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B paboTe paccMoOTpeHbl BONpocCh!
HernpepbIBHOro MOHUTOPUHra 06CTaHOBKU
Ha COPTUPOBOYHOW CTaHUUUN U BbiIBJIEHUS

BO3MOXXHOCTU BO3HUKHOBEHMUS ONMAaCHbIX
curtyauwmii. Mpennaraercs noaxon

K MOCTPOEHUIO aBTOMaTU3NPOBaHHOMN
VHTeJI/1IeKTyasibHOM MNog4CUCTEMbI aHaIn3a
M cBOEBPEeMEeHHOro rporHo3npoBaHns
KPUTNYECKOW 3arpy>XeHHOCTN
JKesie3HO4O0POXHbIX COPTUPOBOYHBIX Y3/10B.
lMpeanoxeHo pelueHne 3a[4a4v C MOMOLL|bIO
ceTeBbIX KOMMYHUKaLMOHHbIX TEXHOJIOMNiA
3a CYET Ncnosib30BaHUs MHPopmauun

OT aBTOMaTU3UPOBaHHbIX CUCTEM cOOpa
AaHHbIX U HEPOCETEBOM NMOACUCTEMbI
noaAepXXKU MNPUHATUS PELUEHNI.

Knro4eBbie caoBa: TpaHcnopr,
UHTEJIIeKTYaslbHasi CUCTemMa, CUCTEMHbIN
aHasns, rnpPorHo3npPoBaHNE KPUTUYECKNX

cuUTyaun, UMUTaLMOHHOE MOAEIMPOBaHNe,
COPTUPOBOYHBIV Y3€J1, HENPOHHas CETb,
UHGOPMaLs, KOMMYHUKALIMOHHBIE TEXHOJIOMH.
|
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Jloenun Buxmop Bacuav-
eeu — JOKMop mexHu-
uecKux HayK, npogheccop
Poccuiickoeo yrHusepcume-
ma mpancnopma (MHUHUT),
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KTyaJIbHbIe 3aJauld MOHMUTOPHUHTA
W TICPCIIEKTUBBI Pa3BUTHS KEJIC3HOIO-
POXKHOT'O TPAHCIIOPTA TPEOYIOT UCTIONb-

30BaHMSI COBPEMEHHBIX METOIOB TEOPUH TPAHC-

TIOPTHBIX CUCTEM, a TaKKe CO3JaHMSI HOBBIX

MHCTPYMEHTATbHBIX CPEICTB U CUCTEM aBTOMa-

TU3MPOBAHHOTO MPOCKTHUPOBaHUA. B yacTHO-

CTH, 3TO KacaeTcsl HeMPePhIBHOTO MOHUTOPHH-

ra 00CTaHOBKM Ha COPTHMPOBOYHOI CTaHIINM,

CBOEBPEMEHHOTO OITOBEIIICHUSI O BO3MOXKHBIX

KOJITU3USIX U TIOBBIIEHUST 3(PPEKTUBHOCTU

TIOTPY304YHO-Pa3TPy30UHBIX OTIEPaITii.

OcHOBHBIE TTPOOJIEMbI B 0071aCTH JTOTUCTH -

K1 Ha COPTUPOBOYHOM CTAHIIUM, JUTSI PEIITICHUS

KOTOPBIX MPUMEHSIETCS] UMUTAIIMOHHOE MO-

JIeJMPOBaHUE, 3aKJIIOYAIOTCS B YBEIMUYCHUU

MPONYCKHON CITOCOOHOCTHU MYyTEil, TTOUCKE

MEePCIeKTUBHBIX BapUaHTOB, 00eCIIeUMBaIO-

IIMX palliOHAJIbHOE MCIOJb30BaHUE PECyp-

COB, MUHUMAaJbHBII YPOBEHb M3IEPKEK,

CHIDXEHHUE BEPOSTHOCTU aBapUIHBIX CUTYa-

LM Ha TIYTSIX ¥ CTAHIIMSIX, OLIEHKY 3aTpy3Ku

COPTUPOBOYHOTO Y3J1a.

J171s1 TOJOOHBIX 1eJIei IITMPOKO UCTTOIb3Y-

FOTCSI TTPOOJIEMHO-OPUEHTUPOBAHHbBIC UMUTA-
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IIMOHHBIE MOJENU, pa3paboTaHHbIE, KaK
TIPaBWUJIO, B CPENE CUCTEM MPODUIBHOTO TUTTA
[1—4]. TTpu pa3paboTKe UMUTAITMOHHBIX MO-
Jesieid peaibHble TPAHCIIOPTHBIE CUCTEMBbI
TIPEACTABJISIIOTCSI B BUJIE CUCTEM MacCOBOTO
obciyxxuBaHus. Tpyalo€MKOCTb pelIEHUS 3a-
Jlayu yIpaBiIeHUS MPU ITOM 3aKJIOYAETCS
B TOM, YTO pacCIpeieieHNe PeCypcoB MEXIy
MHOXECTBEHHBIMI KOMIIOHEHTaMM TpaHC-
TIOPTHOM CUCTEMBI OCYILECTBIISIETCSI B YCIIO-
BUSX MEHSIIOIIUXCS MPUOPUTETOB U UHTEH-
CHUBHOTO B3aMMOJIEVCTBUS MPOLIECCOB, KOTO-
pble KpaiiHe CJ0XHO chOopMyIupoBaTh Ha
s3bIKe (POPMaTU30BaHHBIX MPABUI U COBO-
KYITHOCTE! IEVCTBUIA, a 3HAYUT U CJIOXKHO WU
B HEKOTOPBIX CITy4Yasix HEpPeaIn3yeMo IMOCTPO-
WUTh aICKBaTHYIO CUTyallM MAaTEMAaTUYECKYIO
MOZEJb. B CBSI3M ¢ 3TUM, COOCTBEHHO, pele-
HUE TAKOTO POJIa 3a/1a4 U OCYILIECTBIISIETCS HA
OCHOBE ITOCTPOEHUSI UMUTALIMOHHOW MOJIENH,
YUYUTBIBAIOLIEH BEPOSITHOCTHBIE XapaKTepu-
CTUKU MPOUCXOISIIIUX MTPOLIECCOB.

l.

ITocTpoeHue UMUTALIMOHHOUN MOIEIU
COPTUPOBOYHOTO y3J1a MO3BOJISIET TPOBOIUTH
CHUCTEMHOE UCCJIEIOBAHNE U OLIEHKY MPOEKT-
HO-TEXHOJIOTUYECKUX PELICHU 115 CYIIECT-
BYIOILIMX U TPOEKTUPYEMBIX Y3JI0B, HAET BO3-
MOKHOCTb OTCJIEXKUBATh IMHAMUKY JBVKEHUS
pecypcoB, ux 3¢ GEKTUBHOCTD, BBISBISTH
«y3KW€ MecTa», OCOOEHHOCTH IPOLIECCOB
(yHKIIMOHUPOBAaHUS CTAHIIUU B Pa3IUYHBIX
YCTIOBUSIX (M TIPU KPUTUIECKUX HArpy3Kax),
MOJEJIUPYSI ACUCTBUS «4TO €CJIU», B TOM YHCTIE
Ha OCHOBE 2JIEMEHTOB HEYETKOM JIOTUKU U Ma-
TEMAaTUYECKOTO armnapara HeMpOHHBIX CETE.

ITpoBen€HHBIN aHATN3 MOKa3al, 4TO Cy-
IIECTBYIOIINE UMUTALIMOHHBIE MOzieH [5—11]
TPEOYIOT NMpeABAPUTEIbHON HACTPOUKU, PyU-
HOTO BBOJA JAHHBIX U 3HAYUTEIbHBIX 3aTpaT
BpeMmeHu. Coznanue 3¢p(PeKTUBHON NMUTA-
LIUOHHOW MOJAEIU COPTUPOBOYHOIO y3Ja
MpeaIoaaraeT aeKBaTHOE ONMUCAHUE CIIEIU-
(bUKM TEXHOJIOTMYECKUX MPOLECCOB BO BCEX
MOJCUCTEMAaX U UX CUCTEMHOTO B3auMOEH-
cTBUSsL. B X0ne MoeMpoBaHUs UCITOIb3YIOT-
Cd YpaBHEHUSI TMHAMUKYU U3MEHEHUS KOJIU-
YecTBa BarOHOB LIS MYTE€il COPTUPOBOYHOTO
napka, U3BeCTHbIE BETMYUHBI FPYTIIT BATOHOB
Ha MYTSX, 3apaHee 3aJaHHbIe MPOMYCKHBIE
CITOCOOHOCTH JIMHUI i1 pacy€THON Mpo-
CTPaHCTBEHHO-BPEMEHHOM CETU U T.11., OTHA-
KO B peXXrMe peayibHOTO BpeMeH! 3Ta MH(Op-
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Malus He BCeraa TOCTYITHA U COOTBETCTBEHHO
HE TMO3BOJISIET CTPOUTH MPOTHO3bI 3arpy3Ku
y37a.

s mocTpoeHus MOJIeJ I, MAaKCUMAJIbHO
NPUOIVKEHHON K paboTatoleil CoOpTUPOBOY -
HOW CTaHILUU, Mpeaiaraercs B KauyecTBe
BXOIIHBIX TaHHBIX UCMOJb30BaTh UH(OpPMa-
LIMIO0 aBTOMATU3UPOBAHHOMN CUCTEMBI yIIPaB-
JIEHUSI O MECTE HAXOXICHUS BATOHOB, OYePe/I-
HOCTU (hOPMUPOBAHUS COCTABOB, a TakKXKe
CBENIEHUS OT CUCTEMbI TEXHUYECKOTO 3PEHUS,
KOTOpasi aBBTOMAaTUYECKU CUYMTHIBAET HOMEPA,
KOJIMYECTBO MPUOBIBAIOIIMX BaroHOB, (hop-
MUPYET OTBET O TUIIE TPY30B U TUIIE BATOHOB.

M3BecTHBI TpUMephI pa3paboTKX MaTeMa-
TUYECKON MOJIESI U3BJICUEHUS JAHHBIX O TPy~
30IMacCcaXMpCKUX MepeBo3Kax MocpeacTBOM
0TOOpa MOCTYNAIIUX C paclpeneaéHHbIX
TEPPUTOPUATIBHO NUICTOYHUKOB N300paXKeHUI,
KOTOpas MO3BOJISIET OMKUCaTh, MOAECIUPOBATh
MpolecChl UX aHaJIu3a U paclno3HaBaHUS
C LIEJIbIO UBMEPEHUS XapaKTEPUCTUK U KJlac-
cudukaunu oobekToB. Co30aHbl U aITOPUT-
MbI 00paOOTKM U300pakeHU I B TPOrpaMMu-
PYEMBIX JIOTUYECKUX WHTErPaJbHBIX CXeMax
U CIIeLIMAIM3MPOBAHHBIX ITPOLIECCOPax B YCIIO-
BUSIX OTPAHUYEHHBIX BBIYMCIUTEIbHBIX pe-
cypcos [12].

Takum 06pa3oM, UMUTAILTMOHHOE MO -
poBaHue pabOThl COPTUPOBOYHON CTaHIIUMU,
C OJTHOI CTOPOHBI, MOXET OBITh UCTOJb30Ba-
HO IS ONTUMU3ALUY MPOLIECCOB (PYHKINO-
HUPOBAHUS C YUETOM BBIOPAHHBIX LIEJEBBIX
rnokasareJjieit, a ¢ Apyroit — st oTpaboTKuU
Pa3JIMYHbBIX HELITATHBIX CLIEHAPUEB U PEXU-
MOB KPUTUYECKOU 3arpyxkeHHocTh. OnHaKo
MpUMEHEHNE JAHHOTO MOAX0a IJIsi IPOTHO-
3UPOBAHUS KPUTUYECKOW 3arpy>Ke€HHOCTU
KEJIE3HOIOPOXHOI0 COPTUPOBOYHOIO y3Jj1a
B peXUME peaJbHOrO0 BPEMEHU HE BCerma
yI0OHO U BO3MOXHO, OCOOEHHO €CJIv 3TO
MPUXOIUTCS OCYLIECTBIATh B paMKax IJ10-
0aJbHOU CUCTEMBI PETYJIUMPOBAHUS TPaHC-
MOPTHBIX TOTOKOB. B CBS3M C 9TUM BO3HUKA-
€T MOTPeOHOCTh B MOCTPOEHUN aBTOMAaTU3U-
POBaHHOI MOJACUCTEMBI MOHUTOPUHTA 3HAYE-
HUN mapaMeTpoB, XapaKTepU3YIOIIUX
TEKYIILYIO 3arpy>KeHHOCTb U PexXUM (PYyHKIU-
OHUPOBAHUSI COPTUPOBOYHOTO Y3J1a, a TAKXKe
MPOTHO3UPOBAHUS U 3a0JarOBPEMEHHOTO
OIOBEIIEHUSI O BO3MOXHOCTU BO3ZHUKHOBE-
HUS KPUTUYECKOU CUTyallMu, B TOM YHUCIE
C YYETOM IUIAHUPYEMOTO MTOCTYTUIEHUS TPY30-
BBIX COCTaBOB.

F'pvavid B. H., floeHnH B. B., MaHnieB B. C. O noCTpOEeHUN MHTENNEKTyanbHOW MNOACUCTEMbI aHann3a
napamMeTpoB COPTUPOBOYHOIO y3na
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Puc. 1. CTpyKTYypHO-(PYHKLNOHaIbHasA OPraHn3aymnsi CUCTeMbl TEXHUYECKOIro 3PEHUS.

Il.

B kadecTBe MaTeMaTM4EeCKOro amrapaTa
MHTEJUIeKTYaJbHOM MOACUCTEMBl aHaln3a
Y TIPOTHO3MPOBAHMS IIPEIaraeTcst COBMECT-
HOE€ MCITOJIb30BaHUE METOJIOB JIOTUYECKOTO
BBIBOJIa, OCHOBHBIM ITPEICTaBUTEIEM KOTOPBIX
SIBJISTFOTCSI METO/IbI HEYETKO JIOTUKY U IpeBa
pelleHuii, a TaKxKe HelpoCeTeBble METOIbI
00paboTKM MHMOPMALIUK. DTO 00YCIOBIEHO
OOJIBIIIMM YMCJIOM PA3HOTUITHBIX ITAPAMETPOB,
KOTOpPbIE CITOCOOHBI ITOBIUATh Ha MPOITYCK-
HYIO CITOCOOHOCTD KeJIe3HOIOPOKHOIO COP-
THPOBOYHOTO y3J1a, a TAKXKE CBOMCTBOM HEli-
POHHBIX CETE, ITO3BOJISIOIIMM MOEIMPOBATh
HEJIMHEeHbIe TIPOLIeCChl, paboTaTh ¢ 3alllyM-
JIEHHBIMU JTAHHBIMU, aIaIITUPOBATHCS K YCIIO-
BUAM (PYHKLIMOHMPOBaHMUsI, 0000IATh U 13-
BJIEKATh CYIIECTBEHHBIE OCOOCHHOCTU U3
noctynatpouein nHgopmauuu. KinwoueByio
POJIb TAK3KE UTPAIOT BOIIPOCHI aBTOMAaTH3alluK
rpoliecca MPUHATUS PEIIEHUI W ITPOTHO3M-
pOBaHMSI.

M CcTOYHMKOM ITOJIy4YeHUST BU3YaIbHBIX
JTAHHBIX O TEKYILIEM PACITOJIOXKEHUM TTOIBHXK -
HOTO COCTaBa U rpy30B IUIAHUPYETCS CIeIaTh
cereBble (IP) Bugeokamephl, pa3meléHHbIE
B KJIIOUEBBIX y3J1aX COPTUPOBOYHOM CTaHIIMU
U 00beAUHEHHBIE B €AUHYIO ceTh. {19 00be-
JUHEHUS TaHHBIX OT pa3JIMYHbBIX BUACOKaAMEP

® MWP TPAHCIMOPTA, Tom 15, N24,C. 6-19 (2017)

WCTIONB3YIOTCS CTeIMaTbHO pa3paboTaHHbIE
aJITOpUTMbI (POPMUPOBAHUST EIMHOTO paboye-
TO MPOCTPAHCTBA, BKJIIOYAIOIINE aJITOPUTMbI
KaJIMOPOBKY Y BBIYMCIICHUST TTO3UITNH KaxK/10-
TO BaroHa B TPEXMEPHOM IPOCTPAHCTBE Ha
OCHOBE aHaJIN3a UX TIEPEMEIIIEHUS 110 KeJe3-
HOIOPOKHBIM ITyTSIM TTPY HAOJTIOICHWH C Pa3-
mmuHBIX [P Bumeokamep. ChopMupoBaHa
earHast paboyvasi ClieHa, cofiepkaiiiast Habo-
JaeMble C PA3TUIHBIX UCTOYHUKOB BU3YaJTb-
HBIX TAHHBIX OOBEKTHI TIOJIBUKHOTO COCTaBa,
rpy3bl U T.A. Hajee mist Kaxaoro oobekTa
BBIYUCIISIETCST €T0 MECTOTIONIOXKEHUE B TPEX-
MEpPHOM TIPOCTPAHCTBE C TIPUBSI3KOI K HEKO-
TOPBIM, 3apaHee 3aJaHHBIM PETIePHBIM CTaIlH -
OHapHBIM 00BEKTAaM Ha COPTHUPOBOYHON
craniu. [Tpr BO3MOXXHOCTH TTIPOU3BOIUTCS
Ha OCHOBE allPUOPHBIX TAOJIMUYHBIX JAHHBIX
OlIEHKAa MacChl BaroHa, rpysa Ha Tuiatpopme
¥ UHBIX XapaKTEePUCTHK.

PaccmoTpuM cTpyKTYpHO-(DYHKITMOHATb-
HYIO OpPTaHM3aIUI0 CUCTeMbl TEXHUYECKOTO
3peHUsT, 00eCTICUNBAIONILYIO TTOJTydeHUE BU3Y -
aJTbHBIX IAHHBIX ¥ aHaJIM3 cuTyaluu (puc. 1).

CucremMa TeXHUYECKOTO 3PEHUSI COCTOUT
13 HECKOJIbKMX MHTEJIIEKTyaTbHBIX MOMYJIEH
aHaJIM3a BUICOJAHHBIX W BBIYUCIUTEIHHOTO
MonyJist. UHTeneKTyaabHble MO/ PacIio-
JIaTaloT TEPPUTOPUATBLHO TaKUM 00pa3om,

FpnaviH B. H., JoeHunH B. B., MaHuier B. C. O nOCTpOEHUN MHTENNEKTYanbHOM MNOACUCTEMbI aHanNnn3a

napameTpoB COPTMPOBOYHOrO y3na



4TOObI OHM OOECHeYnBaJIU OJHOBPEMEHHOE
HaOJII0IeHUE U TTOJTyYeHUEe BUACOJAHHBIX Ha
KJTIOUEBBIX y3J1aX COPTUPOBOYHOU CTaHIIUM.
Kaxnplii THTe/UIEKTyalbHbI MOIYJIb OTBEYa-
€T 3a aHaJIU3 TOJbKO CBOETO y4acTKa COPTU-
POBOYHOI CTAaHUUU U, IPEABAPUTEIBHO 00-
paboras, nepena€T MmoJaydyeHHyo nH@opMa-
LIMIO B BEIYMCIIUTENbHBIA MOAYJb. Boruuciu-
TeJIbHBIA MOAYJIb 0OecrieuyrnBaeT 0600IIeHE
nHbOopMauu 000 BCEX MHTEIEKTYaIbHBIX
MOJYJISIX M TIepeJavy MoTy4eHHbIX KaYeCTBEH-
HBIX U KOJIMYECTBEHHBIX XapaKTEepPUCTUK
0 TEKYILeM COCTOSTHUM U mpoliiecce HopMu-
poBaHUsl/pachopMUPOBAHUST COCTABOB.
WMHTennexkTyaibHbI MOAY/Ib IPEICTABIS-
€T cO00U KOHCTPYKTUBHO U (DYHKIIMOHAIBHO
ABTOHOMHOE€ YCTPOMCTBO, MOJIyyarouiee Ko-
MaHJAbl YIPaBAE€HUS OT BBIYMCIUTEIbHOTO
MOJyJisi, obecrieynBalolle COrIacHO MoJy-
YEHHBIM KOMaHJaM BbIYMCJIEHUE TapaMeTPOB
MECTOITOJIOXKEHUST MOIBUKHBIX XKeJIe3HOI0-
POXHBIX 00BEKTOB U UX XapaKTEPUCTHUK,
a TakxXe OoOHapyXeHHe KPUTUYECKUX CUTya-
uii. [TpuHIMIT GYHKIIMOHUPOBAHUS KaX10-
rO0 MUHTENJIEKTYaJlbHOTO MOAYJASI COCTOUT
B CJIEYIOLIEM: ONTUKO-3JIEKTPOHHBII TaTYUK,
OPUEHTUPOBAHHBIN MPU MOMOIIU CUCTEMBI
OPUEHTAIIMU Ha 3aJJaHHBII y4aCTOK COPTUPO-
BOYHOI CTaHIIMU, HEMPEPBIBHO IOJy4YaeT
1300paxeHus, MOCTyNalIe yepe3 KOHT-
poJIiep B MOAYJIb TaMSITU. MUKPOKOHTpPOJUIEP
CUUTHIBAET KaXXIblii Kaap U300paxeHus
U MPOU3BOIUT HEOOXOAUMBIE NJIS BhIUUCIIEC-
HUSI apaMeTPOB KeJe3HOAOPOXKHBIX MO -
BUXKHBIX 00BEKTOB ACHCTBUS Hall N300paxKe-
HUSMU: OOHApYXeHUEe 00BEKTOB, MPeaBapPU-
TeJbHOE pacrno3HaBaHWE, OTHECEHUE UX
K OINpeneIEHHOMY KJIacCy U BBbIYMCIEHUE
napaMeTpoB. JlaHHbIE Yepe3 MOAYJIb [Tepeauun
¥ pagroKaHai Ha yactote 2,4 I'Tir mepemnpas-
JISIOTCS B BBIYUCIUTEbHBIA MOIYJIb.
BoruucautenbHbIA MOAYJIb OCIIE MOTYYe-
HUS OYEPeTHBIX JAHHBIX OT BCEX UHTEJUIEKTY-
AJIbHBIX MOJYJIe TPOU3BOAUT KOMIUIEKCHBIIA
aHAJIU3 CUTyallMM HAa COPTUPOBOYHON CTaH-
1IMU, a TAKXe HEMPEPHIBHO B PeaJIbHOM Bpe-
MEHU MepenaET pe3yabTaThl aHaIM3a U BbIYKC-
JICHHBIE MTapaMeTpbl MOJABUKHBIX OOBEKTOB
(BaroHoB, miIathpopM, MaHEBPOBBIX TOKOMO-
TUBOB) B MpOILlECCE COPTUPOBKU COCTaBa
B aBTOMAaTU3WPOBAHHYIO UHTEJIEKTYATbHYIO
MOJACUCTEMY aHajlu3a U MPOTHO3UPOBAHUS
3arpy>keHHOCTU COPTUPOBOYHON CTaHIWU,
KOTOpasi, uMes 3aaHue Ha Bxojae o (opmu-
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POBaHMU TOTO UJIM MHOTO COCTaBa, BHIAAET HA
CBOEM BBIXOJIE PEKOMEH/IAIIN U TT0 TIepeMelie-
HUIO BaroHOB JiJ1s1 (hOPMUPOBAHUS 11€JIEBOTO
cocTaBa C y4éTOM BBIOPAHHOTO KPUTEPUS
ONTUMAJILHOCTH.

B o011iem ciiyyae CTpyKTypa MOTOKOB JIBU-
JKEHMSI TPAHCIIOPTHOTO COCTaBa Ha COPTUPO-
BOYHOW CTaHIIMU MPEACTaBISIETCS B BUIE
rpada G [5, 13].

Ha mponyckHyo crmocOOHOCTh CTaHIIMI
CYIIECTBEHHO BIIMSET TepepabaThiBatoast
CITOCOOHOCTH COPTUPOBOYHBIX TOPOK, TIPEI-
cTaBJisitonass coboit oopaboTky Haubosiee
BEpPOSITHOI'O YHMCJa Moe3aoB (BaroHoB) 3a
CYTKM TIPU OTITUMAJbHOM MCITOJb30BaHUU
ITyTE€BOTO Pa3BUTHUS M TEXHUUECKOTO OCHAIIIE-
Hug. Ha nepepabarbiBaroniyto ciocoOHOCThb
COPTUPOBOYHOI TOPKU, KPOME TEXHUUECKUX
U TEXHOJIOTMIECKUX (PAaKTOPOB, TAKXKE OKa3bI-
BaIOT BJMSIHUE MapaMeTphl COCTaBa, MOJJIe-
Karero pacopMrUpOBaHUIO, B YUaCTHOCTH BEC
BaroHOB, XapaKTEePUCTUKH Tpy3a, YUCIO OT-
1IETIOB B COCTaBE, YMCJIO 3aMbIKAIOIIUX TPYTIIT
u T.1. He MeHee BaxeH y4ET IMTOTOIHBIX YCIIO-
BUI1, KOTOPBIE MOTYT OKa3aTh CYIIECTBEHHOE
BJIVsSTHUE Ha pabOTy CTaHIIWM.

JIBUXKeHVEe BaroHOB TOCJIe paclenky Ha
COPTUPOBOYHOI TOpKe pean3yeTcsl B COOT-
BETCTBUU CO CJIENYIONIMMHU TTapaMeTpaMu
[5, 13]:

— Marpulia MPOMyCKHOW CITOCOOHOCTHU
Cc= C[cl.j], IJIe ¢;— MPOIYCKHbIC CITOCOOHOCTH
BeTBeli rpada G, COOTBETCTBYIOIINX ITYTSIM,
COETMHSIOIIMM Y3€J1 I C y3JIOM J;

— Marpuila pacCTOSTHUM MEXIy y3JaMu,
BepiuinHamu rpada G L = [Z;15

— cTOMMOCTHas MaTpuiia Q = [ql.j], re g,
OIpeNesIsieT CTOUMOCTD €IMHUIIBI TIYTH JIBU-
SKEHMSI CIIETIKM BarOHOB TI0 BETBU IJ;

— BXOJHAas MaTpulla Ha3HaAaYeHU U
Z =z, ()], 2IEMEHTBI KOTOPO COOTBETCTBY-
0T TU1aHy (DOPMUPOBAHUS ITOE310B (KOJIYe-
CTBO BarOHOB, IMOCTYIAOIIMX HA BXOIHOM Y3eIT
B MOMEHT BPEMEHU 1);

— BBIXOMHAs MaTpulla Ha3HAaYeHUN
Y =y, (9], 21eMEHTBI KOTOPOI COOTBETCTBY-
0T TTPOTHO3UPYEMOI 3arpy3Ke MyTeil COpTH-
POBOYHOTO y3J1a (KOJIMYECTBO BAaTOHOB, HAXO0-
ISIIUXCS Ha BBIXOAHBIX MYTSIX B MOMCHT
BPEMEHU f).

MuHuMuU3a1us 3aTpat Ha GOpMUPOBaHE
cocTaBa obecrieunMBaeTCs] MUHUMU3AIei
dyHKIIMOHATA
P=YYP,=Y¥(k I tk, g, +k, 1),

F'pvavid B. H., floeHnH B. B., MaHnieB B. C. O noCTpOEeHUN MHTENNEKTyanbHOW MNOACUCTEMbI aHann3a
napamMeTpoB COPTUPOBOYHOIO y3na




( Hagano )

BBoj 3Hauenumit
c[iy], 1[L,i], z(t)
[LJ] h(t)

3a11aTL CUYETUHK
uTepaluii paBHeIM 1

DE—

W3MeHeHne MaTpHLbL
MIPONYCKHOM CITOCOOHOCTH
myTeH c[i,j]

Pacuér gpyHkmonana
kadecTBa (9 (HEKTUBHOCTH)
Y MaTpulbl ¥
1
VYBenumueHne cUETINKA
uTepanuii Ha 1

Bo3moxxHO 11
e1¢ U3BMCHCHUE
atpuiel C

Ja

Pacuér cpennero
3HAYEHUS [T0TOKA BATOHOB

|
ITonck KpUTHYECKUX MECT:
yl[ij] - cfij]
1

dopmupoBaHue
Pe3yJbTaToB
MOJICTTHPOBaHHUS

Puc. 2. O606LEHHBIN anropuTM GYHKLMOHNPOBaHNS
CUCTEeMbI IPOrHO3UPOBAaHUS.

rie k, — BeCoBble KOO MUIMEHTbI, ONpeIeisi-
IOIIIME BJIMSTHUE PACCTOSIHUSI, BDEMEHU, CTOM -
MOCTH JIBMXCHUSI I10 BETBSIM; / — CPELHEe
3Ha4YeHUE BPEMEHM, 3aTpaueHHOE COCTaBaMU
Ha hopMUpoBaHue,/pachopMrUpoOBaHE B y3-
JIe.

[Ipu 3TOM, C OTHOI CTOPOHBI, HEOOXOIH-
MO 00€CTIeUNTh MAaKCUMAaJIbHBII TTIOTOK MEXITY
y3JIaMU, a C IPYToif CTOPOHBI, UMETh MUHUMYM
3arpaT. [IoMCcK COOTHOIICHUI BEJIMUMH pea-
JIU3YETCSI ¢ MCITOJb30BAHUEM IOJXOHI0B
[13—16].
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ITpouecc hopmupoBaHus U pachopMupo-
BaHUSI COCTABOB OIMMCHIBAETCS C TIOMOIIIBIO
pacripenesieHus1 BeposiTHocTeil. DyHKIIUKN
pacripenieIeHusT ISl KakJI0ro i-TO y3/1a CeTh
3afarorca Marpuueit H, = [h, (1)], rae Kaxabiid
9JIEMEHT eCTh (DYHKIIUST pacTipeie/IeHUsT Bpe-
MeHM Ha (popMurpoBaHue-pac(hopMrpoBaHe
B i-OM y3JIe ISl COCTaBa, MPUIIEIIIETO ¢ y3/1a
kv cremyroriero B y3el [. B pazpabaTeiBacMoit
crcteme 3TU (DYHKIIUK PACCUMTHIBAIOTCS C ITO-
MOIIIBIO CTATUCTUYECKOTO aHaIN3a U METO/IOB
HelipoceTeBoi 00paboTKu nHpopMaiuu [17].

Martpuua nponyckHOM CIOCOOHOCTHU
C= C[cij] 3aITOJTHSIETCST Ha OCHOBE CTATUCTH -
YecKOTo IMOAX0/a, aHain3a MPOMyCKHOM
CTIOCOOHOCTHM 3a HECKOJIBKO JIeT ¢ YYETOM
mapaMeTpOB COCTaBa M MOTOIHBIX YCIOBUH,
JJISI 4eTo HeoOXonMMa MPOTHOCTUYECKas
HEWUpOHHAas CETh.

Marpuua paccrosiHuii L = [lij] SIBJISIETCS
3apaHee U3BECTHOM BEJIMUMHON U OTIpeIesIsi-
€TCsI CYIIEeCTBYIOIIEH CTPYKTYpOil pacroio-
JKEHMSI TTyTel U CTPEJIOK Ha COPTUPOBOYHOM
TOpKe.

CroumocTtHas MmaTpuiia Q = [qij] CTPOUTCSL
Ha OCHOBE aBTOMaTU3MPOBAHHOTO COOpa MH-
dopMarmm o 3aepKKax Ha CTAaHITUU JIOKOMO-
TUBOB U JIOKOMOTHUBHBIX OpUTaJ B pexkuMe
peanbHOTO BpeMeHU. Kpome Toro, mipeniara-
€TCsI yYUTHIBATh TTPOTHO3MPOBAHNE, aHAIN3
MPOITYCKHOU CTIOCOOHOCTH 32 HECKOJIBKO JIET,
JUTSL 4€TO TakXKe Hy>KHa HEepOHHAsI CETh.

Bxonnas marpuiia HazHaueHuii B Z =z, ()]
TaKXe M3BECTHA W OIMpPEAesIeTCs TLIaHOM
paboThI COPTUPOBOYHOI TOPKHU.

BrixonHasgs MaTpulla Ha3HadYeHUU
Y =[y, (1] paccunTbIBaETCA C NCMONIB30BAHMU -
€M HelpoCeTeBOro MOIX0/1a.

OO0001IEHHBIN AITOPUTM (PYHKIITMOHUPO-
BaHUSI CUCTEMBI TPOTHO3MPOBAHMUSI TIPE/ICTaB-
JIEH Ha puc. 2.

Il.

B kagecTBe MaTeMaTHYECKOTO aIriapaTa
aBTOMAaTU3MPOBAHHOW WHTEJUICKTyaJIbHOMN
MOACUCTEMBI aHaJIM3a 3arpy>KEHHOCTHU COP-
THUPOBOYHOM CTAaHIIMHY UCIIOIb30BaH HEMPO-
cereBoii moaxoa. OH moapazymMeBaeT HE00-
XOOUMOCTH BBHITIOJTHCHUS CICAYIOIINX OC-
HOBHBIX 3Tanos [17]:

1. IlpenBapurtenbHast 00paboTKa TaHHBIX,
BEHISIBJICHHE XapaKTePHBIX 0COOCHHOCTEI,
HanboJiee 3HAUYMMBIX TTPU3HAKOB 1 UX COUe-
TaHUMN.

FpnaviH B. H., JoeHunH B. B., MaHuier B. C. O nOCTpOEHUN MHTENNEKTYanbHOM MNOACUCTEMbI aHanNnn3a

napameTpoB COPTMPOBOYHOrO y3na



CKpBITHIH crioi

Bxonnoit cinoi

BexTop
BXOJTHBIX
BEJINYMH

2. [ToaroToBKa NCXOMHBIX TaHHBIX, 3aKITIO-
YaloIasics B X KOAMPOBAaHUU 1 HOPMHUPOBKE
IUIST yBeTMUeHUS MH(POPMATUBHOCTHU IIPUME-
OB U TIPUBEICHMS K BULY, KOTOPBIN JOCTYIICH
JIJIs1 00pabOTKU CEThHIO.

3. BriOop HeiipoceTeBOM apXUTEKTYpPHI
(TTapagurMBbl) ¥ TaKUX €€ KITIOUEBBIX TTapaMe-
TPOB, KaK KOJTMUYECTBO CJIOEB M YMCII0 HEMPO-
HOB B KaXXIOM M3 HUX.

4. ObyueHue, B IMpoliecce KOTOPOTo Heil-
pOCEeTh OCYIIECTBIISIET OCTPOCHUE TIPaBUII,
XapaKTepU3YIOIINX MMEIOIINECS 3aKOHOMEP-
HOCTH B JTaHHBIX.

5. Mcrionp3oBaHme 00y4eHHO HEUPOCETH
B Ka4eCTBE SKCIIepTa, IToaBast Ha BXOI HOBEIC,
eIé He PEIbIBISIBIINECS BEKTOPaA BXOTHBIX
napaMeTpoB, 1 MoJIy4yasi pe3yJibTaT €€ padoThl.

6. lHTepripeTaliuy MOJy4eHHOTO PEe3Ylb-
Tara.

Ha iepBoM 3Tare ocyIiecTBIsICTCS aHATIN3
BCEX BO3MOXKHBIX ITPU3HAKOB TEXHUICCKOTO
¥ TEXHOJIOTUICCKOTO XapaKTepa, TapaMeTpoB
TEKYIIeH 3arpy>KeHHOCTH, B YaCTHOCTH, YMCIa
CBOOOIHBIX/3aHSATHIX ITyTEH M KOJIWYECTBA
BaroHOB B COPTMPOBOYHOM ITIapKe, OXKUAAI0-
IIUX POCTIYCK M TIAHMPYEMBIX K ITOCTYILIC-
HHMIO COCTAaBOB, Beca BarOHOB, HAaJIU4YMS
OITaCHBIX TPY30B, KOJIMYECTBA OTIICIIOB B COC-
TaBe, 3aMBIKAIOIINX TPYIIT U T.1. JlomomHu-
TEJTPHO MOXHO YIUTHIBATb BIMSTHUE ITOTOTHBIX
YCJIOBMI, TeMIIEpaTypy BO3ayXa, CKOPOCThb
¥ HaIlpaBJIcHUE BETpa, HAJTUINE OCAIKOB.

Ha BTopom 3Tare mponcxoanT KOaupoBa-
HIE U HOPMHUPOBKA MCXOTHBIX TaHHBIX, UTO
CBSI3aHO C HEOOXOIMMOCTBIO pabOTaTh C OOJIb-
MM YHMCJIOM Pa3HOTHUITHBIX ITAPaMETPOB. DTO
MOTYT OBIT YK CJIa B TPOM3BOJIEHOM THAra30-
HE, JaThl, CHMBOJIbHBIC CTPOKH, KATETOPHUPO-
BaHHBIC JaHHBIC U T.1. B TO ke BpeMst 0coOeH-
HOCTb HEPOHHBIX CETEH 3aKII0YAETCS B TOM,
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BrixoaHoii cioit

Puc. 3. CtpykTypa
nepuenTpoHa ¢ AByMS
BI:IXOI[ CJ105IMU HEViPOHOB.
paboTer

CCTHU

YTO B HUX BCE BXOMHBIC 1 BEIXOTHBIC TTapaMe-
TPHI TIPEACTaBICHBI B BUIE YMCEN C TUIaBalo-
11Ie# TOUKOIi, 00b1YHO B Auana3oxe [0...1] nan
[-1...1]. JommoMHUTEIBLHOM LIEbIO TTpeaoopa-
OOTKM JaHHBIX SIBJIICTCS YBEeTMIeHIE MHMOP-
MAaTUBHOCTHU MIPUMEPOB IJIST MOBBIIICHUS
CKOpOCTH ¥ 3¢ (PeKTUBHOCTU 00ydeHMST. Yem
Oosblle OUT MH(MOPMAITY TTPUHECET KasKIbIIA
IIpYIMeEp, TEMJIYUIIIe UCITOIb3YIOTCS UMEIOIITTE-
csI JaHHBIC.

CpenHee KOJTUUECTBO MHMOpMALIUU, TIPU-
HOCHMOM KaXXIbIM MMPUMEPOM X, PaBHO 2H-
TPONIUM pacIIpenesieHUsT 3HAYCHU KOMITO-
HeHTHl H(x). Ecnu 3Ti 3Ha4eHUs COCpenoTo-
YeHBI B OTHOCHUTEIIFHO HEOOJIBIIION 001acTH
eIMHUYIHOTO MHTepBaja, MHPOPMAIIMOHHOE
conepkaHne TAKOH KOMITOHEHTBI MaJIo U, KOT-
J1a BCe 3HAYCHMSI TIePeMEHHOM COBITAIAi0T, OHA
He Hec€T HMKakoi nHgopMannu. HampoTtus,
€ClTA 3HAYCHUS MEPEeMEHHON X paBHOMEPHO
pacmpeneneHbB B eIMHUYHOM MHTEpBale,
nHbopMalms e€ MaKCUMaJbHa.

OOLIMi TPUHIIAT ITPeT0O0PaOOTKI TAHHBIX
IIJISI HEPOCETeBOTO aHAIM3a COCTOUT B TAKOM
KOIMPOBAaHUY Y HOPMHUPOBKE HEIIPOTUBOPE-
YUBBIX JAHHBIX, YTOOBI JOOUTHCS MAKCHUMU-
3alIM1 SHTPOITNH BXOIOB U BEIXOIOB.

ITocnenyromne aBa 3Tama Hepa3phIBHO
CBSI3aHBI M 3aKJTIOUAIOTCS B BEIOOpE Helipoce-
TEBOM IMapaIuTMBI, €€ KITI0USBbIX ITapaMeTPOB
M TIOJICTPOIKe BeCOBBIX KO3(MGUIIMEeHTOB. 151
pelIeHUsT MOCTaBJICHHON 3amayM BIIOJIHE
MOXHO BOCIIOJIb30BAaThCS CETHIO IPSIMOTO
pacmpocTpaHEeHUsI, a UMECHHO, MHOTOCJIOM -
HBIM TIEPIEITPOHOM, CTPYKTypa KOTOPOTO
rnokasaHa Ha puc. 3.

B xauecTBe BXOMHBIX BETUUMH HEHPOCETH
BBICTYIIAIOT MATPUILIBL, TTPEICTABICHHBIC BHIIIIC
1 IIpeoOpa30BaHHbBIC B CTOJIOCI BXOTHBIX T1a-
paMeTpoB.

I'pupvd B. H., JloeHuH B. B., NMaHniyee B. C. O NOCTPOEHUUN UHTENJIEKTYalbHOW NOACUCTEMbI aHanu3a
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Puc. 4. CTpyKTypHas cxema Bekrop
HelpoHa, UCrnosib3yeMoro BXOJHBIX
npy NOCTPOEHUU CUCTEMBI

BCIIMYUH

MHTENNeKTyanbHOro aHann3a
3arpy>xeHHOCTH COPTUPOBOYHOIO
yana.

B y31ax ceTu pacrnoyioXeHbl HEHPOHBDI,
KaXIIbIii U3 KOTOPBIX IMOCJIEI0BATEIBHO OCY-
ILIECTBJISET CACAYIOLINI HA00p BBIYMCICHUIA.
CHayvaJjia BBIYUCIISICTCS B3BellIeHHAasi cyMMa V'
BXOIHBIX BEJIMYMH X, [18]:

N
V= Zwi-wi + w,.
i=1
3necb N — pa3MepHOCTh IPOCTPaHCTBA
BXOJHBIX CUTHAJIOB, W, — CUHANTUYECKUE
K03 (PUIIMEHTHI WK Beca, w,— CMEIIEHHE.
3aTeM BCTymaeT B IeUCTBHE DYHKIIUS
aktuBauuy f. OmHOI 13 HamboJIee YacTo MC-
ITOJTb3YeMBIX €€ (DYHKITUI SIBJISICTCS IOTUCTH -
YyecKasl MJIM CUTMOMIa, KOTOpast UMeeT B
W)=,
1+ exp(-bsV)
rae KodOUIUEHT b onpeaeaseT KpyTU3Hy
CHUTMOWU/IBI.
CxeMaTUYHO CTPYKTypa HeiipoHa Tpej-
cTaBjieHa Ha puc. 4.
IMpumeHuB npuBeaEHHbIE (OPMYIBI KO
BCEM HEMpOHAM CETH, TTOJIyIUM PE3YJIBTUPY-
o1yt (opMysTy paboThI CETH B 1IEJIOM:

() = o w, O w,2)),

rie y, — 3HaueHue k-To HeitpoHa BLIXOIHOTO
cros [19].

Iv.

OnHOM M3 OCHOBHBIX IPOOJIeM MPU UC-
T0JIb30BAHMHU HEMPOCETEBOTO MOAX0A SIBISI-
€TCs BBIOOD ONTUMAJIbHOM TOTIOJIOTUU CETH,
3HAYCHUI TTapaMeTPOB U CTPYKTYPHBIX OCO-
OCHHOCTE, KOTOphIe OBl HAWIYYIINM OOpa-
30M YIOBJICTBOPSUIM pelllaeMOoil 3amade Ha
MMEIONIMXCS UCXOAHBIX maHHbIX. C omHOM
CTOPOHBI, YHMCJIO CKPBITHIX 3JIEMEHTOB JOJDKHO
OBITh JOCTATOYHBIM TSI PEIICHMS ITOCTaBJICH-
HOI1 3ajaum, a ¢ APyroifi — He MOXET ObITh
CIUIIKOM OOJILIINM, YTOOBI 00ECIIEeYnTh
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Brixon

f(V) |, paboTel

HelpoHa

0XHJaeMylo 0000IIaIoNyI0 CIIOCOOHOCTH
M U30eKaThb IepeodyUeHus . DTO CBA3aHO C TEM
00CTOSITEILCTBOM, YTO KOJIMYECTBO CKPBITBIX
3JIEMEHTOB 3aBUCUT OT CJIOXKHOCTH TOTO OTO-
OpaxxeHUsI, KOTOpOe HEeMpOHHAsI CeTh CTpe-
MMTCSI BOCIIPOM3BECTH, a OHO 3apaHee Heu3-
BECTHO.

O4YeBUIHO, YTO KaXKIblii COPTUPOBOYHBII
Y31 SIBJISIETCS] YHUKAJIbHBIM OOBEKTOM U IaKe
OnmM3Kue Mo nepepadaTbiBalolieii ClIOCOOHO-
CTU CTAHIIMK MOTYT CHJIbHO OTJIMYAThCS I10
TEXHUYECKUM M TEXHOJOTUYSCKUM ITpU3HAa-
KaM, CTEeNeHU BIMSHMS OTAEIbHBIX ITapame-
TPOB Ha Pe3YJBTUPYIOIIYIO TTPOU3BOAUTE/Ib-
HOCTb. B CBSI31 ¢ 9TMM 1 IOCTPOEHUE HEMPO-
CeTU HeOOXOMMMO OCYIIECTBIISITh MHAUBUILY -
aJIbHO IIJISI KaXJ0ro o0beKkTa, U BHIOOPKY
JAHHBIX U1 OOYYEHUsT CETU TOXE BECTU MH-
JIUBUIyaIbHO. B KauecTBe MCXOMHOI BRIOOP-
KM MOXHO HCIIOJIb30BaTh KaK peaibHbIe
HMCTOPUYECKUE JaHHBIC, XapaKTePU3YIOLI1e
rmapamMeTpbl pabOThl CTAHIIMU 3a MEPHOJ,
B paMKaX KOTOPOTO HE M3MEHSUIUCh €€ OCHOB-
HbIE TEXHUYECKHE U TEXHOJIOTMYECKHUE ITOKa-
3aTeJIu, TaK U JaHHBIE, ITOJIyYEeHHbIE B PAMKax
MMUTAIlMOHHOTO MOJEJIMPOBaHUs, B TOM
Yuclie py 0TPabOTKe HELITAaTHBIX CLIEHAPUEB
M PEXUMOB KPUTUYECKOM 3arpy>KEHHOCTH.

s oOyueHus ceTeli Kjlacca «MHOTOCIOM -
HBII MEePLIENTPOH» MOXHO BOCITOIb30BaThCS
aJITOPUTMOM OOPAaTHOTO PaCIpPOCTPAHEHMS
omnbku (Backpropagation, BP), kotopslit
SIBJISIETCSI QJIFOPUTMOM I'PaIMEHTHOIO CITyCKa,
MUHHUMU3UPYIOLIMM CPEIHIO KBaapaThye-
CKYIO OLIMOKY pabOThI CETH:

P
RO WILELI

rie P — 4uciio mpuMepoB B 00yJaroIieM MHO-
JKECTBE, d"p — 3KeJIaeMbIi BBIXOM kK-TO HEelipoHa
BBIXOTHOTO CJIOSI HA p-OM OOYYalolleM Tpu-
Mepe.

FpnaviH B. H., JoeHunH B. B., MaHuier B. C. O nOCTpOEHUN MHTENNEKTYanbHOM MNOACUCTEMbI aHanNnn3a
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MuHuMuU3aLKs BeTUUYMHBL £ OCY1IeCTBIIsI-
eTCsl C TTOMOUIbIO TPAAUEHTHBIX METOMOB.
M3MeHeHne BeCOB MPOUCXOIUT B HampaBJie-
HUU, OOPaTHOM K HalPaBJICHUIO HAMOOIbIIIEeH
KPYTU3HBI TSI QYHKUIMU CTOUMOCTU:

wt+1) = w(t)—sa—E,

ow
riae € — BeJMYMHA IpaJMeHTHOTO 1ara Win
K03 dUIIMEeHT 00yYeHUs.

PesynbsratoM paboThbl HEPOHOB BHIXOIHO-
ro CJI0SI MOTYT ObITh MPUHSITHI BEIUUYUHBbI
B nmamnasoHe [0, 1], roe 6auskue K 0 3HaUeHUst
XapaKTepU3yIOT MaJIylO 3arpy3Ky, a OJIM3Kue
K 1 — KpuTHUYeCcKy1o 3arpy3Ky COpTUPOBOUHO-
ro y3ia.

B nanbHelimeM oOydyeHHasi HeiipoceTb
CcrnocoOHa BBIMOJHSTh POJb aBTOMATUYECKOTO
aKcnepTa JJs MOCTOSSHHOTO MOHUTOPUHTa
TeKyllel 3arpy>K€HHOCTU COPTUPOBOYHOI
CTaHLIMM, MTPOTHO3UPOBAHUS U 3a0JaroBpe-
MEHHOTO OIOBEILIEHUSI O BO3MOXKHOCTH BO3-
HUKHOBEHMUSI KpUTUYeCcKOo cutyauuu. MH-
Terpamusi MHOXeCTBa TaKUX 3KCIEePTOB
C TIOMOIIbI0 KOMMYHUKALIMOHHBIX TEXHOJIO-
Uil B TJI00aJIbHYIO CUCTEMY PETyJIMPOBaHUS
TPaHCITOPTHBIX ITOTOKOB 00el111aeT 00eCIIeYUTh
CBOEBpPEMEHHOE MpeaynpexacHue puckoB
Y ONTUMM3ALMIO MapaMETPOB I'Py30MePeBO-
304YHOIO Mmpolecca.
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ABSTRACT

The article considers the issues of continuous
monitoring of the situation at the marshalling yard
and detection of the possibility of occurrence of
dangerous situations. An approach is proposed for
constructing an automated intellectual subsystem

for analyzing and timely forecasting the critical
utilization of railway sorting units. The solution of the
problem is proposed with the help of network
communication technologies due to the use of
information from automated data collection systems
and the neural network decision support subsystem.

Keywords: transport, intelligent system, system analysis, forecasting of critical situations, simulation
modeling, sorting node, neural network, information, communication technologies.

Background. Actual monitoring tasks and
prospects for development of rail transport require the
use of modern methods of the theory of transport
systems, as well as creation of new tools and systems
for automated design. In particular, this concerns
continuous monitoring ofthe situation at the marshalling
yard, timely notification of possible collisions and
increasing the efficiency of loading and unloading
operations.

The main logistics problems at the marshalling
yard, for which solution simulation modeling is applied,
consist in increasing the capacity of the tracks,
searching for promising options that will ensure rational
use of resources, minimum costs, reducing the
probability of emergency situations on routes and
stations, estimating the load of the sorting node.

For such purposes, problem-oriented simulation
models, developed, as a rule, in a medium of profile
type systems [1-4] are widely used. When developing
simulation models, real transport systems are
represented in the form of queuing systems. The
complexity of solving the management problem is that
distribution of resources among the multiple
components of the transport system is carried out in
the face of changing priorities and intensive interaction
of processes, which are extremely difficult to be
formulated in the language of formalized rules and
sets of actions, and therefore it is difficult or in some
cases impossible to build an adequate mathematical
model. In this connection, in fact, the solution of these
kinds of problems is carried out on the basis of
construction of an imitation model that takes into
account the probabilistic characteristics of the
processes occurring.

Objective. The objective of the authors is to
consider construction of an intelligent subsystem for
analyzing the parameters of a sorting node.

Methods. The authors use general scientific and
engineering methods, simulation modeling, evaluation
approach, comparative analysis.

Results.

I

The construction of the simulation model of the
sorting node allows to carry out system research and
evaluation of design and technological solutions for
existing and projected nodes, enables to monitor the
dynamics of resource movement, their effectiveness,
identify bottlenecks, the peculiarities of the station’s
operation in various conditions (and at critical loads),
modeling actions «what if», including on the basis of
elements of fuzzy logic and the mathematical apparatus
of neural networks.
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The analysis showed that the existing simulation
models [5—-11] require preliminary configuration,
manual data entry and significant time costs. Creation
of an effective simulation model of the sorting node
assumes an adequate description of the specifics of
technological processes in all subsystems and their
system interaction. In the course of the simulation,
equations of the dynamics ofthe change in the number
of cars for the sorting fleet tracks, the known values of
car groups on tracks, the predetermined line capacities
for the calculated space-time network, etc. are used,
however in real time this information is not always
available and, accordingly does not allow to build
forecasts for the node’s load.

To build a model that is as close as possible to the
operating marshalling yard, it is suggested to use the
information of the automated control system on the
location of cars, the order of formation of trains, as well
as information from the technical vision system that
automatically analyzes the numbers, the quantity of
arriving cars, type of cargoes and type of cars.

There are examples of development of a
mathematical model for retrieving data on cargo and
passenger transportation by selecting images from
geographically distributed sources that allows to
describe, and simulate the processes of their analysis
and recognition for the purpose of measuring
characteristics and classifying objects. Image
processing algorithms are also created in
programmable logic integrated schemes and
specialized processors for conditions of limited
computing resources [12].

Thus, simulation modeling of the work of a
marshalling yard, on the one hand, can be used to
optimize the functioning processes taking into account
selected targets, and on the other hand, for working
out various non-standard scenarios and critical load
modes. However, the application of this approach for
forecasting the critical load of a railway sorting unit in
real time is not always convenient and possible,
especially if it is necessary to implement it within the
framework of the global traffic regulation system. In
this regard, there is a need to build an automated
subsystem for monitoring of the values of the
parameters that characterize the current workload and
the mode of operation of the sorting unit, as well as for
forecasting and early warning of a risk of occurrence
of a critical situation, including taking into account the
planned arrival of freight trains.

1.

As a mathematical apparatus of the intelligent

subsystem for analysis and forecasting, itis proposed
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Pic. 1. Structural and functional organization of the system of technical vision.

to share the methods of logical inference, the main
representative of which are methods of fuzzy logic
and decision trees, as well as neural network
information processing methods. This is due to a large
number of different types of parameters that can
affect the capacity of the railway sorting node, as well
as the property of neural networks that allow modeling
non-linear processes, work with noisy data, adapt to
operating conditions, generalize and extract essential
features from incoming information. A key role is also
played by the automation of decision-making and
forecasting.

As a source of visual data on the current location
of rolling stock and cargoes it is suggested to use
network (IP) video cameras located in key nodes of
the sorting station and integrated into a single
network. To combine data from different video
cameras, specially developed algorithms for forming
a single workspace are used, including algorithms for
calibrating and calculating the positions of each car
in three-dimensional space based on analysis of their
movement along railway tracks when viewed from
various IP cameras. A unified working stage is formed,
containing objects of rolling stock observed from
various sources of visual data, goods, etc. Next, for
each object, its location in three-dimensional space
is calculated with reference to some, predetermined
reference stationary objects at the marshalling yard.
If possible, an estimate of the weight of the car, cargo
on the platform and other characteristics is made on
the basis of a priori tabular data.

Let’s consider the structurally functional
organization of the technical vision system, which
provides visual data acquisition and situation analysis
(Pic. 1).

The technical vision system consists of several
intelligent video analysis modules and a computational
module. Intelligent modules are located geographically
in such a way that they provide simultaneous
observation and retrieval of video data at the key

nodes ofthe marshalling yard. Each intelligent module
provides analysis of only its section of the marshalling
yard and, after processing, transfers the information
received to the computational module. The
computational module provides a generalization of
information on all intelligent modules and the transfer
of the received qualitative and quantitative
characteristics of the current state and the process
of formation / breaking up of the trains.

The intelligent module is a structurally and
functionally autonomous device that receives control
commands from the computational module, providing,
according to the received commands, the calculation
of the location parameters of mobile railway objects
and their characteristics, as well as the detection of
critical situations. The principle of operation of each
intelligent module is as follows: an opto-electronic
sensor, oriented with the help of an orientation system
to a given section of the marshalling yard, continuously
receives images coming through the controller into
the memory module. The microcontroller reads each
frame of the image and produces the actions
necessary for calculating the parameters of the
railway mobile objects over the images: object
detection, preliminary recognition and correlation to
a certain class, and calculation of their parameters.
The data through the data transmission module and
the radio channel at 2,4 GHz are transmitted to the
computational module.

The computational module, after receiving the
next data from all intelligent modules, performs a
comprehensive analysis of the situation at the
marshalling yard, and also continuously and in real
time transmits the results of the analysis and
calculated parameters of the mobile objects (cars,
platforms, shunting locomotives) in the process of
sorting the train into an automated intellectual
subsystem for analysis and forecasting the loading of
the marshalling yard, which having an input task
formation of a particular train issues recommendations
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Pic. 2. Generalized algorithm for functioning of the forecasting system.

on the movement of cars for the formation of the target
train, taking into account the chosen optimality
criterion.

In the general case, the structure of the flows of
a train’s composition at the marshalling yard is
represented in the form of a graph G [5, 13].

The capacity of the stations is significantly affected
by the processing capacity of the humps, which is the
processing of the most probable number of trains
(cars) per day with optimal use of track facilities and
technical equipment. The processing capacity of the
hump, in addition to technical and technological

factors, is also influenced by the parameters of the
composition to be broken up, in particular the weight
of cars, the characteristics of the load, the number of
uncouplings in the train, the number of closing groups,
etc. No less important is the consideration of weather
conditions, which can have a significant impact on the
operation of the station.

Movement of cars after uncoupling on a hump is
realized in accordance with the following parameters
[5, 13]:

— carrying capacity matrix C = C[c,.r.], where c,are
the carrying capacities of branches of graph G
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corresponding to tracks connecting node i to node j;

— matrix of distances between nodes, vertices of
the graph G L = [/,;];

— cost matrix Q = [q,}.], where a; determines the
cost per unit of the track of car coupling movement
along the branch ij;

- input matrix of assignments Z,= [z,(t)], the
elements of which correspond to the train formation plan
(number of cars arriving at the input node at time t);

- output matrix of assignments Y,= [y, (t)], the
elements of which correspond to the predicted load
of the tracks of the sorting node (the number of cars
located on the exit tracks at time t).

Minimizing the cost of formation of a train is
provided by minimizing the functional
P= ZZP/./. =22(k,* /;,-+k2 g, tkytt,),
where k. is weighting coefficients determining the
influence of distance, time, cost of movement on
branches; t_ is the average time spent by the trains
for formation-breaking up at the node.

Atthe same time, on the one hand, itis necessary
to ensure the maximum flow between nodes, and on
the other hand, to have a minimum of costs. The
search for correlation of quantities is realized using
the approaches [13-16].

The process of formation and breaking up of trains
is described using the probability distribution. The
distribution functions for each i-th node of the network
are given by the matrix H, = [h,(t)], where each
element is the function of time distribution for
formation-breaking up in the i-th node for the
composition that came from node k and following to
the node I. In the developed system, these functions

Vector
of input
values

are calculated using statistical analysis and methods
of neural network processing of information [17].

The capacity matrix C = C[c,.r.], is filled on the basis
of a statistical approach, analysis of throughput for
severalyears, taking into account the train’s parameters
and weather conditions, which requires a predictive
neural network.

The distance matrix L = [LJ is a known quantity and
is determined by the existing structure of the location of
tracks and switches on the hump.

The cost matrix Q = [q,.,.] is based on the automated
collection of information on delays at the station of
locomotives and locomotive brigades in real time. In
addition, it is proposed to take into account the
forecasting, the analysis of carrying capacity for several
years, which also requires a neural network.

The input matrix ofassignmentsinZ,= [z,(1)], is also
known and determined by the work plan for the hump.

The output matrix of assignments Y, = [y,(t)] is
calculated using the neural network approach.

A generalized algorithm for the functioning of the
forecasting system is shown in Pic. 2.

1.

The neural network approach is used as the
mathematical apparatus of the automated intellectual
subsystem of analysis of the loading of the marshaling
yard. It implies the need for the following main steps
[17]:

1. Preliminary processing of data, identification of
characteristic features, the most significant features and
their combinations.

2. Preparation of the initial data, consisting in their
coding and normalization to increase the informativeness

Output

of neuron
work

X = f7)

Pic. 4. Structural diagram of the neuron used in constructing the system of intellectual
analysis of the load of the sorting node.
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ofthe examples and bring them to a form that is available
for processing by the network.

3. The choice of neural network architecture
(paradigm) and its key parameters, such as the number
of layers and the number of neurons in each of them.

4. Training, in the process of which the neural
network implements the construction of rules that
characterize the existing regularities in the data.

5. Using a trained neural network as an expert,
submitting to the input new, not yet presented vector of
input parameters, and getting the result of its work.

6. Interpretation of the result.

At the first stage, all possible technical and
technological characteristics are analyzed, e.qg.
parameters of the currentload, in particular the number
of free / occupied tracks and the number of cars in the
sorting park, trains awaiting breaking up and planned
for the receipt, weight of cars, the presence of
dangerous goods, the number of uncouplings in the
train, closing groups, and so on. In addition, it is possible
to take into account the influence of weather conditions,
airtemperature, wind speed and direction, the presence
of precipitation.

At the second stage, the initial data is coded and
normalized, which is associated with the need to work
with a large number of different types of parameters.
These can be numbers in an arbitrary range, dates,
character strings, categorized data, etc. At the same
time, the distinctive feature of neural networks is that in
them all input and output parameters are represented
as floating-point numbers, usually in the range [0 ... 1]
or[-1...1]. Anadditional purpose of data preprocessing
is to increase the informative nature of the examples to
increase the speed and effectiveness of training. The
more bits of information each sample brings, the better
the available data are used.

The average amount of information provided by
each example x is equal to the entropy of the distribution
of the values of the component H(x). If these values are
concentrated in a relatively small region of the unit
interval, the information content of such a component
is small and when all the values of the variable coincide,
it does not carry any information. On the contrary, if the
values of the variable x are uniformly distributed in the
unit interval, the information is maximal.

The general principle of data preprocessing for
neural network analysis is to encode and normalize
consistent data in order to maximize the entropy of inputs
and outputs.

The next two stages are inextricably linked and are
the selection of the neural network paradigm, its key
parameters and the adjustment of the weight
coefficients. To solve the problem, it is quite possible to
use a network of direct propagation, namely, a multilayer
perceptron, the structure of which is shown in Pic. 3.

The input values of the neural network are the
matrices presented above and converted into a column
of input parameters.

At the nodes of the network neurons are located,
each of which sequentially carries out the next set of
calculations. First, the weighted sum V of the input
quantities x, [18] is calculated:

N
V=3 wex, +w,.

i=l
Here N is the dimension of the space of input signals,
w,is the synaptic coefficients or weights, and w,,is the
displacement.

Then the activation function f comes into effect.
One of the most commonly used functions is the
logistic or sigmoid, which has the form:
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1
1+exp(-bV)’

where the coefficient b determines the steepness of
the sigmoid.

Schematically, the structure of the neuron is
shown in Pic. 4.

Applying the above formulas to all neurons of the
network, we obtain the resulting formula for the
operation of the entire network as a whole:

Vo) = (W, S0,

SV)=

wherey, - the value of k-th neuron of the output layer
[19].
.

One of the main problems in using the neural
network approach is to select the optimal network
topology, parameter values and structural features
that would best suit the problem being solved on the
available initial data. On the one hand, the number of
hidden elements should be sufficient to solve the task,
and on the other hand it cannot be too large to provide
the expected generalizing ability and avoid retraining.
This is due to the fact that the number of hidden
elements depends on the complexity of the mapping
that the neural network tends to reproduce, and it is
not known in advance.

It is obvious that each sorting unit is a unique
object and even stations close in their processing
capacity can differ greatly in technical and
technological features, the degree of influence of
individual parameters on the resulting productivity.
In this regard the construction of the neural network
must be carried out individually for each object, and
the selection of data for training the network, too,
should be conducted individually. As the initial
sample, it is possible to use both real historical data
characterizing the parameters of the station
operation over a period of time within which its main
technical and technological indicators have not
changed, as well as data obtained within the
framework of simulation modeling, including in
developing non-standard scenarios and regimes of
critical congestion.

To train networks of the «multilayer perceptron»
class, it is possible to use the Backpropagation (BP)
algorithm, which is a gradient descent algorithm that
minimizes the average quadratic network error:

L 2
E=5 >34 -0),
P
where P is the number of examples in the training set,
dkp is the desired output of the k-th neuron of the
output layer on the p-th training example.

Minimization of the value of E is carried out using
gradient methods. The change in weights occurs in
the direction opposite to the direction of the greatest
steepness for the cost function:

w(t+1)= w(z‘)—gE s
ow

where ¢ is the value of the gradient step or the training
coefficient.

The result of the work of the output layer neurons
can be taken as values in the range [0, 1], where
values close to 0 characterize a small load, and close
to 1 values describe critical loading of the sorting
node.

Conclusion. In the future, the trained neural
network is able to perform the role of an automatic
expert for continuous monitoring of the current load
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ofthe marshalling yard, forecasting and early warning
on a risk of occurrence of a critical situation.
Integration of many such experts with the help of
communication technologies into the global system
of regulation of traffic flows promises to provide timely
warning of risks and optimization of the parameters
of the cargo transportation process.
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