
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

II INDUSTRY AND PRODUCTION



II INDUSTRY AND PRODUCTION  10-12 MAY 2017 

TASHKENT  

 

78 

 

II INDUSTRY AND PRODUCTION  10-12 MAY 2017 

TASHKENT  

MATHEMATICAL CALCULATION OF DYNAMIC TENSION IN A ZONE OF 

CONTACT OF A WHEEL OF THE LOCOMOTIVE WITH RAILS  

Sherzod Fayzibaev, Doctor of Science; Ziyoda Mukhamedova, Researcher 

 

Abstract 

In the process of calculation on dynamic loading in a contact zone of a wheel with 

rails it is necessary to make numerical studies for identification of cracks due to fatigue and 

excessive wear of bandages of the wheel, and also safe movement of the rolling stock on the 

railroad. Cast still is used in making bandage of wheels and as it is well-known, steel 

bandages are susceptible to deformation under loading. Dynamic loadings come from an axis 

of wheel couple of a locomotive to the main frame of the locomotive when passing rough 

parts of railroads and joints between rails. Moreover, it should not be forgotten that there is 

wear of railroad tracks due to the movement of the rolling stock on them.  

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʩ 

ʨʝʣʴʩʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʦʜʠʪʴ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ ʠ ʯʨʝʟʤʝʨʥʦʛʦ ʠʟʥʦʩʘ ʙʘʥʜʘʞʝʡ ʢʦʣʝʩʥʳʭ, ʘ ʪʘʢ ʞʝ ʙʝʟʦʧʘʩʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ. ʄʘʪʝʨʠʘʣ ʠʟ ʢʦʪʦʨʦʛʦ 

ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʙʘʥʜʘʞ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʵʪʦ ʣʠʪʘʷ ʩʪʘʣʴ ʘ ʢʘʢ ʠʟʚʝʩʪʥʦ ʩʪʘʣʴʥʳʝ 

ʙʘʥʜʘʞʠ ʠʤʝʶʪ ʩʚʦʡʩʪʚʦ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʦʜ ʥʘʛʨʫʟʢʦʡ. ɼʠʥʘʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, 

ʧʝʨʝʜʘʚʘʝʤʳʝ ʦʪ ʦʩʠ ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʣʦʢʦʤʦʪʠʚʘ ʥʘ ʛʣʘʚʥʫʶ ʨʘʤʫ ʣʦʢʦʤʦʪʠʚʘ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʝʡ ʠ ʩʪʳʢʦʚ ʤʝʞʜʫ ʨʝʣʴʩʘʤʠ.   

 

ɸʥʥʦʪʘʮʠʷ 
G'ildirak hamda rels o'rtasidagi kontakt zonasida yuzaga keladigan dinamik og'irlikni  

hisoblash jarayonida g'ildirak bandajlarining yiyilishi  va dars ketgan joylarini hisoblash 

bo'yicha tadqiqotlarni amalga oshirish lozim. Bu o'z navbatida temir yo'l harakat tarkibining 

temir yo'lda havfsiz harakatlanishini o'z ichiga oladi.G'ildirak bandajini ishlab chiqarishda 

quyilma stal asosiy material hisoblanadi va o'z navbatida ushbu material og'irlik natijasida 

deformatsiyaga moyilligi bor. Dinamik og'irliklar g'ildirak asosida yuzaga keladigan 

og'irliklarning asosiy ramaga notekis temir yo'llardan o'tayotganda bo'ladigan og'irliklardan 

iborat. Bundan tashqari ushbu harakat davomida temir yo'llarning yedirilishini ham inobatga 

olish lozim. 

 

Assumptions made during the development of mathematical model 

Dynamic loadings in a zone of contact of a wheel with rails have been proved in [2,3] and 

have been offered with use of the following assumptions.  

1. The model of the compressed volume (OS) of an elastic core of the constant section placed 

in locomotive bandage material was entered. Impulse load of ʈ1  is transmitted through the 

surface of contact of OS with a rail head of square S0= ʘʚp . The sizes of half shafts of the 

platform of contact, ʘand ʚare also determined by formulas of the theory of contact tension 

[1,ʩ 602,603] taking into account radiuses of R1 of a surface of a bandage of the locomotive, 

Rp rail head in the vertical cross plane for a railway line and static loading of ʈʩ from this 

wheel on a rail. At the same time, ratios between q1-amplitude pressure in the center of the 

area S0 , ʈ1 impulse load and ʈʩ static load in the following way is carried out  
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2. Function U0(y,z,?,t) of impulsive compression of the material by the OS model depending 

on time t, depth of a layer of z counted from a cylindrical surface of radius of R1, distance on a 

surface of radius of R1, coordinate at an arrangement of points on layers measured on bandage 

width from his median vertical plane at the movement of the locomotive was entered. 

3. z=hʢ distances from surface of R1 radius to a layer which is reached by the waves of the 

elastic deformations moving with a sound speed  
g

Eq
U =

3

in bandage material were used.  

4. The OS model of the compressed and shifted volume of material of an elastic core with 

simultaneous influence vertical ʈ1 (ʈʩ) forces and traction ʊ1 (ʊʩ) passing through OS to rails 

was entered. Function  of the shift of separate points of material in the OS model Us(y,z,?,t) 

and the phenomenon of distribution of the elastic waves moving with a speed of 

g

Gq
U
ʩ
=

(G-elasticity model of 2
nd

 type for the material of the wheel flange model) were 

used to evaluate loading of this model. 

5. For an assessment of fluctuations of points of the OC and OS models the equations in the 

mixed derivatives considering compression and shift on coordinates of z and s were used 
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where k
l

- distance from a vector of effort of P1 on R1 radius surface to points which are 

reached by the waves of elastic deformations of shift moving with Uc speed. Frequent 

solutions of these equations have been organized as follows 
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After substitution of frequent derivatives from the last functions (2) and (3), averaging of the 

received equations by Bubnov-Galerkina's method have received systems of the algebraic 

equations  
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6. Conditions for emergence of resonant fluctuations for system of the equations (6),(7) is 

defined by equality of the determinant from coefficients at Uc1 and Uc2 from which the 

formula for definition is received to zero  
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From this solution, the physical sense is made by only positive hk1 and hk2 values, determined 

by a formula 

 

                                  
E

G

ʘʉECa

G

C
h

k

1

2

1

2

1

2,1

416

4

15
°+=

                                 (13) 

 

Calculation of parameters of contact loading of blankets of material of bandages of wheel 

pairs 

 

Higher values of hk1 correspond to distances from a cylindrical surface of radius of R1 to a 

layer which is reached by waves of the elastic deformations having speed of U3; smaller hk2 

values characterize the distance to a layer with the maximum tension of compression. 

 

Therefore during calculations of the coefficients Uc1 and Uc2 according to the equations (6) 

and (7), the value of 0.95hk1 [in calculation of hk1 according to (13)] is accepted. 

Accordingly, it allows for elimination of the phenomenon of the address of Uc1 and Uc2 to ¤ 

and constructional damping in OS model material is indirectly considered. 

In similar method, (9), (10) equations are solved by preliminary definition of 
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 and use of Us1  and Us2  with value of 0,95 hk1=0,95 (14) and for calculation as well.  

 

Results of calculation of parameters of contact loading of blankets of material of bandages of 

wheel pairs of TE10M type locomotives for the OC and OS models are reduced in Table 1 

with use of initial data: 

- static load from a wheel of a rail of Pc =10,75 tc and the realized draft force on the 

settlement long mode of the Tc =2,167 tc  

- application of locomotive rim with thickness of zʢ=55 mm at R1=515 mm, 

- modules of elasticity of material of the rim ɽ=2,1Ö10
11

 pa  and  G=8Ö10
10

 pa  

- options of radiuses of curvature of a surface of a rail head to which the rim of wheel pairs 

of the locomotive is within Rp = (300·6000)mm, 

- formulas for calculation of the sizes ʘ and ʚ half shafts of platforms of contact of a rim 

and a rail, contact tension of  and rapprochements of surfaces of a wheel and a rail of 

SUʢʨ given in [1, c602,603] and the tables [1, c608,609], 

- formulas (6) · (14) while using the sizes, for calculations, 

- formulas for calculation of the structure of  tension  

-  
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where Uci  and Usi ï coefficient of oscillation amplitudes, defined from the solution of 

systems of equations (6),(7) and (9), (10). 

Results of the calculations at preset values as an example 

Calculation values of parameters of the OC and OS models for rims of wheel pairs of TE10M 

type locomotives at Pc=10,75 tc, the Tc=2,167 tc, R1=515 mm, E=2,1Ö1011 pa, G=8Ö1010 pa. 

Results of calculation of all above-mentioned parameters of dynamic contact loading are 

given in Table 1. 

 

Table 1. Results of calculation of parameters of dynamic contact loading 
Article I. Parameters 

of loading and 

fluctuations of model 

Rp , mm 

300 500 700 900 3000 6000 

ʘ , mm Theory of contact tensions 

7,73 7,17 6,69 6,45 5,15 4,46 

ʚ , mm 5,59 6,69 8,09 9,36 16,28 22,2 

sʢ , mpa 1190 1070 949 851 613 518 

SUʢʨ³10,mm 1,01 0,938 0,884 0,848 0,704 0,603 

Theory of oscillations (ʆʉ and ʆS models) 

hʢ1 , mm 21,57 21,53 21,04 27,05 22,9 20,6 

hʢ2 , mm 4,61 4,35 4,1 4,15 3,34 2,91 

Uʩ2³10,mm 1,12 1,01 0,763 0,778 0,47 0,349 

Uʩ1³10,mm 1,03 0,934 0,712 0,724 0,438 0,326 

sʩ2 , mpa 1712 1431 1196 948 677 575 

sʩ1 , mpa 1572 1431 1116 882 631 536 

lʢ1 , mm 24,99 26,78 27,75 28,01 33,1 31,13 



II INDUSTRY AND PRODUCTION  10-12 MAY 2017 

TASHKENT  

 

82 

 

II INDUSTRY AND PRODUCTION  10-12 MAY 2017 

TASHKENT  

lʢ2 , mm 4,99 5,06 4,99 4,91 5,51 4,87 

Us2³10,mm 0,948 0,879 0,754 0,707 0,765 0,497 

Us1³10,mm 0,876 0,812 0,705 0,656 0,71 0,476 

ts2 , mpa 477 413 340 315 290 201 

ts1 , mpa 441 382 318 293 269 192 

 

The provided settlement data characterize loadings of blankets of material of bandages of 

wheel pairs of locomotives at their movement on direct sites of a railway line and allow 

executing an approximate assessment of their dynamic durability and conditions of 

emergence of cracks on surfaces of crests of bandages. 

Conclusions  

On the basis of the theory of oscillations, we provided methods for the analysis of models of 

dynamic interactions of the contacting surfaces in case of impulse loading. It is shown that in 

case of concussions with rails, elastic deformations in material of wheels reach depth of 21-

31,5 mm and are characterized by loading half shaft length to (21-31,5) mm, and amplitudes 

of dynamic stresses significantly exceed the theories of contact tension determined by 

formulas. 
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THE FACTORS INFLUENCING DESIGN INDICATORS OF WIND -DIESEL 

COMPLEXES ENERGY EFFICIENCY  

Galina Deryugina, PhD (Russia); Nikita Karpov (Russia); Mikhail Tyagunov, Doctor of 

Technical Sciences (Russia); Dmitry Chernov, Researcher (Russia) 

 

Abstract 

At preliminary stages of design, various assumptions and mathematical models are 

adopted in evaluating the energy efficiency indicators of wind-power plants (WPP), which 

accuracy of definition can be revealed only at the operation stage. In this paper, an analysis of 

the impact of certain factors and mathematical models on the performance of energy 

efficiency WPP (annual output and capacity utilization factor), working as a part of wind-

diesel complex (WDC) when comparing the design and operational efficiency indicators.  

 

ɸʥʥʦʪʘʮʠʷ 

ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʦʧʫʱʝʥʠʷ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʨʠ ʦʮʝʥʢʝ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʝʪʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ (ɺʕʉ), ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʷʚʣʝʥʘ ʪʦʣʴʢʦ ʥʘ ʩʪʘʜʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ 

ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɺʕʉ (ʛʦʜʦʚʘʷ ʚʳʨʘʙʦʪʢʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ), ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʦʩʪʘʚʝ ʚʝʪʨʦ-ʜʠʟʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɺɼʕʂ) ʧʨʠ ʩʨʘʚʥʝʥʠʠ 

ʧʨʦʝʢʪʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ.  

 

Integration of WPP into structure of the existing energy complexes (EC) on the basis 

of diesel power plants (DPP) will reduce the fuel component in the cost of electricity, that will 

significantly increase technical and economic efficiency of power production and improve the 

social standard of living of the local population, and also contribute to improving the 

environmental situation in the region due to decrease in emissions from work of DPP. 

Technical solutions of design and operation of wind-diesel complexes (WDC) are not 

currently a uniform methodology for assessing the technical and economic efficiency of their 

use. Various assumptions and mathematical models for modeling of wind resources and an 

assessment of WPP energy efficiency indicators can lead to significant deviations of design 

indicators from the operational ones. Influence of various factors on the accuracy of 

determining of design indicators can be revealed only by comparison to operational indicators 

of energy efficiency. These researches are carried out on the example of the operating WDC 

in the settlement of Ust-Kamchatsk (Kamchatka Krai) and the planned WDC on Popov Island 

(Vladivostok City District). 

Research of discrepancy of design and operational indicators of energy efficiency of 

WDC 

Research of discrepancy of design and operational indicators of energy efficiency 

(capacity utilization factor (CUF) and annual output) was carried out on the data basis of the 

functioning Ust-Kamchatsk WPP consisting of 3 Komai WTG with a rated capacity of 300 

kW everyone. Operational indicators were obtained from the actual series of capacity values 

from 04.02.2016 to 31.10.2016, and design indicators of WPP energy efficiency were 

determined by Ust-Kamchatsk met mast data for the same period.  

According to recommendations of GOST P 54418.12.1ð2011 (IEC 61400-12) 

correction of the WTG passport power curve is required, if long-time average annual value of 

air density differs more than 0,05 kg/m
3
 from standard value of 1,226 kg/m

3
 [1]. On the 

studied site the mean annual air density is 1,276 kg/m
3 
that doesnôt require a correction of the 

WTG Komai passport passport power curve. 

In this regard, the calculation of design energy output was made using WTG passport 

power curve on the synthesized 10-min average time data series of wind speed obtained from 

the met mast at different heights using dependence: 

 
2

1

2

1

( )
h

m

h

hV

V h
=

,                                                             (1) 

where 
1hV and 

2h
V ï wind speed at height h1 and h2 respectively; m ï Hellman's 

coefficient depending on the wind speed, complexity of terrain, stratification of the 

atmosphere, etc. [2].  

The analysis of enabled data of 10-min average time data series of wind speed 

measuring by WTG anemometers, has revealed a large amount of missing data which for all 3 

WTG is about 30% (see. tab. 1). For the same period at hub height (HH) there are full 

completeness 10-min average time data series synthesized by met mast observations at 

different height using dependence (1). 

Without time intervals of the missing of actual data on the power of 3 WTG and WPP 

calculation of operational energy output according to measurements and design energy output 
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for each of 3 WTG and WPP has been made (completeness of data series are 70%) (see tab. 2, 

lines 1,3), and also are calculated corresponding CUF (see tab. 2, lines 2,4).  

 

Table 1. Characteristics of completeness of observation data series by WTG 

anemometers 
s/n WTG Amount of missing data, pcs Enabled data, % 

WTG ̄ 1 12456 68,1 

WTG ̄ 2 12091 69,0 

WTG ̄ 3 11882 69,6 

 

Also calculation of design energy output for full observation period (see tab. 2, the line 

3, completeness of data series are 100%) and an estimation of design energy output during the 

time intervals of missing of actual observation data by WTG anemometers (see tab. 2, line 8, 

completeness of data series are 30%) has been carried out.  

Apparently, from table 2, for the observed period there is a most part of operational 

underproduction energy, which reasons could be: technical idle times of WTG, icing on WTG 

blades, accident, frosting of anemometers cups, etc. The essential difference between the 

actual and theoretical energy output (to 10%) is observed only on WTG ˉ2 site. To 

determine the reasons for such a significant discrepancy, mean wind speeds and mean 

working capacities for the observation period were analyzed according to the actual 

anemometers observations on WTG nacelle (see tab. 3). 

 

Table 2. Energy indicators of WTG and WPP: annual energy output and 

capacity utilization factor 

ˉ Name of indicators 
WTG 

ˉ1 

WTG 

ˉ2 

 WTG 

ˉ3  
 WPP  

1 Operational energy output, MWh 304,2 217,8 299,8 821,8 

2 CUF, % 22,9 16,2 22,1 20,4 

3 Design energy output by met mast observation, MWh 292,4 241,8 301,4 835,6 

4 CUF, % 22,0 18,2 22,7 20,9 

5 
Relative discrepancy between design and operational 

energy output, % 
- 4,0 10,0 0,5 1,7 

6  Design energy output by met mast observation, MWh 498,3 498,3 498,3 1494,8 

7 CUF, % 25,5 25,5 25,5 25,5 

8 Design underproduction energy, MWh 205,8 256,4 196,9 659,2 

9 
Share of design underproduction energy from full design 

energy output, % 
41,3 51,4 39,5 44,1 

 

Table 3. Mean speeds and mean working capacities of WTG according to the 

actual measurements on WTG 
 WTG ̄ 1 WTG ̄ 2 WTG ̄ 3 

Mean wind speed behind the wind wheel, m/s 4,53 4,9 4,55 

Mean capacity, kW 100,7 76,9 97,6 

 

Apparently, from table 3, with a bigger mean wind speed behind the wind wheel at 

WTG ˉ2, the smallest mean capacity is watched. The reason can be that WTG ˉ2 for the 

observed period worked in the non-optimal mode that has led to significant discrepancy 

between operational and design energy output on a site of this WTG. In addition, similar 

discrepancy could take place due a difference in a climatic modification of WTG ˉ2 and 

WTG ˉ1 (and WTG ˉ3) possessing the improved climatic modification and installed on the 

WPP site later WTG ˉ2. 
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Research of influence of the actual fuel consumption accounting on energy efficiency 

indicators of WDC  

At the feasibility study for the integration of WTG into the EC, an estimate of the fuel 

economy at the DPP, as a rule, is carried out at constant specific fuel consumption bspec, which 

corresponds to the DPP rate power and is specified in the manufacturerôs passport data.  

According to data of the planned WDC on Popov Island (Vladivostok City District) it 

assessed the DPP work proportion in the reduced load zone. For this purpose, the DPP work 

repeatability characteristics with different capacities taking into account and without taking 

into account the integration of WPP into the EC structure it was built (see fig. 1). For the 

considered local consumer integration of WPP into the existing EC on the basis of a DPP 

leads to increase in repeatability of DPP operation with a reduced power (less than İ of rated 

capacity) for 5,3% that influences increase in fuel consumption during this period of 

operation. 

Using actual data on the energy output of DPP on Popov Island and fuel consumption 

on it in each 8 hours: 

1. It has been revealed that the most part of a season (namely 55%) DPP operates 

in the mode with the increased fuel consumption; 

2. The approximating dependence of specific fuel consumption on the operating 

capacity of DPP has been obtained (see fig. 2): 

                                                  (2) 

where bspec - specific consumption of diesel fuel on DPP, g/kWh, NDPP - operating 

capacity of DPP, kW. 

 

 

 
 

Figure 1. The DPP work repeatability characteristic taking into account (without 

taking into account) the integration of WPP into the composition of thʝ EC 

 

The annual fuel consumption calculated on a formula (2) differs for 0,6% from actual 

that allows to verify this formula and to use in further calculations for the analysis of 

influence of accounting of the actual fuel consumption on power efficiency of the integrated 

WPP.  
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Figure 2. The tabulated and approximating dependences bspec(NDPP) 
 

Research of influence of accounting of the approximating dependence bspec(NDPP) on 

annual fuel consumption on DPP it was carried out according to the equation of power 

balance of the local power supply system consisting of WPP, DPP and the consumer of 

electricity, which at any moment t it is presented in the condition form: 

Pau.c (ȹt) +DNo.n.(ȹt) +D Nloss (ȹt) Ò Nwpp(ȹt) + Ndpp(ȹt)                      (3) 

where ȹt, minute  a time interval is equal to 10 minutes; Pau.c.(ȹt) ï the general need 

of the autonomous consumer for electric power in t-minute; DNloss(ȹt)  value of power 

losses in t-minute; Nwpp(ȹt), Ndpp(ȹt) ï energy output in t-minute for the autonomous 

consumer from WPP and DPP respectively; DNo.n.(ȹt)  power necessary for the own needs 

(o.n.) of WPP and DPP in t-minute [2]. 

 On the basis of the carried-out calculations in table 4 are provided: annual fuel 

consumption on DPP (Bdpp, TPA), fuel economy on DPP at integration of WPP (ȹɺ, TPA) on 

condition of a constant specific fuel consumption (223,2 g/kWh) and the fuel consumption 

determined by dependence (2). 

The analysis of the obtained results has allowed to draw the following conclusions:  

¶ Accounting of the characteristic bspec(NDPP) leads to increase of fuel economy 

at the fuel consumption of the integrated WPP for 2,8% (and, respectively, to 

increase of economic indicators of the integrated WPP) which depends on 

load dispatch between WPP and DPP; 

¶ The feasibility study taking into account the characteristic bspec(NDPP) it is 

recommended to carry out only when at integration of WPP in EC on the 

basis of DPP there is an significant increase in propotion of annual DPP 

operation with a reduced power. For the object of interest neglection of the 

characteristic bspec(NDPP) leads to underestimation of the planned fuel 

consumption on DPP for 13% and, respectively, to underestimation the cost 

of electricity of WDC.  
 

Table 3. Annual fuel consumption of DPP, taking into account (without taking 

into account) the characteristics of bspec(NDPP)  

Composition 

of the EC 
Calculation at bspec=const (223,2 g/kWh) 

Calculation for the 

characteristic bspec(NDPP) 

DPP 
Bdpp, TPA 815,7 Bdpp, TPA 935,0 

ȹɺ, TPA 0 ȹɺ, TPA 0 

DPP + WPP 
Bdpp, TPA 557,2  Bdpp, TPA 612,0  

ȹɺ, TPA 258,5 ȹɺ, TPA 323,0 
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Conclusion 

For the objects of interest the following conclusions have been drawn: 

¶ It was revealed that one of the reasons for the discrepancy between the design 

and operational energy output of stand-alone WTG and WPP as a whole may 

be a non-optimal control mode of stand-alone WTG and WPP as a whole; 

¶ The feasibility study of the WDC taking into account the characteristics 

bspec(NDPP) is recommended to be carried out in cases where there is a 

significant share of DPP operation with a reduced capacity. 
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RESOURCE-SAVING TECHNOLOGY FOR TWO -LAY KNITTING  

Tamara Allamuratova, PhD; Mirazal Mukimov, Doctor of Sciences 

 

Abstract 

In order to expand the range of knitted fabrics and study the influence of cardigan 

loops in the structure of double-layered knitwear on its parameters and physical and 

mechanical properties, tow variants of two-layer knitwear were developed, which differed 

from one another in structure. Analysis of the parameters and physic-mechanical properties of 

double-layered knitwear showed that the developed structure of double-layer knitwear, one 

layer of which was worked out by a cardigan interlacing, has better quality characteristics, 

namely, improved heat-shielding properties and shape stability, good abrasion resistance, raw 

material consumer reduced on 6,5%. In addition, the presence of cardigan-stitch elements 

forms a pattern effect on the surface of the fabric. 
 

 

ɸʥʥʦʪʘʮʠʷ. 

 ʉ ʮʝʣʴʶ ʨʘʩʰʠʨʝʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʪʨʠʢʦʪʘʞʥʳʭ ʧʦʣʦʪʝʥ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʣʠʷʥʠʷ ʧʨʝʩʩʦʚʳʭ ʧʝʪʝʣʴ ʚ ʩʪʨʫʢʪʫʨʝ ʜʚʫʭʩʣʦʡʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʥʘ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ 2-ʚʘʨʠʘʥʪʘ ʜʚʫʭʩʣʦʡʥʦʛʦ ʪʨʠʢʦʪʘʞʘ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʣʠʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʪʨʫʢʪʫʨʦʡ. ɸʥʘʣʠʟ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʚʫʭʩʣʦʡʥʦʛʦ ʪʨʠʢʦʪʘʞʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʜʚʫʭʩʣʦʡʥʦʛʦ ʪʨʠʢʦʪʘʞʘ, ʦʜʠʥ ʩʣʦʡ ʢʦʪʦʨʦʛʦ ʚʳʨʘʙʦʪʘʥ ʧʨʝʩʩʦʚʳʤ ʧʝʨʝʧʣʝʪʝʥʠʝʤ, 

ʦʙʣʘʜʘʝʪ ʣʫʯʰʠʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʠʤʝʥʥʦ ʧʦʚʳʰʝʥʥʳʤʠ 

ʪʝʧʣʦʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʭʦʨʦʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʠʩʪʠʨʘʥʠʶ, ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ ʩʥʠʞʝʥʘ ʥʘ 6,5%. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʵʣʝʤʝʥʪʦʚ 

ʧʨʝʩʩʦʚʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ ʬʦʨʤʠʨʫʝʪ ʨʠʩʫʥʯʘʪʳʡ ʵʬʬʝʢʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʦʪʥʘ. 
 

 

ɸʥʥʦʪʘʮʠʷ. 

 ʊʨʠʢʦʪʘʞ ʪ˄ץʠʤʘʣʘʨʠ ʘʩʩʦʨʪʠʤʝʥʪʠʥʠ ʢʝʥʛʘʡʪʠʨʠʰ ʚʘ ʠʢʢʠ ץʘʪʣʘʤʣʠ ʪʨʠʢʦʪʘʞ 

ʪ˄ץʠʤʘʩʠ ʪʘʨʢʠʙʠʜʘʛʠ ʧʨʝʩʩ ״ʘʣץʘʣʘʨʥʠʥʛ ʪʨʠʢʦʪʘʞʥʠʥʛ ʧʘʨʘʤʝʪʨ ʚʘ ʬʠʟʠʢ-ʤʝʭʘʥʠʢ 

ʭʫʩʫʩʠʷʪʣʘʨʠʛʘ ʪʘʲʩʠʨʠʥʠ ˄ʨʛʘʥʠʰ ʤʘץʩʘʜʠʜʘ ʠʢʢʠ ץʘʪʣʘʤʣʠ ʪʨʠʢʦʪʘʞʥʠʥʛ 2ʪʘ 

ʚʘʨʠʘʥʪʠ ʪ˄ץʠʙ ʦʣʠʥʜʠ. ʊ˄ץʠʙ ʦʣʠʥʛʘʥ ʪʨʠʢʦʪʘʞ ʪ˄ץʠʤʘʣʘʨʠ ˄ʟʘʨʦ ʙʠʨ ʙʠʨʣʘʨʠʜʘʥ 

ʪʫʟʠʣʠʰʠ ʙʠʣʘʥ ʬʘʨץ ץʠʣʘʜʠ. ɹʠʨ ץʘʪʣʘʤʠ ʧʨʝʩʩ ʪ˄ץʠʤʘʩʠʜʘʥ ʠʢʢʠʥʯʠ ץʘʪʣʘʤʠ ʛʣʘʜ  
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ʪ˄ץʠʤʘʩʠʜʘʥ ʪ˄ץʠʣʛʘʥ ʠʢʢʠ ץʘʪʣʘʤʣʠ ʪʨʠʢʦʪʘʞʥʠʥʛ ʧʘʨʘʤʝʪʨʣʘʨʠ ʚʘ ʬʠʟʠʢ-ʤʝʭʘʥʠʢ 

ʭʫʩʫʩʠʷʪʣʘʨʠʥʠʥʛ ʪʘ״ʣʠʣʠ ʰʫʥʠ ʢ˄ʨʩʘʪʘʜʠʢʠ, ʠʢʢʠ ץʘʪʣʘʤʣʠ ʪʨʠʢʦʪʘʞ ʪ˄ץʠʤʘʩʠʥʠʥʛ 

ʩʠʬʘʪ ʢ˄ʨʩʘʪʢʠʯʣʘʨʠ ʶץʦʨʠ,  ʫʥʠʥʛ ʠʩʩʠץʣʠʢ ʚʘ ʰʘʢʣ ʩʘץʣʘʰ ʭʫʩʫʩʠʷʪʣʘʨʠ, ״ʘʤʜʘ 

ʠʰץʘʣʘʥʠʰʛʘ ʯʠʜʘʤʣʠʣʠʛʠ ʙʦʰץʘ ʚʘʨʠʘʥʪʛʘ ʥʠʩʙʘʪʘʥ ʶץʦʨʠʣʠʛʠ,  ʭʦʤ ʘʰʸ ʩʘʨʬʠ 

6,5%ʛʘ ʢʘʤʘʡʪʠʨʠʣʛʘʥʠ ʘʥʠʢʣʘʥʜʠ. ʀʢʢʠ ץʘʪʣʘʤʣʠ ʪʨʠʢʦʪʘʞ ʪ˄ץʠʤʘʩʠ ʪʘʨʢʠʙʠʜʘ ʧʨʝʩʩ 

 ʦʩʠʣ ʙ˄ʣʠʰʠʛʘ ʩʘʙʘʙ״ ʰ ʩʘʤʘʨʘʩʠʥʠץʘʣʘʨʠʥʠ ʤʘʚʞʫʜʣʠʛʠ ʪʨʠʢʦʪʘʞ ʶʟʘʩʠʜʘ ʥʘץʘʣ״

ʙ˄ʣʘʜʠ. 
 

The knitting industry is currently one of the most important industries producing 

consumer goods. 

 The most important and actual problem in the knitting industry is the rationality of 

using raw materials in the production of knitted goods based on the achievements of science 

and technology. 

 The economical use of raw materials creates the conditions for increasing output 

without introducing significant additional capacities in spinning mills and improving the 

quality of raw materials, improving the quality of products and increasing labor productivity 

in knitting mills. Therefore, the solution of the problem of obtaining lightweight knitted 

fabrics without reducing the quality index is in line with the basic directions of the 

development of the knitting industry. 

For its realization, scientists, together with workers of knitted enterprises, develop new 

assortments of knitted products with reduced material consumption, as well as technological 

modes for processing new types of raw materials, find new ways to further increase 

productivity, increase output of excellent quality, seek opportunities to maximize raw material 

savings and reduce Cost of products. 

The range of knitted goods has recently expanded significantly. It was enriched with 

new types of knitted fabrics, in particular, with lightweight structures, such as combined and 

two-layer, produced mainly on double-needle machines. To develop new structures on the 

basis of the above-mentioned stitches for the purpose of creating lightweight cloths, we 

analyzed the existing structures and methods of their production on different types of knitting 

machines. 

The results of the analysis of the production of knitted goods show that the feasibility 

of studying the possibilities of producing combined and two-layer knitwear, its structure, 

knitting processes, properties and areas of practical use is beyond doubt. 

The loop structure of the knitted fabric is characterized by the fact that the filament 

filling with a unit of its area, in comparison with the woven fabrics, is less. As a consequence, 

in knitted material the bulkiness is higher (knitted fabric density 0.2-0.3 g/cm
3
, woven fabric 

density 11.3 g/cm
3
) [1]. At the same time, the consumption of yarns in the production of a 

unit area of the knitted fabrics, less than of the woven fabric. It is one of the defining criteria 

of the advantages of the economy of the knitted manufacturing method. 

Reducing the material capacity of knitted products, compared with fabrics, is due not 

only to the structure of the material. The increase in the class of knitting machines and the use 

of threads of small linear density is a generally recognized direction of reducing the 

consumption of raw materials. At the present time, weft knitting machines of 28-32 class are 

widely introduced, also models of 42 class have been created. 

For example, when knitting process from machines 18 cl to knitting on machines of 22 

cl., the surface density is reduced by on 10-15%. Increasing the class, as a rule, makes it 

necessary to use threads of lower linear density (otherwise the surface density of the material 

increases). 

A further reduction in the consumption of raw materials can be achieved by 

incorporating a patterned stitch into the knitted fabric structure. Knitwear patterned 
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interlacing is formed on the basis of the main or production by introducing additional 

elements (tuck loops, broaches, additional yarns) or by changing the production processes that 

make it possible to obtain a knitwear with new properties. 

In [2], jacquard, cardigan and incomplete knitwear samples were produced from 

cotton yarn with a linear density of 20 tex x 4 to investigate the effect of jacquard, 

cardiganing and incomplete weave elements on the parameters and properties of the knitted 

fabric. As a basic sample, a rib stitch 1 + 1 has been developed. 

According to the results of the study of technological parameters, it can be noted: the 

comparison of knitwear patterns with each other on the basis of surface density showed that 

the least surface density has a jersey of incomplete stitch, and comparison of samples by 

volume density showed that the lowest volume density has a knitted fabric of the 

cardiganstitch. The thickness of the cardigan jersey is greater than that of the rest of the 

stitches. 

Therefore knitwear of cardigan stitch is used not only to obtain pattern effects, but also 

to reduce the volume density of knitwear. 

Common to all structures of double-layered knitwear is that each layer of it is an 

independent cloth of the main, derivative, patterned or combined single stitch. Cloths, or 

layers, are knitted together in the process of knitting with the insides by ground of any 

elements of the loop structure so that, by breaking one stitch, you can save the other without 

breaking the loop ties [3]. 

In the case of two-layer knitting, the problem of improving the quality and expansion 

of the assortment is solved by matching the interlacing for the layers, the joining elements, the 

order of their alternation, the type, the linear density and color of the yarn, the optimal 

parameters of the layers and their relationships. 

High-quality products of the top assortment are most rationally made from knitted 

fabrics of a two-layered stitch, The use of different single interlaces in one web allows to 

eliminate negative and preserve the positive properties of the knitwear of these interlaces. In 

this way it is possible, for example, to significantly reduce the deformation in both directions, 

to increase the form stability of knitwear, strength, improve heat-shielding properties, 

appearance, and to change the surface density in one direction or another. 

For knitted garments, a set of certain properties is required. They are designed to 

protect the human body from hypothermia in cold weather, therefore, the main requirement - 

heat protection; a fine-porous structure with overlapping through-holes, i.e. reduced air 

permeability; high form stability with sufficient form-building ability; permissible material 

consumption for materials in accordance with purpose and operating conditions[4]. 

Regardless of the type of constituent interlacing, the using of a high-shrinkage yarn as 

a connecting thread makes it possible to increase the density of knitwear, improve its heat-

shielding properties, and increase the relief. The use of thin connecting threads causes an 

increase in surface filling. Since the connecting thread is not tied in a loop, it is possible to use 

a thicker yarn with a small twist, which is cheaper than a ground yarn. With an increase in the 

working of the connecting threads, a thicker web with a large distance between the layers is 

obtained. Since the interlacing is connected by additional threads, the consumption of the 

main yarn is less than the consumption of yarn for knitted fabric with press connection of the 

main threads. It is possible to vary more freely the parameters of the constituent interlacing, 

which is important for obtaining optimal parameters of double-layer knitwear. 

New two-layer knitwear, in which two fabrics of single interweaving are joined by the 

insides with a separate connecting thread - high-shrink lycra yarn - in the form of sketches on 

the broaches of one leaf and the back loops of another cloth along a row of knitwear was 

developed [5]. Using as a connecting yarn a thread of low linear densities,it is possible to 
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obtain a two-layer knitwear with a smaller surface density. The absence in the structure of 

knitted fabrics of basic yarns for each row of knitwear makes it possible to obtain jersey with 

high surface filling, i.e. there are no forces of elasticity, pushing adjacent loop wales. 

The proposed knitwear can be produced on a flat and circular knitting machine, it can 

be used for knitting the fabric, which then goes to the cutting and sewing of the upper 

products, the underside of which differs from the face quality of the yarn. For example, cotton 

yarn can be used to save expensive pure wool raw materials from the underside of the 

products, and natural yarn can be used to improve the hygienic properties of children's and 

sports products made of synthetics. Of particular interest is the development of the proposed 

knitwear in flat knitting machines, which have been widely used in the domestic production 

of outerwear. 

In order to expand the range of knitted fabrics and study the influence of cardigan 

loops in the structure of double-layered knitwear on its parameters and physical and 

mechanical properties, 2-variants of two-layer knitwear were developed, which differed from 

one another in structure. 

To compare the parameters and physic-mechanical properties of the proposed versions 

of double-layered knitted fabrics, a two-layer knitwear was produced as the base knitwear, 

where the layers of knitwear were produced by the plain stitch (I-Variant). 

Samples of double-layered knitwear were produced on a double-needle flat knitting 

machine of the 14th class of PROTTI-242 type. The raw material used was cotton yarn with a 

linear density of 20 texʭ 3 and a high-shrinkage yarn of Lycra with a linear density of 7.7 tex. 

The structure and graphic record of the II-Variant of two-layer knitwear is shown in Fig. 1. 

In this knitwear, two layers - a single cardigan and a plain - are joined by the insides 

using a connecting thread - lycra. 

The face side of the double-layered knitwear consists of loops 1 of ordinary size 

formed of yarns 2, elongated loops 3 formed of threads 4 and tuck loops 5 (Figure 1, a). The 

inside of the double-layered knitted fabric consists of loops 6 of the same size formed from 

threads 7 (Figure 1, b). Graphical record of two-layer knitwear is shown in Fig. 1, c. 

 

 
ʘ 

 
b  

c 

Fig. 1. Structure (a, b) and graphical record (c) of the production of double-layer 

knitwear 

 

As can be seen from the graphic record of the production of knitwear, every third row 

(II, V-courses) of the structure rapport consists of loops of the plain stitch formed by the 

needles of the back bed and they form the inside layer of knitwear. The first and seventh rows 

of the rapport are formed by the needles of the front bed with the cardigan interlacing. For 

this, when forming courses due to the selection of needles, each second needle forms a 

cardigan outline, in other words these needles are lifted to incomplete imprisonment, the old 
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loop does not fall on the needle bar, a new thread is laid on the needles. In the next course, the 

old loop and sketchare reset to a new loop, i.e. a single cardiganstitch is formed on the face of 

the jersey. 

The joining of knitted fabrics is carried out by cardigan connection with additional 

threads. For this, in the third and sixth rows, all the needles of the front and back beds are 

raised to incomplete imprisonment, a high shrinkage lycra thread is laid on these needles. 

In the next rows, they, like a sketch, are dumped onto new loops together with the old 

loop. 

Technological parameters and physical and mechanical properties of the investigated 

variants of double-layer knitted fabrics are determined by the standard methods in the 

laboratory "CentexUz" at TITLI, the results are given in Table 1. 

 

Table 1. Technological parameters and physical-mechanical properties of two-layer 

knitted fabrics 
Indicators Variants 

I  II  

Knitted stitch Face layer Plain Single cardigan 

Insidelayer Plain Plain 

Surface density, g / m
2
 534 506,4 

Thickness, mm 1,42 1,44 

Volume density, mg / cm
3
 376 351,7 

Absolute volume relief , mg / cm
3
 - 24,3 

Relativerelief,% - 7 

Air permeability, dm
3
/cm

2
sec 68,7 55,3 

Abrasionresistance, thousand cycles. 31,2 32,4 

Breakingload, N bylenght 503,7 472,2 

Inwidth 489,6 572 

Breakingelongation,% bylenght 23,8 8,9 

In width 28,3 19,7 

Irreversiblestrain,% bylenght 14 12 

In width 18 8 

Reversiblestrain,% bylenght 86 88 

Inwidth 82 92 

Shrinkage,% bylenght 12 10 

In width -6 1 

 

Comparing the bulk density of the II-Variant of the two-layer knitwear with the base 

stitch            (I-Variant), we have: at a surface density of 506.4 g / m
2
 and a thickness of 1.44 

mm, the bulk density of the II-Variant of double-layer knitwear is 351.7 mg / cm
3
, and the 

bulk density I-Variant at a surface density of 534 g / m
2
 and a thickness of 1.42 mm is equal 

to 376 mg / cm
3
. 

Based on the results of a study of the technological parameters presented in Table 1 it 

can be noted that the developed structure of double-layer knitwear (II-Variant) has a smaller 

surface and bulk density, i.e. its material consumption is less than that of the I-Variant of two-

layer knitwear. 

The main physical and mechanical properties of knitted fabrics are the characteristics 

that determine their scope of use. The investigated samples of double-layer knitwear are 

intended for making outerwear. Therefore, the most important are such properties as air 

permeability, strength and form stability. The form-stability of knitted fabrics is characterized 

by extensibility, a fraction of reversible deformation and shrinkage. 
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When evaluating clothing from the hygienic point of view, air permeability of textile 

materials is very important, since it causes air ventilation under the clothes and largely 

determines the heat-protective properties of the material [6]. 

The coefficient of air permeability of knitted fabrics used for outerwear products, 

depending on the thickness, the kind of stitch and the density, ranges from 40.0 to 90.0 

cm
3
/(cm

2
Ŀsec) for fabrics knitted on flat-fleece machines. 

The air permeability of the II-Variant is 55.3 dm
3
/cm

2
sec, which is 19.5% less than the 

base stitch (I-Variant). This means that the II-Variantof double-layered knitwear, having a 

new structure, has better thermal protection properties than the base sample. 

During operation, the fabrics in the products are abraded by surrounding objects 

touching them and as a result of wiping individual parts become unusable to wear. 

As a criterion for assessing the resistance of knitted fabrics to abrasion, the number of 

cycles of the instrument was measured before rubbing the test sample. Carrying out the tests 

on the device and using the specified indicator as an evaluation criterion, we obtain the same 

characteristic of the compared samples as in the experimental sock. 

The indicators of resistance to abrasion of knitted fabrics fluctuate within very wide 

limits - from 20 to 500 thousand cycles of the device. The abrasion resistance of the II-

Variant of double-layer knitwear is 59.1 thousand cycles, which is 3.8% more than the base 

variant. 

Breaking characteristics are the main indicators accepted for the qualitative evaluation 

of knitted fabrics. The breaking load along the length of the II-Variant of two-layer knitwear 

is 6.2% smaller, and 16.8% more in length than in the base stitch. 

The index of strain of knitted fabrics is in the range of 20 - 200%. The strain of cotton 

fabrics from circular knitting machines varies between 50-150%, depending on the linear 

density of the thread, the kind of stitch, the class of the machine. Taking into account this 

index, when designing products, appropriate corrections are made to the dimensions of 

products determined on the basis of anthropometric data. 

Knitted fabrics, depending on the index of strain, are divided into three groups. The 

first group includes fabrics with strain index of less than 40%, to the second - with strain 

index of 40 to 100% and to the third - more than 100%. 

The presence of elongated loops and sketches in the structure of double-layer knitwear 

contributes to a decrease in the length of the knitted fabric. 

The discontinuous elongation along the length of the II-Variantof double-layered 

knitwear is 62.6%, and the width is 30.4% less than that of the base sample. The test samples 

of double-layered knitwear refer to the first group. 

Thus, the breaking elongation of the proposed variant of the two-layer knitted fabric is 

less than the breaking elongation along the length of the base stitch, which contributes to an 

improvement in knitwear deformation resistance. When designing knitted goods, it is 

necessary to take into account the shrinkage parameters and the elastic properties of the 

fabric. 

The proportion of reversible deformation of a sample of a two-layer knitted fabric of a 

new structure is better than that of a base sample. The proportion of reversible deformation 

along the length is more by 2.3%, and by width by 12.2% (Table 1). It should be noted that 

the two-layer jersey of both variants has high rates of reversible deformation. At the rate of 

the proportion of reversible deformation of knitted fabrics from 60 to 80%, the test samples 

have a reversible deformation of more than 80%. 

Such indicators of the proportion of reversible deformation indicate the ability of the 

test samples of double-layer knitwear to quickly take the original dimensions after stretching. 
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Shrinkage along the length of the proposed two-layer knitwear along the length of the                 

II -Variant of two-layer knitwear is less than the shrinkage of the base stitch by 16.7% less, 

and width by 83% than the shrinkage of the base stitch. 

Analysis of the parameters and physic-mechanical properties of double-layered 

knitwear showed that the developed structure of double-layer knitwear, one layer of which 

was worked out by a cardigan interlacing, has better quality characteristics, namely, improved 

heat-shielding properties and shape stability, good abrasion resistance. In addition, the 

presence of cardigan-stitch elements forms a pattern effect on the surface of the fabric. 

The resulting two-layer knitwear can be successfully used in the development of the 

top knitwear of both children's and adult assortment. 
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QUESTION OF OBSERVABILITY OF INDEPENDENTLY COMTROLLED 

SYSTEM 

Bahodirjon Onorboev, Doctor of Sciences; Dilshod Aroev, Researcher  

 

Abstract 

The attributes are analyzed and a lack of observability of independently controlled 

systems and their difference-differential case is identified. 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʩʚʦʡʩʪʚʦ ʠ ʚʳʷʚʣʝʥ ʥʝʜʦʩʪʘʪʦʢ ʥʘʙʣʶʜʘʝʤʦʩʪʠ ʘʚʪʦʥʦʤʥʦ 

ʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤ ʠ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʩʣʫʯʘʷ. 

 

ɸʥʥʦʪʘʮʠʷ 

ɸʚʪʦʥʦʤ ʙʦʰץʘʨʠʣʫʚʯʠ ʪʠʟʠʤʣʘʨʥʠʥʛ ʚʘ ʫʣʘʨʥʠʥʛ ʜʠʬʬʝʨʝʥʮʠʘʣ-ʘʡʠʨʤʘʣʠ 

  .ʣʘʥʛʘʥץʠʣʠʥʛʘʥ ʚʘ ʢʘʤʯʠʣʠʛʠ ʘʥʠץ ʣʠʣ״ʦʣʠ ʫʯʫʥ ʢʫʟʘʪʫʚʯʘʥʣʠʢ ʭʦʩʩʘʩʠ ʪʘ״

 

Introduction 

Almost all of the technical processes have to be controlled in one way or another on some 

criteria. In mathematical modeling and management of these processes, all lead to a system, 

the movement of which is expressed by differential equations, depending on the control 

function. Systems have the stationary and non-stationary, the linear and non-linear, 

deterministic and stochastic and other marks, depending on the properties.  

Let us assume a linear deterministic system. 
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,BuAxx +=# (1)       ʤʘʪʨʠʮʘ)(),(,, -³³ÍÍ mnBnnAmRunRx  

To determine the controllability and observability of the system (1) the color of matrix, 

which is composed of factors describing its condition, should be equal to the dimension of 

space of the system. That is, Kalman criterion should be performed [1]:  

.]1,...,2,,[ nBnABAABBrank =-  

In stochastic systems the concept of observability depends on the asymptotic state of the 

posteriori distribution of probability or correlation of matrix estimation. 

With increasing the number of observations and lengthening the time duration of 

continuous observations for discrete processes in stochastic observability of the system, the 

infidelity of the vector of probabilities, from the point of view of probability, is close to zero 

or the last value. 

Formulation of the problem. It is known that it is possible to observe the spatial state of a 

system of control function dependent linear deterministic differential equations, only if it 

satisfies the attribute of complete controllability. But in some cases, the system is divided into 

two sections: managed and unmanaged. In [2] the number of parameters in the management 

of autonomous control systems is optimized. I.e,  
kn RtvRtxvBʉAxx ËË+= )(,)(,)(#                                  (2) 

The resulting system (2) satisfies the attribute of full controllability, but its appearance in 

relation to the original system (1) is changed. 

In such cases, the question arises - is it possible to observe the general state of the system. 

To answer this question, we analyze the property observability of independently controlled 

systems. 

The solution of the problem. Let us assume that the system of linear deterministic 

independently controlled equations generally described as: 

                    
)()(

)()()(

tHxty

tButAxtx

=

+=#
                                                              (3) 

where --= ntxx )(  is the vector of system state t  )(
0

Ttt ¢¢  with a time dimension; 

constant matrix with dimension -³ )( nn  which describes the spatial state of the system 

- A ; 

constant matrix with dimension -³ )(  mnB ; 

a measurement control function -³ )1(  nu ;  

the measurement vector -³ )1( n  depending on the state of the vector y  x ; 

constant matrix with dimension -³ )( nrH . 

If the system of equations (3) fully describes the incoming and outgoing parameters in a 

limited time, it is called an observable. 

If the system of equations (3) 0=H , it turns the system which is not fully observable. As 

mentioned above, controllable systems can be divided into controllable part and 

uncontrollable part. But in determining the observability, the systems canôt be divided into 

pieces.  

According to the theorem given in [1], if in the system (3), the matrix - A  has a 

different characteristic numbers, that is, is not a multiple, the system (3) is observable. 

Therefore, if the system (3) is controlled -k , it canôt be observable in full.  

Let us consider this sentence from two sides. 
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For example, in (2) characteristic of the matrix - A  are multiples. Then, according to 

Lemma given in [1] linear system (3) is not fully controllable. As a result, the system (3) 

takes the following form:  

                                     
)()(

)()(

tHxty

tAxtx

=

=#
                                                          (4)                                                                                          

For system (4) there is a linear U  subspace with dimension equal to )0(  nkk ¢¢  

that in the first place - U  is an invariant subspace, and secondly, the system (4) is not fully 

observed in the subspace U . 

For the system (4) to be fully observed, it should be 0=U . Accordingly, the 

coordinate system is described by 
ö
ö

÷

õ

æ
æ

ç

å
=

2

1

x

x
x , and the subspace U  expressed by the equation 

0
2
=x . A system of equations (4) can be expressed as [1]: 

                      
îí

î
ì
ë

=

+=

2222

2121111

xAx

xAxAx
, 22 xHy= .                                             (5) 

If from the system of equations (5) is 0
1
=x  obtained, then the shapes of nk=  and 

the expression (5) are the same with the system (4). As a result, according to [1], the system is 

fully observable.  

It is known that in order for the system to be observable, first of all it must be 

controllable. This contradicts the opinion of the above (3) that if the characteristic of the 

matrix - A  are not multiples, it is not controllable. 

On the other hand, the system (2) is similar to the system (3).  

According to the theorem given in [1], in order to the system (3) to be observable, that 

a similar system with it (2) must be completely controllable.  

In order that the system to be completely controlled, Kalman criterion should be 

performed. Performing of Kalman criterion for the system (2) shown in [2]. This contradicts 

the opinion that in order to the above equations (3) be fully observable, the characteristic of 

the matrix must not be multiple. These conflicts cause the need for additional research work 

on the observability of controllable systems.  

Another type of independently controlled system is a system of differential-difference 

equations, depending on the control function. 

In recent years, a system of argument or delayed differential-difference equations 

describe the objects of a number of areas [3] of most of the mechanical engineering, chemical 

engineering, biology, economics, science and technology. These equations describe the 

motion of delay group of objects or a single element objects. 

In general terms, the delay time may be constant, variable or random functions. 

It is known that the analysis of processes and cases inextricably linked to the 

construction of mathematical models expressing them in mathematical language. Each 

mathematical model describes a number of parameters: input variable, output variable, the 

intermediate variable (changeable situation).  

To determine the controllability and observability of delay objects they should be 

divided into classes. 

General view of the mathematical models of delay objects looks like: 

                        .,...,2,1,,0),),()(),(),(( njitftutxtyF ji ==qt                      (6) 
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where -)(ty  is vector of input variable of object; 

-)(tx  is vector of intermediate variable; 

-)(tu  is management function; 

-)(tf  is vector deviation; 

-qt, nn qqqttt <<<<<<<< ...0   ,...0 2121  characterizes the delay time 

satisfying the terms and appropriate to the conditions of variables )(tx  and )(tu . 

Since the expression (6) describes the objects that can be modified over time, ie, 

dynamic objects, it can be considered as a differential, integral, and differential-integral 

equations. 

Object Equation (6) as the operator has the following attributes [3]: 

1. At a given time the output signal is determined in the same value of the input signal 

and the state at one and the same time. 

2. In the sequence of times the state ),( 0 ttu  of the input signal ),[ 0 tt  in the time 

interval and the state ),( 00 rttu q-  in the time interval ),[ 0 tt rq-  and the state 

),( 00 l
ttx t-  in the time interval ),[ 0 tt

l
t-  determined in the same sense. 

These two conditions mean that the equation of state can be formulated in the 

following two equations [3]: 

                           ));(),(()( 1 tutxgty =  

                                                                      

njittuttxgtx ji ,...,2,1,   )),,(),,(()(
00002

=--= qt  

where the functions -21,gg  have one value. 

There are various kinds of equation (6) as the state of object.  

1. Type, excluding the impact of the external environment, ie, in a state of isolation: 

                      );()()( tDutHxty +=  

                          ;
0 0

)()()( ä ä -+-=
= =

l

i

r

i
iiii tuBtxAtx qt                                           (7) 

                          ;),()( 00 ttttxtx
l
¢¢-= tf  

                          ,),()( 00 ttttutu r ¢¢-= qf  

where -)(),( tutx ff  is initial functions; 

-DHBA ,,,  is constant matrix corresponding dimension. 

Another view of this class is 0=q . Continuous form of the equation (7) is expressed 

as:  

                             ).()(

),()()(

tHxty

tButAxtx

=

+-= t#

                                                (8) 

2. One of the important classes of objects are delays in signals of controlling, 

mathematical description (2) of which looks like in equation 0=A . As part of a class of this 

class, there is the concept of "pure" delay (7) looks like in equation 0   ,0 == ii BA . Such 

cases are characterized by continuous production systems (conveyor technique). 

3. Another class of objects with delay is the delay in the coordinates. Its mathematical 

form (8) looks like in the equation 0=iB . These cases are characterized by greater non-

periodic processes, such as in small units. 
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In [3] for a system of differential-difference equations, expressing (9) objects 

belonging to the class of delays in the coordinates in the object classification delay, 

introduced the concept of full observability and relative observability. 

According to them, if to determine the original function ʭf  in a limited time ʊ there 

are sufficient inputs and corresponding output parameters, the dynamic object, expressed by 

the system of equations (9) is fully observable.  

To ensure that the system of equations (9) be observable in a relatively limited ʊ 

period of time and for matrices Hɸ, , the following condition should be done: 

                           nHTAHTAHTrang n =- )](),...,(),[( 1 .  

Conclusion. The above theoretical development of controllability and observability of 

dynamic systems are essential to the practice in the controlling of the process and observation 

of objects with delay, expressed by a system of differential-difference equations, in particular, 

chemistry, petrochemistry, biotechnology, engineering and other industries. 
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SYNTHESIS AND RESEARCH OF POLYMER HYDROGELS ON THE BASIS OF 

HYDROLYSED POLYACRYLONITRILE AND EPICHLORHYDRIN  

Shavkat Shirinov, Researcher 

 

Abstract 

The synthesis of a highly swelling polymer hydrogel based on the interaction of 

epichlorohydrin with GIPAN is studied in the article. The influence of temperature, 

concentration of initial reagents on gelling in the reaction mixture and degree of swelling of 

the obtained hydrogel was studied, optimal conditions for hydrogel synthesis were 

established. The kinetics of swelling of a hydrogel based on GIPAN and epichlorohydrin was 

studied and the optimum degree of grinding for the hydrogel swelling in water was shown. 

 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥ ʩʠʥʪʝʟ ʚʳʩʦʢʦʥʘʙʫʭʘʶʱʝʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʛʠʜʨʦʛʝʣʷ ʥʘ ʦʩʥʦʚʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ ʩ ɻʀʇɸʅʦʤ. ʀʩʩʣʝʜʦʚʘʥʳ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ,  

ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʠ ʩʪʝʧʝʥʴ 

ʥʘʙʫʭʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʛʠʜʨʦʛʝʣʷ,  ʫʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ 

ʛʠʜʨʦʛʝʣʷ. ʀʟʫʯʝʥʘ ʢʠʥʝʪʠʢʘ ʥʘʙʫʭʘʥʠʷ ʛʠʜʨʦʛʝʣʷ ʥʘ ʦʩʥʦʚʝ ɻʀʇɸʅʘ ʠ 

ʵʧʠʭʣʦʨʛʠʜʨʠʥʘ ʠ ʧʦʢʘʟʘʥʘ ʦʧʪʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʥʘʙʫʭʘʥʠʷ 

ʛʠʜʨʦʛʝʣʷ ʚ ʚʦʜʝ. 
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ɸʥʥʦʪʘʮʠʷ 

Maqolada epixlorgidrinning GIPAN bilan oózaro taôsirlashishi asosida olingan yuqori 

boókuvchan polimer gidrogel sintezi oórganilgan. Gidrogel sintezining optimal sharoitlari 

aniqlangan, olingan gidrogelning boókish darajasi va reaksion aralashmada gel hosil 

boólishiga dastlabki reagentlar konsentratsiyasi va haroratning taôsiri tadqiq etilgan. 

Epixlorgidrin va GIPAN asosidagi gidrogelning boókish kinetikasi oórganilgan va 

gidrogelning suvda boókish jarayonidagi optimal maydalanish darajasi koórsatilgan. 

 

Introduction.  The geographical position of the Republic of Uzbekistan determines its 

natural feature; The main source of food production is irrigated agriculture, which accounts 

for 85.0% of the current volume of water in the republic. Consequently, the question of 

rational use of water resources is very acute. This is especially felt in connection with the Aral 

problem and population growth in the region. The above facts force agriculture to move in 

perspective on water-saving technologies. One of the ways of rational use of water resources 

is the use of highly swelling polymer hydrogels and this is relevant from an ecological and 

economic point of view. 

Such highly swelling polymer hydrogels were obtained on the basis of a 

polyelectrolyte complex of polyacrylic acid-polyethylene amine [1], vinyl esters of glycols [2] 

with polyacrylonitrile (PAN) [3], polyacrylamide (PAA) [4] and hydrolyzed polyacrylonitrile 

(GIPAN) [5]. 

When epichlorohydrin reacts with GIPAN, as well as with ammonia, both water-

soluble oligomers, polymers and non-water-soluble polymers of a network structure are 

obtained with valuable physicochemical, physicomechanical properties that are widely used 

in various industries (chemical, textile, metallurgical, Pharmaceutical), as well as in 

agriculture [6-9]. In connection with this, the study of these products raises a certain scientific 

and practical interest. These polymers are obtained by the method of modification of 

hydrophilic 

Of GIPAN molecules with various cross-linking agents [10, 11]. The macromolecules 

of these polymers contain polar units, therefore, the swelling of this hydrogel depends on the 

ionic strength of the solution. 

Methods and materials. Synthesis of HIPAN (hydrolysis of polyacrylonitrile) was 

carried out according to the following procedure: in a 300 ml round bottom flask equipped 

with a reflux condenser, 110 ml (0.22 mol) of 8% sodium hydroxide solution were poured and 

10 g (0.2 mol) of finely divided polyacrylonitrile . The mixture was heated in an oil bath to 

boiling (bath temperature 100-110 Á C) and held for about 13 hours. When the solution 

became colorless and clear, the heating was stopped, the solution was cooled and poured into 

a 500 ml beaker, neutralized with 0.5 N hydrochloric acid, pH 8 Up to 2 on the universal 

indicator. 

The sodium polyacrylate was precipitated from the solution by the addition of 150 ml 

of methanol. The resulting precipitate was filtered on a Buchner funnel and washed with 

methanol until the traces of chlorides in the mother liquor disappeared. The purified sodium 

polyacrylate was dried in air for 48 hours. The yield of the polymer was about 15.6 g. Sodium 

polyacrylate is a white powder soluble in water. 

Free polyacrylic acid was obtained by acidification of a 5% aqueous solution of 

sodium polyacrylate with an equivalent amount of 10% hydrochloric acid. The precipitated 

polyacrylic acid was washed with water until the traces of chlorides in the mother liquor 

disappeared, and then dried in air for 48 hours. 

Synthesis of hydrogel based on GIPAN and epichlorohydrin. In a flask equipped 

with a stirrer, a thermometer and a dropping funnel, 10 ml of GIPAN was placed and, while 
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maintaining the temperature of about 15-20 ÁC. with vigorous stirring, 0.1 Ñ 3.0% of the 

cross-linking agent, epichlorohydrin, was slowly added dropwise. The solution was then 

stirred for several hours at room temperature, after which the hydrogel formed was dried in 

vacuo at room temperature. 

Results and its discussion. Various factors influence the synthesis of ionic polymers, 

and, to study these regularities, we investigated the effect of concentration, the ratio of the 

initial products and the duration of the polymerization reaction of GIPAN with 

epichlorohydrin. 

Due to the fact that the solubility of epichlorohydrin in various solvents is different, 

we chose a solvent system - water, which ensured the homogeneity of the solution. 

Polymers with high yields of polymers are obtained at a component ratio at which 

even if one of them is in excess, the polymer is synthesized with an equal ratio of components 

in the finished product. The temperature variations were selected by selection, taking into 

account that they reduce to minimal losses and the consumption of reagents for side reactions. 

When epichlorohydrin reacts with HIPAN, a certain regularity is revealed, which makes it 

possible to characterize the effect of temperature on the polymer yield, i.e. The increase in 

temperature increases the yield of the polymer, with a change in the concentration of the 

starting reagents at room temperature, after a certain period of time, the reaction temperature 

gradually rises. 

The reaction at very high solution concentrations and high temperatures occurs almost 

instantaneously and proceeds at a high rate, resulting in a strongly crosslinked polymer. The 

study of spontaneous polymerization, which takes place during the interaction of ECG with 

GIPAN, shows that the same picture is observed with increasing temperature and the degree 

of reaction of the components proceeds almost instantaneously. It should be noted that in all 

studied systems the reaction occurs exothermically. 

Investigation of the GIPAN crosslinking was carried out in aqueous solutions, in the 

presence of a potassium persulfate initiator. The amount of the cross-linking agent was varied 

between 0.1-5.0% by weight of GIPAN. The change in the reaction temperature has a 

perceptible effect on the entire gelation process, so at temperatures above 60 Á C, the reaction 

proceeds in a short time. Numerous experiments have chosen the optimum reaction 

temperature for HIPAN with epichlorohydrin 80 Á C, at which gelling occurs in a few minutes 

and swells the resulting hydrogel higher than the hydrogel obtained at a different temperature 

(Table 1). 

 

Table 1. Influence of the reaction temperature of the preparation of hydrogel GIPAN: 

ECG on the degree of swelling 

ˉ GIPAN,% ECG, % 

Reaction temperature 

40 
0
ʉ 60 

0
ʉ 80 

0
ʉ 100 

0
ʉ 

Degree of swelling 

1 99,0 1,0 70 120 360 320 

2 98,0 2,0 150 215 420 380 

3 97,0 3,0 170 370 500 450 

4 96,0 4,0 200 250 370 320 

5 95,0 5,0 245 240 300 260 

 

From the table, it is seen that the degree of swelling of the hydrogel depends on the 

reaction temperature; At a temperature of 80 Á C and a ratio of GIPAN: ECG 97.0%: 3.0%, 

the degree of swelling is 500. 

The influence of the change in the concentration of the cross-linking agent on the 

swelling of the polymer was studied. Experiments have shown that when the concentration of 
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the cross-linking agent is increased, the degree of swelling of the hydrogel is maximized, this 

is because when the concentration of the cross-linking agent is increased, a dense network of 

cross-linked links is formed, which in turn reduces the water-absorbing capacity of the 

synthesized hydrogels. 

 

Table 2. The effect of the crosslinking agent concentration on the swelling of the 

polymer 

ˉ GIPAN, % ECG,% 
Degree of 

swelling 

Ratio of 

communications and 

links 

Communication 

/link, n 

1 99,9 0,1 240 1:999 0,001 

2 99,7 0,3 250 1:333 0,003 

3 99,5 0,5 270 1:198 0,005 

4 99,3 0,7 290 1:141 0,007 

5 99,1 0,9 320 1:111 0,009 

6 99,0 1,0 360 1:99 0,01 

7 98,0 2,0 420 1:51 0,019 

8 97,0 3,0 500 1:33 0,03 

9 96,0 4,0 370 1:24 0,04 

10 95,0 5,0 300 1:18 0,05 
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-Ǐ-1, -ǅ-2, -ǒ-3, -ƶ-4  
Fig.1. Influence of the cross-linking agent on the degree of swelling of the synthesized hydrogel based on 

GIPAN: ECG at different temperatures, 
0
ʉ: 1 ï40;  2 ï 60; 3 ï 80; 4 ï 100. 

 

At low concentrations of the cross-linking agent, the dependence is directly 

proportional to the character, while an increase in concentration above 3.0%, violates this 

dependence. The concentration of the cross-linking agent in the reaction mixture in the range 

2.0-4.0% is optimal, as with increasing it, the degree of cross-linking of the macromolecule of 

the formed polymer increases and, consequently, the degree of swelling of the hydrogel 

decreases. 

The influence of the concentration of the initial reagents on gelling in the reaction 

mixture was studied. With an increase in the degree of dilution of the reaction mixture, either 

the absence of a gelling process is observed, or the process is strongly delayed in time. In this 

case, the product has a very low degree of cross-linking and is generally soluble in water. 
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The optimum concentration of HIPAN in the solution was chosen experimentally to 

11.0 - 20.0%. An increase in concentration above 20.0% leads to an increase in the viscosity 

of the solution, which complicates the process, on the one hand, mixing, and, consequently, a 

decrease in the reactivity of the mixture as a whole. 

The reaction between HIPAN and epichlorohydrin is represented by the following 

scheme: 

CH2~ CH

C N

CH ~CH2 CH2 CH CH2 CH

CO NH2 COOH COONa

+ CH2 CH

O

CH2CIn

COONaCOOHNH2O C

CHCH2CHCH2CH2 ~CH

NC

CH~CH2

COONaCOOH

NH2O C

CHCH2CHCH2CH2 ~CH

NC

CH~CH2

+

+

CI

CI

CH2 CH O~~ OCHCH2

 
The most important properties of the obtained hydrogel were also determined for the 

complete characterization of these polymers. Since it is planned to operate hydrogels for 

several years, it became necessary to study the multiplicity of swelling. It is known that when 

the aggregate state of the hydrogel is changed from the maximum swelling to the minimum, 

its water-absorbing capacity decreases slightly. Therefore, one of the criteria for evaluating 

the hydrogel for its application is the multiplicity of swelling. We conducted experiments to 

study the behavior of hydrogel samples subjected to repeated swelling and drying at room 

temperature. 

The degree of grinding of the hydrogel strongly affects the process of swelling of the 

hydrogel (Table 3). 

 

Table 3. Kinetics of swelling of a hydrogel based on GIPAN and epichlorohydrin 
ˉ Degree of grinding Swelling time, min. (Distilled water 20 Á C). 

1 5 10 20 30 40 50 60 

 1 Fine fraction up to 0.2 mm. 50 150 280 340 350    

2 Average fraction, from 0.2 mm 

up to 1.0 mm 

30 90 150 220 290 340 350  

3 Large fraction, granular - more 

than 1.0 mm. 

 

12 

 

45 

 

80 

 

130 

 

180 

 

230 

 

280 

 

320 

 

It can be seen from Table 3 that when the hydrogel is crushed to 0.2 mm, the degree of 

its swelling reaches 350 in 30 minutes, the hydrogel with an average grinding fraction from 

0.2 mm to 1.0 mm swells to 350 in 50 minutes, and particles more than 1, 0 mm, the swelling 

degree 320 is reached in only 60 minutes. It can be concluded that in the fine fraction of the 

cross-linking agent, the swelling time reaches a maximum twice as fast as particles with 

granules of more than 1.0 mm (Figure 2.). 
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Fig. 2. Dependence of granulation degree on the swelling kinetics of the hydrogel based 

on GIPAN and epichlorohydrin:  1 - fine fraction up to 0.2 mm; 2 - middle fraction, from 

0.2 mm. Up to 1.0; 3 - coarse fraction, granular form - more than 1.0 mm. 

 

Thus, we synthesized water-swelling and water-insoluble polymers based on GIPAN. 

In the synthesis as a result of the formation of the structure of network polymers, the main 

method is cross-linking, since it determines the mesh size of the formed hydrogel and 

regulates the chain length, having a decisive influence on the properties of the polymer. 

 

REFERENCES 

1. Kopylova Ye.M., Valuyeva S.P., El'tsefon B.S., Rogacheva V.B., Zezin A.B. Struktura i 

svoystva sshitykh gidrogeley na osnove polielektrolitnogo kompleksa poliakrilovaya kislota-

polietilenimin// Vysokomolek. soyed. ïMoskva, 1987. -T.29A. -ˉ3. -S.517-524. 

2. Mun G.A., Nurkeyeva Z.S., Yerukhambetova B.B., Abdykalykova R.A., Shaykhutdinov 

Ye.M. Osobennosti reaktsiy obrazovaniya i fiziko-khimicheskikh svoystv polimernykh setok 

na osnove prostykh vinilovykh efirov glikoley// Vestnik Kaz GU. -Alma-Ata, 1998. -

Ser.khim. -ˉ12(4). -S. 58-63. 

3. Pourjavadi A., Hosseinzaden H., Harzandi A.M. Synthesis of Novel Smart pH-sensitive 

and Anti-salt Carrageenan-based Superabsorbent Hydrogels. // Polymer Congress MACRO 

2004. World 40th International Symposium on Macromolecules. July 4-9, 2004. -Paris, 2004. 

-PL.802.  

4. Grigor'yants I.K., Trikhanova G.A. Khimiya za rubezhom (polimernyye sistemy dlya 

upravlyayemogo vydeleniya veshchestv: konstruktsiya, materialy, tekhnologiya, 

primeneniye). ïMoskva: Znaniye, 1984. -64 s. 

5. Omidian H., Rocca J.G., Park K. Advances in superporous hydrogels// J. of Sontroll. 

Release. ïLondon, 2005. -V.102. -ˉ1. -P.3-12. 

6. Volkov Ye.V. Vliyaniye sostoyaniya protivoionov na povedeniye rastvorov ion-

soderzhashikh polimerov: Avtoref. dis. kand. fiz.-mat. nauk. ïMoskva: MGU, 2005. -25 s. 

7. Chen Z., Liu M., Ma S. Synthesis and salt-resistant superabsorbent polymers// Reactive & 

Functional Polymers. ïLondon, 2005, -V.62. -ˉ1. -P.85-92. 

8. Ohmine I., Tanaka T. Salt effect on the phase transitions on ionic gels// J. Chem. Phys. ï

Lancaster-New York, 1982. -V.77. -ˉ11. -R.5725-5729. 



II INDUSTRY AND PRODUCTION  10-12 MAY 2017 

TASHKENT  

 

103 

 

II INDUSTRY AND PRODUCTION  10-12 MAY 2017 

TASHKENT  

9. Xinxing Liu., Zhen Tong., Ou Hu. Swelling Equilibria of Hydrogels with Sulfonate Groups 

in Water and in Aqueous Salt Solutions// Macromolecules. -Washington, 1995. -V.28. -

P.3813-3817. 

10. Casolaro M. The Thermodynamics of Novel Stimuli-responsive Poly(ampholyte) Gels// 

Polymer Congress MACRO 2004. World 40th International Symposium on Macromolecules. 

July 4-9, 2004. -Paris, 2004. -PL.3231. 

11. Peppas N.A. Fundamentals of pH- and temperature sensitive delivery systems. Pastille 

drag delivery. Current applications and Future Trends. ïStutgart, 1993. -P.41-56. 

 

 

 

 

SEPARATION OF IODINE FROM IODINE -CONTAINING UNDERGROUND 

HYDROTHERMAL WATER  

Ibragim Umbarov, PhD; Khayit Turaev, Doctor of Chemical Sciences; Bekmurod 

Alimnazarov, Researcher; Bekhzod Babamuratov, Researcher; Sayot Abdurahmonov, 

Researcher  

 

Abstract 

The study presents generalized experimental data obtained by us in many years of 

research. It has been revealed that the studied groundwater in terms of iodine content of the 

Surkhandarya region, Kruk (Kashkadarya artesian basin) and their reserves fully meets the 

industrial requirements for extraction of iodine. 
 

ɸʥʥʦʪʘʮʠʷ 

ɺ ʩʪʘʪʴʝ ʧʦʣʫʯʝʥʥʳʝ ʠ ʦʙʦʙʱʝʥʳ ʥʘʤʠ ʤʥʦʛʦʣʝʪʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʚʳʷʚʠʣʠ, ʯʪʦ ʠʟʫʯʝʥʥʳʝ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʡʦʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʫʨʭʘʥʜʘʨʴʠʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʂʨʫʢ (ʂʘʰʢʘʜʘʨʴʠʥʩʢʦʛʦ ʘʨʪʝʟʠʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ) ʠ ʠʭ 

ʟʘʧʘʩʦʚ ʚʧʦʣʥʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʡʦʜʘ. 

 

ɸʥʥʦʪʘʮʠʷ 

Maqolada Surxondaryo viloyatida joylashgan konlar, Kruk (Qashqadaryodagi artezian 

havzasi) konining yer osti suvlaridagi yod miqdorini oórganish boóyicha bizning koóp yillik 

tajribalarimizdan olingan va umumlashtirilgan natijalar yoritilgan, ularning zahirasidan sanoat 

miqyosida yod ajratib olish uchun foydalanish mumkin.  
 

Iodine is a valuable chemical element and plays an important role both in the life of 

living organisms and in various branches of the national economy. In particular, iodine 

occupies a special place in the regulation of the metabolism of humans, animals and birds. 

Iodine is used in the food, pharmaceutical industry, and veterinary. As a catalyst, iodine is 

used in chemical production to produce some particularly pure materials, special glasses, 

fuels, artificial rubbers. Iodine has also found wide application in semiconductor production, 

like other halogens. Iodine forms numerous iodine compounds, which are part of some dyes 

[1-5]. 

Iodine is of particular importance for Uzbekistan. The Republic of Uzbekistan is 

remote from sea coasts, from sources of iodine. In addition, the very high ambient 

temperature of the Central Asian region contributes to the evaporation of even the iodine 

contained in the soils. Therefore, vegetation and live food iodine enters the human body in 

insufficient quantities, which leads to a large number of different diseases and especially 

endemic goiter. 
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At present, over one billion six hundred million people suffer from iodine deficiency 

endemic goiter [1]. To date, a certain part of the population of Bukhara, Samarkand, 

Ferghana, Andijan, Namangan, Surkhandarya regions and the Karakalpak Republic suffers 

from endemic goiter. Moreover, there is a constant increase in the incidence of people. In 

particular, more than 195,000 people from the population of the Surkhandarya region suffer 

from iodine deficiency endemic goiter. Consequently, for the Republic of Uzbekistan at 

present it is necessary to produce a sufficient amount of iodine and its compounds for medical 

needs, for iodizing salt and for other purposes [2]. 

In the Republic of Uzbekistan, the acute shortage of iodine is primarily reflected in 

the production activities of Uzfarmkhimzavod and Uzzoovetsnab. The annual requirement of 

these two organizations in the crystalline iodine of grade "A" GOST 4159-79 is 10 tons, in 

potassium iodide "A" - 2.2 tons, in 5% iodine tincture - 10 tons [3]. The cost of 1 ton of iodine 

(depending on the purity of the product) is from 85 thousand to 100 thousand US dollars [4]. 

At the same time, the Republic of Uzbekistan is quite rich in iodine reserves, it is found in 

hydrothermal associated petroleum waters. Iodine-containing groundwater is located mainly 

in the Fergana, Bukhara-Karshi artesian basins and on the Ustyurt plateau. 

In the Surkhandarya artesian basin, 6 deposits of strong hydrogen sulfide iodine-

containing waters have been identified and investigated, the formation of which is also 

associated with oil deposits and oil-bearing rocks: Uchkyzyl, Haudag, Kakayty, Lialmicor, 

Jayranhana and Old Termez [5,6]. In these underground, saline waters, there is a sufficient 

amount of iodine and its compounds for industrial extraction.  

Quantitative determination of iodine content in hydrothermal groundwater. The 

development of groundwater for iodine production in the Surkhandarya basin is possible at 

the expense of associated oil and hydrothermal waters. These waters during the development 

of oil wells are extracted to the surface together with oil. Studies of the hydrogeological series 

"Uzbekhydrogeology" in previous years revealed the presence of iodine in exploited oil fields, 

in associated waters in which iodine content is of practical interest for its extraction. These 

deposits are Kokaity, Haudag, Lialmicor, Uchkyzyl, etc. According to the calculation of 

operational reserves, these waters can be an industrial source for extracting iodine. 

The results of complex physical and chemical studies carried out by us on the study of 

the composition of the hydrothermal waters of the Surkhandarya Depression are given in 

Table 1. The analysis of the obtained data for the year showed the absence of any regularity in 

the changes in the time of mineralization, the concentrations of macro- and microcomponents, 

and their distribution, with fluctuations in the greater or lesser side. 

The most indicative average values of concentrations of components in associated 

waters, developed oil fields, are the results obtained from the head (central) reservoirs. 

The results of physical and chemical analyzes were obtained in 2014-2016. 

As can be seen from Table 1, there is a change in the iodine content in the associated waters 

in different periods of the year. The content of iodine in the associated waters of the oil fields 

of Kokaita, Lialmicor and Haudag increases in the warm season, and in fall, winter and spring 

periods it decreases. This may be due to the rise in water temperature in the spring and 

summer periods of the year. 
 

Table 1. Composition of associated and reservoir waters of oil deposits of the 

Surkhandarya basin 
Analysis data pH Iodine, mg/L Mineralization, g/L 

1 2 3 4 

Kokayty (central water collector) 

20.02.2016 7,2 12,57 123,61 

24.04. 2016 7,3 16,94 124,70 
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20.06. 2016 7,4 18,03 142,30 

22.08. 2016 7,2 20,60 145,25 

20.10. 2016 7,4 17,41 136,22 

24.12. 2016 7,3 14,87 136,55 

Lialmicor (central water supply) 

25.06. 2016 7,3 4,6 59,6 

24.12. 2016 7,2 4,4 59,32 

Haudag (central water collector) 

20.02. 2016 7,1 18,46 174,10 

24.04. 2016 7,0 19,75 181,20 

22.06. 2016 7,0 20,60 183,00 

24.08. 2016 7,2 20,80 196,27 

20.10. 2016 7,0 18,40 178,60 

Well "Kattakum-2" in the area of Haudag 

1 2 3 4 

18.02. 2016 6,6 21,32 219,41 

20.04. 2016 6,2 21,31 219,85 

24.06. 2016 6,4 21,33 219,30 

24.08. 2016 6,2 21,34 219,28 

25.10. 2016 6,2 21,32 219,81 

20.12. 2016 6,3 21,33 219,72 

Well in Uchkyzyl Square 

20.06. 2016 5,1 20,60 298,39 

24.12. 2016 5,0 20,50 300,98 

 

Due to the direct location of associated oil fields of the Haudag and Uchkizyl fields in 

the underground basins, iodine content changes are not observed in them. 

Well "Kattakum-2", as exploration, drilled in 1979. The initial water production in 

1979 was 432 m
3
/day (5L/s), the water temperature in the mouth was 76ÁC. The flow rate of 

water measured when water was injected into oil reservoirs was 23.04.96. Was 414.72m
3
/day 

(4.8L/s), and the water temperature was 72ÁC. 

By the amount of mineralization of water from the well on the Uchkyzyl area are 

derived from the deposits of the Turonian - Upper Cretaceous. From the mouth of the well, 

water is poured at a rate of 2.5L/s. The depth of the well is 1,050.5 m. The mineralization is 

273 - 298 g/L and the iodine content is 15-20 mg/L. 

We also conducted a study of some wellbore waters of various deposits. Data on the 

sampling point of the water under study, mineralization, pH of the medium and iodine content 

are given in Table 4. It can be seen that the total mineralization of water varies over a wide 

range and ranges from 45.1 g/L to 300.82 g/L. The highest salinity is characteristic for water 

taken from the wells of the 1.2 Haudag field and well 37 of the Uchkyzyl deposit. The 

smallest mineralization of the water sample is recorded in well 17 and in self-ejection wells. 

The pH of the medium of the investigated waters is mainly weakly acidic. 

The concentration of iodine in the studied waters also varies widely. The highest 

concentration of iodine is characteristic for the Haudag field (Kattakum-2) and the Uchkyzyl 

deposit (well 37). The lowest iodine content observed for samples in well 1 and well 49. 

Table 2 shows the combined technical and economic characteristics of the iodine-

containing groundwater in the Surkhandarya region. As can be seen from the data in Tables 1, 

2, 3, for the associated extraction of iodine from oil wells, the most promising in terms of 

iodine content and reserves is the Kattakum-2 well of the Haudag field. The long-term 

experimental data obtained by us revealed that the studied groundwater in terms of iodine 

content and their reserves can be used for industrial extraction of iodine. 
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Table 2. Data on mineralization, pH of medium and iodine content in the investigated 

waters 

ˉ Place of sampling Mineralization , g/L pH 
The average content of 

iodine, mg/L 

 The Kokaidi field    

1. Well 38 142,9 6,7 16,4 

2. Well 37 132,8 6,6 15,2 

3. Well 17 125,4 6,5 17,4 

 The Haudag field    

4. Well 49 162,4 7,0 12,1 

5. "Kattakum", well -2 220,0 5,7 21,3 

6. "Kattakum", well -1 240,6 5,2 11,7 

 The Uchkyzyl field    

7. Self-ejection well 45,0 6,8 11,2 

8. Well 37 300,8 5,0 20,6 
 

Table 3. Technical and economic characteristics of iodine-containing groundwater 

Surkhandarya artesian basin 

ˉ Field 
Temperature, 

Áʉ 

Operating Reserves, 

m
3
/day 

Annual extraction of 

iodine, in tons 

1. Haudag 72-76 420 2,2 

2. 
(Kattakum Well -2)  

Haudag (associated waters) 
27 64,4 0,26 

3. Uchkyzyl (Well 37) 40 216,0 1,2 

4. Kokaidi (associated waters) 39 785,4 3,2 

5. Lialmicor (associated waters) 25 201,2 0,78 
 

It is of interest to study the form of iodine in groundwater. Knowledge of the form of 

finding iodine allows developing and applying affordable cheap technological methods of 

extraction of iodine from saline groundwater. 

Calculation of possible extraction of iodine from waste (associated) waters of the 

exploited oil field of Kruk (Kashkadarya artesian basin). 

At present, the volume of waste water, after separation of the fluid from oil, is 2000 

m
3
/day. There is a tendency to increase the volume of waste waters and increase the watering 

of the field. It follows that the technological plant for extracting iodine will be provided with 

raw water [7]. 

According to oil companies, it is planned to extract oil at the Kruk field until 2035, 

which indicates a stable increase in the volume of associated water from year to year. 

When processing 2000 m
3
/day of associated waters and with a content of 30 mg/L 

iodine and 80% recovery, 48 kg of crystalline iodine per day can be obtained. When 

organizing work 365 days a year, you can get 17.5 tons/year, and if you work 260 days a year, 

you can get 12.5 tons/year of iodine. From 2000 m
3
/day and 36 mg/L iodine at 80% recovery 

can be obtained 57.6 kg/day, and for 365 days * 57.6 = 21 tons/year with 260 working days 

per year * 57.6 = 15 tons/year. 

Calculations were carried out under the condition of organizing three-shift work (i.e. 

24 hours a day). When creating a process unit (or several units) for iodine production, it is 

necessary to calculate the possibility of using the entire volume of waste water (i.e. 2000 

m
3
/day). 

Hence the volume of the pool (the evaporator of the storage tank) should be calculated 

at least 2000 m
3
/day. 

Thus, the conducted assessment of the forecast resources and operational reserves of 

industrial iodine waters is the scientific justification of the hydromineral resource base for the 

cost-effective extraction of iodine. 
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INFLUENCES OF DEPRESSOR ADDITIVES ON QUALITY INDICATORS OF  

 DIESEL FUEL  

Oybek Vafaev, Researcher; Zokirkhodzha Tajihodzhaev, Doctor of Technical Sciences; 

 

Abstract 

 The article points out the possibility of reducing the solidification of diesel fuel  by 

means of depressant additives synthesized on the basis of secondary polymer waste. The 

depressor effectiveness of additives has been studied depending on the ratio of their 

components. It is shown that to reduce the freezing point of diesel fuels, the introduction of 

depressant additives is considered the most effective. 

 

ɸʥʥʦʪʘʮʠʷ 

 ɺ ʩʪʘʪʴʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ ʩ ʧʦʤʦʱʴʶ ʜʝʧʨʝʩʩʦʨʥʳʭ ʧʨʠʩʘʜʦʢ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʚʪʦʨʠʯʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ. ʀʟʫʯʝʥʘ  ʜʝʧʨʝʩʩʦʨʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʩʘʜʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ 

ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʚʝʜʝʥʠʝ  ʜʝʧʨʝʩʩʦʨʥʳʭ 

ʧʨʠʩʘʜʦʢ. 

 

ɸʥʥʦʪʘʮʠʷ 

Maqolada ikkilamchi polimer chiqindilar asosida sintez qilingan depressor prisadkalar 

yordamida dizel yoqilgóilarining muzlash xaroratini pasaytirish imkoniyatlari koórsatilgan. 

Depressor prisadkalarining samaradorligi komponentlarning nisbatiga bogóliqligi oórganilgan. 

Dizel yoqilgóilarining muzlash xaroratini pasaytirish uchun depressor prisadkalarni qoóshish 

samarali boólishi koórsatilgan. 
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In previous works in the field of development of various depressant additives has been 

researched factors that affect the efficiency of their action on low-temperature properties, such 

as the compatibility of the depressant with diesel fuel, the magnitude of its concentration, the 

temperature of introducing the depressant into fuel, the presence of water, and a number of 

other indicators. 

From synthesized depressors by us for further experiments we define the most 

effective additive is DP3 which is capable of concentration of 0,2%, reduce fuel solidification 

temperature on a par with 12-18
0
C depending on its hydrocarbon structure. 

Frequently, diesel fuels differ from hydrocarbon composition, namely in different 

batches produced diesel fuel can prevail paraffins in normal structure (n-paraffins), 

isoparaffins, aromatics and others, therefore, the study of fuel hydrocarbon composition and 

its effect on the efficiency of the depressant additive DP3 represents of particular interest. For 

this, we introduce depressant DP3 in three fuel samples with equal concentrations (table 1). 

 

Table 1. Effect of depressor concentration on temperature Fuel congealing, Á C 

Fuel 
Concentration of a depressor, % 

0 0,05 0,1 0,2 

sample 1 - 14 - 23 - 25 - 26 

sample 2 - 11 --- - 25 - 27 

sample 3 - 7 - 7 - 9 - 9 

 

As table 1 shows there is various efficiency of a depressor on solidification 

temperature of fuel. It can be illustrated, from our point of view, with various hydrocarbon 

composition of fuel (table 2). 

 

Table 2. Hydrocarbon composition of test samples of Diesel fuels, % 

Group structure 
Diesel fuel 

sample 1  sample 2 sample 3 

N paraffin, 

        

ʉ5-ʉ14 

ʉ15-ʉ18 

ʉ19-ʉ25 

25 

 

12 

7 

6 

30 

 

15,5 

8 

6,5 

40 

 

19,5 

13 

7,5 

Isoparaffin 

 
47 49 30 

aromatic hydrocarbons, from them 

monocyclic  

10 

5 

10 

5,8 

8 

5,8 

Naphthenes  14 9,5 12 

Unsaturated hydrocarbons 4 1,5 10 

 

As can be seen from Table 2, the samples of diesel fuels 1 and 2 differ significantly 

from sample 3 in their group hydrocarbon composition. The obtained data on the dependence 

of the efficiency of the depressant on the hydrocarbon composition of the fuel are in good 

agreement with the literature sources, from which it follows that in the general case the 

hydrocarbons can be arranged in the following series in descending susceptibility to 

depressors: 

n - paraffins > aromatic hydrocarbon >  isoparaffins and naphthenes 

 

The good susceptibility of n-paraffins to depressors is due to the mechanism of action 

of these additives, which interact with crystallizing paraffins. However, n-paraffins 

themselves have high pour points, their presence sharply worsens the low-temperature 
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properties of fuels. At optimum concentrations of n-paraffins in fuel, the effect of depressors 

is most displayed. 

Of aromatic hydrocarbons, those that contain side paraffin chains are more 

susceptible. With an increase in the number of rings and a decrease in the length of the side 

chains, decreases susceptibility to depressors [2]. 

It is known from the literature that in a number of cases the presence of depressant 

additives can negatively affect certain indicators of fuel quality. So, when 0.2% of VES-238 

additive is introduced, the coefficient of filterability of summer grade fuel rises to 30, then 

decreases slightly when stored, but still remains high enough relative to the normalized value 

equal to 3, and makes up 4-5. An increase in the filterability coefficient is also observed with 

the Keroflux-5486 depressor. While testing the DP3 depressant synthesized by us, its 

insignificant effect was established, in comparison with the known analogues, for this index.  
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Fig. The effect of the additive concentration on the diesel fuel filterability coefficient 

 Introduction 0.2% of the additive WES-238 affects the increase in the indicator "actual 

resin" [3]. 

 Tests to determine the effect of the developed additive DP3 on the initial indicators of 

diesel fuel were carried out in accordance with State Standard 305 - 82 on fuel sample 2 

(Table 3). During the study used depressant additive with a concentration equal to 0.2%. 

 

Table 3. Effect of depressor on quality indicators Diesel fuel 

Name of an indicator 

Normalized in 

accordance with SS 

305-82 

Actual for fuel 

before 

introduction of a 

depressor 

Actual for fuel 

from 0,2% of a 

depressor 

Cetane number,  

not less 

 

45 

 

47 

 

47 

Fractional structure: 

50% are overtaken at a temperature, 
0
C, not 

above 

96% are overtaken at a temperature (the end 

of distillation), 
0
C, not above 

 

 

280 

 

 

360 

 

 

265 

 

 

342 

 

 

265 

 

 

342 

Kinematic viscosity at 20 
0
C, mm2 / s, (sSt) 3,0-6,0 4,2 4,2 
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The flash temperature for diesels of general 

purpose determined in the closed crucible, 
0
C, not below 

 

 

40 

 

 

52 

 

 

52 

Mass fraction of sulfur, %, no more 0,20 0,17 0,17 

Mass fraction of sour sulfur, %, no more 0,01 lack 

Content of hydrogen sulfide lack 

Test on a copper plate stand 

Content of water-soluble acids and alkalis lack 

Concentration of the actual tars, mg on 100 

cm
3
 of fuel, no more 

 

40 

 

3 

 

3 

Acidity, mg the GAME on 100 cm3 of fuel, 

no more 

 

5 

 

1,26 

 

1,26 

Iodic number, of iodine on 100 g of fuel, no 

more 

 

6 

 

0,5 

 

0,5 

Ash-content, %, no more 0,01 lack 

cocking behavior of the 10% residue, %, no 

more 

 

0,20 

 

0,028 

 

0,028 

Filterability coefficient, no more 3 1,5 1,5 

Density at 20 0C, kg/m3, no more 860 810 810 

 

 From Table 3 it can be seen that the introduction of the additive DP3 in diesel fuel 

does not affect the coefficient of filterability, the content of actual resins and other indicators. 

 Thus, the conducted studies have shown that the effectiveness of the additive DP3 

largely depends on the hydrocarbon composition of the fuel and does not worsen its quality 

indicators. Taking into account the depressor efficiency and climatic conditions of the 

Republic of Uzbekistan, the developed additive, with the rational selection of the hydrocarbon 

composition of the summer grade of diesel fuel, can be used to improve its low-temperature 

properties during the operation of automotive equipment in the winter. 
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METHOD OF IMPROVING HYGIENIC PROPERTIES OF FORM  STABLE 

KNITTED FABRICS  

Gulfiya Guliaeva, Researcher; Mirabzal Mukimov, Doctor of Technical Sciences 

 

Abstract 
With the purpose of improving hygienic properties of shape stabe knitted fabrics the 

possibility of using of cotton thread with lycra thread instead polyester thread in knitting of 

plain, 1+1 rib and interlock stitches was researched. It has been established that using cotton 

yarn with a small addition of lycra thread in the production of knitted fabrics of plain, rib 1 + 

1 and an interlock stitches can achieve a combination of high form stability (like knitwear 

made from synthetic yarn), good hygienic properties, and a reduction in the cost of knitwear. 
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The use of such technology contributes to the increase in the share of processing local raw 

materials in quality products 

ɸʥʥʦʪʘʮʠʷ 

ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʛʦ ʪʨʠʢʦʪʘʞʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʤʝʩʪʦ ʧʦʣʠʵʩʪʝʨʦʚʦʡ ʧʨʷʞʠ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʦʡ 

ʧʨʷʞʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʣʘʡʢʨʦʚʦʡ ʥʠʪʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ  ʛʣʘʜʠ, ʣʘʩʪʠʢʘ 1+1 ʠ 

ʠʥʪʝʨʣʦʯʥʦʛʦ ʧʝʨʝʧʣʝʪʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʷʷ ʭʣʦʧʯʘʪʦʙʫʤʘʞʥʫʶ ʧʨʷʞʫ ʩ 

ʥʝʙʦʣʴʰʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʣʘʡʢʨʦʚʦʡ ʥʠʪʠ ʧʨʠ ʚʳʨʘʙʦʪʢʝ ʪʨʠʢʦʪʘʞʥʳʭ ʧʦʣʦʪʝʥ 

ʧʝʨʝʧʣʝʪʝʥʠʡ ʛʣʘʜʴ, ʣʘʩʪʠʢ 1+1 ʠ ʠʥʪʝʨʣʦʢ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʳʩʦʢʠʦʡ 

ʬʦʨʤʦʫʩʪʦʡʯʠʚʦʩʪʠ (ʢʘʢ ʫ ʪʨʠʢʦʪʘʞʘ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʥʠʪʠ), ʭʦʨʦʰʠʭ ʛʠʛʠʝʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʨʠʢʦʪʘʞʘ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʥʦʩʠʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʢʣʘʜ ʚ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ ʚ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʠʟʜʝʣʠʷ. 

 

In recent years, the textile industry has provided high growth rates, in particular, the 

production of textiles increased 4.3-fold, exports increased 4-fold, and the share of finished 

products in the production structure increased significantly. By deep processing of cotton 

fiber it is possible to achieve significant results in the development of the textile industry. 

Within the framework of the program for the further development of the textile and apparel-

knitting industry for 2017-2021, it is planned to implement 140 projects involving 

investments of over 2.2 billion USA dollars [1]. 

The potential of the knitting industry has ample opportunities to implement measures 

in accordance with the Strategy of Action for the five priority development directions of the 

Republic of Uzbekistan [2] - the production of import-substituting and export-oriented high-

quality products through the deep processing of local raw materials, the creation of new jobs, 

and the production of fundamentally new types of products. 

In conditions of actively developing integration of science and production, when 

scientific developments are aimed for improving the quality of products and increasing 

production efficiency, development of new types of knitwear with high consumer properties 

and ways of their production, capable of introduction to knitting production enterprises 

without additional costs and reconstruction of the existing equipment. The results of the 

analysis of the assortment of enterprises showed that the assortment of knitwear, especially 

for demi-seasonal purposes, is very limited. 

To make outerwear (cardigan, coat, etc.), knitwear must have a set of certain quality 

characteristics, and first of all - form stability. In addition, the mandatory quality indicators 

for knitted fabrics intended for outerwear are surface density, load, abrasion resistance and 

appearance. 

The main role in form stability of knitted fabrics, as the most important property 

affecting the conditions for nesting, sewing and using knitwear, is the kind of stitch and the 

fibrous composition of the used yarn. At the same time, an important task is to increase the 

form stability of knitwear without increasing its material capacity.  

The most popular are such ways of increasing the form stability of knitted fabrics, 

such as the inclusion of press, jacquard, incomplete and other stitches elements in the 

knitwear structure; inclusion of additional yarn in the structure of knitwear; application of 

synthetic raw materials. 

The purpose of the research work is to develop structures and methods for producing 

knitted fabrics for the production of knitwear with high quality characteristics mainly from 

local raw materials. 
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Due to their hygienic properties, knitwear from natural fibers are increasingly in 

demand, but knitwear from synthetic threads are more form-stable and durable when worn. 

Although the hygienic properties of synthetic knitwear are significantly worse than those of 

natural yarn. Specific requirements for textile materials, conditioned by specific climatic 

conditions, make the high hygienic properties of cotton irreplaceable, and lightness and 

beauty contribute to the constant demand for textile products from it. Clothing made from 

synthetic is not suitable for children's range, for people suffering from allergies or skin 

diseases. Even in mixed yarn, the share of synthetic fibers is at least 15%, and most often it 

reaches 50%. 

The basic requirements of medical scientists for rational hygienic clothes are softness, 

flexibility, hygroscopicity, hydrophilicity, skin protection from mechanical influences - 

friction and irritation. The products should absorb water vapor well, provide high air 

permeability [3-4]. 

Cotton products are very comfortable, soft and usable. Knitwear from cotton yarn has 

good hygiene, hygroscopicity and price appeal for a wide range of consumers. Yarn is very 

well dyed, so it possible to achieve bright colors of fabrics. 

In work [5] the application in a ground of plush jersey of a cotton yarn with a lycra 

thread instead of a polyester thread is considered. One of the most common knitted stitches, 

used in the production of knitwear are the plane, the rib and the interlock stitches. 

In order to increase the form stability of knitwear, keeping its hygienic properties, 

researching the possibility of using cotton yarn with lycra thread instead of synthetic yarns in 

the production of knitwear the knitted fabrics of plane, the rib and the interlock stitches of 

synthetic polyester yarn, cotton yarn and cotton yarn with the addition of lycra yarn were 

produced. 

It is known that lycra thread has unsurpassed elastic properties. Although the lycra 

thread has been known since 1959, it has usually been used for high elastic clothes and details 

in sports and medicine. The advantage of using lycra yarn instead of synthetic threads, like 

polyester, is that the lycra thread is very thin and its content in knitwear does not exceed 5%. 

In addition, when using lycra with cotton yarn due to the characteristics of the cotton 

structure, the lycra thread is drowned in cotton yarn, and does not appear on the surface of the 

finished fabric. This means that the synthetic lycra thread will not come into contact with the 

body when it is worn. 

Experimental samples were knitted on the PROTTI-242 (Italy) flat-knitting automat 

machine of class 14. As the raw materials were used polyester yarns with a linear density of 

16.7 tex4 (300 denier x 2), cotton yarns with a linear density of 20 tex ʭ 3, and cotton yarns 

with a linear density of 20 tex ʭ 3 with the addition of a lycra thread 7.8 tex (70 denier). 

I-III variants are produced by plane stitch - one of the most common single stitch in 

knitted fabric production. The I-variant is knitted of cotton yarn with a linear density of 20 tex 

ʭ 3, the II-variant is knitted of polyester yarn with a linear density of 33 tex ʭ 2, the III-variant 

is knitted of cotton yarn with a linear density of 20 tex ʭ 3 together with a lycra string with a 

linear density of 7. 8 tex. 

IV-VI variants are knitted by rib stitch - the most common double stitch in knitwear 

production. The IV variant is knitted of cotton yarn with a linear density of 20 tex ʭ 3, the V-

variant is knitted of polyester yarn with a linear density of 33 tex ʭ 2, the VI variant is knitted 

of cotton yarn with a linear density of 20 tex ʭ 3 together with a lycra thread with a linear 

density of 7.8 tex. 

VII -IX variants are knitted by stitch, imitating interlock, which is also very widely 

used in knitting production. In this case, the VII-variant is knitted of cotton yarn with a linear 

density of 20 tex ʭ 3, the VIII-variant is knitted of polyester yarn with a linear density of 33 
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tex ʭ 2, the IX-variant is knitted of cotton yarn with a linear density of 20 tex ʭ 3 with a lycra 

yarn with a linear density of 7.8 tex. 

Technological parameters and physical-mechanical properties of researched knitted 

fabrics are determined by experimental methods in the accredited certification laboratory at 

TITLI "CENTEX UZ", the results of measurements are given in Table 1. 

On the basis of the analysis of technological parameters, it should be noted that the 

loop pitch in samples knitted from polyester yarn and cotton yarn has similar values, and in 

samples knitted of cotton yarn with lycra thread the loop pitch decreases, and consequently 

the horizontally stitch density increases. The vertical density also increases in samples with a 

lycra thread. Thus, it can be argued that the inclusion of lycra yarn in knitwear, independently 

of the type of stitch, leads to an increase in the density of knitted fabric. 

The increase in the horizontally density of knitwear in samples knitted of cotton yarn 

with the addition of lycra thread compared to the samples produced from cotton yarn 

amounted to 48% for the plain stitch, 16% for the rib stitch, 22% for the interlock. Compared 

to samples produced from polyester yarn for plain stitch 53%, for the rib stitch 12%, for 

interlock 15%. 

An increase in the density of knitwear leads to an increase in its surface density and 

thickness. 

In the knitted fabric of a single stitch, the surface density of a sample knitted of cotton 

yarn with addition of a lycra yarn is larger than that of samples from cotton and polyester, and 

in the jersey of double stitch, the surface density of a samples knitted of cotton yarn with the 

addition of a lycra thread is more than of samples from cotton, but less than of samples 

knitted from polyester yarn. 

 

Table 1. Technological parameters and physical-mechanical properties of knitted fabrics 

V
a

ri
a

n
ts

  
  

  
  
  

  
  
  

  
  

  
  

  
  
  

  
  

  
  
  

  
  

  
  

  
  

 
 

  
  

  
  
  

  
  

 M
e
a

s
u

re
m

e
n

ts 

 S
u

rf
a

c
e

 d
e

n
s
it
y ʄ

S
, 
g

/m
2
 

T
h

ic
k
n

e
s
s ʊ
,
 
 

m
m

 

V
o

lu
m

e
 d

e
n

s
it
y d

, 
m

g/
s
m

3
 

A
i
r
 
p
e
r
m
e
a
b
i
l
i
t
y
 
ɺ
,
 
 

s
m

3
/s

m
2
s
e

c 

A
b

ra
s
io

n
 r

e
s
is

ta
n

c
e

, th
o

u
s
. 

c
y
c
le

s 

Breaking 

Load, N 

Max 

Strain,% 

 

Irreversible 

deformation

,% 

Reversible 

deformatio

n,% 

Shrinkage, 

% 

B
y
 t

h
e

 l
o

o
p

 c
o

u
rs

e 

B
y
 t

h
e

 l
o

o
p

 w
a

le 

B
y
 t

h
e

 l
o

o
p

 c
o

u
rs

e 

B
y
 t

h
e

 l
o

o
p

 w
a

le 

B
y
 t

h
e

 l
o

o
p

 c
o

u
rs

e 

B
y
 t

h
e

 l
o

o
p

 w
a

le 

B
y
 t
h

e
 l
o

o
p

 c
o

u
rs

e 

B
y
 t

h
e

 l
o

o
p

 w
a

le 

B
y
 t

h
e

 l
o

o
p

 c
o

u
rs

e 

B
y
 t

h
e

 l
o

o
p

 w
a

le 

Plain  

1 241 0,8 301 187 23,8 239 123 56 138 32 38 68 62 13,3 7,3 

2 320 0,76 421 171 28,0 426 267 75 93 33 27 77 73 -3,3 6,9 

3 365 1,15 317 51 26,7 369 214 122 182 16 18 84 82 7,7 8 

Rib 

4 394 1,43 275 123 35,8 673 253 88 313 38 25 62 75 15,3 -6,7 

5 496 1,4 354 131 54,2 917 470 79 189 6 15 94 85 4 -2 

6 423 1,5 282 56 42,8 729 361 168 304 8 14 92 86 6,2 1,3 

Interlock 
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7 509 1,45 351 92,1 33,0 610 348 74 192 33 33 67 67 17 -2,7 

8 603 1,5 402 105 57,1 1006 618 99 197 11 24 89 76 -1,3 0,9 

9 582 1,85 314 52 53,6 824 509 205 224 10 13 90 87 7,4 6 

 

An increase in the thickness is observed in all kinds of researched knitted fabric`s 

samples containing a lycra thread. For plain, the thickness of the sample containing the lycra 

thread (III variant) was on 51% higher than that of the sample knitted from polyester yarn (II 

variant), and on 43% than the of sample knitted from cotton yarn (I variant). 

In the rib stitch samples, the thickness of the sample containing the lycra thread (VI 

variant) on 7% higher than that of the sample produced from polyester yarn (V variant), and 

on 5% than the sample knitted from cotton yarn (IV variant). 

For the stitch immigrates the interlock, the thickness of the sample containing the lycra 

thread (variant IX) was higher on 23% than for the sample knitted from polyester yarn (VIII 

variant), and on 27% than for the sample knitted from cotton yarn (VII variant). 

Considering a knitted fabric as a three-dimensional structure, i.e. taking into account 

the surface density and the thickness of the knitted fabric, by the volume density it can be 

most fully concluded about the material capacity of knitwear. 

The volume density of knitted fabrics containing a lycra thread is larger than that of 

samples from cotton yarn and is smaller than that of samples from polyester yarn. The change 

in the material consumption, depending on the raw material type, is shown on Fig. 1. 

 

 

 
 

Fig. 1. Histogram of the change in the material consumption of knitted fabrics 

 

In samples of plain, the volume density of the III variant is greater than in the I variant 

on 4.8%, and is less than in the second variant on 32.6%. 

For the rib stitch, the volume density of the VI variant is greater than in the IV variant 

on 2.3%, and less than in the V variant on 25.6%. 

In interlock stitch, the volume density of the IX variant is greater than in the VII 

variant on 1.14% and less, than in the 8 variant by 27.8%. 

From the analysis of the volume density of the samples, it can be concluded that the 

material capacity of knitted fabrics produced from cotton yarn with the addition of up to 5% 

lycra thread increases on 1.14-4.8% compared to knitted fabrics produced from cotton yarn 

and decreases on 25.6-32.6% compared to knitted fabrics produced from polyester yarn. 
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The main physical and mechanical properties of knitted fabrics are the characteristics 

that determine their scope of use. The investigated samples of knitted fabrics are designed for 

making outerwear. Therefore, the most important are such properties as air permeability, 

strength and form stability. The form-stability of knitted fabrics is characterized by strain, a 

reversible deformation and shrinkage.  

As it known, evaluating clothes from the hygienic point of view, air permeability of 

textile materials is very important, since it causes air ventilation under the clothes and largely 

determines the heat-shielding properties of the material. 

Outer knitwear should have sufficient heat-shielding properties, i.e. their air 

permeability should not be high. The norm for knitted fabrics intended for outerwear 

produced on a flat knitting machine is 40-90 cm
3
 / (cm

2
 Ŀ s). It can be seen from the table that 

the inclusion of lycra thread in the knitwear significantly reduces its air permeability due to 

the increase its the thickness and density. 

The index of abrasion resistance characterizes the stability of knitted fabrics to 

external mechanical action with surrounding objects. It is estimated that during the day a 

person does up to 30 thousand steps. At the same time, he touches clothes with surrounding 

objects and clothes. The durability of knitted fabrics is strongly influenced by the strength of 

fiber fixation in the structure of the material, depending on the length of the fibers, the 

thickness and twist of the yarn, the stitch type, the density of the yarns, the length of the yarn 

in the loop, and the nature of the treatments that the materials undergo in the finishing 

operations. In knitwear, the rupture of the yarn from abrasion leads to the descent of the 

loops, as a result of which the knitting of knitted fabrics is destroyed. Evaluation of the 

resistance of knitted fabrics to abrasion is usually determined by the number of cycles of the 

device before wiping the test specimen. 

The indicators of abrasion resistance of knitted fabrics fluctuate within very wide 

limits, depending on the type of yarn, stitch, density, etc. The abrasion resistance of the 

researched samples  corresponds to the norms of abrasion resistance of knitted fabrics for 

outerwear [6]. The most resistant to abrasion were samples, produced from polyester yarn. 

However, samples obtained from cotton yarn with lycra have values of abrasion resistance 

that are close to polyester samples. 

Breaking characteristics are important indicators â accepted for a qualitative 

assessment of knitted fabrics, and included in standards and specifications for knitted fabrics. 

Breaking load of all samples of knitted fabrics in accordance with the norms of [7]. 

The strain of knitted fabrics containing lycra is greater than that of samples made from 

cotton yarn and polyester. 

Another important indicator of the quality of knitted fabrics is the ability of a knitted 

fabric (clothes) to restore its original size and shape after wearing it. According to [8] 

Irreversible deformation of knitted fabric intended for outerwear should not exceed 15-20%. 

The share of reversible deformation of knitwear containing a lycra thread was in the range of 

82-92%, i.ʝ. they meets the requirements. Such high rates of the proportion of reversible 

deformation shows to the ability of knitwear to take the original dimensions after stretching 

quickly. Consequently, clothes made from these fabrics also will quickly restore the original 

shape after wearing. 
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Fig. 2. Histogram of the form stability of knitted fabrics 

 

Shrinkage and elastic properties of the knitted fabric should be taken into account 

when designing knitwear. Changing the linear dimensions after wet processing (shrinkage or 

draw) must comply with [9]. For knitwear produced from cotton yarn in a flat knitting 

machine, shrinkage rates are 6-8% by the course, 8-10% by the wale, and draw rates of no 

more than 5%. The analysis of the shrinkage parameters of the tested knitwear samples shows 

that the samples produced from cotton yarn with lycra thread meet the standards established 

by GOST. It can be noted that after wet-heat treatment, these samples did not stretch, which is 

typical for cotton cloths. 

Thus, it has been established that using cotton yarn with a small addition of lycra 

thread in the production of knitted fabrics of plain, rib 1 + 1 and an interlock stitches can 

achieve a combination of high form stability (like knitwear made from synthetic yarn), good 

hygienic properties, and a reduction in the cost of knitwear. The use of such technology 

contributes to the increase in the share of processing local raw materials in quality products. 
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Abstract 

Appearance of a large number of the generating plants in decentralized power supply 

system radically changes their mode parameters. In some cases, appearance of distributed 

generation in power grid is associated with interconnection of disconnected small systems that 

provide energy to individual villages. It leads to formation of integrated elements for rational 

usage of resource base. In other cases, generating plants based on renewable energy sources 

(RES) are actively introduced into isolated systems. All this leads to the formation of power 

systems with distributed generation objects that determines new requirements for the 

construction and management of such local systems. 

 

ɸʥʥʦʪʘʮʠʷ 

ʇʦʷʚʣʝʥʠʝ ʚ ʩʠʩʪʝʤʘʭ ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʛʝʥʝʨʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʨʘʜʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʝʪ ʠʭ ʨʝʞʠʤʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʘʩʧʨʝʜʝʣʝʥʥʘʷ ʛʝʥʝʨʘʮʠʷ ʚ ʩʠʩʪʝʤʘʭ ʩʚʷʟʘʥʘ ʩ 

ʦʙʲʝʜʠʥʝʥʠʝʤ ʨʘʟʦʙʱʝʥʥʳʭ ʤʘʣʳʭ ʩʝʪʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʠʪʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʧʦʩʝʣʢʦʚ, ʚ ʦʙʲʝʜʠʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʩ ʮʝʣʴʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʥʦʡ 

ʙʘʟʳ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ, ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʛʝʥʝʨʠʨʫʶʱʠʝ 

ʫʩʪʘʥʦʚʢʠ ʥʘ ʙʘʟʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ (ɺʀʕ). ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʥʝʨʛʦʩʠʩʪʝʤ ʩ ʦʙʲʝʢʪʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ 

ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʩʪʨʦʝʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʪʘʢʠʭ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ. 

 

Current state of energy systems 

Electric power industry is one of the main branches of the Russian economy. It 

provides demand of electricity and heat for population and the national economy, and exports 

electricity to the CIS and foreign countries. The sustainable development and reliable 

functioning of this industry are important factors of its development that define energy 

security of the country. 

The unified energy system (EEC) of Russia consists of 69 regional power systems, 

that, in turn, forms 7 interconnected power systems: East, Siberia, Urals, Central Volga, 

South, Center and Northwest. All power systems are connected by intersystem high-voltage 

transmission lines, which ensure their parallel operation. However, there are also a number of 

areas without connection to EEC. Power supply of consumers of these regions carried out 

isolatedly. 

Most of the territory of our country, especially the remote areas of the Far North, the 

Far East and Eastern Siberia, where about 20% of the population lives, does not have a 

centralized power supply, as well as a technical opportunity to receive it. Production of 

electricity in these regions is mostly carried out by autonomous gas-piston, gas-turbine and 

diesel power stations. Transmission lines of 35 kV and below present power grid 

communication in these areas. 

Power supply of consumers of sparsely populated areas carried out generally based on 

generating plants (GP) with the drive from internal combustion engines. The cost of 1 kWh of 

electricity produced by this GP that operating on imported liquid fuel is extremely expensive. 

It is coming from difficult conditions for the delivery of fuel to power plants. This feature 

determines the main problems of isolated networks that connected to high cost of electricity, 
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necessity of an annual import of expensive diesel fuel, stocking of significant reserves of 

petroleum products, etc. There are also many problems caused by operation of diesel power 

plants in hardly accessible areas. 

Main objectives of local power systems modernization are determined by concept of 

energy complex's development and improving of energy efficiency of decentralized systems. 

It is possible to carry to such objectives: ensuring the reliability of energy supply to 

consumers of electricity, aimed at improving the quality of life of the population, increasing 

of efficiency of using fuel and energy resources in isolated areas and providing favorable 

conditions for transition of economy of these regions on the way maximum energy saving. 

Achievement of the specified purposes requires the solution of the following tasks: 

- development of effective measures of power supply systems' development and 

optimization of generating equipment; 

- joint production of electric and thermal energy by power plants; 

- effective usage of fuel and energy resources of the region taking into account 

environmental requirements; 

- maintaining the required level of electric power quality; 

- ensuring of operating parameters of the basic electrotechnical and generating 

equipment in admissible limits [1]. 

Schemes and programs of perspective development for the next few years (SIPR) are 

compiling for designation of specific goals for electric power industry development of each of 

the regions. The main held events directed on the solution of the tasks set above are reflecting 

in these documents. 

Besides, the current condition of power industry of regions working in isolation from 

the energy system imposes certain restrictions on the level of economic development and the 

quality of life of the population of these territories. Therefore, for these regions, the question 

of finding new sources of energy is very relevant. Such resources of power generation could 

become the renewable energy resources (RER). 

Introduction of power plants based on RES 

Still quite recently in Russia, a little attention paid to questions of renewable power 

energy development. First, it connected to the fact that our country has huge reserves of 

minerals, which used for energy production at traditional power plants. In recent years, the 

situation began to change. It connected with a number of factors, which include the 

introduction of more strict ecological requirements to electricity generation process, 

improvement of social standard of living, increase of efficiency of power supply systems and 

policy of transition to low-carbon power.       

Russia possesses considerable reserves of renewable energy resources. For example, 

there is significant amount of wind power potential that typical for the coastline of the North 

of the European part of the country. For these areas, value of average long-term wind speed at 

the height of 10 m from Earth makes from 3 to 8 m/s. Value of power density of a wind flow 

from 500 to 1500 W/m
2
 respectively. In addition, the change of annual average wind speed is 

insignificant year by year and characterized by variation coefficient within 5-8%. For such 

regions, the most perspective is the introduction of wind power plants into existing isolated 

systems [2]. 

However, there are a number of the factors interfering introduction in the 

decentralized systems of the generating installations based on RES. One of such factors is 

time-varying of energy production by power installations due to constant changing of 

environment. 

Another of no small importance obstacle to the implementation of renewable energy in 

the energy sector is the structure of existing power supply systems. The main part of the 
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electric power generated centrally at power plants that forced to supply energy to end-users 

with a predetermined precise load schedule. In such system, it will be difficult to maintain 

normal operation of large number of distributed energy sources according to the general load 

schedule, including power plants based on RES. 

Despite the fact that sources of distributed generation can provide a covering of an 

essential share of energy consumption in system, in the absence of an appropriate system for 

managing the operation of the power grid, distributed generators would not replace existing 

traditional power plants. Therefore, the latter will continue to ensure the performance of some 

system services (provision reserves of power, frequency and voltage regulation, etc.) required 

to maintain the reliability of power supply. 

However, at the same time, the creation of distributed generation systems along with 

power consumption management systems at end-users will allow to take part of the system 

services, reducing the role of traditional power plants. In addition, this measure will help to 

ensure more efficient transmission and distribution of electricity. 

Isolated systems operation with the distributed generation 

Appearance of a large number of the generating plants in the isolated electric networks 

radically changes their structural and regime properties. Passive networks turn into electrical 

power systems. It leads to necessity of maintenance of stability of generators parallel 

operation modes and regulations of the modes based on the decentralized management. 

Ensuring reliable work of distributed generation objects in electrical power systems will 

require study number of technical solutions considering features of low-power generators 

operation and functioning of distribution networks. 

Gas-piston and diesel power plants demand special operating conditions at low values 

of loading. For example, diesel power plant can normally function during the considerable 

period during the work on loading more than 40% of rated power. The installation allows 

several hoursô operation daily due to loading the generator from 20% to 40%. Operation of 

the diesel generator with loading less than 20% prohibited.  

Considering of admissible speed of dumping and a set of loading is another important 

point of developing schemes of power supply systems with distributed generation object due 

to work in the autonomous mode. Sharp changes of active power of loading can lead to 

shutdown of generators by technology protections. Feature of internal combustion engines as 

GU drives is bigger delay of growth of mechanical power at intermittent increase in electric 

loading than at other drives. It limits sharp changes of electric loading at independently 

working generators with internal combustion engines. 

Besides, because of combining of several isolated power supply systems, we receive a 

power supply system with several generating installations, allocated in different parts of 

network. Brands and properties of generators often do not match in case of different 

characteristics of initial systems. Thus, according to requirements of GOST, generating plants 

have to ensure long steady parallel functioning between generators of one series and 

generators of different series at a limit ratio of capacities from 1:3 to 3:1 [3]. 

Introduction of power plants based on RES to operation also introduces certain 

requirements to the principles of management of a power supply system. Increase of RES 

share leads to grow of the traditional generating capacities loading for balancing of system, 

and, therefore, the need for the rotating reserve increases. Thus, sudden change of energy 

production by objects of generation based on RES can happen so quickly (seconds, minutes) 

that there will not be time for start of other generating plants of traditional type for 

substitution of generating capacities that dropped out of the work. Solution of this problem 

could require new types of reserve power sources, and adjustment of requirements to dynamic 

characteristics and structures of different types of generating plants in power systems [4]. 
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Questions of ensuring reliability, safety and quality of power supply are especially 

essential for the isolated power supply systems. The increase of the observed and managed 

objects of different type generation, and increase of efficiency of response to changes of 

system parameters demand development of new control systems. At the system level, it is 

necessary to improve approaches to management of distribution networks, to monitoring and 

exchange of information with objects of distributed generation. There is also necessary to 

consider planning of the modes and developments of EES taking into account bilateral 

character of overflows of electrical energy and power, and also to solve problems of increase 

of observability and controllability of the distributed power supply systems and thermal 

power plants. 

Still quite recently, the question of quality of the electric power was a problem only 

for separate categories of the industrial enterprises which technology processes are connected 

with work of microelectronics. Today, the problem of high-quality power supply already 

affects all consumers of the electric power that connected with universal implementation in 

human life of computers, systems of artificial life support, the automatic equipment and other 

devices that include microprocessors. According to some foreign experts, in the next 20 years 

quality of power supply will become one of the biggest problems in this industry [5,6]. 

Proceeding from the specified problems, target priorities of power industry 

development are: ensuring reliable and high-quality power supply of consumers, including 

increase of share of centralized sources and reduction in cost of the consumed electric power. 

Besides, an important issue that is necessary to be answer at introduction of generating 

plants based on RES - what problems are required to be solved due to application of 

distributed generation objects in the existing power supply system. Objects of the distributed 

generation could install for providing the following tasks: 

Ŀ reservation of power supply system of responsible consumers;  

Ŀ solution of operation problems of distributed power supply systems; 

Ŀ as autonomous sources of the electric power;  

Ŀ decrease in costs of the electric power due to utilization of secondary energy 

resources;  

Ŀ covering of electric power losses in distribution networks. 

According to problem that should be solve by object of distributed generation, it will 

influence the scheme of connection of generating unit to power grid, its operating mode, the 

production technology of electrical energy, number and power of units of object [7]. 

Broad involvement of consumers in process of management of the EES modes is 

important new system factor that amplifies in process of development of the distributed 

generation. Management of power supply system mode can be exercised by means of 

mechanisms of Demand Response, Energy Storage Systems, the modes of Microgrids and in 

general with development and implementation of ideology of Smart Grid, technologies that 

else are at the initial stages of development [8]. 

Ensuring normal functioning of the power supply system considering above-

mentioned requirements require carrying out a number of technology improvements of the 

existing network, and usage of additional devices. Intellectual network devices that provide its 

maneuverability substantially define possibility of regulation of energy system operating 

modes. Main intellectual network devices include: 

Ŀ devices of reactive power and voltage regulation that connect to networks in 

parallel. 

Ŀ devices of network parameters regulation that connect to a network consecutively. 

Ŀ devices that combine functions of the first two groups - longitudinal-transverse 

switching devices. 
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Ŀ devices of short-circuit currents restriction. 

Ŀ energy storage systems. 

Ŀ current sort converters (inverter, rectifier). 

Ŀ superconducting cable transmission lines [9]. 

The energy storage system one of the most important devices used in the isolated 

energy systems with objects of the distributed generation based on RES. Its application allows 

to level schedules of power consumption during the different periods of daily and seasonal 

electricity demand. Use of energy storage system increases overall performance of the energy 

companies and quality of power supply due to compensation of insufficient flow capacity of 

system elements, reactive power management, voltage regulation, reduction in cost of the 

electric power. 

Except the energy storage system, it is necessary to consider a question of creation of 

maneuverable loading in power grid with generators based on RES. Maneuverable load could 

be a thermal accumulation system that allow rationally use excesses of the electric power in 

case of bigger energy production by RES generators than required by system. Usage of 

controllable consumers in most cases will provide integral effect from its application due to 

alignment of the daily schedule of electric loading, decrease of maneuverable power, 

simplification of system of ensuring electric power quality etc. 

Profitability of isolated system management is providing due to complex impact on 

mode parameters. For example, voltage regulation at the consumer in addition to traditional 

means can be implementing by change of active or reactive energy production, operation of 

energy storage systems or controllable consumers. 

Conclusion 

Introduction of distributed generation objects to existing decentralized energy systems, 

especially if it is generators based on RES, there is a number of problems that will interfere 

with normal functioning of the isolated power grid. It is possible to carry the flow capacity of 

transmission lines, maneuverability of the existing power plants (admissible level of dumping 

and a set of loading), technology restrictions of diesel power plant operation and some other 

factors. All these conditions can lead to violation of steady work of the isolated energy system 

and as a result to frequent accidents in power grid. 

For the complex resolve of questions of reliable, effective and trouble-free operation 

of electric systems with distributed generation objects, at first it is advisable to carry out 

wiring design of functioning of the different generating plants. Moreover, it is necessary to 

pass the analysis of complex of technical and scheme solutions of distributed generation 

objects introduction to power grid. For this purpose, it is necessary to execute a number of 

calculations for studying of functioning of these systems with elements of the distributed 

generation based on RES. 

While carrying out calculations it is necessary to consider the following questions: 

- definition of the system bottlenecks arising at association of several isolated 

networks with own generating plants on the basis of DPP in one system; 

- consideration of optimum introduction points of the generating plants based on RES 

in power grid from the points of view of the system and optimum power production by RES 

power plants; 

- definition influence of technology restrictions on joint functioning modes of 

traditional power plans and stations based on renewable energy resources;  

- influence of the variable schedule of energy production at RES based power plants 

on steady work of the isolated energy systems; 
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- carrying out measures connected with introduction of energy storage system, 

controllable consumers, devices of network parameters regulation etc. in system, caused by 

ensuring quality of the electricity and reliability of power supply. 

The solution of the given above questions will allow to create a full picture of 

functioning of the distributed energy system with the generating plants based on renewable 

energy resources. It also defines a number of the measures necessary for normal functioning 

of system.  
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INNOV ATIVE  TECHNOLOGIES FOR PROCESSING OF KARAKUL PELTS AND 

THEIR ECONOMI CAL EFFICIENCY  

Abduholik Tangirov, PhD; Alisher Ata-Kurbanov, PhD; Maxmariza Abduraxmanov, PhD 

 

Abstract 

The article discusses the issue of economical effectiveness of innovative technology in 

the processing of Karakul skins is grounded. 

 

ɸʥʥʦʮʘʮʠʷ 

 ʘʡʪʘ ʠʰʣʘʰʜʘ ʠʥʥʦʚʘʮʠʦʥ ʪʝʭʥʦʣʦʛʠʷʥʠʥʛץ ʫʨץʦʨʘʢ˄ʣ ʪʝʨʠʣʘʨʥʠ ʯʫפ

ʠץʪʠʩʦʜʠʡ ʩʘʤʘʨʘʜʦʨʣʠʛʠ ʘʩʦʩʣʘʥʛʘʥ. 
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ɸʥʥʦʪʘʮʠʷ 
ʆʙʦʩʥʦʚʘʥʥʳ ʵʢʦʥʦʤʠʯʝʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʢʘʨʘʢʫʣʴʩʢʠʭ ʰʢʫʨʦʢ.  

 

Desert-pasture stock-raising (sheep breeding, goat breeding, camel breeding, horse 

breeding, cattle breeding) are main branch of agriculture that occupy 20,6 million hectares of 

landed recourses of Uzbekistan. Desert-pasture stock-raising have an important role for 

ensuring requirements of desertôs population in foodstuff and industry in row materials. 

Desert pastures regions are main feeding base for stock-raising especially for sheep breeding. 

At present time more then 15459,9 thousand heads (83,8 %) sheep and goats are breed in 

peasant farms. 11134,2 thousand hectares of pastures for agricultural enterprises and 1407,5 

thousand for farmer farms are attached. In spite of that peasant farms are produced main part 

of stock-raising products they have not a separate pastures. Producing of desert pasture 

products are carries out in peasant, cooperative, farmer farms. Main part of agricultural 

animals, 93,6 % of cattleôs, 78,8 % pigs, 83,8 % sheep and goats  in peasant farms are raised 

[3]. At the last four years amount of sheep and goats increased on 20,9 % and it is rich 

18438,9 thousand heads. 15459,9 thousand heads (83,8 %) of sheep in peasant farms, 1336,6 

heads (7,2 %) in farmers farms and 1642,4 thousand heads (8,9 %) in agricultural enterprises 

are raised. These data are shown that peasant farms occupy elder place in Republicôs 

agricultural sector. From general amount of Republicôs agricultural products 94,4 % of meet, 

95,6 % of milk, 85,7 of wool, 78,4 % of karakul pelts, 55,1 % of eggs are produced in peasant 

farms. 2,7 % of meet, 6,2 % of wool, 16,7 % of karakul pelts that are produced in our country 

belong to share of cooperative farms. Producing share of cooperative farms are 2,7 % of meet, 

6,2 % of wool, 16,7 % of karakul pelts from  agricultural products that produced in our 

country. Desert-pasture stock-raising of Uzbekistan have an important role in ensuring of 

requirements of deserts population for foodstuff and industry for row materials thus this is 

mainly base for working out row materials. From long time before karakul sheep in 7 regions 

of our Republic and in Karakalpakistan Republic are breed. Last year from general 1061307 

piece karakul pelts peasant farms 831838 pieces, agricultural enterprises 176848 pieces, 

farmer farms 52621 pieces are produced or their share are composed accordingly 78,4 %, 

16,7% and 5,0 %.  

 From 859322 pieces or 81 % of karakul pelts that produced in our country share of 

Bukhara region 37,6 %, Navoiy region 25,0 %, and Kashkadaruy region 18,4 % are 

composed.  

In according with that there is not possibilities and modern technologies for processing 

of karakul pelts that produced in our country and there are not appropriate technologies for 

producing marketable, exportable and smartness ready-made fee clothes, therefore technology 

of elaboration of karakul pelts with primary conservation are finished. 

 ñBukhara karakulò is single joint-stock company in our country that before has deal 

with processing of karakul pelts, this enterprise 1073,1 thousand pieces in 1991, and 168,1 

thousand pieces karakul pelts in 2001was processed.  

This factory outright finished his activity because enterprise not respond modern 

requirements at present time. At present time several dozen small enterprises have deal with 

processing karakul pelts and producing ready-made exportable products where they use 

outdated technologies and tools. Analyze activity of small enterprises was shown that they are 

sold of processed karakul pelt for prize 11-12 dollars for one piece, and ñBukhara karakulò 

enterprise was sold for the prize 8-10 dollars in 2000 year. Processed pelts bring in 1,7-1,8 

once more income and if prepared to ready-made in 3,0 once more income in comparison 

with selling of primary not processed karakul pelts. 
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Table-1 

Expenses and income in ñFee Fashionò enterprise for preparing goods from karakul pelts 
O/n Indexes Names of goods 

Goods that prepared from black karakul pelts Jacket that 

prepared from sur 

colored karakul 

pelts 

Coat that 

prepared from 

grey colored 

karakul pelts 

Coat  by 

the name 

ñIraò 

Coat  by the 

name 

ñSpringò 

 

Jacket 

 

Manôs 

costu- 

me 

 

Cap 

Jirinov- 

skiy 

Cap 

 

1. Amount of karakul pelts that spread for good, 

pieces 

25 27 9 18 2 2 13 22 

2. Expenses that spread for preparing good for 

karakul, thousand sum 

950 997 329 668 80 80 585 1980 

3. Expenses that spread for processing of karakul 

pelts for preparing good, thousand sum 

250 270 90 180 20 20 195 220 

4. Other expenses (tax and other payments, labor 

expenses, materials,  buttons, cetipton, threads 

electro energy, others), thousand sum 

150 162 75 108 30 30 420
*
 132 

5. General expenses for preparing goods, thousand 

sum 

1350 1429 494 956 130 130 1200 2332 

6. Amount of goods that sold, pieces 120 40 11 10 55 45 21 32 

7. Price for one piece good, thousand sum 2950 3510 595 3133,6 192 192 4500 4500 

8. Gain which received  from sell of goods, 

thousand sum 

354000 140400 6545 31336 10560 8640 94500 144000 

9. Received income, thousand sum 192000 83240 1111 21776 3410 2790 69300 69376 

10. Profitableness, % 118,5 145,6 20,4 127,8 47,7 47,7 275,0 93,0 
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We can see from this analyzed data, that ensuring of perspective development of desert-

pasture stock-raising enterprises connected with formation of modern processing system for 

producing of cattle-breeding products, formation both cooperation  and integration  also  

working   out economical mechanisms between them that appropriate to market requirements 

and inculcate them to producing [2].  

It is necessary integration scientific elaborations, effective technologies with 

agricultural production in order to improve production of animals.  

Successful realization of selection programs much dependent from health of animals. 

However there is lack of control on relation of leading selection attributes with important 

immune biological, morphological and physiological signs. Requirement of branch in 

acceptable methods for complex monitoring of health become more necessary, because level 

of production and reproduction function of animals on much dependent from condition of 

health and resistance. Damage from reduce of resistance is occurred in results of increase of 

deceases, death rate, expenses on conduct treatment-prophylactic activities, reduce of 

productivity and quality of products, anticipatory calling of animals. The question of 

resistance has an essential actuality in colored karakul sheep breeding, which has deal with 

homogenous breeding for production more quality and marketable karakul pelts.    It is known 

that selection on depigmentation of hair lead to reduce viability of animals. Elaboration 

complex approach to selection of pure-line animals with good health and high productive 

potential have an interest for forming lines and families which steady to deceases and adverse 

factors of environment. 

During research of activity of single businessman Nuriddin Itjonov that lives in Turtkul 

sity of Karakapkistan Republic, Sh. Rashidov str., 31 we determined that he buys 180-200 

pieces karakul pelts from market and processed them with outdated methods also he has deal 

with preparing and selling of fee caps. 

Enterprise ñFee fashionò that located in Bukhara is one of the small enterprises that 

applied improving technologies for processing of karakul pelts. The share of main means of 

this enterprise is 321254,7 sum, there are special room for air conditioning and cleaning, 

storage, processing of karakul pelts and sew workshop also warehouse for prepared goods. 

This enterprise has ability for processing of 10000 pieces of karakul pelts. There are 5 

peopleôs works in this factory. Inculcating of improved technologies for processing row 

materials and preparing goods have given possibility for increase producing efficiency on 8-

10 once. From 50-55 % of karakul pelts that processed in this enterprise more then 20 species 

manôs and womanôs clothes and 15 species of caps are worked out, other karakul pelts in 

inside and outside markets are sold.  

Prepared goods and processed karakul pelts in several countries such Russia, USA, 

China, Azerbaijan are exported. Average selling price of one piece processed karakul pelt that 

exported in other countries is 11,0 dollars, however one piece of Afghan grey karakul pelts 

for 20,0 dollars are sold. We can see that price of Afghan karakul pelts higher almost on 2 

once in expense of better quality. Thus, it is need to radical improving of pedigree and 

selection activities in Uzbek karakul sheep breeding, otherwise karakul pelts cannot sustain 

world market competition and meet demand. In according to conducted review 100-105 

single businessman, physical persons and small enterprises have deal with processing of 

karakul pelts in Bukhara region. They are processed 250,0-300,0 thousand karakul pelts by 

outdate technologies. 

Information about expenses that ñFee Fashionò enterprise spend for preparing ready-

made goods from karakul pelts and income that factory received due to selling of those in 

table 1 are presented. For instance, 25 pieces of karakul pelts was used for preparing of coat 
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by the name of ñIraò and price of this coat 950,0 thousand sum was composed. General means 

that expensed for preparing of karakul coat 1350,0 thousand sum are composed, from them 

250,0 thousand sum for processing of karakul pelts and 150,0 thousand sum for sew of 

karakul coat was spend. 

For preparing ready-made goods 70,4 % of expenses for row materials, 18,5 % for 

processing of karakul pelts, 11,1 % for labor and material expenses was spend. 

Enterprise received 354000,0 thousand sum of gain and 192000,0 sum income due to 

selling of 120 pieces coats by the name ñIraò. Profitableness of enterprise 118,5 % was 

composed. 

18 pieces of karakul pelts, that compose 668,0 thousand sum was spend for preparing 

manôs costume. Expenses for processing 180,0 thousand sum, labor and material expenses 

108,0 thousand sum or general expenses share accordingly 69,9 %, 18,8 % and 11,3 % was 

composed. 

Factory received 31336,0 thousand sum gain and 21776,0 thousand sum income from 

selling 10 pieces of manôs costumes, profitableness of production was composed 127,8 %. 

Profitableness of coat that prepared from gray karakul pelts 93,0 % and from sur karakul pelts 

275 % was composed.  

Information regarding economical efficiency of use karakul pelts for preparing ready-

made goods in ñFee Fashionò enterprise in table 2 are presented. 

We can see from table 2 that enterprise spent average 38,0 thousand sum for buy one 

piece of black karakul pelt and they could sold one piece of karakul pelt by average price 

118,0 thousand sum or on 3,1 once price higher due to prepare ñIraò named coat. 

They received average 64,0 thousand sum income from one piece of karakul pelt in 

resulting  prepare ready-made good and this profitableness 118,5 % was composed. 

One piece  grey karakul pelt that used for ready-made good on 2,3 once and one piece 

of sur karakul pelt on 7,7 once were sold higher in comparison with buying price. 

Preparing ready-made good took opportunity for receive income 98,5 thousand sum 

from one piece grey karakul pelt  and 253,8 thousand sum income from sur karakul pelt, 

profitableness 93,3 % and 275,0 % accordingly was composed. 

 

Table-2. Economic efficiency use karakul pelts for preparing ready-made goods in ñFee 

Fashionò enterprise 
O/n  

Indexes 

Name of goods 

Coat by the 

name ñIraò 

Coat 

 

 

Jacket 

1. Expenses that for one piece karakul pelt was spend, 

thousand sum 

 

54 

 

106 

 

92,3 

 From them: buy of karakul pelts 38 90 45 

 Processing and painting 10 10 15 

 Other expenses 6 6 32,3*  

2. Price of one piece karakul pelt that used for prepare 

ready-made goods, thousand sum  

 

118 

 

204,5 

 

 

346,1 

 

3. Income from one piece karakul pelt that used for 

prepare coat by the name ñIraò, thousand sum 

 

64 

 

98,5 

 

253,8 

4. Profitableness, % 118,5 93,3 275,0 

 

*23,1 thousand sum for special wool was spent 
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We can do conclusion from mentioned above data analyses that enhance of  social-

economical development in desert regions of our county related with formation of  system for 

processing of  desert-pasture stock-raising products and producing ready-made goods in farms 

conditions [1]. 

It is necessary integration scientific elaborations, effective technologies with agricultural 

production in order to improve production of animals.   

Successful realization of selection programs much dependent from health of animals. 

However there is lack of control on relation of leading selection attributes with important 

immune biological, morphological and physiological signs. Requirement of branch in 

acceptable methods for complex monitoring of health become more necessary, because level 

of production and reproduction function of animals on much dependent from condition of 

health and resistance. Damage from reduce of resistance is occurred in results of increase of 

deceases, death rate, expenses on conduct treatment-prophylactic activities, reduce of 

productivity and quality of products, anticipatory calling of animals.  

The question of resistance has an essential actuality in colored karakul sheep breeding, which 

has deal with homogenous breeding for production more quality and marketable karakul pelts.    

It is known that selection on depigmentation of hair lead to reduce viability of animals. 

Elaboration complex approach to selection of pure-line animals with good health and high 

productive potential  have an interest for forming lines and families which steady to deceases 

and adverse factors of environment. 

 

 
Pic. 1. Coat and womanôs handbag prepared from  Bukhara sur karakul pelts 
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FSV TECHNOLOGY FOR INFORMATION RETRIEVAL AND PRESENTATION IN 

CORPORATED NETWORKS  

Bahodir Muminov, PhD 

 

Abstract 

Created IDEF models and methods for searching and presenting information in 

corporate networks. Requirements are given in the accumulation of the architecture of the 

FVS technology and implemented on these models and methods. 

 

ɸʥʥʦʪʘʮʠʷ 

ʉʦʟʜʘʥʥʦ IDEF ʤʦʜʝʣʠ ʠ ʤʝʪʦʜʳ ʜʣʷ ʧʦʠʩʢ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʪʠ. ʊʨʝʙʦʚʘʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʥʘʢʦʧʣʝʥʠʠ ʘʨʭʠʪʝʢʪʫʨʳ ʪʝʭʥʦʣʦʛʠʠ 

FVS ʠ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʵʪʠʭ ʤʦʜʝʣʷʭ ʠ ʤʝʪʦʜʘʭ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʂʦʨʧʦʨʘʪʠʚ ʪʘʨʤʦץʣʘʨʜʘ ʤʘʲʣʫʤʦʪʣʘʨʥʠ ʠʟʣʘʰ ʚʘ ʪʘץʜʠʤ ץʠʣʠʰ ʫʯʫʥ IDEF 

ʤʦʜʝʣʣʘʨʠ ʚʘ ʫʩʫʣʣʘʨʠ ʠʰʣʘʙ ʯʠץʠʣʛʘʥ. ɹʫ ʤʦʜʝʣ ʚʘ ʫʩʫʣʣʘʨ ʘʩʦʩʠʜʘ FSV 

ʪʝʭʥʦʣʦʛʠʷʩʠ ʘʨʭʠʪʝʢʪʫʨʘʩʠʥʠ ʷʨʘʪʠʰ ʚʘ ʬʦʡʜʘʣʘʥʠʰ ʙ˄ʡʠʯʘ ʪʘʣʘʙʣʘʨ ʢʝʣʠʨʠʣʛʘʥ.   

 

Nowadays, searching and producing information is one of the practical issues that 

require scientific and practical as well as specific approach to some problems [2].the reason 

for this is increasing amount of information together with requirments of users. The process 

of information retrieval consist of several modules but users can utilize only results of these 

modules. One of the modules is information retrieval (IR).  A number of steps of base are to 

be fulfilled for productivity of RI activities. Most significant of these are:  

- designing searching query; 

- appropriating searching results for queries; 

- the opportunity to assess sensibly and truly found sources. 

 The most famous and huge capacity IRS(information retrieval system) in which 

Google, Yahoo, Bing, ʗndex, Rambler searching modules are available,includes milliards of 

websites. These systems are distinguished by special algorithms that help to work fast and 

with high quality.  But, all of these algorithms are basic approaches, these are to consider as 

modification of retrieval modules [1].  

 Complex that envelops instrumental programming means, 

for integrating instrumental platforms must be produced as 

unique system in IR.  

These integral platforms are to connect with  todayôs 

modern technology, that is to say the architecture of DOM, 

XML, ORM, MVC and other different Framework technologies, 

ABS of mathematics, models and libraries of IDEF, data 

structure and other instrumental means of management are to be 

included in platform[5].  

Any of mathematic or IDEF models of IR must be consist 

of these component parts: 

 1. (F) - the methods of presenting queries - forming the 

expression of system users (F - forming).  

2. (S) -  the function of appropriating sources for the queries - the degree of 

appropriation of found source to query (importance, suitability) (S - searching).  

 

Pic 1. Emblem of FSV 

technology 
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3. (V) ï the methods for sobmiting sources. (V - viewing). 

 Combining all three components, we name FSV technology (FSV platform, or FSV 

framework) for IR. 

 Two functional opportunities of FSV technology S - the process of assessing how 

appropriate the source for the query and Vðfunctional opportunities of   the methods for 

sobmiting sources are to be worked out. These two components are considered as individual 

from one another. 

S ï the process of assessing how appropriate the source for the query  is done by basing 

on links to count importance of source,  in SIS (Scholastic information system) IDEF0 models 

for IRS , in FIS (Fuzzy information system)  IDEF0 models for IRS and  F-  set of queries and 

terms of  forming queries, V-  based on statistic data of accounter - inspector function of 

sobmiting sources  [6]. 

IDEF0 model is considered coreof FSV  technology.  In this model input parameters 

ñqueryò, ñtype of queryò, ñDB (database)ò and output parameters ñset of resources 

(resources)ò. 

In input parameters query is set of terms, ñtype of queryò is one kind of queries, thatôs 

to say inaccurate, given by words, can be logical query as well, ñDBò is set of sources, 

semantic core, inaccurate KB (Knowledge base) and core, set of all queries and terms, statistic 

data and report, logical and semantic contact, consisting of prefabricated dynamic and static 

information. ñQueryò and ñtype of queryò are considered as a pair and always should be 

together.  

IDEF0 model is based on ñSIS IRSò unclear query in FIS models and methods of IRS, 

algorithms [3, 6]. ñFISò  basing on query given with words (zone area of query  in SIS models 

and methods of IRS, algorithms [4, 6]. In ñthe traditional searchingò  different methods are 

used such as queries based on logical, specific linguistic means, indexing methods of modules 

of logical retrieval,  term-source matrix model, methods of classification and clustering, 

searching by text, selecting  [5, 6].  
 

fuzzy
 query

stohastic 
query

A0

ʅɸʄ0

IRS for FIS

Technology FSV

Search logical models and 

methods, algorithms

models and methods, 

algorithms IRS for FIS

 models and methods, 

algorithms IRS for SIS

DB

A3

Set of resoures

ɸ1

ʉɸʄ0

IRS for SIS

ɸ2

Line searching

Type of 
query

Query

 
Pic 1. S ï IDEF0 model of the process of assessing how appropriate the source for the 

query   
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 In IDEF0 model output parametres ñset of sourcesò that are considered important and  

appropriate to the query , selected source is formed. This set consist of name of the source, 

unique code of source, relationship of the source with other sources,value of importances, the 

number of addresses, main key words (terms,as a query), author, date of publishing, the date 

of the last address, lebal, volume of whole tex, language, type of the file.  This is nessesary 

for V- submitting the source of FSV technology[5]. 

  V- submitting the source of FSV technology is implemented according to mainly 

desire of users and enablility of syste.  this term includes receiving set of sources, choosing 

method to present,  identifying appearance of UI, supplying limit and filters, then presenting 

set of data source according to these aforesaid accounting the number of addresses of users in 

this source, controlling  ( look at 2-picture).  
 

Technology FSV

ɺ0

ɸ

Set of 

resoures

ɺ1

Methods of 

showning

ɺ2

UI 

ɺ3

prohibitions 

and filter

ɺ4

ɺ

Set of 

resoures

Views, sorting and 

grouping methods

Simple, semantic, 

Intellectualizing

System of restriction 

and filters methods

User restrictions and 

filtering method

Accounting and control 

methods

 
 

Pic 2. V-  IDEF model of submitting sources. 
 

The set of sources are input and output parameters in this model, they do not distinguish 

semantically, difference is handy form for users. 

Presenting method is divided in three groups in this model. These are appearance 

methods(such as table, based on label, list, disorderly), selecting methods (such as code of 

source, importance, the number of addresses, dates, date of last address, language of text, 

volume of text), dividing into groups(the number of addresses, dates, date of last address, 

language of text, volume of text )  

 ñUI appearanceò is also in 3 appearance, simple that gives only the name of the source 

and some other parameters, semantic that has relationship with other sources, intellectual that 

is done by the rate of semantic relationships and links in  the main core of BB in model. 

 Limit and filter in this model are identified by the system and requirements of users 

then divided into 2 groups. 

- The limits and filers of system. There are given special requirements of system. For 

example, presenting set of data sources than are appropriate to query, admitting sources that 

has few addresses, setting new sources ahead and etc.  

- the limits and filters of users. User can set limits and filters by a year, type of 

publisher, field, type of file, language of text, volume of file, special key words.   Settings are 
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mainly held in personal cabinet of user. If settings are not carried out, they are produced by 

settings of ordinary (current) system. V-   set of data sources  of submitting sources according 

to current settings is illustrated  in picture 3. 
 

 
 

Pic 3. Set of data sources. 
 

 
 

Pic 4.  The architecture of FSV technology   
 

FSV technology ï these are models, methods for  searching information and reproducing it, 

instrumental programming platform based on client-server  architecture with server 

applications.  

 So that FSV technologies can be used in different information systems for IR, information 

system must meet these requirements:  

1. Client-server architecture with server applications  

2. Trend with three stages that are user interface, business-logic, management of 

information.   
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3. To be made basing on  MVC and Framework  technology  

4.  Availability of  analyzing  range of XML and connecting with DBSM  

5. Programming language is directed to object. 

Submitting data is very important process for IR. Because presenting sources that are 

appropriate to the query  must not pose any doubt or fatigue, should make an impression by  

its interaction.  This make the user employ the system again, IR put to use from user semantic 

core, set of queries, approximate semantic relationship of queries, developing KB.   The more 

number of users of IR, the more exactness of intellectual search and reproduce will occur.  

For instance, although in 3W system Google IR has 500000 users, Yandex IR was on the top 

by intellectual search and reproducing in 2010. Yet, google IR created so many  additional 

interactive opportunities in 2010-2016, and we produce the report of  

http://www.liveinternet.ru/stat/ru/searches  page in the 1
st
 of March in 2017( look to table 1).  

 

Table 1.  Statistics of users in IRS 

ʊ.ʨ  Name of ʄʀʊ  
Average 1 hour Average 1 week 

The number of users % The number of users % 

1 Yandex 217,217,135 49.5% 659,187,790 48.2% 

2 Google 196,929,529 44.8% 631,581,366 46.1% 
 

 This report shows that the number of users of Yandex IR is more than Google,  

And rate of Yandex IR in 3W is high. The main reasons of this is the productivity of the 

system of submitting data of module as well as limits and filters of users.  

As it represented above according to IDEF models  we work out  architecture basing on  

client-server architecture with server application   (look at 4-picture).  

In Client-server architecture with server application using, managing and reproducing server 

applications is handy and main advantages are: 

1. Touchy client. 

2.  Parameters and results are given minimum information between client and server.  

Server applications can be carried out by a number of copies in several computers    

 

Producing FSV technology brings these comments and conclusion:   

1.  Base stages of Retrieval module,  basing on mathematic model or IDEF models 

divided 3 parts:  

 (F) -  the methods of presenting queriesðforming the expression  of system users (F - 

forming). 

 (S) -   the function of appropriating sources for the queriesðthe degree of 

appropriation of found source to query (importance, suitability) (S - searching).  

 (V) ï the methods for sobmiting sources. (V - viewing). 

Combining these three parts is called FSV technology for IRs   

2.  While forming queries widely implementing UI methods, creating queries in 

artificial language and reproducing are to show effectiveness.  

3.  Producing IDEF0 models of functional range for instrumental programming means 

of searching and presenting information in corporative networks.  

4. V- for submitting sources 3: appearance, selecting, dividing into groups consepts are 

given. 

5. Requirments are worked out for information systems that are to use architecture of 

FSV  technology. 

6.  By integrating FSV technologies with information systems, we can retrieve 

information and supply the demand of users for information.  

 

http://www.liveinternet.ru/stat/ru/searches
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SYNTHESIS AND RESEARCH OF NITROGEN AND OXYGEN  CONTAINING 
POLYCONDENSATION SORBENT 

Abdulahat Djalilov, Doctor of Sciences; Khayit Turaev, Doctor of Sciences ;  
Sherzod Kasimov, Researcher 

 

Abstract 
The conditions for obtaining nitrogen and oxygen containing sorbent based on the 

polycondensation reaction of urea, formaldehyde and hydrazine hydrate are studied in the 
article. Optimum conditions for sorbent synthesis have been determined and studies have 
been carried out on the effect of molar ratios of the initial substances on the composition and 
physicochemical properties of the synthesized sorbent. The values of the specific volume, the 
static exchange capacity of the synthesized sorbent are studied and the suggested structure 
and reactions of sorbent formation according to the results of IR spectroscopy are proposed. 

 

ɸʥʥʦʪʘʮʠʷ 
ɺ ʩʪʘʪʴʝ ʠʟʫʯʝʥʳ ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʘʟʦʪ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʝʛʦ ʩʦʨʙʝʥʪʘ ʥʘ 

ʦʩʥʦʚʝ ʨʝʘʢʮʠʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ ʤʦʯʝʚʠʥʳ, ʬʦʨʤʘʣʴʜʝʛʠʜʘ ʠ ʛʠʜʨʘʟʠʥʘ ʛʠʜʨʘʪʘ. 
ʆʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʠʥʪʝʟʘ ʩʦʨʙʝʥʪʘ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 
ʚʣʠʷʥʠʶ ʤʦʣʴʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʩʦʩʪʘʚ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʦʙʲʸʤʘ, 
ʩʪʘʪʠʯʝʩʢʦʡ ʦʙʤʝʥʥʦʡ ʸʤʢʦʩʪʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʩʦʨʙʝʥʪʘ ʠ ʧʨʝʜʣʦʞʝʥʘ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʨʝʘʢʮʠʠ  ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʨʙʝʥʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ - 
ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

 

ɸʥʥʦʪʘʮʠʷ 
Maqolada mochevina, formaldegid va gidrazin gidratning oózaro polikondensatsiya 

reaksiyasi asosida tarkibida azot- va kislorod boólgan sorbent olish sharoitlari oórganilgan. 
Sorbentni sintez qilishning optimal sharoiti aniqlangan va sintez qilingan sorbent tarkibi 
hamda fizik-kimyoviy xossalariga dastlabki moddalar mol nisbatlarining taôsiri boóyicha 

http://search.ebscohost.com/login.aspx?direct=true&db=lxh&AN=112178448&lang=ru&site=ehost-live
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tadqiqotlar oótkazilgan. Sintez qilingan sorbentning solishtirma hajmi, statik almashinish 
sigóimi tadqiq etilgan va IQ-spektroskopiya natijalari asosida sorbentning taxminiy tuzilishi 
hamda hosil boólish reaksiyalari taklif etilgan. 

 

Ionites are widely used in hydrometallurgy for the sorption concentration of metal ions, 
as well as for the utilization of waste containing harmful components, such as heavy metal 
ions, associated with the creation of a large range of ion-exchange and complexing polymers 
and polymer materials. Industrial methods for the preparation of such ion exchangers are 
known to be polycondensation, polymerization and copolymerization of functional 
monomers. Since the functional groups of monomers undergo changes as the 
polycondensation process proceeds, often the identity of the initial monomers and units of the 
resulting polymer is not identical [1]. 

Polycondensation ion exchangers in most cases are obtained from complex mixtures of 
polyfunctional compounds of uncontrolled composition. In addition to unreacted starting 
monomers, their composition includes oligomers with unequal number of units, different 
content and mutual arrangement of functional reactive groups. Often the composition of the 
initial monomers is unknown and, moreover, it is not always constant, it is believed that it is 
impossible to predict the structural parameters of polycondensation ion exchangers. In 
addition, it is believed that the complexics obtained by polymer-analogous transformations of 
various copolymers have a number of disadvantages, which include low mechanical strength 
and osmotic stability of the grain, uneven distribution of ionogenic groups in the polymer 
grain, the appearance of side groups and crosslinks as a result of chemical conversions [2- 4]. 

Thus, the aim of the study is to synthesize and study sorbents obtained by 
polycondensation based on urea, formaldehyde and hydrazine hydrate and to study their 
sorption properties. 

Experimental part. The object of the study is the obtained sorbent based on urea, 
formaldehyde, hydrazine hydrate and the study of its sorption properties. 

Reagents of the brand "pure" and "chemical pure" were used in the work. Reagent 
solutions were prepared by dissolving the exact sample in a known volume of solvents. 

Synthesis of sorbent. 6 g of urea (0.1 mol) previously dissolved in 15.8 ml (0.2 mol) of 
formalin at a temperature of 40 ÁC were placed in a three-necked flask equipped with a reflux 
condenser and a mechanical stirrer. After that, 5 g (0.1 mole) of hydrazine hydrate were added 
dropwise. Then the temperature was raised to 100-110 ÁC and at this temperature a resinous 
mass was formed after 1.5-2 hours, which was transferred to a porcelain dish and dried in an 
oven at 80-90 ÁC for 24 hours. The dried polymer was ground, washed from low molecular 
weight substances with a 5% solution of NaOH, then with distilled water until a neutral 
reaction. The product obtained is a fine, porous, pale yellow granule. The yield is 85%. 

The moisture of the synthesized sorbent was determined according to GOST 10898.1-
84, the bulk density according to GOST 10898.2-84, the sorbent density in the hydrated state 
according to GOST 10898.3-84, the specific volume of the swollen sorbent according to 
GOST 10898.4-84, the static exchange capacity - GOST 20255.1-89 [4, 5]. 

Potentiometric titration of ion exchanger was carried out at pH-meter OP-211/1. Equal 
weighed portions of ion exchanger (0.25 g) in OH form were filled with 0.1N NaCl solution 
with reducing portions and 0.1 N HCl solution with increasing portions, so that the total 
volume in each flask remained equal to 25 ml. The solutions with the weighed portions were 
left for 7 days. According to the obtained data, the pH of the equilibrium solution was plotted 
by potentiometric titration curves, the pH dependence on the amount of acid added in ml. 

The IR absorption spectra of the starting materials and ion exchanger were recorded in 
the 400-4000 cm

-1
 region on the AVIATAR-360 spectrometer of Nicolet. Samples were 

applied in the form of compressed tablets with KBr. 
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Results and its discussion. The sorbent (ion-exchange complexite) of the 
polycondensation type was obtained by polymer-analogous transformations aimed at 
regulating the properties of sorbents and giving them improved parameters. 

Studies have been carried out to study the effect of temperature on the process of 
polycondensation of urea, formaldehyde and hydrazine hydrate. The process of 
polycondensation was studied at temperatures of 70, 80, 90 and 100 

ʦ
ʉ. The reaction time, the 

specific volume of anion exchanger in water, and the static exchange capacity (SEC) of 0.1 N 
HCl solution were determined. The data are given in Table. 1. 
 

Table 1. Influence of the polycondensation temperature on the properties of ion 

exchangers 

ˉ 
The reaction 
temperature t, 

ʦ
ʉ 

The reaction 
time Ű, hour 

The specific volume of the ion 
exchanger, swollen in water, 
in the OH form, ml/g 

Exchange capacity of SEC, 
according to 0.1 N solution 
of HCl mg-equv/g 

1. 70 10 2,2 3,9-4,1 

2. 80 6,5-7 2,0 4,9 

3. 90 3,5-4 1,3-1,5 6,2 

4. 100 2,5 1,4 4,8-5,0 

 
From the data in Table 1 it follows that at a temperature of 70 Á C the duration of the 

polycondensation reaction is 10 hours, the exchange capacity of the ion exchanger is 3.9-4.1 
mg-equv/g. This is due to the low reactivity of the reactants at a given temperature. With the 
reaction temperature rising to 100 ʦʉ, the polycondensation process proceeds violently and 
the reaction time decreases to 2.5 hours, however, the exchange capacity and swelling of the 
ion exchanger also decrease. This is apparently due to the fact that at a given temperature the 
structure of the resulting ion exchanger becomes denser, and as a result, mobility of ionogenic 
groups is hampered.  

The optimum polycondensation temperature was assumed to be 90 ÁC, the reaction time 
being 3.5-4 hours, the reaction time being more uniform, and the exchange capacitance of 0.1 
N HCl solution reached 6.2 mg-equv/g. 

In order to elucidate the influence of the structure and properties of the initial 
substances on the structure and properties of ion exchanger and the choice of the variants for 
the synthesis of ion exchanger with high performance indicators, the effect of the ratio of the 
initial substances in the preparation of ion exchangers was studied. 

Formaldehyde, when reacted with urea and hydrazine hydrate, is not only a condensing 
agent, but also a crosslinking agent, and the main sorption and physicochemical properties of 
the resulting ion exchanger depend on its concentration. Various ionite samples were 
synthesized to obtain ion exchangers with different number of cross-links [6, 7]. The 
polycondensation reaction was carried out at a molar ratio of the reacting substances: urea, 
formaldehyde and hydrazine hydrate from 1:2:1 to 1:3:1, respectively. The results of studies 
of the effect of the amount of formaldehyde on the properties of ion exchanger are given in 
Table 2. 

Table 2. Dependence of the properties of the ion exchanger on the mole ratio of 
urea: formaldehyde: hydrazine hydrate 
 

Name of indicators Unit 

The ratio of urea: formaldehyde: hydrazine hydrate, 
in moles 

1:2:1 1:2.5:1 1:3:1 

Specific volume of water-swollen ion 
exchanger in OH form 

ml/g 2.0 1.8 1.5 

Bulk weight g/ml 0.68 0.6 0.5 

Static exchange capacity according to 
0.1 N solutions: 

mg-equv/g    
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NaOH -//- 4.3-4.5 5-5.5 3.7-4.0 

NaC1 -//- 0.7-0.78 1-1.2 0.5-0.57 

HC1 -//- 4.0-4.2 4.8-5.0 3.5-3.9 

H2SO4 -//- 5.9-5.95 6.5 4.5-4.7 

HNO3 -//- 3.1 4.5-4.6 2.6 

CuSO4 -//- 2.2 2.8 1.85 

 
From the table data, it can be seen that with the increase in the amount of formaldehyde, 

the exchange capacity gradually decreases. This can be explained by a decrease in the radius 
of the pores of ion exchangers, where geometric obstacles for diffusion of ions appear, as well 
as a decrease in swelling. On the basis of the conducted studies, the ionites with the best 
parameters were obtained at a 1: 2.5: 1 ratio of urea, formaldehyde and hydrazine hydrate, 
respectively. 

The three-dimensional structure of the obtained ion-exchange polymers determined the 
necessity of using physical and chemical methods in studying the structure and basic 
properties, along with chemical methods of analysis. IR spectroscopy was used to determine 
the structure of the obtained ion exchangers. 

The IR spectra of the obtained compound contain bands in the 3415 cm
-1

 region 
corresponding to the valence vibrations of the secondary N-H groups. The appearance of 
bands in the 1639 cm

-1
 region indicates a bound C=O group, and in the 1437, 1385 cm

-1
 

region we observe resolved resonances of the CH2- groups (Table 3, Fig.). 
 

Table 3. The oscillation frequencies in the IR spectra of the starting compounds 
and the resulting ion exchanger 
Frequency of oscillations in IR spectra, cm

-1 

Assignment 
Urea 

Carbamide 
formaldehyde 
resin 

Carbamide formaldehyde 
resin modified with 
hydrazine (ion exchanger) 

3440 3423 3415 
NHn  

3346   
2NHn

 

3254   
NHC=n  

1678 
1621 

1643 1639 
OC=n , the band is due to interaction 

N-Cn   and OC=n  

 1546, 1513 1550 

Composite frequencies NHd  and 

fluctuations N-Cn , secondary amides. 

-NN- -n , in symmetric trans-azo 
compounds is not observed because of a 
ban on symmetry 

1463 1383 
1437, 
1385 CHd  

 1265 1245 N-Cn  in the ring 

1151, 
1060 

1182, 
1018 

1134, 
1035 O-Cn  
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789 839, 806, 773 774 
Out-of-plane oscillations CHd  

724   
Out-of-plane fan oscillations NHd  

 618 648 
OHd  

560   
CNd

 
 

 
Fig. IR spectra of starting materials and obtained ion exchanger: 1-carbamide, 2-
carbamide formaldehyde resin, 3-carbamide formaldehyde resin modified with 

hydrazine (ion exchanger). 

 
According to the obtained results of the performed studies and the literature data [8], the 

ion-exchange synthesis reaction can be represented as follows: 
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When synthesizing the ion exchanger, we tried to take into account all the above 

requirements for ion exchangers, which are required by the hydrometallurgical industry. As 
already noted, the study of sorption, physicochemical, kinetic and mechanical properties of 
ion-exchange polymers is important, allowing to determine the areas of application, 
advantages and disadvantages of the resulting ion exchangers. 

Conclusions. 
1. Nitrogen- and oxygen-containing sorbent was obtained on the basis of 

polycondensation reaction of urea, formaldehyde and hydrazine hydrate. 
2. Optimum conditions for the synthesis of the sorbent were determined and the effects 

of the molar ratios of the initial substances on the composition and physicochemical 
properties of the synthesized sorbent were studied. 

3. The physicochemical properties of the synthesized sorbent, such as specific volume, 
static exchange capacity, are studied. 

4. A suggested structure and reactions for the formation of a nitrogen- and oxygen-
containing sorbent are proposed. 
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WORKING PROTECTION IN SYSTEM "PERSON - PROTECTIVE CLOTH - 

WORK ENVIRONMENT " IN CONDITION AVTOENTERPRISES  
Dilorom Hakimova, Resarcher 

 

Abstract 

The Overalls working must not only create favourable for organism of the person of 

the correlation with surrounding ambience and provide the optimum conditions for labor 

activity, but also possess the high degree to defensive efficiency and comfort in usages. 

Questions of the influence negative production factor are considered In article on worker 

ʘʚʪʦʧʨʝʜʧʨʠʷʪʠʡ and need of the making the new overalls. 

 

ɸʥʥʦʪʘʮʠʷ 

ʉʧʝʮʦʜʝʞʜʘ ʨʘʙʦʪʘʶʱʠʭ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʟʘʱʠʪʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ 

ʚʣʠʷʥʠʷ ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʙʦʯʠʭ ʘʚʪʦʧʨʝʜʧʨʠʷʪʠʡ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʦʚʦʡ ʩʧʝʮʦʜʝʞʜʳ. 

 

ɸʥʥʦʪʘʮʠʷ 

ʄʘʭʩʫʩ ʢʠʡʠʤ ʠʰʯʠʣʘʨʥʠʥʛ ʩʘʣʦʤʘʪʣʠʛʠ ʚʘ  ʤʝʭʥʘʪ ʬʘʦʣʠʷʪʠ ʫʯʫʥ ʦʧʪʠʤʘʣ 

ʰʘʨʦʠʪʛʘ ʤʦʩ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʞʘʨʘʸʥʠʜʘ ץʫʣʘʡʣʠʢ ʷʨʘʪʫʚʯʠ ʚʘ ʶץʦʨʠ ʜʘʨʘʞʘʜʘʛʠ ״ʠʤʦʷ 

ʩʘʤʘʨʘʩʠʛʘ ʵʛʘ ʙ˄ʣʠʰʠ ʢʝʨʘʢ.  ʄʘץʦʣʘʜʘ ʘʚʪʦʢʦʨʭʦʥʘ ʠʰʯʠʣʘʨʠʛʘ ʠʰʣʘʙ ʯʠץʘʨʠʰ 

ʦʤʠʣʣʘʨʠʥʠʥʛ ʥʝʛʘʪʠʚ ʪʘʲʩʠʨʠ ʚʘ ʷʥʛʠ ʤʘʭʩʫʩ ʢʠʡʠʤ ʷʨʘʪʠʰ ʤʘʩʘʣʘʣʘʨʠ ʢ˄ʨʠʙ 

ʯʠץʠʣʛʘʥ. 

 

 On modern level of the development of the technology and technologies not always 

possible to provide the happy circumstances of the labour working to account of the use high 

effective, but high-priced facilities of collective protection. So qualitative, possessing 

necessary defensive characteristic of the facility of the individual protection and today play 

the important role in complex action on provision of safety, working at avtoenterprises.  

 The Production to public product is formed from row material, organizing and social-

economic element such as subjects and facility of the labour, organization and service worker 

place, mode of the labour and rest, labor discipline, factors moral, material stimulation 

working.   
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 The Development about improvement of the means of protection, working at 

avtoenterprisesis a complex problem. Its decision in each separate event requires the system 

approach with position of the row of the branches of the knowledge: scientific organization 

avto-enterprises and labour, ergonomics, textile study of material, technical aesthetics, 

construction, technologies sewing product.  

 Designing the special cloth for work man avtoenterprisess tu dy following main 

questions conditions of the labour: 

- a features dangerous and bad production factor (plays the role length their actions, intensity 

and repeatability of the influence); 

- an ergonomics of the pose or the main poses and motion, working when performing 

operation technological process. 

 The study of dangerous and bad production factor influences upon choice material, 

defensive soaks and constructive element such as type of the clasp, registration of the bottom 

sleeve and trousers, type and site defensive bracket, pocket. 

 The meanses of protection is one of the section in system ". person - protective cloth - 

work environment  (Fig.1); they are admitted to  dangerous and bad influence production 

factor on person and that most promote high and stable capacity to work, capacity and quality 

of the labour.  

 For prevention or reduction of the influence on working dangerous and bad producting 

factors are  used for  the different meanses of protection working. Here with to condition of 

the labour are presented determined requirements to safety, understanding under danger 

possibility influences on working bad production factor. 
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