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1 UVOD
Problematika navrhu vhodne;j
koncepcie operativneho planovania

udrzbarskych cCinnosti predstavuje zaklad
pre efektivne operativne riadenie. V praxi
existuje celd rada metdd zameranych hlavne
na operativne planovanie vyroby. Pri
rieSeni problematiky udrzby sa stretavame
s problémom, Zze dané metddy nevedu

vzhladom kich S3pecifickej povahe
k uspesnému vyuzitiu v oblasti
operativneho planovania udrzby.

Prihliadntc k tejto skuto¢nosti je k rieSeniu
danej problematiky vyuzity jediny vhodny

sposob pre dané podmienky ato
heuristicky pristup.

Podla novych odhadov vsetky
hospodéarske  subjekty v hospodarsky

vyspelych krajinach vynakladaju cca. 10%
narodného dochodku na udrzbu. Pri
hl'adani uspor nékladov sa v procese
udrzby kladie casto velky doraz na
efektivne operativne planovanie. Vhodné
organizovanie tychto ¢innosti ma priamy
vplyv nielen na technicky bezpecnu
a spolahlivii prevadzku danych zariadeni,
ale tiez nepriamo na vySku ich
prevadzkovych nakladov.[1]

Vypracovand metodika je urfena
v podniku pre prvostupiiovy manazment
udrzby, ktory je priamo povereny
zostavovanim planov z objemu prac
stanovenych ro€nym planom atiez
z operativnej evidencie  nahldsenych
a zistenych poruch.

Pri rieSeni modelu  operativneho
planovania udrzby je potrebné vzdy
zohladnit’ a definovat’:

e sformulovanie zakladnych teoretickych

poznatkov o udrzbe, jej cieloch,
metodach, stratégiach atieZ systéme jej
riadenia,

e analyzovanie sucasného stavu udrzby
sledovanej spoloc¢nosti, procesov jej
planovania a operativneho riadenia,
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1 INTRODUCTION

The issue of the design of suitable
conception of maintaince activities
operative planning is the basis for effective
operational management. In practise, there
are alarge number of methods that are
aimed primarily at the operational planning
of production. By solution of the issue we
deal with aproblem, that the given
methods do not give rise to successful
utilization in the field of maintaince
operative planning in view of their specific
nature. Taking account of this fact, it is
utilized the only appropriate method for
given conditions, namely heuristic
approach.

According to new estimates, all
economic  subjects in  economically
developed countries spend approx. 10 % of
national income on maintainance. In search
of cost saving in maintainance process it
puts great accent on effective operational
planning. Appropriate organization of
these activities has a direct impact not only
on the technically safe and reliable
operation of devices, but also indirectly on
the amount of their operating costs. [1]

Developed methodology is addressed in
the enterprise for the first-stage
maintainance management, which is
directly responsible for the assembly of
planes from the volume of work which are
defined by annual plan and from the
operative evidence of reported and
detected faults.

By the solution of maintainance
operative planning it is always necessary to
take into account and define:

e formulation of basic  theoretical
knowledges of maintainance, about its
objectives, methods, strategies and about
the system of its management, too.

e analyzing of the current state of
monitored  enterpise  maintainance,
processes of its planning and operative
management,
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e definovanie nedostatkov sucasného
sposobu operativneho planovania,

e navrhnutie vhodného systému a
periddy operativneho planovania,

e pridelenie kompetencii pre zmenové
riadenie suvisiace s dodato¢nou
upravou planu,

e definovanie kritérii pre stanovenie
priorit jednotlivych ¢innosti
operativneho planu udrzby
(multikriterialne rozhodovanie),

e zostavenie navrhu a algoritmov
metodiky tvorby tyzdennych

operativnych planov,

e aplikovanie  postupu  a vytvorenie
konkrétneho  operativneho  planu
(podoba Excel tabulky), ktory bude
jasne odpovedat na otazky typu ¢o?
kedy? kde? a kto?,

e organizatné a ekonomické zhodnotenie
prinosov  navrhovaného  postupu
plénovania.

Ciele riadenia udrzby - definujeme
podla normy STN EN 13306 ako ciele
stanovené a prijaté pre udrzbarske ¢innosti,
prifom  mézu  predstavovat’  napr.
pouzitel'nost’, zniZzovanie nakladov, kvalitu
produktu, ochranu environmentu,
bezpecénost’ a pod.[2]

V3eobecné ciele udrzby vyplyvaju
z definicie, tj. zo zachovania funké&nosti
aschopnosti  podniku  plnit’  potreby
zakaznikov v trhovom prostredi.
Poziadavky trhového prostredia sa maji
plnit pri minimalizacii nékladov a pri
zachovani  kvality, terminu, ceny
a bezporuchovosti dodévok. Udrzba ma
ztohto pohladu prispievat’ k zachovaniu
trhovej hodnoty HIM alebo NIM, ktorého
hodnota sa ¢asom meni. Rozsah ¢innosti
udrzby zasahuje vSetky stranky podniku. Je
preto redlne vnimat ciele Gdrzby
z viacerych hl'adisk.
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e definition of shortcomings of the current
way of operative planning,

e design of suitable system and operative
planning period,

e allocation of responsibilities for the
change management associated with
additional plan modification,

e definition of criteria for determination
of priorities for some activities of
maintainance  operative  planning
(multi-criteria decision making),

e formation of proposal and algorithms
for the methodology of weekly
operative planes creation

e application of the progress and creation
of concrete operative plan (similar to
Excel tables), that will clearly answer
on the questions like what? when?
where? and who?,

e organizational and economic
assessment of the benefits of the
proposal planning process.

Targets of maintainance management
— we define by the norm STN EN 13306 as
the objectives established and adopted for
maintenance activities, whereby they may
present for example usability, cost
reduction, product quality, environmental
protection, safety etc. [2]

The general objectives of
maintainance result from the definition, i.e.
by maintenance the finctionality and
capabilities to meet the consumers needs in
the market environment. The requirements
of the market environment meet by
minimalization of costs and by
preservation of quality, date, price and
reliability of supplies. From this view the
maintainance is due to contribute to
preservation of HIM or NIM market value,
the value of which fluctuates over time.The
scope of maintainance activities interferes
in all aspects of enterprise. Therefore it is
real to perceive the objectives of
maintainance from several aspects.
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=zabranenie poskodzovaniu Zivotného prostredia a vyli¢enie huméannych rizik,
=zabezpecenie bezpecnosti technickych zariadeni a bezpeénosti pri praci,

=dodrziavanie platnej legislativy SR a vytvaranie podmienok pre preberanie Smernic Rady
Eurépy pri zohl'adneni eur6pskych noriem vyhlasok a odportcani.

= vylacenie prerudenia plynulosti prevadzky v désledku negativneho javu, napr. havarie,
poruchy, nehody a trazu,

= realizovanie ¢innosti idrzby pred vznikom negativneho javu a tym zabréanenie vzniku jeho
dosledku, pripadne jeho minimalizaciu, t.j. ovladanie a riadenia technického rizika,

= dosiahnutie planovanej technickej Zivotnosti technologickych zariadeni,
= efektivne vyuzivania internych udrzbarskych kapacit.

svytvorenie podmienok pre zlepSovanie Cinnosti prevadzky z hl'adiska ekologie a bezpe&nosti
préace, pri globélnej optimalizacii ndkladov na udrzbu,

=zavedenie jednotného systému vyuzivania dokumentacie v &innosti Gdrzby a vytvorenie
podmienok pre spracovanie analyz, modelovanie, expertiz a prognoz,

sstrategické dosiahnutie procesu nulovych strat (resp. prestojov ztitulu portch) a zavedenie
systému sledovania spor z optimalizacie udrzby,

mzabezpecenie vedomostnej zakladne o udrzbarskej ¢innosti a rozsirenie vyuZivania systému
timovej prace na riedenie uloh a problémoyv.

Obr.1 Prehlad cielov udrzb

=prevention of environment degradation and elimination of human risks,
=ensure the safety of technical equipment and safety at work,

= compliance of current legislative of the SR and creating conditions for transporting the
Directives of the Council of Europe, taking into account of European standards, regulations
and recommendations.

= elimination of smoothness of operation in the result of negative event, for example
accidents, disturbances, injury,

* execution of maintainance activity before the negative event creation and by that
prevention of the creation of its results, eventually its minimization, i.e.control and
management of technical risk,

= achievement of the planned technical lifetime of technological devices,
= efficient use of internal maintainance capabilities.

screation of conditions for improving traffic operations in terms of ecology and safety at work,
by the global optimizing of maintainance costs,

sestablishment of an uniform system of documentation use in the maintainance activities and
creation of conditions for the process of analysis, modeling, expertises and forecastings,

sstrategic achievement of the process of zero losses (or downtime from the title of defects) and
introduction of the system of savings monitoring from optimization of maintainance,

=provision of knowledge base for maintainance activity and extension of the use of teamwork
for solution of tasks and problems.

Fig. I Overview of the objectives of maintainance
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Charakter zabezpecovania uvedenych
cielov udrzby nie je rovnaky pre vsetky
podniky. Doraznost a priorita plnenia
tychto cielov zavisi od konkrétnych
podmienok a predmetu ¢innosti, ktorym sa
podnik zaobera. Napriklad v plynarenstve,
kde mézu dosledky poruch zapri€init' az
vybuch alebo usmrtenie l'udi, musi byt
udrzba zamerand jednozna¢ne na plnenie
bezpecnej a spol'ahlivej prevadzky
plynarenskej distribu¢nej siete. Tento ciel’
mozeme oznalit ako primarny, resp.
strategicky, ktorému sa musia podriadit’
vSetky ostatné - sekundarne ciele.
Najvyznamnejs$im sekundarnym ciel'om
udrzby je zabezpecenie hospodarnej, resp.
ekonomicky efektivnej udrzby. Plnenie
tohto ciel’a sa premieta do nakladov a zisku
celej firmy.

V3seobecne by optimalizacia ndkladov
vynaloZenych na proces udrzby mala byt
realizovana nasledovnymi procesmi:

e prejst na proces Udrzby s minimom

klasickych  strednych  oprav  a
generalnych oprav, a tieto vykonavat
v spojeni s modernizaciou a
rekonstrukciou,

e pripravit a zrealizovat integrovany
informacny systém riadenia Udrzby na
podporu optimalneho systému riadenia
udrzby,

e trvalé zvySovat odbornost’ pracovnikov
udrzby a ich optimalne vyuzivanie,

e presunut’ hlavnu napln udrzby do
preventivnej ¢innosti a riadenej udrzby,

e postupne zaviest a zvySovat’
pouzivanie diagnostiky a monitoringu,

e vykonavat  podrobné  sledovania
nakladov na ¢innosti udrzby,

e zaviest efektivne planovania

operativnych zasahov udrzby.[3]
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Character of the maintainance goals
performance is not the same for all
enterprises. Stoutness and priority of these
goals fulfilling depend to concrete
conditions and subject of activity. For
example in gas industry, where incident of
maintainance can cause explosion or
killing, the maintainance must be expressly
focused on the fulfilling of safe and
reliable operation of gas distributive
network. We can mark this goal as
primary, or strategic, whom all other —
secondary targets have to conform.
Assurance of economical, or economically
effective maintainance is the most
significant secondary goal of maintainance.
The fulfilling of this goal reflects to costs
and profit of the complex enterprise.

In general, the optimalization of
maintainance costs should be realized by
these processes:

e go to the maintainance process with
minimum classic middle repairs and
general repairs and perform in the
connection with modernization and
reconstruction.

e prepare and realize integrated
information system of maintainance
control for support of optimal system
of maintainance control,

e perpetually increase the qualification of
workers in maintainance and their
optimal utilization,

s relocate - the . mam. . scope = of
maintainance to the preventive activity
and controlled maintainance,

e progressively introduce and increase
diagnostics and monitoring utilization,

e perform detailed monitoring of costs to

the maintainance activities,

introduce effective planning of

operative maintainance intervention.[3]
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2 NAVRH MODELU
OPERATIVNEHO  RIADENIA
UDRZBY

Riadenie udrzby je zabezpeCované
planovanim  aoperativnym  riadenim
procesov  spojenych  so  zaistenim
prevadzky, t.j. riadenie ¢innosti spojenych
S vlastnou udrzbou, opravami,
modernizaciou, rekonsStrukciami
a servisom.

2.1 Operativne planovanie udrzby
v spolo¢nostiach  zabezpecujucich
distribuciu spojitych médii

Operativne planovanie udrzby
predstavuje zostavovanie planov s ¢asovou
periddou jedného dna. Pri zostavovani
konkrétnych dennych planov udrzbarskych
¢innosti sa kombinuju planované ukony,
ktoré¢ je potrebné v uréenych intervaloch
splnit’ s nepldanovanymi ¢innostami, ktoré

vyplyvaji  zpriebezného  hodnotenia
technického stavu, z analyz 1dajov
diagnostiky a tiez Z0 zaznamov
nahlasenych portch.

Operativne planovanie teda vychadza
z troch zakladnych zdrojov a to z:
1. Ro¢ného planu udrzby, ktory obsahuje
v ur¢itych cykloch stanovené planované

preventivne a korektivne tkony dané
zdakonom, normami alebo stanovené
deduktivne technickym manaZmentom
rizik.

2.Priebezného hodnotenia stavu
plynarenskych zariadeni indexmi HTS a
BS, ktoré posudzuji technicky stav (HTS),
bezpe¢nost a spolahlivost (BS) podla
viacerych kritérii. Na zaklade zhorSenych
hodnét vycislenych indexov méZzu byt
nasledne plynéarenské zariadenia zaradené
do operativneho planu udrzby.

3. Operativnej evidencie zistenych poruch
a unikov, ktoré boli evidované pri
preventivnej udrzbe a tiez poruch a unikov
nahlasenych zakaznikmi, napr.
prostrednictvom poruchovej linky.
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2 DESIGN OF THE MODEL OF
OPERATIONAL MANAGEMENT
MAINTAINANCE

The maintainance management is
provided by planning and operational
management of processes associated with
the assurance of operation, i.e.
management of activities associated with
the own maintainance, repairs,
modernization, reconstruction and service.

2.1 Operative planning of maintainance
in companies for distribution of
continuous media
Operative planning of maintainance is

a compilation of plans with time period of
one day. Planned activities are combined
by concrete daily planes of maintenance
activities formation and which are needed
to fulfill in set interval with unplanned
activities, which result from continuous
assessment of technical state, from data
analysis, diagnostics and from reports of
reporting failures, too. Operative planning
issues from three main sources, namely
from:
1. Annual plan of maintainance, which
contains in certain cycles defined planned
preventive and corrective actions which are
specified by law, standards or they are
defined illative by technical risks
management.
2. Continuous assessment of the state of
gas devices by HTS and BS indexes, which
assess the technical state (HTS), safeness
and reliability (BS) by multiple criteria. On
the basis of exacerbated values of
quatification indexes, gas devices can be
integrated to the operative plan of
maintainance,

3. Operative evidence of determined

failure and escapes which were filed by

preventive maintainance and also failure
and escape reporting by consumers, for
example through breakdown line.
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Roény plén Gdrzby

Vysledky monitorovania

a diagnosti
ki Operativna evidencia
¥ zistenych a nahldsenych
Hodnotenie technického stavu, porich

bezpecnosti a spol'ahlivosti indexmi

HTS aBS

Subor informacnych

¥ vstupov operativneho
plénu Gdriby

Obr. 2 Zdkladné informacné zdroje operativneho planovania

Yearly maintainance
nlan

Results of monitoring and
diagnostics
Operative evidence of
v found and reporting
Assessment of technical state, failures
Safeness and reliability by indexes
HTS a BS

Set of information
inputs of maintainance
operative plan

Fig. 2 Basic information sources of operative planning

Objem neplanovanej udrzby vykonavanej
az po poruche zariadeni predstavuje
v podnikoch zabezpecujtcich distribuciu
spojitych  médii hodnotu do 20%
z celkového objemu udrzby. Podiel
planovanej (preventivnej) a neplanovanej
(nahlasené alebo zistené poruchy) udrzby
je z hl'adiska ¢asu rozny, v priemere je to
80/20.

Tvorbou dennych planov sa spresiuji
ulohy pre pracovné skupiny a jednotlivcov
na najnizSich stupnioch riadenia v ramci
jednotlivych odborov, stredisk a oddeleni
udrzby. Pri realizacii planov je potrebna
koordinacia s utvarmi v oblasti
obstaravania pre uskuto¢nenie potrebnych
vykonov (zésobovanie, doprava a pod.).
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The volume of unplanned maintainance
which is performed after failure of devices,
forms the value by 20% from total volume
of maintainance in the enterprises for
distribution of continuous media. The part
of planned (preventive) and unplanned
(reported or ascertained) maintainance is
different on the part of time, it is 80/20 at
average.

Creation of daily planes puts more
precisely the activities for working groups
and for individuals on the minimum level
of control within the frame of several
unions, departments and maintainance
divisions. By planes realization it is needed
the coordination with organizations in the
field of acquisition for realization of
needed performance (supply, transport,
etc.).
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Denné plany st poslednym stupiiom
rozhodovania o buducej udrzbe v ramci
hierarchie ciel'ov podniku.

2.1.1 Plinovanie udrzby - tvorba

roénych planov

V systéme plénovania udrzby spojitych
médii sa v prevaznej miere stretdvame

s trojstupniovou sustavou planov, ktort

tvoria:

1. Dlhodobé plany udrzby (st
zostavované pre obdobia viac ako
jeden rok),

2. Ro¢né plany drzby s postupnym

rozpisom prac na jednotlivé mesiace,
3. Denné operativne, realizacné plany.

Pri strategickom planovani a zostavovani
konkrétnych ro¢nych planov udrzby sa
véa¢sinou vyuzivaju podpory informaénych
systémov. Tie vsebe integruju vSetky
technicko-ekonomické informécie (napr.
AWM - SAP PM) a geopriestorové udaje
(napr. AWM - GIS) potrebné pre proces
planovania udrzby. Zakladnou vlastnost'ou
systému je jednotnd databaza poskytujuca

rychly informaény vystup pre planovanie®

modernizacie,  rekonStrukcie  a oprav
zariadeni.
Vysledkom  pldnovania  vrcholového

manazmentu je ro¢ny plan vykonov
udrzbarskych ¢innosti, ktory sa vytvara
vzdy na zaciatku nového roka. Obsahuje
kvalitativne (druhy udrzby), kvantitativne
(mnozstva vykonov), priestorové (miesto
udrzby) atiez casové (ich trvanie)
poziadavky tak, aby ich bolo mozné plnit
podla redlnych mozZnosti vlastnych
udrzbérskych zdrojov. Pre potreby krytia
neplanovanych udrzbarskych zasahov su
vramci roéného planu Udrzby vyclenené
ur€ité finan¢né rezervy.

Ro¢ny plan je deleny na jednotlivé
mesiace, vramci ktorych sa tiez
vyhodnocuje ich plnenie.
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Daily planes are the last level of
decision about the future maintainance
within the hierarchy of enterprise
objectives.

2.1.1 Maintainance planning - creation
of annual planes

In the system of continuous media
maintainance planning mostly it is three-
stage planes system, which are:

1. Long-time maintainance planes (they
are compiled for periods more than one
year),

2. Annual maintainance planes with
gradual breakdown of the work on
individual months,

3. Daily operative, realization planes.

By strategic planning and concrete yearly
maintainance planes formation it is used
the support of information system. It
integrates all technoeconomic information
(for AWM - SAP PM) and geo-spatial data
(for example AWM - GIS) which are
needed fot the maintainance planning
process. The basic property of the system
is uniform database which provides fast
informative output for planning of
modernization, reconstuction and repairs of
devices.

The result of top management planning is
yearly plan of maintainance activities
performance, which is generated always at
the beginning of the new year. It contains
qualitative  (type of maintainance),
quantitative (a number of performance),
spatial (the place of maintainance) and also
time (duration) demands so, that it is
possible to fulfill by real possibilities of
own maintainance sources. For the need of
unplanned  maintainance  interference
coverage reserve budget is selected within
the frame of yearly plan of maintainance.
The annual plan is divided into individual
months, within which their performance is
also evaluated.
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Z hladiska ¢innosti tento plan obsahuje:

e pravidelné cyklické ¢innosti technickej
kontroly (rézne typy kontrol a merani,
napr. kontroly tesnosti...),

e preventivne ¢innosti udrzby (odborné
prehliadky a skusky, bezné amalé
opravy zariadeni),

e stredné avidcSie opravy v oblasti
obnovy a modernizacie (oprava
technologickych objektov a pod.).

Konkrétna podoba planu pre potreby
operativneho riadenia udrzby musi byt
dostupna pre kazda organiza¢nu jednotku
(ktorej sa tyka), napr. pomocou softvérovej
aplikacie. Je dolezité tiez povedat, ze

podoba ro¢ného planu sa neustile
spresiiuje a obmiena podla aktudlneho
hodnotenia technického stavu a
bezpecnosti zariadeni.
2.1.2 Hodnotenie technického stavu
a bezpecnosti siete indexmi HTS
a BS
Metodika hodnotenia technického

stavu a bezpecnosti predstavuje systém
multikriteridlneho hodnotenia zariadeni.
Jednotlivé kritéria a podkritéria
(technického alebo ekonomického
charakteru) su vahovo ohodnotené podla
ich vplyvu na celkovy technicky stav
(HTS), alebo bezpecnost’ a spolahlivost’
(BS) siete. Podkladom pre aktudlne
hodnotenie s dlhodobo sledované vybrané
polozky dokladované v operativnej
evidencii.

Konkrétne hodnoty indexov HTS
a BS st ziskané po bodovom ohodnoteni
kritérii a podkritérii v konkrétnom case.
Podl'a ich hodndt st sledované zariadenia
priebezne zatriedené do troch udrzbovych
pasiem:
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From the aspect of activities this plan
includes:

e Regular cycle activities of technical
inspection (different types of control

and measurements, for example
tightness control...),
e Preventive maintainance activities

(special inspections and tests, routine
and minor repairs of equipments),

¢ Medium and major repairs in the field
of renovation and modernization
(repair of technological objects etc.).

The specific form of plan for the
demand of operative management of
maintainance must be available for each
organizational unit (which relates to), for
example by the help of software
application. It is also important to say that
the form of annual plan puts more
precisely for ever and it modifies by actual
assessment of technical condition and
safeness of equipments.

2.1.2 Assessment of technical condition
and safeness of the network by the
indexes HTS a BS

The methodology for assessment of
technical condition and safeness presents
the system of multi-criteria assessment of
equipments. Each criteria and sub-criteria

(technical or economic nature) are rated

according to the weight of their impact on

the overall technical state (HTS), or
safeness and reliability of the network

(BS). Long-scheduled selected items

evidenced in the operative records are the

basis of actual assessment.

Concrete values of indexes HTS and BS
are obtained after criteria and subcriteria
items up in the concrete time. By their
values monitored devices are classed from
time to time to three maintenance zones:
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C  Pre zariadenia nevykazujiuce Ziadne
poruchy. Vykonava sa iba
zdkladna udrzba akontrola v zmysle
zakonov, vyhlaSok a noriem.

B  Pre zariadenia so  zhorSenou
spolahlivostou. ZvySuje sa cykli¢nost’
kontrol, sprisfiuje sa rezim

diagnostikovania a merania, zariadenia su
zaradené  do  vyhladového  planu
rekonstrukcii.

A Pre zariadenia svysokym vekom
a relativnou spol'ahlivost'ou. Je dana
maximalna frekvencia kontrol, najprisne;jsi
rezim merania, zariadenia su
zaradené do planu  mimoriadnych
rekonstrukceii.

Za vypracovanie planov udrzby
v stlade s hodnotenim technického stavu
(HTS), bezpecnosti a spol'ahlivosti (BS) st
v ramci podnikov zodpovedni v prevaznej
miere veduci prevadzok.

213 Monitorovanie

evidencia udrzby
Operativne riadenie udrzby
v spolo¢nostiach zabezpecujucich
distribiciu ~ spojitych ~ médii  musi
zabezpecit' okrem uz uvadzanych ¢innosti
aj zber informécii o poruchovosti
zariadeni. Tento zber moéze byt podla
charakteru meranych udajov
zabezpeCovany  ruéne, do  vopred
pripravenych formularov, alebo
automaticky, pomocou réznych snimacov
a detektorov. Zaznamenavanim vysledkov
sprdv. z vyhodnotenia diagnostickych
kontrol, odbornych prehliadok a skisok
apod., sa zabezpefuje vedenie aktudlnej
technicko-prevadzkovej dokumentacie. Ta
je vedend  azaznamenavana  tiez
elektronicky do softvérového modulu,
napr. SAP. Pri zistenych poruchach, resp.
tnikoch z hl'adiska podzemnej lokalizacie
aj do systému GIS.

a operativna
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C For devices without failures. It is
exercised only basic maintainance and
control in terms of laws, notices and
standards

B For devices with compromised
reliability. It increases the cyclicality of
controls, it tightens up the regime of
diagnosing and measuring, devices are
classified into the development plan of
reconstruction.

A For devices with high age and relative
reliability. It is given maximum frequency
of controls, the most stringent system of
measurement, devices are integrated to the
planes of extraordinary reconstruction.

Operating managers are charged with
responsibility  for  development  of
maintainance planes in accordance with
evaluation of technical state (HTS), safety
and reliability (BS).

2.1.3 Monitoring and operative evidence
of maintainance

Maintainance operative managemet
in enterprises for distribution of continuous
media must ensure except for aforesaid
activities the collection of information
about fault rate of devices, too.

By the character of measured data
this collection can be provision manually,
to before prepared blank forms, or
automatically, by the help of various
sensors and detectors.

The  administration of  actual
technical-operative ~ documentation  is
provision from the results of reports from
evaluation  of  diagnostic  control,
specialized checking and tests and so on.
This is controlled and recorded
electronically to software modul, for
example SAP. By found failures, or
emission from the aspect of underground
localization, to system GIS, too.
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Operativna evidencia plni ulohu
spatnej  vdzby celého  operativneho
riadenia. Vyuzivanie jej aktualnych udajov
ma priamu navdznost na  proces
operativneho planovania

2.2 Definovanie nedostatkov sucasného
sposobu operativneho planovania

Z hladiska analyzy systému riadenia
udrzby v sucasnych podnikoch vidime ako
hlavny nedostatok operativneho planovania
absenciu jednej urovne planovania, ktora
by dokazala vo vd¢Som ¢asovom odstupe
reagovatt na zmeny v poziadavkach
udrzby.

Stucasné denné planovanie udrzby
neposkytuje operativnemu manaZmentu
dostato¢ny stupenn volnosti potrebny pre
regulaciu danych odchyliek. Planovanie
tymto sposobom nezohl'adiiuje dlhodobe;jsi
vyvoj] udrzby, neodstrafuje neurcitost’
budiceho stavu  aneposkytuje  tak
z hlladiska predikcie odhad dlhsi ako jeden
den. V dosledku tohto nedostatku casto
dochadza k skokovitym zmendm v plneni
danych mesacnych planov udrzby. Sucasné
denné planovanie predstavuje vel'mi
dynamicka  zalezitost, je namahavé
z hl'adiska svojej Castosti a kladie zbyto¢ne
vysoké naroky na operaény manazment.
Kontrola dennych plénov nie je taktiez
z hl'adiska mesac¢nych kontrol plnenia
udrzby vel'mi vyhodna.

Dalsi nedostatok
planovania vnimame v tom, ze
v analyzovanom  prostredi  viacerych
podnikov nie je systematicky a tcelne
popisana metodika, ktora by jasne
definovala postup pri vytvérani
konkrétnych operativnych planov. Dané
postupy vytvarania plénov si doposial’
realizované len na zaklade praktickych
sktsenosti planovacov.

operativneho
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Operative evidence subserves the role
of feedback of the complete operative
management. The use of its actual data has
direct continuity to the process of operative
planning.

2.2 Definition of lacks of the current
way of operative planning

On the part of maintainance
management system analysis in the current
enterprises we see as a major shortage of
operative planning the absence of one level
of planning, that would prove at greater
lapse to respond to changes in
maintainance requirements.

The currend daily maintainance
planning does not provide to operative
management adequate level of freedom
that is necessary for regulation of the given
deviations. Planning in this way does not
make  provision for longer-term
development of maintainance, does not
remove the uncertainty of future state and
does not provide on the part of prediction
estimate longer than one day. By this lack
it results to jump changes in fulfilling of
the given monthly planes of maintainance.
The present daily planning is very dynamic
mater, it is difficult on the part of its
frequency and it sets uselessly high
demands to operative management. The
control of daily planes is not very
favourable on the part of monthly controls
of performance of maintainance.

The next absence of operative
planning is in that in the analyzed environs
of several enterprise the methodology,
which defines clearly the progress by
creation of concrete operative planes, is not
described systematically and properly.
Progresses of the planes creation are
realized only on the base of practical skills
of planners.
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23 Aplikicia multikriterialneho
rozhodovania pre proces vyberu
udrzbarskych ¢innosti do
operativneho plinu

Prvym krokom pri tvorbe tyzdennych
operativnych planov je zhromazdenie
poziadaviek na Gdrzbu pre dany tyzden,
vratanie sklzov z predoslého obdobia

a stanovenie priorit plnenia z hl'adiska ich

dolezitosti. Ako sme uz spomenuli, pri

operativnom  planovani  Gdrzby ide

o kombinaciu preventivnej a korektivnej

udrzby. Pre vyber astanovenie priorit

jednotlivych  Cinnosti  Gdrzby  sme
aplikovali ~ proces  multikriteridlneho
rozhodovania. Pri rieSeni sme pouzili

metddu zvazenej sumy, v ktorej sme urcili
kritéria, podla ktorych sa jednotlivo
ohodnotili vSetky zakladné ¢innosti udrzby
vyuzivané v podnikoch zabezpecujtcich
distriblciu spojitych médii.

Kritéria:
1. Cykliénost - predstavuje faktor
vyjadrujici zdkonny, alebo planovany

cyklus realizacie danej ¢innosti. VSeobecne
plati, Ze ¢im je cyklus danej c¢innosti
Castejsi, tym vysSie bodové ohodnotenie
musi vtomto kritériu ziskat. Ak dana
¢innost’ nie je realizovana v cykloch a plni
sa len podla zistenia (napr. korektiva),
musi jej byt v tomto kritériu pridelena ¢o
najvyssia hodnota.

2. Vyznam segmentu - ide o faktor, ktory
zohladnuje vyznamnost ur¢itého segmentu
siete, ku ktorému sa dand c&innost’
vztahuje. Pri udrzbe plati, Ze najvyssiu
vyznamnost maji segmenty s najvyssou
prioritou vyznamu.

3. Dosah na bezpe¢nost’ a spol'ahlivost’ -
tento faktor vypoveda o tom, aky ma vplyv
konkrétna Cinnost' udrzby pre zaistenie
bezpecnosti a plynulosti prevadzky
distribu¢nej siete, ako aj jej znovu
nastolenia v pripade poruchy.
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2.3 Application of multicriteria decision
making for the process of
maintainance activities selection to
the operative plan

The first step by daily operative
planes creation is assembly of demands on
maintainance for the given week, including
the delays from the previous period and
determination of the priority of fulfilling
on the part of its importance. As we
reflected, by operative planes of
maintainance it is acombination of
preventive and corective maintainance. We
used the process of multicriteria decision
making for the selection and determination
of priorities for several activities of
maintainance. By the solution we used the
method of weighted sum, in which we
determined criteria, by which all basic
activities of maintainance exploited in
enterprises  for  continuous  media
distribution evaluated individualy.

Criteria:

1. Cyclicality — it is a factor which presents
statutory or planned cycle for given
activity realization. Generally it is a deal,
that the cycle of the given activity is more
frequent,by it it has to get higher items up
in this criterion. If the activity is not
realized in cycles and it performs only by
assignment (for example correction), it
must be allocated to it at the highest value.

2. The importance of the segmet - it is
a factor, which takes into account the
significance of anetwork segment, on
which the action relates. By maintainance
it is in force that the highest significance
has the segment with the highest priority of
importance.

3. Impact on safety and reliability — this

factor predicates about it, how it affects
a specific maintainance activity to ensure
safety and continuity of service distibution
network, as well as re-establishing in the
even of failure.
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4. Navéznost sekundérnych dinnosti -
predstavuje faktor vyjadrujuci potrebu
d’alsich ukonov pre realiziciu danej
¢innosti (napr. merani po korekcii a pod.).

5. Persondlno - kvalifikaénd néro¢nost’ -
faktor urcujuci kvantitativne (personalne)
a kvalitativne (kvalifikacné) poziadavky
pre posudzovanu ¢innost’ udrzby.

6. Casova limitnost’ - je faktorom, ktory
uruje  limitnd  spotrebu  pracovnych
normohodin pre realizovanie danej
innosti. Cim je pracnost’ udrzbarskej
¢innosti vysSia, tym vy$Sia musi byt aj
bodova hodnota tohto faktora.

7. Ekonomicka naro¢nost’ - ide o faktor,
ktory zohladriuje nakladovi néro¢nost
a materidlovo-technické poziadavky pre
zabezpecenie Udrzbarskej ¢innosti.

8. Podmienenost’  vo¢i  klimatickym
vplyvom - jednd sa o faktor, ktory
vyjadruje, aky vplyv mézu mat
poveternostné podmienky na moznost
realizacie hodnotenej ¢innosti.

V udrzbe st rozne ¢innosti (ako napr.
kontrola tesnosti plynovodov), ktoré su
priamo zavislé od pocasia. Po zvoleni
vys$sie uvedenych kritérii sme pre uréenie
ich adekvatnych vah aplikovali metddu
poradia. NajdolezitejSiemu kritériu sa
priradilo ¢islo n-1, druhému
najdolezitejSiemu n-2 atd. Najmenej
dolezité kritérium dostalo ¢islo 0. Tym sme
ziskali maticu preferencii, v ktorej boli
zahrnuté nazory:

- nazory zamestnanca manazmentu
prevadzky jednotlivych sieti,

- nazory zamestnanca prvostupiového
manazmentu udrzby,

- nazory zamestnanca ,,majstra“ udrzby,

- ataktiez nase nazory.

4. Sequence of secondary activities — it is
the factor which expresses the need of the
next activities for given activity realization
(for example measuring after correction
and so on).

5. Personnel — qualification fastidiousness
— factor which defines quantitative
(personnel) and qualitative (qualification)
demads for assess activity of maintainance.
6. Time limit — it is a factor, which defines
limit usage of working standard hours for
realization of this activity. If the work
expenditure of maintenance activity is
higher, the point value of this factor must
by higher too.

7. Economic fastidiousness — it is a factor,
which makes provision for expense
fastidiousness and  material-technical
demads for maintenance activity support.

8. Conditionality to climatic influences — it
is afactor, which expresses what the
influence climatic conditions have to the
possibility of activity realization.

There are various acitivities in
maintainance (for example control of the
tightness of gas lines), which are directly
weather dependent. After the choosing of
aforesaid criteria, we used the method of
sequence for establishing of their adequate
weight. The most important criterion has
the number n-1, the second has n-2 etc.
The least important criterion has the
number 0. By this method we obtained/get
the matrix of preferences, which contains
these opinions:

- opinions of employee of the
management of particular networks
operation

- opinions of employee of the first-stage
management of maintainance,

- opinions of employee of maintainance
,,master®,

- and also our preferences.
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Ked'Zze dané hodnotenie obsahovalo
aj naSe nazory, mdZzeme povedat’, Ze islo
o ur€ité pseudo-expertné ocenenie
hodnotiacich kritérii. Kazdému
hodnotiacemu kritériu F; pre i = 1, 2, ...8
sme vycislil sucet poradovych é&isel pj,
ktoré mu boli pridelené ucastnikmi
hodnotenia. Vahu kazdého hodnotiaceho
kritéria sme potom vy¢islili podl'a vztahu:

e pl il Jj=1
We= 8 T
b Iy
i=1 i=l j=l
j=1,2,..4  priGom plati, Ze

K bodovému ohodnoteniu jednotlivych
¢innosti Udrzby (podla zvolenych kritérii
suz vypocitanymi vahami) sme urcili
kardinalnu mieru - hodnotenie v rozmedzi
0 az 10. Pri problémoch pridel'ovania
bodov posudzovanym ¢innostiam sme
vyuzili  sluzby  viacerych  expertov
z podnikov zaoberajucich sa distribliciou
spojitych médii v ramci ,,vychodu® izemia
SR. Bodové ohodnotenie bolo vykonané
maximalizatnou formou, t.j. ¢im vécsia
bodova hodnota, tym mal dany faktor
vys$Siu dolezitost medzi hodnotami toho
istého faktora u roznych ¢innostiach.
Vyslednym celkovym hodnotenim
danej ¢innosti Udrzby bolo ziskané ako

suma bodovych ohodnoteni  kritérii k;
vynésobenych ich vdhami W;.
Ako  priklad bola  hodnotena

plynarenské spolo¢nost, ku ktorej sme
vySpecifikovali podobné typy Einnosti
udrzby z ostatnych podnikov, kde bolo
celkovo tymto sposobom ohodnotenych 79
zdkladnych ¢innosti tdrzby. Z hladiska
ziskaného ohodnotenia boli tieto ¢innosti
rozdelené do troch skupin. Statisticky si
tieto skupiny znazornené nasledujicim
obrazkom.
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Because this valuation obtains our
preferences, too, we can say that it was
some pseudo-expert appreciation of
ranking criteria. For each ranking criterion
F; fori=1, 2, ...8 we calculated the sum of
sequential numbers p;, which was rationed
to this criterion by participant of valuation.
After we calculated the weight of each
ranking criterion by the relation:

W, =

i=1
We determined cardinal rate — assessment
within the range of 0 until 10 to items up
of maintainance activities (by elected
criteria with calculated weight). By the
problems od points allocation to assess
activities we used services of several
experts from enterprises which are
concerned with distribution of continuous
media within the frame of ,east“ of SR.
Items up was performed by maximization
form, i.e. the bigger pointed value, by it the
given factor has higher importance among
values of the same factor by different
activities.

The final overall assessment of this
activity was obtained as a sum of items up
of criteria k; multiplied by their weight W;.

As an example it was appreciated the
gas enterprise, to which we specify the
similar types of maintainance activities for
the other enterprise and by this method it
was appreciated 79 basic activities of
maintainance. On the part of obtained
evaluation these activities were classified
into three groups. Statistically it is visible
in the next figure.
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Obr. 3 Statistické zndzornenie ohodnotenia Cinnosti drzby (vlastny zdroj)
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Fig. 3 Statistic illustration of maintainance activities evaluation (self source)
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Pre proces operativneho planovania For the process of maintainance
udrzby z toho vyplyva vyc¢lenenie ¢innosti operative planning this implies severance
do troch podmnozin, podl'a priorit ich of activities by three subsets, by priority of
plnenia. fulfilling.

Cinnosti idrzby, ktoré musia byt okamZite zaradené
do tyzdenného operativneho planu ako prioritné. (23 ¢innosti)

Ci Cinnosti tdrzby, ktoré mozu byt zaradené do daného tyzdenného planu.
ny| Ich vykonanie moze byt presunuté aj do nasledovného tyzda.
| Ich realizécia sa vyzaduje do obdobia dané¢ho mesiaca. (46 cinnosti)

Cinnosti s Cinnosti udrzby, ktoré z nejakého dévodu chceme zaradit’ do
najnizsim tyzdenného planu. Ich vykonanie méze byt presunuté aj
ohodnotenim (C) | do nasledujiceho mesiaca. (10 ¢innosti)

Obr. 4 Rozdelenie cinnosti udrzby

Maintainance activities, which must be immediately classified do the daily operative
plan as a preferred (23 activities)

Maintainance activities, which can be classified do the daily plan. Their perfomance
can be moved also to the next week. Their realization demands by the period of given
| month. (46 activities)

Activities with the
lowest evaluation

Maintainance activities, which from some reason we want to classified do daily plan.
Their realization can be moved also to the next. (10 activities)

O
Fig. 4 Distribution of maintainance activities

Ako prvé budu teda do tyZdenného Activities with the highest evaluation
operativneho planu udrzby zaradzované will be classified to the weekly operative
¢innosti s najvyss$im ohodnotenim. plan as the first.
Nasledovne budi zaradzované ¢innosti so Follow it will be the activities with
strednym ohodnotenim a nakoniec, podl'a the middle evaluation and finally, by free
vol'nych adrzbarskych kapacit je mozné do maintenance volume it is possible to class
planu zaradit aj cinnosti s najniz$im into the plan also the activities with the
ohodnotenim. lowest evaluation.

K obmedzeniu intuitivneho postupu To restriction of intuitive progress
a minimalizacii mozZnosti subjektivnych and minimalization of the possibility of
chyb pri stanovovani priorit udrzbarskych subjective  mistakes by deriving
¢innosti, sme pre tento proces vytvorili preferences of maintenance activities, we
algoritmus, ktory je  znazorneny created for this process the algorithm,
nasledujicim obrazkom: which is in the next figure.
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(2

Definuj kritéria
F;, i=1..n

y

Ohodnot’ kritéria na zaklade ich doleZitosti
i = P, i=1..n, P,e n-1,n-2 ... n-m

Expertna skupina
j=1..m ¢lenov

ZPU
W, - Tai e J=
5o 35

i=l j=1
/’—_\
\v/
Zoznam Cinnosti vyplyvajaci
z hodnotenia techn. stavu - :
w \ Zoznam ¢innosti
A roéného (mesa¢ného)
M o R IR D e planu Gdrzby
v \
Zoznam ¢innosti (sklzov) \\
nezrealizovanych v predoslom - - - 8/ Citaj zoznam &innosti udrzby % : ; T
planovacom obdobi CUk=1..s ~4 Zoznam ¢innosti operativnej
—— - evidencie zistenych
a nahlasenych portch
i k=155 k=Tl
)
Bodovo ohodnot’ dant &innost’ udrzby | _ Vybrany
HF,k e ;10 pracovnik
¥
n
HCUy = ) HFF. W,
i=1
v
Zorad’ ¢innosti udrzby
od max HCUp - = » Zoznam prioritne usporiadanych [~ = '(D
po min <HCUp &innosti Gdrzby
l
N N

HCUk € <6; 10 < HCUk € 3,66

A
Tla¢ zoznam &innosti, ktoré Tla¢ zoznam ¢innosti, Tla¢ zoznam ¢innosti,
musia byt zaradené do ktoré by mali byt ktoré nemusia (ale mézu)
tyzd. OP okamzite zaradené do tyzd. OP byt zaradené do tyzd. OP

()

Obr. 5 Procesny algoritmus stanovenia priorit udrzbarskych c¢innosti (vlastny zdroj)
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Define criteria
Fi,i=1..n

o

valuate criteria on the basis of their importand
Expert group Pi, i=1..n, Pie x-1,n-2 .. n-m

j=1..m members

20,
. s
Sn 55,

= j=

List of activities from the
evaluation of technical state and
safety HTS/BS \

List of activities of
yearly (monthly)
maintainance plan

/——\ \
p/ “

List of activities (chutes) which

i ) \
are nonrealized in the last plan{. _ _ 3/"Read the list of maintainance A& _
\ilod—_-/ activitiesk=1... s b

List of activities of operative
evidence of determined and
reported failures

k=1s; k=k+1
]
[Evaluate activities of maintainance by spof face Selected
HF.* € 1:10> worker
¥

HCU, = D HFX. W,

i=1

|
¢

Set up maintainance
activities from max (HCUw
to min HCUw

- - List of preferentially ordered
maintainance activities

Print the list of activities Print the list of activities Print the list of activities,
which must be classified to which should be classified which should not be (but can)

the weekly OP immediatel to the weekly OP classified to the weekly OP

| @ |

Fig. 5 Process algorithm for determination of maintainance activity priorities (self source)
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3 ZAVER

V tomto ¢lanku sme sa snazili popisat’
metodiku tvorby operativneho planovania
udrzby v podnikoch zaoberajucich sa
distribuciou spojitych médii, pre také typy
procesov, kde je vyskyt porich
stochasticky, ale nie jednoznaé¢ny. Dalej je
popisany proces, ktory pri c¢innostiach
planovanej- preventivnej Gdrzby zavisi od
technického stavu zariadeni, ktory sa pri
planovani na zdklade okamzitého stavu
zariadenia prenaSa do korektivneho, resp.
do preventivneho sposobu planovania
udrzby.

Metodika popisand vtomto ¢lanku
zohl'adiiuje prioritu spol'ahlivosti pred
produktivitou (aplikovana napr.
v spolo¢nostiach hlavnej skupiny SPP).
Prinos metodiky vidime najma
v Standardizacii rozhodovania pri vytvarani
konkrétnych operativnych planov.
Doposial' v podnikoch zaoberajucich sa
distribuciou spojitych médii Standardne
neexistuju zavedené postupy, ktoré by
systematicky a Gcelne popisovali metodiku
pre vytvaranie tyzdennych operativnych
planov udrzby. Okrem pocitacov, réznych
zariadeni pre zber aprenos informacii
maju svoje vyznamné miesto aj takto
navrhnuté postupy planovania, ktoré
umoznuju s najmensimi nakladmi, ¢o
najucinnejSiu kontrolu procesu vytvarania
danych planov. Nésledkom nizkej tGrovne
operativneho  planovania, nie  su
dostato¢ne, alebo vobec odhal'ované straty
arezervy. Vhodne zostavené postupy
rozvthovania  udrzbarskych  ¢innosti
predstavuje pre prvostupfiovy manazment
udrzby obrovsky potencidl na zlepSovanie
produktivity préce.

Popis premennych:

F; - hodnotiaci faktor, kritérium

P; - ohodnotena dolezitost’ faktora

W; - vaha faktora

HF* - bodové ohodnotenie k- tej ¢innosti
udrzby pre i- ty faktor
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3 CONCLUSION

In this article we try to describe the
methodology of maintainance operative
planning formation in enterprises for
continuous media distribution, for types of
processes, when the frequence of failures is
stochastic, but not explicit. Thereinafter it
is described the process, which depends on
technical state of devices by activities of
planned preventive maintainance, which
transfer to the corrective, or preventive
way of maintainance planning by planning
on the basis of immediate state of devices.

The methodology in this article makes
provision for the priority of reliability
before productivity (applied for example in
enterprises of main group of SPP). We see
contribution of this methodology mainly in
standardization of decision making by
concrete operative planes formation.
Standardly established processes, which
systematically and advisably relate the
methodology  for daily maitainance
operative planes formation, do not exist in
enterprises  for  continuous  media
distribution, yet. Besides computers,
various devices for information collection
and transfer, this designed processes of
planning have major place, which make
possible with the minimum costs, the most
effectual control of the process of given
planes creation. By reason of operative
planning low level, losses and reserves are
not equally, or at all unveiled. Right
assembled processes of maintainance
activities scheduling are giant potential for
labour productivity improving in the first —
stage management of maintainance.

Description of variables:

Fi- ranking factor, criterion

P; - appreciated importance of factor

Wi - weight of factor

HFik " spot assessment of k activity of
maintainance for 7 factor
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HCUy - celkové hodnotenie k- tej innosti
Gdrzby
CUy - ¢innost’ udrzby

Zoznam symbolov a skratiek:

OP - operativne planovanie, operativny
plan

AWM - Asset and Work Management

GIS - Geographic Information System
HIM, NIM - hmotny investi¢ny majetok,
nehmotny investiény majetok.
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HCUy - overall assessment of k activity of
maintainance
CUk - activity of maintainance

List of symbols and abbreviations:

OP - operative planning, operative plan
AWM - Asset and Work Management

GIS - Geographic Information System
HIM, NIM - corporeal fiscal assets,
incorporeal fiscal assets.
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