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Abstract
This article presents data on the efficacy of flumetralin as a chemical pinching for Virginia 

type of tobacco. The plant growth regulator flumetralin (emulsifiable concentrate) proved to 
be an effective tool for tobacco pinching at an application rate of 1 kg/ha with a spray volume 
of 120 L/ha. The findings support the widespread implementation of this chemical pinching 
method in Virginia-type tobacco cultivation in the Urgut district of Uzbekistan.
Keywords: Virginia, topping, stepping, dose, efficacy, leaf tiers, pinching

Introduction
In large production fields, the genera-

tive organs of a tobacco plant (buds, flowers 
and seed pods) are “ballast” from an eco-
nomic point of view. During their formation, 
they consume ready-made nutrients that 
are formed in the leaves, which is why the 
latter lose their density and do not develop 
well. As a  result, there is a  yield decrease, 
the chemical-technological indicators and 
the grade of raw materials worsen. This con-
tributes to the accumulation of dry matter in 
the leaves and largely determines the level of 

yield of tobacco and its quality (Umurzakov 
1991; Andersen et al., 1970; Akehurst 1991; 
Atkinson etc al., 1980; and World Tobacco 
situation, 1993). The tiered maturation of 
tobacco leaves is preserved when plants are 
grown under residual conditions, so the ef-
fect on leaf maturation essentially means 
a  change in the very evolutionary nature of 
the tobacco plant.

The general and integral expression of 
age-related changes in the metabolism of all 
tobacco leaves is a  constant increase in the 
content of plastic substances during youth 
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(synthesis predominates), their preservation 
at an approximately constant level during 
physiological maturity (synthesis and decay 
are balanced), a  steady decrease in plastic 
substances during aging (decay prevails) of 
the organ (Andersen et al., 1970).

The main distribution of plastic substanc-
es between individual leaves in the tobacco 
metameric series occurs according to phyllo-
taxis. During the period of vegetative growth, 
the centers of abstraction of plastic substances 
from the formed leaves are the young growing 
leaves of plants and roots. With the transition 
of plants to the reproductive phase of devel-
opment, these centers of attraction remain, 
however, other parts of plants begin to play 
the main role in the attraction of nutrients at 
this time: first, the central inflorescence, and 
then pinching develop (Akehurst 1991).

A  characteristic feature of the age-relat-
ed change in the hormonal status of the to-
bacco leaf is expressed in the fact that each 
stage of life corresponds to the highest level 
of a certain type of regulatory substances: in 
the initial period of growth, cytokinins have 
their maximum level, during the period of 
intensive growth – gibberellin-like substanc-
es, during physiological maturity – auxins, at 
aging stage – growth inhibitors and ethylene. 
The rest of the hormones in this period are of 
subordinate importance.

Along with its own hormonal system, the 
vital activity of the tobacco leaf is also deter-
mined by the general gradient of phytohar-
mones at the level of the whole organism.

Thus, to change the rate of maturation 
of tobacco leaves, it is necessary to modify 
the natural gradient of phytohormones. In 
particular, in order to bring the periods of 
maturation of metameric organs closer, it is 
necessary to delay the breakdown of auxins, 
cytokinins, and gibberellin-like substances in 
the lower leaves, and to shift the ratio of reg-
ulators in the upper leaves towards a  faster 
accumulation of ethylene (Umurzakov 1991).

By suppressing or activating the function-
ing of certain centers of auxin production, as 
well as by changing the level of auxins and 
ethylene in the formed leaves, one can change 
the intensity of synthesis and the nature of the 
distribution of plastic substances in the plant.

The elucidated features of the influence of 
various centers of mobilization of substances 

on individual groups of leaves allowed us to 
conclude that the maturation of the leaves of 
the upper breaks can be significantly changed 
by eliminating the attractive effect of the inflo-
rescence and pinching. It is possible to delay 
the aging of the lowest leaves (1 and 2 breaks), 
the outflow of substances from which is mainly 
due to the attracting effect of the leaves grow-
ing higher on the stem, possibly by removing 
the lower seedling leaves, i. e. plant cleaning.

In tobacco growing, it is known that top-
ping (decapitation of a plant) actually some-
what delays the aging of the lower leaves and 
accelerates the ripening of the upper leaves 
of plants. In this case, the greatest effect is 
obtained if, together with the inflorescence, 
4–5 upper leaves are removed, which, like 
the top of the shoot, have a strong attracting 
effect in relation to the leaves of the lower 
tiers (Atkinson etc al., 1980).

However, the removal of the apical part of 
the plants causes the rapid growth of pinch-
ing, which take on the function of rejecting 
nutrients. After manual pinching, they grow 
very quickly and, even in their infancy, are 
able to greatly influence the nature of the 
outflow of substances from the leaves. There-
fore, it is necessary to prevent the develop-
ment of pinching simultaneously with the 
removal of the top of the plants, that is, to 
restore apical dominance.

The studies of the above authors showed 
that most of the tested substances do not have 
a sufficiently effective inhibitory effect on the 
growth of inflorescences and stepsons, oth-
er substances, on the contrary, inhibiting the 
growth of stepsons, simultaneously have an in-
hibitory effect on the growth of tobacco plants, 
which ultimately leads to a  decrease in the 
yield of raw materials. Substances, although 
they suppress the growth of pinching without 
an inhibitory effect on plants, they have to be 
applied manually, separately for each plant. 
Many of the substances tested are very expen-
sive and therefore cannot be used on a  large 
scale. In recent years, in tobacco-producing 
countries, a  plant growth regulator, flume-
tralin, has been used for chemical pinching.

Recommendations for their use should be 
developed for a  zoned tobacco variety, spe-
cific natural, soil-climatic and agrotechnical 
conditions for growing it, and contain meth-
ods proven in production for each process.
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One of the obligatory agricultural practic-
es for growing tobacco is the chemical pinch-
ing of plants. This contributes to the accumu-
lation of dry matter in the leaves and largely 
determines the level of yield and quality of 
large-leaf Virginia type tobacco.

Recommendations for their use should be 
developed for a  zoned tobacco variety, spe-
cific natural, soil-climatic and agrotechnical 
conditions for growing it, and contain meth-
ods proven in production for each process.

The intensity of growth and the mass of 
pinching per plant depend on the variety of 
tobacco and the specific conditions for its 
cultivation.

Material and methods of research
Flumetralin is a member of the 2,6‑dini-

troaniline class of chemicals. Flumetralin is 
a plant growth regulator that is used to con-
trol the growth of axillary buds (side shoots) 
on tobacco plants. Used to control side shoots 
on large-leaf Virginia tobacco varieties. Fl-
umetralin is absorbed by the tobacco plant 
within a few hours after application and pro-
vides control of the growth of lateral shoots 
throughout the entire growth period (Guide 
to Pesticides, 1994).

Dinitroanilines selectively suppress plant 
and protozoan microtubes and do not act on 
fungal and vertebrate tubulins.

Type of preparation – emulsion concen-
trate. Methods of application – Flumetralin is 
applied as a hand spray (Handbook of Agro-
chemicals, 1987).

Frequency of application: Flumetralin is 
applied only once during the growing season. 
It is usually applied 3–7 days after cutting off 
the top of the flower part of the tobacco plant.

Application technology – manual applica-
tion on special containers.

Flumetralin is applied as a manual spray 
with a working fluid flow rate of 1 kg of Fl-
umetralin, 80, 120, 140 liters of water per 
hectare.

Processing was carried out in the morn-
ing at an air temperature not higher than 
22–24 °C and a wind speed of not more than 
1.2 m/s. As a control, a 0.5 ha plot was cho-
sen where no treatments were carried out. 
Accounting for the number of pinching and 
the biological effectiveness of the drug was 
carried out according to the guidelines of 

ARITTP (Krasnodar) and the State Chemical 
Commission of the Republic of Uzbekistan.

Statistical analysis was done using Dos-
pekhov 1986 method.

Results and their discussion
Of great practical interest is the use of 

pinching in combination with the treatment 
of plants with physiologically active sub-
stances. At the same time, immediately after 
mechanical topping, the plants are treated 
with inhibitory substances – flumetralin. The 
use of flumetralin significantly reduces the 
formation and growth of pinching.

As can be seen from Table 1, after the re-
moval of inflorescences, intensive growth of 
lateral shoots is observed on plants, which 
must be removed.

Spraying with the physiologically active 
substance flumetralin after mechanical top-
ping causes depression of growth processes. 
At the same time, lateral shoots grow slowly, 
acquire an ugly shape with lanceolate leaves, 
the weight of stepsons is 3–5 times, and the 
number and length of stepsons are 3 times 
less than on plants without stepsons.

Weakening, but not complete cessation 
of the formation and development of later-
al shoots on the plant during their chemical 
pinching with Flumetralin, in our opinion, 
makes it possible to exclude their mechanical 
removal (Table 1). At the same time, the pro-
cess of manual pinching is reduced, which 
contributes to a noticeable reduction in labor 
costs.

In solving this problem, in our opinion, 
it is important to have varieties of tobac-
co that are not capable of forming lateral 
shoots before the topping of plants and ap-
ply agricultural techniques for cultivating 
them, which ensures uniform growth and 
development of plants on plantations. The 
latter will make it possible to carry out the 
treatment of flumetralin clotted plants at an 
earlier stage of plant development without 
a noticeable decrease in the weight of the to-
bacco yield.

In addition to the variety and depth of 
topping of plants (the number of upper leaves 
harvested along with the inflorescence), the 
formation and growth of pinching is also 
influenced by the weather conditions of the 
year of tobacco growth.

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
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Table 1. Effect of flumetralin on the growth and development

Treatments

Indicators of the development of pinching

number of pinching 
from 1 plant, unit.

average length of 
pinching, cm

Weight of 25 
pinching, g.

raw dry
Trimming by hand:
Control 6 14.3 403.1 62.2
Treatment with 1 kg of 
flumetralin in 80 l/ha 2 4.2 83.4 10.5

Treatment with 1 kg of 
flumetralin in 120 l/ha 2 3.0 76.2 9.0

Treatment with 1 kg of 
flumetralin in 140 l/ha 2 2.2 67.2 8.1

Observations have shown that stepping 
plants with flumetralin increase the wet 
weight of the roots and stem of one plant by 
the end of the growing season, but to a dif-
ferent extent. In comparison with the con-
trol, as expected, the largest increase in their 
weight is observed during chemical pinching 
after manual topping. The combined use of 
manual topping with chemical pinching of 
plants with flumetralin somewhat increases 
the numerical values ​​of these indicators. The 
thickness of the stem at the base, in the mid-

dle and at the top of the plants also changes 
approximately.

Chemical pinching of tobacco with flume-
tralin significantly accelerates the growth of 
the leaf blade and increases its area by the 
time the tobacco is harvested (Table 2). This 
is observed to the greatest extent in young 
leaves of the upper tiers and to the least ex-
tent in older, almost formed leaves of the 
middle tiers. This somewhat brings together 
the size of the leaves remaining on the plant 
after pinching.

Table 2. Influence of plant pinching with flumetralin on the growth and development

Options

Growth and Development Indicators

plant height, 
cm

number of 
harvested leaves 
from 1 plant, pcs

average leaf 
area, cm2

Control 127.4 22 285.2
Treatment with 1 kg of flume-
tralin in 80 l/ha 122.3 19 325.0
Treatment with 1 kg of flume-
tralin in 120 l/ha 120.2 20 331.2
Treatment with 1 kg of flume-
tralin in 140 l/ha 118.4 20 327.6

After chemical pinching with flumetralin, 
growth processes are noticeably accelerated, 
and during the harvesting period, the leaves 
of the upper breaks have a significantly larg-
er area of ​​the leaf blade. All the patterns of 
changes in the area of the leaf blade, noted 
above, depending on the technology of pinch-
ing tobacco, were widely confirmed in the re-
sults of changes in the length and width of 
tobacco leaves at the time of their harvesting.

After treatment of plants with an aque-
ous solution of flumetralin, observations 
showed that after about 24 hours, bends of 
petioles, leaves and stems appear. After 2–3 
weeks they disappear, but not completely. 
The leaves remain slightly lowered down-
wards.

Topping and pinching tobacco plants is 
an important agricultural practice in shaping 
the yield and quality of raw materials.

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
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Based on this, we can conclude that in or-
der to obtain high yields of large-leaf Virgin-
ia tobacco in the conditions of Uzbekistan, 
it is necessary to include in the technology 
of growing tobacco the chemical pinching of 
plants using flumetralin at a  dose of 1 kg, 
the flow rate of the working fluid is 120 l/ha, 
as an important agricultural technique that 
suppresses growth stepsons of tobacco (Fig-
ure 1).

Conclusion
The proven technology of chemical pinch-

ing of tobacco plants using flumetralin (1 kg 
of substance per 120 liters of water), as it was 
seen from the data presented by us, allowed 

the production specialist to actively inter-
vene in the growth and development of its 
harvested period and purposefully form yield 
at a  certain level. Significantly greater eco-
nomic efficiency is provided by the chemical 
pinching of tobacco plants.

The widespread introduction of these pro-
cesses in tobacco growing in the Urgut region 
when growing tobacco of the Virginia type un-
doubtedly gives a significant economic effect.

Plant growth regulator Flumetralin e. c. 
turned out to be an effective tool in the fight 
against pinching of tobacco, at a rate of 1 kg/ha, 
while the rate of consumption of the working 
fluid is 120 l / ha. The preparative form is satis-
factory, phytotoxicity was not detected.

Figure 1. Influence of stabbing methods using flumetralin on the yield
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Abstract
A two-year field trial (2024–2025) was conducted to evaluate the agronomic performance of 

11 wheat accessions, under rainfed conditions of Uzbekistan. Significant variation was observed 
in plant height, thousand kernel weight (TKW), days to heading and maturity and grain yield 
across years and accessions and varieties, reflecting differential responses to stress. Lalmikor‑1 
demonstrated superior stability in plant height (97 cm and 94 cm), kernel weight (40.2 g and 
38.4 g), and yield (2.89 t/ha and 1.36 t/ha), outperforming the standard variety by 32–42%. 
These findings highlight the potential of this variety for wheat production programs targeting 
yield stability in drought affected years.
Keywords: Wheat, Yield, TKW, Plant height, days to heading and maturity

Introduction
Wheat (Triticum aestivum L.) is a  staple 

crop in Uzbekistan, where climatic variability 
poses significant challenges to yield stability 
under rainfed conditions. Drought frequency 
has increased markedly compared to long-term 
climatological data, necessitating adaptive 
breeding strategies. Contemporary breeding 
programs increasingly prioritize traits that 
confer resilience under abiotic stress condi-
tions, particularly drought and nutrient limita-
tions. Semi-dwarf plant architecture and stable 
grain filling capacity are critical determinants 
of yield component formation in winter wheat 

production (Jobson et al., 2019; Ingvordsen et 
al., 2022). This study aims to identify wheat 
accessions showing higher yield productivity 
under rainfed conditions in Uzbekistan.

Materials and Methods
Experimental Site and Design
A  competitive trial was conducted over 

two consecutive growing seasons (2024 and 
2025) at the experimental farm of the Sci-
entific Research Institute of Rainfed Agri-
culture, Gallayaral district, Jizzakh prov-
ince, Uzbekistan. Eleven wheat accessions, 
including the standard variety Tezpishar, 

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
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were evaluated using a randomized complete 
block design (RCBD) with three replications.

Soil Characteristics
The experimental site was characterized by 

typical sierozem (gray desert soil) with inher-
ently low organic matter content, containing 
approximately 0.8% humus. The low humus 
content (0.8%) observed at this site is charac-
teristic of these soil types and significantly be-

low the 2–3% threshold generally considered 
adequate for optimal crop productivity.

Climatic conditions during 
the Growing Season

Meteorological data for the 2023–2024 
growing season are presented in Figures 1 
and 2, illustrating temporal patterns of key 
environmental variables including precipita-
tion rate and temperature and precipitation.

Figure 1. Precipitation rate in 2024–2025 growing season, mm

Figure 2. Air temperature in 2024–2025 growing season, mm

The climatic conditions during the ex-
perimental period showed great variability 
in temperature and precipitation in 2023–
2024 growing season was favorable for wheat 
growth and development while 2024–2025 

was relatively unsuitable weather conditions. 
These environmental conditions significantly 
influence critical physiological processes in 
wheat, including germination, plant height, 
grain filling, and overall grain yield formation.
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Statistical Analysis
Analysis of variance (ANOVA) was per-

formed using GenStat 18th Edition software. 
Mean separations were conducted using 
Fisher’s Least Significant Difference (LSD) 
test at the 5% significance level (P ≤ 0.05).

Results
Plant Height
The studied accessions of bread wheat 

showed significant variation in plant height 
across studied years: 100–125 cm in 2024 
and 75–105 cm in 2025. A  mean reduc-
tion of 10–20 cm was observed in the sec-
ond year, likely attributable to drought 
stress, which aligns with observations by 

Nyaupane et al. (2024). The lowest plant 
height was recorded in KP‑26/2020 (75 
cm) during 2025, while the highest was ob-
served in Zartepa variety (125 cm) in 2024 
(Figure 3).

Notably, Lalmikor‑1 maintained semi-
dwarf plant height (104 cm in 2024 and 94 
cm in 2025), demonstrating only a 10 cm re-
duction which is the smallest change among 
all accessions (Figure 1). This morphological 
stability is particularly valuable under rain-
fed conditions in Uzbekistan, where semi-
dwarf plant height correlates with improved 
lodging resistance during high-rainfall years, 
a  critical trait for sustainable wheat crop 
management in variable.

Figure 3. Plant height of bread wheat accessions (2024–2025)

TKW
In the 2025 growing season, TKW de-

clined significantly for the majority of ac-
cessions, with reductions ranging from –1.8 
to –9.4 g relative to 2024 values (Figure 4). 
This widespread decrease in kernel weight 
likely reflects suboptimal environmental 
conditions during the critical grain-filling 
period (Calderini et al., 1995), such as heat 
stress, drought, or reduced assimilate avail-
ability. The accession KSI‑10/2023, which 
recorded the highest TKW of 43.7 g in 2024, 
experienced a  substantial decline to 36.7 g 
in 2025 (–16.0% reduction), demonstrating 
high sensitivity to inter-annual environmen-
tal variation.

In contrast, the variety Lalmikor‑1 
demonstrated superior phenotypic stabili-
ty across both years, maintaining relatively 
high TKW values of 40.2 g (2024) and 38.4 g 
(2025), with only a  modest 4.5% decline 
(Figure 4). We hypnotize that this stabili-
ty suggests enhanced adaptive capacity and 
maintenance of grain-filling processes under 
variable environmental conditions, making 
Lalmikor‑1 a  valuable genetic resource for 
breeding programs targeting climate resil-
ience and stable grain quality.

Days to heading and maturity
Figure 5 illustrates the temporal variation 

in days to heading and days to full maturity 
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for 11 wheat accessions across two consecu-
tive growing seasons (2024 and 2025).

Heading occurred within a narrow range 
of 75–82 days in both years, indicating rel-
atively consistent phenological timing for 
reproductive initiation. Maturity duration, 
however, exhibited greater variability: 100–
120 days in 2024, contracting to 95–115 days 

in 2025. All accessions reached full maturity 
earlier in 2025, with accelerated heading and 
maturity likely attributable to abiotic stress 
factors, particularly drought and elevated 
temperatures, which are known to hasten de-
velopmental progression – a pattern consis-
tent with findings reported by Nyaupane et 
al. (2024).

Figure 4. Thousand Kernel Weight of bread wheat accessions (2024–2025)

Accessions such as Lalmikor‑1 and Er-
itrospеrmum‑2020 demonstrate promising 
adaptive capacity, making them valuable 

germplasm resources for breeding programs 
targeting climate-variable rainfed systems 
(Rajotia et al., 2025).

Figure 5. Days to maturity of bread wheat accessions
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Grain Yield
Grain yields in 2024 consistently outper-

formed those in 2025 across all accessions 
and varieties, attributable to more favorable 
climatic conditions during the 2024 growing 
season (Figure 6).

Yield reductions in 2025 averaged 45–
50% across accessions, reflecting the sub-
stantial impact of drought conditions during 
the wheat growing period.

Figure 6. Yield variance of different bread wheat varieties and accessions

Compared to the local check variety Tez-
pishar, which yielded 1.54 t/ha (2024) and 
1.03 t/ha (2025), several accessions demon-
strated superior performance. Lalmikor‑1 
achieved the highest yields of 2.89 t/ha 
(2024) and 1.36 t/ha (2025), retaining 47% 
of its baseline productivity under stress con-
ditions. PSI‑2020/9 also showed promising 
performance with 2.27 t/ha and 1.16 t/ha in 
respective years, maintaining 52% yield re-
tention. The identification of genotypes with 
superior yield stability across contrasting en-
vironments is a key objective in breeding for 
climate resilience (Geneti et al., 2022).

The highest grain yield across all treatments 
was recorded with Lalmikor‑1 (2.89 t/ha) 
in 2025, while the lowest was observed with 
Zartepa (0.85 t/ha) in 2024. This wide range 

of genotypic variation (1.38–2.89 t/ha under 
favorable conditions) underscores the im-
portance of varietal selection for optimizing 
productivity.

Conclusion
Lalmikor‑1 as promising candidate for 

breeding programs targeting yield stability 
and stress resilience in wheat. These results 
demonstrate that Lalmikor‑1 exhibits dual 
advantages: high yield potential under op-
timal conditions and reasonable stress tol-
erance, maintaining moderate productivity 
during drought years. Such varieties with 
combined high-yield potential and stress 
resilience are particularly valuable for pro-
duction systems facing increasing climate 
variability.
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Abstract
The objective of this study was to highlight the mineral composition of Aframomum mele-

gueta, Curcuma longa, and Piper guineense and to evaluate the anti-amylase activity of plant 
extracts from these plant species.  The mineral composition was determined by X-ray fluores-
cence (XRF). This method allows for rapid and accurate identification of the elements present. 
The extracts of these species were also tested in vitro for their ability to inhibit amylase, a key 
enzyme in starch digestion and blood sugar regulation. Several essential minerals were found 
in the species analysed: potassium, calcium and iron, with varying concentrations depending 
on the plant. The XRF spectra reveal the elemental composition of three extracts from the spe-
cies studied. These elements are potassium, iron, zinc and rubidium. These are present in all 
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the samples analysed, confirming a similar mineral base. The most pronounced anti-amylase 
activity was observed with Curcuma longa extract, followed by Piper guineense and Aframo-
mum melegueta extracts. The various properties observed justify the traditional use of these 
plants in diabetes management and reinforce their potential as nutraceutical ingredients. The 
plants studied were found to inhibit the activity of the enzyme α-amylase, which is essential for 
the intestinal absorption of glucose. This action, therefore, helps to regulate glucose absorp-
tion, improve insulin sensitivity, and maintain optimal functioning of pancreatic β cells. The 
use of these plants may be a wise choice among the strategies for combating diabetes, namely 
phytotherapy.
Keywords: mineral composition analysis, anti-amylase activity, Aframomum melegueta K. 
Schum., Curcuma longa L., Piper guineensis Schumach. & Thonn, medicinal plants

1. Introduction
Since ancient times, human societies have 

exploited the properties of plants for various 
purposes, particularly in the areas of health 
and nutrition. Plant species used to prevent 
or treat different ailments are commonly 
referred to as medicinal plants. Currently, 
phytotherapy, defined as the medicinal use 
of plants, is experiencing a resurgence of in-
terest, due to both growing evidence of its ef-
fectiveness and increasing public acceptance 
(Ngbolua et al., 2011; Mbemba, 2020; Gbolo, 
2023). Historically, plants and their extracts 
have been used to treat a wide range of dis-
eases and disorders. In recent years, several 
factors have contributed to their resurgence, 
including their relatively low cost compared 
to synthetic drugs and a certain disillusion-
ment with modern medicine (Chanda et al., 
2015; Ngbolua et al., 2011; Boukeria et al., 
2019). Plants are capable of producing a wide 
variety of bioactive compounds, including 
mainly terpenoids, alkaloids, and pheno-
lic compounds. These constitute one of the 
most studied groups due to their low toxicity 
and their multiple beneficial effects, wheth-
er therapeutic, pharmaceutical, cosmetic, or 
nutritional (Boukeria et al., 2019).

The purpose of this study was to anal-
yse and evaluate the anti-amylase activity of 
Aframomum melegueta K. Schum and Cur-
cuma longa L. (both of Zingiberaceae), and 
Piper guineense (of Piperaceae). A. melegue-
ta is a  herbaceous and perennial species of 
approximately 1.5 m in height, with simple, 
alternate, lanceolate leaves about 40 cm long 
and 12–15 cm wide. Fleshy fruits, small, ar-
omatic, and spicy, are used in cooking and in 
traditional medicine (Oludare Osuntokun, 
2020). C. longa L. is a  perennial, rhizoma-
tous, herbaceous, and flowering plant native 

to India and Southeast Asia. It bears large, 
sheathing, elliptical, and lanceolate leaves 
up to 50 cm long and 7–25 cm wide. Flow-
ers are yellow, arranged in spikes, white to 
green, sometimes tinged reddish-purple, 
and described as sterile (Grugeau, 1995). 
P. guineense is a  climbing vine of about 20 
m long, clinging to trees, with lanceolate and 
alternate leaves, up to 40 cm long and 12–15 
cm wide, native to West Africa. Its Flowers 
are greenish-yellow and arranged in spikes. 
Fruits are small, red-brown drupes, black 
when dried, and often used as a spicy and ar-
omatic spice in cooking.

Aframomum melegueta K. Schum., Cur-
cuma longa L., and Piper guineense Schum-
ach. & Thonn. are commonly used in tradi-
tional medicine. They have therefore been 
the subject of much scientific research. Yu 
Shen et al. (2025) report that A. melegueta 
is used to treat several types of bodily pain, 
such as diarrhea, sore throat, catarrh, con-
gestion, rheumatism, and infectious diseas-
es, including urinary tract infections Yu Shen 
et al. (2025). Different parts of this plant 
contain specific phytochemicals, such as fla-
vonoids, phenolic compounds, alkaloids, tan-
nins, terpenoids, saponins, and cardiotonic 
glycosides (Ibarue et al., 2021). These com-
pounds act as anti-inflammatory, antimicro-
bial, anti-allergic, anticoagulant, anti-cancer, 
anti-diabetic, and hepatoprotective agents. 
Fuloria et al. (2022) assert that C. longa is 
a  powerful medicinal plant due to its phar-
macological properties and chemical com-
ponents, such as starch, essential elements, 
proteins, vitamins, volatile oils, curcumi-
noids, and curcumin, which have beneficial 
effects on humans. This is why it is often used 
to treat various ailments, such as inflamma-
tion, digestive disorders, skin diseases, and 
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pain caused by blood stagnation. Fuloria et 
al. (2022) confirm its usefulness in relation 
to heart health, liver protection, and wound 
healing. C. longa also has antioxidant, hepa-
toprotective, antimicrobial, antibacterial, an-
tifungal, and anti-allergic properties. Mbem-
ba (2020) also asserts that it contains a group 
of phenolic compounds known as curcumi-
noids, the main one being curcumin. These 
compounds act by inhibiting the activity of 
the enzymes α-glucosidase and α-amylase, 
which are essential for the intestinal absorp-
tion of glucose. This activity helps regulate 
glucose absorption, improve insulin sensi-
tivity, and maintain optimal pancreatic β-cell 
function. C. longa also possesses a  broad 
spectrum of biological activities, including 
antioxidant, anti-inflammatory, antitumor, 
and anti-sickle cell properties. This plant is 
often associated with black pepper (Piper ni-
grum), which significantly increases the bio-
availability of curcumin, thereby enhancing 
its therapeutic effects (Mbemba, 2020; Mba-
diko et al., 2024).

On the other hand, Mbadiko et al. (2023) 
report that several species of the genus Pip-
er have a wide range of biological properties, 
including anti-inflammatory, antioxidant, 
antibacterial, antifungal, antiplasmodial, 
analgesic, immunomodulatory, antitumor, 
amoebicidal, and antiviral effects. As far as 
P. guineense is concerned, Chinwendu et al. 
(2016) identified the following phytochem-
icals in the leaves: alkaloids, saponins, fla-
vonoids, tannins, phenolic compounds, ste-
roids, glycosides, and essential oils. They also 
mentioned the antioxidant (flavonoids and 
phenolic compounds), antibacterial, anti-in-
flammatory, and anticonvulsant properties, 
and those relating to reproductive health. 
For their part, Sikhuemene and Ongbomwan 
(2020) highlighted the following phytochem-
ical elements (alkaloids, cyanogenic glyco-
sides, saponins, tannins, flavonoids, anthra-
quinones, and phenols). They also mentioned 
the following mineral elements (Ca, Mg, Na, 
K, Fe, Zn, P). All these findings confirm its 
use as a medicinal plant.

Several previous studies have shown 
that combining extracts from different me-
dicinal plants can improve the efficacy of 
pharmacological action by inducing synergy, 
acting simultaneously on multiple targets, 

reducing the doses of each component, and 
reducing side effects (Carabajal et al. 2019; 
Sharma et al. 2020; Deciga-Campos 2021; 
Gufe et al. 2023). Similar studies have also 
been conducted on A. melegueta, C. longa, 
and P. guineense in the treatment of various 
diseases. Shoba et al. (1998), for example, 
report that the combination of Curcuma lon-
ga and Piper spp. enhances anti-inflamma-
tory effects by improving the absorption of 
curcumin. It is therefore plausible that the 
combination of C. longa and P. guineense, on 
the one hand, and of C. longa and A. meleg-
ueta, used as a  substitute for black pepper, 
on the other hand, may enhance their me-
dicinal properties. Furthermore, De Ruijter 
(2008) mentions the combination of Strych-
nos congolana Gilg roots and Aframomum 
melegueta K.Schum. seeds in the Democratic 
Republic of Congo for treating dysmenor-
rhea. On the other hand, Schmelzer (2008) 
reports the combination of Hilleria latifolia 
(Lam.) H. Walter leaves and Piper guineense 
Schumach. & Thonn. leaves for treating body 
swellings and leprosy. Ogbunugafor et al. 
(2017) and Mbadiko et al. (2024) report that 
C. longa exhibits numerous biological activ-
ities, including anti-inflammatory, antioxi-
dant, and hypoglycemic properties. Mayele et 
al. (2025) demonstrated, through their study 
of the qualitative and quantitative composi-
tion of certain metabolites and the in vitro 
evaluation of their antioxidant activities, 
that the combination of Aframomum mele-
gueta, Curcuma longa, and Piper guineense 
contained all the metabolites studied and 
that the concentrations of polyphenols, fla-
vonoids, and tannins were higher than those 
of the individual plants. According to them, 
combining extracts of these plant species 
could make the treatment of diabetes and 
other diseases more effective.

The above demonstrates that the com-
bined use of plant substances or herbal 
preparations has the potential advantage 
of increasing the benefit/risk ratio, either 
by enhancing or improving the therapeutic 
effects of their active ingredients. This ap-
proach also helps simplify the treatment pro-
tocol, thereby promoting patient adherence 
(HMPC, 2018). In this study, we will analyse 
the mineral composition of the extracts of A. 
melegueta, C. longa, and P. guineense and 
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evaluate their anti-amylase activity. These 
extracts will be analysed separately and in 
combination to assess the efficacy of these 
medicinal plants.

2. Materials and methods
2.1 Material
The seeds of the species Aframomum 

melegueta, and the rhizomes of the species 
Curcuma longa were collected in the Bateke 
Plateau, in the Commune of Maluku, located 
near Kinshasa, the capital city of the DR Con-
go, and the fruits of Piper guineense analysed 
in this study come from the village of Koko in 
the province of Kikwit in DR Congo. These 
three species were formally identified in the 
Herbarium of the University of Kinshasa.

2.2 Methods
2.2.1 Analysis of mineral composition by 

X-ray fluorescence
The mineral composition of plant sam-

ples of A. melegueta, C. longa and P. guineen-
sis was analysed by X-ray fluorescence at the 
molecular biology laboratory of the General 
Commission for Atomic Energy (CGEA), lo-
cated at the Kinshasa Regional Centre for 
Nuclear Studies (CGEA/CREN-K). The X-ray 
fluorescence method was used. The basic 
principle of an X-ray fluorescence (XRF) 
spectroscopy system involves a  primary ra-
diation source, either a  radioisotope or an 
X-ray tube, and a  detector that records the 
secondary X-rays emitted by the sample. 
When an atom is irradiated by a photon in the 
X-ray region, an inner-shell electron can be 
ejected, creating a vacancy. During the sub-
sequent de-excitation process, an electron 
from a higher energy level fills this vacancy. 
The energy released during this transition is 
emitted as X-ray photons, which are charac-
teristic of the element involved. The result-
ing X-ray fluorescence spectrum appears as 
a  series of lines. Analysis of their positions 
reveals the mineral elements present in the 
sample (qualitative analysis). Conversely, the 
relative or absolute intensity of these lines 
indicates their concentration (semi-quanti-
tative or quantitative analysis).

2.2.2 Evaluation of anti-amylase activity
The in vitro evaluation of anti-amylase ac-

tivity was performed according to the method 
reported by Wickramaratne et al. (2016). Di-
gestive enzymes are now recognised as major 

therapeutic targets in the treatment of obesi-
ty and certain associated metabolic disorders, 
such as type 2 diabetes (Prieto-Rodríguez et 
al., 2022). The hydrolysis of starch by amy-
lases results in the release of reducing sugars, 
mainly glucose. Free aldehyde groups con-
vert oxidised 3,5‑dinitrosalicylic acid (yel-
low in colour) into 3‑amino‑5‑nitrosalicylic 
acid and nitrosalicylic acid, which are easily 
recognisable by their red-orange colour and 
maximum absorption at 540 nm.

The intensity of this colouring is directly 
proportional to the concentration of reduc-
ing sugar produced in the reaction medium. 
However, when an extract with amylase-
inhibiting potential is present, it prevents 
starch hydrolysis, thereby limiting the re-
lease of glucose and the reduction of 3,5‑di-
nitrosalicylic acid. The inhibitory power of 
the extract is then assessed by comparing the 
measured absorbance of the colored complex 
(3‑amino‑5‑nitrosalicylic acid) in the pres-
ence and absence of the extract.

2.2.3 Operating procedure
a. Extraction of plant amylases
The amylases were extracted from 10 g of 

germinated corn flour macerated in 100 mL 
of distilled water. The resulting suspension 
was homogenized by magnetic stirring for 15 
minutes, then filtered through Whatman No. 
1 paper. The filtrate was then centrifuged at 
4,000 rpm for 20 minutes at 4 °C. The result-
ing supernatant containing the enzymes was 
collected and stored in a refrigerator at 4 °C 
for immediate use or at –20 °C for later use.

b. Preparation of different extract 
concentrations

To prepare the plant extracts for testing, 
20 mg of each extract was dissolved in 10 mL 
of distilled water or 80% ethanol to obtain 
a stock solution of 2 mg/mL, from which suc-
cessive dilutions were made.

c. Preparation of 3,5‑dinitrosalicyl‑
ic acid (DNSA) colororimetric solution

Colorimetric solution of 3,5‑dinitrosali-
cylic acid (DNSA) was prepared by dissolving 
12 g of sodium potassium tartrate tetrahy-
drate in 8 mL of 2 M NaO H. Then, 20 mL of 
a 96 mM solution of 3,5‑dinitrosalicylic acid 
was added to this solution.

d. Screening for anti-amylase activity
To evaluate antidiabetic activity, 200 µL of 

enzyme extract was mixed with 200 µL of plant 
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extract and incubated at 37 °C for 10 minutes. 
Next, 200 µL of a 1% pure starch solution was 
added and incubated for 3 minutes at 37 °C. 
The reaction was then stopped by adding 200 
µL of DNSA. This mixture was then boiled 
in a water bath at 90 °C for 10 minutes. Af-
ter cooling to room temperature, the solution 
was diluted by adding 5 µL of distilled water. 
Absorbance was measured at 540 nm using 
a  UV-visible spectrophotometer. An enzyme 
blank, representing 100% activity, was pre-
pared by replacing the plant extract with 200 
µL of the solvent used. A second blank, specif-
ic to each concentration level of the extracts, 
was prepared in the absence of the enzyme.

e. Amylase activity inhibition calcu‑
lation

The percentage inhibition of amylase activ-
ity was calculated using the following formula:

% Amylaseinhibition = Abs con‑
trol–Abs extract Abs control x 100

Where Abs = Absorbance
2.2.4 Statistical analysis
GraphPad Prism 6.0 and Statistix 8.0 

software were used for all statistical analy-
ses, including the determination of IC₅₀ val-
ues. Results were expressed as mean ± stan-
dard deviation. One-way analysis of variance 
(ANOVA) was used to compare the means of 
the different samples, followed by Tukey’s 
test for multiple comparisons. The threshold 
significance was set at α =0.05.

3. Results and discussion
3.1 Plant mineral composition
Figures 1, 2, and 3 below illustrate the 

mineral composition of Aframomum mele-
gueta, Curcuma longa, and Piper guineense 
species. They reveal the presence of potas-
sium, iron, and zinc in the A. melegueta 
sample, potassium, iron, and zinc in that of 
C. longa, and potassium, iron, and selenium 
in that of P. guineense. Previous studies also 
highlighted the presence of magnesium, calci-
um, manganese, chromium, zinc, copper, iron, 
phosphorus, and sodium in the various plants 
analysed (Khan et al., 2024; Jansen et al., 
2005). Potassium, an essential mineral, plays 
a crucial role in maintaining resting membrane 
potential and regulating osmolarity within 
cells. It is also well established that potassium 
has an impact on the functions of endothelial 
cells and vascular smooth muscle cells. Nu-
merous studies have also shown that increas-
ing dietary potassium intake can lower blood 
pressure to more physiologically favourable 
levels (Haddy 2006; Chan 2024). The hypo-
tensive effects of this element have been doc-
umented in several intervention trials. These 
effects are reported in various meta-analyses 
(Biff and Deborah 2020). Furthermore, epide-
miological data accumulated over the last de-
cade show a link between low dietary potassi-
um intake – or low serum concentrations – and 
an increased risk of insulin resistance and the 
development of type 2 diabetes.

Figure 1. Quantification of mineral elements by X-ray 
fluorescence of  Aframomum melegueta extract
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Furthermore, zinc deficiency and chang-
es in the homeostasis of this essential trace 
element are linked to several chronic dis-
eases, including diabetes and its complica-
tions, notably diabetic retinopathy. Indeed, 
zinc contributes to the structural stability of 
copper-zinc superoxide dismutase (Cu-Zn 
SOD). This is an important antioxidant de-
fence enzyme. It protects thiol (–SH) groups 
from oxidation by competing with iron, in-

hibits the activity of NADPH oxidase, a ma-
jor source of free radicals, and reduces the 
production of reactive oxygen species (ROS) 
by interfering with Fenton reactions, in par-
ticular by competing with iron and copper 
(Mbemba et al., 2023; Mayele et al., 2025). 
Prasad and Bao (2019) attest that zinc also 
plays a  major direct and indirect antioxi-
dant role, which helps to maintain cellular 
redox balance.

Figure 2. Quantification of mineral elements in Curcuma longa L.

Figure 3. Quantification of mineral elements by X-ray 
fluorescence of Piper guineensis extract

Selenium, for its part, plays a  funda-
mental role in defending cells against dam-

age caused by free radicals. Ceci est dû à la 
présence de glutathion peroxydase sélénium-
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dépendante dans le site actif et à l’activité an-
tioxydante des selenoproteins (Burk, 2002). 
Le sélénium contribue également à l’amélio-
ration de la fonction des cellules effectrices 
cytotoxiques, essentielles à la maturation des 
lymphocytes T et à la production d’anticorps 
T-dépendants (Zhang et al., 2020).

However, selenium intake in excess of 
nutritional requirements could inhibit the 
replication and mutation of SARS-CoV-2 
into more virulent forms, while mitigating 
oxidative stress, organ damage, and the cyto-
kine storm associated with infection (Zhang 
et al., 2020). This protective effect is partic-
ularly crucial in older individuals, in whom 
selenium deficiency is linked to an increase 
in pro-inflammatory cytokines.

Iron is an essential element in many bio-
logical processes, including the synthesis of 
haemoglobin, cytochromes, and key enzymes 
such as catalase, which plays a role in antioxi-
dant defence (Mbemba, 2023). A recent study 
conducted by Oleiwi et al. (2024) highlight-
ed a significant positive correlation between 
iron concentrations and catalase activity in 
subjects with diabetes, suggesting a close link 
between iron status and the regulation of oxi-
dative stress in this pathological context.

Furthermore, organic germanium is 
known for its various pharmacological activi-
ties and is often used in medicine for anti-tu-
mour, antiviral, antibacterial, antioxidant, 
immune regulation, and hypoglycaemic pur-
poses. Wang et al. (2020) report that germa-
nium can inhibit inflammation by suppress-
ing the activation of the NF-kB and MAPK 
pathways, and reducing the expression of 
TNF-α, IL-1β and IL-6. Traces of germanium 
keep hydrogen peroxide at a low level, inhib-
iting oxidative stress and thus preventing its 
activity. It has been observed that germani-
um is part of the active centers of certain en-
zymes and participates in oxidation, mainly 
with hydrogen peroxide, without producing 
harmful oxygenated species (Menchikov et 
al., 2023). In fact, previous results suggest 
that Ge-132 has the potential to act as an 
antioxidant supplement by protecting cells. 
(Menchikov and Popov, 2023).  

The spectrum shows that the CT4 sam-
ple contains beneficial elements (K, Fe, Zn), 
but also heavy metals of concern (Pb), which 
implies: potential nutritional or therapeutic 

value, but also a toxicological risk to be mon-
itored, particularly when used for medical 
purposes (Purwadi et al., 2022). The PT3 
spectrum reveals a profile rich in bioactive el-
ements (K, Fe, Se), supporting potential use 
in phytotherapy or supplementation. How-
ever, the presence of non-essential elements 
(Rb, Nb) calls for further analysis to assess 
toxicological safety before any medicinal or 
dietary use. Niobium (Nb) is rarely present 
in biological matrices. However, its detec-
tion could be linked to environmental con-
tamination or a particular geological origin. 
It has no known role in human metabolism 
(Tchounwou et al., 2019).

The Curcuma longa and Piper guineense 
spectra show interesting nutritional poten-
tial, particularly due to the presence of es-
sential elements. However, the presence of 
non-essential or even toxic trace metals re-
quires toxicity assessment before any thera-
peutic or food use.  The spectra obtained by 
XRF show the elemental composition of three 
extracts (Aframomum melegueta, Curcu-
ma longa, and Piper guineense). Potassium 
(K), Iron (Fe), Zinc (Zn) and Rubidium (Rb) 
are present in all samples, thus confirming a 
similar mineral base. These elements are im-
portant for health: K: electrolyte balance and 
muscle contraction; Fe: oxygen transport; 
Zn: immunity and antioxidant enzyme; Rb: 
is a non-essential trace element, considered 
as an indicator of bioaccumulation, often as-
sociated with the bioavailability of minerals 
and trace elements (Palmar et al., 2023). For 
their part, Tchounwou et al. (2019) also re-
port the presence of specific elements in A. 
melegueta, C. longa, and P. guineense. How-
ever, A. melegueta does not contain any toxic 
heavy metals, making it safer for therapeutic 
use. C. longa, on the contrary, has a peak of 
Pb (lead), a toxic element, which may pose 
safety problems for prolonged therapeutic 
use. On the contrary,  Piper guineense con-
tains Se (selenium) and Nb (niobium), which 
are absent in other species.  Selenium is 
known as an essential trace element in low 
doses and an antioxidant, while Niobium is 
a non-essential element, as it is rarely found 
and must be monitored.

3.2 Anti-amylase activity
Table 1 below reveals that, among the 

aqueous extracts, the P. guineense extract 
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tested individually shows significant inhi-
bition of amylase activity, with an IC₅₀ of 
49.0 ± 0.20 mg/ml. This activity is followed 
by that observed for the combination of 
C. longa and A. melegueta (CA) samples, 
then that of the combination of C. longa, A. 
melegueta, and P. guineense (CAP), with 
respective inhibition percentages of 46.2 ± 
0.60 mg/mL and 46.1 ± 0.20 mg/mL. The 
inhibitory effects of these samples are statis-
tically significant compared to those of the 
other plant extracts analysed individually or 
in combination.

Concerning the hydro-ethanolic extracts, 
analysis of Table 1 below indicates that the 
extract of P. guineense, tested individually, 
exhibits significant inhibitory activity, with an 
IC₅₀ of 47.7 ± 0.80 mg/ml. This activity is fol-
lowed by that of the A. melegueta extract an-
alysed separately, with an IC₅₀ of 41.0 ± 0.20 
mg/mL, then that of the combination of C. 
longa, A. melegueta, and P. guineense (CAP), 
which revealed an IC₅₀ of 40.0 ± 0.80 mg/mL. 
The other extracts, used alone or in combina-
tion, showed less marked inhibitory activity 
compared to the samples mentioned above.

Table 1. Anti-amylase activity of extracts from A. melegueta, C. longa, 
and P. guineensis, analysed separately or in combination

Concentrations (mg/mL)
Samples AM CL PG CA CP CAP

Aqueous ex‑
tracts 14.2±0.4e 23.1±1.21d 49.0±0.20a 46.2±0.60b 44.7±1.0c 46.1±0.20b

Organic extracts 41.0±0.2b 39.0±0.20c 47.7±0.80a 15.0±0.60f 24.8±0.40d 40.0±0.80bc

Acarbose (Control) 22.29±1.24de

p-value 0.0000

Caption: AM: A. melegueta; CL: C. longa; PG: P. guineense; CA: Combination 
of C. longa and A. melegueta; CP: Combination of C. longa and P. guineense; CAP: 
Combination of C. longa, A. melegueta, and P. guineense. For each line, the superscript 
letters indicate the degree of anti-amylase activity of the aqueous or ethanolic extracts 
of the different samples analysed. These letters correspond to activity levels ranked 
in descending order according to the following sequence: a > b > c > d > e > f

The fact that the CA and CAP combina-
tions also exhibited notable inhibitory ac-
tivity suggests the existence of a synergistic 
effect between the phytochemicals of the 
plants studied. Such observation opens up 
an interesting avenue for the use of these 
combinations in the formulation of nutra-
ceuticals for anti-diabetic purposes. Indeed, 
these combinations could inhibit the action 
of amylases involved in the digestion of glu-
cose polymers, thereby delaying the intesti-
nal absorption of this monosaccharide. This 
mechanism contributes to the regulation of 
postprandial hyperglycaemia and is strongly 
recommended in the management of diabe-
tes (Kifle et al., 2021).

Scientific literature remains limited about 
the study of the anti-amylase potential of the 
combination of extracts of C. longa and A. 
melegueta or C. longa and P. guineense, or 

even the combination of these three plant 
species, compared to the action of each of 
them evaluated separately. With respect to C. 
longa, Lekshmi et al. (2012) showed that its 
aqueous and organic extracts exhibit anti As 
for C. longa*, Lekshmi et al. (2012) showed 
that its aqueous and organic extracts exhibit 
remarkable anti-amylase activity. Further-
more, the inhibition of glycosidase, another 
key enzyme in carbohydrate digestion, has 
been attributed to its essential oils, as well as 
to curcuminoids, primarily curcumin and bis-
demethoxycurcumin (Wildowati et al., 2018; 
Ramkumar et al., 2021).-amylase activity. 
Lekshmi et al. (2012) showed that aqueous 
and organic extracts of C. longa exhibit re-
markable anti-amylase activity. Furthermore, 
Wildowati et al. (2018) and Ramkumar et al. 
(2021) indicate that the inhibition of glyco-
sidase, another key enzyme in carbohydrate 
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digestion, is due to its essential oils, as well 
as to curcuminoids, primarily curcumin and 
bisdemethoxycurcumin. Meanwhile, Omosa 
et al. (2017) attributed the antidiabetic ac-
tivity of C. longa to the presence of curcumi-
noids and sesquiterpenoids.

In addition, the literature reports that 
curcumin, the main representative of cur-
cuminoids and the major active constituent 
of C. longa, has a hypoglycemic effect by re-
ducing hepatic glucose production and stim-
ulating glucose absorption through the ac-
tivation of several genes, particularly those 
coding for the glucose transporters GLUT4, 
GLUT2, and GLUT3 (Ghorbani et al., 2014). 
It may also induce the activation of the nu-
clear receptor PPAR-γ, decrease plasma glu-
cose levels, and stimulate enzymes involved 
in glycolysis, such as hepatic glucokinase. 
In addition, curcumin promotes the accu-
mulation of hepatic glycogen and downreg-
ulates neo-glucogenesis enzymes, including 
phosphoenolpyruvate carboxykinase (PEP-
CK) and glucose-6-phosphatase (Vafaeipour 
et al., 2022). Curcumin improves insulin 
expression and secretion by activating phos-
phatidylinositol-3-kinase (PI3K), protein ki-
nase B (Akt), and the signalling pathway in-
volving the GLUT2 glucose transporter. This 
effect is associated with increased activity of 
GLUT2 and glucokinase (GCK), two key ele-
ments in the regulation of glucose uptake and 
intracellular metabolism (Zhang and Kitts, 
2021). According to Ramkumar et al. (2021), 
bisdemethoxycurcumin, another representa-
tive of the curcuminoids, is capable of inhib-
iting human pancreatic α-amylase in vitro, as 
it regulates blood glucose and is targeted in 
the treatment of diabetes.

Mohammed et al. (2017) indicate that 
the leaves and seeds of A. melegueta con-
tain antihyperglycemic activity. This helps 
improve pancreatic β-cell dysfunction and 
reduces other complications associated with 
diabetes.  Karlsson et al. (2013) report that 
extracts from certain species of the genus 
Aframomum (A. Aulacocarpus, A. citratum, 
A. deniellii) not only limit weight gain, but 
also lower total and LDL cholesterol levels, 
while increasing HDL cholesterol, which has 
a well-established protective effect against 
obesity (Karlsson et al., 2013). According to 
these authors, obesity is now recognised as 

one of the main risk factors for type 2 dia-
betes.

Platel and Srinivasan (2000) report that 
extracts of Piper species (black pepper) stim-
ulated food digestion by stimulating the se-
cretion of digestive enzymes (pancreatic 
amylase, trypsin, and chymotrypsin). This 
activity significantly reduces food transit 
time in the gastrointestinal tract and increas-
es both saliva production and gastric secre-
tions. Furthermore, Liu et al. (2020) report-
ed that administering piperine, an alkaloid 
isolated from species of the genus Piper, to 
obese mice resulted in a significant decrease 
in fasting blood glucose, total serum choles-
terol, and triglycerides, while also improving 
glucose intolerance and insulin resistance. 
Furthermore, the effect of piperine on im-
proving the bioavailability of curcumin, as 
well as enhancing its therapeutic properties, 
has been widely documented in the literature 
(Partial et al., 2015; Mbadiko et al., 2024).

Results from this study indicate that the 
anti-amylase activity observed for the ex-
tracts of A. melegueta, C. longa, and Piper 
guineense species, whether evaluated indi-
vidually or in combination, is closely linked 
to the presence of phytochemicals capable 
of inhibiting amylases. These compounds 
include certain alkaloids such as piperine, 
polyphenols including curcuminoids, partic-
ularly curcumin and its derivatives, as well 
as terpenoids and saponins. These classes of 
compounds have been reported in the litera-
ture as having antidiabetic effects, particular-
ly through their ability to inhibit pancreatic 
and salivary α-amylase, thereby contributing 
to the regulation of blood glucose levels in di-
abetic patients (Wildowati et al., 2018; Teng 
et al., 2018; Liu et al., 2020; Ramkumar et 
al., 2021; Aurelio et al., 2022).  

4. Conclusion and recommendation
This study focused on the fundamental 

analysis and evaluation of the anti-amylase 
activity of Curcuma,  Aframomum melegue-
ta, and P. guineensis. Based on fundamental 
analysis, the mineral composition revealed 
that the hydro-ethanolic extracts of C. longa 
and A. melegueta (CA) present an interesting 
profile: potassium (K) is normally present in 
medicinal plant extracts; iron (Fe) is known 
as an enzyme, which suggests a potential 
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therapeutic interest, especially as an antioxi-
dant. Zinc (Zn) is a cofactor for enzymes and 
plays a crucial role in the immune response. 
The spectrum therefore shows that sample 
CT4 contains not only beneficial elements 
(K, Fe, Zn), but also heavy metals of concern 
(Pb), which not only have potential nutri-
tional or therapeutic value, but also possess a 
toxicological risk that needs to be monitored, 
particularly when used for medical purpos-
es. The PT3 spectrum reveals a profile rich 
in bioactive elements (K, Fe, Se), supporting 
potential use in phytotherapy or supplemen-
tation. However, the presence of non-essen-
tial elements (Rb, Nb) calls for further anal-
ysis to assess toxicological safety before any 
medicinal or food use.

X-ray fluorescence (XRF) spectra show 
the elemental composition of three extracts 
(Aframomum melegueta, Curcuma longa, 
and  Piper guineense). The resulting  XRF   
spectra of C. longa and Piper guineense show 
interesting nutritional potential, which is 
particularly due to the presence of essential 
elements. However, the presence of traces of 
non-essential elements, or even toxic met-
als, necessitates a toxicity assessment before 
any therapeutic or food use. An integrated 
approach combining X-ray fluorescence, bi-
ological, and toxicological analyses is recom-
mended.

Piper guineense contains selenium (Se) 
and niobium (Nb), which are absent in A. 
melegueta and C. longa. Selenium is an es-
sential trace element in small doses, acting as 
an antioxidant. Niobium, on the other hand, 
is a non-essential element whose presence 
is rare and must be monitored. However, 
Aframomum melegueta does not contain 
toxic heavy metals, making its therapeutic 
use safer. The trace elements present in the 
studied plants also play a role in various bio-
chemical processes, particularly in antioxi-
dant mechanisms.

Regarding the anti-amylase activity of the 
aqueous extracts, the P. guineense extract, 
tested alone, showed significant inhibition 
of α-amylase, followed by the combination 
of C. longa and A. melegueta (CA), and then 
the combination of the three samples (CAP). 

For hydroethanolic extracts, the P. guineense 
extract tested individually also showed the 
strongest inhibitory activity, followed by the 
A. melegueta extract, and then by the combi-
nation CAP of the three species.

This study presents interesting perspec-
tives for the development of medicinal plants 
with a favourable mineral salt profile and 
pronounced anti-amylase activity. This will 
enable improved formulation of nutraceuti-
cals for the prevention of chronic non-com-
municable diseases associated with oxidative 
stress. An integrated approach combining 
XRF, biological, and toxicological analyses is 
therefore recommended.
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Abstract
In this work, we investigated the catalytic activity of individual metal oxides (CuO, MnO₂, 

SnO₂, Cr₂O₃, Co₂O₃, ZrO₂, TiO₂, etc.) in the oxidation of carbon monoxide (CO), hydrogen 
(H₂), and hydrocarbons (methane, n-octane) in order to select the optimal material for semi-
conductor gas sensors. Experiments were conducted using gas-air mixtures at a controlled 
temperature of 350 °C and a fixed flow rate. The activity and selectivity of the oxides, as well 
as their dependence on physical properties, such as the metal–oxygen bond length and band 
gap, were determined. The results show that CuO, MnO₂, and SnO₂ are the most active oxides 
for CO oxidation, and ZrO₂ is the most active for the selective detection of H₂. These findings 
enable the creation of semiconductor sensors with improved operational and metrological 
characteristics.
Keywords: semiconductor sensor, carbon monoxide, hydrogen, hydrocarbons, metal oxides, 
catalytic activity, selectivity

Introduction
Semiconductor sensors are widely used 

to monitor toxic and flammable gases, such 
as CO, H₂, and hydrocarbons, in industry 

and households. The main challenge in de-
veloping such sensors is selecting an active 
material with high catalytic activity and se-
lectivity for the target gases. Metal oxides are 
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promising candidates due to their high sta-
bility, catalytic activity, and the ability to fine-
tune their properties.

The aim of this work is to identify the 
most active and selective individual metal 
oxides for the development of semiconductor 
sensors capable of reliably detecting CO, H₂ 
and hydrocarbons in gas mixtures with dif-
ferent component concentrations.

Methodology
Selection of material: metal oxides CuO, 

MnO₂, SnO₂, Cr₂O₃, Co₂O₃, ZrO₂, TiO₂, 
WO₃, NiO, SiO₂ and Al₂O₃ were selected as 
the objects of study.

Catalyst preparation: The oxides were de-
posited on an inert support (Al₂O₃ or SiO₂) 
using the sol-gel method to form an active 
catalytic layer ~1 mm thick. For some cata-
lysts, Pt or Pd were added to improve activity.

Performance control: The physical prop-
erties of the materials – metal–oxygen bond 
length, band gap, and particle size – were 
taken into account when analyzing the re-
sults.

Activity determination: oxidation of CO, 
H₂ and hydrocarbons was carried out at 
350  °C with a  fixed flow of gas-air mixture 
(10 ml/min) and known partial pressure of 
the components.

In order to develop sensors that moni-
tor carbon monoxide, methane and hydro-
carbons (gasoline vapors, natural gas and 
others) in gas and gas-vapor mixtures, the 
oxidation processes of these substances in 
the presence of various metal oxides were 
studied.

The experiments were carried out in a re-
actor with a  constant catalyst bed, the dia-
gram of which is shown in Figure 4.1.

Figure 1. Scheme of the installation for catalytic oxidation of combustible substances

1 – gas cylinders; 
2 – fine gas regulation valve; 
3 – rheometer; 
4 – gas preparation device; 
5 – electric furnace; 
6 – reactor with catalyst; 

7 – current source; 
8 – millivoltmeter; 
9 – chromatograph; 
10 – recording device KSP‑4; 
11 – source of the mixture being studied 
(gas or steam)

The main elements of the installation in-
clude: a reactor with a catalyst, a device for 
preparing and feeding gases, a  chromato-
graphic dispenser and a gas chromatograph.

Experimental part
The reactor is a heat-resistant glass tube 

equipped with an electric furnace. The re-
quired temperature in the reactor is main-

tained with an accuracy of ±1.0  °C using 
a thermostat. Temperature changes are mon-
itored by a thermocouple connected to a mil-
livoltmeter.

During the experiment, the gas-air mix-
ture from the cylinder is fed through the rhe-
ometer into the reactor.

After the reaction mixture passes through 
the catalyst bed in the reactor, a  certain 
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portion of this mixture is periodically direct-
ed into the chromatographic column using 
a metering valve.

The carrier gas from the cylinder passes 
through a fine-tuning regulator, a gas prepa-
ration unit (GPU), and a metering valve be-
fore entering the chromatography column. 
When a  sample is injected, the carrier gas 
flow passes through the metering valve ring 
and captures a certain portion of the gas-air 
mixture.

The degree of oxidation of the combus-
tible component is monitored by recording 
chromatograms of the mixture before and af-
ter it passes through the catalyst layer.

Chromatographic analysis of a  gas mix-
ture (carbon monoxide, hydrogen, methane 
mixed with air) is carried out under the fol-
lowing conditions:

–  detector – katharometer;
–  detector and column temperature – 

room temperature;
–  carrier gas flow rate – 1.5–3.5 l/h (de-

pending on the composition of the gas-
air mixture);

–  column length – 1.5–3 m, internal di-
ameter – 3 mm, filling – activated car-
bon.

The quantity of components is determined 
using a pre-constructed calibration curve.

An LHM‑8MD chromatograph with 
a flame ionization detector was used to mon-
itor hydrocarbon (gasoline vapor) oxidation 
processes. The following conditions were 
used for chromatographic monitoring of gas-
oline and diesel fuel oxidation products:

–  a chromatographic column filled with 
5% apieson-L on Chromaton, 1 m long and 3 
mm internal diameter;

–  column temperature – 150–200  °C; 
the speed of transporting argon is 50 ml/min.

Additional control of the hydrocarbon ox-
idation process was carried out by determin-
ing carbon dioxide in the reaction products 
using potentiometric titration.

The completeness of oxidation of the 
component being determined was used as 
a criterion for the suitability of the selected 
catalyst for creating the sensing element of 
a  semiconductor sensor. Considering that 
the completeness of oxidation of combus-
tible substances depends on their composi-
tion, process temperature, the concentration 

of reactants, and the ratio of components in 
the gas mixture passing through the reactor, 
we examined the role of each of these factors 
during the study.

Typically, catalysts used for the oxidation 
of hydrogen, carbon monoxide, methane and 
hydrocarbon vapors are noble metals, alloys, 
metal oxides and their mixtures, as well as 
systems based on platinum group metals.

As follows from the literature, oxidation 
reactions of combustible gases on Pt- and Pd-
based catalysts have been studied in consid-
erable detail. Such studies are considerably 
less widespread in the field of semiconductor 
materials. Among such compounds (oxides, 
sulfides, chlorides, etc.), rare metal oxides 
exhibit the highest activity, since, according 
to coordination theory, the presence of free 
coordination sites in the cationic sphere is 
necessary for the catalytic reaction to occur. 
Chlorides and sulfides (Cl– and S²–) have 
a  radius larger than oxygen and completely 
shield the cation, resulting in a significant re-
duction in catalytic activity.

Metal oxides exhibit significantly higher 
catalytic activity in the oxidation of CO, H₂, 
CH₄, and other gases, which is why they are 
widely used in gas masks and in industrial and 
automotive exhaust gas purification systems. 
In combustible gas oxidation reactions, oxides 
are significantly more stable than metals, as 
they are stable in the presence of oxygen.

Along with activity and stability, one of 
the most important characteristics of a cata-
lyst is its selectivity – the ability to acceler-
ate only one reaction out of several occurring 
simultaneously. Therefore, the problem of 
selectivity in catalytic processes is of funda-
mental importance. It should be noted that 
when studying the oxidation of combusti-
ble substances, researchers primarily focus 
on the selection of active catalysts. Issues of 
catalyst selectivity have been much less stud-
ied. Moreover, due to the incomparability of 
data obtained for different catalysts under 
different conditions, it is impossible to draw 
even tentative conclusions about the selectiv-
ity of the oxidation of individual substances 
in the presence of other combustible gas-
es and vapors. Developing a  scientific basis 
for catalyst selection is one of the key tasks 
of catalysis. However, to date, a satisfactory 
theory of selectivity has not been developed. 
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Existing theories of catalysis – electron, 
multiplet, intermediate compound theory, 
and acid-base catalysis – define a number of 
properties of a solid that suggest its selective 
action in a given reaction, but none of these 
properties can be considered an exact crite-
rion for catalytic selectivity. Therefore, the 
selection of active and selective catalysts is 
currently primarily accomplished experi-
mentally. However, advances in the study of 
chemisorption and the mechanism of cataly-
sis make it possible to significantly reduce the 
time required to select a catalyst for a specific 
reaction and identify a number of patterns.

Based on the above, the main objective 
of the research devoted to the development 
of a semiconductor gas sensor is the creation 
of selective catalytic systems with improved 
performance properties and metrological 
characteristics.

The catalyst for a sensor designed to detect 
natural gas and hydrocarbon vapors in indus-
trial and automotive emissions was selected in 
the presence of hydrogen, carbon monoxide, 
methane, and other gases that occur together 
with hydrocarbons in various sources.

Aluminum and silicon oxides exhibit low 
activity in oxidation-reduction reactions. 
Therefore, we used aluminum oxide and sil-
icon oxide as an inert substrate and as a car-
rier for the immobilization of active metal 
oxides. Formation of a  catalytically active 
layer on the surface of the inert carrier was 
achieved using sol-gel technology.

To test the catalytic properties, the metal 
oxide was applied to an inert carrier by treat-
ment with solutions of the corresponding 
metal salts (nitrates, carbonates or oxalates), 
followed by drying at 100–130 °C for 2.5–3 
hours and calcination at the salt decomposi-
tion temperature for 3 hours.

Catalysts containing platinum and pal-
ladium were prepared by impregnating the 
carrier with aqueous solutions of chloropla-
tinic and chloropalladic acids, then drying at 
130 °C and calcining at 500–700 °C.

Experiments to select optimal conditions 
for the oxidation of CO, H2 and hydrocarbons 
in the presence of metal oxides were carried 
out at a gas-air mixture flow rate of 5 l/h and 
in a wide range of concentrations of combus-
tible components. In semiconductor sensors, 
the active components of the gas-sensitive 

film ensure the oxidation of combustible gas-
es predominantly in a  thermodynamically 
favorable direction with the formation of car-
bon dioxide and water vapor.

Experiments on the selection of active 
and selective metal oxides for gas-sensitive 
films of a semiconductor sensor designed to 
detect hydrogen, methane, carbon monoxide 
and hydrocarbon vapors were carried out us-
ing the following oxides: Fe₂O₃, MnO₂, TiO₂, 
ZnO, SnO₂, WO₃, ZrO₂, Cr₂O₃, Cu O.

Reaction conditions: catalyst layer in 
the reactor was 5.0 mm, the rate of gas-air 
mixture passage through the catalyst layer 
was 10 ml/min, samples were taken every 
10 minutes for reaction mixture analysis, the 
volume of each sample was 0.1 ml. Catalysts 
were prepared on the basis of metal oxide 
powders, particle size ~1 mm. The partial 
pressure of the reducing component (CO, 
CH₄, n-octane and H₂) in the gas-air mixture 
for all components was: Pcom. = 0.02 atm., 
PO₂ = 0.2 atm., Rumumium = 1.0 atm.

The composition of the reaction mixture 
before and after the catalyst layer was mon-
itored using gas chromatography. The quan-
tities of individual components during anal-
ysis were determined using pre-constructed 
calibration curves for each component.

The table shows that the most easily ox-
idized compound in the carbon(II) oxide-
methane-n-octane-hydrogen system is hy-
drogen. For most of the metal oxides studied, 
the oxidation state of hydrogen is 50–100%.

When determining hydrogen, the highest 
selectivity is observed for zirconium oxide: in 
its presence, the oxidation of hydrogen reach-
es 100%, while the oxidation of carbon(II) 
oxide, methane and n-octane is, respectively: 
CO – 6%, CH₄ – 2.1%, n-octane – 0.9%.

These table results confirm the feasibil-
ity of using ZrO₂ as the main component of 
a gas-sensitive film in a semiconductor sensor 
that selectively detects hydrogen in the pres-
ence of carbon monoxide and hydrocarbons. 
Moreover, with this gas-sensitive material, 
carbon monoxide and hydrocarbons are vir-
tually not oxidized under identical conditions.

According to the data in Table 3.1, at 
a temperature of 350 °C, all of the catalysts 
studied exhibited carbon monoxide oxida-
tion to varying degrees. The most active met-
al oxides for this process include CuO, MnO₂, 
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SnO₂, and Cr₂O₃. In the presence of these 
oxides, CO oxidation under the experimental 
conditions ranged from 70 to 91%.

Oxides exhibiting moderate activity for 
the carbon monoxide oxidation process in-
clude Fe₂O₃, CoO, Co₃O₄, V₂O₅, ZnO, and 
TiO₂. These oxides provided CO oxidation in 
the range of 40–68%.

The oxides with low activity and selectivi-
ty among the studied compounds were WO₃, 
NiO, ZrO₂, SiO₂, and Al₂O₃. At a  tempera-
ture of 350 °C, carbon(II) oxide was practi-
cally not oxidized in the presence of SiO₂ and 
Al₂O₃; its oxidation by atmospheric oxygen 
amounted to only 2–3%.

Therefore, in subsequent experiments, 
these oxides were used as an inert carrier in 
the development of gas-sensitive elements of 

semiconductor sensors for carbon monoxide 
monitoring.

Conclusion
Individual metal oxides exhibit different 

catalytic activities and selectivities in the 
oxidation of CO, H₂ and hydrocarbons. For 
semiconductor CO sensors, CuO, MnO₂ and 
SnO₂ have the best activity. For selective de-
tection of H₂, ZrO₂ is optimal, as it ensures 
complete oxidation of hydrogen with mini-
mal impact on other components. The high-
est catalytic activity in the oxidation of hy-
drocarbons (CH₄ and n-octane) is observed 
on Co₂O₃, Cr₂O₃, CuO and MnO₂. The ob-
tained data enable the development of highly 
efficient and selective semiconductor sensors 
for monitoring toxic and flammable gases in 
industrial and environmental systems.
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Abstract
The article discusses the complex process of diagnosing slope and slope deformation 

through the combined use of unmanned aerial vehicles (UAV), ground-penetrating radar (GPR), 
and satellite interferometric monitoring. The article emphasizes that deformation processes can 
often occur covertly and be accelerated by factors such as humidification, seasonal freezing and 
thawing cycles, intense precipitation, and human activities. Traditional observation methods 
often lack the ability to provide sufficient information on the underlying causes and mechanics 
of these displacements.

The article describes a method that utilizes UAVs to precisely record surface changes, GPR 
to detect subsurface inhomogeneities, and InSAR to generate spatially distributed displacement 
time series over large areas. This approach allows for a more comprehensive understanding 
of the deformation process and its various contributing factors. A simple algorithm for data 
integration is presented, including the unification of spatial and temporal reference systems, 
quality-filtering, allocation of activity areas, their detailed analysis, and final risk categorization. 
The procedure for practical implementation at a selected site is also described.
Keywords: slope deformations, slopes, landslides, monitoring, unmanned photography, pho-
togrammetry, georadar, GPR, satellite interferometry, InSAR, time series of displacements, 
diagnostics, risk zoning

Relevance of the study
The relevance of this study stems from the 

fact that the stability of slopes directly affects 
the safety of transportation and engineering 
infrastructure, as well as mining and construc-

tion facilities and buildings in areas prone to 
landslides. Deformation processes can devel-
op covertly and accelerate with changes in soil 
water content, seasonal cycles of freezing and 
thawing, heavy precipitation, and human ac-
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tivities such as slope pruning, vibration, and 
drainage changes. In these conditions, early 
detection of signs of instability is crucial for 
preventing emergencies and minimizing the 
cost of repair and emergency measures.

A  variety of factors, including the avail-
ability of hazardous sites, the labor intensity 
required, the time discreteness of observa-
tions, and a  lack of information about the 
underlying structure and causes of defor-
mations often limit traditional observation 
methods. Diagnostics based on a single type 
of data can only provide a  partial picture, 
as they may capture surface manifestations 
without fully understanding the internal in-
homogeneities of an array, or vice versa, the 
presence of anomalies without a reliable as-
sessment of actual displacement kinematics.

Combining three complementary tech-
nologies – unmanned imaging (for detailed 
geometry and surface features), georadar (for 
assessing subsurface inhomogeneities and po-
tential attenuation zones), and satellite inter-
ferometry (for objective assessment of time 
shifts over large areas) – allows us to move 
from scattered observations to systematic di-
agnostics. This approach enhances the reliabil-
ity of identifying hazardous areas, improves 
the accuracy of engineering solutions (such as 
drainage, reinforcement, profile recycling, and 
operating regulations), and creates the basis 
for risk-based monitoring. In this approach, 
the frequency and volume of observations are 
determined by the actual dynamics of defor-
mations and the criticality of the facility, ensur-
ing that resources are allocated efficiently.

The purpose of the study
The aim of this research is to develop and 

describe a comprehensive approach for diag-

nosing slope deformations using a combina-
tion of unmanned surveying, georadar, and 
satellite interferometry. We will also create 
an algorithm to integrate the results and pro-
duce a  consistent diagnostic model, which 
will then be used to categorize sites according 
to their degree of deformation activity.

Materials and research methods
The research materials are based on the 

analysis of open sources on the engineering 
and geological classification of slope move-
ments and diagnostic signs of deformations, as 
well as data obtained through three instrumen-
tal methods: unmanned aerial vehicle (UAV) 
photogrammetry, ground-penetrating radar 
(GPR), and satellite interferometry (InSAR).

The methodology involves classifying 
slope movements based on their mechanism 
and material; comparing diagnostic signs of 
deformation with their expected spatial dis-
tribution; and constructing a  comprehensive 
monitoring system that uses InSAR to identify 
areas with stable movement trends, UAVs for 
detailed surface observations and boundary 
refinement, and GPR for assessing subsurface 
inhomogeneities related to deformation.

The results of the study
In engineering geology and geotechnics, 

the term “landslide/slope displacement” is 
used to refer to the process of moving mass-
es of soil, clastic material, or rocks downhill 
due to gravity. However, modern terminol-
ogy recognizes that this phenomenon is not 
limited to land and is not solely related to 
sliding in the traditional sense. Instead, it 
includes various mechanisms such as fall-
ing, tipping, spreading, and other types of 
movement.

Table 1. Classification of slope displacements by movement mechanism and material type

Movement 
mechanism Rock material Mainly coarse-

grained material
Predominantly fine-

grained material
Fall Rock Fall Debris collapse Landslide
Tipping over Rocky Rollover Clastic overturning Ground tipping
Sliding Rock Slide Clastic slip Ground slip
Spreading (stretching of 
the array) Rock sprawl Detrital sprawl Ground sprawl

Current (flow) Rocky current Detrital flow Ground flow

Source: author’s development
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To accurately describe the deformation of 
slopes and natural terrains, a unified classi-
fication system is essential. This system cat-
egorizes slopes based on two key factors: the 
type of material involved and the mode of 
movement (as shown in Table 1). In applied 
work, this scheme is important not just as 
a “formal” tool, but also as a tool that direct-
ly determines the expected geometry of the 

displaced surface, the type of deformations at 
the edges and sole, as well as a set of diagnos-
tic signs that help to recognize deformations 
in field and remote data (Landslides: investi-
gation and mitigation).

Below is Figure 1, which clearly illustrates 
the main mechanisms of slope displacement 
used in engineering and geological classifica-
tion.

Figure 1. The main types of slope deformations (spreading, overturning, rotational 
and translational landslide, creep, rockfall) (Landslides | Idaho Geological Survey)

Practical diagnostics of slope stability and 
deformation is based on understanding that 
the same event often involves phases and 
a possible change in kinematics (e. g., an ini-
tial displacement along a fracture surface fol-
lowed by mass movement into a stream). It 
also involves distinguishing between “activi-
ty style” and “stage”, which refers to how the 
deformation propagates and how the body 
shifts and develops over time.

A separate place in the theoretical founda-
tions is occupied by the rate of deformation, 
which is a parameter that relates the observed 
shape to the level of danger and monitoring 
regulations. In engineering practice, a speed 
scale is widely used to distinguish classes of 

movement, from extremely slow to extremely 
fast. For each class, approximate thresholds 
in mm/s and typical speeds in familiar units 
(m/year, m/month, etc.) are given, making it 
possible to compare the results of repeated 
surveys, geodesy, or satellite measurements 
with accepted engineering activity categories 
and correctly interpret whether the observed 
change is a sign of creep or indicates acceler-
ation that requires immediate action.

Diagnostic signs of slope and slope defor-
mations are verified by a combination of mor-
phological changes in the terrain and “object” 
indicators on infrastructure. The most reliable 
early warning signs include the appearance 
of new cracks and bulges on the ground sur-
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face, deformations of roadways and arches, the 
presence of areas of moisture/water outlet on 
the slope, or conversely, the emergence of local 
“puddles/damming” where previously this had 
not been observed, as well as signs of displace-
ment of artificial elements: tilt of poles, fences, 
trees, changes in tension of communications, 
distortion and cracks in buildings and founda-
tion parts.. It is noted that a single feature may 
have an alternative explanation. Therefore, 
practical diagnostics focus on the appearance 
of a  group of features and their spatial rela-
tionship to the expected deformation zones 
(upper part stretching and cracking, lower part 
bulging and deformation at the sole) (What are 
the signs of landslide development?).

Drones are used to take detailed sur-
face photos: an orthophoto map and a  dig-
ital model of the surface are created from 
overlapping images. In the case of repeated 
flights, the models are compared over time to 
identify changes in relief and deformations.

Georadar is used when it is necessary to 
understand what is going on in the upper lay-
ers of the ground: it provides sections of reflec-
tions that allow you to distinguish differences 
in properties (layer boundaries, disturbances, 
areas with high humidity/decompression) 
within a certain depth, which decreases sharp-
ly in conductive and water-saturated soils. 
A general scheme of how the reflected signal 
is sensed and recorded is shown in Figure 2.

Figure 2. Schematic diagram of GPR sensing: pulse transmission and reception, signal 
processing and interpreted GPR section (Ground penetrating radar – Mine Closure)

Satellite interferometry (InSAR) is essential 
for regular regional monitoring. It provides data 
on offsets along the radar line of sight and over 
time, which is particularly useful for detecting 
slow deformations and “background” activity 

over large areas. The results must always be in-
terpreted with caution, as the direction of the 
measurement does not always directly coincide 
with the true displacement vector, and depends 
on the geometry of the survey.

Table 2. Characteristics of slope and slope deformation 
monitoring methods (drone, georadar, In SAR)

Method What measures / 
what shows

Main output 
materials

A key limitation for 
interpretation

Drone (UAV, 
photogram-
metry)

Surface geometry and 
visual manifestations 
(cracks, ledges, subsid-
ence, blurring)

Orthophotoplane, 3D 
model/DEM (DS), 
maps of changes 
during re-shooting

It requires stable geo-
location and accuracy 
control between shots.
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Method What measures / 
what shows

Main output 
materials

A key limitation for 
interpretation

Ground-
penetrating 
radar (GPR)

Contrasts of properties 
in the upper stratum, 
anomalies, boundaries, 
violations

Radar images (pro-
files), anomaly maps / 
interpreted horizons

Attenuation in wet/con-
ductive soils, ambiguity 
without calibration

In SAR Time shifts along the line 
of sight (LOS), velocities/
trends

Velocity maps, time 
series by points

Decorrelation (vege-
tation/ snow/ surface 
changes), LOS geometry

Source: author’s development

Table 2 outlines the role of each method 
in comprehensive monitoring of slopes and 
slope deformations. It details what is being 
measured, the data obtained, and the limita-
tions to consider when interpreting results.

The integration algorithm in integrated 
monitoring starts with bringing data to a com-
mon spatiotemporal basis and consistent 
quality metrics, as the products themselves 
are inherently different. InSAR provides line-
of-sight (LOS) displacements and coherence/
stability indicators for the lens, UAV photo-
grammetry offers detailed surfaces and tex-
tures, and GPR generates profiles and reflec-
tion maps that are interpreted based on the 
physical properties of the medium.

Open manuals and reviews on multi-
temporal InSAR emphasize the importance of 
time series in strain interpretation, as they are 
sensitive to atmospheric effects, decorrelation, 
and survey geometry. Time series analysis and 

quality measurements at each point are cru-
cial for accurate strain interpretation. In or-
der to improve the understandability of LOS 
offsets and approximately the “engineering” 
components of motion, data from ascending 
and descending passes are used in practice. 
This makes it possible to separate measure-
ments into vertical and east-west components 
(based on standard assumptions and with the 
presence of both geometries). This approach 
is described in open materials on the use of 
multi-temporal InSAR techniques and the 
separation of LOS velocities (Multi-temporal 
In SAR analysis for monitoring ground defor-
mation in Amorgos Island, Greece).

Table 3 presents the minimum data inte-
gration algorithm (a sequence of steps and 
the expected outcome at each stage) that al-
lows you to combine UAV imagery, ground-
penetrating radar, and InSAR data into 
a single model for deformation analysis.

Table 3. The minimum data integration algorithm

Stage Action Result
1. Bringing to a single coordinate basis 

and agreeing on dates
All data is comparable in place and time.

2. Quality filtering (UAV/InSAR/GPR) Elimination of «false» changes and noises
3. Allocation of activity zones by InSAR Prioritization of sites for detailed survey
4. UAV details (geometry, features, 

changes between dates)
Boundaries and manifestations of deforma-
tion on the surface

5. Checking GPR conditions within the 
identified zones

Subsurface features that support interpreta-
tion

6. Assembling a single model and risk 
zoning

Map and passport of the site for monitoring 
decisions and regulations

Source: author’s development

The methodology is tested on a  specific 
slope, for which the boundaries of the site, 
the type of object (slope of excavation/em-

bankment, quarry side, natural slope near the 
road, etc.), signs of trouble (cracks, ledges, 
subsidence, erosion, distortion of structures), 
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and initial conditions (engineering, geologi-
cal, and hydrogeological data, drainage fea-
tures, man-made impacts) are determined. 
At the beginning of the chapter, the object is 
briefly described and the exact purpose of the 
methods is formulated: to determine where 
movement occurs, how it manifests itself on 
the surface, and what subsurface conditions 
may be associated with deformation.

Next, the program of work is presented in 
a single time interval. Using InSAR, a veloc-
ity map and a  time series of displacements 
are created, and zones with a stable trend are 
identified. A  drone is used to take detailed 
surface photographs to obtain an orthophoto 
and a digital surface model; when re-photo-
graphing, changes in the terrain are record-
ed and the boundaries of deformation phe-
nomena are clarified. Georadar is carried out 
along profiles within selected zones in order 
to obtain subsurface sections and interpret 
any inhomogeneities or boundaries that may 
explain the observed phenomena.

The main outcome of the testing process 
is data reconciliation. In SAR identifies areas 
with dynamic displacement, UAV confirms or 
clarifies surface features and changes in ge-
ometry, and GPR provides additional infor-
mation about the upper layer thickness. The 

results are presented as a zoning of the site 
into stable, under supervision, or active cat-
egories, and practical recommendations for 
improved control or engineering measures 
such as drainage, strengthening, and limiting 
impacts. These recommendations indicate 
which areas require priority attention.

Conclusions
Thus, comprehensive diagnostics of 

slopes and slope deformations, based 
on a  combination of unmanned surveys, 
ground-penetrating radar, and satellite in-
terferometry, allows us to move from iso-
lated observations to a  more systematic 
interpretation that considers displacement 
kinematics, surface manifestations, and 
subsurface conditions together. This ap-
proach reduces the risk of an incomplete or 
one-sided assessment of the slope condition 
and increases the reliability of identifying 
hazardous areas. It also improves the validi-
ty of engineering solutions, including drain-
age and reinforcement measures, forming 
the basis for risk-based monitoring. Moni-
toring should be based on the frequency and 
volume of observations, taking into account 
the actual dynamics of deformations and the 
criticality of the object.
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Abstract
This paper proposes the concept of integrating electrochemical water regeneration into 

smart home infrastructure. It examines the principles of electrochemical processes enabling 
disinfection, aeration, and chemical restoration of water without reagents. The integration of 
regeneration modules into the digital home ecosystem is described, including the use of sensor 
systems and AI-based control algorithms. Engineering calculations of energy efficiency and 
economic impact are provided for a residential complex of 100 apartments. The results show 
that implementing electrochemical modules can reduce fresh water consumption by up to 70%, 
decrease wastewater discharge, and increase household system autonomy.
Keywords: electrochemical water regeneration, smart home, sustainable water use, re-
agent-free purification, energy-efficient systems, water cycle

Introduction
Modern residential complexes and smart 

homes are characterized by increasing de-
mands for resource autonomy and environ-
mental efficiency. Water is one of the most 
critical yet limited resources, which necessi-
tates a transition from linear water consump-
tion models to closed or semi-closed wa‑
ter cycles.

Traditional purification and disinfection 
methods – such as mechanical filtration, ion 
exchange, and chlorination – are not fully 
compatible with the concept of intelligent 

domestic systems due to the need for reagent 
storage and high maintenance costs.

Electrochemical water regeneration solves 
this issue by allowing disinfection and 
chemical correction of water using only 
electrical energy, without adding chemical 
substances.

Methodology
1. Electrochemical Principle
Electrochemical water regeneration is 

based on controlled electrolysis, in which ac-
tive oxygen species (O₂, O₃, • OH) are formed 

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org
https://doi.org/10.29013/EJHSS-25-6-40-42


INTEGRATION OF ELECTROCHEMICAL WATER REGENERATION41

The European Journal of Technical 
and Natural Sciences 2025, No 6

Section 5. Mechanical engineering

in the anode zone, providing disinfection, 
while the cathode zone generates reducing 
agents that adjust the acid-base balance.

As a  result, the system can automati‑
cally correct the water’s pH and remove 
organic and biological contaminants without 
reagents.

2. Integration into Smart Home Infra-
structure

Electrochemical regeneration modules 
can be integrated into three levels of water 
management:

•	 Local level – compact modules in-
stalled under sinks or in utility cabi-
nets within each apartment;

•	 Centralized level – shared building in-
stallations connected to a monitoring 
system driven by artificial intelligence;

•	 Digital control – real-time monitoring 
using sensors for pH, conductivity, 
and temperature, with data transmit-
ted to a home server or cloud system 
for optimization of operation modes.

Electronic controllers automatically regu-
late current intensity, treatment duration, and 
aeration depending on the water’s composition.

3. Engineering Calculations
For a  residential complex of 100 apart-

ments (150 residents):
•	 Baseline water consumption: 150 L/

person·day = 22,500 L/day;
•	 Greywater reuse rate: 60%;
•	 Fresh water savings: 13,500 L/day 

(≈ 5 million L/year);
•	 Specific energy consumption:  

0.4 kWh/m³;
•	 Annual energy consumption: 3,000 

kWh ≈ 20,000 RUB/year (at 6.6 RUB/
kWh);

•	 Payback period: 3–5 years, consider-
ing average water and sewage tariffs 
of 100–150 RUB/m³.

Results
Integrating electrochemical modules into 

a  smart home provides the following bene-
fits:

1. Significant reduction in water 
consumption. Up to 70% of household 
water can be regenerated and reused for 
non-potable needs such as flushing, irriga-
tion, and laundry.

2. Reagent-free operation. The sys-
tem eliminates the need for storing or dis-
posing of hazardous chemicals.

3. Energy efficiency. Power consump-
tion is only 10–15% of that required by 
membrane-based reverse osmosis systems.

4. Environmental safety. Wastewater 
volume and the load on municipal treatment 
facilities are reduced.

5. Intelligent management. AI algo-
rithms adapt operation modes to seasonal 
changes and individual consumption patterns.

6. Compatibility with renewable en‑
ergy. Electrochemical modules can operate 
using solar energy, ensuring complete auton-
omy.

From a sustainability perspective, imple-
menting such systems contributes directly 
to UN Sustainable Development Goals 
(SDGs) 6 – Clean Water and Sanitation 
and 11 – Sustainable Cities and Com‑
munities, while reducing the household 
carbon footprint.

Discussion
The analysis demonstrates that electro‑

chemical water regeneration is a  tech-
nologically mature and economically via-
ble solution for smart home infrastructure. 
It enables a reduction in water consumption, 
enhances ecological and operational autono-
my, and lays the foundation for integration 
into broader intelligent building ecosystems.

Future developments in this area should 
focus on:

•	 optimizing module design and con-
trol algorithms;

•	 implementing energy storage compo-
nents (e. g., capacitor banks);

•	 developing adaptive water-quality di-
agnostic systems based on neural net-
works.
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Abstract
The article explores the development of chemical peels as a safe and effective method for 

skin renewal. It focuses on the mechanisms of controlled biostimulation that ensure the re-
generation and improvement of the skin structure without risk of complications. The article 
analyzes modern formulas and peeling techniques that promote the activation of natural skin 
renewal processes, increasing their effectiveness and reducing the recovery period. It empha-
sizes the importance of a personalized approach and professional supervision of procedures to 
achieve optimal aesthetic results.
Keywords: teenagers, chemical peels, controlled biostimulation, skin renewal, skin regen-
eration, safety of procedures, aesthetic dermatology, modern peels, skin restoration

Introduction
Chemical peels are a popular procedure in 

aesthetic dermatology, aimed at skin renewal 
and rejuvenation. Over time, the method has 
undergone significant changes, from simple 
acid treatments to more complex technolo-
gies that provide safe and controlled results.

The effectiveness of modern chemical 
peels lies not only in the removal of the 
outer layers of the skin, but also in the ac-
tivation of deeper regeneration process-
es through biostimulation. This improves 
skin quality, texture, and elasticity, without 
causing significant damage or a long recov-
ery period.

Initially, chemical peels were primarily 
used to treat surface defects. However, with 
the development of scientific and cosmetic 
technologies, the range of applications has ex-
panded, safety has increased, and the risk of 
complications has decreased. Controlled bio-
stimulation is a crucial aspect of modern tech-
niques, which triggers renewal processes at 
the cellular level, stimulates collagen and elas-
tin synthesis, and improves microcirculation.

The evolution of chemical peels has led to 
a  transition from simple surface treatments 
to more complex and deeply researched ap-
proaches to skin renewal. These methods 
combine effectiveness and safety, and provide 
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maximum benefits for patients with minimal 
risks. This article will provide an overview of 
the key stages in the development of chem-
ical peels and the modern techniques that 
ensure their safe and effective use (Kubano-
va A. A., 2004).

Discussion
It should be noted that the history of chem-

ical peel research dates back several centuries, 
reflecting the gradual accumulation of knowl-
edge about the effects of chemicals on skin in 
order to rejuvenate and renew it.

The earliest attempts to use acids for skin 
improvement date back to ancient civiliza-
tions, such as Egypt, Greece, and Rome. Nat-
ural acids like citric and tartaric were used 
to remove upper skin layers and lighten pig-
mentation. However, scientific research and 
systematic study of chemical peels did not 
begin until the XX century.

In 1882, Augustin Bordeaux described 
the use of phenol for skin disease treatment, 
which marked the beginning of deep peel 
development. In the 1920 s and 30 s, Ed-
win Prandt and Meredith Cullen developed 

methods for targeted phenol application, al-
lowing for controlled and deep skin regener-
ation with minimal complications.

In the 1950s, the French dermatologist 
Jean Carraud introduced the concept of 
chemical peels, where he described different 
levels of exposure – superficial, medium and 
deep – depending on the type of acid used 
and the depth of penetration.

At the same time, phenol and alpha-
hydroxy acids (AHAs), such as glycolic and 
lactic acids, which have a milder effect, be-
gan to be gradually used, allowing for a wid-
er range of patients and reduced risks. The 
development of technology in the late XX 
and early XXI centuries led to the emer-
gence of new products and techniques that 
combined peeling effects with biostimula-
tion, increasing the safety and efficacy of 
procedures.

An important milestone was the intro-
duction of standardized protocols and strict 
patient selection criteria, making it possible 
to avoid complications and making the pro-
cedure more accessible to a  wider audience 
(Minenok, T. A., 2015).

Table 1. Hardware techniques for safe skin renewal 
(Hernandez E. I., Ponomarev I. V., Klyuchareva S. V.)

No. Methodology Characteristic
1. Laser therapy Initially, ablative lasers (CO₂, Er: YAG) were quite aggres-

sive, but over time, fractional lasers were developed that cre-
ate microscopic damage zones while leaving the surrounding 
tissues intact. This allows for a significant reduction in reha-
bilitation time and risk, while stimulating active neo-colla-
genesis. Non-ablative lasers and IPL (intense pulsed light) 
have also been used to stimulate collagen production without 
damaging the epidermis.

2. Radio Frequency Lift-
ing (RF)

RF technologies are based on the controlled heating of the 
skin’s dermis, which leads to a reduction in collagen fibers 
and the stimulation of new collagen production. Through 
the development of monopolar, bipolar, and multipolar RF 
systems, as well as microneedle RF technology, deep and 
precise effects have been achieved.

3. Ultrasonic Lifting 
(HIFU)

High-intensity focused ultrasound has been adapted for 
cosmetology for spot heating of the deep layers of the skin 
and the musculoskeletal-aponeurotic system (SMAS), which 
leads to tightening and compaction of tissues.

It should also be noted that the safe re-
newal of the skin through controlled bio-
stimulation is the result of many years of 

research and development in the fields of 
dermatology, cosmetology, and bioengi-
neering. This approach aims to improve 
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skin quality by stimulating the natural pro-
cesses of regeneration and rejuvenation in 
tissues, rather than aggressively removing 
layers.

A turning point in this approach was the 
realization that, for a true and long-term im-
provement of skin, it is necessary to act on 
deeper structures, such as the dermis, where 
collagen and elastin are produced. This led 
to the development of biostimulation, which 
involves stimulating skin cells (fibroblasts) to 
produce rejuvenating components on their 
own (Kuznetsova E. S., Reznikov K. M., 2013).

In the 1980 s and 1990 s, methods aimed 
at biostimulation began to develop active-
ly. One of the first directions was the use of 
hyaluronic acid injections, not only to fill 
wrinkles but also to improve hydration and 
stimulate collagen production. At that time, 
mechanisms of action of various peptides and 
growth factors, which could trigger regenera-
tive processes, were also actively studied.

A  significant stage in the development 
of safe skin renewal was associated with the 
emergence and improvement of hardware 
techniques (Table 1).

In parallel with hardware methods, tech-
niques aimed at biostimulation have also 
been developed.

Polylactic acid (PLLA) was first used as 
a biostimulant in the 1990 s. This material is 
completely biodegradable and stimulates fi-
broblasts to actively produce collagen.

Calcium hydroxyapatite (CaHA) also acts 
as a  collagen-stimulating agent, providing 
immediate volume and long-term stimula-
tion of collagen synthesis.

PRP (Platelet-Rich Plasma) and PRF 
(Platelet-Rich Fibrin) are two methods that 
use the patient’s own blood, which is rich in 
platelets and growth factors. These methods 
have become popular because they naturally 
stimulate tissue regeneration and skin reju-
venation.

Mesotherapy and biorevitalization are two 
cosmetic procedures that aim to deeply mois-
turize and rejuvenate the skin. Biorevitaliza-
tion, which literally means “biological revival,” 
involves injecting thin needles into the skin 
with preparations based on hyaluronic acid. 
Hyaluronic acid is a naturally occurring sub-
stance in our skin that helps retain moisture. 
During the procedure, non-gel hyaluronic 
acid with a high degree of purity is often used, 
sometimes combined with individual amino 
acids, to quickly hydrate the skin, improve its 
tone, and give it a fresh appearance.

Injections of a cocktail of vitamins, ami-
no acids, hyaluronic acid, and other bioactive 
substances are used to improve metabolism 
and stimulate skin cells.

Results
Today, the concept of “skin renewal 

through controlled biostimulation” encom-
passes a  wide range of treatments that are 
characterized by:

–  Minimally invasive procedures with 
a  short rehabilitation period, focusing on 
methods that require minimal recovery time.

−  Precise control over exposure, allow-
ing for the regulation of depth, intensity, and 
area to minimize risks while maximizing ef-
fectiveness.

Figure 1. The effect of hyaluronic acid on skin condition
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−  Stimulation of the body’s own resourc-
es: activation of natural mechanisms of re-
generation and synthesis of collagen, elas-
tin, and hyaluronic acid. When hyaluronic 
acid enters the dermis, it begins to attract 
and retain water molecules, improving cell 
hydration, accelerating metabolism and mi-
crocirculation, and stimulating the synthesis 
of collagen and elastin. In simple terms, the 
skin receives powerful hydration from with-
in, which immediately improves its appear-
ance: it becomes firmer, smoother, and more 
radiant. The effect is often noticeable within 
a few days after the first injection – the face 
looks refreshed and rejuvenated. Biorevital-
ization is particularly effective in eliminat-
ing signs of skin dehydration, fine lines, and 
a dull complexion (Fig. 1).

−  A  combined approach: a  combination 
of various hardware and injection techniques 
is often used to achieve the best results.

The future of this field is closely linked to 
the continued development of personalized 
medicine. This includes the creation of more 
precise bioactive substance delivery systems 
and the development of novel biocompatible 
materials that can selectively stimulate cer-
tain cells. Additionally, artificial intelligence 
will play a  crucial role in optimizing treat-
ment protocols and improving the safety of 
procedures.

Research in the field of cellular technol-
ogy and gene therapy promises exciting new 
possibilities for skin rejuvenation and regen-
eration. Chemical peels, while still a popular 
method of skin renewal, have been around 
for a long time and continue to evolve. They 
use acids to carefully exfoliate damaged skin 
layers, stimulating regeneration. However, 
despite improvements in design, the use of 
chemical peels still presents certain challeng-
es and potential risks that must be carefully 
considered.

1. Lack of Predictability and Control of 
Penetration Depth

One of the main challenges in using chem-
ical agents is accurately controlling the depth 
of their penetration. The depth of peeling de-
pends on several factors, including the type 
of acid (glycolic, salicylic, lactic, trichloro-
acetic acid, etc.), its concentration, pH of the 
solution, number of application layers, expo-
sure time, patient’s skin type and thickness, 

presence of preliminary preparations, and 
even fat content. An inaccurate calculation of 
these variables can lead to either insufficient 
effect (with a  too superficial exposure), or, 
more seriously, excessively deep penetration 
causing burns, scarring, and prolonged hy-
perpigmentation. Even experienced special-
ists sometimes face situations where the skin 
reacts differently than expected.

2. The risk of post-peeling hyperpigmen-
tation

Post-peeling hyperpigmentation, espe-
cially post-traumatic hyperpigmentation 
(PTH), is a common and unpleasant problem, 
especially for people with darker skin types 
(Fitzpatrick  III and above). Any inflamma-
tion or damage to the skin from peeling can 
stimulate the production of excess melanin 
by melanocytes, leading to the appearance of 
dark spots. The risk of PTH is increased by 
using an incorrect acid concentration, overly 
aggressive exposure, lack of proper sun pro-
tection before and after the treatment, and 
if the person has a  history of pigmentation 
problems. Treating PTH can be time-con-
suming and challenging.

3. Extended recovery period and social 
limitations

Especially for medium and deep peels, 
there is a significant period of recovery. After 
the procedure, the skin may become very red, 
swollen, and flaky, with crusts forming. This 
process can last from several days to sever-
al weeks, during which patients are advised 
to avoid contact with the outside world, fol-
low a strict skincare routine, and avoid using 
makeup. This can cause significant social and 
psychological discomfort. Even superficial 
peels may cause slight peeling and redness, 
requiring some limitation of activity.

4. The possibility of adverse reactions and 
complications

In addition to hyperpigmentation, chem-
ical peels may cause other complications, 
such as:

−  Burns and scarring: If the acid is ap-
plied too deeply or unevenly, it can cause 
chemical burns, which may lead to the for-
mation of atrophic or hypertrophic scars. 
This is especially true for sensitive areas and 
patients with a predisposition to scarring.

−  Infections: The disruption of the skin’s 
barrier after peeling leaves the skin vulner-
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able to bacterial, viral, or fungal infections, 
such as an exacerbation of herpes.

−  Allergic reactions: Although rare, al-
lergic reactions to ingredients in the peeling 
solution can occur.

−  Persistent redness: This may last for 
a long time after the treatment, especially for 
people with sensitive skin or those with ro-
sacea.

−  Exacerbation of chronic skin conditions: 
Peeling can trigger an exacerbation of skin con-
ditions like rosacea, eczema, or psoriasis.

5. Importance of strict sun protection
It’s crucial to protect your skin from the 

sun after a chemical peel, as the skin will be 
more sensitive and vulnerable.

The skin after chemical peeling is very 
sensitive to ultraviolet radiation. If patients 
do not follow strict sun protection rules (us-
ing high SPF creams, avoiding direct sun-
light, and wearing wide-brimmed hats), the 
risk of hyperpigmentation and other skin 
damage increases significantly. This can be 
a challenge for patients who may not be able 
to strictly follow these guidelines.

6. Limitations for Certain Skin Conditions
Chemical peels have several contraindi-

cations and should not be performed in cer-
tain situations. These include active herpes, 
acute skin inflammation, open wounds or 

fresh scars, pregnancy or lactation, and when 
taking certain medications, such as systemic 
retinoids. Additionally, it is important to be 
cautious with patients who have dark skin, 
a tendency towards keloid scars, or who have 
thin, sensitive, or damaged skin.

7. Requirements for a Specialist
Chemical peels, particularly medium and 

deep peels, require a high level of qualifica-
tion and expertise. A  specialist should have 
a  deep understanding of skin anatomy and 
physiology, as well as a thorough understand-
ing of how acids work and how to respond to 
different skin reactions. Improper selection 
of a peel, incorrect application techniques, or 
improper post-peel care can lead to serious 
adverse consequences.

Conclusions
In conclusion, we would like to emphasize 

that modern chemical peels have a significant 
potential to improve skin condition. How-
ever, their use should be carefully assessed 
based on indications and contraindications. 
A  balanced approach, strict adherence to 
protocols, and adequate post-treatment care 
by the patient are essential. Continuous im-
provement in formulas and techniques aims 
to minimize risks, although they cannot be 
completely eliminated.
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Abstract
The article presents a specification of innovative projects in the field of medicine covering 

a wide range of technologies for remote monitoring, diagnostics, and therapeutic influence on 
human biological systems. Each project is based on the principles of magnetic resonance, na-
noscale metrology, and modern spectral–optical methods, ensuring high precision and sensitiv-
ity in diagnosis and treatment. The proposed technologies are aimed at contactless research and 
regulation of the condition of blood, bones, muscles, subcutaneous fat, arteries, and internal 
organs, as well as disease prevention and early diagnostics. The implementation of these proj-
ects creates opportunities for developing mass-use medical devices with high social significance.
Keywords: magnetic resonance diagnostics, nanoscale metrology, contactless monitoring, 
preventive medicine, spectral–optical exposure, innovative medical technologies, early 
diagnostics, blood condition monitoring, subcutaneous fat removal, bone tissue diagnostics, 
muscle tissue control

Introduction
Modern medicine requires the integra-

tion of highly accurate and safe technologies 
for diagnostics and therapy that minimize in-
vasiveness and increase treatment efficiency. 
The presented portfolio of innovative proj-
ects offers a  comprehensive set of solutions 
based on magnetic resonance principles, 
spectral–optical methods, and nanoscale 
metrology, enabling diagnostics and therapy 
with high precision and sensitivity.

The projects cover a  wide range of ap-
plications – from monitoring and assessing 

blood parameters to non-surgical subcutane-
ous fat removal, from early cancer diagnos-
tics to bone and muscle condition control. 
Each project is built upon the use of physical 
phenomena and advanced materials to create 
devices capable of operating online, ensuring 
safety and accuracy of measurements.

The purpose of this article is to systematize 
and present the specification of innovative proj-
ects, reveal their key distinctions, advantages, 
and potential application areas, and demon-
strate opportunities for scaling and implement-
ing these developments in practical medicine.
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Project Descriptions

Project 1. Intelligent 
Monitoring Systems

This project focuses on the development 
of intelligent monitoring systems providing 
continuous tracking of critical parameters 
in biological and industrial processes in real 
time. The systems integrate sensor data and 
large-scale data analysis algorithms, enhanc-
ing prediction accuracy and reducing error 
risks. In medicine, the technology is applied 
for continuous observation of blood param-
eters, arterial pressure, pulse, and other key 
physiological indicators, enabling early de-
tection of abnormalities and rapid response 
to critical conditions.

Project 2. Adaptive Hardware–
Software Solutions for 

Process Automation
The second project introduces adaptive 

hardware–software platforms for data flow 
management and resource distribution op-
timization. The technology processes large 
data volumes in real time, analyzes infor-
mation, and constructs optimal routes for 
logistics and medical systems. In healthcare, 
the solution is used for patient flow manage-
ment, access control to diagnostic and thera-
peutic equipment, and automated allocation 
of clinical and laboratory resources.

Project 3. Integrated Quality 
Control Systems Using 

Resonance Spectroscopy
This project is devoted to creating inte-

grated quality control systems for liquid and 
gaseous media using resonance spectrosco-
py. The system enables contactless analysis 
of biological and technological fluids, iden-
tifying anomalies and defects at early stag-
es. In medicine, this allows highly accurate 
blood, saliva, and other biofluid analyses, 
determination of component concentrations, 
and tracking physiological dynamics without 
invasive intervention.

Project 4. Development of Innovative 
Materials and Composites

The fourth project focuses on creating 
new materials and composites with enhanced 
operational properties – combining strength, 

durability, and functional adaptability. In 
medical and engineering practice, this opens 
opportunities for producing high-precision 
sensor elements, functional device compo-
nents for monitoring and therapy, and light-
weight durable casings capable of operating 
in complex environments. The use of com-
posites improves measurement accuracy, re-
liability, and equipment longevity.

Project 5. Smart Devices 
and Intelligent Energy 
Management Systems

The fifth project covers smart devices and 
energy management systems that optimize 
the operation of medical instruments, con-
trol energy load, and integrate with existing 
infrastructures. In practice, this enables the 
development of autonomous diagnostic and 
therapeutic stations characterized by mini-
mal energy consumption, high operational 
stability, and suitability for conditions with 
limited access to external resources.

Project 6. Platforms for 
Multibrand Distribution and 

Data Flow Management
This project is dedicated to developing 

platforms for data flow coordination and ac-
tivity management in multibrand and multi-
profile systems. The platform’s architecture 
provides centralized process control, adapt-
ability to various business models, and rapid 
decision-making based on data analytics. In 
healthcare, this enables integration of data 
from multiple devices and laboratories, en-
suring comprehensive health monitoring and 
unified diagnostic information flow.

Project 7. Integration of 
Medical, Engineering, and 
Information Technologies

The seventh project focuses on the cre-
ation of intelligent diagnostic and moni-
toring systems that integrate medical, en-
gineering, and IT approaches. The use of 
modern sensor platforms, data processing 
algorithms, and machine learning meth-
ods allows early detection of critical patient 
conditions, disease progression prediction, 
and improved coordination of medical per-
sonnel. These systems enhance diagnos-
tic precision, reduce response times, and 
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strengthen interaction within complex med-
ical infrastructures.

Project 8. Analytical Platforms for 
Managing Complex Ecosystems

The eighth project targets the develop-
ment of analytical platforms for managing 
complex ecosystems that include automated 
lines and intelligent devices. The platform’s 
main objective is to coordinate and control 
active system components, ensure opera-
tional efficiency, and provide scalability at 
the infrastructure level. In medical applica-

tions, this allows integration of multiple di-
agnostic, therapeutic, and monitoring devic-
es, centralized data analysis, and improved 
management of comprehensive treatment 
processes.

All eight projects demonstrate a system-
atic approach to developing and implement-
ing innovative technologies, combining fun-
damental scientific research with practical 
application. Each contributes to improving 
diagnostic precision, therapeutic effective-
ness, and the creation of new tools for mass 
monitoring and treatment.
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Abstract
In this paper, from a microscopic point of view, the linear-circular dichroism of interband 

one-photon absorption of light in the Kane approximation in narrow-gap crystals is investigated.
The linear-circular dichroism of one-photon absorption of polarized light is calculated tak-

ing into account the effect of coherent saturation in photoexcited charge carriers.
The matrix elements of one-photon interband optical transitions and the corresponding 

linear-circular dichroism and the spectral dependence of the light absorption coefficient are 
calculated.
Keywords: one-photon absorption; linear–circular dichroism; coherent saturation; Kane 
approximation; cubic semiconductors; interband transitions; spin–orbit split-off band; 
polarization degree; intensity-dependent absorption; spectral dependence

Introduction
At present, nonlinear optical phenom-

ena occurring in crystals are widely used in 
practice (Rostami A., 2006; Pattanaik H. S., 
Reichert M., Hagan D. J., and Van Stry-
land E. W.; Yu J. H., Kwon S.-H., Petrášek Z., 
Park O. K., Jun S. W., Shin K., Choi M., 
Park Y. I., Park K., Na H. B., Lee N., Lee D. W., 
Kim J. H., Schwille P., and Hyeon T., 2013).

In this context, the study of nonlinear 
absorption of polarized light is relevant both 
from a physical standpoint and from the per-
spective of practical applications.

It should be noted that in the case of 
one-photon light absorption, optical tran-
sitions do not occur through virtual states 
and are generally not observed. Therefore, in 
one-photon optical transitions within crystals 
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possessing cubic and tetrahedral symmetry, 
linear-circular dichroism is not observed.

The one- and multiphoton absorption 
of polarized light in crystals, caused by op-
tical transitions between the subbands of 
the valence band, have been investigated 
in (Ivchenko E. L., 1972; Rasulov R. Ya., 
1993; Ganichev S. D., Ivchenko E. L., Ra-
sulov R. Ya., Yaroshetsky I. D., and Aver-
bukh B. Ya., 1993; Parshin D. A. and 
Shabaev A. R., 1987; Rasulov R. Ya., 1988; 
Rasulov R. Ya., Khoshimov G. Kh., and Kholi-
tdinov Kh., 1996; Rasulov R. Ya., 1993; Lep-
penen N. V., Ivchenko E. L., and Golub L. E.). 
However, the contribution of the coherent 
saturation effect (Ganichev S. D., Ivchen-
ko E. L., Rasulov R. Ya., Yaroshetsky I. D., 
and Averbukh B. Ya., 1993; Parshin D. A. and 

Shabaev A. R., 1987) to interband one-pho-
ton light absorption has not been taken into 
account in those studies. This effect aris-
es from the finite lifetime of photoexcited 
charge carriers in the final state, which is the 
main focus of the present work.

Interband One-Photon Light 
Absorption Coefficient: 

Quantitative Theory
From equation (10) in the first part of this 

work, it is evident that the interband one-pho-
ton light absorption coefficient K T1� � � ��,  
consists of partial components that differ 
from one another according to the type of op-
tical transitions. In particular, for an optical 
transition of the type V, / C, /� � �3 2 1 2 , it 
is expressed as follows:
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From equation (1), it follows that the lin-
ear-circular dichroism of one-photon light 
absorption is determined by the quantity 
�� �� , which depends on the frequency and 
degree of light polarization, as well as on the 
band parameters of the sample. This phe-
nomenon arises due to the complexity of the 
crystal’s band structure.

It should be noted that if the effect of co-
herent saturation (�� � 0 ) is not taken into 
account, then K T1� � � ��,  does not depend on 
the aforementioned quantities — in particu-
lar, on the degree of light polarization — and 
thus represents a constant value 

� �� � ��� 0
4
3

. In this case, one-photon lin-

ear-circular dichroism is not observed. How-
ever, if the coherent saturation effect is taken 
into account, then �� � 0 , which means that 
one-photon linear-circular dichroism arises. 
This is due to the fact that:
for linearly polarized light
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for circularly polarized light
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where Pcirc  is the degree of circular polariza-
tion of light, the sign " "±  corresponds to ��  
polarized light, � ��� � �  is the angle between 
the vectors 



e  and 


q , � � �� �cos ,  � �� cos ,  
and 



q  is the photon wave vector.
For example, in the case of Pcirc =1 , for 

linearly polarized light
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for circularly polarized light
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Figure 3 presents the graphs of the func-
tions � � �lin ��  and � � �сirc ��  as a function of 

the quantity �� �
�
�
�

�
�
� �

eA
c

I0
2



, which are used 

to determine the spectral dependence of the 
one-photon light absorption coefficient. 
From Figure 1, it can be seen that as the light 
intensity increases, the coefficient of inter-
band one-photon linear-circular dichroism 
� � �� �� � � � � � �lin сirc/  also increases and 
tends toward saturation; that is, at very high 
intensity values, (�� ��1 ) becomes indepen-
dent of intensity and � �1 1. . The quantita-
tive calculations were performed using the 
data from (Vurgaftman I., Meyer J. R. M., 
and Ram-Mohan J. R., 2001).

Conclusion
Figure 2. Graphs of functions Jlin ��� � , 

Jсirc ��� �  and η  (linear-circular dichroism 
factor) versus �� � I  (on light intensity) in 
the Kane model in a narrow-gap crystal.

Figure 2. 

Thus, the one-photon linear-circular di-
chroism caused by interband optical tran-
sitions in a narrow-band-gap crystal arises 
when the coherent saturation effect is taken 
into account. However, during interband 
multiphoton absorption of polarized light, 
linear-circular dichroism is observed regard-
less of whether the coherent saturation effect 
is considered or not.
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Abstract
In this work, the spectral dependence of the one-photon light absorption coefficient in 

semiconductors with cubic symmetry is calculated, taking into account the degree of polariza-
tion and the contribution of the coherent saturation effect within the framework of the Kane 
approximation. The optical transitions from the subbands of the valence band to the spin–orbit 
split-off band are considered. It is shown that the one-photon absorption coefficient for both 
linearly and circularly polarized light initially increases with frequency, then decreases after 
passing through a minimum. Such spectral behavior of the one-photon light absorption coeffi-
cient is explained by the corresponding behavior of the hole distribution function.
Keywords: one-photon absorption; linear–circular dichroism; coherent saturation; Kane 
approximation; cubic semiconductors; interband transitions; spin–orbit split-off band; 
polarization degree; intensity-dependent absorption; spectral dependence

Introduction
At present, in the field of photoelec-

tronics, the nonlinear intensity-dependent 
absorption of polarized radiation in semi-
conductors is being extensively studied (Ros-
tami A., 2006; Pattanaik H. S., Reichert M., 
Hagan D. J., and Van Stryland E. W.; Yu J. H., 
Kwon S.-H., Petrášek Z., Park O. K., Jun S. W., 
Shin K., Choi M., Park Y. I., Park K., Na H. B., 
Lee N., Lee D. W., Kim J. H., Schwille P., and 
Hyeon T., 2013).

Before studies were conducted taking 
into account the coherent saturation effect 
in the considered optical transitions, it was 
generally assumed that one-photon light ab-
sorption should not exhibit linear-circular 
dichroism, regardless of the type of optical 
transitions.

The one- and multiphoton absorption of 
linearly and circularly polarized light in crys-
tals, caused by intraband optical transitions, 
has been investigated in (Ivchenko E. L., 1972; 

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://doi.org/10.29013/EJHSS-25-6-55-58


The European Journal of Technical 
and Natural Sciences 2025, No 6

INTERBAND ONE-PHOTON LINEAR-CIRCULAR DICHROISM56

Section 7. Physics

Rasulov R. Ya., 1993; Ganichev S. D., Ivchen-
ko E. L., Rasulov R. Ya., Yaroshetsky I. D., 
and Averbukh B. Ya., 1993; Parshin D. A. and 
Shabaev A. R., 1987; Rasulov R. Ya., 1988; 
Rasulov R. Ya., Khoshimov G. Kh., and Kho-
litdinov Kh., 1996; Rasulov R. Ya., 1993). 
However, the contribution of the coherent 
saturation effect (Ganichev S. D., Ivchen-
ko E. L., Rasulov R. Ya., Yaroshetsky I. D., 
and Averbukh B. Ya., 1993; Parshin D. A. and 
Shabaev A. R., 1987), to interband one-pho-
ton light absorption-arising from the finite 
lifetime of photoexcited charge carriers in the 
final state-has not been considered. This phe-
nomenon constitutes the main focus of the 
present work.

IInterband One-Photon 
Light Absorption Coefficient: 

Quantitative Theory
It should be noted that if the coherent sat-

uration effect (�� � 0 ) is not taken into ac-
count, then K T1� � � ��,  does not depend on 
the aforementioned quantities - in particular, 
on the degree of light polarization - and 
therefore represents a constant value 

� �� � ��� 0
4
3 . In this case, one-photon lin-

ear-circular dichroism is not observed. How-
ever, if the coherent saturation effect is con-
sidered, then �� � 0 , which indicates that 
one-photon linear-circular dichroism arises. 
This occurs because for linearly polarized 
light
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where Pcirc
 is the degree of circular polariza-

tion of light, the sign " "±  corresponds to ��  
polarized light, � ��� � �  is the angle between 
the vectors 



e  and 


q , � � �� �cos ,  � �� cos ,  
and 



q is the photon wave vector.
For example, in the case of Pcirc =1 , for 

linearly polarized light
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for circularly polarized light
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Figure 1 shows the graphs of the func-
tions � � �lin ��  and � � �сirc ��  as a function of 

the parameter �� �
�
�
�

�
�
� �

eA
c

I0
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

. The calcu-

lations demonstrate that as the light intensity 
increases, the coefficient of interband 
one-photon linear-circular 

Figure 1.
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Figure 1. Spectral dependence of the 
one-photon interband light absorption coef-
ficient in a narrow-band-gap crystal without 
taking into account the coherent saturation 
effect: (a) low-frequency region; (b) high-fre-
quency region, where 

� ��  / Eg , K e
m E

cn

g
0
1 2

2

2� � �
*

 �

.

dichroism � � �� �� � � � � � �lin сirc/  also in-
creases and tends toward saturation; that is, 
at very high intensity values, �� ��1  be-
comes independent of both the intensity and 
� �1 1. . The quantitative calculations were 

performed using the data from (Leppenen N. 
V., Ivchenko E. L., and Golub L. E.)

Conclusion
Thus, the one-photon linear-circular di-

chroism caused by interband optical tran-
sitions in a  narrow-band-gap crystal arises 
when the coherent saturation effect is taken 
into account. However, in the case of inter-
band multiphoton absorption of polarized 
light, linear-circular dichroism is observed 
regardless of whether the coherent satura-
tion effect is considered or not. This issue 
requires separate and more detailed consid-
eration.
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Abstract
A method has been developed for determining the two-coordinate (x and y) distribution of 

localized impurity atom clusters within the bulk of semiconductor materials. The developed 
method is used in the preliminary selection of homogeneous materials for the production of 
semiconductor devices.
Keywords: semiconductor material, n-p junction, impedance, local inhomogeneities, grid 
ohmic contacts

1. Introduction
Semiconductor device technology is 

a  critical component of rapidly developing 
nanotechnology, one of the key aspects of 
which is the development of methods for 
studying localized impurity atom clusters 
within the bulk of semiconductor materials.

Known methods for quality control of 
semiconductor materials include electron mi-
croscopy (Fedina, L.I., 2012), probe resistiv-
ity measurements (Smirnov, V.I., 2012), and 
chemical selective etching and decoration 
(Azimov S. A., Muminov R. A., et al., 1981). 
These methods provide information strict-
ly on the surface. Their use for studying the 
bulk properties of semiconductors involves 
the sequential destruction of the single crys-
tal (e. g., by continuous etching or grinding), 
making them unsuitable for rejecting materi-
al used in device fabrication.

The traditional approach to studying the 
influence of a  given concentration of various 
point imperfections in the crystal structure 
(impurity levels, dislocations, point adhesion 
centers) on the physical processes in semi-
conductor devices is insufficient to meet the 
modern requirements of semiconductor in-
strumentation. Research is needed to identi-
fy fluctuations in their distribution within the 
bulk of the semiconductor, determine local in-
homogeneities in such distributions, and study 
the role of such local inhomogeneities on the 
properties of modern semiconductor devices.

2. Material and Method
A method for identifying local inhomoge-

neities in a semiconductor material based on 
the frequency dependence of the impedance 
of structures (Azimov S. A., Muminov R. A., 
et al., 1981) is proposed. The essence of this 
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method is to fabricate an n-p junction on the 
semiconductor material, measure the fre-
quency dependence of the n-p junction im-
pedance over a  wide frequency range, and, 
based on linear diagrams, determine the in-
tegral value of local inhomogeneities in the 
form of high-resistance layers throughout the 
entire volume of the sample.

This method cannot determine the coor-
dinate distribution of local inhomogeneities. 
A  new method is proposed for determining 
the coordinate distribution of local inhomo-
geneities.

To determine the distribution of lo-
cal inhomogeneities along two coordinates 
li (Xi, Yi), rectifying contacts are created on two 
opposite side surfaces of the sample, the fre-
quency dependence of the structure’s imped-
ance is measured, and the total size of all local 
inhomogeneities in the entire volume of the 
sample (∑li)0 is determined. Then, grid ohmic 
contacts are applied to two opposite sides of 
the sample through a mask with a width and 
pitch exceeding the largest size of the inhomo-
geneities (Fig. 1). After this, a constant voltage 
is applied alternately to each opposite pair of 
contacts whose coordinates are known. The 
magnitude of the voltage is determined from 
the electric field strength (Muмinov R. A., 
Radzhapov S. A., Sagyndykov N. A. and Nur-
baev K. M., 2005) using the formula:

Екр ≈ 4/3 ∙ [π ∙ ρ∆/ε] ∙ 2R∆
Where ρ∆ is the negative space charge den-

sity arising in the p-region; 2R∆ is the linear 

size of local impurity atom clusters in the re-
gion in the direction of the electric field lines.

Additionally, the frequency dependence 
of the impedance is measured for each pair 
(Fig. 1).

Based on the linear diagrams, the total 
effective size of the inhomogeneities is deter-
mined without taking into account the region 
defined by the coordinates of the contacts to 
which a constant voltage ∑li is applied. The 
desired distribution of local inhomogeneities 
along the li(XiYi) coordinates is determined 
from the difference in the total effective sizes 
of the inhomogeneities before and after ap-
plying the constant voltage.

li (XiYi) = (∑li)о – ∑li
where (li)0 is the total effective size of the inho-
mogeneities before applying constant voltage.

(∑li) is the total effective size of the inho-
mogeneities after applying constant voltage.

3. Results and discussion
In this example, the method is tested on 

p-Si with a  resistivity of –1000 Ωcm. The 
sample dimensions are 10 × 8 ×  2.5 mm. 
Nickel contacts are deposited on two oppo-
site side surfaces of the sample using chem-
ical vapor deposition, and grid ohmic con-
tacts are deposited on two opposite sides of 
the sample using gold sputtering through 
a mask; the width and length of each cell are 
200 μm, and the distance between the con-
tacts is 100 μm.

Figure 1. Scheme of measurement of coordinate determination of local inhomogeneities

The frequency dependence of the imped-
ance is measured, and the magnitude of local 
inhomogeneities in the form of high-resis-
tance layers with a specific resistance and an 

effective size throughout the sample volume 
is determined. The sizes and specific resis-
tance of the local inhomogeneities are pre-
sented in Table 1. By summing up the sizes of 
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local inhomogeneities, (Σli)o, the total effec-
tive size of the inhomogeneities in the entire 
sample, is determined. A constant voltage of 
3 · 10 3 V/cm is then applied alternately to the 
ohmic contacts. The frequency dependence 
of the impedance is measured each time, and 
Σli is determined without taking into account 
the region defined by the coordinates of the 

contacts to which the voltage is applied. The 
desired distribution of local inhomogeneities 
li (Xi, Yi) is determined by the difference in 
the total effective sizes of the inhomogene-
ities before and after applying the constant 
voltage. Table 2 presents the distribution of 
local inhomogeneities over two coordinates 
li (Xi, Yi).

Table 1. Dimensions and specific 
resistance of local inhomogeneities

Table 2. Distribution of local 
inhomogeneities by two coordinates li (XiYi).

No. ri · 106 Ωcm li mkm No. li, mkm Xi, mm Yi, mm

1. 0.28 4.3 1. 1.6 0.2 6.5
2. 0.65 3.1 2. 2.7 0.5 2.0
3. 1.32 1.6 3. 9.6 0.8 7.4
4. 1.73 2.8 4. 8.3 2.0 0.2
5. 2.3 9.6 5. 6.8 2.6 1.1
6. 2.76 8.3 6. 4.5 3.5 4.7
7. 3.4 4.5 7. 2.9 4.1 3.8
8. 6.4 2.7 8. 4.3 5.3 0.5
9. 7.3 4.2 9. 3.2 5.6 6.7

10. 8.51 6.8 10. 5.6 6.2 2.3
11. 9.6 5.6 11. 3.2 6.5 5.9
12. 11.7 3.2 12. 4.2 7.7 5.0

The use of this method in the preliminary 
screening of material at an early stage of the 
technology of manufacturing semiconductor 
devices, in particular semiconductor nucle-

ar radiation detectors, increases the yield of 
detectors with improved electrophysical and 
spectrometric characteristics.
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Abstract
The polarization and frequency-polarization dependences of the linear-circular dichroism 

and light absorption coefficients in semiconductors of cubic symmetry, caused by vertical three-
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are calculated.
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Intraduction
Currently, the main research in the field of 

multiphoton absorption of light is carried out 
in wide-gap semiconductors, since a  num-
ber of their physicochemical properties have 
been studied in depth and in more detail. In 
this respect, multiphoton effects occurring in 
narrow-gap crystals have been little studied 
both in theoretical and experimental aspects. 
The main reason for this is that the theo-
retical study of a  number of photon-kinetic 
phenomena in narrow-gap crystals requires 
the use of not only the Luttinger-Kohn ap-
proximation, but also the multiband Kane 
approach. In the latter case, theoretical cal-
culations are performed using matrices of at 
least 6 × 6 or 8 × 8.

The first works on two-photon inter-
band transitions in crystals were carried 
out in the early 1960 y., shortly after the 
appearance of lasers (Miller A., A. John-
ston, J. Dempsey, J. Smith, C. R. Pidgeon, 
and G. D. Holah. 1978; Comparee C. R. Pid-
geeon, B. S. Wherrett, A. M. Johnston, 
J. Dempsey, and A. Miller. 1979; Braun-
stein R. and Ockman N., 1964). When cal-
culating the matrix elements of two-photon 
transitions in crystals, perturbation theo-
ries were used in the field of an unpolarized 
electromagnetic wave (Comparee C. R. Pid-
geeon, B. S. Wherrett, A. M. Johnston, 
J. Dempsey, and A. Miller. 1979; Braun-
stein R. and Ockman N., 1964), where the 
two-band Kane model was used.
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In (Rasulov R.Ya., 1993; Ivchenko E. L., 
1972; Beregulin E. V., Dvornikov D. P., Ivchen-
ko E. L., Yaroshetskiy I. D., 1975; Arifzhan-
ov S. B., Ivchenko E. L., 1975; Rasulov R.Ya., 
1993; Rasulov R.Ya., 1993; Rasulov V. R. Ra-
sulov R.Ya., Eshboltaev I., 2017), both theo-
retically and experimentally, linear-circular 
dichroism (LCD) of two- and three-photon 
absorption of light in crystals of cubic symme-
try was investigated. However, the question of 
the polarization and frequency-polarization 
study of three-photon interband absorption 
of light in crystals of cubic symmetry, caused 
between the states of the spin-orbit splitting 
band and the conduction band in the Kane ap-
proximation, remained open.

Three-photon linear-
circular dichroism

In our previous works, three-photon op-
tical transitions originating from the state 
of the spin-orbit splitting subband into the 
conduction bands were analyzed and it was 
shown that they are 10 different transi-
tions (Rasulov V. R., Rasulov R. Ya., Eshbol-
taev I. M., Qo’chqorov M. X., 2021), which 
differ from each other by virtual states. As 
indicated in (Rasulov V. R., Rasulov R. Ya., 
Eshboltaev I. M., Qo’chqorov M. X., 2021), 
the multiphoton interband light absorption 
coefficient has two terms, one of which de-
scribes the sum of partial light absorption 
coefficients, and the second contribution to 
the multiphoton light absorption coefficient 
due to the interference terms of the matrix 
elements of the above optical transitions in 
crystals of cubic symmetry.

First, we will analyze the polarization de-
pendences of interband optical transitions 
arising from the state of the spin-orbit split-
ting subband SO, /±1 2  into c , /±1 2  con-
duction bands (i.e., three-photon transitions 
of type SO, / , /� � �1 2 1 2c ), where we take 
into account that for linearly polarized light: 
� � � � � ��e e ez z

2 2 2 2
1cos , ,� for circularly 

polarized light
 � �ez

2 21
2

sin ,�

� � � ��e e Pz circ
2 2

1  cos ,�  where � �� �  is the 
angle between the polarization vectors 



e  (the 
wave vector of the photon



q ) and the wave 
vector of current carriers (



k ), ′ ′ ′e e ex y z, ,  are 
the projections of the polarization vector of 

light along the axis ′ ′ ′x y z, , , associated with 
the direction of the wave vector of electrons 
 

k k z( )′ , � � � � ��e e iex y ,


q −  is the wave vector of 
the photon, ��e  is the degree of circular polar-
ization of light, and the sign of  " / "±1 2  is de-
scribes the spin states of current carriers.

Calculations carried out according to the 
golden rule of quantum mechanics (Landau 
L.D., Lifshits E.M., 2004) for InSb show that 
in three-photon transitions of the type
SO, / , /� � �1 2 1 2c , the graph of the po-

larization dependence of the coefficient of 
three-photon linear-circular dichroism is de-
scribed for two virtual states lie in the sub-
bands of the valence band and both virtual 
states lie in the conduction band, and the ini-
tial virtual states lie in the conduction band, 
and the next ones, in the valence band (in the 
approximation quadratic in the wave vector 
in the effective carrier Hamiltonian, some of 
the optical transitions are forbidden , and the 
part is nonzero).

In quantitative calculations, the numeri-
cal values of the band parameters were taken 
from (Vurgaftman I. and R. Meyer J., Ram-
Mohan L. R., 2001). Note here that in the first 
case, the polarization dependence of three-
photon linear-circular dichroism is almost 
independent of the frequency of light. This 
means that linear-circular dichroism does 
not appear in this case, i. e. interband three-
photon absorption of light does not depend 
on the degree of polarization of the light.

Note here that the energy spectra of cur-
rent carriers in all bands are taken as parabol-
ic, and when the three branches of the band 
structure of the semiconductor are nonpara-
bolic, then the quadratic dependence of the 
energy on the wave vector is approximately 
restored only near the edges of the Brillouin 
zones.

That. showed that the polarization de-
pendence of the linear-circular dichroism of 
three-photon absorption of light on the type 
of optical transitions. Since the matrix el-
ements of some optical transitions have in 
the numerator the difference in the energies 
of current carriers, which in a certain region 
of the frequency of light tends to zero, which 
leads to an anomalous increase in the spectral 
dependence of the three-photon absorption 
coefficient of light, but this phenomenon leads 
to a noticeable change in the spectral depen-
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dence of linear-circular dichroism, since the 
coefficient of linear-circular dichroism is de-
fined as the ratio of the probabilities of optical 
transitions occurring upon absorption of light 
with linear and circular polarization.

The three-photon light 
absorption coefficient

Let us now analyze the frequency-
spectral dependence of the light absorption 
coefficient for InSb, caused by three-photon 
transitions of the type. Calculations for the 
semiconductor InSb show that in three-
photon transitions of the type, the graph of 
the polarization dependence of the coeffi-
cient of three-photon linear-circular dichro-
ism is described for two virtual states lie in 
the subbands of the valence band, and when 
both virtual states which lie in the conduc-

tion band (in the approximation quadratic in 
the wave vector in the effective carrier Ham-
iltonian, some of the optical transitions are 
forbidden, and some nonzero).

Conclusion
From the above results it can be seen 

that both the polarization and frequency-
polarization dependences of the linear-
circular dichroism and linear-circular di-
chroism coefficients have several extrema. 
This is due to the specificity of the Kane 
model used to study the band structure in 
narrow-gap crystals. In particular, in the 
Kane model, some off-diagonal matrix el-
ements of the momentum operator do not 
depend on the wave vector of current carri-
ers, which does not occur in the Luttinger-
Kohn model.
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As a result of this narrow and one-sided 
organizational model of innovation devel-
opment, inventors trained within the TRIZ/
ARIZ paradigm grew into highly capable 
problem-solvers but remained unprepared 
for the realities of competitive markets and 
the dynamics of commercialization in mod-
ern free-market economies.

They are ready-and enjoy-to-invent, but 
are not ready and often do not know how to 

monetize their inventions, nor how to obtain 
adequate compensation for their talent and 
creative work. What is particularly import-
ant today is the ability to evaluate the neces-
sity of launching an innovation process, to 
understand-ideally to calculate-all possible 
development scenarios within the commer-
cialization process.

Now let us assume that an inventor has 
obtained the necessary information or, at 
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minimum, has learned about findings from 
scientific research. The core question be-
comes:

How can TRIZ and ARIZ help transform 
valuable knowledge, insights, or naturally oc-
curring patterns from a near-idea stage into 
a successful commercial project?

The answer lies in adapting TRIZ tools 
not only to solve technical contradictions, 
but also to:

•	 analyze the market environment;
•	 identify commercialization barriers;
•	 determine stakeholders and beneficia-

ries;
•	 define integration and positioning 

strategies of the invention within an 
existing technological ecosystem;

•	 and formulate a  commercialization 
algorithm with minimized risks and 
maximized value.

Thus, the modern extension of ARIZ 
should integrate both inventive problem 
solving and commercialization logic, en-
abling a transition from invention to innova-
tion to commercial product.

Integration of the Algorithm 
for Inventive Problem Solving 

with Modern Commercialization 
Theories (Part One)

The Theory of Inventive Problem Solv-
ing (TRIZ) and all its known derivative al-
gorithms were developed in a  country and 
during a  period when commercialization 
of innovative solutions was not considered 
a matter of significance. One could even say 
that, at certain stages in the creation of the 
Theory and Algorithm of Inventive Problem 
Solving, the issues of commercialization were 
deliberately ignored in favor of purely tech-
nological variants of innovative solutions-
solutions often detached from real econom-
ics and, in most cases, from practical life.

As a  result of this shortsighted and 
one-sided organizational model of innova-
tion process development that prevailed at 
that time, inventors trained within the TRIZ 
and ARIZ frameworks found themselves 
highly capable of solving technical problems, 
yet completely unprepared for the mecha-
nisms, strategies, and competitive realities of 
innovation commercialization in a  market-
driven economy.

Inventors who were trained and shaped 
within the TRIZ and ARIZ methodology turned 
out to be completely unprepared for the mech-
anisms and techniques of competitive behav-
ior in a modern free-market economy.

They are ready – and genuinely enjoy – 
inventing, but they are not ready and do not 
know how to earn money from their inven-
tions in order to receive fair compensation 
for their talent and creative work.

In this context, it becomes critically im-
portant to evaluate the necessity of initiating 
an innovation process, and – even more im-
portantly – to model and calculate possible 
development scenarios throughout the com-
mercialization phase.

G. S. Altshuller formulated the goal of his 
method as follows:

“How can one arrive at strong solutions im-
mediately, without exhaustive trial and error?”

Achieving this goal is possible through 
adherence to the fundamental TRIZ princi-
ples:

1. Principle of objectivity in system evo-
lution

The structure, functioning, and genera-
tional change of systems follow objective laws.

Strong solutions are those that are aligned 
with objective laws, patterns, phenomena, 
and effects.

2. Principle of contradiction
Under external and internal influences, 

contradictions emerge, intensify, and are 
eventually resolved.

A  problem is complex because there is 
a contradiction, hidden or explicit.

Systems evolve by overcoming contradic-
tions in accordance with objective laws and 
effects.

Strong solutions are the ones that elimi-
nate or resolve contradictions, not the ones 
that compromise.

3. Principle of specificity (concreteness)
Each class of systems – and each individ-

ual system – has specific characteristics that 
may facilitate or hinder transformation.

These characteristics are determined by 
the available resources:

•	 internal resources – inherent to the 
system;

•	 external resources – defined by the en-
vironment and circumstances.
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Strong solutions are those that take into 
account the specific characteristics of the giv-
en system, as well as the individual charac-
teristics of the person making decisions.

As practice in managing innovation proj-
ects has shown, meticulous adherence to the 
requirements and recommendations of these 
three principles does not define and does not 
allow achieving the ideal final result in every 
specific development.

Today, any specialist in biomechanics or 
in the broader field of bio-engineering can 
provide numerous examples of borrowing 
the most important and astonishing techni-
cal solutions from among the technical solu-
tions of nature.

Let lawyers resolve the issue of priori-
ty date and global novelty when borrowing 
from nature the most elegant and concise – in 
many cases unique – biological-engineering 
experience.

Now let us assume that the inventor has 
obtained the necessary information or, at the 
very least, has learned about interesting con-
clusions from scientific research.

How, in this case, can the Theory of In-
ventive Problem Solving help in advancing 
useful information, conclusions, and as-
sumed natural patterns from an almost-idea 
stage to a successful commercial project?

Algorithm of interaction between the 
Theory of Inventive Problem Solving 

and the fundamental principles 
of invention commercialization 

(continuation, part two)
To begin, let us return to the Theory 

of Inventive Problem Solving (TRIZ):
Thus, the methodology of problem solv-

ing is based on generally studied TRIZ laws 
of system evolution, general principles of 
contradiction resolution, and mechanisms 
for solving specific practical problems.

Main functions and areas of appli‑
cation of TRIZ:

•	 solving inventive problems of any 
complexity and orientation;

•	 forecasting the development of techni-
cal systems;

•	 development of creative imagination 
and thinking;

•	 development of the creative personali-
ty and creative teams.

The key concept in TRIZ is the “strong 
solution.” This is the best, or close to the 
best, solution.

TRIZ focuses on revealing a strong solu-
tion and includes:

1) mechanisms for transforming a prob-
lem into an image of a future solution;

2) methods of suppressing psychological 
inertia that prevents finding solutions;

3) a vast information base – concentrated 
experience in problem solving.

4) A  problem is a  recognized contra-
diction. In TRIZ, special and fully justified 
attention is paid to the formulation of con-
tradictions. Three types of contradictions are 
distinguished: administrative contradiction, 
technical contradiction, and physical con-
tradiction.

Administrative contradiction – 
a contradiction between a need and the abili-
ty to satisfy it. It is relatively easy to identify. 
It is often formulated by management or the 
customer and appears as:

•	 “It is necessary to accomplish this, but 
we do not know how”;

•	 “A certain parameter of the system is 
poor and needs to be improved”;

•	 “There is a defect, but we do not know 
the cause.”

Technical contradiction – a  contra-
diction between certain parts, qualities, or 
parameters of a system. Typically, improving 
one characteristic sharply worsens another. 
For example, a useful action simultaneously 
produces a  harmful effect. Or: introducing 
a positive effect or eliminating a negative one 
results in deterioration (for example, unac-
ceptable complication) of some part of the 
system or of the system as a whole. Usually, 
one must search for a compromise and sacri-
fice something. Resolving a technical contra-
diction often requires a qualitative change of 
the entire system.

Physical contradiction – imposing di-
ametrically opposite properties on a  specif-
ic part of the system. The study of reasons 
that give rise to a technical contradiction in 
technical systems usually leads to the iden-
tification of conflicting physical properties 
within the system. It should be emphasized 
once again that, in contrast to a  technical 
contradiction, which belongs to the system as 
a whole, a physical contradiction relates only 
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to a specific part of it. Formulating a physi-
cal contradiction formulation of the physical 
contradiction is paradoxical: a  certain part 
of the system must simultaneously exist in 
two mutually exclusive states. For example, 
it must be cold and hot at the same time, 
movable and immovable, long and short, 
flexible and rigid, electrically conductive and 
non-conductive, etc.

Thus, the three types of contradictions 
form a  chain: administrative contradiction 

→ technical contradiction → physical con-
tradiction.

To solve a  complex technical problem 
means to improve the required parameters 
of the system without deteriorating others.

This can be achieved by identifying the 
technical contradiction, determining the 
causes that generated it – or even the causes 
of those causes – and eliminating them, that 
is, by resolving the physical contradiction.
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LIFETIME – more than 10 years 
(power consumption) – Durability 

of the system and provision of 
the required energy level

SIZE of the capsule – actual dimensions 
of the sensor capsule

According to the technical specifications, 
the required dimensions of the sensor cap-
sule are as follows:

•	 Diameter: 30 mm;
•	 Length: 100 mm.

After modeling and conducting tests, the 
researchers concluded that, if necessary, the 
external dimensions of the capsule could be 
reduced to:

•	 Diameter: up to 25 mm;
•	 Length: up to 80 mm.
A particularly important factor in achiev-

ing this reduction is the use of a planar sole-
noid as the sensor element, implemented in 
the form of a flat coil on a single-layer printed 
circuit board.
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The dimensions of this board – 16 mm in 
diameter and 1.5 mm in thickness – allow for 
significant optimization of space within the 
internal volume of the sensor capsule.

Measurement pH range (3–10) – mea-
surement of acidity levels across an extended 
range.

The range of calibration tests was ex-
panded – calibration was carried out on sam-
ples with acidity levels ranging from pH 2 to 
pH 10.

In principle, there are no limitations re-
garding the acidity values that can be mea-
sured using the new technology.

Experimental verification confirmed the 
possibility of measuring acidity levels as low 
as pH 1 (hydrochloric acid used in sample 
preparation) and as high as pH 14 (various 
household alkaline solutions).

The specified measurement range is 
therefore fully feasible for implementation.

Operational temperature range – 
20 to +45 °C

According to the technical requirements, 
tests were conducted to evaluate the mea-
surement accuracy at sample temperatures of 
10 °C, 25 °C, and 40 °C, at an acidity level 
of pH 6.

Additionally, pH parameters were mea-
sured on samples with acidity levels of 3, 4, 5, 
6, and 7 at temperatures of 23 °C and 39 °C.

The measurement results demonstrat-
ed sufficient sensitivity of the prototype 
under all temperature variations and for all 
acidity levels of the tested samples.

Measurement resolution (pH): 0.01
During the setup of the test equipment, 

a program was used that allows the regulation 
of signal frequency and amplitude with 
a precision of up to 0.001 MHz and 1 mV.

Due to this factor, the critical parame‑
ter of the measurement system is the amount 
of energy available for signal generation.

Battery modeling and operational pa-
rameter simulations will be conducted in the 
following stages of the project; however, the 
fundamental feasibility of achieving the re-
quired high measurement precision has al-
ready been confirmed.

Accuracy of pH measurement: ±0.1
The required measurement accuracy was 

achieved during the calibration tests of the 
system.

Since the calibration was carried out us-
ing samples with precisely defined acidity 
levels, while simultaneously monitoring re-
al-time temperature and calorimetric con-
tent, the transition to measuring glucose 
concentration levels provided an equivalent 
degree of accuracy.

Content (particles)
Influence of the Presence of Coarse Wheat 

Flour in the Sample
The effect of coarse wheat flour added to 

the sample in concentrations specified in the 
technical specification – 100 g, 200 g, and 
400 g per 1 liter – was analyzed.

(The penetration depth of the signal from 
the pulse generator into the liquid sample, 
when using a flat coil made as a single-layer 
printed circuit board, is 1–1.5 mm.)

Since the flour particles in the sample 
tend to settle, their presence has virtually no 
effect on the measurement results.

Additional experiments were also carried 
out by introducing orange pulp into a sample 
of gastric juice with an acidity level of pH 6, 
in a concentration of 10 grams per 100 milli-
liters of the sample. In this case, the readings 
of the gastric juice sample with pH 6 and the 
sample containing orange pulp showed al-
most identical measurement results.

Feed Content
According to the technical specification, 

it was necessary to assess the influence of 
various substances introduced into the sam-
ple composition on the measurement re-
sults. Since the samples were prepared using 
simulated gastric juice, hydrochloric acid, 
and tap water containing salts and hardness 
compounds at a concentration of 400 mg per 
liter, the effect of additives was found to be 
nonlinear.

•	 Additives in concentrations of 10 and 
60 mg/L had no measurable effect on 
the results;

•	 Additives in concentrations of 0.6 g/L 
also showed no significant influence;

•	 Additives in concentrations of 1.2 g/L 
produced varying results at different 
signal frequencies; however, at a mea-
surement frequency of 25 MHz, the 
readings were identical to those of the 
reference samples with pH 6 and no 
additives;
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•	 Additives in concentrations of 6 g/L 
similarly showed some variation de-
pending on signal frequency, but 
again, at 25 MHz, the measurement 
results were equivalent to the baseline 
samples with pH 6.

Modeling of the Capsule Position in Space
Modeling of the capsule’s spatial orienta-

tion, including the contact between the sensor 
plane and the patient’s body, was carried out 
to evaluate the stability and reliability of the 
signal under different operating conditions.

Influence of a Beef Plate on 
Measurement Accuracy

A  beef plate with a  thickness of 5 mm 
was placed in the sample at a distance of 2 
mm from the flat sensor coil (the penetration 
depth of the signal from the pulse generator 
into the sample liquid, when using a single-
layer printed circuit coil, is 1–1.5 mm).

The presence of the beef plate positioned 
2 mm away from the coil end has no effect 
on measurement quality or accuracy.

When the beef plate is directly attached 
to the flat sensor coil (full contact), the pen-
etration depth of the pulse generator signal 
remains the same (1–1.5 mm).

To compensate for full contact, it 
is necessary to mount the flat sensor coil at 
a depth of 1.5 mm within the capsule design.

Repeatability of Measurement Results
The test procedure was as follows:
More than 1 gallon of distilled water 

and 1 gallon of tap water were prepared.
The sample containers were hermetically 

sealed.
The tests were conducted under the fol-

lowing signal parameters:
•	 Frequency: 26.25 MHz;
•	 Amplitude: 9850 mV (distilled wa-

ter); 9590 mV (tap water).
The same comparative test was per-

formed five times at three-day intervals 
using the same water samples.

The measurement results for samples 
with identical chemical compositions were 
absolutely consistent, confirming the 
high repeatability of the system.

Technical Requirements Analysis – 
Preliminary Calibration of Test Equip‑
ment

During calibration, the following aspects 
were evaluated:

•	 Analysis of the feasibility and perfor-
mance of the technical requirements 
for the project;

•	 Duration of the operational life of the 
device;

•	 Main dimensional characteristics;
•	 Measurement limits for acidity (pH) 

levels;
•	 Operating and environmental tem-

perature ranges;
•	 Measurement accuracy for acidity lev-

els;
•	 Ranges and scales for pH measure-

ment of gastric fluid using the device;
•	 Influence of food particles or other 

substances on the skin surface at the 
measurement site

•	 Influence of the concentration of var-
ious components in the measurement 
area on the results

All parameters demonstrated full read‑
iness of the equipment, materials, and in-
struments for testing in accordance with the 
first-stage testing program.

Results of Equipment 
Preparation and Impact on 

Autonomous Capsule Design
The results of the calibration and experi-

mental tests influenced the design principles 
of the autonomous sensor capsule, con-
firming its suitability for accurate acidity lev-
el identification and other target parameter 
evaluations.

The preparatory work included:
•	 Selection and experimental verifica-

tion of structural materials;
•	 Selection and testing of protective 

coatings;
•	 Selection and comparative analysis of 

sensor design variants;
•	 Selection and verification of the test‑

ing setup;
•	 Preparation of liquid samples for 

testing;
•	 Measurement of acidity levels before 

and after testing;
•	 Evaluation of the temperature ef‑

fect on acidity level;
•	 Evaluation of time-dependent sta‑

bility of acidity;
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•	 Analysis of the chemical composi‑
tion influence on pH;

•	 Influence of organic materials or 
fruit juices on acidity;

•	 Influence of coarse wheat flour in 
concentrations of 100, 200, and 400 
g/L (signal penetration depth 1–1.5 
mm).

Further Calibration and Experimental 
Testing Considerations

For subsequent calibration and testing 
phases, the following factor must be taken 
into account:

•	 The influence of a 5 mm-thick beef 
plate placed 2 mm from the sensor 
coil (signal penetration depth 1–1.5 
mm) – this configuration should not 
affect measurement accuracy or qual-
ity;

•	 If the beef plate is in full con‑
tact with the sensor coil, the flat coil 
must be structurally positioned at 
a depth of 1.5 mm to ensure accu-
rate signal compensation and reliable 
readings.
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Abstract
The paper examines current trends in the formation of the innovation process, which now 

encompasses all areas of human activity – from energy and medicine to transport and indus-
try. It emphasizes that modern technical solutions are increasingly acquiring a compositional 
character, representing a set of interrelated elements integrated into a unified engineering and 
technological system. The methodological principles for creating integrative inventions based 
on compositional solutions, as well as the specifics of their patent protection, are discussed. It is 
noted that successful commercialization is possible only when the principle of compositionality 
and a well-developed structure of a new technical solution are present, ensuring its integration 
into higher-level technological systems.
Keywords: Implementation of new technologies; pronounced innovative character; 
innovation breakthrough; various technical and technological cultures; different levels of 
starting positions; operability of technical solutions; elements of composite design solutions; 
subjective factor of durability; reliability of a new product

The introduction of new technologies, the 
use of new materials, and the replacement of 
traditionally accepted production methods 
with unconventional ones – which facilitate 
and are an essential condition for technologi-
cal leaps or breakthroughs and for improving 
production efficiency – are now collectively 
referred to as the innovation process.

This process, under conditions of differ-
ing technical and technological cultures and 
varying levels of initial readiness for innova-

tion, may differ significantly; however, the 
acute necessity for initiating such a process is 
undeniable.

In recent years, the economies of almost 
all industrially developed countries have ad-
opted and continue to adopt an increasingly 
pronounced innovative character.

While at the early stages of this process in-
novation breakthroughs were of a local nature, 
primarily observed in high technology, micro-
electronics, and so-called nanotechnologies, 
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today the innovation process is becoming in-
creasingly focused on classical, fundamental 
technologies – including energy, medicine, 
and transport – thus encompassing all essen-
tial spheres of human activity.

Entrepreneurs, striving to enhance the 
competitiveness of their products and tech-

nologies, are compelled to continuously seek 
new ways to improve efficiency, reduce energy 
intensity and energy costs, and increase envi-
ronmental safety and economic stability with-
in each individual enterprise or company.

Figure 1. Figure 1 illustrates the evolution of one of the composite technical 
solutions that served as the basis for the development of a series of integrative 

inventions aimed at optimizing the Brayton thermodynamic cycle, with 
the prospect of its transition to a higher-level thermodynamic cycle

New opportunities in the design and ver-
ification of the operability of technical solu-
tions also introduce elements of composite 
design concepts, which are becoming key 
criteria and tools within the methodology of 
modern industrial design.

New opportunities for assessing the use-
fulness and feasibility (as well as the advis-
ability) of modifying and upgrading existing 
technical solutions.

Very often, what is considered new is sim-
ply something well forgotten from the past. 
Therefore, when setting the objective and 
making a  decision to initiate an innovative 
process aimed at synthesizing a new product, 
it is advisable to first verify whether any func-
tional elements of the intended composition 
have already been invented.

Changing the rules and criteria 
of industrial design

If such or an equivalent solution is found, 
then the replacement of materials, the use of 
new components, and the integration of digital 
control and monitoring systems into the future 
composition may enable the creation of a new 

technological composition with the potential to 
integrate into a higher-level composite system.

The impossibility of successful commer-
cialization without establishing the princi-
ples of compositionality and the composi-
tional structure of a new technical solution

As practice shows, the possibility of sell-
ing or licensing autonomous technical solu-
tions – if they are not initially linked to sys-
tems or solutions of a  higher technological 
and qualitative level – is virtually zero.

Inventions of a  compositional nature, 
which include at least a conceptual or sche-
matic solution for integration into higher-
level technological and structural systems, 
are implemented more confidently and with-
in shorter timeframes. This is because the 
methodology and techniques of such inte-
gration are already present in the description 
and claims of the integrative and composi-
tional technical solution, providing investors, 
buyers, or licensees with a  clear framework 
for implementation.

Proposed techniques and methods for de-
veloping a compositional style in the creation 
of new innovative solutions.

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie


The European Journal of Technical 
and Natural Sciences 2025, No 6

COMPOSITE TECHNICAL SOLUTIONS AS THE MAIN TOOL76

Section 8. Technical sciences in general

Thus, the compositional formation of 
a technical solution represents an engineer-
ing and design approach focused on devel-
oping new technical concepts with regard to 
their potential integration into existing tech-
nological schemes and configurations.

Since the methodology of such integra-
tion can often be unique and possess signif-
icant novelty, the description and claims of 
a compositional invention – characterized by 
a multi-level architecture of causal relation-
ships between composition components and 
their integration into design and technologi-
cal linkages – largely determine the commer-
cial success of these innovations.

Techniques and methods for transition-
ing from the created compositional founda-
tion of a new technical solution to the basic 
framework of an integrative invention.

In many cases, an engineering and tech-
nological composition requires additional – 
and often fundamentally new – connections 
between its components and elements. In 
other words, even when a  composition has 
a clearly defined engineering and technolog-
ical structure in terms of its properties and 
composition, in order to transform it into 
a ready-to-use innovative product, it is nec-
essary to identify versions of integration that 
enable the incorporation of the composition 
into the final, highly complex, and multi-level 
integrated product.

The possible versions of such integration 
may vary greatly; the essential point is that 
the final result of integration should lead to 
an unprecedented performance or quality 
leap that has not been previously achieved.

The impact of limitations on the number 
of claims in a patent on the reliability of pro-
tecting compositional technical solutions.

Restrictions on the number of patent 
claims generally complicate the reliable 
protection of an invented object. However, 
a  properly developed principle of composi-
tionality can, on the contrary, enhance the 
scope and strength of protection.

The ideal case is a system of causal relation-
ships that makes it possible to achieve the de-
clared effect only within the proposed system 
of compositional interconnections – with clear-
ly defined conditions and features that deter-
mine the structure of the composition and the 
independent functions of each of its elements.

Given the constraints of patent form and 
length, it is reasonable to include in the com-
positional solution only those features and 
interrelations that do not affect the known 
independent characteristics and functions of 
the individual elements and components, but 
rather arise as a result of the formation of the 
composition itself, through the mutual func-
tional influence of the composition’s compo-
nents on one another.

The impact of limitations on the number 
of patent claims on the reliability of protect-
ing compositional technical solutions.

Limiting the number of claims in a patent 
application generally complicates the reliable 
protection of the invented object. However, 
a properly defined principle of composition-
ality can, conversely, enhance the scope and 
strength of protection.

The ideal case represents a  system of 
cause-and-effect relationships that makes it 
possible to achieve the declared effect only 
within the proposed system of compositional 
interconnections, characterized by clearly de-
fined conditions and features that determine 
the composition’s structure and the indepen-
dent functions of each element within it.

Given the limitations of patent form and 
space, it is reasonable to highlight in a com-
positional solution only those features and 
interrelations that do not affect the known 
independent characteristics and functions 
of the individual elements and components, 
but rather arise precisely as a result of form-
ing the composition itself, within the mutual 
spheres of functional influence of the compo-
sition’s components on each other.

It can be stated that with properly select-
ed components of a composition – when they 
are subordinated within it to the requirements 
and properties of a newly created technologi-
cal system – a new integrated system of char-
acteristics, interrelations, feedbacks, and func-
tions emerges. These are possible only within 
this composition and, moreover, demonstrate 
a  tendency toward the evolution and refine-
ment of intra-compositional connections.

It can be stated that, with properly select-
ed components of a  composition – subordi-
nated within that composition to the require-
ments and properties of the newly created 
technological system – there arises a new in-
tegrated system of attributes, interrelations, 
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feedbacks, and functions that are possible 
only within this composition and, more-

over, tend to evolve and refine the intra-
compositional linkages over time.
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Abstract
In the context of modern smart manufacturing, a patent and licensing strategy is formed as 

a control analytical algorithm for monitoring the technology’s readiness for mass production 
and integrated marketing.

New smart manufacturing solutions have a positive impact on the development of most 
production systems and equipment. Their efficiency is enhanced through vertical and horizontal 
integration. The proposed technical solutions are based on a method of coding and subsequent 
identification of the coding element. The method involves applying a special coating (or its 
technological equivalent) to an object and measuring its thickness. Matching the parameters 
with the specified code ensures positive identification, while mismatching leads to shutdown 
or blocking of the equipment or information consumer.

This technology has been repeatedly proven in film thickness control applications in solar 
energy and semiconductor manufacturing. With the advent of multilayer optical discs and re-
cording formats using blue lasers, its importance has increased. Coding at each recording level 
enables three-dimensional local encryption of information, making the technology particularly 
relevant for protecting classified and confidential data. In conclusion, it should be noted that 
new smart manufacturing technologies have a positive impact on the comprehensive devel-
opment of virtually any production systems and equipment, as well as on their improvement 
through vertical and horizontal integration.
Keywords: control analytical algorithm for monitoring the readiness of smart technology 
for mass production and integrated marketing, patent and licensing strategy, innovative 
technologies, mass-market products, vertical and horizontal integration

Patent and licensing strategy as a control 
analytical algorithm for monitoring the read-
iness of smart technology for mass produc-
tion and integrated marketing.

In recent years, innovative high-tech 
fields have rapidly evolved into mass-de-
mand products. These include smart design, 
medical devices, transportation, logistics, 
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manufacturing equipment, and workforce 
development systems. A key challenge is en-
suring these technologies are secure, scalable, 
and market-ready. One example is mobile 
security coding for external digital storage 
media, which demonstrates how technical 
innovation connects directly to patent strate-
gy and commercialization.

The essence of this technology lies in 
a coding and decoding unit that ensures highly 
accurate identification of protected elements. 
This is achieved by applying a special coding 
coating (or disk) whose thickness determines 
accuracy. Two main methods exist:

1. Manufacturing the disk from precision 
foil.

2. Applying an electrochemical coating 
into a housing groove.

Identification occurs by measuring the 
coating thickness. A  match confirms autho-
rization; a mismatch halts device operation. 
Thickness ranges from 1 to 50 microns, mak-
ing the system both simple and reliable.

The coating method has already been 
tested in semiconductor manufacturing and 
solar panel production. Its adaptation to 
data storage addresses the growing risks of 
information theft, especially with multilayer 
optical discs and high-capacity devices. Each 
disc layer can be individually coded, enabling 
selective protection of sensitive information.

Models of storage media show that the 
system can be integrated into both existing 
and new devices, strengthening their market-
ing value. Beyond storage media, the method 
supports modules for cooling, monitoring, 
and controlling energy-intensive optical and 
electronic systems.

The manufacturing process includes:
1. Preparing steel tape, applying photo-

resist, and using high-speed electrochemical 
coating of nickel and copper.

2. Selective iron etching, polymer stabi-
lization, and vacuum coating with nanoscale 
diamond films.

This advanced jet electrochemical pro-
cess creates durable, conductive structures 
without organic additives, offering cost effi-
ciency and high performance.

When deployed in a  corporate environ-
ment, this coding system provides multilay-
ered data protection. It enables real-time 
tracking of each storage device’s location and 

status, reducing risks of unauthorized access. 
This approach can be applied to both optical 
media and mobile storage, supporting scal-
able corporate information security systems.

At least two major projects arise from this 
technology:

1. Optical storage device coding – inte-
grating analytical and sensor devices for in-
dustries requiring high data protection.

2. Mobile external storage coding – en-
abling portable security with mobile or sta-
tionary analytical systems.

Both directions offer wide applications in 
IT, healthcare, defense, and logistics.

Additional technological features
The technological challenges of applying 

special coatings have been resolved, and this 
technology has been repeatedly tested in sim-
ilar applications related to film thickness con-
trol on solar panels and in traditional semi-
conductor manufacturing. Additional features 
and potential applications of this technolo-
gy, applied to the new conditions that have 
emerged in the storage media market over the 
past year, taking into account new trends in 
technical solutions and technical systems at 
all levels, ultimately lead to the synthesis of 
so-called smart technologies and integrated 
technical systems with elements of artificial 
intelligence and artificial neural networks.

With the emergence of new formats for 
recording and reading optical storage media 
using blue lasers and the start of production 
of multilayer optical discs based on this same 
technology, the proposed principles and 
technical solutions for security coding have 
become even more important, as the amount 
of information recorded on each disc increas-
es, and the lack of protection leads to increas-
ing losses of classified or confidential data. In 
addition to the information already transmit-
ted, it is necessary to indicate the capabilities 
for coding each layer in multilayer discs, in 
which each level of the recording layers is 
coded, which is a significant improvement in 
the system of formatting an optical storage 
medium in three-dimensional terms and is 
a means of ensuring (for particularly import-
ant and secret information) local selective 
coding of information within a single disc.

Overall, the described system demonstrates 
how patentable innovations not only improve 
technical performance but also provide a foun-
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dation for marketing and licensing strategies. 
By combining precision engineering, advanced 
coatings, and adaptable security mechanisms, 
these solutions can accelerate the readiness of 

smart technologies for mass production. Inte-
grated with corporate and governmental secu-
rity systems, they ensure both commercial via-
bility and long-term competitiveness.
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Abstract
This paper presents a methodological approach to the development of complex technical 

solutions through digital modeling and applied integration. Using advanced design tools such 
as SolidWorks, inventors and engineers can simulate, analyze, and refine systems before build-
ing physical prototypes. The paper includes two detailed case studies: a vortex generator and 
a water purification system for hospitals. These examples demonstrate how digital validation 
can reduce development time, minimize cost, and improve innovation accuracy.
Keywords: Digital prototyping; integrative technology; simulation; CAD; SolidWorks; 
vortex generator; hospital water treatment; Joule–Thomson effect; Rankine–Hilsch vortex; 
electrochemical processing

Introduction
The landscape of engineering and techno-

logical development has changed dramatical-
ly in recent years. As systems become more 
intricate and multidisciplinary, the classical 
approach – where inventions were created 
within isolated domains such as mechanics, 
electronics, or programming – is no longer 
adequate. Today, market-relevant innova-
tions are expected to combine multiple lay-
ers of complexity, including hardware design, 
logical architecture, embedded control, digital 
modeling, and even materials science. In this 
environment, the success of an invention in-
creasingly depends not only on its conceptual 
novelty but also on the seamless integration of 
its components into a working whole. It is no 
longer sufficient to propose an idea in theory; 

that idea must be demonstrably functional 
across all technical dimensions. Importantly, 
the ability to manufacture the proposed solu-
tion efficiently and economically plays a criti-
cal role in determining its real-world viability. 
This growing need for cross-disciplinary syn-
ergy has elevated the role of digital prototyp-
ing and simulation tools. Modern computer-
aided design (CAD) systems allow inventors 
to move beyond static schematics and instead 
construct dynamic, interactive models. These 
models can include geometric design, mate-
rial properties, stress behavior, fluid interac-
tions, and programmable logic – effectively 
simulating the behavior of the final product 
before any physical prototype is built. Con-
sequently, the innovation process has shifted 
toward a  methodologically integrated work-
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flow, where digital tools are used not just for 
visualization but for verification, iteration, 
and even automated manufacturing planning. 
Digital validation now serves as a critical stage 
in reducing development time, minimizing 
errors, and ensuring that multidisciplinary in-
ventions function cohesively under real-world 
constraints. This article explores this new 
paradigm by presenting both the conceptual 
methodology and two applied case studies that 
illustrate how digital technologies empower 
engineers to design, validate, and prepare for 
the production of complex, integrative techni-
cal solutions. 2. Tools for Digital Validation

The use of CAD systems such as Solid-
Works provides inventors with the ability to 
digitally simulate complex structures with 
high precision. These tools support anima-
tion, interaction modeling, geometric testing, 
and tolerance checking, all of which allow for 
the verification of functionality and novelty 
without the expense of building physical pro-
totypes. Digital design also enables automat-
ed data export for CNC machining, ensuring 
that the digital model can be manufactured 
accurately. This workflow bridges the gap 
between conceptual design and physical pro-
duction, especially for inventions that require 
precise geometric and functional coherence.

Case Study 1: Integration 
in Vortex Generator

One of the most illustrative examples of 
integrative design through digital prototyp-
ing is the development of a vortex generator – 
a device engineered to create controlled vortex 
flows within a confined structure using mul-
tiple gaseous media. This system embodies 
the convergence of several complex domains: 
computational fluid dynamics, advanced ge-
ometry, thermodynamic principles, and CNC 
manufacturing technologies. At the initial de-
sign stage, the concept required a high-preci-
sion internal geometry, capable of inducing 
spiral motion in compressed gas streams. Key 
architectural elements included:

•	 Tangential inlet channels that initiate 
rotational flow;

•	 A central axial borehole, carefully di-
mensioned to stabilize the vortex axis;

•	 Internal flow chambers configured to 
maximize angular momentum and 
turbulence generation.

What distinguishes this generator is not 
just the complexity of its geometry, but the 
integration of physical phenomena within the 
digital model itself. The system was designed 
to harness two thermodynamic effects:

•	 The Joule–Thomson effect, which en-
ables temperature reduction through 
gas expansion;

•	 The Rankine–Hilsch vortex effect, fa-
cilitating simultaneous heat separa-
tion and localized cooling.

The entire unit was digitally engineered 
using SolidWorks, enabling precise control 
over surface transitions, cavity volumes, and 
material thicknesses.

This software also allowed for:
•	 Tolerance analysis to ensure manufac-

turability;
•	 Motion simulation of gas flow through 

the internal spiral paths;
•	 Export of the CAD data directly to CNC 

machines without reformatting.
Based on the final validated model, two 

prototype components were manufactured – 
one from aluminum alloy and another from 
stainless steel – on high-precision CNC mill-
ing centers.

The seamless transition from digital sim-
ulation to physical production highlights 
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the reliability of the modeling environment, 
as well as the feasibility of producing geo-
metrically complex parts with zero manual 
adjustment. This case demonstrates how 
aerodynamic optimization, material behav-
ior, and digital design logic can be unified 
into a single, replicable process. By combin-
ing principles from thermodynamics, geom-
etry, and manufacturing science, the vortex 
generator embodies a  fully integrative tech-
nical solution – conceived, verified, and real-
ized entirely within a digital-first workflow.

Case Study 2: Integrative Water 
Treatment Solutions for Hospitals
Medical institutions, particularly hospi-

tals and clinics, place exceptionally high de-
mands on water quality due to the need for 
sterility, chemical neutrality, and microbio-
logical safety across a range of clinical appli-
cations. Contaminated or improperly treated 
water can compromise patient care, damage 
sensitive equipment, or disrupt laboratory 
processes. In response to these challenges, 
this case study presents the design and dig-
ital validation of an integrated electrochem-
ical water purification system, engineered 
specifically for the medical environment.

Unlike conventional purification systems 
that rely on chemical reagents, the proposed 
solution utilizes electrochemical processing 
methods that are entirely reagent-free. The 
system is built around composite, water-
permeable electrodes and chemically inert, 
non-metallic contact materials. This archi-
tecture enables safe and selective processing 
of water without introducing additional im-
purities or by-products into the treatment 
cycle.

System Architecture and 
Functional Modules

The treatment system is composed of 
multiple interrelated subsystems, each ad-
dressing a specific stage of water preparation 
and recovery:
•	 Tap Water Pre-Treatment:

The first stage addresses the incom-
ing municipal water supply. The electro-
chemical unit adjusts the pH level, neu-
tralizes biological agents such as bacteria 
and viruses, and selectively removes un-
desirable trace elements (e. g., boron, lith-
ium, selenium, lead) even if they are with-
in legal limits but unsuitable for medical 
use. The system is capable of raising the 
oxidation-reduction potential (ORP) to 
values exceeding 800 mV, enhancing the 
water’s biological compatibility and reac-
tivity in medical procedures.

•	 Hospital Waste Water Treatment:
Medical waste water often contains 

high concentrations of organic contami-
nants, pharmaceuticals, and biologically 
active substances. The system’s second 
module employs aerodynamic flotation 
followed by electrochemical separation, 
which isolates suspended solids, patho-
gens, and dissolved organic matter with-
out requiring chemical flocculants or co-
agulants.

•	 High-Density Electrochemical Disinfec-
tion:

To ensure complete deactivation of 
viruses, bacteria, and other pathogens, 
treated waste water undergoes high-in-
tensity electro-disinfection. This stage 
features closely spaced electrodes (gap < 
1 mm), high current densities, and opti-
mized flow conditions that rapidly steril-
ize the fluid by inducing radical formation 
and local pH shifts.

•	 Post-Reverse Osmosis Conditioning:
Reverse osmosis (RO) units are com-

monly used in hospital water systems but 
often produce output water with a low pH, 
which can be corrosive to medical devic-
es. The final stage of the system restores 
the treated water’s pH to a neutral range 
via controlled electrochemical buffering, 
ensuring compatibility with high-value 
hospital instruments and internal water 
loops.
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Abstract
This article presents a practical blueprint for integrating Artificial Intelligence (AI) into the 

automotive Quality Management System (QMS). While traditional quality methods like IATF 
16949 are foundational, their reliance on human inspection and sampling struggles with the 
complexity and pace of modern manufacturing. The authors propose a transformative approach 
where AI acts as a force multiplier, shifting the QMS from a reactive record-keeper to a predic-
tive, self-optimizing system. The guide details a clear pathway, beginning with the critical step of 
mapping quality control points into measurable data across key production stages – Body Shop, 
Paint Shop, Assembly Line, and End-of-Line testing. It then outlines the technical infrastructure 
required, including data acquisition sensors, VIN-based traceability to create a “digital twin” 
for each vehicle, and the application of specific AI models like Computer Vision and Machine 
Learning for real-time inspection and prediction. The article emphasizes closing the feedback loop 
through automated station gating and process correction. The result is a closed-loop system that 
delivers tangible business benefits: a dramatic reduction in defect escapes, boosted productivity 
through predictive maintenance, and accelerated root-cause analysis. The authors conclude that 
integrating AI into the QMS is a definitive competitive advantage, leading to a more resilient, 
efficient operation and a stronger brand through measurable improvements in quality and cost.
Keywords: Automotive Quality, Artificial Intelligence, Computer Vision, Predictive Analytics, 
Quality Management System, IATF 16949, VIN Traceability, End-of-Line Testing, Predictive 
Maintenance, Zero Defects

1. Introduction: The New 
Imperative for Quality in 

Automotive Manufacturing
Imagine the modern automotive assem-

bly line: a symphony of robotics, human ex-

pertise, and complex logistics, all working 
in concert to build thousands of unique ve-
hicles. Each car is a  marvel of engineering, 
comprising thousands of parts sourced from 
a  global network of suppliers. Against this 
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backdrop of immense complexity, manufac-
turers face an unrelenting pressure to accel-
erate production cycles while delivering cars 
that are flawless from their very first mile.

The traditional approach to quality man-
agement, built on rigorous standards like 
IATF 16949, has served the industry well. 
It relies on systematic methods like Failure 
Modes and Effects Analysis (FMEA) to antic-
ipate problems, the Production Part Approv-
al Process (PPAP) to validate components, 
and Statistical Process Control (SPC) to mon-
itor production. However, a significant por-
tion of the final quality check often depends 
on human inspection and random sampling. 
In an era of compressed cycle times and high 
product variability, this reactive model can 
struggle. Subtle defects can escape the line, 
only to be discovered by a customer, leading 
to costly warranty claims and brand damage.

This is where Artificial Intelligence (AI) 
enters the picture, not as a replacement for 
these established practices, but as a  pow-
erful force multiplier. AI can transform 
a Quality Management System (QMS) from 
a  reactive record-keeper into a  predictive, 
self-optimizing nervous system for the en-
tire plant. It continuously monitors a  vast 
array of data, identifies subtle patterns in-
visible to the human eye, and intervenes be-
fore a  defect is ever produced. This article 
presents a  comprehensive, practical blue-
print for integrating AI into the automotive 
QMS. We will move beyond theoretical con-
cepts to outline a clear plan – from the spe-
cific control points on the factory floor to the 
data architecture and AI models that bring 
intelligent quality to life, ultimately leading 
to tangible business benefits.

2. The Foundation: Mapping 
Quality to Measurable Data

You cannot manage what you cannot 
measure. The cornerstone of any effective 
QMS, AI-powered or not, is a  precise and 
exhaustive catalogue of control points. This 
catalogue translates the abstract goal of “high 
quality” into concrete, measurable specifica-
tions. For an AI system, this catalogue be-
comes the feature set – the essential list of 
what it needs to learn and monitor. Let’s take 
a detailed walk through the production line, 
from bare metal to a finished vehicle.

2.1 The Body Shop: The Bones of 
the Vehicle

Here, the vehicle’s fundamental structure 
is created. AI-driven systems, primarily us-
ing high-resolution cameras and computer 
vision, can now perform superhuman levels 
of inspection.

•	 Body Geometry and Panel Gaps: 
Ensuring doors, hoods, and fenders 
align perfectly is critical for aesthetics, 
wind noise, and weather sealing. AI 
vision systems continuously measure 
gap widths and flushness, targeting, 
for example, 3.5 mm with a tolerance 
of just ±0.5 mm. They can also detect 
diagonal skew and panel flatness de-
viations as small as 1.0 mm, ensuring 
the car›s skeleton is perfectly formed.

•	 Weld Integrity: The strength of a ve-
hicle depends on its welds. Beyond tra-
ditional random ultrasonic testing, AI 
can visually inspect every weld seam in 
real-time, analyzing the weld nugget›s 
appearance to predict strength and 
consistency, aiming for a  pass rate of 
98% or higher.

2.2 The Paint Shop: The Skin and 
its Protection

The paint process is both an art and a sci-
ence, involving precise chemical and thermal 
reactions. AI brings unparalleled consistency 
to this delicate stage.

•	 Film Thickness and Uniformity: 
Using sensors like gloss meters and ul-
trasonic thickness gauges, the system 
ensures the paint film is consistently 
applied, typically aiming for 110 mi-
crons across the entire body. Devia-
tions can lead to premature corrosion 
or an uneven appearance.

•	 Gloss and Color Perfection: 
AI-powered cameras analyze the re-
flected light from the painted surface, 
measuring gloss units (GU) to ensure 
a deep, consistent shine, typically tar-
geting 90 GU.

•	 Defect Detection: This is where 
computer vision truly shines. Models 
trained on thousands of images can in-
stantly spot minute defects like dust in-
clusions, “orange-peel” texture, runs, or 
sags that might be missed by a human 
inspector in a fast-moving line.
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2.3 The Assembly Line: Where the 
Car Comes to Life

This is the most complex area, involving 
the marriage of mechanical, electrical, and 
software components.

•	 Torque Discipline: Perhaps the 
most critical parameter in assembly. 
Every bolt, from a simple interior trim 
fastener to a critical suspension com-
ponent, has a  specific torque value. 
AI monitors data from smart torque 
tools, ensuring every single fastener is 
tightened correctly – for example, con-
firming an interior bolt is torqued to 8 
N·m within a ±10% window. Patterns 
of deviation can predict tool failure or 
operator error.

•	 Electrical System Validation: As 
cars become “computers on wheels”, 
validating their electronic heart is par-
amount. AI systems can monitor the 
Controller Area Network (CAN bus), 
checking for proper resistance (around 
60 ohms) and scanning for error codes 
from every Electronic Control Unit 
(ECU) before the car even leaves the 
line. It can also ensure that advanced 
systems like ADAS (Advanced Driver 
Assistance Systems) have their cameras 
and radars correctly calibrated.

2.4 End-of-Line (EOL) Testing: The 
Final Exam

Before a car is shipped, it undergoes a fi-
nal battery of tests. AI correlates data from 
these tests to provide a holistic health certifi-
cate for each vehicle.

•	 Dynamic Testing: On a roller test rig 
or a short track, the system checks for 
vibrations, unusual noises, and overall 
drivability. Microphones can quantify 
cabin noise, targeting less than 68 dB 
at 100 km/h.

•	 Leak-Tightness: A  “rain shower” 
test simulates a  heavy downpour. AI, 
combined with moisture sensors and 
visual inspection, can pinpoint the 
exact location of any water ingress, 
a task that is notoriously difficult and 
time-consuming manually.

•	 Final Diagnostics: A full system scan 
ensures zero critical Diagnostic Trouble 
Codes (DTCs) are present, and all fluid 
levels are correct for shipping.

By defining these precise, numeric tar-
gets for every stage, we create a language that 
both humans and AI systems can understand 
and act upon.

3. The Nervous System: Building 
the AI and Data Pipeline

Having defined what to measure, the next 
step is building the infrastructure to collect, 
analyze, and act on this data. This is the tech-
nical backbone that makes intelligent quality 
possible.

3.1 Data Acquisition: The Senses of 
the Operation

The factory must be equipped with the 
right “senses” to feed the AI brain.

•	 Vision Sensors: High-resolution 
2D and 3D cameras are strategically 
placed at body, paint, and assembly 
stations to capture images for geomet-
ric and cosmetic analysis.

•	 Smart Tools: Torque wrenches, 
screwdrivers, and other fastening tools 
are equipped with transducers that log 
every single torque value directly to 
a central database.

•	 Process Sensors: Temperature sen-
sors in paint ovens, humidity sensors 
in the assembly area, and vibration 
sensors on robots provide constant 
feedback on the production environ-
ment.

•	 Network Taps: Direct connections 
to the vehicle›s CAN bus and diagnos-
tic ports allow for real-time interroga-
tion of the car›s electronic systems.

3.2 Integration and Traceability: 
The Memory

Every piece of data is meaningless without 
context. The most critical element here is the 
Vehicle Identification Number (VIN). Every 
measurement – every torque, every image, 
every diagnostic code – is time-stamped and 
permanently linked to a specific VIN. This cre-
ates a  complete “digital twin” or life-history 
for each vehicle. If a problem is discovered two 
years later, engineers can trace back through 
this data fabric to see the exact conditions and 
components present at its birth.

3.3 The AI Brain: Intelligence in 
Action

With data flowing in, different forms of 
AI are applied to specific tasks:
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•	 Computer Vision (CV): Using Con-
volutional Neural Networks (CNNs), 
this is the go-to technology for visu-
al inspection. Models are trained on 
thousands of images of “good” and 
“bad” parts (e. g., perfect welds vs. 
faulty ones) until they can make accu-
rate judgments in milliseconds.

•	 Supervised Machine Learning 
(ML): This is used for predictive 
tasks. For example, by analyzing the 
vibration spectrum of a robot arm over 
time, an ML model can learn the “sig-
nature” of a healthy bearing and alert 
maintenance teams days or weeks be-
fore it fails, predicting the failure be-
fore it causes quality issues or down-
time.

•	 Unsupervised Anomaly Detec‑
tion: This is used to find the “un-
known unknowns.” By analyzing com-
plex data streams, like the patterns of 
communication on a CAN bus, this AI 
can flag subtle, unusual behaviors that 
don›t match any known failure mode 
but could indicate a rare and emerging 
issue.

3.4 Decision-Making and Feed-
back: Closing the Loop

The ultimate goal is not just to find prob-
lems, but to solve them automatically.

•	 Station Gating: A vision system in-
specting panel gaps can send an im-
mediate “NOK” (Not Okay) signal, 
preventing a  misaligned body from 
moving to the paint shop and saving 
costly rework later.

•	 Process Correction: If an AI mod-
el detects that paint thickness is con-
sistently drifting low on a specific car 
model, it can automatically send a pa-
rameter adjustment to the painting ro-
bots to increase the flow, self-correct-
ing the process in real-time.

•	 Workflow Automation: When 
a  critical defect is found, the system 
doesn›t just log it. It can automatically 
launch a  formal 8D problem-solving 
report in the QMS, assigning an own-
er and a due date, ensuring that root-
cause analysis and corrective actions 
are triggered without delay.

4. The Payoff: Measurable 
Results and Tangible Benefits

Investing in an AI-powered QMS is not an 
academic exercise; it is a  strategic business 
decision with a  clear return on investment. 
The benefits manifest in several key areas:

•	 A  Dramatic Reduction in Defect 
Escapes: This is the most significant 
benefit. By performing 100% automat-
ed inspection at critical gates, plants 
that have implemented robust com-
puter vision systems report reductions 
in customer-found defects of 90% or 
more. This directly translates into low-
er warranty costs and higher customer 
satisfaction and brand loyalty.

•	 Boosted Productivity and Uptime: 
Unplanned downtime is the enemy 
of manufacturing. AI-driven predic-
tive maintenance allows plants to shift 
from a “fix-it-when-it-breaks” model to 
a “fix-it-before-it-breaks” paradigm. By 
forecasting failures in assets like robots 
and CNC machines, maintenance can be 
scheduled during planned breaks, dra-
matically increasing Overall Equipment 
Effectiveness (OEE).

•	 Faster and Deeper Root-Cause 
Analysis: Traditionally, finding the 
root cause of a  sporadic defect could 
take a team of engineers days of sifting 
through disconnected data logs. An AI 
correlation engine can do this in min-
utes. For example, if there›s a  spike 
in paint defects, the AI can instantly 
cross-reference the affected VINs and 
pinpoint that the issue only occurs with 
a specific batch of primer from “Suppli-
er A” when the oven temperature was in 
the lower 5 degrees of its tolerance win-
dow. This insight is often too complex 
for manual discovery.

•	 Data-Driven Supplier Manage‑
ment: The system can automatically 
generate a  risk score for each suppli-
er based on the real-time quality data 
from their components. This allows the 
Incoming Quality Control (IQC) team 
to intelligently adjust their sampling 
frequency, focusing more resources on 
higher-risk suppliers and streamlining 
the process for reliable partners.
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5. The Human Element: 
Navigating the Transition

Technology is only half the battle. Suc-
cessfully implementing an AI-QMS requires 
careful attention to people and processes.

•	 Bridging the Skills Gap: There is 
a growing need for engineers and qual-
ity professionals who are bilingual in 
both manufacturing and data science. 
Companies must invest in training and 
development to build this capability 
in-house. Furthermore, the AI systems 
must have explainable interfaces – 
they need to be able to show why they 
made a certain decision to build trust 
with line operators and engineers.

•	 Strong Governance and Change 
Management: An AI system can-
not operate in a silo. It must be deep-
ly embedded into the existing QMS 
governance. This means that every 
“NOK” from an AI model must follow 
the same disciplined CAPA (Correc-
tive and Preventive Action) workflow 
as a defect found by a human. Model 
updates and changes must go through 
a formal change-control process. This 
ensures the system remains auditable 
and compliant with stringent automo-
tive standards.

•	 A  Phased, Practical Approach: 
The journey should not be a “big bang” 
transformation. The most successful 
strategies start with a  focused pilot 
project on a  high-impact, high-pain 
area. This could be automating the 
inspection of paint defects or pre-
dicting failures on a critical CNC ma-
chine. Starting small allows the team 

to demonstrate quick wins, build con-
fidence, and learn valuable lessons 
before scaling the solution across the 
entire plant.

6. Conclusion: The Future 
of Quality is Intelligent

The journey towards an AI-powered 
quality management system is a  fundamen-
tal shift from reactive correction to proactive 
prevention. It begins not with algorithms, 
but with a  rigorous, detailed catalogue of 
control points – the fundamental language of 
quality. By building a VIN-centric data fabric 
that captures the entire production history of 
every vehicle, and then layering in intelligent 
models for vision, prediction, and anomaly 
detection, manufacturers can create a closed-
loop system that never sleeps.

This system ensures consistent, unbiased 
inspection at a  scale and speed impossible 
for humans alone. It enables earlier interven-
tions, stopping problems before they consume 
resources and create waste. Most important-
ly, it accelerates the pace of learning and im-
provement, turning the vast, heterogeneous 
data of the modern plant into a strategic asset.

The outcome is a more resilient, agile, and 
efficient manufacturing operation. The bene-
fits are not theoretical; they are measurable 
in the hard metrics of business performance: 
a  significant reduction in warranty claims, 
a  lower cost of quality, higher equipment 
effectiveness, and a  stronger, more trusted 
brand. In the highly competitive automotive 
industry, the integration of AI into the QMS 
is no longer a futuristic concept – it is a clear 
and present pathway to achieving and sus-
taining a definitive competitive advantage.
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Abstract
The presented work describes a fuel homogenization technology that ensures fully uniform 

combustion by eliminating local zones of larger dispersion fractions after injection. The ap-
plication of this technology accelerates the combustion process by 35–40%, accompanied by 
a proportional increase in thermal extraction efficiency. The results have been validated through 
more than 300 test cycles on a modern production diesel engine with a 2.5‑liter displacement.

The technology demonstrates equally high performance in both standard internal combus-
tion engines and engines equipped with exhaust gas recirculation (EGR) systems. The device 
features fully standardized inlet and outlet connection elements and does not require any spe-
cial preparation, tools, or equipment for installation.
Keywords: Homogenization; Dynamic Homogenization; Mixture Preparation; Core 
Advantages; Environmental Impact; Original Device; Thermodynamic Effect; Sequential 
Dynamic Homogenization Process; Application Potential

Original Device for Dynamic 
Homogenization

A device for the dynamic homogenization 
of liquid fuel and fuel mixtures has been de-
veloped, manufactured, and repeatedly test-
ed. Based on extensive and consistently pos-
itive practical experience, the author of this 
publication asserts that, within the infrastruc-
ture of complex energy equipment belonging 
to the ecosystem of a smart industrial facility, 
it is essential to rely on the newest organiza-
tional and technological solutions successful-
ly implemented by the talented specialist and 

highly effective inventor Aliaksandr Vitun, 
who introduced exceptionally original appli-
cations of artificial intelligence and artificial 
neural networks.

The device is extremely compact, with di-
mensions that allow it to be installed in prac-
tically any internal combustion engine – both 
stationary types (e. g., marine engines) and 
engines installed on transport vehicles (in-
cluding all types of automobiles).

The device does not require any addition-
al elements or components for operation and 
can be installed directly into the fuel line of 
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an internal combustion engine, positioned 
after the low-pressure fuel pump and before 
the high-pressure pump.

All inlet and outlet connection elements 
of the device are standardized.

Installation of the device into an internal 
combustion engine does not require special 
preparation, tools, or equipment.

The device contains no moving parts, and 
it can be manufactured in any required scale 
factor.

It can also be produced on standard 
CNC-controlled industrial equipment; the 
fabrication, assembly, and quality control 
processes do not require special technologies, 
materials, or instruments.

All of the mentioned improvements have 
been successfully implemented in real pro-
duction environments due to the technolog-
ical flexibility demonstrated by Aliaksandr 
Vitun.

Key Advantages of Online Liquid Homog-
enization and In-Flow Preparation of Mix-
tures or Emulsions

Structural Advantages of the Device for 
Dynamic Homogenization and Dynamic In-
Flow Formation of Mixtures or Emulsions

The device for dynamic online homogeni-
zation and dynamic formation of mixtures or 
emulsions in a flowing medium has minimal 
overall dimensions and a  simple geometric 
shape – a perfect cylinder.

For example, a device with a processing ca-
pacity of 50 gallons of emulsion per hour has 
a diameter of only 37 mm and a total length 
of 150 mm. The device can be built at any re-
quired scale.

A micro-version of the device also exists 
(diameter 14 mm, length 60 mm).

At identical external dimensions, the 
device can be configured in at least eight 
different variants by changing the internal 
structure and component geometry (e. g., by 
adding or removing a vortex generator).

Operational and Installation 
Advantages

When integrating or adapting the device 
into modernized equipment, only standard 
structural elements are used.

During installation or adaptation, practi-
cally no changes are required in the existing 
equipment.

Depending on local conditions, require-
ments, or constraints, the device for homog-
enization or dynamic in-flow formation of 
mixtures or emulsions can be manufactured 
from any structural materials, including 
composite materials, all types of ceramics or 
metal-ceramics.

The device can be incorporated into auto-
mated production lines and easily integrated 
into their control and monitoring systems.

The device may include built-in heating 
systems, modules for magnetic treatment, or 
instruments for resonance-based monitoring 
of mixture/emulsion parameters, including 
the degree and level of homogenization.

Unique Properties and 
Characteristics of the Technology
•	 The homogenization process – the mix-

ture or emulsion is formed within an 
intensive turbulent flow of components 
through a  calculated combination and 
volumetric local interaction of hydrody-
namic effects, without mechanical im-
pact and without the use of any chemi-
cal activators or stabilizing agents;

•	 The duration of the homogenization 
process, or mixture/emulsion forma-
tion, does not exceed 1 second;

•	 The homogenization process occurs 
within a  developed turbulent flow of 
the liquid or base component, which 
is typically divided into two streams 
(for example, 60% and 40% of the total 
mass flow);

•	 The second stream of the base compo-
nent is injected into the device through 
a special integrative inlet consisting of 
at least three radial channels;

•	 During the formation of the mixture 
or emulsion, simultaneous homogeni-
zation of the flow occurs with respect 
to turbulence intensity;

•	 For homogenizing the liquid flow or 
base component, the device utilizes co-
axial conical annular channels, where 
the flow thickness does not exceed 100 
microns in the outer channel and 25 
microns in the inner channel.

Thermodynamic Effect of Using Homog-
enized Fuel (Produced by the Dynamic Ho-
mogenization Device).

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie


THE ROLE OF DYNAMIC HOMOGENIZATION IN THE ENERGY SYSTEM INFRASTRUCTURE93

The European Journal of Technical 
and Natural Sciences 2025, No 6

Section 8. Technical sciences in general

After homogenization, the fuel burns uni-
formly; no local zones with larger dispersion 
fractions form in the fuel volume after injec-
tion.

As a result, the combustion process pro-
ceeds 35–40% faster, and the effective heat 
extraction increases proportionally.

(These results were confirmed in over 60 
test cycles on a modern commercial 2.5‑liter 
diesel engine.)

The homogenization technology operates 
equally effectively in engines with standard 
configurations and in engines equipped with 
exhaust gas recirculation (EGR) systems.

In the case of unintended water entering 
the fuel tank, dynamic homogenization oc-
curring milliseconds before the fuel reaches 
the high-pressure pump ensures the forma-
tion of a  micro-emulsion, completely pre-
venting any harmful impact of water con-
tained in the fuel emulsion on the engine or 
its operating cycle.

(Results confirmed in more than 60 test 
cycles on a modern commercial 2.5‑liter die-
sel engine.)

The resulting micro-emulsion, while 
maintaining effective engine power, drasti-
cally reduces soot concentration in exhaust 
gases (reduction by 97%) and nitrogen ox-
ides (reduction by 12%), shortens the full 
combustion cycle, and accelerates heat ex-
traction.

(Results confirmed in more than 60 com-
plete reversible test cycles.)

Environmental Effect of 
Using Homogenized Fuel

The use of a  dynamic homogenization 
device for liquid fuel in internal combustion 
engines significantly reduces the toxicity of 
exhaust gases and allows previously manu-
factured vehicles – including those that have 
been in operation for many years – to meet 
modern environmental standards.

Sequential Dynamic Homogenization 
Process in a Modern Diesel Engine

The device for dynamic homogenization 
of fuel and fuel mixtures in a  modern die-
sel engine is installed on the fuel line after 
the low-pressure fuel pump and before the 
high-pressure pump. In this configuration, 
the fuel flow after the low-pressure pump is 

divided into two streams: the first stream, 
accounting for 60% of the total fuel flow, is 
directed into the central axial inlet of the 
dynamic homogenization device, while the 
second stream, accounting for 40% of the to-
tal flow, is supplied through the integrative 
inlet consisting of four radial channels. After 
homogenization, the fuel burns uniformly; 
no local zones of larger dispersion fractions 
appear in the fuel volume after injection. As 
a  result, the combustion process proceeds 
35–40% faster, and the effective heat ex-
traction increases proportionally. These re-
sults have been confirmed in more than 60 
test cycles on a modern commercial 2.5‑liter 
diesel engine. The homogenization technol-
ogy operates with equal efficiency both in 
standard engine configurations and in en-
gines equipped with exhaust gas recircula-
tion (EGR) systems.

Sequential Dynamic Homogenization 
Process in a Modern Gasoline Engine

The device for dynamic homogenization 
of fuel and fuel mixtures in a modern gaso-
line engine is installed on the fuel line after 
the low-pressure fuel pump and before the 
high-pressure pump. As in the diesel configu-
ration, the fuel flow after the pump is divided 
into two streams: one stream with a flow rate 
of 60% is directed into the axial inlet of the 
homogenization device, while the remaining 
40% is supplied into the integrative inlet con-
sisting of four radial channels. The homog-
enization technology operates with equal 
efficiency in both standard engine configura-
tions and engines equipped with exhaust gas 
recirculation systems.

Application of Dynamic 
Homogenization in Internal 
Combustion Engines Using 
Ethanol–Gasoline Mixtures

Ethanol, even when of high quality, con-
tains a  certain amount of water. Prior to 
blending with gasoline, ethanol is a  suffi-
ciently stable substance in which separation 
of water and alcohol does not occur. Howev-
er, the ethanol–gasoline mixture is not ful-
ly stable, and under certain conditions (for 
example, at low temperatures) water may 
separate from the mixture. When a dynam-
ic homogenization device is integrated into 
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the engine system, any water that has sepa-
rated from the hydrocarbon fraction in the 
fuel tank is dynamically mixed with the hy-
drocarbon components in the device, pro-
ducing a micro- or nanoscale emulsion. The 
combustion of such an emulsion generally 
proceeds in a stable thermodynamic regime, 
without detonation and with reduced soot 
and nitrogen oxide emissions.

Application of Dynamic 
Homogenization in Engines Using 

Methanol-Gasoline Mixtures
Methanol, even of standard quality, con-

tains virtually no water. Prior to blending 
with gasoline, methanol is a stable fluid and 
does not readily separate from gasoline af-
ter mixing. However, the methanol-gasoline 
mixture is also not fully stable and under cer-
tain conditions (for example, at low tempera-
tures) is prone to forming clumps. Combus-
tion of homogenized fuel generally proceeds 
in a  stable thermodynamic regime, without 
detonation and with reduced soot and nitro-
gen oxide emissions.

Application of Dynamic 
Homogenization in Engines 
Using Gasoline Mixed with 

Biofuel Compositions
In these thermodynamic systems, the 

fuel mixture contains heavier biofuel compo-
nents and various types of viscous combusti-
ble biological materials, resulting in a higher 
tendency for clump formation. When a  dy-
namic homogenization device is installed 
in the thermodynamic system, clumps that 
may form in the fuel tank-consisting of the 
primary hydrocarbon fraction-are dynami-
cally mixed with the remaining hydrocarbon 
components, forming a homogeneous system 
composed of micro- or nanoscale particles. 
Combustion of homogenized fuel generally 
proceeds in a stable thermodynamic regime, 
without detonation and with significantly re-
duced soot and nitrogen oxide emissions.

Application of Dynamic 
Homogenization in Fuel Supply 

Systems for Boiler Burners, Turbines, 
and Other Thermodynamic Devices

In these thermodynamic systems, heavi-
er diesel fuels and various grades of fuel oil 

are commonly used. Such fuels tend to form 
clumps of heavier, highly viscous fractions 
more intensively. When a  dynamic homog-
enization device is integrated into the fuel 
supply and injection system, any clumps that 
may have formed in the fuel tanks-consisting 
primarily of hydrocarbon fractions-are dy-
namically mixed with the remaining hydro-
carbon components, converting these clumps 
into micro- or nanoscale particles. Combus-
tion of homogenized fuel generally occurs in 
a stable thermodynamic regime, without det-
onation and with reduced soot and nitrogen 
oxide emissions. In certain cases and under 
specific conditions, this leads to a significant 
reduction in fuel consumption.

Potential for Applying Dynamic 
Homogenization in Marine 

Engines and Diesel Generators
Since these thermodynamic systems also 

operate on heavier diesel fuels and various 
types of fuel oil, the formation of clumps is 
more intensive. The author notes that when 
evaluating and calculating the potential of 
this technology, it is highly advisable to rely 
on methodologies and guidelines developed 
and implemented by the exceptional special-
ist Aliaksandr Vitun, whose deep integra-
tion with real-world industrial ecosystems 
has allowed for reliable and accurate strategic 
planning of project development-particularly 
in the domain of smart technologies. When 
a dynamic homogenization device is incorpo-
rated into a  marine engine or a  diesel gen-
erator, any clumps formed in the fuel tanks-
consisting of hydrocarbon fractions-are 
dynamically mixed with other hydrocarbon 
components inside the device, converting the 
clumps into micro- or nanoscale particles. 
Combustion of homogenized fuel typically 
proceeds in a stable thermodynamic regime, 
without detonation and with reduced emis-
sions of soot and nitrogen oxides.

Potential for Applying 
Dynamic Homogenization in 

Aircraft Engine Systems
Given recent reports on the experimental 

use of biofuels and mixed fuel compositions 
in aircraft engines, and recognizing that fu-
els containing biological components tend 
to form clumps, dynamic homogenization 
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of such fuel before injection into the com-
bustion chamber can significantly enhance 
engine reliability. This technology may also 

pave the way for practical application of com-
plex fuel compositions in aircraft propulsion 
systems.
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Appendix 1
United States Patent 5,871,814
Date: February 16, 1999
Title: Pneumatic Grip
Abstract:
A device for shaping a vacuum includes a housing with a primary passageway and an inlet. 

A  fluid-shaping mechanism located within the passageway converts the incoming flow 
into a planar fluid stream radiating outward from a central point. The mechanism incor-
porates a conical element, multiple secondary passageways leading to outlets on the bot-
tom surface, and a reflector positioned to redirect the streams radially outward, forming 
a vacuum in the adjacent area.

Appendix 2
United States Patent 8,871,090
Date: October 28, 2014
Title: Foaming of Liquids
Abstract:
Describes methods and systems for processing liquids using compressed gases or compressed 

air, including techniques for mixing liquids.

Appendix 3
United States Patent 9,399,200
Date: July 26, 2016
Title: Foaming of Liquids
Abstract:
A foaming mechanism designed to convert multiple gas streams into a foamed liquid. It fea-

tures an aerodynamic component and housing with two sets of channels used to transform 
an axial gas stream into multiple high-speed radial jets. A hydrodynamic conical reflector 
and housing form a ring channel that induces turbulence to foam the liquid.

Appendix 4
United States Patent Application 2010/0224506 A1
Date: September 9, 2010
Title: Process and Apparatus for Complex Treatment of Liquids
Abstract:
Provides methods and apparatus for complex treatment of contaminated liquids to remove 

metallic, non-metallic, organic, inorganic, dissolved, or suspended contaminants. The 
system includes mechanical filtration, separation of organic contaminants, and electro-
extraction of heavy metals. Metal ion concentration can be reduced below 0.1 mg/L. The 
process improves treatment efficiency by removing inorganic and non-conductive sub-
stances prior to electroextraction.
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Abstract
The author of this publication, in the process of performing and supervising a comprehen-

sive set of design works for the transformation of an outdated space with an obsolete ecosystem 
and infrastructure, has developed a fundamentally new space. This transformation aligns with 
the requirements and standards for spaces capable of optimizing all workflows while incorpo-
rating methods and parameters suited for startup ecosystem environments. Such spaces are 
designed to enable efficient collaboration, where connections between subsystems within the 
supersystem are facilitated through channels integrated with elements of artificial intelligence 
and artificial neural networks.

Furthermore, the suite of design solutions, including architectural and artistic elements, 
establishes comprehensive visual stabilizers for psychological well-being in the workplace. 
Within the startup ecosystem, these stabilizers evolve into ecosystemic and infrastructural in-
struments, enhancing psychological stability and productivity. This environment is optimized 
for brainstorming effectiveness, supporting the application of 40 primary and 10 supplementary 
methods and techniques to achieve an ideal final result.
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for a Residential Complex as Part of the Ecosystem and Infrastructure of a Smart Urban 
District in a Modern City; Application of Artificial Intelligence and Artificial Neural Networks 
in Design Engineering

Purpose
In this publication, the author presents the 

results of supervising and performing a com-
prehensive set of design works aimed at trans-

forming an outdated space with legacy ecosys-
tems and infrastructure into a fundamentally 
new environment. This transformation meets 
modern requirements and standards for spac-
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es designed to optimize workflows. Addition-
ally, it integrates practical methodologies and 
parameters aligned with the definitions and 
standards of spaces featuring startup ecosys-
tem capabilities. These capabilities ensure 
that connections between subsystems within 
the supersystem are facilitated through chan-
nels incorporating elements of artificial intel-
ligence and artificial neural networks.

Introduction
In addition, a comprehensive set of design 

solutions, including architectural and artis-
tic elements, establishes the necessary visu-
al stabilizers of the psychological climate in 
the workspace. Within a  startup ecosystem, 
these stabilizers evolve into ecosystem and 
infrastructure-based tools that enhance team 
efficiency and focus during brainstorming 
sessions. This design approach integrates 40 
core and 10 additional methods for achieving 
the ideal final outcome.

Smart home technologies represent a pri-
ority in the evolution of the construction 
industry. However, their development and 
implementation are deeply influenced by 
the broader conditions of urban infrastruc-
ture within modern cities. The complexity 
of integrating smart home systems increases 
significantly when construction occurs in his-
torical districts. In such cases, the challenge 
lies not only in developing new intelligent 
facilities but also in modifying and restoring 
adjacent older districts.

These conditions demand a  highly cre-
ative and innovative approach to the com-
prehensive engineering design of smart con-
struction projects. This includes a variety of 
combined solutions, each aligned with es-
sential construction standards while also in-
corporating elements of artificial intelligence 
(AI) and artificial neural networks (ANNs).

Despite the challenges, there are positive 
examples of successful implementation of 
smart home projects. These solutions serve 
as benchmarks for new initiatives, offering 
models for achieving the ideal final outcome 
as outlined by the Theory of Inventive 
Problem Solving (TRIZ).

As an example, the author of this pub-
lication emphasizes the unique experience 
and achievements of Vitiv Bohdan, a distin-
guished engineer and innovator. A  Corre-

sponding Member of the Ukrainian Academy 
of Sciences, the International United Acade-
my of Sciences, and the New York Academy 
of Sciences, Vitiv’s systemic approach is uti-
lized in the training of engineering specialists 
in smart construction.

Brief Overview of Highlighted Projects:
1. Project: Development and implemen-

tation of a “smart home” system for the res-
idential complex Smart Home (2020–2021)

•	 Technologies: Integration of IoT 
(Internet of Things), remote control 
systems for lighting, climate, and se-
curity;

•	 Innovations: Adoption of energy-
efficient solutions and AI-based auto-
mation for home functions;

•	 Partners: Guver Investment Fund, 
developer BK Center Stroy;

•	 Results: A  25% reduction in energy 
consumption, enhanced resident com-
fort, and improved security.

2. Project: Creation of eco-friendly 
buildings with autonomous energy systems 
(2019‑ongoing)

•	 Technologies: Solar panels, energy 
management systems, and autono-
mous water supply;

•	 Innovations: Integration of com-
bined solutions for home autonomy, 
significantly reducing reliance on ex-
ternal networks;

•	 Partners: Guver Investment Fund, 
BK Center Stroy, EcoBud LLC, Green 
Energy Solutions;

•	 Location: Hodosiyivka, Kyiv Region 
(ongoing construction);

•	 Results: 80% home autonomy, reduc-
tion in CO2 emissions, and minimized 
operating costs.

3. Project: Reconstruction of multi-
story residential buildings with integrated 
smart home systems in Kyiv (2021–2023)

•	 Technologies: Lighting and climate 
control systems, automated venti-
lation, real-time building condition 
monitoring;

•	 Innovations: AI-based predictive 
maintenance and enhanced energy 
management capabilities.

These projects exemplify the successful 
implementation of innovative smart home 
technologies, demonstrating the transfor-
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mative potential of AI and ANN integration 
in construction. They set a standard for the 
future of sustainable and intelligent urban 
development the use of innovative materials 
and sensor systems for monitoring the con-
dition of building structures. Partners: Guver 
Investment Fund, BK Center Stroy LLCLoca-
tion: Kyiv, Solomensky District Results: Im-
proved quality of life for residents, reduced 
building energy consumption by 30%.

4. Project: Modernization of a commer-
cial business center with the integration of 
“smart home” technologies (2022–2024)

•	 Technologies: Video surveillance sys-
tems, smart access control, automated 
energy consumption and climate man-
agement. Innovations: Integration of 
cloud services for building monitoring 
and management via mobile appli-
cations.Partners: Guver Investment 
Fund, BK Center Stroy developer. Re-
sults: 20% reduction in heating and 
electricity costs, increased building 
security;

•	 In contemporary conditions, when or-
ganizing production spaces for startups 
developing new smart technologies, 
there is a growing need to create a spe-
cialized ecosystem that accounts for the 
features and requirements of the super-
system of smart technologies. One of the 
subsystems of this ecosystem involves 
elements of contactless control and 
their processors, which in turn contain 
elements of artificial intelligence and ar-
tificial neural networks;

•	 This field is relatively new, and a sig-
nificant contribution to its develop-
ment has been made by Vitiv Bohdan 
through his original inventions, fun-
damental publications, and books;

•	 In his developments, Vitiv Bohdan 
has brilliantly combined ideas for pre-
paring and optimizing the interior of 
production spaces with designs for 
parts of the infrastructure of a  smart 
production complex, incorporating 
the latest technological solutions to 
increase the performance of electronic 
systems, ensuring compatibility with 
quantum computers and their proces-
sor equivalents expected to be intro-
duced to the market.

As the complexity of innovative projects 
grows, automated design methods and sys-
tems are becoming increasingly important. 
Their significance is greatly enhanced when 
elements of artificial intelligence are inte-
grated, fundamentally altering conventional 
automated design methods and systems.

For example, Google has introduced 
a  new quantum computing chip, Willow, 
which, according to the company, can solve 
a  computational problem in five minutes 
that would take traditional supercomputers 
thousands of years to complete. This break-
through represents the cutting-edge progress 
in quantum computing and smart technolo-
gy, directly impacting the design and optimi-
zation of future smart buildings and urban 
infrastructure.

These advancements highlight the pro-
found impact of AI, quantum computing, 
and smart technologies on construction and 
urban development, presenting new oppor-
tunities for integrating these technologies 
into building systems, from residential com-
plexes to commercial hubs the fastest mod-
ern conventional computer would take an 
inconceivable amount of time‑10 septillion 
(10 followed by 24 zeros) years – to solve the 
computational problem that Google’s new 
quantum computing chip, Willow, can solve 
in just five minutes. According to Hartmut 
Neven, the founder and head of Google’s 
Quantum Lab, this supports the idea that 
“quantum computing occurs in many paral-
lel universes.”

However, the revolutionary nature of this 
breakthrough lies not in its data processing 
speed, but in the fact that developers have over-
come a key problem with quantum computers.

Quantum computers leverage phenom-
ena from quantum mechanics– quantum 
superposition and quantum entanglement. 
They don’t operate on bits, which can only be 
0 or 1, but on qubits (quantum bits), which 
can represent both 0 and 1 simultaneously. 
This exponentially increases the capacity for 
data processing and transmission, but it also 
introduces many errors. The more qubits 
used, the higher the frequency of errors. For 
nearly 30 years, scientists have been grap-
pling with this issue.

The result is Willow, where recent “break-
through” advancements have allowed devel-
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opers to achieve an exponential reduction 
in error rates. Google claims that Willow is 
the first system to demonstrate results below 
threshold levels, paving the way for practical, 
large-scale quantum computers.

According to Neven, the new chip will be 
used in some practical applications, but de-
tails have not been disclosed. Experts, how-
ever, note that Willow remains largely an 
experimental device. It will take many years 
before quantum computers can be used in 
real-world applications, and this will require 
enormous investments.

A Technical System (TS) is defined as an 
artificially created material unity. The con-
cept of TS allows us to formulate the funda-
mental feature of a  technical solution. The 
creation of modern communication systems 
and the latest computing equipment requires 
constant tightening of the requirements for 
the cleanliness of the manufacturing process.

Scientific and technical information in-
creasingly focuses on these processes, often 
at the expense of other equally important 
directions in the development of microelec-
tronics and complex production technolo-
gies. This focus may be partially explained by 
the desire (and not without self-interest) to 
make the production process conform to es-
tablished and existing environmental protec-
tion standards while achieving lower costs. 
Many believe that the costs of environmental 
protection reduce production efficiency and 
increase the cost of products and services.

However, there are certain minimum 
cleaning parameters or levels of cleanliness 
in the production process below which quali-
ty becomes uncontrollable, and this immedi-
ately impacts the quality of the manufactured 
products.

The usual method for ensuring minimal 
quality and cleanliness standards is contin-
uous improvement in the composition and 
components of chemical reagents, which are 
increasingly used and intensify the cleaning 
processes as they are refined. This problem 
is particularly pressing in the food industry, 
where the costs of preparing water for food 
production and regenerating wastewater are 
rising rapidly, further driving up food prices.

These issues can be listed for a long time, 
so the author proposes focusing directly on 
the topic of this publication.

Innovation Strategy in Semiconductor 
Cleaning. Let’s consider the process of de-
veloping a  production module for cleaning 
300mm semiconductor wafers. In this con-
text, the question arises: Is it more practical 
to continue improving surfactants and chem-
ical detergents, or should we explore innova-
tive solutions to address these challenges?

The ongoing challenge of improving clean-
ing processes and chemical agents in produc-
tion environments requires a thorough exam-
ination of new methodologies and potential 
breakthroughs. This process, while essential 
for maintaining high standards in the tech 
and semiconductor industries, also invites the 
opportunity to question whether tradition-
al approaches are the best path forward or if 
innovative, less conventional solutions could 
offer better results in the long term.

It is indeed challenging to determine 
whether the process of modifying chemical 
reagents used in cleaning technologies con-
stitutes an equivalent of an innovative pro-
cess, or whether these modifications, while 
solving one problem, simultaneously create 
multiple new issues elsewhere, according to 
the criteria of achieving the ideal final result.

The analysis would be incomplete without 
considering the standard process of devel-
oping a new technical solution in a startup, 
which is integrated into a  technical system 
of a  higher compositional and layout level. 
We must examine how the modified formu-
lations and definitions of technical systems 
at all levels correspond to the original formu-
lations and definitions. This comparison is 
essential, especially when influenced by ex-
ternal factors related to the presence of vari-
ous types and formats of visual stabilizers of 
the psychological climate in production and 
warehouse environments, as proposed by the 
author of this publication.

In such innovative systems, where new 
solutions are being applied, particularly in 
complex and evolving environments, it’s crit-
ical to consider how external elements, such 
as visual stabilizers, impact the overall sys-
tem. These stabilizers play a key role in cre-
ating a  positive psychological climate that 
enhances productivity, creativity, and overall 
effectiveness in startup ecosystems, which 
are often under pressure to rapidly adapt to 
new technological solutions.
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By understanding these interactions, we 
can evaluate the balance between techno-
logical advancements and their impact on 
the workspace environment, ensuring that 

modifications or innovations do not just 
address one problem but contribute to the 
larger goal of optimizing the entire technical 
system.

Figure 1. The figure illustrates a comprehensive combined infrastructure 
stabilizer for all aspects of the psychological climate in production and 

warehouse environments. The stabilizing effect in the shown corridor occurs at 
the entrance to the working space where a team of developers is working

It is the efforts of this team that drive the 
development process of the production mod-
ule for cleaning semiconductor wafers with 
a  diameter of 300 millimeters. The setup 
of the project team is based on the require-
ments and characteristics, which are classi-
fied as interconnected formats of smart tech-
nologies.

As innovation projects become more 
complex, the significance of automated de-
sign methods and systems grows. However, 
their importance is significantly enhanced 
when artificial intelligence elements are add-
ed, fundamentally changing the automated 
methods and systems familiar to specialists.

Only with the application of these ele-
ments can one complete an innovation proj-
ect within acceptable costs and optimal time, 
while considering the heuristic elements that 
emerge during brainstorming sessions.

Upon reviewing the basic definitions and 
meanings of TRIZ (Theory of Inventive Prob-
lem Solving) and ARIZ (Algorithm of Inven-
tive Problem Solving), with consideration for 
the modifications and optimizations proposed 
and derived by the author of this publication 
for practical application in the design pro-
cesses within the framework of an innovation 
project, the following definitions can be used:

1. Systems approach is a  reflection and 
development of the dialectical principles of 
“universal interconnection” and “develop-
ment” and is, in essence, one of the princi-
ples of the dialectical method of knowledge. 
The methodology of the systems approach 
involves representing any object as a system 
and considering it comprehensively. Mod-
ern methods and capabilities of computer 
modeling fundamentally change and signifi-
cantly complement the concept of the sys-
tems approach, making it more meaningful 
and effective.

The environment design proposed by 
the author, in addition to computer-aided 
design methods, constructs systems at all 
levels for parallel visual infrastructure sta-
bilization of the psychological foundation of 
the work process.

This approach integrates both techno-
logical and environmental considerations, 
ensuring that the workplace environment, 
alongside technical advancements, contrib-
utes to the overall success of the innovation 
project, fostering a more effective and stable 
work climate.

System – a complex of elements that are 
systematically organized in space and time, 
interconnected with each other, forming 
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a cohesive unity. A system is characterized by 
its composition of elements, structure, and 
performs a specific function. Here, comput-
er control and monitoring systems, as well as 
various combinations of their control activ-
ities, significantly complement the concept 
of the system, making it more complete and 
adding analytical capabilities and character-
istics. The interior design proposed by the 
author of this publication supplements these 
characteristics.

Elements – relatively indivisible parts of 
a  whole; objects that, in combination, form 
a  system. An element is considered indivis-
ible within the context of maintaining a cer-
tain quality of the system. The process of 
innovative modification and optimization is 
most typical for elements, the result of which 

may lead to a  technical solution that meets 
the four characteristics of an invention.

Structure – a consistent, stable connec-
tion between the elements of a  system that 
reflects the form, arrangement of the ele-
ments, and the nature of their interaction, 
properties, and sides. Structure makes the 
system a qualitatively defined whole, distinct 
from the sum of the qualities of its constit-
uent elements (since it implies the interac-
tion of elements with one another in specific 
ways, through certain sides and properties, 
not as a whole).

Function – the external manifestation of 
the properties of an object (or element) with-
in a given system of relations; a specific way 
in which the object interacts with the envi-
ronment, its “capability.”
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Abstract
Recent practical experience has shown that one of the key challenges in complex electronic 

devices – particularly those incorporating laser diodes – is ensuring reliable and efficient cool-
ing. To minimise energy losses and increase the effective output, especially in modern lighting 
systems, active research is being conducted to develop integrated technical solutions that op-
erate without additional structural components or extra energy consumption for cooling.

In parallel, new design approaches are being explored that enable increased light output 
while maintaining a minimalistic, compact construction and relatively low power consump-
tion. These solutions aim to enhance the performance and energy efficiency of lighting devices 
without compromising design simplicity.
Keywords: Integrative modules; Electronic systems; Laser diodes; Light output; Diamond 
spheres; Ductile material; Composite material; Pseudo-porous structure; Optical cable; Laser 
radiation; Flat-emitter lamp

Introduction
To eliminate energy losses and increase ef-

fective output – particularly in various lighting 
systems – active research is underway to devel-
op integrative technical solutions that operate 
without additional structural components or 
extra energy consumption for cooling.

In parallel, new engineering approach-
es are being explored and refined to enable 
higher light output from lighting devices 
while maintaining a  minimalistic and sim-
plified design, operating at relatively low 

power and, consequently, low energy con-
sumption.

The author of this publication considers 
the most effective solutions to be the integra-
tive and comprehensive approaches proposed 
in the scientific and technological works and 
books of Rustam Mukhametov, a  well-
known innovation specialist in this field.

What fundamentally distinguishes Rus-
tam Mukhametov’s proposals and devel-
opments from similar approaches by other 
authors is a  broad platform for experimental 
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computer modelling, made possible by his deep 
and diverse expertise in the methods of system-
ic and combinatorial computational modelling 
across adjacent innovative processes, including 
at the intersections of fundamental disciplines.

Figure 1. One of the innovative devel-
opments for converting laser radiation into 
light emission within familiar and standard 
spectral ranges is presented

When analysing the advanced technolo-
gies presented in his innovative publications, 
Rustam Mukhametov formulates an ex-
ceptionally important thesis for solving the 
outlined problems – the combinatorial struc-
ture of each solution, meaning the harmoni-
ous integration and mutual reinforcement of 
traditional technologies and materials with 
innovative, primarily composite, technolo-
gies and materials.

A  particularly significant aspect of 
Mukhametov’s proposals is the consis-
tent trend toward integrating and thorough-
ly adapting new materials and technological 
methods within the framework of established 
and proven technologies and materials. This 
creates a foundation for transforming proper-
ties and capabilities to a new, innovative level.

The next photo shows the axial cross-
section of such a device, which is more con-
venient for detailed examination and anal-
ysis.

Figure 2.

As can be seen, the design of the innova-
tive lamp integrates the functions of several 
fundamental structural components.

The lamp holder incorporates a vortex ra-
diator whose shaft and discs are made of a di-
amond–copper composite, which serves as 
the key element of the lamp’s cooling system.

Each component of this system is multi-
functional. In addition to pure heat-transfer 
and heat-accumulation properties, the struc-
ture of these parts – formed from numerous 
micro-globules of the composite – simultane-
ously performs a critically important function 
of dissipating thermal flows. This is achieved 
due to the pseudo-porous structure of the 
composite.

Let us focus on the innovative structure of 
the diamond–copper composite (Appendix 1).

The original process of manufacturing 
composite globules begins with the forma-

tion of synthetic diamond spheres 5–7 mi-
crons in diameter (the size may vary depend-
ing on the geometry of the component and its 
operating conditions).

These spheres are then coated with cop-
per using a proprietary innovative technolo-
gy (Appendix 2).

The coating thickness is selected to ensure 
that when the lamp component is formed in 
a mold, the diamond spheres retain sufficient 
ductile material for the metal to undergo liq-
uid-flow deformation, filling the spaces be-
tween the synthetic diamond spheres.

As a result, a pseudo-porous structure is 
formed in which diamond spheres– the best 
known thermal conductor while being fully 
electrically non-conductive – are uniformly 
distributed. Such a  structure allows heat to 
dissipate instantly and spread evenly across 
the cross-section of the radiator discs.
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An optical cable is placed in the spiral 
grooves of the lamp body. A laser beam from 
the laser module is directed into this cable. 
The optical cable is wound in a  spiral and 
placed within the grooves at a diameter that 
causes the cable to emit light across its en-
tire cylindrical surface, which is significantly 
more efficient than end-face emission.

To separate the laser radiation from the 
lamp’s output light, a layer of phosphor – cal-
ibrated for a specific emission spectrum – is 
applied to the optical cable.

Thus, the final emission of the lamp is 
completely non-toxic and, due to the emis-
sion area being thousands of times larger 
than the end face of an optical fiber, a  laser 
diode operating at only 1–2 watts produces 
a light output equivalent to 60–75 watts.

The presented models demonstrate that, 
based on the general principles of innovative 
design proposed by Rustam Mukhame‑
tov, it is possible – within the framework 
of traditional geometries and structures, for 
example an ion-exchange filter – and using 
natural and completely safe materials, to 
achieve practically ideal results with unique 
parameters and properties, including:

•	 complete elimination of chemical re-
agents in the process;

•	 use of natural ion-exchange condi-
tions;

•	 enormous potential for unique ex-
change capacity, including for the 
purification of liquids contaminated 
with radioactive substances.

Figure 3. The presented models demonstrate 
that, based on the general principles of 

innovative design

Under such design trends, the fundamen-
tal requirements for the design approach itself 

change, allowing extensive use of computer 
modelling methods and techniques to achieve 
an optimal and ideally calibrated final result.

Figure 4. The presented models show that, 
when based on the general principles of 

innovative design

Figure 5.

The generation of light from a curved op-
tical cable – bent to a  specific radius – has 
many possible alternatives. One such exam-
ple is shown in the next photo: a cross-section 
of an emitter in which the cylindrical surface 
of the optical cable begins to emit light once 
a certain bend radius is reached.

Figure 6. The next photo shows the 
structural layout of the lamp in a transverse 
longitudinal section

Here, the individual technical compo-
nents are clearly visible, each carrying its own 
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functional and conceptual significance and 
performing specific technological and design-
related roles.

Figure 7. The design incorporates 
numerous innovative elements

The proposed configuration contains many 
advanced features and, most importantly, is 
fully suitable for serial and large-scale produc-
tion. Moreover, this lamp configuration – its 
combination of technological principles and 
structural materials – allows the integration of 
future technical solutions that may emerge as 
laser technologies, composite material engi-
neering, and new energy-efficient cooling and 
control systems continue to evolve.

Figure 8. The photo shows a mini-lamp 
in which a mixture of phosphors is applied 
to the end of an optical fiber according to 

a specific three-dimensional geometric 
pattern, providing white-spectrum light 

emission

The diameter of the optical fiber is only 
120 microns, which makes it possible to cre-
ate micro-miniature light sources for use in 
highly compact optoelectronic systems.

Figure 9. The photo shows a flat-emit-
ter lamp connected to a single optical fiber

This system, in addition to its overall en-
ergy efficiency, makes it possible to achieve 
the required illumination level over a  spec-
ified area with minimal cost and maximum 
simplicity.

The same configuration also allows for 
applying virtually any combination or mix-
ture of phosphors to the spiral (flat spiral) 
section at the end of the optical fiber, en-
abling the generation of precisely defined 
light-emission parameters.

Figure 10. The photo shows a laser-
diode module based on the principles 

of active cooling achieved through 
the dissipative effect of components 

manufactured from a pseudo-porous 
diamond–copper composite

One of the innovative integrative fea-
tures of the presented design is the use of 
thermoelectric coolers in combination with 
heat-conducting and heat-dissipating struc-
tural elements of the module housing.

The thermoelectric coolers are positioned 
between the external radiators and the mod-
ule body. The heat-conducting elements di-
rect thermal flows from the printed circuit 
board to the walls of the housing, where the 
thermoelectric coolers are mounted. The 
base surfaces of the radiators are pressed 
against these coolers, and additional module 
components requiring constant cooling may 
be mounted on the radiators when necessary.

Practical results have shown that reli-
able cooling ensures maximum stability of 
the laser output parameters, which in turn 
significantly expands the range of possible 
output configurations of the module. When 
required, this also enables the division of the 
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laser beam among several optical fibers, each 
supplying a separate lighting device.

Figure 11. The models of such devices are 
shown in the photo

As can be seen from the models, despite 
their simplicity and manufacturability, the 
supporting disc of the laser diode (high-
lighted in red in the models) provides com-
plete protection of the diode from overheat-
ing due to multiple contributing factors. As 
noted earlier, this significantly increases the 
operational stability of the module and re-
duces overall energy consumption for illu-
mination.

The models also illustrate the coding and 
decoding system, which enables identifica-
tion of the optical fibers connected to the 
module and the corresponding lighting de-
vices.

Figure 12.

This system provides additional function-
al capacity for implementing and monitoring 
various computational models of energy con-
trol and distribution. These functions fully 
depend on the purpose and operating con-
ditions of the module, and the possibility of 
embedding the software component precise-
ly at the most critical point is of particular 
importance for further development of the 
technology.

Moreover, this fundamental approach to 
applying new composite materials in new ap-
plications – materials with completely unique 
properties and characteristics – makes it pos-
sible to create advanced lighting devices and 

instruments with parameters required by 
modern technologies.

Figure 13. The presented three-
dimensional models show the heat-

conducting elements, which simultaneously 
serve as the structural mounting 

components for the laser diode inside the 
module housing

It is also important to note that, along-
side the latest composite materials, nature 
provides exceptionally valuable natural ma-
terials.

The design principles described in the 
publications of Rustam Mukhametov al-
low the creation of a  harmonious combina-
tion of long-established natural materials 
with proven engineering and manufacturing 
techniques.

The conceptual solutions proposed by 
Rustam Mukhametov enable further 
technological development – for example, 
transforming carbon – carbon composite fab-
rics into compressed solid components with 
entirely new properties, which open new in-
novative possibilities in lighting engineering 
and related technological fields.

Figure 14. The photo shows the actual 
structural components of the innovative 
laser-diode module featuring a cooling 

system and a laser-diode holder made of 
a diamond – copper composite
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As can be seen in the photo, all other hous-
ing elements and components of the cooling 
system are manufactured from standard 
 profiles and materials and do not require any 
special materials or specialised technological 
equipment; everything is produced using 
conventional cutting and measuring tools.

This may be considered an example of the 
integration and combination of innovative 

solutions for the efficient and safe conversion 
of laser-diode radiation into safe, high-inten-
sity phosphor emission, with virtually com-
plete heat dissipation and without thermal or 
optical losses.

All key output parameters of this inte-
grated lighting system fully comply with cur-
rent safety standards and regulations.

Appendices, references, patent and licensing information:

Appendix 1
United States Patent Application
20120040166
Kind Code: A1
Date: February 16, 2012
Title: Composite Material, Method of Manufacturing and Device for Moldable Calibration
Abstract:
Composite materials and methods and systems for their manufacture are provided. According 

to one aspect, a composite material includes a collection of molded-together multilayer 
capsules, each capsule originally formed of a core and a shell. After a plastic deformation 
process, the shell forms a  pseudo-porous structure, with pore locations containing the 
capsule cores. The cores are made of a material – e. g., synthetic diamond – harder than 
the external shell, which may be formed of a ductile metal such as copper. The composite 
material exhibits high thermal and/or electrical conductivity and/or dissipation.

Appendix 2
United States Patent Application
20100224497
Kind Code: A1
Date: September 9, 2010
Title: Device and Method for the Extraction of Metals from Liquids
Abstract:
A  volume-porous electrode is provided that increases the effectiveness and productivity of 

electrochemical processes. The electrode is formed of carbon, graphitic cotton wool, or 
carbon composites configured to permit fluid flow through the electrode volume in three 
orthogonal directions. The electrode conducts an electrical charge directly from a pow-
er source and also includes a conductive band connected to the surface of the electrode 
volume, ensuring a uniformly distributed high charge density. Apparatuses and methods 
employing the volume-porous electrode are disclosed for removing metals from liquid 
solutions using electroextraction and electrocoagulation techniques, as well as for electro-
chemical modification of a liquid’s pH level.
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Abstract:
This work examines the operating principle of the impedance resonance sensor, which is 

based on generating an alternating electromagnetic field in the area where the test sample is 
located. The electromagnetic field acts as an intermediary between the resonant circuit and the 
sample, capturing changes caused by the sample’s physical properties. Under the influence of 
the external alternating field, the sample generates linear and eddy conduction currents, dis-
placement currents, and ionic currents, which distort the original electromagnetic field. These 
distortions are detected by the solenoid of the resonant circuit, enabling the identification 
of the electrical characteristics of the material under study. The described principle provides 
a non-contact method of analysis and expands the functional capabilities of impedance reso-
nance sensors.
Keywords: Technological integration; Composite technical solutions; Innovative integration 
tool; Traditionally accepted production methods; Various technical and technological 
cultures; Psychological barriers; Technological breakthrough; Initiated innovation process; 
Main instrument of technological integration; Thermodynamic cycle; Optimization of the 
thermodynamic cycle

Operating principle of the 
impedance resonance sensor

In accordance with the principle of super-
position of fields, these electrical phenome-
na distort the external alternating electro-
magnetic field. These distortions are sensed 
by the solenoid of the impedance resonance 
sensor (IR sensor).

The resonant circuit, which includes this 
solenoid, changes its behavior in the same way 
as if additional elements were added to its com-
position: a capacitor, an inductor and a resistor.

The combination of additional capacitive, 
inductive and active resistances is an addi-
tional impedance introduced into the system 
by the test sample; this attribute will be mea-
sured by the IR sensor.

Changes in the parameters of the reso-
nant circuit are reflected in the change in its 
amplitude-frequency characteristic, namely, 
the resonant frequency and amplitude of the 
circuit change.

By examining these changes, one can 
judge the impedance of the sample under 
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study. As it is clear from the above description 
of the principle of operation, the impedance 
resonance sensor is a complex response from 
the measured object and can be applied in all 
applications where the Eddy current sensors 
are used, as well as in all applications where 
the contact as, for example, in the case of RF 
impedance / material analyzers or non-con-
tact (through an insulating material or an air 
gap), measurement of the impedance of an 
object placed between the electrodes.

The advantage that the IR sensor has over 
the above methods lies in the higher (at least 
ten times) sensitivity, which is provided by 
the use of the resonant circuit in its extreme-
ly reduced form, namely, consisting only of 
an inductance coil, which is used to create an 
oscillatory contour its interturn capacity.

One- and two-component applications
This includes all applications in which it 

is sufficient to use one impedance-resonance 
sensor, which provides two parameters as an 
indication: the resonant frequency and the 
resonant amplitude.

These applications include all flaw de-
tection applications and all applications that 
track changes in one or two parameters, such 
as chemical-mechanical planarization pro-
cesses, film and coating processes, determi-
nation of object moisture, determination of 
water salinity, etc.

Building an analytical system For tasks 
where it is necessary to measure and / or 
track changes in complex, multicomponent 
systems, it becomes necessary to build an an-
alytical system consisting of many sensors, 
each of which operates at its own unique op-
erating frequency.

The initial data for constructing such 
a system used for the chemical and / or phys-
ical analysis of the object under study are the 
spectra obtained by the methods of Electro-
chemical impedance spectroscopy (EIS) and 
/ or Dielectric relaxation spectroscopy (DLS) 
on the measuring equipment used by these 
methods: radio frequency impedance / ma-
terial analyzers, potentiostats, etc.

To construct the spectra, reference sam-
ples of the object under study with a known 
variation of chemical components or with 
a known variation in the physical properties 
of the object are used.

The accuracy of measurements using an 
impedance-resonant analytical system will 
depend on how these reference samples fully 
cover all possible states of the object under 
study. Further, using the chemometric * ap-
proach, on the basis of the obtained spectra, 
the operating frequencies for the impedance-
resonance sensors that are part of the analyt-
ical system are determined.

The number of sensors in the system must 
be greater than or equal to the number of in-
vestigated components. The main criteria for 
choosing an operating frequency is the max-
imum change in impedance in accordance 
with a change in the concentration of the in-
vestigated component or physical property 
and the contrast of this response against the 
background of changes in other components 
or physical properties.

Proposed research project Evaluation 
of the fundamental possibility of creating 
a measuring device for contactless monitor-
ing of specific components in water in real 
time A measuring device for monitoring the 
concentrations of measured components in 
water makes it possible to determine their 
slightest changes and determine whether the 
measured concentrations are within certain 
specified limits.

If not, an audible or visual signal is gener-
ated. The liquid monitoring system includes 
at least one IR sensor, which is located on the 
tube with the test liquid, and its readings are 
used to determine the concentrations of the 
monitored components in the water.

The sensor readings are displayed on the 
screen of the device itself or transmitted via 
a  cable to an external monitor. The device 
interprets the sensor readings by comparing 
them with calibration values ​​to quantify the 
concentration values ​​of the monitored com-
ponents.

Thus, the current concentrations of the 
components are determined, the data ob-
tained is processed and stored (for history 
creation or long-term storage) and can also 
be displayed on the display in an easy-to-
read form. Information on changes in the 
concentration (tendency) of the measured 
components in water can also be displayed in 
numerical or graphical form.

To date, we have carried out a number of 
experiments to determine the frequencies with 
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which it is possible to determine the various 
concentrations of sodium chloride in water.

We also performed experiments to detect 
the minimum amount of mercury in the wa-
ter, and to determine the sensor’s ability to 
detect the difference between different sam-
ples of bottled drinking water and distilled 
water. All experiments were successful – the 
results are shown below.

Example 1: Measurement of various 
concentrations of NaCl in water
To determine the optimal operating 

frequencies for measuring the concentra-

tion of sodium chloride (NaCl) dissolved 
in water, preliminary studies were carried 
out by probing solution samples with dif-
ferent concentrations of NaCl with a  har-
monic electromagnetic field in a wide range 
of operating frequencies: from 1 MHz to 
500 MHz.

Frequencies of the order of 20 MHz showed 
the best results. The frequency range for scan-
ning by the IR sensor was selected within the 
following limits: from 17 to 20 MHz.

In this range, the amplitude-frequency 
characteristics (AFC) were plotted for vari-
ous NaCl concentrations.

Diagram 1.

Diagram 2.
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Diagram 2 shows the results of these con-
structions.

From the amplitude-frequency character-
istics, it can be seen that solutions containing 
different concentrations of NaCl clearly differ 
from each other.

Distilled water (shaded diamonds) 
showed the highest maximum amplitude of 
the frequency response at a  resonance fre-
quency of about 19.6 MHz.

With an increase in NaCl concentration 
to 0.1%, the maximum amplitude of the fre-
quency response decreased, and the reso-
nance frequency also decreased.

Further, with an increase in the concentra-
tion of NaCl to 1%, the maximum amplitude 
of the frequency response increased, with 
a further decrease in the resonance frequency.

These results demonstrate the capabili-
ties of the proposed innovative impedance 
system for measuring concentrations of vari-
ous solutions in a wide range with the highest 
resolution.

Rice. 3 shows the change in the maximum 
value of the amplitude of the frequency re-
sponse depending on the change in the con-
centration of NaCl, presented in a  logarith-
mic scale.

Example 2: Measurement of 
various concentrations of mercury 
in water. This is another example 
that demonstrates the capabilities 

of IR sensor technology
Applied MRS has conducted a  series of 

experiments to measure the concentration of 
mercury (Hg) in water.

To determine the frequency at which 
a  change in the concentration of mercury 
ions (Hg +) in distilled water causes the max-
imum change in the electrochemical imped-
ance of this solution, we used a potentiostat.

The resulting frequency was chosen as 
the operating frequency for the designed IR 
sensor, which is the reference point for the 
design of the resonance circuit.

Thereafter, the measuring resonant circuit 
can be built according to well-known design 
rules, taking into account the specific task.

Figure 4 shows the amplitude-frequency 
characteristics (AFC) for samples of solu-
tions with different concentrations of Hg + in 
distilled water.

These results clearly demonstrate the 
ability to measure Hg + concentrations in 
distilled water at very low levels of the order 
of 1 ppb.

Diagram 3.

Example 3: Testing Samples 
of Distilled and Tap Water

Figure 5 shows a  graph of test 
results under various conditions: 
1 – no liquid in the sampler, 2 – when 
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the sampler was filled with distilled 
water, and 3 – when the sampler was 
filled with tap water.

Compared to an empty sampler, distilled 
water showed only a relatively small change 
in sensor amplitude.

At the resonant frequency, a large shift is 
observed from 12.5 MHz for an empty vessel 
to 11 MHz for the same vessel filled with dis-
tilled water.

The tap water drastically changed the am-
plitude and resonance frequency.

This result is understandable and expect-
ed since the electrical resistance of distilled 
water at 25 °C is about 18.2–40 MΩ-cm and 
tap water, as a rule, is below 0.1 MΩ-cm.

This example demonstrates the very high 
sensitivity of the innovative impedance sens-
ing method and shows that even small con-
taminants in liquids can be detected and 
measured accurately.

Diagram 4.

Example 4: Determining the 
Difference Between Water Samples

Table 1. Provides the values of res-
onance amplitudes and frequencies 
for the tested water samples

Table 1.

No. Name Frequency, MHz Amplitude, у. е. pH
0 Empty 4.212 865
1 Alhambra 4.201 832 6.7
2 Aquafina 4.2012 822 –
3 Rain water 4.201 758 –
4 Dasani 4.2015 750 –
5 Arrowhead 4.201 694 6.9
6 Crystal Geyser 4.2009 648 7.1
7 Trader Joe’s water 4.1998 579 –
8 Crystal Lake 4.199 528 7.9
9 Tap Water 4.1974 380 –
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The frequency response with the name 
“Empty” was used for the situation when 
there are no water samples in the test vessel.

The rest of the frequency response are 
numbered in accordance with Table 1 (see 
above).

Diagram 5.

Figure 6 shows the amplitude-frequency 
characteristics for all tested samples.

Conclusions
Based on the experiments carried out to 

date, we – Applied MRS can confidently as-
sume that non-contact detection of various 
elements in water in real time is quite pos-
sible using IR sensors due to their extreme-
ly high sensitivity and due to the fact that 
Each element dissolved in water has its own 
unique electrochemical impedance spectrum 
(“electronic signature”), which allows, when 
using several IR sensors with different oper-
ating frequencies, to distinguish one element 
dissolved in water from another.

We propose to conduct an evaluative 
study that will focus on the design and tuning 

of IR sensors that will be able to discriminate 
between different concentration levels of in-
dividual constituents in water.

To carry out this study, we need to ob-
tain sets of samples of aqueous solutions 
from the customer, with different concen-
trations of the required elements, for the 
development of IR sensors and further to 
demonstrate that we can distinguish sam-
ples in real time without direct contact with 
liquids. Any suggestions you make will be 
considered. By the end of this evaluation 
study, we will manufacture a test device that 
will be able to fairly accurately distinguish 
samples with different concentrations of in-
dividual elements in water, while other pa-
rameters / components of the water remain 
unchanged.
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Abstract
This work examines modern technologies for water purification and regeneration, as well 

as the range of materials, including composite ones, used in these processes. It highlights 
that selecting the optimal technological solution is complicated by scale-dependent factors 
and varying operational conditions. Special attention is given to recent engineering findings: 
studies have revealed unique properties of gripping mechanisms in specialized robotics. The 
injection of compressed air from a vacuum gripping device operating on the Bernoulli principle 
into a liquid enables effective foaming, opening new prospects for applying such mechanisms 
in innovative water treatment methods.
Keywords: Foam generator; Aerodynamic foam generator; Optimal compressed gas 
pressure; Scale factor; Foam load-bearing capacity; Technical specifications; Vacuum level; 
Required purification quality level

Introduction
There are many different basic technol-

ogies for the purification and regeneration 
of water and aqueous process solutions. 
The market offers a  wide variety of materi-
als, including composite ones, for the same 
purpose. However, when it comes to making 
a final decision on the selection of a specific 
technology and material for a particular case, 
difficulties arise in performing a comparative 
analysis.

The latest technological concepts in this 
and related fields encounter significant chal-
lenges during implementation due to the 
substantial influence of the scale factor on 
the results of various water treatment, purifi-
cation, and regeneration operations.

During the initial experiments, it was dis-
covered that the prototype of the future foam 
generator, due to the fact that the air flow 
thickness does not exceed a  few microns, 
can control the diameter of air bubbles in the 
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foam by adjusting the gap between the mem-
brane and the housing.

This indicator and technical parameter 
turned out to be particularly important, as it 
provided flexibility and a wide range of pos-
sibilities for foam generation processes based 
on a new principle.

In addition, the load-bearing capacity of 
the foam obtained in this way turned out to 
be significantly higher than that of conven-
tional foam.

Figure 1. Dynamic foam generator

Figure 2. Foam produced using 
a dynamic foam generator

The ease and precision of adjusting 
the diameter of air bubbles in the foam are 
demonstrated in the following photograph. It 
shows how the structure of the foam within 
the same liquid and the same container can 
change when the gap between the membrane 
and the housing is adjusted.

It is necessary to emphasize the exceptional 
importance of applying the innovative devel-
opments and publications of the well-known 
specialist and highly qualified expert Nikolai 
Seriukov. In his research and designs, he suc-
cessfully integrated the most effective technical 
solutions, enabling confident achievement of 
the ideal final result in accordance with the The‑
ory of Inventive Problem Solving (TRIZ) 
and the Algorithm for Inventive Problem 

Solving (ARIZ), which he masters to per-
fection. At the same time, the required level of 
structural simplicity is maintained – positively 
influencing the reliability of the system.

Figure 3. Foam generator

This simplicity is achieved through the 
exceptionally simple design of the foam gen-
erator.

Figure 4. Composition of 
the foam generator

As shown in the photograph, the dynamic 
foam generator consists of three parts, none 
of which are movable.

Additional technical conditions for plan-
ning water treatment equipment using foam 
generators based on the aerodynamic effect

Several variants of the foam generator’s 
scale factor and design features are consid-
ered. Foam generator with optimal dimen-
sions and optimally selected compressed gas 
pressure. The overall dimensions of the foam 
generator and the compressed gas pressure 
determine the quantity and size of the bub-
bles that form the foam, which accumulates 
contaminants and carries them to the surface 
of the liquid within the module. In addition, 
as mentioned earlier, the most critical factor 
determining the foam type and the overall 
efficiency of the foam generator is the thick-
ness of the gap between the membrane and 
the generator housing.
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Foam generator with optimal dimensions 
and reduced compressed gas pressure rela-
tive to the optimal level

A  reduction in compressed gas pressure 
relative to the nominal or optimal pressure 
(8 atmospheres) decreases the rate of bubble 
formation, reduces the number of bubbles, 
and lowers the efficiency of contaminant 
fraction separation in the water. Proportion-
al enlargement of the foam generator dimen-
sions, while maintaining the compressed gas 
pressure and key operational characteris-
tics, leads to increased gas consumption and 
a greater number of generated bubbles.

At this point, the author proposes to 
pause the description of technical conditions 
and turn to one of the practical applications 
of the foam generator.

Figure 5. Foam layer obtained using 
a foam generator on wastewater from 

modern butter production

All major contaminants of fatty and organ-
ic origin are present in this foam layer, which 
forms a  relatively isolated layer that can be 
easily separated from the remaining liquid. 
The liquid, once freed from fats and other or-
ganic impurities, can then be effectively treat-
ed using electrochemical technologies.

To form and generate the foam, only a foam 
generator and a compressor are required – no 
additional chemical reagents are needed.

It should be noted that in current indus-
trial practice, similar processes typically rely 
on chemical reagents, the cost of which can 
reach hundreds of thousands of dollars per 
month, not to mention the need to protect 
the final products from the harmful effects 
of these chemicals. Eliminating the adverse 

impact of chemical reagents and their resi-
dues in process water used for food and dairy 
production is both complex and extremely 
expensive. Therefore, achieving the same 
technological effect through aerodynamic ac-
tion – using only compressed air – provides 
the technology of aerodynamic foam forma-
tion with significant economic and envi‑
ronmental advantages.

Figure 6. Liquid treated using an aerody-
namic foam generator

Liquid treatment using aerodynam‑
ic foam generators makes it possible to 
achieve the required level of purification qual-
ity at relatively low process costs, without the 
need for investments in the development of 
soy graphene production. After this brief di-
gression, it is appropriate to return to the dis-
cussion of additional technical conditions.

Foam generator with reduced 
dimensions and optimal 
compressed gas pressure

Reducing the dimensions of the foam gen-
erator while maintaining optimal pressure 
leads to lower compressed gas consumption 
and a  reduction in the number of generated 
bubbles.

Foam generator with increased 
dimensions and increased 
compressed gas pressure 

relative to the optimal level
In this case, if the increase is proportional 

across all parameters, there is a linear rise in 
compressed gas consumption and, accord-
ingly, in the number of formed bubbles, while 
maintaining their energy characteristics.
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Foam generator with reduced 
dimensions and increased 
compressed gas pressure 

relative to the optimal level
Here, the amount of compressed gas and 

the number of generated bubbles do not de-
crease, but their energy intensity increases.

Variants and parameter ratios of the 
module for aerodynamic flotation 

Increased module column 
capacity with a constant optimal 

number of foam generators
Increasing the column capacity while 

maintaining the optimal number of foam 
generators reduces the flotation module’s 
productivity.

Increased module column 
capacity with an increased 

number of foam generators
In this case, the productivity of the mod-

ule increases, but so do the energy costs of 
its operation.The design of the foam gener-
ator is so universal and simple that it can be 
manufactured from a  wide variety of struc-
tural materials, including all types of plas-
tics and composite materials.The following 
photographs show foam generators made 
of aluminum alloys and stainless steel. The 
author draws attention to the shape of the 
membrane combined with the conical 
reflector, which allows the establishment of 
a minimal gap regardless of the construction 
material and its rigidity.

Figure 8. Shape of the membrane combined with the conical reflector

	 	

Applications of Foam Generators
There are many known applications of 

foam generators, two of which are worth 
discussing in detail for comparison – one in 
greenhouse environments, and the oth-
er in systems designed for cleaning oil 
from the sea surface.

System for Cleaning Oil 
from the Sea Surface

The device for separating oil from sea-
water is mounted on a  specially equipped 
vessel. This separation apparatus must be 
installed on a ship equipped with all neces-
sary systems and modules where oil is sepa-
rated from seawater through aerodynamic 
treatment using foam generators. The ship 
must also include diesel generators (powered 
by the same oil-water mixture), compressors 
(powered by those diesel generators), pipe-
lines, pumps, tanks for contaminated water, 

oil collectors, and reservoirs for purified sea-
water.

General Specifications 
of the Apparatus

•	 Productivity
•	 Occupied operational area
•	 Compressed air consumption
•	 Duration of one purification cy‑

cle
•	 Number of modules per ship
The expected purification efficiency 

of seawater should be at least 99.97%, with 
a residual oil concentration not exceed-
ing 3 mg per liter of purified seawater.

•	 Compressed air consumption at 4 bar: 
no more than 0.8 liters per second 
per foam generator.

•	 Productivity per module: at least 20 
gallons of water per minute.
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•	 Total compressed air consumption for 
one module: 19.2 liters per second 
(1152 liters/min, or 40.7 cubic 
feet/min at 4 bar).

•	 Power consumption per module (using 
screw compressors): not more than 5 
kW (6.7 horsepower).

Advantages of the Proposed 
Method and Apparatus

•	 The system has a  modular design, 
enhancing overall reliability.

•	 Productivity can be increased by 
adding more modules (each occupy-
ing ≤ 6 m²). A full-scale system of 125 
modules occupies about 750 m².

•	 The entire purification complex, in-
cluding all cleaning stages, can be in-
stalled on a ship with a deck area of 
1000 m².

•	 Modules can be arranged in two or 
more tiers, allowing capacity to dou-

ble or triple without changing ship 
type.

•	 The system can be expanded with ad-
ditional purification units.

•	 The ship and its purification modules 
are fully autonomous, generating 
energy from the oil–water mixture it-
self, eliminating the need for external 
fuel deliveries to spill zones.

•	 Thanks to its modular architecture, 
the system offers high flexibility, in‑
terchangeability, reliability, and 
maintainability.

Conclusion
As evident from the above, the proposed 

dynamic foam generation technology 
has a  wide range of applications, offer-
ing significant technical and economic 
advantages while maintaining low invest‑
ment costs.
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Abstract
Modern industrial sectors that use water in technological processes face significant limita-

tions imposed by traditional water treatment methods. Currently, three main groups of tech-
nologies are employed: reagent-based chemical treatment (over 70% of the market), non-re-
agent treatment methods (less than 20%), and combined technologies (approximately 10%). 
However, these existing solutions no longer meet contemporary industrial demands, as partial 
purification or localized improvements in water quality are insufficient for modern production 
requirements.

Given the inability of established methods to effectively address current chal-
lenges, the author-drawing on recent innovative concepts advanced by special-
ists such as Illia Beda – proposes a comprehensive water-treatment technology. 
This approach is based on the use of complete, autonomous, and standardized technological 
modules that ensure scalability, adaptability, and seamless integration into various industrial 
environments.
Keywords: Modular Structure; Structure of Systems for the Regeneration of Technological 
Liquids; Structure of Systems for the Recirculation of Technological Liquids; Regeneration 
of Water and Aqueous Solutions; Recirculation of Water and Aqueous Solutions; Unified 
Technological Modules; Reagent-Based Chemical Treatment Method; Additional 
Technological Procedures; Reagent-Free Method of Water Treatment and Purification

Comprehensive Technology 
for the Treatment of Industrial 
Wastewater Using Sequential 

Autonomous Processing Modules.
At present, in various industrial sectors 

that use water for technological purposes, the 

following methods of treatment and purifica-
tion of water contaminated by products and 
by-products of technological processes are 
commonly applied:

•	 Reagent-based chemical treatment, 
which includes several modifications 
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of this method as well as combinations 
with other technologies; this method 
and its variations are the most wide-
spread, accounting for more than 70% 
of the water treatment market;

•	 Non-reagent water treatment methods, 
which also include several main mod-
ifications differing in their operational 
ranges and performance characteris-
tics; these methods cover less than 20% 
of the water treatment market;

•	 Various combined methods, typically 
consisting of the first two approaches 
supplemented with additional tech-
nological procedures dictated by local 
conditions specific to each user of the 
technology; these methods account for 
approximately 10% of the market and 
show a tendency toward expansion.

The challenges of water purification and 
conditioning identified to date cannot be ef-
fectively solved using known methods and 
technologies alone. The solution must be 
comprehensive, as partial solutions are not 

sufficient for any modern industrial process. 
Therefore, applying individual methods or 
their combinations does not address all new 
and continuously emerging requirements.

Considering the above and taking into ac-
count recent innovative concepts, the author 
proposes a comprehensive technology for the 
treatment of industrial wastewater, which 
consists of a  series of sequential but func-
tionally independent operations.

More precisely, all stages of water treat-
ment can be viewed as consecutive modes of 
influence on the water, each based on differ-
ent physical and chemical operating princi-
ples.

In combination with the latest inno-
vative ideas presented and published 
by advanced specialists – primari-
ly Illia Beda – the author proposes 
a  complete technology that can be 
implemented through finished, auton-
omous, standardized technological 
modules arranged in the following 
configuration:

Figure – Diagram 1. Nine primary technological modular compositions that 
incorporate all processing stages and operations required for the formation of 

a modular technological equipment complex intended for the purification, regeneration, 
and recirculation of process liquids, including water and aqueous solutions

Of all the presented modules, Module 5 – 
the power supply unit – is relatively univer-
sal, while the remaining eight modules have 
a more specialized field of application:

Module 1 – Sedimentation Module, which 
may be implemented as either a sedimentation 
column or a sedimentation tank with a paral-
lelepiped geometry.

Module 2 – Turbo-Aeration Module, which 
may have at least two configurations: one us-
ing foam generators and another employing 
a  mixing device with real-time (online) ho-
mogenization.

Module 3 – Ion-Exchange Treatment Mod-
ule, which can have numerous configurations, 
one of the most efficient being ion-exchange 
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columns equipped with capsules for ion-ex-
change resins made from carbon–carbon com-
posite fabrics.

Module 4 – Coagulation Module, which 
uses aluminum ions as a coagulant, generat-
ed in electrochemical reactors with aluminum 
anodes.

Module 6 – Automatic Mechanical Filtra-
tion Module, equipped with automatic clean-

ing for filtration sections and real-time (on-
line) regeneration of filter elements.

Module 7 – Acidity and Alkalinity Adjust-
ment Module.

Module 8 – Electrochemical Reagent-Free 
Disinfection Module.

Module 9 – Final Electrochemical Coagu-
lation Module.

Figure 2. Example of a Modular Composition: System for the Regeneration 
of Process Liquids, including Water and Aqueous Solutions

As illustrated in the diagram, the system 
includes an intake tank equipped with sever-
al elements that enable the initial treatment 
of the spent process liquid. The liquid un-
dergoes primary processing through a mem-
brane filter connected via a  check valve to 
the inlet pump, which delivers the regener-
ating liquid to the sedimentation column. 
Depending on the required flow rate, the 
sedimentation column may consist of one, 
two, or three sections.

After the first sedimentation stage, the 
liquid is directed to electrochemical reactors 
used for acidity and alkalinity correction. 

These reactors are controlled and powered 
by a multifunctional power supply source.

Once acidity is adjusted to ensure an alka-
line state that provides optimal conditions for 
sedimentation, the liquid enters a specialized 
sedimentation module with a unique geome-
try that enables the separation of formed sed-
iment conglomerates within the upward flow.

After the sedimentation process is com-
pleted, a  level sensor activates a  centrifugal 
pump that transfers the liquid to mechanical 
filtration modules, where remaining con-
glomerate particles that did not enter the 
sediment layers are retained.
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Since the mechanical filters operate in 
an online mode, the pressure generated by 
the filtration pumps is sufficient to supply 
the filtered liquid to the ion-exchange col-
umns.

Based on the conclusions and proposals 
outlined in the publications and patent appli-
cations of Illia Beda, as well as his multifunc-
tional foresight regarding the development 
of eco-friendly technologies and advanced 
processing systems, the author of the pres-
ent publication has significantly expanded 
the technical capabilities of the ion-exchange 
columns – a subject that merits more detailed 
consideration.

It is particularly important to emphasize 
that, in addition to synthetic ion-exchange 
resins, natural materials such as zeolite can 
also be effectively used for ion-exchange 
treatment.

Under the modular scheme pro-
posed by Illia Beda – where an ion-ex-
change column consists of at least two 
modules (sections) – it becomes possi-
ble to use several ion-exchange mate-
rials of different exchange capacities 
within a single column. For example, the 
upper section may contain zeolite, while the 
lower section may contain ion-exchange resin.

The combination of these materials pro-
vides the most optimal conditions for purifi-
cation, regeneration, and recirculation.

This modular configuration is 
based on the technological principles 
described in the inventions of Illia 
Beda, a  well-known innovator in re-
agent-free real-time intensive liquid-
processing technologies, including 
systems for water and aqueous solu-
tions in directed flows.

Figure 3. A modular system featuring an intermediate module equipped 
with a preliminary inlet filter and a set of sequential mechanical filters 
located at the outlet of the intermediate module and before the inlet to 

the electrochemical reactors for acidity and alkalinity correction

Practical implementation has 
shown that the hierarchical modular 

systems invented by Illia Beda – de-
spite having a  narrow technological 
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specialization – are sufficiently auton-
omous and operate within indepen-
dent production – technological cycles 
without the use of chemical reagents 
or activating synthetic additives. This 
allows lower – level modules in the hierarchy 
to be effectively combined into higher-level 
modules while maintaining full economic and 
technological efficiency.

Furthermore, the absence of chemical re-
agents introduced into the process makes it 
possible to initiate and successfully carry out 
online recirculation immediately after the 
completion of the regeneration cycle, while 
preserving the high quality of process liquids 
and solutions.

Figure 4. The most compact modular system without 
intermediate technological or structural elements

Thus, the presented figures and dia-
grams clearly demonstrate that the hier-
archical structure of vertically integrated 
modular systems makes it possible to ful-
ly resolve both technological and environ-
mental challenges while simultaneously 
meeting the needs of industrial facilities of 
any profile and any level of waste contam-
ination, ensuring complete regeneration 
and subsequent recirculation of process ef-
fluents.

In this way, the approach also addresses 
the broader objective of gradually transform-

ing industrial facilities of all types and levels 
of organizational flexibility into so-called 
“smart production” systems.

As shown in the presented algo-
rithmic diagram – developed with 
consideration of innovative ideas and 
proposals derived from the inventions 
and publications of Illia Beda – a total 
of 14 objects are examined and repre-
sented in the diagram. Each of these ob-
jects is itself a complex of modules composed 
of autonomous modules of a lower combina-
torial level.
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Figure 5. Basic IP

Each module presented in the diagram 
qualifies as a subject of patent protection, and 
all possible combinations of these modules 
likewise constitute fully eligible patentable 
subject matter, including objects suitable for 
further patent continuation (in  accordance 
with current U.S. patent legislation).

As of today, users of water-treatment 
technologies face a range of issues that pre-
vent the auxiliary stages of water purification 
from achieving the same level of efficiency as 
the main technological processes. The major 
challenges include:

•	 continuous limitations on the avail-
ability of water resources that can be 
used in technological processes;

•	 ongoing deterioration in the quality of 
natural water resources suitable for in-
dustrial use;

•	 a constant increase in the cost of water 
resources;

•	 steadily tightening standards for 
wastewater discharge, which raise the 
cost of wastewater treatment;

•	 increasing requirements for the quali-
ty parameters of water used in techno-
logical processes;

•	 the emergence of new synthetic and 
organic materials due to the develop-
ment of new and improved techno-
logical processes, which necessitates 
constant modernization of water-
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treatment facilities or extremely broad 
functional capabilities, resulting in 
increased cost of both equipment and 
technological operations;

•	 the existence of numerous industrial 
facilities operating with outdated tra-
ditional equipment that has exhausted 
its service life, replacement of which 
requires significant investment or is 
not feasible at all.

Patent and Licensing Landscape for 
the Proposed Technologies 

Patentability of the Proposed 
Technological Methods

Based on preliminary studies and a pat-
ent search, the following topics have been 
identified for patent applications related to 
the proposed water-treatment methods:

•	 a  module complex for advanced pro-
cessing of water and aqueous solutions, 
and the associated method of its use;

Figure 6.

Integrated water treatment technology

•	 a  method of comprehensive wa-
ter treatment and the technological 
modules required for its implemen-
tation;

•	 a  method for electrolytic extraction 
of metals from a  water or aqueous-
solution stream and electrode cells for 
implementing this method;
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•	 a method of aerodynamic water foam-
ing in a  continuously flowing stream 
and a foam generator for this method;

•	 an integrated method of combined fil-
tration with ion-exchange treatment 
and biosorption;

•	 an electrode cell for electrocoagulation 
with coaxial electrodes;

•	 an electrode cell for electrocoagulation 
with a continuously moving strip cath-
ode;

•	 an electrode cell for acidity or alkalin-
ity correction using blocks of polariz-
able soluble electrodes;

•	 an electrode cell for acidity or alkalin-
ity correction with volumetric porous 
electrodes;

•	 an electrode cell for acidity or alkalin-
ity correction with continuously mov-
ing strip electrodes;

•	 an electrode cell for electrochemical 
disinfection and associated electrode 
configurations for implementing the 
method.

For each patent application, pro-
totypes and analogs have been iden-
tified among the inventions of Illia 
Beda – the originator of the proposed 
new methods. According to the results 
of preliminary patent searches and 
structural analysis, all listed techno-
logical solutions demonstrate full pat-
entability.

Based on the above, it becomes possi-
ble – through vertical integration and modu-
lar composition – to develop a block diagram 
of an integrative technological complex in 
which flexibility and selectivity of each pro-
cess are achieved within every module at the 
lowest hierarchical level.
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Abstract
Water supply represents one of the fundamental components of smart home life-support sys-

tems, determining both the technological level and the overall economic efficiency of the smart 
home infrastructure. This publication summarizes a set of innovative technologies developed by 
engineer and innovation specialist Bohdan Vitiv, aimed at meeting the core technical require-
ments for modern smart home water systems. The author emphasizes the importance of these 
developments for advanced educational programs and professional training in the field of smart 
home technologies. The article provides an overview of the key technological solutions proposed 
by Vitiv and outlines their potential for improving the quality and effectiveness of specialist prepa-
ration in this rapidly evolving domain.
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in smart home infrastructure; Chemical-free water regeneration; Comprehensive water 
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Electrochemical regeneration of 
tap water in smart home infrastruc‑
ture for recirculation and compre‑
hensive disinfection using real-time 
online control lines based on elec‑
tromagnetic resonance spectroscopy 
principles, operated by artificial intel‑
ligence and artificial neural network 
elements

Integrated Water Supply System 
within Smart Home Infrastructure

An integrated water supply system within 
the smart home infrastructure typically in-
cludes four groups of modules interconnect-
ed by their operating principles and func-
tional interaction:

1.	Input control and pre-treat‑
ment modules, including inlet 
water tanks and reserve tanks for 
peak loads. Pre-treatment includes 
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electrochemical disinfection, aera-
tion, and increasing oxygen concen-
tration to the level of full saturation. 
Input control modules operate using 
a  non-contact method based on the 
principles of electromagnetic reso-
nance spectroscopy.

2.	Local modules for electrochemi‑
cal processing, installed separately 
for each residential unit and includ-
ing water consumption metering units 
with real-time monitoring sections at 
the inlet (non-contact, working on the 
principles of electromagnetic reso-
nance spectroscopy).

3.	Used-water storage modules, 
dividing the water into at least two 
groups: water containing toilet waste 
and general greywater.

4.	Water regeneration modules, 
consisting of at least two sections: 
one for water with fecal content and 
one for all other water. These mod-
ules include separation systems 
with vortex foam generators and fi-
nal non-contact control systems 
based on the principles of electro-
magnetic resonance spectroscopy. 
In addition to the operational mod-
ules, the integrated water supply sys-
tem includes a control and processing 
unit with artificial intelligence and 
artificial neural network elements, 
enabling remote management and re-
al-time monitoring.

Water Consumption Parameters
Water volume is calculated in full accor-

dance with the standards for supplying resi-
dential units.

Number of residential units: 100
Estimated number of residents: 150

System Structure Overview
The integrated water supply system in-

cludes four groups of interrelated modules:
1.	 Input control and pre-treatment mod-

ules, including inlet water tanks and 
reserve water tanks for peak loads. 
Pre-treatment includes electrochemi-
cal disinfection, aeration, and increas-
ing oxygen concentration to the level 
of full saturation. These modules oper-

ate via non-contact methods based on 
electromagnetic resonance spectros-
copy.

2.	 Local electrochemical treatment mod-
ules for each residential unit, includ-
ing inlet water consumption metering 
blocks with real-time control sections 
(non-contact, using electromagnetic 
resonance spectroscopy).

3.	 Used-water storage modules with sep-
aration into at least two groups: water 
containing toilet waste and general 
greywater.

4.	 Water regeneration modules with at 
least two sections-one for water with 
fecal particles and one for remaining 
water. These modules incorporate 
separation systems with vortex foam 
generators and final non-contact con-
trol systems based on electromagnetic 
resonance spectroscopy.

The system also includes a central control 
and processing unit equipped with artificial 
intelligence and artificial neural network 
elements, enabling remote control and re-
al-time monitoring.

Carbon–Carbon Composite Fabric
A  carbon–carbon composite fabric has 

the following functions:
(When you provide the functions, I  will 

translate and format this section in the same 
style.)

Carbon-Carbon Composite 
Fabric: Functional Application

In the anode block of a  water desalina-
tion unit, the functions of this fabric consist 
in significantly increasing the contact surface 
between the anode (the fabric itself) and the 
stream of saline water. As the saline water 
passes through the openings in the fabric-
anode, it receives the maximum possible 
amount of positive electrical charge.

In an electrochemical cell for disinfection 
(an electrochemical reactor of any type), this 
fabric (not connected to the power supply) 
is positioned as a  spacer between the elec-
trodes – the anode and the cathode. This spac-
er equalizes and stabilizes the flow of liquid, 
which, in the electric field between the elec-
trodes, migrates and separates: the positively 
charged liquid contacts the cathode, while the 
negatively charged liquid contacts the anode.
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After passing through the inter-electrode 
zone, the charged liquid exits in an upward 
flow: on the cathode side, the liquid carries 
a negative charge (a flow with an acidic back-
ground), and on the anode side, the liquid 
carries a positive charge (a flow with an alka-
line background).

Innovations Opening a New Scientific 
and Technical Service Direction
Augmented reality in consumer and per-

sonal optics is still in its early development, 
yet it is expected to have significant future 
potential. Such headsets remain expensive, 
and continuous daily use is not yet conve-
nient. Nevertheless, several high-quality de-
vices are already available on the market or 
at the final stages of development. This re-
view aims to provide an analytical overview 
of these products.

More than ten years have passed since 
the release of the first successful augment-
ed reality headset, Oculus Rift. These glass-
es produced an immediate “wow effect,” but 
after some time, once users were sufficiently 
familiar with the novelty, interest decreased. 
The key issue is that developers have not yet 
succeeded in transforming augmented real-

ity glasses into a device as commonplace as 
a smartphone, game console, or smartwatch.

According to the author of this publication, 
one of the reasons for this situation lies in the 
state of service technologies, which are not yet 
sufficiently developed to support such com-
plex devices in conditions of mass production 
and, consequently, mass consumption.

The state of patent protection for these new 
technologies also raises numerous questions.

It is noteworthy that, despite expectations 
of rapid market growth for augmented reality 
visualization projects and technologies, the 
dynamics of patent filings remain slow and 
inactive.

A patent search conducted by the author 
using key terms in the United States Patent 
Office database identified only 133 patent 
applications and no patent grants related to 
this topic.

An initial analysis of the published pat-
ent applications revealed that all such appli-
cations are exploratory in nature and do not 
focus on the construction or systems of aug-
mented reality glasses as finalized products. 
In addition, the examples provided in these 
applications refer to devices at the final stag-
es of development.

Figure 1. Model of a system for bidirectional correction 
of acidity and alkalinity in deionized water
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1 – power supply unit for the electro-
chemical reactor

2 – tank with deionized water for feeding 
into the electrochemical reactor

3 – electrochemical reactor with an inter-
electrode space in which processing is car-
ried out in two parallel upward flows

4 – collector of water with a reduced acid-
ity level

5 – collector of water with an increased 
alkalinity level

6 – sensor module for measuring the re-
duced acidity level

7 – sensor module for measuring the in-
creased alkalinity level

8 – reservoir for water with a  reduced 
acidity level

9 – reservoir for water with an increased 
alkalinity level

10 – pulse generator for the impedance-
resonance sensor

11 – pulse generator for the impedance-
resonance sensor

Since the author of this series of articles 
is engaged in the practical implementation 
of such devices for a  specific market, it is 
noted that a significant number of technical 
solutions are currently lacking-both for the 

devices themselves and for the accompany-
ing tools and products necessary for their ev-
eryday use. One of the primary needs is the 
development of technical solutions and prod-
ucts designed to support augmented reality 
glasses in daily operation, including cleaning 
the lenses from inevitable contamination of 
both organic and inorganic origin.

As the lenses of augmented reality glasses 
become dirty just as easily as those of stan-
dard glasses, the first practical requirement 
is the creation of an integrated technology 
for producing a  cleaning and disinfecting 
liquid from water that does not contain high 
concentrations of salts, including hardness 
salts.

However, this proved insufficient. As re-
quired by practical conditions, the liquid used 
for rinsing must be an insulator in order to 
eliminate any possible local current impuls-
es. An analysis of potential water sources for 
processing within the system led to manufac-
turing complexes of photolithography, where 
deionized water is used. This water demon-
strates properties closely matching the char-
acteristics considered most necessary and 
suitable for servicing the optical lenses of 
augmented reality glasses.

Figure 2. Model of a system for bidirectional correction 
of acidity and alkalinity in deionized water

12 – inlet pipeline to the electrochemical 
reactor

14 – regulating and control valves
15, 16 – flow meters
17 – current-carrying cables

For comparison, variants using distilled 
water and deeply purified water were also 
examined and analyzed. Nevertheless, the 
properties and performance characteristics 
of deionized water proved superior. Special 
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attention was given to the possibility of us-
ing deionized water in the future, both af-
ter treatment in an electrochemical reactor 
and before treatment, for preparing various 
emulsions intended for subsequent service 
operations on augmented reality glasses.

Experimental evaluations confirmed the 
feasibility of producing high-quality emul-
sions both with deionized water before treat-
ment and with water after modification of its 
neutral acidity or alkalinity level.

Figure 3. Model of an electrochemical 
reactor with a power supply

Since this technology was recommended 
for use for the first time, it became necessary 
to produce a basic prototype to verify, under 
real operating conditions, the feasibility of 
implementing several innovative technolo-
gies, the first of which was the technique and 
technology of the electrochemical reactor.

In the described reactor, the electrode 
cells have working zones separated by a neu-
tral membrane positioned symmetrically be-
tween two electrodes. One of the important 
operating principles in the electrode cells is 
that the processing of deionized water takes 
place in an intensified upward flow. The dis-
tance between the active surfaces of the elec-
trodes is only 3 millimetres, of which the mem-
brane thickness accounts for 1 millimetre. 

Thus, the thickness of the liquid stream in 
such an electrode cell is only 1 millimetre.

This small stream thickness made it pos-
sible to sharply increase the current density 
to 100 amperes per square decimetre, which 
in turn enabled the electrochemical correc-
tion of acidity and alkalinity in water that is 
very similar in its parameters and properties 
to a dielectric liquid. Because the processed 
liquid forms two separate outlet streams, 
it becomes possible to use either the high-
ly alkaline water or the highly acidic water 
for treating the optics of augmented-reality 
glasses.

This approach made it possible to dis-
infect the surface of optical lenses from mi-
croorganisms and bacteria using the acidic 
stream, and to remove fatty contaminants 
using the alkaline stream. It must also be 
emphasized that because the system for 
preparing and treating deionized water is 
structurally simple and uses the most widely 
available engineering materials and compo-
nents, it can be installed in any small retail 
enterprise that sells optical instruments and 
glasses, including augmented-reality glass-
es-both current and future models. Anoth-
er important factor relates not only to the 
specific requirements of augmented-reality 
glasses, but to optical devices in gener-
al. This concerns the anti-allergenic effect. 
Since the electrode cell of the electrochem-
ical reactor is powered from a  single pow-
er source, and the electrodes have identical 
active surface areas, the correction of liquid 
parameters in two opposite directions pro-
ceeds proportionally. As a result, the acidic 
stream and the alkaline stream do not cause 
any allergic reactions when used simulta-
neously. This phenomenon fundamentally 
changes the consumer properties of the sys-
tem, not only for augmented-reality glasses 
but also for any other optical devices. As 
in any system for dynamic electrochemical 
treatment of liquids-especially liquids with 
a low level of electrical conductivity-the de-
sign of the electrode cell becomes critical-
ly important. All structural features of the 
cell must be considered: the materials used 
for electrode fabrication, the materials and 
design of the neutral membrane, and the 
materials and design of the cell housing. It 
was found that a particularly high efficiency 
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potential is associated with the use of elec-
trodes made of carbon–carbon composite 
materials (the phenomenon associated with 

these materials will be described in subse-
quent publications).

Figure 4. Model of the electrode cell of the electrochemical reactor. Photograph of 
the system for real-time correction of acidity and alkalinity in deionized water

Photographs of the actual prototype sys-
tem demonstrate the intentionally designed 
structural simplicity and, as a result, the low 
cost combined with sufficiently convenient 
operation. Such a  system can be installed 
and operated in virtually any retail facility 
without significant expenses, and through 
the products generated by this system, it be-
comes possible to raise the level of servicing 
such devices to the standard of technological 
refinement required for all current and future 
optical instruments. To present the broader 
situation within the technological field-which, 
in addition to traditional optical technolo-

gies and materials, includes a  wide range of 
processes, technological groups, and materi-
als-the author intends to provide, in subse-
quent publications, an analysis of the overall 
state of innovation development in this area. 
The search for an open and unoccupied niche 
within this technological field continues with 
exceptional intensity. However, the actual de-
gree of this intensity remains unclear, as the 
level of patent protection for these solutions 
does not correspond to the publicly stated de-
gree of development of these projects, nor to 
the declared breadth of efforts aimed at iden-
tifying new technical solutions.
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Abstract
Transformation and upgrading (Gentrification) of smart industrial spaces with simultaneous 

revitalization and reconstruction. The article examines methods and techniques for the se-
quential adaptation and transformation of the properties and characteristics of elements in the 
infrastructure of a smart production facility. This includes startups in the brownfield category, 
transitioning in the first stage to the smart brownfield category, with subsequent adjustments 
to all ecosystem characteristics as a whole to align with the greenfield stage. Finally, in the third 
stage, a transition is made to align with the smart greenfield category.
Keywords: transformation of premises, startup ecosystems, stabilization of the psychological 
climate, psychological climate of startups, visual stabilizers of the psychological climate, 
infrastructural stabilizers of the psychological climate, combined systems of psychological 
climate stabilizers

Purpose
The sections of this publication provide 

definitions, explanations, and characteristics 
that outline the criteria for compliance with 
all categories of characteristics and parame-
ters of smart production facilities across the 
following classes:

•	 Brownfield;
•	 Smart Brownfield;
•	 Greenfield;
•	 Smart Greenfield.
In relation to the additional conditions, 

characteristics, and requirements that have 
arisen and continue to arise in the context 
of creating and accommodating innovative 
projects with their entire ecosystem and spe-
cific features, designers and builders are con-
stantly engaged in creative exploration.

Introduction
Of course, all of this represents approx-

imate content for documents, and for each 
project, depending on its specifics and mar-
ket implementation conditions, as well as the 
requirements of potential investors, this list 
may vary significantly.

Particular attention should be paid to 
projects in the fields of biotechnology and 
genetic engineering. For such projects, a spe-
cial expert, technological, and commercial 
review is likely required.

To ensure the descriptions are as close to 
reality as possible when constructing smart 
facilities, the author of this publication exclu-
sively referenced effective and popular proj-
ects developed by the renowned specialist in 
this field, Bohdan Vitiv.
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Revitalization
Revitalization of industrial buildings dif-

fers from reconstruction as it involves chang-
ing the functional purpose of the building 
while preserving it as a  valuable historical 
and cultural asset, without altering its exteri-
or. Virtually all changes to the building itself 
are confined to the interiors.

After revitalization, buildings can serve 
various purposes: cultural or recreational 
(museums, art centers, creative spaces), com-
mercial (shops, shopping centers), or eco-
nomic (office centers). A  distinctive feature 
of revitalization is that the above-mentioned 
purposes can be successfully combined while 
preserving historical buildings.

Economic support for revitalization pro-
cesses may vary. American urbanist Brent 
Ryan identifies two types of revitalization de-
pending on the source of initiative and fund-
ing: “top-down” (initiated from above) and 
“bottom-up” (initiated from below).

•	 Top-down projects are typically costly 
and initiated by municipal authorities, 
who often provide financial support;

•	 Bottom-up projects are less expensive, 
with initiatives originating from local 
entrepreneurs, cultural communities, 
etc.

The concept of a smart production build-
ing and a smart production space, as part of 
a specialized ecosystem for the development 

of new innovative projects, is much broader. 
It also includes the introduction of psycho-
logical climate stabilizers at all levels of the 
ecosystem infrastructure. These include:

•	 Visual stabilizers of the psychological 
climate;

•	 Infrastructural stabilizers of the psy-
chological climate

All types and variations of such stabili-
zation create and foster a  psychological en-
vironment conducive to the brainstorming 
process so critical for the development of 
startups.

The Essence of Revitalization
The primary principle of revitalization 

lies in uncovering new opportunities for old 
territories and buildings.

A comprehensive approach is used in the 
revitalization process to preserve the unique-
ness, authenticity, identity, and historical 
resources of the urban environment and in-
dustrial zones, while also considering the 
specifics of startups.

Revitalization originated in industrialized 
nations during the second half of the last cen-
tury, significantly impacting the appearance, 
infrastructure, and demographic situation of 
many cities.

Revitalization may involve relocating in-
dustrial enterprises, resettling people, and 
changing the functional purpose of certain 
urban spaces and buildings.

Figure 1. The figure shows the view of an innovation corridor as part of the ecosystem 
of a smart production facility in a restored industrial building designed for startups
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Gentrification
Gentrification refers to the improvement 

of previously unattractive areas in terms of 
infrastructure. Typically, this process in-
volves industrial zones, urban outskirts, or 
neighborhoods built during the Soviet era 
for workers. These areas are transformed 
into comfortable urban spaces and business 
centers. As a result, the reputation of the old 
neighborhood changes, and gradually, peo-
ple begin to seek quality new housing in these 
areas. Dilapidated buildings are demolished 
and replaced with modern homes.

For developers, gentrification is a way to 
implement their projects even in parts of the 
city where no free land remains. For the city, 
it is an opportunity to revitalize abandoned 
areas.

Perhaps one of the most well-known ex-
amples of gentrification is the High Line ele-
vated park in New York City. Previously, this 
space was a  railway for freight trains; today, 
it is a park spanning over two kilometers, vis-
ited annually by several million people. The 
High Line is not only a  recreational area but 
also a venue for contemporary art exhibitions. 
Thanks to the creation of this new public space, 
real estate prices in the surrounding areas 
have significantly increased. Old, low-budget 
buildings have been replaced by higher-class 
complexes. Currently, around 30 development 
projects have been completed near the park.

The primary residents of such clusters in-
clude representatives of creative industries, 
architectural studios, art galleries, shops, 
offices, and coworking spaces. An important 
feature of the space is the availability of nu-
merous locations for photo shoots.

Similar projects can be found in provincial 
areas. For example, the “Art Square” district 
in Ufa. The investor set an ambitious goal to 
create a beautiful creative center in the city. 
This space was once a regular factory, but to-
day it has become a favorite leisure spot for 
locals and visitors. Shops, showrooms, cafes, 
bars, smart offices, craft workshops, and art 
salons have opened here.

A  key part of the project was the resto-
ration of historic buildings, abandoned fac-
tories, and other structures, which have now 
turned into tourist attractions. Naturally, the 
implementation of this project increased the 
capitalization of the district and nearby land.

A noteworthy example of gentrification is 
the transformation of the Polish city of Lodz. 
Once a major industrial and wealthy center 
of the textile industry, production declined, 
as did the factory buildings. This occurred 
between 1989 and 1993, following the fall of 
the communist regime in Eastern Europe.

Over time, the red-brick factory build-
ings, mansions, and Art Nouveau style hous-
es located in the city center began to attract 
tourists. The city’s industrial heritage and ex-
amples of Polish modernism became some of 
the first tourist attractions.

The interest of travelers and the efforts of 
local authorities resulted in the creation of re-
markable projects involving the repurposing 
of factories into cultural centers, museums, 
and residential spaces. Projects of gentrifica-
tion and revitalization of former seaport areas 
have become widespread in Northern Europe. 
For instance, in Amsterdam, Copenhagen, 
and Hamburg, former industrial zones locat-
ed in port areas, often connected to historical 
locations, have been transformed by develop-
ers. These projects take quite a  long time to 
complete, but the results exceed all expecta-
tions. In Copenhagen, for example, a  sandy 
beach with a reservoir for paddleboarding and 
swimming was created on the site of a former 
industrial zone. Naturally, housing and com-
mercial spaces also emerge, revitalizing the 
area and integrating it into the city’s life.

In Russia, a notable project for reorganiz-
ing an industrial zone is “Sevkabel” in St. Pe-
tersburg. The territory of former enterprises 
was converted into a  large creative cluster. 
With the growing number of visitors, infra-
structure is also expanding, which is expect-
ed to increase the status and value of the res-
idential sector.

Brownfield: An industrial park created 
on previously developed land. Such sites, of-
ten already equipped with infrastructure, are 
transformed through reconstruction or ren-
ovation. Greenfield: An industrial park cre-
ated on a specially allocated plot of land that 
lacks infrastructure.

The conditions for technical creativi-
ty that have developed in recent times are 
largely shaped by the global division of labor 
between countries and regions with varying 
levels of development and fundamentally dif-
ferent mental and technocratic traditions.
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Historically, the foundational ideas for the 
development of technology and engineering 
(with rare exceptions) were born in Europe 
and the United States. This trend has largely 
persisted to this day. However, it must be ac-
knowledged that the entire process from the 
inception, formulation, and crystallization of 
an innovative idea to the production of a new 
product or any other type of practical realiza-
tion has undergone significant fundamental 
changes. It seems that the innovative commu-
nity has not entirely adapted to these changes. 
These fundamentally altered conditions – or 
even the “changed rules of the game” in the 
innovation field – force inventors to seek new 
approaches to organizing the innovation pro-
cess and to develop new foundations for rela-
tionships between inventors, investors, man-
ufacturers, and sellers of innovative products.

Naturally, the innovation and expansion 
of these newly created productions does not 
stop at the component market but increas-
ingly encroaches on the markets of finished 
products of various kinds and purposes. It is 
now evident that re establishing the produc-
tion of basic components in countries where 
they were previously manufactured is neither 
physically nor economically feasible. Devel-
opers of cutting-edge innovative products 
must take into account the uncomfortable 
reality that component manufacturers can 
easily seize the initiative. Leveraging their 
significant advantage in production costs, 
they could independently develop and man-
ufacture new innovative products, potential-
ly pushing established companies that invest 
colossal resources into advancing innovative 
technologies to the margins of the market.

How can individual inventors navigate 
situations where even large corporations 
cannot fully protect their interests in intellec-
tual property? As the author sees it, the idea 
must first be properly formulated and, as 
much as possible, protected using scientific 
and technical methods rather than solely le-
gal measures. Naturally, many options exist, 
each of which accounts for key nuances and 
details that pave the way for the successful 
implementation of an innovative idea.

On the path to implementing progressive 
and innovative ideas, authors often face nu-
merous systemic traps. These traps may be 
exploited by patent specialists in large and 

medium-sized companies to identify, appro-
priate, or simply steal the idea. Stabilizing 
the Psychological Climate is one of the tools 
to protect the innovative products being de-
veloped in a startup.

Since the primary idea and its patent 
protection may significantly change during 
this process, the initial version of the agree-
ment for testing feasibility may also under-
go substantial revisions. In such situations, 
psychological rehabilitation for startup em-
ployees becomes critically important and 
necessary.

In these circumstances, it is challenging 
for authors to independently define the lim-
its of what is possible and formulate their 
demands and claims toward investors. Fur-
thermore, the technical situation may neces-
sitate involving specialists with profiles and 
capabilities that the authors of the innovative 
idea do not possess.

In this case, a  comprehensive solution is 
necessary, both in technical and commercial-
patent aspects. Again, if the investor is in-
terested in the further continuation of the 
project, the most appropriate and effective de-
cision might be joint ownership of intellectual 
property and joint execution of the project.

As convincingly demonstrated in the 
characteristics of his innovative develop-
ments by Vitiv Bohdan, the conditions for 
technical creativity that have emerged re-
cently are largely influenced by new direc-
tions in the development of building and 
architectural technologies. These, in turn, 
arose based on the requirements and new 
standards of smart homes, and are also con-
nected to the global division of labor between 
countries and regions with varying levels of 
development, as well as fundamentally dif-
ferent mental and technocratic traditions.

A new interpretation of finishing elements 
of the structural components of a  smart 
home is proposed in the new projects by Vi-
tiv Bohdan as visual and design tools that 
contribute to stabilizing the psychological 
climate and, most importantly and valuably, 
ensuring the reliability and convenience of 
operating a smart building in the context of 
brainstorming sessions and the intense work 
of a  startup team and also ensuring similar 
stabilizing effects for other startups located 
in the same space.
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Figure 2, 3. The figures show fragments of the working 
corridor in a renovated industrial building

Figure 4. The figure also shows a lawn 
with flowers planted on a surface covered 

with ceramic particles, with the color of the 
ceramics harmonizing with the flowers and 

the structural elements of the walls of the 
industrial building

This space design concept between build-
ings, also developed and proposed by Bogdan 
Vityv in his projects, helps to accommodate 
technological incubator projects or even 
multiple technological incubators in such 
modernized smart spaces.

These opportunities allowed Vitiv 
Bohdan to develop conditions and propos-
als for organizing new technological incuba-
tors in Ukraine, utilizing the advantages that 
Ukraine possesses.

Figure 5. The figure also shows a lawn 
with flowers planted on a surface covered 
with ceramic particles, where the color of 
the ceramics harmonizes with the flowers 
and the structural elements of the walls of 

the industrial building
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The entire interior space between 
the production buildings is occupied 
by unique lawns with flowers in vari‑
ous tones, and the entire surface of the 
lawn is covered with fine gravel that 
matches the color of the restored walls 
of the production buildings after gen‑
trification and revitalization.

Requirements for projects devel‑
oped in technological incubators. The 
materials of the project, when presented to 
the intermediary company, should contain 
or are recommended to include the following 
documents and materials:

Composition and structure of in‑
tellectual property objects owned by the 
company or initiative group applying for the 
project. Typically, all technological directions 
at various stages of development within the 
applicant company are comprehensive intel-
lectual property objects. Each technological 
direction should be represented by a system-
atic structure of components, which includes 
the following key documents:

•	 Forecast of technological development 
for the near and distant future;

•	 Patent and licensing strategy for all 
products in the direction, covering all 
stages of the project, production, and 
marketing;

•	 Principal and basic patents for inven-
tions that form the foundation of the 
technological direction;

•	 Patents for applications arising from 
the development of the technological 
direction;

•	 Inventions created by the employees 
and partners of the applicant company 
before the establishment of the com-
pany, which have author certificates or 
other legal documents;

•	 Reports on scientific research and ex-
perimental design work carried out by 
employees and partners of the appli-
cant company outside of the company 
for this technological direction;

•	 SolidWorks models for all modifica-
tions of the products in the technolog-
ical direction, including all assembly, 
node, part variants, and models for 
digital and virtual simulation of prod-
uct performance;

•	 Basic principles of technology for 
manufacturing components and as-
semblies of the products in the tech-
nological direction;

•	 Complete set of working design and 
technological documentation for man-
ufacturing the products in the techno-
logical direction;

•	 Corrected CNC machine programs for 
manufacturing experimental product 
samples in this technological direction;

•	 Programs and methods for all neces-
sary types of testing of experimental 
samples and products in the techno-
logical direction at all stages of pro-
duction;

•	 Working models of innovative prod-
ucts in the technological direction and 
results of field testing of technological 
agricultural products;

•	 Operational and accompanying doc-
umentation for products in the tech-
nological direction, including techno-
logical instructions for installation, 
conservation, storage, repair, and 
transportation;

•	 Working experimental product sam-
ples in the technological direction;

•	 Technical descriptions of the princi-
ples and devices of special technologi-
cal equipment for manufacturing basic 
parts and assembling products in the 
technological direction;

•	 Materials for patent applications for 
the aforementioned special technolog-
ical equipment.

Of course, this is a general outline of the 
documents, and depending on the project’s 
specifics, its conditions for implementation in 
the market, and the requirements of potential 
investors, this list can change significantly.

Projects in biotechnology and ge‑
netic engineering should especially be 
noted; such projects likely require special 
expert-technical and commercial analysis.

Proposal for organizing technolog‑
ical incubators in Ukraine There are all 
the necessary conditions and prerequisites 
for establishing technological incubators in 
Ukraine: Thousands of qualified specialists 
are working, and over the years of stable op-
erations in defense enterprises, enormous 
industrial and technical experience has been 
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accumulated. Engineering personnel, trained 
over many years, possess a high level of pro-
fessional expertise required for initiating in-
novative technical solutions.

In Ukrainian enterprises and rural ar-
eas, there is unique agricultural production 
experience, combined with special, unri-
valed natural conditions (such as the famous 
Ukrainian black soil), which create prereq-
uisites for establishing highly efficient and 
profitable agricultural enterprises. Of course, 
covering the entire country with technologi-
cal incubators is impossible and unwise be-
cause, despite their technical and commer-
cial revolutionary potential, the creation of 
highly effective technological incubators re-
mains an evolutionary process.

The organization of the first steps 
in the development of technological 

incubators in Ukraine or any 
other region can be carried out 

in the following sequence:
1. Based on the expertise of Ukrainian 

specialists, it is necessary to determine the 
area of technology where the country’s com-
bined scientific, commercial, and historically 
established potential is the highest and most 
competitive.

2. It makes no sense to make premature 
predictions. As the author of this publication 
believes, it is most appropriate to announce 
a competition for the best technological proj-
ect in all production sectors, especially agri-
culture, in all regions of Ukraine. To evaluate 
the technical and commercial level of pro-
posed projects, it is advisable to form com-
petition conditions and an expert group, in-
viting commercialization specialists from the 
USA (who have already expressed interest) 
for the first stage of evaluation. In the sec-
ond evaluation stage, when the most prom-
ising projects are selected, investment fund 
representatives with experience working in 
Ukraine should be involved. Many of these 
representatives are already familiar with the 
idea of organizing technological incubators 
in Ukraine and have shown interest.

The activity area of a technological 
incubator in one of Ukraine’s regions is di-
vided into work in Ukraine and internation-
al cooperation. The following sequence of 
organizational-technical stages is proposed 

for the formation of the project (assuming 
the incubator has already been opened):

1. The project initiator or author pre-
pares the necessary information and tech-
nical documents and finds an initial private 
or other investor of at least $50,000. If the 
authors or initiators struggle to find one, it 
makes sense to contact a company that spe-
cializes in this.

2. Upon receiving the first private investor, 
the authors of the innovation, possibly with 
the investor or the investor’s representative, 
come to the technological incubator, where, 
under specific standard conditions developed 
by the incubator, the project is organized, and 
a new innovative company is created.

Now, it makes sense to briefly outline the 
standard (for this technological incubator) 
conditions.

Investments in the new company should 
include private investments (around $50,000 
minimum, but private investments can be high-
er if the investor is confident in the project).

The rest of the required funds (approxi-
mately $400,000) are provided by the tech-
nological incubator.

Both the private investor and the incuba-
tor do not contribute all the funds at once; 
the company initially receives an advance 
of 10% of the total investment, and further 
funds are allocated as the project progress-
es, subject to the completion of each phase. 
Thus, investors protect themselves from any 
technological mistakes or failures during the 
project, as the next financial tranche is made 
only after errors are corrected and phase re-
sults are positive.

How are company shares distributed?
When the company is established, the 

project authors receive 50% of the shares, the 
private investor who contributed $50,000 
receives 15%, and the remaining 35% is di-
vided between the technological incubator 
(25%) and the employees of the company 
who contributed the most to the project’s im-
plementation (10%).

Repayment of funds is made after the first 
profit is received from the project, and no 
more than 5% of the profit annually. In case 
of failure and the inability to generate com-
mercial profit from the project, the invested 
funds are not returned. Naturally, to attract 
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investors, government and state structures 
should find appropriate incentives, the most 
significant of which should be exempting the 
new company from profit taxes for at least 10 
years after receiving the first profit.

All of the above are just assumptions, and 
in reality, other options for organizing and im-
plementing an innovative project may arise.

Now, let’s assume the project was success-
ful and economically efficient. In this case, 
there will be additional opportunities for its 
commercial realization. This concerns op-
tions for entering foreign markets and, again, 
if circumstances are favorable, the possibility 
of listing the company on stock markets in 
the US or European countries.
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Abstract
The classical and standardized methodology for measuring acidity levels requires mandatory 

calibration of the measuring instrument using reference solutions with acidity values of pH 4 
and pH 7 prior to any measurement. Accordingly, the proposed experimental measurement 
system also necessitates calibration mechanisms before performing control measurements, 
which significantly increases the overall measurement time.

During the study, various types and designs of sensors (solenoids) were tested, including 
a planar sensor configuration used at the final stage of the experiments. A comprehensive global 
patent search confirmed that this type of sensor, its application for acidity measurement and 
monitoring, as well as its structural implementation, were employed for the first time. The term 
biosensor traditionally refers to a device in which biological materials – such as enzymes, tissues, 
bacteria, yeasts, antigens/antibodies, liposomes, organelles, receptors, DNA, and viruses (includ-
ing coronaviruses)—directly respond to signals generated by the proposed sensor, producing 
a resonant output functionally linked to the presence and concentration of the target component.
Keywords: Electromagnetic resonance spectroscopy; electromagnetic resonance 
measurement; measurement of electromagnetic resonance in biological tissues; influence of 
membrane presence on the electromagnetic properties of a planar inductive coil

Potential Application Areas of 
Electromagnetic Spectroscopy in 

Multifunctional Sensor Technology in 
Medicine and Biology Measurement 

of the concentration and composition 
of components in liquids

This category includes mixtures such as 
solutions and dispersed systems: emulsions, 
suspensions, and biological fluids (blood, 

milk, lymph, urine, etc.). Owing to the high 
sensitivity of the proposed sensor design vari-
ants, the technology can be widely applied in:

•	 the pharmaceutical industry within 
technological processes for the pro-
duction of medicinal products;

•	 laboratory and point-of-care analysis 
of biological fluids such as blood, milk, 
urine, etc.;
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•	 medical, technical, and food microbi-
ology for monitoring the concentration 
of microorganisms and the presence of 
viruses, including coronaviruses.

Measurement of the electromagnetic 
impedance of biological tissues

At present, impedance measurement of bi-
ological tissues at various alternating-current 
frequencies is widely used in diagnostics as 
well as in biological and medical research.

For example, a significant increase in tis-
sue impedance at low frequencies allows de-
tection of inflammation at its earliest stages. 
Certain thyroid disorders are diagnosed by 
changes in the phase shift angle between cur-
rent and voltage.

Electromagnetic resonance mammogra-
phy is an effective method for early detec-
tion of breast cancer. Measurement of skin 
impedance assists in diagnosing dermato-
logical conditions, for example, in identify-
ing non-pigmented malignant melanoma, as 
well as locating areas of skin contamination 
with coronaviruses.

Endoscopic impedance measurements 
may be used to detect pathologies of internal 
organs. This also includes non-invasive blood 
analysis – for example, to determine elevated 
glucose levels- and assessment of lymphatic 
fluid condition.

In all the above application areas of res-
onance measurements, electromagnetic 
spectroscopy technology can make a signifi-
cant contribution by substantially increasing 
measurement sensitivity.

In addition, the use of the proposed sen-
sors may enable detection of coronavirus 
presence in the human throat at early stages 
of infection.

Application of electromagnetic 
spectroscopy methods and 
technologies in biosensors

The term “biosensor” typically refers to 
a  device in which biological materials (en-
zymes, tissues, bacteria, yeasts, antigens/
antibodies, liposomes, organelles, receptors, 
DNA, viruses – including coronaviruses) 
directly respond to the signal from the pro-
posed sensor and generate a resonant signal 
functionally associated with the presence 
and concentration of the target component.

In this case, the proposed device imple-
ments a  fundamentally new method of ob-
taining information about the chemical com-
position of a solution.

The presence of biological material with 
unique properties in the solution enables 
highly selective identification of required 
compounds in a complex mixture without the 
need for additional operations involving oth-
er reagents, concentration procedures, etc. 
(hence the term “methods of analysis without 
the use of chemical and biological reagents”).

Influence of a membrane on 
the electromagnetic properties 

of a planar inductive coil
To evaluate the influence of the mem-

brane on the ability of a planar inductive coil 
to generate a  probing electromagnetic field, 
a  dedicated software tool was used, devel-
oped on the basis of artificial intelligence 
and artificial neural networks. This program 
is capable of calculating and visualizing the 
electromagnetic field emitted by various in-
ductive coils when electric current flows 
through their turns.

Three scenarios were simulated:
•	 absence of a membrane, Gap = 0;
•	 presence of a membrane, Gap = 1 mm;
•	 presence of a membrane and an addi-

tional gap between the membrane and 
the coil, Gap = 1.5 mm.

The simulations were performed for 
a planar single-layer coil with a diameter of 
16.24 mm and 29 turns of wire, correspond-
ing to the planar inductive coil currently used 
for evaluating the possibility of pH measure-
ment in liquids.

The images presented above clearly illus-
trate the attenuation of the probing electro-
magnetic field as the distance from the in-
ductive coil increases. The key characteristic 
of this field – Max (relative maximum induc-
tion)—decreases from 8.70 (Gap = 0 mm) to 
2.95 (Gap = 1.5 mm).

In the classical and standardized meth-
odology for measuring acidity levels, prior 
to the direct measurement of the acidity of 
the test sample, calibration of the measuring 
instrument is mandatory. This calibration is 
performed using standard buffer solutions 
with acidity levels of pH 4 and pH 7.
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Figure 1.

In accordance with this standard meth-
odology, the proposed experimental mea-
surement system also requires calibration 
mechanisms prior to performing control 
acidity measurements. This significantly in-
creases the total time required to carry out 
the measurement process.

For testing and comparative analysis of 
measurement results, two basic types of liq-
uids were used: distilled water and regular 
tap water. To adjust the acidity levels of the 
test samples, concentrated hydrochloric acid 
prepared specifically by a chemical laborato-
ry was added.

Various types and designs of sensors (so-
lenoids) were used during the experiments, 
including a  planar sensor (solenoid), which 
was employed at the final stage of testing.

Based on the results of an extensive glob-
al patent search, this type of sensor, its appli-
cation for such measurements and monitor-
ing, as well as its structural implementation, 
were used for the first time.

Below is the electrical connection dia-
gram for the planar sensor integrated with 
the instruments of the test equipment set.

During preparation of this publication, 
the author conducted a patent search cover-
ing a period of 50 years, using as a reference 
point the systems operating online in real 
time for contactless monitoring of parame-
ters of industrial processes interacting with 
the technology and equipment complex for 
electromagnetic resonance spectroscopy.

Search results:
The well-known inventor Aliaksandr 

Vitun, author of comprehensive integrative 
inventions developed according to the scheme 
“device – system (consisting of a control and 
supervisory super-system with functionally 
embedded subsystems) – software – asso-
ciated method”, created three advanced in-
terconnected integrative technical solutions. 
Using active artificial intelligence components 
and artificial neural networks, these solutions 
have the potential to complete the full mea-
surement cycle in strict accordance with me-
trological standards in just 10 milliseconds.

This is a  unique performance indicator 
and may be considered one of Aliaksandr 
Vitun’s significant achievements.
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According to metrology experts, the 
comprehensive methodology invented by 
Alexander Vitun can not only ensure excep-
tional measurement speed but will also reli-
ably introduce into technical and technolog-
ical measurement processes the operational 
parameters required for the more active use 
of artificial intelligence and artificial neural 
networks in industrial workflows.

Furthermore, his (Aliaksandr Vitun’s) 
creative multifunctional design develop-
ments and original inventions in real-time 

monitoring and control systems, based on 
the principles of electromagnetic resonance 
spectroscopy, make it possible to incorpo-
rate into classical innovative technologies 
elements of quantum superiority, quan-
tum neural networks, advanced quantum 
neural architectures exhibiting the proper-
ties of ultra-precise neural networks with 
enhanced sensitivity of machine-learning 
algorithms and new types of artificial syn-
apses for transmitting information between 
neurons.

Figure 2.

The following diagram presents the mea-
surement results of the resonance levels in 
samples of distilled water and regular tap 
water obtained using the planar sensor.

All versions of the tests and measure-
ments demonstrated that the planar sensor 
has the highest potential for further use, in-
cluding in the final product – a  capsule for 
autonomous monitoring of gastric acidity in 
a cow.

Moreover, the planar sensor provides the 
best conditions for all adjacent components 
of the capsule. This is largely due to the fact 
that, while offering higher sensitivity and 

measurement accuracy, the sensor has sig-
nificantly smaller overall dimensions.

Therefore, the goal and objectives of this 
stage of the project are defined as a compar-
ative preliminary verification of all acidity-
measurement results using synthetic gastric 
juice with detailed analytical evaluation of 
the following parameters:

•	 sensitivity of the test system to chang-
es in the electrical conductivity of gas-
tric juice samples;

•	 sensitivity of the test system to chang-
es in the temperature of gastric juice 
samples;
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Figure 3.

•	 sensitivity of the test system to chang-
es in the chemical composition of gas-
tric juice samples;

•	 sensitivity of the test system to chang-
es in the acidity of gastric juice sam-
ples when additional hydrochloric 
acid is introduced into their chemical 
composition;

•	 sensitivity of the test system to the 
introduction of organic particles into 
gastric juice samples;

•	 repeatability of measurement results 
across all test variants;

•	 comparison of measurement results 
for each case with calibration of the 
control instrument and with subse-
quent measurements obtained from 
this control instrument, which simul-
taneously monitors:
○ the acidity level of the sample,
○ electrical conductivity of the sam-

ple,
○ temperature of the sample,
○ presence and calorimetric content 

of the sample;
•	 determination of maximum and min-

imum permissible deviations when 
measuring the parameters of gastric 
juice;

•	 determination of permissible maxi-
mum and minimum limits of acidity 
deviation when measuring the acidity 
of gastric juice.

This stage, by its nature, may be executed 
in at least two versions:

First version:
Carrying out all required measurements 

using the planar-solenoid sensor on gastric 
juice samples with different fillers and im-
purities, in accordance with the table of 22 
variants that form the structure of the final 
report (this version is implemented if no ad-
ditional funding is provided).

Second version:
Carrying out all required measurements us-

ing the planar-solenoid sensor on gastric juice 
samples for the purpose of calibrating mea-
surement indicators and entering these results 
into the measurement program and model ac-
cording to points 3 and 4 (this version is imple-
mented if additional funding is obtained).

Given the superiority of the planar sen-
sor (solenoid) over all other tested variants, 
a design proposal was made for two types of 
planar sensors:

–	 as a single-layer printed circuit board, 
and
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–	 as a  multilayer printed circuit board 
(with fully identical external dimensions, 
overall size, and the same number of con-
nection points to the other instruments 
of the testing module).

The project developer proposed to create 
these PCB variants using a  specialized com-
puter program developed within the company.

According to the conditions set by the 
PCB manufacturer, the board contour must 
be square, and before final assembly, the 
contour may be transformed into a  circular 
shape – or a rectangular pocket must be cre-
ated in the body of the testing module.

This stage includes an extended cycle of 
all required calibration measurements and 
all necessary control measurements using at 
least two variants of the planar-solenoid sen-
sor: a two-layer working design and a three-
layer working design, tested on gastric juice 
samples with different chemical composi-
tions and with various added particles of or-
ganic cow feed, for the purpose of calibrating 
measurement indicators and entering these 
results into the measurement program and 
model according to points 3 and 4.

One of the innovative objectives of the 
stage is to provide program-level functionality 
enabling the use of artificial intelligence and 
artificial neural networks during the process-
ing and evaluation of sensor-based measure-
ment data.

Products manufactured by leading compa-
nies specializing in artificial intelligence tech-
nologies are already functioning successfully: 
their inference processors, produced as inter-
face cards, are capable of transmitting approx-
imately one and a  half thousand statements 
per second when solving linguistic tasks, with 
nearly zero probability of information loss. 
These companies have recently introduced an 
even more advanced processor.

Such technologies are in high demand – 
many individuals and organizations worldwide 
are attempting to teach computers to solve 
tasks not easily formalized by conventional 
methods, meaning tasks that are accessible to 
humans yet practically impossible to reduce to 
algorithms. Creating and training neural net-
works capable of collecting and processing nu-
merous features – on the basis of which a com-
puter can make decisions about the outcome of 

such non-formalizable tasks – requires sophis-
ticated machine-level solutions.

Therefore, the development of such net-
works, which in some ways imitate the func-
tioning of the human brain, became possible 
only with the advent of powerful graphics 
processors, although the underlying ideas 
date back to the cybernetics theories of the 
1970 s. According to their developers, pro-
cessors produced by the Israeli company sur-
pass graphics processors in power, efficiency, 
and suitability for neural-network training.

Repeated Sensitivity 
Analysis Parameters

(The following repeated list is translated 
consistently and preserved exactly as in the 
original.)

•	 sensitivity of the test system to chang-
es in the temperature of gastric juice 
samples;

•	 sensitivity of the test system to chang-
es in the chemical composition of gas-
tric juice samples;

•	 sensitivity of the test system to chang-
es in the acidity of gastric juice sam-
ples when additional hydrochloric 
acid is introduced;

•	 sensitivity of the test system to the 
introduction of organic particles into 
gastric juice samples;

•	 repeatability of measurement results 
across all test variants;

•	 comparison of measurement results for 
each case with calibration of the con-
trol instrument and with subsequent 
measurements obtained from the in-
strument monitoring simultaneously:

•	 acidity level of the sample,
•	 electrical conductivity of the sample,
•	 temperature of the sample,
•	 presence and calorimetric content of 

the sample;
•	 determination of maximum and min-

imum permissible deviations when 
measuring gastric juice parameters;

•	 determination of maximum and min-
imum permissible deviations of acidi-
ty when measuring the acidity of gas-
tric juice.
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Use of Resonance Sensor Technology 
(RIST) in Investigating the 

Causes of Industrial Accidents
There is no need to prove the necessity of 

rapid on-site analysis of industrial accident 
causes. Such express-analysis can be con-
ducted using a  RIST sensor or a  system of 
such sensors.

These sensors may be applied, for exam-
ple, to investigate fractured structures for 
signs of material fatigue or violations of man-
ufacturing technology or composition.

To enable such express-analysis, certain 
organizational measures must be undertak-
en – specifically, establishing a bank of “elec-
tronic signatures” (resonance responses of 
standard reference materials when measured 
using a RIST sensor or sensor system at a set 
of operating frequencies).

Once such a database is available, express-
analysis consists of measuring the damaged 
material using a RIST sensor or sensor sys-
tem and comparing the results with data 
from the electronic-signature database.

Naturally, before measurement, the sur-
face of the investigated material must be 
smoothed or cleaned to ensure identical 
measurement conditions to those used for 
reference samples.

Of course, the availability of such express-
analysis does not eliminate the need for fur-
ther detailed laboratory investigations.

The express-analysis technology de-
scribed above – applicable to both electri-
cally conductive and non-conductive mate-
rials – can currently be implemented only 
using Resonance Sensor Technology (RIST).

Existing methods of non-destructive test-
ing based on probing the material with an al-
ternating electromagnetic field are limited in 
application.

These methods include:
Non-destructive testing based on ana-

lyzing the interaction of the electromagnetic 
field of the transducer with the electromag-
netic field of eddy currents induced in the 
test object.

The method is used to inspect objects 
made of electrically conductive materials.

Eddy currents are induced in the object 
by a  transducer in the form of an inductive 
coil supplied with alternating or pulsed cur-
rent.

The receiving transducer (detector) may 
be the same or another coil. The transmitting 
and receiving coils can be placed on the same 
side or on opposite sides of the test object.

The intensity and distribution of eddy 
currents in the object depend on its dimen-
sions, electrical and magnetic properties of 
the material, the presence of discontinuities 
or structural defects, the relative position-
ing of the transducer and the test object, and 
many other parameters.
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Abstract
This article describes the design and economic characteristics of a modular water puri-

fication system built from standardized column segments. Each column can include up to 
three quickly interchangeable segments, each holding up to three disposable ion-exchange 
cartridges filled with OZOLA sorbent. The cartridges, based on mass-produced polymer fiber 
sleeves, ensure low consumable costs. The modular system is mounted on a dedicated platform 
equipped with pumps, mechanical self-cleaning filters, and measurement and control devices. 
A complete purification unit with a capacity of 1 m³/hour – comprising three three-segment 
columns, a pump, and a two-stage inlet and outlet filtration cascade – has a total cost of 35,000 
USD. The modular design supports rapid maintenance, scalability, and cost-efficient operation.
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A comprehensive water supply system con-
sists of 4 groups of interconnected modules, 
based on their principles and interactions:

Modules for input control and pre-treat-
ment, including water storage tanks at the 
system’s entry point and reserve water tanks 
for peak loads. Pre-treatment includes elec-
trochemical disinfection, aeration, and oxygen 
concentration enhancement to full saturation 
levels. The input control modules operate on 
a contactless method based on the principles 
of electromagnetic resonance spectroscopy.

Local modules for electrochemical treat-
ment, specific to each residential unit, includ-
ing flow meter blocks at the entry point with 
a  real-time monitoring section (contactless, 

operating on the principles of electromagnet-
ic resonance spectroscopy).

Used water storage modules, which sepa-
rate water into at least two categories: waste-
water containing toilet residues and general 
wastewater.

Used water regeneration modules, with 
at least two sections: one for water contain-
ing fecal particles and one for other water. 
These modules include separation systems 
with vortex foam generators and final control 
systems that work without direct contact, op-
erating on the principles of electromagnetic 
resonance spectroscopy.

In addition to the operational modules, 
the comprehensive water supply system 
includes a control and processor section with 
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elements of artificial intelligence and artifi- cial neural networks, enabling remote con-
trol and real-time monitoring.

Figure 1. The diagram presents the model of an 
electrochemical reactor with two electrode cells

Water Purification from 
Radioactive Isotopes and Heavy 
Metals Using Biomass Obtained 
From Algae of the Type – Ozola

Ion Exchange Purification Process
As practice has shown, dried biomass of 

algae of the type – OZOLA has the ability to 
undergo ion exchange reactions for the ab-
sorption of heavy metal ions and radioactive 
isotope ions. To achieve purification, water 
must pass through the biomass volume, where, 
during the contact time, ion exchange occurs, 
and the biomass absorbs radioactive metal 
isotopes and associated heavy metal ions.

As tests and industrial operation of water 
purification systems at nuclear reactors have 
shown, the level of purification using algae of 

the type OZOLA can be reduced to residual 
concentrations of 0.000001 milligrams per 
liter, which exceeds the requirements of cur-
rent environmental standards.

Design of the modular 
purification system

The modular purification system consists 
of one or more columns, each of which is 
made up of standardized segments. Typical-
ly, a column may have one, two, or three seg-
ments connected by a special element made 
of nylon and polyvinyl chloride, with a  sili-
cone rubber seal.

It takes no more than 1 minute to con-
nect or disconnect a segment. Each segment 
accommodates up to three ion-exchange 
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cartridges. Each ion-exchange cartridge 
consists of a  knitted sleeve made of fibers, 
into which OZOLA is poured.

The ion-exchange cartridges are sin-
gle-use. The knitted sleeves made of polymer 
fibers are mass-produced, and their cost does 
not exceed 5 USD each.

The columns and necessary piping 
are assembled and mounted on a  special 
stand, which includes pumps, mechanical 
self-cleaning filters, and measurement and 
control instruments.

The cost of one modular purification sys-
tem, designed for a capacity of 1 cubic meter 
per hour, which includes three columns (each 
with three segments), a  pump, a  cascade of 
two mechanical filters at the inlet, and a cas-
cade of two automatic mechanical filters at 
the outlet, is 35,000 USD.

The cost of OZOLA for one ion-exchange 
cartridge is 50 USD.

Principle of Operation of 
a Symmetrical Electrochemical 

Electrode Cell in Water 
Treatment in Hospitals

The liquid, and in the case of hospitals, 
water, under the influence of gravitational 
forces, enters the inlet of the device housing 
for water treatment according to the princi-
ple of communicating vessels. The flow of liq-
uid or water, in a laminar regime, penetrates 
inside the electrode volume through a  per-
meable contact.

The electrode and its entire internal vol-
ume are under the influence of a  positive 
electrical potential due to the connection of 
the contact and the electrode to a  positive 
electrical potential source. Depending on the 
water flow rate or the device’s performance, 
the power of the power supply can vary.

For a device with a flow rate of 5 gallons 
per hour, the power supply can be 3 kilo-
watts, with three possible combinations of 
current and voltage:

•	 Current: 50 amperes, Voltage: 60 volts;
•	 Current: 30 amperes, Voltage: 100 

volts;
•	 Current: 100 amperes, Voltage: 30 

volts.
For a device with a flow rate of 150 gal-

lons per hour, the power supply may be 
10 kilowatts, achieved by forming an inte-
grated power supply from at least 3 modules, 
each with 3 kilowatts, with combinations of 
current and voltage similar to those for the 
5‑gallon-per-hour device.

Under the influence of gravitational forc-
es, the liquid or water rises through the elec-
trode volume and, spreading across it, seeps 
through the membrane and contact into the 
internal volume of the second electrode, which 
is connected to the negative electrical potential 
source. The distance between the electrodes is 
determined only by the thickness of the mem-
brane, and since this distance is a maximum 
of 0.8 mm, the efficiency of the electrode pair, 
the entire volume of which has an active elec-
trochemical function, is very high.

From the moment the liquid or water en-
ters the volume of the electrode connected to 
the negative electrical potential source, an 
active, rapid electrochemical processing of 
the materials contained in the liquid begins 
inside the electrode cell.

After passing through the cathode vol-
ume, the liquid exits the device housing 
through the outlet window.

Since significant areas of active working 
surface are involved in the electrochemical 
process, thanks to the three-dimensional 
structure of the electrodes, it is possible, in 
combination with an increase in current den-
sity, to achieve a significant enhancement in 
the effect of changing the properties of the 
materials contained in the water on the sur-
face of carbon fibers that make up the volume 
of the electrodes
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Abstract
Ensuring environmental safety in smart manufacturing technologies in accordance with 

current standards is an essential prerequisite for establishing and maintaining such production 
processes. This requirement is particularly relevant within the infrastructure and ecosystem 
of the smart home.

Before the widespread adoption of environmental standards with stricter limits on the 
concentration of substances polluting industrial waste, it was generally sufficient to perform 
waste treatment before disposal at designated facilities.

Today, due to the sharp tightening of environmental regulations and the emergence of smart 
technologies-especially within the smart home infrastructure-such treatment has become ex-
tremely costly, significantly reducing the overall economic efficiency of any production process.
Keywords: Waste utilization; regeneration of process waste; etching process solutions; 
recirculation of etching solutions and other process liquids; toxic exhaust gases; 
transformation of toxic exhaust gases into harmless liquid; smart home ecosystem; smart 
home infrastructure; technologies for extracting heavy metals from waste; continuous 
recirculation of process solutions to extend their operational production cycle

The need to build interconnections with-
in the smart home infrastructure has intro-
duced entirely new concepts and approaches 
into the production cycle:

•	 search for methods of waste regener-
ation within the production process, 
enabling subsequent recirculation 
and repeated reuse;

•	 implementation of technologies for 
extracting heavy metals from waste to 
return them to the production cycle, 

ensuring continuous recirculation of 
process solutions and extending their 
operational lifespan.

For example, continuous extraction of cop-
per from etching solutions used in automatic 
etching lines for printed circuit boards and thin-
film microassemblies allows for the permanent 
recirculation of the etching solution, eliminates 
environmental contamination by toxic copper 
ions, and significantly increases the economic 
efficiency of the etching processes:
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•	 modification of waste structure aimed 
at changing the properties of polluting 
materials and transforming these ma-
terials and their chemical compounds 
into harmless or significantly less 
harmful substances.

This process has become highly rele-
vant in complex technologies, where the 
waste products are exhaust gases that can-
not be purified to the desired level within 

acceptable cost limits, even with the most 
advanced filtration systems currently avail-
able.

The author proposes, within the frame-
work of the smart home infrastructure, the 
consideration of a  system designed for this 
purpose – an alternative solution for reduc-
ing the toxicity level of atmospheric emissions 
generated by a standard diesel generator used 
as a backup power source in the smart home.

Figure 1. The figure shows a fragment of a three-dimensional model of a vortex generator 
as part of a system designed for the condensation of liquid from an exhaust gas stream

Figure 2. The figure shows the connec-
tion diagram of vortex generators to a unit 
consisting of an inlet filter, a  compressor, 
and a receiver

For further explanation, let us assume that 
the discussion concerns a liquid condensation 

system for the exhaust gases of a diesel gener-
ator operating on Diesel Fuel No. 5 (equiva-
lent to purified and homogenized fuel oil).

First, it is necessary to establish the con-
dition under which condensation occurs – 
namely, cooling the gas to its dew point.

The following figure presents the connec-
tion diagram and model of the vortex gener-
ator, which enables efficient cooling of com-
pressed gas (air) used in the condensation 
process.

Due to the fact that the vortex generator 
initiates the formation of a vortex tube, a sig-
nificant cooling effect arises within it, in ac-
cordance with the Joule-Thomson and Ran-
que–Hilsch laws. This cooling occurs both at 
the periphery of the vortex tube (at the outlet 
of the injection channels of the vortex gen-
erator) and at the center of the vortex tube-
known as the Ranque-Hilsch effect.

This mechanism stimulates moisture 
(liquid) condensation and induces structural 
transformation of pollutants, thereby neu-
tralizing their harmful effects. As a result, the 
technology becomes more efficient, less cost-
ly, and produces an unconventional (innova-
tive) outcome.

https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie
https://ppublishing.org/edition/the-european-journal-of-humanities-and-social-scie


The European Journal of Technical 
and Natural Sciences 2025, No 6

NEW SMART MANUFACTURING TECHNOLOGIES156

Section 8. Technical sciences in general

Figure 3. The figure shows a fragment of the vortex generator, revealing details of its 
operating principle. As can be seen from the model, during the first stage of condensation, 

all surfaces that come into contact with the hot compressed gas (air) are cold, and 
upon contact with the heated gas flow, they initiate the initial phase of condensation

As demonstrated in the following models, 
the liquid condensed during the first stage 
flows into a collection chamber, from which it 
can be easily removed and disposed of with-
out causing any harm to the environment or 
to the technological equipment.

Figure 4. The figure shows the reverse 
side of the vortex generator, where the cold 
surfaces are indicated. These surfaces stim-
ulate micro-condensation, which, in combi-
nation with the vortex tube effects, transi-
tions into an intensive condensation phase

As can be seen from the model, the vor-
tex generator-despite its seemingly simple 
design-contains several elements that can be 
considered innovative in many respects and 
embody a significant degree of fundamental 
novelty.

For the first time, the design of the vortex 
generator employs the principle of an accu-
mulation channel-ring, into which the con-
densing gas is introduced. The gas then pass-
es through transit openings into tangential 
channels, from which it is directed at high 

velocity into the central channel formed by 
the internal openings of all vortex generators 
in the system. Within this channel, a vortex 
tube is formed, consisting of spiral flows, the 
number of which corresponds to the number 
of tangential openings.

Such an aerodynamic structure of the 
vortex tube enables a significant intensifica-
tion of heat exchange processes and ensures 
an active surface condensation process on all 
planes and surfaces with which the vortex 
spirals come into contact.

The same design and fundamental struc-
tural principles are applied both in station-
ary systems, such as those installed on diesel 
generators, and in mobile systems, which can 
be used on diesel engines of heavy-duty ve-
hicles.

When discussing smart manufacturing 
technologies, it is important to emphasize 
the efficiency of the technical principle of 
condensing liquid from exhaust gases in-
stead of performing deep exhaust gas puri-
fication.

This method provides significant advan-
tages: in addition to purifying exhaust gas-
es and drastically reducing their toxicity, it 
allows all pollutants to be bound within the 
condensed liquid, thereby reducing disposal 
costs by an order of magnitude.

Moreover, the energy consumption re-
quired for liquid condensation is much lower 
than that needed for deep filtration. Further-
more, the disposal of used filters is a far more 
complex and resource-intensive process than 
the safe disposal of condensed liquid.
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Figure 5. The figure illustrates the principle of interaction between the 
system components in cases where pure compressed air is used for additional 

cooling. This air moves through separate channels and does not mix with 
the exhaust gases at any stage of the cooling or condensation process
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Abstract
In an era of rapid advances in artificial intelligence (AI), innovation increasingly shapes many 

domains of human activity. Public administration is no exception: across the world, governments 
are adopting AI for forecasting and planning-from the Baltic states’ e-Governance platforms 
to Southeast Asia’s “smart state” initiatives (e. g., Singapore) and national AI programs in the 
Middle East. The shared goal is to raise the quality of forecasts and to make planning, crisis 
management, and economic policy more responsive to change.

This paper presents a practical, step-by-step methodology for producing targeted, one-year 
forecasts of state macroeconomic indicators. The approach combines time-series analysis and 
neural networks with deep learning (BiLSTM + Attention), using efficient, iterative procedures 
that systematically increase forecast accuracy.
Kywords: Time Series; Deep Learning (BiLSTM-Attention); ETS; ARIMA; Deep Learning

Methodology
Data – We use primary data from Geor-

gia’s National Statistics Office covering 17 key 
macroeconomic indicators. For this study, we 
selected eight: GDP, GDP per capita, imports, 
state revenues, broad money (M3), average 
USD/GEL exchange rate, number of employ-
ees, and agricultural production output.

x x x x

R x x

f
t

t f f
t

t f

f f f

min
,

max
,

max min

min , max ,

max( , )

� �

� � �

x
x x

Rt f
t f f

f
,

,
min

, ,�
�

�� �0 1

The sample spans 2008–2023 with quar-
terly observations (Q1–Q4). The task was to 
produce a 2024 forecast achieving an average 
accuracy above 90% for the chosen indica-
tors, F=Ffull={All quarters 2008–2023}. All 
2008–2023 quarterly data were preprocessed 
using Min–Max normalization, then split into 
TRAIN (2008–2022) and TARGET (2023). 
We formed sliding windows and targets for 
a  four-quarter horizon: the previous four 
quarters as inputs and the subsequent four 
as targets (for each admissible index within 
TRAIN).
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First pass (global model) – We remove 
a strong stationary component via a naïve 
“hold-last” baseline and train a global, multi-
output model on the residuals. We then con-
struct a teacher for future quarters and run 
quarter-level models with warm starts. In 
brief: Full matrix, normalized by Min–Max- 
(2008–2023). Window width W , last index 
t i W� � �1

Z
T P

�� � �
0 1, , naivei h k i W kz p, , , .� � � 1

resid naivei h k i i h kY h k, , , ,,� � ��

Baseline & residuals – The “hold-last” 
(naive) forecast serves as a baseline; the mod-
el learns to predict residuals. pk – colum in‑
dex in matrix Z .

Deep model (BiLSTM + Attention, 
multi-output)
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Seasonal profile & teacher (grid-
search)- We assume a seasonal profile based 
on average quarterly values on TRAIN; com-
bine it with the residual model to create a sta-
ble teacher for the TARGET quarters.

Composition – Choose among candidate 
compositions by minimizing MAE on TRAIN 
windows. Warm-start quarterly heads – 
Transfer the encoder to compact scalar heads 
(per target and quarter) and calibrate only the 
output bias to align with the teacher at initial-
ization.
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The global model learns residual structure; 
blending with the seasonal component stabi-
lizes the teacher; quarterly heads start from 
a well-calibrated bias.

Figure 1. DL Model (BiLSTM + Attention)
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Regular reruns with feedback and 
a  nudge-controller – For each (target, 
quarter) pair:

• If feedback is GOOD, the quarter’s head 
is locked and excluded from further 
training.

• If BADUP/BADDOWN, perform local 
adaptation with controlled step size and 
a trust region.

acc � � �1 y y .

Feedback classification – Threshold θ  
is set to 0.99 (i. e., 99%).
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Local reinforcement- For BADUP/
BADDOWN, increase the weight of the last 
TRAIN window and perform a small, bounded 
update.
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Bounded nudge without TARGET 
leakage – Use an adaptive base push; a sea-
sonal anchor; a minimal step; and a  trust 
corridor around the planned target. In the 
late POLISH phase, updates are one-sid-
ed (BADUP only upward; BADDOWN only 
downward).
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Using the controlled sequence of steps 
“push → anchor → minimal step → confi-
dence corridor,” and without training on the 
current TARGET year’s data (2023 in this 
case), we achieved GOOD values of the feed-
back metric for all quarters and saved the sta-
ble models into a single model file. Using the 
stored quarterly weights (“GOOD-locks”), we 
built the forecast for the next year (2024 in 
this case) in RAW units. We formed X future  
from the last W = 4 quarters of the full history 
(TRAIN + TARGET). For each target k and 
quarter q , we loaded the weights and comput-

ed the normalized forecast y k q


,� �
norm

. Transition 

to the RAW space: y y R xk q k q p pk k

 

, , ,� � � �� � �
raw norm min

where Rpk
and x pk

min are the min–max normal-
ization parameters for the corresponding tar-
get column pk .

Results
With the proposed methodology, the aver‑

age forecast accuracy for 2024 reached 
93.22%. To benchmark, we uploaded the 
same macro data to emulated models on sev-
eral platforms (ChatGPT, Amazon AWS, Mi-
crosoft Azure) to obtain their 2024 forecasts. 
We then compared quarterly accuracies per 
indicator and the overall average:
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GDP (MILLION $) 2024 I 73.61 92.01 92.01 97.88

GDP (MILLION $) 2024 II 71.27 91.37 91.37 97.37

GDP PER CAPITA $ 2024 IV 70.15 89.85 89.85 90.57

IMPORTS (MILLION $) 2024 I 82.23 98.58 98.58 92.02

IMPORTS (MILLION $) 2024 II 73.37 92.21 92.21 97.44

IMPORTS (MILLION $) 2024 III 73.09 92.15 92.15 95.57
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IMPORTS (MILLION $) 2024 IV 71.70 84.23 84.23 85.33

STATE REVENUES (MILLION $) 2024 I 60.12 82.50 82.50 84.32

STATE REVENUES (MILLION $) 2024 II 63.36 92.03 92.03 97.36

STATE REVENUES (MILLION $) 2024 III 66.22 88.55 88.55 92.45

BROAD MONEY M3 (MILLION $) 2024 IV 72.68 89.64 89.64 90.56

AVERAGE EXCHANGE RATE USD-$ 2024 I 82.75 95.88 97.81 92.25

AVERAGE EXCHANGE RATE USD-$ 2024 IV 84.19 97.46 98.06 98.99

NUMBER OF EMPLOYEES 2024 I 96.18 95.56 95.56 98.21

NUMBER OF EMPLOYEES 2024 II 96.98 95.82 95.82 96.85

NUMBER OF EMPLOYEES 2024 III 98.17 96.14 96.14 97.10

NUMBER OF EMPLOYEES 2024 IV 99.48 96.36 96.36 96.72

AGRICULTURAL PRODUCTION 
OUTPUT (MILLION $) 2024 I 86.54 95.90 95.89 89.29

AGRICULTURAL PRODUCTION 
OUTPUT (MILLION $) 2024 IV 83.96 90.28 90.28 95.45

Average Forecast Accuracy 77.83 91.94 92.04 93.22

This methodology blends several practic-
es known from classical modeling, but using 
them as a unified ensemble yields distinctive 
advantages:

1. Two-stage architecture (“global 
encoder → quarterly heads”).

Rather than training “one big network,” 
we train a single multi-task (BiLSTM + Atten-
tion) model on residuals, transfer its encod-
er into small quarterly heads (per target and 
quarter), and then perform calibration with 
reinforcement-style updates.

2. Controlled, monotonic correction 
without data leakage.

In reruns we do not feed TARGET-year 
data to the network. Instead, we adjust only 
the output bias of the quarterly head with 
small, controlled steps toward the planned 
point. Modes (TURBO/AGGR/POLISH) 
adapt automatically based on the shortfall to 
the GOOD threshold; the nudge intensity and 

trust interval width are adjusted accordingly. 
Once a (target, quarter) crosses the threshold, 
we lock that head, preventing later degrada-
tion.

3. Micro-models (“quarter × target”) 
instead of a monolithic head.

Quarters behave differently in practice. 
Splitting heads by quarter yields natural lo-
calization and faster convergence to accurate 
forecasts.

Conclusion
In today’s environment-where econom-

ic stability and well-targeted investment 
decisions are prerequisites for national 
development-forecasting plays a crucial role. 
Using macroeconomic data from 2008–2023, 
we set out to build a model capable of rational-
ly predicting 2024 indicators (we chose 2024 
specifically to allow straightforward accuracy 
verification). The challenge required not only 
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capturing historical trends but also uncover-
ing the internal logic and interrelations among 
those trends. Our streamlined, practical pipe-
line couples time-series analysis with a neural 
baseline and then refines it through carefully 

controlled deep-learning adjustments, reach-
ing 90–95% accuracy. The resulting next-year 
forecasts achieved 93.22% average accuracy 
in this study-useful for planning and for opti-
mizing the management of public resources.
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