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Abstract. A mathematical model is presented for predicting thange dynamics in factors
affecting the functional characteristics of the raper in metallurgical industry (MI), when operator
can make an error causing a failure of the wholtesy. The factors as operability)( fatigue )
and operator’'s error-makingZ) during the working day have been chosen as suobtibnal
characteristics.

MATEMATHYECKOE MOJEJMPOBAHUE B3AUMOCBSI3N
PABOTOCIIOCOBHOCTH, YTOMJISIEMOCTH ¥ OIIMBAEMOCTH
OIIEPATOPA METAJIJTYPTHUECKOMN OTPACJIM HHCTPYMEHTAMHU
CUCTEMHOM TMHAMMKH ANYLOGIC

Buwmneeckuit /].A., Ilempoe I1.A.
Jlonbacckuii 2ocyoapcmeenHulli mexHudeckuii uncmumym, Anuesck, Poccust

KiioueBble €j10Ba: MPOrHO3MPOBAaHKE OMIMOOK Omeparopa, paboToCImOoCcOOHOCTh, YTOMISIEMOCTh,
0mnbaeMOCTh, YeIOBCYECKH (HAKTOpP, METATyPrHIecKoe 000pyIOBaHHE, CIOKHAS TEXHUICCKAsI
cucTeMa.

Annorauus: IlpencrasieHa MaTeMaTHYeCKas MOJENTb MPOTHO3a JHHAMUKH H3MCEHCHHS (haKTOpOB,
BIMSIFOLIMX Ha (DYHKLIHOHANBHBIC XapaKTePUCTUKH OflepaTopa MeTautypruueckoid orpacau (MO), B
pe3yabTaTe 4ero OmnepaTopoM MOXKET ObITh COBEpLICHA OLIMOKA, MPUBOASAIIAS K BBIXOAY W3 CTPOS
Bcell cucTeMbl. B KkadecTBe TaknX (YHKUHOHANBHBIX XapaKTEPUCTHK BHIOPAHBI (HhaKTOPBI:
pabotocnocobHocTs (X), yromisemocts (Y) u ommbaeMocTs (Z) omepaTopa B TeueHHE pabodero
HSL.

This paper presents numerical modeling based ohensdtical models of the
correlation between operability, fatigue and opmtat error. Calculations are
performed in two stages: first, a preliminary assgnt of the parameters of the
model described by the system of recurrent equatibhis carried out in the Excel
spreadsheet processor, and then in the AnyLogiare@maent according to
experimental data for the system of differentialaepns (2) the model parameters
are calibrated and its adequacy is checked [1-3].

Figure 1 shows the interference of indicators-\des X, Y, Z. The scheme is
organized in the form of an oriented graph, whaeevertices are the indicators X,
Y, Z, the direction of the arcs points towards itgicator that is being influenced,
and the arc sign shows a direct (+) or inversedlationship.
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A model satisfying the assumptions described abmare be presented in
continuous form as systems of differential equatidh) or in discrete form of
recurrent relations (2). The initial conditionstbé system (1) are

% =X(0), ¥ =y(0), 7 =2(0) 3)

To implement the developed model presented by tersygl) (a detailed
description of the mathematical model [4]), it iecassary to determine the
following operator’'s parameterss, by, ki, hy, ap, by, ko, as, bs, ks and the initial
conditions of thexy, Yo, Zp System. Let's use the following interpretation tbé
parametersa; is the growth rate of thé" indicator determined by the logic of the
internal processh; and h; — influence coefficients of the combined action of
indicators;k — the parameter to regulate the limit value of ifffeindicator; the
parameters; andd; are the parameters of the nonlinearity form ofrigbt part of
the system.

At this stage, the parameters are determined basgdeliminary tests of the
operator according to his reactions to intensityrkwohanges, work duration,
fatigue characteristics, etc., and after the Exogllementation of the system (2),
they are refined by trial and error method and whmisg the analysis of the
qualitative behavior of studying processes on tkenmples of real operators. For
the first tests, people were selected with highsptal, psychophysical, educational
and other abilities, characterizing the maximumrajmes’ suitability for the work
performed in most comfortable conditions for worldaecreation at the enterprise.
So, a system with the best characteristics (baselnset, which in further models
are adapted to real conditions using coefficiestestimations of factors according
to Table 1.

Figure 2 shows the behavior of the system solutathin a 240-minute
period. The maximum working capacity value= 0,882 for the studied case is
obtained at = 82 min. Then the operator's operability decreaseoothly enough
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and by the end of the interval reaches a valug?83 This behavior corresponds
to the observed initial growth of the indicatog according to its final
characteristics.

The Y and Z indicators characterize another dynamiith work time
increase, the operator fatigue and error rate aseré¢o 0,295 and 0,075, which is
also consistent with experimental observations.

Tab. 1. Value of system (2) parameters

No Parameter Value | Ne Parameter Value
1 ai 0,02 11 Xo 0,3
2 a» 0,002 12 Yo 0,01
3 as 0,002 13 2 0,01
4 b, 0,02 14 C1 0,13
5 b, 0,0075 15 C 0,15
6 bs 0,001 16 C3 0,2
7 ki 0,9 17 d; 0,2
8 ko 0,9 18 d, 1
9 ks 0,9 19 ds 1

10 hy 0,005 -
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Fig. 2. Behavior of the system solution over a Bd#fiute period

According to output indicators X, Y and Z classfion the operator has high
efficiency, low fatigue and a low degree of errathi four hours of his work. This
corresponds to a high level of functional charasties of the operator in the "man
— machine" system in the production conditions #Hrel external environment, as
close as possible to the most favorable workingltmms.

Specialized software designed for implementingsineulation tasks, such as
AnyLogic, has a developed computing apparatus ébvirsg models of different
types. Three modeling approaches are implemerked li

— discrete-event (process) modeling;
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— agent modeling;

— system dynamics.

The AnyLogic program was developed in 2003 by thasdan XJ
Technologies company [5]. The AnyLogic Model Deyetent Environment is a
Java application. The above investigation usesAthglogic 8 University 8.7.2
version of the program for open research in thgarsities.

The working window of the system (2) modeling pobjeith the tools of the
AnyLogic program in the «System Dynamics» palettehown in Figure 3.

The working window of the system (2) modeling pobjeith the AnyLogic
program tools in the «System Dynamics» palett&asve in Figure 3.
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Fig. 3. Working window of the system (1) modelingject

All the necessary parameters of the system (Tapleif2erential equations
(1) and forms of graphical display of the resultslee model run are embedded
inside the program, the graphical window reflectdack diagram of the variables
X, Y, Z ratio and constant parameters and templafegraphs for visualizing
system solutions.

When the program is started (simulated), a compslstarted as well to build
the Java program code in accordance with the spéctionditions, translates it,
creates an executing module and runs it for opmrati

The result of running the model with the specifpadameters is graphically
shown in Figure 4. The model time is 240 minutle,run time in the model during
simulation is 3,83 seconds.
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Fig. 4. The result of the model run with the sgedifparameters in graphical form

Table 2 shows the comparative results of modesg¢BR)tion with approximate
parameters in Excel and AnyLogic programs for thaximum and values of
variables X, Y, Z obtained at the final 240-minptFiod.

Tab. 2. Comparative results of solving the model

Timet, min X v Z Software
240 0,795 0,295 0,075 Excel
240 0,797 0,299 0,075 AnylLogi¢
Discrepancy, % 0,25 1,36 0,00 -
max 0,882 0,295 0,075 Excel
max 0,882 0,299 0,075 AnyLogi¢
Discrepancy, % 0,00 1,36 0,00 -

As we can see from Table 2, the discrepancy betweemuns of the model
created in different software environments does exateed 1,36%. One should
consider that solution in the AnyLogic environmeémntmore accurate, since it is
based on the original system of differential equrei(2).
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