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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.

Section 8. Technical sciences in general

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
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Integrated

water regeneration

Cip-1 system (milk farms)
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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.

Section 8. Technical sciences in general

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

jpe—
.

« a method of comprehensive wa-
ter treatment and the technological
modules required for its implemen-
tation;

=
=

ﬁz-

« 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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« amethod 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;

Section 8. Technical sciences in general

« 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.
Keywords: Water in smart home infrastructure; Electrochemical water regeneration
in smart home infrastructure; Chemical-free water regeneration; Comprehensive water
recirculation; Compact modaules for electrochemical water regeneration; Integrated water
supply system within smart home infrastructure and ecosystems; Input control and pre-
treatment modules within smart home infrastructure; Used-water storage modules;
Separation systems with vortex foam generators; Final control systems without direct
contact; Control and processing unit for remote real-time management and monitoring

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-

Section 8. Technical sciences in general

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-

Section 8. Technical sciences in general

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

Section 8. Technical sciences in general

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.

Asthelenses 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

Air lihe

Compressed
air

Air line

Airfwater
mirx
- ) Air
ater spray
tank

12 — inlet pipeline to the electrochemical
reactor

14 — regulating and control valves

15, 16 — flow meters

17 — current-carrying cables
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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-
trodesis only 3 millimetres, of which the mem-
brane thickness accounts for 1 millimetre.

Section 8. Technical sciences in general

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

Section 8. Technical sciences in general

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.

134

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

Section 8. Technical sciences in general

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.
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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
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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

Wi,

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.
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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;
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« 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;

e 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
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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.

Section 8. Technical sciences in general

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,

142

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.

143

Section 8. Technical sciences in general

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.

MULTIFUNCTIONAL SENSOR TECHNOLOGY
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Figure 1.
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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 lig-
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.
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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.

MULTIFUNCTIONAL SENSOR TECHNOLOGY
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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

Section 8. Technical sciences in general

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.

Schematic of planar Impedance Resonance Sensor connection

“”H’—‘

D1

Excitation coil is connected to generator with frequency sweep. Resistance of R1 depends on output resistance of the generator and
length of line between the sensor and the generator. If the length of line is less then % of wavelength, the resistor can be omitted.
Sensing coil is connected to Data Acquisition (DAQ). If operating frequency of the sensor is more than frequency capability of the

DAQ, then the diode can solve that problem.

Both the generator and the DAQ are connected to personal computer and work under control of computer program. The program
calculates resonant frequency and amplitude of the sensor and measure their changes caused by presence of analyte under test.

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
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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;

MULTIFUNCTIONAL SENSOR TECHNOLOGY
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Figure 3.
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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:

o the acidity level of the sample,

o electrical conductivity of the sam-
ple,

o temperature of the sample,

o presence and calorimetric content
of the sample;

determination of maximum and min-

imum permissible deviations when

measuring the parameters of gastric

juice;

e 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
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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
1970s. 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 databaseis 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.

Section 8. Technical sciences in general

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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Optical Data Carrier, and Method for Reading/Recording Data Therein

Abstract:

An optical data carrier is presented. The carrier includes at least one recording layer composed
of a material whose fluorescent properties vary upon multi-photon absorption induced by
an optical beam. The recording layer has a thickness that enables the formation of multi-
ple recording planes. At least one non-recording layer is positioned on either the upper or
lower surface of the recording layer and differs from it in fluorescent properties. The carri-
er also includes at least one reference layer with a reflective surface formed at the interface
between the recording and non-recording layers.
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Abstract:

A method is provided for formatting an optical information carrier by creating a sequence of
formatting marks for subsequent addressing during data reading/recording. The method
records these marks in an interleaved order within the carrier volume, reducing delays as-
sociated with writing adjacent marks and significantly decreasing overall formatting time.

3. United States Patent Application

US 2008/0182060 A1

July 31, 2008

Manufacturing of Multi-Plate for Improved Optical Storage

Abstract:

A new optical data carrier and production methods are disclosed. The carrier is characterized
by plates with differing material concentrations, providing improved optical storage per-
formance.

4. United States Patent Application

US 2006/0250934 A1

November 9, 2006

Three-Dimensional Optical Information Carrier and a Method of Manufacturing
Thereof

Abstract:

A three-dimensional optical information carrier is described, comprising formatting marks lo-
cated at the nodes of a three-dimensional lattice formed by intersections of equally angled
radial planes, equidistant cylindrical spiral tracks, and virtual recording planes.

5. United States Patent Application

US 2007/0288947 A1

December 13, 2007

Swing Arm Optical Disc Drive

Abstract:

A swing-type optical disc drive is disclosed. The drive includes a rotating disc and a swing arm
pivoted at one end, with its distal end connected to an encoder. The pivot point and distal
point define the swing axis. An optical system is mounted on the arm such that its optical
axis is parallel to the swing axis and lies within the same plane. A cam actuator induces
swinging motion, positioning the plane so that it remains tangent to the disc’s reading/
recording track.
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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.
Keywords: Smart Home Ecosystem, Smart Home Infrastructure, Modular Purification
Systems, Ion Exchange Purification Process, Application for Purification of Dried Biomass,

Symmetrical Electrochemical Electrode Cell, Active Working Surface

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-

Section 8. Technical sciences in general

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

20'\

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

Electrode
Connectors to
Power Supply

Electrode
Connectors to
Power Supply

[/

—Electrode
L~ Housings

—Electrode
] Housings

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:

Section 8. Technical sciences in general

 Current: 50 amperes, Voltage: 60 volts;

e Current: 30 amperes, Voltage: 100

volts;

e 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,

154

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

Section 8. Technical sciences in general

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
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For further explanation, let us assume that
the discussion concerns a liquid condensation
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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.
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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

ColD ,
SupeFACE — 7 &-’r@%a of

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

D

/ CLpFACE

Coll ECTI0 J'v/

e
RING

Cotp SUupfPrACE

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
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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 Al for forecasting and planning-from the Baltic states’ e-Governance platforms
to Southeast Asia’s “smart state” initiatives (e.g., Singapore) and national Al 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}nin = mtinxt)f, xfmax = mtaxxt’f,
Ry = max(x}“ax - x}“in ,E)
_xn
x, , =——— (0,1},
t,f Rf [ ]

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).

[~ = ~ WxF
X =[Zi Zs s Zpya | € R
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First pass (global model) — We remove
a strong stationary component via a naive
“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

Ze [Oyl]TXP, naive; ; ; =

1+W 1’ pk

resid; , , =Y;[h,k]—naive;

Baseline & residuals — The “hold-last”
(naive) forecast serves as a baseline; the mod-
el learns to predict residuals. p, — colum in-
dex in matrix 7.

Deep model (BiLSTM + Attention,
multi-output)

VT tanh(Wh), o, = —SP@)

t T —w

Z;Zlexp(ej)
w
c= ztzlatht.

Encoder: BiLSTM(64) — Drop-
out(0.2) — BiLSTM(32, return_sequences)
Head: Dense(64, ReLU) — Dropout(0.2) —
Dense — reshape (multi-horizon outputs).
Loss: horizon-weighted MAE.

H-1T

= %Z‘ P;T > > w, ‘remdl nk —resid; ;4|

h=0 k=1

th =1.
h
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Ensembling-Train multiple replicas with
different random seeds and average the pre-
dictions.

/\(ens) —(m)

resid =— Z residi k.

—— future

l’eSIdh,k = glast > Pr

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.

—(ens)
YteCh y (natlve;“,t(ure + o -residn )+

+(1-7)S[h.k],
~ ~ teach
yk,q (Xfuture ) = Y‘I:k
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)

Input window X
(WxF). W=4

H BILSTM 64 H Dropout 0.2 J—“[ BiLSTM 32 (seq) J

Dense 64 (Relu)< Dropout 0.2
-
-
Head A: Multi-output residual
Dense (HxT) - reshape (H,T)
¥ resid = f(X)
.
e 7
_ Final (first run): e
Y = yinaive + a-¥_resid) + (1-y)-S
(teacher for warm-start)
.

Additive Attention
H (Wxd) = e_t = v' tanh(W h_t)
a_t = softmaxie t), c=Ta_th_t

Dense 1 (bias calibrated)

Head B: Per-quarter scalar
MAE training in regular runs
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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:l—‘;/—y‘.

Feedback classification — Threshold 0
is set to 0.99 (i.e., 99%).

GOOD <> acc >0, BADUP < y<y,

BADDOWN < y > y,

Local reinforcement- For BADUP/
BADDOWN, increase the weight of the last
TRAIN window and perform a small, bounded
update.

. [7s(1+8), BADUP
“ " Y 1=6), BADDOWN’

0 = FEEDBACK SHIFT,

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).

BADUP: p,4ger = P+ k(1= D),
BADDOWN : p,4eed = P — kD

Section 8. Technical sciences in general

panch = (l_ﬂ’)pnudged +)“Sq’ Ae [0’1]

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;,,,,.
from the last W = 4 quarters of the full history
(TRAIN + TARGET). For each target kand
quarter g, we loaded the weights and comput-

A norm

ed the normalized forecast )(x,) . Transition

to the RAW space: ;,Zi“;) - ;,?::;‘ R, x0T,

where R, and x;f:m are the min—max normal-
ization parameters for the corresponding tar-

get column p;.

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:

& & xR B &
= IS

e 2 235 2% 8 = 5 3
Feature 8 ® f. ) f. Z f. 2 f. 2
b =1 17 w Q 17 ﬁ 7Y
& ] ] ] ]
S A 3] O w ° K
£ o £ g £ = & 8

) ) ) )

&2 &2 &2 &2
GDP (MILLION $) 2024 I 73.61 92.01 92.01 97.88
GDP (MILLION $) 2024 1I 71.27 91.37 91.37 97.37
GDP PER CAPITA $ 2024 I\ 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 II1 73.09 92.15 92.15 95.57
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g g % T g
=
. § 33 §% 8 = 5 3
Feature S < f. O f. Z f S f 2
> =1 7] n QO 7] g ® A
& 8 K ] ] ® 5
O A 3] O w ° B
) ) ) )
5 O = ; R & O
e e e e
< < < <
IMPORTS (MILLION $) 2024 v 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 II1 66.22 88.55 88.55 92.45
BROAD MONEY M3 (MILLION $) 2024 v 72.68 89.64 89.64 90.56
AVERAGE EXCHANGE RATE USD-$ 2024 I 82.75 95.88 97.81 92.25
AVERAGE EXCHANGE RATE USD-$ 2024 v 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 II1 98.17 96.14 96.14 97.10
NUMBER OF EMPLOYEES 2024 v 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 v 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

161

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 x 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-  controlled deep-learning adjustments, reach-
ing the internal logic and interrelations among  ing 90-95% accuracy. The resulting next-year
those trends. Our streamlined, practical pipe-  forecasts achieved 93.22% average accuracy
line couples time-series analysis with a neural  in this study-useful for planning and for opti-
baseline and then refines it through carefully = mizing the management of public resources.
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