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Генбач А.А., Бондарцев Д.Ю., Абдикаримов А.К. 

Қазандық және турбиналық қондырғылар элементтерінің капиллярлы-кеуекті жабындарындағы 

жылу жүктемелерін зерттеу 

Түйіндеме. Жылуалмасу дағдарысының кем қыздырылу және ағын жылдамдығына, қыздыру беттерінің 

жылу физикалық қасиеттеріне және кеуекті құрылымнан   сұйықтық тамшыларының шығарылуына байланысты 

зерттеулері жүргізілді. Жану камераларын құрастыру қағидалары анықталды. Зерттеулер күйіп кетуден суыту арқылы 

қорғалатын бу өндіретін беттің шекті күйі саласында практикалық маңызы бар. Кеуекті құрылымдарда су қайнаған 

кездегі жылу алмасу дағдарысы зерттелді. Тәжірибе зымырандық типтегі оттықта жүргізілді. Жану камералары 

әртүрлі кеуекті құрылымдармен салқындатылды. Жылу алмасу процесінің механизмі сипатталған және кеуекті 

құрылым ұяшықтарының оңтайлы өлшемдері анықталған. Капиллярлы-кеуекті және ағынды салқындату жүйелері 

жоғары сенімділік көрсетті, алайда бірінші жүйе салқындатқыштың шығынын ондаған есеге (80 есеге дейін) 

қысқартуға мүмкіндік берді. Гибридті кеуекті беттерді құрастыру мен жасау оларды жоғары аумалық жүктемелері бар 

біріктірілген, көп функциялы және жабындардың шекті күйін басқарудың оңтайлы процесі етеді. Капиллярлы-кеуекті 

құрылымдар мен жабындарды салыстырмалы бағалау, олардың басқа салқындату жүйелерінен артықшылылығын 

көрсетті. Әртүрлі капиллярлы-кеуекті жабындардың зерттелген шекті мүмкіндіктері келтірілген. Жылу беруді жоғары 

жеделдету капиллярлы және массалық күштердің аралас әсерімен қамтамасыз етіледі. Теориялық есептер мен 

тәжірибелік деректердің нәтижелері жақсы келісетіні көрсетілген. 

Түйінді сөздер: қайнау, салқындату жүйесі, жану камералары, капиллярлы-кеуекті құрылымдар. 
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THE USE OF COMPUTER-MICROOPTICAL METHOD FOR THE ANALYSIS  

OF THE DISPERSING EFFECT OF POLYMER MODIFIERS 

 
Abstract. The effect of polymer surfactants on the dispersion of solid-phase particles of titanium dioxide was 

established by changing the fractional composition and the total number of particles in aqueous suspensions. 

Modernization of the traditional method was carried out on the basis of rational conjugation of the functional capabilities 

of optical analyzers and computer systems. 

Analysis of the data showed that the dispersion of the pigment is determined by the content of the film-forming in 

the system and can be purposefully controlled by the content of surfactants. In the “water-surfactant” system, the 

maximum disaggregating effect of the studied modifiers with respect to titanium dioxide was recorded at their content of 

1.0 g / dm3. In this case, Dispers 715 w was characterized by the greatest dispersing effect. Equations are derived that 

describe the influence of the additive concentration and the film-forming content on the diameter of the pigment particles, 

and nomograms are constructed on their basis. 
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1. Introduction. 

The introduction of superficially active substances (SAS) and coating composition is a promising 

direction for the intensification of disaggregation processes (the Rebinder proppant) and stabilization of finely 

dispersed states over time [4]. This was established by the work of Academician P.A. Rebinder [5–7] and was 

further developed by the employees of his school - Mr. A.B. Taubman and Mr. S.N. Tolstoy, who explored 

the interaction of pigments with polymers at the boundary phase. It emerged that the dispersion of pigment 

particles combined with the polymer can both improve and deteriorate, in addition, it depends on the chemical 

nature of both components [8, 9]. Interacting with each other through layers of surfaсe-active materials, solid 

entities form a developed structure, on which, like on a carcass, the secondary structure of an oriented polymer 

is formed [10–12]. Despite the large number of studies [13–15] devoted to the research on the effect of 

surfactants on the properties of composite materials, the effect of polymer surfactants on the dispersion of 

pigments has not yet been adequately studied; therefore, it seemed reasonable to study the effect of ionic 

polymer superficially active substances (SAS) of the TEGO brand: Glide 100 brand (polyether siloxane 

copolymer), Dispers 715w (sodium polyacrylate), for the development of titanium dioxide disaggregation 

processes (brand R02) in compositions based on acrylic film-forming (TU 2316-014-88753220-2006) and a 

polar solvent (water). 

The main aim of the study was to increase the protective resource of acrylic paint, based on the study of 

the influence of polymer surfactants on dispersion of pigment (titanium dioxide) in the aqueous dispersion of 

acrylic polymer. 

Methods: computer-optical microscopy and mathematical modeling. 

For quantitative assessment of the dispersing effect of superficially active substances (SAS), the optical 

microscopy method is preferable [13], enabling to directly record the linear sizes and configuration of 

individual dispersions, as well as to determine the fractional composition and qualitative-quantitative 

regulatory variables in the characteristics of paint and coatings suspensions. The solution of these problems, 

within the framework of traditional microoptical analysis are constrained by the essential time commitment, 

labor intensity and poor accuracy, what is associated with the predominance of visual evaluations, routine 

operations both at the exploration stage and at the stage of the image processing. The foregoing determined 

the feasibility of pairing the capabilities of micro-optical analyzers and computer systems at the technical and 

methodological level. For the adequate transfer of the image observed in the eyepiece of the microscope, an 

electronic conversion nozzle with a magnification of x35 was used, which is equipped with a standard USB 

port and software package. The principle of operation of the electronic video eyepiece is similar to the principle 

of operation of the photocell and is confined through conversion of light energy into electrical energy. The 

system unit of the nozzle with small-scale CCD cameras transforms fixed images in microscope eyepiece into 

signals eligible for perception by the WindowsXP system in personal computers.  

The electronic nozzles are compatible with traditional microscopes in configuration. In our system that 

we developed, we used a microscope CARLZEISS 451422. At the first stage, within the used framework 

software package "Differential Distribution Spectrum", by the method of continuous-contact scanning we 

carried out identification of individual solid-phase pigment particles in the microimages of the studied 

compositions, followed by their transfer to the computer system unit and saving (documentation). At the 

second stage, microimages were processed automatically with obtainment of the quantitative information on 

the specific quantity of particles (per unit area), their geometric parameters (linear dimensions, configuration, 

area) and finally, on the whole fractional composition. 

Thedataprocessingalgorithmincludesthefollowingbasicoperations: 

1) binarization of a previously saved image - converting the image to black and white; 

2) recognition during continuous scanning and sorting of individual dispersions by quantity (N, unit), 

size and fractional composition (P, %) by reading their area in pixels (S, px). Transformation of a calculated 

measure of particle size, expressed in pixels, to metric units (microns); 

3) calculation of the integral and differential characteristics of the distribution of particles (by their 

number, linear parameters and area) and their reflection in the form of diagrams, distribution functions, or in 

tabular form depending on the specified (in studies) optimization parameters; 

4) the output of functional dependencies (in the form of equations or graphs) of the subtractive integral 

and differential characteristics measure of distribution of  particles (in quantity, linear size or area) depending 

on the quantitative content of the film forming and superficially active substances (SAS)  in the compositions. 

Whereby, the compositions of the suspensions were optimized by the quantitative content of the solid 

phase in them, depending on the degree of dispersion of the particles and their distribution according to size  
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classes. At the same time, for the formation of homogeneous and time-stable layers (by thickness and density of 

dispersion distribution on the surface of a glass slide), the required characteristics of the static load (mass, soaking 

period) on the cover glass were defined. This enabled to neutralize the influence of deformation effects caused by 

variations in the composition of suspensions (in terms of solid content) and triaxial compression (in height and floor) 

due to the development of accompanying processes in time (evaporation of a dispersion phase. 

Testing the complex on standardized objects in static and dynamic (in time) modes showed that the 

measurement error does not exceed 1.3% (rel.). The total duration of microoptical analysis (from taking 

samples until the release of results) was limited to 3-4 minutes. 

According to the results of preliminary tests on pigment titanium dioxide it has been found that for a given 

multiplicity factor of augmentation of the computer-optical system x350, the best effect from the point of view of 

reproducibility and accuracy of the results is achieved when its content in aqueous suspensions is on level 1 %.  

The development of disaggregation (aggregation) processes was monitored by changing the average 

statistical size of solid-phase dispersions (d, μm) and fractional composition (P,%) over a fixed area (S of the 

processed image). The above mentioned operating conditions of sample preparation modes were taken into 

account during the research. The dispersing effect of surface active polymers was established in aqueous 

suspensions with 1% m solids mass content. In suspensions, the quantitative content of the aqueous dispersion 

of acrylic polymer were varied from 0 to 30% and polymer surfactants from 0 to 4 g/dm3. 

 

2. Results. 
The microimages of dispersions of titanium dioxide in water (Fig. 1, a) and in an aqueous film-forming 

solution (Fig. 1, b), as well as their corresponding diagrams indicating the distribution of pigment particles by 

fractions, are presented in Fig. 1,2. 

 

 
a      b 

Figure 1. Microimages of dispersion of titanium dioxide in water (a) and in 10 % solution of film-forming (b) at 

magnification of x350 

 

In the solvent, the fine grained portion (particle size ≥44 μm) does not exceed 52%. When bringing in 

an acrylic polymer into water, the partial failure of large aggregates is taking place (in the interval of 45-63; 

64-99 μm), accompanied by an increase in the content of fine fractions up to 67%. This process is due to the 

generation of proppant pressure due to the diffusion of the film-forming along the boundaries of individual 

particles; at this stage, primarily particles are disaggregated, connected mainly by point contacts and only then 

by more durable linear and planar contacts. 

 

 

 
 

 

 

 

 

 

 

Figure 2. Differential distribution curves for fineness of 

fractions of solid-phase pigment particles in water (a) and in 10 

% solution of film-forming (b) 
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Introduction to Glide 100 and Dispers 715w compositions improves pigment dispersion, fig. 3. 

 
a       b 

 

Figure 3. Changes in the average diameter of titanium dioxide from the concentration of Glide 100 (a) and Dispers 

715w (b) in water (1) and in the acrylic film-forming (2). 

 

 
a       b 

 

Figure 4. Influence of the film-forming agent on the change in the average statistical diameter 

(Glide 100 – a; Dispers 715w – b) 

 

In the “water-SAS” system, the maximum disaggregation effect of both modifiers was recorded at their 

content at the level of 1.0 g/dm3 (Fig. 3, a, b, curve 1). Moreover, Dispers715w was characterized by the 

greatest dispersing effect. With an increase in its content from 0 to 1.0 g / dm3, the particle diameter decreased 

by 3.7 times and amounted to 3.5 μm. Outside the specified concentration section (SAS>1 g/dm3), aggregation 

processes are observed, accompanied by an increase in the diameter of the pigment particles from 4.5 to 11.7 

μm (Glide 100) and from 3.5 to 6.2 μm (Dispers 715w) at CSAS = 4 g/dm3. A comparative analysis of the 

dispersing effect of the studied additives in binary and ternary systems showed a deeper dispersion in water, 

what is obviously due to the lack of competition from the film-forming macromolecules. This fact 

demonstrates dependencies d=f(Cff), Δd is the difference of the average diameter in suspensions without 

surfactant and its minimum value in the presence of additives (Fig. 4). 
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Judging by the decrease in Δd values, with an increase in the film-forming content (from 0 to 20%), the 

number of acrylic macromolecules related to a solid surface increases significantly, what complicates the 

migration of surfactants introduced into the well mouths of microcracks and, thus, reduces the growth of 

deformations and the mechanical separation of aggregates under the influence of modifiers. Due to further 

concentration of the film-forming (from 20 to 30%) stabilization of the dispersing effect to the infused 

surfactants was recorded (at the level of 1.5–2 μm). The latter may be due to the processes of association of 

acrylic macromolecules. 

Thus, the dispersion of the pigment is determined by the content of the film-forming in the system and 

can be purposefully controlled by the content of surfactants. 

Based on experimental data, generalized equations (1) and (2) are derived that describe the effect of 

surfactant concentration and film-forming content in suspensions on pigment particle diameter (d, μm): 

 «Acrylic Film-Forming – Glide 100 System  – TiO2 system» 

 

d =  
(7,84 − 27(eCSAS−1)(e−3,6CSAS) − 0,03СSAS

3,1 × (7,66е–0,019Сff)

5,97
 

 

 «Acrylic Film-Forming – Dispers715w– TiO2 system» 

 

d =  
(7,84 − 14(eCSAS−1)(e−2CSAS) − 0,1СSAS

1,8 × (7,5е–0,02Сff)

5,89
 

 

where СSASis the surfactant content in the composition, g/dm3; Cff - the content of acrylic polymer in the 

compositiontion,%. 

Nomograms (Fig. 5) are obtained based on the generalized equations (1) and (2), allowing to define 

estimate values of the above mentioned parameters for the achievement of the fixed values of the diameter of 

the pigment particles. So, values of d=4 μm with an acrylic polymer content (APC) in the system of 25% can 

be achieved at a surfactant concentration 0.19–0.30 g/dm3 respectively for Dispers 715w and Glide 100. With 

an increase of the film-forming content (30%), the same particle size can be achieved with a lower 

concentration of Dispers 715w surfactants (SAS = 0.17 g/dm3) and Glide 100 (SAS = 0.2 g/dm3). 

 

 
 

Figure 5. Effect of the content of acrylic polymer and additives: Glide 100 (a) and Dispers 715w (b) on the average 

diameter of pigment particle 
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3. Discussion 
1. In the "water-surfactant" system, the maximum disaggregation effect of the studied modifiers with 

respect to titanium dioxide was fixed at their content of 1.0 g / dm3. Whereby, Dispers 715w was characterized 

with the greatest dispersion effect. With an increase in its content from 0 to 1 g/dm3, the particle diameter 

decreased by 3.7 times and amounted to 3.5 μm. 

2. In the presence of film-forming, there was established a decrease in the dispersing effect of the studied 

additives due to competition from acrylic macromolecules. In the "water-surfactant-film-forming" system, the 

maximum dispersing action shifts toward lower concentrations - Glide 100 (C = 0.25 g / dm 3) and Dispers 

715w (C = 0.5 g / dm3): while the particle diameter pigment is reduced at most than twofold (from 8.0 to 4.0 

÷ 4.5 microns). 

2. Generalized equations are derived and nomograms are constructed that allow to determine the 

concentration of the additive and the film-forming content for achievement of fixed values of the diameter of 

the pigment part. 
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Дюрягина А.Н., Луценко А.А., Тюканько В.Ю. 

Полимер модификаторларының дисперсті әсерін талдау үшін компьютерлік-микрооптикалық 

әдісті қолдану 

Түйіндеме. Титан диоксидінің қатты фазалық бөлшектерінің дисперсиясына полимерлі белсенді 

заттардың әсері фракциялық құрамды және сулы суспензиядағы бөлшектердің жалпы санын өзгерту арқылы 

анықталды. Дәстүрлі әдісті модернизациялау оптикалық анализаторлар мен компьютерлік жүйелердің 

функционалды мүмкіндіктерін ұтымды біріктіру негізінде жүзеге асырылды. 

Деректерді талдау көрсеткендей, пигменттің дисперсиясы жүйеде пленканың түзілуімен анықталады және 

беттік-белсенді заттардың құрамымен мақсатты түрде басқарылуы мүмкін. «Су бетіндегі белсенді зат» жүйесінде 

зерттелетін модификаторлардың титан диоксидіне қатысты максималды бөлу әсері олардың құрамы 1,0 г / дм3 

болды. Бұл жағдайда, 715 w дисперсі ең үлкен дисперсті әсерімен сипатталды. Аддитивті концентрацияның және 

пленканың түзілу құрамының пигмент бөлшектерінің диаметріне әсерін сипаттайтын теңдеулер алынды және 

олардың негізінде номограммалар жасалды. 

Түйін сөздер: жабындар, акрил құрамы, беттік-белсендізаттар, пленка қалыптастыру, дисперсия, су-акрил 

дисперсиясы, титан диоксиді, суспензия. 

 

Дюрягина А.Н., Луценко А.А., Тюканько В.Ю. 

Применение компьютерно-микрооптического метода для анализа диспергирующего действия 

полимерных модификаторов  

Резюме. Устанавливали влияние полимерных поверхностно-активных веществ на диспергирование 

твердофазных частиц диоксида титана по изменению фракционного состава и общего числа частиц в водных 

суспензиях. Модернизации традиционного способа осуществляли на основе рационального сопряжения 

функциональных возможностей  оптических анализаторов и компьютерных систем.  

Анализ полученных данных показал, что, диспергирование пигмента определяется содержанием 

пленкообразующего в системе и может целенаправленно регулироваться содержанием ПАВ. В системе «вода-

ПАВ» максимум дезагрегирующего эффекта исследуемых модификаторов по отношению к диоксиду титана 

фиксировали при их содержании 1,0  г/дм3. При этом наибольшим диспергирующим эффектом характеризовался 

Dispers 715 w. Выведены уравнения, описывающие влияние концентрации аддитива, содержания 

пленкообразующего на диаметр частиц пигмента, и на их основе построены номограммы. 

Ключевые слова: покрытия, акриловая композиция, поверхностно-активные вещества, 

пленкообразование, дисперсия, водно-акриловая дисперсия, диоксид титана, суспензия. 
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RESEARCH OF FEATURES OF THE LORAWAN TECHNOLOGY 

 
Abstract. Features of the communication network based on LoRaWAN technology-narrow-band networks, have 

low radiation power and an extended range with a radius of up to several kilometers. This attracts the attention of 

developers who are engaged in improving the technical characteristics of LoRa technology for business models. The 

article discusses the features of one of the alternative projects IoT technology LoRaWAN, which attracts not only low 

cost but also low power consumption, but also openness to the creation of business models, scope of coverage, the 

assumed key benefits of services and technologies LoRaWAN. 

Keywords: IoT, wireless technology, LoRaWAN, Internet of things. 
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LORAWAN ТЕХНОЛОГИЯСЫНЫҢ ЕРЕКШЕЛІКТЕРІН ЗЕРТТЕУ 
 

Аңдатпа. LoRaWAN технологиясының негізіндегі байланыс желісінің ерекшелігі – тар-жолақтық желі, 

қолданатын сәулелену қуаттары аз және әсер ету зонасы бірнеше километрге дейін кеңейтілген. Сондықтан, 

бизнес-модельдермен және LoRa технологиясының техникалық сипаттамаларын жетілдірумен айналысатын 

өндірушілердің назарын аударуда. Мақалада IoT жобаларының альтернативті алдыңғы қатардағы жобаның бірі 

– LoRaWAN технологиясы өзінің төмен бағасымен және энергияны аз қолданатын мүмкіндігімен, бизнес-
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