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al of cassettes containing substrate 
blanks.

Figure 11.

This technical system has undergone ex-
tensive testing. A  detailed analysis demon-
strates that the layout, schematic design, 
and structural technical solutions of the con-
stituent elements of the flexible automated 
production technological module – in terms 
of their configuration, functions, methods of 
arrangement, and operational principles – 
substantially correspond to the classifica-
tion framework, terminology, and structur-
al definitions of modified technical systems 
as formulated in the works and publications 
of Mykyta Liakh.

However, the analysis would remain in-
complete without examining the standard 
process of developing a new technical solu-
tion as part of a higher-level technical sys-
tem with a more complex compositional and 
structural organization. It is also necessary 
to assess the consistency of conventional for-
mulations and definitions with the modified 
definitions and classifications of technical 
systems at all hierarchical levels proposed 
by Mykyta Liakh.
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Abstract
The study examines the condensation process of gossypol resin with urea within a tem-

perature range of 50–70 °C. By adding the distillation residue of monoethanolamine to the 
resulting condensation product in a 1:1 ratio, a composition containing azomethine groups and 
π-bonds was prepared. These components facilitate adsorption on the metal surface and form 
stable complexes with various salts. The resulting product was used as a corrosion inhibitor, 
the protective efficiency of which meets the requirements for hydrogen sulfide and acidic en-
vironments. A single-stage technology for the production of the corrosion inhibitor has been 
proposed.
Keywords: inhibitor, corrosion, mineral salts, gossypol resin, urea, protective effect, hy-
drogen sulfide environment

Introduction
In nature, there are so-called abnormal 

phenomena – erosion, corrosion, mineral 
salt deposits, etc. – which cause enormous 
damage to the national economy. Mineral 
salts, carbonates, calcium, iron and bari-
um sulphates, etc., dissolved in water, form 
a hard-to-dissolve scale when heated, which 
leads to a  decrease in thermal conductivity 
and overconsumption of energy resources, 
requiring additional costs associated with the 
prevention of salt deposits.

Currently, well-deserved attention is be-
ing paid to the introduction of inhibitors to 

protect equipment from corrosion and salt 
deposits. The use of such inhibitors can in-
crease the service life of expensive equipment 
several times over. At the same time, year 
after year, it has been proven that the most 
effective inhibitors for neutral and slightly al-
kaline environments are nitrogen-, sulphur- 
and oxygen-containing organic compounds, 
as well as metal-complex organophosphorus 
compounds – zinc organophosphonic acids, 
which effectively prevent corrosion and min-
eral salt deposits on the surface of equipment.

There are many publications devoted 
to the catalytic condensation of aliphatic 
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aldehydes with ammonia in the vapour phase 
(Kwong, 2007), which leads to the formation 
of pyridines.

The production of substituted pyri-
dines by thermal cyclocondensation of al-
dehydes with ammonia is called the Bayer-
Chichibabin reaction (Zaitseva, 2001) and 
is important in the synthesis of various al-
kylpyridines with predetermined structures, 
which can be effective corrosion inhibitors 

(Yu, 2005). However, due to the low selec-
tivity of the product, this method of obtain-
ing alkylpyridines has not found practical 
application.

The condensation of aromatic aldehydes 
with aromatic amines leads to the formation 
of Schiff bases, which was studied in the work 
of (Letunov and Kulakova., 2012) using the 
example of the reaction of benzylideneani-
line with antipyrine.

Ar – CHO  +  H2N – Ar’ Ar – CH = N – Ar’  +  H2O

Schiff bases, obtained by the interaction of 
various aliphatic and aromatic aldehydes and 
amines, are significantly more active and inhib-
it metal corrosion than the starting substances. 
When a  mixture of amines and aldehydes is 
used as corrosion inhibitors, Schiff bases are 
formed on the surface of catalytically active 
transition metals, which explains the syner-
gism noted above (Rahimkulov et al., 2005).

The production of primary, secondary and 
tertiary amines by reduction-alkylation of car-
bonyl compounds is of great importance.

The reduction-alkylation reaction of am-
monia consists in the addition of ammonia 
to a carbonyl compound and the subsequent 
reduction of either the addition product itself 
or the dehydration product of the latter.

Materials and methods
In the case of catalytic reduction, the re-

action is carried out in an alcoholic solution. 
The reaction proceeds according to the fol-
lowing scheme:

R – CHO  +  H3N R – CH – NH2

OH

R – CH = NH

R – CH2 – NH2

-H
2 O

2

The primary amine formed in the pres-
ence of aldehyde is also capable of react-
ing similarly to ammonia: the resulting 
addition product, Schiff base R – CH = 
N – CH2 – R, is converted into a secondary 

amine upon reduction. Similarly, a primary 
amine can react with an imine to form an 
addition product, the reduction of which 
also leads to the formation of a secondary 
amine:

R – CH = NH  +  R – CH2 – NH2 R – CH – NH – CH2 – R 
NH2

R – CH – NH – CH2 – R 
NH2

R – CH – NH – CH2 – R  + NH3
2[H]

In turn, secondary amines can react with 
either aldehydes or imines; the resulting 
products are reduced to tertiary amines:

(R – CH2)2NH  +  R – CHO (R – CH2)2N – CH – R 
NH2

(R – CH2)2N – CH – R 
NH2

2[H]
(R – CH2)3N  +  H2O
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The reductive amination reaction of car-
bonyl compounds is a  key reaction for ob-
taining amines of various structures, but the 
main disadvantage of this method is the for-
mation of a mixture of products of complex 
composition and low yield of target prod-
ucts.

Among the products of the processing of 
aldehydes, amines and amides for the pro-
duction of corrosion and scale inhibitors, the 
following are used:

1)  imidazolines obtained as a  result of 
chemical reactions in a vacuum reactor (the 
ratio of imidazoline to amide parts is 30:70);

2) amines of various structures;
3) fatty acids with 17 to 25 carbon atoms 

(at C < 17, foaming and emulsification may 
occur; at C > 25, the inhibitor will be insolu-
ble in both water and hydrocarbons);

4)	 pyridines and their derivatives;
5)  various oxygen-containing com-

pounds;
6)	 compounds with double and triple 

bonds in the molecule;
7) Schiff bases;
8) additives that reduce surface tension at 

the water-liquid hydrocarbon interface in or-
der to facilitate the transition of the inhibitor 
into water.

Diethylenetriamine is used as an amine in 
the production of imidazoline. If diethylene-
triamine contains a large radical – R – in its 
composition, the inhibitor will lose its homo-
geneity during storage and form a precipitate 
in storage containers, clog injection devices, 
and have low thermal stability.

The three-stage reaction for obtaining 
imidazoline takes place in reactors under 
vacuum:

The reaction for obtaining imidazoline 
never proceeds to completion, resulting in 
the formation of a  mixture of amide (stage 
2) and imide (stage 3) in a specific ratio. At 
the optimum ratio (e. g., imide: amide ap-
proximately 30:70), a  stable substance with 
high protective properties is obtained.

The aim of this work is to develop a tech-
nology for the production of mineral salt and 
corrosion inhibitors based on the condensa-
tion product of gossypol resin with urea, with 
the addition of a distillation residue of mon-
oethanolamine.

Experimental part
Place 50 g of gossypol resin in a  round-

bottom flask, heat to a temperature of 50 °C 
and add 15 dm3 of a 40% aqueous solution of 
carbamide. The mixture is heated while stir-
ring until a  homogeneous mass is formed. 
Then, while continuing to stir intensively, 45 
g of vacuum distillation residue of monoetha-
nolamine is added. The resulting product was 
tentatively named ‘SUMONO-extra-M’ and is 
characterised by the following indicators:

The SUMONO-Extra-M corrosion inhib-
itor is a product of the condensation of gos-
sypol (Kobilov et al.,, 2012) with urea, a mix-
ture of fatty acids and the vacuum distillation 
residue of monoethanolamine.

In terms of its physical, chemical and op-
erational characteristics, the SUMONO-Ex-
tra-M corrosion inhibitor must meet the re-
quirements and standards.

Name of indicators Standard
Appearance Homogeneous liquid ranging from light
Density at 20 °C, g/cm3 1.0±0.05
Amine number, mg HCl per 1 g of inhibitor, not 
less than

45

Protective effect in hydrogen sulphide environ-
ment, % not less than

90.0

In hydrochloric acid with a mass fraction of… 
15%, not less than

96.0

In oil, % not less than 85.0
Solidification temperature, °C, not higher than –18
Dry residue, % not less than 67
Solubility in gas condensate in water soluble Dispersible
Kinematic viscosity at 20 °C mm²/sec 25
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Results and discussion
The corrosion inhibitor SUMONO-Ex-

tra-M is obtained by condensing gossypol 
resin with a  urea solution at temperatures 
of 40–70 °C and shifting the resulting prod-
uct with the distillation residue of vacuum 

distillation of monoethanolamine in a ratio 
of 0.5:0.03:0.47.

When gossypol resin interacts with 
urea, the aldehyde group of gossypol forms 
Schiff bases according to the following 
scheme:

OH

HO

HO

CH
H3C CH3

C
O
H

CH3

H2N – C – NH2

O
+

OH

HO

HO

CH
H3C CH3

CH

CH3

H2N – C – N =

O

-H2O

OH

HO

HO

CH
H3C CH3

C
O
H

CH3

OH

HO

HO

CH
H3C CH3

C
O
H

OH

HO

HO

CH
H3C CH3

C
O
H

CH3

H2N – C – NH2

O
+

OH

HO

HO

CH
H3C CH3

CH

CH3

H2N – C – N =

O

OH

HO

HO

CH
H3C CH3

CH

CH3

H2N – C – N =

O

-H2O

The second NH2 group of urea can react 
with a new gossypol molecule and form com-
pounds with the following structure:

OH

HO

HO

CH
H3C CH3

CH

CH3

H2N – C – N =

O
OH

HO

HO

CH
H3C CH3

CH

CH3

HC = N – C – N =

O

OH

OH

HO

H3C
CH

H3C CH3

OH

HO

HO

CH
H3C CH3

CH

CH3

H2N – C – N =

O
OH

HO

HO

CH
H3C CH3

CH

CH3

HC = N – C – N =

O

OH

OH

HO

H3C
CH

H3C CH3

OH

HO

HO

CH
H3C CH3

CH

CH3

HC = N – C – N =

O

OH

OH

HO

H3C
CH

H3C CH3 8
The vacuum distillation residue of mon-

oethanolamine contains a mixture of amines 
and oligomers. The presence of OH groups, 
azomethine groups and π bonds in gossypol 
resin promotes the adsorption of the latter 
on the metal surface, forming a strong film. 
In this regard, the mixture of gossypol carba-

mide resin and the vacuum distillation res-
idue of monoethanolamine has high protec-
tive properties.

The technological scheme for the produc-
tion of the SUMONO-Extra-M corrosion in-
hibitor consists of a single technological line 
(Fig. 1):

Figure 1. Schematic diagram of the production of the SUMONO-Extra-M inhibitor:

P5

Б5пар

пар

Е6

Е2 Е3 Е4

 

B1 –hopper for gossypol resin; 
E2, E3, E4 – containers for the 
bottom residue of vacuum dis-
tillation of monoethanolamine; 

40% solution of urea and solvent 
(petroleum products such as 

petrol, kerosene, diesel fuel, etc.); 
P5 – reactor; 

E6 – container for finished prod-
ucts
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Gossypol resin is fed from bunker B1 into 
reactor P5, which is equipped with a mechan-
ical stirrer and a heating jacket. The gossypol 
resin in bunker B1 is heated to a temperature 
of 50–60 °C. A 40% aqueous solution of urea 
is fed into the reactor from the container pos. 
E2. The mixture is heated while stirring at 
a temperature of 50 °C until a homogeneous 
stable mass is formed. Next, an operational 
amount of the vacuum distillation residue of 
monoethanolamine is added to the reactor 
from container E3 and stirred for 1 hour un-
til a homogeneous mass is formed. If phase 
separation is observed when the sample tak-

en from the reactor is left to stand, stirring is 
continued. If the mixture is difficult to flow, 
a  solvent (naphtha, petrol, gas condensate, 
kerosene, diesel fuel, etc.) is added to the 
mixture. The finished product is stored in 
container E6.

Corrosion tests were carried out on sam-
ples of pipe steel of strength category D. The 
test medium was a mixture of gas condensate 
and water in a ratio of 1:2 by volume, saturat-
ed with hydrogen sulphide to 2.5–3.0 g/l and 
carbon dioxide (CO2 pressure up to 1.0 MPa). 
The inhibitor concentration was 0.1–0.5 g/l, 
and the medium was stirred (Tables 2 and 3).

Table 2. Effect of the SUMONO-Extra-M inhibitor on steel corrosion 
in a hydrogen sulphide environment. Room temperature

Inhibitor 
concentration, g/l

Test duration, 
hours

Corrosion rate, 
g/m²·hour

Degree 
of protection, %

Without inhibitor

12

1.15 –
0,1 0.051 95.56
0,2 0.036 96. 86
0,3 0.014 98.86
0,5 0.013 98.9
Without inhibitor

24
0.93 –

0,5 0.018 98.04
Without inhibitor

48
0.28 –

0,5 0.09 96.78

As can be seen from the data obtained, 
SUMONO-Extra-M demonstrates high pro-
tection in all cases.

Table 3. Effect of the SUMONO-Extra-M inhibitor on steel 
corrosion in a carbon dioxide environment

Inhibitor 
concentration, g/l

Test duration, 
hours

Corrosion rate, 
g/m²·hour

Degree  
of protection, %

Without inhibitor 20 3.7 –

0,2 20 0.141 96.2

Without inhibitor 40 3.8 –

0,2 40 0.170 95.5

Without inhibitor 60 3.5 –

0,2 60 0.138 96.0

Without inhibitor 80 3.4 –

0,2 80 0.138 95.94

As can be seen from the data in the table, 
SUMONO-Extra-M effectively protects steel 

from corrosion in hydrochloric acid, with 
a protective effect of up to 95.94%.
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Conclusion
Thus, by condensing gossypol resin 

with carbamide at a  temperature range of 
50–70 °C and mixing it with the distillation 
residue of vacuum distillation of monoeth-
anolamine in a  ratio of 0.5:0.03:0.47, the 
corrosion inhibitor SUMONO-Extra-M was 
obtained. A  single-stage technology for the 

production of the SUMONO-Extra-M corro-
sion inhibitor has been proposed. It has also 
been established that azomethine groups 
and π-bonds promote the adsorption of mol-
ecules on the metal surface, providing high 
protective efficiency (up to 96%) in hydrogen 
sulphide and acidic environments.

References

Kwong H.-L., Yeung H.-L., Yeung H.-L., Lee W.-S., Lee C.-S., Wong W.-L. (2007). Chiral 
pyridine-containing ligands in asymmetric catalysis // Coord. Chem. Rev. 2007. – V. 
251. – No. 17. – P. 2188–2222.

Zaitseva E. A. (2001). ‘Alexey Evgenievich Chichibabin. Electronic journal ’Chemistry”. – Mos-
cow: 2001. – No. 16. URL: http//him@september.ru.

Kamzina Yu.N. (2005). Water-soluble corrosion inhibitor for the protection of oilfield equip-
ment based on pyridine and its derivatives. Dissertation … Candidate of Technical Scienc-
es: – Kazan: RGB, 2005. – 147 p.

Letunov V. I., Kulakova A. A. (2012). Study of the kinetics of the reaction of benzylidenaniline 
with antipyrine. Journal ‘Scientific Notes.’ – Moscow: 2012. – No. 1. – P. 183–188.

Rakhimkulov R. A. (2005). Development of technology for the production of corrosion inhib-
itors based on aldehydes and amines. Dissertation … Candidate of Technical Sciences. 
RSUH, 2005. – 174 p.

Kobilov N. S., Negmatova K. S., Negmatov S. S., Salimsakov Y. A., Rakhimov H. Y., Negma-
tov J. N., Isakov S. S., Sharifov G. N., Negmatova M. I. (2012). Structure And Proper-
ties of Viscous Gossypol Resin Powder. AIP Conference Proceedings, 1459: 300–302. 
DOI: 10.1063/1.4738476.

submitted 12.02.2026;
accepted for publication 26.02.2026;
published 27.02.2026
© Khamidjanov A., Ikramov A., Kadirov Kh., Kobilov N.
Contact: nodirbekdoc@gmail.com

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences


The Austrian Journal of Technical 
and Natural Sciences, 2026 No 1 – 2

ISSN 2310-5607

TECHNOLOGY FOR OBTAINING CHEMICAL REAGENT FOR DRILLING FLUIDS BASED131

ppublishing.org

The Austrian Journal of Technical 
and Natural Sciences, 2026 No 1 – 2

DOI:10.29013/AJT-26-1.2-131-135�

TECHNOLOGY FOR OBTAINING CHEMICAL REAGENT FOR 
DRILLING FLUIDS BASED ON LOCAL RAW MATERIALS

Nodirbek Kobilov 1, Jasurbek Olimov 1, Ergash Dustmurodov 1, 
Shuxratjan Ergashev 1, Yulduz Qosimova 1

1 Uzbekistan scientific research of chemical-pharmaceutical insititute, 
Tashkent, Uzbekistan

Cite: Kobilov N., Olimov J., Dustmurodov E., Ergashev Sh., Qosimova Y. (2026). Technology 
for Obtaining Chemical Reagent for Drilling Fluids based on local raw materials. Austrian 
Journal of Technical and Natural Sciences 2026, No 1 – 2. https://doi.org/10.29013/AJT-
26-1.2-131-135

Abstract
In this article, chemical reagent formulations and technology have been developed based 

on local raw materials and industrial waste. This study demonstrates that it is of significant 
scientific and practical importance in the development of resource-saving technologies, the re-
cycling of industrial waste, and the production of high-value chemical reagents and lubricating 
materials for drilling oil and gas wells.
Keywords: chemical reagent, drilling fluid, fatty acids, lubricant, technology, pH, water, 
viscosity

Introduction
In Uzbekistan, the annual demand for 

chemical reagents amounts to 2,500–3,000 
tons. Chemical reagent drilling agents are 
specialized additives used to optimize drill-
ing fluid (mud) performance, ensuring effi-
cient borehole drilling, cuttings transport, 
and wellbore stability. Key types include 
viscosity regulators (PAC), clay inhibitors, 
lubricants, weighting agents, and shale in-
hibitors. These chemicals manage fluid loss, 
reduce friction, control pH, and protect drill-
ing equipment. Chemical reagents perform 
several key functions in the drilling process. 
Drilling lubricants are specialized chemical 
additives added to drilling fluids (mud) to 
reduce torque, drag, and friction between 

the drill string and borehole walls. They 
enhance drilling efficiency, prevent stick-
ing or jamming of pipes, and protect equip-
ment from wear. Types include water-based 
(ester-based), oil-based, and glycols (Ahmet 
et al, 2013). The volume of oil production is 
around 350–400 thousand tons, and in this 
process an average of 30–60 kg of soapstock 
is generated per 1,000 kg of refined oil. An-
nually, 7–10 thousand tons of soapstock 
waste are generated nationwide. In percent-
ages, approximately 8–12% is soapstock, 
3–5% gossypol resin and 25–30% is meal 
waste. In recent years, a  number of scien-
tific research projects have been carried out 
to improve soapstock recycling technolo-
gy. In this context, the recovery of valuable 
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products – particularly surfactants – from 
the waste through recycling is of significant 
scientific and practical importance.

Surfactants are play important role for 
obtaining lubricants. Surfactants (surface-
active agents) are organic substances that 
exhibit activity at the interface between liq-
uids or between a  liquid and the gas phase. 
They form structures between water and oil, 
or between a  gas and a  liquid, influencing 
the physicochemical processes in these envi-
ronments. An SAA molecule consists of two 
parts: a  hydrophilic (water-attracting) and 
a  hydrophobic (water-repelling, oil-attract-
ing) part. Due to the presence of these two 
parts, they can effectively control the pro-
cesses of emulsification, wetting, dispersion 
and adsorption (Amiril et al., 2017).

Materials and methods
For obtaining lubricant were used follow-

ing ingredients: Cotton oil and pistachio oil 
industry waste – soapstock, sodium hydrox-
ide, sodium carbonate and other ingredients 
were selected. The industrial by-products 
of cottonseed and peanut oil contain high-
molecular-weight fatty acids, glycerine and 
polyphenolic compounds, which serve as the 
primary raw materials for SAA (Surface ac-
tive agent) synthesis.

The SAA derived from pistachio oil soap-
stock, being rich in oleic acid, exhibits high 
foam stability and cleansing ability.

Both types of surfactants are well-soluble 
in water, reducing the surface tension from 
70 mN/m to 37–40 mN/m, which demon-
strates their effective surfactant properties.

Determining the foaming ability of sur-
factants is an important indicator in assess-
ing their technological and functional prop-
erties (Dina Kania et al., 2015). The following 
outlines the sequence of the determination 
method and the procedure for assessment:
1.	 A 0.1% solution is prepared (1 g of SAA is 

dissolved in 1 litre of water).
2.	 50 ml of the solution is poured into the 

cylinder.
3.	 The cylinder is capped and shaken vigor-

ously 25 times (or mixed in a special mix-
er) to form a foam.

4.	 After the foam has formed, the total vol-
ume (solution + foam) is determined by 
the marks on the side of the glass.

5.	 After the foam has formed, the volume 
of the foam is recorded after 1, 3, and 5 
minutes.
The stability is assessed by the rate of vol-

ume reduction over time.
F = V2 – V1

where:
F is the foaming capacity (ml); V2 is the 

total volume after foaming (ml); V1 is the ini-
tial solution volume (ml).

Foam stability (S):
S = V1 / V0 · 100%

where:
V1 – the volume of the foam at a  given 

time (after 5 minutes);
V0 – the initial volume of the foam.

Results and discussion
Cotton seed oil soapstock is a by-product 

of the oil and fat industry, primarily gener-
ated during the processing, i. e. refining, of 
oils. Its composition includes various fatty 
acids, neutral fats, phosphatides and other 
organic substances. Cotton seed oil soap-
stock is inexpensive yet a  highly valuable 
raw material.

Pistachio oil soapstock is a fatty by-product 
of the pistachio oil production process, con-
sisting mainly of unsaponifiables, insoluble 
fractions, and soluble fatty acid salts. Its com-
position is similar to that of soya, sunflower 
or cottonseed soapstocks, but it also contains 
substances characteristic of pistachio oil.

Due to the high content of fatty acids and 
soaps in pistachio oil soapstock, its processing 
yields surfactants, emulsifiers, or biodegrad-
able fatty acid esters (Kobilov et al., 2023).

The main physicochemical parameters of 
the surfactant include the following:
1.	 Surface tension is a physical phenomenon 

associated with the force of interaction 
between molecules at the surface of a liq-
uid. In other words, the surface of a liquid 
is different from its bulk, and some of its 
molecules are in contact with air or an-
other medium. Reducing surface tension 
indicates the efficiency of the SAA.

2.	 Rheological properties – the viscosity and 
stratification ability of the substance are 
of particular importance. The flow of SAA 
in a  liquid depends on its concentration, 
temperature, and molecular composition. 
High-viscosity SAAs keep emulsions sta-
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ble, whereas low-viscosity ones disperse 
quickly.

3.	 Set time and stability are the long-term 
properties of the SAA in response to air 
and temperature, representing the time 
taken for the emulsion, suspension, or 
coating material based on it to transition 
from a liquid to a solid state. Drying time 
and stability depend on the composition, 
concentration, temperature and humid-
ity of the environment. Stability is the 
ability of the SAA to retain its physical 
and chemical properties over time.

4.	 The stability of a  phase emulsion is the 
ability of the substance on which it is based 
to keep its oil and water phases from sepa-
rating for a long time. The oil droplets are 
dispersed in water, or the water droplets 
are dispersed in oil. The function of the 
SAA is to stabilise this dispersion and pre-
vent the phases from separating. This layer 
weakens the attractive forces between the 
oil and water molecules, resulting in a sta-
ble emulsion. The molecules are located in 
hydrophilic and hydrophobic regions.

5.	 Chemical stability is the ability to retain 
its properties despite changes in pH, 
temperature, and ionic concentration. 
The functional molecules of the SAA (hy-
drophobic and hydrophilic groups) are 
sensitive to chemical influences. A stable 
surfactant does not lose its effectiveness 
under various conditions. In acidic or ba-
sic media, the surfactant’s particles and 
molecules can alter their strength. A sta-
ble surfactant can maintain an emulsion 
across different pH conditions. Ions such 
as sodium, potassium, and calcium can 
cause the SAA particles to aggregate and 
reduce their activity. The stable SAA is 
not harmed by ionic effects and maintains 
the emulsion (Cao-Romero-Gallegos 
et al., 2024).
Below is a  comparative presentation of 

the physicochemical parameters of the sur-
factants obtained from cottonseed oil soap-
stock and pistachio oil soapstock, based on 
scientific data and laboratory results. These 
data are typical of anionic surfactants de-
rived from oil and fat waste.

Figure 1. Technological scheme for the production of a chemicals-lubricant

1 – Caustic soda tank; 
2, 6, 7, 8, 10, 12 – Dosers; 
3 – tap for water; 
4 – reactor; 
5 – soapstock container; 
6 – sodium carbonate container; 
9–10 – screw mixer; 
11 – drying chamber; 
13 – finished product packaging
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The surfactant obtained from peanut oil 
soapstock produces good foam and has high 
stability (75–83%), whereas the surfactant 
from cottonseed oil soapstock shows a slight-
ly lower value (60–74%).

A surfactant that produces stable foam is 
highly soluble in water and has a high molec-
ular weight.

At low concentrations, there is almost 
no foam. As the concentration increases, the 
foam volume grows rapidly and stability im-
proves. Surfactants are substances in liquid 
or dispersed form that exhibit activity at the 
water–oil interface. Their efficiency depends 
on their physical and chemical properties, as 
well as the production technology (Figure 1).

The technological stages for producing 
a surfactant based on soapstock consist of the 
following:
1.	 Preparation of the raw material.
2.	 The resulting polymeric fatty compounds 

are treated with an caustic solution, re-
sulting in the formation of sodium salts 
of surfactants.

3.	 The product is treated with Na2CO3 to 
convert it into a powder.

4.	 Analysis of the finished product. Surface 
tension is determined (droplet counting 
method). Foaming capacity, emulsion 
stability, and biodegradability are as-
sessed.
Surfactants obtained from the recycling 

of waste oil and grease are not only econom-
ically efficient but also an environmentally 
sustainable solution. They can be used in 

various fields – as cleaning agents, emulsi-
fiers, and in textile and agricultural product 
processing.

Furthermore, based on the research find-
ings, it was determined that the physico-
chemical properties of SAA can be controlled 
by varying its concentration. This makes it 
possible to create new composite materials, 
develop resource-saving technologies and in-
crease the efficiency of waste recycling. Refin-
ing soapstock not only yields economic ben-
efits but also reduces waste and protects the 
environment. The development of soapstock 
recycling technologies in Uzbekistan makes 
a  significant contribution to enhancing the 
country’s industrial potential and producing 
import-substituting products.

Conclusion
Recycling waste from the oil and fat in-

dustry to obtain surfactants is an ecotechno-
logical and economically efficient method. 
This technology ensures that the waste is 
harmless to the environment and enables its 
recycling. A  sample derived from soapstock 
was observed to significantly reduce surface 
tension, indicating its good emulsifying and 
wetting properties. Furthermore, the rheo-
logical and thermodynamic stability of the 
obtained substances was determined, en-
suring their long-term activity in an aqueous 
medium. This method is of significant impor-
tance for the introduction of resource-saving 
and environmentally friendly technologies in 
the oil and fat industry.
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The testing of the technology and the ap-
paratus was carried out on water-in-oil type 
emulsions, in which diesel fuel No. 2 was used 
as the oil phase and ordinary drinking water as 
the aqueous phase, with a hardness salt con-
centration of up to 200 milligrams per liter.

In the formation of the test bench, the lat-
est trends in the application of emulsions as 
fuel were taken into account, both for mod-
ern diesel engines and for diesel generators, 
industrial boilers, and turbines.

For diesel engines and boilers, the most 
challenging stage in the injection and com-
bustion process is the separation of the fuel 
flow upstream of the high-pressure pump, 
when the majority of the fuel flow is direct-
ed to the high-pressure pump (today oper-
ating at pressures of 2,000 bar and higher), 
after which it is injected into the combustion 
chamber of the boiler or into the engine cyl-
inders, while a smaller portion is returned to 
the fuel tank.
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In the case of using single-component 
diesel fuel, this principle does not create any 
problems. However, when emulsions are em-
ployed, such a  fuel supply method leads to 
disturbances in emulsion stability, as well as 
нарушению its homogeneity and uniformity 
in the volumetric distribution of water and 
oil (diesel fuel).

The emulsion preparation method based 
on the formation of microcapsules made it 
possible to achieve complete re-formation of 
the emulsion with minimal time expenditure 
(in less than one second).

The device itself for producing this type 
of emulsion of various kinds represents an 
exceptionally simple and compact cylindrical 
structure with no moving parts – a so-called 
static mixer – in which the emulsion forma-
tion process lasts no more than a fraction of 
a second.

This device is highly versatile and can 
operate at pipeline pressures ranging from 3 
bar to 50 bar (in a modern diesel engine, the 
fuel line pressure is approximately 3 bar).

For comprehensive testing, a system was 
developed that included the device itself and 
a tank for emulsion re-formation, along with 
all associated peripheral components and 
pumps required for emulsion re-formation.

Figure 1.

This system was configured as follows:

Figure 2.

This system is integrative in nature, since 
both the primary production of the emulsion 

and the re-formation of the emulsion are 
carried out on the same unit, while identical 
technological methods are employed.

The working diameter of the device is 
only 25 millimeters, and at a line pressure of 
3 bar it provides a throughput of 50 liters per 
hour for the primary formation of the emul-
sion and 25 liters per hour for the re-forma-
tion of the emulsion.

The next photograph shows a  10‑gallon 
emulsion tank installed in the fuel system 
of a  modern production diesel engine with 
a displacement of 2.4 liters.

Figure 3.

In this tank, the emulsion re-formation 
process takes place, which is based on a par-
adoxical property of the emulsion obtained 
using the invented apparatus – namely, that 
the emulsion exhibits three-dimensional hy-
draulic shape memory.

What is the meaning of this interpreta-
tion of the distinctive feature of the invented 
emulsion?

Based on the results of more than 1,000 
tests conducted on a diesel engine using the 
specified emulsion, it has been determined 
and demonstrated that:

•	 the emulsion, after a  certain period 
following its formation, undergoes 
destruction and separates into two 
layers – one consisting of diesel fuel 
with a water admixture and the other 
consisting of water with a diesel fuel 
admixture;

•	 in both cases, the content of admix-
tures does not exceed 5%;

•	 under short-term (within 15–25 sec-
onds) hydrodynamic activation of the 
destructured emulsion, it fully returns 

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences


The Austrian Journal of Technical 
and Natural Sciences, 2026 No 1 – 2

PARADOXICAL PHENOMENA AND PROPERTIES DISCOVERED IN FUEL EMULSIONS138

Section 5. Technical sciences in general

to its original state – a  liquid medi-
um composed of three-dimensional 
capsules containing micro- and na-
noscale water droplets surrounded by 
shells of diesel fuel.

Figure 4.

The photograph shows the emulsion im-
mediately after formation. This emulsion 
contains 20% water (with the water being 
ordinary drinking water without additional 
purification, having a mineral salt content of 
approximately 200 milligrams per liter).

Approximately one hour after prepara-
tion, the emulsion undergoes destruction 
and acquires the appearance shown in the 
following photographs.

Figure 5.

Two layers are visible, and these layers are 
transparent, which indicates that the particle 

sizes in this liquid do not exceed 200 nano-
meters (otherwise, if the particle sizes were 
larger, the liquid would not be transparent).

The liquid (emulsion) was sampled two 
days after the initial preparation of the emul-
sion.

Figure 6.

This photograph shows the liquid prior 
to the start of the emulsion re-formation 
process.

It should be noted that the destruction 
of the emulsion also exhibits paradoxical 
features, since in both the layer with a pre-
dominance of water and the layer with a pre-
dominance of diesel fuel, emulsion capsules 
with a characteristic multilevel structure are 
visible under a microscope. In this structure, 
the core of the spherical capsule is a micro-
droplet of water surrounded by a shell of die-
sel fuel.

During hydrodynamic activation in the 
re-emulsification process, new capsules be-
gin to form around the preserved capsules, 
and the formation process is exceptionally 
short-term and highly efficient, with minimal 
energy expenditure.

In addition, the emulsion re-formation 
process also increases the stability and ro-
bustness of the re-formed emulsion in the 
final product, which is extremely important 
for many industries in which so-called sec-
ondary emulsions are used – for example, 
the application of this method for preparing 
emulsions for hydroponic systems in green-
house farming, where preserving the emul-
sion structure for as long a period as possible 
is critical.

This photograph was taken at the mo-
ment the emulsion re-formation process be-
gins. As can be seen, the liquid in the intake 
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pipe is transparent, although it has a green-
ish tint due to the diesel fuel.

Figure 7.

The liquid is supplied to a  conventional 
centrifugal pump and then returned back to 
the tank. As can be seen, the liquid returns al-
ready white in color, with the upper inlet serv-
ing as a signaling inlet, while the main return 
inlet is located in the lower part of the tank.

Thus, when considering this process as 
applied to hydroponic systems in modern 
greenhouses, one can observe a  substantial 
potential inherent in these technological 
methods for the continuous and virtually 
infinite regeneration of hydroponic liquids 
and solutions, with the additional potential 
capability of electrochemically modifying the 
acidity (pH) of the water in the emulsion.

Figure 8.

This photograph shows the emulsion af-
ter several seconds of treatment; externally, 

it fully corresponds to the original appear-
ance of the emulsion.

The engine performance results obtained 
with the newly produced emulsion and with the 
re-formed emulsion are completely identical.

The same results were obtained on indus-
trial boilers and diesel generators.

Figure 9.

The photograph shows the emulsion cap-
sules under a  microscope, with their three-
dimensional structure clearly visible.

Several spherical cores are visible within 
the core of the capsule – these are also cap-
sules. They differ in significantly smaller di-
mensions than the primary capsule (that is, 
if the size of the large capsule ranges from 
one to three micrometers, then the sizes of 
the internal capsules are each no more than 
300 nanometers, and measurements have re-
corded capsules with sizes not exceeding 120 
nanometers).

Figure 10.

During the phase separation of the emul-
sion, it is precisely the smallest capsules that 
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remain within the layers – those with sizes of 
100–200 nanometers (this is evident from 
the chemical analysis of the separated layers, 
which showed a 5% admixture of diesel fuel 
in water and a 5% admixture of water in die-
sel fuel).

Thus, it is due to these admixtures that the 
emulsion re-formation process takes place, 
in which nanoscale capsules once again be-
come the centers of microcapsules.

This process exhibits a  distinctly three-
dimensional character and, since it occurs in 
a  liquid medium, it has been designated as 
hydraulic.

Since after separation the emulsion ac-
quires a  completely different appearance, 
and since after re-formation it fully returns 
to its original appearance, we have every rea-
son to consider that the emulsion possesses 
three-dimensional hydraulic shape memory 
(of the emulsion capsules).

This phenomenon was fully confirmed 
when operating with emulsion volumes of 
1,000 liters and activating them by simple 
stirring.

All of this was carried out on an industrial 
boiler with a capacity of 10 tons of steam per 
hour, at emulsion proportions of 20%, 40%, 
and 50% water. At all proportions, the results 
of the emulsion’s restoration to its original 
appearance were fully confirmed, includ-
ing after three months following the initial 
preparation of the emulsion.

Figure 11.

Since the emulsion was also produced on 
the basis of heavy diesel fuel, the micrograph 
shows the structure of a microcapsule of such 
an emulsion.

The next photograph shows an emulsion 
obtained with a water content of 25% in die-
sel fuel № 2.

Figure 12.

Figure 13.
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Figure 14.

This photograph shows a tank containing 
1,000 liters of emulsion equipped with a hy-
dromechanical activator. This tank was in-
stalled on an industrial boiler with a capacity 
of 10 tons of steam per hour.

The emulsion was produced in advance 
(the period from emulsion production to 
combustion reached up to two months or 
more).

The use of a  simple hydromechanical 
activator makes it possible to initiate the 
emulsion re-formation process with mini-
mal electrical energy consumption (electric-
ity consumption is within 7 cents per hour at 
a  fuel emulsion consumption rate of 1,200 
liters per hour).

To assess the feasibility of applying emul-
sion formation and emulsion re-formation 
technologies in irrigation systems of modern 
greenhouses, the results demonstrated in 
relatively large liquid volumes have shown 
a high potential for effectiveness.

The constant presence of intensive hydro-
dynamic воздействия on a  hydroponic liq-
uid solution with a  formed emulsion makes 
it possible, in addition to merely preserving 
the properties and parameters of the emul-
sion, also to optimize certain parameters and 
characteristics of the formed emulsion in the 
solution for the further intensification of the 
agricultural production process itself.

It must be acknowledged that the prima-
ry informational material presented in this 
publication, concerning paradoxes in the in-
novative formation of emulsions in the pro-
cess, requires, in addition to fuel technolo-
gies, detailed adaptation and integration into 
all possible related technological processes.
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Methods, systems, and devices for preparation and activation of liquids and gaseous fuels 

are disclosed. Method of vortex cooling of compressed gas stream and water removing from 
air are disclosed.

United States Patent Application 20110030827
Kind Code A1

February 10, 2011

FLUID COMPOSITE, DEVICE FOR PRODUCING 
THEREOF AND SYSTEM OF USE 

Abstract
The current disclosure relates to a new fluid composite, a device for producing the fluid 

composite, and a method of production therewith, and more specifically a fluid composite made 
of a fuel and its oxidant for burning as part of different systems such as fuel burners, where the 
fluid composite after a stage of intense molecular between a controlled flow of a liquid such as 
fuel and a faster flow of compressed highly directional gas such as air results in the creation of 
a three dimensional matrix of small hallow spheres each made of a layer of fuel around a volume 
of pressurized gas. In an alternate embodiment, external conditions such as inline pressure 
warps the spherical cells into a network of oblong shape cells where pressurized air is used as 
part of the combustion process. In yet another embodiment, additional gas such as air is added 
via a second inlet to increase the proportion of oxidant to carburant as part of the mixture.

United States Patent Application 20110048353
Kind Code A1

March 3, 2011

Engine with Integrated Mixing Technology 

Abstract
The present disclosure generally relates to an engine with an integrated mixing of fluids 

device and associated technology for improvement of the efficiency of the engine, and more 
specifically to an engine equipped with a fuel mixing device for improvement of the overall 
properties by inline oxygenation of the liquid, a change in property of the liquid such as cooling 
form improved combustion, or the use of re-circulation of exhaust from the engine to further 
improve engine efficiency and reduce unwanted emissions.

United States Patent Application 20120085428
Kind Code A1

April 12, 2012

EMULSION, APPARATUS, SYSTEM AND METHOD 
FOR DYNAMIC PREPARATION 

Abstract
The invention relates to a fluid composite, a device for producing the fluid composite, and 
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a system for producing an aerated fluid composite therewith, and more specifically a fluid 
composite made of a fuel and its oxidant for burning as part of different systems such as fuel 
burners or combustion chambers and the like. The invention also relates to an emulsion, an 
apparatus for producing an emulsion, a system for producing an emulsion with the apparatus 
for producing the emulsion, a method for producing a dynamic preparation with the emulsion, 
and more specifically to a new type of a stable liquid/liquid emulsion in the field of colloidal 
chemistry, such as a water/fuel or fuel/fuel emulsion for all spheres of industry.

United States Patent Application 20120103306
Kind Code A1

May 3, 2012

ENGINE WITH INTEGRATED MIXING TECHNOLOGY 
Abstract
The present disclosure generally relates to an engine with an integrated mixing of fluids 

(gas or liquid) device and associated technology for improvement of the efficiency of the en-
gine, and more specifically to an engine equipped with a fuel mixing device for improvement 
of the overall properties of the system with an engine by either inline oxygenation of the liquid 
or dynamic activation of a fuel with a secondary fluid such as water resulting in a change in 
property of the input fluid to help with burning ratios, cooling for improved combustion, or 
the use of re-circulation of exhaust from the engine to further improve engine efficiency and 
reduce/recycle unwanted emissions or combustion releases such as water.

United States Patent Application 20140232021
Kind Code A1

August 21, 2014

FLUID COMPOSITE, DEVICE FOR PRODUCING 
THEREOF AND SYSTEM OF USE 

Abstract
The current disclosure relates to a new fluid composite, a device for producing the fluid 

composite, and a method of production therewith, and more specifically a fluid composite made 
of a fuel and its oxidant for burning as part of different systems such as fuel burners, where the 
fluid composite after a stage of intense molecular between a controlled flow of a liquid such as 
fuel and a faster flow of compressed highly directional gas such as air results in the creation of 
a three dimensional matrix of small hallow spheres each made of a layer of fuel around a volume 
of pressurized gas. In an alternate embodiment, external conditions such as inline pressure 
warps the spherical cells into a network of oblong shape cells where pressurized air is used as 
part of the combustion process. In yet another embodiment, additional gas such as air is added 
via a second inlet to increase the proportion of oxidant to carburant as part of the mixture.
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Abstract
This publication analyzes contemporary requirements for the cleanliness of manufacturing 

processes in the context of the development of microelectronics, telecommunications, and ad-
vanced computer technologies. It examines the inherent contradiction between increasingly 
stringent environmental regulations and the need to reduce production costs, while emphasiz-
ing the existence of a minimum threshold of purification parameters below which the technolog-
ical process becomes uncontrollable and directly affects the quality of manufactured products.

The limitations of the traditional approach – based on the continuous refinement of chem-
ical reagents and the intensification of cleaning processes – are highlighted, particularly in 
resource-intensive industries such as the food industry, where water preparation and waste-
water regeneration account for a significant share of production costs.

Special attention is given to the transformation of the innovation industry in the era of 
artificial intelligence and neural networks. The shift of venture capital from rapid-exit strate-
gies toward a sustainable growth model (Scale-Up Nation) is emphasized, where Net Revenue 
Retention (NRR) becomes a key performance indicator. A new paradigm of the innovation 
industry is emerging – not merely as a generator of ideas, but as a provider of critical techno-
logical infrastructure for the global economy.

One of the active organizers and ideologists of such transformative develop-
ments is multidisciplinary expert and innovation specialist Rostyslav Yeshchu-
rovskyi, who promotes the integration of artificial intelligence, robotics, and 
infrastructure solutions into industrial environments.
Keywords: Technical system; Engineering software; Design of technical systems; Scientific 
and technical information; Key directions of technological development; Cleanliness of the 
manufacturing process; Criteria for achieving the Ideal Final Result (IFR); Quality of the 
production technological process; Environmental protection; Active substances and chemical 
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cleaning agents; Process of modification of chemical reagents used in cleaning technologies; 
Systems approach methodology; Virtual environment; Organizational framework of an inno-
vation project; Emerging paradigm of the innovation industry; Key success indicator; Equiv-
alent of an innovation process; Automated design methods and systems; Function – external 
manifestation of an object’s (element’s) properties within a given system of relationships; 
Supersystem (meta-system) – a higher-order system in relation to a given system, within 
which the given system is embedded and operates as a subsystem

Innovative Strategy for the 
Development of a Semiconductor 

Wafer Cleaning Production Module: 
A Systems and TRIZ-Based Approach

Let us consider, as an example, the devel-
opment process of a production module de-
signed for cleaning 300 mm semiconductor 
wafers.

We now proceed to analyze a real innova-
tion strategy within this technological domain 
and to address the question of what is more 
appropriate under current conditions: to con-
tinue improving surfactants and chemical 
cleaning agents, or to seek a fundamentally in-
novative solution to the underlying problems.

Moreover, it is difficult to determine 
whether the process of modifying chemical 
reagents used in cleaning technologies con-
stitutes a true innovation process or wheth-
er, according to the criteria of achieving the 
Ideal Final Result (IFR), such modifications 
merely resolve a  problem in one area while 
simultaneously generating several new prob-
lems elsewhere.

The analysis would be incomplete with-
out examining the standard process of de-
veloping a new technical solution as part of 
a higher-level technical system with a more 
complex compositional and structural or-
ganization, and without assessing the con-
sistency of traditional formulations and 
definitions with the modified definitions of 
technical systems at all hierarchical levels 
proposed by Rostyslav Yeshchurovskyi.

As innovation projects become increas-
ingly complex, automated design methods 
and systems assume growing importance. 
Their significance is substantially enhanced 
when elements of artificial intelligence are 
incorporated, fundamentally transforming 
the conventional automated design method-
ologies familiar to specialists.

Only through the integration of such AI-
based tools does it become possible to com-

plete an innovation project within acceptable 
cost parameters and optimal timeframes, 
while also incorporating the heuristic ele-
ments typically generated through creative 
brainstorming.

Upon reconsideration of the fundamental 
definitions and concepts of TRIZ and ARIZ, 
taking into account the modifications and 
optimization of definitions and interrelation-
ships proposed by Rostyslav Yeshchurovskyi 
for practical application in innovation-driven 
design processes, the following definitions 
may be employed:
1.	 Systems Approach – A  reflection and 

development of the dialectical principles 
of “universal interconnection” and “de-
velopment,” and, in essence, one of the 
core principles of the dialectical method 
of cognition. The methodology of the sys-
tems approach presupposes representing 
any object as a system and conducting its 
comprehensive analysis. Modern meth-
ods and capabilities of computer mod-
eling, actively applied by Rostyslav Ye-
shchurovskyi, fundamentally transform 
and significantly expand the concept of 
the systems approach, rendering it more 
meaningful and practically effective.

2.	 System – A  complex of elements sys-
tematically organized in space and time, 
interconnected, and forming an integral 
unity. A  system is characterized by its 
composition, structure, and function. In 
this context, computerized control and 
monitoring systems, along with vari-
ous combinations of their control activ-
ities, significantly expand the concept of 
a  system, making it more complete and 
endowing it with additional analytical ca-
pabilities and characteristics.

3.	 Elements – Relatively indivisible parts 
of a  whole; objects which collective-
ly constitute a  system. An element is 
considered indivisible within the limits 
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necessary to preserve the defined quali-
ty of the system. For elements, the most 
typical process is innovative modification 
and optimization, the result of which may 
become a technical solution satisfying the 
four criteria of patentability (invention).

4.	 Structure – A  stable and regular rela-
tionship among the elements of a system, 
reflecting their form, arrangement, and 
the nature of interaction among their 
properties. Structure transforms the sys-
tem into a qualitatively defined whole dis-
tinct from the mere sum of its constituent 
elements, since it presupposes selective 
interaction among specific aspects and 
properties rather than total interaction.

5.	 Function – The external manifestation of 
the properties of an object (element) with-
in a given system of relationships; a specif-
ic mode of interaction between an object 
and its environment; the “capability” of the 
object. Systems possess multiple functions.

6.	 Subsystems (Local Independent 
Systems) – Parts of a system represent-
ing arbitrarily or naturally distinguished 
groups of elements. Subsystems are iden-
tified according to functional criteria. An 
element may coincide with a  subsystem 
or belong to multiple subsystems simul-
taneously. The relationships among ele-
ments within subsystems and within the 
overall system differ in character from 
the relationships between the subsys-
tems themselves. Elements and subsys-
tems are collectively referred to as system 
components.

7.	 Supersystem (Meta-System) – 
A higher-order system relative to a giv-
en system, within which the given sys-
tem operates as a  subsystem. Within 
this hierarchical structure, functions are 
governed and controlled by automated 
management and monitoring systems 
implemented through programmable 
controllers or processors, thereby sub-
stantially expanding functional capabil-
ities.

8.	 Technical System (TS) is an artificial-
ly created material unity of elements sys-
tematically organized in space and time 
and interconnected with one another, 
whose functioning is aimed at satisfying 
a particular societal need.

9.	 The elements of a Technical System (TS) 
may be either artificial or natural. Any 
TS exists within two systems of relation-
ships. On the one hand, it is an object 
of the material world and is subject to 
the laws of nature (primarily the laws 
of physics as the most general laws). On 
the other hand, a TS functions as an ele-
ment within social relations, since tech-
nology serves as a  means for achieving 
social objectives.
If a TS is characterized primarily by the 

spatial arrangement of its elements, it consti-
tutes a device or a substance. If a TS is char-
acterized by the organization of its elements 
in time, it represents a method. Today, both 
of these variants are actively combined with 
programmable processors or controllers.

The concept of a Technical System makes 
it possible to formulate the principal attri-
bute of a Technical Solution (TSol): a Tech-
nical Solution identifies a  specific Techni-
cal System whose functioning enables the 
achievement of a defined objective; that is, it 
establishes the relationship between a Tech-
nical System and a particular goal.

Figure 1. Illustrates the working 
centrifuge of an installation designed 
for preparing 300 mm semiconductor 
wafers for photolithography processes
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The numbered elements in the figure are 
as follows:

1–300 mm semiconductor wafer;
2 – aerodynamic gripping device;
3 – non-contact aerodynamic gripping 

system;
4 – pipeline for supplying purified com-

pressed air;
5 – cone for uniform distribution of foam 

over the wafer surface;
6 – channel for supplying deionized wa-

ter to displace used foam with contaminants 
from the processing zone;

7 – working chamber (centrifuge bath);
8 – drainage openings for removal of used 

foam containing contaminants from the pro-
cessing zone;

9 – collector for used foam, waste, and 
contaminants;

10 – bottom outlet pipe for waste dis-
charge;

11 – gap between the processed side of 
the wafer and the centrifuge table;

12 – gap between the centrifuge table and 
the centrifuge housing;

13 – conical cavity for foam formation 
and delivery into gap (11);

14 – aerodynamic foam generator;
15 – deionized water supply nozzle;
16 – inlet conical reflector of the foam 

generator;
17 – deionized water supply nozzle;
18 – purified compressed air supply nozzle;
19 – pipelines for supplying deionized 

water.
The working centrifuge shown in the fig-

ure incorporates at least four autonomous 
technical systems, each constituting an inde-
pendent technical solution with the status of 
a recognized invention.

Such systems include:
•	 Aerodynamic gripping devices;
•	 Aerodynamic and hydrodynamic sys-

tems forming a uniform flow of deion-
ized water distributed along the bot-
tom of the centrifuge;

•	 An aerodynamic foam-generating unit;
•	 An aerodynamic and hydrodynamic 

cleaning foam generator.
Each of these autonomous technical sys-

tems may be classified individually as a sub-
system and collectively as an integrated su-
persystem.

Taking into account the requirement 
to satisfy the four criteria of patentability, 
particularly the criterion of non-obvious-
ness, each of the identified subsystem-level 
solutions may be qualified as fundamental-
ly non-obvious (based on their recognition 
as inventions). Most importantly, the su-
persystem itself represents a  fundamental-
ly non-obvious combination of subsystems, 
wherein the novel and non-obvious feature 
lies in the coaxial arrangement of the foam 
generators and their equivalents, combined 
with otherwise typical and evident solutions 
for gripping and introducing semiconductor 
wafers into the processing zone.

Since each of the aforementioned tech-
nical systems incorporates a  processor reg-
ulating pressure, flow rate, temperature, 
motion speed, and other direct and indirect 
parameters, and given that such regulation is 
flexible and may be performed remotely, the 
classification of both the subsystems and the 
integrated supersystem may be presented as 
follows:

Technical System – In accordance with 
classical definitional methodology, each sub-
system may be regarded as a Technical Sys-
tem. Likewise, the system into which these 
subsystems are integrated may be regarded 
as a supersystem.

Local Technical System – Each sub-
system within the integrated supersystem 
may simultaneously be classified as a  Local 
Technical System, since its functions and 
operations are confined within the limited 
working space of the integrated supersystem. 
At the same time, each subsystem individual-
ly, as well as their totality, possesses the char-
acteristic of non-obviousness.

Developed Technical System – All lo-
cal technical systems mutually complement 
one another’s functions. The integration of 
local functions within the supersystem en-
ables the formation of complex functional 
capabilities, thereby developing and shap-
ing an integrative technical characteristic 
of the supersystem. This integration is fully 
non-obvious to the average specialist in the 
field. Accordingly, the principles of integra-
tion described above justify qualifying the 
system as developed, at minimum due to the 
non-obvious integrative combination of sub-
system output parameters.
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Global Technical System – The pres-
ence of a  processor-based programmable 
control, regulation, and active monitoring 
structure, combined with the capability to 
transmit all operational data via the Internet 
and the clearly traceable potential for remote 
application, allows such a comprehensive in-
tegrated solution to be classified as a Global 
Technical System.

Smart Technical System – Finally, the 
presence of a hierarchy of programmable con-
trollers and processors performing real-time 
monitoring, calibration, and regulation of 
parameters, together with the possibility of 
remote programming and reprogramming, 
collectively establishes the conditions under 
which the technical system may be classified 
as a Smart Technical System.

It should be acknowledged that Rostyslav 
Yeshchurovskyi was among the first to for-
mally classify, in practical terms, modern 
varieties, parameters, distinctive properties, 
and characteristics of complex Technical Sys-
tems that are innovative both in their struc-
tural features and technological attributes.

We now proceed to the development topic 
and consider a systemic working station for 
the effective cleaning of 300 mm semicon-
ductor wafers of minimal thickness.

Taking into account that the previously 
described working centrifuge, by all its char-
acteristics and features, including the flexibil-
ity of configuration options and the capability 
for real-time (including remote) control and 
monitoring, may reasonably be interpreted 
as incorporating elements of artificial intelli-
gence, these integrated capabilities form the 
defining characteristics of a Smart Technical 
System. The early developments and defini-
tions proposed by Rostyslav Yeshchurovskyi 
opened the way for designers and engineers 
to create industrial and experimental solu-
tions possessing such parameters and char-
acteristics.

Particularly important for the design pro-
cess are cases in which innovative elements 
at the level of specific technical solutions are 
introduced into technical systems at the sub-
system level, thereby transforming a subsys-
tem into a supersystem.

It is also necessary to recognize that un-
der current conditions, all of the above must 
be considered in close functional relation to 

additional control and monitoring functions 
delegated to the technical system through 
programmable controllers or processors. For 
a comprehensive analytical assessment, it is 
equally essential to evaluate the level of so-
phistication of the software systems and their 
degree of integration into the overall techni-
cal system architecture.

At the same time, the heuristic capabili-
ties developed and articulated at levels deter-
mined by the qualification and talent of the 
project’s leading specialist cannot be entirely 
disregarded.

Finally, it must be acknowledged that var-
ious design schools exist, and their methods 
and approaches to engineering design do not 
always coincide. Consequently, these meth-
odological differences may also exert a tangi-
ble influence on the final result.

Figure 2. Illustrates the working 
centrifuge of an installation for 

preparing 300 mm semiconductor 
wafers for photolithography processes, 

with additional detailed explanation

The numbered elements in the figure are 
as follows:

1–300 mm semiconductor wafer;
2 – aerodynamic gripping device;
3 – non-contact aerodynamic gripping 

system;
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4 – pipeline for supplying purified com-
pressed air;

5 – cone for uniform distribution of foam 
over the wafer surface;

6 – channel for supplying deionized water 
to displace used foam containing contami-
nants from the processing zone;

7 – working chamber (centrifuge bath);
8 – drainage openings for removal of used 

foam with contaminants from the processing 
zone;

9 – collector for used foam, waste, and 
contaminants;

10 – bottom outlet pipe for waste dis-
charge;

11 – gap between the processed surface of 
the semiconductor wafer and the centrifuge 
table;

12 – gap between the centrifuge table and 
the centrifuge housing;

13 – conical cavity for forming and deliv-
ering foam into gap (11);

14 – aerodynamic foam generator;
15 – deionized water supply nozzle;
16 – inlet conical reflector of the foam 

generator;
17 – deionized water supply nozzle;
18 – purified compressed air supply nozzle;
19 – pipelines for supplying deionized wa-

ter;
20 – cleaning solution supply nozzle;
21 – channel for supplying cleaning solu-

tion into the central channel of the aerody-
namic foam generator;

22 – channel for introducing cleaning 
solution into cone (5).

Figure 3. The numbered elements in the 
figure are as follows:

31 – carousel with eight working stations
32 – loading and unloading module, in-

cluding installation and removal of semicon-
ductor wafers from the aerodynamic holders 
of the working centrifuges

33 – semiconductor wafer loading system
34 – processed semiconductor wafer un-

loading system
35 – system for supplying a laminar flow 

of purified air to the loading and unloading 
systems

36 – centrifuges positioned before the 
working station

37 – centrifuges positioned after the 
working station

38 – non-contact aerodynamic gripping 
system

Figure 3. Illustrates the general block 
diagram of a carousel-type installation 

for preparing semiconductor wafers 
for photolithography processes

Figure 4. Illustrates a fundamentally 
new gripping device for a 300 

mm semiconductor wafer

The numbered elements in the figure are 
as follows:

2 – support plate (gripper disc);
4 – nozzle for supplying purified com-

pressed air (without disturbing the laminar 
downward airflow of the cleanroom environ-
ment where the equipment is installed);

11–300 mm semiconductor wafer;
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23 – annular protector preventing the oc-
currence of edge effects along the contour of 
the semiconductor wafer;

24 – positioning pins supporting and 
aligning the annular protector;

25 – central aerodynamic gripper operat-
ing according to the Bernoulli principle;

26 – peripheral aerodynamic grippers op-
erating according to the Bernoulli principle;

27 – structural element of the robotic 
arm carrying and operating the gripper with-
in a system whose working cycle represents 
the Ideal Final Result (IFR) of implementing 
a  combination of inventions for orienting, 
gripping, transporting, and fixing the semi-
conductor wafer both during transport and 
during processing, combined with protection 
against edge effects and micro-deformations 
of the wafer.

Beyond purely structural considerations, 
it is also necessary to address technological 
materials, methods, and techniques, since 
collectively they may significantly complicate 
the processes of integration and implementa-
tion of the new development.

First and foremost, it is advisable to ana-
lyze the possibility of using so-called tempo-
rary composites within the chemical complex 
employed for activation of the cleaning pro-
cess.

Since the cleaning process at the devel-
oped working station is carried out using 
a  specialized foam generated by an aerody-
namic foam generator with ultra-precise con-
trol of air bubble diameter and with the capa-
bility of stabilizing foam parameters without 
the use of chemical activating or stabilizing 
agents, these factors must be systematically 
taken into account during the analysis of de-
sign and structural solutions.

When defining the future technical char-
acteristics of the working station – as a tech-
nical system – these considerations must 
also be incorporated into the development 
of computer models of the devices collec-
tively forming the working station, including 
modeling of cyclic functional changes and re-
al-time values of key operational parameters.

The demonstrated capability to obtain 
reliable projections of expected operational 
parameters and performance characteristics 
of the working station without the need to 
fabricate and test a  physical prototype rep-

resents a  defining feature of the contempo-
rary engineering design process. It elevates 
computer modeling to a critical stage within 
the design workflow and integrates it as an 
essential component of the end-to-end devel-
opment process for a new innovative techni-
cal system.

Figure 5. Illustrates the operational 
scheme of a semiconductor wafer 

loading–unloading system at a working 
station using a fundamentally new 

gripping device shown in Figure 14.

The numbered elements in the figure are 
as follows:

2 – support plate (gripper disc);
4 – nozzle for supplying purified com-

pressed air (without disturbing the laminar 
downward airflow of the cleanroom environ-
ment in which the equipment is installed);

11–300 mm semiconductor wafer;
28 – wafer cassette;
29 – fragment of the loading–unloading 

robot arm;
30 – working station of the photolithog-

raphy line;
The complex presented in the figure com-

prises several functionally interconnected 
technical systems:

•	 The semiconductor wafer gripper as 
a  supersystem, incorporating subsys-
tems including sensor systems, periph-
eral aerodynamic grippers, a  central 
aerodynamic gripper, and an air sup-
ply, monitoring, and regulation system;
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•	 The cassette with its loading–unload-
ing mechanism;

•	 The loading–unloading robot with all 
associated assemblies, including elec-
tronics and computer systems;

•	 The working station complex with all 
its constituent subsystems.

The presented system complies with the 
laws of technical system evolution, taking 
into account their optimization according to 
the principles proposed by Rostyslav Yesh-
churovskyi. These principles make it possible 
to classify the system as a subject of an origi-
nal technical solution – an invention meeting 
the four criteria of patentability under U.S. 
patent law.

The present discussion does not include 
information concerning the full produc-
tion cycle involving the use of the indicated 
“mutant” materials, nor does it address the 
post-process handling of substances that 
simulate or generate magnetic properties 
within cleaning liquids.

The approach described reflects a tradi-
tional and established pathway for solving 
wafer cleaning and technological solution 
purification challenges, including water 

treatment. However, it is reasonable to con-
sider whether an alternative innovative ap-
proach may exist – one that entirely elim-
inates the use of chemical reagents while 
ensuring an equivalent level of cleaning and 
purification quality.

Let us therefore re-examine the actual 
necessity of chemical reagent usage. By de-
fining the criteria that justify such necessity, 
we can evaluate which known non-obvious 
methods of technological solution prepara-
tion may eliminate the need for chemical re-
agents while still guaranteeing the required 
quality standards.

For example, what could replace the 
chemical treatment of water with acids or al-
kalis for use in production processes?

It is well known that such chemical treat-
ment modifies the pH level of water, increas-
ing its chemical reactivity and thereby en-
hancing the efficiency and productivity of its 
application in manufacturing.

However, methods are known for altering 
the acidity or alkalinity of water or aqueous 
solutions without the use of chemical re-
agents.
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Abstract
This article discusses the use of modular systems and customization in modern furniture 

design. This topic is especially relevant in light of the growing demands on functionality, flex-
ibility, individuality and environmental sustainability of the subject environment. The article 
reveals the key concepts of modularity and customization, as well as their interrelationships and 
differences in the structure of modern furniture design. Special attention is paid to the specifics 
of the use of modular systems in residential, public and work interiors, as well as the role of cus-
tomization as a tool for individualizing furniture design. The article demonstrates that modular 
systems open up wide possibilities for the variability of composition, ease of transformation and 
prolongation of the service life of furniture. At the same time, customization allows you to take 
into account the individual needs of users within a standardized design system. The paper also 
substantiates that the modern development of furniture design is inextricably linked with the 
deepening of a systematic approach, digitalization of the design process, increased versatility 
and focus on the principles of sustainable consumption. Based on this, it is concluded that mod-
ular systems and customization are key areas for the development of modern furniture design, 
contributing to the creation of a flexible, adaptive and individualized subject environment.
Keywords: modular systems, customization, furniture design, individualization, subject 
environment, furniture design, transformability, multifunctionality, digitalization, sustain-
able consumption

Relevance of the study
The relevance of the research is because 

modern furniture design is developing in the 
context of growing demands for functionality, 
flexibility, customization and environmental 
sustainability. According to the UN, the pro-
portion of the world’s urban population con-
tinues to increase and could reach 68% by 
2050. This leads to an increase in demand for 

more efficient use of living space and, as a re-
sult, for furniture that can adapt to changing 
operating conditions. In this regard, modular 
systems are becoming especially important, 
as they allow you to vary the configuration of 
products, transform the space and increase 
the functionality of the interior.

This topic is becoming particularly rele-
vant due to changes in consumer preferences 
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in the furniture market. The global furniture 
market is showing steady growth driven by 
the demand for modular, environmental-
ly friendly and technologically integrated 
solutions. This indicates that modularity 
is becoming one of the key areas of indus-
try development. At the same time, there is 
a  growing interest in personalized products 
and consumption scenarios. Consumers tend 
not only to get a standard piece of furniture, 
but also a solution that will take into account 
the specifics of their space, lifestyle and aes-
thetic preferences. Thus, customization in 
modern furniture design goes beyond a sim-
ple marketing option and becomes an im-
portant design principle contributing to the 
individualization of the environment and in-
creasing the consumer value of the product.

The environmental aspect is equally im-
portant. Modern European materials on the 
development of the furniture industry em-
phasize that the transition to a circular econ-
omy is closely related to design at the design 
stage. This includes extending the life of the 
product, the possibility of its repair and re-
use, as well as modular construction. Thus, 
the study of modular systems in combination 
with customization becomes relevant not 
only from an aesthetic and functional point 
of view, but also from an industrial, economic 
and environmental point of view.

Thus, the topic of using modular systems 
and the possibility of customization in mod-
ern furniture design is very relevant. It reflects 
the main trends in the development of the fur-
niture industry and responds to the needs of 
society in an adaptive, personalized and envi-
ronmentally friendly subject environment.

The purpose of the study
The purpose of this study is to analyze 

the specifics of using modular systems and 
the possibility of customization in modern 
furniture design. In addition, we intend to 
evaluate their contribution to the formation 
of a dynamic, functional, individualized and 
long-term subject environment.

Materials and research methods
The research is based on scientific publi-

cations and analytical materials on modern 
furniture design. Special attention is paid to 
the topics of modular design, customization, 

and digitalization of design and sustainable 
development of the subject environment.

The research methodology includes an 
analysis of scientific literature, a  compari-
son of different approaches to understand-
ing modularity and customization, as well 
as a  generalization of theoretical provisions 
and a systematization of features and trends 
characteristic of modern furniture design.

The results of the study
In modern furniture design, a  modular 

system is a method of creating products from 
individual unified elements that can be com-
bined in various ways. This approach allows 
you to look at furniture not as a static object, 
but as a flexible structure that can adapt to 
different conditions of use. The modular sys-
tem opens up wide possibilities for creating 
a variety of compositions, simplifies the pro-
cess of rebuilding and allows you to change 
the configuration of furniture without having 
to completely replace the entire product.

In furniture design, customization means 
that the individual needs of users are taken 
into account. It includes the ability to select 
sizes, materials, colors, finishes and compo-
sition of the product within a  pre-prepared 
system. Thus, the user becomes an active 
participant in the process of creating furni-
ture, and it becomes more personal. In mod-
ern practice, customization is closely related 
to the principles of mass production, when 
individual characteristics are combined with 
technological standardization.

Modularity and customization are in-
extricably linked, but they are not the same 
thing. Modularity refers to the constructive 
organization of a  product, while customiza-
tion shows how well it is adapted to a  spe-
cific user. Most often, the modular structure 
serves as the basis for customization, since 
the elements are compatible with each oth-
er, the dimensions are repeated, and the 
connection system is carefully thought out. 
This allows you to create a variety of options 
based on a single design (Vapnyarskaya O. I., 
2014, p. 3).

From a theoretical point of view, the key 
principles of modular design are standard-
ization, compatibility of elements, the pos-
sibility of transformation, ease of assembly 
and disassembly, as well as the possibility of 
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replacing individual parts. These qualities 
ensure the durability of the product and sig-
nificantly expand its functionality. In modern 
approaches, modularity is considered not 
only as an artistic device, but also as a way to 
extend the life cycle of furniture.

With the development of digital technol-
ogies, customization takes on new facets. 
Configurators and planners provide users 
with the ability to select product parameters 
and visualize future results. Due to this, cus-
tomization becomes an integral part of sys-
tem design, and not just an individual order 

(Ovchinnikova D. N., Nekrasova E. A., 2025, 
p. 29).

Modular systems play an important role 
in modern furniture design, allowing flex-
ible space organization. Their practicality 
lies in the fact that furniture is created not 
as a single, unchanging object, but as a set of 
compatible elements that can be combined in 
various ways. This allows you to use the same 
set of components to create different spatial 
and functional scenarios. Table 1 shows the 
main characteristics of the use of modular 
systems in modern furniture design.

Table 1. Features of the use of modular systems in modern furniture design

Application 
Feature Brief description Significance 

for furniture design
Flexible space 
organization

Modular systems open up wide possibili-
ties for creativity and allow you to create 
a variety of compositions from individual 
elements, adapting them to the specifics 
of the room and the conditions of use.

Provides furniture adaptation 
to different spatial and func-
tional tasks.

Application in 
residential and 
public interiors

Modular furniture is used in residential, 
office and public spaces where reconfig-
uration and rational organization of the 
environment are required.

Increases the versatility of fur-
niture and expands the scope 
of its application.

Combining mul-
tiple functions

The same object can serve different pur-
poses: to place, store, and zone space.

Increases the practical value 
of furniture and makes the 
interior more comfortable.

Adapting to user 
needs

Modular furniture makes it easy to adapt 
its composition and structure to your 
individual needs.

Enhances the design’s focus 
on convenience and customi-
zation of the environment.

Convenience of 
updating

Individual parts can be replaced, added, 
or rebuilt without replacing the entire 
product.

Promotes longer-term use 
of furniture and its practical 
flexibility.

Compliance with 
modern design 
requirements

Modular systems meet the requirements 
of functionality, flexibility and conve-
nience.

It makes such solutions in 
demand in modern design 
practice.

A source: author’s development

In modern furniture design, customiza-
tion is seen as a way to make standard pro-
duction more flexible and tailored to the 
individual needs of users. In the scientific lit-
erature, mass customization is defined as the 
process of adapting a product to diverse and 
unique customer requirements using flexible 
manufacturing technologies and configura-
tors. This is especially important in furniture 
design, as furniture is closely related to the 
parameters of the room, lifestyle, storage 

scenarios, ergonomics and visual preferenc-
es of each person. Therefore, customization 
becomes not just an additional option, but 
one of the key mechanisms for individualiz-
ing the subject environment (see figure).

Customization in furniture design im-
plies the possibility of choosing individual 
product characteristics. It can be size, shape, 
material, color, finish, and interior layout, 
type of fittings and composition of functional 
elements. Customization differs from a fully 
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authored single design in that an individual 
version is created within a  predefined pa-
rameter system. This allows you to combine 
industrial repeatability with personal cus-
tomization of the product to meet the user’s 

needs. Research on design for mass customi-
zation emphasizes that such a model is based 
on an open product platform and a variety of 
acceptable design options.

Figure 1. Visualization of the variety of shapes and 
customization options in modern furniture design

Furniture customization as a factor of in-
dividualization is changing the approach to 
design. In the traditional model, the design-
er created furniture, focusing on the average 
consumer. However, in customization, the 
focus is shifting to taking into account user 
data and specific operating conditions. This 
means that instead of designing a  standard 
item, we are moving on to creating a  selec-
tion system in which changeable product 
parameters and restrictions on their combi-
nations are preset. As a result, the consum-
er becomes an active participant in the final 
decision-making process. Customization is 
carried out not after the design is completed, 
but already at the stage of product architec-
ture development.

Digital technologies play an important 
role in the development of customization. In 
modern research of the furniture industry, 
it is noted that individualized production is 
inextricably linked to the integration of digi-
tal control systems, production planning and 

data transfer between the design and manu-
facturing stages. For the furniture industry, 
this means that it is now possible to more 
accurately take into account the parameters 
of each order, coordinate changes faster and 
produce products with unique characteristics 
within the industrial process. Thus, digitali-
zation makes customization not only a design 
phenomenon, but also a technological one.

Customization is of particular impor-
tance for modern furniture design, as it 
significantly increases the user value of the 
product. Research in the field of personal-
ized manufacturing demonstrates that cus-
tomers are happy to choose the opportunity 
to customize the product parameters them-
selves. This is due to a  feeling of greater 
control over the result and a more accurate 
compliance of the product with personal 
expectations. In the field of furniture, this 
effect is particularly pronounced, since fur-
niture has been used for a long time and is 
closely related to a person’s daily experience. 
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Thus, customization not only improves the 
functionality of furniture, but also signifi-
cantly increases its subjective significance 
for the user.

Customization is of particular impor-
tance in the context of sustainable consump-
tion. When a  product meets the user’s real 
needs as much as possible, it is less likely to 
be quickly replaced due to inconvenience, 
inconsistency in the size of the room or in-
sufficient functionality. Modern research in 
the furniture industry devoted to the circular 

economy highlights the importance of design 
solutions that extend the life of a  product, 
simplify its renewal and make it more suit-
able for long-term use. In this context, cus-
tomization can be considered as a  factor of 
more responsible design, since individually 
selected furniture potentially retains its val-
ue for the owner longer (Ovchinnikova D. N., 
Nekrasova E. A., 2025, p. 29).

The main manifestations of customiza-
tion as a tool for individualizing furniture de-
sign are summarized in Table 2.

Table 2. Manifestations of customization as a factor of furniture design individualization

Aspect Content Importance 
for furniture design

Selecting prod-
uct parameters

The user can make changes to the di-
mensions, materials, color, finish and 
composition of the elements within 
a given system.

The furniture becomes more 
suitable for a particular interior 
and takes into account individual 
preferences.

User participa-
tion

The consumer is involved in the for-
mation of the final product version 
through the selection of acceptable 
characteristics.

Individualization is achieved 
already at the design decision 
stage.

Digital support Customization is carried out using con-
figurators, digital planning, and com-
bining design and production data.

Order approval is accelerated 
and the production of customized 
furniture is simplified.

Connection with 
industrial pro-
duction

Customized solutions are created 
based on a standardized product archi-
tecture.

Serial production and personal 
customization of the product are 
combined.

Functional accu-
racy

The product more accurately meets the 
operating conditions, the size of the 
space and household scenarios.

The practical suitability of furni-
ture increases.

Sustainability of 
use

A more complete product compliance 
with user expectations contributes to 
its longer service life.

The connection of design with the 
principles of responsible con-
sumption is being strengthened.

A source: author’s development

Modern trends in furniture design 
demonstrate that modular systems and cus-
tomization are increasingly becoming inter-
related areas of design. The focus is not just 
on creating a separate piece of furniture, but 
on developing an integrated system that can 
adapt to different conditions of use, space 
features, and user requests. This indicates 
the transition from static solutions to more 
flexible and dynamic forms of organization 
of the subject environment (Obednina S. V., 
Bystrova T. Yu., 2013, p. 88).

One of the main trends in furniture de-
sign is the strengthening of a systematic ap-
proach to design. Increasingly, modularity 
is the basis for furniture creation – the abil-
ity to change, complement, rebuild and use 
furniture in various functional scenarios. At 
the same time, customization is actively used 
in furniture design – the ability to take into 
account the individual preferences of users 
within the framework of a  pre-planned de-
sign. As a  result, modern furniture design 
combines both standardization and variabil-

https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences
https://ppublishing.org/edition/austrian-journal-of-technical-and-natural-sciences


The Austrian Journal of Technical 
and Natural Sciences, 2026 No 1 – 2

THE USE OF MODULAR SYSTEMS AND THE POSSIBILITY OF CUSTOMIZATION158

Section 5. Technical sciences in general

ity, allowing you to create unique and func-
tional solutions.

Digitalization plays an important role in 
the project process. The use of digital mod-
els, configurators, and parametric tools 
significantly expands the possibilities of 
customizing furniture, as well as making the 
design process more precise and controlled. 
Due to this, customization becomes not just 
a separate service, but an integral part of the 
overall system for the development and pro-
duction of furniture solutions.

Another important trend is the combina-
tion of modularity and customization with 
the principles of sustainable design. In the 
modern world, furniture is increasingly be-
ing designed with the possibility of updating, 
replacing individual elements, disassembly 
and long-term use. This makes modular and 
customizable solutions not only more practi-
cal, but also extend the life cycle of the prod-
uct (Komarov S.A., 2023, p. 568).

In addition, the importance of multifunc-
tional furniture is increasing. In the context 
of an ever-changing lifestyle, furniture must 
solve several tasks simultaneously, quick-
ly adapt to different situations and ensure 
a rational organization of space. That is why 
modular systems and customization are be-

coming key tools for creating a  flexible, us-
er-friendly and modern subject environment.

Conclusions
Thus, modular systems and customiza-

tion play a key role in modern furniture de-
sign, being complementary areas of design. 
Modular systems provide flexibility of com-
position, versatility, ease of updating and 
adaptation of furniture to various spatial 
conditions. In turn, customization makes 
furniture design more individual, allowing 
you to take into account the specific needs 
of the user, the parameters of the space and 
the features of the product operation. The 
study revealed that modern furniture de-
sign is developing towards a  combination 
of standardization and variability. The ac-
tive use of digital tools allows you to create 
furniture that is not only beautiful, but also 
useful in everyday life, and prolongs its ser-
vice life.

Thus, the use of modular systems and 
the possibility of customization should be 
considered one of the key factors contrib-
uting to the creation of a modern, adaptive, 
convenient and durable subject environ-
ment.
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