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YBaxkaeMble KOJLJIETd, 1aMbl M Tocroaa!

Ceronns OAO «lleHTp TEXHOJOTMU CYIOCTPOEHMSI M CYJIOPEMOHTa» U YUpexkaAeHUE
Poccuiickoit  akamemun Hayk Cankrt-IlerepOyprckmii  WHCTUTYT HWH(POPMATHKH U
apromatuzanuu PAH (CITMUPAH) npoBoast MexayHapoAHYI0 Hay4YHO-NPAKTHUYECKYIO
KoHpepeHuuo «MUTallMOHHOE W KOMIUIEKCHOE MOJEIUPOBAHME MOPCKONW TEXHUKU U
MOPCKHX TpaHCHOpTHBIX cucteM» — «MIKM MTMTC 2011».

Tematuka KOH(EpPEHIMH TMOCBSIIEHA BCECTOPOHHEMY aHAINW3y COBPEMEHHOTO
COCTOSIHUS M TIEPCTIEKTUB PA3BUTHS TEOPHH U HHCTPYMEHTAIBHBIX CPEACTB UMUTALIMOHHOTO U
KOMILJIEKCHOT'O MOJIETIMPOBAHHUS MPOU3BOACTBEHHBIX U TEXHOJIOTHYECKUX MPOLIECCOB, TEOPUU
M TMPAKTUKH UMHUTAIMOHHOTO M KOMILIEKCHOTO MOJEIMPOBAHUS MOPCKHX TPAHCHOPTHBIX
CHCTEM, MOPCKHUX TIPy30IE€pPEBO30K U JIOTUCTHKE, KOMIBIOTEPHBIM CHCTEMaM OOyuYeHHs MU
TPEHAKEPOB.

[ToMMMO HOBBIX HAay4YHBIX pE3YyJbTAaTOB, CBS3aHHBIX C pEIICHHEM 3ajad
UMUTAIIMOHHOTO U KOMIUIEKCHOTO MOJEIUPOBAHMS B PAa3IMYHBIX MPEAMETHBIX 00JacTIX, B
MaTepuanax KOH(EPEHIMU OTPAXKEH OIBIT MPAKTHUYECKOTO MPUMEHEHHS] MaTEeMaTHYECKOTO
anmapaTta MMHTAUMOHHOTO W KOMIUIEKCHOTO  MOJEIMPOBAHUS €  HCIOJIb30BAHHEM
COBPEMEHHBIX MTPOTPAMMHBIX CUCTEM.

B pamkax xKoH(pEpeHIUU MPEeaOCTaBISIETCS BO3MOKHOCTh OOCYUTh C KOJUIETaMH U3
Pa3HBIX CTpaH U Pa3HBIX OpPraHU3AIMK MOCIEAHUE JOCTHKEHUSI POCCUMCKON U 3apyOeKHOM
HAYKd U TEXHOJIOTUH B OONACTH pEIIeHUs 3a7a4 HUMHUTAIMOHHOTO U KOMILIEKCHOTO
MOJCIIUPOBAHUSA, a TaKXe TNPUMEHEHUS HUX B TMOJIYYEHHBIX pe3yibTaTaXx B Hay4YHBIX
UCCJICIOBAHMIX U Ha MPAaKTHKE B paccMaTpUBaeMOM MpeaMeTHOW oOmactu. Mbl HameeMcs,
910 pabora KoH(pepeHIMH OyaeT CHocoOCTBOBAaTh YKPEIUICHUIO COTPYIHUYECTBA
OTEUECTBEHHBIX U 3apyOEKHBIX MapTHEPOB, a TAKXKE YCTAHOBICHUIO HOBBIX HAyYHBIX U
JIETIOBBIX CBSI3CH.

Xodercs moOyarogapuTh Hamux Koyuier u3 Poccuiickoro Ghonma GyHIaMEHTATBHBIX
ucciaenoBanuii, OTAeleHUs] HAHOTEXHOJIOTMH W HWHQPOPMAIMOHHBIX TexHojorud PAH,
«HammonanpHOro 00IIECTBA MMHUTAIIMOHHOTO MozenupoBanus» u ¢upmel OO0 «DnuHa-
Kommnprotep» (Kaszanp) 3a ¢ruHAHCOBYIO TOIIEPIKKY U aKTUBHOE COZICHCTBHE B MMOATOTOBKE U
MIPOBEJICHUH TAHHOW KOH(EPESHITHH.

Mpsl monaraem, yTO 3Ta BCTpeya OyAeT Uil yYaCTHUKOB HAaMSITHOM M TNPHATHOM,
nockonbKy mpousoiner B Cankt-IlerepOypre, oHOM W3 KpacHUBEUIIUX TOPOJOB MU,
[EHTPE HAYKU U 00pa30BaHUsl, BBICOKUX TEXHOJOTUI U KYJIbTYPHI.

YcnexoB B paboTe BCeM y4yaCTHUKaM!

I'enepanbusbiil nupextop OAO «LUTCCy» B.[l.T'op6au

Hupexrop CIIMMPAH P.M. IOcynos

IIpencenatens Cpequ3eMHOMOPCKOTO
u JlaTnHOaMepUKaHCKOro o0LiecTBa
MMUTALMOHHOTO0 MOJIeUpoBanus, Mranus Agostino G. Bruzzone
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«Simulation and complex modelling in marine engineering and marine
transporting systems» — SCM MEMTS 2011
International Maritime Defence Show — IMDS-2011
St.-Petersburg, Russia, 29 - 30th on June, 2011 year

Co-chairmen of conference:
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Plotnikov A.M., chief of branch, Joint-Stock Corporation «Shipbuilding & Shiprepair
Technology Center», Saint-Petersburg, Russia

Senichenkov Yu.B., Mvstudium Group, Dr.Sci.Tech., professor, Saint-Petersburg, Russia
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MeskayHapoaHasi HAyYHO-NPaKTHYeCKasi KOH(epeHus
«AMHUTALMOHHOE M KOMILJIEKCHOE MOAeJIMPOBAHNE MOPCKOIl TEXHUKH U MOPCKHX
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Caunkr-Ilerepoypr, Poccus, 29 — 30 urons 2011 r.

Conpencenaresn:

I'op6au B.Jl., renepanbubiii 1upektop OAO «LleHTp TeXHOIOTUHU CYyJOCTPOEHUS U
CyJIOpEMOHTa», 11.T.H., akageMuk MAU, Canxr-IlerepOypr

IOcynoB P.M., nupexrop CIIMMPAH, unen-xoppecnionnent PAH, 3acimy>keHHBIN nedrens
Hayku 1 TexHuku P®, Cankr-IlerepOypr

Agostino G. Bruzzone, npodeccop, yausepcuret I'enyu, npeacenarens Cpean3eMHOMOD-
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YiieHbl OPrKOMHTETA:

Bopmes A.B., renepanbhbiil tupextop OO0 «Okc Jxeit TekHonomkucy, K.T.H.,
Cankr-IlerepOypr

BaacoB C.A., yuenslii cekperaps OTaeeHUs] HAHOTEXHOJIOTHI 1 MH(POPMAIIMOHHBIX
texaonoruiit PAH, B.H.c. UITY PAH, x.1.H., MockBa

HdeBsaTkos B.B., tupekrop OOO «Onauna-Kommnerorepy, k.T.H., Kazanb
JoamartoB ML.A., rnaBublii criermanuct, OAO «L{TCCy», Cankt-IletepOypr
Kapmnos 10.T"., CIIOITY, a.1.H., mpodeccop, Cankr-IleTepOypr

Mepkypsbes 10.b., 3aBenytomuii kadeapoi, X.1.1.H., npodeccop, Puxckuit TV,
wieH-kopp. JlaTteuiickoit AH, mpe3uaent JIaTBuiickoro o0mecTBa MMATAIIMOHHOTO
MozaenupoBanus, Pura, Jlatsus

ILnoTunkoB A.M., HavansHHK oTaeneHust, OAO «LUTCCy», Cankt-IlerepOypr
Cennuenkos l0.B., CIIOITY, a.1.1., npodeccop, Cankt-IletepOypr

CoxkouoB B.B., 3amectutens qupekropa CIIMMPAH no nay4dHoit pabote, 11.T.H., ipodeccop,
Cankr-IlerepOypr

David Al-Dabass, npodeccop, npesunent O0mecTBa UMATAITMOHHOTO MOJICTHPOBAHUS
Benuko6puranuu, Nottingham Trent University, Nottingham, BenukoOpurtanus
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asromaruzauuu PAH (CIIMUPAH), Caukr-IlerepOypr

«HarmumonasibHOE 00111€CTBO UMUTAIIMOHHOTO MOJICIMPOBaHUs», Poccust

Me:xkayHapoaHbIe COOPraHU3aTOPbl KOH(epeH U

O6mectBo Mmuranmonnoro moaenupoBanusi Bennkoopurtanuu (United Kingdom Simulation
Society — UKSIM)

JlatBuiickoe 00IIeCTBO MMUTAITMOHHOTO MoeupoBanwms (Latvian Simulation Society)
CpenmzeMHOMOpPCKOe U JIaTHHOaMEepUKaHCKOE O0IIECTBO UMUTAIIMOHHOTO MOICIIMPOBAHHUS

(International Mediterranean & Latin American Society of Simulation)

HNudopmanuoHHast nogaepKkKa KOHGpepeH U

VYupexnenune Poccuiickoii akanemun Hayk CankT-IleTepOypreckuii MHCTUTYT HHPOPMATUKU U
asromaruzauuu PAH (CIIMUPAH), Caukr-IlerepOypr

OAOQ «lleHTp TEXHOJIOTHUHU CYyAOCTPOCHHS B cyaopeMonTay, Cankt-IlerepOypr

Cnoncopbl KOH(pepeHunH

Poccuiickuit pona GpyHnaMeHTaIbHBIX UCCIET0BaHUN, MOCKBa
OTnenenne HAHOTEXHOJIOTUH U HH(pOpMAMOHHBIX TexHoJoruii PAH, MockBa
«HarmmonasibHOE 00111€CTBO UMUTALIMOHHOTO MOJICIIUPOBaHUs», Poccust

000 «2nuna-Komnerorep», Kazanpb
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MexayHapoIHOi HAYYHO-NPAKTHYECKO KOH(pepeHun
«MMHUTAalIMOHHOE M KOMILJIEKCHOE MO/IeTHPOBAHUE MOPCKOM TEXHUKH U MOPCKHX
TpaHcnopTHeIX cucrem» — «MKM MTMTC 2011»
Cankr-Ilerep0Oypr, 29 - 30 urons 2011 r.

IlepBblii 1eHL, 29 HIOHS.

09.00 — 09.30. Perucrpanusi y4acTHHKOB, KO(e — Opeiik.

09.30 — 10.00. OTKpbITHE KOH(pEPEHIIHH.
BerynurensHoe CJIOBO. IOcynos P.M., JIUPEKTOP CIIMNPAH, YJICH-
koppecnionneHT PAH, 3acnyxeHHbii gesTenb Hayku U TexHUKH PO, Cankt-IletepOypr

Jokgaabl Y4aCTHUKOB

1. 10.00 - 10.30

[TpuMeHeHHe YHUBEPCAIBHON CUCTEMbl UMHUTAIMOHHOTO MojaenupoBanus GPSS World
NP TPOCKTHPOBAHUH CYJ0COOPOUYHBIX KOMIUIEKCOB B COCTaBE COBPEMEHHBIX CY/IO0-
cTpouTenbHbIX Bepdel. [Jesamkos B.B., @edomos M.B., OO0 «Snuna-Komnviomepy,
Kaszauw, /Jonimamos M.A., Hucenboaym P.C., OAO «{TCCy», Canxkm-Ilemepbype.
Application of universal system of simulating modelling GPSS World at designing ship-
assembly complexes in structure of modern ship-building shipyards. Deviatkov V.V,
Fedotov M.V., «kELINA-Computery Ltd., Kazan, Nisenbaum R.S., Dolmatov M.A., JSC
«SSTC»,Saint-Petersburg.

2. 10.30-11.00

AcumMmerpuuHasi Mopckast BoiiHa: PANOPEA cumysmsiiust nupaTcTBa AJis CI€10BaHUMN
HOBbIX C2 pemenuil. Ayeycmuno bpyszonu, oupekmop M&S Net, Anvb6epmo Tpemopu,
yuusepcumem DIPTEM, I'enyu, Umanus, Mepxypwves FO.A. Puocckuu TV, Puea, Jlam-
8usl.

Asymmetric Marine Warfare: PANOPEA a Piracy Simulator for investigating new C2
Solutions. Agostino G. Bruzzone, M&S Net Director, Alberto Tremori, DIPTEM Uni-
versity of Genoa, Italy, Yuri Merkuriev, Riga TU, Latvia.

3. 11.00 - 11.30

MMuTanmoHHOE MOJCIMPOBAHNE KaK HHCTPYMEHT OLIEHKH WHXCHEPHBIX PEIICHUH MPU
pa3paboTKe MPOEKTOB Pa3BUTHS CYIOCTPOHUTEIBHBIX M CYJOPEMOHTHBIX MPEANPHIATHN
Poccuu. JJormamos M.A., Hucenbaym P.C., [Inomnuxkos A.M., ~Dedomos /[.O.,
OAO «{TCC», Canxkm-Ilemepbype.

Simulating modelling as the tool of an estimation of engineering decisions by projects
development of updating ship-building and ship-repair enterprises of Russia. Dolma-
tov M A., Nisenbaum R.S., Plotmikov A.M., Fedotov D.O., JSC «SSTC», Saint-
Petersburg.

4. 11.30 - 12.00
Mojenu 1 MEeTOIbl UHTEPMOAIEHOM TPAHCIIOPTHOM JIOTUCTUKH: COCTOSIHUE U TICPCIICK-
TtuBbl pazsutus. Jlykunckui B.C., lynvocenxo T.I., CIIoI'HDY, Cokonos K.A., OAO
«Mopckoii mopeogwiti nopm « Yemo-Jlyeay, Cankm-Ilemepoype.
Models and methods for inter-modal transport logistics: current status and development
prospects. Lukinskiy V.S., Shulzhenko T.G., SPbGUEE, Sokolov K.A., JSC « Commercial
Sea Port of Ust-Lugay, Saint-Petersburg.
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5.

7.

8.

9.

10.

12.00 - 12.30

NMuTtanimoHHOe MOJAETUPOBAHUE IS CHCTEMBbI YMpaBICHHS MOCTaBKaMu. Mepkypo-
es FO.A., Mepkypvesa I'., bvikoecka A., Puocckuu Texnuueckun Ynueepcumem, Puea,
Jlameus.

Simulation-Supported Supply Chain Management. Merkuryev Yu.A., Galina
Merkuryeva G., Bikovska J. Riga Technical University, Riga, Latvia.

. 12.30 - 13.00

HmuraiimoHHOE MOJENIMPOBAaHUE MOPCKHX TPY30BBIX TEPMHHAIIOB Ha mpumepe Hoso-
poccuiickoro KoHTelHepHoro TepmuHana. [ eim B.B., OO0 «Dxc [lxceii Texnonoo-
acucy, Cankm-Ilemepbype.

Simulation modeling of sea freight terminals based on the example of Novorossiysk
container terminal. Gleim V.V., «XJ Technologies» Ltd., Saint-Petersburg.

13.00 - 13.30
Koge-opeiik

13.30 - 14.00

[TpobnemMbl KOMIUIEKCHOTO MOJEIHPOBAHUS KaTaCTPO(POyCTOMUUBBIX UHPOPMALINOH-
HBIX CHCTEM, 00eCMeUYHBAIONINX WUHTEPMOJabHble TiepeBo3ku. Cokonos b.B., Oxmu-
nee M.IO., 3enenyoe B.A., CIIMUPAH, Cankm-Ilemepoype, @puoman A.A., Konvckuti
Gunuan [lempozasoockozo I'Y, Anamumol, Mypmarnckas ooa.

Problems of integrated modeling for disaster tolerance information systems which are
supported inter-modal traffic. Sokolov B.V., Okhtilev M.Yu., Zelentsov V.A., SPIIA
RAS, Saint-Petersburg, Fridman A.1., IIMM TP, Kola Science Centre RAS, Apatiti.

14.00 - 14.30
MogenupoBaHre MOPCKHX TPAHCIOPTHBIX CHCTEM HA OCHOBE HHTEIUICKTYaJIbHBIX
reonH(popMalmoHHbIX TexHonoruil. Ocunog B.JO., CIIMUPAH, Cankm-Ilemepbype.
Modeling and simulation marine transport systems which is based on intelligent geo-
information systems. Osipov V.U., SPbIIA RAS, Saint-Petersburg.

14.30 - 15.00

Pa3paboTka TpeHa)KEpOB TPY30BBIX OINEPALUi HA OCHOBE BH3YAIBHOW CpEIbl MPOCK-
TUPOBaHHUS KOMIIOHCHTHBIX MOJICJICH CJIOXHBIX JWHAMHYECKUX CHCTeM. Kunmu-
noitl /I.B., Jlebeoes /I.B., Tapacoe C.B., epynna komnanuti TPAH3AC, Konecos FO.F.,
Cenuuenxos FO.b., Mvstudium Group, Cankm-Ilemepoype.

Working out of training apparatus of cargo operations on the basis of the visual envi-
ronment of designing of componental models of difficult dynamic systems. Kip-
tiliy D.B., Lebedev D.V., Tarasov S.V., Group of the companies Tranzas, Kole-
sov Yu.B., Senichenkov Yu.B., Mvstudium Group, Saint-Petersburg.

15.00 - 15.30

MopenupoBanue 0e3omnacHocTu nopta. @Ppanuecxko Jloneo, MSC-LES, Jlemuszusa Hu-
konemmu, CAL-TEK Umanus.

Modelling Port Security. Francesco Longo, dr., MSC-LES, Letizia Nicoletti, CAL-
TEK Srl, Italy.
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11.

12.

13.

14.

15.30 - 16.00

Hcnonb30BaHne UMUTAIIMOHHOTO MOJCIMPOBAHUS ISl OOCCIICUEHUST HAJICKHOCTH U
0e30macHOCTH CYIOBBIX au3eneil. Meoseoes B.B., TMTY, Ilonosunkun B.H., @I'VII
«[{HUU um. axao. A.H. Kpvinosay, Cankm-Ilemepoype.

Use of a simulation modeling for maintenance of reliability and safety of ship diesel
engines. Medvedev V.V., FMTU, Polovinkin V.N., Krilov’s shipbuilding RC, Saint-
Petersburg.

16.00 - 16.30

MoobwibHBIe 00yuatomue perieHusi, ocHopanueie Ha ST VP: HLA BuprtyansHas cu-
MyJAnusg A oOy4deHHsl U BUPTYadbHOTO MPOTOTUIIMPOBAHUS B Ipenesax MOPTOB.
Mapuna Macceu, MISS DIPTEM, Anvbepmo Tpemopu, ynusepcumem DIPTEM, I'e-
Hyu, Umanus.

Mobile Training solutions based on ST VP: a HLA Virtual Simulation for Traning
and Virtual Prototyping within Ports. Marina Massei, MISS DIPTEM University of
Genova, Alberto Tremori, DIPTEM University of Genoa, Italy.

16.30 - 17.00

AHanu3 pbIHKa MOPCKHX KOHTEHHEpPHBIX NepeBo3ok B PO B 2010 — nayane 2011 rona.
Coxonos B.K., THDY, Canxkm-Ilemepbype.

The analysis of the market of sea container transportations in the russian federation in
2010 — the beginning of 2011. Sokolov V.K., SPbGUEE, Saint-Petersburg.

17.00 - 17.30

[IpoekTupoBaHue BapuaHTa AOCTABKU MPOMYKIMU MPU MYJIbTUMOIAJIBHBIX MEPEBO3-
Kax. [Inacmynsax U.A., Hockos A.A., CIIoI' UDY, Cankm-Ilemepbype.

Project of the variant of delivery of production at multimodal transportations. Plastun-
val I.A., Noskov A.A., SPbGUEE, Saint-Petersburg.

17.30 - 18.30

®ypuier

Bropoii nennb, 30 uions: B.O., CIIMUPAH, 14-as auausa, 1.39.

09.00 — 11.00. Kpyrablii ¢ToJ1 yuyacTHHOB.
Panel Discussion
[TpuknagHOe MOJETMPOBAHIE U MOJICIIMPOBAHUE B MOPCKOI OKpY KaroIleH cpeze:
— MogenupoBaHue CyJ0B 1 OPTOB
— Mopckoe MozenrpoBaHue sl 0€30MacHOCTH
Applied Modelling & Simulation in the Marine Environment:
— Simulating Ships and Ports
— Marine Simulation for Safety and Security
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MODELING PORT SECURITY

Francesco Longo, Letizia Nicoletti (Italy)

1. INTRODUCTION

Starting from 1990 a continuous globalization has taken place concerning markets and
relatives cargos as well as flow of people. It’s well known that the 90% of world cargo moves
by containers and the economic interests involved in such activities are the basis of global
economy. At the same time the recent events testify that one of the fundamental terrorism
goals is the complete destruction of these economic interests.

The seaports face today the same security problems of airports after September
the 11",

Considering only United States of America, we can easily understand the intrinsic dif-
ficulties of the port security problem. More than 317 ports of entry (air, sea and lands) and
thousands of miles of borders receive millions of people as well as every type of goods (by
means of containers) that yearly enter and exit from USA. Issues concerning with seaport se-
curity regard several aspects such as perimeter security, internal security and operative con-
trols, maritime security, port community systems, decision support systems, prevention and
emergency management and so on.

Answers to these issues obviously look in different directions such as access control
and fencing surveillance, internal area monitoring, cargo equipment control as well as passen-
ger and baggage control, water surveillance in front of piers and traffic control, risk analysis,
emergency alarm systems. However when considering threats that can be placed within con-
tainers, two opposite needs should be considered: if from one side the only way to discover a
threat is the container inspection from the other side the only way to improve container termi-
nal performances is to handle the container in the least time (as soon as possible the container
must leave the port).

Normative and standards are extremely clear about the guidelines for securing seaport
activities; at present the most important normative and initiatives are the following:

e U.S. Custom service’s Container Security Initiative (CSI);

e Customs-Trade Partnership Against Terrorism (C-TPAT);

¢ International Ship and Port facility Security code (ISPS code);
e U.S. Maritime Transportation Security Act of 2002;

Very often the major effort is in the prevention phase, people and goods must be in-
spected before leaving from the port of origin as for instance required by the Container Secu-
rity Initiative (CSI) for containerized cargo. This policy allows, as explicitly said by the White
House in 2002 “extensive pre-screening of low-risk traffic, thereby allowing limited assets to
focus attention on high-risk traffic [and] use ... advanced technology to track the movement
of cargo and the entry and exit of individuals”.

It’s important to stress that standards and normative help keep events like September
11 from happening establishing the right guidelines but they don’t offer explanations about
the choice of all the possible tools, methodologies and technological advances to secure sea-
port and relative activities and above all they don’t directly deal with the impact of the secu-
rity procedures on system performances.

Among the security issues previously mentioned, the container inspection phase plays
a critical role because of threats that by means of containers can enter or exit a seaport. Focal-
izing on this aspect, the only way to jointly consider security and efficiency is the integration
of all available container information in order to evaluate a container risk factor. The con-
tainer risk evaluation allows to reduce the inspection times guarantying no additional delay
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for low risk container as well as detailed inspections for containers that may pose a risk for
terrorism.

The intrinsic difficulties related to tune such type of approach can be faced using
simulation in order to estimate inspection phase effects and reliability as well as the impact on
performance system of an emergency situation.

2. SECURITY INDEX FOR CONTAINERS SELECTION

In order to evaluate a risk or security index for each container entering the port it is
necessary to consider several information sources. Suppose to subdivide the information
sources in three main categories:

e container history information;
e container configuration information;
e alert information.
The container history essentially groups four information sub-categories:
vectors, logistic companies that have transported the container until the present port;
nodes, destination points before entering the present port;
vendor;
regions, previous country passed before entering the present port.
The container configuration reports information about the following characteristics:
container type, such as 20 feet, 40 feet, reefer containers and so on;
good type, goods characteristics transported inside the container;
manifest of non-conformity noticed on container
security NC
Finally the alert is defined by the following information:
security level inside the port;
intelligence police e relative reports about security issues;
port location,;
ship entering the port.
All these information — opportunely used and combined by means of Data Fusion —
bring to container risk index definition. Such risk index must be used in order to plan the con-
tainer inspection.

Obviously, as previously mentioned, this type of approach cannot be tuned directly on
the real system. An optimal solution is to test and tune the approach by means of a virtual en-
vironment. This virtual environment is made up by two fundamental parts:

e Virtual Cargo Generator
e Seaport Simulation Model

In the following part of the paragraph is reported a detailed description of Virtual
Cargo Generator, please refer to next sections for Seaport Simulation Model.

The Virtual Cargo Generator provides virtual security scenarios to analyze by means
of port simulation model and it is based on the information sources previously described. The
logical steps followed by the Virtual Cargo Generator are:

e Virtual Path generation containing all the information relative to container history;

e Virtual Cargo Configuration reporting information about container characteristics;

o Virtual Alert Scenario regarding report and alert in a specific period of time;

e Virtual Threat, such as radioactive substances, narcotics, weapons (and so on) sitting
in a container.

The Virtual Path, the Virtual Cargo Configuration and the Virtual Alert Scenario allow
to define the container risk level, distinguishing between high risk, medium/high risk and low
risk. The Virtual Threat could be discovered by means of inspection phase.
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3. SEAPORT SIMULATION MODEL

If from one side a Virtual Cargo Generator has been created, providing in this sense
several and different security scenarios, it is now necessary — from the other side — a Seaport
Simulation Model that will be used to monitoring the container inspection phase reliability as
well as the impact of different security level on the port performances.

In other words the entire virtual environment (union of Virtual Cargo Generator and
Seaport Simulation Model) is used to carry out integrated distributed control with input con-
sisting of various information flow opportunely combined by means of Data Fusion.

The simulation model has been implemented on the basis of a real container terminal.
This containers terminal is characterized by 1200 meters of piers for docking operations. In
particular the technical equipment in the docking area is made up by 12 cranes for unloading
operations with tonnage in the range 30T to 65 T, height from 20 m to 40 m, outreach from
30 m to 50 m. Connections between Docking Area and Yard Area are assured by trucks. Con-
tainers storage in the Yard Area is performed using Transtainers with capability up to
50000 kg. Containers movements in the yard area are also performed using forklifts and top-
loaders.

Containers enter and exit the terminal by trucks passing through the main gates, by
trains using the rail as well as by means of local ships to reach other ports.

As required by the standards and normative (as for instance the Container Security Ini-
tiative, CSI) the ship cargo manifest is known 24 hours before ship leaving from the port of
origin. For each ship entering the port a list of containers that must be subjected to inspection
is consequently available.

The containers inspection phase is made up several and different operations aiming to
analyze the container using gamma ray inspection, detector devices and checking container
structure as well. These actions take a certain amount of time for each container.

Obviously during the inspection some anomalies can be detected. In relation to anom-
aly origin a particular security action is performed (requiring an additional interval of time).
The resources used during the container inspection phase are:

e manpower used to perform all inspections operations;

e trucks used to move containers into the inspection area and to move containers during the
inspection;

e space for containers, used to store containers before inspection.

In addition another important parameter is the percentage of container to be inspected
(in order to study resources utilization).

Among the performance indexes, one of the most important for its critical role is the
number of containers in output from the inspection phase.

The main idea is to evaluate the impact of some critical factors on the performance of
the containers inspection operations. The critical factor are manpower to execute inspection
operations, trucks to move containers to be inspected, space for containers storage before the
inspection operations and percentage of containers to be inspected. variation on the number of
containers in output from the simulation model. To this end a simulation model of the con-
tainers terminal has been implemented using a discrete event simulation software. The model
implements all the port main activities as, for instance, ships arriving, containers unloading,
containers movements toward storage area, containers movements toward inspection area,
containers inspection phase, containers movement outside the port (see figure 1).
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Figure 1: Simulation model of the container terminal

One of the most critical issue during the modelling phase is the number of entities
moving in the simulation model. It” evident that the problem is caused by the high number of
containers that could bring to have a simulation model computationally to heavy (with prob-
lems during the graphic animation as well as the speed of the simulation).

This type of problem can be solved substituting the entity flow with an information
flow. Consider, for instance, the containers directed to the yard area, actually this containers
must not be inspected. Consequently it’s only necessary to model the movement toward the
yard area and to store in a data base all the information relative to the container without gen-
erate an entity corresponding to the container.

A similar method can be used during the ship unloading or loading phase. A single en-
tity making a loop between berth and ship successfully model this activity.

Obviously the situation is quite different for what concern the containers inspection
phase. In this case, due to the approach used to study the problem, it’s necessary to create the
entity container as well as the relative information.

It’s extremely clear that a terminal container is a non-terminating system, the duration
of a simulation run is not fixed. The first objective in this type of simulator is to understand
the optimal length of a simulation run. To this purpose the Mean Square Pure Error Analysis
(MSpE) has been used. Considering that the attention is focalized on the security problem and
in particular on container inspection phase, the container mean waiting time before inspection
and the container mean service time during the inspection were chosen as performance meas-
ures in order to establish, by means of MSpE, the optimal simulation run length. We finally
evaluated an optimal simulation run length equal to 160 days.

DESIGN OF SIMULATION EXPERIMENTS

To reach the objective previously mentioned we used the Design of Experiment to
plan the simulation runs. Since our aim was the analysis of parameters variations on the per-
formance indexes container per day in output from the inspection, we have used the factorial
experimental design. In this type of design the simulation runs are made for all possible level
combinations of the factors taken into account, (see table 1).

Table 1
Factors and levels
Factor ID Level 1 Level 2
Percentage to inspection F1 2% (-1) | 10% (+1)
Trucks number F2 1(-1) 3(+1)
Buffer space F3 10 (-1) 50 (+1)
Manpower F4 2 (-1) 6 (+1)

14 HUKM MTMTC 2011 - SCM MEMTS 2011



Considering only two levels for each factor we have a 2* design, in other words we
need 16 different simulation runs. Previously analysis made on this simulation model have
shown that, in order to obtain reliable statistical results it is necessary to replicate 2 times each
simulation runs with a simulation length of 160 days (16 x 2 = 32 replications).

It is important to underline that we deal with fixed factors, the objective of the work is
to infer information about the values reported in table 1, and we are not interested on the en-
tire population of the factors levels.

SIMULATION RESULTS ANALYSIS

The results obtained by the simulation runs have been analyzed by means of Analysis
of Variance. The first step was the definition of a simple general linear input output model for
the inspection phase. Let ¥ be the number of inspected containers per day, let x; is equal to the
F; factors (with x; varying between -1 and +1) and let B;; the coefficients of the model. The
equation 1 shows the linear model.

Y:,BO+§,Bjxj+zz,b’”xixj+g (D

i<j

As it’s well known from the theory, the analysis of variance allows to evaluate those
factors that have a real impact on the performance index considered, quantifying this impact
or in other words, evaluating the coefficients in the equation 1 and deleting insignificant fac-
tors from the model.

The graphs in the figure 2 show the analysis of variance results in terms of the impact
of the main factors effects on the performance index. Varying the percentage of containers
that must be subjected to inspection from 2% to 10% the number of containers effectively in-
spected per day increases until 200 (the assumption of linearity cannot be totally accepted as
we will better explain in the next paragraph).

The effects of manpower and truck availability are almost the same. Varying the num-
ber of trucks from 1 to 3 and the number of manpower from 2 to 6 it’s possible to see an in-
crement from 100 to 180 containers inspected per day.

Main Factors Plot

ContPerc TruckNumber

/ "
— -

T T T T
2 10 1 3

w
S
=]

N
=3
=3

=
=)
=]

=3

ManPower

w
S
S

Mean of ContinerPerDay

N
=}
S

=
o
S

o

T T
2 6

Figure 2 - Main effects

The figure 3 reports the 2-way interactions. For low percentage of containers that must
be subjected to inspection the addition of new trucks or more manpower doesn’t increase the
number of inspected containers per day. The behavior is completely different for high per-
centage value, as we can see from the red line in the second and in the third square in the up-
per part of figure 3.
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These results are also confirmed by the other 2-way interactions graphs. The fork be-
tween black line and red line becomes bigger as the percentage of containers that must be sub-
jected to inspection becomes higher.

The trend is quite different for the other 2-way interactions (the increase in the black
line red line fork is smaller than the previous case).

Interaction Plot

TruckNumber —~

Figure 3 — Two-way interactions

The equation 2 reports the general linear model and the relative coefficients in output
from the analysis of variance.

Y =140.72+ 71.97 * x, + 27.53% x, +27.22 % x,

2)
—28.78* x,x, —26.72* x;x; —9.03* x, x,

TESTING A QUADRATIC MODEL

The validity of the analysis of variance must be checked by means of residuals analy-

sis. The starting hypotheses of ANOVA are the following:
e observations normally distributed;
e observations independently distributed;
e same variance for any combination of levels of factors.

The residuals analysis, made using some graphic tools (as for instance normal prob-
ability plot, histogram of residuals, and plot of residuals versus observations order) shows that
the initial hypothesis cannot be completely accepted.

In this context it’s important to say that a potential problem in the analysis of variance
with factors characterized by two levels is the assumption of linearity. Considered the results
of residuals analysis we decided to test for some curvature in the input-output model. The
simplest method that gives protection against curvature consists of adding center points in the
2" design. If the difference between the average value of the performance index at the facto-
rial points and the average value of the performance index at the replicated center point is not
small, we can assume the presence of curvature in the model.

Consequently the addition of the center points in the 2* design add to the model the
pure quadratic effects, as reported in equation 3.

j=k J=k
Y:;B0+Z:Bjxj+Zzﬂijxixj+zﬂjjxj2 (3)
J=1 i<j J=1

Therefore the ANOVA has been repeated considering center points and results show
that the hypothesis of curvature in the model can be accepted.
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The ANOVA results can be further analyzed by means of Pareto Chart of Standard-
ized Effects and by Normal Probability Plot for Standardized Effects, see respectively figure 4
and figure 5. From both graphs it’s possible to highlight the importance of the main effects
and the 2-way interactions effects.

Pareto Chart of the Standardized Effects
(response is ContainerPerDay, Alpha = ,05)
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Figure 4 — Pareto Chart

Normal Probability Plot of the Standardized Effects
(response is ContainerPerDay, Alpha = ,05)
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Figure 5 — Normal Probability Plot

At last the repeated residuals analysis shows that the all the starting hypothesis of the
Analysis of Variance can be accepted.

The deviation of observations from the normality is not severe (see figure 6, normal
probability plot) as well as we can accept the hypothesis of same variance for any combina-
tion of the levels of the factors (figure 6, Residuals versus the fitted value) and the hypothesis
of residuals independently distributed (figure 6, histogram of residuals).

IMPACT INSPECTION OPERATIONS ON CONTAINER TERMINAL
PERFORMANCES

Finally an additional analysis has been carried out. In relation to value assumed by the
container risk index (in output by the container risk evaluation phase) the container itself will
be subjected to a particular type of inspection.

The inspection phase implemented in the Seaport Simulation Model is made up by five
stations, respectively:

e Radiation Screening;
Chemical Screening;
Biological Screening;
Gamma Ray Inspection;
Full Inspection.
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It’s extremely clear the possibility to jointly use the Virtual Cargo Generator and the
Simulation Model to test and improve the control reliability.

In fact if from one side it is not known the potential threat inside a container, from the
other side all the container information are used in order to classify the container dangerous-
ness and choose the right order inspections. Several simulation runs have been made to moni-
tor the inspection phase reliability in terms of discovered threats.

Besides taking into consideration some performance indexes (such as moved TEU per
Portainer or moved TEU per berth length) it’s possible to analyze the impact on the system
performances of different security level (see figure 7).
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Figure 7 — System performance versus security level

The simulation model allows to compare different solutions for the inspection phase.
A particular scenario has been analyzed introducing some new portable equipment for the in-
spection phases and grouping (thanks to new equipment) the radiation screening, the chemical
screening and biological screening in one phase. The consequence is a container waiting
time and container service time reduction. The effects can also be seen on system global per-
formances.

Figure 8 shows the difference per year per portainer between the two different inspec-
tion solutions underlying the positive effects of new portable equipment as well as grouping
phases.
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Figure 8: Two possible inspection solutions

CONCLUSIONS

Several and different analysis regarding the containers inspection phase have been
made, aiming to quantify the impact of different design parameters on the number of in-
spected containers per day.

In particular it has been analyzed the effect of four important parameters: percentage
of containers that must be subjected to inspection, number of available trucks, buffer space for
containers storage before inspection and manpower.

From the initial analysis it is resulted that the buffer space has no impact on the per-
formance index considered, on the contrary the remaining factors, including the 2-way inter-
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actions must to be considered as significant factors. In addition the coefficients from a general
linear input-output model of the inspection phase have been found.

The successive residuals analysis has shown some problems with the initial ANOVA
assumptions so it was decided to check for some curvature in the model adding 5 replicated
center point to the 2" design.

The results obtained by the new analysis of variance have confirmed that the hypothe-
sis of a linear model must be rejected in favor of quadratic model. At last the repeated residu-
als analysis confirms the goodness of the results obtained by means of ANOVA.

Furthermore the impact of different security levels on the container terminal efficiency
has been evaluated. The results show that (i) higher security levels negatively impact port ef-
ficiency and (ii) new portable equipment or different inspection solutions may positively af-
fect port efficiency.
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MOBILE TRAINING SOLUTIONS BASED ON ST_VP:
A HLA VIRTUAL SIMULATION FOR TRANING AND VIRTUAL PROTOTYPING
WITHIN PORTS

Marina Massei, Alberto Tremori (Italy)

1. INTRODUCTION

Training is a critical issue in many different framework; in fact currently new concept
such as mobile training are evolving thanks to the support of new enabling technologies;
therefore it is important to identify the aspects and requirements for these applications, from
this point of view it is critical to proceed on the definition.

Vavoula and Sharples say that there are “three ways that learning can be considered
mobile: in term of space, in different areas of life and with respect of time”. Today there is a
growing importance in developing new methodologies for delivering training services: mobile
training laboratories, mobile training programs, ad hoc equipment and trainers. In general
sense, it is considered an efficient means of providing education and training even if affected
by limitations (i.e. devices, design)

Fig.1 Mobile Training Solution based on 40' Hi-cube Container

In fact, some difficulties rise designing models for specific training scenario, such as:
formalization level of highly specialized expertise, competencies based on concrete know-
how or on theoretical knowledge, etc. Usually, trainees need a mix of practical competencies,
experience, know-how and theoretical competencies. According to Pieri and Diamantini a
possible solution could be a blended learning model, which is a combination of different ap-
proaches and strategies to make teaching/learning process effective and “customized”. By us-
ing mobile training and lectures it is possible to get the most from advances in technology and
traditional well known face to face training

Based on this possibility, training programs should be designed taking into account the
integration of different educational methods, from traditional classes to distance learning, with
special attention on lifelong learning.

2. MOBILE TRAINING DESIGN

In order to develop an effective model, useful for the development of training materi-
als and the design of procedures for mobile training, it is fundamental to have a clear under-
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standing of the mobile training as a mix of technology, human capacities and social interac-
tion [Marguerite L. Koole].
To design effective mobile training modules it is important to assess the utilization of
the following aspects within a mobile training system:
e Device: is important to assess these characteristics because mobile training device,
such as a simulator, provide the trainee and the training task with an interface
e Trainee: take into account trainee’s abilities, knowledge, motivations
e Social aspect: takes into account the processes of social interaction and cooperation.
The rules of cooperation are fundamental in order to exchange information and acquire
knowledge.
In fact only the interaction among the cited aspects provides the trainees with the
proper feedback, which is the only way to acquire and maintain knowledge, experiences etc.
Therefore, a simulator for training purposes should:
e Be “user friendly” in order to increase success rates, because the trainee could concen-
trate on the tasks rather than the tool
e Make possible information exchange and collaboration among people with different
goals and purposes
e Take into account the needs of trainees as people with different backgrounds, cultures
and environments
o Be effective enabling trainees to interact with trainers, courses and virtual environ-
ments
Summarizing, an effective mobile training results from the integration of simulator,
trainee and social aspects.

Fig. 2 Aspects to be considered for an effective Mobile Training

3. AMOBILE TRAINING EXAMPLE: VIRTUAL PORT FOR REAL
OPERATORS

The authors experienced an innovative mobile training solution by developing a new
training equipment for ports titled ST VP (Virtual Port developed by Simulation Team);
ST VP is an HLA-based Real Time Distributed Simulation application for Training purposes,
taking into account operators training and education, handling safety, operative efficiency.

Based on these conditions, an entire virtual world has been designed including sur-
rounding areas, roads, container yard, different type of yard cranes, ship cranes, ships etc. In
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addition, ST VP is based on modular approach that guarantee extensibility and interoperabil-
ity for the dissemination of simulation techniques as Mobile Training Tool.

Fig. 4 - Virtual Portainer operating on Virtual Ship

The ST VP structure is based on High Level Architecture and allows to connect mul-
tiple models representing different systems where to conduct the training, by this approach it
becomes possible to generate scenarios with multiple objects intereacting. This aspect repre-
sents a real important concept in training simulation, moving from training on a single system
to an environment for cooperative and competitive training. In fact ST VP deals mostly with
Ports, Terminals, Cranes and vehicles with different purposes: training single operators, train-
ing the operative squad in procedures, etc.

For these reason a wide range of configurations and operative applications are avail-
able, from operating stand alone on a single workstation to creating a federation of cranes in-
teracting in a networks.

Therefore through simple MMI (man-machine interface) it is possible to configure a
large set of position that can quickly changed from cranes to truck for creating complex coop-
erative scenarios; the ST VP is designed to integrate scalable solutions (i.e. video games in-
terfaces, laptops, workstations, 6 degrees of freedom mobile platforms,etc); by this approach
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it becomes possible to define cooperative operations where different teams are working con-
currently in order to improve efficiency.

In order to support the mobile training several features have been introduced in
ST VP:

» Scalable Hardware Platforms and MMI: this allows to create different configurations
able to be relocated quickly based on the current training needs; it is possible to cre-
ate sessions with extended number of players very quickly.

» Mobile Training Framework: ST VP is encapsulated in a real Container (40" high
cube) that has been transformed in a mobile lab including all the ST VP elements
(computers, mobile platforms, MMIs, biomedical devices, interactive whiteboard,
network infrastructure, cameras etc.); the ST VP Container is designed to operate in
extreme weather conditions and it is powered by flexible solution enabling it to oper-
ate in Europe, America or Africa; in addition the ST VP Container have security so-
lutions for protecting him against threats (i.e. firewalls, cameras, alarms, gps).

» Integration with blended education solutions: by this approach it is possible to re-
motely access the ST VP Container, wherever in the world, seeing internal activities,
communicating with the trainer/trainees and even downloading actions and exercise
for remote analysis and evaluation; the trainees are enabled to access a e-learning
platform based on Moodle for reviewing exercises and notes from the instructor.

» Tailoring Capabilities: the modular nature of ST VP, the library of entities and the
easy capability in changing the scenario allows to readapt the training to different
ports and terminals with different cranes/vehicles, different procedures and different
layouts.

In fact in the case of ST VP it was decided to identify different type of elements sup-
porting mobile training from two different point of view: Direct Supports devoted to help di-
rectly the mobility of the training infrastructure and framework service supporting mostly the
adaptability of the simulator for being used in different place, so providing him opportunities
and capabilities for being relocated; in this sense it is possible to classify in these two catego-
ries the following elements:

Direct Support
» Mobile Lab in a Standard 40' Container for easy Shipping
» HVAC ("Heating, Ventilating, and Air Conditioning") designed for facing extreme
conditions for operating in any location
» Flexible Power able to support the different standards that are available in the differ-
ent countries and continents
» Compact CAVE: cave 270 horizontal degrees and 135 vertical degrees operating
within 2.2 x 2 meters
» Easy Packaging for shipping of the components in compact solutions inside (tailored
configurations for specific users) or outside (lean configurations for basic use) of
container
Framework Services
» HLA and Modular Approach for easy reconfiguration of scenarios and players
» Scenario Tailoring and Library supporting easy configuration on the specific training
scenarios
» Integration with several user interfaces allowing to access both game engine and pro-
fessional platforms for extending the number of players
» Blended Education Platform possibility to remote access to the services by trainers

(remote instructor) and trainees (reviewing their activities and educational material)
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» Biomedical Device Integration supporting direct measure of the trainee physical
conditions and stress level during sessions provide support to complete quick com-
parison among different training sessions in different frameworks

The ST VP federation includes several federates:
e Portainer: allows the operator to practice a gantry crane in different scenarios. The op-
erator can virtually load and unload container from a ship, in a virtual dock where dif-
ferent portainers work simultaneously.
e Control & Debriefing: the trainer is provided with capability to navigate the virtual
environment and to control the scenario configuration (i.e. set number of containers
and operative straddle carriers, number and type of ships in port and number of trains)
and to set weather conditions (i.e. time, weather condition, wind and sea condition). In
addition the trainer is enabled to activate on-line with the on-going simulation simul-
taneous debriefing sessions for immediate review of results.
e  Truck, reach stacker, straddle carrier, wheel transtainer, rail transtainer, bridge crane,
heavy crane federates: they dramatically improve the quality of the training session
enabling each trainee to practice different vehicles/cranes in multipurpose operation.
The simulator automatically generates the missions: the user can define for every sin-
gle operator which container has to be moved and the new position/destination to be reached.

The mission can be “multiple destinations”, in other words the trainee could be asked
for moving the container from a yard allocation or a truck trailer and back again. Also, differ-
ent levels of complexity can be selected, extra-move included, based on the necessities.

The adopted solution for the federation architecture enable the interaction among sev-
eral vehicles.

Furthermore, the authors use extensively a network of experts in Simulation for Port
Logistics as well as DIPTEM laboratories in order to guarantee a successful VV&A.

Fig. 5 Virtual Operation involving Virtual Ship and Virtual Truck

4. SIMULATION: AN AFFORDABLE MEANS OF PROVIDING TRAINING

The present study represents an interesting example in the field of Simulation for Mobile
Training, the final users take advantage from low cost interactive distributed HLA-based envi-
ronment which runs on PC equipped with simple devices (basic configuration) or becomes a mo-
bile classroom once containerized with mobile platform and cave (full configuration).

In fact Ports represent a wide set of scenarios where different configurations are pre-
sent: very different processes using often similar devices; in addition Ports are characterized
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by different size and needs, so it is very important to tailor the training; for instance ST VP is
currently in use in two Mobile Labs and at the same time are operating in light configuration
for specific purposes in several continents.

In general sense, the “mobile” approach makes possible to extend the application of
simulation as training support system in new areas, effectively facing interaction, cooperation,
competition in a wide range of scenarios, with significant cost saving as well.

Fig. 6 Effective Mobile Training Solution: ST VP

In the proposed case, ST VP represents an innovative mobile training based on simu-
lation; therefore with reference to port crane training, it is presented the benefit related to the
use of a mobile training respect traditional solutions; the cases are represented by:

» Innovative Mobile training based on Simulation
» Traditional Mobile Pack with Crane Simulator
» Traditional Containerized Crane Simulator

» Fixed Solution for Crane Simulator

» Traditional Training on a Real Crane

The target functions to be evaluated are the number of ports to be tested and the num-
ber of people to be trained, in addition another important factor it is the time of direct training
(operator interacting with the equipment) vs. the frontal lectures and observation of other
people operating; another important factor is related to training costs. It is important to meas-
ure even the capability to reproduce a specific scenario; so these factors are estimated as fol-
lowing just considering the crane operation exercises:

a <1 ns T;r +np(Ttvi +Ttri):|+Tst +T;a +Trh
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ports — T

tot
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c - a<l1 Tmt(ls+(a-Arcr+lc)+(1—a)-Avcr)+CS,+Cm+Csh
tot a=1 T, (Is+Arcr+lc)

Tiot Total Training Time for a Site

ng Number of sessions on a Site
o Percentage of time on real crane respect Simulation
Ty training time
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uc use of the time frame for training (i.e. 8 hours per days, 5 days/week)
Pu number of users concurrently training on the simulator
lc production losses due to unavailability of the realcrane
rer number of real cranes

ver  number of virtual simulators

Twi student transition time on simulator

T student transition time on real crane

T setup time for the mobile solution

T time for tailoring scenario for the mobile solution

Tsn  time of shipping for the mobile solution

P Period available for training

Nports  Number of serviced Ports over P timeframe

Ex Trainee time operating directly

np number of people in a training session
Cwt  Total Costs on a Site including all sessions
Is Instructor Cost

Arcr Time Cost for using real crane

Avcr  Time Cost for using virtual crane

Cyt setup cost for the mobile solution

Cu cost for tailoring scenario for the mobile solution
Csn  cost of shipping for the mobile solution

Table I - Comparison Scenario with Tailoring
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ns Number of sessions on a Site 3 3 3 3 3|[sessions]
alfa percentuage on real crane 0.5 0.5 0.5 0.5 1
Pu parallel trainees on simulator 4 1 1 1 1|[people]
Ttr training time 40 40 40 40 40|[hours]
Ttvi student transition time on simulator 2 2 2 2 0[minutes]
Ttri student transition time on real crane 0 0 0 0 2|[[minutes]
Tst setup time for the mobile solution 0.5 1 0.2 0 0|[days]
Tta time for tailoring scenario for the mobile solution 1 20 20 20! 0|[days]
Tsh time of shipping for the mobile solution 3 3 3 3 0[[days]
rer number of real cranes 0 0 0 0 1
ver number of simulated cranes 4 1 1 1 0
P Period available for training 6 6 6 6 6|[months]
np number of people in a training session 4 4 4 4 4
Is Instructor Cost 50 50 50 50 50|[Euro/h
Arcr | Time Cost for using real crane 171 171 171 171 171|[Euro/h
Avcr | Time Cost for using virtual crane 175 263 44 219 175|[Euro/h
Cst setup cost for the mobile solution 1000 1000 1000 1000 0|[Euro/movement]
Cta cost for tailoring scenario for the mobile solution 1000 20000 20000 20000 0|[Euro/scenario]
Csh cost of shipping for the mobile solution 1000 2500 1000 64000 0[Euro/movement]
Ic loss of productivity 0 0 0 0 2325|[Euro/hour]

Table II - Results on Scenario with Tailoring
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Ttot Total Training Time for a Site 228.8 696.8 677.6 672.8 120.4|[hours]
Nports |Number of serviced Ports over P timeframe 4.62 1.52 1.56 1.57 8.77|[ports]
Ex Trainee time operating directly 25 10 10 10 10{[hours]
Ctot Total Costs on a Site including all sessions 54,099 | 209,682 [ 128,753 [ 250,015 [ 306,566 |[euro/site]

It is important to note that tailoring represent a critical factor for training effectiveness;
therefore this factor is hard to be effective in real crane simulator: if the real crane works off
line of the real production it not very realistic (i.e. not operating on a ship, not lanes of trucks)
and introduces very high costs, viceversa operating on real procedure (real crane, real ship
etc.) it involves high risk in damaging high value equipments as well as creating problems in
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operations; for instance in a sector where cranes have a cost of 1/10 of the ports the impact of
maintenance costs related to training session was estimated in about 40 kEuro/year per crane;
for traditional simulators tailoring is very limited too, due to the predefined scenario and the
impossibility to create the procedures on-going in each terminal; therefore training is very pe-
culiar and the above scenario is estimated based on mean values by subject matter expert es-
timations (Bruzzone, Vio, Capasso 2000; Bruzzone, Tremori, Capasso 2009).
Therefore it is interesting to present even the results without considering any require-
ment for tailoring that are reported in table III and IV.
Table I1I - Comparison Scenario without any Tailoring
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ns Number of sessions on a Site 3 3 3|[sessions]
alfa__|percentuage on real crane 0.5 0.5 0.5 0. 1
Pu parallel trainees on simulator 4 1 1 1{[people]
Ttr training time 40 40 40 40| 40|[hours]
tvi student transition time on simulator 2 2 2 2] 0|[minutes]
tri student transition time on real crane 0 0 0 0| 2|[minutes]
st setup time for the mobile solution 0.5 1 0.2 0| 0|[days]
ta time for tailoring scenario for the mobile solution 0 0 0 0 O[[days’
sh time of shipping for the mobile solution 3 3 3 3| 0|[days]
rer number of real cranes 0 0 0 0] 1
ver number of simulated cranes 4 1 0
P Period available for training 6 6 6 6 6|[months]
np number of people in a training session 4 4 4 4 4
Is Instructor Cost 50 50 50 50 50|[Euro/h
Arcr_ |Time Cost for using real crane 171 171 171 171 171|[Euro/h
Avcr | Time Cost for using virtual crane 175 263 44 219] 175|[Euro/h
Cst setup cost for the mobile solution 1000 1000 1000 1000, 0|[Euro/movement]
Cta cost for tailoring scenario for the mobile solution 0 0 0 0| 0|[Euro/scenario]
Csh cost of shipping for the mobile solution 1000 2500 1000 64000 0|[Euro/movement]
Ilc loss of productivit) 0 0 0 0| 2325|[Euro/hour]

Table II - Results on Scenario without any Tailoring
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Ttot Total Training Time for a Site 204.. 216.8 197.6, 192.8 120.4|[hours]
Nports [Number of serviced Ports over P timeframe 5.1 4.87 5.34] 5.48 8.77][ports]
Ex Trainee time operating directly 25 10 10 10 10][hours]
Ctot Total Costs on a Site including all sessions 47,739 | 61,428 | 33,131 | 112,287 | 306,566 |[euro/site]

It is evident the great benefits of innovative mobile training solution such as that one
proposed by ST VP respect traditional training on real crane and even respect old style simu-
lators as summarized by the following figures.

Comparison on Scenario with Tailoring
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Fig. 7a Benefits of Mobile Training in Effectiveness and Costs with Scenario Tailoring
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Comparison on Scenario without any Tailoring
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CONCLUSION

This papers introduces the concepts of Mobile Training and provides an example of a
simulator that is enabling these concepts; from this point of view it is important to identify the
features and requirements that support the Mobile Training not only in term of direct support,
but even as framework service guaranteeing usability within this paradigm.

In fact the example of ST VP, developed by the Simulation Team, provides an
unique opportunity, due to the high level of flexibility, to improve existing training proce-
dures or to develop new ones, giving the authors the chance to tackle a very serious prob-
lem in the related application area. The approach outlined here provides an overview of
the elements that supported a Mobile Training solution taking into account the positive
follow up of innovative techniques applied to a sector that it is not very familiar with
simulation such as maritime environments; the results obtained demonstrated significant
benefits in term of training effectiveness; therefore the most interesting benefits obtained
are related to the big increase in number of terminals, ports and operators that could bene-
fit from this Mobile Training approach with a cost reduction. Finally the proposed re-
search aims to deliver a training approach that have potential for further implementation
in other sectors.
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ASYMMETRIC MARINE WARFARE: PANOPEA A PIRACY SIMULATOR FOR
INVESTIGATING NEW C2 SOLUTIONS

Agostino G. Bruzzone, Alberto Tremori (Italy), Yuri Merkuryev (JlaTtBusi)

PANOPEA reproduces a piracy scenario in the Horn of Africa, a very critical area in
terms of pirates’ attacks against cargo ships. This scenario includes navy vessels and helicop-
ters, intelligence assets, ground bases, cargos as well as other boats (i.e. fisherman and yachts)
and pirates hiding in the general traffic. The entities are directed by IA-CGF (Intelligent
Agents Computer Generated Forces) and apply strategies for succeeding based on their sce-
nario awareness. In addition, PANOPEA simulator allows different strategies to be modeled
of C2 (Command and Control) due to the fact that the simulation team implemented into
simulator different C2 Architectures, including hierarchical and edge solutions. PANOPEA
tool supports the authors in making experimental analysis by modeling different C2 maturity
levels and measuring the effectiveness and the efficiency of the proposed scenarios in order to
investigate the agility of the C2 solutions and their influence in preventing attacks by imple-
menting different policies and different organizational models

Today this scenario is quite interesting: in fact maritime security is a very critical as-
pect of the marine framework and extends the concept of asymmetric warfare within Marine
Environment with new threats such as (Piracy, Conventional Terrorism, CBRN - Chemical,
biological, radiological, and nuclear). Therefore the case proposed involves over 1000 units
directed by intelligent agents, so modeling and simulation is critical to evaluate strategies in
term of efficiency to prevent and mitigate threats by improving policies, sensors, equipment
as well as C2 solutions that obviously affect detection, identification, decision making and
scenario evolution.

The authors present the results of their experimental analysis on the impact on system
agility of both organizational model, hierarchical and edge in order to compare the two ap-
proaches; in fact this work is extensions of previous activities carried out with other col-
leagues.

Figure 1 PANOPEA Scenario Dynamical Evolution in GIS
INTRODUCTION
The new warfare scenarios are characterized by new unconventional threats (i.e. ter-
rorism, insurgency etc).

In maritime domain, piracy attacks are increasing over, in particular along Somalia
Coast and in Arabian Sea.
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In 2009, 406 piracy attacks are reported by the IMB (International Maritime Bureau)
into the annual report and 217 episodes are attributed to Somalia pirates. Those attacks gener-
ate huge economic and social damages to the entire world due to the great value of goods
moved by sea. In fact, in a pirate attack often the interests of many countries are affected: the
state of the attacked vessel, hostage’s countries, the State of the industrial company owner of
the cargo and so on. Moreover, such attacks make surely global communications unsafe and
produce the following effects:

e Increase rates of marine insurance and freight costs

e Increase environmental risks

¢ Increase danger to seafarer’s lives because of the injury, killing or capture possibilities
e Consequently increase of goods prices for final consumers

Some important aspects are expected to increase their impact over next years in gen-

eral as well in marine framework increasing on Asymmetric Threats:
e Economic Issues:
- Moving European Region Social Economic Center of Gravity to South increasing
maritime traffic with North Africa
- Stabilization and Normalization Processes and Country Reconstruction Initiatives
Overseas
- Overseas Developing Areas Growth, Production/Demand & Sustainability Issues
e Technologies:
- Opportunity to access more easily new knowledge Bases and information, for in-
stance, for preparing and creating critical threats (i.e. Cyberspace)
- Multiple opportunities to Access to Resources to develop WMD (i.e. smallpox,
RDD)
- IT & Web empowering the potential of individuals and small groups (i.e. C2 capa-
bilities)
- Increasing new reachable targets such as Oil Platform, Environmental Threats, Social
Service
e Political Issues:
- Political Instability on Critical Regions (i.e. Africa)
- Evolution of Principle of Nations and Populations (i.e. Commercial States)
- Evolution of new critical issues requiring changes on joint Defense and Homeland
Security Budgets (i.e. natural resource issues: water)

Modeling and Simulation (M&S) are a strong support to evaluate Strategies in Threat
Identification, Decision Making & Evolution Prediction:

e Once upon time it was used to identify threats based on Platform Detection, Identifica-
tion and Classification

e Today in many case the same Platform is in use on multiple sides

e In some case the Platform is becoming a menace just based on own it is operating

Such kind of asymmetric threats need to be modeled due to the complexity of scenario
in terms of entities involved, number of variables to be analyzed and dynamic evolution of
threats behaviors.

The simulation team developed PANOPEA simulator to support operational planners
in strategies analysis. They modeled different entities (i.e. cargo ships, frigate, pirates, intelli-
gence etc.) by using Intelligent Agents for Computer Generator Forces (IA-GGF). These
agents are able to drive units’ behavior. Simulation with Computer Generated Forces man-
aged by intelligent agents is the best way to consider scenarios with a large number of actors
and parameters and provide a competitive advantage for using simulation in Planning & Op-
eration Support respect existing tools and techniques.
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Figure 2 PANOPEA Main Graphic User Interface
STATE OF THE ART AND PIRACY OVERVIEW

The maritime piracy has become a critical issue in specific regions (for instance the
Somalia coast) due to local factors such as political and socio-economical instabilities since
2006. Actually, the maritime piracy is not a new phenomenon, but changes in geographic “hot
spots”, the increased frequency of incidents and the severity of attacks are requiring to face
the current maritime piracy situation in a more effective and efficient way.

Recent maritime piracy incidents, for instance, on the coast of Somalia, of the Gulf of
Aden and of the Horn of Africa (HoA) have not only received significant attention from the
media and the international community, but they were of interest also for policy strategists
and academic researchers as well.

Different models were developed to analyze the maritime traffic and to support mari-

time surveillance systems (Monperrus et al., 2008). Xiao et al. (2009) propose a framework of the
Dynamic Data Driven Multi-Agent Simulation system in the maritime traffic domain.

Discrete-event simulation (DES) was used to simulate a typical port security, local,
waterside-threat response model and to test the adaptive response of asymmetric threats in
reaction to port-security procedures, while a multi-agent system (MAS) was used to provide
the complex adaptive behaviors for the threats. Cover and dynamic path finding algorithms
were used in Simkit to enhance the spatial interactivity of the agents (Chee Wan Ng . 2007)

A maritime counter-piracy scenario is modelled using the agent-based simulation plat-
form MANA (Decraene J., 2010).

Vanek O. (2010) presents an agent-based simulation of the maritime traffic. The aim
of the research was to simulate not only the legitimate maritime traffic, such as an interconti-
nental transportation, coastal fishing or recreational traffic, but also the illegitimate aspects,
such as illegal fishing, waste dumping and maritime piracy.

A transit game model was developed to study the problem of a mobile agent trying to
cross an area patrolled by a mobile adversary and to define an optimum route selection strat-
egy in order to minimize the probability of hostile encounter (Vanek et al. 2010).

AgentC Testbed platform was developed by M. Jackob et al. (2010). It combines
simulated vessel operation with a wide range of data sources on real-world maritime security.
Vessel trajectories, obtained from the on line providers of AIS data (Automatic Identification
System) are the first category of real-world data integrated into the testbed.
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Naval Postgraduate School had used Simio services in 2010. Simio is a developer of
3D object-oriented simulation software which is aimed to model piracy defence strategies in
order to study the prevention of piracy, illegal drug trafficking and increased security within
ports, waterways and coastal areas.

The authors propose to introduce the concept of Net Centric Command and Control in
piracy scenario in order to provide decisions makers with a tool able to reproduce different
operational strategies and to support them in evaluating the best way to stop pirates’ attacks.

NET CENTRIC COMMAND AND CONTROL MATURITY MODELS

The concept of Net-Centric was established in military sector and introduced in the
early '90. This concept is used to describe an operational paradigm that exploits information
and technological infrastructure to increase speed of command, resulting faster and more agile
in carrying out operation and a sharing of knowledge. During recent years it was critical to
consider how different C2 solutions are able to reproduce different maturity levels (i.e. con-
flicted, deconflicted, coordinated, collaborative and edge). Nowadays, the critical issue on this
matter is to develop experiments to support investigation about characteristics of C2 solutions
such as robustness, resilience, agility. A major concept related to NecC2M2 is represented by
the idea that in the same scenario over time, it could make sense to have different C2 maturity
levels evolving based on the needs. Another important aspect is to test critical conditions or
events that requires to adapt the C2 maturity level.

PIRACY SCENARIO MODELING

There are two common definitions of piracy. The first, used by the IMO (International
Maritime Organisation), derives from the U.N. Convention on the Law of the Sea (UN-
CLOS). It says that:

“Piracy consists of any of the following acts:

(a) any 1illegal acts of violence or detention, or any act of depredation, committed for
private ends by the crew or the passengers of a private ship or a private aircraft, and directed:

- on the high seas, against another ship or aircraft, or against persons or property on
board such ship or aircraft

- against a ship, aircraft, persons or property in a place outside the jurisdiction of any
state

(b) any act of voluntary participation in the operation of a ship or of an aircraft with
knowledge of facts making it a pirate ship or aircraft;

(c) any act of inciting or of intentionally facilitating an act described in subparagraph

(a) or (b).

Figure 3.Details during PANOPEA Simulation
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The IMB (International Maritime Bureau) offers another definition of piracy: “An
act of boarding or attempting to board any ship with the apparent intent to commit theft or
any other crime and with the apparent intent or capability to use force in the furtherance
of that act”.

Somalia is the country where the largest number of piracy organizations is located.
The major reason is related to extremely hard social and economic conditions. In addition the
poor control of local coast guard allows illegal acts (i.e. illegal fishing or waste discharge) and
the strategic position for commercial traffics forced piracy acts.

Pirates, generally leaves from their basis using four or five boats which are small and
can reach speeds exceeding 30 knots. The type of boat is indistinguishable from local fisher-
man boats. For this reason, the detection of attackers is very hard for the armed forces that are
responsible in the area for tackling the phenomenon. The boats carrying pirates usually go
hunting for vulnerable vessels, with a low freeboard that travel below 15 knots during the day.
Once target is defined, pirates usually coordinate an attack on two or three fronts simultane-
ously from several directions. Depending on the characteristics and compliance of the vessel
victim of the attack, the pirates can go up and take command of a ship in less than 20 minutes
after the first attack. Then the vessels are conducted near the coast or in some ports that are
used by pirates as a base of operations.

Due to the strong impact of pirates’ actions on the world economy, International
Community reacted with the use of its naval units in the critical zones. The affected area is
very large and, therefore, it is required a significant number of military units for an accurate
control of the area.

Actually, different missions are kept in the Gulf of Aden such as:
- Combined Task Force 151
- Ocean Shield NATO mission
- UE Atlanta mission
- missions of other countries like Russia, China, India, Japan and Pakistan.

From an operational point of view, military units get two approaches to prevent the ac-
tions of the pirates:

- Escorting cargo ships in order to be ready to quickly opposite pirates approaching to
the escorted cargo by using helicopters and special forces

- patrolling the area in order to identify possible suspect boats and prevent actions by
pirates, even in this mode, the naval units may employ on-board helicopters and per-
sonnel belonging to special forces.

PANOPEA SIMULATOR

PANOPEA reproduces piracy activities for evaluating different strategies in NEC C2
M2. PANOPEA is a stochastic discrete event simulator integrated with IA-CGF (Intelligent
Agent Simulation Computer Generated Force) developed by simulation team.

The following actors and activities are modeled:

e Pirates, different attack modes are considered: Outrunning, Maintaining Innocent
Speed, Following a Ship, Hiding between Ships, Swarming. The main characteristics
of these units are: agile structure, knowledge of the sea area, support from local popu-
lation and in some case from political structure.

e Navy, represented by strong coalition force patrolling the area. The command and
control system is not so “agile” such as pirates’ organization. Patrol modality: mostly
frigate, helicopters & special force squads

o Intelligence Agencies, that represent critical support to the Navy to predict pirates at-
tacks by using instruments and techniques such as: data analysis, special commandos,
satellite and communication technologies
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e Local Authority, it is critical, i.e. “Failure Nations”: no stable government, but strong
presence of gangs, warlords etc.
The table below is a synthesis of entities modeled by the simulation team. For each
entity some characteristics are defined.

Cargo Ship Frigate Fisherman/Pirate Boat

- Name - Name - Name

= Nationality = Nationality = Nationality

- Speed - Speed - Speed

- Radar Max - Radar Max - Pirates (%)

- Eye Max - Eye Max - Attack Distance

- Communication - Communication - Attack Probability
Delays Delay - Number of

= Number of Cargo | - Number of Frigates Fisherman boats
Ship Helicopter

[ - Speed I |
» ’ - Radar Max *
i - Eye Max e

Figure 4. PANOPEA Example of Unit Parameters

Cargo Ships are devoted to goods transportation and daily thousands of cargo ships cross
through Gulf of Aden. Cargo ships activities are synthesized into the conceptual model repre-
sented in Figure 5; each cargo chooses a path and proceeds in that direction to reach its destina-
tion. By using the radar (covering a range of 20 nautical miles), the cargo ship checks the presence
of boats approaching. It proceeds towards the destination until radar alerts about the approaching
of a vessel. In this case, ship’s crew makes a second check within 8 nautical miles to evaluate if
the vessel is or not a pirate ship. In the second case, it asks for help by radio.

Among cargo characteristics it is reported:

- Speed
- Technology on board: VHF radio, GPS, radar system
- Other: no weapons on board, but sometimes contractors could be engaged.

Cargo ship objective is to transport goods (general goods or gas or fuel, etc) by opti-
mizing its route in order to reduce navigation time and costs. Some constraints are modeled:
the chosen route is the shortest one; international rules often don’t allow the private use of
weapons.

Frigates are military ships aimed to patrol an assigned area or escort cargo ships. The
main objective is to identify and block pirates. Frigates activities are regulated by Rules of
Engagement, maritime laws and contracts with local authorities.

i
|

Cargo Ship Radar Max Eye Max

Route Cholee
‘ [ Fromeeans |

fes
Radar Radar Detection
Dotnctinn. of Unknown Object

No
Destination
Basic
Example

Figure 5.Basic Example for Cargo Ship

Frigate is critical in the piracy scenario due to the fact that it is the only adversary unit
against pirates.
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Generally a Frigate makes patrolling in an assigned area and along specific routes. If it
detects a suspect fisherman boat, it is possible to intervene by using the helicopter or to make
a control by the sea and, if it is necessary, to send Special Forces on board (see model in fig-
ure 6). Frigates may also to answer to an help request by a cargo ship. By making considera-
tions about distance and time estimated to reach the cargo ship, the military ship choices if
intervene by itself or by using helicopter.

Radar M,
Rouh Cholce .

Pro:uelni

Bas.'c
Na
Exampfe _

N
‘ v ssel Eyu
Imrtlnﬂun Dehcdon
Yes ‘r’es
Vessel| ’
Honcwur !
Helicopter™ mNOPnen Doloelbn

Figure 6. Basic Example for Ship Patrolling

The helicopter is assigned to a frigate and its goals are mainly: to patrol the area where
the frigate has identified a suspicious fisherman boat; to intimidate pirates (the helicopter is a
very effective means of deterrence); to shut off the boarded ship and to free the sailors taken
in hostage as soon as possible.

Helicopter activities are regulated by Rules of Engagement. The helicopter is sent by
the frigate to patrol a suspicious boat or to rescue cargo ship under attack. In the first case if
the boat is a pirate boat, dissuading procedures are activated in order to stop pirates. In the
second case helicopter can send raiders on the ship to arrest pirates and to free hostages.

Pirate/ Fisherman boats are 4/5 meters long and their speed can reach 35 knots. Gener-
ally, fisherman boats sail at 10 knots while pirates boat are faster.

While the objective of fisherman boat is to fish, pirates objectives are:

- To attack cargo ship with the crew on board in order to ransom
- To loot goods on board cargo ships
- Don’t be neutralized and / or arrested by the military forces

Once defined cargo ship target, pirate boat approaches it and tries the attack. Attack
success is regulated by a probability based on the strategies of patrolling and control adopted
by frigate.
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Figure 7.Basic Example for Helicopter Patrolling
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Figure 8.Basic Example for Pirate Hiding as a Small Boat

PANOPEA Simulator allows users to set several parameters such as ships speed
(Cargo Average Speed, Frigate Cruise Speed and Full Speed radar range of view and eye
range of view)

Table 1. Parameters to be set in PANOPEA Simulator

Cargo ship
Number of Cargo Ships Ships/day
Radar Max Nm
Eye Max Nm
Average Speed Knots
Average Communication Delay H
Average Boarding Time H
Frigate
Number of Frigate Ships Ships
Radar Max Nm
Eye Max Nm
Cruise Speed Knots
Full Speed Knots
...Insp. Sampling %
Intelligence
Local Intelligence Detection %
Prob
Coalition Int. Detection Prob. %
Helicopter
Radar Max Nm
Eye Max Nm
Speed Knots
Average Setup Time H
Fisherman Boat/Pirates
Number of Boats Boats
Pirates %
Attack Threshold Nm
Attack Probability %
Fisher Speed Knots
Pirates Speed Knots
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In addition users are able to set Escorting and Inspecting modes in order to activate
strategies about escort and inspections from frigates and helicopters and to define Simulation
features: Simulation Duration, Stochastic Influence, Replications

B Papopea - Parameters

General Simulation Duration [days]  |il Intelligence
Statistical Time Advance (] |0.1 Local Inteligence Detection Prob.[%] |.05
Configuiation File Path | C:\zzh22201 Dtesivpano Coalition Inteligence Detection Prob. [%] |15

Cargo Ships Generale[ships/da] ['1 Helicopter RadarmasNm] [
Fiadar mas [Nm]  [20 EveManfim] [12
EpeMaxNm] [& Speed [Knats] [135
Avarage Spesd [Krots] |20 AverageSetip Tme ] [02
Average Commuration Delay (1] [01
veisgeBomdra Te k] [020
Frigate Geneiaelshios) [15  Fisheran Boat/Pyrates Generate [boats] |70
Radsrmen (el [0 Pirates (%) |3
Eebaiied [ Attack Treshold [Mm] |3
CueSpasdinol] B Attack Probabilty () [0.8
FalSpeed et [0 Ficher Speed [knots] 10
S - E— Porstes Spssd [Knots] |35
Escorling m EERRED | [

[shipfday]  seesemseeemm e

Simulation Team Inspecting 2
wzimulationteam com Frigate Number | J Close

Figure 10. Integration of PANOPEA with Simplified GIS involving over 1'000 boats

The simulation team integrated the event discrete stochastic simulator with a simpli-
fied GIS (Geographic Information System) in order to visualize over 1000 boats that move
around Aden Gulf, even by using military icons.
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Figure 11. Zone Assignment and Corridors in PANOPEA Simulation

An additional function allows users to improve the visualization of ships routes and
to setup the C2 strategy to be applied. Users are able to split the area to be controlled in dif-
ferent zones that are assigned to frigates, as reported in the window in Figure 11. In particu-
lar the strategy of creating a security corridor for cargo ships is visualized.

Finally, user is able to choose the desired organization model flagging the desired
option in the C2 window (see figure 18).

EXPERIMENTATION SCENARIO OVERVIEW

During the phase of the experimentation, the parameters in PANOPEA have been set
as follows:
o Number of Merchant Ships: 50 [ships/day]
Number of Frigate: 15
Number of Fisher Boat: 700
Attack Probability (%): 0.8
Communication Delay: 0.1 [hours]
Average Ship Speed: 20+/- 4 [Knots]
Frigate Cruise Speed: 20 [Knots]
Frigate Full Speed: 30 [Knots]
Fisher boat Speed: 10 [Knots]
Pirate boat Speed: 35 [Knots]
Helicopter Speed: 135 [Knots]
Attack Threshold: 8 [Nm]
Local Intelligence Detection Prob. 0.05
Coalition Int. Detection Prob. 0.15
Simulation outputs include:
o Total Reports from Cargo Ship
o Number of Frigate Successful Operations
o Number of Successful Operations due to Intelligence Reports
J Number of Pirate Successful Attacks
For the experimentation the Active Objects are synthesized below:
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e Cargo ship
- Speed: 16 — 20 knots statistically distributed
- Tecnology VHEF radio, gps, radar system
- No guns on board, but in some case shipowner engage contractors.
e Frigate
- Speed: 18— 30 knots (cruise and attack)
- Tecnology : Communication Systems , Sensors (Radars, IR, EO, ESM), gps
- Armament: cannons, helicopters
e Helicopter
- Speed : 150 - 200km/h
- Tecnology: military communication systems, gps, Sensors (IR, EO, Radars)
- Armament: special forces on board, machine gun
¢ Generic boat
- Speed: 12 — 20 knots statistically distributed
- A generic boat could represents both pirates (these are able to ramp up to 35

knots and armed with assault rifles, machine guns, grenades and rockets) or a civil
traffic (i.e.fish boats)

e Ground Radar systems
- Range of action: 20- 45 Nm
e Satellite system
- Technologies: optical system, height tech cameras

Experimentation Results

The authors decided to evaluate and analyze two different C2 alternatives

Conflicted C2: there is no distribution of information between or among the en-
tities, all of the decision rights remain within each of the entities, and there are
no interactions and common objectives (in a C2 sense) between or among the
entities. The only C2 that exists is that exercised by the individual contributors
over their own forces or organizations.

Edge C2, all the entities are connected into a robust network and they are able
to easy access and share information by continuous interactions. In Edge C2
the rights to decisions are broadly distributed.

In PANOPEA users are able to activate connections between:

CoHQs: Coalition NATO Headquarter
NHQs: National Headquarter

LCG: Local Coast Gard

Coalnt: Coalition Intelligence
Operative units (Frigate Ships, Cargo)

Each connection is characterised by:

Transmission time, required to communicate the information along that link
Information reliability, to measure the reliability of the transmitted information

In the hierarchical command and control setting, the coalition headquarters are in con-
tact with: intelligence agencies, other headquarters and Operative units. Any form of action,
then, is defined by the command chain hierarchy: each unit received orders by headquarters.
In addition, each unit must report relevant information to HQs in order to allow them to man-
age the situation and to define appropriate strategies and actions. The goal is to prevent pirates
attacks, increase gulf security, to measure efficiency, effectiveness and response time in
forces deployment and reaction, by taking into consideration also boundary condition (i.e.
weather, operating condition).

42
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Figure 12. Example of Entity Connections

Edge C2 is a modern and sophisticated approach; this M2 (Maturity Model) is sup-
ported by an innovative technology component, in fact every entity is able to share informa-
tion quickly and effectively. Edge Maturity Model aim is to ensure that all scenario entities
are self-synchronized among them. A fundamental point is the knowledge sharing in order to
let actors coordinated on theatre; it’s clear that this approach is much more effective and keep
the response speed to common enemy faster (i.e. Somali pirates). Otherwise, so widespread
exchange of information could have a negative impact on field operations if not properly su-
pervised and managed.
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Figure 13. Different Example of Entity Connections

In PANOPEA it is possible to configure the Command and Control Hierarchy by
clicking the button "C2GI" in PANOPEA interface and by creating the network connections
among the various entities.
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Figure 14. Modelling Data Distribution, Processing and Decision Allocation in PANOPEA

Due to the scenario complexity and the strongly not-linear level of the system, a care-
ful experimental design is required in order to conduct a proper system analysis.

For this reason, the authors designed an experimental analysis to study simulator out-
puts in order to verify the stochastic influence on processes and to identify critical and signifi-
cant parameters in terms of influence on costs.

In particular, the authors performed statistical analysis by using Mean Square Pure Er-
ror methodology (MSpE) in order to evaluate the experimental error and to measure the sto-
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chastic variables influence. That methodology allows to fix simulation length and to know
results reliability based on confidence band.

The analysis was performed on the two scenarios proposed above (Hierarchical and
Edge).

Five simulation central runs was carried out in order to estimate MspE (Mean Square
pure Error) as measure of the simulator experimental error due to stochastic components; the
central runs corresponded to setting up the inputs parameters on their average values. In order
to measure simulation results, the authors focused on foiled attacks by the vessels on the field.

Simulation Time (days)

Figure 15. Mean Square pure Error on Attack Preventions versus Simulation Duration

Due to this analysis it was possible to define the simulation time length: approximately
30 days.

In addition, in order to perform sensitivity analysis, different factors are considered
(see Table 2) in order to identify those which have major effects and influence on results. As
reported in the table, these factors are evaluated in a predefined range in order to find correla-
tions among independent variables and their combined effect.

Table 2. Factors for the experimental analysis

Input VVariable
Min  |Average| Max
Detections Probabhility by Local
Allntelligence 5% 10% 15%
Detections Probabhility by Coalition
E|Intelligence 10% 18% 25%
C|Pirates Ships 3% 5% 7%
D Cargo Flow [ships/day] 52 &0 B8
E|Military Vessels 5 11 15

The authors defined a Central Composite Design (CCD) experimental project com-
posed by a 2" factorial part (in which each factor has two levels corresponding to the maxi-
mum and minimum range) and central replications.

Considering:

- n0: central replications on the reference values by changing the seed of pseudo-
random numbers (in this case 5 replicated runs from same boundary conditions)

- 2" factorial points devoted to evaluate the effect of variables and their combina-
tions (in this case k is equal to 5 corresponding to the input variables);

- 2k star points for extending the knowledge in the experimental area
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Supposed that the experimental error is uniformly distributed within the ranges tested
and that five replications are used in order to estimate the stochastic factors, it is possible to
calculate the number of the minimum simulation runs:

n0+2+2k=5+32+10= 47

Otherwise, if this hypothesis is not correct to it could be necessary to apply a factorial
design that will have a much higher number of experimental runs to be completed in order to
evaluate the stochastic components:

25n0=325=160

The results of applying Design of Experiments, Anova (Analysis of Variance) to the
C2 Traditional Scenario are following:

Sum of Mean F pvalue
Source  Squares  df Square  Value Prob = F
Model 551.3778 31 17.78638 19.464670.0018 significant
AL 26.76681 2676651 29.29247'0.0029
B-Ci 0.268889 0.268889 0.294261.6108

63.28125 69.25234'0.0004
0.21125 0.231183'0.6509
351125 384.2564 < 0.0001

C-Pirates 63.26125
D-cargo f 0.21125
E-frigate - 351.125

AB 210125 210125 229952'0 1899
AC 0.027222 0027222 00297910 8697
AD 1.742222 1.742222 1.906615'0.2259
AE 1378125 13.78125 15.08162'0.0116
BC 0.586806 0.586806 0.642175'0.4593
BD 0.000139 0.000139 0.000152'0.9906
BE 1.075556 1.075856 1.177043'0.3275
cD 0.245 0.245 0.268118'0.6267
CE 4950125 49.60125 54.17209'0.0007
DE 0.116806 0.116806 0.127827'0.7353
ABC 0.067222 0.067222 0.073565D.7971
ABD 8405 3405 9198079 'D.0290

0586806 06421750 4593
0.116806 0.1278270.7353
2.067222 2.2622810.1929
1.868689 2.045233'0.2121
0.035556 0.038911'0.8514
1.650139 1.805843'0.2368
0.390139 0.426952'0.5423

ABE 0.586806
ACD 0.116806
ACE 2.067222
ADE 1.868889
BCD 0.035556
BCE 1.650139
BDE 0.390139

CDE 0.18 0.18 0.196984 0.6757
ABCD 9.03125 9.03125  9.883420.0256
ABCE 018 018 0.196984 D 6757

7475556 8180934 D 0354
0.390139 0.426952 D 5423
0.035556 0.038911D.8514
5.066806 8.827973D.0311

ABDE 7475556
ACDE 0.390139
BCDE 0.035556
ABCDE  8.066806

Residual  4.568889 0.913778
Lack of Fit 0.263111 0.263111 0.244426'D.6469  not significant
Pure Error 4.305778 1.076444

= £ J L A O U U A G G MU 4

Cor Total ~ 555.9467

[

Figure 16. Analysis of Variance (ANOVA)

The Analysis is focused on the variables influence, in fact, as reported within Table in
Figure 16, for each variable and their interactions it was performed a significant Test in order
to be able to know which variables disrupt objective function more.

In addition, the authors performed also the first and the second Fisher Tests to be sure
that the experimental project was developed correctly.

The first concerns with the significance of the regression test and formulate two hy-
potheses:

o HO: All regression coefficients are zero (Bl =2 =... =Bn =0);

o Ha: there is at least a Bi != 0.

In this case the hypothesis HO is rejected with a probability of 5% error (a), and then
accepts the hypothesis Ha. There is therefore an independent variable among the five listed
above that explains the observed variation in the response.
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Both tests were successful. As result of this experimental analysis, the authors identi-
fied a relevant and significant set of variables passing sensitivity analysis test:

e A (local intelligence level) e ABD

e C (pirates percentage) e ABCD
¢ E (military vessels number) e ABDE
o AE e ABCDE
e CE

Obviously AE, CE, ABD, ABCD, ABDE, ABCDE represent combined effects of ba-
sic variables A, B, C, D,E.
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Figure 17. Edge Scenario
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Figure 18. Mean Square pure Error Computation

The response surface created by RSM (Response Surface Methodologies) allowed to
develop meta-models allowing to have directly results without simulation help.

The authors adopted the same approach to analyze Edge Scenario in order to be able to
compare the proposed two cases.
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In the C2 Edge Scenario all players are interconnected and the simulator allowed to
complete a sensitivity analysis based on ANOVA as reported in figure 19.

Sum of Mean F p-value
Source  Squares  df Square  Value Prob = F
Madel 1594.051 31 5142099 51.16562'0.0002  significant
A-Li 0.564453 0664453 0561650 4873

2208355 21.973870.0054
118.3876 117.7996 00001
0.316675 0.315103'0.5988
1246 461 124027 < 0.0001

B-Ci 2208355
C-Pirates 118.3876
D-cargo f 0.316675
E-figate 1246 461

AB 0.495842 0.495842 0.4933790.5138
AC 0.609592 0.609592 0.506665 0.4713
AD 7.588759 7.588759  7.55107 0.0404
AE 2751467 2761467 2.7378020.1689
BC 7.883759 7883759 7.844604 0.0380
BD 1.925703 1.925703 1.916139'0.2249
BE 1565668 1565668 155789200109
cD 0.66605 0.66605 0.862742'0.4526
CE 110.8188 110.8188 110 268500001
DE 0.099384 0.099384  0.098890.7659

0002509 00024960 9621
3.093828 3.0784630.1397
0675703 06723470 4495
6.615703 6.562847 0.0503
277105 27572880 1577
11.66043 11.602510.0191
5267717 524165500707
8.62855 5.5856970.0326
2068759 2.0485340.2118
0.408759 0.4067290.5617
1.0673 1.0520490.3521
0.009453 0.009406 0.9265
2144175 2.133526'0.2039
6737509 67040470 0489
5.376467 5.3497650.0687
1233759 122763103183

ABC 0.002509
ABD 3.093828
ABE 0.675703
ACD 6.615703
ACE 277105
ADE 11.66043
BCD 5267717
BCE 5.62855
BDE 2058759
CDE 0408759
ABCD 1.0573
ABCE 0.009453
ABDE 2144175
ACDE 6.737509
BCDE 5.376467
ABCDE  1.23375%

Residual  5.024956 1.004991
Lack of Fit 3.030845 3030845 607959100693  not significant
Pure Error  1.994111 0.498528

@ B b UM b b b b b b b b b b 4 b b bk b b b b b b

Cor Total  1599.076 3

Figure 19. ANOVA Analysis

The Authors by using this methodology identify a significant number of variables
passing sensitivity test for this scenario.

The results of this analysis underline that the edge configuration is more expensive
than the other one, but it seems to be more effective in terms of foiled attacks number.

¢ B (coalition intelligence presence)  ¢BC

o C (pirates percentage) eCE

o E (military vessels number) e ADE

e AD *BCE

*BE ¢ ACDE
CONCLUSION

The paper proposes an approach for experimenting the influence of different parame-
ters on the efficiency and effectiveness of C2 solutions; the main goal of this research is to
test different Net C2 M2 models in order to evaluate the performances under different hy-
potheses; using the simulator and experimental analysis it was possible to consider the influ-
ence of independent variables and their interactions respect target functions. It is proposed an
experimental results related to a case study similar to situation of piracy within Aden Gulf;
considering the problem complexity, the achieved results s relative to the input parameters
and related range of variability therefore this allows to demonstrate the potential of using
M&S in supporting analysis of different C2 maturity models. PANOPEA simulator is a use-
ful tool for the evaluation of piracy scenarios, and to investigate alternative C2 strategies and
the analysis of different scenarios. Currently the authors are working in simulation team for
further developments of this area of study
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SIMULATION-SUPPORTED SUPPLY CHAIN MANAGEMENT
Yuri Merkuryev, Galina Merkuryeva, Jana Bikovska (Riga, Latvia)

1. INTRODUCTION

Simulation is widely used in supply chain management (SCM). In particular, it is em-
ployed to support strategic, tactical and operational SCM decisions, to validate new developed
supply chain management methods, to demonstrate efficiency of taken decisions, and to sup-
port education and training.

In this paper, use of simulation in supply chain management is illustrated by experi-
ences gained within implementation of the ECLIPS (“Extended Collaborative Integrated Life
Cycle Supply Chain Planning System”) research project of European Commission that ran
from 2006 until mid 2009. It addressed the state-of-the-art in supply chain management. Six
partners from the industrial, academic and consultancy sectors have teamed up to work to-
gether on this project. These were a Belgian consulting company Mobius, a French services
company Eurodecision, a Belgian IT service company LoQutus, a Latvian academic partner
Riga Technical University, as well as two industrial partners: a German company Huntsman
and a Czech company PLIVA-Lachema Diagnostika. The main research subjects of the pro-
ject were related to the minimisation of inventories during the different phases of the life-
cycle of a product (Figure 1).

Demand | |

A 4
~

. L . | .
introduction . maturity . end-of-life

Figure 1: Product Life-Cycle

The aim of the project was to develop methods concerning essential decreasing of total
inventories through the supply chain, in particular, with regard to: (1) demand forecasting at
the introduction and outtroduction phases of a product life-cycle, (2) implications of using
cyclic planning techniques during the maturity phase, (3) automating the detection of life cy-
cle changes.

Simulation has been extensively used in the ECLIPS project, e.g. for simulation-based
optimisation of inventory-policy parameters, evaluation of life-cycle changes and validation
of the research related to the implications of the use of cyclic planning techniques, as far as
training in application of the developed SCM algorithms.

2. MULTI-ECHELON CYCLIC PLANNING

The ECLIPS project has been aimed at essential decreasing of total inventories
through the entire supply chain by using appropriate management techniques at each phase of
the product life-cycle, starting from the introduction phase, through the maturity phase, and
finally to the end-of-life phase. Multi-echelon cyclic planning was used for organizing supply
chain operation at the maturity phase (Merkuryev et.al. 2007).

For years, researchers and practitioners have primarily investigated a so called single-
echelon approach, where one stage or facility in the supply chain is managed (Campbell and
Mabert 1991). Recently, increasing attention has been given towards the performance, design,
and analysis of the supply chain as a whole. A multi-echelon environment considers multiple
processes and multiple stock points.
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The underlying idea of cyclic planning in a multi-echelon environment is to use cyclic
schedules for long term planning at each echelon and synchronisations with one-another.
Every process in the supply chain, whether it is a purchasing, production or distribution proc-
ess, 1s planned on a repetitive, “cyclic” basis, and the process cycles are synchronised and fit
together. Cyclical schedules are preferred for the constant demand lot sizing problems. When
demands are dynamic, flexibility in spacing production periods permits non-cyclical sched-
ules to result in a lower total cost. However, the real life performance of a specific planning
policy may differ from the theoretical one. More complex policies are less efficient in prac-
tice. Practical benefits are typically lower than theoretical ones. Cyclic schedules offer practi-
cal benefits in terms of easy planning and control and reduce administrative costs for monitor-
ing planning policy. Cyclic long term benefits (Campbell, 1996; Schmidt et.al. 2001) result in
reduction of safety stock buffers between echelons, time and cost of material handling; ex-
pected order and production lead times and costs, etc.

The focus of the multi-echelon cyclic planning research during the ECLIPS project was
the development of techniques for multi-echelon cyclic planning at the tactical level, during
the product maturity phase. It was based on an integrated approach that allows both analytical
and simulation techniques in order to solve the problem.

3. VALIDATION THROUGH SIMULATION

Simulation was used in the ECLIPS project to support solving of the following tasks:
(1) to back up decision making and optimization processes (simulation-based analysis of the
optimality gap between planning policies, in order to decide about switching to the cyclic
planning and simulation-based optimization of supply chain management parameters during
the maturity phase, in order to perform the cyclic planning); (2) to validate developed algo-
rithms; (3) to demonstrate efficiency of the developed approach to potential users; (4) to pro-
vide training in use of the developed algorithms.

Task 4 is considered in the next section, while tasks 1, 2 and 3 are discussed in
(Merkuryeva & Vecherinska 2008; Merkuryeva & Napalkova 2009; Merkuryev et.al. 2007).

For validating research results of the ECLIPS project a new multi-echelon inven-
tory simulator was built (Hatem et.al. 2009). It has been tested by simulating three differ-
ent inventory management policies on a five echelon linear chain (Figure 2): (1) non-
cyclic (ROP) policy; (2) cyclic policy without synchronisation (order cycles start at the
same time); (3) cyclic policy with synchronisation (order cycles start at different moments
depending on lead times).

Alpha Beta Garma Delta Epsilon

Jc LT=2d N% LT=2d N% LT=2d N% * LT=2d UC~—D=100pd

Figure 2: Five Echelon Linear Case

Different policies have been evaluated with the following performance metrics: ser-
vice level and overall inventory. The following conclusions have been made: (1) the formulas
used to calculate the inventory marginally put more inventories in the network if variation of
demand increases in the cyclic case compared to the non-cyclic one; (2) synchronising the
network when using a cyclic policy yields remarkable benefits.

Then simulation was performed for a real business case. Here more complex supply
network structure with 15 nodes, organised in 5 echelons, 26 end products and 14 intermedi-
ary products was modelled (Figure 3). Obtained results confirmed conclusions made above.
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Figure 3: Business Case Network
Practical exploitation of the project results led to the following conclusions:

1. The service has not been threatened by implementation of the multi-echelon cyclic
planning concept;

2. The predictability of the planning increased;

3. The planning process was simpler, because only production quantities had to be
calculated;

4. Inventory levels dropped noticeably because inventory dropped at intermediary
stocks.

4. BUSINESS GAME DEVELOPMENT

While the described simulator has originally been developed for the analysis and vali-
dation of inventory policies, it can be modified for other research purposes. One such possible
exploitation of the simulator is related to use of simulation for training in application of the
discussed approach to supply chain management. For this aim the business game has been de-
veloped within the ECLIPS project. Some other potential applications of the simulator are
discussed in (Hatem et.al. 2009).

The developed ECLIPS game is aimed at providing a tool for practical demonstrating
different aspects of supply chain management, i.e., general supply chain mechanisms as well
as non-cyclic and cyclic inventory replenishment policies. It helps to evaluate players’ effi-
ciency at applying these concepts in practice. In its most summarized form, the ECLIPS game
can be described as a set of paper cards placed on the table that are used to model a supply
chain where players move inventory, represented by number of tokens, period by period ac-
cording to inventory replenishment policies which are influenced by demand that occurred at
the end of the chain. Players gain insights by going through different scenarios where the sup-
ply chain/network and/or the policies are changed. Overall purpose of the game is to decrease
the total costs by coordinating orders across the supply chain, while providing a certain ser-
vice level (usually 95%). In details general rules and mechanics of the game have been de-
scribed in (Merkuryev et.al. 2009).

The game layout is represented in Figure 4. Here a four echelon supply chain is
considered. The initial stock of products, represented by tokens, is placed on the respec-
tive card. It is important to note that stock of raw material is unlimited as well as there is
no capacity constraint for stock points and transport. The possibility of backlogging is not
considered in the game. End customer demand has a stochastic nature and is generated by
tossing dices.
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Figure 4: Layout of a Four Echelon Supply Chain on the Table

Company (supply chain) is represented by four players assigned to different supply
chain echelons, respectively retailer, wholesaler, factory warchouse, and factory (see Fig-
ure 5). During the gameplay, participants have to fix all performed actions (generation of end
customer demand, supply, ordering, new production, etc.) in special protocols for further cal-
culations of the following performance metrics: (1) service level, (2) average cost for the en-
tire supply chain, (3) average inventory for the entire supply chain. It is recommended to play
not less than 20 periods of the game for each scenario.

Figure 5: Participants playing the game

Three different scenarios are played, where:
e inventory management policy is not indicated and decisions are made based on players’
own experience;
e non-cyclic inventory management policy (ROP) is applied;
cyclic inventory management policy (POR) with synchronisation is applied.

To apply the policies some parameters have to be calculated. For the cyclic policy, the
most important parameters are cycle length and order-up level, and for non cyclic policy these
are the reorder point and the order lot size. The detailed discussion of those parameters could
be found, for instance, in (Axsiter 2000, Simchi-Levi et.al. 2003, Chopra and Meindl 2010).

At the end of the game the scenarios are evaluated by comparing performance metrics
indicated above. Thus the most efficient inventory management policy is selected as well as
its hard and soft benefits are discussed.
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When playing the game, a variety of supply chain networks can be modelled, for in-
stance, to simulate the current supply chain environment of the participants playing it. This
feature distinguishes the ECLIPS game from other supply chain games.

5. CONCLUSIONS

In the ECLIPS project, simulation proved to be a key factor in development and vali-
dation of advanced supply chain management methods. In particular, it was valuable for the
theoretical validation of multi-echelon cyclic planning concepts that convinced the project
industrial partners for testing multi-echelon cyclic planning in their business environment.
Development of a simulation business game for training in application of different approaches
to supply chain management is another example of exploiting simulation in the ECLIPS pro-
ject. Synergy of simulation and gaming efficiently demonstrates advantages of the developed
approach to potential users as well as provides training in use of different inventory manage-
ment algorithms. While currently the game is manually implemented, a computerised version
is considered as the next step in development of the game.
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NUMUTAIUOHHOE MOJAEJIMPOBAHUE MOPCKUX I'PY30BbIX
TEPMHHAJIOB HA TIPUMEPE HOBOPOCCHUHCKOI'O KOHTEMHEPHOI'O
TEPMUHAJIA

B. B. I'teiim (Cankr-Ilerep0Oypr)

B Hacrosiiiee Bpemsi OCHOBHBIM (haKTOPOM, BIIHSFOIIUM Ha TPUHSATHE PELICHUS O Iie-
J€co00pa3HOCTH CO3JIaHUSI HOBOTO WMJIM M3MEHEHUHU CYIIECTBYIOIIETO MOPCKOTO TPY30BOI0O
TEPMHHAJA, SBISIFOTCS PE3yJIbTaThl TEXHOJIOTHUECKOTO MpoeKTupoBanus. [Ipomecc TexHOI0-
TUYECKOI0 MPOEKTUPOBAHMSI BKIIIOYAET MPUMEHEHNE aHAIUTUYECKUX METO/I0B, MTO3BOJISIOIINX
OTIPEICIIUTh OCHOBHBIC TEXHUYECKHE TAHHBIC, XapaKTePU3YIOIIHE IPy30BON TepMUHAI, yUET
KOTOPBIX TO3BOJIAET OOECIEUNUTh IOCTHKUMOCTh TpeOyeMbIX (3alaHHBIX) XapaKTePUCTHUK
tepMmuHana. K TEeXHMYECKUM JaHHBIM OTHOCSTCS: BMECTHUMOCTBH CKJIAJIOB; MPOIMYCKHAS CIIO-
COOHOCTBH CKJIAJIOB; MPOIMYCKHAsI CITIOCOOHOCTh TPY30BBIX (PPOHTOB W Jp. XapaKTEPHBIC IS
TOTO WJIM MHOTO BHJIa TEPMHHAJNA TapaMeTpsl (HampuMep, CpeaHssl SPYyCHOCTh CKIaJIUpOBa-
HUS B CIyyae KOHTEHHEPHBIX TEPMUHAJIOB). TpeOyeMbIMU ke XapaKTepUCTHUKAMU SIBIISIFOTCSI:
00BEM U CTPYKTYpa roJIoBOT0 rpy30MOTOKA.

['maBHBIM HETOCTATKOM MPUMEHSEMbIX aHATUTUYECKUX METOOB SBJISETCS TO, YTO OHU
MO3BOJIIOT B KAYE€CTBE MCXOIHBIX MApaMETPOB YUUTHIBATH JIUIIH OCHOBHBIE BEPOSTHOCTHHIE
pacnpenenenus, a pe3yJbTUPYIOIUMU JaHHBIMU SBJISIOTCS TOJIBKO CPEeIHHE BETMYMHBI TOKa-
3areneii, 6e3 y4éra BO3ZMOKHOCTH OILEHKH OTKJIOHEHUHN BEIMYWH TOKa3aTeliel ¢ 3aJaHHOU
TOYHOCTBI0. OJTHAKO IPy30BOM TEPMUHAI SIBJSETCS CIOKHON CUCTEMOM, XapaKTEPUCTUKHU KO-
TOpPOH aJIEKBATHO HE MOTYT OBITh OMKMCAHBI TOJHKO BEPOSITHOCTHBIMU pactpenencausmu. Ha-
pUMep, MPUOBITHE CYI0B HE SBISETCS CIy4YallHOW BEJIMYMHON B IIMPOKUX BPEMEHHBIX paM-
Kax TOpsAKa HEeIeH, a ONPeAeNsaeTcs TOCTaTOYHO YETKUM pacnucanueMm. Kpome toro, ciy-
yaifHble (aKTOpbl — TaKHe Kak: OTKa3 0OOpyJIOBaHMs, JIOKAJIbHOE HapylIeHHWE PaclHCaHUs
npuOBITHS Cy0B (OMO3JaHNE B paMKax BPEMEHHOTO OKHa), YXY/IIICHHE MOTOAHBIX YCIOBUN U
JIp. — HE MOTYT OBITh YYTEHBI ITPH AaHATUTHYECKOM pacyeTe.

B cBoro ouepenp, paznuyHbie 00BEMBI CYIOBBIX MapTUH M HEPABHO3HAYHOCTH MHTEP-
BaJIOB MEXKy NMPUOBITUSIMHU CYZOB MPUBOAIT K 3HAYUTECIBHBIM HEPABHOMEPHOCTSM KOJIUYE-
CTBa Ipy3a Ha CKJIaJe, 9YTO BaKHO 3HATH I ONPEEICHUS 3aBUCMMOCTH JAHHOTO KOJMYECTBA
OT BpEMEHU XpaHCHHsI Ha CKIaje. B ciydae KOHTCHHEPHBIX TEPMUHAIOB 3HAYUTEIBHBIC KO-
nebaHus KOJIMYECTBA CKIAJAMPYEMbIX KOHTEHHEPOB MOTYT MPUBECTH K MOBBIIICHUIO BBICOTHI
CKJIQJIMPOBAHMS KOHTCHHEPOB Ha CKJIaJIe — 3HAYUT, U BBIOOPKA KOHTCHHEPOB U3 IITAOENS CO-
MIPOBOXKIAETCSI POCTOM BPEMEHH BBITIOJTHEHHSI OTEpalfii, 4TO CKa3bIBAE€TCA HA TMOKa3aTeNax
KauecTBa 0OCITY)KUBAaHUS KIIMEHTOB M Ha TPEOOBAHMSIX K BHYTPUIIOPTOBOMY TpaHcIopty. O-
HAKO pacyETHBIE METOABI ONpeAeNieHUs] TPeOyeMOro KOIWYecTBa TPAHCIOPTHBIX CPEICTB C
Y4eTOM YIOMSHYTHIX (DAKTOPOB, a TaKKe HEOOXOAMMOCTH PACIIPEACICHHS OOIINX PEeCypcoB
MEX1y TPAaHCTIOPTHBIMU OTIEPAIMSIMH OTCYTCTBYIOT.

W3 Bcero 3TOTO ClieMyeT, 4TO JaHHBIC, OJyYEHHBIC B pe3y/IbTaTe MPUMCHCHUS aHAIIH-
TUYECKUX METOJIOB, HE BO BCEX CIIydasix OyAyT aJIeKBaTHO OMHCHIBATH MPOCKTHUPYEMBINA Tep-
muHaI. st 6osiee TOYHOTO pacuéra 1erecoo0pa3HbIM SBIISICTCS MPUMEHEHHE METOa IMHTA-
IIUOHHOTO MOJICTTUPOBAHUS, TUIIEHHOTO YIIOMSHYTHIX BbIIIE HEAOCTATKOB.

JIeMOHCTpaIuio BO3MOXKHOCTEH TPUMEHEHHSI METOa HMUTAITMOHHOT'O MOJICITHPO-
BaHUs ISl pelIeHHs 0003HAYEHHBIX 3aJlau MOXHO OCYIIECTBUTh Ha MpHUMEpe MOJACITH
HoBopoccuiickoro konteitnepHoro tepmunana (puc. 1). Jlannas mogens Obuia pazpabdo-
tana komnanueit OO0 «3Okc xerr Texnomomxuc» (XJ Technologies) ans kommanuu
000 «MopctpoiitexHonorusi». PazpaboTka Berack B cpeie HMUTALIHOHHOTO MOJIEIHPO-
BaHus AnyLogic™.
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Pucynok 1 — AHUManusi HMMUTALMOHHON MOJeJIH

NmurtanmonHass Mojienrs HoBOpocCHIICKOTO KOHTEHHEPHOTO TepMUHAIa 00Ja1aeT psi-
JIOM OCOOEHHOCTEH, KOTOpPbIE MO3BOJISIOT C IOCTATOYHONW TOUHOCTBIO MTPOBOJAUTH PACUET Tpe-
OyeMBbIX TTOKa3aTeIIeH.

HmutanmoHHas MOZEIb MO3BOJISET 3a/1aBaTh Pa3IMYHbIC BAPHAHTHI PACIIUCAHUS JIBU-
KCHUsI BHEIIHUX TPAHCIOPTHBIX CPEJCTB IO Pa3IMYHBIM TPy30BbIM (ppoHTamM (MI'® — mop-
cKoil Tpy30Boil (hpoHT, KI'D — xene3HONOpOKHBIA TPYy30Boi (poHT, AI'D — aBTOMOOUIIB-
HBIA TPY30BOH (PPOHT), 3a7aBaTh CTPYKTYPY KOHTEHHEPHOTO TPY30IMOTOKA JJIsl Pa3IMYHBIX
CYJIOXO/HBIX JIMHUM C pa3felieHueM Ha UMIOPT U IKCHOPT € yU4ETOM THIIa KOHTEHHEPOB, BBO-
JUThH Pa3InYHbIC TapaMeTphbl MPOIYCKHBIX CIIOCOOHOCTEN (JOMYyCTUMBIX HHTEHCUBHOCTEH 00-
paboTKM) MO Pa3IUYHBIM CTPYKTYPHBIM 3jieMeHTaM TepMuHaia (MI'®, XKI'd, AT®, KIIII -
KOHTPOJILHO-TIPOITYCKHOW IYHKT), 33JaBaTh Pa3JIMYHbIC MapameTpbl A CUCTEMBbI BHYTpH-
MOPTOBOM TPAHCHOPTHUPOBKU (KOJUYECTBO TPAHCIIOPTHBIX CPEACTB Ha Pa3IMUYHBIX y4acTKax
TEpMUHAJIA, BO3SMOXHOCTh OOBEMHEHUS UX B €AMHBIA pecypc, IOMyCTUMBIE JUIMHBI O4epe-
Nieil), yUUThIBaTh pa3jMyHble BapUaHThl MOCTPOCHMS CKIIaJa (KOJMYECTBO CKIAIUPYIOLIEro
000pyI0BaHUS, HHTEHCUBHOCTHU Pa0OTHI, IJIOLIAIN M BHICOTHI CKIAUPOBAHMUSA).

3aaHue MepevyrcIeHHBIX UCXOIHBIX TaHHBIX (pUC. 2) OCYIIECTBISETCS KaK ¢ MOMO-
b0 0a3el qaHHBIX B opmate MS Excel (Access), Tak u 4epe3 uHTEpQEiic caMmoro mpuio-
XKEHUsI Mozienu. JJaHHBINH MOIX0/ MO3BOJSET YUUTHIBATh HE TOJIBKO MPOCTHIC YHCIICHHBIE Ta-
pameTpsl (HampuMep, HTHTEHCUBHOCTh PaOOThI MOPTAIBHBIX MPUYATbHBIX KOHTEHHEPHBIX I1e-
perpyskareneil UM CKOpOCTh MEpPEABIKEHUS TPAHCIOPTa Ha TEPPUTOPUHU TEPMHUHAJA), HO U
CJIOJKHBIE CTPYKTYpPBI JAHHBIX (HAIpUMep, paclucaHue MPUOBITHSA CYJ0B-KOHTEHHEPOBO30B
WM pacnpenenenre o0bEmMa rpy30MoToka B 3aBUCUMOCTH OT THIa KOHTEHHEPOB).
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PucyHnok 2 — 3aganne 0CHOBHBIX NAPaMeTPOB MOJEH

NmutanvoHHass MOJENb OCYIIECTBIISACT PETUCTPALUI0 AVMHAMUYECKHUX I1apaMeTpoOB,
XapaKTepU3YIOIIUX Pa3INUHbIEe aCEKThl (PyHKIIMOHUPOBAHUS TEPMHUHANA: 00BbEM HKCIOPTHO-
ro U UMIOPTHOI'O T'PYy30I0TOKA; SIPYCHOCTh CKJIAJUPOBAaHUSI KOHTEHHEPOB; BpeMs MpeObIBa-
HUs TPAHCIIOPTA Ha TEpPMUHAJIE; CTENEeHb MCIIOJIb30BAaHMUs TEXHOJIOTHUYECKOro 000py10BaHHUS;
BpeMsl OKHUJAHUS OOCITY’KMBaHUS MarucTpajbHOrO TPAHCHOPTA; JJIMHBI O4Yepelell Maruct-
pPaJIBHOTO ¥ BHYTPUIIOPTOBOT'O TPAHCIIOPTA.

[IpencraBnenne pe3ynbTaTOB MOJCIMPOBAHMS OCYIIECTBISIETCS B Tpa)udeckom, Tad-
JUYHOM U TeKCTOBOM Buje (puc. 3). luHamuka o0bEMa Ipy30I0TOKa, PaBHO KaK U SIPyCHOCTb
CKJIaIUPOBaHMS KOHTEHHEPOB OTOOpakaeTcsi HAa BPEMEHHOW TuarpaMMe ¢ pa3OMBKOM Ha DKC-
NOpPT U UMINOPT. PacnpeneneHne BpeMEHH HAXO0XKIEHUS TPAaHCIOPTAa Ha TEPMHUHAIE U JJIUH
ouepesiel TpaHCIIOpTa IMPENCTaBICHBI B BHUJIE TMCTOrpaMM. Bee naHHBIE MOTYT OBITH COXpa-
HEHBI B CTPYKTYPHUPOBAHHOM BH/JIE€ BO BHEIIHUH (haiii, OyTh TO MPOCTOM TEKCTOBBIN (hailin uiu
3JICKTPOHHAS TabIuUIIa.

Hcnonb3ys MMHUTALMOHHYIO MOJAEIb, MOYKHO IPOMOJEIUpPOBaTh TI'OJOBYIO paboTy
TEpMHUHAJA 33 HECKOJIIBKO MUHYT U IOJIYYUTh OLICHKY OTMEYEHHBIX BBIIIE ITOKas3aTeneu. T. o.
MOJIeb JAET BO3MOYKHOCTh B TEUEHNE KOPOTKOIO BPEMEHHU OCYILIECTBUTH IPOBEPKY HECKOJIb-
KX BapHaHTOB ()YHKIIMOHMPOBAHUS TEPMHHAIA, BBHITIOIHSS TaK HAa3bIBaEeMbIE CIIEHAPUH YTO-
ecnu. [Ipu 3TOM MOzEnb MPENOCTABIAET HE TOIBKO KOHEUHBIM PE3yNbTaT pacu€ToB, HO TAKKE
MO3BOJIAET HAOMIOAaTh 32 QYHKIMOHUPOBAHUEM TEPMMHAJIA U TUHAMUKON M3MEHEHUS MOKa-
3areneit ero 3(()eKTUBHOCTH C TEUEHHUEM BPEMEHHU.
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Pucynok 3 — Oro6pa:keHue pe3yabTaTOB MOAEJIMPOBAHUS

MopenupoBaHueM KOHTEHHEPHBIX TEPMHUHAIOB IPUMEHEHUE METOIa UMUTAIIMOHHOTO
MOJIETTUPOBaHUsl B A3TOM 00JacCTH HE orpaHuuuBaercs. PaccMoTpeHHass MoOjenb SBISETCS
JIMIIb PUMEPOM TOTO, KAaKUE€ PE3yJIbTAThl MOTYT OBITh JOCTUTHYTHI C TIOMOIIIBIO JAHHOHU TeX-
Hosloruu. MoJieih KOHTEMHEPHOT0 TepMUHAIA MOXKHO pacCMaTpUBATh KaK TEXHOJIOTHUYECKYIO
0a3y, KOTopasi MOKeT ObITh TIEPEUCIIONIb30BAHA M PACIIUPEHA AJII MOJCIUPOBAHUS TPY30BBIX
TEPMHHAJIOB TI0 00pabOTKE HATMBHBIX, HABAJTOYHBIX, HACHIITHBIX, T€HEPAIBHBIX U Jp. BUJIOB
rpy30oB. Kpome crnennpuyeckux Aias TOTO WM WHOTO THUIA TEPMHHANIA OW3HEC-TPOIIECCOB
(Hanmpumep, nepeOpocKa HATUBHBIX IPY30B IMOCPEACTBOM TPYOOIPOBO/A), CTPYKTYpa U JeTa-
JU3aIUsT MOJICTTH MOKET OBITh M3MEHEHA /ISl y4éTa OOJBIIEer0 KOJIMYECTBA AJIIEMEHTOB TEp-
MUHaNa (HampuMep, pa3inuyHble CKJIAJICKUE 30Hbl — OTKPBITOTO MM 3aKPBITOTO THUIIA) U CTe-
MEHU WX JIeTaau3aluu (Harpumep, rneperapka rpy30B Wik YYET BPEMEHH TaMOXEHHOTO J10C-
MOTpa B 3aBUCUMOCTH OT THIIA TPY3a).

B wurore, nMess UMUTALMOHHYIO MOJEIb, KOTOpasi C HEOOXOJMMOM M IOCTaTOYHOM CTe-
MEHBIO aJIEKBaTHOCTH OMHUCHIBACT (DYHKIIMOHUPOBAHHE MOPCKOTO TPy30BOTO TEpMHHAJA,
MOXXHO OCYIIECTBUTH MPEANPOCKTHYIO MPOpPabOTKy BapHUaHTOB Pa3BUTHs (CTPOUTENHCTBA,
MOJIEpHU3aLlMU) TEPMHUHAIA, COCTABUTh KAUECTBEHHYIO NPOEKTHYIO JTOKYMEHTALMIO U CJle-
JaTh PSJl SKCIIEPTHBIX 3aKIIIOUEHUN MO MpoekTy. Ha ocHOBE OIEHOK, MOJYYEHHBIX C MOMO-
1[bI0 UIMUTALMOHHON MOJIENN, MOKHO MPUHATH 00Jiee 0O0OCHOBAHHBIE PELICHUSI O CTPOUTEIb-
CcTBE OOBEKTOB HAa TEPMHHAJE, YTO B UTOTE MO3BOJIUT MOBBICUTH MPOIYCKHYIO CIIOCOOHOCTH
TEPMMHAJIA, JOCTUYb 3HAYUTEIBHOIO MPUPOCTA IPy30000pOTa U YBETUUUTh KAUECTBO CEPBU-
ca KOHEYHBIX KIHEHTOB.

O3HakoMuThCs ¢ anmieToM mojaenu «HoBopoccuiickuii KOHTEMHEPHBI TEpMUHAID»
MOXKHO Ha caiite «Dxc [Dxerr TexHomomxkue»: http:/ www.xjtek.ru/anylogic/demo-
models/logistics/
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MPUMEHEHUE YHUBEPCAJIbHON CUCTEMbBI UMUATAIIMOHHOT' O
MOJAEJIMPOBAHMUSA GPSS WORLD IIPU ITIPOEKTHUPOBAHUHN
CYAOCBOPOYHBIX KOMIIVIEKCOB B COCTABE COBPEMEHHbIX
CYIOCTPOMUTEJbHBIX BEP®EN

B. B. JleBsitkoB, M. B. ®enoroB (Ka3ans),
M. A. loamartos, P. C. Huccenbaym (Cankr-IlerepOypr)

TexHO0JI0Ty-CyJOCTPOUTENI0 Ha IPAKTUKE OYEHb YaCTO NPUXOIUTCS NPUHHUMATh U
OILICHUBATh MPUHUMAEeMbI€ MPOEKTHBIE PEIIECHUs B YCIOBUSAX OOJILLIONW HEONpeaeeHHOCTH.
Hanpumep, npu pa3paboTke MPOEKTOB HOBBIX WJIM MOJCPHHU3AIMHU CYIIECTBYIOMINX
MPOM3BOJICTB, HAYAIBHBIX 3Talax MPOEKTUPOBAHUS, IPU BHEIPEHUH HOBOTO 00OpYAOBaHUSA,
TEXHOJIOTMM M T.J. Yem cloXHEe CXeMa OpraHu3alud IPOEKTUPYEMOIo WU
MOJIEPHU3UPYEMOTO CYJIOCTPOUTEIHLHOTO MPOU3BOACTBA, TeM OOJbIIE BO3HHKAET CaMbIX
pazHooOpa3HBIX BompocoB. Hampumep, 4to OymeT ¢ aHAIM3UPYEMON MPOU3BOJICTBEHHOM
CHCTEMOM, SCIIH:

® YBEITMYUTCS MIPOU3BOJCTBEHHAsI MporpamMma?

® M3MEHUTCS CTPYKTypa IJlaHa MPOU3BOICTBA?

e OyJIeT 3aKyIJIeHO HOBOE 000pyaoBaHue?

® YBEIMYATCS IPOU3BOJCTBEHHBIE MOLIHOCTHU?

® M3MEHUTCS TEXHOJIOTUS CTPOUTEILCTBA CYI0B?

® U T.I.

Cneunuanucramu OO0 «Onuna-Komnerotepy u  OAO «IITCC» B TeueHue
HECKOJIbKUX TMOCHEIHUX JIeT Oblla TpoBelneHa paboTa MO CO3JAHHIO M anpodanuu
MMUTAIMOHHBIX Mojeneil Ha 6aze GPSS World B mporiecce mpoekTUpOBaHUS TEXHOJIOTHH
CTPOUTENIbCTBA CYJOB Ha 0a3ze Cyn0cOOpPOYHBIX KOMIUIEKCOB (CyXHMX JOKOB) B COCTaBe
COBPEMEHHBIX CYAOCTPOUTENbHBIX Bepdeil. B pesynabTare co31aHO HMMUTAMOHHOE
npuiiokeHue «OlLieHKa U IPOrHO3UPOBaHUE IPUHUMAEMBIX PELIEHUH TEXHOJIOIOM B IIPOLIECCE
npoektupoBanus [ICK ¢ cyxumu gokammu», KOTOPOE MO3BOJISIET OXBAaTHUTh BECh KOMILIEKC
UMHTAMOHHBIX MCCIIEIOBaHUNA ¢ MOMEHTA MOCTAaHOBKU 3aJla4M U BBOJA MCXOJHBIX JAaHHBIX
JUTSL MOZIETN /10 pa3pa0OTKKU MOJENU U MPOBEICHUS Ha HEeMl SKCTIEpUMEHTOB.

NmMuTanmoHHOE  MPUJIOKEHHE TPEACTaBIsieT COOOW  KOMILJIEKC — KOMIIOHEHT,
HanucaHHbix Ha s3bike C#NET u ocnoBannbix Ha Flash-rexnonorun. Haxomnenue u
yIopaBsiieHuEe JaHHbIMU peanu3oBaHo nocpenctsoMm CYBJ[ MS SQL Server. B kauectse
MOJICIIMPYIOMIETO SiApa MpHIoKeHust BeIOpaH si361k GPSS World.

[Touemy >xe ObLTa BBITIONHEHa pa3paboTKa HOBOTO MPOrPaMMHOTO pEIIeHHEe, a He
UCIIOJIb30BaHbl CYIECTBYIOIIME MpOrpaMMHbIE pelleHus (Hampumep, kommaHui Dassault
Systems, Siemens PLM Software u ap.) no UM B o0nactu cygoctpoeHus?

Bo-nepBbIX, MHOTIME CYIIECTBYIOIME pPEIICHUs SBISIIOTCS YHHUBEPCAJIbHBIMU U
npeIHa3HaYeHBbI JJIs PEUICHHs IUPOKOTO Kpyra 3a/1ady MPUMEHUTENFHO B Pa3IMYHbIM TUIIAM
IPOU3BOJICTBEHHBIX M UHBIX CUCTEM. [[03TOMY € WX MOMOIIBIO AOCTATOYHO CIIOKHO Y4YECTh
OCOOCHHOCTH U HIOAHCHI KOHKPETHON TEXHOJOTHUH, OCOOCHHO MPUMEHHUTENBHO K 3aJadaM
CyJOCTPOCHHUSI, TNOO 3TO TpeOyeT 3HAYUTEIBHBIX TPY03aTpart.

Bo-BTOpBIX, 3TO OYEHb AOPOTOCTOSIINE PEIICHHs, 1 OHU HE BCE JIOKAIM30BaHBI s
npuMmeHenuss B Poccun. Kpome TOro, Mx mnpakTuyeckoe MPUMEHEHHE TpeOyeT Halnyus
00y4YEHHBIX CHEIHATUCTOB.

VyuteiBas 3agaun OAO «IITCCy» no nmpoeKTUPOBAHUIO TEXHOJIOTHYECKUX MPOIIECCOB
HOBBIX KOPITyCOCTPOUTEIBbHBIX MPOU3BOACTB, M AaKUEHTHPYS BHHUMaHHE Ha [ETAIbHOM
IPOEKTUPOBAHUN TEXHOJOTUI BBIMOJIHAEMBIX B JIOKE, B UMUTAIMOHHOM MPHUJIOKEHUU OBLIN
pealin30BaHbl cleayomue GyHKINH:
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® OLIEHKA BBIIOJIHUMOCTH IPOU3BOACTBEHHBIX IPOTPAMM I10 CTPOUTEILCTBY CY/10B;

® HAaXOXJECHHE ONTHMAJbHBIX IIOKa3aTelel pabdoThl HMHGPACTPYKTYpHI 10Ka (IO
KOJIMYECTBY CYJOB, BDEMEHH CTPOUTENHCTBA U T.JI.);

e aHanu3 BIMSAHUS (PakTOpoB (00OpYAOBaHUE, TEXHOJOTHUS, MAPAMETPhI CTaIleIbHBIX
MO3WIMHU ¥ T.J1.) Ha IOKa3aTean (QyHKIIMOHNPOBAHNUS TIPOU3BO/ICTBA;

® [OMCK U YCTPaHEHHE Y3KHUX MECT MPOM3BOACTBEHHON CHCTEMBI (Ouepean, MpOCTOH,
neperpyska, u T.1.).

Coznanne coOCTBEHHOIO MMHUTALIMOHHOTO MPHJIOKEHUS ITO3BOJIMIIO HE OTPaHUYUBATh
CTENEHb JeTalu3aldd HMHUTALMOHHOM MOJEIM HHU TEOPETHUYECKH, HU TEXHUYECKH U
onpejensaigach 3aJadyaMy, IOCTABJIECHHBIMM HpuU pa3zpaborke. [IpuUHATBHIN B NpUIIOKEHUU
YPOBEHb JIETAIM3AIMN TEXHOJIOTUU CTPOUTEILCTBA CYJ0B IPUBEICH HA pUCYHKE 1.

MoToK cBOPOYHbIX M CEOPOYHO-MOHTaXHbIX
eaAuHNL, Nepea cyxmum AOKOM

!
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o
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MepeveHb U pa3zbUBKa CYA0B, XapaKTePUCTUKN
TPaHCMNOPTHOrO M KpaHoBoro obopyaoBaHMA

Pucynok 1. TexHoy10rusi CTpOMTENBCTBA CY/J10B B NPUJI0KEHUM

Bce naHHble B NPUIIOKEHUU JIOTHYECKM OpPraHU30BaHbI B BHUJE TpeX 0a3 JaHHBIX -
0a3pl JTaHHBIX MPEIMETHON 00nacTh, 0a3bl NaHHBIX MOeNell W 0a3bl JaHHBIX PE3yJIbTATOB.
Ot 6a3bl JaHHBIX JOCTYIHBI JIOOOMY MOJB30BATENIO, KaK Ul BBOJA JAHHBIX, TaK M s
HCIIOJIb30BAaHUs IPU MOCTPOEHUU Mojenu. B 0a3e naHHBIX mpeaMeTHON 00JIaCTH XPaHUTCS
obmas wuHpopMalMg O CTPOSIIUXCA CyJdaX, MPOU3BOJCTBEHHOM U TPaHCIOPTHOM
000py/I0BaHNH, TEXHOJOTUSX IOCTPOMKH, BapuaHTaX NPOM3BOACTBEHHBIX IUIAHOB M T.II.
Ilocne co3maHust MOAENM MOXKHO IIPOBECTH C HEHM OJMH MM CEPUI0 IKCIIEPUMEHTOB.
Pe3synbTaThl MoaenupoBaHUs COXPaHAIOTCS B 0a3e JaHHBIX PE3YJIbTAaTOB.

PaccMoTpuM OCHOBHBIE 3Tarnbl paboThI MOJIB30BATENS C IPHIIOKEHUEM.

BBoa McxXoAHBIX JaHHBIX M NMOCTPOeHHe MoJeJHM. B cocraB mpuiiokeHHUs BXOAUT
CeMb CIEIHATN3UPOBAHHBIX TEKCTOBBIX M I'pa)MueCKUX PEAaKTOPOB JUIsl BBOJA UCXOAHOM U
CTaTHUCTUYECKON MH(OpPMALINU, KOTOPbIE OPUEHTHPOBAHBI HA MPEAMETHYIO 00J1acTbh, y100HbI
U NIPOCTHI B UCIIOJIb30BAaHUU. OHHU MO3BOJISAIOT: BBOAUTH XapaKTEPUCTUKHU CTPOSLINXCS CYOB,
MPOM3BOIUTH pa3duBKy kopmycoB cynoB Ha CE u CME, ocyuiecTBisITh NpOEKTUPOBAHUE
TEXHOJIOTHI (pOpMUPOBaHMS KOPITyca Ha CTaneIbHOM MO3UIMH, KOHCTPYUPOBATh IIJIAHUPOBKU
JIOKOB U pa3MellaTh B HUX 00OpYyJIOBaHHE; 3a/7aBaTh MPOU3BOJCTBEHHBIM IJIaH MOCTPOMKHU
cyzoB; (hopmupoBats ian noctyrienuss CE u CME B nok.

B pesynbprare paboThl ¢ peakTopaMu, MOJIb30BaTeNb (JOPMHUPYET HAOOp NAHHBIX, IO
KOTOPOMY CTPOUTCSI MOZEJIb U IPOBOAATCS SKCIIEPUMEHTHI.

Buemnuil Bua pabourx OKOH pedakTOpPOB BBOJA MCXOJHBIX JaHHBIX U MOCTPOEHUS
MOJIENH, IPUBEACH HA PUCYHKE 2.
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PucyHnok 2. BBoa MCXOIHBIX JAHHBIX

IIpoBenenne 3xcnepuMeHTOB Ha Mojeau. [locie 3aBepiieHUs BBOJA HMCXOAHBIX
JAHHBIX MOXHO TPOBECTU C MOJEIBIO CEPHIO SKCIEPUMEHTOB. J[Isi 3TOro mojb30BaTelb
BbIOMpaeT KomaHay «MojenupoBaHue» W 3amyckaeT nporoH wmojenu. dopmupyembie
MpOrpaMMoOi pe3yibTaThl SKCIEPUMEHTA II03BOJISIOT IOJB30BATEII0 MPOAHATU3UPOBATD
BO3MOXXHOCTh BBITIOJIHEHUS MPOU3BOJICTBEHHOrO IUIaHa, 3arpy3Ky KpaHOBOTO 00OPYIOBaHUS
Y CTanelbHbIX O3UIINI, BOSHUKIINE CPBIBBI IOCTABOK H T.J.

AHaaM3 pe3yJbTATOB MOJeJHPOBaHUsA. AHalu3 TOJYyYEHHBIX Ppe3yJIbTaToOB
MO3BOJISICT ~ TEXHOJIOTY  NPOM3BECTH  KAUECTBEHHYI0 UM  KOJMYECTBEHHYIO  OIICHKH
(yHKUMOHMpPOBAHHUS JI0Ka B COCTaBe KOPIYCOCTPOUTEIBHOTO TMPOM3BOACTBA  IPHU
MIPEIOTPEICIIEHHBIX B JKCIIEPUMEHTE XapaKTePUCTUKAX U IMapaMeTpax IMpOHM3BOJICTBEHHOM
cuctembl. Dopmar npencraBiIeHUs pe3yIbTaTOB SKCIEPUMEHTA MPUBEEH Ha PUCYHKE 3.
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Pucynok 3. /[uarpaMMsbl OCTPOIKH 3aKa30B

Kpome UTOroBbIX CTaTMUECKHUX pE3YJIbTaTOB JKCHEPUMEHTA, MOKHO BH3YaJbHO
MIOCMOTPETh JTUHAMUKY COOpPKM CYyJIOB Ha CTamelbHbIX No3uuusAx. s 3TUX menei, mocie
KaXKI0T0 SKCIIEpUMEHTa, TPUI0KEHNE (POPMHUPYET aHUMAIIMOHHBIN POJTUK (PUCYHOK 4).
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Pucynox 4. AHmManus npouecca cOOpKH Kopmyca cyaHa

[lo pesynpTaTam cepuu 3KCIEPUMEHTOB, UIMUTALMOHHOE MPUIOKEHHE POPMUPYET U
BBIBOJIUT JIJAHHBIC B BUJE CBOJHBIX TpadUKOB IMOKazareneil paboTel mpousBojcTBa. [Ipumep
rpaduyeckoro NpeaCcTaBICHUS AaHHBIX MO AJUTEIbHOCTH TEXHOJOTHYECKHX ONepauuil u
BBITIOJIHUMOCTH MPOU3BOJICTBEHHON MTPOTrpaMMBbl, MPEACTaBICH Ha PUCYHKE 5.

BpeMA BLINONHEHMA NPOHIBCACTEEHHOM NDOTPAMMEI, CYTKH.
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Pucynok 5. IlpeacraBieHue CTAaTHCTUHYECKUX TAHHBIX

CoxpaHeHne pe3yJbTaToOB HcciaeqoBaHMii. J[F000i (parMeHT HCXOIHBIX JaHHBIX
o0acT mapaMeTpoB Mojenu (CBeAeHUs 00 0O0OpYIOBAaHUH, CHHCOK M XapaKTEPHUCTUKU
CYIOB, IUIAHUPOBKH JIOKA, TEXHOJOTHsS COOpPKM H T.O.), PE3YyJIbTaThl BBITIOJHCHUS
HKCHEPUMEHTa Ha MOJIEM M CPAaBHUTEJbHBIC PE3YJIbTAaThl CEPUN SKCIIEPUMEHTOB MOTYT OBITH
COXpaHEHbl W TpeJCTaBleHbl B ¢opmaTre TEKCTOBOro penakropa Microsoft Word. B
JanbHEeHIIeM MOXKHO HCIIONIb30BaTh 3TU JIAaHHBIC MPHU pa3pabOTKe OTYETHOM JOKYyMEHTAIH
0 TIPOEKTY MPOU3BOJICTBA: OTUYETOB, CIIPABOK, TEXHUYECKUX MPEIOKECHUH U T.1I.

[lpuMeHeHre WMMUTAIMOHHOTO MOJEIMPOBAHHMS Ha JTanax MPOSKTHPOBAHHS B
HACTOSIIIee BPEMs CTaJO OJHHM W3 CPEICTB BepH(PHKAINN MPUHIUMAEMBIX OpPTraHU3alHOHHO-
TEXHHYECKHX U TMPOCKTHBIX PEHNICHWH W ONTUMH3ALUH 3aTpaT Ha PEKOHCTPYKIIHIO
npennpusataii. B Hacrosmee Bpems OAO «ITCCy» BemonHSET pa3pabOTKy MPOEKTOB
MOJICpHH3ALUH TPOM3BOACTB Ppsla CYJOCTPOUTEIBHBIX M CYJOPEMOHTHBIX NPEANpPUSTHN
Poccuii, B Tom uncne OAO «IIC3 «Sfuraps», Kanununrpaa. B pamkax 3THX IpoOeKTOB
IUIAHUPYETCS HCIOJIBb30BaHWE HWMEIONIMXCS HAapaOOTOK B  00JAaCTH MMHTAIIMOHHOTO
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MOJICIMPOBAHMs, TIOIY4YEHHBIX B paMKax paHee BBIMOJHEHHBIX pabor. Ilpumenenue
pa3pabOTaHHOIO MNPUJIOKEHUS BO3MOXKHO [UI IPEIBAPUTENBHOM OLEHKH NPUHHUMAEMBIX
pelIeHN Ha HaYalIbHBIX dTanax pa3paboTKH MPOEKTOB CYy10COOPOUYHBIX KOMILIEKCOB Bepdeil.

Jlureparypa
1. deBsitkoB B.B. PykoBoactBo monb3oBarens mo GPSS World, Mactep Jlaiin, 2002.
2. KyapsaBueB E.M. GPSS World. OcHOBBl MMHUTAIllMOHHOTO MOJEIMPOBAHUS Pa3IUYHBIX
cucrem, JIMK Ilpecc, 2004.
3. leBsitkoB B.B. Pa3pabotka npunoxenunii B cpeae GPSS World Crates. - B ¢6. mokmanos
koH(pepernmun UMMOJI-2005 «MmuTanmoHHOe MOJEIUpOBaHKE. Teopus M TMPaKTHKAY.
CII6.: ®I'VII HHHUUTC, 2005.
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NMUTAIMOHHOE MOJIEJINPOBAHUE KAK HHCTPYMEHT OLHIEHKH
WHXEHEPHBIX PEIIEHUM ITPA PA3SPABOTKE ITPOEKTOB PA3BUTHS
CYAOCTPOUTEJIBHBIX U CYAOPEMOHTHBIX HPEAINIPUATUN POCCUHAN

M. A. loamatos, P. C. Hucenbaym, A. M. ILliiotHukos, . O. ®exoron
(Cankr-IleTep0Oypr)

Jlnist MUPOBOM MPAKTUKU pa3pabOTKU TEXHOJIOTHYECKUX MPOEKTOB PEKOHCTPYKIIUHU CY-
JOCTPOUTENBHBIX NMPEIIPUATHI XapaKTepHO NPUMEHEHHE METOI0B UMUTALIMOHHOTO MOJEIH-
pOBaHMsI C LENbI0 ONTUMHU3ALMU CXEM MAaTEpPHAIBHBIX IOTOKOB, COCTaBa M XapaKTEPUCTHK
TEXHOJIOTHYECKOr0 000pyNOBaHMA. DTO COKpAIAeT CPOKM U CHHXKAET TPYAOEMKOCTh IO-
CTPOMKH CyJIOB U Kopabiei.

Hcnonp30BaHne MHCTPYMEHTANbHBIX MaKETOB MMHUTALMOHHOTO MOJEIMPOBAHUS IO-
3BOJISIET COBMEIIATh PA3IMUYHbIE MOJXObI /Ul HOBBIMIEHHUS aJJeKBATHOCTH CO3/1aBa€MbIX MO-
Jiesiell peasibHbIM MPOU3BOICTBEHHBIM cucTeMaM. JJis OTeIbHBIX ()parMEHTOB IPOU3BOJICTBA
(Y4acTKOB, 11I€XOB) MOTYT HCIIOJIb30BaThCSI METOJbl JTUCKPETHO-COOBITUIHOTO MOJEIUpOBa-
Hus. B ciydae MopenupoBaHHS CIOXKHOIO OOOpPYIOBAaHMS Hapsily C JIUCKPETHO-
COOBITUMHBIMM METOJaMU MOTYT HPUMEHSTbCS U METOJbl areHTHOI'O MOJEIMPOBAHUS IS
0oyiee TOYHOTO OTPAKEHHS B3aUMOJCHCTBHS O0OpYyHOBaHUS ¢ MH(PACTPYKTYypOH ydacTka
WK 1IeXa ¥ 00CTyKMBAIOLIUM ITEPCOHATIOM.

Crnemnamucramun OAO «LITCC» pazpaboTaH psii MPOSKTOB PEKOHCTPYKIIMH CYIIO-
crpoutenbHbx npeanpuatuit Poccun (OAO «Anmupanreiickue Beppu», OAO «C3 «Cesep-
Has BepDb», OAO «I1C3 «SnTape» u HEK.ap.). OcOOEHHOCTHIO ATUX MPOEKTOB CTAJIO TO, UYTO
B KaXJIOM U3 HUX NPUMEHAJIOCh UMUTALMOHHOE MOJICIMPOBAaHUE JUIsl aHAIN3a (PyHKIIMOHUPO-
BaHUS MPOMU3BOJACTB C LIEJbIO0 ONTUMHU3ALMU CXEM MAaTEPHAIIbHBIX IOTOKOB, COCTAaBa M Xapak-
TEPUCTHK TEXHOJIOIMYECKOro o0opynoBaHus. PaccMOTpUM KpaTKoO MOJIYy4YEHHBIE Pe3yJIbTAThI
pabor.

B mpoekre pexkonctpykuuu npeanpustus OAO «C3 «CesepHas Bep(]b» BBIITOJTHEHO
MOJICIIUPOBAaHUE TPEX IPOU3BOACTB: KOPITyCcOOOpadaThIBAIOIIEr0, COOPOYHO-CBAPOUHOTO H
CTaIeNIbHOTO.

Lenp peKOHCTPYKIMHM — 00ECHEUYUTh TEXHUKO-3KOHOMHUYECKHUE MOKa3aTeNIl PEKOHCT-
pyHpyeMOoro npou3BOJICTBA MPEANPUATUS Ha ypOBHE Beaylux Bepdei mupa. Paccmatpuba-
JI0Ch HECKOJIbKO BapHaHTOB, KOTOPBIE OTIMYAINCH Ta0ApUTHBIMHU pa3MEPaMU UCII0JIb3YEMOTO
nmpokara (BapuaHT nucta 2x8 M u 3,2x12 M), a TakkKe KOMIUIEKTAllMed TEXHOJIOTHYECKOTO
000pYyI0BaHUS M €r0 KOMITOHOBKOW Ha ydacTkax. O0beM oOpabaThiBacMOro MeTallia TUTaHU-
pOBaJOCh 10BECTH B nepcrekTuBe 10 30 ThICSY TOHH MTPOKaTa B oO/.

enn monenupoBaHus:

— 000CHOBaHHE BBIOOpA MPOEKTAHTOM HanOoJiee ONMTHUMAIbHOM OpraHW3aI[MOHHO-
TEXHOJIOTUYECKOM CXEMBbI TPOU3BOJICTBA;

— mpoBepka  A(PQPEKTUBHOCTH  COBMECTHOTO  (YHKIIMOHMPOBAHUS  CIIOKHOTO
KOMILIEKCa 000PYA0BaHUS, PACIIONIOKEHHOTO B IIEXC;

— YTOYHCHHUE CXEMbl MAaTEPHAIBHBIX TOTOKOB U 3arpy3KU 000PYAOBaHHUS.

Co3mannas mMozens BKIrodana 6osee 50 eauHuI] 000pyAOBaHHS Ha yyacTKax KOPITY-
c000pabaThIBAIOIIETO W COOPOYHO-CBAPOYHOTO MTPOU3BOACTB, YUACTKE MPEIBAPUTEIHLHON 00-
paboTKHM METaJUIONpPOKaTa, @ TAK)KE Ha OTKPBITOM CKJIazie (PUCYHOK 1).
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Pucynok 1 — Cxema pa3meneHusi 000py10BaHus

st MonenupoBanus ucronb3oBaics naker AnyLogic Professional. B xauectBe uc-
XOJHBIX JAHHBIX HMCIIOJIB30BAHBI MPOEKTHBIC JaHHBIC IO OJHOMY M3 TpeJIaracMbIX BapHaH-
TOB MOJICpPHU3ALIMU MPOU3BOJICTBA, CTATUCTUKA MO pabOTe TEXHOJIOTUYECKOT0 000pyA0BaHNUS
Y TIPOM3BOICTBCHHBIX JTMHUM, TaHHBIC TUIIOBBIX TEXHOJIOTHYECKHUX MPOIECCOB, CTATHCTUKA 110
CTPOSIIIMMCSI U TUTAHUPYEMBIM K IOCTPOWKE Ha Bephu U3IAEIUSM.

Co3nanne MOAETH BBITIOIHSIIOCH C YY€TOM CIEIYIONINX TPEOOBAHMIA:

— BO3MOKHOCTHU MO3TAMTHOW MOJEPHU3ALINY;

— TMPOBEACHUE PEKOHCTPYKIMH 0€3 OCTAaHOBKU JICHCTBYIOIIETO MPOU3BO/ICTBA;

— COXpaHEHHE B MPOoIecce MOJCPHU3AIMH OTCIBHBIX €IUHHI] 000PYIOBAHNUS;

— BO3MOXKHOCTH pPa3MEIICHHUs Ha CYIIECTBYIOMIMX MPOU3BOJACTBEHHBIX ILIOIMIAIAX
JIOTIOJTHUTEIIHHBIX IPOM3BOJICTBEHHBIX YYaCTKOB;

— IIPOBEpKA UCIOJIb3YEMOU IIPUHIUITNATIBHON TEXHOIOTUU ITIOCTPOMKH.

CoznaHHas MoJeb MOJNJEPKUBAET PETYJIHUPOBKY CIEAYIOIIUX MapaMeTpoB: MEPUOJ
MOJICJILHOTO BPEMEHH, paclpeielieHHe TOJIIIUH M rabapuToB 3aKa3HOTO JICTA, paclpesene-
HUE 10 TUIaM JeTaliel, pexuMbl pabOThl 000PYIOBAaHUS U LIUKIIBI €0 «U3BATHUSY, JITUTENb-
HOCTb TPAHCIIOPTHBIX ONEpaIUid, YUCIEHHOCTh IEPCOHAIA.

Jlnst pa®oThI MOIB30BATENS ¢ MOJIENbIO cpeAcTBaMu AnylLogic paspaboran rpaduye-
CKHUH MOJIb30BaTeNbCKUI nHTEpdeic (PUCYHOK 2).

[Tonp3oBaTenbckuii HHTEP(EIC MO3BOIIAET OTCICKUBATH 3arPy3Ky MPOU3BOCTBEHHO-
ro 00OpyZ0BaHUs B MpPOIECCE IKCIIEPHUMEHTA, BIMOJIHATH PETyJIMPOBKY OCHOBHBIX MapaMeT-
poB (MPOM3BOJICTBEHHOW TporpamMMbl U pexkumoB padotelt MTP). B Monens Taxke Oblia
BKJIIOUEHA YIIPOIICHHAS aHUMAIIUS MaTEPUATLHBIX TIOTOKOB II€Xa.
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Pucynok 2 — Iloab30BaTenbckuil uHTEpPdeiic UIMUTALMOHHON MoaeIn

B pesyinbrare 3KCIEpUMEHTOB MOATBEP’KAEHA BO3MOXHOCTD BBIMIOJIHEHUS pacueTHOU
MPOTrpaMMBbI M yTOYHEHA 3arpy3Ka OTJENbHBIX €IUHHIl 000PYI0BAHUSI.

HMmutanmoHHas Mozienib IMOKa3ajia, 4To MPOIYCKHas COCOOHOCTh 000pya0BaHMS 1O
00paboTke mpokaTa pu padoTe B ABE CMEHBI MOXET OBITh YBEIMUYCHA ISl JIMHUU TIPEABAPHU-
TEeJIbHOW 00paboTKu — 110 2 pa3; o00py10BaHUs TEIUIOBOM pe3KH JMCTOB — A0 1,5 pas; pobo-
TU3WPOBAHHOHN JIMHUH 00pabOTKH MPOGMIBHBIX eTaneii — 10 2 pas.

ITpu peanuszanmu 3aJaHHOM pacueTHON MpOrpaMMbl y4acTKH COOPOYHO-CBAPOYHOIO
MIPOM3BOJICTBA OYAyT TOJHOCTHIO 3arpyKeHbl. ClieoBaTeIbHO, IPU YBEITUYEHUH TPOU3BO/I-
CTBEHHOM Iporpammsl Bep(hu noTpedyeTcs 3arpy3ka Apyrux HeX0B UIH YyYaCTKOB.

MopenupoBaHue TOATBEPAMIO, YTO PEKOHCTPYHPYEMOE IPOU3BOJICTBO MO3BOJISET
OCYyILECTBUTh 00paboTKy 70 30 ThICAY TOHH MeTaJlIoNpokaTa B roa. [TonTBepxaeHa BO3MOX-
HOCTB BBITTOJTHEHHS TOAOBOM PACYETHOM MPOTpaMMBI IIPH 2-X CMEHHOW padoTe mexa.

ITpu 3aaHHOM pacyeTHOW MporpamMme U 2-X CMEHHOH paboTe poOOTU3UPOBAHHBIE JIH-
HUM COOPKH M CBAPKH IUIOCKUX CEKIUI U MUKPOMAHENeH 3arpy>KeHbl TOYTH MOITHOCTHIO.

IIpoekTt pekoHCTpyKIMHU KopitycocTpouTenbHoro npousogactsa OAO «C3 «CesepHas
Bep(b» pa3pabaThIBaJICS C IETBI0 CO3IaHMUS COBPEMEHHOTO MTPOU3BOJICTBA, OPHEHTHPOBAHHO-
IO Ha CTPOUTEIBCTBO IIUPOKON JIMHEHKHU CYZI0B U KOpaOJe.

B cocraB umHTEpdeiica Momenu KOpPITyCOCTPOHWTEIBHOTO IPOU3BOACTBA BKIIOYCHA
aHMMalus 3TarnoB (OPMUPOBAHUS CEKIMA, OJIOKOB U Apyrue cOOPOUYHBIX €MHHULL CTPOSIILETO-

s 3aKa3a Ha crarene (pUCyHOK 3).

Pucynox 3 — ®@opmMupoBaHue 3aka3a Ha cranese (pparmMmeHTbl HHTEepdelica Moaean)
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C ucnons3oBanueM nakera AnyLogic cneranucramu OAO «L{TCCy» pa3paboTtaHbl
TUIIOBBIE UMUTALMOHHBIE MOJIETTH KOPITYyCOCTPOUTEIBHBIX POU3BOCTB, OMUCHIBAIOIINX MPO-
IIECC CTPOUTENILCTBA PsiJia KJIACCOB CYA0B U Kopabieid. Bei6op 1t pa3paboTKu TUIOBBIX MO-
Jieneld KOpIyCOCTPOUTENBHOTIO MPOU3BOICTBA OOYCIIOBJIEH TEM, YTO 3TO Hambosee Ba)KHBIN
NepUOJI CTPOUTEIBCTBA CYJHA, TPYJOEMKOCTh BCEX paboT, BBHIMOJHIEMBIX HAa MOCTPOCUYHOM
Mmecre, gocturaet 40 % o01ei TPy 10€MKOCTH MTOCTPOUKH.

Pa3zpaboTke MMHUTAIIMOHHBIX MOJENICH MpPEeIIeCTBOBAI CUCTEMHBIA aHAJIN3 KOPILYCO-
CTPOUTENBHBIX MPOU3BOACTB OTEUECTBEHHBIX Bep(dell Kak COBOKYIMHOCTH MPUHIMITHAIBHBIX
OpraHU3al[MOHHO-TEXHOJOTUYECKUX PELIEHUH, TEXHOJIOIMUECKUX MPOLIECCOB U KOMIIOHOBOY-
HBIX CXeM. bbUln cucTeMaTu3UpOoBaHbl U MPEACTABIEHBI B BUJIE OTACIbHON 0a3bl TaHHBIX HE-
00x0ouMBIe 1T pa3pabOoTKu MOJIeNIel MaTepUalbl.

OO0mue XxapakTepUCTHKU KOPITyCOCTPOUTENBHBIX NMPOU3BOJICTB, HA OCHOBE KOTOPBIX
0Ka3aJ10Ch BO3MOKHBIM BBIIOJIHUTH TUIIHU3ALMIO, CIEAYIOIINE: TUIl IOCTPOSYHOIO MECTA, TUI
HCIIOJIb3YEMOT0 KPaHOBOT'O U TPAHCIIOPTHOTO 000PYI0OBaHUS, KJIACC CTPOSIIIUXCS CYI0B.

B oTenbHBIX caydasx B MOJAEISX MPEIyCMOTPEH YUET MPOLECCOB MOHTaXa KPYIHBIX
eIuHUI 000pyA0BaHUs (0COOEHHO ISl 3aKa30B OOJBIIOTO Bogou3MeneHus). s kaxmon u3
Mojiesielt pa3paboTaH cBOM MOJIB30BATENbCKUI HHTEpdEic (PUCYHOK 4).
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Pucynoxk 4 — UnTepdeiic THIIOBOIi NMATAMOHHOMH MO TN

B coctaB THIIOBBEIX HUMHUTAIIUOHHBIX MOIIGJ'IGI\/JI BKJIFOUCHBI CJICAYIOIIHUEC BUIbL 06I>CKTOB:
TPAaHCIIOPTHOE M KpaHOBOE O0OpYyIOBaHWE, TUIABYyYHE JOKH, CTAIlCbHBIC YYaCTKH, APYTHE
MPOM3BOJICTBEHHBIC YUACTKH KOPITYCOCTPOUTEIHHOTO MPOU3BOICTBA.

Br100p TOTO MIIM HHOTO TEXHOJIOTHYECKOTO MPOIIecca KOPITyCOCTPOUTEILHOTO TPOU3-
BOACTBA BBITIOJHAJICA B 3aBUCUMOCTH OT pAaa (I)aKTOpOB, B YaCTHOCTHU OT KJIaCcCa CTPOALICTO-
csl IpoeKTa. beimi mpopaboTaHbl HECKOIBKO BAPUAHTOB MPUHITUITHAIBHBIX TEXHOJIOTUH, OpH-
CHTHUPOBAHHBIX Ha pCAJIN3allMi0 BO BHOBb CO3/1aBaCMbIX (HHaHI/IpyCMBIX K COSI[aHI/IIO) mpouns-
BOJICTBaX. Bce BapHaHTHI pa3HATCS KJIACCAMU M THITAMU TUIAHHPYEMBIX K CTPOUTEIBCTBY CY-
JIOB M Kopabuieii ((perar, KOpBET, TaHKEP, Ta30BO3, CyXOTPy3, KaTep), UX BOJOU3MEIICHUEM U
06beMoM 0OpabaTeiBaeMoro Metasuia B rof (o 120, 46 u 5 ThIC.TOHH).

IIo KaXXIOMY IIPOCKTY B UMUTAIIMOHHYIO MOJCIIb BKIIIOYAJINCH CICAYOIINEC JaHHBIC!

— KOJIMYECTBO COOPOYHBIX OJIOKOB M KOJUYECTBO CEKIMI B COCTaBe OJIOKOB;

— YKpPYIHEHHBIC JaHHBIE MO TPYJOEMKOCTH BBITIOJHEHUS COOPOYHBIX OIEpaIHii

HKM MTMTC 2011 - SCM MEMTS 2011 67



(cpenHecTaTuCTHUECKHE 3HAUCHUS; MaTeMaTHUECKUE pacTIpeieNIeHUs pa3IndHOro poja);

— wuHpOpMaIHs O IMOCIIEIOBATEILHOCTH (OPMUPOBAHUS KOPITyCa HAa MOCTPOCYHOM
MeCTE U3 CEKIUH 1 OJIO0KOB;

— TUIaHMpYyeMas TOJI0Bask MPOU3BOJICTBEHHAS MPOTPaMMA.

B kauecTBe mpou3BOACTBEHHON HH(POPMAIIUU B MOJENSIX UCTIOIb30BATHCH:

— JIaHHBIE M0 TEXHOJOTHH U3TOTOBIIEHUS KOPITYCOB Ha CTAaNeNIbHbIX MO3UIUIX;

— yCpeIHEHHBbIC BPEMCHHBIC XapaKTCPUCTUKN (YHKITMOHUPOBAHUS TPAHCIIOPTHOTO H
KpaHOBOT0 000py0BaHUs (HOPMATUBHBIC U CTATUCTUYECKUE TaHHBIC);

— HOMEHKJIaTypa OCHOBHBIX 3JIaHUN U COOPYXEHHH (31aHUs, MOCTPOEUHbIE MECTa),
OCHOBHBIE UX XapaKTEPUCTUKH;

— JIaHHBIE IO CKJIAJICKUM IUIOMIAIKaM (MECTOPACTION0KEHHE, BMECTUMOCTb).

Pa3paboTrka Moierneli BBIMOIHEHA C YISTOM CIICTYIOIINX OCOOCHHOCTEH:

— YYacTKH MOTYT pa3MeNIaThCsi KaK B Pa3IMUHBIX MPOJETaX OAHOTO II€Xa, HO U B
OTJIENbHBIX 3/1aHUSX;

— Ha NPEANpPHUITHU MOTYT OBITh TTOCTPOEYHBIE MECTa PA3JIMYHOTO THUIA W BapHaHTa
WCIIOJTHEHUS;

— 13aKasbl, CTPOSIIIUECS Ha CTANeIbHBIX IJIOMIAIKAaX, MOTYT OTHOCUTHCS K PazHOMY
KJaccy (T.e. UMETh Pa3UYHBIN AITOPUTM (POPMUPOBAHUS KOPITyCa);

— CTPOUTENBCTBO CYJIOB ONPEIEICHHOIO Kilacca MOXeT TpeboBaTh yueTa
B3aUMOJICICTBUS CTaIENs C APYTUMU MPOU3BOJICTBEHHBIMU 1I€XaAMU;

— 33Iep)KKM B TIOCTaBKE pa3IUYHOTO OOOpYyJOBaHUS, YCTaHABIMBAEMOIO Ha
CTPOSIIIIMXCS 3aKa3aX, 3HAYUTEILHO BIUSIOMINX HA JJIUTEITHHOCTh CTAIEIBHBIX PadoT.

[lepeueHb OCHOBHBIX yHPAaBISIONIUX MMAapaMeTPOB BKIIOYAN MapaMeTphl, BIUSHUE KO-
TOPBIX IO KCMIEPTHOM OLIEHKE Ha MPOU3BOCTBEHHBIE MPOIIECCH U ITTUTEIHHOCTD CTANEIbHO-
ro nepuoaa 6w110 OBl Hanbosee 3aMeTHO. TakuMU MapaMeTpaMu ObLIH: HACHIIIEHHOCTh CEK-
LIUNA U CMEHHOCTH PaOOTHI.

BrinonHeHne 5KCepuMEeHTOB Ha UMUTAIIMOHHON MOJENN OCYIIECTBISIOCH B IENSX:

— TMOJy4YeHHsI CTATUCTUKH MO paboTe MOJAENU JAJs OLUEHKU BIMSHHS PEryJHUpYyEeMbIX
rapaMeTpoB Ha IJTUTEIBHOCTh CTAINEIbHOIO MEPUO0/IA;

— aHanmu3a «y3KHX» MECT U BBISIBICHUS BO3MOXKHBIX MMyTeH UX JIMKBUAALINN;

— OLEHKU BIUSHUS HACBHIIICHHOCTH CEKIUH, MOCTYMAIOMUX Ha cOOpKy OJIOKOB, Ha
JUTUTEIHHOCTh CTAMENbHOTO MEPUO/IA U OMPEIEICHHUS ONTUMAIbHON UX HACHIIIIEHHOCTH.

Pe3ynbTaThl SKCIIEpUMEHTOB TTO3BOJIMIN C(HOPMYITHPOBATH U 0OOCHOBATH pEKOMEH/Ia-
LMY TI0 ONTUMAJILHOM 3arpy3Ke Opurajl Kak Mmpu BBIMOJTHEHUN COOPKU U CBapKH OJIOKOB, TaK U
nipu GOPMUPOBAHUHU KOpIyca u3 010koB. [lomydeHa cTaTuCTUKA 10 JITUTEITBHOCTH (hOPMHUPO-
BaHUsl COOPOYHO-MOHTAXKHBIX €IUHUI, JIUTEIBHOCTH CTAalelbHOro mepuojaa, chopmMupoBaH
rpaduk mocTpoiiku 3aka3a. [1ocTpoeHBI KpUBEIE, OTPAXKAIOIINE 3aBUCUMOCTh OOIIEH MPOJI0JI-
KUTEIBHOCTH (POPMUPOBAHUSI COOPOUYHO-MOHTAKHBIX €IUHUIl U COOPKU KOpITyca OT pekuMa
paboThl TPOU3BOACTBEHHBIX YYACTKOB M MEPBOHAYAIILHON HACBHIIIEHHOCTU CEKIUH (PUCYHOK
5), MOCTyMaroIuUX Ha CTanejlbHylo Mmo3uiuio. [lodyyeHHass CTaTUCTHKA MO3BOJMIA CAENATh
BBIBOJIBI 00 ONTHUMAJIBHBIX 3HAUYCHUSX PETYJIHPYEMBIX MapaMeTpoOB M, CJIEIOBATEILHO, TaTh
PEKOMEHIALNY IO ONTHUMAIIbHBIM peXUMaM (PYHKIIMOHUPOBAHUS TIPOU3BOCTBA.

XapakTep KpHBOM TMOKAa3bIBAET, YTO MOBBIMICHUE HACBIIIEHHOCTH TMOCTYMAIONINX Ha
CTamneNbHYyI0 MO3UIUI0 CEKIIU BBIIIE PEKOMEHIYEMOro 3HA4Y€HHs HE MPUBOJIUT K CKOJIBKO-
HUOYJb 3HAYUMOMY COKPAIICHUIO JJIUTEILHOCTH CTaneIbHOTO Iepuonaa. J{aHHBIA BBIBOJ
MPUMEHHUM TOJBKO K MUCCIIEJOBAHHOMY MPOU3BOJICTBY, U OOYCIIOBJICH OTPaHUYCHHUSIMH U OCO-
OCHHOCTSIMU KOHKPETHOM MPOU3BOJICTBEHHON CUCTEMBI IPEATIPUSITHSL.

Co3naHHass UMUTAIMOHHAS MOJIENb MPOU3BOACTBA MO3BOJSET aBTOMATUYECKU OIpe-
JEUTH 3HAYCHHS T€X WM MHBIX MPOU3BOJICTBEHHBIX IMAPaMETPOB, KOTOPHIC TIPHU TPAJAUIIHOH-
HBIX MOJXOAaX OMpPENesUIUCh (M OMPEAENAIOTCA A0 CHX MOpP) METOJAaMH MPSIMOTO pacueTa, ¢
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UCIIOJIb30BAaHUEM HOPMATHUBHOW M MPOEKTHOM JOKYMEHTalUU. DTO MO3BOJIAET, C OJHOU CTO-
POHBI, UCIIOJB30BaTh BCE paHEE COOpaHHBbIE CTATHUCTUYECKUE JTAHHbIE M MH)KEHEPHBIN OINBIT
CHELHAITNCTOB, a C IPYToil — ONepaTUBHO YYUTHIBATh BCE M3MEHEHUS B MPOEKTE U OTPabOTKY
BAapUAHTOB €r0 UCIOJHEHUs, NOTY4YUTh 00Jiee TOUHbIE 3HAUEHHsI HEOOXOIUMBIX MapaMeTpOB,
4YeM IIPU TPAJULMOHHO IIPUMEHSIEMOM pacyeTe.
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PI/IcyHOR 5 — 3aBHCHMOCTD CTaNEJIbHOIO nepuoaa oT HAaCbIMEHHOCTHU CeKIIl/li/i

Ombir OAO «ITCCy» moka3zain, 4To MCHOJIb30BAaHUE WMHUTAIMOHHBIX MOJEIEH TpPHU
pa3paboTKe MPOEKTOB MOACPHHU3AIMUA U PEKOHCTPYKIUH KaK CYIIECTBYIOIIMX, TaK M HOBBIX
MIPOU3BOACTB CIIOCOOCTBYeET Oosee Ah(HEKTUBHOMY PEIICHHIO 3a/1a4 ONTHMHU3AIUN TTPOU3BO/I-
CTBEHHBIX CHUCTEM M TEXHOJIOTMYECKUX TpoleccoB. Pan poccuiickux Bepdel yxe ocozHanu
BCI0O B@)KHOCTb MPEIBAPUTEIBLHOTO «BUPTYyaJIbHOrO» MojenupoBaHus. [losToMy mnpakTHka
BKJIFOUCHUSA B COCTAB BBLIIIOJHACMBIX MPOCKTHBIX pa60T CO3JaHNEC MMUTALIMOHHBIX MOI[G.HGI\/'I
JUIsl aHanM3a (PyHKIMOHUPOBAHUS MOJCPHU3UPYEMBIX MTPOU3BOJCTB BOCIIPUHUMAETCS ceifuac
KaK BIIOJIHE HEOOXOAUMAas K PEIICHUIO IPOCKTAHTOM 3a7a4a.

B nacrosimee Bpemst B OAO «IITCC» pa3pabareiBaeTcsi HECKOIBKO MPOEKTOB PEKOH-
CTPYKIIMH MPOM3BOJICTB Psiia OTEUECTBEHHBIX U 3apyOekKHBIX NPEANPHUATHH, B paMKaX KOTO-
PBIX TUTAHUPYETCS UCIOJIB30BAaHUE paHee MOMyUYEeHHBIX HapaOOTOK B 00J1aCTH UMUTALIMOHHOTO
MOACIINPOBAHUA TPOU3BOJACTBCHHBIX IMPOLCCCOB CYJOCTPOUTCIIBHBIX HpGI[HpHSITHfI.
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OBBLEKTHO-OPUEHTUPOBAHHBIN HOAXOA K PASPABOTKE TPEHAKEPA
I'PY30BbIX OIIEPAIIMN HA MOPE

A. B. Kuntuasrii, FO. b. KoJsecos, /1. B. Jledenes, 1O. b. Cennuenxos, C. B. Tapacos
(Cankr-IleTepOypr)

1. BBenenue

[Toctpoenune TpeHaxépa COBpEMEHHOTO I'py30BOro cyaHa [1] moapasymeBaer co3-
JaHWE U 00beAMHEHNE MAaTeMaTUYeCKUX MOJIeNield CyJOBbIX TEXHOJIOTHUYECKUX cUcTeM. B
WX YUCIIO BXOJAT TaKue CHUCTEMBI Kak OajiacTHas, Tpy30Bas, CUCTeMa WMHEPTHOTO rasa,
M0KapOTYLIEHUS, OYUCTKH IPY30BbIX TAHKOB U T. M. DTH CUCTEMBI COCTOSAT U3 OOJIBIIOTO
KOJIM4eCTBa 3JieMeHTOB. Hampumep, rpy30Bble CUCTEMBI TAHKEPOB-IIEPEBO3UYNKOB XUMHU-
KaTOB MOTYT COCTOSITh M3 HECKOJBKHX JECSITKOB TaHKOB, COT€H TPYO M yHpaBJISIOIINX
KJIamaHoOB. MaTemMaThueckoe MOJETUPOBAHUE MOAOOHBIX CHCTEM B peallbHOM BpPEMEHHU
SIBIIIETCSL IOCTAaTOYHO CJIOKHOM 3amadeil u TpedyeT ocoboro noaxoaa. CIOXKHOCTh MaTe-
MAaTUYECKOT0 OMUCAHUs TMHAMHUKHU MMOBEJCHUS pACCMAaTPUBAEMBIX CUCTEM 3aKJIIOYAECTCA B
TOM, YTO 3Ta JUHAMHUKA OMPEACIAETCS HECKOJIbKUMH ThICSIYaMU HEJMHEUHBIX nuddepeH-
[HaNbHO-aNTeOpandyecKuX ypaBHEHUN MEepEeMEHHON CTPYKTyphl. JIoruka u3MeHeHus cuc-
TEMBbl YPAaBHEHHMH ONpeAeiseTcsl ThicAdamMu yciaoBui. IlocTpoeHne tako monxenu Bpyd-
HYI0 — 3ajJadya NpakTUYECKU HEBBINOJHUMAS. EAMHCTBEHHBIM BBIXOJOM SBIISIETCS HC-
MOJIb30BaHWE KOMIOHEHTHOTO MojenupoBanus [2]. CoBpeMeHHOE KOMIIOHEHTHOE MOje-
JUpOBaHUE SIBISETCS 00BEKTHO-OpUEeHTHPOBAHHBIM [3]. lpu wcmoib30BaHUM ITOTO MOA-
X0/a TIPOBOJIUTCSI OOBEKTHO-OPUEHTUPOBAHHBIN aHAIN3 MPUKIAAHON 00J1aCTH, B PE3YJib-
TaTe KOTOPOTO BBIAEIAIOTCS TUIOBBIE KJIACCHI M OTHOILEHUS HACJIEAOBAHUS MEXK]Y HUMH.
OmnpeneneHus 3TUX KJIACCOB HA MaTeMaTUYECKOM yPOBHE COCTABIISIOT OMOJIMOTEKU THUIIO-
BbIX KOMIOHEHTOB. OnMcaHue CTPYKTYpPbl MOJEIN U TUIIOBBIX KOMIIOHEHTOB MPUBOJAUTCS
B TepmuHax si3bika UML cpensl pazpaborku Matematuyeckoil moaenu. Konkpernas mo-
neiab coOupaeTcs U3 3TUX TUIIOBBIX KOMIIOHEHTOB, COCAUHEHHBIX CBs3SIMU. COBOKYIHOE
MMOBEICHNE BCECH MOJEIH B IICIOM BOCCO34ACTCS MCIOJHSIIOIMICH CHCTEMOM, BXOISIICH B
COCTaB MHCTPYMEHTa MOJEIUpPOBaHUS. /[ MCHONb30BaHUS MOJENH B TpeHaxkEépe HeoOo-
XOJAUMO CO3/aTh BBHITIOJHSIEMBINA MPOTPaMMHBIN KOA. DTO KOJ T€HEPHUPYETCS MHCTPYMEH-
TOM MOJEIUPOBAHUS 110 MATEMaTUUYECKOMY OIMCAHHUIO CUCTEMBI M BKJIIOYAETCS B COCTaB
porpaMMHOTO oOecrieueHus: TpeHaxépa. ONHUCAaHHBIM MOAXO0J COOTBETCTBYET TEXHOJO-
TUU «IPOEKTUpOBaHME Ha 0a3ze MOACITHPOBAHUSA», ACKIAPUPOBAHHON KOpHOpalueit
MathWorks [4]. UMeHHO Takasi TeXHOJOTHs Obla BHEApPEHa B pa3pabOTKy MOPCKHX TEX-
HOJIOTUYECKUX TpeHaxkEépoB kommaHuen «Tpanzac». B kauecTBe cpeactBa pa3paboTKu
MHOTOKOMITOHCHTHBIX MojeJie Obuta BhIOpaHa cpenma MonenupoBanus «Model Vision
Studium» [5].

B nHacTosimiell ctatbe NETATBHO OMUCHIBAETCS MCIOJIB30BAHHBIA MOAXO0 K MOCTPOE-
HUIO MaTEMaTUYECKUX MOJIEJIel MHOTOKOMIIOHEHTHBIX cUCTEM. B pazzaene 2 mbl onumiem ap-
XUTEKTYPY U MPOJAEMOHCTPUPYEM MATEMATUYECKOE COACP’KaHUE THUIMMYHOW MOJEITH MHOTO-
KOMITOHEHTHOH cucteMbl. B pa3nene 3 Oyner AaHO onmucaHue cpebl pa3padOTKH.

2. ApxuTeKTypa MoJeJIu
2.1. Onucanue MaTeMaTHYIECKOH MOJeIu

MareMaTH4eCKUMH MOJEISMU TPEHAXKEPOB B HAIIEM CIIy4yae SIBISIOTCS CIIOXKHBIE
JUHaAMU4ecKue (FrHOpUIHBIE) CUCTEMBI, TIOBEJEHUE KOTOPBIX 3aBUCUT OT COOBITHH (B Kax-
Ipli  MOMEHT BpPEMEHHM pelaercss OJHa U3 MHOXECTBa CHUCTEM  airedpo-
g depeHnaIbHBIX YpaBHEHUN O0NbIIONH pa3MEPHOCTH, OPOKAAEMOT0 T'MOPUIHBIM aB-
tomMaToM). Tak Kak MOJeNb CTPOUTCS M3 OONBIIOrO YHCIA TUIMOBBIX KOMIOHEHTOB, HC-
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N0JIb3yeTcsl 00BEKTHO-OPUEHTHUPOBaHHBIM moaxos [2]. Kaxnablii KOMIOHEHT TpeHakepa
O0OBIYHO COIEPKHUT CBOW COOCTBEHHBIM TMOPUIHBIN aBTOMAT (KapTy moBenenus [2]). Ta-
KUM 00pa3oM, MaTeMaTUYeCKHE MOJEIHM TPEHAXEPOB MPEACTABISIOT cO0O0H mapasielnb-
HYI0 KOMITO3UITMIO OOJIBIIOT0 YKCiIa THOPUAHBIX aBTOMaTOB. CorilacoBaHue padOThl THO-
PUIHBIX aBTOMAaTOB KOMIIOHEHTOB OCYIIECTBISAETCS C NOMOIUBIO NPUHYUNA CUHXPOHHOU
komnozuyuu [2]. B Moaensax ucnonb3yeTcs A6Has CUHXPOHU3aYUs TUOPUIHBIX aBTOMATOB,
OCYLIECTBJIsIEMasi C TIOMOUIbIO MEXAHU3MA CUCHANO08 - CUTHAJBl MOCHUIAIOTCS BCEM T'HO-
PUAHBIM aBTOMAaTaM KOMIIOHEHTOB NPU HACTYIUIEHHHM JUCKPETHOTO COOBITHS B OJIHOM M3
Hux [3]. [Ipuknagnas obnacts (rUAPOAMHAMUKA, a3pOAMHAMUKA, YIIPABJICHHE) MPEIoia-
raeT MCMOJIb30BAHUE KOMIIOHEHTOB C BHEIIHMMH MEPEMEHHBIMHM THUIA «KOHTAKT-IIOTOK)»
(«busmueckoe» MOJEIMPOBAHNE) U MEPEMEHHBIMH THIIA «BXOA-BBIX01». Mcmonb3oBaHue
TE€XHOJIOTUH «(U3MYECKOT0» MOJEIUPOBAHUSA MPU MOCTPOECHUU TPEHAXKEPOB MPUBOAUT K
HEOOXOIMMOCTH CTPOUTH TEKYIYIO cUCcTeMY anreOpo-auddepeHnnanbHbIX ypaBHEHUH BO
BpeMs MCIOJIHEHUS MOJENIH, YTO OOBIYHO TPYJHO COBMECTHUMO C TpEOOBAHHEM MOJAEIIHU-
pOBaTh B peajbHOM BPEMEHHU. YKa3aHHOE HMPOTHUBOPEUHE yAANOCh MPEOA0JNETh, TaAK YTO
CO37]aBa€Mble TPEHAXEPbl, HE CMOTPsI Ha OOJBIIOE YUCIO YPaBHEHUH, SBISIOTCS MOJAEISA-
MU, pabOTaIOUIMMHU B PEaIbHOM BPEMEHHU.

Maodel

Library  System 2

Base Classes

| Devices
Elements

Subn}uem

Puc. 1 O0mas crpykrypa moaesan Model
2.2. Onucanue MpPoeKTa MOaeJIu

[Tpoexkt Model maremaTuieckoil MOJEIH CIOKHON TUHAMUYECKOW CUCTEMBI COCTOUT
u3: 1) BHEIIHEro TakKeTa JJIEeMEHTapHBIX KoMIOoHeHTOB Math Hydraulics, 2) makera yct-
poiicTB cuctembl Devices, 3) makeTta moacucteM Subsystems, peanu3yromuX MOJHbIH QyHK-
IIMOHAJI CUCTEMBI B 4) oO0beauHstomero knacca Model. Kaxnpiii maker coctout u3 Habopa
kiaccoB. O0Imas CTpyKTypa Mojenu mokasaHa Ha Puc. 1. PaccMoTpum mo-oTaenbHOCTH CO-
CTaBHBIC YACTH MOJICITH.

Ilaxem snemenmapuwix komnonenmos Math Hydraulics cocrout u3: a) makera a0cT-
PaKTHBIX 0a30BBIX KJIACCOB M b) IMakeTa KJIACCOB, MOJICIUPYIOIINAX dJIEMEHTapHbBIC (YHKITHO-
HAJIbHBIE COCTABJISIONINE CUCTEMBI (TaKue Kak: TPyObl, KJIanaHbl, EMKOCTH, HACOCHI U T. II.).

Ilakem ycmpoticme Devices CHCTEMBI TIPEICTaBIsET cO00H HAbOp KIACCOB, MOJICIH-
PYIOIIMX OTAENbHbIE TEXHOJOTUYECKHE Y3IIbI CUCTEMBI (HallpuMep, TAaHK C HACOCOM, Harpe-
BaTeJIeM, IPIICTAIOIIUMHA TPYOaMH U yIIPABIISIONUMU KITallaHAMH).

Ilakem nodcucmem Subsystems siBisieTCsI HAOOPOM KJIaccoB, 00BEAMHSIOMINUX MOJICIH
Pa3IUYHBIX YCTPOHCTB B MOACHCTEMBI MOJCIHUPYEMOU CHCTEMBI (HAIIpUMEp, TPYyIIa TPy30-
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BBIX TAHKOB, BXOJSIIAasi B COCTaB CUCTeMbl Cargo WM MOACUCTEMa TeHepallud WHEPTHOTO
rasa, sIBJIIOIIAsICS COCTaBHOM yacThio cuctemsl InertGas).

Hakonen, xracc Model a) o0beArHSIET BCE MOJCUCTEMBI B €IMHOE II€JI0E, U b) ympaB-
JSET TMOBEJCHUE YCTPOMCTB C MOMOIIBI0 CUTHAIOB. DTOT KIACC UMEET CBOIO KapTy IMOBEJIE-
HMUAL.

DT COCTaBISIONINE MOEIN OYIyT MOJPOOHO PACCMOTPEHBI HIKE.

2.3. ITaket 3s1eMeHTapHBbIX KOMNOHeHTOB Math_Hydraulics

Knaccel, BXoas1uye B 3TOT MaKeT MOXHO pa30UTh HA JIBE TPyNIbI: aOCTpaKTHBIE 6a30-
BbIE KJIACCHI U KJIAcChl (DYHKIMOHAIBHBIX JIEMEHTOB. [lakeT comep kT Takke OOLIHe KOH-
CTaHTBI, THITBI JaHHBIX, CIIEUU(PHUYECKHE s pelIaeMbIX 3a1ad, U OOIIUe I BCEX KJIACCOB
MpoIeTyphl U PYHKINH.

2.3.1. KoHCTaHTHI M THIELI JAHHBIX

B OubnmroreyHoM makeTe OnpeessitoTCs MOJIb30BATEIHCKUE TUIIBI JAHHBIX, YI00HBIC
JUISL pelIaeMbIX 3a/1ad THUAPO- U a’spoauHaMuku. Hanpumep, Uit co3nanust MaTeMaTH4eCKOM
MOJIeTT TPYOOIPOBOJIa HMCIIONB3YIOTCS IK3EMIUIAPhI Kiacca Pipe. DTOT kiacc mMeer aBe
TpyNIbl BHEITHUX MEPEMEHHBIX, OMHUCHIBAIOLINX CBOMCTBA >KUIKOCTH Ha 0OOUX KOHIIaX MO-
JETUPYEMOTO MOTOKA BEIECTBA B TPyOe, TaKue Kak: JaBJIECHUE, PACXOM, TEMIIEpaTypy, BEK-
TOp KOHIIeHTpaiuii u apyrue. Ux yao6HO 00beAMHUTD B eUHBIN THI JaHHBIX liquid:

type liquidis

connect or
contact P doubl e; -- pressure [bar]
fl ow Q doubl e; -- volume flow [n8/s]
contact T: doubl e; -- tenperature [K]
contact conc: vector; -- concentrations [%

.. -- other functional and auxiliary vari abl es
end connector;

U Torna, Hanpumep, B kiacce PipeBase M0OHO MCITOJIB30BaTh TOJBKO JBA BHEITHUX
KoHHeKkTOopa inlet u outlet: connector inlet: liquid;connector outlet: liquid; onmuceiBaro-
IIMX XapaKTEPUCTUKH BEIIeCTBAa HAa 000OUX KOHIIAX TPYOBI.

JIpyrum IpuUMepOM I0JIb30BATEIBCKOTO TUIA JaHHBIX MOXET ObITh Ha0Op mapamer-
poB data_pipe, XapakTepHu3yIOIUX CBOWCTBA TPYOBI (BBICOTHI KOHIIOB TPYOBI, AHAMETD, JJIU-
Ha, KOOPPHUIHUEHT TPeHHUs):

type data pipe is

record
hei ght _in: double; -- inlet height [n]
hei ght _out: double; -- outlet height [nj
di am doubl e; -- pipe dianeter [nj
| en: doubl e; -- pipe length [n]
dzet a: doubl e; -- coefficient of |ocal hydrodynamc | oss
end record,

Kimacc PipeBase comepxut rpynmy mapamerpoB Data Pipe: parameter Data Pipe:
data pipe;
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2.3.2 Ba3oBble Kiaacchbl

B uuncio 0a30BBIX KIacCOB BXOOAT Takue Kkiacckl kak ModelBase, Container,
PipeBase, ValveBase, TankBase u 1. 1. OTH Kiaccsl copepkaT 0a30Bble KOHCTaHTHI, TMapa-
METpBI, IEPEMEHHBIC (BHEIIHUE W BHYTPEHHHE) U METOABI (Mpoueaypsl U GyHKIIUH), KOTO-
pBI€ B JAIBHEUIIIEM HCIIONB3YIOTCSI HACTICTHUKAMH.

Kaxxnprit kimacc OuOMMoTeKkH (3a UCKITIOYEHUEM yIIpaBisitomux kiaccoB ModelBase u
Controller) sBisieTcst HacieqHuKoM kiacca Container, B KOTOPOM peaan30BaH MEXaHH3M Iie-
penaun curHaioB. Kak y)ke roBOpHIIOCH, TOT MEXaHU3M HEOOXOIUM sl SIBHOW CUHXPOHHU-
3aIMH BCEX TMOPUTHBIX aBTOMATOB MOJIEIIH.

B monensx pean3oBaHbI IBa THIA CUTHAJIOB: CUTHAJIBI COCTOSTHUSA (S_up u s_down) u
curHan BpeMeHHu (s_timer). CUTrHaJIbI COCTOSIHUS MEPEAAIOTCS I CHHXPOHU3ALUU COCTOS-
HUI BCEX JIEMEHTOB MO/JIEJIH, CUTHAJIBI BPEMEHU JJIsi CHHXPOHU3AIMH JUCKPETHBIX JEeHCTBUI
(Hampumep, OOHOBICHHUS MEPEMEHHBIX HHIWKATOPOB). MeXaHW3M YIMpaBICHHUS CUTHAJIAMH
peamuzoBan B kimacce ModelBase (Puc. 2.a). YmpoméHHas kapTa TOBEACHHS Kjacca
ModelBase cxematnuHo nzoOpaxkeHa Ha Puc. 2.0 (xmacc Container He UMEET CBOCH KapThl

TTOBEJICHUS ).
atter timer:
update timer,
zend &_timertimer) —
L ~ N

ModelBase Container / A

Y
Hirmer : doukle | l

wsignal-s_dawni)

azignal:2_down() ssignales_upl) .—> é)
asignak=s_upl) wxignal-s_timer])
wEignal-s_timer timer ] T g

-\

a when 5_Uup
send s_dowwn

Puc. 2 a) Kinaceol ModelBase u Container u

0) Kapra noBegenus kiaacca ModelBase

2.2.3 Kuacebl pyHKUMOHAJIBHBIX 3JIEMEHTOB

Kaxxnpiii kiacc (yHKIIMOHAIBLHOTO 3JIEMEHTA (32 UCKIIIOUEHUEM YTIPABJISIONIETo Kiac-
ca Controller) siBisiercss HacIeHUKOM OJHOTO M3 0a30BbIX KiaccoB. Hampumep, kmacc Pipe,
MoJIeNTb TpYyOBI, sIBJIsSeTCS HacieaHuKoM Kiacca PipeBase: Pipe - PipeBase; kmacc Valve
(TpyOa ¢ ympaBisronMM KIanaHoM) HacieayeT kinace ValveBase: Valve = ValveBase.

Kaxxnpiit ki1ace COIEpKUT UEPApXUIECKYI0 Kapmy nogedenusi. Kaxxaoe COCTOsHHUE Ta-
KO KapThl SBJISETCS JIMOO MPOCTHIM, JIMOO MEepapXUUecKoi KapToil moBeaeHus. IIpocTeiMm
COCTOSTHUSIM NPUIUCHIBACTCS HenpepvieHoe nogeoeHue, ONUChIBAEMOE CUCTEMOM ypaBHEHUH,
oCTallbHBIM — rudpuaHoe. HempepbiBHBIE M THOpUAHBIE TOBEACHUS PEaIM3yIOTCS B (opme
JIOKAIbHBIX KIACCO8.

Jlnist WILTIOCTpaIMy BOIPOCOB, 00CYKIaeMbIX B 3TOM pasjielie, Mbl OyaeM HCIIOJb30-
BaTh OMOMMOTEYHBIN Kiacc Pipe, Mogenupyomuil Te4eHne KUAKOCTH WK Tra3a 1Mo MpsiMOJIH-
HEHOI TpyOe KpyIJioro ceyeHusl.

I'ubpumneiii kmacc OpenedMap ucnosib3yeTcs I ONMUCAHUS TEUCHUS JKUIKOCTH TI0
TpyOe. Ero kapra nosenenus nzodpaxena Ha Puc. 3 a.

Kapra mnoBenenuss OpenedMap cOAepXUT OJHO BCIIOMOTATEIBHOE COCTOSHUE
fix_transfer u HeckonbKO (QyHKIIMOHANBHBIX. 1 y100CTBa MOJECIMPOBAHUS MBI pa3ieiIiiIn
MPOLECC TEUEHUS >KUJKOCTH Ha MATh COCTOSHUN-pexuMoB: no_flux (MOTOK OTCYTCTBYeET),
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lam pos (mpsiMoe namMuHapHOEe Te4YeHHE), turb pos (mpsMoe TypOyJEeHTHOE TEUCHHE),
lam_neg (oGpaTHOe TaMuHapHOE TeueHue), turb neg (oOpaTHOE TypOyIEHTHOE TEUCHHE).
IToBeneHune cucTeMbl B KaXKJIOM M3 3THX COCTOSIHUNA OIMCHIBAETCS CBOUM JIOKAJIbHBIM
HETPEPHIBHBIM KJIACCOM.
B knacce Pipe B mamMuHapHOM peXUMe TEUYECHHs M0 TOPU3OHTAIBLHON TpyOe (cocTos-
Hue lam pos Puc. 3 a), B mpocreiineM ciydae, periaercs ciaeayromas cucTeMa ypaBHeHUH
U1 AaBJICHUH U MIOTOKOB!

inlet.P — outlet. P = ki, inlet. Q, 1)
inlet.Q + outlet.Q = 0

31ech ¥iam - U3BECTHBIN KOO(P(UIMEHT, XapaKTEPU3YIOIKUH TPyOy U JAMMHAPHBINA
pexxuMm TedeHus. [y Oosiee MOJHOrO ONMUCAHUS TEYEHMs, CHCTEeMa JOIOJHSAETCS ypaBHe-
HUSMHU, OIMCHIBAIOIIMMY COCTAaB ¥ TEPMOJIMHAMUYECKHE CBOMCTBA BEILIECTBA.

3aMeTuM, 4TO JJIs pelleHus IPUBEAEHHON CUCTEMBbl YpaBHEHUN Ha HEE JOJKHBI ObITH
HaJIOXEHBI JBa JIOMOJIHUTEIbHBIX YCIOBHS. DTHU YCIOBHUS 3aJal0TCS JPYTUMHU 3JIEMEHTAMU
MoJienH (BHEIIHUMHM 110 OTHOUICHHUIO K 3neMeHTy Pipe). Hanmpumep, Mbl MoXxeM 3a1aTh Ma-
HOMETPUYECKHE JIaBJICHUS Ha Pa3HbIX KOHIAX TPYObI:

inlet.P = Py > (),
outlet. P =0

[IpuBenéHHas cucteMa COCTABISIET TEJIO JIOKAJIBHOIO HEMpEephIBHOIO Kiacca. Ms3-
BCCTHBIC BCJIMYHMHBI YKA3bIBAIOTCS IIPHW ITOMOIIX OII€paTopa known:

infet.Q + outlet.Q = 0;

infet.P - outlet.P =k lam™* inlet.Q

known k_| am

B HenpepbIBHOM KJlacce TakkKe MOKHO ONpEeAETUTh EPEMEHHbIE U METOIbI AJs (hop-
MUPOBAHUS CUCTEMbI YPaBHEHUH.

3aMeTUM 3/1eCh, YTO COETMHEHNE HECKOJIBKUX TPYO MPUBEAET K COBMECTHOMY PELICHHUIO
HECKOJIBKMX CHCTEM YpaBHEHHWH, JOMOJIHEHHBIX YPAaBHEHUSIMH CBS3M MEXIy TpyOamu.
[IpuBe A€M I HATTISAHOCTH MOJHYIO CUCTEMY YPaBHEHUM JJI1 MOJIEININ JIAMUHAPHOTO TEYEHUS

KHJIKOCTH B JIBYX ITOCJICIOBATEIILHO COCTMHEHHBIX TOPU3OHTATBHBIX TpyOax (Pipel u Pipe2).

Pipe 1: Pipe 2:
Pipel.inlet.P — Pipel.outlet.P = k. Pipel.inlet.Q, Pipe2.inlet.P— Pipe2.outlet.P= k\.) Pipe2.inlet.Q,
Pipel.inlet.Q + Pipel.outlet.Q = 0; Pipe.inlet. O + Pipe2.outlet.Q = 0;
Cs3u: JlonoiHUTEIBHbIE YCIOBUS:
Pipel.outlet. P = Pipe2.inlet.P, Pipel.inlet.P = Py > 0,
Pipel.outlet.Q + Pipe2.inlet.Q = 0; Pipe2.outlet.P = 0.

JIONOTHUTENBHBIE YCIIOBUS SIBISIOTCS PE3YJbTaTOM PEILICHUs yPAaBHEHUU BO BHELI-
Hux (1o otHomeHuto K Pipel u Pipe2) knmaccax u ypaBHEHUH CBs3ei Mex 1y HUMH. {751 mipo-
CTOTBI MBI OITyCKAaeM JIeTaThbHOE U3JI0KEHUE ITOTO BOIPOCA.

PaccmoTpenHBI 31€Ch TPUHIUIT TMOCTPOCHHS MAaTEMAaTHYECKOW MOJAEIH TpyObl C
KUAKOCTBIO SABJIIACTCSA 06H_[I/IM JJIs1 BCEX KJIaCCOB.

2.4 IlakeT ycTpoOMCTB 1 noacucreM System

B maker System ummoprtupyercs maker Oubmumoreunsix kiaccoB Math Hydraulics.
[Taker System comaepXuT SBHBIM 00pa3oM MakKeT YCTpoOHCTB Devices u moacucreM
Subsystems (Puc. 1). Bce kmaccel 3THX NaKeTOB SBISIFOTCS HACIeAHHKAMHU Kiacca
Math Hydraulics.Container, oTBeuaromero 3a MEXaHU3M Iepeayyl CUTHAJIOB.
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OmnwuieM CTpyKTypy Makera Ha MpUMepe MaTeMaTU4eCKOH MOJAETH Irpy30BOH CHCTe-
MbI Cargo HedTeHATMBHOTO TaHKepa. JTa cuctema (Puc. 3 6) cocTouT M3 ABYX MOJCHUCTEM
(moxcuctembl TankoB CargoTanks, u moxcuctemsl TpybonpoBoga Manifolds) u aByx ycr-
poiict (CargoTankUnit u LoadDischargeUnit).

Cargo N

turb_pos

[ [
wwhen turbulent l wwhen not turbulent podel
N
shen laminar or turbulent
no_flux

.—3‘ fix_transfer L CargoTankUnit CargoTanks

P
e | —
I 1 g | |
AN
when Ready lam_neg

LoadDischargeUnit Manifolds

lam_pos

— 1
T l Devices Subsystems

turb_neg & 1 1

0

Puc. 3. a) Tuopuanoe nosenenne FluidMap B cocrosinnu Pipe.Fluid_state; 6) Cucrema Cargo

2.4.1 Ilaker ycTpoiicTtB Devices

Kak yxe ymoMuHamoch, KJIacChl YCTPOWCTB COJAEPKAT HEOOXOAWMBIC 3K3EMILISPHI
AIIEMEHTAPHBIX KJIACCOB W peaM3yloT Kakue-mubo (yHKIMOHAJIbHBIE y3i1bl. Hampumep,
kimacc CargoTankUnit cocTouT u3 3K3eMIUIAPOB Takux kiaccoB kak Tank, Pump, Heater,
Pipe, Valve, RetainingValve, ValveRemote u cBsizeii Mexay HUMH, THII KOTOPBIX TaKXe
onucan B oubnmmoreke Math Hydraulics. Knmacc LoadDischargeUnit BkiTtouaeT 3K3eMILISPBI
Pipe, Valve u npyrue 6osee crienpanbible Kiacchl. Kiacchl yCcTpoHCTB cHAOKEHBI BHELTHH-
MU TIEPEMEHHBIMHU TSI CBSI3U C APYTUMH YCTpOMCTBaMHU H cuctemamu. Kpome toro, paspa-
0O0TYMK MMEET BO3MOXKHOCTh MEPEONPEACTATh apaMeTpbl U HaYallbHbIe 3HAYCHHS TIEPEMEH-
HBIX, DJIEMEHTAPHBIX COCTABJISIONINX KIaCCOB.

2.4.2 Ilaker moacucreM Subsystems

Krnaccel moacucteM cocTtosT M3 psAa SK3EMIUIIPOB KIACCOB YCTPOMCTB M TaK ke
CcHA0KeHBI BHEIIIHUMH TIEPEMEHHBIMHU JIJISl CBSI3H JIPYT ¢ Apyrom. [loacucreMa rpy30BbIX TaH-
koB CargoTanks coctouT u3 6osiee uem ACCATH COSAMHEHHBIX IPYT C APYTOM YCTPONCTB TH-
na CargoTankUnit. ITomcucrema Manifolds — u3 Takoro e KOJIHYECTBA YCTPOWCTB
LoadDischargeUnit.

2.4.3 Knacc Model

Kitacc Model sBisteTcst OCHOBHBIM KJIaCCOM MAaTeMaTHYECKON MOJIENIN CUCTEMBI. Bo-
MIEPBBIX, OH 00BEIUHSIET (TO €CTh BKIIOYACT B CEOs M CBSA3BIBACT APYT C IPYTrOoM) Bce € moj-
cucreMsl (B HameM npumepe — CargoTanks u Manifolds). Bo-Bropsix, kimacc Model cunaxpo-
HU3YET BCE BXOSIINE B HEr0 TMOPUAHBIE aBTOMAThl. MeXaHu3M CUHXPOHU3AIMH HACIeayeT-
cs ot 6azoBoro kitacca Math Hydraulics.ModelBase.

[Toctpoennem kiacca Model 3aBeprraercs co3naHue MaTeMaTHUeCKOW MOJENH CHUC-
TeMbl. CIIPOCKTUPOBAaHHAS TAKUM 00pa30M MOJIEIb TIO3BOJISIET MMUTHPOBATH TIOBEJICHUE JIOC-
TATOYHO CJIOXHBIX MHOTOKOMIIOHEHTHBIX cHCTeM. [lomyueHHble MOJETN COCTOSAT M3 COTEH
9K3EMIUIIPOB Pa3IUYHBIX THOPUIHBIX KJIACCOB, a B Mporecce paboThl B PEaIbHOM BPEMCHH
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pELIAIOTCsl CHCTEMBI, COCTOSIIIME M3 THICSY ypaBHEHHH. B cienyromem pasnerne Oyner omu-
caHa cpena MmonenupoBanus Model Vision Studium.

3. CpenctBo pa3padorku Model Vision Studium

B kauectBe cpencTBa pa3pabOTKH HCIOIB30BANACh CIICIUAIbHAS BEPCUSl CHCTEMBI aB-
ToMaTu3anuu MoaenupoBanus MvStudium 6 [5] (kommepueckoe HaumeHoBanne Rand Model
Designer 6). Ota cucrema moaaep>KuBaeT:
® 00BEKTHO-OPHUEHTUPOBAHHOE MOJCIIMPOBAHNE B paMKax MOoAMHOKecTBa si3bika UML,
¢ (u3MUecKoe MOJICIMPOBAaHUE B paMKax MOAMHOXKECTBa s13p1ka Modelica,

e ompezenseMble MT0JIb30BATEIEM TUIIbI TAHHBIX U
e ABTOMAaTUYECKH T'€HEPHUPYET BBINOIHAEMBII MPOTPAMMHBIA KOJ O MAaTeMaTHUYECKOMY
OIMCAHUIO.

B menom, 3TOT MHCTPYMEHT BMOJHE oOecredyrBaeT TpeOyeMylo TEXHOJOTHIO paspa-
OOTKH.

Hawnbonee TsokenbiM okazanoch TpeOoOBaHHWE pabOThl aBTOMATHUYECKH CTeHEPHUPOBAH-
HBIX BCTPOEHHBIX MOJIEJIEH B pealbHOM BpeMeHH. J[JIst 3TOro JOJHKHBI 0YeHb OBICTPO pabo-
TaTh YMCJICHHBIE METObI U JIOCTATOYHO OBICTPO (B Mpeaenax AeCATOW JOJIU CEKYH[bI) Ipo-
M3BOAUTHCS COOpKa, aHaJIM3 M MpeoOpa3oBaHKUE TEKYIEH COBOKYMHON CHCTEMbl ypaBHEHUI
(Mcnonb30BaHUE PACIIMPECHHBIX AuarpaMm coctossuuii UML — kapT moBeaeHUs — ISl OnHca-
HUS THOPHUIHOTO MOBEJCHUS TPeOyeT MPOBEACHUS dTUX ACHCTBUI HA CTAIUU BBIIOJHCHUS).
B 3HaunTenbHON cTeneHu 3T TpeOOBaHUS MPOTUBOPEUHBBI: OMBIT MOKAa3all, YTO i JOCTH-
KEHUs1 OOJBIION CKOPOCTH YHMCICHHBIX METOJOB HEOOXOIMMO IPOBEACHHWE CHMBOJBHBIX
npeoOpa3oBaHMi Il yIPOIIEHUS UCXOHON CHUCTEMbI YPaBHEHHH, a TAK)KE BBISIBJICHUE B HEH
CHEIHNALHBIX CTPYKTYp, HE3aBUCUMBIX OJIOKOB H T. JI., B TO K€ BPEMs BBITIOJTHEHHS TaKOTO
aHaJM3a U nMpeoOpa3oBaHUil BeCbMa OrpaHUYCHO. B pesynbTaTe ynanoch HalTH PHEMIIEMbINA
KOMITPOMHCC.

OmnbIT MoOKa3an HaJIMYMe CYIIECTBEHHBIX MPOOJIeM MPH OTIAAKE MPOMBIIIIEHHBIX MO-
neneil 60JbIION CIOKHOCTH. BO3HHMKAIOT CHUTyalMy, KOTrJla KOHKPETHOE COEIMHEHHUE CTaH-
JTAPTHBIX KOMIIOHEHTOB MPUBOJIUT K HEKOPPEKTHOM CUTyallMH, HE IIPETyCMOTPEHHON pa3pa-
060TUnKaMu OMOIMOTEKH KJIACCOB: B ONPECICHHBIX TOYKAaX COBOKYITHAs CHCTEMa YpaBHEHUH
CTAHOBHUTCS JTUOO CTPYKTYPHO HEKOPPEKTHOW (HEIOOMpEeaeICHHOM, MepeonpeieICHHON WIn
BBIPOKJICHHOM) MM YMUCIEHHO BBIPOXKAECHHOU. OmnpenenuTh, KaKMe MUMEHHO KOMITIOHEHTBI
«BUHOBHBD B JIaHHOM CUTyaluu ISl CUCTEM OOJBIION pa3MEpPHOCTH JTOCTATOYHO CIIOXKHO.
[MoaTomy cpencTBa OTIAAKH OBLIM JOMOTHEHBI BO3MOXHOCTSMHU BU3YAIH3AIMH MATPUIIBI
Sxobu u ee COOCTBEHHBIX YHCEII JUIsl TEKYIIEH CHCTEMBbI YPaBHEHUH, a TaAKXKE CTPYKTYPHOM
MaTpULbl TEKYLIEH COBOKYITHOW CUCTEMBI YPAaBHEHUM, KOTOPBIEC NAIOT ONPEIEICHHYIO «HABO-
IA11yI0» nH(pOpMalrio pa3padoTyrkaM Mojaenu. [ oTpabOTKH JIOTUKH NEPeKIFoueHU Ha-
CYLIHOM TaKKe SBIIETCS BO3MOXHOCTh MHTEPAKTUBHOM NOIIATOBOM OTIIAJIKU JUCKPETHBIX
JIEUCTBUI.
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MOJIEJIA U METObI FHTEPMOJAJBHOM TPAHCIIOPTHOM JIOTUCTUKMU:
COBPEMEHHOE COCTOSAHMUE U ITEPCIIEKTHUBbBI

B. C. Jlykuncknuii, T. I'. [Ilyab:xkenko, K. A. Cokos10B (CaHKT-l’IeTepﬁypr)1

TpaHncnopTupoBKa SIBISETCS KIIOUEBOW JIOTUCTUYECKOW (YHKIHMEH, CBSI3aHHOW C
IEepEMEIEHUEM MaTEPHUAIbHBIX PECYPCOB, HE3aBEPILIEHHOTO MPOU3BOACTBA, FOTOBOM Mpo-
OyKIHMH B TPAHCHOPTHBIX CPEACTBAX MO OMpEIeICHHON TeXHOJOruu. TpaHCcmoOpTHpPOBKA,
IIOMUMO NEPEMELIEHNUS I'PY30B, BKIIOYAET TaKUE JIOTUCTUUECKUE ONEpPaALNH, KaK dKCIEIU-
poBaHue, rpy3onepepadoTka, yIakoBKa, TAMOKEHHbIE MPOLIETYPhl, CTPaXOBaHUE PUCKOB U
T. I1. BbllTOTHEHNE BCEX JIOTUCTUYECKUX ONEpaluii TPaHCIOPTUPOBKYU NPOU3BOAUTCS C LiE-
JpI0 obecnedeHus AOCTaBKU HYXXHOM MPOAYKUHUHU TpeOyemMoro KojliMuecTBa M KadyecTBa B
3a/IaHHOE BpEMs U C ONTUMAJIbHBIMH 3aTpaTaMu. Takum o0OpazoM, MpeaMETOM TPAHCIOPT-
HOM JIOTUCTHKHU SIBIS€TCS KOMIUIEKC 3a7ad IUIAaHUPOBAHUS M yNpPaBJICHUS, CBA3AHHBIX C
nepeMeIleHneM TIpy3a: o00eCledYeHHe TEXHOJOTHYECKOro eJUHCTBAa TPaHCIOPTHO-
CKJIaJICKOTO XO03SIICTBAa, COBMECTHOE IJIAHUPOBAHUE MPOU3BOJICTBEHHOI'0, TPAHCIIOPTHOTO
U CKJIAJCKOTO MpOIECCOB; BBIOOP pPAIlMOHAIBHOTO CIOCO0a TPAHCHIOPTUPOBKU TPY30B
(YHUMOJIAJIbHOM, MYJIbTUMOJAJIPHON, WHTEPMOJAIBHON W T. 1.); BBIOOP BHUAA (BHUIOB)
TpPaHCIOPTA; BBHIOOP TPAHCHOPTHBIX CPEJCTB; BBIOOP JOTHCTUYECKHX IOCPEIHUKOB B
TPAHCIIOPTUPOBKE (MIEPEBO3YMKOB, IKCIIEAUTOPOB, ar€HTOB, TEPMUHAJIOB U T. II.); OINpe/e-
JIEHUE PALlMOHAJIBHBIX MaplIPyTOB; PACIPEAEICHUE TPAHCIOPTHBIX CPEACTB MO MapuIpy-
TaM; OLIEHKa KayecTBa TPAHCIOPTHOI'O CEPBHUCA; ONpeeTIeHUE JTOTUCTUUECKUX U3IEPIKEK,
CBSI3aHHBIX C TPAHCTIOPTUPOBKOI; oOecrneueHne TEXHNIECKOW U TEXHOJIOTUYECKOU COmpsi-
KEHHOCTHU YYaCTHHKOB TPAaHCHOPTHOI'O MPOIIECCa, COrIACOBAHUS UX IKOHOMUYECKUX HH-
TEpPECOB, PACHPEACICHUS PUCKOB M OTBETCTBEHHOCTH. PellleHHMe IOCTaBIEHHBIX 3a1ay
TpeOyeT HaJIM4YUsl Pa3BUTOrO0 METOJOJOTHYecKoro obecrnedyeHus. Mexay Tem, MOJEnu U
METOJbl YNPABICHUS MaTepUAbHBIMH (TPAHCHIOPTHBIMU) MOTOKAMH, MPEACTABICHHBIC B
HAyYHBIX MyOJMKaNMSIX 10 TEOPUH TPAHCIOpPTA W JIOTUCTUKH (Tabn.l), xapakrepusyercs
Pa3pO3HEHHOCTHIO, HE3aBEPUICHHOCTHIO, HEMOJHOTOW, OTCYTCTBHEM TIyOOKHUX MPHUKIIAJ-
HBIX pa3paboTok. CyniecTBYIONIMI HA TaHHBIH MOMEHT aHAJIMTUYECKHHA anmapar, UCIOJIb-
3yeMbIi MPU ONTUMH3ALUKA U3JEPKEK B TPAHCTOPTHO-JOTUCTHYECKUX CHCTEMaX, TpedyeT
CYIIECTBEHHOM JOpaOOTKU M TPOBEICHUS NAIBHEUIINX UCCIEIOBAHUMN.

N3yuyeHne AOCTYNMHBIX HAYYHBIX MyOIMKAIMN MO TEOPUU JOTUCTHKU U IKOHOMUKE
TpaHcnopTa (Harpumep, [2, 6, 8 u ap.]) mokaszaj, 4To 3HaYUTEIbHAS YaCTh MIPEICTABICHHBIX B
HUX MOJIENIe CTPOUTCS Ha KIACCMYECKOW TPaHCIOPTHOM 3a/1aye, IpeaCcTaBisieT co0oii ee va-
CTHBIC CIIy4al WM pa3InyHble MOIUGUKAIMH. AHAIW3 TPEICTABICHHBIX B JUTEPaType
TPAHCIIOPTHBIX, MPOU3BOACTBEHHO-TPAHCHIOPTHBIX U MPOU3BOACTBEHHO-TPAHCIOPTHO-
CKJIaICKUX MOJIEJIEH MO3BOJISIET CAENATh CIIEIYIOIINE BHIBOIBI:

1. HaGmromaercst ycroitunBasi TEHIEHIUS POCTa YMCIa TOKa3aTesleld W Yucia mepe-
MEHHBIX [0 Mepe y4deTa B Mojenu (1iesieBoi (pyHKLMHU) Bce OOJIBLIETO KOJIMYECTBA 3BEHHEB
JIOTUCTHYECKOH ceTu (kaHana). Hampumep, mpuBoauMBbIe B IUTeparype 0000IIeHHAas MOAETh
TUTAHUPOBAHMS TMOJIUTOHA KOHTEHHEPHOTO oOcimyxuBanus (1) u obmast Moiensb GyHKIIMOHU-
poBaHHUs JIoTUCcTUYEeCcKOi TpaHcnopTHOU cucteMsbl (JITC) Ha paccmarpuBaeMoM monurose (2)
([4] u [14] cooTBETCTBEHHO) coAepkKaT OOJBIIOE KOJUYECTBO BAPUAHTOB pacyeTa, MPUHATHE
pellIeHrs Ha OCHOBAaHHM KOTOPBIX TpeOyeT pa3paboTKu ClielUaibHOW METOJUKH MHOTOKpPHU-
TEPUAIBHOM OLICHKH.

: [Ipu monroTOBKE AOKJIANA HCIIOIH30BAHEI MATEPHAITBI ACTIHPAHTa Kad)eAPhI JIOTUCTHKH U OPTraHU3aIiU TIePEBO-
30k CaHkT-IleTepOyprckoro rocy1apcTBEHHOTO HHXCHEPHO-IKOHOMUYECKOTO YHuUBepcuTeTa Huubr ropeBHBI
dareeBoH.
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Taoauna 1
Mopaesan U MeTOAbI TEOPUH JIOTHCTHUKH, HCIIOJIb3yeMble MPU YIIPABJIeHHH TPAHCIOPTH-

POBKO B 1eNSAX MOCTABOK

Mojaenu 1 METOJIbI TEOPUH JIOTUCTHKH Hcrounuk
Mogens MHOrO3TanHOM TPaHCIIOPTHOM 3aJadd, METOIbI Ma- [Toctan M.A. [9],
TEMaTHYECKOr0 MPOrPaMMHPOBAHHUS Hukonaituyk B.E.[7]
Mogenb pon3BOACTBEHHO-TPAHCIIOPTHOM 3a4a4n Ceprees B.I1.[5,10],
YBapos C.A.[13]
Mopenu npon3BOACTBEHHO-TPAHCIIOPTHO-CKIIAICKUX 3a7a4 Harnosckuit C.H.[6],

Kupnuenko A.B.[§]

Mopenu B3auMOACUCTBUS TPAHCIIOPTHBIX ITOTOKOB B IIEpEBa-

[Toctan M.A1.[9]
JIOYHBIX MYHKTaX, METO/Ib TEOPUU MACCOBOT'0 00CTYKUBaHUS

Metoauka wuccienoBaHusi (yHKIMOHHUPOBAHUS IEPEBaOy-
HBIX IIYHKTOB, METOJ] MUMUTAllMOHHOI'O MOJAEIUPOBAHMS

= Mupotus JI.b.[4,12]
MCTOIII/IKa CHUHTC3a HUHTCTPUPOBAHHOU CHCTCMBI JOCTABKU

Ipy30B HAa OCHOBE MOP(OJIOTHIECKOTO METOA

13
Y, =2 f, > min, (1)
p=1

rae p (p= 1,2,...,13) — moacucTeMbl AOCTaBKH, KaX/Jasi U3 KOTOPBIX MPEJCTABISAET co0OH op-
TaHU3aLUI0 CUCTEMBI JIOCTaBKH, HO C CAMOCTOSATEIbHBIMU UHTEpECAMH, TPEOOBAHUSIMU U OT-
paHUYEHUSMU.

K, (ZZZZZZZSmqugh Tpaton) T Ko (Z;ZSZ’,}:JZ’,’M) +

m p q f g h t

+ K5 (ZZZZ S;thpghf) + K4 Z(ngt - ZZZZDmamghrmqught) - min,
t f n

p q h t m q

2)

r7ie T — BUJ TPAHCIIOPTHOT'O CPEJICTBA; P — MYHKT (PalioH BBIMYCKAIOIIETO pacipeleIuTeIbHO-
ro uenrpa (PLl); q — myskr (paiion) Beimyckatomiero PLI;f — ¢opma npuBneyeHus TpancmnopT-
Horo cpeactBa (f=1 — apenanas dopma, =2 — peiicoBas ¢opma); g — HOMEHKIIATypa Ipy3a;
h — mpu3HaK TEXHOJIOTHM NEPEBO30K; t — PYHKIIMOHANBHBIN MEPUOL; Smpgfeh — CTOUMOCTD KpYy-
TOBOr0 peiica 000payMBaeMOro TPAHCIIOPTHOTO CPEICTBA (JIOCTAaBKHM HEOOOpayMBaEMbIM
TPAHCIIOPTHBIM CPEJCTBOM), PyO./peiic (pyO.); Impqfeht — KOJINUYECTBO KPYTOBBIX PENCOB 00pa-

IAEMBIX TPAHCIIOPTHBIX CPEICTB, €1.; S,/ — CTOMMOCTh CYTOK NPOCTOSl TPAHCTIOPTHOTO

cpeactsa, pyb./cyT.; £, BPEMs MPOCTOS TPAHCIOPTHOTO CPEACTBA, CYT.; S,

- CyTO4YHad
CTOUMOCTb XPaHCHUA 3a 0./T-cyT.; X hi — 06Luee KOJIMYECTBO IIepepadaTsiBaeMoOro
) H pg

Ipys3a, T; Dim — Ipy30I0AbEMHOCTb TPAHCIIOPTHOTO CPECTBA, T; &, - ko3¢ Puument uc-

nojp30BaHus rpy3onoabeMHoctd; Ki..Ks — koadduinmenTs jekcukorpapuueckoro mpen-
MTOYTEHUSI.

2. OcHoBa Bcex MoJielel — Kiaccuyeckasi TpaHCIOpTHAs 3a7ada U ee MoAuduKaIim.
[Tockonpky B HacTosiIIee BpeMsi pa3padOTaHO JOCTATOYHO MHOTO METOJIOB PEIICHUS TaHHOU
3amaun (M cooTBeTcTBYrOImUX anroputMoB ans I1K), To mpeamomaraeTcs, 4To AN KaxAou
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MOJIETT MOTYT OBITH OIpEAeNiCHbl ONTUMAbHBIE BapuaHThl pemeHus. K coxkaneHuro, HU B
OJIHOM M3 pacCMOTPEHHBIX PabOT MO JIOTMCTUKE HE MPUBEJIEHBI HU HCXOJHbIC JTaHHBIC, HU
MpUMEPHI PEIICHHS 1a’Ke YCIOBHBIX 3aad.

3. HecmoTtps Ha Hanmume B Mojaensx (1, 2) BpeMeHHuIX TapaMeTpoOB, OHU SIBIISIIOTCS
CTaTUCTUYECKUMH, a HE JUHAMUYECKUMH, YTO CHM)KAET LIEHHOCTh NPEIOKEHHBIX MOJEIIEH.
Peub naer o TOM, 4TO OHM HE YUHUTHIBAIOT BO3MOXKHOCTh U3MEHEHHSI BO BPEMEHH 3al1acOB BbI-
BO3UMBIX I'PY30B, CIIy4aiiHbIX KOJeOaHH BpeMEHH MEePEeBO3KH U MOTpy3KH/Beirpy3ku TC, ko-
neGaHui PHIHOYHOTO CIIpOca Ha yCIyru TpaHcmopta U T.1. [lomumo 3TOro, n3BecTHas JIOTH-
CTHYECKAasi KOHLENIHUS «TOYHO BOBPEMS», OTPa)KAIOILlasi OCHOBHBIE CBOICTBA JIOTUCTUUECKHUX
(GYHKIIMOHATIBHBIX [IUKJIOB, HE HAIIUIA IPUMEHEHUS BO BCEX PACCMOTPEHHBIX MOAX0/aX.

4. Bo Bcex pacCMOTPEHHBIX MOJEINAX OTCYTCTBYIOT IOAXOMbI, YUUTHIBAIOLIUE JOTH-
CTHUYECKHE METOJbl U aJIrOPUTMBI, 00ECTIEYUBAIOLINE UHTETPALNIO (2 HE MPOCTOE CYMMHUPO-
BAaHME) JIOTUCTUYECKUX L€, TaKHe KaK METOJbl pacueTa ONTUMAJIbHOW BEJIMYMHBI 3aKa3a
IIPY MHOTOHOMEHKJIATYPHBIX IIOCTaBKaX B MHOTOYPOBHEBBIX PACIPECIUTENBHBIX CUCTEMAX.

5. IlpuBoaMMBIE MOJIEIM M METOJIbI HE YUYUTHIBAIOT OCOOCHHOCTH YTIPaBJICHUS TPaHC-
MOPTHBIMU MTOTOKAaMHU B LIETSIX MMOCTABOK, IMOCKOJIBKY JOTUCTUYECKUM MOAXOJ MpeaycMaTpu-
BaeT ONTHMM3ALHUIO HE TOJIBKO TPAHCIOPTHOM, HO M CKJIAACKOM COCTAaBIAIOLIECH 3aTpat, a
TaK)Ke 3aTpaT, CBSI3aHHBIX C OpraHu3aluuell B3aUMOJCHCTBHS TPAHCIIOPTHBIX OTOKOB B Iepe-
BaJIOUHBIX MyHKTAaX HAa OCHOBE MCIOJIb30BAHMS MOJENIEH C MPSIMBIM, CKIAJCKUM M CMEIIaH-
HBbIM BapUaHTaMU B3aUMOJICHCTBHUS.

Kpome Toro, B cOBpeMEHHOI1 Hay4HOU JUTEpPAType MO JOTUCTUKE CIEAYET OTMETUTH
MOMBITKA (OPMUPOBAHUS AMHAMHUYECKUX MOJeNiel MHTepMOJalbHbIX cucTeM. Pemaembie ¢
MIOMOIIIBI0 METOJIOB TEOPUU MAacCOBOTO OOCTYXHBAaHMSA, OHM, KaK IPABWIO, OTIMYAIOTCA
OOJIBIIION Pa3MEPHOCTHIO, CIIOXKHBI JIJIsI pacyeTOB, HanboJiee O0IIMe U3 HUX HE UMEIOT HcUep-
MBIBAIOIINX aHATUTHYECKUX pemieHui. [logoOHbIe moaxoap! TpeOyIOT JaTbHEUITUX UCCIIEN0-
BaHUM, HO B MEPCIEKTUBE MOTYT ObITh UCIOJIb30BaHbl B KAUECTBE METOAMYECKON OCHOBBI JIJISI
CO3MaHMUS TPOTPAMMHOIO OOECIeUEHHs, MO3BOJSIOUIETO ONTUMAIbHO MPOEKTUPOBATH U
YIPABIATH ACATEIBHOCTBIO MEPEBAJIOYHBIX ITYHKTOB KAaK KIJIFOUYEBBIX 3BEHBEB JIOTUCTUYECKON
LEMU JOCTABKU I'PY30B

@opMHUpOBAaHNE HANPABJICHUMN JAIBHEHIIETO Pa3BUTUSA KOMIUIEKCA MOJEIEH U METO-
JIOB YNPAaBIICHUsS] UHTEPMOJAIbHBIMHU MEPEBO3KAMH HAa OCHOBE JIOTUCTHYECKOTO MOAXO0Ja, a
TaK)Ke ONPEECIICHNE BO3MOXKHOCTEN MPAKTUUECKON peain3aliy pa3pad0TaHHOTO aHAJIUTHYE-
CKOTO MHCTPYMEHTapHs MpeajaraeTcs OCyILIECTBIATh Ha OCHOBE pa3pabdoTaHHON Kiaccudu-
KallMM MOJEJIEH, METOJIOB U AJITOPUTMOB, IPUMEHAEMBIX IIPU YIPABJICHUH IOTOKAMU B JIOTHU-
CTHYECKHX CHCTEMaxX Pa3HOTro YpOBHS (OT MHUKpPO- O MaKpOYPOBHsI) U XapaKTEPHU3YIOIIUXCS
pa3IUYHBIM YPOBHEM NPOPAOOTKM M HCIOIB30BAHUS JIOTUCTUYECKHX METOAOB (Tali. 2).
YacTh U3 IpeCTaBICHHBIX B TaON. 2 METOAMK M METOJIOB JJISl YIIPABJICHUS MaTepUaIbHBIMU
MIOTOKaMH SIBJIIOTCS pa3pabOTKaMy HayYHOTO KOJUIEKTHBA KadeIpbl JOTHCTUKU U OpraHu3a-
uu nepeBo3ok CIIOI'MIDY. Ha ocHoBe crcTeMaTU3UpPOBAHHBIX B Ta0I. 2 MOJeNel U METOI0B
pa3paboTaH aNropuTM MPUHATHS PELICHUN M0 UX HCIIOIb30BaHUIO, PEACTABICHHBIN Ha PUC.

B mepBom 06I510Ke KCMONB3YIOTCS MOP(POIOTUUECKUIT METOJ] UCCIEOBAHUS M METOIbI
CETEBOTO IUIAHUPOBAHUS M YIPABJICHUS ISl PEIICHUS 337a4l 0TOOpa Hanbojee panuoHab-
HBIX BapUAHTOB OPTaHU3AIMH MEPEBO3KH C MOCIEAYIOIMIUM BHIOOPOM €IMHCTBEHHOTO OMTHU-
MAaJIbHOTO; PEIIAeMbIE 3/1€Ch 3aJa4M HE MPEAIOJIaraloT ONTUMU3AMH LIETH IOCTABOK;

BTOPOI U TpeTuil OJIOKH OXBATHIBAIOT MOAOIOKH, CBI3aHHBIC C ONTHUMHM3AINEH TpaHC-
MOPTHO-JIOTUCTUYECKOMN IIENHU MOCTABOK, U SIBJISIOTCS YTOUHSIOLUIMMU IO OTHOIICHMIO K Iep-
BOMY OIIOKY. 3agauu BTOPOro OJIOKa OPHEHTHPOBAHBI HAa YTOUHEHHUE U ONTUMU3ALHUIO Map-
HIpyTa JAOCTaBKU B MEPEBAJIOYHOM IYHKTE [0 KPUTEPUIO BPEMEHM, BTOPOU OJIOK BKIIIOYAET
MOJ0JIOK «OMTUMU3AIMS TEXHOJIOTUYECKUX MapaMeTpOB MyHKTOB MEPEBAIKU», PEIICHUE 3a-
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Jad JaHHOTO OJIOKa MpearnoaraeT UCrojib3oBanue MetooB TMO u MeToaa UMHUTAIIMOHHOTO
MOJICIMPOBAHUS JIJIsl ONITUMHU3ALIUU [IEPEBO30YHBIX MTPOLIECCOB B IMyHKTaX MEPEBATIKU I'Ppy3a C

Taoanmna 2
Kaaccndukanus moaesneid 1 MeTo10B yNpaBJeHUsA TPAHCHOPTHHLIMYU MOTOKAMM B LENAX

MOCTaBOK

YpoBeHsb norucTu-
YECKOM CUCTEMBI

Monenn, METOIbI, METOTHKH,
AITOPUTMBI

Pemaembie 3agaun

1. makpo-

1. Mopdonorndeckuii MeTo
UCCIICOBAHUS

Bri6op Hanbomnee parroHaTbHBIX CHC-
TEeM JOCTaBKH TPY30B (BBIOOp pammo-
HAJIBHBIX CTOCO0a TPaHCIIOPTUPOBKH,
BUJIOB TPAHCIIOPTA, MapuipyTa U CIo-
co0a OCTaBKH)

2. Meroauka BeIOOpa ONTH-
MaJbHOI'O BapUaHTa JIOCTAB-
KU Ipy3a IpU NepeBo3Kax Ha
JAJIbHUAE PACCTOSTHUS

Bp100p onTUManbHON CXEMBI JIOCTaBKH
(omTUMU3AIMS 32 CYET MCIIOJIb30BAHHMS
CKJIAIUPOBAHUS, KOHCOJUJALUU OT-
MPABOK W ONTHUMH3AIUU TAPTHH TI0-
CTaBKH)

1,2. makpo-
U Me30 -

3. Monenu ceTreBoro IUIaHu-
POBaHUS U yIIPaBJICHUS

Bribop onTumansHOW CHCTEMBI JOC-
TaBKU TPY30B (BHJOB TPAHCIOPTA U
COCTaBa JIOTUCTUYECKUX IOCPEIHU-
KOB)

2. Me30 -

4. Metoauka BBIOOpa OITH-
MaJIBHOT' O BapI/IaHTa aocTaB-
KM Tpy3a MpHU MEePeBO3Kax Ha
KOPOTKHE PACCTOSHUS

Br16op onTuManbHOM CXeMBbI JOCTaBKU
(onTUMH3AIUS 32 CYET KOHCOJIUIAIIUN
OTMPABOK, ONTHUMHU3AIMHU TAPTUU OT-
IIPaBKU ¥ MapUIPyTU3ALIH)

3. MUKpO -

5. MeToabl TeOpUHU MaccoBO-

OnTuMu3anus MepeBo30YHBIX U Iepe-

ro O0OCITyXHBaHUS, METOJ
(CTaTUCTUYECKOTO)  MMUTa-
[IMOHHOTO MOJICTTUPOBAHUS

BaJIOYHBIX IPOIECCOB B IyHKTax IIe-
peBaKK (ONTHMHU3AIUS TEXHOJIOTHYE-
CKHX  T[apamMeTpoB  IEPEBATOYHBIX
ITyHKTOB)

OJIHOTO BHJIa TpaHCHIOPTa Ha Apyroi. B Tperbem Oi0Ke OCYyIIECTBIsIETCS YTOUHEHHUE U ONTHU-
MH3aLHs CXEMBI JTIOCTABKU 110 SKOHOMHYECKOMY KPUTEPHIO (BEIMUYMHE 3aTpaT Ha JAOCTaBKY
IPy30B); MIPH ATOM B TPETH OJIOK BXOJAAT BCE OCTABIIKECS MOAOIOKH, B KOTOPHIX PEIIAIOTCS
3aJauu, CBSI3aHHBIE C BHIOOPOM ONTHUMAJIBHOTO BapHaHTa OpraHU3alMy MEPEeBO30K MPH JI0C-
TaBKE TPy30B OT IMOCTAaBILMKA 3a IpaHullel morpedurtento B Poccuu, mpexycMaTpuBaronero
BBIOOp TPAH3UTHOM MJIM CKJIAJICKOM CXEMBI JJOCTaBKH, & TAK)KE CBSI3aHHBIC C BBIOOPOM OIITH-
MaJIbHOTO BapuaHTa MEPEBO3KU IIPHU JOCTaBKE Ipy3a co ckiaaa B Poccum koHEYHOMY moTpe-
OuTento; B JaHHBIN OJIOK BXOJIAT METOAMKH BHIOOpA ONITUMAIBHOTO BaApHAHTA JOCTABKH Ipy3a
MIpH MepeBO3Kax Kak Ha JajbHUe (MEXAyHapO HbIEC IEPEBO3KM), TaK U HA KOPOTKHE PACCTOSA-
HUS (BHYTPUPEIHMOHAIbHBIE NEPEBO3KH); ONTUMU3ALUSA TPAaHCHOPTHO-JIOTMCTHUYECKON Lienu
MIOCTaBOK OCYIIECTBIISIETCS B TOM OJIOKE 3a CUET UCIIOJIb30BAHUS JIOTHCTUYECKUX METOJIOB U
TEXHOJIOTHH, BKJIIOYAIOIINX HCIIOJIb30BAaHUE JIOTUCTUYECKON (DYHKIIMU CKIIaJAWPOBAHUs, pac-
YyeTa MapTHH MOCTABKU C MOMOIIBI0 (POpMysbl YHICOHA, KOHCOMUIAIMKU OTIPABOK U Map-
HIPyTH3ALUH.
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dopmupoBanue HHPOPMAITMOHHOHN 0a3bl

v

dopMHUpOBaHUE MHOXKECTBA BO3MOMKHBIX

n
BAapUAaHTOB JOCTaBKU Irpy30B M = I/ K,

Aa  y

[IpoBepka cooTBETCTBUS Ba-
pPHAHTOB JOCTaBKH OCHOBHBIM
KpUTEpUAM (3aTpatbl, BpeMs)

Br160op N panroHanbHbIX BApUAHTOB JOCTaBKU
(N<<M)

v

YTouHeHre BapUaHTOB JI0CTAaBKH (BUIOB TPAHCIIOP-
Ta ¥ COCTaBa JIOTUCTUYECKUX MOCPEAHUKOB) MO OC-
HOBHBIM KpUTEPUAM (3aTpaThl, BpeMsl, HaIKHOCTD)

v

Br16op Hanbosiee npeanouTUTEeILHOTO BapuaHTa

y

y

Uckmrouenne
BapHaHTa
JIOCTaBKU

OnHOKpUTEpHAIbHAS OIICHKA

MHorokpurepraibHas OlEHKa

OHTI/IMI/ISaHI/Iﬂ TCXHOJIOTHYEC-
CKHX ITapaME€TPOB ITYHKTOB IIC-

v v
T™O CraTtucTudeckoe
MOACIINPOBAHUC

KOJIMYE€CTBOM

Pacuer o0mux 3arpar ams Ba-
PHAHTOB JIOCTABKH C Pa3HBIM

HCIIOJIb3YyCMbIX

JIOTUCTUYECKUX TEXHOJIOTUH

BJIOK 3

BBI6OI) TPAH3UTHOM UIIM CKIIQJICKOM CXEeMBI JOCTaBKH

Br100p OnITHMAaIBLHOTO BapHaHTa OPraHU3aliHd IIEPEBO30K

TPAHCIHIOPTHBIMU MOTOKAMM B HENAX MOCTABOK

Puc. AJ'IFOpI/ITM NPUHATHUSA peulelmﬁ Mo UCIMOJb30BaAHUIO MO}IeJ’leﬁ U ME€TOA0B yIIpaBJICHUA

-
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HCITIOJIb30BAHUE UMHUTAIITHOHHOI'O MOAEJIMPOBAHUA UIA
OBECIHHEYEHUSA HAJJE2)KHOCTHU U BE3OITACHOCTHU CYJAOBbIX JTU3EJIEN

B.B. MeaBenes, B.H. IlosioBunkun (Cankr-Ilerepoypr)

Vikecrouenne TpeOoBaHUN MeXTyHApOAHOW MOPCKON OpraHu3alud K CHCTEMaM
yrpaBieHus: 6€30MaCHOCTbIO MOPEIUIaBaHUs, a TaKXkKe, KEeCTKass KOHKYPEHIIUs Ha COBPEMEH-
HOM (PpaxTOBOM PBIHKE MPEIbABISAIOT BEICOKHE TPEOOBAaHUS K HAJIE)KHOCTU CYJIOBBIX dHEpre-
TUYECKUX ycTaHOBOK (CDY), B 4aCTHOCTH CYJIOBBIX AU3EICH.

N3BectHO, uTo HanbobIHiA A deKT B 00ecrieueHuN HAJAS)KHOCTH U O€30MaCHOCTH J0C-
THraeTcs Mpy MPOEKTHPOBAHMH, KOT/Ia HA3HAYAIOTCS PEXKUMBI SKCILTyaTalliH, TEXHUIECKOTo 00-
CITy’KMBaHMs U BbIOMpaeTCs KOHCTPYKTUBHOE McnoHeHue. Ecii B polecce dKCIuTyaTaluy 1u-
3ej1ell peKUMBI i 00CITyKHMBaHHE MOXKHO MEHSTh, TO BHOCUTh U3MEHEHHUS! B KOHCTPYKIHIO ITPAK-
THYECKU HEBO3MOXHO. [Ipu 3TOM nojJiep>kaHue MPUEMIIEMOIO YPOBHS 0O€30MacHOCTH 3a CHET
TEXHUYECKOTO OOCITYKMBAaHUS U PEMOHTOB TPEeOYeT ONpENENICHHBIX 3aTPaT BPEMEHU U CPEJICTB,
MX YMEHBIICHUE TAKXKE JTOCTUTACTCs MOBBIILICHHEM HaleKHOCTH. [103TOMY perienue JaHHOU 3a-
Jlaud HE JIOJDKHO OTPAHMYMBATHCS TOJIBKO ONPENEIEHUEM KOJIMYECTBEHHBIX XapAKTEPUCTUK Ha-
JEKHOCTH, BAKHO HAXOIUTh TEXHUYECKHUE PEILCHUS 110 MOBBIICHUIO HAJIE)KHOCTU U OLICHUBAThH
uXx 3¢ (PeKTUBHOCTB. Ba’kHYI0 pOJIb B TAKOM OLIEHKE UrpaeT MPOTHO3 MOKa3aTeNel HaIe)KHOCTH.

HanexxHOoCTb SIBIISETCS KOMIUIEKCHBIM ITIOHATUEM, KOTOPOE B 3aBUCUMOCTH OT Ha3HAUYEHUS
00BEKTa U YCIIOBUI €ro 3KCIUTyaTallid MOXKET OLIEHMBAThCS YMCIIOBBIMH IOKa3aTesIMU 0€30T-
Ka3HOCTH, JJOJTOBEYHOCTH, PEMOHTOIPUIOAHOCTH U COXPAHAEMOCTH. Y O€30TKa3HOCTH U JIOJITO-
BEYHOCTH €CTh 00II[ast YepTa — ITO CBOMCTBO OOBEKTA COXPAHATH PA0OTOCIIOCOOHOCTh. XapaKTe-
PHUCTHKaMH J0JTOBEYHOCTH SIBISIFOTCSI PECYPC U CPOK CiTykObl. Pecypc omnpenenser 3anac pado-
TOCTIIOCOOHOCTH JIM3€J1s, BRIPAXKEHHBIM B yacax HapaOOTKU OT Hayasla HKCIUTyaTallid WM ee BO-
300HOBJICHHUS T10CJIE PEMOHTA JI0 NIEpeXoia B IpeiesibHoe cocTosiHue. Hanbomnbimii nHTEpeC At
obecrieyeHust 6€30MacCHOCTH U HaJISKHOCTHU TMPEJCTaBIseT OCTaTOuHbIN pecype. Ilpu n3yuenun
norepu pabOTOCTIOCOOHOCTH OOBIYHO PACCMATPUBAIOT TAKHE MPOIECCHI M3MEHEHHs! CBOMCTB U
COCTOSIHUSI MaTepuaja, Kak yCTaJJOCTHOE pa3pylIeHHe, I1acTuueckoe ae(opMUpoBaHUe, U3HOC,
KOppo3wusl, anare3us (HapocT), GpEeTTHHT-KOPPO3usl, BhIKpaAIlMBaHue (MUTTUHT) U T.J1. B manHOM
ClIy4yae BBIAEIICHBI IPUMEPBI, KOTJa PECYPC ONPEEIAETCS N3HOCOM, HAKOIUIEHUEM yCTaJIOCTHBIX
MOBPEXK/ICHUM, BUOpallel U TEIUIOBBIM COCTOSIHUEM JeTalieil u y3ioB asurarens. HagexHocts
JIM3€eNs 3aBUCHUT OT BeCbMa OOJIBILIOrO Yucia (paKTOPOB, XapaKTEPU3YIOUIMX MX KOHCTPYKIIMIO,
YCJIOBUS IPOU3BOACTBA M 3KCIUTyaTallMyd. JTO MPUBOJIUT K TOMY, UYTO MPOLECCHl N3MEHEHUS TEX-
HUUYECKOT'O COCTOSIHMS M HaZIe)KHOCTH HOCAT CIIy4YaiHbIM XapaKTep, a IPH OLEHKE W aHAJIN3E I10-
KazaTeJiel HaJIe)KHOCTH HEOOXOAMMO UCTIONIb30BATh METObl TEOPUN BEPOSTHOCTH.

Ha nepcrnekTMBHOCTD MCIIONBb30BaHUS UMHUTAIMOHHOTO MojenupoBanus (MIM) mis npo-
rHo3a ypoBHs Oe3omacHocTr COVY ykazano B [1]. B [2] BbIBeaeHBI MeTOAUYECKHE PEKOMEHIA-
IIMH, B KOTOPBIX OINPEAEICHO MECTO U aNTOPUTM IpoBencHUs MM NpUMEHUTENBHO K MPOLIECCY
npoektupoBanus COY. DTOT alroputM UMEET YHUBEPCAIbHBIN XapaKTep, €ro MOKHO MCIIOB30-
BaTh U JJIS CYI0BOTO U3eJIs B OTAEIbHOCTU. COITIaCHO JAHHOMY alrOPUTMY, Ha OCHOBAaHUM, Ha-
MIpUMEP, IKCIIEPTHBIX OIIEHOK, HEOOXOIUMO BBIOpATh OIMPEICIISAIONIYI0 BEIMYMHY Y , Hanboee
HOJIHO U MH(OPMATUBHO XapaKTEPU3YIOLIYI0 COCTOSIHUE KaXKJOTrO 3JIEMEHTA «JIepeBa OTKa30B)
JM3€eNsl, OTKa3 KOTOPOro HE 3aBUCUT OT OTKAa3a JPYyTuX 3JIEMEHTOB. B kauecTBe Takol BENUYMHBI
MOXeT OBbITh PAcCCMOTPEHA JI0JATOBEYHOCTh (pecypc) anemeHTa. OOBIKHOBEHHO 3Ta BEIMYMHA
MMEET pacceMBaHUE U HOCUT CITydailHbIi Xxapakrep. B pesynbrate Y mpezacrasiser coOoil craTh-
CTUYECKHH psiA. BeiOupaercs MeToA WM aNropuTM pacdera, U PeKOMEHIYIOTCS 3aKOH U Iapa-
MeTpbl pacnpeneneHus Y . Onpenensrorcs rpaHuuHble 3HaueHus y i Y. CienyroummM 3Ta-

1OM Iipu 1poBefieHuu MM SBIISAIOTCS CTaTUCTUYECKHUE UCTIBITaHUA. B MX Xoze pasbirpblBaeTcs,
Hanpumep, MerogoM MoHre-Kapino 3HadeHue Ciy4alHOW BENWYMHBI Y WM IPOM3BOAUTCS €€
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CpaBHEHHUE C TPaHUYHBIM (HalpuMep, HOpMaTUBHBIM) 3HaueHueM y . Ecmu Y >y wmm Y <y (B

3aBUCHMOCTH OT OCOOEHHOCTEH paccMaTprBaeMOM 3a/1a4H), TO CYMTACTCS, YTO MPOM3OIIIET OTKA3,
WJIM, YTO MCIIBITAHUE MPOIUIO ycrentHo. [Torom ucnpiTanus moBTOpsitoTCs. BhImonHenue 3a1aH-
HOTO YHCJa UCTBITAHUIN MO3BOJSET MOMYYUTh HEOOXOAMMYIO CTATHCTHKY ISl BCEX YKa3aHHBIX
BBIIIIE 3JIeMEHTOB. Ha ee ocHOBe ompeenseTcs BEpOsSTHOCTh

P :NH.H/NPICH’ (1)

OTK

rae N, ,— 4HCIIO HapyILIeHUu HOPMAaTUBHOTO ypoBHs; N,  — 0O0llee YicI0 UCHIBITAHUI.

Cnenyer OTMETUTH, YTO, YIIPaBIIsisl KOJIMYECTBOM CIy4yaeB peaau3auuud N,

son » MOJKHO
HOJIyYUTh JOCTOBEPHBIE PE3YJNBTAThl U IPU MaJOM YHCIE OTKA30B. DTO MO3BOJSIET 000HTH

npo0GsieMy MaJoCTH BEIUYUH P, , 0JIHAKO, HCIOJIb3yeMble METOJbl U aITOPUTMBbI IeHCTBUI

OTK ?
JIOJDKHBI OBITH YIOOHBI TSI OpPraHU3aIllii MHOTOYUCIICHHBIX CTATUCTHYECKUX UCTIBITAHUH.

Ilpozno3uposanue ocmamounoii 001206e4HOCIMU Oemaneil no Kpumepuio UHocd.
B 3aBrcHMOCTH OT XapakTepa W3HOCA MPHHATO pa3jinyaTh HECKOJILKO BUIOB M3HAIIMBAHUS,
CpeIy HUX OCOOCHHO BBIACISIOT MEXaHHYECKOE, MOJICKYISIPHO-MEXaHUYECKOE U KOPPO3UOH-
HO-MEXaHUYeCKOe M3HaImMBaHue. HecMOTps Ha pa3inuyHbIii MEXaHW3M YIOMSHYTHIX BHIOB
W3HAIUBAHUS, U3HOC OT HUX MOXET OBITh ONMKCAaH OJUHAKOBBIMUA BPEMECHHBIMU (DYHKIIHSIMH.
Ecimu BenmuumHa w3HOCA IeTaneit 3a nmepuoja npupabOTKH HE MPEBBINIACT BEIMYHHBI JIOITyCKa
Ha WX W3TOTOBJICHHE, TO 3aBUCHMMOCTh M3HOCA JETaJei OT BPEMEHHM MOXKHO TPEICTABUTH B
CIICIYIOUIeM BUJIE

H(t)=at’. )

Koapdummentsr au f B dopmyne (2) yTOUHSIOTCS HA OCHOBAaHHMH JIAHHBIX O Xapak-
Tepe HarpyKeHUsl, YCIOBUM IKCIUTyaTal[Ml JIBUraTelis, KayecTBa OOCITYyKUBAaHUS U PEMOHTA.
EctrecTBeHHO, 3TH KO3 PHUIMEHTHI SBISIOTCS CIy4alHBIMH apryMEHTaMH, 3aBUCSIIAMHU HE
TOJIBKO OT HpeI[I)ICTOpI/II/I BKCHHyaTaHI/IOHHOFO HepI/IOI[a, HO U q)aKTOpOB, KOTOpI)IG MOFYT OKa-
3bIBaTh CBOE BIIMSIHHE B OyIyIIEM.

B cooTtBeTcTBHM ¢ puBeAEHHON (HOPMYIION IS U3HOCA, 3aBUCUMOCTh JJISI OIpe/Iese-
HUS pecypca napbl TPSHUS 3aIHUILIETCS B BUIC

]
t= (Hmp/a)ﬁ , 3)
rae 4, — NpeaenbHbIN 3a30p COMPSDKEHUS.

C yuérom 3aBucumocTu (3) ocTaTOYHBIN pecypc Mnapbl TPEHUS COCTABUT
T=t—t,, 4)

rac tO — Hapa60TI<a Ha MOMEHT Hauana BbInoJHeHus M.

CoOcTBEHHO 3/1€Ch U POUCXOIUT MEPEX0/ K BBIYMCICHHIO BEPOSTHOCTH OTKa3a 3a He-
KOTOPBII IIEPHOJ BPEMEHH ¢, OyAylleil SKCILUTyaTalluy Ha OCHOBE N, CTaTUCTUYECKUX UCIIbI-

11

tauui. Ecim ¢, <T', TO cuuTaercs, 4TO MPOM30LIEI OTKA3 U IPOMCXOIUT CyMMHPOBAHUE HE-
ylauHbIX ucneitanuid N, . IIoTom ucnbiTanus noBTOpstorcs U no ¢opmyne (1) Haxonutces

P s nanHOWM neranu. JlaHHBIM airOpuTM pEeaIn30BaH B BBIYHUCIUTEIBHOM KOMILUIEKCE

OTK
«IIporpamma pacuera OCTaTOYHOTO pecypca M BEPOATHOCTH OE30TKa3HON pabOTHI CyJOBOTO
JIM3eIIs Ha 331aHHBIA IEPHOJ] SKCIUTYaTaIl. BRIYUCIUTEIBHBI KOMIUIEKC BBITOJHEH B CPEe
nporpammupoBanus Borland Delphi u mo3Bomnsier onpenensTe oCTaTOuHBIN pecype neTanel u
y3JI0B U3€Js 10 M3HOCAM M YCTAJIOCTHOM NMPOYHOCTH Uil HanOOoJiee 4acTo yIOTpeOIsIeMbIX
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3aKOHOB paclpeieleHus (C y4ETOM MPUMEPOB MporpamMm u3 [3]): SKCIOHEHIIMAIBHOT O, TaMMa-
MPOIEHTHOT0, HOPMAaJIbHOT0, JJorapupMHUUECKH HOpMaIbHOro U Belibyra.

Ilpoznosuposanue ocmamounoii 001208e4HOCmMU Oemaieil N0 Kpumepuio ycmaio-
cmHoll npoyHocmu. Pa3pymenue TBEPABIX TEl MPEICTABIIAET JOBOJBHO CIOXHBIN MPOLECC,
KOTOPBIM 3aBUCUT OT MHOTHUX (DaKTOpOB. Bech 3TOT [UIMTENbHBIN MPOLIECC YCIOBHO JIENAT Ha
HECKOJIBKO MEPUOJIOB, XapaKTEPU3YIOIIUXCSl HAIMYNEM UM OTCYTCTBHEM BUAMMBIX TPEILIHH.

Ilepexoa OT OLIEHKM OCTAaTOYHOM NOATOBEYHOCTH K mpoueaype M tpeOyer BbINOI-
HEHMSI HEKOTOpPOHM MOCIen0BaTeIbHOCTH AeicTBUi. Ha puc. 1 mpenacraBieHa ykpynHEHHas
OJI0K-CXeMa aJIropuT™Ma ONpeAeTCHUs TOJITOBEYHOCTH AETalel CyNOBBIX JBUTATENEH IO ycC-
TAJIOCTHOM MPOYHOCTH U niepexona k UM.

TIporHo3HpoBaHKHE JONTOREYHOCTH
AetaneH Mo yeTanocTHoH NMPoYHoCTH

Jeramd Ge3 BHIHMBIX TPel[HH | | JleTan ¢ TpemHHanH
Boifop meToaa paciera Onpeienette KPHTEPHER, XapaKTepH-
KOG HLHEHTOR 2amaca ZYIOLTHX BOZMOKHOCT POCTa
P OIHOCTH Ha BBIHOCIH- TPELLHHBI

BOCTB l{
Her EcTh
‘l' —| Poct TpemiHbI l—

VcTaHORIIEHHE BePOSTHOCTHBIX
33KOHOB pacTIpeqeeHHsT 0NTo-

EETHOCTH BriGop MeTOJ0B pactera
l CKOPOCTH POCTA TPEIITHHEL
OnpeaeneHHe [PAHHTHOTO l{
ZHAYEHHA KO {HIHEHTa 'V CTaHOBMEHHE BEPOSTHO CTHBIX 'V CTaHORMEHHE B ep OSTHOCTHBLIX
34laca NpoHOCTH Ha 3AKOHOB PACTIPENeNIeHIs JONro- 3AKOHOB PACTIPEIETeHHs JONTo-
BBIHOCIHBOCTE BEIHOCTH BEIHOCTH
OL[eHKa AONMroBEYHOCTH OLieHKa
OCTaTOYHOH AOITOBeYHOCTH

IvHTALTHOHHOE

MOJEMHPOBaHHE

Puc. 1. YkpynHeHHas1 0JI0K-cXeMa aJIrOpUTMa OLIEHKHU J0JTOBEYHOCTH JeTajled CyJ0BbIX
JABC no ycTajocTHOH NMPOYHOCTH

Crnenyer oTMeTUTh 0COOYH0 3HAUYMMOCTh PAaCUETHBIX OLICHOK JAJIS JeTallel CyAOBBIX
JIBC, paboTtarommx Ha ycTanocTh. Jleno B TOM, YTO Takue JAETalu, HAapUMEep OCTOB, IIATYH
win koneHuaTsiil Ban (KB), nmpakThuecku He NOCTYNHBI B HACTOsILEE BpeMs JUIsl METOJOB
6e3paz0opHOi tnarHocTuku. Mx oTkas mpaktudyecku ataneH s quszens 1 COY B 1enom.

Onpedenenue ocmamoynou donzogeunocmu demaneii cyoogvix [[BC 0o obpazoeanus
BUOUMBIX mpewjuH. VI3BECTHO, YTO XapaKTEPUCTUKU COMPOTHBIICHHUS MaTepuaia yCTaloOCTH
ABIISIFOTCS CIly4allHbIMU BeTMUMHAMHU. VX pa3Oopoc 0ObACHAETCS pa3siIudusiMU B MUKPOCTPYK-
Typ€ U CBOICTBaX MMOBEPXHOCTHOTI'O CJIOS, KOTOPBIE B CBOIO OYEPEb CBA3AHBI CO CIy4YailHbIMU
BapHalUsIMH METaUTyprU4ecKUX, TEPMUUECKUX M MeXxaHudyeckux (akropoB. Hampsoxenus,
neiictByromue B aetansax JBC, Takxke UMEIOT Cly4aiHyr0 MPUPOIY BCIIEACTBHE HECTAOMIIb-
HOCTH IapaMeTpoB padouero nporuecca 3a cueT KoyieOaHni LUKIOBOH 10/1a4M TOIUIMBA, CTe-
IIEHU CXKaTHsl, YaCTOThI BpallleHUs U T.1. B 3THX ycrnoBusx onpaBaaH IPOTrHO3 U OLIEHKA pUC-
Ka C y4eTOM pacCerBaHUs YKa3aHHBIX XapaKTepucTuk. B [4] ObuI0 Moka3aHo, Kak MOXKHO HC-
nosib3oBaTh UM 1t mporuo3sa u oueHku pecypca KB cynoBeix quzeneit.

Oyenka oonzogeunocmu demanu ¢ mpewjunou. Ilpupoaa NosBICHUS TPELMHBI MOKET
ObITh HE TOJBKO YCTaJOCTHOW. B mpomecce m3roroBneHus aeraneil HEM30EeKHBI J1e(EKThI
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CTPYKTYpbI MaTepuaiia (PaKOBUHBI, yCTOTHI, BKPAIUICHUs APYTUX MAaTE€pPHUajOB), KOTOPbIE MO
UX BIMSIHUIO Ha IPOYHOCTh YKBUBAJIEHTHBI YCTAIOCTHBIM TpelMHaM. TpeInHbl TaKKe MOTYT
OBITh CJIEAICTBUEM KOHCTPYKTOPCKUX M TEXHOJOIMUECKHX MpocyeToB. [IpakTHka noka3bIBaeT,
YTO BO3MOXKHBI CUTYAIUH, KOTJa Je(eKTHbIE (10 TPEIIMHAM) JETaIN Helb3s 3aAMEHUTh, BBUTY
UX BPEMEHHOM MTPOCTPAHCTBEHHON HEAOCTYIHOCTH, WX JUI CTAPBIX JBUTATEIICH, — OHU PEl-
KM, Y, BCJIIEJICTBUE ITOTrO, BECbMa A0poru. [1o3TOMy, CyIIECTBYET 1OCTATOYHO IPUMEPOB IKC-
IUTyaTaluy JBUTATENIeH C NETasIMM, HAlIpUMEP OCTOBA, UMEIOUIMMH TPEIUMHBL. B 3TOM Cciy-
yae, KOHCTPYKTOP, KOTOPBIH 00eCrieunBaeT BECh )KU3HEHHBIN LIUKJ ABUraTeNs OT MPOEKTa 0
yTUIM3aLMK, 003aH U MOXET MPEeAyCMOTPETh PEKOMEHAALUH Ui 0e30MacHOM 3KcIlTyaTa-
MU ABurarens U B Takod cutyauuu. MM 3necs Hezamenumo. OHO NO3BOJISIET OLICHUTH Ha-
JEKHOCTh U O€30MACHOCTD JUIsl pa3HbIX AETajeil U AaTh PEKOMEHALUU 10 PEeXUMaM U Mpo-
JOJDKUTEIIbHOCTU UX JKCILTyaTalluu.

CornacHo cxeMe Ha puc.l Bo3MOXHBI J1Ba ciayyas. [lepBblif, korga non neicTBueM Ha-
IPY30K TpeIlMHA MPOAOJIKAET POCT U ONPEAEICHA OCTaTOYHAs JOJITOBEYHOCTh N (B LIMKIAX
Harpy>xeHus) 3Toil netanu. Bropol, koraa TpemuyHa pacT He OyAeT U MOXHO JBUTaTellb HKC-
IUTyaTUPOBATH JIO CJIEAYIOIIEr0 OCBUAETEILCTBOBAHNUS 0€3 YCTpaHEHHsI TPEIUHbI B JETaJIN.

PaccMoTpeHo nmpuMeHeHHe IPOTHO3a U OLIEHKM pUCKA K 3TUM ciaydasM. i nepBoro
OTMEUYEHO, YTO AOJITOBEYHOCTh N , 3TO TOJIBKO MaTeMaTHYECKOE OXHJaHUE, OTHOCUTEILHO
KOTOPOTO NEHCTBUTENBHOE 3Ha4YeHHE N, MOXKET OTKIOHAThCA Kak B OONBLIYIO, TaK ¥ B

MEHBIIYI0 CTOPOHY U JOBOJIBHO 3HAYHMTEIBHO. JTO OTKJIOHEHHE XapaKTEPHU3YeTCs 3aKOHOM
pacrpeneneHust co cBOMMH napamerpamu. CiienoBaTenbHO, IpH HapaOboTke netanu N, BO3-

JEHCTBHUE CITy4alHBIX (aKTOPOB IPUBOJUT K TOMY, YTO OCTaTO4HBIA pecypc N, =N, — N,

TaK)Ke SBJISIETCS CIIy4allHOM BEJIMYMHOW U MOXKET HE MPEBBILIATh 3adaHHbIN (Oyayuii) nepu-
ol 3Kcrutyatauuu N, . Pemaercs 3agada HaxXoKIEHUS BEPOSITHOCTH OTKaza P jeranu ¢ Tpe-

LUIMHOM Ha 3aJlaHHBIM MEepUOJ dKCILTyatauuu N, . PemieHne ocHOBaHO Ha mpoBeaeHun N, .
CTAaTUCTHYECKUX HCIBITAaHUM, B pe3ysibTaTe KOTOPBIX ONpenenseTcs CKoyubko pa3 (N, ) 3a-

JAHHBIM MeproA 3KcIuTyaTaiuu N, oka3aycs 0oJibllie OCTaTOYHOIO pecypca, ONpeIeIeHHOrO
C 33JIaHHBIM 3HaYeHHeM KodpduureHTa Bapuauuu V . Jlagee BepoATHOCTh OTKa3a HaXOAUTCS
o ¢opmyde (1).

Bo BTOpOM Citydae nociie10BaTeIbHOCTb JEHCTBUN HECKOIBKO MHas. 3 pacueroB us-
BECTHBI NTOPOTOBbIN KO3()(HUIMEHT UHTEHCUBHOCTH HanpsbkeHud K, . 1 (aktudeckoe 3Haue-

min
HUe Kod(h(dHIMEeHTa MHTEHCUBHOCTH HampspkeHuH K. DTH BenTWYMHBI MOXKHO TakyKe pac-
CMaTpPUBaTh KaK MaTeMaTUYECKHE OKHMJAHUS 3HAYCHHUI COOTBETCTBYIOIIUX KOI()PHUIIMEHTOB.
Torma B KaXI0OM CTAaTUCTUYECKOM HCIIBITAHWW 3HAYEHUS KOI(PPHUIIMEHTOB MHTCHCHUBHOCTH
Pa3bITPBIBAIOTCS Pa3IeIbHO M CPABHUBAIOTCS MEXIY coOoii. OTKa3 HACTYMaeT €CJU, B MPO-
1IeCCe MCIbITaHMM, 3HaUeHUE TpeBbilIaeT 3HadyeHne K = Jlanee moacYMThIBA€TCs YUCIO OT-

min

Ka3oB N, , U OIpeneNseTcsi BEPOSITHOCTh OTKA3a.

B noknane mpuBeneHbl MpUMEpHl pacyeTOB JUIsl KPUBOLUMIIHOW TOJIOBKU IIATyHA U
OTOPHOTO OypTa 0JI0KA MUIHHIPOB C TPEUTUHOM.

Ilpocnosuposanue ypoeueii euodpayuu u wiyma ou3ensn. BpIloIIHEHUE TPOLIETYPHI
VM npu obecriedeHnn HaJeKHOCTH U O€30MacHOCTH JHU3ElIs 110 YPOBHIM BUOpAIMU U IIyMa
oTpedoBajo MPOBEECHUS OTACIBHOTO MOAPOOHOTO UCCIIeIOBAHUS [5].

B noknazne omucaHbl pe3ynbTaThl pa3pabOTKM YHHBEPCAJIBHOIO METO/a MpPOTHO3a U
OLICHKM pHUCKa MPH Ha3HAUYEHUU MECT U 0O0BEMOB MPUMEHEHUs BUOPOAEMII(PUPYIOMIMX TO-
kpbituil (BII1), koTopslii 0azupyeTcst Ha 3aKOHE COXPAHEHUS! SHEPrHU. 3aMEUYEeHO, YTO Ipe-
JIO’)KEHHBIM yHUBEpPCaJIbHBIA METOJ| pacyeTa JUHAMUYECKU CBS3aHHBIX KOHCTPYKLHUN C BBICO-
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KAM J1eMII(pUpOBaHUEM, TIO3BOJISIET OOCUNTHIBATh KOHCTPYKIMH, 00pa30BaHHbIC KaK IUIOCKH-
MU, TaK U OpeOPEHHBIMH MEPEKPHITUIMHU.

OTMeueHo, 4TO NMPUHLIMIHAIBEHO BO3MOKHO Ha 0a3e MCCIeIOBAHHOTO METO/1a IPOTHO-
supoBath 3hdexT or npumeneHus BJIII Ha Hecymiem OCTOBE CyJOBOTO SHEPreTHUYECKOTO
000pyI0BaHuUs, HAIIPUMED, AU3EIIS.

Ilpoznosuposanue mennoeozo cocmoanua oemasneil ouzena. B oknaae M3I0KEHbI
OCHOBHBIE TIOJIOKEHUSI YHUBEPCATHLHOTO METOAA BhIOOpA BapuaHTa KOHCTPYKIUU AeTaneil u
y3JI0B JU3€s Ha OCHOBE IIPOTHO3a M OLEHKH PHUCKA IPEBBILICHUS, BCIEICTBUE BIHUSHUSA
cIy4ailHbIX (aKTOPOB, MPEACIbHBIX 3HAYCHUHN TeMIIepaTyp U/ UIu UX TPAJUCHTOB.

B noxnane npuBeaeH npuMep ucnolib3oBaHuss UM miisi CpaBHUTENIBHOM OLIEHKH TEIl-
JIOBOT'O COCTOSIHMSA JA€Tajeil ABurareis. B pesynbrare MOAEINPOBAaHUS YCTaHOBIIEHO, YTO OJI-
Ha U3 KOHCTPYKIHMI oOecreuynBaeT OOJbIIYI0 YCTOWYUBOCTh TEIMJIOBOTO COCTOSIHUA AETalU K
BIIMSIHUIO TEXHOJIOTMUYECKUX OTKJIOHEHHM M CYLIECTBEHHO YMEHBIIAET PUCK IMOSBICHUS OTKa-
32 U3-3a TEXHOJOTHYECKUX OTKJIOHEHHUI r€OMETPUN BHYTPEHHETO TPAKTa OXJIAXKICHHUS.

B mporuiecce mpoeKkTHpOBaHUS NOCTOSHHO BO3HMKAET MPoOJIeMa MHOTOBapUAaHTHOCTH
pELLIeHUH, Pa3IMYHBIX TI0 XapAKTEPUCTUKAM U CTOUMOCTHU. B 3TO# cuTyannu Bo3pacTaeT poJib
TEXHUKO-3KOHOMHUYECKHUX OOOCHOBaHWH, O0ecreynBalonMX BbIOOp BapuaHTa, Haubojee
MPEANOYTUTENHHOTO 10 MPUHATOMY KPUTEPHIO SKOHOMUYECKor s dextuBHOCTH [6]. B mOK-
Jane TpHUBEIEHBbl OCHOBHBIE pE3yJNbTaThl pa3padOTKU METOAUMKHA OLEHKH TEXHUKO-
9KOHOMMYECKOH 3 (HEKTUBHOCTH MpeaaraéMblX TEXHUUYECKHX PEIICHUH, C YYeTOM I0Ka3a-
Tesel HaIeKHOCTH U Oe3omacHoCTH au3eliss. OCOOCHHOCThIO TaHHONW METOMKH SIBIISIETCS UC-
MI0JIb30BAHUE B METOJUKE BEJIUYMHBI BEPOSITHOCTH OTKA30B OINPENEIeHHON B pe3yibrate MM
W3HOCOB, YCTaJOCTHBIX (TEpPMOYCTAJIOCTHBIX) M3MEHEHUIN CBOWCTB MaTepuaja JeTajlel, Io-
BBIIIICHHOW BUOPAIIMKA U TEPMUYECKUX HAMIPSHKCHUH.

BriBoabI

Ucnonb3zoBanne UM mo3BOJISIET MEPEUTH OT AETEPMHUHUPOBAHHOIO MPOTHO3a OCTa-
TOYHOTO pecypca K BEPOSTHOCTHOI €ro OIEHKE, YTO SIBISETCS MCXOMHOM MHpOpManuen ans
HNPUHATHS MOTUBUPOBAHHBIX PELIEHUH NIl TOBBIICHNUS HAJEKHOCTH U 0€30IIaCHOCTH CYJ0-
BbIX nu3eneil. HanGonpmmii 3pexT MokeT ObITh JOCTUTHYT MPU OpraHU3alUHU J0JITOCPOU-
HOT'0 00CITyKMBaHUs 1J1s1 00€CIIeUeHHs HaIJIEKAIEro YPOBHS HaI€)KHOCTU U 0€30I1aCHOCTH C
MCIIOJIb30BAaHUEM METOJI0B AMarHoctTupoBanus u M.
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MOAEJMPOBAHHUE MOPCKHUX TPAHCIIOPTHBIX CUCTEM HA OCHOBE
HUHTEJUVIEKTYAJIBHBIX TEOUH®OPMAIIMOHHBIX CUCTEM

B. 10. Ocunos (Cankr-Ilerep0ypr)

BBenenue

Cpenu MHOKECTBAa aKTyallbHbIX Hay4YHbIX HPOOJIEM, CBSI3aHHBIX C MOJAEIMPOBAHUEM
MOPCKHMX TPAHCIOPTHBIX CHUCTEM, Ba)XXHOE MECTO 3aHUMAET CO3/1aHUE HHTEIIEKTYaJlbHBIX
reonHpopmanronnsix cucrem (I'MC) [1, 2].

JloCTUTHYTBIN B HACTOSIIEE BPEMsI YPOBEHb CBHJETEIBbCTBYET, YTO MOKA HE YJAl0Ch
Ha/IEJUTh MOPCKHE TI'€OMH(OPMALMOHHBIE CHUCTEMBbl IIMPOKUMHU HMHTEIIEKTYalbHbIMU BO3-
MO’KHOCTSIMH.

Nmeemble pe3ynpTaThl B paMKax MPOrpaMMHO-IPAarMaTiYecKoro Mmojaxo/ia K nocTpoe-
HUIO0 MOpcKuX HHTeIuieKTyabHbIX ['MIC cymecTBeHHO MOBBICHIM 3()()EKTUBHOCTD PELICHUS
MHOTHX TBOpUYECKHX 3ajad. OJHAaKO BCE AT PEIICHUSI HOCAT y3KOCHEIHaIN3UpPOBaHHbIN Xa-
pakTep U TpeOYIOT CYLIECTBEHHBIX 3aTpaT Ha pa3pabOTKy U CONPOBOXKAECHUE COOTBETCTBYIO-
LIETr0 MPOrpaMMHOI0 00eCIIeYeHHMS.

N3BectHbl uHTemnekTyanbHble [ IC Ha OCHOBE 3KCHEPTHBIX CHCTEM, MO3BOJISIOIINE
pacrno3HaBaTh psAJ CIOXHBIX MPOCTPAHCTBEHHO COOTHECEHHBIX CUTyallUMi, MPOTHO3UPOBATH
OTJeNIbHbIE COOBITHSI, OLIEHUBATh UX OMACHOCTb, BBIAABATH PEKOMEHJIAIMM MOJIb30BATEISAM U
pemate npyrue 3agaun. K atum I'MC oTHOCATCS MHTENIEKTyalbHbIE JIOTUYECKHUE U AaHATTUTH-
yeckue cucteMbl, a takxke ['MC, Bkitoyarolye B CBOM COCTaB MHTEIIEKTYaJIbHbIE TIOJCHCTE-
MBbl BU3YaJIbHOI'O MOJIEJIMPOBAHUS MPOCTpaHCTBEHHBIX npoueccoB. [locnennue 'MC naxoasat
LIMPOKOE MPUMEHEHHE NMPH HEOOXOIUMOCTH MPOMUIPHIBAHUS CLIEHAPUEB BO3MOKHBIX JEUCT-
BUI Pa3NMYHBIX HaJBOJHBIX, OJBOIHBIX, HA3EMHBIX, BO3AYIIHBIX OOBEKTOB U OLEHKU UX TO-
CIIEICTBUM.

K coxanenuto, Bce atu ['MIC o0nanaroT He 1OCTaTOYHON T'MOKOCTBIO K MEPECTPOIKe
CBOEH CTPYKTYphl B 3aBUCUMOCTH OT BHEIIHUX yCJIOBU. OHU TpeOyOT NOCTOSHHOTO CONpO-
BOKICHHUSI CO CTOPOHBI SKCIIEPTOB U MPOTPAMMHUCTOB, 00JIaJal0T HU3KUM YPOBHEM CaM0O0Oy-
yeHus. MHTeIeKkTyanbHble BO3MOXKHOCTH 3TUX CHUCTEM OTpaHHYeHbl HaOopamu 3apaHee 3a-
JIO’)KEHHBIX ¥ 3aIIPOrPaMMHUPOBAHHBIX TPABUIL.

AKTUBHO pa3BMBaeMOe OMOHMYECKOE HalpaBJIEHUE CO3/1aHUS MOPCKHUX WHTEIUIEKTY-
anbHbIX [MIC, cBsA3aHHOE C BOCIPOU3BEACHUEM CTPYKTYP M MPOILECCOB, XapaKTEPHBIX YE€JIO-
BEYECKOMY MO3TY M HCIIOJIb30BaHME MX JUIsl PeUIeHHs reonH(pOpMalMOHHBIX 3a/ad, IOKa
TaK)Ke HE J1aJ0 KEJAeMbIX pPe3yJIbTaToB.

W3BecTHbl HellpoHHbIE ceTu [3—5], BXoasmmue B cocTaB MHTeIUIeKTyalbHbiXx [UC,
MpUMEHSIEMbIE ISl ACCOLIMATUBHOTO 3allOMUHAHUS UH()OpMAaLMK, HETMHEIHOTO IPOrHO3UPO-
BaHUs U MOJIEIMPOBaHUs, 00paboTku HH(popMmanuu 00 o0bekTax U npoueccax. Cpeau HUX
HEHPOHHBIE CETH MPSMOr0 PacHpOCTPAaHEHUs, PEKYPPEHTHbIE CTPYKTYpbl, CAMOOPTraHU3YIO-
muecs kaptel KoxoHeHa u pyrue.

K Henocratkam 3THX ceTei OTHOCATCS CYIIECTBEHHO OrPaHUYEHHbIE BOZMOKHOCTH T10
00paboTKe pa3IMYHbIX BHJIOB CUTHAJIOB, UX PAclO3HaBaHMIO, 3alIOMUHAHUIO, U3BJICUCHUIO U3
namsTH cetd. Mimeer Mecto OBICTpOE pa3MbIBaHHE CTPYKTYpP CHTHAJIOB B CETSAX. DTH CETH HE
MO3BOJISIIOT B MOJIHOM Mepe peau30BaTh UCKYCCTBEHHOE MBIIIJICHUE U 00ECIIEUUTh pellieHHe
OJIHOM U TOM € CEThIO pa3IMYHbIX HHTEIJIEKTyaJIbHbIX 33]1a4.

He cMmoTps Ha 3TO, MNMEHHO Ha OMOHMYECKOE HAIpaBJICHUE ceilyac BO3JIararT OOJb-
LIM€ HaJEX/Ibl B YaCTH CO3/1aHusl MOpCKUX HHTeUIeKTyanbHbIX [ IC. OCHOBHBIE TOCTOMHCTBA
3TOrO HalpaBJIeHUs, ONPEICIIAIONINE €r0 MEePCIEeKTUBHOCTh, — 3TO OOJIBIION CKPBITHIN NOTEH-
IMaT HEHPOHHBIX CeTeH, BRICOKUH Mapayuiein3M 00paboTKku MHPOPMAIHH, a TAKKE BO3MOXK-

88 HUKM MTMTC 2011 - SCM MEMTS 2011



HOCTh 3aMEHBI J0pOrocrosieil pa3padboTku nporpamMmmuoro odecneuenus aiast I'UC ux nps-
MbIM 00y4YeHHEM, BKITIOUass CaMOOOyUYeHHE.

Hyxubr Mmopckue I'MIC, HaneneHHble CBOMCTBAMM BOCHPUSATHUS OKPY’KarOLIEH NEHCT-
BUTEJIbHOCTH, MCKYCCTBEHHOTO MBIIIJIECHUS, OCO3HAHHOI'O MOBEIECHMS W B3aUMOJCHCTBUSA C
BHEITHUM MHPOM.

PaccmarpuBaeTcs HOBBIN moaxo K moctpoeHuto mopckux ['MC Ha ocHOBe acconua-
TUBHBIX WHTEJUIEKTYyaJIbHBIX MAaIIMH [6, 7], TO3BOJSIOMMUI pacIIUPpUTh UX (PYHKLIHMOHAIbHbIC
BO3MOKHOCTH.

ITocTanoBKka 3aga4un

Nmeetcs Hekotopas tpaguimonHas Mmopckas [ IC, Bkitouaroiasi B CBOi coctaB 6a3y
COOTBETCTBYIOIIUX MPOCTPAHCTBEHHO-COOTHECCHHBIX JAaHHBIX, TpaQUUECKUil MOIb30BaTEIb-
ckuit uaTepdeiic u ' MC unctpymenTtsl. B nHTepecax pacmmpenus: BoamoxkHoctelt B oty [TNC
IUIAHUPYETC BKJIIOYUTH CHEIHUAJbHYK aCCOLMATUBHYIO HHTEJUIEKTYalbHYI0 MAIlUHY
(AM).

OTa MallliHa J0JDKHA

- JIOTIOJHSATH CJIOM AJICKTPOHHOW KapThl HeIOCTaromed HHpopMamuer o MOPCKHX
TPAHCIIOPTHBIX CUCTEMAX;

- pacro3HaBaTh T€OMH(POPMAIMOHHbIE OOBEKTHI W CHUTyallMH, ONPEACNATh UX BaXK-
HOCTb, OITACHOCTb;

- IPOTHO3UPOBATH Pa3BUTHE COOBITUI HA MOPE U B IOPTaX Ha 3JEKTPOHHBIX KapTax;

- BbIJJaBaTh PEKOMEHAALNH 10 JEHCTBUSAM B CIIOKMBILNXCS YCIOBHSAX;

- BOCCTaHABJIMBATh MPEALIECTBYIOIINE COOBITHS;

- B3aMMO/ICHCTBOBAThH C BHEIIHUMHU UCTOUHUKAMH HH(POpPMAIINH;

- ynpasnsaTe HacTporikamu ['IC u pemate apyrue 3aaaymu.

HeobxonuMo onpeaenuTs CTPYKTYpY Takol acconuaTHBHOU HHTeIekTyaabHoi ['UC
u camoii AUM B nHTEpecax MOEIMPOBAaHUS MOPCKUX TPAHCIIOPTHBIX CUCTEM.

Crpykrypa nepcnektuBHoi mopckoii 'MC

O6o00menHas ctpykrypa npemiaraemor I UC npusenena Ha puc. 1, rne AW — natun-
ku uHpopmanuu; UC — ucnomuutensHeie cpeactBa. OCcoOOEHHOCTh acCOIMATHUBHONW WHTEIN-
JekTyanpHoM MamuHbl B coctaBe [ IC B TOM, 4TO MEXIy €€ BXOAaMH M BBIXOJAAMH MOTYT
OBITh YCTAaHOBJICHBI OJJHO3HAYHBIE COOTBETCTBHS. B KauecTBe HEMPOHHON CETU MAIIMHBI BBI-
CTyIaeT PeKyppeHTHAs CETh C OOPATHBIMHU CBS3SIMHU, 3aMBIKAIOIMH JIBYXCIIOMHBIE KOHTYpa C
BpPEMEHEM 3aJICP’KKH €AMHUYHBIX 00pa30B MEHbIIIE BPEMEHU HEBOCIIPUUMYHUBOCTH HEHPOHOB
nocyie ux Bo30yxkaeHusi. CTpyKTypa ee npuBeieHa Ha puc. 2. B 3Toil ceT oCyIecTBIsSIOTCS
yIOpaBlsieMbl€ CABUTH COBOKYIMHOCTEH €IUHUYHBIX 00pa30B BAOJb CIOEB, B 3aBUCUMOCTH OT
UX COCTOSIHUH, U 00€CTIeYNBAETCS IPUOPUTETHOCTh KOPOTKUX CBSI3EH MEX]ly HEHPOHAMHU.

[Tonaraercs, 4TO AATYUKU Peanu3yIOT GYHKIIUN OMOIOTUYECKUX KIIETOK — PEIEITOPOB
U TEPBUYHBIX HEHPOHOB, BXOJAILIMX B PELENTOPHYIO cucTteMy. B obmeM ciayyae naTuvku
BOCIPUHUMAIOT HHPOPMAIIUIO, Kak 0 cocTostHNH BHemrHero mupa, [ UC u camoit AUM.

Jlia peuieHust 3ajgady, nocraBieHHbIX nepen AWM, moMuMO ycHneurHoro mpsiMmoro u
o0paTHOro mpeodpa3oBaHusl CUTHAJIOB B HEH, €€ HEHPOHHAs CEeTh JOHKHA UMETh COOTBETCT-
BYIOUIYIO JIOTHYECKYIO CTPYKTYPY CJIOEB.

[Ipononsuble ciuru B HeliponHou cett AVIM I'MC nipennaraercst peainn30BbIBaTh TOJIb-
KO B CIIy4asx, KOIJla MEX1y B3aUMOJCHCTBYIONIMMHA HEMPOHAMU IIpH IIepeiaye COBOKYITHOCTEN
€IMHUYHBIX 00Pa30B MO KOPOTKUM CBSI3IM BO3HUKAIOT KOH(IUKTHL. HellpoHb! ceTr MOryT Haxo-
JUTHCSI B COCTOSTHUAX OKUJIAHUsI BO30YKAEHUS, BO3OYX/I€HHS U HEBOCHPUUMYHUBOCTH. 3@ CUET
MOCTOSTHHBIX TI0 BEJIMYMHE CIBUTOB COBOKYITHOCTEH €IMHUYHBIX 00Pa30B KaXKbIH CIION CETH JIo-
TMYECKU pa30MBaeTcsi Ha OAMHAKOBBIE MOy VH(opMaus B ceTh BBOAMTCS Yepe3 MEpBOE TOJIe
BXOJIHOTO - BBIXOJHOI'O CJOS, @ CHUMAETCS C BBIXOJHOTrO noJs. [Ipu 3ToM BBOMMBIE B CETh MO-
CIIeIOBATEbHBIE COBOKYITHOCTH €IMHUYHBIX 00Pa30B 3a CYET CABUTOB NPHBOMASATCS B HEW K O
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HOMY MOMEHTY BPEMEHH M aCCOLMHPYIOT APYT npyra. HecMOTps Ha CIBUTH COBOKYITHOCTEH
€IMHUYHBIX 00pa30B BJIOJb CJIOEB, B TAKOH CETH 3a CUET MPHOPUTETHOCTH KOPOTKUX CBS3EH yC-
TAHABIIMBACTCS OJJHO3HAYHOE COOTBETCTBUE MEXY €€ BXOJIaMU U BbhIXoJaMu. BxomHoe u mocie-
TYIOIIHE TIOJISI CIIOEB CETH MOYKHO PacCMaTpPUBATh KaK COCTOSIHUSI HEKOTOPOU AIIEKTPOHHOU Kap-
Tl Ha TEKyIIHE MOMEHTBHI BpPEMEHH C TPHUBS3KOH K reorpadMueckuM KoopauHaTaMm. BxomHbie
CHUTHAJIbl B BUJIC ITOCJICAOBATCIIbHBIX COBOKYHHOCTeﬁ CAMHNYHbBIX O6p830B MOJAAar0TCA Ha ICPBOC
TI0JIe TIEPBOTO CJIOST, MPOJBHUTAIOTCS TI0 CETH B YKa3aHHBIX HAIPABJICHUSX, ACCOIMUPYIOTCS APYT C
apyrom. IIpu 3ToM BXOJHBIE TOCIEIOBATENbHbIE COBOKYITHOCTH €IMHUYHBIX 00pa3oB mpeodpa-
3YIOTCSI B TIapaJUIeTIbHBIC, & CHUIMAIOTCS C CETH TI0CIIe aCCOLMAIINI CHOBA KaK MOCIIEI0BATEIIbHBIC.
Hmeet mecTo noruueckasi CTpyKTypa B Buzie Oeryiiei crpoku (puc. 3). Bug cBepxy Ha nepBbIit
CJIOH TaKO# CeTH MoKa3aH Ha puc. 4.

Basa I'papumecknii noaszopaTenbekHii HuTepdeiic ]
NPOCTPAHCTBEHHO
COOTHECEHHBIX e
St I'HC nuctpymenTs
AN
/ CIIII coIl
Bremuue
HCTOWHHKH >(.‘IIII :D Heiiponnaa cem :3(,‘()11:::>
R CMAILH Bosaekicraune
Hil BHEITHHE
CHCTEMBI

\ AccouuaTHrHAA HHTS/UISKTYAILHAA MALIHHA /

Puc. 1. O6o01mieHHas CTPYKTYpPa acCOIUATHBHOIM HHTe/LIeKTyadbHoil [TUC
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Puc. 2. CtpykTypa HeiipoHHOIi ceTn
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Puc. 4. Bua cBepxy Ha nepBblIii cJ10i

Jlyis omHOBpEeMEHHON 00paboTku WHGOpPMAIMU 00 7 TOCIEAOBATEIBHBIX IIBETHBIX
KaJipax UCIOJIb3yeMasi HeMpOHHAsi CeTh JOHKHA MMETh HE MeHee L =nxm TIoNeH, rae n —
MHUHHMMaJIbHOE YHCIIO TOJEH, HECYIMX HH(POPMAaLKI0 00 OJHOM KaJpe 3alaHHOTO KauecTBa.
3ameTuM, 4TO B 0OIIEM CIydae OJHHM M T€ XK€ TO0JII HEUPOHHOM CeTH HeCcyT MH(POPMAIIHIO O
pa3IMYHbIX KaJapax.

K nanbosiee nepcneKTUBHBIM PEKYPPEHTHBIM HEHPOHHBIM CETSIM B COCTaBE MHTEIIEK-
TyanbHbIX [ MC cnemyer OTHECTH ceTU He C TUHEHHBIMU, a CO CIIUPATbHBIMU CTPYKTypaMHu.

Pe3yabTaTsl MoaeaupoBanusi. MojenupoBaiack OJAHOBpeMEHHasi oOpaboTKa Ipo-
CTPaHCTBEHHO-BPEMEHHBIX M BpEMEHHBIX mporeccoB B Takoi ['UC.

VYcraHoBIEHO, YTO MpeAaraéMblii MOAX0 K TOCTPOEHUIO aCCOIMATUBHBIX WHTEIUICK-
tyanbHbix ['MC, kak cpencTB MOJEIUPOBAHHUS MOPCKHX TPAHCHOPTHBIX CHUCTEM, MO3BOJISIET
YCHEIIHO OCYIIECTBIIATh HHTETPAIHIO PA3HOPOIHOW IAMHAMHUYECKOH wuH(popmammu, Ooiee
MOJIHO aCCOIMUPOBATh TEKYIIHE M 3alIOMHEHHBIE COOBITHS, MPOTHO3UPOBATH UX PA3BUTHUE C
OTO6pa)K€HI/I€M PE3YJIbTATOB B HCXOJHOM BHUAC, BBIABJIATL CKPBITHIC 3aKOHOMCPHOCTH. 3a
cuet BHeApeHUs B coctaB Mopckux ['MC acconmaTUBHBIX MHTEIUIEKTYyaIbHBIX MAIIUH JOCTU-
KHMMO CYIIIECTBEHHOE pacIIupeHue ux (PyHKIMOHAIBHBIX BO3MOxHOCTe. [loaxon He Tpedy-
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€T TIOCTOSTHHOT'O COBEPIIICHCTBOBAaHUS porpaMMmHoro ooecneuerus [ IC, Tak kak 6azupyercs
Ha CaMOOOYYCHHH.
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ITPOEKTUPOBAHUE BAPUAHTA JOCTABKHU IMPOAYKIUH ITPH
MYJIbBTUMO/JAJIBHBIX IEPEBO3KAX

N. A. Ilnactynsk, A. A. HockoB (Cankr-IleTepOypr)

CoBpeMEHHbI MPOU3BOJICTBEHHBIM MPOLIECC MPEANoaaraeT, 4ro sl OpraHu3alu
CH8.6)KCHI/I$I MaTepI/IaJIaMI/I 148 KOOpI[I/IHaL[I/II/I Hpouecca HN3TOTOBJICHUA HpOILyKLII/II/I HGOGXOI{I/IMO
WCIIOJB30BaTh CHEIUalbHbIe METO/Abl IUlaHupoBaHusa, Hanpumep MRP [1, 2]. ITockonbky
JTAHHBIM METOJ HE ONepHpyeT NAaHHBIMH O MOTPEOJICHUH B MPOILUIOM, & OPUEHTUPYETCS Ha
Oynymye MmoTpeOHOCTH, TO Ha MPAKTUKE 3TO O3HAYAET, YTO 3aKa3 Ha IOIMOJHEHHE 3alacoB
dbopMupyeTcsi TOIBKO TOTJa, KOTJa ATO NEHCTBUTEILHO HEOOXOIMMO, U TOJILKO Ha Ompene-
JeHHOE KOau4ecTBO. OCHOBBIBAsICh HA TEXHOJOTUM M3TOTOBIICHUS U3/IEIHS ONPEaeIsIeTCs 3a-
rpy3Ka IIpOHU3BOJICTBA, IIPU 3TOM IIPUHUMAIOTCS BO BHUMAHUE U YK€ CYLIECTBYIOIIUE IIPOU3-
BOJICTBEHHEBIC 3aJaHUs.

Ha nanHoM stare yis MIaHupOBaHUS CHAOKEHUsI OTIPEIETISIFOTCS CPOKU Hadaa Jorepa-
U 10 pean3ali pacCUMTaHHBIX MOTpeOHOoCcTel. AnroputM MRP 3a Hauano Gepet nary pea-
JM3alMU KOHEYHOH MOTPEOHOCTH U «PACKPYUIHMBAET» HA3aJ BO BPEMEHH MPOLIECC U3TOTOBIICHUS
W3JIENMS M 3aKYTKH MaTepUaioB, TAKUM 00pa3oM, OIPEesisis JaThl Hadajla MPOW3BOICTBEHHBIX
orepanyii KOMIOHEHT HIKHETrO0 YPOBHS BIUIOTH IO ONpeJeieHHs AaT (OPMHUPOBAHUS 3aKa30B
nocraBiukam. [TomoOHas cxema 0ObIYHO UMEET BT, TIPEACTABIICHHBIN B Ta0M. 1.

Taoauua 1

IIpumep popMupoBaHust NOPAAKA BHINOJTHEHHS POU3BOACTBEHHOI0 MJIAHA

H‘]f[. Komnonent| Bpems IIpumeyanue

1 A Y, Henenu Kommnekranua wu3 marepuanioB R, G, H u I, otrpy3ka
3aKa34YuKy

2 B 3 vepenu | M3rotomnenue u3 MmarepuasioB J, K, L u M

3 C 3 wenenu |Msroromienue u3z Mmarepuasio J, K, L u M

4 D 4 nenenu | Msrorosnenue u3 matepuasioB N, L u M

5 E 3,5 nenenu | M3rotoBnenue u3 marepuanioB S, T, O, Pu M

6 F %> nepenu |M3rorosnenue u3 marepuanos J, Q,Pu M

7 G 1 menens | BpeMs mocraBku marepualia

8 H 1 Hegensi | BpeMst 1ocTaBkM MaTepuana

9 1 1 Hepgenst | BpeMst 1ocTaBkM MaTepuaa

10 J 8 Henens Bpems nocraBku MaTepuaga C Y4YeTOM H3IOTOBJICHHS
6 HeJlellb M TAMOXKEHHOM OYMCTKHU B 2 HEACIU

11 K 6 Henens Bpems nocraBku MaTepuana C Y4YeTOM H3rOTOBICHHS
4 HenenW U TAMOXKSHHOM OYMCTKHU B 2 HEJCIH

12 L 2 nenenu Bpewms nocraBku maTtepuana c Y4ETOM HAIIMYMs TOBAPA HA
CKJIaJI¢ MOCTABIIMKA M TaMOXXCHHOM OYMCTKH B 2 HEACIU

13 M Y2 Hepenu | Bpemst tocTtaBku maTepuasa

14 N 4 Heemu Bpems nocraBku MaTepuana C Y4YeTOM H3rOTOBJICHHS
2 HeeIu U TAMOXKEHHOH OYHCTKHU B 2 HEJCIH

15 0 Yo Henenmu | Bpems moctaBku MaTepuaia

16 P 1 Henenst | Bpemsi jocTtaBku MaTepuaia

17 Q Y2 Henenu | Bpems moctaBku MaTtepuania

18 R 1 Hemenst | Bpems nocTtaBKy MaTepuana

19 S 3 Heneu Bpems pocraBku MaTepuaga ¢ Y4eTOM H3TOTOBJICHHS
1 Heneny ¥ TaMOXKEHHOU OYUCTKH B 2 HEIEIU

20 T 2 Henenu Bpewms nocraBku maTtepuana ¢ Y4€TOM HaJli4Ms TOBapa Ha
CKJaJi¢ MOCTAaBIIMKA M TaMOXKCHHOM OYMCTKH B 2 HEACIU
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Takum o0pazom, TpeOyeTcst pemuTh 3a1a4y Bbioopa u GOpMHpPOBaHUS BApUAHTOB Op-
TaHMW3alUU TPOCKTHBIX MEPEBO30K, /U1 KOTOPBIX TPeOOBaHUS KIMEHTA MO0 BPEMEHH U KOM-
TUIGKTHOCTH OTIPABKH SIBIISICTCS CYIIECCTBEHHBIMHU YCIIOBUSIMH.

PaccMOTpuM BapHaHT OpraHu3ali TPAHCIIOPTHPOBKHU C YYETOM >KECTKOro TpeOoBa-
HUSl TI0 MUHHMAJIBHOMY PHUCKY TOBPEKICHUS W BPEMEHH TOCTaBKH (TOYHO BO BpEMS»).
Amnanu3z TpeboBaHU KIIMEHTa NpUBECH B Ta0I. 2

Taoaunmna 2
IHonoxenns U aHAJINM3 3asiBKHM HA MIEPEBO3KY rpys3a

ITapameTtpbl TpebGoBanus IIpumeyaHusi IKCIETUTOPA
ITyHKT OTIpy3KH|a’3ponopT/mopt N3-3a G0nBIIOr0 paccTOSHUSI MMEIOTCS Or-
rpysa r. Cankr- [letepOypr, P®@ |paHudeHus: BUIOB TPAHCIIOPTUPOBKHU
[Iynkr momyde-|a’ponopT/mopT
HUS Tpy3a r. Bepakpyc, Mekcuka
BecoBbie xapak-|Bec 7 500 kr HNmeet HeOoMbIITNE BECOBBIC XapaKTEPUCTHU-
TEPUCTUKH KM U BBICOKYIO CTOUMOCTb

['abaputnbie xa-|I*I*B: 320 cm * 1100 cMm |['py3 siBnsieTcst HerabapuTHBIM
PAKTEPUCTUKH * 370cm
Cpok nocraBku  |He Oonee 30 nHei Nmetrotcs orpaHuveHus B CpOKe JOCTaBKH,
MIOCKOJIBKY KJIMEHTY HE0OXOJIUMO BBINOJ-
HUTh CBOM KOHTPAKTHBIE 0053aTE€IHCTBA
Oco0sie otmeTkH |['py3 He siBsieTcst onacHBIM | Bo3MokHA TiepeBO3Ka JIIOOBIMH  BUJIaMHU
TpaHCIOpTa

Oco0sie otmeTkH |[lepeBo3ka uepes Tepputo- | IMEIOTCS OrpaHUYEeHHS] B MapUIpyTax mepe-
puu CIIJA 3anpernieHa BO3KHU

Oco6sie otmeTku | Heo6xommmo NpuHATH | 3-32 CIIOKHOCTH BOCCTAaHOBJIEHHUS Ipy3a K
MaKCUMaJbHbl€ MEpbI [JISl|AJaHHOMY IIYHKTY HPUMEHSIOTCS BBICOKHE
MPEeIOTBPALLEHUS OBPEXK- | TpeOOBaHUS

JICHUs rpy3a
HocraBka r1py3a|DAP — r. Bepakpyc, Mek-|Onpenensier, 4To ToBap JAOJKEH OBITh JOC-
Ha yCJIOBUAX cuka UHKOTEPMC 2010 |taBieH q0 MyHKTa Ha3HAY€HUS MOCTaBIIU-
KOM

Pazbepem cutyanmio u co3gaauM MPOEKT ONTHMAIBHOTO CIIOCO0a TPAHCIIOPTUPOBKU
HerabaputHoro rpysa. O603Ha4uM MPOOIEMbI, C KOTOPBIMU MOXKEM CTOJKHYTHCSI B XO/I€ BBI-
MIOJTHEHHUSI 3aKa3a «TOYHO BO BPEMSI.

[Tocne 0oOpaboTkM 3aka3a M aHAIM3a TPEOOBAHMIA, TIPEABSBICHHBIM KIIMEHTOM K JIOC-
TaBKe Tpy3a (HOpMyIUpPYIOTCSI OCHOBHBIE TPEOOBAHMS: CPOK JOCTAaBKU TPy3a OTPAHUYEH, €TO
MepeBO3Ka MOXET OBITh BBITIOJIHEHA TOJBKO TI0 ONPENIEIICHHOMY M 3apaHee COTJIaCOBaHHOMY
MapIIpyTy, KpOME TOTO IOCKOJIBKY OH SIBJISIETCSI HeTabapUTHBIM MPH PACCMOTPEHHH MapIIpy-
Ta HEOOXOIUMO 00ECIICUNTh MHHUMAIBHOE KOJHUYECTBO MEPErpy30K, C LENbI0 YMCHBIICHHS
pHUCKa €T0 TIOBPEKICHUS.

PaccMoTpuM BO3MOXKHBIE BapHUaHTBI CIIOCO0A JOCTaBKH. TpaHCIIOPTUPOBKA ITaHHOTO
rpy3a B IEPBYIO OYEPE/b C YUETOM IabapUTHBIX XapaKTEPUCTUK MOXKET OBbITh BBIIIOJIHEHA C
WCIIOJIH30BAHUEM CJICIYIOIINX BUIOB TPAHCIIOPTa, 3 UMEHHO:

- JKEJIe3HOJOPOKHBIM i MOPCKHUM (CMEIIaHHBIN THIT IEPEBO3KH);

- aBTOMOOMJIBHBIM M MOPCKHM (CMEIIIaHHBIN THIT TIEPEBO3KH );

- TOJIBKO MOPCKHM (0€3 TIeperpy3Ku ¢ OTHOTO KOHTEHepa B IPYToi);

- TOJILKO BO3YIITHBIM.
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B Tabn. 3 mpuBeneHBI BO3MOXKHBIE MAapUIPYThl JOCTaBKU rpy3a u3 r. CaHKT-
[TerepOypr, P® B r. Bepakpyc. Mekcuka.

Taoauma 3
XapakTepucTHKa BADHAHTOB JOCTABKH Ipy3a
Howmep XapakTepucTHKA Buze1
MapLpyra TPaHCIOPTA
1 r. Cankr-IlerepOypr, P® — nopt Banencus, Vcnanus — | /1 — Mopckoit
nopr r. Bepakpyc, Mekcuka
2 r. Cankr-IletepOypr, P® — nopt Banencus, Vcnanus — | aBTo — MOpCKO#
nopr r. Bepakpyc, Mekcuka
3 nopt Cankr-IlerepOypr, P® — mopt r. Bepaxpyc, | Mopckoii
Mexkcuka
4 asponiopt Cankrt-IlerepOypr, PO — aspomnopt r. Bepak- | BO3aymIHbIMi
pyc, Mekcuka

BrlInosHUM IIpeIBapUTENIBHOE ONPEAEIEHUE COCTaBA YYaCTHUKOB IIpoLecca JOCTaBKH,
JUISL UCKITFOUEHUS! HENPUEMIIEMbIX BAPUAHTOB TPAHCIIOPTUPOBKU M COKpAILEHUS BPEMEHH B
IIPEIOCTABIICHUH KIMEHTY CTOUMOCTH U BUAA JOCTABKH.

C yuerom TpeOOBaHMIl KJIIMEHTA U NIAPAaMETPOB I'Py3a COCTaBUM OCHOBHBIE KPUTEPUH,
C HUCHOJIb30BAaHUEM KOTOPBIX OMNpEAESUM IieecooOpa3Hble BapUaHThl CIIOCOOOB JOCTaBKH.
PesynbraTel oTpaxeHsl B Tadm. 4:

Tabauua 4
Bo3mo:xkHbIe prCKH IPH PA3JINYHBIX BAPHAHTAX J0CTABKU.
BepositHOCTB
Kpurepuii Pucknu pucka
NMOBBINIAETCS
HA MapuIpyTax
I'py3 sBasgercs [ToBpexeHus pu neperpys3ke ¢ OAHOTO aBTO — MOPCKOM,
HerabapuTHBIM BUJIa KOHTeWHepa (TUTOMIAIKK) Ha APYTOM /1 — MOPCKOI
1 TpeOyeT BEICOKOKBAM(DUITMPOBAHHBIX
CIIELHATMCTOB OTIPABUTEIIS.
Ecnu 6yner 6onee on- [ToBpexnenust aBTO — MOPCKOH,
HOM Neperpys3Ku /11 — MOPCKOM
JlonmoHUTENBHBIE pa3- | ApecT rpy3a u3-3a OTCYTCTBHS TPaAH3UT- aBTO — MOPCKOM,
pELICHUS Ha TPAHCIIOP- | HBIX JIMLICH3UN B PSJIE €BPONEUCKUX CTPaH /11 — MOPCKOM
TUPOBKY

CornacHO NPOBEAECHHOMY aHAIU3y MOXKHO CJENaTh BBIBOJ, YTO CMELIAHHBIA THUII
TPAHCHOPTUPOBKH «aBTOMOOWJIBHBIM — MOPCKHM» M «XKEJIE3HOJOPOKHBIM — MOPCKHM»
TPAHCIOPTOM HELENIEeCO00pa3Ha 110 CIEAYIOIUM IPUYNHAM:

- BBICOKA BEPOSITHOCTD ITOBPEXKIACHUEM I'Py3a IPU NEPErpy3Kax ¢ OJHOrO BUAA TPAHC-
1I0pTa Ha APYroi;

- CYIIECTBEHHOE YBEIMYEHHUE CTOMMOCTH TPAHCIIOPTUPOBKHU M3-3a JOINOJHUTEIBHBIX
3aTparT Ha KOMaHAWPOBAaHHE BBHICOKOKBATH(DUIIMPOBAHHBIX CHEIHAAINCTOB HEOOXOAUMBIX JIJIS
BBITIOJIHEHMSI ONIEPALIMN IIPU NIEPETPY3KeE TPy3a;

- HaJM4HMe U 3aKa3 JOPOTOCTOSAIIEro 00OpYyAOBaHMS HEOOXOJMMOTO JUIS MEPErpy3KH

rpysa;
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- CPOK JIOCTAaBKH 3aMMET JJIMTEJbHBIA MEPHUOJI BPEMEHHU, KOTOPBIA COrIaCHO 3asiBJICH-
HBIM TPEOOBaHUSM HE MOXKET OBITh U3MEHEH.

Takum oOpazom, Ajs JalbHEHIIEr0 CpaBHEHUSI BHIOMPAIOTCS TOJBKO MOPCKAasi U BO3-
JyIIIHAsI TIEPEBO3KHU.

PaccMoTpeB BapuaHThI JOCTaBKH MOKHO C(hOPMHUPOBATH CBOAHYIO TaOJHILy, 11O KOTO-
pOif MOXKHO TPUHSATH PEIIEHUE O JaimbHEiIIeM crnocobe MocTaBku. Pe3ynbTaThl CpaBHEHUS
MpeACTaBJICHBI B Ta0. 5.

Tadauua S
CpaBHeHHe MOPCKOT0 H BO3IYIIHOI0 TPAHCIOPTA /sl EPEBO3KHU

rpy3a no npeIbsiBJeHHbIM KJIHEHTOM KPUTEPUSIM

Kpurtepun cpaBHeHus B quchnopTa —
MOPCKO# | BO3IYILIHBIH
Bpewms noctaBku +
YacToTa oTnpasieHui rpy3a (rHOKOCTh K CPOKaM KIIHMEHTA) +
Hanexnocth + +
CTtouMoCTh +
CoxpaHHOCTh 1 MUHMMAJIbHBIE PUCKHU MOBPEXKICHUS +
Y 100CTBO JTOCTABKU Ipy3a K/OT MEPEBO3UHKY/a + +

BrinonHuB aHanM3 MOPCKOro M BO3AYLIHOTO BApUAHTA IOCTABOK MOYKHO CHENaTh Clie-
JYIOILMI BBIBO:

- MOPCKOM MEPEBO3YMK UMEET CAMYIO BBICOKYIO OLIEHKY TOJIBKO MO CTOMMOCTH IHepe-
BO3KH,

- BO3IYLIHBIA NEPEBO3YMK UMEET HEOCTIOPUMOE MTPEUMYILIECTBO IO KPUTEPHUSIM BpeMs
JIOCTAaBKH U COXPAaHHOCTH Ipy3a.

JIJis IpUHATUS OKOHYATETBHOTO pelieHUs mpopaboTaHHas WHGOpPMAIUs COTJIACOBBI-
BAeTCs C KIIMEHTOM. B citydae KeCTKUX TpeOOBaHMIA TI0 HEIICHOBBIM KPUTEPHUSM — BBIOOP Oy-
JIET OCYUIECTBJIEH B IO0JIb3y BO3QYIIHOM MEPEBO3KU HE CMOTPS HA 3HAYUTEIBHYIO CTOMMOCTD
MOCTaBKU. BpIOOP B MOJIB3y MOPCKOTO TPAHCIOPTa OCYIIECTBISCTCSA MPU HEKPUTUUHOM BpE-
MEHH.

CrnenoBarenbHO Tipy (POPMUPOBAHUN BAPHAHTOB JIOCTABKU U Jlajiee MIPH PEIICHUU 3a-
a4y BBIOOpA CIEAyeT YUWUTHIBaTh HE TOJBKO OOLIECMPHUHSATHIE MapaMmeTpbl — CTOMMOCTh U
BpeMs, a TaK € BHEITHUE (PaKTOPHI, K KOTOPBIM OYIyT OTHOCUTHCS, HAIPUMED, YCIOBUS pa-
00Thl KOHTPAareHTOB B IIEMH IOCTABOK, MapaMeTpbl BHEIIHETOPrOBOrO KOHTpPAKTa M Jp.
NMeHHO 1MOo3TOMY OOIIMEH aITOPUTM MPHUHATHS PEIICHHS O BHIOOpPE BapuUaHTa TPAHCIIOPTH-
POBKH JIOJKEH OBITH IOTIOJHEH 3TallOM KOOPIUHAIIMH BCEX DJIEMEHTOB.
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ITPOBJIEMbBI KOMIIVIEKCHOTI'O MOJAEJIUPOBAHUA
KATACTPO®OYCTOMYUBBIX HH®OPMAIIMOHHBLIX CUCTEM,
OBECIIEYUBAIOIIUX UHTEPMOJAJIBHBIE ITIEPEBO3KHU

B. B. Cokoaos, M. 0. OxTnies, B. A. 3eaennos (Cankr-Ilerepoypr),
A. 5. ®puaman (IleTrpo3aBoack)

B coBpemMeHHBIX YCIOBHUAX BO MHOTMX BEIYIIMX MHPOBBIX AepikaBax MMOBCEMECTHO
HaOJr0/1aeTCs Mepexol OT MHAYCTPUAIBHOTO K MHPOpMaLMOHHOMY oOmiecTtBy. OqHako, He-
CMOTpS Ha yKa3aHHbIE TOCTH)KEHUS, YEJIOBEUECTBO O KOHIA HE OCO3HAET BCIO OMACHOCTh U
rJ1yOMHY OCHOBHOT'O MPOTHBOPEUMS HAIIEH 3M0XH, CBA3aHHOIO C BCE YBEIMUUBAIOIIUMCS He-
COOTBETCTBUEM MEXKIY BO3PACTAIOIIMMU €0 MOTPEOHOCTIMU M BO3MOXHOCTSAMHU UX YJIOBIIE-
TBOpEeHHsI cKyzaewmeil ouochepoit. lanHHoe MpOTUBOpEYUE NMPUBOJUT MOBCEMECTHO K BO3-
HUKHOBEHUIO KpPU3HMCHBIX CHUTyallMii, aBapuii W KaracTpod, HMEIOIUX MPUPOTHO-
IKOJIOTUYECKUE, TEXHUKO-IIPOU3BOJCTBEHHBIE WJIM aHTPONOI€HHO-COLUAIbHBIE MPUYHMHBI.
[Ipu 3TOM CIIeKTp yrpo3 SKOHOMHUYECKOH, (Pu3nueckor 1 nHOOPMAITMOHHOW OE30MacCHOCTH, a
TaKXKe MEePeUYeHb YA3BUMOCTEH TEXHHUUECKOW MH(PPACTPYKTYpbl OM3Heca (MPOU3BOACTBEHHBIX
MPOIIECCOB), U B yacTHOCTH, HH(popmarmoHHsix cuctem (MC), mocTosinHO pacrer. B aTux yc-
JOBUSAX oOecreyeHne HermpepbiBHOCTH Ou3Hec-mporieccoB (BII) u moBbimenue karactpodo-
YCTOMYMBOCTU COOTBETCTBYIOIMX Ou3Hec-cucteM (bC) sBiusercs OAHUM M3 BaKHEHIIHMX
CTpAaTeTHYECKUX HANpPABICHUN Pa3BUTHUSA JIIOOOW OopraHu3anuu (KOMIaHuu). 1o o0ycioBie-
HO HEOOXOJMMOCTBIO COXPAHATh YCTOHYMBOCTh U CTaOMIBHOCTH (PYHKIIMOHHUPOBAHUS Opra-
Hu3auu U ee VIC B pa3nuyuHBIX YCIOBUSAX HEOIAronpUsATHOTO BO3ACHCTBHS BHEITHUX U BHYT-
peHHUX (PaKTOPOB TEXHOTEHHOTO W/WJIM MPHUPOAHOTO XapakTtepa. [Ipu aTom moxa karactpodo-
ycroitunBocthio MC crieyeT mOHUMATh CIIOCOOHOCTh KOMITBIOTEPHOTO KOMILJIEKCa, COCTOS-
IIETO U3 HECKOJIbKMX CHCTEM, COXPAHSATh KPUTUYECKU Ba)KHbIE JaHHbIE U MPOAOJIKATH BbI-
MOJIHATh CBOM (DYHKIIMM TIOCTIE MacCOBOTO (BO3MOKHO, II€JIEHANIPABIEHHOT0) YHUUYTOXCHUS
€ro KOMIIOHEHTOB B Pe3yJbTaTe Pa3IMYHbIX KATaKJIM3MOB KaK IIPUPOJHOTO XapaKTepa, Tak U
WHCIIUPUPOBAHHBIX YeIOBEKOM [1]. DTOMy OmpeneneHnio TOYHO COOTBETCTBYET aHTJIOSN3bIYU-
Helii TepmuH «Disaster Tolerance» (DT), omnako B obmem ciydae, TepmuH «Disaster
Recovery» (DR) (1ociioBHO «BOCCTaHOBIIEHHUE IOCIIE KATACTPO(bI»), KOTOPBIH MOXKHO TaKKe
NEPEeBOJUTHh Kak «karactpodoycroitunBocth». Omimmuue DR ot DT coctout B Tom, uto DR
KOHIIEHTPUPYET BHUMAHUE Ha COXPAHHOCTH JIAHHBIX (TIPU CTPOrO KOHTPOIUPYEMBIX MOTEPSIX,
€CIIM OHM HEU30EKHBI), a CPENICTBA IS TIPOIOJKEHHUS TTOTHOLEHHON pabOThl BO MHOTHX CITy-
yasx MpPEeNoaraloTcs BHEIIHMMH 10 OTHOIIEHUIO K COOCTBEHHO KaTtacTpo(doycTOH4MBOM
JacTH KoMIUIekca. Takum oOpa3om, karactpodoycroitunBocts UC npeanonaraer, B mepByIO
ouepeib, 00ecredyeHrne COXPaHHOCTH JIAaHHBIX, a TaKKe BO3MOKHOCTh BOCCTAaHOBUTH PadOTy
10CJIe KPYIHOH JIOKAaJbHON aBapuy WIIH TJI00AIBHOTO KaTaKJIM3Ma, IPHYEM TEMH K€ CPEJICT-
BaMU OOECHEYMBAETCA 3a0HO U JIOJDKHAS CTENEHb HAACKHOCTHU (TpaJuIMOHHAs, «JIOKallb-
Has», 0TKAa30yCTONYMBOCTh) BCEX MJIM KPUTUYECKU BaXKHbIX mojacucreM. Ilockonabky kKommo-
HEHTBI Paclpe/IeNIeHbl, TO B CTy4yae MacCOBBIX OTKA30B Ha OJIHOM IIIOIIAKEe OCHOBHYIO pado-
Ty MOKHO NEPEHECTH Ha Jpyryro miomanky. llepeunciennbie 0COOEHHOCTH KaTacTpodo-
yctorunBbeix UC (KAUC) npuBoaar Kk HEOOXOIMMOCTH C MPUHILUIUATBHO HOBBIX MO3ULIUN
MOJIXOJUTh K PELIEHUIO MpoOJeM ymnpaBieHHUs CO3JaHHEM, MpuMeHeHueM u paszpurueM MC
YKa3aHHOTO KJacca, a Takke MpobiieM MOJEIMPOBAHMs COOTBETCTBYIONIMX MporeccoB. Oco-
00 0CTpPO HEOOXOIMMOCTh PELIEHUS! BCEX MEPEUUCICHHBIX MPOOJIEM OCYLIECTBISIETCS B TEX
MpeIMETHBIX 00nacTsx, rae 3gpdexrtuBHocTh BII cymecTBeHHO 3aBHCHUT OT (HaKTOPOB BpeMe-
HU U BO3JIeHCTBUS BHELIHEN cpenbl. OnHOM U3 Takux cdep SBISETCS HHTEPMOJAJIbHbIE NIEpe-
Bo3ku (MII) B pamkax cootBercTBytonux nene noctaBok (LIIT) [2]. Ha puc. 1, npeacraBnen
pyUMep OpraHu3alMOHHO-TeXHHYecKor cTpykTypsl L1, 6asupyrometics na UII. Beectopon-
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HUH aHaJIU3 MPOLIECCOB CO3aHus U PyHKIMOHUpOoBaHuUs coBpeMeHHbIX L[] mokasbiBaet, uro
yKa3aHHbIE OPTaHMU3aLUU KaK 00beKmbl YNpasieHus XapaKTepU3yIOTCs BBICOKOH CTPYKTYp-
HOM nuHaMUKOU (cM. puc. 2) [3—4]. [TosTomy npu MX MPOESKTUPOBAHUU M UCIIOJIb30BAHUHU HE-
00X0MMO yMETh ONEpaTHUBHO  pemaTh psja  BaXHEHIIMX  33a4ad  CTPYKTYpPHO-
(yHKIMOHATBHOTO CUHTE3a uX obnuka. K naHHbIM 3a7jauaM, B IEPBYIO OYEpeb, MOTYT ObITh
OTHECEHBI: 33/1a4l BBHIOOpA MapTHEPOB (HAampUMEp, MPOU3BOIUTENCH U MOCTABIIMKOB KOM-
IUIEKTYIOIUX W3JIEINH U KOHEYHON MPOIYKUHUH); 3a/1a4ll KOHUTYPHUPOBAHUS 3aKa3a; 3ajaun
pasMelleHus 3aKasa; 3aJaud KOH(GUTypUPOBAaHHs TPAHCIIOPTHOM CeTH U HH(OPMAIIMOHHO-
TEXHOJIOTMYECKUX pecypcoB. BaxkHas poip B pelIEHUU BCEX NEPEUUCICHHBIX 3a7a4 JOJDKHA
oTBoIUThCsT cooTBeTcTBYIOMMM KAWC, obecrneunBaromuM HaIEKHOCTh M 0€30MacHOCTh
¢byskmmonupoBanus paccmarpuaeMbix bC u BIL.
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[IpenBapuTenbHblid aHATU3 TPOOIEM U 3ajad, KOTOpble HEOOXOIMMO pelaTh Ha pas-
JTU4HBIX 3Tanax xu3HeHHoro ukia KAWC LI u cymecTByomux TeOpeTUYEeCKuX METOJI0B U
MOJXO0/I0B MX PELICHUs] MOKa3bIBAaeT, YTO B PaMKax paHHee pa3pa0dOTaHHBIX TEOPUH U METO-
JIOJIOTUH YIIPaBJIEHUS CIIOKHBIMU CHCTEMAMH 3TH BOIPOCHI, KaK OTJEIbHBIN MPEAMET HCCIIe-
JIOBaHU, ¢ €MHOM OOLIECHCTEMHON TOYKH 3PEHUS MPAKTUUYECKU HE paccMaTpUBAIUCh. Ta-
KHM 00pa3oM, B HacTosIIee BpeMsl yke ChOPMUPOBATIMCH HEOOXOIUMBIE YCIOBHS U1l pa3pa-
OOTKU HOB020 MEHCOUCYUNTUHAPHO2O HAYYHO2O HANPAGIEHUS — MeOpuU YNpasieHus Clodic-
HbIMU OP2AHU3AYUOHHBIMU U OP2AHU3AYUOHHO-TNEXHUYECKUMU CUCmeMamu (6 mom uucie, u
KAHC) 6 kpusucnvix cumyayusx, IpeIMETOM HCCIETOBAHUN KOTOPOU SIBISIOTCS OOBEKTHI U
MPOLIECCHI, XapaKTepU3yeMble MePEeUHCIECHHBIMU BbIIlIE 0COOCHHOCTSIMHU.

Baxnast ponb mipu pa3paOoTKe meopuu YnpasgieHus CLOHCHbIMU OP2AHUAYUOHHBIMU U
OpP2aHU3AYUOHHO-MEXHUYECKUMU CUCTNEMAMU 8 KPUSUCHBIX CUMYayusax NOHKHA OTBOJUTHCS BO-
[pocaM CO3JIaHUsI COOTBETCTBYIOIIETO MOJIEIBHO-AJITOPUTMUIECKOTO 00ECIICYCHUsI PEILICHUS 3a-
Jlad TUTAHUPOBAHMS M YNPABJICHUS YKAa3aHHBIMUA CHCTEMaMH. B CBSI3M CO CKa3aHHBIM B XOJ€E BbI-
MIOJIHEHHBIX HCCIIEJIOBAHUM ObUT MPOBEIECHO KOHIENTYAIIbHOE ONMCAHUE MPEAINOoIaraeMbIxX Clie-
HapueB MojiepHu3anuu U ¢ynkunonuponanusi KAVC, npoanann3upoBaHbl BO3MOXKHBIE MOIXO-
Jbl K OpraHu3ald U IMPOBEIECHUIO KOMIUIEKCHOI'O MOJEIUPOBAHUS M MHOTOKPUTEPHAIBHOTO
olieHNBaHus BapuaHToB pyHKIMOHUpOoBaHUA KAVC B pa3niuHbIX YCIOBUSIX OOCTAHOBKH.

Taxke OBLIO MPOBEACHO NOJIMMOJEIBHOE ONUCAHHME IPOLECCOB MOJEPHU3ALUU U
dbynkuronupoBanusi yHacinenoBanueix KAMC, oGecneumBatomux pabory L1 B ycroBusx
BHenpeHus Ha HeM RFID texHomnoruii. B cocraB yka3aHHOIO IOJHMMOJEIBHOIO KOMIUIEKCA
BOLIUIN: IETEPMUHUPOBAHHBIE U CTOXACTUYECKUE CTATUYECKNE U TUHAMUYECKUE MOJEIH MPO-
rpamMMHoro ynpasieHuss KAVC Ha pa3nuuHbIX 3Tanax Mx *KU3HEHHOTO LIMKIIA, T03BOJIAIOIINE
OMMCHIBATh Kak OM3HEecC-MpoIlecchl, BbiMoHsAeMble B pamkax LI, Tak u mporeccsl MOaepHU-
3auuu U ¢yHkuuonuposanuss KANC. CornacoBanue (KOOpAMHAIMS) BCEX MEPEUUCIICHHBIX
Mojzieneil Oa3upyercs Ha KOHLENUMSIX M IMOAXO0Jax pa3paldaThiBa€MON aBTOpaMH TEOPUU
yIpaBJiI€HUs! CTPYKTYPHON TUHAMUKOMN CIIOXKHBIX TEXHUYECKUX CUCTEM [5].

B noxmazne Taxke mpencTaBieHa CTPYKTypa M BapHaHThl MPUMEHEHUsI CUTYal[MOHHOM
CUCTEMbI KOMILJIEKCHOT'O MOJIEIMPOBAHUS, OPUEHTUPOBAHHON Ha aHAIW3 U MPOTHO3UPOBAHUE CO-
crosinusi coorBercTByromux UII, LT u KAWUC, B koTopoii Hapsay ¢ TpaJAUlIMOHHBIMA MaTeMa-
TUYECKUMU MOJIEISIMH HCIIOJIB3YOTCSI MHCTPYMEHTAIBHBIE CPEACTBA MOANCPKKUA HUHTEIUICKTY-
TBHOTO MHTEpdeiica Ik KOHCTPYKTUBHOTO UCTIOIB30BAHUS OITBITA M 3HAHUH IKCIIEPTOB.

HccnenoBanusi, BEINMOJIHEHHBIE TIO JAaHHOM TeMaTHKe, MPOBOAMIUCH MPU (PUHAHCOBOM MOI-
nepxkke Poccuiickoro ®onna @ynnameHtanbHbix Mccnenosanuii MecnenoBanus 1o paccMmarpu-
BAacMOI TeMaTHKe MPOBOIMINCEH Mpu (uHaHCOBOM noanep:kke PODU (rpantst 11-08-01016, 09-
07-00066, 10-07-00311, 10-08-90027-ben-a, 11-08-00767-a) u OHUT PAH (npoekt Ne2.3).

Jlureparypa

1. Bbyasko B.U., beaenxon B.I'., Keiiep I1.A. K Bb100pYy BapuaHTa MOCTpOEHHUS KaTacTpoO-
($oycTONUMBBIX MH()OPMALIMOHHO-TEIEKOMMYHHUKAIIMOHHBIX cucTeM // CucTeMbl U cpell-
crBa napopmaruku. 2003. Bemr 13. M.: Hayxka. C. 16-40.

2. Ivanov D.A., Sokolov B.V. Adaptive Supply Chain Management. London: Springer,
2010. 269 p.

3. CoxoaoB B.B., IOcynos P.M. KommiekcHoe MonenupoBaHue (yHKIMOHUPOBAHUS aB-
TOMAaTHU3UPOBAHHON CHCTEMBI YIPABJICHHUS HABUTAIIMOHHBIMH KOCMHUYECKHMH amrapara-
mu // IIpo6nemsl ynpasnenus u uapopmatuku. 2002. Ne5. C. 103-117.

4. OxtuiaeB MLIO., CokogoB B.B., FOcynoB P.M. NHTemiekTyalbHble TEXHOJIOTHU MOHU-
TOPUHra W YIPABJICHUS CTPYKTYPHOM TUHAMUKOMN CIIOKHBIX TEXHHYECKHUX cHCcTeM. M.:
Hayxa, 2006. 410 c.

5. http://www.spiiras-grom.ru

HKM MTMTC 2011 - SCM MEMTS 2011 99



AHAJIN3 PBIHKA MOPCKHUX KOHTEMHEPHBIX IEPEBO3OK B P®
B 2010 - HAYAJIE 2011 'OJA

B. K. CokoJi0B (Cankr-IleTepOypr)

MupoBoii SKOHOMHYECKHI KpPU3UC 3HAYUTEIHLHO TMOBIHI Ha paboTy MOPCKOTO
TPAaHCIIOPTa U HANpPSMYIO 3aTPOHYJ KOHTEHHEpHbIE MepeBO3KH rpy3oB. Poccust He Obuia uc-
KItoYeHueM u Oonplryio yactb 2010 roga koHTelHEpHbIE onepaTtopsl Mupa B oduiem u Poc-
CHH, B YaCTHOCTH, NBITAIUCH Npeo1oieTh nocienctsus perneccuu 2009 roma. Hekoropeie no-
JOXKHUTEIbHbIC TEHACHIMM Ha KOHTEHHEPHOM DBIHKE CTajHM MpPOSBIATHCS yKe B jekalpe
2009 roga, 0lHaKO O BO3MOXHOM BOCCTAaHOBJIEHUH U MPOTrHO3upyeMbIx 15-20% pocra cranu
rOBOpUTH TOJIbKO B Havasie 2010 roxa.

B 2009 rony xonrelinepubiii ppiHOK P® noctpagan 6osbiie, yeM 3apyOexHbIl, CHU-
KEHUE ToKa3aTeslell KOHTeHHepooOopoTa BEAYIIMX POCCHUMCKMX TEPMUHAJIOB COCTaBIISLT 10
30% wu Boime yposHs 2008 roga. Hanpumep, 00b6EMbI epeBaliku KOHTeHHEpOB «Hannonans-
Hoii koHTelHepHOoU kommaHum» (HKK) B 2009 r. cocraBun 6onee 32% (1 mun 154 ThIC.
785 TEUs). bonpmoit mopt Cankt-IlerepOypr B TO k€ BpeMsl CHU3MJI TTOKA3aTeIH KOHTCHHE-
poobopota Ha 31% (1 muH 343 ThICc. 675 TEUS). O0BEMBI NIEpeBaJIKM KOHTEHHEPOB I'PYIIIbI
«HoBopoccuiickuit Mmopckoit Toproseiii mopm» (HMTII) cokparuncs emé Oonblie - Ha 38,4%.
JIubs 15% xoHTeitHepooOopoTa K ypoBHIO, JocTurHyromy B 2008 roay, mpoJeMOHCTPUPO-
Bai BraguBocTokckuil KoHTeiHepHBIM TepMmuHan. C TakUMM pe3yJbTaTaMH IMOAOLIEN K
2010 rogy poccuiickuii KOHTEHHEpHBIN Ou3Hec. JIMHaMKUKa U3MEHUHHM rpy30000poTa MoOKa-
3aHa Ha puc. 1.

Beck ron oneparopsl, OTBOEBbIBas yTpaueHHbIE MO3UIMK, HAUUHAIN HOBBIE POEKTHI,
OCBaMBaJIM HOBBIE HAIIPABIIEHUS, 0COOCHHO aKTUBHO NMPOUCXOIUI0 BOCCTAHOBJIEHHE BECHON U
B Hayaze yeta 2010 rona. B wactHoctu, CSAV Norasia oTKpblia HOBbI KOHTEHHEPHBIH cep-
BHUC Mexay nopramu Asum u Yepnoro mops ¢ yuyactueM HoBopoccuiickoro nopra. “@upma
“Tpancrapant” (TpancnoptHas rpynna FESCO) Hauana KoHTelHepHbIE onepaly Ha HOBOH
momanake B XadapoBckoMm kpae. OAO «TpauncKonreitHep» B TO e BpeMsi OOBSBHIO O 3a-
IyCKe peryJisipHbIX KOHTEHHEpHbIX Mmoe3noB Ha Pecnybmuky Caxa (SIkyTtus) m ormpaBuia
NepBYIO MApTHIO KOHTEHHEPU3UPOBAHHOTO Ipy3a 1o MapupyTy KamuHuHrpaackas o0nacTs —
Kynueso-2.

3HaunTeIbHOE COOBITHE TPOM30LUIO B ampene, korna B llerepOypre mepBbie muia
Poccun u Jlanuu npu ydactuu pykoBojcTBa Maersk Line oTKpbuiM MepBy0 NpSIMYyI0 OKeaH-
CKYIO KOHTEMHEPHYIO JIMHUIO ¢ Poccueit.

B anpene, konreitnepusie muauu PIL Pacific International Lines 1 Wan Hai Lines Bo-
300H0BMIIN oOcyxuBanue Ha cepBuce FES mexmy mopramu Jlansaero Bocroka u CeBepHoii
EBpomnbl. Heckonbko mosguee, Pacific International Lines (PIL) mpenctaBmiia KoMmaHUIO
«MCT unmuar CepBHC» B KaueCTBE CBOETO areHTa BO BiaguMBOCTOKE M TeM CaMbIM, CHH-
ranypckas JuHMA 3amia Bo BmaguBoctok uepe3 Illanxail. Kommanus Kpome Toro,
Containerships 00bsiBHII 00 OTKpbITHH coobmenus Cankr-llerepOypr—Conepranse (I1IBe-
1Us).

Emé oauH KpynHEWIIMH UIPOK KOHTEWHEPHOI'O pBbIHKA - TPAHCIOpPTHAs IpyImna
FESCO mnoanucana cornamenue ¢ komnanued Mitsui & Co.,LTD, cornacHo koTopomy
JIB€ KOMIIAHUU CPOPMHUPOBAIIM CTPATErMUECKHUIl aJbsiHC, IPEIyCMaTPUBAIOIINN CO31aHUE
COBMECTHOM KOMITAaHHMHU JAJI OKa3aHMs MOJIHOTO CHEKTpa CKIAJICKUX M JUCTPUOYyTOPCKHUX
ycayr. [To3anee, Mitsui O.S.K. Lines, Ltd. (MOL) ocHOBBIBasiCh Ha COBMECTHOM IIPOCKTE,
oOBsiBUJIa IUIAaHBI 1O YBEJIMYEHMIO 4YacTOThl oOchykuBaHHMs Ha cepBuce Japan Trans
Siberian Line (JTSL), koropeim ona omepupyer coBmectHo ¢ FESCO. Kpome Toro,

100 HUKM MTMTC 2011 - SCM MEMTS 2011



tpaHcnoptHasa rpynna FESCO 3anmycTuia HOBBIM KOHTEMHEPHBIM CEPBUC IO MEPEBO3KE
aBTOKOMILIEKTYOmuUX n3 KHP.

B cBA3M ¢ 5TUM aKTUBU3UPOBAIKUCH IIPOEKTHI MEPEBO3KU KOHTEHHEPOB IO JKEJIE3HOU
nopore. Komnanus GEFCO B Mapre ornpaBuiia nepBblidi KOHTEHHEPHBIA MOE3/1 C aBTOKOM-
IUIEKTYIOIIMMH Ui poccuiickoro aBro3aBoga PSA Peugeot-Citroen B ropoge Kamyra. A B
Mae, 1o MapmpyTy «IlepBblii KOHTEHHEpHBIN TepMuHa» — MockBa-ToBapHas, ObLTIO OTIIPaB-
JIEHO TPH MOJHOCOCTAaBHBIX KOHTeHHEpHBIX noe3na OAO «TpacuKonreiinepy». Taxxe «EBpo-
cn0» OOBSABHII O 3aIlyCKE HOBOTO KOHTEHMHEPHOTO moe3aa B coTpyaaudectse ¢ 3A0 «Pycckas
Tpoiika» 1 OO0 «Dupma «IKxon0p».

B Hauane neta KOHTEHHEpHBbIE ONEpaToOpbl HapalMBaJld MHTEHCHUBHOCTb OM3HEca U
OTKpbIBAJIM HOBBIE HAIpaBJIeHUsA. B 4YacTHOCTH, NPOMOJKWI AKTUBHYIO J€ATEIBHOCTh
«TpancKonTeliHep»: B paMKax peanu3aliy MPOeKTa MO OpraHu3aluu KEJIE3HOIOPOKHBIX
KOHTEMHEPHBIX NepeBo30K aBTOKOMIUIEKTyromux @UAT B Poccuro komnanusi OTKpblIa HO-
BBII MapuIpyT TpaHCIIOPTHPOBKH B Poccuto aBrokommuiektyromux Fiat; «TpancKonreitnep»
OTIIPAaBUJI TaK)Ke€ KOHTEHHEPHBIN 1moe3 ¢ 3epHoM co ctanuuu Knemuxa 3amagHo-Cubupckoit
JKene3Hon aoporu. 3HaunTenbHbIM aoctikeHneM OAO «TpancKonteiinep» ObUTO mosmuca-
Hue MeMopanyaMma ¢ rpymnmnoit GEFCO o HamepeHuu co3/1aHust COBMECTHOTO MPEAIPUSITHS 1O
Pa3BUTHUIO MYJIbTUMOAAIBHBIX MEPEBO30K Mexky crpaHamu EBpombl u Poccueit. OtmeTum
TaKXke, 4YTo yke B KoHue jera, « TpancKonrelinep» cozman nouyepnee obuiectso B Ceyue, -
TransContainer Asia Pacific Ltd.

bnnxe x cepenuHe roaa TEMIIbl pa3BUTHsI KOHTEHHEPHBIX MPOEKTOB HECKOJIBKO CHU-
3WJINCh, TEM HE MEHEE, B MIOJIe OblJIa OTKpPHITA HOBas KoHTelHepHas nuHus [llanxaii — Banu-
HO, BIIEPBBIC HAa KOHTEHWHEPHBIM TepMUHAI BiaguBOCTOKCKOrO MOPCKOIO TOProBOro IOpTa
3alI0 CyJaHO HOBOTro JiMHEHHoro cepsuca «Korea Marine Transport Co., LTD» («kKMTC
line»), OAO «CaxanuHckoe Mopckoe nmapoxoacTBo» (SASCO) OTKpbLIO HOBBIHM NPsAMON KOH-
TEWHEpHBIN cepBUC Ha HanpasiieHnH [llanxaii-BiaguBocTok.

B To e Bpems Hayan (GyHKIMOHMPOBATh HOBBIM TPAaH3UTHBIA MapHIpyT - XyHbUYHb
(KHP) - 3apyOuno (P®) - Huurata (SInonust), cooO1ieHne Mex1y pOCCUMCKUM U SITOHCKUM
noptamu ocyuectsisiercs cynHoM «Teddy Bear» noa nanamcku ¢iaarom.

l'oToBsick k pemmrensHoMy Opocky B koHue 2010 - nauane 2011 rona, B 4 xBapTaie
FESCO nononnun konreiienepusiii napk 7200 TEU nobix 20 1 40’HC «cyxux» u 362 TEU
pedprxepaTopHblx KoHTeliHEpoB. Kpome Toro, B HosiOpe TpancnopTHas rpynna FESCO u
rpynna komnanuii FIRST QUANTUM o00bsBHIN O 3aBEPLICHUN CAEJIKH IO MpOJake rpym-
noit FESCO npunannexasmux eit noneit B aktubax rpynnsl HKK, cornacno kotoporo rpymn-
na FESCO 6onee ne Bnaaeer gonsmu B aktuBax rpymnnst HKK.

OaHMM U3 MOCIIETHUX 3HAYUMBIX COOBITUH I0/la CTaJO0 OTKPBITHE HOBOW IPSIMOM JIM-
HuM Ha CaHkTt-IleTepOypr komnanueit Maersk Line.

B utore B Teuenue 2010 roga koHTelHepHbIN phIHOK Mojapoc Ha 30%, TO ecTh Mpak-
tudecku BocmonHui notepu 2009 roga. Takum oOpa3oM, o0BEM mepeBaIkd KOHTEHHEPOB
«IIepBoro xonreitHepHoro tepmunHanay (Cankr-IlerepOypr, «HanmonansHoil KOHTEHHEPHON
komnanuei») ysemuumics B 2010 rog Ha 23,5% (1 mun 159,9 Tteic. TEUS), uTto Ha 8% 00Ib-
ute, yeM B 2008 roay. Konrelinepoobopot «HoBopoccuiickoro MOpckoro TOproBoro rnopra»
(HMTII) yBenuumiica moutu B 2 paza B cpaBHeHHH ¢ mokaszateneM 2009 roma mo 450 Teic.
TEUs, uto Ha 18% 60mb11e, uem B 2008 romy.

B paccmatpuBaemsliii neproa 00bEM nepeBanku «BocTouHOM cTUBMAOPHON KoMMa-
HUW» coctaBwi Ha 60% Oonbiie koHTelHEpOB, yeM B 2009 roay, «BmaamBOCTOKCKHN KOH-
TEHHEPHBI TEPMHMHAI» MPOAEMOHCTPUPOBAN POCT KOHTEHHEpHOW mnepeBainku B 19% mo
cpaBHenuto ¢ 2008 rogom, «BrnaguBocTokckuii Mopckoil Toproseiii nopt» B 2010 romy no-
Ousicst mokasareneil KOHTelHepoobopoTa Oomnbiinx, yem B 2008 roxy Ha 27%. Jlunamuka
rpy30000poTa Mo ToAaM NpezcTaBieHa Ha puc. 1.
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Puc. 1. I'py30060poT kpynHeiimux poccuiickux trepmunagos 2008, 2009,2010 rr.

C camoro Hayana 2011 roga KOHTEIIHEPHBIE ONEPATOPbl PEIIUTEIBHO U MHUIIMATUBHO
MPOABUTAJIM CBOM MHTEPECHI, HO UTOI'U NEPBOI0 KBapTajla JOBOJBHO MPOTHBOpPEYMBHI. bec-
CHOPHBIM JOCTHKEHUEM 3TOr0O IMEpUOJa, MOXKAIYH, SIBISETCS 3HAYUTENIbHAs aKTUBHU3ALMS
OM3HEC-IPOLIECCOB, Pa3BUTHE HOBBIX MPOEKTOB, IEPCIIEKTUBHbIC HAUMHAHUS U CTPEMIICHHUS.

Cnenyer oTMeTuTh cieayrouie coObiTusa. KpynHbli MpOEKT Hadajga TpaHCIOpPTHAas
rpynna FESCO: na 6aze OOO «®ECKO HWurerpuposannslii Tpancnopt» (OUT) npeny-
cmatpuBaercsa oobeauuenue 6uznecoB OO0 «dUT», OO0 «PECKO Jlaitnz BraguBocTok»
(omepaTop MOPCKHX MEPEBO30K, B OCHOBHOM KaOOTaXKHBIX, 1 MHTEPMOJAIBHBIX MEPEBO30K
koHTeitHepoB) U 3A0 «MAK Tpancdec» (rpysoBoii areHt) Ha 6aze OO0 «®UT». Bozuu-
Karolasi CTpyKTypa OyAeT OoCyIleCTBIIATh (GYHKIMHU YNpaBIAOLIed KOMIaHUU, oOecreunBast
oO1iee pyKOBOJICTBO AESTEIbHOCTBIO TEX KOMIIAHUI I'PYMIIbl, KOTOPBIE 3aHSTHI B chepe nepe-
BO30K, IEPEBAJIKH, IKCIEIUPOBAHMSI, TAMOKEHHOW OUUCTKH KOHTEHHEPHBIX TPY30B.

Kommanust Maxx Intermodal Systems u Rhenus «lOHBII MOpT» 3aITyCTHIIN €XKCHE-
NenbHBINA KOHTelHepHbIi noe3 nopt Cankr-IlerepOypr - Mocksa. Emé oauH KoHTeHHEepHBIH
noe3 1, mpoekt Deutsche Bahn, 6bu1 3anmymen B anperne - moe3a 6601 chopMupoBad B YoHKHHE
B npoBuHIMK ChluyaHb B MaTepukoBoM Kurae u mpocienoBai xene3HblM Joporam Kuras,
10’)kHOM Monronuu, Kasaxcrana, Poccun, benopyccenn, [lonbmu u I'epmanun.

Oco0eHHO aKTHUBEH B paccMarpuBaeMblil nepuos Obu1 Maersk. B wactHocTn, Maersk
OoUIHATEHO BKIIOYIII KPOHIITAATCKUN TepMuHan “Mob6u Jluk” B poTaruio, Ha3BaB HOBBII
¢unepusiii cepsuc Kronshtadt PLP Service. 3atem npencraButenu Maersk BecTpeyanucs ¢
npembepoMm B.IlyTunbIM, TOE 00BsBMIM O TOM, uTo Tpymma A.P.Moller-Maersk 3auntepeco-
BaHa B POCCHHCKOM pbIHKE M HaMepeHa uHBecTHpoBaTh B Poccuto. IlpaBna, KOHKpETHBIX
MIPOEKTOB IMOKa He mnpenctaBuwian. OaHako, BnociencTsun, Maersk oObsBHI O TuTaHax oObe-
IUHEHus cBoero npsimoro cepsuca Ecubex u3 OxHoit Amepuku Ha Ceepnyto EBpony u Ile-
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TepOypr ¢ APYTUM JJATHHOAMEPHKAHCKUM cepBucoM - CRX, KoTopoe cocTouTCs, MpenonKu-
TEJIbHO, B UIOHE.

B cBoro ouepenp, azuaTckoe perumoHanbHOe moapazaeneHue Maersk, muaus MCC
Transport, usmenwia poramuto csoero cepsuca RU-1 Ha poccuiickuii JlansHuii Boctok - B
pacnicanue Obl BKIIOYEH cyno3axoa Bo BraguBocTok. B cepennne uioHs cepBuc Oyaer me-
peumenoBad B RU-2 u Oyner pabGortate B potamuu Ilycan - Bocrounsiii - BrmamuBocTok
(Pe16HBII TIOPT).

Crnenyer OTMETUTB, B KAYECTBE MOKA3aTeNsl TCHACHIMM Ha PhIHKE, T0KA3aTENN pa3BH-
tust bonpimoro nopra Cankr-IlerepOypra. 3uMoil mopT nepexui TsHKENbIE MOrOAHbIE YCIIo-
BHUsI, TAK, YTO ONEPATOPHI OKUJATIN YXYALIEHUS YIKOHOMUYECKON cutyaunu. OaHako, B Teye-
HHUE TPEX MecsleB KoHTeiHepooOopoT boinbiioro nopra yennuwmics Ha 30%. B tot xe ne-
puoa IlepBblil KOHTEHHEPHBIN TepMuHan mokas3an npupoct Ha 0,3%, «IlerpomecniopT» yBe-
anaun nokazatenu Ha 97,6%, «Mobu [uk» yBenmuumn mokazatenu Ha 59,1%. Tenpenuuu
MPOAOJDKUIIMCH W JaJiee: B MEPUOJ C SHBaps Mo Maid, cTuBUaAopbl bosbiioro nmopra CaHKT-
[etepOypr neperpysunu 234 037 TEU — Gonbiue, ueM B MapTe Ha 27,9% u Ha 49,4%, yeM B
2010 rony.

3a 3710 BpeMs IlepBblil KOHTEMHEPHBIM TepMUHAI 3a 4 Mecslla YBEIMUYWI NEPEBAIIKY
KoHTeitHepoB Ha 4,7%, «Ilerponecnopt» — Ha 88,1%, «Mobu duk» — na 75,6%, «Pycmapun»
—Ha 38,7%, «HeBa-MeTamm» — Ha 4,3%.

Taxke mokaszatenu KOHTeWHepooOopoTa mopra KanmuHuUHTpam B sHBape-arpene
2011r., yBenuumiIKuch 10 CPAaBHEHUIO C aHAJOTM4YHbIMU NokazaTtesnsasmMu 2010 rona B 2,3 pasa, B
4acTHOCTH, «KanMHUHTPpaICKUii MOPCKOM TOPTOBBIM MOPT» YBEIUYUI OOBEMBI NEPEBATKHA B
3.9 paza, «banrtuiickas cTuBuOpHas KOMIaHus» — B 1,7 pasa.

[To MHEHMIO aHATUTUKOB, 10 KOoHIA 2011 roga npeanosoKUTEeIbHbIA POCT KOHTEIHHE-
poobopota noproB P® coctasur 12-14% u nocrturner 6onee 3,6 maH. TEUs, uTo nmo3Boaut
npes3oiitu nokasarens 2008 rona Ha 5-6%.

Kak mosicHsIOT 3KCnepThl, pOCT Ha PBIHKE KOHTEHHEPHBIX MEPEBO30K, KOTOPHIA Ha-
omonaercst B Poccuu ¢ cepenunnl 2009 roga, cBUIETENBCTBYET O TOM, YTO OTpacilb BOCCTa-
HaBJIMBaeTCs Mocie Kpusuca. PocT KoHTeiiHepooOopoTa B MEPBOM MOTYTOJUN OOBSCHSIETCS
BOCCTAHOBJICHMEM DKOHOMHKH U CBSI3aHHBIM C 3THUM YBEJIMYCHHEM 00bEMa Ipy30IepeBO30K,
IIPUYEM BBIPOCIIM HE TOJIBKO TPAH3UTHBIE NIEPEBO3KH KOHTEMHEPOB, HAIIPUMEDP HA HaIlpaBJe-
HuM A3us - EBpomna, HO U BO BHYTPEHHEM COOOIIEHUU.

[To MHEHHIO aHATUTUKOB, €€ OAHUM (HAaKTOPOM, MOBIHUSIBIINM Ha AUHAMKY KOHTEH-
HEPHBIX MEPEBO30K B IEPBOM IMOIYTOJUH, CTAI0 OOJ€e MUPOKOE pACIPOCTPAHEHUE KOHTEH-
HEPHBIX [IEPEBO30K CPEJIN POCCUICKUX Ipy300THpaBuTeneil. Te, KTo paHbliie OTIPaBiIsi CBOU
Ipy3bl B KPBITHIX BaroHax, MOCTENEHHO MEPEKIIIOYAIOTCS Ha KOHTEHHEPHI, TaK KaK 3TU Iepe-
BO3KH 0OoJiee yI00HBI.

HcTOYHNKH:

1. Jlanuble nHpOpMaImoHHO aHanmuTHYeckoro areHTcTBa [lopt-Hetoc, http://portnews.ru
2. Jlannsbie http://cargo.ru
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PE®EPATHI

I'neiim B. B. UMuTanmonHoe Moae/IMpoOBaHHe MOPCKHUX I'PY30BbIX TEPMUHAIOB HA NPH-
Mepe HOBOPOCCHIICKOT0 KOHTEHHEPHOr0 TEPMHUHAJIA.

PaccmatpuBaeTcsi BOIIPOC CIOKHOCTH IIPOEKTUPOBAHUS MOPCKHUX TI'PY30BBIX TEPMHHAJIOB C
IIPUMEHEHUEM AHAJIUTHYECKUX METOJOB pacu€ra U MEepedrCiIIOTCs MPEUMYILIECTBA TEXHOIO-
MY MMHUTAMOHHOIO MojenupoBanus. Ha mpumepe mmuranmonHon monenu Hoopoccuii-
CKOTO KOHTEHHEPHOTO TEPMHMHAJIA PACCKA3bIBAETCS O BO3MOXKHOCTSAX MMHUTALIMOHHBIX MOJE-
7ei ast OueHKH 3((HEKTUBHOCTH MPOEKTHBIX PEIICHUH MO CO3/IaHUI0 M MOJICPHU3ALUH TPY-
30BBIX TepMUHaNIOB. O003HaYaeTCss BO3MOKHOCTh MPUMEHEHHUS TEXHOJIOTHH ISl MOJEIUPO-
BaHMUsI JIp. TUIIOB I'PY30BBIX TEPMUHAJIOB.

JeBsatkoB B. B., ®enoroB M. B., loimatoB M. A., Huccenbaym P. C. Ilpumenenue
YHHUBEpPCAJbHOH CHCTEeMbl HMHUTALMOHHOro MoaenupoBanusi GPSS World npn npoek-
THPOBAHUHU CYA0COOPOYHBIX KOMILJIEKCOB B COCTaBe COBPEMEHHBIX CYA0CTPOMTEJIbHBIX
Bepeit.

B I[aHHOf/'I CTaTbC PACCMATPUBAIOTCA BO3MOXKXHOCTH MMHUTAIIMOHHOI'O IMPUIIOXKCHUA IO IMPOCK-
TUPOBAHUIO TEXHOJOIMHA (POPMHUPOBAHUS KOPIYCHBIX KOHCTPYKLUH cy/Ha B 10Ke. OnuchiBa-
I0TCsI OCHOBHBIC (1)YHKHI/IOH3,J'IBHI)IC BO3MOXHOCTHU IMPUITIOKCHUA, COCTAB IMPOrpaMMHBIX KOM-
MIOHEHTOB B €T0 COCTaBe, NPUBOJIATCS NMPUMEPBl B3aUMOCHCTBUS TEXHOJIOTA-CYAOCTPOUTEIS
C INPUIIOKCHHUEM IIPHU MOCTPOCHHU MOACIIH, INIAHWPOBAHUHW ISKCICPUMCHTOB M aHAJIU3C PC-
3yJIbTaTOB MOJECIIUPOBAHMUS.

Hoamaro M. A., Hucenbaym P. C., Ilnotankos A. M., ®exoros /I. O. UMmuraunonHoe
MO/IeJIMPOBaHHe KAK MHCTPYMEHT OlleHKH MHKEeHEPHBIX pellieHUii Mpu pa3padoTke nmpo-
€KTOB Pa3BHUTHS CYIOCTPOUTEIbHBIX U CYA0PEeMOHTHBIX NpeanpusaTuii Poccun.

B craThe paccMOTpeHbl NEPCIEKTUBBI U ONBIT IPUMEHEHHUS METOJI0B UMHUTALIMOHHOIO MOJIE-
mupoBanus B OAO «[TCC» npu npoekTHpoBaHUU NMPOU3BOJACTB MPEANPUATHI CYJOCTPOU-
TEJIbHOM MPOMBILIIEHHOCTH Poccun.

Kuntuasnii /I. B., Koaecos 10. b., Jleoenes /I. B, CennuenkoB lO. b., Tapacos C. B.
O0beKTHO-OPHMEHTHPOBAHHBIN MOAX0] K pa3padoTKe TPeHa:kepa IPy30BbIX ONepanui
Ha Mope.

Onwucana 00bEKTHO-OPUCHTUPOBAHHASI TEXHOJIOTHS «(HU3NIECKOT0» MOJICITUPOBAHUS, Peali-
3oBaHHas B makeTe MvStudium 6 (Rand Model Designer), npumensiemast 3AO «Tpan3ac Tex-
HOJIOTHH» IS TIOCTPOCHHUST MHOTOKOMIIOHEHTHBIX MOJIENeH TEXHOJOTHUYECKUX TPEHaXKEPOB
MOPCKHX CYJIOB.

Jlykunckuii B. C., Hlyab:xkenko T. I'., CokoioB K. A. Moaean u MeTobl HHTEPMOIAJIb-
HOM TPAHCHOPTHO# JIOTUCTUKH: COBPEMEHHOE COCTOSIHNE U NMEePCNeKTHBbI Pa3BUTHSL.

B mpencraBiieHHBIX MaTepHaliax AOKJIAna INPUBEIEH KPUTUYECKUM aHAJIU3 COBPEMEHHOIO
KOMIUIEKCA MOJIENEeH U METONOB YNPAaBICHUS MOTOKOBBIMU ITPOLIECCAMU B MHTEPMOAAIBHBIX
CUCTEMax JOCTABKH I'Py30B; IIPEACTABIICH AJITOPUTM IIPUHATUS PELICHUN 10 UCIIOJIB30BAHUIO
MOJZEJIE! U METONOB YIPABJICHUS TPAHCIIOPTHBIMHU IOTOKAMH B LEISAX IIOCTABOK HA OCHOBE
pa3pabOTaHHOTO MOJAXOAAa K CTPYKTYpH3allMM MOJENiel W METOJOB YIPaBICHHS HHTEPMO-
JAJIBHBIMU IIEPEBO3KAMM JUI Pa3JIMYHBIX YPOBHEH JIOTUCTUYECKUX CUCTEM.

Mensenes B. B., IlosioBunkun B.H. Ucnosib30BaHue HMHUTAIIMOHHOTO MOJEJTUPOBAHMS
AJis1 o0ecrevYeHus1 HA/Ie:KHOCTH U 0€30MaCHOCTH CY/0BBIX JIU3eJIeH.

B noknane onucanbl npuMepsl U OOLIUI MOJXOA K BBITOJHEHHUIO C UCIOJIb30BAaHUEM MMUTA-
nuoHHoro moaenuposanus (MM) nporuosa octaTouyHOro pecypcea AeTaiei u y3iaoB JU3eNei,
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MOJIBEP>KCHHBIX M3HOCY M YCTAJIOCTHOMY HAKOIUICHUIO MOBPEKICHUA, YPOBHEH BUOpallUU U
mIyMa CyJOBBIX JM3€JICH, a TaKKe TEIJIOBOrO COCTOSIHUSA netanei asuratens. [lokazaHo uc-
MOJIb30BaHue pe3ynbTaToB UM 1Sl OIICHKU TEXHHKO-9KOHOMHYECKOH 3((HEKTUBHOCTH TMpe-
JIaraéMbIX TEXHUYECKUX PEIICHUH.

Ocunos B. FO. MoaeanpoBanue MOPCKHX TPAHCIIOPTHBIX CHCTEM HA OCHOBE MHTEJJIEK-
TyaJbHbIX FeOMH(GOPMAIIMOHHBIX CHCTEM.

PaccmarpuBaeTcst OAX0.1 K MOJICTMPOBAHUIO MOPCKUX TPAHCIIOPTHBIX CHCTEM Ha OCHOBE WH-
TeJJIEKTyalbHbIX reonHpopmaioHHbix cucteM (I'MC). B xauecTBe MHTENIEKTYaIbHOTO SI/1-
pa takux ['MIC mpeanaraeTcsi HCMOIB30BATh CHEIHATBHYIO aCCOIMATUBHYIO MAIIWHY, BKITIO-
Yaroulyro B ce6;1 HeﬁpOHHYIO CCTh C YIPABJIKICMBIMU MMPOCTPAHCTBCHHBIMU CJABUTAMU COBO-
KyITHOCTEW €IMHUYHBIX 00pa30oB BAOJb CIOEB. B OTIMYME OT M3BECTHBIX MOIXO/0B Tpeia-
raeMpIi MCTOJ IMO3BOJIACT CYHICCTBCHHO PAaCIIMPUTL BO3MOKHOCTHU I10 I/IHTG.HJ'ICKTyaHLHOI\/'I
00paboTKe AMHAMUYECKON PA3HOPOIHOW MPOCTPAHCTBEHHO COOTHECEHHOW HH(pOpMAINH,
KaK B MHTEpECax aHaJN3a TEKYIIUX, TaK U MPOTHO3UPOBAHUS OYyAyIIUX COOBITHH, CBSI3aHHBIX
C MOPCKHMH TPAHCIIOPTHBIMU CHCTEMaMH.

Inacrynsik U. A., HockoB A. A. IIpoekTupoBaHNe BAPHAHTA JOCTABKH NMPOAYKIUN NIPH
MYJbTHMOAAJIbHBIX NePeBO3KAX.

PaccmoTpensl Bonpochl BbIOOpa BapHAHTOB JOCTAaBKH C YYETOM OCOOEHHOCTEH MEpeBO3UMOIO
rpy3a, TpeOOBaHMI KJIMEHTa, BO3MOXKHOCTEH BMIOB TpaHcHopTa. JlokazaHo, uTo npu GopMupo-
BaHMU BapUAHTOB TPEOYETCsI UCIIOIb30BATh MPOEKTHBIN, KITMEHTOPUEHTUPOBAHHBIN MOIXOI.

CoxkosioB b. B., Oxtuiies M. 10., 3eqennos B. A., ®puaman A. S. [Ipodaembl Kom-
IVIEKCHOTO0 MO/IeJTHPOBAHUSA KaTacTPogoycTOHYNBbIX HH(POPMALIMOHHBIX CHCTEM, 00ec-
NEeYHBAKIIMX HHTEPMOJA1bHbIE IEPEBO3KH.

PaccMarpuBaroTcss mpobseMbl KOMITJIEKCHOTO MOJIEIMPOBAHUS KATacTpo(OyCTONUHMBBIX HH-
dopmarmonnsix cucteM (KAUC), obecneunBaromumux nHTEpMoaaibHble iepeBo3ku. [Ipoana-
JU3UPOBAHbI OCHOBHBIE Kiacchl 3a1a4 MoaenupoBanusd KAWC, nokazaHo, 4To B OCHOBY CO3-
JTaBa€MOr0 KOMILJIEKCa MOJIENIeN 1enecoo0pa3Ho MOJIOKUTh PE3YyJIbTaThl TEOPUH YIPABICHUS
CTPYKTYpPHOH IMHAMUKOHN CIOXKHBIX O0OBEKTOB, pa3padbaTbiBaeMoii aBTopamu. Ha KOHKpeTHBIX
npuMepax WUTIOCTPUPYETCS KOHCTPYKTUBHOCTH TMPEJIaraeMbIX MOAXOIOB MPU PEIICHUH
MPAKTUYECKUX 3a7]a4 HHTEPMOAATLHOM JTOTUCTHKH.

CoxkosoB B. K. AHa/HM3 pbIHKa MOPCKHMX KOHTeiiHepHbIX nepeso3ok B P® B 2010 — Ha-
yaje 2011 roaa.

CraTbsl COAEPXKUT aHATIN3 PHIHKA MOPCKMX KOHTEHHEPHBIX NepeBo3ok B PD B nepuoxa punan-
COBO-PKOHOMUYECKOT0 Kpu3uca. [IpuBoautcs cratucTuka rpy30000poTa KpyMHEHIIMX KOH-
TeiiHepHbIX TepMuHaNoB PP, nuHaMuka U3MEHEHUH rpy30000poTa B 3aBUCUMOCTH OT COOBI-
TUI Kpu3ucHoro nepuoaa. OuenuBarotcst coobrTust 2010 rona ¢ TOYKH 3peHHS] BO3POKICHHS
pPBIHKA MOPCKHUX KOHTEHHEPHBIX IEPEBO30K.
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ABSTRACT

Longo Francesco, Longo Francesco. Modeling port security.

The work focalizes on the use of modelling and simulation to model some aspects of port se-
curity, specifically container inspection procedures, In particular the authors first address the
problem of data fusion integration to evaluate for each single container a security index (con-
tainers selection for inspection operations); then a simulation model a container terminal is
proposed to investigate the container inspection operations. The simulation model is used
jointly with Design of Experiments and Analysis of Variance to evaluate the impact of some
fundamental design parameters on the performance of the container inspection operations.

Massei Marina, Tremori Alberto. Mobile Training solutions based on ST_VP:
a HLA Virtual Simulation for Traning and Virtual Prototyping within Ports

This paper proposes the critical issues related to the innovative use of simulation for Mobile
Training. The authors propose a methodology for developing simulators for training purposes;
special attention is proposed on providing tailored solution for training activities to be con-
ducted in different frameworks. The focus of such a research being a mobile training solution
able to reach and be effective on trainees from different countries (i.e Mediterranean Area);
many aspects, such as language, culture, procedures, have to be analyzed as well as possible
benefits using simulators for training (i.e. cost reduction)

Agostino G. Bruzzone, Alberto Tremori, Yuri Merkuryev. Asymmetric Marine War-
fare: PANOPEA a Piracy Simulator for Investigating New C2 Solutions

This research is devoted to experimentation, by using simulation, on a complex maritime sce-
nario where it’s possible to evaluate different strategies in NEC C2 M2 (Net Centric Com-
mand and Control Maturity Models). In this paper the authors propose an extension of previ-
ous experimentation based on a simulation model related to an asymmetric scenario in mari-
time domain with special attention to piracy; in fact simulation team developed a simulator,
titted PANOPEA (Piracy Asymmetric Naval Operation Patterns modeling for Education &
Analysis) to analyze new asymmetrical war theaters focusing on scenarios of marine warfare
versus pirates in Aden Gulf for supporting different educational and training purposes.

Gleim V. V. Simulation modeling of sea freight terminals based on the example of novo-
rossiysk container terminal

Analytical methods do not always work for planning marine freight terminals as soon as they
take out of consideration a lot of important things which may significantly influence terminal
efficiency. Based on the example of Novorossiysk container terminal we consider how simu-
lation modelling can help to overcome drawbacks of analytical methods and what other ad-
vantages it provides for planning/designing of freight terminals of different types.

Deviatkov V. V., Fedotov M. V., Dolmatov M. A., Nissenbaum R. S. Application of uni-
versal system ofsimulating modelling GPSS World at designing ship-assembly com-
plexes in structure of modern ship-building shipyards.

In given article possibilities of the simulating application on designing of technologies of
formation of hull of a vessel in dock are considered. The basic functionality of the application,
structure of program components in its structure are described, examples of interaction of the
technologist-ship builder with the application are resulted at model construction, planning of
experiments and the analysis of results of modelling.
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Dolmatov M. A., Nisenbaum R. S., Plotnikov A. M., Fedotov D. O. Simulating modelling
as the tool of an estimation of engineering decisions by projects development of updating
ship-building and ship-repair enterprises of Russia.

In article prospects and experience of application of methods of imitating modelling in JSC
«SSTC» are considered at designing of manufactures of the enterprises of the ship-building
industry of Russia.

Kiptily D.V., Kolesov Y.B., Lebedev D.V., Senichenkov Y.B., Tarasov S. V. An object-
oriented approach to development of marine technological simulator.

Object-oriented technology of physical modeling used in Model Vision Studium 6 (Rand
Model Designer) is presented. This technology was employed by “Transas Technology” com-
pany for development of multi-component models for marine technological simulator.

Lukinskiy V. S., Shulzhenko T. G., Sokolov K. A. Models and methods for inter-modal
transport logistics: current status and development prospects.

The submission of the report provides a critical analysis of modern complex models and
methods to control flow processes in intermodal freight delivery systems. An algorithm for
decision-making on the use of models and methods of traffic management in supply chains
based on the developed approach to structure models and methods to control for intermodal
transport at different levels of logistics systems.

Medvedev V. V., Polovinkin V. N. Use of a simulation modeling for maintenance of reli-
ability and safety of ship diesel engines.

At the report the examples and general approach of fulfilment with use of a simulation model-
ing (SM) of the prognosis of residual resource of details and knots of diesel engines subject to
wear and fatigue accumulation of damages, levels of vibration and noise of ship diesel en-
gines, and also thermal condition of the details of the engine are circumscribed. The use of
outcomes of SM for an evaluation of technological efficiency of offered engineering solutions
is shown.

Merkuryev Yuri, Merkuryeva Galina, Bikovska Jana. Simulation-supported supply
chain management in the eclips project.

The paper discusses experiences in using simulation, gained within implementation of the
European research project ECLIPS that addresses the state-of-the-art in supply chain man-
agement. It is aimed at minimization of total inventories through the whole supply chain, tak-
ing into account a product lifecycle phase. Here simulation is used to support supply chain
management processes thus providing conditions for minimization of inventories. Simulation
provides a platform for testing developed algorithms, as well as allows efficient training in
application of the developed methods.

Osipov V.Yu., Modeling and simulation marine transport systems which is based on in-
telligent geo-information systems.

The approach to modeling of sea transport systems on the basis of intellectual geo-
information systems (GIS) is considered. As an intellectual kernel such GIS it is offered to
use the special associative machine including a neural network with operated spatial shifts of
sets of individual images along layers. Unlike known approaches the offered method allows to
expand essentially possibilities on intellectual processing of the dynamic diverse spatially cor-
related information, as in interests of the analysis flowing, and forecasting of the future events
connected with sea transport systems.
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Plastunyal I. A., Noskov A. A. Project of the variant of delivery of production at multi-
modal transportations.

Questions of a choice of variants of delivery taking into account features of transported cargo,
requirements of the client, possibilities of types of transport are considered. It is proved that at
formation of variants it is required to use the project approach.

Sokolov B. V., OkhtilevM. Yu., Zelentsov V. A., Fridman A. Y. Problems of integrated
modeling for disaster tolerance information systems which are supported inter-modal
traffic.

The problems of integrated modeling disaster-tolerance systems (DTS) providing intermodal
transportation are investigated. The main classes of simulation problems DTS have been ana-
lyzed. It was shown that in the foundation of the proposed models complex should be put the
results of structural dynamics control theory which is developed by the authors. Constructive
of suggested approaches for solving practical problems of intermodal logistics is illustrated by
specific examples.

Sokolov V. K. The analysis of the market of sea container transportations in the Russian
Federation in 2010 — the beginning of 2011.

The article contains the analysis of the market of sea container transportations in the Russian
Federation in financially — economic crisis. The statistics of a turnover of goods of the largest
container terminals of the Russian Federation, dynamics of changes of a turnover of goods
depending on events of the crisis period is resulted. Events of 2010 from the point of view of
revival of the market of sea container transportations are estimated.
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