terms of protecting privacy.

\ Jlmg  Vehicie Bus Data é GPS
y ] —
” . .
Wireless end-to-end \ (

diagnostic data collection

system complete with

backend information
management servers.

Ae Data Transfer

Data Collection Drop Box & Database Automated DTC Emall Alerts
Data Analysis & Display Secure WEB Access
Issue Distribution & Tracking Customized Reporting

Figurel —Continuous data transmission from the vehicle bus via the OBD device and the GSM

The highly spatially and time disaggregated data from the OBD unit and the
Smartphone can be converted into usefulindicators. As far &gHeata analysis
Is concerned (De Romph, 2013), (Lee, 2014), signal processing methods (e.g. Fourier
analysis) are used to clean the data, remove the “noise” and identify patterns. Moreo-
ver, data mining methods are utilized for trajectory pattern mining, clustering and
classification. As a result, indicators can then be calculated by ‘querying’ the
processed data. Such indicators may include:

* risk exposure indicators

* behavioral indicaters

7. Feedback to the Driver - Indicators

The database is analysed in order to rate each driver based on his/her driving
performance./Thistallows the development of indicators of driver risk exposure and
behavior.

The .outputs can be transferred through an application programming interface
(API) to a user-friendly web portal or Smartphone App where the driver is able to:

* monitor his driving performance

+‘receive feedback on his individual driving risk

*.identify behaviors that need to be improved

The delivered risk exposure indicators can be combined with other data files
(road types and high risk sites, speed limits, traffic volume) by means of map match-
ing algorithms. Such indicators may include (Tselentis et al. 2016):

» weather conditions

« traffic conditions
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number of trips

total distance driven by the user (mileage)

type and specific segments of the road network used (given by GPS position)
time of the day driving and driving duration (driving during risky or rush

hours)
* vehicle’s safety classification

Driver behavior indicators may consist of:

* steering angle

engine rpm and use of gear box

speeding (driving over the speed limit)

harsh braking (number and severity of braking)

harsh acceleration (number and severity of accelerations)
distraction from mobile phone use

All the above mentioned indicators are exploitedeither separately in a risk expo-
sure model and a behavioral model or as a comhined risk exposure and behavior
model.

In more advanced setups, when sufficient amount of data is available, new addi-
tional or composite parameters might be used,such as:

* seat belt use

* alcohol consumption

* vehicle maintenance

» eco-driving could also be_exploited in the future as it is proved to have a
significant correlation with crash risk sinece fuel consumption is strongly correlated
with aggressive driving and speeding

8. Driver Behavior Star Rating

The calculated risksexposure and behavior indicators can be translated into star
rating scales:

* driver risk @xposure and behavior monitoring and star rating can be initially
derived as a weighted combination of the above parameters through sophisticated
data analysissand modelling

» weighting can be gradually adjusted with the cumulative dataset

* the final outcome of this modelling can be a risk indicator in the scale 0-10(0)
that-depicts the risks associated with the driving behavior

The driver behavior “stars” system is communicated to the driver through
smartphone apps or a web portal, thus providing:

* information and monitoring on individual driving behaviour and risks

» feedback and tips on driving aspects needing improvement

* benchmarking among peers

» data on fuel consumption may also be included in the “star rating” to monitor
eco performance
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9. Conclusions

Technological advances worldwide and the Internet of Things (IoT) makes
gradually the continuous driver assessment a feasible aim, opening a new great poten-
tial for traffic and safety behavior improvement.

This process can be used independently by the drivers in order to raise aware-
ness and engagement on safe and environment friendly driving butialso to provide
feedback and support on driving performance and risks.

An innovative insurance policy could have a significant effect‘on.safety depend-
ing on its design (Zantema et al. 2008). This can be accomplished through custo-
mized insurance schemes by correlating driving exposure and behavior with insur-
ance premiums such as:

* pay-as-you-drive

* pay-how-you-drive

From a road safety perspective, this research concludes that a star rating driver
system that is monitoring and providing feedback on driver’s traffic and safety beha-
vior could be a very good incentive for most driversoudrive in a safer manner. All
the above suggest that there exist numerous anddimportant challenges emerging on
this research field which will be further investigated in‘the near future.
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