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B kpunrorpaguu ¢ OTKPHITBIM KJIKOUYOM JIUIAITHYC-
CKHE KpHBBIC SIBISIOTCS OCHOBOW psa aJrOpUTMOB
ECC — xpunrorpaduu Ha 3JUIMITHYECKUX KPUBBIX. Psij
aBTOPOB JUIsl KPATKOCTH HA3bIBAIOT €€ MPOCTO IUIUITH-
geckoi kpunrtorpadueit [3]. MHTEpec B kpuntorpadun
K QJUTMIITHYECKAM KPUBBIM OOYCIIOBJICH, C OJTHOW CTOPO-
HbI, TCM, YTO OHH SABJIAKOTCS 6OFaTbIM HUCTOYHHUKOM KO-
HCYHBbIX a6e.]'leB])lX rpyI1i, o6naz[afouu/1x II0JIC3HBIMU
CTPYKTYpPHBIMH CBOWCTBaMH, C IPYroil — TeM, 4TO Ha X
OcHOBe oOOecreunBaroTCsi Te K€ KpHUITorpaguyeckue
CBOIfCTBA, KOTOPBIMU 00JaJal0T YUCIIOBBIC HJIM IOJIH-
HOMUAJIbHBIC KPHIITOCHCTEMBI, HO TPH CYIIECTBEHHO
MEHBIIEM pa3Mepe KJIrova.

Jlyist penieHust 3a1a4n CO3/1aHKsT MOJICIN 3alUThI aB-
TOMAaTH3UPOBAHHOW CHCTEMbI OT HECAHKI[HOHHPOBAHHO-
ro JOCTyIa IpelroiaraeTcs MOCTPOUTh MaTeMaruye-
CKYI0 MOJIEJIb 3allMThl aBTOMATH3HUPOBAHHOTO Paboyero
MecTa, KoTopas OyleT BKIIoYaTh B ce0sl KOMILIEKC Ipo-

rpaMM Jub0 TPOTPaMMHYIO cpeay. Ilepen HayaaoM BEI-
TIOJTHEHHST PabOTEl HEOOXOAWMO BBIIEIHTH CYIIECTBEH-
HBIC JUISI IOCTPOCHHUSI MOJIEH TTApaMeTphl, a TAKXKe OIl-
PEENUTh X ONMTUMATIbHOE KOTMIECTBO.

Iocne BBIMONHEHNUsST 0003HAYCHHBIX BBIIIE ITYHKTOB
npernonaraeTcsi UCCae0BaTh 00IacTh MPUMEHUMOCTH
MOCTPOEHHOM MOJIENM 3alUThI, a TAK)KE MPOBECTH aHa-
JI3 pabOTOCIOCOOHOCTH JJAHHOM MOJICIH.
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planning and realization of manufacturing are described. In comparing with other countries of European Union we have still a lot of places for
improvements, mostly in material and wage savings. The optimization of production tools is still not so popular to bring results in lower costs. Au-
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ndustry is important sector of the national econ-
omy. Industry influences in important rate of de-
velopment and positive routing in individual re-
gions. Industrial production is that part of material trans-
formation, which includes machine process of raw mate-
rial extraction and obtained agricultural products, con-
veyances, electronic, pharmaceutical products, plastic
and wooden products, etc. Scope of work for industry
production isn’t coincidence. The share on gross domes-

tic product (hereinafter referred to as GDP) of country
speak about significant of this topic.

For example, in Slovakia industrial production hold
important place from the point of view inhabitant em-
ployment rate, in year 2009 worked in this economy
branch 21,04 % working people, what present 497 833
people (in year 2008 it was 24,08 %). The research of
ways optimization manufacturing is one of actual themes
in current conditions of European business.
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Fig. 1. Gross value added, EU-27
From: Europe in figures — Eurostat yearbook 2010 [1]

Materials and methods

1. Development of productivity rate in industry pro-
duction

In one of tools for measure of amount use sources is
productivity rate. Simplest formula for measure of pro-
ductivity is in general given as quotient of outputs and
inputs. It’s also possible to measure it as share falling for
one employee, as well as on company level. In produc-
tion companies we can see percentage expression of di-
rect and indirect productivity rate where is amount of
standard hours in local production department divided by
amount of done hours direct and indirect employees. For
comparing of development in productivity rate of indus-
trial production, the productivity rate is expressing by
receipts volume of own function and estate, which is
made by one employee in industry per year.

2. Modern trends of increase of competitiveness

2.1. The theory of constraint

The theory of constraint (TOC) proposed by
Dr. Goldratt emphasizes on the systematic management
of project by discovering the uncertain factors hinder-
ing the project implementation, and suggests the global
deployment of resources The concept of thinking glob-
ally and acting locally recommends the use of the
global safety time and the reduction of the activity du-
ration. However, a practical method to reduce the activ-
ity time and exert the management control remains
nonexistent [7].

TOC uses the global safety time to schedule the pro-
ject, and stresses that a system must have a constraint.
Otherwise, its output would increase without the upper
bound. Thus, TOC project management focuses on the
constraint that blocks the achievement of goal of the
project. Five steps used to apply the TOC skill to the
project scheduling are given below:

1. Identify the project constraint.

2. Exploit the project constraint.

3. Subordinate everything else to the project con-
straint.

4. Elevate the project constraint, and

5. If, in the previous step, a new constraint has been
uncovered, repeat the process. Do not let inertia become
the project constraint [7].

2.2. Optimized Production Technology (OPT)

Production scheduling and inventory control system
that (unlike manufacturing resource planning) recognizes

bottlenecks (capacity constraints) and does not aim at
full capacity utilization at all times. OPT's objective is to
simultaneously raise throughput while reducing inven-
tory and operating costs, and achieve a smooth, continu-
ous flow of work in process [5].

2.3. Just-in-sequence (JIS)

Just in Sequence (JIS) is an inventory strategy that
matches Just In Time and complete fit in sequence with
variation of assembly line production. Components and
parts arrive at a production line right in time as sched-
uled before they get assembled. Feedback from the
manufacturing line is used to coordinate transportation
to and from the process area. When implemented suc-
cessfully, JIS improves a company's return on assets
(ROA), without loss in flexibility, quality or overall
efficiency. JIS is mainly implemented with automobile
manufacturing [6].

Just in Sequence (JIS) is just one specialized strategy
to achieve Just In Time (JIT). The process concept of JIT
sees buffers at the production line as waste in capital
bound. The aim is to eliminate buffers as much as possi-
ble at expense of stability when disturbances arise. Just
In Sequence is one of the most extreme applications of
the concept, where components arrive Just In Time and
sequenced for consumption.[6]

2.4. Single Minute Exchange of Die (SMED).

Single-Minute Exchange of Die (SMED) is one of
the many lean production methods for reducing waste in
a manufacturing process. It provides a rapid and efficient
way of converting a manufacturing process from running
the current product to running the next product [4].

There are seven basic steps to reducing changeover
using the SMED system:

1. OBSERVE the current methodology (A)

2. Separate the INTERNAL and EXTERNAL activi-
ties (B). Internal activities are those that can only be per-
formed when the process is stopped, while External ac-
tivities can be done while the last batch is being pro-
duced, or once the next batch has started. For example,
go and get the required tools for the job BEFORE the
machine stops.

3. Convert (where possible) Internal activities into
External ones (C) (pre-heating of tools is a good exam-
ple of this).

4. Streamline the remaining internal activities, by
simplifying them (D). Focus on fixings — Shigeo Shingo
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rightly observed that it's only the last turn of a bolt that
tightens it — the rest is just movement.

5. Streamline the External activities, so that they are
of a similar scale to the Internal ones (D).

6. Document the new procedure, and actions that are
yet to be completed.

7. Do it all again: For each iteration of the above
process, a 45 % improvement in set-up times should be
expected, so it may take several iterations to cross the ten
minute line [4].

2.5. APS (Advanced Planning and Scheduling)

APS takes into account constraints at enterprise
level as well as at plant level. Materials and capacity
issues are considered simultaneously, and manufactur-
ing, distribution, and transportation issues are inte-
grated. The APS planning engine is based on an opti-
mization algorithm and a constraint-based planning
algorithm. This enables companies to optimize plans
according to financial and other strategic objectives of
the enterprise and to create plans which satisfy multiple
objective goals. Unlike traditional ERP systems, APS
seeks to find feasible, near optimal plans while poten-
tial bottlenecks are considered explicitly. Many ERP
and APS systems make it possible to include suppliers
and customers in the planning procedure and thereby
optimize a whole supply chain on a real-time basis.
Unfortunately, no common (accepted) definition of
APS systems exists, and several systems on the market
do not fulfill the description above [2].

APS aim at automating and computerizing the
planning processes by use of simulation and optimiza-
tion. Still, the decision-making is done by planners
with insight in the particular supply chain and know
how on the system constraints but likewise important:
a feeling for feasibility of created plans. Thus, APS
aim to bridge the gap between the supply chain com-
plexity and the day-to-day operative decisions. This
requires, however, that planners are able to model and
setup decision rules for the planning and optimiza-
tion [2].

2.6. Heuristic Factory Planning Algorithm- HFPA

Planning work carried out gradually according to
a predetermined order in accordance with the “prefer-

ence”, in which the algorithm immediately assigns the
job to the machine, as work is available for planning.
This means that when an individual works can be sched-
uled in the most appropriate moment, the single function
(work) will be relocated at the end of the queue and wait
for the next iteration. Given that the HFPA plan to work
gradually without flinching, the work can be rescheduled
in the event that a capacity has been allocated a machine.
For this reason, grouping and sorting jobs can have
a significant influence on the planning results [3].

To schedule the most business center for some time,
the HFPA has used up most overloaded work, the so-called
“bottleneck” work center, the planning of works. There-
fore, HFPA has three-stage grading work center, sort of
work and planning the work, with a total of five steps, one
in each of the first two stages and three in the third [3].

These steps are listed below:

(P1) Sort work centers using the HFPA sorting
mechanism.

(P2) Group and sort jobs using the HFPA grouping
and sorting mechanism.

(P3) Scan the queue three times, each time schedul-
ing some of the jobs using the bottleneck-oriented
scheduling algorithm (BOSA).

(P3-1) Activate BOSA to schedule jobs one by one
according to the sequence determined in (P2). If a job
can be scheduled in its preferred interval without being
preempted, schedule the job accordingly. Otherwise, put
the job back into the queue.

(P3-2) After the regular scheduling, activate BOSA
to schedule the jobs that were put back into the queue in
(P3-1). If a job can be scheduled in its preferred interval
with preemption, schedule the job accordingly. Other-
wise, put the job back into the queue.

(P3-3) After the regular scheduling and the first re-
scheduling, activate BOSA to schedule jobs that were
put back into the queue again in (P3-2). Advance and/or
delay each job in order to find sufficient work center
capacity for it [3].

Results and future work

On fig. 2 are shown variants of applying everyone
from presented modern trends to several type of pro-
duction.

HFPA

OPT
TOC

Lean
management

KANBAN

SMED

APS

Single-part production

Batch production

Large-lot production

Fig. 2. Applying of modern trends in different types of production
Source: own research
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HFPA is useful in the case single-part production,
batch production and large-lot production. Lean
management is useful for single-part production. SMED,
APS, Just in sequence are useful for batch production
and large-lot production. Kanban philosophy is useful in
the case batch manufacturing. OPT, TOC are useful for
single-part and batch manufacturing. In future authors
will focus on research on limitations and conditions of
every one of presented trends.

Actually, in the global competition, quick
development of industry and technique is essential to
research differences and conditions applying modern
trends for industrial firms.

Authors plan primary research in Czech Republic about
conditions and limitations of applying modern trends.

References

1. Europe in figures — Eurostat yearbook 2010. — URL:
http://epp.eurostat.ec.europa.eu/cache/ITY OFFPUB/CH 01
2010/EN/CH_01_2010-EN.PDF

2. Hvolby H.-H., Steger-Jensen K. Technical and industrial
issues of Advanced Planning and Scheduling (APS) systems //
Computers in Industry. — 2010. — Vol. 61. — No. 9. — P. 810.

3. Kung L.-C., Chern C.-C. Heuristic faktory planning al-
gorithm for advanced planning and scheduling // Computers &
Operations Research. —2009. — No. 36. — P. 2513-2530.

4. Shingo S., Dillon A. P. A Study of the Toyota Production
System: From an Industrial Engineering Viewpoint (Produce
What Is Needed, When It's Needed). — 1989.

5. Verma R. Management science, theory of con-
straints/optimized production technology and local optimiza-
tion // Omega. — 1998. — Vol. 25, 2, doi: 10.1016/S0305-
0483(96)00060-6.

6. Wagner S. M., Silveira-Camargos V. Decision model for
the application of just-in-sequence // Decision Sciences Insti-
tute Proceedings of the 40th annual conference. — New Or-
leans, USA, 2009.

7. Wei C.-C., Liu P.-H., Tsai Y.-C. Resource-constrained
project management using enhanced theory of constraint // Inter-
national Journal of Project Management. — 2002. — No. 20. —
P. 561-567.

M. FOposa, CSc, Texnonorundeckuii yauBepcutet I. bpHo, Uexus

E. Xumunoea, acnupant, TexHonornueckuil yausepcurer r. bprao, Yexus
T. lllynuna, acnupant, TexHonorudeckuil ynusepcurer I. bpao, Uexus

Pa3BuTHE KOHKYPEHTOCIIOCOOHOCTH NPOMBIILICHHBIX NpeanpuaTHii B ycjaosusax Esponeiickoro Corwsa

Paccmompeno mexywee cocmosnue npomviunennocmu 6 cmpanax Eeponeiickozo Coiosa. Onucanvl cogpemennvie menoenyuu 6 oonacmu
onmumusayuu NIAHUPOBANUA U npouzsoocmea. B Yexuu no cpasnenuio co cmpanamu Eeponeiickoco Coroza umeemcs 803MOACHOCH MOOEpHU-
3Uposans NPOU3EOOCHBO, 2NABHbLIM 00PA30M, 8 0OIACHIU IKOHOMUU MAMEPUAnos u 3apabomnol niamel. B cmamve yoensemcs ocoboe enuma-
HUe COBpeMeHHbIM MEeHOEHYUAM, MAKUM KaK Meopus. 02paHudenull, OnmumMusayus mexnoio2uy, nepcnekmueroe nianuposanue u oucnemyepu-
3ayus u opyaue.

KiroueBble c10Ba: MpoMbINUIEHHOE Npennpusatie, EBponeiickuii Coro3, KOHKYPEHTOCIIOCOOHOCTE, Teopust orpanndenuii (TOC), ontnmusu-
poBanHas TexHonorus npoussoactsa (OPT), cucrema «rouno 1o rpaduky» (JIS), cuctema 6picTpoii 3amensl pecc-popm (SMED), nepcriektuBHOE
IUIaHUPOBaHHe U aucnerdepusanys (APS), sBpucTidecknii alropuT™ IIaHUpoBaHus padoTs! npeanpustus (HFPA).
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IO. ®. Py0uoB, kanauaaT TEXHUYECKUX HayK, [IepMCKHUil HAllMOHAIBHBIN UCCIIEI0BATEIBCKUI MOTUTEXHUUECKUNA YHUBEPCUTET

MCCJIEIOBAHUE OBIIMX MOAXO010B K ONITHMU3ALIMA
MOJYJbHON CTPYKTYPBI OGPABOTKH HH®OPMALIMU
B ABTOMATU3UPOBAHHOI CUCTEME KOHTPO.JISI U UCTILITAHUIA

Tokasano, Kax Ha OCHOBE UCTONB30BANUS KOHYENYUL SUPMYATLHO20 USMEPUMENbHO20 KAHAA OOCUSAencsl ONMUMU3AYUSL CUCTEMbL KOppe-
JUPOBANHBIX (DYHKYULL MHO2UX nepemennblx. Pewaemes 3a0aua onmumuzayuu 8 pamkax 3a0aHHOU APXUMEKNYPbl CUCEMbL U GblOPAHHOM MeXHU-
yeckom basuce.

KuawueBble cioBa: Kpm‘epnﬁ, onrTuMusanus, NOrpemHOCThb, KaHall, (byHKI_H/H/I, TPaKT, [MapaMeTphl.

ajiaya MCcleI0BaHMs JII0O0ro KOHKPETHOTO BapH-  ONTHMH3AlMHU I1apaMeTpOB PacCMaTPUBAEMOW CHUCTEMBI,

aHTa aBTOMAaTU3MPOBAHHOW CUCTEMBI UCIBITAHUM  ONpereNsolei NpUHAThI kpuTepuit [1].

(ACH) BrurouaeT B ceOs COCTaBICHAE MAaTeMAaTH- _2
YECKOM MOJENHU KaK COBOKYITHOCTH OCHOBHBIX YypaBHE- Kpurepuii ontumusaiyiy Sus; 3aBHCHT OT CBOWCTB
HUH, CBSI3BIBAIONINX CBOMCTBA MCTOYHHMKOB, TapaMeTphl ~ MCTOYHHKOB cooOuwenuit (M, . 1, Py), napamerpos ACH
CUCTEMHI (g, tro, toy, --.) M KPUTEPHH KauecTBa (PYHKITHO- (9> tro> trus ---)- [Ipr 5TOM YACTh EPEMEHHBIX XaPAKTEPH-
HUPOBAHMS, MCCIEIOBAHHE STHX yPAaBHEHHil ¢ Lenpio  3YCT COCTOSHUE BXOJHBIX CUTHANOB (M), . 1) U BO3/CHCT-
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