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УДК 641.5 
3 

СИСТЕМНО-ДИНАМІЧНЕ МОДЕЛЮВАННЯ КОМПЛЕКСНОЇ 
ОЦІНКИ АПАРАТА АРЖМ-0.07-1 

 
В.О. Потапов, С.М. Костенко 

 
Шляхом системно-динамічного моделювання виконано комплексну 

оцінку апарата з рефлектором для інфрачервого жарення м’ясних 
напівфабрикатів АРЖМ-0.07-1. Аналіз продуктивності, енергоємності, 
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металомісткості та питомої витратності доводить, що використання 
відбивачів променевого потоку є продуктивним і перспективним. 

Ключові слова: системна динаміка, імітаційна модель, інфрачервоне 
жарення, відбивач, біфштекс, витрати. 

 
СИСТЕМНО-ДИНАМИЧЕСКОЕ МОДЕЛИРОВАНИЕ 
КОМПЛЕКСНОЙ ОЦЕНКИ АППАРАТА АРЖМ-0.07-1 

 
В.А. Потапов, С.Н. Костенко 

 
Путём системно-динамического моделирования выполнена 

комплексная оценка аппарата с рефлектором для инфракрасной жарки 
мясных полуфабрикатов АРЖМ-0.07-1. Анализ продуктивности, 
энергоёмкости, металлоёмкости и удельной затратности доказывает, что 
использование отражателей лучевого потока является продуктивным и 
перспективным. 

Ключевые слова: системная динамика, имитационная модель, 
инфракрасная жарка, бифштекс, затраты. 

 
SYSTEM-DYNAMIC MODELING OF COMPLEX ASSESSMENT 

OF ARJM-0.07-1 APPARATUS 
 

V. Potapov, S. Kostenko 
 
In this work the comprehensive assessment of the apparatus with a reflector 

for the infrared frying of meat semi-products ARJM-0.07-1 by system-dynamic 
modeling is carried out. Analysis of productivity, power intensity, steel intensity and 
specific expenses parameters proves that the using of radiation flux reflectors is 
productive and perspective. 

Keywords: system dynamic, simulation model, infrared frying, reflector, 
steak, expenses. 
 

Statement of the problem. The food production enterprises require 
the implementation and use of infrared equipment with high comprehensive 
characteristics. Simulation provides a system-dynamic foundation for 
intensification of the frying process and optimization of the infrared frying 
equipment. 

Review of the latest research and publications. The infrared frying 
foods equipment is extremely energy-intensive and does not provide a 
uniform irradiation of convex receiver, reducing the quality of the product 
[1; 2]. The use of profiled heat flux reflector provides the uniform aggregate 
irradiation of the convex surface of product [3; 4]. Physical, analytical and 
system-dynamic modeling of meat semi-products infrared frying in 
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apparatus ARJM 0.07-1 became the basis of a comprehensive assessment of 
the effectiveness of the use of heat flux reflectors [5; 6]. 

The objective of the research is the comprehensive assessment of 
ARJM-0.07-1 apparatus with a reflector for the frying of meat semi-
products and its comparison with the apparatus without reflector by the 
system-dynamic modeling at software complex Vensim. 

Presentation of the research. Unit of measurement of model time is 
minute in accordance with the minimum delay in the process frying of 
steaks. Modeling term is 20 minutes. The simulation model is shown in Fig. 1. 

 

 
 

Fig. 1. Simulation model 
 
The assumptions in the model: 
1) beef supply is a non-recurrent pulsing; 
2) delays in operations comply with the recommendations in 

manuals; 
3) thermal processing times correspond to types of equipment; 
4) operating losses correspond to the experimental studies; 
5) product no residue; 
6) product quality is constantly. 
The controlled exogenous variables: 
1) mass components (sliced beef, mass of apparatus, mass of 

reflector); 
2) energy components (reflector coefficient, preheating time, power 

of apparatus). 
The controlled endogenous variables: 
1) frying losses is 33%, multiplied by reflector coefficient; 
2) frying time is 15 minutes, multiplied by reflector coefficient; 
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3) frying semi-finished is determined by delay fixed of sending 
semi-finished at the sum of preheating time and frying time, taking into 
account frying losses; 

4) productivity is determined by the steak realization in an hour; 
5) power intensity is the ratio of power of apparatus to the 

productivity; 
6) steel intensity is the ratio of the sum of mass of apparatus and of 

reflector to the productivity; 
7) specific expenses are determined by multiplying the power 

intensity to steel intensity. 
The model reaction is specific expenses. All factors have a combined 

effect on the model reaction. The following levels of factors have been 
taken: 

 sliced beef is of 2 pieces of 200 grams each; 
 mass of apparatus is 3.5 kg; 
 mass of reflector is 0.5 kg; 
 reflector coefficient equals 0.6, i.e. the ratio of 9 minutes (frying 

with reflector) to 15 minutes (frying without reflector); 
 pre-heating time is 2 minutes; 
 power of apparatus is 1 kW. 
The experiment was performed for apparatus with reflector (reflector 

coefficient 0.6, weight of the reflector 0.5 kg, Current 06), and for apparatus 
without reflector (reflector coefficient 1, weight of the reflector 0 kg, 
Current 1). 

The steak realization is shown in Fig. 2. 
 

  
 

Fig. 2. Steak realization (kg): a – Current 06, b – Current 1 

a b 
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The productivity is shown in Fig. 3. 
 

  
 

Fig. 3. Productivity (kg / hour): a – Current 06, b – Current 1 
 
The power intensity is shown in Fig. 4. 
 

 
 

Fig. 4. Power intensity (kW hour / kg): a – Current 06, b – Current 1 
 
The steel intensity is shown in Fig. 5. 
 

a b 

a b 
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Fig. 5. Steel intensity (kg hour / kg): a – Current 06, b – Current 1 
 
The specific expenses are shown in Fig. 6. 
 

 
 

Fig. 6. Specific expenses (kW kg hour / kg): a – Current 06, b – Current 1 
 
Thus, the use of heat flow reflector provides the following 

advantages: 
 increase in steak realization (Fig. 2) by 0.32 / 0.27 – 1 =  

= 1.2 – 1 = 0.2, i.e. 20%; 
 increase in productivity (Fig. 3) by 1.28 / 0.8 – 1 = 1.6 – 1 = 0.6, 

i.e. 60%; 
 decrease in power intensity (Fig. 4) by 1.25 / 0.78 – 1 =  

= 1.6 – 1 = 0.6, i.e. 60%; 

a b 

a b 
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 decrease in steel intensity (Fig. 5) by 4.38 / 3.13 – 1 =  
= 1.4 – 1 = 0.4, i.e. 60%; 

 decrease in specific expenses (Fig. 6) by 5.47 / 2.44 – 1 =  
= 2.24 – 1 = 1.24, i.e. 124%. 

Conclusion. Using the system-dynamic modeling to compare the 
complex quality characteristics of the apparatus with a reflector for the 
frying of meat semi-products ARJM-0.07-1 and of apparatus without 
reflector proves that the presence of the reflector causes an increase in 
productivity and decrease in power intensity and steel intensity. This fact 
significantly reduces the specific expenses with improving the quality of 
food products. Comprehensive assessment and system optimization of the 
infrared equipment for food production is impossible without the use of 
system dynamics simulation. It is necessary to expand the number of factors 
affecting the model reaction for a more complete assessment. 
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