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CraTtbs nocssiLyeHa oLeHke

a¢pPeKkTuBHOCTU PYHKLIMOHNPOBaAHUNS
aBTOMOOUIIeli B CMeLlaHHbIX NepeBo3Kax
npu obenyxxuBaHuu nosyyareneni

v oTnpaBuTesier 60/bLUerpy3HbIX
KOHTEeHNHEepPOB 0 CyLeCTBYOLen

v npeanaraemMmou tTexHosorusm. lokasaHo,
YTO cyLyecTByloLlasi TEXHOJIOMUs UMeeT
3HaYUMBbIi He4OCTAaTOK: B 00l el C/IOXXHOCTU
16 aTanoB B npoyecce 4OCTaBKu rpy3a.
lMpeannoxeHa 6osee paunoHanbHas
TEeXHOJIOrnsi C UCroJsib30BaHNEeM
pa3paboTaHHOro aBTopamu KOHTeliHepa

CO CKJ1aAbIBAIOLLNMUCS FPY30M04bEMHBIMU
cTovikamMu, No3BoJisiioLasl MNo4YTU BABOE
COoKpaTtuTb Yyucsio atanos. lposBeaéH aHanns
¢akTopoB, onpegensoLnx 3¢pHeKTUBHOCTb
aBTOMOOU/ILHOIO TPaHcnopTa npu
o6cnyXXnBaHUM KOHTeHHepPoB Ha OCHOBEe
npeAsIoXXeHHbIX CaMopasrpyXaroLynxcs
Mopaenein.

KntoyeBbie cioBa: aBTOMOOUIIb, CMeLIaHHbIe
repeBo3kU, TPaHCNopPTabe bHbIV KOHTEHEP,
rpy30noabEMHbIE CTOVIKU, TEPMUHA/IbHbIE
KOMII/IeKCbI, fOCTaBKa rpy30B, Ka4eCTBO
o6CnyXnBaHus.
|

HAYKA 1 TEXHWKA

b deKTMBHOCTb aBTOMOOUNEN
B CMeLUaHHbIX NepeBo3Kax
OosbLUEerpy3HbiX KOHTEMHEpPOB

Psboe Heopo Muxatinosun — 00Kmop mexHu4eckux
Hayk, npogheccop Boneoepadckoeo cocyoapcmeerHoeo
mexnuueckoeo ynugepcumema (Boael'TY), Boseoepad,
Poccus.

ITopuna Bepa Baaepveena — macucmpanm kagheopu.
asmomoounvHoix nepeeo3ok Boael'TY, Boaeoepao,
Poccus.

MeIIIaHHBIE TIePEBO3KM (€BPOITCCKIIA

TePMUH, UCTIOIB3YeMbIil B CTpaHaxX

EC: MmynsTMMORaTbHBIE TIEPEBO3KM) —
9TO HAWBBICIIUH 1O CIOXKHOCTU TUTI TIEPEBO-
30K MPU HAJTMYUU B PA3INYHBIX COUETAHUSIX
He MeHee JBYX BUI0B TpaHcriopTta. [Ipumene-
HUE B TAKUX TTEPEBO3KAX IPY30B KOHTEITHEPOB
JMAET 3HAUMTEIbHbBIN 9KOHOMUYeCcKUii 3(pdekT
W BBIMTPBILI BO BpEMEHU N0CTaBKH [1].

B MupoBoil IpakTHKe pacrpoCTpaHEeHbI
CJIeTyIOIIe CXeMbl MyJTBTUMOIBHBIX ITepe-
BO30K C y4acTHMEM aBTOMOOWIHLHOTO TpaHC-
nopra:

1) aBTOTpaHCTIOPT — aBUATPAHCIIOPT — aB-
TOTPAHCTIOPT;

2) aBTOTPAHCIIOPT — KeJIE3HOTOPOXKHBII
TPAHCIIOPT — aBTOTPAHCIIOPT;

3) XKeJIe3HOIOPOKHBII TPAHCIIOPT — aBUA-
TPAHCIIOPT — aBTOTPAHCIIOPT;

4) KeIe3HONOPOXKHBIN TPAHCTIOPT — MOP-
CKOW TPAHCIIOPT — aBTOTPAHCTIOPT;

5) Kene3HOMOPOXHBIN TPAHCTIOPT — aBTO-
TPAHCIMOPT — aBUATPAHCIIOPT — ABTOTPAHCTIOPT.

B Poccuu Hanbonbliee pacnpocTpaHeHUe
ToJTyqnsIa Bropasi cxema (puc.l).

B 2014 romy Konm4ecTBO KOHTEHHEPHBIX
TEePEeBO30K Ha BHYTPUPOCCUIICKMX HATIpaBIIE-
Husx 110 cetu «P2K]I» yBenmumiocs B 1,7 pasa.
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Puc. 1. Morpy3ka KOHTEeiHEPOB.

ITpupocty crmoco0CcTBOBAJIO YIyUIIEHHE 0011Ie-
ro YpOBHsI CepBHCa Ha KEJIE3HBIX TOPOTrax.
KomnaHnust crapaeTcsi NpeaioXuTh KaKIoMy
TPY300TIIPABUTEIIIO BHITOIHbBIC TAPU(DHBIE YCII0-
BMSI, UCIIOJIb3YETCSI OOBEIMHEHNE TPY30B He-
CKOJIBKMX OTITPABUTEJICH B OMH IOE3]1, TIOBbI-
IIAETCSI CKOPOCTh TePEIBIKEHMST KOHTEIHED-
HBIX 110e3710B (10 1341 KM B CYyTKU IPpU CpeaHer
CKOPOCTH I'py30BbIX oTIpaBieHuit 850—900 km
B CyTKM) [8].

B cMelraHHbBIX epeBO3KaX IPy30B B KOH-
TeiiHepaX aBTOMOOWJIbHBII TPAaHCIIOPT SIB-
JISIETCS CBSI3YIOLIMM 3BEHOM MEXIYy OTIpa-
BUTEIAMU (IIOJydaTesIMK) U MarucTpaib-
HBbIM TpaHcmiopToM. OgHako B [ 1] moka3aHo,
YTO JICHCTBYIOIIASI TEXHOJIOTHUS KOHTCHHEP -
HBIX TIEPEBO30K B CMEIIAHHOM COOOIICHUHU
MMeEeT CYIIEeCTBEHHBIA HEIOCTATOK, KOTO-
pBIii 3aKJII09aeTCs B 0OJIbIIOM KOJIMYECTBE
ATAIOB JOCTaBKMU (MX 16) U mpemioxeHa
HOBasI TEXHOJIOTMSI, OCHOBaHHAsI Ha UCITOJIb-
30BaHMU pa3pabOTaHHbIX aBTOPAMU KOHTE -
HEPOB CO CKJIAJbIBAIOIIMMMUCS TPY30I0Ib-
€MHBIMU cTo¥iKamu [1, 2], mo3Boasomas
IOYTH BABOE COKPATUTh YMCJIO TEXHOJIOTH -
YeCKMX 3TAIOB.

Ipy3ororbEMHbBIE CTOMKM UMEIOT 3JIEKTPO-
IIPYBOJI 1 IAIOT BO3MOXHOCTD 3a CYET SHEPTUU
akKyMmyJssiTopa nmoaBuxkHoro coctaBa (I1C)
WJIN 3JIEKTPOCETU CTAHILIMU ITOJAHSITh KOHTEH -
HEp, a 3aTeM OIIYCTUTb ero Ha Iuiatrhopmy
ABTOMOOWJISI, KOTOPBIM I'PY3 JOCTaBJISIETCS
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B ITyHKT Ha3HauyeHUsI [2—4]| KaK B TpaHCIOPT-
HOM y3JIe, TaK 1 Y KJIMEHTAa.

B cBsI3u ¢ 3TUM MHTepec MpeacTaBisieT
olleHKa 3(P(PeKTUBHOCTH (PYHKIIMOHUPOBA-
HUsI aBTOMOOMJIBHOTO TPpaHCIIOpTa MpU CMe-
LIaHHBIX [IEPeBO3KaxX KOHTEIHEPOB MO CYIIIe-
CTBYIOILICH U TPEUIOXKEHHOM TeXHOJIOTUSIM.
Cxema TUIIOBOTO OOCTY>KMBaHUSI IOJTyJaTeaei
U OTIIpaBUTEJICt KOHTEHHEPOB MpUBeAcHA Ha
puc. 2.

CpaBHEeHHUE CYILIECTBYIOLIEH 1 Mpeaiara-
€MOW TEXHOJIOTUI JOCTaBKU KOHTEWUHEPOB MO
UCIIONIb3YEMOMY O0ODPYIOBAHUIO U TTOIBHXK-
HOMY COCTaBy MIpeJcTaBieHO B Tadauie 1.
AHau3 1oKa3bIBaeT, YTO I OCYILEeCTBACHUS
JTIOCTaBKM KOHTEITHEPOB 110 HOBOM TEXHOJIOT MU
TpeOyeTCs] MEHbIIIE TEXHUYECKMX YCTPOUCTB
1 BO3MOXHO MIPUMEHEHME HeCTIeLIUaTU3UPO-
BaHHOTO aBTOMOOMWJIBLHOTO MOABUXKHOIO CO-
cTaBa.

Habop ¢akTopoB, onpeneasommux 3¢-
(eKTUBHOCTh (DYHKIIMOHUPOBAHUSI aBTOMO-
OMJIBHOTO TpaHCIIOpTa MPU OOCTYKUBaHUU
roJjiyJyaTesieil v oTIpaBUTeIeii KOHTEITHEPOB,
MpeacTaBeH Ha puc. 3.

[TokazareneM «HaIEXHOCTbE» MOXHO Olle-
HUTb TapaHTUIO BBHIMTOJIHEHUS OIlepaluii,
MOCJIeA0BATEIbHOCTh U CBOEBPEMEHHOCTh UX
MPOBEJCHUSI, €T0 OIpeeIsieT BhIpaKeHHUE:
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Puc. 2. Cxema pyHKLIMOHUPOBAHUSI aBTOMOOUIIbHOIO TPaHCMopTa npu o6cayxuBaHumn
nosiyq4atesieri v oTnpasuTesieli KOHTEeNHepPos.

Taomuua 1

CpaBHeHHe CYIIECTBYIONIEN U MpeIaraeMoii TEXHOJIOTHiA J0CTABKN KOHTeiiHepOB
0 MCIOJIb3yeMOMY 000PYIOBAHHIO H IIOABHIKHOMY COCTABY

Ne Onepauust

OGopyoBaHKe 1 TIOJBUXKHOI COCTaB

CyuiecTByollas TEXHOJOTHUS

Ipennaraemast TeXHO-

TIOTPEOUTENIO U Ha Tep-
MMHAJIbHBI KOMILIEKC

HEPOBO3bI

JIOTUST
1 3arpyska rpy3oB B KOH- | YHUBepcaJlbHBIC IOTPY3UYUKH (HAITPUMED, BUTIOUHBIC)
TeitHep
2 TTorpyska KoHTeiiHepa CrienMaabHble MOrpy30uHbIe YCTPOMCTBA (HANMpU- | —
Ha [1C Mep, GpPOHTATbHBIE M OOKOBbIE KOHTEIHEPHbBIE
MOrPY3YMKM)
3 IlepeBo3ka koHTeliHepa | CrieLMaau3upoBaHHbIE MOMTYTPULETbI-KOHTE - Creunanu3upoBaHHbIe

MTOJTYTIPUIIETTBI-KOHTEHHE -
POBO3bI, YHUBEPCATbHAs
rpysoBas ratopma

HEHHBIX C JOCTATOYHOM CTETIEHBIO HAIEXKHO-
CTH, 1 00IIIee KOTMIECTBO 3asIBOK Ha YCIYTH
cooTBeTcTBeHHO [10].

ITokazarenb, XxapakTepusylolii Ha1ExX-
HOCTH BBIMOJHCHUS OIMEepaluii «TOUYHO
B CPOK», HAXOAAT (hOPMYJION:

t
_ __HoM
SHaut - ¢ ’ (2)
pakm
raet ,t — HOMUHaJIbHOE U (haKTUIECKOE
HOM? hakT

BpEM BBITTOJITHECHU A OHepaHI/Iﬁ COOTBECT-
CTBEHHO.
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4 CHsITHE KOHTeliHepa CrienMaabHbIe Pa3rpy304HbIe YCTPOWCTBA (HAMpH- | —
cI1C Mep, KO3JIOBbIe KpPaHbI)
5 BI:Il"py3Ka Tpy30B U3 Py‘IHaSI TIOTPYy3Ka-BbITPYy3Ka C TIOMOLIBIO TEJICXKEK HJIU ITOTPY3YUKOB
KOHTeliHepa
ey, V... — KOJHYECTBO 3asdBOK, BBIITOJ- HomuHanbHOEe BpeMsl BbINIOJTHEHUS Olle-

pauuii MpUHUMAETCS Ha OCHOBE HOPMAaTHUB-
HBIX TPEOOBaHUI C YUETOM YCIOBUIT pabOTHI
TPAaHCITOPTHOTO KOMIIJIEKCA, a TaKKe TOXKe-
JTaHW KaueHToB [10].

Kpurepuii 6e301macHOCTU IIpexkae BCEro
OoTpaXkaeT CTEIIeHb 00eCITeueHIs Oe30MMacHo-
CTH IBUXCHMS B MECTaX PacIlOJOXCHUS
TPaHCITOPTHBIX KOMIUIEKCOB 1 OTIPEIesIeTCS
BBIPpAKCHUEM:

1(E,, F
S - 100.Hopm + Cm.HOpM +(1- 3
6e3 k E, - Foﬁm ( /ZZ TCON ) N ( )
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Tabumua 2

DKcneprHas oueHka d(pGekTHBHOCTH (GYHKIMOHUPOBAHUS ABTOMOOWIE B TPAHCIIOPTHOM Y3J1e
NPH I0CTaBKe KOHTEHHEPOB MO CYIIECTBYIOLIEi 1 MpeAiaraeMoii TEXHOJIOTHAM

No Dakropbl DxcnepTHast OlleHKa W3meHeHus
Cy1iecTByomas IIpennaraemast AGCOIOTHBIE Temn mpupocra, %
TEXHOJIOTUSI TEXHOJIOTUs BEJIMYMHBI
1 HanéxHocTb 7 11 4 57,1
¥ KayecTBO orepaiuii
2 TexHonornuyeckas 9 12 3 33,3
OCHAIUEHHOCTD
3 Bpewmst oxkunaHust 12 1 -11 -91,7
Teperpy3ku
4 Vno6cTBa Bbhe3aa 8 10 2 25,0
U BbIE31a
5 Hanuuue crosiHok 7 12 5 71,4
1 CBOOOAHBIX MECT
6 CobironeHne 11 12 1 9,1
CaHUTAPHBIX HOPM
7 JlomonHuTeNbHBIE YCIyTH | 7 9 28,6
8 Hannuue mect 6 11 83,3
OXMAAHMS OoTepaLluit
9 HndbopmanmonHoe 10 10 0 0
obecrieueHue
10 KommnereHTHOCTD 11 11 0 0
1 poheccnoHaNN3M
rnepcoHana
11 Kynstypa obcnyxuBanus |8 9 1 12,5
12 JlocTymHOCTb 11eH 5 10 5 100,0
Poimimicimic e .
'| Bpems oxunanus|  Pexum ! i 1|
! BBITIOTHEHUS paGoTsl i | V1106cTBO BhE3/1a U BHIE31a |
: onepanit : ] Hasmaune cTosHOK i
T Y I XL 1
\ | V100HbIE MECTa OXKUIaHUS : Puc. 3. ®aktopsl,
/| OGecreuenne BOAUTENEH Mec- ' onpeaensiolyne
Komdoprrocts | TaMM KPaTKOBPEMEHHOTO ! P pekTuBHOCTL
! U IIPOAOJIKUTEIIBHOTO ! ¢yHKL|"0HMpOBaH"ﬂ
1 PoA aBToMO6GU/IbHOrO
i OTAbIXa !
i ; TPaHCMIoPTa npym AOCTaBke
Hanéxunocts besomacHocTh ! HupopmanuonHoe f KOHTEenHepos.
! obecrieuenue i
\[ L T .
pmimimimimimimimimimicimio D =L i im i cimoo .- =
i Hanéxnocts Cobmonenue ]
; M Ka4YCCTBO BBIIIOJITHCHUSA CaHUTAPHBIX HOPM. KauectBo I
| TOTPY304HO- DKonoruyeckas Jopor J
i pasrpy30uHbIX paboT 6e30macHOCTh J
' 1
rae qu, F — (¢hakTUUeCcKOoe M HOpMa- YaCTHBIX KpUTEepUEB OE30MaCHOCTU MOIbE3-

TMOJA.HOPpM

TUBHOE KOJIMYECTBO MOIBE3NOB TPAaHCIOPTA
C KOHTeHepaMH K MeCTaM Ieperpysku; F . ,
FmHopM — o0111ee KOJIUYECTBO TePMUHATbHBIX
komriekcoB (TK) u konuuectBo TK, 06o0-
PYIOBaHHBIX B COOTBETCTBUM C HOPMATUB-
HBIMU TPEeOOBAHUSIMU; 'Z[TCOLL_ YacCTHBIN
K02 bULUEHT AeEeKTHOCTU, KOTOPHIN Ha-
XOJUTCSI MO HAJIMYUIO U COOTBETCTBUIO Tpe-
OOBaHUSIM HEOOXOAUMBIX TEXHUYECKUX
CPEIICTB U YCJIOBUIA OOCITY>KUBaHUSI KOHTE-
HepoB B TK (mpu mMoJHOM COOTBETCTBUU

= 0); kK — KOJMYECTBO YIUTHIBAEMBIX

):[Tcozp
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na, TIeperpy3Kn KOHTEWHEPOB U OTbhe3/a
TpaHcHopTa.

Kpurepuit kompopTHOCTU TIpeACTaBIseT
co00lf KOMITJIEKC OIIEHOYHBIX ITapaMeTpOB
00CTAaHOBKHW W YCJIOBUI IMPeaoCTaBICHUS
YCJIYTH C TOYKHW 3peHMsT y100CTBa JIJIsT TIOTpe-
OuTessl U onpenessieTcsl C MOMOIIBIO COIUO-
JIoTUYecKux ucciaeaoBanuii [10].

7151 OLleHKHU TPOIIecCcOB (DYHKIIMOHUPO-
BaHUSI aBTOMOOWJIBHOTO TpaHCIIOpTa IMpu
nocTaBke KoHTeliHepoB corjacHo TOCT
P 9001-2008 u TOCT P 51004—96 6bU1H BbI-
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OpaHbl 12 yacTHBIX MoKa3aTeseil, KOTopble
YIUTBIBAIOT:

1) HagEXHOCTb M KaueCTBO OIepaluii;

2) TeXHOJOTMYECKYIO OCHAIIEHHOCTD;

3) BpeMs OXXUJAHUS ePEerpy3KH;

4) ymoOCTBO Bbe3/1a 1 BEIE3]1a;

5) HaJM4YKe CTOSIHOK U CBOOOJHBIX MECT;

6) cobJTIoIeHNE CAHUTAPHBIX HOPM;

7) DOMOJIHUTEIbHbBIE YCIIYTH;

8) HaMuMe MeCT OXUAAHUS OTepalnii;

9) undopmanroHHOe obecrieueHue;

10) KOMITETEHTHOCTD ¥ TPOGHECCUOHATIUZM
MepcoHaIa;

11) KynBTYpY OOCTYKMBaHUS;

12) 1OCTYMHOCTB LIeH.

Jns KOTMYeCTBEHHOM OIIEHKM YaCTHBIX
rokasaresieil u onpeneseHus: KOMIUIEKCHOTO
rnokasaTteJist 3(pHeKTUBHOCTU (PYHKIIMOHUPOBA-
HUST aBTOMOOMJIBHOTO TPAHCIIOPTA IPY TOCTAB-
Ke KOHTEITHEPOB B3sITa METOIMKA, OCHOBaHHAsI
Ha MPUMEHEHUU B cOOpe UCXOMHOI MH(bOpMa-
LIMU PETMCTPAllMOHHBIX METOJIOB U METO/IOB
COIMOJIOTUU (OTPOCHI, AHKETUPOBAHUE, MC-
TTOJTK30BaHME ITKAT), C TIOCIEIYIoNIei 00padboT-
KO METOIaMU MaTeMaTUYECKOW CTaTUCTUKHI
1 MaTeMaTU4ecKoro pacuéra [7, 9].

B Tabauie 2 npencraBieHa ollgHKa dKC-
neptamu pakTopoB 3 bEeKTUBHOCTU (DYHK-
LIMOHUPOBAHMUSI aBTOMOOMILHOTO TPaHCITOP-
Ta IPY TOCTaBKe KOHTEITHEPOB IO CYIIECTBYIO-
e 1 mpemiaraeMoil TEXHOJOTUSIM TIO
12-6annpHoii mikane (1 — HU3Koe 3HaYeHue
nokasaressi, 12 — BBICOKOE 3HaueHMe T1oKa-
3aTesis). AOCOIOTHOE U3MEHEeHHeE MoKa3aTe-
Jielt 3¢ (HeKTUBHOCTU ONpeaesieTcs mo ¢op-

MyJie:
AaGc.j = Anpea/Lj ey (4)
Tlie j — HOMep nokasatens; A, A — ban-

JIbHAsI OLIEHKA, TPUCBOEHHAsI j-My IoKa3are-
JII0 5KCTIEPTOM TTO CYHIECTBYIOLIEH 1 Mpeia-
raeMoil TeXHOJIOTUSIM JOCTaBKU COOTBET-
CTBEHHO.

Temn nmpupocTa mokaszareyieil KauyecTBa

dukcupyet popmya:
A
T,p =—24100 %.

. j

BbiBOAbI
Ouenka 3¢ GeKTUBHOCTU (PYHKIIMOHUPO-
BaHMS aBTOMOOUJBHOIO TpaHCHOPTa MPU

&)

JIOCTaBKE KOHTEMHEPOB MO CYLIECTBYIOLIEHA
U IpeuIaraeMoy TEXHOJIOTUAM Ha OCHOBAaHUU
MHEHU SKCIEPTOB MTOKa3ajia, YTO MPUMEHEe-
HU€ HOBBIX MEXAaHU3MOB U MOPSAKA MTO3BO-
JISIET:

— B JIBa pa3a MOBBICUTb JOCTYITHOCTb LIEH
Ha OIepaLuu;

— COKpPaTUTh 10 MUHAMYMa BPEMS OXHU-
JaHUsI TIEPEerpy3KH;

— YBEJIMYUTD YUCIIO MECT OXUIAHU Te-
perpy3ku, CTOSTHOK U CBOOOJTHBIX MECT;

— MIOBBICUTB HAJIEKHOCTb U KAUECTBO OTle-
pauuid.
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ABSTRACT

The article is devoted to evaluation of efficiency
of functioning of cars in mixed transportation while
servicing consignors and consignees of high-
capacity containers according to the existing and
proposed technology. It is shown that the existing
technology has a significant disadvantage: a total
of 16 stages is used in the process of cargo

delivery. A more rational technology is proposed
with the use of a container developed by the
authors with folding load-lifting pillars, which
makes it possible to reduce the number of stages
by almost half. The analysis of the factors
determining the efficiency of road transport in the
maintenance of containers based on the proposed
self-unloading models is carried out.

Keywords: car, mixed transportation, transportable container, load-lifting pillars, terminal complexes,

cargo delivery, quality of service.

Background. Mixed transportation (the European
term used in EU countries: multimodal transport) is
the most complex type of transportation, provided
there are at least two types of transport in different
combinations. The use of container loads in such
transportations gives a significant economic effect
and a gain in delivery time [1].

In the world practice, the following schemes of
multimodal transportation with the participation of
road transport are common:

1) road transport — air transport — road transport;

2) road transport — railway transport — road
transport;

3) railway transport — air transport — road transport;

4) railway transport — sea transport — road
transport;

5) railway transport —road transport — air transport —
road transport.

In Russia the second scheme is the most common
(Pic.1).

Objective. The objective of the authors is to
consider efficiency of cars in mixed transportation of
high-capacity containers.

T .

Pic. 1. Loading of containers.

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

Results. In 2014, the number of container
shipments on domestic routes along the network of
Russian Railways increased by 1,7 times. The increase
was facilitated by an improvement in the general level
of service on railways. The company tries to offer
favorable tariff conditions for each consignor, uses
consolidation of cargo of several consignors into one
train, speed of movement of container trains
increases(up to 1341 km per day atan average speed
of cargo shipments of 850-900 km per day) [8].

In the mixed transportation of goods in containers,
road transport is the link between consignors
(consignees) and the main transport. However, in [1]
it was shown that the existing technology of container
transportations in mixed traffic has a significant
drawback, which consists in a large number of delivery
stages (16 of them) and a new technology based on
the use of containers developed by the authors with
folding load-lifting pillars [1, 2], which allows almost
halving the number of technological steps.
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Table 1

Comparison of existing and proposed container delivery technology
by the used equipment and rolling stock

No. | Operation Equipment and rolling stock
Existing technology | Proposed technology

1 Loading of cargo into a Multi-purpose mechanical loaders (e.g. fork lifters)
container

2 Loading of a container on RS | Special loading devices (e.g. front and side | —

container loaders)

3 Transportation of a container Specialized semitrailers-container vehicles | Specialized semitrailers-
to a consumer and a terminal container vehicles, multi-
complex purpose load platform

4 Removal of a container from Specialized unloading devices (e.g. gantry) | —

RS

5 Unloading of cargo from a Manual loading-unloading using bogies or loaders

container

Table 2

Expert evaluation of the performance of cars in the transport node when delivering containers
according to the existing and the proposed technologies

No. | Factors Expert evaluation Changes
Existing Proposed Absolute values Growth rate, %
technology technology
1 Reliability and quality of 7 11 4 57,1
operations
Technological equipment 9 12 3 33,3
3 Waiting time for 12 1 -11 91,7
transshipment
Convenience of entry and exit | 8 10 2 25,0
5 Availability of parking lots 7 12 5 71,4
and free places
6 Compliance with sanitary 11 12 1 9,1
norms
Additional services 7 9 2 28,6
8 Availability of waiting places |6 11 5 83,3
for operations
9 Information support 10 10 0 0
10 | Competence and 11 11 0 0
professionalism of the staff
11 | Service culture 8 9 1 12,5
12 | Affordability of prices 5 10 5 100,0

Load-lifting pillars have an electric drive and make
it possible to lift the container with the energy of the
battery of rolling stock (RS) or the power grid of the
station, and then lower it to the platform of the car with
which the cargo is delivered to the destination [2—-4]
both at the transport node and at the client.

In this regard, it is of interest to evaluate the
efficiency of functioning of road transport in the mixed
transportation of containers using existing and
proposed technologies. The typical maintenance
scheme for the consignees and consignors of
containers is shown in Pic. 2.

A comparison of the existing and proposed
container delivery technology according to the
equipment and rolling stock used is presented in
Table 1. The analysis shows that fewer technical
devices are required to carry containers using the new
technology and the use of non-specialized automobile
rolling stock is possible.

A set of factors determining the efficiency of
functioning of road transport in the service of
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consignees and consignors of containers is shown in
Pic.3.

With the indicator «reliability» it is possible to
assess the guarantee of the performance of
operations, the sequence and timeliness of their
conduct, it is determined by the expression:

U

Su=7"" (1)
Uappl

where U, U, — the number of applications

performed with a sufficient degree of reliability, and
the total number of applications for services,
respectively [10].

The indicator characterizing the reliability of
performing operations «just in time» is found by the
formula:

tnom
Srelt = t ’ (2)
act
where t, ., t, . — nominal and actual time of the

execution of operations, respectively.
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Road transport
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Pic. 2. Scheme of functioning of road transport when servicing the consignees and consignors of containers.
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Pic. 3. Factors determining the efficiency of the functioning of road transport in the delivery of containers.

The nominal time for performing operations is U Foprnorm . Foyrorm
based on regulatory requirements, taking into account saf = ©W T F + = (1= Drgp) |, (3)
the working conditions of the transport complex, as e o
well as the wishes of customers [10]. where F_ . F_ . ... —actual and normative number of
The safety criterion primarily reflects the degree  approaches of] transport with containers to the places
oftraffic safety in the locations of transport complexes  of transshipment; F,, F, - total number of terminal

and is determined by the expression: complexes (TC) and the number of T C equipped in
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accordance with regulatory requirements; D ., — partial
defectiveness factor, which is based on the availability
and compliance with the requirements of the necessary
technical facilities and conditions for servicing containers
inthe TC(with full compliance with D, = 0); k—number
of individual safety criteria for approaches, container
reloading and departure of transport

The criterion of comfort is a complex of estimated
parameters of the environment and the conditions for
providing services in terms of convenience for the
consumer and is determined by sociological research
[10].

To assess the processes of functioning of road
transportin the delivery of containers in accordance with
GOST R9001-2008 and GOST R51004-96, 12 private
indicators were selected that take into account:

1) reliability and quality of operations;

2) technological equipment;

3) waiting time for transshipment;

4) convenience of entry and exit;

5) availability of parking lots and free places;

6) compliance with sanitary norms;

7) additional services;

8) availability of waiting places for operations;

9) information support;

10) competence and professionalism of the staff;

11) culture of service;

12) affordability of prices.

To quantify individual indicators and determine the
complex indicator of the efficiency of the functioning of
road transportin the delivery of containers, a technique
based on the application of registration methods and
methods of sociology (surveys, questionnaires, use of
scales) in the collection of initial information, followed
by processing by methods of mathematical statistics
and mathematical calculation is used [7, 9].

Table 2 presents experts’ assessment of the
efficiency factors of road transport when delivering
containers using the existing and proposed technologies
on a 12-point scale (1 - low value of the indicator,
12 - high value of the indicator). Absolute change in
performance indicators is determined by the formula:

A=Ay - (4)

where j - number ofan indicator; A .. A, —ascore,
assigned to the j-th indicator by the expert on the existing
and proposed delivery technologies, respectively.

The growth rate of quality indicators is fixed by the
formula:

abs.j = exist.j?

Ay
Ty =—294100 %.

exist. j

(5)

Conclusions. The evaluation of the efficiency of the
functioning of road transportin the delivery of containers
on the existing and proposed technologies on the basis
of the opinion of experts showed that the use of new
mechanisms and procedures allows:

— double the affordability of prices for operations;

— reduce the waiting time for transshipment to a
minimum;

— increase the number of waiting places for
reloading, parking and free places;

— increase the reliability and quality of operations.
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