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Abstract. The author proposed analytical approaches to the description of the models 

of the marked graph of the operation states of the machine production system with a stock of 

plant production units. The obtained dependencies of the system states make it possible to 

establish, given the given characteristics of the investigated machines and equipment for the 

production of crop production, rational modes of providing resources for processing and 

repairing the equipment in case of technical failures. 
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Сівак І.М. Розмічений граф станів роботи машинної виробничої системи з 

запасом одиниць продукції рослинництва. 

Анотація. Автором запропоновані аналітичні підходи щодо опису моделей 

розміченого графу станів роботи машинної виробничої системи з запасом одиниць 

продукції рослинництва. Отримані залежності станів систем дають змогу 

встановити при заданих характеристиках досліджуваних машин та обладнання 

виробництва продукції рослинництва раціональні режими подачі ресурсів на обробку 

та ремонт обладнання у разі технічних відмов. 

Ключові слова: граф, стан, система, рослинництво, комбайн. 

 

Introduction 

 

In the modern agro-industrial complex [1], almost all agricultural machines and 

equipment that are involved in the technology of production of plant products [2], taking into 

account the strong influence of natural and production factors [3], work with stocks [4]. 

Accordingly, models and making rational decisions should be based on these conditions [5]. 

 

Analysis of recent researches 

 

For the efficient operation of the grain harvester, it is necessary to ensure optimal 

loading of all its systems, primarily the threshing-separating system, as it ensures the 

throughput of the bread mass, this contributes to productive work and reduction of grain 

injury [6]. The direction of development of modern grain harvesters depends on the needs of 

farmers, this includes: 

- a wide range of types of basic models and modifications [7]; 

- cost is important; ensuring high-quality maintenance and repair [8]; 

- increased operational reliability [9]; 

- providing automatic control of technical and technological parameters [10]. 
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One of the essential reserves for increasing the productivity and reliability of combine 

harvesters is the harmonization of their design for coordinated operation of the engine with 

the main systems of the combine harvester [11]. The consumption of fuel and lubricants, the 

reliability and quality of technological operations, the availability of maintenance and repair 

will depend on the observance of certain ratios [12]. 

The engines of modern grain harvesters have electronic control systems that allow to 

ensure the necessary work on harvesting grain crops, in accordance with the seasonal load on 

the harvester, the yield of agricultural crops, etc. [13]. The analysis of many models of 

combine harvesters from different manufacturers showed a certain similarity and 

homogeneity of combine harvesters in terms of parameters, regardless of their design and 

layout schemes [14]. There are deviations in certain parameters, but they are insignificant, in 

general no more than 8...10% [15]. Further improvement of combine harvesters involves 

simultaneously increasing quality indicators, as well as improving the efficiency of the 

combine harvester's work process [16]. This can be ensured with optimal performance 

parameters of work processes, but mainly the work of the grain harvester is carried out with 

variable component indicators, for example: different yield and moisture content of the bread 

mass; different configurations, 10 relief and field area, this leads to the adjustment of the 

performance indicators of their work [17]. It is possible to achieve compliance with the 

indicators of the efficient operation of the grain harvester by adapting it to the conditions of 

harvesting, that is, the conditions of the agricultural economy, as a result of monitoring and 

operational management of the work process, which will significantly increase the efficiency 

of technical means [18]. 

 

The aim and objectives of research 

 

The aim of the research is to describe the analytical search for models of the marked 

state graph of the machine production system with a stock of crop production units.  

 

Research results 

 

The solution of the system with a stock of m units of products is presented in Fig. 1. 
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Fig. 1. Marked state graph of the two-machine production system with a stock of m units of 

production 
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Let's consider the model of the functioning of the system of three production systems 

with a stock of two units of products (Fig. 2). 
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Fig. 2. A marked graph of the operating states of three production systems with a stock of two 

units of production 

 

The marked graph of the operating states of three production systems with a stock of 

two units of products (Fig. 2) has its own characteristics: 

- S0 – free state of the system, processing of work items is not carried out; 

- S1 – one production system processes the object of work, two are idle; 

- S11 – state of technical failure of the working production system, which occurred in 

state S1; 

- S2 – two production systems process work items, one is idle; 

- S21 – state of technical failure of one of the working production systems, which 

occurred in state S2; 

- S22 – state of technical failure of two working production systems, which occurred 

in state S2; 

- S3,4,5 – all three production systems process work items; 

- S31,41,51 – state of technical failure of one of the production systems, which 

occurred in state S3,4,5; 

- S32,42,52 – state of technical failure of two production systems, which occurred in 

state S3,4,5; 

- S33,43,53 – state of technical failure of all three production systems, which occurred 

in state S3,4,5. 
The parameters of the model (Fig. 2) remain unchanged. 

The mathematical model of system functioning (Fig. 3) is represented by a system of 

equations: 
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Fig. 3. Marked graph of the operating states of three production systems with a stock  

of m units of production 

 

The solution of the equivalent linear system of equations will be as follows: 
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Summarizing the obtained results, we will obtain a solution for a system with a stock 

of m units of production (Fig. 3). 
1

2

1 2 1 2
0

1 2 1 2

1
33

2 1

32 1

1
1 1

2

1 1 1
;

2 3 3

iim

i

Р
   

   

 

 








      
           
       

     
      

      


 

1
1

1

;P P



  

2 1
11 0

2 1

;P P
 

 
  

2

1
2 02

1

1
;

2
P P




  

2

2 1
21 22 02

2 1

1
;

2
P P P

 

 
   

2

1
0

1

1 1
;

2 3

ii

iP P





  

   
   

 

2
1 2 3

2

;i i i iP P P P



    



Технічний сервіс агропромислового, лісового та транспортного комплексів 

Technical service of agriculture, forestry and transport       №24’ 2024 
 

211 

3,4,..., 3.i m   

 

Conclusions 

 

1. In practical terms, the developed models allow, given the given characteristics of 

the studied machines and plant production equipment, to obtain rational modes of supplying 

resources for processing and repairing equipment in case of technical failures. This will lead 

to an increase in equipment productivity without significant financial costs. 

 

References 

 

1. Rogovskii I., Sivak I., Shatrov R., Nadtochiy O. (2024). Agroengineering studies of 

tillage and harvesting parameters in soybean cultivation. Engineering of Rural Development. 

Vol. 23. P. 965-970. https://doi.org/10.22616/ERDev.2024.23.TF195. 

2. Sheichenko V., Petrachenko D., Koropchenko S., Rogovskii I., Gorbenko O., 

Volianskyi M., Sheichenko D. (2024). Substantiating the rational parameters and operation 

modes for the hemp seed centrifugal dehuller. Eastern-European Journal of Enterprise 

Technologies. Vol. 2 (1 (128)). P. 34–48. https://doi.org/10.15587/1729-4061.2024.300174. 

3. Aulin V., Rogovskii I., Lyashuk O., Titova L., Hrynkiv A., Mironov D., 

Volianskyi M., Rogatynskyi R., Solomka O., Lysenko S. (2024). Comprehensive assessment 

of technical condition of vehicles during operation based on Harrington’s desirability 

function. Eastern-European Journal of Enterprise Technologies. Vol. 1 (3 (127)). P. 37–46. 

https://doi.org/10.15587/1729-4061.2024.298567. 

4. Volokha M., Rogovskii I., Fryshev S., Sobczuk H., Virchenko G., Yablonskyi P. 

(2023). Modeling of transportation process in a technological complex of beet harvesting 

machines. Journal of Engineering Sciences (Ukraine). Vol. 10(2). P. F1–F9. 

https://doi.org/10.21272/jes.2023.10(2).f1 Scopus 

5. Rogovskii I., Titova L., Sivak I., Berezova L., Vyhovskyi A. (2022). Technological 

effectiveness of tillage unit with working bodies of parquet type in technologies of cultivation 

of grain crops. Engineering for Rural Development. Vol. 21. P. 884–890. 

https://doi.org/10.22616/ERDev.2022.21.TF279. 

6. Rogovskii I., Titova L., Shatrov R., Bannyi O., Nadtochiy O. (2022). Technological 

effectiveness of machine for digging seedlings in nursery grown on vegetative rootstocks. 

Engineering for Rural Development. Vol. 21. P. 924–929. 

https://doi.org/10.22616/ERDev.2022.21.TF290. 

7. Romaniuk W., Rogovskii I., Polishchuk V., Titova L., Borek K., Wardal W.J., 

Shvorov S., Dvornyk Y., Sivak I., Drahniev S., Derevjanko D. (2022). Study of methane 

fermentation of cattle manure in the mesophilic regime with the addition of crude glycerine. 

Energies. Vol. 15. Issue 9. P. 3439. https://doi.org/10.3390/en15093439. 

8. Rogovskii I.L. (2021). Models of formation of engineering management 

alternatives in methods of increasing grain production in agricultural enterprises. Machinery 

and Energetics. Vol. 12(1). P. 137–146. 

9. Rogovskii I.L. (2021). Resource of removal expenses for strong agricultural period 

of volume of operations. Machinery and Energetics. Vol. 12. Issue 2. P. 123–131. 

https://doi.org/10.31548/machenergy2021.02.123. 

10. Rogovskii I.L. (2021). Influence of operating failure of agricultural machines on 

efficiency of their machine use. Machinery and Energetics. Vol. 12(3). P. 157–166. 

11. Rogovskii I.L. (2021). Analyticity of complex criteria for evaluation of grain 

production in agricultural enterprises intensification of engineering management. Machinery 

and Energetics. Vol. 12(4). P. 129–138. 

https://orcid.org/0000-0003-2869-3307
https://orcid.org/0000-0003-3396-8803
https://doi.org/10.22616/ERDev.2022.21.TF279
https://doi.org/10.3390/en15093439
https://www.scopus.com/authid/detail.uri?authorId=57205218090
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179987909&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179987909&origin=resultslist
https://www.scopus.com/sourceid/21101192888
https://doi.org/10.31548/machenergy2021.02.123
https://www.scopus.com/authid/detail.uri?authorId=57205218090
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179943137&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179943137&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57205218090
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179930106&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179930106&origin=resultslist


Технічний сервіс агропромислового, лісового та транспортного комплексів 

Technical service of agriculture, forestry and transport       №24’ 2024 
 

212 

12. Nazarenko I., Mishchuk Y., Mishchuk D., Ruchynskyi M., Rogovskii I., 

Mikhailova L., Titova L., Berezovyi M., Shatrov R. (2021). Determiantion of energy 

characteristics of material destruction in the crushing chamber of the vibration crusher. 

Eastern-European Journal of Enterprise Technologies. Vol. 4(7(112). P. 41–49. 

https://doi.org/10.15587/1729-4061.2021.239292. 

13. Rogovskii I.L., Titova L.L., Gumenyuk Yu.O., Nadtochiy O.V. (2021). 

Technological effectiveness of formation of planting furrow by working body of passive type 

of orchard planting machine. IOP Conference Series: Earth and Environmental Science. Vol. 

839. P. 052055. https://doi.org/10.1088/1755-1315/839/5/052055. 

14. Rogovskii I.L., Titova L.L., Trokhaniak V.I., Borak K.V., Lavrinenko O.T., 

Bannyi O.O. (2021). Research on a grain cultiseeder for subsoil-broadcast sowing. 

INMATEH. Agricultural Engineering. Bucharest. Vol. 63. No 1. P. 385−396. 

https://doi.org/10.35633/INMATEH-63-39. 

15. Rogovskii I.L., Sivak I.M. (2021). Research of machines for mulching near-trunk 

strips in perennial fruit plantations. IOP Conference Series: Earth and Environmental Science. 

Vol. 723. P. 042041. https://doi.org/10.1088/1755-1315/723/4/042041. 

16. Rogovskii I.L., Sivak I.M. (2021). Research of microdeformation and stress in 

details of agricultural machines by implementing holography. IOP Conference Series: Earth 

and Environmental Science. Vol. 677. P. 052038. https://doi.org/10.1088/1755-

1315/677/5/052038. 

17. Kuzmich I.M., Rogovskii I.L., Titova L.L., Nadtochiy O.V. (2021). Research of 

passage capacity of combine harvesters depending on agrobiological state of bread mass. IOP 

Conference Series: Earth and Environmental Science. Vol. 677. P. 052002. 

https://doi.org/10.1088/1755-1315/677/5/052002. 

18. Rogovskii I.L., Polishchuk V.M., Titova L.L., Sivak I.M., Vyhovskyi A.Yu., 

Drahnev S.V., Voinash S.A. (2020). Study of biogas during fermentation of cattle manure 

using a stimulating additive in form of vegetable oil sediment. ARPN Journal of Engineering 

and Applied Sciences. Vol. 15. Issue 22 (20th November). P. 2652−2663. 

 

Список використаних джерел 

 

1. Rogovskii I., Sivak I., Shatrov R., Nadtochiy O. Agroengineering studies of tillage 

and harvesting parameters in soybean cultivation. Engineering of Rural Development. 2024. 

Vol. 23. P. 965-970. https://doi.org/10.22616/ERDev.2024.23.TF195. 

2. Sheichenko V., Petrachenko D., Koropchenko S., Rogovskii I., Gorbenko O., 

Volianskyi M., Sheichenko D. Substantiating the rational parameters and operation modes for 

the hemp seed centrifugal dehuller. Eastern-European Journal of Enterprise Technologies. 

2024. Vol. 2 (1 (128)). P. 34–48. https://doi.org/10.15587/1729-4061.2024.300174. 

3. Aulin V., Rogovskii I., Lyashuk O., Titova L., Hrynkiv A., Mironov D., 

Volianskyi M., Rogatynskyi R., Solomka O., Lysenko S. Comprehensive assessment of 

technical condition of vehicles during operation based on Harrington’s desirability function. 

Eastern-European Journal of Enterprise Technologies. 2024. Vol. 1 (3 (127)). P. 37–46. 

https://doi.org/10.15587/1729-4061.2024.298567. 

4. Volokha M., Rogovskii I., Fryshev S., Sobczuk H., Virchenko G., Yablonskyi P. 

Modeling of transportation process in a technological complex of beet harvesting machines. 

Journal of Engineering Sciences (Ukraine). 2023. Vol. 10(2). P. F1–F9. 

https://doi.org/10.21272/jes.2023.10(2).f1 Scopus 

5. Rogovskii I., Titova L., Sivak I., Berezova L., Vyhovskyi A. Technological 

effectiveness of tillage unit with working bodies of parquet type in technologies of cultivation 

https://doi.org/10.15587/1729-4061.2021.239292
https://inmateh.eu/volumes/volume-63--no1--2021/article/63-39-engineering-management-of-grain-seeder-cultivator--for-soil-spreading-sowing
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
http://www.arpnjournals.com/jeas/volume_19_2019.htm
https://orcid.org/0000-0003-2869-3307
https://orcid.org/0000-0003-3396-8803


Технічний сервіс агропромислового, лісового та транспортного комплексів 

Technical service of agriculture, forestry and transport       №24’ 2024 
 

213 

of grain crops. Engineering for Rural Development. 2022. Vol. 21. P. 884–890. 

https://doi.org/10.22616/ERDev.2022.21.TF279. 

6. Rogovskii I., Titova L., Shatrov R., Bannyi O., Nadtochiy O. Technological 

effectiveness of machine for digging seedlings in nursery grown on vegetative rootstocks. 

Engineering for Rural Development. 2022. Vol. 21. P. 924–929. 

https://doi.org/10.22616/ERDev.2022.21.TF290. 

7. Romaniuk W., Rogovskii I., Polishchuk V., Titova L., Borek K., Wardal W.J., 

Shvorov S., Dvornyk Y., Sivak I., Drahniev S., Derevjanko D. Study of methane fermentation 

of cattle manure in the mesophilic regime with the addition of crude glycerine. Energies. 

2022. Vol. 15. Issue 9. P. 3439. https://doi.org/10.3390/en15093439. 

8. Rogovskii I.L. Models of formation of engineering management alternatives in 

methods of increasing grain production in agricultural enterprises. Machinery and Energetics. 

2021. Vol. 12(1). P. 137–146. 

9. Rogovskii I.L. Resource of removal expenses for strong agricultural period of 

volume of operations. Machinery and Energetics. 2021. Vol. 12. Issue 2. P. 123–131. 

https://doi.org/10.31548/machenergy2021.02.123. 

10. Rogovskii I.L. Influence of operating failure of agricultural machines on 

efficiency of their machine use. Machinery and Energetics. 2021. Vol. 12(3). P. 157–166. 

11. Rogovskii I.L. Analyticity of complex criteria for evaluation of grain production 

in agricultural enterprises intensification of engineering management. Machinery and 

Energetics. 2021. Vol. 12(4). P. 129–138. 

12. Nazarenko I., Mishchuk Y., Mishchuk D., Ruchynskyi M., Rogovskii I., 

Mikhailova L., Titova L., Berezovyi M., Shatrov R. Determiantion of energy characteristics 

of material destruction in the crushing chamber of the vibration crusher. Eastern-European 

Journal of Enterprise Technologies. 2021. Vol. 4(7(112). P. 41–49. 

https://doi.org/10.15587/1729-4061.2021.239292. 

13. Rogovskii I.L., Titova L.L., Gumenyuk Yu.O., Nadtochiy O.V. Technological 

effectiveness of formation of planting furrow by working body of passive type of orchard 

planting machine. IOP Conference Series: Earth and Environmental Science. 2021. Vol. 839. 

P. 052055. https://doi.org/10.1088/1755-1315/839/5/052055. 

14. Rogovskii I.L., Titova L.L., Trokhaniak V.I., Borak K.V., Lavrinenko O.T., 

Bannyi O.O. Research on a grain cultiseeder for subsoil-broadcast sowing. INMATEH. 

Agricultural Engineering. Bucharest. 2021. Vol. 63. No 1. P. 385−396. 

https://doi.org/10.35633/INMATEH-63-39. 

15. Rogovskii I.L., Sivak I.M. Research of machines for mulching near-trunk strips in 

perennial fruit plantations. IOP Conference Series: Earth and Environmental Science. 2021. 

Vol. 723. P. 042041. https://doi.org/10.1088/1755-1315/723/4/042041. 

16. Rogovskii I.L., Sivak I.M. Research of microdeformation and stress in details of 

agricultural machines by implementing holography. IOP Conference Series: Earth and 

Environmental Science. 2021. Vol. 677. P. 052038. https://doi.org/10.1088/1755-

1315/677/5/052038. 

17. Kuzmich I.M., Rogovskii I.L., Titova L.L., Nadtochiy O.V. Research of passage 

capacity of combine harvesters depending on agrobiological state of bread mass. IOP 

Conference Series: Earth and Environmental Science. 2021. Vol. 677. P. 052002. 

https://doi.org/10.1088/1755-1315/677/5/052002. 

18. Rogovskii I.L., Polishchuk V.M., Titova L.L., Sivak I.M., Vyhovskyi A.Yu., 

Drahnev S.V., Voinash S.A. Study of biogas during fermentation of cattle manure using a 

stimulating additive in form of vegetable oil sediment. ARPN Journal of Engineering and 

Applied Sciences. 2020. Vol. 15. Issue 22 (20th November). P. 2652−2663. 

https://doi.org/10.22616/ERDev.2022.21.TF279
https://doi.org/10.3390/en15093439
https://www.scopus.com/authid/detail.uri?authorId=57205218090
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179987909&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179987909&origin=resultslist
https://www.scopus.com/sourceid/21101192888
https://doi.org/10.31548/machenergy2021.02.123
https://www.scopus.com/authid/detail.uri?authorId=57205218090
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179943137&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179943137&origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57205218090
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179930106&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85179930106&origin=resultslist
https://doi.org/10.15587/1729-4061.2021.239292
https://inmateh.eu/volumes/volume-63--no1--2021/article/63-39-engineering-management-of-grain-seeder-cultivator--for-soil-spreading-sowing
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
https://iopscience.iop.org/volume/1755-1315/421
http://www.arpnjournals.com/jeas/volume_19_2019.htm

	22_20_Сівак

