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Abstract. 

Introduction.  When preparing ingredients for bread baking cooking books 

say that beating eggs up improves quality of bread. The basis of this fact is given in 

this paper. 

 Materials and methods. Maked in domestic breadmaker bread brioche is 

studied. Methods of mathematical modeling are applied to consideration of a 

problem of a liquid activization during breads making in domestic breadmaker.  

Results and discussion. We understand liquid as any substance which can 

spread. If we receive a positive changes in results of application of certain 

technology (which can be fixed measurements) in some characteristics of a ready 

product we can speak about liquid activization. Examples of liquid activization are 

given. 

The mathematical model, which shows, that intensity of contact of firm and 

liquid fractions while transformation liquid into foam must increase is developed. 

They considere, that foam consists of set of spherical segments of spheres with any 

radius R  and different height h . Natural restriction is put on heights of segments 

h  to distribute them uniformly on an interval [ R,0 ]. For the characteristic of the 

contact area of firm and liquid fractions the concept of dome coefficient is 

considered. The mathematical expectation of dome coefficient of spherical 

segments defines average dome coefficient. It is proved, that the average dome 

coefficient is equal 1,5 for the offered model of foam.  

Conclusion. The offered mathematical model of foam shows possibility of 

intensification of firm and a liquid fractions contact in 1,5 times during 

transformation a liquid into foam. In practice the process of using foam instead of a 

liquid intensifies technological process of kneading dough in breadmaker. 
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МАТЕМАТИЧНА МОДЕЛЬ АКТИВІЗАЦІЇ РІДИНИ ПРИ 

ВИГОТОВЛЕННІ ХЛІБА У ДОМАШНІЙ ХЛІБОПІЧЦІ 

Віталій Бородін, Ганна Циганкова  

Анотація. 

Вступ. В рецептурних книгах відмічається, що піноутворення за рахунок 

збивання яєць при підготовці інгредієнтів для випікання хліба, покращує 

якість хліба. В роботі дано обґрунтування цього факту. 

 Матеріали і методи. Розглянуто хліб-бріошь, виготовлений у домашній 

хлібопічці. Застосовано методи математичного моделювання для розгляду 

проблеми активізації рідини при виготовленні хліба у побутовій хлібопічці. 

Результати та обговорення. Під рідиною будемо розуміти будь-яку 

субстанцію, що розтікається. Якщо в результаті застосування певної 

технології отримаємо зміни (які можна зафіксувати вимірюванням) в 

позитивному напрямку деяких характеристик готового продукту, то будемо 

говорити про активізацію рідини. Наведено приклади активізації рідини. 



 Побудовано математичну модель, яка показує, що інтенсивність 

контакту твердої та рідкої фракцій при переводі рідини у піну повинна 

зростати. Вважається, що піна складається з сукупності сферичних сегментів 

сфер довільного радіусу R  різної висоти h . На висоти сегментів h  накладено 

природне обмеження, що  вони рівномірно розподілені на проміжку [ R,0 ]. 

Для характеристики площі контакту твердої та рідкої фракцій розглядається 

поняття коефіцієнта купольності. Математичне сподівання коефіцієнтів 

купольності сферичних сегментів визначає середній коефіцієнт купольності. 

Доведено, що для запропонованої моделі середній коефіцієнт купольності 

дорівнює 1,5.  

Висновки. Запропонована математична модель піни показує можливість 

інтенсифікації контакту твердої фракції та рідини у 1,5 рази при переводі 

рідини у піну. На практиці, використання піни замість рідини інтенсифікує 

технологічний процес вимішування тіста у хлібопічці.  
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МАТЕМАТИЧЕСКАЯ МОДЕЛЬ АКТИВИЗАЦИИ ЖИДКОСТИ 

ПРИ ИЗГОТОВЛЕНИИ ХЛЕБА В ДОМАШНЕЙ ХЛЕБОПЕЧКЕ 

Виталий Бородин, Анна Цыганкова 

Аннотация. 

Введение. В книгах рецептов отмечается, что пенообразование за счет 

взбивания яиц при подготовке ингредиентов для випекания хлеба, улучшает 

качество хлеба. В работе дано обоснование этого факта. 

Материалы и методы. Рассмотрен хлеб-бриошь, изготовленый в домашней  

хлебопечке. Применяются методы математического моделирования для 

рассмотрения проблемы активизации жидкости при изготовлении хлеба в 

бытовой хлебопечке. 

Результаты и обсуждение. Под жидкостью будем понимать любую 

субстанцию, которая растекается. Если в результате применения 

определенной технологии получим изменения (которые можно 

зафиксировать измерениями) в позитивном направлении некоторых 

характеристик готового продукта, то будем говорить об активизации 

жидкости. Приведены примеры активизации жидкости. 

 Построена математическая модель, которая показывает, что 

интенсивность контакта твердой и жидкой фракций при переводе жидкости в 

пену должна возрастать. Считается, что пена состоит из совокупности 

сферических сегментов сфер произвольного радиуса R  разной высоты  h . На 

высоты сегментов  h  наложено естественное ограничение, что они  

равномерно распределены на промежутке [ R,0 ]. Для характеристики 

площади контакта твердой и жидкой фракций рассматривается понятие 

коэффициента купольности. Математическое ожидание коєффициентов 

купольности сферических сегментов определяет средний коєффициент 

купольности. Доказано, что для предложенной модели пены средний 

коэффициент купольности  равняется 1,5.  



Выводы. Предложенная математическая модель пены показывает 

возможность интенсификации контакта твердой фракции и жидкости в 1,5 

раза при переводе жидкости в пену. На практике использование пены вместо 

жидкости интенсифицирует технологический процесс вымешивания теста в 

хлебопечке.  

Ключевые слова: хлеб, моделирование, пенообразавание. 

 

Introduction. A domestic breadmaker is a household electromechanical 

device whose main function is automatical baking of shaped bread, starting with a 

dough kneading and ending with baking the end-product. The principal of 

breadmaker's functioning is simple. The device consists of a non-stick bowl with a 

blade-agitator inside. There is a control panel with buttons on the outside of the 

breadmaker(pic.1).

 
Pic.1 

 

A baking dish is filled with all the necessary ingredients then a button is 

pushed and after a specified time bread is done.  

It is known, that whisking eggs until the appearance of foam while preparing 

the ingredients for baking bread can improve the quality of bread [5]. The ways of 

increasing the area of contact of firm and liquid fractions are studied in this work. 

There is a theoretical assumption that a transformation of liquid into foam can 

increase the area of contact of fractions what leads to the activization of the liquid. 

The experiments have shown that there really was the activization of the liquid and 

the volume of bread increased. 

Materials and methods. The problem of the liquid activization during 

making bread via domestic breadmaker is studied [3,6]. We are going to apply the 

methods of mathematical modeling. 

The technology and the mode of breadmaking. The traditional ingredients for 

making bread-brioche: milk 200ml, 2 eggs, 140 grams of melted butter, 500 grams 

of unbleached rye flour, 1 teaspoon of salt, 60 grams of sugar, 2 teaspoons of dry 

yeast. All the ingredients are added in the baking dish in the sequence mentioned 

above. After that the breadmaker is turned on. We used another way of adding the 



ingredients for making bread by domestic breadmaker in our experiment. All the 

ingredients are separated into liquid fraction and firm fraction. The liquid fraction 

consists of milk, eggs, and melted butter. The other ingredients belong to the firm 

fraction. When preparing the liquid for the dough we transform the liquid fraction 

into foam. It leads to the improvement of bread's quality [2]. Then we continue 

baking. 

Liquid activization. The liquid is turned into foam via the V-technology of 

whisking [1]. According to this technology the axis of whisks is situated parallel to 

the surface of liquid while whisking. An overtime taken to whisk liquid by the V-

technology is not more than a minute. We transform liquid into foam according to 

the next rules: 

1. All the steps of whisking must be done by V-technology. 

2. The first step - whisking eggs 20 sec. 

3. The second step - add milk and whisk 20 sec. 

4. The third step - add melted butter and whisk 20 sec. 

Mathematical modeling of foaming. The process of foaming is considered. 

We accept that foam itself is a complex of spherical segments with the arbitrary 

radius. We find the dome coefficient of the spherical segment. It depends on the 

parameters of fragments of the foam (radius and height of the spherical segment). 

An average dome coefficient is a constant measurement which shows increasing of 

the area of the surface of contact between firm and liquid fractions while 

transforming the liquid into the foam, what leads to the increasing of bread's 

volume. 

Results and discussion. Water, steam, humidity in capillaries, mix of water 

and flour, dough and everything that can flow is considered as a liquid. If the 

application of certain technology brings changes (which can be fixed by 

measurements) in some characteristics of an end-product a liquid activization may 

be discussed. For example in various cookbooks it is said that bread tastes much 

better if eggs are replaced by eggs whisked into foam while preparing the dough 

[5]. This characteristic is not considered as the activization. But if the bread made 

with whisked eggs is sold at least 5 percent more expensive than we can talk about 

the activization of the liquid the bread made of. Another example. We shall whisk 

eggwhite or we can call it "liquid" until foaming. According to the traditional 

technology of whisking and the instruction of a blender this process takes 5 

minutes. At the same time using the V-technology allows to get the foam for 1 

minute. We can say that the V-technology of whisking activates the liquid no 

matter what the aim of using the whisked eggwhite.  

In some cases the term "activization" is used incorrectly. Let's look at the 

example. Conduction and convection are the main ways of heating the liquid. We 

can see the conduction while heating one end of a metal rod with insulated lateral 

surface and watch the changing of the temperature at the other end of the rod. 

While heating atmosphere we can see the almost pure convection. Firstly, the sun's 

rays pass through the air and heat the ground. The air gets warm from the ground, 

becomes lighter, and goes up. After that colder layers of air go down replacing the 

warm air described above. There are convective flows going up and the more 



intensive the are the more effective and convective the heat transfer. Thus all the 

manuals are suggesting to create a forced vortical circulation to get more effective 

convective heat transfer. We have to admit that this statement (about the 

effectiveness of the vortical circulation for the convective heat transfer) is correct 

for water, however it is unjust for the complex liquids like milk, for instance. We 

shall let the milk boil in the pan. A simple mixing can help to save the situation at 

the moment when the milk is going to leak out of the pan. It means that a forced 

vortical circulation weakens the convective heat transfer rather than increases. It 

means that the qualitative general characteristics of the esteem of the effectiveness 

can not be accepted without numerical estimations. 

Let's look at the example of the incorrect usage of the term "liquid 

activization" while the circulation of the convective heat transfer is forced. 

According to one of the cookbooks there are two ways of cooking of the semolina. 

As the result the semolina will be either "disgusting" or "royal". It is noticed, that 

using the way "A" the semolina is made by continuous non-stop stirring (a 

circulational swelling of the liquid), and there is no stirring while using the way 

"B". If we want the semolina to boil equally in both ways, we ought to put the 

regulation of the electric stove in position "3" for the way "A" and choose position 

"2" for the way "B". It means, that mixing does not activise the heat transfer, but 

decreases it 1,5 times. 

If we want to make a mathematical model we have to admit that the contact 

between liquid and firm fractions is cyclical in the way described below. Firstly a 

part of the area (П) is covered by the layer of liquid, and then the wet area is 

strewed by the firm fraction. There was a contact between firm and liquid fractions 

and a mixture of the liquid and the firm fraction was formed. The mixture is 

removed from the area (П). The process is repeating creating new portions of the 

liquid. It means that the area (П) is covered by the new layer of the liquid, then it is 

strewed by the firm fraction and after that a mixture removed from the area (П) is 

created. Hence, there is a question: How shall the area of the contact between 

liquid and firm fractions increase per cycle if the liquid is replaced by foam? 

Firstly, let's consider more simple case. The foam on the area (П) consists of 

hemispheres of different radius, which completely covered the area. A hemisphere 

of a radius R is based on the circle with a big diameter and with the area 
2RSосн    and it has curve surface area 22 RSбіч   (the half of the area of the 

sphere's surface)  (pic. 2). 
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We use the dome coefficient to characterize the area of the foam's surface. 

The dome coefficient is the ratio of the surface area повS  to the area of the 

base оснS , which is located over the surface: 
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In other words, повS  is the area of dome's surface, and оснS  is is the area of 

area covered by the dome. 

The dome coefficient of the hemisphere is    2
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The dome coefficient of the hemisphere does not depend on the radius of the 

hemisphere. Thus, we have k=2 for the foam, which consists of the hemispheres 

with arbitrary radius R. Henceforth, the area of the foam's surface which consists 

of the hemispheres is twice bigger than the area where the foam is based. 

Let's make the mathematical model more realistic. We shall presume, that the 

foam consists of the complex of spherical segments of the sphere with the same 

radius R and a different height h,0< h ≤ R, which completely cover the plane (П) 

(pic.3). 

 
Pic.3 

 

A spherical (ballpoint) segment is the part of the sphere with the radius R, 

which is cut off from the sphere by any plane.  The base of the spherical segment is 

a circle with the radius r, and the area 2rSосн  . The height of the spherical 

segment is the part of the circle's radius which is perpendicular to the cutting plane 

from the plane to the sphere. The length of the height h. The area of the curved 

surface (the lateral surface) of the spherical segment  

)(2 22 hrRhSбіч    

The dome coefficient of the spherical segment is the ratio of the lateral 

surface's area to the area of the base. 
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The dome coefficient of the spherical segment is variable and it depends on 

the height of the segment h and the radius of the base r. 

After some transformations the formula of the dome coefficient of the 

spherical segment is 
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The dome coefficient of the segment grows from 1 to 2 when  Rh ,0 , it is 

easily seen from the formula above. For example,  
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A dome coefficient of the foam is a mathematical expectation of the dome 

coefficients of the spherical segments or an average value of the dome coefficients 

of the spherical segments. 

Let's make an assumption that the spherical segments with the height h,

Rh 0 , are equally possible. According to this hypothesis the dome coefficients 
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The mathematical expectation of the dome coefficients 
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Substituting the functions' value and calculating the integral, we get 
2

3
срk . 

As the срk  does not depend on the radius of the big sphere, our assumption 

that all the spherical segment are created from the sphere of the same radius R is 

unnecessary. We can put the result we have got on the more realistic mathematical 

model. 

Conclusion.  

If a segment height division is even for each of the R, the average dome 

coefficient of the foam is 
2

3
срk  for the foam which consists of the spherical 

segments with the arbitrary radius. 

The mathematical model which is made, shows that the surface area of the 

interaction of the firm and liquid fractions, while transforming the liquid into the 

foam, grows 1,5 times bigger. This implies that using the foam instead of the liquid 

intensifies a technological process of kneading dough. 
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