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The article is devoted to information about an improved device that has been developed for 
anaesthetizing chrysalises of silkworm cocoons under the influence of infrared rays, and a 
photovoltaic power plant has been proposed that will allow for this device to operate using solar 
energy. The main purpose of this device is to achieve high-quality processing and resource savings 
of cocoons by creating an improved experimental model of the device for anaesthetizing 
chrysalises of cocoons with infrared rays using solar energy and the development of shade drying 
technology. 
The prospective methods of using solar energy were analysed, and it was found expedient to use 
these methods widely in the silk industry, especially in primary cocoon processing applications. 
For the improved device received a patent for the utility model № FAP 01534 of the Intellectual 
Property Agency under the Ministry of Justice of the Republic of Uzbekistan. It has been noted 
that anaesthetizing live chrysalises of cocoons under the influence of infrared rays and drying 
inanimate chrysalises of cocoons in shady shelves is a more effective method than drying them in 
high-temperature hot air. 
The application of this process includes the possibility of saving electricity and heat, maintaining 
the quality of processed cocoons naturally, and reducing the cost of dried cocoons. In addition, 
this innovative initial cocoon processing technique will lay the foundation for the development and 
expansion of processing of agricultural products (drying and storage of raw fruits), creating oil 
production technology from chrysalises of silkworm cocoons and their wide application in the 
cosmetic and medical industries. 
Key words: live cocoon, dried cocoon, raw silk, cocoon chrysalis, infrared ray, solar energy, 
cocoon shell. 
 
Introduction: To maintain and improve current economic and social statuses, it is necessary to 
obtain more energy from renewable energy sources. The production of heat and electricity from 
unconventional energy sources, especially solar energy (solar power), is growing rapidly 
worldwide. 
As in many other Asian countries, solar energy is considered a major source of renewable energy 
in Uzbekistan. Three hundred days per year are sunny days in Uzbekistan. Approximately 75% of 
the country is desert, which is a very favourable environment for the efficient use of solar energy. 
In this regard, the Law of the Republic of Uzbekistan "On Rational Use of Energy" was adopted 
in 1997. This law allows for determining the issues of conservation and rational use of energy 



 
 

9877 
 

Ann. For. Res. 65(1): 9876-9890, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

resources, improving the efficiency of environmental protection, protecting human health and 
implementing the widespread use of alternative energy sources [1]. 
On August 22, 2019, the President of the Republic of Uzbekistan adopted Resolution No.  
PP-4422 "On operational measures to increase energy efficiency in the economy and social sphere, 
the introduction of energy-saving technologies and the development of renewable energy sources." 
According to the president, the Law of the Republic of Uzbekistan "On the use of renewable energy 
sources" provides a number of benefits and preferences in the use of renewable energy sources, 
including release from payment of the property tax for the period of ten years from the date of their 
commissioning for installation of devices of renewable energy sources (nominal capacity of 0,1 
MW and more) and the land tax on the parcels occupied by these devices and the release of 
individuals using renewable energy sources in residential areas completely disconnected from the 
existing energy resources networks from the payment of land tax for a period of three years from 
the month of use of renewable energy sources. Additionally, from January 1, 2020, individuals 
will be compensated in the amount of 30% of the cost of purchase of solar photovoltaic equipment, 
for solar photovoltaic plants - no more than 3 million soums [2]. 
In Uzbekistan, the large-scale implementation of the cluster system in the field of the silk industry 
and the task of increasing its export potential place high demands on the quality of cocoons primary 
processing bases [3, 4]. The production of raw silk in accordance with world standards and the 
production of competitive finished products can be achieved through the processing of high-
quality cocoon raw materials in existing silkworm enterprises equipped with modern cocoon 
spinning machines. 
It is well known that to operate cocoon mills throughout the year, the cocoons prepared in season 
are first processed; that is, the chrysalises inside are anaesthetized and dried. Only then will it be 
possible to store the cocoons for a long period of time. Otherwise, the live chrysalises will turn 
into butterflies, piercing the shells and making then unfit for reeling; moreover, if the chrysalises 
are anaesthetized and not dried, the wet cocoons will quickly become mouldy and of poor quality 
[5]. 
Despite the fact that there are a number of methods of primary processing of cocoons in our 
country, only the hot air method has been widely used in production for many years. In the current 
method of processing chrysalises, high-temperature hot air, to which the chrysalises are exposed 
to for a long time, negatively affects the technological properties of the cocoon shell, reducing the 
amount of raw silk output. Since most of the high-temperature drying units are physically and 
technologically obsolete, increasing production costs, it is necessary to conduct research on their 
renewal or modernization and improvement [6, 7].  
In particular, scientists at the Uzbek Silk Research Institute (UzSRI) have created a device for the 
evaporation of cocoon chrysalises under the influence of sunlight [8]. This method is proposed to 
use anaesthetizing of live cocoon chrysalises in the device and then drying them in a shady dryer 
until reaching the ideal humidity. To completely anaesthetize the cocoon chrysalises using the 
power of sunlight, the air temperature inside the device chamber is 60°C, the layer of cocoons 
placed in the chamber does not exceed 8-10 cm, the total solar radiation is 515 W/m2, and the 
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processing time is not less than 60 minutes. This method can be used only during the day; on 
cloudy days, the device has a low operating efficiency (operating efficiency: 2.1 kg/h per 1 m2 
dryer area, combined heat utilization factor: 50%), and the duration of anaesthesia of the sponge 
under sunlight is 60 minutes.  
The qualitative properties of cocoons have been studied by Xing Jin and other scientists. These 
authors studied the heat and moisture transfer properties of different Bombyx mori (B. mori), 
Antheraea pernyi (A. pernyi) and hybrid cocoons. In the primary processing of cocoons, both 
species showed good results due to the high porosity of the cocoons of Bombyx mori (B. mori) 
compared to the passage of heat and moisture through the shell of the cocoons [9]. 
The author Zh.Safarov and others proposed an infrared drying device and technologies for 
anaesthetizing and drying silkworm chrysalises by generating infrared light and accumulating 
energy using solar energy. These authors states that by obtaining infrared light from solar energy, 
it is possible to accelerate the initial drying process while simultaneously maintaining the quality 
of the cocoon shell. Based on this, high energy-efficiency solar accumulator dryers have been 
proposed. However, these devices are designed for drying food and wet fruits [10]. 
Many scientists are also conducting research on the rational use of solar panels, which are the basis 
of alternative energy, to increase the drying efficiency of cocoons. In particular, Professor  
N. Avezova and other scientists have developed a formula for reducing the heat loss coefficient of 
solar collectors, and their detection depends on the average operating temperature of the surfaces 
of radiation-absorbing heat exchange panels [11]. 
In recent years, research has been conducted on the quality pretreatment of cocoons. In particular, 
a number of experiments were carried out, and preliminary results were obtained to calculate and 
model the temperature regime during thermoregulatory drying of cocoon shells [12, 13] to 
determine effective ways to anaesthetize chrysalises of cocoon shells by studying its effect on shell 
quality [14-15]. 
Methods and materials: Based on the results of the literary analysis and preliminary research 
conducted to address the above-mentioned topical issues, the use of solar energy to anaesthetize 
live cocoon chrysalises with infrared light and shade drying technology until achieving the desired 
humidity could be effective in Uzbekistan, as our country is a sunny country[16, 17]. The proposed 
technology allows for chrysalises to become lifeless in a short time, maintaining the quality of the 
cocoon shell naturally and increasing the amount of raw silk output. The device saves heat 
expenditure and electricity due to the use of solar energy. 
For the technology available and proposed in this paper, the sequence of initial processing steps 
on the cocoons is given (Fig. 1). As seen from the figure, in the proposed variant, the number of 
processing steps reduced compared to that of the existing method. This reduces technical damage 
during the processing of live cocoons and increases the proportion of high-quality cocoons. 
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Fig. 1.Sequence of initial processing processes for cocoons in the existing and proposed 
technologies. 

 
Practical research shows that because the aggregate is made entirely of metal, it takes a long time 
(2-3 hours) to heat the preparation-drying chamber to a certain temperature. Additionally, because 
the inner walls of the drying chamber are made of a metal surface, the temperature of the hot air 
affecting the cocoons increases and is unevenly distributed over the conveyor surface. This, in 
turn, increases production costs and has a negative impact on the natural properties of the cocoon 
shell and the cocoon chrysalises. Therefore, scientists of the Tashkent Institute of Textile and Light 
Industry conducted preliminary research aimed at saving heat and electricity during the initial 
processing of cocoons and maintaining the quality of cocoons. For the new device and method 
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created by the authors, the Intellectual Property Agency under the Ministry of Justice of the 
Republic of Uzbekistan filed an application number №FAP2019014 and decided to grant a patent 

for a utility model [18, 19]. 
In the process of anaesthetizing and drying live cocoon chrysalises under the influence of infrared 
light, the rapid passage of the light through the white and porous body and its absorption in the 
presence of water are taken into account. In accordance with the above, the heat is transferred to 
the moist part of the chrysalises due to the passage of light energy from the cocoon shell under the 
influence of infrared light. This process ensures that the moisture evaporates rapidly in a short 
period of time and that the chrysalises become lifeless as a result of rapid heating. This 
phenomenon also leads to energy savings that can be achieved by implementing this device (Fig. 
2). The data show that the heat retention times are different for different types of infrared light 
heating sources, the most efficient of which are infrared lamps [20]. 
The scientists of the department "Silk Technology" proposed an improved device taking into 
account the above-mentioned shortcomings. The function of the device is to allow for the cocoon 
chrysalises to be anaesthetized for a short time (10-15 minutes) to maintain the technological 
properties of the cocoon shell, i.e., the silkiness of their natural state. As a result, the moisture 
released from the cocoons did not have a negative impact on the performance of the lamps and did 
not lead to the replacement of faulty lamps, allowing for control of the cocoons on the conveyor 
and efficient use of light energy passing between the cocoons. 
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Here: 1-Infrared lamp, 2-Quartz tube, 3-metal tube, 4-ceramic tube. 
Fig. 2. Time dependence of heat retention for infrared light heating sources (Fostoria Industries, 

Ins., Fostoria, Ohio, with permission). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Schematic diagram of the photovoltaic system-FES 100/12 model that provides an 
improved device source of anaesthesia for cocoon chrysalises with a solar energy source. 

 
Here: PQ1-single-phase input machine, automatic switch or differential machine with PQ2-UZO, 
PQ3-automatic switch, automatic switch or differential machine with PQ4-UZO, PQ5-PQ8-
single-phase machine, PQ9-EMP pressure filter, PQ10- (UZIP) overvoltage protection device, 
PQ11- (UZM) multifunctional protection device, Shield-distribution device 
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Taking into account the efficiency of the SK-150K unit, which is widely used in the cocoon mills 
of our country, the design of an improved device for anaesthetizing the chrysalises under the 
influence of infrared light has been developed. The unit has a semi-drying capacity of 287.5 kg 
per hour and 6900 kg of live cocoons per day. The power consumption of the improved device is 
250 W per infrared lamp, and the total amount of electricity required by the lamps is 18 kW. In 
the existing unit, the total electricity consumed to move the conveyor to process 1 ton of live 
cocoons is 70 kW. 
In our study, the main object of cocoon chrysalis anaesthesia was infrared lamps, which worked 
at the expense of a clean power supply and had a positive effect on the cocoon shell, anaesthetizing 
the chrysalises in a short time. The large number of infrared lamps in our device requires a large 
amount of electricity (18 kW/h). With this in mind, achieving economic efficiency was proposed 
by maintaining the quality of the cocoon shell and the use of alternative energy (solar energy). 
Results: During this research, positive results were obtained on the advanced technology of 
anaesthesia and drying of cocoon chrysalises using infrared light. Given that the source of infrared 
light in the anaesthesia of live cocoon chrysalises is derived from electricity, an improved device 
designed to reduce the cost of the initial processing of cocoons was proposed to use solar energy 
as a source of electricity (Fig. 3). 
The photovoltaic system-FES 100/12 model functions to convert solar energy directly into 
electricity and store it in a battery, which can then be used in electrical equipment through an 
autonomous consume, in the following order: panels are used to transmit energy from the solar 
panel to the charge controller (B). Here, if the voltage is too high (PQ10), the protection device 
automatically disconnects the mains and, conversely, connects them when the voltage decreases, 
(V) transmitting it to the device. These devices are self-contained DC batteries that transmit current 
(G, MAP energy) to the device as soon as the consumer begins to consume DC. This device is an 
inventory designed to work in systems using renewable energy sources and is used to convert DC 
to AC and transmit the current to the consumer (Table 1). 

Table 1. 
A set of batteries for providing electricity at night 

1 Solar panel 250 W pcs Polycrystalline (Donghui 250 W) 

2 Inventor 20 kW 48 V pcs 
ByPass, Self-charging, pure sine, with ATS 
and with an AC stabilizer (154-272 watts) 

3 Controller MMPT 100 A pcs 100 А (12/24/48) 
4 Battery pcs Helium 150 A 
5 Connector pair Connector 
6 Connector tee pair Tee connector 
7 Battery terminals pair Factory made 
8 Wire for terminal m 25 mm² copper 
9 Panel wire m 6 mm² copper 
10 Profile m Panel fixing for Kirish 
11 Cabinet for battery equipment general Individually designed 
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To test this method in practice and determine its operational parameters during the cocoon 
production season, scientific research was conducted in the silk factory "Silver Fiber" in the 
Kattakurgan district of Samarkand region, which utilizes cocoons of the Ortachirchik district of 
Tashkent region and the "Silk Technology" laboratories. The research was carried out on an 
existing SK-150K unit and a newly developed device for anaesthetizing live cocoon chrysalises 
under the influence of infrared light. For the experiment, 1000 kg of live cocoons grown on the 
same farm under the same conditions were sampled and divided into equal amounts for the control 
and experimental groups. The cocoon samples of the control group were present in the SK-150K 
unit with hot air produced with a 110 0C unit, and the cocoon chrysalises of the experimental group 
were anaesthetized in the improved device (Fig. 4). 

 
 

Fig. 4. Time dependence of anaesthetizing live cocoon chrysalises in different ways: under the 
influence of infrared light (experiment) and under the influence of hot air (control) 

 
The results of the study show that the time spent to completely anaesthetize the live cocoon 
chrysalises was 10 minutes in the experimental group, while in the control group, i.e., in the 
available technology, this time averaged 50 minutes. During the experiments, it was found that the 
time spent for complete anaesthesia of the cocoon chrysalises in both groups varied relative to 
their initial weight  
(Fig. 5). 
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Fig. 5. Weight loss of cocoons during the anaesthesia and drying process. 

 
From the results, it is clear that in the control and experimental groups, the weight change was 
different at the end of anaesthesia of the cocoon chrysalises. In the control group, the cocoons 
showed a decrease in weight of 6.7% relative to the initial weight, while in the experimental group, 
the figure decreased by 0.4%. The reason is that the duration of processing of the cocoons in the 
experimental group was short and had little effect on the weight change. During the study, the 
chrysalises were dried in the shade until the moisture reached that of the inanimate cocoons (Fig. 
6). 
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Fig. 6. Dependence of cocoon weight loss on the duration of drying to the desired humidity. 

 
 The weight changes of the cocoon samples in both variants were determined by day and 
compared with each other. From the data obtained, it was observed that the change in moisture 
content of the cocoons in the control and experimental groups was almost the same. The duration 
of processing of cocoons in the control group was 45 days, and in the experimental group, the 
duration was 50 days. This result showed that the treatment of cocoons under the influence of 
infrared light on live cocoons prolonged the process of shade drying by 5 days. 
 Evaluation of dry cocoons processed in the advanced (experimental) and existing (control) 
units according to their external characteristics was carried out by control screening in accordance 
with [21] (Fig. 7). 
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Fig. 7. Output of cocoons by variety, %. 

 
From the results, we can see that the yield of undamaged cocoons in terms of cocoon composition 
was 84.2% in the experimental group and 75.8% in the control group. The amount of varietal 
cocoons in the experimental and control groups was mixed, and the technological parameters of 
washing with a single washing machine were determined. To do this, the operation was carried out 
in the manner prescribed by the standard technological protocol [22] and instructions. As a result 
of cocoon sampling, the technological parameters of the washing step were determined (Table 2). 

Table 2 
Technological parameters of individual reeled cocoon samples 

№ Technological indicators 
Processing method 

Experimental Control 
1 Silk, % 57.33 52.18 
2 Linear density of cocoon yarn, tex 0.311 0.309 
3 Total length of cocoon thread, m 1425 1090 
4 Continuous length of cocoon thread, m 940 752 
5 Product output,%   
 -silk thread 44.02 39.15 
 -silk loss 6.1 7.2 
 -boiler skin 4.7 6.8 
 -chrysalises 30.2 29.7 

5 Specific consumption of cocoons, kg 2.85 3.17 
6 Coagulation of cocoon shell, % 81.0 71.9 
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Three-to five-day-old live cocoon chrysalises are yellow in colour and odourless. However, during 
the drying process, as a result of fermentation of the protein content of the cocoon, an odour forms, 
and the cocoons turns orange or brown with a change in the composition of the lipids and dark 
brown or black when exposed to too much heat [23]. In this case, the oil in the cocoon melts and 
begins to turn into wax that is very difficult to dissolve. 
To study the effect of the initial processing temperature on the technological properties of cocoon 
chrysalises during the study, 100 cocoons were taken (i=50) from the experimental and control 
samples processed in the existing and improved units. The cocoons were trimmed and found to 
contain chrysalises, and their colour along with their exit of the cocoon were recorded (Fig. 8). 
 

 
Fig. 8. Output of cocoon chrysalises and their colours,% 

 
According to the results of chrysalis sorting, the yield of yellow chrysalises in cocoons of the 
experimental group fed in the spring season was 22.4% (abs) higher than that of the control group. 
The results of the study showed that the effect of the initial processing technology and modes on 
the cocoons on the physical and mechanical properties of the cocoon shell was determined. The 
results of the study showed that the lower the temperature of the air used to dry the cocoons is, the 
greater the amount of yellow in the cocoons, which are high in undamaged lipids. It is 
recommended that the development of separate technological regimes for cocoons grown in different 
seasons be considered one of the important factors for the production of high-quality raw silk. 
Additionally, the initial treatment of a live cocoon is a complex process, with intensive moisture and 
heat exchange occurring between the drying agent, the shell and the sponge. 
Therefore, the direct involvement of the cocoon shell in the process of anaesthesia and 
dehumidification of the chrysalises requires study regarding their initial processing in accordance 
with the laws of thermal engineering, the correct choice of modes or finding optimal methods and 
parameters to preserve their technological properties and rational use of energy. This research 
would allow for the production of high-quality raw silk from cocoons while preserving the 
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properties of cocoons and separating lipids and proteins from them, which are widely used in the 
food, medicine, perfume, poultry and fish industries. 
Discussion: Drying inanimate cocoon chrysalises on shaded racks is a more effective method than 
drying them in hot air at high temperatures. In this former case, the cocoons are spread on shaded 
racks at a thickness of 20-30 cm in natural climates and are turned 4-5 times per day. The sides of 
the shade dryer open (exposed to outside air), allowing for the moisture in the cocoons to escape. 
For this reason, to save energy in the primary processing bases of the cocoon, the chrysalises are 
anaesthetized in high-temperature, hot weather and dried on shaded racks until reaching the desired 
humidity (10%). 
In view of the above, it was proposed to equip the cocoon dryer with solar panels, taking into 
account the fact that the seasonal activities of the primary processing bases coincide with May and 
June, the width of the area, the area of the cocoon receiving area, and the size of the processing 
area.  
“All Solar” Enterprises developed and proposed a photovoltaic power plant to provide a consumer 
with a capacity of 20 kW of solar energy around the clock for a single device. Prospective methods 
of using solar energy were analysed, and it was found that using solar energy would greatly benefit 
the silk industry, especially primary cocoon processing plants. For the improved device received 
a patent for the utility model № FAP 01534 of the Intellectual Property Agency under the Ministry 
of Justice of the Republic of Uzbekistan. Infrared exposure of live cocoon chrysalises and drying 
of cocoon inactivated cocoons on shaded racks has been found to be a more effective method than 
drying them in high-temperature hot air. A photovoltaic power plant was proposed that would 
allow for the newly created device to run on solar energy. This saves electricity and heat, maintains 
the quality of the cocoons being processed naturally, and reduces the cost of drying cocoons. In 
addition, the innovative cocoon drying technique allows for the creation and expansion of primary 
processing plants, processing of agricultural products (drying and storage of raw fruits), creating 
oil production technology from chrysalises of silkworm cocoons and widely implementing them 
in the cosmetic and medical industries. 
Conclusion: In conclusion, the proposed technology increases the yield of raw silk from cocoons 
to 8% (abs), the continuous length of cocoon yarn to 16% (abs), and the yield of unburned yellow 
cocoons to 22.4% (abs). Diesel fuel and natural gas consumption for the initial processing of 
cocoon transmission can be reduced by 100%, and electricity consumption can be reduced by 80%. 
Based on these results, it is possible to use the improved technological complex of the device for 
anaesthetizing live cocoon chrysalises with infrared light using solar energy by installing the 
cocoon drying device at primary processing plants. The results of this project provide a way for 
processing high-quality cocoons prepared during the harvesting season. In a short time, a live 
cocoon chrysalis is achieved by anaesthetizing the dome. The source of electricity for the process 
is solar energy, which saves electricity and reduces the cost of cocoon processing. As a result, 
silkworm enterprises in the cluster system will be provided with quality, dry cocoons, which will 
expand their ability to produce competitive products. 



 
 

9889 
 

Ann. For. Res. 65(1): 9876-9890, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

Acknowledgements: This research project IOT-2015-2-8-"Application of advanced, resource-
saving technology of primary cocoon production" and OT-F4-14-"Preparation of cocoons for 
spinning and the creation of a theoretical basis for the production of raw silk" was carried out on 
the basis of financial support. The authors express their gratitude to the scientific team of the 
project, the heads and staff of the Silkworm Silk Factory of Kattakurgan district of Samarkand 
region and Ortachirchik district of Tashkent region for the creation of raw cocoon materials and 
favourable conditions for this research during the spring and secondary cocoon production seasons. 

 
References 
[1] On rational use of energy [Law of the Republic of Uzbekistan]. Tashkent, April 25, 1997, 
#412-I, (in Uzbekistan). 
[2] Sh. Mirziyoev, “On rapid measures to improve energy efficiency of the economic sectors 
and the social sphere, the introduction of energy-saving technologies and the development of 
renewable energy sources”. [People's Word Newspaper, Decision of the President of the Republic 
of Uzbekistan. No. 4422]., August 23, 2019 (in Uzbekistan).  
[3] E.B. Rubinov, “Silk raw materials and coconut winding”, [Reference book], Moscow, 
312p., 1986 (in Russian).  
[4] Kh. Alimova, “Non-waste silk processing technology”,1994 (in Uzbekistan). 
[5] К.R. Avazov, “Condition of cocoons of primary cocoon processing” [Scientific-technical 
journal. The problems of textiles], №1, 97-100p., 2008 (in Uzbekistan).  
[6] А.E. Gulamov, К.R.Аvazov, B.Аbdullaev, “New way of extermination and drying of 
cocoons in a field of over high frequency (SHF), [International Workshop on Revival and 
Promotion of Sericultural  Industries and Small Enterprise Development in the (BACSA) black, 
Caspian Seas and Central Asia], 517-519 p., 2005 (in Uzbekistan). 
[7] L.Yu. Yunusov, “Physico-chemical properties of natural silk during the processing of 
cocoons”, 1978 (in Uzbekistan).  
[8] S.F. Umarov, “Development and use of a solar thermal collector for pickling silk 
cocoons”, [Abstract. diss. ... cand. tech. sciences], 25p., 2007 (in Uzbekistan). 
[9] Xing Jin, Jin Zhang and Xungai Wang “Heat and Moisture Transfer Properties of Natural 
Silkworm Cocoons” [The 13th Asian Textile Conference Geelong], Australia, Australian Future 
Fibres Research & Innovation Centre, Institute for Frontier Materials. November 3 - 6, 2015 (in 
English). 
[10] Zh.E. Safarov, D.I. Samandarov, A.B. Saydullayev, D.D. Erkinov, [Processing of cocoons 
of silkworm with the help of infrared radiation. International scientific review]. Scientific journal 
on the topic: economics and business, educational sciences, linguistics and literary studies, clinical 
medicine, law. 2019. p. 30-32 (in English). 
[11] N.R. Avezova, R.R. Avezov “Dependence of the thermal loss coefficient of radiant 
absorbing heat exchange panels of flat solar collectors for heating a liquid coolant in the 
environment without ambient work” [Geliotexnika], №1, 14-19p., 2015 (in English). 



 
 

9890 
 

Ann. For. Res. 65(1): 9876-9890, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

[12]  K.R. Avazov, “Calculation of the temperature regime of the shell of mulberry cocoons during 
their thermo-radiation drying”, [Geliotexnika], №2, 2009 (in English). 
[13] K.R. Avazov, “Modeling the rate of change in the temperature of a pupa of mulberry 
cocoons during their thermoradiation pickling”, [European Applied Sciences» ISSN 2195-2183 
Nationales ISSN-Zentrum für Deutschland], №12, 2015 (in English). 
[14] K.R. Avazov, X.D. Bastamkulova, “Ways to increase the efficiency of the primary 
processing of cocoons under the influence of infrared rays”, [Austrian Journal of Technical and 
Natural Sciences, ISSN 2310-5607], №1, 2016 (in English). 
[15] K.R. Avazov, “The study of improved technology for the primary processing of silkworm 
cocoons”, [News of higher educational institutions. Technology of the textile industry 371(5)], 80-
83p, 2017 (in Russian). 
[16] Kh. Alimova, K.R. Avazov, D. Zakirova, N. Khakimov, “Investigation of primary 
processing technology of re-grown cocoons”, [International Journal of Advanced Research in 
Science, Engineering and Technology» (IJARSET), ISSN: 2350-0328]. Vol. 5, Issue 12, 2018 (in 
English). 
[17] Kh. Alimova, K.R. Avazov, “The basis of the drying process of mulberry cocoons”, 
[Scientific-technical journal. The problems of textiles], №4, 2016 (in Uzbekistan). 
[18] Kh. Alimova, K.R. Avazov, А.E. Gulamov, U.N. Azamatov, Х.D. Bastamkulova,  
Х.Х. Umurzakova, О.S. Abdullayev, [Equipment for the production of live cocoons, FAP 
20190145], 2019 (in Uzbekistan). 
[19] Kh. Alimova, K.R. Avazov, Sh.R. Fayzullayev, F. Turayev, “Effective ways of initial 
processing of cocoons”, [Scientific-technical journal. The problems of textiles], №2, 2016 (in 
Uzbekistan). 
[20] Cristina Ratti and Arun S. “Mujumdar, Infrared drying”. [www.cemen technology.ir], 423-
437p (in English). 
[21] “Silkworm cocoons are air-dry”. [Technical conditions GOST 31256-2004], (in Tashkent), 
2004 (in Uzbekistan). 
[22] “Typical flow chart production of raw silk with mechanical and automatic cocoon 
winding”, (in Moscow), 169p., 1992 (in Uzbekistan). 
[23] Sh.R. Boboyev, K.R. Avazov, Sh.А. Kadirov, “Influence of the initial cocoon process on 
the appearance and position of the cocoon” [Scientific-technical journal. The Silk], №1, 9-12p. 
2001 (in Uzbekistan). 
 


