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Purpose. The article deals with a higher accuracy estimation of traffic capacity of rail networks intended for transpor-
tation of raw materials and finished products of mining and smelting industries, which is based on the automated analysis.
Methodology. The methods of comparative analysis, mathematic modelling and forecasting have been employed.

Findings. The article deals with the development of the method that allows taking into consideration the operating
reliability of a transportation system while forming an automated traffic capacity calculation system for rail networks. The
authors have proposed statistical evaluation of operating reliability of a section using simulation modelling of primary and
secondary train delays in the section timetable. The instantancous availability of the system has been proposed as an
evaluation ratio of operating reliability of the section. The method established the foundation for consecutive automated
traffic capacity calculation of a rail network for freight transportation of mining and smelting industries. The results of
failure modelling on a rail section testify considerable influence of secondary delays on operating reliability of the sched-
uling technology. The research substantiates the importance of taking into account organizational and technological fail-
ures in a timetable while formalizing the traffic capacity calculation of rail networks. The dependencies of instantaneous
availability on the number of trains and an accepted reliability level on the test rail section have been defined.

Originality. An automated traffic capacity calculation method for more accurate evaluation of rational workload lim-
its of a rail network has been designed. This automated method, unlike existing ones, takes into consideration the operat-
ing reliability of the rail transportation system of mining and smelting industries.

Practical value. The proposed automated traffic capacity calculation system for rail networks makes it possible to
increase accuracy of determining the maximum amount of trains on the section and avoid its overloading which will in-
crease the speed of freight flows and influence the efficiency of transport logistics for raw materials and finished products
of mining and smelting industries.
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Introduction. The rail network is one of the most sig-
nificant links in supply chains of Ukraine’s mining and
smelting industries (MSI). Rapid and timely delivery of
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raw materials and finished products of MSI depends on
conditions in which industrial and mainline transport op-
erates. As is known, a rail section is one of the main ele-
ments of the transportation network. The analytical meth-
od for defining traffic capacity of rail sections employed in
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Ukraine’s railways is not quite appropriate due to over-
rated values of the actual traffic capacity, which impedes
determining possible traffic capacity under the given qual-
ity of services. Thus, more accurate calculation methods
are required for calculation of traffic capacity for rail sec-
tions. Improved accuracy and simplicity of labour-con-
suming manual calculations can be attained by developing
automated traffic capacity calculation systems for rail sec-
tions of mainline and industrial transport servicing MSI.

Analysis of recent research and publications. Con-
ventional approaches to calculation of traffic capacity of rail
sections for MSI and rail mainline transport are similar.
Some problems of higher calculation accuracy for traffic ca-
pacity of railways based on automation and application of
information technologies were the point of concern of sci-
entists and specialists among whom are V.M. Akulinichev,
Ye. V. Arkhangelskyi, A.H.Bartkus, A.P.Baturin, T.V.But-
ko, N. A. Vorobiov, P.S. Gruntov, B.Del Rio, A.D.Karetni-
kov, B.S.Kozina, I.T.Kozlov, D.Yu.Lievin, A.M.Maka-
rochkin, B.M.Maksimovich, B.Ya.Negrei, A.P.Petrov,
N.V.Pravdin, V.V.Povorozhenko, N. A. Samarina, Ye. M. Ti-
shkin I. H. Tikhomirov, K. K. Tikhonov and others.

In the mid-1960s M. S.Hrishyn was one of the first
within scientific projects of the Central Scientific Re-
search Institute who computerized traffic capacity calcu-
lation for rail sections using the Ural computer [1]. The
approach proved efficient though a level of automation
then did not allow disposing of manual calculations based
on nomograms and tables for a section of minimal traffic.
Evolution of the computer made it possible in the 1970s to
computerize drawing maximal train traffic diagrams,
which led to higher accuracy of traffic capacity calculati-
ons [1, 2]. Drawing maximal diagrams for a section elimi-
nated the calculations being made only for minimal traffic
sections. Among the drawbacks of the approach, one
should mention considerable idealized character of de-
signed schedules and the unjustified time-consuming na-
ture [2].

Within the framework of recent research, study [3]
gives the algorithm of automated traffic capacity calcula-
tions for single- and double-track lines used in mass cal-
culations and substantiates the optimal development plan
of rail technology. But a drawback of the automated ap-
proach is building an algorithm based on the analytical
method which is applied in Ukraine’s railways.

The world experience has demonstrated high efficien-
cy in applying automated traffic capacity calculation sys-
tems for rail sections, based on the integrated approach
with the use of simulation and optimization methods [4].

Unsolved aspects of the problem. The conventional
method of actual traffic capacity calculation for rail sec-
tions [5] is mostly focused on the infrastructure potential
and does not fully consider peculiarities and special char-
acter of train flows along the whole sections.

The functional traffic capacity calculation technique
is applied for a section of minimal traffic (in section)
while the actual traffic capacity is changing and depends
on the character of a train flow along the whole section
[1]. The conditions under which the trains run are influ-
enced greatly by an operational technology chosen ac-
cording to the train traffic schedule and dispatchers’ rec-
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ommendations. Reliability of the scheduling technology
is directly connected with organizational and technologi-
cal problems, namely, failures made by dispatchers, lack
of arrival sidings at stations, failures in handling trains
along the section due to other trains’ delays when the sec-
tion is overloaded, etc. As analytical formulas do not
consider reliability of the organizational transportation
technology on a calculated section, it leads to unjustified
overrated values of traffic capacity and, as a consequen-
ce, more frequent train delays and increased operational
charges.

Conventional methods of automated traffic capacity
calculations are based on the analytical method consider-
ing only reliability of technical means of the infrastruc-
ture. Therefore, formalization of traffic capacity calcula-
tion of rail networks for mining and smelting industries is
important; it will allow taking into account problems of
operational reliability, i.e. organizational and technologi-
cal faults in the train traffic schedule.

Objectives of the study. The main objective of the re-
search is formation of an automated traffic capacity calcu-
lation system for rail networks intended for freight trans-
portation of mining and smelting industries; it is based on
calculation taking into account operating reliability of the
transportation system, which, in turn, leads to the higher
accuracy of traffic capacity calculation and elimination of
labour-consuming manual calculations.

The main material of the research. The research
deals with the designing of an automated traffic capacity
calculation system for rail freight networks of mining and
smelting industries; the method, unlike the conventional
ones, considers the operating reliability of a transportation
system. Formulation of basic concepts used for determin-
ing empirical dependences to verify the proposed method
is important. The method considers operating reliability as
the capacity of a rail section, as a system, of handling train
flows according to the specified accuracy of a train traffic
schedule at a given time (24 hours). Considering trouble-
free operation as a character of the operating reliability
one should define the concept of failure. It means an op-
erational fault, i.e. a train delay at arrival or departure at
each station of a section due to organizational and techno-
logical problems. Besides, train delays are classified into
primary (caused by external random factors in transporta-
tion technology) and secondary (caused by primary delays
of the first train and consequent failures in the schedules
of other trains, which run on the site of the first delayed
train) [6]. Fig. 1 shows the scheme of train routes on a
double-track section when primary and secondary delays
occur.

The process of consequent delays on a section, which
is described above is nonergodic. In such conditions, the
analytical investigation into reliability of the system is not
effective due to its complexity. Therefore, the research
proposes the statistical evaluation of operating reliability
of the section using the simulation modelling method for
various failures.

Instantaneous availability of the system has been pro-
posed as an operating reliability indicator; it specifies that
at the  moment the system is functional [7]. The calcula-
tion of availability can statistically be determined as
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Fig. 1. Scheme of train routes on a double-track section
when primary and secondary delays occur

o, = i=1 j=1 (1)

ith

where Ztm, is the stopping time of the ;" train according to

the nonnatlve traffic schedule, hours; ¢ is the train delay
due to organizational and technologlcal problems at each
station of the section, hours; j = 1, &, hours; N is the num-
ber of trains at the section. As traffic capacity of the sec-
tion is defined for 24 hours, the availability should also be
defined for a 24-hour period.

The authors propose to use an optimization mathemati-
cal model for designing the train traffic schedule as simula-
tion modelling of the section operating with various delays.
Considering lack of statistical investigations regarding the
law of failure distribution in the traffic schedule within the
rail networks of MSI, the research proposes to generate pri-
mary delays with the distribution law [8]. Taking into ac-
count research [9], according to each failure the delay time
(when the train restores its running) is proposed to be mod-
elled applying the exponential failure law with the rate of

recovery [L = —, where ¢, is the average recovery time.
6

In order to define the dependency of fulfilment of the
train traffic schedule on failures rate, the authors have de-
veloped a program code in the Scilab environment, which
helps to generate parameters of train delays in a norma-
tive train traffic schedule by specified factors, then, using
an optimal model, to find a rational train traffic schedule
considering failures, and to calculate an instantaneous
availability according to (1). The optimization model for
designing an optimal train traffic schedule uses a target
function as a search criterion for the best train handling
along the section; the function considers minimal wastes
of all trains on the section and limitations regarding the
number of reception and departure sidings at wayside sta-
tions of the section and wasting time over 30 min for a
freight train at the section as inadmissible. The algorithm
of routing for the train traffic schedule gives priority to
passenger trains, followed by commuter trains, and then
freight trains of all types. In order to ensure the validity of
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the experiment the modelling results were checked
against conformity of the designed model for train traffic
schedule with actual processes by the F-test (Fisher—Sne-
decor distribution). Fig. 2 demonstrates a segment of the
train traffic schedule designed by modelling delays.
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Fig. 2. A segment of the train traffic schedule on the Ko-
losivka—Odesa Sort. section with modelled delays
on the section

For quantitative assessment of a secondary delay on the
total time of organizational and technological delays the re-
search describes experiments carried out on the Kolosivka-
Odessa Sort. Section. In order to investigate mutual influence
of trains under changes in operating reliability of the section
it was proposed to define the availability for three workload
levels, namely, for traffic volumes corresponding to a norma-
tive train traffic schedule in 2012 (Ng); the workload level
of 80 % out of the maximum; the maximal workload level
corresponding to the actual traffic capacity (N, )-

The results of failure modelling obtained testify consid-
erable influence of secondary delays on operating reliability
of scheduling technology. It has been established that even
for free train traffic flows (the normative train traffic sched-
ule) by variants of the average delay of 10, 20 and 30 min-
utes, part of primary delays accounts for approximate 40 %
out of the total delay time, while part of secondary delays
accounts for 60 % on the average. The dependency of dura-
tion of primary and secondary delays on the number of de-
layed trains in the normative train traffic schedule on the sec-
tion Kolosivka—Odesa Sort. in both directions with various
average times of primary delays is demonstrated in Fig. 3.

The dependencies obtained (Fig. 3) testify low re-
sponse of the train traffic schedule to failures. Thus, up to
20 % of delayed trains out of the total number in the train
traffic schedule do not influence the general operational
situation on the section at all. Under conditions of high
congestion in the section the situation is changing accord-
ing to similar variants of the average delays of 10, 20 and
30 minutes; part of primary delays accounts for just 10 %
out of the total delay time in the train schedule, while part
of secondary delay time is 90 % on average. The results of
modelling show a strong response of the operation under
conditions of high congestion, thus the primary delay time
of 5 minutes in the maximum train traffic schedule leads to
a secondary delay, the total time of which is 507 minutes.

The dependency of the primary and secondary delay
time on the number of delayed trains in the train traffic
schedule corresponding to the actual traffic capacity on
the Kolosivka—Odesa Sort. section in both directions with
various average primary delay times is given in Fig. 4.
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Fig. 3. The dependency of duration (t) of the primary
and secondary delays on the number of delayed
trains in the normative train traffic schedule on the
Kolosivka—Odesa Sort. section in both directions
with various average times of primary delays
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Fig. 4. The dependency of primary and secondary delay
time (t) on the number of delayed trains in the train
traffic schedule corresponding to the actual traffic
capacity on the Kolosivka— Odesa Sort. section with
various average primary delay times

The modelling results made it possible to define the
dependencies of an instantaneous availability on the num-
ber of delayed trains on the Kolosivka—Odesa Sort. sec-
tion in both directions by different levels of station work-
load, which demonstrate rapid transition from a free train
flow to synchronized movement and then to a holdup at
the congested section (Fig. 5).

On the base of the above-mentioned research the authors
propose the following sequence of automated carrying capa-
city calculation for the railway infrastructure which takes
into account the operating reliability of the transportation
system:

1. The calculation of the actual carrying capacity of the
rail section according to the Instruction [5]. The calculated
maximum number of freight trains n; while determining
the actual carrying capacity of the section with a constant
interval timetable and the previously specified number of
trains of all other types (n,, stands for passenger trains,
Neom Stands for commuter trains, n,, stands for assorted
trains) are taken as the total number of trains (7, = 75 +
+ Mg + Moom + 1,s) corresponding to the maximal workload
level of the station. All other types of station workload for
modelling delays are calculated according to a specified
maximum workload level at the station.
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Fig. 5. The dependency of instantaneous availability on
the number of delayed trains on the Kolosivka —
Odesa Sort. section in both directions by various lev-
els of the section loading: N;rg — normative train
traffic schedule; N,,, — maximal workload level cor-
responding to train traffic schedule

2. Statistical investigation into the impact of organiza-
tional and technical failures are to be conducted (a one-
year period is desirable for the analysis). The laws of fail-
ure distribution and traffic recovery time on the section
and their characteristics are to be established. Due to lack
of statistics primary delays are described with the Poisson
distribution law, and according to each failure the recov-
ery time is described by the exponential failure law.

3. Primary delays are modelled according to the given
parameters of the distribution law, then the rational train
traffic schedule is searched, which takes into account fail-
ures; and the instantaneous availability is defined accord-
ing to formula (1). Fulfilment of the following conditions
regarding failure modelling and regulations on experi-
mental data processing is important:

- for double-track sections the instantaneous availability
is calculated for each direction separately whereas for single-
track ones it is estimated for both directions simultaneously;

- the calculation should be made for three workload
levels, especially for traffic volumes which correspond to
a free train traffic mode (the normative train traffic sched-
ule); the workload level of 80 % of the maximum work-
load; the maximum workload level corresponding to the
actual carrying capacity of the rail section or close to it;

- while modelling each workload level one should ac-
cept similar operating conditions along the section for all
trains, in which the high-speed mode differs from the
speed of a train and which are taken for defining the actual
carrying capacity (M., Meom» Mas)- A specified departure
time and the normative stoppage mode of these categories
remain the same for each of the accepted workload levels;

- for each loading level the availability factor is calcu-
lated for the number of delays, accepted in accordance
with fulfilment of the train traffic schedule p(n) ¥ (90, 80,
70, 60 %) depending on the total number of trains accord-
ing to a section workload level and a specified average
delay time (10 and 20 minutes);

- the modelling results are stored in the database; nom-
ograms are automatically built searching for analytical
dependencies of the instantaneous availability a,,,, on the
number of trains, an accepted reliability level at the sec-
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Fig. 6. Dependency of the instantaneous availability on the number of trains and accepted level of reliability of schedul-
ing technology on the Kolosivka—Odesa Sort.: a — in an even direction with an average delay time of 10 minutes,
b —in an odd direction with an average delay time of 10 minutes, ¢ — in an even direction with an average delay time
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tion and given average delay time ¢,. These analytical de-
pendences are defined by the least square method.

4. The calculation of the maximum possible number of
trains on the section during the fulfilment of the train traffic
schedule in both directions at the given reliability level
p(n) ¥ (90, 80, 70, 60 %), the accepted availability of trains

o™ and the given average delay time 7, is made ac-
cording to the defined exponentially lowering dependency

ractical __ ,b,unorlmmnrc
n” =q-e o 2

where a, b are parameters of the function defined by the
least square method while analysing dependencies of the
instantaneous availability o, on the number of trains and
the accepted reliability level on the section; oy is the
instantaneous availability o, defined by norms according
to an accepted operational mode of the rail infrastructure
operation for a freight year; n”" < is the maximum num-
ber of trains in the train traffic schedule which will run along
the section observing the set reliability level regarding the
train traffic schedule p(n), the accepted instantaneous avail-
ability o™ and the defined average delay time Z,.

5. The calculation of the number of freight trains on
sections of mainly freight traffic with a constant interval
timetable corresponding to the accepted execution level of
train traffic schedule is defined by the formula

practical __ _ practical

ng n - (npas + ncom + nas )9

3)
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Where 71,5, Mgom, 1,5 Stand for the number of trains (pairs of
trains) of different types according to the accepted conditi-
ons of railway operation (the given number of trains should
correspond to the initial delay modelling conditions).

Formulas (2—3) are calculated for a double-track section
separately according to traffic directions, for a single-track
section — for both directions simultaneously. The outcome
obtained by (2—3) is rounded up to the integral number.

As an example, the research calculates dependencies of
the instantaneous availability a,,,, on the number of trains
and accepted reliability level p(r) on the Kolosivka—Odesa
Sort. section. Taking into account that the Kolosivka — Ode-
sa Sort. section is a double track, the calculations were made
for each direction separately. The nomograms of dependen-
cies obtained are given in Fig. 6, a—d. In order to investigate
the influence of a primary delay on the reliability of the sec-
tion operation it was proposed to make calculations in two
variants of an average delay time: 10 and 20 minutes.

The analysis of the nomograms in Fig. 6, a—d testifies
the existence of phase transition between modes of train
traffic flows on the section. Thus, the nomograms in
Fig. 6, c—d demonstrate a break between the given relia-
bility of 90 % with lower levels (a shaded area in Fig. 6, ¢)
that testifies an abrupt transition from free train traffic to
a synchronized flow and a holdup. Various stability of the
train traffic schedule in modelling primary delays of an
average time of 10 and 20 minutes testifies a considerable
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influence of both the number of primary delays and their
times on reliability of train flows across the section.
Conclusions and prospects of further development of
the research. The proposed automated traffic capacity calcu-
lation system for rail networks will make it possible to im-
prove accuracy in calculation of maximum number of trains
on a section and avoid its overloading contributing, thus, to
more efficient transportation of freight flows and effective
logistics services in transportation of raw materials and fin-
ished products of MSI. In prospect, the proposed automated
information system enables the system of a new generation,
which is part of the decision-making system — that is an inter-
active computer system designed to support decision-ma-
king regarding the management of carrying capacity of the
railway network encompassing mainline transport and MSI.
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Merta. PoboTa npucBsiueHa MUTaHHIO MMiABUIICHHS TOY-
HOCTI OLIIHFOBAHHS TIPOITYCKHOI CIPOMOYKHOCTI 3aJIi3HHY-
HUX MEPEeX IS TePeBE3CHHsI CHPOBHHH Ta TOTOBOI ITpo-
IyKIIi MAPAEMCTB TipHUYO-METATYPrifHOTO KOMITICKCY
Ha OCHOBI aBTOMATH3aIlil PO3pPaxyHKiB.

MeTtonuka. BukopucraHo METOIM TMOPiIBHSIIEHOTO
aHaJIi3y, MAaTEMaTUYHOTO MOJEIIFOBAHHS, IPOTHO3yBAHHSI.

Pesyanbraru. J{ins hopMyBaHHs aBTOMAaTH30BaHOI CHUCTE-
MM pO3paxyHKy HPOITyCKHOI CHPOMOKHOCTI 3aJIi3HUYHUX
MEpex y poO0Ti po3poOIICHO METOI, 1110 JO3BOJISE BPaXyBaTH
eKCILTyaTalliiiHy HaJ[iHHICTh CUCTEMH IIepeBe3eHb. 3arporo-
HOBAHO CTATHUCTUYHO OINIHUTHU CKCIUTyaTalliifHy HaiHHICTH
po0OTH NUTHHHMII 32 JOTIOMOTOO 3aCTOCYBaHHS IMIiTAIlIHO-
TO MOJICJTIOBAHHS IEPBUHHMX Ta BTOPUHHMX 3aTPHMOK MO13-
IiB y TpadiKy pyXy Ha IUTHHHUII. B SKOCTI TOKa3HMKA OIIHKH
eKCIUTyaTaiifHol HamiHHOCTI pOOOTH JIIBHUII 3aIPOIIOHO-
BaHO BUKOPHCTATH HECTAIIOHAPHUI KOS(Ili€HT TOTOBHOCTI
cuctemu. Ha 0cHOBI tTaHOTO METOIy po3po0iieHa IOCTi0B-
HICTb IIPOBEICHHS aBTOMATU30BAHOTO PO3PAXYHKY MPOITYC-
KHOT CHIPOMOXKHOCTI 3aJTi3HMYHOT MEpexi sl MPOCYBaHHS
BAHTAXIB MIANPHEMCTB TIPHHYO-METATYPriiHOIO KOMILIEK-
cy. OOrpyHTOBaHa BaXKJIUBICTH OOJTIKY 3001B y Tpadiky pyxy
MOT3/1iB, OB’ SI3aHUX 3 OpPraHi3alliiHO-TeXHOIOTTYHUMH ITPH-
YyrHaMK TpH (opMatizariii po3paxyHKy MpOIyCKHOI CIpo-
MOXKHOCTI 3aJIi3HMYHHX MEpeX. 3HalIeHi 3aJIeKHOCTI He-
CTaIliOHapHOTO KOe(ilieHTa TOTOBHOCTI BiJl KUTHKOCTI TO13-
JTiB Ta TIPUHHSATOTO PiBHS HAMIHHOCTI Ha eKCIICPUMCHTAJBHIH
3aJII3HUYHIN TUTLHALY.

HaykoBa noBu3Ha. Po3po0ieHo aBTOMaTH30BaHWUIt
METOJI PO3PaxyHKY IPOMYCKHOI CTIPOMOYKHOCTI 3aJTi3HAY-
HUX MEpEX IS TiABHIIEHHS TOYHOCTI OIIHKH 1X pario-
HaAJIbHUX MEX 3aBaHTa)XCHHS, 1110, HA BIAMIHY Bij iCHYIO-
YMX, J03BOJSIE BpaxyBaTH EKCIUTyaralliiiHy HaaidHICTh
CHCTEMH IIePEeBE3eHb BAHTAXKIB M1IIPUEMCTB T1PHUYO-Me-
TAypriiHOTr0 KOMIUIEKCY Ha OCHOBI aBTOMAaTH3allil.

IIpakTH4Ha 3HAYMMIiCTb. 3aPONOHOBAHA ABTOMATH-
30BaHa CHCTEMa PO3PAXYHKY IPOITyCKHOI CHPOMOMKHOCTI
3aJII3HIYHAX MEPEX J03BOJIUTH IiBUIINTH TOYHICTH BH-
3HAYEHHS MaKCHUMAaJIbHOI KUIBKOCTI MOI3/1iB HA JUIHHUII Ta
YHUKaTH 1i HepeBaHTaKECHHS, 110, Y CBOIO 4epry, MiJIBH-
IIUTH MIBUKICTH IPOCYBAHHS BAaHTAKOTIOTOKIB Ta BIUTHHE
Ha e(eKTUBHICTH (POPMYBaHHS JIOTICTHKH TIEPEBE3CHb CH-
POBHMHH Ta TOTOBOI MPOIYKIIii MiAMPHUEMCTB TipHAYO-METa-
JIYPTifHOTO KOMILICKCY

KurouoBi caoBa: nionpuemcmea eipnuuo-wemanyp-
2iliH020 KOMNIIEKCY, agmomMamusayis, nponyckma cnpo-
MODICHICMb, 3ANI3HUYHA OLTbHUYS

Lean. Pabora mocBsiera BOMPOCY MOBBIIICHUS TOY-
HOCTH OLIEHKH IIPOITyCKHOH CIIOCOOHOCTH JKEIIE3HOOPOXK-
HBIX CETEH AJISI MEPEBO3KU CHIPbsSI M TOTOBOW MPOMYKINU
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IHOOPMALIWHI TEXHONOTII, CUCTEMHUN AHANI3 TA KEPYBAHHSA

MIPEANIPUSTHH TOPHO-METAILTYPIrHYECKOro KOMILIeKca Ha
OCHOBE aBTOMAaTH3aI[H PACYETOB.

MeTtonuka. Vcronap30BaHbl METO/IBI CPAaBHUTEIHLHOTO
aHaM3a, MAaTEeMaTHYECKOTO MOJICIMUPOBAHMS, MPOTHO3M-
poBaHusI.

Pe3yabrarsl. s GopMUpOBaHNS aBTOMATH3HUPOBaH-
HOW CHCTEMBI pacueTa MPOITyCKHOH CIIOCOOHOCTH XKee3-
HOJOPOXKHBIX ceTell B paboTe pa3paboTaH MeToi, KOTO-
PBIH TO3BOJISIET YUECTh SKCILTYaTallMOHHYIO HaJAEKHOCTh
CHCTEMBI MEepeBO30K. [Ipe/IoKEeHO CTAaTUCTUYECKU Olle-
HHUTb 3KCIUTYaTal[MOHHYO Ha/Ie)KHOCTh pabOThI y4acTKa ¢
MMOMOUIbIO MPUMEHCHHUA UMUTALITMOHHOI'O MOJACIIUPOBAaHUSA
TIEPBUYHBIX M BTOPUYHBIX 33/IePKEK MOE3/I0B B rpaduke
JIBIDKCHUSI Ha y4acTKe. B kauecTBe Iokasarens OLEHKH
9KCIUTyaTallMOHHON HAJeKHOCTH PadOThI y4acTKa Ipea-
JIO)KEHO HCIIONIB30BaTh HECTalMOHApHBIN KoddduimeHt
TOTOBHOCTH cucTeMbl. Ha ocHOBe maHHOTO MeTona paspa-
0oTaHa MMoCJIEA0BATEIBHOCTh TIPOBEICHUS aBTOMATH3HPO-
BAaHHOTO pacyeTa MPOIMYCKHOH CIIOCOOHOCTH KEJIE3HOMI0-
POKHOW ceTu Uil NPOABMXKEHUS I'PY30B INPEANPUITHN
TOPHO-METaJUTyprU9IecKoro KoMIurekca. O6ocHOBaHA BaXK-
HOCTh yueTa c00eB B Tpaduke IBIKEHHS TOE3/I0B, CBSI-
3aHHBIX C OPraHU3alMOHHO-TCXHOJIOTHUYCCKUMH ITPUYH-
HaMu, 1pu (HopMan3aIMy pacyeTa MpoITyCKHON CIoco0-
HOCTH KEJIE3HOJ0POXKHBIX ceTell. HalieHsl 3aBUCUMOCTH

HECTaI[IOHAPHOTO KOA((PHIMEHTAa TOTOBHOCTH OT KOJIH-
YecTBa I110€3/10B M IPUHATOrO YPOBHSI HAJEKHOCTU Ha
9KCIIEPUMEHTAILHOM KEJIE3HOOPOXKHOM YUACTKE.

Hayunas noBu3Ha. Pa3paboran aBTOMaTH3MpOBAaHHBIIN
METOJI pacyeTa MPOITYCKHON CIOCOOHOCTH JKEIE3HOIOPOXK-
HBIX CeTel ISl OBBILICHHUSI TOYHOCTH OLEHKH MX PAaIHo-
HaJIBHBIX TPAHMI] 3arPy3KH, KOTOpasi, B OTIIMYNE OT CyIIle-
CTBYIOIIIHX, TIO3BOJISIET yUECTh SKCILTYaTA[MOHHYIO HaJeXK-
HOCTb CHCTEMBI IIEPEBO30K TPY30B IIPEAIPHATHI TOPHO-ME-
TaJTyprUIecKoro KOMITIEKCa Ha OCHOBE aBTOMAaTH3aIIHH.

IIpakTyeckas 3HaYMMOCTh. [IpenioxeHHas aBToMa-
TH3UPOBAHHASI CUCTEMa pacyera IPOITyCKHOM CIIOCOOHOCTH
JKEJIE3HOIOPOXKHBIX CETeH MO3BOJIUT MOBBICUTH TOYHOCTH
ONPE/ICNICHUs] MAaKCHMAJIbHOTO KOJIMYECTBA IOE€3[0B Ha
y4acTKe 1 U30erarh ee Ieperpys3KH, 4To B CBOIO 04epe/b, 110-
BBICUT CKOPOCTH TIPOABMIKECHHS TPY30MIOTOKOB M TIOBJIHSIET
Ha 3(Q(eKTHBHOCTb (POPMUPOBAHMS JIOTUCTHKU MEPEBO30K
CBIPbSI M TOTOBOH NMPOAYKIMHU TPEIIPUSITHH TOPHO-METal-
JypTHYECKOTO KOMIUIEKCA.

KaroueBble cll0Ba: npeonpusamus 2opHO-Memaniyp-
2UYeCK020 KOMNIEKCA, AGMoMamu3ayus, nPOnycKHas cno-
COOHOCMb, JHCENe3HOOOPOIHCHBIL YHACMOK
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Zhanli Li
SIMILARITY DISTANCE BASED APPROACH
FOR OUTLIER DETECTION BY MATRIX CALCULATION
Oy €, CiaHbCBhKHI HayKOBO-TexHiIuHHUi yHiBepcuTteT, M. Cians, KHP

Yskanwai JIi

MIJIXII 1O BUSABJIEHHS BUKUIIB 3A JIOTIOMOT OO
MATPUYHUX OBYUCJIEHD, 3ACHOBAHMIT HA MIPTI CXOKOCTI

Purpose. In client information, string outliers need to be detected and cleaned. At present, many outlier detection al-
gorithms only focus on the semantics of data, and ignore the structure, so it is difficult to ensure the accuracy of outlier
detection. In order to address this issue, outlier detection method based on similarity distance is suggested in this paper.

Methodology. We formulated the similarity calculation model of string data by combining with semantic and struc-
ture factors. According to the outlier detection theory in data cleansing, one-dimensional string data were projected to
two-dimensional space and string outlier data were detected by using a new similarity measurement mechanism in the
two-dimensional space.

Findings. We first got the word frequency of string data by using the matrix calculation. Then the semantic similarity
and structure similarity were calculated by using word frequency. After the string data mapping from one-dimensional to
two-dimensional space, we obtained the outlier data by using the similarity distance.

Originality. We made a study of string outlier detection in data cleansing. Firstly, we formulated the similarity calcu-
lation model by considering the semantic factor and structure factor. Secondly, by constructing the similarity cell to proj-
ect the string data, we fulfilled the similarity distance measurement in the similarity cell.

Practical value. The method can be used to clean the outlier string data in client information for any enterprise so that
to ensure the data quality of client information, and reduce the costs of data maintenance. Extensive simulation experi-
ments have been conducted to prove the feasibility and rationality of this method. The results showed that this method
allows improving the accuracy of string outlier detection.

Keywords: data quality, data cleansing, outlier detection, matrix calculation, semantic similarity, structure similarity,
similarity cell, similarity distance
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