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The impact of the internal sub-container technologies introduction on the transportation of bulk shipments
deep into the Hinterland of the sea container terminal is analyzed in the paper. The characteristics of the internal
container cargo distribution and the dynamics of its changes associated with the transfer of loading and unloading
operations from the territory of the sea terminal to the rear zone are revealed. The influence of new means
of combined shipments consolidation on the reduction of the terms of using heavy-duty containers in the Hinterland
of the seaport is noted. The mechanism of organizing small shipments transportation in Hinterland is considered
and its components are indicated. A simple correlation (regressive) model, which allows the entire production
process under consideration to be reduced to a function in which the dependent variable is a relationship with
one independent argument, is given. It is noted that the processes occurring in the system under consideration
are random and further investigation of the behavior of the system itself requires a set of primary statistics.
The task formulated in the study allows us to conclude that the introduction of new means of combined shipments
consolidation can be reflected in significant fluctuations in container shipments and the time of using containers
in the Hinterland zones. At the same time, such differences, due to the limited time of containers use in the period
between ship calls and the insignificance of the delivered bulk shipments volume from the total container
traffic (8—12 %), cannot have a significant impact on the rhythm of the container terminal and related types
of transportation. For the purpose of separate accounting of containers movement with small shipments,
simulation modeling methods, allowing us to obtain probability density distribution of containers being located
in the processing zones, are recommended for use.
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AHAJIN3 KOHTEMHEPHOI'O T'PY30PACIIPEJIEJIEHU SI
OTHPABKH CBOPHBIX TAPTHU M3 MOPCKOT'O IIOPTA

O. A. H30oTOB

SI'BOY BO IYMP® umenu agmupaasa C. O. Makaposa,
Cankr-Ilerepbypr, Poccutickaa deneparius

B pabome svinonnen ananuz eiusHUs 6HeOPEHUS BHYMPEHHUX CYOKOHMEUHEPHbIX TEXHON02UL HA NEPEBO3KY
CcOOpHBIX napmuil 2py306 821y0b XUHMeEPIeHOd MOPCKO2O KOHMeHepHo20 mepmMuHaia. Bulasnenvl xapakmepu-
CMUKU 6HYMPEHHe20 KOHMENUHEPHO20 2py30paAcnpedeneHus U OUHAMUKA €20 USMEHEHUs, CBA3AHHAS C NePeHOCOM
NO2PY30UHO-PA3SPY30UHBIX ONEPayUll ¢ MepPUmMopuY MOPCKO20 MEPMUHAA 8 Muliogyio 30Hy. Ommeuaemcs 61usi-
HUe HOBbIX CPeOCm8 YKPYNHeHUs: COOPHBIX NaApMuil 2py308 Ha COKPAujeHUe CPOKO8 UCNONb308AHUA OOTbUIESDY3HBIX
KOHMeUHepos 6 XunmepeHoe Mopcko2o nopma. Paccmompen mexanusm opeanuszayuu nepeeo3ox Maivlx napmuil
2PY306 6 XUHmMepIeHOe U YKA3anbvl e2o ciazaembvle. lIpusedena npocmas KOppeisyuoHHas (pespeccusHas) Mooen, no-
380ANOUASL CEECMU BECH PACCMAMPUBAEMDLIL NPOUZEOOCIBEHHBIN NPOYECc K MAKOU QYHKYUU, 8 KOMOPOU 3a8UCUMAs
nepemennas npedcmasiasien coboll C8:3b ¢ OOHUM He3A8UCUMBIM apeyMeHmom. Ommeuaemcs, 4mo npoyeccwl, npo-
mexaowjie 8 paccMampugaemMoll cucmeme, HOCAM CIYHAUHBI Xapakmep, U OaibHelliee UCcIe008aHUe N08eOeH s,
camoti cucmemvl mpedyem cO80KYNHOCMU OaHHbIX nepsuynol cmamucmuky. ChopmynuposanHas 8 uccie0o8anuu
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3a0a4a no36oJsem coerams 6bl600 0 MOM, YUMo 6HeOPeHUe HOBbLX CPEOCME YKPYNHEHUs COOPHbIX NApMuUll 2py308
Modicem Hatmu c60e OMPANCEHUE 6 CYUECTNBEHHbIX PA30POCaX KOHMEUHEPHBIX OMNPABOK U 8PEMEHU UCHONb30BAHUSL
KOHmelHepos 6 30Hax xunmepienoa. Bmecme ¢ mem maxue pazopocwl, 6610y 02paHUYEeHHOCIU CPOKOS UCHOIb30-
6AHUSL KOHMEUHEPOS 6 NEPUOO MENHCAY CYO03AX00aAMU U HEZHAUUMETbHOCTIBIO 00beMa 00CMABAAEMbIX COOPHBLX
napmutii 2py308 om 0ouje2o KoHmeuHeponomoka (8—12 %), ne cnocobnvl 0kazamo CywecmeeHH020 GIUSIHUSL HA PUMM
Pabomuvl KOHMEUHEPHO2O0 MEPMUHANA U CMEINCHBIX BUO08 MPAHCNOpma. B yensx omoenvrnozo yuema osudicenusi KoH-
MeUuHepos ¢ MAIbIMU NAPMUSMU 2PY306 K NPUMEHEHUIO PEKOMEHOO0BANbI MEMOObL UMUMAYUOHHO20 MOOCIUPOBAHUS,
nO380I0WUe NOIYYAMb pAcnpedeneHue NIOMHOCHU 8ePOSMHOCIU HAX0XCOEHUs, KOHMEUHEPO8 8 30HAX 0OPAOOMKU.

Kurouesvie crosa: mooenuposarnue nepeo3ok, coopHvie epy3vl, KOHMEUHEPHble MEXHOI02UU, XUHMEPIEHO,
MOPCKOU NOPM, KOPPENAYUOHHAS MOOENb, UMUMAYUOHHOE MOOEIUPOBAHUE.

Juasi uuTUupoBaHus:

Hszomoe O. A. AHanU3 KOHTEHHEPHOT O TPY30pacIIpeaeTICHIS OTIIPaBKH COOPHBIX TApTUH H3 MOPCKOTO ITOpTa /
O. A. UzoToB / Bectnuk ['ocy1apcTBEHHOTO YHUBEPCUTETa MOPCKOTO M PEYHOTO (II0OTa HMEHH aJMupaia
C. O. MaxkapoBa. — 2022. — T. 14. — Ne 1. — C. 87-92. DOI: 10.21821/2309-5180-2022-14-1-87-92.

Beenenmne (Introduction)

[IpenBapurenpHOe HCCIENOBAHNE IJIAHUPYEMOT'0 K BHEIPEHUIO MPOU3BOJCTBEHHOT O UM SKOHOMHU-
YECKOT0 MPOIIecca MOKHO MTPOBECTH KaK Ha OCHOBE TIPOCTOM, TaK U CIOKHOW (MHOTOMEPHON) KOPPEIAIIH-
OHHOI1 (perpeccuBHOI) Monen# [1]. [IpuMeneHre mpoCcTHIX MOJIEINEl BO3MOXKHO, €CITH 3TO HE COMPOBOXKIa-
eTCs C MOTepeH CyIecTBeHHON NH(OPMAaIMH, ONTMCHIBAIOIICH TPOTEKAIONIUE B CUCTEMe Iporiecchl. Jlerko
OTIPEJIENIONINECS U TTOIAT0IIHECs UCTOIKOBAHHUIO 3aBUCHMOCTH C OAHOW HE3aBUCHMOI TIepeMeHHOH,
HMMEIOIINE 3HAYMMYIO IPAKTHYECKYIO IO0JIE3HOCTb, MPOIIE ONUCATh MPU HOMOIIM POCTON KOPPEsIH-
OHHOU (perpeccuBHON) Moaeau. C OJHOM CTOPOHBI, KOPPETIAIIUOHHO-PETPECCUOHHBIN aHAIN3 SBIISETCA
OITHUM W3 HanOoJIee IIPOKO PACIIPOCTPAHEHHBIX U THOKUX IPHEMOB 00pa0O0TKHU CTATUCTHICCKIX TaHHBIX,
C Ipyroi — Takasi MOJEJb IMO3BOJISIET ONMPENENIUTh KojeOaH s OLIEHUBAEMBIX MTOKa3aTeNel ucciae yeMon
3aBUCHUMOM TIEPEMEHHON MPH KaKJOM N3MEHEHUH 3HAYCHU I N3BECTHON HE3aBUCUMOM MepeMeHHO [2].

B nanHOM ciydae 3amaua KOppeNsSIIMOHHOTO aHAIN3a MOXKET OBITh CBEJICHA K BBIJICJICHHUIO TIEPBO-
CTENEHHOro (aKTopa, KOTOPHII OKA3bIBAET CYLIECTBEHHOE MM HanOoIee 3HaYuMOe BIMSIHUE Ha OLCHHU-
BaeMBbIi pe3ynbTar. 3a/iaua perpecCHOHHOIO aHAIM3a 3aKII0YaeTCsl B yCTAHOBICHUN (DOPMBI 3aBHCUMO-
CTH ¥ BIIMSTHUSA BBIJICTICHHOTO (haKTOpa Ha TIOKAa3aTeTH HEN3BECTHBIX 3HAUCHUH 3aBUCUMON TIEPEMEHHOM,
YTO TO3BOJISET, B KOHEUHOM UTOTE, MIPUCTYNUTh K MPOTHO3UPOBAHUIO BO3MOXHBIX 3HAUCHUH pe3yJbTa-
THBHOT'O ITPU3HAKA NP 33JaHHBIX 3HAYCHHIX (aKTOPHBIX MPHU3HAKOB.

Metoast u matepuaJibl (Methods and Materials)

[IpencraBuM cucTeMy OTIPY3KH COOPHBIX I'PY30B C TEPPUTOPUU MOPCKOT'O TEPMHUHAa B 30HY
XUHTEpieHaa. Takne rpy3sl MpuOBIBAIOT B IOPT MOPCKUM TPAHCIIOPTOM B OOJBIIETPY3HBIX KOHTEHHE-
pax ¥ OTHPABISIOTCS BriyOb MaTepuKa IMOABMKHBIMH CPEJICTBAMH CMEKHOTO TPaHCIIOpTa TN00 cpasy,
100 TocJie pacTapKy KOHTEWHepa B TapHO-IITy4YHO Bujae [3] (puc. 1, a). C BBeeHHEM B 000pOT HOBBIX
CPEICTB YKPYIHEHHUS MaJbIX MApTUH TPy30B [4]—-[6] BO3MOXKHA OTITpaBKa KaK COMIACHO YKa3aHHBIM paHee
BapHaHTaM, TaK U Cpa3y BO BHYTPHUKOHTEHHEPHBIX MONYIAX (pHc. 1, 6).

a) 0)

[ Pa
Puc. 1. CxeMBI TpaHCIIOPTHPOBKH COOPHBIX I'PY30B B 30HE XUHTEPJICH !

a — B KOHTe}Hepax (P)) ¥ B TapHO-IITY4HOM BHJE (P,); 6 — B KOHTeHHEpax (P'),
B TAPHO-LITYYHOM BuAE (P, 1 P',) 1 BO BHYTPUKOHTEHHEPHBIX MOAYNsAX (P', u P'y)
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PaccmoTpuM cnaraemble opraHu3anuy NepeBO30K MajbIX MAapTUi TPy30B B XUHTEpIeH e. B nneans-

HOM CJTy4ae rpy30MOTOKH, UCXOIAIINE C TEPPUTOPHH MOPTA, U TPY30HOTOKH, BO3BPAIIAIONINECS B TIOPT,
JOTKHBI OBITH PaBHBI [7], TOT/IAa B TIEPBOM CTydae

P +P =P +P,; (1)
BO BTOPOM Cilyyae
’ ’ LA ’ ! !

P +P . +P =P, +P +P. 2)

Kpowme toro, cienyer oTMETUTh, YTO IPY30II0TOKH B 00OUX CIIydasix paBHbI:

j— ! !/ /

P +P =P +P +P. 3)
[Ipu 5TOM, B cHITY CTpeMJIeHHUs K HanOoJIee TIOJTHOMY HCTIONIb30BAHHIO TPEUMYIIIECTB KOHTEHHEPHBIX

TEXHOJIOTHH, P, — max. B T0 »xe BpeMs B LIEIsIX COKPAIIEHHS CONPSKEHHBIX C TIEPEBO3KOIA TIOIPy304HO-pa3-
Ipy304HBIX onepauuii, P’ — min. Takum o6pasom,

P £P (4)
HpO)_IOJ'I)KI/IB pacCyKaACHU A, MOXKXHO 3alluCaThb CJICAYIOLICE:
P #P, (5)

’ !
HIOCKOJIbKY B NEPBOM Cllydae P, BKIKOYAET TOJLKO TAPHO-IUTYYHBIE I'PY3bl, @ BO BTOpoM — P’ u P’
HPEAIOJIAral0T TAKKE TAPHO-LITYYHbIE OTIIPABKU M IEPEBO3KY MaJjblX NAPTUU I'Py30B BO BHYTPUKOH-
TEWHEPHBIX MOAYIISX (cM. puc. 1).

PesyabTaTs! (Results)

IIpocTas xoppensiuoHHas (perpeccuBHast) MOJIETb TTO3BOJISIET CBETH BECh PACCMATPUBAEMBIH MPO-
W3BOJICTBEHHBIN TIPOIIECC K TaKOU (hyHKITUH, B KOTOPOI mepeMeHHas ¥ mpeacTaBiseT co00il 3aBUCUMOCTh
TOJIBKO OT OJIHOI'O aprymeHTa X.

OOmuii BU MOZIEITH B TEPBOM Cliydae

Y=X-fX, (6)

rae Y — o0beM rpy3oB, OTIpy’KaeMblil U3 OpTa B KOHTEHHepax; X — 00beM I'py30B, OTTPyKaeMbIi
W3 TIOPTa; f — JOJIsl TPY30B, OTTpyXKaeMas B TapHO-ITy4dHOM Bue (ot 0 o 1).

IIpu 3TOM (HyHKITHOHATBHBIC 3aBUCIMOCTH MEXK Ty TICPEMEHHBIMH Y 1 X BBIpaXKaroTCs B TNHEHHOMN
¢opme. Bo BTOpOoM cilydae 3aBUCUMOCTH MEXAY NEPEMEHHBIMU Y U X MOT'YT OBITH BBIPA)KEHBI ClIe-
oM oopaszom nipu f+ B < 1:

Y=X- (X + pX), (7)
rie Y — o0beM rpy3oB, OTTpy’KaeMBbIil U3 IOpTa B KOHTEWHepax; X — 00beM I'py30B, OTTPYKaeMbIN
U3 MOpTa; f — 10JIs TPY30B, OTTPYy’KaeMasi B TAPHO-IITYYHOM BUJE; 3 — A0S IPy30B, OTIpyxKaemas
BO BHYTPUKOHTEHHEPHBIX MOAYIISX.

B Beipaxenuu (7) He3aBucuMas nepeMeHHasi X 1 Ko3pPUIUEeHTHI f 1 B BXOAST B MOAEITH HEJIH-
HeitHo. Kpome Toro, koo duuneHTs! f 1 B oTpakaoT cirydallHble MPOLECCH, TPOTEKAIOIINE B CHCTEME
B MOMEHT /, — TIPH NIOCTYTIJIEHUH TPY30II0TOKA B IIOPT pacnpenenenus. Tak, mpu 06paboTKe nosyveH-
HBIX CTATUCTUYECKUX JIAHHBIX JUISI KX PACYETOB 3JICh MOT'YT OBITh IIPUMEHEHBI MAPKOBCKHE MaTPHIIBI
oTkjioHeHu# [8]—[11].

Takum 00pa3om, BHEJ[PEHNE HOBBIX CPEJICTB YKPYITHEHUsT COOPHBIX MapTuid rpy3oB [12]—[13] maligeT
CBOE OTPa)KeHHE B CYIIECTBEHHBIX pa30pocax KOHTEHHEPHBIX OTIPABOK M BPEMEHH UCIIOIb30BAHMSI KOH-
TEHHEepOB B 30HAX XUHTEPIEHIA (CM. pUC. 2, @) U MOPCKOTO TepMHHama (cM. puc. 2, 6). Takue pa3zdopocsl,
BBHU/Ty OTPaHMYEHHOCTH CPOKOB MCIIOJIb30BaHUS KOHTEHHEPOB B MEPHOJ] MY CYA03aX0/laMHi U He3Ha-
YUTEIBHOCTHIO 00BEMa JOCTABIISIEMBIX COOPHBIX TAPTUH TPY30B OT 00IIET0 KOHTeHeponoToka (8—12 %),
HECIIOCOOHBI OKa3aTh 3HAYMTEILHOTO BIUSHUS HA PUTM pabOThl KOHTEHHEPHOT0 TEPMHUHAJA U CMEKHBIX
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BHJIOB TPAHCIIOPTA, OJHAKO TPEOYIOT OTACIBHOrO yuerta. J[jst 3Toro 1enecoo0pa3Ho UCIOIb30BaTh Me-
MoObL UMUMAYUOHHO20 MoOeauposanust [14]-[16], mo3BoJISIOIIKME TOJyYaTh PACIPEACICHHE IIOTHOCTH
BEPOSITHOCTH HaXOXKJICHUSI KOHTEWHEPOB B 30HaX 00paboTku (puc. 2).

a)
0,60 8
0,40
020 &N

0,80

HHepHOH NnapTHH

% OT KOHTE

Haxoxqquue B XMHTEP/EHE, CYT.

0)

0,60

fiHepHOH napTu

0,40

% OT KOHTE

Haxcomp.EHne Ha MOPCKOM TepMMHANE, CyT.

- KOHTEHHEepbl €O COOPHBIMM rPY3amu

- - KOHTEHHEDbI C BHYTPEKOHTEHHEPHBIMKM MOLYAAMM

Puc. 2. TuctorpamMmma pacrnpeaeaceHus BeposiTHOCTH
HaXOXKJCHUS KOHTEHHEPOB CO COOPHBIMY I'Py3aMU B 30HaX 00pabOTKH:
a — B XUHTEPIICHE; 6 — Ha MOPCKOM TepMHHAJE

Kax BUHO U3 TUCTOTpaMMBbI, BHEIpEHNE BHYTPUKOHTEHHEPHBIX MOAYJIEH MMO3BOJIUT COKPATUTH
BpeMsl IpeObIBaHUS KOHTEHHEPOB B XMUHTEPJICHE U CPOKH BO3BPALCHUS KOHTECHHEPOB HA MOPCKON
TEepMHHAIL.

BeiBoasl (Summary)
Ha ocHOBE BBITTOJTHEHHOTO UCCIIEIO0BAHUS MOYKHO CAEJIATh CIEAYIOMINE BEIBOJIBL:
1. IlpennoxeHHast MOJIeIb KOHTEHHEPHOTO TPy30pacipeieseHus MPH J0CTaBKe COOPHBIX TPy30B
U3 MOPCKOTO MOpTa B IIy0b MaTepHKa JIOTHYHA, T. €. He JaeT MPOTUBOPEUAIINX JOTHKE PE3yIbTaTOB
TPY BapHallK BXOASIIUX B HEE TapaMeTPOB.
2. CormocTtaBlieHUE BBIBOJIOB, CACTaHHBIX HA OCHOBE aHaln3a JaHHOW MOJENH, HE POTUBOPEUUT
HaOonaeMbIM (pakTaM 1, COOTBETCTBEHHO, MOXKET CUMTATHCS aIeKBaTHBIM ONHCHIBAEMOMY ITPOIIECCY.
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