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AnHoTanus. Bo3spacraromue B mocienHee BpeMs TpeOoBaHUs K 0€30MacHOCTU
MacCaXUPOB HAa  BBICOKOCKOPOCTHOM  TpaHCHopTe (METpPO, a’pOIKCIPECCHI,
AIEKTPUYKH U T.JI.) MPUBEJIM K YCTAHOBKE B MYHKTaX JIOCTyMa MACCaXKUPOB CUCTEM
JI0CMOTpPa, KOTOPBIE JOJIKHBI pad0oTaTh ¢ HEOOXOAMMOM MPOITYCKHON CIIOCOOHOCTHIO,
IIpM HEPABHOMEPHOCTHU MACCAXUPONOTOKa, 0e3 co3maHus Oonpmux oueperneil. B
CBSI3M C OTUM BO3HMKAET PSAJ 3a4ad, CBA3aHHBIX C YIPABICHUEM JOCTYIIOM
MoJIb30BaTeNIe K KabWHaM TyHKTa gocMmoTpa. llempio maHHOW paboOThI SBISETCS
CO3JaHME MOJIEM TNpeAcKa3aHusd 3HAYeHW 1eneBod (YyHKIMM Ha OCHOBE
HECKOJIbKMX 3HAUYCHUM BXOJHBIX IIEPEMEHHBIX C MCIIOJIb30BAHUEM METOJa
KJIacCU(UKAIIUA BXOJAIIECTO MAacCaXXUPOMOTOKa HA OCHOBE JepeBa MPUHATHSI
pemieHus. JlaHHBIA METOJ OYEHb HArJIsIAGH M HE TpeOyeT mpeaBapuTelbHON
00pabOTKM MaHHBIX [JI HCCIIeNOBaHMM. Tak Kak OCHOBHOW OCOOCHHOCTBIO
MACCAXUPOIIOTOKA SIBJISIETCSI €r0 HEPABHOMEPHOCTb, T.€. U3MEHUMBOCTh MO BPEMEHU
(mo ygacam, cyTkam, ITHSIM HEAENH, CE30HAM TOja), ITUarma30H U3MEHEHHs (aKTOPOB,
BIIMSIOIIMX HA HEPABHOMEPHOCTh MACCAXKUPOIOTOKA, BECHMA 3HAYUTENIEH, YTO
MPUBOJUT K TOSBICHUIO OOJIBIIOTO KOJUYECTBA BapUAHTOB UX Pa3IMYHBIX
couetanuid. Takum oOpa3oM, MOCJE MPOBEJAEHUSI CTATUCTUYECKOTO MOJCITHPOBAHUSA,
B KaueCTBE KOTOPOr0 MCHOJB3YyETCs ABYropboe pacmnpenesneHue, nojyyaemMoe nyTem
CIIOKEHUSI TPEX HOPMAJIBHBIX PACHpEICICHUH ¢ MUKaMU YTPOM, JHEM, BEUEPOM,
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ObUIO TMOJMIydeHO OoJiee MJECSITH ThICAY PA3NUYHBIX BXOJHBIX pacmlpeiesieHui
ITaCCA)KUPOIIOTOKA II0 BpEeMEHM CYTOK. IIpm umcnons3oBaHum aepeBa NPUHIATHUS
pelIeHui Mo MEpBOMY Yacy paboThl JOCMOTPOBBIX IYHKTOB MOXXHO OIPEISTUTH
MOIIHOCTb BXOIAIICTO IMTACCAKHUPOIIOTOKAa B TCUYCHHC BCCTO JHA, YTO ITIO3BOJIUT
OTIPEICNIUTh HEOOXOIUMOE KOJIMUECTBO IMYHKTOB JIOCMOTpa. TakuM obpa3zom OyayT
COKpamCHbl OYCPCIN K HOOCMOTPOBBLIM ITYHKTAM. AHanornyHsle 3ala4yu MOI'yT
pemarbCcs U onepaTopaMyd MOOMJIBHOM CBSI3M, KOTOpbIE OOCITYKHBAalOT aOOHEHTOB,
HpH6I>IBa}0HII/IX Ha BOK3aJIbl U a3pOIIOPTHI.

KiruyeBble cjioBa: 1epeBO MNPUHATUSA PELICHUM, ITaCCA)KUPOIIOTOK, ITYHKTBI
IIOCMOTpA.

Abstract. Ever-increasing demands for passenger safety on high-speed transport (e.g.
underground railway, aeroexpress trains, commuter trains, etc.) have resulted in
installing screening systems at the passenger checkpoints, the systems having to work
with the necessary throughput considering passenger traffic unevenness and not
gathering long queues. This leads to a number of challenges related to managing
users’ access to inspection point boxes. The aim of the given work is to build a model
for predicting values of an objective function on the basis of several input variable
values using the classification method of incoming passenger traffic based on a
decision tree. This method is demonstrable and doesn’t require data preprocessing for
studying. The main feature of passenger traffic being its unevenness, i.e. its time-to-
time variability (according to time, days of week, seasons), the spread of factors
influencing passenger traffic unevenness is rather large; this results in a great number
of their various combinations. Thus more than ten thousand different incoming
distributions of the passenger traffic according to the time of the day has been
received as a result of the statistic simulation which presents a double-humped
distribution carried out by means of combining three normal distributions having
peaks in the morning, afternoon and evening. Applying a decision tree to the first
hour of inspection point operation allows to define the capacity of incoming
passenger traffic during the whole day and therefore the necessary quantity of

Inspection points can be determined. This leads to reducing queues to the inspection
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points. Similar problems can be solved by mobile operators who serve subscribers
arriving at the railway stations and airports.

Keywords: decision tree, passenger traffic, point boxes.

OCHOBHOUM OCOOEHHOCTBIO MACCAKUPONOTOKA HA TPAHCIOPTE SIBJISETCS €ro
HEpAaBHOMEPHOCTh (IO YacaM, CyTKaM, JHSIM HEIEeNH, Ce30HaM rojxa u T.1.). Ilpu
3TOM, XapaKTepHOU OCOOEHHOCTBIO MCCIIEYyEMOr0 MAacCaXUPOIOTOKA SIBIISIETCA TO,
YTO €ro pachpelejieHue MO BpPEMEHHM CYTOK HMEET, KaK MpaBWiIo, IBYropooe
pactpenenenue (puc. 1), To ecTb HAIMUKUE BBICOKMX MUKOB KaK B YTPEHHUE TaK U B
BeuepHUE yackl. PaccMaTtpuBaeMas B CTaThe 3ajada SIBISICTCS 3aJadeil rpynmnoBOTO
oOCITy’>KMBaHUS C HAKOIUIGHUEM, IIPU O3TOM BXOJHOW MAaCaXUPONOTOK — HE

CTAallMOHAPHBIN IO BPEMEHH.
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Puc. 1. IIpumep aByropOoro pacnpeaerneHiue BXOIAIIEro Ha CTAaHITUIO

MMacCaXxnMpoI10oToKa 1Mo BpEMCHH CYTOK.

B pabore paccmoTpeH mnpuMep —MpeacKazaHus OOLIEro  KOJIMYecTBa
MacCaXUPOB, KOTOPbIE BOMIYT Ha CTAHIMIO B TEUCHUE JHS, UCXOHSl U3 JIaHHBIX O
nepBbIX 45 MuHyTax paOOThl CTaHIMH. AHaMUTHYEeCKHUE Mozaenu [l] HakimagpBaeT
OTIPE/ICJICHHBIC OTPAHMYCHHUS Ha TapaMeTpbl MHUIMUPOBAHUS U OOCTY>KUBAHUS
uccieayeMbix 3asBokK. Kpome Toro, wacto tpeOyercs OdYeHb OOJIBINONW 00BEM

BBIHHCHCHHﬁ, HarlpyuMcEp, IIPU YBCIWMYCHHMU COOTHOHICHHA BpPEMCHHU OOCMOTpA
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naccaxupoB. Tak Kak JOCMOTPOBBIE IMyHKTHI MEPEA BXOJOM Ha CTAHLHIO 00pas3yroT

JIOTIOJTHUTENIBHBIC OYepPeN, KOTOPhIe HEOOXOAMMO YUHTHIBATh B pacyeTe (puc. 2).

Puc.2 Ouepenp Kk JOCMOTPOBOMY IIYHKTY ITEPE] BXOJAOM HA CTAHIUIO.

B nmannHOl paboTe TpEeMIOKEHO BBECTH KJIACCH(PHKALMIO BXOJSIIETO
MacCaKUPOINOTOKA C HCIOJIb30BAaHUEM METOJIa PErpecCHOHHBIX JepeBbeB. Ilepen
HayajoM pabOThl IYHKTOB JOCMOTpa HEOOXOJWMO HEKOTOPOE HCCIIeIOBaHUE
BXOJISIIET0 MAcCaXUPOMOTOKA, C IEIbI0 aHAIN3a IaHHbIX. JIJIsl TOr0 MOTYT MOJ0NTH
Kak 0a3oBble MHCTpYMEHTHI Matlab, Tak u cTaTUCTUYECKUE METObI, HAIPUMED, IS
OIICHKH Koppemsaiuu. Jlamee, HE0oOXOAMMO TPUCTYNUTh K BBIOOPY MOJICIH:
perpeccuu, kiaccudukaluu WM Kiactepu3auuu. Kak mpaBuiio, pa3Hble MOJENIU
JaroT pasHeie pe3yiabTarhl [2]. TlodydeHHyI0 W HATPEHHPOBAHHYIO MOJIEIL MOYKHO

HCIIOJBb30BaTh AJIs IIPOTrHO30B.
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Puc 3. JlepeBo pacnpeneneHus
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PaccmoTpum Meton kimaccuukanyy, OCHOBAaHHBIM Ha JIEPEBE MPUHSTHS
pPEIICHNT — CPEACTBO TOAJMCPNKKHA TPUHATHAS PEIICHUH, HCIOIL3YIOmeecs B
CTaTUCTUKE W aHajlu3€ JaHHBIX I MpOorHo3HbIX Mozenen [3]. Ctpykrypa nepesa
MIPEICTABIISIET COOOM «JTUCThs» U «BETKU» (puc. 3). Ha «BeTkax» 3ammcanbpl yCIOBHS,
0 KOTOPBIM KJIacCuPUIMpyeTcss PYHKIUS HA TAHHOM 3Talle, B «JIUCThSIX) 3alMCaHbl
3HAYEHHUS, K KOTOPBIM Oy/IeT OTHECEHa IiesieBasi (PyHKIIMS MOCTIE «CITyCKa» 10 JIEPEBY.
[TogoGHBIE AEPEBHS PEIICHUI MTUPOKO MCTIOIB3YIOTCS B MHTEIUICKTYaTbHOM aHAJIN3e
00JBIINX HA0OPOB JJAHHBIX.

JIoCTOMHCTBaMHM JTaHHOTO METOJla SIBIISIIOTCS: TMPOCTa B TOHUMAaHWHM U
WHTEPIPETAINHA, OTCYTCTBHUE CIICIIMALHON TOJATOTOBKH JaHHBIX K 00paboTke u
CIIOCOOHOCTh paboTaTh KaK ¢ KaTeropuajbHBIMH, TaK U C WHTEPBAJIHHBIMH THUIIAMU
MepeMeHHBIX. MHOTHE METOIBI pabOTaIOT JUIIIh C TEMU JTAHHBIMU, TJI€ IPUCYTCTBYET
JUIIb  OJIMH THUIl TEPEMEHHBIX, MOJAYMUHSAIONIMICS HOPMAJbHOMY  3aKOHY
pacrnpeneneHusl.

K HemocTaTkaMm MeToaa MOYKHO OTHECTH:

— [IpakTUueckoe MpUMEHEHUE AIrOPUTMA JIEPEBHEB PEIICHUI OCHOBAHO
Ha DBPUCTUYECKUX aJITOPUTMAaX.

— [IpobGnema nepeoOyuenus. s Toro, 4ToObI H30€XKATh TAaHHON
po0JIeMBbI, HEOOXOAMMO KCIIOIB30BaTh METO/ «PEeryIMPOBaHUS TIIyOHUHBI IEPEBaY.

— CH0XHOCTh U TPOMO3JIKOCTh MOJIEIIH.

Jlnst paccMOTpeHHOM 3aayu  KiIacCU(PUKAUKA TacCaXUPONOTOKA CHavalia
OBUIO TPOBEACHO MOJCIUPOBAHUE PA3IWYHOTO BXOJHOTO TMACCAKHPOIOTOKA C
M3MCHSIONMMMHUCS TTapaMeTpaMu MaTeMaTHYECKOTO OKUIAHUS W JWCICPCHUH, TTOCHE
Yero MpOM3BE/ICHAa OIICHKAa KOJWYECTBA HE3aBUCUMBIX KiaccoB. llomyueno 14
HE3aBUCHMBIX KJIIaccoB (puc. 4).

[Tocne dero 3amaya kiaccu(UKAIMU CBEJACh K pacHpeleNIiCHUI0 Kiaccam
MOTpeOHOCTH B paboTe TMYHKTOB JocMoTpa. llpomsumrocTtpupyem MoOdydeHHBIE
COMaJCHUsI W OIECHWM KadecTBO paboThl Kiaccudukartopa. Jlms mocTpoeHus
rpaguyeckoil OIEHKHM padoThl KiaccuukaTtopa OaHHbIE pa3OMBAIOTCS Ha

oOyuatorue u TectoBbie. [[pocyMMHUpOBaB BCe COBMACHMUSI, TTOJTYYUM YHUCIIO BEPHBIX
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orBeToB (puc. 5). Ecnmm kmaccuduxatop xopommii, TO Ha TJIaBHOW JUaroHaiId

JOJDKHBI OBITH CAUHUIIBI.

model =
TreeBagger
Ensemble with 20 bagged decision trees:
Training X: [1260x8]
Training Y: [1260x1]
Method: classification
NumPredictors: 8
NumPredictorsToSample: 3
MinLeafSize: 1
InBagFraction: 1
SampleWithReplacement: 1
ComputeOOBPrediction: 0
ComputeOOBPredictorImportance: 0
Proximity: [1
ClassNames: '214° '254" r295" '334° 377"

Properties, Methods

Tree Bagger % within 1 unit - 72.1429%

Puc 4. Pacnipenenenue no kinaccam

How many responses were correctly predicted within 1 unit? Trees
72.1429%

0.9

2 4 6 8 10 12 14
Output

Puc 5. Onpenenenue kinacca JHEBHOTO MAcCaXKUPOMOTOKA.
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B xoxe pabotsl knaccudukaropa nomxyueHo 72.1429% npaBUIbHBIX OTBETOB B
npefenax OJHOro Kiacca. B pesynbrare, npeickazaHue BXOASAILIETO 3a JCHb
MacCaXHPOTOTOKA MO3BOJHUT OTKPHITh HEOOXOIMMOE KOJIMYECTBO ITYHKTOB JJOCMOTpA,
a TaKXe OIpENeNIUTh HYKHOE KOJMYECTBO pPAa0OTAIONIMX Ha HUX Jofeil. Ito
NpUBEACT K CHIIKCHHIO 3aTpaT Ha pabouylo CHUJIy W COKpAIICHHIO ouepencil Ha

AJOCMOTPOBBIX ITYHKTAax. B IIPOTUBHOM ClIydac, Ha OJOCMOTPOBBIX ITYHKTAX MOTYT

00pa30BBIBaThCS OOJIBIIHE ouepean (puc. 6).
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Puc. 6. Mnmtoctparust paboThl TOCMOTPOBBIX MTYHKTOB MIPH MPEBHIIIICHHOM

MaccaxXuporoToke. J[s mpocMoTpa aHUMAITUH IIETKHUTE Ha U300PaKCHHH.

PaGora BbimonHena mnpu (GuHAHCOBOM moaaepkke Poccuiickoro donma

byHIaMeHTaNbHbBIX uccienoBanuil (mpoekt Ne 16-29-09497 odu-m).
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