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Crarbs nocBsueHa pa3paboTke mogenn
060CHOBaHUs1 NOTPEOGHOCTU pernoHa

B KOHTEelHepun3ayuumn rpy30BbiX NepeBo30K.
Mogugenb Bk/loYyaeT ABa B3aUMOCBSA3aHHbIX
asieMeHTa: MmeToauky 060CcHOBaHus
KOHTEeHHEepPOonpuroaHOCTN rpy30B

pervoHa n UMUTaLMUOHHbINA afiropUTM
naaHnpoBaHUs NOTPeOGHOCTY PernoHa

B KOHTeviHepu3sauuu. lNnaHupoBaHune
noTpebHOCTN B KOHTEHHEPU3aLnN YBA3bIBAET
crnpoc npeanpusTUi Ha NepeBo3Ky (C y4ETOM
YPOBHEV KOHTEeMHepPOonpurogHOCT NPoAyKumnmn)
v umeloLmnecs pecypcbl KOHTEIiHepPHOW
TPaHCMOPTHOWN CUCTEMbI (TEPMUHATIbI,
KOHTeVHEepPHbIN napk, NogBUXXHONW COCTaB).
AansHelilmee pa3sutne mogesnv npeanonaraet
OLIeHKY 3aTpar vl Bbirog peruoHa ot pa3BuTusi
KOHTerHepHou cuctemMmbl. Bepugpukauns
UMUTaLNOHHOV MoAeNn Ha npuMmepe
CBepAasoBckoii 06/1aCT AeMOHCTPUpPyeT

eé& paboTocrnoco6HOCTb M aAEeKBaTHOCTh
AEenCTBUTEJIbHOCTH.

KnoyeBbie caoBa: KOHTEVIHepPHbIE MepeBO3KY,
KOHTeniHepu3aumsl, KOHTerHepornpurogHoCTb
rpysa, coumnasibHo-3KOHOMUYeckasi cuctema
pervioHa, pa3BuTve permoHa, noTpebHoCTb,
pecypchbl, UMUTaLMOHHas! MOLE/b, OPraHn3aums
B3avMOAENCTBYSI.
|
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NPOBJIEMBbI YIIPABJIEEIA

MoaoenvupoBaHue OLeHKH
noTpeodHOCTN pernoHa
B KOHTEMHEPHbIX NepeBo3Kax

Caii Bacuauii Muxaitaogus — doxmop

MexXHU4ecKux Hayk, npogeccop Kkagedpsl nymu

U JICene3H000PONCHOR0 CIPOUMeNbCmea Ypansckozo
20Cy0apcmeeHH020 yHugepcumema nymeti coooujeHus
(YpIYIIC), Examepunbype, Poccus.

Kouneea Jlapvs Heanosna — kanouoam mexHu4ecKux
Hayk, 0oyenm Kageopvl Mupo8oll SKOHOMUKU

U 02UCmMUKYU Ypansckoeo 2ocyoapcmeerHoeo
YHugepcumema nymeii cooouenus (YpI'VIIC),
Examepun6ype, Poccus.

a CeTOMHSITHUI IeHb YPOBEHb KOH-

TEeWHEepU3alUuK CyXUX IPy30B B MUPE

10 HEKOTOPBIM OLIEHKAM TIPEBBIIIAET
70% [1-2]. B Poccuu aToT mokasaresb co-
CTaBJISIeT IUIIb 5,3 %, OIHAKO PACTET OBICTPHI-
MM TeMIIaMU — 3a TOCJIeIHEE NeCSITUIeTue
KO3(pPUIIMEHT KOHTeHHEepU3allu Ha CeTH
OTEYECTBEHHBIX KEJIE3HBIX JOPOT BBIPOC
BIBOE'.

IToguepkHEM: HbIHE KOHTEHHEepU3aLIMs
3aTparvBaeT HE TOJbKO MEPEBO3KMU TaK Ha-
3bIBAEMbIX KOHTEHHEPOTIPUTOIHBIX TPY30B.
B konTeitHepax mepeBO3UTCS MIMPOKast HO-
MEHKJIaTypa ChIPhEBOI MPOAYKIINU, B TOM
YyucJie HATMBHBIE W HABAJIOYHBIE TPY3bI, Me-
TaJUTbI, CXUXKEHHBIN ra3. DTO MPUBEJIO K 3HA-
YUTEJTHBHOMY POCTY MOTPEOHOCTU B KOHTEH -
HEepHOII NHOPACTPYKTYpe B PETUOHAX U TI0-
CIOCOOCTBOBAJIO OBICTPOMY CTAHOBJIEHUIO
KOHTEMHEPHOTO PhIHKA.

BMmecte ¢ TeM mpu OTCYTCTBUUM COTJIACO-
BaHHBIX IPOrPaMM Pa3BUTUS KOHTECMHEPHOU
MHQPaCTPpYKTYpsl (pOopMHUpPOBaHUE PBHIHKA
MPOUCXOAUT cTuxuitHo. Kaxmas kommaHust
TpecyeayeT TUITb COOCTBEHHBIE 9KOHOMUYE-

'Otuér [TAO «TpancKonteiinep» 3a 2016 rom. [Dekr-
poHHBIN pecypc]: https://www.trcont.ru/. locTymn
01.02.2018.



CKHE WMHTEPECHI, YTO 3a4aCTyI NMPUBOIAUT
K 1rcbanaHcy pa3BUTHUS TEPMUHATBHBIX MOIII -
HOCTEU B perMOHe, BO3HUKHOBEHUIO HEPALIMO-
HaJIbHBIX TTOPOXHUX KOHTEMHEPOIIOTOKOB
U CHUXEHUIO 3 HEKTUBHOCTU (DYHKIIUOHU-
pOBaHUSI PETMOHAJIBHOW KOHTEMHEPHOW CU-
CTEMBI B LIEJIOM.

DTO B CBOIO OY€pEIb HEFATUBHO BIUSET Ha
pa3BUTHE TEX OTPACIIE SKOHOMUKHU PETUOHA,
KOTOpbIE SIBIASIOTCS MOTPEOUTENSIMUA YCIYT
KOHTEMHEPHOM TPAHCIIOPTHOM CUCTEMBI.

To ecTh ¢ OYEBUIHOCTBHIO HAOIIOAAIOTCS
(axThl, KOrma BOZHUKAET HEOOXOAUMOCTh
B METOJIOJIOTUU OLIEHKU TOTPEOHOCTU PETHUO-
Ha B KOHTEHHEPHBIX MEPEBO3KaX C YUETOM
VHTEPECOB TPAHCIIOPTHBIX KOMITAHUI U MECT-
HOTO OM3HECa, TEPPUTOPUATBHBIX 9KOHOMU-
YECKUX U COLMAIbHBIX OCOOEHHOCTEH, He-
PaBHOMEPHOCTU TPY30MOTOKOB U IPYTUX
OTrpaHUYECHUM.

CYLWECTBYIOLWME NOOXO0AbI
PaboTbI, MOCBAIIEHHBIE MOAETUPOBAHUIO
KOHTEHEPHBIX MTEPEBO30K, MOXKHO Pa3Je/IUTh
Ha nBe rpynnsl. [lepBas — uccienoBanus, Ka-
CaIOLLMECS OTIAEJbHBIX 3BEHbEB KOHTEHEPHOM
CHCTEMBIL: TEPMUHAIIOB, CYXUX U MOPCKUX TTOP-
TOB, KOHTeIHEpHOTro TpaHcnopTa. g Hux,
HanpyMep, UCTIONB3YIOT PETPECCUOHHBIE MOJIE-
7 [ 3], METOIBI MepapXuIecKOoTo MOJICTMPOBa-
HUS [4], «MypaBBUHBI» aJITOPUTM ONTHUMI3a-
1 (ant colony optimization) [5], ackpeTHO-
COOBITUITHOE MONIETMpOBaHue [6], cToxacThUe-
CKO€ U IMHAMIYECKOe ITporpaMMupoBaHue [7],
JIMHEITHOE TIporpaMMKpOBaHue [ 8], MHOTOKpH-
TepuaibHy10 onTuMu3arvio [9—10] u T.o.
Bropas ycnoBHas rpyrmna ucciaenoBaHUR
OTHOCHUTCS K OPTaHU3AllUU B3aUMOJCHCTBUS
3BEHbEB KOHTECHHEPHOW TPAHCIIOPTHOU CU-
CTEMBI B YCJIOBUSIX PBIHKA, B 3TOW 00JIaCTU
MPUMEHSIOT KJIaCTepHbIN aHau3 [11], mone-
J Teopuu urp [12—13], KoOHIENIINY yIripaB-
JICHUS TETISIMA TTOCTaBOK [14-15], areHTHOE
WMHUTALIMOHHOE MoJie/iupoBanue [16-17] v op.
B ocHOBY 0003HaY€HHBIX MOJIEEN 1 MO/~
XOJIOB 3AJIOXKEHBI B IEPBYIO OYEPEIb UHTEPECHI
OTIEJIbHBIX KOMITAHUI, TOTAa KaK UHTEPECHI
PETMOHAJIBHOW KOHTEMHEPHOW CUCTEMBI
B II€JIOM OCTalOTCSI Ha BTOPOM 1taHe. OmHaKo
OoJiee BaXXHOM [UIsT aHAJIN3a KOHTEWHEepuU3a-
1IUY PETUOHA SIBJISIETCS TeMa KOHTEMHEPOITpH -
TOTHOCTU MPOLYKIINU.
B HayyHBIX UCTOYHUKAX MPEICTABICHBI
pa3IMYHBIE TOAXO/BI K KIacCU(pUKAIIAU TPY-
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3a Ha KOHTETHEPOIIPUTOIHBIE I KOHTEIHEPO-
HenpuroaHbie BUabL. Tak, B [18] 0603HaueHoO,
YTO KOHTEWHEPOTIPUTOIHON SIBJISIETCS TTPO-
JTYKIIWSI, TEXHUYECKUE TTapaMeTphl U (PU3UKO-
XUMUYECKUE CBOMCTBA KOTOPOI TO3BOJISIOT
WCTIOJIb30BaTh KOHTelHep. To ecTh B JaHHOM
ciIydyae peBaIMpyIOT TeXHUIECKUE KPUTePUN
KJaccuguKaluu.

B psne uctouHukos, Hampumep B [19],
KOHTEeWHEepOTPUTOAHBIM Ha3bIBAIOT TPY3,
TepeBo3Ka KOTOPOTO B KOHTEHEPE 9KOHOMU -
YECKHU 11eJIeco00pa3Ha, TO eCTh TOTa KOHTE -
HEPOHETIPUTOIHBIM MOXET CUMTATHCS U TPY3,
TepeBO3Ka KOTOPOTO TEXHUYECKN BO3ZMOXKHA
B KOHTEITHEpe, HO SKOHOMUYECKH He OTIpaB-
JlaHa.

ITomuMo 3TOrO, B HAy4YHOU JUTEpPATYpe
TPeICTaBIEHbI HEKOTOPBIE TTOAXO/IBI K KO-
YECTBEHHOW OIIEHKE KOHTEWHEPOIIPUTOTHO-
c¢ti. Oco00ro BHUMAaHMSI 3aC/Ty>KMBalOT padbo-
ThI [20, 21]. ABTOpPBI MpeaIaraloT OLeHUBaTh
CTeTNeHb KOHTEWHEPOIIPUTOTHOCTU TIPOTYK-
uuu no mkaie oT 0 mo 1, ucxomst U3 Tpex
KPUTEPUEB: TEXHOJIOTUYECKOTO, TPAHCIIOP-
THO-JIOTUCTUYECKOTO, SKOHOMUYecKoro. [1o
TEXHOJOTUYECKOMY KPUTEPUIO OLIEHUBAIOT
BO3MOXHOCTb TIEPEBO3KM I'py3a B CTaHAApT-
HOM KOHTeiTHepe 03 IOTTOJTHUTEIbHBIX 3aTpaT
Ha 000pyIOBaHKE; TPAHCIIOPTHO-JIOTUCTAYE -
CKUWIi KpUTEPUId yUUTHIBAeT 3(PHEeKTUBHOCTD
orepaluii mepeBajky B ciydae KOHTeHHep-
HO TIepeBO3KU MO CPABHEHUIO C JAPYTUMU
BUJaMU TPAaHCTIOPTUPOBKHU; SKOHOMMCTHI
CTeTeHb KOHTEHHEePOIPUTOAHOCTH TIPEIITO-
YUTAIOT OTPENeISITh CpaBHEHUEM TapudoB Ha
MepeBO3KY B KOHTEHEepax 1 0e3 HUX.

Takum obpazom, Metoauka [19] Buautcs
OJIHOI M3 HEMHOTHUX TOTBITOK KOJTMYECTBEH-
HOTO 00OCHOBaHUSI KOHTEWHEPOIIPUTOTHO-
c¢tu. OCHOBHBIM HEIOCTAaTKOM €€ OCTa€Tcs,
OJHAKO, HEOOXOAUMOCTh y4y€Ta 0OJIbIIOTO
KOJIMYeCcTBa MapaMeTpoB, TPEOYIOIIUX T10-
CTOsTHHOU akTtyanu3anuu. Kpome toro, He
YUUTBHIBAETCS BOBMOXHOCTh MCITOJIb30BaHUS
CIIeIIMaIM3UPOBAHHBIX KOHTEHHEPOB, KOTO-
pble MO3BOJSIOT 3HAYMTEIbHO PaCIIMPUTh
HOMEHKJIATypy I'PYy30B.

OBOCHOBAHME
KOHTEMHEPOMNPUIOOHOCTHU
BenuunHa KOHTETHEPHOTO MOTOKA TJIaB-
HBIM 00pa3oM OTpaHUYUBAETCS OOBEMOM
KOHTEIHEPOIIPUTOIHOTO IPy3a B PpETUOHE KaK
1O TMOTpy3Ke, TaK U 1O BHITPy3Ke. B cBsi3m

Cau B. M., KouHeea 1. U. MooenupoBaHMe OLIEHKU MOTPEOHOCTU PErMoHa B KOHTEMHEPHbBIX MepeBo3Kax
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DheKTHBHOCTD MEPEBO3KH IPy3a B KOHTEHHEpe

Puc. 1. MaTtpuua KOHTEeliHeponpurogHoCTU rpy30B.

C pPa3BUTHEM CIIEINATN3UPOBAHHBIX KOHTE -
HEpPOB HOMEHKJIATYypa MPUTOMAHBIX TPY30B
CYIIIECTBEHHO paciuimpwiach. [loaToMy KoH-
TEHHEPOTNPUTOAHOCTD TPy3a CIIEeIyeT OLIeHU -
BaTh BO B3aMMOCBSI3U C TUTIOM KOHTEiTHepa.
CornacHo TPUHSITON B MeXIyHApOIHON
mpakTuKe kKinaccudukaimu [22], Bce KOHTeT -
HepbI 110 HA3HAYEHWIO JAEJISIT Ha YHUBEPCAITb-
HBbIE U CIIEUATN3UPOBAHHbBIE. YHUBEPCAIb-
HbIE B CBOIO OYepeab MOAPA3NAEISIOT HA
CTaHAAPTHBIE U KOHTEITHEPBI 0COOOTO HAa3HA-
yeHUsI (C OTKPBITBIM BEPXOM, KOHTEHHEPbI-
mwiatdopmsel 1 11p.). K crienmaam3npoBaHHBIM
OTHOCSIT TaHK-KOHTEWHEephl, Oaik-
KOHTEMHEePHI, pehprKepaTOpHbIe KOHTEIHE-
DBl U T.TI.

J17151 OLIEHKU ¥ IPOTHO3MPOBAHUS ITOTEH -
1ayia KOHTeWHEePU3aluu B PETUOHE C YYETOM
0003HAaYCHHBIX ITOAX0H0B [ 18—21] mpemioxe-
Ha CJIeyIoIas METONKA OTIpeIe/ICHUSI KOH-
TEHHEPOTNPUTOIHBIX TPY30B.

Bce BubI iepeBo3MMOi TpOayKIuy And-
(bepeH1IMpYEM TIO IBYM KPUTEPUSIM KOHTEI-
HEPOTIPUTOJHOCTHU: TEXHUYECKAasT BO3MOXK-
HOCTb TIOTPY3KM Tpy3a B OIMpPeNeTEHHBIN
KOHTeliHep M dKoHOMHMYecKasa 3G heKTUB-
HOCTb TTEPEBO3KN. DKOHOMUYECKYIO d(hex-
TUBHOCTH Oy/IeM OLIEHUBATh C TOUKU 3PEHUS
TOKa3aTeJIst UCTIOJIb30BAHUS TPY30M BMECTH -
MOCTH KOHTeIHepa, TaK KakK 3TOT [T0Ka3aTe/lb
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OTpeiesisieT MOTPEeOHOCTh B KOHTEITHEPHOM
MapKe 1 MPSIMO BJIMSIET HAa TPAHCIIOPTHBIE 3a-
TpAaTHI.

CremneHb 3aMOJHEHUS TPY30M 00BEMA
KOHTEWMHEpa OIPEIEIISIETCS Yepe3 yAEAbHbIN
morpy3ouHbiii 066EM (YI10, M3/T). Ecnu
YIEJbHbBIA NOTPY30YHBIA 00BEM MPEBBIIAET
YIEJIbHYI0 TPY30BMECTUMOCTh KOHTeHEepa
(YTK, M3/T), 3TO CBUIETETBCTBYET O BO3MOX-
HOCTHU TIOJTHOTO MCTIOJIb30BAHUSI BMECTUMO-
cTh. B mpoTUBHOM cilyyae peub UAET O TSKe-
JIOBECHOM Tpy3€, TIepeBO3Ka KOTOPOTO B CTAH-
JApTHOM KOHTEHHEepEe MMEET MEHBIITYIO 9KO-
HOMMYECKYIO 3(D(EKTUBHOCTb.

IMpennoxeHO BBIEISATH YETHIPE YPOBHS
KOHTEWHEPOTIPUTOTHOCTHU TTPOYKITUU.

I ypoBeHBb — aGCOTIOTHO KOHTEHHEPOTIPU -
TOJHAST TIPOIYKIIHSI, TO TPY3bl, YIOOHBIE IJIsT
MEPeBO3KM B CTAHAAPTHBIX KOHTEHHEpax
C BBICOKOM 3KOHOMMYECKOU 3(P(PeKTUBHO-
cThi0. VX yaeqbHBI MOTPYy30YHBIA 00BEM
MPEBBIIIACT YACIbHYIO TPY30TTOABEMHOCTD
CTaHJapTHOTO KOHTeliHepa. B aTy rpymimy oT-
HECEM pa3INIHbIC TETKOBECHbIE TAPHO-IIITYY-
HbIE TPY3HI.

11 ypoBeHb — rpy3bl, IPUTOAHBIE IJIS 1O~
TPY3KM B CTAaHAAPTHBIE KOHTEHHEPBI, HO HE
00ecreunBalore MOJTHOTO UCTTOTb30BaAHUS
TPY30BMECTUMOCTH KOHTEWHEpa, YTO Aea-
eT UX nmepeBo3Ky MeHee 3 dexTruBHOMN. Uc-

Cau B. M., KouHeea [1. U. MooenupoBaHMe OL,eHKN MOTPEOHOCTU PerMoHa B KOHTEMHEPHbIX NepeBo3Kax



MOJIb30BaHUE CTAHJAPTHBIX KOHTEIHEPOB
JUISI TAKUX TPY30B OMPaBAaHO MTPU HATUIUK
B peTUOHE N30BITOYHBIX TOPOKHUX KOHTE M -
HEpOB, OXHUIAOUIUX 00paTHOW 3arpy3Ku.
B npoTtuBHOM ciaydae Ajs Irpy30B 3TOTO
THUIIa SKOHOMUYECKH BBITOJHEE MCITOJIb30-
BaHUE KOHTEMHEPOB 0COOOro Ha3HAYEHUS
(tuna Flat Track (koHTeltHep-TLIaT(OopMa)
unu Open Top (KoHTeiiHep 0e3 Bepxa)).
K aT0if KaTeropuu oTHECEM pa3IUYHBIE
reHepaIbHbIE TSKETOBECHBIE TPY3bI, HATIPU -
Mep, METaJlJibl, TSXEJIOBECHBIE CTAHKU
1 060pyIOBaHUE.

111 ypoBeHb — Tpy3bl, MIPUTOAHBIE IS
MEepPEeBO3KHU B CIIEIMAT3NPOBAHHBIX KOHTET -
Hepax ¢ BBICOKOU 2KOHOMUYECKOU adhdhek-
TUBHOCTHIO. CIo[1a BXOJST Pa3IUYHbIC IETKUE
HAaCBIITHbIE TPY3bl (HapuMep, 3¢pHO), YA00-
HBIC I TIEPEeBO3KU B OaK-KOHTeHepax,
W HaJIMBHBIE TPY3bI, KOTOPbIE MOXHO Tepe-
BO3UTh B TAHK-KOHTeTHepax.

IV ypoBeHb — KOHTEHHEPOHENMPUTOAHAS
OPOAYKLUS. DTO IPy3bl, IEPEBO3Ka KOTOPBIX
B KOHTEIHEpax TeXHUUYECKU 3aTpydHeHa
1 9KOHOMUYECKHU He onpaBaaHa. B ToM yucie
TSIKENbIe HaBaJOYHBIE I'PY3bl (HAIpuMep,
LIEMEHT, py/ia, KAMEHHBII yTOJIb).

JIns HarJISIAHOCTU KiacCuUKalUuu Tpy30B
1o 0003HAUEHHBIM KPUTEPUSIM COCTaBJIEHA
MaTpulla KOHTEHHEPONpUTrogHocTH (puc. 1).

TTpennoxxeHHast TUTIOTOTUSI IIPOIYKIIMY ITO
YPOBHIO KOHTEHTHEPOTIPUTOTHOCTH TI03BOJIS -
€T MAaKCUMAaJIbHO MPOCTO U OHO3HAYHO KJ1ac-
cuuIIMPOBaTh Bce TPY3bl PErMOHA U OLIEHUTD
TTOTEeHITMAJIbI KOHTeWHEePU3aLMK TSI MECTHBIX
ycioBuil. Meroarka MoOXKeT ObITh JIeTaJIu3U -
pOBaHa W pacllvpeHa.

MATEMATUYECKA4
dOPMAJIUSALNA MOOENU

VYpoBeHb KOHTEHEpU3aLMK ITPy30I10TOKA
MIPUHSTO OIEHWBATh Uyepe3 KoddDduimeHT
KOHTeHHepu3aluu, KOTOPbIiA B caMOM 0011IeM
BUJIEC 3aMTUCHIBACTCS KaK:

_ Qcont
kcont - Q s (1)
total
roe Q. — oOLuiA 06’1:?M MEePEBO30K TPy30B
pervoHa, T; O — 00BEM MEPEBO30K IPY30B
peruoHa B KOHTeHepax, T.
ITomumo KomYecTBa KOHTEMHEPOITPUTOI -
HBIX I'PYy30B 00BEM MEpeBO30K B peruoHe
OTrpaHUYMBAETCS CTETICHBIO PAa3BUTHSI KOHTEH -

HepHoM nHpacTpykTyphl. Torna Koaddum-
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€HT KOHTelHepUu3allMK 3anuileM Kak QyHK-
LIMOHAJT:

k= F Q4 A H, P, d), )
Ie ¢ — KOJWYECTBO KOTEHHEepOMPUTOIHBIX
IPy30B B peToHe; A — MOCTYITHBINA KOHTE-
HepHbI napK; H — npomnyckHasi ClocOOHOCTh
TEePMUHAJIBHOI ceTU; P — MOCTYMHBIN Mapk
MOABMKHOTO COCTaBa ISl TEPEBO3KU KOHTEH -
HEpOB; d — Ipyrue OrpaHNYeHMsT KOHTeTHep-
HOTO MOTOKA.

O0603HaYEHHbIE TapaMETPbl HEYCTONYUBHI
BO BPEMEHU, MOJABEPXKEHBI CIyJYailHbIM W3-
MEHEHUSIM U BIUSHUIO BHEITHUX (hPaKTOPOB.
IToTomy 111 060CHOBAHUS YPOBHS KOHTEM-
Hepu3allui peruoHa, a Takxxe 000CHOBaHUS
WHTEPBAJIOB U3MEHEHUS (PAKTOPOB, BIUSIO-
LIKMX Ha HETO, HEOOXOMMO CO3aH1e UMUTA-
LIMOHHOU MOJeIr, MO3BOJISIONIE MHOTO-
KpaTHOE MPOUTPhIBAHWE TTPOU3BOACTBEHHBIX
CLIEHapUeB, OTPaKAIOIIUX MPOLECC UCIOJb-
30BaHUsI KOHTETHEPHOU CUCTEMbI B PETHOHE.

Ha puc. 2 npuBeneHa 6;10K-cxeMa OLIeHKH!
MOTPEOHOCTU PETMOHA B Pa3BUTUU KOHTEH-
HEPHOI CUCTEMBI.

®opmann3zyeM 3Tarbl IPUBEIEHHOTO ajl-
TOpUTMa.

Ha nepBoM 3Tame cieayeT onpeaeauThb
00IIYI0 BEJIMYMHY IPy30II0TOKA, TeHepUupye-
MOTO PETMOHOM.

[Myctb Q, — BeMUMHA TPY30MIOTOKA, FEHE-
pUPYEMOro perMOHOM 3a MepUo] BPEMEHU ¢
Kak cymMmMa N BHIOB IPY30B g,

Bennqmia Ipy30IOTOKA ¢, XapaKTepu3y-
€TCsl MaccoU, HalpaBJeHUEeM, MoKa3aTejleM
YIEJIBbHOTO MTOrPYy304HOT0 00bEMA U XapaKTe-
PUCTUKAMU TTOTPY3KU, TO €CTh KaXIbIi MC-
XOJSIIUIA TPY30MTOTOK MOXEM 3alucaTh Kak
BEKTOp (KOPTEXK):

N —_—
0 =>q,w,lu,g),
i=1

)

IJie W — Macca Irpy30I10ToKa, T; / — HarpaBJie-
HUE OTMpPaBKM Ipy30TMOTOKa, MPUHUMAET
3HaueHMs oT 1 1o L; ydér aToro napamerpa
ITOMOTaeT PallMOHAJIBHOMY TIJIAHMPOBAHUIO
3arpy3Ky TOMYTHBIX KOHTEITHEPOB;

U — yIeJIbHBIM MOTPy309HbII 00BEM Ipy3a,
M3/T; mapamMeTp HYXEH IJIsT OmpeaeeHus
pallMOHAJIBHOTO TUTIAa KOHTeTHepa 1 pacuéTa
IMOTPEOHOTO YKCc/ia KOHTEHEPOB;

£ — XapaKTepuCTHKa CIocoba Morpy3Ku
rpy3a; B paMKaX METOIWKHU OyIeM BBIICISTD
JIBE XapaKTEePUCTUKU: g = 1, ecu Tpy3 Tpel-
roJjiaraeT CTaHAapTHBIN KOHTeiHep 0e3 10-

Cau B. M., KouHeea 1. U. MooenupoBaHMe OLIEHKU MOTPEOHOCTU PErMoHa B KOHTEMHEPHbBIX MepeBo3Kax




1. OugeHKa 1 MPOrHO3MPOBAHNUE OOLIEH BEMUIHHbI
IPy30MOTOKA, TCHEPUPYEMOTO PETHOHOM

i

2. Biienenue B 001IeH BEMUYUHE TPY30MOTOKA
KOHTEHHEpONPHIOAHOM NPOLYKIMU

L 2

3. OmeHKa TeKyIIeH U MepCIeKTUBHON OTpeOHOCTH
PETHOHA B KOHTCHHEPHBIX pecypeax i
YJIOBIETBOPEHUS OOIIIETO CIIPOCa Ha NEPEBO3KH BCEX
THUIIOB KOHTE{HEPONPUTOAHOM IPOTYKIUU

4. OueHKa UMEIOLIHXCS PECYPCOB PETHOHA [
YZIOBNETBOPEHHS IOTPEOHOCTH (TEPMUHAIBL,
KOHTEHHEpBI, MO/IBUKHON COCTaB, OpraHN3aLOHHbIC
pecypebl)

¥

5. OueHka TeKyIei 1 MepcreKTHBHOM
MOTPeOHOCTH B pecypcax KOHTEHHEPHON
CHCTEMBI PerHoHa

U306bITOK pecypcoB
KOHTEHHEpPHO! CHCTEMbL

3

lg-1e

IorpebHOCTD
TIPEBBIIACT HMEIOLIHECS
pecypebt?

Jeduumr pecypcos
KOHTEHHEPHOH CHCTEMBI

+_I

6a. OrieHKa BO3MOKHOCTEH IIepEHATPaBICHIS
OTJIEIBHBIX PECYPCOB B IPYTHE TOCHCTEMBI

60. OrieHKa 3aTpaT Ha pa3BUTHE KOHTEHHEPHOH
CHCTEMBI, IPOTHO3MPOBAHHE BBI'OJ PErHOHA H
OT/ENbHBIX HTPOKOB PHIHKA OT PA3BHTHA
KOHTEHHePHBIX ITeDEBO3OK

y

7. llpunstie peleHyuii OTHOCUTENBHO PA3BUTHS KOHTEHHEPHBIX IIEPEBO30K B PErHOHE, HHBECTUPOBAHUS B
Pa3BUTHE TEPMUHANIBHOH HHPACTPYKTYpbI, pe3epBUPOBAHNUS KOHTEHHEPHOTO MapKa, OpraHu3aliy
B3aMMO/IEHCTBHS KOMITAHHI

Puc. 2. Anroputm 060cHOBaHUs NOTPEGHOCTY PErnoHa B pa3BUTUMN CUCTEMbI KOHTEHHEPHBIX MePeBO30K.

TIOJTHUTEJIbHBIX 3aTpart, § = 0, B IIPOTUBHOM  p I'Py3 MOXET OBITh BbIBE3EH JpyruM BUIOM

ciyJae.

Ha BTOopom aTamne BbIeJIuM B 0011eM 00b-
€Me MepeBO30K KOHTEMHEPONMPUTOIHbIE TPy~
3bl. B COOTBETCTBUY ¢ MPeJIOKEHHON MEeTO-
JIUKOI BBeIEM OOO3HauyeHUS: MYCTh

4,1 ,(1,1 I,CI,”I,Q,] _— rpy3bl -1V ypoBHeil KoH-

TEHEPOIIPUTOAHOCTH, TEHEPUPYEMBIE B pe-
rioHe 3a nepuon ¢ Torma oblas BeTUuInMHa
IPY30I10TOKA PErroHa:

N —_—
0, =2 a,~4 +q'+q" +4;"- @
i=1

IIpu dopMupoBaHUM UMUTALIMOHHON
Mozesu OyIeM YUIUThIBaTh, UYTO CITIPOC HA KOH-

TeHEPHYIO TIEpEBO3KY Ipy30B O, , HEYIOB-
JIETBOPEHHBIN B MEPUOJ f, MOXKET OBITh OT-
JIOXEH JUTS peau3alliii B MOMEHT BPEMEHU

t+ 1. ITpu 3TOM B YCTIOBUSIX KOHKYPEHIIMU Ha
PBIHKE TPAHCITOPTHBIX YCIIYT C BEPOSTHOCTHIO

® MWP TPAHCIMOPTA, Tom 16

TpaHcnopTa. BeiuunHa BepoOsITHOCTHU p 3a-
BUCUT OT crielMdUKU pblHKA B PErMOHE,
a TakXe BEJUYUHbBI MPUHSITOTO MOJEIbHOTO
BpeMeHH 7. Takum 00pa3oM, BeJTMYMHa CIIPO-
ca Ha KOHTEMHEepHYIO MepeBO3Ky B TOHHAX

B MOMEHT BPEMEHU 1 Q+AQ,_1 ‘(1= p), e

AQ, | — OTJIOXEHHBII CIIPOC, p — BEPOATHOCTD

TMEePEKIIIOYEHMUS TPY30ITOTOKA HA aJIbTEPHATUB-
HBI BUJ TPAHCIIOPTA.

Crenyioluii TpeTUiA Tal — OlleHKa 00-
1€l TOTpeOHOCTHU B pecypcax (KOHTelHepax,
TepMHUHaNaX, MOJABUXHOM COCTaBe) A
YIOBJETBOPEHUS CIIPOCAa PErMOHa Ha KOH-
TeliHEepHbIe MEePEeBO3KU. YUUTHIBAS CyIlle-
CTBOBAaHUE PAa3HBIX TUIOPA3ZMEPOB KOHTEH -
HepoB (20- 1 40-pyTOoBBIX), B KaUeCTBE
€IUHUL U3MEPEHUSI KOHTEMTHEpHOT O MOTOKA
U TiepepadaThlBalOIIE CITOCOOHOCTU TEPMU-

24,C.160-178 (2018)

Cau B. M., KouHeea [1. U. MooenupoBaHMe OL,eHKN MOTPEOHOCTU PerMoHa B KOHTEMHEPHbIX NepeBo3Kax




HaJIOB TIpMEM IBanlaTU(hYTOBBIN SKBUBA-
neHT (JP3).

ITyctb D, — moTpe6HOCTh pErnoHa B KOH-
TeifHepaxX B MOMEHT BPEMEHU f, BRIpaskeHHast
B A®DD. YunteiBasi BO3MOXKXHOCTh HCITOJIb30-
BaHMS Pa3HBIX TUIIOB KOHTEITHEPOB:
Dct = Ddct + Dsdct + Dsct’ (5)
rae D, — TMOTpeGHOCTh PETMOHA B CTAHAAPT-
HBIX KOHTeltHepax (dry cube), ADD;

D, — TOTpeOHOCTL PETMOHA B CTAHAAPT-
HBIX KOHTeIHepax 0co00ro Ha3HauYeHUS
(special dry cube), ID3;

D_, — 1oTpeGHOCTb PETHOHA B CIIELINATIH -
3UPOBAHHBIX KOHTelHepax (specific cube),
ADD.

s ynoBiIeTBOPEHUS CIipoca Ha KOHTeH -
HEPHYIO ITepeBO3KY rpy30B | ypoBHS KOHTET -
HEPOINPUTOAHOCTUA MOTPEOYIOTCI CTaHIAPT-

HBbIC KOHTeﬁHepr B KOJINYECTBE:
N
1
Z((Wit + ijxfl(l - p)) . u,' )
I _ =l
R

det
de

; (6)

1 .
Tae W, — BECOBasd XapaKTECpUCTUKA [-I'0 Ipy3a

| ypoBHSI KOHTEITHEPOIIPUTOTHOCTH, T;

U/~ yIeNbHBIA MOrpy304HbIA 00BEM i-r0
rpy3a I ypoBHSI KOHTEITHEPOIIPUTOTHOCTH,
M/T;

R, — Ipy30BMECTUMOCTb CTAaHAAPTHOIO
KOHTelHepa, M.

s ynoBiIeTBOpeHUS CIIpoca Ha KOHTE -
HEPHYIO MepeBO3KY rpy30B I ypoBHSI KOHTEM -
HEePOITPUTOIHOCTH ITOTPEOYIOTCSI yHUBEPCAITb-
Hble cCTaHOapTHbie KoHTelHepsl (JIDI)

B KOJIMYECTBE:
N

z(wit + Awit—l (1 - p))"

i=1

no_

D' - — : ()
dc

00 YHUBEPCAJIbHbLIC KOHTeﬁHCpr 0co00ro

HazHaueHus (Flat Track uau Open Top):

N
Z(Wit +Aw, (1- "
pU i i
W

sdet —
sde

®)
rae W, W,, — Ipy30noabEMHOCTb YHUBEP-
CaJIbHOTO CTAHIAPTHOTO KOHTEHepa U YHU-
BEpPCATbHOTO KOHTEHEPa 0COOOTO Ha3Have-
HUS, T.

Bribop Tuma KoHTelHepa At 9TON Ka-
TETOPUU IPY30B O0YCIOBJIEH HATUYMEM U3-
OBITOYHOTO KOHTEHHEPHOTO IapkKa B peTu-
OHE M OyneT pacCMOTPEH Ha CIEAYIOUINX
aTanax.

® MWP TPAHCIOPTA, Tom 16, N2 4, C. 160—178 (2018)

11 y1oBIeTBOPEHUS CIipoca Ha KOHTe ! -
HepHyIo nepeBo3Ky rpy3oB Il ypoBHS KOH-
TeUHEPONPUTOAHOCTHY TPEOYIOTCS CIieuanr-
3UPOBAHHbIE KOHTEHEPHI PAa3HOBUIHOCTU V
(Tank Container, Bulk Container, Ref
Container) B KOJUYECTBE:

N
Z((W[t + AW,FI (1 - p)) . Lli ){;H
D)=~ ,
R.(v)

rae R, (v) — Tpy30BMECTUMOCTb CIIELIMATN3H -
POBaHHOTIO KOHTEMHEPa pa3HOBUIHOCTU V, M°.

TTotpeOHOCTD B TEpMUHATTLHOM MH(PpACTPyK-
Type ¥ (PUTUHTOBBIX IDIaT(hOpMaX BBIpa3UM uepe3
YCTaHOBJICHHYIO ITOTPEOHOCTh B KOHTCHTHEPHOM
napke. To ecTb 1151 rpy301epepaboTKK pacyeT-
HOTO KOHTEIHEPOITOTOKa OYIyT Hy>KHbI TEPMU-
HaJIbl, IMEIOIIIIe CyMMapHYIO ITepepadaThIBato-
LLYIO CITOCOOHOCTD 3a repuof f (JIDD):
D, =D, (10)

JIns ymoBIeTBOPEHMS 3aaHHOTO CIIpoca
Ha KOHTeMHepHYyIo nepeBo3Ky rpy3oB [—II1
YPOBHS KOHTCHHEPOIIPUTOTHOCTA B MOMEHT
BPEMEHMU ¢ TpeOYIOTCsI (DMTUHTOBBIC TTAT(OP-
MBI B KOJINYECTBE:

)

Dct
D, ==, (11)

rie k — mapameTp, OnpeaeIsioIInii BMECTH -
MOCTh (GDUTUHTOBON TIaTOOPMBI; I
40-dpyToBBIX MIaTdopM k = 2, nisg 60-dy-
TOBBIX k = 3, nist 80-pyToBBIX k = 4.

Ha 4yeTBEpTOM BTane OLICHUM pPeCypChl
pervoHa aJis yaoBJIETBOPEHUS 3aaHHOM 10~
TpeOHOCTH.

ITyctb A, — KOHTEWHEPDI, UMEIOIIKECS Ha
MOMEHT BPEMEHH  TTOCJIC UX BBITPY3KH B pe-
TMOHE, B TOM YHUCJIC:

A, ,— KOJIMYECTBO YHUBEPCATbHBIX CTaH-
JIAPTHBIX KOHTEHEPOB B pETMOHE HA MOMEHT
BpeMmenu t, 1P3;

A, (v),— KOJIMYECTBO YHUBEPCAIbHBIX
KOHTEIHEPOB 0COO0ro Ha3HAYCHMS pa3HO-
BUIHOCTU V B perMOHE Ha MOMEHT BPEMEHU ,
D3,

A (v), — KOJIMYECTBO CHELMATU3MPOBAH-
HbBIX KOHTEITHEPOB Pa3HOBUIHOCTH V B PEru-
OHE Ha MOMEHT BpEMEHH .

[Ipu 5TOM JUIST KAXIOro THIIA KOHTEeiHEepa
CJIe/lyeT BBUICJIUTh XapaKTePUCTUKY HarlpaBJie-
HMS OTIIPaBKU. YacTh KOHTEMHEPOB, MpeIHa-
3HAYEHHBIX JUIs ITOTPY3KU, MOXKET ObITh OTITPAB-
JIEHa B JII0OOM HaIpaBjeHUM. DTO KacaeTcs
rapka, IpUHaIJIeKAIIEro KPYIHbIM KOMITaHU -

Cau B. M., KouHeea 1. U. MooenupoBaHMne OLeHKN MOTPEOHOCTU PErMoHa B KOHTEMHEPHbBIX MepeBo3Kax
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KOHTEIHEepbI, KOTOPbIE ITOC/IE BBITPY3KHU CIICIY-
€T BEpHYTb COOCTBEHHUKY B HampaBJieHUU /.
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SIM, IMEIOIITM Pa3BUTYIO TEPMUHATIBHYIO CETh
DT0, KaK ITPaBWIIO, KACaeTCsI UMIIOPTHBIX KOH-

Ha3bIBaTb TAKMEC KOHTECMHEPLI «CBO




A, =(Ape, + Agpe (v), +Agc(0),) 5 +
+HAAp., | + A, (V) +

+AA (), ) 5 +

H(Ape, + Aspc V), + Ae V), t
H(AApe,  + A (), +AA(V), )

AHanornyHo ¢opmMaanu3yeM HaJlu4ue B pe-
ruoHe T1aTdopM JUIS TIEPeBO3KU KOHTEHE -
pos (API): P,.=P +AP, .

[IpencraBUM MPOMYCKHYIO CIIOCOOHOCTh
TEPMUHAIBHOM CETH perroHa 3a nepuon 7 (H,)
KaK CyMMY IpPONYCKHOU crmocobHocTu M
TepMuHaaoB. OlLIeHKa MTOTPEOHOCTH PeroHa
B TEPMMHAJBHOM PECypce OCYILIECTBIISIETCS
C YYETOM BEJIMYMHBI BXOJISIIIETO ITOTOKA, KO-
TOPBII TEepPMUHAJIBHAS CUCTeMa IPUHUMAET:

(12)

revi*

M
H =Y (H,-B,), (13)
j=1
rae I1C.t — TiepepabaTbiBapIIasi CIOCOOHOCTh
j-ro TepMuHaia 3a nepuon f, J1P3; Bj,— Be-
JIMYMHA BXOJSIIEr0 KOHTEMHEPOITOTOKA j-TO
TepMHHajia 3a nepuon ¢, JD3.

Ha ngarom atame njis olieHKU aeduiura
WA M30bITKA PECYPCOB COIOCTABUM OLICHKY
0011Ieli TOTPEOHOCTH B KOHTEIHEPHBIX IIEpe-
BO3Kax (3Tar 3) ¢ pecypCHbIMU OTpaHUYEHU -
SIMU KOHTeMHEPHOI1 cucTeMbl (3Tam 4).

MaxkcuManbHBIi 00bEM KOHTEMHEPHBIX
IEPeBO30K, KOTOPHIA MOXET 00eCIeunTh
cucrema, OyIeT Onpeae/IsIiThCsl HAMMEHbBIIIMM
3HAYEHUEM U3 PECYPCHBIX BO3MOXHOCTEH
M MUMeEIOIIIerocs crpoca, T.¢.:
Q.. =min(D A, P, H). (14)

Bcnysaeecn Q= D, B TeueHMe 3a1aHHO-
IO TIeproa BpeMEHH, TO CIIPOC B KOHTEIHED-
HBIX TIEPeBO3KaxX yIOBJIETBOPEH IOJIHOCTHIO,
KOHTEIHepHasl CUCTeMa CIIOCOOHA 00eCIeUnTh
BBIBO3 KOHTCIHEPOIIPUTOIHOM ITPOLYKIINI BCEX
ypoBHeii. B mpoTuBHOM ciiydae TpedyeTcst 1ubo
co3maHue pesepBa (B paMKax MMEIOIIUXCS BO3-
MOXHOCTeI1), TMOO BJIOXKEHME CPEICTB B pa3-
BMTHE TOTO WIM MHOT'O pecypca.

BenuuurHa moTpeOHOCTH B pe3epBUpPOBa-
HUM WIW pa3BUTUU JePUIIMTHOTO pecypca
OIpeIeIIIeTCs Pa3HOCThIO MEXIY CIIPOCOM Ha
OnpeIeIEHHBII peCypC U €TI0 HaJIMYUEM.

YuuThiBasi BADMAaTUBHOCTH BUIOB KOHTE -
HEPOB, C IIOMOIIbIO KOTOPBIX MOXET ObITh
yIOBJIETBOPEHA MOTPEOHOCTD, IIpeiaraeM
CJICAYIOLIMIA AJITOPUTM OLICHKM AeULIMTa MU
M30bITKA B KOHTEITHEpaX B PErMOHE:!

® MWP TPAHCIOPTA, Tom 16, N2 4, C. 160—178 (2018)

* OLIEHUBAETCS YIOBJIETBOPEHUE MTOTPEO-
HOCTHU B CTAHAAPTHBIX KOHTEMHEPaX, KOHTEH -
Hepax 0coO0ro Ha3HaYEHUsI, CIeUATU3UPO-
BaHHBIX KOHTEHEPaX, TO €CTh IS KaXXA0ro
TUIA KOHTeHepa MPOBePSeTCs YCIOBUE:

D <A, ) (15)
B CcJIyyae ecJiM HaJIuune KOHTEeHHEPOB B pe-
TMOHE MPEeBBIIIAET CIPOC HAa HUX, BO3HUKA-
€T U30BITOK, B IPOTUBHOM ciy4yae — nechu-
LIUT;

* npu aebunTe KOHTEHHEPOB 0COOOTO
Ha3HaYeHUs U U30BbITKE CTAHIAPTHBIX KOH-
TEeHEePOB OLIEHMBAETCS BO3MOXHOCTb YIOB-
JIETBOPEHUS MIOTPEOHOCTH B ITEPEBO3KE IPYy30B
Il TuMma KOHTEWHEPONTPUTOAHOCTU CTAHIAPT-
HBIMU KOHTEHHEpaMUu;

* oueHUBaeTcs AeULUT WIU U30BITOK
KaXJ0ro TUIla KOHTEelHepa B peruoHe Ha
MOMEHT BPEMEHHU f,

B CJly4yae U30bITKa KOHTEHEPOB:
AA1=A1_Dct_ Yt’

B ciy4ae neduiimta KOHTeiHepOoB:
M =D —A—Z, 17)
rzie ¥, — OTTOK TIOPOXKHETO KOHTEHHEPOTIOTO-
Ka 13 perMoHa; Z — MPUTOK TIOPOXKHETO KOH-
TEHHEPOIIOTOKA B PETUOH;, TIPU 3TOM ¥ 1 Z —
MepeMeHHbIe BEJIMYMHBI, BEJIMYMHA KOTOPBIX
000CHOBBIBAETCS B TPOLIECCE MPOUTPHIBAHUS
MOJIEJIH.

HeynoBneTBopEHHBIN B MOMEHT BpEMEHU
1 CIIPOC WY U30BITOK KOHTEMHEPOB MEPEHO-
CUTCS Ha CJIeIYIOIIUIA 3Tal pacyeTa.

Pacuér moBTOpsieTcst uTepaTUBHO OT £ 110 T
IS OTOOpaxXeHUsI MPOLECCOB HAKOILJIEHUS
M30BITOYHBIX KOHTEHHEPOB B PeTUOHE U/WJTN
HEYIOBJIETBOPEHHOTO CITPOCa Ha KOHTEHep-
HbI€ NMEPEBO3KU.

AJITOpUTM pacyéTa NpeACTaBIeH Ha pUC. 3.

IIpencraBiaeHHBIN aArOPUTM MO3BOJISIET
UMUTUPOBATh MPOLECC YIOBIETBOPEHUS O~
TpeOHOCTH B KOHTEHEpax B peruoHe, ole-
HUTb AeOULIUT U/ WK N30BITOK KOHTEITHEPOB
OMpeNeIEHHOrO TUIIa U, B pe3yJbTaTe Mpo-
UTPBIBAHUST MOJIEJIU, OOOCHOBATh BETUUYUHY
MOPOXHEro KOHTEHHEPOIIOTOKA U YPOBEHb
pe3epBUPOBAHUS KOHTEHHEPHOTO MapKa.

IIpenyoxxeHHass UMUTALIMOHHAS MOJENb
COIEPKUT CIIeIYIOIIME TOMYIICHUS:

* UTHOPUPYETCS BO3MOXHOCTb UCITOJIB30-
BaHUS CTaHIAPTHBIX KOHTEMHEPOB [JIs mepe-
BO3KU PEXUMHBIX TPY30B C UCITOJIb30BAHUEM
CIIELIMAJILHOTO 000pYyA0BaHUA (HaIpuMeEp,
«(rekcu-TaHK» IS TePEeBO3KU HAJIUBHOTO
rpy3a B CTAHAAPTHOM KOHTEHEpE);

(16)

Cau B. M., KouHeea 1. U. MooenupoBaHMe OLIEHKU MOTPEOHOCTU PErMoHa B KOHTEMHEPHbBIX MepeBo3Kax




Ta0muua 1

Hcxoanble 1aHHbIE MIMUTAIMOHHO MOJIEJH YIOBJIETBOPEHHS MOTPEOHOCTH PETHOHA
B KOHTEHHEPHBIX NepeBO3Kax

[Tapametp Benuuuna
Bxomsimmii rpyk€nblit KOHTelTHEpOTIOTOK, 1D / cyT. Bj‘ =213 +42R!
Crpoc IpeArnpusaTHil perMoHa Ha KOHTEMHEPHYIO TIepeBo3Ky, MDD / cyt. D, =67+ 16R
Bxopstinuii mopoxHuit KoHTeitHepormoToK, M3 / cyt. Z=6+1,5R
Wcxonsiuit mopoxxHUii KOHTeHeporoTokK, JAPD / cyt. Y =135+ 12R
CoBOKyITHast EMKOCTb KOHTEITHEPHBIX TUTOINAn0K, DD E =8500
TlepepabaThiBaroliast ClocoOOHOCTh TepMuHaIoB, MDD / cyT. H, =1013
PesepB npomnyckHOM ClIOCOOHOCTH TEPMUHAJIOB [Is1 obecrieyeHus: pador mo | 0,5
3aB0O3Y/BBIBO3Y M COPTUPOBKE KOHTECITHEPOB

hi g 5 800.0 -

700,0

600,0

Puc. 4. Pesynbrat
pac4y€ToB Ha Mogenun
YAOBIETBOPEHNS
noTpe6HOCTN pernoHa
B KOHTEHePHbIX
nepeBo3Kax,
t={1,2,...30}, N=1.

5000 -

400,0

300,0

200,0

100,0

0,0

* UTHOPUPYETCS IIPUOPUTETHOCTD 3aTPY3KHU
KOHTEIHEPOB pa3HbIX COOCTBEHHMKOB Ha pa3-
JIMYHBIX TEPMUHAJIAX.

AHaoTUYHBIM 00pa3oM GopmupyeTcs
MOIETb OIICHKH ITOTPEOHOCTH B TEPMUHATIBLHOM
MHGPACTPYKTYpe PerMoHa, IIPY 3TOM B CJTydae
JedULInTa TePMUHATBHBIX MOIITHOCTEM aHAIM-
3UPYIOTCS BapUaHThI COBEPIIEHCTBOBAHUS
OpraHu3aluK paboT Ha TepMUHAJIE U PACIII-
PEHMST TepPMUHAIBHOM CETH, UTO SIBJISICTCST 3a-
Jlayeil OTAEJIbHBIX HayYHBIX MCCIeTOBaHUI
¥ 9aCTUIHO paccMoTpeHO B [23-24]. [Tpuuém
TaKo€e pa3BUTHE COOBITUII MOXKET ITOTPEOOBAThH
CYIIECTBEHHBIX MHBECTULIMIA.

Ha mrectom arame anroputMa clienyer co-
IOCTaBUTh 3aTPAThl U BBITOABI OT Pa3BUTUS
KOHTEeIHepH3aIii, 3TO ITO3BOJINT 000CHOBATh
TOT €€ YPOBEHb, KOTOPHI 00eCeunT HauOO b~
LW 9KOHOMUYECKNI 3 heKT 11T pernoHa
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JleHmT TepMIHATOR

H36EITOK TTOpO!
KOHTEJIHEPOB
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t

s Y TOBJIETBOPEHHEIH CTIPOC (ITOrPy3Ka)
------- Cripoc Ha KOHTCIHEPHYIO [IEPEBO3KY
e HaJTHH1e NOPO/KHIX KOHTEIHEPOB B PETHOHE

= = OrpaHHYeHHe IepepadaThIBaIoNeil CIOCOOHOCTH TePMHHATIOB

M TSI KOMITAaHU M, (HOPMUPYIOLINX PETHOHATb-
HYIO KOHTeITHEpHYIO cricTeMy. Moielh OlleHKI
BO3/IEHCTBUSI KOHTEHEPU3ALIMHA HA SKOHOMU-
Ky pernoHa rpuBesieHa B pabore [25].

BEPUDUKALNA MOOEU

st BepudmKamm UMUTAIMOHHON MOJIe-
JIN 3aJaiuM UCXOJHBIC TaHHbIE Ha OCHOBE
nHbopMaIK 0 (GYHKIIMOHUPOBAHUY TEPMU-
HaJIbHBIX oTtepaTopoB CBepITOBCKOM 00/1aCcTH?
¥ BeJTMIMHBI KOHTEITHEPOTIOTOKOB, MOTyYeH-
HBIX B pabote [24], ¢ y4€TOM 3KCTparoisiimm
Ha TeKyIIuit meprox (tadbauma 1).

Pesynbrar pacuéta Ha MOne IV MPUBEIEH HA
puc. 4. s anpobaliuy ajropuT™Ma IIpUMeM,
YTO TEPMMUHAJIbHASI CUCTeMa peruoHa oopada-

2 YpasbcKast Joructudeckas accoruarust. Oduimaib-
HBII calT. [DyeKTpoHHBII pecypc]: http://noula.ru/.
Hoctym 01.02.2018).
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THIBa€T TOJBKO CTaHAAPTHBIE KOHTEHEepHI
¥ UMEET TP PECYPCHBIX OrpaHUIYCHUS: TIepe-
pabaThIBalolasi ClIOCOOHOCTh TEPMUHATIOB,
€MKOCTb KOHTETHEPHBIX IIOIIAI0K, HATMI1e
MOPOXKHUX KOHTEHEPOB B PerMOHE.

Ha puc. 4 BunHo, 4To BeJIMUMHA YIOBJIET-
BOPEHHOTO CITpOca Ha KOHTEHHEPHYIO Tiepe-
BO3KY He ITPEeBbIIIAET MPEIbsIBICHHOTO CITPOca
WJIU PECYPCHOTO OTpaHMYEHMST KOHTETHEPHOM
CHCTEMBI, 3TO COOTBETCTBYET pealbHBIM TTPeI-
CTaBJICHUAM O €€ HYHKLIMOHUPOBAHUH.

Pesynbrar anpobaiiuu Moaenn mokasai,
YTO TIPM 3aJaHHBIX UCXOIHBIX MapaMeTpax
B PErMOHEe IMpeodIIagaeT M30bITOK MOPOKHUX
KOHTEHEPOB (YTO OTNIPAaBAAHO IMPEBBIIIEHUEM
BBITPY3KU HaJI ITOTPY3KOii) 1 BOSHUKAET IepPH -
onMYecKuii 1euInUT TepMUHATBHOM MH(ppa-
CTPYKTYPBI, KOTOPBIi TIPOSIBJISIETCS] B MOMEHT
CJTy4aifHBIX BCITJIECKOB BEJIMYMHBI TIepepada-
THIBAEMOT'0 KOHTelHeporoToka. YToOs! olie-
HUTb CPEIHUI ypOBEHb 3TOro aeduinra,
npoBenéM N ucnbiTaHuit Mmoneau (puc. 5).

DKCIepUMEHT ITOKa3aJ, YTO MPHY 3aTaHHBIX
MCXOMHBIX TTapaMeTpax CPeaHUii CBOOOTHBIN
pe3epB (M30BITOK) IMepepadaThiBalOLIE Cro-
COOHOCTY TEPMUHAIIOB PErMOHA COCTaBUT 69
AD3. [Tpr 5TOM ¢ BepOSITHOCTHIO HANEXKHOCTH
BbIBOIA 95 % MOXeM YTBepPKIATh, YTO NEHULIUT
TEPMUHAJIbHBIX MOLLIHOCTEM He MPeBLICUT 132
ADD, a n3osiToK — 271 API. To ecTh IIpaBo-
MEpeH BBIBOJ, YTO IJISI pacCMaTpUBaeMOIo
perruoHa CyIiecTBYeT HoTpeOHOCTh B pa3BUTUN
TEPMUHAIBHON MHMPACTPYKTYPHI JIJIsI TIOBBI-
IIeHUs €€ MPOMYCKHOM cMoCcOOHOCTH Ha 132
DD B cyTKH, 3TO MO3BOJINT YCTPAHUTH COON
B paboOTe CUCTEMBI B TMKOBBIE TTeproIbl. Kpo-
Me TOT0, MOXKHO KOHCTaTHPOBATh, YTO YBEJI -
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YeHUe Crpoca Ha KOHTeHHEPHbIe TTEPeBO3KU
B cpeaHeM Ha 69 JIDD B cyTKM (NP MOCTOSTH-
HBIX TIPOYMX MTapaMeTpax) MpUBEET K ucuep-
IMaHWIO CBOOOTHOTO TEPMUHAJILHOTO pecypca.

BbiBO4

JleMOHCTpUpYeMBbIii METOAOJIOTUYECKUI
TTOIXO/ K OLICHKE TTOTPEOHOCTH PETMOHA B pa3-
BUTUU KOHTEUHEPHBIX MEPEBO30K BKIIOYAET
TPU B3aMMOCBSI3aHHbIE METOAUKU: METOIUKY
Ki1accu@uKaluy KOHTEHHEPOITPUTOIHOM ITPO-
JyKIIMU, UMUATALIMOHHBIIA aJITOPUTM OOOCHO-
BaHUS TOTPEOHOCTHU PEroHAa B KOHTEHEPHBIX
pecypcax, METOAUKY OLIEHKU BO3JEHCTBUS
KOHTEHepU3aluy Ha 5SKOHOMUKY PETMOHA.

Mertonuka kiaccubuKaluy KOHTeitHepo-
MPUTOAHOW MPOAYKIIMU BBIAEJSIET YEThIPE
YPOBHSI KOHTEMHEPOIPUTOAHOCTU B 3aBUCU-
MOCTHU OT ABYX KPUTEPUEB: TEXHUYECKOMN BO3-
MO>KHOCTH MOTPY3KU TPpy3a B ONpeaeaEeHHbII
KOHTEHHEep U 9KOHOMUYECKO 3(HEKTUBHO-
CTU TIEPEBO3KMU TOTO WJIM MHOTO Ipy3a B KOH-
teiiHepe. [IpenoxxeHHast METOIMKA TO3BOJISI-
€T MaKCUMAaJIbHO MPOCTO U OJHO3HAYHO Mu-
depeHIMpPOoBaTh BCE IPY3bl PETMOHA U OLICHUTh
MOTEHLIMAJIbl KOHTEMHEPU3ALIUU.

MMurtanmonHass Moesib OLIEHKU TOTPeo-
HOCTM PETMOHAa B KOHTEWHEPHBIX pecypcax
(KOHTEWHHEpHOM TMapKe, TepMUHaIaxX, MO~
BUDKHOM COCTaBe) YBSI3bIBAET MOTPEOHOCTH
B IMepeBO3Kax (C YUETOM ypOBHEU KOHTeiHe-
POMPUTOIHON MPOAYKIIMUA) U UMEIOLIUECS
pecypchl Uil 00ecreueH!sT PeabsBICHHOTO
cnpoca. [TpeiokKeHHbBII aarOpuT™M MMOMOTaeT
peluaTh CaeLyIolne 3a0a4n:

* OLIEHMBATh HEOOXOAMMOCTb B PE3E€PBU-
POBaHUM PA3JIMYHBIX PECYPCOB PETMOHA IS

Cau B. M., KouHeea 1. U. MooenupoBaHMne OLeHKN MOTPEOHOCTU PErMoHa B KOHTEMHEPHbBIX MepeBo3Kax




YIOBJIETBOPEHUS OOILIETO CIpoca Ha KOHTEM-
HepHbIE MEPEBO3KU;

* TJIAHUMPOBATh BEJIWYUHY OTIPABKU U3-
OBITOYHBIX WJIM 3aKa3a AeMULIMTHBIX TTOPOXK-
HUX KOHTEHHEPOB U MOJABUXKHOIO COCTaBa;

* MPOTrHO3MPOBATh MOTPEOHOCTH B pa3BU-
TUU PECYPCOB JUIS YIOBJIETBOPEHUS OYyIyIIErO
crpoca.

MeTtoayrka OlleHKU BO3AEHCTBUSI KOHTEM-
HepU3alUu Ha SKOHOMUKY PerMoHa MO3BOJIS -
eT 000CHOBaTh HEOOXOAMMBIN YpPOBEHb pa3-
BUTHUSI PECYPCOB KOHTEMHEPHOI CUCTEMBI,
KOTOPbI 00eCcTeurT €€ ydacCTHUKaM HauOOJIb-
LM SKOHOMUYECKUI 3 HEeKT.

Bepudukauust Moaeau 1eMOHCTPUPYET €€
paboTOCIOCOOHOCTD M aIeKBaTHOCTD 1€ CTBU -
TEJbHOCTH.
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MODELING OF ASSESSMENT OF A REGION’S NEED FOR CONTAINER

TRANSPORTATION

Say, Vasiliy M., Ural State University of Railway Transport (USURT), Yekaterinburg, Russia.
Kochneva, Daria l., Ural State University of Railway Transport (USURT), Yekaterinburg, Russia.

ABSTRACT

The article is devoted to development of a model
for substantiating aregion’s need for containerization
of cargo transportation. The model includes two
interrelated elements: a method for substantiating
container suitability for cargoes and an imitation
algorithm for planning of the region’s need for
containerization. The planning of the need for
containerization links the demand of enterprises for

transportation (taking into account the levels of
product container suitability) and the available
resources of the container transport system
(terminals, container fleet, rolling stock). Further
development of the model assumes assessment of
costs and benefits of the region from development
of the container system. Verification of the simulation
model at the example of Sverdlovsk region
demonstrates its efficiency and adequacy of reality.

Keywords: container transportation, containerization, container suitability of cargo, social and economic
system of the region, development of the region, resources, simulation model, organization of interaction.

Background. To date, the level of containerization
ofdry cargo in the world by some estimates exceeds
70% [1-2]. In Russia, this figure is only 5,3 %, but it
is growing at a rapid pace — over the past decade, the
containerization coefficient on the network of
domestic railways has doubled’.

Let’s stress: containerization now affects not only
transportation of so-called container-suitable goods.
Containers carry a wide range of raw materials,
including bulk cargoes, metals, liquefied gas. This led
to a significant increase in the demand for container
infrastructure in the regions and contributed to rapid
development of the container market.

At the same time, in the absence of coordinated
programs for development of container infrastructure,
market development takes place spontaneously. Each
company pursues only its own economic interests,
which often leads to an imbalance in development of
terminal capacities in the region, emergence of
irrational empty container flows and a decrease in
efficiency of the regional container system as a whole.

This, in turn, negatively affects development of
those sectors of the economy of the region that are
consumers of services of the container transport
system.

That is, there are obvious facts when there is a
need for a methodology for assessing the region’s
demand for container transportation, taking into
account the interests of transport companies and
local businesses, territorial economic and social
characteristics, uneven cargo flows and other
restrictions.

Objective. The objective of the authors is to
consider modeling of assessment of a region’s need
for container transportation.

Methods. The authors use general scientific and
simulation methods, comparative analysis,
mathematical methods, graph construction, modeling
methods.

Results.

Existing approaches

Works devoted to modeling of container
transportation can be divided into two groups. The
first group summarizes research results related to
individual links of the container system: terminals, dry
and sea ports, container transport. For them, for
example, regression models [3], methods of
hierarchical modeling [4], «ant» optimization algorithm

! Report of PJSC TransContainer for 2016 [ Electronic
resource]: https://www.trcont.ru/. Last accessed 01.02.2018.

(ant colony optimization) [5], discrete-event modeling
[6], stochastic and dynamic programming [7], linear
programming [8], multicriteria optimization [9—-10],
etc. are used.

The second conditional group of studies relates
to organization of interaction of links of the container
transport system under market conditions; in this
area, cluster analysis [11], game theory models
[12—-13], supply chain management concept [14—-15],
agent simulation [16—17] and others are used.

Those models and approaches are based
primarily on the interests of individual companies,
while the interests of the regional container system
as of a whole remain in the background. However,
container suitability of products is more important for
analysis of containerization of the region.

In scientific sources, various approaches to
classification of cargo for container-suitable and
container-unsuitable types are presented. Thus, in
[18] itis indicated that a productis container-suitable,
if its technical parameters and physico-chemical
properties allow using a container. Thatis, in this case
technical classification criteria prevail.

In a number of sources, for example in [19], a
cargo is considered as container-suitable, if its
transportation in a container is economically feasible,
that is, a cargo, transportation of which is technically
possible in a container, but is not economically
justified, can be considered as container-unsuitable.

In addition, the scientific literature presents some
approaches to quantification of container suitability. The
papers [20, 21] are of particular interest. The authors
propose to evaluate a degree of container suitability of
products on a scale of O to 1 based on three criteria:
technological, transport-logistics, and economic.
According to the technological criterion, the possibility
of cargo transportation in a standard container is
estimated without additional costs for equipment; the
transport-logistics criterion takes into account efficiency
of transshipment operations in case of container
transportation in comparison with other modes of
transportation; economists prefer to determine a degree
of container suitability by comparing tariffs for
transportation in containers and without them.

Thus, the technique [19] is seen as one of few
attempts to quantify validity of container suitability. Its
main drawback, however, remains the need to take into
account a large number of parameters that require
constant updating. In addition, the possibility of using
specialized containers that allow significantly expanding
the range of goods is not taken into account.
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Substantiation of container suitability

The value of a container flow is mainly limited by
the volume of container-suitable cargo in the region
both for loading and unloading. In connection with
development of specialized containers, the
nomenclature of suitable cargo has significantly
expanded. Therefore, container suitability for cargo
should be evaluated in conjunction with a type of a
container. According to the classification accepted in
the international practices [22], all containers are
divided into universal and specialized by purpose.
Universal containers, in turn, are divided into standard
and special purpose containers (open top, platform
containers, etc.). Specialized containers include tank
containers, bulk containers, refrigerated containers,
etc.

To assess and predict the containerization
potential in the region, taking into account the
indicated approaches [18-21], the following
procedure for determining container-suitable cargoes
is proposed.

Alltypes of transported products are differentiated
according to two criteria of container suitability:
technical possibility of loading cargo into a certain
container and economic efficiency of transportation.
We will evaluate economic efficiency from the point
of view of the utilization rate of container capacity by
cargo, since this indicator determines the need for
container fleet and directly affects transport costs.

The degree of filling the container volume by
cargo is determined through the specific loading
volume (SLV, mé/t). If the specific loading volume
exceeds the specific cargo capacity of the container
(SCC, mé/t), this indicates the possibility of full
utilization of capacity. Otherwise, it is a heavy cargo,
transportation of which in a standard container has
less economic efficiency.

It is proposed to distinguish four levels of
container suitability of products.

I level — absolutely container-suitable products,
these are cargoes, convenient for transportation in
standard containers with high economic efficiency.
Their specific loading volume exceeds the specific
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Efficiency of cargo transportation in a container

Pic. 1. Container suitability matrix of goods.

cargo capacity of a standard container. We will classify
various lightweight packed-piece goods as belonging
to this group.

Il level — goods suitable for loading into standard
containers, but not ensuring the full use of container
cargo capacity, which makes their transportation less
efficient. The use of standard containers for such
goods is justified if in the region there are redundant
empty containers waiting to be loaded back.
Otherwise, for goods of this type itis more economical
to use special purpose containers (such as Flat Track
(container-platform) or Open Top (container without
top)). We will classify various general heavy loads, for
example, metals, heavy machinery and equipmentin
this category.

Il level — cargoes, suitable for transportation in
specialized containers with high economic efficiency.
This includes various light bulk cargoes (for example,
grain), convenient for transportation in bulk
containers, and bulk cargoes that can be transported
in tank containers.

IV level — container-unsuitable products. They
include cargoes, transportation of which in containers
is technically difficult and economically unjustified.
They include heavy bulk cargo (for example, cement,
ore, coal).

To illustrate classification of goods according to
the said criteria, a container suitability matrix was
drawn up (Pic. 1).

The proposed product typology in terms of
container suitability allows for the simplest and most
straightforward classification of all cargoes in the
region and assessing containerization potentials for
local conditions. The methodology can be detailed
and expanded.

Mathematical formalization of the model

The level of containerization of a cargo flow is
usually evaluated through the containerization
coefficient, which in the most general form is written
as

Ky = Lo (1)

cont
Qmml
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1. Assessment and forecasting of the total value
of the cargo flow generated by the region

{

2. Allocation of container suitable products in the
total value of the cargo flow

L 2

3. Assessment of current and promising need of the
region for container resources to satisfy the general
transportation demand of all types of container
suitable products

4. Assessment of available resources of the region to
satisfy the need (terminals, containers, rolling stock,
organizational resources)

v

5. Assessment of current and promising need for
resources of the region’s container system

Excess of resources of the
container system

L

-\

Does the need exceed
available resources?

Deficit of resources of the
container system

é_,

6a. Assessment of possibilities of redirection of
some resources to other subsystems

6b. Assessment of costs for development of the
container system, forecasting of benefits of the
region and individual market players from
development of container transportation

Y

of terminal infrastructure, reservation of container

7. Making decision regarding development of container transportation in the region, investment in development

fleet, organization of interaction of companies

Pic. 2. Algorithm for justifying the region’s need for development of a container transportation system.

where Q, ., — total volume of cargo transportation in
the region, t; Q_ - volume of transportation of goods
in the region in containers, t.

In addition to the number of containerized cargo,
the volume of transportation in the region is limited by
the degree of development of the container
infrastructure. Then we write the coefficient of
containerization as a functional:
kcs = F(Qrotal’ q’ A’ H’ P’ d)’ (2)
where q — number of container-suitable cargoes in
the region; A — available container fleet; H — terminal
network capacity; P — available rolling stock fleet for
container transportation; d — other container flow
restrictions.

The indicated parameters are unstable in time,
subject to random changes and influence of
external factors. Therefore, in order to justify the
level of containerization of the region, as well as
to justify the intervals for changing the factors that
affect it, it is necessary to create an imitation
model that allows repeated production scenarios
reflecting the process of using the container
system in the region.

Pic. 2 shows a block diagram of assessment of
the region’s need for development of a container
system.

We formalize the steps of the above algorithm.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol.

At the first stage, it is necessary to determine the
totalamount of a cargo flow generated by the region.

Let Q,be a value of a cargo flow generated by the
region over a period of time t as a sum of N types of
cargo q,

The amount of a cargo flow q, is characterized by
mass, direction, indicator of specific loading volume
and loading characteristics, that is, each outgoing
cargo flow can be written as a vector (tuple):

N
Qr = qup(wslausg)a (3)
i=1
where w — mass of a cargo flow, t; | — direction of
shipment of a cargo flow, takes values from 1 to L;
accounting for this parameter helps rational planning
of loading of passing containers;

u - specific loading volume of cargo, m°/t; the
parameter is needed to determine a rational type of
a container and calculate a required number of
containers;

g — characteristics of the method of loading of the
goods; in the framework of the methodology, we will
distinguish two characteristics: g = 1, if the cargo
assumes a standard container without additional
costs, g =0, otherwise.

At the second stage we will distinguish container
suitable loads in the total volume of transportation. In

16, Iss. 4, pp. 160—178 (2018)
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accordance with the proposed methodology, we

introduce the notation: let q;,q4".q/",q"" - cargoes

of I-1V levels of container suitability generated in the
region during the period t. Then the total value of the
region’s cargo flow is:
11

No_.
0,=24,=0+4"'+4" +q,". (4)
i=1
When developing a simulation model, we will take

into account that the demand for container
transportation of goods O, , unsatisfied in the period

t, can be postponed for implementation at the time
t+ 1. Atthe same time, in the conditions of competition
in the market of transport services with probability p
cargo can be transported by another mode of
transport. The probability value p depends on the
specificity of the market in the region, as well as on
the magnitude of the accepted model time t. Thus,
the amount of demand for container transportation in

tons at time t is: O, +AQ,,-(1-p), where AQ,, -

deferred demand, p — probability of switching a cargo
flow to an alternative mode of transport.

The next third stage — assessment of the total
resource requirements (containers, terminals, rolling
stock) to meet the region’s demand for container
transportation. Considering the existence of different
sizes of containers (20- and 40-foot), we take the twenty-
foot equivalent (TEU) as the units for measuring a
container flow and the processing capacity of terminals.

LetD_,be the region’s need for containers at time
t, expressed in TEU. Given the possibility of using
different types of containers is:

Dct = Ddcr + Dsdct & Dsct’ (5)
where D, - the region’s need for dry cube, TEU;

D_. . —theregion’s need for special dry cube, TEU;

D::ft— the region’s need for specific cube, TEU.

In order to meet the demand for container
transportation of goods of | level of container
suitability, dry cube needs can be evaluated in the

amount of:

Z((Wix + Aw{,q (l - P)) U; )I

Dy, = X ; (6)
where , — weight characteristics of the i-th cargo

of I level of container suitability, t;

u/- specific loading volume of the i-th cargo of
I level of container suitability, m3/t;

R, — cargo capacity of dry cube, m?.

To meet the demand for container transportation
of goods of Il level of container suitability, dry cube
(TEU) will be required at the amount of:

N
Z(Wit + AWir—l (1 - p))n
11 i=]
D, = . W >

de

(7)

or special dry cube (Flat Track or Open Top) will be
required:

N
Z (Wil + AW,.H (l - P))H
D.wlilc 1 = = W >

sde

(8)

where W, W, —load capacity of dry cube or special
dry cube, t.

The choice of a type of a container for this
category of cargo is due to the presence of an excess
container fleet in the region and will be considered at
the next stages.
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To satisfy the demand for container transportation
of goods of lll level of container suitability, specialized
containers of the variety v (Tank Container, Bulk
Container, Ref Container) are required in the amount
of:

N
u Z((W” +Awit—1(1_p))’”i )IvH
— =l
D, (v) o ]
where R_(v) —load capacity of a specialized container
of the variety v, m°.

The need for terminal infrastructure and fitting
platforms will be expressed through the established
need for a container fleet. Thatis, for cargo processing
of an estimated container flow terminals with total
processing capacity for the period t (TEU) will be
needed:

D,=D,. (10)

To satisfy the given demand for container
transportation of cargoes of I-lll level of container
suitability at the time t, fitting platforms are required
in the amount of:

D
D, =%, (11)
where k — parameter that determines capacity of a
fitting platform; for 40-foot platforms k = 2, for 60-foot
k =3, for 80-foot k = 4.

At the fourth stage we will estimate the resources
of the region to meet a given demand.

Let A, - be containers available at time t after their
unloading in the region, including:

A, .~ number of dry cube in the region at time t,
TEU;

A...(v),— number of special dry cube in the region
attimet, TEU;

A..(v),—number of specialized caontainers of the
variety v at time t.

In this case, for each type of container, the
characteristic of a shipment direction should be
highlighted. Part of the containers intended for
loading can be sent in any direction. This concerns a
fleet owned by large companies with a developed
terminal network (for example, RISC TransContainer).

(9)

fr
We will call such containers «free» ( A, ). Also in the

region there could be containers, which after
unloading should be returned to the owner in the
direction . This, as a rule, concerns import containers
and containers of international shipping companies.

We agree to call such containers «returnable» ( A’ ).

Taking into account the containers released after
unloading at time t and the remainder of unclaimed
containers AA from the period t — 1, the expression
for determining in the model the presence of a fleet
of containers in the region will take a form:

A =(Ape, + Aspe V), + A (V),) . +(A e, + DAgpc (V) +
+AA(V),)) 5 + (Ape, + Agpe V), + Age (V)
HA e,y + MMgpe (V) + DA (V),)

(12)

revl*®

Similarly, we formalize the availability in the region
of platforms for transportation of containers (TEU):
P.=P +4P,_,.

Let’s imagine capacity of the terminal network of
the region for the period t (H, ) as a sum of capacity
of M terminals. Assessment of the region’s need for
a terminal resource takes into account the amount of
an incoming flow that the terminal system receives:
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Pic. 3. Algorithm for simulating satisfaction of the region’s need for containers.

M
H,:Z(Hj,—Bj,), (13)
where H/.t — processing capacity of the j-th terminal for
the period t, TEU; B/r_ value of an incoming container
flow of the j-th terminal for the period t, TEU.

At the fifth stage, to estimate the deficit or surplus
of resources, we compare estimation of the total
demand for container transportation (stage 3) with the
resource constraints of the container system (stage 4).

The maximum volume of container transportation
that can be provided by the system will be determined

by the smallest value of the resource potential and
available demand, i.e.:
Q..=min(D,, A, P, H). (14)
Q.. = D, within a given period of time, the
demand for container transportation is fully satisfied,
the container system is capable of ensuring the export
of container-suitable products of all levels. Otherwise,
it is required either to create a reserve (within the
available opportunities), or to invest in development
of a particular resource.
The magnitude of the need for reservation or
development of a scarce resource is determined by

cont
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Table 1

Initial data of the simulation model of meeting the region’s need for container transportation
Parameter Value
Incoming laden container flow, TEU /day B,=213+42R
Demand of enterprises of the region for container transportation, TEU /day D, =67 +16R
Incoming empty container flow, TEU/day Z=6+15R
Outgoing empty container flow, TEU/day Y =135 +12R
Total capacity of container sites, TEU E=28500
Processing capacity of terminals, TEU/day H =1013
Reserve of processing capacity of terminals to support import/export and sorting of 0,5
containers

TEU g0 -
7000 |

600,0

400,0 -

1000 -

0.0

the difference between the demand for a certain
resource and its availability.

Given the variability of the types of containers with
which the need can be met, we propose the following
algorithm for estimating the deficit or surplus of
containers in the region:

1) satisfaction of the need for standard containers,
special containers, specialized containers is assessed,
that is, for each type of a container, the condition is
checked:

D, <A, (15)

if availability of containers in the region exceeds
the demand for them, there is a surplus, otherwise —
a deficit;

2) when there is a shortage of special-purpose
containers and an excess of standard containers, the
possibility of satisfying the need for transportation of
goods of Il type of container suitability by standard
containers is assessed;

3) a deficit or a surplus of each type of containers
in the region at time t is assessed,
in case of surplus of containers:

O =A-D, -Y; (16)
in case of deficit of containers:

M =D,-A -2, (17)
where Y, — outflow of an empty container flow from
the region; Z, — inflow of an empty container flow to

the region; while Y, and Z, - variable quantities, the
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Deficit of terminals

Excess of empty
containers

12345678 91011121314151617 181920 21 222324 25 2627 28 29 30

t

Satisfied demand (loading)

Demand for container transportation
Availability of empty containers in the region
Restriction of processing capacity of terminals

Pic. 4. The result of calculations using the model of satisfaction of the region’s demand for container
transportation, t= {1,2,...30}, N=1.

value of which is justified during the playback of the
model.

The demand unsatisfied at time t or excess of
containers is transferred to the next stage of
calculations.

4) the calculation is repeated iteratively from t to
T to show the processes of accumulation of excess
containers in the region and/or unmet demand for
container transportation.

The calculation algorithm is shown in Pic. 3.

The presented algorithm allows simulating the
process of meeting the need for containers in the
region, assessing deficit and/or excess of containers
of a certain type and, as a result of playing the model,
justifying the value of an empty container flow and the
level of reservation of the container fleet.

The proposed simulation model contains the
following assumptions:

1) the possibility of using standard containers for
transportation of goods requiring special
transportation mode with the use of special equipment
(for example, «flexi-tank» for transportation of bulk
cargo in a standard container) is ignored;

2) the priority of loading of containers of different
owners on different terminals is ignored.

Similarly, a model is developed for assessing the
need for terminal infrastructure in the region, while in
case of deficit of terminal capacity, options for
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Pic. 5. Experiments to determine demand for the terminal resource of the container system,

t={1,2,...30},

improving the organization of work at the terminal and
expansion of the terminal network are analyzed, which
is the task of individual scientific studies and partially
is examined in [23-24]. And this development of
events may require significant investment.

At the sixth stage of the algorithm costs and
benefits from development of containerization should
be compared, this will allow us to justify the level that
will ensure the greatest economic effect for the region
and for companies that are part of a regional container
system. A model for assessing the impact of
containerization on the economy of the region is given
in [25].

Verification of the model

To verify the simulation model, we set the initial
data on the basis of information on functioning of
terminal operators in Sverdlovsk region? and the value
of container flows obtained in [24], taking into account
extrapolation for the current period (Table 1).

The result of the calculation using the model is
shown in Pic. 4. To approve the algorithm, we assume
that the terminal system of the region processes only
standard containers and has three resource
limitations: processing capacity of terminals, capacity
of container sites, availability of empty containers in
the region.

In Pic. 4 it can be seen that the value of the
satisfied demand for container transportation does
not exceed the demand presented or the resource
limitation of the container system, this corresponds
to the real notions of its functioning.

The result of approbation of the model showed
that, given the initial parameters in the region, excess
of empty containers predominates (that is justified by
excess of unloading over loading) and there is a
periodic deficit of the terminal infrastructure, which
manifests itself at the time of occasional bursts of the
value of the processed container traffic. To estimate
the average level of this deficit, we will carry out N
tests of the model (Pic. 5).

The experiment showed that for given initial
parameters, the average free reserve (excess) of
processing capacity of terminals in the region would be
69 TEU. At the same time, with a 95 % probability of

2 Ural logistics association. Official website [Electronic
resource]: http://noula.ru/. Last accessed 01.02.2018).

N =100.

reliability, we can state that the terminal capacity deficit
will not exceed 132 TEU, and the surplus excess will not
exceed 271 TEU. That is, it is legitimate to conclude that
for the region in question there is a need to develop a
terminal infrastructure to increase its capacity by 132 TEU
per day, this will eliminate system failures during peak
periods. In addition, it can be stated that an increase in
demand for container transportation by an average of 69
TEU per day (other parameters being constant) will lead
to depletion of a free terminal resource.

Conclusion. The demonstrated methodological
approach to assessing the region’s need for
development of container transportations includes
three interrelated methods: a method for classifying
container suitable products, an imitation algorithm for
Jjustifying the region’s need for container resources,
and a methodology for assessing the impact of
containerization on the economy of the region.

The classification procedure for container suitable
products distinguishes four levels of container
suitability, depending on two criteria: technical
possibility to load a cargo in a certain container and
economic efficiency of transporting a particular cargo
in a container. The proposed methodology allows to
maximally simply and uniquely differentiate all the
goods of the region and evaluate the potentials of
containerization.

An imitation model for assessing the region’s
demand for container resources (container fleet,
terminals, rolling stock) links the need for
transportation (taking into account the levels of
container suitable products) and the available
resources to meet the demand. The proposed
algorithm helps to solve the following problems:

+ assess the need for reserving various resources
in the region to meet the overall demand for container
transportation;

+ plan the amount of sending excess or ordering
of scarce empty containers and rolling stock;

- forecast the need for developing resources to
meet future demand.

The method of assessing the impact of
containerization on the economy of the region makes
it possible to justify the necessary level of development
of the resources of the container system, which will
provide its participants with the greatest economic
effect.
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Verification of the model demonstrates its
efficiency and validity.
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