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SECTION 

 

Анотація. 

Вітчизняна та зарубіжна промисловості не випускають доїльні апарати, які в повній мірі відповідали б 

фізіології тварин. Повноцінне видоювання вимені та зниження захворювання корів маститом значно зале-

жить від роботи доїльного апарата. Якість роботи серійних доїльних стаканів не в повній мірі відповідає 

сучасним зоотехнічним вимогам. В процесі їх роботи, особливо на початку і в кінці доїння корів може відбу-

тись «холосте» доїння при номінальному вакуумі. Доїння при високому вакуумі часто призводить до подраз-

нення сфінктера дійок, що часто спричиняє захворювання тварин маститом з подальшим їх вибраковуванням. 

Також разом із зростанням виробництва кількості молока виключно важливе значення набуває його якість. 

Проаналізовані основні технічні рішення стосовно доїльних апаратів з керованою зміною вакууметричного 

тиску. Проведені деякі теоретичні та експериментальні дослідження роботи доїльного апарату, який забез-

печує зменшення вакууметричного навантаження на вим'я та жорстку вібраційну дію на сфінктер дійки при 

номінальному вакуумі в процесі машинного доїння корів. Незважаючи на безліч відомих рішень вдосконалення 

доїльного апарату, актуальним залишається завдання створення конструкції, що поєднує високу продук-

тивність і стимулювання рефлексу. Конструкції доїльних апаратів зараз удосконалюються в основному в двох 

напрямах, а саме - розробка доїльних апаратів, що дозволяють регулювати робочі параметри залежно від 

рівня молоковіддачі та конструктивні вдосконалення механізмів доїльних апаратів які стимулюють рефлекс 

молоковіддачі не наносячи тварині негативних дій. Проведені теоретичні дослідження робочого процесу ма-

шинного доїння дозволили систематизувати методику інженерного розрахунку доїльного апарату з керова-

ним режимом вакууметричного тиску на дійки корови і визначити оптимальні конструктивні параметри ви-

конавчих механізмів. Отримані аналітичні вирази характеризують вплив їх параметрів та режиму роботи на 

динаміку молоковіддачі при машинному доїнні корів. 

Abstract. 

Domestic and foreign industries do not produce devices for milking cows, which would fully comply with the physiol-

ogy of animals. Full milking of the udder and reduction of mastitis in cows significantly depends on the operation of the 

milking machine. The quality of serial milking cups does not fully meet modern zootechnical requirements. In the process 

of their work, especially at the beginning and end of milking cows, "idle" milking can take place at a nominal vacuum. High 

vacuum milking often irritates the teat sphincter, which often causes mastitis in animals with subsequent culling. Also, along 

with the growth of milk production, its quality is extremely important. The main technical solutions for milking machines 

with the controlled change of vacuum pressure are analyzed. Some theoretical and experimental studies of the milking 

machine, which reduces the vacuum load on the udder and the rigid vibration effect on the teat sphincter at nominal vacuum 

in the process of machine milking cows. Despite the many known solutions to improve the milking machine, the task of 

creating a design that combines high productivity and stimulation of the reflex remains relevant. Designs of milking ma-

chines are now being improved mainly in two directions, namely - the development of milking machines that allow you to 

adjust the operating parameters depending on the level of milk yield and design improvements of milking machines that 

https://doi.org/10.24412/2520-6990-2021-1198-42-47
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stimulate the milk reflex without causing adverse effects on the animal. Theoretical studies of the working process of ma-

chine milking allowed to systematize the method of engineering calculation of the milking machine with controlled vacuum 

pressure on the teats of the cow and to determine the optimal design parameters of the actuators. The obtained analytical 

expressions characterize the influence of their parameters and mode of operation on the dynamics of milk yield during 

machine milking of cows. 

 

Ключові слова: молоко, доїння, доїльний стакан, доїльна гума, апарат машинного доїння. 

Keywords: milk, milking, milking cup, milking rubber, machine milking machine. 

 

In general, the profitability of milk in the country is 

very low and is only 7.8%. At the current stage of eco-

nomic development of the country, for domestic dairy 

farming to be profitable, competitive and ensure food in-

dependence, it must be highly productive. To do this, it is 

necessary to accelerate the introduction of advanced tech-

nologies of milk production in dairy farming on the basis 

of the creation and use of competitive domestic equip-

ment. In this regard, the direction of work to improve 

milking machines is quite multifaceted. This is, first of all, 

increasing the capacity of milking machines. 

The operation of milking equipment significantly 

affects the completeness of milking cows. And the dis-

ease of cows with mastitis to some extent depends on 

the proper operation of the equipment. Existing serial 

milking equipment does not always provide quality in-

dicators of the technological process that meet current 

zootechnical standards [1,2]. In the process of their 

work, especially at the beginning and end of milking 

cows, "idle" milking can take place at a nominal vac-

uum. This often leads to mastitis in animals, which 

leads to their culling. In addition, along with the growth 

of gross milk production, its quality is important. 

Domestic and foreign industries, as can be seen 

from the analyzed technical solutions of milking equip-

ment with a controlled process, do not produce such 

milking machines that would fully comply with the 

physiology of animals. 

Cows are characterized by a disease such as mas-

titis. 

Zootechnical science reveals viral and technical 

causes of mastitis in lactating animals. Technical rea-

sons are the mechanical action of the milking machine 

on the teats of the udder. One of their types is the effect 

of the nipple tube on the teat during the compression 

stroke in the form of "cotton". For one machine milking 

the milking machine can "give out" up to 400-600 such 

"blows" [3,4]. 

The nature of the effect of nipple rubber on the 

cow's teat depends on many factors: the pressure drops 

in the interstitial and sub nipple spaces of the milking 

cup; physical and mechanical properties and design pa-

rameters of nipple rubber; its tension in the sleeve of 

the glass and the elasticity of the teat. 

Analyzing the situation regarding machine milk-

ing of cows, we see that the issue of development of 

milking equipment, which eliminates these negative 

phenomena during its operation, remains relevant and 

requires a further solution. 

There are three ways to remove milk from the ud-

der of a cow: a) natural; b) manual; c) machine. In the 

natural way, milk is sucked out by calves. However, in 

order to obtain milk for human needs, technical means 

are needed that would maximally model the process of 

suckling cows to calves [1,2]. The rate of sucking in 

calves consists of two phases: sucking (I squeezing) 

and rest. These phases are characterized by maximum 

positive and maximum negative pressures. 

Studies of the sucking process of calves have shown 

that during the swallowing phase the positive pressure de-

creases to atmospheric, while the vacuum is maintained 

during both phases: sucking and swallowing. The maxi-

mum vacuum in the mouth of a calf is 30.6-33.25 kPa, and 

the number of sucks ranges from 100 to 120 per minute. 

The average value of the vacuum created in the oral cavity 

of the calf at a constant sucking process is equal to 17.20 

kPa. The average pressure caused by the calf on the teat is 

in the range of 110.7-112.7 kPa, and the maximum pres-

sure reaches 132.3 kPa [4,5] 

In machine milking of cows, milk is removed from 

the udder by the action of a working vacuum (vacuum) 

created under the teat (1.5 to 2.5 times higher than in 

the calf's mouth during sucking) [5] 

In our country milking machines which have var-

ious technical indicators and design features are issued. 

Milking machines can have different weight of the sus-

pended part and the sizes of separate parts. Milking ma-

chines of the same brand are often provided with dif-

ferent nipple rubber in terms of stiffness and diameter 

of the inlet. The analysis of tendencies in designing of 

milking machines shows a classical way of their devel-

opment - expansion of adaptive possibilities of equip-

ment and at the same time its sharp complication. 

Thus, analyzing the existing designs of milking 

cups and based on scientific physiological research, the 

chosen direction is aimed at developing structural ele-

ments of the actuators of the milking machine, which 

meet zootechnical requirements and eliminate the neg-

ative impact on animals. 

The purpose of the work is to increase the effi-

ciency of the milking machine on the basis of the de-

velopment of teat rubber of variable cross-section, to 

reduce the effect of vacuum pressure on the teats of the 

udder of cows. 

It is known that the nature of the influence of nip-

ple rubber on the teat of a cow depends on such factors 

as the pressure drop in the interstitial and subpapillary 

spaces of the milking cup, physical and mechanical 

properties and design parameters of teat rubber and its 

tension in the glass sleeve, teat elasticity and others. 

Therefore, it is advisable to develop teat rubber 

that allows you to minimize the impact of its working 

part on the teat of the cow during the operation of the 

milking machine and eliminate the technical cause of 

mastitis in cows. 
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One of the ways to solve this problem is the devel-

opment of nipple rubber milking cup with symmetri-

cally mounted cord threads with a diameter of about 1 

mm. The total number of threads ranged from 0 to 6. 

Studies of milking rubber with cord threads were 

carried out in the laboratory of machine milking of 

cows of VNAU. 

Cord threads provide the necessary rigidity of the 

upper part of the nipple tube, thereby reducing the im-

pact of milking rubber on the walls of the teat at the 

rates of suction and compression (fig. 1). 

 
1-suction chamber, 2-working part of milking rubber; 

3-milk tube; 4-cord threads. 

Fig. 1. Milking rubber with cord threads 

 

The results of laboratory studies of the use of such rubber are shown in table 1. 

 

Table 1. 

Test results of corded milking rubber 

Number of threads Average number shock loads 

 0 260-360 

3 185-228 

6 52-64 

9 5-10 

 

As can be seen, the studied design of teat rubber 

reduces the impact of the nipple tube on the teats of the 

cow, but it does not fully reduce the vacuum load on 

the tissues of the udder. 

Also, rubber with reinforced threads is difficult to 

manufacture and can increase the cost of equipment. 

To solve this goal, it is more appropriate to use 

milking rubber with a differentiated wall thickness. 

The nipple tube of milking rubber (Fig. 2) consists 

of several parts. The upper working part, the middle - 

(about 40 mm) made of thickened 3.5 ... 4 mm, and the 

lower - (about 40 mm) working part of the nipple tube 

which has a thickness of 2.0 ... 2.5 mm. The thickness 

of the walls of the nipple tube of serial milking ma-

chines is 2.0 ... 2.5 mm, and the length of the working 

part is 120 mm. The variable stiffness of the working 

part of the nipple tube allows to reduce the vacuum load 

on the tissues of the cow's teats and to avoid impact on 

the nipple, and to prevent the "aerosol" effect. 

The calculation of the stability of the nipple rubber 

with a differentiated wall thickness (Fig. 3) can be per-

formed on the basis of the classical theory of shells [7]. 

Thus, geometrical linear equations for the decision of a 

problem of stability of a cylindrical cover are received. 

Knowing the boundary conditions for solving the sys-

tem of differential linear equation, the authors obtained 

the formula of the critical pressure q (kPa) on the tis-

sues of the teat. 
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a- suction stroke, b– compression stroke: 

1 - suction chamber, 2 - working part of the nipple rubber; 3 - milk outlet; 

Fig. 2. Milking cup with modernized nipple rubber. 

 

,

2





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
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h
Eqq    (1) 

q - dimensionless critical load factor obtained ex-

perimentally; E - modulus of elasticity of teak rubber, 

N / cm2; h - is the wall thickness, cm; R - is the radius 

of the rubber, cm 

An important parameter in the operation of milk-

ing rubber is the magnitude of the change in the diam-

eter of the teat during the compression stroke 

       

d
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d

lYlYlY
h
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(2) 

321 ,, lll  - are taken equal to 0.04 m 

During the compression stroke, the transverse de-

formation of the teat rubber allows its absence in the 

area - 2l  and its reduction in the area - 2l  in the form 

of such a design of the suction chamber (suction cup). 

Then expression (2) will take the form 

 

 
 

d

llY

d

lYlY
h

ppp 3131 





  
(3) 

Teat rubber, which affects the teat of the animal, 

can be represented as a beam lying on an elastic base. 

However, the magnitude of the reaction to the beam is 

proportional to its deflection [7]. Therefore, we can as-

sume that the pressure exerted by the nipple tube on the 

teat ТР  is proportional to the magnitude of the defor-

mation of the tube in cross section [6,7], etc. 

pТ CYР    (4) 

С – the total coefficient of elasticity of teat rubber 

and teat tissue of the animal 

rubber teats, /C C С Н m  . 

 

From formula (4) we obtain pY  

rubber teats

,T
p

P
Y

C C



  (5) 

we accept ;ТP p  вакатм ррp 
* 
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D - outer diameter of the suction cup, m; 

d - is the inner diameter of the suction cup, m; 

 𝑙1, 𝑙3 - working length of rubber without change of 

thickening, m; 

𝑙2 - working thickened length of rubber, m; 

𝑙 - is the total working length of the rubber, m; 

Ратм - atmospheric pressure acting on 

rubber, kPa; 

Рвак - vacuum pressure, kPa; 

Рнат - the force of tension of the tire, H; 

Yp - is the transverse deformation of the rubber under 

the action of ∆р, m; 

∆р - pressure drop in the interwall and sub milk spaces 

of the milking cup, kPa; 

h - is the magnitude of the change in the diameter of the 

teat at the compression stroke, m 

Fig. 3 

 Scheme of action of forces on the experimental milking rubber and teat tissue during the compression stroke 

 

Substituting the value pY  into formula (3), we ob-

tain: 

1 3

rubber teats rubber teats

1,33

p p
l l

С С С С
h

d

    
     

    


 (6) 

Taking into account that the upper part of the teat 

rubber closes when the compression stroke is not com-

pletely. In the resulting formula (6) is introduced a co-

efficient (1.33), which takes into account this fact. 

Analysis of formula (6) shows that the experi-

mental nipple tube reduces the "cotton" effect on the 

tissues of the teat of the animal by reducing the pressure 

difference in the teat and in the teat space. 

The results of studies of a milking machine with 

nipple rubber of variable cross section showed that the 

minute vacuum load was reduced by half, compared 

with serial samples. Also, a smaller value of the maxi-

mum tensile force acting on the teat was obtained in 

comparison with serial milking machines. Thus, the 

proposed design of teat rubber of variable cross-section 

can significantly reduce the vacuum load on the tissues 

of the udder of the cow and the teat of the teat, which 

will have a positive effect on the health of cows. 

The existing tendencies of researches and calculation 

of influence of nipple rubber on teats of cows are ana-

lyzed. The analytical dependence of the effect of the tube 

of variable stiffness on the tissues of the udder and teats of 

teats of cows is derived. 

It was found that the experimental teat rubber of 

variable cross-section reduces the vacuum effect that 

the milking cup has on the teat tissues by an average of 

30%, and promotes a safer process of machine milking 

cows. 
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A METHOD OF BACK PROPAGATION ERROR FOR NEURAL NETWORKS TRAINING 

 

Аннотация. 

Статья посвящается применению метода обратного распространения ошибки для модели нейрон-

ной сети. Рассмотрена модель искусственного нейрона через уравнение состояния нейрона и определены 

выражения для его составляющих. Для обучения нейронной сети был выбран метод обратного распро-

странения ошибки и приводится идея его использования для поставленной задачи. 

Abstract. 

The article is devoted to the application of the backpropagation error method for a neural network model. 

An artificial neuron model is considered through the equation of a neuron state and expressions for its components 

are determined. The backpropagation error method was chosen for training the neural network and provides an 

idea of its use for the task. 

 

Ключевые слова: нейрон, нейронная сеть, обучение нейросети, метод обратного распространения 

ошибки, интеллектуальная сеть.  

Keywords: neuron, neural network, neural network training, backpropagation error method, intelligent net-

work. 

 

В настоящее время возрастает необходимость 

в системах, которые способны не только выполнять 

однажды запрограммированную последователь-

ность действий над заранее определенными дан-

ными, но и способные сами анализировать вновь 

поступающую информацию, находить в ней зако-

номерности, производить прогнозирование и т.д. В 

этой области приложений самым лучшим образом 

зарекомендовали себя так называемые нейронные 

сети – самообучающиеся системы, имитирующие 

деятельность человеческого мозга.  

Рассмотрим подробнее структуру искусствен-

ных нейронных сетей и их применение в конкрет-

ных задачах. 

Несмотря на большое разнообразие вариантов 

нейронных сетей, все они имеют общие черты. Так, 

все они, так же, как и человеческий мозг, состоят из 

большого числа связанных между собой однотип-

ных элементов – нейронов, которые имитируют 

нейроны головного мозга. На рисунке 1 показана 

схема нейрона живого существа. 

 
Рисунок 1 – Нейрон у живого существа 

 

На рисунке 2 приведен модельный аналог 

нейрона. Из рисунка 2 видно, что искусственный 

нейрон, так же, как и живой, состоит из синапсов, 

связывающих входы нейрона с ядром; ядра 
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