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GENERAL DESCRIPTION OF THE RESEARCH 

 

Relevance and degree of completion of the topic. The 

restoration of the pattern in animal husbandry is considered one of 

the indispensable factors in the development of the industry. The 

main focus in the rehabilitation of the problem is on healthy and 

strong young stock, and these measures are not expensive. In 

particular, it is very important to provide the calves with enough 

skimmed milk during the lactation period. If the calves aren’t 

provided with the required amount and quality milk or milk 

substitute, they fall back from weight gain, there are cases of 

morbidity and a number of complications, it’s difficult to deliver the 

calves that are left in weight to the desired condition in later periods 

and in some cases it is impossible. 

One of the most effective methods of providing calves with 

skimmed milk is the use of skimmed milk substitutes. There are 

various recipes of milk substitutes, including technologies for their 

preparation in dry, paste and liquid form. When the preparation of 

milk substitutes in the form of dry and paste in the mentioned tech-

nologies requires complex technological equipment and large energy 

consumption, they are considered more suitable for factory condi-

tions. And the technology of preparation of milk substitutes in liquid 

form is more suitable directly on the farm, in local conditions, with 

the use of available resources. 

An indispensable issue in the preparation of a liquid – skimmed 

milk substitute is the homogenization of the fat-milk mixture and the 

achievement of stable emulsion preparation. The smaller the size of 

oil pellets in the composition of the product drunk to the animal, the 

more their usefulness becomes. If vegetable oil is not well distributed 

in the composition of milk substitutes, then in young calves stomach 

disorders may occur. 

Improving the taste characteristics of feed during dispersal is 

associated with reducing the size of dispersed phase particles in the 

dispersive environment and, accordingly, increasing the total surface 
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area. As a result, their effect on the taste receptors intensifies, the 

taste saturation is strengthened. 

The stability of the emulsion due to time is also related to the 

size of the dispersed phase particles. Stoks law, which well expresses 

the dependence of the speed of oil pellets on the surface of the liquid 

on their size and diameter, confirms the importance of intensification 

of the dispersion process in order to increase the durability and stabi-

lity of the emulsion. The smaller the size of the oil pellets, the less 

their milk flow rate, the more stable  emulsion. 

However, existing methods of dispersion and dispergators aren’t 

able to provide high quality with excessive material and energy 

capacity. If the required dispersion of the emulsion is not achieved 

and not only its quality deteriorates, but also losses occur during sto-

rage and transportation. In a well-dispersed liquid non-skimmed milk 

substitute, its constituent components are maximally used. 

Thus, it seems that the theoretical work on dispersion in the 

preparation of a substitute for non-skimmed milk is very active in the 

search for new directions of development, in the research aimed at 

improving the technology and technical means by penetrating deeply 

into this process. 

Purpose and objectives of the study. The purpose of the study 

is to establish the design and operating parameters of an improved 

emulsifier to improve the efficiency of preparing a liquid milk subs-

titute. 

To achieve this goal, the following tasks were defined: 

- study the physical and mechanical properties of liquid milk 

substitute and its components; 

- development of theoretical bases for dissolving vegetable oil in 

a milk dispersion with a high content of refined milk; 

- justification of the theoretical and experimental calculation of 

the emulsifier by design and mode parameters; 

- check the performance of the experimental emulator in produc-

tion conditions, determine its economic effect.  

Method of research. The subject of the study was a component 

of a milk substitute, a technological process for preparing a liquid 
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milk substitute, and an experimental emulsifier. Theoretical research 

was conducted using the basic principles, laws, and techniques of 

classical mechanics, physics, and hydraulics. Experimental studies 

were carried out in the laboratory based on the use of generally 

accepted methodologies in accordance with existing standards, as 

well as the theory of multi-factor planning. Mathematical statistics, 

Microsoft Excel, function Wizard, and Math CADIZ mathematical 

methods were used in the development of basic reports and 

experimental results. 

The main provisions for the defence. The main provisions of 

protection are: 

- analytical dependences used to justify the parameters of the 

design and operating mode of a dispersed dispenser compressed by a 

shock shock from refined milk substituted in a thin film; 

- mathematical model of the process of mixing reduced vegetab-

le oils; 

- technology for the production of gluten-free milk substitutes 

based on reconstituted milk and vegetable oil and design features of 

the device for its implementation; 

- rational dispersion parameters developed at the inventive level, 

and the economic efficiency of its use in production conditions. 

Scientific novelty of research. Analytical dependencies were 

obtained to substantiate the constructive mode parameters of the ex-

perimental emulsifier, based on the principle of dispersing a thin 

layer of vegetable oil none-skimmed milk sweets. In the emulsifier, a 

mathematical model of the interaction between quality and mode 

parameters was established during the mixing of oil pellets in a 

restored non-skimmed milk product. The new design of the 

emulsifier was developed at the patent level (I 2009 0145). 

Theoretical and practical significance of the study. Theore-

tical analysis of the dispersion of milk fat in reversible milk, 

theoretical analysis of the process of fat deposition, distribution of 

vegetable oils and distribution of the fat phase in reduced milk, and 

development of methods of dependence for relative time. and deve-

lopment of appropriate new technical tools. 
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The milk substitute developed by the author at the inventive 

level and its optimal operating parameters is of practical importance 

for dairy and breeding farms.. 

Testing and implementation. The main provisions of the thesis 

are in the Scientific Council of the research Institute 

"Agromechanics" (Ganja, 2005-2010; 2017-2019). Presented at a 

practical seminar (Baku, 2007) at the Scientific and technical 

Council of the Azerbaijan state agrarian University (Ganja, 2010).  

The pilot project of the experimental oil mixing plant was 

prepared and applied at The “Samadoglu-Ataturk” milk processing 

plant in Goy-gol district. The results obtained were discussed and 

approved by the Scientific and technical Council of the Azerbaijan 

State Agrarian University and recommended for publication and 

publication (Protocol number 5, 2.02.2010). 

Name of the organization where the dissertation was 

performed. The dissertation work was conducted at the research 

Institute "Agromechanics".. 

The total volume of the dissertation with reference to the 

volume of the structural divisions of the dissertation. The disser-

tation consists of an introduction, four chapters, results, and a list of 

159 references and appendices. Here 43 figures, 16 tables and 4 addi-

tional contents of the thesis is 6 pages 12234 characters, first chapter 

29 pages 55805 characters, the second chapter is 37 pages 46198 

characters, the third chapter 30 pages 36792 characters, the fourth 

chapter 29 pages 32274 characters, results - 2 pages 3249 characters, 

production recommendations 1 page contains 646 characters, and the 

references 159 links used are 14 pages and contain 23648 characters. 

The volume of the dissertation consists of 154 pages of computer 

printing machines, the total volume is 215685 characters (191662 

characters, excluding the used list of references and applications). 
 

CONTENT OF THE THESIS 
 

In introduction is given, the general characteristic of work the 

purpose and relevance of the considered problem is briefly defined. 
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Chapter I - Named "the study of the current state, the purpose 

of research and objectives”, here is a critical analysis of the 

application of milk substitutes, ready-made milk substitutes, charac-

teristics of the use of milk oil, devices for the preparation of milk 

substitutes. At the end of the chapter, the objectives and objectives of 

the study are stated. 

Studies have been conducted on the milk substitute scientists as 

А.G. Khramtsov, P.G.Nesterenco, I.Ferhoyl, Jilg Thomas, K.Katah, 

Obara Yoshiaki, Tohoku, for prepare dry milk substitute J.Boy-

Khabib, V.Talkhammer, L.V.Golubeva, I.I.Goryachev, S.N.Pilyuk, 

B.N.Stepanova, S.V.Frolov, T.P.Arsenyeva, V.Y.Kutsakova, for 

rehabilitation milk M. Afanasenko, S.P.Babenishev, I.A. 

Yevdokimov, Sh.Danert, I.A. Radayeva, V.S.Gordeziani, S.P. 

Shulkina and other. tərəfindən tədqiq edilmişdir. These studies have 

served to create new technological and technical options. 

АЗМ-0,8 preparation of liquid milk substitute in aggregate is 

based on heating it with steam. As practice shows, this is not 

effective. In addition, the АЗМ-0,8 unit works normally only with 

small dispersion feed (flour), so in the other case its communications 

are filled (bloked). 

The application of high-pressure valve homogenizers has found 

wide place mainly in dairy industry. Here they are used to formulate 

the structure of the product strictly and to stabilize milk, sour cream, 

ice cream. In the cosmetic industry, such homogenizers are used in 

the production of fine dispersion liposome creams and emulsions. 

Homogenizing heads have undergone these or other less 

significant changes, but their overall structure and working principle 

have remained unchanged so far. 

In general, in the construction of modern homogenizers, atten-

tion was paid to the basic principles, conditions that meet the require-

ments of technical aesthetics, sanitation and hygiene. Taking into 

account the new trend and development of equipment in dairy 

enterprises, the flow of new structural homogenizers is based on 

technology. These technologies are calculated to high efficiency, but 

at the same time excessive material and energy capacity.  
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Radical improvement of these technologies and technical means 

in terms of preparation of milk substitutes in the form of liquid in 

farm conditions, the use of physico – mechanical and chemical 

legality potential in this direction gives sufficient basis to research. 

Taking into account the above, the following tasks were identi-

fied in the dissertation: 

- liquid milk substitute and physical and mechanical properties 

of its constituent components; 

- theoretical considerations on the distribution of vegetable oil in 

high dispersion by crushing it in recovered skimmed milk; 

- justification of constructive and mode parameters of theore-

tically and experimentally processed emulsifier; 

- checking the work of the experimental emulsifier in production 

conditions, determining its economic efficiency. 

Chapter II – This part named “Theoretical study of liquid-faced 

milk substitute preparation process”, this chapter provides a 

theoretical analysis of dispersion of oil pellets in restored none-

skimmed milk, analysis of the process of fragmentation of fat 

curtain, establishment of model of distribution of vegetable oil 

pellets in restored non-skimmed milk, distribution of oil phase and 

establishment of dependencies reflecting relaxation time, on 

investigation of oil phase stability. 

Usually they are based on their sedimentation process to assess 

the durability of oil pellets. This allows to visually clarify the dyna-

mics of changing the mass fraction of oil in layers equal in volume 

throughout the height of the container. Based on analytical 

considerations and a number of mathematical analysis based on the 

change in the height of oil pellets gutlasinin of the vessel, the 

following formula is used to determine the mass share (     ) in the 

lower layer of the product depending on the sedimentation time: 

      
   

      

    

 
∑   

  
    ̅    (  

    

 
)                   (1) 

here: N – total amount of oil pellets in the product layer; 

n – number of layers of the dish; 

D – diameter of cylindrical container, m; 
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H – the height of cylindrical bowl, m; 

     – density of oil, kg/m
3
; 

  – density of milk substitute product, kg/m
3
; 

dr – “r” the average diameter of the oil pellet from the 

measuring group, m; 

  – period of sedimentation, sec; 

 ̅     – “r” dispersibility of oil pellets from the measuring 

group, %; 

   - rising speed of oil pellet with diameter dr, m/sec. 

“r” changable  from i till I. here i – group number measurement; I- 

the digit of group measurement. To calculate the speed of Wr, which 

is included in the formula of the asiptatic theory, we take into 

account the degree nature of the oil pellet by converting it into a 

criterion equation: 

   
  
 

        
   

           (      ) 
                        (2) 

here                 
       

        
           

     

   – non-uniformity of the layer; 

  – dynamic viscosity of product,       ; 

g – the force of gravity, m/sec
2
. 

True for the conditional      
 

 
. The oil pellet from the 

respective measuring group moves from the first layer (below) to the 

second, second to the third and then to the layers above     
 

 
. At 

this time, the decrease in the mass share of oil in the following layer 

is equal to the increase in quantity above. In the first, second, third 

and subsequent layers, the mass share of oil is equal to the average 

volume of oil at the beginning. The oil pellet corresponding to the 

size group of the first layer is fully transferred to the second layer; 

the second layer replaces the oil phase of the third layer and 

continues until the top layer from here this expression will have the 

form     
 

 
. İf the asiptatic theory gets a negative value hence an 

expression written inside the brackets in the formula of     
 

 
. 

From a physical point of view, this means that oil pellets of a certain 
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size group not only fully pass from the first layer to the second, but 

also some of the oil pellets from this group of the second layer to the 

third layer and then to the top layers. In this case, when determining 

the mass share of oil in the lower layer by the formula of the asiptatic 

theory, the units corresponding to the measurement groups are 

excluded. Oil pellets of these completely pass from the lower layer to 

the upper layer. Oil mass share (     ) in the upper layer is as 

follows: 

         
    

  

      

    

 
 ̅    (  

    

 
)                (3) 

here:    – initially, the mass share of oil in the product, %; 

Given the presence of oil pellets of different size groups in lay 

volume, it is proposed to put the diameter ( ̅    ) of the oil pellet with 

more dispersibility in volume into the asiptotic and rheological 

equation. At this time, it is possible to determine the non-uniformity 

of the layer as follows:  

    
 

   
 
   

    
 ∑    

   ̅      
 
                          (4) 

The above-mentioned considerations can be attributed to the 

phenomenon of deposition of the oil phase of the emulsion without 

flocculation of dispersed phase particles. Considering the oil pellets 

flocculation of the dispersion phase, the analytical solution of the 

deposition problem is rather difficult. This is due to the irregular 

distribution of oil pellets in the volume of the product, limited nature 

of movements, changes in the physical and chemical properties of the 

emulsion in time and space. Certain restrictions and estimates have 

been adopted to address this issue. Accordingly, the simple aggre-

gation process of two oil pellets can be described as a graphical 

model in figure 1. 

In the process of the movement of oil pellets in the opposite 

direction of gravity d1 – the diameter of pellets d2 – the diameter 

reaches by firing of pellets (here      ) and their aggregation 

(orthokinetic flocculation) occurs. 
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In the described model d3 – the diameter of the aggregate of any 

two oil pellets. İnstantly of time –  , oil pellets of diameter range 

from one to l-distance            

In the process of action    – oil pellet with diameter exceeds 

distance h2 during   time. In order for oil pellets to move closer to the 

distance of loss of one pushing barrier effect, the    diameter oil 

pellet must overcome distance h1 immediately within time τ: 

                                              (5) 

or 

   
   

     
                                       (6) 

here       – copies of oil pellets d1 and d2 diameter, respectively, 

m/sec; 

l - any starting distance between oil pellets with diameter d1 or 

d2, m. 

  |     |                                      (7) 

      – estimated are found in the following equations: 
 

 
 

Figure 1. Interpretation of the process of formation of two oil 

pellets  aggregates. 
 

  
        *  

  
      

    
+                        (8) 
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or 

  
        *  

  
      

    
+                        (9) 

here         - the amount of oil pellets of diameter, respectively, in 

the cut-off area of the liquid d1 and d2. 

W1 and W2 depending of speed (dr-dv) it is determined by rep-

lacing it with d2. The movement speed of aggregate W difference 

other speed W1, W2. According to the law of conservation of the 

amount of movement of the system follow: 

  
         

     
                             (10) 

here        - units of oil pellets with diameter d1 and d2, kg; 

        – the weight of the unit, kg. 

The resulting aggregate has a W speed until it is combined with 

the next oil pellet. After passing a certain distance, the aggregate 

created by three oil pellets acquires a large mass and a large speed of 

movement. At this time, the length of the three oil pellets at  
 

 
 height 

of the aggregate is as follows: 

     ∑
  

  

 
                                 (11) 

here    – speed of unit, m/sec. 

The dr – diameter oil pellet (in this case the diameter of the 

aggregate) can be calculated by the following:  

      √  
    

  
                                 (12) 

The experiment showed a significant change in oil composition 

along the height of the product in the bowl. Due to this fact, it has 

been suggested that the method of quantitative assessment of oil 

mass share in product layers is accepted as the criterion of estimation 

of oil phase share in product volume. 

According to the methodology, the “oil phase resistance coef-

ficient” was adapted to the quantitative criterion of the violation of it 

is tension in connection with the sedimentation of oil pellets. The 

coefficient of resistance in quantity is defined as the average square 

error of the average assessment. The mass share of the oil phase 

flattened to the "reconciliation coefficient" is expressed as follows: 
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√

∑       
  

   

     
                                  (13) 

here      – oil stability coefficient of phase;  

   – reconciliation coefficient, %; 

   – oil mass share in layer i, %; 

  – oil medium mass share in the product, %; 

n – number of layers. 

Chapter III - This part named “Software and methodology of 

experimental research”, here is reflected, the program and methodo-

logy of the research, the structure and working principle of the 

experimental device, the method of determining the quality of oil 

pellets crushing, determination of the rotation frequency of the pump 

rotor, determination of the duration of processing of the face milk 

substitute on the device, determination of the number of sprayers, 

determination of dry, the study of the device for the preparation of 

experimental none-skimmed milk substitutes. 

The working principle of the experimental dispergator is 

schematically given in figure 2.  

 
Figure 2.   Scheme of the experimental setup dispergating:  

1-oil tank; 2 – rectifier tap; 3 – porous piping; 4 – drum; 5, 6 – 

supports; 7 – pail for mixture; 8 – water tank; 9, 18 – pumps; 10 

– watering – cooling tube; 11, 19 – nozzles; 12 – slits; 13 – 

trough; 14 – groin; 15 – belt; 16 – reducer; 17 – engine; 20 21 – 

valves; 22-hollow and expanded in diameter of axis; 23-filled 

axis. 
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Thus, the oil container 1 is placed on the top 4 of the drum on 

the horizontal axis passing through the center. In the lower part of the 

oil container, 2 dosing taps are used to transfer oil to the necessary 

level of porous piping. The drum is placed 4, 22 with half arrows 

from the sides of the head, 23 on the supports 5, 6. The 4 working 

parts of the drum are placed inside the bowl 7 for the mixture. The 

drum 4 stands on 5, 6 the half-arrows combined by means of pads 22, 

23 are of a different diameter than each other, so that one is extended 

relative to the other. The pipe 8 out of the water tank is inserted into 

the 9 inlet of the pump, and the watering – cooling pipe 10 out of the 

outlet is inserted by the 4 extended half-axis diameter 22 of the drum. 

The slots 12 are arranged in the walls 4 of the barrel 4 of the cover of 

the blank half-axis 22. In 4 of the drum, 10 of the watering – cooling 

pipe is poured into the nova 13, which removes 12 water from these 

slits, and 4 of the drum is removed from the bowl 7 for the mixture. 

Both 4 sides of the drum are covered. From the center of the covers 

there are half-arrows 22, 23, which go outside. One of the arrows is 

placed on the full 23 rack 6, the other on the 22 is empty and the 

diameter is extended and the rack is placed on the 5. On the side of 

the bowl for the mixture by the head, which has 4 filled half-axis 23 

of the drum, on the 7 axis, the pulley is placed 14, and the belt is 

connected with the reducer 16 and the engine 17 with 15 

transmission. The tube coming out of the bottom 7 of the container 

for mixing is inserted into the inlet 18 of the pump, and the outlet 

tube is connected to the passage 19 and is inserted along the 

horizontal axis passing through the center to the part coming after the 

3 of the porous piping for 4 movements of the drum. 

The device that mixes vegetable oil in skim milk works as 

follows. 1 required amount of oil and 7 required amount of skim milk 

are added to the oil container. The engine that drives the drum 4 

starts 17 and the drum 4 lights up. On the water pipe, the valve opens 

20, the water pump is switched on 9, and the water from the water 

tank 8 is supplied to the water - watering-cooling pipe 10. For the 

mixture, a ventil 7 is opened, which is located on the tube from the 

bottom of the container 21. Through the pump 18, none-skimmed 
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milk is transferred from the bowl to 7 nozzles 19 for mixing. 4 

watering – cooling pipes of the drum are sprayed along the horizontal 

axis of the inlet through 10 parts coming from the porous piping 3 in 

4 directions of the drum, and by cooling the water drum 4, nova 13 is 

poured out of the slits located on the sides with empty half axis 22 in 

it. 

When the drum is rotated with 17 precision of 4 engine, the 

rectifier crane located at the bottom of 1 oil container is placed on the 

drum 4 thinly by means of 2 adjustment only flowing oil porous seal 

3. At the same time, none-skimmed milk is sprayed along the 

horizontal axis to the part of the 19 drum coming after 3 of the 

porous seal according to 4 directions of movement. 

So, in the meantime, oil on 4 of the drum is washed by means of 

none-skimmed milk, which is sprayed 19 from the nozzels. The 

resulting milk substitute is poured into the pan 7 for the mixture 

again. This process is continued in the oil container until the end of 1 

oil and the milk mixture is given for use. The design of the 

experimental device was developed at the patent level (I 2009 0145). 

To determine the homogeneity of the mixture, the following 

expression is used: 

  ∑
|
  
  

|

 
                          

 
                          (16) 

  ∑
|
      

  
|

 
                    

 
                         (17) 

here     – share of less component in the sample; 

   – share of the immediate component in the ideal mixture; 

  – number of samples. 

During the industrial production of feed mixtures, they use the 

coefficient of variation as a rate of uniformity. In this case, the 

homogeneity of the mixture is expressed as follows: 

        ,                                  (18) 

here   – variation coefficient, %. 

The coefficient of variation is determined yb means of the follo-

wing expression: 
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 ̅ 
,                                          (19) 

here   – average square inclination of the component quantity; 

 ̅  – average numerical value of the component quantity deter-

mined by experience. 

Chapter IV - This part of thesis named “Results of experimental 

studies”, here is the study of some physical-mechanical properties of 

raw materials, comparison of experimental and theoretical research 

results, study of labor regimes, application of economic conditions 

and calculation of economic benefits, development of requirements 

for the design of experimental device for the preparation of milk 

substitutes. 

Emulsification process has been investigated as follows. It has 

been poured into the heated front of the heated milking chamber and 

the melted oil into the dosing unit. When the appliance is switched 

on, the surface of the drum rotates beneath the oil norm, and the oil is 

lubricated by means of a special binder. As the drum is constantly 

drifting from the inside of the drum, oil drags onto the surface of the 

drum, forming a curtain of small crystals. The quantity of oil is given 

by a screw which is pre-scraped and squeezed out of the slab. The 

pressure of the milkless milk pump with the nuzzels and the drum 

milk pump is 0.12 ... 0.2 MPa, and the productivity is 0.8 ... 1.5 

m
3
/hour. During the study period, samples were taken from slim milk 

chips and analyzed. 

To determine the number of nuzzles and the effect of the 

pressure on the emulsion quality 1 in a period of liquid; 2; 3; 4 and 5 

nuzzles samples were taken. 

Depending on the number of circulation, the quality of the 

emulsion was 0.1 MPa (figure 3). It has been established that, when 

the number of circulation is increased up to 3 times, the amount of 

oil pellets in the emulsion sample of 1 mm
3
 is already and then 

strives to stabilize. 1 circulation is insufficient to obtain a quality 

emulsion. At this time the durability of the emulsion is less than 0.5 

hours. Twin circulation corresponds to a significant improvement in 
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the quality of the emulsion and, in circulation, the quality of the 

emulsion-resistant milk substitute. 
 

 
Figure 3. Graph indicating the effect of the number of 

circulations on the decomposition of oil pellets in 

the emulsion. 
 

The duration of endurance of the emulsion increases from 1 hour 

to 10 hours. The effect of pressure and number of spray nozzles on 

emulsion quality is graphically shown in figure 4. 

If the pressure is increased from 0.14 to 0.185 MPa when using 

4-5 tip nozzles, the number of oil pellets in 1 mm
3
 emulsion 

increases correctly. Only after this limit of pressure begins a period 

of stabilization in the number of oil pellets. The possibility of a 

correct increase in the number of oil pellets has a positive effect on 

the quality of the emulsion. It is also possible to get a better quality 

emulsion with a relatively low power consumption, to complete the 

circulations more quickly. However, the number of ends took 2, 3, 4 

if the difference is significant, the difference is less noticeable if the 

number of ends 4 to 5. This allows you to determine the effective 

limit of the number of endings. 

 



18 
 

 
 

Figure 4. Graph showing oil pellets splitting depending on 

pressure:  
1 – 1 thimble; 2 – 2 thimble; 3 – 3 thimble; 4 – 4 thimble; 5 – 5 

thimble. 
 

As practice shows, after the end of the oil dose given in 

skimmed milk, the liquid should be circulated 3-4 times. At one time, 

it is generally not enough to establish the quality of the product. 

 It has been shown that if the new milk-based substitute hasn’t 

been used, it may be possible to improve the quality by recirculating 

it to use it for subsequent use. 

Considering that the annual working volume is 635,39 tons, the 

annual output of the new plant is 1207,24 manat. 
 

General conclusions 
 

1. Analysis of the research on the preparation of dispersed and 

liquid milk replacer, the classification of technical solutions based on 

the dispersion of fluidized vegetable oil with regenerated cold 

surfaces on the cold surface with the destructive effect of liquid 

substitutes for restorative milk or nutritional components, the 

possibility of creating this design 

2. The theoretical model of the interaction of working bodies 

with liquid none-skimmed milk substitutes in the selected 

construction allowed to determine the analytical regularity of theiliğ 
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based on the destructive impact of the quality of the prepared milk 

substitutes, the frequency of rotation of the pump rotor, the 

processing time of the processing product, the number of  nozzles 

that hit the surface of It was found that the main forces dispersing oil 

in the working process of the new construction are centrifugal force 

and surface tensile force. Based on the ratio of these, it was 

determined that the condition of splitting of the oil curtain into oil 

pellets is that they are pulled from the surface by the blow of the 

spraying processing product and fall into the shape of a cylindrical 

handle, which breaks down into oil pellets and disintegrates in the 

environment. 

3. The novelty of the construction, based on theoretical and 

experimental studies, was approved by the patent document (I 2009 

0145). 

4. The technological and constructive parameters of the multi-

factor experiment none-skimmed milk substitute were determined 

depending on the following four factors: the rotation frequency of the 

pump rotor, the processing time of the processing product, the 

number of spraying nozzles and the concentration of dry milk 

substitutes in one liter of water. As a result of experimental studies, it 

was determined that the high compatibility and sufficient accuracy of 

theoretical research data (error 2...4 p.с) It reflects the real process. 

5. In order to assess the quality of the none-skimmed milk 

substitute prepared in experimental studies (the degree of dispersion 

of oil pellets in the product), the optimal parameters of centrifugation 

of samples: rotor rotation frequency – 628 sec
-1

, sample processing 

time – 300 sec are based. 

6. Non – composite Boks-Benkin's plan, selected over four le-

vels, allowed to compile a mathematical model-regression equation. 

The purpose function here was the level of dispersion in the 

processing product of vegetable oil, the input factors were the 

frequency of rotation of the pump rotor, the duration of processing of 

the product on the device, the number of spraying nozzles and the 

concentration of dry none-skimmed milk dissolved in one liter of 

water. The mathematical model of adequacy to the Fisher criterion 
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will be as follows                                       

                  . Optimal assessment are as follows: the 

frequency of rotation of the pump rotor – 258,5 sec
-1

, processing time 

of the processing product – 320 sec; number of spraying nozzles – 12 

pcs.; the concentration of a liter of water - soluble dry milk 

substitute-0,110 ± 0,005 kg  
7. The economic efficiency of the application of the developed 

experimental skimmed milk substitute is 1207.24 manats, while the 

self-payment period is 9 months 12 days. 

Production recommendations 

Based on research results, the following are recommended for 

production : 

- use vegetable oil in a mixture with vegetable oils for the 

transition from milk powder to refined milk with vegetable oils in the 

production of dairy products and as a diet for breeding calves in 

breeding farms. To do this, the experimental equipment project must 

be based on the requirements of the dissertation (§4.5); 

- based on the optimal technological parameters based on the 

thesis of an experimental device for mixing vegetable oil in milk. 
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