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Bukrop ALOEHUH
Viktor V. DOENIN

Bnapumup rPMOAVUH
Vladimir N. GRIDIN

On Construction of an Intelligent
Subsystem for Analyzing the Parameters
of a Marshalling Hub

(TekcT cTatby Ha aH. 3. — English text of the
article — p. 14)

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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BOTNPOCHI TEGP

O nocTpoeHunu
MHTEeJJ1IeKTyaJIbHOU NoACUCTEeMbI
aHann3a napamMeTpoB
COPTUPOBOYHOIO y3na

Ipuoun Baaoumup Huxona-
eeut — JOKMop mexHu-
uecKux Hayk, npogheccop,
Hay4Hblil PyKoooument
LIUTII PAH, Mocksa,
Poccus.

Jloenun Buxmop Bacuav-
eeu — JOKMop mexHu-
uecKux HayK, npogheccop
Poccuiickoeo yrHusepcume-
ma mpancnopma (MHUHUT),
Mockea, Poccus.

Tanuwee Bradumup
Caasuesuy — kanoudam
MeXHUYeCKUX HayK, cmap-
WYL HAYMHBIL COMPYOHUK
LIUTII PAH, Mocksa,
Poccus.

Bnapumup NAHULLLEB
Vladimir S. PANISHCHEV

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-



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
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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
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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
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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.
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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.
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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.
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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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ON CONSTRUCTION OF AN INTELLIGENT SUBSYSTEM FOR ANALYZING
THE PARAMETERS OF A MARSHALLING HUB
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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

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 4, pp. 6—19 (2017)

Gridin, Vladimir N., Doenin, Viktor V., Panishchev, Vladimir S. On Construction of an Intelligent Subsystem

for Analyzing the Parameters of a Marshalling Hub




Entering values
cfij], 1[Li], z(t)
q[ij], h(t)
|
Set iteration counter equal
to1
<

Change in the matrix of
carrying capacity of tracks
with [i,]
Calculation of the functional
of quality (efficiency) and
matrix Y
1
Increase in iteration

counter by 1

Further change
of the matrix C

yes

Calculation of average car
flow

Search for critical places:
yli.j]-clij]

Formation of
modeling
results

End

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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Pic. 3. The structure of the perceptron with two layers of neurons.

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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Experiment and Theory: Distribution
of Characteristics of Car Motion
(TeKCT cTarby Ha aHIJ1. 93.—

English text of the article — p. 28)

OCHOBHbIM paKTOpOM, popMUpyOLLUM
BO3MYLLieHue, AelcTByloLLee Ha aBTOMOOW/Tb

B yCJIOBUSIX AKCIUIyaTaluuu, iBJiIsieTcsi CKOPOCTb
ABWKeHUs1. AHannTun4eckne uccsiefoBaHuns
BKCnyaTaLunoOHHbIX CBOVCTB U rokasartesei
Hané>XHOCTN 6a3upPyIOTCs Ha XapakTepPUCTUKaX
ABMKEHUs — pacnpenesieHusix npoberos

1 CKOPOCTHU, B HEKOTOPbIX CJIy4asiX yCTapeBLUNX,
WJIN HerOJIHbIX U He KOPPeJInpyeMbiX

C xapakrepucTukamv Mmakponpogunis
MapLpyToB ABuxeHus. [IpuBeaeHs!

AaHHble 06 uccref0BaHUSX XapaKTePUCTUK
Makponpogus 3aropoaHbIX JOpPor

cpenHevi nosocsl Poccun, npeasioxeHa

unx knaccugukaumns. BoigeneHol ctaynoHapHbie
MaccuBbl CJly4aniHbIX BEJINYNH OTHOCUTESIbHbIX
npo6eros v BbIMOJIHEHA annpoKcumauns
cJlyHaviHbIX pacnpeaesieHui CKOpocTu
aHannTu4ecKNMu1 3aBUCUMOCTSIMMU.
Mony4yeHHble pe3ynbTaTbl MO3BOJISIIOT
MoaesmMpoBaTh ABKeHUe aBToMoous

Ha paHHUX CTaauUsX MPOEeKTHbIX PaboT

U MOBbICUTb TOYHOCTb OLL€HKU UCCJIeAYEeMbiX
napameTpoB u XxapakTepUucTuk.

Knto4yesble crioBa: aBTOMOGWIb, BO3MYLLIEHNE,
Makpornpogusb, aHaINTUHECKNe NCCIeA0BaHUS,
TEOPETNYECKNE METOAbI, IKCIIEPUMEHT,
annpokcumaums, pacrnipeaeneHue, npober,
CKOPOCTb, MPOEKTUPOBaHNE, MOAESb ABUXKEHUS.
|

BOTNPOCHI TEGP

IKCNepuMeHT u Teopua:
pacnpeaeneHusa XxapakTepucTuk
OBMXEeHNa aBTomoouns

0Ozopoonos Cepeeii Muxatinosuy — kanouoam
MexHu4ecKux Hayk, doyenm Kageopsl asmomoouneii
u mpakmopog Huxcezopodckoeo eocydapcmeertozo
mexnuuecko20 ynueepcumema um. P. E. Anexceesa,
Huxicnuii Hoseopoo, Poccus.

Maaees Cepeeii Heopesuu — accucmenm xagedpot
asmomobuneit u mpakmopoe Hucecopodckoeo
20Cy0apCmeeHH020 MeXHU4ecK020 YHugepcumema
um. P. E. Anexceesa, Huxcnuti Hoseopoo, Poccus.

POEKTUPOBAHUE ABTOMOOUJIIEH, BBIOOD

KOHCTPYKTHBHBIX TTAPAMETPOB Y3JI0B

U arperaToB OCYHIECTBIISIETCS C WC-
MOJIb30BAHUEM MaTeMaTUIECKUX (PACUETHHIX)
mopeneit [ 1—-3]. TeopeTnueckne MeTOIbI TIO3-
BOJISTIOT BBITIOTHUTD UCCIEIOBAHUS TUHAMM -
YECKUX CBOMCTB O0bEKTa HAa PAaHHUX Tarax
MPOEKTHBIX paboT. [1pu uccienoBaHuu Mate-
MaTUYECKOU MOJIENTV 3HAUMMOCTh KOHEUHOTO
pesyabrata BO MHOTOM 3aBUCHUT OT crioco0a
GbopMUPOBAHMS ACTCTBYIOIINX BOZMYIIICHMUIA.
OBuxeHne TpaHcmopTHBIX cpeactB (TC)
B YCJIOBUSIX DKCILTyaTalluy TTPOUCXOIUT TIPU
CITyJaifHbIX BapvalMsIX CKOPOCTH, O0YCIIOB-
JIEHHBIX MPOJOJbHBIM pelbedoM MyTH
(Makponpounb), TUTIOM MUKPOTIPO(UIIS
U COCTOSTHUEM TIOBEPXHOCTH IOPOTH, NH(bpa-
CTPYKTYPOi, MHTEHCUBHOCTBIO IBUKEHUS
U IpYyruMu (pakTopamu, B TOM YHCTIE CYObEK-
TUBHBIMU.

CKOpOCTh ABUXKEHUS MPU3HAETCS peria-
foImM (PaKToOpoM, (POPMUPYIOIIINM BO3MYIIIE-
HUE OTIOPHON IMTOBEPXHOCTH. AHATTUTUIECKUE
HCCeNOBaHUST BUOPOHATPYKEHHOCTH, J0JI-
TOBEUYHOCTH, TOTUIMBHOU 2 (HEKTUBHOCTU
U APYTUX IKCTUTyaTallMOHHBIX CBOMCTB aBTO-
MOOWJIel OMUpPAIOTCS Ha XapaKTePUCTUKMU,
YCTaHABJIMBAIOIINE CBSI3b TPOMIEHHOTO ITyTH
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(rIpo6er) uin BpeMeHU ABUXKEHUSI aBTOMOOU -
JIS1 CO CKOPOCTBIO.

OCHOBHBIM HEJIOCTAaTKOM METOAMK pac-
yéTa MmokasaTejell 3KCIJIyaTallMOHHBIX
CBOICTB aBTOMOOWIS SIBJISIETCS] MCATM3UPO-
BaHHOE TIPEICTABICHUE O PaCIpPeaeICHUIX
MpoOEroB Ha Pa3JIMYHbBIX Iepeaadax KOpoOKHU
nepenay [3]. B HUX He yUMTHIBAIOTCS M3Me-
HUBIIMECS 3a IMOCAEIHUE TOAbI COCTOSIHUE
aBTOMOOWJIbHBIX Jopor, Tunax TC, ycinoBus
JBUXEHUS U Apyrue MoMeHThl. Kpowme Toro,
METOIMKHM UCXOIST U3 TIPEIITOT0KEHUSI HOP-
MaJIbHBIX 3aKOHOB paclpeeieHus mpobera
(BpeMeHU IBMKEHMST) Ha KaxK 101 M3 Iepeaad
M CKOPOCTH JBVKEHUSI aBTOMOOWIISI B 3aBU -
CHMOCTH OT npobera. B oTaenbHbIX ciydasix
pacripeesieHusl YTOUHSIIOTCS C MOMOIIBIO
AMIIUPUYECKUX KOBDDULIMEHTOB [4].

JloCTOBEPHOCTD Pe3yJIbTaTOB PACYETOB
BO3pacTaeT IMPM UCIIOJb30BAHUM IKCIIEPU-
MEHTaJIbHO YCTaHOBJICHHBIX pacIipeleIeHui
OTHOCHTEIHHBIX IIPOOETOB UJIU aIlllIPOKCUMM-
PYIOIIMX MX aHAJTUTUYECKUX 3aBUCUMOCTEN,
KOPPETUPOBAHHBIX C TUTIOM MaKpOoIpoduJis
noporu (peabeda MecTHocTr). OCHOBHOE
OTJINYME TTOJIYYEHHBIX DKCTIEPUMEHTAIbHBIX
JIAHHBIX O pacIpeae/IeHUsIX TPOOEroB COCTO-
WUT B YBEJIUYCHUM JOJU Mpobera Ha BbIC-
IIeil — MATou nepegaye U CHUXKEHUU 10U
npo0Oera Ha TpeThell M YeTBEPTOI Iepeaayax.
O0BbsICHEHUE 3TOro (haKTa MOXKET ObITH CBSI-
3aHO C YBEJMYECHHUEM CKOPOCTHU IABMXKECHMS
aBTOMOOMJIEI BHE TOPO/Ia BCJIEACTBUE POCTA
yIeJbHOI MOIITHOCTHU IBUTaTes1. Pe3ynbra-
THI TAKOTO pOja MOATBEPXKIAIOTCS, B YaCT-
HOCTH, OJIM3KOI 110 TeMaTUKe IMOCTaBJICH-
HBIX 33124 paboToii, BbIMoJHeHHOU B MI'TY
uM. H. D. baymana [5].

B Hamieii cratbe IPUBOISATCS CBEACHUS
O BBITTOJIHEHHBIX aBTOPAMU BKCIIEPUMEHTAIIb-
HBIX HCClIeToBaHUsX [6—8]:

— Makponpoduist 3aropoIHBIX aBTOMO-
OUJIBHBIX TOPOI CpeaHeil moyiockl Poccum
(Huxeropoackasi 001acTh), peaioXeHa X
cucTeMaTu3alus B 3aBUCUMOCTU OT THUTIIa
penbeda MECTHOCTH;

— pacnpezieJIeHUII BpeMEeHU 1 PpOOEroB Ha
KaxkIIoi U3 repenay v i pa3JIMuyHbIX MapIi-
pYTOB;

— pacripeneieHnii OTHOCUTEIbHBIX BEJIM-
YUH ITPOOETOB Y BPEMEHU JIBUXKCHUS B 3aBU -
CHMOCTH OT CKOPOCTH M UCITIOJIb3YeMOI ITepe-
Jav.
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Puc. 1. XapakTtepuctuku makponpoguns:
1 — AnCKpeTHas aKcrepuMeHTabHas;
2 — N/I0THOCTB pacrnpeAeseHNs HOPMaJsibHOro 3akoHa.

UCCNEAQOBAHUSA
MAKPOMPODUNA OOPOr

MapupyTsl, BeIOpaHHbIe B peneaax Hu-
JKEeropoJCKOi 00J1acTh, OTIMYATUCh PeJibe-
(oM MECTHOCTM U HaJM4yuMeM OBpaxkHO-0a-
JIouHOM ceTu. [TpoTSKEHHOCTD UX COCTaBUIA
ot 50 1o 150 kM 1 3aBUCEA OT MPOJOIBHOCTH
penbeda. [TapameTpsl pacnpeneseHuid mpo-
JIOJBHBIX YIJIOB MaKpOIpoduisi MapipyToB
JBUXKEHMST OIpeesIeHbl METOIOM perucrpa-
LIMY reorpadMyecKux KOOpAMHaT U YKJIIOHOB
JIOPOTU ¢ MOMOIIbIO MpuaoxeHus: «Google
ITnanera 3emusi». 151 OLIEHKU CTaTUCTHUYE-
CKOI TOCTOBEPHOCTM IMOJYYEHHBIX XapaKTe-
PUCTUK IOIOJHUTEIbHO MPOBEACHBI IKCIIe-
PUMEHTaIbHbIE UCCIIEI0BAaHMSI MaKPOIIPOhU-
JIs1. YCTaHOBJIEHO, YTO HEOOXOAMMBIE YCIIOBUS
CTallMOHAPHOCTU MCCIAEAYEMbIX CIydyallHBIX
MPOLIECCOB BBIMOJHSIIOTCS TIPU pa3Mepe Bbl-
OOpPOYHBIX peanu3auuii 60 KM IIsI CUIBHO
nepece4y€HHO MeCTHOCTHU U 40 KM JIJ1 MeCT-
HOCTU C MaJIbIM YMCJIOM MOJIOTMX XOJIMOB.

Jlns1 onipeieieHUs 3aKOHa pacnpeaeeHus
U KOJIMYECTBEHHbIX MOKa3aTeseil xapaKTepu -
CTUK TUIOTHOCTH pacIipeieieHusI MPOAOIbHBIX
YIJIOB (YKJIOHOB) TOPOTY NMPYMEHEHA METOIU-
Ka 00pabOTKU NaHHBIX C YCIOBHBIM I'€OIpO-
CTPAHCTBEHHBIM COOTHOLIEHUEM «Ipobder—
BBICOTA Haz ypoBHEM Mops» [6]. Ilpu aTom
OTMEUYEHO, YTO alllPOKCUMALIMS SKCIIEPUMEH -
TaJbHO MOJIYYeHHOU TMCKPETHOM 3aBUCUMO-
CTU KPUBOI MJIOTHOCTHU paclpeneseHus
HOpPMaJIbHOTO 3aKOHa (puc. 1) He MOXKeT ObITh
Npu3HaHa ynayHoil. HecooTBeTcTBUE MIIOT-
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Puc. 2. lNMnoTHOCTb BEPOSATHOCTU NPOAOJIbHBIX YK/IOHOB
Makponpoguisi 4Opor.

HOCTHU pacripeaesieHus] ITPoJ0JbHBIX YIJIOB
Makpornpoduas HOpMaabHOMY 3aKOHY O0b-
SICHSIETCSI TEXHOJIOTMUYECKMMU BO3ACHCTBUSIMU
Ha IMOBEPXHOCTh [TPU CTPOUTETLCTBE 3arOPO/I-
HBIX IOPOT, B pe3yJibTaTe KOTOPbIX OTHOCH-
TeJIbHO HeOOJIbIlIMe YKJIOHbI ITyTH CIVIaXK1Ba-
IOTCS, @ COYCKU U TOABEMbBI 3HAUUTEIbHOM
JUIMHBI U3MEHSIIOTCSI 3HAUUTEIbHO MEHBIIIE.
AHanmuTHUuecKasi 3aBUCUMOCTb, B OOJIbIIEH
CTeIeHU COOTBETCTBYIOLIASI 9KCTIEPUMEHTAb-
HO MOJIyYeHHOMY AMCKPETHOMY pacrpeseie-
HUIO, COCTOUT U3 IBYX COCTaBJISIIOLINAX C HOP-
MaJIbHBIMM 3aKOHAMU pachpeaesieHUuid U MO-

JKET OBITH TIPE/ICTaBIeHa BhIpaXKEHUEM
P Aa *% P Aa ’(:;); (1)

pla)= lme + 202—2\/_”6 )

II€e G, G,, k,, k, — TapaMeTpbl pacripeie/ieHusl,

(k,+k)=1 =o; tAa, Ao = 0,5, o, =

0,5(0; + o, )-

Ha puc. 2 moka3zaHa xapakTepuctuka
TUIOTHOCTU pacmpeesieHnsT TPOI0JIbHBIX
YIJI0B Makpomnpodusi UCTBITATENbHOTO
y4JacTKa, ToJlydeHHasl anmpoKcuMalen au-
CKPETHOM 3KCIEPUMEHTAIbHOM 3aBUCUMOCTH
¢ ToMoI1Ibio BbipaxkeHus (1).

B pesynbraTe uccienoBaHmii mpeaioxeHa
crucTeMaTu3alus TUTIOB MaKpoTpodust 10-
pOT TIO CTETIEHU «XOJIMUCTOCTH», OTJINYAI0-
IIUXCS: MAKCUMAJIbHBIMY 3HAYEHUSIM BEJIM-
YMH MPOJOJIbHBIX YIJIOB O ; MAKCUMaJIbHbI-

> iy

MM 3HAUEHUSIMU TUTOTHOCTH BeposiTHOCTH p(0)
npu o= (; 3HAYEHUSIMU TJIOTHOCTU BEPOSIT-
Hoctu p(1°), p(2°), p(3°), COOTBETCTBYIOIIMMU
MPOIOJIBHBIM YTJIaM Makporpoduis o, paB-
HBIM 1°, 2°, 3°.

Cpenu BBIOpaHHBIX MAPIIPYTOB ABVKEHUST
C OTHO3HAYHBIM TPEHIIOM XapaKTePUCTUK
MakKpompoduIsi UMEIOTCSI TaKUE, B KOTOPBIX
OTHOCUTEJIbHO POBHBIEC M IJTMHHBIC YYaCTKU
IyTU CMEHSIIOTCST TIPOJIOJIKUTEIbHBIMU KPY-
TBHIMU TIOIBEMaMU U cityckamu. OHU OTHece-
HBI K KATETOPUM «CIJIOKHBIN MaKPOTIPOPUITb».
0O0603HaYeHUS TUTIOB MaKpOITPOMDUIIS B COOT-
BETCTBUM CO 3HAYEHUSIMU ITapaMeTPOB TUIOT-
HOCTHU BEPOSITHOCTU TTPOJOJIBHBIX YTJIOB U 110
CTETIEHU «XOJIMUCTOCTH» JIOPOTH, TIPEUTOXKEH -
HbIE aBTOpaMu, NpUBENEHBI B Tabnuie 1
U UMEIOT YCJIOBHBIN XapakTep.

METOZbl UCMbITAHUNA
N OBPABOTKU OAHHbIX

O0OBEKTOM MCCIIENOBAHUS SBIISICS JIET-
KUt koMMepueckuit aBTomoousib «[A3enb
NEXT» rpy3onoabéMHOCTBIO 1,5 T ¢ AU3€)b-
HbeiM aBurateeMm CUMMINS ISF 2.8, 060-
PYAOBAaHHBIM 2JIEKTPOHHBIM OJIOKOM yIpaB-
neHus. B coctaB 6oka Bxoaut mmHa CAN,
MpeaHa3HauYeHHasT JIs Mepefadyn KOMaH/I
ynpasieHust 1 uHopmaruu. CUrHaIbI I -
Hbl 00pabaThIBAJIMCh C MOMOUIbIO TOTIOJHU-
TenbHOTO 0bopynoBaHus Electronic control
module (ECM), obecrieunBamIIero peru-
CTpalMIO: YaCTOTHI BPAIlIEHUsI KOJIEHUYATOTO
BaJia, MTHOBEHHBIX 3HAYEHUI CKOPOCTU aB-
TOMOOWJISI, BpEMEHU B MyTH, MTHOBEHHOTO
pacxoza TOIIMBa W APYTUX IMapaMeTpOB.
YcrpoiictBo ECM obGecrieunBaeT permucrpa-
IIMIO CUTHAJIOB Yepe3 3a1aHHbII TPOMEXYTOK
BpeMeHn — 0,8 c. Cmoco0 perucrpanuu
1 00pabOTKM CUTHAJIOB TATYMKOB MAET Ipe/I-
CTaBJIeHUE O HETIPEPHIBHOM HEPABHOMEPHOM
JBVDKEHUM aBTOMOOWIISI, COCTOSIIIIEM U3 OT-
JNEJIbHBIX PEXUMOB (Pa3roH, MOCTOSIHHAs
CKOPOCTb, 3aMeJJIeHNE), COBOKYITHOCTHIO
Bapuaiuii peXXuMOB, B TIpejiesiaXx KOTOPBIX
CKOPOCTh CYMTAJIACh TTIOCTOSIHHOM.

Ta6mmua 1
CucreMaTH3anus THIIOB MAaKpONpPO (U
HaumeHoBaHMe O6o3HaYeHUE o’ p(0) p(1°) p(2°) p(3°)
PoBHBII P 2,75 0,430 0,290 0,007 —
CpeaHeXoIMUCTBI CX 4,75 0,171 0,011 0,034 0,012
XOonMUCTBII X 4,75 0,190 0,089 0,046 0,180
COXHBIiT C 4,75 0,214 0,078 0,039 0,210
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WcnbiTanus Beauch py Hanbosiee MHTEH-
CHUBHOM JIBUDKEHUHU Ha Jopore. B 1essix uckio-
YEHMWS BJIMSTHUS Ha pEKIM JIBYDKSHUST aBTOMO-
OnJIs1 CYyOBEKTUBHBIX (PaKTOPOB IMPU UCIBITA-
TeJIbHBIX 3ae37ax MepuoAuYecKr MEHSJIUCh
BOJIUTEIN. YUaCTKU MaplIpyTOB, HA KOTOPBIX
CKOPOCTb aBTOMOOWJISI oNpeesiaach ciydaii-
HBbIMU (haKTOpaMU, MPU perucTpalyu napame-
TPOB HE YUUTBIBAIUCH. [TpOTSKEHHOCTDL Map-
1pyToB cocTanasiiaa 350—520 km. MU3mepenust
TPOBOAMINCH TIpU ABMKeHNU TC B TIpssMoM
¥ 00paTHOM HampaBJIEHUU.

OLLIEHKA CTALMOHAPHOCTHU
XAPAKTEPUCTUK

ITpu pacuére aKCITyaTallMOHHBIX TTOKA3a-
teneit TC aHAIUTUYECKUMU MeTonamu [4, 5,
8, 9] mMeeT 3HAYEHME HE TOJIBKO MPOIOJIKI-
TEJIbHOCTh JBUKEHUS, HO U BO3MOXHBIE U3-
MEHEHUsI CKOPOCTH Ha KaXI0ll 13 Tiepenay.

TTponomKUTeThHOCTD BVKEHUS U3MEPSIeT-
Cs1 BpeMEHEM WK ITpoOeroM. AHaIU3 IBVKEHUST
ABTOMOOWJISI TIO UCTIBITATENTbHBIM MapIipyTam
BBITIOJTHEH C MCITOJIb30BAHUEM DKCITEPUMEH -
TaJIbHBIX PACTIPE/IEIEHU I CITyJalfHBIX TUCKPET-
HBIX BEJIMUMH Tpobera (BpeMeHN) M CKOPOCTH
JIBUDKEHUST B 3aBUCUMOCTHU OT riepenaunt. Ciry-
YyaiiHble XapaKTepUCTUKU BEJIMUUH TIpodera
(BpeMeHM) MOTYT pacCMaTpUBAThCsI KAK OTHO-
cutesbHble. OTHOCUTENTBLHBIN MPOOET — OTHO-
IIeHNEe CyMMapHOTOo ITpobera Ha JaHHOM Tiepe-
Jlaue K JUTMHE MapiiupyTa JBvokeHuss. OTHOCH -
TEJTbHOE BPeMsi — OTHOIIEHNE CyMMapHOTO
BPEMEHU JBUXKEHMSI HA JTAaHHOU Tiepeiadye Ko
BPEMEHMU JIBMXKEHUSI B TIpeiesiax MapIipyTa.

J1sl TOJTy4eHMsT CTAaTUCTUYECKU TOCTOBEP-
HOIi MH(OpMaIINK 0 3aKOHAX pacIipeeIeHusT
CKOPOCTHU JBUKEHUS B 3aBUCUMOCTH OT BEJIN-
YUH OTHOCUTEJIbHBIX MPOOETOB BBHITIOJTHEHbI
WCCIIeOBAHUSI XapakTepa CTallMOHAPHOCTHU
CIIy9ailHBIX TUCKPETHBIX COBOKYITHOCTEM
(BapuallMOHHBI PsiT) BETUYMH OTHOCUTEIb-
HBIX TTPOOETOB Ha KaX10ii 13 iepenay. Bapua-
IIMOHHBIE PSIJbI MOJTYYEeHBl KaK (QyHKIINU
pa3sMepoB BEIOOPOYHBIX pean3alunil (BIOOP-
ka). MaccuBbI 9KCTIEpUMEHTATbHBIX JAHHBIX,
COOTBETCTBYIOIIMX CTAIIMOHAPHBIM BHIOOPKAM
CJTyYaliHBIX TIPOLIECCOB OTHOCUTEbHBIX ITPO-
0eroB, MO3BOJIFIOT TPU 00PaOOTKE MOIYUYUTh
TOJIHOIICHHYIO MH(pOPMAIIHIO.

B kauecTBe mpumepa npuBeaeHa MpoIie-
nypa o0pabOTKN 3KCHEPUMEHTATbHbBIX JaH-
HBIX, TTOJy4eHHbIX pu nuxeHuu TC 1o
MapIIpyTy MpoTsSKEHHOCTHIO 420 KM, COOT-

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 20-33 (2017)

OropoaHoe C. M., Maneee C. . 9KCnepnMeHT U Teopus:
aBTOMOOUNS

84%

Puc. 3. OTHOCUTENbHBIN NpoGer Ha nepeaYyax.

BETCTBYIOILIeMY nopore tuna P (tabmuua 1),
C MOKPBITUEM Xopolero Kadyectna. C yud€TomMm
MIPpUOPUTETA, OMPENeIIeMOro BeJIUUYNHOMN
rmpoberos Ha 4-if u 5-i1 nmepenauax (98 % or
IUJIMHBI MaplpyTa), UCCACAYIOTCS YCIOBUS
CTallMOHAPHOCTH BBIOOPOUHBIX pealr3alinii
OTHOCUTEJIbHBIX ITpo0eroB (puc. 3).

J1J1s1 OLIeHKU CTallMOHAPHOCTH CITydaitHO
BEJIMYMHBI UCTIOIb3yeTCsT KO3(G(GUILIMEHT Ba-
puanuu ¥ Kak OTHOCUTE/IbHAsE Mepa OTKIIO-
HEHMs 3HAUCHUI cpeaHeKBaapaTUIeCKOi
BEJIMYMHBI OT €€ cpeaHeapuMeTUIeCKOTO
3HAYCHUS:
v - ,100%

b
mx

)

e m_— CpeHEe 3HaUYEHUe CITyJailHOM Besu-
YHHBI, G_— CPEJHEE KBAAPATUYECKOE OTKIIO-
HEHUeE.

B texHuueckux 3agavax ciydaiHbIN TPoO-
11€CC CUMTAETCS MPAKTUYECKU CTAITMOHAPHBIM
MpU 3HAYEHUSIX KOd(pdUMeHTa Bapualnm,
MeHbIuX 10 %, v yCITOBHO CTallMOHAPHBIM —
MpU 3HAYEHUSIX KOaPuUlieHTa, He TPEeBbI-
watomux 20 %.

Ha puc. 4 mokaszaHo pacmpesieieH1ue OTHO-
CUTEJIbHBIX TPOOETOB X, TIPH IBMXKEHU M Ha 5-i
repeaaye B 3aBUCUMOCTHU OT pa3Mepa BEIOOPKU
s, 1 nepenayn. [ cokpaieHus TpyaI0EMKOCTI
00pabOTKHU pe3yIbTaTOB UCTIbITAHU pa3Mepbl
BBIOOPOK MPUHUMAINCh KpaTHBIMU 20 KM.
Pacuér cpenHeapudmerniueckux v cpenHeKBa-
JIPaTUIECKNX 3HAUEHU OTHOCUTEIBHBIX TTPO-
6eroB, K03(POUIIMEHTOB Bapyalliii BEITTOIHS -
€TCsl OTAEIbHO IS Kax 101 Bbioopku. Hanbo-
Jiee ToJTHast BBIOOpKa pazMepoM 420 kM (amHa
MapuIpyTa) UMeeT CpaBHUTEIbHO OOJIBIIOI

pacnpeneneHus XxapakTe pUCTUK ABNKEHUS



Puc. 4. AnckpeTHble COBOKYMHOCTU CIy4anHbIX BEJINYUH OTHOCUTESTbHbIX NPoGeros
B 3aBUCUMOCTM OT pa3mepa BbIGOPKU 1 nepeaayu.

pazépoc BEJMYMH OTHOCUTEJBHBIX IPOOEroB
X, ¥ Majy1o BHIDABHEHHOCTb TMCKPETHOTO
psilia 3HAYeHMI 3a CYET HAYaJIbHOrO 3Talla
(puc. 5). YcTaHoBIeHHAs 0COOEHHOCTh pacIpe-
JICJIEHUSI CBUIETEIbCTBYET O BOBMOXHOI He-
CTallMOHAPHOCTHU MCCJIEIYeMOro Ipoliecca.
OTHOCUTEIbHASI BBIPaBHEHHOCTh IUCKPETHOTO
psiia 3HaYeHUI OTHOCUTEJIbHBIX MPOOETOB
HACTyIaeT IIpY CMEIIIEHUH Hayajla OTCYETa He
MeHee 4yeM Ha 80 KM.

C 3TOr0 MOMEHTa 3HaYeHUs Koapduim-
€HTa BapualMu JUISI BBIOOPOK CYIIECTBEHHO
HE OTJIMYAlOTCsl, U3BMEHYMBOCTh BapUAIlMOH -
HOTO psiia CJIeIyeT CYNTATh HE3HAYUTEIbHOM,
a IIPOLIeCC ITPAKTUYECKHU CTAllMOHAPHBIM.

PesynbraTel pacuéTta MOMEHTHBIX (DYHK-
it 1 K03 GULIMEHTOB BapyUallMi B 3aBUCH -
MOCTHU OT THUIIa MaKpoOIpodWis U mnepeaadn
B Tabnule 2.

PACNPEOENEHNYA CKOPOCTHU
ABWKEHUSA

YCTaHOBJIEHO, UTO CKOPOCTh ABTOMOOWIIS
SIBIISIETCSI MHOTOTIApaMeTPUIECKOM (DYHKLIMEIH
Y 3aBUCHT OT XapaKTePUCTUK MaKPOTPODUJIS
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Puc. 5. OTHOCUTEenbHbIN NPober B 3aBUCUMOCTH OT pa3mMepa BbIGOPKU n nepegayqu.

YYaCTKOB MaplIipyTa, repeaadu 1 psiia cyonb-
€KTUBHBIX (DAKTOPOB.

ITpu mocTpoeHUM pacnpeaeieH1uii CKOpo-
CTH B 3aBUCMMOCTH OT MCITOJIb3yeMOM Tepe-
Ja4¥ ¥ OTHOCUTEJIBHOTO rpobera (puc. 6) us
MacCHUBa JaHHBIX BBIACISIOTCS MacCCHUBBI
CIyJaiftHbIX BEJIMYMH OTHOCUTEJIbHBIX ITPO0e-
TOB, OTBEYAIOII1E YCIOBUIO CTAllMOHAPHOCTH,
M COOTBETCTBYIOIINE MM MacCCUBBI JaHHBIX
0 CKOpOCTH ABVKeHUs. J1J1s1 Kaxknoii epeaa-
YM yCTaHABJIMBAETCS AMAIa30H U3MEHEHMSI
CKOPOCTH JIBMXKEHUST, KOTOPBII pa30ouBaeTcst
Ha uHTepBaibl AV = 5 KM/4. B untepBabi AV,
OTHECEHbI MTHOBEHHbBIC (M3MEPEHHBIC) 3Ha-
YEHUS CKOPOCTH [IBVXKEHHUSA V, Gosibime Uin
paBHbIE MUHMMAaJIbHOMY 3HaUY€HUIO CKOPOCTH
V . AHTEPBAJIA «/1», U MEHDBIIE MAKCUMAJIb~
HOIi ckopoctu V- 9TOro uHTEpBaa.

Creayronym 1arom aJropurMa oopadoT-
KU JTaHHBIX OTNPENEISIOTCS BEJIMUUHBI OTHO-
CUTEJIbHBIX MPOOETOB ISl MHTEPBATIOB AV,
BIMara3oHe CKOPOCTeH ABVKEHMS Ha KaXKIOM
rnepenayve.

B npenenax BbIOOPOYHOI peanu3anuu
paccTosiHKe, TTPOMACHHOE 3a BPEMST IBVDKEHUS

OroponHoe C. M., Maneeg C. U. OKCMEpUMEHT U Teopusi: pacnpeneneHns XxapakTepuCcTuK ABMKEHUS

aBTomoouns



Tabumua 2

MomenTHbIe (hYHKIMH U KO3(DGUIEHThI BAPUAIMI OTHOCUTEIBHBIX IPOOEroB
Ha 4-i1 1 5-ii nepegayax B 3aBUCHMOCTH OT THIIA MAKPONPODUIA

Tun makpornpoduns | Ne epe- Pa3mep Beibopku, | CpenHee 3HaueHue | CpenHee KBa- Koadpdunu-
MaplpyTa Jayu X, KM OTHOCUTEJIbHBIX JpaTHyecKoe €HT Bapua-
po6eros, m OTKJIOHeHue, o, | 1mn, V,, %

PoBHbIit 4 300 0,167 0,022 13,9

5 0,783 0,025 3,2
CpeaHeX0IMUCTbI 4 340 0,195 0,017 8,5

5 0,720 0,036 5,0
XOJIMUCTBII 4 260 0,144 0,012 8,5

5 0,798 0,019 2,4
CloXHBII 4 240 0,171 0,013 1,7

5 0,789 0,016 9,2

Ha KaxXJIoU Tmepegadye, HaXOOUTCS B COOTBET-
CTBUU C BLIpaH(eHHeM

Sznzzk:_l _ZZ Vi >

j=1i=1

rie sg — CyMMapHBlii poGer Ha rnepenade;
n— HOMED TIEPENAYm; v, — CKOPOCTb ABVKEHUS
B TIpefieiaX uHTepBana AV ¢ — Bpems 1BU-
XKEHMSI CO CKOPOCTBIO V, B IIPEJIeJIaX MHTEPBa-
JaAV;s,—npober co CKOPOCTBIO V; kK —4uCio
MHTEPBAIOB AV, B 1Mana3oHe U3MEHEHUs
CKOPOCTH Ha Tiepenade #; m — KOJUYECTBO
M3MEpPEeHHBIX 3HAUCHUI CKOPOCTH B IIpeaeIax
MHTEepBaJa.

OTHOCUTEIBHBIN MTPOOET Ha Iepemade
OITpeeIISICTCST BRIpAaXKEHUEM

- 4

’ Z n=1s2”

i€ S, — OTHOCUTEJIbHBIA TIPOOET Ha n-i Te-
penave.

Ha puc. 6 npuBeneHbl UCKPETHBIE XapaK-
TEPUCTUKM pacIipeieIeHUs CKOPOCTH B 3aBU-
CUMOCTHU OT OTHOCHUTEJIbHOTO Mpobera Ha
KaXI0M nepemaye.

3

S -
0,16
1
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Ha puc. 7—11 nuckpeTHBIe paciipeaese-
HUSI CKOPOCTH IIPEICTaBICHBI OTACIbHBIMU
TOYKaMU, HETIPEPHIBHBIC aIlIIPOKCUMAIIHN
IUCKPETHBIX 3aBUCHUMOCTEH MOJTYyUCHBI
B pe3yJbTaTe uX 00padboOTKM METOIOM HaM-
MCHBIINUX CPEOIHUX KBaIpPaToB. DKCIICPU-
MEHTaJIbHbIC pacIpeaeIeHUs] CKOPOCTH
MOTYT OBITh alIIIPOKCUMUPOBAHBI AHATUTH -
YeCKMMH BBIpAXCHUSIMU. YCTaHOBJICHO,
YTO Ha JOpOTax C JIIOOBIM M3 MCCICIOBaAH-
HBIX TUIIOB MaKpomnpoduieil pacapeaerne-
HUS CKOpPOCTei Mpu ABUKEHUM Ha 1-1
" 2-1 TIepenavyax OJIM3KU K Jorapudmuye-
CKM HOPMAaJIbHOMY 3aKOHY, a Ha BBICIIUX
rmepemgayax COOTBETCTBYIOT HOpMaJIbHOMY
3aKOHY.

BripaxkeHue st pacuéra MJIOTHOCTU Be-
POSITHOCTH CKOPOCTH IBVKECHUS B 3aJaHHOM
WHTepBajie (BpeMeHH, mpooera) IIst JJorapud-
MHYEeCKI HOPMAaJIbHOTO 3aKOHA pacIipenesie-
HUS UMeeT BU;

AV 20-3,1

V,)=———e¢
p( [) O-VIVI\/Z ’

(¥, —a)z

®)

Puc. 6. Pacnpegenenne ckopoctu
B 3aBUCUMOCTHU OT rnepegayn
M OTHOCUTEsIbHOro npobera.
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Puc. 7. Kpuasi pacnpeneneHns CKOpocTu,
nepepgaya 1.

) 2

>

/

*

Te—

*
V. km/u

*
o \\
*
10 2 30 4

Puc. 8. KpuBasi pacnpeaeneHns ckopocTtu,
nepepaya 2.
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Puc. 9. Kpusas pacnpeneneHus CKopocTtu,
nepengaya 3.

i€ a, G, — NnapaMeTpbl PacHpeaeIeHus;
V = VW+AV, AV=15xMm/4,

G+ 1)
V=05, Vo) Vi =(V1‘“‘“, VI"‘“") -

MUHUMAaJIbHOE U MAaKCUMaJIbHOE 3HAYECHUS
JIMara3oHa U3BMEHEHUS CKOPOCTH.

BripaxeHue s pacyéra mIOTHOCTU Be-
POSITHOCTUA CKOPOCTHU BMXXEHUS TIPU HOP-
MaJIbHOM 3aKOHE pacIpeneIeHNs:

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 20-33 (2017)

p(v)

//
(1]
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1\
N

e
80V, xm/u

Puc. 10. Kpusasi pacnpegeneHnsi CKOpoCTH,
nepepga4ya 4.

p(v)

n
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0 P
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Puc. 11. KpuBas pacnpeneneHns CKOpocTu,
nepepgaya 5.

(-7

AV e_ 20}

V)y=—2"__
P(:) O_V‘\/E s

(6)

rae 7, , G, — MapaMeTphl pacpe/ieIeHN;
AV=5xm/qa,V . = VW+AV,

iG+1)

— _ min max
V=05V, + V), V= (0, V),
ymix| mxX — MUHUMaIbHOE M MAKCHMAJIbHOE
3HAYEHUS JUana3oHOB.

TTapameTpbl pacripeesieH’ii CKOPOCTU O
npoOery B 3aBUCUMOCTHU OT Mepeaaun MpU IBU-
JKEHUY aBTOMOOWIISL Kateropuu N, 1o loporam
¢ makporpouniem tuno P, CX, X, C npuse-
IeHbI B Ta0muax 3 u 4.

SAKJTIOMEHUE

DKCIIEpUMEHTAJIbHbIE U TEOPETUYECKUE
pactipenenieHusi ckopoct TC M anmpokcu-
MUPYIOILINE UX aHAJTUTUYECKUE 3aBUCUMOCTH
MO3BOJISIIOT MOJEIMPOBATh ABUXKEHUE aBTO-
MOOWJIST C 1IeJIbI0 AHATUTUIECKOTO MCCIIeN0-
BaHMs MOKa3zaTejell 3KCIUTyaTallMOHHBIX
CBOWCTB I10 OCHOBHBIM TUITIaM JOPOT CPEAHEN
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Taoamna 3
ITapamerpsl pacnpeneieHdii CKOPOCTH B 3aBHCHUMOCTH OT nepenayu Jig gopor Tunos P u CX

Ne nepepauu | [TapameTpsl pacrpeseseHuit CKOpOCTH
a V, Gy y/min y e
P CX P CcX P CX P CX P CX
1 2,4 2,3 - - 0,63 2,3 0 50 35
2 3,1 34 - - 0,45 34 5 10 50 55
3 - - 44 48 8,2 11 15 15 85 85
4 - - 60 61 7,9 9 20 20 105 100
5 - - 81 79 10 11 25 25 120 100
Tab6auna 4
ITapameTpsI pacnpeeieHHii CKOPOCTH B 3aBUCMMOCTH OT Iepeaaun ajis aopor Tumos X u C
Ne nepenaun | [TapameTpbl pacrpeneseHnii CKOpOCTH
a V, Gy ,min yme
X © X @ X @ X @ X @
1 2,9 2,6 - - 0,63 0,60 0 0 50 50
2 3,4 3,2 - - 0,20 0,48 5 5 85 75
3 - - 49 54 12 15,0 20 15 90 85
4 — - 65 62 12 9,8 25 20 110 100
5 - - 81 77 11 9,0 30 30 115 105

nojiocsl PD. Tlomyyaembie maHHbIE oOecTie-
YUBAIOT CPAaBHUTEJIbHBIN aHAJIN3 KOHCTPYK-
TUBHBIX BAPMAHTOB y3JIOB U arperatoB, Win
mogaeneit TC omHOI KaTeropuu, Wi OJIM3KNAX
10 OCHOBHBIM MAaCCOBBIM M TEXHUYECKUM
XapaKTepUCTUKAM.
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ABSTRACT

The main factor that forms the perturbation,
acting on the car in operating conditions, is the speed
of movement. Analytical studies of operational
properties and reliability indicators are based on the
characteristics of traffic — distribution of runs and
speed, in some cases obsolete, or incomplete and
not correlated with the characteristics of the macro
profile of traffic routes. The data on research of

characteristics of the macro profile of country roads
of the central Russia are given, their classification is
offered. Stationary arrays of random values of relative
mileages are allocated and the approximation of
random speed distributions by analytic dependences
is performed. The obtained results allow to simulate
the car movement at early stages of design works
and to improve the accuracy of the evaluation of
parameters and characteristics studied.

Keywords: car, perturbation, macro profile, analytical studies, theoretical methods, experiment,
approximation, distribution, mileage, speed, projection, motion model.

Background. The design of cars, the choice of
design parameters of units and aggregates is carried
out using mathematical (calculating) models [1-3].
Theoretical methods allow performing research of the
dynamic properties of an object at early stages of
design work. When studying a mathematical model,
the significance of the final result depends to a large
extent on the way in which the perturbations are
formed. The movement of vehicles under operating
conditions occurs with random variations in speed
due to the longitudinal relief of the road (macro
profile), the type of micro profile and the state of the
road surface, infrastructure, traffic intensity and other
factors, including subjective ones.

The speed of movement is recognized as a decisive
factor that forms the perturbation of the supporting
surface. Analytical studies of vibration loading, longevity,
fuel efficiency and other operational properties of cars
are based on characteristics that establish the
relationship between the distance traveled (mileage)
and the vehicle’s travel time at a certain speed.

The main drawback of the methods of calculating
the performance indicators of the car is an idealized
idea of distribution of mileages in various transmissions
of the gearbox [3]. They do not take into account the
state of roads changed in recent years, the type of
vehicle, traffic conditions and other factors. In
addition, the techniques are based on the assumption
of normal laws for the distribution of mileage (time of
motion) on each of the gears and the speed of the
car, depending on the mileage. In some cases, the
distributions are refined by means of empirical
coefficients [4].

-006 -004 -002 0 0,02

0,04 0,06

Pic. 1. Characteristics of the macro profile:
1 — discrete experimental;
2 — distribution density of the normal law.
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Reliability of the results of calculations increases
with the use of experimentally established
distributions of relative mileages or approximating
their analytical dependencies, correlated with the
type of road macro profile (terrain). The main
difference between the obtained experimental data
on the distribution of the mileages is the increase
in the mileage fraction on the higher—fifth gear and
the decrease in the mileage fraction in the third and
fourth gears. The explanation of this fact may be
due to an increase in the speed of movement of
cars outside the city, due to the increase in the
specific power of the engine. The results of this kind
are confirmed, in particular, by the work closely
related to the subjects of the tasks, performed at
the Bauman MSTU [5].

In this article we give information about the
experimental studies performed by the authors [6-8]:

— macro profile of suburban roads of the central
Russia(Nizhny Novgorodregion), their systematization
is proposed, depending on the type of terrain;

— distributions of time and mileages on each of
the gears and for different routes;

— distributions of relative values of mileages time
of movement, depending on the speed and the gear
used.

Objective. The objective of the authors is to
consider different aspects connected with distribution
of characteristics of car movement.

Methods. The authors use general scientific and
engineering methods, modeling, comparative
analysis, mathematical methods.

Results.

Research of roads’ macro profile

The routes chosen within Nizhny Novgorod region
were characterized by terrain relief and the presence
of a ravine-girder net. Their length was from 50 to
150 km and depended on the longitudinality of the
relief. The parameters of the longitudinal angles
distributions of the macro profile of the traffic routes
are determined by the method of recording geographic
coordinates and gradients of the road using the
Google Earth application. To assess the statistical
reliability of the obtained characteristics, further
experimental studies of the macro profile were carried
out. Itis established that the necessary conditions for
the stationarity of the random processes under
investigation are fulfilled at a size of selective
realizations of 60 km for a strongly crossed terrain and
40 km for a terrain with a small number of gentle hills.
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To determine the law of distribution and
quantitative characteristics of the distribution density
of longitudinal angles (inclinations) of the road, a data
processing technique with a conventional geospatial
«mileage—height above sea level» was applied [6]. It
was noted that the approximation of the experimentally
obtained discrete dependence of the distribution
curve of the normal law(Pic. 1) cannot be considered
successful. The discrepancy between the density
distribution of the longitudinal angles of the macro
profile is normal due to technological impacts on the
surface during the construction of country roads, as
aresult of which relatively small inclinations of the path
are smoothed out, and descents and lifts of
considerable length change significantly less. The
analytical dependence, which is more in line with the
experimentally obtained discrete distribution, consists
of two components with normal distribution laws and
can be represented by the expression
(@)’

e, (1)

—k Aa %Tzz P Aa
P(a,)* 10'1\/5 + 20_2\/5
where ¢, 6, K,, k,are distribution parameters,
(k,tk,)=1, o, =0y Ao, Aa= 0,5° a,= 0,5(a,..+(x,.0.+1)).

Pic. 2 shows the characteristic of the distribtion
density of longitudinal angles of the macro profile of
the test section, obtained by approximating the
discrete experimental dependence by means of the
expression (1).

As aresult of the research, the systematization of
types of road macro-profile according to the degree
of «hilliness» is proposed, differing: maximum values
oflongitudinal angles o, ,; the maximum values of the
probability density p(0) for o. = 0; the probability
density p(1°), p(2°), p(3°), corresponding to the
longitudinal angles of the macro profile a.equal to 1°,
2,3

Among the chosen routes of movement with an
unambiguous trend of characteristics of the macro
profile there are those in which relatively flat and long
sections of the path are replaced by long steep ascent
and descent. They are classified as a «complex macro
profile». The designations of macro profile types in
accordance with the values of the probability density
of longitudinal angles and the degree of «hilliness» of
the road, proposed by the authors, are listed in Table
1 and have conditionality.

Methods of testing and data processing

The object of the study was a light commercial
vehicle GAZelle NEXT with a load capacity of 1,5 tons
with a diesel engine CUMMINS ISF 2.8 equipped with
an electronic control unit. The structure of the unit
includes a CAN bus intended for the transmission of
control and information commands. The bus signals
were processed using the optional Electronic control
module (ECM), which provides the registration of:
crankshaft speed, instantaneous vehicle speed, travel
time, instant fuel consumption and other parameters.
The ECM device records signals at a predetermined
time interval of 0.8 seconds. The method of recording
and processing sensor signals gives an idea of the

€
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Pic. 2. The probability density of longitudinal slopes
of the road macro profile.
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Pic. 3. Relative mileage on gears.

continuous uneven movement of the car, consisting
of individual modes (acceleration, constant speed,
deceleration), a set of variations of modes within
which the speed was assumed to be constant.

Tests were conducted with the most intensive
traffic on the road. In order to exclude the influence
of subjective factors on the mode of the car’s
movement, the drivers periodically changed during
the test runs. The sections of routes on which the
speed of the car was determined by random factors
were not taken into account when registering the
parameters. The length of the routes was 350—
520 km. The measurements were carried out with the
vehicle moving in the forward and backward directions.

Estimation of statistical characteristics

When calculating the operational performance of
the vehicle with analytical methods [4, 5, 8, 9], not
only the duration of the movement, but also the

Table 1
Systematization of macro profile types
Name Designation o p(0) p(1°) p(2°) p(3°)
Smooth P 2,75 0,430 0,290 0,007 —
Average hilly | CX 4,75 0,171 0,011 0,034 0,012
Hilly X 4,75 0,190 0,089 0,046 0,180
Complex C 4,75 0,214 0,078 0,039 0,210
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Pic. 4. Discrete sets of random values of relative mileages, depending on the sample size and gear.
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Pic. 5. Relative mileage, depending on the sample size and gear.

possible changes in speed on each of the gears is
important.

The duration of the movement is measured by
time or mileage. Analysis of the vehicle’s movement
along the test routes is performed using the
experimental distributions of random discrete values
of the milieage (time) and the speed of movement,
depending on the gear. Random characteristics of the
mileage (time) can be considered as relative. Relative
mileage is the ratio of the total mileage in a given gear
to the length of the route. Relative time is the ratio of

the total time of movement in a given gear to the time
of travel within the route.

To obtain statistically reliable information about
the laws of the distribution of the speed of motion,
studies of the character of the stationarity of random
discrete sets (a variation series) of the values of the
relative mileages on each ofthe gears are performed,
depending on the values of the relative milieages.
Variational series are obtained as functions of the sizes
ofsample realizations(sample). Arrays of experimental
data, corresponding to stationary samples of random

Table 2

Moment functions and coefficients of variation of the relative mileages on the 4™ and 5™ gears,
depending on the type of macro profile

Type of macro No. gear Sample size, Mean value of Mean square Variation
profile of the [x, km relative mileages, | deviation, o coefficient,
route m V. %
Smooth 4 300 0,167 0,022 13,9

5 0,783 0,025 3,2
Average hilly 4 340 0,195 0,017 8,5

5 0,720 0,036 5,0
Hilly 4 260 0,144 0,012 8,5

5 0,798 0,019 2,4
Complex 4 240 0,171 0,013 1,7

5 0,789 0,016 9,2
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Pic. 6. Speed distribution depending on the gear and relative mileage.

processes of relative mileages, make it possible to
obtain full information during processing.

As an example, the procedure for processing
experimental data obtained by driving a vehicle along
a 420 km route to the corresponding P-type road
(Table 1) with good quality road pavement is given as
an example. Taking into account the priority
determined by the magnitude of the milieages on the
4™ and 5" gears (98 % of the length of the route), the
stationary conditions of sample realizations of relative
mileages are studied (Pic. 3).

To estimate stationarity of a random variable, the
coefficient of variation V, is used as a relative measure
of the deviation of mean square values from its
arithmetic mean value:

y _0.100 %

m

X

(2)

where m, is average value of the random variable, o, is
standard deviation.

In technical tasks, a random process is
considered to be practically stationary at values of
the coefficient of variation less than 10 %, and
conditionally stationary — at values of the coefficient
not exceeding 20 %.

Pic. 4 shows the distribution of the relative
mileages X, when moving on the 5" gear, depending
on the sample size s, and gear. To reduce the
complexity of processing the test results, the sample
sizes were taken as a multiple of 20 km. The
calculation of arithmetic mean and mean-square
values of relative milieages, variation coefficients is
performed separately for each sample. The most
complete sample of 420 km in size (the length of the
route) has a relatively large variation in the values of
the relative ranges X, and the small equalization of the
discrete series of values due to the initial stage
(Pic. 5). The established feature of the distribution
testifies to the possible nonstationarity of the process
under study. The relative equalization of a discrete
series of values of relative mileages occurs when the
reference point is shifted by at least 80 km.

From this moment, the values of the coefficient
of variation for the samples do not differ significantly,
the variability of the variational series should be

considered insignificant, and the process is practically
stationary.

Results of the calculation of moment functions
and coefficients of variation, depending on the type
of macro profile and gear in Table 2.

Distributions of motion speed

It is established that the speed of the car is a
multiparameter function and depends on the
characteristics of the macro profile of the route
sections, gear and a number of subjective factors.

In the construction of speed distributions,
depending on the gear used and the relative mileage
(Pic. 6), arrays of random variables of relative
mileages corresponding to the stationarity condition
are allocated from the dataarrayandthe corresponding
arrays of speed data. For each gear, a range of speed
changes is set, which is divided into intervals AV, =
5 km/h. In the intervals AV, the instantaneous
(measured) values of the speed V, greater or equal
to the minimum value of the speed V, . of the interval
«n», and smaller than the maximum speedV, . ofthis
interval are assigned.

The next step of the data processing algorithm
determines the relative mileage values for the AV,
intervals in the speed range of each gear.

Within the sampling implementation, the distance
traveled during the travel time on each gear is found
in accordance with the expression

k m k m
Ssn :zzsi = zzvitvi’

J=li=1 Jj=1i=1
where s¢ is total mileage on the gear; n — gear
number; v, — speed within the interval AV, t . — time
of movement at a speed v, within the interval AV,
s,— mileage at a speed v, k — number of intervals
AV, in the range of speed change on the gear n;
m —number of measured values of speed within the
interval.

The relative mileage on the gear is determined by

the expression

(3)

5 = Ssn , (4)

n 5
Zn:lsx”

where s, is relative mileage on the n-th gear.
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Pic. 6 shows the discrete characteristics of the
speedy distribution as a function of the relative
mileage in each gear.

In Pic. 7-11 discrete speed distributions are
represented by separate points, continuous
approximations of discrete dependencies are
obtained as a result of their processing by the method
of least mean squares. Experimental speed
distributions can be approximated by analytic
expressions. It is established that on roads with any
of the types of macro profiles examined, the speed
distributions when moving on the 1stand 2" gears are
close to the logarithmically normal law, and on higher
gears they correspond to the normal law.The
expression for calculating the probability density of
the speed of motion in a given interval (time, mileage)

. 0.1
N
o \\ / \
5 N
/ M \ * /
* d 0
10 2 30 40 P, 40 60 80 100 ¥, kmm

Pic. 11. Curve of speed distribution, gear 5.

for the log-normal distribution law has the form:
7(an,—a)2

A V 203,
plV,)=—7—e ", 5
( ' ) o,V V2r (®
where a, o, — distribution parameters; V,, , =V, +AV,

AV=5km/h, V,=0,5(V,,+V,,. ). V=(V/", V™) -

minimum and maximum values of the range of speed
change.

The expression for calculating the probability
density of the speed of motion under the normal
distribution law:

()

AV T 20,
e, 6,
e (6)

where 7, , ©,,— distribution parameters; AV =5 km/h,

pV)=

V.. =V

o=V TAV V=05V, +V,, ) V:(Vimm, meax),

i(i) ij+1)/7 1
Vmix, ymax — minimum and maximum values of the
ranges.

The parameters of the speed distribution by
mileage, depending on the gear when driving a car
category N, on roads with a macro profile of types P,
CX, X, C are given in Tables 3 and 4.

Conclusion. The experimental and theoretical
vehicle speed distributions and the analytical
dependencies approximating them make it possible
to simulate the movement of a car for the purpose of
an analytical study of the performance indicators for
the main types of roads in the central part of the
Russian Federation. The obtained data provide a
comparative analysis of design variants of units and
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Table 3
Parameters of speed distributions depending on the gear for roads of types P and CX

No. gear Parameters of speed distribution
a V‘ GVi Vimin Vimm(
P CX P CX P CX CX P CX
1 2,4 2,3 — — 0,63 2,3 0 0 50 35
2 3,1 3.4 — — 0,45 34 5 10 50 55
3 — — 44 48 8,2 11 15 15 85 85
4 — — 60 61 7,9 9 20 20 105 100
5 — - 81 79 10 11 25 25 120 100
Table 4

Parameters of speed distributions depending on the gear for roads of types X and C

No. gear Parameters of speed distribution

a V/ GVi V;min I/imax

X © X (e X © X (e X ©
1 2,9 2,6 - — 0,63 0,60 0 0 50 50
2 3,4 3,2 - — 0,20 0,48 5 5 85 75
3 — — 49 54 12 15,0 20 15 90 85
4 — — 65 62 12 9,8 25 20 110 100
5 — — 81 77 11 9,0 30 30 115 105

aggregates, or models of vehicles of one category,
orclose by the main mass andtechnical characteristics.
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Solution of the Transport Problem
by the Method of Successively
Decreasing its Dimension

(TeKCT cTarby Ha aHIJl. 3. —

English text of the article — p. 39)

B cTaTtbe paccmaTpuBaeTcs peLueHue
TPaHCNOPTHOJ 3a8a4v ABYMS criocobamm:
MeTo4OoM ceBepo-3ananHoro yria

“ MeTo40M MUHUMAaJIbHOIO 3JIeMeHTa.

B pe3ynbTrare aHanu3a foKa3biBaeTcs,
4TO MeTo4 MUHUMAJIbHOIro 3Ji1ieMeHTa
no3BoOJisieT COKpaTUTb KOJIN4eCTBO
urepauynii B HeCKOJIbKO pas.

IMpy peLueHny c0XXHbIX 3aaa4 60/1bLIONH
pa3mMepHOCTU BbIOOP paLoHaIbHOIO
MeToaa urpaert onpenensiowyro

POJIb, HTO U [EMOHCTPUPYET CITIOCO6
nocsieaoBaTesibHOro YMeHbLLIeHUs
nogo6HoI pa3aMepHOCTU MOCPEeACTBOM
UCIOJIb3yeMbIX aJirOPUTMOB ONnTUMuU3aunn
pacnpepaesieHust NoCcTaBokK (nepeBo30K)
TOBapa.

Knwouesbie croBa: TpaHCrnopTHas

3ajaya, 10rucTvKa, onTUMU3aLIns,
rporpaMMupoBaHne, MeTobl PELLeHNs,
PasMepPHOCTb, a/lrOPUTMbI.
|
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BOTNPOCHI TEGP

PeLwleHue TpaHCNOPTHON 3a4a4u
MeTOoAO0M NnocJsiefoBaTesibHOro
YMEHbLUEeHUS €€ pa3MepPHOCTU

Henuuruii Bukmop Aponosun — 0okmop mexnuueckux
Hayk, npogheccop Kagpeopvl agmomamu3upo8aHHbIX
cucmem ynpasnenus Poccuiickoeo ynusepcumema
mpancnopma (MHUHUT), Mockea, Poccus.

Maxapenxo Andpeii Arexcandposuy — cmyoenm
Poccuiickoeo ynusepcumema mparcnopma (MUHUT),
Mocksa, Poccus.

paHCMOpTHAs 3afa4ya — 3TO MOUCK OTl-

TUMAaJIHOTO pacIipe/iesIeHUsI TTOCTaBOK

OIHOPOJHOTO TOBapa OT MOCTaBIINKOB
K IMOTPEeOUTEISIM TTPU U3BECTHBIX 3aTpaTax Ha
epeBO3Ky (Taprdax) MeXIy IyHKTaMH OT-
TpaBJieHUs] M Ha3HaueHusI. SIBJsieTcs 3anaueit
JIMHEWHOTO MPOTPaMMUPOBAHUS CTIEIINATb-
Horo Bua. Pemmenne e€ HaYMHaeTCsI C HAXOXK-
JIEHUSI OTIOPHOTO TIJIaHA.

B ny0mkyemoii ctatbe CpaBHUBAIOTCS JBA
crmoco0a peleHust TaKoi 3a1aun:

1. OnopHbIii TU1aH HOPMUPYETCSI METOIOM
CeBepo-3aMamaHoro yria.

2. OIOpHBIi TUTaH HAWICH METOIOM MHU-
HUMaJIbHOTO 2JIEMEHTA.

Vckomblii pe3ysbraT peleHust TPaHCIIOPT-
HOIi 3a71aun: BCe 3asIBKM YIOBJIETBOPEHBI, BCE
3amachl MCUepIiaHbl, CyMMapHasi CTOMMOCTb
BCEX MepeBO30K MUHUMaJIbHa. MeTobl pe-
IIEHUST CBOISTCS K OTEpalvsiM C TaOIuIIeH,
TJie B OTpeneIEHHOM TIOPSIIKE 3aMCaHbl BCe
yciioBu 3anauu. Takas Tabiuiia Ha3bIBaeTCs
TPaHCIOPTHOM. B Hell 3anuceiBatoTCS:

— TMyHKTHI OTIPABJICHUS U Ha3HAYCHUS;

— 3arachl, UMEIOIIMECS B TTYHKTaX OTITPaB-
nenwust (ITO);

— 3a51BKY, TTOIaHHbIE TYHKTAaMU Ha3Have-
aus (ITH);



Ta0imuna 1

OO0pasel TPAHCTIOPTHO# TAO MBI

o /MH B, B, B, 3amachl a,
Al a11 a12 a al
In
A2 aZl a22 a a2
2n
A Ay Ay a a,
mn
m n
3asiBku b, b, b, b, Za. Y
i J
i=l J=1

— CTOMMOCTH IIEPEBO3OK M3 KAXIAO0I0
ITyHKTa OTIIPABJICHUA B KK IIYHKT Ha3Ha-
YCHUA.

MOCTAHOBKA SAAAYU

Wmeercsa m iyHKTOB OTIIpaBieHus: 4, ...,
A, B KOTOPBIX COCPEIOTOYEHDI 3aI1aChl KAKO-
TO-TO OAHOPOTHOTO TOBapa (Tpy3a) B KOJIMUe-
CTBEA,, ..., a, enuHul. KpoMe T0ro, u3BeCTHbI
N IyHKTOB Ha3HaYeHus: B, ..., B , MOIaBIINX
3asBKy COOTBETCTBEHHO Ha b . b, enuHuL
tToBapa. [Ipenmosaraercst, 4To cymMMa BCEX
3asIBOK paBHa CyMMe BCEX 3aI1acoB:

m n
Z 24 =Z b,.
i=1 =1

YcTaHoBIIeHa CTOMMOCTD a,; TIePEeBO3KN €N~
HULIBI TPy3a OT KaXKI0T0 ITYHKTa OTIIPaBICHUS
JI0 KaxKA0ro MyHKTa HazHauyeHus. TabGauua
(MaTpuIia) CTOMMOCTEH ITepeBO3KI a;e1HNU-
LBl TPy3a 3aJaHa B CJICIYIOIIeM BUIE:

(11015 Uyn
Az2108325..- Qzn

Ami1 Amz - Amn

Pa3zmepHOCTBIO 3TOI MaTPULIBI M1 * 1 MOX-
HO OMpPEenessiTh U pa3MEPHOCTb CAMOI TpaHC-
TMOPTHOWM 3aJa4u.

TpeOyeTcst cocTaBUTB TaKO¥ MJIaH MepPeBOo-
30K, TIPU KOTOPOM BCE 3asIBKU ObLIU Obl BbI-
MOJHEHBI, U TIPU TOM 00I1asi CTOUMOCTh
MepeBO30K oKazajach MUHUMaJbHA. [Ipu
TaKOl MOCTaHOBKE 3a/auu nmokasaresaeM 3¢-
(beKTUBHOCTH TJIaHA SIBJISIETCS CTOUMOCTb.

O0603HaYUM X; — KOJIMYECTBO Ipy3a, rnepe-
BO3KMMOTO U3 IyHKTa OTIPABIEHNS A B IIyHKT
Ha3HavYeHUs Bj HeotpuiatenbHbie mepeMeH-
HBIC X; IOJLKHBI YIOBJIETBOPSITH CJICAYIOLINM
YCJIOBUSIM:

1. CyMMapHOe KOJTMYECTBO Ipy3a, HarpaB-
JISIEMOT0 U3 KaXI0T0 MyHKTa OTIPaBAeHUS BO
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BC€ IYHKThI HA3HAYEHMUS, TOJIKHO OBITh PaB-
HO 3amacy rpy3a B CBOEM MyHKTe. DTO 1aéT m

n
YCJIOBUI1 PaBEHCTB: Z X; =a;,i= 1,...,m.
j=1

2. CymMMapHOe KOJIMYECTBO Ipy3a, T0CTaB-
JIIEMOTO B KasKJIbI TTYHKT Ha3HAYCHUST U3 BCEX
ITYHKTOB OTIPABJIEHMS, JOJKHO OBITh PaBHO
3as1BKe, TTOJJaHHOM COOTBETCTBYIOIIUM ITyHK-
TOM. DTO JA€T 1 yCIOBUIA PAaBEHCTB:

Z x;=b;,J =1,...,n.
i1

3. CymMapHasi CTOMMOCTb BCeX ITepeBO30K
JIOJKHA OBITh MUHUMAJIbHOM, T.€. JOJIKEH

m n
OBITH HalileH Mmin Zzaz)’xij )
At 5y o)

CTOMMOCTH TIEPEBO30K MOMEIIAITCS
B IIPaBOM BEpXHEM YTy KaXXI0M sSTueiiku Tad-
Julbl 1, 4TOOBI B cCaMOl siYeiiKe Mpu COCTaB-
JICHUV TUTaHa MOMEIIATh TIePeBO3KM X, (cwm.
Tabauy 1).

PanT cuctemsl orpaHMYeHUIT-ypaBHEHUI
paBeH ¥ =m + n — [, THe m — YNUCIIO CTPOK,
1 — YUCJIO CTOJOLOB TPAHCHOPTHOM TaOMLIbI.
B kax1oM ornopHoOM I1aHe OyayT OTJAMYHBI OT
HyJIST He OoJiee m + n = [ mepeBo30K. Sueitku
TaOJIULIbI, B KOTOPbIX OY/1€M 3aUChIBATH OTJINY-
HbIe OT HyJIsI IePEBO3KU, Ha3bIBAIOTCS Oa3uC-
HBIMH, a OCTATbHBIC (ITyCThIC) — CBOOOTHBIMI.

Penienue 3amaum CBOAUTCS K ClenyIOLLe-
My. Hano HaiiTu Te 3HaYeHUs MepeBO30K,
KOTOpbIE, OyAy4Yu MPOCTaBiIeHbl B 0a3UCHBIX
KJIeTKaX TPAHCIOPTHOM TaOJMLIbI, YIOBJIET-
BOPSIJIA ObI TAKUM YCJIOBUSIM:

— CyMMa MepeBO30K B KaXJI0W CTpoKe
TabJULBI 1OJKHA ObITH paBHA 3aMacy 1aHHO-
ro I10;

— CyMMa MepeBO30K B KaXXJA0M CTOJIOLE
JIoJKHA ObITh paBHa 3asiBKe gaHHoro I[TH;

— 00111251 CTOMMOCTb MEPEBO30K — MUHU-
MaJjibHasl.
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YMEHbLUEHUS €€ pa3MepHOCTU




True

False——————————]

True

False————————— |

True

XIN]U]!=b[j]&&
X[i][M]!=a[i]&&
X[illi}<0

True

Fals:

True

False
True
2

X{im](jml=min(afim]-X{im]{M],bljm]-X{N](jm));
XINJEm]=XN]jm}+X(im]{jm};
X[im][M]=X[im][M}+X[im][jm];

Sij=sij#Xliml[jm;

Puc. 1. Bnok-cxema anroputma paboTbi nporpamMmmel.

CMNoCObbl PELLEHUSA

MeTton ceBepo-3aMmaaHoOro yria paccuu-
TaH Ha MoJydYeHHEe TOCTYITHOTO HauaJbHOTO
pelIeHust TPaHCITOPTHOIM 3amayu. Bein pe-
noxeH Jx. JaamuroM B 1951 1. 1 mo3gHee
Ha3BaH «IIPaBUJIOM CEBEPO-3aIagHOro yria»
(Yapuec, Kymnep). Cyth MeTONIa B OCJIE10-
BaTeJbHOM Mepebope CTPOK U CTOJOIIOB
TPAHCMOPTHOW TaGIUIIbI, HAUMHAS C JIEBOTO
cTONIOLIa U BEPXHEI CTPOKU, U BBITTUCHIBA-
HUM MaKCUMaJlbHO BO3MOXHBIX OTTPY30B
B COOTBETCTBYIOIIIME STYEHKN TaGIUIIBI TaK,
YTOOBI HEe OBUTM TPEBBILIECHBI 3asBICHHBIC
B 3a/1aue peCcypChl MOCTABIIMKA WJIK TTOTPeO-
HOCTU TOBapornosiyyaressi. Ha 1ieHbr nocraB-
KA METOJl He aKLEHTUPOBAaH, MOCKOJIbKY
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B JaJbHEMIIEM OXUIAeTCs] ONMTUMU3AIINS
OTTPY30K.

Metoa noce1oBaTeIbHOrO YMEHbIISHUS
pa3MepHOCTU TPAHCTIOPTHOM 3amaun (MEeTOox
MHWHUMAaJIBHOTO 3JIEMEHTA) COCTOUT B UCTTOJTb-
30BaHUU CJIEAYIOILETro aJropuTMa.

1. HaxoguMm kieTky tabiuubl | ¢ MUHU-
MaJIbHOW CTOMMOCTBIO TTePEBO3KU €IMHUIIBI
rpysa, T.e. min a,, riae i — HOMep MyHKTa

I<i<mi<j<n Y

otnpasneHus (I10), j — HoMep MyHKTa Ha3-
HaueHus (ITH).

2. B ar10it K1eTke OyaeT HaXOIUThCSI CTOU-
MOCTb @, ;1 HOMEP KIIETKH PaBeH (i,J,), ToecTb
OHa HaXOJUTCS Ha MEPECEYEHMU j,-TO CTONONA
C 3asBKOM bj , Y[ -1l CTPOKHU C 3aI1aCOM 4, .

3. lanee Haxonum min(a,,, bj )

4. Ecnu min(a,, bﬂ) =a,, TO B KJIETKY
C HOMEPOM (i, j,) CTAaBUM TIEPEBO3KY Xy =
a,, 3amac a,, moJjaraeTcs paBHbIM HYJIO
u ctpouka A, BbiuépkuBaetca. I[lpu aTom
TpaHCITOPTHAsl 3a7a4ya MCXOIHOI pa3MepHO-
CTU m *n TIPEBpalllaeTCsl B TPAHCIIOPTHYIO
3amady pasmepHoctu (m — 1) *n. CTOMMOCTb
00cIIy>KrBaeMoOi MmepeBO3KM OyIeT paBHa
ail ¢ aiI,jI'

5. Ecnu min(a,, bﬂ) = bﬂ, TO B KJIETKY C HO-
MepoM (i, j,) CTaBUM TIEPEBO3KY Xy = b,
3as1BKa b, 1oJ1araeTcst pABHOM HYJIIO U CTONIOELL
B, Boru€pkuBaercs. [Ipy aToM TpaHcropTHas
3a/1a4a UICXOMHOM pa3MEepHOCTH /1 * 1 TIpeBpa-
111aeTCS B TPAHCITIOPTHYIO 3a1a4y Pa3MEPHOCTH
me(n — I). CTouMOCTb IepPEeBO3KU OyIET

J ‘ ail,j]'

6. Ecnu min(a,, bﬂ) =a,= bﬂ, TO B KJIET-
Ky C HOMEPOM (i, j ) CTAaBUM IEPEBO3KY X, T
b,,=a,,, 3anac a,, nonaraeTcsa paBHbIM HYJIIO
U CTPOYKa A, BHIYEPKUBAETCS M 3as4BKa b,
roJlaraeTcs paBHOM HyJIo U cronben B,
BelYEpKUBaeTcss. CTOMMOCTD MEePEeBO3KU
bjI ¢ ai],j] = ail ‘ ail,j]'

7. I1pu 5TOM TpaHCIIOPTHAs 3a1a9a UCXO-
HOM pa3sMEepHOCTHU m °*n MpeBpalmiaeTcs
B TPAHCIOPTHYIO 3adauyy pa3MepHOCTH
m—10D+(n—1).

8. Janee B BUgon3MeHEHHON Tabauue 1
HaxXoIuM KJIETKY C MUHMMAaJbHON CTOMMO-
CThIO MEPEBO3KMU €IUHUIIBI Tpy3a, T.€.

min a,, rae i — HoMep MyHKTa OTHpaBJie-

1<ism,1<j<n

HUsI, j — HOMep ITyHKTa Ha3HauYCHMSI.

9. 3aTeM MOBTOPSIOTCS ITyHKTHI 2—7 ajiro-
puTMa A0 TeX Mop, MokKa He OyayT BHIYEPKHY-
Thl BCE CTPOKM U CTOJIOLBI TAOJMLIBI 1.
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//Makapenxo A.A. YUC-411
float Sij = 0;

do

{

int im;

int jm;

int Cmin = -1;

Sfor(int i = 0;i<N;i + +)
Jor(intj = 0;j<M;j+ +)
IfX[N][j]! = b[j])
IfX[iT[M]! = afi])

ifX[il [i]<0)

{

if(Cmin ==-1)
{

Cmin = C[i][j];
im =i

Jm=j;

/

else
if(C[1][j]<Cmin)

{

Cmin = C[i][j];
im=1i;

jm=j;

}

H

Sij = Sij + X[im][jm];

} while(Sij<max(Sa, Sb));

MakcuMalibHOE YMCJIO IIAroB Ipeiarae-
MOTO aJIfopuTMa paBHO # + m — I. MuHn-

n+m-1
MaJIbHOE YHCJIO 1I1aroB ]T[ , T.€. IIeJ1ast

n+m-1
4acTb OT >

OrnuiieM Terepb aITOPUTM ITOMCKA KISTKU
TabaULbl 1 ¢ MUHUMaJIbHOW CTOMMOCTbBIO
MepPeBO3KM eAMHUILIBI TPY3a.

1. Beigensiem Tpu sg4eiiku IJ1 XpaHEHUS
TEKYIIero MUHUMYyMa CTOMMOCTH TTePEBO3KHU
eIMHULIBI TPy3a M KOOPIMHAT 3TO CTOMMO-
CTHU: HOMepa CTPOKHU 1 HoMepa cTojio1a. B atu
TPU STYEHKHU 3aIUChIBAEM T0CJIEI0BATEIBHO
3HauYeHUe BEKTOpa (a 7 1L1).

2. B BepxHeli cTpoke Tabauubl 1 6epém
BEKTOD (a,,z, 1,2).

3. [IpoBepsieM BBINIOJHEHUE HEPABEHCTBA
a,,>a, , Eciv OHO BBIMOJIHSIETCS, TO B BbIAC-

woc 1.
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Puc. 2. Kon
nporpamMmsl.
MocTpoeHne
Ha4aJibHOro oropHoro
niaHa merogqom
MUHUMaJIbHOIro
anemeHTa.

X[im][jm] = min(a[im]-X[im][M], b[jm]-X[N][jm]);
X[N][jm] = X[N][jm] + X[im][jm];
X[im][M] = X[im][M] + X[im][jm];

JICHHBIC TPU STICTKU 1Tl XpaHEHUSI TEKYIIIETO
MHHUMYyMa CTOMMOCTHU TIEPEBO3KH ¢IMHUIIBI
rpy3a ¥ KOOPIMHAT 3TOM CTOMMOCTH 3aITUCHI-
BaeM IOCJIeOBATEIbHO 3HAUYEHUE BEKTOpa
(a P 1,2). Ecti oHO HE BBHIMIOJHSIETCS, TO
B BBIIEJICHHBIX sYeiiKaX HUYEro He U3MeHsI -
ercd.

4. lanee 11. 3 BBITIOTHSIETCS AJISI BCEX OCTaB-
IIMXCSI CTOMMOCTEN IIEPBOI CTPOKMU.

5. 3areM 1111. 3 1 4 BBIMOJIHAIOTCS 1T BCEX
MOCJEAYIOIIMX CTPOK TabJULbI 1.

Takum oOpa3oM, HAXOOUM KJIETKY TaOJIH-
LIl ¢ MUHMMAJTbHOM CTOMMOCTBIO TTIEPEBO3KH
SIVMHUIIBI TPy3a.

BbIBOAbI

[IpoBenst psim ONBITOB, MOXHO YOEIUTh-
Cs1, 4TO ITOCTPOEHME HAYaJIbHOTO OITOPHOTO
[UIaHa ¢ MOMOIIIBI0O METOIAa MUHUMAaJIbHOTO
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Puc. 4. MeTtog MMHUMAaNIbHOI O 3/1eMEHTa.

5JIeMEeHTa JAET O0JbIIOE MPEUMYIIIECTBO MPU
ero ontTuMusaunu. Micxonst U3 pe3yabTaTos,
MOXHO 3asIBUTb, 4TO Oylarogaps METOmy
MUHUMaJIbHOTO 2JIEMEHTA KOJIMYECTBO UTE-
panuii ONTUMU3ALNMN COKpAIaeTcsl B JABa
1 6oJiee pa3, B 3aBUCUMOCTU OT CJIOKHOCTHU
3a1ayu.
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SOLUTION OF THE TRANSPORT PROBLEM BY THE METHOD OF SUCCESSIVELY

DECREASING ITS DIMENSION

Ivnitsky, Victor A., Russian University of Transport (MIIT), Moscow, Russia.
Makarenko, Andrey A., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The article considers the solution of the transport
problem in two ways: by the method of the north-
western angle and the method of the minimal element.
As aresult of the analysis, itis proved that the minimal
element method allows to reduce the number of

iterations by several times. In solving complex
problems of large dimension, the choice of a rational
method plays a decisive role, which is demonstrated
by the method of successively reducing this dimension
by means of the algorithms used to optimize the
distribution of shipments of goods.

Keywords: transport problem, logistics, optimization, programming, decision methods, dimension,

algorithms.

Background. The transport problem is the search
for the optimal distribution of supplies of a
homogeneous product from suppliers to consumers
at known costs of transportation (tariffs) between
origin and destination points. Itis a linear programming
task of a special kind. Its solution begins with finding
a basic plan.

In the article published, two ways of solving this
problem are compared:

1. The basic plan is formed by the method of the
north-western angle.

2. The basic plan is found by the method of the
minimal element.

The required result of solving the transport
problem: all applications are satisfied, all stocks are
exhausted, the total cost of all transportation is
minimal. The solution methods are reduced to
operations with the table, where in a certain order all
the conditions of the problem are written down. Such
a table is called a transport table. It records:

— points of departure and destination;

— stocks available at departure points (DepP);

— applications submitted by destination points
(DesP);

— cost of transportation from each point of
departure to each destination.

Objective. The objective of the authors is to
consider the solution of the transport problem in two
ways: by the method of the north-western angle and
the method of the minimal element.

Methods. The authors use general scientific and
engineering methods, mathematical analysis, north-
western angle method, minimal element method.

Results.

Formulation of the problem

There are m departure points: A ,..., A, in which
the stocks of some homogeneous goods (cargo) are
concentrated in the amount of a,,..., a_ units. In
addition, n destination points are known: B,,..., B,

is assumed that the sum of all applications is equal to

the sum of all stocks: N~ . _ N\~ 5 . The cost a_of
Zl a, = zl bj i
i=! Jj=
transportation of a unit of cargo from each point of
departure to each point of destination has been
established. The table (matrix) of transportation costs
a; of the unit of cargo is given in the following form:

aqqAq5--- Qyn
21 02z an
A1 Omz - Qmn

The dimension of this matrix m » n can also be used
to determine the dimension of the transport problem
itself.

Itis required to make such a plan of transportation,
in which all applications would have been fulfilled, and
the total cost of all transportations would be minimal.
With such a statement of the problem, the indicator
of the efficiency of the transportation plan is the cost.

Let X; be the amount of cargo sent from the
departure point A, to the destination point B. Non-
negative variables X, must satisfy the fo/lowing
conditions:

1. The total amount of cargo sent from each point
ofdeparture to all destinations should be equal to the
cargo stock at this point. This gives m conditions for

n

the equalities: Z X, =a,i=1,..,m

Jj=1
2. The total amount of cargo delivered to each
destination point from all points of departure must be
equaltothe application filed by the relevant paragraph.
This gives n conditions for the equalities:
m

Z x;=b,j=1..,n

i=1
3. The total cost of all transportation should be

m n
who applied for b, b, units of goods, respectively. it ~minimal,i.e min Z Z a;x; must be found.
HitoeXmn 2 Jj=1
Table 1
Sample of a transport table
DepP / DesP B, B, B, Stocks a,
Al all a'12 aln a'l
AZ a21 a22 a2n a2
Am am] am2 mn am
Applications bj b, b, b, i n
; b
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number of columns in the transport table. In each
basic plan, no more than m + n = 1 transportation will

Pic. 1. Block
diagram of the
program operation

algorithm. ‘ ) @

//Makarenko A.A. UIS-411
float Sij = 0;

do

{

int im;

int jm;

int Cmin = -1;
Jor(int i = 0;i<N;i++)
Jor(intj = 0j<M;j++)
IXINIL]! = b))
IFXTT[M]! = afi])
XTI T<0)

{
if(Cmin = =-1)

{

Cmin = C[i][j];
im =i;

Jjm=j;

4

else
if(C[i][j]<Cmin)

Cmin = C[i][j];
im =iy

Jm=j;

}

}

X[im][jm] = min(a[im]-X[im][M],b[jm]-X[N][jm]);
X[N][jm] = X[N][jm]+X[im][jm];

X[im][M] = X[im][M]+X[im][jm];

Sij = Sij+X[im][jm];

ywhile(Sij<max(Sa,Sb));

Pic. 2. The code of the program. Construction of the
initial basic plan by the minimal element method.

Costs of transportation are placed in the upper
right corner of each cell of the table in order to place
X; transportation in the cell itself when drawing a plan
(see table 1).

The rank of the constraint-equation system isr =
m +n — 1, where m is the number of rows, n is the

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 4, pp. 34-41 (2017)

be different from zero. The cells of the table, in which
we will write the nonzero transportations, are called
basic, and the remaining (empty) are free.

The solution of the problem reduces to the
following. It is necessary to find those values of
transportation, which, if affixed to the basic cells of
the transport table, would satisfy such conditions:

— the amount of transportation in each row of the
table should be equal to the stock of this DepP;

— the amount of transportation in each column
should be equal to the application of this DesP;

— the total cost of transportation is minimal.

Ways of solution

The north-western angle method is designed to
obtain an accessible initial solution to the transport
problem. Itwas proposed by J. Dantzig( 1951) and later
called «the rule of the north-western angle» (Charnes,
Cooper). The essence of the method is the sequential
search for the rows and columns of the transport table,
starting with the left column and the top row, and writing
outthe maximum possible shipments to the appropriate
table cells so that the stated resources of the supplier
or the needs of the consignee are not exceeded. The
method is not focused on delivery prices, since in the
future the optimization of shipments is expected.

The method of successively reducing the
dimension of the transport problem (the minimal
element method) consists in using the following
algorithm.

1. We find the cell of Table 1 with the minimum

cost of transporting the unit of cargo, i.e. 1<,-g}ilg-<n a,,
where i — number of the departure point (DepP), j —
number of the destination point (DesPIl1H).

2. Inthis cell there will be the costa, andthe cell
numberis (i, j ), thatis, itis at the intersection of the
J,~th column with the application bn and the i -th row
with the stock a,,.

3. Then we find min(a,,, b,,).

4. If min(a,,, bﬂ) = a,,, then we put in the cell with
the number (i, j,) transportation Xy =8 the stock
a,, is setequalto zero and the row A, is deleted. In this
case the transport problem of the original dimension
m-+n turns into a transport problem of dimension
(m - 1)+n. The cost of serviced transportation will be
equaltoa, -a, .

5. If min(a,,, bﬂ) = bn’ we put in the cell with the
number (i, j,) transportationx, .. =b,,, the application
b,, is set equal to zero and the column B, is deleted.
In this case the transport problem of initial dimension
m«n turns into a transport problem of the dimension
m+(n - 1). The cost of transportation will be b.-anyj.,.

6. If min(a,, b,) =a, = bj,, then we put in the cell
with the number (i,, J;) transportation x,, ., = b, =a,,
the stock a,, is set equal to zero and the row A, is
deleted and the application b . is set equal to zero and
the column B,, is deleted. The cost of transportation
bjI .ai1,j1 = ai1 .ail,ﬂ'

7. In this case the transport problem of initial
dimension m-n turns into a transport problem of
dimension(m —1)+(n—-1).

8. Further in the modified table 1 we find a cell with
a minimum cost of transportation of a unit of cargo,

i.e. _min a, 6 where i — number of the point of

1<i<m 1< j<n

departure, j — number of the point of destination.
9. Then steps 2-7 of the algorithm are repeated
until all the rows and columns of Table 1 are deleted.
The maximum number of steps of the proposed
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algorithm is equal to n + m — 1. The minimum number
ofstepsis ]mel[ , i.e. the whole part from ntm-l
plus 1.

We describe now the algorithm for searching for
acellin Table 1 with the minimum cost of transportation
of a unit of cargo.

1. We allocate three cells for storing the current
minimum of the cost of transportation of the unit of
cargo and the coordinates of this cost: number of the
rowand number of the column. In these three cells, we
record successively the value of the vector (a, , 1,1).

2. In the top row of Table 1 we take the vector
(a,,12)

3. We verify the fulfillment of the inequality a, , >
a, .. Ifitis fulfilled, then in the allocated three cells for
storing the current minimum of the cost of
transportation of the unit of cargo and the coordinates
of this cost, we write sequentially the value of the
vector (a, , 1,2). If it is not fulfilled, then nothing
changes in the selected cells.

4. Further, step 3 is satisfied for all remaining
values of the first row.

5. Then, steps 3 and 4 are satisfied for all
subsequent rows of Table 1.

Thus, we find the cell of Table 1 with the minimum
transportation cost of the unit of cargo.

Conclusions. Having carried out a series of
experiments, one can be sure that the construction
of the initial basic plan with the help of the minimal
element method gives a great advantage in its
optimization. Based on the results, it can be stated
that due to the minimal element method, the
number of optimization iterations is reduced by two
or more times, depending on the complexity of the
problem.
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ﬂpe.qnoxeu MeToA4 BblYNCJI€eHUs
BO3BpaLyaioLleii Cusibl KOJIECHON

napbi pv UCMOJIb30BaHUU KOJIEC

C KpUBOJIMHENHbIM ripogusiem,
uMeroLwnm napabonn4eckyio popmy.
CaenaHbl COOTBETCTBYIOLYMNE
mMaremaTrudeckue pac4yérnol.
Pe3ynbrartbi BbIYMCI€HNV MTOKa3asu,
YTO NPUMEHEeHUe KPpNBOJINHEeNHOro
npoguns ysennynBaeT BO3BPALLAIOLLLYIO
culy rno cpaBHEHUIO C KoJIEcamu,
nMerLwnMN KOHNU4YeCKY NoBepPxXHOCTb.
OagHOBpPeMeHHO yCTaHOBJIEHO,

4YTO BO3BpaLyaloLas CUaa urpaet poJib
CWJIbI YrIPYrocTu.

KrntoyeBbie c/i0Ba: pesibCOBbIN MyTh,
konécHasi napa, Bo3spallaroLas
cuna, MeToz BblYUCTIeHUS,
maremarmyeckasi Moaesib,
npoguIib Kosieca, KPUBMU3HA, KOHYC.

BOTPOCHI TEGP

dopmyna BbluMcneHns
BO3BpaLLaloLLLEN CUNDI
ANS KONEC C KPUBOJIMHEUHbIM
npodpunem

Kopoavkoe Eezenuii Ilagaosun — dokmop
mexHuueckux Hayk, npogheccop Poccuiickoeo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

Heanoea Anacmacus Andpeeena — acnupanm
Poccuiickoeo ynusepcumema mpancnopma (MUHUT),
Mockea, Poccus.

JIS HaYaJjia OMpeaeIMMcs C TJIaBHBIM:

BO3BpAlllAIONIEl CUJION OyneM cuu-

TaTh CYMMY MPOEKIUI HA TOPU30H-
TaJIbHYI0 TIOCKOCTh HOPMaJTbHBIX pPeaKiuii
PEIBCOB Ha KOJIECA ITPU MOTIEPEYHOM MTepeMe-
IIEHUU KOJIECHOW Mapbl OT OCU TYTH.

ITpu n3noxeHun MaTepuraia UCIOIb30Ba-
Ha cucTtemMa KoopauHat (puc. 1), nBrkyrasicst
€O CKOPOCTBIO V BIIOJIb ocy OX, HA4asio KOTO-
pOIi PacIoJIOXEHO Ha OCU TTyTU U COBITAJAEeT
C LIEHTPOM TsikecTr kosnécHou mapsl (KIT)
B LICHTPAJIbHOW YCTAaHOBKE, HA30BEM €€ TakK.
basucHble BeKTOpbI 00pa3yloT MpaByo TPOi-
KY, Tak 4To och Oy HaTpaBJieHa TTOTIEPEK MyTH,
BJIEBO 1O OTHOIIEHUIO K €TI0 OCH.

B nipencraBieHHOV cucTeMe MPUHSTHI
clenyrouue 0003HaYeHUS KOOPAUHAT: X —
nepeMelleHue BAOJb MYTH; y — IepeMeltie-
HUE MOMEePEK MYTU; Z — BEPTUKAIBHOE Me-
pemetnieHnue neHTpa tsxkectu KIT. Obo3Ha-
yeHus asiemeHToB KI1 v myTu, pacnoiaoxeH-
HBIC CJIeBa OT HavYaia KoopauHar 1o ocu Oy,
nHAeKcupytotes mudpoii 1, cipaBa — nud-
poii 2.

JlokanbHbie cucteMbl KoopauHat OEAr
1 Oz, B KOTOPBIX 3aa10TCS1 YPABHEHMS TIPO-
dureit KaTaHWSI KOJIEC U PEIbCOB, CBSI3aHBI
C TOYKaMU KOHTaKTa KOJIEC ¢ pesibcamu. Jlts

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 42-48 (2017)



z
X
e N\
Ocb
Puc. 1.
y .
R 7
Arz
N Arz
[
P
O1,
, & 3
>
n " n

Puc. 2.

eIUHOOOpa3ns ypaBHEHUN Tpoduieii mo-
BepxHocTy KaTaHus konéc (ITIMKK) ropnzoH-
TanbHble ocu O n Om (i = 1,2) moBEPHYTHI
BHYTPb KosieH, ocu OAr, O,z — BepTUKATbHO
BBEPX.

B aTux cucremax ypasHenue INITKK npu-
CYTCTBYET B BUIC

Ar = Bg’ + bg, (1
a YPaBHCHUCEC I'OJIOBKHM pPEJIbCa — B BUAC
(z—2z)*+(M—mn) = p?% (2

rae p — paauyc npoduisi TOJIOBKU pefibca,
(z,, M,) — KOOpAMHATBI LIEHTPA OKPYXKHOCTH
ub=-n/z,

Kaxknast 13 JoKaIbHbIX CUCTEM KOOPAMHAT
(puc. 2) )KECTKO CBsI3aHA C COOTBETCTBYIOLIN-
MM TOYKaMM KOHTaKTa B LIEHTPaJIbHOM ycTa-
HOBKE, TaK 4To cucTeMbl O EAr epeMeIaroT-
csl BMeCTe ¢ KOJECHOM Tapoii BaoJib ocu Oy
u OX, a CUCTEMBI Oinz — Brosb ocu Ox.

C nepemenienuem KIT Boonb ocu Oy pa-
JIAYChl KaTaHMSI KOJIEC, BEJIMYMHA KOTOPBIX
B LIEHTPAJbHOM yCTAaHOBKE I, ONMHAKOBA,
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Puc. 3.

U3MEHSIOTCI U TIpuy > () r,>r,,a UX pa3HOCTh
Ar = |r,—r,|. CnenoBarenbHo, 1, = 1, + Ar,
ar,=r1,—Ar

W3BecTHO [2, 3], 4TO ¢ KOHUYECKOM IO-
BEPXHOCTBHIO KaTaHUS KOJIEC (JIMHCHHBIN
podUIIb) pamnychl KATAHMS JIETKO BEIYUCIIS -
orcaunpuy > 0r =r1, +by,r,=r —by.

C M3HOCOM TTOBEPXHOCTH KaTaHMSI OTIpe-
JIeJICHUE PaIlyCOB KPYTOB KaTaHUSI, TIOJIOXKE -
HUsI HOPMaJIbHOM peakuu (puc. 3) CyIecT-
BEHHO YCJIOXHSIETCSI B CBSI3U C HEM3BECTHO-
CTBIO ypaBHEHUS MPOQGUIIS TOBEPXHOCTH Ka-
TaHUS KoJjeca.

B manHOI1 paboTre mia yuéra BIUSHUS
KPHUBOJMHEWHOCTU TIPOGUISI Ha TOPU30H-
TaJbHBIC COCTABIISIIONINE HOPMAJIbHOM peak-
LIMY WCITOJIb30BaHbI YpaBHEHUS MPODUICii,
MMEIONINX BU TTapaboibl [4], B 4aCTHOCTHU
BBIMYKJIBIN (1) 1 KpUBOJIMHEITHO-TIPSIMOJIH -
HEWHBIN:

bE+pE, £20,

bé,  £<0. )
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Ta0muua 1
2B 1/600 1,700 1/800 171000 [1/1200  |1/1800  |1/2000 | 1/3000
(1-x)10 1,66 2,85 3,75 5,0 5,83 6,67 7,5 8,33
28 10,04 5,01 3,33 2,00 1,43 0,99 0,67 0,40
1-x
2/58 158 79 53 32 23 16 1 6,3
(1-%)i

B 3amanHOIT cucTeMe KoopauHart (puc. 3)
ypaBHeHus (1), (3) IpUHUMAIOT BBIMYKIIBIN
BUII:

Ar=—bE — B “

U KPUBOJUHEWHO-TTPAMOJIMHEVHBIN

{—bé—ﬁé ué> )

—biu &<

B aTux ypaBHEeHUSAX b — TaHTEHC yIiia HaK-
JIOHa KacaresibHo# B Touke O, nmpoduis mo-
BEPXHOCTHU KaTaHUS KoJieca; 23 — KpUBU3HA
npoduid KataHus B Touke O, y10BIeTBOPS -
tomas HepaBeHCTBY 0< 20 < 1/p = B, rme
p — panuyc ToJIOBKH pesibca.

B pabote [4] monyyeHBl POpMYIBI A
BBIYMCJICHUS a0CLIMCC TOYEK KOHTaKTa KO-
JIEC ¢ peabcaMM MPHU MOMEPEYHOM IepeMe-
IIEHU Y KOJIECHOH Maphl Ha BeIUYUHY Y. JList
BBIITYKJIOTO MPOodUs UX MOXHO 3aIlKcaTh
B BUJIC:

1
=_1n+l_ )
&=(- %7

k
=_1n+l_ )
n=(1 T’

(6)

e k=2B/B,<1;n=1,2.
B cityuae nuHeliHOro mpoduiis abCcLucChl
TOYEK KOHTaKTa MPUHUMAIOT BUJI;

—_(_1\!
{5—( "y, o

n=0.

CpaBHuBast ¢hopmyaibl (6) u (7), MOXHO
YCTaHOBUTD, YTO TOUKM KOHTAKTa TIepeMelnia-
10TCS1 IO PO UIISIM KoJieca 1 pesibea B cilydae
KPUBOJIMHEHOCTU poduiis KaTaHWs KoJleca,
MPUYEM 30Ha KOHTAKTa 3aBUCUT OT KPUBU3HBI
npoduisi Kosneca. BunHo, 4To 30Ha KOHTaKTa
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1
KoJseca B T—x 0oJIblIIe, YeM Ha IIPSIMOJIMHE -

HOM, 1 3Ta BeJIMYMHA TeM OOJIbIIIe, YeM 0OJIb-
e f:
BO<2B<1T).

Ecnuxe f=0,T0-A<y<A,rmeA — 3a3op
MeXXJ1y TpeOHEM KoJieca U TOJIOBKOI pelibca.

ITycts Teneps KIT cnBuHyTa Ha BeaUUYM-
Hy y. Torma KOopAMHATHl TOYKM KOHTAKTa
MEPEMECTATCS Ha BEMYMHBI &, U &, HA JIEBOM
M TIPaBOM KOJIECaX COOTBETCTBEHHO, CUMTAsI
MMOBEPXHOCTU aOCOJIOTHO TJaAKUMU, HOP-
MaJIbHbIE peaKIIuK OyayT HAKJIOHEHBI K TOPH -
30HTaIbHBIM O0CAM 0 TIOI YIIaMU oL, U L.

CrienoBaTeIbHO, TOPU30HTAIbHBIE COCTAB-
naromye T, u T, HopMaIbHBIX peakUuii, Ha-
MpaBJIeHHBIX BHYTPb KOJIEW, MOTYT OBITb I10-
JIy4eHBI KaK

T, =P «tqu, =PAr/, 8)
T,=P,*tqa, = P,Ar,,
e P, P, — BepTUKaabHbIE pEAKIIMHU PETLCOB,
KOTOpBIE Oy/leM CUYMTATh OJMHAKOBBIMU
(P, = P,); Ar, — nmpou3BoaHbIE ypaBHEHUIA
npoduieii KoJéc.

PaccmaTtpuBast ypaBHeHUWE BBITYKJIOTO
npoduiist, mpoauddepeHIpyeM GyHKIIMIO

3):

d(Ar) . )

Tae 2p&; )
o 1

Ary =—1—2,3Ey, (10)
- . 1

Ar2 ——l+2ﬁmy. (11)

Boraucimm TEIICPb CYMMY COCTaBJIAIOINX,
Y4YuTBIBasa UX HaAITPABJICHU S
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AT =T +T,= P(—i—2ﬂﬁy)—

Tk (12)

Takum o6pazom, eciny > 0, To AT HampaB-
JIeHa B CTOPOHY, TPOTUBOITOJIOXHYIO ITepeMe-
ILIEHUIO KOJIECHOU Maphl, M 3Ta CUJa MPOIop-
LIMOHAJIbHA MEePEeMEIICHUIO U BepTUKATbHOMN
peakiuu peJibca.

Ecnu xe npoduiib KpUBOJIUHEHHO KOHU-
YeCcKUi, TO

P(—i+ 2ﬂﬁyj = —4—ﬂyP.

Ar, =—i -2
Ar, =—i
2p
AT =——2_yP.
u Tt (13)

AnHanmusupyst dopmyssl (12) u (13), MoxXHO
BUJICTh IIPEUMYILECTBO MPUMEHEHUS BBITYK-
JIOro IIpouJIst B CpaBHEHUU C KPUBOJIMHEMHO-
MpsSIMOJIMHEHBIM. [TprueM BeimurHa BO3Bpa-
LIAIOIIEH CUJIbl YBEJIMYMBAETCS B JBa pasa.
Crenyer 3aMeTUTh, YTO TIPU BBIBOAE (hOPMYJT
BeiuncieHust AT He yuuTsiBaicst moBopoT KIT
BOKpYT ocu OX, TIOCKOJIbKY BIMSIHUE [IOBOPOTA
CUMTACTCS HE3HAUMTEIbHBIM.

OnHako 1 MPSIMOJIMHEHHOTO TIpOoUIIs
Ar = -i§ Tonpko nosopot KIT Bokpyr ocu Ox
BBI3bIBACT MOSIBJICHUE TOPU3OHTAIbHbBIX CO-
CTaBJISTIOLLIMX HOPMaJIbHbBIX peakiuii. CMerast
KIT Ha Benmuuny y > 0, paguychbl KayeHUs
KOJIEC U3MEHSIIOTCSI, M BCS KOJIECHAs Tapa

i
TIOBOPAYMBACTCS Ha YTOJI ¢ = gy

B pesyibraTte cyMMa rOpU30HTaIbHbBIX
COCTaBIISIIOIIUX:
AT =T, -T, = 2 P

n= LT h= yE. (14)

S

JIst cpaBHEHUS BIMSHUSA KPUBU3HBI IIPO-
(WIS Ha TOPU3OHTAILHYIO COCTABISIOLIYIO
BEPTUKAIBHBIX CHJI IIPUMEM PALIYC TOJOBKH

1
penbea p = 500 MM (ﬂ =%), TaHTEeHC yIia
HaKJIOHA TIpodriIeil B Hayaie KOOpAWHAT i =
1/20. Panguyc KpuBU3HBI KPUBOJIUHEWHBIX
Y4acTKOB KaTaHusl OynemM MeHsTb. [loacuér

MPOU3BOJMM MPU ONMHAKOBOM JABJICHUU Ha
KoJi€éca U OMHAKOBOM IEPEMEIIEHUU y =
1 MM, i/S. TToaTOMY MOXKHO CPaBHUBATH JIUIITb
Koo duimeHTsl npousseaeHus yP. J1ist Bbi-
mykJyioro ipoduist (4) 3HaueHnst Koo buim-
eHTOB npuBeaeHbI B Tadue 1. Koadduiu-
SHT JJ151 IPSIMOJIMHEHHOTO TPODUIIS IPU TOM
e rpousBeneHuu yP oyner

2 =6,33-10".
S

B rabnuie 1 nano oTHoueHUe KO3 du-
LIUEHTOB BBIMYKJIOTO Mpoduisi ¢ pa3HOU
KPUBU3HOU K KO3 GUITUEHTY TPSIMOTUHEH -
Horo npoduis. M3 nociaenHeit e€ CTpouKku
BUJIHO, UTO C yMeHblIeHUEeM 23 (C yBesnue-
HUEM paanyca KpUBU3HBI TPODUIISI TIOBEPX-
HOCTM KaTaHUWs) BO3Bpalatonias cuia
Takxke yMeHbinaetrcs u npu 2 = 1/3000
JIUIb B 6,3 pa3a MpeBbIlIaeT BO3Bpallal-
LIYIOCSI CUJTY TIPU TIPSIMOJIMHEWHOM TTpOohu-
ne. Tak, ecnu npuHaTh y = 3 MM, P, =P, =
125000 H, TO BO3BpamIawIIas cuiaa IS
npsaMoiuHeiiHoro npoduida oynet AT =
23,74 H, 019 KPUBOJIUHEITHO-KOHUYECKOTO
23 = 1/800 AT, = 1258 H, a 114 BBIMYKJIO-
ro— AT, = 2516 n.

BbiBOA4bl

1) ITpumeHeHMe KPUBOIMHENHBIX TIPODU-
JIel yBeTMIMBAET BO3BPAIIAIONIYIO CUITY B pa-
3bI TIO CPABHEHUIO C KOJIECAMU KOHUYECKOM
TOBEPXHOCTH KaTaHMUSI.

2) BosBpamiatoriasi cuia pacCMOTPEHHBIX
KPUBOJMHEWHBIX MTpoduIeil mpomnopiuo-
HaJIbHA TIEPEMEIIEHUIO U, CIEI0BaTEIbHO,
WUTPAET POJIb CUJTBI YIIPYTOCTH.

3) C yBenuueHUeM KPUBU3HBI BEIMUMHA
BO3BPAIIAIOIIEH CUJTbI YBETUINBACTCS.
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FORMULA FOR CALCULATING THE RESTORING FORCE
FOR WHEELS WITH A CURVILINEAR PROFILE

Korolkov, Evgeny P., Russian University of Transport (MIIT), Moscow, Russia.
Ivanova, Anastasia A., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

A method is proposed for calculating the
restoring force of a wheel set using wheels with a
curvilinear profile having a parabolic shape. The
corresponding mathematical calculations are made.

The results of the calculations showed that the
application of the curvilinear profile increases the
restoring force compared to the wheels having a
conical surface. Simultaneously it was established
that the restoring force plays the role of elastic force.

Keywords: wheel set, restoring force, calculation method, mathematical model, wheel profile, curvature,

cone.

Background. First, let’s define the main thing:
the restoring force will be the sum of the projections
on the horizontal plane of the normal reactions of the
rails to the wheels of the wheel set when it is
transversely moved from the axis of the track.

In the presentation of the material, the coordinate
system (Pic. 1) is used, moving with velocity v along
the axis O,, whose origin is located on the axis of the
track and coincides with the center of gravity of the
wheel set (WS) in the central installation, let’s call it
so. The basis vectors form the right-hand triple, so
that the axis O, is directed transversely to the track,
to the left with respect to its axis.

Objective. The objective of the authors is to
consider a method for calculating the restoring force
for wheels with a curvilinear profile.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical calculations.

Results. /In the presented system, the following
coordinate notations are accepted: x — movement
along the track; y — movement across the track;
z — vertical displacement of the center of gravity of
WS. The designations of the WS elements and the
track to the left of the origin along Oy axis are indexed
by 1, and to the right by the number 2.

The local coordinate systems O£Ar and Onz, in
which the equations of the rolling profiles of wheels
and rails are given, are associated with the contact
points of the wheels with rails. For the uniformity of
the equations of the profiles of the rolling surface of
wheels (PRSW), the horizontal axes O& and On
(i =1,2) are turned inside the track, the axes OAr,
Oz are vertically upward.

In these systems, the PRSW equation is
presented in the form

Ar = B2 + b, (1)
and the equation of the rail head — in the form
(2=2,)? + (MM, = p?, (2)

where p is radius of the head profile, (z, n,) are
coordinates of the center of circle b = -n/z,.

Each of the local coordinate systems (Pic. 2) is
rigidly connected to the corresponding contact
points in the central installation, so that the O£Ar
systems move together with the wheel set along Oy
and O, axes, and the Onz systems along O, axis.

With the movement of WS along Oyaxis, the radii
of rolling of wheels, whose values in the central
installation r, are the same, also change for y >
Or,>r, and their difference Ar= | r,—r,|. Therefore,
r,=rytAr,andr,=r,- Ar.

It is known [2, 3] that with the conical rolling
surface of wheels (linear profile), the radii of rolling
are easily computed and fory > Or,=r,+ by, r, =
r,— by.

’ With the wear of the rolling surface, the
determination of the radii of the rolling circles, the
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position of the normal reaction ( Pic. 3) is significantly
complicated in connection with the unknown
equation of the profile of the rolling surface of the
wheel.

In this paper, to take into account the effect of
the curvilinearity of the profile on the horizontal
components of the normal reaction, the equations
of the profiles having the form of a parabola [4], in
particular convex (1) and curvilinear-rectilinear are
used:

b 5 £20,
{ s+pE, &> @

bé,  £<0.

In the given coordinate system (Pic. 3), equations
(1), (3) take the convex form:

Ar = -b&-BE?, (4)
and curvilinear-rectilinear:
-bE—-BE, &£20,
&)
{—b-f, £<0. (&

In these equations, b is the tangent of the tangent
angle at the point O, of the rolling surface profile of the
wheel; 28 is the curvature of the rolling profile at the
point O,, satisfying the inequality 0 < 2B < 1/p = p,,
where p is the radius of the rail head.

In [4], formulas were obtained for calculating the
abscissas of the contact points of wheels with rails
when the wheel set is transversely displaced by the
value y. For a convex profile, they can be written in
the form:

1
E=(=D"" -y,
1-k (6)

k
=_1n+17 )
n=(D T

where k=2B/B,<1;n=1, 2.
In the case of a linear profile, the abscissas of
the contact points take the form:

=(=1)"! :
{5 D"y e

n=0.

Comparing formulas (6) and (7), it can be
established that contact points move along the
profiles of the wheel and rail in the case of curvilinear
rolling profile of the wheel, the contact zone being
dependent on the curvature of the wheel profile. It
can be seen that the contact area of the wheel in
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% is greater than in the rectilinear one, and this
value is the larger, the larger is B:
B(O<2B<1).

Ifp=0, then-A<y<A, where Ais a gap between
the wheel flange and the rail head.

Now let WS be shifted by the value «y». Then the
coordinates of the contact point will move to the
values &, and &, on the left and right wheels
respectively, assuming the surfaces are absolutely
smooth, the normal reactions will be inclined to the
horizontal axes 0§ at angles o, and a.,.

Consequently, the horizontal components T,and
T, of normal reactions directed into the inside of the
track can be obtained as
T,=P,~tqa,=P,Ar/ (8)
T,=P,tqo,=P,Ar,,

where P, P, — vertical reactions of rails, which we
will consider the same (P, = P,); Ar/ - derivatives of
the equations of the wheel profiles.

Considering the equation of the convex profile
(3), we differentiate the function (3):

daary

e s (9)
o 1

Al‘l——l—2ﬂ§}'a (10)

Ar =—i+2 = (11)

We now calculate the sum of the components,
taking into account their directions:
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Table 1

28 1/600 1/700 1/800 1/1000 1/1200 1/1800 1/2000 1/3000
(1-x)10 1,66 2,85 3,75 5,0 5,83 6,67 7,5 8,33

10,04 5,01 3,33 2,00 1,43 0,99 0,67 0,40
%103
1-x

245 158 79 53 32 23 16 11 6,3

(1-x)i

1
AT, =T, +T,=P| -i-28——1vy |-
st h (1 ﬂl—kyj
. 1 4B
P| -i+2p——vy |=
[ ﬁl—kyj

Tk yP.
Thus, ify > 0, AT is directed to the side opposite
to the movement of the wheel set, and this force is
proportional to the displacement and vertical
reaction of the rail.
If the profile is curvilinearly conical, then

(12)

Ar, :—i—2/3§}

Aty =—i

28
and AT=-1—rvyP. (13)

Analyzing formulas (12) and (13), one can see
the advantage of using a convex profile in comparison
with the curvilinear-rectilinear profile. Moreover, the
magnitude of the restoring force is doubled. It should
be noted that in deriving the calculation formulas AT,
the rotation of WS around Ox axis was not taken into
account, since the effect of the rotation is considered
insignificant.

However, for a rectilinear profile Ar = —ig, only
rotation of WS around O, axis causes the horizontal
components of normal reactions to appear. By
shifting WS by the value y > 0, the radii of the rolling
of the wheels change, and the whole wheel set
rotates by an angle ¢ = %

As aresult, the sum of the horizontal components:

2i

ATn=T1—T2=—§yP. (14)

To compare the effect of the curvature of the
profile on the horizontal component of the vertical
forces, we take the radius of the rail head
£ =500 mm [ ﬂ=%} the tangent of the slope angle
of the profile at the origin i = 1/20. The radius of
curvature of the curvilinear sections of rolling will be

changed. The calculation is made at the same
pressure on the wheels and the same displacement
y=1mm, i/S. Therefore, we can only compare the
coefficients of the product yP. For the convex profile
(4), the coefficients are given in Table 1. The
coefficient for the rectilinear profile for the same
product yP will be

2 6.33+10°.
S

Table 1 gives the ratio of the coefficients of the
convex profile with different curvatures to the
coefficient of the rectilinear profile.

It can be seen from the last line that with a decrease
in 2B (with an increase in the radius of curvature of the
profile of the rolling surface), the restoring force also
decreases, and at 23 = 1/3000 it is only 6,3 times
greater than the restoring force for a rectilinear profile.
So, if we take y =3 mm, P, = P,= 125000 n, then the
restoring force for the rectilinear profile will be
AT = 23,74 n, for the curvilinear-conic with 2p = 1/800
AT, = 1258 n, and for the convex profile — AT =2516 n.

Conclusions.

1) The use of curvilinear profiles increases the
restoring force by a factor of times compared to the
wheels with the conical rolling surface.

2) The restoring force of the curvilinear profiles
considered is proportional to the displacement and,
consequently, plays the role of an elastic force.

3) As the curvature increases, the magnitude of
the restoring force increases.
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0OCbMO€ 3aceJaHue POCCUMCKO-KH-
B Talickoi paboyeil rpymnIbl Mpes-
MPUSATUI TTO COTPYAHUYECTBY B 00-

nactu BCM npomno B [1ekune.

YyacTHUKM 3acelaHUs] pacCMOTpeEu
npeaBapuTeibHOC TEXHUKO-3KOHOMUYE-
cKoe 00OCHOBaHME U MPU3HAIU MepCreK-
TUBHBIM ITpoekKT BCM «EBpasus», npenro-
JlaraloIuii cCo3naHue BBICOKOCKOPOCTHOTO
rpy3omaccaxupckoro TpaHCIMOPTHOTO KO-
punopa mexnay Kuraem u EC.

[TpoTsLKEHHOCTD MarMCTpaI MO TEPPUTO-
pun Poccuu ipeBBICUT 2,3 THIC. KM 1O Mapllpy-
1y KpacHoe (rpanuua ¢ benopyccueit)—Mo-
ckBa—Kazanb—Ekatepunoypr—YenssonHck—
3onoras conka (rpanuiia ¢ KazaxcraHoMm).

PabGouas rpymnma nmpusHana 3TOT Ipo-
eKT 4acCThl0 MHULMATUBBI «OIUH MOsSIC —
OIMH MYyTh», KOTOPHI CBSKET BOCIMHO
TpaHcnopTHbIe cucTeMbl Kutast u EBpo-
nbl. g o0beAUHEHUS YCUIUN B 3TOM
HallpaBJeHUU YYaCTHUKU 3acelaHUs 10-

TOBOPUJIMCH CO31aTh COBMECTHYIO 3KC-
MEPTHYIO IPYIIIY.

Tak:ke yyacTHUKU paboyveil TpyIIibl
JIOTOBOPUJIMCH O TIPMHIIMITAX UCII0JIb30Ba-
HUSI MHHOBALIMOHHBIX TEXHOJOIUI U TIpK-
CTyNnWIN K GOPMUPOBAHUIO €TO MEPEYHSI.

JeBsiToe 3aceqaHue paboyeil TPYIMIIbI
MPEANPUSITUIA IO COTPYIHUYECTBY B 00J1a-
ctu BCM oOyaet npoBeaeHo B Poccun.

ITo MaTepuanam npecc-cayKOobl
OAO «PXK]I» ®

EXPRESS/ INFORMATION

«EURASIA» HIGH-SPEED RAIL PROJECT

The eighth meeting of the Russian-
Chinese work group of enterprises on
high-speed rail cooperation has been
held in Beijing.

The participants at the meeting considered
the preliminary feasibility study and considered
the Eurasia high-speed rail project, which
envisages the creation of a high-speed freight
and passenger transport corridor between
China and the European Union.

The railway will exceed 2,300 km in
length across Russia and run along the
route from Krasnoe on the border with
Belarus—Moscow—Kazan—Yekaterinburg—
Chelyabinsk—Zolotaya Sopka at the border
with Kazakhstan.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

MpoekT BCM «EBpa3us»

«Eurasia» High-Speed Rail Project

The work group also recognised this project as
part of the One Belt, One Road initiative, which
will link the transport systems of China and
Europe.

To unite efforts in this direction, the meeting
participants agreed to establish a joint expert group.

In addition, the work group participants agreed
on the principles to be applied in using innovative
technologies and began to formulate its
specifications.

The ninth meeting of the working group of
enterprises on cooperation on high-speed rail
projects will be held in Russia.

Based on information of press service
of JSC Russian Railways @

.15, Iss. 4, p. 49 (2017)
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BukTtop AJIEKCEEB

Viktor M. ALEKSEEV

Covert Channels of Information Transfer
(TekcT cTatby Ha aHrJl1. 3. —
English text of the article — p. 54)

B cTaTtbe paccMoOTpeHbl BOMPOChHI
opraHu3sauuu CKpbITbIX KAHaJ10B
nepegayn uHgopmaLnu ¢ MOMOLLbIO
BCTPOEHHbIX areHTOB B ornepayunoHHbIe
cucremsbi. CoBpeMeHHOe COCTOosIHue
uccnenoBaHwii B 4aHHON obnactu
Hayku, cpaBHeHue C MUPOBbLIM YPOBHEM
MOKa3bIBaloT, YTO OTCYTCTBYIOT
Teoperuyeckme pa3paboTku
aHa/IN3aTopPoB CKPbITbIX KAHAJ10B,

a Takoke nporpaMMHoO-annaparHasl
peanusauuns nx mogesnei. ABTop
npeanaraeT cBOM noaxon K cCo34aHuio
aHa/IN3aTopoB CKPbITbIX KAHAJIOB

Ha OCHOBEe MeTo40B CaMOOpraHu3aunm,
a TakoKe aJirOopuTM CeTeBbIX ornepayui,
MO3BOJIKIOLLNI BbIMOJIHATb PYHKLUN
nepenyTbiBaHUS MaKeTOB C LeJ1bIo
paspyLieHus npoLecca nepegaqv
UHpOPMaLnM Nno CKPbITbIM KaHasiaMm.

Knro4eBblie crioBa: kaHasibl nHpopmMaLmuy,
KopriopartnBHasi CeTb, CKPbITbIV KaHaJl,
aHanm3arop, TaviHbIVi areHT, rnaker,
nepuernTpoH.
|

BOTPOCHI TEGP

CKpbITble KaHaJbl
nepeanayn uHpopmauum

Anexceee Buxmop Muxaiiaoeun — dokmop
MexXHU4ecKux HayK, npogeccop kageopwl ynpasienus
u 3auumsl unghopmayuu Poccuiickoeo yrusepcumema
mpancnopma (MUHT), Mockea, Poccus.

030p MyOaMKALIMI ITO CKPBITOM nepe-
naye MHbOpMauU mokKas3aa, 4To
npoobsiemMa ucciaenoBaHus 3Tol cde-
DBI SIBJISIETCS aKTYyaIbHOU. CKPBIThIE areHTHI,
MOCTaBJISIEMbIE B COBPEMEHHBIX OTIEpaIIMOH -
Hbix cuctemax (OC), BBITTOTHSIIOT pa3InyHbIe
3aj7a4u 1Mo cOOpy JaHHBIX C KOMITHIOTEPOB
yepes, Kazajaoch Obl, 0€6300UIHbIE MTPUTOXKE-
Hust. O0BEMEI MaMSITH, 3aHUMAaeMBbIe OIlepa-
IIMOHHBIMU CUCTEMaMU, PACTYT 3HAUUTENILHO,
a (PyHKIIMM TPAKTUIECKU OCTAIOTCS TTPEXKHU -
MU. DTO KOCBEHHO JIOKA3bIBAET TO, YTO BHYTPU
OreparMoOHHbBIX CUCTeM Ha 0a3e MPUIOKeHU
TPUCYTCTBYIOT TaliHbIE areHThI-OPraHU3aTO-
DBbI, CKPBITBIE aT€HTHI 110 Tepenavye nHdopma-
u. [punoxeHns — HEOOXOIUMBII NHCTPY-
MEHT a5t cbopa MHGOPMaALUU, JIeraJibHO
YCTaHOBJICHHBI Ha TIEPCOHATbHBIX KOMIThIO-
Tepax, KOMMYHUKATOpax, CEpBepax U JAPYrux
BBIYMCIUTENbHBIX cpeacTBax [1-3, 6, 7].
ITpuuém c ooHoBIeHUEM OC 0THOBPEMEHHO
OOHOBJISIIOTCSI Y TATHBIE ar€HTHI.
TexHonorust paboThl CKPBITHIX KaHAIOB
OCHOBaHa Ha ciienytoiieM nmpuHiume. CKpbl-
TOE MPorpaMMHoOe obecrieueHue (areHThl) He
MO3BOJIIET ce0s1 KOHTPOJIMPOBATh, TaK KakK
HEMOCPEJCTBEHHO pacliojlaraeTcs B sape
ornepaluoHHOM cuctembl. TaliHbI areHT Ha-
YUHaeT NeliCTBOBATh OT KOMaHAbl U3BHE,

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 50-56 (2017)



ACCOLMUPOBAHHLIE
CybBeKTbI

SAk Internet

CKpbITbIiA areHT nepefayn
SAk

SAr
CkpbITble areHTbl cbopa

¢ WHopmaLm
i Crek

Puc. 1. CTpykTypHasi cxema ¢popMUpPOBaHUS CKPbITbIX KAHAOB: SAS, SW, I, pr — CKPbITbI€ areHTbl,
oTBevyalolme 3a c60p AaHHbIX C CEeTEeBbIX yCTPOICTB U popmupoBaHne o6bEma nepeaasaemMoii UHpopmaunm;
SA, — CKpbITbIVi areHT nepeaa4Yu MHHOPMaLn 1o OJHOMY M3 NPU3HAKOB WU X KOMOUHaLMN.

a CJIeIoBaTeIbHO, B CUCTEME OJIKHBI OBITh
OpraHM30BaHbl CKPBITHIC KaHAJbI TOCTaBKU
yIpaBJISIoNIiell KOMaHIbl. 3aHUMAIOTCS STUM
areHThI-opraHu3aTophl. [lepemaua u npuém
1X MHGOPMAIIMU OCYIIECTBIISIIOT IO TEM XKe
KaHaJlaM, KOTOPbIE UCITOJIb3yeT 1 00111asi KOp-
nopaTuBHas ceTh mpeanpustusa. [Ipoiecc
MoHavany UAET IMOCPeICTBOM 000PYIOBaHUS
JIOKaJbHOM CEeTU: TOUKM JOCTyIa, KOMMYTa-
TOPBI, 3aLIUTHBIC SKPaHbl, MAPIIPYTHA3aTOPHI.
Ilepenaua nHMOpPMALIMK IO CKPHITBIM KaHa-
JIaM TIPOMCXOMIMT Jajiee yepe3 000opyaIoBaHue
oIrepaTopa CBSI3H, Iie OCHOBHBIMU 3BEHbSIMU
CTaHOBSITCS CepBepa U MapILIPyTU3aTOPHI.
Wuaue roBopst, yepe3 KaHal CBSI3U OT
BHEIITHETO UCTOYHMKA K HeJIeraJIbHOMY areH-
Ty JOJDKHA OBITh mepegaHa MHGOpMaIus,
00BEM KOTOPOIA 3aBUCUT OT THUIIA PelllaeMbIX
3aga4. Ho ecnu takast ornepaiust OyaeT 3aMe-
YyeHa, TO «3aKJIaJKy» MOXHO TYT K€ YHUYTO-
XKUTb. SAIcHO, 4TO mepemaya MHGoOpMaLIUU
aBTOMATy TaKOI'0 areHTa OCYIIEeCTBISIETCS
Yyepes Ty XK€ BXOJIHYIO TTOCIeI0BaTeIbHOCTD,
YTO 1 MH(OPMALIMSI KOMIIBIOTEPHO cUCTeMe
(KC). 3a paboroit KC HabnomaeT HeKuit
cyobekT U, KOTOpBIi HE BUAUT CKPBITOTO
YIIpaBJIEHUSI areHTOM U pacriojiaraecT HEKOTO-
poii nH(GOopMaLMell OTHOCUTEIBHO TEKYIIETO
coctosgaus KC v rmogaHHoOro Ha BXO/, 3a1aHus.
CyObekT UHe BUIUT B COCTOSIHUM S CKPBI-
TBIM KaHaa X — Y Torjma M TOJIBKO TOTIa,
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korna I (X, ¥) — Is(X, Y|Z) [3, 5, 8]. HanHoe
3aKJII0YEHUE MHTEPIPETUPYETCS CIISAYIOIIUM
o6pasoMm. Eciin Cionydaer coobiienne z € Z

U HE XOYeT, YTOOBI 3TOT (DaKT ObUT 3aMeUeH
cyobekToMm U, TO MH(MOPMALIMOHHBIN MOTOK
OT X K Y TOJDKEH OCTaBaThCsI TAKWMM K€, KaK
M B CJIydyae, KOrJa CKphITOM Tepenavyu 1Mo Ka-
Hany X — Z TIpoCTO HeT.

B dhopMupoBaHnM CKpHITOrO KaHaia yya-
CTBYIOT HeJIeTaJIbHbIE aTeHThI CEPBEPOB, KOM-
MyTaTOpOB, MapuipyTuzatopoB. Hanbomee
palMoOHAaJIbHO KOHTPOJIMPOBATH TOSIBICHUE
CKPBITBIX KAHAJIOB TIepeiad MH(opMaIuy Ha
000pyIOBaHUU C OOJBIIUMU OUYEPEASIMU:
KOMMYyTaTopax ¥ MapIlpyTu3aTropax, o0s3a-
TEJTbHBIM aTpUOYTOM KOTOPBIX SIBJISIETCST Ha-
JINYME CTeKa IMaKeTOB, KyJda OHU OTIIPABJISTIOT-
Cs1 M OTKYJIa MOTYT U3BJIEKaThCsl HEIOCTAOIIINE
ITaKeTHI B CJTydae UX OTCYTCTBUS B MH(pOpMa-
IIMOHHOM TI0TOKe. MIMEHHO TakuM o0pa3om
M3 TeKyIlIero MHGOpMaMOHHOTO MOTOKA
M CTeKa ITaKeTOB ITPOUCXOAUT OpMUPOBAHEC
IMOCJIeIOBATEIbHOCTH B CKPBITOM KaHaje
(puc. 1).

Pa6ota aHanuzatopa MHGOPMALMOHHOTO
MOTOKa Ha OCHOBe TeplernTpoHa [4] 6a3upy-
€TCs Ha aHaJIM3e CUTYaIIMK 110 chopMUPOBaH-
HBIM PEIAoIINM IPaBUIaM B ITIPOCTPAHCTBE
3alaHHBIX MPU3HAKOB. OCOOEHHOCTh aHAJIM -
3aTOpa 3aKJII0YaeTcs B TOM, YTO TpeOyeTcs
pacro3HaTh KOMOMHALIMIO U3 CYIIECTBYIOIINX

Anekceee B. M. CkpbiTbie KaHasbl nepeaa4yn uHopmaunm
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Puc. 2. @opmupoBaHne nHpopmMaLNOHHOIro NoTokKa rno rnpu3Hakam.

mapaMeTpoB. sl peaau3alnud CKPHITOTO
KaHaJjia BO3MOXXHO UCIIOJIb30BaHNE CUHXPO-
HU3UPYIOIINX ITOCIEA0BaTEIBHOCTE, 000-
3HAYAIINX HAadajJo M KOHEIl Mmepemadn
MHOOPMAIIMOHHOTO MOTOKAa (COOTBET-
CTBEHHO MCIOJB3YIOTCS CHHXPOMAaKETHI
Havaja U oKoH4YaHusA). OpraHu3aTopom
00011 mepeaavn sIBasieTCs TaHbIN aTeHT-
mocpenHUK. [TOBTOPSIEMOCTh HEKOTOPHIX
KOMOWHANUI CIYXHUT MIPU3HAKOM, UTO
CYIIECTBYET CKPHITAsI Iepeaaya.

OmHOPSIHBIN ITePHENTPOH B CIIydae IpH-
MEHEHHSI OTHOTO MpH3HAKA IS TIepeaadyn
nHGOPMAIIUNH 10 CKPBITOMY KaHally COACP-
KUAT BO3MOXHBIC KOMOMHAIIMHU MTAKETOB,
YIIOPSIOYSHHBIX IO HEKOTOPOMY ITPU3HAKY,
HaIlpuMep Mo MPOToKoIy. B BapuanTe mmpu-
MEHEHMSI IBYX IPU3HAKOB pelaromne GyHK-
1y OyayT comaepKaTh ABa MpU3HAKa U TakK
nanee (puc. 2).

®dopmupoBaHUe CKPHITOrO KaHajia Mmpu
HCTIOJIb30BAaHUHU ABYX ITPU3HAKOB IIPOUCXOTUT
caemyronM oopa3oM. B kauecTBe npru3Haka
MOXET MCITOJIb30BaThCS 3apaHee 3adaHHas
TIOC/IeJOBATE/IBHOCTB [, -aIPECOB IS OTIpe/ie-
néuHbix mpotokonios (HTTP-UDP unu mio-
6as npyras mapa, HanpuMmep HTTP-RTCP).
Heob6xonmmMo oTMETUTh, YTO CO3JaHUE CKPhI-
TOM TIOCJIEA0BATEILHOCTA MOXET OBITH OCHO-
BaHO Ha IMOPSIAKE PACIIOJIOXEHUS MaKETOB.
CrenoBaTelIbHO, TIEPIETITPOH TOJDKEH COIep-
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KaTh B 6a3e pelraronx MpaBui KOMOMHALINA
PACTIONIOKEHUS ITAKETOB, KaK B IPUBEAEHHOM
npumepe: UDP u HTTP.

TTocnenoBaTeIbHOCTH ITAKETOB pa3/IelisieT-
Cs1 Ha TIOTOKM IO IIPOTOKOJaM, IPU 3TOM
B KaXXJIOM ITOTOKE MOXKET (POPMUPOBATHLCS
CKPHBITHIN KaHaJI. B ciyyae mocienoBaTeabHO-
CTH U3 ABYX IIPU3HAKOB CHHXPOITOTOK POXK/Ia-
eTcsI M3 TIOC/IeA0BATeIbHOCTEH MMAaKETOB IBYX
TIPOTOKOJIOB.

Ha puc. 2 mokazaHbl aBa ciayJast opMu-
pOBaHMS CKPBITHIX KAHAJIOB Ha IMaKeTaxX OTHO-
To IMPOTOKOJIA M TTAaKeTaxX ABYX IMPOTOKOJIOB.
Bo BTOpOM ciywyae pemraroliue mpaBuia
IOJDKHBI YIUTHIBATh TO, YTO KOMOWHAIIMS
pPAaCcCTAaHOBKU MAKETOB MOXET OBITb MCIIOJIb-
30BaHa 1 I (GOPMUPOBAHUS CUHXPOITAKETOB
CKPBITBIX KAHAJIOB.

Ecim noneITaTthes cpopMUpoBaTh Ha IIPU-
3HaKe X, MOCJIeA0BaTeNbHOCTh U3 00LIEro
MOTOKa, TO y cy0ObeKTa U HU9eTo He OJTyInT-
¢, TaK KaK MaKeThl ITeperyTaHbl. [1epBoIii psin
MEePIEITPOHA C ABYMSI TIpM3HAKaMU OyaeT
MMETh pelarime PyHKINN:

. 2 . 2
R, =(x1 -X, )j +(x2 —xz)
Iae X', U X", — UeHTPaIbHble 3HAYCHUST MPU-
3HAKOB IIpY 00YYEeHUH ITepLIeNTPOHA (IPUHU-
MaeT YUCI0BOe 3HAaUeHUE, COOTBETCTBYIOLIEE
tuny nakera DNS — 1, DHCP -2 HTTP -3
U T.I.).
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Hcnonb3oBaHue mepLenTpoHa Mo3BoJiseT
co3[1aBaTh aHAIMU3aTOPbl CKPBITHIX KAaHAOB,
paboTaloIIKNX HA HECKOJIBKUX MPU3HAKAX, TPU
5TOM MEPLENTPOH AOJKEH ObITh MHOTOPSII-
HBIM.

HasHaueHue BTOporo psiga aHajiM3atopa
Ha 6a3e neplenTpoHa — aHAJIU3 KOMOMHAUI
TaKETOB IIPOTOKOJIOB, «HECYIINX» OTIPEAeIECH-
Hble MPU3HAKU, HA OCHOBAHUU KOTOPBIX
JIOJKHA OCYILIECTBIIAThCS mepenaya nHdop-
mauuu. I[lepegaya CUHXpOHU3UPYETCI Ha-
YaJbHOM M KOHEUYHOI KOMOWHAIIUSIMU, COC-
TaBJIEHHBIMU U3 ITAKETOB IMPOTOKOJIOB B CTPO-
ro omnpeneséHHONW MOCIea0BaTEeIbHOCTU
(00 aTOM 3apaHee JOroBaprBalOTCS areHThbI
nepenayu). Mogenab BTOPOTO psifia Meplier-
TPOHA MPU UCTIOJI30BAHUN OTHOTO «HECYIIIe-
ro» MpoToKoJa OyaeT BKIItoYaTh B ceds (Ha-
npuMep, Npu HAJIUYUU OBYX ip-aJpecoB:
ip, — JIOTUYECKUI HONb, ip, — JIOTHYeCcKas
€IUHUIIa) BOBMOXHbIE KOMOMHAIIUU, YKA3bI-
BaloLIMe Ha HAYaJI0 U OKOHYAHUE NIepefayu
uHdopmauuu. Hanpumep, npu ucnoib3oBa-
HUU KOMOWHAILIMY U3 BOCbMU MAKETOB MOJIE/b
COIEPXKUT 256 BapUAaHTOB pealu3alii CUH-
XPOCUTHAJIOB Havajla U OKOHYAaHUS Mepeaadn.

C 11e1b10 YCKOPEeHU s MOTOKA MH(popMaIuu
0JIOK TaHHBIX, 3aKTIOYEHHBII MEXITy HAYaJIOM
1 OKOHYAaHHUEM Tpoliecca, epenaercs Joru-
YEeCKUMU HYJISIMU U €IUHULIAMU, B KAYECTBE
KOTOPBIX MOTYT BBICTYIaTh, KaK yKa3aHO pa-
Hee, ip-anpeca. Ha BbIxoae BTOporo psima
MeplUenTpoHa UMeeM CIIEeIYIOIIYIO MTOCe10-
BaTeJbHOCTH B MOMEHThI BpEMEHH [T /.
ROJHT, ARt s Rl oo SRS
roe R / t / — BBIXO aHAIN3ATOPa, O0YIEHHbII
Ha CMHXPOITaKeT «HavaJIo Imepeaaumn»;

R* [t p] — BBIXOJI aHaIM3aTopa, OOyYeH-
HBIIl HA CHHXPOTIAKEeT «OKOHYaHUE Nepefadn»;

R [t ], R, [1,,] — BBIXOLBI aHATM3A-
TOpa, 00y4eHHbIe Ha (PUKCALIMIO JIOTUYECKO
€IUHUILIBI U HYJIs; GOPMUPYIOTCS B OJIOKE
nepeaaBaeMbIX JAHHBIX.

TTonyyeHHas nocaea0BaTeIbHOCTD MPE-
CTaBJsIET MAaHHBIE, UAYIIUE MO CKPBITOMY
kaHaiy. [Tpu 3TOM ciienyeT OTMETUTD, YTO UX
nepeaaya J0JKHa OCYIIECTBISTHCS B OTPaHU -
YEHHbI BPEMEHHOUW MHTEepBaj, YTOOBI HE
OBITh pacro3HaHHO. M, KpoMe TOro, BBISIBUTh
BEPOSITHOCTb CYIIIECTBOBAHUSI CKPBITOTO Ka-

HaJsa 0e3 MCMOoJIb30BaHUs aleKBaTHBIX 3a/1aUe
aHaJIM3aTOPOB NPaKTUYECCKN HEBO3MOXKHO.

3AKJTIOMEHUE

WUndopmanust, monyyeHHast OT aHalIM3a-
TOpa CKPBITOTO KaHalla, HEOOXOUMa, YTOOBI
PUMEHUTH METO/IbI, ITO3BOJISIOIINE ITPEIO0T-
BPATUTh BO3MOXHOCTb IMPOAOKEHUSI TTPOLIEC-
ca ¢ yJyacTUeM <«HeJIeTaJIbHBIX» areHToOB. s
peanu3aluM TaKoW 3ajavyu Tpeajiaraercs
WCCIIEIOBATh METOIBI TIEPEITy THIBAHUS TTaKe-
TOB. TexHUYECKHU 3TO TPeOYeT 3HAUYUTETbHBIX
CKOpocTell 00padoTKu MHGMOPMAILINH, ITO
TpEeNOTPENENSIET UCTTOIb30BAHNE ONTUYECKUX
UHTEep(QECcoB, CBI3bIBAIOIIMX CEPBEp Mepe-
MyThIBaHUS U OydepHoe XpaHWUIULIEe, Kyaa
BpEeMEHHO TToMelIalTcs nakeTbl. [Ipuuém
AJITOPUTM JIOJDKEH OeCTIPETTITCTBEHHO TIPOITY-
CKaTh ONpPeAeIEHHbIE MaKEeThl, KOTOPbIE HEJlb-
351 TIEPETTyThIBAaTh, MHAYE TTPOUZOUIET HAPY-
IeHWe pabOThI CETEBBIX YCTPOUCTB.

TakuM oOpa3om, peanu3aiius aHaTu3aTo-
pa Ha 0a3e nmepuenTpoHa IJisl paclio3HaBaHUS
CKPBITBIX KaHAJIOB MO3BOJISIET CYIIECTBEHHO
MOBBICUTH 3G (HEKTUBHOCTh OOPHOBI ¢ HUMU
B KOPITIOPAaTUBHOM CETMEHTE CeTel.
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COVERT CHANNELS OF INFORMATION TRANSFER

Alekseev, Viktor M., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The article deals with the organization of hidden
channels of information transfer with the help of
embedded agents in operating systems. The current
state of research in this field of science, comparison
with the world level, shows that there are no theoretical
developments of hidden channel analyzers, as well as

software and hardware implementation of their models.
The author offers his approach to creating covert
channel analyzers based on methods of self-
organization, as well as an algorithm for network
operations that allows to perform the functions of
entanglement of packets in order to destroy the process
of transmitting information over hidden channels.

Keywords: information channels, corporate network, hidden channel, analyzer, secret agent, packet,

perceptron.

Background. The review of publications on the
hidden transfer of information showed that the
problem of research in this field is relevant. Hidden
agents, supplied in modern operating systems (OS),
perform various tasks to collect data from computers
through seemingly innocuous applications. The
amount of memory occupied by operating systems is
growing significantly, and the functions practically
remain the same. This proves indirectly that within the
operating systems on the basis of applications there
are secret agents-organizers, hidden agents for the
transfer of information. Applications are a necessary
tool for gathering information legally installed on
personal computers, communicators, servers and
other computing facilities [1-3, 6, 7]. And with the
update of the operating system at the same time,
secret agents are updated.

Objective. The objective of the author is to
consider hidden channels of information transfer.

Methods. The author uses general scientific
methods, comparative analysis, evaluation approach,
scientific description.

Results. The technology of hidden channels is
based on the following principle. The hidden software
(agents) does not allow itself to be controlled, since itis
directly located in the kernel of the operating system.
The secret agent starts to act from the command from

2 Laptop

Associates

Lapto

the outside, and therefore, the hidden delivery channels
ofthe management command must be organized in the
system. The agent-organizers are engaged in this. The
transfer and reception of their information is carried out
through the same channels that the corporate network
also uses. The process first goes through the equipment
ofthe local network: access points, switches, protective
screens, routers. The transfer of information over the
hidden channels occurs further through the equipment
of the communication operator, where the main links
are the servers and routers.

In other words, through the communication
channel from an external source to an illegal agent
information must be transferred, the volume of which
depends on the type of tasks being solved. But if such
an operation is noticed, then the «bookmark» can be
immediately destroyed. It is clear that the transfer of
information to the automated device of such an agent
is carried out through the same input sequence as
information to the computer system (CS). The CS is
monitored by a U subject which does not see the
hidden management of the agent and has some
information about the current state of the CS and the
task submitted to the input.

The subject U does not see in the state s the
hidden channel X — Y then and only then I(X, Y) —
Is(X, Y|Z) [3, 5, 8]. This conclusion is interpreted as

QSApr

Q Router a
SAk

SAk SAk Internet

¢ Hidden Transfer Agent
SAk

SAr
Hidden collection agents

- Stec

Pic. 1. Structured scheme of the formation of hidden channels: SAs, sw, r, pr — hidden agents responsible
for data collection from network devices and formation of the volume of transmitted information;
SA, —hidden information transfer agent for one of the features or a combination thereof.
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follows. If C receives a message z<€Z and does not
want this fact to be seen by the subject U, then the
information stream from X to Y should remain the
same as in the case when there is simply no hidden
transfer through the channel X — Z.

In the formation of a hidden channel illegal agents
of servers, switches, routers are involved. The most
rational way to control the appearance of hidden
channels of information transfer can be applied for
equipment with large queues: switches and routers,
the mandatory attribute of which is the presence of a
stec of packets, where they are sent and where the
missing packets can be extracted in the absence of
them in the information flow. This is how the sequence
of the hidden channel is formed from the current
information flow and the stec of packets (Pic. 1).

Perceptron first

A packet from the stack in the absence of the main
information stream

Forming the current sync packet
e
.

5

[Hre [ uop | upp [ HTTP | [ubP [HTTP [ upP [ HrTe |
-

The work of the information-flow analyzer based
on perceptron [4] is based on the analysis of the
situation according to the formed decision rules in the
space of given characteristics. The peculiarity of the
analyzer is thatitis required to recognize a combination
of existing parameters. To implement a hidden
channel, it is possible to use synchronization
sequences that denote the beginning and the end of
the transfer of the information flow (respectively, the
sync packets of the beginning and the end are used).
The organizer of any transfer is a secret agent-
intermediary. The repeatability of some combinations
is a sign that there is a hidden transfer.

A single-row perceptron, in the case of applying
one feature to transfer information over a hidden
channel, contains possible combinations of packets
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arranged in accordance with a certain feature, for
example, via a protocol. In the variant of applying two
characteristics, the decision functions will contain two
characteristics, etc. (Pic. 2).

The formation of a hidden channel using two signs
occurs as follows. A predefined sequence of
ip-addresses for certain protocols (HTTP-UDP or any
other pair, for example, HTTP-RTCP) can be used as
a sign. It should be noted that the creation of a hidden
sequence can be based on the order of the packets.
Therefore, the perceptron must contain a combination
ofthe location of the packets in the base of the decision
rules, as in the following example: UDP and HTTP.

The sequence of packets is divided into flows by
protocols, and a hidden channel can be formed in
each flow. In the case of a sequence of two, the sync
flow is generated from the packet sequences of two
protocols.

Pic. 2 shows two cases of forming hidden
channels on packets of one protocol and packets on
two protocols. In the second case, the decision rules
should take into account the fact that the combination
of packet allocation can also be used for the formation
of synchronous packets of hidden channels.

Ifyou try to generate a sequence from a common
flow on attribute X,, then the subject U does not
succeed, since the packets are confused. The first
series of perceptron with two signs will have decision
functions:

. 2 . 2
R, =(x1 —xl)j +(x2 —xz)j ,

where x”,and x*,— central values of the attributes when
training the perceptron (it takes a numerical value
corresponding to the type of the packet DNS - 1,
DHCP - 2, HTTP - 3, etc.).

The use of the perceptron allows the creation of
analyzers of hidden channels that operate on several
characteristics, and the perceptron must be multi-
row.

The assignment of the second series of the
perceptron-based analyzer is the analysis of
combinations of protocol packets that «bear» certain
characteristics on the basis of which the information
should be transferred. The transfer is synchronized
with the initial and final combinations formed from the
protocol packets in a strictly defined sequence (the
transfer agents agree in advance). The model of the
second perceptron series using one «carrier» protocol
will include (for example, if there are two ip-addresses:
ip, - logical zero, ip, — logical unit) possible
combinations indicating the beginning or the end of
the information transfer. For example, if you use a
combination of eight packets, the model contains 256
options for implementing the start and end timing
signals.

In order to speed up the flow of information, the
data block between the beginning and the end of the
process is transferred by logical zeros and units, which
can be, as indicated earlier, ip-addresses. At the
output of the second row of the percetron, we have
the following sequence at time instants [t ]:

RHKj[tk]’ {Rbi+ 1[tk+ 1]’ T Rbi+ 1[tk+j]’ ey ) RHKm[tlﬁ-p]’
where Fi”“l,[tk] — analyzer output, trained for sync
packet «beginning of transfer»;

R [ tm] —analyzer output, trained for sync packet
«end of transfer»;

R Mt ], R°, [t ] — analyzer outputs trained
to fix a logical unit and zero; are formed in a block of
transmitted data.

The resulting sequence represents data traveling
along a hidden channel. It should be noted that their
transfer should be carried out in a limited time interval,
so as notto be recognized. And besides, to reveal the
probability of the existence of a hidden channel
without using adequate task of analyzers is almost
impossible.

Conclusion. The information received from
the hidden channel analyzer is necessary to apply
methods that prevent the possibility of continuing
the process with the participation of «illegal»
agents. To implement such a task, it is proposed
to investigate the methods of packet entanglement.
Technically, this requires considerable data
processing speeds, which predetermines the use
of optical interfaces connecting the entanglement
server and buffer storage, where packets are
temporarily placed. Moreover, the algorithm
should allow certain packets to be passed
unchecked, which cannot be confused, otherwise
the network devices will malfunction.

Thus, the implementation of the perceptron-
based analyzer for recognizing hidden channels
allows to significantly increase the effectiveness of
the control over them in the corporate segment of
networks.
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MoaaBnsowee 60/1bLUNHCTBO HOBbIX
aBTomMobueii KOMNIEKTYIoTCS
3J/1IeKTPOMEXaHN4YeCKUMU YCUITNTENISMU
(9MY) pyneBoro ynpaBsieHust BBURY

X IBHBIX MPENMYLLEeCTB 10 cpaBHEHUIo

C ruapaBsIN4eCKUMU U MHEBMATUYECKUMU
ycTpoiicteamu. Bmecre ¢ Tem eLLé He

A0 KOHLa 3y4eH BOIpocC O TEXHNYECKOM
aKkcnyaTtauuu y3sna, coyetaHue

B KOTOPOM 3J1eKTPOHHbIX U MEXaHUY€CKNX
CUCTEM He NMo3BOJISIET B [OJIHOV Mepe
ucrnosib30BaTh CyLECTBYIOLLNE METOAbI

Y cpeacTBa KOHTPOJIS paboToCcrnoco6HoCcTn
aBTOMaLUUHbI, €€ pakTU4ecKkoro
TeXHU4eCKoro cocTtosiHusl. B ceasun

C 3TUM 0CO0060 aKTyasibHbl pa3paboTka
HOPMAaTUBOB yrnpaB/ieHNsl TEXHUYECKUM
COCTOsIHUeM Ha OCHOBEe ANarHoCTUYeCKO
uHpopmaynumn, cuctemaTusayms Hay4YHbIX
AOCTMKEHWIi B 3TOV obaacTu, npobsemb!
MoBbILLEeHNs HaaEXHOCTU pynesoro MY
B akcnnyaraunn. Pe3ynbTatsl MPOBOAUMOIo
nccsienoBaHUsi CTaHyT MoACIoOpPbeM

B co3aHnN MeTOANKN yrpaB/ieHUs!
6e30TKa3HOCTbIO y3/1a.

Knro4esbie croBa: aBTOMOOWIIb, PyeBOE
yrpaBieHne, 371eKTPOMEXaHNYECKNI
YCUNTESIb, YrPaBAEHNE TEXHUYECKUM
COCTOSIHNEeM, HaAEXHOCTb, JKCriyaTaLusl.
|
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DyHKUNN HA[EXHOCTU

3JIeKTPOMEeXaHN4YeCKnx

ycunuteneu pynesoro
ynpasJsieHuns

Jenucosé Uavs Baadumuposuyu — kanouoam
MexXHU4ecKux HayK, doyenm Kagpeopul
asmomoounbHo2o0 mparcnopma Baadumupckoeo
20cyoapcmeerHo20 yHueepcumema

um. A. I. u H. I. Cmoaemosuix, Bradumup, Poccus.
Cmupros Anexceli Arexcandposu — mazucmpanm
Kaghedpsl agmomoouIbHO20 Mpancnopma
Bnadumupckoeo eocyoapcmeerroeo yHugepcumema
um. A. I. u H. I. Cmoaemogvix, Bradumup, Poccus.

MUPOBOI aBTOMOOUIbHO MPOMBILII-

JICHHOCTHU HAONI0JaeTCs pacTyllas

TEHAECHUMUS K UCINOJb30BAHUIO
B KOHCTPYKIIUU aBTOMOOWJIEN 371E€KTPOME-
XaHUYECKUX CUCTEM PA3JIMYHOTO Ha3Haye-
Hust. Cpeit MHOTOOOpa3nsi TaKMX YCTPOUCTB
HauOoJIbllIee PacpOCTPAHEHUE TTOJIYYUIU
AHTUOJIOKUPOBOYHASL CUCTEMA TOPMO30B,
3JIEKTPOMEXAaHUYECKUN TOPMO3, KJIMMAT-
KOHTPOJb, CTapTEP-Te€HEPATOP, CUCTEMA
PETYJIMPOBKHU IOJIOKEHUS 3€pKaJl, CULEHUM,
CTEKON U T.A. [1].

TUNOJIOrnma u ObLLUUE
XAPAKTEPUCTUKHA

Wtak, mpuopuTeT CEroaHs 3a 3J1eKTPO-
MeXaHUYCeCKUMHU ycunuteasamu (DMY),
OCHOBHBIMH 3aJa4aMM KOTOPBIX SIBJISIIOTCS
[2—4]:

— no6aBjieHMe KOMIIEHCUPYIOIIEIO MO-
MeHTa M _K pyleBOMY Bajly MPU IPUIIOXKeE-
HUHU K PYJIEBOMY KOJIECY BXOJHOTO MOMEHTa
M_ (B 3aBUCUMOCTH OT CKOPOCTH JBHXKEHUSI
COOTHOIIIEHNE MK/MBX MOXET IOCTUTATh
0,5-7);

— obecrneyeHME ONTUMAJIbHBIX 110 3Pro-
HOMMYECKHMM YCIOBHMSIM HArpy304HBIX
M CKOPOCTHBIX XapaKTepUCTUK PY;



MOMEHT BOJIUTEIIS N
PyneBoe + PyneBoit
KOJIECO Bal
OMY PV
Mowment OMY PY
Puc. 1. Cxema npumeHeHUs1 KOJIOHOYHOro MY B KOHCTPYKLUU PY Dro yrnpas.

— obecrieueHre TIPSIMOJIMHEWHOTO IBU-
JKEHUST aBTOMOOMJIS TIPY TTOBPEXKICHUY IITTH
VUTU TIOIBECKMU;

— COXpaHEHHME BO3MOXHOCTHU YIIpaBJie-
HUST aBTOMOOUJIEM TIPM OTKa3¢ YCUIUTEIIS;

— COXpaHeHMEe CcTabuiam3aluu KOJEC
(yoepkaHUE UX B HEUTPATHbHOM ITOJIOKCHUH
pY BO3ACUCTBUM Pa3IUUYHBIX BO3MYIIAIO-
mux ¢GakToOpoB);

— CHMXKEHHE dHEPTeTHUYECKMX 3aTpar
BOOUTENIS M, KaK CJEICTBUE, MOBBIIICHUE
KOMDOPTHOCTH yIIpaBICHUS aBTOMOOMIIEM;

— YMEHBIIICHNE BPEMEHH peaKIIUM U TT0-
BBIIIICHWE 0€30MaCHOCTU ITOPOXKHOTO IBU-
KEHMUS.

CoBpeMEeHHBIC BJICKTPOMEXaHUICCKHE
YCUJIUTEJIN PYJIEBOTO YIIPaBICHUS ITPOU3BO-
ISIT B Pa3IMYHBIX KOMIIOHOBKaX, KOTOPHIE
OTJINYAIOTCS MECTOM TIPYIIOXKEHUS BCITOMO-
rateJbHOrO ycuus [2, 5]:

— YCHWJIME OT BJIEKTPUUYECKOTO IBUTATEIIS
MPUKIAIBIBACTCS K PYJICBOMY Bajly — 3TO
caMbIii paclIpoCTpaHEHHBINM TUIT KOMIIOHOB-
KM I aBTOMOOMJIEH MaJoro kKjacca
(Column Drive EPS);

— YCHWJIHE OT BJIEKTPUUYECKOTO IBUTATEIIS
nepenaéTcs Ha IMIECTePHIO peIyKTopa pyJe-
BOTO MeXaHM3Ma — TaKas KOMIIOHOBKa
TIPUMEHSIETCS IJI aBTOMOOWJICH CpeaHero
kiacca (Pinion Drive EPS);

— YCUJIME OT BJIEKTPUUYECKOTO IBUTATEIIS
yepe3 MapUKOBYIO BUHTOBYIO ITapy Iepe-
naéTcsl Ha peiiKy pyJieBOTo IIpUBOIAa — 3Ta
KOMIIOHOBKA ITPUMEHSICTCS IS KPYITHBIX
JIETKOBBIX aBTOMOOMIICH W IJIST IETKUX TPY-
30BuKOB (Rack Drive EPS);

— «yTIpaBJICHHE IO IIPOBOIAM», WJIH CJIe-
ISIIIasi CUCTeMa C IBYMSI COTJIaCOBaHHBIMU
3JIEKTPONPUBOIAMH Ha PYJIEBOM KoJece
W pYJIEBOW peliKe, HE UMEIOIIUMU MEXaHU -
yeckoro coenuHeHus (Steer-By-Wire).
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IIpu aTOM HEOOXOAMMO OTMETHUTBH, UTO
HamOoJIbIIIee pacIpoCTPaHEeHUE TTOJIYIUIN
ycuanuTean KojdoHoyHoro tuna (Column
Drive EPS), nucnonp3oBaHUe KOTOPBIX B CE-
PUIAHOM BBIITYCKE aBTOMOOWJIEH BEAETCS YKe
6osee 10 JIeT TaAKUMU MUPOBBIMU aBTOTIPO-
n3BoauTeNsIMHU, Kak Renault, Citroen, Opel,
Fiat, Toyota, Honda [6]. A mepBbIM Macco-
BbIM aBTOMOOMJIEM, OCHAILLIEHHBIM 3JIEKTPO-
MEXaHUUYECKUM YCUJIUTEJEM PYyJIsl, cTal
Suzuki Cervo B 1988 romy [7].

B 3aBMCHMMOCTY OT KOHCTPYKIINU 3JEKT-
pOMeXaHUYEeCKOTO MPUBOAA YCUIUTEIHN
KOJIOHOYHOTO THUIIa MOXHO pa3aciuTh Ha
PeayKTOPHBIC M OC3PEIYKTOPHEIE.

B penykTopHoM DMY HCIIOTHUTETLHBII
3JICKTPOABUTATENIb YepPe3 PEAYKTOP, Mpe-
CTaBISIONINIA COOOI YepBIUHYIO TIepenavay,
KOTOpas mpeaHa3HadYeHa I Ipeobpa3oBa-
HUS BpaIllaTeIbHOTO ABMKCHUS YePBIIHOTO
BaJia BO BpalllaTeJIbHOE IBIKCHHUE PYJIEBOTO
Bajia [8], cBSI3aH ¢ pyJeBbIM MEXaHU3MOM.
B Takux KOHCTPYKIIMSIX HY*KHa 3HAYUTECIIb-
Has 9acTOTa BpallleHUSI pOTOpa BJICKTPO-
IBUTATENISI, HO TIPW 3TOM CHIKAIOTCSI Tpe-
00OBaHUS K pa3BUBacMOMY yCUJIHIO [9].

Be3penykTopHbBIi yCUINTEIb TIPEaCTaB-
JIsIeT co00ii cucteMy Ha 6a3e OECKOHTAKT-
HOTO BEHTHJBHOTO HM3KOCKOPOCTHOTO
BBICOKOMOMEHTHOTO 3JICKTPOIBUTATEIIS
MIPSIMOTO ACUCTBUS, UMEET 0oJjiee TIPOCTYIO
KOHCTPYKIIHIO IO CPAaBHEHUIO C PEIYKTOP-
HBIM DMY m, Kak cienctBue, obgagaer
BBICOKO# HaIEXHOCTHIO B JOMOJHECHUE
K VJIYYIICHHBIM TUHAMUYECKIUM KadeCTBaM.
OTcyTCcTBHUE penyKTopa macT psia IMperumy-
IIEeCTB, B TAKOM KOHCTPYKIIUM HET ITOIIOJ-
HUTEJIBHOTO TPESHUS B MEXaHNYECKOM YacTH,
KOTOpOE MPUBOMUT K AOTOJIHUTEIBHOMY
MMepeMEHHOMY MOMEHTY COIIPOTHUBJICHMUS,
YTO, B CBOIO OUepeb, IPUHYKAACT K peaan-
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Ta0muua 1

Texnnyeckue xapakrepucTuku DMY pyins, BbinyckaeMbix OAO «ABT03JIEKTPOHUKA»

TTpumeHsieMocThb Jl1st aBTOMOOM - Jliist aBTomo6uiieir | [lst aBromo0ouieit J1iist aBTOMOOUIIEI
neii BA3-2170 BA3-1118 «Kalina» | BA3-2170 «Priora» BA3-1117 «Kalina»
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MOMEHT TpHU

CKOPOCTH BpaIlleHUST

PYJIEBOTO KoJjieca

360°/c, Hm

laGaputHbIe 440 x203x 162

pa3Mepbl

Macca, Kr He 6o1ee 9,3

3alMu 00Jiee CI0XHOIO ajropuT™Ma yIpaB-
JICHUSI ¢ KOMITEHCAIIUSIMU CYXOTO U BSI3KOTO
TpeHMs B penykrope. CKOpOCTh peaklinu
0e3peAYKTOPHOIO YCUJIUTENS IIPU CMEHEe
HaIlpaBJICHMS BpallleHUsI PyJeBOTO KoJieca,
a TaKXKe CKOPOCTb IMTOBOPOTA YIIPaBJISIEMBbIX
KOJIEC MOTYT 3HAYMTEJIbHO ITPEBHIIIATh TE K€
MOKa3aTeIu Ha PeIyKTOPHOM 3JIEKTpOMeXa-
HU4YecKoM ycunautene. OMHAKO OCHOBHOM
MPpOGJIEMOi TIPY CO3IaHNM 0€3PEeTyKTOPHBIX
DOMY pynst ocTaéTcst UCITOJIb30BaHUE JEKT-
poaBUTaTE e CIIEIIMaJIbHOTO UCITOJTHEHHUS,
pa3BUBAIOIIMX 3HAYUTEJbHOE YyCUIne (MO-
MEHT) Ha HU3KHMX CKOPOCTSX BpalleHUs
[2, 10].

CxemaTtuuHo [11] mpuMeHeHUE 271€KTPO-
MEXaHUYECKOIO YCUIIUTEIST PYJIst KOJIOHOY-
HOTO TUIIa B KOHCTPYKIIUH PYJIEBOIO yIIpaB-
JICHUsI TTOKa3aHo Ha puc. 1.

[IpencraBieHHass cxeMa MOAYEPKUBAET
poiab ODMY pynsg Kak BCIOMOTraTeJlbHOTO
MeXaHM3Ma, He pa3phIBaIOIIETO CBSI3b BOIM -
TeJdss U JOPOTU U HE MPEeISITCTBYIOIIETO
yIpaBJICHUIO aBTOMOOMIIEM B OTKJIFOUEHHOM
COCTOSIHUU.

B oTeuecTBeHHOIT aBTOMOOMIIBLHOIM ITPO-
MBIIIUIEHHOCTH Pa3BUTHE TOJy4ynIa KOH-
LIETIIMSI TTIOCTPOCHUS BJIEKTPOMEXaHUUECKOMI
CHUCTEMBI PYJIEBOTO YIpaBJeHMS TUIla
Column Drive EPS, ocHOBHBIM npeumyiiie-
CTBOM KOTOPO# SIBJSIETCS MUHUMAaJIbHOE
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M3MEHEHUEe B KOHCTPYKIMU PYJIEBOTO
YCTPOMCTBA B LICJIOM.

AHaIU3UPYsT XPOHOJOTUIO BHEIAPEHUS
B TIPOM3BOACTBO POCCUUCKUX YCUIUTEICH
pynaeBoro ynpaBiaeHus [12, 13], caenyer
OTMETHUTh, YTO TIePBbIe PAaOOTHI ITO TPOCSKTH -
POBAHUIO U TMOCJEAYIOIIEMY 3aIycKy y3Jia
B CEpUMIHBIN BBITYCK BeIuch B HoBocuOuUp-
cke B 1999 rony [14], mpuuém B OTIUYUE OT
3apy0eKHBIX aHAJOroB ObIJa BeIOpaHa 0e3-
peayKTopHasi KOHCTpyKLus DMY.

ODHUM M3 HavyaJlbHBIX Pa3paboTYNKOB
3JIEKTPOMEXaHUYECKMX YCUITUTEIEH PeayK-
TOPHOTO TUIIA ABJsII0Ch pennpusitue HITK
«DHeprusi» (1. BopoHex). OnHako y3eln,
CIIPOEKTUPOBAHHBIN TaM, CYIIECTBOBAI
JIMIIb HA CTaJUM OTBITHBIX 00pa31oB 10 2003
rona v He ObLI MPUHST B CEPUITHOE TTPOU3-
BOJICTBO.

CospaHueM 6e3peaykTopHoro OMY nus
aBTomobuieit Lada Kalina u Lada Priora
B niepuoa ¢ 2005 mo 2007 rox 3aHUMAaIOCh
OAO «/IAA3» (r. JlumuTpoBrpan), a 3aTem
(2008—2010 rr.) onmbITHBIE OOpa3Lbl Iepeaa-
au 1O «CeBep» (r. HoBocubupck), HO
M 37IeCh HOBBII y3€JI He ObLI 3aIlyIleH B Ce-
pUiiHOE TIPOU3BOJCTBO.

DJIeKTpOMeXaHUUECKUI YCUIIMTEIb IIPO-
u3BoactBa OAO «ABuaarperat» (r. Maxau-
KaJa) Bbimyckascs cepuitHo ¢ 2004 mo 2009
roJ M ycTaHaBIMBajcs Ha aBToMoowiu Lada
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Kalina. KoHCTpYKTHBHOE UCIIOJHEHUE
BKJIIOYAJIO YEPBSIYHBIN PEIYKTOD C Tepeaa-
TOUYHBIM OTHOIIeHUeM 15, 5:1.

CoBpeMeHHbIe pa3paboTku OMY cBs3a-
HbI ¢ AesTeabHOocThio «KoHnepHa KOM3»
(r. Kusnsap), KoTopblil paccMaTpuBaics
B KauecTBe aJbTepHATUBHOTO TMTOCTaBIIMKA
2JIEKTPOMEXaHUYECKUX YCUIUTENEeH s
aBTomobOumieit Lada Priora. Ho cipoexkTtupo-
BaHHBIE TaM OIBITHBIE 00pa3Ilbl OISITh HE
MOIIIN B CEPUITHOE MTPOU3BOICTBO.

Ceituac B Kanyre na npeanpustuu OAO
«ABTOBJIEKTPOHWKA» BBIITYCKACTCS LIETBIA
MOIeJIbHBIN psig DMY, KoTopble ycTaHaBIU-
BatoTcsa Ha aBToMobOunu Lada Kalina u Lada
Priora, ac 2011 roma Ha Lada Granta. B Ta6-
quie 1 mpecTaBieHbl TEXHUYECKe Xapak-
TePUCTUKU TPOU3BOAUMBIX y3J10B [15].

Jo6aBuM, 4TO aJIbTEPHATUBHBIM MTOCTAB-
mukoM DMY OAO «ABToBA3» ¢ 2008 roma
saBisieTcs npousBoauteb Mando Corporation
(Kopest). Y31bl aTOro npeanpusiTust ycraHaB-
JuBaloTcsa Ha aBTomobOuiau Lada Kalina
u Lada Granta. KoHCTpyKTUBHOE OTIAYUE
ot ycunureseit OAO «ABTO371€KTPOHUKA» —
YEPBSIYHBIN PEIyKTOp C MePeIaTOYHBIM OT-
HoweHueMm 15, 33:1.

NMPUHUWUN PABOTDI
BESPEAYKTOPHOIO 3My

CorunacHo [9, 16], mutaHue 6e3peTyKTop-
HOTO YCUJTUTEJISI HAa BCEX PEXXUMAaX OCYIIECTB-
JIsIeTCS OT OOPTOBOI CETU aBTOMOOMJISI T1O
CWJIOBBIM mpoBoaaM. Tok, moTpebisieMbIit
YCUJIUTENIEM B PeXUME «KOMIIEHCAIUSI»,
KOT/a 9JIEKTPOJIBUTATENb CO3MAET IOTIOTHU -
TEJbHOE YCWJINE, MOXET JOCTUTAaTh 3HAUM-
TeJqbHOU BeauuuHbl — 55 A. TlosTomy Ha
OOJIBIITMHCTBE aBTOMOOMIIEH pabota OMY Ha
JIEWCTBYIOIIEM IBUTATEIe HEBO3MOXHA WJIN
orpaHuyeHa M3-3a yrpo3bl Ype3MEpPHOTO
paspsiia akKyMyJISITOpHO 6aTapeu.

PaboToil ycunurens ynpasiasieT KOHT-
posep (3JeKTPOHHBIN OJIOK YITpaBICHUS —
DBY). [ToBopoT KJTfo4a B 3aMKe 3aXKUTaHUSI
aktuBupyetr DbBY, KoTOpHIii, B CBOIO Oue-
pelib, 3aITyCKaeT oTiepaluy MHUINAIN3aluu
¥ MorcKa omunbok. O0HapyXeHNe Ha JaH-
HOM 3Tare KakKux-J1ubo HEeMCIpaBHOCTEN
BJICUET 32 COOOIT TIEpEXO] YCUIUTENS B pe-
KM «OTKa3», ¥ TOMOIIIb BOJUTEIO B yIIPaB-
JICHUU aBTOMOOUJIEM OYIET OTCYTCTBOBATb.
IMocre monyyeHUsI TAXOMETPUUIECKOTO CUT-
HaJa, OTpenesIsIIolIero yCTONIUBYI0 paboTy
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JIBUTATENIsI aBTOMOOWIISI, KOHTPOJIIEP Tepe-
KJIIOYAeT YCUJUTENb B OCHOBHOU peXUM
«KOMITEHCALIUSI».

B pexuMe «koMmeHcaus» Ipyu moBOpo-
T€ PYJEeBOro Kojeca BOZBHUKAET MOMEHT Ha
BXOIHOM Bajly, TPOUCXOAUT paccorjacoBa-
HU€ MEXIY BXOJHBIM 1 BbIXOJAHBIM BajlaMU.
PacnosioxxeHHBI MEXAy HUMU YIPYTUi
9JIEMEHT — TOPCUOH CKPYUYMBAETCS Ha yToJ,
MPOMOPLUMOHANTBHBIA BEIMYMHE BXOJHOTO
MOMEHTa. 3HaUeHUe yrja omnpeaeseTcs
MaTYMKOM MOMEHTa U, B CBOIO OuYepelb,
nepenaércs B CUCTEMY YIIPaBJICHUS JIEKT-
ponsuratejsem OMY. [Monyuyas u oo6padaThi-
Bas CUTHAJbI, 010K yrpaBiieHUs hopMUpy-
eT MH(popMalMIO O BEJTMYMHE U HampaBJie-
HUM MPUKJIAJbIBAEMOTO BOIUTEIEM YCUIUS
(BxomHOTO MOMeHTa). [1pu mpeBbIIeHU U
BEJIMYMHBI MOMEHTA Ha BXOJHOM BaJly 3a-
JJaHHOTO MUHMMAaJbHOTO 3HaYeHUs DBY
9JIEKTPOABUTATEIEM BbIPA0ATHIBAETCS CUJIO-
BOU yIpaBJSIONINI CUTHAJ 7151 CO3JaHUS Ha
pyJieBOM MeXaHU3MeE TPeOyeMOro KOMITeH-
cupymoiiero momeHTa. [Ipu aToM Be1nunHa
CUTHaJIa Ha OOMOTKE cTaTopa 3JeKTPOABU-
rateasd ¢GopMUPYETCs ¢ YYETOM CUTHAIOB
laTYuKa MoJyioxxeHus poropa. Kpome toro,
B KOHTPOJIJIEp MOCTYNAalOT CUTHAJIBI OT AaT-
YyMKa CKOPOCTU U JAaTYMKa yuciia 060poToB
KOJIEHYaTOro Bajia IBUTATE.

3aBUCUMOCTb BBIXOJTHOTO KOMIIEHCUPYIO-
1Ier0 MOMEHTA OT BXOJHOT'O OOBIYHO 3a0aET-
cs1 TaKUM 00pa3oM, YTOOBI BOAUTEITIO 10CTa-
TOYHO OBLIO MPUKIAABIBATH YCUIIUE K pYJIe-
BOMY KoJiecy He 0oJjiee ONpeneeéHHOTO
koMmdopTHOTO MUHUMYMa (5—7 HM) He3a-
BUCHUMO OT TUIIA TOPOXHOTO MOKPBITUS.

C yBeJMYEHUEM CKOPOCTHU JABUXKEHUS
aBTOMOOMJIS CHUKAIOTCS CLIEITHbIE CBOMCT-
Ba MEXIy KOJEcaMUu U TOPOXHBIM MOKPHI-
TUEM, U, CJIeT0BaTeIbHO, HEOOXOIUMO
YMEHBUIUThH BEIUYMHY KOMIIEHCUPYIOLIETO
YCUIUS AJISI CO3MaHUS «TSXKEIOTO PYJasi»
U o0ecrieyeHus «4yBCTBa AOPOTru». Brimos-
HEHUE 2TOTO TPEeOOBAHUS OCYILECTBISETCS
3a cu€T nmosiyueHus ObY nndbopmanuu
0 CKOPOCTU JABUXKEHUS aBTOMOOWJISI yepe3
oTaeabHbI Bxox. C poCTOM CKOPOCTHU
TPAaHCHOPTHOIO CPEACTBA BEJIUYMHA KOM-
MEeHCUPYIOLIEro MOMEHTA YMEHbIIIAeTC .
3aBUCUMOCTb 3Ta He SIBJISIETCS] JUHENHOM
U B OOJBIIMHCTBE CIy4yaeB ONpeneseTcs
9KCIEePUMEHTAJBHO U151 TOU WX UHOW Map-
Ku aBTromoous [9].
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CPABHUTEJIbHbIA AHAJIN3
YCWJINTENEN

CraenaHHbBII HAMY CPaBHUTEJIbHBIN aHa-
nu3 [4-5, 17—19] 6e3penykTopHOoro SMY
C PeIYKTOPHBIMU U TUAPABINYECKUMHU YCH -
qutensamu (I'YP) mo3BossieT BhIACIUTD PsIf,
MIOCTOMHCTB U HEJOCTaTKOB paccMaTpuBae-
MOTO y3Ja.

OcHogHble npeumyuwecmea be3pedyKkmop-
Ho20 DMY neped eudpasauueckum ycusume-
N1eM pyneeoeo YynpaseaeHus:

— TEXHOJIOTUYHOCTh, afalTUBHOCTH
U KOMITAaKTHOCTh YCTAaHOBKHU (YCUJIUTEb
MOHTUPYETCSI Ha aBTOMOOMIb OJJHUM y3JIOM
0e3 BTOP>KEHUSI B MOTOPHBII OTCEK);

— MPOCTOTA KOHCTPYKLIMHU U OOCTyKMBa-
HUS;

— BpeMs YCTaHOBKU — He Oouee 1,5 u;

— BbICOKasl HalEXHOCTb (OTCYTCTBYIOT
LIIJTAHTY, PEMHU, IIKUBBI, CATbHUKU, XU -
KOCTH);

— obecrieyeHUe MacCCUBHOM 6e30macHoO-
CTU TIpU yaape;

— HaJInyre BCTPOSHHOI CUCTEMBbI CaMO-
NMAarHOCTUKMU;

— OTCYTCTBME TPYIUUXCA AeTaJIel U, KaK
clIeICTBUE, U3HOCA;

— HE3aBMCHUMOCTD OT YaCTOThI BpallleHU ST
KOJIEHYaTOro Bajia IBUTATES;

— HE3aBUCUMOCTb OT TeMIlepaTypHBIX
nepenanos;

— 2KOJIOTUYHOCTh, 9KOHOMUYHOCTH
U aHeprocoeperaeMocTb (MY norpedasier
MOIIIHOCTb TOJIbKO MPU MaHEBPUPOBAHUMU,
YTO 3aMETHO CHMKaeT 3aTpaThl DHEPTUU
U IPUBOJUT K 9KOHOMUU TOTIMBA);

— MHGOPMATUBHOCTb (BO3MOXKXHOCThH
JIETKO U3MEHSITh CTeIeHb TOMOIIN BOAUTE-
JIIO TIPYU UBMEHEHU Y CKOPOCTU aBTOMOOWJIA);

— MPOCTOTa HACTPOMKY B BKCILTyaTallluu.

Hedocmamku 6e3pedykmopHo20 21eKmpo-
MeXaHu4ecKk020 ycuaumens pyieeo2o ynpae-
snenus no cpagnenuro ¢ I'VP:

— OrpaHMYEHHBII OTMana3oH 3HAYEeHUN
KOMITEHCHUPYIOIIEro MOMeHTa (He OoJee
28 Hm);

— Huskuit KIT1;

— CJIOXKHOCTb Y HEOOXOAMMOCTb MCITOJIb-
30BaHUsI CIIEIIMAIbHOTO 000PYIOBaHUS TIPU
TEeXHUYECKOM OOCIyKMBaHUM;

— HEPEMOHTONMPUTOIHOCTh (B cliyyae
OTKa3a MEHSeTCs €AMHBIM Y3JI0M, TeM ca-
MBIM YBEJIMUYMBAsI CTOUMOCTb TEXHUUYECKUX
BO3ACMCTBUII Ha TPAHCIIOPT);
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— BO3MOXHOCTb IMeperpeBa oOMOTOK
2JIEKTPOJBUTATEIIS

— HEeoOXOIMMOCTb YCJIOXHEHMS MPO-
rpaMMHOTO 00ECTIeUeHMS;

— MIpUMEHEHUE CTelNaTIbHbIX aJTOPUT-
MOB U 0JIoKa yrpaBieHuss DMY;

— WUCITOJIb30BaHUE CUHXPOHHOTO JIBUTA-
TeJIsl MPUHYXKAAeT K MPUMEHEHUIO B KOH-
CTPYKIIMM JaTYMKA TTOJIOKEHUS pOTOpa.

OcHosHble npeumyuiecmea be3pedyKmop-
Hoeo neped pedykmopHuim éapuanmom IMY:

— HalIEXHOCTh (obOecrneyeHue MpsMoi
nepeaayu MOMEHTa, NpujoxeHHoro K PK,
Ha BaJl pyJIeBOr0 MeXaHW3Ma, B OTJIUYUE OT
PeIyKTOPHOTO BapuaHTa, Te MPUCYTCTBYET
3ybuaTas mepenava);

— ObIcTponeiicTBue (0becreueHrue BbICO-
KOW CTENeHM peaKilud CO CTOPOHBI YIIpaB-
JISIEMBIX KOJIEC HA U3MEHEHUE TTOJTOXKESHMS
pyJIeBOTO KoJieca);

— OYEHb HU3KUI yPOBEHD IIIyMa;

— OTCYTCTBME PEIyKTOpa CHUMAET He00-
XOJIUMOCTbH KOMITEHCAIIUU CYXOTO U BSI3KOTO
TpeHUsI, CAMOBO3BpaTa B aJITOPUTME YIIpaB-
JeHust OMY, a Takke MoBbIlIaeT Oe3omnac-
HOCTb CUCTEMBI PYJIEBOTO YIpaBJICHUS, HA
pyJIeBOI KOJTOHKE He BO3HUKAET JOTIOTHM -
TEJIbHOTO MOMEHTA COTIPOTUBJICHUS;

— KOMITaKTHBIE pa3MepHl.

Hedocmamku DMY 6e3pedykmoproeo
Muna no cpagHeHuro ¢ pe0yKmopHoiM:

— HEBO3MOXHOCTbH MTOTYYEHUS OOJIBIITNX
3HaYEHU 1 KOMIIEHCUPYIOIIETO MOMEHTa 0¢e3
3HAYUTEJIbHBIX YBEJIMUYEHUI rabapuTHBIX
pa3MepoB y3Jia;

— Huskuit KITI;

— HaJIM4Me JOTOTHUTETbHBIX TaTYNKOB
(maTyuka IoJyiokeHUs poTopa);

— OOJIBIINI HAaTPEB JIEKTPOJBUTATEIIS.

ABTOpBI padboThl [20], BBIMOJHUBIIUE
CPaBHUTEJIbHBINM aHAINU3 BIUSHUS YCUTUTE -
Jieli pyJIeBOro yrpaBjeHuUs Ha TOTPeOUTENb-
CKME XapaKTepuCTUKU aBToMoOus1 BA3-2170
METOJIOM 3KCTIEPTHOTO OIpPOca, OTMEYAIOT,
YTO 0€3pelyKTOPHBIN YCUITUTETh TTPEBOCXO-
AT TUAPABINYECKUIA 110 OOTBITUHCTBY Ta-
paMeTpoB, yCcTymasl eMy JIUIIb 10 BUOpAIIuK1
Ha pyJIEBOM KoJiece U YYBCTBUTEIILHOCTU Ha
MaJIbIX yri1ax mooporta. [To cymMmmapHoii akc-
MEePTHOM OlLIEHKE CUCTeMa YCHIJIUTEJIS C DJIeK -
TpOMEXaHWYECKUM TIPUBOJIOM OIepexKaeT
TUApaBINYeCcKUil mpuBoa Ha 13 %.

Takum 06pa3zoM, MOXHO ClIeJIaTh BBIBO/,
YTO W3 MPEACTaBICHHBIX KOHCTPYKIIMI Ha-
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noosee 3(PHEeKTUBHBIM SABISETCS IEKTPO-
MeXaHUYECKHUI yCUITUTEb 0e3peTyKTOPHO-
ro THUTIA.

OCHOBHbIE TPEBOBAHUYA K MY
ABTOMOBWJIEN KATETOPUU M1

YcranosieHo [21], 4TO OCHOBHBIE Tpe-
0oBaHUsI, KOTOPBIM JIOJIKHA OTBEYATh CUC-
TeMa pyJIeBOTO yIpaBieHUsI, KacaloTCs:

— JOJITOBEYHOCTHU U 0€30TKAa3HOCTH Y3-
JIOB M arperatoB B TeUYeHUE BCETO CpokKa
JKCTUTyaTallu aBTOMOOWUJIS

— TIPaBUJIBHOCTU M TOYHOCTU TTIOBOPOTA
KOJIéC;

— JIErKOCTU YNpaBJeHUsI U ynoOcTBa
B 9KCILUTyaTalluu;

— CIIOCOOHOCTHU PYJIEBOTO KOJieca BO3-
BpallaThCsl B UCXOAHOE TTOJTOXEHUE U CO-
XpaHSITh 33IaHHOE HATIpaBJIEHUE TBUXKEHUS
aBTOMOOUJIS;

— MUHUMAaJILHOUW Tiepenayu oOpaTHBIX
yIapoB Ha pyJeBOM KoJiece.

I[TockonbKy BI€eKTpOMEXaHUUYECKUN
YCUJTUTENb SBJSETCS OMHUM U3 2JIEMEHTOB
pYJIEBOTO yNpaBJIeHUs], TEXHUUYECKOE CO-
CTOSIHME KOTOPOTO OKa3bIBAe€T HETOCPEe/-
CTBEHHOE BJIMSIHUE Ha 0€30TacHOCTbH J10-
POXHOTO IBUXEHUSI, TO €ro 0e30TKazHoe
(byHKIIMOHMPOBaHME HATIPSIMYIO BIIUSIET HE
TOJIBKO Ha TPAEKTOPHYIO YyCTOWYUBOCTH
u ynpasisiemoctb ATC, HO 1 Ha HamExX-
HOCTh BCEIl CUCTEMBbI, a TaKXe PUCK BO3-
HukHoBeHusa [ATII. [Toatomy Kk DMY
MPEABSBISIOTCS XECTKUE TPeOOBAHUS 10
0e3omacHOCTU, KOM(MOPTHOCTU U HAIEXK-
HOCTU (hyHKIMOHUpOoBaHus [1].

AHaM3 TEXHUYECKUX YCIOBUIA, chopmy-
JINPOBAHHBIX aBTOMOOUIBHBIMU 3aBOJAMU
«BA3», «IA3», «YA3» pist DMY pyas jer-
KOBBIX aBTOMOOMIIEH [22], U pe3yIbTaToB
ncciaenoBaHuit [23] mo3BoIsIeT 000OIIUTH
TpeOOBaHUS, TIPEIBSIBIISIEMbIE K YCUITUTETIO,
U OTIPEJICJINTD KPYT 3a/1a4, KOTOPbIE OH 10T -
JKEeH peliaTh:

— obecrnevunBaTh CHUXEHUE YIIPABIISIO-
1EeTO YCUJINSI, IPUIaraeMoOTO BOJIUTEIEM
K pyJieBoMy KoJiecy, 1o 5—7 HM npu yacrto-
Te BpalleHUs pyJieBoro Koieca 1o 1 ¢;

— obecrmeuyuBaTh KOMIIEHCUPYIOII U
MoMmeHT B ipenesiax 0—28 Hw (ripu paguyce
pyneBoro Koeca ~ 200 MM) 11T aBTOMOOM -
JIsl, CTOSILLIETO HA POBHOW FOPU3OHTAIIbHOW
achaJbTUPOBAHHOU MOBEPXHOCTU NOPOTHU
C MOJHOW AOINYCTUMOMN HArpy3kKou, npu
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CKOPOCTHU BpalleHus pyJieBoro kojueca ot 0
10 360 rpamycoB B CEKYHAY;

— obecrieuynBaTh TUIaBHOE, O€3 TTPOBAJIOB,
W3MEHEHHNE YCUJINS Ha pyJie B 3aBUCUMOCTH
OT €T0 yIJia TOBOPOTa;

— obecrieynBaTh MJaBHOE U3MEHEHUE
MOMEHTa, IPUKIAIbIBAEMOTO BOIUTEIEM
K PYJII0, B 3aBUCUMOCTHU OT CKOPOCTHU JABU-
XEHUsT aBTOMOOUIIS;

— COXpPaHUTh MUHUMAaJIbHO BO3MOXKHBIN
YpOBeHb KOJICOAHUIT Ha YIIPaBISIEMBIX KO-
JI€cax, CBSI3aHHBIX C IIEPEXOIHBIMHU ITPOIIEC-
camu B OMY;

— MpU ABMKEHUHW aBTOMOOMIIST, HAXOISI -
IIEerocd MoJ NEeWCTBUEM TMHAMUYECKOU
MacCcuBHOM cTabuauszauuu, odecrnevynBaThb
aKTUBHBIN IIJIABHBIN BO3BPAT YIIPaBISIECMBIX
KOJIEC M pyJIs B LIEHTPATbHOE (COOTBETCTBYIO-
mee MPSIMOJIMHEWHOMY IBUKEHUIO) TTOJIO-
KEeHUE MIPU CHITUU YIIPABJISTIONIETO BO3ICii-
CTBUS,

— He JOIyCcKaTh aKTUBHOT'O BO3BpaTa
pYJIEBOTO KoJieca B IIEHTPAJbHOE TTOJIOXe-
HUE B CTOSIIIIEM Ha MECTE aBTOMOOUIIE;

— OCYIIECTBIISITh aKTUBHOE IeMITIDUPO-
BaHUE MMOCTYMAOIINX Ha eT0 BeIOMBIN Baj
yIapoB M ITyJAbCcalliii, BEHI3BAHHBIX B3aNMO-
JIeiCTBUEM aBTOMOOMJIbHBIX KOJIEC C HEPOB-
HOCTSIMU JOPOTH;

— obecreynBaTh «<MHOOPMUPOBAHHOCTL»
BOJIUTEJISI B IIPOIIECCE YIIPABIEHUS aBTOMO-
OmIeM Ha BBICOKUX CKOPOCTSIX.

OpnHako, kak oTMeudaercs B [24], cucrema
yIOpaBJICHUS OTAEIbHBIX Momeicii OMY
PEIYKTOPHOIT KOMITIOHOBKHM BBITIOJTHEHA 0e3
00paTHOM CBSI3M, T.€. MOMEHT Ha BBIXOJTHOM
BaJIy He M3MepsIeTCsT K He KOHTPOJIMPYETCSI.
DTOT HETOCTATOK SIBJISCTCS CYIIIeCTBEHHBIM
1 MOXET MOCTYXUTh IIPUINHON BO3HUKHO-
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BECHUAI OHpe)Ie.T[éHHI)IX npo6neM, B TOM
quce:

— IMMOABJICHUIO CTATUYECKUX O]J_II/I6OK;

— BOBHUKHOBCHUIO HU3KOYACTOTHBIX
MyJibCaluii MOMEHTA, 00YCIIOBJIEHHBIX 0CO-
OEHHOCTIMMU QJIICKTPUYECCKOTO IBUTATECIISA,

— TIOTEpPE «4yBCTBA TOPOTU» Y BOOAUTEISA
n3-3a HaJIW4YuAd CUJI TPpCHUA pCAYKTOPHOTIO
MEXaHu3Ma.

(OkoHYaHue B cjIeAYIOIMEM HOMEpE).
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RELIABILITY FUNCTIONS OF ELECTROMECHANICAL POWER STEERING
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ABSTRACT

The vast majority of new cars are equipped with
electromechanical power steering (EPS) because of
its clear advantage as compared to hydraulic and
pneumatic devices. At the same time, the question
of the technical operation of the unit has not yet been
fully studied, as the combination of electronic and
mechanical systems in which does not allow the full
use of existing methods and means of monitoring

operability of a vehicle, its actual technical condition.
In this regard, development of standards for control
over a technical state on the basis of diagnostic
information, systematization of scientific
achievementsin this field, the problems of increasing
reliability of EPS in operation are particularly relevant.
The results of the conducted research will help in
creation of a method for controlling reliability of the
unit.

Keywords: car, steering, electromechanical power steering, technical state control, reliability, operation.

Background. In the world’s automotive industry,
there is a growing trend towards the use of
electromechanical systems for various purposes in the
construction of cars. Among the variety of such devices,
the most widely used are antilock braking system,
electromechanical brake, climate control, starter
generator, the system for adjusting the position of mirrors,
seats, glasses, etc. [1].

Objective. The objective of the authors is to consider
reliability functions of electromechanical power steering.

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

Results.

Typology and general characteristics

So, the priority today belongs to electromechanical
power steering systems (EPS), whose main tasks are
[2-4]:

—adding the compensating torque M _to the steering
shaft when the input torque M, is applied to the steering
wheel (depending on speed of movement, the ratio M /
M, can reach 0,5-7);

— provision of optimal for ergonomic conditions
loading and speed characteristics of SS;

— ensuring rectilinear movement of a car when tires
or suspension are damaged;

— preservation of a possibility of driving in case of
amplifier’s failure;

— maintaining stabilization of the wheels (keeping
them in a neutral position when exposed to various
disturbing factors);

— reduction of the driver’s energy costs and, as a
result, improving the comfort of driving;

—reduction of reaction time and improvement ofroad
safety.

Modern electromechanical power steering is
produced in various configurations, which differ in the
place of application of the auxiliary force [2, 5]:

— the force from the electric motor is applied to the
steering shaft — this is the most common type of layout
for cars of small class (Column Drive EPS);

— the force from the electric motor is transmitted to
the gearbox of the steering gear — this layout is used for
middle class cars (Pinion Drive EPS);

— the force from the electric motor through the ball
screw pair is transmitted to the steering rack — this layout
is used for large passenger cars and light trucks (Rack
Drive EPS);

— «control by wire», or a tracking system with two
matched electric drives on the steering wheel and the
steering rack, not having a mechanical connection(Steer-
By-Wire).

Atthe same time, it should be noted that the most
widely used actuators are Column Drive EPS, which
have been used in serial production of cars for more
than 10 years by such world’s auto manufacturers as
Renault, Citroen, Opel, Fiat, Toyota, Honda [6]. And
the first mass car, equipped with electromechanical
power steering, was Suzuki Cervo in 1988 [7].

Depending on the design of the electromechanical
drive, the actuators of the column type can be divided
into geared and gearless.

In the geared EPS, the actuating electric motor
through the reducer, which is a worm gear that is
designed to convert the rotational motion of the worm
shaft into the rotational motion of the steering shaft
[8], is connected to the steering mechanism. In such
designs, a considerable rotational speed of the
motor’s rotor is required, but the requirements to the
developed force are reduced [9].

The gearless actuator is a system based on a
contactless low-speed, high-torque, direct-action
electric motor, which has a simpler design than a
geared EPS and, as a consequence, has high
reliability in addition to improved dynamic qualities.
The absence of a gearbox gives a number of
advantages, in this design there is no additional
friction in the mechanical part, which leads to an
additional variable moment of resistance, which in
turn leads to implementation of a more sophisticated
control algorithm with compensations for dry and
viscous friction in the gearbox. The speed of reaction
of the gearless actuator when changing the direction
of rotation of the steering wheel, as well as the speed
of rotation of the steerable wheels can significantly
exceed the same indexes on the geared
electromechanical power steering. However, the
main problem with the creation of gearless EPS
remains the use of special motors that develop a
significant force (torque) at low speeds of rotation
[2, 10].

Schematically [11], the use of an electromechanical
power steering of a column type in the steering design
is shown in Pic. 1.

The presented scheme emphasizes the role of
EPS of steering wheel as an auxiliary mechanism that
does not break the connection between the driver and
the road and does not interfere with driving in the
disconnected state.

In the domestic automotive industry, the concept
of building an electromechanical steering system such
as the Column Drive EPS has been developed, the
main advantage of which is a minimal change in the
design of the steering device as a whole.
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Pic. 1. Scheme of application of a column EPS in the steering design.

Analyzing the chronology of the introduction of
Russian power steering [12, 13], it should be noted
that the first work on the design and subsequent
launch of the unit in the serial production was
conducted in Novosibirsk in 1999 [14], and, unlike
foreign analogues, a gearless EPS design was
selected.

One of the initial developers of electromechanical
amplifiers of a geared type was NPK Energia
(Voronezh). However, the node designed there
existed only at the stage of prototypes until 2003 and
was not accepted for mass production.

The creation of gearless EPS for Lada Kalina and
Lada Priora vehicles was carried out by JSC DAAZ
(Dimitrovgrad) between 2005 and 2007, and then
(2008-2010) the prototypes were handed over to PO
«Sever» (Novosibirsk) but here the new unit was not
launched into mass production.

The electromechanical actuator designed by
OJSC Aviaagregat (Makhachkala) was produced
serially from 2004 to 2009 and was installed on Lada
Kalina cars. The design included a worm gearbox with
a gear ratio of 15, 5:1.

Modern EPS developments are related to the
activities of JSC Concern KEMZ (Kizlyar), which was
considered as an alternative supplier of
electromechanical actuators for Lada Priora cars. But
the designed prototypes again did not go into mass
production.

Now in Kaluga JSC Avtoelektronika produces a
range of EPS that are installed on Lada Kalina and
Lada Priora cars, and from 2011 on Lada Granta.
Table 1 presents the technical characteristics of the
units produced [15].

We add that the alternative supplier of EPS of JSC
AvtoVAZ since 2008 is the manufacturer Mando
Corporation (Korea). The units of this enterprise are
installed on cars Lada Kalina and Lada Granta. The
structural difference from the actuators of JSC
Avtoelektronika is a worm gearbox with a gear ratio of
15, 33:1.

Principle of operation of gearless EPS

According to [9, 16], the power of the gearless
actuator in all modes is carried out from the vehicle’s
on-board network via power cables. The current
consumed by the actuator in the «compensation»
mode, when the motor generates an additional force,
can reach a considerable value of 55 A, which is why
on most cars the work of EPS on an operating engine
isimpossible or limited due to the danger of excessive
discharge of the battery.

The operation of the actuator is controlled by a
controller (electronic control unit — ECU). Turning the
key in the ignition switch activates ECU, which in turn
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starts the initialization and error detection operations.
Detection at this stage of any malfunctions entails the
transition of the actuator to the «failure» mode, and
assistance to the driver in driving will be absent. After
receiving a tachometric signal that determines the
stable operation of the car engine, the controller
switches the actuator to the main «compensation»
mode.

In the «compensation» mode, when the steering
wheel is turned by the driver, there isa moment on the
input shaft, there is a mismatch between the input and
output shafts. Located between them an elastic
element —the torsion is twisted by an angle proportional
to the magnitude of the input torque. The angle value
is determined by the torque sensor and, in turn, is
transmitted to the EPS motor control system. By
receiving and processing signals, the control unit
generates information about the magnitude and
direction of the force applied by the driver (the input
torque). When the value of the torque on the input shaft
exceeds the specified minimum value the ECU of an
electric motor generates a power control signal to
generate the required compensating torque on the
steering gear. The value of the signal on the stator
winding of the electric motor is formed taking into
account the signals of the rotor position sensor. In
addition, the controller receives signals from the speed
sensor and the engine crankshaft rotation sensor.

The dependence of the output compensating
torque on the input is usually set in such a way that it
is sufficient for the driver to exert a force on the
steering wheel not more than a certain comfortable
minimum (5-7 Nm), regardless of the type of the
pavement.

As the speed of the car increases, the coupling
properties between the wheels and the road surface
decrease, and therefore, itis necessary to reduce the
value of compensating force to create a «heavy
steering» and to provide a «sense of the road». This
requirement is met by obtaining by an ECU information
on the speed of the vehicle through a separate input.
As the speed of the vehicle increases, the value of the
compensating torque decreases. This dependence
is not linear and in most cases is determined
experimentally for a particular brand of car [9].

Comparative analysis of amplifiers

Our comparative analysis [4-5, 17-19] of
gearless EPS with geared and hydraulic actuators
(HA) allows us to identify a number of advantages and
disadvantages of the node under consideration.

The main advantages of gearless EPS over
hydraulic power steering:

—manufacturability, adaptabilityand compactness
of installation (the actuator is mounted on the car by
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Table 1

Technical characteristics of EPS produced by JSC Avtoelektronika

Applicability

For cars VAZ-2170
«Priora»

with a steering rack
4.1.

For cars VAZ-1118
«Kalina» and
VAZ-2190 «Granta»
with a steering rack
4.1.

For cars VAZ-2170
«Priora»

with a steering rack
4.1.

For cars VAZ-1117
«Kalina» and
VAZ-2190 «Granta»
with a steering rack
3.1.

Serial number
of the manufacturer

121.3405010-05

122.3405010-02 A

121.3405010—-04

122.3405010—-02

Serial number

2172—-3450008—02

11186—3450008—02

2172—-3450008—-02

1117—-3450008—02

of JSC AvtoVAZ

Operating supply 13,5

voltage, V

Current not more than 55

consumption, A

Compensating 28 £ 1 24,5
torque at a steering
wheel speed 360°/s,

Nm

28+1

Overall dimensions | 440 x 203 x 162

Weight, kg not more than 9,3

one unit without intrusion into the engine
compartment);

— simplicity of design and maintenance;

— installation time — not more than 1,5 h;

— high reliability (there are no hose pipes, belts,
pulley housings, filler blocks, liquids);

— providing passive safety in case of impact;

— presence of the built in system of self-
diagnostics;

— absence of friction parts and, as a result,
wear;

— independence from the engine crankshaft
rotation speed;

—independence from temperature fluctuations;

— environmental friendliness, affordability and
energy saving (EPS consumes power only when
maneuvering, which significantly reduces energy
costs and leads to fuel saving);

— information content (the ability to easily
change the degree of assistance to the driver when
changing the car’s speed);

— ease of adjustment in operation.

The disadvantages of gearless electromechanical
power steering as compared with HA are:

— limited range of values of the compensating
torque (not more than 28 Nm);

— low coefficient of efficiency;

— complexity and necessity of using special
equipment for maintenance;

— non-repairability (in case of failure it is
changed by a single node, thereby increasing the
cost of technical impacts on transport);

— possibility of overheating of the windings of
the electric motor;

— need for more complicated software;

— application of special algorithms and EPS
control unit;

— use of a synchronous motor forces the use of
the rotor position sensor in the design.

The main advantages of gearless over geared
EPS:

— reliability (providing a direct transfer of the
torque applied to the SS, on the shaft of the
steering mechanism, in contrast to the gear
version where the gear is present);

— response time (providing a high degree of
reaction from the steering wheels to changing the
position of the steering wheel);

- very low noise level;

—absence of a gearbox eliminates the need to
compensate for dry and viscous friction, self-
return in the EPS control algorithm, and also
increases the safety of the steering system, there
is no additional resistance moment on the steering
column;

— compact size.

Disadvantages of EPS of a gearless type in
comparison with a geared one:

— impossibility of obtaining large values of the
compensating torque without significant increases
in overall dimensions of the unit;

— low coefficient of efficiency;

— availability of additional sensors (rotor
position sensor);

— greater heating of the electric motor.

The authors of the paper [20] who performed
a comparative analysis of the effect of power
steering on the consumer characteristics of
VAZ-2170 by the expert poll, note that the gearless
amplifier outperforms the hydraulic one in most
parameters, yielding only to the vibration on the
steering wheel and the sensitivity at small angles
of rotation. According to the total expert evaluation,
the amplifier system with electromechanical drive
is 13 % ahead of the hydraulic drive.

Thus, it can be concluded that the most
effective of the presented designs is an
electromechanical amplifier of a gearless type.

The main requirements for EPS of cars of
category M1

Itis established [21] that the main requirements
that the steering system must meet relate to:
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— durability and reliability of units and major
components during the entire life of the car;

— correctness and accuracy of turning of
wheels;

— ease of control and ease of use;

— ability of a steering wheel to return to its
original position and maintain the specified direction
of the car;

— minimum transmission of back impacts on the
steering wheel.

Since the electromechanical actuator is one of
the steering elements, the technical condition of
which has a directimpact on road safety, its faultless
operation directly affects not only the trajectory
stability and controllability of a vehicle, but also
reliability of the entire system, as well as the risk of
a road traffic accident. Therefore, strict
requirements for safety, comfort and reliability of
operation are imposed on EPS [1].

Analysis of the technical conditions formulated
by the automobile plants VAZ, GAZ, UAZ for EPS of
steering of private cars [22], and the results of the
research [23] allows us to generalize the
requirements for the actuator and determine the
range of tasks that it must solve:

— provide a reduction of the steering effort
applied by the driver to the steering wheel, up to
5-7 Nm at the steering wheel speed up to 1 s7';

— provide a compensating torque within 0-28 Nm
(with a steering wheel radius of ~ 200 mm) for a car
standing on a flat horizontal asphalt surface of the
road with a full permissible load, with a steering wheel
speed of 0 to 360 degrees per second;

— provide a smooth, without failures, change in
force on the steering, depending on its angle of
rotation;

—ensure a smooth change in the torque applied
by the driver to the steering, depending on the car’s
speed;
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— maintain the minimum possible level of
oscillations on controlled wheels associated with
transient processes in EPS;

— when the vehicle under dynamic passive
stabilization moves, ensure an active smooth return
of the steered wheels and steering to the central
position (corresponding to the straight-line
movement) when the control action is removed;

— do not allow active return of the steering wheel
to the central position on the car standing still;

— carry out active damping of impacts and
pulsations arriving at its driven shaft caused by
interaction of automobile wheels with road
irregularities;

— provide «awareness» of the driver in the process
of driving at high speeds.

However, as noted in [24], the control system of
the individual models of the EPS of the geared
assembly is performed without feedback, i.e. the
torque on the output shaft is not measured and not
controlled. This shortcoming is significant and can
cause some problems, including:

— appearance of static errors;

— occurrence of low-frequency pulsations of the
torque, caused by features of the electric motor;

— loss of the driver’s «road sense» due to the
frictional forces of the gear mechanism.

(To be continued in the next issue).
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¥ BbIMOIHEHa BEpUGUKALNS PACHETHBIX  3() rc. [py 5TOM N3YdJaoCh BIMSHUE HA YPOB-
un 3KcriepuMeHTasZibHbIX 4aHHbIX. .
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Puic. 2. Cxema Harpy>xeHusi n 3aKpernsieHnsi KOHe4YHO-3J1eMEeHTHO MoAenu.

rpyHTta Ha OT13I1, nmoayyaeMbIX 9KCIIEpUMEH -
TaJIbHO MPU MPOBEICHUM XOIOBBIX MCITbITA-
HUI1), BIQXKHOCTU I'PYHTOB (MIOKa3aTesIsi TEKY-
yecTn J|) Ha MpeaenbHbIe HANPSXKEHUS 3eM-
JISTHOTO I10JI0THA. TeopeThyecKue Ucciie1oBa-
HMS TIPOBOAMJIMCH Ha MOJEIM HAaCHINHU,
reoOMeTpUYECKUe ITapaMeTphl KOTOPOIi MOJIy-
YEHBI C TTIOMOIIIBIO IIPSIMbIX U3MEPEHUIA HATYP-
HOTO yJacTKa MyTH, rjie ObUIM YCTaHOBJICHbI
MPpUOOPHI JUIS PETUCTPALIMN CUJIOBBIX (haKTO-
poB u HanpstkeHuit Ha OTT3I1.
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KOHEYHO-3JIEMEHTHAY MOLEJ1b
N PACHETHAS OLLEHKA

MonenrpoBaHue U pacy€T MPOBOAUIUCH
Ha 0a3e MeToma KOHEYHBIX 3JIEMEHTOB, WC-
IMOJIb30BAIMCh MPOTrPAMMHBIC KOMILIEKCH
PATRAN, NASTRAN, MARC.

Hapuc. 1 npuBeneHa KOHEYHO-2JIEMEHT-
Hast Moaesib hparMeHTa IyTH (3eMIISTHOE
MnoJoTHO, OajsnacTt). B 3aBUucuMOCTU OT
BBICOTHI Oajijmacta KoianmdecTBo Hex8-ame-
MEHTOB B MOJEIN U3MEHSIOCH OT 336 896 110
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Ta0amua 1

PacuéTHble MO/ 1151 OLEHKH BJIMSHUSA Pa3MepoOB H NApaMeTPOB CJIOEB OaJuiacTa®

Ne moze- | Ctpykrypa noauimnaibHoro | ToniuHa 6amnact- | Pacu€rHble mapamMeTpbl 6ajiacTHOrO
m OCHOBaHUS HOTO U 1o0aJIIIACTHOTO CJIOEB
M MOAGAIACTHOTO [ Nonyny, nedopmatmu | Koadduument [yac-
IOt E, MIla COHa, |1
1 basutact 0,3 254 0,27
recyaHas moayuka 0,3 110 0,3
2 basutact 0,3 150 0,27
recyaHasi mojayuka 0,3 80 0,3
3 Gayutact 0,4 254 0,27
TriecyaHasi MoyIIka — — —
4 Gaytact 0,4 110 0,27
recyaHast MmoayIKka — — —
5 Gasmact 0,4 254 0,27
rnecyaHas moaymka 0,2 110 0,3
6 Gasnact 0,4 150 0,27
recyaHas moayuka 0,2 80 0,3
7 basutact 0,4 254 0,27
recyaHas moaymka 0,3 110 0,3
8 basutact 0,4 150 0,27
recyaHas moayurka 0,3 80 0,3
9 GasacTt 0,5 254 0,27
riecyaHasi MoayIKka — — —
10 Gaytact 0,5 150 0,27
riecyaHasi MoyIka — — —
11 Gasmact 0,5 254 0,27
recyaHas moaymrka 0,2 110 0,3
12 Gasact 0,5 150 0,27
rnecyaHas moaynka 0,2 80 0,3
13 Gasnact 0,5 254 0,27
rnecyaHas moayuika 0,3 110 0,3
14 basutact 0,5 150 0,27
rnecyaHas moayuika 0,3 80 0,3

B3THIX ¢ yuyacTKa [omyTBUH—O3epbl.

355488, xKommuecTBO y3710B — OT 355272 no
381691.

B pacuérax yuutsiBanocs BiusiHue Ha HC
HACBIIHU CICAYIONINX (PaKTOPOB:

* BEJIMYMH BepTUKAIBHBIX CHII, TIepeaaBa-
€MBIX OT KOJIeca Ha peJibC;

* CKOPOCTH JIBVMKEHUS TTOE3/0B;

* COOTHOIIEHMS TOJIINH COCTABISIONINX
0aJIaCTHOTO CJIOST — IIeOHS, TT0A0a/IaCTHO-
TO CJIOSI;

* COOTHOIIICHMSI YIIPYTUX XapaKTePUCTUK
3JIEMEHTOB 0aJIJTACTHOTO CJIOSI M 3eMJITHOTO
ITOJIOTHA.

B xauecTBe MCXOMHBIX JAHHBIX PU MOJIE-
JINPOBAaHWUM TIPUHUMAIIA HATPy3KU, TIOJy4YeH-
HbIE TPU TMHAMWYECKUX UCITBITAHUSIX OITBIT-
HOTO I10€e3/1a, BKITFOYABIIIETO IPY30BbIe BATOHBI
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. ,[laHHI)IC I10 MOAYJIIO YIIPYTOCTU 111e6€HOYHOTO Oajtacta IIPUHUMAINCH 110 PE3YyJIbTaTaM UCIIBITAHUS l'[p06 11eOHsT 5

¢ oceBbBIMU Harpy3Kamu 23,5, 25, 27 u 30 1c
[17]. Ha puc. 2 moka3aHbI TpaHIYHBIC YCIIOBUS
W CXEeMBI IPUJIOXeHUS Harpy3ok. OceBas
Harpy3Ka IpUHUMAJIach pacIipeacIéHHOM Ha
Tpu 1mansl B iporopuuu 0,25, 0,42 u 0,25.
Ocrasieticsa Harpy3skoii (0,08), pacripenencéH-
HOI Ha cOCemHME INMaibl, BBULY MajloTro &
3HaYCHUS IMPeHeOperain.

O1eHKa TTIPOYHOCTU 3eMJISTHOTO TTOJIOTHA
Ha OCHOBHOM €ro IUIomanKe MpoBOAUIACH
MYTEM CpaBHEHUS PACUETHBIX HAIPSIKEHUN
CXKaTHS C IOIMyCKaeMbIMU 3HAYCHUSIMU Ha-
npsckeHnit, paBHpIMH 80 kI1a. Mx BenmunHa
B ICHCTBUTEIBHOCTU 3aBUCUT OT (PU3UKO-
MEXaHMYEeCKUX MTapaMeTPOB TPYHTOB 3eMJISI-
HOTO TTOJIOTHA, CTCIICHU YBJIAXKHEHUSI 1 YPOB-
Hell BuOpoBo3aeiicTBus. B padborax [18—20]
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Pacctosiue , m

Hanpspkenus, klMa
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JlaHbl PE3YJIbTaThl UCCAEAOBAHUS MOIYJICi
YIPYTOCTH IPY TPEXOCHOM CXKATUU B 3aBUCH -
MOCTH OT YHUCJIa IUKJIOB 00KaTHUS Y BEJIUYMH
naBiaeHuii. [Toka3aHo, 4TO BeJTMYMHA MOIYJIS
YIPYrocTy OalJIaCTHBIX MATEPUAJIOB CYILIECT-
BEHHO 3aBUCUT OT CTENEHU YILUIOTHEHUS
OajutacTa, JaBJI€HMSI Ha IMOBEPXHOCTU MPU
TPEXOCHOM CXaTHU U MaTepuajia 4acTHIL
1e0oHs (rpaHuT, 6a3a1bT). AHAJIOTUYHbIE UC-
clieloBaHUs MPOBEACHBI ClelMalucTaMu
LIEHTpa UCIIBITAHUI MaTepUaIOB U KOHCTPYK-
uuit — ¢unmanom OKTIOPbCKOI XKeae3HO
JIOPOrY Ha 0aJUIaCTHBIX MaTepuajiax, IMecke
M TPYHTE, B3ATHIX C TOIIIIAILHOTO OCHOBA-
HUST U3MEPUTEIHLHOTO yJyacTKa rneperoHa [o-
nyTBUH—O3ephl.

J1J1s1 OLIleHKU BJIIMSIHUS CTPYKTYPBI U YIIPY-
TUX XapaKTePUCTUK 0aJJIACTHOI'O CJIOS U TIeC-
YaHO1 MOAYIIKY Ha HAIIPSLKEHHOE COCTOSIHUE
OII3I1 6n110 paccMoTpeHO 14 pacuy€THBIX
mogeneit (Tadbnuua 1).

J1J1s1 OLIEHKM YCJIOBUIA ITPOYHOCTHU B pac-
Yy€Tax MPUHUMAIMCh MaKCUMAaJIbHO BEPOSIT-
HbI€ 3HAYEHMS BEPTUKATbHBIX CHJI:

pmax _ —N —N
P = i) +2,550,

rie rﬁ}v — MaTeMaTU4ecKoe OXUIaHue aH-
caMOJIsi BEPTUKAJIbHBIX CHJI OT BO3IEWCTBUS
KOJIECHBIX TIap TPY30BbIX BATOHOB C OCEBBHIMU
Harpy3kamu 23,5, 25,27 u 30 Tc; 5}: — cpea-
Hee KBaJIpaTUYecKoe OTKJIOHEHUe aHCcaMmOJIs
BEPTUKAJIBHBIX CHJI OT BO3IEHCTBYSI TPY30BBIX
BaroHoB.

B peanbHOIT 3KCIUTyaTalliy BEPOSITHOCTh
TOSIBJICHUST MaKCUMAaJIbHO BEPOSITHBIX 3HAYE -
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Puc. 3. Pacnpeanenexune
HanpsHKeHnii Npy pasandHbIx
XapakTepucTukax Mmogynen
ynpyroctu 6annacTtHoro
un noa6annacTtHoro c/0és
(oceBas Harpy3ka 30 Tc,
ckopocTb 90 km/4).

10 15 20 25 3,0 35 40

HUMI1 BepTUKAJIbHBIX CUJI Maja. IToaTtomy st
BepU(DMKALINY KOHEYHO-3IEMEHTHOI MO/
C OKCIIEPMMEHTAIbHO MOJYyYeHHbIM 3HAYeHM -
eM BennuuH HanpspkeHuid Ha OTT311 npunu-
MaJIli CpelHMEe MaKCHMaJbHble BEIUYMHBI
BEPTUKAJIBHBIX CHUJI, KOTOPBIEC OIPEAC/ISINCh
U3 BbIpAXKEeHUSI:

= ;Tz}," + EI’,‘: )

JI71s1 OLICHKU BJIMSIHUSI YIIPYTHX XapakKTe-
PUCTUK OAJJIACTHOIO CJIOS U IIeCYaHOM I10-
IYLIKY MPEACTaBlIeHbl Pe3yJIbTaThl PacuéToB
HanpsokeHuit Ha OTT3TT a1 1By BapuaHTOB
Mozeneit 5Su 6. Ha puc. 3 nmpuBeneHo pacripe-
JeieHre pacYETHBIX HAIMPSLKEHUI 110 IoIle-
PEYHOMY CEUYEHMIO 3eMJISIHOIO IOJIOTHA OT
MaKCHMaJIbHO BEPOSITHBIX 3HAYEHUI BEPTHU-
KaJIbHbIX CHUJI TPY30BbIX BATOHOB C OCEBOM
Harpy3koit 30 TC mpu CKOPOCTU IBUXKEHUS
90 km/4.

W3 rpadukoB pacnpeneneHus HampsoKe-
Huit Ha OT13I1 BugHO, 4TO yIIpyrue xapakre-
PUCTUKU — MOJYJIM YIPYroCTU 06a/UIaCTHOIO
CJI0sl U MEeCYaHOM MOMYIIKU CYILIECTBEHHO
BJIMSIIOT Ha HanpspkeHue. Tak, 17151 OAMHAaKO-
BOI KOHCTPYKLMU I10A0A/UIACTHOIO CTPOE-
HUs, HopMupoBaHHoro mig myreit I, 11, n 111
kinacca — 0,4 m meoHs u 0,2 M recka, 3Hade-
HUS HaMPSDKEHUST MOTYT OTiIM4yaThes Ha 30—
40 %. dna pacyéTHOro ciaydast (BapuaHTHI 5
1 6) pazHuiia coctaBmia 34 %.

Ha puc. 4 nipeacraBiieHO pacripeaeiecHue
HaIpsKeHUI B IMOALLIIAILHOM IIPOCTPAHCTBE
11t BapuanTa 2. [Tpy 2Tom B KauecTBe 3HaUe-
HUIl BEpTUKAIbHBIX CUJI IPUHUMAIUCh MaK-
CHMAaJIbHO BEPOSITHbIE 3HAYEHUSI, [I0JTyYeHHbIE

Koccoe B. C., KpacHoe O. I'., Mpotononoe A. J1. Hanps)X€éHHOEe COCTOSHNE 3EMASHOIO NONOTHA
npu BO3AEVNCTBUU BaroHOB C OCEBbIMU Harpy3kamu Ao 30 Tc
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Puc. 4. UsmeHeHuss Hanps>xeHnii Ha OCHOBHOW rJiowjagke 3eMJISHOro noJsioTHa
B 3aBUCUMOCTM OT OCEBbIX Harpy30K npu ckopocTu Asmkenns 90 KkM/4.

Ta0amua 2

PacuéTnble HaNpPsKeHKWs HA OCHOBHOI IIIOIIA/KE 3€MIISTHOTO MOJIOTHA

OT MAKCUMAJIbHO BEPOATHBIX B CPEIHNX 3HAYEHUI BEPTHUKAJBHBIX cmr*

Ne CKopocTb Ocesast Harpy3ka | OceBas Harpy3ka | OceBast Harpy3ka | OceBasi Harpyska
n/n JIBYKEHUST 23,51C 25 1C 27 ¢ 30 Tc

1 40 59,8/51,1 64,5/52,1 67,2/55,7 71,9/59,6

2 60 61,1/53,1 67,7/56,7 69,0/60,7 72,5/64,9

3 80 63,2/54,6 70,1/58,4 72,5/62,4 78,6/66,7

4 90 65,7/56,2 74,1/60,1 77,6/64,3 86,3/68,8

*Yucnuresib — MaKCUMAaJIbHO BEPOATHBIC, 3HAMCHATEJIb — CPEOIHNE 3HAUYCHM I BEPTUKAJIBHBIX CHUJI.

SKCTIEPUMEHTAIbHO BO BPEeMsI TIPOBEACHMUS
XOJIOBBIX TMHAMWYECKUX UCITHITAHU TTOJTyBa-
TOHOB C OCEBbIMM Harpyskamu 23,5, 25, 27
u 30 Tc.

Pacu€rHble 3HaYeHUs HAIpSIKEHUI Ha
OII3I1 (nnst BapyaHTa 2) OT MaKCUMaJIbHO
BEPOSITHBIX M CPEIHUX MaKCUMaJIbHBIX 3Ha-
YeHU BEPTUKATbHBIX CUJI MPEJCTaBICHbBI
B Tabauue 2.

[IpoBeneHbI UccIeT0BaHUSI Ha KOMITbIO-
TEPHON MOJIEIN 3aBUCUMOCTH 3HAYEHMI Ha-
npsikeHuit Ha OTI3I1 gns monyBaroHos
¢ oceBoii Harpy3koii 30 TC OT CKOPOCTH JIBU-

® MUP TPAHCMNOPTA, Tom 15, N2 4, C. 70-91 (2017)

JKeHUsI, TOJIIIMHBI 0a/UIacCTHOTO U Toa0a-
JIAaCTHOTO CJIO€B. Pe3yabTaThl pacu€ToB npe/-
cTaBJIeHbI B TabauLe 3 1 Ha puc. 5.

WUccnenosanue HC xene3HOAOPOXHOT
HACBIIKU OT BO3IACHCTBUSI IPy30BbIX BarOHOB
¢ oceBbIMM Harpy3kamu 10 30 Tc rokasao:

* MMEEeT MECTO TEHIEHIIMs K POCTy Ha-
npsikeHuit Ha OTI3I1 kak ¢ moBbILIEHUEM
0CEBOI HAarpy3ku, Tak M C YBeJIUYECHUEM
CKOPOCTH IBUXKEHMUS;

* Ha Hanpsik€éHHoe coctosiHue OTI3I1
0Ka3bIBalOT BIMSIHUE YIPYrie XapaKTepu-
CTMKM 0aJyIaCTHOTO CJIOSI M TIeCUYaHOM T10-

Koccoe B. C., KpacHoe O. I., MpoTtononoe A. J1. HanpsaXXéHHOEe COCTOSAHNE 3EMJISHOIO NONIOTHA
npu BO3AEVNCTBMU BaroHOB C OCEBbIMU Harpy3kamu Ao 30 Tc



Taoamna 3

MaxkcumabHble HaNpPsZKEeHUus1 HA OCHOBHOI IJIOINA/IKE 3€MJISTHOTO MOJIOTHA npu 0CeBOit

Harpyske 30 Tc B 3aBUCHMOCTH OT CKOPOCTH H CTPYKTYPbI 02/1JIACTHOTO CJIOS

Mogpens | Ctpykrypa Gayutacta Hanpsxenust ot oceBoit Harpy3ku 30 Tc (k[1a)
MPH 3aTaHHOM CKOPOCTHU (KM/4)
40 60 80 90
4 Ile6eHb 0,4 M 101,3 102,2 110,8 121,6
10 Ille6enn 0,5 M 81,4 82,1 89 97,7
6 Ile6ens 0,4 M 71,3 71,9 78 85,6
ITecok 0,2 M
12 Ile6eHb 0,5 M 61,4 62 67,2 73,7
IMecoxk 0,2 M
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Puc. 5. UameHeHne Hanps>keHUr Ha OCHOBHOM MJioLjazike 3eMJISSHOrO MoJIOTHa
B 3aBUCUMOCTM OT CTPYKTYPbI 6a/11aCTHOIr0 U noA6asn1acTHOro C/10€8 U CKOPOCTY [IBYXKEHUS.

JYIIKW, TOJIIMHA KaXI0H M3 COCTaBIISIO-
KX 1 0011ast TOJIIMHA 0a/UIaCTHOTO CJIO0ST
M TeCYaHOU MOAYIIKY;

* Mpu ToAIIMHe OajacTHoro cios 0,3 M
v necyaHoit moaywku 0,3 M (puc. 5) npu
JEMCTBUM MaKCUMAaJIbHO BEPOSITHBIX 3Haue-
HUII BEPTUKAIBHBIX CHJI M CKOPOCTU JIBHIKE -
Hust 10 90 kM/u HanpspkeHust Ha OTI3IT or
BO3JIEUCTBUS IT'PY30BBIX BATOHOB C OCEBBIMU
Harpy3kamu 27 1 30 Tc mpeBbIIIaIOT JOITyCcKa-
emble 3HayeHus [o,, | = 80 kIla, a or BaroHOB
C OCEBBIMM Harpy3kamu 25 T¢ — HaXOIsITCs
B nipenenax 77,6 MIla;

* 3a cU€T 3(p(peKTUBHOTO pacrpeneeHust
YCWJIMI OT BO3JICICTBUS TPY30BBIX BarOHOB
¢ OCeBbIMM Harpy3kamu 1o 30 Tc 1 yBeaude-
HUS TOJIIMHBI 0aJIaCTHOTO CJIOSI MOXHO
Io00UThCs ypoBHelt Hampspkenuii Ha OTT3I1,
He TIPEeBBIIIAIOIINX HOPMATUBHBIC 3HAUYECHMS;

* TIpU CTPYKType OaJlJIaCTHOTO CJIOS, pe-
komeHayemoit nng myteii I, 1T u 111 kinaccos
U ToJIIMHE cJios 6aiacta 0,4 M, a mecyaHoi
noaywku — 0,2 M, HanpsikeHust Ha OTT3IT ot
BaroHoOB ¢ OceBbIMM Harpy3kamu 30 TcC Ipe-
BBILIAIOT HOPMATHUBHBIC 3HAYEHUST TIPU CKO-
pOCTSIX ABMKeHUs 6osiee 80 KM/4;

® MWP TPAHCIOPTA, Tom 15, N2 4, C. 70-91 (2017)

* MIPY U3MEHEHUM COOTHOIIEHMUSI TOJIIIUH
0ajIacTHOTrO cyiost U necyaHoi mogymku HC
3eMJISTHOTO I10JIOTHA 3aBUCUMO M3MEHSIETCS
(Tabnuua 4);

* IIPY YBEJIMYCHUU OAJIJIACTHOTO CJIOSI 10
0,5 M 1 ToNIIMHE OasuTacTHOM moayiiku 0,2 M
HanpskeHust Ha OT1311 He nmpeBbILLIATIY HOP-
MaTuBHBIX 3HaueHuit 80 kIla oT rpy30BBIX
BaroHOB C OCEBBIMM Harpyskamu 1o 30 Tc
U CKOPOCTH ABMXKEeHUs 10 90 KM/4.

NPEAEJIbHbIE HANMPA)KEHUSA
B AEATEJIbHOW 30HE

J11s1 onipesiesieHUsT HeCyIlei CToCOOHOCTHI
KeJIe3HOMOPOXKHOIO 3eMJISTHOTO MOJIOTHA
Obll1a MCIOJIb30BaHa TEOPUS MPEACTbHOIO
paBHOBecus. [IpUMEHMMOCTDb 3TOI TEOPUHU
IIJIS1 MHXKEHEPHBIX PACYETOB M XOPOLLIast CXO-
IMMOCTb TEOPETUYECKUX U MPAKTUYECKHUX
3HAUEHUI Harpy30K MOATBEPXKAAIOTCST pabo-
tamu [8, 11, 12, 16].

IMpenenbHoe HAMPSIKEHHOE COCTOSIHUE
MOAIUNAJIBHOTO OCHOBAHUST — TAKOE COCTOSI-
HUE, IIPU KOTOPOM MUHUMAJILHOE MPUpaLe-
HUE CTATUYECKOM WM IMHAMUYECKOM HATPY3-
KU MPUBOJIUT K BOZHUKHOBEHUIO B Oajuiacre

Koccoe B. C., KpacHoe O. I'., Mpotononoe A. J1. Hanps)X€éHHOEe COCTOSHNE 3EMASHOIO NONOTHA
npu BO3AEVNCTBUU BaroHOB C OCEBbIMU Harpy3kamu Ao 30 Tc




1, =2700

T

2 2.
sy

T

T R
TS,

s

ey I

ook <0 Ty

2SR Gagr
= =

hg;,

tat,

332 L eCens Ay 5 -
E =300 MTTa L
Hecox
m=10,27 =
E=150 ]\J\Il'la Toyar
; o=t E=40 MIla b 1 _
S ronmn = 0.3 M n=0,3 RIS S AN
Y Q“;’
Puc. 6. Cxema u reometTpuyeckue pa3mepbl HaCbINN Ha U3MEPUTEJIbHOM y4acTKe.
TaGmuua 4
I‘eOMeTpnqecxne napamMeTpsbl NONEePEeIYHOro CEYCHUA
)KEJIe3HOIl0p0)KHOﬁ HACBIIIA HA ONBITHOM Y4YaCTKe
CeueHust JleBast cropoHa I1paBas cropoHa
aﬁZ’ M hGZ’ M hSZZ’ Mo 62° : h32’ M a32’ M o 322 ° aGl’ M hﬁl’ M hGll’ Mo 61° ° h}l’ M a}l’ M a 31° :
5™ g0 0,36 0,55 10,72 |20,5 |2,23 |1,05 |35 0,35 (0,61 |0,78 |21,5 |2,04 |1,23 |35,5
0— BctBOpPe |0,34 0,61 |0,77 |22 2,42 | 1,00 |34 0,36 0,56 0,75 |23 2,23 | 1,17 |26
JIaTYUKOB

5 M nocje 0,37 10,63 0,76 |23 2,28 1,12

36 0,35 (0,56 0,75 22,5 (2,32 |1,21 |35,5

CpenHee 0,36 0,60 0,75 |21,8 [2,31 |1,06

35 0,35 0,58 0,76 |22,3 (2,20 |1,20 |35,7

1 3¢MJISTHOM TIOJIOTHE CILTOIITHBIX TIOBEPXHO-
CTell CKOJNIbXKCHUS, TA¢ CABUTAIOIINE CHIIBI
MPEeBHIIIAIOT yaepxkuBatommue. [ToBepxHOCTH
CKOJIBXEHUS TIPEICTABIISIOT COOO0I COBOKYII-
HOCTB OTAEbHBIX IIOMIAT0K, 00pa30BaBIIIIX-
Cs IIPU MPEBBIIICHUN YACPKUBAIOIINX CHIT
capurapomuMu. KacaterbHbIe TNIOCKOCTH
K TTOBEPXHOCTSM CKOJIbXCHUSI COBITAAAIOT
C TUTOIMAaAKaMU CKOJbXeHUs. OTmeIbHbIe
IUTOIIAAKKA CKOJIBXEHHUSI MOTYT 00OpPa30BHI-
BaThCS B TPYHTOBOU Ccpefie U IIpU Harpy3Kax,
HE MPEeBHIIIAIONINX MIPeaeTbHbIC, HO OHU HE
BBI3BIBAIOT AehopMalinii MaccuBa. JIMIIb mpu
Harpy3Kax He HIKe MPeAeTbHBIX (popMupy-
FOTCSI TPYIIITHI TJIOIIAI0K — IIEJIbIC ITIOBEPXHO-
CTH, TIIe TIPOMCXOIUT CABUTOBAS AeDOpMaIIsST
TPYHTOBOT'O MacCHBa.

Hcronb3yst anroput™sl [11], BEIMOJIHEHO
WHTETPUPOBAHNE KOHEYHO-Pa3HOCTHBIM M-
TOIOM ypaBHEHUI XapaKTePUCTUK U mudde-
PEHIIMATbHBIX COOTHOIIIEHMH 10 pa3paboTaH-
Ho#t cneumanuctaMu AO «BHUKTU» mipo-
rpamMme.

Pacuérnl nmpoBeneHbl 111 HACBIIIU, CJIO-
JKeHHOM M3 TJIMHUCTHIX TPYHTOB.

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 70-91 (2017)

TeoMeTprueckuie mapaMeTphl IIOIIEPEIHOTO
CEeUYeHMs XKeJIe3HOJOPOKHOM HACKITTU, 00bEM-
HBIC XapaKTePUCTUKH TPYHTOB, KO3 hUITNEH-
THI, XapaKTEPU3YIOIINE CHIDKEHUE TIPOYHOCT-
HBIX CBOICTB IPYHTOB, ITPEACTABJICHBI HA pUC. 6
U B Tabuute 4.

Pacuértel HecyIeit crtocoOHOCTH 3eMIISTHO-
TO TIOJIOTHA BBITIOJTHEHBI JIJIST:

* HACBIIM BBICOTOM 3,1 M C reoMeTprye-
CKMMU TTapaMeTpaM#, KOTOPBIC OIpeaeIeHBI
MYyTEM MPSIMOTO TEOMETPUICCKOTO U3MEPEHUS
10 CEYCHUIO YCTAHOBKY N3MEPUTEIBHBIX ITPH -
00pOB;

* 3eMJITHOTO ITTOJIOTHA, CJIOKEHHOTO TJIHM-
HUCTBIMU TPYHTAMMU;

* ypoBHel BuOpokonedanuii Ha OIT3I1,
3apEeTUCTPUPOBAHHBIX OT BO3ICHCTBUS TPY30-
BBIX BATOHOB C Pa3HBIMU OCEBBIMM Harpy3KaMM
TIpY KaYeHNH KOJIEC TT0 peTbcaM IIPU OTCYTCT-
BUU HEPOBHOCTEH HA TTOBEPXHOCTH KaTaHUSI;

* clyJasi U3MEHEHUSI BIXKHOCTH TPyHTa
Ipu M3MEHEHUU ToKa3aTedsl TEeKY4deCTH
¢J<0,25100,25<J<0,5.

B pesymbrate skcnepuMeHTaTbHBIX MCCIIe-
JOBaHWI BUOpPALIMOHHBIX BO3AECTBUI Ha

Koccoe B. C., KpacHoe O. I., MpoTtononoe A. J1. HanpsaXXéHHOEe COCTOSAHNE 3EMJISHOIO NONIOTHA
npu BO3AEVNCTBMU BaroHOB C OCEBbIMU Harpy3kamu Ao 30 Tc



Puc. 7.
Pacnpepnenenne
npenaenbHbIX
HanpspkeHun
Mo JINHNSIM
CKOJIb)XXEeHUSI.
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Puc. 8. lMpenenbHbie 3Ha4eHNSI HANPSXKeHUI i Ha OCHOBHOW NJioLaaKke 3eMJISHOro noJiIoTHa.

3JIEMEHTBI BEPXHETO CTPOCHMSI ITyTHU YCTAHOB-
JIEHO, YTO IIPU YBEJIMYSHUU OCEBBIX HATPY30K
Ha KOJIECO MMEETCS TEHACHLIMS K ITOBBILLICHUIO
BubOpaumii. [Ipn 3TOM 4eM BBIIIE CKOPOCTH
JBVXKEHMS, TEM BBIIIE YPOBHU YCKOPEHUIA.
I1pu yBenmueHUM OCeBBIX HaTrpy30K ¢ 23,5 o
30 Tc ypoBHUu BuOpokosebanuii' Ha OII3I1
U3MEHSUTUCh B nipeaenax ot 40—48 no 57—
84 MxM. JI1g HachIIM ¢ TEOMETPUYECKUMU
rmapaMeTpamu, IIpeaCTaBJIeHHbBIMU Ha pUC. 6,
CJI0KEHHOM U3 IJIMHBI C YIJIOM BHYTPEHHEIO
TpeHUs ¢ = 19°, OTHOCUTENbHBIM CLICTUIEHUEM
C =0,054 MIla paccunTaHbl pacrpeaeieHUus
HOPMaJIbHBIX HAIIPSKEHUH 110 JIMHUSAM CKOJIb-
KeHus (puc. 7) ¥ mpeaeabHbIe 3HAYCHMST Ha-

! DKcrepuMEeHTAIbHO OTIPE/IeIISUINCh YPOBHHU YCKO-
pennii Ha OI13I1. BubponepemerieHus: — myTém

repecyéra JIBOMHBIM WHTETPUPOBAHUEM TPOIIECCOB
3apernuCTPUPOBAHHBIX YCKOPEHUIA.

® MWP TPAHCIOPTA, Tom 15, N2 4, C. 70-91 (2017)

npsekeHuit Ha OTI3IT ng pasHbIX ypoBHei
BUOpoIepeMeIieHuit (puc. 8).

AHanM3 pacyETHBIX JAHHBIX ITOKa3aJl, YTO
IS TJIMH C pacCMaTprUBacMbIMU (DM3UKO-Me-
XaHUYECKMMU TT0Ka3aTeJISIMU ITPU TEKYIECTHU
J <0,25 ypoBHM HanpsLKEHW, BO3HUKAIOIIIE
OT TPY30BBIX BarOHOB C OCEBOM HArpy3kou
30 Tc, MEIOT 3arac MPOYHOCTHU 10 HeCyIlei
CIMIOCOOHOCTH HACHITIH.

BrInosHeHBI pacuéThl TTpeIeIbHBIX HATIpsI-
KEHUU IS YCIIOBUM CIIOXKEHMSI HACBITIY TN -
HaMM U CYTJIMHKaMH, a TaKXKe YBEJIUYCHUS
BraxkHoctu rpyHTa cJ <0,25100,25<J<0,5.

YcTaHOBJIEHO, YTO HeCyIast CITOCOOHOCTh
3¢MJISTHOTO TTOJIOTHA CYIIIECTBEHHO 3aBUCUT OT
THUIIa TPYHTA U €TO (PU3UKO-MEXaHUIECKUX
CBOWMCTB.

[Ipu nBUXEHMM BaroHOB C OCEBBIMU Ha-
rpy3kamMu 30 TC TI0 HACBINHU, CIIOXXKEHHON M3
[JIMHBI, MUHUMAJIbHOE TIPeIeIbHOE HaTIPSTKe -

Koccoe B. C., KpacHoe O. I'., Mpotononoe A. J1. Hanps)X€éHHOEe COCTOSHNE 3EMASHOIO NONOTHA
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Puc. 9. UameHeHne MUHUMabHbIX MNPeAesbHbIX HANPsH)KeHnii B 3aBUCUMOCTN
OT B/IA)KHOCTU rPYHTa Npu pa3/indHbIX OCEBbIX Harpy3Kax.
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Puc. 10. UameHeHne npeaesibHbIX HANPSKEHWIA B 3aBUCUMOCTHU OT YPOBHSI BUGpaunii (rpyHT — CyrniimHok ¢ = 20°,
C = 0,019 MIlla, nokasaresnb Teky4ecTu rpyHta 0 <J<0,25).

cyrnuHok C = 0,019, ¢ =20°

Puc. 11. UsMeHeHne MUHUMaNbHbIX NpeaesibHbIX Harnp i B

rmuHa C = 0,054, ¢ = 19°

UMOCTHU

OT BeJIN4YNH OCEeBbIX Harpy30K.

Hue coctaBsieT 170,4 MIla, ipu repexone Ha
CYIJIMHKHY BeJIMYMHEI IIPeIeIbHBIX HAIIPSIKe -
HUU CHIKaroTCs 10 95,4 MIla. I[Tpu uameHe-
HUM mokaszatenst Tekydectu ¢ J < 0,25 mo
0,25 <J <0,5 Hecymiast crtocOOHOCTh TPYHTOB
CHIXAETCs B cpeHeM Ha 15,4—16 % 11st tiuH
u 16,5—17 % mis cyrinHKoB (puc. 9).
BrimoHeHbI pacu€ThI 17151 CITydast BRICOKUX
BubposoaaeiicTBuii Ha OI13I1, uro xapakrep-
HO JUISI yIapHOTO B3aUMOJIEHCTBUS KOJEC
C peibcaMM B 30HAX OOJTOBBIX CTHIKOB, TIPU
OTCJIOEHUSIX MeTaJlIa OT ITOBEPXHOCTHU KaTaHUST
CO CBEPXHOPMATUBHBIMU TTapaMeTPaMHU U T.JI.
YcTaHOBIEHO, UTO YBeIUUYEeHUE YPOBHEH
Bubpokonedanuii Ha OT13I1 npuBoaUT K CHU-

® MUP TPAHCMOPTA, Tom 1

JKEHUIO YPOBHEN IpeAebHbIX HAPSKEHUI
B 1,26—1,36 pa3a, T.e. Ha 26—36 % (puc. 10).

CHIXeHNEe HeCyIIel CITIOCOOHOCTH 3eM-
JISHOTO IIOJIOTHA OT M3MEHEHUsI OCEBOI Ha-
rpy3ku ¢ 23,5 mo 30 TC 3a CUET MOBBIICHUS
BUOpPOHAIPYKEHHOCTU COCTaBjsgeT 12,5—
12,9 % (puc. 11).

OKCNEPUMEHTAJIbHbIE
UCCNEOOBAHUA

Jnst BepuduKaim pe3yiabTaToB KOMITBIO-
TEPHOTO MOJIETMPOBAHUS TIPOBEJCHBI IKCIIE-
pUMEHTAJIbHbIE U3MEPEHUSI HAMPSDKEHUH Ha
OTI3IT na nonmurone AO «BHUKTHW» (yua-
crok [onyrBun—O3epsi). BepxHee crpoenue

70-91 (2017)
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Puc. 12. O6wynii BUA yCcTpoO#rCcTBa AN UBMEPEHNS [aB/eHNIA
Ha OCHOBHO nyiowjaake 3eMJISHOro rnoJsIoTHa: a) NaacTuHa c 3aKpenaéHHOW Mecao30¥i;
6) ycTpoWicTBO C MEcA030¥i, yCTaAHOB/IEHHOE B 3€MJISIHOE MOJIOTHO.

BKJIIOYAJIO: pesibehbl P65, 1imaibl xene3o00e-
ToHHBIE, cKperuieHus Kb-65, 6aiact 1e6é-
HOYHBII ToIIMHOM 0,3 M, TIecyaHast IoayIKa
ToamuHoi 0,3 M, 3eMJISTHOE MOJIOTHO — CYy-
TJIMHOK.

WUccnenosanue HanpsikeHuit Ha OT13T1
BBIMOJIHEHO C MCIIOJIb30BaHUEM MECI03
tuna KDE-200KPA (SImonus). Insg Bo3-
MOXXHOCTH MX OIIepaTMBHOM YCTAHOBKHU 1O
PEeIbCONITNAIbHYIO PEIIETKY CIIeIMaTuCTaMK1
BHUKTMH pazpaboraHa HOBasi KOHCTPYK-
1us yctpoiictpa (puc. 12).

DKCIEepUMEHTATbHbBIN 3aMep HAMPSDKeHU I
MPEACTABISIET OINpeneI€HHbIE TPYIHOCTH,
CBsI3aHHBIE C MIOMEILIEHUEM MECI03bl BHYTPb
TPYHTOBOI'O MaccuBa. DTOT MPOLIECC BbI3bIBa-
€T HapyIllIeH1Ee MOHOJUTHOCTH MacCuBa 1 10~
SIBJICHME MCKaXXeHWI B CHJIOBOM I10JI€, YTO
MoTpPe0OBaIO U COBEPIICHCTBOBAHUS CAMOTO
criocoba M3MepeHus HapsDKeHUI B 3eMJIsI-
HOM I10JI0THE. MOIepHU3MPOBAHHOE YCTPOI -
CTBO COCTOMT M3 MECI03bI, HECYILICH TIacTH -
HbI, a yIpyrasi MeMOpaHa IocTaBjieHa I10JI0-
JKEHMEM BBEPX M COIPUKACAETCS C TPYHTOM
Mpu MPOBeIeHUN U3MepeHuii (puc. 12).

BHyTpM I1acTMHBI HaXOAUTCS Kabeb-
KaHaJ 3 111 TPOKJIaJKK IIPOBOIOB OT U3Me-
PMTEJIBbHBIX 1aTYMKOB MeCI03bl. TaprupoBKa
MECJ03 NMPOBOAMIACH ITPU CTYNEHYATOM

Harpy>xXeHuu pabodyeil MeMOpaHbl paBHO-
MEpHO pacrpenesi€HHOM Harpy3Koii B qua-
nazoHe aapjaeHuii ot 0 1o 200 kIla u ¢ ma-
rom 20 kITa.

KoHcTpyKIus Mecio3bl 1Mo3BoJsieT 6e3
HapyLIeHUs 1IeJIOCTHOCTH TPYHTA yCTaHABIIM -
BaTh YCTPOMCTBO Ha IUIOLIAAKY 3EMJISTHOIO
IOJIOTHA TTOJI ITOIOIIBOM ILIMAJIbI ¢ pPa3Mele-
HUEM JesTEeJIbHOM 30HBI MOJ PebCOM Ha
ryouHe 10 1 M HuKe c1os1 basiacTa.

Arnipo0aliysi ycTpolicTBa IMPOBOAMIACH Ha
Ha3BaHHOM ye neperoHe MOCKOBCKOM Ke-
JIe3HOI noporu. Mecao3a ¢ I1acTUHOM 3a0u-
Bajiach Ha r1yorHe 10 650 MM HVKE ITOJOLLBbI
LLITAJIBI ITOJI CJIOH 11IeOHSI ¥ TTeCYaHO Oy~
Ku. B morepeuyHoM HampaBjeHUU MECa03a
YCTaHABJIMBAJIACh MO PEIbCOM.

3aMephl BBITOJHSUIMCH IIPU IIPOE3/Ie IPy-
30B0ro JJokomoTusa 2TD116 co ckopocTIMu
20—90 kM/4 B TeueHuUe ABYX THei. Pe3ybra-
ThI TIPEJCTABICHBI B TAOIUIIE 5.

AHaJu3 pe3y/IsTaToB U3MEPEHMI1 TOKa3aJl:

* [0 Mepe YBEJIMYEHUs MPOMYLIEHHOTO
HaJl UBMEPUTEIbHBIM CEUEHUEM TTOBUKHOTIO
COCTaBa HaNPSIKeHUsI CHUXKAJIMCh B CpeIHEM
Ha 6—7,5 %, 4TO MOXET ObITh OOBSICHEHO
JeopMUpPOBaHUEM JIOKAJIBHO-YTUIOTHEHHBIX
30H IPYHTA ITPU BHEAPEHUH IJIACTUH C MEC/I0-
3014 B 30Hy OI13IT;

Ta6mmuna 5
Hanpskenusi Ha OCHOBHO¥ ITOIIA/IKE 3eMJISTHOTO MOJIOTHA OT Mpoe3/a Jokomotusa 2TD116
CKopocThb, KM/4 11.05.2017 12.05.2017 YMmeHbImiocs Ha ... %
40 71,65 67,03 6,4
50 73,25 67,66 7,5
80 76,58 72,00 5,9
90 81,80 75,69 7,45
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Tab6auna 6
DKCnepuMeHTANIbHbIE HANPSKEHUS HA OCHOBHOW TUIOIIA/IKE 3eMJISTHOTO TOJIOTHA
OT IPY30BBIX BATOHOB C OCeBbIMHU Harpy3kamu 10 30 Tc

3amep | CKopocCTb, Baron 23,5 ¢ Baron 25 ¢ Baron 30 Tc
Ne KM/4
Tenexka Tenexka Tenexka Tenexka Tenexka Tenexka
Ne 1 Ne 2 Ne 1 Ne 2 Ne 1 Ne 2
1 40 59,218 53,673 49,223 52,509 66,132 67,433
3 60 54,357 55,115 47,306 56,690 63,736 71,335
5 80 52,167 59,428 54,768 63,805 62,778 76,128
7 90 58,196 59,810 69,418 65,653 67,022 79,961
9 90 55,8 62,577 71,267 63,531 65,653 79,071
11 90 55,594 64,426 70,308 63,189 61,682 77,565
13 80 57,237 61,208 36,010 68,118 61,477 78,592
15 80 50,866 53,193 48,264 62,998 61,956 75,443
17 5 46,005 47,511 47,511 47,648 57,917 59,697
19 60 54,015 54,357 57,027 39,228 60,587 63,325

* YPOBHM HANIPSKEHU I MMEJTA 3HAYCHU S,
01M3KHE K PaCYETHBIM;

* C YBEJMYEHUEM CKOPOCTH JBUKEHUS
MMeJI0 MECTO TTOBBILIIEHNE YPOBHEI HAIPsSTKe -
Huii Ha OT13I1.

JlaNbHEMUIIIMM L1arOM SIBJISUIOCH OTIpe/iesie-
Hue HanpsikeHuit Ha OTT3I1 ot Bo3aeiicTBUs
I'PY30BBIX BATOHOB — CEPUITHOTO C TEJIEKKON
18—100 1 BaroHOB-YIJIEBO30B, 3arpy>KeHHBIX
JI0 OCeBbIX HAarpy3o0kK 23,5, 25 u 30 Tc. Pe3yb-
TaThl U3MEPEHMUIT JaHbI B TaOIMIIE 6.

IMpencraBnensl HanpstkeHust Ha OTI311
TPY ABUKEHUU OTBITHOTO T0€3/1a B HaIlpaB-
snennu TomyrBuH—O3epsl [Tl cyvasi, Koraa
TeseXku Ne 2 ObUTA TIEPBBIMU 10 XOIY JBU-
keHust. CpaBHUTEIbHBIN aHaIM3 PaCUETHBIX
(Tabnuua 2) 1 3KCnepruMeHTaIbHbIX (Ta0au-
11a 6) JTaHHBIX MO3BOJISIET KOHCTATUPOBATH:

* PacXOXKICHUSI MEXIY pe3yJibTaTaMu pac-
yéra ¥ 9KCIePUMEHTAIBHO 3aMePEHHBIMU Ha-
npsekeHussMu Ha OTT311 He mpeBbiIaoT 15 %;

» HanpspkeHust Ha OT13IT ot Bo3neiicTBuUs
KOJIEC TIOABMKHOTO COCTaBa MMEIOT Pa3opoc 10
10 %, 4TO CBSI3aHO C KOJIEOAHUSIMU MTOAPECCO-
PEHHBIX MacC TOABMKHOTO COCTaBa M Pa3HbIMU
BEJIMYMHAMU BEPTUKATBbHBIX HArPy30K, JICHCT-
BYIOIIUX Ha ITyTh ITPY IPOXOXKASHUM KOJIEC Hal
30HOM YCTAHOBKW MECI03bI.

BbiBOAbl U NPEOJTOKEHUA

1. BeimosiHeHHbBIE HA KOHEYHO-3JIEMEHT-
HOI MOJIEJIM TeOPETHUYECKUE MCCIIeIOBAHUS
HAIPSDKEHHOTO COCTOSTHYS 38MJISTHOT'O TIOJIOT-
Ha OT BO3JEHCTBUS TPY30BbIX BATOHOB C OCE-
BbIMU Harpyskamu 10 30 Tc rmoxkaszaiu:

* ypoBHU HanpsikeHuit Ha OTT3IT moHo-
TOHHO TTOBBIIIAIOTCS C YBEIMYCHUEM OCEBBIX
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Harpy3oK 1 CKOpPOCTeli ABUXKEHUSI: 10 PacyeT-
HBIM JaHHBIM TP MaKCUMaIbHO BEPOSITHBIX
cuax — Ha 16—24 %, 1Mo sKCrepuMeHTaTbHO
3aperucTpMPOBAaHHBIM TaHHBIM — Ha 20—21 %);

* Ha ypoBHHU HampsikeHuit Ha OII3I1
OKa3bIBAIOT BJAMSIHUS TOIIIMHBI CJIOEB Oasiia-
CTa U MecyaHoi MOAYIIKU, UX COOTHOLIEHUE
W yIIpYrue XapakTepucTUKU — MOIYJIU YIIpY-
rocTH 6a/UIaCTHOTO U MOA0a/IaCTHOTO CJIOEB,
MpPU 5TOM 3HAYEHUST HAMPSIXKEHUI MOTYT OT-
nuyatbest Ha 30—40 %;

* JUIsI HauboJiee pacrpoCTPaHEHHBIX TPYyH-
TOB — CYIJIMHKOB IPY YPOBHSIX BUOPOBO3IEii-
CTBUU, CO3JaBaEMbIX OT I'PY30BbIX BarOHOB
C 0ceBbIMU Harpy3kamu a0 30 Tc mpu TOIIIU-
He 1mebéHouHoro 6autacta 0,5 M 1 necyaHoit
noaywke 0,2 M, ypOBHM HamNpsiKeHUI Ha
OTI3I1 cocrasastior 77,6 kI1a u He npeBbILIA-
10T HopMaTuBHOro 3HayeHus 80 klla mpu
CKOPOCTSIX IBMKEeHUST 10 90 Km/4.

2. PacuéramMu Hecylieil cmocoOHOCTHU
3eMJISTHOT'O ITOJIOTHA 110 TEOPUHU MTPEAETbHOTO
paBHOBECHSI YCTAHOBJICHO:

* TIpe/esibHbIe HAMPSDKEHUS 3aBUCST OT
GU3NKO-MEeXaHUYECKUX CBOMCTB I'PYHTOB
HachINU, €€ TeOMEeTPUUYECKUX MapaMeTpoB
(BBICOTHI, 3HAYEHUI YIJIOB OTKOCA U 1p.),
BJIAXXHOCTU, YPOBHEN BUOPOIMHAMUYECKOTO
BO3JEHCTBUS;

* TIOBBIILIEHME YPOBHEN BUOPOBO3IEICT-
Buii ¢ 60 10 250 MKM (XapaKTepHBIX IS yaap-
HOTO B3aMMOJAEUCTBUS MTPU HAIMYUU feheK-
TOB Ha MOBEPXHOCTU KaTaHUS KOJEC WU
PEJIbCOB) CHUXXAET HECYIYI0 CITOCOOHOCTh
HachInu Ha 26—32 %; yBeJIMUeHUE BAAKHOCTH
rpyHTta ¢ J < 0,25 no 0,25 <J < 0,5 — Ha
15—17 %j;

Koccoe B. C., KpacHoe O. I., MpoTtononoe A. J1. HanpsaXXéHHOEe COCTOSAHNE 3EMJISHOIO NONIOTHA
npu BO3AEVNCTBMU BaroHOB C OCEBbIMU Harpy3kamu Ao 30 Tc



* MOBBILLIEHNE OCEBOI HArpy3ku ¢ 23,5 1o
30 TC CHMXKAeT HEeCYILYIO CITOCOOHOCTb TPYH-
TOB 3a CYET yBEeJIMYEHUS ypOBHEl BUOPO-
BO3aecTBUS B cpeaHeM Ha 12,5—12,9 %.

3. CpaBHUTENbHBIM aHAIU3 PACUETHBIX
HanpsikeHuit Ha OTI3I1 mo cpenHUM 3Have-
HUSIM BEPTUKAJIbHBIX CUJT ITOKA3aJ1 JOCTATOY -
HO XOPOIITYIO0 CXOAMMOCTb PACUETHBIX U KC-
MepUMEHTATbHBIX JAHHBIX: PACXOXICHUE He
npesbiaio 15 %.

4. IOTOJTHUTELHO JIJIST TIPUHSITHSI peliie-
HUS O BHEIPEHUM I'PY30BBIX BaTOHOB C OCe-
BbIMU Harpy3kamu 27 u 30 Tc TpeOyeTcs:

YCTAHOBUTH BJIMSIHUE TTOBBIIIEHHBIX
OCEBBIX HATPY30K Ha YCTOMYMBOCTD KeJIE3HO-
JIOPOXHBIX HACBITIEH Ha CJIA0BIX OCHOBAHUSIX;

* OIpeNeJIMTh UHTEHCUBHOCTH HAKOII-
JIEHWST OCTaTOYHBIX JiePopMaIIuil NesITeb-
HOI 30HBI 3¢MJISTHOTO TTOJIOTHA TIPY TTOBBI -
IIEeHHBIX OCEBBIX HAarpy3kax ¢ yu4éToM Ha-
XOXJIEHUSI TPYHTOB B MSTKOTJIACTUIHOM
COCTOSTHUM B 30HaX HEJIOCTAaTOYHOM pabOTHI
JNPEHaXHBIX CUCTEM, OCOOEHHO B TIEPUOJ
OTTauBaHUs TPYHTOB M MX MepeyBlIaxHe-
HUSL.
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WITH AXLE LOAD UP TO 30 TNF
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ABSTRACT

The stress state of the active area of the roadbed
caused by the impact of freight cars with axle loads
23,5; 25; 27 and 30 tnf is studied on the basis of a
finite-element model. Using Coulomb’s wedge
theory as per actually registered vibration impact

Background. The development of heavy traffic
on Russian railways with the implementation of freight
cars with axle loads 25 tnf (and in the long term of 27
and 30 tnf) raises the topical issue about the
evaluation of the bearing capacity of the roadbed of
embankments composed of excessively moistened
clay soils under a simultaneous vibration impact. The
development of the operating domain of trains with
high axle loads on the railway network leads at some
sections to an increased number of defects and
deformations of the roadbed [1-3].

Specialists of JSC VNIKTI have conducted
theoretical and experiment studies of the stress state
ofthe main site of the roadbed (MSRB) caused by the
impact of freight cars with axle loads 23,5; 25; 27;
30 tnf. At the same time the influence of axle load
values, running speed, elastic behavior of crushed-
stone ballast, sand bed and also their thickness ratio
on the roadbed stress levels have been studied.

The influence of vibration impact levels (soil
vibration amplitudes on the MSRB obtained
experimentally while conducting line tests), of soils
humidity (flow index J,) on limit stresses of the
roadbed embankments has been studied. Theoretical
studies have been conducted on the embankment
model which geometrical parameters have been

Subgrade

STUDY OF ROADBED STRESS STATE FROM THE IMPACT OF FREIGHT CARS
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levels, limit stress levels for the embankment of the
roadbed of the section Golutvin—Ozery of Moscow
railway have been determined. Experimental studies
to determine stresses on the main site of the roadbed
have been conducted and design and experiment
data have been verified.

Keywords: stress state, roadbed, freight car, high axle loads, limit stresses; humidity, vibration impact.

obtained using direct measurements on the testing
track section where measurement equipment to
register force factors and stresses on the subgrade
was installed.

Objective. The objective of the authors is to study
roadbed stress state due to the impact of freight cars
with axle load up to 30 tnf.

Methods. The authors use general scientific and
engineering methods, comparative analysis, graph
construction, experimental data.

Results.

Afinite-element model of the roadbed and its
stress state estimate

Modeling and calculation were performed based
on the finite-element method using such software
packages as PATRAN, NASTRAN, MARC.

Pic. 1 shows a finite-element model of a track
section (roadbed, ballast). Depending on the ballast
height the number of Hex8-elements in the model
changed from 336896 to 355488, the number of
nodes — from 355272 to 381691.

The influence of the following factors on the
embankment stress state has been studied during
calculations:

* magnitudes of vertical forces transferred from
wheels to rails;

Subgrade

N

17.2m

Pic. 1. A finite-element model of the roadbed with a ballast section.
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Outside force P is applied on 3 sleepers in the ratio

Z- and Y-movement is forbidden

0,25P, 0,42P, 0,25F

X-movement is forbidden

Pic. 2. The scheme of loading and fixing a finite-element model.

« train running speeds;

« thickness ratio of ballast layer components —
crushed stone, subballast layer;

« elastic behavior ratio of ballast layer and
roadbed components.

Loads obtained during dynamic tests of the train
prototype with freight cars with axle loads 23,5; 25;
27 and 30tnf[17] were taken as benchmark reference
data for simulation. Pic. 2 shows boundary conditions
and schemes of loads application. The axle load was
assumed to be distributed on three sleepers in the
ratio of 0,25, 0,42 and 0,25. The rest of the load(0,08)

distributed on adjacent sleepers is neglected due to
its small value.

The roadbed strength on the subgrade has been
evaluated by comparing design compression stress
with limit stress values. Limit stresses on the subgrade
are assumed to be 80 kPa. In fact their value depends
on physical and mechanical parameters of roadbed
soils, their moistening intensity and vibration impact
levels. In works [18-20] Young moduli at triaxial
compression depending on the number of reduction
cycles and pressure values were studied. It is shown
that the value of Young’s modulus of ballast materials

Distance, m

fﬁye """" T

Stress, kPa

—— Model 5

-~ Model6

4,0 -35 -30 -25 -20 -1,5 -1,0 0,5

Pic. 3. The stress distribution with various Young modulus characteristics of ballast

and subballast layers (axle load 30 tnf, speed 90 km/h).
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i Table 1
3
‘ i{’ Design models to evaluate the influence of ballast layers’ size and parameters

Model Undersleeper Thickness of ballast and | Design parameters of ballast and subballast layers
No. foundation structure subballast layers, m Deformation modulus | Poisson ratio,
E, MPa

1 ballast 0,3 254 0,27
sand bed 0,3 110 0,3

2 ballast 0,3 150 0,27
sand bed 0,3 80 0,3

3 ballast 0,4 254 0,27
sand bed — — —

4 ballast 0,4 110 0,27
sand bed — — —

5 ballast 0,4 254 0,27
sand bed 0,2 110 0,3

6 ballast 0,4 150 0,27
sand bed 0,2 80 0,3

7 ballast 0,4 254 0,27
sand bed 0,3 110 0,3

8 ballast 0,4 150 0,27
sand bed 0,3 80 0,3

9 ballast 0,5 254 0,27
sand bed — — —

10 ballast 0,5 150 0,27
sand bed — — —

11 ballast 0,5 254 0,27
sand bed 0,2 110 0,3

12 ballast 0,5 150 0,27
sand bed 0,2 80 0,3

13 ballast 0,5 254 0,27
sand bed 0,3 110 0,3

14 ballast 0,5 150 0,27
sand bed 0,3 80 0,3

Note. Data on crashed-stone ballast Young modulus have been assumed as per results of testing crushed stone
samples taken at the section Golutvin—Ozery of Moscow railway.

Table 2
Design stresses on the main site of the roadbed from maximum possible
and average values of vertical forces

No. Running speed, km/h | Axle load 23,5 tnf | Axle load 25 tnf Axle load 27 tnf Axle load 30 tnf
1 40 59,8/51,1 64,5/52,1 67,2/55,7 71,9/59,6
2 60 61,1/53,1 67,7/56,7 69,0/60,7 72,5/64.,9
3 80 63,2/54,6 70,1/58,4 72,5/62,4 78,6/66,7
4 90 65,7/56,2 74,1/60,1 77,6/64,3 86,3/68,8

Note. Numerator — maximum possible values; denominator — average values of vertical forces.
Table 3
Maximum stresses on the main site of the roadbed at the axle load 30 tnf depending
on the speed and ballast layer structure

Model | Ballast structure Stresses from the axle load 30 tnf (kPa) at the speed (km/h)
40 60 80 90

4 Crushed stone 0,4 m 101,3 102,2 110,8 121,6

10 Crushed stone 0,5 m 81,4 82,1 89 97,7

6 Crushed stone 0,4 m Sand 0,2 m 71,3 71,9 78 85,6

12 Crushed stone 0,5 m Sand 0,2 m 61,4 62 67,2 73,7
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mainly depends on the extent of ballast consolidation,
a surface pressure at triaxial compression and the
material of crushed stone particles (granite, basalt).
Similar studies have been performed by specialists of
the Centre of testing of materials and structures — the
branch of October railway, regarding ballast materials,
sand and soil taken from the undersleeper foundation
of the haul testing section Golutvin—Ozery.

14 design models have been considered to
evaluate the influence of ballast layer and sand bed
structure and elastic behavior on the MSRB stress
state (Table 1).

To evaluate strength conditions maximum
possible values of vertical forces calculated have been
assumed in calculations as per the following
expression:

pmax _ —N =N
P™ =mp +2,56,,,
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where rﬁﬁ' is a mathematical expectation of vertical

forces assembly from the impact of freight car wheels
with axle loads 23,5; 25; 27 and 30 tnf, respectively.

6,'{ is a mean-square deviation of vertical forces

assembly caused by those freight cars.

Under real operation conditions the probability of
appearing maximum possible values is small. Thus to
verify a finite-element model with an experimentally
obtained stress magnitudes on the MSRB average
maximum values of vertical forces which have been
assumed as determined from the following expression:

P =iy +5, .
To evaluate the influence of ballast layer and sand

bed elastic behavior results of stress calculations on
the MSRB are provided for two variants of model 5

15, Iss. 4, pp. 70-91 (2017)

L. Study of Roadbed Stress State from the Impact




1‘ App Apy
o = SEREI Al TET TR R = =
kY s B?“as‘ ds1 = @
] E =300 MPa Sand =
m=10,27
E=150 ]VfPa Soil

n=03 E = 40 MPa ! ! _

e Shalfsl. =0,3m2 m=10,35 L SO
&%
Pic. 6. Schematic illustration and geometrical dimensions of the embankment
in the instrumentation site.
Table 4

Geometrical parameters of the railway embankment cross section in the experimental site

Cross sections Left side Right side
a5, M hbz’ m hbzz' m|a,, : h:z‘ m |ay m @ o a,, m hbl’ m hbll’ mja,, : hm m |a,,m g

5 m before 0,36 0,55 10,72 20,5 {2,23 [ 1,05 |35 0,35 {0,61 |0,78 [21,5 |2,04 | 1,23 |35,5
0 — in the section of | 0,34 [ 0,61 | 0,77 |22 2,42 11,00 {34 (0,36 |0,56 0,75 |23 2,23 (1,17 |26
the sensors
5 m after 0,37 10,63 |0,76 |23 2,28 | 1,12 |36 [0,35 [0,56 [0,75 [22,5 |2,32 | 1,21 |35,5
Average 0,36 10,60 |0,75 21,8 |2,31 [ 1,06 |35 0,35 10,58 [0,76 [22,3 12,20 | 1,20 |35,7

and 6. Pic. 3 shows the distribution of design stresses
on the track formation cross section from maximum
possible values of vertical forces of freight cars with
axle load 30 tnf at the running speed 90 km/h.

The diagrams of the stress distribution on the
MSRB show that elastic characteristics — Young
modulus for ballast layer and sand bed have a
significant effect on subgrade stresses. So for a similar
subballast structure standardized for tracks Class |, Il
and Ill (0,4 m of crashed stone and 0,2 m of sand),
stress values may differ by 30-40 %. For a design case
(variants 5 and 6) the difference was of 34 %.

Pic. 4 shows the stress distribution in the
undersleeper area for variant 2. Vertical forces values
have been assumed to be maximum possible values
obtained experimentally during running dynamic tests
of open cars with axle loads 23,5; 25; 27 and 30 tnf.

Stress design values on the MSRB (for variant 2)
depending on maximum possible and average maximum
values of vertical forces are provided in Table 2.

Stress values in the MSRB for open cars with the
axle load 30 tnf were calculated with the help of a
computational model depending on the running
speed, ballast and subballast layers’ thickness.
Results of calculations are provided in Table 3 and in
Pic. 5.

Analysis of stressed state of the embankment due
to the impact of freight cars with axle loading up to
30 tnf showed:

- there is a tendency of stress increase on the
MSRB due to both growth of axle loading and raise of
speed;

+ MSRB stressed state is influenced by the elastic
behaviour of the ballast layer and of the sand cushion,
the thickness of each component and the total
thickness of the ballast layer and the sand cushion;
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- if thickness of the ballast layer is 0,3 m and of
the sand cushion is 0,3 m(Pic. 5), and vertical forces
have maximum possible values, at speed up to
90 kmy/h, the impact of freight cars with axle loads of
27 and 30 tnf causes MSRB stresses exceeding
permissible values [cS] =80 kPa, MSRB stresses from
freight wagons with axle loads of 25 tnf are within the
limit of 77,6 MPa;

« efficient distribution of the forces caused by
freight cars with axle loading up to 30 tnf and
increasing the thickness of the ballast layer make
possible to obtain stress levels in the MSRB not
exceeding standard values;

« using ballast layer structure recommended for
Class I, Il and Ill tracks at the thickness of the ballast
layer 0,4 m and the sand cushion 0,2 m, the stresses
in the MSRB from 30 tnf cars exceed standard values
at speeds exceeding 80 km/h;

+ changing (Table 4) the ratio of thicknesses of
the ballast layer and the sand cushion changes
accordingly stress state of the roadbed;

« when the ballast layer thickness is increased up
to 0,5 m and the ballast bed thickness is 0,2 m, the
stresses in the MSRB did not exceed standard values
of 80 kPa from freight wagons with axle loading up to
30 tnf and speeds of up to 90 km/h.

Limit stresses in the active zone of the
roadbed

Coulomb’s wedge theory was used to determine
bearing capacity of the railway roadbed. Applicability
of this theory to engineering calculations and good
convergence of theoretical and operational load
values are confirmed by works [8, 11, 12, 16].

The limit stress state of the undersleeper
foundation is the state at which the minimum
increment of the static or dynamic load results in
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Pic. 9. Change of minimum limit stresses depending on soil moisture at different axle loads.

formation of closed sliding surfaces in the ballast and
roadbed, where the shearing forces exceed the
retention forces. Sliding surfaces are a group of
separate area elements formed when the shearing
forces exceed the retention forces. The tangent
planes to the sliding surfaces coincide with the area

elements of the sliding surfaces. Some area elements
of the sliding surfaces can be formed in the soil
environment and under loads not exceeding the limit
ones, but they do not cause deformation of the soil
body. Only under loads not lower than the limit ones,
groups of area elements are formed. They represent
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surfaces, over which shear deformation of the soil
mass occurs.

Using the algorithms [11], the finite difference
method is used to integrate the equations of
characteristics and differential relations according to
the program specially developed by JSC VNIKTI
specialists.

Calculations were carried out for the embankment
composed of clay soils.

Pic. 6 and Table 4 show the geometrical
parameters of the railway embankment cross section,
the volumetric characteristics of soils and relevant
coefficients for decrease in the strength characteristics
of soils.

Calculations of bearing capacity of the roadbed
are carried out for:
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- 3,1 m height embankment with geometrical
parameters which are determined by direct
geometrical measurement along the section of
installation of measuring instruments;

« roadbed composed of clay soils;

- for levels of MSRB vibrations observed due to
the impact of freight cars with different axle loading
while wheels rolling on rails without irregularities on
the rolling surface;

« for the case of change in soil moisture with flow
index changing from J < 0,25t0 0,25< J< 0,5.

As a result of experimental studies of vibration
effects on the track superstructure elements, it has
been established that with increasing axle loads on
the wheel, the vibrations also have the tendency to
increase. At the same time, the higher the running
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Pic. 12. Overview of the device for measurements of pressure values in the main site of the roadbed:

a) a plate with a fixed load cell; b) device with load cells installed in the subgrade.

Table 5
Stress measured in the main site of the roadbed during the run of the locomotive 2TE116
Speed, km/h 11.05.2017 12.05.2017 Decrease, %
40 71,65 67,03 6,4
50 73,25 67,66 7,5
80 76,58 72,00 5,9
90 81,80 75,69 7,45

speed is, the higher are the acceleration levels. With
the increase in axle loads from 23,5 to 30 tnf, the
vibration levelsin the subgrade varied from 40-48 um
to 57-84 um. Distributions of normal stresses along
the sliding lines (Pic. 7) and limit values of MSRB
stresses for different levels of vibratory displacements
(Pic. 8) are calculated for the embankment with the
geometrical parameters shown in Pic. 6 and filled from
clay with the angle of internal friction ¢ = 19° and
relative adhesion A = 0,054 MPa.

Analysis of the design data showed that for clays
with the considered physical and mechanical
parameters at flow index J < 0,25, the stress levels,
arising from freight wagons with axle loading of 30 tnf,
have factor of safety for the bearing capacity of the
embankment.

Calculations have been carried out for the limit
stresses in the conditions of embankment made from
clays and loams, as well as for the condition of soil
moisture increase from J < 0,25t0 0,25 < J < 0,5.

It is found that the subgrade bearing capacity
depends essentially on the type of soil and its physical
and mechanical properties.

When cars with axle loads of 30 tnf move along
the embankment composed of clay, the minimum limit
stress is 170,4 MPa, while at passing to loams the
values of limit stresses decrease to 95,4 MPa. With
the increase in the flow index from J < 0,25 to
0,25 < J <0,5, the bearing capacity subgrade soils
decreases on the average by 15,4-16 % for clays, and
by 16,5-17 % for loams (Pic. 9).

Calculations have been carried out for the case
of high vibration effects on the MSRB, what is typical
forimpact interaction between wheels and rails in the
areas of bolted joints, for metal flaking from the tread
surfaces with excessive parameters, etc.

It is found that increase of vibration levels on the
MSRB leads to 1,26—-1,36 times decrease of the limit
stresses levels, that is by 26-36 % (Pic. 10).

Decrease of subgrade bearing capacity following
change of axle load from 23,5 to 30 tnf due to increase
of vibrational loading is 12,5-12,9 % (Pic. 11).

Experimental studies

To verify the results of computer simulation,
experimental measurements of subgrade stresses
were carried out at JSC VNIKTI testing site (Golutvin—
Ozery section of Moscow Railway). The track
superstructure included: R65 rails, reinforced-
concrete sleepers, KB-65 fastenings, 0,3 m thick sand
cushion, loam soil roadbed.

Analysis of stresses in the MSRB was performed
using KDE-200KPA load cells (Japan). To provide the
possibility of fast installation of the load cells under
the track panel on the subgrade, the specialists of
JSC VNIKTI developed a new design device. The
overview of the device is shown in Pic. 12.

There are some certain difficulties with
experimental roadbed stress determination caused
by placing the earth pressure cell into the roadbed.
This process causes the disturbance of the ground
base solidity and the distortions in the field of forces
created by the acting loads.

It determined the demand to develop advanced
way of measuring stresses in a railway track roadbed.
The device for measuring subgrade stresses consists
ofan earth pressure cell and a bearing plate (Pic. 12).
The elastic membrane is placed in an upward position
and contacts the ground while conducting
measurements.

Inside the plate there is cable trunking 3 for wiring
from measuring devices to the earth pressure cell.
Calibration test of the earth pressure cell was
conducted by incremental loading of the working
membrane within regular intervals by a distributed
load ranged from 0 to 200 kPa with an increment of
20 kPa.

The design of the earth pressure cell allows its
installation without disturbing the solidity of the ground
base on the roadbed under the sleeper base disposing
an active zone under the rail on the depth 1 m below
the ballast layer.

Approbation of the given device was conducted
on a test running line Golutvin—-Ozery. The earth
pressure cell with a plate was placed below a sleeper
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Table 6
Experimental stress in the main site of the roadbed due to freight cars with axial loads up to 30 tnf
Measurement | Speed, | Car, 23,5 tnf Car, 25 tnf Car, 30 tnf
No. km/h
Bogie No. 1 | Bogie No.2 | Bogie No. 1 Bogie No.2 | Bogie No. 1 | Bogie No. 2
1 40 59,218 53,673 49,223 52,509 66,132 67,433
3 60 54,357 55,115 47,306 56,690 63,736 71,335
5 80 52,167 59,428 54,768 63,805 62,778 76,128
7 90 58,196 59,810 69,418 65,653 67,022 79,961
9 90 55,8 62,577 71,267 63,531 65,653 79,071
11 90 55,594 64,426 70,308 63,189 61,682 77,565
13 80 57,237 61,208 36,010 68,118 61,477 78,592
15 80 50,866 53,193 48,264 62,998 61,956 75,443
17 5 46,005 47,511 47,511 47,648 57,917 59,697
19 60 54,015 54,357 57,027 39,228 60,587 63,325

base under ballast aggregates and the sub-ballast at
a depth of 650 mm. In the lateral direction the earth
pressure cell was installed under a rail.

Measurements were carried out with a freight
locomotive TE116 operating at speeds from 20 to
90 km/h. Measurements were carried out within two
days. Results are presented in Table 5.

The analysis of measurements results showed:

« While the rolling stock passing over the
measuring cross-section was increasing there was
an average stress decrease of about 6-7,5 % that can
be explained by the deformation locally compacted
ground areas formed during the location of plates with
fixed earth pressure cell into the subgrade;

- Stress levels were close to the estimated values;

« With an increase in traffic speeds there was an
increase in stress levels in the MSRB.

The next step was determination of the MSRB
stress under the impact of freight cars (of a serial one
with a bogie 18-100 and of a coal hopper with axial
loads 23,5, 25 and 30 tnf). Results of measurements
are presented in Table 6.

The presented results of the measured MSRB
stress were obtained during the test train run in the
direction Golutvin-Ozery for the case when bogies
No. 2 were the first in the direction of travel. The
comparative analysis of estimated values (Table 2)
and experimental data showed:

 The discrepancy between estimated values and
experimental data of the MSRB stress measured do
not exceed 15 %;

+ Subgrade stresses under the impact of rolling
stock wheels have 10 %-spread in values; it can be
explained by the vibration of sprung parts of a rolling
stock and different values of the vertical loads acting
on a track area where earth pressure cell was
installed.

Conclusions and suggestions

1. The accomplished theoretical research
based on a finite-element model of the stress state
of a roadbed of a railway embankment under the
impact of freight cars with axial loads up to 30 tnf
showed:

+ Levels of MSRB stresses are monotonically
increasing with the increase in axial loads and speeds:
in accordance with the design data with maximum
possible forces — by 16—-24 %, in accordance with the
experimentally measured data — by 20-21 %;

+ Levels of MSRB stresses are influenced by the
thickness of ballast and sub-ballast layers, their
proportions and elastic characteristics — ballast and
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sub-ballast layer elasticity modulus. The values of
stress can differ by 30-40 %;

« For the most widespread type of soil, which is
loam soil, vibration effect levels, created by freight
cars with axial loads of 30 tnf and the thickness of
ballast layer of 0,5 m and sub-ballast layer of 0,2 m,
MSRB stress levels are 77,6 kPa and do not exceed
rated values 80 kPa at speeds up to 90 km/h.

2. The executed numerical calculations of the
roadbed bearing capacity according to the Coulomb’s
wedge theory showed:

« Limit stress values depend on mechanical-and-
physical properties of soils comprising an
embankment, its geometrical parameters (height,
slope angle values, etc.), moisture, vibration effect
levels;

« The increase in vibration effect levels from 60
to 250 um (characteristic of impact interaction with
defects on wheel threads or running surfaces of rails)
reduces the bearing capacity of embankment by
26-32 %;

« The increase in soil moisture from J < 0,25 to
0,25 < J < 0,5 reduces the embankment bearing
capacity by 15-17 %;

« The increase in axial loads from 23,5 to 30 tnf
reduces soil bearing capacity due to the average
increase in vibration effect levels by 12,5-12,9 %.

3. The comparative analysis of MSRB design
stresses based on vertical forces mean values has
shown good convergence of estimated and experimental
data. The divergence did not exceed 15 %.

4. Making of a decision whether to introduce
freight cars with axial loads 27 and 30 tnf or not
requires solving of additional problems:

« To determine effects of increased axial loads
on stability of railway embankments on weak
subgrade;

« To define the development rate of cumulated
residual deformation within the active areas of the
roadbed under the effect of increased axial loads
taking into account high-plasticity of soils in section
with poor drain systems, in frost-melting period and
water saturation.
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Llenb npencraBsieHHOro B ctatbe
uccsenoBaHusi — YyTOYHEHUe

KO3 puuneHTa TexHu4eCcKom
2¢pPeKTMBHOCTN aBTOTPAHCMNOPTHOIO
cpencTBa v oueHKa Anarna3oHa

ero 3Ha4eHuvii B npeaJsiaraemMoi
pac4ETHOM MoLesn ¢ y4ETomMm
passInYHbIX BapuaHTOB KOMITIEKTauun
aBToMob6ueri ogHOV Mapku u npu
Pa3JINYHbIX PEXUMAX BBUKEHUSI.
Ucnonb3yembie cxemMbl MOGENTNPOBaHUS
UM OL{€HOYHbIE KPUTEPUN UMEIOT

B OCHOBeE faHHble cAe/IaHHOro asTopom
Hay4yHOro aHanau3a v noaKpensieHbl
aKcnyaTaunoHHOM MPaKTUKOMN.

KnroueBnblie crioBa: aBTOTPAHCMNOPTHbIE
cpeacTBa, KO8 ULMEHT NoJ1Ie3HOro
AencTBUS, KOOPOULIMEHT TEXHNYECKOM
3¢ pekTMBHOCTH, Criocobbl pacyéra,
4Y1C/I0BOE MOAEJIMPOBaHME.

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 921 2017)

HAYKA 1 TEXHWKA

KoaddunumeHT TexHnyeckoun
adpPpekTusHocTu ATC:
MoOenMpoBaHue u pacyeT

ITonuapoe Oaee FOpvesun — 3amecmumens oupekmopa
Konnedxca Unemumyma cepguca, mypusma u 0u3aiHa
Cegepo-Kaska3zckoeo gpedepansroco ynusepcumema
(Ilamueopckuii punuan), [lamueopck, Poccus.

peny TeOPETUKOB U ITPAKTUKOB, 3aHM-

MAaIOIINXCS aBTOTPAHCIIOPTHBIMH

cpenctBamu (ATC), HeT eanHOI TOI-
KM 3pEeHUSI 110 TAKUM TT0Ka3aTelIsIM, Kak «3(¢-
(EKTUBHOCTh» U «KO3(POUIIMEHT MOJIE3HOTO
neictBusi». OIHM CYUTAIOT UX COBEPILIEHHO
paszabvu (KIT/I xapakTepusyet o0liiee cCoBep-
IIEHCTBO aBTOMOOMIA, a 5(P(PEKTUBHOCTh —
€ro COBEPIIICHCTBO KaK YMCTO TPAHCIIOPTHOM
MamuHb [1]); npyrue, Hao60poOT, IPOCTO
OTOXIEeCTBISIOT. [1py 3TOM KaxKImplii TIpeiia-
raeT CBOW CITOCOO OMpeae/IeHUST BETUIUHBI
KIT (koaddunmenra apdexrnBHOCTH [2]),
a cJemoBaTeNbHO, M BKJIAIbIBaeT B HETO CBOM
cMBICIT. XOTS Y BCeX €CTh OTHO 00IIIee: TIOHM -
MaHHE eT0 HEOOXOIMMOCTH M BaXKHOCTH KakK
IUUISI TCOPUH, TaK W JUTS TIPAKTUKU.

EnwnbIi 115 BceX aBTOTPaHCIOPTHBIX
cpencTs 0e3pa3MepHbI KOMITJIEKCHbBIM TOKa-
3atenb Tuna «KIT0», «<koappunmeHT apdex-
TUBHOCTW» WJIN «KOI(PPULIMEHT TEXHUIECKON
3 GEeKTUBHOCTH» KpaliHe HY>KEH M Ha 3Tare
MIPOEKTUPOBAHUS, U B TICPUO SKCILTyaTallH.
Ho emé 6oapuie — B YyCJIOBUSIX YCUTECHUS
KOHKYPEHIIMH TTPOU3BOAUTENICI Ha COOTBET-
CTBYIOIIMX CETMEHTAaX PBIHKA: C ITOMOIIBIO
eIMHOTO TTOKAa3aTeJIsl 3HAYUTEJIBHO YITPOIa-
FOTCSI BCE TEXHUKO-3KOHOMMYECKHE PACUETHI,
B TOM YHCJIe CBSI3aHHBIC C OLICHKON KOHKY-



PEHTOCMOCOOHOCTU MPOU3BOJUMBIX ABTOMO-
Ouseit, cpaBHEHUEM C JTyYIIIUMU OT€YECTBEH -
HBIMU 1 3apy0OeXKHbIMU aHajoramu [3].

OnHako mpeaiaraBliivecs B MOCJAEAHUE
ronabl TpakToBKU «KITI aBTOMOOMIISI» U (pOP-
MYJIBI [IJI51 €70 pacy€Ta, COMyTCTBOBABILINE UX
TMOHUMAaHMIO 3a/1a4l, K COXAIEHUIO, MOJTHO-
CThIO MIpO0JEMYy He 3aKpbiBalOT. Bo3aMoxXHO
JIMIIb pellleHUe YAaCTHBIX 3aJay MO OLEHKE
5KOHOMMYECKON 2P (HEKTUBHOCTU OTAEIBHBIX
apTomobOuseii. Ho skoHoMuueckast olieHKa
OyneT pas3IMYHOUW B Pa3JMUYHBIX YCIOBUSIX
SKCMJyaTalluM, MO3TOMY, HaloO IoJarath,
cjenyeT cHavyajia TpOBOIUTh OLIEHKY UMEHHO
TeXHUYeCKON 3(D(HEeKTUBHOCTU aBTOMOOUJIA,
a 3aTeM yKe JaBaThb 9KOHOMUYECKYIO OLIEHKY
BHEAPEHUS pacCMaTpUBaeMOl MOJIEIA aBTO-
MOOWJIS.

CylecTByeT onpeae€éHHast HEOMHO3HAaY-
HOCTb B TPAaKTOBKE MOHATHS «3(h(PEKTUBHOCTH
aBToMoOuUIs1». Benp TexHuueckas a3hheKTruB-
HOCTb, IO JIOTMKE HEKOTOPBIX aBTOPOB, CO-
CTaBHOM 3JIeMeHT KoadduiirieHTa 3 heKTrB-
Hoctu (KIT/) aBTomo6ussi. Ha aTo yka3biBa-
ot . B. Benukanos, {. E. ®apobuH,
JI. . TpemGoBenbekuii [4].

ITpu Takom moaxoje B KauecTBe huznyue-
CKUX BEJIMYUH, 0003Havaromux 3¢ heKTuB-
HOCTb TPAHCHOPTHOTO CPEACTBA Ha JI0O0OM
MapuipyTe, MOXHO MPUHSATH CAeAyloline
HEoOXOJMMbIE U TIPOCTO OIpeAesieMble Xa-
PaKTEPUCTUKHU U TTapaMeTPhl: MAKCUMAJIbHBIN
KPYTSIIMIA MOMEHT IBUTaTesIsl, Maccy Iepe-
BO3MMOTO Ipy3a, paauyc KauyeHUs BeAyLIUX
KOJIEC, CPEMHETEXHUYECKYIO CKOPOCTD IBUXKE-
HUS aBTOMOOWIS, MepeJaTOYHOE YMCIIO T1aB-
HOI Tepenayu, CPEJHIO IUIOTHOCTh psaa
nepeaaToYHbIX YU Ce TPAHCMUCCUY, HU3LITYIO
TEIJIOTBOPHYIO CITOCOOHOCTh U MAaCCOBBIH
(ycpenHEHHBII) pacxo TorvBa [S].

H. 4. ToBopyleHKO B cCBOMX paboTax mpu
onpeneneHuun KITI aBroMoOuisl yauThiBaeT
TOJIbKO MEXaHU4eCKUI KO3 (HUIIMEHT MoJe3-
HOTO NeicTBUS 6€3 adpoaMHaMUYEeCKUX T0-
Teph [6].

Ha nam B3misi, ¢ caMoro Havasa ciefyer
WCXOIUTh U3 TOTO, YTO OCHOBHOE Ha3HAYEHUE
ATC — nepeMeleHre Ipy30B U MacCaXKMpoB.
U Toraa nose3Hoi MOXXHO CUUTATh TOJBKO TY
YacTh pabOThI B OKPYKEHUU CUJT COMTPOTUBJIE-
HUS, KOTOpasi 3aBUCUT OT MePEBO3UMOTO
rpy3a (maccaxupos). A. A. Tokapes [7] npen-
JlaraeT B KauecTBe nokasatesi a(pdeKTuBHO-
CTU pacCMaTpUBaTh COOTHOLIEHUE MOJIE3HOU

® MWP TPAHCIOPTA, Tom 15, N2 4, C. 92-101 (2017)

OQHEPIrum K 3ana‘ICHHOI7[ OHEPIrun ropcHuA
TOILJIMBA:
/4

W g
rne W —mosesHas pabora, 3aTpayeHHas Ha
TPEOJI0JIEHUE CUJT COTTPOTUBIIEHUS KAUEHUIO,
YCIIOBUSIM JOPOTH U Bo3myxa; W — MoJHast
SHEPTUS TOPSHMS TOTUTNBA.

W, =Se(mef + Kk, FV* +mgsina),

o

n,=

(2)

roe m — Macca ATC; f — koabduiMeHT co-
MPOTUBJIEHNS KAYEHUIO; K, — KOI(MDOUUMEHT
BO3IYILIHOIO CONPOTUBJIeHUS; F — 1000Bast
IJIOILAIb ABTOMOOWIIS; V' — CKOPOCTh aBTOMO-
owunst; S — NpoMaeHHbIN MyTh.

W=H,p+Q, (3)
rae H, — Hu31as TeroTBOpHas CloCOOHOCTh
TOIJIMBA; P — IJIOTHOCTb TOIIMBA; Q =
SV, w) — aKcIuTyaTallMOHHbIN PacXof TOTUIMBA.

IMpu ananuze popmybl (2) BOZHUKAET
BOIIPOC, ITOYEMY aBTOPOM MCIIOJIb3YETCS BCS
macca ATC c rpy3om, eciu Mojae3Hoi Mbl
CYMTAaeM TOJIBKO Maccy IepeBO3UMOro rpy3a?
CT0J1b XK€ 0YeBUIHO, UTO BaXKHBIM (DAKTOPOM
OyzeT SIBJIATBCS CKOPOCTh aBTOMOOMJISI, KaK
M pacxo/l TOILIMBA, KOTOPHIA HEJIMHEWHO 3a-
BUCUT OT CKOPOCTH aBTOMOOMJIS.

Mpu1 ipeayiaraeM npu pacuére KoahGuim-
eHrta 3((GEKTUBHOCTH TPAHCIIOPTHOIO CPEI-
CTBa MCII0JIb30BaTh UMEHHO MaccCy Ipy3a Uin
rnmaccaxkmpoB (Maccy MOJIE3HON Harpy3kH,
Irpy30MoIbEMHOCTSH), TOrIa hopMyJia (2) mpu-
MeET BUJI:

W = S-(mrpg-t// +k, FV’ ),

ot

“4)

Iie m,, — Macca rpy3a i Maccaxupos; y —
K03 PUIIMEHT TOPOXKHOTO COITPOTUBIICHMSI.

ITpumepom Kputepust, B KOTOPOM SKCIUTY-
aTallMOHHBIM pacXol TOILJIMBA COYETaeTCs
C TPAHCIOPTHOU pabOTOMN, MOXET CIY>KUThb
moka3aTtesib 3 PEeKTUBHOCTU TOIINBO-
ucrnonb3oBanus Q, [8]:

0 - O

T 100-W,,’ ©)

rae Q| — 9KCIUlyaTalMOHHbIN PacXO1 TOTLIN-
Ba, /100 KM™; WTp — TpaHCIOpTHas paboTa,
T * KM.

ITokazatenb a3(pHeKTUBHOCTU JABHO UC-
TOJIb3YEeTCsI U151 OLIEHKU COBEPIIIEHCTBA Mepe-
BO30K M aHajau3a pacxoJoB ToIiuBa. Psn
YUE€HBIX TIpeUIaraeT aHaJOTUIHbIe KPUTEPUU
ouenku: . T1. Benukanos, 5. E. ®apooun
[4], . K. HapkesBuu [9].

FoHuyapoe O. 0. KoadpdunumneHT TexHnyeckon apdpekTneHocTn ATC: MoaenvpoBaHUeE U pacyeT
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Puc. 1. 3aBucumocTs pacxoaa Tonimea ot cpegHeri ckopoctu Renault Duster no komMnaekraumsam.
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Puc. 2. 3aBucuMocTb pacxoaa TonmBa OT CKOPOCTH ABWXEHUS A1 pa3InyHbix KomnnekTauwii Renault Duster.
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Ta6mamua 1
Pacuér ko3 punmenta Texnnyeckoii 3¢pheKTUBHOCTH AJi PA3TMYHBIX KOMILIEKTALMIA
aBromo0misi Renault Duster (mpu ckopoctu 100 km/4)

Monens 1,54x4 MKI16 |2,04x4 MKI16 |1,64x4 MKII6 |1,64x2 MKII5 |2,04x2 AKI14
(90 n.c.) Auzens | (135 1.¢.) (102 n1.c.) (102 n.c.) (135 1.c.)

Tun nBurarest JIn3enbHbIi BeH3uHOBbIM BeH3uHOBbIM BeH3uHOBBII BeH3nHOBBII

WHXXEKTOPHBI | MHXKEKTOPHBIN | MHXKEKTOPHBIN | UHXEKTOPHBIN

Bug roruinsa J.1T bens. bens. bens. bens.

Macca cHapsKEeH- 1875 1877 1820 1850 1870

Hasl, KT

TpysonogbéMHOCTD, | 425 425 425 425 425

kr (M)

CpeaHuii pacxon 7,5 10,4 10 7,9 8,4

TormBa, J1/100 km

TerumorBopHas crio- | 42400 43390 43390 43390 43390

COOHOCTb TOILIMBA,

KJIx/KT

[MnotHOCTS, KT/1 0,85 0,75 0,75 0,75 0,75

labapuTHbIE 1,822 1,822 1,822 1,822 1,822

pasmephl,

Komest, M

Jlo6oBast romans, | 1,625 1,625 1,625 1,625 1,625

MZ

Koaddunment Bo3- | 2,42 2,42 2,42 2,42 2,42

IYLIHOTO COTPOTHB-
nenus, k , Hec?/m%;

M gy, H 0,42 0,42 0,42 0,42 0,42

k FV2, H 62,539 62,539 62,539 62,539 62,539

W JIx 125,48 125,48 125,48 125,48 125,48

W, x 18801,9 18801,9 18801,9 18801,9 18801,9

Q,, 1/TeKM 270300 338442 325425 257085,75 273357

3 0,176471 0,244706 0,235294 0,185882 0,197647
Tabsmna 2

YcpenHéHHBII pacxo] TOIUIMBA KOMILUIEKTaImmii aBToMo0mieii Renault Duster
IPH Pa3IMYHBIX CKOPOCTAX ABHKCHUSA

Mognens/ 1,54x4 MKI16 2,04x4 MKI16 1,64x4 MKI16 1,64x2 MKIIS5 2,04x2 AKI14
CKOPOCTb, (90 n.c.) Auzens | (135 1.¢c.) (102 1.c.) (102 11.c.) (135 1.c.)
KM/4

15 10 12,5 12,7 14,2 15,4

30 7,5 11 10,5 9 11,2

40 8 10 9,5 10 8,5

50 7,2 10 8,5 11,5 9,3

60 6 9 8,5 9 8,4

70 5,5 6,2 8 7,5 8,1

80 6,2 9 8 7,2 7,5

90 5,9 8 8 7,2 8

100 7,5 10,4 10 7,9 8,4

Hamu Ob1710 TIpOBEICHO YMCIIOBOE MOJISIM-  TOIUIMBa aBTOMOOMIsIMU Renault Duster Ha
poBaHMe Ko3(PpuimeHTa 3pGeKTUBHOCTH  PA3IUIHBIX PEKMMAX IBUKCHUS TTOTYICHBI
TPaAHCIOPTHOTO CPEICTBA IS PsIIa KOMILIEKTAa-  OIBITHBIM ITYTEM U IMOKa3aHbl Ha puc. 1. McTou-
mmit aBromoomiteit Renault Duster mpu aike- Huk — dopym dactep Kioy6o [10]. Ipadhuku
HUU C PA3IMYHOI CKOPOCTHIO M TIOJTHOM 3arpy3-  KPUBBIX PE3YJIBTaTOB MOMIEIMPOBAHUSI TIPYBE-
koii o posHoii fopore (y = 0,015) B 1 km. Pe-  nenst Ha puc. 2—4. PacripeneneHne OINbITHBIX
3yJIBTaThl MOICTMPOBAHMS IIPUBEACHBI BTA0MN-  JaHHBIX OBUIO YCPETHEHO T10 BeJIMIMHAM CKO-
nax 1—4. JJaHHBIe IO peaJbHOMY PAcXOmy POCTEH IS OCYIICCTBICHNUS MOICTMPOBAHMSL.
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/ Ta6mna 3
Koaddumuent a¢ppekTnBHOCTH KOMILIEKTanUii aBToMo0uIeii Renault Duster
L MPH PA3JIUYHLIX CKOPOCTAX ABUKEHMS

Mopnenb/ cko- 1,54x4 MKI16 2,04x4 MKI16 1,64x4 MKI16 1,64x2 MKII5 2,04x2 AKI14

pOCTb, KM/4 (90 n1.c.) Auzens | (135 7.c.) (102 51.c.) (102 51.c.) (135 1.c.)

15 0,0223 0,0197 0,0194 0,0174 0,016

30 0,0492 0,0372 0,039 0,0455 0,0365

40 0,0652 0,0578 0,0608 0,0578 0,068

50 0,0725 0,0578 0,068 0,0502 0,0621

60 0,0869 0,0642 0,068 0,0642 0,0688

70 0,0949 0,0932 0,0722 0,077 0,0713

80 0,0841 0,0642 0,0722 0,0802 0,077

90 0,0884 0,0722 0,0722 0,0802 0,0722

100 0,0696 0,0556 0,0578 0,0731 0,0688
Tabmna 4

D heKTHBHOCTH TOIIMBOKCIIOIb30BAHNS KOMILIEKTaNMii aBToMoOmIeii Renault Duster
TP PA3JNYHBIX CKOPOCTAX ABHKECHMS

Mopeiib/cKo- 1,54x4 MKI16 2,04x4 MKI16 1,6 4x4 MKI16 1,64x2 MKII5 2,04x2 AKI14
pOCTh, KM/4 (90 n.c.) Auzens | (135 71.c.) (102 n1.c.) (102 11.c.) (1351.c.)
15 0,235294 0,294118 0,298824 0,334118 0,362353
30 0,176471 0,258824 0,247059 0,211765 0,263529
40 0,188235 0,235294 0,223529 0,235294 0,2

50 0,169412 0,235294 0,2 0,270588 0,218824
60 0,141176 0,211765 0,2 0,211765 0,197647
70 0,129412 0,145882 0,188235 0,176471 0,190588
80 0,145882 0,211765 0,188235 0,169412 0,176471
90 0,138824 0,188235 0,188235 0,169412 0,188235
100 0,176471 0,244706 0,235294 0,185882 0,197647
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Puc. 4. 3aBucumocTb 3¢ppeKTUBHOCTU TONJIMBONCIIONIb30OBaHNS OT CKOPOCTU ABWXXEHUS
A5 pa3inyHbIX KoMmrnekTaunv Renault Duster.

Llenn Bcero cnefaHHOTO — OLIEHUTDb Aua-
Ma30H 3HaYEHU MpeasiaraeMoro Koahbuim-
eHTa 3(PHEeKTUBHOCTU TPAHCIIOPTHOTO CPeI-
CTBa /I Pa3JIMYHBIX BAPUAHTOB KOMILJIEKTA-
111 aBTOMOOWJIE OMHOM MapKu U TIpU pas-
JIMYHBIX CKOPOCTSIX ABUKEHMUSI.

TTpoananusupoBaB rpauKu, BUAUM SIB-
HYIO 3aBUCMMOCTb MpejiaraeMoro koadou-
1ueHTa 3 GEeKTUBHOCTY OT TUMA IBUTaTes,
rpy30MOABEMHOCTU, PEXKUMOB IBUXKEHUS
ATC.

B naHHOM YyacTHOM MpuMepe MOXHO
clesiaTh BbIBOJ O MPEBOCXOJCTBE IO TOII-
JJUBHO-3KOHOMHUYECKUM MoOKa3aTeJsIM
IU3eJIbHOU BepcuMu aBToMoOuass Renault
Duster. [IpaBoMepeH U BBIBOJ O TOM, UTO
Hauboaee 3(PpPEKTUBHBIMU peXUMaMU
JIBUXEHUST BCEX KOMIUIEKTALIMUI SBASIOTCS
ckopocTtu 60—90 km/u. JI;ist BapraHTa aB-
Tomobuas ¢ AKIIIT Gonee appeKTUBHBI
PEXMMBI IBUXXKEHUS C HEOOIbIIMMU CKOPO-
ctamu (50—70 km/4). DTU BBIBOIbI TOJTHO-
CThIO MOATBEPXKIAIOTCS pe3yabTaTaMU
skcrutyatauuu Renault Duster.

ITo utoram MccnenoBaHUs €CTh OCHOBAHUSI
TOBOPUTH O COCTOSITEJIbHOCTU MpearaeMoi
METOAUKU MOCTpOeHUs KoadduuueHta ag-
(beKTUBHOCTHU TPAHCIIOPTHOTO CPENCTBA.
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COEFFICIENT OF MOTOR VEHICLE TECHNICAL EFFICIENCY:

MODELING AND CALCULATION

Goncharov, Oleg Yu., College of the Institute of Service, Tourism and Design of North Caucasus Federal

University (Pyatigorsk Branch), Pyatigorsk, Russia.

ABSTRACT

The purpose of the research presented in the
article is to refine the vehicle’s technical efficiency
coefficient and to estimate the range of its values in
the proposed design model, taking into account the

different variants of configuration of cars of the same
brand and under different driving regimes. The
modeling schemes used and the evaluation criteria
are based on the data of the author’s scientific
analysis and are supported by practices.

Keywords: vehicles, coefficient of efficiency, coefficient of technical efficiency, calculation methods,

numerical modeling.

Background. Among theorists and practitioners
dealing with vehicles, there is no single point of view
on such indicators as «efficiency» and «coefficient of
efficiency». Some consider them completely different
(coefficient of efficiency characterizes the overall
perfection of the car, and efficiency is its perfection
as a purely transport machine [1]); others, on the
contrary, identify them. In this case, everyone offers
own way of determining the value of coefficient of
efficiency [2], and therefore, brings own meaning into
it. Although everyone has one thing in common:
understanding of its need and importance for both
theory and practice.

A uniform for all vehicles dimensionless complex
indicator such as «coefficient of efficiency» or
«coefficient of technical efficiency» is extremely
needed both at the design stage and during operation.
But even more — in the conditions of strengthening
the competition of producers in the relevant market
segments: a single indicator facilitates all technical
and economic calculations, including those related
to the assessment of the competitiveness of
manufactured cars, comparison with the best
domestic and foreign analogues [3].

However, the interpretations of the «coefficient
of efficiency of the car» and the formulas for its
calculation proposed in recent years, accompanying
their understanding of the problem, unfortunately,
do not completely solve the problem. It is only

/100 km

20

possible to solve particular problems in assessing
the economic efficiency of individual cars. But the
economic evaluation will be different in different
operating conditions, therefore, we must assume
that it is first necessary to evaluate the technical
efficiency of the car, and then give an economic
assessment of the introduction of the model of the
car in question.

Objective. The objective of the author is to
consider the coefficient of vehicle technical efficiency
through its modeling and calculation.

Methods. The author uses general scientific and
engineering methods, comparative analysis, graph
construction, modeling, evaluation approach.

Results. There is a certain ambiguity in the
interpretation of the concept of «car efficiency». After
all, technical efficiency, according to the logics of
some authors, is a component of the coefficient of
efficiency of the car. This is indicated by D. V. Velikanov,
Ya. E. Farobin, L. G. Trembovelsky [4].

With this approach, the following necessary and
simply determined characteristics and parameters
can be adopted as physical quantities indicating the
efficiency of the vehicle on any route: maximum
engine torque, weight of the transported cargo, rolling
radius of the driving wheels, average vehicle speed,
gear ratio of main transmission, average density of a
number of gear ratios, lower calorific value and mass
(average) fuel consumption [5].
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Table 1

Calculation of the coefficient of technical efficiency for various car configurations of Renault
Duster (at a speed of 100 km/h)

Model 1,54x4 MT6 2,04x4 MT6 1,64x4 MT6 1,64x2 MT5 2,04x2 AT4
(90 hp) diesel | (135 hp) (102 hp) (102 hp) (135 hp)

Type of engine Diesel Petrol-injector | Petrol-injector | Petrol-injector | Petrol-injector

Type of fuel Diesel oil Petrol Petrol Petrol Petrol

Unladen weight, kg 1875 1877 1820 1850 1870

Cargo carrying capacity, |425 425 425 425 425

kg (M,,.,.)

Average fuel 7,5 10,4 10 7,9 8,4

consumption, /100 km

Calorific power of fuel, 42400 43390 43390 43390 43390

kJ/kg

Density, kg/1 0,85 0,75 0,75 0,75 0,75

Wheel track, m 1,822 1,822 1,822 1,822 1,822

Frontal area, m? 1,625 1,625 1,625 1,625 1,625

Coefficient of air 2,42 2,42 2,42 2,42 2,42

resistance, k , N «c?/m¥;

M__ ey, N 0,42 0,42 0,42 0,42 0,42

kFV23, N 62,539 62,539 62,539 62,539 62,539

W] 125,48 125,48 125,48 125,48 125,48

w,J 18801,9 18801,9 18801,9 18801,9 18801,9

Q.. I/t *km 270300 338442 325425 257085,75 273357

ne 0,176471 0,244706 0,235294 0,185882 0,197647

Table 2

Average fuel consumption of Renault Duster car configurations at various speeds

Model/ speed, 1,54x4 MT6 2,04x4 MT6 1,64x4 MT6 1,64x2 MT5 2,04x2 AT4

km/h (90 hp) diesel (135 hp) (102 hp) (102 hp) (135 hp)

15 10 12,5 12,7 14,2 15,4

30 7,5 11 10,5 9 11,2

40 8 10 9,5 10 8,5

50 7,2 10 8,5 11,5 9,3

60 6 9 8,5 9 8,4

70 5,5 6,2 8 7,5 8,1

80 6,2 8 7,2 7,5

90 5,9 8 8 7,2 8

100 7,5 10,4 10 7,9 8,4

N. Ya. Govorushchenko in his work in determining
the efficiency of the car takes into account only the
mechanical efficiency without aerodynamic losses [6].

In our opinion, from the outset, one should
proceed from the fact that the main purpose of a
vehicle is displacement of cargo and passengers. And
then only that part of the work in the environment of
the resistance forces, which depends on the cargo
(passengers) being transported, can be considered
useful. A. A. Tokarev [7] proposes, as an indicator of
efficiency, to consider the ratio of the useful energy
to the spent combustion energy of fuel:
u/:lse 1

W (1)
where W, — useful work spent on overcoming the
forces of resistance to rolling, road and air conditions;
W — total burning energy of the fuel.

W, =S~(mgf+kaFV2 +mgsina),

’76 =

(2)

where m — mass of a vehicle; f — coefficient of rolling
resistance; k, - coefficient of air resistance; F - frontal

area ofacar; V- speed ofa car; S — distance traveled.
W=H.p-Q, (3)

where H, - net calorific value of fuel; p — density of
fuel; Q, =f(V, y) — operating consumption of fuel.

When analyzing the formula (2), the question
arises as to why the authors use the entire mass of
the vehicle with the cargo, if we consider only the mass
of the cargo being transported to be useful. It is
equally obvious that an important factor will be the
speed of the car, as well as fuel consumption, which
is nonlinearly dependent on the speed of the car.

We propose to use the mass of cargo or
passengers (payload weight, cargo carrying capacity)
when calculating the coefficient of efficiency of a
vehicle, then formula (2) takes a form:

/4 =S-(m Og~y/+kaFV2),

use carg

(4)
where m_, - mass of cargo or passengers; y —
coefficient of road resistance.

An example of the criterion, in which the

operational fuel consumption is combined with the
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Table 3
Coefficient of efficiency of configurations of Renault Duster cars at various speeds
Model/ 1,54x4 MT6 2,04x4 MT6 1,64x4 MT6 1,64x2 MT5 2,04x2 AT4
speed, km/h | (90 hp) diesel (135 hp) (102 hp) (102 hp) (135 hp)
15 0,0223 0,0197 0,0194 0,0174 0,016
30 0,0492 0,0372 0,039 0,0455 0,0365
40 0,0652 0,0578 0,0608 0,0578 0,068
50 0,0725 0,0578 0,068 0,0502 0,0621
60 0,0869 0,0642 0,068 0,0642 0,0688
70 0,0949 0,0932 0,0722 0,077 0,0713
80 0,0841 0,0642 0,0722 0,0802 0,077
90 0,0884 0,0722 0,0722 0,0802 0,0722
100 0,0696 0,0556 0,0578 0,0731 0,0688
Table 4
Efficiency of fuel use of configurations of Renault Duster cars at various speeds
Model/ 1,54x4 MT6 2,04x4 MT6 1,64x4 MT6 1,64x2 MT5 2,04x2 AT4
speed, km/h | (90 hp) diesel (135 hp) (102 hp) (102 hp) (135 hp)
15 0,235294 0,294118 0,298824 0,334118 0,362353
30 0,176471 0,258824 0,247059 0,211765 0,263529
40 0,188235 0,235294 0,223529 0,235294 0,2
50 0,169412 0,235294 0,2 0,270588 0,218824
60 0,141176 0,211765 0,2 0,211765 0,197647
70 0,129412 0,145882 0,188235 0,176471 0,190588
80 0,145882 0,211765 0,188235 0,169412 0,176471
90 0,138824 0,188235 0,188235 0,169412 0,188235
100 0,176471 0,244706 0,235294 0,185882 0,197647
18
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transport work, can be the fuel use efficiency indicator
Q,, which is derived by V. I. Erokhov [8]:

0,
QW_100~W"’ &
where Q_ - operational consumption of fuel,

1/100 km; ﬁ/” — transport work, t+km.

The efficiency indicator has long been used to
assess the perfection of transportation and analysis
of fuel consumption. A number of scientists offer
similar evaluation criteria: D. P. Velikanov,
Ya. E. Farobin [4], E. |. Narkevich [9].

We carried out a numerical modeling of the vehicle
efficiency coefficient for a number of configurations
of Renault Duster cars when driving at different
speeds and full loads along a flat road (y = 0,015) of
km. The results of the modeling are shown in Tables
1-4. The data on the real fuel consumption of Renault
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Duster cars at various driving regimes have been
obtained experimentally and are shown in Pic. 1.
Source — Duster Club Forum [10]. The curves of the
modeling results are shown in Pic. 2-4. The distribution
of the experimental data was averaged over the speed
values for the modeling.

The purpose of all that has been done is to
estimate the range of values of the proposed
coefficient of vehicle efficiency for different variants
of vehicle configurations of the same brand and at
different speeds.

Having analyzed the graphs, we see an obvious
dependence of the proposed efficiency coefficient on
the engine type, cargo carrying capacity, vehicle
motion modes.

In this particular example, we can conclude that
the diesel version of Renault Duster is superior in
its fuel-economic indicators. It is also legitimate to
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conclude that the most effective modes of
movement for all configurations are speeds of
60-90 km/h. For the variant of the car with
automatic transmission, the driving modes with low
speeds (50-70 km/h) are more effective. These
conclusions are fully confirmed by the results of the
operation of the Renault Duster.

Conclusion. Based on the results of the study,
there is reason to speak of the consistency of the
proposed methodology for constructing a coefficient
of technical efficiency of a vehicle.
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IMpu paspaboTke NPOeKToB Hacbinew Ha
cnabom ocHoBaHuU (nNepeyBria>XHeHHbIX
FJIMHUCTBIX TPYHTax) akTyasibHoe
3Ha4YeHue nMeroT ripaBusibHasi

OLeHKa BeJINYUHbI ocagKu HacbIinu

n obecrnevyeHue yLIMpPeHns OCHOBHOM
nsiowankn 3eMJISSHOIro MoJIoTHa.
AHann3 cocTossHUSI 3€ MJISIHOI O MOJIOTHA
JKesie3HOA0POXXHOM iInHUN HapbiH—
JlyrokaH coenaH aBTopoM c y4ETOM
Hasinynsi OCTPOBHOV BE4YHOI MepP3J10Thbl,
3agaHHbIX 3KcnayaTaunOHHbIX
xapakTepucTuK, MaTepuasios
reoae3nyeckoli NPoBEPKN U HAYYHO-
TeopeTnyecknx o60CHOBaHUIi NPOeKTa.

KnoyeBsbie croBa: xene3Hasi 4opora,
aKcrlyataumoHHas ocagka, CTpouTesibHasl
ocazka, csabble rpyHTbl OCHOBaHWMS,
BeYHasi Mep3JsioTa, rnpobsiemMsl
aKcrnyaraunu, yLINPEeHUe rnioLanku.
|

HAYKA N TEXHW

OueHkKka ocagku 3eMNIHOro
NoJIOTHA Ha y4YacTKax cnabbix
OCHOBaHUM

Yaanoe Hean Cepeeesuy — 3amecmuments 21agHo20
uHxcenepa 000 «Kumaiickas unicenepras
Jcene3nodopoicnas kopnopayus «3p FOanv»,
KHP, nposunyus Coruyams, e. 4510y, dhusuan
xopnopauuu 6 P®, Mockea, Poccus.

TPOUTEIILCTBO 3KEJIE3HBIX TOPOT Ha
y4JacTKax cJ1adbIX OCHOBaHUIA TpeOyeT
TIIATEILHOTO MTOIX0Aa K ITIPOSKTUPO-

BaHWIO MHANBHUIYAJTBHBIX KOHCTPYKIIMI 3¢M-

JITHOTO T10JTOTHA. [TpW BRITIOJTHEHUY PacUYETOB

HEoOX0MMO 00eCIIeUnBaTh HE TOJIHLKO OOIILYIO

¥ MECTHYIO YCTOMYMBOCTH OTKOCOB HACBITICH,

HO ¥ TIpeIyCMaTPUBATh MEPhI IO COXPAHEHUTO

TIPOEKTHBIX OTMETOK TOJIOBKH pejibca ITOCye

3aBepIICHUS 0CagOK OCHOBAHMSI.

B coBpeMeHHOIT HOPMAaTUBHO-TEXHUUEC-
CKOM JOKYMEHTAIIUH OITMCAHbI METOIBI ITPO-
eKTUPOBAaHUS 3¢MJITHOTO ITOJIOTHA Ha TOP(SI -
HBIX, CaIIpoIIeJieBhIX OooTax U wiax. [1pu
3TOM TIPAKTHUYECKU OTCYTCTBYIOT PacuEThl
¥ TUTIOBBIE TIPOCKTHEIC PEIICHUS IT0 MPOEK-
TUPOBAHUIO HACHITIEH KEJIe3HBIX M aBTOMO-
OMJIBLHBIX JOPOT Ha TePEYBIAKHEHHBIX TJIH-
HUCTHIX TpyHTaX. Jle(bnIIuT BHUMaHWS K TaH-
HOMY BOIIPOCY MPUBOIUT K CEPbE3HBIM
po0JIeMaM ITPU SKCILTyaTalliH ITOCTPOSHHBIX
00bekTOB. HegoolieHKa BeTMYMHBI OCaIKU
HACHIITA 1 OTCYTCTBUE YIIMPEHUST OCHOBHOM
TUTOIIAAKY 3eMJISTHOTO ITOJIOTHA TPO3ST Je-
dopmanussMu 0604MH U 0Opa3oBaHUEM Oal-
JIACTHBIX IIJICH(OB.

Kaxk n3BecTHO, MOJHYIO 0CaIKy HaChITICH
00pa3yoT CTPOUTETbHAS W SKCITYyaTallMOH-
Has ocagku. CTpouTeIbHasT JOCTUTAETCS 3a

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 102-108 (2017)



CYET YIUIOTHEHUSI TPYHTOB OCHOBAaHUS TIpU
BO3BEACHUM HACHINIU. DKCIUTyaTallMOHHAs
BO3HUMKAET 3a CUET JNOYIUIOTHEHUS Tesa
1 OCHOBAHUsI HACKITIN TTOJT IICICTBUEM ITOE3T -
HOI Harpy3ku. Pacué€Tt cymmapHoOi ocaaku
OCHOBaHUSI HACBITIE PEKOMEHIYeTCsI BBITION -
HSITB TI0 KOMITPECCMOHHBIM KPUBBIM TPYHTOB.
CoOTHOIIIEHNE MEXIY OCaaKaMU, TTPOUCXO0-
ISIIIMMUA B CTPOUTEIbHBIN TTEPUOJ U TTOCIIe
C/IauM HACBITIM B 3KCILIyaTaInIo, YCTAHABIM -
Batorcs CIT 32—104-98 xak S_=S_=0,5S.

To ecThb cTpouTesibHAsI OCaJKa YCIOBHO
paBHsIETCS 9KCITTyaTallmoHHOM. DakTryeckast
BEJIMYMHA OCAIOK B 9KCTUTyaTallMOHHBIN Tie-
PO He BCeTia paBHSIETCSI pAaCYE€THBIM 3Haue -
HUSM CTPOUTENbHOI ocanku. OCOOEHHO 3TO
OYEBHUIHO Ha ydacTKax ClIaObIX OCHOBaHMI
W TIPY OTCHITIKE HACHITIA B 3UMHUIA TTEPUOI.
Takum obGpa3zoM, MpU pacu€Te KOHCTPYKIUMN
3eMJISTHOTO TIOJIOTHA 3aKJIaIbIBAIOTCS HEIpa-
BWIbHBIE IPOEKTHBIE PEIIEHUSI: HEA0CTATOU -
Has IIMPUHA OCHOBHOM TUTOIIAIKH JIJIST TTO/Tb-
€MKU MYyTU Ha OajacT Mmocje 3aBeplleHUus
ocajgK¥ WM, HA00OPOT, UBIUIIHUKN 3arac
HACBITTM Ha OCAJIKy TI0 BBICOTE.

* % %

71 OLIEHKM BETMYMHBI SKCITTYyaTallMOH -
HOI 0calIK! TSI BBOOUMBIX B DKCIUTyaTalllIo
HOBBIX 3K€JIC3HBIX JOPOT OBIJT BHIIOJTHEH aHAa-
JIN3 COCTOSTHUS 3¢MJISTHOTO TIOJIOTHA JIMHUM
Hapsia—Jlyrokan mmmHoit 220 kM, pacmofio-
XKeHHOM B 3abalikalbCKoOM Kpae. Paiion
CTPOUTEIBCTBA OTANYAECTCA HAJIUUIUEM
OCTPOBHOW BEYHOW ME€P3J0ThI, BBICOKUM
YPOBHEM TPYHTOBBIX BOI 1, KaK CIICACTBHUE,
npeobIamaHreM TIepeyBIIaKHEHHBIX TJIMHU-
CTBHIX TPYHTOB B JIESITCIBHOM CJIOC.

[Tpu paccMOTpeHUM XapaKTepHBIX yJacT-
KOB 0OHapy*eHO, YTO HAMOOJIBIIINE SKCITTya-
TalIMOHHBIC OCaIKI BO3HUKAIOT ITPY HATMINHT
B OCHOBaHWY 3¢MJISTHOTO TTOJIOTHA TTMHUCTHIX
TepeyBIaXEHHBIX TPYHTOB: CyIeceil U Cy-
TJIMHKOB OT TeKy4Yell IO TyTroIIacTUYHOM
KOHCHUCTEHLIMU C MoayJieM nedopMaluu oT 5
nmo 10 MITa momuocTteio ot 1,0 10 5,5 M,
aTaKke Topda ¢ MoIysieM neopMaiii MeHee
4 MTIla. 3eMssHOE TIOJIOTHO TIPEICTaBIECHO
HACHITISIMA BBICOTOI OT 1 10 9 MeTpOB.

OTCHITIKA HACHITICH BBITIOJTHEHA U3 CKaJlh-
HBIX CJTA00BBIBETPUBAIOIINXCS TPYHTOB — I'pa-
HUTOB, MTOP(PUPUTOB U TTECUAHUKOB C TUIOT-
HOCTbhIO 2,48—2,62 r/cm3. CTpOUTENBCTBO
BEJIOCH KPYTJIOTOJAMYHO. YIIJIOTHEHUS HAChI-
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Teif TPOU3BOAMIIOCH TTOCTIOMHO BUOPAIIMOH-
HBIMM KaTKamMu Maccoii 15 T, mo 9—12 npoxo-
JIOB Mo cJioto TomuHoi 0,4 M. 3eMIIsTHbIE
paboThl MpousBOoAWIKUCH B iepuof ¢ 2008 mo
2011 roa, ykjiaaka BEpXHETO CTPOCHUS IyTU
uwta ¢ 2011 mo 2013 rox. PazHuiia mexay 3a-
BeplIeHUeM padoT IO BO3BEIECHUIO 36MJISTHO-
ro TOJIOTHA W HAaYaJIOM YKJIQIKW BEPXHETO
CTPOCHUS TIYTH B CPEIHEM COCTaBJIsIa 1Ba
TOJ1a, TO €CTh YETHIPE CE30Ha 3aMOPaKBAHMSI -
oTTaMBaHUs TpyHTa. Ha ocHOBaHMM 3TOTO
MOXHO C/IeIaTh BBIBOJI, YTO K MOMEHTY YKJIaI -
KU BEPXHETO CTPOSHUSI IYTH HACKITThH KOHCO-
JINIMPOBAJIACh, CTPOUTENIbHAS OCAIKa 3aBep-
ITUJIACh.

Ilepen ykmaakoi peiabCcolINalbHOM
peléTKu OCHOBHAs TIJIONIAJKa 3eMJISTHOTO
MOJIOTHA TIOJIBEprajlach MHCTPYMEHTAIbHOMN
reoie3nYecKoii IpoBepKe, NMPU OTKIIOHEHUHN
(hakTMUECKUX OTMETOK OT MPOEKTHBIX OoJiee
YeM Ha S CM BBITIOJTHSIIACH TOCHITIKA CKAJTbHO-
rO TPYHTA C YIUIOTHEHUEM U NPpohUInpoBa-
HUEM Bepxa 3eMJISTHOTO TIOJIOTHA TPEeIepOM.

Ocenblto 2013 roga nocie yKaaaku Bepx-
HETO CTPOEHUS MYTH U OTKPBITHS paboyero
JIBIDXKEHMSI OBLIO CIIETaHO TEXHUYECKOe HUBe-
JIMpoBaHUE OPOBOK 3eMJISTHOTO TIOJIOTHA
U TOJIOBOK peJibcoB. [losydeHHbIe TaHHBIE
SIBUJTUCHh UCXOMHBIMU IS TTOCJIEAYIOIIETO
aHaIu3a.

[MonyyeHHbIE M3MEPEHUsI TTIOATBEPKIATN
TeopeTHYeCKHe 3HaHMST 00 ocaKax KeJe3HO-
JIOPOXHBIX Hacklneit. Haubosbiive ocaaku
OBLTM TIPUYPOUYEHBI K MECTaM YCTPOICTBA BO-
JIOTIPOTTYCKHBIX TPYO, y4acTKaM C HapylIeHHBI-
MM BOIOOTBOJIAMM, @ TAKIKE K yJacTKaM OTTau-
BaHUs BeuHoMep3/bix rpyHTOB [T1—IV karero-
PpYY TEPMOITPOCATOYHOCTH (Ha HEKOTOPHIX U3
HUX BeJIMYMHBI ocafoK mpesbimanu 100 cm).
[MomoGHBIe y4acTKu ¢ ocankaMu 6osee 60 cMm
OT(UIBTPOBBIBAIUCH U UCKIIOYATUCH KaK
rpyOble TIOTPEITHOCTY WJIM YaCTHBIE CITyYau.
Bcero n1s nanbHeiieit 06paboTKY ObUTH BbI-
NeJieHbl 23 yyacTka co ci1abbIMU TPYHTaAMMU,
cyMMapHoii yinHoii 10,6 kM. OTdhuiIsTpoBaH-
HBIIf MACCUB JaHHBIX TPYIIITUPOBAJICS 10 IJIaB-
HOMY OTJIMYUTETBHOMY TIPU3HAKY — MOYJIIO
necdopmaliy TpyHTa OCHOBaHUS. XapaKTepy-
CTUKU TPYHTOB IIPUHUMAJTHCH IO pe3yIbTaTamM
WHXEHEPHO-TEOJIOTUYECKUX U3bICKAHUIA,
BBITIOJITHEHHBIX TTPOEKTHBIMU WHCTUTYTaMU
B 2008—2010 romax.

Bcero 6buUT0 MOMYyYeHO MATH TPYIN IS
KJ1accuuKaIy rpyHTOB ¢ MOIYJISIMU fiehop-

YnaHoB W. C. OLeHKa ocagKun 3eMJISHOIO NMOJIOTHAa Ha y4acTKax c/iabbiX OCHOBaHWUM
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BricoTa Hacemm, M

Puc. 1. 3aBucumoctn S, ot H ansi rpyntos ¢ E <4 Mla.

mauuu 10, 7, 6, 5 u menee 4 MIla. Janee
OmpeaesIeHbl cpemHue apupMeTHdecKue
W CPeIHME KBaApaTUIHbBIC HAa0Opa TaHHBIX 1T
pa3Ho¥ BBICOTHI HAackIK OT 1 1o 10 MeTpoB.
CpenHee KBaIpaTUIHOE OTKIIOHEHUE PE3YIThb-
TaTOB U3MEHEHMI He TIPEeBhIIIAN0 25 %.

ITo moxydYeHHBIM CpeTHUM 3HAYCHUSIM
cTpougach rpauueckass 3aBUCUMOCTh
dakTUICCKOM IKCIUIyaTallMOHHON OCagKKu
OT BBICOTHI HAchIMU. C IMTOMOIIIBIO aIllIIpOK-

CUMaIlMM JaHHBIX OmpencaeHbl QYHKINN
S, =1 (H).

ITpumep rpacdmaeckoit 3aBUCUMOCTH CpeI-
HUX KBaApaTUIHBIX TaHHBIX (DAKTHUICCKOMN
9KCILTyaTallMOHHOM OCaJKU OT BBICOThI HACKI-
I TIpY MOAyJIe nepopMaliy IpyHTa OCHOBA-
Hus MeHee 4 MIla nipeacrasieH Ha puc. 1.

AHanm3 TIprMepa MoKa3bIBacT, YTO 3aBU-
CUMOCTb KCILTyaTallMOHHOM OCaJKKU OT BbI-
COTBHI HACBHINIM MMEET JUHEUHBIM XapaKTep

Taommna 1

PekomeHnayemble BeJJMIMHbI YIIMPEHUSI OCHOBHOM IVIOMIAIKH 3eMJISTHOTO TOJIOTHA
JIJIS1 BO3MOXKHOCTH NMOABEMKH IyTH HAa 0aJIacT

Ne m/m Beicora Hac., | [pyHT ocHOBaHus ¢ MoaysieM nedopmanmu, MIla
M

Bennunna Bennunna BesnnuunnHa Bennunna Bennunna
YITUPEHMSI YIIUPEHUST YIITUPEHUS VIITUPEHUSE VITUPEHUSI
npu npu npu npu npu
E <4 MIla E =5 MIla E =6 MlIla E =7 MIla E =10 MIla

1 1 0,5 0,5 0,5 0,4 0,2

2 2 0,6 0,6 0,6 0,4 0,2

3 3 0,7 0,6 0,6 0,4 0,2

4 4 0,7 0,7 0,7 0,4 0,3

5 5 0,8 0,8 0,7 0,4 0,3

6 6 0,9 0,9 0,8 0,5 0,3

7 7 0,9 1,0 0,8 0,5 0,3

8 8 1,0 1,1 0,9 0,5 0,4

9 9 1,1 1,2 0,9 0,5 0,4

10 10 1,2 1,2 1,0 0,6 0,4
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Puc. 2. Baeucumoctu S_ ot H ans rpyHTOB € pasnnyHbim mogynem gedopmavmn.

¥ B KOHKPETHOM CJTyJae MOXKET OBITh OTTICaHa
bopmymoii:
S, =2,3571«H+15. (D)

AHAJIOTUYHBIC 3aBUCUMOCTHU BBISIBJICHBI
JUIS1 KaXKI0M U3 MSITU pacCMaTPpUBAEMbIX TPYIIIT
(puc. 2).

B pesysibrare onpeneneHa JMHelHHas 3a-
BUCUMOCTb BEJIMUYMHBI dKCIIyaTallMOHHOM
0CaJKM XXeJe3HOAOPOXHONW HAChINU IO/
JNIEVCTBAEM TTOE3MHOM HArpy3Ku OT BBICOTBI
HaChINU Ha cJIa0bIX TTepeyBAaKHEHHbBIX TPYH-
Tax ocHoBaHUsI. [ToydeHHBIC TpachMK MOTYT
OBITh UCTIOJIB30BAHBI IIPU pacyETe KOHEUHOMN
BEJIMUYMHBI OCaIKM Hackleit. [Tpomexyrou-
HbIC 3HAYECHUS HAXOIITCS JUHEWMHOM UHTEP-
TIOJISILIUECTA.

IIpu pa3paboTKe MPOEKTOB HACBITICH Ha
CJ1a00M OCHOBAaHUU PEKOMEHIYECTCST BBITION -
HSTb YIIMPEHE OCHOBHOM TJTOLIAAKN 3EMJISI-
HOTO TOJIOTHA JUIs1 BOBMOXHOCTU MOIBEMKU
MyTHU Ha 0aJIIacT IMOCJIe 3aBePIICHUS OCaIO0K.
s onpeniesieHus1 BEJIMUMH YIIUPEHUS Clie-
JIyeT UCTI0b30BaTh MPEICTABICHHBIE B CTAThe
sMMMpUYecKre naHHbie. KpoMe Toro, crout
00paTUTh BHUMAHHUE, YTO HA BETMYMHY Y-
pPEHUSI OCHOBHOM IUIOIIAAKU 3EMJISTHOTO MO-
JIOTHA IOJDKHA OKa3blBaTh BIAUSIHUE TOJbKO

BEJIMYMHA SKCIJIYyaTaLlMOHHOW OCaaKH,
CTPOUTEJIbHBIC K€ OCAlIKU JOJDKHBI ObITh 3a-
BEpIIEHB K MOMEHTY YKJIaIKu BEPXHETO
CTpocHHUS MyTU. PeKoMeHIyeMbIe BeTMIMHBI
VIIUPEHMST OCHOBHO TUIOIIAAKY Ha CJIa0bIX
IPYHTax IpeJCcTaBIeHbl B Tabauiie 1, 3Haye-
HUSI OKPYTJIEHBI ¢ TOYHOCTBIO 10 0,1 M.

BbiBOAbl

INonydeHHbIe 3HAUEHMS SKCTUTYaTALIMOHHBIX
0CaioK ¥ PEKOMEH/IyeMbIe BEIMYMHBI YIIUPE-
HMSI OCHOBHOM TUTOIIA/IKY 3€MJISTHOTO ITOJIOTHA
MOTYT OBITh MCITOJTb30BaHBI IIPU pa3padoTKe
MHIVBUAYaIbHBIX IPOEKTOB 3 MJISIHOI'O ITOJIOT-
Ha JKeJIE3HBIX JIOPOT Ha CJIa0bIX IePEYBIasKHEH -
HBIX TpPyHTaX ocHOBaHMsI. OHU BITOJTHE TIpUMe-
HUMBI U JJIST OTIpeAeICHUS SMITMPIUYCCKOI 3a-
BUCHMOCTU MEXIY CTPOUTEIbHON U 9KCILTya-
TAallMOHHOM OcaJKaMu, COBEPLICHCTBOBAHUS
pacy€THBIX METOIOB M HOPMATUBHOM 0a3bl 110
TPOEKTUPOBAHUIO 3eMJISTHOTO TTOJIOTHA.
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Moscow branch, Russia.

ABSTRACT

In the development of embankment projects on
a weak base (water-logged clay soils), the correct
estimation of the size of the embankment settlement
and broadening of the main site of the roadbed are
of currentimportance. The article offers the author’s

operational problems, site broadening.

Background. The construction of railways on
areas of weak bases requires a careful approach to
the design of individual structures of the roadbed.
When performing the calculations, it is necessary to
ensure not only the general and local stability of
embankment slopes, but also to provide measures
for preserving the project marks of the rail head after
completion of the settlement of the base.

The modern normative and technical
documentation describes the methods of designing
the roadbed on peat, saprel marshes and mud. At the
same time, there are practically no calculations and
typical design solutions for the design of embankments
of railways and highways on water-logged clay soils.
The lack of attention to this issue leads to serious
problems in the operation of the constructed facilities.
Underestimation of the size of the settlement of the
embankment and the absence of broadening of the
main site of the roadbed lead to deformation of the
roadsides and the formation of ballast trails.

As it is known, the total settlement of the
embankments is formed by building and operating
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ESTIMATION OF FOUNDATION SETTLEMENT ON WEAK BASE SECTIONS

Ulanov, Ivan S., LLC China Railway Engineering Corporation «Er Yuan», PRC, Sichuan province, Chengdu,

analysis of the condition of the roadbed of the Naryn—
Lugokan railway line, taking into account the
presence of island permafrost, the specified
operational characteristics, the geodetic survey data
and the scientific and theoretical substantiations of
the project.

Keywords: railway, operating settlement, building settlement, weak foundation soils, permafrost,

settlement. Building settlement is achieved due to the
compaction of the foundation soils during the erection
ofthe embankment. Operating settlement arises due
to the addition compaction of the body and the
foundation of the embankment under the influence of
the train load. Calculation of the total settlement of
the base of embankments is recommended to be
carried out using compression curves of soils. The
relationship between settlements occurring during
the construction period and after putting the
embankment into operation is established by SP
32-104-98as S,=S =0,5S.

That is, the building settlement is conditionally
equal to the operating one. The actual amount of
settlement during the operational period is not always
equal to the calculated values of the building
settlement. This is especially evident in areas of weak
bases and during the filling of the embankment during
the winter period. Thus, incorrect design decisions
are laid in the design of the roadbed designs:
insufficient width of the main platform for lifting the
track onto the ballast after the completion of the

S,=2,3571-H+15

5 6 7 8 9 10

Embankment height. m

Pic. 1. Dependences of S, on H for soils with E < 4 MPa.
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Pic. 2. Dependences of S, on H for soils with different modulus of deformation.

settlement, or, conversely, an excessive stock of the
embankment for the settlement in height.

Objective. The objective of the author is to
consider estimation of roadbed settlement on weak
base sections.

Methods. The author uses general scientific and
engineering methods, graph construction,
comparative analysis, evaluation approach.

Results.

* % %k

To assess the value of the operating settlement
for the new railways commissioned, an analysis was
made of the condition of the roadbed of the line
Naryn—-Lugokan 220 km long, located in Zabaikalsky
region. The construction area is characterized by the
presence of island permafrost, high groundwater
level and, as a consequence, the predominance of
water-logged clay soils in the active layer.

In considering the characteristic areas, it was
found that the greatest operating settlements occur
when clay soils with loamy water-logged soils are
present in the base of the roadbed: sandy loam and
loam from a flowing to a turgid consistency with a
deformation modulus from 5 to 10 MPa with a power
of 1,0to 5,5 m, and peat with a deformation modulus
of less than 4 MPa. The roadbed is represented by
embankments with a height of 1 to 9 meters.

The filling of embankments is made of rocky
slightly weathered soils — granites, porphyrites and
sandstones with a density of 2,48-2,62 g/cm?.
Construction was carried out all the year round. The
embankments were compacted layer-by-layer by
vibrating rollers with a mass of 15 tons, 9-12 passes
along a 0,4-meter layer. Excavations were carried
out from 2008 to 2011, and the superstructure was
laid from 2011 to 2013. The interval between the
completion of the construction of the roadbed and

the beginning of the laying of the superstructure
averaged two years, that is four seasons of freeze-
thawing of the soil. Based on this, it can be concluded
that at the time of laying the superstructure the
embankment was consolidated, the building
settlement was completed.

Before the laying of assembled rails and
sleepers, the main site of the roadbed was subjected
to instrumental geodetic inspection, if the actual
marks were deviated from the designed ones by
more than 5 cm, the rocky ground was filled with
compacting and profiling the top of the roadbed with
a grader.

In the autumn of 2013, after laying the
superstructure and opening the main traffic
operation, the leveling of the edges of the roadbed
and rails heads was made. The data obtained were
the starting points for the subsequent analysis.

The obtained measurements confirmed the
theoretical knowledge about the settlements of
railway embankments. The greatest settlement was
confined to the places of the culvert assembly, to the
sites with disturbed drainage, and also to the thawing
areas of the permafrost soils of the Ill-IV thermal
deposition category (some settlements exceeded
100 cm). Similar areas with settlements over 60 cm
were filtered out and excluded as gross errors or
particular cases. A total of 23 sections with weak soils
totaling 10,6 km were identified for further
processing. The filtered data array was grouped
according to the main distinguishing feature — the
ground deformation module. Soil characteristics
were taken based on the results of engineering and
geological surveys carried out by design institutes
in 2008-2010.

In total, five groups were obtained for the
classification of soils with deformation modules of
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Table 1
Recommended values of broadening of the main site
of the roadbed for the possibility of mounting the track on to the ballast
No. e Foundation soil with a deformation module, M Pa
height, m Magnitude Magnitude Magnitude Magnitude Magnitude
of broadening | of broadening | ofbroadening |ofbroadening |ofbroadening
atE<4MPa |atE=5MPa |atE=6MPa |[atE=7MPa |atE=10MPa
1 1 0,5 0,5 0,5 0,4 0,2
2 ) 0,6 0,6 0,6 0,4 0,2
3 3 0,7 0,6 0,6 0,4 0,2
4 4 0,7 0,7 0,7 0,4 0,3
5 5 0,8 0,8 0,7 0,4 0,3
6 6 0,9 0,9 0,8 0,5 0,3
7 7 0,9 1,0 0,8 0,5 0,3
8 g 1,0 1,1 0,9 0,5 0,4
9 9 1,1 1,2 0,9 0,5 0,4
10 10 1,2 1,2 1,0 0,6 0,4

10, 7, 6, 5 and less than 4 MPa. Further, the
arithmetic mean and mean square data sets were
determined for different settlement heights from 1
to 10 meters. The average quadratic deviation of the
results of the changes did not exceed 25 %.

Based on the obtained average values, a
graphical dependence of the actual operating
settlement on the height of the embankment was
constructed. Using the data approximation, the
functions S, = f(H) were defined.

An example of the graphical dependence of the
mean quadratic data of the actual operating
settlement on the height of the embankment with the
modulus of deformation of the foundation soil less
than 4M Pa is shown in Pic. 1.

The analysis of the example shows that the
dependence of operating settlement on height of the
embankment is linear and, in a particular case, can
be described by the formula:

S,=2,3571+-H+15. (1)

Similar dependencies were revealed for each of
the five groups under consideration (Pic. 2).

As a result, the linear dependence of the value
of operating settlement of the railway embankment
under the influence of the train load on height of the
embankment on weak water-logged foundation soils
was determined. The obtained graphs can be used
in calculating the final value of the settlement of the
embankment. Intermediate values are found by
linear interpolation.

When designing embankments on a weak base,
it is recommended to widen the main site of the

roadbed to allow the track to be lifted onto the ballast
after completion of the settlements. To determine
the broadening values, the empirical data presented
in the article should be used. In addition, it should
be noted that the magnitude of broadening of the
main site of the roadbed should be influenced only
by the value of the operating settlement, while
building settlements should be completed by the
time the superstructure is laid. The recommended
values of the broadening of the main site on weak
soils are presented in Table 1, the values are rounded
to within 0,1 m.

Conclusions. The obtained values of operating
settlement and recommended values of broadening
of the main site of the roadbed can be used in the
development of individual projects of the roadbed of
railways on weak water-logged foundation soils. They
are quite applicable to determine the empirical
relationship between the building and operating
settlements, the improvement of calculation
methods and the regulatory framework for the design
of the roadbed.
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PaccmoTtpeHbl npobnematuka 4esTesibHOCTU
HauMOHaJIbHbIX MOPCKUX MOPTOB U MOPTOBOI
JIOrUCTUKM, BOMPOCHI UHTEPMOAAIIBHOCTU
nepeBo30K. BaXtHbiM (paKTOPOM BINSIHUS

Ha TPaHCMNOPTHO-JIOFUCTUYECKNE acrneKTbl
ocTaéTcst HeCOOTBETCTBME MUPOBOW NPakTukKe
pexuma y npoveayp paboTsl NorpaHNYHbIX
MYHKTOB rponycKa n TaMO>XXHU, OTCYTCTBUe
00LYEeNnPUHATBIX 32 PyGE)XOM HaJlOroBbIX

M TaMOXXEeHHbIX nnpegdepeHunii, BK/1loYas
co3gaHune nopToBbIX 0COGbIX 9KOHOMUYECKNX
30H. [Toka3aHO, 4TO OCHOBOW OLLeHKU YPOBHS
KOHKYPEHTHOCTU Ha TPpaHCropTe siB/IieTcs
nepexop To4Kku NPU6bIIbHOCTY U3 NMPOLIECCOB
pusnyeckoii nepeBo3Ku U rpyaoobopora

B 06/12CTb TPAHCMOPTHO-JIOrUCTUYECKUX YCITYT.
COOTBETCTBEHHO 3TOMY MPUMEHSIIOTCS Pa3JINyHble
CUCTeMbl KpUTepueB «NpuBsieKaTesIbHOCTN»
Mopckoro nopra. llpeasoXxeH NHTerpasnbHbIA psg
Takux nokasareJsieii — KpuTepueB AJ1s Pa3JINnYHbIX
yC10BUM, Lesieii N y4aCTHUKOB TPaHCNOPTHOIro
npouecca. Cpeau nepcrnekTns passUTU MOPCKUX
nopTtoB EBponevickovi 4acTtu Poccuun aBTopbi
0c060 OTMeyalT BapuaHT KOMOGUHaLUN BCex
YyeTbIpEX BUAOB TPAHCMNOPTa B ariomepayumuv
O/HOro NopTa, Y70 MOXXeT Pe3KO MOBbICUTb €ro
BOCTPEeb60BaHHOCTb KaK MEXPEernoHasibHOro
TPaHCMOPTHOrO y3/a.

KnroyeBbie c/ioBa: 3KOHOMUKA, JIOrNCTUKa,

MOPCKUE NOPTbI, IKCIMOPT, rPY30MNepeBo3Kku,
UHTEPMOAAIbHOCTb, MUPOBOV PbIHOK, KOHKYPEHLIMS,
30Hbl [10rPaHNYHOro MpPorycKa, TaMOXHSI.
|
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Bnapumup 4KYH4YUKOB
Vladimir V. YAKUNCHIKOV

OcobeHHOCTU pa3BUTUS
HaLMOHaNbHbIX MOPCKUX
NOPTOB

Coasixoe Oaee Baadumupo-
6us — KaHouoam mextu-
ueckux Hayk, Poccutickuii
VHUBEpCUMem Mpanchopma
(MHHT), Mockesa, Poccus.
Hzomoe Onez Arvbepmo-
6uM — KaHOuOam mexHuye-
cxux nayix, UMTM I'YMPD
um. aom. C. O. Makaposa
(Mockosckuii unuan),
Mockesa, Poccus.
Skynuuxoe Baadumup
Baaoumuposuu — karoudam
mexnumeckux nayx, I'VYMPD
um. aom. C. O. Makaposa
(Mockosckuii uauan),
Mockesa, Poccus.

OpTOBasi JESITeJIbHOCTh BCeraa Oblia

CTpaTEern4eCKUM acreKTOM JJIs1 9KOHO-

MUKH JII000r0 MOPCKOIO rOCyIapCTBa.
Poccuiickyie mopThl €XKeroaHo rnepepadaThIBaloT
ot 60 10 80 % rpy30B BHEIIHEM TOPTOBJIM, U 3TO
OJIVH U3 TeOTOIMTUYECKUX (DaKTOPOB, 00ecTIe-
YMBAIOLLMX CTPAHE 9KOHOMUYECKOE 1 BHEILIHE-
toprosoe passutue [1]. ITo uroram 2016 roga
rpy30000pOT OTEYECTBEHHBIX MOPCKHUX ITOPTOB
coctaBui 721,9 MiH ToHH (puc. 1) u K oceHn
2017 rona oH OyAeT IPOIOJIKAaTh PACTU, MPUUYEM
00BEM CyXUX TPY30B ITOYTH HE YCTyIaeT HaJIUB-
HbIM. I[ToMumMo skcnoptHbIX (79 %), croma
BxozsIT KabotaxkHbie (10 %), TpaHsutHbie (7 %)
U UMITOPTHBIE (4 %) TIepeBO3KHU.

CerofiHss MOPCKO€ MOPTOBOE XO3SIICTBO
Poccuu — a10 60ee 870 MOPTOBBIX KOMITIIEK-
COB MOIIIHOCTBIO 0KOJ10 850 MJIH TOHH, TTPO-
TSKEHHOCTBIO MpUUaioB ropsiaka 140 Teic.
MOrOHHBIX MeTPOB. TexHUYECKHe BO3MOXKHO-
CTU NOTPY304YHO-BBITPY304YHOI0 (pOHTA,
OCHAIIEHHOIO KPAaHOBBIM U JAPYTUM CITCLI-
aJIbHBIM O0OpYJIOBaHMEM, ITO3BOJISIOT 0Opa-
o6ateiBaTh 0koJio 10000 BaroHoB B CYyTKH,
CKJIa[ICKUE TUIOLIAAd MOTYT 00ECIICUUTh O/~
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Puc. 1. Ipy3oo6opor noptoB Poccumn.

HOBpEMEHHOEe XpaHeHue A0 15 MJIH TOHH
TPy30B, B MOPCKHX MOPTax paboTaeT CBbILIE
260 CTUBUIOPHBIX KOMIIaHUI [2].

POCT 3KCMOPTHOM
COCTABNSAIOLLEN

CroxHast 5KOHOMHUYECKasl CUTyalus He
MO3BOIMIIa POCCUMCKUM TTopTaM B 2015-m
HapacTUTh IepeBayIKy rpy30B. OnHako B 2016
TOIy TIOJIOXKEHNE M3MEHWIOCH, TPY30000pOT
BbIpOC Ha 6,7 %, a KOHTEIIHEPOOOOPOT — Ha
1,4 %.

ITo maHHBIM AccoLiMa MOPCKUX TOP-
TOBBIX IMOPTOB Ha Hadano oceHu 2017 roma
rpy30000pOT POCCUIICKMX TaBaHeil Ha 9 %
MIPEeBBICUT aHAJIOTUYHBIN TIEPUOJ IIPOIILIOTO
rona (ayTh 6osee 580 MutH TOHH). B TOM yncie
00BEM MepeBaJIKi CyXUX I'PY30B JOJKEH H0-
ctuyb 272 MaH T (+9,3 %), HAIMBHBIX — IIpe-
BoicuT 308 MitH TOHH (+8,8 %).

HecmoTpst Ha yBeTMUUBaIOMIMIicss 00bEM
TepeBaJIK UMITOPTHBIX IPY30B MO-IIPEKHEMY
OCHOBHYIO JOJIIO 3aHMUMAeT IKCITOPT — MPU-
MepHO 77 % OT BCero rpy30MoToKa, 4To Jaxe
B 1,5 pasa BbIlIe 00bEMa MTPOXOASIIETO Yepe3
MOPTHI TpaH3uTa [9].

KakoBbl ciaraembie pocta? ITo utoram
2016—2017 cenpxo3roaa pocCUCKNN 9KCIIOPT
3epHa cOCTaBUI 35,5 MJIH TOHH, TIPU 3TOM
rmaBa MuHCeNbX03a IMTOATBEPAMII IIPOTHO3 10
sKkcropty B 2017—2018 cenbxo3roay Ha ypoB-
He 40 MUTH TOHH, U3 KOTOPBIX 30 MJIH — TIIIIe-
Huna [11].

Poccwuiickue moptel Ha bantruke Hapamm-
BalOT TPYy30000POT 3a CUET BKCIIOPTA YIS
¥ uMmopTa ctaiau. IlpakTrnyecku Bce raBaHU
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YBETMIUIIN TPy30000poT 3a 5 MecsiieB 2017
roga Ha 7 %, oo 27,8 muH ToHH [10].

BesycioBHO, TOIOXUTETHbHBIM MOMEHTOM
SIBJISIETCST POCT OTTPY3KM CXKWXKEHHOTO Tasa.
ITopt Ycrb-Jlyra mo utoram sHBapsi—aBrycTa
2017 roma HapacT1 O0BEMBI TIEPEBATTKY CKU-
XKeHHOro yriesogopomHoro rasza (CYI) Ha
17 % 10 cpaBHEHUIO C TeM XKe MepHOoI0M
2016-r0, B TO BpeMsT KaK YepHOMOPCKHU I TTOPT
TamaHb — BTOpPOM POCCHUICKHUIA TIOPT, Yepe3
KOTOpBIii cTpana akcnoptupyet CY T, — tepsi-
eT rpy3omnoTok. Poccust yBemnauBaeT aKCrmopT
CVYT B EBpory, Tie 11eHa 9TOTO BU/Ia TOTUTMBA
pacTéT, U COKpaIlaeT MOCTaBKYM HA YKpPaWHY.
A Ycrb-Jlyra — Gojiee ynobHas mjolaaka
TepeBajIKy ra3a UMEHHO B €BPOTIEHICKOM Ha-
npasieHun [10].

Crimkep permoHaTbHON KOHGbEepeHIIUN
Ki1y0a «Bamaii», mpoxonusiieii B aekadpe 2016
rona B CuHrarype, CTapIivii HaydHbI! COTPY/I-
HUK HAITMOHATLHOTO YHUBepcuTeTa CUHTAITY-
pa Tomoo KukyTu moguepkHya1 OTPOMHBII
00bEM MMITOpTa XUAKOTO Traza u3 Poccun,
CHEJIABIINH €€ YEeTBEPTOU CTPAHOU MO OOBEMY
WMIIOPTa B 3KOHOMUKY SAmonuu [12].

DAKTOPbI PA3BUTUA
MHODPACTPYKTYPbI

W3 MHOXecTBa AelicTBYIOIINX (PAaKTOPOB
Pa3IMYHOIO YPOBHS U MaciuTaba, reornojm-
TUYECKOr0, 9KOHOMUYECKOTO, IIPUPOIHO-
KJIMMaTH4Ye€CKOro U APYroro xapakrepa,
IIpeICTaB/ISIETCS LeJ1IeCO00Pa3HbIM BbIACIUTD
POJIb HOBBIX U BCE OoJiee BECOMBIX (PaKTOPOB
(pMHAHCOBO-3KOHOMMNYECKOT0, HOPMATUBHO-
3aKOHOAATEIbHOTO U TPAHCIIOPTHO-JIOTUCTH -
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YecKoro ToJjika. PaccMoTpuM BiusiHue Ha
Pa3BUBAIOIILYIOCS TIOPTOBYIO MH(MPACTPYKTYPY
Poccuu HauboJtee akTyalbHBIX U3 HUX.

Hapacraroias rnobanusanust 3KOHOMU-
KU, TPSIIyIIee pa3BUTHE BCEX BUTOB MOPEXO-
3MCTBEHHOMN AeSITeIbHOCTU, POCT 00BbEMA
MoTpedeHns pecypcoB (YyIJIEeBOIOPOIOB
B IIEPBYIO OYEPEb) MPUBOIST K yBEJIUUECHUIO
HAIlMOHAJIIBHOTO U MEXKIYHAapOIHOTO CIIpoca
Ha TIOPTOBBIE MOITHOCTUA U OEPErOBYIO MH-
(bpacTpykTypy B MHTEepecax pa3IMYHBIX Be-
JIOMCTB M HE TOJbKO TpaHCTOpPTHBIX. [To
oleHKe MeXTyHapoIHOM accolnaIum rmop-
ToB U raBaHeil (IAPH — International
Association of Ports and Harbours) kpu3suc-
HbIe SIBJICHUS B chepe MOPCKUX TIEPEBO30K
3aKaHYMBAIOTCS M Ha TIEPBBI TUTAH BHIXOIST
TEHIIEHIIMU OCBOEHUSI HOBBIX I'PY30TIOTOKOB,
yBEeJIUYEHUsI TPy30000pOTa MOPTOB U UX
KOHKYpEHTOCIocoOHOCTH [4].

Criemyronuii HakTop — BBICOKUI yPOBEHD
3arpy3Ky Ha3eMHBIX TPAHCITOPTHBIX KOMMY-
HUMKAIIMi, KOTOPHIE y3Ke ceituac He o0ecTieun -
BAIOT B psijie CilyyaeB TpeOyeMblil YpOBEHb
MPOITYCKHOW COCOOHOCTU MOPCKUX TTOPTOB
1 Ka4eCTBO KOMILJIEKCHOTO JIOTUCTUIECKOTO
cepBuca. B mepcriekTuBe 2Ta cuTyaIus Oyaer
YCyTYONISIThCS U3-3a neduiuta nHOpacTpyK-
TYPHBIX PECYPCOB Ha ITPUJIETAIONIUX K [TOPTaM
Tepputopusx. Kpome Toro, ator dakrop
MOXET ChITPaTh 0CO00 CAEPKUBAIOIILYIO POJIb
¢ YYETOM ocoOeHHOCTelt reorpadruieckoro
TTOJIOXKEHMSI OTEUECTBEHHBIX ITOPTOB B OTEITb-
HO B3TBIX PErMOHAX M3-3a MaJIbIX TJYyOUH,
TTPOTSKEHHBIX TTOIXOTHBIX KAHAJIOB, JIEIOBOM
00CTAaHOBKM M YyNATEHHOCTU OT OCHOBHBIX
HarnpaBJeHUI MUPOBBIX MOPCKUX ITEPEBO30K.

He MeHee BaxkKHBI U TOCTOSTHHBIE U3MEHE-
HUST TUHAMUKU U CTPYKTYPHI TPY30ITOTOKOB,
CBSI3aHHBIE C PSIIOM SKOHOMUYECKMX (DAKTO-
POB, a TAaKXXe C pacIIMPEeHNEM 1 YCIIOKHEHUEM
pPBIHKA TPaHCITOPTHBIX YCIYT. DTO TMPUBOAUT
K MHTETpalliy BCEX COCTABJISIONINX JIEMEH-
TOB TPAHCITOPTHOTO MpOLIecca, a C Hell U pa3-
BUTUIO TPAHCTIOPTHBIX (ITOPTOBBIX B TOM
qyucie) nHGPacTPpyKTyp HOBOTO THUTIA — TOBa-
POTPAHCITOPTHBIX, TOBAPOCKIIAJACKHUX, TOBA-
popactpeneTuTeIbHbIX U IPYTUX KOMILIEK-
COB, KOTOpbIE 00pa3yloT HEKMe TPAHCTIOPTHO-
JIOTUCTUYECKHE JIEMEHTHI U TPaHCIIOPTHO-
JIOTUCTUYECKYIO cHcTeMy B 1iesioM. Hammpumep,
o uroram 2016 roga rpy30moToK pacipeie-
JuIcs 1o OacceiiHaM Tak: A30BcKO-YepHo-
Mopckuii — 244; Bantuiickuii — 236,6; Jdajib-
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HEBOCTOUHBIN — 185,5; Apktnueckuit — 49,7,
Kacnuiickuit — 6,1 MjIH TOHH [14].

HoBasg TpaHcmopTHO-JOTMCTHYECKAS
napajurma, Kotopasi paccMaTpUBaeT MOp-
CKOIi MOPT YK€ He KaK TPaHCIIOPTHBIN y3e,
a KaK LEHTpP UJIU OCHOBHOM 3JIEMEHT TpaHC-
MOPTHO-JIOTUCTUYECKOI pacIpeaenuTeb-
HOM cUCTeMbl B COCTaBe TPAHCHOPTHBIX
(TpaH3UTHBIX, MYJITUMOAATBHBIX U IPYTUX)
KOPUAOPOB, MPUBOAUT K PEKOHCTPYKLIUU
MOPTOBOM MH(MPACTPYKTYPHI U TMOSIBJIEHUIO
HOBBIX MOHSITUI K OObEKTOB: TOPTOB-Xa0bO0B,
TOPTOBBIX KJIACTEPOB, «CYXHMX» IIOPTOB, ITOP-
TOB JIOTUCTUYECKMUX LIeHTpoB. M Bbixonm Ha
3Ty CTE310 MOXET CTaTh BeCbMa CYILIECTBEH-
HBIM TIPEUMYILECTBOM B pa3BUBalOLIECs
chepe MexXITyHapOIHBIX TPAHCITIOPTHO-JIOTU-
CTUYECKUX CBA3EM.

HE TOJIbKO JIOTUCTUKA

OTnenbHO ClieyeT Ha3BaTh CAEePKUBAIO-
e haKTopbl CUCTEMHOTO XapakTepa, KOTO-
pbie MPEMNSITCTBYIOT Pa3BUTHUIO TMMOPTOBOIA
JIESITeTIbHOCTU Y CHIDKAIOT €€ KOHKYPEHTHYIO
CMOCOOHOCTD:

— oTcyTcTBUE 3(P(PEKTUBHOTO B3aUMOIEH-
CTBMSI TOCYIApCTBa C YaCTHBIM OM3HECOM
B BOITPOCAX, KacaloluXxcs MTOPTOBOI MH(bpa-
CTPYKTYpHI. B 9acTHOCTH, HENIB3ST HE YITIOMSI -
HYTb 00 00CTOSITEJILCTBAX, 3aTPYAHSIOLINX €€
pa3BuTHE, W B TIEPBYIO OYEpellb HECOTJIaco-
BaHHOCTb CPOKOB, OOBEMOB 1 HATIpaBJICHUN
TOCY/IapCTBEHHBIX KAIMMTATIOBIOXEHUH B paM-
Kax moarnporpamMm «MopcKoit TpaHCIOPT»,
«ABTOMOOUJIBHBIN TpaHCTIOPT», «2Keyne3Ho-
JIOPOXHBIN TPAHCTIOPT», a Takke denepaib-
HOM 1eIeBOi mporpamMMmel «Pa3zBuTue TpaHc-
mopTHO# cucteMbl Poccun (2010—2021 rr)»;

— OTCYTCTBUE €IMHON CUCTEMBI OTIepaTop-
CKUX KOMIIaHWi, KOOPAMHUPYIOIIEH paboTy
TPAHCIIOPTHBIX y3JIOB, YTO 3aMETHO CHIKAET
KauyecTBO yCIyr MOpcKux nopTtoB. Tak, 6e3
OIepaTUBHOTO JI0CTyMa K 0a3e nanHbix OAO
«P2XKI» mopThI UIIIEHBI BO3MOXHOCTH TIpe-
JIOCTaBJISATh HYXKHYI0 MH(POPMAIIUIO TIPU Tie-
peroBopax ¢ rpy30- U CyloBJIaie bllaMu, Te-
PpsIst TIPY 3TOM JUTSI KITMEHTA ACJIOBYIO U TapT-
HEPCKYIO TIPUBJIEKATEIbHOCTD;

— HEoOXOIMMOCTh HapallluBaHUsI TIOPTO-
BBIX MOIITHOCTE B TTPOTIOPIIMOHAIBHOM CUM -
METPUU C TIPOBO3HBIMU M MPOITYCKHBIMU
CITOCOOHOCTSIMU aBTOMOOWIIBHBIX 1 XKeJIE3HO-
JIOPOXHBIX TIOXOMIOB K rmopTaMm. Hampumep,
nocie crraga 1990-X romoB rpy30000pOT TajTh-
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HEBOCTOYHBIX IIOPTOB BHIPOC B pa3bl, IOTOMY
YTO 3TO 00ECTIEUNBATIOCH HEKOTOPBIM 3aITaCOM
MPOITYCKHOM CITOCOOHOCTH XeJIE3HBIX JOPOT.
Ha coBpemMeHHOM 3Tare rnmepcreKTUBbI pocTa
Tpy30TepeBaJIKH TTOIAIaI0T B MPSIMYIO 3aBU -
CUMOCTB OT OTCTAIOIIMX B peayin3alliy TUIaHOB
PEKOHCTPYKIINH CBOMX OOBEKTOB CMEKHUKOB;

— OoJblrasi 3arpyXeHHOCTh Haubosee
JIVMHAMWYHO Pa3BMBAIOIIETOCS MaJTbHEBO-
CTOYHOTO JIOTUCTHYecKoro Mapuipyta. [Li1oT-
HOCTb XeJIE3HOIOPOXKHBIX IMePEeBO30K B Me-
pUIMaHAaJbHOM HampaBJIeHWMU Ha JlaqbHEeM
BocToke HaxoauTCs MOUYTH Ha TIpenese, YTo
noaTBepxaaercs akcrneptamu [11];

— HECOOTBETCTBUE MHPOBOU IpaKTHKE
pexXrMa U TIpoleayp padoTHl ITOrpaHUYHBIX
MYHKTOB IIPOITYCKAa, TAMOXHM, OTCYTCTBHE
OOIIETIPUHSTBIX 32 PyOEsKOM HaJIOTOBBIX 1 Ta-
MOXEHHBIX TIpedepeHIINii, B TOM YUCe IS
CO3/IaHMST TTOPTOBBIX OCOOBIX 9 KOHOMUYECKHUX
30H.

YBenuueHuIo Tpy30000poTa MOPTOB Me-
IIAFOT W IPYTHe CIOXKHOCTHU, HAIIpUMep, aH-
TUMOHOIIOJTbHOE PETYJIMPOBaHNE CTUBUIOP-
HOW JIeSITeJTbHOCTHY 1 BCe HEYTOOCTBA, CBSI3aH -
HBIC C TIpeOBIBAaHNEM OIIEPATOPOB MOPCKUX
TEPMUHAJIOB B pEECTpe CYOBEKTOB €CTECTBEH -
HBIX MOHOITOJIM.

W, HakoHell, clieayeT OTMETUTh CTOJb
CepbE3HBIN (PAaKTOP TOCYIapCTBEHHOTO BIMSI-
HUS Ha BCE acIEeKTHI IeITeIbHOCTH U pa3BU-
THS TTIOPTOBOM MHMPACTPYKTYPHI, KaK COCTOSI-
HHe, KOJIMYCCTBEHHBI U KauyeCTBEHHEBIN
COCTaB OTEYECTBEHHOTO TPAHCIIOPTHOTO
drnota. IIpssMo mpornoplLMoHaabHasl 3aBUCH -
MOCTh (DJIOTa U TIOPTOB, KOTOPBIE HE MOTYT
pa3BUBAThCS pa3nelbHO, 3aCTaBJsIeT Hac
paccMOTpeTh 3TOT (hakTop MmompodHee.

KPUTEPUU
KOHKYPEHTOCNOCOBHOCTU

Poct rnobanusanuu MUpOBOYi 9KOHOMUKU
¥ BHEIITHETOPTOBBIX CBsA3elt Poccuu mpuBoaut
K YBEJIMYCHUIO YMCJIa YIaCTHUKOB TPAHCIIOPT-
HO-JIOTUCTUYECKUX MPOILIECCOB U B UTOTE
K BO3pPACTaHUIO POJIM U 3HAUEHUST UX KOHKY-
PEHTOCTIOCOOHOCTH.

ITon KOHKYpEeHTHOH CITOCOOHOCTHIO B pac-
CMaTpUBaEMOM KOHTEKCTE TTOHUMAETCS TIpe-
3KJIe BCETO yBEJTMUEHME MTOPTOBBIX MOIITHOCTE
1 00bEMOB TEPEBAJIKM TPY30B, TTOBBIIICHUE
KayecTBa OKa3bIBA€MBbIX YCIIYT, CHUXEHUE
YIEIbHOM CTOMMOCTH MTEPEBAJIKA TOHHBI TPY-
32 ¥ CTOMMOCTH Cy03aXOJI0B B OT€YECTBEH -
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HBIX TTopTax. EmE cieayer oTMETUTH, YTO
B CIIEIIMAJIbHBIX MCCIIETOBAaHUSX, HAYTHBIX
WCTOYHUKAX M OOIIEMUPOBOI MPAKTUKE JI0
HACTOSIILIETO BpeMEHU HE BEIPAOOTAHO €IMHBIX
MPUHIIMIIOB, TTOAXO0I0B U YHUBEPCATbHOM
METOAUKHU OLIEHKU KOHKYPEHTOCTIOCOOHOCTU
MOPCKMX IOPTOB [6]. OgHAKO OCHOBOM TaKOM
OLIEHKM Ha TPAHCIIOPTE SIBJISIETCS MEepPeXon
TOYKU MPUOBUTBHOCTU U3 MIPOLECCOB (pU3n-
YeCcKOH MepeBO3KU WM rpy30000poTa B 00-
JIaCTh TPAHCIIOPTHO-JTOTUCTUYECKUX YCIIYT.
JUts 9TOl 1e I TPUMEHSIOTCS pa3iuyHbIe
CHUCTEeMbl KPUTEPUEB «ITPUBJIEKATEIbHOCTI»
MopTa, UCMOJB3YIOTCS HE eIMHUYHBIEC TTOKa-
3aTeJIN HEKUX MPON3BOJICTBEHHO-TPYIOBBIX
yCWINH, a «cOaaHCUPOBAaHHBIN» HabOp MO-
KazaTeJieil esiTeIbHOCTH MOPTa B PA3JIMYHBIX
TUTOCKOCTSIX, TO3BOJISIIOIINI KOHTPOJIUPOBATh
daxTophbl, BIULAIONIME HA 9TU MOKA3aTeNu,
a He TIPOCTO OTCJIEXUBATh pe3yabrathl. U Ta-
KOU ITPOCYNTAHHBIH ITO HAYYHBIM METOIUKAM
WHTETPAJbHBIN OLIEHOYHBIN PSII MOXKET OKa-
3aThcsl HeMasibiM (10—20 no3uiuii).

PaccmarpuBaeMas cucrtema nokasateneit
Mpu3BaHa, MEXAy TeM, 00JIerYUTh TPYAHO
pelaeMylo Tpy300TIpaBUTENEM 3a0ady «lie-
Ha-KayeCTBO-BpeMsI», TTOCKOJIbKY OHO, KaK
MnpaBuJio, aenaercs B yuiepo apyromy. Ilpu
ONTUMAJLHO BEIOPAaHHOM BaprMaHTe MOPCKOM
MOPT MOJY4YaeT BO3MOXHOCTb 0oJjiee TUOKO
YUUTBIBATh UHTEPECH TPYy300TIIPABUTENIEH,
YBEJNUMBATh ITpe/yIaraeéMblil BBIOOP peleHUi
U JTy41lIe UCITOJIb30BaTh CBOM KOHKYPEHTHBIE
MPEenuMyIlecTBa B COOTBETCTBUU C JEHCTBYIO-
UMW peaTussMU Ha PbIHKE TPAHCTIOPTHO-
JIOTUCTUYECKUX YCITYT.

11 MOPCKKMX MOPTOB B 3aBUCUMOCTU OT
MHOECTBa BHEITHUX M BHYTPEHHUX (PakTo-
POB MepeyveHb MoKa3zaTesieil KOHKYPEHTOCIO-
COOHOCTU MOXET OBITh pa3UYHbIM. B Kaue-
CTBE YacTHOro npumepa [7] tabauua 1 naér
BO3MOXKHBIH TIepeueHb KpUTEPUEB TIPUBJICKA-
TEJBHOCTHU, Pe€abHO BO3IEUCTBYIOIIMIA, TTO
HalleMy MHEHUIO, Ha TPY300TIIPAaBUTES PU
TIPUHSITAN PEILIeHUS O BEIOOPE ITOpTa.

[Ipu penreHMU cTpaTernyeckux 3agad
00BIYHO MPUHUMAIOTCS 3aIaHHbIE MOKA3aTeIN
(KpuTepun) KOHKYPEHTOCIIOCOOHOCTH. Tak,
B CTpaTeruy pa3BUTHSI MOPCKON MOPTOBOM
nH@pacTpyKTypbl Poccuu (OCHOBHOI pa3pa-
00TuKK «PocMOpIopT») 3aaHbl CJIEAYIOIINe
0a30BbIe MOKa3aTea KOHKYPEHTOCITIOCOOHO-
CTU OTEYECTBEHHBIX MOPTOB HAa paccMaTpUBa-
emyto nepcrekTuy a0 2030 roga:
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Ta6amua 1
KpnTepml NMPUBJICKATEJIbHOCTH B OIECHKE MOPCKOI'0 mopra
IepeueHb KpuTEpUEB Baxxnocts kputepust | Bec kputepust
(1o yGbpIBaHUIO) B %
KoneyHast Touka JOCTaBKU Irpy3a 1 90
Db GEKTUBHOCTD MEPErpy30uHbIX MOLLHOCTE M 2 88
B03MOKXHOCTh 9KOHOMHU Ha OTIEPAIMOHHBIX pacxoaax 3 84
Yacrora pabOTHI CyIOB Ha JIMHUSX 4 80
Db dEeKTUBHOCTD MPOXOXKACHUS (HOPMATLHOCTE I 5 76
MecTomnoioxeHue rmopTa 6 74
3aTparhl Ha TOPTOBBIE COOPBI 7 70
O011Iee KOIMIECTBO TIPUIATIOB U TITyONHBI 8 66
Pasnoo6pasue yciayr 9 60
Yn06¢TBO Ha3eMHOM TPAaHCTIOPTUPOBKHU 10 58
Tnomanb COPTUPOBOYHBIX CTAHLIMIA 11 54
KanuTanbHble BIOXEHUsI B TEPMUHAIBI U CIIELUATbHbBIE KOMILIEKChI 12 52
KayecrtBo yciyr 13 50
B03MOXHOCTb KOOpAMHALIMKM COBMECTHOI pabOThI Cy10B 14 48
Hanuaue J1brot mopTa oTrpaBIeHUS 15 42

— COOTHOLIEHNE OIOIKETHBIX 1 BHEOIOIXKET-
HBIX ICTOYHUKOB B MHBECTULIMSIX B TEPMUHAITBI
1 TIOPTOBYIO MH(PACTPYKTYpY, pyo.— 1:2,5;

— IOJISI POCCUUMCKHMX BHEITHETOPTOBBIX
Ipy30B, TlepepadaThIBacMbIX B ITOPTaX COIIPE-
IeNbHBIX TocygapcTB (YKpanmHa, CTpaHBI
bantuun), B 00111eM 00bEME Ipy30B, Iepepada-
TBIBa€MBIX B TTOpTaX Poccru 1 coTtpeieTbHBIX
rOCyIapCTB: B HaUaJIbHOM Itepuojae — 5—10 %,
B 3aBepliuaroniem nepuomae — 4—5 %;

— MOBBIIeHNE 3(PHEKTUBHOCTH UCIIOIb30-
BaHUS Pa3IMYHBIX ITEPETPY30UHBIX KOMILUICK-
COB MOPCKUX ITOPTOB A0 ypoBHst 75—80 %.

MopcKue oTe4eCTBEHHBIC TTOPTHI Ha BCEX
bacceifHaxX CeromgHsI MCITBITBIBAIOT MOIITHOE
KOHKYPEHTHOE JaBJICHUE CO CTOPOHBI MOp-
CKUX TOPTOB COIIPeAeIbHBIX TOCYIapCTB,
OCOOCHHO TeX, Yepe3 TEPPUTOPHU KOTOPBIX
MIPOXOIAT TPAHCIIOPTHBIE MHTEPMOIATBHBIC
KOPHUIOPHI.

Poccuiickue mopTel ITOCTPOEHEI B OCHOB-
HOM B 60-X rofax MpoLUIOro CTOJETUSI U CE-
TOJIHSI MHOTHE U3 HUX HE OTBEYAIOT B ITOJTHOM
Mepe COBPEeMEHHBIM CTaHIapTaM rapaHTHUPO-
BaHHBIX TJIYOMH IMOIXOMHBIX KaHAJIOB, aKBa-
TOpuii, peiinoB u npuyagos. [Ipobiaema mno-
BBIIICHUSI KOHKYPEHTOCITOCOOHOCTH KPOETCS
emé M B MPOJMBHBIX 30HaX bamtuiickoro
n YEépHoro Mopeit, T0 KOTOPBIM ITPOXOIST
Han0oJiee MTHTEHCUBHEBIC TPY30II0TOKH B KPYII-
HeHIIne MOPCKHE MOPTHI CTpaHbL. [IpsMbIM
BBIXOIOM B OKeaH 00JIafaloT JIUIIb CEBEPHBIC
MMOPTHI (M3 HUX He3aMep3arolInii Tuirbs Myp-
MaHCK) U1 TopThI JlaabHEBOCTOUHOTO Oacceii-
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Ha, B CBSI3U C YeM MHOTrAa TpedyeTcs AuBep-
cuduKaIus MapipyToB.

K rexHnyeckuM mpuumHaM HU3KOI KOH-
KYyPEeHTOCIOCOOHOCTU OTEUYECTBEHHBIX MOP-
TOB MOXHO CMEJIO OTHECTU yCcTapeBllee
NOABEMHO-TPAHCIIOPTHOE 000pyIOBaHUE.
Hamnpumep, B mopToBbIX MH(MPACTPYKTYpax
YUCIUTCS 6—7 THICSY MOPTATbHBIX KPAHOB,
un3 Kotopeix 90 % ucuepraiu CBOi pecypc,
€XEeroHO Ha 3aMeHY MbI 3aKyIaeM okoJio 20
HOBBIX KPAHOB UMITOPTHOTO TTPOU3BOJICTBA.

OTCTalOT OTEYECTBEHHBIE TTOPTHI TaKXKe
B OCBO€HUU KOHTEWHEPHOIO rpy30moTo-
Ka — HauboJiee MPOTrpeccuBHON (hopMbI
MUPOBOI TOPTOBJM C IIUPOKUM aCCOPTH-
MEHTOM «I'py30TOBapOB». OTBIT MOKa3bIBa-
€T, UTO YKPYITHEHUE «TPY30BBIX €IUHUI»
U BHEJAPEHUE KOHTEWHEPHOU, MAaKETHOM,
POJIKEPHOW TEXHOJOTUI CHUXAeT TpaHC-
MOPTHBIE U3AEPKKHU 10 47 %.

OpnHako HanboJiee CyIeCTBEHHBIM HETOC-
TaTKOM OTEUYECTBEHHBIX MOPTOB SIBJISIETCS
cnabas Joructuueckass MUH@pacTpykrypa
JKEJIe3HOIOPOKHBIX M aBTOMOOWIIBHBIX ITO/Tb-
€3/10B K HUM, OTCTaBaHWE B HapalluBaHUU
MPOIMYCKHOM CITOCOOHOCTH Ha3eMHBIX TPAHC-
TMOPTHBIX KOMMYHUKAIMI OT MPOTYCKHOM
CMOCOOHOCTU TOPTOB.

CHUXeHUe KOHKYPEHTOCITOCOOHOCTH
MPOUCXOJUT TaKXKe U3-3a MPoOEJOB B 3aKO-
HOJAaTeIbHOU 0a3e 1Mo mMpodWIbHON MOPTO-
BOW JESITEIbHOCTH, 1O TEPPUTOPUATBHBIM
W UMYIIECTBEHHBIM OTHOIIEHUSM. BoJb-
IIMHCTBO POCCUMCKUX MOPTOB pacmoiararoT-
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Cs B UepTe TOpojaa, M IMMO3TOMY OTpaHUYEHBI
WM JIMIIEeHBl MePCIeKTUB AajJbHEeNUIIero
pa3BUTHSL.

K 3TOoMy MOXHO n100aBUTH OTCYTCTBUE
MpOoayMaHHOM, Hay4HO OOOCHOBAHHOM, TTPU-
CITOCOOJICHHO K PBIHKY ITOPTOBBIX YCIIYT Ta-
pudHON MOJUTUKU, obecreunBalolieil He
BBICOKYIO (M He KOHKYPEHTHYIO) TIIATy, a BBI-
COKYIO COOMpPaeMocCThb IIaT U cOOPOB 3a M-
POKUIA KoMITTeKC YeIIyT. CTpyKTypa ITOPTOBBIX
cOOpOB KaK CYIIECTBEHHBIN (DaKTOP KOHKY-
peHTOCIIOCOOHOCTU B (DUHAHCOBOI cdepe
MpU3BaHa OTPaXKaThb COCTOSHUE PBIHKA ITOP-
TOBBIX YCJIYT, ObITh T'MOKOIi, YTOOBI YYUTHIBATh
MecTHBIe yeiaoBus. CyqoXoaHble KOMITaHUH,
OIJIAYMBAIOIIME TTOPTOBBIC COOPHI, MTOJKHBI
MMETh BO3MOXXHOCTh MEPECMOTpa HempaBo-
MEPHBIX JTEWCTBUM, YTO B UTOTE MO3BOJSET
NePeKJTIOUUTh TPY30MOTOKM C COCETHUX MOP-
TOB, B TOM YHCJIC COIIPEACIBHBIX TOCYIapCTB,
Ha OTEYECTBEHHbIE KOHKYPEHTOCIIOCOOHBIE
TOPTHI.

MOPT «TPETbEr0» NOKOJIEHUSA
NHTepecHbIM pelieHueM MOXET CTaTh
KOMOMHAIIVS BCEX YETBIPEX BUIOB TPAHCIIOpTa
B arjioMepaluy OJHOIO MopTa, YTOObI Pe3KO
TIOBBICUTH €TI0 BOCTPEOOBAHHOCTH KaK TpaHC-
TIOPTHOTO y3J1a Y MHOTUX KOMITAaHUA.
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[eHepanbHBI TUPEKTOP MYJIBTUMOIATb-
Horo koMIiekca «Ycrb-Jlyra» Muxaun Epo-
eeB 3asIBUII CpaBHUTEJIBHO HegaBHO [13], 4To
CTpaHEe HY>XHbI TOPThI TPETHETO MOKOJEHUS:
«UIesI B TOM, YTOOBI CO3IaTh MOJTHOILIEHHBIMN
MYJIBTUMOJATbHBIN Xa0. UTo Takoe «IOoJHO-
LIEHHBIM»? MOpPCKOI MOPT €CTh, XKeJIe3HOA0-
pPOXHasi MarucTpaab U XKeJe3HOAOPOKHBIN
y3eJ1 KPYITHBIH €CTh, (heepabHast aBTOI0PO-
ra rnomBeJeHa, He XBaTaeT BO3Ayxa, YTOObI
B OTHOM MECTE COIIUTMCH YEThIPE BUAA TPAHC-
nopra. DTo yHUKanbHasa cutyauus. Hamn
a3pOITOPT OYAET IMEePBBIM CIICIIATU3UPOBAH -
HBIM IPY30BBIM a3POMOPTOM B CTPaHE».

B nipouiom roay, kak pacckasan M. Epo-
¢ees, 330 ThICSIY TOHH aBUMALIMOHHBIX TPY30B
npeaHazHavanoch a1 CeBepo-3anagHoTo
denepanbHoro okpyra. U3 Hux toabko 30
TBICSY MTPOXOAUT uepe3 asponopt [lynkoso,
a 300 Teicsty uayT MuMo. Yepes XeabCUHKU,
IMpubGantuky, naxe Ppankdypt, MOCKBY.
Ecnut MBI cyMeeM MepeopreHTHPOBATh aBHa-
Ipy3bI B BBITOTHOM JUTSI HAC HAITPABJICHUH, 3TO
OyzaeT oueHb O60JbLION MTPOpbIB. [ToTOM BO3-
HUKHYT BCEBO3MOXKHBIE 3KCIIPECC-TIOYTHI,
DHL, EMS, onepaTtopbl UHTEPHET-TOPrOBIN
M TaK Jajee — BCE OHU TOXKE 3aMHTEPECOBAHBI
B 3TOii muomaake. M, KoHeuyHO Xe, KpaliHe
3aMHTEPECOBaHbI B TPY30BOM a3pOTIOPTE OIle-
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PaTOPBI M IOTHCTBI, KOTOPBIE CMOTYT MCIIOJTb-
30BaTh MYJIBTUMOIAJIbHBIE BO3MOXKHOCTH
Verb-Jlyru 115t onTUMU3aL U CBOMX OM3HEC-
MPOIIECCOB.

CroJ1b IIpuBJIcKaTeIbHAsT KOMOMHAIIIS He
Takasl yK ¢paHTasus. Y He€, HaJao IoJjaraThb,
BITOJIHE peajibHas M OJIM3Kasl 110 BpeMEHH
nepcrnekTuBa. [NlaBHOe — YTOOBI paboTanu
CTUMYJIBI.

SAKJTIOMEHUE

Pa3BuTHe TpaHCTIOPTHOW CUCTEMBI CTpa-
HBI, B TOM YHCJIE €€ OMOPHBIX TOUEK — MOP-
CKMX MOPTOB, Bceraa OyaeT HeOOXOAUMbIM
YCJIIOBUEM peaan3allui WHHOBAIIMUOHHOU
MOJeM 9KOHOMUYecKoro pocta Poccuii-
ckoit Penepanuu. YIUTHIBass CIOXHOCTD
Y HAYYHYIO EMKOCTb MPOTPAMM MOJIEpPHU3a-
AU TPAHCIIOPTHOTO KOMIIJIEKCA U IOJITO-
CPOYHBIX 11eJIelf CTPAaTeTUX MOPCKOTO TPAHC-
nopTa, BEAOMCTBEHHBIMU IITA0aMU Mpeay-
CcMaTpUBaeTCs 3HAYUTEIbHasd MOAaepXkKKa
oTpacJjieBoro oopazoBaHus U HayKu. TpeOy-
I0TCSI CO3JIaHUE COBPEMEHHOW CHUCTEMBI
MOATOTOBKHY KaJpPOB LIS IOPTOBOM OTpaciu,
YCTAHOBJICHUE MTAPTHEPCKUX U JOTOBOPHBIX
OTHOUIEHU! MOPTOB C By3aMU U KOJUIEIXKAa-
MU, a B PyCJI€ 9TOr0 U TaKTUKaA MO3TAMHON
WHTErpaluy OTPacaeBbIX PHIHOYHBIX UHTE-
pecos.
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ABSTRACT

The problems of the activities of national
seaports and portlogistics, issues of intermodality
of transportation are considered. The discrepancy
between the world practice of the regime and the
procedures of operation of border checkpoints and
customs, the absence of generally accepted tax
and customs preferences abroad, including the
creation of port special economic zones, continues
to considerably influence transport and logistics
business activities. It is shown that the basis for
assessing the level of competitiveness in transport
is the transition of the profitability point from the

Keywords: economy, logistics, seaports, export,

competition, border checkpoints, customs.

Background. Port activity has always been a
strategic aspect for the economy of any maritime
state. Russian ports annually process between 60 %
and 80 % of foreign trade cargoes, and this is one of
the geopolitical factors that ensure the country’s
economic and foreign trade development [1]. As a
result of 2016, cargo turnover of domestic seaports
amounted to 721,9 million tons (Pic. 1) and by autumn
of 2017 it will continue to grow, with the volume of dry
cargo almost inferior to bulk cargo. In addition to
export (79 %), this includes cabotage ( 10 %), transit
(7 %) and import (4 %) transportation.

Today the seaport economy of Russia is more than
870 port complexes with the capacity of about 850
million tons, the length of berths is about 140 thousand
running meters. The technical loading and unloading
facilities, equipped with crane and other special
equipment, allow to handle about 10000 cars per day,
storage areas can provide for simultaneous storage of
up to 15 million tons of cargo, in seaports there are
over 260 stevedoring companies [2].

Objective. The objective of the authors is to
consider features of development of Russian
seaports.

processes of physical transportation or cargo
turnover to the area of transport and logistics
services. Accordingly, various systems of criteria
for the «attractiveness» of the seaport are applied.
An integral row of such indicators-criteria for
various conditions, goals and participants in the
transport process is proposed. Among the
prospects for development of seaports in the
European part of Russia, the authors emphasize
the option of combining all four modes of transport
in the agglomeration of one port, which can
dramatically increase its demand as an inter-
regional transport hub.

cargo transportation, intermodality, world market,

Methods. The authors use general scientific
methods, comparative analysis, graph construction,
economic assessment.

Results.

Growth of export components

The difficult economic situation did not allow
Russian ports to increase transshipment of cargoes
in 2015. However, in 2016 the situation changed,
cargo turnover increased by 6,7 %, and container
turnover — by 1,4 %.

According to the Association of Sea Trade Ports
at the beginning of autumn of 2017, cargo turnover
of Russian harbors will exceed by 9 % the same period
of last year (slightly more than 580 million tons). In
particular, the volume of dry cargo transshipment shall
reach 272 million tons (+9,3 %), liquid bulk —
transshipment will exceed 308 million tons (+8,8 % ).

Despite the increasing volume of transshipment
of imported goods, exports continue to occupy the
main share — about 77 % of the total freight traffic,
which is even 1,5 times higher than the volume of
transit through transit ports [9].

What are the components of growth? According
to the results of 2016-2017 agricultural year, Russian
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Pic. 1. Cargo turnover of Russian ports.
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grain exports amounted to 35,5 million tons, while the
head of the Ministry of Agriculture confirmed the
forecast for exports in 2017-2018 agricultural year at
40 million tons, of which 30 million — wheat [11].

Russian ports in the Baltic Sea are increasing their
cargo turnover by exporting coal and importing steel.
Virtually all harbors increased cargo turnover for 5
months of 2017 by 7 %, to 27,8 million tons [10].

Of course, a positive moment is the growth of
shipment of liquefied gas. The port of Ust-Luga in
January—-August 2017 increased the volume of
transshipment of liquefied hydrocarbon gas (LHG) by
17 % compared with the same period in 2016, while
the Black Sea port of Taman is the second Russian
port through which the country exports LHG, — loses
the freight flow. Russia is increasing exports of LHG
to Europe, where the price of this type of fuel is
growing, and reduces supplies to the Ukraine. And
Ust-Luga is a more convenient platform for
transshipment of gas in the European direction [10].

Speaker of the regional conference of the Valdai
Club, held in Singapore in December 2016, Tomo
Kikuti, Senior Researcher at the National University
of Singapore, highlighted the huge volume of imports
of liquid gas from Russia, which made it the fourth
country in terms of imports to the Japanese economy
[12].

Factors of infrastructure development

Ofthe many factors at different levels and scales,
geopolitical, economic, natural and climatic and other,
it seems appropriate to single out the role of new and
increasingly weighty factors of financial, economic,
regulatory, legislative and transport-logistic
perspectives. Let’s consider the impact of the most
relevant of them on the developing port infrastructure
of Russia.

The growing globalization of the economy, the
forthcoming development of all types of marine
activities, the growth in the volume of consumption of
resources (hydrocarbons in the first place) lead to an
increase in national and international demand for port
capacities and coastal infrastructure in the interests
of various departments and not only transport.
According to the International Association of Ports
and Harbors (IAPH), the crisis phenomena in the
sphere of sea transportation are coming to an end
and the trends of development of new cargo flows,
increase of freight turnover of ports and their
competitiveness come to the fore [4].

The next factor is a high level of loading of land
transport communications, which already do not
provide in some cases the required level of seaport
capacity and the quality of complex logistics services.
In the long term, this situation will be exacerbated by
the shortage of infrastructure resources on the
territories adjacent to the ports. In addition, this factor
can play a particularly restraining role, taking into
account the peculiarities of the geographical location
of domestic ports in individual regions because of
shallow depths, extended approach channels, ice
conditions and remoteness from the main directions
of world maritime transportation.

Equally important is the constant change in the
dynamics and structure of freight flows associated
with a number of economic factors, as well as with the
expansion and complexity of the transport services
market, which leads to the integration of all
components of the transport process, and with it the
development of transport (port infrastructure) of a
new type — commodity-transport, commodity-
warehouse, commodity distribution and other

complexes, which form certain transport-logistic
elements and the transport and logistics system as a
whole. For example, following the results of 2016 the
cargo flowwas distributed along the basins as follows:
Azov-Black Sea — 244; Baltic — 236,6; The Far East —
185,5; Arctic — 49,7; Caspian — 6,1 min tons [14].

The new transport and logistics paradigm, which
considers a seaport not as a transport node, but as a
center or a main element of the transport and logistics
distribution system as a part of transport (transit,
multimodal and other) corridors, leads to
reconstruction of the port infrastructure and
emergence of new concepts and objects: ports-hubs,
port clusters, dry ports, ports of logistics centers. And
an exit on this path can become a very significant
advantage in the developing sphere of international
transport and logistics relations.

Not only logistics

It is necessary to particularly name constraining
factors of system character which interfere with
development of port activity and reduce its competitive
ability:

— lack of effective interaction of the state with
private business in matters concerning port
infrastructure. In particular, we should mention the
circumstances that hamper its development, and first
of all the inconsistency of the terms, volumes and
directions of state investments within the subprograms
«Maritime transport», «Road transport», «Railway
transport», and the Federal target program
«Development of transport system of Russia (2010—-
2021)»;

— lack of a single system of operator companies
that coordinates the work of transport nodes, which
significantly reduces the quality of seaport services.
So, without operative access to the database of JSC
Russian Railways, the ports are deprived of the
opportunity to provide necessary information during
negotiations with cargo and ship-owners, while losing
business and partner attractiveness for clients;

— need to increase port capacity in proportional
symmetry with the carrying capacity and throughput
of road and rail approaches to ports. For example,
after the fall of the 1990s, the cargo turnover from the
Far Eastern ports increased many-fold, because this
was ensured by a certain margin of the capacity of the
railways. At the present stage, the growth prospects
of cargo transshipment are directly dependent on the
lagging behind in the implementation of reconstruction
plans for their subcontractors;

— high loading of the most dynamically developing
Far Eastern logistics route. The density of railway
traffic in the meridional direction in the Far East is
almost at the limit, which is confirmed by experts [11].

— discrepancy between the world practice of the
regime and the procedures for operation of border
checkpoints, customs, the lack of generally accepted
tax and customs preferences abroad, including
creation of port special economic zones.

The increase in cargo turnover of ports is
hampered by other difficulties, for example,
antimonopoly regulation of stevedoring activities and
all the inconveniences associated with the fact that
sea terminal operators are enlisted in the register of
natural monopoly subjects.

And, finally, we should note such a serious factor
of state influence on all aspects of the activities and
development of port infrastructure, as a condition,
the quantitative and qualitative composition of the
domestic transport fleet. The directly proportional
dependence of the fleet and ports, which cannot
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Table 1

Criteria of attractiveness in the assessment of the seaport

The list of criteria The importance The weight
of the criterion of the criterion in %
(in descending order)

Cargo delivery end point 1 90

Efficiency of handling capacities 2 88

Possibility of saving on operating expenses 3 84

Frequency of work of vessels on lines 4 80

Efficiency of passage of formalities 5 76

Port location 6 74

Costs for port charges 7 70

Total number of berths and depth 8 66

Variety of services 9 60

Convenience of land transportation 10 58

Area of marshalling yards 11 54

Capital investments in terminals and special complexes 12 52

Quality of services 13 50

Possibility of coordinating the joint work of ships 14 48

Availability of departure port benefits 15 42

develop separately, makes us consider this factor in
more detail.

Competitiveness criteria

The growth of globalization of the world economy
and foreign trade relations of Russia leads to an
increase in the number of participants in transport and
logistics processes and, ultimately, to an increase in
the role and importance of their competitiveness.

The competitive capacity in the context under
consideration means, first of all, the increase of port
capacities and cargo transshipment volumes, the
improvement of the quality of rendered services,
the reduction of the unit cost of transshipment of a
ton of cargo and the cost of ship calls in domestic
ports. It should also be noted that in the special
studies, scientific sources and worldwide practice
to date, there are no common principles,
approaches and a universal methodology for
assessing the competitiveness of seaports [6].
However, the basis of such an assessment in
transport is the transition of the profitability point
from the processes of physical transportation or
cargo turnover to the area of transport and logistics
services. For this purpose, various port
«attractiveness» criteria systems are used, not
single indicators of some production and labor
efforts are used, but a «balanced~» set of port
performance indicators in various planes, allowing
to control the factors influencing these indicators,
and notjust to track the results. And such an integral
evaluation row calculated by scientific methods can
turn out to be considerable ( 10-20 positions).

The system of indicators under consideration,
meanwhile, is designed to alleviate the problem of
«price-quality-time» that is difficult to be solved, since
one, as a rule, is done to the detriment of another.
With the optimal option, the seaport will be able to
more flexibly take into account the interests of
shippers, increase the proposed choice of solutions
and better use their competitive advantages in
accordance with the current realities in the market of
transport and logistics services.

For seaports, depending on many external and
internal factors, the list of competitiveness

indicators may vary. As a particular example [7],
Table 1 provides a possible list of criteria for
attractiveness, which, in our opinion, really affects
the shipper when deciding on the choice of the port.

In the process of solving strategic problems the
set parameters (criteria) of competitiveness are
usually accepted. So, in the strategy of development
of the sea port infrastructure of Russia (the main
developer of «<Rosmorport») the following basic
indicators of the competitiveness of domestic ports
are given for the perspective prospect up to 2030:

— ratio of budgetary and extra budgetary
sources in investments in terminals and port
infrastructure, rubles — 1:2,5;

— share of Russian foreign trade cargo handled
at the ports of neighboring countries (the Ukraine,
the Baltic countries), in the total volume of cargo
handled at the ports of Russia and neighboring
countries in the initial period — 5-10 %, in the final
period — 4-5 %;

— increase in the use of various reloading
complexes of seaports to a level of 75-80 %.

Sea domestic ports in all basins today are
experiencing a powerful competitive pressure from
the seaports of neighboring countries, especially
those through which the transport intermodal
corridors pass.

Russian ports were built mainly in the 60s of the
last century and today many of them do not fully meet
modern standards of guaranteed depths of approach
channels, water areas, raids and berths. The
problem of increasing competitiveness lies also in
the strait zones of the Baltic and Black Seas, through
which the most intensive cargo flows pass to the
country’s largest seaports, only the freezing northern
ports (of which Murmansk port only is not a freezing
one) and ports of the Far Eastern Basin have direct
access to the ocean, in connection with which,
diversification of routes is sometimes required.

To technical reasons of low competitiveness of
domestic ports, one can safely attribute the
obsolete transport equipment. For example, in port
infrastructure there are 6-7 thousand gantry
cranes, of which 90 % have exhausted their
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resources, annually for replacement we purchase
about 20 new cranes of imported production.

Domestic ports are also lagging behind in the
development of container cargo flow — the most
progressive form of world trade with a wide range of
«goods». Experience shows that the enlargement of
«cargo units» and the introduction of container,
package, and ro-ro technology reduce transport costs
to 47 %.

However, the most significant drawback of
domestic ports is the weak logistics infrastructure of
rail and road access to them, a lag in increasing the
capacity of land transport communications from the
capacity of ports.

The decrease in competitiveness is also due to
gaps in the legislative framework for profile port
activities, territorial and property relations. Most of the
Russian ports are located in the city, and therefore are
limited or deprived of the prospects for further
development.

To this can be added the lack of a well-thought-out,
scientifically grounded, tariff-oriented tariff policy that
provides not high (and not competitive) fees, but a high
collection of fees and charges for a wide range of
services. The structure of port charges as an essential
factor of financial competitiveness is intended to reflect
the state of the market of port services, to be flexible
in order to take into account local conditions. Shipping
companies that pay port fees should have the
opportunity to review illegal actions, which in the end
allows you to switch cargo flows from neighboring
ports, including neighboring countries, to domestic
competitive ports.

Port of the «third» generation

An interesting solution may be a combination of
all four modes of transport in the agglomeration of a
single port to dramatically increase its demand as a
transport node for many companies.

Mikhail Erofeev, the general director of the Ust-
Luga multimodal complex, said relatively recently
[13] that the country needs third-generation ports:
«The idea is to create a full multimodal hub. What is
«full»? There is a seaport, a railway and a railway
junction are large, the federal highway has been put
in, there is not enough air to bring together four types
of transport in one place. This is a unique situation.
Our airport will be the first specialized cargo airport
in the country».

Lastyear, the general director said, 330 thousand
tons of aviation cargo was destined for the North-
West Federal District. Of these, only 30000 pass
through Pulkovo airport, and 300 000 go by through
Helsinki, the Baltic states, even Frankfurt, Moscow.
If we manage to re-orient air cargo in a direction that
is advantageous for us, it will be a very big
breakthrough. Then there will be all kinds of express
mail, DHL, EMS, operators of Internet trading and so
on — all of them are also interested in this site. And,
of course, operators and logisticians who are able
to use Ust-Luga’s multimodal capabilities to optimize
their business processes are extremely interested
in cargo airport.

Such an attractive combination is not such a
fantasy. It, it must be assumed, is a very real and
close-in-time prospect. The main thing is that
incentives work.

Conclusion. The development of the country’s
transport system, including its anchor points —
seaports, will always be a prerequisite for the
implementation of an innovative model of the
Russian Federation’s economic growth. Taking into
account the complexity and scientific capacity of
the modernization programs of the transport
complex and the long-term goals of the sea
transport strategy, the sector public administration
provides for considerable support for sectoral
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education and science. It requires the creation of
a modern system of training personnel for the port
industry, the establishment of partnership and
contractual relations of ports with universities and
colleges, and in line with this, and the tactics of
step-by-step integration of sectoral market
interests.
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On Improvement of Planning of Stocks
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AKTyasibHOCTb CTaTb 060CHOBBIBAETCS
HeobxoAnMOCTbIO yriy6/1eHHbIX TeOPEeTUKO-
NPUKAagHbIX UCClIe40BaHN, CBA3aHHbIX

C co3agaHneM KOMIIeKCHOM CUCTEMbI
naaHNUPOBaHUS U KOHTPOJIJINHIa PEeCYpPCOB,
COBEepLIeHCTBOBaHNEM MaTepunasibHO-
TeXHN4Y€eCKOro cHabxeHus npeanpusaTyii
Jxene3Hbix gopor. O6beKToM u 061acTbio
unccnenoBaHus siBiSeTcs nogcucTtema
MarepuasibHO-TEXHNYECKOro CHabxeHus Ha
nonuroHe KyiibbiLeBCKoIi xxene3Hoii goporun

B CUCTEeMe 3KOHOMUYECKOro MeHeA)XKMeHTa
OAO «PXX». lMpu aTOM AAEeMOHCTPUpPyeTCs
yny4uweHHasi MeToauka pac4éta HopmaTuea
NpPOn3BOACTBEHHbIX 3arnacoB, KOTOPas UCK/IloYaeT
Heob60CHOBaHHbIe AeLeHTPan30BaHHbIe 3aKyMnKu,
CHWXKaeT coaepXaHue 3anacoB MaTepuasibHo-
TeXHUYECKNX PEeCYPCOB, IKCIJTyaTaLUOHHbIE
pacxoAbl Ha COMyTCTBYIOLLUE MOCTaBKN
TOBapHO-MaTepunasbHbIX LeHHOCTel, a TaKkxke
3KcrnyaTaLunoHHbIe, aMOPTU3aLNOHHbIe

UM HaJIOroBble PacxoAbl PErnoHasbHbIX
otaenos CaMapcKo AUpeKLUu MaTepuasibHo-
TEeXHUYECKOro obecre4eHus.

Knto4eBble cnoBa: xene3Hasi 4opora, MarepuasibHo-
TEXHU4YecKoe cCHabXeHue, niaHnpoBaHne, MeToanka
pacyéta Hopmarmsa rpon3BOLACTBEHHbIX 3aMacos,
BHYTPUOTPACEBbLIE PE3EPBbI, INMUTbLI PACXOL0B,
9KOHOMUMYeckasi 3¢pPeKkTUBHOCTb.
|

® MWP TPAHCIOPTA, Tom 15,

O coBepLUEeHCTBOBAHUM
nJiaHMpoBaHUs 3anacos
MaTepuasibHO-TEXHNYECKUX
pecypcoB

Baaenmeiinux Arexcandp Ipuzopvesuyn — kanouoam
MexXHU4ecKux HayK, 0ouerm Kageopsl SKOHOMUKU

u noeucmuru Ha mparcnopme Camapckoeo
20cy0apcmeenHo20 yHueepcumema nymeii coooujeHus
(CamIYIIC), Camapa, Poccus.

beaxonckuii Baadumup Baadumuposuu — acnupanm
Kageopvt SKOHOMUKYU U N02UCIUKY HA MPAHCROpMe
Camapckoeo eocyoapcmeenoeo yHugepcumema nymei
coobwenusi (Caml'YIIC), Camapa, Poccus.

€JIb CUCTEMbI MaTepUATbHO-TEXHU -

YECKOTr0 CHAOXEHUS MPEANPUITUS

3aKJII0OYAETCSI B CBOEBPEMEHHOM
U MOJIHOM YAOBJIETBOPEHUU MOTPEOHOCTU
€ro MoApa3ae/IeHU B JOCTUXEHUN S3KOHO-
MUYECKOW YCTOMYUBOCTHU, CTAOUIBHOM
(GYHKIIMOHUPOBAHUU DKOHOMUYECKUX
U IPOU3BOACTBEHHBIX TTpoLeccoB [1].

Mg obecrieueHus: decrnepeOOiHON pa-
OOTBI >KEJIE3HBIX TOPOT B OTAEJIbHBIX X035 1i-
cTBax (MyTu, 2MeKTpUUKAINN, TOKOMO-
TUBHOM U TIP.) CO3[AI0TCsI aBapUIHO-BOC-
CTAHOBUTEJIbHBIE 3amachl. JlemapTaMeHThI
OAO «PXK]I» ¢c yaéToM crienin KU IesITeIIb-
HOCTU OTPACJIEBBIX XO351CTB MOTYT (hOPMHU -
pOBaTh U APYTHe BUABI 3aM1aCOB: MOKMUJIOME-
TPOBBIN, TEXHOJOTUYECKU U, HECHUXXAEMBI
WU T.I.

CyMMa BCex 3armacoB HE MOXET MPEBbI-
1IaTh HOPMY NPOU3BOACTBEHHOTO 3araca.

IIpu onpenesieHUU HOPM MPOU3BOACT-
BEHHBIX 3aI1aCOB UCMOJIB3YIOTCS Pa3JINYHbIE
aJTOPUTMBI pacyéTa B 3aBUCUMOCTHU OT
¢dopMbl cHaOXeHUsI, KATETOPUHU 3aIacoB,
YPOBHSI UX arperanuu (MpearnpusiTue, 10po-
ra, IMPEKINs U T.11.).

OTBETCTBEHHOCTH M KOHTPOJIb 1O TTOBO-
Iy COOJIIOAEHUS YCTAHOBJIEHHBIX HOPM
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MPOU3BOICTBEHHBIX 3aI1aCOB HECYT PYKOBO-
JUTENU TOoJApa3ieeHUA Ha BCEX YPOBHSIX
ynpaBiaeHus. s aHanu3a cCUTyalluu UC-
MOJIb3YIOTCS TaHHbIE OMePaTUBHOIO y4yéTa
U OyXraaTepcKoi OTYETHOCTH.

l.

Texymuii ypoBeHb 3a1acOB H3Ty, BbIpa-
JKEHHBII B Mecs11aX UX MPOU3BOJCTBEHHOTO
MOTpeOJeHUSs, pAaCCUUTBIBAETCS MO (popMmy-
Je:
3 = 113, -A3

Y I) 2

MTp

(1

rae 13— BeaMyMHa 3amacos IO J0pore
(oTHeneHuIo, IPEANPUITHIO) Ha KOHEIl OTYET-
Horo Tepuoaa (mpuHumaetcs mo ¢popme Ne 1
«byxranrepckuii 6ananc», pasaen I «O6opoT-
HbIC aKTUBBI», cTpoka 211 «CsIpbe, MaTepua-
JIbl U IPYTde€ aHaJOTMYHbIC LIEHHOCTU»);
A3 — aBapuiiHO-BOCCTAHOBUTEIbHBIC, TEXHO-
Jornyeckue 3anacer; P — cpenHemecsaHblit
pacxoll MaTepuaJbHBIX PeCypcoB (TOILUIMBO
¥ MaTepuabl) B OTYETHOM Tiepuone [5].
Cienyer 3aMeTUTh, YTO METOAMKA pac-
y€Ta HOpMaTHBa IIPOU3BOJICTBEHHBIX 3arla-
COB, YTBEPXKIEHHAST PACITOPSIKECHUEM PYKO-
BoactBa OAO «PX» ot 05.10.2006 roma
Ne 2007p, Ha TpaKTUKe OKa3anach HE BIOJI-
He a(pdexTuBHoOI [3]. [IMaHOBasg BelnunHa
3aI1aCOB MaTepUAIbHO-TEXHUUECKUX PECyp-
coB (M3) B cTOMMOCTHOM BBIpaKeHUU
onpenessieTcs OIOIXETOM AUPEKLIUU Ha
IUIAHUPYEMBIi1 TIEPUOJT UCXOST U3 KOHTPOJIb-
HBIX TTapaMETPOB:
M3 =113 + OB3, )
riae 13 — mpou3BOACTBEHHBIE 3aI1achl MaTe -
PUATBHO-TEXHUYECKHUX PECYPCOB, MpeaHa-
3HAYCHHbIE JIJIsI UCITOJIb30BAaHMSI ITPU BBITIOJI -
HEHUU MIaHOBOTO 00bEMa padot; OB3 — oT-
JleJIbHbIE BUBI 3al1acOB JJIsI 00eCceYeHus
HOpMaJIbHOM pabOTHl MPU HACTYILICHUU
OMpeaeAEHHBIX COOBITUI, CITOCOOHBIX MPHU-
BECTU K CPBIBY BBITIOJIHEHUS TPOTpaMMBI [ 3].
[TnanMpoBaHue MPOM3BOJACTBEHHBIX 3a-
I1acOB IIPOU3BOIUTCS MCXOMIST U3 TIJIAHOBBIX
3aTpar I10 JIEMEHTAM «MaTepUabl» U «TOII-
JIMBO» 1 YTBEPXKIEHHOIO HOPMAaTHBa 3aI1aCOB.
TonoBoii mokaszaTesib paCCYUTHIBACTCS 10
dopmyne:
13 = VII3 « MT, (3)
rae Y113 — ypoBeHb 3amacoB, BbIpaXKEHHbBIN
B Mecslax (IHSX) UX ITPOU3BOICTBEHHOTO
TOTPeOICHMS (OTIPEIESIeTCS KOHTPOJIBHBIMU
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rmapaMeTpaMu TOJ0BOTO OOKeTa JIIST IIEHT-
PpaIbHOM TUPEeKINY MHPPACTPYKTYPHI 1 ] -
(epeHIMpyeTCs 10 BCEM CTPYKTYPHBIM T10-
npasgeneHusim); MT — cpenHeMecsUHBI
(cpeaHenHEBHOI) pacxol MaTepuaaoB U TO-
TUIMBA, PACCUMTAHHBIN MCXOISI U3 CYMMBI
YTBEPXKIEHHBIX TOMTOBBIM OIOMXKETOM 3aTpaT
T10 2JIEMEHTaM «MaTepHaJIbl» U «TOTLJINBOY.

B croumocTHOM BhipaxxeHuu I13 oTpaxa-
J0TCsI B OI0/KETe 3a1acoB M 3aKYIOK B Kaue-
CTBE IMoKa3aTesisi «<HOPMaTUB 3aracoB JJIs
MPOM3BOJICTBEHHOTO TIpoliecca». B TeueHue
roga BenmunHa [13 MOXeT U3MEHUTHCS TOJTb-
KO B CJIyuyae KOPPEKTUPOBKHU TOJOBOTO OO/~
JKeTa B YaCTH 3aTpaT Ha MaTepUasIbl U TOTLTU -
BO [3].

YcoBepllleHCTBOBaHME METOJIMKM pac-
yéra HopMaTHUBa ITPOU3BOICTBEHHBIX 3arla-
COB TIpearoJiaraeT pasjesieHue o0IIero
rmokasarteJisi Ha IBa OTJAeTbHO KOHTPOJUPY-
€MBbIX TIOKa3aTeJs:

a) I13, — MpOM3BOACTBEHHbIE 3aMachl
C HOBBIMU MaTepHuaJbHBIMU LIEHHOCTSIMHU,
paccuuThIiBaeMeble 1o hopmyrie:

M3,=VII3 « MT,, (4)

rae MT, — cpeaHeMeCAYHBII (CPEeIHETHEB-
HOIT) pacXoJ MaTepUaoB U TOTIJINBA UCXOIS
U3 CYMMBI YyTBEPKAEHHBIX TOAOBBIM OO 1Ke-
TOM 3aTpaT Ha HOBbIE 3aKYIMKHU MO 2JIeMEH-
TaM «MaTepUaIbl» U «TOTLIMBOY»;

0) 1'[3CTp — INPOU3BOJACTBEHHbIE 3aIachl,
co3llaBaeMble CTapOTOAHBIMU MaTepUalb-
HBIMU LIEHHOCTSIMU:

M3, = VI3 + MT (5)

rae MTCTp — CpeHEMECSIUHbIN (CpeHEeIHEeB-
HOIi) pacxoll MaTepuaaoB MOBTOPHOTO UC-
MOJb30BaHUS (CTApPOTOMHbBIX), paCCUUTAH-
HBI UCXOIS U3 CYMMBI YTBEPKIEHHBIX TO-
MOBBIM OIOMXETOM 3aTpaT Ha CIHUCaHUE
MaTepuaaoB MOBTOPHOTO UCITOJb30BaHUS
10 3JIEMEHTY «MaTepUAaIbl».

OO6GOOIIEHHBII HOPMATUB MPOU3BOACT-
BEHHBIX 3aITaCOB HAXOIUTCH IO hopmyJie:

M3, =T3, + M3 (6)

rae [13  — 0606IEHHBI HOPMATHUB MTPOU3-
BOJICTBEHHBIX 3aI1aCOB.

Pacu€r HopMaTuBa TTPOM3BOJACTBEHHBIX
3anacoB Ha mpuMepe KyiObllieBCKOW u-
peKimy MHGPACTPYKTYPHI 11O JaHHBIM 0101 -
xeta 2013 roga 6e3 yuéTa mpeajiaraeMbixX
U3MEHEHU:

crp?

crp?
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MaTepuanbHO-TEXHUYECKUX PECYPCOB



I3 = VII3 « MT = 1,5 mecsua (45 nHeii) ©
1825 mutH py6. / 12 (365 nHeit) = 228 MitH pyo.
Pacuy€r HopMaTuBa TPOU3BOJACTBEHHBIX
3aMacoB Ha MaTepuaJbl, 3aKylnaeMble HOBBI-
MU LIEHHOCTSIMU, C YYETOM TIpeIaraeMbIxX
U3MEHEHU:
I3, =VYII3 « MT, = 1,5 mecsaua (45 nneit)
1579 Mau py6. / 12 (365 nHeit) =
197,5 MuH pyo.
HopmaTuB pon3BOICTBEHHBIX 3aI1aCOB
Ha CTapOTOJHbIE MAaTePUAJIbI:

1'[3CTp = VII3 - MTCTp = 1,5 mecsgna
(45 nueit) * 136 mutH py0. / 12 (365 nHeit) =
17,1 maH pyo.

OO0t HOpMaTHB ITPON3BOJACTBEHHBIX
3aracoB:
n3 =113, + H?’m = 197,5 + 17,1 =
214 MiH pyo.

ITonydyeHHBIN 00N HOpMATUB OoJiee
KOPPEKTHO OTpakaeT HeOOXOIUMOCTh B CO-
JIep>KaHUM 3aITacoB U ITO3BOJISICT 9KOHOMUTH
1 % cpencTB OT NpeaHa3HAYEHHBIX IS 3a-
KYIIKH HOBBIX MaTepUaJbHEIX PECYpCOB
B CBSI3U C COKpallleHeM 00bEMa 3aImacoB Ha
ckJamax Ha 6,5 %.

IIpemraraeMplii BApMaHT IMOBBICUT IIPO3-
pavHOCTh HOPMHUPOBAHUS TTPON3BOICTBEH-
HBIX 3aI1acOB, MMOBJMSIET Ha IUITAaHUPOBAHUE
BOBJICUCHMSI 3aITaCOB B IIPOU3BOICTBEHHBIM
IIPOIIeCcC, B TOM YKCJIe HEIUKBUIHBIX U HE-
XOIIOBBIX, U KaK CJIEACTBHE ITOMOXKET YIOB-
JICTBOPEHUIO MOTPEOHOCTE 3aKa3YMKOB
B MaTepuajiaXx COBOKYITHOCTBIO ITOCTaBOK IO
3asiBKaM, ITOATOTOBJICHHBIM C YYETOM ILIa-
HOB BOBJICUCHUS 3aI1aCOB CO CKJIAJOB IO -
pa3neneHuin.

JlaHHOeE peleHre CTAHOBUTCSI OMHUM M3
daxTOpOB peanu3ald UMEIOIIUXCS BHY-
TPUOTPACIIEBBIX PE3EPBOB IIJIsI TOBBIIIICHUS
3(OEKTUBHOCTH MMOICUCTEMBI MaTepUallb-
Ho-TexHn4eckoro cHaoxkeHuss OAO «PXK]]».

Il.

I[lnanupoBaHue 00bEMaA MaTepUaaIbHO-
TEXHUYECKUX PECYPCOB Ha JIMHEWHBIX TP/ -
MPUSTUSIX WM B UX lleXaX, Ha HaIl B3TJIS,
11eJ1eCO00Pa3HO TTPOU3BOAUTH IO METONKE
I*. 4. Koxerunoit u JI. M. Cunmitsl [4]. CHa0-
JKeHUE 11eXO0B M JIMHEWHBIX TIPEeNTPUSITUI
(BaroHHbBIE ¥ TOKOMOTHUBHBIE JIETIO, TUCTaH-
WU TTyTH, JIEKTPOCHAOXKEHUS U T.]I.) MaTe-
puajlaMu CJIeyeT OCYIIECTBIISITh B ITOJTHOM
COOTBETCTBUU C YCTAHOBJICHHBIMU JIMMUTAMU
pacxomoB U OCOOEHHOCTSIMY TTPOU3BOJICTBA.
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ITocnenHue yuuThIBalOTCSl TIpU pa3padboTKe
rpacuKOB MMoja4, Ha OCHOBE KOTOPBIX MaTe-
puajbl 10CTaBISIOTCS B Liexa. JIMMUT 3anacoB
YCTaHaBJIMBAETCSI UCXO/ISI U3 MPOU3BOACTBEH -
HOM MporpaMMbl 1iexa U crieuu@uiumupoBaH-
HBIX HOPM pacxoja.

Pacuér numuTa npousBoauTcs mno ¢op-
myJie:

A=P+P__+H -0, 7

rae JI — TMMUT HOMEHKJIATypbl TPOAYKIIUY;

P — motpeOHOCTH 11exa B MaTepraiax ajist
BBITMTOJIHEHU S TIPOU3BOACTBEHHON TpOrpam-
MBI;

P, — MOTpeGHOCTD lieXa B MaTepuagax
JUTSE U3MEHEHUSI He3aBEPIIEHHOTO MPOU3-
BOJCTBa (+ yBeJIMUEHUE, — YMEHBIIECHUE);

H, — HopMaTHB 11eX0BOTro 3amaca JaHHOM
MPOAYKIIUHU;

O — pacy€THBI OXMAAEMBbINl OCTAaTOK
NpOAYKIMHU B 1IeXe Ha Hayajlo MJIaHOBOrO
nepuona [4].

Pacuét BhINTONHSETCS B HaTypaJbHbBIX
noka3zareysix. [lorpe6GHOCTh B MaTepuanax
JUJIS1 BBITIOJTHEHUSI IPOU3BOACTBEHHOTO 3a/1a-
HUS OTpeaessieTcss MyTéM YMHOXEHUS MPo-
rpaMMBbl TIPOU3BOACTBA Ha HOPMBI pacxoja
10 COOTBETCTBYIOIIUM U3AEIUSIM. TakuM xke
00pa3oM pacCUMTHIBAETCS MOTPEOHOCTh B Ma-
Tepuasax J1js U3MEHEHUs He3aBEepIIEHHOTO
MPOU3BOACTBA, T.€. IyTEM YMHOXEHUS MPO-
W3BOJCTBEHHBIX HOPM pacxoja Ha U3MEHe-
HHUE MPOrpaMMbl HE3aBEPIIEHHOTO MPOU3-
BOJICTBA B IIJITAHOBOM TEPUO/IE.

LlexoBoii 3anac ornpeznensieTcsi B HE0OX0-
JUMBIX CJIy4asiX U 3aBUCUT OT BEJIUYMHBI
NapTUU MPONYKIIUU, JOCTABISIEMON B LieX,
CPEIHECYTOUYHOTO €€ pacxoja, a TaKXe OT
LUKJIUYHOCTUA MPOU3BOACTBA.

Pacu€THbIN oXugaeMblii OCTaTOK MaTe-
pUAJIbHBIX PECYPCOB B LI€Xe HAXOAUTCS IO
pe3yabpTaTam paboTHI LieXa B IEPUOJIE, MTPE/ -
LIECTBYIOIIEM IJTAHOBOMY:

0=0,+B,— (P +P +P_  +P)E®

roe O . dakTUYEeCKUii OCTAaTOK Ha MepBOe
YUCJIO MO JAaHHBIM MHBEHTApU3aLUU WU
OyXraJTepcKoro y4yera;

B, — KoanyecTBO OTMYIICHHBIX LEXy
MaTepUuasoB 3a BECh EPUOJ;

P, — dbakTiyeckuit pacxol Ha OCHOBHOE
MPOU3BOMICTBO;

P, — dbakTuyecKkuii pacxoa Ha pEMOHT-
HO-32KCIUTyaTallMOHHBIE HYXXbI;

BaneHtenuuk A. ., BenkoHckuin B. B. O coBepLUEHCTEOBaHUN MJIAHUPOBAHNS 3anacoe
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P .  — bakTryeckuil pacxoi Ha U3MEHe-
HY€ He3aBEPIIEHHOTO MPOU3BOICTBA;

P, — pacxoxn Ha Opak (0hOpMICHHbIN
AKTOM CIUCAHUS).

daxkTryeckunit pacxoa Ha OCHOBHOE TTPO-
WU3BOJICTBO U PEMOHTHO-2KCIUTyaTallUOHHbIE
HYXIIBI PACCUMTBIBACTCS ITyTEM YMHOXEHMS
(axkTueckux o0bEMOB pabOT Ha 1€ CTBYIO-
1yMe B JaHHOM IepuoJe HOPMBI pacxona
MaTepuabHBIX pecypcoB [4].

B pesynbrate BHenpeHuUs mpeajiaraeMbix
U3MEHEHUIA:

* BBIPACTET:

— 9 GEKTUBHOCTH IJTAHUPOBAHMS ITOCTA-
BOK MaTepUATIbHO-TEXHUYECKUX PECYPCOB,

— 2(hbEeKTUBHOCTD KOHTPOJISI CoepKa-
HUs 3aI1acOB TOBapHO-MaTepPUabHBIX 1IeH-
HOCTeil B HOpMaTUBax,

— NPO3PavyHOCTh HOPMUPOBAHUS TPOU3-
BOJICTBEHHBIX 3aI1aCOB;

* CHU3STCS:

— coepXaHue 3alacoB TOBapHO-MaTe-
pUaJBHBIX PECYPCOB, B TOM UYMUCJE: HEJIUK-
BUJIHBIX M HEXOJIOBBIX,

— DKCIUTyaTallMOHHbIE PACXOJbl AUPEK-
I TI0 COTTYTCTBYIOIIMM ITOCTaBKaM TOBap-
HO-MaTepUaJIbHBIX LIEHHOCTEI.

ITpu mnaHMpOBaHUM TTPOU3BOICTBEHHBIX
3aMacoB HEOOXOAUMO TaKXKe YUYUTHIBATh, YTO
MEXIYHApOIHBIMU U OTEYECTBEHHBIMU OYX-
TAITEPCKUMMU PETYISITOPAMU PEKOMEHI0BAHO
K MCTIOJIb30BaHUIO HECKOIBKO METOJIOB YUETA
3aracoB. [Ipouenypa UMPKYISIAN BIOXEHUI
B 3aI1achl OMUCHIBAETCS CIEAYIONIEN 3aBUCH -
MOCTBIO [6]:

Inv, + SPL = COGS + Inv, )
e Inv, — 3amacel Ha HaYasIo rnepuoza (BXo-
HBIE 3amachl); Inv, — 3amachl Ha KOHEII
nepuoja (BbIXoaHbIe 3anackl); SPL — moctyr-
JIEHUE ChIpbsl U MaTepUaJiOB 3a MEPUON;
COGS — cebecTouMMOCTh MPOIYKIIUU.

W3 npuBenéHHOTO OanaHca CleayeT, YTo
OJIHA U Ta Xe cyMMa (IpaBasi 4YacTb BbIpaxe-
HUS) pacmpenesisieTcs Kak Ha ce0ecTou-
MOCTb, TaK U BBIXOJHBIE 3amachkl. B mpakTu-
YeCKOU NeITeTbHOCTU UCTIOIb3YIOTCS CIEIy -
IOL[€ METOJIbI:

* 110 ce0ECTOMMOCTH KaXX0W €IUHULIBI;

* cpenHel ce0ecTOUMOCTH;

* 110 ce0EeCTOMMOCTH TMEePBBIX IO BpeMe-
HU TTPUOOPETeHUsI MaTepUATbHO-TIPOU3BO/I -
cTBeHHbIX 3amnacoB (cnocob FIFO);

* 110 ce0eCTOMMOCTH TTOCIEAHUX 10 Bpe-
MEHU TPUOOPETEHUSI MaTepUaTbHO-TTPOU3-
BOACTBEHHBIX 3anacoB (cnmocod LIFO).

Bri6op MeTona CyIIeCTBEHHO BJIMSIET Ha
¢duHaHcoBbIe pe3ysbrathl. Tak, metoq FIFO
o0ecrieynBaeT OTHOCUTEIbHO OOJbIINKI
MPUPOCT aBAaHCUPOBAHHOTO KamwuTaia,
JIydlIde 3HauyeHMs ToKasaTeJjieid peHTa-
o6enbHOoCTU. [IpumeHeHue xe metoaa LIFO
MMPUBOAUT K 3aHUKEHHOM OILIEHKE MPOM3-
BOJICTBEHHBIX 3aI1aCOB 1 K MEHbIIIeil BEIN-
yuHe nmpuosLn. Ho cienyeT 3aMeTUTh, 4TO
B YCJIOBUSIX MHQJISIINK, XapaKTePHOMW IS
HacTosero spemeHu, meroauka LIFO
HauboJiee TIPeNNOYTUTENIbHA, TaK KaK Be-
JIMYMHA YIUTAYMBAaeMOIr0 Hajiora MEHbIIIe,
U B CBSI3U C 3TUM OOJIbIIIee KOJUIECTBO
CPEeICTB OCTAETCS Y MIPEeATIPUSATHSA.

MeTo/bI OLIEHKH MOTYT IIPUMEHSITHCST KaK
OIHOKPATHO T10 3aBEPIIEHUIO OTYETHOTO TIe-
pyoja, Tak 1 TIepMaHEeHTHO, TO €CTh 110 MepPe
OTIIYCKa 3aI1aCOB B IIPOU3BOACTBO [6]. Tem He
MEeHee BOIPOC €lIE B TOM, HACKOJIBKO JI00bIe
KOPPEKIIMU B pacuérax M MmoKa3aTeJIssx OyayT
OTBEYaTh MPEBATUPYIOIINM 00CTOSITEIbCTBAM
OTPacJIeBOTO PbIHKA U PA3yMHOW TAKTUYECKOM
TMOKOCTH MPEATIPUSTHS.
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ON IMPROVEMENT OF PLANNING OF STOCKS OF MATERIAL AND TECHNICAL

RESOURCES
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Belkonsky, Vladimir V., Samara State Transport University, Samara, Russia.

ABSTRACT

The relevance of the article is justified by the need
forin-depth theoretical and applied research related
to creation of an integrated system for planning and
controlling of resources, improvement of the material
and technical supply of railway enterprises. The
object and area of research is the subsystem of
material-technical supply at the operating domain of
Kuibyshev Railway in the system of economic

management of JSC Russian Railways. At the same
time, the improved methodology for calculating the
standard of production stocks is demonstrated,
which excludes unreasonable decentralized
purchases, reduces maintenance of inventories,
operational costs of accompanying supplies of
material assets, as well as operational, depreciation
and tax expenses of the regional departments of
Samara Directorate of Material-Technical Supply.

Keywords: railway, material and technical supply, planning, methodology for calculating the standard of
production stocks, intra-industry reserves, spending limits, economic efficiency.

Background. The purpose of the system of material and
technical supply of the enterprise is to timely and fully meet
the needs of its units in achieving economic stability, stable
functioning of economic and production processes [1].

To ensure the smooth operation of railways in certain
sectors of the economy (track, electrification, locomotive,
etc.), emergency recovery stocks are created. Departments
of JSC Russian Railways, taking into account the specifics
of the activities of the sectoral economies, can also form
other types of reserves: kilometer-based, technological,
irreversible, etc.

The sum of all stocks cannot exceed the standard of
the production stock.

In determining the standards of production stocks,
various calculation algorithms are used, depending on the
form of supply, the category of reserves, the level of their
aggregation (enterprise, road, directorate, etc.).

Responsibility and control over observance of
established standards of production reserves are borne by
the heads of departments at all levels of management. For
the analysis of the situation, the data of operational
accounting and financial statements are used.

Objective. The objective of the authors is to consider
the method for improvement of planning in terms of stock of
material and technical resources.

Methods. The authors use general scientific methods,
mathematical calculations, economic methods, comparative
analysis.

Results.

I

The current level of stocks PS_, expressed in months of

their production consumption, is calculated by the formula:

_PS, -ES
o T C i

mtr

PS (1)

where PS_ - the amount of stocks on the road (branch,
enterprise)p at the end of the reporting period (taken under
form No. 1 «Balance Sheet», Section Il «Current Assets», line
211 «Raw materials, materials and other similar values»);
ES - emergency-recovery, technological stocks; C_, -
average monthly consumption of material resources (fuel and
materials) in the reporting period [5].

It should be noted that the methodology for calculating
the standard of production stocks, approved by the order of
the management of JSC Russian Railways dated 05.10.2006
No. 2007r, turned out to be not quite effective in practice [3].
The planned value of stocks of material and technical
resources (MS) in value terms is determined by the budget
ofthe directorate for the planned period based on the control
parameters:

MS =PS +CTS, (2)
where PS — production stocks of material and technical
resources intended for use in the performance of the planned
scope of work; CTS — certain types of stocks to ensure normal
operation when certain events occur that could lead to
disruption of the program [3].

Planning of production stocks is based on the planned
costs for the elements «materials» and «fuel» and the
approved norm of stocks.
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The annual indicator is calculated by the formula:
PS=LPS - MF, (3)
where LPS - level of stocks expressed in months (days) of
their production consumption (determined by the control
parameters of the annual budget for the central directorate
of infrastructure and differentiated across all structural
subdivisions); MF — average monthly (average daily)
consumption of materials and fuel, calculated on the basis of
the amount approved by the annual budget for the items
«materials» and «fuel».

In value terms, PS are reflected in the budget for stocks
and purchases as an indicator of the «stocks standard for the
production process». During the year, the value of PS may
change only if the annual budget is adjusted for the cost of
materials and fuel [3].

Improvement of the methodology for calculating the
standard of production stocks implies the division of the total
indicator into two separately monitored indicators:

a) PS, - production stocks with new material values,
calculated under the formula:

PS =LPS + MF, (4)
where MF, — average monthly (average daily) consumption
of materials and fuel based on the amount of expenditures
for new purchases approved by the annual budget for the
elements «materials» and «fuel»;

b) PS,, — production stocks created by old material
values:

Ps,,=LPS « MF_, (5)
where MF - average monthly (average daily) consumption
of re-use materials (old), calculated on the basis of the
amount approved by the annual budget for writing off reusable
materials for the element «materials».

The generalized standard of production stocks is found
by the formula:

PS,,=PS,+PS , (6)
where PS , - generalized standard of production stocks.

Calculation of the standard of production stocks using
the example of Kuibyshev Infrastructure Directorate
according to the 2013 budget without taking into account the
proposed changes:

PS =LPS - MF = 1,5 moths (45 days) + 1825 min rub. /
12 (365 days) = 228 min rub.

Calculation of the standard of production stocks for
materials purchased by new values, taking into account the
proposed changes:

PS, =LPS « MF, =1,5months(45days) « 1579 minrub. /
12 (365 days) = 197,5 min rub.,

The standard of production stocks for old materials:

PS,,=LPS + MF = 1,5months(45days) « 136 minrub. /
12(365 days) = 17,1 min rub.

The general standard of production stocks:

PS,,,n=PS, +PS, d=197,5+17,1=214min rub.

The received general standard more correctly reflects
the need for the content of stocks and allows to save 1 % of
the funds intended for the purchase of new material resources
in connection with the reduction of the stock in the
warehouses by 6,5 %.

The proposed option will increase the transparency
of the normalization of production stocks, will affect the
planning of the involvement of stocks in the production
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process, including illiquid and unpopular ones, and as a
result will help meet the needs of customers in materials
by a set of deliveries for applications prepared taking into
account plans to involve stocks from warehouses of the
departments.

This decision becomes one of the factors for the
implementation of available intra-industry reserves to improve
the efficiency of the subsystem of material-technical supply
of JSC Russian Railways.

1.

Planning of the volume of material and technical
resources at the linear enterprises and in their shops, in our
opinion, is expedient to be carried out by the method of G. Ya.
Kozhekin and L. M. Sinitsa [4]. The supply of workshops and
linear enterprises (carload and locomotive depots, track
distances, power supply, etc.) should be carried out in full
accordance with the established spending limits and
production features. The latter are taken into account when
developing schedules of feeds, on the basis of which materials
are delivered to the shops. The stock limit is established based
on the production program of the workshop and the specified
consumption rates.

The calculation of the limit is made by the formula:
L=Nthp+Ss—E, (7)
where L — limit of the nomenclature of production; N — need
of the workshop in the materials for the performance of the
production program; N, — need of the workshop in materials
to change the work in progress (+ increase,- decrease);
S, - standard of the workshops’ stocks of this product; E -
estimated expected product balance in the workshop at the
beginning of the planning period [4].

The calculation is carried out in natural terms. The
demand for materials for the performance of a production
task is determined by multiplying the production program by
the consumption rates for the respective products. In the
same way, the demand for materials for changing the work in
progress is calculated, i.e. by multiplying the production rates
of expenditure for the change in the work in progress program
in the planning period.

The workshop stock is determined in necessary cases
and depends on the size of the batch of products delivered
to the workshop, its average daily consumption, and also on
the cyclical nature of production.

The estimated expected balance of material resources
in the workshop is based on the work of the shop in the period
preceding the planned:

E=E,+V,~(C,,+C,,+C,,+C) (8)
where E, — actual balance on the first day according to the
inventory of the accounting data;

V. - number of materials released to the workshop for
the entire period;

C,,, — actual expense on main production;

C, , — actual expense on repair-operational needs;

C, b actual expense on change of the work in progress;

C, - expense on defect (formalized by a write-off act).

The actual expense on the main production and repair-
operational needs is calculated by multiplying the actual
volumes of work with the norms of expenditure of material
resources in force in this period [4].

As a result of introduction of the proposed changes:

« will increase:

— effectiveness of planning the supply of material and
technical resources,

— effectiveness of monitoring the content of inventories
in terms of standards,

— transparency of rationing of production stocks;

+ will decrease:

— maintenance of stocks of commodity-material
resources, including: illiquid and unpopular,

— operational costs of the Directorate for the related
supplies of inventory.

When planning production stocks, it is also necessary to
take into account that several methods of inventory
accounting have been recommended by the International and
domestic accounting regulators. The procedure for
circulation of investments in inventories is described by the
following relationship [6].

Inv, + SPL = COGS + Inv,, (9)
where Inv, - stocks at the beginning of the period (input
stocks); Inv, - stocks at the end of the period (output stocks);
SPL - receipt of raw materials for the period; COGS —
production cost.

From the above balance, it follows that the same amount
(the right side of the expression) is allocated to both the cost
price and the output stocks. In practice, the following methods
are used:

— of cost of each unit;

— of average cost price;

— of cost of the first-time acquisition of inventories (the
FIFO method);

— of cost of the last in time acquisition of inventories (the
LIFO method).

Conclusion. The choice of the method significantly affects
the financial results. Thus, the FIFO method provides a relatively
larger increase in advanced capital, better values of profitability
indicators. The use of the LIFO method results in a lower estimate
of production stocks and a lower profit margin. But it should be
noted that in the conditions of inflation, which is typical for the
present time, the LIFO method is most preferable, since the
amount of tax paid is less, and in this connection, the greater
amount of funds remains with the enterprise.

Valuation methods can be applied both once at the end
of the reporting period, and permanently, that is,
accompanying the supply of stocks to production [6].
Nevertheless, the question is how much any corrections in
the calculations and indicators will meet the prevailing
circumstances of the industry market and the reasonable
tactical flexibility of the enterprise.
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B cTatbe 060CHOBaHbI 3Tanbl
AnBepreHyny ynpasieHns LeHHOCTbIO

B Uensx noctaBok, pa3paboraHa
nocnepoBaTesIbHOCTb GOPMUPOBAHUS
OTHOLUEHUsI KOHe4YHOro noTpeoéurens

K Npuo6peTEHHONV N UCIMOJIb30BaHHOM
LeHHOCTU, NPEeAI0XeH MeTo[NYeCKnii
noaxopa kK npeobpas3oBaHUIO MOTOKOB
npoAyKunu U ycyr B NOTOKU LLeHHOCTH.
Llenb nccnepoBaHns — yroyHeHue
CYLYHOCTU LIeHHOCTU KOHE4YHOro
noTpeouTesns NPOAYKUUN 1 yCayr,
saBnsioueics 00beKToM UCC/1Ie[40BaHNS
MapkeTuHra, a Takxe ¢gopmuposaHne

Ha 3To¥i OCHOBe HeobxoaAnMbIX
npeAnochIsIOK 4J1s1 KOPPEKTUPOBKN TEOPUN
Y MeTo40J10rnu JIOrMCTUKUN KaK KOHLYenuun
ynpasJsieHUs1 NpeanpusITUSIMU.

Knto4eBble cioBa: LLeHHOCTb, MOTOK,
KOHEYHbIN norpeﬁwrenb, Jiorncrtuvka,
AnBepreHLuns, cncrema rnoctaBok,

npeobpasoBaHue.
|

NMpeoOpa3yemMbie NOTOKU
U LLEeHHOCTM B Liensx
NOCTaBOK

Tanyxun Aaexceii Ilemposuy — doxkmop
SKOHOMUHECKUX HAYK, npogheccop, 3a6edyroujuii
Kagedpoll 102ucmuKy U MpaHCROPMHBIX MEXHOA02UL
Openbypeckoeo uncmumyma nymeii coooujeHus —
uauana Camapckoeo 20cyoapcmeeHno2o
YHUgepcumema nymeii coooujenus, Openoype, Poccus.
Tapacenxo Egeenus Anexceeena — cneyuanucm

no yue6Ho-memoduueckoii pabome OpeHdypeckozo
uHcmumyma nymeii coooujeHus — @uauaia
Caml'YIIC, Openobype, Poccus.

€HHOCTb TTOTPEOUTEIISI — OTHOCUTEITh-

HO HOBOE MIOHSTHE TSI IPEATNPUSITUIA,

(GbyHKIIMOHUPYIOTINX HA BHICOKO-
KOHKYDCHTHBIX pbiHKaX. Tonbko B 2004 romy
AMepukaHcKasl accouuanusi MapKeTuHra
BBeJa B 000OPOT OIpesesieHne MapKeTHUHTa,
OPUEHTHPOBAHHOE Ha IIEHHOCTh, U3JIOXKEHHOE
B clienmytolneit penakiunu: «MapKkeTuHr — 3T0
JIeSITEIbHOCTh, HA0OP MHCTUTYTOB U TIPOLIECCOB
JIJISI CO3aHUsI, COOOILEHUSI, JOCTaBKU 1 OOMe-
Ha MPEUIOKEHUSIMYA, KOTOPbIE NMEIOT 1IeH-
HOCTb JUUISI IOTpeOUTENeil, KITMEHTOB, MapT-
HEPOB U 00IIIeCTBA B IIeIOM» [1].

DTO ompeneneHue SBISIETCS MTPUHITUTNA-
aJTbHO BaXKHBIM HE TOJIBKO C TTIO3UITUY MapKe-
TUHTA, HO U C TIO3UIINU JIOTUCTUKH, IO/ KO-
TOPOIt MBI TIOHUMAaEM «KOHIICTILIMIO YIIpaBIIe-
HUS IPEANPUSTASIMU, CBSI3AHHYIO C BO3MIEH -
CTBUSIMU CYOBEKTa yMpaBIeHUs] HA MMOTOKU
PECypCOoB, IepeMeIatONINECs IO OTIPEIeEH-
HBIM TPAEKTOPUSIM C TTOMOIIBIO 3BEHBEB JIO-
TUCTUYECKON CUCTEMBI (TTOCTABIIUKOB U T10-
CPETHUKOB), KOTOPBIE BHITIOHSIOT KOHCOJTH -
JaIni0/pa3yKpyrnHeHne 00bEeKTOB TaHHBIX
TTOTOKOB C 1IeJTBIO TIPEIOCTABICHUSI KOHEUHBIM
TOTPEOUTEIISIM, PACTIONIOKEHHBIM Ha OTpe/ie-
JIEHHOU TEPPUTOPUU, MAKCUMAJIBHOM LIEHHO-
CTU B paMKax 3asiBJIEHHBIX MU MTapaMeTPOB
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TToTpebuTenbckre cBoiCTBa (TOBAPOB) MPOAYKLIMU U YCIYT

Tunosie YHUKaTbHbIE
CaoiicTBa (mapameTpsl) | YcToituuBbie Hyxna TTpuBBIYHBII 00pa3 XKU3HU
cIipoca rmoTpeduTenst
HeycroitunBbie TTorpebHOCTH LleHHOCTH

Puc. 1. Knaccugukaums npeanocsisiok K noTpebeHnio NpoayKunmn u ycayr.

KOJIMYECTBA U KayecTBa MPOAYKIIUU U YCIYT
U COIIACOBAHHBIX MapaMETPOB BPEMEHU U 3a-
TpaT AU UX U3TOTOBJICHUS U peanu3aiuu» [2].
OueBUIHO, YTO LIEHHOCTh KOHEYHOTO M0~
TPEOUTENSI MPOAYKIIMU U YCIIYT CYILIECTBEHHO
BJIMSIET Ha KQYECTBO YIIPABJICHUS MOTOKAMU
pecypcoB, a BMECTEe ¢ TeM M Ha KayecTBO
YIIPaBJIEHUSI UX TPAEKTOPUSIMU, a TaKXKe JI0-
TUCTUYECKUMU MTPOLIECCAMU U CUCTEMAMMU.

UEPAPXUA TEPMUHOB

[MTpoBen€HHBIIT aHAIN3 UCTOYHUKOB IO
TeMe UCCJIEIOBAHMS TIO3BOJIUJI BBISIBUTD CJie-
IYIOIIIME ACIIEKTHI ITOHITHUS «IICHHOCTh» 1 CO-
MYTCTBYIOIIUX €My O003HAYEHUA:

1) TEpMUH «LIEHHBI» O3HAYAET «...C 00JIb-
IIUMU TOCTOMHCTBAMMU, BAXHBIN, HY>KHBII»
(3]

2) B pabote [4] mpuBeneHo 31 omnpeneeHe
LIEHHOCTHU, TIPUYEM Haubojiee 3HAYUMBIMU
SIBJISTIOTCSI TIOJIOKEHUSI O TOM, UTO:

— «3TO CBOMCTBO OIPEIEIEHHOTO TIPeaME-
Ta VI SIBJICHUS YI0OBIETBOPSTH TOTPEOHOCTH,
JKelaHWsl, UHTePeCchl MHAWBUIA, TPYTITbI
Jiofieit, obliecTBa B LieJioM» [5];

— «CYIIECTBYIOT OMosiornueckue (310po-
BbE, CMJIa), dKOHOMUYECcKUe (OoraTcTno),
acTeTndeckure (Kpacora), MOpaJibHbIE (I00pO-
JIETeNb), PEJTMTUO3HbIE (CAaKpaTbHOE) U IPYTHE
LIEHHOCTU» [6];

3) IMPOKO pacTIpOCTPAHEHHBIM ITOHSTHEM
B MapKeTHUHTE OCTAETCsl TIOHSITUE «TTOTPEOu-
TeJIbCKasl LIEHHOCTb» WIN «IIOJIC3HOCTD IIPO-
JIYKTa», OHO CUMTAETCS «CyObEKTUBHBIM,
OIIEHOYHBIM TOKAa3aTesIeM, 3aBUCUT OT CPaB-
HUTETbHON BAYKHOCTH MTOTPEOHOCTH,, YIOBJIET-
BOPEHUIO KOTOPOUl CIY>XKUT MPOIYKT, U OT
CTEMEeHU YIOBJETBOPEHUST MOTPEOHOCTHU
nporykTom» [7];

4) ®@. Kotzep 1mmonaraer, 9To «00IIas 1eH-
HOCTb IIJIsSI TIOTPEOUTENSI — COBOKYITHOCTD
BBITOJ, KOTOPHIE OH OKU/IaeT MOJIyYUTh, TPU -
oOpeTas ToBap WM ycayry» [8];

5) 7151 U3TOTOBJIEHUS LIEHHOCTU KOHEYHO-
TO TIOTPEOUTEJISI TPOAYKIIUU U YCITYT HEOOXO0-

® MWP TPAHCIOPTA, Tom 15, N2 4, C. 128-144 (2017)

MO (hopMUPOBaHNE IIETIOYKU IIEHHOCTH WJIA
«TTOCJIEZIOBATEILHOCTU OTIEpaInii 110 Co3/1a-
HUIO MpoAyKTa (LIeHHOCTH): UCCAeI0BaHUS
1 pa3pabOTKH, IN3AMH ITPOIYKTA, IIPOU3BOI -
CTBO, MAapKETHHT, COBIT, TTOCIEMPOIaKHOE
obcmyxkuBanue» [9];

6) adpekTrBHOE hopMUpOBaHUE U PDYHK-
IIMOHUPOBAHNME 1IETIOYKH IIEHHOCTU 00ecTie-
YUBAET «ITPOLIECC YIIPaBIEHMS O0LIEl mocie-
JIOBAaTEJIbHOCTHIO WHTETPUPOBAHHBIX BUIOB
IeSITeIbHOCTU (MHTEPIIPETAIINS «ITOCTICIOBA-
TEJTbHOCTH OTIEPAIIN TTO CO3MaHUIO IIPOIYKTa
(ueHHOCTH)») U WHGbOPMALIMU O MOTOKAX
MPOIYKIIMY BO BCEH IIETTOYKE IEHHOCTH» WU
«MEHEKMEHT LIeMOYKH LieHHOCTU» [10];

7) «MeHeIKMEHT LIETTOYKHY LIEHHOCTU» TN
«yTpaBJIeHUE IIEHHOCTBIO» HapsIoy C yIpaB-
JICHUEM LEeTSIMM MOCTaBOK (aHII.— supply
chain management) u ynpaBjieH1ueM TpeOoBa-
HusgMmu (aHria.— demand management) dop-
MUPYIOT JIOTUCTUKY KaK KOHIICTIIIUIO YITpaB-
sneHus [11].

[pencraBieHHas nepapxuieckasi 3aBUCH-
MOCTh TEPMHUHOB TTO3BOJISIET OTPEACTUTD
CTETICHb BIIVSTHUST BBEIEHHOTO TTOHSITHUST «IICH-
HOCTb» Ha CYIIIHOCTb 1 COMIep>KaHKEe JTIOTUCTH -
K1, O0BEKT MCCIeNOBaHMUSI KOTOPOI TTOTOKHU
pecypcoB.

YTOYHEHUE CYLLHOCTU NOHATUA

OCco0eHHOCTBIO HAIlIeTO UCCIIeA0BAHUS
SBJIIETCS pa3paboTKa KiaccudUuKaluu npei-
MOCBIIOK K MOTPEOICHUIO TPOAYKIIMU U YCIIYT
UX KOHEYHbIM moTpedutenem. E€ ocHOBY
COCTaBJIFIOT BbIAEJIEHHbIE HA pUC. | KiIaccu-
uKauMOHHbIE MPU3HAKU: CBOMCTBA (Tapa-
METPBI) INYHOCTU MOTPeOUTENS (YCTOMUNBBIC
U1 HEYCTOMUMBBIE) U TOTPEOUTETbCKIE CBOM -
CTBa MPOAYKIIMU U YCIYT (TUTIOBBIE U YHU-
KaJIbHbIE).

Ananus uHdopmanuu, npeacTaBIeHHON
Ha puc. |, MO3BoOJISIET clesaTh CAeAyouIre
BBIBOJIBI:

— IIEHHOCTb — 3TO COBOKYITHOCTb YHU-
KaJIbHBIX XapaKTePUCTUK OOBEKTOB U TIPOLIEC-

TanyxuH A. 1., TapaceHko E. A. [peobpa3yemMbie NOTOKU U LIEHHOCTU B LIeNsAX MOCTaBOK




77 Bocnpusitue norpedutesemM CBONCTB
e TIPOAYKLIMU U YCIYT B KaueCTBe
3HaKOMBIX HesHnakombix
i CTabUIbHOCTD LIEHHOCTH PazButue ieHHOCTH
5 [MepBuuHbIe C OpHMeHTaInei C OpHMEHTAINe TOTPeOUTeIst
g Ha MepBUYHbBIC TOTPEOHOCTU Ha MepBUYHbBIC TOTPEOHOCTH
2 CTaObWIbHOCTD LIEHHOCTH PaszButue ieHHocT
E ’§ BropuuHbie C OpHMEHTAIINel TOTPeOUTEIIsT Ha BTO- | C OpUEHTAIIMEe TIOTPeOUTENsT Ha BTOPUY-
= o PUYHBIEC TOTPEOHOCTH HbIe TOTPEOHOCTH

Puc. 2. Knaccngumkayms cocTossHuii LeHHOCTU NOTpe6uTenst NPoAYKUNN n yciyr
no Tuny ero noTtpe6HoCTy.

KonunyecTBo ieHHOCTH
Onna Heckomnbko
Omun WMHauBuayanbHas IEHHOCTh KomOuHMpoBaHHas IECHHOCTh
KonunuecTBo nmorpe-
oureneit KosnektupHas ‘YHuBepcanbHast
Heckonbko
LIEHHOCTh LIEHHOCTh

Puc. 3. Knaccugukaums LieHHOCTH noTpebuTens NnpoayKLUU 1 yCayr no npu3Haky BAageHus.

HepI/IOHI/I'-IHOCTI) BO3HUMKHOBEHMUS HEHHOCTHU

PazoBast Bozo6HoBIsIeMast
TToreHUManbHasK TIpoo6Gpas 3anac
XapakTep nposiBIie-
HUSI HEHHOCTH
LICHHOC PeanbHas OObeKT TTorok

COB, UMEIOIIUX ITOJIOKUTEIbHOE WM OTPHIIA-
TeJIbHOE 3HAYCHUsI ISl TIOTPEOUTEJISI B 3aBU -
CHMOCTH OT €ro MaTePUaJIbHOT0, IICUXUYECKO-
IO WIM JYXOBHOTO COCTOSTHUS '

— LIEHHOCTb OTJIMYAETCsI OT MOTPEOHOCTH
YHUKAJIbHOCTBIO TTOTPEOUTEILCKIUX CBOMCTB
ToBapa (IMPOAYKILIMU U YCIIYT) WIK, TOYHEE, UX
0COOBIM BOCIIPMSTHEM IOTPEOUTENIEM, a OT
IPUBBIYHOIO 00pa3a XU3HU — 3aBUCUMOCTBIO
OT MaTePUAJIbHOT'O, IICUXUYECKOT'O WJIY TyXOB-
HOT'O COCTOSTHUSI (MUIM YCTOMYMBOCTH COCTOSI-
HUS) TIOTpEeOUTENS;

— IOCKOJIbKY IIEHHOCTb ITOTPEOUTEIISI Ha-
MPSIMYIO CBSI3aHa C €ro IePBUYHBIMU U BTO-
PUYHBIMU ITOTPEOHOCTSIMM, C TIOMOIIBIO TAKUX
KJIacCU(MKALIMOHHBIX MIPU3HAKOB, KaK BOC-
MPUSITHE TTOTPEOUTEIEM CBOMCTB MPOAYKIIMI
U YCJIYT B KAY€CTBE 3HAKOMBIX M HE3HAKOMBIX,
a TaKoKe TUIIA ITIOTPEeOHOCTEe, MOXKHO YCTaHO-
BHUTb OCHOBHbIE COCTOSIHUS LIECHHOCTH TIOTPE-
ouTeist, KOTOpPbIe MOTYT OBITh TMOO CTAOUJIb-
HBIMU, TUOO HAXOIUTHCS B pa3BUTUU (pUC. 2).

CiieiyeT OTMETUTD, YTO BTOPOE COCTOSTHUE
MOXKET OBbITh CIIPOBOIIMPOBAHO KaK CaMMM

' OCcHOBY OIpeeIeHUs COCTABISIIOT JaHHbIE U3 [6].

® MUP TPAHCMNOPTA, Tom 15, N2 4, C. 128-144 (2017)

Puc. 4. Knaccngukauyms popm LLleHHOCTHU noTpeounTens NpoayKunu u yciyr.

noTpeduTeseM (MOTUBALIME), TaK 1 TTOCTaB-
IIMKOM IPOAYKIIMUA U YCIYT (CTUMYJIAPOBA-
HUEM), OCYIIECTBIIIEMbIM B paMKax OM3HEC-
mpoliecca «ynpaBjJeHUEe OTHOIICHUSIMU
¢ morpebuTensiMu» (aHII. — customer
relationship management) — KOMIIOHEHTa
yIpaBieHUs LIEHHOCThIO [12].

B uienu ieHHOCTH KaX o€ e€ 3BeHO BBICTY-
IaeT ¥ B POJIM MOCTaBLIMKA, U B POJIU IIOTPE-
outens. Mcxons u3 aToro, 1eaecoodpasHo
KJ1accuUIMpoBaTh LIEHHOCTh TOTPEOUTE]IS
MIPOIYKLIVM 1 YCIIYT ITO TAKMM ITPU3HAKaM, Kak
KOJIMYECTBO LIEHHOCTH (OJHA €IMHUIIA, IBE
U OoJiee) U KOJIMYECTBO MOTpeOUTENeli, Ha
KOTOPBIX LIEHHOCTh paciipocTpaHsiercs. B pe-
3yJIbTaTe MOXHO BBIJICIUTH YEThIpe BUIA
LIEHHOCTU: MHIMBUIYAIbHYIO, KOJJICKTHUB-
HYI0, KOMOMHUPOBAHHYIO ¥ YHUBEPCAIbHYIO
(puc. 3), Kaxaast U3 KOTOPbIX UMEET CHelU-
UKy 1 00JaCTh IPUMEHEHHUS Ha ITPaKTUKE.

IIpexae yeM mOTpeOUTENb MIPOAYKIIUI
M YCIIYT TOJIYYUT HEOOXOAUMYIO eMy IeH-
HOCTb, OHa IPHOOpPETAET CBOU (DOPMBI, KOTO-
pbI€ MOTYT OBITh BBIJCICHBI C TTOMOIIBIO
CIIeIYIOIIMX KIacCU(UKALIMOHHBIX TTPU3HAa-
KOB: IIEPUOAUYHOCTh BOBHUKHOBEHUS LICH-
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CocTostHIe TIOTpeOuTeNs

[TaccuBHOe (0XMAAET JOCTABKU AKTUBHOE
00beKTa) (IBYKETCST K OOBEKTY)
ITaccuBHoe OOBeKT (LIEHHOCTh) HAXOAUTCS Y O~ TTorpebuTesb NIBUXKETCS K 00bEK-

s E é (3arac) TpeOuTest Ty (K LEHHOCTH)
= O o T o~
Q= OOBEKT (LIEHHOCTD) ABUXKETCS K TM0- OOBeKT (LEHHOCTh) U MOTPeOu-
S £& & E | AkrusHoe (10TOK) (u ) A (u ) P
O&E&Z 0o TPEOUTEITIO TeJIb IBUXKYTCS APYT K APYTY

Puc. 5. BapnaHTtbi cocTOssHMI NPoAyKTa (06beKTa JIOrMCTUYEeCKOro rnoToka) u noTpeeuress ¢ ToOYKu 3peHns
ynpassieHus NOTOKaMu.

CocTrosiHMe TTOTOKA LIEHHOCTU

OcraHoBKa JIBuKEeHME
OcraHoBKa TMoaroToBKa LEHHOCTH R
CocTrosiHue Ha OCHOBE 3araca
MoTOKa o
OPMUPOBAHUE LIEHHOCTH
DECYDCOB JIBUKEHHE JlocTaBKa IEHHOCTH PMHP
Ha OCHOBE MMOTOKA

Puc. 6. Knaccugukauus aTanos nosay4eHuns LeHHOCTH NoTpebuTenem npoayKunn.

HocTHU (pa3oBasi, BO3OOHOBIIsIEMAsT) U XapakK-
Tep e€ MposiBieHNs! (MTOTEHIINATbHAS, PeasTb-
Has). Kak cienyer u3 puc. 4, takumu hopma-
MU SIBISIOTCS MpooOpas, o0beKT, 3amac,
MOTOK.

C TOUKM 3peHUsI TOTUCTUKYU KaK KOHIIETI-
1IUUY yIPABJIEHUS OCOOBII UHTEPEC BBI3BIBAIOT
JIBE TIOC/IeAHME (POPMBI, KOTOPBIM MOXHO JIaTh
CJIeYIOLIME OTIPENETICHUS:

— MOTOK LIEHHOCTU — COBOKYITHOCTb 00b-
€IMHEHHBIX TI0 OTIPENeIEHHBIM MMPU3HAKAM
YHUKATbHBIX XapaKTePUCTUK OOBEKTOB U ITPO-
1IeCCOB, TOCTIEIOBATENIHHO OIIYIIAeMbIX TT0-
TpeOuTeneM B MPOCTPAHCTBE U BO BPEeMEHU
B 3aBUCUMOCTH OT €T0 MaTepUaIbHOTO, MCHU-
XUYECKOTO WJIN JyXOBHOTO COCTOSTHUS. JlaH-
HOE TIOHSITUE OTIPENIENISIET CYIITHOCTD JIOTUCTH -
KW, JUTd TOHUMaHUs KOTOPOH ciemyeT obpa-
TuThes K puc. 5 [13]. Ha Hém rtaBHBIM (T1E€p-
BUYHBIM) OOBEKTOM JIOTUCTUKU BBHICTYITAEeT
TMMOTOK LIEHHOCTU, KOTOPHIN (hopMuUpyeTcs
B YCJIOBUSIX TTACCUBHOTO COCTOSTHUST ITOTPEOU -
TeJIsI, BBITIOJTHSIIONIETO TTPUBBIYHbBIC JIJIST HETO
(byHkuMM motrpebaeHUs, SKCIUTyaTalluu,
KOHCONMAAINY/Pa3yKPYITHEHUS] WU TTepepa-
OOTKM OOBEKTOB MOTOKA PECYPCOB, & OCTAB-
muecst (pyHKIMKM 0epyT Ha ce0sT JIoTuCTUYe-
CKHE, TEXHOJOTUIECKUE U TOPTOBBIE 3BEHbSI
CUCTEMBI, NEUCTBYIOLIME HA MPUHLIUIIAX
AyTCOPCUHTA;

— 3amnac UEHHOCTU — COBOKYITHOCTb 00b-
€IMHEHHBIX TI0 OTIPENeIEHHBIM MMPU3HAKAM
CO3/1aBa€MbIX WU CO3JAHHBIX YHUKAJTbHBIX
XapaKTepUCTUK OOBEKTOB U MPOLIECCOB, KO-
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TOPBIE CTPEMUTCS UCTIOJb30BaTh TOTPEOUTEb
B IIPOCTPAHCTBE U BO BDEMEHU B 3aBUCUMOCTH
OT €ro MaTepuaabHOIro, MCUXUYECKOTO WU
JIYXOBHOT'O COCTOSIHUSI.

Kak cienyer u3 puc. 6, IOCTaBIIMUKY IIPO-
NYKUMU U YCIYT HEOOXOAUMO BBIAESATD CJie-
JIYIOILIME ATarbl MOJAYYeHUsI HEHHOCTU ITOTpE-
OuTeIeM: IIOATOTOBKY, JOCTaBKY 1 (hOPMHUPO-
BaHME LIEHHOCTHU, TIPUYEM B IBYX BApUAHTAX —
Ha OCHOBeE 3arraca (BpeMs MOJyYeHUST
LIEHHOCTU U BpeMs €€ UCIOJb30BaHUS HE
COBIIAIAIOT) M Ha OCHOBE IIOTOKA, IIPH KOTO-
POM OTMEYEHHOE HECOBMAJAEHUE OTCYTCTBYET.

ITockonbKy 3HaUMTEIbHASI YaCTh 00bEKTOB
U TIPOLIECCOB OKPYXKAIOLLIEH JEHCTBUTEBHOC-
TU C TEYEHUEM BPEMEHU U3MEHSIET KOJIUYECT-
BEHHBbIE MMapaMeTPbl U KAUYECTBEHHbIE XapaK-
TEePUCTUKU, TO HEOOXOIMMO YUUTHIBATh CJie-
NYIOILIME BapUAHThI YCTOMUYMBOCTU BOCHIPUSI-
TUSl LIEHHOCTU MOTpeOUTEIeEM MNPOAYKIIUNA
U YCJIYT: MOSIBJIEHUE, TTIOBBILLIEHNE, COXpaHe-
HHUE U CHUXXKEHHE YCTOWUYMBOCTM, a TaKXkKe
nepexo IEHHOCTU B COCTOSIHUE HEYCTOMUYU-
BocTH (puc. 7). YKazaHHasI TMHAMUKa OKa3bl-
BaeT CYIICCTBEHHOE BIUSHIE Ha 3(PHeKTHB-
HOCTb W PE3YJbTaTUBHOCTb YIIPaBIECHMUS
LIEHHOCTBIO B CUCTEMAaX MOCTABOK.

YcToitunBOCTh BOCTIPUSATUS LIEHHOCTU
noTpedbuTeseM MOCTOSHHO MOJABEPraeTcs
BO3MIEIICTBUIO CO CTOPOHHI (PaKTOPOB BHEIII-
HEM MO OTHOLIEHUIO K TTOTPEOUTENIO CPEIbI.
B pesymbrate yauThIBas Takue Kiaccupuka-
LIMOHHbIE MPU3HAKU, KaK CTaaus MPUHSITUS
noTpeduTeaeM NPOAYKIIUU 1 YCIYT PELLIeHUS
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IMocTosTHCTBO XapaKTePUCTUK LIEHHOCTH
CoxpaHsoTcs W3meHsitorest
. TloBbilIeHUE
TTonoxurenbHOe YcToiYnBOCTh - o
YCTOMYMBOCTHU
Bocnpusitie lIeHHOCTH TTOTpe-
OuTENIEM PecypcoB
pecyp . CHIKeHue
OTpunaTeabHOe HeycroitunBocts .
YCTOMUYMBOCTH

Puc. 7. Knaccngukaumns BapnaHToB yCTOWYNBOCTN BOCTIPUSITUS LLIEHHOCTU
norpe6urenem npoayKUUN U yCayr.

Cranus IpUHSITUS PeIIeHUST
Coop uHbopmauuu HccnenoBanue
bes koHTakTa Coo0l1ieHune O0001IEeHE
KoHTakT l A
¢ 00BeKTOM (-amu) / o- \4 |
TOKOM (-aMM) HEHHOCTH g
C KOHTaKTOM Hao6monenue Arnpobanus

Puc. 8. Knaccugukayms aTtanoB npuHATUS peLueHns NoTpeéutesieM o nony4eHuu LeHHOCTH.

(coop nHbopMaIK, UCCIETOBAHNE ), A TAKKE
KOHTaKT C 00bEKTOM UJIM TOTOKOM IIEHHOCTU
(6e3 KoHTaKTa 1 ¢ KOHTAKTOM ), MOXHO BbIJIe-
JIUTH XapaKTepHBIC IJIs TTOTPEOUTENST ITATIBI
TIPUHSTUST PEIISHUS: TIOJTyYeHHOEe UM CO00-
IIeHue, HabIoIeHIE 32 00bEKTOM/TIOTOKOM,
arpobaiys u 0000IIeHNe TTOTYIeHHBIX pe-
3yJIBTaTOB (puc. §).

W3noxeHHbIl MaTepuas O3BOJISIET 000-
CHOBATh ITAIbl AUBEPTEHUINU yIIPABICHUS
IIEHHOCTBIO B CUCTEMax MOCTaBoK (puc. 9).
HanmomHuMm, 4To 3Tanm AuBEepreHInM CBSI3aH
C KPUTUYECKUM BOCIIPUSITUEM IEACTBUTEThb-
HOCTHU, pa3pylIeHUEM CTEPEOTUTIOB, UCTIONb-
30BaHUEM BeChbMa IIIMPOKUX OOPa3HBIX CPaB-
HEeHMU, KpaliHe nanékux accouuauuii. Ha
9TOM 3Tarne GOPMUPYETCS CIIEKTP PAZTUIHBIX
TpeboBaHUl K OyayiemMy o0bekTy [ 14].

OTHOLUEHUYA KOHEYHOIO
NOTPEBUTENIA K MIPUOGPETEHHOM
LEHHOCTU

Jlnst TOro 4TOOBl YTOYHUTH COAEPKAHUE
npoiiecca hopMUPOBAHMSI OTHOLLIEHUS KOHEY -
HOTO MOTPeOUTENsT K MPUOOPETEHHOMN U UC-
M0JIb30BAHHOM 1IEHHOCTH, ObLIM IIPUMEHEHbI
Takue KiaaccubUKalIMOHHbIe TPU3HAKY, KaK
TUIT TTOTPEOHOCTU KOHEYHOTO MOTpeOUTEeNs
TPOIYKITUY U YCIIYT (TIEpBUYHbIC U BTOPUYHbBIC)
M TIepUoJ 00J1a1aHusI LIGHHOCTHIO (JIOJIT0CpOY-
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HO€ U KpaTKocpouHoe). JlaHHbIe TTPU3HAKA
TIOMOTAIOT BBIIEIUTh PE3YIBTAThI PUOOpeTe-
HUsS (TTOJly4YeHUsT) IIEHHOCTE KOHEYHBIMU
notpedurtensmu (puc. 10): cocTosiHME TOTpe-
ourest, motpebieHue (mepepadboTKa), Biaaae-
He (9KCTUTyaTalus) v BreyaieHus (IMOIUN).

Crpenku, nzobpaxénnesie Ha puc. 10,
TMOKa3bIBAIOT MOCIE0BATEILHOCTD YUETa Ba-
PUAHTOB TPU HAJTMYUU BO3BpaTa OT BIIeYar-
JIeHU# (3MOIIUIT) K UCXOTHOMY BapuaHTy —
cocTostHUIO moTpebutens. [Ipu saTom camo
COCTOSIHME KOHEYHOTO ToTpeduTens (cra-
OWIbHOE U HECTAOWIIBHOE) U €T0 TOTOBHOCTh
K NeWcTBUIO (WK €€ OTCYTCTBUE) TIPUBOMIST
K 000CHOBAHUIO YETBIPEX COCTOSTHUIA MOTpPE-
outens (puc. 11): coMHeHUe, yBEpeHHOCTD,
Jierpeccusi, BO30YXIEeHUE.

OCHOBHBIE BapMAHTHI XapaKTepa MoTpeo-
JieHust (mepepaboTKM) IIEHHOCTH: JIOKATbHOE
BHYTPEHHEE, JIOKAJIbHOE BHEIIIHEe, TUTIOBOE
BHYTPEHHEE U TUTIOBOE BHeEITHee (puc. 12) —
MOTYT OBITh MOJIYYEHBI C MOMOIIBIO TAKUX
K1accuUKAIMOHHBIX PU3HAKOB, KaK MPe/-
Ha3HAuYeHUe TEHHOCTU (ISl IMYHBIX 1IeJIeh
U JUISl IPYTUX TIOTpeOuTeneil) u mepruoand-
HOCTh BO3HMKHOBEHMS HEOOXOIMMOCTU 00-
JIaiaTh IIEHHOCTHIO (Pa30Basi U EPUOANIECKU
BO3HHUKAIOIIA).

Takue xknaccuukalMOHHbIE TTPU3HAKH,
KaK BapHaHT BJlIaIeHUs IIEHHOCTHIO (B COOCT-
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IleHHOCTH Kak NMPeANOChUTKA IPUHSITHS PELICHUS Puc. 1
v

TaroTeHne NEHHOCTH K THITY TOTPEOHOCTEH Puc. 2
v

XapakTep BlIaJeHHs LICHHOCTHIO Puc. 3
]

Y CTONYHMBOCTE BOCTIPHSATHS LICHHOCTH Puc. 7
v

Peuienue o nosyyeHuu LIEHHOCTH Puc. 8
v

dopMa IIEeHHOCTH Puc. 4
v

Ortansl NOJTy4eHUs LIEHHOCTH Puc. 6

Puc. 9. 3tansi auBepreHynmn ynpasieHus LLeHHOCTbIO B CUCTEMaXx MOCTaBOK.

Tun noTpeGHOCTH KOHEYHOTO MOTPeOUTE S
IlepBuuHbie —p BropuyHbie
Cocrosinue »
HonrocpoyHoe g Brnanenue (aKcruryaTtarust)
norpeouTens AT
Tlepuon obnana-
HMSI LIEHHOCTBIO
TTorpebneHue Brievatnenus
KpartkocpouHoe —p
(nepepaboTka) (peaxuusi)

Puc. 10. Knaccugpukauns pe3ynbtaToB npuo6peTeHns N UCNosib30BaHUS LeHHOCTEMN.

CTabUIIbHOCTD COCTOSTHUSI TTOTPEOUTEIIST
CrabuibHoe HecrabuibHoe
OTtcyTcTBHE CoMHeHue Anarus
ToToBHOCTB MOTpEOUTEISI
K IEMCTBUIO PECYPCOB
Hanuuue 'VYBepeHHOCTh Boszoyxnenue

Puc. 11. Knaccungmkaymns cocTossHUi noTpeounrens LLeHHOCTH.

TMpenHa3HaueHUe LEHHOCTU
JI1st TUIHBIX TesTeit Jlns 1eneii Apyrux noTpeouresneit
o E PazoBoe nosrydyeHue LeHHOCTU PazoBoe nosryyeHue LIeHHOCTU
g 5 PazoBast . . . 7.
23 IUISL TAYHBIX LEeJei IS LIeJieid IpyTruX MoTpeouTeneit HEPN
=3 E /1
S i i |
g a & Teprommiecku Tlepronnyecku BoO3HUKAIOIIEE TTepuonnuecku BoO3HUKAIOIIEE TTOJTY- §9hss
=) o
20 x TOJIyYeHWEe LEHHOCTH JUISI TMYHBIX | YeHUe LIGHHOCTH IS LieJIeit Ipyrux
S = BO3HUKaroLas . N
EzxE 1eneit noTpeouTenei

Puc. 12. Knaccugukaums xapaktepa norpebnexus (nepepaboTku) LEeHHOCTH.
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BapI/IaHT BIag€HUS HEHHOCTBIO

CoOCTBEHHOCTh

ApeHna u ap.

EnuHonuyHoe BiaaeHue

EnuHonuyHoOe BiaieHUe YyxKoii

EnnHonununoe

Xapaxkrep COOCTBEHHOCTBIO COOCTBEHHOCTBIO

BIAICHUS

LIEHHOCTBIO KonnektrBHOe BiiageHue KonnektrBHOe BiiafgeHue 4yXoi
KonnektuBHoe

COOCTBEHHOCTBIO

COOCTBEHHOCTBIO

Puc. 13. Knaccupukauns xapakrepa BiageHusi LeHHOCTbIO.

OTHOIIIEHUE K IIEHHOCTH
[Mo3utuBHOE HeratusHoe
HesHauuTenbHbII Onobpenue PazouapoBanue
YpoBeHb BIieUaTaeHUI OT
LIEHHOCTH
3HaYUTETbHBII Boctopr PaznpaxeHue

Puc. 14. Knaccungukauns BnievyarsieHui noTpeouress oT NCriosib30BaHNs LLeHHOCTHU.

BEHHOCTH U B apeHe) U XapaKTep BIaJAeHUS
(€AMHOMMYHOE U KOJIJIEKTUBHOE), (GOPMUPY-
IOT YeThIpe BapuaHTa BlIaleHUs LIEHHOCTbIO:
€IUHOJMYHOE 1 KOJUTEKTUBHOE BJIaIcHUE KaK
COOCTBEHHOM, TaK 1 Yy>KOi COOCTBEHHOCTbHIO
(puc. 13).

W, HakoHell, BApUaHThl BIeYaTICHUN
MOTPeOUTENS OT UCTIOIb30BaHUS LIEHHOCTU —
0100peHKe, BOCTOPT, pa3oyapoBaHUE U pa3-
npaxeHue (puc. 14) — BbIAEISIOTCS C TOMO-
IO aleKBaTHBIX UM KJIacCU(DUKALITMOHHBIX
MpU3HAKOB: CDOPMUPOBAHHOE OTHOILIECHUE
K LIEHHOCTU (TTO3UTUBHOE W HETaTUBHOE)
W ypPOBEHb BIIEYATICHUI OT IEHHOCTU (HEe3Ha-
YUTETbHbII U 3HAYUTETbHbIN).

Jannsble puc. 10—14 no3BoisIIOT IPOrHO-
3UPOBaTh MOBENEHNE MOTPEOUTENST MPOAYK-
MU U YCIYT ¢ YYETOM KOPPEKTUPOBOK MPO-
1IECCOB CO3/1aHusl, COOOIIEHUS, TOCTaBKU
NpeaJOKEeHU! 1 0OMEeHa MMM, KOTOphIe
MMEIOT LIEHHOCTb [IJIs1 OTpeOuTeseii, KINeH-
TOB, MapTHEPOB U ob1IecTBa B LejoM. CoBO-
KYMHBI MaTepua 1aéT BO3MOXHOCTb pa3pa-
00TaTh MOCJIEI0BATETLHOCTb (POPMUPOBAHUS
OTHOIIEHUS KOHEYHOTO MTOTPEOUTEIS K TPU-
OOpEeTEHHOM W MCITOJb30BAaHHON IEHHOCTU
(puc. 15).

AHanu3 JaHHBIX, MPEACTAaBICHHBIX Ha
puc. 15, TO3BOJISIET C/Ie/IaTh CIIEYIOLIVE BEIBOIBI:

— HUCTOPUS Pa30BOT0 WIK MEPUOINIECKU
BO3HUKAIOIIIETO MOTPeOJIeHUS TOTO U UHO-

® MUP TPAHCMNOPTA, Tom 15, N2 4, C. 128-144 (2017)

o MpoayKTa (YCIyTry) OKa3bIBaeT BIMSHUE KaK
Ha caMy LIEHHOCTb, TaK U Ha XapaKTep Biaje-
HUs Oynyieit eHHocThIo (cTpeska 1). Ha
JNAaHHOM 3Tare MPUOPUTETHBIN TUII TOTpedIIe-
Hus (Ha puc. 15 — neproanyeckKu BO3HUKAIO-
111ee MoTpedaeHue 1151 TMYHbIX LieJIeli) coria-
CyeTcsl ¢ XapaKTepoM BJaaeHUs] LeHHOCTU
(cTpenka 2 — enMHOJIMYHOE BIaJieHUE YyKOM
COOCTBEHHOCTbBIO, HAIpUMeEp, apeHaa Wjiu
WIMOTEUHBIN KPEIuT);

— ToJryyaeMas pu OTpeOJIeHUU MPOAYK-
Ta WU YCIYTU LIEHHOCTb OKa3bIBaeT BIUSIHUE
Ha BreYyaT/JeHus nmoTpeduTens (cTpenka 3 —
amaTus), a BMECTe C TEM 1 Ha COCTOSIHUE T10-
Tpebutens (Ha puc. 15 — pazouyapoBaHue);

— COYeTaHUE «araThs — pa3oyapoBaHUeE»,
B CBOIO OUepe/ib, BAMSET Ha XapaKTep Biaje-
HUS KaK HacTosiel (cTpeka 4), Tak u oyay-
1Ie LLEHHOCTBIO.

W3znoxeHHas rmocieaoBaTeIbHOCTh TOMO-
raeT yTOUHUTDb U JOMOJTHUTH TEOPUIO U METO-
JIOJIOTUIO YIIPABJICHUST LIEHHOCTBIO B LIETISAX
MOCTaBOK U C TOYKU 3PEHUS] MapKEeTUHTa,
U C TIO3ULIMI JOTUCTUKM KaK KOHIIEMLUU
YIpaBAeHUS TIPEATIPUSITUSIMU.

NMPOLLECC NPEOBPA3OBAHUA
NMNOTOKOB

st 5heKTUBHOTO YIpaBIeHUs LIEHHO-
CTBIO B LIETISIX TTOCTABOK TPEOYETCST UCTIOJIb30-
BaTh OCHOBHBIE KOMITOHEHTHI LIECHHOCTH T10-
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Puc. 15. lMNocnepoBaresnbHOCTb GOPMUPOBAHUS OTH:!

OLLIeHUsI KOHEYHOr o NoTpeouTens K npuobpeTeHHo

M UCMOJIb30BaHHOW LL€HHOCTH.

TPEeOUTEISI, YACIIO U COCTAB KOTOPBIX 0OOCHO-
BaHbl B [15]. JlaHHbIe puc. 16 O3BOJISIOT
CTPYKTYPUPOBATh LIEHHOCTh MOTPEOUTES
OPOAYKIUU U YCIIYT IO KOJIMYECTBY, KAYECTBY,
3aTpaTaM M BPEMEHU Ha 06a3e KOMITOHEHTOB
YIPaBJIEHUS LEMSIMU OCTABOK — «IIPOLIECC»,
«CUCTEMa», «<KOHCOJIUIALNS», «Pa3yKpYITHe-
HUE», «IIOCTABILIMKW», «[IOCPEAHUKI» U [10-
MOJTHUTEIbHBIX KOMIIOHEHTOB YIIPaBIECHUS
LIEHHOCTBIO «TEPPUTOPUST» U «TPAECKTOPUST»,
a Takke chopMUPOBATH HEOOXOIUMYIO COBO-
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KYITHOCTb TTOTOKOB MPOIYKIIUU 1 YCITYT (Ta0-
nmia 1). Merogoiorusi peteHust mpooeMbl
u3j10KeHa B padorte [16].

Kak cnegyet u3 tabauubl 1, Kaxnblid U3
MOTOKOB MPOAYKLIWU U YCIYr 00ECreuynBaeT
CO3[IaHue U TOCTABKY LIEHHOCTU UX MOTPEOU -
Teato. B To ke BpeMs CIOXHBINA XapakTep
MOTpeOJIeHUS MTPEATIONIATAET OCIEeI0BATENb-
HYIO KOHCOJIMIALIMIO TOTOKOB KaK CJIeICTBUE
UX IIPEIBAPUTEBHOMN CTPYKTYpPU3ALIUU C TOY -
KU 3pEHUSI:

" LEeHHOCTM B LlensaX noCcTtaBoK




XapaKTepI/ICTI/IKa OCHHOCTHU

PsIHOK yCHOBHO- —» KommuecTBo ‘ ’ KauectBo «— PsIHOK yCOBHO-
OeaHOrO doraroro
notpebutens | 3atpathl  [e» Bpems |«  motpeGurens

T_ ___________ H _f ____________ :
Mecto
f T
Teppuropus TpaexTopus
Puc. 16. OCHOBHbIE KOMITOHEHTbI LHeHHoCTU norpe6m'enﬂ.
Taomna 1
KoMmnoHeHTbI HEHHOCTH MOTPeOUTE IS MPOAYKIMHA U YCIYT (MATEPHAILHBIX PECYPCOB)
KOMITOHEHTBI IEHHOCTH TTotoxk 1 TTorok 2 Torox ... TTorok N Hroro
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s=1 i=l
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P P =l sl 0ol
IToTok 1ieHHOCTH
T |1y T2 |2 norpeburens 4 i3 | U3
— >
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i Bpewms, ©
! 721 | 121 722 | L2 23123
N4 4 N4 >
0 q q q IloTok 1eHHOCTH
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norpedurens B
Banac 1 3anac 2 3anac 7
TTotok 1 TToTok 2 TTorok 3 | Ilotok 4 Iotoku 5,6,7| Ilorok 8

Puc. 17. Cxema npeo6pa3oBaHmsi MOTOKOB MPOAYKUNU N YCIYI B NOTOKM LLEHHOCTH.
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— YIIpaBJeHUs TpeOOBaHUSIMHM B ILIETISIX
nocTtaBok [11];

— (opM LIEHHOCTHU MOTPEOUTEISI MPOAYK-
11U U ycayr (puc. 4);

— BTAIoOB IMOJIYYSHUST LIEHHOCTH TTOTPeOu-
TesieM (puc. 6).

Kpome Toro, Ha KOHEUHOM CTaIUM YITpaB-
JIEHUsI IIEHHOCTBIO BO3HUKAET eIIE OTHA TIPO-
GJiemMa, CBsI3aHHas ¢ TTpeoOpa3oBaHUEM T10TO-
KOB TIPOAYKIIMU M YCITYT (yIpaBIeHUE HeTsIMU
MOCTABOK) B TTIOTOKM LIEHHOCTH (YITpaBJieHHE
IIEHHOCTBHIO B IIETISIX ITOCTaBOK). PerieHue aToi
Mpo0JIeMbl 00ecIieYnBaeTCsI Ha OCHOBE JaH-
HBIX, TIPeACTaBIeHHbBIX Ha puc. 17. Ux aHanu3
TTO3BOJISIET CHENIATh CJICAYIOIINE BbIBOIBI:

— TIpU TIpe0Opa30BaHUM TTOTOKOB MPOIYK-
LI 1 YCIIYT B TTOTOKM IIECHHOCTH HEN30EXKHbBI
3arachl MMPOAYKIIMY 1 YCIIYT B KQUueCTBe 3araca
neHHoctu. Hanpumep, Ha puc. 17 notox 1
pacmanmaeTcs Ha JBa MOTOKa MPOMYKIIMU
M YCITYT, OJITH 13 KOTOPBIX HAITPABJISIETCSI K IT0-
TpeOUTEIIO A, a BTOPOI TIEPEXOIUT B COCTOS -
HUe 3araca, oXuaasi IpeoOpa3oBaHUsI B TTOTOK
LIEHHOCTH noTpeoures B;

— 3arachl LIEeHHOCTU noTpeburess B (Ha-
npuMep, 1 1 2) MOTyT MepexoauTh B MOTOKHU
MPOIYKIIMN 1 YCIIYT TIPH MIePeMEeIIeHUH TIOTpe-
ourenst B B ipyroe mMecto (TeppUTOpUIO) U Ha-
000poT;

— MpU MOCTYIJIEHUHU TToTpedbuTeno B He-
CKOJIbKMX TTOTOKOB PEeCypCOB OJHOBPEMEHHO
(Hanpumep, 5, 6 U 7) Hy>KHO YYUTHIBATh BO3-
MOXHBIE WX MPOCTOM (TOSIBJICHUE 3aracoB
00BEKTOB MOTOKOB), YTO CHMKAET IIEHHOCTh
JTAHHOTO TTOTPEOUTEIS.

SAKJTIOMEHUE

Takum 00pa3oM, B CTaThe MOTYyYEHBI JIe-
MEHTBI HayYHOI HOBU3HBI:

— 000CHOBAHBI 3TAITbI IUBEPTCHIINN YIIPaB-
JIEHUSI LIeHHOCTBIO B LIETISIX TOCTABOK (puc. 9);

— pa3paboTaHa IocJie0BaTeIbHOCTb (op-
MHPOBaHUST OTHOIIIEH!ST KOHEYHOTO ITOTPEOH-
TeJIST K MPUOOPETEHHOM M MCIIOJIb30BaHHOMN
HeHHocTH (puc. 15);

— TpeJIOXeH METONUYECKHUI TMOIXOI
K TIpeoOpa3oBaHUIO TTOTOKOB MPOIXYKIINH
W YCIYT B TIOTOKU LIEHHOCTH (puc. 17).

B xone nanpHEHIIINX MCCIeI0BaHMIA ITpe-
rojaraercs:

— YTOYHUTH METOHOJIOTHIO YIIpaBICHUS
ITOTOKaMM PECYPCOB U [IOTOKAMU LIEHHOCTU IIPY
YCTpaHeHNHN MeX(PYHKIIMOHAIBHBIX 0aphepOB
B KaHaJIaX TUIIa «[TOCTaBIIUK,/TIOTPEOUTENb>;
— JIOTIOJTHUTH TEOPHUIO YITPABJICHMS OTHOIIIC-
HMSIMU MEXTY TTOCTABIIMKAMM 1 TIOTPEOUTEISI -
MU B CUCTEMaXx IIOCTABOK MPOAYKIIUU U YCIIYT;
— MCCTIeOoBaTh 3Tarbl YIIPaBIeHUs Tpebo-
BaHUSMU B CUCTEMax ITOCTABOK MPOAYKLIMU

VI YCIIYT.
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ABSTRACT

The article substantiates the stages of
divergence of value management in supply chains,
a sequence of formation of the final consumer’s
relation to the acquired and used value is developed,
amethodical approach is proposed to transform the
flows of products and services into value flows. The

Background. The value of a consumer is a
relatively new concept for enterprises operating in
highly competitive markets. Only in 2004, the
American Marketing Association introduced the
definition of value-oriented marketing, which is now
spelled out in the following edition: «Marketing is an
activity, a set of institutions and processes for
creating, communicating, delivering and exchanging
proposals that are of value to consumers, clients,
partners and society as a whole» [1].

This definition is fundamentally important not only
from the point of view of marketing, but also from the
point of view of logistics, by which we mean «the
concept of enterprise management related to the
effects of the subject of management on resource
flows moving along certain trajectories through the
links of the logistics system (suppliers and
intermediaries) which perform the consolidation/
unbundling of the objects of these flows in order to
provide the final consumers located in a certain
territory with the maximum value within the framework
of the application of parameters of quantity and quality
of products and services and the agreed parameters
oftime and costs for production and sale of them» [2].

It is obvious that the value of the final consumer
of products and services significantly affects the
quality of management of resource flows, and at the
same time the quality of management of their
trajectories, as well as logistical processes and
systems.

Objective. The objective of the authors is to
consider convertible flows and values in supply
chains.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach,
economic methods.

Results.

Hierarchy of terms

The conducted analysis of sources on the
research topic allowed to reveal the following aspects
of the concept of «value» and the accompanying
notations:

CONVERTIBLE FLOWS AND VALUES IN SUPPLY CHAINS
Tyapukhin, Alexey P., Orenburg Transport Institute, branch of Samara State Transport University,

Tarasenko, Evgenia A., Orenburg Transport Institute, branch of Samara State Transport University,

purpose of the research is to clarify the essence of
the value of the final consumer of products and
services that are the subject of marketing research,
and also the formation on this basis of necessary
prerequisites for adjusting the theory and the
methodology of logistics as a concept of enterprise
management.

Keywords: value, flow, final consumer, logistics, divergence, supply chain, transformation.

1) the term «valuable» means «...
merit, important, necessary» [3];

2) in [4], 31 definitions of value are given, and
the most significant are the provisions that:

- this property of a certain object or
phenomenon satisfies the needs, desires, interests
of an individual, a group of people, society as a
whole» [5];

— «there are biological (health, strength),
economic (wealth), aesthetic (beauty), moral
(virtue), religious (sacral) and other values» [6];

3) the notion of «consumer value» or «product
utility» remains a widespread concept in marketing;
it is considered «subjective, estimated indicator,
depends on the comparative importance of the
need, the satisfaction of which is the product, and
on the degree of satisfaction of the product» [7];

4) F. Kotler believes that «the overall value for
a consumer is a set of benefits that he expects to
receive by purchasing a product or a service» [8];

5) for production of the value of the final
consumer of products and services, the formation
of a value chain or «a sequence of operations for
creation of a product (value): research and
development, product design, production,
marketing, sales, after-sales service» [9];

6) effective formation and functioning of the
value chain provides «a process for managing the
overall sequence of integrated activities
(interpretation of the «sequence of operations for
creating a product (value)») and information about
product flows throughout the value chain» or «value
chain management» [10];

7) «value chain management» or «value
management», along with «supply chain
management» and «demand management» form
the logistics as a management concept [11].

The presented hierarchical dependence of
terms makes it possible to determine the degree of
influence of the introduced concept of «value» on
the essence and content of logistics, the object of
research of which is the flow of resources.

with great

Consumer properties of products and services

Typical Unique
Properties (parameters) Stable Necessity Habitual lifestyle
of consumer’s personality Unstable Need —_—

Pic. 1. Classification of prerequisites for consumption of products and services.
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Perception by a consumer of properties
of products and services quality

Familiar Unfamiliar
Type Primary Stability of a value Development of a value
of needs with a focus with a consumer’s focus
on primary needs on primary needs
Secondary Stability of a value Development of a value
with a consumer’s focus with a consumer’s focus
on secondary needs on secondary needs

Pic. 2. Classification of states of a value of a consumer of products and services by a type of his need.

Quantity of value

One Several
Number One Individual value Combined value
of consumers Several Collective value Universal value

Pic. 3. Classification of a value of a consumer of products and services on the basis of ownership.

Periodicity of occurrence of a value

Single Renewable
i Prototype Stock
Nature Potential
of manifestation of a value Real Object Flow

Pic. 4. Classification of forms of a value of consumers of products and services.

Clarification of the essence of concepts

The peculiarity of our research is development of
classification of prerequisites for consumption of
products and services by their end-user. Its basis is
shown in Pic. 1 classification characteristics:
properties (parameters) of the consumer’s personality
(stable and unstable) and consumer properties of
products and services (typical and unique).

Analysis of the information presented in Pic. 1,
allows us to draw the following conclusions:

—value is a set of unique characteristics of objects
and processes that have positive or negative values
for the consumer, depending on his material, mental
or spiritual state’;

—the value differs from the need for the uniqueness
of consumer properties of goods (products and
services) or, more precisely, their special perception
by the consumer, and from the habitual lifestyle —
dependence on the material, mental or spiritual state
(or stability of the state) of the consumer;

— because the value of the consumer is directly
related to his primary and secondary needs, using
such classification characteristics as consumer
perception of the properties of products and services
as familiar and unfamiliar, as well as the type of needs,
it is possible to establish the basic conditions of
consumer value that can be either stable, or be in
development (Pic. 2).

It should be noted that the second state can be
provoked both by the consumer (motivation) and the
supplier of products and services (stimulation)
carried out within the business process «customer

! The definition is based on data of the work [6].

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

relationship management» — component of value
management [12].

In the chain of values, each of its links acts both
as a supplier and as a consumer. On this basis, it is
advisable to classify the value of a consumer of
products and services on such attributes as the
amount of value (one unit, two or more) and the
number of consumers on which the value is distributed.
As a result, we can distinguish four types of value:
individual, collective, combined and universal(Pic. 3),
each of which has specificity and scope of application
in practice.

Before the consumer of products and services
receives the necessary value, it acquires its own
forms, which can be distinguished with the help ofthe
following classification characteristics: periodicity of
occurence of a value (single, renewable) and nature
of its manifestation (potential, real). It follows from
Pic. 4, such forms are prototype, object, stock, flow.

From the point ofview of logistics as a management
concept, two last forms are of particular interest,
which can be given the following definitions:

— value flow — a set of unique characteristics of
objects and processes united according to certain
characteristics that are consistently perceived by a
consumer in space and time, depending on his
material, mental or spiritual state. This concept
defines the essence of logistics, for understanding of
which we should refer to Pic. 5 [13]. On it, the main
(primary) object of logistics is value flow, which is
formed in conditions of the passive state of the
consumer, performing functions of consumption,
exploitation, consolidation/disaggregation or
processing of resource flow objects thatare customary
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State of the consumer

Passive (waiting
for delivery of the object)

Active
(moves to the object)

Passive (stock) Object (value) is owned Consumer moves
State by the consumer to the object (value)
of the object
(value) Active (flow) Object (value) moves Object (value) and the consumer
to the consumer move to each other
Pic. 5. Variants of the state of the product (the object of the logistic flow)
and the consumer in terms of flow control.
State of the value flow
Stop Movement
. Value formation
State Stop Value preparation on a stock basis
of value flow i
Movement | Value delivery \alls formau.on
on a flow basis

Pic. 6. Classification of stages of obtaining a value by the consumer of production.

Value characteristic

Remains <«— Changes
Perception of a value Positive Stability " Improvement of stability
by a consumer
Negative Unstability <€¢— Decrease in stability

Pic. 7. Classification of variants of stability of perception of a value by a consumer
of products and services.

Decision-making stage

Information gathering Research
Contact Without contact Message | A Generalization
with the object (-s)/ 4 |
flow (-s) of value With contact Observation —» Approbation

Pic. 8. Classification of the stages of decision-making by the consumer about receipt of a value.

for him, and the remaining functions are taken over
by logistical, technological and trade links of the
system operating on the principles of outsourcing;

— value stock - a set of unique, uniquely being
created or created unique characteristics of objects
and processes that the consumer seeks to use in
space and time, depending on his material, mental or
spiritual state.

It follows from Pic. 6, the supplier of products and
services should identify the following stages of
obtaining a value by the consumer: preparation,
delivery and value formation, and in two variants — on
the basis of stock (time of obtaining a value and time
of its use do not coincide) and on the basis of the flow
at which the marked mismatch is absent.

Since a significant number of objects and
processes of the surrounding reality change
quantitative parameters and qualitative characteristics
over time, it is necessary to take into account the
following options for stability of perception of a value
by the consumer of products and services:
appearance, increase, preservation and reduction of

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 4, pp. 128—-144 (2017)

stability, and transition of a value to an unstable state
(Pic. 7). This dynamic has a significant impact on
efficiency and effectiveness of value management in
supply chains.

The stability of perception of a value by the
consumer is constantly exposed to external factors in
relation to the consumer environment. As a result,
taking into account such classification characteristics
as the stage of the consumer’s acceptance of
products and services of the solution (information
gathering, research), as well as contact with the object
or the value flow (without contact and with contact),
itis possible to distinguish the decision-making stages
typical for the consumer: message, object/flow
monitoring, approbation and generalization of the
results obtained (Pic. 8).

The presented material allows to substantiate the
stages of divergence of value management in supply
systems (Pic. 9). Recall that the divergence phase is
associated with a critical perception of reality,
destruction of stereotypes, use of very broad
figurative comparisons, extremely distant
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Value as a prerequisite for decision-making Pic. 1
Gravitation of a value to a type of needs Pic. 2
Nature of value possession Pic. 3
Stability of value perception Pic. 7
v
Decision on obtaining a value Pic. 8
Value form Pic. 4
v
Stages of obtaining of a value Pic. 6
Pic. 9. Stages of divergence of value management in supply chains.
Type of need of end user
Primary —> Secondary
. Long-term State », Posses§1or}
Period of consumer (exploitation)
of value possession i i
p Short-term Consum_ptlon Impre.ssmns
(processing) (reaction)
Pic. 10. Classification of results of acquisition and use of values.
Stability of the state
Stable Unstable
R Absence Doubt Apathy
lolact Presence Confidence Excitement
Pic. 11. Classification of consumer’s values.
Purpose of a value
For personal For purposes
purposes of other consumers
Periodicity of acquisition | One-time One-time value acquisition for One-time value acquisition for
of a value personal purposes other consumers
Periodically Periodically arising acquisition Periodically arising acquisition
arising of a value of a value
for personal purposes for the purposes of other
consumers

Pic. 12. Classification of the nature of consumption (processing) of value.

associations. At this stage, the spectrum of various
requirements for a future object is formed [14].
The attitude of the end user to the acquired value
In order to clarify the content of the process of
formation of the attitude of the final consumer to the
acquired and used value, such classification

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol

characteristics as the type of demand of the final
consumer of products and services (primary and
secondary) and the period of possession of a value
(long-term and short-term) were applied. These
characteristics help to isolate the results of acquisition
of values by end-users (Pic. 10): consumer status,
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Variant of possession of value (property)

Ownership Lease, etc.
.. Individual possession Individual possession
Individual s
Nature of the property of another’s property
of possession . Collective possession Collective possession
Collective K
of property of another’s property

Pic. 13. Classification of the nature of possession of value.

Attitude to value

Positive Negative
) . Insignificant Approval Disappointment
Level of impressions
of a value o . L
Significant Delight Irritation

Pic. 14. Classification of consumer’s impressions of the use of a value.

State.‘ Approval | Disappointment | Enthusiasm | Irritation
Impression
Doubt Dbt — Aprl Dbt — Dspt Dbt — Ensm | Dbt — Irrtn
Apath Apth — Aprl
I——3—p——y———————|> Apth — Ensm | Apth — Irrtn
| Confidence | Cnf— Aprl \Cnf — Dspt Cnf—Ensm [ Cnf - Irrtn
| Excitement | Exct — Aprl ;Exct — Dspt Exct—Ensm | Exct— Irrtn
| I
I I 2 Individual | Collecti Collect
| - ndividual ollective ollective
| Tndividual | _i possession | possession possession
|| Consumption 1: possession | of another’s| of property [ of another’s
| 2 of property [ | property property
|[One-time |
| consumption for OTP—-To | | OTP -Ia OTP - Co OTP - Ca
|[personal purposes |
|| One-time |
| consumption for 1y 1, | 1 0TO-1a | OTO-Co | OTO-Ca
|| purposes of other |
|| consumers |
|| Periodically arising _
|| consumption for PP-1Io m PP - Co PP-Ca
|| personal purposes |
|| Periodically arising |
I consumption for 1 po 1, |l po 1 | po-co | PO-cCa
|| purposes of other |
|| consumers |

r

Pic. 15. Sequence of formation of the attitude of the final consumer to the acquired and used value.

consumption (processing), possession (operation)
and impressions (emotions).

The arrows shown in Pic. 10, show the sequence
of accounting options when there is a return from
impressions (emotions) to the original version — the
state of the consumer. In this case, the very state of
the end consumer (stable and unstable) and his
readiness for action (or lack thereof) lead to
substantiation of four consumer states (Pic. 11):
doubt, confidence, depression, excitement.

The main variants of the nature of consumption
(processing) of a value: local internal, local external,
typical internal and typical external (Pic. 12) — can be

obtained with the help of such classification
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characteristics as the purpose of a value (for personal
purposes and for other consumers) and frequency of
occurrence of a need to possess a value (one-offand
periodically arising).

Such classification characteristics, as a variant of
possession of a value (owned and leased) and the
nature of possession (single and collective), form four
variants of possession of a value: individual and
collective possession as of own and another’s
property (Pic. 13).

Finally, variants of consumer’s impressions of the
use of avalue — approval, enthusiasm, disappointment
and irritation (Pic. 14) — are highlighted with the help
of appropriate classification characteristics: the formed
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Pic. 16. The main components of the value of the consumer.

Table 1
Components of the value of the consumer of products and services (material resources)
Value components Flow 1 Flow 2 Flow ... Flow N Total
Quality, Q I I Iy N I
2.0 >0 Yo 220,
i=1 i=1 i=l s=1 i=1
Quantity, K m m, iy, N m
Sk S Sk >3,
i=1 i=l il s=1 i=
Costs, Z " ny ny N &
3z Sz Sz 237,
i=l i=1 il s=1 i=
Time, W n P oy N 2
W, W, W, 22W,
i=1 i=l i=1 s=1 i=l
Value, \" 1 t ty N 1
14 v v 22V,
re = il sl i

attitude to a value (positive and negative) and the level
of impressions of a value (small and significant).

The data in Pic. 10—14 allow to predict the behavior
of the consumer of products and services, taking into
account the adjustments in the processes of creating,
communicating, delivering and exchanging of messages
that are of value to consumers, customers, partners and
society as a whole. The aggregate material makes it
possible to develop a sequence of forming the ratio of
the final consumer to the acquired and used value
(Pic. 15).

Analysis of the data presented in Pic. 15, allows us
to draw the following conclusions:

— the history of a one-time or periodically arising
consumption of a given product (service) affects both
the value itself and the nature of owning the future value
(arrow 1). At this stage, the priority type of consumption
(in Pic. 15 — periodically arising consumption for
personal purposes) is consistent with the nature of
possession of the value (arrow 2 - individual possession
of another’s property, for example, rent or mortgage);

— the value obtained by consumption of a product
or service has an effect on the consumer’s impressions
(arrow 3 — apathy), and at the same time the consumer’s
state (in Pic. 15 — disappointment);

— the combination of «apathy — disappointment», in
turn, affects the character of possession of a present
(arrow 4), as well as a future value.

This sequence helps to clarify and supplement the
theory and methodology of value management in supply
chains and from the point of view of marketing, and from
the standpoint of logistics as a concept of enterprise
management.

Flow transformation process

To effectively manage value in supply chains, itis
required to use the main components of consumer
value, the number and composition of which are

justified in [15]. The data in Pic. 16 allow to structure
the value of the consumer of products and services
by quantity, quality, cost and time on the basis of the
components of supply chain management —
«process», «system», «consolidation», «downsizing»,
«suppliers», «intermediaries» and additional value
management components «territory» and «trajectory»,
and also to form the necessary set of flows of products
and services (Table 1). The methodology for solving
the problem is presented in [16].

As follows from Table 1, each of the flows of
products and services ensures creation and delivery
of a value to their consumers. At the same time, the
complex nature of consumption implies a consistent
consolidation of flows as a consequence of their
preliminary structuring in terms of:

— demand management in supply chains [11];

— forms of a value for consumers of products and
services (Pic. 4);

— stages of obtaining value by the consumer
(Pic. 6).

Inaddition, at the final stage of value management,
there is another problem associated with the
transformation of the flow of products and services
(supply chain management) into value flows (value
chain management in supply chains). The solution of
this problem is provided on the basis of the data
presented in Pic. 17. Their analysis allows us to draw
the following conclusions:

—in the transformation of the flow of products and
services into value flows, supplies of products and
services are inevitable as a stock of value. For
example, in Pic. 17 flow 1 breaks up into two flows of
products and services, one of which is directed to
consumer A, and the second goes into the state of
the stock, waiting for conversion into the flow of value
of the consumer B;
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— the stocks of the value of the consumer B (for
example, 1 and 2) can go into the flows of products
and services when the consumer B moves to another
place (territory) and vice versa;

— when the consumer B receives several
resources simultaneously (for example, 5, 6 and 7),
itis necessary to take into account possible downtime
(the appearance of the stock of flow objects), which
reduces the value of this consumer.

Conclusion.

Thus, the article permitted to describe some
elements of scientific novelty:

— stages of divergence of value management in
supply chains are justified (Pic. 9);

— a sequence of formation of the ratio of the final
consumer to the acquired and used value has been
developed (Pic. 15);

—amethodical approach is proposed to transform
the flows of products and services into value flows
(Pic. 17).

In the course of further research it is supposed:

— to clarify the methodology for managing
resource flows and value flows when eliminating
cross-functional barriers in «supplier/consumer»
channels;

— to supplement the theory of management of
relations between suppliers and consumers in the
systems of supply of products and services;

— to study the stages of demand management in
the delivery systems of products and services.

REFERENCES

1. About AMA. [Electronic resource]: https://www.
ama.org/AboutAMA /Pages/Definition-of-Marketing.
aspx. Last accessed 11.02.2017.

2. Tyapukhin, A. P. Logistics and supply chain
management: the author’s view [Logistika i upravlenie
cepjami postavok: avtorskij vzgljad]. Vestnik Moskovskogo
universiteta. Serija 24: Menedzhment, 2011, Iss. 2,
pp. 128—145.

3. Ozhegov, S. 1., Shvedova, N. Yu. The explanatory
dictionary of the Russian language [ Tolkovyj slovar’
russkogo jazyka)]. Moscow, Azbukovnik publ., 1998, 944 p.

4. Value [Cennost’|. | Electronic resource/: http://terme.
ru/termin/cennost.html. Last accessed 11.02.2017.

5. Gurevich, P. S. Cultural science: Textbook for
universities | Kul’turologija: Uchebnik dlja vuzov]. Moscow,
Proekt publ., 2003, 336 p.

6. Zorin, V. I. Eurasian wisdom from A to Z:
Explanatory dictionary | Evrazijskaja mudrost’ ot A do Ja:
Tolkovyj slovar’]. Almaty, Sozdik-Slovar’ publ., 2002,
408 p.

7. Consumer value [Potrebitel’skaja cennost’].
[Electronic resource]: http://marketopedia.ru/62-
potrebitelnaya-cennost.html. Last accessed 11.02.2017.

8. Kotler, E Marketing Management. St. Petersburg,
Piter publ., 2003, 800 p.

9. Porter, M. E. Competition in Global Industries.
Boston, Harvard Business School Press, 1986.

10. Supply chain management [ Menedzhment cepochki
postavok] [Electronic resource]: http://econom-lib.
ru/3—21.php. Last accessed 11.02.2017.

11. Tyapukhin, A. P. On the concepts of «logistics» and
«supply chain management» [O ponjatijah «logistika»
i «upravlenie cepjami postavok»). Logistika, 2009, Iss. 2,
pp. 16—17.

12. Dolbina, S. A., Tyapukhin, A. P. Theoretical
preconditions for formation of business processes in value
chains | Teoreticheskie predposylki formirovanija biznes-
processov v cepjah cennosti|. Vestnik Moskovskogo
gosudarstvennogo oblastnogo universiteta. Serija: Ekonomika,
2011, Iss. 1, pp. 25—34.

13. Tyapukhin, A. P., Tyapukhina, O. A. Classification
of trade intermediaries and options for their use in supply
chains // Administrative consulting | Klassifikacija torgovyh
posrednikov i varianty ih ispol’zovanija v cepjah postavok].
Upravlencheskoe konsul’tirovanie, 2015, Iss. 4, pp. 94—106.

14. Tatur, Yu. G. The educational system of Russia: a
higher school [Obrazovatel’naja sistema Rossii: vysshaja
shkola]. Moscow, Research center of quality problems of
training of specialists / Bauman MSTU, 1999, 278 p.

15. Tyapukhin, A. P. Author’s view on the theory of
logistics [Avtorskij vzgljad na teoriju logistiki]. Upravlenie
kanalami distribucii, 2008, Iss. 3, pp. 178—191.

16. Tyapukhin, A. P., Tyapukhina, O. A. Substantiation
of options and formation of a system of supply of material
resources [Obosnovanie variantov i formirovanie sistemy
postavok material’nyh resursov]. Voprosy sovremennoj
ekonomiki, 2015, Iss. 4. [Electronic resource]:
http://economic-journal.net/2015/10/128. Last accessed
11.02.2017. [ ]

Information about the authors:

Tyapukhin, Alexey P.- D.Sc. (Economics), professor, head of the department of Logistics and transport
technologies of Orenburg Transport Institute, branch of Samara State Transport University, Orenburg,

Russia, aptyapuhin@mail.ru.

Tarasenko, Evgenia A. - specialist in educational and methodical work of Orenburg Transport Institute,
branch of Samara State Transport University, Orenburg, Russia, t_e_a_t@mail.ru.

Article received 12.02.2017, accepted 21.03.2017.

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 4, pp. 128—-144 (2017)

Tyapukhin, Alexey P., Tarasenko, Evgenia A. Convertible Flows and Values in Supply Chains



MOJEJb
ONS roPOdA 146
|

CucteMHsbie noaxonbl
K TPaHCMOPTHbIM MOTOKaM.

BCM-2 152
|

TpaccupoBka 3acTaBasiet
3a4ymMarbCsl.

PECYPChblI
YYACTKA 164

OpraHu3aumsi coxpaHsieT
6asnaHc cus n yCr0BUIA.

KOMBUHATOPUKA 178
|

Y cpoka HeT anbTepHaTVBEbI.

URBAN MODEL 146
|
System approach

to transportation flows.

HSR-2 152
|
Routing makes thinking.
RESOURCES

OF A SECTION 164
|
Good organisation

maintains balance of forces

and conditions.

COMBINATORICS 178
|
No alternative for defined
terms.




ADMINISTRATION, MANAGEMENT AND CONTROL

VAK 656.02 + 656.072.23

EBrenunii MACJ1I0B

Evgeny S. MASLOV

System Analysis and Modeling

of Transport and Passenger Flows
(TekcTt cTatby Ha aH1. §13.—

English text of the article — p. 150)

B cratbe aHaan3npyrTcs nogxoabl

K MOAEesIMPOBaHUIO TPAHCIOPTHbIX

Y rnaccaxxmpCcKux noToKos

AJ1s ONTUMU3aLNN U MOBbILLEHUS
a¢ppekTuBHOCTU PYHKLNOHNPOBaAHNS
VMeLNXCa MapLUPYTOB

v nepecano4Hsbix y3s10B. [lpuseneHa
MeTo4uKa OL€HKU TPaHCIMOPTHbIX
MOTOKOB B CUCTEeMe KPYNHOro ropoga
Ha OCHOBEe TPaHCMOPTHOM MOAE/N.
BblneﬂeHbl KJ1lo4YeBble rnoka3s3aresiu
A1 obecrnevyeHnss B3aumMogenicTBus
B yripaBJieHUU TPaHCMOPTHbIMU

v naccaxxupckumu notokamu. OnucaH
CUCTEMHBbIV rnoaxona ripyu aHaanse
BO3MOXXHOCTEMN MHTerpaunv 4acten
(3716 MEeHTOB) UHTEeIIeKTYyaslbHOU
TPaHCMOPTHOW CUCTEMbI.

KnroyeBsblie cnoBa: HTENNEKTyaabHas
TPaHCNopPTHasi MOAEJIb, CUCTEMHbIV
nogxo4, yrnpasBJieHNe TPaHCoOPTHLIMU
rnoTokamu, yripaB/ieHne
rnaccaxumpornoTokamm, OnTUMmn3aLms,
MHpOPMAaLMOHHasT MOAE/b,
B3aMMOAeNCTBNE TPAHCMOPTHbIX

Y accaxxmpCckux roToKoB.
|
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CucrteMHbI aHaANU3
U MOoaeNIMpoBaHMe TPAHCMNOPTHbIX
MU NacCaXUpPCKUX NOTOKOB

Macaoe Eeeenuii Cepeeesun — acnupanm xageopot
UHMENNeKMYANbHbIX MPAHCNOPMHBIX CUCTEM
Poccuiickoeo ynugepcumema mpancnopma (MHUHUT),
Mockea, Poccus.

OCTOSTHHO HapacTarolliast Harpy3ka Ha

TPAHCIIOPTHYIO CETh M IIePEeCaOIHbIC

Y376l TOPOJa TIPUBOIUT K TOMY, UTO
CYILIECTBEHHO BO3pacTaeT MHTEHCUBHOCTH
TPAaHCITOPTHBIX TIOTOKOB, a PACIIUPSTh ITyTH
¥ YBEJIMIMBATH KOJTMUECTBO MOIbE3IHBIX JIN-
HUIA 3a9aCTYIO YK€ HET BOBMOXHOCTH. B aTnx
YCJIOBUSIX 0C000€ 3HaAUeHMWE MpUodpeTaeT
CIIOCOOHOCTB CUCTEMBI ITOIHSITH ITPOITYCKHYIO
CIMMOCOOHOCTh CTAHIIMI U OCTAHOBOYHBIX
MYHKTOB IPU MUHUMAJbHBIX U3MEHEHUSIX
apXUTEKTYPHO-TIJIAHUPOBOUYHBIX PEIICHMUIA,
0e3 KamMTaJIbHOM peopraHu3alnu, ¢ TTIOMO-
IIbI0 BHYTPEHHHUX PECYPCOB TPAHCITOPTHBIX
00BEKTOB.

Bo3HukaeT 3amaya onTUMM3AIUKA TPaHC-
MOPTHBIX TTOTOKOB, IMMOBBICUTH 3(PPEKTUB-
HOCTh (DYHKIIMOHUPOBAHUS MMEIOIIUXCS
JIOPOT, MAKCUMAJIbHO CIKOHOMMB MaTepUaTh-
HBIE CpPeACTBAa Ha JOPOTOCTOSIIE peKOH-
CTPYKLINU, a TAaKKe M30aBUTh YIIUIILI OT IIPO-
OOK 1 3aTOPOB, OTHUMAIOIIMX MHOTO BPEMEHI
¥ HEPBOB Y BOAUTEJICH U ITACCaXKUPOB U K TO-
MY e CepbE3HO 3arpsI3HSIONINX OKpYXKalo-
LLYIO Cpejy.

Pemrenne 3amaum mo yBeJIMYEeHUIO IPO-
MYCKHOI CITOCOOHOCTH IPH TeKYIIelt TpaHC-
TMOPTHOM MHMPACTPYKTYPE MOKHO HAUTH P
JeTaTbHOM N3YYeHUH IBUKCHMS TPAHCIIOPT-



HBIX TTIOTOKOB, TPAHCIIOPTHBIX CPENCTB, Iac-
CaXXMPOB, UX B3aUMOJEUCTBUS MeXIy COO0i
U 3JIEMEHTAMU TPAHCIIOPTHOM CETH, YCIIOBUI
U JIOTUKU YIIPABJIEHUS [TIOTOKAMU.

1.

Kakue mapameTpsl onpenensiioT TpaHC-
TIOPTHBIN TTOTOK? SBIsIeTCs TN JaHHOE MHO-
JKECTBO aBTOMOOWJIEH Ha JOPOre TPAHCIIOPT-
HBIM TTOTOKOM 111 HeT? C KaKOTo KOJTMYeCT-
Ba TPAHCHOPTHBIX CPEACTB HAUMHAETCS MO-
TOK? DTH BONPOCHI HUKOTIA He OBUIM YMCTO
YMO3PUTEJIbHBIMUA.

OmHO TPaHCITIOPTHOE CPEICTBO HE SIBJISIET-
€ TOTOKOM, a IBa — BEPOSITHO, YK€ MOTYT UM
OBITH (HampuMep, B MOICIH «CJICIOBAaHUS 3a
JIUAEPOM» PACCMATPUBAIOT IBE TPAHCIIOPTHBIE
equHULB!). To ecTh TOHSITHE TPAHCIIOPTHOTO
MOTOKA OMPENENseTCs B paMKax TOW TEOpUU
WJIW MOJIESIA TPAHCTIOPTHBIX TPOLIECCOB U CU-
CTeM, B KOTOpoW ucrnosb3yercs. WM mis kax-
JIOTO TUTIAa MOJIEJEN U YPOBHS JeTaIu3aluu
MOTOK OyIeT UMETh CBOU XapaKTep U CBOUCT-
Ba IBIDKCHUS.

Hanpumep, B aGCTpakTHOM TEOPUU TPaHC-
TMOPTHBIX IMPOLIECCOB U CUCTEM, TOCTPOECHHOM
Ha UCITOJIb30BAHUM MAaTEMAaTUYECKOU MOJIEeITH,
KOTOPYIO YCJIOBHO MOXHO Ha3BaThb TPaHC-
MopTHOM MalrHoI oT nmpodeccopa B. B. Jlo-
eHuHa [ 1], rpancnioptHbIi notok (TIT) — 310
COBOKYITHOCTb TPAaHCHOPTHBIX OOBEKTOB,
MPOXOISIIUX Yepe3 3aJaHHYI0 TOYKY CEeTH
B ONpeAeIEHHbII MOMEHT BpeMeHM. TpaHc-
TMOPTHBIN MPOLIECC U YUET BIMUSTHUS (PaKTOPOB
B3aMMOJICUCTBUSI OOBEKTOB HAa XapaKTep ero
Pa3BUTUS MOXET OBITh OCYLIECTBJIEH C TTOMO-
IO MO IBIKCHUST 00BEKTOB [2]:

i i i
zv =-f; (xv’sv)’

i pif i i
Syi1 _f; (xv’sv)’
i pif i i
dv+1_-fd(xv’sv)’

xi =fxi (Z\l;-l’zvz-l ""zf—l’tv)’
t, =t +Ati=12,. .k,

)]

e Z, — QYHKILMS peaKiiy TPAHCIIOPTHOTO

00bEKTa B V-ii MOMEHT BPEMEHH; S, ., — CO-

CcTosiHME 00BbeKTa B V + 1 MOMEHT BpeMeHU
IS paccMaTpUBaeMOTO i-To Mmpollecca;
d!,, — MECTOIIOJIOXKEHNE OOBEKTA B CPELIE

v+1
BV + 1 MOMEHT BpeMeHMU JIs1 i-ro Ipoliecca;
X, — IepeMeHHas1, YKa3bIBaKoLlast Ha HaJIn4ue
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MECTa B 30H€ 10 X0y ABMKEHUS 00beKTa 1T
i-ro mpoiecca; A — AUCKPETHBIN 111ar nu3Me-
HEHUS BpEMEHMU t.

Mogensb (1) oTpaxkaeT (pakT BAUSIHUS Kax-
JIoro 13 K 00 bEKTOB CUCTEMBI Ha paccMaTpu-
BaeMbIi i-i Tpouecc, MpOosBISIOLIUACS Yepes
M3MEHEHMe BXOIHBIX BO3IEHCTBUIT X, Kak

pe3yabTaT (OpMUPOBAHUSI COBOKYITHOCTH
o 1 2 k O
peakuuii z, ,2, -2, . ONUpasch Ha JaH-

HYI0O MOJIEJIb, MOXHO OOECIIeUnTh aHau3
CBOMCTB IMHAMUYECKUX CUCTEM JIIOOOTO POJIa,
MpeTHa3HaYeHHBIX LIS TTepeMelleHUsI O0beK-
TOB Pa3JIMYHOTO BUJIA.

CornacHo apyroit Bepcuu [3], TIT — ato
COBOKYITHOCTb TPAaHCITOPTHBIX CPEJICTB, JIBU-
KYIITUXCS TI0 TIPOE3KE 4acTh TOpPOTru. 31ech
K€, B 3aBUCUMOCTH OT YMCJIa TOJIOC U pa3-
PEeIIEHHBIX HATTpaBICHUI IBVDKEHUST, TPAHC-
TOPTHBIN MMOTOK TONPA3ICIISTIOT Ha OHOITO-
JIOCHBI OTHOCTOPOHHMUIA, IBYX-, TPEXITOJIOC-
HbII (1 60siee) OMHOCTOPOHHUI WU IBYCTO-
POHHUIA.

OnpenesieHre NacCaXXUpPOMOTOKA B ab-
ctpakTHoM Teopuu B. B. [loeHrnHa 06006111eHO
TMOHSITUEM WHTEJUIEKTYaTbHOTO TPaHCIIOPT-
Horo notoka. M popmynupyercst oHo Tax [1]:
WHTEJUIEKTYaJbHBIM OyleM Ha3bIBaTh MUC-
KPETHBII TPAHCTIOPTHBIH ITOTOK, yIIpaBIeHUE
TPAHCIIOPTHBIM ITPOIIECCOM B KOTOPOM pea-
JIN3YeTCs JIMOO BHEIITHUM IO OTHOIIEHUTO
K 00BEKTY TPAHCTIOPTHBIM OITepaTOpPOM (1IeH-
TpaJIM30BaHHOE YIIpaBjieHue), JIM00 caMUMU
WHTEJUIEKTYaTbHBIMU TPAHCTIOPTHBIMU 00Bb-
€KTaMU1 CaMOCTOSITEJIbHO (aBTOHOMHOE YITpaB-
JIeHUE), TM00 OAHOBPEMEHHO TeM U IPYTUM
(koMOMHMpPOBaHHOE YIIpaBiieHUe). BaxHeri-
UMM XapaKTepPUCTUKAMU TPAHCITOPTHBIX
ITOTOKOB B JIAHHOM CJIy4yae SIBJISTIOTCS YITpaB-
JISEMOCTh, YCTOMYUBOCTh U CXOAUMOCTH
TPAHCITIOPTHBIX TTPOIIECCOB.

B nHOM ncrounuke [4] maccakuponoTok
OIpeaesi€H KaK COBOKYITHOCTb OE30K, 00b-
eIMHEHHBIX €IMHBIM HaIlpaBJIeHUEM U COBEP-
IaeMbIX B paccMaTpUBAEMBbIii TIEPUOI.

OnHako, HECMOTPS Ha BCE pa3HOOOpasue
TPAKTOBOK M MHOTOBapHMAHTHOCTD ITOIXO/IOB
K TIOHSITHIO, aHAJIU3 TPAHCIIOPTHBIX TIOTOKOB
OCTa€TCs CJIOXKHBIM 2TAIOM YIIPABJIEHUS J10-
POXXHBIM IBIDKEHMEM U MOXKET 0a3MpOBaThCS
Ha:

* CTaTMCTUYECKUX TAHHBIX, B OCHOBE KO-
TOPBIX TPAHCITOPTHOE 00CIeI0BaHNE, UCTTOJb-
30BaHME aBTOMATU3MPOBAHHBIX ITYHKTOB

Macnoe E. C. CUCTEMHbIN aHaNN3 N MOAENNPOBaHNE TPAHCNOPTHBIX M MAaCCaXXUPCKNX MOTOKOB



y4y€Ta ABUXKEHUSI TPAHCIIOPTHBIMU JAETEKTO-
paMu, 3KCMHePTHBIE OLIEHKH, BBIHECEHHBIE TTPU
MOMOILLIM TPAHCHOPTHOM MOJIEJIN;

* MOJAEJIMPOBAHUU TOPOKHO-TPAHCIIOPT-
HBIX CUTYallUii MOCPEICTBOM CIELIMAIbHOTO
KOMITBIOTEPHOTO O0ecIieueHus;

* KOMITJIEKCHOM TMOJXOJIE.

KommiekcHbI nin KOMOMHUPOBAHHBI
MOAXO0/, KOrjJa 0ObeINHSIIOTCSI CTaTUCTUYe-
cKue JaHHble, COOpaHHBIE MPU MOMOILLU BCEX
JIOCTYITHBIX METO/I0B, U pe3yJIbTaThl MOJIEJIU -
poBaHUs, Ta€T OOBIYHO HAWJIYyUIllKe pellle-
HUsl.

CoracHo aHaJU3Y, YHUBEPCATbHBIMU TS
MOJEIUPOBAHUS TPAHCIIOPTHBIX MOTOKOB
1 BO3MOXHOCTU BOCITPOU3BEIEHUSI COBOKYTI-
HOCTM KaK OTAEJbHBIX JeTajdeil NBUXKEHUS,
TaK U CUCTEMHOTO MpoILecca B LIEJIOM SIBJIS-
I0TCSI METOAbI UMUTALIMOHHOTO MOJIEJIMPOBa-
HUsI.

2.

C TTOMOIIIBI0 METOJJOB UMUTAIIMOHHOTO
MOJIEJIMPOBAHUS BOBMOXHO UCIOJIb30BaHUE
MHOTOIIOIXOTHOT'O BApUAHTA, YTO MTO3BOJIS -
€T TTOCTPOUTH TPAHCIIOPTHYIO MOJIENb IS
aHaJ13a CBOWCTB U MOBEACHUS UHAUBULY-
AJIbHBIX 00BEKTOB (MPUMEHSISI areHTHOE
MOJIEJTUPOBAHNE) U [IJISI CHCTEMHOTO CUHTE -
3a. [Ipy onuMcaHUM CUCTEMBI C yYaCTUEM
TPAHCITOPTHBIX MPOIIECCOB (TTPUMEHSIST TAC-
KPETHO-COOBITHITHOE MOJIETUPOBAHNE ) UJTA
TJ100aJbHBIX 3aBUCUMOCTEN (TMTPpUMEHSIS
CUCTEMHYIO JTMHAMUKY) BITOJIHE TOMyCTUMA
Y KOMOWHALIUS TaKUX MOJIXO0/I0B.

IlepBoouepenHoil 3amayeil aHaaun3a
TPAHCIOPTHBIX MTOTOKOB Ha OCHOBE TPaHC-
TIOPTHON MOJIENU SIBJISIETCST (DOPMYTUPOBKA
3aJaHU O pa3paboTKe MEpONpPUITUIL,
HamnpaBJeHHBIX Ha ONTUMU3ALUIO JOPOXK-
HOTO BUXEHHUS, CPEAU KOTOPBIX MOTYT
OBITh:

* PEKOHCTPYKILUS YJIUYHO-TOPOXKHON
CeTU, TEPPUTOPUU WU APXUTEKTYPHOU
MJIAHUPOBKU CTAHIIMU, TPAHCIIOPTHOTO y3-
Jna;

* ONTUMM3ALUSI PAaOOTH UMEIOUIUXCS
B HAUIWYUU TEXHUYECKUX CPEICTB OpPraHU-
31U TOPOXKHOTO IBUKEHUST (MH(pOpMaIn-
OHHBIX TabJ10, CBETOMOPOB U Ip.);

* monrotoBka HOBbIX UTC-permenuii.

Nudopmanus, xapakrepusyouias
TPaHCTOPTHBIE TOTOKU, OOBIYHO PA3HOPO/I-
Ha ¥ COCTOUT U3 O0JIBIINX 0OBEMOB TaHHBIX.
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Db heKTUBHBIN UX aHATN3 BO3MOXEH JIMIITb
P YCJIOBUU TTOCTPOCHUSI UMUTALIMOHHOMN
MOJIEJIA Yl TIPUMEHEHUS CITeIInaIM3uPOBaH -
HOTO ITPOTPAMMHOTO 00eCITeYeHM ST, KOTOPOe
CIOCOOHO:

* TIPEJIOCTABIIATH JaHHBIE B CTAHIAPTU-
30BaHHOM W HaTJISITHOM BU/IE;

* CpaBHUBATH CTPYKTYPbl U MaCCUBBI
JTAHHBIX;

* OCYILECTBJISITH MPOBEPKY MHGMOPMAILIUKT
Ha I0OCTOBEPHOCTb.

MHOTOJIETHU OITBIT HAyYHBIX UCCIIEI0-
BaHUUW U MpakTUYECKUX HAOJIOJAEeHUN 3a
TPAaHCIIOPTHBIMU ITOTOKAMU TTO3BOJIMJ BbI-
JIeJIUTh Hanbosiee 00bEKTUBHBIE TIOKa3aTe-
au. Cpeay HUX BBIIEJSIOTCS: MHTEHCUB-
HOCTb TPAaHCIIOPTHOTO TIOTOKA, €ro COCTaB
10 TUTIaM TPAHCIOPTHBIX CPEJICTB, MJIOT-
HOCTb TIOTOKA, CKOPOCTh JABWXEHUS, 3a-
JNEPKKU TBUKECHMUSI.

MHTEeHCUBHOCTh TPAHCTIOPTHOTO TIOTO-
Ka — 9TO YUCJIO TPAHCIIOPTHBIX CPEACTB,
MMpOe3KalINX Yepe3 CeueHue JOPoTu 3a
eMHUILY BpeMeHU. B KauecTBe pacuéTHOTO
Teproa BpeMeHH JUIsl OTIpeieSIeHUs MHTEH -
CUBHOCTH BUXEHUS IPUHUMAIOT TOM, M-
CsI1I, CYTKH, Yyac 1 0ojiee KOPOTKUE IMTPOMeE-
KYTKU (MUHYTBI, CEKYH]IBI) B 3aBUCUMOCTH
OT MOCTAaBJIECHHOU 3a71a4u M CPEICTB U3MeE-
peHusl.

[I10THOCTH TPAHCTIOPTHOTO TTOTOKA SIB-
JISIETCS TIPOCTPAHCTBEHHOMW XapaKTepUCTH -
KOW, OoTIpefesIioNiell cTereHb CTECHEHHO-
CTU IBUKEHUS Ha moJioce noporu. E€ uzme-
PSAIOT YMCIOM TPAHCIIOPTHBIX CPEJNCTB,
TPUXOJISIIIMXCS Ha OJIMH KM TTPOTSKEHHOCTH
mytu. [IpenenbHas TINIOTHOCTD TOCTUTAETCS
ITPY HETIOJBUXKHOM COCTOSTHUU KOJOHHBI
aBTOMOOUJIEl, PACTIOJIOKEHHBIX BILUIOTHYIO
JIPYT K IPyTy Ha mtojoce. st moToka coBpe-
MEHHBIX JIETKOBBIX aBTOMOOMJIEN TeopeTu-
YeCKHM TpeaebHOe 3HAaYeHUE COCTaBIISIET
okosio 200 aBT./KM.

3anepKKu IBUXKEHUST — MoKa3aTelb, Ha
KOTOPBIN TOJKHO OBITH 00palleHo ocoboe
BHMMAaHUE TIPU OLIEHKE COCTOSIHUSI TOPOXK-
Horo aBmxeHus. K 3agepxkam ciemyer oT-
HOCUTD MMOTePU BPEMEHU Ha BCE BHIHYXIEH -
HBIE OCTAHOBKU TPAHCIIOPTHBIX CPENCTB HE
TOJIBKO TIepe] TepeKpECTKaMM, KeJIe3HOI0-
POXHBIMU TIepee3aaMu, IMpU 3aTopax Ha
MmeperoHax, HO TakKXe M3-3a CHUXEHUS
CKOPOCTH TPAHCITOPTHOTO TTOTOKA IO CPaB-
HEHUIO CO CJIOXMBIIENCS CpeaHeil CKopo-
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CThIO CBOOOJHOTO ABUKEHUS HAa TaHHOM
y4acTKe JOPOTHU.

Jist XapaKTepUCTUKK TTACCAKUPCKUX TTOTO-
KOB HCIIOJTb3YIOTCSI TAKHE OCHOBHBIE [IOKA3aTEIIN:

* TPaHCTIOPTHAsI TIOIBMXKHOCTD;

KOO MULIMEHT TTEPECATOYHOCTH;
BpeMsI TTEPEIBVDKEHUS TIO MapIIpyTY;
MOIIHOCTb WJIU HAMIPSDKEHHOCTD;
3aTpaThl Ha niepecanky (Bpemsi, padboTta);
00BEM TMacCaXkKUpOB;

* MHTEHCHUBHOCTB ITOTOKA;

IJIOTHOCTD TIOTOKA;

HarpaBJIcHIE TTOTOKa,

* K03(P(PULIMEHT CMEHAEMOCTH ITACCAKUPOB.

YTOYHVM HEKOTOPBIE KITIOUEBBIC TTOKA3aTe-
I

— MOIIHOCTb IACCAKUPCKUX ITIOTOKOB — 3TO
KOJIMYECTBO MMACCakMPOB, KOTOPOE MPOE3XKAET
B oIpee€HHOEe BpeMsl Ha 3alaHHOM YJacTKe
MapIpyTa B OJHOM HalpaBJIeHNUH;

— 00BEM TTaCCaKUPOB €CTh UX KOJIMUYECTBO,
TIePeBO3MMOE 3a OTIPENEIEHHBIN TTPOMEKYTOK
BPEMEHM (4ac, CyTKU, MECSILI, TO);

— KO2((PULIMEHT CMEHSIEMOCTH ONPEIEIsIeT-
Cs1 KaK OTHOIIEHNE JUTMHBI MAapIIPYTa K CPeAHER
JTATTbHOCTH TIOE3/IKU TTaCCaKMPOB.

KoH1eniyei CMCTeMHOTO ITOIX0Ia K TPaHC-
TIOPTHOM CUCTEMe TIOJIpa3yMeBaeTCs TIPeKIIe
BCEr0 B3aMOCBSI3b TEPPUTOPUATHLHO-CETEBBIX
YacTeil MM TPAaHCTIOPTHBIX IMOACUCTEM TOPO-
na. B HacTost1iee BpeMsT TPAaHCIIOPTHBIE CUC-
TE€MbI 00J1a1al0T HEAOCTATOYHOU 3(PheKTUB-
HOCTBIO, ITOCKOJIBKY UM He YIaéTcsl CBSI3aTh
CYIIECTBYIOIINE YaCTU UJTU ITATThI ((DYHKIN)
B eIMHBIN MexaHu3M. Kak paBuiio, GyHKIIMN
TOATOTOBKH Tpy3a K MePEeBO3KE OCYIICCTBIIS -
[0TCs 6e3 OJKHOM KOOPAMHALIMU C TIOTPY-
304HbIMHU paboTaMu, a MOCAENHUE C TOTPEO-
HOCTSIMM M 3aIllpocaMM TojlydyaTejeid W T.JI.
BrineneHue oTaebHbIX PYHKIIMI B CAMOCTO-
SITETbHBIE TIPOM3BOJICTBA U HECTIOCOOHOCTh
00beIMHUTD YaCTHU B €AMHOE 1IeJI0e 00YCI0B-
JIEHBI Pa3IMYHBIMU MTPUYMHAMM, BKITIOYast
Y30CTh B3IJISIIOB CITELIMAIMCTOB, HEAOCTATKKI
B OpraHU3alMy ¥ TPaHCTIOPTHOM TUTAHUPOBA-
Huu u 1p. Ho Bo Becex cyvasx 3To MOIYEPKU-
BaeT JIMILb OIHO: MOTPeOHOCTH B O0JIee paliy-
OHAJIbHOM pEIIeHWM TPAHCIIOPTHOM 3amadyu
¥ ONITUMU3AIUK TPAHCTIOPTHBIX MPOIECCOB
B LICJIOM.

BbiBOAbl

AHaJIu3 U CUHTE3 YacTeil CI0XKHOI cuc-
TEMBbI, K pa3psay KOTOPbIX, HECOMHEHHO,
OTHOCUTCS TPAHCHOPTHAs CUCTEMA OOJIbILIO-
ro ropoja, moapa3ymeBaloT UCIIOJIb30BaHNE
cucreMHoro mnoaxona. OH MO3BOJISIET opra-
HU30BBIBaTh M Mepepacpeneisith, MyJIbTU-
TUIEKCUPOBaTh MOTOKU, OOeCIIeunBasl Hacee-
HHUE TOPOJOB TPAaHCHOPTHBIMU YyCIyraMu
¢ MUHUMAaJIbHBIMU 3aiep>KKaMU U 3aTpaTamu
Ha oOcnyxuBaHue. bnaromaps netaaibHOMY
M3YyYEHUIO B3aMMOECTBUS BCeX TPAHCITOPT-
HBIX €IUHULL M TPAHCITIOPTHOM MH(MPACTPYKTY-
pbl MeXIIy CO0O0i, a TaKKe B COBOKYITHOCTU
¢ raccaxkvpaMu, y4aCTBYIOLIMMU B TPAHCIIOPT-
HOM TIpoluecce, Jocturaetcs: 3¢ ¢GeKkT aMepa-
KEHTHOCTU CUCTEMBbI, TOMOT IO ONTUMMU -
31MpPOBATh MPOITYCKHYIO CTOCOOHOCTH 1 YBEJIU-
YUTh TPAHCHOPTHYIO JOCTYIHOCTh CETH.
A B 3TOM cJlyyae U Jierye OLUeHUTb U 10 BO3-
MOXKHOCTH YIyULLIUTh MApIIPYTU3ALIMIO TPAHC-
MOPTHOM CUCTEMBI TOPOA IO JII0OOMY Mepeca-
JIOYHOMY Y3JTy MJTM MHTEPMOAAIbHOM CTaHIINU,
0e3 KalmuTaJIbHOI0 U3MEHEHHUS apXUTEKTYPHO-
TUIAHUPOBOYHBIX PEIIEHUH, 32 CYET SKOHOM-
HOIT peopraHu3aluy yxe UMeIoIIeics TpaHC-
MOPTHOM MHMPaACTPYKTYphl U OoJiee palno-
HaJILHOTO YIIpaBJieHUs MapaMeTpaMu JBUXKe-
HUS TPAHCIIOPTHBIX Y TTACCAKMUPCKUX TTOTOKOB.

Peanuzanust cuicTeMHOro noaxoaa rpu pe-
LIIEHUM TIOJOOHBIX 3a/1a4 YIIpaBJIeHUs MOXET
OBITh OOecrieueHa HaydHbIM MOJCIMPOBAHUEM
TPAHCHOPTHBIX U TMacCaKUPCKUX MOTOKOB,
MpeaocTaBIeHUeM KJIMEHTaM TPaHCIOPTHBIX
YCJIYT BO3MOXXHOCTHU aHajau3a U MOCTPOCHMUS
MapILIpPyTOB C IMOMOILBIO KOMOMHUPOBAHHOTO
MOJb30BaHUs Pa3IUYHBIMU BUAAMU TpaHC-
MopTa, YTO CTAHOBUTCS peajlbHbIM Ha OCHOBE
VMUTALIMOHHBIX Mojesieil 1 00beInHEeHUS
JIAaHHBIX BCEX CUCTEM 1 MOJIYJIEH B UHTEJIIEKTY-
aJIbHYIO TPAHCITOPTHYIO CUCTEMY.
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Z{# ‘ & SYSTEM ANALYSIS AND MODELING OF TRANSPORT AND PASSENGER FLOWS

Maslov, Evgeny S., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The article analyzes approaches to modeling of
transport and passenger flows for optimizing and
improving the efficiency of functioning of existing
routes and interchange nodes. A technique for
estimating traffic flows in a large city system based

on a transport model is presented. Key indicators to
provide interaction in the process of control of
transport and passenger flows are identified. A
systematic approach is described in analyzing the
possibilities of integrating parts (elements) of an
intelligent transport system.

Keywords: intelligent transport model, system approach, transport flow control, passenger flow control,
optimization, information model, interaction of transport and passenger flows.

Background. Constantly increasing load on the
transport network and interchange nodes of the city leads
to the fact that the intensity of transport flows increases
substantially, and it is often no longer possible to expand
the ways and increase the number of access lines. In
these conditions, the ability of the system to increase the
capacity of stations and stopping points with minimal
changes in architectural and planning decisions, without
capital reorganization, with the help of internal resources
of transport facilities acquires special significance.

The task is to optimize traffic flows, increase the
efficiency of functioning of existing roads, maximally save
material resources for expensive reconstruction, and also
save streets from traffic jams and congestion that take a
lot oftime and nerves for drivers and passengers and also
seriously pollute the environment.

The solution of the task of increasing the capacity with
the current transport infrastructure can be found in a
detailed study of transport flows, vehicles, passengers,
their interaction with each other and the elements of the
transport network, the conditions and logic of flow control.

Objective. The objective of the author is to consider
the issues of a system analysis and modeling of transport
and passenger flows.

Methods. The author uses general scientific
methods, comparative analysis, economic evaluation,
simulation modeling.

Results.

1.

What parameters determine the transport flow? Is
this set of cars on the road a traffic flow or not? From how
many vehicles does the flow start? These questions have
never been purely speculative.

One vehicle is nota flow, and two are probably already
able to be (for example, in the «follow-behind-the-leader»
model, two transport units are considered). That is, the
notion of a transport flow is defined within the framework
of that theory or model of transport processes and
systems in which it is used. And for each type of a model
and a level of detail, the flow will have its own character
and motion properties.

For example, in the abstract theory of transport
processes and systems based on the use of a
mathematical model that can be conditionally called a
transport machine by professor V. V. Doenin [1], the
transport flow (TF) is a set of transport objects passing
through a given point of the network in a certain point in
time. The transport process and the account of the
influence of factors of the interaction of objects on the
nature of its development can be carried out using the
model of the movement of objects [2]:

o=f!(x.s),
sta=f(x.8)),

dl, =f;(x.s)),

%=fi (s 2h ),
f=t, +ALI=12, K,

(1)
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where z. — function of the reaction of the transport
object at v-th moment of time; s.,, - state of the

object atv+ 1 moment of time for the considered i-th
process; d, ., — location of the object in the medium

at v+ 1 moment of time for the i-th process; x. —

variable indicating the presence of a place in the zone
along the object’s movement for the i-th process;
A — discrete step of changing time t.

The model( 1) reflects the fact of influence of each
of k objects of the system on the considered i-th
process, which manifest itself through the change of
input actions x, as a result of formation of a set of

reactions z.,,22,....2%, . Relying on this model, it is

possible to provide an analysis of the properties of
dynamical systems of any kind intended for moving
objects of various kinds.

According to another version [3], TF is a set of
vehicles moving along the roadway. Here, depending
on the number of lanes and the permitted directions
of motion, the traffic flow is divided into one-sided,
two-sided, three-sided (and more).

The definition of a passenger flow in the abstract
theory of V. V. Doenin is generalized by the concept of
an intelligent transport flow. And it is formulated as
follows [1]: an intelligent one will be called a discrete
transport flow, the control of a transport process in which
is realized either by an external transport operator
(centralized control) or by intellectual transport objects
independently (autonomous control), or by both
(combined control). The mostimportant characteristics
oftransport flows in this case are controllability, stability
and convergence of transport processes.

In another source [4], passenger flow is defined
as a set of trips united by a single direction and
performed during the period of time under
consideration.

However, despite the diversity of interpretations
and the multivariate approach to the concept, the
analysis of transport flows remains a complex stage
of traffic control and can be based on:

- statistical data, based on the transport survey,
the use of automated traffic counters by transport
detectors, expert assessments made using a
transport model;

« modeling of road and transport situations
through special computer support;

« integrated approach.

An integrated or combined approach, when
aggregating statistical data collected by all available
methods, and modeling results, usually yields the best
solutions.

According to the analysis, the methods of
simulation modeling are universal for the modeling of
transport flows and the ability to reproduce the
aggregate of both the individual parts of movement
and the system process as a whole.

Maslov, Evgeny S. System Analysis and Modeling of Transport and Passenger Flows



2.

With the help of simulation methods, itis possible to
use a multi-approach option, which allows to build a
transport model for analyzing the properties and
behavior of individual objects (using agent modeling)
and for system synthesis. When describing a system
involving transport processes (using discrete-event
modeling) or global dependencies (using system
dynamics), a combination of such approaches is also
quite possible.

The primary task of the analysis of transport flows on
the basis of the transport modelis the formulation of tasks
to develop activities aimed at optimizing road traffic,
among which may be:

« reconstruction of the street-road network, territory
or architectural layout of the station, transport hub;

« optimization of the available technical means of
traffic organization (information boards, traffic lights,
etc.);

« preparation of new ITS-solutions.

The information characterizing transport flows is
usually heterogeneous and consists of large amounts of
data. Effective analysis is possible only if the simulation
model is constructed and specialized software is used
that can:

« provide data in a standardized and clear manner;

« compatre structures and arrays of data;

- verify the information for reliability.

Long-term experience of scientific research and
practical observations of transport flows allowed to
identify the most objective indicators. Among them:
intensity of the transport flow, its composition according
to vehicle types, flow density, speed of movement, delays
in movement.

The intensity of the transport flow is the number of
vehicles passing through the cross section of the road
per unittime. As the estimated period of time year, month,
day, hour and shorter intervals (minutes, seconds) are
taken to determine the traffic intensity, depending on the
task and measurement tools.

The density of the transport flow is a spatial
characteristic determining the degree of constraint on
the road. It is measured by the number of vehicles per
1 km of the length of the road. The maximum density is
achieved when the car column is stationary, located close
to each other on the lane. For the flow of modern
passenger cars, the theoretical limit value is about
200 cars / km.

Delays in movement are an indicator that should be
paid special attention in assessing the state of the road
traffic. Delays should include the loss of time for all the
stops of vehicles not only before crossings, railway
crossings, traffic congestion, butalso due to a decrease
in the speed of the transport flow compared to the
current average speed of free motion on this road
section.

To characterize passenger flows, the following key
indicators are used:

« transport mobility;

« interchange rate;

- time of movement along the route;

* power or tension;

- costs for an interchange (time, work);

« volume of passengers;

- intensity of the flow;

« density of the flow;

« direction of the flow;

- replacement rate of passengers.

Let’s clarify some key indicators:

— power of passenger flows is the number of
passengers passing at a certain time on a given section
of the route in one direction;

—volume of passengersis their quantities, transported
for a certain period of time (hour, day, month, year);

—replacementrate is defined as the ratio of the length
of the route to the average range of travel of passengers.

The concept of a system approach to the transport
system is primarily the interconnection of the city’s
territorial-network parts or transport subsystems.
Currently, transport systems are not efficient enough,
because they cannot link existing parts or steps
(functions) into a single mechanism. As a rule, the
functions of preparing cargo for transportation are carried
out without proper coordination with loading operations,
and the latter with the needs and requests of recipients,
etc. Separation of individual functions into independent
industries and the inability to unite the parts into a single
whole are due to various reasons, including the
narrowness of the views of specialists, shortcomings in
organization and transport planning, etc. Butin all cases
this emphasizes only one: the need for a more rational
solution of the transport problem and optimization of
transport processes in general.

Conclusions. Analysis and synthesis of parts of a
complex system, to the category of which, undoubtedly,
the transport system of a large city belongs, imply the use
of a systematic approach. It allows organizing and
redistributing, multiplexing flows, providing the city’s
population with transportation services with minimal
delays and maintenance costs. Due to a detailed study
of the interaction of all transport units and transport
infrastructure among themselves, and also in conjunction
with passengers involved in the transport process, the
emergence ofthe systemis achieved, helping to optimize
capacity and increase transport accessibility of the
network. And in this case it is easier to evaluate and, if
possible, improve the routing of the city’s transport
system at any interchange node or intermodal station,
without a major change in architectural and planning
decisions, by economically reorganizing the existing
transport infrastructure and more rational traffic control
of transport and passenger flows.

The implementation ofthe system approach in solving
such control tasks can be provided by scientific modeling
of transport and passenger flows, provision of transport
services to customers of transport services with the
possibility of analyzing and constructing routes using
combined use of various modes of transport, which
becomes real on the basis of simulation models and data
integration of all systems and modules in intelligent
transport system.
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Tema cratbu — BnussHue BCM-2 MockBa—
Kazaub—ExkaTepuHOypr Ha cyab0y
TPaHCMOPTHO-JIOFUCTUYECKNX CUCTEM
MerarnosincoB u KPYMHbIX rOPOACKUX
arnomepauunii BA4OJb TPAcChbl,

Ha rpagoCcTPOUTEIbHbIE KOHLEMNUNU Pa3BUTHUS.
KomnnexkcHass MmogepHu3saumnsi TpaHCriopTHOro
Kapkaca ropoackux arsiomepavni

NPy CTPOUTEJIbCTBE BbICOKOCKOPOCTHOM
MarucTpasm MOXET PEeLUNTb TPAHCMNOPTHbIE
npob6siemMbl, HAKONMUBLUNECS B TeYEeHUe
cToNeTnii, MO3UTUBHO OTPa3nUTbCS

Ha NpPoCTPaHCTBEHHO-TEPPUTOPUAITIBHOM
pa3BUTUMN ropoaoB, MOBbICUT 3¢PPEKTUBHOCTDL
MHBECTULNI, aCT Pe30HHO OXugaembli
cuHepreTunyeckuii apekr. Mpu4yém Takas
MogepHu3aLuus MoXeT NoTpeboBaTth Aaxe
MeHbLUe CPeACTB, YeM IJlaHUpyeTcs Ha aTane
CTPOUTEJIbCTBA (XOTS 3TO HE caMoLesib),

a aKoHoMuYeckui apeKkT npu akcnayaraunm
BCM, ropoackoro v npuropoaHoro TpaHcrnopTa
ob6elyaer ObITb BbilLle HAMEYaeMoro,

¥ 3TO OTKpPbIBaeT HOBbIE MepCrneKTUBbI

AJ1s1 MPOCTPaHCTBEHHO-TEePPUTOPUAITIbHOIO
pa3BUTUSI MIPUTPaCCOBbIX FOPOL4O0B

u arnomepauuii.

Knioyesbie cnoBa: BCM-2, meranonuvcel,
arsziomepaumnm, MexayHapoaHble TPaHCMOPTHLIE
KOpUAOPbI, TPAHCMIOPTHO-/IOMMCTUYECKME
cUCTEMbI, B3aMOBJINSIHNE, TPACCUPOBKa,
10/IrOCPOYHbIN 3P DEKT.
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NPOBJIEMBbI YIIPABJIEEIA

BCM-2 n mopgepHusauuna
TPAHCNOPTHO-JIOrMCTUYECKNX
CUCTEeM Meranonucos

Jlasaemwun Taxup la60pawumosuy — dupexkmop
000 «YK «lOxcnas», Kazannw, Poccus.

HTEerpalusi B MUPOBOE TPAHCIIOPTHOE
MPOCTPAHCTBO U PeaTU3als TPAH3UT-
HOTO MOTEeHLIMAJIa CTPAaHbI 3asIBJCHBI
B UMCIIe NIAaBHBIX LieJiel « TpaHCTTOpTHOI cTpa-
teruu Poccuiickoit @enmepaliiy Ha epro, 10
2030 roma» [1].

Teorpapuueckoe nosioxkeHue CTpaHbl MEX-
ny EBporioii u A3ueii mpeapacmnosiaraet K pas-
BUTUIO €BPOA3UATCKUX KOPUIOPOB, 4YeMy
CMOCOOCTBYET 1 OYpHBI 9KOHOMUYECKU I POCT
Kurast. CoxuBiIniicst TpaHCTIOPTHBIN KOPU-
nop «3amag—BocTok» (Bkitouass TpaHccu0)
SIBJISIETCSI CKEJIETHOM TPAHCIOPTHOM CTPYKTY-
poit Poccuu, HO B BeK BBICOKMX CKOPOCTEH
1 OOJIbIINX OOBEMOB MEPEeBO30K MOTEHILIMA
CcUOUPCKOI MarucTpanu orpaHudeH. [loatomy
3TOT KOPUIOP HYXXAAETCS B MOAEPHU3ALUU
W IOTIOJTHEHUM IPYTUMU TPAaH3UTHBIMU JIMHU -
SIMM.

B pamkax TpaHcmiopTHOTO KOpHaopa «3a-
nag—BocTok» cerogHs peanusyoTcs ABa
KPYIHBIX TIPOeKTa — aBToTpacca EBpona—3a-
naaHbiii Kutait 1 BBICOKOCKOPOCTHAsI XKeJe3-
HOJOOpOXHass MarucTpaib MockBa—Ka3zaHb—
Exkarepun6ypr (BCM-2) c mpopokeHeM 10
IMexuna. OgHako nmoka oba MpoekTa pa3BUBa-
IOTCSl HU3KUMU TeMITaMU, PYKOBOAUTEIU HE
OINpPENeTWIUCh OKOHYATEbHO IaXe C TpaeK-
TOpUEN MarucTpaiv, Kaxioe HOBOe 00CTOs-



TEJIBCTBO MPOBOLIMPYET U3MEHEHUE MapILIPyTa,
WIYT CIIOPBI O TPACCE MEXITY PETMOHAMU.

Huskue teMnbl peaqu3aliuu MpOEeKTOB
00YCJIOBJIEHBI, C OTHOW CTOPOHBI, CIIOXKHOMN
(1HaHCOBO-2KOHOMUYECKON CUTyalMei
B CTpaHe, ¢ Ipyroii — Poccust, monrue roasl He
3aHMMABILASICS MACIITAOHBIMU TPAHCTIOPTHbI-
MM MIPOEKTaMU, pa3yynsaach, He UMEET HaBbl-
KOB UX ITIPOEKTUPOBAHUS U DUHAHCUPOBAHUS,
HEJ0CTaTOYHA y HaC M 3aKOHOJaTeIbHas 6a3a.
AHanu3 npoeKTHbIX perreHuit no BCM-2 no-
Ka3bIBaET, YTO MPe00agatoT CTEPEOTUITBI
BTOPOIi MosioBUHBI XX BeKa, HEIOCTATOYHOTO
BHUMaHUS B3aMMOBIUSHUIO TPAHCHOPTHBIX
KOPUIIOPOB KaK APYT Ha Apyra, TaK U TpaHC-
MOPTHO-JIOTUCTUYECKUX CUCTEM METaroIUCOB
¥ TOPOJICKUX arjioMeparui.

B3AMMOCBH3b U BBAMMOBJINAHUE
TPAHCIMOPTHbLIX KOPUAOPOB

Hns skoHomuku Poccum mpuopuretom
B TPaHCIIOPTHO c(pepe HbIHE SIBIISIETCST Pa3BU -
THE MEXTYHAPOTHBIX TPAHCTIOPTHBIX KOPUJIO-
pOB.

Tonbko B 2010 roy B CBS3U € 3aBEPILICHU -
€M CTPOUTENbCTBA (PenepanbHON Tpacchl
«Amyp» HYura—XabapoBCcK eBpoIielicKas 4aCTb
CTpaHbI COeAMHUIIACH CKBO3HOM achabTupo-
BaHHOU aBTOTpaccoi ¢ JlaibHum BocTokom.
IMpoexktupyemast apromopora EBporia—3ama-
Hblli KuTail ctaHeT nmepBOl pocCUMCKO
Tpaccoii BHICOKOTO YPOBHSI HA HAIIIMX BOCTOY -
HBIX pybexax. Poccuiickas yactb Joporu
Cankr-ITetepoypr—Bonorna—Kazanb—
Openbypr—rpanuna Kazaxcrana, repecekast
TatapcraH, OKaxeT CUJIbHOE BIUSTHUE Ha BCIO
TPAHCTIOPTHO-JIOTUCTUYECKYIO CUCTEMY pe-
CIyOJIUKH.

UTo KacaeTcs KeJIe3HBIX JIOPOT, TO TTOCTPO-
enHast 50—100 et Ha3am ceThb ycTapena (He ca-
MU XeJIe3HbIE JJOPOTH, OHU OOHOBJISIIOTCS),
HY>KHBI TIPSIMbIE TPACCHI, BBICOKME CKOPOCTH,
COBpEMEHHasl CUCTeMa YIIPaBJICHUSI.

[TpoekT cTponTenbcTBa BHICOKOCKOPOCT-
HOM XXeJIe3HOIOPOXKHOM Maructpain MockBa—
Kazanb—ExkatepuHOypr MoxeT MpUBHECTHU
KaueCTBEHHO HOBBIE CTAHAPTHI B MACCAXKUP-
CKUe U TPY30BbIe TIepeBO3KU Mexy EBporoit
U A3ueit.

B 2015 romy mosiBUJICS W TPETHil TIPOEKT.
TocynapcTBeHHBI KOHLIEPH «ABTOIOpP» O0bsI-
BWI 0 HaMepeHnH Havathb B 2018 romy crpou-
TeJILCTBO TUIaTHOM aBTOTpacchl MockBa—Ka-
3aHb, MPUYEM B OTHOM Kopuaope ¢ BCM-2.
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XonauHr «PXKJI» u T'K «ABromop» orpabarbi-
BAalOT eIMHbII ITPOEKT 10 TOATOTOBKE TEPPUTO-
pUil 1 BBIHOCY KOMMYHUKALIUMIA, YTO CYLIECT-
BEHHO COKPAaTUT 3aTpaThl HA CTPOUTEIBCTBO.
O4eBUIHO, NPOEKTUPOBAHUE KPYITHBIX TPAHC-
TMOPTHBIX IPOrpaMM JO/DKHO YUUTHIBATH B3au-
MOCBSI3b U B3aMOBJIMSIHUE MarucTpajieil Ipyr
Ha Apyra, ¥ MapIlIpyThl KX MOTYT COTJIACOBAHHO
U3MEHUTBCS, €CNIM 3apaHee ONTUMU3UPOBAThH
MecTa UX MepeceyeHus, TUCIOKALINIO COIyT-
CTBYIOIIMX OOBEKTOB 1 KOMMYHUKALUA [2, 3].

Hanpumep, NpoeKT CTpOUTETbCTBA aBTO-
Tpacchl MockBa—Ka3zaHb CylecTBEHHO IMO-
BJIASIET HA MaplIpyT aBTogoporu Espomna—3a-
nagHeiii Kurait B Kazanckoit 3oHe. Panee
MPOBENEHHbBIE PACYETHI TPY30BBIX U MTACCAKUP-
CKHUX MOTOKOB, a CJIEAOBATEIbHO, U JUCIOKA-
LIMM TPAHCIIOPTHO-JOTUCTUYECKHUX LIEHTPOB,
BOK3aJIOB U CTAHIIMIA UMEIOT MPUYUHY CUIBHO
U3MEHUTHCS C MOSIBIEHUEM JI0OO0OT0 HOBOTO
MPOEKTa, YTO MOTPeOyeT AOMOJHUTETbHBIX
3aTpaT U YCUJIUIA, B TOM YKCJIe U HA HayYHbIE
HCCJIeIOBAHUS.

TPAHCMNOPTHO-JIOTUCTUYECKUE
CUCTEMbI B SOHE TPACCbI

Ha pa3Butue KpynmHbIX FOPOJOB U arjioMe-
pauuii, pacnoJIOXKEeHHBIX BIOJb TPACCHI,
BCM-2 okaxeT HauOOJIbIIIee BIUSHUE, U He-
00X0IMM KapIMHAJLHBIN TIEPeCMOTp UX TeH-
wiaHoB. I3MeHeHus1 B TeHIUIaHaX TOPOIOB
U VX TPAHCTIOPTHOM MH(PPACTPYKTYPHI TIPE/IO-
TIPEJIEIIST, B CBOIO OYepe/ib, TpaHC(hOopMaInio
(KOppeKinio) MapiIpyTOB U YCIOBUI KaK Cy-
mectByrommx MTK, Tak n mpoekTupyembix [ 3].

TpaHCTIOPTHO-JIOTUCTUYECKUE CUCTEMBI
KPYITHBIX TOPOIOB (POPMUPOBATIUCH CTOJIETHU -
SIMM, IIPU 3TOM MpoOJIeMbl HAKJIAAbIBAJIUCh
JIPYT Ha Apyra, U Ha TepPBbIN B3TJISII MOXET
Ka3aTbCsl, YTO peaau3alrsl HOBbIX MTPOEKTOB
MOKET TOJIBKO YCYTYOUTD YK€ CYLLIECTBYIOIINE
TpyaHocTu. [Ipoknaaka Marucrtpaueii mo
UCTOPUYECKU CIOXUBIIUMCS TOPOJCKUM
TPAHCIIOPTHBIM KOPUIOPAM MOXET CHU3UTH
UX MPOIMYCKHYIO CIOCOOHOCTh (BIIPOYEM,
U KaK CYIIECTBYIOIINX), 3HAUYUTEIIBHO yXyII-
IIUTh Kau4eCTBO ropojckoi cpensl. CHOC
3[IaHUI U COOPYXKEHUI, MEPEHOC KOMMYHU-
Kaluil, JOTMOJHUTEbHbBIE TPAHCIIOPTHBIE
Pa3Bs3KU Ha MEPECEUYECHUH C YIULIAMU TTOTPe-
OYIOT KOJIOCCAITBHBIX cpeacTB. Beixon? Heoo-
XOJMMO MPUAEPKUBATHCS TPEOOBAHUI K Op-
ranuzauuu MTK o kacatenpHOM 06xone
METaIoJMCOB.
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Bcien 3a HayaaoMm MPOEKTUPOBAHUS
BCM-2 B auBape 2015 roga 6611 aHOHCUPOBAH
MpOoeKT xejne3HoaopoxHoit BCM «MockBa—
ITexun». A netom 2017 rona OAO «PXK]I»
0OBSIBUIIO O TOM, UTO pa3padaThIBa€TCs TPOEKT
rpy3omnaccaxupckoit BCM «EBpa3us», KOTo-
pbIii 00BEIMHUT KPYITHEHIIINE BHICOKOCKO-
POCTHBIE TPAaHCTIOPTHBIE CUCTEMBI EBpOITBI
u Kuras. O611ast npoTsKEHHOCTD TPACCHI CO-
CTaBUT 9,5 ThIC. KUJIOMETPOB (pacCcTOsIHUE
I[Texun—MockBa—bepauH), a e€ MapupyT
OyneTr BKIOYaTh yyacTok MockBa—Ka3zaHb,
MpoXoJsl B cpefHelt yacTu yepe3 Ypan u Cu-
6upb, a Takcke Kazaxcran u Monronuio. BCM
paccuuTaHa Ha oOpallleHWe KaK Taccaxkup-
CKUX, TaK ¥ TPY30BbIX KOHTEHEPHBIX TIOE3/I0B,
YTO B KOPHE U3MEHUT TPAHCITOPTHO-JIOTUCTH -
YeCcKylo CUCTEMY BIOJIb TPACCHI.

CoracHo rocJjieTHe il Bepcun TpacCUPOBKU
(rmoka He yrBepxaeHHoi) BCM-2 npoxonut
Ha oTaajieHuu oT ropoaoB Biaagumup n Ye6ok-
capbl, kacatesabHo yepe3 H. HoBropoa u kpyr-
HYIO TOPOJICKYIo arjoMepanmio — Kamckyio,
BKJItouast Bech ropon Kazanb. MockBa u Exa-
TEPUHOYPT TIPUHATHI 32 KOHECUHBIC ITYHKTHI,
B HUX cTaHimu BCM 3amiaHupoBaHbI B IIEH-
Tpe rOpOJI0B.

Tpacca tpansurtHoii Betki BCM B H. HoBs-
ropojie NpPOXOAUT IO ero OKparHaM, B 15 KM oT
LIEHTpa, U TaKUM 00pa3oM jie-(hakTo peaynsy-
eTcs KacaTeJbHbIl 00xon ropoaa. Iloesna
HIZKETOPOICKOTO (hOpMUPOBAHMST TPUOBIBAIOT
Ha MOCKOBCKMI BOK3aJl, IIPU 3TOM IIPOE3[T
Yyepes ropojl OTMEHUTh ITOKA He TIPECTaBIIsIeT-
Cs BO3MOXKHBIM, BeTKa Tpacchl Ha Knpos mie-
pecekaeT Bech TOpoOJl, CeBepHBI 00X0. MoKa
He 00cyKaaeTcsl.

IMpoxoxnaenue BCM-2 uepe3 Kamckyto
arJioMepaluio Hen30eXKHO BIUSIET Ha TIePCTIeK -
TUBBI TPAHCIIOPTHOM CUCTEMBI TOPOIOB
H. Yenusl, Huxnekamck u Enabyra, kapau-
HaJIbHO MU3MEHWB CTPATErMy Pa3BUTUSI ITUX
KPYIHBIX HACEJIEHHBIX MyHKTOB. [Toka ux py-
KOBOJICTBO HE OCO3HAET 3TOT (haKT, TUIAHUPO-
BaHMe ropoaoB 0e3 yuéra TpaccupoBk BCM-2
BJIEKYT 3a COOOI 3HAUNTEIbHbIEe HEpAMOHAITb-
HbI€ 3aTpaThl CETOIHS, a e1IE OOJIbLINE B Oy1y-
LIEM.

Kcratu, Mocksa u EkatepuHOypr, paccma-
TpUBaeMble ceifuyac Kak KOHEYHbIE MTyHKTBI
Tpaccel BCM-2, He IBIASIOTCSI TAKOBBIMU
B OyaylIeM: ¢ pa3BuTueM B cTpaHe cetu BCM
TIOCJIETyeT TTPOIOJDKEHE MarucTpaid Ha 3a-
Iaj, 10T ¥ ceBep. DKOHOMMUCT, 3KcrepT MOD
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B. A. KamuH BooOI1Ie BBICTYITA€T CTOPOHHU-
KOM KpaliHHUX Mep: Tpeiaraet yoparh Bce
BOK3aJIbl U3 IIEHTPA rOpojia — CO BCEil MX UH-
GpacTpyKTypOid, a «<KOHIIBI» HAIIPABIISIONIIX-
¢s1 B MOCKBY XeJIe3HBIX JIOPOT 3aMKHYTb Ha yXKe
MMEIONIEeCs a3pOTIOpTHI [4].

TIpencraBasiercst 6oJiee 1ie1ecoo0pa3HbIM
npyroe peuieHre: BCM poskHa NMOAXOAUTH
K OIHOM 13 cTaHLIMIT MOCKOBCKOTO LIEHTPaIb-
Horo kousibla (MIK), a Takxke K oqHOMY WJIn
JIBYM 13 MOCKOBCKHUX asponoptos [3]. B Eka-
TEPUHOYpre MapiIpyT v TUCIOKAIIMS BOK3aja
TOXe TpeOYIOT HeCTaHIaPTHBIX pelIeHUIA:
KpOMe JIBIZKEHUST Ha BOCTOK TIPEINoaraeTcst
OTBeTBJIeHME Ha YeJIsIOuHCK.

HenponymanHast, HaydHO He ITOIKPETIEH-
Has TpaccrupoBka BCM-2 MoXeT OTpHUIIaTe Th-
HO CKa3aTbCs HA ONTUMAJIBLHON OpraHU3alliy
TPY30BBIX U MAaCCAKUPCKUX TIEPEBO30K, CO-
XPaHHOCTH ITPUPOIBI U TEPPUTOPUATHLHO-TTPO-
CTPaHCTBEHHOM Pa3BUTHUU TOPOJIOB U arJioMe-
paluii, 9T0 MOXHO TIPOJEMOHCTPUPOBATH
HaunboJlee HarJISITHO Ha TIPUMepe MPOEKTUPO-
BaHus1 BCM B KazaHckoilt 30He, MOTOMY 4TO
3[1eCh CUTyalsl 0CO0O0 CIIOXHAS.

TPAHCMNOPTHbIU KAPKAC
KA3AHCKOM ArJIOMEPALIUMN

B paspabaTbeiBaeMoii HbIHE CTpATETUU CO-
IMATbHO-9KOHOMUYECKOTO Pa3BUTHSI TOPOJIA
Kazanu 10 2030 roma BOipocsl TPaHCITOPTHOM
MHOPACTPYKTYPhl 3aHUMAIOT BasKHOE MECTO.
OpmHaKO TOPOACKYIO Cpely M TPAHCIIOPTHYIO
WHQPaACTPYKTYypy pa3pabOTYMKU CTpATErvun
MoKa BUJSIT B Y3KMX paMKax TOPOICKOTO OJia-
TOYCTPOICTBA M TPAHCTIOPTHOTO OOCITy>KMBa-
HUST HACEJIEHUSI, U30JIUPOBAHHO OT CHUCTEMbI
HAlMOHAJbHBIX U MEXIYHAPOIHBIX TPAHC-
TIOPTHBIX KOPUIOPOB, TP U3 KOTOPBIX UMEIOT
cratyc eBpasuiickux: «CeBep—IOr», «3amam—
Boctok», «EBpona—3ananusiit Kuraii» [5].

HecMoTpst Ha TO, UTO B CTpAaTETHH COITUAITb-
HO-3KOHOMMYECKOTO pa3BuTusi PecryOonmku
Tarapcran-2030 MTK kaxk pa3 yneiaeHo HeMa-
JIO BHUMAaHWUSI, YeTO HE CKaXelllb O CETU TPAHC-
TMIOPTHO-JIOTUCTUYECKUX 1IEHTPOB. C y4€ToM
9TOTO HEOOXOAMMO BHOCUTH KOPPEKTUBBI
B IUIaHBI Tpeo0pa30BaHUI U Ka3aHCKOW aryio-
Mepaluu, 1 Bceil KOH(PUTYpaIu peruoHa b-
HOTO TPAHCTIOPTHOTO KapKaca.

ITpu Bcex moctomHcTBax 00be3aHOU M-7
aBTOTpacca W XeJjie3Hasi JOpoTra OKa3aJiucCh
pazbenuHEHHbIMU. [Ipu 3TOM 00BE3HAS 10-
pora ¥ TOpoJi TaKXe B 3HAYUTETHHOM CTeTIeH!
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M30JIMPOBAHBI JIPYT OT JIpyTa: MpeIOXKeHHbIS
pa3paboTYMKaMM TIPEABITYIINX TeHILUIaHOB
paauabHbIe BBIE3IIbI U3 TOPOJIa IO el IEHb He
peanuzoBaHbl — KazaHb oka3ajlach B HEKOEM
«KOTJIE».

TInanel ctpoutenbctBa BCM-2 MockBa—
Kazanb—EkatepuHOypr BHOCAT NOMOTHUTEb-
HbIE IPOOJIEMBI, KOTOPbIE HE PEIIatOTCs B paM--
Kax CyIIeCTBYIOIIETO TPAHCTIOPTHOTO KapKaca.
OO0cyxnaemas CrieliMaIMCTaMu TPacCUPOBKa
MarvcTpajiy C 3ae€310M Ha cTaHuio KazaHb-2
yepes ropoACcKoit iec «JIedskbe» yXyaaeT ais
HaceJIeHUsT TPAaHCTIOPTHYIO JOCTYITHOCTD, Ka-
YECTBO TOPOJICKOI Cpebl, a TAaKKe MPUBEIET
K YIOPOXKaHUIO CTPOUTELCTBA, YMEHBIIIEHUIO
CKOPOCTH MPOXOXKAEHUS TOopoJa Moe3naMu
BCM.

Tpaccuposka BCM-2 ot H. HoBropona 1o
H. Yennos BoimosHeHa OAO «ToMmrunpo-
TPaHC», TTPOEKTUPOBIIIMKOM MOCTOB U JIOPOT
B Cubupu. AHaJIU3 MOJIXOA0B K TPOEKTUPOBA-
HUIO TTOKA3bIBAET, UTO ObLI peaIM30BaH Cyryoo
OTpacJIeBOI MOAXOM, AUCIOKAlUg BoK3aia
Kazanb-2 npuHsSITa KaKk akCMoMa, He yITEHbI
B3aMMOCBSI3b U B3AaUMOBJIMSIHAE MMEIOIITUXCST
U CTPOSILIIMXCS MATMCTPAJIEN B Ka3aHCKOM 30HE,
MEePCIIeKTUBBI PA3BUTHST TOPOJCKOTO TpaHC-
MOPTHOTO Kapkaca u camoro ropoaa. [Tpoek-
TaHTBI HE U3YYUIN pa3pabOTKMU Ka3aHCKUX
CIIEIUATMCTOB, YTO 3HAYUTEHLHO YIIPOCTHIIO
OBl 1X padboTy. MaTemaTryeckoe MOAeIUPOBa-
HUE TPaHCIOPTHBIX MOTOKOB B KazaHckoi
arjoMepaluu B TPEX-YEThIPEX BapUaHTaX
TPACCUPOBKHU C YYETOM IKOHOMUUYECKUX, IKO-
JIOTUYECKUX, TPAOCTPOUTETHHBIX acCIeKTOB
BHECJI0 OBI SICHOCTB TIPU BEIOOPE ONTUMAJIBHO-
ro MapIuipyTa.

21 mapra 2016 roma tpaccuposka BCM
B Ka3aHCKOM 30He cTaJia MpeIMeToM 00CcyKie-
Hust B CoBete 10 TipaBam desioBeka npu [Ipe-
sugeHTe P@D. CoBeT 00OpaTnyl BHMMaHUE Ha
HapylIeHUs KOJOTUYECKOro 3aKOHOIATe b~
CTBa 1 peKoMeHIoBasI MuHTpaHcy PD, kadbu-
HeTy MUHUCTPOB Tatapctana u P2KJI uckimo-
YUTH U3 MPOEKTa BapuaHT npoxoxaeHuss BCM
10 rOpoJCKOMY Jiecy «JIeOskbe» Ha TepPUTO-
puu Kazanu kak nportuBopevamuii ct. 105
Jlecnoro konpekca P®D [6].

AJIbTEPHATUBHBIE NPOEKTbI
30HAJIbHOU TPACCUPOBKMU

Kpome mapuipyta uepe3 ropon odcyxia-
FOTCSI I0KHBII 1 CeBEPHBIN 00X0/TbI. BhIcKa3bI-
BaHUsI OTIEJIbHBIX DKCIIEPTOB MO I0KHOMY
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00Xx01y He TMOAKPETUIEHbl HUKaKMMU pacyéTa-
MM M Pa3yMHBIMU JIOBOJIaMU, TIO3TOMY 3TOT
MapIuIpyT BUTaeT Ha ypoBHe uzaen. [Ipencras-
JISIeTCS aKTYaJIbHBIM IIPOEKTHOE TIPEIJIOKeHUE
«O6xoaHas xene3Has nopora . Kazanu» [7],
KOTOpOE TIPeayCMaTPpUBAET CTPOUTEIHCTBO
KeJie3Hoi joporu B 0oxon Kazanu, ceBepHee
aBTomoporu M-7 ot nocénka Kpacheiii Ap
3eJIeHOTOJILCKOTO P-Ha JIo pa3be3na bupionu
Bricokoropckoro p-Ha (ceno KanuHuHo) mpo-
TSKEHHOCTBIO TpuMepHO S50 KM, a Takxke HO-
BOT'O KeJIE3HOOPOKHOTO Bok3aia Kazanu 3a
nocénkom Cyxas Peka u TMHUM METPONOJIU-
TeHa 6,5 KM ¥ aBTOTpacchl 6 KM 10 Hero. Ha
HMMEIOIIINXCS B YepTe TOpo/Ia KeIe3HOIOPOXK-
HBIX MYTSAX NPOTSKEHHOCTHIO 6osiee 100 km
OyIIeT OpraHM30BaHO HA3eMHOE METPO, MHTET-
PUPOBAHHOE C TOPOJCKUM M TTPUTOPOTHBIM
TPAHCIIOPTOM, TIOCTaBKa IPY30B I10 KeJIe3HOU
Jlopore Ha TPeANpUusITAS TIPeaIoiaraeTcs
B HOUYHOE BpeMs.

CTOMMOCTb MPOEKTa OOXOAHON XKeJIe3HON
noporu 1 yyactka BCM-2 B omHOM Kopuaope
B Ka3aHCKoOM 30He coctapisieT 150 mupa pyosei
(B eHax 2016 rona), BKJIr04Yasi CTPOUTETBCTBO
CJIeAYIOLINX OOBEKTOB:

— >xene3Hoi goporu noc. KpacHsrii Ap—
pasbe3n bupromu (52 kM « 0,5 Mipa py6./KM =
26 mnpa pyo.);

— BOK3aJIbHOro koMruiekca Ha M-7 3a Cy-
xoit Pexoii — 10 mapn pyo0.;

— JIMHUU METPO MPOTKEHHOCTBIO 6,5 KM
C YeThIpbMS cTaHIUMAMU — 50 MuipA pyo.;

— aBTOTpACChl MPOTSIKEHHOCTBIO 6 KM
¢ pas3BsiBkKaMu — 6 MJIpI pYO.;

— BBICOKOCKOPOCTHO MarcTpaiy oT rpa-
Hulbl ¢ Mapuii D1 1o HoBoro Bok3ana Ha M-7
(42 xm * 1,26 mupa py0./kM = 53 mipa pyo.);

— Mpoyue 3aTpaTbl — 5 MIPI pyo.

[Ipu KOCTDKEHWM HECOMTOCTaBUMO OoJiee
BBICOKHMX PE3YJIETATOB UTOTOBbIE MHBECTUII-
OHHBIE 3aTPaThl BApUAHTA CYIIIECTBEHHO HIDKE
MpeAIosaraeMbIX 3aTpaT Ha CTPOUTETbCTBO
BCM-2 uyepe3 ropon: Tpacca NpOTSKEHHOCTBIO
47 xm ot rpaHubl Mapuit O 1o Kazanb-2
oueHuBantach uHuMatopamu BCM-2 B
166 mipa pyo. B ueHax 2014 roga, npu 3ToM
CTOMMOCTb Bble3fa U3 ropoja ot KazaHb-2
B BOCTOUYHOM HArmpaBJIeHUU HE YUUTHIBAJIACH.

Peanuzaius nmpoekra MO3BOJSIET BBITIPSI-
MWTb Tpaccy Xeje3Hbix Jopor u BCM, coBme-
ctuth Tpu MTK — aBTOMOOUIBHBIH, XKeJe3HO-
nopoxHbii 1 BCM B HenmocpeaCTBEHHOM
omm3zoctu ot Kazanu, obecrieurBaeT KacaTesib-
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Puc. 1. O6xonHas xene3Has gopora r. Kazaum (paspabortka asTopa).

HbIit 00xon BCM roposa, cHUMaeT U3nuiiHme
Harpy3ku Ha TOPOJICKYIO MH(MPACTPYKTYPY.

CTpouTesbcTBO BOK3AJIBHOTO KOMILIEKCA
Ha M-7, rie KpoMme XeJe3HOIOPOKHOTO
Bok3aysa OyAyT CTaHLUS METPOMNOJUTEHA,
nero BCM, nero MeTpo, aBTOBOK3aJl, mepe-
XBaTBIBAIOIINE aBTOCTOSHKM, TOCTUHUIIBI
U T.IL., — 3TO €1I€ U MOSBJICHUE HOBOTO MUKPO-
paiioHa ropofia ¢ BEPOSITHBIM CO3AaHUEM 3[IECh
LEHTPAJIbHOM MOBOJIXKCKOUW YMpaBISIOLIEN
TUTOLIAAKU, 3asIBJICHHOU B CUCTEME MTPOEKTOB
OpraHu3aluy €BPa3UNUCKUX TPAHCTIOPTHBIX
KOPUAOPOB.

B 30He MeHSIOIIUXCS TPAHCITOPTHBIX CXEM
00pa3yloTcs IBa KPYMHBIX JOTUCTUYECKUX
meHTpa: «bupronm» n CBUSIKCKUI MEXKpETru-
OHAaJIbHBI MYJIbTUMOAANbHbINA, KOTOPBIE
MPUMYT Ha ce0s 1 GYHKIIMY COPTUPOBOYHOMU
cranmn «fOguHo». 3HaueHMe pa3besna «bu-
Pprojiv» Kak MOTEeHUIMATbHOM IO K JIOTU -
CTUYECKOTO LIEHTpa elle 0oJiee YyCUIUBAIOTCS
IUTAHUPYEMBIM MPOXOXIEHUEM 3[€Ch aBTO-
tpaccel EBponta—3amnannerit Kutaii. [Tpomot-
XeHue Oyaylileil 1oporu ot Bok3ana Ha M-7
IO TiepecedeHust ¢ aBroTpaccoit EBpoma—3a-
naaHblii Kutait u nanee Ha ceBep Mocrnocoo-
CTBYET Pa3BUTUIO PallOHOB 3aKa3aHbsl.

O0OxomHas Tpacca Mo4Th Ha 7 KM Kopoue
CYILIECTBYIOILIEH, 5TO €XXeCYyTOYHOE COKpalle-
HUE IPy30MepPeBO30K HA 5 MJIH T * KM, €CJIU
TePEeBOIUTH Ha IEHBIM — OKOJIO 4 MJIH pYO.
B cyTKH, 1,5 Mapx py0. B rox. C yu€Tom mac-
CaXMPCKUX MEePEeBO30K 00IIasg SKOHOMUSI
COCTaBUT 2 MJIPA PyO./TOmI.

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 152-163 (2017)

CTpouTeThcTBO 0OXOTHOM TOPOTH 32 Yep-
TOI ropojia, KpoMe TOTo, TIO3BOJIUT 3aCTPOUTh
0KOJI0 3 ThIC. TEKTapOB 3eMeJb B paauyce
5—7 kM ot Kazanckoro Kpemis, mpuuém st
YJacTKM OYAYT C pa3BUTON MHMPACTPYKTypOit
1 BITOJTHE MTpecTXHbIMU. HazemMHoe MeTpo Ha
OCBOOOIMBIIIMXCST KEJIE3HOTOPOXKHBIX TTYTSIX
pemnmT mpodIeMBbl TOPOJCKOTO TPAHCTIOPTA HA
JIEeCcSITUIeTUsI BIEPED U ¢ MUHUMATbHBIMU
KaInuTaJIbHBIMU 3aTpaTaMu.

BAPUAHT OJ19 KAMCKOM
ArNMTIOMEPALUN

B ominaue ot mapiipyTa B Ka3aHCKOI 30He,
KOTOpPBII 3aCTaBUJI UCKATh aJbTEPHATUBY,
npenaoXeHHblil LleHTpom cTpaTermueckux
pa3paboToK M ToanepKaHHbIE MUHTpaHCOM
BapuaHT mpoxoxneHuss BCM mrst Kamckoit
arJioMepaluy 0Kas3alicsl «IPaBUIbHBIM»: pea-
JIN30BaH KacaTeJbHbI 00XO arioMeparni.
Boxazai npenronaraercst pa3MecTUTb Ha Tpac-
ce M-7 mexny Enabyroii u 093 «Anadyra».

Bapuant BCM-2 uepe3 Kamckyto arnome-
palmio, Kak MOXHO OKUIaTh, OKAXKET CUJIbHOE
BIUsIHUE Ha (DOPMUPOBAHUE TPAHCIIOPTHO-
JIOTUCTUYECKOI cucTeMbl ToponoB Emadyra,
H. Yennbl, HruxxHekaMcK, KapaAUHAIbHO U3-
MEHUT CTPATETUIO UX TePPUTOPUATBHO-TIPO-
CTPAHCTBEHHOTO Pa3BUTHSI.

KaranuzaTopom mpu 3TOM CcTaHeT pea-
nm3aims mpoekrta « MHHOKamM» . MHHOBaIm-
OHHO-TIPOU3BOICTBEHHBIN LIEHTP CO3AAETCS
B npenenax HukHekaMcKolt armoMepanui,
B KOTOPYIO BXOJSAT Tepputopuu Enabyxcko-

AaeneTtiuvH T. . BCM-2 n MmoaepHU3aumna TPaHCNOPTHO-JIOTMCTUYECKUX CUCTEM MEranosiucoe
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Puc. 2. Cxema npoxoxaeHnss BCM-2, npennoxeHHas LieHTpom cTpaTernyeckmx pa3paboTok.

ro, 3anHckoro, MenaeneeBckoro, HuxHe-
KaMcKoro 1 TykaeBCKOTO MYHUILIATTAIbHBIX
paiioHOB 1 TOpoAcKoil okpyr HabepexHbie
YeHbl.

CocTaBHOI 4aCThIO MTPOEKTA SIBJISIETCSI TTO-
CJIeIOBaTeNIbHOE Pa3BUTHE UH(MPACTPYKTYPHI.
ITpennonaraercs peKOHCTPYKIIUS XEIe3HOIO0-
POXHOI MH(MPACTPYKTYPhl U MOJIEPHU3AIUS
MeXAyHapoaHoro asponopra berumeso.
A Topoja, TeppUTOPUATBHO OTHOCSIIHUECS
K «MTHHOKaMy», IIaHUPYETCS COENUHUTD €1 -
HOM CUCTEMOI1 OOLIECTBEHHOTO TPAHCIIOPTA,
4TOOBI 1aTh CBOOOY MEePeABUXKEHUIO paboueit
CUJIBI.

TpaHCMOPTHbIN kapkac KaMckoK arnoMepaumm

(!

Bripouem, HeCMOTpst HA KOMIIAKTHOE pac-
TTOJIOXKEHVE TOPOIOB Y TIPOMBIIIIEHHBIX TTPET-
MpusATUI Kiactepa, peka Kama ycinoxHser
KOMMYHMKAITMOHHbIE KaHAJIbI — HaIrpuMep,
Mpu paccTosiHUM Mexay ropogamu EnaGyra
un Huxuekamck o nipsimoit B 20 kM, TpaHC-
MTOPTHBIE MapPIIPYThl COCTABIISTIOT 65 KM 1 60-
Jiee, IPUYEM COSIMHSIET OTU TOYKU eTUHCTBEH-
Hblil MocT B HabepexHbix YenHax — rmioTrHa
Hixrekamckoit ['DC.

ITpoexTHOEe mpemioxeHue aBTopa «Kam-
CKUIA 3KCIIpece» [8] mpemycMaTpuBaeT CTpOH-
TEJILCTBO XKeJie3Hoi noporu Enadyra—HuxkHe-
KaMcK—Habepexxable YeTHbI (ceBepHOE TTOITY-

posra

. noc. CoBxo3 Tarapcram
-

Hosatpapueos

Hoo CypCy

YenosHble 0603HadeHHA:
Nnanupyemas Tpacca BCM-2

v "
Bepuih Cran Cy

= enesHas gopora "Kamciuii Sxcrpecc”
= INaHupyeMan asToTpacCa
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Puc. 3. Cxema tpancnoprta Kamckori arnomepaumn (paspa6otka aBTopa).
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KOJIBLIO) IMPOTSLKEHHOCTHIO 60 KM. B mepcriek-
THBE MOXHO 3aMKHYTh KOJIbIIO XeJIe3HOU
JIOPOTHU, MCITOJIb3ysl CYIIECTBYIOIINE JTUHUKN
(103KHOE TIOJTYKOJIb1I0) B uepTe ropoaoB H. Ye-
Hbl 1 HikHekaMcK.

Takum obGpazom, OyaeT OpraHM30BaHO Ha-
3eMHOE METPO arJIoMeparvi, THTETPUPOBAHHOE
C TPAaHCTIOPTHBIM KapKacoOM TOPOJIOB, BXOISIIINX
B aryioMepalifio, a Takke aBTO- 1 XKeJIe3HOI0-
POXXHBIMM MarviCTPAJISIMU, TIPOXOISTIIMMU Yepe3
HeE.

CroumocTh mpoekTta «Kamckuii akc-
npecc» — 50 mupa py6. (B ueHax 2016 roma),
BKJTIOUAs! CTPOUTENIHCTBO CJICAYIOIINX OOBEKTOB:

— xenie3Hoi noporu HikHekamck—Enady-
ra—HaGepexnbie Yennsr (60 km * 0,5 mupn
py6./km = 30,0 Mpa pyo.);

— BOK3aJIbHOTO KoMIuTekca Ha M-7 (0OD3
«Anabyra»), COBMEIIEHHOTO C BOK3aJOM
BCM — 2,5 mipa pyo0.;

— BOK3JILHOTO KOMITJIeKCa Ha TiepeceueHu
OCHOBHOW MarucTtpaid U MeXIyropoaHoun
3JIEKTpUUYKK B paitoHe TuxoHoBo—Ilocmeno-
BO — 2,5 MJIpA, pyo.;

— nByx MocToB uepe3 Kamy (mexmy HukHe-
kamckoM u Enabyroii u B paitoHe TuxoHOBO—
ITocnenoBo) — 10 muipa pyo.;

— Opoyue 3aTpaThl — 5 MIIpA pyO.

CKOpOCTHOI TpaHCTTOPTHBIN KapKac Kam-
CKOM arjioMepaliiu yCUJIUT CBSI3HOCTh TOPOJIOB,
YBEJIMUUT TTOTOKHM TPYIOBBIX, IEJIOBBIX U KYJTb-
TYPHBIX KOPPECTIOHAEHIINIA, OOJIETYUT IPSIMOE
B3aMMOJIeliCTBUE TOPOJOB arjioMepalnu,
a B MMEPCIIEKTUBE — CTUMYJIMPYET TOsIBIICHUE
HOBBIX IIEHTPOB JIEJIOBOM aKTUBHOCTH M XKU-
JIVIITHOTO CTPOUTENILCTBA Mexky HinkHekam-
ckoM, Enadyroit u HabepexHbiMu YeaHamu.

JloToTHSET TpaHCTIOPTHBIN KapKac ariioMe-
palvu CTPOUTENILCTBO ABTOIOPOTH OT MaMaib-
ma 1o M-7 B obxon HabepexHbix YenHOB
n HukHekaMcKa ¢ MOCTOBBIM T€PEXOI0M
B paiioHe cena CoKoJKa MPOTSIKEHHOCTBIO
85 KM. DTOT ITPOEKT pa3rpy3uT aBToTpaccy M-7
B npenenax HkHekamMcKo#l arjioMepaiu,
CTaHeT Iy0I€poM Tpacchl uepes ImioTuHy Huk-
HekaMckoii 'DC, TeM caMbIM obecre4yuB
U TPAHCITOPTHYIO 0€30MacHOCTh PETMOHA.

BbiBOAbI

CrpoutenbctBo BCM-2 oka3bIBaeT or-
pPOMHOE BIMSIHME Ha pa3BUTHUE T'OPOJOB
M arjioMepaluii BIoJb TPacChl, 0COOEHHO Ha
MOJEPHU3ALINIO X TPAHCIIOPTHO-JIOTUCTH -
YeCKMX cucTeM. B To Xe BpeMs Ipu mpoeK-
TUPOBAHUM CJICAYET YYUTHIBATH OCOOCHHO-
CTU TPAHCIOPTHOTO KapKaca ropoaoB
M arjioMepaluii, mpu4éM paccMaTpUBaTh UX
B IMHAMMKE, B3aMMOCBSI3U C OOILLIETOPO/ -
CKUM pa3BUTUEM.

OnTuMaibHble pelIeHMs IIPU TpacCu-
poBke nuHuii BCM B nipuropomax meraro-
JINCOB M KPYITHBIX arjioMepalnuii 1ocTura-
JOTCSI MYTEM KOMILJIEKCHOTO aHajn3a U MO-
IeJUPOBAaHUS TPAHCIOPTHBIX MOTOKOB
C y46TOM 93KOHOMUYECKUX, IKOJIOTUUECKUX,
rpafoCTPOUTEIbHBIX ACTIEKTOB.
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HSR-2 AND MODERNIZATION OF TRANSPORT AND LOGISTICS SYSTEMS

OF MEGACITIES

Davletshin, Takhir G., LLC «Management Company «Yuzhnaya», Kazan, Russia.

ABSTRACT

The topic of the article is the influence of HSR-2
Moscow—Kazan—Yekaterinburg on transport and
logistics systems in megacities and large urban
agglomerations along the route, on town-planning
development concepts. The complex modernization
of the transport frame of urban agglomerationsin the
construction of a high-speed highway can solve the
transport problems that have accumulated over the
centuries, positively affect the spatial and territorial

development of cities, increase the efficiency of
investments, and give a reasonably expected
synergistic effect. Moreover, they may require even
less money than planned at the construction stage
(although this is not an end in itself), and the
economic effect in the operation of high-speed
railways, urban and suburban transport, promises to
be higher than planned, and this opens up new
prospects for the spatial and territorial development
of towns and agglomerations located near HSR.

Keywords: HSR-2, megacities, agglomerations, international transport corridors, transport and logistics

systems, mutual influence, tracing, long-term effect

Background. Integration into the world transport
space and realization of the country’s transit potential
are declared among the main goals of the Transport
Strategy of the Russian Federation for the period until
2030 [1].

The geographical position of the country between
Europe and Asia predisposes to the development of
the Eurasian corridors, which is promoted by China’s
rapid economic growth. The existing transport
corridor «West-East» (including the Trans-Siberian
Railway) is a skeleton transport structure of Russia,
butin the age of high speeds and high traffic volumes
the potential of the Siberian railway is limited.
Therefore, this corridor needs to be modernized and
supplemented by other transit lines.

Within the transport corridor «West-East» two
major projects are being realized today: the highway
Europe—Western China and the high-speed railway
line Moscow-Kazan-Yekaterinburg (HSR-2) with the
extension to Beijing. However, while two projects are
developing at a slow pace, the leaders have not
decided definitively even with the trajectory of the
highway, each new circumstance provokes a change
in the route, there are controversies about the route
between the regions.

The slow pace of project implementation is due,
on the one hand, to the difficult financial and economic
situation in the country, on the other hand, Russia,
which has not been engaged in large-scale transport
projects for many years, forgot how to design and
finance them, and we lack the legislative framework.
Analysis of design decisions for HSR-2 shows that
stereotypes of the second half of 20" century dominate,
insufficient attention to mutual influence of transport
corridors both on each other, and transport-logistical
systems of megacities and urban agglomerations.

Objective. The objective of the author is to
consider modernization and development of transport
and logistics systems of cities located near the
projected HSR-2 Moscow-Kazan-Yekaterinburg.

Methods. The author uses general scientific
methods, comparative analysis, statistical data,
scientific description.

Results.

Interrelation and interdependence of
transport corridors

For the Russian economy, the priority in the
transport sector is now the development of
international transport corridors.

Only in 2010, in connection with the completion
of the construction of the federal highway «Amur»
Chita—Khabarovsk, the European part of the country

was connected through a paved asphalt road with the
Far East. The projected road Europe—Western China
will be the first high-level Russian highway on our
eastern borders. The Russian part of the road
St. Petersburg-Vologda-Kazan-Orenburg-
Kazakhstan border, crossing Tatarstan, will have a
strong influence on the entire transport and logistics
system of the republic.

As for the railways, the network built 50— 100 years
ago is obsolete (not the railways themselves, they are
being updated), straight highways, high speeds,
modern control system are needed.

The project to build a high-speed rail Moscow—
Kazan-Yekaterinburg can bring qualitatively new
standards in passenger and freight traffic between
Europe and Asia.

In 2015, there was a third project: the state
concern Avtodor announced its intention to begin in
2018 the construction of a toll highway Moscow—
Kazan, and in the same corridor as HSR-2. Holding
Russian Railways and SC Avtodor work out a single
project for the preparation of territories and the
removal of communications, which significantly
reduces construction costs. Obviously, the design of
large transport programs should take into account the
interconnection and mutual influence of the highways
on each other, and their routes can be coordinately
changed if they are optimized in advance for the
places of their intersection, the dislocation of related
objects and communications [2, 3].

For example, the project of building a highway
Moscow-Kazan will significantly affect the route of
the road Europe—-Western China in Kazan zone. Earlier
calculations of freight and passenger flows, and
consequently, the location of transport and logistics
centers, terminals and stations have a reason to
change significantly with the advent of any new
project, which will require additional costs and efforts,
including research.

Transport-logistics systems in the area of the
highway

HSR-2 will have the greatest impact on
development of large cities and agglomerations along
the route and a thorough revision of their master plans
is necessary. Changes in the general plans of cities
and their transport infrastructure will, in turn,
predetermine the transformation (correction) of the
routes and conditions of both the existing ITC and the
projected ones [3].

Transport and logistics systems of large cities
have been formed for centuries, with problems
overlapping each other, and atfirst glance it may seem
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that the implementation of new projects can
exacerbate existing difficulties. The laying of highways
along the historically established urban transport
corridors may reduce their throughput (however, as
well as existing ones), significantly worsen the quality
ofthe urban environment. Demolition of buildings and
structures, transfer of communications, additional
transport interchanges at the intersection with the
streets will require colossal funds. Solution? It is
necessary to adhere to the requirements for the
organization of ITC on the tangential bypass of
megacities.

Following the beginning of the design of HSR-2 in
January 2015, the project of HSR Moscow-Beijing
was announced. And in the summer of 2017 JSC
Russian Railways announced that a project of cargo-
passenger HSR Eurasia is being developed, which will
unite the largest high-speed transport systems in
Europe and China. The total length of the route will be
9,5 thousand kilometers (distance Beijing—Moscow—
Berlin), and its route will include the section Moscow—
Kazan, passing in the middle part through the Urals
and Siberia, as well as Kazakhstan and Mongolia. HSR
is designed to handle both passenger and freight
container trains, which will radically change the
transport and logistics system along the route.

According to the latest version of the routing (not
yet approved), HSR-2 is located at a distance from
the cities of Vladimir and Cheboksary, through Nizhny
Novgorod and a large urban agglomeration -
Kamskaya, including the whole city of Kazan. Moscow
and Yekaterinburg are considered to be the final
points, where the HSR stations are planned to be
located in the center of the cities.

The route of the transit branch of HSR in Nizhny
Novgorod passes along its outskirts, 15 km from the
center, and thus a tangential bypass of the city is
realized de facto. Trains formed in Nizhny Novgorod
arrive at Moscow railway station, while it is not possible
to cancel the passage through the city, the branch
line to Kirov crosses the whole city, and the northern
bypass is not yet discussed.

Passage of HSR-2 through Kamskaya
agglomeration inevitably affects the prospects of the
transport system of the cities of Naberezhnye Chelny,
Nizhnekamsk and Yelabuga, radically changing the
development strategies of these large settlements.
While their leadership is not aware of this factor, urban
planning without taking into account the tracing of
HSR-2 entails significant non-rational costs today, and
even greater in the future.

By the way, Moscow and Yekaterinburg, now
considered to be the final points of the HSR-2 route,
are not such in the future: with the development of the
HSR network in the country, the extension of the
highway to the west, south and north will follow.
Economist, expert of the IEF V. A. Kashin in general
advocates extreme measures: proposes to remove
all the stations from the city center — with all their
infrastructure, and to close the «ends» of the railways
going to Moscow to existing airports [4].

It seems more expedient to make another
decision: HSR should approach one of the stations of
Moscow Central Circle (MCC), as well as one or two
of Moscow airports [3]. In Yekaterinburg, the route
and station location also require unconventional
solutions: in addition to the eastward movement, a
branch to Chelyabinsk is supposed.

The unreasoned, scientifically unsupported tracing
of HSR-2 can adversely affect the optimal organization
of freight and passenger transportation, preservation
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of nature and spatial development of cities and
agglomerations, which can be demonstrated most
clearly by the example of design of HSR in Kazan zone,
because here the situation is particularly complex.

Transport framework of Kazan agglomeration

In the current strategy of social and economic
development of the city of Kazan until 2030, the issues
oftransport infrastructure occupy an important place.
However, the urban environment and transport
infrastructure are still considered by the strategy
developers in the narrow framework of urban
amenities and transport services, isolated from the
system of national and international transport
corridors, three of which have the Eurasian status:
North—-South, West-East, Europe-Western China [5].

Despite the fact that in the Strategy of social and
economic development of the Republic of
Tatarstan-2030 the ITC is paid a lot of attention to, the
same cannot be said about the network of transport
and logistics centers. With this in mind, itis necessary
to make adjustments to the plans for transformations
of Kazan agglomeration, as well as the entire
configuration of the regional transport framework.

With all the advantages of the bypass M-7, the
highway and the railway became disconnected. At the
same time, the bypass road and the city are also
largely isolated from each other: the radial departures
from the city proposed by the developers of the
previous master plans have not been realized to this
day — Kazan got in some kind of «cauldron».

The plans for construction of HSR-2 Moscow-
Kazan-Yekaterinburg introduce additional problems
that are not solved within the existing transport
framework. The routing of the highway discussed by
specialists with the arrival at the station Kazan-2
through the urban forest «Lebyazhye» worsens for the
population the transport accessibility, the quality of
the urban environment, and also leads to a rise in the
cost of construction, and a decrease in the speed of
the passage of the city by the trains.

Routing of HSR-2 from Nizhny Novgorod to
Naberezhnye Chelny was carried out by JSC
Tomgiprotrans, the designer of bridges and roads in
Siberia. Analysis of approaches to design shows that
a strictly sectoral approach was implemented, the
station Kazan-2 was adopted as an axiom, the
interconnection and mutual influence of existing and
under construction highways in the Kazan zone, the
prospects for development of the city’s transport
infrastructure and the city itself were not taken into
account. The designers did not study the development
of Kazan specialists, which would greatly simplify their
work. Mathematical modeling of transport flows in
Kazan agglomeration in three or four variants of
tracing taking into account economic, ecological,
town-planning aspects would make clear the choice
of the optimal route.

On March 21, 2016 routing of the HSR in Kazan
zone was the subject of discussion in the Human
Rights Council under the President of the Russian
Federation. The Council drew attention to violations
of environmental legislation and recommended the
Ministry of Transport of the Russian Federation, the
Cabinet of Ministers of Tatarstan and Russian Railways
to exclude from the project the option of passage of
the HSR along the city forest «Lebyazhye» in the
territory of Kazan as contradictory to Art. 105 of the
Forest Code of the Russian Federation [6].

Alternative projects of zonal tracing

In addition to the route through the city, southern
and northern bypasses are discussed. The statements
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Pic. 1. Bypass railway in Kazan (author’s development).

of individual experts on the southern bypass are not
supported by any calculations and reasonable
arguments, so this route is at the level of the idea. The
project proposal «The Bypass Railway of Kazan» [7],
which provides for construction of a railway bypassing
Kazan, north of the M-7 highway from the village of
Krasny Yar of Zelenodolsky district to Biryuli crossing
point of Vysokogorsky district (Kalinino village), about
50 km long is of interest, as well as the new railway
station of Kazan beyond the village of Sukhaya Reka
and the subway line 6,5 km and the highway 6 km to
it. On the existing railway lines in the length of more
than 100 km will be organized ground metro,
integrated with urban and suburban transport, the
delivery of goods by rail to enterprises is expected at
night.

The cost of the bypass railway project and the
HSR-2 section in one corridor in Kazan zone is 150
billion rubles (in 2016 prices), including the
construction of the following facilities:

— railway station village Krasny Yar — Biryuli
crossing point (52 km - 0,5 billion rubles / km = 26
billion rubles);

— station complex on the M-7 behind Sukhaya
Reka - 10 billion rubles;

— metro line with a length of 6,5 km with four
stations - 50 billion roubles;

— highway with a length of 6 km with interchanges —
6 billion roubles;

— high-speed highway from the border with Mari
El to the New station on M-7 (42 km + 1,26 billion
roubles/km = 53 billion roubles);

— other costs — 5 billion roubles.

If the incomparably higher results are achieved,
the final investment costs of the option are substantially
lower than the estimated costs for the construction of
the HSR-2 through the city: the 47 km long route from
Mari El border to Kazan-2 was estimated by the HSR-2
initiators at 166 billion rubles in the prices of 2014,

and the cost of the exit from Kazan-2 in the east
direction was not taken into account.

The implementation of the project allows to
straighten the route of railways and HSR, to combine
three ITC — automobile, railway and HSR in close
proximity to Kazan, provides a tangential bypass of the
cityto HSR, removes unnecessary burdens on the city’s
infrastructure.

The construction of the station complex at M-7,
where in addition to the railway station there will be a
metro station, depot of the HSR, depot of the metro,
bus station, intercepting car parks, hotels, etc., is also
the emergence of a new microdistrict of the city with
the likely creation of a central Volga management site,
declared in the system of projects of the organization
of the Eurasian transport corridors.

In the immediate vicinity of the city, two large
logistic centers are formed: «Biryuli» and Sviyazhsky
interregional multimodal logistics center (SIMLC),
which will assume inter alia functions of Yudino
marshalling yard. The significance of the crossing point
«Biryuli» as a potential site for a large logistics center
is further enhanced by the planned passage of the
highway Europe—Western China.

Continuation of the highway from the station on
M-7 to the intersection with the road Europe—Western
China and further to the north contributes to the
development of the districts of Zakazanie.

The bypass route is almost 7 km shorter than the
existing one, this means a daily reduction in freight
transportation by 5 million t+km, if we transform to
money this is about 4 million rubles per day, 1,5 billion
rubles per year. Taking into account passenger
transportation, the savings willamount to 2 billion rubles
per year.

And the highway is flat and straight, which gives
economy in time.

The construction of a bypass railway and HSR over
the city limits will make it possible to build about
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3 thousand hectares of land within a radius of 5-7 km
from the Kremlin, and these sites with developed
infrastructure and prestigious. For reference, 1 hectare
of land in Kazan costs about 100 million rubles. The
ground metro on the free railway tracks will solve the
problems of urban transport for decades with minimal
capital costs.

HSR-2 and transport frame of Kamskaya
agglomeration

Unlike the route in Kazan zone, proposed by the
Center for Strategic Research (CSR) and supported
by the Ministry of Transport, the HSR route of Kamskaya
agglomeration is correct: a tangential bypass of the
agglomeration has been implemented. The station is
supposed to be located on the M-7 highway between
the city of Yelabuga and the SEZ «Alabuga».

e =

~ Transport frame of Kamskaya agglomeration

Pic. 2. Scheme of passage of HSR-2, proposed by the Center for Strategic Research.

The passage of HSR-2 through Kamskaya
agglomeration will have a strong impact on the
development of the transport and logistics system in
the cities of Yelabuga, Naberezhnye Chelny,
Nizhnekamsk, will require a rethinking of the entire
transport and logistics agglomeration system, and will
fundamentally change the strategy of territorial
development of these cities.

The implementation of the «Innokam» project will
contribute to the development of the transport and
logistics system of the agglomeration. The innovation
and production center is created within Nizhnekamsk
agglomeration, which includes the territories of
Yelabuzhsky, Zainsky, Mendeleevsky, Nizhnekamsky
and Tukaevsky municipal districts and the city district
of Naberezhnye Chelny.

spiminty | Designations
~™7  Planned HSR-2

Railway “Kama Express”

Planned highway

™ o Transport-interchange hubs
Railway stations
q HSR station
R
e ST .

Pic. 3. Scheme of transport of Kamskaya agglomeration (development of the author).
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An important part of the project is the creation of
a developed infrastructure in «Innokam». The
reconstruction of the railway infrastructure and the
modernization of the Begishevo International Airport
are planned. And the cities that are territorially
included in the Innocam are planned to be connected
by a single system of public transport in order to give
freedom of movement to the labor force.

However, despite the compact location of the
cities and industrial enterprises of the cluster, the
Kama River divides this region — for example, with a
distance of 20 km between the cities of Yelabuga and
Nizhnekamsk, transport distances are 65 km or more,
and the only bridge connects these cities in
Naberezhnye Chelny — dam of Nizhnekamsk
hydroelectric power station.

The project proposal of the author «<Kama
Express» [8] provides for construction of a railway
between the cities Yelabuga-Nizhnekamsk—
Naberezhnye Chelny (the northern half-ring) with a
length of 60 km, connecting the cities of Yelabuga,
Nizhnekamsk and Naberezhnye Chelny.

In the future, it is supposed to close the railway
ring, using existing roads (southern half-ring), located
within the city limits of Naberezhnye Chelny and
Nizhnekamsk, and railway tracks between them with
a length of more than 50 km.

In this way, the ground metro of the agglomeration
will be organized, integrated with the transport frame
of the cities entering the metropolitan area, as well as
by road and railways passing through the Kamskaya
agglomeration.

The cost of the project «<Kama Express» is 50
billion roubles (in prices of 2016), including the
construction of the following objects:

— railway Nizhnekams-Yelabuga—-Naberezhnye
Chelny with a length of 60 km + 0,5 billion/km = 30,0
billion roubles;

- railway complex on M-7 (SEZ Alabuga),
combined with HSR station — 2,5 billion roubles;

— station complex at the inresection with the
ordinary railway and intercity train in the area
Tikhonovo-Pospelovo - 2,5 billion roubles;

— 2 bridges across the Kama ((between
Nizhnekamsk and Yelabuga and in the area Tikhonovo-
Pospelovo) — 10 billion roubles;

— other costs — 5 billion roubles.

The high-speed transport frame of Kamskaya
agglomeration will strengthen the coherence of cities,
increase the flow of labor, business and cultural
correspondence, facilitate the direct interaction of
the cities of the agglomeration, in the future — create
new centers for business activity and housing
construction between Nizhnekamsk, Yelabuga and
Naberezhnye Chelny,

The agglomeration transport frame is
complemented by the construction of a highway from
Mamadysh to M-7, bypassing Naberezhnye Chelny
and Nizhnekamsk with a bridge crossing in the area
of Sokolka village with a length of 85 km. This project
will unload the M-7 highway within Nizhnekamsk
agglomeration, will become an alternate route across
the dam of Nizhnekamsk hydroelectric power station,
thereby ensuring the transport security of the region.

Conclusions. The construction of HSR-2 has a
huge impact on the development of cities and
agglomerations along the route, especially the
modernization of their transport and logistics
systems. At the same time, in designing it is
necessary to take into account the features of the
transport framework of cities and agglomerations,
and consider them in development, in conjunction
with city development. Optimal solutions for the
design of the HSR-2 route in the suburbs of
megacities and large urban agglomerations are
achieved through a comprehensive analysis and
modeling of traffic flows taking into account
economic, environmental, urban aspects.
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Tekywee coaepixaHue nyTu ro cBoen
CYLHOCTU NMPOTUBOCTOUT NPoLeccy
HenpepbIBHOIo HAKOIMJIEHUsI OCTaTOYHbIX
aegdopmaynii n TpebyetT MO6GUIILHOIoO
KOHTpPOJIs1, MPpogeccnoHasbHON
roroBHoctu. [oaTomy YncrieHHOCTb
pabouyeii cubl, opraHu3aymns Tpyaa
AOJDKHbI COOTBETCTBOBAaTh 3a4aHHbIM
3agayvyam u yCJIOBUSIM.

BHegpeHue y4acTKOBOM CUCTEMBbI
BeAeHns NnyTeBoro xo3siicTBa, HOBbIX
TEeXHOJIOrni, aBTOMaTu3npoBaHHbIX
KOMIM/1eKCOB MyTeBbIX MaLUUH
BbIHY)XAaIOT K NepecMoTpy HOpMaTUBOB
TEeXHUYEeCKOro obcnyxuBaHusi

nyTu, ay4wemMy ucrosib30BaHuIoO
npPon3BoOACTBEHHbIX PECYPCOB.

Knroyesbie c/ioBa: xeneaHas 4opora,
TekylLee coaepXaHne ryTu, y4acTkoBasi
cucTema, opraHn3alLmMoHHas CTPYKTypa,

YNCSIEHHOCTb MOHTEPOB MyTH.
|
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NPOBJIEMBbI YIIPABJIEEIA

OcCHOBbI NOCTPOEHUS
Yy4aCTKOBOU CUCTEMbI
TeKyuw,ero cogepxaHuma nytm

Kapnywenrxo Huxoaati Heanoeuu — doxmop
MexXHU4ecKux HayK, npogeccop kageopvl nymu u
nymegoeo xozsiicmea Cubupcko2o 20cydapcmeeHHo2o
yHuusepcumema nymeii coobujernus (CIYVIIC),
Hosocubupck, Poccus.

boicmpoe Anmon Buxmoposuu — npenodasamens
Kaghedpol nymu u nymegoeo xossiicmea Cubupckozo
20cydapcmeenHHo20 yHueepcumema nymeii coooujeHus
(CI'YIIC), Hosocubupck, Poccus.

LIEJISIX COBEPIICHCTBOBAHUSI OPTaHU-
3allMU TEKYIIETO CONEPXKaHUs TyTH,
obecrreueH1s 0€30I1acHOTO IBKEHUS

Moe310B U pecypcocoepekeHust ¢ 1 sHBaps

2014 roma BBeneHo B aeiictue «[lonoxenue

00 y4acCTKOBOI1 CMCTEME TEKYIIETO CoaepKa-

Hust yTh» [ 1], a HakanyHe 2016 roma yTBepK-

neHo «[TomoxeHnue o cucrteme BeJeHUS TTyTe-

Boro xoasiictBa OAO «Poccuiickue xKere3HbIe

moporu» [2].

Ilepexon Ha y9acTKOBYIO CUCTEMY TIPEIy-
CMaTpuUBaJ MOBBIIIEHUE YPOBHSI TJIAHUPOBA-
HUSI ¥ pAallMOHATBHOTO PACIIpeeSieHUs PECyp-
COB, YJIyUILIEHHE HAIEXXHOCTU PabOTHI 00CITy-
>KUBAIONIETO TIepCoHaa, paszesieHne (pyHkK-
1M1 KOHTPOJISI M COEP3KaHUSI TIyTH, CHUDKEHUE
9KCIUTyaTallMOHHBIX 3aTpar.

NMIAHUPOBAHUE TPYOA
1 3APABOTHOM MJ1ATbI

OCHOBHBIMU TOKAa3aTe/ISIMU, XapaKTepH-
3YIOLIMMM TPYIOBbIE PECYPCHI, SIBJISTIOTCSI:

— CpeIHECIIMCOYHAs YMCIEHHOCTh paboT-
HUKOB,

— cpeaHeMecsYHas 3apaboTHasl I1J1aTa;

— 3aTpaThl HA OIUIATY TPY/a, a TAKXKe (DOHT
OILIaThI TPY/a CIIMCOYHOTO COCTaBa;

— MPOMU3BOIUTEIIBHOCTD TPY/A.



YucneHHOCTh pAOOTHUKOB OINPEAEISIETCS
B 3aBUCUMOCTHU OT KOHCTPYKIIMU MyTH, TIPU-
BEIEHHOU TPYy30HAMPSIXKEHHOCTU JIMHUU,
CKOpOCTEeIl NBUXEHUS, SKCIUTyaTallMOHHBIX
YCJIOBUI U TPUMEHSIEMBIX MYTEBbIX MAIlVH.

Ilratr nucTaHUMU TYTU OEAUTCS Ha MSTh
OCHOBHBIX TPOU3BOICTBEHHBIX IPYTIIT:

— MOHTEDBI MYTH;

— Opuraaupsl (0CBOOOXKAEHHBIE) IO TEKY-
1LIEMY COJIEPXKAHUIO U PEMOHTY ITyTU U UCKYC-
CTBEHHBIX COOPY>XKEHUIA;

— onepaTophbl 1e(HEeKTOCKOIHBIX TEJEXKEK;

— JIeXypHBIE TI0 Mepee3aam;

— Mpoyre KaTeropuu pabOTHUKOB.

PACHET YNCJIEHHOCTHU
MOHTEPOB NYTU

Takoit pacu€r OCyIeCTBISIETCSI HA OCHO-
Baauu npukaza OAO «PXKJ» or 09.07.2009
roma Ne 136 «O Mepax Mo yaydIIeHUIo TeKy-
1LIETO COEPXKAHUS XKETE3HOAOPOXKHOTO My TU»
[3] ¢ yaéToM BHECEHHBIX MI3MEHEHUIA.

OmnpeneneHue YNCIEHHOCTU MOHTEPOB
TyTU TIPOU3BOUTCS PA3AEIbHO IS TJIAaBHBIX,
CTAaHIIMOHHBIX MYTeil U CTPEJIOUHBIX TTEPEBO-
JIOB TI0 HOpMaM pacxoja paboueii CUTbl Kax-
JIOTO 00CITY>KMBAEMOT0 y4acTKa 1 TIOTIPaBOY -
HBIM KO3 bUITMEHTAM, C TIOMOIIIIO KOTOPBIX
yCTaHABJIMBAETCS YPOBEHb 3aTpaTr Tpyaa AJist
KOHKPETHOW KOHCTPYKIMU U KOHKPETHBIX
YCIIOBMIT 3KCITTyaTauu |3].

YucaeHHOCTh MOHTEPOB TiyTH Y 110 Te-
KYIIEMY COIEPXKaHUIO TJIABHBIX MyTei Orpe-
nensieTcst mo opmysie
Y =H<L*K, (1)
rne H — HopMa 3aTpat Tpyna; L — pa3BépHyTast
JUTMHA TTyTU (TJIABHOTO WJIX CTAHIIMOHHOTO);
K — nonpaBouHblii KO3 OUILMEHT, yCTaHOB-
JICHHBI! B 3aBUCUMOCTU OT KOHCTPYKIIUU
MyTH, 9KCIUTyaTallMOHHBIX YCJIOBUIA U JIp.

ITo TekyiiemMy conepXaHuIO0 CTPETOYHBIX
MEePeBOIOB YUCIEHHOCTh OTPENENsIeTCs 110
dbopmye
4,=H:N-K, 2)
rie N — KOJIMYECTBO CTPEIOUHBIX TIEPEBOIOB.

PacuétHast YncIeHHOCTh MOHTEPOB IMYTHU:

4,=4,+t49, 14 3)

c crp”

BennunHa cpeaHeB3BelIEHHOTO MOMpa-
BOYHOT0 K03(hhUIIMEHTa Ha YCITOBHS 9KCILUTya-
TallUd PACCUYMTHIBAETCS B COOTBETCTBUU
C HOpMAaTHUBaMU 1O hopmyIie

K. 3 LK, -1,0)

obur

+1,0, 4)
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rae 2L — cymMapHas pasBepHyTas JJIMHA
y4yacTKa ¢ MHAWMBUAYAJTbHBIMU SKCILTyaTal-
OHHBIMM YCJIIOBUSIMU, KM (KOIUYEeCTBO N
CTPEJIOYHBIX TIEPEBOIOB, IITYK);

K, — BenmumHa monpaBoyHOro Kos3pdu-
IIMEHTa JJI y9acTKa ¢ WHAMBUAYaTbHBIMU
9KCIUTyaTallMOHHBIMU YCIIOBUSIMH;

L ;. — 001ast pa3BEpHyTast [IVIMHA yIacTKa
(oO11ee KOMMYeCTBO CTPEOYHBIX TEPEBOIOB).

[Tpu mpuMeHeHUM KOMILIeKCca WU OT-
NIEJTbHBIX MYTEBBIX MAIIMH YUCIEHHOCTH
MOHTEPOB ITyTH CHUKAETCSI.

MeTonuyecKuit TOIXO, IIPUHSITHII B Cy-
IECTBYIOIINX HOPMAaTUBHBIX JOKYMEHTAX,
IPpU KOTOPOM OCOOEHHOCTH KOHCTPYKIIMU
IyTU U YCJIOBUI IKCIUTyaTallMy Ha KOHKPET-
HBIX KUJIOMETpaxX YIUTHIBAIOTCS HE YMHOXKE-
HUEM HOPM 3aTpar TpyJda Ha IOMpaBOYHbBIE
KO2(DULIMEHTHI, a ONPenesIsiioTCsI YMHOXe-
HUEM YMCIIEHHOCTH MOHTEPOB ITyTH, PaCCUM-
TaHHYIO 10 CPETHUM HOpMaM, Ha CpeTHEeB3Be-
IEeHHBIH KO2(PPUIIMEHT, HETb3s] CUUTATh
YIOBJIETBOPUTEIbHBIM.

ITpu pacuéte obiero koaduiimeHra Ha
YCIOBMSI SKCIUTyaTalluy TIaBHbIX myTeit (K )
10 JeHCTBYIOIMM HOpMaTHBaM HEOOXOIUMO
YUUTHIBATh TO, YTO MPU HEBBITIOJTHEHUH JTIO-
0oro BMIa PeMOHTA ITyTHU W BCEX TOCIIEAYIO-
IIIMX, HOPMBI 3aTpaT Tpy/a YBeJINIMBAIOTCS Ha
cooTBeTCcTByloIIMEe KoadbduuueHtol. [Tpu
9TOM TIPE/IIT0JIaraeTcsl, YTO BHITTOTHEHNE BCEX
TPOMEXXYTOUHBIX PEMOHTOB T10 X0y KU3HEH-
HOTO IIMKJIa MyTeBOW KOHCTPYKIIMU 00si3a-
TeabHO. OJTHAKO MPOMEXYTOUHBIE PEMOHTBI
Ha3zHAyaloTCs UCXOsT U3 (haKTUIECKOTO CO-
CTOSTHUSI TTYTH.

Takoii TToaX0 HEKOPPEKTEH C MO3ULINHU
MaTeMaTU4eCKOM JIOTUKU 1 HETIpPUEeMJIEM TTPU
YYaCTKOBOW CHCTEMeE BEeIEHMS TTyTeBOTO XO-
3S11CTBA, TOCKOJIbKY HE TT03BOJISIET pacIipe/ie-
JINTh KOHTUHTEHT MOHTEPOB MYTH IO JJTUHE
yJacTKa B COOTBETCTBUU C (haKTUUECKOU
TPYIOEMKOCTBIO PEMOHTHO-ITyTEBBIX PA0OT.

Oco6eHHO 0oJblIe BO3PAXKEHUS BbI3bI-
BalOT HOPMAaTHUBBI 3aTpaT TPy/a Ha comepka-
HUE NMPUEMO-OTIIPABOYHBIX U CTAHIIMOHHBIX
myTeid. 3aBUCAT OHU TOJIKO OT TUTIA PEJIbCOB
U poja wmmnait. [Ipruyém HOpMaTUB Ha comep-
JKaHWe TTPUEMO-OTIIPABOYHBIX MTYTEl TOJBKO
Ha 3,5 % Goiblile 110 CPAaBHEHUIO CO CTAHLIM-
OHHBIMM U TIPOYMMH ITyTSIMU.

HopMmatuBbl Ha cofiepskaHie CTPETOYHBIX
MEePEeBOIOB HA TJIaBHBIX ITYTSX 3aBUCIT OT
IPY30HANPSIKEHHOCTA, HO HE 3aBUCST OT
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MIPOIYIIEHHOTO TOHHaXa. JIJIsT CTPEeIOUHBIX
IepeBOIOB Ha ITPUEMO-OTIIPABOYHBIX U TTPO-
YUX CTAHIIMOHHBIX ITyTSIX YCTAHOBJICH OO
HOpPMAaTHB, HE NMEIOIIMIT OTHOIIEHUS K KJIac-
Cy Y TPY30HANPSKEHHOCTH ITyTEH.

Mexxay TeM, B COOTBETCTBUU C «MeToauKoi
KaaccuduKkauyuu 1 crieuyaam3alnii Xeae3Ho-
JIOPOXKHBIX JIMHWI», YTBEPKIEHHOM pacITopsi-
xeHneM OAO «P2KJI» ot 23.12.2015 rona,
MMPUEMO-OTIIPABOYHbBIC ITyTH, TIpeIHA3HAYCH-
HbIe 17151 0€30CTAHOBOYHOTO MPOITyCKa MOE3/10B,
OTHOCSTCS K 3 KJIacCy, a He MpeIHa3HaYeHHbIE —
K 4 xmaccy. OcTajbHbIe CTAHIIMOHHEIE, TTOb-
e3IHBIe 1 ITpoure IyTH — K 5 Kitaccy [4].

Knacc cTpenouHoro nepesoaa onpenesi-
€TCsl o OOJIbIIEMY U3 KJIACCOB COEIMHSIEMBbIX
MyTEN.

B cBsI31 ¢ 3TUM CYIIIECTBYIOIINIT METOI-
YeCKU IOAXO0/ K ONIpeAeIeHUIO 3aTpaT Tpya
1 MaTepuaJloB Ha TeKyllee COAepKaHUE Ke-
JIE3HOZOPOXHOTO MyTH U POpMHUPOBAHME
KOHTMHI€HTa MOHTEPOB IyTU HEOOXOAUMO
ObLIO UBMEHUTb.

O0ocHOBaHME HOPM pacxojia MaTepuasioB
Ha TeKyllee CoaepKaHKe XKeJIe3HOJOPOXKHOTO
ITyTH, TIOITPABOYHBIX KO3(M(PUIIMESHTOB K HOP-
MaM IO TpeajiaracMoil MEeTOINKEe BeOETCS
B 3aBUCUMMOCTHU OT KJjacca, 0CoOOeHHOCTel
KOHCTPYKIIMU YT, HapaOOTaHHOTO TOHHA-
Ka, TIaHa 1 TTpOGUJIS ITyTH U IPYTUX SKCITIya-
TallMOHHBIX YCIOBUIA [5].

STAJNTOHHbLIE KWJIOMETPbI

7151 omipeneieHust 3aTpar TpyJaa Ha TeKy-
1ee cofepXaHue IMyTU B Ka4eCTBE TUIIOBBIX
KOHCTPYKIIUIA €ro BEPXHEro CTPOCHUS IIPU-
HUMAIOTCS UMEIOIINE JOCTaTOUHOE PacTIpo-
CTpaHEHUE U He TPeOYIOINe YCUIEHUS U 10-
MOJIHUTEJBHBIX PACXOA0B. B CBS3U ¢ 3TUM
BBOIMTCS IOHSITUE TAJOHHOIO KUJIOMETPA
IyTH U CTPEJIOYHOTO TepeBoa.

DTaJOHHBIA KMIOMETP /151 0€CCTHIKOBOIO
MYTU: PeJbChl TUMA P-65 HeorpaHMYEHHOM
JUIMHBI, ILITIAJIbI 3Ke1€300€ TOHHBIE, CKPETLIE-
Hug tuna Kb, Gamnact mebEHOUHbINH 0e3
pa3nenuTeIbHOTO CJIOS; Y9aCTOK IMyTH,
000pyIOBaHHbII aBTOOJOKUPOBKOI, pacro-
JIOXKEHHBI Ha IJIOLIAAKAX U YKJIOHAX He
Kpyue 8 %o, B IPSIMBIX WJIX KPUBBIX PAIHY-
coM Gosee 800 M; rpy3oHANpPSIKEHHOCTD
26—50 MJTH T * KM OPYTTO/KM B T'OJI; TPOTTYLICH-
HBI ToHHaXK 201—400 MITH T OpYTTO; CKOPOCTH
IBIKeHMS Tmoe3noB 101—120 xm/9 — o
maccaxkupckux, 81—90 km/9 — 117151 Tpy30BBIX.
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DTaNOHHBI KUJIOMETP IS 3B€HbeBOTO
MyTH: peTbChl TUITA P-65 mnHOM 25 M, 11rma-
JIBl IepeBsSHHBIE, cKperuieHus tuna 0,
Oasnact mebEHOUHBIN 0e3 pa3aeIuTeIbHO-
ro cJ0s; y4yacTOK MyTu, 000pyITOBaHHBII
aBTOOJOKUPOBKOW, PacHoOJOXEHHBI Ha
IJIOIIAAKAX U YKJIOHAX He Kpy4de 8 %o, B TIpsi-
MBIX WIN KPUBBIX paguycom 0osee 800 wm;
IPY30HANPSIKEHHOCTh 26—50 MJIH T * KM
OpYTTO/KM B TOJ; TIPOITYIIEHHBI TOHHAX
201—400 MJTH T OpYTTO; CKOPOCTH ABIKECHHUST
moe3noB 101—120 xm/9 — mist maccaxup-
ckux, 81—90 KM/4 — 1J1 TPY30BBIX.

DTaJIOHHBIH CTPEIOYHBIN TIEPEeBOJI; OOBIK-
HOBEHHBIN, LIEHTpaJIN30BaHHbIN Tuma P65,
mapku 1/11 unu 1/9 co cOopHOI KpecTOBU-
HOM, JiexKallluii Ha IJIaBHOM ITyTH, XKeJie300e-
TOHHBIX OPYChsIX, NIEOEHOUHOM OalacTe;
IPY30HATPSIKEHHOCTh ITyTH 26—50 MITH T * KM
OpYyTTO/KM B TOJI; CKOPOCTH JABVKEHUSI ITOE3-
moB 101—120 kM/9 — 1y MaccakMpPCKUX,
81—90 KM/4 — [JI5T TPY30OBBIX.

NEPEYEHb, OBbEMbI PABOT
U 3ATPATbI TPYOA

BbazoBebiit mepedyeHb paboOT MO TEKyIIEMY
colepXaHUio O0ECCTHIKOBOTO, 3BEHBEBOTO
MyTU U CTPEJIOYHBIX TEePEeBOMIOB CleJlaH Ha
OCHOBE aHAJIN3a HOPMATUBHBIX JOKYMEHTOB
W CTATUCTUYECKUX JAHHBIX C TUCTAHIUI
MyTU TATU TUPEKIUI MHPPACTPYKTYPHI
(MockoBckoii, OxTsa6pbcKoii, KyitObimies-
ckoit, [TpuBomkckoii, 3amagHo-Cubnpckoii)
1o (haKTUYECKHU BHIMOJTHEHHBIM O0OBEMAM 3a
2014 rog.

Just 6ecCTBIKOBOW KOHCTPYKIUU MYTHU
nepevYeHb paboT comepKUT 88 HaMEHOBAaHUIA,
JUTst 3BeHbeBOM — 90 1 coepkaHus CTpeoy-
HOTO repeBoaa — 76.

O0OBEMBI pabOoT, TSI KOTOPBIX B HOPMATUB-
HBIX TOKYMEHTAaX UMEIOTCS YKa3aHUs O TIEpUO-
JUYHOCTHU WX BBITIOJIHEHUS, OTIPEACIISITUCH
YMHOXEHUEM KOJUYEeCTBA U3MEpUTesei,
VMEIOLINXCS Ha | KM TTyTH, Ha TIEPUOANYHOCTD
BeImoTHeHUsI. OOBEMBI OCTAJIBHBIX padOT —
CTAaTUCTUYECKON 00pabOTKON cOOpaHHBIX
JAHHBIX.

Bo Bcex cityuasix 3aTpathl Tpy/ia — pe3yiib-
TaT YMHOXEHUSI 00bEMa paboOT HAa HOPMY
BPEMEHU C YUETOM Pa3MEPHOCTU U3MEpUTE-
JIeH.

Bce paboThl, BBITIONHSIEMbIE TTPU TEKYILEM
conepXaHuu OECCTHIKOBOTO TTYTH, pacripesie-
JIEHBI CJIEAYIONIMM 00pa30M: TIO PEryTUpPOBKe
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CooTHolIEeHHE 3aTPaT TPy HA TEKyIlee ColepPKAHNE 3TAJTOHHOIO KHJIOMETPA Pa3IMIHbIX
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HaumMeHoBaHMe BUIOB paboT Tpyno3atpaTsl Ha | KM B rofi IpU pa3IMYHBIX KOHCTPYKIIUSIX BEPXHETO CTPOe-
HMSI ITyTU U CTPEJIOYHbIX [IEPEBO/IOB, YeJl. * Yac B roj
BeccTbikoBast 3BeHbeBast CTpesiouHbIe TepeBO/IbI
Ha XeJ1e300eTOHHOM
OCHOBaHUU
PerynupoBka reomeTpun 202 308 47
PpeJIbCOBOW KOJIEN
3amena anementoB BCI1T 98 199 80
TlnaHoBbIe pabOTHI 154 91 109
PaGoTbl, He3aBUCSIIIE 27 35 94
OT 00BEMa MepeBO30K
Htoro 481 633 330
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reoOMeTpUU PEIbCOBOI Koslen — 9 HauMeHOoBa-
HMIA; TTO 3aMeHE 2JIEMEHTOB BEPXHETO CTPOSHUS
nyTy — 24; njaaHoBble padoThl — 22, pabOThI,
He3aBUCSILIME OT 00bEMa MepeBo3oK — 33 Ha-
“MeHOoBaHus. B mocneaHeM pasneie — 3TO
orepaluu, CBsI3aHHbIE C COJePXKaHUEM 3eMJISI-
HOTO TIOJIOTHA, MepPee3a0B, MajbIX BOIOIPO-
IYCKHBIX COOPYKEHUI, CUTHAIbHBIX 3HAKOB.

CBOIHBIE TJaHHBIE O COOTHOLIIEHWHM 3aTpaT
TpyZa Ha TeKylllee COoIepKaHUe STAJTOHHBIX
KUJIOMETPOB TMYTH U CTPEJIOYHBIX TTEPEBOIOB
npuBeAeHbI B Tadauie 1. AHaIU3 TaHHBIX 3TOM
TaOJIMIIBI TTOKA3bIBAET, YTO 3aTpaThl TpyJda Ha
1 KM 3BEHbEBOTO IYTH B 3TAJIOHHBIX YCJIOBUSIX
B 1,32 pa3za 60Jibl11e 6eCCTHIKOBOTO, a coepka-
HME OTHOTO CTPEJIOYHOTO IePeBOIa COCTABIIS -
eT 68,6 % ot comepkaHust 1 KM GECCTHIKOBOTO
myty. HanboJibime 3aTpathbl Tpyaa MpUXOIsT-
Csl Ha PeryJuMpoOBKY T€OMETPUU PeIbCOBOM
Kojien — 42—49 % cyMMapHBIX 3aTpaT Ha CO-
nepxaHue nytTy u 14 % — Ha comepxaHue
CTPEJIOYHBIX MIEPEBOIOB.

3aTpaThl Tpy/a Ha BBIMOJIHEHUE paboT, He
3aBUCSIIUX OT 00BEMA TTEPEBO30K, HE TTPEBbI-
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maroT 6 % cyMMapHbIX 3aTpaT Ha coaepKaHue
JIMHEWHBIX KOHCTPYKLMIA ITyTH 1 28 % Ha co-
Jiep>kaHue CTPEeJIOYHBIX IepeBOIO0B. B rocnen-
HeM cjiydae 3HauMTeNIbHBIe 3aTpathl (23 %)
MPUXOISITCSl Ha 00pLOY CO CHEroM isl odecre-
YeHUs1 0e30TKa3HOCTH CTPEJIOYHBIX IIEPEBOIOB
B 3uMHee BpeMsl. Ha yJyacTkax 6ecCThIKOBOTO
iyt 32,4 % 3aTpar Tpyaa MmajaeT Ha UCIpaB-
JIEHUE ITPOCAIOK U TIEPEKOCOB ITyTH MOAOMBKOI
LLITTAJT 3JIEKTPOLINATONOAOOHKAMU U YKJIaAKOMH
pPeryJMpoBOYHBIX Mpokianok. Ha ydacTkax
3BEHBEBOTO MYTU C JIEPEBIHHBIMU ILITTaJIaMU
27 % 3aTpart Tpyma yXOIUT Ha Te e LeJTH (oI~
OMBKa IITIaJl 2JIEKTPOIIATONOA00KAMM,
MaxOBBIMU MOA00KMKAMM U YKJIaIKa KApTOUeK),
a20,5 % — Ha cMeHy IepeBSHHBIX IIITIaJl.

JIns1 yCIoBUIA 3KCIUTyaTalluy, OTIIMIHBIX
OT 3TAJIOHHBIX, 3aTPAThI TPY/Ia ONPEAEISIUCH
C MCTIOJIb30BAaHUEM TeX Xe MepeuyHeil pador,
HO MPU JIPYTUX MHTEPBAIAX TPY30HAMPSIKEH-
HOCTH M MPOITYIIIEHHOTO TOHHaXa.

Ipadyku 3aBMCHMOCTH 3aTpaT TPy/Ia OT ITPO-
IyIIEHHOTO TOHHAXa NpYBeAeHbI Ha puc. 1. 13
rpadUKOB CJISIYET, YTO TEMIT HapacTaHUs 3aTpar
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Tpy/a 1o Mepe HapaOOTKU TOHHAXa ITPU 00eHX
KOHCTPYKILIMSIX ONIMHAKOBBIN, 2 BEJIMUMHA 3aTPaT
Ha 6eCcCThIKOBOM ITyTH B 1,32 pa3za MeHble. 3a-
BHCUMOCTb 3aTpaT Tpy/ia OT TPY30HAIPSKEHHO-
cTH (pUC. 2) HOCUT TAaKOi1 Xe XapaKTep.

HOPMbI SATPAT TPYOA
PABOTHUKOB

YuursiBast TOT (pakT, YTO HOPMATUBHAS
HapaboTKa MOHTEPOB ImyTu B 2014 romy cocra-
Bujaa 1970 yacos, nepeitném ot 3aTpaT Tpyaa
B 4YeJI. * 4yac/ToJ K HOpMaM YeJl. /TO/I.

Ha ocHOBe moy4eHHBIX JaHHBIX C IO-
MOIIIBIO PETPECCMOHHOTO aHaIu3a HallIeHbI
YpaBHEHUs 3aBMCUMOCTE HOPM 3aTpar
Tpyna (4ej./Tom) st pabOTHUKOB, 3aHSITHIX
Ha TEKYIIEM COIEepKaHUU MYTH, OT TPy30-
HAIPSKEHHOCTH U TIPOMYIIEHHOTO TOHHA-
xa [5]:

a) OeCCTBIKOBOTO IYyTU

H, = 0,055+2,7+107°T+2,2+ 10T, (5)
0) 3BEHbEBOIO MYTU

H,=0,136+3,0-10°T+2,2+ 10T; 6)
B) CTPEJIOYHBIX ITIEPEBOIOB

H_=0,1+1,0-107°T+2,2+ 10T, (7)

rae I’ — rpy3oHanpskKEHHOCTD yYacTKa MyTH,
MJIH T * KM OpyTTO/KM B roa; T — HapaboTaH-
HBII TOHHAX, MJIH T OpPYTTO.
Koppektupytoiue koah@UIMeHThl ycTa-
HOBJIEHBI C Y9ETOM HOPMATUBHBIX JOKYMEHTOB,
(bakTMUECKMX 3aTpaT TpyIa M aHKETHOTO OTPO-
ca 9KCITEPTOB — JOPOKHBIX MACTEPOB U 3aMe-
CTUTEJIC HaYaJIbHUKOB JMCTAHIIMM, a TaKXKe
BJIMSTHUSI KOHCTPYKTUBHBIX OCOOEHHOCTEM
0ECCTBIKOBOTO, 3BEHBEBOTO ITyTU W CTPEIOY-
HBIX TIEPEBOIOB HA HOPMBI 3aTpar Tpyaa. st
0eCCTBIKOBOTO ITyTH TAKME OCOOEHHOCTU — 3TO
TpeX/Ie BCETro IUTMHA TIIeTeil, KOHCTPYKIIMS
CKpEIUICHUH, HaJIMuue WIA OTCYTCTBUE IO~
0a/UTaCTHOTO Pa3/IEIUTETHLHOTO CJIOST U aBTO-
0s10KMpOBKU. JIJIsi 3BEHBEBOTO MYTU — PO/
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mman v 6amnacta. sl cTpeoYHbBIX MepeBo-
JIOB — THUII PEJIbCOB, Mapka U KOHCTPYKIIUS
KPECTOBUHBI, poJl OpyCheB 1 OaliacTa, yCTpoi-
CTBa 3allMTHI OT CHETa, KITMMATUYECKHE YCIIO-
BUs perMoHa. BiusHue miaHa u mpoduis
ITyTH, CKOPOCTEI IBVKEHMUS TTIOE3I0B, CIICII -
(uka sKCIUTyaTallMOHHBIX YCJIOBUIA, OTIMYAIO-
IIMUXCST OT BTAJOHHBIX, TOXE YYUTHIBAIOTCS
KOPPEKTUPYIOIIUMU KOG PUITEHTAMU.

JaHHbIe 1T pacy€éTa YMCICHHOCTH MOH-
TEPOB MYTU BBOMASTCS B IIPOrpaMMy €IUHOM
KOpPIOpPaTUBHOM aBTOMAaTU3UPOBAHHOM CHUC-
TEMbI YIPaBJICHUS TPYAOBBIMU pecypcaMu
(EK ACYTP) (B aucTaHLIUU MYTU CBEACHUS
OepyTcsl U3 CTaTUCTUUYECKON OTYETHOCTHU
AT'O-1, TexHnuyeckoro nacrnopra: (opMm OT-
yétHocTu 110-4, 110-5, [1O-1, ITO-8). O6pa-
3¢l pacu€Ta YMCASHHOCTH MOHTEPOB IyTH Ha
OBM npuBenéH B Tadauie 2.

CTPYKTYPA OUCTAHLUU
N NPUBEAEHHAS OAJIMHA NYTU

OpraHu3alliOHHAas CTPYKTypa TUCTaHIIMKT
ITyTH CTPOMTCS C YYETOM TTPUBEAEHHOM JUTMHBI
W IPUBEAEHHON IPy30HAIPSKEHHOCTH 00CITY-
JKMBAeMBIX yJaCTKOB, YPOBHSI MeXaHU3alUKN
ITyTEBBIX pa0OT, TPUMEHSIEMBIX TEXHOJIOTUYE -
CKHUX TPOIIECCOB U MPUHIATON OpraHu3auu
tpyaa. CoriacHo AEMCTBYIOIIMM HOpPMam
MpUBEIEHHAS JUIMHA TIYTH, 00CITy>KMBaeMOT0
IUCTAHIIME, COCTABISIET Ha ABYXITYTHBIX
¥ MHoronyTHbIx ydactkax 200—300 kM, Ha
ogHonyTHbIX 150—200 kM.

IIpuBenéHHas TMHA KEJIE3HOTOPOXKHOTO
ITyTA UICYMCIISIETCS] B COOTBETCTBUM C TPEOOBAHM -
smu pacriopstkeHust OAO «P2K]T» ot 09.05.2005
roma Ne 312p. Eé onpenensror 1o popmyiie:

‘npue (8)

L=l +0750 +0,4 +e,
20

rae /,, — nivHa epBoOro MmyTH, KM;
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PacuéT HopMATHBHOW YMCJIEHHOCTH MOHTEPOB IyTH,
3aHATBHIX HA TeKyIeM conepxkanmu N quctanmuu myt (2016 r.)

Tabumua 2

IMonpasnenenue / Pa3nen pacuéra Hnuna | Konu- Pacuérnas YucneHHOCTh
(K™m) yecTBO |uMciaeHHOCTDb | (Kd = 1.00)
(wrr.)
YkpynHenHast 6purana mo [1TTP Ne 1 Irp
[1aBHBII TTyTh 12,7 1,020 1,020
CTaHUMOHHBIE, MOABE3AHbIC U TPOYME ITyTH 14,1 3,218 3,218
[Tpuémo-oTnpaBoyHbIE MYyTH 6,9 1,368 1,368
CTpeiouHbIe TEPEBOIBI 114 13,365 13,365
BanimakocOpachiBaTeIu 1 cOpachiBarOIIME OCTPSIKU 42 1,680 1,680
CogepkaHue HeoXpaHsieMbIX nepee3noB (KOoJI-BO MyTeil) 1 0,100 0,100
HToro mno yyacrky: 21 21
JIvHeliHbIi y4. 110 HeoT1. pad. Ne 10 ct.
B T.u. BenMYMHa CHUXXEHUS! KOHTUHTEHTA MPU MPUMEHEHU N -0,150 -0,150
MyTEBbIX MAILIUH
[1aBHBII TTYTh 17,2 2,500 2,500
CTaHUMOHHbIE, MOABE3AHbIC U TPOYME ITyTH 11,8 2,169 2,169
TTpuémo-oTnpaBoYHBIE ITyTH 3,2 0,695 0,695
CTpesiouHble NepeBO/Ibl 46 5,758 5,758
CogepkaHue HeoXpaHsieMbIX Mepee3noB (KOJI-BO MyTeit) 7 0,700 0,700
Wroro mno yyacTtky: 12 12
HTOro no cTpyKTypHOMY MOAPA3AEIEHUIO: 202 202
B tom uucre:
[1aBHBI TTYTH 199,9 48,664 48,664
CTaHIMOHHBIE, OABE3AHbIC U TTPOYME ITyTH 157,5 32,313 32,313
TTpuémo-oTrpaBOYHbIC ITyTH 64,8 12,018 12,018
CTpeiouHbIe TIePeBO/IbI 645 101,871 101,871
BanimakocOpachiBaTe M 1 cOpachIBarOIIME OCTPSIKA 68 2,720 2,720
Dyxue nepeceyeHus: 1 0,100 0,100
CoaepkaHue HEOXpaHsIieMbIX Mepee3noB (KOoa-BOo MyTei) 37 3,700 3,700
B T.u. BeMYMHa CHUXKEHUSI KOHTUHIEHTA MPU MPUMEHEHU N -2,862 -2,862
ITyTEBBIX MAIINH

l;,, — JIJIMHA BTOPOTO (TPEThero u T.A.)

[JIABHOTO MyTH, KM;
[, — IUIMHA CTAHLMOHHOTO MIYTH, KM;

N o — KOJMYECTBO CTPEJIOYHBIX MEPEBO-

JIOB, KOMILJIEKTOB.

OnpenejieHWe MPUBENEHHOMN IJTUHBI 110
dopmyie (8), Ha HaIll B3TJISII, SIBJISIETCS] HE-
KOPPEKTHBIM, He UMeeT HayYHOTO 000CHOBA -
HUSI, TEM HE MEeHee PEKOMEHJIyeTCsI HopMa-
TUBHBIMU JOKyMeHTaMmu [4] misi mpakTuye-
CKOTO ITPUMEHEHUsI.

B cBsi3u ¢ 9TUM UCITOIB3yeM aBTOPCKUI
TOJIXO/I K OTIPEIe/IEHUIO TPUBEAEHHOM JUTMHBI
IyTH, OCHOBAHHbBIII HAa COOTHOIIIEHUU 3aTpar
TpyJia Ha TeKyIee conepkaHue 1 KM KOHCTPYK-
LIVIU TTyTU U TTYTH 3TAJIOHHOTO KWUJIOMETpa.

Jl1uHa Beex Iy Teld M CTPEJIOYHBIX MIePEBO-
JIOB TIPY TIOMOIIM KOPPEKTUPYIOIINX KOA(]-
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(ULMEHTOB MPUBOIUTCS K 1 KM 3TaJIOHHOTO
KWJIOMeTpa 0ECCTBIKOBOTO MYTH Ha KeIe30-
OETOHHBIX IITajax Mo (opMmyie
an = al".}'l ll‘J'l + al’l() ll'lO + aCT lCT + Bl‘ﬂnl'}'[ + B1'10’11'[0 +
ﬁ CTnCT’ (9)
e [, [, [ — pa3BépHyTad AJIMHA MyTer
[JIaBHBIX, TPUEMO-OTIIPABOYHBIX M CTAHIIU-
OHHBIX; A_, N, N_— YUCJIO CTPEJOYHBIX Ti€-
PEBOJIOB, YJIOXKEHHBIX Ha IJIABHBIX, TPUEMO-
OTITPAaBOYHBIX I CTAHIITMOHHBIX MYTSIX.
3HaYeHUsT KOPPEKTUPYIOLIUX KO3D DU~

€HTOB IMPUBEICHBI B TabIM1IE 3.

OPTAHUSALMOHHAYA CTPYKTYPA
SKCNNYATALUNOHHbIX YHACTKOB
DKCIUTyaTallMOHHBIN YY4acTOK IO PYKO-
BOJICTBOM CTapIIIETo TOPOXKHOTO MacTepa WiIn
HavaJbHUKa yJyacTKa myTu (B cocTtaBe 3—5
JIMHEMHBIX yJ4acTKOB (OKOJIOTKOB)) 0e3 JIu-
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Tabamna 3

KoadduumenTs! npuBenenus b MyTeil K 1 KM 3TaJIOHHOr0 KWJioMeTpa

HaumeHoBaHMe nyTn Koncrpykius mytu, ctpenodnoro nepesona | Hopma zatpar | Koadbduiment
Tpyaa, yed. MPUBEICHUS
Ha KM B TOJl
[naBHBI BeccThikoBast Ha XeJ1e300€ TOHHBIX IITaiax 0.298 a =10
[naBHbIM 3BeHbeBAs Ha AEPEBSHHBIX 1ITTaIax g
Aep: 0,399 a,, =134
[Tpuémo-oTnpaBoUHbBIit BeccrrikoBast Ha Xej1e300€TOHHBIX IITTaIax 0.141 a =0.47
g no —
TTpuémo-oTnpaBOYHbIi 3BeHbeBas Ha XKeJIe300€TOHHbIX LTIazax g
p P 0,150 a,,=0,50
[Mpuémo-oTrpaBoOIHBII 3BeHbeBast Ha IEPEBSIHHBIX TITTATaxX 0.225 o =0.75
& no —
CTaHUMOHHBII 3BeHbeBas Ha XKeJIe300€TOHHbIX LITIazax g
H 0,130 a,,=0,44
CTaHIIMOHHBII 3BeHbeBast Ha JePEBSIHHBIX IITTaTax 0.170 " _0.57
] acm— 5
CTpeioyHbIe TIEPEeBOIbI
InaBHbIM XKene3o06eToHHbIE OpYChs
Py 0,199 B.,=0,67
[naBHBIM JlepeBsiHHBIE OpYCbsi 0,211 ﬂe-ﬂ -0,71
TTpuémo-oTnpaBOYHbIi Kene3o6eToHHbIE OPYChs
p p Py 0,141 B, =0,47
TTpuémo-oTrpaBOYHbBII JlepeBsiHHbBIE OpPYChS 0.170 B.=0,57
g no — 2
CTaHUMOHHBII XKene3o06eToHHbBIE OPYChs 0.130 B, =0,44
CTaHUMOHHBII JlepeBsiHHbIE OpYCbhst 0.150 B =0,50
& em

HEWHBIX OTHEJICHUN SBISIETCS OCHOBHBIM
Toipa3aeIeHueM TUCTaHIINKY TTyTH.

HauanbHUK y9acTKa OCYIIECTBIISIET PYKO-
BOJICTBO TOJpa3eieHueM, TUIAHUPYET COB-
MECTHO C JIOPOKHBIMU MacTepaMU TJIAHOBBIE
1 HEOTJIOXKHBIE pa0OTHI, KOHTPOJIMPYET Kade-
CTBO MX BBITTOJIHEHUSI.

JIMHetHBIM y4acTKOM (OKOJIOTKOM) PyKO-
BOJIMT TOPOKHBIN MacTep, OCHOBHasI 3ajada
KOTOPOTO MOAIEPXKUBATh TEKYIIEe comepkKa-
HUE IyTH U COOPYXEHUI Ha 3aKPEIUIEHHOM
OTpe3Ke JIMHUU B COCTOSTHUM, 00eCIIeurBaro-
meM 0e30TacHOCTb ABMXKEHUS MOe310B
C YCTAaHOBJICHHBIMU CKOPOCTSIMU.

Ha nuHeitHbIX yyacTKax co3maloTcs Opu-
rajbl TI0 HEOTJIOXHBIM paboTaM YMCIEHHO-
cTb10 10—12 MOHTEPOB MYTH.

PaboThI 110 TeKyIeMy Coep>KaHUIO TTyTH
BBITTOJTHSTIOTCSI TIO/T PyKOBOJICTBOM OpUTaIM-
POB (OCBOOOXIEHHBIX) U JOPOXKHBIX MACTEPOB
B COOTBETCTBUU M. 2.3 UHCTPYKLIMU MO 00ec-
TeYeHN0 0€30MacHOCTH JIBMKEHUS TIOE310B
TP TIPOU3BOICTBE MYTEBBIX PAabOT, yTBEP-
xneéHHoi pacropsikeHueM OAO «P2XK/I» ot
29.12.2012 roma Ne 2790p.

J17151 BBITIOTHEHMS TIJIAHOBBIX Pa0OT, B TOM
Yyycie ¢ TpUMEHEHUEeM MalllMHU3UPOBaHHBIX
KOMILJIEKCOB, Ha YJ4acTKe NEeWCTBYET YKPYII-
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HEHHas Opurajga B coctaBe 15—25 MOHTEPOB
ITyTH BO TJIaBe C TOPOXKHBIM MacTEPOM U JABY-
Ms1 OpuragupamMu. [1pu 53ToM B 1100bIX Opura-
JlaX KOJIMYECTBO MOHTEPOB ITYTH, TIPOIIEIIINX
00yuYeHMe U CIaBIINX 9K3aMeHbI Ha CUTHAJIH -
CTOB, IOJDKHO ObITh He MeHee 30 % oT hakTu-
YECKOM YMCICHHOCTHU KaapOB.

Hs ocyliecTBIEHUST TIEPUOANIECKOTO
OCMOTpa U MPOBEPKU MYTU, PEIHCOBOTO
X035 CTBA, CTPEJIOYHBIX IEPEBOIOB, MCKYC-
CTBEHHBIX COOPYKEHUIA, 3eMJISTHOTO TTOJIOT-
Ha, MYTEeBbIX OOYCTPOWCTB U PEIIbCOBBIX
mmemneil Ha JUHEMHOM y4acTKe BBOJUTCS
JIOJXKHOCTh KOHTpOJIEpa 3a COCTOSTHUEM
JKeJIe3HOIOPOKHOM TUHUY U3 Yrcia Opura-
JTUPOB TTYTH.

Jnst obecrieyueHUs BeAEHUS OTYETHOM
M1 YIETHOM TOKyMEHTAllMU, 3JIEKTPOHHOIO
JIOKYMEHTOO00POTA, BHITTOJIHEHHSI MADKUPOB-
KU ITyTEBBIX 00YCTPONCTB Ha 9KCIUTyaTal[MOH -
HOM y4YacCTKe B COOTBETCTBUM C THITOBBIM
IITaTHBIM paclyMcaHueM ITUCTAHIIUIA MyTH
BBEIIEHBI TOJDKHOCTH TEXHUKOB.

YucaeHHOCTh OpUTaIpPOB OIPEIEISIeTCS
HOpPMaMU yIpaBJISIEMOCTU PYKOBOIUTEIEH
CpeIHero 3BeHa, OpUTaIpOB B XO3SHCTBE IyTH
U coopyKeHui, yrBepKa¢HHbIMU OAQO «P2K/T»
07.06.2016 roma [6], ¥ TUITOBBIM LITATHBIM pac-
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[puEensrmas T 11528 s
yusces
TpuEanses omma
2 305 32,07 ;v 26.62 soa ‘ ‘ 26,59 s
Hauaaesnk | IRCATYaTAUHORHOTO YHACTRA
TR TexnR -2, pador-2, myTH - 4
-
= Epuraza TITP (T - 1, T7T6 - 2, ey - 15)
11 nEREFHE Y9acTOR SErms i 3 mumsitARLE YaacTOR Bt 2 nEmeitHb YHaCTOR
VHACTOR YHACTOR
Tlimsitei VHBCTER DD o1 1:'I;7[71
‘BeoTmoomEEn: pafoTan -1 1B - 3 5 -1
IIBa-1 woyTH - 21 . 7” * IEs- 2
s myTe - 12 cxrmamaer - 1 mm“’m i ».myTE - 14
AI-9 =
Beero ua mumsion yeaTE: 14 33 30 17
ITYY - 1, 111 - 4, Tduap - 1, IT6anp-2, ILTE=-S, 3. myTe - 79 wex, 0T - 19, Texemka - 2, PACOpPeTennTes Pacer - 2, TIK - 4, carsaact - 1 (scero 52 1
Beero wrat IcnTyaTammoEEsa veacTe 123 wen)

Puc. 3. JluneviHas cxema agMuHucTpaTuBHoro genenvsi N aucraHumy nytu.

MUCAaHUEM TUCTAHIINI TTYyTH (pacriopskeHue
OAO «PXKI» ot 09.07.2009 roma Ne 1452p).

HMcnonb3ys oOHOBIEHHYIO METOAUKY
W aJITOPUTM OTIpeNeIeHUsT TPUBEIEHHON
JUTUHBI TTyTe U YMCTIEHHOCTH CTPYKTYPHBIX
Mmopa3neIeHuii TUCTAaHIIUU TYTH, pa3pa-
6oTaHBl 00pa3lbl AAMUHUCTPATUBHOU
CTPYKTYPHI 0a30BOM IUCTAHIIMU TTYTH B Tpa-
¢puueckoii popme (puc. 1).

B Hacrosiee BpeMs TUtaHbl U CBOAHAS
OTYETHOCTH 10 PAOOTAaM, BHITIOTHIEMBIM TTO
TEKYyIIeMy CONep>KaHUIO TTYyTU U COOPYXKe-
HU, POPMUPYIOTCS B €IMHON KOPITOPATUB-
HOU aBTOMaTU3UPOBAHHOU CHCTEME YITpaB-
nenus nHdpactpykrypoit (EK ACYHN).
ITpuuém ogHUM 13 BaXXKHEUIITNX YIUTHIBae-
MBIX TTOKa3aTejeil B OTYETHOCTU (hUTYypUPY-
eT 3(p(PeKTUBHOCTH MCITOJB30BAHUS TPYIAO-
BBIX PECYPCOB U B MEPBYI0 oUepeb MTPOU3-
BOJIMTEILHOCTH TPY/a.

B nmuctaHuuu nmytu (Ha sKCMOayaTalu-
OHHBIX Yy4acTKaxX) MPOU3BOAUTEIbHOCTD
Tpyaa (HTp) omnpenesieTcss 00bEéMoM pabo-
Thl B TOHHO-KMJIOMETpax OpyTTO (Plﬁp),
MpuxoIsieiicss Ha OJHOTO pabOTHUKA Ha
MEePeBO30YHBIX BUIAX NEATEIbHOCTU, IO

dopmye
P,
1, :Zq_:,

rae Y, — cpeaHecnucoyHas YMCIEHHOCTh
pabOTHUKOB.

(10)

ToHHO-KMTOMETpOBasi paboTa 1ad0 3aBUCUT
OT JIeSITEJIbHOCTU AUCTAHLIY ITyTH, B TO 3K€ Bpe-
MsI YUCJIEHHOCTb PAOOTHUKOB OOOCHOBBIBAETCS
HOpMaTUBaMU, KOTOPbIE HAMIPSIMYIO 3aBUCST OT
MapaMeTPOB IKCILTYaTALIMOHHOM pabOThL: TPy30-
HanpspKEHHOCTH, CKOPOCTEH JIBVDKEHMSI, TIPOITY-
LLIEHHOTO 10 y4acTKy ToHHaxa. [Toatomy pac-
cMaTtprBaeMble HOPMbI 3aTpart Tpy/ia Ha TEKyIIee
coziepKaHue IyTH, IIPUBEIEHHBIE B CTATHE METO-
JIMKU TTO3BOJISTIOT, HA HAlll B3IJIsIA, OoJiee paiyo-
HaJIHO UCITOJIb30BaTh TPYIOBbIC U (PMHAHCOBbIE
pecypchl [Jist obecrieueHusT HaaEKHOCTH TTyTH
1 6e30MaCHOCTH JIBVDKSHMSI TIOE3/IOB.
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MAINTENANCE

ABSTRACT

The current maintenance of a track in its
essence is a struggle against the process of
continuous accumulation of residual deformations
and requires mobile control, professional
readiness. Therefore, the work force capacity,

servicemen.

Background. With the purpose of improving the
organization of track current maintenance, ensuring
safe movement of trains and resource saving, the
Regulation on a sectional system of track current
maintenance was putin place on January 1, 2014 [1],
and onthe eve of 2016 the Regulation on management
of track facilities of JSC Russian railways was
approved [2].

The transition to the sectional system provided for
an increase in the level of planning and rational
allocation of resources, improving the reliability of
work of the operating staff, separation of control and
track maintenance functions, and reducing operating
costs.

Objective. The objective of the authors is to
consider basics of building a sectional system of track
current maintenance.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical apparatus, evaluation approach.

Results.

Labor and salary planning

The main indicators that characterize labor
resources are:

— average number of employees;

— average monthly salary;

— costs for labor payment, as well as payroll fund
of average number of employees;

— labor productivity.

The number of employees is determined
depending on a track design, reduced freight intensity
of a line, speed of movement, operating conditions
and used track machines.

The staff of a track maintenance department is
divided into five main production groups:

— track servicemen;

— foremen (released) for current maintenance
and repair of track and artificial structures;

— operators of fault detecting trolleys;

— station on duty officers;

— other categories of workers.

Increase in the number of track servicemen

Such a process is carried out on the basis of the
order of JSC Russian Railways dated 09.07.2009
No. 136 «On measures to improve current
maintenance of a railway track» [3] taking into account
the changes introduced.

Determination of the number of track servicemen
is made separately for main, station tracks and
switches according to the labor flow rate of each
serviced section and correction coefficients, with the
help of which the level of labor costs for a particular
structure and specific operating conditions is
established [3].
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organization of labor must meet the set tasks and
conditions. The introduction of a sectional system
of track maintenance, new technologies,
automated complexes of track machines compels
to revise the standards of track maintenance, the
better use of production resources.

Keywords: railway, track current maintenance, sectional system, organizational structure, number of track

The number of track servicemen N for current
maintenance of main tracks is determined by the
formula
N =H:L‘K, (1)
where H - rate of labor costs; L — expanded length of
the track (main or station one); K, — correction
coefficient, established depending on the design of
a track, operating conditions etc.

According to the current maintenance of switches,
the number is determined by the formula

(2)

N, =H'N-K,
where N — number of switches.
The estimated number of track servicemen is
determined by the formula
Nsw = Nm+Nsr+Nsw' (3)
The value of the weighted average correction
coefficient for the operating conditions is calculated
in accordance with the regulations by the formula

K, :72”5‘ L9 g, (4)

where XL, - total extended length of the section
with individual operating conditions, km (the number
N of switches, pcs);

K- value of the correction coefficient for a section
with individual operating conditions;

L., — total extended length of the section (total
number of switches).

When using a complex or individual track
machines, the number of track servicemen is
reduced.

The methodical approach adopted in the existing
normative documents, in which the features of the
design of the track and operating conditions on
specific kilometers are taken into account not by
multiplying the labor cost norms by the correction
coefficients, but are determined by multiplying the
number of track servicemen calculated according to
average norms by the weighted average coefficient,
cannot be considered satisfactory.

When calculating the general coefficient for
operating conditions of the main tracks (K, ),
according to the current regulations, it is necessary
to take into account the fact that if any type of track
repair and all the subsequent is not performed, labor
costnormsincrease by the corresponding coefficients.
Itis assumed that the performance of all intermediate
repairs during the life cycle of the track structure is
mandatory. However, interim repairs are assigned
based on the actual state of the track.

Such an approach is not correct from the point of
view of mathematical logic and is not acceptable in
the case of a sectional system of management of track
facilities, since it does not allow to distribute the

tot

Karpushchenko, Nikolai I., Bystrov, Anton V. Basics of Building a Sectional System of Track Current

Maintenance



Table 1
The ratio of labor costs for current maintenance of the reference kilometer
of various designs of track and switches

Types of works Labor costs per 1 km a year for various designs of the upper structure
of the track and switches, man hour per year
Continuous welded | Jointed | Switches on a reinforced concrete base
Adjustment of the geometry of the rail 202 308 47
track
Replacement of the track upper structure | 98 199 80
elements
Planned works 154 91 109
Works independent 27 35 94
on the volume
of transportation
Total 481 633 330
1000
200 ¥ E 0435+ 497,3 |
£ wo et =
— " I
o) o0 _— ._.,-"'—T‘ " .
2 — — ¥ T0AIIR IS Pic. 1. Graphs
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contingent of track servicemen along the length of
the section in accordance with the actual labor
intensity of the track-repair work.

Particularly large objections are caused by labor
costs standards for the maintenance of receiving and
departing and station tracks. They depend only on the
type of rails and the kind of sleepers. Moreover, the
standard for maintenance of receiving and departing
tracks is only 3,5 % larger than in station and other
tracks.

The standards for maintenance of switches on the
main tracks depend on the freight traffic, but do not
depend on the handled tonnage. For switches on
receiving and departure and other station tracks, a
general standard has been established, which is not
related to the class and freight intensity of tracks.

Meanwhile, in accordance with the «Methodology
of Classification and Specializations of Railway Lines»
approved by the decree of JSC Russian Railways of
December 23, 2015, the receiving and departure tracks
intended for non-stop handling of trains belong to
Class 3, and notintended ones to Class 4. The remaining
station, access and other tracks — to class 5 [4].

The class of the switch is determined by the larger
of the classes of connected tracks.

In this regard, the existing methodological
approach to determining the costs of labor and
materials for current maintenance of the railway track
and formation of a contingent of track servicemen
needed to be changed.

switches

Substantiation of the norms for consumption of
materials for current maintenance of the railway track,
correction coefficients to the norms according to the
proposed methodology is carried out depending on
the class, the design features of the track, the total
tonnage, the plan and profile of the track and other
operating conditions [5].

Reference kilometers

To determine labor costs for current maintenance
of a track, as typical designs of its upper structure,
those that are sufficiently widespread and do not
require reinforcement and additional labor costs are
adopted. In connection with this, the concept of a
reference kilometer of a track and a switch is
introduced.

Reference kilometer for a continuous welded rail:
R-65 rails of unlimited length, reinforced concrete
sleepers, KB type fasteners, crushed stone ballast
without a separation layer; a track section equipped
with automatic blocking, located on platforms and
inclines not steeper than 8 %o, in straight or curved
with a radii of more than 800 m; freight traffic is 26—
50 min t-km gross/km per year; handled tonnage is
201-400 min t gross; train speed of 101-120 km/h —
for passenger, 81-90 km/h — for freight trains.

Reference kilometer for a jointed track: rails of
type R-65 with a length of 25 m, wooden sleepers,
fasteners of type DO, ballast crushed stone without a
separation layer; a track section equipped with
automatic blocking, located on platforms and inclines
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z Table 2
3

‘ ig’ Calculation of the normative number of track servicemen involved in current maintenance

‘ of H track maintenance section (2016)

Department/Section of calculation Length (km) | Quantity (pcs) | Estimated Number
number (Kf=1.00)
Enlarged brigade for PPR No. 1 Igr
Main track 12,7 1,020 1,020
Station, access and other tracks 14,1 3,218 3,218
Receiving-departure tracks 6,9 1,368 1,368
Switches 114 13,365 13,365
Derailing tongues 42 1,680 1,680
Maintenance of unguarded crossings 1 0,100 0,100
(number of tracks)
Total for the section: 21 21
Linear section for urgent works No. 10 st.
Including the magnitude of the contingent when -0,150 -0,150
track machines are applied
Main track 17,2 2,500 2,500
Station, access and other tracks 11,8 2,169 2,169
Receiving-departure tracks 3,2 0,695 0,695
Switches 46 5,758 5,758
Maintenance of unguarded crossings 7 0,700 0,700
(number of tracks)
Total for the section 12 12
Total for the structural unit: 202 202
Including:
Main track 199,9 48,664 48,664
Station, access and other tracks 157,5 32,313 32,313
Receiving-departure tracks 64,8 12,018 12,018
Switches 645 101,871 101,871
Derailing tongues 68 2,720 2,720
Dead crossings 1 0,100 0,100
Maintenance of unguarded crossings 37 3,700 3,700
(number of tracks)
Including the magnitude of the contingent when -2,862 -2,862
track machines are applied

Labor costs, man hours per year per 1 km

1] 10 20 30

y= 87766440827

50 60

0 80 90

¥ = 55125%+ 285,94

¥ = 17708x+ 2565

100

2

Freight intensity, mln tekm gross/km per year

= ==continuous ===jointed track* ==== switches

welded track

Pic. 2. Graphs of dependencies of the actual labor costs of workers involved in current
maintenance of 1 km of track and switch point, on the freight intensity.
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not steeper than 8 %o, in straight or curved with a radii
of more than 800 m; freight traffic is 26-50 min t - km
gross/km per year; handled tonnage is 201-400 min t
gross; train speed of 101-120 km/h — for passenger,
81-90 km/h — for freight trains.

Reference switch: ordinary, centralized type R65,
grades 1/11 or 1/9 with a bolted frog, lying on the main
track, reinforced concrete beams, crushed ballast; freight
traffic of the track is 26-50 million t+km gross/km per
year; train speed of 101-120 km/h — for passenger,
81-90 km/h — for freight trains.

List, scope of work and labor input

The basic list of works on current maintenance of
a continuous welded jointed track and switches is made
on the basis of an analysis of regulatory documents
and statistical data from the track maintenance
sections of five infrastructure directorates (Moscow,
October, Kuibyshev, Volga, West Siberian) according
to the actual volumes for 2014.

For a continuous welded design of a track, the list
of works contains 88 items, for jointed design — 90 and
maintenance of a switch — 76.

Volumes of work for which there are indications in
the regulatory documents of the periodicity of their
implementation were determined by multiplying the
number of meters available per kilometer of the track
by the frequency of execution. The volumes of the
remaining work were determined by the statistical
processing of the collected data.

Inall cases, labor costs are the result of multiplying
the amount of work by the time norm, taking into
account the dimension of the meters.

Allthe work performed during current maintenance
of a continuous welded track is distributed as follows:
for adjustment of the rail track geometry — 9 items; to
replace the elements of the upper structure of the
track — 24; planned works — 22, works, independent of
the volume of transportation — 33 items. In the last
section there are operations related to maintenance
ofthe roadbed, crossings, small culverts, signal signs.

Summary data on the ratio of labor costs for current
maintenance of reference kilometers of track and
switches are given in Table 1. Analysis of the data in
this table shows that labor costs per 1 km of the jointed
track in the reference conditions are 1,32 times larger
than for a continuous welded track, and maintenance
of one switch makes up 68,6 % of the maintenance of
1 km of a continuous welded track. The greatest labor
costs are attributed to adjustment of the geometry of
the track gauge — 42-49 % of the total costs for
maintenance of the track and 14 % — for maintenance
of switches.

The labor costs for performing work that does not
depend on the volume of transportation do not exceed
6 % of the total costs for maintaining linear track
structures and 28 % for maintenance of switches. In
the latter case, a significant cost (23 %) falls on the
struggle with snow to ensure trouble-free operation of
switches in the winter. On sections of a continuous
welded rail, 32,4 % of labor costs fall on correcting the
drawdowns and misalignments of the track by
tampering the sleepers with electric tamping rods and
laying the adjusting pads. On sections of a jointed track
with wooden sleepers, 27 % of labor costs go to the
same purposes (tampering of sleepers with electric
tamping rods, flapping tamping rods and folding
cards), and 20,5 % — to replace wooden sleepers.

For operating conditions other than the reference,
labor costs were determined using the same lists of
work, but with other intervals of traffic intensity and
handled tonnage.

The graphs of the dependence of labor costs on
the handled tonnage are shown in Pic. 1. It follows
from the graphs that the rate of increase in labor input
as the tonnage is developed for both designs is the
same, and the labor costs for a continuous welded
trackis 1,32 times smaller. Dependence of labor costs
on freight intensity (Pic. 2) is of the same nature.

Labor cost norms of workers

Considering the fact that the normative operating
time of track servicemen in 2014 was 1970 hours, we
will switch from labor costs in man hour/year to the
norms of person/yeatr.

On the basis of the obtained data, using the
regression analysis, the equations of dependences
of the labor cost norms (people per year) for workers
involved in current maintenance of a track, on freight
intensity and the handled tonnage were found [5]:

a) continuous welded track

H_,=0,055+2,7+ 10 °FI+2,2- 10-'T; (5)
b) jointed track

H,=0,136+3,0- 10°F1+2,2+ 10T, (6)
c) switches

H,,=0,1+1,0-10-3FI+2,2- 10T, (7)

where Fl - freight intensity of a track section, mint+km
gross/km per year; T — total tonnage, min t gross.

Correction coefficients are established taking into
account normative documents, actual labor costs and
questionnaire survey of experts — road masters and
deputy chiefs of track maintenance sections, as well
astheinfluence of structural features of the continuous
welded, jointed tracks and switches on labor costs.
For a continuous welded track, such features are
primarily the length of strings, construction of
fastenings, presence or absence of a sub-ballast
separation layer and auto-locking. For a jointed track —
a kind of sleepers and ballast. For switches — type of
rails, brand and construction of a bolted frog, types
of beams and ballast, snow protection devices,
climatic conditions of the region. The effect of the plan
and profile of the track, the speed of train traffic, the
specificity of operating conditions that differ from the
reference ones, are also taken into account by the
correction factors.

The data for calculating the number of track
servicemen are entered into the program of the unified
corporate automated labor resource management
system (EKASUTR) (in the track maintenance section
the data are taken from the statistical reports of
AGO-1, the technical passport: reporting forms
TsO-4, TsO-5, PO-1, PO-8. A sample calculation of
the number of track servicemen on a computer is
given in Table 2.

Structure of track maintenance section and
reduced track length

Track maintenance sections are structural
subdivisions of the infrastructure directorate. The
track maintenance section is entrusted with
supervision and control over the condition of the track
and structures, implementation of urgent, priority and
planned work on the current maintenance of the track.

The organizational structure of the track
maintenance section is constructed taking into
account the reduced length and reduced freight
intensity of the serviced sections, the level of
mechanization of track operations, the applied
technological processes and the accepted
organization of labor. According to the current
regulations, the reduced length of the track served
by the track maintenance section is 200-300 km on
double-track and multi-track sections, and 150—
200 km on single-track sections.
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Table 3
Coefficients of reduction of track length to 1 km of reference kilometer
Name of a track Design of a track, a switch Labor costs Coefficient
norm, person of reduction
per km per year
Main Continuous welded on reinforced 0,298 a =10
concrete sleepers "
Main Jointed on wooden sleepers 0,399 o =134
Receiving and departure Continuous welded on reinforced 0,141 a. =047
concrete sleepers S
Receiving and departure Jointed on reinforced concrete sleepers | 0,150 . =0.50
rd — >
Receiving and departure Jointed on wooden sleepers 0,225 o =075
rd
Station Jointed on reinforced concrete sleepers | 0,130 o =0.44
st 2
Station Jointed on wooden sleepers 0,170 a. =057
st 0
Switches
Main Reinforced concrete beams 0,199 B =0,67
Main ‘Wooden beams 0,211 /7 ~0.71
Receiving and departure Reinforced concrete beams 0,141 B.,=0,47
rd — Vs
Receiving and departure Wooden beams 0,170 B.,=0,57
rd >
Station Reinforced concrete beams 0,130 B.=0,44
st 2
Station Wooden beams 0,150 £.=0,50

The reduced length of the railway track is calculated
inaccordance with the requirements of the order of JSC
Russian Railways of 09.05.2005 No. 322r. Itis determined
by the formula:

L., =l +0,75] +0,4, + ]Zo , (8)

where [, — length of the first track, km;

I' - length of the second (third etc.) main
track, km;
L, — length of the station track, km;

N, — number of switches, sets.

The definition of the reduced length by formula (8),
inouropinion, is incorrect, has no scientific justification,
is nevertheless recommended by normative documents
[4] for practical application.

In this regard, we use the author’s approach to
determining the reduced track length, based on the ratio
of labor costs to current maintenance of 1 km of the
construction of the track and the track of the reference
kilometer.

The length of all tracks and switches is reduced with
the correction coefficients to 1 km of the reference
kilometer of the continuous welded track on reinforced
concrete sleepers by formula
Lred = a’m Im i ard lrd e a’stlst i anm B anrd . Bstnsr’ (9)
where | , | , I, — expanded length of tracks of main,
receiving-departure and station; n_, n_, n_ - number of
switches, laid on main, receiving-departure and station
tracks.

The values of the correction coefficients are given
in Table 3.

Organizational structure of operational sections

The operational section, under the direction of the
senior road master or the head of the section of the track

(consisting of 3-5 linear sections (subdivisions)) without
linear departments is the main subdivision of the track
maintenance section.

The head of the site manages the unit, plans
scheduled and urgent work together with the road
masters, monitors the quality of their implementation.

A road master supervises the linear section
(subdivision), his main task of which is to perform current
maintenance of the track and structures on the fixed line
segmentin a condition ensuring the safety of train traffic
with established speeds.

On the linear sections, brigades are created for
urgentworks with a number of 10— 12 track servicemen.

Work on the current maintenance of the track is
carried out under the guidance of foremen (released)
and road masters in accordance with paragraph 2.3 of
the instructions for ensuring the safety of train traffic
during track works approved by the decree of Russian
Railways No. 2790r dated 29.12.2012.

For implementation of planned work, including with
the use of machined complexes, an enlarged brigade
of 15-25 track servicemen, headed by a road master
and two foremen, operates on the section. At the same
time, in any brigades, the number of track servicemen
who completed training and passed the exams for
signalers should be at least 30 % of the actual number
of personnel.

For the periodic inspection and inspection of the
track, railway facilities, switches, artificial structures,
roadbeds, track structures and rail chains, the line
supervisor of the state of the railway line from among
the foremen of the track is introduced on the linear
section.

To ensure the maintenance of reporting and
accounting records, electronic document management,
marking of track facilities on the operational section in
accordance with the standard staffing of track
maintenance sections, positions of technicians are
introduced.
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PChU-1, PD-4,PDprr-2,PDB-8, track servicemen-79,DPP-19,technicians-2,distributors of works-2,PK-4,signaler-1 (total 123)

Pic. 3. Linear scheme of administrative division of H track maintenance section.

The number of foremen is determined by the
standards of controllability of middle managers, foremen
in the track facilities and structure management
approved by Russian Railways on June 7, 2016 [6], and
the standard staffing table for track maintenance
sections (Russian Railways decree No. 1452r dated July
9, 2009).

Using the updated methodology and algorithm for
determining the reduced length of tracks and the
number of structural subdivisions of the track
maintenance sections, samples of the administrative
structure of the basic track maintenance section have
been developed in a graphic form (Pic. 1).

Currently, plans and summary reporting on the work
carried out on the current maintenance of the track and
structures are formed in a single corporate automated
infrastructure management system (EKASUI). And one
ofthe mostimportant indicators being accounted in the
reporting is the efficiency of the use of labor resources
and, first of all, labor productivity.

In the track maintenance section (on operational
sections), the productivity of labor (P) is determined by
the amount of work in tonne-kilometers gross ( Plg ) per
worker in the transportation activities, according to the
formula

P,
=y 10

av

L

where N, — average number of employees.
Conclusion. Tonne-kilometer work depends little
on the activity of the track maintenance section, at the
same time, the number of employees is justified by the
regulations, which directly depend on the parameters
ofthe operational work: freight intensity, speed of traffic,
tonnage handled on the section. Therefore, the
considered norms oflabor costs for current maintenance
of the track, the methods given in the article, allow us,
in our opinion, to use labor and financial resources more

rationally to ensure the reliability of the track and safety
of train traffic.
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ADMINISTRATION, MANAGEMENT AND CONTROL
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B cBsi3u ¢ noTepeii npu HainYnv pbiHKa
aKkTyasibHOCTU O4HOI0 U3 OCHOBHbIX
KpuTepues CUCTeMbl OpraHusaunumn
BaroHONOTOKOB — COKpaLLeHUs BPeMeHU
060poTa BaroHoB HEO6X0[4MMO U3MEHUTb
OLEeHKY BapuUaHTOB njiaHa ¢oopmMupoBaHnUs
noe3Ao0B o 3aTpatam rnpuBeAEHHbIX
BaroHo-4acos. [loaTomy B kayecTse
3amMeHbl eMy rpeAs10)XeHOo BbIMOJIHeHne
cpokoB gocrasku rpy3os. [lpu aTom

B YCJIOBUSIX MPUBAaTU3NPOBAHHOIO BaroHHOro
napka noHagobunaacb KOMOUHaLNa
KpuTepueB cobsofeHNsI CpoKa AOCTaBKU
rpy30B U MUHUMU3aLun nepepaboTku
BaroHONnOTOKOB Ha TEXHNYECKNX CTaHLMNSIX.
B npouyecce pacyéra nnaHa popmupoBaHus
OAHOrpynMHbIX NOe340B Moc/e[40BaTesIbHO
paccmaTpuBaloTcsi BCce CTpyu
BaroHONoOTOKOB, HAYNHasi C caMbIX AaJIbHUX.
lMpun HeyaoBeTBOPEHNN MPUHSITbIX YCIIOBUIA
BbINOJIHAIETCS Npoueaypa o6beanHeHns
AasnbHUX ¢ 60/1ee KOPOTKUMU CTPYIMU

C ux nepepaboTKOIi Ha O4HOM, ABYX, TPEX

WU T.A. CTaHUMSIX — IOKa He OyAeT AOCTUTHYT
AOJDKHbBIN YPOBEHb OpraHn3aLuu.

KntoyeBbie cnoBa: xenesHasi 4opora, raaH
dopMupoBaHUs NOe3A08, PACHETHbIE
HOPMAaTUBbI, KOMOMHATOPVIKA, CPOKU AOCTaBKM
rpy30B, opraHn3aLms BaroHONMOTOKOB.
|
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NPOBJIEMBbI YIIPABJIEEIA

OpraHunszauus
BaroHoOnoOToKoB
B PbIHOYHbIX YCJIOBUAX

Jlesun JImumpuii FOpvesuu — doxmop mexnuveckux
Hayk, npogheccop Kaghedpel ynpasierus
SKCNAYAMAYUOHHOU pabomoil u 6e30nacHOCMbIO

Ha mpancnopme Poccuiickoeo ynugepcumema
mpancnopma (MUHUT), Mockea, Poccus.

€0pusl OpraHU3alluy BarOHOIOTOKOB

BO3HUKJIA B Hauasie XX Beka. 1 yzke BCKo-

€ BBISICHWJIOCH, YTO HayKa MIMEET JIEJI0 CO
CJIOXKHBIM 1 MHOTOOOPA3HBIM Pa3/ie/IoM 9KCILTya-
TaIMK XeJIe3HBIX TOPOT, B COBEPILICHCTBOBAHUM
KOTOPOTO HET Npefena. 3anauu, Kotopble cop-
MYJIMPOBAHBI B MIHCTPYKTUBHBIX YKA3aHUSIX TIO
OpraHu3aliy BarOHOIIOTOKOB, BBITTYIIIEHHBIX
oTpaciieBbIMU BeoMcTBamu B 1967, 1984 1 2007
romax [1—3], emé MHOTUM ITOKOJICHUSIM UCCIe-
JoBatesieil OyIyT CIy>KUTh MasikaMu. A CKOJIBKO
BO3HUKAET BCE HOBBIX 3a/1ay?!

Emgé He ObLIM pellieHbl MHOTUE TPOOJeMbl
JUTSI THBEHTAPHOTO TIapKa BarOHOB, a YK€ COBEP-
ILIEHHO HOBBIE 33/1a41 BOZHUKJIU TTPU UCTIONTH30-
BaHNUM COOCTBEHHBIX BaroHOB. B mepByio oue-
pellb — 3TO MPUHIUITNATIBHO WHBIE KPUTEPUH,
KOTOpBIE TPEOYIOT IPYTMX PACIETHBIX HOPMATH -
BOB M COBEpPIIIEHHO HOBBIX METOIMK pacuéra
1aHa (hopMUpoBaHUs TToe310B [4]. B yactHOC-
TU, TIPEKHUU KPUTEPUIA OLIEHKU 3aTPAT B «I1pH-
BEJIEHHBIX BaroHO-4acax» MOTEPsUT aKTyallb-
HOCTb, U JaXe WCIOJIb30BaHNE BaroHO-4acoB
BJICHEXKHOM BBIPKEHUN HE MEHSIET TIOJIOXKEHMSI.

I
WHTepecHO BCOMHUTH KaK 1EJIbIo HE
TOJIbKO OpTaHU3aIMU BaroHOTIOTOKOB, HO
U BCeli DKCIUTyaTallMOHHO HayKu cTajla 9KO-



HOMMUSI BaroHo-4yacoB. [Ipuuém yckopeHue
000pOTa BaroHa peryyisipHO yCTaHABJIMBAJIOCh
yepe3 Kaxable TPU-YeThIpe Toa MPUKa3oM
MUWHHUCTPA MyTei COOOIIEHUS TIOA OJHUM
u Tem ke HomepoM (Ne 111). Tocturarbcst
yCKOpeHHue 000opoTa JA0JIKHO ObLIO JT1000M
IIEHO¥, B TOM YMCJIE 3a CUET 3aePKKH JIOKO-
MOTHBOB, YpE3MEPHOTO PACIITUPEHUSI TTOTPY-
30YHO-Pa3TPy304HBIX (DPOHTOB Y KITUEHTYPBI
11 00pabOTKMU LIeJbIX MapIIpyTOB U T. ..
OOBSACHSIOCH 3TO U HEAOCTATOYHBIM KOJIAYE-
CTBOM BaroHoB, W He3((HEKTUBHBIM UX KC-
MoJjib30BaHueM. PenieHue ObLIO OMHO — BbI-
JKaTh M3 CYIIECTBYIOIIEro Mapka BaroHOB
HauOOJBIIYIO MPOU3BOAUTEIBHOCTh. DTO
HAIIJIO OTPaXXeHUE, B TOM YMCIIe U B TEOPUU
riaHa ¢popMmupoBaHusi. Mcnonb3oBaHue Ba-
TOHO-YaCOB B KQUeCTBE KPUTEPUSI B TOT ITEPH -
OJl CUMTAJIM HeTIPeJI0KHOW UCTUHOM, a ecu
MOPOii M TToABepraJii COMHEHUIO, TO HUYETO
JIpyroro He Tpeajaranu. JelcTBUTEIbHO,
o6opot BaroHa B CCCP noCTuUr 11€CTH CYTOK,
B TO BpeMsI KaK Ha Xkesie3HbIx gjoporax CIIA —
20 cytok [5]. B ycinoBUsIX HENPEPBIBHOTO
pocTa rpy30HaNpPsSLKEHHOCTU U YCKOPEHMUS
000poTa BArOHOB aJITEPHATUBHBIX PEIIEHU I
MOMPOCTY He TPeOOBAIOCH.

C nepexogoM B 1980-x romax Ha X03-
pacy€T MOPOTH JOJIKHBI OBLIW JIydIlle WC-
MOJIb30BaTh HE TOJILKO BaroHbl, HO 1 JIOKO-
MOTHBBI, 5KOHOMHO PacXoJ0BaTh TPYIOBbIE
pecypchol. [Ipu cTparerum onTuMaibHOM
AKCIUTyaTalliK XeJIEe3HBIX JOPOT (IKOHOMUU
Tpyla IMpu MaKCUMYMe TPaHCTIOPTHOM TTPO-
IYKIUWA U TUMATUPOBAHHBIX 3aTpaTax) Te-
opus TutaHa (hOpMUPOBAHUS CTOJKHYJIACh
C HEOOXOIMMOCTBIO KOMIIJIEKCHOTO pele-
HUS BCeX 3aj1ay, T.€. YIUTHIBATh PACXOIbI HA
TSTY, OJHEE OTPaXaTh OCOOEHHOCTHU pado-
ThI XeJIE3HOIOPOKHBIX HAIIPAaBJIEHU i, B TOM
yucje 3a1epKKHW MOe310B Ha CTaHIMIX
¥ yJacTKaxX, HeXBaTKy CTAHIIMOHHBIX ITyTeH,
MPOIYCKHON CMOCOOHOCTH JIMHUM U T.1I. 3a
peric BaroH nmpoxoaui B cpeaHeM 11 TexHu-
YeCKUX CTaHIINI, U3 HUX YEThIPEe COPTUPO-
BouHBIX. CpegHecyTouHas mepepaboTka
BaroHOB Ha CTAHIIMIX JOCTUTJIA HEOIpPaB-
JTAaHHO OOJIBIITNX pa3MepoOB (B CpeTHEM Uyepe3
130 XM Ha TEXHUYECKUX CTAHLUIX, yepe3
400 kM — Ha copTupoBOouYHbIX). Ho Torma
Teopus miaaHa (GOpMUPOBAHUS TaK W HE
nperepriena U3BMEHEHU.

B Hacrosiiiee BpeMsi opraHu3aiius Baro-
HOTIOTOKOB BJIMSIET HA 3aTPaThl XKeJIe3HOIO-
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POXHOTO TpaHCIOpTa M3-3a HECOOTIOIeHUS
CpoKa JOCTaBKU IPy30B U IepepadboTKM Baro-
HOB Ha TEXHMYECKUX CTaHUMAX. [ToaTomy
B KaueCTBE KPUTEPUEB OLIEHKW OpraHU3aIuu
BaroHOTIOTOKOB TpeTaraeTcsl UCTIOJb30BaTh
Kak pa3 3Tu (aKTopHhI.

BrimosiHeHME CPOKOB JIOCTaBKU T'PY30B —
oaHa 13 ocHoBHBIX 3a1a4 OAO «PXK]I». Bbi-
IMOJTHEHWE HOPMATUBHBIX CPOKOB JIOCTaBKU
IPY30B — OJIMH M3 BAXKHEUIIINX ITOKa3aTeeit
KayecTBa MPOAYKIIMHU XeJe3HOIOPOKHOTO
TpaHCIOpPTa, U UMEHHO OH XapaKTepu3yeT
OpraHu3aluio MepeBO30YHOTO Mpoliecca.

3a HeBBITIOJIHEHNE CPOKOB TOCTaBKU I'Py-
30B OAO «P2K]l» B COOTBETCTBUU C YCTaBOM
JKeJIe3HOTOPOXKHOTo TpaHcnopTa PP HecéT
MaTepuagbHYI0 OTBETCTBEHHOCTD Iepejl TPpy-
30TI0JTyYaTe S IMU U TepsieT CYIIeCTBEHHYIO
YacTh JIOXOJ0B M3-3a MOTEPU TOTPY30UYHBIX
pecypcoB. CoBpeMeHHBbII MOPSIOK UCUNCTIE-
HUSI CPOKOB JIOCTAaBKU TPY30B YTBEPXKIEH
npukazomM MIIC Poccuu ot 18.06.2003 1.
Ne 27 u 3apeructpupoBaH B Muntocte Poc-
cum 23.06.2003 1. mog Ne 4816 [6].

3arong OAO «PXKI» mpeabsIBIsSIIOT O0JIce
20000 mpeTeH3Ult, CBSI3aHHBIX C HEBBIMOJ-
HEHMEM CPOKOB JIOCTaBKM TPY30B, BBITIJIAUM -
BaeTcs mTpad 3a MPOCPOUYKY NOCTABKU
B pa3Mepe COTeH MJTH pyouteii [4].

B To ke BpeMs B IoKa3zaTessIx IKCILTya-
TallMOHHOI PabOTHl 1 HOPMATUBHO-TEXHO-
JIOTUYECKUX JJOKYMEHTaX OlleHKa BBITIOJIHE-
HUST CPOKOB JIOCTaBKU TPY30B OTCYTCTBYET.

Cpenu OCHOBHBIX KPUTEPHUEB OIIEHKU
COBPEMEHHOI CUCTeMbl OpTaHU3allMKU Baro-
HOTIOTOKOB BBITIOJIHEHUE CPOKOB JOCTaBKHU
IPYy30B Tak:ke uTHopupyetcst. [Ipu mpocpouke
JIOCTaBKU TPY30B TTOTEPHU CBSI3aHbI C HECOOT-
BETCTBMEM TOTPEOHOCTEN B MepeBO3Kax
1 BO3MOXHOCTEN XeJIe3HBIX JIOPOT, MeXKOTIe-
PallMOHHBIMY TTPOCTOSIMUA BATOHOB Ha TEXHM -
YeCKUX CTAHIUIX M3-3a Hed(hHEeKTUBHOIO
pacmpeneieHusT COPTUPOBOYHON PabOTHI
MEXXJy CTAaHIIUSIMU, TTIEPEHACHIIIICHUS yJacT-
KOB IMO€37aM1 M HEeXBAaTKM AEMCTBEHHBIX
pbIUaroB OoTiepaTUBHOTO M3MEHEeHUST HebJ1aro-
MPUSITHOM CUTYyaIINN.

Il.

B xone pecopMUpoBaHMS 3KETE3HOTOPOXK-
Horo TpaHcnopTa Ha pyoexe XX u XXI BekoB
HayvaJl COKpallaThCs MHBEHTAPHbIN MapK Ba-
roHoB 1 B 2011 romy ero He cTajo, BarOHbBI
CTajiv MpuBaTHbIMU. BMecTe ¢ 3TUM noTepsit
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Z{;@ Ta6amua 1

1 MuHuMaIbHAS MOIHOCTH HA3HAYEHUI (OPMUPYEMBIX MOE30B

“ (MMHIMAJIBHOE YHCJIO TI0€3]I0B B CYTKH)
Xt Xt ,4|n_ ,moe3noB/cyr, mpu L, KM

100 | 200 320—1000 | 1700—3000 3900—7000

CopTUpOBOYHAasT CTAHIIUS
2 2,34 1,81 1,06 0,64 0,52
4 2,74 2,06 1,13 0,66 0,53
6 4,40 2,40 1,22 0,68 0,54
8 4,74 2,94 1,34 0,70 0,55
10 10,21 4,00 1,48 0,73 0,56
12 — 7,49 1,69 0,76 0,58
YyacTKoBasi CTAHLIUS
4 2,72 2,05 1,13 0,65 0,53
6 3,28 2,36 1,22 0,68 0,54
8 4,29 2,82 1,32 0,70 0,55
10 7,01 3,62 1,46 0,73 0,56
12 — 5,60 1,64 0,76 0,58
14 — — 1,90 0,79 0,59
[TorpaHnyHas xene3HOI0POKHAsT CTAaHIUS
6 3,24 2,34 1,21 0,68 0,54
8 4,06 2,74 1,31 0,70 0,55
10 5,83 3,40 1,44 0,72 0,56
12 16,11 4,74 1,60 0,75 0,57
14 — 10,21 1,83 0,80 0,59
16 — - 2.17 0,83 0,61

aKTyaJIbHOCTb U OJIMH U3 OCHOBHBIX KPUTEPHU -
€B CCTeMbl OpraHMU3allui BArOHOMTOTOKOB —
COKpallleHrue BpeMeHU 000poTa BaroHOB.
COOTBETCTBEHHO HE MOTYT OBbITh KpUTEpHEM
ISl OLIEHKM TJIaHa (pOpMUPOBAHUS MOE310B
3aTpaThl HA OPraHM3alM0 BarOHOMOTOKOB,
BbIpaXXKeHHBIE B MPUBEIEHHBIX BATOHO-Yacax.

Hopma BpemMeHM Ha mepeBO3KYy rpysa oT
CTAaHUUU OTMPABAECHUS IO CTAHUMU Ha3Ha-
yeHUs ucuucisiercs B cyrkax. Cpok 10cTaB-
KU CKJaAblBaeTCs M3 HOPM BpeMeHHU Ha
ornepauru, CBSI3aHHbIE C OTHpaBJIeHUEM
U IpUOBITUEM Tpy3a, IepeMelleHUeM ero Io
y4yacTKaM, U HOpPM BpeMeHU Ha JOMOJHMU-
TeJibHble omepauuu (rmepegadya U Npuém
rpysa npu mnepeBO3Ke yepe3 BOAHble MyTHU
COOOLIEHUSI, TIEPEBO3MMOTO B IIPSIMOM CMe-
IIaHHOM COOOILIeHUH, Meperpy3ka rpysa
B BaroHbl ¢ KOJECHBIMU MapaMM APYroi
IIMPUHBI KOJeu, MpOBeJeHUE pa3JIUUHbIX
BUJOB TOCYJapCTBEHHOTO KOHTPOJIS U T.10.).

HopMmbl cyTouHOTO mpobera [ist UCUUC-
JIEHUSI CpOKa JOCTaBKU Tpy30B, MEPEBO3U-
MBIX B TIpeneniax Poccuiickoit @enepanum,
3aBUCST OT AaJbHOCTU MEePEeBO3KU Ipy3a,
peXrma CKOpPOCTU MEPEBO3KU U KaTEropuu
otnpaBku. HopmaTuBbl A5 onpeneaeHus
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CpOKa JIOCTaBKH, TTOPSITIOK MCYUCTIEHUS CPO-
ka goctaBku yrBepxkaaTcs OAO «PAKI».

51 OLIEHKU BBITIOJIHEHUSI CPOKOB JI0-
CTaBKU TPY30B €XeTOoJHO B (heBpasie U CeH-
TI0pe B paMKaX MHTErpUPOBaAHHOI 00padboT-
KU TOPOKHBIX BEIIOMOCTEM TTPOBOMISITCS 00-
paboTKa M aHaJIW3 MEePBUYHBIX JaHHBIX
0 MPOJOJIKUTEIBHOCTH CJIeIOBaHUs TPy30B
MyTEM MeXaHU4YEeCKO# BIOOPKU 0K0Ji0 10 %
OTIpaBOK. JlaHHBIE IPYIITUPYIOTCS IO PEXKM -
MY CKOpOCTU (rpy3oBasi, 60Jiblliasi), BUAAM
coo0l1eHUsT (MECTHOE, MPSIMOE), KaTeropu-
sIM OTITPAaBOK (MapIIpyTHBIE, MTOBAarOHHbIE,
MeJiKue 0e3 KOHTEHepOB, IPy3bl B KOHTEH -
Hepax), POy Ipy3a U pacCTOSIHUIO epeBO3-
ku. CpeHue ImoKa3aresu MPOoI0JKUTETbHO-
CTH M CKOPOCTH IOCTaBKM UCUYUCIISIIOTCS Ha
OJIHY OTTIPaBKY U OJIHY TOHHY Tpy3a C y46TOM
1 6e3 yuéTa BpeMeHU HaXOXIEeHUS ero Ha
CcTaHUIMW HasHadeHus. [Ipu aToM cpemHss
CKOPOCTh IOCTaBKU OTIPEACISIETCS] TOJIBKO
daxkTuyeckasi, a CpeaHssl MPOIOIKUTEIb-
HOCTb IOCTaBKU I'py3a, KpOMe TOTO, K HOP-
MaTuBHasl.

A. ®. boponuH [7], paccMaTpuBast HaIEX-
HOCTb TEXHOJIOTMH TTePEBO30YHOTO TTPOIIEC-
ca, MPeI0XKUI UCTTIOJIb30BATh METOI0JOTUIO
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Tabumua 2

Hopma cyrouHoro npodera Barona

Paccrosinue nepeBo3ku, | Hopma cyrouHoro mpo6era 1o BUugaM OTIpaBOK, KM

Le. [MOBAarOHHbIE KPYIMHOTOHHaXHbIe pepu- | YHUBepcaTbHbIE KOHTEHHEPBI
JKepaTopHbIe KOHTEITHEPbI M MEJIKME OTIIPAaBKK1

o 199 140 110 90

Ot 200 1o 599 210 160 120

Ot 600 10 999 310 250 180

Ot 1000 1o 1999 400 320 250

Ot 2000 10 2999 430 340 270

Ot 3000 mo 4999 480 380 300

Ot 5000 10 6999 500 420 340

Ot 7000 u BbILIE 520 450 360

e=====10BarOHHbIE

e KPYMHOTOHHAXHbIE

e yHUBEPCASIbHbBIE

360

450

520

no 199 ot 200 go ot 600 go ot 1000
599 999 80 1999

012000 0713000 oT15000 ot 7000 u
002999 p[o04999 p[o06999  Bblwe

Puc. 1. Hopmsl cyTOYHOro npo6era rpy30BbiX OTPaBoK.

KOHTPOJISI ¥ yIIPaBJICHUSI BpeMEHEM J0CTaB-
KU TPY30B, CYLIECTBYIOIIYIO B CUCTEME
JANCITAPK [8]: opuanyeckoe, TeXHOJIOTU -
YecKoe, KOHTPOJIbHOE U OIlepaTUBHOE.

IOpunnyeckoe BpeMst JOCTaBKU PacCum-
ThIBaeTcsl B cooTBeTcTBUU C «[IpaBunmamu
MePEBO30K I'PY30B XKeJIE3HOTOPOXKHBIM TPAHC-
MOpTOM» [6] WM yCTaHABIMBAETCS JTOTOBO-
POM-KOHTPAaKTOM Ha MEPEeBO3KY B CHUCTEME
(bpMEHHOTO TPAaHCTIOPTHOTO OOCITYKMBAHUSI.

TexHoJlOrMYeCcKOe BpeMsl TOCTaBKU pac-
CUYMTHIBACTCS B COOTBETCTBUM C ICUCTBYIONIEH
HOpMaTHUBHOI opraHu3alueii Tpy30BOTo
JBIDKEHMS (ITOPSIIOK HaIlpaBJIeHUsI BarOHO-
IMOTOKOB, TJIaH (hOpMUPOBaHUS U rpaduk
JBIDKEHMSI TIOE3/I0B).

KoHTpojibHOE BpeMs TOCTaBKM YCTaHaB-
JIMBAETCS JUIST OTCIICXKMBAHUS BBITTOJTHEHMS
CpoOKa IepeBO3KU B aBTOMAaTU3MPOBAHHBIX
crucTeMax.

OriepaTBHOE BpeMsI IOCTaBKU — TMHAMM-
yecKas XapaKTepUCTUKA BpeMeHHU (B OTIINYKE
OT «CTaTUYECKUX», YKa3aHHBIX BBIIIIE).
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DT0 JeeHrue MOoMYEPKUBAET CYIIECTBYIO-
1K€ TTPOTUBOPEYMSI BOBMOKHOTO MCUMCICHUS
CPOKOB JIOCTaBKHM, HO TaK KaK OTBETCTBEH-
HOCTb XeJIe3Hast JOpora HeceT 3a COOTI0IeHUE
HOPMAaTUBHOTO CPOKa IOCTaBKU, TO B pacuéTax
iaHa hopMUPOBaHUS TOE30B 11e1eC000-
Pa3HO UCIMOJb30BaTh UMEHHO €TO0.

B pa6ote A. ®@. boponuHa, A. I1. Barypu-
Ha, B. B. [lanuHa [9] BBeA¢H HOpMaTUB MU-
HUMAaJIbHOM TOIMYCTUMOI MOIIIHOCTHU TOE3/I-
HBIX Ha3HAYEHM I, UCXOMSI U3 HOPMATUBHBIX
CPOKOB JIOCTaBKM I'py30B. B 3aBrcuMOCTH OT
NaTbHOCTH Ha3HavyeHus L, CyMMapHOi
JTUTETbHOCTU MPOCTOS TPAH3UTHBIX BATOHOB
¢ mepepaboTKol (MCKIoYasi MpoCcToi Mof
HaKOIJIEHUEM) Xt + Xf W TUIA CTaHIIMU
(copTpoBOYHas1, y4acTKOBAasI, TOTpaHUYHAS)
OHM MPEIOKUIN ONIPEEISITh MUHUMATbHYIO
MOILHOCTb Ha3HaUYE€HU I (hOPMUPYEMBIX MTOE3-
nos n, . (Tabauia 1).

Tabauia 1 moka3piBaeT BO3MOXHOCTD
y4yéTa Npu OpraHu3aliiyd BaroOHOMOTOKOB
CpOKa JOCTaBKHY I'PY30B, HO 3TO €IIIE CACTIaHO
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Puc. 2. U. P

JUIST MHBEHTApHOTro Iapka BaroHoOB, T.e.
¢ yU4€TOM 3aTpaT U SKOHOMUHM BarOHO-4acoB.

J171s1 IpMBaTHOTO TTapKa BarOHOB 11eJIeCO-
00pa3HO MCITOJIb30BaTh MpPaBUIa MEPEBO30K
rpy30B [6], rme HopMa CyTOYHOro mpobera
IPY30BOI CKOPOCTHIO YCTaHOBJIEHA B 3aBUCH -
MOCTH OT PacCTOSIHUSI MIEPEBO3KU U BUIOB
oTInpaBku (Tabauua 2, puc. 1).

AOGCOJTIOTHOE OOJIBIIIMHCTBO OTMPABOK, Te-
pepabaThIBaMbIX HA COPTUPOBOYHBIX CTAHIIV -
sIX, SIBJISTIOTCSI TTOBaroHHbIMU. [ToaTOMY B pac-
Y&Tax 11eJ1eco00pa3HO OPUEHTHPOBATHLCS Ha HUX.
B nipaButax nmepeBo30K rpy30B elie prBeAeHbI
CPOKM JOCTaBKM OOJIBIIION CKOPOCTBIO, HO TAKKE
OTITPABKH, KaK IPaBUJIO, HE IepepadaThiBaloT-
Cs1 Ha COPTUPOBOYHBIX CTAHLIMSX U B pacy€Tax
J1aHa (hOPMUPOBAHUST TIOE3I0B HE YUACTBYIOT.
CpoKM JOCTaBKM TPY30B MapLIPYTHBIMU OT-
MpaBKaMU PacCMaTpUBAIOTCS OTAEIBHO.

Heo6xonmMo yuecTb yBeJmyeHue CpOKOB
JIOCTaBKM I'PY30B, MPETYCMOTPEHHBIC TIPABU -
JIAaMHM T1EPEBO3OK [6]:

* Ha CyTKM — Ha OIlepalluu, CBsI3aHHbIE
¢ mepefayeii 1 IpuEMOM I'py30B, MPU Tepe-
BO3Ke TPY30B C IepenpaBoil Yepe3 BOJIHbIC
MyTU COOOILIEHUST (MOPSI, PEKU, TIPOJIUBHI,
03€pa) Ha cyJax v mapomMax;
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1bl HOPMbI CYTOYHOIO NPO6era MapLUPYTHbIX U HEMAPLUPYTHBIX OTIPABOK
B 3aBUCUMOCTM OT PaCCTOSTHUS NEPEBO3KMN.

* Ha CyTKM — IIpU Tiepeiavye Ha APYroid BUIT
TPaHCIOPTa, IPUEME C IPYrOro BUIA TPAHC-
MopTa rpy30B, NEPEBO3UMBIX B TIPSIMOM CMe-
[IAHHOM COOOIIEHWN;

* Ha IBOE CYTOK — ITPU IIEPerpy3Ke rpy30B
B BaroHsbl ¢ KOJECHBIMU TTapaMu IPYTroi 1K~
PUHBI KOJIEW;

* Ha CyTKU — IPU TIepeCTaHOBKE BarOHOB
Ha KOJIECHBIE Mapbl IPYToil IIUPUHBI KOJIEH;

* Ha CYTKM — TPM OTIIPaBJICHUU I'PY30B
€ XKeJIe3HOJOPOXKHBIX CTAaHIIM MOCKOBCKOTO
u Cankrt-IleTepOyprckoro y3aoB, WM MPU-
OBITUH rPY30B Ha XKeJIE3HOIOPOXKHbIE CTAHITUN
ATUX y3JIOB, WJIW MPU CJIETOBAaHUM I'PY30B
TPaH3UTOM Yepe3 HUX;

* Ha CYTKU — B CJIy4yae OCYyILECTBICHHs Ha
MOTrpaHMYHBIX MTyHKTaX Mporycka Poccuii-
ckoit Menepaliiy MOrpaHMYHOTO, TAMOXKEH -
HOTO, CAHUTAPHO-3THUIEMHUOJOINYECKOTO,
BETEPUMHAPHOT0, PUTOCAHUTAPHOTO U IPYTUX
BUJIOB TOCYIapPCTBEHHOTO KOHTPOJIS.

CTpyu BarOoHOTIOTOKOB, BbIJIEJIEHHBIE B Ca-
MOCTOSITeJIbHBIE HAa3HAYEHUs IMOe310B, IO
CpOKaM JOCTaBKM MOXHO NMPUPaBHUBATH
K MapILIpyTHBIM OTIIpaBKaM. B cooTBeTcTBUM
¢ IpaBUJIaMU ITEPEBO30K I'PY30B CPOK JOCTaB-
KW MapuIpyTHBIX OTIIPABOK MCUMCIISIETCS U3

JleeuH [. 0. 0prauuaauuﬂ BaroHOMOTOKORB B PbIHOYHbIX YCJIOBUAX



n

\/

ny
n3
Ny
ns ————

ne

\j

\

\/

\/

ny
ng
ng————»

\j

\/

no

\/

nn
—_—
np

\/

n3

»
|

ny———»

nis——»

Puc. 3. Cxema HanpaBsieH1ii u CTPYii BaroHOMoOTOKOB.

pacuéra HOpMaTUBHOTO cpoka — 550 KM B CyT-
ku. Torma 3aTparhl Ha HAKOTJIEHWE COCTABOB,
KOTOpPBIE PACCMAaTPUBAIOTCS TSI BBIICICHUS
B CaMOCTOSITEJIbHbIE Ha3HAaYeHUsI, OyIyT J10-
IYCTUMBI TIPU COOTIOACHUN HOPMATHUBHBIX
CPOKOB JIOCTaBKH I'PY30B, €CJIM BHITIOJTHSIETCS
ycioBue

cm < 24<LN 11 : e
ne mapu

T, <24 L(——) @

" h V’l@ VMapW ’

roe L — paccTossHHE (JIOIMOJTHUTEIBHOTO)
CJICTOBAaHUS BBIICISIEMOTO Ha3HAUCHMS T10€3-
noB, KM; V., VMapm— HOPMBbI CYyTOYHOTO IPO-
Oera BarOHOB COOTBETCTBEHHO O€3 BBIIIEJICHUS
(TToBaroHHBIC OTIIPABKM) W C BBIACICHUEM
BaroHOIIOTOKa (MapIIpyTHasi OTIIpaBKa) B ca-
MOCTOSITeJTbHOE Ha3HAUYCHNE TTOE30B KM/CYT.
B dopmynax (1) u (2) BeIpaskeHHE B CKOO-
KaxX XapakKTepu3yeT BO3MOXKHOE YCKOpECHUE
CJICIIOBaHMSI BarOHOIIOTOKA TIPU BBIICICHUN
B CaMOCTOSITeIbHOEC Ha3HAYCHHE C pa3MEPHO-
cThIo CcyT/KM. [padpmrueckoe n3MeHEeHME TTIpa-
Boi1 yactn HepaBeHCTB (1) u (2) mpuBeneHO
B yIOOHBIN BU A1 MPOBEACHUSI PaCUETOB
¥ TpeacTaBieHo Ha puc. 2. Torma dhopMybl
COOTBETCTBEHHO OyIyT MMETb B
cm <40 + 400(e ~0-0005L); 3)
T, <40+ 400(e000%), 4)
Kpome obocHOBaHMS 11e71€6CO00Pa3HOCTH
BBIIEJICHUST CTPYl BarOHOIIOTOKOB B caMoO-
CTOSITeTTbHBIC Ha3HaUeHUSI (hopmyia (2) MOKET
WCITOIb30BaThCS M JIJI1 YCTAHOBJICHMS TEXHU -
YeCKUX 3aJaHMi JTeXKYPHO-IUCIIETICPCKOMY
armapary, UCCJICIOBaHUS BIUSHUS pa3ind-
HBIX (D)aKTOPOB Ha BBHIMIOJHEHHE CKOPOCTH
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JTOCTaBKY I'PY30B, U3bICKAHUS ITyTel yCKOpe-
HUS TPAHCIIOPTHOTO Mpoliecca.

1.

ITpu pacuére raHa (HOPMHUPOBAHMS O~
HOTPYMITHBIX MOE310B Y€ HEOIHOKPATHO
TPEATTPUHUMAINCH TIOTIBITKU MCIIOJb30BaTh
JIMHEHOe MPOrpaMMUPOBAHUE IS TTOCTPO-
€HUS ONTUMU3ALMOHHBIX Moneseit. K atomy
UMEIOTCS CePbE3HbIE OCHOBAHUS, TTOCKOJIBKY
3TOT METO 9 KOHOMWYECKN HanboJiee aphek-
TUBHBIIA, TOBBIIIAET KAYE€CTBO KOMITJIEKCHOTO
TUTAHUPOBAHUS, YBEIMUUBAET AaHAJTUTUYECKUE
BO3MOXHOCTU U YTOOEH [IJ1 MaTeMaTUYEeCKOMU
bopmanuzanuu 3amadyn U UCIMOJIb30BAHUS
BBIYMCIIMTELHBIX IIPOTPAMM.

K coxaneHuto, UCMOJIb30BaAHUE TUHE-
HOTO MPOTrpaMMUPOBAHUS OTPAHUYMBATIOCH
bopmanuzanueit 1 MaTeMaTUUECKOU TTOCTA-
HOBKOW 3a/1auu, a U151 €€ peleHus npeaia-
TajJucCh MPUOJUXKEHHbIE METOIBI (MOCIEN0-
BaTeJILHOTO yydieHus maana [10], moura-
TOBOTO pacrpeiesieHus BATOHOTIOTOKOB [9]
U JIp.), KOTOPbIE K TOMY X€ CBSI3aHBI C Pyd-
HOI KOPPEKTUPOBKOM MOJTYYEHHBIX PE3YJIb-
TaTOB.

PaccmotpuM pacuér tutana ¢hopMupoBa-
HUS OJHOTPYMITHBIX MMOE3/I0B HAa CETU XKeJe3-
HBIX 1OPOT KaK KOMOMHUPOBaHUE CTPYI Ba-
TOHOIIOTOKOB 1 KOH(UTYpaInii oe3a0moTo-
KOB, T.€. pacmnpenejieHue GopMupoBaHUs
1 pacchopMUPOBAHUS COCTABOB Ha BhIIETCH-
HBIX CTaHIMAX. BriepBbie TosIBiIsieTcs] BO3-
MO>KHOCTb B ITPOLIECCE BBITIOJIHEHUS PACYETOB
aHa (opMUPOBAHUS YIIPABISITh TPAH3UT-
HOCTbIO BATOHOITOTOKOB U 3arpy3KOi TEXHU-
YECKUX CTAHITUIA. DTO JOCTUTACTCS peIlIEHUEM
KOMOWHATOPHO 3a/1a4¥ ITyTEM OObEAUHEHUS
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Puc. 4. Cxema
nocnenosaresibHOCTN
paccMoTpeHnst BapnaHToB
oﬁbe,qunenmv BaroHornoTokKkoB
c y4éTOoM nepepaboTku
Ha nonyTHbIX CTaHUNSaxX
npuv pac4yére nnaHa
popmMupoBaHNss OAHOIPYMMHbIX
noes3noB Ha HanpaseHUN
C LWeCTbIO CTaHUNSIMU,
npeAcTas/IeHHOM Ha puc. 3.

CTPYIi BATOHOIIOTOKOB MO BEIOPaHHBIM ONTH -
MaJIbHBIM ITapaMeTpaM.

[Tpsimoii mepedop BceX BOZMOXKHBIX Bapy-
AHTOB OOBEIMHEHUSI CTPYl BarOHOMOTOKOB
Ha TeXHUUYECKHUX CTAHIMSIX CETH KEJE3HBIX
JIOPOT MPUBOAUT K aCTPOHOMUYECKOMY MX
YUCIy. DTO BbI3BAJIO MOSIBJICHHUE METOIOB
pacuéta 1miaHa (popMUPOBAHUS OTHOIPYIIII-
HBIX TTO€3710B Ha IOJIMTOHAaX C OrpaHUYEHHBIM
YHCJIOM cTaHIMi. Mcrionb3oBaHue KpUTEpUs
MUHUMAaJIbHO IepepaboTK1 BATOHOB MO3BO-
JISIET YIIOPSIIOYUTD Mepedop BapuaHTOB, 3HA-
YUTEJbHO UX COKPATUTh U BBITIOIHSATH 3324y
Ha DBM 06e3 orpaHuyeHus yyacThsl B pacuéTax
CTaHLIUN.

Jl7is1 Beex CTpyid BATOHOTIOTOKOB (1, 71,, 1,
Mgy Ry Moy Ry 0, A, A), B TOM YHCTIE U MEXK-
1y Ha4YaJIbHOW M KOHEYHOM CTaHUMAMM (1,),
KPOME yYaCTKOBbIX (15, Ay, 15, 1, ,, 1, 5) (DMC. 3),
MpPOBEPSIETCS BHIIOJTHEHUE TOCTaTOYHOTO
ycsoBus (1).

[Tpu ero BbITTOTHEHUH CTPYSI BATOHOIIOTO-
Ka BBIIEJSIETCS B CAMOCTOSITE/IbHOE Ha3Haye-
HUE U BKJIIOYAeTCs B ONTUMAaJIbHBII BapruaHT
1aHa hOpMUPOBAHMSL.

[Tpu HeBBIMOIHEHUHU CTPYE BATOHOIIOTO-
Ka (n,) nocTatouyHoro yciuosus (1) paccmarpu-
BalOTCS BADUAHTHI €€ 00bEIUHEHUS CO BCEMU
0oJiee KOPOTKMMU CTPYSIMU BarOHOIIOTOKOB,
HayMHaloIIMecs: Ha HaYaJIbHOM CTaHLIMY WIU
3aKaHUYMBaloIIMecss Ha KOHEYHOI, T.e. Bce
BapuaHTbl OOBEAMHEHUS JaJdbHEe CTpyu Ba-
TOHOIIOTOKA (7,) ¢ TIEpepabOTKOM TOJIBKO Ha
OJTHOM MOMYTHOM CTaHIIUK. DTO 00bEeAMHEHUE
OTHOCHUTCS K 00Jie€ KOPOTKUM CTPYSIM, KOTO-
pble O0epyT Hayajao Ha HayaJbHOW CTaHIIUU
U CJICAYIOT 10 OJHOM U3 MOMYTHBIX CTAaHLIUI
(n,, ny, n,, ny) WK GEPYT HAYAIIO HA COOTBET-
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Bes nepepaboTku

C oaHoi nepepaboTkoi

C asyma nepepaboTkamm

Cpems nepepaboTkamm

CTBYIOILIEI ITOIYTHOM CTAHLIMU U CIICAYIOT 10
KOHEUHOI (1, 1, 1,5, 1,).

B xombOuHaTtopuke Takoe o0beIMHEHHUE
CTPYil BATOHOIIOTOKOB B ONPEACIEHHOM I10-
pslIKEe Ha3bIBAETCS IIEPECTAHOBKOM U3 71 3Jie-
MEHTOB.

HaxoxneHue onTuMalbHOro BapuaHTa
00beIMHEHMS JaJIbHEM CTPYU BarOHOIIOTOKA
(n,) c IepepabOTKOM Ha OTHO¥ 13 TOMYTHBIX
CTaHLMI paccMaTpUBaEeTCs B CIEIYIOIICH
OUYEPETHOCTH:

{n+n) + (4 m )k

{(n+n) + (4 n )k

{7+ n)+ (n+ mk;

{(n+ny) + (n+n)}

I1pu HEBBIMOJIHEHUM CTPYEIT BATOHOIIOTO-
Ka (n,) mocje o0beIMHEHNS U NIEPEPAOOTKI
Ha OIHOM M3 MOIYTHBIX CTAHLIMI AOCTATOY-
Horo ycyioBus (1) paccmaTpuBalOTCs BapyaH-
Thl €€ 00beAMHEHUS U TIepepabOTKU Ha ABYX
MOITYTHBIX CTAHLIMSIX B CICAYIOLICH 04epeén-
HOCTH:

{1+ n) + (4 n) + (n,+ s

{1+ n) + (4 m) + (n,+ s

{1+ n) + (ot n) + (n,+

{n+n) + (ot n, )+ (1,4 0,

{1+ n) + (nt n) + (n, )}

IIpu HEBBINMOJHEHUU CTPYEl BarOHOMO-
TOKa (n,) mocie 00beIMHEHMS U I1epepadoT-
KU Ha JBYX IOIYTHBIX CTAHIUSAX TOCTATOY-
Horo ycioBus (1) paccMaTpuBaroTcsl Bapu-
aHTHI €€ 00beAMHEHUST U MepepadbOTKU Ha
TPEX IMOMYTHBIX CTAHILUSIX B CIEOYIOIIEH
OUYepEMHOCTH:

{F )+ (nFn) + (ntn )+ (nFn )k

{nF )+ () + (n+n) + (1m0

{nFn) + () + (n+n )+ (nFn )k

{(n1+ ”4) + (n1+ n12) + (n1+ n14) + (n1+ nlS)}'
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Taoamna 3

KomounaTopHblii MeTon pacyéTa miana ¢popMIUpOBaHUS OJHOTPYIIHBIX N0€3/10B

OuepénnocTb | Yucio nepepaboTok Yucno yyactkoB BapuanTs! nepepa- BapuaHTbl 00beaMHE-

CTPYM BaroHONOTOKA | IPOCJIEIOBAHUS CTPYU | OOTKM CTPYU BaroHO- | HUSI CTPYM BaroHOIO-
BaroHormnoroka 06e3 noToka ToKa (n,)
rnepepadboTKu

1 1 5 1 n

2 2 4+1 12 n,+n;

3 2 1+4 21 n,+n,

4 2 3+2 12 n,+n,

5 2 2+3 21 n+n,

6 3 1+1+3 123 n +n +n,

7 3 1+3+1 132 n.+n +n;.

8 3 3+1+1 312 n,+n,+n;

9 3 2+2+1 123 n,+n,+n,

10 3 2+1+2 132 n,+n,+n

11 3 1+2+2 312 n.+n +n,

12 4 1+1+1+2 1234 n.+n +n +n.

13 4 1+1+2+1 1243 n.+n +n +n.

14 4 1+2+1+1 1423 n.+n +n,+n.

15 4 2+1+1+1 4123 n,+n,+n,+n

16 5 1+1+1+1+1 12345 n,+n,+n,+n,+n,

ITpu HeBBIMOJHEHNUU CTPYEN BATOHOIIOTO-
Ka (n,) ocjie o0beIMHEHNS 1 TIEPEPAbOTKH
Ha TPEX MOMYTHBIX CTAHITUSX JOCTaTOUHOTO
ycaoBus (1) paccMaTpuBaloTCsl BApUAHTHI €€
00BbeNMHEHUST U TIepepaboOTKNU Ha YEThIPEX
TOITYTHBIX CTAHIIMSIX:

{(n1+ ns) . (n1+ n9) + (n1+ n12) + (n1+ n14)+
+ (1t )

Tpaduueckoe nzobpaxeHrue onucaHHOMN
MPOLIEAYPHI MPEICTAaBIEHO Ha puC. 4.

Takum o6pazoM, B mpoliecce pacyéeTa IJa-
Ha (OPMUPOBAHUST OIHOTPYIITHBIX TIOE3/I0B

MOCJeJ0BATEJbHO pacCMaTpPUBAIOTCS BCE
CTPYU BaroHOMOTOKOB, HAUYMHAs C CaMbIX
nanbHux. [Ipy HECOOTBETCTBUM 3alaHHOMY
YCJIOBUIO BBITIOJTHSIETCS Mpolieaypa o0beau-
HeHMUS UX ¢ 60jee KOPOTKUMU CTPYSIMU Baro-
HOITOTOKOB C IepepaboTKOM Ha OJHOI, ABYX,
TPEX, ... CTAHLIUSIX — MOKA He OyAeT yAOBIET-
BOPEHO JIOCTATOYHOE YCJIOBUE WJIM KOTAa
00beIUHEHUE TIPUBEIET K YYaCTKOBOMY Ha-
3HAUYECHMUIO.

Ouep€nHOCTh PACCMOTPEHUS COYETaHU
(oObenrHeHuIt) caMoii JalTbHEN CTPYU BarOHO-

Ta0amua 4

Kom0OunaTopHblii MeTo pacuéTa miaHa (hopMUPOBAHUS OJHOTPYIMIHBIX
noe3noB s 25 craHuuii

OuepénHoctb | Yucso nepepadbotok | Yucio yyacTkoB npociie- | Bapuantsl nepepa- BapuaHTbl 00be11-
CTPYY BaroHOTIOTOKA | IOBaHWS CTPYW BarOHOTO- | GOTKU CTPYU BaTOHO- | HEHUST CTPYU BAaTOHO-
TOKa 0e3 nepepaboTKu TI0TOKAa MoTOKa (1)
1 1 5 1 n
2 2 24+1 12
3 2 1+24 21
4 2 23+2 12
5 2 2+23 21
3 22+1+1 123
3 14+22+1 213
3 1+1+22 231
2+1+2
4 21+ 1+1+1
4 1+21+1+1
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Puc. 5. Ipag nonurona
JKes1e3HbIX AOopPOor.

MOTOKa (71,) 1O YKUCITYy MEPEPAOOTOK B IyTH
cJenoBaHus npeacTapieHa B Tadauue 3. Hanpu-
Mep, €CJIM B pacu€Tax ruiaHa (hopMUPOBAHMS
OTHOTPYMITHBIX ITOE3I0B YYaCTBYET 25 CTAHLIMIA,
TO Tabsuia 3 ipeodpasyeTcs B TaduLLy 4.
[Ipennaraemblii METO[ ITO3BOJISIET PACCYM-
THIBAaTh TUIaH (POPMUPOBAHUS OTHOTPYIIITHBIX
IT0€310B [T HEOTPAaHMYEHHOT'O YK CJIa CTAaHIIUIA
Ha pa3BeTBIEHHOM ITOJIMTOHE. JIJIs1 3TOTO 10~
JIUTOH 3KeJIE3HBIX TOPOT IPEACTABIISIETCS B BU -
ne rpacda (puc. 5). BepumHaMmu obo3HayaeM
CTaHILIMU, yYacTBYIOIIME B pacy€Te IIaHa.
C noMolbio anbboMa KpaTyailimx paccTosi-
HMI1 MKy CTAHLIMSIMU OTIPEIeIsieM MapILpy-
ThI CJIeIOBaHMS (ITOITYyTHBIE CTAHILIMM) U pac-
crostHusl. Ha mapipyrax clieioBaHMsI CTpYi
BaroHOIIOTOKOB HaXOAMM HauOoJiee AajbHue
CTaHIIUM, C KOTOPBIX M1 HAYMHAEM ITPOLIECC 110
ONMCaHHOMY paHee JIMHEIHOMY aJITOPUTMY.
ITo Mepe BblIEICHUS CTPYii BarOHOITOTO-
KOB B CAMOCTOSITEIbHbIC HA3HAYESHUS 110 KaXK-
JIO CTAaHIIUM CYMMUpPYeETCs 00BEM IepepadoT-
KU BarOHOB U IPY BBITIOJTHEHUY HECKOJIBKUMU
BapuMaHTaMu ycjioBus (3) mpearnoyTeHue oT-
JA€Tcsl BApUAHTY C TIepepabO0TKOi BArOHOIIO-
TOKa Ha HauMeHee 3arpy>KeHHBIX CTaHLIUSIX.

BbiBObl

1. B cBsI3u ¢ TTOTepeit akTyaTbHOCTH OTHO-
IO M3 OCHOBHBIX KPUTEPHUEB CUCTEMbI OpTraHu -
3allMM BarOHOTIOTOKOB — COKpAIllEHMS Bpe-
MEHHU 000pOTa BaroHOB TPeOyeT U3MEHEHMSI
OlleHKa BapWaHTOB IuIaHa (hOPMUPOBAHUS
MOEe3I0B TI0 3aTpaTaM IPUBEAEHHBIX BaTOHO-
yacoB. [ToaToMy B3aMeH 3TMX KpUTEpHUEB
MPeIIOXKEHBI BBITIOJTHEHUE CPOKOB JOCTaBKU
Tpy30B 1 MUHUMU3ALMS TTepepabOTKH Baro-
HOIMOTOKOB Ha TEXHUYECKMX CTAHIIMSIX.

2. 151 pa3paboTKu riaHa popMUpPOBaHUS
OTHOTPYMITHBIX IMOE3I0B B YCIIOBUSIX MPUBA-

TU3UPOBAHHOI'O BATOHHOTO ITapKa MPeUIOXKEeH
KOMOMHATOPHBIN METOA Ha OCHOBE KPUTEPH-
€B COOJTIOIEHMSI CPOKA JJOCTAaBKU IPY30B U MU -
HUMM3aI1N IIepepabOTKY BATOHOTIOTOKOB Ha
TEXHUYECKHUX CTaHIMsX. B rmpornecce pacuéra
wraHa GopMUPOBAHUSI OMHOTPYITITHEBIX 10€3-
JIOB ITOCJIEI0BATEIbHO pacCMaTPUBAIOTCS BCE
CTPYM BaroHOIIOTOKOB, HaUMHAs C CaMBIX
nanbHux. [1py1 HEYIOBIETBOPEHUM JOCTATOY -
HOMY YCJIOBUIO BBITIOJHSIETCS MpoIleaypa
00beIUHEHMS UX C 00J1e€ KOPOTKUMU CTPYSIMU
BaroHOIIOTOKOB C MepepaboTKOIl Ha OTHOM,
IBYX, TPEX M T.JI. CTAHLMAX, TTIOKAa He OymeT
JOCTUTHYTA COOTBETCTBYIOIIAS] BEIIBUHYTHIM
KPUTEPUSIM OpraHu3alus mpoiecca.
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ORGANIZATION OF CAR FLOWS IN MARKET CONDITIONS

Levin, Dmitry Yu., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

In market conditions one of the former main
criteria of the system of organizing car flows, which
was reduction in the turnover time of cars, has lost
its relevance. Now it is necessary to abandon the
evaluation of the variants of the train formation plan
using costs calculated in reduced car-hours.
Therefore, as a replacement, it is offered to fulfill the
delivery deadlines. At the same time, in conditions of
the privatized car fleet, a combination of criteria for

meeting the deadline for the delivery of goods and
minimizing the processing of car flows at technical
stations was required. In the process of calculating
the plan for the formation of one-group trains, all
streams of car flows, from the furthest ones, are
consistently considered. If the accepted conditions
are not met, the procedure of combining distant ones
with shorter streams with their processing at one,
two, three, etc. stations is performed — until the
proper level of organization is achieved.

Keywords: railway, train formation plan, design norms, combinatorics, terms of cargo delivery, organization

of car flows.

Background. At the beginning of 20" century the
theory of organization of car flows arose. And it soon
became clear that science deals with a complex and
diverse section of exploitation of railways, in
improvement of which there is no limit. The tasks
formulated in the guidelines for organization of car
flows, issued by industry departments in 1967, 1984
and 2007 [1-3], will still serve as beacons for many
generations of researchers. And how many new tasks
arise?

Many problems have not yet been solved for the
inventory of cars, and completely new problems have
arisen when using own cars. First of all, these are
fundamentally different criteria that require other
design norms and completely new methods for
calculating the plan for formation of trains [4]. In
particular, the previous criterion for estimating costs in
«reduced car-hours» has lost relevance, and even the
use of car-hours in monetary terms does not change
the situation.

Objective. The objective of the author is to
consider different issues related to organization of car
flows in market conditions.

Methods. The author uses general scientific and
engineering methods, modeling, graph construction,
mathematical methods, comparative analysis.

Results.

I

Itis interesting to recall that the goal of not only the
organization of flows, but also of the whole operational
science was the saving of car-hours. And acceleration
of car turnover was regularly established every three
to four years by the order of the Minister of Railways
under the same number (No. 1C). Acceleration of
turnover should be achieved at any cost, including by
delaying locomotives, excessive expansion of loading
and unloading fronts from the clientele to handle entire
routes, etc. This was explained by the inadequate
number of cars, and their inefficient use. The solution
was one - to squeeze the most out of the existing fleet
of cars. This is reflected, including in the theory of the
formation plan. The use of car-hours as a criterion at
that time was considered an indisputable truth, and if
attimes they were disputed, they did not offer anything
else. Indeed, the car turnover in the USSR has reached
six days, while on the US railways — 20 days [5]. In the
conditions of continuous growth of freight intensity and
acceleration of turnover of cars, alternative solutions
were simply not required.

With the switch to a for-profit model in the 1980s
the roads had to use better not only cars, but also
locomotives, economically spend labor resources. With

the strategy of optimal operation of railways (labor
saving with a maximum of transport products and
limited costs), the theory of the formation plan was
faced with the need for a comprehensive solution of all
problems, i.e. to take into account the costs of traction,
to more fully reflect the specifics of the work of railway
lines, including delays in trains at stations and sections,
the shortage of station tracks, the capacity of lines, etc.
For the voyage, an average of 11 technical stations
were passed, of which four were marshalling yards.
The average daily processing of cars at stations
reached unjustifiably large sizes (on average 130 km
at technical stations, 400 km — on marshalling yards).
But then the theory of the plan of formation did not
change.

At present, the organization of car flows affects the
costs of rail transport because of the failure to meet
the deadline for delivery of cargoes and the processing
of cars at technical stations. Therefore, itis suggested
that these factors should be used as criteria for
assessing the organization of car flows.

Fulfillment of delivery deadlines is one of the main
tasks of JSC Russian Railways. The fulfillment of
regulatory deadlines for delivery of cargoes is one of
the most important indicators of the quality of rail
transport products, and it is it which characterizes the
organization of the transportation process.

In accordance with the Charter of the Russian
Railways, JSC Russian Railways bears material
responsibility to the consignees for failure to meet the
delivery deadlines and loses a significant part of the
revenue due to loss of loading resources. The current
procedure for calculating the delivery time is approved
by the Russian Ministry of Railways Order No. 27 dated
June 18, 2003 and registered with the Ministry of
Justice of Russia on June 23, 2003 under No. 4816 [6].

For the year, more than 20000 claims are filed
against JSC Russian Railways related to non-fulfilment
of delivery deadlines, a penalty for delay in delivery of
hundreds of millions of rubles is paid [4].

At the same time, in terms of operational
performance and regulatory documents, there is no
assessment of the delivery of cargoes.

Among the main criteria for assessing the current
system of organizing car flows, the delivery of cargo is
also not fulfilled. In case of delay in the delivery of
cargoes, losses are relatedto inadequate transportation
needs and the possibilities of railways, interoperational
idle times of cars at technical stations due to ineffective
distribution of sorting work between stations,
oversaturation of sections by trains and lack of effective
levers for operative change of an unfavorable situation.
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| i{ Table 1

14188 The minimum power of assignments of trains being formed

“ (the minimum number of trains per day)
Tty T Zy B n . trains/day, for L, , km

100 [ 200 | 320-1000 | 1700-3000 | 3900-7000

Marshalling yard
2 2,34 1.81 1,06 0,64 0,52
4 2,74 2,06 1,13 0,66 0,53
6 4,40 2,40 1,22 0,68 0,54
8 4,74 2,94 1,34 0,70 0,55
10 10,21 4,00 1,48 0,73 0,56
12 - 7,49 1,69 0,76 0,58
Section station
4 272 2,05 1,13 0,65 0,53
6 3,28 2,36 1,22 0,68 0,54
8 4,29 2,82 1,32 0,70 0,55
10 7,01 3,62 1,46 0,73 0,56
12 = 5,60 1.64 0,76 0,58
14 = = 1,90 0,79 0,59
Border railway station
6 3,24 2,34 121 0,68 0,54
8 4,06 2,74 131 0,70 0,55
10 5,83 3,40 1,44 0,72 0,56
12 16,11 4,74 1,60 0,75 0,57
14 = 10,21 1,83 0,80 0,59
16 - - 217 0,83 0,61

1.

In the course of reforming the railway transport at
the turn of 20" and 21 centuries, the inventory fleet of
cars began to decline and in 2011 it disappeared, the
cars became private. At the same time, one of the main
criteria of the system of organizing car flows — reduction
in the turnover time of cars — has lost its relevance.
Accordingly, the costs for the organization of car flows,
expressed in the reduced car-hours, cannot be a
criterion for evaluating the train formation plan.

The time norm for transportation of cargoes from
the departure station to the destination station is
calculated in days. The delivery time consists of the
time norms for the operations related to departure and
arrival of cargo, its movement through the sections,
and the time norms for additional operations (transfer
and reception of cargo during transportation through
the waterways of the traffic transported in a direct mixed
traffic, reloading the cargoes into cars with wheel sets
of a different track width, carrying out various types of
state control, etc.).

Norms of daily run for calculating the time of
delivery of cargoes transported within the Russian
Federation depend on the range of cargo transportation,
the mode of transportation speed and the category of
shipment. The standards for determining the delivery
time, the procedure for calculating the delivery time
are approved by JSC Russian Railways.

In order to assess the delivery of goods, in
February and September, in the integrated
processing of road lists, primary data on the duration
of the cargo are processed and analyzed by
mechanical sampling of about 10 % of shipments.
The data are grouped according to the speed regime
(freight, large), the types of traffic (local, direct), the
categories of shipments (route, car, small without
containers, cargo in containers), the type of cargo
and the distance of transportation. The average
duration and speed of delivery are calculated per
shipment and one ton of cargo, taking into account
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and without regard to the time of its location at the
destination station. At the same time, the average
speed of delivery is determined only by the actual,
and the average duration of the delivery of the goods,
in addition, and regulatory.

A. F. Borodin [7], considering the reliability of the
technology of the transportation process, suggested
using the methodology for controlling and managing
the time of delivery of goods, existing in the DISPARC
system [8]: legal, technological, control and
operational.

Legal delivery time is calculated in accordance with
the «Rules for Carriage of Goods by Rail» [6] or is
established by the contract for transportation in the
system of corporate transport services.

Technological delivery time is calculated in
accordance with the current regulatory organization of
freight traffic (the order of the direction of car flows,
the plan for the formation and the schedule of train
traffic).

Control delivery time is set to track the
implementation of the delivery term in automated
systems.

Operational delivery time is a dynamic characteristic
of time (in contrast to the «static», indicated above).

This division emphasizes the existing contradictions
ofthe possible calculation of the delivery time, but since
the railway is responsible for compliance with the
standard delivery time, it is reasonable to use it in the
calculations of the train formation plan.

Inthe work of A. F. Borodin, A. P. Baturin, V. V. Panin
[9] a minimum permissible power standard for train
assignments is introduced, based on the standard
terms of cargo delivery. Depending on the distance of
the destination L, total duration of idle time of cars
with processing (excluding idle time while being
accumulated) xt, + Xt and station type (sorting,
section, border) they proposed to determine the
minimum power of the assignments for the trains to be
formedn . (Table 1).

min
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Table 2
Norm of daily run of a car

Transportation distance, km Norms of daily run by types of shipments, km
Car Large-capacity refrigerated Universal containers and small
containers dispatches

Upto 199 140 110 90

From 200 to 599 210 160 120

From 600 to 999 310 250 180

From 1000 to 1999 400 320 250

From 2000 to 2999 430 340 270

From 3000 to 4999 480 380 300

From 5000 to 6999 500 420 340

From 7000 and above 520 450 360

e carload

= large-capacity

. universal

Pic. 1. Norms of daily run
of cargo shipments.

pto 199 from200 from 500

to 599 te 999 te 19599 to 2599

Table 1 shows the possibility of accounting for
the delivery of cargoes during the organization of car
flows, but this is still done for the inventory fleet of
cars, i.e. taking into account the costs and saving of
car-hours.

For a private fleet of cars, it is advisable to use the
rules for the carriage of cargoes [6], where the norm
of the daily run is determined by the freight speed
depending on the distance of transportation and the
types of shipment (Table 2, Pic. 1).

The absolute majority of shipments processed at
marshalling yards are carload. Therefore, in the
calculations it is expedient to focus on them. The rules
for the carriage of goods still show the delivery time at
high speed, but such shipments, as a rule, are not
processed at marshalling yards and do not participate
in calculations of the train formation plan. The terms of
delivery of cargo by route shipments are considered
separately.

Itis necessary to take into account the increase in
terms of delivery of cargoes provided for by the rules
of transportation [6]:

- for a day — for operations related to transfer and
receipt of goods, in case of carriage of goods with the
crossing of waterways (sea, river, strait, lake) on ships
and ferries;

- for a day — when transferring to another mode of
transport, receiving from another mode of transport of
goods carried in a direct mixed traffic;

« for two days — when cargo is loaded into cars with
wheel sets of different track widths;

« for a day — when the cars are displaced to wheel
sets of a different track width;

« for a day — when sending cargoes from the railway
stations of the Moscow and St. Petersburg hubs, or the
arrival of cars to the railway stations of these hubs, or
in case of movement of goods in transit through them;

- for a day — in the case of border, customs, sanitary
epidemiological, veterinary, phytosanitary and other

from 1000 from2000 from 3000 from 5000fom 7000
te 4999

to 5000 and above

types of state control exercised at border checkpoints
of the Russian Federation.

The streams of car flows, allocated for independent
assignments of trains, can be equated to route dispatch
by delivery time. In accordance with the rules for
carriage of goods, the delivery time for route shipments
is calculated from the calculation of the standard
period — 550 km per day. Then the expenses for
accumulation of trains, which are considered for
separation into independent assignments, will be
permissible under the observance of the standard
terms for the delivery of goods, if the condition is met
st<24-L-N[i—%j; (1)

cl route

11
T, <24 L(———),
acc ( V )

route

(2)

cl
where L - distance of (additional) movement of the
allocated destination of trains, km; V_, V. —norms of
daily run of cars, respectively, without allocation
(carload) and with allocation of car flows (route
shipment) to independent assignment of trains km /
day.

In the formulas (1) and (2), the expression in
parentheses characterizes the possible acceleration
of the car flow following the assignment to an
independent destination with the dimension of day/km.
Graphical change of the right-hand side of inequalities
(1) and (2) is presented in a convenient form for
calculations and is shown in Pic. 2. Then the formulas
will accordingly have the form:
st <40 + 400(e~%000%); (3)
T, <40 +400(e~%000t), (4)

In addition to justifying the expediency of allocating
streams of car flows to independent destinations, the
formula (2) can also be used to establish technical
assignments for the duty dispatching apparatus, to
study the influence of various factors on speed of cargo
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Pic. 2. Change in the difference
in daily run of route and non-
route shipments depending
on the distance of transportation.

delivery, and to find ways to accelerate the transport
process.
1.

When calculating the plan for formation of one-
group trains, attempts have been made several times
to use linear programming to construct optimization
models. There are serious reasons for this, since this
method is the most economically effective, raises the
quality of integrated planning, increases analytical
capabilities and is convenient for mathematical
formalization of the task and the use of computer
programs.

Unfortunately, the use of linear programming was
limited to formalization and mathematical formulation
of the problem, and to solve it, approximate methods
were offered (successive improvement ofthe plan [10],
stepwise distribution of car flows [9], etc.), which are
also related to manual correction of the results
obtained.

Let’s consider the calculation of the plan for
formation of one-group trains on the railway network
as a combination of streams of car flows and car flows
patterns, i.e. distribution of formation and breaking up
of trains at selected stations. For the first time, it
becomes possible, in the process of calculating the
formation plan, to control the transit of car flows and
the loading of technical stations. This is achieved by
solving a combinatorial problem by combining streams
of car flows with the chosen optimal parameters.

Adirect search of all possible variants of combining
streams of car flows at technical stations of the railway
network leads to an astronomical number of them. This
led to the emergence of methods for calculating the

A B C D E
n =
n =
ny =

Pic. 3. Scheme of directions and streams of car flows.
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plan for the formation of one-group trains in operating
domains with a limited number of stations. Using the
criterion of minimum processing of cars allows to
streamline the search for options, significantly reduce
them and perform the task on a computer without
limiting participation in station calculations.

For all streams of car flows (n,, n,, n,, N, Ng, N, N,
n,, n,, n.), including between the initial and final
stations (n,), except the section ones (n, ng, n,, n,,
n,;) (Pic. 3), we verify that the sufficient condition (1)
is satisfied.

When it is executed, the stream of the car flow
allocated to an independent assignment and is
included in the optimal variant of the formation plan.

If the stream of the car flow (n,) does not fulfill the
sufficient condition ( 1), the variants of its combination
with all shorter streams of car flows starting at the initial
station or ending at the final one, i.e., all variants of
combining along stream of car flow(n,) with processing
at only one passing station are considered. This
combination refers to shorter streams that originate at
the initial station and follow up to one of the passing
stations (n,, n, n, n,) or start at the corresponding
passing station and follow the finalone (ng, n,, n,,, n,.).

In the section of mathematics — Comb/nator/cs,
such a combination of streams of car flows in a certain
order is called a rearrangement of n elements.

Finding the optimal variant of combining the long
stream of the car flow(n ) with processing at one of the
passing stations is considered in the following order:

{(n+n)+(n+n, )k

{(n+ng) +(n+n,));

{(n+n,) +(ni+n,);

{(n+n)+(n+ny)}.

Ifthe stream of the car flow (n,) after combination
and processing at one of the passing stations did not
fulfill the sufficient condition (1), the options for its
integration and processing at two passing stations are
considered in the following order:

{(n+n)+(n+ny)+(n+n,)};

{(n;+ ny) +(n+ ;) +(n+n )},

{(n +n)+(n +n9) +(n+n)};

{(n+n,) +(n,+ n,) +(n,+ n)}

{(n, +ng)+(n +nE) +(n+n)}

If the stream of the car flow( n,) after combination
and processing at two passing station did not fulfill the
sufficient condition (1), the options for its integration
and processing atthree passing stations are considered
in the following order:
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Table 3

Combinatorial method for calculating the plan for the formation of one-group trains

Priority Number of Number of sections of Options of processing Variants of combination of the
processing of movement of the stream of the stream of the stream of the car flow (n,)
streams of car flow | of the car flow without car flow

processing

1 1 5 1 n

2 2 4+1 12 n,+n,

3 2 1+4 21 n,+n

4 2 3+2 12 n,+n

5 2 2+3 21 n,+n,

6 3 1+1+3 123 n +n+n,

7 3 1+3+1 132 n+n +n,

8 3 3+1+1 312 n,+n, +n;

9 3 2+2+1 123 n,+n +n

10 3 2+1+2 132 n,+n,+n,

11 3 1+2+2 312 n,+n +n,

12 4 1+1+1+2 1234 n+n +n,+n;

13 4 1+1+2+1 1243 n,+n +n, +n;

14 4 1+2+1+1 1423 n,tn +n,+n;

15 4 2+1+1+1 4123 n,+n,+n,+n;

16 5 I+1+1+1+1 12345 n,+n,+n,+n,+n,

Table 4
Combinatorial method for calculating the plan for the formation
of one-group trains for 25 stations
Priority Number of processing | Number of sections of movement of | Options of processing of Variants of combination
of streams of car flow | the stream of the car flow without the stream of the car flow | of the stream of the car
processing flow (n,)

1 1 5 1 n

2 2 24+1 12

3 2 1+24 21

4 2 23+2 12

5 2 2+23 21

3 22+1+1 123

3 1+22+1 213

3 1+1+22 231
. 2+1+2

4 21+1+1+1

4 1+21+1+1

{(n+n))+(n+ng) +(n+n,)+(n+ng)h

{(npng)+(n+ng) +(n+n,)+(n+n)h

{(n+ny)+(n+ny)+(n+n)+(n+n,}

{(n+n)+(n+n,)+(n+n 4)+(n +n,)}

If the stream of the car flow(n,) after combination
and processing at three passing stations did not fulfill
the sufficient condition ( 1) the options for its integration
and processing at four passing stations are considered:

{(ntn)+(n+ng)+(n+n,)+(n+n,)+(n+n,)).

A graphic representation of the described
procedure is shown in Pic. 4.

Thus, in the process of calculating the plan for
formation of one-group trains, all streams of car
flows, starting from the most distant ones, are
consistently considered. If the condition is not met,
the procedure of combining them with shorter
streams of car-flows with processing at one, two,
three, ... stations is performed, until a sufficient
condition is met or when the combination leads to a
section assignment.

The order of consideration of combinations of the
longest stream of the car flow (n,) according to the
number of processing along the route is presented in
Table 3. For example, if 25 stations participate in the
calculation of the plan for forming one-group trains,
Table 3 is converted to Table 4.

The proposed method allows to calculate the plan
for formation of one-group trains for an unlimited
number of stations on a branched operating domain.
For this purpose the operating domain of railways is
represented inthe form ofa graph(Pic. 5). The vertices
denote the stations involved in calculating the plan.
With the help of the album of the shortest distances
between stations, we determine the routes of travel
(passing stations) and distances. On the routes of
streams of car flows we find the most distant stations,
from which we begin the process according to the
previously described linear algorithm.

As the streams of car flows are allocated into
separate assignments for each station, the volume of
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Pic. 4. Scheme of the
sequence of consideration
of variants of combining
car flows with account of
proc ing atp ing stations
when calculating the plan
for the formation of one-group
trains on the direction with six
stations, shown in Pic. 3.

Pic. 5. Graph of the operating
domain of railways.

processing of cars is summed up, and if several options
satisfy the condition (3), preference is given to the
variant with processing of the car flow at the least
loaded stations.

Conclusions.

1. Instead of the criterion of turnover time of rail
carsitis a suggested to fulfill the delivery deadlines and
minimize the processing of car flows at technical
stations.

2. To develop a plan for formation of one-group
trains in a privatized car fleet, a combinatorial method
is proposed based on the criteria for meeting the
delivery deadline and minimizing the processing of car
flows at technical stations. In the process of calculating
the plan for formation of one-group trains, all streams
of car flows, from the most distant ones, are consistently
considered. If the sufficient condition is not satisfied,
the procedure of combining them with shorter streams
of car flows with processing on one, two, three, etc.
stations is performed, until the corresponding
organization of the process is achieved.
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SAFETY AND SECURITY

/YHK 338.27

Anatonuii F'YCEB
Anatoly I. GUSEV

Optimal Location of Rescue Service
(TekcT cTarbu Ha aHrJl. 3. —
English text of the article — p. 199)

B paborax (1-4) uccnepyrorcs 3agaymn
006 oNTUMasIbHOM PacroJIOXEeHUN
mMmaruncTpasiun, ontuMasibHOM
pacnpeaeneHnn cpeacTB Mexay
nporpamMmmamm rno 6e30nacHocTn
ABWKEeHUs1 Ha TpaHCIopTe.

B ny6nunkyemoii cTaTtbe npeasioxeHa
mMozesib PpacriosioXXeHus BaroHHOro
napka (aBToMo6u/IbHOro) B ero
AUHaMuKe v uccsiefoBaHa 3agaya

06 onTuMasibHOM HaxoxgeHun
crnacaresibHO¥i cay)X0bl Ha MarucTpanu
npy HAINYUN Ha Heri HECKOJIbKUX
TPaHCMNopPTHbIX y3J/10B. MogenibHbIe
Pac4éTbl MOryT ObITb UCIOJIb30BaHbI
Kak B MPaKTU4eCKUX Lessax, TaKk

y ganbHelLnx TeopeTnyecKux
unccrienoBaHUsIX.

Knoyesbie cioBa: 6€30Mn1acHOCTb,
TPaHCcrnopT, HOPMaslbHbIA 3aKOH
pacnpeaenenHusi, GyHkums Jlannaca,
TPaHCHIOPTHbIN y3€J1, ONTUMAIbHOE
pacrosioxeHue, criacaresibHas C/1yxoa.
|
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BESOINACHOCITE

OnTumanbHoOe
pacnoJsioXeHue

crnacarteJsibHOM C/yXObl

Cepreii T'YCEB
Sergey A. GUSEV

Iycee Anamoauii Heanosuu — kanoudam @usuko-
Mamemamuueckux Hayk, douenm Poccuiickoeo
yHugepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

Iycee Cepeeii Anamoavesuy — ynpaeasiioujuii
unancosoeo omdeaa OO0 «Cmpotimopeu», Mocksa,
Poccus.

MOMEHT aBapuu TPAHCTOPTHBIX

CpencTB HeoOXoaMMa CpoYHas TOo-

MOIIb cIacaTeJbHbIX ciyx0. [Ipu
00JIbIION MPOTSIKEHHOCTU XKEJIE3HOTOPOXK-
HBIX, aBTOMOOUJIBHBIX MarucTpajeii HeBO3-
MOXHO UX PACITOJIOXUTb JOCTATOYHO YacTo.
BosHukaet 3agaya 00 onTUMaIbHOM pacIpe-
JIEJIEHUU TaKUX ciyk0 Ha maructpanu. [Ipu
00CJIIyXXMBAaHUU HEKOTOPOTO TOPOXKHOTO
y4dacTKa cracaTesid NepeIBUTaloTCsI K MECTY
aBapuy Ha pa3HbIe PACCTOSTHUS U K TOMY XKe
Ha OJTHU YYaCTKU Yallle, Ha ApyTue pexe, mo-
3TOMY BO3HUKAET NOTPEOHOCTD PACTIOJIOKUTD
cracaTesibHYIo0 CIIyXO0y Tak, 4TOObl CperHee
BpeMsl NPUOBITUS ObLIIO MUHUMAJIbHBIM.
B naHHOI1 cTaThe pazpaboTaHa 3KOHOMUKO-
MaTeMaTuyeckass MOAEeJb ONTUMAJIbHOTO
pa3MelleHUs ClacaTeJbHON CIyXObl pU
00CIIyXXKMBAHUM HECKOJBKUX Y3J0B TPaHC-
MopTa Ha MarucTpaiu.

HOPMAJIbHOE PACNOJ1I0O>XXEHUE
TPAHCMNOPTA

ITycTb MBI UMeeM TpaHCTIOPTHBII y3e T(a)
(cTraHIusi, cOpTUpPOBOYHas 6a3a U T.J.) Ha
HEKOTOPOM orpeneI€HHOM MaruCTpaIu, Ipy-
yéM OIHHM COCTaBbI MAYT IO BBIACICHHON
MarucTpaju, a Ipyrue ¢ Heé€ yXoIasT B KaKuX-
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Puc. 1. HopmasibHOe pacrnosioxeHne TpaHCnopTa BO3J/1€ TPAHCIMOPTHbIX y3/10B.

T

C

3

c

Puc. 2. PacnionoxeHue crnacaresnbHO# CAyx6bl Ha MarucTpanm.

To Mectax. O603HauUMM 4depe3 / Yucio Baro-
HOB, KOTOpPBIE TTPOCJIEAOBAIN Yepe3 y3es 3a
Mecs1l (ecqv HEKWil BaroH TpOCieayeT He-
CKOJIbKO pa3, CTOJIbKO pa3 ero M 3a4TeéM,
MpUYEM 3TU BaroHbI MPUTTUCAHBI K JAHHOMY
TPaHCTIOPTHOMY Y31y, TPUTTUCAHHbBIE K THOMY
Y371y B pacu€T He OepyTcs).

OTMeTUM, 4TO BBIOpaHHBIN TTEPUOI Bpe-
MEHU He BIUsIeT Ha pe3yibraT. bynem mpen-
1oJIaraTh, 4YTO YKCJIO BATOHOB HA MATUCTPan
3a MecsI] pacrpeaesieHO M0 HOPMaJIbHOMY
3aKOHY (5) ¢ MaTeMaTHMYEeCKUM OXMIaHUEM
a, CpeIHUM KBaJpaTUIHBIM OTKJIIOHEHUEM G
W UHTEHCUBHOCTHIO / (cM. puc. 1), T.e. 9ucio
BaroHOB, MOOBIBABIIINX 32 MECSI] HA y4acTKe

AB maructpanu, COCTaBJIsIeT:
J & (x-a)

je 2% gx.
27y

Yucao BaroHoB, TpeOYIOIIMX 00CTyK1Ba-
HUS criacaTeJbHOM Cay>KObl Ha yyacTke ABD,
NPOMOPLUOHATBHO KOJIUYECTBY BaroHOB
N. Hama 3amaya pa3MecTUTh criacaTelbHYI0
ClIy>k0y Tak, 4TOObI OOIIME e€ 3aTpaThl Ha
npuObITUE 151 OOCTY>KUBAHUS ObLIM MUHM-
MaJIbHBI.

ITycth MBI criacaTeibHY0 ci1yk0y C mome-
CTWJIM B TOUKY ¢ (puc. 2). Toraa ob1uiue 3atpa-
Thl CJIyXXObl Ha PUOBITUE K MECTYy aBapuu
OyayT NMPOMOPLMOHATBHBI:

7 - _(x—az)2
—.[(c—x)e 207 dx +
Vazo

@ (x-a)’
! j(x—c)e 2 (.

J2ro

N:

A:
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Hrak, HaM Hago HAWTH ¢, TPU KOTOPOM
A MuHUMaNbHBL. B maHHOM city4ae, ripu ofi-
HOM TPAHCIIOPTHOM Y3Jie, OTBET OUEBUICH:
¢ = a, OHAKO MBI TIPOBENEM UCCIIENOBaAHNE
Ha ONTUMAJIBHOCTD TTOCTaBJIEHHOW 3a7a4H,
YTOOBI BOCIIOTb30BAThCS MOJTYYEHHBIMU UC-
CJIeOBAaHUSIMU TTPY PACCMOTPEHUH 33124 TTPU
HAJIMYUU HECKOJIbKMX TPAHCTIOPTHBIX Y3JI0B.

OoNTUMYM NPU HAJTUHYUNNA
OAHOIo Y3J1A
CrenaeM 3aMeHY MEPEMEHHON X — a =y
(TTOCKOJIbKY pe3yJIbTaT He 3aBUCHUT OT /, TI0JI0-
xuM [ = 1), moay4um:
1 c—a yz

.[ (c-a —y)eiﬁdy +

N27o 2,
1 o0

e Ot

A:

2

2 % -5
:mf(y—(c—a))e 2 dy+

o
e ¥dy=

©

ﬁ_‘;(c—a—y)
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Puc. 3. OnTumanbHOe pacrosioxeHue cnacaresibHOM C/YXObl 47151 ABYX TPAHCIMIOPTHBIX Y3J10B.

Taommma 1
Haxoxxaenue KOOpAMHATDBI ClIACaTeIbHOM

cayxo0b1 ¢ marom 10 (xkm)

Haxo:xnenue KOOPAMHATBI crnacarejbHOI

CJIY2KObI ¢ TOYHOCTBIO 1 (KM)

c @, o, 3D+,
-50 0 -0,47725 |-0,47725
-40 0,039828 -0,46407 | -0,34459
-30 0,07926 -0,4452 -0,20742
-20 0,117911 -0,41924  |-0,06551
-10 0,155422 -0,38493 |0,081335
0 0,191462 |-0,34134 |0,233043
10 0,225747 -0,28814 [0,389096
20 0,258036 -0,22575 | 0,548362
30 0,288145 -0,15542 10,709012
40 0,31594 -0,07926 |0,86856
50 0,341345 0 1,024034
Ta6mauua 2

c o, @, 30, + @,
-20 0,117911 [-0,41924 | —0,06551
-19 0,12172  [-0,41621  [-0,05105
-18 0,125516 [-0,41309  [-0,03654
-17 0,1293  [-0,40988 |-0,02198
-16 0,133072  |-0,40658  |-0,00737
-15 0,136831 [-0,4032  [0,007292
-14 0,140576 [-0,39973  |0,022002
-13 0,144309 [-0,39617  [0,036761
-12 0,148027 [-0,39251  |0,05157

-11 0,151732 [ -0,38877 | 0,066428
-10 0,155422 [-0,38493  |0,081335

e D

l'ycee A. U.,

20

(ea)®

2
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X)= \/;_7; ‘!e_ﬁdy — pynxums Jlaraca.
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2Ac—a) a) (c a)

V2zo
2c-a) a) e az) (c—aj

=20 —|.
\[ wTo o

Ipu ¢ = a umeem d—=0: IIpU ¢ > a Npo-
c

ﬁ_z(p(c aj
dc

n3BoaHas 6ogbie 0, mpu ¢ < @ TIPOU3BOTHAS
meHbine 0. OTcroma ciaemyeT, YTo ToYKa a —
TOYKa MUHUMYMa, 9TO M TPpeOOBaJIOCh JOKa-
3aTh.

ONTUMYM NPU ABYX Y3JI1AX

ITycTp Ha yyacTKe OOCIYyXXMBaHUSI HAX0-
aATCA 1Ba TpaHCIOpTHLIX y31a T'(a,) u T(a,)
C COOTBETCTBYIOLIMMM HOPMAJIbHBIMU 3aKO-
HaMU paclipeieJIeHHsI BATOHOB ¢ IlapaMeTpa-
mu (@, 6,) U (a, c,). UHTEHCUBHOCTH Y3]10B
paBHBI / » 1 » Hano Haiiti 1 HUX onTuMaib-
HO€ paCIOJIOXEHUE CIACATEIbHOU CIYKObI
C(c). IIpousBenst aHaJTOTUYHBIC BBHIKIAIKH,
Kak B IIPeAbIAYLLIEM pa3feJie, MOayInM:

A=211(c—al)d5[c_a‘ +
q

7( c—aq )2

e ¥ 421,(c-a,)®+

_(c-ay )
20,

>0,

\/_al

dA
TTosromy pyHKLIMS d_ Bo3pacTaeT. [1ycTb
c

151 oTpeNeI€EHHOCTU @, < a,, TOTIATIPU ¢ = a,

<0,anpuc =a

nMeeM d—A =21,® 4 ,
de o,

nojydyaeM %_ 21 <D —4 >0, U 3HAYUT
de o-1
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Puc. 4. OnTumansHoe pacrnosioxeHne cnacatesibHON CayX6bl Ansi TPEX TPAHCMOPTHbIX Y3/10B.

ypaBHEHUE e 0 yMeeT eAMHCTBEHHOE pe-
c

LIEHWE HA UHTEPBAJIE (a,, a,), IPUYEM B ITOI
TOUKE JOCTUraeTCss MUHUMYM. B o01em ciy-

yae MpUMeEp peLIeHUs] YpaBHEHUS d—= Oc
c

yKazaHHOI TouHOCThIo Ha Excel paccmoTpum
Mo3Xe, a ceiiuac pa3doepEéM YacTHBIN ClTyJaid,
KOIJla ”HTEHCUBHOCTU TPAHCIIOPTHBIX Y3J10B

paBHbl, T.€. [,= [,. Torna ypaBHeHue A =0
: c

SKBUBaJICHTHO YPaBHECHUIO

c—a, a,—c

1] =@

0, 0,

c p—
Orcrona
g 0,

M noJjiyyaem op-

MYJy sl ONTUMaJbHOTO PACIOJIOXEHUs
CJTy>KObI CIIACEeHMSI:
o @0, 4,0,
o,+0,
+a,

a
B yactHoCTH, €C/M G, = G, TOLIA € = IT

Ipumep 1. PaccmoTpum 3agauy B KOH-
KpeTHBIX yKciaax. [1ycTh MHTEHCUBHOCTU
TpaHcnopTHbIX Y3108 T, (-50 kM), T, (50 kM)
OIMHAKOBBI; G, = 100 xwM; c,= 50 kM. 3nech
KOOpJMHATa ONTUMAJbHOIO PACIIOJIOXEHMS
criacaTeJIbHOM CITy>KObI

50(100-50) 50
T 150 3 (M),

Ha puc. 3 mokazaHo cxeMaTU4ecKoe pac-
MOJIOXKEeHNE TPAaHCIIOPTHBIX Y3JIOB U craca-
TEJIbHOM CJTY>KOBI.

Teriepb BO3bMEM IIpUMEp, KOTIa UHTECH-
CHBHOCTH TPAHCITIOPTHBIX Y3JI0B HE PaBHBI.

Ipumep 2. UHTEHCUBHOCTb TPAHCHOPT-
Horo yana T', B Tpu pasa 6oinbiie, 4yem 7, T.€.
1,= 31, TpebyeTcs HallTU ONTUMANIbHbBIE KO-
OpIMHATHI CIIacaTeIbHOM CIYXObl C TOYHO-
cThio 10 1 MeTpa.

Pemenue. OnTumanbHble KOOPAMHATHI
HaXOJISITCS U3 ypaBHEHUS:

YA 1o =4 0| %
dc

=0.

O 0,
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Wnu
c+50 c-50
30 +@ =0.
100 50

AHaJIMTUYECKHN 3TO YpaBHEHWE PEIIUTHh
HEBO3MOXHO, OJHAKO HAWTU ONTUMAIBHYIO
KOOpPAMHATY C JII0OOW TOYHOCTBIO MOXHO.
[Tpuuém paszHbiMU criocodbamu (C TOMOUIBIO
uHcTpyMeHToB Excel).

CrenaeM 3TO B HECKOJIBKO 11aroB. (-50; 50)

pas3buBaeM c marom 10 (km), B Toukax pa3oue-
HUST BEIYUCTISIEM

D -® c+50 @ - c-50
! 100 ) 2 50 )

30 + @,. PesynbraTbl BBIYMCIEHUN JaHbI
B Tabsnuue 1.

M3 tabnuiibl BUAHO, YTO ONTTUMAJIbHASI KOOP-
nuHaTaexuT Mexay -20 (km) 1 -10 (km). Tenepb
otpe3ok (-20,-10) pazdouBaem c marom 1 (Kkm),
B TOYKaX pa30MeHUsT BEIUUCIISIEM

c+50 c-50
O =P D, =0 + Q.
! (100 j g ( 50 j,3¢1 ,

PesynbraThl gaHbl B Tabauie 2.

W3 1abaulibl 2 BUAHO, YTO ONTUMAIbHAS
KOOpAMHAaTa JEKUT MexXay -16 (km) u -15
(xm). [Tpogoskasi aHaJIOTMYHO e1lIE TPU pasa,
Hali€M ONTUMAJIbHYIO KOOPAMHATY cllaca-
TEJIbHOI CJIYXOBbI C TOYHOCTBIO 10 1 MeTpa.
[Monyuum ¢ = -15497 meTpoB.

onTUMYM AJ19 BOJIEE
YEM OBYX Y3J10B

Ilycth Ha yyacTKe OOCITy>KMBaHUS HaX0-
IAITCSI HECKOJIBKO TPAHCIIOPTHBIX y31oB 1'(a ),
T(a,),..., T, c COOTBETCTBYIOIMMU HOPMAJIb-
HBIMU 3aKOHaMU paclipefie]ieHusi BATOHOB
¢ mapameTpamiu (a, ), (a, G,),..., (a, G ).
WurencuBHocTy y3noB pasHbl [, 1,...1 . Hamo
HaTU ONTUMAaJIbHOE PAaCIOJIOXEHUE criaca-
TeJbHOM clTy>KO0bl C(c).

Hcnonb3yst nipeabiayiie BhIYMCICHMS,
MOJIYYMM, YTO OOIIME 3aTpaThl criacaTeIbHOI

cl1y>k0b1 C OyayT MPONMOPLUOHATbHBI:
(c=q )2

20,

c—a 2l 0, ~
1+ lle

V2r

A=21(c—a)®

o)
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>0.

Orcrona clieayet, 9To (PYHKIMST T BO3-
c

pacraet. [lycTb 1ia onpenenéHHoctu a, < a,

dA
<...<a, Tormamnpuc =a, uMeeM d_< 0,anpu
c
dA
¢ =a _mony4aeMm Ze >0. TIlosToMy Ui ypaB-
c

HCHUA d_=0 BO3MOXHO €AMHCTBCHHOC
C

peleHre Ha UHTepBaie (a, a), NPpU4EM
B 3TOi TOUKE TOCTUTACTCSI MUHUMYM. Y mMeH-
HO TYT pallMOHAJIEHO TTOMECTUTh CITacaTeIhb-
Hy10 ciyx0y. PazbepéM moarBepxuaroniui
IpuMep.

I[pumep 3. ITycth MMEIOTCS TPU TPaHC-
noptHbix y3na T,(-500 km), 7,(0), 7, (800 km),
cooTBeTcTBeHHO o, = 800 kM, o, = 400 KM,
6,= 300 kM. IHTEHCMBHOCTH BCEX OIMHAKO-
BBI. HaiiTi Hamo onTUMabHbIe KOOPIUHATHI
cracaTeJbHOU CIyXObl C TOUHOCTBIO 10
1 meTpa.

Pemenune cBsi3aHO ¢ ypaBHEHUEM

@[C_“lj+a>["_"2J+<p 7% |-,
0, 0, o,

IloacTasiisist YMCIOBbIE JAHHBIE, TOJYYKM:
@ c+500 Lo e LD c—800 _o.
800 400 300

JHanee neiicTByeM aHaJIOTMYHO ITPUMEpY 2.
B pesynsrate Haxoaum, uto ¢ = 183297 met-
pOB.

IIpumep 4. PaccMoTpuM Npeablaylui
MpUMep, B KOTOPOM MHTEHCUBHOCTHU TPaHC-
MOPTHBIX Y3JI0B OTHOCATCS Kak 1:3:2.

Pemenne cBOAUMTCS K ypaBHEHUIO

q{ﬂ]m{ﬂ]”@[ﬂ):o,
o, o, 05

TToncrasnsist uucioBbIe JaHHBIC, ITOJTYUYNM:

o €0 3 € g €230,
800 400 300

JeiicTByeM aHajlorudyHo npumepy 2. Pe-
3yabTaT: ¢ = 221311 metpoB. Ha puc. 4 noka-
3aHO CXEMaTUYECKOEe PACIIOJIOXEHUE TPaHC-
TOPTHBIX Y3JIOB U CITacaTeIbHOM CITyKOBI.

SAKJTOMEHUE

PaspaboraHa MeToAMKa ONTUMAIbHOTO
pa3MelleHusl cracaTeJbHON CIYXObl TpU
0OCTY>KMBAHUM HECKOJBKUX TPAHCITOPTHBIX
Y3J10B, pacnpeaesi€EHHbIX M0 HOpMaJbHOMY
3aKOHY. HaiineHbl ypaBHEHUSI TSI HAXOXKIE-
HUSI KOOPJAMHATHI ClacaTeJIbHOU CIY>KOBbI.
IIpuBeneHBI TPUMEPHI U COOTBETCTBYIOIINE
YycAeHHble BBIYMCIIEHUS C TTOMOIIbIO MHCTPY-
meHTOB Excel.

TTpuBeneHHbIe criocoObl BbIOOpa BapraH-
TOB MOTYT OBITh ICITOJTb30BaHBI ITPU pacyéTax
MeCTa HaXOXXJIEHMSI criacaTe/IbHOM C1y»KObl Ha
JKEJIE3HOAOPOXKHOU MarucTpaiu, onpeaee-
HUSI ONITUMAJIBHOTO PACMOJIOKEHUST OCTaHO-
BOK aBTOTPAHCIOPTA, IPYTUX BaXKHBIX 00bEK-
TOB, a TaKKe B JaJbHEHIINX TEOPETUIECKIX
HUCCeN0BaHUSIX.

JINTEPATYPA

1. Tyce A. . Tlouemy Bce noporu BeayT B MOCKBY
// Mup tparcniopta.—2005.— Ne 4.— C. 22—25.

2. ITyceB C. A. Teopembl pacripeeieHus: pecypcoB
// Mup tpacniopta.— 2010.—Ne 3.— C. 30-35.

3. IyceB C. A. ®yHkuuu 10oxoma v MpoduiakTuka
puckoB // Mup tpancropta.— 2011.— Ne 3.— C. 88—91.

4. IyceB C. A. JIuHeiiHble M AUCKPETHBIE (YHKIIMU
6e3omacHoct // Mup tpancmopra.— 2012.— Ne 2.—
C. 182—185.

5. Tnenenko b. B. Kypc Teopun BeposTHOCTEH. —
W3n.6-e, nepepad. u norn.— M.: Hayka, 1988.—400c. @

KoopanHatel aBTopoB: Nyces A. U.— aigus7@gmail.com, Nycee C. A.— 7781011@gmail.com.

Crtatbsa noctynuna B pegakumio 21.02.2017, npuHaTa k nyénvkauum 20.05.2017.

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 194-201 (2017)

l'ycee A. U., l'ycee C. A. OnTMarsnbHOe pacnosioXXEHUE cnacaTeNbHON CNYXObl



OPTIMAL LOCATION OF RESCUE SERVICE

Gusev, Anatoly I., Russian University of Transport (MIIT), Moscow, Russia.
Gusev, Sergey A., LLC Stroytorgi, Moscow, Russia.

ABSTRACT

In papers (1-4), the problems of optimal
location of a highway, optimal distribution of means
between programs for traffic safety in transport are
investigated. The article suggests a model for
location of the car fleet (automobile fleet) in its

dynamics and investigated the problem of optimal
location of the rescue service on the highway in the
best possible way if there are several transport
nodes thereon. Model calculations can be used both
for practical purposes and for further theoretical
studies.

Keywords: safety, transport, normal distribution law, Laplace function, transport node, optimal location,

rescue service.

Background. At the time of the accident vehicles
rescue services are urgently needed. With a long
extension of railways, highways, they cannot be
located quite often. The problem arises of the optimal
distribution of such services on the highway. When
servicing a certain road section, rescuers move to the
site of the accident at different distances and, in
addition, to one area more often, to others less
frequently, so it becomes necessary to locate the
rescue service so that the average arrival time is
minimal. In this article, an economic-mathematical
model of the optimal location of the rescue service is
developed for servicing several transport nodes on
the highway.

Objective. The objective of the authors is to
consider optimal location of rescue service.

Methods. The authors use general scientific and
engineering methods, comparative analysis,
mathematical calculations, graph construction.

Results.

Normal location of transport

Let us have a transport node T (a) (station,
marshalling base, etc.) on some specific main line,
with some trains running along a dedicated main line,
while others leave it in some places. Let us denote by
| the number of cars that have passed through the
node ina month (ifa certain car passes several times,
it is counted so many times, and these cars are
assigned to this transport node, they are not assigned
to another node in calculation).

Note that the selected time period does not affect
the result. We will assume that the number of cars on
the main line for the month is distributed according to
the normal law (5) with the mathematical expectation
a, the average quadratic deviation of ¢ and the
intensity | (see Pic.1), i.e. the number of cars that were
on the section AB of the main line over a month is
equal to

I B (x-a)
N=—nomle 2 dx.

)

The number of cars requiring maintenance of the
rescue service on the AB section is proportional to the
number of cars N. We are to place the rescue service
so that its total costs for arriving for maintenance are
minimal.

Let us save the rescue service C to the point ¢
(Pic. 2).

a A B

Pic. 1. Normal location of transport near transport
nodes.

Then the total costs of the service on arrival to the
accident site will be proportional to:

I ¢ _(x—az)z I = (x—az)z
A=——|(c—x)e 2 dx+ x—c)e 27 dx.
el Kl Tora 69

So, we need to find ¢, for which A is minimal. In
this case, with one transport node, the answer is
obvious: ¢ = a, but we will carry out a study on the
optimality of the task in order to take advantage of the
studies obtained when considering the problems in
the presence of several transport nodes.

Optimum in the presence of one node

We make the change of variable x — a =y, (since
the result does not depend on I, we set| = 1), we get:
A= . T(c a )eiﬁd +

2o 2, A
1 >
7y | (- (e-a)ear

©
—a

2

2 7 .
N I(y—(c—a))e 27 dy +

w 2

i
j(c—a—y)e 2 dy =

1
2ro ?,

o-o-2te-a {Z}-#(*57))-

25° Te%'zzd(—

V2o,

1 c—a 20 T»yz,,z -
—c—a-2c-a)l 2—F| £Z2 | |- 2% , % —
c—a (c a)[2 F( )j \/2—6 .
7(0741)2
:2(c—a)F(ﬂ)+

20 ¢ 2
o

2z '

Y
207

1 %-%
where F(x):T Ie 2’dy — Laplace function.
T

dA c—-a) 2c-a) (cop
A _op[e9), ¢ o -
(52) 25

(c-a)?
AC-d) T _op(£29 )
o

Pic. 2. Location of the rescue service on the main line.
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T] C T2
-50 0 50 50
3

Pic. 3. Optimal location of the rescue service for two
transport nodes.

Table 1
Finding the coordinates of the rescue service
in increments of 10 (km)

c F, F, 3F, +F,
-50 0 -0,47725 -0,47725
-40 0,039828 -0,46407 -0,34459
-30 0,07926 -0,4452 -0,20742
-20 0,117911 -0,41924 -0,06551
-10 0,155422 -0,38493 0,081335
0 0,191462 -0,34134 0,233043
10 0,225747 -0,28814 0,389096
20 0,258036 -0,22575 0,548362
30 0,288145 -0,15542 0,709012
40 0,31594 -0,07926 0,86856

50 0,341345 0 1,024034

Forc=awe have % 0: atc >athe derivative >0,
at ¢ < a the derivative < 0. Hence it follows that the
point a — minimum point, which was to be proved.

Optimum at two nodes

Suppose that there are two transportnodes T (a,)
andT (a,) inthe service section with the corresponding
normal distribution laws for cars with parameters (a,,
c,)and(a, c,). The nodes’ intensities are equal to |,
1, Itis necessary to find for them the optimal location
of the rescue service C(c). Making similar calculations,
as in the previous section, we get:

_(e-a)

A:2Il(c_al)F[c—alJ+%e =

o, N2
(c=ay)
210
2L (c—a, ) F+=E2e @
e~

_(ca))

e ' >0.

dA
Therefore the function X increases. Suppose

for definiteness that a, < a,, then at ¢ = a, we have

dA =

—:2IZFLMJ<O , and at ¢ = a, we get

dc o,

dA =

o :2I,F(—a2 a‘]>0 , and therefore the equation
Ci

dA
Z 0 has a unique solution on the interval (a,, a,),

and at this point a minimum is reached. In a general

dA
case, an example of a solution of the equation T =0

with the indicated accuracy for Excel will be considered
later, but now we will analyze a special case when the
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T, T, C T,
500 0 221,311 800

Pic. 4. Optimal location of the rescue service for three
transport nodes.

Table 2
Finding the coordinates of the rescue service
with an accuracy of 1 (km)

c F, F, 3F, +F,
-20 0,117911 -0,41924 —0,06551
-19 0,12172 -0,41621 -0,05105
-18 0,125516 -0,41309 -0,03654
-17 0,1293 -0,40988 -0,02198
-16 0,133072 -0,40658 -0,00737
-15 0,136831 -0,4032 0,007292
-14 0,140576 -0,39973 0,022002
-13 0,144309 -0,39617 0,036761
-12 0,148027 -0,39251 0,05157

-11 0,151732 -0,38877 0,066428
-10 0,155422 -0,38493 0,081335

intensities of transport nodes are equal, i.e. |, = 1,.

dA
Then the equation o =0 js equivalentto the equation

d
Fl =@ | _p[ @=c)
Oy 0,
c— —C
Hence <=4 =% and get a formula for the
Oy 0,

optimal location of the rescue service:
90, 4,0,
o, 0, ‘

In particular, if 5,= o, then ¢= %

Example 1. Let’s consider the problem in specific
numbers. Let the intensities of the transport nodes
T,(-50 km), T(50 km) are the same; ¢, = 100 km;
c,= 50 km. Here is the coordinate of the optimal
S0000-50) 50y

150 3 '

Pic. 3 shows the schematic arrangement of
transport nodes and rescue service.

Now let’s take an example where the intensities
of transport nodes are not equal.

Example 2. The intensity of the transport node T,
is three times larger than T, i.e. |, = 31,,. It is required
to find the optimal coordinates of the rescue service
with an accuracy of 1 meter.

Decision. The optimal coordinates are found from
the equation:

A _1F| $=4 |y o1, F| £=% |0,
de o, o,
or
3F[C+SOJ+F(C_50)=O.
100 50
This equation cannot be solved analytically, but it
is possible to find the optimal coordinate with any

accuracy. And in many ways (using tools Excel).
We will do this in several steps.

locationoftherescueservice ¢ =
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(-50; 50) is divided in increments of 10 (km), at

+50
the points of the partition we calculate F, = F(icl 00 j ]
c-50 .
F,=F 50 ) 3F,+F,. The results of the calculations

are given in Table 1.

It can be seen from the table that the optimal
coordinate lies between -20 (km) and -10 (km). Now
we divide the interval (-20,-10) in increments of 1
(km), at the points of the partition we calculate

c+50 c—50
F =F E =F + F..
i [ 100 ) o ( 50 ) 3F, + F,. The results

of the calculations are given in Table 2.

The table shows that the optimal coordinate lies
between - 16 (km) and - 15(km). Continuing the same
way three more times, we will find the optimal
coordinate of the rescue service with an accuracy of
1 meter. We get ¢ = -15497 meters.

Optimum for more than two nodes

Let there be several transport nodes T (a,),
T{a,),..., T with the corresponding normal distribution
laws of cars with parameters (a,, c,), (a, 6,),..., (4,
c,)- The intensities of nodes are equal to |, 1,,...1,. It
is necessary to find the optimal location of the rescue
service C(c) for each of them. Using the previous
calculations, we get that the total costs of the rescue
service C will be proportional:

A=, (c-a)F[ =% |+ 2o e% +
! ! o, N27

+2Iz(c—a2)F(c_az]+

o,

Ao, S c-a
+=2le +,..+21k(c—ak)F[ “]+
O,

Var :

=2I,F[”“" ]+2IZF[C_GZ ]+...+2IkF(ﬁ].
dc o, o, o,

(=)’

d*A 21, e 2 4 21,

(c-a)’
20,

= e +...
d \2zo, \2ro,
(c=q)’
ZIk " 5.2
+ e 7 >0.
\N2ro,

dA
Hence it follows that the function s increases.

Suppose for definiteness that a, < a,<...< a,, then at

dA dA
¢ =a, we have E<O’ and at ¢ = a,, we get E>O'

dA
Therefore, for the equation o =0 aunique solution

on the interval (a,, a,) is possible, and at this point a

minimum is reached. And itis here that it is rational to
place arescue service. Let’s examine the supporting
example.

Example 3. Let there be three transport nodes
T,(-500 km), T,(0), T,(800 km), respectively ¢, =
800 km, ,= 400 km, c,= 300 km. The intensities
ofall are the same. Itis necessary to find the optimal
coordinates of the rescue service with an accuracy
of 1 meter.

The solution is related to the equation

F[c_a‘ j+F[°_a2]+F[°_a3]:0.
0y 0, O3

Substituting the numerical data, we get:

F c+500 +F c +F c—800 -o.
800 400 300

Further, we proceed as in example 2. As a result,
we find that ¢ = 183297 meters.

Example 4. Let’s consider the previous example,
in which the intensities of the transport nodes are
1:3:2.

The solution reduces to the equation

F[C_a' ]+3F[C_a2]+2F[C_a3j:0.
g, [op} O3

Substituting the numerical data, we get:

F(”SOO)HF(LJHF(C_%OJ=0.
800 400 300

We proceed similarly to example 2. Result: ¢ =
221311 meters. Pic. 4 shows the schematic
arrangement of transport nodes and rescue service.

Conclusion. A technique has been developed for
the optimal placement of the rescue service when
servicing several transport nodes distributed
according to the normal law. Equations are found for
finding the coordinates of the rescue service.
Examples and corresponding numerical computations
are given with the help of Excel tools.

The above methods of selecting options can be
used in calculating the location of the rescue service
on the railway main line, determining the optimal
location of motor vehicle stops, other important
objects, and also in further theoretical studies.
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SAFETY AND SECURITY

/YZ[K 656.08

Upuna BOJTYATOBA

Irina V. VOLCHATOVA

Accident Rate and Victims

of Road Traffic in a Big City
(TeKCT cTaTby Ha aHIJ1. 3. —
English text of the article — p. 209)

Ha ocHoBe cTaTucTuKn OPOXXHO-
TPaHCMOPTHbIX MPOUCLLECTBUI NPOBeAEH
aHann3 aBapuiiHOCTU U TPaBMaTU3mMa

Ha aBTOMOGUIbHbIX Aoporax UpkyTcka.
lMoka3saHo, 4T0 B 60/IbLLUNHCTBE CBOEM
npuynnamu ATl aensoTcs HecobniogeHne
npasu1 fJOPOXKHOIo ABUXKEHUSI BOAUTEJIIMU
v newexogamv, Hey[0BJ/1IeTBOPUTEJIbHbIE
AOPOXXHbIE yC/I0BUS. BbisiB/IeHO, 4TO
HaunboJibLUee YUCIIO aBapuii MPOUCXOANT

B JIeTHE-0CeHHuM nepuoy. Yawe

BCero perucTpupylioTcsl CTOJIKHOBEHUs
TPaHCIMOPTHBIX CPEACTB U Hae3Abl

Ha newexopos. Okoso 40 % AT

C nocTpagasBLUMMU COBepPLUAeTCs B o4arax
aBapurHOCTU, pacnpeaesieHue KoTopbiX
HarnpsimMyio 3aBUCUT OT MNJIOTHOCTY 3aceJsIeHns
TeppUTOpPUN N PyHKLMOHAIbHOU crienukn
aAMUHUCTPaTUBHbIX €4UHUL, rOpoAa.

KnroyeBbie ciioBa: aBTOMOOUIIbHBIV TPAHCMOPT,
JI0POXXHO-TPaHCNOPTHOE MPOUCLLECTBUE,
aBapuiHOCTb Ha 0pOorax, o4yarv aBapuiHoCTy,
TsxkecTb nocneactTeuii 4TI, 6e30nacHOCTb
JOPOXHOIO ABVXKEHMSI.
|

BESOINACHOCITE

ABapUUHOCTb U XXepPTBbl
AOPOXHOro ABNXXeHUS
B KpynHOM ropopge

Boauamosa Hpuna Baadumuposna — kanoudam
Ouon0euMecKux HayK, doyeHm Kageopvl
NPOMbIUAEHHOU 9K0A02UU U Ge30nacHocmu
JcusHedesmenvHocmu UpKymckoeo HayuOHANbHO20
uccne0o8amenbecK020 mexHU4eck02o yHugepcumema
(UpHUTY), Hpkymck, Poccus.

Poccuun npobema aBapuiiHOCTH, CBSI-

3aHHOW C aBTOMOOUJIbHBIM TPAHCTIOP-

TOM, B TOCJIEIHAE TOIBI MpUodpesia
ocobyto octpoty. CoriracHO oUINAIbHON
CTAaTUCTHKE, EXKETOHO Ha aBTOIOPOTaX CTPAHbBI
nporcxoauT 0kKojio 200 TEIC. TOPOKHO-TPaHC-
nopTHeIX npouctiectsuii (ATIT). leiicTBu-
TEJIbHOE X€ UX KOJMYECTBO CYIIECTBEHHO
0oJIbllle, TaK KaK JEHUCTBYIOLIME MPAaBUIa YUETA
MPEANoJaraloT BKIIOYEHNE B TOCYIapCTBEH-
HYIO CTaTUCTUYECKYIO OTYETHOCTh CBEICHUN
To1bKO 0 I TTI, B KOTOPBIX TOrUOIM WK ObUTU
paHeHblitoau [ 1]. [1pu 5TOM «paHEHBIM» CUK-
TaeTCsl MO, TIOJYYMBILIEE TEIECHBIE TTOBPEXK -
JIeHUs1, 00YCIOBUBIIIME €TO TOCTIUTATN3AIINIO
Ha CPOK HE MEHEE OIHUX CYTOK JTUOO HEOOXO-
IMMOCTh aMOyJIaTOpHOTO JieueHus [2]. B pe-
aJTbHOCTH 3TO MOCTPA/IABIINE C TPABMaMU, Kak
MWUHUMYM, CPeIHEN TSXKeCTu. 3a paMKaMu
oty€THocTU ocTtatoTcs Takxke JATTI, Bo3HUK-
11I1e BCJIENICTBUE HAPYIIIEHUS TTPABUJI TEXHUKHU
0e301MacHOCTH 1 9KCTUTyaTalluy TPAHCITOPTHBIX
CPENCTB, B TOM YHUCJIE BO BPEeMsl MTPOBEICHUS
MEPOTIPUSATHI TI0 aBTOMOOMJIEHOMY UJTU MO-
TOLUMKJIETHOMY CIOPTY.

1.
MpKyTCcK — KpYMHBIA UHIYCTPUATbHBIN
TOPOJI TTOTA/IbI0 277 KB. KM Y UNCTIEHHOCTHIO
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Ta0imuna 1

CBoJIKa JI0POKHO-TPAHCIOPTHBIX MpoucinecTsuii B IpKyTcKe

Tlokasarenun 2014t 2015t
Bcero ATIT 26160 17786
Komunuecto ATII ¢ noctpanaBiuimmu 1157 1240
TToru6mo, yen. (neraabHbIi ucxon — JIN) 71 48
Paneno, vern. 1454 1478
KomunuectBo ATTI ¢ yyacTrieM neteit B Bo3pacte 10 16 et 116 146
[Toru6no nereit 3 3
PaneHo pereit 122 148
TToBpexaeHO TPAaHCTIOPTHBIX CPEICTB 1756 1869
Haesn na [Tanenne
TIPENsTCTBUE raccaxupa
7% 3% ___ OnpoxuznsiBanue
4%
Haesn na
crosiee TC
2%
Haeszn na
BEJIOCUIIEUCTA
2 %
Wnoit Bug ATII
1%

Puc. 1. Ctpyktypa 4TI B UpkyTcke.

HacejneHus cBbime 620 Toic. yenoBek. U3
16446 xM aBTOMOOMJIBHBIX TOPOI OOILETrO
MOJIb30BAaHUSI MECTHOTO 3HAUEHUSsI, 3aperu-
cTpupoBaHHbIX B MpKyTCcKoi obGjacTtu, Ha
npouio Mpkyrcka npuxoautcs Bcero 5 %, win
796,5 kM [3]. Tem He meHee okoJ10 Tpetu JATTI
C MOCTPaAABIINMU TTPOUCXOIUT B 00JIACTHOM
LIEHTpe.

CormacHo gaHHbeIM otaena TUBA MY
MB/I Poccuu «MpkyTcKoe», eXerogHo B To-
pone peructpupyercs Hemanoe yucio JATII,
B KOTOPBIX ITOJYYAOT PAaHEHUS Pa3IMIHOMN
CTETIEHU TSKECTU OKOJIO TIOJyTOpa ThICSY
yeJIoBeK (Tabuia 1).

HecMoTps Ha 3HAYMTEIbHYIO 9acTh
npuxoasmuxcd Ha Upkyrck ATII u pane-
HbIX (34—37 %), 107151 TOrMOIINX OT 001IIe-
ro KOJIWYecTBa B 00JIACTU HE TIpeBbIIAaNa
10—14 %. UnauBuayanbHbIA pUCK THOEIH,
OTpeieisieMblil OTHOIIIEHUEM YK CJIa TOTU0-
wiux B ATII Kk yucay xurteneu, njist UpKyTsSH
B 2014—2015 romax B cpemHeM OBLT CYIIIe-
CTBEHHO MEHbIIe 0011e00JacCTHBIX 3HAUYE-
HUI U COOTBETCTBOBAJ BEJIUINHE CIIOXUB-
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IETocs B MEXJAYHAPOAHOU MpakKTUKE
MIPUEMJIEMOTO (IOTTyCTUMOro) prcka B 10~°
JIN/(gen./Tom) — s XUTejell o0iactu
B 1I€JIOM OH B MOCJIEIHUE TOJbI COCTABJISLI
2,0-2,2+107*JIN/(aen./rox). OTHOCUTEb-
HbIe TIoKazaTenn (yucio norudbmux B 100
JATII u 1a 100 TBIC. 3XMTEJEit) TaKKe OBLIN
3HAUYUTENbHO (B 2—3 pa3a) MeHblle. Buan-
MO, pemraiolinee 3HaYeHUEe 3eCh UMEET
JIOCTYTTHOCTb ¥ CKOPOCTb OKa3aHUSI TIEPBOit
rnomo1iu. Mi3BecTHO, YTO HECBOEBPEMEHHOE
MpUOBITUE CKOPOUl TOMOIIU — OQHA U3
OCHOBHBIX TPUUYNH CMEPTHOCTHU MPU aBTO-
JIOPOKHOM TpoucIiiecTBUM [4].
boasmuucTBo ATII, npousomenmunx
B MpkyTcke, ObLIO CBSI3aHO C HAae3I0OM Ha
Te1exo/1a u CToaKHoBeHreM (puc. 1). B atom
CTaTUCTUKA IO TOPOTY TTPAKTUYECKHU HE 0TI -
yajlach OT 00JlacTHBIX AaHHbIX [S]. Ha momo
OCTaJIbHBIX BUJIOB aBapU il TPUXOAUIIOCH OKO-
110 19 % ot ob1ero uncia. Pacrpenenenue mo
JHSIM HeJleJI BapbUpPOBAIOCH B OTHE/IbHBIE
TOJIbl, HEU3MEHHBIM OCTaBaJIOCh CHIDKEHUE
yucya JJTII B BockpeceHbe, UTO BIOJIHE 00b-

Bonyatoea U. B. ABapMUHOCTb U XXEPTBbI JOPOXXHOIO ABUXEHNSA B KOYNMHOM ropoae




140

120

100

Puc. 2. Ipajpuk aBapuiiHocTn 80
B UpkyTtcke.
60

40

20

SICHUMO — B BBIXOJHBIC JTHH, KOTIa Ha yIUIIaX
MEHBIIIC MAIllH, aBapUU MEHEe BEPOSITHHI.
HaubGonpinee yncao aBapuii mMpou30III0
B JICTHE-OCEHHMI TIepro (puc. 2), B 3T Me-
CSIIIBI HA JOpOTraxX pe3KO YBEIMUYMBACTCS WH-
TEHCUBHOCTD JABVKEHUS JIMIHBIX aBTOMOOM -
JIEH.

Honsa ATII, npousomenmmx mo BUHe
ITbSTHBIX BOAUTEJICH, HEBEIMKA U COCTaBIIsIIa
0Kk0J10 2 %. XO0Ts1, cKopee Beero, Ludpa 3aHKM -
JKeHa, TaK KaK HEKOTOPBIC BOIUTEIN OTKA3bI-
BalOTCS MPOUTU OCBUIETEIbCTBOBAHUE.
B 2015 romy aT0 mpou301110, HAPUMeEDp, B 75
JTII. Bonblas yacTh MPOUCIIECTBUN € y4a-
CTHEM HETPEe3BBIX BOAUTENICH MpUIILUTACh Ha
BbIXOAHBIEe THU. CyTOYHAsI TMHAMMWKA TaKMX
JATII He nmena 4€TKOM 3aBUCUMOCTH, XOTS
UMeTach TeHACHIIUS K MX YBEJTUUCHUIO B Be-
yepHee BpeMsl.

JIbBunag pons JATII, B KoTopbIx mocTpa-
JlaJI1 HEeCOBEPLICHHOJIETHHE, Obla CBs3aHa
¢ Hae3/1oM Ha remrexopa (puc. 3). M3 obmiero
4yucJia IPOUCIIECTBUI C y4yacTUeM OeTel
B Bo3pacTte 10 16 et mo nx Bune B 2015 romy
npousonuto 43 ATII, t.e. okojo 30 %. U3 Hux
YyeThIpe — 110 BUHE JeTeil, yIpaB/sIBILIKX Be-
JjocutieioM, 39 — o BUHE JeTeil, HaXOASIIX -
Csl Ha MPOE3Kei YaCcTu B HapyILeHUE MPaBUII
nopoxxHoro nprkeHust (ITJ1/1). DTux mpouc-
IIECTBUI MOXHO OBbLIIO OBl M30eXaTh, BEAb
3a4acTyI0 OHU IPOMCXOMIST U3-3a XaJaTHOCTU
U HemocMoTpa B3pocbix. CrpaBeanBOCTU
paau ciieyeT OTMETUTh, 4TO B IpKyTCKe 00y-
yenwne nereit [1J1J1 Beaércs Bo MHOTMX oOpa-
30BaTeJbHbIX OPraHU3aLUsIX, €XKETOAHO
MPOXOAUT 001aCTHOM KOHKYpC-(heCcTUBaIb
FOHBIX MHCIIEKTOPOB nBIXKeHus1 « be3omacHoe
KOJIECO», IPUOPUTETHAS 3a1a4a KOTOPOTo —

Haesn
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naccaxupa
3%
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Puc. 3. Ctpyktypa ATl c ysacTtuem geteii B Bo3pacTte go 16 ner B 2015 roay.
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npeaynpexaeHue 1eTCKOro T0POXXHO-TpaHC-
MOPTHOTrO TpaBMaTHU3Ma, IPUBJIEYEHUE HECO-
BEPUIEHHOJETHUX K TpoIaraHjae mpaBui
0e30MacHOro MoBEJICHUS Ha YIULAX U I10PO-
rax.

OnHoit u3 ocHoBHbIX npuuuH JTTI exe-
TOHO CTAHOBUTCS HU3KAs TUCUUTUIMHA BO-
IUTEJIel U TMeleXoa0B, Bbipaxarollasics
B HecoOnwaenuu /1. CyuiecTBeHHOE
BJIMSIHYE HA YPOBEHb aBAPUITHOCTU OKa3bIBa-
IOT TAKXK€ HEYIOBJIETBOPUTEIbHBIE TOPOKHBIE
YCJIOBUS, B YaCTHOCTH, nojioBuHa I TTI ¢ no-
crpagasimmMu B 2014—2015 romax mpounsorii-
Jla UMEHHO 10 3TOW pUYKrHe.

2.

TepputopuanbHo UpkyTck pasneneH Ha
niaTh paitoHoB: Kuposckuii, KyitobleBckuid,
OKkTs16pBheKMit, CBepmIoBCKUit 1 JICHUHCKUIA,
XOTSI AIMUHUCTPATUBHOE JIeJICHUE TIPEIITOJIa-
raeT HaJIM4Ke YETHIPEX OKPYTOB C OOBEIMHE-
HueM Kuposckoro u KyiiObIeBckoro paiio-
HoB B [IpaBoGepeskHbIit okpyr (puc. 4). [1pu-
MEpPHO OIIMHAKOBBIMU M CAMBIMU KPYITHBIMU
no ronanu saeisitorcs JlennHckuii u [paso-
OepexXHBII OKpyra, 3aHuMaroiue 75 % teppu-
TOPUY TOPOJIa, CAMBIMU T'YCTOHACEIEHHBIMU —
CaepmioBckuii 1 OKTSIOPbCKUTA.

HecMoTps Ha paznuuue 1Mo TUIOMAaN
W YUCJIEHHOCTU HacesieHusI, KoindecTBo A TTI
C TIOCTpaIaBITMMU pacTIpeie]IeHO 110 OKpyTram
npUMepHO paBHOMEpHO. [lepepacuér aBapuii-
HOCTU Ha eIWHUIY TJIOIIAAA BBIBOIUT Ha
niepBoe MecTo OKTIOPbCKUIT OKPYT — B OTHO-
cuteabHbIX equHuax Konmdecto A TII 3necn
B 1,8 pasa 0omnbine, ueM B CBepaI0BCKOM,
n B 3,5—3,7 paza 6oblie, ueM B [IpaBobepek-
HOM U JICHUHCKOM OKpyTrax.

Pacnipenenenue kommuectsa ATII ¢ mo-
CTPaJaBIIMMHU TI0 BPEMEHU CYyTOK B OKpyTax
ropoaa HeogqHopoaHo. Eciu He O6paTh BO
BHUMaHUe cHKeHue yucia JTIT B HouHble
Yachl, CYIIECTBYIOT 3aMETHBIC PA3JINUNSI MEX-
Iy paiioHaMH, ciaraoimmu [TpaBobepexxHbIit
OKpYT. B cBsI3M ¢ 4em aHanu3 aBapuitHOCTH
B IaHHOM CJTy4ae 11eJIeCO00pa3HO MPOBOIUTD
110 paiioHam. [[71st mpuMepa pacCMOTPUM JaH-
Heie 2015 roma (puc. 5).

Ha rucrorpammax misg Kuposckoro paii-
OHa MMeETCs SIBHBIN MUK ¢ 14 10 16 yacos.
Haunbonee aBapuitHOe BpeMsI CYTOK — ¢ 14 10
20 9acoB: 3a MIECTUYAaCOBO MHTEPBAJI TIPOU-
somwto 47 % Becex ATII. B KyitGbleBcKoM
paiioHe, 3a UICKJTIOUEHNEeM HOYHOTO ITepro/ia,
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Puc. 4. ABMUHUCTPaTUBHO-TEPPUTOPNAJIBHOE
Aenenune r. Upkyrcka: okpyra — lpaBo6epesxHbiii (1),
OkTa6pbCkuii (2), CBepanoBckwii (3), JlennHcknii (4).

BO3HWKHOBEHHE aBapuil MPaKTUYECKU HE
3aBUCEJIO OT BPEMEHU CYTOK, a Mepuognye-
CKMe TOABEMBI U CHIaZbl MOXHO OOBSICHUTH
norpeumrHocTaMu npu peructpauuu JATII.
CBepUTOBCKUI palloH XapaKTepu30BaJcs
BO3pacTaHWeM aBapUIHOCTU B TEUEHUE BCETO
JTHSI, CHUDKEHUE KOTOPOI HabJI0Ja10Ch TOJTb-
Ko mociyie 22 yacoB. bauszkuit K aToMy BUJ
pacripeieJieHus C SBHOW MOJIOM, MPUXOIsI-
1LIeiicss Ha BeYepHUe Yachl, HaAbIoaaICs 1T
OxkTs16pbckoro paioHa. OTYETIUBBIN yTPEeH-
HUI TTMK aBapUUHOCTU OTMEUYEH TOJIbKO TS
JleHnHcKoOTO paiioHa — HarboJee yaaaeHHO-
ro OT LIEHTpPa ropojia U COBMEIIAIOIIETO B ce-
0€e 4epThl CMaJbHOTO U MPOMBIILJIEHHOTO
parioHa.

3.

Okono 40 % ATII ¢ mocTpagaBIIuMu
B MIpKyTCcKe coBeplIliaeTcs B TaK Ha3bIBAEMbIX
oyarax aBapMiiHOCTM — y4acTKaX aBTOMO-
OMIIBHBIX JOPOT Topoaa HOit 1o 200 MeTpoB
WU TIepeKpECTKAX, Ha KOTOPBIX B TeUCHUE
roja mpou3ouLao Tpu u o6osee yu€tHbix I TI1
OJTHOTO BUja, MO0 TATh U 0oJiee pa3HBIX
BUIOB (puc. 6).

OvaramMu aBapuiHOCTH CTaHOBSITCSI, KaK
MpaBWIO, YyTh OOJiee cTa YYaCTKOB B TO/I.
Maxkcumym ouyaroB nipuiiéics Ha 2006—2008
ronbl (150—160 ygacTKOB), B 3TOT Ke TIepUO.T
3apeTUCTPUPOBAHO MAaKCUMaJbHOE YMCIIO
JTII 1 nocrpagaBux (puc. 6). B naabHeii-
[eM OTMevaiach TEHICHIIUS K CHWXEHUIO
aBapUITHOCTU TIO BCEM TTOKA3aTesIsIM, XOTSI
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Puc. 5. Cyro4yHas aunamuka 4TI no paiionam Upkytcka B 2015 roay.
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Puc. 6. Aunamuka noka3areneii 4TI B oyarax
aBapuriHocTn UpkyTcka.

B OTHOIIIEHUM CMEPTEIbHBIX UCXOIOB OHA HE
cTosib siBHasl. HamMeHblllee 4nMciio oyaroB
aBapuitHocTH (90) 3acdukcupoBaHo B 2015
rozy.

[To aGCcoMIOTHBIM 3HAUYCHUSIM OYary aBa-
PUIAHOCTHU pacrpeesieHbl 0 OKpyraM roposa
OoJtee WM MeHee paBHOMEPHO (puc. 7a). Ecim
JK€ OTHECTH UX KOJTMUYECTBO Ha SAMHUILY T1JT0-
maau (10 KB. KM), TIOJyYUTCSI COBEPIICHHO
uHas KapTuHa (puc. 70): GoJsbInas 4acThb
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oyaroB npuxoautcs Ha OKTI0pbekuii 1 CBep-
IIOBCKUI oKpyra. O6pa3oBaHNe X CBSI3aHO
C BBICOKO#1 TUIOTHOCTHIO TIPOXKMBAHUS Hace-
JICHUS.

OKTS0OPBCKUI OKPYT — CaMBIif MaJICHbKUIA
1o Tiomany (IIst cpaBHeHHWST — B 3,5 pasa
MmeHbIne JIeHnHckoro). B ¢dopmupoBanumn
04YaroB aBapUiTHOCTY B 9TOM cJIyJae, BUIUMO,
OIIPEIEIISIONIYI0 POJIb UTPACT CKYYeHHOCTh
HaceJIeHUsI — KPOME BBICOKOH TIOTHOCTH
MIPOKXUBAIOIINX KUTEICH, OKPYT OTIMYACTCS
MPECTUKHOCTBIO B O(DMCHOM OTHOIICHUH.
B 2015 romy, HampuMep, B IECATKY CaMBIX
aBapUITHBIX y9acTKoB MpKyTcKa (1o 4ucity
npousowenmux ATII u yucay nocrpanaB-
IIKX) TTOTIAJIM TISITh 04aroB u3 OKTAOPhCKOTO
OKpyTa.

B IlpaBoGepekHOM OKpyre Ha J0JII0 IBYX
COCTaBISIIOIINX €r0 PailOHOB IMTPUXOIUTCS
MIPUMEPHO paBHOE KOJMYECTBO OYArOB aBa-
puitHoct. OnHako KupoBckuit paiioH —
VCTOPUYECKUIA U AIMUHUCTPATUBHBIN LIEHTP
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Tabmuma 2
IToka3zaTem 10pOKHO-TPAHCIIOPTHBIX MPOUCIIECTBHIA B 09arax aBapuitHOCTH

Tos! [2008  [2009  [2010  [2011  [2012 2013 2014 2015
TTpaBoGepexkHbIit OKpYT
ATTT 232 141 109 142 111 115 112 118
IMoru6mno 12 4 5 8 6 8 10 3
Paneno 290 186 122 162 151 148 136 134
CBepIIOBCKUIT OKPYT
ATII 272 159 132 186 109 94 136 124
ITorn6mno 15 7 5 6 11 10 12 9
Paneno 337 205 172 244 150 110 161 138
OKTSIOPbCKUIA OKPYT
ATIT 257 176 156 118 91 104 144 127
[Toru61o 8 7 10 8 4 9 8 8
Paneno 318 235 221 151 135 131 189 161
JleHuHCKuit OKpyT
ATIT 233 93 132 124 121 101 89 101
IToru6mo 18 2 15 6 14 4 11 2
Paneno 274 121 152 162 161 145 105 111
a
12
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B JleHUHCKAN B OkTs0pbCKuit
= CBepyI0BCKHH ® [IpaBoGepexKHbIit

Puc. 7. PacnpeaeneHune o4yaros aBapuiiHOCTH o okpyram UpkyTcka:
a — abconoTHbie 3HavyeHuusi, 6 — Ha 10 KB. KM.

ropojaa — IO TUIOIIAAM JUIIbL HeOOoIbIIast
YacTb OKpYyra, M03TOMY MeHbIIasi BepOsIT-
Hoctb nonacth B JATII cymectByeT B Kyitobi-
IIEBCKOM paiioHe. DTO BIIOJIHE OOBSICHUMO,
YUUTBIBAsI €T0 apXUTEKTYPHbIE OCOOCHHOCTH.
M pKyTCKUii OCTPOT, CO CTPOUTEIBCTBA KOTO-
poro B 1661 romy 6epér cBOE Hayajio ropo,
ObLJI OCHOBAH MPEUMYIIECTBEHHO B IpaHUIIAX
HbIHeIIHeTo KyilOblleBCKOro paiioHa, 1 1Mo
ceil IeHb 3HAYMTEJIbHYIO €T0 YaCTh COCTABIIS-
€T YaCTHBIM CEKTOp, a OOJIbIIAsT YaCTh CTPOE-
HUiT MaJtoaTaxkHast. Oyaru aBapuitHOCTH ITpU
3TOM (hOPMUPYIOTCS JIUIIL Ha HECKOJIBKUX
OXXUBJIEHHBIX YIMLIAX, CBSI3bIBAIOIINX PAOHBI
ropoja, a TakxKe BEIXOASIINX Ha MEXKIYTOPOI-
HbIE TPAKThI.

B3siB B KauecTBe moKa3zaTesisi OTHOIICHUE
konuuectsa JATII K ajMHe 10por, MOXHO OT-
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METHUTh, YTO CAaMbIM HEOJIarOMOJYIHBIM (ITPU
yu€Te Kak ob1iero koanuectna, Tak u JITT1 co
CMEePTEJIbHBIM MCXOIOM) OITSITh XK€ SIBJISIETCS
OxTa6pbckuii okpyr. [1pu yuéte ob111ero Ko-
nuyectBa JATII cpaBHUTENbHO GJaromnoayy-
HBIM OKa3ayicsl JICHUHCKUI OKpYT, OJHAKO
TepputopuanbHyio Kaptuny A TTI xapakrepu-
3yeT He CTOJIbKO OOIINIi TToKa3aTellb aBapyii-
HOCTH, CKOJIbKO TTOKa3aTeIb CMEPTHOCTHU. Tak,
manoii noneit JITTI co cMepTeIbHBIM UCXO0M
BoinensieTcs: [TpaBoOepekHbIN OKPYT.

C ovyaramMu aBapuiiHOCTH CBsI3aHa U 3Ha-
YUTEJIbHAs YaCTh IOCTPaIaBIINX (CyMMapHOe
YUCJIO TTOTUOIIMX M paHEHBIX) Ha JOpoTax
(tabnuua 2). Taxects nmocnenctsuit ATII,
KOTOpasi OIpeAe/IsIeTCs] YMCIOM TTOTMOIINX
B 100 ATIT u yncaom nmoru6mmx Ha 100 mo-
CTpajaBIINX, B U3y9aeMblii TIEPHO HE MMeJIa

Bonyatoea U. B. ABapMUHOCTb U XXEPTBbI JOPOXXHOIO ABUXEHNSA B KOYNMHOM ropoae
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® Yucio norubmmx Ha 100
MOCTPA/IABIINX

M Yucno norubimx Ha 100
ATIT

Puc. 8. Crenenb Tskectu nocnencteuvi 4TI B oyarax
aBapuUNHOCTH.

YE€TKON TeHIEHLUU. ABHBIM OBIT TOJIBKO
MOABEM KOJMYECTBEHHBIX 3HAUCHUM 2TUX
nokaszateneil mo ropoay B 2012—2014 romax
(puc. 8), xotst mo uncay ATTI aTo 6611 epuon
BecbMa OJIaronoJydHbli (puc. 6).

Taxects nocneactsuii JATIT B OKT6ph-
CKOM OKpYyre Oblla, Kak MPaBUIO, HUXE WU
0aM3Ka K CPeIHMM TOPOICKUM 3HAUCHUSIM.
CBepaJIOBCKUIT OKPYT — caMblii OOJBIION O
YHCJIEHHOCTU HACeJIeHUSI — B 3TOM OTHOIIIe-
HUM TPAKTUYECKU €XETOAHO B 30HE pucKa
(yucao moru6mumx B 100 JITTI v yncio moruod-
mwux Ha 100 mocTpagaBIIMX BbILIE CPEeIHUX
3HaueHMi o ropoay). Camasi 6aronpusiTHast
oOCTaHOBKa B ropojie Mo MOCJEACTBUSIM
JTII — B [IpaBoOGepe:kHOM OKpyYTe, B rpaHu-
ax Hero — B KupoBckoM paitoHe. Bo3aMox-
HOM MPUUMHOM ITOTO SBJISIIOTCS OCOOEHHOCTU
3acTpoiiku ropoaa. KupoBckuii paiioH Kak
HUCTOpUYECKUil eHTp MpKyTcKa XxapaKTepu-
3yeTcsl y3KMMM YJIulaMu, 3a4acTyio 6e3 Bo3-
MOXKHOCTH paciuMpeHusi. Majiasi mpomycKHas
CIMOCOOHOCTD YJIMIL B TTOCJEIHUE TOJbI cTajta
MPUBOAUTH K 00pa30BaHUIO TPOOOK B Beuep-
Hue yachl. [To naHHBIM BeO-cepBuca «SIHaeKc.
I[TpoOku», yXe OblIU 3aperucTPUPOBAHBI
BOCBMUOAJUTbHBIE TPOOKU (MO AeCATUOANTb-
HOI 1IKaJjie) Ha LIEHTPaJIbHBIX yauIaX ropoaa
CO CKOPOCTBIO MePEIBUKEHMUS TPAHCIIOPTa He
OoJiee MITU KUJIOMETpoB B yac. Huskas cko-
POCTb IBUXKEHMUS 1 BbICOKAsI TLIOTHOCTDh aBTO-

MOOMJIEH B ITOTOKE TIPUBOIUT K YBEIIMICHUIO
obuero yucaa JATII, HO 1OpOKHO-TpaHC-
TMOPTHBIN TpaBMaTU3M M OCOOEHHO JieTallb-
HOCTh UCXOIIOB TIPU 3TOM HEBEJINKM.

BbiBO4bl

EcTb ocHOBaHUS cCYUTATh, YTO OOCTAHOBKA
¢ obecrieueHueM 0e30MacHOCTU AOPOKHOTO
IBUXeHUS B MIpKyTCKe NOBOJBHO CIIOXKHAS.
B nepByto ouepenpy npuunnamu A TII aBis-
IOTCSI HECOOII0IEHUE MPAaBUI TOPOXKHOTO
JBIDKEHUST BOTUTEISIMU U TIeNIeXoaamMu, He-
YIOBJIETBOPUTEIbHBIE TOPOXKHBIE YCIIOBUS.
Hawubosiee yacto perucTpupyroTcsi CTOIKHO-
BEHUS TPAHCIIOPTHBIX CPEACTB M Hae3/bl Ha
rerrexooB ¢ 1 —2 mocTpagaBimmmMu. Bo3Huk-
HOBEHUE aBapUil UMEET CWJIbHYIO BDEMEHHYIO
3aBUCUMOCTb. YK CITO aBapuii OOJIbILIE B JIETHE-
OCEHHU Mepruo, MEHbIIIE — B 3MMHUE MeCS-
b1, [Tuk aBapuitHOCTH KaXKIbIii JeHb TPUXO0-
JIIATCS Ha BEYEPHUE Yachl, KOTJA JIOAU BO3-
BpAIAIOTCS ¢ PaOOTHI.

Okono 40 % ATII ¢ mocTpagaBIuMu
B TOpOJie COBEPUIAETCS B O4arax aBapuiiHo-
CTU — HEOOJIBIIIUX yYaCTKaX aBTOMOOUIIBHBIX
JIOPOT WM MepeKpECTKaX, Ha KOTOPBIX B T€-
YeHUe rofa Mpou30IILIO TPU U 60Jiee YIETHBIX
HATII ogHoro Buaa, 1160 MsAThH U OoJiee pas-
HBbIX BUIOB. PacrnpeneneHue ouaroB aBapmii-
HOCTU HAMpsSMYIO 3aBUCUT OT MJIOTHOCTU
MPOXUBAHUS HAaceNeHUS U (PYHKIIMOHAb-
HOU crielinUKN aIlMUHUCTPATUBHBIX €M -
HUIl Topozaa. BcecTopoHHUI aHATU3 JaHHBIX
o ATII B ouarax aBapuifHOCTU MOXET CTaTh
OCHOBO [IJ11 BBIPAOOTKU pellieHuit B chepe
obecrieyeHUss 0€30MaACHOCTUA JOPOXKHOTO
JBVDKEHUS.
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ACCIDENT RATE AND VICTIMS OF ROAD TRAFFIC IN A BIG CITY

Volchatova, Irina V., Irkutsk National Research Technical University (IRNITU), Irkutsk, Russia.

ABSTRACT

Based on the statistics of road accidents, an
analysis of accident and injury rates on the roads of
Irkutsk was carried out. It is shown that, for the most
part, the causes of road accidents are violation of
traffic rules by drivers and pedestrians, unsatisfactory
road conditions. It was revealed that the greatest

number of accidents occurs in the summer-autumn
period. Most often, vehicle collisions and pedestrian
collisions are recorded. About 40 % of road accidents
with victims are committed in the foci of accident rate,
the distribution of which directly depends on density
of settlement of the territory and the functional
specifics of the city’s administrative units.

Keywords: motor transport, road traffic accident, accident rate on roads, foci of accident, severity of

accident consequences, road safety.

Background. In Russia, the problem of accidents
associated with road transport has become particularly
acute in recent years. According to the official
statistics, annually on the country’s roads there are
about 200 thousand road accidents (RA). The actual
number is much larger, since the current recording
rules assume the inclusion in the state statistical
reporting of information only about RA in which people
were killed or injured [1]. At the same time, «injured»
means a person who received bodily injuries, which
caused his hospitalization for at least one day, or the
need for outpatient treatment [2]. In reality, they are
victims with traumas, at least, of moderate severity.
Outside of reporting, there are also accidents that
have arisen as a result of violation of safety and
operation regulations for vehicles, including during
car or motorcycle sport events.

Objective. The objective of the author is to
consider problems associated with the accident rate
on the roads of a big city, using the example of Irkutsk.

Methods. The author uses general scientific
methods, comparative analysis, statistical data,
evaluation approach.

Results.

1.

Irkutsk is a large industrial city with an area of 277
sq. km and a population of more than 620 thousand
people. Of 16446 km of public roads of local
importance registered in Irkutsk region, Irkutsk
accounts foronly 5 %, or 796,5 km [3]. Nevertheless,
about a third of road accidents (RA) with the victims
takes place in the regional center.

According to the data of the Department of the
State Traffic Safety Inspectorate of the Municipal
Authorities of the Ministry of the Internal Affairs of
Russia «Irkutskoe», every year a considerable number
of RA are registered in the city, where about 1500
people are injured to various degrees of severity
(Table 1).

Despite a significant proportion of RA in Irkutsk
(34-37 %), the share of deceased from the total

number in the region did not exceed 10-14 %. The
individual risk of death, determined by the ratio of the
number of deceased in RA to the number of residents,
for Irkutskians in 2014-2015 was on average
significantly lower than the region-wide values and
corresponded to the value of the acceptable
(permissible) risk in international practice of 10-6 fatal
injuries/(persons/year) — for residents of the region
as a whole, in recent years it was 2,0-2,2+ 10 fatal
injuries/(persons/year). Relative indicators (the
number of deaths in 100 RA and per 100 thousand
residents) were also significantly (2-3 times) less.
Apparently, the availability and speed of first aid is of
decisive importance here. It is known that untimely
arrival of first aid is one of the main causes of death
in a road accident [4].

Most of the accidents that occurred in Irkutsk, was
associated with the collision with on the pedestrian
and the collision of cars (Pic. 1). In this statistics on
the city practically did not differ from the regional data
[5]. The share of other types of accidents accounted
forabout 19 % of the total. The distribution of the days
of the week varied in certain years, the decrease in
the number of accidents on Sunday remained
unchanged, which is quite understandable — on
weekends, when there are fewer cars on the streets,
accidents are less likely. The greatest number of
accidents occurred in the summer-autumn period
(Pic. 2), in these months on the roads, the intensity of
the movement of private cars sharply increases.

The share of RA that occurred through the fault
of drunk drivers is small and amounted to about 2 %.
Although, most likely, the figure is understated, as
some drivers refuse to undergo the survey. In 2015,
this happened, for example, in 75 RA. Most of the
accidents involving drunken drivers occurred on
weekends. The daily dynamics of such accidents did
not have a clear dependence, although there was a
tendency to increase them in the evening.

The lion’s share of the road accidents in which the
minors were injured was related to the collision with

Table 1

Summary of road accidents in Irkutsk
Indicators 2014 2015
Total RA 26160 17786
Number of RA with victims 1157 1240
Fatal injuries, persons 71 48
Injuries, persons 1454 1478
Number of RA with children under 16 y.o. 116 146
Children, fatal injuries, persons 3 3
Children, injuries, persons 122 148
Damaged vehicles 1756 1869
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Pic. 1. Structure of RA in Irkutsk.

Pic. 2. Graph of accident rate in Irkutsks.

a pedestrian (Pic. 3). Of the total number of accidents
involving children under the age of 16 due to their fault
in 2015, 43 RA occurred, i.e. about 30 %. Of these,
four were caused by children driving a bicycle, 39 by
the fault of children on the roadway in violation of traffic
rules. These accidents could have been avoided,
because often they occur because of negligence and
oversight of adults. In fairness, it should be noted that

Pic. 4. Administrative-territorial division of Irkutsk:
districts — Pravoberezhny (1), Oktyabrsky (2),
Sverdiovsky (3), Leninsky (4).
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Pic. 3. Structure of RA involving children under 16 y.o.
in 2015.

in Irkutsk, the training of children in traffic rules is
conducted in many educational organizations, an
annual contest-festival of young traffic inspectors of
«Safe Wheel» is held. Its priority task is to prevent
children’s road traffic injuries, to involve minors in
promoting safe behavior rules at streets and roads.

One of the main causes of RA every year is the
low discipline of drivers and pedestrians, manifested
in non-compliance with traffic rules. The unsatisfactory
road conditions also have a significant impact on the
accident rate, in particular, half of RA with the victims
in 2014-2015 occurred precisely for this reason.

2.

Territorially Irkutsk is divided into five districts:
Kirovsky, Kuibyshevsky, Oktyabrsky, Sverdlovsky and
Leninsky, although the administrative division
assumes the presence of four districts with the
unification of Kirovsky and Kuibyshevsky districts into
Pravoberezhny district (Pic. 4). Roughly the same and
the largest in terms of area are Leninsky and
Pravoberezhny districts, which occupy 75 % of the
city’s territory, the most densely populated are
Sverdlovsky and Oktyabrsky districts.

Despite the difference in area and population, the
number of RA with the victims is distributed around
the districts approximately evenly. Recalculation of
the accident rate per unit area leads to the first place
Oktyabrsky district — in relative units the number of
RA here is 1,8 times higher than in Sverdlovsky and
3,5-3,7 times higher than in Pravoberezhny and
Leninsky districts.

The distribution of the number of RA with injured
depending on the time of the day in the districts of the
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Pic. 5. Day dynamics of RA by the districts of Irkutsk in 2015.
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Pic. 6. Dynamics of indicators of RA in foci of accident rate in Irkutsk.

city is not uniform. If you do not take into account the
decrease in the number of RA during the night, there
are noticeable differences between the districts that
make up Pravoberezhny district. In this connection,
the analysis of the accident rate in this case is
expedient to be carried out by districts. For example,
let’s consider the data for 2015 (Pic. 5).

The histograms for Kirovsky district have a clear
peak from 14 to 16 hours. The most emergency time
ofthe day — from 14 to 20 hours: for a six-hour interval
47 % of all RA occurred. In Kuibyshevsky district,
except for the night period, the occurrence of
accidents was almost independent of the time of day,
and periodic ups and downs can be explained by
errors in the registration of RA. Sverdlovsky district
was characterized by an increase in accident rate

throughout the day, a decline which was observed
only after 22 hours. A close to this type of distribution
with the obvious mode, which falls on the evening
hours, was observed for Oktyabrsky district. The
distinctive morning peak of the accident rate was
noted only for Leninsky district — the most remote from
the city center and combining the features of a
sleeping and industrial area.

3.

About 40 % of RA with victims in Irkutsk occur in
so-called foci of accidents — sections of the city’s
roads up to 200 meters in length or in crossroads,
during which three or more RA of one type occurred,
or five or more different types (Pic. 6).

Fociofaccidents are, as a rule, slightly more than
a hundred sites a year. The maximum number of foci
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occurred in 2006-2008 ( 150-160 sections), during
the same period, the maximum number of RA and
victims was recorded (Pic. 6). In the future, there was
a tendency to decrease the accident rate for all
indicators, although it is not so obvious with respect
to fatalities. The smallest number of foci of accident
rate (90) was recorded in 2015.

In terms of absolute values, the foci of accident
rate are distributed more or less evenly in the districts
ofthe city(Pic. 7a). If we include their number per unit
area(10sq. km), we get a completely different picture
(Pic. 7b): most of the centers are in Oktyabrsky and
Sverdlovsky districts. Their formation is associated
with a high population density.

Oktyabrsky district is the smallest in area
(by comparison, 3,5 times smaller than Leninsky). In
the formation of foci of accidents in this case,
apparently, the decisive role is played by population
density — in addition to the high density of residents,
the district is distinguished by its prestige in office
terms. In 2015, for example, five foci of accidents from
Oktyabrsky district were included in the top ten most
accident sites in Irkutsk (according to the number of
accidents and the number of injured).

In Pravoberezhny district, the proportion of its two
constituent parts accounts for an approximately equal
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Table 2
Indicators of road accidents in foci of accident rate
Years [2008  [2009 2010  [2011 2012 [2013  [2014 2015
Pravoberezhny district
RA 232 141 109 142 111 115 112 118
Died 12 4 5 8 6 8 10 3
Injured 290 186 122 162 151 148 136 134
Sverdlovsky district
RA 272 159 132 186 109 94 136 124
Died 15 7 5 6 11 10 12 9
Injured 337 205 172 244 150 110 161 138
Oktyabrsky district
RA 257 176 156 118 91 104 144 127
Died 8 7 10 8 4 9 8 8
Injured 318 235 221 151 135 131 189 161
Leninsky district
RA 233 93 132 124 121 101 89 101
Died 18 2 15 6 14 4 11 2
Injured 274 121 152 162 161 145 105 111
a
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Pic. 7. Distribution of foci of accident rate by the districts of Irkutksk: a — absolute values, b — per 10 sq. km.

number of foci of accidents. However, Kirovsky
district — the historical and administrative center of
the city — is only a small part of the district, so there is
less chance of getting into an accident in Kuibyshevsky
district. This is understandable, given its architectural
features. Irkutsk jail, with the construction of which in
1661 the city originates, was founded mainly within
the boundaries of the present Kuibyshevky district,
and to this day a large part of it is made up of the
private sector, and most of the buildings are low-rise.
Foci of accidents at the same time are formed only on
a few busy streets, connecting the city’s districts, as
well as emerging on intercity routes.

Taking as an indicator the ratio of the number of
RA to the length of roads, it can be noted that the most
unfavorable (with both total and fatal RA) is again
Oktyabrsky district. Taking into account the total
number of accidents, Leninsky district was relatively
prosperous, but the territorial picture of RA is
characterized not so much by the general rate of
accident rate as by the death rate. So, a small share
of RAwith a fatal outcome is allocated to Pravoberezhny
district.

A considerable part of the injured (total number
of dead and wounded) on the roads is connected
with the foci of accident rate (Table 2). The severity
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Pic. 8. Degree of severity of RA in foci of accident rate.

of the consequences of RA, which is determined by
the number of deceased in 100 RA and the number
of deceased per 100 injured, did not have a clear
trend in the period under study. Only the rise in the
quantitative values of these indicators for the city
in2012-2014 (Pic. 8) was clear, although as for the
number of RA this was a very prosperous period
(Pic. 6).

The severity of the consequences of RA in
Oktyabrsky district was, as a rule, lower or close to
the average urban values. The Sverdlovsky district is
the largest in terms of the population in this respect
almost every year in the risk zone (the number of
deceased in 100 RA and the number of deceased per
100 injured are above the average for the city). The
most favorable situation in the city on the
consequences of RA — in Pravoberezhny district, in
the borders of it — in Kirovsky district. Possible reasons
for this are the features of urban development.
Kirovsky district as a historical center of Irkutsk is
characterized by narrow streets, often without the
possibility of expansion. The low throughput of streets
in recent years has led to the formation of traffic jams
in the evening hours. According to the Yandex.Probki
web service, eight-point jams (on a ten-point scale)
have already been registered on the central streets
of the city with a speed of transportation of no more
than five kilometers per hour. Low speed and high
density of cars in the flow lead to an increase in the
total number of RA, but road traffic injuries and,
especially, the mortality of outcomes are small.

Conclusions. There are reasons to believe that
the situation with ensuring road safety in Irkutsk is
quite complicated. First of all, the causes of RA are
non-observance of traffic rules by drivers and
pedestrians, unsatisfactory road conditions. The most
frequent recorded accidents are collisions of cars and
collisions with pedestrians with 1-2 injured. The
occurrence of accidents has a strong time
dependence. The number of accidents is greater in

the summer-autumn period, less in the winter months.
The peak of accidents every day falls on the evening
hours, when people return from work.

About 40 % of RA with victims in the city are
committed in the foci of accident rate — small sections
of roads or crossings, on which three or more RA of
one type or five or more different types occurred
during the year. The distribution of foci of accidents
directly depends on the density of living of the
population and the functional specificity of the
administrative units of the city. Comprehensive
analysis of data on accidents in the foci of accident
rate can be the basis for developing solutions in the
field of road safety.
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B cTatbe npuBoANTCS CPaBHUTEJIbHbINA
aHanu3 pakTopoB NPUPOAHO-
TeXHOreHHOro xapakrepa, npuBoasILLNX
K BO3HUKHOBEHMUIO YPE3BbI4alHbIX
cuTyaumnii Ha xes1e3HO4O0POXXHOM
TpaHcrnoprte. PaccmarpuBaiorcs
BOIMpPOChbl UHPOPMALIMOHHO-
TEexXHOJIOrn4eckoro obecrne4yeHus
MOHUTOPUHra u c6opa gaHHbIX

O COCTOSIHUM MOTEHLNasIbHO OMNacCHbIX
Yy4acTKOB XXeJ1Ie3HO[40POXXHOro nyTu

C UCIMOJIb30BaHNEeM a3pPOKOCMUYEeCKNX
TeXHOJIOIrni.

KnroyeBsbie cnoBa: asapoKOCMUYECKNIA
MOHUTOPUHT, XE/1€3HOA0POXHbIV MyTb,
6e30MnacHOCTb, Ype3BblHariHble CUTYaLuu,
TEXHOJ1I0rMy KOHTPOJIS.
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BESOINACHOCITE

AspokocmMunyeckue
MeToAbl MOHUTOPUHrA
ype3Bbl4aHbIX CUTYaLUU

2Kenesnoe Maxcum Maxcumosuu — kanouoam
MeXHU4ecKux Hayk, OOueHm, 3amecmument
HA4anbHUKA YNPaeneHus Hay4HO-Uccaedo8amenbCKoll
pabomsi Poccuiickoeo yHusepcumema mpancnopma
(MHHT), Mockea, Poccus.

Ilonomapée Baasenmun Muxatiaoéuu — dokmop
MexHu4ecKux HayK, npogheccop, 3a6edyousuil
Kaghedpoii ynpasnenus 6e30nacHOCMblo 6 mexHocgepe
Poccuiickoeo ynugepcumema mpancnopma (MUHUT),
Mockea, Poccus.

OecrnieyeHWe YCTOWUYMBOCTU Tepe-

BO30YHOTO MpOIecca U Mpeao-

TBpallleHWEe YPE3BBIUYANHBIX CUTY-
anuit (UC) sBasieTcs aKkTyanbHOU 3amadeit
IUIS1 XKEJEe3HONOPOXKHOTO TpaHCHOpPTa.
M HHOBAIIMOHHBIE TEXHUYECKNE PEIICHMUS,
MpUMEHsIeMble [UUISI 3alad MOHUTOPUHTA
MPOTSXKEHHBIX YIACTKOB XEJIE3HOAOPOXK-
HOTO TyTU, MO3BOJISIIOT TOCTUYDh MaKCH-
MaJIbHOTO MHTETrpUpoBaHHOTO 3 deKTa 1st
0e30TMacHOCTU JBUKEHUS MOE3M0B U TIpe-
nynpexneHus YC.

AKTYaqTbHOCTh MOHUTOPUHTA XEJIe3HO-
JIOPOXHOTO MYTU, MOTEHIMATBLHO OTMMACHBIX
O0BEKTOB U SIBJIEHUN HAa MPUIETAOIUX
K HEMY TEPPUTOPUSIX OIPeaesIeTcss He00-
XOAMMOCTBIO pealn3aluy MOBBIIIEHHBIX
TpeOoBaHU K 0€30MaCHOCTHU ABUXEHMUS
1, B YaCTHOCTHU, K TEOMETPUUECKUM Iapa-
METpaM YCTPOUCTB MYTU OOJBILIOW MPO-
TSKEHHOCTU Ha CTPOSIIIUXCS U (PyHKIINO-
HUPYIOUIUX TPY30HATIPSKEHHBIX MAaTUCTpPa-
JISIX, a TakXkKe MpeaynpexXAeHUs] TeXHOTEeH-
HBIX KaTacTpod 1 MacIITaOHBIX HETATUBHBIX
MOCEACTBUN MPUPOAHBIX SIBJIEeHUM [1].

Bo3HukHOBeHUE TPUPOTHO-TEXHOTEH-
HBIX YPE3BbIYANHBIX CUTYaLIM HA KEJIE3HO-
JIOPOXHOM TPAHCIIOPTE OOYCIOBJIEHO PSIAOM



Ta0imuna 1

YC o xapakrepy 1 BULY Komuectso YC [Toru6ao TToctpanano
MCTOIHMKOB BOSHUKHOBEHUS | 9()16 2015 % 2016 2015 2016 2015
TexHOTEHHBIE 177 179 -1,12% | 708 656 3970 1629
IpupoaHbie 54 45 20,00% |3 43 126465 18114
Buosoro-counanbHbie 67 33 103,03 % |75 0 503 1041
HUTOIO: 298 257 15,95% | 786 699 130938 20784
Ta6iamua 2
YC o xapakrtepy 1 BU1y UCTOYHUKOB Konuuectso HC TToru6so TTocrpanano
e — 2016 2015 % 2016 2015|2016 |2015
3emieTpsiCeHUsI, U3BePXKEHUE BYJTKAHOB 0 0 0,00 % 0 0 0 0
OrnacHble Te0JIOTUUECKUE SIBICHUST 2 0 +2 0 0 0 0
[loBbIlIIeHUE YPOBHS TPYHTOBBIX BOIT 0 3 -100,00% |0 0 0 1742
Bypu, yparaHsl, cMepuu, IIKBaJIbI, 6 4 50,00 % 0 1 383 1229
CUJIbHBIC METETH
CuJIbHBIN 10XK/b, CUJIbHBII CHEToMa/l, 21 11 90,91 % 3 1 78818 | 8989
KPYITHBII Ipajt
CHeXHBbIE JIJABUHBI 0 0 0,00 % 0 0 0 0
3aMOpPO3KH, 3aCyXa, CyXOBEM, MbLIbHBIE 7 16 -56,25 % 0 0 0 0
oypu
Mopckue onacHble TUAPOJIOTUIeCKUE 0 0 0,00 % 0 0 0 0
SIBJICHUSI
OTpbIB MPUOPEXKHBIX JIBIOB 1 0 +1 0 0 40 0
OrnacHble TMAPOJIOTMYECKUE SIBICHUST 15 4 275,00% |0 0 47224 |0
KpymnHble mprpoaHbIe MOXaphbl 2 7 -71,43% |0 41 0 6154

(bakTOpOB, BNUSIHME KOTOPHIX CO BpeMEHEM
Bce ycunuBaeTcs. bonbiast yacTe Hammx
JKEJIE3HBIX JOPOT MTOCTPOeHA U (DYHKITMOHM -
PYET B CJIOKHBIX TPUPOTHO-KINMATUYECKUX
yCJIOBUSIX (paBHUHHBIE TEPPUTOPUU U HU3-
MEHHOCTHU € TIPe00IafaHeM YBIaXKHEHHBIX
rpyHTOB). MHTeHCUUKAIINS TEPEBO30YHO-
TO TIpoliecca U TOBBIIIEHUE OCEBBIX HATPY-
30K MPUBOIWIN U TIPUBOASIT K HEOOpaTu-
MBIM QU3UKO-XUMUIECKUM TIpOIleccaM
B 3€MJISSHOM ITOJIOTHE, KOTOPBIE MEHSIOT
XapakTep MOBEACHUS XKeIe3HOI0POXHOTO
MYTU U PacCIIUPSIIOT 30HY pUCKa.

NMOTPEBHOCTb KOHTPOJIUPOBATb
PUCKU

PaccMoTpuM cpaBHUTEIBbHYIO XapaKTe-
PUCTUKY UPE3BbIYAMHBIX CUTyallMid HA TeP-
putopuu Poccuiickoit @enepanym B 2015—
2016 romax, MCITOJb3ys JaHHbIE ODUILINAITb-
HO omy0JauMKoBaHHBIX MaTtepuanoB MUC
(Tabauma 1).

Wcxonst 3 mpuBenEHHBIX TaHHBIX,
BITOJTHE 3aKOHOMEPHBIM SBIISIETCS OTIPEJIe-
JICHWE IPUOPUTETHOTO HAaTIpaBICHUS HAyd-
HO-TeXHUYEeCKOU megrenbHocTu MUC
Poccuu B 2017 rony: «HayuHoe obecrieue-
HHUE pa3BUTUSI CUCTEMbl MOHUTOPUHTA

® MWP TPAHCIOPTA, Tom 15, N2 4, C. 214-227 (2017)

M TIPOTHO3MPOBAHUS MACIITa0OHBIX UPE3BHI-
YalHBIX CUTyallMliA U YMEHBILIECHNS OMaCHO-
ctu OeacTBuii». CorjlacHO opULIMAIbHON
CTaTUCTUKU (Tabauua 2) ciaeayeT BHIBOI,
YyTO Ha TeppuTtopuu Poccuu npeobiagaet
BOJHBIN (haKTOp pUCKa.

AHanm3 ¢hakTOpOB MPUPOTHO-TEXHOTECH-
HOTO XapakTepa, IPUBOISAIINX K BOSHUKHO-
BeHuo YC Ha XeJle3HOOOPOXHOM TpaHC-
nopTe, 3acTaBjsieT BMeCTe C TeM yTBep-
XIaTh, YTO CEPbE3HBIM (PaKTOpPOM pucka
BO3HMKHOBEHMS YPE3BBIUYANHON CUTyallUN
SIBJISIETCSI M CaM 3KeJIe3HOTOPOXKHBIN ITyTh —
KaK OTTOopracMasi aHTPONOTCHHAs J4acTh
9KocucTeMbl [2]. Y yeM clloxXHee KiTuMaTh-
YyecKMe yCJIOBUS, TeM CUJbHEe Mpupoaa
bopeTcst ¢ «<BUPYCOM» M TPOSIBIISIET CBOM
«AMMYHUTET». BO3HMKHOBEeHHE 3TOTO (-
dexTa 00BICHSACTCS MPOCTO: IIPU CTPOU-
TEJILCTBE U SKCILTyaTalluM ITyTH BO3HUKACT
HapyllleHUe eCTeCTBEHHOM cpeanl [3], cro-
COOHOE MPOBOLIMPOBATh U YCYTYOISITh IPU-
poanbie YC (puc. 1).

CornacHo knaccugukauuu [3], npenyio-
xenHoit ®. I1. CaBapenckum (1941)
u W. B. [TonnoBeiM (1951), MOXHO crpynmnu-
pOBATh U CBSI3aTh PSII I€OJTOTUUECKUX TIPO-

XenesHoe M. M., NMNoHomapéee B. M. A3SpokocMUYECKUE METOAbI MOHUTOPUHIA Ype3BblYaHbIX CUTYaLUWU




W3menenue /L W3bsTue 3emens — 0TBOJ J\ DKOJOTHYECKOE
nangmadra 3eMeJTb MO ITYyTEBYIO 3arpsA3HEHUE
\,7 HHPaACTPYKTYypy ~‘/ 1 3apa)XCHUE 3eMeThb
T I T I
] [
YHuuToxeHue CTpouTenscTBo W3bsaTue 3emens
MJI0JOPOJHOTO CIIO0S W 9KCIUTyaTalus u3
TTOYBKI, HAPYIIICHHE JKEJIE3HO/I0POKHOTO MYTH CEIIbCKOXO03SICTBEHHOTO
3eMEeJBHBIX YOI ¥ MH)KEHEPHBIX COOPYKEHUI 000poTa U NHOTO
(MOCTBI, TOHHEJH U JIp.) HCIIOJIb30BAHUS
T I
] [ ] [
Boanas /L Hapymenue J\ 3aroruieHue,
U BETPOBas THJIPOT€OJIOTUICCKUX ITOJITOTIJICHUE
apo3us \r YCIIOBHH MECTHOCTH ‘l/ 1 3a001aYrBaHUC

Puc. 1. HeratuBHbie akosioru4yeckume rnocsencTeus CTPOUTEJIbCTBA U 3KCrlyataynun >xes1Ie3HOA4OPOXXHOIro nyTu.

[TPOLIECCBI ABJIEHUA
4
1. esiTenbHOCTh NOBEPXHOCTHBIX BOJ, [HommbIB 11 0OpyIIeHHE OeperoB
(Mopeii, 03ep, peK) U BpEMEHHBIX (mopeii, 03ep, pek), pa3MbIB
TTOTOKOB CKJIOHOB, CEJH
- J -
4 1\ 4
2. JleATeNbHOCTh TOBEPXHOCTHBIX 3abosiaunBaHUE TEPPUTOPHIA,
1 TIOJI3€MHBIX BOJ{ MIPOCa0YHbIE SBICHHS, KAPCT
- J -
4 N\ 4
3. JleATenbHOCTb MOI3EMHBIX, OnonsHu
MIOBEPXHOCTHBIX BOJ Ha CKJIOHAX
- J -
s N\ s
4. JlesiTenbHOCTD OA3EMHBIX BOJL Cyhdo3ust, IbIBYyHBI
(. J (.
N\ 4
5. Ilpomep3aHue u OTTauBaHUE Mopo3Hoe mydeHHe TPyHTOB,
BEYHAast MEp3JI0Ta
. J .
s N\ s
6. BoiBeTpuBanue OO0BaJIbI, OCHINH
(. J (.
e N\ e
7. BHyTpeHHHe CHIIbI 3eMIn CelicMuuecKye SIBIEHUS
: \ \/
(
8. CtpoutensctBo | KATAJIM3ATOP ITonzemHBIe (3eMIITHOE MOJIOTHO)
1 9KCILTyaTarys WHTUBUTOP 1 NTOBEPXHOCTHBIE iedopMannm
K. IyTH (BepxHEe CTPOCHHE TTYTH)
g g

Puc. 2. OcHoBHble npupoaHbie pakTopbl 3apoxaeHns YC Ha xene3HoA0POXHOM TpaHCropTe.

® MUP TPAHCMOPTA, Tom 1 .214-227 (2017)
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ADPOKOCMHYECKHE CHUMKH JKEJIC3HOJOPOXKHOI HHPPACTPYKTYPBI
1 HOTCHIUAIBHO OIIACHBIX 0OBEKTOB B CTAOMILHOM COCTOSIHHI

v

Uroroserit

IToaroToBUTENHLHBIN

Hndopmarmonnas CHCTEMa a9pOKOCMUYECKOI0
MOHHUTOPHHIA MOTEHIUATBEHO OMACHBIX
Y4YacCTKOB ITyTH

OnepaTuBHbIH

SIBJICHUH

IIpenBapurenbHbIi

HW306paxenus ¢ KIaccupuKamen MoBpeKIeHHI 00bEKTOB
HHOPACTPYKTYPBI

AdpOKOCMHYECKHE CHUMKH Pa3BHTHS UPE3BBIYAHBIX CHTYaIHil, TMHAMHKI
M3MEHECHHI IIOTCHIHAIBHO OIMACHBIX 00BEKTOB U UX BO3ICHCTBHUS
Ha 5KEJIE3HOL0POKHYI0 HH(PACTPYKTYpy

M300paxenne 00beKTOB HHOPACTPYKTYPBI B COCTOSHUH
TOTOBHOCTH K HAOJIFO/ICHHIO CE30HHBIX KIMMATHYCCKUX

Puc. 3. UHpopmaymnoHHasi cucTtema a3apoKOCMNYECKOro MOHUTOPUHIA.

eccoB 1 (DM3UKO-T€OJIOTUUECKUX SIBIICHUM,
JAIINX MTOBOJ CYMTATh UX OCHOBHBIMU
npuYMHaAMU TpUpogHO-TexHOoTeHHbIX YC Ha
JKeJIE3HOOPOXKHOM TpaHcTopTe (puc. 2).

OueBUIHO, YTO TEPPUTOPUS ITPOJICTAHUS
JKeJIE3HOOPOXKHOTO MYTH MOJIBEpXKeHa He-
TaTUBHOMY BO3[EICTBUIO BCETO U3BECTHOTO
crnekTpa GU3MKO-TeoJOTUYECKUX SIBJICHUMA,
TIPOBOLUPYIOIINX BO3HUKHOBECHUE UPE3BHI-
yaliHbIX cutyauuit. [Ipu aTom cienyer oT-
METUTb MpeBaIupylollee 3HaYeHe BOZHOTO
(bakTOpa BO3/mEICTBUS HA XENE3HOIOPOXK-
HYI0 MH(PPACTPYKTypy, B YaCTHOCTH, yda-
CTUBINIMIECS Ha TeppuUTOpUN Poccum HaBox -
HEHUSI, COTIPSIKEHHBIE C CepPbE3HBIMU MaTe-
PUAJIbHBIMU TTOTEPSIMU U YEJTOBEYECKUMU
KepTBaMU.

Oco0yi0o omacHOCTh Cpeau ObIcTpopas-
BuBatomuxcss YC s kKeJe3HOA0POKHOMU
MHOPACTPYKTYPHI IIPEICTABISIOT CE30HHBIC
U JIMBHEBbBIC BOJBI.

st 60pbOBI C BO3MOXHBIMU HEraTUB-
HBIMH TIOCJICACTBUSIMU IIPUBJICKAIOTCI KO-
JloccaJibHble MaTepualbHbIe, TEXHUUYECKUE
U 4YejioBeYecKue pecypchl. PanimonanbHoOe
MJaHUupOBaHUe, pacipeaeieHue u apdex-
TUBHOE HCIT0JIb30BaHUE MMEIOIIErocs Mo-
TeHIIMaJia IMO3BOJSIEeT CHU3UTH yIIepo,
MPUYMHSIEMBIH XKeJIe3HOA0POXKHO nHdpa-
CTPYKType, MUHUMU3UPOBATh OMAaCHOCTh
IUTSL JIIOJe ¥ TTOBBICUTH 9KOHOMHUYECKYIO

® MWP TPAHCIOPTA, Tom 15, N2 4, C. 214-227 (2017)

9(pHEKTUBHOCTb MTPOBOJAMMBIX MEPOTIPUSI-
TUMA.

CrenoBaTeIbHO, CUCTEMEI OTICPATUBHO-
ro MOHUTOpPUHTA JOJXKHBI 0OecrneyrnBaTh
peruoHaabHble IMPEKIIUU UHDPACTPYKTYPbI
U JIUHEWHbIE MPEeANpPUsITUSI HEOOXOAUMOT
WHGOpMalLeil 0 COCTOSHUU XeTe3HOI0-
POXHOTO YT W MpUJIETAIOUIE TEPPUTO-
puM, a TakxXe 00bEKTOB, MPEACTaBISIOLINX
OITACHOCTb BHE 3aBUCUMOCTHU OT CTEIIEHU UX
yAaJIEHUS OT TTOJIOCHI OTBOJIA.

COBMELLEHHbIE TEXHOJIOTMU

CucremMa MOHUTOPUHTA Ha BCEX ATarax
JIOJIKHA obecrneynBaTh MH(POPMAIIMOHHYIO
TOJIePKKY PUHUMAEMbIX PEIIEHU I 1 TIpe-
JTIOCTaBJISITh JAHHBIE 00 N3MEHEHMSIX COCTOS -
HUS 00bEKTOB MH(MPACTPYKTYPHI U TTOTEH-
1IMaJbHO OMAaCHBIX 00BEKTOB. B mepByio
oyepesb O TeX 3HAUYCHUSIX, KOTOPbIE SIBIISI-
I0TCS KPUTUIECKUMU [JIsT O€30MacHOCTH
(yHKIIMOHUPOBAHUS KETE3HOTOPOKHOTO
TpaHCIopTa.

To ecTb peub UAET O TOM, YTOOBI CUCTEMA
MOHUTOPUWHTA OLIEHWBAJa OTKJIOHEHUST OT
HEKUX 3TAJIOHHBIX 3HAYEHU I TIO PSITy OTIpe-
NeNEHHBIX KpuTepueB. [1pu Hanmuuu aspo-
KOCMUYECKOTO KOHTPOJISI B POJTU 3TaJIOHHBIX
3HAUYEeHUH BHICTYITAIOT CHUMKWU KeJI€3HOI0-
poxHoro nytu (puc. 3).

[Tpuuém rpu mocTpoeHUM MOHUTOPUHTA
Ha OCHOBE TaKMX TEXHOJOTUUECKUX UHCTPY-

XenesHoe M. M., NMNoHomapéee B. M. A3SpokocMUYECKUE METOAbI MOHUTOPUHIA Ype3BblYaHbIX CUTYaLUWU




Tabamna 3

KittoueBbie TeXHOIOTUYECKUE
pobJieMbl MOHUTOPUHTA
JKEJIE3HOOPOXHOTO MYTH

OCHOBHBIE MPUYUHBI HEIOCTATOYHOM 3(1)(1)CKTI/IBHOCTI/I MOHUTOPUHTA MOTEH-
IMaJIbHO OIMAaCHBIX y4aCTKOB U pe€aiu3alilii BOSMOXHBIX MEP 10 06€30MacHOCTH
JBVZKCHU S

OTcyTCcTBME B MacilTabax

CeTU MHTerpaluy MoKazaHuit
MyTEN3MEPUTEbHBIX U JIUATHO-
CTUYECKHX CPEJICTB B €AMHOM
CHCTEMe KOOPIMHAT

* HeBO3MOXHOCTB BBISIBJICHHUSI LIEJIOTO Psijia TEOMETPUUECKUX MTapaMeTPOB
PeJbCOBOM KOJIEH.

* Bbicokast OrpeHoCTh KOOPANHATHOM MIPUBSI3KK 1e(PEKTOB IyTU B TIUKE-
TaXHOI cucTeMe KOOPIMHAT.

* HeBO3MOXHOCTb BeIeHUST HEMTPEPBIBHOM «MCTOPUM COCTOSTHUST (O0JIe3HM)»
KaXII0ro KMJIOMETPa XKeJe3HOI0POKHOTO IMYyTH C HENPEPbIBHOM aKTyalIn3alu-
eii nHGOopMalIMK B €IMHOM TI00aJIbHOM CUCTEME KOOPIMHAT.

OTCYTCTBHME €IMHOM CUCTE-

MBI KOHTPOJISI COOTBETCTBUS
TPOEKTHBIM U MACTTOPTHBIM
JTAHHBIM XeJIe3HOIOPOXKHOTO
TyTH (B TOM YHUCIIe Ha OOJIBLINX
TPOTSKEHHBIX Y4acTKax)

* HeBO3MOXHOCTb OIpe/ie/IeHH st U KOHTPOJISI ¢ HEOOXOIMMOM TOYHOCTHIO
TIPOEKTHBIX TAPAMETPOB MYTH Ha GOJIBIINX MTPOTSIKEHHBIX yIacTKaX, B IIEPBYIO
ouepesib BHICOKOCKOPOCTHBIX MariCTpasei.

* HeBO3MOXHOCTb OTCIIEXKMBAHWS B3AUMHOTO BIMSIHUS MTPU NU3MEHEHNH
COCTOSTHUSI KEeJIE3HOJOPOKHOTO TIyTH Ha APYrre 00beKThI KeJIe3HOIOPOKHOTO
TPAHCTIOPTa ¥ UCKYCCTBEHHBIE COOPYKEHUS (B IEPBYIO 0OUYepe/ib rabapuTHbIC
rapameTphl).

OTCyTCTBHME TEXHOJIOTUI
KOMILJIEKCHOTO MOHUTOPUH-
ra KeJIe3HOI0POXHOTO MyTH
IUTSI OTCJIEXKUBAHMST OTIACHBIX
TPUPOJHO-TEXHOTCHHBIX SIBJIE-
Huit u YC

* HeBO3MOXHOCTH KOHTPOJISI COOBITHI Ha TPOTSIKEHHBIX TEPPUTOPUSIX, TTPU-
JICTAIONINX K XeJIE3HOTOPOKHOMY ITyTH (JIO JIECSTKOB KUJIOMETPOB yIaJTeHMUSI)
U OKAa3bIBAIOIIMX HA HETO HEMOCPEICTBEHHOE BIMsIHUE (OTMOI3HM, JIABUHBI,
ITOpMA U T.JI.).

* MOHUTOPHMHT MOTEHIIMATBLHO OMACHBIX YYACTKOB XKeJIe3HOAOPOKHOTO MyTH
HOCHT JIOKQJIbHBII XapakTep, pe3yIbTaThl HE MHTErPUPYIOTCS] B KOMIUIEKCHYIO
CUCTEMY.

Al B

OCHOBHBIE TEXHOJIOI'MYECKUE ITPOBJIEMbI

JlicKpeTHOCTH NoydaeMoit HHQOPMAIUK O My TH

OTHOCHTEJILHOCTH H3MEPCHNUI B O/IBIKHBIX CHCTEMaX KOOPAHHAT

Pa3HopoaHOCTD NIPOCTPAHCTBEHHON HH(pOPMAIUH

HHTerpupoBaHHas OIICHKA COCTOSHUS ITyTH CyMMUPOBAHUEM H3MCPEHHUI JTOKAIBHBIX 1e()CKTOB
KoHTpo/1b M0102KeHHSl YTAIOHOB-PAb0YNX PENEePOB CIOKEH U 3aTpaTeH

........... % TS————
| OTcyTteTBHe euHOI KOOpAMHATHO# M MHpOPMALHOHHOM

CpenabIl, HHTCFppr}OH.Ieﬁ BECb MAaCCHUB JaHHBIX O COCTOSAHUH JKCIC3HOAOPOKHOTO IIyTH

- 2-ii YypOoBeHb
,-” lloABUKHbBIE TPAHCIOPTHBIE 00HEKTHI
~ ¥ MalIMHBI JUIsl 321249 MOHHTOPHMHTA,
CO/IePKAHUS KeJTEe3HOAOPOKHOIO Iy TH

1. Baronsbi-
NMyTen3MepHTeTn
2. IlyTreBble MAIIMHBI 1
MeXaHH3MBI

Ny
N

0 1-ii ypoBeHnb
.

/- Komnuieke l([}[(l)paCprKTngLlX
/) TEeXHHYECKHX pelleHni

1. Penepusble ceTn 1

2. CnennajibHble TEXHUYECKHE
penieHust (IaTYHKH ONOJI3HEBOI
ONACHOCTH U Jp.) 1

3. Cnennaan3upoBaHHbIe I

ABTOMATH3MPOBAHHbIE CHCTEMBbI [

(ACY-II u 1p.)
4. HarypHble 0CMOTPBI |_

A

\

— Bepxuee crpoenne
' myTH
1

1

!
< 3emuIsiHOe N0JIOTHO

OcHoBaHue —
30HA BJIUSTHUS HA
reoJI0rHYEeCKYI0
cpeny

Cpencrsa
ABTOMATH3HPOBAHHOIO
MOHHTOPUHTA H
00CaTyKHBAHHS NOTY4aI0T
HenoJIHYI0 HHpOpMaLHIO 0
COCTOSIHUH NYTH U KaK
¢J1eCTBHE HEBO3MOKHOCTh
JAOCTHIKEHHS
ONTHMAJILHOIO POEKTHOI'0
M0JI0KEHUS] U COCTOSTHHSI
nyTH

HndpacrpykrypHsie
TeXHUYecKHe peenus
HOCSIT JIOKAJIbHbIIH
XapaKTep NPHMeHeHHs],
HMEIOT HU3KMIi ypoBeHb
HHGPOPMALHOHHOTO
B3aMMO/IeHCTBHS
BCJIeCTBHE PA3HOPOAHOCTH
BH/10B HHpOpPMaLHH

Puc. 4. OcHOBHbIE TeXHOOrM4Yeckme rnpo6sieMsl MOHUTOPUHIa NyTy u npeaynpexaeHus 4YC.

MWP TPAHCIIOPTA, Tom 1
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.7 4-fi ypoBeHb

,Kocmuueckne anmapartsr,
)
AMCTAHIMOHHOTO 30HAMPOBAHIAS
i

2. MoOuibHbIe i
KOMILIEKCHI

auddepeHHaTbHBIX ey
CIYTHHKOBBIX CTAHIMIT

1. ABHALMOHHDIE / 3emau annaparbl
KOMILTEKCBI / 2. Kocmuueckue
JAMCTAHUHOHHOTO / emmTTI - anmaparbt
30HMPOBAHMSI / T MHOT'030HAILHOI
nyTn ; . 3-ii ypoBeHb AN

4 N
; -~ HazeMHbIC M BO3TyIIHBIE .
N
CHCTEeMBI THCTAHIHOHHOTO \

}
\
[l
7KeJIe3HOA0POKHOIO0 ITyTH, K ‘|
OCHALCHHBbIE anmnapar; 0¥l '.

1. PagnosiokanmoHHbIe
KOCMHU4YE€CKHE

CIIEKTPATLHON ChEMKH

.
JUCTAHUUOHHOIO 30HAMPOBAHUA . M
30HAMPOBAHUS HA JKeJIe3HOA0POKHOTO Iy TH N ‘\‘
NOABHKHBIX C NIPUBS3KOH JTAHHBIX oA
\ )
TPAHCHOPTHBIX e - Vo
- N o
cpeacTBax L . L 1. Myrebre
‘ ~ \
2-ii VpOBeHD . - Hnal'Hochf[‘le;l;llAe
£-M YDOBEHE .
v /" TlogBMKHbIE TPAHCHIOPTHBIE v L KOI?III?IJ;‘%CIS:&(JI >
1. TPV ',' ! ;' OGBEKTHI M MAUIMHBI st 327124 . I wap)
| ,
2. CueTeMbI 0y MOHHMTOPHHIA H COEPKAHUSI | 2. Myrenie

MAIIUHBI
U MeXaHU3MbI

TJIOHACC/GPS v / TJIOHACC/GPS 3. HoasukHoi
3. Cneunajibuble ] / el - cocras,
TeXHHYECKHe PeleH st ! ' Pt Tt i OCHALIEHHBIH
o I . . N
(AaTYMKH OTOJI3HEBOIH n L 1-ii ypoBeHb AN ™~ BBICOKOTOYHOM
4 COHN‘HMT“ " ap.) H ,- Kommiexc HHGpacTpyKTYpHBIX \\ '.;' CIYTHHKOBOM
- CHEUMATMSHPOBANHBIE | L TeXHHYECKHX PelleHuil . ! annaparypoi
as'romam;lg);]mﬂnnue [ Ha 0CHOBE CITyTHHKOBBIX N
cHeTeMsl (. -IT u ap.) vy TeXHOMOrHiA o
5. ABTOMaTH3aLUs \ [ Bepxnee crpoenue
\ <
HaTypm,ni 0CMOTpPOB < . nyTH
(KapMaHHBIIi KOMIObLIOTEP ¥
00X014MKa .
1
€ BIJICOPErHCTPATOPOM i 3
W IPUBSI3KOIE — eMJIsTHOE
k IJIOHACC/GPS)
OcHoBaHue —
30HA BJIMSIHHUS HA
reoJI0THYEeCKyI0
cpexy

Puc. 5. MogepHumusupoBaHHasi cucTemMa MOHUTOPUHIa NnyTu u npeaynpexaexsus YC.

MEHTOB, KaK CIYTHUKOBBIE CUCTEMBbI TU-
CTAaHIIMOHHOTO 30HIMPOBAHUS, BOSHUKAET
HEO0OXOAUMOCTh 3aMycka 3aKOHUYEHHOTO
TEXHOJOTUYECKOTO IMKJA, C 3aJaHHBIMU
mapamMeTpaM¥ U3MEpPeHU, TMKIUYHOCTH
¥ 4acTOTHI TTOJy4eHUsI MHMOpMAINK, CXe-
MaMU KOMMYHUKAIIMOHHOTO B3aUMOJIEICT-
BUS.

Kocmuueckue TexHOIOTMN 3apeKOMEH-
noBanu ce0st 9pPeKTUBHBIM MHCTPYMEHTOM
MOHUTOPUWHTA, B TIEPBYIO OUEPEIb IJIsT KPYyTI-
HBIX TEPPUTOPUATBHBIX OOBEKTOB U SIBJIC-
HUI, a TAKXKe NX KOMILJIEKCHOT'O B3aMOIE-
CTBUS C OKPYKalOLIel cpenoil Ha OOJbIINX
mpocTpaHcTBax. Mcxomst U3 3Toro, cieayet
OTMETUTh, YTO KOCMUUYECKNE CHUCTEMBbI HE
MOTYT CTOJIb ke 29((HEKTUBHO PEUIUTh BCEX
3a/1a4 MOHUTOPUHTA 00bEKTOB MH(MPACTPYK-
TYpBI TIPY OLIEHKE CUTYaIIUU Ha JIOKAJTIbHOM
o6bekTe. X mpuMeHeHue 1eaecooopasHo
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B paMKaX MacuITabHOTO M KOMILIEKCHOTO
MOHUTOPUHTA.

[pencrasnenHast KapTHA MOATBEPKIAET
Te3UC 0 HEOOXOIMMOCTH CO3IaHMs TTI00aTbHOMN
CHCTEMBI TIPEAYTIPEKICHNST U TIPEI0TBpAalle-
HUst YC ¢ TOMOIIBIO CPENICTB a39POKOCMUYEC-
KOTO MOHUTOPUHTA XeJIE3HOIOPOXKHOTO ITyTH
U TIPUJIETAIONINX TEPPUTOPUIA 15T OTCIIEKMBA-
HUS (paKTOPOB BOBHUKHOBEHUS TTPUPOTHO-
TEXHOT€HHBIX UpEe3BBIYATHBIX CUTYaruii [4, 5].

Takas nocTaHoOBKa 33124 TPEOYET €NUHO-
TO HayYHO-TEXHOJOTUYECKOTO MoIxo/a (3a1a-
ya MTHTEPOTIepabeTbHOCTH ) K BOTIPOCaM MOHU-
TOPUHTA TIOTEHIINAJTBHO OTIACHBIX YYaCTKOB
KeJIe3HOTOPOXXHOTO Tyt [6—10] 1 npexne
BCETO K KJTIOYEBBIM TEXHOJIOTMIECKIM TTPO0IIe-
MaM: YHU(PUKAIIUU METOI0B U3MEPEHUIA,
¢bopmam mpenocTtaBieHuss nHbOpPMALINHA,
HOPMAaTUBHBIM TPEOOBAHUSIM K TIOJTHOTE U TOU-
HOCTHU TaHHBIX (Tabumia 3).
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Puc. 6. Uepapxunyeckasi CTPyKTypa peluaeMbiXx 3a8a4 U NepcrneKTUBHOM TeXHOI0rnn MoHuTopuHra 4YC.

CymecTBymolas cucreMa nHGOpMaIm-
OHHO-TEXHOJIOTUYECKOTO O0ecTeuyeHms
MOHUTOPUHTA MyTHU U npeaynpexaeHus YC
BKJIIOYAET IBA YPOBHS: KOMIUIEKC JIOKAJb-
HBIX THOPACTPYKTYPHBIX TEXHUYECKUX pe-
IIEHUI (peTnepHbIe CeTH, MyTeBbIe M1a0I0-
HBI, TeOJIe3nUecKast anmaparypa u ap.) u TaK
Ha3bIBa€Mbl€ CPEJCTBA CIJIOIIHOTO KOHT-
posst (U3 KOTOPBIX BarOH-TTyTEU3MEPUTEIb
SIBJISIETCST HAaMOoJiee SIPKUM TIPEeICTaBUTEIeM
U OCYIIECTBISIET TIEPUOINYECKUE U3MEepe-

HUSI TEOMETPUUECKUX MAapaMeTPOB PEIbCO-
Boit kosen) [11, 12]. TTpu aTOM Bce ynmomu-
HaeMbIe CPEeICTBA IAIOT JUCKPETHYIO U pa3-
HOPOJHYIO KapTUHY, HE MO3BOJSIIONIYIO
B MPUHIIMIIE BBICTPAUBATH aJeKBATHYIO
MPOCTPAHCTBEHHYIO MOJEb COCTOSTHUS
JKeJIe3HOOPOXKHOTO MyTH (puc. 4).

J1st petiieHusI peICcTaBIeHHBIX TEXHOJIO-
TUYECKUX TTPO0IIeM XelaTeTbHO TPUMEeHEeHNE
CPE/ICTB II00ATbHOTO KOHTPOJISI — KOCMUYE-
CKUX, aBUAIIMOHHBIX M HA3eMHBIX IMCTAHIIN -
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OHHOTO 30HIMPOBAHUS C BHICOKOTOUHOM
npussizKoii anmaparypoit [JTOHACC/GPS
[12, 13]. UHTerpupys pe3yabTaThl UCCIEI0-
BaHW, MBI TIPEIJIOXWIA MOJEPHU3UPOBAH -
HYIO CTPYKTYPHYIO CXeMY CUCTEMBI MOHUTO-
pUMHTa MPOTSKEHHBIX AeopManuii xees3-
HOJIOPOKHOTO TYTH, MPeIycMaTPUBAIOIIYIO
YeThIpe OCHOBHBIX YPOBHS (puUcC. 5).

C omopoit Ha OCHOBHBIE METO/IbI OLIEHKH
onepatuBHoIi o6ctaHoBKU pu YC moctpoe-
Ha uepapxuueckas CTPYKTypa pelraeMbIX
3a/1a4 ¥ TIEPCIIeKTUBHOM TEXHOJIOTUY MOHM -
topunra YC (puc. 6).

Bo3HUKaOT 1 Ipyryue TeXHOJIOTUYEeCKUe
BO3MOXXHOCTH ISl OLIEHKH COCTOSTHUS Ty TH
u nipenynpexaeHus YC B koMIiekce ¢ 00b-
ekTaMu nHDpacTpykTypsl [14, 15]:

1. O1eHKa MpOCTPAHCTBEHHOTO ITOJIO-
KEHUS U TeOMETPUYECKUX MapaMeTpOB
JKEJIe3HOJOPOXHOTO MYTU B KOMILJIEKCE
C MCKYCCTBEHHBIMU COOPYXEHUSIMU B Ma-
KPOTEPPUTOPUATILHOM MacuiTabe (cMmelie-
HUe HachINeil, mpubJnxKXeHne/yaajieHue
NCCOwuT.a.).

2. AmanTUBHOE yIpaBJIeHne MOHUTOPUH-
TOM M TEKYIIUM OOCIYyXWBaHUEM TMYTHU
(ynpamjieHUE 4acTOTOM KOHTPOJIS TPYU MOHU-
TOPUHTE, MEHbIIIee BpeMsl ISl YCTPaHEHUS
nedexToB 3a cCUET MpSIMOU Tepenadyu co
CPENCTB KOHTPOJIST HA ITyTeBbIe MalIMHBI MH-
(opmaru, yrpaBieHre CKOPOCTHIO pabOThHI
ITyTEBBIX MAIIMH BO BPEMsI PEMOHTOB U T.1I.).

3. BoisiBiieHME 2MIUIIEHTPOB MOTEHIIN A b-
HO OMAaCHBIX SIBJICHUI Ha OOIBIINX TII0IIA-
JISIX, TIPWJIETAIONINX K JKeJIE3HOTOPOXKHOMY
nytu (obpa3zoBaHUEe BOAOEMOB, CKOPOCTh
pocTa 0BparoB B CTOPOHY Tpacchl, 00BOIHE -
HUe U 3a00J1auMBaHue MOYB U T.11.).
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AEROSPACE EMERGENCY MONITORING METHODS

Zheleznov, Maxim M., Russian University of Transport (MIIT), Moscow, Russia.
Ponomarev, Valentine M., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The article provides a comparative analysis of
natural and man-made factors that lead to the
occurrence of emergency situations on railway

transport. The issues of information and technological
support of monitoring and data collection about the
state of potentially dangerous sections of the railway
track using aerospace technologies are considered.

Keywords: aerospace monitoring, railway track, safety, emergency situations, control technologies.

Background. Ensuring stability of a transportation
process and prevention of emergency situations (ES)
isanurgenttask for rail transport. Innovative technical
solutions used for monitoring of long sections of the
railway track make it possible to achieve the maximum
integrated effect for train traffic safety and prevention
of ES.

The urgency of monitoring of a railway track,
potentially dangerous objects and phenomena on the
adjacent territories is determined by the need to
implement increased requirements for traffic safety
and, in particular, to geometric parameters of long-
distance track arrangements on the being constructed
and functioning heavy main lines, as well as prevention
of man-made disasters and large-scale negative
consequences of natural phenomena [1].

The occurrence of natural and man-made
emergencies on a railway transport is due to a number
of factors, the influence of which is increasingly
intensified with time. Most of the railways are builtand
operate in difficult climatic conditions (plains and
lowlands with a predominance of moistened soils).
The intensification of the transportation process and
the increase in axle loads led and lead to irreversible
physical and chemical processes in the roadbed,
which change the nature of the behavior of the railway
track and expand the risk zone.

Objective. The objective of the authors is to
consider aerospace emergency monitoring methods.

Methods. The authors use general scientific and
engineering methods, comparative analysis, scientific
description.

Results.

Need to control risks

Let’s consider the comparative characteristics of
emergencies in the territory of the Russian Federation
in 2015-2016, using the data of officially published
materials of the Ministry of Emergency Situations of
Russia (Table 1).

Based on the above data, it is quite natural to
determine the priority direction of the scientific and
technical activities of the Ministry of Emergencies of
Russia in 2017: «Scientific support for development
of a system for monitoring and forecasting of large-
scale emergencies and disaster risk reduction».
According to the statistics (Table 2), it follows that
the water risk factor prevails on the territory of
Russia.

Analysis of natural and man-made factors that
lead to emergencies on railway transport, however,
also suggests that the railway track itself is a serious
risk factor for an emergency situation — as an
anthropogenic part of the ecosystem that is torn away
[2]. And the more complex the climatic conditions are,
the stronger the nature struggles with the «virus» and
manifests its «immunity». The appearance of this
effect is explained simply: during construction and
operation of the track there is a disturbance of the

Table 1
ES by nature Number of ES Died Injured
and kind of sources
of occurrence 2016 2015 | % 2016 2015 2016 2015
Technogenic 177 179 -1,12 % 708 656 3970 1629
Natural 54 45 20,00 % 3 43 126465 18114
Biological-social 67 33 103,03% |75 0 503 1041
Total 298 257 15,95 % 786 699 130938 20784
/L Seizure of lands — allotment J\ Ecological pollution
Change of landscape of land for track and contamination
\r infrastructure ~‘/ of lands
p—  — p— —
Destruction Construction and operation Seizure of lands
of fertile soil, breach of a railway track and zure ¢
. . . from agricultural
of agriculturally used engineering structures
> and other use
lands (bridges, tunnels, etc.)
— — —  E— — ¥
Water and wind erosion /L VlOlathIl. qf hydrogeolpglcal J\ Flood, 1mp0unf1ment
\l_ conditions of terrain _‘/ and swamping

Pic. 1. Negative ecological consequences of construction and operation
of a railway track.
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Table 2

ES by nature and kind of sources Number of ES Died Injured
of occurrence
2016 2015 % 2016 2015 2016 2015
Earthquakes, volcanic eruption 0 0 0,00% |0 0 0 0
Dangerous geological phenomena 2 0 +2 0 0 0 0
Increased groundwater 0 3 -100,00 |0 0 0 1742
%
Storms, hurricanes, tornados, squalls, | 6 4 50,00% |0 1 383 1229
strong snowstorms
Heavy rain, heavy snow, large hail 21 11 90,91% |3 1 78818 8989
Snow avalanches 0 0 0,00 % 0 0 0 0
Frost, drought, dry winds, dust storms | 7 16 -56,25% |0 0 0 0
Marine hazardous hydrological 0 0 0,00 % 0 0 0 0
phenomena
Separation of coastal ice 1 0 +1 0 0 40 0
Dangerous hydrological phenomena | 15 4 275,00 % | 0 0 47224 0
Major natural fires 2 7 -71,43% |0 41 0 6154
/ PROCESSES \ / PHENOMENA \
e

4 . N
1. The activity of surface waters (seas,
lakes, rivers) and temporary flows

Washing and collapse of the

coasts (seas, lakes, rivers),

J

erosion of slopes

N

2. The activity of surface and

Swamping of territories,

groundwater
- J

subsidence, karst

( R
3. The activity of underground, surface

Landslides

waters on slopes

4. The activity of groundwater

Suffosia, quicksand

J

Frosty ground float, permafrost

6. Weathering

Collapses, screes

A\
[ 5. Freezing and thawing
[ 7. The internal forces of the Earth

Seismic phenomena

N/

8. Construction and [ cATALYST

operation of a INHIBITOR
railway track

K y

[ NE—

Underground (roadbed) and surface

Pic. 2. The main natural factors of the emergence of ES on railway transport.

natural environment [3], which can provoke and
aggravate natural emergencies (Pic. 1).

According to the classification [3] proposed by
F. P. Savarensky (1941) and I. V. Popov (1951), it is
possible to group and associate a number of
geological processes and physico-geological
phenomena, which give reason to consider them as
main causes of natural and technogenic emergencies
in railway transport (Pic. 2).

deformations (track superstructure)

It is obvious that the territory of the railway track
is subject to the negative impact of the entire known
spectrum of physical and geological phenomena
provoking the occurrence of emergency situations.
At the same time, one should note the prevailing
importance of a water impact factor on railway
infrastructure, in particular, the floods that have
become frequent in Russia, entailing serious material
losses and human casualties.
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Acrospace images of railway infrastructure
and potentially dangerous objects in a stable state

v

Final

Preparatory

Information system of acrospace monitoring
of potentially dangerous track sections

Preparatory

Images with the classification of damage
to infrastructure objects

Aerospace images of development of emergencies, the dynamics of changes
in potentially dangerous objects and their impact on railway infrastructure

Image of infrastructure objects in a state of readiness
for the season of passage of seasonal climatic phenomena

Pic. 3. Information system of aerospace monitoring.

Table 3

Key technological problems
of monitoring of a railway track

The main reasons for insufficient effectiveness
of monitoring of potentially hazardous areas
and implementing possible measures for traffic safety

Absence in the scales of the

network of integration of readings
of track-measuring and diagnostic
tools in a single coordinate system

gauge.

system.

» Impossibility of revealing a number of geometric parameters of the track
» High error in the coordinate binding of track defects in the coordinate
» Impossibility of maintaining a continuous «history of the state (disease)»

of each kilometer of the railway track with continuous updating of information
in a single global coordinate system.

Absence of a single system for
monitoring the compliance with
the design and passport data of the
railway track (including on large
extended sections)

lines.

» Impossibility to determine and control with the required accuracy of the
design parameters of the track on large extended sections, primarily high-speed

 Impossibility of monitoring of mutual influence when changing the state of
the railway track on other railway transport facilities and artificial structures
(primarily dimensions).

Absence of technologies for
comprehensive monitoring of

the railway track for monitoring
dangerous natural and man-made
disasters and emergencies.

« Impossibility of monitoring events on long areas adjacent to the railway track
(up to tens of kilometers of remoteness) and exerting direct influence on it
(landslides, avalanches, storms, etc.).

* Monitoring of potentially dangerous sections of the railway track is of a local
nature, the results are not integrated into the complex system.

Especially dangerous among the rapidly
developing emergency situations for the railway
infrastructure are seasonal and storm water.

To combat the possible negative consequences,
enormous material, technical and human resources
are attracted. Rational planning, distribution and
effective use of the existing potential allows to
reduce the damage caused to the railway
infrastructure, minimize the danger to people and
increase the economic efficiency of the activities
carried out.

Therefore, operational monitoring systems should
provide the regional infrastructure directorates and
line enterprises with the necessary information about
the state of the railway track and the adjacent territory,
as well as objects that pose a danger, regardless of
the degree of their remoteness from the right-of-way.

Combined technologies

The monitoring system at all stages should provide
information support for the decisions made and
provide data on changes in the state of the
infrastructure and potentially hazardous facilities. First
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ofall, those values that are critical for the safety of the
functioning of the railway transport.

Thatis, itis about the monitoring system assessing
deviations from certain reference values for a number
of certain criteria. In the presence of aerospace
control the reference values are the images of the
railway track (Pic. 3).

Moreover, when building monitoring on the basis
of such technological tools as satellite remote sensing
systems, it becomes necessary to run a complete
technological cycle, with the specified measurement
parameters, cyclicity and frequency of information
acquisition, communication interaction schemes.

Space technologies have proven to be an effective
monitoring tool, primarily for large territorial objects and
phenomena, as well as their integrated interaction with
the environment in large areas. Proceeding from this, it
should be noted that space systems can not as
effectively solve all tasks of monitoring infrastructure
objects when assessing the situation at a local facility.
Application of them is expedient nevertheless within the
framework of large-scale and complex monitoring.
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MAIN TECHNOLOGICAL PROBLEMS
1. Discreteness of the received information about the track
2. Relativity of measurements in mobile coordinate systems
3. Diversity of spatial information
4. Integrated estimation of the track state by summing up measurements of local defects
5. Control of the position of standards-working benchmarks is complicated and costly

1. Track-measuring cars
2. Track machines and

The means of automated 1
monitoring and maintenance |

2" Jevel
" Moblle transport objects and machines

- I . mechanisms receive incomplete i
L or monitoring tasks, railway trac information about the state !
B maintenance < I of the track and, 1
/ 1. Reference networks as a consequence, i
S 2. Special technical solutions thg mf‘p‘)SSlblhtY .
/ e T ~~< (sensors of landslide hazard, etc.) of achleymg th? pptlmal '
' LT 3. Specialized automated systems design position 1
' o B (ACS-P, etc.) and track state :
H 7 1 le_vel 4. Field inspections !
! K A complex of infrastructure e e e i .
: / technical solutions —_ i i 1
! /
\ ’ T b
‘\‘ :‘ < 7 Track superstructur I Infrastructural technical !
A 1 . solutions are of a local 1
SN ," I nature, have a low level y
N \\ — Roadbed + of information interaction .
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Pic. 4. The main technological problems of monitoring of the track and preventing emergencies.
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Pic. 5. Upgraded track monitoring and emergencies preventing system.
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Pic. 6. Hierarchical structure of the tasks to be solved and a promising technology for monitoring emergency
situations have been constructed.

The presented picture confirms the thesis about
the need to create a global system for preventing
emergencies by means of aerospace monitoring of
the railway track and adjacent territories to track the
factors of the occurrence of natural and man-made
emergencies [4, 5].

Such a statement of the problem requires a single
scientific and technological approach (the task of
interoperability) to the monitoring of potentially
hazardous sections of the railway track [6-10] and,
above all, to key technological problems: unification
of measurement methods, forms of information
provision, regulatory requirements for the
completeness and accuracy of data Table 3).
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The existing system of information and technological
support of track monitoring and emergency prevention
includes two levels: a set of local infrastructural technical
solutions (reference networks, track templates,
geodetic equipment, etc.) and so-called means of
continuous control (of which the track-measuring car is
the brightest representative and performs periodic
measurements of the geometric parameters ofthe track
gauge) [11, 12]. At the same time, all the mentioned
means give a discrete and heterogeneous picture that
does not allow in principle to build an adequate spatial
model of the state of the railway track (Pic. 4).

To solve the presented technological problems it
is desirable to use the means of global control -
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space, aviation and ground remote sensing with high-
precision binding by GLONASS / GPS equipment [12,
13]. Integrating the results of the research, we
proposed a modernized structural diagram of the
railway deformation monitoring system, which
includes four main levels (Pic. 5).

Based on the basic methods of assessing the
operational situation in the emergency, a hierarchical
structure of the tasks to be solved and a promising
technology for monitoring emergency situations have
been constructed (Pic. 6).

Conclusions.

There are other technological opportunities for
assessing the state of the track and preventing
emergencies in conjunction with infrastructure
objects [14, 15]:

1. Assessment of the spatial position and
geometric parameters of the railway track in
combination with artificial structures on a
macroterritorial scale (displacement of embankments,
approaching / removing the ISSS, etc.).

2. Adaptive management of monitoring and
routine maintenance of the track (management of
control frequency during monitoring, less time to
eliminate defects due to direct transmission of
information from control equipment to track machines,
control of the speed of work of track machines during
repairs, etc.).

3. Identification of epicenters of potentially
dangerous phenomena in large areas adjacent to the
railway track (formation of water bodies, speed of
ravine growth towards the track, watering and
swamping of soils, etc.).
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ABTOpPbI paccMaTpuBaloT BOMPOChHI,
cBsiI3aHHble C BbIOOPOM paLOHasIbHbIX
napamMmeTpoB BUOPO3aLLNTHbIX

KOHCTPYKUNI BEPXHErO CTPOEHUS

nyTu meTponosnteHa. lpuseaeHs!
pe3ynbTatsl OLLeHKN CrioCO60B NoBbILLEHUS
agpexkTnBHOCTN BUGPO3ALLNTHBIX CBOWCTB
6510k0B LVT-M. [ aHbl npeaioxeHus rno
CoBepLIEeHCTBOBaHUIO METOANKU TaKOW
oueHKU, KOTopasi AO/DKHA B 6osbLUe

Mepe y4ntbiBaTb gedopmMaLNnoOHHbIe
XapaKTepuUCTUKN NYyTU, KOHCTPYKLIMOHHbIE
0CO6EHHOCTY TOHHEJISI U APYIrUX COOPYXKEeHWNIi
B MeTpo30oHe. Ocobblii akyeHT caenaH

Ha BaXHOCTU NPUMEHEHUSI MaTePUasoB,
AUHaMUNYecKasi KeECTKOCTb KOTOPbIX
He3Ha4YUTesIbHO BbILLIE CTaTU4€CKOI

B Anana3oHe uccrienyemMsix 4yactor 2—63 I'y.

Kno4eBble cnoBa: BU6pO3aLumTa, BepxHee
CTpOEeHue MyTv, METPOINOJINTEH, XECTKOCTb
nytv, 9¢EeKTMBHOCTL BUOPOUIONSLINMN.

BEE3OINACHOCIB

PaLuoHanbHbI BbIOOP
napamMmeTpoB BUOPO3aLLUTDI
NnyTM MEeTponoJIuTeHa

Tumoe Eezenuii IOpvesun — kanouoam mexHu4eckux
Hayk, yuénvlil cekpemaps O06e0unéHH020 Y4EH02O
cosema OAO «PKI]», douenm kagedpst mocmos u
moHHenell Poccuiickoeo yHugepcumema mpancnopma
(MHUHT), Mockea, Poccus.

Xapumonoe Cepeeii Cepeeesuyn — acnupanm kageopbl
Mmocmos u monneneil Poccuiickoeo ynusepcumema
mpancnopma (MUHUT), Mockea, Poccus.

OBBIIIEHHbI YPOBEHb BUOpALIMA

BOJIM3M TOHHEJEe MeTpOonoJuTeHa

MEJIKOTO 3aJI0KEHUST — OJIHA U3 aKTy-
aJIbHBIX ITpo0sieM Meranonucos [ 1]. Haubonee
YacTo 3Ta yrpo3a BOZHUKAET JIJIsI XKWJIbIX 31a-
HUM, pacIoJIOKEHHbIX Ha PACCTOSIHUU MEHEe
40 MeTpOB 10 OCH TTOA3EMHOTO TOHHEIS.

OueBUIHO, YTO HA CTAIWUN MPOSKTUPOBA-
HUS Mbl 00J1a1aeM HaruboJsiee IUPOKUM CTIIEKT-
POM BO3MOXHOCTEH [J1sI pellieHus 3a1a4u 1o
CHUXKEHUIO YPOBHEN BUOpaLUil, 4eM MOCse
BBOJIa 00BEKTOB B 9KcIUTyaTaluio. [TpumeHe-
HUe BUOPO3AIUTHBIX KOHCTPYKLIUI B METPO
Y MOABUKHOI'O COCTaBa C MEHbBIIIUM IMHAMM -
YeCKUM BO3JEUCTBUEM HA MYTh 3HAYUTEIBHO
ObI 00JIErY IO XKU3Hb JIIOJSIM B paliOHE XUJI0H
3aCTPOMKU, KOTOpasl TITOTeeT K 00beKTaM
TMOA3EMHOM TPaCCHI.

OmHaKo 3a4acTyio MPoOJIeMy TTPUXOIUTCS
pelaTb BUOPO3AIUTHBIMU KOHCTPYKIUSIMU
HETOCPEACTBEHHO B MPOEKTax 3IaHU, a 9TO
MelllaeT TBOPYECTBY APXUTEKTOPOB U YBETUUM-
BA€T CTOMMOCTb CTPOUTELCTBA, XOTSI 9KOHOMU-
YecKH 0oJiee BBITOTHO MUHUMM3UPOBATH 3(D-
(EeKThI BUOPOAKYCTUUICCKOTO BIIMSIHUASI METPO-
MOJIMTEHA B CAMOM MCTOYHUKE BUOpaLIUiA.

B sTOM ciyyae, HCKYCCTBEHHO CHM3UB
YPOBHM BUOpaluii U 1IymMa, FeHepUPyeMbIX
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Puc. 1. Monywnanok LVT.

1oe3aaMyi METPOIIOJIUTEHA, 1JIsl TEPPUTOPUIA
BIOJIb TPACC MOXHO PaCLIMPUTh BO3MOXKHO-
CTH MX UCII0JIb30BaHMS B COOTBETCTBUHU C COB-
pEeMEeHHBIMU TPeOOBaHUSAMU Teppad(PHEeKTUB-
HocTH [2].

To ecTh IpU MPOYMX PaBHBIX YCIOBUSIX
6osiee 3PPEeKTUBHBIM CITOCOOOM pelleHUs
IOCTAaBJICHHON 3aa4y SIBJISIETCS M3O0JISILIMS
MCTOYHMKA BUOpanumii [8], ocobeHHO Ha cTa-
JIAK TIPOEKTUPOBAHUS METPOITOJIUTEHA, 103~
BOJISIOIIAS YUTH OT HEOOXOAUMOCTH B OyIy-
ILIEM MCKATh CJIOXHbIE TEXHUUECKME BapUaH-
TBI 110 OOpHOE ¢ TPAHCITOPTHLIMU BUOpAIIMSI-
MH.

Hapmo 3aMeTuTh, YTO CTOMMOCTbH COOPY-
JKEHUST BUOPO3allMTHOI KOHCTPYKLIMUI BEPX -
HEro CTPOEHUs IyTU METPOIIOJIMTEHA BhIILIE
CTOMMOCTHU COOPYKEHHUSI TUIIOBOI KOHCTPYK-
uu. OIHAKO UCITOJIb30BaHMe BUOPO3aIIUThHI
CIIOCOOCTBYET YMEHBIIEHUIO DKCIUTyaTalll-
OHHBIX 3aTpPaT, 0 YEM CBUIACTCIHCTBYET IIPH-
MEHEHME B KOHCTPYKLMSIX BUOPOTACSIIUX
PeJIbCOBBIX CKPEIUICHUI, MoaA0aIacTHBIX
MatoB, 610koB LVT u npyrux cpencts. Kpo-
Me€ TOr0, Y FOpOJia CyIIeCTBYET BOBMOXKHOCTD
KOMIIEHCUPOBATh KalluTaJlbHbIE 3aTPaThl Ha
BUOPO3AIIUTY COOPYKEHUI METPOIIOJIUTEHA
MOCPEACTBOM BHECEHUSI B CTOMMOCTD 3€MJIN
BOJIM3M MEPErOHHBIX TOHHEIEH pa3HUIIbI
3aTpaT Ha CTAHIAPTHYIO KOHCTPYKIIMIO BEPX-
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HEro CTPOeHUs MyTU W BUOPO3AIMUTHYIO
¢ yu4€ToM OoJblleil KOMMPOPTHOCTU TaKoO
3eMJIU JUJIST 3aCTPOUKH.

Ceifuac, Korja 30Ha IMOKPHITUS METPO
MEJIKOTO 3aJIOXKEeHUsI, a BMECTe C Hell M 30Ha
TTOBBIIIIEHHBIX BUOpAIIMii CTPEMUTETHLHO pa3-
pacTaioTcsl U eCTh BO3MOXHOCTh 3apaHee
MTOATOTOBUTH TEPPUTOPHIO OJIN3 METPOITOTH -
TeHa ST OyayIeil 3acCTpOMKHM, LeIeco00-
pa3HO paCIIMPUTH MOJUTOH TTPUMEHEHUS
BUOPO3aIIUTHBIX KOHCTPYKIIUI BEPXHETO
CTPOCHMUS TYTH.

CylecTByeT 00JIbIIOE KOJIMUECTBO BUOPO-
3aIIUTHBIX CPEICTB, OTBEYAIOIINX COBPEMEH-
HBIM TpeOOBaHUAM. B yacTHOCTH, UCTIONIB3Y-
FOTCSI TAKME TEXHOJIOTMY OOPHOBI C IIOBBIIICH-
HBIM YPOBHEM BUOpaluii, KaK YCTPOMCTBO
BUOPO3aIIUTHBIX ITOAPETHCOBBIX POKJIAIOK,
BUOPO3AIUTHBIX TIJTUT, MATOB M CUCTEM, CO-
CTOSILIMX U3 HECKOJIbKUX 3JIEMEHTOB |[3].

Kaxmoe cpeacTBo BUOPO3AIIUTBI UMEET
CBOIO 30HY TOJIOXKUTETHbHOM 3(D(EeKTUBHOCTH
(MHTEpBaJ 4YacToT KoJiebaHUil, B KOTOPOM
BUOpO3aIInTa MMOHUXKAeT YPOBEHb Kojeba-
HUI1) ¥ 30HY OTpULIATETbHOMN 3(P(PEKTUBHOCTHU
(MHTEpBaN 4acToOT, KOTja BUOPO3aIlIKnTa I0-
BBIIIIAET YPOBEHD KOJICOAHWIT MJIU HE MEHSIET
ero) [9]. Hanuuyue 30HBI OTpULIATEIbHOMI
93¢ (HEKTUBHOCTH CBSI3aHO C pe30HAHCHBIMU
SIBJICHUSIMY, BOBHUKAIONIMMU TIPU COBIAJIe-
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Bnok LVT

Yexon 6noka LVT

M3meHeHue
- nnowaan onMpaHus bnoka
- Maccbl 6510ka

- XXECTKOCTH BM6p0I'aCf-II.I.I,EI'O yexa

Ynpyrasa nogknagka

MN3meHeHue
- TONALWMHBI
- XXECTKOCTW NoAKnanKku

Puc. 2. UameHsiembie noa yc/10BUsl MPOEKTa 371eMeHTbl cuctemsbi LVT.

HUM 9aCTOTHI KOJeOaHUI BBIHYXIAIOIIeH
CWJIBI 1 COOCTBEHHOM 4acTOThI KOJeOaHWi
BMOPO3alIUTHBIX CPEICTB.

[Ipu 3TOM BaXXHO yMETbh aganTUPOBaTh
XapaKTePUCTUKU CPEICTB BUOPO3AIIUTHI JIJIsT
3 (HEKTUBHOI pabOTHI B KAXKIOM U3 CJIydyaeB.

OnHOI1 13 BUOPO3AIIUTHBIX CUCTEM, TO-
3BOJISIOIIMX B TOCTATOYHO IITMPOKOM UHTEP-
BaJie MEHSITh U MOJCTPanBaTh MOJ KaXKIbIi
OTHEJbHBIN Cay4yail CBOM XapaKTEPUCTUKH,
SIBJISIETCST BEpXHEe CTpoeHue myTu Tumna LVT
(Low Vibration Track) [4, 6]. DTa cuctema
MMeeT OOJIbIINE TTEPCIIEKTUBBI B OTEYeCTBEH-
HOM METPOCTPOCHUM, IIPOIiIsI TIPOBEPKY Ha
JKeJIe3HbIX joporax Poccuu (mepBblii y9acTOK
¢ nmpuMeHeHueM TexHosorun LVT oTKpsIT
B 2011 rony), oHa ananTUpoBaHa K YCJIOBUSIM
METPOIIOJIUTeHA U YK€ MPUMEHSIETCs Ha He-
CKOJIbKMX yyacTkax B Mockse u [TetepOypre.

LVT — Ge3bannactHas TEXHOJOTUs YK~
KU IIYTH, TIPEICTABIISIONIAsT COOO TOJTyIIITaI-
KU, VJIOXEHHBIC B CIIeIMaIbHble BUOpOracs-
1€ YeXJIbl ¥ 3aMOHOJIMYEHHbIC B OETOHHOE
ocHoBaHue (puc. 1).

[To maHHBIM, MpEACTaBIEHHBIM MOCKOB-
CKHUM METPOIOJUTEHOM [7], CpOK CIIy>KObI
LVT-niyTeit 1o KanuTaJbHOTO PEMOHTA JIOJI-
JKeH cocTaBuTh 40 JIeT, B TO BpeMsI KaK MX
cozpepxaHue ooboinércst Ha 20 % neniesie Mo
CpPaBHEHMIO C 00CTYKMBAaHUEM CTaHIAPTHBIX
KOHCTPYKIIMI, YTO JIeJaeT 3Ty CUCTEMY BbI-
TOJHOM C TOUYKHU 3pEHUS CTOMMOCTH XXKM3HEH-
HOTO IIMKJIA.
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ABTOpaMHM MPOAHATM3MPOBAHBI BO3ZMOX-
HbIE ClIy4au AMHAMUKK TlapameTpoB LVT Ha
npumMepe 6J0koB LVT-M (Moaudukaums mis
METPOMOJIUTEHA) C LEeJbI0 YCTAHOBIEHUS
napaMmeTpoB, Hanobosee 3¢ GHEKTUBHBIX OTHO-
CHUTEJIbHO BIUSIHUS UX U3MEHEHUST Ha U3Me-
HEeHUe COOCTBEHHOM 4acTOTHI KOJeOaHWiA
0JI0Ka 1 ITPOCTOTHI KOPPEKITUHU ITUX IapaMeT-
poB. Pacuér npeamnonaran v ycTaHOBJICHUE
CIOCOOHOCTH K YIpaBieHUI0 3PHEeKTUBHO-
CThI0O BMOPO3AIIUTHI IS BCeX OJIOKOB THUIIA
LVT.

Ha puc. 2 npeacraBieHbl paccMaTpUBae-
Mbl€ BapMaHThl U3BMEHEHUSI ITapaMeTPOB BUO-
PO3AIIUTHI U 3JIEMEHTHI KOHCTPYKIIUM, KOTO-
pbIe OHU XapaKTePU3YIOT.

[1aBHBIMU XapaKTepUCTMKAMU JUJIST TTOM-
0opa KOHCTPYKIIMU 3JIEMEHTa BUOPO3AIIUThHI
C TOYKU 3pEHUS ero peakliy Ha JMHAMUYe-
CKUe BO3IEHCTBUS SBJISIIOTCSI Macca U IMHa-
MUYecKast KECTKOCTS [5], TOCKOJIbKY UMEHHO
OHM OMIPEICIISIIOT COOCTBEHHYIO YaCTOTY KO-
JiebaHuit (f) BUOPO3aIIUTHI:

1 /)K
f_ﬂ. ﬁa

rae K — XEcTKOCTh cucTteMbl; M — Macca
CUCTEMBI.

N3mMeHeHUs XKECTKOCTU BUOPO3AIIUTHI
6okoB Tina LVT MoXHO 7oOUTHCS IIPU 10~
MOIIM M3MEHEHUsI CBoiicTB MaTepuaia (E —
MOJyJib YIPYrOCTH) U reomerpuu (S, h)
YIIpYro¥ MOAKIAAKHU Mo 6JIOKOM:

I
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2 deKkTnBHOCTL, AB

YacroTa, Ny

Puc. 3. UameHsiembie nog yciioBus MPOeKTa 371eMeHTbl cuctemsi LVT:

1 — 6a3oBble napameTpsbl 6/10ka, NPUHSATbIE K PAaCYETY; 2 —

N3MeHEeHbI TOJILNHA U XXKECTKOCTb Yrpyroii nogknaaki

6n0ka LVT (Tonwuna yeennyeHa Ha 25 %, XECTKOCTb yMeHbLUeHa Ha 25 %); 3 — macca 6s10ka LVT ysennyeHa
Ha 25 %; 4 — nnowaap onupaHus 610ka yBenndeHa Ha 25 %.

0,25 2)

ES
XK =—"e, 3
p (3)

rz1e S, — OropHas IUIOILAlb YIIPYTOro 2JIEMeH-
Ta CO CTOPOHBI pudJel (Ipu UX HAIUIUN);
G — monyinb caBura; U — KoadbouieHT Iy-
accoHa; K, — xoadduumrent popmsl ynpyro-
TO BJIEMEHTA.

Omnepupysl 3STUMHU MapamMeTpaMu, MOXKHO
JTOOUTHCS ONTUMAIbHON 3(PGHEKTUBHOCTU
MPUMEHMUTETbHO K KOHKPETHOMY CTyJalo, Tak
KaK cOOCTBEHHas YacToTa KoyiebaHuit BUOPO-
3alUTHI U €€ TTapaMeTPhl pacCeUBaHUS IHEP-
TUU KOJICOAHUI MOJHOCTBIO OMpPEnesioT
nepegaToYHy (PYHKIIMIO BUOPO3alIUThI
(xapakTepMCTUKY U3MEHEHMS yPOBHS BUOpa-
111 B CUCTEME C BUOPO3AIUTON OTHOCUTETb-
HO CHCTEeMBbI 0e3 He€):

1+(2.k3i.fj2 2
w=20-log,, S +[2.k""fJ , @

22 10
- £
fo
e w — riepegaToyHast yHKIMsL; K, — JAeMII-
buposaHue; f, — COOCTBEHHAsI YacTOTa KOJie-
0aHMil cUCTEeMBI; f — JacToTa KoJieOaHUA
BBIHY>KIAIOIIEH CUJTBI.

MoXHO paccMaTpuBaTh U3BMEHEHUE Mac-
cbl 6moka LVT (3a cu€r mpuMeHeHUs pas3-
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JIMYHBIX TUTIOB OETOHA), U3MEHEHUE Teo-
MeTpuu 6yi0ka (yBeIMUYeHUE OMOPHON
wromaaku 6jmoka LVT), naMeHeHne Mate-
puaia ynpyroi moakJiagkud 0Joka U u3Me-
HEHWE TOJIIWHBI yIIPYToil MOoAKIIanKu 0J10-
ka. Ha puc. 3 mokaszaHsl kpuBbie 9 HeKTUB-
HOCTU BUOPO3AIMUTH W MO OTHOIIEHUIO
K TUTIOBOW KOHCTPYKIIUY TTyTH.

W3 ananu3a nmpeacTaBieHHBIX TUaTPaMM
BUIHO, YTO KpUBBIe 3 (HEKTUBHOCTU OTIIM -
YaIOTCS TPU IPUMEHEHUN PA3TIUUYHBIX KOH-
CTPYKIIMi1 BUOPO3AIIUTHI HE TOJBKO YMEHbB-
IIEeHVWEM UJIM yBeJIWYEHUEM YPOBHS BUOpa-
1WA, HO ¥ YaCTOTaMU, Ha KOTOPBIX MPOSIB-
JISTIOTCS TUKOBbIE 3HaYeHUST 3(PHEKTUBHOCTH
BUOPO3AIUTHI.

Crenyet 0OpaTUTh BHUMAHME U HAa COCTaB
YacTOT, B KOTOPbIX 3hheKTUBHA NN Hed(D-
(exTuBHA BUOpO3aIINTa, BEAh MIPEICTABIISI-
€TCs1 BO3MOXHBIM YJYUYILINUTh €€ paboTy He 3a
CYET YBEJIMYEHUSI MTMKOBOTO 3HAUYCHUs -
(GEeKTUBHOCTH, a 3a CUET «CABHUTa» KPUBOM
3 GHEKTUBHOCTH BUOPO3AIIUTHI IO TOPU30H-
tanu. [ToaToMy BakeH pallMOHATbHBINM,
000CHOBaHHbI MOAOOP MapaMeTpOB BUOPO-
3aIUTHBIX CPEICTB B KAXKIOM CIIydae.

Haub6onee acddekTuBHBIM 10 pe3ynbra-
TaM MPOBEAEHHBIX PACYETOB IMOKA3aIu ce0s
U3MEHEHWsT MaTepuala W TOJIIUHBI MOJ-
KJTaIKH.

OpureHTUpYsICh HA XapaKTepPUCTUKN Ma-
tepuana Sylomer, mpoBeagH pacyeT ¢ u3me-
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HEeHMeM MaTepuaia Buopo3aimuTsl. Komnye-
CTBEHHBIC 3HAYCHMS HE IPUBOISITCS, Ha 9TOM
9Tare UCIoJjb3yeTcs OlleHKa, MTO3BOJISIOIIast
y4ecThb CTeIIeHb pa3HOOOpa3usl CBOMCTB Cy-
IIECTBYIOIINX MaTeprajioB. Tak, st THTIOBOM
JIMHEWKN MaTepuraia Sylomer, ipeacraBiieH-
HOIi Ha caiiTe TPOU3BOIUTENST, MOJYJIb CITIBU-
ra MmeHsieTcs B mpeneiax ot 0,03 1o 0,9 (8 30
pa3). IIponmopuuonansHo G m3MmeHurcst E
(2), acootrBercTBeHHO U K (3), ompenensito-
11ast COOCTBEHHYIO YaCTOTY KOJIeOaHMIA.

B xome onepaiuii MaKCUMyMBbI OTpHUIIa-
TEJIbHOW M TOJOXUTEIbHON 3(DHEeKTUBHO-
CTHM BUOPO3AIIUTHl U3MEHUJIKNCH BCETO JIUIIb
Ha4 n1b u 1 1b cOOTBETCTBEHHO, MAKCUMYM
TOJIOKUTEbHON 3 (HEKTUBHOCTU YBEIU-
ywicd Ha 3 nb. Ha puc. 3 Takxke BUIHO, YTO
B obsacTu yactoT Boie 25 I apdekTuB-
HOCTh BMOPO3alIMTH BO3pOCia Ha BCEM
OTpe3Ke pacCMaTPUBAaEMBbIX YaCTOT.

OueBUIHBIM SIBJISICTCS TO, YTO YMEHBIIIE-
HHUe XECTKOCTU BUOPO3AIIUTHON CUCTEMBI,
BCJIEJICTBHME YETo TTOHMXKAETCsl COOCTBEHHAS
JacToTa €€ KoJIEOaHUI 1 OTIaIIEeTCS OT Yyac-
TOT BBIHYKIAIOIICH KOJIEOAHUST CUJIBI, TIPU-
BEeIET K yBeTMYEeHUIO 3((HEKTUBHOCTU BHUO-
PO3aIIUTHI.

OnHaKO CTOUT OTMETHUTD, YTO YMEHBIIIe-
HHE XECTKOCTU M YBEIMUEHUE TOJIIUHEI
MmoAKIanKu moxa 6aokoM LVT yBennuuBaer
nedopmalyio myTH, 1 U3JINITHee HEOOOCHO -
BaHHOE MU3MEHEHUE ITUX ITapaMeTPOB MOXKET
YXYIIIUTh YIUTBIBAEMBIC ITOKA3aTEIIH.

IMTouepkHeM: MPOBOAUMBII pacy€T Cly-
JKUT TOJBKO IS OLIEHKM XapaKTepa M3Me-
HeHUi 3(P(HEKTUBHOCTU BUOPO3AIIUTHOM
KOHCTPYKIMH BEPXHETO CTPOCHUS MYTH
METPOIIOJIMTEHA U HE COTJIaCYETCS C IIPOYM -
MU 3KCIUTyaTallMOHHBIMY XapaKTepUCTHKa-
MU TIyTU (DOMYCTUM MpeacTaBICHHOE
YMCHBIIEHNE XECTKOCTU TMOAKIAIKN WITN
yBeJIM4YeHUEe e€ TOIIIMHBI MOXET MPUBECTHU
K HapyIIeHUIO HOPM AedOpMaTUBHOCTH
MyTH).

BblBOAbI

Hcxons u3 aHaiu3a BapMaHTOB pallyio-
HaJbHOTO BbIOOpA MapaMeTpoB BUOpO3a-
LIIUTHOM KOHCTPYKILIMK ITyTU METPOIIOJIUTE-

Ha, Liejecoodpa3Ho pa3paboTaTh KpUTepUn
n opMasn30BaTh METOAMKY BbIOOpa HaM-
0oJjiee MPUOIMKEHHBIX K CYIIECTBYIOIIUM
TpeOOBaHMUSIM TIapaMETPOB W BHIITOJHUTH
KOJTMYEeCTBEHHBIE OLEHKU IS YCIOBUU
KOHKPETHBIX ITIPOEKTOB.

HTorom nomKHa cTaTh METOIMKA, TTIO3BO-
JISTI01ast Y9eCTh He TOJTbKO HEOOXOIMMOCTh
YMEHBIIUTH YPOBEHb BUOpAIIMI B TUATIa30-
HE 4acTOT, XapaKTEPHOM JIJIsI PEJIbCOBOTO
TpaHCIOPTa, HO M YYUTHIBATH JAeopmMaliu-
OHHBIE XapaKTEPUCTUKU ITyTH, OCOOEHHOCTHU
KOHCTPYKIIUW TOHHESI U KOHCTPYKIIUI
3alIUIIAEMBIX 3JaHUU U COOPYXEHUH, pac-
MMOJIOKEHHBIX B 30HE BO3JIEWCTBUS BUOpa-
LU,
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RATIONAL CHOICE OF VIBRATION PROTECTION PARAMETERS

OF THE METRO TRACK

Titov, Evgeny Yu., JSC Russian Railways, Russian University of Transport (MIIT), Moscow, Russia.
Kharitonov, Sergey S., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

In the article the questions connected with the
choice of rational parameters of the vibration
protection structures of the metro track
superstructure are considered. Results of an
assessment of ways to increase the efficiency of
vibroprotective properties of blocks LVT-M are
given. Proposals are made to improve the

methodology for such an assessment, which
should take into greater account the deformation
characteristics of the track, the structural features
of the tunnel and other structures in the metro
zone. Particular emphasis is placed on the
importance of using materials which dynamic
stiffness is slightly higher than the static in the
range of the studied frequencies of 2—-63 Hz.

Keywords: vibration protection, track superstructure, metro, track stiffness, vibration isolation efficiency.

Background. An increased level of vibrations
near the shallow tunnels of metro is one of the urgent
problems of megacities [1]. Most often this threat
arises for residential buildings located at a distance
of less than 40 meters to the axis of the underground
tunnel.

It is obvious that at the design stage we have the
widest range of possibilities for solving the task of
reducing vibration levels than after putting objects
into operation, and the use of vibration protection
structures in the metro and rolling stock with less
dynamic impact on the track would significantly
facilitate the life of people in the residential area,
which gravitates towards the objects of the
underground road.

However, it is often necessary to solve the
problem with vibration protection designs directly to
building projects, and this interferes with the creativity
of architects and increases the cost of construction,
although it is economically more advantageous to
minimize the effects of the vibro-acoustic influence
of metro directly in the source of vibrations.

In this case, artificially reducing the levels of
vibrations and noise generated by metro trains, for
territories along the routes, it is possible to expand
the possibilities of their use in accordance with
modern requirements of terraefficiency [2].

Thatis, other things being equal, a more effective
way to solve the task is to isolate the source of vibration
[8], especially at the design stage of metro, which
makes it possible to avoid the need in the future to
search for complex technical options to combat
transport vibrations.

Objective. The objective of the authors is to
consider the issues of rational choice of vibration
protection parameters of the metro track.

Methods. The authors use general scientific
methods, comparative analysis, scientific description.

Results. I/t should be noted that the cost of
constructing a vibration-proof structure of the metro
track superstructure is higher than the cost of
constructing a standard structure. However, the use
of vibration protection contributes to a reduction in
operating costs, as evidenced by the use of vibration-
proof rail fasteners, sub-ballast mats, LVT blocks and
other means in the structures. In addition, the city has
the opportunity to compensate for capital costs for
the vibration protection of metro facilities by adding
to the cost of land near the running tunnels the
difference in costs for a standard design of the track
superstructure and vibration-proof, taking into
account the greater comfort of such land for
development.
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Now, when the coverage are of subsurface metro,
and with it the zone of high vibrations is rapidly
expanding and itis possible to prepare the territory in
advance for the future development, itis advisable to
expand the range of application of vibration protection
structures of the track superstructure.

There is a large number of vibration protection
means that meet modern requirements. In particular,
such technologies are used to combat the increased
level of vibration, such as the arrangement of
vibration-proof rail pads vibro-protection plates, mats
and systems consisting of several elements [3].

Each means of vibration protection has its own
zone of positive efficiency [9] (the interval of vibration
frequencies in which vibration protection lowers the
level of oscillations) and the zone of negative
efficiency (the interval of frequencies when vibration
protection increases the level of vibration or does not
change it). The presence of a zone of negative
efficiency is associated with resonant phenomena that
arise when the frequency of the oscillating force and
the natural vibration frequency of the vibration
protection means coincide.

Atthe same time, itisimportant to be able to adapt
the characteristics of the vibration protection means
for effective operation in each case.

One of the vibration protection systems that allow
varying and adjusting their characteristics in a fairly
wide range is the track superstructure of LVT type
(Low Vibration Track) [4, 6]. This system has great
prospects in the domestic metro construction, having
been tested on the railways of Russia (the first section
with the use of LVT technology was opened in 2011);
it is adapted to the conditions of the metro and is
already being applied on several sections in Moscow
and St. Petersburg.

LVT is a ballastless technology of laying a track,
composed of half ties, laid in special vibration-proof
covers and embedded in the concrete base (Pic. 1).

According to data provided by Moscow Metro [7],
the term of service of LVT-tracks before overhaul
should reach 40 years, while maintenance will cost
20 % less in comparison with service of standard
designs, which makes this system competitive in
terms of life cycle cost.

The authors analyzed the possible cases of the
dynamics parameters of LVT using the example of
LVT-M blocks (modification for metro) to determine
the parameters that are most effective with respect
to the influence of their changes on change of
natural frequency oscillation of the block, and ease
adjustment of these parameters. The calculation
assumed the establishment of the ability to control
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LVT block

@

Cover of LVT block

S

Elastic pad

S

Change of:

- bearing area of a block,
- mass of a block,
- stiffness of a vibration-absorbing over.

Change of:
- thickness,
- stiffness of a pad.

Pic. 1. Half tie.

the effectiveness of vibration protection for all
blocks of LVT type.

Pic. 2 presents the considered options for
changing the parameters of vibration protection and
the element of the structure that they characterize.

The main characteristics for selecting the design
of the vibration protection element from the point of
view of its response to dynamic effects are mass and
dynamic stiffness [5], since they determine the natural
vibration frequency (f) of vibration protection:

1 S

where S - stiffness of the system; M — mass of the
system.

Variations in stiffness of the vibration protection
of LVT-type blocks can be achieved by changing the
material properties (E — modulus of elasticity) and the
geometry (S, h) of the elastic pad under the block:

26(1+ @)K
E="— "1
0,25 &

(3)

where S - reference are of an elastic element from
the side of the riffles (if any); G — shear modulus;

Pic. 2. The elements of the LVT system

that can be changed under the terms of the project.

u - Poisson ratio; K, — coefficient of form of the elastic
element.

Using these parameters, it is possible to achieve
optimal efficiency in relation to a particular case, since
the natural oscillation frequency of vibration protection
and its vibration energy dissipation parameters
completely determine the vibration protection transfer
function (characteristic of the vibration level change
in the system with vibration protection with respect to
the system without it):

w=20-log,,

(4)

1+[72.k”'.f) 2
o
[f] i
h

where w — transfer function; k ,— damping; f, — natural
oscillation frequency of the system; f — oscillation
frequency of the driving force.

The article considers the change in the weight
of the LVT block (due to the use of various types of
concrete), the change in the block geometry
(an increase in the LVT block support point), the
change in the material of the elastic pad of the
block, and the change in the thickness of the elastic
pad of the block. Pic. 3 shows the vibration

Efficiency, dB

frequency, Hz

Pic. 3. Elements of the LVT system that can be changed under the project conditions:
1 - basic block parameters accepted for calculation; 2 — the thickness and stiffness of the elastic pad of the
LVT block were changed (the thickness was increased by 25 %, the stiffness was reduced by 25 %); 3 — weight
of the LVT block is increased by 25 %: 4 — the block support area is increased by 25 %.
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efficiency curves w with respect to the typical track
design.

As follows from the analysis of the given diagrams,
efficiency curves differ when applying different
vibration protection designs not only in reduction or
increase in the vibration level, but also in frequencies,
on which peak values of vibration protection efficiency
emerge.

Itis necessary also to pay attention to the content
of frequencies, in which vibration protection is efficient
or non-efficient, since it seems possible to improve
its work not at the expense of increase of peak value
of efficiency, but due to «shift» of efficiency curve of
vibration protection horizontally. Therefore rational,
sound selection of parameters of vibration protection
means in each particular case is important.

According to the calculations, change of material
and thickness of a pad is the most efficient.

Focusing on the characteristics of the material
Sylomer, the calculation with the change of material
of vibration protection was conducted. Quantitative
values are not provided, at this stage an assessment
is used, which allows to take into account the degree
of variety of properties of existing materials. Thus, for
a typical series of the material Sylomer, presented on
the website of the manufacturer, shift modulus
changes within the range from 0,03 to 0,9 (30 times).
In proportion to G E (2) will change and,
correspondingly, S(3), determining natural oscillation
frequency.

In course of the operations the maximums of
negative and positive efficiency of vibration protection
changes only by 4 dB and 1 dB, respectively, the
maximum of positive efficiency increased by 3 dB. It
is seen on Pic.3 also that in the frequency range over
25 Hz efficiency of vibration protection increased on
the entire section of the considered frequencies.

It is obvious that the reduction of stiffness of
vibration protection system, as a result of which
natural oscillation frequency decreases and moves
away from the oscillation driving force, will lead to
increase in vibration protection efficiency.

However it should be noted that reduction of
stiffness and increase in the thickness of the pad
under LVT block increases the track deformation and
unnecessary ungrounded change ofthese parameters
can worsen the accountable indicators.

Let’s stress: the conducted calculation serves
only for the purpose of assessment of the nature of
changes of efficiency of vibration protection
construction of the metro track superstructure and is
not consistent with other operational characteristics
of the track (suppose the given reduction of stiffness
of the pad or increase of its thickness can lead to
violations of the norms of track deformability).

Conclusions. Proceeding from the analysis of
options of rational choice of parameters of vibration
protection structure of the metro track, itis expedient
to develop criteria and formalize the methodology of
the choice of the parameters, the closest to the
existing requirements, and conduct quantitive
assessment for the conditions of certain projects.

The outcome should be the method, which allows
to take into account not only the need to reduce the
vibration level in the frequency range, which is
characteristic of the rail transport, but also to take into
account deformative characteristics of the track,
features of the tunnel design and the design of the
protected buildings and structures, located in the
zone of vibration influence.
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ASPO®DJIOT B TOM-20 KPYNMHEULLUNX
ABUAKOMIMAHUUN MUPA

AspoduioT TOCTHT BaXKHEMIIIEr0 CTPaTern-
YeCKoro pyoexa W o(HMIHAIbHO BEPHYICS
B II00AJBHYIO 3JUTY IPAKIAHCKOH ABHAIMH.
ITo manHbIM aBHANMOHHOTO M3AaHUsA Airline
Business, 01HOro u3 camMbIX BJIMSITEIbHBIX B MH-
pe, Ipynna «Aspodaor» mo uroram 2016 rona
BbINLIA HA 18-e MecTO MO Macca;KupPONmoOTOKY
cpeay aBUanepeBO3YUKOB BCETo MUPA.

Kpowme Toro, rpynmna 3aHsiia 20-e MecTo
B OOIIIEMHPOBOM CITHCKE IO BBITTOJTHEHHOMY
accaknpooOOpOTY.

Takum o6pazoM, A3podIoT CO 3HAUUTENb-
HBIM OTIepeXCHUEM BHITIOJHII KIIOUEBYIO
3amavyy cBoel crpateruu passutusi go 2025
roga — BoiiTu B ToI-20 IJ100aJIbHBIX aBUAAIIE-
PEBO3YMKOB IT0 KOJUYECTBY MEPEBE3EHHBIX
maccaxKrupoB.

[ly6nukyst 3T HaHHBIE, aBTOPUTETHOE
MU3IaHKe MOTYEPKUBAET UX IMPOPBIBHbIIN XapaK-
Tep W 3HAUYUTEJIbHOE YJIYUIIEHUE COCTOSTHUS
pocCcUiicKOro pbhlHKa aBuarnepeBo3ok. Kak
otMmeyvaeT Airline Business, «poccuiickue me-
PEBO3YMKH ITPOIEMOHCTPUPOBAIIH OJIeCTsIIIee
BO3BpalleHNE K IPUOBUTBHOCTH TTOCIIE yaapa,
HaHECEHHOTO KOJIEOaHUSIMU BATFOTHOTO Kypca

U TEOTOJIUTUUYECCKUMU BBI30BaMM». SIpKuM
TIPUMEPOM STOTO Pa3BOPOTa Ha3BaH A3podiIoT,
KOTOpBIi1 1ToKa3aj B 2016 romy cylIeCTBEHHYIO
YHCTYIO PUOBLIB ITOCTIe YOBITKA TOJOM paHee.

B 1ienoMm B Mupe KOJIMYECTBO IepeBe-
3€HHBIX aBHaIaccaxxnupoB Bo3pocyo B 2016
roy MPUMEPHO Ha 6 % M COCTABHMIIO OKOJIO
3,4 MJapAa 4yedoBeK, cooOlIaeT u3gaHue.
Ipynna «AspodioT» mpoaeMOHCTpUpOBaa
poct Ha 10,3 %, T.e. HapalMBaa Maccaxxu-
pOTOTOK TeMIIaMM TMOYTH BIBOE BEIIIE
00IIEMUPOBBIX.

«CeromHsT MBI IMEEM BO3MOXKHOCTB C TOP-
JIOCTbIO 0OBSIBUTH I'paxkaaHaM Poccun 1 Bce-
MY MHUPY O TOM, 9TO A3podhI0T o(pUIINATEHO
BO3BPATWJICS B MUPOBYIO SJIUTY ITacCCaKUp-
CKOM aBMAlLlMU, — 3asBWJI T'€HEPAJIbHbBIN O1-
pektop [TAO «Aspodor» Butanuit CaBesb-
eB.— Crycts moutu 30 JieT Mbl BOCCTaHaBJIM-
BaeM MO3UIIMKU OIHOIO M3 CaMbIX MOIIHBIX
WUT'POKOB II00ATBHON OTpaCIn».

ITo coobmennio npecc-ciyzKobi
ITAO «Aspodaior» ®

AEROFLOT IN THE TOP 20 OF COMPANIES
ACCORDING TO PASSENGER TRAFFIC

Aeroflot has achieved a key strategic milestone
and has once again occupied a spot among the world’s
top 20 leading airlines by passenger traffic, returning
to this group for the first time in nearly thirty years.
According to data compiled by Flight Airline Business,
an authoritative aviation publication, Aeroflot Group
in 2016 ranked 18" among global carriers in terms of
passengers carried during the year.

In addition, the Group was ranked 20" in the
world in terms of traffic as measured by revenue
passenger kilometres.

These achievements mean that Aeroflot has
delivered on one of the key strategic targets of its
2025 Strategy — to become one of the top-20 global
airlines by passenger traffic — significantly ahead of
schedule.

In its analysis of the ranking, Flight Airline
Business underscored the breakthrough character of

Aecroflot’s achievement amidst a challenging
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backdrop. The publication wrote, «Russian operators
enjoyed a bright return to profits, after the exchange
rate and geopolitical challenges that hit carrier
fortunes <...> Aeroflot, for example, turned a net
loss of Rb 6,5 billion ($108 min) in 2015 to a profit
of Rb 38,8 billion last year».

Passengers carried globally increased by 6 %
year-on-year in 2016, reaching 3,4 bln persons,
according to the publication. Aeroflot Group saw
passenger traffic increase by 10,3 % in the same
period, nearly twice the pace of global growth.

Aeroflot CEO Vitaly Saveliev said: «Today we
can proudly announce to citizens of Russia and the
entire world that Aeroflot is officially back among
the global passenger airline elite. After nearly 30
years we have regained our position as one of the
strongest players in our sector globally».

According to Aeroflot press release ®

«A3podnoT» B TOn-20 KpyNHENLLINX aBMaKOMMaHUK MUpa
Aeroflot in the Top 20 of Companies According to Passenger Traffic
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EBrenuii KYPBALLKUNA

Evgeny N. KURBATSKY

Memories of a Former

Steam Locomotive Fireman
(TeKCT cTarbu Ha @HIl. 53.—
English text of the article — p. 244)

ABTOp cTaTbu AaBHO 3aHUMAaeTcs
TPaHCMOPTHbLIMU MO43€MHbIMU
COOpPY>XeHUsIMU, B YaCTHOCTHU, uccriegyet
«rnoBegeHue» TOHHeJ1el B 30HaxX
cevricMmu4yeckon akTuBHocTu. Ho HaynHan
npogeccop Kypbaukuii c paboTb!
006bIKHOBEHHbIM KOYerapom y rnapoBO3HOM
Tornku. CeroaHsi Masio KTO 3HaeT O TOHKOCTSX
arovi npogeccumn, 6e3 KoTopori He
06x04MJICS HU OAUNH XKeJ1e3HO4OPOXXHbIN
cocrTas, BO r/iaBe KOToporo cTosi

napoBo3. Pabota ko4erapom tpeboBana
0YeHb XopoLUer pu3nyeckom noaroToBKu

v cHOpoBku. MoMUMO NOCTOSIHHOV 3a6POCKN
B TOMKY yrinsl, Koyerap AOJDKeH Obls1 Ha
KaXKgovi CTaHUUN NPUHNMAaTb Xke3. Takas
npouenypa obecrne4ynBana HaxoXxaeHue Ha
CTaHUuMM TOJIbKO O4HOro noesga. MHorpa
3TO0 Aesanoch Ha NosIHOM xoay- Ha sBcex
ocTaHOBKax B /1l060e BpeMsi CyTOK koyerap
6b1s1 06513aH cMa3bIBaTb 6yKCbl Ma3yToM,
3anpaBnaTb NapoBo3 Bogoli. O Tom nepom
v fasEKOM aTarne CBOEeN XeJs1e3HO[40POXHOM
J)KU3HU HbIHELLHWI JOKTOP Hayk BCIOMUHaeT
C 0Cc0060/i Tens10Tok, KakK v MOJIOXKEeHO
MOTOMCTBEHHOMY TPaHCIMOPTHUKY .

Knto4eBbie c/ioBa: NcTopus, xeneaHas nopora,
napoBo3, xeaJ, bykca, Ko4erap, BOCIIOMUHaHUSI.
|
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KOJIECO NCTOP

BocnomMmmnHaHus ObIBLLUEro
Ko4yerapa napoBo3a

Kypoauxuii Eeeenuit Huxoaaesuu — dokmop
mexHuYecKux HayK, npogeccop Kageopsl MOCHOs U
monneneil Poccuiickoeo ynueepcumema mpancnopma
(MHHUT), Mockesa, Poccus.

pY YTEHWU 3ar0JIOBKA M aBTOPCKOTO
TPENCTAaBICHUST Y YUTATEST MOXET
BO3HUKHYTbH BOTIPOC: TIPU YEM TYT
kadenpa «MoCTbI U TOHHEJIW» YU BOCTIOMUHA-
Hus Kouerapa mapoBo3a? Otset. Kak ciemyer
13 MIePBOIi 3aMMUCU B MOEH TPYIOBON KHUXKE
ot 13/1V/1959 rona, st ObUT TPUHST HA TOJIK-
HOCTb Ko4erapa rmapoBO3HOTO JETI0 CTaHIUN
Anma-Ara. 3a 1Ba Mecsilia 10 3TOro s 3aKOH-
YUJI TETIJIOBO3HOE OT/AEIEHUE XKEIEe3HOI0POXK-
HOTO TeXHUKyMa. B anma-aTuHCKOE 1erno
JIOJDKHBI ObUTM B OJIVDKaiiliiee BpeMs IMOCTY-
MMaTh TEIJIOBO3bI, HO BCE MEPEBO3KHU BBITION -
HSTMCH enié apoBo3aMu. B To Bpems st
TPY30BBIX TTOE37I0B UCITOTb30BATMCH MAPOBO-
3b1 cepuu CO, a MpU BBITIOJIHEHUY MaHEBPO-
BbIX paboT — mapoBo3bl Mapku OB. Jlns
MACCAXXKUPCKUX TTEPEBO30K MTPUMEHSIICS Tia-
poBo3 cepun CY, OIMH U3 JIYUIIINX B TO BPEMSI,
XOTSI ¥ ObUT CITpOeKTUPOBaH B 1925 roxny.
MHe ObL1a IpeIoKeHa T0JKHOCTh KOve-
rapa naccaxupckoro napososa CY. Korna
s TIEPBBIN pa3 MOTHSLICS B €r0 KaOWHY, MaIlly -
HUCT CITPOCWIT: «Ijie TBI yUMJICs, KaKoe y Te0st
obpazoBaHue?» (MAIIMHUCT M MTOMOIITHUK
OKOHYWJIN ABYXTOANYHBIE KeJIE3HOIOPOXKHBIC
yuwiuiia). Korna s oTBeTUs1, 4TO OKOHYMIT
TEXHUKYM, MAllMHUCT BBIPYTaJCs M cKazam:
«Hy, BoT, nmpucnanu yuyéHoro! A Tbl Jomnary



Puc. 1. MapoBo3si CO n OB. My3eriHble 3KCMOHaThbl.

Korma-HUOyIb B pyKax aepxan?». Sl oTBeTun,
YTO MHOTO pa3 Komaj oropon. MaImmHUCT
YCMEXHYJICS U, HEMHOTO YCITOKOMBIINCH, 1aJT
MHE COBKOBYIO JIonaTy Kouyerapa. OHa MeHsI,
KOHEUHO, YIMBMIIA, TaK KaK €€ pa3Mephl B IBa
pa3a IPEeBOCXOIMIIN pa3Mephl OOBIYHBIX JIOTIAT.

Bpurana, yrpapisionias mapoBO30M, COC-
TOUT U3 TPEX YEJIOBEK: MAIIIMHKICTA, TTOMOIII -
HMKa MalllMHUCTA 1 Kouerapa [1]. B 3ameua-
TEJIbHOM PYCCKO HAPOIHOM MECHE O KOoYera-
pe moeTcsi:

Tosapuuy, s 6axmol He 6 CUAAX CINOSIMb, —

Ckaszan koueeap Koueeapy,—

O2Hu 6 MOUX MONKAX co8cem He 20psim,

B komaax He cepacamb mHe yic napy.

DTa 1mecHs 0 Koderape nmapoxoga. Ha ma-
pPOBO3ax KoYeraphbl He OpOCaloT yroJjib B TOIIKY.
Tormky rmapoBo3a TOIUT ITOMOIIHUK, TTOCKOJTb-
Ky 9TO OY€HbB CJI0XKHOE [IEJI0 Y BHITIOTHSITH €TO
MOXET TOJBKO OITBITHBINI PaOOTHMK, 3HAIO-
muit perbed Tpacchl. B KoTiie Heobxomumo
TMOAIePKUBATh TaBJeHUe Tapa 10 12 aTMoc-
dep. [Tpuuém Takoe MaKCUMAaJIbHOE JaBJICHUE
HYXHO CO3JaBaThb Iepea NoabeéMaMu JJIs
YBEJTMICHUSI CUJIBI TSTH, TIPH CITyCKaX B TAKOM
JaBJICHUM HET HUKaKOW HyXbl. M eciti B KOT-
JIe 13-3a CUJIBHOTO Xapa B TOMKE CO3maéTcs
TMOBBIIIICHHOE NaBJICHUE, cpabaThIBacT aBa-
PUITHBINM KJ1allaH U cOpachIBaeT Iap B aTMOC-
depy, yMeHbIIIas 1aBiaecHuE 10 0€30ITacHOTO.
OT BeJIMYMHBI JaBICHUS 3aBUCUT CUJIA TATH.
ITomnepXuBaTh MOKHOE JaBJICHHUE TIPU pa3-
HOM CuJjie TATU OOJIBIIIOE MCKYCCTBO.

JIBep1bl TONKKU OOBIYHO HAXOISITCS B 3a-
KPBITOM COCTOSIHUU M aBTOMAaTHUYECKU pa3-
JBUTAIOTCST IOMOIITHUKOM MAIlTMHUCTA C T10-
MOIIBIO MeIaan, KOTOPYIO OH HaXHMaerT,
KOT/Ia MOJIHOCHUT JIOIATy C YIJIEM K ToTiKe [2].

Kaxwe ke 0013aHHOCTH BBITIOJTHSIT KOYe-
rap?
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IlepBas u raBHas o0s3aHHOCTD. KOUerap
rmepedpachIiBaeT yroib U3 TEHIEpPa B JIOTOK,
CIIELIMAJIbHBIN SIIUK Mepel TOIIKOM, M CMadyK -
BAET €r0 BOJIOM B ONpeneIEHHON MPONOPLUH.
JloTok pacriosarajcs rmepen TOIKOM Ha pac-
CTOSTHUM, YIOOHOM [IJIST TIOMOITHUKA MaIll-
HHUCTA, YTOOBI OH CMOT OIHHUM IBUKECHUEM
HabpaTh ITOJIHYIO JIOTIATY YIVISI U 3a0pOCUTH
B Tonky. Tonku nMenan OOJbIINE pa3MepHl,
a yrojb HeEOOXOJMMO ObLIO PACKUILIBATH
POBHBIM paBHOMEpPHBIM cjioeM. B Hauaie
IMOe31IKHU, KOTaa TeHIep ITOJIOH YIJIs, Koderapy
HaJo OBLIO TOJBKO MOArpedaTh ero K JIOTKY.
K koH11y moe3aku, mocjie Toro Kak 0bLU1o u3-
pacxomoBaHo rmoutu 10 TOHH yIJ1s1, HaJo ObLIO
MepeKUABIBATH TOIUTMBO CO CPEIMHBI TCHIEPA.

Bropas ob6s3anHocTh. [1pn ipocienoBa-
HUM CTaHIIMM UK pa3be3na 0€3 OCTAHOBKH
MIPEACTOSIIO Ha XOIy OOMEHSITHCS Ke3JIaMH
C IeXYPHBIM I10 CTaHIIMK. B TO BpeMs yua-
crok Kazaxckoii xxene3Hoit moporu (OBIB-
muii Typkcn6), Ha KOTopoM s paboTar, ObLT
OIHOITYTHBIM U HE 000pYIOBaHHBIM JUCIIET-
yepcKoi meHTpaau3anueii. besonacHocTh
IBUXXCHUS TIPU OTCYTCTBUM CBETO(MOPOB
obecrieunBaiach JIEKTPOXKE3TOBOI CUCTE-
Moii. Ke3J SBISIIICS METAUIMYECKUM «I0-

Puc. 2. MapoBo3 CY.

Kyp6aukunu E. H. BocnoMnHaHus ObIBLLErO KOYerapa napoeo3a




Puc. 3. Tonka napoBo3a B OTKPbITOM
M packpbiBarwoLeMCsI COCTOSTHUN.
KYMEHTOM», MO3BOJISIBIIUM MallWUHUCTY
3aHSTh MEPEroH.

MalmHUCT JIOKOMOTHMBA MOJTy4Yasl Ke3J1 OT
JIEXKYPHOTO MO CTAaHUMU OTIPaBIEHUS U ObLT
00s13aH mepeaaTh XKe3J1 IeXKypHOMY IO CTaH-
LMY TpUOBbITHS. MallMHUCT 00s13aH YOS IUTh-
Cs1 B MPUHAIJIEXKHOCTH Ke3J1a K TIeperoHy, Ha
KOTOPBbIi1 oTIpaBsieTcs moesn. JlexxypHblit 1o
CTaHLIMU TIPUOBITUS, TIOJYUYUB XKe3J1, Bpalllie-
HUEM PYKOSITKY MHIYKTOPA MOCHLIAET DJIEKT-
pUYeCcKUil TOK B arnapar CTaHLIMM OTIIpaBJie-
HUsI, 1aBasl pa3pelleHne Ha 3aHsITUE TTeperoHa
CJIEIYIOIM TTOE3/I0M.

W3 xes3noBoro amnrmapata MOXHO OBLIO
BBIHYTb TOJILKO OJMH X€3J1, UYTO obecrieunBa-
JIO HAaXOXXIEHWE Ha TIEPETOHE TOJIBKO OJHOIO
noesaa. ZKesn npeacraBiisieT co00i MeTalIn-
YeCKUI HUJIMHIP C BBICTYIIAaMU B BUAE KOJIell,
MPETSITCTBYIOLIMMU U3BJICUEHUIO 13 arrapa-

Puc. 4. XXeanoBoii annapar
M xessiogepxarenun
C )Xe3/10M.
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Ta. I Kaxnoro neperoHa ¢bopmbl KoJiell
pa3Hble, YTO UCKIIOYATIO BO3MOXHOCTb MC-
MOJIb30BAHUS XKE3JIOB C IPYrOro MeperoHa.

Ha puc. 4 npencraBinensl otorpaduu
TUIOBOTO XKE€3JI0BOTO arnmnapara, MOMEHT ycTa-
HOBKU JEXYPHBIM I10 CTAaHIIMU Xe3J1a B XKe3-
Jlofepxartesib U Xe3JoAepXKaTeslb ¢ 3aKper-
JIEHHBIM B HEM Xe3J10M. J1J1s1 oOMeHa xke31aMu
0e3kesnoaepkaTeeil TpedyeTcs OCTAHOBUTh-
Cs, YTO CYILIECTBEHHO 3aMeJIsieT IBUXKEHUE.
TToaToMy mJist 9TOU omepalu Ha XOAY MC-
MOJIb30BATIMCh XKE3JI0MOIaBaTEH.

XKesnononaBatenu, npencraBisolIne
c000il MPOBOJIOYHBIE KOJblla TUAMETPOM
30—50 caHTMMETPOB Ha IJTMHHOM pydKe ¢ TIpy-
KVHHBIM JIEpXKaTesieM, T03BOJISIM OPraHU30-
BaTbh 0€30CTAHOBOYHOE CKBO3HOE MPOCTEIO-
BaHMe cTaHUMU noe3namu. Kouerap Ha xomy
MOJBEIIMBA CBOI Xe37I0MoIaBaTeNlb C XKe3-
JIOM OT MPEABIAYLIETO EPEroHa Ha Crieliuaib-
HbII CTOJIO, CTOSIILIMIA HA MEXAYYThE, U 3aTEM
TOJXBAThIBAJI Ke3I0M0JaBATENb C XKE37I0M IS
CJIeNYIONIero neperoHa y aexypHoro. s
rnepefayu Ha IBVKYIIUICS JIOKOMOTUB Je-
KYPHBIA 0 CTAaHIUM 3a071aTOBPEMEHHO 3a-
KPEeIUIsUT Ke3J1 B XKe3JI0IoJaBaTesie U, CTos
PSIIOM C TIYTSIMU, Ha BBITSTHYTOU pyKe IPOTSI-
TUBAJI €ro Kouyerapy rnapoBo3sa.

Kesn nepenaBajicss MalimHUCTy. Martu-
HUCT YUTAJI Ha3BaHUE MeperoHa, BHIOUTOro Ha
HEM, M €CJIM Xe3J1 COOTBETCTBOBAJ CJEAYIO-
1IeMy MeperoHy, MPOI0JIKaJT IBUXKEHHUE.

Cy1iecTBOBaJIO IMTPOCTOE MPaBUIo be3omnac-
HOCTHU ITPU JIOBJIE XKe3JI0IepKaTeeii: 00IbIION
najiell pyKu Haio ObLIO 3aXKUMaTh B Kyjake,
YTOOBI HE BBIOUTDH €0 METAJUIMYECKUM KOJIb-
oM. Kpome Toro, peKoMeHA0BAJIOCh CTAHO-
BUTHCS Ha HUXHEHN CTYNEeHbKE MOJHOXKHU,

Kyp6aukui E. H. BocnoMuHaHus ObIBLLErO KOYerapa napoeo3a



KPEITKO OTHOM PyKOH JepsKaThCs 3a IIOPYICHD
U HE OTKJIOHSTBCSI CMIIBHO OT TtapoBo3a. [1pu
TOAXBaThIBAHUY Ke3JIoepKaTesieil mpy 00JTb-
IIIO¥ CKOPOCTH Ha TUIeYaXx IOSIBJISUINCH CUHSKH,
MO3TOMY TIpejarajaoch Mepea nepenadeii
JKe371a HaZieBaTh TEJIOTPEKyY, HO 0OBIYHO 3TOTO
HUKTO HUKOTIA He JIeall N3-3a Xaphl.

OOMeH xe3laMu TpeOyeT onpenes€HHOM
cHopoBKU. Eciu Ha xomy oOMeHSThCS He
ymaéTcsl, MAIIMHUCT BKJIIOYAaeT SKCTPECHHOE
TOPMOXEHUE, OCTAHABIMBACT ITOE31, Kouerap
CIIPBITHBAET C IMOJHOXKM M OEXXUT Hazam
K IEXKyPHOMY, a IEXKYPHBII OSKUT 3a TIOE3I0M.
V MeHs1 ObLT TOJIbKO OAWH TaKo ciy4aii. Jle-
JKYPHBII CTOSUT Ha OOJIBIIIOM PAaCCTOSHUHU OT
TIPOXOMISIIIETO TTOe3/1a, U ST He CMOT TOTSHYTh-
cs 1o kesnonepxarens. [Tpuiiocs crpsir-
HYTh C TTIOOHOXKM 1 0eXaTh K IEeKypPHOMY.
Korna s ormaBan mpuHSTBI y IeXYPHOI'O
JKe3J1, MAIlTMHUCT O0pyTrasl MeHsI, HO He 3a TO,
YTO ST HE CMOT ITOAXBATUTH 3Ke3JT (MAITMHUCT
BUJIET — 3TO OblJIa HE MOSI BUHA), a 3a TO, YTO
CIIPBITHYJI € TTOe3/1a Ha OOJIBIIION CKOPOCTH.

B mocnegHme mist crapoit MpaKTUKU TOIEI,
Tepe1 3aMEHOM 3JIeKTPOXKE3TOBON CUCTEMBI
IHACTIETICPCKOM [eHTpaIn3aleil, Ha oTeue-
CTBEHHBIX XKeJIE3HBIX Joporax ObLIo U300pe-
TEHO HECKOJIBKO BUIOB MEXaHMIECKUX XKe3-
JIOOOMEHUMBATeJ e, YIIPOIIABIINX TTPOIEeCC
repeayr Ha Xoy Troessa.

Ha puc. 5 npeacraBiieHbl cxeMaTUYeCKe
N300pakeHUs TaKUX YyCTpoicTB. OmMH Xe3-
JIOOOMEHMBATENb MPUKPETUISIIICS K CTOJIOY
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Puc. 7. BxoaHble cemagopbi: 3aKpbITblii U OTKPbITbINA AJ15 TPOC/IEe40BaHNS

Puc. 5. Cxema mexaHn4eckunx
Jxe3noobmeHunsarenevi [3].

Puc. 6. CTpenoyHbivi nepesos.

B MEXAYMYTbE, NPYrOi MOJ OKHOM KaOWHBI
MaiHucta. OHaKo IMPOKOTO pacpocTpa-
HEHUs 9T YCTpoiicTBa He Ttosryuuiu. [Toaro-
My Ha TTapOB03aXx XKe3JIbl COPACHIBAIN 1 JIOBU -
JIM KOYETaphl, a Ha TETJI0BO3aX U JIeKTPOBO-
3aX MTOMOITHUKHA MaIllMHUCTOB.

T ey

Ha 6OKOBOW NyTh.

Kyp6aukunu E. H. BocnoMnHaHus ObIBLLErO KOYerapa napoeo3a




Puc. 8. Tunnynas macnérka ans cmaskm 6ykc
napoBo3a u TeHaepa.

OO0ObIYHO KOYerap roTOBUJICS K mepeaaue
JKe3Jla, KOrma Ioes3 MPOXOAU BXOAHBIE ce-
Madophbl. B To BpeMs riepe BXogoM Ha CTaH-
LIMU U pa3be3lbl CTOSIU ceMadophl, a Ha
BXOJIE CTPEJIOYHbIE IIePEBObI, KOTOPbIE I1e-
PEBOIMINCH BPYUHYIO CTPEIOYHUKAMMU, JEKY-
PUBILKMMU PsIIOM B CIIELIMATIbHBIX OyIKaX.

[1py ropu3oHTAIILHOM IOJIOKEHUM KpbLia
cemacdopa (3aKphIThI ceMadop) HEOOXOTUMO
ObLIO Mepe] HUM OCTAHOBUTHCSI, YTO COOTBET-
CTBOBAJIO KpacHOMY curHaiy. [1py OTKPBITBIX
JIBYX KPbUIbSIX CJICA0BAIO COABUTH CKOPOCTbD, TAK
Kak M0e3/1 IPUHUMAJICSI Ha OOKOBOM ITyTh, IIPU
OTKPBITOM OHOM KpPbUIE — Ha IIPSIMOM ITyTh.

Tpetbs 00513aHHOCTD Kouerapa. [Ipakruue-
CKM Ha KaXI0il OCTAaHOBKE MPEACTOSIO CMa-
3bIBaTh OYKCHI Ma3yToM. B To BpeMms B OyKcax
MapoOBO30B U BATOHOB UCIIOIb30BAIUCh IO/~
IIMIHUKKA CKOJIbXEHUS, KOTOPbIE B TOM
HyXAaluch. JIs 3TOM LeIu NPUMEHSIINCH
crielMaabHbIe MACJIEHKU C YIJTMHEHHBIM HO-
CHKOM, IIPOBOJIOYHBIA KPIOYOK JIJISI OTKPhIBA-
HUSI KPbILIEK OYKC U B HOUHOE BpeMsi (hakel.
dakeJ1 cOCTOSLT U3 KycKa ITPOBOJIOKU JUTMHOM
40—50 cM, Ha KOHeEll KOTOPOIi HaMaThIBaJICS
KYCOK MaKJIi, CMOYEHHOI B Ma3yTe. be3 Hero
OBLIO HEe 00OMTUCH M3-3a TOTO, YTO OOBIYHO
Ha pa3be3aax ¥ CTAaHLIUSX BAAJIU OT IIaThopM
OTCYTCTBOBAJIO OCBEIlICHUE.

Haubonee HeynoOHO ObUIO cMa3bIBaTh Be-
IyIye KoJéca (caMble OOJBIINE Ha PUC. 2), UX
OYKCBHI HAXOAWJIMCh BHYTPU 3a KOJEcaMU IS
obOecredyeHts] OBUXKEHUS IbILIe], 1 HOCUK
MacAEHKM ITPUXOAMIOCH IIPOCOBBIBATH MEXIIY

® MWP TPAHCIMOPTA, Tom 15, N2 4, C. 238-248 (2017)

A f T

Puc. 9. [MonoxeHne KOJIOHKN B Hepa6oqu COCTOSIHUM.

cniiamMu. Benyiee apiinio nepena€r ycuime
OT IIOPLLIHS Ha Iajiell KPUBOLIUIIA BeAYIIEero
KoJieca U coo0LIaeT eMy BpallaTeJlbHOe IBU-
skeHue. OT BedyllIero Kojeca 3T0 YCUIIUE pac-
MpeeIIsSIeTCs IO OCTAIbHBIM ABYKYIIMM KOJIE -
caM 4epe3 CLeMHbIe Apblivia. Tak Kak Ablluia
PacIojIOKeHbI ¢ BHELIHUX CTOPOH KOJIEC, TO
OYKCHI pacroJjiaraloTcsl BHyTpY 3a HUMH [4].

JIpyrue o0si3aHHOCTH Koderapa. [TapoBo3s
pacxoayeT MHOI'O BOJIbI, [IO3TOMY Ha IIpOMe-
XKYTOYHBIX cTaHOUIX yepe3 50—70 kM
B MEXIYITyThe PACIIOJIarajrich MOIHbIE THI-
paBIMYECKUE KOJOHKU, MPOU3BOAUTEb-
HOCTb KOTOPBIX COCTaBJIs1a 5—8 M* B MUHYTY
[5]. Kouerap, Haxonsick Ha TeHIEpPE, MOBO-
payuBayl X0O00T KOJIOHKM 10 COBHAAEHUS C
JmokoMm 0aka TeHaepa. OOBIYHO 3ampaBKa
BOJOM mpopoykanach 10—15 MUHYT, 4TO
YUUTBIBAJIOCH IIPU COCTABJIEHUU PACIIUCAHUSI
JBVXKEHUSI TIOE€310B.

ITo npuGHITHM B 0OOPOTHOE IETIO KOYerap
IOMOTaJI MOMOILIHUKY MAlIMHUCTA YUCTUTh
TOIIKY Y YIAJISTh 30J1y B SIMbI HA MEXXIYIYThe
B CITELIMAJIbHO OTBEAEHHBIX MECTaX.

B obGopoTHOM nero Gpurama oTabixana
HECKOJIPKO JacoB (00bI9HO 3—5). 3aTem OT-
TpaBJisijiach B OOpaTHBIN MyTh HAa CBOEM 3Ke
mapoBo3e. I[logMeHHbIX Opuran 1jisi BO3Bpa-
IEHUSA B OCHOBHOE nero He Obuto. [loka
Opuraga OTAbIXaja, IIapoBO3 IPOLOJIKAIU
OTaIIMBaTh AEXYypHble Kouerapbl. B aTux
CJIydasiX TOIKM HUKOTIa He FaCJIN, IIOCKOJIb-
Ky JUIS pa3orpeBa IapoBo3a HY>KHO KaK MU-
HUMYM 4—5 4acoB.
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PaGotan xoyerapom s HEJOJITO — MEHee
noJiyroga. 3a 3To BpeMsl CoBeplIal MOe3IKU
oT ctauuu Anma-Arta go ctanuuu Ortap —
okos10 160 kM u 1o craHuuu Capel O3ek —
okoJi0 220 kM. MallMHUCT Hallei Opuraabl
TPYAUJICS MOCTAEAHUI TOM TTepe] yXOIOoM Ha
MEHCUI0 U UMEJ KBAJIM(PUKAIUIO TTEPBOTO
KJjacca, o3ToMy HaM MO3BOJISLUIOCh BOIUTh
Jo0ble moe3aa: CKopble, maccaxkupckue
u noyTtoBbie. Torna oT craHuuK AnMa-ATta
OTIPABJSIIACH CKOpPbIe TToe3aa 10 MOCKHI,
Tamkenta 1 HoBocubupcka, maccaxxupckue
u mouToBble — 10 CtanmHabana (HbIHEIIHU N
Hymran6e), @pyHse (HbiHemHUE buikex)
u HoBocubupcka.

Ot Anma-Artsl 1o Otapa (B HanpaBJieHUU
MockBbI) fopora mpoxXoausia o paBHUHHOM
MECTHOCTU Ha HEKOTOPOM PACCTOSSHUU OT
npearopuii Taub-1ans. 3a Bpemst MapiipyTa
HEeo0X0AMMO OBLIO TOATOTOBUTH JJ151 TOMOIII-
HUKa MalIMHUCTA, T.€. IePEKUIATh U3 TEH Ie-
pa B JIOTOK, OKOJIO IIeCTU TOHH yris. [lpu
BOXJIEHWU MM0E3/10B B HanpaBieHuu HoBocu-
Oupcka nepBbie IECTHAECAT KUTOMETPOB A0
craHuuu Mnu, pacnonoxxeHHON Ha Oepery
OIHOMMEHHOM peKH, OCTATOYHO ObLIO MO~
TOTOBUTH BCETO OIMH JIOTOK, MO0 Tpacca 1uia
C HEeOOJBIINM YKJIOHOM, U Pacxoj TOIUIMBa
OKa3bIBaJICS HEBEJIMK. 3aTo nocie peku Niu
HayMHAaJICS KPYTOH MOABEM, KOTOPBIU MPO-
JTOJIKAJICS TIOYTU COTHIO KUJIOMETPOB, U OT-
JIBIXaThb MOXHO OBIJIO TOJBKO YPBIBKAMM.
CremyeT OTMETUTD, UTO CUJIEHBE KOUerapa Ha
TeX MapoBO3aX KPEMUI0Ch K KaOUHE, a CITUH-
Ka K TeHJIEPY, T03TOMY OMUPAThCS HAa CITUHKY
MPU IBUXKYIIEMCS JIOKOMOTHBE TPAKTUUECKU
He ynaBajoch. Jlpyroe Heyno0CTBO, KOTOPOE
He yWIu KOHCTPYKTOPBI, 9TO OTCYTCTBUE Tya-
Jeta. Ha Takue mycTsiku Majio KTO Torjaa 0o-
palaa BHUMaHUeE.

HecMoTpst Ha TOBOBHO TSKENBIA UM UH-
TEHCUBHBIN TPy, HA HOYHBIE MOE3IKU, 00
5TOM BPEMEHU OCTaIUCh 0YeHb JOOPbIE BOC-
nomuHaHus1. C MAILIMHUCTOM U TIOMOLIHUKOM
MalIMHUCTA MbI CTAJIU XOPOLIUMU APY3bSIMU.
OHU MHOTOMY MEHS HayYWJIu.

W ewi€ oguH MmoMeHT. B nepByio Moto no-
€3[IKy MEHSI BbI3BAJIU B ICHb POXKJICHUS, KOTAa
MHe ucnosHunaock 20 aet, 1 mag 1959 rona.
Korna s1 Hamen Koyerapckyto, ObIBIIYIO B YITO-
TpeOIeHUM 3aMaCICHHYIO OAEXIY, APYTOii B TO

BpeMsl He BbIIABaJIM, U BBIIIET U3 TOMa, Ha-
MpaBjssiCh B IeMO, MOsI MaMa 3arjakania.
A ortell, pabOTaBIIMIA B TO BpeMsI 3aMECTUTE -
JieM HavyajdbHUKa CiIyXO0bl iyt Kazaxckoit
JKeJIE3HOUW TOpOrv, OJ00pUTEbHO MTOKavyas
royioBoii. CbIH MPOIOIIKAI CEMEITHYIO Tpaa-
LIMI0, HAYMHAJ TETIEPb yKe CBOIO Ororpaduio
JKEJIE3HOMOPOXKHHUKA.

* k%

U B 3aKkioueHIE X0y CKa3aTh, 9TO Iapo-
BO3 SIBJISIETCSI OMHUM U3 YHUKAJTIbHbBIX TEXHU-
YyeCcKUX TBOpeHMIT yeaoBeuecTBa. B TeueHume
moutu 150 JreT Bce mepeBO3KM Ha XKeJIe3HOI0-
POXHOM TPaHCIIOPTE BBITIOJHSINCH ITAPOBO-
3aMu. BBuny ux manaoro koadduiimeHTa mno-
JIE3HOTO AEVICTBUSI U HU3KOM DKOHOMUYHOCTHU
10 CPAaBHEHMIO C HOBO# TEXHUKOM ITPON3BO/I -
CTBO MMAapOBO30B B Hallleil CTpaHe MpeKpaTh-
J10ch B 1956 romy, HO KCILIyaTaLUsI UX IIPO-
JTOJIKAalach eIg¢ HEKOTOpOe BpeMsl.

ITpousBoacTBo mapoBo3oB B Poccuu Ha-
YaJioch IMPUOIU3UTENBHO 3a 50 JIeT 10 OCHO-
Banust MUHUT. K XX crojieTuio oTeuecTBeH-
HbIE XeJIe3HbIE TOPOrU MOJHOCTBIO 0CBOOO-
JIVINCH OT MTHOCTPAHHOM 3aBUCUMOCTH B 00-
JIACTH TTapOBO30CTPOCHUS, ITO3TOMY MOXKHO
rnoJjiaraTh, YTO U MepPBble UHCTUTYTCKUE BbI-
MYCKHUKH-TTAPOBO3HUKU pabOTalM yXe Ha
POIHbBIX ITapOBO3ax [6].
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ABSTRACT

The author of the article has been dealing with
transport underground facilities for a long time; in
particular, he studies the «behavior» of tunnels in
zones of seismic activity. But professor Kurbatsky
began his work as an ordinary fireman at alocomotive
furnace. Today, very few people know about the
intricacies of this profession, without which no railway
train, headed by alocomotive, could do. The work of
a fireman required very good physical training and

When reading the title and author’s presentation,
areader may have a question: what is the relationship
between the department of Bridges and Tunnels and
the memories of the fireman of alocomotive? Answer.
As follows from the first entry in my work records book
dated 13/04/1959, |was accepted as a fireman of the
locomotive depot of the station of Alma-Ata. Two
months before that, | had graduated from the diesel
locomotive department of the railway technical
school. The Alma-Ata depot was due in the near future
to receive diesel locomotives, but all transportation
was carried out still by steam locomotives. At that time,
steam locomotives of SO series were used for freight
trains, and for shunting works — steam locomotives
OV. For passenger transportation, locomotives of SU
series were used, one ofthe best at that time, although
it was designed in 1925.

I was offered a position of a fireman of a passenger
steam locomotive SU. When | first climbed into its
cabin, the driver asked: «Where did you study, what
is your education?» (the driver and the driver’s
assistant graduated from two-year railway schools).
When | answered that | had graduated from a technical
school, the engineer cursed and said: «Well, here they
sentthe scientist! Have you ever held a shovel in your
hands?». | replied that | had many times to dig a
vegetable garden. The engineer grinned and, having
calmed down a bit, gave me a shovel of a fireman. Of
course, it surprised me, because its dimensions were
twice the size of ordinary shovels.

The crew that runs the locomotive consists of
three people: a driver, a driver’s assistant and a
fireman [1]. In a wonderful Russian folk song about a
fireman there are the following words:

MEMORIES OF A FORMER STEAM LOCOMOTIVE FIREMAN

Kurbatsky, Evgeny N., Russian University of Transport (MIIT), Moscow, Russia.

skill. In addition to the constant casting of coal into
the furnace, the fireman had to take a staff at each
station. This procedure ensured the presence of only
one train at a station. Sometimes this was done at
full speed. At all stops at any time of the day a fireman
was obliged to lubricate axle boxes with fuel oil, to fill
a locomotive with water. About this first and distant
stage of his railway life, the current doctor of science
recalls with particular warmth, as it should be for a
hereditary transport worker.

Keywords: history, railway, steam locomotive, staff, axle box, fireman, memories.

Comrade, | cannot keep watch, —

Said one fireman to another, -

The lights in my furnaces do not burn at all,

| cannot keep steam in a boiler.

This song is about a fireman of a steamer. On
locomotives firemen do not throw coal into a furnace.
The locomotive furnace is stoked by a driver’s
assistant, as this is a very complicated task and it can
be performed only by an experienced worker who
knows the road’s terrain. In a boiler it is necessary to
maintain steam pressure up to 12 atmospheres. And
this maximum pressure must be created before lifts
to increase traction force, with descents in such
pressure there is no need. And ifin the boiler because
of intense heat in the furnace increased pressure is
created, the emergency valve is triggered and
discharges the steam into the atmosphere, reducing
the pressure to a safe. The traction force depends on
the magnitude of pressure. Itis a great art to maintain
proper pressure with a different traction force.

The doors of the furnace are usually in a closed
state and are automatically pushed apart by a driver’s
assistant with the help of a pedal, which he presses
when he brings the shovel with coal to the furnace [2].

What duties did a fireman perform?

The first and the main duty. The fireman throws
coal from the tender into a tray, a special box in front
of the furnace, and wets it with water in a certain
proportion. The tray was located in front of the furnace
ata distance convenient for a driver’s assistant so that
he could pick up a full shovel of coal in one motion
and throw itinto the furnace. The furnaces were large,
and coal had to be spread evenly. At the beginning of
a trip, when the tender is full of coal, a fireman had

Pic. 1. Steam locomotives SO and OV. Museum exhibits.
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only to rake it up to a tray. By the end of a trip, after
almost 10 tons of coal had been consumed, it was
necessary to throw fuel from the middle of the tender.

The second duty. When a station or a crossing
point was passed without stopping, it was necessary
to exchange staffs with a station duty officer on the
move. At that time, the section of the Kazakh railway
(the former Turksib) on which | worked was single-
track and not equipped with dispatching centralization.
The safety of traffic in the absence of traffic lights was
provided by the electric staff system. The staff was a
metal «document», allowing the driver to occupy the
haul.

The driver of the locomotive received a staff from
the duty officer at the departure station and was
obliged to pass the staff to the duty officer at the arrival
station. The driver is obliged to make sure that the
staff belongs to the haul at which the train departs.
The duty officer at the arrival station, having received
a staff, turns an electric current in the apparatus of
the departure station by rotating the handle of the
staff, giving permission for occupation of the haul by
the next train.

From the staff apparatus it was possible to take
outonly one staff, which ensured the presence of only
one train on the haul. The staffis a metal cylinder with
protrusions in the form of rings, preventing removal
from the apparatus. For each haul, the shape of the
rings is different, which precludes the possibility of
using staffs from another haul.

Pic. 4 presents photographs of a typical staff
apparatus, the moment of installation of the staff by
a station duty officer in a staff holder and a staff holder
with a staff fixed in it. To exchange staffs without staff
holders, it is necessary to stop, which significantly
slows down the movement. Therefore, for this
operation staff feeders were used on the move.

Staff feeders, which were wire rings with a
diameter of 30-50 centimeters on a long handle with
a spring holder, made it possible to organize a non-
stop through movement of trains at the station. The
fireman on the move suspended his staff feeder with
a staff from the previous haul to a special post,
standing on the cross-road and then picked up the
staff feeder with a staff for the next haul from the
station duty officer. For a transfer to a moving
locomotive, the station duty officer fixed the staff in
the staff feeder beforehand, and, standing next to the

Pic. 2. Steam
locomotive SU.

tracks, reached it out to the fireman of the steam
locomotive on his outstretched hand.

The staff was handed over to the driver. The driver
read the name of the haul that had been knocked out
on it, and if the staff corresponded with the next haul,
continued movement.

There was a simple rule of safety when catching
staff holders: the thumb of the hand had to be
clamped in the fist so as not to knock it out with a
metal ring. In addition, it was recommended to stand
on the bottom step of the footboard, firmly holding
the handrail with one hand and not deviating strongly
from the steam locomotive. When picking up staff
holders at high speed, bruises appeared on the
shoulders, so it was suggested to wear a quilted
Jjacket before handing the staff, but usually nobody
did it because of the heat.

Pic. 3. Furnace of a steam locomotive in open and
opening state.
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Pic. 4. Staff apparatus and
staff holders with a staff.

Exchange of staffs requires a certain skill. If it is
impossible to exchange on the move, the driver turns
on an emergency braking, stops the train, the fireman
Jjumps off the running board and runs back to the duty
officer, and the duty officer runs after the train. | had only
one such case. The duty officer stood at a great distance
from the passing train, and | could not reach the staff
holder. | had to jump off the running board and run to
the duty officer. When | gave away the staff received from
the duty officer, the driver scolded me, but not because
I could not pick up the staff(the driver saw that it was not
my fault), but for jumping off the train at high speed.

In the last years for the old practice, before
replacement of the electric staff system by dispatching
centralization, several types of mechanical staff
exchangers were invented on the domestic railways,
simplifying the process on the move of the train.

Pic. 5 shows a schematic representations of such
devices. One staff exchanger was fixed to a post in
the inter-track space, the other under the driver’s cab
window. However, these devices have not received
wide distribution. Therefore, on locomotives, staffs
were dropped and caught by firemen, and on steam
locomotives and electric locomotives, the driver’s
assistants.

Usually a fireman was preparing to transfer the
staff when the train passed the input semaphores. At
that time, in front of the entrance to the stations and
crossing points there were semaphores, and at the
entrance there were switch turnouts, which were
switched by hand by the switchmen, who were on duty
in special booths.

With the horizontal position of the semaphore’s
wing (closed semaphore), it was necessary to stop
before it, which corresponded to a red signal. When
two wings were open, the speed should be slowed
down, since the train was taken to a side track, with
one wing open, on a straight track.

The third duty of a fireman. Aimost at each stop
it was necessary to lubricate axle boxes with fuel oil.
At that time, in axle boxes of locomotives and cars,
sliding bearings were used, which needed it. For this
purpose, special oilers with an elongated spout, a wire
hook for opening the covers of axle boxes and at night
a torch were used. The torch consisted of a piece of
awire 40-50 cm in length, at the end of which a piece
of tow was wetted, soaked in black oil. Without it, it
was indispensable for the fact that usually there was
no lighting at the crossing points and stations far from
platforms.

Pic. 5. Scheme of mechanical staff exchangers [3].
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It was most uncomfortable to lubricate the driving
wheels (the largest ones in Pic. 2), their axle boxes
were inside the wheels to ensure movement of the
connecting rod, and the nozzle of the oiler had to be
pushed between the spokes. The drive connecting
rod transmits the force from the piston to the crank
pin ofthe driving wheel and imparts a rotational motion
to it. From the driving wheel, this force is distributed
over the remaining driving wheels through the
connecting rod. Since the connecting rod is located
on the outer sides of the wheels, the axle boxes are
located inside them [4].

Other duties of a fireman. The steam locomotive
consumes a lot of water, therefore at intermediate
stations 50—-70 km in the inter track space there were
powerful hydraulic columns with a capacity of 5-8 m®
per minute [5]. The stoker, being at the tender, turned
the trunk of the column until it coincided with the hatch
of the tender tank. Usually, the refueling lasted 10-15
minutes, which was taken into account when
scheduling the trains.

Upon arrival at the transfer depot, the fireman
helped the driver’s assistant to clean the furnace and
remove the ashes into the pits at the inter track space
in specially designated areas.

In the transfer depot, the crew rested for several
hours (usually 3-5). Then it set off on the return
journey on the own locomotive.There was no
replacement crew for return to the main depot. While
the crew was resting, the steam locomotive was still
heated by the firemen on duty. In these cases, the
furnaces have never been extinguished, since at least
4-5 hours are needed to warm up the steam
locomotive.

I worked as a fireman for a short time — less than
six months. During this time | made trips from the
station of Alma-Ata to the Otar station — about 160 km
and to the station of Sary Ozek — about 220 km. The
driver of our crew worked the last year before retiring
and had the first class qualification, so we were
allowed to drive any trains: speed, passenger and
postal. Then speed trains to Moscow, Tashkent and
Novosibirsk departed from the station of Alma-Ata,
passenger and postal ones to Stalinabad (present
Dushanbe), Frunze (present Bishkek) and Novosibirsk.

From Alma-Ata to Otar (in the direction of
Moscow) the road passed along a flat terrain at
some distance from the foothills of the Tien Shan.
During the route it was necessary to prepare for the
driver’s assistant, i.e. from the tender to the tray,
about six tons of coal. When driving trains in the
direction of Novosibirsk, the first sixty kilometers to
1li station, located on the bank of the river of the
same name, it was enough to prepare just one tray,

Pic. 6. Turnout switch.

Pic. 7. Input semaphores: closed and open to move on
a side track.
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Pic. 8. Typical oiler for lubrication of axle boxes of a
steam locomotive and a tender.

because the route came with a slight slope, and fuel
consumption was low. But after Ili River, a steep
climb began, which lasted almost a hundred
kilometers, and you could rest only with snatches.
It should be noted that the fireman’s seat on those
locomotives was fixed to the cabin, and the back to
the tender, so it was practically impossible to lean
on the back with the moving locomotive. Another
inconvenience that designers did not take into
account is the lack of a toilet. To such trifles, few
people then paid attention.

Despite the rather heavy and intensive work, on
night trips, very good memories of this time have
remained. | became good friends with the driver and
the driver’s assistant. They taught me a lot.

And one moment. My first trip was called on my
birthday, when | turned 20, May 1, 1959. When | put
on fireman’s, used oily clothes, the other at the time
was not suuplied, and left the house, heading to the
depot, my mother cried. And my father, who at that
time was deputy chief of the track service of the
Kazakh Railway, shook his head approvingly. The son
continued the family tradition, began now his
biography of a railwayman.

% % %k

And in conclusion | want to say that the steam
locomotive is one of the unique technical creations of
mankind. For almost 150 years, all rail transportation
was carried out by steam locomotives. In view of their
low efficiency and low profitability in comparison with
new technology, the production of steam locomotives
in our country stopped in 1956, but their operation
continued for some time.

The production of steam locomotives in Russia
began approximately 50 years before the foundation
of MIIT. By 20" century, domestic railways have

Pic. 9. Column position in non-working condition.

completely freed themselves from foreign
dependence in the field of locomotive building, so we
can assume that the first institute’ graduates-steam
locomotive workers worked already on their own
locomotives [6].

REFERENCES

1. Profession. Locomotive fireman [Professija.
Kochegar parovoza). |Electronic resource]: http://www.
rzdtv.ru/2015/10/21/professiya-kochegar-parovoza/. Last
accessed 16.08.2017.

2. How a steam locomotive works [Kak ustroen
i rabotaet parovoz| |Electronic resource]: https://www.
drive2.ru/b/2837566/. Last accessed August 16.08.2017.

3. Vakhnin, M. 1., Vlodavsky, M. 1., Ilienkov, V. 1.,
Kotlyarenko, P. E., Maisheyv, P. V. Automation and remote
control on hauls [Avtomatika i telemehanika na peregonah].
Ed. by prof. M. I. Vakhnin. Moscow, State Transport
Railway Publishing House, 1957. [Electronic resource]:
http://scbist.com/poisk-dokumentacii/25257-
mehanicheskii-zhezloobmenivatel-nosonenko-4.html.
Last accessed 16.08.2017.

4. Forgotten professions [ Zabytye professii]. | Electronic
resource]: http://www.rzd-expo.ru/history/little_known_
facts/zabytye-professii/. Last accessed 16.08.2017.

5. PPBO-109-92 Rules for fire safety in railway
transport [PPBO-109—92 Pravila pozharnoj bezopasnosti
na zheleznodorozhnom transporte]. Moscow, Transport
publ., 1994. [Electronic resource]: http://files.stroyinf.ru/
Datal/5/5054/. Last accessed 16.08.2017.

6. About steam locomotives and locomotive brigades
of Ryazan-Ural railway |O parovozah i parovoznyh brigadah
Rjazansko-Ural’skoj zheleznoj dorogi]. |Electronic
resource]: http://www.ruzgd.ru/locomot_enginer.shtml.
Last accessed 16.08.2017. L4

Information about the author:

Kurbatsky, Evgeny N.— D.Sc. (Eng), professor of the department of Bridges and Tunnels of Russian
University of Transport (MIIT), Moscow, Russia, usd.miit@gmail.com.

Article received 11.07.2017, accepted 16.08.2017.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 4, pp. 238-248 (2017)

Kurbatsky, Evgeny N. Memories of a Former Steam Locomotive Fireman



MPECC-APXUB

OTBE3WUTE MEHA B TMMAJIAMN...

HoBoe B xkere3nH010poxKHOM noanTuke Kn-
Tas.— [1o coobmenunio «The China Gazette»,
MEXIy KMTaliCKUM MUHUCTEPCTBOM MHO-
CTPaHHBIX 6] 1 (PpaHITy3CKUM ITOCTaHHUKOM
BO3HUKJIM TIPEePEeKaHMs M3-3a BOIIPOCa O T10-
cTpoiike xese3Hoi goporu ot JIsH-Yxoy- Dy,
63 [Takxos, kK 3amagHoii peke. [TocTpoiiky
3TOU OOPOTrYM KUTANILBI PEIIVINA BBIIOJIHSITD
CaMOCTOSITEeJIbHO, BOIIPEKH JOTOBOPY, ITO KO-
TOPOMY ITIOCTPOMKA M AKCIUIyaTallusl 3TOU
JIMHUU TOJKHA TIPOM3BOIMTHCS KUTANHCKO-
(¢paHIy3ckoii KoMmnaHueii. lanee, IBOpsTHCT-
Bo nipoBuHLIMH [1lenb-Cu u laub(y xsonouer
0 pa3peleHUuM CTPOUTH KeJl. mopory Taii-
IOanp-®y (Haub-Cu) uyepe3d Cu-AHb-Dy
(Illenp-Cu) B Jlanb-UYxoy-®Py (Tanb-Cy).
DTO BBI3BAaHO OOCIIAHUEM BUIIE-KOPOJIST Ha-
3BaHHBIX MIPOBMHIIMH TIepeaaTh KOHIIECCUIO
OCIBIUIICKOMY CUHIMKATY.

OIVH U3 KUTAaCKUX MMPUHIIEB 3amajcs
LIeJIBIO BO UTO OBI TO HU CTaJIO BHIKYITUTH [1e-
KH-XaHbKOYCKYIO XXeJIE3HYIO TOPOTY U3 PYK
(ppaHKO-pyCcCKO-0ebIMIICKOT0 CUHIMKATA.
st TUTaThl UTIOTEYHOTO OJira Ha3BaHHOM
JIOPOTH TpeOyeTCsI OTpPOMHAsI CyMMa, KOTOPYIO
€T0 BBICOUYECTBO MPETOXIIT COOPaTh C XKUTE-
JIeit ocTpoBOB 10xkHOTO KuTas. JIniry, kotopoe
co0epET HEOOXOMMMBII KammuTai, 00elIaHo
HUCXJIONOTATh TUTYN repiiora («Becmuux I1y-
meii Coobuenus», No 44, 3-eo nosbps 1907 e.).

K Bompocy o noctpoiike Barnanckoii xesne3-
HO#i Toporu.— AHTIMiicKas meyaTs B MHaum
npuaaéT OONBIIOE 3HAUCHUE ITPUE3TY UMITe-
patopa Bunbreabma B AHTJINIO U BEICKA3bIBa-
€T MHEHHE, YTO ITOT MPHUE3I MOXET OKa3aTh
OoJIBIIIOE BIMSHUE Ha pa3peliecHre BOIpoca
o barnmanckoii xxene3Hoii mopore 1 00 ydacThu
AHTIMU B 3TOM mTocTpoiike. «Times of India»,
00CyXIast 3TOT BOIIPOC, 3aMEUaeT, YTO MPeI-
JioxxeHust [epmaHuy 00 y9acTHUM B TOCTPOMKeE
STOW JIMHUU MOJIKHBI OBITh PACCMOTPEHBI
OYCHb TIIATEJIBHO 1 OecipucTpacTHO. CTapbie
YCJIOBHST, HA KOTOPBIX ITpeIIaraanu AHIJIUYA 3TO
yJyacTue, ObUTH Heserbl. [a3eTta roBopuT, 4To
TIpUEeMJIEMBIMU YCIIOBUSIMU OBLIN OBl TOJIBKO
Takue, B KOTOpPble BXOAMUJ Obl aHTIJIUNUCKUMA
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KOHTPOJIb HaJl OTAEJI0M JMHUU Mexny barna-
noM u MopeM («CIIb. Bedom.», No 244, 3-eo0
Hos6psa 1907 2.).

Ilenbl Ha KeJIe3HOOPOKHDII MOABIKHOM
cocraB.— ToproBo-npoMBbIlIJIeHHAsT ra3eTa
COOOILIAET LIeHbl HA MOABUKHOM COCTaB, Cy-
LLIECTBYIOIIME B HACTOSIIIEE BpEMsI HA PYCCKUX
BaroHO- U MapOBO30CTPOUTEbHBIX 3aBOAAX
10 3aKa3aM HaIlMX XeJIe3HbIX popor. Hop-
MaJlbHbl€ TOBApHbIe BArOHbI TOPMO3HbIE —
1.350 p., To ke 6e3 Topmo3sa — 1.165 p., ruiar-
(opMbI ycOBepIIEHCTBOBAHHOIO TUIIA TOP-
Mo3Hble — 1.366 p., TO Xe 6e3 TopMo3a —
1.181 p., BaroHbl-1egHuku — 3.230 p.,
OaraxkHble BaroHbl — 6.692 p., maccaxupckue
YeThIPEXOCHbIE BaroHbl 3-TO KJjlacca —
12.800 p., ToBapHBIe MaPOBO3bI HOPMAJILHOTO
Tuma (Bec maposo3a 2.922 1., Bec TeHIepa
1.159 m.) — 34.210 p., To Xe 6e3 TeHIepa —
28.100 p., yeTBIPEXOCHBIE TMacCakUpPCKUe
MMapoBO3bI C YETBIPEXOCHBIM TeHAEPOM (3.093
u 1.062 nyna) — 37.513 p., 4eTbIpEXOCHbIE
MacCaXXUPCKKUE MapoBO3bl C YEThIPEXOCHBIM
teHaepoM (3.058 u 1.762 nyna) — 39.163 p.,
napoBo3bl TUMa Kurtaiickoit BoctouHoi xkelr.
nop. (4.005u 1.115 mymoB) — 45.100 p., maru-
OCHBIE TTApOBO3BI TUIIA TOI XKe moporu (4.118
un 1.3421.) — 19.577 p. ¥ IITUOCHBIE TTAPOBO-
3Bl «<M3MEHEHHOTO» THUIIA TOM Xe goporu (4.118
n 8.342 m.) — 50.144 p. [Nocneguue mudpol
MMOKa3bIBAIOT, HACKOJIBKO KPYIHBIE 3aTPaThl
TPeOYIOTCS MIPU YCOBEPIIEHCTBOBAHUM TSTU
XKeJIe3HBIX Topor («Hoewtit Kpair», Ne 237 om
6-20 HOs6psa 1907 2.).

K smomy nocaednemy yxasauuro caedoseano
obl, Kaxcemcs, dobasums: «Koeda smu ycosep-
weHcmeosanus, b6yoyuu 00HOCMOPOHHUMU, Ue-
HOpUPYHOM npoepecc mexHuku 6 opyeux, dasice
POOCMBeHHbIX chepax u oduyr nompedHOCms
YMeHbUleHUs pacxo0os. XKeaamenvHo 0b110 Obl
UMemb maKice yeHvl Ha NOOBUNCHOU COCMAas
6 noepanuunbix ¢ Poccueii cmpanax».

«Wrpymeynasi» xxene3nas qopora Ha Iuma-
aasx.— Kapkuit kaumat goiuH MHgocTaH-
CKOTO IT0JIyOCTPOBa YaCTO OTPaXKaeTcsl BeCbMa
HeOJIArONPUSITHO Ha 3[I0POBbE XKUBYILMX 3[1€Ch




€BPOIICHIIEB; TOATOMY CEMbBM KMBYIIINX 31€Ch
AHTJINYaH-YMHOBHUKOB U HETOIIMAHTOB,
a Takke o(pUIIephl aHTJIO-UHINKCKOI apMUU
WIIYT yOIOOHBIX, O0JIee TTPOXIaTHBIX MECTHO-
cTel, Kyaa BpeMeHaMU 1 YIAJISIOTCS TS T10-
MpaBJICHUS 3M0POBbsl. TAKMMU MECTHOCTSIMU
SIBJITIOTCS BO3BBIIIIEHHOCTH [MMaaiickKux rop
1 B ocobeHHOoCcTH — MecTeuko Jlap-TeenuHr,
Ha3bIBaeMbIii XXeMuyXkuHoto [manaes. Bos-
BBIIIASICh HA HECKOJIPKO THICSY METPOB Ha
YPOBHEM MOpsI, OKOJIO TOJWHKI [aHTa, HeBIa-
JIeKe OT TJIaBHBIX BeplnH [11ManaeB, OBepec-
Ta 1 YMHUYMH-YYHTY, U IPEACTaBIAST COOOI
OTJIWYHBIN KypopT, Hap-TeeauHr 1o cux rmop
OBLI MaJIo MOCTYIIEH TSI €BpOTIeiiiia, BCIeI -
CTBUE KPYTU3HBI TOP Y TIPUMUTUBHOCTHU CITO-
Cc00O0B MepeaBUKEHUSI.

AHTIMYaHe B IMOCJIeIHEe BPeMs 3ayMalli
YCTPaHUTH 3TO HEYIOOCTBO YCTPOICTBOM Ke-
JIEBHOJIOPOXKHOTO cooOIIeHns Mexay Jap-
Teenuurom n CuaureepomM — ropoaom, pac-
ITOJIOXKEHHBIM Y TTOIOIIBEI [IMamaeB, B mOIM-
He lanra. [1pu mocTpoiike 1Oporu, He mpeciie-
NYIOIIEH KOMMEPUYECKMX 1IEJIEe U MOTOMY HE
obemraronieil 0COOeHHBIX JOXOAOB, HYKHO
ObLT0 cobmoaaTh 3KoHoMuo. [ToaToMy aHT-
JINACKME MHXEHEPBI, 0TKA3aBIIIMCH OT IPOEK-
TOB JOPOrMX FOPHBIX JUHUMN IIBEULIAPCKOTO
THUTA, TPUAYMAJIN YASIIEBIEHHYIO XKeJIe3HYIO
nopory. OHU BeIOpaIW Ul 3TOU JIMHUM K-
pUHY KoJien B aBa (pyTa, ¢ IpUMEHECHUEM,
OIHAKO, MAaCCUBHBIX PEJIbCOB, TaK 4TO,
HECMOTpSI Ha MaJIylo IIUPUHY KOJEHU, OKa3a-
JIOCh BO3MOXKHBIM [UISI TATH TOE3I0B IIPUME-
HUTb JOBOJIBHO CHJIBHBIN mapoBo3. CooTBeT-
CTBEHHO MMHMATIOPHOM IIIMPUHE KOJIEH, Ba-
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TOHbBI TAKXKE MMEIOT MaJIble Pa3Mephbl, IIOUeMy
U BCIO JOPOTY Ha3BalU «UIrpyliedHoo» («Toy-
Railway»): BaroHbl HIKe YEJIOBEUYECKOTO PO-
CcTa YW MO3BOJISIIOT YCECTbCSI Ha CKaMeiike
TOJIBKO TPEM TTaccaxkupam. K rmoesmy mpuiiern-
JIeTcst mapoBo3 ¢ MatnHoo B 70 cui. Tak kak
BaroHbI CKpeIUIEHbl MEXIy CO00I0 TakK, 4TO
MOTYT CTaThb OAMH K JAPYTOMY I1OJ JIOOBIM
YIJIOM, a OCH PACITOJIOXKEHbI Ha OJIM3KOM pac-
CTOSIHMU, TO BECh I1OE3/1 MOXKET JIETKO ITPOXO0-
JIUTh 10 KPUBBIM BeCbMa MaJIOro paauyca.

ITpu coopyKeHUHU MMOJIOTHA JOPOTH MHKE-
HepbI COBEPIIEHHO OTKA3aJIUCh OT YCTPOMCT-
Ba OOJIBILIIMX MOCTOB U TOHHEJIEN. JIMHUA NAET
OTYACTH MO KapaBaHHOM I0POre, 4acThio Xe
IO Y3KOM TPONMHKE, BEICEYEHHOMN B CKIIOHE
ropbl, ¥ MOE3]1 IO MyTH CIeI0BaHUS IejaeT
Maccy M3ru0boB, MOBOPOTOB M 3ur3arosB. [1o
CJI0OBaM OYEBM/ILIA — KOPPECIIOHIEHTA ra3eThl
«Neue Freie Presse», myreiecTBue 1Mo 3Toi
JIOpOre J0CTaB/ISIET JIIOOUTEITIO IIPUPOIbI He-
BbIpa3uMoe HacnaxneHue («/Ipasum. Becmn.»,
Ne 250, om 17-e0 nosabpsa 1907 2.).

Kones 6 2 gyma wupuno! 6 deiicmeumens-
HOCmuU He npedcmasnsem Kako2o-aubo HO80-
86e0eHUs1 0151 aHeauuaH. JlocmamoyHo 6cnom-
Humb 0 Pecmunbo2ckoil Jc. dopoee, NOCMpPOoeH-
Hoil 8 1832 e0dy u onucannoil 6 «Keae3nodo-
pooctom lene» ¢ 1886 200y, cmp. 256 u 277. Ona
nOCMpOeHa 2nasHbiM 00pazom 045 nepedosKu
naumol. AHeauuane 60eaye Hac, HO He Ope3eyrom
U 001e2UEHHBIMU MUNAMU JCENE3HbIX 00poe,
K0eda 3mo npedcmasasemcs HeobX00UMbiM
U 00CMamo4HbIM.

(ZKene3nomopozxkuoe mejo.— 1908.—
Ne7.—C. 63). ®
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PRESS-ARCHIVE

TAKE ME TO THE HIMALAYAS...

New in the railway policy of China.—
According to The China Gazette, disputes
arose between the Chinese Ministry of Foreign
Affairs and the French envoy over the
construction of a railway from Liang-Chou-Fu,
near Pakhoy, to the Western River. The Chinese
decided to build this railway on their own,
contrary to the contract, according to which
the construction and operation of this line
should be carried out by the Chinese-French
company. Further, the nobility of the province
of Shen-Xi and Ganfu bothers about the
permission to build the railway Tai-Yuan-Fu
(Nan-Si) through Si-An-Fu (Shen-Xi) to Lan-
Chou-Fu (Tan-Su). This is due to the promise
of the viceroy of these provinces to transfer the
concession to the Belgian syndicate.

One of the Chinese princes set out to buy
the Beijing—Hankow railway from the hands
of the Franco-Russian-Belgian syndicate. To
pay the mortgage debt of the named railway, a
huge sum is required, which his Highness
offered to gather from the inhabitants of the
islands of southern China. A person who will
collect the necessary capital is promised to
procure the title of duke («Vestnik Putei
Soobshcheniya», Iss. 44, November 3, 1907).

On construction of the Baghdad railway.—
The English press in India attaches great
importance to the arrival of Emperor Wilhelm
in England and expresses the opinion that this
visit can have a great influence on the resolution
of the issues about the Baghdad railway and
about the participation of England in this
construction. «Times of India», discussing this
issue, notes that Germany’s proposals for
participation in the construction of this line
should be considered very carefully and
impartially. The old terms, under which the
participation was offered to England, were
ridiculous. The newspaper says that the only
acceptable conditions would be those which
would include English control over the section
ofthe line between Baghdad and the sea («SPb.
Vedomosti», Iss. 244, November 3, 1907).

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol
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Prices for railway rolling stock.— The
Commerce and Industry Newspaper reports prices
for rolling stock, which currently exist in Russian
carand locomotive plants on orders of our railways.
Normal freight cars with brake cost — 1.350
rubles, the same without a brake — 1.165 rubles,
platform of the improved type brake — 1.366
rubles, the same without a brake — 1.181 rubles,
refrigerator cars — 3.230 rubles, luggage cars —
6.692 rubles, passenger four-axle cars of the 3
class — 12.800 rubles, goods locomotives of a
normal type (weight of a locomotive 2.922
poods, weight of a tender 1.159 poods) — 34.210
rubles, the same without a tender — 28.100
rubles, four-axle passenger locomotives with a
four-axle tender(3.093 and 1.062 poods) —
37.513 rubles, four-axle passenger locomotives
with a four-axle tender (3.058 and 1.762
poods) — 39.163 rubles, locomotives of the type
of Eastern Chinese railway (4.005 and 1.115
poods) — 45.100 rubles, five-axle locomotives
of the same railway (4.118 and 1.342 poods) —
19.577 rubles and five-axle locomotives of the
«changed» type of the same railway (4.118 and
8.342 poods) — 50.144 rubles. The latest figures
show how large the costs are required in
improving the traction of the railways («Noviy
Krai», Iss. 237, November 6, 1907).

This last instruction should, it seems, be
added: «When these improvements, being one-
sided, ignore the progress of technology in other,
even related spheres and the general need to
reduce costs. It would be desirable to have also
the prices for rolling stock in the countries
bordering with Russia».

«Toy» railway in the Himalayas. — The hot
climate of the valleys of the Hindustan
Peninsula often affects very unfavorably the
health of Europeans living here; therefore, the
families of English-speaking officials and
negotiants living here, as well as officers of the
Anglo-Indian army, are looking for comfortable,
cooler terrains, where sometimes they move to
improve their health. Such places are the hills
ofthe Himalayan mountains and in particular —

.15, Iss. 4, pp. 249-252 (2017)




the place Dar-Teeling, called the pearl of the
Himalayas. Rising several thousand meters
above sea level, near the Ganges valley, not far
from the main peaks of the Himalayas, Everest
and Chinchin-chung, and being an excellent
resort, Dar-Teeling has so far been little
available to the European, due to the steepness
of the mountains and the primitiveness of the
modes of movement.

The British have recently decided to
eliminate this inconvenience by arranging a
railway connection between Dar Teeling and
Siligver, a city located at the foot of the
Himalayas, in the Ganges valley. When building
a road that does not pursue commercial
purposes and therefore does not promise special
revenues, it was necessary to observe the
savings. Therefore, the English engineers,
abandoning the projects of expensive mountain
lines of the Swiss type, came up with a cheaper
railway. They chose a track width of two feet
for this line, using, however, massive rails, so
that, despite the small track width, it was
possible to use a fairly strong locomotive for the
traction of trains. In accordance with the
miniature track width, the cars are also small
in size, which is why they called the whole road
«toy-railway»: the cars are lower than human
height and only three passengers can sit on the

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 4, pp. 249-252 (2017)
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bench. To the train, a steam locomotive with a
machine of 70 forces is coupled. Since the cars
are fixed to each other so that they can become
one to the next at any angle, and the axes are
located at a close distance, the entire train can
easily pass along curves of a very small radius.

When constructing the roadway, engineers
completely abandoned the arrangement of
large bridges and tunnels. The line goes partly
along the caravan road, partly along a narrow
path carved into the mountainside, and along
the route the train makes a lot of bends, turns
and zigzags. According to an eyewitness — a
correspondent of the newspaper «Neue Freie
Presse», traveling along this road delivers an
unspeakable pleasure to the lover of nature
(«Pravit.Vestn.», Iss. 250, November 17, 1907).

The 2-foot-wide track in reality does not
represent any innovation for the British. Suffice
it to recall the Festiniog railway, builtin 1832 and
described in «Zheleznodorozhnoe delo» in 1886,
pp. 256 and 277. It is mainly built for the
transportation of the plate. The British are richer
than us, but they do not disdain the lighter types
of railways, when this seems necessary and
sufficient.

(Zheleznodorozhnoe delo.— 1908.—
Ne 7.—p. 63). ®
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Poccurickoe norpaHnybe: coymnasibHO-
nonutnyeckue u UHPPacTpyKTypHbie
npoo6nemsi /Mog pen. B. A. Konocosa
unA. b. BonoguHa.— M., 2016.—- 188 c.

B cO60pHMK BOLLUIN MaTepuarbl
Bcepoccurickoii Hay4YHO-rpakKTN4ecKom
KoH@epeHuyun «TpaHcrpaHnyHas
nHppacTpykTypa Poccun»,
opraHn3oBaHHoV B peBpasne 2016 roga
no nunymartnsee UHctutyra reorpacpum
PAH, AreHTCcTBa no pa3BuTuio
TPaHCrpaHNYHoOu MHPPacTPyKTypPbI

n MockoBckov rocyaapcTBeHHOM
akagemMun BO4HOIo TPaHCnopTa.
WU3naHne cocTont ns aByx pasgesos,

B KOTOPbIX MpeAcTaB/ieHbl Pe3y/bTaTbl
uccnepgosaHuii reorpagos,
3KOHOMMWCTOB, COLNOJIOrOB,
nocBSLWEHHbBIX 9KOHOMUYECKUM,
COLMOKYIbTYPHbIM, UHPPaACTPYKTYPHbIM
npo6aemam norpaHnydbs, a TaKxe
pa3BuTus U PyHKLMOHNPOBAHNS
TPaHCrpaHNYHOU MHPPaCTPyKTYypPbI

v TpaHcropTa.

Knto4yeBbie c/10Ba: «9KOHOMUYECKNIA
nosic LLlenkoBoro nytun», MexayHapoaHasi
JIOrncTyKa, rocynapcTBeHHas

rpaHvua, TpaHcrnopT, TPaHCrpaHudHasi
WHppPacTpyKTypa.

KHV>XHAAJIOE WA

TpaHcrpaHunyHas
MHDpaCTPYKTypa

eajm3alnus CTpaTeruyd pa3BUTUS
TpaHcropTa Poccuu, noctuxxeHue
€€ OCHOBHBIX 1IeJIell U roKa3aTesei
BO MHOTOM CB$SI3aHO C Pa3BUTUEM TpaHC-
NMOopTHOU UHGPACTPYKTYpbl. OCHOBHBIM
WHCTPYMEHTOM peanu3allui CTpaTeruu —
denepanbHO 1eaeBO mporpaMmoii «Pas-
BUTHE TPAHCIIOPTHOM cucTeMbl Poccum» —
peaycMaTpUBAETCs CTPOUTEIBCTBO KPYII-
HOMACIITaOHBIX TPAHCIIOPTHBIX IIPOEKTOB,
peanu3yoinx 3KOHOMUIYECKUN U TpaH-
3UTHBIN MOTEHIIMAJ peTuoHoB Poccuu.

Ha ¢done HeompenemEHHBIX OTHOIIIE-
Huii co ctpaHamu EC Poccust mocnegosa-
TeJbHO pa3BUBaAET BCE OoJiee TeCHBIE
TOProBO-3KOHOMUYECKUE OTHOLIEHUS CO
cTpaHaMM A3MaTCKO-THUXOOKEaHCKOTro
pervoHa.

Poccuiickass ®enepanuss CTAaHOBUTCS
MMOJTHOIIPaBHBIM 1 aKTUBHBIM YYaCTHUKOM
KUTACKOUW MHULMATUBBI «DKOHOMUYE-
ckoro nosica lII€1koBoro myTr». 9Ta UHU-
IaTUBA TTO3BOJIMT B MEPCIEKTUBE Hapa-
CTUTH I'Py30000POT TPAHCIIOPTA U TIPEeBpa-
TUTh HAllMOHAJIbHbIE TPAHCIIOPTHBIE
KOMMYHUKAIIMU B TPAH3UTHBIE MOCTBI JIJIST
obopoTta ToBapoB Mexay Kutaem, crpaHa-
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MU A3MaTCcKO-THUX00KEaHCKOTO peruoHa
u EBporoii.

be3ycnoBHO, Takue MaclITaOHbIE CTpa-
TEeTHHU TPeOYIOT HOBOTO IMOAX0/Aa K OpTaHM-
3alUM MEXIYHAapOAHON JTOTUCTUKMU.
W mpexpae Bcero B 4acTH IlepecedyeHUs
rpy3aMy M TOBapaMM HallMOHAJbHBIX Tpa-
Hull. Beagb ”MEHHO MYHKTHI IPOITyCKa Ye-
pe3 TocynapCTBEHHYIO TPaHMILYy HEPEeaKO
SIBJISIIOTCSI TOPMO30OM Ha MyTHU MEXIyHa-
POJHOI TOPTOBJIMU U TPaH3UTa, MOCKOJIbKY
OHM HE B COCTOSIHUU CIIPABJISATHCS C yBe-
JIMYMBAIOIIUMCS TPY30IIOTOKOM.

IIpumeuaTesIbHO, YTO HOBOE OCMBICIIE-
HMe CIT0CO00B peleHus cyrydo npukiami-
HBIX TPAHCIOPTHBIX 3aJa4 CTAHOBUTCS
MeXAMCUUIUIMHAapHBIM. MccliemoBaHus
B 00J1aCTU TpaHCIPAaHUYHBIX KOMMYHUKa-
Uit BC€ OOJIbIIIe MHTEPECYIOT IIPEICTaBU -
TeJiell pa3HbIX HAyYHBIX CHEIUaTbHOCTEH
n npodeccuii. B peren3npyeMmom cOOpHM-
Ke KakK pa3 JOCTAaTOYHO OIpeaeIEHHO
MOATBEPXKAaeTCs 3Ta TeHAeHus. B mep-
BOM €ro pasjiejie pejacTaBIeHbl pe3yJibTa-
ThI UCCIeAOBaHUN reorpadoB, 5KOHOMU-
CTOB, COLIMOJIOTOB, KOTOPHhIE KacawTcs
SKOHOMUYECKUX, COLIMOKYIBTYPHBIX, UH-
dpacTpyKTYpHBIX MPOOJIEM MOTPaHUYbS.
Bo BTOpOIi cBOEIT YacTW KHUTA COOEPKUT
Hay4yHO-IIpaKTU4YeCKre Ipo0JIeMbl pa3BU-
T 1 QYHKIMOHUPOBAHUS TPaHCTPaHUY -
HOM MHMPacTPpYKTyphl U TpaHCIIOPTA,
MpUYEM 3/1eCh IPUCYTCTBYIOT pa3HbIE €TO
BUIIBI — MOPCKOM, PEYHOW, BO3AYIIHBIN,
KEJIe3HONOPOKHBIN, aBTOMOOMIIBHBIN.

OO01ecTBEeHHOE 00CYKIeHUEe Hauboee
3HAYMMBIX BOIIPOCOB CTpATEeTrUu U TAKTUKU
pa3BUTHUS IIYHKTOB IIPOITycKa yepe3 rocy-
JapCTBEHHYIO T'PaHULY JJISI COAEUCTBUS
SKOHOMMYECKOMY Pa3BUTHUIO MPEIIIpUsi-
TUI, TPAHCIIOPTHOU MHGPACTPYKTYPHI
u pernoHoB Poccuiickoit Menepanuu
MPUOTKPHIBAET 3aBeCy Ha/l HEKOTHa HEIIpH -
KacaeMoOi TeMOI «CBAIIEHHOCTH» TPaHMUII.
bnarogapst B TOM 4uciie ¥ 3TOMY aKTyalb-
HbI€ BOIIPOCHI OCYIIIECTBICHUS TPaHCTpa-
HUYHBIX COOOIIEHUN 1 KOMMYHUKAILIUI BO

Bcex cepax 4eJ0BeUeCKOM XKMU3HU B MPU -
TPaHUYHBIX PETMOHAX CTAHOBSTCS OJIU3KU
U TIOHSITHBI JaXKe OObIBATEIO.
TpancrpanuyHast uHMpacTpyKrypa Poc-
CUM MpeIcTaBiisieT coO00M COBOKYIHOCTH
00BEKTOB M TEXHOJOTUI1 B 00JIaCTU TPaHC-
IOpTa ¥ CMEXHBIX C HUM OTpacieil, CUCTEM
0€30MacHOCTH, CCTEM CBSI3U U TEJIEKOMMY -
HUKAaIMii, KOTOPBIE PACITOI0XEHBI B ITOrpa-
HUYHOM IIPOCTPAHCTBE Hallleil CTpaHBI
U COTIPENIEJIbHOTO ToCyAapcTBa, YTO OTpaxa-
eTcsl Ha pexume e€ (YHKIMOHUPOBAHUS.
U cooTBeTCTBEHHO TPEeOYET COBEPILICHCTBO-
BaHUS BCEro KOMIIJIeKCa OTHOIIEGHUI,
JIOKyMEHTOO0O0POTa, TEXHUYECKOT0 OCHAIIIe-
HUSI, IIPEXIE BCETO IIPUMEHUTEIbHO K MEXK-
IIYHAPOIHBIM TPAaHCIOPTHLIM KOPHUIOPaM.
HoBbie neMoHCTpUpyeMble MOAXOAbI
K pelIeHMIO TIpo0sieM 0e30I1acHOCTU Yepe3
00CyXIeHre Kpyra 9KOHOMUYECKHUX, COLTNO-
KYyJBTYPHBIX, TH(PPACTPYKTYPHBIX 1 aHAJIM -
TUYECKUX ITPOOJIEM ITOrPaHUYbsI TTO3BOJISIIOT
HallynaTb HOBBII BEKTOpP, OTpeaesIonni
CTpaTEeTuIO Pa3BUTHUS TPAHCTPAaHUYHON MH-
dpacTpykTypbl. Kpome Toro, BMecTe ¢ rpu-
BOJMMBIMU B COOpPHMKE pe3yJbTaTaMU UC-
ciaeqoBaHUN 00BEKTOB aBTOMOOMIIbHBIX
M XEJIe3HOMOPOXHBIX IIyTei COOOILIeHMS,
MIyTEIpPOBOAOB, a3POMOPTOB, MOPCKUX
U PEYHBIX ITIOPTOB, 00ECTICYMBAIOIINX IIEPe-
CeuYeHMe rocy1IapCTBEHHOM I'paHUIIbI 1 B LI~
JIOM MEXITYHApOTHOE ITPY30BOE M ITaCCaKUp-
CKOe COO00IIIeHNEe, OITyOIMKOBaHHBIE Hayd-
HBIE BBICTYILICHUS BBITJISIISIT 0COO0 HE00X0-
IUMBIMU U BaxXHbIMU. MO0 momorarior
OCO3HAaTh IPSAAyIINe U3MEHEHUS U HaIlpaB-
JIEHUsI POCTa UMEHHO C TOYKM 3PEHUS lie-
JIOCTHOCTHU BOCIIPUSITUSI MEXIYHapOIHbBIX
TPAHCIIOPTHBIX KOMMYHUKALIMI 1 TIOHUMA-
HUSI MX TOTOBHOCTH K HOBBIM BBI30BaM.

I 1. JINTBUHEHKO,

JIOKTOP TEXHUYECKUX HAYK, KAHIAUAAT
reorpadguyecknx HayK, npoceccop,
reHepaJibHblii AUPEKTOP

000 «MopTpancHUUnpoekT»,
Mocksa, Poccus @
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CROSS-BORDER INFRASTRUCTURE

Russian borderlands: socio-political and infrastructure problems / Ed. by V. A. Kolosov and A. B. Volodin.
Moscow, 2016, 188 p.

POCCUMCKOE
INOTPAHUYBE

COUMANBLHO-NONUTHYECKHE M
MHOPACTPYKTYPHHE NPOBNEMN

ABSTRACT

The collection includes materials
from All-Russian Scientific and Practi-
cal Conference «Cross-Border Infra-
structure of Russia», organized in

structure and Moscow State Academy
of Water Transport. The publication
consists of two sections, which present
the results of studies by geographers,
economists, sociologists on economic,

8 possne B.4. Konocoss u A.5.

February 2016 at the initiative of the
Institute of Geography of the Russian
Academy of Sciences, the Agency for
Development of Cross-Border Infra-

sociocultural, infrastructural problems
of the borderland, as well as develop-
ment and operation of cross-border
infrastructure and transport.

Keywords: «Economic belt of the Silk Road», international logistics, state border, transport, cross-border

infrastructure.

The implementation of a strategy for develop-
ment of transport in Russia, the achievement of its
main goals and indicators is largely due to develop-
ment of transport infrastructure. The main instrument
for implementing the strategy — the federal target
program «Development of the Russian transport
system» — provides for construction of large-scale
transport projects that realize the economic and
transit potential of Russia’s regions.

Against uncertain relations with the EU countries,
Russia is consistently developing ever closer trade
and economic relations with the countries of the
Asia-Pacific region.

The Russian Federation becomes a full-fledged
and active participant in the Chinese initiative of the
«Economic belt of the Silk Road». This initiative will
allow in the future to increase the freight turnover of
transport and to turn national transport communica-
tions into transit bridges for goods turnover between
China, the countries of the Asia-Pacific region and
Europe.

Of course, such large-scale strategies require a
new approach to organization of international logis-
tics. And first of all, with regard to crossing of na-
tional borders by cargoes and goods. After all,
checkpoints across the state border are often a
brake on international trade and transit, because
they cannot cope with the increasing freight traffic.

Itis noteworthy that a new interpretation of ways
of solving highly applied transport problems be-
comes interdisciplinary. Studies in the field of cross-
border communications are increasingly interesting
for representatives of various scientific specialties
and professions. In the collection under review, this
trend is confirmed definitely enough. In the first sec-
tion, the results of studies of geographers, econo-
mists, and sociologists are presented, which relate
to the economic, socio-cultural, infrastructural
problems of the borderland. In the second section
the book contains scientific and practical problems
of development and functioning of cross-border

infrastructure and transport, and here there are dif-
ferent types of it — sea, river, air, rail, and road.

Public discussion of the most significant issues
of the strategy and tactics of development of check-
points across the state border to promote eco-
nomic development of enterprises, transport infra-
structure and regions of the Russian Federation
opens the veil over the once untouchable theme of
the «sacredness» of borders. Thanks, among other
things, to this, the topical issues of implementing
cross-border communications and communications
in all spheres of human life in the border regions
become close and understandable even to a lay-
man.

Cross-border infrastructure of Russia is a set of
objects and technologies in the field of transport and
related industries, security systems, communication
and telecommunications systems that are located in
the border area of our country and the neighboring
state, which is reflected in the mode of its function-
ing. And, accordingly, it requires improvement of a
whole range of relations, document circulation,
technical equipment, which are primarily related to
international transport corridors.

New demonstrated approaches to solving se-
curity problems through discussion of a number of
economic, sociocultural, infrastructural and ana-
lytical problems of the borderland allow to find a
new vector that determines a strategy for develop-
ment of cross-border infrastructure. In addition,
together with the results of research of objects of
roads and railways, overpasses, airports, sea and
river ports, which provide for crossing of a state
border and, in general, international freight and
passenger traffic, published scientific reports ap-
pear to be especially necessary and important.
Because they help to understand future changes
and directions of growth precisely from the point of
view of integrity of perception of international trans-
port communications and understanding of their
readiness for new challenges. °
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Selected abstracts of D.Sc.
and Ph.D. theses submitted at Russian
University of Transport
(aHrn. Tekct — English text — p. 258)

Tapmam 1O. B. CoBepmeHCTBOBaHME CHCTEM 3JIEKT-
PooGOpyn0OBaHNS ABTOMOOW.IEI HA OCHOBE JJIEKTPOHHbIX
npeodpa3oBaTeieil 3JeKTpUIECKoii Inepruu / Aproped.
DIAC... I0K. TeXH. HayK.— M., 2017.— 46 c.

HayuHast HOBU3Ha MCCIIEIOBAHUS 3aKJIIOYACTCS
B pa3paboTKe HOBBIX TPUHIIUTIOB MOCTPOESHUSI DTEKTPO-
000pYIOBaHUS U TEOPETUYECKUX TTOTOKEHUH TI0 YIIyd-
LIEHUIO OKCTUTyaTalIMOHHBIX XapaKTePUCTUK OOPTOBOTO
3JIEKTPOOOOPYI0BAHMST aBTOMOOWIISI, TTOCPEICTBOM Op-
raHu3auru aMdbepeHInPOBAaHHOTO MUTAHUS TOTPEOU -
TeJIell ¢ TOMOIIIBIO PEeTYJIUPYEMBIX MO TMapaMmeTpaM
00BbEeKTa UMITYTbCHBIX aANITUBHBIX NICTOUHUKOB dHEP-
TUU; MAaTeMaTHYeCKOI MOJIETM CUCTEMBI DJIEKTPUUECKO-
TO IMycKa JABUTAaTess BHYyTPEHHETO CrOpPaHUs C KOHACH-
CaTOPHBIM HAKOIUTEJIeM SHEPTUU B HIMPOKOM Juara-
30HE HANpPSIXKEHUI, MTPEeBLIIAIIIUX HOMUHAIbHBIC;
MareMaTHYeCKMX MOJeJIei U MPeITOKeHHBIX Ha UX OC-
HOBE YCTPOWCTB CUCTEMbI 322KUTAHMSI, COAEPKALLINX TSI
00J1aCTH TTYCKOBBIX YaCTOT IMOBBIIAIONINI TTpeoOpa3o-
BaTeJIb, a 1151 00J1aCTH paboYMX YaCTOT — MOHMKAOLIUIA
npeoGpa3oBaTeib, HAMPSIKEHUST KOTOPBIX 00eceurBa-
10T TIOCTOSIHHYIO BeIMYMHY Ko3dbduimeHTa 3amnaca mno
BTOPUYHOMY HAIPSIKEHUIO.

ABTOPOM TPEANIOXEH Psl TEXHUYECKUX PEeIIeHU
MO CUCTEMe DJIEKTPOCHAOXEHUsT Ha Oa3e IMMPOTHO-
MMITYJIbCHOTO PeTyJsiTopa, 00ecreYrBaIImnX ¢ Y4ETOM
TEMIIePAaTyPHOTO PeXKMMa MOBBIIICHUE CTETIEHU 3apsi-
JKEHHOCTHU U MPOJJIEHUE CPOKA CIYXKObI aKKYMYJISITOP-
HOI1 GaTapeu, a TaKXKe Mo pa3neIeHUIO PUKIIaIbiBac-
MBIX K TOTPEOUTENSIM IeKTPUUECKOI SHEPTUU HATIPSI-
KeHWIi, GOPMUPYEMBIX UCTOUHUKOM BTOPUYHOTO
9JIEKTPOMUTAHMUSI.

Boaadaarap HanamHipnar. DKoHOMUYECKOe 000CHO-
BaHUe BAPUAHTOB OPraHNU3aN|M IEPEBO30K IPY30B B KOH-
TeliHepHbIX Moe3aax / ABroped. AHC... KAHI. IKOH.
HayK.— M., 2017.— 24 c.

BrinosHeHO cpaBHEHNWE 9KOHOMUYECKHUX MTOKAa3a-
TeJield paboThl KeJIe3HOIOPOKHOTO TPaHCIIOPTa MPU
Pa3HBIX TEXHOJOTUSIX OPraHU3alUK TIEPEBO30K KOH-
TEHEPOB, IJIST KaXKIIOW U3 HUX PaCCUYNTAHbI BEJTMIMHBI
9KOHOMUYECKH IOTEPh IPY30BIaA€E/bIEB, PACXOI0B Ha
TMepeBO3KY U MPOBO3HBIX TUIAT. [Ipu cpaBHEHWY Bapu-
aHTOB OIpeIeeHbI TOPOrOBbie 3HAUEHMS LIeH | T me-
PEBO3UMBIX TPY30B, MO3BOJISIONINE PA3AEIUTh TPY3bI
10 KPUTEPUIO LIETECO00PAZHOCTH TPUMEHEHUST TSI UX
MepeBO30K TOM WUJIM WHOUW TEXHOJOTUU, TIPU ITOM
OIpeneeHO BIUSIHIE Ha MOPOTOBbIE 3HAYEHUST BEJIM-
YUHBI KPEAUTHOW CTABKU W JAJTbHOCTU TEPEBO3KHU
rpy3oB. Pa3zpabGoTaHbl 3KOHOMUYECKKUE MPUHIMITBI
000CHOBaHUSI TPUMEHEHMS Pa3HBIX TEXHOJIOTHI opra-
HU3aLKMK TIEPEBO30K KOHTEIHEPOB XKEJIE3HOIOPOXKHBIM
TPAHCTIOPTOM C YIETOM MHTEPECOB IPY30BIIaIEIbIIEB.

Edumos P. A. OueHka TenioBbIX HATPYKeHuii HeJib-
HOKATAHOTrO K0Jieca BaAroHa npyu ToOpMoKeHuu / Astoped.
JIAC... KaHJ. TexH. HayK.— M., 2017.— 24 c.

PazpaboTtaHa MeTon1MKa KOMIIbIOTEPHOTO MOJIETTH -
pOBaHUSI TPOTEKAHUSI TETIJIOBBIX ITPOIIECCOB M UBMEHE-
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ABTOpedepaTbl ANccepTaunm

HUSI CTPYKTYPHOTO COCTaBa B 11eJIbHOKATAHOM KoJiece
MPU pean3ainuy pa3IunIHbIX PEXKUMOB TOPMOKEHUSI
¢ yuy€TOM TeKyIIell CKOPOCTU ABMXEHUS, MOJYYeHbI
3aBUCUMOCTU MHTEHCHMBHOCTU TEIIJIOBBIX HATrPy30K
U pacmpeneieHus nojeit TeMmnepaTyp B KoJjiece, onpe-
JleJieHa CTeMeHb BIUSHUS OTACJbHBIX (PAaKTOPOB Ha
MHTEHCUBHOCTb TEIUIOBBIC/ICHUsI B KOHTAKTE «KOJIe-
CO—TOPMO3Hasl KOJOIKa» U MPOTEeKaHUE TEIJIOBBIX
MPOLIECCOB B LETbHOKATAHOM KOJIece MPU TOPMOXKe-
Huu. MccrienoBaHo BIMSIHIE TEOMETPUH IMCKa KoJieca
Ha XapakTep MepeMelleHuil Mpu IIUTeIbHOM TOPMO-
JKEHWU Ha 3aTSIKHOM CITyCKe.

Mamorun A. 1O. IlpuMeHeHre MAaJIOBEHTHIBHBIX
npeoOpa3oBareJieii B CHCTEMe MUTAHUS BCIIOMOTATEbHbIX
1eneii 31eKTPOBO30B IIepeMEHHOro ToKa / ABroped. auc...
KaHJ. TexH. HayK.— M., 2017.— 24 c.

JlvccepTaHTOM TpeIOXKEeHA MaTeMaTHdecKast
MOJIeJIb ACUHXPOHHOTO ABUTATENsI € TI1yOOKOMa30BOi
00MOTKOI1 poTopa, KoTopasi 1aéT BO3MOXHOCTb UCCIIe-
JI0BaHUS pabOTHI TAKUX ABUTATENEil B MyCKOBBIX U Te-
PEXOIHBIX PeXUMaX, a TAKKe MaTeMaThyecKast MOJIe] b
JUTSI MCCeIOBAHUSI DEKTPOMATHUTHBIX MPOLIECCOB
B CHCTEME BCITOMOTATEeJIbHBIX MAIlMH 2JIEKTPOBO3a
2DC5K, yuuThiBawlIias BIUSIHUE TITOBOW Harpy3Ku
U TIapaMeTPOB KOHTAKTHOM CETU Ha PEXKMUMBbI 9KCTUTya-
TalMK 3JIeKTpoobopynoBaHus. PazpaboTtaHbl MeTOAM -
Ka OLICHKU BJIMSTHUS MapaMeTpOB KOHIEHCATOPHBIX
dazopacuienureseit Ha mokasaTesn pabOThl aCUHXPOH-
HBIX IBUTATEJIei M CUCTeMa YIIpaBJICHNS] MAJIOBEHTUITb-
HBIM TMpeoOpa3oBaresnieM, obecreynBaooias MUHU-
MaJIbHYI0 HECUMMETPHIO TPEX(Ha3HOTO HAMPSIKEHUS
MUTAHUsI BCTIOMOTAaTeIbHbIX MAIIMH 3JIEKTPOBO30B.

Ocnanoekos b. K. IToBbllenne 3HepreTHyecKoi
3((EeKTUBHOCTH U IKCIVIyaTALMOHHBIX NMOKa3aTeJjei
3JIeKTpoMOOuUIeii / ABToped. AUC... KAHA. TEXH. HAYK. —
M., 2017.— 24 c.

PaspaboTaHbl KOMIJIEKCHasi MaTeMaTuyeckas
mozesib CTOO DM i KaueCTBEHHOM U KOJIMYECTBEH-
HOIi OLIEHKU 3apsITHO-PA3PSIAHBIX PEXKUMOB aKKyMYJIsI-
TOPHOI1 O6aTtapeu, pacy€THO-IKCIIEPUMEHTAIbHbIE Me-
TOAVKM ST OTIPEeIeHUsT 9KCTUTyaTAllMOHHBIX PeXU-
MOB C MOMOIIbIO MpOorpaMMHoOil cpenbl Matlab
(Simulink), nmo3BoJsioNIel pallMOHAJIU3UPOBATh aHA-
JIMTUYECKYIO U PACUETHYIO OLIEHKU MOKa3aTeseit aj1ek-
TpoMoOuUseil, CHU3UTb BPeMsI U TPyd03aTpaThl Ha BbI-
yuciaeHus. Pacu€THBIM MyTEM OTpeieIeHbl TEIJIOBbIe
peXUMBbI eIMHUYHOTO aKKyMYJIsITOpa B cocTaBe OaTta-
PEWHOrO MOMYJISI UISI TIePCTIIeKTUBHOTO TUITA JTUTHI-
MOHHBIX OaTtapeit. [IpeanoxeHa MeTonMKa OINpeaese-
HUSI pecypca TATOBBIX aKKYMYJISITOPHBIX GaTapeit
¢ Y4ETOM IKCILTyaTallMOHHBIX PEKMMOB B CTAHIAPTU-
3UPOBAHHBIX €3I0OBBIX ITUKJIAX IBVKEHUS U B pEaIbHBIX
YCJIOBUSIX OTMBITHOM 9KCIUTyaTalluM.

Porosa E. B. MeTo/1p1 NoBbIlIeHHS] KAY€CTBA 00CIIy-
JKUBAHMS IPY30BJIajieJIbIieB HA OCHOBE COBEPIIEHCTBOBA -
HUS CHCTEMbI B3aMMO/I€iCTBUS TPAHCTIOPTHBIX KOMIAHMI
/ ABTOped. AucC... KaH]. IKOH. HayK.— M., 2017.— 24 c.

AnanTupoBaHa cCMCTeMa [oKa3aTeseil KauecTBa 1ist
YCJIOBUIT 00CITy>KMBaHUS IPY30BJIa/IeJIbLIEB TPAHCIIOPT-
HBIX KOMITAaHW, MPeIJIOKeH aJrOPUTM B3aUMOJIECT-
BUSI TIPY COBMECTHOM IPEIOCTABICHUN YCIYT KIMEH-
Tam. OGOCHOBaHAa CUCTEMa MHAMKATOPOB /Il OLIEHKK
9KOHOMUYECKOU 3 GHEKTUBHOCTH COTJIaCOBAHHBIX
AENCTBUI KOMMOAHUWM, CTaBSIIUX 11€JIbI0 MOBBILIECHUE
KavyecTBa OOCTY>XMBaHUsI TPY30BJIAIeblIeB KaK B3au-
MOBBITOIHYIO CTpAaTeTHuYecKylo 3a1auyy nmapTHEPCKOro
colo3a. [




ABSTRACTS

OF D.SC. AND PH.D. THESES

Selected abstracts of D.Sc. and Ph.D.
theses submitted at Russian University
of Transport

Garmash, Yu. V. Perfection of systems of electric
equipment of cars on the basis of electronic converters of
electric energy. Abstract of D.Sc. (Eng) thesis. Moscow,
2017, 46 p.

The scientific novelty of the research consists in
development of new principles for construction of
electrical equipment and theoretical provisions for
improving the operational characteristics of vehicle’s
on-board electrical equipment, which consist in
organizing a differentiated supply of consumers by means
of impulse adaptive energy sources that are regulated by
the parameters of the object; mathematical model of the
electric start-up system of an internal combustion engine
with a capacitor storage of energy over a wide range of
voltages exceeding the nominal ones; mathematical
models and proposed on their basis devices of the ignition
system, containing for the start-up frequency range a
boost converter, and for the operating frequency range —
adown converter, whose voltages provide a constant value
of the safety factor for the secondary voltage.

The author proposes a number of technical solutions
for the power supply system based on a pulse-width
regulator, providing, in view of the temperature regime,
an increase in the degree of charging and prolongation
of the service life of the battery, as well as the separation
of voltages applied to the consumers of electricity
generated by the secondary power source.

Boldbaatar Nandinzetseg. The economic
substantiation of variants of organization of cargo
transportation in container trains. Abstract of Ph.D.
(Economics) thesis. Moscow, 2017, 24 p.

Comparison of the economic performance of
railway transport with different technologies for
organization of container transportation has been
performed, the values of economic losses of cargo
owners, transportation costs and freight charges have
been calculated for each of them. When comparing the
options, the threshold values for the prices of 1 ton of
goods transported are determined, which allow to divide
the goods by the criterion of expediency of applying a
technology for their transportation, while the influence
on the threshold values of the value of the credit rate
and the range of cargo transportation is determined.
The economic principles of justifying the use of different
technologies for organization of container transportation
by rail with account of the interests of cargo owners are
developed.

Efimov, R. A. Evaluation of thermal loads of a solid
wheel of a car during braking. Abstract of Ph.D. (Eng)
thesis. Moscow, 2017, 24 p.

A method for computer simulation of the course of
thermal processes and changes in the structural
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composition of a solid wheel during the implementation
of various braking regimes, taking into account the
current speed of movement, the dependences of the
intensity of thermal loads and the distribution of
temperature fields in the wheel are obtained, the degree
of influence of individual factors on the heat dissipation
in the contact «wheel — brake shoe» and the flow of
thermal processes in a solid wheel during braking. The
influence of the geometry of a wheel disc on the nature
of displacements during long braking on a long descent
is studied.

Malyutin, A. Yu. Application of low-voltage converters
in the power supply system of auxiliary circuits of electric
locomotives of alternating current. Abstract of Ph.D.
(Eng) thesis. Moscow, 2017, 24 p.

The author proposes a mathematical model of
an asynchronous motor with a deep-band winding
of a rotor, which makes it possible to study the
operation of such engines in the starting and
transient modes, and also a mathematical model for
studying electromagnetic processes in the auxiliary
machine system of the 2ES5K electric locomotive,
which takes into account the effect of the traction
load and the parameters of the contact network on
operation modes of electrical equipment. A
technique for estimating the influence of parameters
of capacitor phase disintegrators on the performance
of asynchronous motors and the control system for
a low-voltage converter ensuring a minimum
asymmetry of the three-phase supply voltage of
auxiliary electric locomotives are developed.

Ospanbekov, B. K. Increase of energy efficiency and
performance indicators of electric vehicles. Abstract of
Ph.D. (Eng) thesis. Moscow, 2017, 24 p.

A complex mathematical model of STE EM for
qualitative and quantitative evaluation of charge-
discharge regimes of a battery is developed, calculation
and experimental methods for determining operational
modes using the Matlab (Simulink) software
environment, which allows to rationalize the analytical
and estimated estimates of electric vehicle indicators,
reduce the time and effort required for computing. The
thermal regimes of a single battery in the battery module
for a prospective type of lithium-ion batteries have been
calculated. A technique is proposed for determining the
life of traction batteries, taking into account operational
conditions in standardized driving cycles and in real
experimental operation conditions.

Rogova, E. V. Methods to improve the quality of
service for cargo owners on the basis of improving the
system of interaction between transport companies.
Abstract of Ph.D. (Economics) thesis. Moscow,
2017, 24 p.

The system of quality indicators for the conditions
of servicing cargo owners of transport companies has
been adapted, an algorithm for cooperation in the joint
provision of services to customers has been proposed.
The system of indicators for assessing the economic
effectiveness of concerted actions of companies aimed
at improving the quality of servicing cargo owners as a
mutually beneficial strategic task of the partnership is
grounded. L]
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