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Aocrtaska rpy3sos B 40-@yTOoBbIX
KOHTelHepax B CMeLUaHHOM CO00LeHun
o cyLyeCcTBYOL e TEXHOIOMrU

MOXXET OCYLLEeCTBJIITbCS TOJIbKO

Yyepe3 KOHTelViHepHbIe TePMUHalIbl

C UCI0JIb30BaHUEM CIeLNasn3npoBaHHOR
TeXHUKN (aBTOMOOUIN-KOHTEHepPOBO3bl,
KO3/10Bbl€ KpaHbl, aBTOMOrPy34YUK1 u Ap. ),
MOCKOJIbKY TUIMOBbIE KOHTEHEepPbl camMu

He MOryT pa3rpy>arbCs v Morpy>xarbcsi

Ha noaBVKHOM cocTaB. B cTarbe
npeasioxeHa HoBasi TEXHOJIOrusl, KoTopasl
OCHOBaHa Ha pa3paboTaHHOV) aBTopaMu
KOHCTPYKUMN caMopa3rpy>xaloLLerocs
KOHTenHepa. [JokazaHo, 4TO OHa
COKpaLyaeT CPOKU AOCTaBKV rpy3a

6osee 4eM Ha 20 % v yMeHbLUAET BPeMsl
paboTbl aBBTOMOGU/ILHOIO TPaHcnopTa

B 7,4 pa3a. lpu aTom co3gaércsa
3Ha4YNMbIi 9KOHOMUNYECKNIi 3P PeKT,
no3BossoWwni GbICTPO OKYNUTb 3aKYNKy
camopa3srpyxalowerocsi KOHTeliHepa — BCero
3a 14 e340K 1o pac4ETHOMY MapLLPYTY.

KnoueBsie csioBa: cMellaHHbIe NepeBo3ky,
camMopasrpyxaroLmniicss KOHTeHep, JocTaBka
rpy30B, MNoABWXHOM cOCTaB, TEXHOJIOMS.
|
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HAYKA N TEXHVKA

CMmellnaHHble nepeBo3Ku
B CaMopasrpyxatloLwmxcs
KOHTEenHepax

Psboe Heope Muxaiinosut — 00Kmop mexHu4eckux
Hayk, npogheccop Kaghedpwl asmomoOUNbHbIX NePe8o30K
Boneoepadckoeo eocydapcmeennoco mexHuveckoeo
yuusepcumema (Boael'TY), Boaeoepao, Poccus.
Iopuna Bepa Baaepveena — acnupanm kagheopot
asmomoounbHbIX nepeso3ok Boaeoepadckozo
20Cy0apCcmeeHH020 MEXHUMeCK020 YHUgepcumema
(Boael'TY), Boaeoepad, Poccus.

JKETOJTHO B pa3HbIe TOYKN MHUPa COBEpP-

1aetcs 6osee 200 MUILJIMOHOB 10CTa-

BOK, B KOTOPBIX 3aJIefICTBOBAHO B 00-
e CA0XHOCTU MouyTHu 20 MMUIJIUOHOB
KOHTeWHepoB. J1oJIsT 0TeYeCTBEHHBIX Mepe-
BO3YMKOB ITPUA 3TOM HE OUYEHB BeJINKa — KOH-
TeifHepHasl TpaHCIOpTHas cucremMa Poccun
3HAUYUTEIBHO OTCTAET OT OOIIEMUPOBOI. DTO,
B YaCTHOCTH, OOBSICHSIETCS TeM, UTO IJIs
BBITIOJTHEHHST TEXHOJOTMUECKUX OITepamuii
HeOOXOIMMEI KOHTECHHEPHBIE TePMUHAIBI
M aBTOMOOWMIN-KOHTEITHEPOBO3bI, KOTOPBIX
B P® HemocTaTOYHO M3-3a OYEBUIHOTO Je-
GuUIMTa KalluTaJI0BIOXEHUI U BBICOKOM
CTOMMOCTH OOCITY>KUBaHMSI.

TexHoJIOTMS CMEIIaHHBIX IIEPEBO30K KOH-
TEWHEPOB COCTOMT M3 IMOCIIeI0BATEIHbHBIX
¥ B3aIMOCBSI3aHHBIX 3TAIlOB U OIepallnii, pe-
TIAMEHTHPYIOIINX BCe NCMCTBUS 11O UX Tepe-
MEIIIEHUIO OT MeCTa 3arpy3KH rpy3a Io MecTa
ero BbIrpy3ku. [ToBbieHUst oo1Iei addex-
THUBHOCTH TaKUX ITEPEBO30K MOKHO TOOUTHCS
MyTEM COBEPIICHCTBOBAHUS TEXHOJIOTMU Ha
HEKOTOPEHIX €€ 3TaItax, HalpruMep, IIPY UCIIOb-
30BaHUM aBTOMOOMIIBHOTO TPAHCIIOPTA.

CymecTByoiast TEXHOJIOTHS CMEITaHHBIX
TepPEeBO30K KOHTEIHEPOB MMEET CIICAYIOIINE
0COOEHHOCTH:
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Ta0imuna 1

PesynbraTbl pacyéTa BpeMeHH, 3aTPAYMBaeMOro Ha 3Tanax MapuipyTa no cyumecTBylouei

TEXHOJIOTUA
DTarnsl Mapuipyrta Tpancrnopt Bpewms,
q
1) Boszkckuit—repmunan AO «PXKJ1» B Capenrte aBTOMOOWJIbHBII 1,5
2) repmuHan AO «P2K]I» B Capente—tepMuHai « TOMCK-rpy30Boii» XKEJIE3HOLOPOXKHBIN 72
3) repmuHai «Tomck-rpy3oBoii»—HoBocubupck aBTOMOOMJIbHBIM 4

* KOHTEIHEP C TPy30M MJIM 0€3 Hero Ipe-
CTaBJISICT COOOI, KaK ITPaBUIIO, CAMOCTOSITEITb-
HYIO OTIIPABKY C COOTBETCTBYIOIIMMU PEKBH -
3UTaMMU;

* KOHTCHEPHI IEPEBO3SITCS PA3IMIHBIMU
BHUIaMM TPAHCIIOPTA, HAXOISTCS IO TIEperpy-
30YHBIMU OTIEPAIIASIMA Y OTITPABUTEICH 1 ITO-
JIydaTeJei Tpy30B 1 9acTO UCITOIb3YIOTCS KaK
TPaHCIIOPTHAsI €MKOCTh B TEXHOJIOTUYECKUX
Tpoleccax IPOMBIIUICHHBIX TTPEATIPUSTHI;

* TTapaMeTphl MX YHU(DUIIUPOBAHBI, YTO
obJyieryaeT meperpy3Ky U TpaHCIIOPTUPOBA-
HUE;

* IOTPY30YHO-Pa3TPy309YHbIC PAOOTHI
C KOHTEITHEepaMU ITOJTHOCTBIO MEXaHU3UPOBa-
HBI.

TexHomnorust, 0 KOTOpoil UAET peub, CMe-
IIAHHBIX TTEPEBO30K KOHTEWHEPOB COMCPKUT
0OJIBIIIOE YK CIIO OTICPAITNIA 1 OCHOBAHA ITPEK-
JIe BCETO Ha IMPenMYIIecTBaX KOHTCHHEPHBIX
TepMUHAIOB. KOIM4ecTBO TaKMX TepMUHAIOB
B P® 3HAaYnTEIbHO MEHbIIIE, YEM I'PY30BBIX
CTaHIUI. DTO MIPUBOIUT K HEOOXOIMMOCTHU
OCYIIECTBIISATh TIEPEBO3KM KOHTCITHEPOB aB-
TOMOOWJIBHBIM TPAaHCIIOPTOM Ha OOJIBIINE
PACCTOSTHUSI, 9TO YBEJIMIMBAET BPEMSI IOCTaB-
KM TPY30B U COBOKYIHBIC 3aTpaThl. Kpome
TOTO, TIOTEPH PACTYT U3-32 HEMAJIBIX TIPOCTO-
eB noaBkHoro cocrana (I1C), cBsI3aHHBIX
C BBITPY3KO Tpy3a B KOHEYHOM ITYHKTE J10-
CTaBKM.

s cokpallleHMsT 3aTpaT Ha IePEBO3KU
KOHTEWHEPOB aBTOMOOMILHBIM TPAHCIIOPTOM
aBTOpaMM CcTaThU ObLIa pa3paboTaHa HOBasl
KOHCTPYKIIMSI caMOpa3TpyKalomierocss KOH-
TeifHepa ¢ TUAPABINYSCKUMU TPY30MOIBEM-
HBIMM CTOKaMu [7] u IpenjioxeHa HoBast
TEXHOJIOTHUSI CMEIIIaHHBIX TIEPEBO30K C HC-
TOJIb30BaHMEM TaK1UX KOHTeHepoB [8].

IIpennoxeHHBIM KOHTEMHEpP OCHAILIEH
TPy30TIOIBbEMHBIMU CTOMKAMM C 3JIEKTPO-
TIPUBOIOM, KOTOPHIC TTO3BOJSIOT 3a CUET
9HEPTUH aKKYMYJISITOPa IIOJBUKHOTO COCTa-
Ba WJIM CETU CTAHIIMU MOMHSATH KOHTCHHEP
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HaJ KeJIe3HOJOPOKHOM TutaTopMoii, a 3a-
TeM OIyCTUTh Ha miatdopmy I1C, 9T00H
C €ro MOMOIIBIO JOCTABUTh I'PY3 B MYyHKT
Ha3HAYCHUSI.

IToce mocTaBKM caMOpa3rpyKarolierocs
KOHTeIHepa B ITyHKT Ha3HAYCHMS BBITIOTHS -
eTcst obpaTHasl orepalys: TPy30IOIbEMHBIC
CTOMKM CAMOCTOSITEJIbHO CHUMAIOT TPY30BOU
dyrsp ¢ matdopmsl I1C 1 ycraHaBIMBaIOT
Ha BBICOTY, YIOOHYIO JIJIS TIPOIIECCOB BBITPY3-
KM-3arpy3Kd W TIPUMEHEHUSI CPEICTB MeXa-
HU3AINH, 00JIeTICHUS OITepaIINii ¥ TTOBHIIIIE-
HUSI IPOU3BOIUTEILHOCTH Tpyaa [8].

IIpu BHenpenumn HoBo# TexHonornu [1C
He TIPOCTanBaeT B OXKMIAHUY Pa3TPy3K1 KOH-
TeifHepa, TO3TOMY MOKET OBITh UCITOIb30BaH
IIJIST IPYTUX TEPEeBO30K, UYTO ITOBBIIIACT (-
(EKTUBHOCTD €T0 dKCIUTyaTalllH.

YT00BI OLIEHWUTD peabHbIE MPEUMYIIECTBA
WHHOBALIMOHHOTO TTOIX0/a, TIPOBEIEM aHAIN3
HEKOTOPBIX ITapaMEeTPOB M 3aTpaT BPEMEHU
B ITyTH ITOJABIDKHOTO COCTaBa ¢ KOHTEHHEPOM
O CYLIECTBYIOLIEH M IIpPeaaracMou TeXHO-
JIOTUU.

JI71s1 HaTJISITHOCTY pacCMOTpPEeHa JOCTaBKa
rpy30B B 40-(pyToBOM KOHTEITHEpe 13 ropoaa
Boimkckmii morpedbutenio B HoBocuoupck.

* % %

CylecTByoIIasi TEXHOJIOTHS ITO3BOJISICT
JIOCTaBJISITh KOHTEIHEPHI 3KeJIe3HOTOPOXKHBIM
TPAaHCIIOPTOM C TePMUHAJBHOMN CTaHILIUU
AO «PX]JI» B CapenTe 10 KOHTeiiHEepHOI
craHuuu « ToMCK-Tpy30BOii», a 1ajiee aBTOMO-
OMJIBHBIM TpaHcropToM 10 HoBocubupcka.

Bpewms B iyt ¢ 00beKTa 10 MOTPEOUTENS
paccuuTbiBaeTcs o popmyde [1]:
tom =S/, ()
I7Ie vV, — TEXHUYECKas CKOPOCThb TPAHCIIOPTa,
KM/4; S — paccTosTHME OT 00BEKTa ITeperpys-
KU J10 IOTPEeOUTEIsI, KM.

B tabmuue 1 mpencraBiaeHbl pe3yJbTaTh
pacuéTa BpeMeHHU, 3aTpaurBaeMOro Ha 3Tarax
paccMaTprBaeMOTo MapIIpyTa.

Pa6oe U. M., lopuHa B. B. CMeLLaHHbI€ MEPEBO3KU B CAaMOPa3rpyXaloLLUXC KOHTENHepax




Tab6smna 2

3HayeHHs BpeMeHH KaXK/I0i onepanuy U UCIo/Ib3yeMoe 000pyI0BaHue MPH J0CTABKE
40-¢dyToBoro KoHTeiiHepa Mo CyHEeCTBYIOME TEXHOJIOTHH

Ne Ornepauus O6opynoBaHue Bpewms, u
1 3arpyska rpy3oB B KOHTeHEp BWJIOYHBIN TTOTPY34NK 0,747
2 OkumaHue Mmorpysku — 0,282
3 ManeBpupoBaHIe aBTOMOOUJISI-KOHTEITHEPOBO3a KOHTEIHEPOBO3 0,066
4 [ToaroToBka aBTOMOOWISI-KOHTEHEPOBO3a K MOTPy3Ke KOHTEIHEPOBO3 0,093
5 TTorpy3ka KoHTeliHepa Ha aBTOMOOWIb-KOHTEHHEPOBO3 KOHTEIHEPOBO3 0,165
6 IlepeBo3ka KOHTeiHEpa Ha TEPMUHATbHBIN KOMIUIEKC KOHTEHEePOBO3 1,5
7 MaHeBpupoBaHUE aBTOMOOUJISI-KOHTEHEPOBO3a KOHTEITHEPOBO3 0,066
8 OXuIaHue CHATUSI KOHTeHepa ¢ aBTOMOOMJISI - KOHTEIHEPOBO3 0,282
KOHTEITHEPOBO3a
9 CHsITHEe KOHTeHepa C aBTOMOOWISI-KOHTEHHEPOBO3a KOHTEIHEPOBO3 + K03710B0i1 | 0,165
KpaH
10 OXumgaHKe TOrPy3KH Ha MAaruCTPaIbHBIN TPAHCTIOPT — 0,282
11 IMoaroroBka MaruCcTpaibHOrO TPAHCIIOPTA K MOTpy3Ke JKEJIE3HOIOPOXKHBII 0,093
TPaHCIOPT
12 TTorpy3ka KOHTeliHepa Ha MarCTpaJIbHbIi TPAHCITOPT JKEJIe3HOIOPOXKHBII 0,165
TPaHCTIOPT
13 TpaHcnopTrpOBaHUE KOHTEHEPa HA MarMCTPATbHOM KeJIe3HOMOPOXKHBII 72
TPaHCIIOPTE Ha BTOPO TEPMUHAIBHBIN KOMILIEKC TPaHCTIOPT
14 OuaHue CHATUSI KOHTEeIHEpa ¢ MarucTpajibHOro JKEJIe3HOIOPOXKHBIiM 0,282
TpaHCIopTa TPaHCIOPT
15 BrIrpyska KOHTeiiHepa ¢ MarucTpaJbHOIO TpaHCIopTa JKEJIe3HOIOPOXKHBIM 0,165
TPaHCTIOPT + KO3JIOBOM
KpaH
16 ManeBpupoBaHIe aBTOMOOUJISI-KOHTEITHEPOBO3a KOHTEHHEPOBO3 0,066
17 [ToaroToBka aBTOMOOWISI-KOHTEHEPOBO3a K MOTPy3Ke KOHTEIHEPOBO3 0,093
18 OKumaHue Morpy3ku aBToOMOOUISI-KOHTEHEpOBO3a KOHTEITHEPOBO3 0,282
19 ITorpyska KoHTeliHepa Ha aBTOMOOWJIb-KOHTEI{HEPOBO3 KOHTeitHepoBO3 + 0,165
KO3JIOBOW KpaH
20 IlepeBo3ka KOHTeiTHepa Ha TUIOLIAAKY TPY30IOydaTest KOHTEHEPOBO3 4
21 MamneBprupoBaHIe aBTOMOOUIISI-KOHTEITHEPOBO3a KOHTEIHEPOBO3 0,066
22 OXugaHue CHATUS KOHTeHepa ¢ aBTOMOOMJIS - KOHTEITHEPOBO3 0,282
KOHTEITHEpPOBO3a
23 CHATHE KOHTeHepa KOHTEITHEpOBO3 0,165
24 Brirpyska rpy3oB U3 KOHTeliHepa BWJIOUHBII TOTPY34YNK 0,747
Htoro 82,219
Tab6auna 3
Pe3yasTarsl pacuéTa BpeMeHH, 3aTPAaYuBaeMOro Ha 3Tanax
paccMaTpruBaeMOro MapHmpyTa 0 HOBOI TEXHOJIOTHI
DTarnbl Mapuipyra Tpaucropt Bpewmst, u
1) Bommkckuii—cranuus TpyOHasi, Bomkekuii aBTOMOOWTbHBIM 0,08
2) cranuus TpyoHas, Bommkckuii—craniust HoBocubupcka KeJIe3HOMOPOKHBII 62
3) cranmust HoBocubupcka—cKiam roToBO MPOXyKITNT ABTOMOOMJIbHBI 0,21

3HayeHUs] BPEMEHM KaxKJ0i orepaluu
1 UCIIO0JIb3yeMOoe 000pYI0BaHHUE TIPU TOCTaBKe
40-@dyToBOro KoHTeliHepa 1Mo CYyILIeCTBYIOIIEH
TEeXHOJIOrnu Ha MapipyTte Bomkckuii—Hoso-
CUOMPCK MpencTaBieHbl B TabaULE 2.

JlocTaBKa KOHTEHEPOB HOBOI1 KOHCTPYK-
LIMU 110 TIpeIaraeMoii TeXHOJIOTUHY TO3BOJIS -
€T MePEBO3UTh UX YHUBEPCAIbHOI TPy30BOM
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mnaTgopMoii (HarmpuMep, TIrayom ¢ IoJiy-
MPUILIETIOM), a TaKxXe IJis orepalyii 1o Mno-
rpy3ke, neperpy3ke M CHITUM KOHTeiHepa
C ITIOABM2KHOI'O COCTaBa HE HY2>KHbI CIICLIMaJIb-
HbIE MTOTPY304YHO-PA3IPY30YHbIE MEXaHU3MBI,
M CJICA0BATC/IbHO, UX TOCTaAaBKa MOXKET ITPOU3-
BOJMTHLCS Ha JIIOOYIO TPY30BYIO CTaHIINIO, HE
000pY/I0BaHHYIO KpaHaMHU.

Pa6oe U. M., lopuHa B. B. CMelLLaHHbIe MEPEBO3KU B CAMOPA3rpPyXaloLUXC KOHTENHEepax



Taommna 4
3HaueHus1 BpeMeHH KaXK/I0ii onepanuy 1 UCIo/Ib3yeMoe 000pyI0BaHue NP T0CTABKe
40-¢dyToBOro KOHTEiiHEpPa MO HOBOI TEXHOJIOTHH

No Oneparust Ob6opynoBaHue Bpewmst, u

1 3arpyska rpy3oB B KOHTEHep BWJIOYHbII MTOTPY3YMK 0,747

2 ManeBpupoBaHUe aBTOMOOWIIST TSITa4 C MOJYIPULIETIOM 0,033

3 IToaroroBka aBTOMOOMIIS TAray ¢ MoJynpULEerioMm 0,093

4 [Morpyska KoHTeliHEpa Ha aBTOMOOWITb TATAY C MOJYTIPUIICTIOM 0,1

5 TlepeBo3ka KOHTeHEPA Ha XeJIe3HOIOPOXKHYIO TSIray ¢ MOJyNpULIETIOM 0,08
CTaHLUIO

6 ManeBpupoBaHUe aBTOMOOWIIST TSTay C MOJIYNPULIETIOM 0,033

7 CHsITHe KOHTeiiHepa ¢ aBTOMOOMJIS TSITay C MOJYIPULICTIOM 0,1

8 [MonroroBka MarucTpaabHOTO TPAHCIIOPTA K TIOTPY3KE | XKEJIE3HOMOPOXKHBII TPAHCTIOPT 0,093

9 IMorpy3ka KOHTeliHepa Ha MarkucTpajJbHbIil TPAHCIOPT | KeJIe3HOIOPOXHBIN TPAHCIIOPT 0,1

10 TpancnopTupoBaHue KOHTeITHEpa Ha MArCTPATBHOM | KeJIe3HOMOPOKHBIN TPAHCIIOPT 62
TPaHCIOPTE Ha BTOPYIO KeJIE€3HOJOPOXKHYIO CTAHIIUIO

11 Brirpyska KoHTeiiHepa ¢ MaruCTpajlbHOTO TPAHCIIOPTa | XKEJIE3HOLOPOXKHBII TPAaHCTIOPT 0,1

12 ManeBpupoBaHUe aBTOMOOWIIST TATAY C MONYTIPUIIETIOM 0,033

13 TMoaroroBka aBTOMOOMIIS K TIOTPY3Ke TAray ¢ MOJyNpULIETIOM 0,093

14 [Morpyska koHTeliHEepa Ha aBTOMOOWITb TSTay C MOJIYIPULIETIOM 0,1

15 IlepeBo3ka KOHTeHEPA Ha TUIOIIAIKY TSITay C MOJYIPULICTIOM 0,21
TPY30TIOTyYaTesist

16 ManeBpupoBaHUe aBTOMOOWIISI-KOHTEITHEPOBO3a TATaY C MOIYTIPUIIETIOM 0,033

17 CHsiTHe KOHTeiiHepa TSIray ¢ MOJYyMpPULIETIOM 0,1

18 BrIrpy3ska rpy3oB u3 KOHTeliHepa BWJIOYHBIN TTOTPY34YMK 0,747

Uroro 64,795

B tabmuie 3 mpencTaBieHbl Pe3y IbTaThl Tabmmua 5

CToHMMOCTb HCII0JIb30BAHUS KazK710ro Buaa
MOJABHZKHOIO COCTaBa

pacu€Ta BpeMeHHM, 3aTpayrMBacMOro Ha dTarax
MapIuIpyTa 10 HOBO TEXHOJIOTUH C UCITOJIB30-

BaHMEM CaMOpa3rpyKalolnxcs KoHTeiHepos. | Tun I1C Croumocts
3HaueHUsT BpEMEHM KaxXIoi omepaiunu g;g%“%a“m’
ZI (;/ICHOJILSYCMOC o6o;u)yLLOBaH1/Ie npu ,I[OCTaBKED ABTOMOGID KoRTeliHeponos | 1600
-(byTOBOro KOHTEIHEpa 10 IpeaiaraeMoi
by p pen Tsrau ¢ moaynpuuenom 1400

TEeXHOJIOTMU Ha MapipyTe Bomkckuii—HoBo-

CUOMPCK TIpeCTaBIeHBI B Ta0au1IE 4. T, I 1,008 u.

Ilo cymecTBylollleil TeXHOJIOTUM BpeMsi
paboTHl aBTOMOOMJILHOTO TpaHCIopTa (Tad-
JIAIIa 2) COCTaBIISIET:

T =7,456 u.

aBT. CYIIL.

Ilo npenaraeMoii TeXHOJIOTUU BpeMsi

paboTHl aBTOMOOMJILHOTO TpaHCIopTa (Tad-

nmna 4):

CpenHue 3HaYCHUSI CTOMMOCTH MCITOJIb-
30BaHUsI aBTOMOOWIISI-KOHTEITHEPOBO3a 1 TSI~
raya c IOJIyIpUIICIIOM IIpeICTaBIeHbI B Ta0-
JInLe 5.

TpaHCIIOPTHBIE 3aTPaThl 3a €3/IKY BHIYMC-
Jsr0TCs o opmye [3]:
3 ot

=8
cyT yac Tp

(2
Tabamnua 6

IToka3zaTeau 10CTaBKH KOHTeleepOB mo Cy]lleCTByIOHleﬁ 7 npe;maraeMoﬁ TEXHOJIOTHH
CMEIIAHHBIX NMEPEBO30K IPy30B

IMoxazarenn Cy1iecTByIOIIasi TEXHOJIOTUS Ipemnaraemast TeXHOJIOTHST
KonnuecTBo 3TanoB 10CTaBKu 24 ostamna 18 aTamos

Bpewmst noctaBku 82,2194 64,795 4

BpeMst paboThl aBTOMOOMIEHOTO TPAHCTIOPTa 7,456 4 1,008 u

Ce6ecTOMMOCTD TIEPEBO3KH aBTOMOGUIBHBIM
TPAHCIIOPTOM 3a €3/IKY

11929,6 py6./e3m.

1411,2 py0./e3n.

® MWP TPAHCIOPTA, Tom 16, N2 6, C. 3441 (2018)

Pa6oe U. M., lopnHa B. B. CMelLlaHHbIe MEPEBO3KN B CaMOpPa3rpyXaloLmnxcs KOHTEMHepax




e 3, — CYTOYHBIC TPAHCIIOPTHBIC 3aTPATH,
pyo.; S, —uacoBag ce6eCTOMMOCTD IEPEBO3-
KM, py0./d; f,  — TPaHCIIOPTHOE BPEMS, 1.

ITo cymecTByOIICH TEXHOJIOTHH 3aTPaThI
3a €3KY:

By = 1600+ 7,456 = 11929,6 py6./e3n.
[o npenaraeMoii TeXHOJIOTMHM 3aTPAaThl 3a

e37IKY:

3 =1400+1,008 = 1411,2 py0./e3m.

€3]I, TIpeJUL.
IlokazaTenu JOCTaBKM KOHTCHMHCPOB I1O

CYILIECTBYIOIIEH U HOBOW TEXHOJIOTUU CME-
IIaHHBIX MIEPEBO30K I'PY30B C yYaCTUEM aBTO-
MOOMJIBHOTO M XeJIE3HOAOPOKHOTO TPaHC-
ropTa MpeacTaBlieHbl B Tabaule 6.

DKoHoMMYecKast A(PHEKTUBHOCTD 3a €31KY
TIPECTABIISIET COOO0M pa3HOCTh TPAHCTIOPTHBIX
3aTpaT MpU JOCTaBKe 1O CYIIEeCTBYOIIeH
U TIpeIaraeMoil TEXHOJIOTUU:

D=3, o — oot mpomn. — 11929,6—1411,2 =
10518,4 1HIC. PYO.

Cpennsis 1ieHa 40-dyToBoro KoHTeiiHe-
pa— 115 ThIC. py0., a LIeHa KOHTEeHEepa HOBOI
KOHCTPYKIIMU cocTaBisieT 143,75 Thic. pyo.

CpOK OKYITaeMOCTH 3aKyTTK1 KOHTEITHEPOB
HOBOW KOHCTPYKIIMM MOXHO PacCUMTaTh I10
dopmyie:

TOK = CKOHT/BESJ.U (3)
rae C — CTOMMOCTb KOHTeliHepa, pyo.;
9m — 2 deKTUBHOCTD 32 €37IKY, py0./e3.

B Hamnem npumepe CpoK OKyraeMOCTH:
T, =143750/10518,4 = 14 e3/10K.

BbIBOAbl

PaccMmoTpeHHBIN BapraHT 1OKa3aj, 4TO
TIpUMeHEHNE HOBOI TEXHOJIOTHHN CMEIITAHHBIX
KOHTEHEePHBIX ITEPEBO30K C YIACTHUEM aBTO-
MOOWJIBHOTO U KeJIE3HOJOPOXKHOTO TPaHC-
TMopTa, OCHOBAaHHOW Ha MCTIOJb30BaHUN Ca-
MOPa3rPYKaIoIuXcsl KOHTEHHEPOB, TTO3BOJIS -
erT:

1) cOKpaTUTh BpeMsI JOCTaBKH OoJjiee 9eM
Ha 20 % 3a CuéT yMEHbIIEHUS KOJIMYECTBA
COIIYTCTBYIOIIMX omnepauuii (1o 25 %), no-
CKOJIBKY CaMOpa3rpyXarlolnics KOHTEUHED
BBITIOJTHSIET YACTh OTTepaIliii CAMOCTOSITEITHHO,
a TakKe MCKITI0YaeT HeOOXOAMMOCTD MOXM-
JIAThCSI OCBOOOKIEHUS TTOTPY30YHO-PA3rpy-
30YHBIX MEXaHN3MOB;

2) YMCHBIIINTD BpeMsI pabOTHI W 3aTPaThl
aBTOMOOMJIBHOTO TpaHcmopTa (B 7,4 pasa),

100 HOBAsI KOHCTPYKIIMSI KOHTeITHepa Ipe.Iy-
CMaTpuBaeT MOAbEM M OINyCKaHWe Ha IUIaT-
G opMy MOABMKHOIO COCTaBa CAMOCTOSITE/Ib-
HO, 0e3 MPUMEHEHHUSI CITeIIMaIbHOTO 000py-
JIOBaHUS Ha JTI000# CTAaHIINU, YTO 3HAYUTEITb-
HO coKpalllaeT TPaHCHOPTHYIO paboTy
aBTomobOmibHoro I1C;

3) IOJIYYUTH MO CPAaBHEHUIO C CYIIIECTBYIO-
el TEXHOJIOTHEN SKOHOMUYecKnil addekT
(Ha peanbHOM MapipyTe — 10518,4 py6. 3a
OJIHY €3]IKY);

4) OBICTPO OKYIHUTD 3aKYIKY caMOpa3rpy-
JKaloLerocst KOHTeiiHepa (B paCCMOTPEHHOM
npuMepe 3a 14 e310K);

5) OBBICUTH IPON3BOIUTEILHOCTD aBTO-
mobuabHoro I1C 3a cuér cokpallieHus: Mpo-
CTOEB.
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MULTIMODAL TRANSPORTATION IN SELF-UNLOADING CONTAINERS

Ryabov, Igor M., Volgograd State Technical University, Volgograd, Russia.
Gorina, Vera V., Volgograd State Technical University, Volgograd, Russia.

ABSTRACT

Delivery of goods in 40-foot containers in mixed
traffic according to the existing technology can be
carried out only through container terminals using
specialized equipment (container trucks, gantry
cranes, forklifts, etc.), since typical containers
themselves cannot be unloaded from and loaded onto
rolling stock. The article proposes a new technology

that is based on the design of a self-unloading
container developed by the authors. It is proved that
it reduces the time of delivery of goods by more than
20 % and reduces the operating time of road transport
by 7,4 times. This creates a significant economic
effect, which allows to quickly recoup the purchase of
a self-unloading container in just 14 runs along the
calculated route.

Keywords: multimodal transportation, self-unloading container, cargo delivery, rolling stock, technology.

Background. Every year, more than 200 million
deliveries are made to different parts of the world,
involving a total of almost 20 million containers. At
the same time, the share of domestic carriers is not
very large — the container transport system of Russia
lags far behind the global one. This, in particular, is
explained by the fact that container terminals and
container trucks are necessary for carrying out
technological operations, which are insufficient in
the Russian Federation due to the obvious lack of
investment and the high cost of maintenance.

The technology of multimodal transportation of
containers consists of sequential and interrelated
stages and operations that regulate all actions for
their movement from the place of loading of cargo
to the place of its unloading. Improving the overall
efficiency of such transportation can be achieved by
improving the technology at some of its stages, for
example, when using road transport.

The existing technology of multimodal
transportation of containers has the following
features:

« a container with or without cargo which, as a
rule, is dispatched as a transported unit with the
appropriate details;

- containers are transported by various types of
transport, are subject to reloading operations at
senders and receivers of goods and are often used
as transport capacity in technological processes of
industrial enterprises;

« their parameters are unified, which facilitates
handling and transportation;

« loading and unloading operations with
containers are fully mechanized.

The technology in question, of multimodal
transportation of containers contains a large number of
operations and is based primarily on the advantages of
container terminals. The number of such terminals in
the Russian Federation is much less than cargo stations.
This leads to the need to transport containers by road
overlong distances, which increases the time of delivery
and total costs. In addition, losses are increasing due to
considerable downtime of rolling stock (RS) associated
with unloading cargo at the final delivery point.

To reduce the cost of transporting containers
by road, the authors of the article developed a new
design of a self-unloading container with hydraulic
load-lifting racks [7] and proposed a new
technology of multimodal transportation using
such containers [8].

The proposed container is equipped with load-
lifting racks with electric drive, which allow using the
battery energy of rolling stock or station network to
lift a container above a railway platform and then

lower it to the RS platform to deliver cargo to its
destination with its help.

After a self-unloading container is delivered to
the destination, the inverse operation is performed:
load-lifting racks independently remove the cargo
case from the RS platform and are set to a height
convenient for unloading-loading processes and
using mechanization tools, facilitating operations
and increasing labor productivity [8].

When introducing a new technology, the RS is
not completely idle while waiting for the container to
be unloaded, so it can be used for other shipments,
which increases the efficiency of its operation.

In order to assess the real benefits of an
innovative approach, we will analyze some
parameters and time expenditures in transit of rolling
stock with a container using the existing and the
proposed technology.

For clarity, we consider delivery of goods in a
40-foot container from the city of Volzhsky to a
consumer in Novosibirsk.

Objective. The objective of the authors is to
consider and analyze advantages of multimodal
transportation in self-unloading containers.

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

Results.

* ok ok

The existing technology makes it possible to
deliver containers by rail from the terminal station of
JSC Russian Railways in Sarepta to the container
station «Tomsk-Gruzovoy» and then by road to
Novosibirsk.

Travel time from the departure point to the
consumer is calculated by the formula [1]:
tpath = S/ Vt’ ( 1)
where v, - technical speed of transport, km/h; S -
distance from the site of reloading to the consumer,
km.

Table 1 presents the results of calculating the
time spent on the stages of the route under
consideration.

The time values of each operation and the
equipment used for the delivery of a 40-foot
container using the existing technology on Volzhsky—
Novosibirsk route are presented in Table 2.

The delivery of newly designed containers under
the proposed technology allows them to be transported
by a universal cargo platform (for example, a tractor
with a semi-trailer), as well as for loading, reloading
and removing a container from rolling stock; no special
loading and unloading mechanisms are required atany
cargo station not equipped with cranes.
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ifig Table 1
1173 . 3
1 The results of calculating the time spent on the stages
‘ of the route under the existing technology
Stages of the route Transport Time, h
1) Volzhsky—terminal of JSC Russian Railways in Sarepta road 1,5
2) terminal of JSC Russian Railways in Sarepta—terminal «Tomsk-gruzovoy» railway 72
3) terminal «Tomsk-gruzovoy»—Novosibirsk road 4
Table 2 Table 3
Time values of each operation and equipment Results of calculation of time spent on the
used in the delivery of a 40-foot container stages of the route under consideration
using the existing technology according to the new technology
No. | Operation Equipment | Time, h Stages of the route Transport Time, h
1 Loading cargo in a container forklift 0,747 1) Volzhsky—station Trubnaya, Volzhsky road 0,08
2 Waiting for loading — 0,282 2) station Trubnaya, Volzhsky—station railway 62
3 Maneuvering of a car-container carrier | container 0,066 Novosibirsk
carrier 3) station Novosibirsk—finished goods road 0,21
4 Preparing a car-container carrier for container 0,093 warehouse
loading carrier
5 Container loading on a car-container | container 0,165
carrier carrier
6 Traqsponation of a container to a con@ainer 1,5 . . Table 4
terminal complex carrier Values of time of each operation and
7 Maneuvering of a car-container carrier g:ﬁli:;ner 0,066 equipment used when delivering a 40-f00t
8 Waiting for removal of a container container 0,282 container using a new technology
from a car-container carrier carrier
No. | Operation Equipment Time, h
9 Removal of a container from a car- container 0,165
container carrier carrier + 1 Loading cargo in a container forklift 0,747
gantry crane 2 Maneuvering of a car tractor lorry 0,033
iy I}Z?;g:ﬁ.tfm loadinglonithelmain - 0,282 3 Preparing a car tractor lorry 0,093
11 Preparing the main transport for railway 0,093 4 Loading a container on a car tractor lorry 0,1
loading transport 5 Transporting a container to the tractor lorry 0,08
12 Container loading on the main railway 0,165 railway station
transport transport 6 Maneuvering of a car tractor lorry 0,033
13 Container transportation by the railway 72 7 Removal of a container from a car | tractor lorry 0,1
main transport to the second terminal | transport
complex 8 Preparing the main transport for railway transport | 0,093
14 Waiting for removal of a container from | railway 0,282 loading
the main transport transport 9 Loading a container on the main railway transport | 0,1
15 Unloading of a container from the railway 0,165 transport
main transport transport 10 Transporting a container by the railway transport | 62
+ gantry main transport to the second railway
crane station
16 Maneuvering of a car-container carrier | container 0,066 11 Unloading of a container from the | railway transport | 0,1
carrier main transport
17 Preparing a car-container carrier for container 0,093 12 Maneuvering of a car tractor lorry 0,033
loading carrier - -
13 Preparing a car for loading tractor lorry 0,093
18 Waiting for loading of a car-container | container 0,282 - -
carrier carrier 14 Container loading on a car tractor lorry 0,1
19 Container loading on a car-container | container 0,165 15 Transportation of a container to the | tractor lorry 0,21
carrier carrier + consignee’s site
gantry crane 16 Maneuvering of a car-container tractor lorry 0,033
20 Transportation of a container to the container 4 carrier
CONSIENCOIS G caen 17 Removal of a container tractor lorry 0,1
2 Maneuvering of a car-container carrier g:;lég;ner 0,066 18 Unloading goods from a container | forklift 0,747
22 ‘Waiting for removal of a container from | container 0,282 Total 64,795
car-container carrier carrier
23 Removal of a container container 0,165 Table 6
carrier
24 Unloading goods from a container forklift 0,747 Indicators of container dellvery under the
Total 2219 existing and proposed technology of
multimodal transportation of goods
Indicators Existing Proposed
Table 5 technology technology
The cost of using each type of rolling stock Number of stages of delivery 24 stages 18 stages
Type of RS The cost of use, rub./h Delivery time 82,219 h 64,795 h
Car-container carrier 1600 Operation hours of road transport 7,456 h 1,008 h
Cost of transportation by road 11929,6 1411,2
factoniony — transport per a run rub./run. rub./run.

WORLD OF TRANSPORT AND TRANSPOR ION, Vol. 16, Iss. 6, pp. 34-41 (2018)

Ryabov, Igor M., Gorina, Vera V. Multimodal Transportation in Self-Unloading Containers




Table 3 presents the results of calculating the
time spent on the stages of the route using the new
technology with the use of self-unloading
containers.

The time values of each operation and the
equipment used for the delivery of a 40-foot
container using the proposed technology on
Volzhsky — Novosibirsk route are presented in
Table 4.

According to the existing technology, the
operating time of road transport (Table 2) is:

Tmad, exis. = 7’ 456 h

According to the proposed technology, the

operating time of road transport (Table 4):
road. propos. = 1’ 008 h.

Average values of the cost of using a car-
container carrier and a tractor lorry are presented in
Table 5.

Transport costs for the run are calculated by the
formula [3]:

Cday = Shour : ttr’ (2)
where C,, —dailytransport costs, rub.; S, — hourly
cost of transportation, rub./h; t, - transport time, h.

According to the existing technology, the cost
per run:

C o oxis. = 1600+7,456 = 11929,6 rub./run.
According to the proposed technology, the cost

of the run:

C.. — 1400+ 1,008 = 1411,2 rub./run.

The delivery rates of containers under the

existing and new technology of multimodal

transportation of goods with participation of road and

rail transport are presented in Table 6.

The economic efficiency of the run is the
difference in transportation costs for delivery under
the existing and proposed technology:

E=C,, oist — =11929,6-1411,2=10518,4
thous. rub.

The average price of a 40-foot containeris 115
thousand rubles, and the price of a container of a
new design is 143,75 thousand rubles.

The payback period for purchase of containers
of new design can be calculated by the formula:
Tpayback = Ccont./ Erun,’ (3)
where C_ - cost of a container, rub.; E -
efficiency per run, rub./run.

In our example, the payback period:

T peypack = 143750/10518,4 = 14 runs.

Conclusions. The considered variant showed
that the use of a new technology of multimodal
container transportation with participation of road
and rail transport, based on the use of self-unloading
containers, allows:

1) to reduce delivery time by more than 20 % by
reducing the number of related operations (up to
25 %), since the self-unloading container performs
part of the operations independently, and also
eliminates the need to wait for the release of loading
and unloading mechanisms;

2) to reduce the time and costs of road transport
(by 7,4 times), because the new container design
provides for raising and lowering the rolling stock
onto the platform independently, without using

run. propos.

special equipment at any station, which significantly
reduces the transport work of road RS;

3) to obtain an economic effect as compared
with the existing technology (on a real route —
10518,4 rubles per one run);

4) to quickly recoup the purchase of a self-
unloading container (in the considered example, for
14 runs);

5) toimprove the performance of automotive RS
by reducing downtime.
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