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This article presents a novel approach to predicting the service 
life of mechanical systems. Forecasting is based on the 
assumption that the product's behavior under operating 
conditions should be considered as the system's behavior 
operating in a blow-up mode. According to this, the 
information signal recorded when monitoring the technical 
condition of a product must contain a periodic component. The 
method is based on isolating this component and then 
approximating it with a model. The model of this component is 
described by a log-periodic function. The model parameters 
include the operating time of the product before repair and are 
determined in the periodic component approximation process 
by this model. 
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1 INTRODUCTION 

In the modern world, where technology plays a key role in 
various fields of activity, predicting the life of mechanical 
systems is becoming an integral part of ensuring the reliability 
and efficiency of technical devices. Constant attention is being 
paid to solving this problem [Klosterman 2018, Ding 2019, 
Cempel 2000], but the desired solution has not yet been 
obtained [Lad 2016]. The service life of products is ensured by 
the quality of their manufacture [Nahornyi 2016, Panda 2023] 
and is maintained under operating conditions [Nahornyi 2019, 
Panda 2019]. Currently used methods for predicting the 
product's service life are based on determining the time 
coordinate intersection point trajectory of the monitored 
parameter with its maximum permissible value according to the 
standards [Nahornyi 2023]. However, the structural materials' 
mechanical properties dispersion, the product manufacturing 
quality instability, and the operating conditions variety lead to 
unpredictable variations in the product's actual service life and, 
consequently, errors in its prediction [Sornette 2002, 
Sholomitsky 2009, Jurko 2011, Monkova 2013, Michalik 2014, 
Panda 2014 & 2021, Baron 2016, Mrkvica 2016, Macala 2017, 
Balara 2018, Chaus 2018, Duplakova 2018, Sukhodub 2018 & 
2019, Pandova 2018 & 2020, Flegner 2019 & 2020, Harnicarova 
2019, Zhou 2023]. 

To eliminate these errors, it is necessary to monitor the 
behavior of the controlled parameter trajectory during the 
period between repairs to predict the product's timely stopping 
moment for repairs. 
Such an approach to predicting will allow optimizing the 
resources used, increasing the efficiency and sustainability of 
technical systems. 

2 RESEARCH METHODOLOGY 

The theoretical basis of the methodology for predicting the 
product service life, examples of it presented in this article, is 
the consideration of the product behavior in operating 
conditions, as the mechanical system behavior “developing in a 
blow-up mode” [Zaborowski 2007, Adamcik 2014, Svetlik 2014, 
Rimar 2016, Olejarova 2017 & 2021, Sedlackova 2017, Catlos 
2018, Labun 2018, Gamec 2019, Murcinkova 2019, Pollak 2019 
& 2020, Straka 2018a,b, Vagaska 2021, Nahornyi 2023, Panda 
2023]. 
If the exacerbation moment is considered to be the moment of 
the product’s life exhaustion, requiring it to be stopped for 
repairs, then the process of its functioning can also be classified 
as exacerbation modes. In this case, the information signal 
controlled during the product operation is considered the sum 
АSUM of the smooth (trend) ВТR and the variable АPER 
components. 

PERТРSUM АВA   (1) 

The periodic component АPER is determined from the 
information (total) signal АSUM, by decomposing it into empirical 
modes [Myasnikova 2020]. 
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iSUMiSUMiSUMPER АААА . (2) 

The log-periodic function is used as a model АMOD of the 
periodic component АPER (3). 

   iМОД tTLnАА cos0
. (3) 

Expression (3) contains three unknown parameters: the 

required product service life - Т , frequency -   and phase - 

  of log-periodic oscillations and is a predictive model. These 

values are determined by minimizing the difference (4) 
between the periodic component values АPER (2) and the 
calculated predictive model values (3). 

. (4) 

In practice, the periodic component АPER (2) is not one, but a 
multi-frequency oscillation, therefore, when minimizing (4) 
parameters, a trigonometric polynomial (Fourier series) 
composed of log-periodic functions is used as a predictive 
model АMOD (model No. 2). 
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The trend component ВТR according to the exacerbation mode 
theory [Nahornyi 2023] is described by the following model 

  .0


 iТR tТBВ  

(7) 
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Accordingly, the total signal model 
sumAmod

 taking into account 

(1), (3), and (7) has the following form: 

    .cos00mod 


ii

sum tTLnАtТBA  
(8) 

In the general case, the total signal model 
sumAmod

 

considering (5) has the following form (model No. 1): 
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Both models have a common parameter T - the required 
product service life. This parameter is determined analytically 
by summing the minimum deviations of model No. 1 from the 
total signal ASUM and model No. 2 from the periodic component 
APER (10). 

    .min
1 1
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3 RESULTS 

The purpose of the experimental investigations part is to 
demonstrate the effectiveness of predicting the product's 
service life under the assumption that their functioning is 
considered as the mechanical system operating in the “blow-up 
mode”.  
The subject of the research was to determine the operating 
time before the repair of various designs and purposes 
mechanical systems. The research methodology consisted of 
analytically determining, using formula (10), the sum of the 
minimum deviations of models No. 1 and No. 2 from the 
product's vibration level recorded under their operating 
conditions [Kostyukov 2014]. 
 
3.1 Valve life forecast 
Fig. 1 shows the valve vibration trend recorded during its 
technical condition monitoring. 

 
Figure 1. Valve vibration trend (total signal ASUM) [Kostyukov 2014] 

Fig. 2 presents the digitizing result of the data ASUM initially 
used for forecasting, shown in Fig. 1, and these data 
approximation by model No. 1. 

 
Figure 2. Approximation of the initial data ASUM by model No. 1 

Fig. 3 shows the periodic component APER and its approximation 
results by model No. 2. 

 
Figure 3. Approximation of periodic component APER (2) by the forecast 

model AMOD (model No. 2) 

The operating time forecast before repair T is shown in Fig. 4. 

 
Figure 4. Actual operating time before repair TACT and its forecast T 

Tab. 1 shows the forecast of valve operating time before repair 
depending on the time point at which the forecast was 
determined. 

Table 1. Valve life forecast (average life value 3.8 days) 

Time of forecasting, days 3.4 3.5     3.6 3.7      

Forecast developments  
to failure, days 

3.8     3.8 3.7      3.7 

 
3.2 Cylinder life forecast 

3.2.1 Vibration control in the radial direction 

Fig. 5 shows the trend of cylinder vibration in the radial 

direction, recorded during its technical condition monitoring. 

 
Figure 5. Vibration trend on the cylinder. Radial direction [Kostyukov 

2014] 

Fig. 6 shows the digitizing result of the data ASUM initially used 
for forecasting, shown in Fig. 5, and these data approximation 
by model No. 1. 
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Figure 6. Approximation of the initial data ASUM by model No. 1 

Fig. 7 shows the periodic component APER and its approximation 
results by model No. 2. 

 
Figure 7. Approximation of periodic component APER (2) by the forecast 
model AMOD (model No. 2) 

The operating time forecast before repair T is shown in Fig. 8. 

 
Figure 8. Actual operating time before repair TACT and its forecast T 

Tab. 2 shows the cylinder operating time forecast before repair 
depending on the time point at which the forecast was 
determined. 

Table 2. Forecast of cylinder life (average life value 4.1 days) 

Time of forecasting, days 3.3 3.4 3.5 3.6 

Forecast developments  
to failure, days 

4.1 4.1 4.1 4.1 

 

3.2.2 Monitoring vibration in the longitudinal direction 

Fig. 9 presents the trend of cylinder vibration in the longitudinal 
direction, recorded during its technical condition monitoring. 

 
Figure 9. Vibration trend on the cylinder. Longitudinal direction 
[Kostyukov 2014] 

Fig. 10 shows the digitizing result of the data ASUM initially used 
for forecasting, shown in Fig. 9, and these data approximation 
by model No. 1. 

 
Figure 10. Approximation of the initial data ASUM by model No. 1 

Fig. 11 shows the periodic component APER and its 
approximation results by model No. 2. 

 
Figure 11. Approximation of periodic component APER (2) by the 
forecast model AMOD (model No. 2) 

The operating time forecast before repair T is shown in Fig. 12. 

 
Figure 12. Actual operating time before repair TACT and its forecast T 

Tab. 3 shows the cylinder operating time forecast before repair 
depending on the time point at which the forecast was 
determined. 

Table 3. Forecast of cylinder operating time before repair (average 
operating time 36.2 days) 

Time of forecasting, days 35.1     35.6     35.8     35.8     

Forecast developments 
to failure, days 

35.5     36.6     36.6      36.6     

 
3.3 Vibration control of the front motor bearing 
Fig. 13 shows the vibration velocity trend of the electric motor 
front bearing, recorded during its technical condition 
monitoring. 
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Figure 13. Vibration trend of electric motor front bearing [Kostyukov 
2014] 

Fig. 14 shows the digitizing result of the data АSUM initially used 
for forecasting, shown in Fig. 13, and these data approximation 
by model No. 1. 

 
Figure 14. Approximation of the initial data ASUM by model No. 1 

Fig. 15 shows the periodic component АPER and its 
approximation results by model No. 2. 

 
Figure 15. Approximation of periodic component APER (2) by the 
forecast model AMOD (model No. 2) 

The operating time forecast before repair T is shown in Fig. 16. 

 
Figure 16. Actual operating time before repair TACT and its forecast T 

Tab. 4 shows the forecast of the bearing operating time before 
repair depending on the point in time when that forecast was 
determined. 

Table 4. Forecast of operating time of the front bearing of the electric 
motor before repair (average operating time 3.8 days) 

Time of forecasting, days 3.4     3.5     3.7     3.9 

Forecast developments 
to failure, days 

3.8     3.6 3.8      4.0 

3.4 Monitoring vibration of the pump front bearing 
Fig. 17 shows the bearing vibration velocity trend installed in 
the pump, recorded during its technical condition monitoring. 

 
Figure 17. Pump bearing vibration trend [Kostyukov 2014] 

Fig. 18 shows the digitizing result data АSUM initially used for 
forecasting, shown in Fig. 17, and these data approximation by 
model No. 1. 

 
Figure 18. Approximation of the initial data ASUM by model No. 1 

Fig. 19 shows the periodic component АPER and its 
approximation results by model No. 2. 

 
Figure 19. Approximation of periodic component APER (2) by the 

forecast model AMOD (model No. 2) 

The forecast of bearing operating time before repair T is shown 
in Fig. 20. 

 
Figure 20. Actual operating time before repair TACT and its forecast T 
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Table 5 presents the forecast of the bearing operating time 
before repair depending on the point in time when that 
forecast was determined. 
Table 5. Forecast of pump front bearing operating time before repair 
(average operating time 4.2 days) 

Time of forecasting, days 3.7 3.8     3.9 4.0      

Forecast developments 
to failure, days 

3.9     4.2 4.5      4.2 

4 CONCLUSIONS 

The validation results of the methodology confirmed the fact 
that the initial data for forecasting obtained during the 
monitoring of the technical condition of variously designed 
products (Fig. 1, 5, 9, 13, 17) contain a periodic component (Fig. 
3, 7, 11, 15, 19). The analysis of the periodic component, 
conducted according to the methodology is discussed in the 
article, allowed for predicting the product's operating time 
before repair. In all cases, the predicted operating time 
corresponds to its achieved value (Fig. 4, 8, 12, 16, 20; Tab. 1-
5). Examples of the new methodology for predicting the 
mechanical product's service life are also discussed in the 
article. The results of the methodology's validation revealed its 
effectiveness and confirmed the assumption that the product's 
functioning process can be viewed as a process developing in 
the blow-up mode. Thus, the relevant task of predicting the 
mechanical system's service life is solved. The methodology 
discussed in the article can be recommended for predicting the 
service life of various products, differing in design and purpose. 

ACKNOWLEDGMENTS 

This work was supported by the project VEGA 1/0226/21 of 
Scientific Grant Agency of the Ministry of Education, science, 
research and sport of the Slovak Republic and the SAS. 

REFERENCES 

[Adamcik 2014] Adamcik, F., et al. Modeling of Changes in Flow 
Air Fuel Effected by Changes in Environmental 
Conditions. Nase More, 2014, Vol. 61, No. 1-2., pp. 
40-42. ISSN 0469-6255. 

[Balara 2018] Balara, M., Duplakova, D., Matiskova, D. 
Application of a signal averaging device in robotics. 
Measurement, 2018, Vol. 115, No. 2, pp. 125-132. 

[Baron 2016] Baron, P., Dobransky, J., Kocisko, M., Pollak, M., 
Cmorej, T. The parameter correlation of acoustic 
emission and high-frequency vibrations in the 
assessment process of the operating state of the 
technical system. Acta Mechanica et Automatica, 
2016, Vol. 10, No. 2, pp. 112-116.  

[Catlos 2018] Catlos, M., et al. Continual Monitoring of 
Precision of Aerial Transport Objects. In: 13th Int. 
Sci. Conf. on New Trends in Aviation Development 
(NTAD); Kosice, 30-31 August 2018. New York: IEEE, 
pp 30-34. ISBN 978-1-5386-7918-0. 

[Cempel 2000] Cempel, C., Natke, H., Yao, J. Symptom 
reliability and hazard for systems condition 
monitoring. Mechanical Systems and Signal 
Processing, 2000, Vol. 14, No. 3, pp. 495-505. DOI: 
10.1006/mssp.1999.1246. 

[Chaus 2018] Chaus, A.S., Pokorny, P., Caplovic, E., Sitkevich, 
M.V., Peterka, J. Complex fine-scale diffusion 
coating formed at low temperature on high-speed 
steel substrate. Applied Surface Science, 2018, Vol. 
437, pp. 257-270. ISSN 0169-4332. 

[Ding 2019] Ding, D., Zhang, X., Pan, M. Modelling Extreme 
Events in Time Series Prediction. In: KDD ‘19: 
Proceedings of the 25th ACM SIGKDD Int. Conf. on 
Knowledge Discovery & Data Mining, New York. 
Association for Computing Machinery, 2019, pp. 
1114-1122. DOI: 10.1145/3292500.3330896. 

[Duplakova 2018] Duplakova, D., et al. Determination of 
optimal production process using scheduling and 
simulation software. International J. of Simulation 
Modelling, 2018, Vol. 17, No. 4, p. 447. 

[Flegner 2019] Flegner, P., Kacur, J., Durdan, M., Laciak, M. 
Processing a measured vibroacoustic signal for rock 
type recognition in rotary drilling technology. 
Measurement, 2019, Vol. 134, pp. 451-467.  

[Flegner 2020] Flegner, P., Kacur, J., Durdan, M, Laciak, M. 
Statistical Process Control Charts Applied to Rock 
Disintegration Quality Improvement. Applied 
sciences, 2020, Vol. 10, No. 23, pp. 1-26. 

[Gamec 2019] Gamec, J., et al. Low Profile Sinuous Slot 
Antenna for UWB Sensor Networks. Electronics, 
2019, Vol. 8, No. 2., pp. 1-11. ISSN 2079-9292. 

[Harnicarova 2019] Harnicarova, M., et al. Study of the 
influence of the structural grain size on the 
mechanical properties of technical materials. 
Materialwissenschaft und Werkstofftechnik, 2019, 
Vol. 50, No. 5, pp. 635-645. 

[Jurko 2011]  Jurko, J., Gajdos, M., Panda, A. Study of changes 
under the machined surface and accompanying 
phenomena in the cutting zone during drilling of 
stainless steels with low carbon content. 
Metalurgija, 2011, Vol. 50, No. 2, pp. 113-117. 

[Klosterman 2018] Klosterman, R., Brooks, K., Drucker, J. et al. 
Planning support methods: Urban and regional 
analysis and projection. Lanham, Rowman & 
Littlefield Publishers, 2018.  

[Kostyukov 2014] Kostyukov, V., Naumenko, A. Fundamentals 
of vibroacoustic diagnostics and monitoring of 
machines. SB RAS, 2014. 

[Labun 2018] Labun, J., et al. Possibilities of Increasing the Low 
Altitude Measurement Precision of Airborne Radio 
Altimeters. Electronics, 2018, Vol. 7, No. 9., pp. 1-9. 

[Lad 2016] Lad, B., Shrivastava, D., Kulkarni, M. Machine Tool 
Reliability. John Wiley & Sons Inc, 2016.  

[Macala 2017] Macala, J., Pandova, I., Panda, A. Zeolite as a 
prospective material for the purification of 
automobile exhaust gases. Mineral Resources 
Management, 2017, Vol. 33, No. 1, pp. 125-137. 

[Michalik 2014] Michalik, P., Zajac, J., Hatala, M., Mital, D. and 
Fecova, V. Monitoring surface roughness of thin-
walled components from steel C45 machining down 
and up milling. Measurement, 2014, Vol. 58, pp. 
416-428, ISSN 0263-2241. 

[Monkova 2013] Monkova, K., Monka, P., Jakubeczyova, D. The 
research of the high speed steels produced by 
powder and casting metallurgy from the view of 
tool cutting life. Applied Mechanics and Materials, 
2013, Vol. 302, pp. 269-274. 

[Mrkvica 2016] Mrkvica, I., Neslusan, M., Cep, R., Sléha, V. 
Properties and comparison of PVD coatings. 
Tehnicki vjesnik/Technical Gazette, 2016, Vol. 23, 
No. 2, pp. 569-574. 

[Murcinkova 2019] Murcinkova, Z., Vojtko, I., Halapi, M., 
Sebestova, M. Damping properties of fibre 
composite and conventional materials measured by 
free damped vibration response. Advances in 
Mechanical Engineering, Vol. 11, No. 5. 

https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=3&SID=D5T3w1ouGA84EUei9r9&page=1&doc=7
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=3&SID=D5T3w1ouGA84EUei9r9&page=1&doc=7
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=3&SID=D5T3w1ouGA84EUei9r9&page=1&doc=7
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065476938&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065476938&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85065476938&origin=resultslist
https://www.scopus.com/sourceid/27304?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=27267745200
https://www.scopus.com/authid/detail.uri?authorId=27267712000
https://www.scopus.com/authid/detail.uri?authorId=36105646300
https://www.scopus.com/authid/detail.uri?authorId=6508130308
https://www.scopus.com/authid/detail.uri?authorId=36105518300
https://www.scopus.com/authid/detail.uri?authorId=36105646300


 

 

MM SCIENCE JOURNAL I 2024 I OCTOBER  

7441 

 

[Myasnikova 2020] Myasnikova, N., Beresten, M., Priymak, A. A 
“fast” extreme filtering algorithm. Engineering 
sciences, 2020, Vol. 53, No. 1, pp. 70-77. DOI: 
10.21685/2072-3059-2020-1. 

[Nahornyi 2016] Nahornyi, V.M., Nahornyi, V.V. Control of the 
dynamic state of a metalworking technological 
system and forecasting its resource. Sumy, SSU, 
2016. ISBN 978-966-657-604-3. 

[Nahornyi 2019] Nahornyi, V., Lavrov, E., Chybiriak, Y. 
Forecasting individual resource of technical 
systems. Radio Electronics, Computer Science, 
Control, 2019, No. 1, pp. 48-56. DOI: 
10.15588/1607-3274-2019-1-5. 

[Nahornyi 2023] Nahornyi, V. Application of blow-up theory to 
determine the service life of small-series and single 
items. Radio Electronics, Computer Science, 
Control, 2023, No. 3, pp. 196-205. 

[Olejarova 2017] Olejarova, S., Dobransky, J., Svetlik, J., Pituk, 
M. Measurements and evaluation of measurements 
of vibrations in steel milling process. Measurement, 
2017, Vol. 106, pp. 18-25. 

[Olejarova 2021] Olejarova, S. and Krenicky, T. Water Jet 
Technology: Experimental Verification of the Input 
Factors Variation Influence on the Generated 
Vibration Levels and Frequency Spectra. Materials, 
2021, Vol. 14, 4281. 

[Panda 2014] Panda, A., Prislupcak, M., Pandova, I. Progressive 
technology diagnostics and factors affecting 
machinability. Applied Mechanics and Materials, 
2014, Vol. 616, pp. 183-190. 

[Panda 2019] Panda, A., Nahornyi, V. Forecasting catastrophic 
events in technology, nature and medicine. 
SpringerBriefs in Computational Intelligence, Berlin, 
2019. DOI: 10.1007/978-3-030-65328-6. 

[Panda 2021] Panda, A., Anisimov, V.M., Anisimov, V.V., 
Dyadyura, K., Pandova, I. Increasing of wear 
resistance of linear block-polyurethanes by thermal 
processing methods. MM Science J., 2021, Vol. 
October, pp. 4731-4735. 

[Panda 2023] Panda, A., Nahornyi, V. Forecasting the cutting 
tool life considering as a blow up mode its 
operation. MM Science J., 2023, No. 2, pp. 6478-
6473. DOI: 10.17973/mmsj.2023_06_2023019. 

[Pandova 2018] Pandova, I., et al. Use of sorption of copper 
cations by clinoptilolite for wastewater treatment. 
Int. J. of Environmental Research and Public Health, 
2018, Vol. 15, No. 7, 1364. 

[Pandova 2020] Pandova, I., et al. A study of using natural 
sorbent to reduce iron cations from aqueous 
solutions. Int. J. of Environmental Research and 
Public Health, 2020, Vol. 17, No. 10, 3686. 

[Pollak 2019] Pollak, M., Kascak, J., Teliskova, M., Tkac, J. 
Design of the 3D printhead with extruder for the 
implementation of 3D printing from plastic and 
recycling by industrial robot. TEM Journal, 2019, 
Vol. 8, No. 3, pp. 709-713. 

[Pollak 2020] Pollak, M., Torokova, M., Kocisko, M. Utilization 
of generative design tools in designing components 

necessary for 3D printing done by a robot. TEM 
Journal, 2020, Vol. 9, No. 3, pp. 868-872. 

[Rimar 2016] Rimar, M., Smeringai, P., Fedak M., Kuna S. 
Technical and software equipment for the real time 
positioning control system in mechatronic systems 
with pneumatic artificial muscles. Key Engineering 
Materials, 2016, Vol. 669, pp. 361-369. 

[Sedlackova 2017] Sedlackova, N.A, et al. Synthesis Criterion of 
Ergatic Base Complex with Focus on its Reliability. 
In: 14th IEEE International Scientific Conference on 
Informatics, Poprad, 14-19 November 2017. New 
York: IEEE, pp 318-321. ISBN 978-1-5386-0889-0. 

[Sholomitsky 2009] Sholomitsky, A., Nahornyi, V. Observation 
of deformations, assessment and forecasting of the 
technical condition of lifting and transport 
equipment. Metallurgical processes and equipment, 
2009, Vol. 17, No. 3, pp. 31-36. 

[Sornette 2002] Sornette, D. Predictability of catastrophic 
events: Material rupture, earthquakes, turbulence, 
financial crashes, and human birth. PNAS, 2002, Vol. 
230, No. 1, pp. 2522-2529. DOI: 
10.1073/pnas.022581999. 

[Straka 2018a] Straka, L., Hasova, S. Optimization of material 
removal rate and tool wear rate of Cu electrode in 
die-sinking EDM of tool steel. Int. J. of Adv. Manuf. 
Technol., 2018, Vol. 97, No.  8-5 , pp. 2647-2654. 

[Straka 2018b] Straka, L., Hasova, S. Prediction of the heat-
affected zone of tool steel EN X37CrMoV5-1 after 
die-sinking electrical discharge machining. J. of 
Engineering Manufacture, 2018, Vol. 232, No. 8, pp. 
1395-1406. 

[Sukhodub 2018] Sukhodub, L., Panda, A., Dyadyura, K., 
Pandova, I., Krenicky, T. The design criteria for 
biodegradable magnesium alloy implants. MM 
Science J., 2018, Vol. December, pp. 2673-2679. 

[Sukhodub 2019] Sukhodub, L., et al. Hydroxyapatite and zinc 
oxide based two-layer coating, deposited on 
Ti6Al4V substrate. MM Science J., Vol. December, 
pp. 3494-3499. 

[Svetlik 2014] Svetlik, J., Baron, P., Dobransky, J., Kocisko, M. 
Implementation of Computer System for Support of 
Technological Preparation of Production for 
Technologies of Surface Processing. Applied 
Mechanics and Materials, 2014, Vol. 613, p. 418. 

[Vagaska 2017] Vagaska, A., Gombar, M. Comparison of usage 
of different neural structures to predict AAO layer 
thickness. Technicki Vjesnik-Technical Gazette, 
2017, Vol. 24, Issue 2, pp. 333-339. 

[Vagaska 2021] Vagaska, A., Gombar, M. Mathematical 
Optimization and Application of Nonlinear 
Programming. Studies in Fuzziness and Soft 
Computing, 2021, Vol. 404, Iss. 2021, pp.  461-486. 

[Zaborowski 2007] Zaborowski, T. Ekowytwarzanie. Gorzow, 
2007, 100 p. 

[Zhou 2023] Zhou, H., Farsi, M., Harrison, A., et al. Civil aircraft 
engine operation life resilient monitoring via usage 
trajectory mapping on the reliability contour. 
Reliability Engineering & System Safety, 2023, Vol. 
230, pp. 1-29. DOI: 10.1016/j.ress.2022.108878. 

CONTACTS: 

Prof. Eng. Anton Panda, PhD. 
Faculty of Manufacturing Technologies with a seat in Presov 
Technical University of Kosice, Slovakia 
Sturova 31, 080 001 Presov, Slovakia 
e-mail: anton.panda@tuke.sk 

https://www.scopus.com/authid/detail.uri?authorId=36105646300
https://www.scopus.com/authid/detail.uri?authorId=56367455900
https://www.scopus.com/authid/detail.uri?authorId=36105518300
https://www.scopus.com/record/display.uri?eid=2-s2.0-84907336844&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84907336844&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84907336844&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=36105646300
https://www.scopus.com/authid/detail.uri?authorId=7203083876
https://www.scopus.com/authid/detail.uri?authorId=57210901317
https://www.scopus.com/authid/detail.uri?authorId=57191479168
https://www.scopus.com/authid/detail.uri?authorId=36105518300
https://www.scopus.com/record/display.uri?eid=2-s2.0-85120683972&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85120683972&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85120683972&origin=resultslist
https://www.scopus.com/sourceid/21100337502?origin=resultslist
mailto:anton.panda@tuke.sk

