lim (l,].)—(z,.j)k‘eo. (12)

Yenosue (12) MOXKXHO ITPOBEPUTH Oaromapst
BBEIEHHOI HOpMe MaTpulIsl (11).

Ecim nocnenoBareibHOCTb MaTpHi (9) s1BJist-
€TCsl YOBIBAIOIIEH, TO JjIsT BCIKOTO € >0 momKeH
cy1ecTBoBaTh Takoit Homep N=N (¢) u m>0, 9to
pu k>N nmeer mecto [6, ¢. 238—246]:

‘(l,.j )k _(lff )k+m

Torna, 3a1aBIICh 3HAYEHUEM €, TO €CTh JI0-
TTyCTUMOM TOYHOCTBIO PEIIeHUsT 3a/1aui, HaX0-
JTIUM VICKOMYIO MaTpUITy MEXKPEMOHTHBIX TIPO0e-
TOB (lij)'

Tem camMbIM ITOJTHOCTHIO CHUMAETCST OTPaHM -
YeHUe Ha peleHre 3a1a4u (3) ¢ MTOMOLLBIO Me-
TOAAa TMHAMHUYECKOTO IMPOTrpaMMHUPOBAHMS
C LIEJTBIO TIOTyYeHUST KOJTMIeCTBEHHOW OIICHKH!
STaJIOHHOTO COCTOSTHMSI OTPACIIH.

[Mpennaraemast MeTonMKa 1aeT BO3MOX-
HOCTb MPaKTUUECKM OCBOUTD PEIIIEHUE BaXKHOM
3a71auM TPAHCITOPTHOM HAyKN — KOJTMYECTBEH-
HOW ACHTU(PUKAIIIY STAIOHHOTO COCTOSTHUS
otpaciu. Micnionb3yemasi B paMKaxX METOIMKHI
MHOTOYPOBHEBAsI MOJIEJIb YITPaBICHUST OTpa-
CJTBIO TIO3BOJISIET AHAJTM3UPOBATh TY WIK MHYIO
Mpo0GJIeMy Ha pa3HBIX YPOBHSIX TPAHCITOPTHOMN
Mepapxvun — OT JIMHEITHOTO /10 TOCYIapCTBEH-
HOT'O U JTaXKe MUPOBOTO.

Pa3paboTka monenu v e€ mpruMeHeHue B 000-
3HAUEHHOM KOHTEKCTe OCOOCHHO aKTyaJbHbI
C TOYKM 3peHus Teorpacdudeckoro dakropa
CTpaHbI U HAIMYMS y Hee STBHO HEZIOMCIIOINb3Ye-
MBIX TPAH3UTHBIX PECYPCOB. DTO €CTECTBEHHBIM
00pazoM TIOIBOAMT K MBICIT O CO3IaHUM CETU
JKeJIe3HBIX IOPOT TUIAHETApHOTO YPOBHSI, 00eC-
TIEYMBAIOIIEH BBICOKOCKOPOCTHOE, OeCTIeperpy-
304HOE U BCETIOTOTHOE CYXOITyTHOE TIepeMeliie-
HMe TIaCCaXXWPOB M TPY30B MEXIy TyHKTaMHU,
HaXOMSIIIMMKCS Ha pa3HbIX KOHTUHeHTaxX. JIyist
3TOTO IOCTATOYHO BEPHYTHCS K TTPOEKTaM ITOJISIP-
HOW MarvcTpaiu (CTPOUTEIBCTBO KOTOPOiA ObLIO
3a0poliieHo B Hauasie S0-X rofioB MpoILLIOro BeKa)
Y TOHHEJIST 1101 BeprHTOBBIM TTPOJIMBOM.

<e. (13)

B pesynsrare peaauzauyy og0OHbIX ITAHOB
BBISIBSITCSI OCOOEHHO peibe(pHO KOHKYPEHTHbBIE
TPENMYIIIECTBA XKeJIE3HBIX JIOPOT Hall IPyruMU
BUIAaMU TpaHCMoOpTa. B yacTHOCTH, ¢ yueToM
CTETIeHU UX BIIVSTHUS Ha CPeTy OOUTaHUS Yesio-
BeKa.

Tak, 110 JTaHHBIM 3apyOEXKHBIX CITeIIMAIIH -
CTOB, BPEIHBIX BLIOPOCOB B pacuéTe Ha OIUH
MaccaXknupo-KWIOMETP Y NMEKTPUIECKUX TT0e-
3m0B MeHblIe B 300—400 pa3 1o cpaBHEHUIO
C aBUALIMOHHBIM U B 8—12 pa3 — B CpaBHEHUU
C aBTOMOOMJTLHBIM TpaHcTopToM. [TpumepHO
TakKasl ke KapThHa U OTHOCUTEJTLHO I'PY30BbIX
MepeBO30K W, B TOM YMCJIE, MOPCKUM TpaH-
CITOPTOM.

/A 3TO IPM YBEJTMUEHW Y JIOJTN 3KeJIE3HBIX IOPOT
Ha pbIHKE TIEPEeBO30K HE TOJIBKO YJIydllleHUe
9KOJIOTMYECKOI CUTYyaIlMK Ha TUIaHeTe, HO CKO-
pee BCero M BO3MOXKHOCTh TOOUTHCST CHYKEHUST
ce0eCTOMMOCTH TPaHCTIOPTHBIX ycayr [locien-
Hee, HECOMHEHHO, TIOJIOKUTETbHO CKaXKeTCs
¥ Ha COLMAJTbHO-3KOHOMUYECKOM TTOJIOKEHU
CTpaHbI, 0 YEM OAPOOHO TOBOPUTCS B [8].
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ABSTRACT

The article refers to main outlines of mathematical
model of rail transport. The authors substantiate the
necessity to use dynamic programming method to
optimize the parameters of the rail sector state. They
argue the utility to use rail car department as a sort of
department that is a «vehicle» of a key model idea. The
authors suggest requirements concerning objective
function, its formulae, and a tool to transform it into
additive function via solving auxiliary optimization
problem. They prove the necessity to realize a new
paradigm of car designing model, which is mandatory
for effective use of achieved optimum parameters
of rail sector state. The management system for rail
sector, as it is considered by the authors, is deemed
to be multilevel and hierarchic, allowing there-by to
analyze problems relevant to local conditions and
objectives and according new possibilities to assess
transit capacity of Russia and to create globally railway
nets with scientifically bases management system. The
implementation of such project might permit to achieve
advantages for railway transportation, notably taking
into account the maintenance of ecological balance
and reduction of carriage costs, to gain part of market
of truck, air and sea haulage.

ENGLISH SUMMARY

Background. The ongoing reforming of railways,
which are considered as complex technical, social and
economic system, means first of alladopting of a chain
of decisions aimed at changing of system parameters
and links. It is impossible to predict the reaction of
the system to external interference basing solely on
previous expertise and intuition. On the contrary there
is a need to foresee the expenses at different stages
of reforms. Furthermore, as the reform of railways
has a directimpact on the transport component of the
costs of goods which are consumed by every member
of society, then the knowledge of the final model of
the state of railways will positively influence the public
attitude towards the reform itself. So we are in need
for a tool that permits to make decisions, based on
system methodology.

Objectives. The system methodology can be formalized
in the form of mathematical model of railway sector. The
mathematical model of the railway sector could permit
to solve one of the mostimportant problems of transport
science which consists of two tasks:

— Optimization of railways’ state regarding the
established criterion of state parameters of railways
(considering that the real state is far from the sample
state and will approach it only within a certain period
oftime);

— Shaping-out of economically reasonable instruments
of bringing railway sector nearer to sample state within
the framework of reforming and updating of existing
system.

Methods. It is impossible to build one comprehensive
model of all the processes in the railway sector. Only
interlinked models of main departments and sectors
of railways taken in their totality can take into account
the diversity of processes. That is why the researcher
should select a key element of such a totality as a basic
model. The authors suggest that such a key element
should be wagon section of railways, constituted by car
facilities of operators of rolling stock and by car repair
companies. The arguments are the following: the rail
car is related to a final operation in technological cycle
of railway carriage, turnover of the car is a key index
for assessment of efficiency of railway as a whole, the
arguments are also described in [5]. So the wagon

section of railways can be considered as vehicle of
mathematical model of railways. ( The algorithm of wagon
section interaction with other railways departments are
described in [2]). The objective function should respond
to two requirements: it should reflect the operation
quality of the object which is one rank higher than the
simulated object; to be conforming to information data
base of the rail sector. The first requirement takes into
account the fact that management system for railways
has got multilevel and hierarchic character, providing
planning and managing based on deductive logics. The
objectives for top managers could be set accordingly
to their position in multilevel hierarchic structure.
According to the authors, the best index of efficiency of
transport is the prime cost of a unit of operation in tons/
kilometers. But the existing database of railways is not
ready to use that index. That’s why the authors suggest
the objective function as a formulae ( 1) for prime cost
of a unit of a wagon mileage.

Results. The objective function is determined
through parameters presented in table 1. The
parameters are the parameters of the wagon section
as of a reduced model of a whole railway sector. It is
necessary to note that (see formulae 1) the objective
function is determined implicitly also by the state of
other departments and sections by parameter d,.
The value of that parameter [2] should respond to
optimal state parameters of k-department (besides
wagon department). It is proved that function of
many variables (1) presented as (2) has a global
minimum. Having imposed appropriate restrictions
and contingencies on the rail sector parameters
(table 1) and having joined them to formulae (2) one
achieves mathematical model of the rail sector. MIIT
researchers have elaborated methods of optimization
of parameters ¥ (' W (') and ¥ (' whose optimal
values along with ¥ 2" should be used within algorithm
of optimization of state parameters of the whole rail
sector

@((ll.j),y/(”,t//(z),...,l//m))—>min (3)

as constantvalues. Thus will be achieved normalization
of those 4 parameters [3]. Most reasonable method
(reasons are described in [7]) of solution of the
problem (3) is dynamic programming. But in order to
proceed, it is necessary that formulae (1) should be
additive. To transform itinto additive form, itis sufficient
to preliminary determine optimal matrix of mileage ofa
wagon between repairs ( I”) with the help of solution of
optimization problem put forward by MIIT

£(2;)— min; (4)
iy
v (5)
©)
4 (10) (20).
— Y | Sy 6,
mi,) ”
(13) llj (13) .~
Vi SI—SV/B , hpu j =2,my;
11
13) li/ (13) N (7
Vi, <7<V ,npui=2,n, j=2,m, |,
il

which can be used for solving problem (3) by the
method of dynamic programming (I1 (I,.j) — need for
in-shed repairing of wagons of a certain type during
the one-year period, methods are described in [4]).

Problems (4) +~ (7) can be also interpreted as an
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economic model of wagon department of structured
type.

Effective use of the results of solving of the problem
(3), aimed at quantitate description of a sample state
of railways, can be achieved in real conditions, if a
wagon at the stage of its designing will be inscribed into
operation environment(as itis practiced for respecting
overall dimensions standards).

The authors argue that in the period before rail
sector restructuring in Russia the challenges of a
certain incompatibility between wagon designing and
operation process were neutralized by the system
of management of technical state of the wagons,
on the basis of five principles (in-time finding of
defaults, technical maintenance and repairing at
the route, special preparation works before loading,
technical revision and capital repairs, engineering of
specifications and ordering of new wagons instead of
old ones). The system permitted to achieve a certain
balance between costs of technical maintenance and
traffic safety level. The authors indicate some new risks
linked to decentralization of wagon sector of railways
and underline the need for scientifically substantiated
recommendation and for implementation of measures
in order to consolidate interests and activities of now
different actors within the system of management of
technical state of wagons. That’s why they suggest to
use at the stage of wagon designing within optimization
problem (4) + (7) a new object for study which is
a system «wagon — operation environment» and
give some concrete recommendations concerning
enhancing of different functions of management
system (table 2; for instance to ensure the detection
of defaults with the help of built-in sensors and so
on), algorithm of analysis of a sample car design as
of an object of a control of technical state, technical

maintenance, routine repairs (Pic. 1), restrictions of
objective function (e. g. safety factors, capacity of
repairing works), optimal mileage between repairs
(calculated on the basis of formulae).

There are two remarks on the joint solution of two
optimization problems (3) and (4) + (7) in order to
numerically describe the sample state of railway sector.
1. To solve those problems it is necessary to use so
called periphery problems, and each of those problems
can be shown as a program realized with the help of
computer.

2. As it was shown, in order to overcome the
restrictions, preventing use of the methods of dynamic
programming, it is sufficient to preliminary determine
matrix of mileage between repairs. So it is necessary
to possess values of some parameters of state of
railways, which are mentioned in the problem (4) (7).
But those parameters can be determined only after
solving the problem (3). To overcome the collision and
to determine matrix ( I,.I.) it is possible to use the method
of iteration. The authors briefly describe algorithm of
iterations.

Conclusions. The suggested set of methods allows
quantitatively identify sample state of rail sector of
the economy. The multilevel model of rail sector
management permits analyzing different problems at
different levels of transport hierarchy from section level
to national and even international levels.

The implementation of the model can give possibility to
enhance and realize transit capacity of Russia and also
to create a global network of railways. Then the railways
will be able to prove some advantages over other
transportation modes. In the sphere of environment
protection the harmful emissions of electric trains are
300-400 times less than the emissions of airplanes and
8-12times less than the emissions of motor transport.

Key words: railways, complex system, state parameters, optimization, management system, mathematical
model, transport sector reforming, objective function, method of dynamic programming, reference state of

a system.

REFERENCES

1. Ustich P. A., Ivanov A. A., Sadchikov P. 1.,
Ustich D. P., Shikina D. I. Methodology of
harmonization of main theses of the imperative of
transport services market [ Metodologiya garmonizatsii
osnovnyh polozheniy imperativa rynka transportnyh
uslug|. Zheleznodorozhnyj transport, 2010, Ne 8, pp.
64—68.

2. Ustich P. A., Ivanov A. A., Myshkov V. G.,
Sadchikov P. I. Scientific follow-up of industrial sector
development [ Nauchnoe obespechenie razvitiya otrasli].
Zheleznodorozhnyj transport, 2008, Ne 7, pp.39—43.

3. Ustich P. A., Ivanov A. A., Averin G. V.,
Kuznetsov M. A, Petrov S. V. Some aspects of a problem
of normalization of traffic safety level at the example
of railways [ Nekotorye aspekty problemy normirovaniya
urovnya bezopasnosti dvizheniya na primere
zheleznodorozhnogo transporta). Nadezhnost’, 2011, Ne 1
(36), pp.59-73.

4. Ustich P. A. et alt. Ed.by Ustich P. A. Wagon
facilities. Textbook for transport universities [ Vagonnoe

hozyaystvo: Uchebnik dlya vuzov zh. — d. transportal.
Moscow, Marshrut publ., 2003, 560 p.

5. Ustich, Petr A., Ivanov, Alexander A., Mituhin,
Vitaly B. Concept of Intellectual Management | Kontseptsiya
intellektual’nogo upravleniya). Mir transporta [World of
Transport and Transportation| Journal, 2008, Vol.23, Iss.3,
pp. 4—11.

6. Demidovich B. P., Maron I. A. Fundamentals of
calculus mathematics [Osnovy vychislitel’noy matematiki].
Moscow, Nauka publ., 1970, 664 p.

7. Ustich, Petr A., Ivanov, Alexander A., Myshkov,
Valentine G. Deductive and Axiomatic Approach to the
System of Intellectual Management [Deduktivno-
aksiomaticheskiy podhod k sozdaniyu sistemy
intellektual’nogo upravleniya)l. Mir transporta | World of
Transport and Transportation| Journal, 2010, Vol.29,
Iss.1, pp.4—13.

8. Pashkova T. L. at alt. Ed. by Pashkova T. L. Polar
mainline [Polyarnaya magistral’]. Moscow, Veche publ.,
2007, 448 p.

KoopanHaTtel aBTOpoB (contact information): Yctnu . A., MeBaHoB A. A. (Ustich P. A., Ivanov A. A.) —
wwx720@mail.ru, YepHbiwosa J1. M. (Chernyshova L. M.) — (495) 684-24-68.

CrtaTbsa nocTtynuna B pegakumio / article received 26.11.2013

MpuHsTa k nybnukaumm / article accepted 20.12.2013

® MUP TPAHCNOPTA 01°14



