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Abstract: The aim of the study is to develop methodologitommendations for balanced scorecard practical
implementation into activities of Russian oil-prothg service organizations in present-day condstion the basis of
logistical principles. The perspectives for balahseorecard development based on logistics priegiphd strategic
management peculiarities of the oil-producing serarganizations are proposed in the article. Mieators and their
characteristic values, allowing to coordinate openal and strategic management and to obtain gistar effect are
suggested. As a result of the study, the authamgthodology of balanced scorecard using for oidpoing service
organizations was developed in order to improvectiife cooperation between service organizationsedfically
integrated oil companies.

1 Introduction scorecard (BSC), developed on the basis of logistic

Currently in a fast-changing business environmerfinciples, can provide the manager with the most
there is a growing need for |Ogistic management(&mjn complete view of the enterprise activity on the keér
implementation and revision of existing methods tfoe
estimation of activities. The application of modstream- 2 The experience of BSC implementation
oriented processes management methods is a kesesafur ~ The experience of BSC implementation by Russian
competitive advantage. For a long time, the develat companies shows, that in most companies this
and performance of a company had been measuredmnlyimplementation takes place on the top-managemeet le
the basis of economic and financial indicators.id8&s That is the implementation in order to motivate @yges,
that, many companies cannot analyse the ways of implementation on certain areas. The restri@&d
achieving company's strategy. These and many othienplementation by domestic enterprises is presented
factors, to our opinion, require changes. The lmddn Table 1 [1].

Table 1 Features of BSC implementation by Russiarpanies
Implementation restrictions
1. Activity features in Russian companies

Factor Meaning

In BSC all indicators are divided into four perdpezs (segmentation of marke
4 perspectives of BSC | intellectual capital, return on capital etc.). lusRian practice indicators of business
income are mainly used, excluding other perspeztive

Many managers ¢ not monitor the market, ( not create customer database not
Marketing policy conduct monthly surveys for the increase of thetdteom profit. Therefore, marketing
policy is restricted by the “introduction” produdtsthe market.
There is no particular motivation system in thedtars experience. The system is usually
Motivation system based not on workforce productivity, but on grasome. There are problems — the lack
of responsibility zone, incomplete regulations @tidescriptions.

The BSC implementation involves step-by-step desgrifrom the bottom to top”
which gives the opportunity to train people andgpegsively align implementation at all
Implementation stage of management levels. In Russian practice, therieam“top to the bottom” variant, which
BSC leads to internal processes in coordination. Th€ B8plementation must begin with
evaluation of company’s resources and its marksitipo. In Russian practice, the first
stage is holding of the seminars with foreign eiqrare analysis for companies’ top-

—

~1~
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managers, without considering strengths and weaksesnd market position. Besid
often there is a lack of clear strategy, manageraadit all resources are directed
addressing short-term objectives.

2. Features of BSC

implementation by domestic entsepri

Market and company

Implementation of the system should be in priceligueelationship because it is n

always profitably to use the standard BSC variarthe fast-changing domestic market.

It should be noted that initially BSC was desigf@dwestern companies, operating|i

saturated segments of the market, where it is lplestsi evaluate competitive advantages

of all companies.

preventing the bankruptc

In Russian practice, BSC implementation is posdipleompanies facing crisis situation.
BSC as a means ofBSC implementation will reveal all problem areas.the same time, it is necessary

yremember that BSC implementation — is a resourostgoing process. There is
increase of all costs if this tool is inappropriptesed.

Russian companies can face insufficient leveloofgany culture and intellectual capital

intensity and costs for elimination of errors afteplementation of projects are increas

Mind-set when implementing western technologies. (For examlpck of experience in dealing
with problems of mid-level and top-level managehewimplementing BSC).
In Russian practice, it is a quite common phenoméa@xecute a job at any cost, which
Risks completely denies working upon risks (external amigrnal).As a result, resource

ed.

Such tendency also
implementing by oil-produci

certain mechanisms and directions of formation BBSE

emerges when BSC ion-financial indicators affecting on quantity onatjty
ng service organizatisimce change of the results in relation to the strategit

not identified, that leads to ineffective manaderiacompanies (VIOC) in Russia use the followi

decision-making.
Balanced scorecard in

performance indicators (Table 2) [2].
cludes the key performance

indicator system (KPI). That is a group of finah@ad

Table 2Themainindicatorsofvertically-integratedodmpanies performance
2| .| § 2| & S
X & 3 2| a Q = 3]
z2 | 3| 2| B| ¥|0%
< c v - T & [ Z <OE c
Main indicators of performance 0O & N4 v LQ 2 v Flas
No <m pd @) o (@) =
“Yool &g | & 2 3
< o o ¥
o
1 Oil extraction, million tons + + + + + + +
2 Estimated reserves, million barrels + + + + + + +
3 Prospective reserves, million barrels + + + +
4 Possible reserves, million barrels + + + +
5 Headway in production drilling, thousand meters + + + + +
6 Headway in exploration drilling, thousand meters | + + + + +
7 New development well + + +
8 Number of wells in use + + + + + + +
9 Number of running well + + +
10 Number of inactive well + + +
11 | Average daily production rate, tons per day + + + + + +
12 Average watercut, % + + +
13 Gas output, billion cubic meters +
14 Share of green-fields in total carbon produgtién + + + +
15 Number of ail fields, pcs + + + + + + +
16 Average well depth, thousand meters + + + +

~2~
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Table 2 presents a range of indicators acrossrtiee Besides, the “Business processes” projection clabge
structure of existing Russian VIOC, which allows tahe “Success factors” projection, which reflectshbthe
control work effectively. The main indicators aml results of the work with the environment and usafe
extraction, headway in production drilling, numbeir company's internal resources.
wells in use, average daily production rate etc. The algorithm of producing BSC indicators with

The usage of logistic principles (rationality,considering logistical principles consists of tiodwing
consistency, hierarchy, integration) allows to ioy@ the stages: 1) overview of company's strategic objestion
methodology of indicators selection. the basis of logistic approach; 2) monitoring an

The main indicators of vertically-integrated oil-interconnection of company’s strategy and its stmat
companies performance by projections are offerethén divisions’ aims; 3) key figure block developmentr fo
result of studied material [2-6]. assessment of strategy implementation with conisigler

The “Finance” projection includes different indiogs:  logistical principles; 4) calculating KPI in allricctions of
1) financial sustainability (absolute and curraquidity the company 5) BSC calculation for the selected KPI
ratio, financial leverage); 2) growth in profitef{arn on indicators from projections; 6) creating strateghart of
capital employed, return on sales and return oetg)ss the company with considering indicator’s influenoe

The “Industry specialization” projection includesstrategic objectives; 7) BSC implementation and
indicators: downtimes of service organization gdag monitoring of existing indicators’ deviations, eteation
different reasons, a number of high rate well, mber of of negative trend reduction measures.
performed plan targets, production loss during gerecy 000 “Mekhanik” organization was chosen for the
work, well-timed equipment provision. BSC test. This organization is involved in unintgted oil

The “Business processes” projection includes: gualiproduction for PAO  “Udmurtneft”. Company's
control system, development of applied researclaes, performance analysis showed that the following diect
constant process improvement and an existencedfest have a negative effect on the profit: a) downtirfEe -
supplier. downtimes of major work over gangs), b) equipm&aef

The “Training and growth” projection includes:- non-provision of standard set of equipmeditgebts (9%
reduction of labour turnover, personnel development debts which are not settled for various reasonk),
better employee motivation. delayed delivery (9% - long deliveries from thetfaies).

It is necessary to consider the aim of managirenstr With consideration of influence factors and logiati
oriented processes — providing the output of adplet principles there has been developed the BSC system,
indicators, corresponding to logistics regulatipls The regulation values (under the terms of the legisfgti
“Business processes” projection transforms into theecommended values (by market trends) and indeativ
“Stakeholders” projection and involves followingvalues (by industry specification) for OOO “Mekhihi
directions: customer, service organizations angléens. service organization (Table 3) [1-3].

Table 3 The balanced scorecard for OO0 “Mekhani&f\sce organization

Indicators | 2014 | 2015. | 2016. | Note
Proj ection:Finance
0,002 0,002 | 0,67 Monitoring dynamic patterns during
1.Absolute liquidity ratio Recommended values the reporting period
0,2-0,7
2.Current liquidity ratio 1,23 ‘ 1,34 ‘ 1,28 Monitoring dynamic patterns during
Recommended valt- 2 the reporting period
(minimum value 1,5)
115 | 0,94 | 0,98 Monitoring dynamic patterns during
3. Financial leverage Recorrcl)nzle_ng%d values the reporting period

4. Return on Capital Employed 82,80 115,50 14,11
(ROCE), % Recommended value, %

in foreign practice - 10- 12,
in Russian practice - 20.

Monitoring dynamic patterns during
the reporting period

48 57 49 Regulation values are found |in
5.Return on sales (ROS), % appendixNe4 to Russian Federal Tax
Regulation value, % Service order on 30.05.200% MM-
23,8 3-06/333@.
~3~
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38,50 45,50 7,13 | Regulation values are found jn
6. Return on assets (ROA), % appendixXNe4 to Russian Federal Tax
Regulation value, % Service order on 30.05.200¢ MM-
8,1 3-06/333@.
Projection: Stakeholders
Customers- oil and gas production unit
7. Production Oil production loss
loss during d P 218 289 262,8 Monitoring dynamic patterns during
uring emergency . : LY
emergency work for the annua — the reporting period by indicative
work, tons per report Indicative values, tons per yeall method. Losses are shown in 3 zomes
year 120-300 | 300-420 | 420-540
Service or ganizations
Major workover (WO)
It is necessary to control downtimes
765 1886 1620 | and monitor its reasons. The protogol
8. Downtimes off Actual number of for downpmes longer than 2 hours
; . must be implemented.
major workover| major  workover o . .
o , : The indicator shows increasing pr
gang waiting for| gangs’ downtimeg . >
; decreasing of gang downtimes
dismantlement | for the annua :
. through the fault of service
or assembling | report organization. The main aim is to
Indicative values, hours per year* 9 : e .
prevent the transition of indicators jn
1500- 2000- | thered zone
600-1500 5000 | 2500
Technological transport
Number of . . .

. In this line the most important daily-
9.Standard set of equipment/number) g g 0,97 0,95 | needed equipment is recorded. There
equipment of equipment : ; . .

- . is a high chance of work disruption |if
provision according to the thi . e i h
business plan Recommended values 0,9-1 | (IS €quipmentis not presen
Suppliers
The indicator is needed to control a
10. Delay in The amount ~of 0.2 0.23 0.1 work with customers. The results pf
. delayed deliveries ; ; ;
delivery . this work are directly reflected in the
the amount of all Recommended value is not abo :
L ebts receivable
deliveries 0,3
0,40 0,42 0,48
11 The The advantage of expert survey is|in
effectiveness o Indicative values* v 9 xp urvey 1)1
supplier's Expert survey e engaging re_spondents from all levels
performance ’ 0,3-0,75 | 0,75-1 | of organization
Projection: Successfactors
The indicator is used for monitoring
620 754 895 | of reasons for the transition to the
12.Agility  in critical zone. For the correct report]it
responding  tg Oil production loss Indicative values, tons per yea'*ls necessary to keep a daily and
orders, tons per for annual report monthly record of emergency works
year 800- 1300- 1700- | that is to make summary table on gall
1300 1700 2500 | types of work, deadlines and the
reasons for deviations
13.Orders 0.95 0.16 0.2 The report with debt indication is 1o
completion rate ' ' ' be implemented, there should pe
~4~
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The amount of de Indicative values* a:oéfgetrhe reasons of inabilityutfill
orders/ the tota
amount of orders L 0,4-06
The amount of
performed 1,06 1,02 1,08
: works/the total Recommended values The indicator allows to estimate
14.Quality : .
amount of works 0.8-1 effectiveness of using resources
control system , ' ; :
(mechanical (according to the business plan)
assembly and
disassembly)
15.Deve|opm_em The_ amount  of 05 1 0,25
of applied| carried out fficient d h
scientific researches/the total Coefficient demonstrates the amotint
Recommended values — | of practically applied researches
researches amount of 07-1
researches '
Projection: Training and growth
The | amOUntI tOf‘ 0,78 0,78 0,84
17.Personnel ggsgnecedcoq:giﬁiﬁi icati The coefficient reflects thg
' 9 Indicative values* effectiveness of human resourdes
development courses/the  tot d
amount of epartment
employees 0-0,4 0,4-0,8 0,8-1
0,71 0,73 0,70
18. ~  Better Indicative values*
motivation  of Respondents from all levels of
employees Expert survey organization should be engaged
0-0,3 0,3-0,75 | 0,75-1
*Green zone — recommended values;
Yellow zone — acceptable values;
Red zone — critical values.

In general, the proposed BSC system has specifRefer ences

features, which are not inherent in individual potions.  [1] GERASIMOV, E.U., RUSOV, A.N.: Balanced
The synergetic effect is possible to be achievedBS¢ scorecards as a strategy implementation tihline],
implementation. This system also allows assessing Available: http:/ww.cfin.ru/management/controtin
company's potential in all directions, reducing éim  /psc/bsc%26srategy.shtml [27. Oct 2017].

between the development and implementation of thg] VARAKINA, V.V.: Common system of performance

strategy, coordinating operative and strategic gement, indicators in vertically-integrated companiep, 23,

monitoring implementation of the strategy in diéfiat 2007.

ways, motivating employees to follow strategic aimg3] KAPLAN, R.S., NORTON, D.P.Balanced system of

creating a feedback for making the decisions irstiatest indicators, From the strategy to the actiohd: ZAO

time and applying tools taking into account indystr  “Olymp-Business”, p. 320, 2008.

specificity. [4] DRUCKER, P.F.:The preface of managemem:

Williams, p. 400, 2007.

3 Conclusion [5] POLECKAYA, K.O., MANGARAKOVA, N.A.: The
The result of this study is the developed balanced problems and application prospects of KPI system in

scorecard system, which reflects the specificity odf Russian practice Siberian Federal University, p. 4,

industry and represents a flexible mechanism of 2016.

management. In the addition to finding relationshife] TASMUHANOVA, A.E, KULEMBETOVA, AR.:
between financial and non-financial parameters, shidy Strategic management of oil and gas companies with
identified possible ways of achieving interactioithwthe the help of BSC, Kazarzdatel'stvo molodoi uchonyi,
stakeholders, building partnership with the custeme  No. 22, pp. 489-494, 2015.

decreasing transport costs and optimizing data Ease [7] REVENKO, N.F., LOBANOVA, G.A,
making immediate and balanced decisions. MARATANOVA, O.E.: Logistics of production
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Abstract: The paper focuses on innovation in the field ofomated logistics systems oriented on increasirgy th
efficiency, safety and performance of industriaieeprises in Slovakia. Majority of new trends igiltics are based on
the Industry 4.0 concept, which is focused on iasireg the competitiveness of industrial enterpriség development
of the industry in Slovak republic resulted to thereased demand for warehouse space. Dynamicagpeneht of the
industrial sphere in Slovakia also leads to thecased demand for qualified labour. The authotb@fpaper analysed
new trends in automated logistics systems suchumamous vehicles, AGV systems and hybrid modfideAHV
vehicle. Mentioned facts are also evident by thalyais of logistics warehousing development andrteed for the
logistics workforce in Slovak republic.

1 Introduction the production process is the skilled labour. Adegy the

Logistics belongs to the basic every day and mostentioned reasons, it is necessary to address the
important activities of each industrial enterprisee main implementation of innovative methods into the bassis
role of logistics is to move material or differgmbducts Practice with the regard to the personnel assurehttee
from point A to point B with the aim to make relticm the ~ Production process [4].
most efficient [1]. If enterprises want the indivad
relocation activities to be as effective as possitthe 2  Analysis of the current state of labour
enterprises must ensure that selected activitiébavie the force and logistic market in Slovakia
shortest possible time, right quality and, Iastrhmlileast, Due to major demographic Changes, |Onger a\/erage li
the lowest cost [2]. The effort to implement adwc and lower birth rates, the European labour forck lyei
stockless production systems, such as Just in Tifaee with higher age average in the next years. Oldeoua
increased demands on logistics. Based on the mexwtio force presents up to 35 % of the working-age pdjmrian
reasons, the importance of shortening the timaiphsent,  many European countries. In the next decade, thepgan
keeping the schedule of loading and unloading ignion will increase the share of older labour foine
increasing. It means higher demands on the volufme igdustry by up to 15 % [5]. Industry in Slovakianstantly
goods transport between Slovakia and abroad [3]. develops with constant demand for a qualified latiorce.

The warehouse logistics is characterized by thtdffiat | the next three years, the Slovak industry wééd more
its implementation is connected to considerablarfaial  than 45,000 employees [6].
resources of the enterprise. At present, it is sy to The Slovak secondary schools and universities geovi
innovate the production process and one of thelgi8ss 3 number of graduates, as much as labour markesnee
of the innovation is the COﬂCGpt Industry 4.0. T(thCGpt but the structure of graduates does not Correspmmklb
Industry 4.0 can be considered as an instrument @fquirements of the enterprises. In the automatisestry,
competitiveness. The biggest issue in the maimginf there is currently lack of 14,000 employees witke th

~7 ~
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required qualification. That is the reason why théechnologies in enterprises in Slovakia is morentha
automation and the support for intelligent/smarhecessary to keep enterprises competitive [6].

Labour force in slovakia clasified by age (in thousands)

’ 6285 639.7 6613 4.1 05
2010 2011 2012 2013 2014 2015
B 15-24 years B 25-34 years m 35-44 years B 45-54 years B 55-64 years

Figure 1 Labour force in Slovakia classified by §de

Figure 1 shows an increase in the number of men atitt development of industry in the industrial areds
women employed in Slovakia. To compare the yeaD20Western Slovakia. In addition to a compacted netvasr
and 2015, in 2015 more than 79,000 women and meth agndustrial enterprises, it can be stated that dehisalso
55 to 64 were employed. The group of employeesd&§e affected by a good road network connected to Aastri
to 64) will be in retrement age over the next y@ars. Hungary and the Czech republic. The drop in denzartl
Within the European Union, as a result of the agihthe offer of warehouse space was recorded mainly duheg
population, 15 % of the labour force will be in thge of economic crisis (year 2009). Nowadays the demand fo
55 to 64. It will be up to 21 % in Slovakia. Accord the warehouse spaces is almost two times higher treaoftar
above mentioned, the employers should already thifikO].
about the creating the right conditions for the kvof an Automotive manufacturing company Volkswagen
aging population [7]. The implementation of concepSlovakia, a.s. with developers Prologis and CTPtlaee
Industry 4.0 into industrial practice will not rediuthe need largest warehouse companies in the Slovak market. T
for skilled labour force. Enterprises also havestart to mentioned trio owns almost half of all Slovak warabes,
analyse the age structure of their employees. Thmspecially in the surrounding areas as Lozornojc8en
awareness of the Slovak industrial enterprisestadodiive  Nitra, Trnava and Devinska Nova Ves, where it isently
aging of the population is low and is often misipteted the largest potential in development not only ire th

[8]. industrial area, but also in the field of warehologgstics.
Almost 400,000 rhof land contracted by the tenants, up to

2.1 Theanalysisof thelogistics market in 2/3 of the area was formed by the new enterpriEks.

Slovakia largest transaction according to CBRE was the okitie

According to CBRE (advisory group), the developmenignd to Faurecia in Lozorno. The entry of Jaguand.a
of warehouse space in 2016 helped to provide anottRover to Nitra, with a planned start of productior2018,
147,685 A of logistics and warehouse space in the tot&aused that it is necessarily needed to buildgelaumber
Slovak stock at 1.67 million fnin the last quarter of 2016, of logistics warehouses for subcontractors of Jagead
four warehouses with space of over 52,060ware built Rover. In addition to the development of industeaetas
in the market, the largest one was built for Volagen around the Volkswagen Slovakia, a.s. in Bratislava
Slovakia, a.s.. The Figure 2 shows the offer vedemsand Jaguar in Nitra, the new industrial properties wéladded
in the logistics market in Slovakia over the refaeperiod t0 Dubnica nad Vahom, where the developer warttsitd
[1]. 70,000 M of warehouse space. Across the Slovak

From the Figure 2 results it is evident that theran ~Republic, the number of projects with a total voiiof
increased demand for warehouse spaces in Slovakial30,000 mis expected, of which most of them are already
recent years. The mentioned fact was caused phnigri  contracted. The estimates of warehouse occupaoay fr

~8~
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the years 2016 and 2017 are that the newly builelm@use new trends in logistics made the warehouse manageme
areas will be fully occupied and the demand for newmore efficient (examples: reduction of the exteagravel
warehouse areas will be still high. The impleméatabdf time or increased picking productivity) [9].

Total offer (thousnd) m2 v .
“acancy

350 20%
18%
6%
1%
12%
10%
%

6%

4%

%

2007

2008 2009 2011 2012 2013 2015

wen New halls

2004

== Demand

~Vacancy

Figure 2 Offer versus demand in logistics markét [9

3 Trends of automatic logistic systems

Great competition on the global market, including
Slovak republic, pushes the enterprises to corgtant

increase the performance and achieve the best tibivgpe
position against the rivals. International cooperatin
industrial sectors is conditioned by the qualityagfistics
and the ability to import components and distribtite

3.1 Automatic logistics system in the context of
Industry 4.0

In the literature, there are several definitionatth

describe the term Industry 4.0. The concept caalbe

described as a revolution, whose main task is the

informatisation of production and logistics tectoges

within the machine-machine data exchange. Thetresul

products from the production and warehouses. Ctlyren the 4th industrial revolution are smart factorhest will be
the trend of rapid reduction of input costs, irerease of flexible, reconfigurable, efficient, ergonomic adidectly
the profit plays a key role in the Slovak and Czechnked to the customer, including subcontractors. |
enterprises [11]. Supply logistics management igeneral, the 4th industrial revolution is charaetat by the
unsystematic, inefficient, ordering of materialinguitive  following six creative principles [11]:
in many Slovak and Czech enterprises. » Interoperability: the ability of cyber-physical
The mentioned current characteristics of the suppbystems to interact with each other and the pdgbifor
logistics is linked with other issues in productidhe main  mutual communication of people and intelligent daiets

issue of supply logistics is to set the level @ thiventory
in order to meet the two opposing requirementsofmgt

through the Internet of Things and the Internedafvices,
 Virtualization: the building of a virtual form of

fulfilment of customer requirements and associatedtelligent factory by collecting and connectingal&rom

increase in inventories and costs and the minirgitire
value of input warehouses. The implementation gitri
management system will allow to achieve cost redast
increase utilization of machines and employees v

production planning and management system, increase e

productivity, and thus to have better economicdatiirs
of the enterprise [12].

sensors,
» Decentralization: the ability of cybernetic-

physical systems to decide about the own proceeding

within the intelligent factory,

Real-Time: ability to aggregate and evaluate

information in real time and provide immediate aup/

solutions,

~0~
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» Service orientation: the providing services viananagement of logistics processes and limitatidruofan

Internet of Services, factor faultiness [11].

» Modularity: the flexibility of intelligent factorig There are complex solutions consisting of multiple
to changing requirements by replacing or expandireg modules for automatic supply of workplaces and
individual parts/modules. production lines. The AGV automatic logistics syste

All above mentioned six principles of concept Indys consists of a vehicle and various types of perglsesuch
4.0 were considered in designing Automated Guidems automatic roller conveyors, e-frames, gravitgave
Vehicles (AGVs).The role of an automated logisticend a control system. Thanks to the wide modularity
system is to deliver the required material in tloerect AGV vehicles and their peripherals, the AGV system
guantity and quality to a predetermined location gtven offers several levels of automation [11].
time. The logistics process puts the emphasis on

(1) The first level of automation means simple aepiment of manually driven vehicles for the AGV iels with
accessory (Figure 3).

Figure 3: The first level of automation [11]

(2) The second level of automation means replacemfethe manually driven vehicles for the AGV vdbi +
peripherals (Figure 4).

A : P &‘ . -

Figure 4: The second level of automation [11]

(3) The third level of automation represents regaent of manually driven vehicles for AGV vehicleperipherals
+ control system (Figure 5).

Figure 5: The third level of automation [11]

[ITIII}

The market offers a wide range of complex modular The combination of the above mentioned technical
solutions for automated supply of production linds.a solutions and devices allows to create an efficiend
basis for automated supply of production lines witlefficient automated logistics system that reflébtstrends
material, enterprises can apply the AGV logistigsteam,  of an already existing the 4th industrial revolati@hese
which consists as mentioned above of an autonomotypes of innovations in logistics, as well as ineth
logistic vehicles and various additional periphgsaich as manufacturing area, bring time and cost savingsalsd
a hydraulic module, automatic roller conveyors,vifya the ergonomic solutions for handling the loads [T3]e
wagons and etc.. By using the technical devicesaation advantage of autonomous technical and technological
in logistics does not end. For greater complexihe solutions is the modularity which increases theilfiity
industrial enterprises can also use other autondgedes in the implementation of logistics systems to theditions
such as a lifting - rotation device or a handlireyide of industrial enterprises.

(example: devices for handling the pallets) [12].

~10 ~
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3.2 Innovation of AGV system for automation of ~ ensuring increased security provided by sensors and
industry logistics cameras. In order to supply robotic and automated
In order to consider technical system as competittv Workplaces by automated supply system, it is necgde
must meet several basic parameters such as [1&t méeate a modular system with easier adaptation to
customer requirements, be affordable and reliablee Manufacturing, robotic workplaces or assembly [ig.
AGV Automatic Logistics System offers a compreheasi A comprehensive modular solution is capable to
solution for the automation of logistics processmes Provide various levels of automation, according to
industrial enterprises by using the automated drgwif ~Ccustomer needs [13]. CEIT Company offers a widgean
the wagon with material on pre-defined route byf different modules that are able to adapt to dwtimay
autonomous logistic vehicles in industrial hallsheT Ccustomer requirements at a high level of robotaratf
mentioned system results in increased automatiah aworkplaces. The individual solutions and modularity

productivity while lowering the logistics costs andoptions of offered technical solutions are shown in
Figure 6.

WAy 8 '

e

= iy arve cxgpm wiar B3

4 gy v G, e

"1 iy virewanie
Aol

—tn

Figure 6 Addition modules for AGV vehicles [13]

One of the main advantages of the AGV system is itgays of connecting the cargo within the logistitswf
modularity, which constantly develops and transeetsl during the production process [13].
entire structure. Elements of a modular system ssch
vehicle, a peripheral and a control system areljastcs. 3.3 |mportance of AGV vehiclesin logistics
In developing each of the three basic building kiodt is An autonomous logistic vehicle is a device that tsiee
important to keep the idea of modularity as much afe function of transport motor vehicle without oteng
possible. To keep the main idea of modularity, AG"  personnel to transport the material by wagons ciova
be used in any industry sector. The AGV are limite}y  transport modules. Vehicles are driven by eledtenargy
by meeting the company's operational parameters. Thnd most often driven by a magnetic tape locatethen
vehicle as a basic part of the modular system &@sral floor. Based on RFID (Radio Frequency Identifica)io
additional modules and modifications serving forimas tagsl the vehicle can determine the route, Sp@eﬂ' er

~11 ~
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communicate with the control system to manage the
autonomous system. The role of the system is tcagan
complex situations, junctions, preference in digviand
etc. [14].

The automatic plug-in and disconnect module with th
reverse module (Figure 8) extends the operational
capabilities of each compatible logistics traildrhe
combination of these two features allows the traite
change the direction of move by retrieving datarfrihe
RFID tag and automatically connect load locatedsidat
the direct route and consequent automatic discoimgec
Reversing in the designated areas can be usechhotoo

connect the load, clear the route, but also toraatically Figure 7 Automatic plug-in and disconnecting modi

connect the logistics trailer to the docking swmtidhe reverse module [13]

automatic connection and disconnection module has t

following features [15]: Another option to extend the automation of logistic
* Automatic connection and disconnection ofrailers is a hydraulic module that enables thdetrao

wagons based on RFID tag information, control various types of peripherals with a hydiaul

*  Module providing reverse mode at the designegystem. The logistics trailer equipped with the raytic
areas to maintain the highest possible level ofhia@th  module (Figure 8) fulfils the function of an automous
protection of the employees and material, trailer capable to pull the wagons and mobile cgoxe

+  Connections which are proceed outside the diregtjuipped with a hydraulic system. To ensure thetiomed
route. It is needed to reverse to the place wiidllowed operations, the trailer must be equipped with arduylic

by the additional reverse module, . _ unit, the relevant software and connections for
*  Safety during the reverse process is provided hiterconnecting the hydraulic system with periptera
crash strips, Peripheral control is performed automatically bytada

*  Maximum reverse speed is limited to 0.25 m/ s.retrieved from the RFID tag on the trailer tradkislalso
possible to manually operate the peripheral diyefcdm
the display on the trailer [13].

= T%oX + B+ W,
TP
st

Figure 8 Hydraulic module of logistics traile} [13]

The hydraulic module has the following features][13 automation. Autonomous logistic trailers and their
*  The possibility of connecting the peripheralstthamodules, such as automatic connection and disctinnec

require connection of hydraulic circuits, with the reverse module or hydraulic module are
e Control of connection or disconnectionsuccessfully implemented in several enterprisesevtie
commands using the RFID tags or manually one, automation and efficiency of logistics processes is

. Possibility to connect single-acting or doublesuccessfully increased [15].
acting hydraulic systems,
. Hydraulic system connection using a quick joints4  Conclusion

*  Possibility to connect up to 4 peripherals. ~ The interest of warehouses and logistics halleames
The modular system of autonomous logistics trailei§y Central Europe. Ten years ago, investors cohtzbse
allows customers to use the logistics system exadth  only from 4.6 m2 of warehouses and logistics hails
regard to their needs and to the degree of requiretbntral Europe, today it is almost 18 million. B2, more
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than 1.4 million m2 of logistics areas were burtthe Universities and Industrial Enterprises in the Arefa
region, which is slightly above the average of deeade Education” and VEGA project No. 1/0235/17 ,System
and slightly more than the total amount of indastarea identification of complex preconditions for suppogt
in Slovakia at the present. The Figure 9 showsn@ceate innovation and employment in the less developetbnsy
of warehouse spaces in middle Europe. It is clhat t of Slovakia“.
demand grows and the vacancy of warehouse spaces
decline significantly [16].
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Abgtract: In this article the content of information and lgtie support for small businesses is disclosed,gpecifics of
using information and analytic instruments sucleassulting, training, expert support, event-moritgrare described,
and improvement of the provision of information ardhlytic services through remote and complex nénglef these
instruments in the form of online support. The @ of this article is to develop practical recomdagions for
improving the support for small business in tharess incubation process taking into account el in the formation
of the information economy. One of the most effexiinstitutions for supporting small business is thrmation of a
network of business incubators. The problem of mtser the complexity of obtaining information aardhlytic services
due to weak interaction between a small enterpegseésa business incubators was investigated. Wmgeato develop
an IT complex, which includes a database of exgstisiness incubators and relevant information analytic
instruments for support small enterprises. This glem is based on the remote interaction of smatérpnises and
business incubators. Getting a remote informatiaiytic service can be considered as a logistiaadgss of delivering
a service to the small enterprise. Remote appticaif a complex of information and analytic instents will contribute
to the following results: improving the quality pfoviding infrastructure support; expanding the peration of the
business incubator with scientific organizationsyelopment of a positive image of the businesshatar; improving
the interaction of small enterprises and busimesshators.

1 Introduction opportunities, first, to lay the basis for a newgmtion of

In the economy of a new type informatization ofmall business entities, secondly, to support djrea
entrepreneurial activity is the dominant trend. phacess Working entrepreneurs and, thirdly, to solve maogial
of formation of the information economy proposes thand economic problems at the regional level.
organization of an  appropriate  support for The relevance of the development of the system of
entrepreneurship. The development of support fdtusiness incubators is provided for the use ofctffe
entrepreneurial activity in turn demands improvemefn instruments to support of small business. Havingpive
the structure, functions, methods and instrumerfts Wide spread in the West, business incubators tbeegme
support for small business [1-3]. Implementationttoé  One of the most effective institutions in the suppgstem
process for improvement of infrastructure suppart be for small business in Russia [4]. In the framewark
performed through the use of information logistieins. ~ implementation of the organization, information and

The purpose of this article is to develop practica@nalytlt_:al functions of the busm_ess mcgbatas possible .
recommendations for improvement the support forlismg0 define the structure of information and analytic
business in the process of business incubationgakto instruments with which the business incubator ie ab
account the trends in the formation of the infororat 9ive a certain type of support to small businesses
economy. (Figure 1). An information and analytic instrumeist

One of the most effective institutions for suppoft understood as a set of implemented information and
small business is the formation of a network ofibess analytic services provided by business incubatorthe

incubators. In particular the business incubatokeasahe framework of support for small businesses and gedup
according to their functional purpose.
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Information and analytic instruments of business incubator

v v v v

Consulting Training Expert support Event- monitoring

L | | |
y

Online support

Figure 1 Information and analytic instruments of support for small enter prises given by businessincubators

Mutual problems in the use of information and atialy That way, the central and perspective task of
instruments are: improvement information and analytic support of Bma
 lack of qualified personnel in the businesdusiness is the use of information and analytitrimsents
incubator; there are specialists in different bresc of remotely and in its entirety. By means of it thesihess
knowledge, and by implication, a narrow range pfdsin  incubator will be able to increase the number ofibated
the framework of consulting and training of smallsmall enterprises, thereby to contribute to thegcessful
enterprises named residents of business incupgtor development in the early stages of their entrepnéale

* alow level of information and technical supporgactivities.
for business incubators, that leads to the inghittuse
qualitative these information and analytic instratsg 2 Methodology

*  lack of work on forming the image of a business The research of the interaction of business inabat
incubator as a key institution of small businesgpsut. and their residents made it possible to identifyea of
First, it is the lack of one's own website and mityl of  problems of providing information and analytic saoptpo
business incubators; secondly, the lack of a qualismall enterprises. One of the key problems isahtk (for
monitoring system of support to small enterprises; most business incubators) or the difficulty of dmiteg

« the lack of remote cooperation between smajhformation and analytic services due to the weak
enterprises and business incubators, that putrthe on a jnteraction between the small enterprises and tisebss
small enterprise to be a physical resident of dnless incubators.
incubator (that is to rent an office / room / eqoént We propose to develop an IT-complex that includes a
within the walls of a business incubator). database on working business incubators and their

In the framework of development of information andjorresponding information and ana]y‘tic instrumefaos

analytic support for small enterprises it shouldrfolate  sypporting small enterprises. This complex is basethe
the next basic tasks aimed at the integrated useaffore-  information-remote interaction of small enterprisesd

named instruments: _ _ business incubators, by means of it the efficienog
~+ expanding the cooperation of the businesgomplexity of the provision of services is achieygd).
incubators with research institutes, universitiedustrial Getting a remote information analytic service can b

enterprises and other support institutions (teamol considered as a logistical process of deliverisgraice to
parks, investment centres, etc.) to receive metog@l  the end user - a small enterprise. It is importariuild a

and scientific support, access to research result |ogistics chain of the process of obtaining infotiora and

specialized equipment, as well as attract experpl@yees analytic services by a small enterprise in the gsscof
of research institutes, teachers of universitiespleyees pysiness incubation. Figure 2 shows the logistiesncfor

of state institutions and organizations, expertﬁsmfncial Obtaining information and ana|y[ic Support for aadim
and credit organizations); enterprise.

« development of a positive image of business At the first stage, a small enterprise formulates a
incubators by promoting their services (publicitwiting  actual problem and searches for an information and
potential exhibitors, organization thematic confi®@s, analytic service that contributes to its solutidt. the
seminars and webinars, master classes and creafimy  second stage, a small enterprise analyses thangpist of

style); ) ~working business incubators and, based on thegrafithe
*  development of new thematic ways of consultingsupport institute, chooses the best business ibautas it.
training and expert support for small enterprises; In the third stage, the selected business inculasesses

< creation of remote collaboration, inclits existing potential for information and analytic
establishment of feedback between residents aride®ss infrastructure support instruments and identifiepecific
incubators by applying information and analyticspecialist who will be responsible for providing
instruments in a complex, for example, as a sif@le information and analytic services at the fourtiystdn the
complex. absence of the necessary expert, an outside spe(tiaé
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fifth stage) can be recruited in the state of thsitess
incubator, ready to provide the information analggrvice
of proper quality (the sixth stage).

A classic businnes

A small —@—D Consulting _@_’
enterprise incubator
( ) Training
An university businnes
@ Expert support : incubator

Outside expert 4@. _— A specialized businnes
Event-monitoring incubator etc.

The designation of the stages of providing information and analytic services:

1 — scarch by a small enterprise for information and analytic services:.

2 — scarch and choice by a small business of a business incubator;

3 — choice by a business incubator of a specialist in selected information and analytic instruments:

4 — provision of information and analytic services:

5 — scarch for an outside expert to provide information and analytic services (in the absence of their staff);
6 — the provision of information and analvtic services bv the outside expert.

Figure 2 Alogistic chain of provision of information and analytic servicesin the process of business incubation

The logistics chain of the information and analytic The proposed recommendations for improving the
service presented in Figure 2 is of a simplifietura In  support of small business in the process of busines
addition to assessing the needs of a small enserfmia incubation will allow complex and remote use of
certain service and the available information analyic information and analytic instruments in the form af
potential of a business incubator, it is necessary supply chain presented in Figure 2.
determine the quality of the service provided Far further

improvement of information and analytic support. 4 Conclusions
) ) The formation of the information economy and the
3 Result and discussion processes of informatization of entrepreneuriaivigt

The introduction of information-distance interaatio  directly affect the organization of support for dima
the business incubation process will yield theofwlhg businesses. Increasing the role of the informatod
basic results: analytic component determines the need for remotk a

a) for a small enterprise: complex use of information and analytic instruments

« simplification and acceleration of the proceduré¢hrough online support of small enterprises. Sugbpert
for obtaining information and analytic servicesogh is possible if there is an IT complex of informatiand
informatiszation of the business incubation pracess analytic instruments functioning in the countrggritory.

» the possibility of obtaining services onlineThis complex is a list of information and analyéirvices

without a territorial link to the business incubato provided by working business incubators.
 improvement of current indicators of the The remote application of a complex of information

development of the enterprise; and analytic instruments (consulting, training, exxp
e transaction costs cut; support and event-monitoring) will be able to rdvea
b) for a business incubator: following results:

e improving the quality and speed of providing ¢  improving the quality and speed of providing
information and analytic support through the deprient  support for small enterprises;

of competition between business incubators andgdtie  expanding the cooperation of the business
provision of support to small businesses; incubator with scientific organizations in order atiract
*  popularization of the business incubator as dne outside experts;
the key institutions of support for small business; » development of a positive image of the business
* increased incubation of small enterprises; incubator as one of the key support institutions;
c) for the region and country: * improving the interaction of small enterprisesl an
« growth of entrepreneurial activity among thebusiness incubators, incl. establishment of feddbac
population; That way, the formation and development of the
* increasing the number of small enterprises asimformation economy in Russia requires the improsem
result of improving their support quality. of institutions regulating economic relations ineth
~17 ~
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information sphere, in the support of business ggses
[1,2], which determine the transformation processesll
subsystems of the business infrastructure.
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Abgtract: The algorithm of optimal control of transport robdor automatic warehouses is considered in therpdie
minimum criterion for a quadratic form was choserttee criterion of optimality. A quadratic functedrof quality that
determines the energy of control and displacemembnsidered. A solution is proposed for a qualityerion that
minimizes the energy of control and displacemehe fiobots control based on a mathematical modwlojsosed with
the calculation of the state matrices and the obmtiatrix at each step. The properties of transpaiydts system are
considered: controllability and identifiability. Fa linear stationary system, the criteria for ocolfdbility, identifiability
and observability as the rank of the extended mate chosen. It is proposed to perform diagnosficsives, electronic
control devices and software in a complex manneedban the parametric model and calculation ofdbatifiability
criterion. A large inaccuracy in the measuremesitiits in a larger control error and a loss of adligbility. Moreover,
with the loss of identifiability, the measurememblgem becomes poorly conditioned. This approadh alliow to
perform complex diagnostics of transport robotsesyisand in time to identify potentially faulty coonents and exclude
them from the system.

1 Introduction

There are many papers on automatic warehouses anery complex algorithms for processing primary daid
transportation equipment [1-7]. The development ofdecision algorithms for reliability system.
wheeled vehicles of general and special purpose is In this paper, we propose a systematic approattieto
considered in papers [8-11]. In papers [12-18] lamois of ~ solution of the problem of diagnostics of complex
diagnostics of transport robots and their driveg ar systems, based on the construction of a matrix

considered. mathematical model that assumes the possibility of
At present, much attention is paid to the religpind  computing the properties of complex systems such as
safety of the use of complex systems, which inclodéti- controllability, observability, and identifiabilityThese

agent automatic warehouse systems. As a rule, tgelm properties are used to diagnose a complex systehein
of technical systems reliability is representedhie form  sense of its ability to perform an a priori spexuifi
of a connection between the failure rate paranagtdithe  objective function. The model of a complex systesn i
probability of failure. All models of system diagsiims are  represented as:

defined either as diagnostics of individual elers@itthe

system in order to confirm their probabilistic mhade as x = A®)x(t) + B(Hu(t)

a complex analysis of probabilistic models for émdire z(t) = C(t)x(t) Q)
system, taking into account the connection between where:

elements. A(t) is a functional matrix of size n x n, calleetstate

The main attention is paid to the accuracy ofmatrix of the system (object);
measurements for verification of the probabilistic B(t) is a functional matrix of size n x r, calldtetcontrol
reliability model. The solution of diagnostic prebis in  matrix (input);
practical tasks is confronted with measuring poorly C(t) is a functional matrix of size m x n, calldretexit
defined tasks. Moreover, the probabilistic modaldshon  state matrix.
the failure rate is oriented to sudden failurethaigh for
complex systems it is characteristic to remain aenal Controllability, observability and identifiabilityare
even if some or all of the elements of this systeinThis  determined by the rank of the matrix sequence
approach implies an increase in the number of mé&iion
measuring diagnostic subsystems at the elementiébe
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rank[By ! A By i (A)?By i - (A" 1By ] = n, This approach involves the calculation of the state
rank [CE : ATCT ; (ADZCE o (A{)“JCE] -n matrices A(t), the control B(t), and the measurenoén
C(t) in the solution of the measurement task.

2 Methodology Multiplying the left and right sides of the firstjeation

Let the automatic warehouse be serviced highly by At, we obtain
manoeuvrable robots, each of which has three degrfee

freedom, that is, the state of the robot is deteeshby the Xp41 = Akxk + Ekuk,
speed of linear displacement with respect to the Z, = CpXy, 3)
coordinates x, y and rotation around the z cootdirghen
the state vector can be written as whered = At -4 +E,
B=At-B.

x" = [, (8), v, (8), 0 (8)]"
This equation relates the transition of the sydfiem
In general, when all vectors and matrices are timethe statex, to the state,, ;. In the intervalAt we take the
dependent, the problem is non-linear and has onlyalues of the matrices to be constant. Then faoamof
particular solutions. To find the equation of statee  highly manoeuvrable transport robots [11] havingate
represent (1) in a discrete form, with the samplimg At  vector
tending to zero, and the trajectory on each disquatt is

linear. We write (1) in the form xT = [vx(t),vy ) a)(t)]T
% = Apxy + Bruy and driven by two drives, we can to record for wiele
Z = CuXy @) ensemble of n robots is similar to (3).
(Vi1 (D] (Vg (1)
vk+1y(1) [211 212 21(271—1) 621(371) 1 vky(]-)
wiesr(1) I 21 22 o A2(2n-1) 2(3n) I wi (1)
: = : : +
Viess (1) l Ai3n-1)1 A@En-1)2 - A@En-1)2n-1) 4EBn-1)(3n) I Vi (1)
vk+1y(n) Ain)1 A@n)2 - ABn)(en-1) 4@En)Gn) vky(n)
L 0pq1(M) Ly (n)
i U117
b1, b1, b1(2n—1) b1(2n) Uqop
b4 by, e baan—1) by (2n) Uz1
+ ugz
b(3n—1)1 b(3n—1)2 b(3n—1)(2n—1) b(3n—1)(2n)
b(3n)1 b(3n)2 b(3n)(2n—1) b(3n)(2n) u;l
) lug,,
[Zj x (1] (Vi (1)
2y (1) [011 C12 - C1(2n-1) C1(3n) 1 i, (D
c c . C _ c
Zy (1) I 21 22 2(2n-1) 2(3n) w(1)
E ¢ c o C c . E “)
Zy, x(n) C(3n—1)1 C(3n—1)2 C§3n—1)(2n—1) £3n—1)(3n) Vg x(n)
Zicy (n) (3n)1 (3n)2 = L@3n)(2n-1) (3n)(3n) | ey (n)
| Zy (M) Loy (n) |
In (4) for convenience of writing, the "wavy lingbn line. Let us find the solution (1) without the sedo

above the matrix elements is omitted. Furtherpta&sices  equation, which is the measuring part of the system
A, B, C and their elements will be denoted withawutavy
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The quadratic functional of quality, which deteresn
the energy of control and displacement, is exptesse
follows

I= %ftzf(xTQx +uTGu)dt,Q = 0,G > 0, (5)

where Q and G are positive arbitrarily defined ncas.
The matrices Q and G are chosen arbitrarily.

It is not always possible to obtain a solution loé t
equation for finding u. It is proposed to selecesih
matrices by selection or simulation modelling [12D].

k11
k21

k12
k22

—

K

lk(n—1)1 kn-1)2
kn1 ko

must be positive definite, since positive definitatrices
Q and G are used in the quadratic functional ofiy@),
which is also positive.

Thus, the robot group is controlled by the solui{h
according to the model (4) with calculation of thatrices
of state A and the control matrix Bat each step k. The
matrix C =
determined by the information-measuring system, lman
represented as

The solution (1) for the quality criterion (5),
minimizing the control and displacement energy, is
determined by the following expression [19], [20].

u=—-G"'BTKx (6)

where K is the Cauchy matrix, K ="Kwhich can be found
by solving the Riccati equation [19]

—K=Q+ATK+K"A
—K"BG™'BTK, K(t) =0

Cauchy Matrix

Kin

kin-1 1
k2(n—1) k2n I
: |

: : rkij = k]l (7)
kn-1)(n-1) k(n—l)nJ

kn(n—l) kn

whereg, = [¢1 65 ..., Sn]"

is a random vector that maps the random charaéter o

measurements to an information measuring system.

G at each step k remains unchanged3 Result and discussion

Important properties of a complex system are its
manageability and identifiability. Manageabilityadis in
principle to implement the target function of thestem.

rl + ¢ 0 0 1 Identifiability in its parametric form will be usetb
| o 1+, 0 | diagnose the state of the system in terms of itsrpial
c =| [ (8) functionality.
Contrallability. For a linear stationary system, at each
l 0 0 14¢ J step of linearization, the criterion of controllityiis the
n rank of the extended matrix:
Tank[Bk AkBk (Ak)sz (Ak)n_lBk] = n. (9)

If condition (9) is satisfied, then the system isa real object from experimental data. For a linear

controllable.

Identifiability. In abstract-theoretical
identifiability is a particular case of observatyilildentity
is understood as the receipt or refinement of thdehof

rank[CT + ALCT + (AD)2CT

If condition (9) and (10) are satisfied, then tgstem
is observable, manageable and identifiable.

analysis,

Pt (ADYICT] =,

stationary system at each step of linearizatiancthierion
of identifiability and observability is the rank dhe
expanded matrix:

(10)

etc., which are changed during operation due togagind
interaction with other components of the systene ar

The model of a complex system consisting of a grougirectly or indirectly connected. It is proposed:gary out

of robots includes models of mechatronic deviceghé
mechatronic device model, parameters such as ianlcet
coercive force of magnetic components, leakageentsy

diagnostics of drives, electronic control devicesd a
software in a complex way based on the parameidein
(4) and calculating the criterion of identifiabyli{10),
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taking into account the degree of proximity to zefohe We write down the solution of the information-
main determinants in calculating the rank of theaexded  measuring problem of the model (4).
matrices (9) and (10).

[V (1] . [Zk x(1)]
Vi (1) [011 C12 - C1(2n-1) - C13n) 1 2, (1)
w(1) |021 Ca2 « C202n-1) C2(3n) I Zie, (1)
ka.(n) — | E(3n—1)1 §(3n—1)2 C(C3n—1)(2n—1) C(C3n—1)(3n) I ka.(n) 1)
vky(n) [ (3n)1 (3n)2 (Bn)(2n-1) -+ ¢(Bn)(3n) J Zky(n)
L wi(n) | [ Zpy (M)

The vector of the right-hand side of (11) is subgtid  becomes poorly conditioned. Such approach willvatio
in (6) as an estimate of the state. A large inamguin the  perform complex diagnostics of the system andnretio
measurement leads to a larger control error artleiend,  detect potentially faulty components and to excltisn
leads to a loss of controllability. Moreover, witie loss  from the system.
of identifiability, the determinant of the invers®trix in
(11) is close to zero and the measurement problem
[4] KOVACS, G.: Logistics and production processes
4 Conclusions today and tomorrowActa logistica, Vol. 3, No. 4, pp.
1-5, 2016. doi:10.22306/al.v3i4.71
[5] WITKOWSKI, K., HUK, K., PERZYNSKA, A..
Selected it solutions in logistics strategies ghpu
chains,Acta logistica, Vol. 3, No. 4, pp. 31-37, 2016.
doi:10.22306/al.v3i4.75
[6] BALLOVA, L.: Options of transport for kosice’s
surrounding in nonstandard timégta logistica, Vol.
3, No. 1, pp. 19-22, 2016. doi:10.22306/al.v3i1.55
[7] IGNACZOVA, K.: FMEA (failure mode and effects
analysis) and proposal of risk minimizing in starag
processes for automotive clieAtta logistica, Vol. 3,
No. 1, pp. 15-18, 2016. doi:10.22306/al.v3i1.54
d8] FILKIN, N.M., ZYKQOV, S.N., KORSHUNOV, A.l,
ZAVIALOV, P.M., BOZEK, P.: A unified machine for
technological electric transport ladder-backborsal{o
bearing systemActa logistica, Vol. 4, No. 3, pp. 5-8,
2017. doi:10.22306/al.v4i3.7
[9] RICHTARCIK, F.: Usage of rfid technology for the
needs of logistics of serviceBgta logigtica, Vol. 3,
No. 1, pp. 5-8, 2016. doi:10.22306/al.v3i1.57
?ﬁznrg‘”'edgemem - [10] BOZEK P., FILKIN, N.M. ZYKOV, S.N.,
ported study was funded by RFBR accordirigeo o
research projedte 18-08-00772 A. KORSHUNOV, Al., ZAVIALOV, P.M.: A unified
machine for technological electric transport load-
bearing systemActa logistica, Vol. 4, No. 2, pp. 1-5,
2017. doi:10.22306/al.v4i2.1
[11] TREFILOV, S.A., KALINKIN, A.A., NIKITIN,
Y.R.: High-maneuverable transport robdniversity
1573 2017 Gai1022000vias1 " Fee bl e % T e i
[2] FERENCOVA, J., HURNA, S. Logistics technologie Technical University, Russia. pp. 34-39, 2007.
in aviation, Acta logistica, Vol. 4, No. 2, pp. 11-17, [13] ABRAMOV, 1.V., NIKITIN, YU.R., ABRAMOV,

2017. doi:10.22306/al.v4i2.3 >
. o L A.l., SOSNOVICH, E.V., BOZEK, P.: Control and
[3] STRAKA, M.: The position of distribution logiss in diagnostic model of brushless DC motdoyrnal of
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4, No. 2, pp. 23-26, 2017. doi:10.22306/al.v4i2.5 014, gineering, Vol. 5o, No. 5, pp. ’

In this paper we present:

Mathematical model of diagnostics of a complex
system, based on the matrix model of control intitme
domain.

Optimal discrete algorithm for computing the cohtro
vector for a group of mobile robots.

Algorithm for monitoring the system based on the
potential for performing the objective function by
determining the properties of the system-contrditgp
observability and identifiability, by calculatinge rank of
the matrix sequences composed of the matricesatd, st
control, and measurement.

Thus, for a complex system, from the measureménts
the current state, the correspondence of its bebato the
a priori model of this complex system is determined
which allows us to speak of the fulfilment of tHgextive
function.
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Abstract: The production is usually divided into quite a fagmof handling, control and technological operaio the
production enterprise, and these are realized fgreit workplaces. Parts, semi-finished goods, raaterials and
products need to be relocated. For this reasoreriabflow is created. The material flow is an orga&d movement of
material in the production process or circulatidrpducts. It is characterized by the intensitggtiency, direction,
performance, structure, character of the transgartaterial and used technique (transport and hag)dli

1 Introduction - Raw material base of the national economy and its
The term “material flow” represents an organisediegional distribution;
movement of material in the manufacturing process o -  lrregularity of the rhythm of production;
product circulation. It is characterised by theediion, - Long-term fluctuation of material flow demands;
intensity, frequency, length and performance, stneg - Level of information flow management; _
character of transported material and transporting - Level of supplier-customer relations, especially
handling equipment used [1]. selection of suppliers and their determinationselected
As arises from the definition, the material flowmaterials, and integrity and promptness of delesri
includes: - Level of organisation management and provision
« Material unloading in the plant premises; of materials and technologies;

« Material movement through production stock The material flow consists of two basic groups of
warehouses, production shops, production operatioriements:

intermediate  warehouses and finished product -  Passive elements of the material flow i.e.
warehouses:; materials, raw materials, semi-finished productsd an
« Dispatch of finished products or waste from pant finished products; _ _

It includes the entire material movement startiithw - Active elements of the material flow, i.e.

its supply to the plant through all the phasestofagie, transport, handling and storage operations [4].
production and transportation process and endirtg wi  In enterprises, the material flow is formed by fioev

their dispatch or with warehouses of business dsgéions ~ Of all kinds of working objects (passive elemersisgh as:
8]. - Raw materials and basic materials;

- Work in progress;

- Finished products;
Waste;

- Purchased products and semi-finished products;
Auxiliary material (lubricants, cleaning agents);
Spare parts;

- Packages;

Small items and non-durable goods [2].

1.1 Theintensity of material flows

The intensity of material flows in the circulatios
influenced by factors, of which we can mainly stdfe

- Diversification process as a process extending
diversity of elements of the manufacturing procassl
with it corresponding tendencies, which, apart frthm
intensity, have also an impact on material consionpt
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The most significant group, which, at the same time C) Activity: Actualization of the planning system
forms the most relevant part of the material flaw eaw (MAP x1) in the case of suppliers who have EDA (activities
and other materials and corporate work in progees$ 100,110,120,130) (Figure 1).

finished products. All the types of working objeate used Description of the activity:
throughout enterprises in certain amounts, internal 1. After the production plan actualization in thaRs
structure, and direction with certain frequency [3] and data transferring tdAP xr, the responsible person by
supplier checks the requirements for each matel.
2 A standard material flow planning agreement, this is done once a week, after recdipt
process suggestion from the raw materials planner.

2. In parallel with the point 1, the responsiblespa by

A) Activity: Planning of raw materials - verification of . i o
) y 9 supplier checks the availability of raw materialstie local

disposition of raw materials, creation of appeatdl{off)

and orders (activities 010,020,030,040) (Figure 1). store (incIL_Jding the consignmel_wt store) for th@ldntneq
Description of the activity: period which may vary according to the agreed dejiv
' times.

1. After actualization of the production plan ineth
system SAP and data transferring MAP xr, the raw
material scheduler checks the requirements ofedtad
raw materials (for suppliers outside the EDA). Th
production plan is updated weekly on Tuesda;f
Requirements for materials are checked on a da#isb

2. In parallel to the point 1, the raw material esbhler
checks the state of raw materials supply in themeaterial
store (including the consignment store) for thetréx
weeks. This time period may be extended dependirge
agreed delivery times.

3. In the case of need (negative stock supply/ lefe
supplies under the safe limit, supplies exceedexima
available level), the scheduler of raw materialslirzes
modifications in theMAP xr system.

a. Modify the amount of the current call-off,

3. In the case of need (deficiency of suppliespBep
under the level of safe limit, supplies exceedecimal
gvailable level), the supplier realizes modificatian the
ystemMAP xr.

a. Modify the amount of the current call-off (reface),

b. Create a new call-off,

c. Cancel the actual call-off,

d. Modify the date of the actual call-off.

Output: Updated delivery plan of the material in the
MAP xr (date of reference = ETA).

D) Activity: Control of raw material delivery by the
supplier (activity 150) (Figure 1).

Description of the activity:

1. The supplier organizes the transport in accarelan
b. Create a new call-off, with agreed rules (minimal and maximal supplies)ty

c. Cancel the actual call-off, state of supplies. . .
d. Modify the date of the actual call-off, 2. The supplier sends to customer and delivery

e. Create a new order (only in the case of sufpiiéio enterprise (if the material is stored in externtire)
delivér fixed quantities) notification of details of transport at least oragy defore

f. Generate a list of call-off and send to supplier the delivery.

Output: Updated schedule of raw material delivery in

the MAP x, list of call-off, orders (created in SAP). E) Activity:  Control of risks of material supply

(activity 160,170,180,200) (Figure 1).

Description of the activity:

1. The scheduler of raw materials is in contach wie
supplier about the actual state of the criticalivéey

B) Activity: Assurance of raw materials supply
(activities 050,060,070,080) (Figure 1).

Description of the activity: S

1. After receipt of positive feedback from suppdiahe (qugn%yé t';rcnhee)(.juler of raw materials is also in cantétt
raw material scheduler assures the material trahspo h .d ler of broducti b ol dificagiorth
according to the confirmed date of loading. Tramsfp >cheduler of production about possible modificationthe

realized by the forwarding company, contractorsthaf production plan, alternative solutions are pr_epatfeidis
enterprise. This applies to EXW supplies necessary, the scheduler of raw materials will@cntther
2. The scheduler of raw materials monitors thﬁuPsP“?Ls to pr:O\éld|e a rfeplacement_ SIOIUt'On' tes with
deliveries (quantity and time) and determines tiaipies - The scheduler of raw materials negotiates t
for unloading if it is necessary. Two automaticaIIyS”pp“er' transporter about data and informaticouaithe

generated daily reports sending by e-mail presenbla guantity and “”?e' who takes responsibility for sies;
critical deliveries and warning list demands remedial actions as to the future.

Output: Delivery, call-off, confirmation of the order 4 The scheduler of production modifies the proguct
by suppliers, plan of transport plan according to the latest information.
' ' Output: Updated production plan. Invoice for the
production failure. Recording with corrective aatso
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Figure 1 Process flowchart: A standard materialflplanning process
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3 Economic perspective of material flow important or even inevitable for the execution cfterial
From the economic perspective costs connected wigalysis module is the need to have available preépare
material flow execution cover [6]: operational production records [10].

1. Payroll expenses related to wages and saldfries o 1. Recording the actual progress of manufacturing
handling performing employees working in the fiefdn- ~ Process;
house transportation, warehouse management or 2. Provided data:

management of packaging and a part of salaries of -  Actual issued product amounts;
individual and other workers, who deal with materia -  Periods of individual operations and products
handling in their working time; implementation; _ _
2. Fuel and power expenses; - Labpur and m_aterlal consumption;
3. Package costs and costs of long-time consumer -  Deviations, failures and their causes;
goods used up for handling; 3. Activities connected with the provision of
4. Maintenance costs and repairs of machineroduction records:
designed for material handling; - List of production documents;
5. Depreciations of sites, buildings and equipment -  Corporate own recording and processing of data
designed for material handling; on the actual progress of manufacturing process;
6. Other costs such as administrative costs, tighti 4. System of production documents:
and heating costs etc. [5]. - Technical documents (drawing, bill of materials,
technological procedures...);
The amount of the above costs directly relatesieo t -  Documents for work progress management (work
level of material flow, its length and the volunfexmterial ~ sheets, identification sheets, deadline sheets..),
under transport. - Issue documents (issue slips);
The level of material flow and with that connectedts - Handover documents (handover sheet);
are both influenced by a large group of space, ymitioh, 5. System of initial documents:
organisation and personnel-related factors, of whie - Identification sheet;
most important are: - Work sheet;
1. Enterprise territorial location in relation tts i - Handover sheet;
suppliers, customers, governing bodies, transgivarks - Material issue slip;
(railway, roads, water courses), power and wateplgu The production program must take into consideration
etc.: the size of production capacity and the chain of

2. Layout of buildings in enterprises’ premises; ~ consecutive, branching and parallel processes fifven
3. Network of horizontal and vertical characteierspective of IPO (input-process-output) schenhes t
between and inside buildings; make it possible to specify inputs required (basie and

4. Power and utilities, including water, steam an@ther materials, semi-finished products and comptme
power supply etc.; auxiliary materials, power and utilities etc.) sthboth in

5.  Buildings and their properties such as shas armaterial volumes and monetary values [11].
they take up, layout of doors, beams etc. Examples of fundamental factors that have to be
6. Produced amount and product mix — amount ars@nsidered for the purposes of material analysishef
mix of produced parts, purchased parts and batels;si ~ manufacturing process [5]:

7. Type of production — piece, batch or mass -  Availability of given basic materials;
production; - Possibility to substitute given materials should
8. Character of machinery — number, character af@ose be not available; o _
use of machines, degree of mechanising and automati -  Quality of raw and other materials is examined

9. Arrangement of workplaces —  object,using a set of physical and chemical properties;
technological, site production etc. - Distance of material (raw material) sources that
10. Handling equipment — number, character, use akfluences the amount of transportation costs;
degree of mechanising and automation; - Level of the risk connected with the provision of
11. Technological procedure specifying the progregven raw and other materials; _ _
of certain product manufacturing; - Price level of raw and other materials that is
12. Ergonomic, hygienic, safety and otheflirectly shown in production costs; o
requirements [7]. The price cannot be considered separately butsin it
relation to quality — the higher the quality of ravaterials
4 Results and discussion the lower the specific consumption. This might l¢ad

All these factors influence the spatial structurfe oreduced production costs compared to the use of raw

manufacturing process and level of material flowgther Materials of lower quality [8].
in a positive or negative way [9]. An element, whis
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5 Conclusions [2] DANKOVA, A. et al.:Podnikanie malych a strednych

Great attention needs to be paid to power andiesili _ Podnikoy p. 198, PreSov, 2007. (Original in Slovak)
demands. Demands related to material and power aifd GREGOR, M., KOSTURIAK, J.Just in time ELITE

utilities inputs make it possible to determine socost Bratislava, 1994.
parameters (or parameters, on which these cosendpp [4] KRAJCOVIC, M. et al.:Priemyselna logistikaEDIS,
that form part of input data for the purpose ofremaic Zilina, 2004. (Criginal in Slovak)
efficiency assessment. A well-arranged summaryost ¢ [5] MALINDZAK, D. et al.: Tedria logistiky Karnat,
quantities related to material inputs and powerwiiities 2007. (Original in Slovak)
should contain: [6] ROSOVA, A.:Logistika a naklady podnikuosSice,
- Names of material inputs or power and utilities Dekanat - Ediné StrediSkO, 2011. (Orlglnal in Slovak)
and their units of measure; [7] SANIUK, S., SANIUK, A.: Production orders
- Standard of consumption per unit of planning in a network of small and medium sized
manufactured products; enterprises, 31-38, Contemporary problems in
- Expected purchase prices per unit of material managing production and services supporting
inputs or powers or utilities; manufacturing processes, Series of monographg,+6d
- Expected costs per unit of production; 2009.
- Expected costs per assumed (schedu|e{ﬁ] SPISAK, J.:Logistika ObSlUiI'IYCh procesoKoéice,
production volume; Elfa, 2005. (Original in Slovak)

Calculations of material input and power and ugitit [9] SPISAK, J.:Logistika obsluznych procesov,IES
demands make it possible to specify the level ofeni AMS FBERG, 2006. (Original in Slovak)
inventory with its impact on the economic side bét [10] VIESTOVA, K. et al:Lexikon logistiky Bratislava:

model (not only do material inventories hold furidsa lura Edition, 2007. (Criginal in Slovak) o

long run but they also require storage, for whitrage [11] WITKOWSKI, K.: Quality of Service in Logistics

capacities need to be established) [11]. Nové trendy v manazerstve kvalitjol. 4, pp. 285-
289, 2011.

References

[1] BIGOS, P., KISS, I., RITOK, J., KASTELOY), E.

Materialové toky a logistika JlKosice: Elfa, 2008. ggvile:wb?r%cess .
(Original in Slovak) ingle-blind peer review process.

~ 29 ~

Copyright © Acta Logistica, www.actalogistica.eu



	I_2018_Contents
	I_2018_01_Perminova_Lobanova
	I_2018_02_Starecek_Bachar_Hornakova_Caganova_Makysova
	I_2018_03_Matveeva_Khomenko
	I_2018_04_Trefilov_Nikitin
	I_2018_05_Busa_Kazimirova_Paska_Puskas_Farkas

