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Cabuna Henkosa, [Tnamena Atanacosa
TYPES OF PEOPLE'S BEHAVIOR DURING A NATURAL DISASTER EARTHQUAKE
Sabina Nedkova, Plamena Atanasova

ABSTRACT: A disaster is a destructive natural or man-caused phenomenon that threatens the health and life
of people and leads to significant material damages and losses. In terms of the nature of their manifestation and
consequences, natural disasters are as different as the causes that provoke them. In this report, a summary of the
possible action of people who are direct or indirect witnesses of a natural disaster - an earthquake is made and
four behavioral models are formed, based on the four basic temperaments - Melancholic, Sanguinic, Phlegmatic
and Choleric, which are assigned to a description of human behavior in the context of the reaction to a critical
situation based on two main scales - Emotional Stability- Emotional Un-Stability and Introvert-Extrovert. The
behavior of people is considered in the context of a complex of actions and decisions that are part of the "vulner-
ability" factor of the risk subjects. The conclusions drawn are intended to direct attention to the deepening of crisis
prevention and control measures with a focus on human behavior, before, during and after the realization of the
unwanted event. In this way, in parallel with the material (technological)l barriers - strengthening buildings, cre-
ating places with increased earthquake resistance in the event of an earthquake, attention will also be paid to

organizational barriers, namely human behavior and education
Key words: temperament types, earthquake, disaster management

Introduction

Disasters are events with an unexpectedly
large, negative effect on the life and health of a
large group of people. Regardless of their origin -
natural or man-caused disaster, they are character-
ized with suddenness and large scale, a huge po-
tential for manifesting various types of hazards
aimed at people, the environment and its compo-
nents, resources and living conditions for a long
period of time. Disasters known in the history of
mankind, with the primary source of natural
forces and natural factors of the environment, or
so-called natural disasters, are the subject of con-
tinuous research with the aim of prevention and
reduction of their severity. In this process, the
main role is played by: the object of the disaster
situation - described by the term "Risk from..." -
earthquake, flood, chemical contamination; and
the subject of the disaster situation, described with
the term "Risk to" - the people subjected to the di-
rect burden of realizing the disaster situation. The
main factors that affect the subject of the risk are
related to the level of vulnerability that he exhib-
its. It is a set of all economic, social, cultural and
physical characteristics that describe the degree of

sensitivity/vulnerability of a particular person and
the hypothesis that if they are higher, the person
will be more resilient in the disaster situation,
which is the basis of the successfully performed
preventive actions. The mental attitude and way
of reaction of each person is an essential part of
the vulnerability factor and is the basis of forming
a response strategy that can save the life of the
specific person and that of the people around him.

The conclusions made in the present study aim
to direct attention to the deepening of crisis pre-
vention and control measures with a focus on hu-
man behavior, before, during and after the realiza-
tion of the unwanted event. In this way, in parallel
with the material barriers - strengthening facili-
ties, creating places with increased earthquake re-
sistance and tools increasing the strength of build-
ings, in the event of an earthquake, attention will
also be paid to organizational barriers, namely hu-
man behavior.

Analysis of the results
In this report, a summary of the possible ac-

tions of people who are direct or indirect wit-
nesses of a natural disaster - an earthquake is



made and four behavioral models are formed,
based on the four basic temperaments - sanguinic,
choleric, phlegmatic and melancholic, which are
assigned to a description of human behavior in the
context of the reaction to a critical situation based
on two main factors, according to EN Eysenck's
model of the two personality dimensions, forming
the model of personality - Extraversion (E)
and Neuroticism (N) (Fig. 1), (Eysenck, H. J
Transaction publishers). People's behavior is con-
sidered in the context of a complex of actions and
decisions that are related to active or passive be-
havior and are part of the "vulnerability" factor of
the risk subjects.

Emotionally unstablle
(neurotic)

~

Melancholik

Cholerik

|
Introverted . Extroverted

Phlegmatic

Emotionally stable

Fig.1. Temperaments description by extraver-
sion (E) and neuroticism (N)

The main two scales that describe a person's
temperament, according to Eysenck, are:

«  "Extroversion-Introversion.  Extroverts
are sociable and friendly and tend to be energized
by social interactions and quickly bored when
alone. Introverted people are more reserved and
prefer solitary pursuits; they are often more
thoughtful and reflective than extroverts. Both
personality types have their strengths and weak-
nesses.

*  Neuroticism - Emotional Stability — Neu-
roticism is a personality trait characterized by
anxiety and insecurity. People high in neuroticism
tend to be more lively and reactive to stress, and
are also more likely to experience negative emo-
tions such as sadness, anger, and fear. Conversely,
emotional stability is their ability to remain calm
and composed during times of stress or adversity."
(Eysenck's Personality Theory, Tutorials Point)

In risky situations in which an undesirable out-
come is expected, people's behavior depends on
whether the situation is familiar to the person or
not. If it is described by the main components of

risk - probability and severity, then the familiar
situation is one in which a person expects a risk
with some probability of realization and certain
severity of consequences. In this case, a person
has some information that means "preparedness"”,
or the ability to respond adequately based on
knowledge and skills that have been acquired in
advance. Far more frightening are situations un-
known to man, risks for which there is no
knowledge of the probability of their occurrence
and possible severity, nor the way of their impact.

Earthquakes are natural disasters that have ac-
companied humanity since its inception. With the
possibilities of the modern technological environ-
ment and the experience on past disasters, people
have created ways to increase the stability of
buildings and facilities by complying with certain
norms and requirements and developing earth-
quake response skills. These two types of barriers
—technological - related to the material security of
the risk of destruction during earthquakes and or-
ganizational - the behavior of people, in preven-
tion, is the two main ways to influence and mini-
mize losses and victims, and at the same time are
the main factors that influence the degree of peo-
ple's vulnerability. These are the preconditions
that can be created before the disaster itself and
which are the basis of earthquake risk manage-
ment.

A research of the Institute of Disaster Preven-
tion at Kyoto University shows that the human be-
havioral response to fast-onset disasters, includ-
ing earthquakes, is varied, but the propensities to
an active respond increases, parallel with the in-
creasing of the feeling of fear and the vibration
(shaking) of buildings. In most documented cases,
people's behavior is controlled and rational rather
than impulsive, but it depends heavily on educa-
tion and knowledge gained, training provided, and
cultural definitions of appropriate response in cri-
sis situations (Goltz JD, Park H, Nakano G, Ya-
mori K, 2020).

It has been found that earthquake actions are
more adequate expressed when people feel the ef-
fects of the earthquake more clearly. This is di-
rectly related to the fear that accompanies any cri-
sis and unknown situation that requires taking
measures to preserve life and health, or entering
into an active "fight or flight" mode.

In 2004, the United States Geological Survey
(USGS, n.d.) launched the Did You Feel It
(DYFI) system, which aims to provide infor-
mation about the intensity of earthquakes, but
based on the observations and sensations of the
people involved in them, who log into the USGS
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program website in real time if possible
(http://earthquake.usgs.gov/dyfi), to complete a
short questionnaire. Most of the questionnaire
items refer to the respondent's observations of the
physical and built environment, which can be as-
signed with the scale of Modified Mercalli Inten-
sity (MMI) level (listed in the last row of Fig. 2)
for a given earthquake. However, there are ques-
tions that attempt to assess the respondent's loca-
tion or situation at the time of the earthquake (e.g.
inside a building, outside, driving a car, etc.), re-
action or state of mind when encountering a shak-
ing (e.g. .excited, scared, unresponsive, etc.), and
most importantly, the actions taken during the
earthquake (eg took cover, ran outside, unrespon-
sive, etc.). These questionnaire items, particularly
the actions taken during the reported earthquake,
are of considerable interest to social scientists
studying natural hazards and have never been an-
alyzed at a scale that would provide insight into
how people react during shaking of a great earth-
quake* (Goltz JD, at all).

The earthquake we studied, which occurred on
06/02/2023 in central Turkey, is presented in Fig.
2, with a map generated by the United States Ge-
ological Survey (USGS) website of “Did you feel
it”, based on the recorded responses of 511 people
who were plotted in 211 settlements in the district
and their feelings of how they felt the earthquake
with an epicenter near the town of Kahramanma-
rash. It is seen from the figure that people's per-
ceptions of the strength of the earthquake "shak-
ing" and the accompanying destruction, put this
large earthquake in the severe category with a
feeling of "shaking" - severe and violent. These
data coincide with the location of the greatest de-
struction and the greatest number of victims,
namely around the city of Kahramanmaras and
describes the people’s active actions, based on the
deep feelings of fear, caused by the felt severe
shaking.
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Fig. 2. USGS Intensity map of the earthquake
in the region of central Turkey on 02/06/2023, at
10:24:49 UTC, https://earthquake.usgs.gov/prod-
uct/dyfi/us6000jlqa/us/1680712460242/us6000;1

qa_ciim.jpg

The people who were forced to act actively are
in the area marked closest to the red color, in
which was found the most destruction and victims
buried under ruins, but also people rescued even
after several days. According to the information
from the Bulgarian rescuers who successfully par-
ticipated in the activities of finding and evacuat-
ing survivors (Vlaykov George, Emergency res-
cue, Plovdiv) the survivors were found in areas
(cavities) formed between collapsed walls and
solid and relatively strong objects (desks, stoves,
sofas, wardrobes made of solid wood, metal struc-
tures, etc.), which played the role of supports.
Such spaces are called a rescue triangle.

I ) Q

N o~

Fig.3 Better rescue/shelter spaces, in case of
destruction, during an earthquake
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This is largely contrary to the currently leading
concepts of sheltering under tables and door
frames (rescue square). (Fig. 3)

According to earthquake rescue operations, the
safest places in the building are:

*  interior spaces bordering an elevator shaft
or an earthquake disk

* indoor rooms, near large and heavy ob-
jects (wardrobes, massive desks and cabinets)

« the last floors of the building;

The most dangerous places in buildings are:

*  ground floor

*  an elevator

*  astaircase

. terrace

e aroom near an exterior wall with a win-
dow

Actions in a moment of fear and uncertainty,
especially with strong situation triggers (noise,
darkness, roar, shaking of buildings) which bring
a feeling of direct threat to life and health, are
based on survival instincts and include previously
acquired information that carries solution to the
situation within a few seconds. From the sources
mentioned above, it became clear that the people’s
active actions of finding a shelter, rescuing peo-
ple, leaving the building, etc. are provoked by the
feeling that their lives are in danger.

For the purpose of further analysis, we assume
that the situation under discussion in this article,
concerns earthquakes of high intensity that require
action, rather than passively waiting for the threat
to pass. Hypothetically, we assume that tempera-
ment will manifest itself clearly without the influ-
ence of surrounding factors (parents’ instinct, the
crowd effect). Based on the researched infor-
mation, about past major earthquakes (magnitude
over 5.5 on the Richter scale) and based on the
four types of temperament, according to Ey-
senck's model and their way of reacting based on
Emotional Stability/Neuroticism (N) and Extro-
version (E), we can outline the following general-
izations about the types of disaster-earthquake be-
havior:

Melancholic - emotionally unstable and in-
troverted

Decision Making: Slow. Thinks more and
chooses hard. His natural closed-mindedness and
attitude towards an unfortunate confluence of cir-
cumstances easily place him in the role of a victim
who rather has no clear impulse to actively coun-
teract the situation, pessimist. It will be easier for
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him to fall into despair, especially if there are peo-
ple around him who are also despairing or suffer-
ing.

Adequacy of decision: He may have extensive
knowledge acquired quietly, consistently and pa-
tiently. Based on it and if he allows the oppor-
tunity to take an active position, his decisions may
be quite adequate. In the event of an earthquake,
he is more likely not to head out of the building,
but find a way to take shelter indoors, just as he
was taught he should, especially if there is some-
one to guide him. He will try to announce his lo-
cation if he hears people looking for him.

Effect: Due to the rather negative attitude to-
wards any change, in case of crisis, this tempera-
ment should be attached to a more combative and
positive person

Phlegmatic - emotionally stable and intro-
verted

Decision Making: Rather slow but with patient
assessment of the situation. The strong empathy
for others could have the effect of an additional
stimulus in a positive way (help directed to an-
other person - injured or helpless). Rather stable
behavior and confidence when communicating
with others.

Adequacy of decision: As with the phlegmatic,
the knowledge needed to adequately evaluate and
make a decision to respond, especially if they
have seemed interesting to learn, will be enough.
He will apply them with more confidence than a
melancholic, and will not express his concerns, if
any. He may choose active action by leaving the
building, or passive action by staying in it, espe-
cially if he has someone he is responsible for with
him. The speed of decision-making is not a prior-
ity, but its usefulness.

Effect: Due to the slow speed at which he
makes a decision, there is a chance that he will not
immediately turn to the right strategy, but wher-
ever he is, especially if there are people who de-
pend on him, the phlegmatic will actively fight for
survival. The time that passes will be to the detri-
ment of his introverted nature and his rather pes-
simistic attitude towards change.

Choleric - emotionally unstable and extro-
verted

Decision making: This temperament acts
quickly and makes decisions impulsively. Anger
can quickly replace the feeling of fear and this im-
poses a thoughtless and abrupt action. Because of
the quick reaction and momentary courage (reck-
lessness), there is a high chance that the decision
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that is made and immediately put into action will
be correct, especially where speed and timely re-
sponse are important

Adequacy of decision: Choleric, has a variety
of interests that are very extensive, but not always
very deep. If he does not have specific knowledge,
he will react as the emotion that drives him dic-
tates. He will probably leave the building in the
standard way (stairs) and take relatives/children
with him. In a short time it will be very effective
and the strength and courage of this action can be
successful. It can return to the building that is
about to be destroyed to save loved ones, or to re-
move property that may be a prerequisite for risk.

Effect: There is a chance to intuitively choose
the right strategy, especially if the situation is
short in time and does not require patience and
prolonged actions. He can act heroically

Sanguine - emotionally stable and extro-
verted

Decision Making: Positive and reliable, he will
think of others first, adequately assessing the situ-
ation and reacting quickly and selflessly. Regard-
less of the complexity and the unknown, his atten-
tion will remain focused on assessing and per-
forming the task of saving others and himself to
the best of his ability.

Adequacy of decision: In-depth knowledge of
the subject, especially in that part that is related to
helping the surrounding and reasonable ways to
minimize casualties and losses. It is very possible
that he had researched in advance where the most
likely evacuation points were in the building. He
will choose the safest way and help everyone he
can.

Effect: Great opportunity to choose an action
that can save people. Courage and adequate, quick
thinking, faith in a good outcome and at the same
time patience. If he remains, under the ruins, this
person will actively try to mark his location and
actively fight for his surviving and if possible,
help anyone near him.

Conclusion

Human behavior in an event of a crisis is de-
termined by the survival instinct, emotions - fear,
anger, rage, but also by knowledge. Regardless of
differences, in social characteristics, background
and cultural affiliation, a thorough knowledge of
the correct actions in crises will enable the choice
of behavior that can save one's own life and the
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lives of other people. The knowledge obtained af-
ter the many disaster situations in the past and
nowadays, carry information where vulnerabili-
ties - technological and organizational - can be
avoided so as to reduce the number of victims and
losses. Humanity will never exist in a world with-
out disasters and crises, but knowledge and appro-
priate attitude towards them will prepare it to meet
them adequately.
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RESEARCH ON THE CONSUMPTION OF BIOLOGICALLY ACTIVE FOOD - HONEY
FROM ADOLESCENTS AND PUBLIC HEALTH

Galina Grigorova

ABSTRACT: In this study, the place of honey consumption among students aged 13-14 is examined and the
health norms are determined. The benefits of honey consumption date back to ancient times and significantly
impact public health. The methods used in the study are statistical analysis, interviews, and questionnaires. The

study was conducted in January 2023.
Keywords: honey, healthy nutrition, students

Introduction

Traditional food including the consumption of
biologically active foods such as honey is a major
factor in maintaining the optimal health of stu-
dents. In medicine, rational nutrition is defined as
healthy and optimal nutrition, which adequately
corresponds to the body's needs for energy and
nutrients with a certain quantitative and qualita-
tive composition, satisfying plastic needs and
growth, helps maintain optimal body mass, high
working capacity and increases the body's re-
sistance to diseases and adverse environmental
factors. Lifestyle provides physical and mental
health and the creation and development of a
healthy and viable generation.[1] The daily con-
sumption of foods such as honey, which contains
more than 400 biologically active components in
adolescents for which no further processing has
been applied, is a good alternative that also con-
tributes to the ecological balance. The name 'hon-
ey' shall be used for a sweet product obtained by
honey bees Apis mellifera from the nectar of
plants or from secretions of the living parts of
plants. [2] Since ancient times, honey has been
known as a product with extremely high energy
value and biological activity. In the past, people
considered honey to be the only means that could
ensure a long and healthy life. Thanks to the de-
velopment of chemistry, Biochemistry, and mi-
crobiology have established the composition of
honey and most of the mechanisms of its pharma-
cological effect on the human body. The antibac-
terial activity of honey is being intensively studied
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and is already successfully used in medicine to
treat some wounds, gastrointestinal, liver, etc.
Diseases. Specific antimicrobial ingredients have
been found in certain types of honey, including
oak honeydew honey from our country. [3] Scien-
tific studies have shown that nowadays there is
still a growing interest in various species of
honey. Anemia - Copper contains iron (vital for
hemoglobin), copper (a metal that promotes iron
absorption) and manganese (which helps build he-
moglobin). Ten volunteers from Dubai take 1.2 g
daily. honey per 1 kg. body weight for 2 weeks,
blood tests showed a 20% increase in iron content,
a 33% increase in copper content and a slight in-
crease in hemoglobin in blood cells.[4] Recom-
mendations are to eat 1. tsp of copper three times
a day, in this case, dark copper, which is richer in
iron, is preferable. Acne-Honey Kkills the bacteria
of acne. Its high content of sugars pulls the pus
from the points of acne, its anti-inflammatory in-
gredients relieve the skin. The recommendation is
to take honey or cream made from honey, three
times a day. [5] The antimicrobial ingredients,
anti-inflammatory, and antioxidants in honey can
help with coughing. Honey makes expectoration
easier. In a study by the Pennsylvania State Uni-
versity School of Medicine, 105 children aged 2
to 18 with upper respiratory tract infections and
nocturnal cough ate buckwheat honey flavored
with dextromethorphan honey or did not take any
medication 30 minutes before bedtime. Honey
gave the best results. [6] For administration to
take 1-2 tsp raw honey three times a day. High



cholesterol level with low-density lipoprotein
(LDL-cholesterol), a lifestyle that promotes the
oxidation of LDL — cholesterol and perhaps low
cholesterol with high-density lipoprotein (HDL-
cholesterol) increases the risk of arterial disease,
heart attacks and strokes/heart attacks. Honey in-
creases HDL cholesterol. The vitamin B3 con-
tained in it can lower LDLDL cholesterol and an-
tioxidants help protect LDLDL cholesterol oxida-
tion. Volunteers 80 obese and 80 others took 80
grams. Honey daily, and as many obese volun-
teers and volunteers of normal weight did not take
honey. After 4 weeks, the honey group had lower
total cholesterol and higher HDL cholesterol.
Obese honey eaters also had lower LDL choles-
terol. [5] The article examines the place occupied
by the consumption of honey among schoolchil-
dren at a certain age associated with active growth
and development. How often honey is consumed,
what kind of honey and from which region, and at
what time of the year consume honey more often?

AIM: The article examines the place of honey
consumption among students of a certain age, re-
lated to active growth and development. How of-
ten honey is consumed, what type of honey and
from which region, at what time of the year honey
is consumed more frequently? The aim of the pre-
sent study is to make an assessment of the health
culture, in terms of balanced nutrition including
the consumption of honey in the daily menu,
among adolescents in the Burgas region. The re-
search object is 152 students aged between 13-14
years. The research was conducted in January
2023. Statistical analysis, interview, and survey
methods were used for the purposes of the re-
search.

Experiment

After collecting the surveys, they were pro-
cessed and analyzed. MS Excel was used for sta-
tistical processing.

Results and discussion

When asked if they consume honey daily, 49%
of students aged 13-14 say yes, 46% answer YES,
but do not consume it daily and 5% do not. Lighter
linden and acacia honey are preferred by 32% of
respondents. Honey is preferred by 48% and hon-
eydew honey by 20%. In terms of seasonality,
honey is more often consumed by 45% during the
winter period, and 55% of respondents report con-
sumption of honey regularly throughout the year.
The data obtained are presented in Figures 1 and
2. Data analysis and visualization were done with
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MS Excel. They give us information about stu-
dents’ daily consumption of honey and the con-
struction of a healthy diet. The analysis of the data
shows that 49% of students consume honey daily.
Of which 79% with drinks such as tea and milk
and 21% directly. Not consumed at all bee honey
5% of the surveyed students. In terms of season-
ality, more than half of the respondents 55% in-
clude this biologically active product in their
menu throughout the year. The most preferred for
consumption is poly floral honey at 48%, fol-
lowed by 32% lighter and lighter as linden, which
by organoleptic characteristics - the color is from
light to medium intensity, the aroma is strong and
highly specific, the acidity is low, crystallization
is slow, sweetness is medium. Acacia honey is one
of the most preferred species on the European
market due to its valuable organoleptic character-
istics: non-crystallizing (due to high fructose con-
tent), with a light color and a specific thin aroma.
When asked at what time of day 49% of school
students eat sweets and 51% in the evening before
bedtime. The quality of the honey shell consumed
is of utmost importance. The norms for sucrose
content in honey is regulated in the Republic of
Bulgaria. The sucrose content is up to 5%. The
norms in the SMP196 determine the admission of
the indicator hydroxymethylfurfural — not more
than 80 mg/kg. The regulated requirements deter-
mine the admission of the indicator diastatic ac-
tivity not less than 8 units in the Shade. The re-
quirements laid down in the SMP196 determine
the water content of not more than 20 %. Data pre-
sented in 2021. In honey's physicochemical stud-
ies (sucrose, hydroxymethylfurfural, diastase ac-
tivity, water content). [7] The classification of
health properties of honey is made according to its
healing properties, which are used in our country
in folk medicine and the given healing benefits in
various scientific publications. Honey is a product
of living nature, including more than 400 biologi-
cally active substances, and is most widely used
in modern man’s diet. With the development of
ancient civilization, honey was used not only as
food but also as a healing, cosmetic and preserva-
tive. [8] Figure 1 shows that the daily honey users
with the answer "yes" are 49% and with "no" they
answered 46%. In summary, it can be concluded
that those who used the particle "yes" in their an-
swer are 3% more than those who used the particle
"no" in their answer. And 5% of respondents do
not consume honey. It is important to conduct in-
formation campaigns and explain the benefits of
honey consumption.



Do you consume honey regularly

HYes
H Yes, but not regularly
m No

Fig.1. Daily honey consumption for students aged 13-14

At which tim of the year do you
consumen are bee honey?

Winter
45,00 %
Fig.2. Seasonal consumption of honey

Conclusion

The study aims to inform the population about
healthy food choices among schoolchildren. The
survey with students during this period shows that
the majority take honey regularly throughout the
year, which is a key factor for the growth, and de-
velopment of students and is therefore important
for public health. The honey produced in the Re-
public of Bulgaria has excellent qualities and fully
meets the regulatory requirements in Bulgaria.
The training presentations that are made in biol-
ogy classes are also key to improving the health
culture associated with honey consumption better
awareness and a desire for a better quality of life.
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PREVENTION FOR THE PRODUCTION OF QUALITY AND HEALTHY DAIRY
PRODUCTS. PHYSICO-CHEMICAL AND MICROBIOLOGICAL ANALYSES FROM AN
INTERLABORATORY COMPARISON OF RAW COW'S MILK

Galina Grigorova

ABSTRACT: Milk is the main source of essential substances necessary for a person to be healthy and full. In
this study, the correct analysis and evaluation of the results is carried out by participating in an interlaboratory
comparison in raw cow's milk. Indicators that are involved are total somatic cells count, freezing point and fats
and inhibitors. During the work were carried out physicochemical and microbiological analyzes on sour cow milk
in the months of November-December 2022g. The results obtained from microbiological and physicochemical
tests were analyzed total somatic cells count, fats, freezing point and inhibitors, all giving information about the

quality of sour cow milk.

Keywords: raw cow's milk, total somatic cell count, fats, freezing point, inhibitors

Introduction

Milk is the main source of essential substances
that a person needs to be healthy and whole. Tons
of milk are produced and processed into dairy
products every day all over the world. Their
consumption does not decrease, and
manufacturers find new and new ways to shorten
the processing process to sell faster. For this
reason, the quality of milk must be observed at
each stage of its processing — from the cow on the
farm to the consumer's refrigerator. The article
discusses the participation of a laboratory in an
interlaboratory comparison for the study of
microbiological and physicochemical analyses,
total somatic cell count, fatness and freezing point
and inhibitors in raw cow's milk. The study aims
to select a suitable organizer who meets the
competence  criteria  for conducting an
interlaboratory comparison according to BDS EN
ISO/IEC 17043:2010. [1] to analyze and evaluate
the results obtained.

Experiment

The microbiological and physicochemical
analyzes were done in an accredited laboratory
according to BDS EN ISO/IEC 17025:2018 [2]
An appropriate organizer was selected, meeting
the criteria for comparison proficiency testing
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provider according to BDS EN ISO/IEC
17043:2023. Samples were tested for BDS EN
ISO 13366-1:2008 Milk. Somatic cell
enumeration  Part:  Microscopic  method
(Reference method).[3] BDS ISO 19662:2019
Milk. Determination of fat content. Acido -
butirometric (Gerber method). [4] BDS EN ISO
5764:2009 Milk. Determination of freezing point.
Thermistor cryoscope method. (Reference
method). [5] VLM 17 Inhibitors in raw milk based
on the Eclipse test. [6]

Results and discussion

The test object is raw cow's milk, analyzed
according to verified standard methods and a
validated in-house laboratory method. The
analysis and assessment of the indicator for the
detection of inhibitors (antibacterial
substances/veterinary  varnish products) are
presented in Table 2. The provider has chosen
standard supplements, which are widely used in
veterinary practice in Bulgaria. Distributed by
groups according to their chemical structure are as
follows: Oxacillin, Cloxacillin, Ceftiofur from the
group of beta-lactam antibiotics (penicillins), incl.
Cephalosporins Sulphadimidin- synthetic
antimicrobial preparation, from the group of



sulfonamides; Dapsone- an antibiotic from the
group of medicinal products not authorized for
veterinary use in the EU that should not be used in
food-producing animals [7] and a report from the

Table 1. z-score criteria

European Medicines Agency (Categorization of
antibiotics in the European Union) The analyzes
were made in the month of December 2022. Each
sample was analyzed in duplicate.

Criteria Lockdown
0,0</2/<2,0 Satisfactory
2,0 </z/<3,0 into question
z>3,0 Unsatisfactory
Table 2. Results and evaluation of the obtained results for the establishment of inhibitors antibacterial
substances/veterinary medicinal products)
A sample Ne 1 | A sample Ne2 | A sample Ne3 | Asample Ne4 | A sample Ne5 | A sample Ne 6
Oxacillin Blank Cloxacillin Dapsone Ceftiofur Sulphadimidi
30 ng/kg 30 ng/kg 5 ng/kg 100 ng/kg n 100 ng/kg
AM-2022 AM-2022 AM-2022 AM-2022 AM-2022 AM-2022
Result Result Result Result Result Result
It settles down | It doesn't It settles down | It settles down | It settles down | It settles down
settle
Evaluation Evaluation Evaluation Evaluation Evaluation Evaluation
It settles down | It doesn't It settles down | It settles down | It settles down | It settles down
settle

Table 3. Analysis and evaluation of the obtained results z — score, the total number of somatic cells,

cells /ml
Method Total Number of | Work Results X- Z -score
number of | fields listed | factor Cells/ml average
cells listed
BDS EN ISO | 404 22 stripes 11111 204 000 level
13366-1 602 10 stripes 11111 669 000 approx -0,25
610 10 stripes 11111 678 000 200 000
408 22 stripes 11111 197 000 201
level
approx
650 000
674 -0,16
Table 4. Analysis and evaluation of the obtained results z — score, Fats, %
Method Result of two tests | Stay the sample in a | butyrome | pipett | z-score
g/100ml water bath at 65° * °C | ter e
before reporting
BDS ISO 19662 3.9 10 minutes 0-6% I1ml |-0,55
3,9
Table 5. Analysis and evaluation of the obtained results z — score, Freezing Point, °C
Method Result of two tests Sample Check before | z -score
Freezing point ° quantity work’C
BDS EN ISO 5764 - 0,524 2,5 ml - 0,557 1,00
- 0,526 2,5 ml - 0,557
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Regular examination of microbiological and
physicochemical indicators of raw cow's milk
provides information about the quality of the
product, which serves as a raw material in the
production of dairy products. Dairy products
are an extremely important food product for the
life and health of the population of our
geographical area. It is important that they are
present in every person's menu. Complete
proteins are obtained from dietary cottage
cheese, sour cow's cheese, skim milk, and
yogurt. In our country, prophylactic diets are
regulated, including prophylactic foods (milk-
fresh or sour, tonic drinks containing pectin),
intended for people working in an environment
harmful to health. [8] With the highest degree
of digestibility up to 96%, hen's egg whites and
milk stand out. With a systemic lack of dietary
proteins, the metabolism is disturbed, the
activity of endocrine glands reduces the body's
immune defenses, swellings appear and
disturbances in the activity of the central
nervous system. The lack of proteins leads to a
decrease in body mass, growth retardation or
cessation, poor absorption of mineral salts and
vitamins.
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FRENCH CHEMICAL REVOLUTION
Krasimira Stancheva

ABSTRACT: French Revolution period in the history of chemistry is known for reforms in scientific chemistry
based on many important discoveries such as Phlogiston theory, Law of conservation formulated by Lavoisier
which was rediscovered and demonstrated by Lomonosov. The Chemical Revolution began in 1789 with Lavoi-
sier's publication of the Chemical elements and he introduced the Caloric theory, Scheele and Priestley almost
simultaneously discovered, isolated and classified oxygen. Priestley published his work first and became the father
of the "element of life". Becelius developed atomic science, created a Dualistic chemical theory of chemical bond-
ing and gave a classification of elements, compounds and minerals, tables for the atomic theory, introduced mod-
ern chemical symbols. The formation of organic matter explains with vital force Vis Vitalis. Together with other
scientists, Bertollet developed a Scientific nomenclature in chemistry.

Key words: french chemical revolution, caloric theory, scientific nomenclature in chemistry.

Introduction

The French Revolution took place from 1789
to 1799, with the main cause being a severe eco-
nomic crisis in France that caused malnutrition
and starvation, as well as related diseases and in-
creased mortality. This period in the history of
chemistry is known for reforms in scientific
chemistry based on many important discoveries,
one of which is the Law of Conservation of Mass
(the mass of a substance before and after a reac-
tion is the same). This law was formulated by La-
voisier, but there is evidence that Lomonosov also
rediscovered it and demonstrated it experimen-
tally. During this period, chemists Henry Caven-
dish and Joseph Priestley performed important ex-

periments that proved that air is not an element,
but is composed Of several gases. Antoine-Laurent de Lavoisier Wlth hls Wlfe

(1743-1794), French chemist, member of the
The Chemical Revolution began in 1789 with ~ Paris Academy of Sciences (1772) and its presi-
Lavoisier's publication of The Chemical Ele- dent (1785), one of the founders of modern chem-
ments, in which he revealed the composition of ~ istry.
air, water and introduced the term oxygen. Lavoi-
sier also explained the process of combustion, dis-
proved the Phlogiston theory and introduced the
Caloric theory, according to which heat is a spe-
cial substance - heat. In heat exchange, it moves
from warmer to colder places (bodies).
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Some historians believe that the beginning of
the Chemical Revolution began as carly as 1718,
when Etienne Geoffrey proposed the Affinity
Table, where chemical elements are arranged in
columns according to their close properties.
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Etienne Francois Geoffroy (1672 — 1731).
French physician and chemist, best known for his
1718 Affinity Table.

=, | —
At 00 >0F 2 M & JQ f ?‘ 3| d|w|v
o 2 of |40 --:w_&vaah 218k | gV
e4% Q|8 0po )T | :twf 2| QP Q3% 44 e
?Qhe obolo|o'h| | |
SM> Q[ [+ el [ 1] ]]
92|d (¢ 3% | |
| 9 B
J 1 b |
0 B | el | [ ||
g:unl;ﬂh el u-nrf ;F‘i-.'-‘.!'-'.ﬂnimin gamdrﬂnfﬂmﬁm
Affinity Table.

The Swede Karl Wilhelm Scheele and the
Englishman Joseph Priestley almost simultane-
ously discovered, isolated and classified oxygen.
Priestley published his work first and became the
father of the "element of life".
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Carl Wilhelm Scheele (1742 — 786) Swedish
German pharmaceutical chemist.

Joseph Priestley (1733-1804) English chem-
ist, natural philosopher, multi-subject educator,
and liberal political theorist.

However, both of them remained prisoners of
a then ruling theory - that of the Phlogiston. Ac-
cording to the scientists of that era, it is "ultra-thin
matter" with a negative mass, which is separated
from metal during its combustion and mixes with
air. With a negative mass, because after burning
the metal, the total mass of the remains is greater
than that of the raw fuel. It was only later that the
researchers came to the conclusion that the rust
was heavier because of the combination of oxygen
with the fuel. And Priestley thinks he has discov-
ered "deflogistoned air".

Therefore, the great French chemist Antoine
Laurent Lavoisier, who heard about oxygen from
Priestley himself, is considered the real father of
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oxygen. Lavoisier began his own experiments by
carefully measuring all the raw materials and
products of the process in a sealed retort (a spher-
ical glass vessel with a curved opening for chem-
ical experiments). Thus, he observed that when
mercury is heated, the volume of air in the vessel
decreases, and a reddish mercury deposit appears
on its walls. In another retort he made the reverse
experiment, decomposing the resulting 2.7 g. of
mercury deposit into 2.5 g. of mercury and 8 cubic
inches of gas. That's how much they had "lost" on
the first attempt.

These eight cubic inches of oxygen were called
the "gas of life." The remaining air in the first re-
tort did not sustain the combustion, and the mouse
confined in the same environment died. This is
how the gas of "non-life" (nitrogen) was discov-
ered. Of course, Lavoisier had no idea how im-
portant nitrogen is to living organisms. The im-
portant thing is that he unequivocally revealed the
essence of combustion - oxidation, connection
with oxygen. Thus a cross was made of the Phlo-
giston theory.

Lavoisier's experiments lasted 12 days. In ad-
dition, humanity was very lucky that the scientist
used mercury, which conveniently oxidizes and
deoxidizes under the influence of temperature
changes. If Lavoisier had tried another metal, the
phlogiston myth might have survived.

Like many other personalities, Lavoisier is a
unique personality. In his youth, Lavoisier studied
law. He received a degree and was at the French
bar, but never practiced that profession. He was an
active member of the French Royal Academy of
Sciences and of the Ferme Generale, an institution
familiar with the collection of taxes.As a result,
after the French Revolution of 1789, the authori-
ties treated him with deep suspicion. He was even-
tually arrested with twenty-seven other members
of the Ferme Generale. Revolutionary justice may
not have been very precise, but it was certainly
swift. In just one day (May 8, 1794) all twenty-
eight people were tried, found guilty, and
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guillotined. Lavoisier is survived by his wife, a
very intelligent woman who helped him in his re-
search work.

A request was made to the court to spare La-
voisier's life because of his enormous services to
the country and science. The judge rejected the re-
quest with the following short remark: "The Re-
public has no need of geniuses." Much closer to
the truth are the words of the great mathematician
Lagrange: "It only took a moment to cut off this
head, but perhaps for hundreds of years it will not
be born another like her.” A year and a half later,
Lavoisier was rehabilitated.

One of the founders of chemistry is the Swe-
dish chemist Jons Jakub Becelius. He developed
atomic science, created a Dualistic Chemical
Theory of Chemical Bonding and gave a classi-
fication of elements, compounds and minerals, ta-
bles for the atomic theory, introduced modern
chemical symbols. Detects ceria, selenium, tho-
rium, isolates silicon, zirconium, titanium. The
formation of organic matter explains with vital
force Vis Vitalis.

&
¥ i

(1779-1848) shvedi

- Jons Jacob Bercelius ish

chemist.

Bercelius developed the system of chemical
notation for the elements, in which they, as con-
stituents of each chemical compound, were as-
signed simple written labels such as H for hydro-
gen, O for oxygen, or Fe for iron along with their
proportions in the chemical compound being la-
beled with numbers to its chemical elements. Ber-
celius thus invented the chemical notation system
that is still used today, the main difference being
that instead of the index numbers used today, Ber-
celius used superscripts.



Table of Bercelius.

Joseph Louis Proust was a French chemist, a
typical representative of the analytical period. His
research deals with the quantitative analysis of
salts of lead, copper, iron, nickel, antimony, co-
balt, silver and gold, and also of certain organic
compounds such as sugars, ferments, acids. De-
velops the hydrogen sulfide run of analysis for
precipitation of metals. His most important scien-
tific discovery was the Law of Constancy of
Composition in 1806, which states that the com-
position of chemical compounds is always con-
stant and does not depend on the amount of start-
ing reactants. An opponent of his theory was
Claude Louis Bertollet, but in the end the dispute
ended in favor of Proust.

Joseph Louis Proust (1754-1826) french
chemist.

Claude Louis Bertollet (1748-1822) french
chemist, doctor of medicine, medical practitioner
and apothecary.

Bertollet's current research is in the fields of
inorganic chemistry and the chemistry of solu-
tions and alloys. He establishes the composition
of ammonia, swamp gas - methane, strong acids,
hydrogen sulfide, the salts of chlorine and hydro-
chloric acid, and in particular the Bertolet salt
KCIO3. It is obtained by passing chlorine CI2
through a hot concentrated solution of potassium
base KOH. Together with other scientists, he de-
veloped a Scientific nomenclature in chemistry.

Berthollet was engaged in a long-term battle
with another French chemist Joseph Proust, on


https://en.wikipedia.org/wiki/Joseph_Proust

the validity of the law of definite proportions.
While Proust believed that chemical compounds
are composed of a fixed ratio of their constituent
elements irrespective of the methods of produc-
tion, Berthollet believed that this ratio can change
according to the ratio of the reactants initially
taken. Although Proust proved his theory by ac-
curate measurements, his theory was not immedi-
ately accepted partially due to Berthollet's author-
ity. His law was finally accepted when Bercelius
confirmed it in 1811, but it was found later that
Berthollet was not completely wrong because
there exists a class of compounds that do not obey
the law of definite proportions. These non-stoichi-
ometric compounds are also named berthollides
in his honor.

In April, 1789 Berthollet was elected a Fellow
of the Royal Society of London. In 1801, he was
elected a foreign member of the Royal Swedish
Academy of Sciences. In 1809, Berthollet was
elected an associate member first class of the
Royal Institute of the Netherlands, predecessor of
the Royal Netherlands Academy of Arts and Sci-
ences. He was elected an Honorary Fellow of the
Royal Society of Edinburgh in 1820 and a Foreign
Honorary Member of the American Academy of
Arts and Sciences in 1822. Claude-Louis Berthol-
let's 1788 publication entitled Méthode de Nomen-
clature Chimique, published with colleagues An-
toine Lavoisier,Louis Bernard Guyton de
Morveau, and Antoine Frangois, comte de Four-
croy, was honored by a Citation for Chemical
Breakthrough Award from the Division of History
of Chemistry of the American Chemical Society,
presented at the Académie des Sciences (Paris) in
2015. A French High School located in Annecy is
named after him (Lycée Claude Louis Berthollet).
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SPECTROPHOTOMETRIC DETERMINATION OF COPPER IN SOILS USNG FUCHSINE
AS REAGENT
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ABSTRACT: The utility of fuchsine for the trace spectrophotometric determination of copper(Il) is presented.
The method is baced on two successive chemical reactions: an oxidation of iodide ions to iodine from Cu(ll) and

an interaction of the liberated iodine with the organic dye fuchsine in acid media.

The liberated iodine,

equivalent to the analyte, forms a complex with fuchsine having an absorption maximum at Amax 560 nm. The Beer's
law is obeyed in the concentration range of 0.5 -6.0 mg/l with a linear regression 0.9995. The method’s detection
limit, limit of quantification and molar absorptivity are reported as follows: 0.0277 mg/L, 0.0839 mg/L, 5.8 x10*
L/mol cm, respectively. The roposed method is successfully applied for the determination of Cu(Il) in soils.

Key words: Copper determination, spectrophotometry, fuchsine, soils

Introduction

Copper is considered either essential or haz-
ardous to life and plays a substantial role in the
environment [1-5]. As a micronutrient, copper is
responsible for the proper functioning of several
metalloenzymes and its deficiency reduces the ac-
tivity of not only copper containing enzymes but
also some enzymes that do not contain copper [4,
6]. The deficiency of copper results in different
health problems like anaemia, hair kinky, Wilson
disease and jaundice [7].

Apart from the biological activity of copper,
major portion of world’s production of it is used
in electrical equipments, roof sheeting, bronze
paints and also finds its applications in agriculture
as micronutrient fertilizers, fungicides, and insec-
ticides [6]. Thus the determination of trace
amounts of copper in various media is becoming
increasingly important.

Several analytical techniques have been used
for determination of copper, including atomic ab-
sorption spectrometry, atomic emission spectrom-
etry, electroanalytical techniques, spectrophotom-
etry, inductive coupled plasma-emission spec-
trometry, inductive coupled
plasma-mass spectrometry, flow injection diode
array spectrophotometry and X-ray fluorescence
spectrometry [3, 7, 8, 9].Spectrophotometry meth-
ods are often preferred, as theyinvolve inexpen-
sive instrument, less labor- intensive, and provide
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comparable sensitivity when appropriate chromo-
genic reagents are available [1, 6, 10, 11].

Drinking water can comprise 20-25% of die-
tary copper [12]. The World Health Organization
recommends a minimal acceptable intake of ap-
proximately 1.3 mg/day [13] and the maximum
level of copper in drinking water should not ex-
ceed 2 mg/L (2 ppm). The maximum level of cop-
per in soil is 20-80 mg/kg.

Therefore, it is important to develop a cost-ef-
fective, sensitive and rapid analytical method for
trace determination of copper.

Several methods have been reported for the
determination of copper such as voltametry [14],
kinetic spectrophotometry [15] and
spectrophotometry [16-20]. Spectrophotometry is
essentially a trace analysis technique and is one of
the most powerful tools in chemical analysis. It is
based on the determination of absorbance of a
colored complex formed by the reaction between
metal ion and a suitable analytical reagent. Few
methods have been reported on the determination

of Cu(l) wusing wvarious ligands by
spectrophotometry.  Though, the reported
spectrophotometric methods [17-20] suffer from
one or more disadvantages such as
reproducibility, less sensitivity, expensive
instrumentation and severe interferences etc.
(Tablel).

In this work the results obtained in the studies
related to the colour reaction between iodine,



equivalent to copper(Il), and the reagent fuchsine
in acid medium and its analytical utility are pre-
sented and discussed.

Experimental

Apparatus

A Thermo Scientific UV-Visible Double
Beam Spectrophotometer with 1 ¢cm quartz cell
and Specol 11 were used for absorbance measure-
ments of the solutions. The pH is measured using
an Expert 001, model 3 (0.1) pH meter/potentiom-
eter (Ekoniks-Expert RF) with a glass electrode.

Reagents and Solutions

All chemicals (Merck, Germany, purity >99
%) were of analytical-reagent grade and employed
without further purification. Standard copper(II)
stock solution of 1 g/L was prepared by dissolving
the required amount of copper(ll) sulphate
(0.3929g CuS0O4x5H,0) in 100 ml of distillated
water. This stock solution is diluted further, wher-
ever necessary, with distilled water. Hydrochloric
acid (2N and 3N), potassium iodide (2%) and 0.01
% fuchsine (CyH20N3-HCI, 4-[(4-aminophenyl)-

(4-imino-1-cyclohexa-2,5-dienylidene)me-
thyl]aniline hydro-chloride, M = 337.86 g/mol)
were used.

Other reagens are concentrated HNOs, concon-
centrated HC1O4 and concentrated HF.

Procedures

Calibration graph

Series of standard solutions with a concentra-
tion of 1-10 mg Cu(Ill)/mL were prepared in 50
mL volumetric flasks by appropriate dilution.
Then 1 mL of 2% KJ, 1 mL of 2N HCI are added
and the mixture is shaken until a yellow color ap-
pears, indicating the liberation of iodine. Then 5
mL of 0.01% fuchsine is added. Add up to the
mark and homogenize. After 15-30 minutes ab-
sorbance is measured at a wavelength of 560 nm.
The scanning of the resulting solutions were made
and the absorbance was measured at 560 nm
against the corresponding reagent blank. Blank
was prepared with the same reagents, but without
addition of Cu(Il) solution and indicator. The
amount of the Cu(Il) present in the volume taken
was computed from the calibration graph equa-
tion.

Table 1. Comparison with the reported methods.

Reagent Name Amax | pH | Beer’s law, | ¢ Remarks Ref.
mg/L
1 3- methoxy-4- hy- 462 |4 0.2-4.0 2.052x10* | i) Extraction 21
droxy i1) Time con-
benzaldehyde-4- suming
bromo phenyl
hydrazone
2 2,5-Dihydroxy aceto- | 400 5 0.3-6.0 1.1x10* Poor selectiv- 22
phenone benzoic ity,
hydrazone less sensitive
and more rea-
gent
consumption
3 p-Methyl isonitroso 510 |7 0.1-1.0 0.628x10* | Less sensitive | 23
aceto phenone
phenyl hydrazone
4 2,3,4-trihydroxy ace- | 385 2.5 | 0.04-0.64 10.053x10* | More acidic(pH | 24
tophenone phenyl 2.5)
hydrazone
5 Fuchsine 560 |2.0 | 0.5-6.0 5.8x10*




Determination of copper in soil samples

The soil material (10 g), previously dried, was
crushed in a porcelain mortar and sieved through
a non-metallic sieve. It is transferred to an agate
mortar and ground again. 1.0 g of soil is weighed
in a platinum dish, placed in a muffle furnace and
calcined for about 4-5 hours at a temperature of
500 °C. The heated sample is moistened with 1-2
mL of water, 5 mL of conc. HNO; and heated on
a sand bath at a temperature of 100 °C. until com-
pletely dry to remove soil organic matter. The
sample was then flooded with 5 mL of conc. HF
and 0.5 mL conc. HCIOs. It is again transferred to
a sand bath with a temperature of 180-200 °C and
evaporated until the absence of liquid. This oper-
ation is repeated 3-4 times. After cooling, the res-
idue was poured into 10 mL of 3N HCI, trans-
ferred to a sand bath, and heated to near boiling.
Then hydrochloric acid solution was transfered to
a 50 mL volumetric flask. After tempering at
room temperature, it was top up to the mark with
water and homogenized. It was filtered through a
"blue band" filter.

Pipette 5 mL of the saline-acidic solution.
Transfer to a 50 mL volumetric flask. 1 mL of 2%
KJ, 1 mL of 2N HCI were added and the mixture
was shaken until a yellow color appeared, indicat-
ing the evolution of iodine. Then 5 mL of 0.01%
fuchsin is added. Add up to the mark and homog-
enize. After 15-30 minutes absorbance is meas-
ured at a wavelength of 560 nm.

The copper content (x) in mg/kg is calculated
by the formula:

(x) =C,.50/V,.q, mg/kg

where C; is the amount of copper in the soil
sample, read from the standard greph, ppm

N'w  ©

‘ T
I H
O O NH

Fuchsine ( Red color)

H,C

H: N >

V, is the aliquot volume taken from the soil
sample, mL
q is the mass of the soil sample taken for anal-

ysis, g
Results and Discussion

Absorption spectra

The proposed method involves the liberation
of iodine in acid medium by the reactions:

1) 2Cu® + 2T 2Cu" + L

2) Cu" +T Cul |

The liberated iodine bleaches the magenta red
color of fuchsine. The iodine-fuchsine system
(cherry-red complex) exhibits its maximum ab-
sorbance at 560 nm (Figure 1). The absorbance is
directly proportional to the copper(Il) concentra-
tion. The colour reaction is instantaneous and the
intensity of the colour remained constant for sev-
eral hours from the initial starting time. The reac-
tion of iodine with indicator is presented in Figure
2.

Absorbance
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Fig. 1. Absorption spectra of colored species of
iodine-fuchsine system (Amax 560 nm)

Fuchsine (Leuco form)

Fig. 2. Reaction scheme of fuchsine - iodine system

Effect of of pH and reagent concentration

In the present investigation a cherry-red col-
oured complex is formed when iodine interacts
with fuchsine in an acid medium of pH 2. The ef-
fect of iodide concentration and acidity on the re-
action system is studied with 2 mg/L copper. The
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oxidation of iodide to iodine by copper(Il) is ef-
fective in the pH range 2.0, which can be main-
tained by adding 10 mL of 2 N H,SO4 in a final
volume of 100 ml. The liberation of iodine from
potassium iodide in an acidic medium is quantita-
tive. It is found that 10 ml of 2 % KI and 10 ml of



2 N H»S0; are sufficient for the liberation of io-
dine from iodide by copper. 5 ml of 0.01 % fuch-
sine is used for subsequent decolorization.

Adherence to Beer’s law

Adherence to Beer’s law is studied by measur-
ing the absorbance values of solutions varying
copper concentration. Beer’s law is obeyed in the
range of 0.5-6.0 mg/L of copper(Il) (Figures 3
and 4). The molar absorptivity of the system is
found to be 5.8x10* L/molcm. The detection limit
(LOD = 33 o/S) and quantitation limit
(QL=100/S), where o is the standard deviation of
the reagent blank (n=5) and S is the slope of the
calibration curve] for copper determination, are
found to be 0.0277 pg/mL and 0.0839 pg/mL re-
spectively.

0,7 /
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Fig. 3. Graph of ten standard solutions of Cu

Effect of interfering ions

The selectivity of the proposed method was ex-
amined by studying the effect of diverse ions on
the absorbance of the experimental solution con-
taining fixed amount (2.0 ppm) of copper. It can
be seen that large number of common ions did not
interfere in the proposed method. The tolerance
limits of various foreign ions are given in Table 2.

0,6
0,51 {
fx) = 0,0846428571x + 0,0057857

04| R2=09995622277
2
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2

227

0,1

0 I I I I I
0 5 6

1 2 3
Concentration, mg?L

Fig. 4. Calibration graph of six standards

Effect of interfering ions

The selectivity of the proposed method was ex-
amined by studying the effect of diverse ions on
the absorbance of the experimental solution con-
taining fixed amount (2.0 ppm) of copper. It can
be seen that large number of common ions did not
interfere in the proposed method. The tolerance
limits of various foreign ions are given in Table 2.

Table 2. Effect of interfering ions

Foreign ion Tolerance limit (ug/ml)
Ni% 55
Cd* 40
Ba* 100
Fe’™” 65
Bi** 200
AP* 70
Ca* 200
Co* 55
Zn* 200
Tartarate 300
Oxalate 300
PO.* 150
Sulfate 50
Chromate 200
Applications

The proposed method was applied to the quan-
titative determination of copper(Il) in soils. The
results of the analysis are presented in Table 3.



Table 3. Determination of copper(Il) in

difrent kind of soils
Samples Cu(II) found RSD
x % £SAn (%)
(mg/kg)
Soil 1 21.39+0.35 1,32
Soil 2 38.29+0.48 2,45
Soil 3 52.18+0.38 1,95

Number of determination n= 5; ¢ - Students z-value
at 95% probability; S - standard deviation;[J x,
an average.

Conclusions

We present a simple, efficient and rapid spec-
trophotometric method for the determination of
Cu(Il) in soils using fuchsine as new reagent. The
proposed method offers advantages as good sen-
sitivity, selectivity, reliability, reproducibility,
less interference and immediate colour develop-
ment. The method is found to be quantitative com-
parable to other standard methods. A number of
associated elements don’t interfere in the determi-
nation of copper. The proposed method is used for
the spectrophotometric determination of copper
in soil samples.
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TUKBATA (CUCURBITA SPP.) - XPAHUTEJHA CTOMHOCT U 3/IPABHU ITOJI3A

[TaBnuna MycrakoBa, iBan ViBaHoB

NUTRITIONAL, PHYTOCHEMICAL AND HEALTH BENEFITS OF PUMPKIN
(CUCURBITA SPP.)

Pavlina Mustakova, Ivan Ivanov

ABSTRACT: Pumpkin is a well-known multifunctional ingredient in the diet, full of nutrients. The fruit of
pumpkin is a rich source of primary and secondary metabolites (proteins, carbohydrates, monounsaturated fatty
acids, polyunsaturated fatty acids, carotenoids, tocopherols, tryptophan, and phytochemicals. This fruit is
traditionally used in many countries as a functional food and provides health-promising properties. The pumpkin
is posses some activities such as wound healing, antimicrobial, anti-inflammatory, antioxidative, and anti-
ulcerative properties that have also been confirmed by researchers. This minireview mainly focuses on compiling
and summarizing the most relevant literature to highlight the nutritional value, phytochemical potential, and

therapeutic benefits of pumpkin.

Key words: pumpkin, phytonutrients, health benefits

BnBenenne

3ApaBOCIOBHOTO XpaHEHE HAIOXKH HEOOXO0TH-
MOCTTa OT MPUEMaHe U BHBEXK/IAHE B XPaHUTEII-
HUS pEXUM Ha YOBEKA PACTUTEITHH MPOAYKTH, KO-
WTO UMAT B ChCTaBa CH 3HAYUTEIHH KOJIMYECTBA
AHTUOKCHJAHTH, NoJu(peHon, tueTndan Guodpu,
BUTAMUHH, MUKPO- ¥ MakpoeniemeHTH. Cpeln Te3u
PaCTUTEIHH MPOAYKTH € M THKBATa.

Tuxsarta (Cucurbita spp.) € €JHOTOIWIIHO
pactenue. Pogunara n e KOxxHa AMepuka, OTKb-
JIETO TIPEJX BEKOBE € MHTpOoaylupaHa B EBpora.
TuxBata cmama KbM CEMENUCTBO THKBOBH
(Cucurbitaceae); kbM TOBa CEMENCTBO pUHA/IIIE-
KaT ¥ KpacTaBUIATa, ITBIIEIIHT, THKBUYKATA H JTU-
HATa. T € eJHOTOUIITHO MBJI3SIIO PAaCTeHUE, KO-
€TO MOXKE JIa C€ OTIIIeK/a KaKTO Ha MOPCKOTO
paBHUINE, Taka W Ha ToJiiMa HAJMOpPCKAa BHUCO-
YyHa. Y CTOMYMBA € Ha HUCKA TEMIIEpaTypa, HO HE
Y Ha CUJIHM 3aCTy/ISIBaHUS.

TukBeHHUTE pacTeHUs ca C JIEKO BIIIOBUIHH
cTeOa, IbJITH U KyXU JIPBKKU, ChC ChPLICBUIHH
JUCTa C AbJDKUHA Mexnay S5 u 25 cm. IlmonsT e
OBATHO-EJIMIICOBUICH C ThHKA KOpa, KOATO MOXKE
na ObJie B pa3iMyHU IBETOBH KOMOWHAIIMH — OT
CBETJIO3eIIeHa 0 ThMHO3€EJICeHa, OpaHkKeBa, Osia
u kpemaBa. [ monoBeTe 0OMKHOBEHO MIMAT TBBPAA
KOpa, a BbB BBTPEIIHOCTTa i WMa MHOXKECTBO
TUIOCKH CEeMEHa, KOUTO ca OTJENIEHH OT MyJmaTa,
KOSITO € ¢ 1e0enHa OT OKOJIO 1-2 CM, U € OT CBET-
JIOOPAHXKEBO IO ThMHOOPAHKEBO OIBETEHA.

30

JlHec TukBaTa € 1Mo3HaTa B LEIHS CBIT M UMa
oxoJ1o 800 copta. Ts npuCchCTBa B KyXHSATA U KyJI-
TypaTa Ha TOYTH BCHYKH HAapOAM IO CBETa OT
IpeBHOcTTa 10 Hamy AHA. OCBEH 3a XpaHa U yK-
paca Ts ce OTIiekAa U Kato (ypakHO pacTeHHE.

[Ipe3 mocneaHUTE NECETUNETHS CE 3aCUIIBa Ha-
YUHMSIT HHTEPEC KbM THKBATa, IPOBEXKIAT CE BCE
[OBEYE H3CJICABAHUSA BBPXY HEWHHUS XUMUYEH
CbCTaB M 3[PaBOCIOBHHU IMON3U. T03M HHTEpecC
MOTBBPrKIaBa O€3CIIOpHATA M CTOMHOCT 3a XpaHe-
HETO U YOBEIIKOTO 3/IPaBe.

TukBata ce cunTa 3a OJIE3HA 3a 3APABETO, THI
KaTo B MECECTaTa 4acT, CEMKUTE M KOpaTa Ce Ch-
JbPXKaT pa3jInyHU OUOJIOTMYHO aKTUBHU KOMIIO-
HEHTH, KaTO IOJIN3aXapuiy, BUTAMHHU, PACTH-
TEJIHO MAacllo, CTEPOJH, MPOTEMHU U TENTHIU.
[TnoabT € 100Bp U3TOYHMK HA KAPOTCHOWUIH U Y-
aMHHOMACJIeHAa KHCEIHHA.

THUKBEHUTE CEMKH CBIIO CE€ IIEHAT MHOTO 3a-
paau ChABPKAHUETO HAa MPOTEUHH, TMHOJIOBA K-
cenuHa, (uTocTepoNH (AaHTHOKCUIAHTH), BUTa-
munu A, B, C, E u K, cb110 Taka 1 Ha MUHEpau,
KaTo XpoM, HaTpuil, MarHe3ui, UUHK, MEH, JKe-
5130, dochp u cenen (Yadav et al., 2010; U.S.
Department of Agriculture).

B mHoro crpanu (Amepuka, Llentpanna Es-
poma, Azusa, bnuskus nsrok, M3rouna Espomna)
TUKBEHHUTE CEMKH C€ KOHCYMHpAT MOJ00HO Ha
¢BCTHIMTE, TBPKEHN B MACJIO /UK OCojIeHu. Te
ca C BUCOKa XpaHHUTeJIHA CTOMHOCT U Habupar Bce



MO-TOJIsIMA TIOMYJIIPHOCT KAaTo ajJTepHATHBEH H3-
TOYHHUK Ha T0JIe3Ha 3a 3/ipaBeTo xpaHa. CeMeHaTa
Ha THKBAaTa CE M3IMOJI3BAT KATO XPaHUTEIHA JI0-
0aBka M (YHKIIMOHAJICH KOMIIOHEHT 3a MOA00pH-
TEJ Ha BKycCa B COCOBE M CYIIH, KUCEJIO MIISKO U
kpemoBe (Montesano et al., 2018; Ardabili et al.,
2011).

HacureHusT opaHXeB I[BAT Ha THKBaTa MIBa
OT aHTHOKCHIAHTHTE KaPOTEHOU N ¥ Hali-BeUe OT
B-xkaporuna. Toli mognomara UMyHHaTa CHCTEMa
U OrpaHryaBa Bh3JCHCTBHETO HA CBOOOIHUTE Pa-
JUKAITA B YOBEIIKUsA oprann3bM. OCBEH TOBA TO3M
IUIO/I € HUCKOKAopHUueH — camo 20 Kaaopuu Ha
100 rpama.

B Hacros1ms 0030p ce pasriekaaT XpaHUTeI-
HUTE, XAMUYHHUTE M 3[PaBHUTE acleKTH Ha THK-
Bata (Cucurbita spp.).

HyTpuentn B THKBaTa

B penuna npoyuBanus ce u3cieaBa XMMU4ec-
KUST ChCTaB U KOJTMYECTBATA Ha PA3IMYHU XPAHH-
TEJIHU HYyTPUEHTH B IPEACTAaBUTENH Ha pox TrkBa
(Cucurbita ssp) Onpenenenu ca ChIbpKaHHE Ha
BJIara, OOIIY MPOTEUHH, OOIIH JTUITHIN, OOIIH CY-
POBH BIaKHWHHM W ChIbp)KaHHE HA Teres, Te3H
cToitHOCTH ca 0000menu B Tabmuua 4. nentu-
(unupany ca rojieMu KOJIMYECTBa NEKTHH, MUHE-
paJIHU CONM, KapOTWHHW, BUTAMUHH U JPYTH Be-
LIeCTBA B TUKBATa C MOJI3H 32 YOBELIKOTO 37paBe
(Jacobo-Valenzuela et al, 2011).

Cucurbita ssp peACTaBIIsIBa BAXKEH H3TOUHUK
Ha BuTaMuHH (Tabnuna 3) 1 e ¢ BHCOKO ChABpKa-
HUE Ha KapOTEHOW]IH, 0COOEHO B-KapOTHH U IIy-
TEWH, KOUTO Ca BaXHW B XPAHHUTENCH acIeKT
(Tabnuma 1). OcBeH TOBa B ChCTaBa MPHUCHCTBAT
U IPYTH KapOTEHOUIU U KCAaHTO(OIIH, KaTo O-Ka-
POTHH U (-KapOTUH, 3€aKCaHTHH, BUOJAKCAHTUH
B-xapoTuH-5,6-emoKcH I, B-KPUNTOKCAHTHH, Ta-
PaKCaHTHH, JYyTCOKCAaHTHH, aypOKCaHTHWH, (u-
toduryeH, HeBpocniopeH 1 HeokcaHTHH (Noelia et
al., 2011). XuMU4ECKHUAT CbCTAB Ha THKBAaTa Ba-
pUpa B pa3NUYHUTE BUAOBE M COPTOBE, OTITICK-
nanu B paznuaan peruonn (Ferndndez-Lopez et
al., 2020). MececraTa 4acT 1 ceMeHaTa ca OCHOB-
HUTE W KOMIIOHEHTH, KOUTO CE€ H3IOJ3BaT 3a
XpaHa AUPEKTHO Wiy npepadorenu. B mynmnara ce
HaMHUpaT BbIJIEXUIPATH, JUINUAM U IPOTEUHH
(Tabnuma 1) (Batool et al., 2022; USDA, 2022;
Mateljan, 2022; Noelia et al., 2011). Ilynmara e
OTJIMYCH U3TOYHUK Ha MUKPO- H MaKpOEIEMEHTH,
KaTo Kajui, ¢pocdar u marnesuit (Roongruangsri
and Bronlund, 2015; Ceclu et al., 2020) (Tabmuna
2). Iler opraHnYHM KHCENWHU (JTUMOHEHA, I0bII-
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4yeHa, ymMapoBa, OKCaJloBa U BUHEHA) Ca UJICHTH-
¢unmpanu B mwioaa Ha THKBata. ChAbpKAaHHETO
Ha TOCOYCHUTE KUCEIUHH Bapupa B 3aBUCHMOCT
oT KOHKpeTHUs BUA U copTa (Nawirska-Olszanska
et al., 2014).

Kulezynski et al. (2019) nszcnensar mynmata
Ha Pa3IMYHU COPTOBE THKBA U YCTAHOBSBAT HAJHU-
YHeTO Ha MOJH(EHOIHH CheIWHEHUs, KaTto ¢e-
HOJIHU KHCEJIUHHU (TaJloBa, MPOTOKATEXUHOBA, p-
XHJPOKCHOEH30€Ha, BaHWINHOBA, XJIOPOTEHOBA,
kadeeHa, p-kymapoBa, pepysioBa U CHHAICHA KH-
cennHa) u (pmaBoHOMAM (PYTHH, M30KBEPIICTHH,
acTparajliH, MHPHIETHH, KBEPUETHH U KaM-
¢depo:). B Hali-roniemu kosimdecTBa ca kadeeHaTa
kucenuHa (ot 17 mo 133 mg/ 100g) u pyTHHBT (OT
8 mo 51 mg/ 100g).

3apaBocioBHU edeKTH 0T KOHCYMALUSITA
HA TMKBa

N30poennTe OHMONOTMYHO AaKTUBHU KOMIIO-
HETH MMaT Pa3HOOOpPa3HH 3IPaBHU TPHIOKEHHS
nopanau u3zpaseHata cu antubakrepuanta (Xie et
al., 2013), umyHOoMoOnmynUpaIa, MPOTHBOBB3MA-
JWUTENTHA, AHTUMYyTareHHa, AHTUHEOIUIACTHYHA,
MPOTHUB CTapeeHe, KapAUOTPOTEKTHBHA, AaHTHXE-
MHUHTHA, XENaTOMPOTEKTHBHA M MPOTHBOPAKOBa
aktuBHOCT (Tabnuua 4) (Xie et al., 2013; Xie et
al., 2012). Cpio Taka ce chr00IaBaT u CICTHUTE
MOJI3HU MIPU XOPa ChC 3aXapeH AuabeT u CbpACYHO-
ChbI0BH 3a00msBanus. Te3n 3ApaBOCIOBHU MOI3H
ce IBJDKAT Ha ChIbPIKAIIUTE CE B THKBATA KOMIIO-
HEHTH, IPOSIBIBAINM AHTHOKCHIAHTHA, XHUIOXO-
JiecTeposieMUYHa, XUITOTJIIMKEMUYHA aKTUBHOCT, 1
HOATIOMAaraT peayKIusTa Ha TelecHaTa Maca
(Patel and Rauf, 2017; Gajewski et al., 2008;
Islam et al., 2014; Xie et al., 2012; Adams et al.,
2011). TukBeHHUTE MOMU3AXAPUIN U KAPOTCHOUIH
“MaT aA00pa CIOCOOHOCT J1a yJaBAT CBOOOJHUTE
pazuKany B ONpeeNicH AUana3oH Ha KOHIEHTpa-
s (Provesi and Amante, 2015). Cioco6HOCTTa
WM J1a TIOBUIIIABAT CEPYMHUTE HMBA HA MHCYJUHA
W Jla HAMaJIsIBaT KPbBHATA TIIIOK03a, TIOKa3Ba IM0-
TEHIMAJIHATa UM yIoTpeda npu KOHTPOJIa Ha JIU-
abera (Patel and Rauf, 2017; Provesi and Amante,
2015). braromapenue Ha BUCOKOTO ChIbpPKaHUE
Ha aHTUOKCUAAHTH, ¢ubpu n muHepamu (Al-
Anoos et al., 2015) TuxBaTa ce npenopbuBa 3a Jie-
YeHHWE Ha XPaHOCMUIIATCIHH M YPEBHH Pa3CT-
poticta (Dhiman et al., 2009). Tsii kaTo e xpaHa,
Oorata Ha (puOpH, TUKBATA CE€ U3IIOJI3BA U IPH JIe-
yenue Ha 3anek (Adams et al., 2011; Chen and
Huang, 2019). Ilon3uTe 3a 3apaBeTo Ha OHOaK-
TUBHUTE CHEJUHEHHS B THKBa ca OOOOIICHM B
Taomuua 4.



Tab6smua 1. OcHOBEH XpaHUTENICH ChCTaB Ha THKBEHA Kopa, o u cemeHa 3a 100 g (Batool et al.,
2022; USDA, 2022; Mateljan, 2022; Noelia et al., 2011)

XpaHHUTEJHH BellecTBa Kopa yama Cemena
Enepruna croitHocT 520,78 kJ 109 kJ NR
BoaHo chabpkanue 89,5% 91,6 % 1,69 %
OOy unuan 1,6 mg 0,1g 1582 ¢
OO0 npoTenHN 14,6 mg 10g 9,75
OO6um 3axapu - 1,90g -
[TerrenHO CHIOBpPKAHTE 7,3 0,8 ¢g 1,54 g
001110 EeHOJIHO ChABPIKAHUE - 476,6 mg -
Juernunu Gudbpu 13,3 mg 5-30 1,94 g
[TexTun - 4-29 -
Boraexunpatu 12,4 mg 65¢g 3,45
OO0 3axapu 7,6 mg 2.76 g NR
B-Kapotuna - 3,1 mg 3,66,2
a-Kaporun - 4,0 mg -
Jlyreun - 0,01-2,0 mg 1,0-1,2 mg

Tabauna 2. MuHepaieH cbCTaB Ha THKBEHA KOpa, IO M ceMeHa B Mmmyarpamu (mg) 3a 100 g (Batool
et al., 2022, Men et al., 2020)

MuHepanuu Kopa Ilyana CeMeHa
Kammit 435,0-686,6 23-985 14,8
Kemnszo 5,3-8,4 0,2-84 2,8
Marsue3wuii 251,9-492,7 12-49 190,2
dochop 1,4 44 397,6
Kanuit 1786-3076 23-340 260,9
Hatpuit 61,6-77,2 1,0 2,2
Hunk 1,8-4.9 0,3-4.0 2,5
Men 0,2-0,8 0,1-1,0 0,4
Manran 0,3 0,1 1,5
Cenen - 0,3 ug -

Taoauna 3. BuramuHeH chcTaB Ha TUIOIOBE U ceMeHa Ha TukBa, mg/100 g (Batool et al., 2022)

Buramunu IMyana CeMeHna
Petunon 0,4 0,02
AckopOMHOBa KHCEITMHA 9,0 0,3
Tuamun 0,05 0,03
PubodiaBun 0,1 0,05
Huanyn 0,6 0,28
ITaHTOTEHOBA KHCEIMHA 0,3 0,06
[Tupugoxkcun 0,06 0,04
®doimeBa KHuceIuHa 0,02 0,01
Toxodepon 1,0 0,70
Burtamun K 0,001 0,0023
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Tabauua 4. buoaktuBaM chenuHeHus B Cucurbita ssp. 1 TEXHUTE OMOJIOTHYHN aKTUBHOCTH (Men et

al, 2020).
No | buonoruyna akTus- N3rounuk ChbCTaBKY B TUKBATa I'maBuu pesynratu
HOCT
1 IIpoTus 3atnbeTs- ITynna Exctpaxr Perynarus Ha aqumoreHHUTE/ JIATIO-
BaHe TeHHU TPAaHCKPUIIIMOHHH (aKTOPH
2 Crp0ima Dehydrodiconiferyl MuToTHYHA KIIOHATHA €KCITaH3MsI U
alcohol JIUIIOTCHHH TCHH
3 AutnanadbetHa IImon Terpazaxapua-riauiepor- mat rimroKko30IoHMKaBaI CBOMC-
JIKOJTUTIHT TBa
4 AHTHUXEIMUHTHA Cemku AHTUTIApAa3UTHH ChearHe- | MUHUMaHA HHXHOUTOpPHA KOHIICH-
HUS Tpauus
5 IIpoTuBopakoBa CeMku - HamarneH puck oT pak U B 4eTUpUTE
JIOKAJTU3aIHH
6 Cemku Pr6o3oMonHakTHBHUpaIl IMoTucka pacTexa Ha MEITAHOMHU
IIPOTEUH kneTku M21
7 Cok - Cymnpecupa yectoTara Ha abepaH-
THU KJICTKH
8 Inon Jluxonen, Kaporen, 3amura cpelly pak Ha mpocraTara
Jluxonen, Jlyreun Kpumn-
TOKCAHTHH, 3€aKCAaHTHH
9 AHTHOaKTepHaTHA [Tynma BonopastBopumu mosmza- | Bucoka aHTHOaKTepraIHa aKTHB-
XapuIu HoCT cpemty Bacillus subtilis,
Staphylococcus aureus n
Escherichia coli
10 Cemena AHTHOaKTEpHUATHI DyHKIIMOHATHA aHTUMUKPOOHU Be-
MEeTTHIN mectBa. lHXnbupane Ha TpaHCTa-
ISITa
11 | IIpotusB ymopa ITnox Exctpakr Hamanenu nna3MeHy HUBa Ha JIaK-
TaTa, aMOHUCBUTE ChCIMHCHUS U HA
AKTUBHOCTTA Ha KpCaTHH-KUHA3aTa
HN3Boau OT paK € IMO-MaJIKo pa3mpocTpanena. -Kaporu-

OT U3NIOKEHUTE JAHHU C€ BMK/IA, Ue THKBATA
“Ma Pa3uYHU TOJ3H 3a 3IPaBETO, KOUTO MOTatT
na 0b1aT 0000IIEHH 10 CIICAHUS HAYHH.

Hucko cbappikaHie Ha KaJTOPUH ¥ BUCOKO Ch-
JIbp)KaHUE HA XPAaHUTEITHH BellecTBa. THKBATa
chabpxa okoio 90% Boma M € HUCKOKAJIOpUYHA
XpaHa ¢ BUCOKO ChIbP)KaHUE Ha MOJIE3HH Bellec-
TBa. ChIbpka moBeuye GuOpU OT Keitna, moBeue
KaJIii OT OaHAHUTE U € J00BP U3TOYHUK Ha Mar-
He3wit 1 xest3o (Tabmuna 2). Chino Taka e gye-
CeH M3TOYHHMK Ha BuTamuH A, C u pubodaaBux
(B2) (Tabmuma 3). HyrpunmonucTuTe mpemiarat
JM00aBsIHETO HA THKBA KbM XPAHUTEIHHS PEKUM
py HEOOXOAUMOCT OT OTCIIa0BaHe.

TukBaTa Wrpac BakKHA poNs TPU Bh3MAIH-
TEJTHH 3a00JIsIBaHMS, KATO apTPHT, IOPAH CBOCTO
HECTEPOMIHO TPOTHBOBB3MNAIMTEIHO JIEHCTBHUE
(Vijayalakshmi and Kripa, 2018; Rahman et al.,
2019).

TukBUTE ca M3KITFOYUTEITHO OoraTH Ha B-Kapo-
TUH, CBBP3aH C HAMAIsABaHEe pHCKa OT pak. [Ipo-
yUBaHMATA MOKA3BaT, Y€ MPHU XOpa C IMO-BUCOKU
HUBa Ha [-KapOTHH B AWeTaTa 3a00JIeBacMOCTTA
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HBT MHXHOMpa paka Ha I'bplaTa CIOpeA Mpoydy-
BaHe, MmpoBeaeHo cpen >keHn B Kurait (Yan and
Lu, 2015). Apyro npoydyBaHe MOKa3Ba, 4e MMa I10-
JIOKHUTENHA Bpb3Ka MKy Auera Oorara Ha B-ka-
poTeHH M paka Ha npoctarata (Yan et al., 2015),
a TPeTo pa3KpHBa KaK 3€aKCAHTHHBT 3allbpikKa
pa3BUTHETO Ha paka Ha Je0eloT0 YepBo
(Okuyama et al., 2014). B xomOuHaius ¢ BUTa-
MuH A u ButamuH C, HaOOpBT 3a KiIeThYHA 3a-
IIHTA € ITBJICH.

l'onemute KoMMuecTBa BUTAMUH A U BUTAMHUH
C, OTKpHUTH B THKBATa, IoMaraT 3a YKperBaHe Ha
WMYHHATa CHCTEMa U 3alllUTaTa Ha TSUIOTO OT WH-
(dexun, BUPYCH 1 MUKPOOPTaHU3MHU. TUKBEHOTO
MacJo ChIO MOXeE Ja IIOMOTHe B Oopbara ¢ Oak-
TepuanHd ¥ reOuuHn MHGeknuu (Fahim et al,
1995).

bnaronapenue Ha BHCOKOTO CH ChIbp)KaHHE
Ha aHTHOKCHJAHTH, (GUOPH M MUHEPAIN THKBaTa
ce TpenopbyBa 3a JIeYeHHEe Ha XPaHOCMUIIATEITHH
Y YpeBHU pascTpoicTBa (Amin et al., 2019).

B npenxnuHUYHM NpOyYBaHMS Ce€ ChOOLIaBa
3a aHTHIIAPAa3UTHO ACWCTBHE W AHTHXCIMHHTEH
edext Ha THKBeHOTO ceme (Eagles 1990).




TukBaTta MOXe Oa OOJIEKYH IETpecHs, Thil
KaTo ceMeHara CpAbpkar L-TpunTodan.
(Montesano et al., 2018). CemeHaTa ChIIO CHABP-
’KaT oMera-3 u omera-6 eCeHLIMaIHH MacTHU KH-
CEJIMHU, KOUTO UMAT IIHPOK CHEKTHP OT 3APaBOC-
JIOBHM ()YHKIIMH B TSJIOTO Ha YoBeka (Amin, et al.,
2019).

TukBaTa ce U3Mon3Ba B pa3inyHd KOZMETHYHH
MPOJIYKTH KaTo cKpyOep 3a Koxka, Macka 3a Tsuio,
Maclio 3a TSJI0, MacaKHO Maclio, JIOCHOH 3a Ma-
Caku M cyxa Macka 3a juue (Yadav et al., 2010).

ITonesna e 3a koxara. Bemecrsara B TUKBaTa
MoraT Ja MpeAmnas3s|r Koxara or Bpeanute UV
apul. TUKBaTa € OTIIMYHO SCTHE, KOraTo HCKaTe
Jla TIpeIIa3uTe KOXara CH OT CITBHIETO, Thi KaTo
€CTEeCTBEHUSAT P-KapoTHH 1 BUTaMuH E (TOKO]eE-
pOJIN) HAMaJISBAT YBPEXKIAHETO Ha Koxara, 3a0a-
BAT Tpolieca Ha cTapecHe, HamalsBaT pUCKa OT
pa3BUTHE Ha KaTapakTa W MpPEJIOTBpaTABAT pac-
Texa Ha TyMmopa. JlokaszaHo e, 4e BurtamuH C, E u
B-KapOTHHBT HOATBPIKAT 37PABETO HA OYUTE U
MPEOTBPATsIBAT Pa3BUTUETO HA JETCHEPATUBHU
yBpexxaaans (Rahman et al., 2019).

[TonesHa e 3a cbpueTo. BUCOKOTO KOIMYECTBO
KaJIHii, KOETO Ce HaMKpa B THKBaTa, € YyJCCHO 32
CBPIETO, PEeryjinpa KpPbBHOTO HaJsiraHe M MOJ-
IbpKa ChPIEYHOCHAOBOTO 31apaBe. Kamumsr e
MHOT'O Ba)K€H MUHEPAJ 332 YOBELIKOTO TSJIO M HT-
pac OCHOBHA POJISI B KHUCEIIMHHO-aJKaJIHATA Pery-
nanus U OanaHca Ha TeJecHUTe TeuHOCTH. OCBEH
TOBA € OCHOBEH KOMITOHEHT 32 ()yHKIIHOHHPAHETO
Ha ChpIETO, OBOpEITe, MyCKYJIUTE, HEPBHATA U
xpaHocmunarennata cuctema (Fahim et al,
1995).

3akaoueHune

B chBpeMeHHaTa 0OCTaHOBKA, KOTaTO YOBE-
YECTBOTO CE€ HYXZAa€ OT MHOIO M3TOYHWULM Ha
XpaHa ¥ Topagy KOETO ce MPHUOITBa 10 XUMHU3HU-
paHU M W3KYCTBEHU MPOAYKTH W J00aBKHU, €
BaKHO J1a ce 00bPHE BHUMAaHUE HA €CTECTBEHUTE
W3TOYHUIM W TaKWBa, KOUTO HMMAaT JI€TOKCHKH-
pamu kadecTBa. THKBaTa € euH OT Hal-100puTe
3€JIEHYYLIH, KOUTO OTrOBapsAT HA M3UCKBAHUATA
Ha 37paBOCJIOBHOTO XpaHeHe. ToBa € BKyCHa U
LIEHHA 3€JICHYYKOBa KyJTypa, ChbpxKalla MHOTO
OMOJOrMYHO AKTUBHH CHEAMHEHUS U C U3KIIFOYHU-
TEJIHU JUETUYHM KadyecTBa.
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HNEPCHEKTHUBU U IIPUJIOKEHUE HA IMAHOBAKTEPHUU 3A IIOJIYYABAHE HA BU-
OI'OPUBA

Jlo6pomup HMopnanos, lanuua Mopnanosa

PERSPECTIVES AND APPLICATION OF CYANOBACTERIA FOR OBTAINING OF
BIOFUELS

Dobromir Yordanov, Galina Yordanova

ABSTRACT: The growing global population requires more energy supplies to improve their quality of life.
The cultivation of microalgae or cyanobacteria is a promising way to produce biomass, and from there, a way to
obtain biofuels. Cyanobacteria are the most promising source for biofuel production due to their rapid growth,
ability to assimilate carbon dioxide and their genetic susceptibility. Also, they don't require fermentable sugars
and arable land to grow. The efficiency of photosynthesis and biomass production of cyanobacteria is up to 2
times higher than that of algae and up to 10 times higher than that of plant cultures. The residual cyanobacterial
biomass after lipid production can be used to extract high-value products such as animal feed or turned into

organic fertilizer.

Keywords: cyanobacteria, biofuel production, cultivation of microalgae and cyanobacteria

BnBenenne

nanobaktepuute ca obemaBan pecypc 3a
CHUHTE3 Ha pa3iNyHU XUMHYHU CheAWHEHUs. B
MOCTIEHUTE TOAMHU CE€ TOoJaraT TOJIEMH yCHIIHS
3a pa3lIMpsBaHE HA ramMaTa OT IOTSHIMAITHH MTPO-
IOYKTH, TTOAXOSIIH 33 TPOU3BOJCTBO Ype3 U3MOJI-
3BaHe Ha MOIM(UIIUPAHU HAHOOAKTEPHH. IIHa-
HoOakTepuu OT [1] ¥ HEroBUTE MO-KBCHU 10100~
penus [2], (10 mMpoka ramMa OT ChEIUHEHUS,
BKJTFOUUTEIIHO M3ompeH [3], eTuneH [4-7], makrart
[8-10], 1-0yranon [11, 12], 2,3-6yranamon [13,
14], m3o0ytupangexun [15], uzodyranon [15, 16],
3-xuppokcubytpupar [17], u ckBaznen [18, 19].

W3zcnensanero Ha BH3MOKHOCTUTE Ha LUAHO-
OaKkTepuuTe 3a MOJTy4YaBaHEe Ha aHTHOWMOTHUIIU OT-
BOpY HOB XOPU30HT 3a OTKPHBAHE HA HOBH JIEKap-
cTBa. Hsikom mnmaHoOaKTepUH BBHTPEKIETHYHO
HaTpynBat noiauxuapokcuankanoata (PHA), ko-
WTO Ca CPaBHUMH 11O CBOWCTBA C TOJHETHUIICHA U
nosunponuieH [20]. Teau Ouopasrpaaumu 1uiac-
TMAacH MOTaT Jia 3aMEHST IMOJYYEHUTE OT HE(PT
tepmorutacty. [locinemauTe n3cienBanus Ha Ha-
HOOaKTepUHUTE TOKa3axa, 4e Te oOpasyBaT Hje-
IHU KOHCOPLUYMH C XeMOTpO(HHU OaKTepuu U
MOKe e(DeKTHBHO J]a ce M3IOJI3Ba 3a MMOYNCTBAHE
Ha 3aMBPCEHH C MACJI0 CEUMEHTH M OTIabuHU
Boau [21]. [luaHoOGakTepuuTe MMAaT MHOTO OHO-
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TEeXHOJIOTMYHU TPWIOKEHHs, KAaTo XpaHH, IO-
pUBa, TOPOBE, OLBETUTEIN W IMPOU3BOJACTBO Ha
Pas3JInuHU BTOPUYHU METa0OJMTH, BKJIFOYUTEIHO
TOKCHHH, BUTAMHHHU, CH3UMHU U (apMaleBTHUHH
MPOJYKTH [22].

HacrosmeTo nurepatypHO poy4YBaHe OIUCBa
MOCTICIHUTE H3CIEeIBaHUA BbPXY METOAWUTE 32
MIPOM3BOJCTBO Ha OMOTOpHBAa OT TPETO M YET-
BBPTO IIOKOJICHHE HAa OCHOBAaTa Ha LIHAHOOAKTe-
pUM U IIOKa3Ba IEPCIEKTUBUTE MPH I0JIydyaBa-
HETO Ha TaKMBa TOpYBa B ObJeIIE.

OO0um cBeieHNsI 32 IHAHOOAKTEPHHTE U BO-
aopaciiure

IlmanobakTepuuTe ca MPOKAPUOTHU (POTOT-
podu, KOUTO MOraT Jga ce OTKPHUAT B IIOYTH
BCHUYKH BB3MOXKHM MECTOOOHMTaHHMs Ha 3eMsTa
[23-28]. Te cwimecTBYBAT B pasaudHu MOpGOIIo-
IMM, BKJIIOYUTEIHO EIHOKIETbYHM W HHUIIKO-
BuaHU Qopmu [29]. LlmanoGakTepunTe MoraT Aa
U3IIBJIHABAT PA3IMYHH PEKUMHU Ha METa0OIM3Ma
C KalaluTeT 3a MPEBKIIFOYBAHE OT €IMH PEXKUM Ha
npyr [30]. Beuuku 1mpiaHoOakTepuy M3BBHPIIBAT
KHCIOpoHa (POTOCHHTE3a, HO HIKOM LIHAaHOOAK-
TEpUAIHU BUJIOBE MOTAT JIa IPEMUHABAT KbM TH-
nuyHaTta OaKTepHalHa aHOKCHTeHHA (OTOCHH-
TE€3a Ype3 M3IMOJI3BaHE Ha CyIHI KaTo eNeKTpo-



HeH noHop [31]. [IpoyuBaneTo Ha ITmaHoOaKTepHU-
UTE TIpe3 MOCIEeAHUTE ACCETHUIIETHSI CE€ OCHOBAaBa
JIO TOJISIMA CTETICH BBPXY TAXHATa MOP(OJIOTHS U
(husmoNorus, HO CPaBHHUTEIHO MAJKO € Harmpa-
BEHO 32 TIOTEHIIMATHUTE UM MPHUIIOKEHUS B OHO-
texHosorunte. OrpoMHaTa 6a3a JaHHH 3a pa3HO-
o0pa3ueTo 1 pU3noIOrusITa Ha IHAHOOAKTEPUUTE
CIIy’)KM KaTo OTIIMYHA OCHOBA 32 M3CJe/[BaHE Ha
TEXHUTC TIPUIIOKCHHUA B ounorexnoyiornure. B
Ipe3 MOCIEeIHUTE HIKOJIKO TOAMHHU LIMaHOOaKTe-
pUUTE MPUBISKOXa MHOTO BHUMAaHHE KaTo Oorat
M3TOYHUK Ha OMOAKTHBHU CBbCIUHCHUA.

HapactBamoro B riio6aneH mMamiad HaceleHUe
W3KCKBA MMOBEYE SHEPTHITHU JIOCTABKH 3a T0J100-
psIBaHE KauecTBOTO CH Ha JKMBOT. buoropusara ca
CJIMH OT U3TOYHUIIUTEC 3a MOJTyYaBaHC Ha CHCPI'Us.
W3komaemMuTe ropuBa ce M3MOI3BAT KAaTO M3TOU-
HUK Ha CHEPrusg MHOI'O roAMHU, HO IpH U3raps-
HETO UM CC NPUIMUHABAT CKOJIOT'MYHU HpO6HeMI/I,
CBBP3aHH C TOKCHYHH EMHUCHH.

KyntuBupaneTro Ha MUKPOBOIOpACIH WIIN ITH-
AHOOAKTEepHHU € TEPCICKTUBEH HAYHMH 33 TPOU3-
BOJICTBO Ha OMOMaca, a OT TaM | BT 3a MoJyYa-
BaHe Ha OmoropuBa. lIpe3 mocieqHUTE HIKOIKO
JCCCTUIICTHA, Hal-U3BECTHUAT U3TOYHHUK Ha OMO-
ropuBa € pacTureiaHara Ouomaca. B MmomeHnTa ce
yBEeNIWYaBaT JOKa3aTelCTBaTa, 4e OmoMacara OT
BOJIOPACIH € TIOIXO/ISII M3TOYHHK 32 TIPOU3BO/IC-
TBO Ha OmoropuBa. OCHOBHATa XapaKTEPUCTHKA
Ha pacTeHHsITa U BOAOPACIUTE € TAXHATa CII0c00-
HOCT J1a porocuHTe3npar. PoTocuHTE3aTa € Hali-
BaYKHMST MIPOIIEC 32 HATPYIIBaHE Ha OMoMaca - cy-
POBHHA 3a MoJy4yaBaHe Ha OMOTOPHBA.

[Ipon3BoacTBOTO HA OMOTOPHBA, TIOTYICHH OT
BOJIOpACIIM, M3MCKBA CaMO CI'bHYEBA CBETIIMHA,
CO; u BOMa, B pe3ynTar Ha KOETO C€ IMOIydaBaT
MHOECTBO MPOAYKTH. [Ipon3BoICTBOTO HA OHO-
ropuBa Ha OCHOBaTa Ha BOJOPACIH € OKOJO CTO
IIBTH TO-TOJISIMO OT Ta3W HAa OCHOBATa HA BUCIITUTE
pacrenus. buomacara ot Bomopacnu Moxe Aa
0bJe JOBIHUTEIIHO PepadoTeHa 3a IPOU3BOIC-
TBO Ha OMOTOpUBA Ype3 pepMeHTaINs B IPUCHCT-
BUCTO HAa MUKPOOPTaHU3MH.

[Ipu nomyyaBaneTo Ha OHOrOpHBa c€ U3MO3-
BaT HAKOJIKO BHAa BOAOpACiIv, KOUTO UMaAT Hau-
BUCOK TMOTEHIIAAN 3a MPOU3BOJICTBO HA aJITepHA-
TUBHU U3TOYHHUIIM HA eHeprus. B MoMeHTa eTaHO-
BT, ATKOXOJIUTE, TPUTIIHAIEPHUIUTE, MACTHUTE
KHUCCJIIMHU, JTUIMMUANUTE, BBITICXUAPATUTE, LEITYJI0-
3ara U OMomacarta Ha OPraHU3MHUTE CE CUHTAT 3a
OCHOBHU M3TOYHHIIM Ha OuoropuBa. [IpaBenu ca
MHOT'O OIIMTH 3a ONPEACIIAHC Ha XCJIAHHUTC BU-
JIOBE Bojiopaciu. HsKonko B2 BOAOPACHH, KO-
WTO UMAT KaIlallUTeT 3a TIPOU3BOJICTBO HA TOJISIMO
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KOJIM4YeCTBO GMomaca (1o OTHOIIIEHHE Ha BhIJIe-
XUJIpaTH, MPOTEUHH, JIMITUJIN) MOTAT Ja ObJe U3-
MOJI3BAHK KATO aJTEPHATHBEH M3TOYHHK Ha OHO-
eHeprusi. Hampumep Ha cyxo Tterno Spirulina
maxima wuma  60-71%  W/W  TpOTeWHH,
Porphyridium cruentum uma 40-57% w/w BbIIIC-
xunpatu, Schizochytrium sunosere umar 50-77%
w/w nunuau. CieqoBaTesHo pa3InyHUTE MUKPO-
BOJIOpPACII MOTaT Jia c€ U3IMOI3BaT KaTO N3TOYHHK
Ha Omomaca rpu onpeaeneHu yciosus [32]. B mo-
MBITHCHHUE, MUKPOBOJIOPACTHTE MOTaT Ja MpOH3-
BEXJIAT TO-TOJIEMH KOJIMYecTBa OMoan3en OT ma-
MyK Wi maaMoBu pactenus [33]. Haxon Bumose
3eNIeHN BOJOPACIH, KaTo Botryococcus braunii n
Chlorella protothecoides, cbbpKaT BUCOKU HUBA
Ha TEPIICHOUIHU BBIICBOAOPOIH U TIALEPHII JIU-
MUJI, KOUTO MOTaT Ja ce MPEBLPHAT BbB BBIJICBO-
JIOpOJU OT Tuma Ha cypos netpon [34]. Te3u Bo-
JIOpaciy ChIO UMAT TOJISIM MOTEHIMAT 3a TPOU3-
BOJICTBO Ha TOpHMBa Karo OMOETaHOJ, TPHUTEpIIe-
HOBH BBIJICBOAOPONHN, H300YTUPAIICXH] WU
n300ytanon [33]. Jlopu MHOTO BHIIOBE OaKTEpUU
karo Escherichia coli n Bacillus subtilis cpIo
MPOM3BEXKIAT IMO-BUCOKM HHUBA OHOAIKOXOJ,
M30NPESHOUIM W TPOU3BOJHUA HAa MACTHH KHCe-
suau. OCBEH TOBA HSIKOU BUJOBE OAaKTEPHH UMAT
YHUKAJIHA CBOWMCTBA J1a OBJaT U3TOYHUK Ha OWO-
ropusa, HanipuMep Clostridium acetobutylicum n
Clostridium beijerinckii ca n3mon3BaHu 3a MPOU3-
BOJCTBOTO Ha OuMoropuBa upe3 (hepMEeHTAIUs Ha
areToH-0OyTanoi-etanon [35, 36].

IlepcnexkTHBM 32 MPOM3BOACTBO HA GHOro-
PHBa HA OCHOBATA HA IHAHOOAKTEPHH

HemocTursT Ha W3KOMaeMu ropuBa M HEIpe-
KbCHATOTO U3MEHECHUE Ha KJIMMAaTa HaKapaxa 4o-
BEUECTBOTO J1a THPCU alTEpHATHUBHA EHEPTHUS.
CBeTBT B MOCJICAHATE TOANHY € TIOCTABECH B CHEP-
TUifHa KpW3a IOpajy HApacTBAIIOTO TJI00AITHO
THPCEHE Ha CHEepPrusl U KIMMaTUUYHUTE MIPOMEHH,
CBBP3aHU ¢ yrnoTpebdara Ha IeTpoTHH TopuBa. He-
00X0JIMMO € CIICIIHO Ja CE ThPCAT HOBH PECypCH
KOUTO NPEIOCTABIT Bb3MOKHOCTH 32 IPOU3BOJIC-
TBO Ha YHCTA U 3€JIHA CHEPTHSL.

M3komaemMuTe TOpHBa MPOU3BEKIAT OKOJIO
85% OoT cBeTOBHATa €HEprus, Taka ye 0e3 HaMH-
paHe Ha alITepHATUBHU CHEPTUHHU pECypcH, Ob-
JICIIETO € HEMHUCIUMO.

Emucuunre Ha CO; OT u3rapsine Ha KJacU4ecKu
ropyBa Ca HEJAOCTAThK, KOUTO MPUUYUHSIBA TJIO-
OaJTHO 3aTOTUISIHE U TIPOMEHH B KiuMata. M3raps-
HETO Ha M3KOmaeMu ropuBa BKI0oYBaT SO,, NO,
NO2, ¥ TOTUIUKINYHU APEHOBU BBITICBOJOPOIH.



Hamocienpk ocHOBHATA I1€JT 3a ITOJTy4aBaHe Ha
TOPUBO M €HEPTHsl € Ja ce OTKpHe MOTCHINAa 32
MPOM3BOJCTBO HA OMOTOPHBA OT PELUKIMPAHETO
Ha HaJIMYHUTE, €BTHHU U €KOJIOTHYHU OTIAIbYHU
MaTepuam.

buoropusara 0T mbpBO IMOKOJIEHHE CE N3BIIH-
9aT OT MacJlo, 3axXap MK HAIIECTE OT XPaHUTEITHH
kyntypu. [lonydeHuTe 1mo TO3W HAYMH OHOTO-
puBa, obade ce HYXJIasiT OT IUIOJOpPOJHA 3eMs,
BOJIa, IECTULMIN U C€ KOHKYPUPAT C IOCTaBKUTE
Ha XpaHa. buoropuBara oT BTOpPO IOKOJICHHE CE
MPOU3BEKIAT OT HESIIMBA LIETYNI03a U JTUTHOLIE-
JYJIO3HU CEJICKOCTONAHCKM Marepuanu. Bbi-
PEKH, Y€ TO3U BUJ OMOTOPUBO HE OKa3Ba BIMSIHUEC
BBPXY IPOU3BOICTBOTO HA XpaHa, HUCKUAT JOOUB
W Hy’)KJ]aTa OT 36MHa IUIONI OTPaHu4aBa HETOBOTO
NPUIOKECHUE.

BuoropuBara ot TpeTo MOKOJIEHHE CE M3BIIU-
4ar OT €yKapuOTHU MUKPOBOJIOPACIH U MTPOKapH-
OTHHM IIMaHOOaKTepry. MUKPOBOIOPACIUTE H IH-
aHOOAKTEpUHUTE CE CUUTAT 3a Haii-oOeriaBaimre
W3TOYHHIIM 32 MPOU3BOJICTBO HA OMOAM3EIN, TO-
paay KpaTKOTO UM BpeMe 3a OTIJIekKIaHe M BUCO-
KOTO ChIIbpKaHue Ha Macio. Te3u (hoTocuHTE3 -
pamy MUKPOOPraHu3Mu uMaT 3HAYUTCIJICH ITOTCH-
yana 3a MPOU3BOJCTBO HA JIMIUAM, KaTO Cypo-
BHHA 32 OMOTOPHBO.

YeTBBPTOTO MOKOJICHHE OMOTOpUBA CE€ OCHO-
BaBaT Ha OMOroOpHBaTa OT TPETO IOKOJCHHE B
KOMOHMHAINS OT TeHHO ¥ METa0OJIUTHO HHIKEHEP-
ctBo. EdextuBHOCTTA Ha (hoTOCHMHTE3aTa U TIPO-
M3BOJICTBOTO Ha OMOMaca OT IMaHOOAKTEPHH € JI0
10%, xo€eTo e Mo-BUCOKO OT TOBAa Ha PacTEHUsTA
(oxomo 1%) u Bomopacmute (5%). IloBeueto oT
TPaJUIIMOHHUTE U3TOYHUIH, KOUTO IPOU3BEKIAT
OuoropuBa, ca OT 3eMHHU KYJITYpH, KOUTO Ch3/a-
BaT MPOOJIEM 3a IPOIOBOJICTBEHATA CUTYPHOCT Ha
cBera. [Ipon3BoACTBOTO HAa OHOTOPHBA OT ITBPBO
1 BTOPO TIOKOJIEHHE, 00aue ChIIO € MPEArNOoCTaBKa
3a yBEJIMYaBaHETO HA HEJOCTHTa HA BOAA M XPaHU
3a YOBEYECTBOTO. MEXIyBpPEMEHHO TPETOTO II0-
KoJIeHue OMoropuBa, MoJy4eHH OT LuaHoOaKTe-
pHH, € B CbCTOSIHUE J]a MPEOA0IIee ChIIEeCTBYBa-
IIUTE NMPEAN3BUKATENICTBA OJIaroJapeHne Ha TeX-
HUTE OBP3M TEMIIOBE Ha PACTEk, CHOCOOHOCT /2
ycBosiBaT CO,, BHCOKH JOOWBH TIPH EKCTPAKIIHS
Ha JIMMUANA ¥ CIOCOOHOCTTA UM Jia ObJaT OTIIeK-
naHd B HeoOpaborBaemu 3emu. LlmanoOakTepu-
UTE W3IJIEXKIa ca eIUHCTBEHUTE BH30OHOBACMHU
W3TOYHHLU, KOUTO Ca B CHCTOSIHUE /14 TIPOU3BEXK-
JaT IIUpOKa ramMa OT OMOTOpHBA, BKIIOYUTEIHO
OMOBOJIOPOJI, OMOMeTaH, OMOeTaHOI U OUOoTU3eN
[37].

MexIyBpeMEeHHO MHOTO H3CJICABAHHS BBPXY
MHUKPOOPTaHU3MHTE MOKa3BaT HOBH ILAHCOBE 32
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MIPOMU3BOJICTBO Ha OMOTOPHBA OT TPETO IOKOJIE-
aue. llmanoOakTepuuTe ca MHUKPOOPTAaHU3MHTE,
KOUTO CE€ MPETophYBAT KaTO M3TOYHHUK HAa OMOTO-
pYBa TOpaJi TEXHUTE W3KIHOYUTCIHH XapaKTe-
pUCTUKH (BHCOK TEMIT Ha PACTEX, BUCOKO CHIIB-
JKaHue Ha Macio, HamaisaBaHe Ha CO; oT aTMocC-
(hepara, rpBKaBa ajanTalys U Bb3MOXKHOCTTA Ja
ce OTriIeKIaT B HeoOpaboTBaemu 3eMu) [38].

IlmanobakTepuuTe MOTAT Ja CE pasrIeKaaT
KaTo BHJ MHUKPOBOAOpaciu. Te OOMKHOBEHO ce
HapU4aT CHHBO-3€JICHU BOJIOPACIIU TIOPaIX I[BETA
CH, KaKTO W TIPWIUKHATE C MHUKPOBOIOpACTH. 3a
pasiuKa OT MHUKPOBOJIOPACIHTE, IMAHOOAKTEPH-
uTe ca MpokapuoTHU. [lnanobakTepunTe ca enuH-
CTBEHUTE OAKTEPUH, KOUTO ChIABPIKAT XJIOPODUI
A. Te uMar CpaBHUTEIIHO MaJIbK T€HOM W MHOT'O
OT TSIX Be4e ca OWJIM HAITBJIHO CEKBEHUPAHU, TaKa
4e € JIECHO Jia ¢€ MOIU(UIIMPAT TCHETHYHO TEX-
HUTE OMOJIOTHYHM XapaKTEPUCTUKH C LIEJ ITOBH-
[IaBaHe Ha TPOHM3BOJIUTEIIHOCTTA Ha OMOTOpHBA
[39]. [TomoOHO HA MUKPOBOAOPACTUTE, [IMAHOOAK-
TEPUUTE UMAT MATBK pa3Mep U pacTaT BbB BOJIHA
cpena. Te onensiBat B NIMPOK TEMIIEPATypPEH JTna-
Ma30H, HO MOBEYETO Ca CKIOHHHM J]a CE Pa3BUBAT
MIPH TI0-BUCOKHU TeMItepaTypu. [lnanobakrepunre
MOTaT Ja pacTaT W300UITHO TIPH OIMPEICTICHU yC-
JIOBHSI ¥ TOBA MPUYMHSBA ,,ITbPTEK ", KOUTO BOJIU
JI0 BUCOKa MBTHOCT BBB Bojiata [40].

[{uaHoOakTepUUTE UMAT TOJISIM ITOTCHIIMAT 32
MPOU3BOCTBO HA OMOTOpPUBA MOPAJIH CBOsITA OBP-
3WHA Ha PacTeX, COCOOHOCTTA 3a YCBOSIBaHE Ha
BBIJICPOJCH JAMOKCHJ W TAXHATa TCHETHYHA I10-
natnuBocT. OCBeH TOBa HE U3UCKBAT (hEepPMEHTH-
pyeMu 3axapu wiu oOpaboTBaema 3eMs 3a pac-
TEKX.

[lnanoOakTepuuTe ca LIMPOKO pas3mpocTpa-
HeHU [ 'pam-oTpuniatenHu 6akTepuu ¢ AbITa eBo-
JIOIMOHHA WCTOPUS M €IWHCTBEHHTE MPOKApH-
OTH, KOUTO M3BBPIIBAT M000HA HA PacTCHUsITA
kucinopogHa (ortocuHTe3a. Te mpurexaBar Hs-
KOJIKO TIPETMMCTBA KaTO TOCTONPHUEMHUITH 32 Ou-
OTCXHOJIOTHYHU  TMPHUJIOKCHUS, BKIIFOUUTEITHO
MIPOCTH M3MCKBAHUS 3a PacTeXk, JICKOTA HA TEeHe-
THYHA MaHUIYJIAalWs U BB3MOXKHOCT 32 BBIJIE-
POAHO HEYTPATHO MPOU3BOICTBO. M3Mmon3BaHeTo
Ha (POTOCUHTE3UpAIIH [IMAHOOAKTEPHUHU 32 TUPEK-
THO TIPEBPBIIaHE HA BBIVICPOTHUS TUOKCH]T B OH-
oropuBa e HoBa o0yacT Ha nHTepec. L{lnanobakre-
pUUTE MPUTEKABAT CIIOCOOHOCTTA JIa pa3rpax/iar
3aMBPCHUTETNTE Ha OKOJHATA Cpe/ia U Jla TipeMax-
BaT TEXXKUTE MeTalu. Te ca o0ermaBamiyi cpeacTsa
3a OuopeMeuaIys U MPEYUCTBAHE Ha OTIAbYHI
Boju. [{nanoOakrepunte ce XapakTepU3UpaT ChC
CMOCOOHOCTTA J1a TIPOM3BEKAAT IMUPOK CIIEKTHP



OT OMOAKTUBHU BEIIECTBA - CHhEAUHEHHS C aH-
THOAKTEpUATHA, TPOTUBOI'bONYHH, AHTUBUPYCHHU
U TPOTHUBOBOJIOPACIIOBH CBOMCTBA, KOUTO ca OT
(hapManeBTUYHO M CEJICKOCTOMAHCKO 3HAYCHUE.
Hsaxonko Buaa muaHoOaKTepuH CHIIO ca U3TOU-
HUIIM Ha XMMHUKaJIN C BUCOKA CTOMHOCT, HANpH-
Mep MUTMEHTH, BUTAMUHU U €H3UMHU.

[{nanobakrepuuTe, HApUYAHU OIIE CUHBO-3€-
JICHW BOJIOpAciii, ca Hal-crapute (pOTOCHUHTE3H-
pally OpraHu3MH Ha 3eMsTa, Bb3HUKHAIN MPEIH
npubimsuTenHo 2,6-3,5 munuapnaa roguau [41].
Te ca MOpQOTOTUIHO pa3HOOOPA3HHU U CHIIECTBY-
BaT B Pa3NUYHU (OPMHU BKIIOUUTEITHO €IHOKIIE-
THYHH, HUIIKOBUIHH, TUIAHKTOHHH W OEHTOCHH
Y KOJIOHHATHU (KOKOBUAHN) [42, 43]. Te morar ga
BUPESAT B MIUPOK CHEKTHP OT €KOJOTUIHU MECTO-
oOuTaHMs, Bapupalld OT MOPCKa, CIaIKOBOIHA,
10 3eMHa cpeza. Te chlio ca 100pe U3BECTHU ChC
CIOCOOHOCTTA CH JIa M3ITBJIHSABAT Pa3IUdHU pe-
JKUMH Ha METa0OJM3bM U CIIOCOOHOCTTA 32 OBP30
MPEBKIIOYBAHE OT E€AUH pexuM B Apyr [44].
Benuku 1maHo0akTeprH M3MON3BAT KUCIOPO/I-
HaTa (poTOCHHTE3a, HO HAKOU IHaHOOAKTePHaTHI
BHJIOBE MOXKE JIa IPEMUHAT KbM CYI(QHUIHO 3aBH-
cuMa aHOKCHreHHa ¢orocuHTe3a [45]. Ha TbMHO
WIN TP aHOKCUYHH YCIIOBHSI TUAHOOAKTEPUUTE
MOTaT M3BBPIIBAT (PEepMEHTANNN 32 TEHEepPHpaHE
Ha eHeprus [46]. Hsaxon HUIIKOBUIHM ITHAaHOOAK-
TEpPUU Ca Pa3BUIIM H3BECTHH CIICHUATU3UPAHH
KIIETKA KaTO XEeTEePOLMCTH 3a W3BBpIIBaHE Ha
a30THO ycBosiBaHe [47]. B MoMeHTa MHOTO OWHO-
WHIyCTPUAIHH MIPOLECH pa3unuTaT Ha QepMeHTa-
UM Ha XeTePOTPO(HHU OaKTEpHH 3a MOJTydyaBaHe
Ha Pa3IUYHU BEIIECTBA KaTO BUTAMHUHHU, CH3UMHU
u amuHOKMcenuHU. [[{nanobakrepuure, upes do-
TOCHHTE3aTa 3a YCBOSIBAHE Ha BBIVIEPOJCH JHOK-
cuj B peayipana (popma, ca uaearHn OMOCHHTe-
TUYHA MAIIMHA 332 YCTOHYHMBO MPOU3BOJICTBO HA
pa3MYHMA XUMHKAJIK U OMOTOpuBa. 3a pa3jinuka OT
xeTepoTpoHUTE OaKTepHw, ITMAaHOOAKTEPUUTE
M3WCKBAT CaMO CIIbHYEBA CBETJIMHA, BBIJIEPOJICH
JUOKCHJI, BOAa M MHHUMAIHH XPAaHUTEIHH Be-
IECTBA 32 PacTeX, CIMMUHUPAUKN Pa3X0JUTe Ha
BBITICPOAHH U3TOYHULIM U CIIOKHH CPEIN 3a pac-
TEX.

CrapHueBaTa CBETJIMHA € HAW-IOCTBIHUAT U
eBTUH pecypc Ha 3eMATa U U3IMOJI3BAaHEeTO Ha [1a-
HOOAKTEepPHH 32 MPOU3BOJICTBOTO HA (DUHHU XUMHU-
KaJu ¥ OMOropHBa OT CI'bHYEBA CHEPrHsl € Iepc-
NeKTHBeH mporiec. [[naHobakTepunTe MMaT I0-
BUCOKH HUBa Ha (DOTOCHHTE3a U TPOU3BOJICTBO
Ha OMoMaca B CpaBHEHHE C PacTEHHATA M MOTaT
na npeoOpasysat 10 3-9% ot ciapHYeBaTa eHep-
rus B Ouomaca B cpaBaenue ¢ <0,25-3%, mocTur-
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HaTH MPH U3MOJI3BAHETO HA KYJITYPH, KaTto nape-
BHLIA U 3axapHa TpbcTuka [48]. Te cbmo Taka
W3UCKBAT TIO-MaJKO 3eMs 32 OTTIICKJaHEe OT pac-
TEHHSITa, KOETO HaMallsiBa KOHKYPEHIHITa 3a 00-
paboTBaema 3eMs C KyITypH, NIpEIHAa3HAYCHH 3a
KOHcymauusi oT 4yoBeka. L{manoGakrepuute u3-
MOJN3BAT BBIJIEPOJICH TUOKCUA 10 BpeMe Ha (do-
TOCHHTE3aTa 1 10 TaKbB HAYMH CIioMarat 3a Moc-
TUTaHE Ha BBIJICPOJHO HEYTPaJeH MPOMU3BOACT-
BeH mporec. Karo mpokapuoTtu, npanobakTepu-
UTE MIPUTEKABAT CPABHUTEIHO NMPOCTA TeHETHYHA
OCHOBA, KOSITO yJecHsiBa ManumyianusTa [49]. B
JIOIIBIIHEHNE, OCTaThYHUTE IHaHOOAKTEpUATTHH
Oromacy MoraT Jia ce U3IOJI3BAaT 3a N3BJMYaHe Ha
MPOAYKTH C BUCOKA CTOMHOCT KaTO XpaHa 3a >Ku-
BOTHU WJIM Ja C€ NPEBBbPHAT B OPraHUYEH TOP
[50].

Mopdomorusra Ha THaHOOAKTEPUUTE € PA3HO-
obpasHa, Te ChABpPXKAT CTHOKICTHYHHU, 00pazy-
Ballld KOJOHUHM M HUIIKOBUIHU (opmu. M3nomns-
BaT ce 3a yjnassiHe Ha CO,, MPOU3BOACTBO Ha Ou-
OrOpHBO U 3a OMOpeMeaualys KaTo NpeMaxBaHe
Ha ¢eHonHu cbeauHenus. [lomyuaBar ce pas-
JUYHHU BUJIOBE XUMHUYHH ChEAMHEHUSI Ch3JaICHH
OT IIMaHOOAKTEpUH, KOUTO BKJIIOUBAT AJIKOXOJIH,
JUOJIM, BBIVIEBOJOPOAM, MACTHM METabOJIUTH,
MPOTEHHH, BBIVIEXUIPATH, KapOOKCHIIHM KHCe-
JIUHH, TEPIIEHHU, W3ONPEH, TOKCHHM, aHTHOKCHU-
JIAHTH, TUTMEHTH, BUTAMUHU, BOJIOPOJ] U METaH.
Te3n MeTabOIUTHU ChEIUHEHUSI UMAT Pa3InIHU
NPUIOKEHUST B OMOropuBata, XpaHurte, dapma-
LEBTHKATA ¥ KO3METUYHATA TPOMHUIIUICHOCT.

Balasubramanian et al. [51] onucBaT u3mons-
BaHETO Ha MPOMUIIUICHH OTHAab4YHHU BOJH 3a KYJI-
THUBHpAHE Ha [THaHOOaKTepuy. To31 HaYMH Ha U3-
MOJI3BaHe Ha OTNAABYHH BOAU € PEeHTA0MIHA ITPO-
Leaypa 3a MPOU3BOJICTBO Ha OMOTOpUBa OT OHO-
Maca. Rosgaard et al. mpe3 2012r [52] BpBe)KIAT
TeHHOTO MH)KEHEPCTBO Ha [IMaHOOAKTEPHUHU U pac-
TeHHsI 32 OMoroprBa 1 OMOXUMHYHO MPOU3BOJIC-
TBO. Te ce Qokycupar crenuaiHo BbpXy Mmoao0-
PsIBAHETO Ha yCOBSIBAHETO Ha BBIJIEPOJCH AMOK-
CHJl Upe3 UHXXEHEPHU METOMM.

B cpaBHenue ¢ apyru ¢poTocHHTE3HpAIIH Op-
TaHW3MH, MTPOU3BOACTBOTO Ha OHOTOpPUBO Ha Oa-
3ara Ha IMAaHOOAKTEPUU MMa HSKOW TPEINMCTBa
KaTo BUCOKOTO TEMII Ha PACTEX C MOBEYE MIPOU3-
BOJIUTEITHOCT Ha CypOBHHATa, MO-MAJIKO BOJAA H
ThpCEHE Ha 3eMsl, IPOCTU U EBTUHH XPAHUTEITHH
W3UCKBaHU. B 1ombiHeHNe KbM TE3U 1031, Ou-
OropuBara, MOJIYYEHH OT IMaHOOAKTEPUH, Ca
CMeC OT AJIKaHW, MACTHU KUCEITMHH U MACTHH aJl-
KOXOJIH, ITOJJOOHH Ha N3KOMAeMHUTE TOPUBA.



[lpe3 mocnenHUTe JOECETHIICTHS HIKOJIKO
OIUTA Ca HAIPaBEHU 3a U3ION3BaHe HA (POTOCHH-
TE3Wpallld OPTaHU3MHU KaTO KMBH WHCTPYMEHTH
3a mpeoOpa3yBaHe Ha CIIbHYCBATa SHEPrHsl BHB
BBH300HOBsIeMa eHeprus. YeTBbPTOTO MOKOJICHUE
OmoropuBa ca MO-€KOJIOTHYHH, ThI KaTO MOTPeO-
nennero Ha CO, OT MHUKPOOPTaHU3MHU CE YBEIIH-
YyaBa upe3 METOAM Ha TeHHO MHkeHepcTro. Crie-
JIOBATEITHO, YETBBPTOTO TIOKOJICHHE OHOTrOpH-
Bara, kouto abcopoupat nmoseue CO, HaMasIBaT
EMUCHHTE Ha MapHUKOBU raszose. [Ipe3 mocen-
HOTO JIECETUJICTHE ITUaHOOAKTEPUUTE TOIydnXa
CHEIMATHO BHUMAHHUE KaTO KJICThYHH (DaOpHUKH
3a MPOU3BOICTBO HA OMOTOPHUBA.

3akiIoyenue

1. MuKpoBoOIOpaciInTe ¥ MHaHOOAKTEPUHTE Ce
CUMTAT 3a Hai-o0elaBaluTe W3TOYHHIH 32 TIPO-
W3BOJICTBO Ha OMOJM3EN MOpagd KPaTKoTO UM
BpEMeE 3a OTIVICKIAHE U BHCOKUST MOTCHIUAT 32
MPOM3BOJICTBO HA JIMIUIH, KATO CYpOBUHA 3a OU-
OTOPHBO.

2. llnanoOakTepunTe ca Hail-NepCIeKTHBHUSIT
W3TOYHHK 32 MPOU3BOJICTBO Ha OMOTOpHBa II0-
panu cBosita ObpP3UHA HAa PacTeX, CIIOCOOHOCTTA
3a yCBOSIBAaHE HA BBIJICPOJICH AUOKCH]] U TeHETHY-
HaTa cu noatiauBocT. OCBEH TOBA T€ HE U3UCKBAT
(dbepMeHTHpYeMU 3axapu 1 00paboTBaeMa 3ems 3a
pacrex.

3. EdextuBHOCTTa HA (OTOCHHTE3aTa U IIPO-
W3BOJICTBOTO Ha OMOMaca OT IMaHOOAKTEPHH € JI0
2 MBTH MO-BUCOKA CIIPSMO Ta3W Ha BOJOPACIIHTE,
u 10 10 mpTH MO-BHCOKA CHPSAMO Ta3W HA PacTH-
TEJIHUTE KYJITYPH.

4. OcTaThuHUTE [IMAHOOAKTEPUAIHU OHOMACH
clie/] MOJy4aBaHeTO Ha JIMIUAW MOraTr Ja ce M3-
MOJI3BaT 3a M3BJIMYAHE HAa IPOAYKTH C BHCOKa
CTOMHOCT KaTO XpaHa 3a )XKMBOTHH WJIH JIa e Tpe-
BbPHAT B OPraHUYEH TOP.
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CYCLOISOMERIZATION REACTIONS OF PHOSPHORYLATED
HYDROXYALKA-2,3-DIENOATES

Hasan Hasanov, Ismail Ismailov, Ivaylo Parushev, Husein Halil, Serkan Mumun,
Ivaylo Iliev, Ivaylo Ivanov, Valerij Christov

ABSTRACT: This chapter discusses the reactions of 4-phosphorylated 5-hydroxypenta-2,3-dienoates with pro-
tected or unprotected hydroxy group involving 5-endo-trig cyclizations. 4-Phosphorylated 5-hydroxypenta-2,3-
dienoates were smoothly converted into the corresponding 4-phosphoryl-2,5-dihydrofuran-2-carboxylates by us-
ing 5 mol% of a silver salt as a catalyst in the 5-endo-trig cycloisomerization reaction.

Key words: 4-Phosphorylated 5-hydroxypenta-2,3-dienoates; silver catalyzed cycloisoerization; 2,5-dihydro-

furans.

Introduction

Allenes are versatile building blocks with
broad applications in modern synthetic chemistry,
and have attracted continuous attention over the
past few decades due to their unique cumulene
structure and unusual biological activities. Al-
lenes are extremely important subunits in a variety
of natural products and pharmaceutical mole-
cules. [1,2] Phosphorylated allenes including al-
lenyl phosphonates and phosphine oxides are an
important class of allene-containing, extremely
versatile reagents in organic chemistry, especially
for the preparation of structurally diverse organo-
phosphorus compounds and phosphorus heterocy-
clic compounds.[3]

Several recent articles on allenyl phosphonates
and phosphine oxides concerning synthesis, and
various cyclization reactions have appeared in or-
der to show that the resulting allenes are very at-
tractive synthetic building blocks due to the ver-
satile reactivity.[4]

Acyclic analogs of nucleotides containing an
allenic skeleton were prepared by Brel and
coworkers [5] directly from alcohols by Horner-
Mark [2,3]-sigmatropic rearrangement of unstable
propargylic phosphites.

On the other hand, literature data on the reac-
tions of phosphorylated allenes (phosphonates,
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phosphinates, and phosphine oxides) with electro-
philic reagents show that depending on the struc-
ture of the starting allenic compound as well as the
type of the electrophile, the reactions proceed with
cyclization of the allenic system bearing phos-
phoryl group (O=P-C=C=C) to give heterocyclic
compounds in most cases.[6,7]

Furan-2(5H)-ones (y-lactones) are important
intermediates in organic synthesis [8] and much
attention has been paid to the development of ef-
ficient and diverse synthetic methods for con-
struction of this five-membered ring system.[8]
Among these, cyclization involving allenecarbox-
ylic acids and their derivatives, the so-called lac-
tonization reaction, is one of the most efficient
pathways.[9] a-Allenecarboxylic acids and their
esters, disubstituted on the y-carbon atom, under-
went electrophilic attack on the central atom and
ring closure to furan-2(5H)-ones when treated
with electrophile.[9]

Our long-standing research program focuses
on the synthesis[10] and the development of effi-
cient cyclization reactions of trifunctionalized al-
lenes. More specifically, our attention is drawn to
4-phosphorylated 5-hydroxypenta-2,3-dienoates
as 1,1,3-trifunctionalized allenes that comprise a
phosphoryl, an ethoxycarbonyl and a hydroxyme-
thyl group. The applications of these groups as
temporary transformers of chemical reactivity of
the allenic system in the synthesis of heterocyclic



compounds are of particular interest. These mole-
cules can be considered a combination of an al-
lenephosphonate or allenyl phosphine oxide, an
allenecarboxylate and a hydroxyallene and they
are supposed to have different reactivity profiles
in cyclization reactions. In a continuation to our
communications[ 10] on the synthesis and cycliza-
tion reactions of the bifunctionalized allenes, in
this chapter, we present recent results of our stud-
ies dedicated toward the cycloisomerization reac-
tions of a library of 4-phosphorylated 5-hydroxy-
penta-2,3-dienoates, which improve the scope of
this method for synthesis of heterocyclic com-
pounds.

Results and Discussion

Synthesis of the 4-phosphorylated 5-hydroxy-
penta-2,3-dienoates 1-4

We applied a convenient, efficient atom eco-
nomical and regioselective four-step method to
achieve a range of the 4-phosphorylated 5-hy-
droxypenta-2,3-dienoates 1-4.[10]

0z
Ph 1, Y=MeO, Z=THP
j 2, Y=Ph, Z=THP
3, Y=MeO, Z=H
YoR OEt V—Ph e
N s 4, Y=Ph, Z=H
1-4

The allenylphosphonates 1 and 3 and allenyl
phosphine oxides 2 and 4 isolated in preparative
amounts allowed us to study its chemical behavior
in the reactions with electrophilic reagents and the
silver-catalyzed cycloisomerization reactions.
The present chapter is a recent part of our long-
term objective to investigate both the scope and
the limitations of the cycloisomerization reactions
of the trifunctionalized allenes, namely the phos-
phorylated hydroxyallenecarboxylates.

Silver-catalyzed cycloisomerization of the 4-
phosphorylated 5-hydroxypenta-2,3-dienoates 3
and 4

The next step in our study was to explore the
possibilities of the cycloisomerization reaction of
the above 4-phosphorylated 5-hydroxypenta-2,3-
dienoates 3 and 4 in the presence of silver salts as
catalysts. We conducted the reaction under the op-
timized reaction conditions determined in the
similar reactions of the phosphorylated (-
hydroxy)- and ([ /-hydroxy)allenes[11] earlier -
solvent methylene chloride, 5 mol% catalyst and
room temperature. The reaction occurred via a 5-
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endo-trig cyclization to give the 4-phosphoryl-
2,5-dihydrofuran-2-carboxylates 5 (Scheme 1).
The results are explicit enough - a catalytic 5-
endo-trig cycloisomerization occurs and the hy-
droxy group participates as an internal nucleo-
phile to give the 4-phosphoryl-2,5-dihydrofuran-
2-carboxylates 5 in good yields in the silver-cata-
lyzed cycloisomerization reaction of the 4-phos-
phorylated 5-hydroxypenta-2,3-dienoates 3 and 4.

o Ph
Ph i)
o —_—
YR\, OEt COEL
O o© YaR\
3,4 © 5

5a, Y=MeO, 90% (AgClO,); 68% (AgNOs)
5b, Y=Ph, 91% (AgCl0s); 71% (AgNOs)

Scheme 1. Synthesis of the 4-phosphoryl-2,5-di-
hydrofuran-2-carboxylates 5 by silver-catalyzed
cycloisomerization of the 4-phosphorylated 5-hy-
droxypenta-2,3- dienoates 3 and 4. Reagents and
Conditions: i) Method A: AgClO4 (5 mol%),
CH,Cly, tt, stirring in the dark 7 h (for 5a) and 9 h
(for 5b), work-up (NaCl, CHCIs, Na,S0O.), col-
umn chromatography; Method B: 40:60 water/ac-
etone with CaCO;3 (1 mol%), AgNO; (10 mol%),
rt, stirring in the dark 12 h (for 5a) and 15 (for 5b),
work-up (Et,O, NaCl, MgS0O4), column chroma-

tography.
Conclusion

We have developed a silver-catalyzed cycloi-
somerization reaction of the 4-phosphorylated 5-
hydroxypenta-2,3-dienoates, which provides an
efficient route to the 4-phosphoryl 2,5-dihydrofu-
ran-2-carboxylates which are produced as a result
of the participation of the neighboring hydroxy
group as an internal nucleophile in the cyclization
process.

Due to the easy availability of starting materi-
als, the convenient operation and mild conditions,
the readily availability of the reagents and cata-
lysts, the good yields and the usefulness of the het-
erocyclic compounds prepared, the cyclization re-
actions may show potential and will be useful in
organic synthesis as well as in their application in
target-oriented synthesis. Further investigation on
the chemistry of other trifunctionalized allenes for
the synthesis of different heterocyclic systems is
being intensively carried out in our laboratory.
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KOMIIVIEKCHO EKOJIOI'MYHO U BUONKOHO®U3NYHO EMIIMPUYHO OITMCAHUE
HA CbCTOSIHUETO HA EIMHHA CHCTEMA HOOC®EPA-BUOCPEPA-TEXHOC-
®EPA IO BB3JIEUCTBUETO HA AHTPOIIOI'EHHU 3AMBPCUTEJIN

Muxaii [letpos, 3npaBka Hukonaesa, Anekcanasp JJumurpos

A COMPLEX ECOLOGICAL AND BIOECONOPHYSICAL EMPIRICAL DESCRIPTION
OF THE STATE OF THE UNIQUE NOOSPHERE-BIOSPHERE-TECHNOSPHERE
SYSTEM UNDER THE INFLUENCE OF ANTHROPOGENIC POLLUTANTS

Mihai Petrov, Zdravka Nikolaeva, Aleksandar Dimitrov

ABSTRACT: This paper suggestss a qualitative and quantitative description of the state of the
unique complex Biosphere-Technosphere-Noosphere system with the application of the modern basic
concepts of bioeconophysical ecology. The notion of entropy, which is the degree of evolution of the
system, has a deep meaning and allows the delimitation of the effective and ineffective components of
the system. It is found that the increase of the entropy values occurs at the expense of the increase in the
effective or ineffective components. The increase in the entropy of the Biosphere occurs on the account
of the increase in the quantities of anthropogenic polluting gases. The calculations validate the
symbiotic unity of the components Noosphere, Technosphere, and Biosphere.

Key words: bioeconophysical ecology, entropy, effective and ineffective components, Biosphere,
Noosphere, Technosphere

BbBenenne e OmopazHOOOpa3meTo.
[ToHacTodIIeM XKU3HEHUTE MPOUECH, KOUTO
Exosorusra e 6Moj0riuHa HayKa, KOSATO U3y-  W3SACHABAT aallTAIlMUTE 32 KOMIIOHEHTUTE Ha OU-
YaBa B3aUMOJEHCTBUATA MEXAY OPraHM3MHUTE,  ocdepaTa, ca B CIOKHA B3aMMOBPbH3Ka, 3aBUCEIIA

KaKTO M CpeJlaTa, B KOATO >KuBeAT [1]. OT peauua (akTopH, KOMTO IMPUHAIEKAT KbM
OcHOBeH npe/IMET Ha U3CIIEABAHE HA €KOJIOTH-  JIpyrH chepHu.
ATa Ca eKOCUCTEMMTE, B3aHMHO CBBP3aHU CHUC- YoBe4yecTBOTO MMa TOJISIMO BIIUSIHUE BBPXY

TEMH OT PACTEHMs, )KMBOTHU M IPYTH OPTaHU3MHM  KOMITIOHEHTHTE Ha OnocdepaTta. CIOXKHUTE TMPO-
B [IaJIcH reorpa)CK1 PETMOH, KOMTO 3aBUCAT €JHA  [[ECH HA YOBEIIKATa JEHHOCT, 8 HUMEHHO aHTPOIIO-
ot apyru. [le-pakTo, €KoJI0rus € Hayka 3a MKOHO-  TeHHara JeHHOCT, OKa3BaT IPSKO U HENPIKO Bb3-
MUKaTa Ha XHUBaTa MPUPOJIA. JeiicTBue BbpXy Onochepara. [IpupogHure eHep-

Exonorus e TACHO cBbp3aHa ¢ Ipyrd o0NacTH,  THUHHHM PECYPCH B MOMEHTA Ca OrPaHHYEHH, & B Ch-
KaTo ()U3HOJIOTHs, TEOPUs HA EBONIOLMATA, TEHE-  IOTO BPEME YOBEYECTBOTO MMA TEHICHIMS KbM
THKa, (Qu3uKa, 6MO(HU3MKA, CTATUCTMYECKH ME-  CTAOWIIHO M YCTOWYHMBO pa3BUTHE BHB BpeMeTo. B
TOOM | JIp. [2]. pe3ynTaT Ha Te3d CIIOXKHH B3aUMOJCHCTBUS

3a pas3nyKa OT TAX IPEeIMET Ha €KOJIOTU Call0  MEX/y YOBEYEeCTBOTO W OHocdepara ¢ BHCOKaTa
— 00IIMTE NPOLECH U NPUHIMIIM, HA KOUTO CE OC-  poJisi Ha MKOHOMHMKaTa Ha OOLIECTBOTO CE H3I-
HOBaBa ()YHKLIMOHMPAHETO Ha OMocdepara, Cpell  paskia HOBAa HHTETPATUBHA IIaTGOpMa — OHOMKO-

kouto [1, 3, 4]: Hodwusuka [5, 6, 7, 8].
® JKM3HEHHUTE IpoIlecH, OOSICHABAIIHN a/ar- buoukoHopu3nka Karo ChBpPEeMEHHa IIPH-
TaIUUTE, JIO’)KHA HaydHa TuaTdopMa MMa 3a IeN Ja H3C-
® DPA3NpOCTPAHCHHUETO M YHUCICHOCTTAa Ha JieJiBa CJIOXKHOTO B3aMMOJICUCTBHUE HA YOBEUECT-
OpPTraHU3MHTE; BOTO ¢ Onocdepara u Texnochepara [9]. ImenHo
® CYKIECHOHHOTO pa3BUTHE Ha EKOCHCTE- B JTHCIIHO BPEME, B YCJIOBHATA Ha Or'paHUYCHU
MUTE; MPUPOIHU PECYPCH U IOCTOSIHHO 3aMbPCSABAHE HA
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OKOJIHATa cpella ChC 3aMbpCSIBAIU MAPHUKOBH
ra30Be H JICTIIMBU OPraHUYHU ChETUHEHUS, KAKTO
U ¢ (UHHM IPaXOBH YAaCTUIM C BPEIHO Bb3JCHCT-
BUE BBPXY YOBEIIKOTO 37paBe, € BaKHO Ja ce
OMHUIIe 4Ype3 KOJMYECTBEHW OTHOIICHUS OT
TNIeJIHA TOYKA HAa CHEPrHiHHUTE KOHIEIINK Ha
TEepPMOJMHAMUKATA, TIOBEJCHUETO HA YOBEIIKUTE
CHINECTBA BBHB B3aUMOJICHCTBHE C HACTOSIIATA
texHochepa (cdepara Ha TEXHHUESCKUTE U Mate-
pHAaHU IPOAYKTH, Ch3JaJICHU OT YOBEKa) 1 OMOC-
(epara (chepara Ha BCUIKH KOMIIOHEHTH Ha €KO-
cucrtemure ¢ atmocdeparta) (dur. 1).

Hoociepa
(cepa na
Yogeuecngomo)

@ur. 1. KonnenryaiHo npeacraBsHe Ha CUM-
OMOTHYHA B3aMOBpPH3Ka Ha HOBEUECTBOTO CHC
Texnocgepa u buochepa

B paszpaboTBaneTo Ha MHTETpaTWBHATA TUIAT-
¢dopma 3a OHMOMKOHO(MU3UYHOTO ONHMCAHUE Ha
EKOJIOTHS BJIM3aT TaKMBa OONACTH Ha HAYKHUTE
karo ¢usmnka (bnodusuka), GU3NOIOTHS, HKOHO-
MHKa, MATEMAaTHYECKH CTATUCTHYECKH METOJIU H
ap. [10, 11].

B cpuiHoCT camata HKOHO(QH3HKA ce Pa3BHUBa
WHTEH3UBHO Tipe3 nocienaure 20 roaunu, a 6uo-
¢m3ukara npe3 nocnenuute 50 rogunu [12]. [o-
HACTOSIILEM, TIOPaJH CIOKHOTO B3aUMOICHCTBHE
Ha YOBEKa C JPYTUTE JIBE OCHOBHU cepH, € HeoO-
XOAMMO J1a ce pa3paboTH HOBA KOJIUYECTBEHA Te-
OpHsl, OCHOBaHa Ha (PU3UKO-XUMHYHH U CTATUCTH-
YeCKH 3aKOHHU, KOSITO OMNKCBa YOBEKAa B CIIOXKHA
B3aMMOBpPB3Ka ¢ Ouochepara u rexHochepara.

Lsmara OwomkoHodu3mdecka maatdopma
4eCTo M3M0JI3Ba TepMuHa eHTponus. OT TepMoIu-
HAMHYHA TJeHa TOYKa EHTPOIMSATa Ha CHCTe-
MaTa 3aBHCH OT TOBA i Ts € 3aTBOPEHA UJIH OT-
BOpeHa. B ciydanTe Ha 3aTBOPEHU CUCTEMHU B TEP-
MOJIUHAMUYHO PAaBHOBECUE EHTPOIUATA NpHUEMa
MaKCHUMAaJTHU cTorHOCTH [13, 14].

Cnopen teopemata Ha IIpuroxus, >kuBuTe
CHUCTEMH Ca OTBOPEHU CHCTEMH M €HTPOIHUSATA Ha
OTBOPEHHUTE CHUCTEMH MMa MO-HUCKH CTOMHOCTH,
OTKOJIKOTO B CITy4as Ha U30JIMPaHu cucteMu [ 15].
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OTBOpPEHUTE CHUCTEMH C€ XapaKTepHU3UpaT ChC
CTa0WIHO CTallMOHAPHO ChCTOsIHME. B crammo-
HApHO CHCTOSTHHE MapaMeTpPHUTE Ha CUCTeMaTa ca
CTaOWIIHU BBB BpemeTo. EHTponmsTa Ha CIOX-
HaTa CUCTEMa € CyMara OT CHTPOIIMHUTE Ha OTICI-
HUTe KoMmImoHeHTH. Cymara OT M3MCHEHHATA Ha
EHTPOIUATa HA KOMIIOHCHTHTE C TEYCHHETO Ha
BPEMETO € HyJia. BCHIIHOCT, ako EHTpONuUsATa Ha
€/IMH OT KOMIIOHEHTUTE C€ YBEIIMYH, TOTaBa €HT-
pONHsATa Ha IPYr HaMajsiBa, Taka 4e pe3ysiTaThbT
e Oble Hya.

EnTtpornusiTa Ha 1s71aTa CII0’KHA CHCTEMA € Cy-
MaTa OT EHTPOIIMHTE Ha TeXHOc(epaTa, Oroche-
pata u Hoochepara (chepara Ha YOBELIKUTE Ch-
mectBa) [16, 17].

KomOuHanmure BCBHUOIHOCT MOraT na ObaaT
CIIC/THUTE:

1) yBenMyaBaHETO Ha EHTPOIUTA Ha OHOChe-
paTa BOJIY 10 HaMalliBaHe HA CHTPOIHMUTE Ha HO-
ocepaTa M TexHOCPepara MOOTIACIIHO, TaKa Y€
cymara Jia € HyJa;

2) YBenuuyaBaHETO HA EHTPOIUATA Ha HOOChe-
para BO/M JI0 HAMaJIsIBaHE Ha SHTPONUUTE Ha Ou-
ocepara 1 B 4acTHOCT Ha TexHOcepaTa; 3) yBe-
JUYABAHETO HA CGHTponusTa Ha Ouocheparta u
TexHoc(hepara BoJM O HAMaJsIBAHE Ha SHTPOIIHU-
sta Ha Hooc(epaTa. B3MOXKHH ca BCAKAKBH KOM-
Oounanuu: 142 wnm 2+1. BaxHo e na ce noguep-
Tae, 4e CHTPOIUATA OT TCPMOJANHAMHYHA TIICHA
TOYKA 3aBUCH KAKTO OT KOJIMYECTBOTO Ha MOJICKY-
JIMTE, TaKa M OT arperaTHOTO ChCTOSHUE. Y BEIH-
YaBaHETO Ha KOJMUYECTBATA HA BEIIECTBATA BOIM
JI0 YBEJIMYaBaHe Ha eHTpomnusTa. ['a3000pa3HoTOo
arperaTHo ChbCTOSHHE Ce XapaKTepu3upa C Mo-BH-
COKH CTOMHOCTH Ha EHTPOIIUS B CPABHEHHUE C TEU-
HUTE U TBBPJNTE ChCTOSIHUSA. B CBIIOTO BpeMe OT
rJIe/IHa TOYKA Ha CTATUCTHYECKaTa (PH3HKa EHTPO-
MUsTa MOKa3Ba CTENEHTa Ha HEMOJPEACHOCT Ha
cucremara. KoJKOTO MO-HHCKA € EHTPOIUSATA,
TOJIKOBA MO-BUCOK € peIbT. BChIHOCT TBBpANTE
CBCTOSIHUSI Ha BELIECTBATa CE XapaKTepU3Upar ¢
BHCOK pell B MOJEKYJISIPHOTO CTPYKTypHpaHe B
KPUCTAJHU CTPYKTYPHHU CHCTOSTHHS C MOJPEACHO
pa3cTosHIE MEXITy MOJCKYJIHUTE IO LEeNus 00eM
Ha BemecTBOTo. CHOTBETHHUAT BUCOK peJl ce Xa-
paKkTepu3nupa ¢ HUCKU CTOMHOCTH Ha eHTpoIus. B
ra3000pa3HO ChCTOSHHE HSIMA PEJl U MOJICKYIIUTE
ce JBIDKAT XaOTHYHO, UMa BUCOK OE3MOPSIIbK U
CHhOTBETHATA CTOMHOCT Ha EHTPOITUSATA € BHCOKA.

Ot MKOHO(HU3UYHATA TJICJHA TOYKA SHTPOIIH-
sTa UMa MHOTO ITO-TBJIOOK CMHCBHI. TO BCHIIHOCT
MoKa3Ba CTEleHTa He caMo Ha pell, HO U Ha €BO-
JFOIHMS Ha HKOHOMHYECKaTa cucreMa. BebmHocT
M0-BHCOKHUTE CTOMHOCTH Ha EHTPOIHUATA HA COLH-
QTHO-WKOHOMHUYECKHTE CHCTEMH O3HAuyaBaT I0-



roJIeMH Bb3MOXKHOCTH M Pa3HOOOpa3ue 3a KOMIIO-
HEHTHUTE Ha cuctemara [18].

MHOroCTpaHHO pa3BUTHAT YOBEK WMa MHOTO
MO-TOJIEMH Bb3MOKHOCTH 332 HETOBOTO COLIO-Ka-
puepso pazsutue [19]. Illo ce oTHacs q0 TexHOC-
(epara, BHcOKaTa eHTpONHUsi OM O3HAYaBaia To-
JSIMO TEXHOJIOTHYHO pa3HooOpasue, ako TOBOPUM
32 KOJIMYECTRBO.

AKO TOBOpPHM 3a KayecTBO, TOTaBa HUCKOTO
TEXHOJIOTHYHO Ka4eCTBO O JOBEJIO U IO BUCOKH
CTOMHOCTH 3a eHTpoIus. BUCOkoTO KayecTBO OM
03HAYaBaJi0 IMO-HUCKA CHTPOIMHS, T.€. MO-BHCOK
pPEeA U MOAPEACHOCT 32 TEXHOJIOTMYHUTE KOMIIO-
HEHTH U C BUCOKA Bh3MOXkHa eekTuBHOCT [20].

[To oTHOmeHue Ha Ouocheparta BUCOKATA SHT-
porusi OM 03HaYaBaga EKOCUCTEMH, MHOTO pa3Ho-
00pa3HU 10 OTHOIICHUE HA KOJIMYECTBOTO, KAKTO
u Ooratd pa3HOOOpa3HW pPA3HOBUIHOCTH Ha
(dhnopa u ¢payHa, MHOTO TOJIIMO M Pa3HOOOpa3HO
KOJIMYECTBO JKUBOTUHCKM M PACTHUTEIHH BHUJIOBE
[21]. B cpmoTo Bpeme OnocdepaTa Moxe na ce
XapaKkTepu3upa U ¢ BUCOKA EHTPOIIHS B CITy4aii Ha
HEHHOTO 3aMbpCSIBaHE KaTO Pe3yNTaT Ha aHTpPO-
MOTeHHA JIeHHOCT. ATMOCdepara, KOsTo € 4acT OT
Oonocdepara, HaNOCIEABK € 3aMbpPCCHA C MTAPHU-
KOBH Ta30Be. [ 100aHOTO 3aTOIUISIHE MpPEe3 MOC-
JICTHUTE TOJAMHU CE IbJDKH Ha TIOBUINIABAHETO HA
cpemHaTa TiIoOaTHAa TeMmmepaTypa Ha artMmocde-
para mopagyd HATPYNBAaHETO HA IMAPHUKOBU Ta-
30Be. DUHNTE MaTePUATHHA YACTHUIIM, CYCIICH]U-
paHu B aTMocdepara, ca ajJepreHHH aHTUTCHHH
areHTH, KOUTO MMaT OTpUIaTeleH e(eKT BBPXY
CBHCTOSIHUETO Ha YOBEIIKOTO 37paBe.

I'moGamHOTO 3aTOIUITHE TIOPagd HATPyIBa-
HETO Ha MAapPHUKOBH Ta30BE BOIU U 10 IOITBJIHU-
TEJIHO TIOBHUILIABAHE HA KOHIICHTPAllMUTE HA Me-
TaH U TporocdepeH 030H B aTMocdepara [22].

Tponocheprusar 030H ce 00pa3yBa B pe3ynTaT
Ha CIIOHH PEaKLUH Ha JICTIUBH OPTraHUYHHU Che-
JIMHEHUSI, TPUCHCTBAIIN B atMoc(epaTa ¢ UHTEH-
3MBHO TNPHCHCTBHE HA CI'bHYEBA CBETIWHA, BU-
COKa TeMIIepaTypa U JIbJKHHA HAa BBJIHATA OT I10-
panbka 400 nm [23].

MeTaHbT € M3TOYHUK Ha €CTECTBEHH TpH-
pPOOHHM CIOHTaHHH NOXapH. TpornochepHusT
030H, KOWTO € Apa3sHHUTEN Ha AUXATCITHUTE ITb-
TUINA HAa YOBEKA U BOJIM JI0 BJIOIIIABAHE HA acTMa-
TUYHOTO CHCTOSTHHE, CHIIO € HETaTHBEH U3TOYHUK
Ha paspylliaBaHe Ha ¢uiopaTa U ¢ HaMalsIBaHe Ha
cTernieHTa Ha ortocunTesa [24, 25].

E)KGI'OZIHO MUJIMOHHU ACKapU 'OPCKH IJIOIH Ha
CBETOBHOTO HHMBO M34€3BAaT B PE3YyJITaT Ha TE3U
CJIO’KHHU TPOLIECH KAaTO MPSIK U KOCBEH pe3yiTar
OT aHTPOTIOTeHHA TEWHOCT [26].
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[Tousara, K0sTO € 0OE3IeceHa, IMa TSHCHIIHUS
Jla €BOJIFOMPA KbM BHUCOKHM CTOWHOCTH Ha all0eno
[27, 28, 29]. To3u PU3NKO-XUMHUYECH TTApaMEThp —
aI0e0oT0 Ha eIWHHA CIIOKHA CHCTEMa aTMOC-
(depa-3eMst oka3Ba BIMSHUE BBHPXY KIMMATHY-
HUTE YCIIOBUSI.

[TouBuTE Cce pa3BUBAT KbM IIYCTHHHU ChCTOSI-
HUS KaTO Pe3y/ITaT Ha MOBUIIABAHETO Ha Cpell-
HaTa TeMIlepaTypa Ha CHOTBETHUS TeorpadCcKu
PETHOH, HO M C TOJIEMH TEMIIepaTypHH aMIUId-
tyau [30].

Uecture koneOaHus B TeMIepaTypara oka3BaT
HETaTHUBHO BIMSHUE BHPXY 3[PaBOCIOBHOTO ChC-
TOSIHHE Ha YOBEKa, 2 IMEHHO Ha XOpaTa ¢ BUCOKO
KpbBHO Hamsrane [31].

[To-BHUCOKHTE YHCIIEHU CTOMHOCTH Ha AJOeIo
CBIIO BIUSAT OTPULATEITHO BHPXY YCJIOBHATA HA
BaJIe)KUTE B CHOTBETHUTE Teorpa)CKu PErvoHHU.
Morar ga ce HaOIrOAaBAT CAyYan, KOTAaTO MHOTO
IBITBT TIEPUO]T OT BpeMe, HAKOJIKO Mecella U JOPH
TOJIMHU HapeJ, KOUTO CE OMHUCBAT ChC ChCTOSHUS
C eKCTpeMHa CyIIa W BIIOCJEICTBHE TIOCIEIBAHO
OT MHOTO TPOJIMBHH ABXKIOBE C MHOTO TOJEMHU
HaBoaHeHus [32, 33].

Taka Bucokara cpemHa rio0aiHa Temrepa-
Typa, EKCTPEMHHUTE TEMIIEpaTypHU BapHaIllH,
MPUPOJTHUTE KATAKIIM3MUA U MHOTO CHJIHUTE BET-
poBe mox ¢opmara Ha yparaHu, IO-KbCHO BOJST
0 TOBIHHUTEHA W34Y€3BaHUS C HEOOpaTuMHU
e()eKTH 3a PaCTHTEIHU U KUBOTUHCKU BHJIOBE.
Bcunuko ToBa Boau 10 yBenMUaBaHe HA YHCICHUTE
CTOWHOCTH 3a eHTpommaTra Ha Omocdepara [34,
35].

YBenuuaBaHETO Ha CEHTPONUATa Ha Ouocde-
pata ce 00yciaBs OT HATHIMETO Ha HeePEKTUBHU
KOMITOHEHTH C pa3pyuiuTeseH epekT BbpXy eKo-
CUCTeMHTE. BCBITHOCT CTOWHOCTTA Ha €HTPOIH-
sTa B TO3W CIIydail € cymaTa OT CHTPOIUATA Ha
ehexTUBHUSA ¥ Hee(DEKTUBHUSA KOMITIOHEHT. Edek-
THUBHUSAT KOMIIOHEHT HaMaJIsiBa KaTO KOJIMYECTRBO,
a HeepekTHBHHAT ce yBenuyaBa. KpaliHusT pe-
3yJITaT € yBeJIM4aBaHe Ha eHTPONHUsATa Ha Ouocde-
para. Kato mpumMep MokeM Jia JaJieM cirydasi ¢ Ha-
MaJsIBAHETO Ha CKOPOCTTa Ha ()OTOCUHTE3aTa Ha
CBETOBHO HMBO. [ JIF0OKO3aTa B JIUCTATa, KOSITO Ce
CHUHTE3Upa OT BBIVIEPOJICH JWOKCHUJ, UMa HHCKa
eHTponHs. BEIIIEpOTHUST TUOKCHI B Ta3000-
Pa3HO CHCTOSIHHE B aTMoc(epaTa ce XapakTepH-
3Upa ¢ BUCOKM CTOMHOCTM Ha eHTpomus. Tosa e
Hee()eKTUBEH KOMIIOHEHT M TO3H HEe(PEKTHUBEH
KOMITOHEHT HE C€ yCBOSIBa HAITBITHO B IpoIleca 3a
¢dorocunTtesa. [IponiechT Ha PoTOCUHTE32 HA CBE-
TOBHO HWBO € HaAMaJICH ITOpajii HaMaJIsIBAHETO Ha
TOPCKUTE oM. B MOMeHTa nMame pe3ynrTaT OT
MPEeKOMEPHO  HATpylBaHe Ha  BBIJIEPOJICH



TUOKCHI B arMmocdepara oT mopsmbka Ha 15
Gt/ronuna rumoc pomsiaauTenHu 20 Gt/roguHa ce
abcopOupar ot Boaute Ha OKEaHUTE, KOSTO BOAH
JI0 TIOBUINIABaHE Ha KUCEIWHHOCTTA Ha BOJHUTE C
pe3yiTar 3a u3ue3BaHe Ha Mopckata ¢opa u da-
yHa [36, 37].

ChappikaHUETO Ha KHUCIOPOJ B aTrMocdepara
HamansiBa [38, 39]. 3a ma ce BH3CTAaHOBU KHCIIO-
poIbT B aTMocdepara A0 ChbCTOSHHETO OTIIPEIU
100 roguHU, € HEOOXOAMMO Ja Ce YBEJINYaBa III0-
IIUTE Ha TOPUTE B CBeTOBeH Mamiabd. B cemioro
BpeMe 3€MHAaTa MOBBPXHOCT MMa TCHICHIMS Ja
ObJle mpeHaceneHa oT Hoocepara.

U Taka, emnupudHO HaOIIO1aBa CE, Y€ YBEIH-
YaBaHETO Ha €IWH KOMIIOHCHT KOCBEHO Ou J0-
BEJIO JI0 HaMaJIiBaHE Ha JAPYT KOMIIOHEHT KOETO €
MPOJMKTYBaHO OT HEOOXOAUMOTO yCIOBHE 32 Ch-
IIECTBYBAHETO HAa CTA0WJIHO CHhCTOSHHME Ha Ta3u
cnoxxHa cucrema buocdepa-Hoochepa-Texnoc-
depa [40, 41].

Texnocdepara e cb3mazeHa ot Hoocdepara, a
OT CBOSI CTpaHa ChCTOSHUETO Ha OMocdepara ce
MPOANKTYBa OT TexHocepaTta W HoochepaTa
[40].

VYBenuuaBaHETO Ha eHTpomusATa Ha buocde-
paTa BOJU KOCBEHO Ype3 OKOHYATEIHOTO pellie-
HuUe oT cTpaHa Ha Hoocdepara 1o HamansBane Ha
eHTporuaTa Ha TexHocdepara [42].

HamansiBaneTo Ha €HTpOMUATa HA TEXHOCHE-
pata Ou O3HauyaBayo pa3paboTBaHETO HA HOBHU
TEXHOJIOTHH, KOUTO Ca MHOTO TMO-e(heKTHBHH B
pasrpaHU4aBaHeTo UM OT cTapuTe [43, 44].

B T03u cMuCHa Hcanu3upan ciaydai Ou 6o
paszpaboTBaHeTo Ha cymnepe(eKTHBHM HHCTaa-
1MUY 3a peoOpa3yBaHe Ha CITbHYCBA CHEPIHUS 3a
pasiuKa OT SJICKTPOILICHTPAINTE, KOUTO H3IOJ3-
BaT TOPUBO CHIIPOBOJIEH ChC 3HAYUTEITHH BPETHU
emucun B atmoc(epara. HoBara mHCTamanus 3a
nmpeoOpa3yBaHe Ha CI'bHYEBA CHEPTHUs CE XapaKTe-
pu3upa ¢ HHACKA CTOMHOCT HA EHTPOIUS, TOECT
e(heKTHBHOTO HOBO Ka4eCTBO HA HOBHS MPOTYKT
MMa HUCKA eHTponus. To3u XUIOTEeTHYEH CyYait
MO-KbCHO III¢ JIOBEJIE 10 HAMaJIsIBAaHE Ha CHTPOIIHU-
siTa Ha Onocdepara, a 3a Hoocdepara MOXKe J1a ce
O4YaKBa YBEITMUCHUE HA CHTPOIIUATA B PE3yJITaT HA
yBeJIMYaBaHETO Ha HaceJeHueTo. HamansBane Ha
eHTponus Ha TexHocdepa Moxe /1a gaBa pe3yd-
TaT 3a yBeJIMYCHHE Ha EHTPONHs Ha Hoocepa 1 B
CJIyYad 3a HIKAaKbB ,,Xa0C”’ BbB BPB3Ka ChC 3aryOu
Ha paOOTHM MecCTa 32 ChOTBETHUSAT MOMEHT OT
BpeME ChC pa3BUTHE HA YYCTBUTEIHH CTPECOBH
CBCTOSIHUSI HA YOBEYECTBO C Bb3MOXHO Pa3BUTHE
Ha MICUX0-€MOLIMOHATIHU pa3cTpoiicTBa [45].
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YBennuaBaHETO Ha EHTPOMNUATa Ha Hoocde-
pata MOXe Ja € 3a cllydas Ha yBelIM4aBaHe Ha
enuaeMuuTe u 6osectu [46].

Ot 6uonkoHO(pHU3UYHA, MEAUIIUHCKA U (hHU3HO-
JIOTUYHA TJEHA TOYKa, YOBEKHT CE XapaKTepH-
3Wpa ¢ BUCOKA SHTPOIHS B MTATOJIOTHYHO CHCTOS-
uue [47].

Bucokara entpomnust Ha 4oBeka (Hoocdepa) e
MIPOJIUKTYBaHa OT BHCOKaTa €HTPOMHs Ha OHoc-
(hepara KOATO € HATpyHaHa ¢ HeC(PESKTUBHU KOM-
noHeHTH [48]. TouHO B TO3U ciyyaii OMxMe oJak-
BaJll HaMaJsBaHE CHTPOMUATa Ha TeXHOcdepaTa
B CJIy4auTe Ha MaHJIEMUH, TIOpaJd HaMaJlsIBaHE Ha
MIPOU3BOJICTBOTO Ha MPOIYKTH.

HamansiBaneTro Ha eHTpomusATa Ha TEXHOCHE-
paTa B TO3H Ciiydail € 00yCIIOBEHO OT HaMalIsiBa-
HETO Ha IPOU3BOJICTBOTO HA MPOJYKTUTE U TOUHO
B TO3M CIy4ail MOXKEM Jla O4YaKBaMe IMO-KbCHO Ha-
MaJsBaHe Ha EHTpOmusATa Ha Omocdepara, KOETO
€ 00yCIIOBEHO OT TMOCTEIBAIlOTO HaMaJlsiBaHe Ha
HEWHUTE Hee()eKTUBHUTE KOMITOHECHTH [47, 48].

Heka xurmoTteTnyHo N1a ¢ MpeACTaBHM, 4Ye B
JAJICHUST MOMEHT IPU TOYHO (PpUKCHpaHa CTOM-
HOCT Ha CHTpoIusATa Ha Ouocgepara, TexHoche-
pata Oum W3Ye3Halla HAMBJIHO (T.e. eJeKTpUdec-
KHST TOK OW CTIpsiT HAITBJIHO MO IisjiaTta 3eMst 3a
CPaBHHUTEIHO JIBJIBT TIEPUOJT OT Bpeme). TOUHO B
TO3HW CIlydail eHTpOnusTa Ha TeXHocdepara ¢
HyJIa ¥ TIPOCTO OT MaTeMaTH4YecKka TieHa TOYKa
HapacTBa EHTpONUiITa Ha HoocdepaTa, KOSTO
TOYHO C€ U3PABHSBA C IPOMSIHATA HA CHTPOIUSTA
Ha Onocdepara. YBenndaBaHETO Ha €HTPOIHATA
Ha Hooc(epara B TO3M ClTydail ce XapakTepusnpa
C Xa0C C EBOJIIOIUS KbM ChCTOSHUE C TICUX0-EMO-
[IHOHATHY pa3CcTpoicTBa. YOBEKHT ¢ "H3XBBpiIcH"
OT CBCTOSHUETO Ha paBHOBecue. [lcuxmaHuTe
pa3CcTpoOKCTBa ca ciyyall Ha TaTOJNIOTHS U OT Me-
JMUITMHCKA TJIeHA TOYKa TOBAa CHCTOSHHE CE
OTIFICBA C BUCOKA eHTpomus [47].

Taka 4e BCHYKH TE€3U TPU OCHOBHH KOMIIO-
HEHTa Ha C/JIMHHATA CIIO)KHA CUCTEMa Ca TACHO
CBBbp3aHH MOMEeKAy cu. KoMmoHeHTHTe ca (pyHK-
LIMOHAJTHO TSCHO CBBP3aHHU IIOMEX Ty CH KaKTO Ka-
YECTBEHO, TaKa U KOJIMYECTBEHO. Te ce pa3BuBaT
JUHAMHYHO U U3MEHEHHETO Ha €AMH OT TAX BOIM
JI0 U3MECHEHHE Ha OCTAaHAITUTE KOMITOHCHTH.

UoBeKbT, KOUTO € CIIO)KHO OHMOJIOTHMYHO Ch-
[IECTBO, HE MOJKE J]a ChIIECTBYBA OTACITHO HITH Ja
€ U30JIMpaH OT ApyruTte JiBe. Tol € TECHO CBbP3aH
¢ TsX. Hamocnenpk, 90Be4eCTBO € MO-TACHO CBBP-
3aHa ¢ TexHoc(epara.

Ilen na padora
Heobxomumo e eHo pa3paboTBaHe HA SHTPO-
NUfHATA KOHIEMIUSA 3a YHUKATHATA CIIOXHA



cuctema ouochepa-rexHochepa-noocepa ¢ el
OIMCaHKE Ha EBOIIOIMATA BB BPEMETO ChC CHOT-
BETHOTO pa3pabOTBaHE HA KAYECTBEHO W KOJH-
YECTBEHO OOSCHEHME 3a Ta3W CUCTeMa. BaxHO e
Ja ce pasrpaHuyaT e(EeKTHBHUTE M Hee(EKTHB-
HUTE YaCTH Ha CUCTEMUTE U J]a C€ YTOYHH 32 YBe-
JMYSHUETO HA CHTPOIMHMATA 32 CMETKATa Ha e(eK-
TUBHUTC WIN Hee(i)eKTI/IBHI/ITe KOMIIOHEHTH Ha
KOMIUIEKCHAaTa cucTeMa. [IOHATHETO EHTpOmHs
MOKa3Ba YHUKAJTHATA B3aUMO3aBUCHMa CUMON032a
Ha KOMIIOHCHTUTE Ha Ta3u CJI0XHA CHCTEMA U Ch-
OTBETHOTO KaueCTBEHO 1 KOJIMYECTBEHO U3PadOT-
BaHC HA PABHOBECHOTO W CTAI[MOHAPHO CHCTOS-
HHUE HA CHCTEMAaTAa.

MeTtonnka Ha u3cjeaBaHe

Ot TepMOAMHAMHUYHA TJIEIHA TOYKA, YOBEK €
e/lHa OTBOpEHa OWOJIOTMYHA TEPMOJMHAMHYHA
cucrema. Criopen Tteopumrte Ha [IpuroxuH wu
O3zanrep, eHTpONUATA HA OTBOPEHATa CUCTEMA CE
pasBUBa KbM MaKCHUMajHa CTOMHOCT C KpalHHS
pe3yaTaT 3a CTaIlliOHapHOTO ChCcTosiHUE [49].

UoBek HENMpPEKbCHATO OOMEHS BEIIECTBA C
BBHHIIIHA Cpefia, KosATo Ae-(hakto e bnoctepara.

Temmepatypara u aTMoc(hepHOTO HaIATaHe ca
OCHOBHHUTE TEPMOJUHAMHUYHH MapaMeTPH, KOUTO
JUKTYBaT CTa0MJIHOTO CTallMOHAPHO CHCTOSHHUE
Ha yoBeka. EHeprusara Ha Tazu cioxxHa Ouoso-
rMYHa OTBOpeHa cucTeMa Ha YoBeka MMa crenu-
QJIHO HaMMEHOBAaHUE - CBOOOIHA €HEprusi Ha
I'u6c, koeTo e eHeprusTa Ha cucTeMara Ipu Hnoc-
TOsIHHO Hansrane (P=const) u mocrosiHHa Temre-
patypa (T=const). Tasu eneprus 3aBuCH OT Ma-
caTa Ha 4YOBEKa, MOJIAPHUTE MacH Ha ISIOTO 4O-
BEIIKO TSUI0, KAKTO M OT BEIECTBAaTa, KOUTO Ce
npueMar oT 4oBeKa oA (opmara Ha KHCIOPOJ,
BOZA, XpaHUTEIHHU BELIECTBA, JEKapcTBa U Ap.,
HHTEPBAIBT OT BpEME MEXIy NPHEM Ha BELIECT-
Barta [50, 51, 52, 53].

CroTBeTHaTa cBOOOmHAa eHeprus Ha [HOC
(AGmol), (J/mol) kosTO € pa3zpaboTeHa B ropecro-
MEHATUTE HAay4yHH pabOTH, KAaTO 3aBHUCHMOCT OT
Macara, BpeMETO U KOJIMYECTBOTO Ha BXOSLIUTE
MOJIOBE Ha BEIIECTBOTO €:

B 2.M.R.T.morg At

" m, M, In2" (4.2

M-monapHa Maca Ha IPUETHUTE BEIecTBa (Xpa-
HUTEJIHU, MEAUIUHCKH, KHCIOPOJ WM BOJA); Myf
- CbOTBETHATA Maca Ha MPHETH BEIIeCTBa (XpaHH-
TEITHW, MEIUIMHCKH, KUCIOpOX, Bona); R-yHH-
BepcajHa ra3oBa KOHCTaHTa; T-abCoMOTHA TeM-
nepatypa (T=310 K); mor, - MacaTa Ha ChOTBET-
HHS OpTaH, PeLenTop WIH ISIOTO YOBEIIKO TSJIO;
Moz - CHOTBETHaTa MoOJapHa Maca (3a IUIOTO

AG (D
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qoBemKO Tso € =~ 20 g/mol); T - mHTEpPBAN OT
BpeMe B yacoBe (h) 3a mprema Ha XpaHUTEITHH Be-
IIECTBA; IpUJIaraHe Ha MEAUIUHCKH JI03H, KUCIIO-
pon u ap.; A - npenekcnonenimanes daxrop (h')
U TO3U (DaKTOp € KOHCTaHTaTa Ha CKOpOCTTa Ha
eMMUHUPAHE A 3a CITydasi HA MHOTO MaJIKH MOJIe-
KyJnu ¢ MojapHu macu M—0 [53].

YoBEeKbT KOHCYMHpA KaTO IISUI0 XPaHUTEITHU
BEII[ECTBA 3aeHO C BoJa OT Topsabka Ha 2500
rpama Ha jaeH (<2000 e Boxa u =500 rpama obmra
Maca 3a MPOTEHHH, BhIIICXUAPATH U Ma3HUHH) H
ChOTBETHOTO KOJIMYECTBO MOJIa XPAHUTEIHHU Be-
mecrtBa Ha faeH € 2500 /500=5 Moia ¥ ToBa KOJIHU-
YECTBO OT 5 MOJIa OCHTYPsIBa TIPOM3BOJICTBOTO Ha
100-150 moma AT® Ha 1eH, KOETO € HEOOXOIMMO
3a mpoleca Ha Xuapoiu3a. Toraa oomara eHep-
rus ot 12 (MJ), pasnenena Ha 5 mona, maBa pe-
3yJITaT OT mopsiabka Ha 2,56 (MJ/mol) [54, 55] u
ChOTBETHHUAT BPEMEBH HMHTEPBaI MOXKE Ja Obie
MIPEU3YUCIICH KaTO:

AGyoV-Mpogy-In2 2,56.10°.5.20.In2

L2 ok, _4IN2 SRR _
A 0.5
_ % 20430509 _ 2.4963(h) = 3(h)

()

[lo To3u HauWH 4YOBEK IMpHEMa CHOTBETHUTE
XpaHU U BOJA Tpe3 AEHsS C MHTEPBAJT OT JBA WIH
TpH gaca (0KoJI0 4-5 IMTH HA JICH),

o ce oTHacst 10 KOHLEMIMITA 32 EHTPOIIHU-
SITa, I0KA3aHO €, Y€ YOBCIIKUAT XUMHUYCH MOTEH-
1Ma e ot nopsiabka Ha 2,75 - 3 (kJ/mol) [56, 57].
OO1I0TO KOJIMYECTBO MOJIOBE, KOUTO YOBEMIKOTO
TSUJIO CHABPIKA B 3aBUCHMOCT OT Macara Ha TsUI0TO
e ot nopsirbka Ha 4000-5000 mona. EdexruBHaTa
MoJiapHa Maca Ha yoBeka e okouo 20 (g/mol). Cb-
OTBETHATa BapHalus Ha CBOOOAHATA €HEPrus Ha
I'ubc e or mopsapka Ha 10 (MJ) -13 (MJ),
(2,75(kJ/mol x 5000 mol = 13,75 MJ xoero
BCBILHOCT € HEOOXOJUMOTO KOJIMYECTBO CHEPTHS
Ha JICH B pe3y/iTaT Ha KOHCyMalusTa Ha XpaHU-
TesHu BenecTBa. ChOTBETHATA BapHallUs HA CHT-
ponusATa Ha YOBEIIKOTO CHIIECTBO CE ONpPEeist
KaTo:

_AG

AS = ; [JIK
7 [J/K]

€)

AKO eHTpOIHs Ha YOBEKa 3a eJINH JICH Ce MPo-
MeHu cse ctorHocT =35 (kJ/K) u ako HaceneHu-
€TO Ha CBeTa € ~7 MWiInapja, Torapa odmara eH-
Tpomus Ha 4yopemkara chepa (Hoochepa) AS; e
OT MOpSI/TbKA:

ASh = 35:10%7-10°=245-10"(J/K)=2.45-10"*(J/K)

% 2.5:10"(J/K)=2.89-10° (W/K)



CroitHOCT OT TI0T00CH MTPUOIUZUTEITHO MTOPSI-
bk 2,58:10° (W/K) e monydeHa B HaydHaTa pa-
6ora [58].

CBBpEeMEHHOTO ChCTOSIHUE Ha Ouocdepara ce
XapaKTepu3npa ¢ HATMINEeTO Ha OMTACHHU 3aMbPCH-
TeJN: HUTPATH, HUTPUTH, CEPEH TUOKCHI, O30H,
A30TCH OKCHUJ, a30TEH MIHOKCUJ, IBXKIOBE ChC
CsApHA KHCeNMHA, (UHU MHUKPOHHU YaCTUIUd OT
OJIOBHH METAJIM M IPYT'H OKCUIHM Ha METaJld, Yac-
THIU OT BBIIIEPOJN M YACTHIU OT IJIACTMACOBHU
MaTepuaiy, CyClIeHIUpaHu B atMocdepara U Bo-
nure u ap. Hal-rosigMm € [enbT Ha BBITIEPOAHUS
nuokeun (75%) [59].

Bceska roguaa atMocdepaTta HaTpymBa BbIIe-
pPOJIEeH JHOKCHI ChC CHOTBETHOTO KOJIMYECTBO
tommaa 3-10% (J). ChOTBETHO MMa HATPYIIBaHE
Ha TorurHa 3a equn aex: 8:10'7 (J) [59]. Crotset-
HOTO M3MECHEHHUE Ha CHTpONMITa Ha Omocdepara
3a eIMH JIeH e:

8-10"7
300(K)
CncrostHMeTO HA Onocdepara ce BIuse OT ChC-
TOSIHHETO Ha YOBEIIKaTa cepa, KakTo u oT ce-
para Ha MaTepUaINTEe, KOUTO C€ KOHCYMHpAT H
MPOM3BEXKIAT OT HHAYcTpHsATa (TexHocgepa). [1o
TO3HM HAYMH EHTPONUHHHUTE BapHaluK Ha Ouocge-
para ca cymaTa OT EHTPONMHHHTE BapHaIlM{ Ha
TexHoc(epara 1 Ha YoBelIkara chepa.

bios—re

=27-10°(J/K)=3-10"(W / K)

ASbios—re = AS + ASh (4)

CroTBeTHaTa BapualUsl HAa EHTPOMUATA Ha
TexHocdepara e:

ASrtech-re = ASBios-re = ASh
0.289-10'°(W/K)=2.71-10"Y(W/K)

HeoOxomumo e ga ce mpoBepu TO3H pe3yiTar
or 2,71-10' (W/K) ¢ peannus. Koraro onucsame
Texnocgepata, OCHOBHUAT POKYC € mOTpeOIeHu-
€TO Ha eJIeKTPUIECTBO, KOETO CE U3IT0JI3Ba 32 IIPO-
W3BOJICTBOTO HA MMOYTH BCUUKU MPOIYKTHU 32 KOH-
cymauus u ynorpeba ot yoseka [60]. M3uucneHo
e cpeano 28 kW-h enexkrpuuecka eHeprusi Ha JACH
3a BCEKW 4oBeK. [Ipu Hero ce B3emaT MpenBUJ
CHEPTUHHHUTE Pa3XOAM 3a MPOM3BOACTBOTO Ha
BCUYKH CTOKH OT BCHYKH (aOpWKH M aKo Te ce
pasnpeneNnsT paBHOMEPHO 32 ISUIOTO HaceJleHHe
Ha CBETa, TOraBa HaMCTHHA Pa3XOIUTE Ca OT IO-
psaabka Ha 28 kW-h Ha neH 3a Bceku 4oBek [60].
AKO TO3U pe3ynTar ce YMHOXH MPHOIH3UTEIHO
o 7 MUJMap/a HaceleHue, ToraBa oomiara KoH-
CyMalus Ha EHEeprus e:
28-7-10°(kW+-h)=196-10°(KW.h)=196-10"2
(W.h)=196-10'%(J/5)-3600(s)=705600-10'*(J)=
7-10"7 (J).

Tech—re

3-10"%(W/K) -
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CroTBeTHaTa IPOMSIHA HA EHTPOINUATA HA TEX-
Hoc(epaTa 3a e1H JIeH €:

7-10"(J)/(24-:3600(s)-300(K))=2.7-10"(W/K)

Ilo To3u HauuH ce AO0Ka3Ba, Ye PEATHUAT pe-
3yJITaT OT €JIEKTPOIOTPEOICHUETO ChBIAJA C U3-
YHCJIeHaTa CTOMHOCT B MUHUMAJTHUTE MIPEAeIH Ha
TOYHOCTTA.

O0cBhiKIaHe HA pe3yJTaTUTe

Tasu cnoxna cucrema Hoocdepa-buocdepa-
TexHochepa Moxe J1a ce pasriexia Kato "3aTBo-
peHa" cucTema 1o OTHOIIEHHE Ha MHOTO OTJale-
YEHO MHCIEHO NpocTpaHcTBo [61]. EHTponusTa
MoJly4aBa MaKCHUMaJjHa CTOHHOCT C TEYCHHE Ha
BPEMETO U C€ JOCTHUTa ChCTOSHUETO HA PaBHOBE-
cue 3a Tasu "3aTBopeHa" cucTeMa. YBelndaBa-
HETO Ha CHTPONHMATA HA Ta3U CIIOKHA CUCTEMA Ce
JBIDKM Ha yBEJIMYaBAHETO HA Ta3000pa3HUTE 3a-
MBbpcHUTENH B atMoc(epata. EBomonusTa Ha eHT-
pOMUsTa C BPEMETO Ha Ta3u CJIO0XKHA CHCTEMa Ce
3amuMcBa Karto:

ds _ds,

as ds

- _ + tech—re + bios—re (5)

dt dt dt dt
das
~— = () €CJIydJasT Ha CTallHOHAPHO ChCTOSHUE
dt

Y TOBa O3HAuYaBa, Y€ HsIMa MPOMSHA Ha CHTPOITH-

sTa BbB BpeMeTo. Torasa:
dS, __ ASienre _ BShiosre (6)

dt dt dt

Axo eHTpomnmaTa Ha Omoceparta ce yBEIUIH
nmopajy yBEIWYaBaHETO HA Tra3000pa3HHUTE 3a-
MBPCUTENIH U aKO SHTPOIUATA Ha TeXHOC]epaTa
ce yBeJINYH TIOPaJIv OsBaTa Ha HOBH TEXHOJIOTHHI
B MIO-TOJIEMH KOJIMYECTBA, TOTABa MOXKE JIa CE T0-
Jy4H TaKaBa CHTyaius, 4e cpepara Ha YOBEUECT-
BOTO (HOOC(hepa) Aa ObAe B CHad IO SHTPOIHUS:

ﬁ <0- Karo [4JI0 CHTPOMUATA 3aBUCHU U OT KO-

dt
JUYECTBOTO HA CTPYKTYPHUTE €IEMEHTH H 32 CITy-
yas Ha YOBEUECTBOTO C HACEJICHUE OT 7 MUIMapaa
MO3Ke J1a ObJIc HAYaJIOTO Ha HAMaJIIBaHETO Ha Ha-
CEJICHHETO TMOpaau OOJECTH W €MHIEMUHU, KOUTO
ca CBBbp3aHH C YBEINYABAHETO HA 3aMBbPCHUTEIH.

S
Obparnata cuTyauus h > Omoxe ma ce
dS bios—re
CTUTHE, KOraTo T’< 0. Ta3u curyauus
t

dSbios—re
—<0 MOXE Oa € 3a Cliydasd Ha yBEJIn4a-

dt
BaHE Ha CKOPOCTTA Ha (HOTOCHHTE3aTa C yBeIrya-
BaHEC Ha CKOPOCTTAa HA MPOU3BOJACTBO HA KUCIO-
pox u riroko3a. [1o oTHoneHue Ha TexHocdepara,



dStech—re
dt

4aBa, 4€ TO3H KOMIIOHCHT AOCTHUI'A ITOJTOXKCHUCTO

Ha BHUCOK IMOPAABK HAa KAYE€CTBOTO Ha IMPOAYKTHUTE

¢ BUCOKa e(pexkTuBHOCT. Taka 4e, ako CTOMHOC-

dSbf().\'—)'ﬁ <0 dSzechfre < 0

TMTEe ca Al ; dt

s, >0
NHATa Ha 9YOBEYECTBOTO d O3HaYaBa MPOCTO
yBeIMYaBaHE Ha HACENCHHETO Ha YOBEYECTBO C
TeyeHue Ha BpeMeTo. Ho kato msmo, TexHocde-
para MOXKe J]a Ce XapaKTepusupa C J[Ba KOMIIO-
HeHTa: 1) edexkTuBHa 4YacT W 2) HeedeKTHBHA

qacT.

ChbIIOTO HAMAJISIBAHEC < 0 moxe Ja O3Ha-

, TOraBa 3a CHTPO-

eff ds ineff

tech—re dS
= +
dt dt dt (7)

EdexTuBHaTa yacT ocurypsiBa HaMaJsIBAHETO
Ha EHTpPONHATa Ha TexHocdepara mopamy BHCO-
KOTO Ka4eCTBO Ha MPOTYKTUTE C BUCOKA €(DEeKTHB-
HOCT, KaKTO M HOPMAJIHOTO (PU3HOJIOTHYHO pas3-
BUTHE Ha YOBEKa!

ds, _dSy
di dt (8)

HeedexTnBHaTa yacT ce OoTHacs O TaKUBa
€JIEMEHTH, KOUTO HE CE KOHCYMHpAT OT YOBEKa.
Hampumep, miacTMacoBUTE M3JETUS €€ OTHACST
KbM Hee()eKTHBHUTE KOMIIOHEHTH, KOMTO MOTaT
na OpaaT HaTpynaHu ciydaiiHo B Ouocdepara,
0co0eHO BHB BOJIHATA 30HA WU B aTMocdepaTa
noj; ¢popmara Ha TIACTMACOBH MHUKPOMETPUYHU
YacTUIM C omaceH e(QeKT BBbPXY YOBELIKOTO
31paBe, 0COOEHO BBPXY [AMXATEIHUTE IMBTHLIA
[62].

AreHusTa 3a Ola3BaHE HA OKOJHATAa cpena
(AOC) nma ¢yHKIHMS 32 MOHUTOPHHT ¥ KOHTPOII
Ha ChCTOSHUETO Ha ekocuctemute [63]. Taka de,
KaTo 110, OMocdepara ce HaTpynBa ¢ Heedek-
THBHH OTIIAIbII U CHTPOITMHHHUAT KOMIIOHEHT Ha
Onocgepara e ce CbCTOM OT JJBa TEPMHHA: €/IH-
HUSIT € CBBP3aH C MPEJUITHOTO ChCTOSHUE Ha OU-
ocdepara, a IPYrHAT € CBbP3aH C 3aMbPCHTEITUTE
(HeedexTHBHA HacT):

ds

ds, ds

bios=re _ Obios—re dSilu’/f (9 )
dt dt dt
Torasa enTponusita Ha Onocdepara ce yBenu-
YaBa C TCUCHHWEC Ha BPEMETO IMOpaan yBEiMdaBa-
HCTO Ha 3aMBPCHUTCIIUTC:

ds!

ds

bios—re bios—re i
dt dt
Hanpumep, ako Hee(heKkTHBHATA YACT C€ ChC-
TOM camMo OT BbIieposeH auokcus - CO,, Torasa
OTIPEIENICHO KOJIMYECTBO OT TO3M ra3 MOXe Jia ce
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M3M0JI3Ba TI0 BpeMe Ha Tpoiieca Ha (OoTocHHTEe3a
W 32 WICATHUS CITy4Yail Ha CTAllMOHAPHO ChCTOSI-
HUE, KOTaTO LEIHAT OTIEICH BBIVICPOJCH THUOK-

Cua MOMECHTAJIHO C€ H3IIOJI3BaA 34 (l)OTOCI/IHTe3a,
/

dSbiusfre

_— = 0 1 CC I1oJIydaBa CICIAHHUAT U3-

dt

TOoraBa

dShios—re _ dSine[f (Coz) .
dt dt
Tyx e BaxxHO Ja ce moA4eprae, 4e NpH Hama-

JIsIBAaHC Ha KOJIMYCCTBOTO Ha Hee(l)eKTI/IBHaTa qacT

pas.

dt
Ja CC BB3CTAHOBU OT IUIOIIUTEC HA TOpUTC

dSbiosfre
dt

ot CO; ce yBenuuaBa ¢ TCYCHHUE Ha BPEMETO, TO-
raBa dSpiose < 0 ¥ TOBa O3HaYaBa M3Ue3BaHE HA
MHOI'O KOMIIOHEHTH C T€YEHUE Ha BPEMETO (M3-
ye3BaHe Ha (popa u dayna).

OueBUAHO €, Ye SHTPOMUSTA 3aBUCH HE CaMO
OT arperaTHOTO ChCTOSHUE Ha BEIIECTBOTO, HO
CBILO 3aBUCHU U OT KOJIMYECTBOTO HA KOMIIOHCH-
TUTE Ha cucTemaTa. ['a3000pa3HOTO arperaTtHo
CHhCTOSIHUE WMa TI0-TOJIsIMa EHTPOIHUST OT TBBP-
JI0TO cheTostHUE [64]. [0IIsIMO KOTMYECTBO B KH-
JIOTpaMH OT CBHIIOTO BEIIECTBO JaBa pe3yiTar OT
no-rojsiMa enTponus [64]. CnenuamHuAT citydai,

dS,.;| |ds, /
ineff > bios—re bios—re > O u
dt

dt

O3HAYaBa MPEKOMEPHO HATPYIBAHE HA 3aMbPCH-
TEJIN ¢ OTIACCH pa3pyIIuTeacH eheKT BbpXy MpH-
ponarta. [Tpu 3amectBanero Ha (7) u (8) B (5), ce
HOJTy4YaBa CIACTHUAT U3Pa3:

(deneff (€0, < Oj Oouocdepara MMa BB3MOKHOCT

> ()j . Taka 4€, ako Hee(i)eKTI/IBHaTa qacT

KOTaTo , Torasa dS

dis =2 dﬁ + dSi”"ﬁ' + dSbios—re (10)
d dt dt dt
M3pa3sT (9) maBa caeaHOTO:
dSbiusfre _ dSliiosfre _ dSi”eff
dt dt dt (11)
3amectBaneto Ha (11) B (10) gaBa cneaHoTo:
ﬁ — 2@ + dSb/ios—re
dt dt dt (12)
Cay4asT Ha CTalMOHAPHO CBHCTOSIHHE as _
dt
JlaBa CIEAHOTO
dSh - _ dSiiios—re (13)
dt 2.dt

To3u m3pa3 (13) uma crmegHus pe3yaraT, |ue
aKo CHTPOIUATA Ha Ouocdepara ce yBenuyana ¢



YBEIMYaBAaHETO HA 3aMbPCUTENNTE, TOTaBa €HT-
porusATa Ha YOBEYECTBOTO HAMAJISIBA.

Hayunata pabora [65] naBa TakaBa nadopma-
LU 32 CHTPONHMATA Ha YOBEUECTBOTO: ,,...BbI-
pPEeKH TOBA, MO-YECTO TE3W CHEAUHEHUS CE OTKa3-
BaT OT CBOOOJHATa CH CHEpPrus, Karo ,,pado-
TAT* BBPXY €KOCHCTEMUTE M YOBEIIKUTE MOIyJIa-
UM, 32 JIa HA Pa3pyliar u Jia yCKOPSIT EHTPOITHY-
HUSI MaKCUMYM 3a OKOJIHaTa cpenia. Pearupaiiku c
TE€3U MPOAYKTH, HAIIUTE CUCTEMH C HUCKa EHTPO-
sl ce MPHONIMKABAT 10 TOIUNIMHHO PAaBHOBECHE U
B KpaifHa cMeTka KbM cMbpT." U Taka, HaBo/He-
HUSTA U IPYTH IPUPOJHH KaTaKIU3MH, KOUTO U1~
BaT OT M3JIMIIHUTE 3aMBbPCUTENH B aTMoc(epara,
BOJISIT IO CMBPTHH CJIyYal HA YOBEYECTBOTO M OT
CBOSI CTpaHa EHTPOIUATA Ha YOBEYECTBOTO, KOSITO
3aBHICH OT KOJIUYECTBOTO HA HACEICHHETO, MOXKE
J1a I0Beze A0 HETOBOTO HaMalIsIBaHe.

ChCTOAHMETO Ha MATOJIOTHATA U OOJIECTUTE Ha
WHAWBHIIA CE€ XapaKTepH3Upa C BHCOKH CTOW-
HOCTH Ha eHTponusTa [66, 67]. YBenuuaBaHeTo
Ha eHTpomusTa ce obscHsBa ¢ (akra, ye CTOU-
HOCTTa Ha CBOOOAHATa eHeprus Ha ['mOc oT u3-
paza (1) HapacTBa mopaau ¢axra, 9e eeKTHBHATA
gacT (mr—(0) Ha KOHCYMUPAHHUTE BEIICCTBA HaMa-
JsBa TIOCTETIEHHO. B XpaHUTETHUTE MPOAYKTH
MOJKE J1a IMa MHOTO BHJIOBE 3aMBbPCHUTEINH, OLBE-
TUTETN ¥ KOHCEPBAHTH KOUTO MOT'aT a ca OIacHH
3a 37paBeTo Ha JoBeka. CieroBaTeTHO e(PeKTHB-
HaTa 4acT € HaMaJIeHa U aJIeprUYHHUTE ChCTOSHHS
MoraT Aa J0BeAaT OO0 MO-CJIOXHH MaTOJOTHYHH
cberostHUs. ChINO Taka 3aMBPCEHUST BB3AYX
BOAM 10 Pa3BUTHE HAa PECHUPATOPHU U Oenon-
poOHU 3a00IsIBaHMS.

3akiIoyenue

YcTaHOBEHO €, ye U3CIICABAHETO Ha EKOJIOTHY-
HUTE YCIIOBHS IIpe3 TOCJIEAHNUTE TOIMHA UMa Ha-
y4eH MHTerpalnuoHeH xapakrep. Tazu cneundu-
KaIs MMa 3a I1eJ1 1a n30epe ONTUMalieH HauKH 32
ONTUMH3HMPAHE HA PELICHHETO C LeJl MOoA00ps-
BAHE HA EKOJIOTMYHOTO chCTOsiHME. Hali-Hakpas
Ce OCh3HABA, Y€ EHTPOIHATA 3aBUCH OT e(PEeKTHB-
HUTE M HeeEeKTUBHUTE KOMIIOHEHTH. Heedek-
TUBHHUTE KOMIIOHEHTH UMAaT HeeeKTUBEH pe3yll-
TaT BBPXY €KOCHCTEMHTE. Y CTAHOBEHO €, Ue Ha-
pacTBaHETO HA EHTPONHATA MOXKE J1a CTAHE KaKTO
3a CMETKa Ha HapaCTBAaHETO Ha KOJIMYECTBOTO Ha
e(eKTUBHNTE KOMIIOHEHTH, TaKa M 32 CMETKa Ha
Hee(heKTHBHHUTE, KOUTO OKa3BaT HETaTHBHO BITHSI-
Hue. Upe3 OMOMKOHOPHU3MUYECKO OINHCAHHWE Ha
€KOJIOTUYHOTO ChCTOSHHE MOXE Ja ce Halumo-
JaBa, Y€ KOMIIOHEHTHTE HA CIIO)KHATa CHUCTEMa
buocdepa-Texnochepa-Hoochepa ca B TiicHa
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B3alMO3aBHUCHMA BPb3Ka, PAKT, KOWTO ce yCTaHO-
BABa 4YpC3 NpujiaraHe Ha NOI'bJIHUTCIIHUA IIPUH-
nun Ha eHTponmsTta. CBoOOIHATa €HEprus Ha
I'mbc ce Banuampa upe3 mpuiiaraHe Ha MPUHINTIA
Ha EHTPOINUSATA 3a Ta3H CJIOKHA KOMIUIEKCHA CUC-
TeMa.
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BBb3JAECTBUETO HA BAMBPCUTEJIUTE BbPXY OKOJIHATA CPEJA U 3JIPABETO
HA YOBEYECTBO

Muxaii [letpoB, 3npaBka Hukonaesa, Anexkcanabp JuMuTpoB

THE IMPACT OF THE POLLUTIONS ON THE ENVIRONMENT AND THE HEALTH
STATE OF THE HUMANITY

Mihai Petrov, Zdravka Nikolaeva, Aleksandar Dimitrov

ABSTRACT: The anthropogenic activity that has the meaning of the ensuring of the material needs of the
Human being has a critical current character with a negative effect on the Biosphere. Emissions from
anthropogenic activity accumulate in the atmosphere in the form of pollutants: greenhouse gases and fine material
particles that have a negative impact on the state of ecosystems as well as on the state of human health. A
generalized diagram is drawn up that illustrates the complex current state of the unique symbiotic system Human
being-Biosphere and the respective remarks that come from this diagram with the aim of the improving of the state

of global ecosystems.

Key words: pollutants, ecosystems, Biosphere, anthropogenic activity, health

BnBenenne

Omna3BaHeTo Ha OKOJIHATA Cpelia U paloHa-
HOTO H3IOJI3BaHE Ha NPUPOIJHHUTE PECYPCH ca
€/IHU OT III00ATHUTE MPOOJIEMH Ha YOBEYECTBO Ha
CBBPEMEHHHUS €Tall, KOUTO ONpEAeIs He CaMO HU-
BOTO Ha COLIMAJTHO-MKOHOMHYECKO Pa3BUTHE, HO
W YCJIOBUSTA 3a ChIIECTBYBAaHE HAa OBICIIOTO IO-
kosenne. [IpobnemMbT 3a OKoNMHATa cpena 3acsara
LeMHsT CBSIT, HE3aBUCHMO OT aJIMUHUCTPATHUBHU
reorpadcku AeieHusl. 3aMbpPCABAHETO HA OKOJI-
HaTa cpeja JIHeC IMpeCTaBisiBa MpobdjeM ¢ To-
JIsiMa 3aTPUIKEHOCT U OTTOBOPHOCT 32 I[SNIOTO YO-
BEYECTBO, C HEOOXOAMMOCT 3a OpTaHU3alMsl, KOH-
TPOJ U JeHcTBUS B 60pOa chC 3aMbpCIABAHETO HA
okonHaTa cpena. Cpef BbHITHHATE (HaKTOPH, OTTO-
BOPHH 3a 3/IpaBeTo Ha YoBeuecTBo ca: BOJa, Bb3-
IyX, HO4YBaTa U 00JeCTUTE, NPOU3TUYAIIN BCIIE-
CTBHE Ha TIXHOTO 3aMbpcsBane [1].

3ambpcsiBaHeTO Ha aTMocepHaTa cpena, Bo-
JiaTa, MOYBaTa BOAM O Ka4ECTBEHA M KOJIUYECT-
BEHa IIpoMsHa Ha IsaTa bruocdepa, mpomenstiiku
ChCTaBa U CTPYKTypaTa Ha Bb3JyXa, TEMIIEPATy-
paTta W nenus KauMmar Ha 3emsra. Bcudko ToBa
MIPOsIBABA CBOETO BJIMSHUE BHPXY HAUMHA HA JKH-
BOT Ha 4YOBEYECTBOTO M BBpXY 3apaBero. OT
JpeBHH BpeMeHa YOBEKBT € OMJT 3arphiKeH 3a ChC-
TOSHHETO Ha OKOoJHara cpena. ToBa Oe3rmokoiic-
TBO € TACHO CBBP3aHO C OMACHOCTTA OT H3YepIl-
BaHE Ha MPUPOJHUTE PECYPCH, C YBEINUABAHETO
Ha pHUCKa OT 3aMbpcsBaHe. HOBEKBT MPOU3BEKAA
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3a HErOBOTO CHINECTBYBAHE U JCHHOCT MPOIYKTH
KOHWTO C€ MPEBbpPHAT C TEUYCHUETO HA BPEMETO B
OTHAABIM W TE3W OTHAIBIU HEMPEKbCHATO Ce
yBenau4aBar [2].

W3uncneHo e, 4ye ceraimHoTO HaceleHUEe Ha
3eMHOTO KBJI00 MPOM3BEXkIa MHOTO ITO-0BP30 3a-
MBpPCSBaHE Ha OKOJIHATA CPEe/ia, OTKOJIIKOTO TIPEIH
neceTmiieTrs. KomudecTBOTO OTManblid HA KU-
TeJ, KAKTO U TAXHOTO Pa3sHOOOpa3ue HenpeKbe-
HaTO ce yBennvapar. CrenuaiucTUTe IPOrHO3U-
par, ue o0eMbT Ha OTMAIBIIUTE HApPACTBA IIO-
OBP30 OT camara Maca Ha IIbPBOHAYAIHUTE TPO-
nyktd. OKomHaTa cpema € OOCKT Ha HaJIekaIlo
XUMHUYHO BB3CHCTBUE, KOSTO 3acsira KakTo Hew-
HaTa CaHOTeHe3a, TaKa U 3][PaBeTO Ha KHUBUTE Ch-
1IecTBa, 0COOEHO Ha 4YOBEKa, OMOJIOTMYHO IIO-
BUCIIIETO, HO M JOCTa YS3BHMO CHIIECTBO. B pe-
3yJlTaT Ha 3aMbPCSIBAHETO Ha BOJaTa, IOYBATA,
BB3/1yXa, XHMUYECKHUSAT PUCK, KOMNTO HOCH, Hapac-
TBa ChC BCSKA TOAMHA. Pa3BUTHETO Ha MPOU3BO/I-
CTBOTO JIOBEJAE 10 3aMbpCsABaHE Ha OKOJHATA
cpena. OT WHAYCTpHATHATA PEBOJIOIHS JIOCera,
WK 1opaau JiMIica Ha JOCTAaTb4YHO 3HAHHA, WU
Iopajyl eJHOCTPAaHHHU, HEMOCPEJCTBEHU HHTE-
pecH, PUPOAHUTE pecypcu ca Owin Ge3mMuioc-
THO EKCIUIOATUPAHU U JCHATYpUPAaHU C BPEIHU
BelIecTBa, €PEKTUTE OT KOUTO €/IBa Cera ce yce-
aT HAITBJIHO B omnpeaeneHn obmactu Ha Ceera. C
MOMOIITAa HA HayKaTa W TEXHOJIOTMUTE ca



NOJy4YE€HU CHHTETUYHU CheAMHEHHs Oe3 1a ce
MMa €KBMBAJEHTHOCT B IIPUpPO/ATa KaKTo 110 ChC-
TaB, TaKa M [0 KOJIWYECTBO U YUCTOTA. TakuBa ca
IUTACTMACOBH M3ENNS 33 EAHOKpaTHA ynoTpeda u
KOMTO Ca IOIBJBAIM IOYTH BCHUUKUTE BCEBbB3-
MOXHHM MECTa B €KOCHCTEMUTE C BPEIHOTO Bb3-
neiictBue BbpXy Quiopa u payHna mopaau 6aBHOTO
pasrpaxnane [3,4].

Pa3smepure oT nopsiibKka Ha MUKPOMETPUTE Ha
TE€3H IIACMACOBH M3JIEJINS B IIOCIETHO BpeMe uMa
OpPsSKO BPEIHO BB3ICHCTBHE BHPXY METabOIUT-
HUTE TPOIIECH, KPbBHATA U PECITUPATOPHUTE CHUC-
TeMH Ha 4oBeka. [loBeueTo OT Te3u OTHagbuHH
NPOIYKTH C€ OKa3axa yCTONYMBH, HHTETPUPAHKH
ce€ MHOTO TPYAHO B ""MeTab0NMUTHUSA" TIOTOK Ha 3e-
MsiTa. PHCKBT OT Te3H BelllecTBa €, ue Morar Jia ce
npeoOpasyBar B OIIe MO-BPEIHH BELIECTBA, C OT-
punaTesHu e(heKTH BHPXY YOBEHMIKUTE (HUIUOIO-
ruuHr (GyHKnuu. Ch3HABalKH 3a M3YEPIIBAHETO
Ha 3€MHHUTE PECypPCH, YOBEKHT HAacO4YBa HAJIEK-
JUTE CU KbM OOraTcTBOTO Ha MOpeTara M OKea-
Hute. C TeUeHUE Ha BPEMETO YOBEKBT € MPEBBP-
HaJl IVIAHETAPHUS OKEaH B CMETHILE 32 TOKCHYHH
ornaasiy. Ona3sBaHeTo Ha OKOJIHATA CpeAa, MoA-
IBbPKaHETO Ha OallaHC BHB BCHYKH €KOJOTHYHH
cucTeMH TpsibBa na Ob/ie YacT OT OTTOBOPHOCTTA
U MOPAIHOTO 3alIb/DKEHHE 3a IuoTo YoBeuec-
TBO. ChC CUTYpHOCT MOXeE Aa Ce TBBPAH, Y€ 4O-
BEIIKOTO BIIMSIHUE BBPXY OKOJIHATA cpena € JIo-
BEJIO JI0 IPOMEHM B aJaNTHBHATa cucrema B bu-
ocdepara. HabnromaBar ce OTKIIOHEHUS B €KOJIO-
ruyHus OamaHc, yBellM4aBaHE Ha yecToTaTa Ha
pakoBu, MHGEKUUO3HW 3a00JsBaHHSA, aJeprHH,
HaMaJsIBaHE Ha KOJIMYECTBOTO M Ka4eCTBOTO HA
BOJlaTa, HAMaJsIBAHE HAa CAHOI€HEe3aTa Ha OKOJI-
Harta cpeza. Beue e U3BecTHO, Ye KaueCTBOTO Ha
OKOJIHATa CpeZa BIIUsIE NPSKO WK KOCBEHO BBPXY
3paBeTO Ha HAcEJIEeHUETO [5].

OCHOBHHAT €KOJIOTUYEH NPOOJIEM Ha ISIIOTO
YOBEYECTBO € I'OJSIMOTO 3aMbpPCSBAaHE HA OKOJI-
HaTa cpelja U OCTaBa JJOCTa TPEBOXKEH, BBIIPEKU
HSIKOM ONHTH 32 NMOJO0OpsABaHE Ha CUTyalusTa B
Ta3u Mocoka. Makap aa ca 6aBHM CBETOBHHTE pe-
HIEHUs CIIPSIMO MEPKHUTE KOUTO ce 00CHKAAT, BCe
uMa HaJeXIa 3a MoJoOpsBaHE HA aKTYyalHOTO
KPUTUYHO ChcTOsiHUE Ha brocdepara B Obaerie.

Iles na padora

Heobxomuma e cucreMaTusaius Ha HAyYHOTO
OIMMUMCAaHNE BBPXY C€KOJOTrMYHATa TEMaTuKa C Ka-
YecTBEHA M KOJIMYECTBEHA METOAMYECKa pa3pa-
00TKa, KOSITO J1a IIPEIOCTABH €/{Ha Bh3MOXKHOCT 32
PETPOCIIEKTHBHOTO OOSICHEHHE BHPXY TEKYIIOTO
ChCTOsSIHUE Ha buocdepara M Ha YOBEIIKOTO
3IIpaBe.
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MeToauka Ha H3CJIeABaHe

YoBeKbT KaTO MHTETpaTUBHA YacT OT buocde-
paTa 3aBHCH H3I[UIO OT TEKYIIOTO ChCTOSIHHE Ha
Tasu TyIo0agHaTa cHCTEMa. BIOIIEHOTO CHCTOSI-
Hue Ha buocdepara mopagu HamuuymeTro Ha 3a-
MBPCUTENH Bb3CHCTBA BBPXY 37JpaBETO HA YOBE-
YECTBOTO.

Cropen CBeToBHaTa 3ApaBHa OpTraHHU3AIHS
(C30) 3amBpcsiBaHETO HA BB3/IyXa BOIH 0 OKOJIO
8 MWIMOHA TPEKACBPEMEHHU CMBPTHH CIIydas
BCsIKa TOJMHA. bojiecTn NpuYMHEHU OT 3aMbpCs-
BAaHETO Ha Bb3/yXa ca ciegHuTe [6] :

* 40% — ucxemMu4Ha 00JIECT Ha ChPLETO

* 40% — uHCYAT

* 11% — xpoHnuHa 00CTpYKTHBHA Oeso-
poOHa OomecT

* 6% - pak Ha Oenus apod

* 3% — ocTpu HH(EKINH HA TOITHUTE TUXa-
TEJTHU IIBTHIIA TIPH JleTa

EnHo ot Hali-pasmpoctpaHeHuTe 3a0o0sisiBa-
HUS, IPUYUHEHA OT MPBCHUS BB3IYX, € aCTMaTa.
JumaneTo ce 3aTpyAHsABA, 3allOTO MPOU3BEXKIA
ce ToBeYe ciy3 B AUXaTeqHuTe nbTuina. Cheros-
HUETO C MPOIBIDKUTEITHO 3aMbpCSBaHE Ha Bb3-
Iyxa BOJIW O XpOHUYHO 3a00sIBaHe 32 acTMAara,
Chb3/1aBa TEKBK 331yX, a PYTUHHH €XKCIHEBHH
JefHOCTH ca 3aMe uIeHHu. [IpoabmkuTento 3acs-
raHe Ha JWTaBUIATa Ha OpOXHMATHHUTE MBTHIIA
KbM 3aMBPCHTENINTE B aTMoc(epaTa KaTo CepeH
JUOKCHUJl U a30TE€H TUOKCH] MPEAN3BUKA pa3BU-
THC Ha OPOHXWT M JOPHU pak Ha OenuTe ApoOoBe.
CwrHa 0onka B ThpAWTE, KalLIUIA, XPHUIIOBE,
Jpe3ras IJiac 1 3ary0a Ha Terjio ca THIIUYHU CUM-
nromu. XOBb € chcTosTHUE ¢ ABATOCPOYHO TPO-
IBIDKUTEITHO M3JIaraHe KbM 3aMbPCUTENNTE C pe-
3yJITaT Ha 3alylIBaHE HA AWXATEJIHU IIBTUIIA Ha
Oente ApoOoOBe, ¢ 3aTpyIHEHUE HA [IUIIAHETO U
MIPUYMHSIBAHE HA XPUIIOBE M YIMOpPHUTA KaIlUIUIA.
XOBb yBpexaa 6enure 1podoBe HEMONPABUMO U
MOKe J1a TIPOrpecupa 10 MO-TeKKU 3a00IBaHus,
BKIIIOUHTENTHO OpPOHXUT U eMmduseM. Mankure
YaCTUIM B 3aMbpPCEHUs Bh3yX (PHHHHN TpaxoBH
yactutid PM, s u PMj¢) morar na HampassT Kpb-
BOHOCHHUTE CHJIOBE IMO-MAIIKO e()EKTHBHH H JIa yC-
KOpSIT BTBBPAABAHETO Ha aprepuure. Huckute
HHUBA Ha JMIIONPOTEHHU C BUCOKA ITBTHOCT WX
,»JJ00BP XOJIECTepOo™ MOorar Aa ObJaT MPUINHEHU
OT 3aMBbPCABAHETO HA BB3[yXa, KOETO MOBUIIIABA
pUCKa OT ChpACYHO-CHAOBH 3abomnsBanusa. OO-
CBXKAaHe 32 MPUYMHHUTE HA PA3BUTHUETO HA ITHEB-
MOHHMHTE B JAHEUTHOTO BpeMe TOpaad 3aTOILIs-
HETO Ha KiiuMaTa cbriiacHo ®dur. 1 ce onmcsa upes
CJIOJKEH MEXaHU3bM Ha Pa3BUTHE Ha THEBMOHUS C
€KOJIOTMYHa eTHoJIoTus [7].



®durypa 2 mokazBa 0000ITICHIE HA ITPOIIECHUTE,
CBBP3aHM C M3MEHCHHETO Ha KIIMMATa ¥ TIXHOTO
BB3JICHCTBUE BBPXY YOBEIIKOTO 3/paBe. 3a XO-
paTa Te3u CbOUTHSI BOAST J0 HEIOCTUT Ha TIPSCHA
BOJIa, HAMAJICHH KOJIMYECTBA HAa XPAHUTEITHH Ka-
YECTBEHHU MPOAYKTH, MPUHYIUTSITHA MHTPAIHS
Y TIpOoOJIEMH ¢ TICUXUYHOTO 37[paBe [§, 9].

[ToBuilleHUTe TEMIEPATypH CBHIIO BIIMSST
BBPXY Ka4eCTBOTO Ha BB3/yXa. 3aMbPCHTEIIUTE
Ha BB3AyXa ca mpsk ¢akrop 3a 3aboysiBaHe U
CMBPTHOCTTA BCJIEICTBUE HA XPOHUYHHUTE 3a00-
JIABaHUs, KATO acTMa, XPOHHUYHA OOCTPYKTHBHA
OemopoOHa 00JIECT M ChPACUHO-CHIOBH 3a00sI-
Banus [10,11,12,13,14].

W3MeHeHneTo Ha KiTuMaTa IOBHIIIaBa PUCKa OT
pa3auuHu MHGEKIMO3HU 3a00JIsIBaHUS, BKIFOYH-
TEJTHO T€3H KOWTO CE MPEIaBaT upe3 BoJia U XpaHa
[15].

W3zrapsiHeTo Ha U3KOMAaeMHU rOPUBa U Ha JPYTH
M3TOYHHIIM OCBOOOX/1aBa KAKTO MAPHUKOBH ra-
30Be (BBIVIEPOICH TUOKCHJI, METaH, a30TCH OKCHJI
u uyopupaHu Ta30Be), Taka U pa3iuyHu (HUHHU
MPaxoOBU 3aMbBPCHUTENIM Ha Bb3Iyxa. [IpaxoBuTe
gactun (PM), mpuzemeH TpomochepeH 030H
(03), Beraeponen okcupn (CO), cepHH OKCHIU
(SO, n npyrm), azotau okcuau (NO u npyru) u
OJIOBO Ca OCHOBHU BPEIHH 3aMBbPCHTEIH BBHPXY
YOBEIIKOTO 3/IpaBe. 3aMbpPCUTEIUTE Ha BB3AyXa
noJ hopmara Ha QUHHY MPAXOBH YACTUIH OKa3-
BaT MPSKO BB3JCHCTBHE BBPXY 3/IPABETO, JOKATO
MapHUKOBUTE Ta30BE OKA3BaT Bb3/ICHCTBUE BHPXY

3IPaBETO JI0 TOJIsiMa CTETICH BCIIEJCTBHIE Ha U3Me-
HEHWEeTO Ha KmMara [16].

3aMBpCSIBAaHETO HA BB3JyXa NPUYHHSBA
BB3MAIUTEITHN AJIEPTUYHA PEaKIMU B JIUXaTel-
HUTE MIBTUIIA YPE3 BB3ACHCTBHETO BBPXY MacTO-
UTHATE PACIOJIOKEHU B ThKaHUTE HA BBH3JYyII-
HUTE ITBTHUINA Ha Oenust Apoo [17].

[Ipe3 mocieqHUTE TOJUHN HAKOJKO MPOYyYBa-
HUSI TT0Ka3axa Bpb3KaTa MEXAy 3aMbpcsBaHEe Ha
BB3AyXa U IIMPOK CIEKTHP OT 3abossiBanus. [u-
XaTeJHaTa CHCTeMa, KOSTO UMa MPSK KOHTAKT ChC
3aMBbPCUTENHTE B aTMOC(eparTa e u3lpaBeHa pes
Hail-ronsiMoTo Bb3AehcTBHE. Edexture BBPXY
3/IpaBETO BCIIEJCTBHE HA 3aMbPCSIBAHETO HA Bb3-
JyXa BapupaT OT aJIEPTHH U OCTPH HHPEKIUH J10
WHBAJTUIM3UPAIIA XPOHUYHH OenoapoOHH 3a00-
naBanus [18].

XocnuTanu3anuuTe M CMBPTHOCTTA, [IBII-
JKallli ce Ha 3aMbPCSIBAHETO HA BB3AyXa, ca Hal-
Y4eCTeHH TPH XOpa C MPEIIIeCTBAIA Pecrupa-
TOpHU 3a0OJNSBaHUS, KAaTO XPOHWYHA OOCTpPYK-
THUBHA 0eyoIpoOHa 00JIECT, acTMa M MTHEBMOHUS
[10, 13, 19].

PuckoBere ca Hail-Bucoku npu O0ebeTa, gena u
BB3pacTHU Xopa [11, 20, 21].

TponocdepHUAT WK IPU3EMHUST 030H HE Ce
o0Opa3yBa JUPEKTHO OT W3rapsSHETO Ha TOPHUBO.
IIpousBexkaa ce OT B3aUMOJAEUCTBUSI Ha JIETIUBU
OpPraHUYHU CHEIWHECHUS U a30THU OKCHIH B MPH-
CHTCTBHE Ha CITbHYEBA CBETIMHHA TOIUIMHA, BU-
COKa TeMIepaTypa Ha Bb3[lyXa U P JbIDKIHA Ha
BBJIHA MO — Maska oT 400 um [22].

3AMBPCHTEIH B ATMOC®EPA

Mapunkosn razose

Pazaimann BHA0BE
XHMHTIHH FA30BH 3AMBDCHTEH
M OPTANHYHH JeTIHBH Cb

DHHHN NPAXORH
SEACTHLH H ACPO0IH

I CbPAEHHO - CbA0BH 3260 1HBAHHA I

3000,

3aronasmne na Kaumara

XORBE, acTma, 6poHYnT, paKoRH

3aBmineny nHpa na SaKTePHH H
BHPYCH

‘.

)4

@,

Passurue na nnesvonnn [EEE

@ur. 1 . Bp3aeicTBHETO Ha 3aMBPCUTEINUTE BBPXY YOBELIKOTO 3/IpaBe

BponxuamHOTO BB3MaNeHWE, BIOIIABaHE HA
XpOHUYHA OOCTPYKTHBHA OemonpoOHa Ooject ca
BCJIC/ICTBUE Ha TOBUIICHUTE KOHIICHTpAIMH Ha
030H [23].

KauecTBOTO Ha Bb31yXa B bhirapusa nopaxna
CEPHO3HU TPEBOTH: M3MEPBAHUATA IMOKA3BaT, 4e
rpaXJaHUTe B IlUIaTa CTpPaHa JWUINAT BB3IYX,
KOHTO ce OIIeHABAa KaTo BpPEIEH 3a 3[PaBeTo.
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Hampumep, xonmentpamusara Ha OIIY2,5 u
®ITY10 e MHOro mo-BHCOKa OT CTOMHOCTHUTE,
npexnnucanu ot EBpomelickus cpro3 U CBETOB-
HaTa 3apaBHa opranuzanusa (C30) 3a 3ammra Ha
3[IpaBeTo.

Kounuentpanuute na @I, 5 B rpagckute 30HU
Ha brarapus ca Omim Hali-BUCOKW OT BCUYKH 28



crpannwieHkr Ha EC KaTo cpemHn CTOHHOCTH 3a
TPUTOIUIICH repuon [24].

IIpu @140 benrapus ceimo Boau cpex cTpa-
HUTE C HAl-CHJIHO 3aMbBpCSIBaHE ChC CPEIHOI-
HEBHA KOHIEHTpauus oT 77 ug/m’ (mpenennara
croitroct 3a EC e 50 pg/m?) [25].

Crnopen CBeToBHaTa 3/paBHa OpraHU3aALHA
60% ot rpanckoTo HaceneHue Ha bearapus e us-
JIO)KEHO Ha omacHW (HE3IpaBOCIOBHU) HUBA Ha
npaxosu yactuny (PI1Y;0) [25] .

Wznaranero Ha aTMocQepHH 3aMBbPCUTEITH
MOJKE /1a OTKIIIOYHM pa3BUTHE HA aCTMa, /1a JTOBEe
J0 BIIOLIABaHE HA BEYe HAIUYHO PECHUPATOPHO
3a00JsIBaHe U J1a MPOBOKUPA Pa3BUTHE WK TPOT-
pecupaHe Ha XpPOHUYHHU 3a00JSBaHUS, BKIIOYH-
TETTHO XPOHWYHA 0OCTPYKTHUBHA OeroapodbHa 60-
nect, eMpu3eM U pak Ha Oenure ApoOoBe.

XpoHnyHata OOCTPYKTHBHA OeioapobHa 60-
nect (XOBB) e GenoapoOHO 3abossiBaHE, KOETO
3aTpyAHSBA HOPMATHOTO JuinaHe. bpost Ha
cMbpTHUTE ciydan oT XOBb e HapacHan ¢ Haz

60% npe3 nocnenuute 20 TOAUHU, KaTO 3aMbPCsi-
BaHETO Ha BH3JlyXa € BAXKEH PUCKOB (aKTop.

®IIY, 5 @I,
Boarapus: 23 pg/m* | Bearapus: 43 ug/m’
Togumuan  naumuty | 'oguimHn — ITUMUTH
na EC: 25 pg/m’ na EC: 40 pg/m’
IIpenopsku Ha C30: | IIpenoprsku Ha C30:
10 ug/m’ 20 ug/m’

Bb3nanuTenHaTa peakius € H3BECTHA Karo
XpoHu4YeH OpoHxut. Ts BoAM 10 pa3pyliaBaHe Ha
ThKaHTa B OCJIOPOOHUTE AJIBEOJIH WIIA eMQpHU3EM.
3a ChpPIEYHOCHIOBA CHCTEMa IIOCICIUIIUTE
BKJIIOYBAT: IPOMEHEHa ChbpAcYHAa ABTOHOMHA
(dhyHKIMsA, THPAPKT HA MUOKAp/Ia, aHTMHA TTEKTO-
pHUC, TIOBHINIEHO KPBHBHO HaJsTaHE, aTePOCKIIe-
po3a, XUIEPTEH3HUs, MOBHIIIEHA MO3bYHO-ChI0BA
HCXEMUS
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TIeGaaTonpHATHO FRIACHCTRTIC RRPYY coyma wa Hoocqepa
(cdepata an Honeucerno), na conpaTINT K
PUHAHCOBH KPHZH, PRI THTEANN MUTDATIIN, NAWATATANC 1A
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¥Epeseno supase A uoseKa:
1) pecrmpaTapsm 3pdoaananma;

-xp
- aacprim;

- meurx A pascTpoiicTRa;

2) nepecnupatopnn adoannamA:
~C1oMALHM Hpesas naderu;

3) CEPUEHO-CE0EN SATOIIELHIL 0 14D,

®ur. 2 . Be3aelictBrero Ha 3aMmbpeuTenute BbpXy YoBeuecTBo U buochepa

IIpe3 mocneaHuTe rOAMHU C€ TMOSBUXA MHO-
roOpoitHN Hay4YHHW JO0Ka3aTeJICTBa, MOTBBPIKIA-
Ballld BPb3KaTa MEXY U3JIaraHETO HA Pa3InYHU
atMoc(epHH 3aMBPCUTENH U TIOCIEICTBHUATA 3a
ChPJCUYHOCHI0BATA CUCTEMA, C OCTPHU U / UIIH XPO-
HUYHU edekTu [26].

Cwmsrta ce, 4e KaTo MpsIK pe3yaTaT OT 3aMbPCsi-
BaHETO Ha aTMOC(EPHHs BB3AyX €XKETrOJHO Ha
900 ObiTapu 3a00NsBAT OT XPOHWYEH OPOHXUT,
600 mocTemBaT B OOJHHIIA TIOPAIW IUXATEITHH
WA ChPICYHOCHI0BU cuMnTomu, a 2000 Obarapu
yMUpAT MOpajv 3aMbPCEHHS Bh3IyX B brarapus
[27].

buonornunuTe MexaHW3MH, CBBP3Balld 3a-
MBPCSIBAHETO Ha BB3AyXa ChC ChPICUYHUTE 3a00-
JISIBAHUS, BKJIIOYBAT KaKTO TUPEKTHU

BB3ACUCTBHUS Ha 3aMbPCHUTEIIUTE BBPXY ChpACU-
HOCHJIOBAaTa CHCTEMa, KpbBTa M OenoapoOHUTE
peuenTopy, Taka 1 KOCBEHH Bb3IEHCTBUS, MEIU-
vpaHu 4dpe3 0enonpo0eH OKCHIATHBEH CTpec U
BB3MAINTEIIHU PeakUUU. [JUpeKTHUTE BB3IECUCT-
BUA MOraT aa €€ OChbIICCTBABAT YPE3 ar€HTHU, IIPO-
HUKBAaIl[d JIECHO Mpe3 OemompoOHUS emuTen B
KPBBOOOpAILIEHNETO, HAlpUMEpP Tra30Be, a BEpo-
ATHO M 4pe3 CBPHX(HMHU MPaxOBU YACTUIH, 3a-
eIHO ¢ pa3TBopmMHTE chcTaBkn Ha @IIY2,5
(mamp. mpexogHu MeTamn) [28].

Te3n npeku MOCIEACTBHS OT 3aMBPCIBAHETO
Ha BBb3IyXa MPEICTAaBIsABAT OOSICHEHHE 3a Bb3-
HHUKBaHETO Ha OBp3W (B PaMKUTE Ha HIKOJIKO
yaca), CbpACYHOCHJOBU pPEaKIH, KaTo HapacT-
BaHE Ha ciy4auTe Ha MH(PapKT Ha Muokapaa. [lo-

61



0aBHO pa3BHUBAIIM ce (OT HAKOJIKO Yaca JI0 THHA) U
XPOHUYHU KOCBEHH BB3JICHCTBHS MOTaT Jia ce
OCBIIECTBAT Ype3 OeNoIpoOCH OKCHIATHBCH
CTpec/Bb3MAaNCHUE, TPEAU3BUKAHO OT BIHIIAHU
3aMbpcUTeNd. [IMKOBHUTE KOHICHTpAllMM Ha
Ipyru atMoc(hepHU 3aMBPCHUTENN - U TIO-CIICIH-
AJTHO KOMOWHAIUATA OT (PMHHU MPAXOBH YACTHIIN
M a30THH OKCH/HU - KOpeJupaT C HapacTBaHE Ha
Oposi Ha XOCHHUTAIU3AIMUTE IOPATX IMOTEHIIH-
aHO (haTaJTHU HAPYIICHUS HA ChPACYHHS PUTHM.
Hait-yecTo TakuBa XOCHUTAIHM3AIUH CE JBIDKAT
Ha HMCXEMHYHa OOJIECT Ha CBPIETO U 3acTOHHA
ChpZicuHa HemocTaThYHOCT. CpsIMO HEpPBHATA U
MO3BYHOCH/[OBATA cucrteMa MTOCIIETUIINTE
BKJIIOYBAT: HAPYUICHUSA B Pa3sBUTHETO HAa HEPB-
HaTa CHUCTEMa, BB3MAJICHUE HAa HEBPOHHUTE, OK-
CUJIATHBEH CTPEC, MPOMEHHU B KPhBHO-MO3bUHATA
Oapuepa, raBo0OIUe, TPEBOKHOCT, HHCYIT, 00-
JiecT Ha Aunnxaiimep, 6osect Ha [TapkuncoH [29].

CMecTa OT KOMIIOHEHTH B 3aMbPCSBAHETO Ha
BB3/lyXa BKIIFOUBA ChIIO M TSKKH METAIH, U3ITYC-
KaHM B aTrMocdepaTa, HalpuUMEp >KHBAK WU
0JI0BO. MHOTO OT TEKKUTE METAId UMAT CUITHO
HEBPOTOKCHYHO JICHCTBHE BBPXY YOBEIIKOTO
TsJ10, 0c0OeHO mpH nenara [29, 30].

O0cbxnane Ha pe3yJaTaTuTe

W3MeHeHneTo Ha KIMMaTa € 3HAUYMTEITHA 3all-
Jlaxa He camo 3a YOBEIIKOTO 3/IpaBe, HO | 3a 37Ipa-
BETO Ha )KMBOTHUTE U pacTeHusATa. Criopes mpor-
HO3UTE CpeJl Hal-3HAYUMHUTE TOCIENCTBUS 3a
3IIPaBETO B PE3yNTaT Ha OBACHIUTE KIUMATHYHU
MIPOMEHH IIIe ca:

VYBenuuaBaHe Ha CMBPTHOCTTa (CMBPT-
HUTE Cilydan) W 3aboneBaeMocTTa (OomecTHte),
CBBP3aHU C JICTHATE TOPEIINHA

e  VBemn4aBaHE Ha PHUCKA OT 3JIOTIOIYKH U
HeOIaronpusTHUTE MOCIEIUIUTE 32 001I0TO OJa-
TOIOJTyYre BCJIENCTBHE HAa €KCTPEMHH METeOpO-
JIOTUYHU SABIIEHUS (HABOIHEHHUS, TTOKapH U OypH).

e [IpomeHu BBB BB3JCHCTBUETO Ha pas-
JUYHH 00JecTH, O0JIECTH, MPEHACSHU OT IPU3aUH
WJIH TIpelaBaHu upe3 BoJaTa, WA XPaHUTEI.
[IpomMeHHn B C€30HHOTO pa3npocTpaHeHHE
Ha HSAKOH aJIepreHHHU BUIOBE ITOJIEH, KaKTO U B 00-
XBaTa Ha paslpOCTPaHEHUETO HA BUPYCH, BpeIu-
TEJH U ATOTeHHU.

e HoBomnosBsBamm ce U OTHOBO MOSBS-
Baliu ce 6OHCCTI/I 110 )XUBOTHUTEC, KOUTO yBEJINYa-
BaT MpeIU3BUKATEICTBAaTa IO OTHOLICHHE Ha
3IpaBETO Ha )KUBOTHUTE M XOpaTa B CBETOBEH Ma-
mab.

HoBomosBsgBamu ce ¥ OTHOBO IOSBS-
BaIll CE€ BPEIUTENIH IO pacTeHHATa (HACEKOMHU,
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NaTOT€HU U APYTH BpPEOUTENH) U OONECTH, 3acs-
ramy rOpCKUTE CUCTEMH U CUCTEMHUTE 3a OTITICHK-
JlaHe Ha KYJITypH

e  PuckoBe, CBbp3aHH C POMEHHU B KaUeCT-
BOTO Ha BB3JlyXa U ChbPKaHUETO Ha 030Ha. Upes
KOMOHMHAIUATA OT KOMILIEKCHUTE (DaKTOPH KOUTO
BB3JIeHicTBaT BHpXy buochepa m YoseuecTso,
BB3MOXHO € JIa C€ MPEICTaBU eAHa olmia Jauar-
pama, KOATO TIOKa3Ba TOCIENOBATETHUTE €Taru
OT BB3JIEHCTBUETO OT CTpaHa HA aHTPOIIOTCHHUTE
JICHHOCTH BBHPXY riobajiHaTa exocucreMa (Dwur.
3) AHTpororeHHaTa AE€WHOCT € TOcCjielBaHa OT
MOBHIIIABaHE HA TMAPHUKOBUTE Ta30Be U aepo-
305iHU 3ambpcuTend. OT cBOsl CTpaHa KIUMAThT
Ce 3aTOIIS C MOBHUIABAHETO Ha IIIo0aHaTa TeM-
neparypa. 3aTOIITHETO Ha atMocdepara e moc-
JIEZIBAHO OT TIOBUIIIABaHE HA KOHIIEHTPALMUTE Ha
MeTaH B atMoc(epara. MeTaHBT € TpeiiecTBe-
HUK 3a POM3BOJCTBOTO Ha 030H. KakTo MeTaHbT,
Taka ¥ O30HBT WMAT OTPHUIIATEITHO BH3/IEHUCTBUE
BBPXY YOBELIKOTO 37]paBe, 0COOEHHO 3a pecnupa-
TopHH 3a00isBaHusL. TponochepHUsT 030H BOIH
o oTciaabBaHe Ha IpolecuTe Ha GOTOCHHTE3a C
KpacH pe3ynTaT M3ChXBaHE Ha PACTHTEIHOCTTA.
Te3u razoBe AEHCTBAT OMACHO BBPXY TOPCKUTE
MacWBH C BHCOK PHCK OT BB3IUIAMEHSBaHE Ha
MPUPOJIHU TOXKapu. V3ChXBaHETO Ha PacTUTE-
HOCTTa ce MpeBpbhllIa B ropuM MaTepHuai. Buco-
KHTE aTMOC(HEPHH TeMIIepaTypy JOTPHUHACAT 3a
CIIOHTaHEH €CTECTBEH MOKap MPH HAIWYHE Ha 3a-
CHhXHaJIM TOPUMH MaTepHai. Y BEINYaBaHETO Ha
YecToTaTa Ha TOPCKUTE MOXKAapH BOJAU 10 PUCKOBE
OT M3YE3BAHETO HA PA3INYHU BUIOBE PACTEHUS U
JKUBOTHU. Pe3ynTaThT OT mokapure JjaBa orojieHa
MOYBa, KOSATO €BOJIIOMPA B MOYBU C IMO-BHUCOKA
CTOWHOCT Ha anbe0To Ha eINHHATA cucTemMa AT-
Mocdepa-3ems. lloxapute mMMar OTpUIIATETHO
BB3ACHUCTBHE BBPXY UYOBELIKOTO 3IpaBe, KOETO
MOXe Jia JOBEIE 10 CMBPTHH citydau. B pesynrar
Ha TIOKapUTE MAacOBO TOPCKH IUIOIIN C€ YHHUYTO-
JKaBaT C MaTbK TEMII 32 CIIOCOOHOCTTA 3a pereHe-
parusi.

O6e3necsaBaHeTo Ha MIJTMOHU XEKTapyu TOPCKU
MOBBPXHOCTH BOJAM JIO MPOMSHA Ha (PU3HKO-XH-
MUYHUTE CBOWCTBAa Ha IMOYBHUTE C EBOJIIOLUSATA
KBbM TMOYBH C TIO-BHCOKH CTOHHOCTH Ha ajibeso B
CpaBHEHUE C NPEIUIIHUTE CTOMHOCTH. I10-BHCO-
KHTE CTOWHOCTH Ha al0EeI0TO BOMST IO TO-YECTH
MPUPOJTHU KaTaKJIM3MHU C €KCTPEMHHU KOJICOaHHS
Ha aTMOC(EpHHUTE TEMIIEPATYPH U 0 ChCTOSHHS
Ha OIyCTHWHSBaHE HA IIMPOKU Teorpadcku pa-
Hiorn. CToifHOCTHTE Ha aji0ef0TO ca YBEIHYEHH
ot 0,14 na 0,35 nopanu omycTuHsABaHETO Tipe3 20
Bek. [31].



B paborata [32] ommcBar ce 3a KaTakJIM3MUTE
ChC CHOTBETHH OTPHIIATEITHH BB3IACHCTBUSI BHPXY
E€KOCUCTEMUTE: ,,[ OpCKHUTE MMOXKapH YHUIIIOKABAT
MUJIHOHHM XEKTapy TOPU MO CBETa BCSKa TOJUHA.
W 1B KaTO M3MEHEHHETO Ha KJIMMAaTa CE BIIO-
maBa, APYTH MPUPOIHA OSICTBHUS CTaBaT BCE ITO-
YECTH U CHIIIO IPUYUHIBAT 00€3/IecsIBaHe, BKIIO-
YUTEJHO CYIIX ¥ HaBoaHeHusA. CTaBa €IiH MOPO-
YeH KPBr — MO-MajJKo JbPBETA O3HAYaBaT IMO-Ce-
PUO3HU IPOMEHU B KJiuMarta."

IIpomsHaTa Ha (PU3UKO-XMMHYHUTE CBOMCTBA
Ha [MOYBUTE U Ha aTMOCdepaTa KaTo I[sUI0 BOJIU JI0

3aCHJIBaHE C BUCOKA YECTOTA HAa TEMIIEPATypPHUTE
KosiebaHus Ha arMocdepaTa caMO B paMKHUTE Ha
€IHO JCHOHOINHUe. TeMrepaTypHUTe Bapualiu B
TOJIEMHU TIPEICTH BOJAT JIO TO-Y4ECTU TPOMEHH B
aTMoc(epHOTO Hasrane.  Te3u YeCTH BapHaIliu
MOTaT Jia IOBEJAT 70 3aCHJIBaHE HA BETPOBETE U
Ha yparaHute. 3aMbpCSBAIIUTE acpO30JIA MOTAT
Jla HaMaJIAT pa3Mepa Ha JAbXKIOBHUTE Kallkh U B
pe3yIITaT Ha TOBA MOYKEM JIa KIMaMe MHOTO PEIKH
Clly4ad Ha ABXK] ¢ HAMaJIeHa YeCTOTa, HUChK HH-
TEH3UTET, a0 MOTOK C KpaTKa MPOIBIIKUATEN-
HOCT Ha ABXA.

AHTPONOTEHHA ACHHOCT I<

TokauBane ma KOHNCH TPILIANTE HA
NAPHEKOBH Ia30B¢, ACPO30IHH TACTHIH I
PARIHYIH XHMHYIH 3AMBPCHTEIH
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®@ur. 3. [TocienoBaTeIHA UKIMYHHU €TAITU Ha Bh3JICHCTBUETO BHPXY III00aTHATa EKOCUCTEMA OT
CTpaHa Ha aHTPOIIOT'€HHATAa JEHHOCT

Hamanenara yectoTa Ha ABKIOBETE MOXKE Aa
JIOBEJIe 10 CyIla U OIyCTUHSBAHE.

OrmycTHHSBaHETO BOJH /IO JOIIBIHUTEIHO U3-
ye3BaHe Ha (iopa u ¢ayHa, KOETO MOXKE Jja Ma
KOCBEHO OTPHIIATENTHO BB3JCHCTBUE BBPXY HO-
BEIIKOTO 31paBe. ExcTpeMHHTE TeMmeparypHU
NPOMEHH Ipe3 CPABHUTEIHO KPAaTKH MHTEPBAIH
OT BpeMe, MPOU3THYAIM OT BUCOKATa CTOHHOCT
Ha anbenoTo Ha eAMHHATa CUCTeMa 3eMs-aTMOC-
(epa, Morar J1a IMaT OTPULATETHO Bb3ACHCTBHE
BBPXY XOpara c apTepuainia xuneptonus. [1o-su-
COKHTE CTOWHOCTH Ha al0eJ0TO HAa Ta3W eANHHA
cuctema 3ems-aTMocdepa OT Apyra CTpaHa UMa
pe3ynTar 3a Mo-HHCKa TeMIepaTypa Ha ToJeMHU
BHCOUYMHHU B FrOpHATa 4acT Ha aTMoc(epara. ToBa
HOHIKAaBaHEe HA TeMIepaTypaTa B TOpHATa 4acT
Ha aTMoc(epara JonpHrHacs 3a H0-0bp3us mpolec
Ha KOH/ICH3ALIMs Ha IBKIOBHHU KaIKH C TIO-MaJIKU
pa3Mepu Topaay aepo30JHH 3aMbpcuTend. [lo-
MaJIKUTE KOHACH3UPaH! BOJHU YaCTHIM UMAT I10-
BUCOK KamlalMTeT Ha OTpa3sBaHE Ha CI'bHYEBATa
cBeTNNHA (TI0-BHUCOKO andeno). OT apyra cTpana,
Obp3aTa KOHICH3AIMS BOAU 10 OBP3M BaJekKH U
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TOYHO TE3W BaJIeX)KH MoraT Jia ObAaT MPOABIIKU-
TEJIHA ¢ BUCOKA MHTEH3UBHOCT C KPAaeH pe3yJiTaT
3a HABOJJHCHHA U yparaHu. Tes3n IIPUPOJIHHU ABJIC-
HUSI KOUTO C€ YYECTSABAT B IOCIICHO BpEMe JIOT-
pUHACHT 32 AOMBJIIHUTEIHO Pa3MHOXKaBaHe HA HH-
(dhekumu 1 6ojecTh. 3a J1a ce MO UIBPIKAT HApacT-
BalllTe W3WCKBaHWs Ha HACEICHUETO W camara
€BOIIIONUATA Ha cdepara Ha ChBPEMEHHHUTE MPO-
nyktu (TexHocdepa), € HEOOXOAUMO JOPH Ja ce
3aCUJISAT aHTpONOreHHure aeriHoctu. [lopabpxa-
HETO Ha 3JIpaBeTO HA HACENIEHHUETO, KOETO KAaTo
110 3aBUCH OT ChCTOSIHMETO Ha buocdepara,
W3KCKBA pa3pa00TBAHETO HA HOBH, MO-S(DEKTUBHH
BEIIeCTBA C TepareBTHYEH ePeKT, KOUTO HIBAT
WM Ype3 UHTCH3U(UKAIII Ha XUMUYHATE TEXHO-
JIOTHH, WU upe3 (uToTepanus, KOSITO H3HCKBA
W3IIOJI3BAHETO HA JIEUeOHHW PacTeHUs. A MMEHHO
WHTCH3U(PHUKAIUATA HA XUMIYECKaTa TEXHOIOT U
€ METOoA 3a I/IHTCH3I/I(I)I/IK3HI/IH Ha JOITBJIHUTEIIHA
aHTpOTOreHHaTa JeiHocT. Kato 1s10, pa3suTu-
€TO Ha HOBU TEXHOJIOTHH C TeUeHHE Ha BPEMETO
mpejnoiara MHTeH3U(HUKausg Ha aHTPOIOTeH-
HaTa JedHocT. PaspaboTBaHeTo Ha BaKCHUHHU



HarpuMmep ¢ men 6opba ¢ COVID-nangemusita
BOJIM TIOHSIKOTA JI0 CBPBXIIPOM3BOJICTBO HA TE3H
BaKCHHHU U BIIOCIIEJICTBHAC MOTAT Jia Ca CEPhO3eH
,»OTHaIbK", 32 KOETO CE U3UCKBA KOHTPOJ OT CIIe-
IUAITHY 3/JPaBHU UWHCIICKIIUK U OpT'aHu, UHAYE 1Ie
ca CepHO3HM OTMAABIM C OTPUIIATEIICH Pa3pyIIv-
teneH edekt Bepxy buocdepara. O6oOmaBaiiku
TOBA OIKCAHO TMO-TOPE, IUKBIBT OTHOBO CE 3aT-
Baps ¢ aHTponorennara aeiHoct. (Pur.3) Ho an-
TPOIIOTEHHATa JEHHOCT WMa JPYT IO-IBJIOOK
CMUCBHII ChC BCEKH HOB eTarl (HOB (pakTop) oT 1u-
Kbia. TyK MOMEHTHTE ca OT TaKbB XapakTep, 4e
ce MPOU3BEXKIAT BCE MOBEYE MPOAYKTH KOUTO Ch-
I'bpKAT BPETHU KOMIIOHEHTH 3a 3/IPaBETO Ha 4O-
BEKa ChC MHOTO CTPaHWYHH €(EeKTH, a OT TyKa H
pa3BUTHE HA MHOTO CUMIITOMH C aJleprHyeH Mpo-
M3XO0J] C [T0 HATATBIIHO PA3BUTHE HA MTATOJIOTHYHU
CHCTOSIHUSI CBBP3aHU C PECIIMPaTOPHU 3a00IsBa-
HUSI, 3aXapeH AuadeT, HAJIHOPMEHO TeTJIo, JieTpe-

CHUH, U IIP.
[IpousBeneHn NPOAYKTH C HAilJIOHOBH
TopOU 0CBOOOXKZaBaT MHKPOILUIACTMACOBH

BIIaKHA U Ca CIIOCOOHU Ja ca B CYCIIEHANPAHO ChC-
TosiHWE B aTMocdepaTa. Beska ronvHa B TSIIOTO
Ha BCEKH YOBEK MPOHUKBAT cpeHo okoso 74000
YaCTHUIIM TJIacTMaca ¢ HEM3BECTHHU 3acera Imoclie-
T 32 3/IpaBeTO. YUeHHTe 00sSBHXa, Y€ ca OTK-
PWIIA MUKPOIIIIACTMAcCa, KOATO TeUe MPe3 HAIINUTE
KPBBOHOCHH CBJIOBE, KaTO CPEAHO 32 BCEKH MU-
JWINTBP KpBbB ca u3Mepwin 1,6 MuKporpama
TJIACTMACOB MaTepual, a Hal-BICOKAaTa KOHIICHT-
pauusi, u3MepeHa B MPOyYBaHETO, € OniIa Maiko
Haj 7 Mukporpama [33].

Cera obade ce oka3Ba, 4e MUKPOILIACTMACH
OUPKYJIUPAT B HUCKU HUBA JIOPH U ABIOOKO B Oe-
nuTe HU ApoboBe. Haii-comnaHoTo nscnensane ot
TO3M BUJI, Ha €KUM OT YHUBEpCcUTeTa B XbJ1 U Me-
JUIMHCKOTO yummuiie Xba Mopk, e otkpuiao 39
MHUKpPOIJIACTMACOBU YacTUIM (BCAKAa C pazMep
Hal-Mako Tpu MuKkpomeTpa) B 11 ot 13 mpobu ot
OenmoapoOHa THKAaH OT KUBH Xopa. Te3n HuBa ca
3HAUYUTENIHO TIO-BHCOKH CHPSMO BCHYKH TIpe-
JTUIIHY JabopaTtopHu TecToBe [34].

Bb3HMKBa TOCTOSIHEH BBHIIPOC AN ChCTOSI-
HHUETO Ha Ii1o0agHaTa eKocucTeMa OM MMajo Bb3-
MOJKHOCT J1a C€ BB3CTAHOBU U J1a C€ BbPHE KbM
CBCTOSIHUETO, KOETO € OFITO TIPEIN HAKOJIKO J1ece-
twiietust. ToecT MoXkeM J1a oOchkIame odparu-
MOCTTa Ha MpOLecUuTe B mpupoaara. Moxe 1a ce
Kake, 4€ B HACTOSIIHMS MOMEHT buocdepara ce
XapakTepu3rpa IMoBeYe C HEBH3MOXKHOCTTA Jia
UMa HauuH Ha 0OpaTUMOCT MOPaau W3YE3BAHETO
Ha MHOTro BuzoBe ¢uopa u dayna. Mnu moxe na
ce mpexarnonara 3a MHOTO 0aBeH MbT Ha oOpaTu-
MocT. Karo msnmo HeoOparmmurte mpoiecu ce
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XapaKTepU3UpaT ChC ChbCTOSHUS C KpaeH pe3yTar
Ha M34Ye3BaHE Ha BUJIOBE KUBOTHHU U PACTCHHSA U
TAXHOTO BB3CTAHOBJABAHEC CTaBa IIOYTH HEBB3-
MOXxHO. ToraBa e HEOOX0MMa TakaBa aHTPOIIO-
reHHa JIEHHOCT, KOATO pa3uuTa Ha paboraTa, U3-
BBpIIIEHA BbpXY brocdepara ot cTpana doBedec-
TBOTO. XapaKTepHO 32 HEOOPaTUMHTE MPOILIECH €,
4ye mpeo0IiajaBaT HEPaBHOBECHHUTE CHCTOSIHHUS C
ronemMu (QIyKTyallud Ha mapameTpu (HarpuMep
atMocdepHa TeMreparypa). 3a J1a ce IoJIy4H IIbp-
BOHAYaJTHOTO CHhCTOSIHUE HAa €KOCHCTEMHTE KaTo
3a Te3H OT MPEAH CTOTHIIN TOJIMHU, € HEOOXO0 MO
Jla ce M3BHPILIY HAUCTHHA e1Ha paboTa BEPXY CHC-
temara. Toect, YoBEKbT € ABMXKeIaTa Cuia, Ko-
SITO TPsiOBa /1a M3BBPIIBA pabOTa C IeNT TOCTUTaHE
Ha OanaHc KakTo 3a atMocdepara, Taka u 3a bu-
ocepara kato 1su10. CrieIOBATEIHO UKBIBT OT-
HOBO C€ 3aTBaps OT HMBOTO Ha MPHPOJHUTE Ka-
TaKJIU3MU. B 3aBHCHUMOCT OT pe3yiirara, KOUTO ce
NoJy4aBa cje] U3BbpIICHaTa OT YOBeKa paboTa
BBPXY Ta3u CI0KHA CUCTEMa ¢ 1ejl HaOiro/ieHne
¥ KOHTPOJ Ha €KOJOTHYHOTO CHCTOSHUE, MOKEM
Ja TIOCTHTHEM MOA0OpsBaHE HA EMHCHUUTE TNPH
MO-HUCKH HUBA Ha 3aMbpcsBally razose. Orpom-
HaTa Maca BBIIIEPOACH JTUOKCH KaTO IISI0 MOXKE
Jla ce M3pa3xojBa 3a IMporeca Ha OTOCHHTE3A C
BB3MOKHO HaW-TOJISIMOTO YBEIWYECHHUE HA TOPC-
KHTE TIOBBPXHOCTU. ToraBa MoXeM Jia Bb3CTaHO-
BHM HSKaKBa CTENEeH HAa HOPMAITHOTO CHCTOSHUE
Ha KJIMMaTta CIopes Ta3u Auarpama upes mojo0-
psiBaHE Ha BCEKHU (aKTOp OT MpeJCTaBeHaTa LUK-
TuYHa auarpama. EMucumute HamcThHaA Morar ga
ObJIaT HaMaJIeHH, aKO Ha CBETOBHOTO HHBO CE€ pe-
[1aBa CbBMECTHO Ype3 3aKOHU CIIOCOOH 3a anTep-
HaTuBHH QopMHu Ha eHeprusa. Heobxonumo e mm-
pokomaniabHO M3IMOJI3BaHE HAa CITbHYEBATa €HEp-
TUsl, CHEPTUsATa HAa BOJATa U HA BATHPA C pa3pa-
0OTBaHETO Ha CIEHHUATHU €(PEKTUBHU TEXHOJO-
TUH, KOETO € Hal-BakHATa 3a/aya B THEIIHOTO
BpeMe.

3akao4yeHue

OxonHata cpera HU OCHrypsiBa HEOOXOIH-
MUTE yCJIOBHS 32 KUBOT, HO OT HAC 3aBHCH JaJH
HUCKaMe Jia M3I0JI3BaMe BB3MOXKHO Hal-uymcTa
cpella U YUCT BB3AYyX. 3aMbpPCABAHETO Ha IUIaHE-
TaTa ce BJOIIaBa OT J€H Ha JACH W M3IJIEK]a, 4e
HaCeJIEHHEeTO He O0pbhIlla BHUMAaHUE Ha TO3U Bpe-
JeH mpoluec. YOexKIeHHeTo, Ye TO3H MpoodJieM e
Camo 3a CIEeLUAUCTU U MEKAYHAPOIHH POPYyMH,
€ KOJIKOTO TPEIIHO, TOJIKOBA U cepro3Ho. Omna3Ba-
HETO Ha [JJaHeTaTa € CBETOBEH MPOOJIEM U 3aTOBa
LSUTOTO YOBEYECTBO TPsiOBa 1a MOeMe Ta3H OTro-
BopHOCT. bopbara cpemy 3ambpcsBaHeTO Ha



IsTaTa MIaHeTa M3MCKBa ChTPYIHUYECTBO U JOPH
CHBMECTHO MEXIYHAPOJHO CBHTPYAHUYECTBO H
3aToOBa OT HAC 3aBHCHU JIaj¥ III¢ )KUBEEM B UHCTA,
3IpaBOCIIOBHA M HE3aMbpCceHa OKOJIHA cpena. B
CHJIaTa Ha YOBEKa € /1a B3eMe e(DeKTUBHHU MEPKH U
Jla HaMepHu pEeUIeHHs, 3a Ja CIpe IpOAbIKaBa-
HETO U 33bJI00YaBaHETO HA TO3H BPEJICH MPOIIeC
Ha 3aMbpCsBaHe.
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KHHETUYHU XAPAKTEPUCTUKHU HA CPEJHOAECTUJIATHA ®PAKIIUA ITPU
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KINETIC CHARACTERISTICS OF OXIDATION OF MIDDLE DISTILATED FRACTION

Milena Dimitrova, Alexander Dimitrov, Yordanka Tasheva

ABSTRACT: Desulphurization of middle distillated fractions have been investigated by chemical ox-
idation of with hydrogen peroxide in the presence of an acid catalyst such as formic acid and acetic
acid, followed by determination of thermodynamic and kinetic characteristics of different formed oxi-

dative mixtures.

Key words: oxidation process, desulfurization, gas oil, kinetic characteristics

BnBenenune

IIpe3 2003 ronuaa EBponeiickuaT mapiamMeHT
npue aupekTtrBa 2003/17/EC, k0osTO mMocTaBs or-
paHUYeHne BbPXY ChABPKAHUETO Ha CSIpa B IU3e-
noBuTe TopuBa oT 10 ppm, BIM3aIIO B CHiA OT
01.01.2009 ronuna [4].

B Pboarapus cerimacao [IMC 223/23.09.2008,
M3UCKBAHMATA 32 ChbPIKAHHUE Ha cspa B TU3EI0-
Bute ropusa oT 01.01.2009 ronuna e 10 ppm, a 3a
ra3poJl 3a MPOMHIUIEHH M KOMYHAJHH LEIH —
0,2%, xato ot 2010 roguHa M3KUCKBAHETO 32 TO3H
mokasaren ¢ mox 0,1% .

HupextuBure Ha EC orpanuuaBamu mpous-
BOJICTBOTO Ha TOPUBA C MAKCUMAITHO ChIbPIKaHUE
Ha cspa oT 10 mg/kg HamaraT Ha IPOM3BOAUTE-
JIUTE HAa aBTOMOOWJIM J1a TIOCTUTHAT 3HAYUTEJEH,
JIOIIBIIHUTENICH TPOTPec B MOCOKA MOJ00psBaHE
Ha KOHCTPYKIIMATA HA IBUTATEIUTE B IPEBO3HUTE
cpenctBa. lloTeHIIMATHUAT IPUHOC HAa TOPUBA C
MaKCHMAJIHO ChAbp)KaHue Ha apeHu 1ox 11% e B
MOCOKa TIocTUraHe nenta Ha EBponeiickata O6-
muocTTa oT 120 g/kg 3a cpemna emucus Ha CO;
[4].

3a Ja ce 3alUTH YOBEIIKOTO 3paBe U OKOJ-
HaTa cpefa cTpanute — wieHku Ha EC tpsaoOBa na
Hanoxat cbriaacHo  [upextusa 2003/17/EO,
M3MCKBAHETO ToOpuBaTa Ja OBJAT THPryBaHU
caMo, aKo T€ ca B ChIJIacHe C MO-CTPOTU EBPO-
neiicku crerdukanuu (Hamnp. EN 590) 3a 3a-
muTa Ha OKOoJHATa cpena. Ilpomemypara 3a 3a-
IMTa € JeporupaHa oT WHPOPMALMOHHATA CHC-
Tema, nmoctaHoBeHa oT [dupextuBa 98/34/EO Ha
EBporneiickus nmapinament u CbBeta oT 22 10HU
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1998, u3uckBalia MnperocTaBIHeTo Ha HHPOpMa-
nust B 001acTTa Ha TEXHHUUYECKUTE CTaHAAPTU H
pasmnope0u 1 IpaBuiia 3a 00IeCTBeHH HHOpMa-
LMOHHU yCiIyTH [5].

Emucuure ot aBurarennrte, MHCTAIMPAaHU Ha
HEI'bTHU MOOWJIHU ChOPBKEHUS U CEIICKOCTOTAH-
CKH{ Y TOPCKHU TPAKTOPH TPsiOBa Ja ca B ChIJIacHe
C OrpaHMYeHusiTa omnpeneneHn B JupexTuBa
97/68/EO na EBpomneiickus mapiaMeHT U pele-
HusATa Ha EBpomeiickus cpBeT oT 16 nexkemBpu
1997 3a cOnmwxkaBaHe Ha 3aKOHOAATEICTBAaTa Ha
CTPaHHUTE-WICHKH 32 EMUCHUTE OT Ia3000pa3Hu U
TBBPAHN 3aMbPCUTEIHN MPUUYMHSIBAHU OT ABHUIaTe-
JIUTE C BBTPEUIHO TOPEHE, KOUTO 1€ CE& MHCTAIIU-
par Ha HEI’bTHU MOOWJIHM ChOpBXKeHHs U B Ju-
pextuBa 2000/25/EO wa EBpomelickus mapmia-
MeHT 1 CoBeta ot 22 maii 2000r. ca yTBBpJeHU
JEHCTBUATA, KOUTO TpAOBa Jla ce MpeArnpHeMaT
Cpelly eMHCHUTE OT ra3000pa3Hu U TBBPAM 3a-
MBPCUTEH U3THYBAHU OT JBUTATEINUTE MPeTHA3-
HaueHM Jla CHAOMsBAT C €HEPrusl CEJICKOCTOMAH-
CK{ U TOPCKHU TpakTopu. BMecTBaneTo B orpanu-
YEHUATA 32 TE3U EMHCHH IIIe CTaHEe BCE M0 OOBBP-
3aHO C KayecTBOTO Ha TEYHUTE TOPHBa, MU3MONI3-
BaHHU OT FOPEINOCOYCHUTE IBUraTeId U 3aTOBA €
BKJIIOYEHO OIIPEZIeJICHNE 32 TOPHUBO M3BBHIIBTHA
texauka B fupekrusa 98/70/EO [5].

MacoBarta ynotpe6a Ha OSH3HH H TU3EI0BO
TOPHBO ¢ MAKCHMAJTHO ChIIbpKaHue Ha csipa oT 10
mg/kg Gemre ocurypeno ot 01 suyapu 2009 u B
PBwarapus, 3a na ce MO3BOJIM Ha MPOMHMILLIE-
HOCTTa 3a IIPOU3BOJICTBO HA FOpHBA J1a UMa J0C-
TaTPYHO BpEME, 3a Ja HAIpaBd HEOOXOAMMUTE
WHBECTHUIIHNH, 33 /1a aJanTUpa MPOU3BOJICTBCHUTE



CH IJTaHOBE. B nomrb1HEeHNE, TBJIHOTO BhBEXKIaHE
Ha OCH3WH U IM3€JI0BO TOPUBO C MAKCHMAITHO Ch-
nbpkanne Ha csapa oT 10 mg/kg or 01 suyapu
2009 me HaManu eMHCHUUTE OT KOHBEHIMOHATHH
3aMBPCHUTENH OT CHIIECTBYBAIIMA MapK OT MO-
TOPHHU CPEICTBA, KOETO IIe JOBEJE 0 MoAo0pe-
HUS B KQUECTBOTO Ha Bb3lyXa, U TapaHTHPaHE pe-
AyoupaHe Ha €MUCHUHMTE Ta30BC, IMPUYMHABAIIN
MapHUKOB edekT [4].

Ha ocHoBa nurtepaTypHH OaHHH, B KOUTO C€
npe;iaraT METOOU 3a OYHUCTBAHETO Ha CPEeqHO-
JCCTUIIATHUTEC q)paKIlI/II/I OT HCXKCJIIaHUTE KOMIIO-
HEHTU M CHIIEBPEMEHHO MOCTHTaHE Ha W3UCKBa-
HUSITAa Ha MEXIYHAapOAHUTE CTAaHAAPTH, UpeE3
KOMOWHHMpaHe Ha TEXHOJIOTHHUTE 33 EKCTPAKIHS C
XUAPOOUYNCTBAHE, aBTOPU KOM6I/IHI/IpaT METOOAUTE
Ha OKHCJICHWE, €KCTPAKIMS W aJCOPOIUsS U IO
TO3W HAYHMH MOCTUTAT MO-100pu pe3ynratu. Usc-
JIEABaHUATA Ca IPOBEACHU IMTPU NU3MCHCHUC KOJIN-
YeCTBOTO Ha OKUCIIUTENS — BOJOPOICH MTEPOKCH]]
B Cpejla Ha MpaBYeHa WITK OIleTHA KrcennHa. Haii-
e(eKTHBHO HaMaJleHHE Ha ChIbPKaHUETO Ha ape-
HOBH BBIJICBOIOPON C€ HAOII01aBa TIPH H3MON3-
BaHE Ha CHOTHOIIECHWETO BOJOPOICH TMEPOK-
cua:kapOokcwioBa kucenuna = 1:4 [1].

Kommanusita Petro Star Inc. e mpemmoxuna
MIPOIIEC, TIPH KOHTO JU3EIOBOTO TOPHUBO CE CMECBA
C TIEPOKCHOIIETHA KHCEIIMHA M OKHCICHHETO Ha
CepHHTE CheIMHEHHUS CE TIPOBEXKAa IIPH TeMIIepa-
typa 100 °C u atMmocdepHo Hansrane. B mabopa-
TOPHU yCIIOBHSI ChIIBPKAaHUETO Ha csipa ce TOHU-
asa oT 4 200 ppm 10 10 ppm, pu KOETO OCBEH
OTCTpaHsIBaHE Ha CEPHHUTE CHEAUHEHUS CE€ MOBH-
II1aBa IIETaHOBOTO YHCIIO W CE MOHIKABa ChIbp-
’KaHHUETO Ha apEHOBU BBIIICBOAOPOIH [2].

Cw3nanena e rexaonorus Uni Pure, mpu xosTo
CEepHUTE CHEAMHEHUS CE OKHCISABAT 0 CyI(OHH
0T HeTOMIPOAYKTUTE B IPUCHCTBHUE HA KaTajn3a-
TOp (He ce cboOIIaBa ChCTaBa), pa3TBOPEH BbHB
BOJIa TIPH MPAaKTHYECKH aTMOc(epHO HalsTaHe u
temmeparypa 120 °C. Ta3u TexHOJOTHS TO3BO-
JIsiBa 32 BpeMeTpaeHe S MUHYTH /1a C€ MOHUKH Ch-
IbpKaHueTo Ha csipa ot 270 no 2 ppm [3].

CkopocTTa Ha OKHCJICHHE Ha CEPHHUTE ChEIH-
HEHHS MOXKe Jla ObJe YBeIUUeHa Ype3 Bh3ICHCT-
BUE C yITpa 3BYK Wiu horoxumuyHo. Kommanu-
sta Sulph Co e pa3zpaboTuia mpolec Ha OKUCIIe-
HUE HA CEPHHUTE ChEAWHEHH B eMyJICUs ,,BOfa -
ropuBO” ¢ BomopojeH nepokcua. IIponeca mpo-
TH4a B MMPUCHCTBUEC HA KaTaInu3aTOp IPH TEMIIC-
patypa 70-80 °C u atmMoc(hepHO HaiAraHe B peak-
TOp C ynTpa 3ByK. 3a | MUHYTa B TU3€JIOBOTO TO-
PHBO ChIBPIKAHHETO Ha Cspa MOXKeE Ja ce HaMalll
1m0 10 ppm, mpu TOBa TO3M MPOIEC € HKOHOMHU-
YEeCKH W3TOJICH, CIIOpEe] OICHKAa Ha EKCIIEPTHUTE
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TOH € JIBa IIbTH MO-€BTHH OT XUAPOOYHCTBAHETO.
3a IBPBU IBT Ta3U TEXHOJOTHUS € MPUIOKEHA B
Uranust u npousBexaa mo 350 Oapena/nen ne-
cyndypupaHo I1u3ea0B0 ropuso [3].

B Hacrosimiata craTus ca M34MCICHN KHHETHY-
HHUTE XapaKTEPUCTUKHU Ype3 MO3HATH (PU3UKOXH-
MUYHH (HOpMYJIHM Ha Mpolleca Ha OKUCIICHHE Ha
u30paHa OT Hac CpeAHOJeCTHIaTHA (pakius, a
MMEHHO Ta3b0oJ 3a NMPOMHILICHH M KOMYHAJIHU
IETIH.

ExcnepumeHnTanna yacr

N3uncnenn Osixa axkTUBUpallata eHeprus,
CKOpOCTHATa (peakMOHHATA) KOHCTAHTA M KOHC-
TaHTaTa Ha ApeHnyC Ha OTAECTHUTE OKUCIUTEITHH
CUCTEMHU.

YcraHoBH ce, Ue CTOMHOCTUTE Ha CKOPOCTHATA
KOHCTaHTa Ha peakLHsiTa He 3aBUCH OT HAUYMHA Ha
NPOBEXKIaHE Ha Tpolieca U 0sgxa ompeesieHH OT
KUHETUYHNATE XapaKTEepPUCTUKW Ha PEaKLusTa.
KoHcTanTaTa Ha CKOPOCTTa Ha IIpoLieca Ha OKUJIe-
HHe Oellle N34YKCIIeHa 33 CepHUTE CheJUHECHUS Ha
u3cJe/IBaHaTa CpeHoecTUIaTHa (hpakius Oere
W3YHCIIEHA 110 JOOPEe T03HATOTO (PH3UKOXUMHYHO
ypaBHEHHE.

B®B3 ocHOBa Ha u34KCcIeHaTa CKOPOCTHA KOHC-
TaHTa | TOJIyYCHUTE EKCIIEPUMEHTATHH pe3yJl-
TaTu Oele ompenesieH NOpsabKa Ha peakuATa.
3a mpoleca Ha OKUCIICHHE Ha W3CleJBaHaTa OT
Hac Tas3bosieBa (pakiusi OT CEpHH CHEIUHEHHUS,
XMMHYHATa peaknus Oerle onpeseneHa KaTo pe-
aKLysl OT IbPBU MOPSABK.

Ha u3cnenBanara npo6a — ra3post 3a MPOMHUIL-
JICHHW U KOMYHQJIHU L€JIM, IIbPBOHAYAIHO Osxa
onpeneseH  (PU3MKOXUMUYHHUTE —I10Ka3aTelH,
npencraBeHu B Tabnuma 1. Cnen ToBa u3cieasa-
HaTa OT Hac CpeAHoJecTWnaTHa (pakuus Oerre
IIOJUI0’KEHA Ha IIpolieca Ha OKUCIIeHHE B jJabopa-
TOPHH YCJIOBHS C MpaBU€Ha U OLIETHA KHCEIHHA B
npuckcTBUE Ha KaranusaTtop 0,1 % kamues mep-
MaHTaHaT TPU YCJIOBHS, ONMCAHU B TPEIXOJHA
pabora ¥ CBHOTHOIIGHHE CPEIHOJECTHUIIATHA
¢$pakuus: MpaBueHa/oneTHa Kucenuna = 1:4/4:1,
clie]] KOeTo OsiXa M3YUCIICHH U KHHETHYHHTE Xa-
PaKTEpPUCTUKH, a UMEHHO CKOPOCTHATA KOHCTAHTA
Ha Tpolieca U nepuoja Ha nomypasnaa. [lomyye-
HHUTE pe3yATaTH ca OTPa3eHH B TAOIUIHM OT 2 10
5.



Tadauua 1. OUHKOXUMUIHH XapPaKTECPUCTHKU
Ha M3I0JI3BaHaTa CPeIHOIeCTHIIaTHA (hpAKIIUS

Ne | ITokazaren | Meton CTOHMHOCT

1. | ILtbTHOCT BAC EN | 864.0
mpu 20 °C, | ISO 3675
kg/m’

2. | Jecrunanu
OHHHU X-KH
H.K., °C 70
10 %., °C 122
20 %., °C BAC EN| 176

ISO 3405
30 %., °C 235
40 %., °C 284
50 %., °C 325
60 %., °C 360
Ho 130 °C, 11.0
%
Ho 150 °C, 15.0
%
Ho 200 °C, 24.0
%
Jo 360 °C, 60.0
%
Kk., °C -
Jobus, % 64.0
Ocratbk + 36.0
3aryou, %

3. | Ceappxkar | BJIC  ISO | 0.48
ne Ha | 10307-1
acanTeny,

%

4. | Ceoppxan | BJIC ISO | 0.20
ue Ha cspa, | 8754
%

PesyaraTu u o6chxKIaHe

B cnenBamunTe TabnuuM ca mpencTaBeHU MO-
JIy4E€HUTE CTOMHOCTH 32 U3UUCIICHUTE KUHETUYHU
XapaKTePUCTUKU Ha OTAETHUTE CUCTEMU: CPEJHO-
JecTunatHa (PPaKIys:OKUCIUTEN.

KaxTo ce Bmkaa oT mpeacTaBeHNUTE pe3yTaTi
BBPXY CKOPOCTHATa KOHCTaHTa U Mepro/ia Ha Io-
JIypa3naj, OCHOBHO BIMSHHE OKa3Ba ChCTaBa Ha
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CypoBHHATa, B [10-MaJika CTCIICH BUJla HA OKHUCJIN-

TeJlsl U TeMIIepaTypara.

Tabanna 2. Kunetnunu XxapakTepUCTUKH Ha
cucTeMara cpeiHoJiecTUIIaTHa (hPaKIKs :OLETHA
kucenuna /1:3/

Temmne- | Coasp- | Cxopoc- [Tepuon
patypa, | >kaHWe | THa KOHC- | Ha IONy-
K Ha cApa, TaHTa, pasman, s
mg/kg | k.10%s?!
293.15 432.5 17.61 393.42
298.15 422.1 8.83 784.60
303.15 401.2 5.92 1170.37
308.15 389.3 445 1555.70
313.15 356.4 3.59 1928.85
318.15 332.1 3.01 2301.43
323.15 302.1 2.60 2666.98

Ta6auna 3. KnaneTnaHn XapaKTepUCTUKH Ha CHC-
TeMara W3clie/iBaHa CypOBHMHA:MpaBUeHa KHCe-
nuHa /choTHOIIEHUE 1:2/

Temrre- | Coasp- | Cropoc- | Ilepmonm Ha
parypa, | ’kaHWe | THA KOHC- | TOJTypas-
K Ha csApa, | TaHTa, naj, s
mg/kg | k.10% s
293.15 387.5 17.83 388.7465
298.15 367.4 8.96 773.6008
303.15 342 6.01 1153.362
308.15 311.6 4.54 1527.186
313.15 278.1 3.66 1895.201
318.15 265.3 3.06 2268.185
323.15 161.2 2.67 2594.128

Tabauna 4. KnaneTnaan XapaKTepUCTAKH Ha CHC-
TeMara W3clie/iBaHa CypOBHHA:MpaBUCHa KHCe-
nuHa /croTHOIIEHUE 1:3/

Temrre- | Ceawsp- | Cropoc- | Ilepuwon Ha
parypa, | ’kaHWe | THa KOH- | TMOJypas-
K Ha csipa, | CTaHTa, nam, s
mg/kg | k.10% s
293.15 498.6 17.27 401.2607
298.15 456.2 8.75 792.1784
303.15 405.3 5.91 1171.624
308.15 3854 4.46 1554.157
313.15 356.1 3.59 1928.708
318.15 334.5 3.01 2302.701
323.15 298.9 2.60 2665.12




Tabauna 5. KnanetTnaan XapaKTepUCTHKH Ha CHC-
TeMaTa W3ClIe[lBaHa CypOBHHA:MpaBUYeHa KHCe-
nuHa /croTHOIIEHUE 1:4/

Temme- | Ceapp- | Ckopoc- | Ilepnonx Ha

patypa, | KaHMe | THa KOH- | MOJypa3-

K Ha csipa, | CTaHTa, nam, s

mg/kg | k104 s
293.15 488.5 19.90 3482.335
298.15 436.6 11.51 6020.722
303.15 375.4 9.07 7638.989
308.15 355.6 7.18 9651.542
313.15 322.1 6.29 11010.75
318.15 287.3 5.77 12001.65
323.15 276.9 5.10 13599.89
3akil0ueHue

HscnenBana e BB3MOKHOCTTA 3a HaMajIIBaHE
Ha CEpPHUTE CHEAWHEHHS B CPEOHOAECCTHIIATHA
(hpakmst — ra3boI1 32 MPOMHUIIICHH M KOMYHATHH
LIEJIM YPe3 OKUCIICHUETO MY MPH aTMOC(EPHO Ha-
JIATaHE U HE BUCOKH TEMIIEPATYPH.

Bb3 ocHOBa Ha mpoBencHHUTE TabOPATOPHHU
OTINTH W EKCIICPUMEHTH OsiXxa W3YMCICHU KUHE-
TUYHHUTE XapaKTePUCTUKH Ha OTACTHHUTE Tabopa-
TOPHU MPOLECH HA OKUCIICHUE.

OT mokazaHuTe pe3yiATaTH MOXE Ja ce Hal-
paBH 3aKIIFOYEHUETO, Y€ C MIOBUILIABAHE HA TEMIIEC-
parypaTa CKOpocTHaTa KOHCTaHTa HaMaJjsiBa Mpu
BCHYKH H3CJICIBAaHH OT HAC CHCTEMH, a CTOMHOC-
TUTE HA MIEpUOJa HA MOJIypasnaj ce yBeJIu4aBar,
KOETO Hal-BEpOSTHO CE IBKM HAa U3BBPILBALIU
C€ B OTJICJIHUTE CUCTEMH MEXKIYMOJIEKYJIHHU B3ail-
MOJIEHCTBHS.

OT HampaBeHUTE EKCIEPUMEHTU U U3YUCIICHU
KUHETUYHU XapaKTEPUCTUKU CE€ YCTAHOBH, Y€ MO-
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JOOpH pe3ynTaTH ce MoJydaBaT IpU W3IM0JI3BaHE
Ha OKHMCIIUTEN MpaBYeHa KHCEIHHA.
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APPLICATION OF POTATO PEELS AS BIOSORBENT

Natalia Angelova, Aleksandar Dimitrov, Yordanka Tasheva

ABSTRACT: Up to now, the adsorption can be a promising choice innovation has attracted growing academic
and industrial attention in the concept of the foremost effective and attainable procedures, not only for its
possibility as a good practice for complete cleanup of oil but too for the advantageous post-treatment of oil-loaded
sorbent using efficient waste managements. High-efficient oil sorbent is required to own desirable characteristics,
like excellent hydrophobicity, highest uptake capability, quick oil sorption rate, low cost, and high buoyancy.

The present work deals with the use of natural sorbent (potato peels) for various substances and compounds

and neutralization of organic contamination.

Key words: oil spill, potato peels, adsorption, environmental protection

BnBenenune

Pa3nuBy Ha METPON UM NETPOITHU IPOAYKTH
BB BOJIHM OaceilHM ca MpenocTaBKa 3a ToJIeMu
ekoyiornyHu karactpodu [1-3].

[Ipu aBapuu Ha TaHKEPU 3aMBPCEHUTE TUIOIIN
ca orpomHH [4].

Huckokurisniyre KOMIIOHEHTH C€ M3MapsBaT
WHTCH3UBHO, a 00pa3yBaHUTE KOATYJIaHTH CE OT-
jaraT Ha MOPCKOTO JTbHO WJIM CE€ OTHACST OT Te-
yeHusTa [5].

Maska 9acT OT H3IyCHATHTE MPOAYKTH 00pa-
3yBar eMyJicus moJi popMaTa Ha ThHBK CJIOH Ha
MOpCKaTa MOBBPXHOCT, KOMTO BOAM JI0 YHHIIO-
’KaBaHE Ha LEJIU €KOCUCTEMH [6].

W3BecTHO €, 4e HEPTHT € eIuH OT Hai-Bax-
HUTE CHEPruiiHH PecypcH B CHBPEMEHHOTO WH-
JyCTpHAITHO 00111ecTBO. TO¥ ce U3IMoJI3Ba IHUPOKO
B He(TOXMMUSATA, TPAHCIIOPTA, MAITHHOCTPOE-
HETO U JIpYTH BaxkHH oOiactH. JlokaTto meTponsT
Ce eKCIUIoaTHpa, TPAaHCIIOPTHUPA, U3TONI3BA U ChX-
paHsBa, CHIIECTBYBA PUCK OT Pas3iINB, KOWTO MIPH-
YUHIBA 3HAYUTEIHO BB3JIEHCTBHE BBHPXY OKOII-
HaTa cpesia Mopaan KaTacTpo(u ¢ TaHKEPH, EKCTI-
JOATAIMOHHU aBapvH, TOBpead Ha 00OpyaBaHE
win npuponHu OexctBusa. PasnuBwT Ha HedT He
caMoO BOJU 1O 3ary0a Ha HEBH30OHOBSIEMHU pe-
CypcH, HO M 3acTpaliaBa 3JpaBeTO Ha MOPCKHUTE
oOWTaTeny W Xopara. 3amMbpCSBaHETO Ha OKOJI-
HaTa cpejia, MPUYMHEHO OT HEe()TEHH pPa3BH,
NpEeN3BUKBA BCE IMO-TOJISIMA 3arpPHKEHOCT, IO-
paan KOETOo cTaBa HaJOXHUTETHO J]a Ce pa3paboTsIT
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CTpaTeTuH 3a OTCTpaHsABaHE HA HEPTEHH Pa3ITUBH
[7].

WsrapsiHero, nucrnepcanTuTe, CKUMEpHTE, 00-
HOBHU 3arpakIeHHs, COpPOSHTUTe U OMopeMeana-
IUSITA ca HIKOU OT MEPKUTE, KOUTO OOMKHOBEHO
ce M3IOJI3BAT 3a pelllaBaHe Ha Te3W MPOoOJIeMU ¢
n3THYaHeTo Ha HedT. [Ipu ToBa U3rapsHEeTOo U Mo-
BEYETO JIUCIIEPCAHTH MOTAT Jia MPHYHHAT BTO-
pPUYHO 3aMbBpCsSBaHEe, CKHMEPUTE M OOHOBHU 3ar-
pakaeHus: ca Hee(eKTHBHHU 3a OTCTpaHsIBaHE Ha
cienu oT HedT, OT cMec OT HepT u BOJa, JOKATO
OouopemMeauanusiTa € epukacHa, Ho ckbma. [Ipma-
raHeTo Ha COpOCHTH 0bOaue ¢ eh)eKTUBEH, UKOHO-
MHUYEH U €KOJIOTHYEH HAuuH 32 CIpaBsHE ¢ Hed-
TEHH Pa3NiBH, HE CAMO TIOPaI Bh3MOXKHOCTTA 32
ITBJTHO TTOYHMCTBAaHE Ha HedTa, HO U TIOpaau yao0-
HOTO IOCJIEIBAILO TPETUPAHE HA HATOBAPEHUTE C
HedT copbenTu. Koraro cTaBa BpIpoc 3a copOuu-
OHHU MaTepHaly, Te OONKHOBEHO MOrar Jia ObJar
KaTeTOpU3UpaHd Ha HEOPraHWYHH MHUHEPaTHU
MaTepuai, CHHTETUYHN OPraHuYHH MaTepHaIN
W OpraHWYHU TMPHUPOAHU MaTepuaiu. Te3u Tpu
BUJIa MaTEPHAIIH Ca IIUPOKO U3CIICABAHU 32 OTCT-
paHsiBaHe Ha Macia. HeopraHn4HUTE MUHEPATHH
MaTepHaly, BKIOYHTEIHO TJIMHA, MEPIHT, Tpa-
(GuT, 3€0IUTH, MACHK U JUATOMUT, TIOKa3BaT He-
JIOCTaThYHA TJIABAEMOCT, HUCHK KaMalnuTeT Ha
copOuust Ha HeT W JOIIa BH3MOXKHOCT 32 IMOB-
TOpPHO wu3noi3BaHe. Hail-uecTto u3non3BaHuTe
CUHTETHYHHM OPraHUYHU MATEPHAIH Ca TOJHITPO-
MWIeH, cynepxunpodoOHu I'e0M W MONIHypeTaH.
Te3u copOeHTH ca nocTa epUKACHH, HO OCHOBEH


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sorbent
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/waste-management
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hydrophobicity
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sorption

HEZOCTaThK € TAXHAaTa HepasrpaauMocT. B cpas-
HEHHUE C HEOPraHMYHUTE MUHEPATHU U CHHTETHY-
HUTE OPraHUYHU MaTepualld, COPOSHTUTE C IPH-
pPOJEH TPOU3XOJ ca NPHUBIEKATETHH MOPaIH
yI0OHOTO UM ChOMpaHe, TBIHOTO OTCTPAHSBAHE
Ha MacjaTa ¥ JECHOTO UM 00e3BpekJaHe C MUHU-
MaJjiHa OTACHOCT 3a OKOJIHATa cpefa [3].

AXTUBHHSAT BBIJIEH CE€ M3II0JI3BA IMPOKO KATO
edexTHBEH aJCOpOeHT 3a OTCTpaHsBaHE Ha Oar-
puia OT OTHAIbUYHU BOIU WIHM BOAHU Pa3TBOPH
Nopaay BUCOKHUSI CH aJCOpPOLIMOHEH KalaluTeT;
HO pa3XoJIUTE 3a MPOU3BOJICTBO M pEreHepaIs ca
MHOT'O BUCOKM M TOBA OrpaHHYaBa MPHJIaraHeTo
My 3a IpOLECH Ha KOHTPOJ HAa 3aMBbpPCSABAHETO.
[pe3 nocnemauTe rogUHN ce HAOII01aBa HAPACT-
Balll MHTEPEC KbM H3II0JI3BAHETO HAa €BTUHH CEJIC-
KOCTOIIAHCKY MaTepHaIId KaTo aJICOPOCHT 3a 0TC-
TpaHsBaHE Ha MPOMUIIICHH OTNAJAHU BOJAU HIIH
oTNaab4YHu Bonu. [IpoBesieHn ca U peauiia M3c-
Jie/IBaHUA 32 OTCTPAaHSBAaHE Ha Oarpuiia oT BOJIEH
pastBop [8]. BrIipeku ToBa, U3CIEI0BATEICKUAT
WHTEpeC KbM IMPHUJIaraHeTo Ha MO-HOBH, MO-UKO-
HOMHYHH, JIECHO JOCTBITHU M BUCOKOE(PEKTUBHU
aJICOpOEHTH BCe OIIE € B MIPOIleC Ha Pa3BUTHE.

Kaprodenure obenku npeacrapisiBarT OHOOT-
MajieH MaTepral U ca U3MOJI3BaHU KaTo COPOCHT,
MOpa¥ TOJIIMOTO UM KOJTMIECTBO, KOETO CE TeHe-
pupa OT TOMaKWHCTBAa M 3aBelEHUsS 3a oOmiecT-
BEHO XpaHeHe [9].

IIpe3 2016 r., B cBeTOBEH Mamad, ca Mpou3Be-
JIeHu OKoyio 376 MuiInoHa ToHA KapTodm. Ycra-
HOBEHO ¢, 4e 0sin30 14% oT chOpaHaTa pexoJita B
CBETOBeH Mamald e mpeaomnpeaesicHa 3a Mpou3-
BOJICTBO Ha 9HIIC U HUMIecTe. OcTaHanara 9acT OT
pEeKoJTaTa ce M3I0JI3Ba B IOMALIHU yCIoBHs. W3-
BECTHO €, ue 00eIBaHETO Ha KapTo(uTe OOMKHO-
BEHO € 00MYailHO MPWIIaraHuAT MTOAXO 32 TIPe/l-
BapuTenHa 00padoTka. CBETOBHOTO IIPOU3BOJIC-
TBO Ha KapTodeHu obenku ce oueHsBa Ha 70-140
XWI. TOHA roxumrHo. [IponsBenennTe 0b6emkn Mo-
raT Jla ce M3MOJ3BaT 32 PA3IMIHM [EJH, BKIIOYH-
TEJIHO 32 MPOM3BOACTBO Ha OMOras, CypoBUHA, U
Topose [9].

[IpeBpbiTaneTo Ha TE3W OTHAIBIM B €BTHH,
YHHUBEpCaJeH aJCOpPOCHT 3a OTCTpaHABaHE Ha
TEXKH MeTaJu, Oarpuia, IeKapcTsa, Ip., 1 €JHOB-
PEMEHHO C TOBa MPEYHCTBAaHE HA OTHAIBYHHUTE
BOJIM, O OWJIO pellieHHe 3a MpeMaxBaHe Ha Te3H
ornaabiy. T KaTo ca OoraTu Ha BUCOKOKadec-
TBEHHM ChCTABKH, OCOOCHO TOJIHM3aXapuau U JIHT-
HUH [9], KouTO MoTraT Aa OBJAT MPEBbPHATH BHB
BBITIEPOJICH MaTepuall upe3 u3rapsHe, kaproge-
HUTEe 00enKn Ouxa OWIM YHHBEpCAJICH 3eJIeH ajl-
copOeHT.
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B cBoe uscnenBane aBTOpH JAOKIAnBaT, 4e
4500 ¢ynTa (2040 kg) xapTodu ce M3nON3BaAT B
e/IMH pecTopaHT/ceMUYHO. 3urcieHo e, e ako
kKapToeHute obOenku mpencrapiusear 10% ot
KapTopuTe, TOraBa KOJIMYECTBOTO KapTO(heHH
o0enku oT eauH pectopant e 450 ¢pynta (Hag 200
kr). CpappKaHHETO Ha BoOJa B KaprodeHurte
o0esku € 0koio 79 %, a KONUYecTBOTO KapTo-
(enu obenku Ha mpax e 105 kg cenmuuno [9].

Uscnensanm ca kaproQeHn o0ENKK Ha Tpax B
Ka4eCTBOTO Ha COPOLMOHEH MarepHai 3a aJicop-
OupaHe Ha OTpaOOTEHM CMAa30YHHM Macja OT IOo-
BBPXHOCTTa Ha MOpcKa Bojaa. To3HM OTHagbycH
Marepuai OT buomaca MOXe Jia ce M3M0J3Ba KaTo
copOIMoHeH martepuan cien oopadotka. OreH-
KaTa €, 4e Te MMaT COpOLMOHEH KamaluTeT OT
2,15 g macno / g copbent. OcBeH ToBa, Ha 6a3a Ha
HalpaBeHUTE W3CIE/BAaHUS W yCTAHOBSBAaHE Ha
ONITHMAITHHUTE TTapaMeTPH — TEMIIEpaTypa 1 BpeMe
Ha KOHTAaKT € YCTAaHOBEHO, ue KaprodeHute
00eJIKU MOorar Jia aJicopoupar MacjioTo 3a KpaTKo
BpeMe U IIpH CTaifHa TeMIiepaTypa, KakTo ¥ MOoraT
Jia 3a0bpKaT B cebe CH MaclioTo 3a IBITO BpEMeE.
ToBa e MHOTO Ba)KHO CBOMCTBO, KOETO CE HapHuyia
3agbpxkaHe. B3 ocHOBa Ha mocTpoeHaTa afcopo-
IIMOHHATa PAaBHOBECHA M30TepMa € JI0Ka3aHo, 4e
mpolieca Ha aJcopOLus ce ONICBa KaTo MPOLeC Ha
azcopOIus OT BTOPH MOPSIBK. [9].

Bb3craHOBsBaHETO, aHATU3UPAHETO U M3ITOJI3-
BAaHETO Ha KapTOQEHU OOENKH ca U3CIEABAHU OT
Ipyru asropu [10].

buoasncopOeHTHTe, KOUTO Ca TPOU3BEICHN OT
CEJICKOCTOTIAHCKH CTPAaHWYHHU MPOIYKTH, MOTaT
Jla JecTBaT KaTo Ba)KEH MaTepuall 3a aJCoOpOLHs
Ha TOKCHYHH METAJIH.

JlokxazaHo e, 4e e(heKTHBHOCTTA Ha aIcopOITH-
sITa 3aBUCH OT HOJAPHOCTTA M (HDYHKIMOHATHUTE
IpyIy, IPUKPENEeHN KbM afcopOeHTta, MopQoo-
THATa HA MOBBPXHOCTTA, MOBBPXHOCTHATA TLIOII
1 pa3npeAesieHUeTo Ha pa3Mepa Ha [TOpUTE Ha aJl-
copOenra [11].

Ot apyra ctpaHa, KapToheHUTe 00SIKN Ch3/a-
BaT MpOOJIEMH TPU YINPABICHUETO HA OTHAlb-
LUTE, BBIIPEKH Y€ MMAT M3BECTEH MOTEHIHAN 32
KOMITOCTHPAHE.

Karo ce mmar mpeaBuIl TOPHUTE KPHUTEPUH,
KapTodeHata Kopa € u30paHa 3a IPUTOTBSIHE Ha
OMOCOpPOCHT W 3a OIpeNessiHe Ha TMOTeHIMaIa 1
aICOpOIIMOHHUS KalamuTeT 32 OTCTPaHsSBaHE Ha
TOKCHYHM METaJH OT OTHaIbuHH Boau. ETo 3amo
€ HalpaBeHOo MPOYYBaHE C LEJI /1A C€ MOATOTBAT U
XapakTepusupaT KaptodeHu 0OeJKH 3a TpeTHu-
pane Ha Pb(Il), Cr(Il), Cd(Il) m Cu(Il) ot orma-
JbYHU BOJM, JIa CE€ M3CJIe/IBa BIMSHHUETO HA Ha-



YaITHUTE KOHICHTpalu Ha Metanute, pH, no3u-
pOBKara, pazmMepa, TeMIlepaTypaTta Ha pa3TBopa
BPEMETO 32 KOHTaKT BPXY PAaBHOBECHETO ITPH TIe-
PUOAMYHM aACOPOLIMOHHY €KCIIEPUMEHTH U Ja Ce
pa3paboTH KOHIENTyaJleH Mojnen 3a e(eKTuB-
HOCTTA Ha TPETHpaHe Ha KapTOPeHN 0OCIIKH. KaTo
a7IcOpOEHT. YCTaHOBEHO €, Y€ e()eKTUBHOCTTA Ha
OTCTpaHSBaHE CE€ YBEIHWYaBa 4pe3 yBelHuaBaHe
Ha Jl03aTa Ha ajicopOeHTa U HaMallsiBaHe Ha pa3-
Mepa Ha gacTuiuTe. [IpoleHThT Ha OTCTpaHsIBaHe
Ha Cd(II), Pb(1l), Cu(Il) u Cr(IIl) neko ce yBenu-
YyaBa ¢ yBellMUaBaHe Ha TeMIIepaTypara Ha pasT-
Bopa. JlaHHHTE 32 aACOpOLMOHHOTO PaBHOBECHE,
nonydeHu 3a orctpansiBanero Ha Cu(Il), Cr(1l) u
Pb(Il) fioHn BBPXY H3CICIBAHUTE aJCOPOCHTH,
MOKa3BaT Hali-100po CHOTBETCTBUE C M30TEpMaTa
Ha Jlaurmioup, a Cd(Il) - c wu3orepmara Ha
®poitnnux. [TokazaHo e, ue peakuusiTa € TepMo-
JUHAMUYHO OJIATONIPHUSATHA U CJIe/IBa KWHETHUKA OT
TMICEBIOCEKYH/ICH PEJl WIIK PEaKIUs OT BTOPHU IO-
psaabK. JIOKIaaBAaHOTO W3CIICABAHE TMOKAa3Ba, 4e
a7copOeHTBPT OT KapTO(PEeHU OOCIKH MOXKE Ja
0bJIc ”KOHOMHYECKH U3TO/ICH aICOPOCHT 332 MHO-
rokpaTHa ynorpe0a u e)eKTHBHA aJTepHATHBA HA
eBTHH ajicopOeHT 3a otcrpansBane Ha Cd(ID),
Pb(1l), Cu(Il) u Cr(IIl) ot otnanbunu Boau [11].
B cBoe aBTOpCKO Hay4HO HM3CIICABAHE CE JIOK-
JanBa 3a JPyro NPUIOKEHWE Ha KapTOPCHUTE
00€JIKU KaTo aJICOPOCHT, @ UMEHHO TIOTECHITUAIBT
Ha Oenn kapTodeHn 00eNIKH Ha MTPax 3a OTCTPaHs-
BaHE Ha 0AarpwJIOTO METHUIIOBO YEPBEHO OT BOJICH
pastBop. OuBeTHTENNUTE Ca €CTECTBEHH MU CHH-
TETUYHH I[BETHH OPTaHUYHU CHCIUHCHHS, KOUTO
MMaT CBOMCTBOTO JIa MPHUIABAT IIBSIT Ha BEIIECCTBA
KaTro TEKCTWJI, BJaKHA, MaMyK H 1p. MHOroo-
POWHHM CHHTETHUYHHU Oarpwia ce HM3I0JI3BaT IIH-
POKO B pa3IMIHU OTPACIIN KaTO TEKCTHITHATA, KO-
KapckaTa, rmeyarapckara, KO3MeTHYHATA, XPaHU-
TeJHaTa, OOsKUIcKaTa, KayqyKoBaTa, IiacTMa-
coBaTa, MeCTHIMIHATA U (papMalieBTHIHATA TIPO-
MUIIJICHOCT M JIpyTH, 32 pasnuunu nenmu. Cpen
TE3W OTpacid TEKCTUJIHATA MPOMHIIUICHOCT €
HAl-TOJIEMUST TPOU3BOAMUTEN HA OTHAXBYHH
BOJIM OT Oarpuia B CpaBHEHUE C IPYTUTE OTPACITH.
[MpoMunuieHUTe OTHAIBYHU BOAM OT TE3U OT-
paciu ca eHa OT OCHOBHUTE TIPHYHMHU 32 3aMbp-
csiBaHe Ha okonHarta cpena. OTmagbuYHUTE BOJM,
M3XBBPIISIHU OT OarpuiiHaTa MPOMHILICHOCT, ca
CHJTHO OLIBETE€HH, C OTPOMHO KOJIMYECTBO CyCIICH-
JpaHH OPraHUYHU BEIECTBA, KOUTO MOTaTr Ja
OBJIAT TOKCUYHU, MyTareHHH WIIK KaHIIEPOTCHHH.
Jpyru BpeIHU BB3/eicTBHS Ha Oarpmiara ca
mopoOHO pasrienaHy. 3ayCTBaHETO Ha T€3H HEll-
PEUYMCTEHU [BETHU OTHAIbYHU BOJIU BbHB BOJIOII-
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PUEMHHUIINTE MOXE J1a MPUYMHU BPEAM Ha BOJ-
HUTE OPraHd WM HA YOBEIIKHUS KUBOT. 3ayCTBa-
HETO Ha HEMPEYNUCTEHU MPOMUIIUICHU OTIAIbUHH
BOHM € obe3nokoutenHo. [Topaau ToBa € He0OXo-
JUMO Te3u Oarpuia na 6baaT OTCTPaHEHH OT OT-
Nagb4YHUTE BOAM C MOIXOIAIIAa TEXHOJOTHS,
mpenu aa ObJaaT 3ayCTCHH BbB BOI00eMHUTE [8].

[1pe3 mocneHUTE HAKOJIKO AECETUIICTHS KOH-
BEHIMOHAJHUTE METO/IU 3a IPEYHCTBAHE HA OTIA-
JUbYHH BOJIU 33 OTCTpaHsABaHE Ha Oarpuiia BKIFOY-
BaT OuonormyHu (aepoOHM M aHaepOOHM), XH-
MHYHU ¥ (PU3NKOXMMHUYHH METOIH, KaTo Koary-
nanus ¥ (QIOKyNalms, eKCTPAKIUs C Pa3TBOPH-
TeJ, MeMOpaHHa (huiITpalysi, 030HUpaHe, HOHEH
00MEH, eNEeKTPOXMMHUYHH TEXHUKH, T'bONYHA Jie-
KOJIOHM3anust 1 ajgcopoums. OTcTpaHsBaHETO Ha
Oarpwia OT OTHAIbUYHU BOJM WM NMPOMHILUICHH
OTIaJHH BOJIM Ype3 METOa Ha acopOIHs HAIoC-
JEeIbK Ce TON3Ba C IMO-TOJSIMA IMOIYJISIPHOCT OT
JpYyrUT€ METOOM 3a OTCTpaHsBaHE Ha Oarpuia.
[MpouechT Ha amcopOuUMsI ce XapaKTepH3Hpa ¢
IPOCTOTA Ha JIU3aiiHa, MO-rosiMa e()eKTHBHOCT,
JIeCHA eKCIUIoaTalusi, HEYYBCTBUTEIHOCT KbM
TOKCUYHHU BEIIECTBA U peHTaOMIHOCT [8§].

bermu xaprodenn obenmkn Ha mpax, KaTo cop-
OeHT, ca oxapakTepH3upaHH Ype3 HH]ppadepBeHa
CHEKTPOCKOMHS U MUKPOCKOTICKH aHanu3. [Ipose-
JICHH ca M3CIIeIBAaHUS 3a IEPUOJUYHA aCOPOIHS
M ca W3CIeIBaHM Pa3IUYHM IapaMeTpH, KaTo
BpeMe 3a KOHTAaKT, 1032 Ha aJcopOeHTa, HaYaIHa
KOHILIEHTpaus Ha OarpuioTo, pH u Temneparypa,
3a 1a ce HaOJII01aBa BIMSIHUETO UM B TIpolieca Ha
azcopOIMs Ha 6arpmiIoTo. Y CTAaHOBEHO €, Ue OIl-
TUMAaJTHUTE YCIIOBHSA 32 aACOPOLHS Ha METHIIOBO
4EepPBEHO BHPXY aICOPOCHTA ca: BpeMe Ha KOHTAaKT
- 80 munryTH, pH=2 1 TemmepaTypa - 303 K, mpu
HayalHa KOHLEHTpauus Ha OarpujioTo MeTHe-
HOBO uepBeHo oT 50 mg/l u mpoba agcopOeHt ot
1,0 g. ExcriepuMeHTaIHATE JaHHU 32 paBHOBEC-
HaTa azcopOIus Ha 0arpuiIoTo (METUIICHOBO Yep-
BEHO) Hail-moOpe ce OmucBaT U ChOTBETCTBAT HA
Mozela Ha n3orepmara Ha OpoitHanux. YcTaHo-
BEHO €, Ye MaKCUMAITHHAT aJcOpOIIMOHEH Kara-
mureT e 30,48 mg/g 3a ancopOuusTa Ha METHIIE-
HOBO 4epBeHO. KMHETHYHHUTE NaHHU CHOTBETCT-
BaT Ha KHHETHYEH MOJIEN OT TICEBJIOBTOPH PEJI, T.C
peakuus OT BTOPH MOPSIBK [§].

KapTtodenure obenku ca H3MON3BAHU CBHILO
TakKa 3a OTCTpaHsBaHE HA MIECTBAJICHTEH XPOM OT
BOJHH OTIaAHU Boau. OTHaxIbuHU BOAU OT MPO-
U3BOZICTBA KAaTO IHOCHE HAa XPOMHpPaHa KOXKa, Me-
Tayprusi, XpoMHUpaHe, TEKCTHII, Kepamuka, (o-
Torpadusi u GoTOrpaBUpaHe ChIBPKAT YMEPEHH
JI0 IPEKOMEPHH KOJINYECTBA CheIMHEHUS Ha IIeC-
TBAJICHTHHS XPOM, HaJBUIIABAalIM OOWYaiiHaTa



3akoHoBa rpanuiia ot 0,1 mg/l. Pemenuanusra Ha
T€3U BOJM € HeoOXoJuMa, Thil KaTo Ipu Xopara
Cr(V]) npuuunsiBa 6enoapobeH pak, s3BH, Iep-
(dopaumu Ha HOCHATa Mperpaja ¥ yBpeKIaHe Ha
O0n0peruTe. Ancoporusta Ha Cr(VI) ot pemumna
MaTepHalH, KaTo OCTaThIH OT arPOUHILYCTPHUSATA,
TOPCKH OTNAABIM, O0CIKH U JIUCTAa OT IJIOAOBE,
I'bOHM, MBPTBU OaKTEpUH U TUATOMHYHA OHoMaca
ca JOKJIagBaHu B TuTeparypara [11-13].
[IpoBenenu ca u NEPUOAUYHN EKCIIEPUMEHTH
C U3KYCTBEHH OTIAABYHU BOJAHU, CHCTOSIIH CE OT
KaJleB TUXpomar B JieloHu3npan Boja. Uscnen-
BaHU ca e()eKTUTE HAa HayaHaTa KOHLICHTPALHS
Ha IIECTBAJICHTEH XPOM, J03aTa Ha OMocopOeHTa
W KUHETHKaTa Ha OTcTpaHsiBaHe. Jo3ara Ha aj-
copOenra ot 4 g/l e edekTHBHA 3a IBJIHOTO OTCT-
paHsiBaHe Ha MeTanHus HoH npu pH 2,5 3a 48 mu-
Hytd. Kunermunumsar mporec Ha Cr(VI) BBpXY
KapTodeHn 00eNIKH Ha Tpax € TECTBaH 4pe3 NpH-
JlaraHe Ha MOJEJMTE Ha IICEBIOIBPBUS U IICEB-
JOBTOPHSI peJl, KAKTO U Ha KHHETUYHOTO ypaBHe-
Hue Ha EnmoBwy, 3a 51a ce CHIIOCTaBAT EKCIEpH-
MEHTAJHUTE AaHHU U /1a C€ ONpPeNeNiAT KUHETHY-
HUTE napaMeTpu. JlaHanTe 32 ancopbuusiTa ca Ko-
penupaxa c uzorepmure Ha Jlanrmroup u OpoiiH-
X, M3unciieH € MakCUMajHMsl KamamuTeT 3a
agcopOust Ha MoHOciod ot 3,28 mg/g ¢ mo-
MOILITa Ha aAcopOLMOHHATa UW30TEpMa Ha
Jlanrmrop, KoeTo Mmpearoiara OrpaHudeH MpoILec
Ha agcopOrwst Ha GYHKIMOHAIHU Tpymu. Pe3yn-
TaTUTe TOTBBHPKIABaT, ue KapToheHnte o0enKu
ca eeKTUBEH OMOCOPOCHT 3a OTCTpaHsSBaHE Ha
[IECTBAJICHTEH XpOM OT OTIaapuHu Boau [12, 13].
Hauctuna TpynHa KaTeropus 3aMbpCUTEIN Ha
OKOJIHATa Cpelia € Ta3u, KOSATO C€ ChCTOM OT (ap-
MAaIleBTUYHHU CheAWHEHUS. MHOTO OT T€3U Chelu-
HEHMS HE C€ OTCTPAHIBAT HAIIBJIHO OT IIPEYHCTBA-
TEeITHUTE CTaHInH 3a otanbaan Boau (IICOB)
CJIEIOBATETHO CE OTKPUBAT B MOBBPXHOCTHHUTE,
MOJ3€MHHUTE U NUTEHHUTE BOIM IO LIENUs CBST.
[Topanu ToBa BB3IEHCTBHETO HA JIEKApCTBATA/Ch-
eIMHEHMSATA BBPXY OKOJHATa Cpela € OT pella-
Balllo 3HaYeHHe. B HacTosIOTO IpoyuBaHe Kap-
ToheHHn 00CIIKY ca U3TIOI3BAHM 32 MOJTyIaBaHe Ha
00pasuy OT BBIIAECPO CIIEA TUPOIIH3a UK XUIPO-
TepMuuHa oopabotka. Cren aktusupane ¢ KOH
U MoaudUIUpaHe ¢ OKUCIUTEIHU areHTH, Topec-
[IOMEHATUTe MaTepuaiy 0sxa U3IOI3BaHHU 3a OTC-
TpaHsABaHE Ha JBE JICKAPCTBEHU CHEIMHEHUS
(mop3onmamu ¥ MPaMHUTIEKCONI) OT CHHTETHYHU
BOJIHY oTnaaHu Boau. OlieHKara Ha ajicopOnusiTa
€ HarlpaBeHa C IOPEHLA OT eKCIIEPUMEHTH 3a aji-
copOrusi-necopOnus, KaTto ca M3CIEIBaHU OC-
HOBHH IapaMeTpH kaTto edekrta Ha pH, Temnepa-
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Typara, HayajHaTa KOHLEHTpalMs Ha JIEKapCT-
BOTO, BPEMETO 32 KOHTAKT U CIIOCOOHOCTTA 32 pe-
redeparus (pH Ha necopOums, IMKIM Ha TOB-
TOpHa ymoTpeba). XapakTEepUCTHKATa € HU3BBP-
mena c¢ nomomTa Ha SEM wu3o0paxeHnus wu
FTIRcnekTpockonus. Y CTaHOBEHOTO ONTUMAIHO
pH 3a axgcopOuus e 2. Cropen aacopOIHOHHOTO
paBHOBECHE M KUHETUYHUTE CKCIIEPUMEHTHU Hali-
I00po MpUCHOCOOsIBaHE € MOCTUTHATO upe3 U3-
M0JI3BaHE Ha ypaBHEHUsITa HA OPONUIIMX U NICEB-
noBropu pea. OCHOBHOTO MPETUMCTBO Ha Mare-
pHaIUTe € Bb3MOXHOCTTA 32 MHOT'OKpaTHa YIOT-
peba [14].

3akaIoueHne

B HacTosmara cratus € pasrieaaHa Bb3MOX-
HOCTTA 32 MPUJIOKEHUE Ha KaPTOPECHUTE 0OCIKH,
KaTo OMOCOPOEHT 3a Pa3IMYH{ TPOIECH Ha al-
copOnmst U e(eKTHBHO, EBTUHO W JIECHO OYHCT-
BaHE Ha OTMAAbYHU U MOPCKH BOJU OT Pa3IMuHU
0 XapakTep 3aMbPCUTEIH.
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OCHOBHH I'PAJINBHU EJJEMEHTH 3A IPOEKTUPAHE HA ToT YCTPOMCTBA
Tepeza Credanosa
BASIC BUILDING BLOCKS FOR IoT DEVICES DESIGN
Tereza Stefanova

ABSTRACT: The Internet of Things is a key driver of digital technology. IoT is already transforming many
consumers and businesses, including creating entirely new business models and work opportunities. The loT
industry includes a variety of devices with a wide range of requirements needed to fulfill the many applications.
10T devices can connect to the Internet in a variety of ways. These devices also integrated with technology such
as sensors, functional software and supporting network connections and actuators.

The article examines the basic building blocks of the IoT devices, IoT design standards, low-power IoT device
design, mixed-signal operation, choosing an appropriate compact design, and more. The distinctive features in
the design process of the loT devices are noted.

Key words: 10T devices; [oT devices designing; specificity in the [oT devices design.

BnBenenne Enno IoT ycrpoiicTBO oOeauHsBa pazIMyHU
TEXHOJIOTHH, WMa BB3MOXHOCT 3a paboTa ChC
[Ipe3 mocneaHUTE TOJMHU CE pa3BUBAT MHOTO  CMECEHHU CHTHAIU U BUCOKOCKOPOCTEH TpaHcdep
HOBU [1a3apHy, KaTO UHTEIUTCHTHU IOMOBE, CBbP-  Ha JAaHHM, KaTO CBILIEBPEMEHHO MUHUMU3HpA
3aHU aBTOMOOWIIN, MHTEJIUTCHTHA MPEXXH U UHTe-  KOHCymanusata Ha eHeprus. llopaam tasm mpwu-
JUTEHTHO 37IpaBeoTa3BaHe, KaTo MPEACTOM Oome  uuHa, MpoekTupanero Ha loT ycrpolicTBara
MHOT'O CUCTEMH M CEKTOPH Jia ObJaT CBbpP3aHU B TpsAOBa Ja ObJe MHOTO MPEIM3HO, 3a Jia Ce OCH-
Omm3ko Obgente. OOMIOTO 32 BCHUKM TE3W Ma3apu  TyPH BHCOKA HA/ICKTHOCT U €()EeKTUBHOCT.
U CBBP3aHU TPUIOKEHUS € HU3MOI3BAHETO Ha B crarusara ca pasriieqaHu OCHOBHUTE TIpa-
JTAHHU B peajHO BPEME OT CBBP3aHH ,,Hela™, Ko- nuBHU eneMeHTH Ha [oT ycrpolictBara, ctaHnap-
€TO ToT00psBa BCUYKH BHJIOBE MPOIIECH, CIIECTs-  TUTe 3a mpoektrupane Ha loT, mpoextupane Ha [oT
BallKu BpeMe U MapHu. YCTpOICTBA C HUCKAa MOIIHOCT, paboTa ChC cMe-
IoT wunmycTpuATa BKIIOYBA PA3IMYHU YCT-  CEHU CUTHAIM, MOJIXOJAII KOMIIAKTEH TU3alH U
poiicTBa ¢ MIUPOK HAOOP OT M3UCKBaHUs, Heo0x0-  ap. OTOensa3aHu ca OTIUYUTEIIHUTE YEPTH B MPO-
JIMMH 33 W3OBJIHECHUE Ha MHOrO NPUIOXKEHMs.  Ieca Ha npoektupase Ha loT ycTpoiicTsa.
Cwmapt unu loT ycrpoiicTBaTa Morar s1a ce CBbp3-

BaT C MHTEpPHET MO BCAKAKBB HA4YMH. 1€3M yCT- OCHOBHY IrpaiiBHH eJ1eMeHTH

POHCTBa CBIIO Ca MHTETPUPAHU C TEXHOJOTHS

KaTo CeH30pH, (PYHKIHOHAJeH codTyep W TOJ- B ocnoBara cu emno IoT ycrpoiictBo nma
JUbPYKAIId MPEKOBU BPH3KHU U 33/IBIDKBAIIN MEXa-  HAKOJKO KIIOYOBHM KOMIIOHEHTAa, KOUTO TO
HU3MU. OIIPE/IENIAT: CeH30pH, OJIOK 3a Oe3KNYHA BpB3Ka U

IoT ycrpoiictBaTta pasmupsBaT HMHTEpHET  OJOK 3a  YOpPaBIEHUE Ha  3aXpaHBAaHETO.
CBBP3aHOCTTa OTBBJA HACTOJHHUTE KOMHIIOTPH, OCHOBHOTO MPEAM3BHKATEJICTBO MPH YCIELIHOTO
janrtony, cMapTdoHu u Tabnetn. Te3n ycTpolic-  mpoekTupane Ha loT e Bcuuku Te Aa paboTsT
TBA Ca C BrPaJeHa TEXHOJIOTHS 32 KOMYHUKAMA 1 CUHXPOHHO 3a€HO.

B3aUMOJICHCTBUE MO UHTEPHET. Te B3emaT pelie-

HUS B pealiHo BpeMe 1 B3aUMOICHCTBAT MMOHAKOTa Cenzopn

¢ MUHHMAJTHO WK 6e3 yJacTue oT xopata. Te3m Censopure ce (HoKycUpaT BbPXY ChOMpaHETO
CBBP3aHHU yCTPOWCTBA Ch3/IaBaT CUCTEMa, B KOATO ~ Ha JAHHM OT BBHIIHUA cBAT. Haii-uecto
BCEKH arapaT FOBOPH MMOMEXKY CH, 32 ]a aBTOMa-  HM3MOJI3BAaHUTE CEH30pM ca 3a H3MepBaHEe Ha
TU3HMpa JOMOBETe, OM3HECa U CBETa OKOJIO HAC. TeMIeparypa, HaJIsIraHe, BIIQJKHOCT,
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uHbpayepBeHa Bpb3ka, kamepu u RFID Taroge.
Korato ce mpoektupa loT ycTpoiicTBo, TpsiOBa 1a
ce MMa MpeaBUA He camo uHpopMauusiTa OT
peanHus CBAT, KOSTO IE U3I0J3Ba CaMOTO
YCTpPOHCTBO, HO CBIIO Taka, dYe TO Iie
KOMYHMKHpa U C JIpyTd CbPBBPH, YCTPONCTBA U
BB3IIH.

N300pbT Ha CEeH30pHM 3a W3IMOJI3BAHE B HOBH
CBBP3aHH MPOIYKTH HE CE OTpaHHYaBa camo JI0
OmnpezeNssHE M pas3IekJaHe Ha H3MEpPBAaHUTE
BennunHU. TpsOBa Aa ce UMa npenBu cpeaara, B
KOSTO TPOAYKTHT € BHEAPEH U Kak IIe ce
M3II0JI3BAa TOM, KOTATO CE ONPEAEIAT KO BUJOBE
CCH30PH M KOHKPETHHU CEH30pH Ca HEOOXOIUMH B
IIPOEKTUPAHOTO YCTPOHCTBO.

M300psT Ha ceH3opH TpsiOBa Ja € chboOpaseH ¢
M3UCKBAHMATA 32 JU3aiiH M (YHKUMOHATHOCT Ha
IIPOEKTUPAHOTO YCTPOUCTBO. PaznuyHuTte TUIIOBE
CCH30pM HMaT pasjiviHUu HHUBA HA TOYHOCT,
rpaHdla Ha OTKPHBaHE, OOXBaT Ha H3MEpPBaHE,
¢dopm-hakTop, HM3UCKBaHMS 3a 3axpaHBaHE H
00XBaT Ha Bb3MOKHOCTHUTE.

Koraro ce m3bupar censopu TpabBa nma ce
OanmaHcupaT HEOOXOOUMHTE BB3MOXHOCTH C
MEXaHW4YHaTa KOHCTPYKIUMA UM KOpIIyCa Ha
IIPOEKTUPAHOTO ycTpoWcTBo. Hampumep, ako
CTaBa BBIIPOC 32 MOOMJIHO YCTPOMCTBO C MalbK

o0eM, KOeTO  CBIICBPEMEHHO Ja  HMMa
HeOoOXOIMMOTO HHBO Ha TOYHOCT M O0XBaT Ha
U3MepBaHe.

Cenzopure ca MPOCKTHPAHU na

B3aUMOJICHCTBAT C aHAJOTOBH YCTpOicTBa U
CHCTEMH, KaTo 10 TO3H HaYWH CUTHAJIUTE, KOUTO
CchOUpAT, ce M3BEKIAT KaTO aHAJOTOBU JIaHHH.
Axo Ta3m wuHpoOpManus TpsiOBa na Obae
00paboTeHa U IPEeXBBPIICHA KbM 0a30Ba CTaHIIHS
WIA ChXpaHEHa B MOJYN MaMeT, aHaJIOTOBHSIT
M3XOJI OT CeH30pa TpsiOBa na Obe mpeodpasyBaH
B nu¢poB curHai. ToBa o3Ha4aBa, 4e e TpsiOBa
Jla ce M3MOJI3Ba CTaHJApTEeH JU3ailH Ha CMECeH
CUTHAJI U TEXHUKH 3a MapIIpyTH3HpaHe, 3a Jia ce
OCUTYpH MEJIOCTTA HAa CHTHAJAa B YCTPOWCTBOTO.
W3non3BaHuTe CEH30pH LIe C€ HYKAAAT U OT
HSIKaKBa TO/IbprKallla aHAJIOroBa cXeMa.

BuabT Ha 3aXpaHBAaHETO ChHIO € BAKHO
choOpaxkeHre Tpu padoTa C BCIAKO MOOHITHO
YCTPOMCTBO, KOETO BKJIFOYBA CEH30PH, ThH KaTO
TE3W YCTPOWCTBA BEPOSITHO IE CE 3aXpaHBaT OT
Oarepuu. AKO BB3HHKHAT TPOOJIEMH CBHC
3axpaHBaHETO, T¢ MOTAaT Jla CTaHAT MpPUYHMHA 32
MpoMsiHa Ha paboTaTa Ha IIUPPOBUTE HHTETPATTHH
CXeMH B IUlaTKaTa W 3a 3aryba Ha dYacT OT
npeoOpasyBaHuTe AaHHH. Te3u mpobieMu ChIIo
MOTaT Jia TOBJIMSSAT HA TOYHOCTTA HA TIOKAa3aHUSTa
Ha u30paHus CEH30D.
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MopnyJ1 3a 6e3:KHYHA BPb3Ka

MopynsT 3a Oe3KM4YHa Bpb3Ka Hrpae
pemiaBaia pojs TNPH CBHP3BAHETO C BCHUYKHU
CHUCTEMH  U3BBH  ycTpoWcTBOTO.  OOmIuTe
TEXHOJIOTMM 332  KOMYHHKaLlUsl  BKJIIOYBAT

Bluetooth, Zigbee, WiFi u NFC. 3a aupekren
JOCTBII IO WMHTEPHET MOXE Jia ce W3II0JI3BAT,
Hanpumep GSM/LTE nmm WiFi. YcrpoiictBaTa
32 TEe3W TEXHOJOTMH HWMAaT paszndHO BpEME,
KOTaTO ca CBBP3aHM, Pa3IUYHH OOXBaTH U
pa3nMyHa KOHCyMalusi Ha eHeprus. Hampumep,
Hskou NFC yctpoiicTBa Morar na ce 3axpaHBaT
0C3)KUYHO, 332 Ja KOMYHUKHUPAT C TIPHEMO-
npeaBaTely, J0KaTo yCTPOHCTBATa C aKTHBUPAH
WiFi me ce HyXaasT OT MOCTOSHHO BKJIIOYEHO
3aXpaHBaHe.

Monaya 3a pery/iupaHe Ha MOLIHOCTTA

MonynbsT 3a peryjiaupaHe Ha MOIIHOCTTa €
KITIOYOB 3a MIPEHOCUMOCTTA u
KOMYHHMKALlMOHHUTE CIIOCOOHOCTH Ha
IIPOEKTUPAHOTO yCTpoicTBO. Hukoe 3axpanBaino
YCTpPOMCTBO MIJIM CHCTEMaTa, CBbp3aHa KbM HEro,
HE € 3aCTPaxOBaHO Cpelly NpobJIeMH C LEOCTTa
Ha CHUTHAJa WIN 3aXPaHBAHETO, HO IPUJIATaHETO
Ha HAKOW OCHOBHM IpPOLENYpHU 32 NMPOEKTHpaHE
MOXKE€ Jia TIOMOTHE 3a IIpeloTBpaTsABaHE Ha
mosBata WM. Te3n Hal-moOpu  MPaKTHKH
BKJIFOUBAT BCUYKO OT MPABMWJIHOTO MOJPEXIaHE
Ha KOMIIOHEHTHUTE JI0 M300pa Ha perynaTop MpH
IPOEKTHPAHE Ha 3aXpaHBaHETO. Axo
YCTpPOHCTBOTO ce 3axpaHBa OT Oarepus,
NPOCKTHPAHETO C €HepruiiHa e€(EeKTHBHOCT € OT
pelaBalio 3HadeHue. 3a MPUIOKEHUS C HHUCKa
MOIIHOCT C€ IMpexaararT HHTErpajHu CXEeMH Ha
JUHEWHN  peryilatopy M IPEBKIIOYBALIN
perynaropu. TakuBa HWHTETpaHU CXEMH ca
HOJXOJSIIN 32 MOOWIHU WU APYT'M YCTPOUCTBA,
KOMTO MOTraT Ja c€ BKJIIOYBAT B 3axpaHBallaTa
Mpeka, HO HM3UCKBAT HHUCKAa KOHCyMalus Ha
CHEpTHA. He3aBucumo ot KOHCyManusTa Ha
€HEprusi B IPOEKTHPAHOTO YCTPOMCTBO, HMa
HSIKOM OCHOBHH ChOOpaXeHUS 32 MPOEKTUPAHE Ha
neyaTH IUIATKH, KOUTO Tp516Ba Ja C€ B3EMar
MpeaBui, 3a Ja Ce TrapaHTUpa IeJocTTa Ha
3aXpaHBAHETO U LIEJIOCTTA Ha CUTHATIA.

Cnemnduxa npu npoextupanero Ha loT
yeTpoiicTBa

3a ;1a ce rapaHTHpa YCIEIIHO MPOSKTUPAHE HA
[oT, TpsOBa crioMeHaTHUTE TEXHOJOTHU Ja Ce
aceMOMMpaT B KOMIIAKTHO yCTpOHCTBO. ToBa
YCTPOMCTBO TpsiOBa /1a € peHTAOMITHO ¥ MOXeE Ja



ce HyXJae OT JONbIIHUTEIHU BBH3MOKHOCTH 32
o0OpaboTka Ha HMU(PPOBH CHrHAIIM, 00pabOTKa Ha

€CTECTBEH MOTPEOUTEIICKH uHTepelic,
KOHTPOJIHA omepanyu  WIH aHaJIOTOBO
HaOI0/IeHIeE.

HabnromaBa ce TMOCTOSIHEH CTpeMexX 3a

ce3naBaHe Ha loT ycTpoiicTBa ¢ momoOpeHa
MPOU3BOJUTEIHOCT, CHEpruifHa e(eKTUBHOCT,
mo-rojisiM 00XBaT M HaMmaineH pasmep. EmHo
YCTPOHCTBO MOXKE Ja ChIbPKa IPOLECOp, MaMeT,
OmokoBe 3a rpaduka, o0paboTka W OE3KUIHH
BEpHTH. 3a Ja ce Cb3lajie BH3MOXKHO Haii-
MaJIKOTO YCTPOHCTBO, MHOTO OT T€3U €JIEeMEHTH
(HO HE BCHUYKH) MOTaT Ja ObJIaT IIOCTAaBSHHU B €HA
cucrema Bbpxy uu (SoC - System-On-Chip). B
3aBUCHUMOCT OT BHJa Ha CHCTEMaTa, TS MOXKE Ja
V3IIBJIHSBA Pa3iNdHU (PYHKIWHU, BKJIFOYHUTEITHO
00paboTKa Ha CUTHAIIN, OE3)KUYHA KOMYHUKAIIHS,
W3KYCTBEH MHTENIEKT U APYTH.

[Topagn HEOOXOIMMOCTTA OT CIIECTSBaHE Ha
MPOCTPAHCTBO, OTIUYHTEHA YepTa Ha Ju3aiiHa
Ha [oT e, 4ye wenuAT NPOAYKT WM IJIaTKa ca
MPOEKTHPAHH KAaTO €IHO ISJI0, 3a Pa3ihKa OT
MHOTO TIO-MAJIKH OTIEIIHH IUIATKH, KOWTO Ce€

u3Mon3Baxa mo-paHo. llpu mpoexTHpaHeTo
TpsiOBa J]a ca OTYETCHH U MEXaHUYHHUTE pa3MepH
Ha yCTPOWCTBOTO, 3a Ja Ce€ TapaHTHpa

YIPaBJIEHUETO U LIEJOCTTA HAa CUTHAJIA.

Koraro ce npoektupa IoT, TpsiOBa na ce uma
MPEBHL, 4 CEH30PUTE U HHTETPATHUTE CXEMHU CE
pa3BuBar O0bp30. UnIioBeTe M3MIOA3BAaHU B AaJCH
NPOAYKT, MOXE Ja OCTapesIT MHOTro OBp30.
[Mopanu Ta3u nmpuurHa AOOPO pelieHHe € aa ce
paszenu 1u3aiiHa ¢ oI-BEpPUrH, KOETO I103BOJISIBA
CHUCTEMaTHYeH MOJXO0/ U MPaBU aKTyallu3UpPaHeTo
Ha YacTUTE Ha Bepurara Mo-JecHo.

Hskou crangaprtu 3a loT qu3saiin

YerpoiictBara B loT me  TpsibBa
(GyHKIMOHUpAT, Ja KOMYHMKHMpAaT M [Ja
uHTErpupaT ¢ apyru cuctemu. Koraro
npoektupa loT ycTpoiicTBo, TpsabBa xa
IIOMUCIIM KaKk TO C€ BIUCBAa B I[UIOCTHATa
apxurekTypa. Haii-1oOpust HaumH 1a ce HalpaBu
TOBa € upe3 MpHeMaHe M NOJAbpXKAHE Ha
cTangapTd. M3mon3BaHeTo Ha  MOAXOASALIM
CTaHJApTH I'apaHTUpaAT KayecTBO, HAJEKIHOCT U
MOCJIEAOBAaTEIHOCT B IPOM3BOJACTBOTO  Ha
€JIEKTPOHHU M KOMYHHKAIIMOHHH YCTPOWCTBA.

3a menTa MoXe J1a ce nogdepe euH CTaHaapT
U Ja ce mpwiara, J0OKaTo € Ch3/1aBa JaJIEHOTO
YCTpOMCTBO. 3a Aa ce rapaHTHpa IbIAroTpaiiHa
paboTa Ha MPOEKTHPAHOTO YCTPOWCTBO, TPsOBa
Jla ce MMa TpeaBHJ HE CaMO OCHOBHATa MY
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(yHKIMOHATHOCT, HO MU C
YCTpOWCTBA I11€ KOMYHHUKHpA.

IIpn nmpoextupanero Ha loT yctpolicTBa ce
U3II0NI3BAT WHAYCTpUATHH CTaHIapTH,
MOKPUBAILM MOYTH BCEKM €Tal OT LUKbJIa Ha
pa3paboTBaHe Ha eNEKTPOHHU NPOAYKTH. Exqau ot
M3IIOJI3BAaHUTE CTaHJAAPTH ca Te3u oT MHcTutyTta
3a mevatHu mwiatku (IPC Standards, 2023). IPC
CTaHIApTHUTE Ce MpHaraT B LsAJaTa eJIEKTPOHHA
WHAYCTpUSL M TIOMarar Ja ce rapaHTHpa BHCOKO
Ka4yecTBO, HAJEXKIHOCT M IOCIEAOBATEIHOCT B
MPOU3BOJACTBOTO Ha enekTpoHuka. IPC uma Hapg
300 axkTMBHM MHOTOE3WYHH HHAYCTPUATHH
CTaHJIapTH, TOKPHUBAIlM IOYTH BCEKHU €Tall OT
LUKBJIAa Ha pa3padoTBaHE Ha EJICKTPOHHU
MIPOAYKTH.

Hpyru crannmaptu 6asupanu Ha [P pemeHus
BKJIIOYBAT:

*  Huarepdeiicu: MIPI DSI, CSI, SLIMbus,
UniPro, DigRF, BIG, D-PHY, M-PHY, M-PCle,
USB, HDMI, SDIO;

* IMamer: SD/eMMC, 3D NAND, LPDDR,
Wide 10;

*  Amnamnorosu IP: AFE, A/D, monwuropu,
CEH30pH;

*  Cucremu/nepudepau
MuKpomnpouecopH, IP aynuo u IP taiimep.

KaKBH JIpyru

1P:

IIpoextupane Ha IoT ycrpolicTBa ¢ HUCKA
MOIIIHOCT

Towit kaTo "ecTo ce u3nomBaT MoOmwtHN [oT
YCTPOHCTBA, MPOEKTUPAHETO MM Ja KOHCYMHpPAT
BB3MOXXHO Hali-MaJKO €HEPrusl € OT pelIaBalio
3HaueHHe. Tyk ce npuiaara JIpyr IIOXBar,
pa3iM4YeH OT TOBa Jia Ce HampaBH YCTPOWCTBO,
KOETO IIOCTOSTHHO /13 € BKJIFOUEHO B 3aXpaHBallaTa
MpeXa, a HMMEHHO Ja Cc€ MpPOEKTHpa TaKoBa
YCTPOMCTBO, KOETO Jla W3MOJI3Ba Pa3IHYHH
pesxxumu Ha paborta. OCBEH TOBa HAJIMYHMETO HA
HWHTEJIMICHTHO YIPABJICHUE HAa 3aXpPaHBAHETO LIe
YBEIIMYU BPEMETO 3a paboTa Ha YCTPOUCTBOTO.

3a MOOWIHM YCTpOWCTBa Hal-yecTo ce
U3M0J13Ba OaTEpPUITHO 3aXxpaHBaHE WJIM BEpUra 3a
akyMyJIMpaHe Ha eHeprus. Enun ot Haii-noOpure
HAYMHU 3a IIeCTeHe Ha Oarepusara € Ja ce
M3KJIF0YaT 4acTH OT YCTPOHCTBOTO, KOraTo HE Ce
W3IIONI3BAT. 3a IeNTa IulaTKkata TpsiOBa na ce
paszeny Ha QYHKIHOHATHH OJIOKOBE M 332 BCEKH
OJIOK na ce ompeneiaw HEOOXOAMMHUS AT 3a
KOHCyMarus Ha eHeprusi. Jloope e na ce mogoepar
MHTETPAIHM  CXEMH 3a  peryjiupaHe Ha
MOIIHOCTTA, KOUTO OTTOBAPSAT Ha HEOOXOAUMUTE
crienuuKauy, Taka Y€ BCEKH OJIOK OT



YCTPOMCTBOTO /1a KOHCYMUPA €HEPIUs B PAMKUTE
Ha MpEeIBUACHUS IS

MonynsT ¢ namet Ha [oT ycTpoiicTBOTO CBIIIO
11e KOHCYMHpa €Heprusi, Hopaau ToBa U300pHT Ha
IpaBUJIHATA MaMET € BaXKEeH, 3a Jla Ce IIOCTUIHE
onruMainHa eneproedextusHocT. Hanpumep, npu
U3IIOJI3BaHE Ha AWPEKTEH IOCTBhI A0 IMaMeTTa
(Direct memory access, DMA), e uma mo-100po
CIIECTSIBAHE HA EHEprus, HO IIe ce 3aryom
M3BECTHA  JIATEHTHOCT W MNPOIyCKaTeJHa
CHOCOOHOCT B CpaBHEHHUE C AMHAMHYHATA MAMET
¢ npousBoiieH gocThll (Dynamic random access
memory, DRAM). CeBpeMEHHUTE
Pa3HOBHUIHOCTH Ha DRAM npeayarat
3HAYUTEIHO TO-BUCOKH CKOPOCTH Ha TpaHcdep
IIpM  TO-HUCKM CTOMHOCTM Ha €HEpruiiHa
KOHCYMallusi, KOETO TH MpaBH UACAICH U300p 3a
BCSIKaK’bB BHJ] MOOMITHH YCTPOWCTBA OT CIIEBAIIO
MOKOJICHHE.

[Ipeun3HuTe M34YHMCICHUS HA KOHCyMauusiTa
Ha eHeprusi U epeKTUBHUTE MPEXKU 32 3aXpaHBaHe
e yBeIU4yaT IBIATOTpaifHOCTTa Ha
MIPOEKTHPAHOTO ycTpoiicTBo. [Ipenoppunrento e
Jla ce M3M0J3Ba NPENH3eH HHCTPYMEHT 3a aHaJIN3
Ha 3axpaHBallaTa Mpexa, 3a J1a ce MoJydyd TOUHa
npeaBapuTeIHa HHPopManys 3a epeKTHBHOCTTA
Ha  MPOEKTUPAHOTO  YCTPOMCTBO  Hpeau
IIPOM3BOJCTBO U TECTBAHE.

Iym. lToruckane na RF EMI

IoT yctpoticTBoTO 1€ paboTH Cpea MHOTrO
Ipyr'H  yCTPOWCTBA, M3MOJ3BAalKM  TEXHUTE
coOcTBeHHI CTaHapTH 3a OezkuIHa
KoMyHuKauud. llopaan Tasu mpuyrHa HIyMBT
MOXe J]a ce OKake BakeH (DakTop B Ipolieca Ha
pabota Ha cucremure. BbB BCsIKa €IEKTPOHHA
CHUCTEMa MOTraT Ja c€ TMOSBAT PaguO4YeCTOTHH
enekrpomarautHu cmyimenus (RF EMI), nopu
aKko TS He paboTH HAa TUIMYHHU DPaIHOYECTOTH.
ITotuckanero Ha RF EMI m3uckBa MHOXXECTBO
pemieHusa. YecTto WU3MNOI3BAaHUTE EIEKTPOHHU
yCTpOWCTBa ca JAOCTa pPaziIMYHU M MOXKE Ja €
TPYZAHO Ja Ce ONpEeesid KOM MEPKHU ca Hai-1o0pu
3a notuckane Ha RF EMI B pasnuunure cucremu.
TBi KaTo BCAKA CUCTEMA MOXKE Jja U3UCKBA CBOS
coOcTBeHa KOMOMHAmMs OT TEXHHKH 32
notuckane Ha RF EMI, BaxxHO € mpaBUIIHO Ja ce
OLICHAT CHEeUU(UIHUTE YECTOTH M MOLIHOCTH Ha
U3IbUBAaHE, KOMTO TpsOBa Ja ObIaT OOCKT Ha
MexaHu3MH 3a notuckane Ha EMI. Tlonskora ce
W3HCKBA OIMWT, 3a 1a C€ YCTAaHOBU KOM PEIICHUS U
MEpKH ca Hal-moOpu 3a TOTHUCKaHe Ha
BHCOKOYECTOTHHSI IIyM M TapaHTHUpaHe Ha
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OpEMHUHABaHCTO Ha TCCTOBCTEC 3a

CJICKTPOMArHuTHA CbBMCCTHUMOCT.
PadorTa cbC cMeceHH CHUTHAJIH

Hanautre B IoT ycTpolicTBOTO MOXEe nAa
BKJIIOYBAT MHOXKECTBO AaHAIOTOBH W IH(poBU
CUTHAJIM, KOETO IPaBH OT ChILECTBEHO 3HAUCHHE
3ama3BaHETO Ha LEJIOCTTa HA CUTHama C
Bb3MOXKHO Hail-masiko mym. [oT ycTpoiicTBOTO
me cbOupa [OaHHU OT peajHHsl CBAT dYpe3
aHaJIOTOBU CEH30PH, CUTHAJIMTE OT KOUTO TPsiOBa
na OpaaT npeoOpa3yBanu B rudposu. Cien kato
Beue ca B 1udpoB ¢dopmar, AaHHHTE MOraTr Aa
ObIaT KOAMPaHW, MAHUITYJUPAHH U W3IPATCHU
oexxmuHo. Ille e HeoOXomuMm u mporecop, ¢
BB3MOXKHOCTH Jla TpeHacd JaHHM C BHCOKa
ckopoct. llopagu HamuMuMeTro Ha CMECCHH
CUTHAJH IIe TpsiOBa Jja ce OTCTPaHAT IMpoOIeMu
KaTo KpPBCTOCAHM CMYILEHHUS, OTMECTBaHE Ha
TaKTOBAaTa 4ecToTa, 3a0aBsHE Ha
PasnpoOCTPaHEHNETO, 3aTUXBAaHE, ChIVIACYBAHE HA
uMmInenaica u ap. B cinydaute mpu pabora cbe
CMECEHH CHUTHAJIM, JOOpO peuieHue € naa ce
pasmensT aHaJOrOBUTE U BUCOKOCKOPOCTHHUTE
nu(POBH CEKLIMU B Pa3JIMYHU YaCTH Ha IIATKATA.

TpsibBa na ce orOenexu crnenudurara npu
npoektupane Ha MeguuuHcky [oT ycrpoiictsa. B
TE3U CiIydyaud TpsAOBa Ja ce MMa MpPEIBUA, Ye

MpeaBaHeT0 Ha  OE3KHYHH  CHTHAIM B
CBOOOJHOTO  BB3AYIIHO  MPOCTPAHCTBO €
pa3IMYHO OT TOBa B YOBEHIKOTO TsjO. B

menunuacknTe IoT cucTteMm curHaIUTE HOCST
JKU3HEHOBa)KHA MH(OpMAIUs 3a TAJIOTO, TaKa 4e
aKO YCTPOMCTBOTO MPOYETE TPEIICH CUTHAIT MOXKE
Ja ObJie U3KIIFOUUTEIIHO MaryoHo.

KomnakrTeH qu3aiiH

Paznnynure MIPUIIOXKEHUSA Ha IoT
yCcTpoiicTBaTa NpPUHYXKIABaT AW3aliHEpUTE Ha
MeYaTHH TUIATKH JIa TOCTaBST TIOBEYE CXEMH B T10-
MaJIKi TpocTpaHcTBa. [locTaBsiHETO Ha BCHYKH
Pa3NUYHM OJCXEMH M MOYJIH B €1HA KOMITAKTHA
nevyaTHa IUIaTKa I€ HM3MCKBAa pabora ¢ II0-
HanpenHalld TEXHOJOTHH 3a TMpoeKkThpaHe. Te
BKJIIOYBAT BPB3KM ¢ BHcoka murbTHOCT (High-
Density  Interconnects, = HDI),  Brpanenu
KOMITOHEHTH M JPYTHM KOMIIAKTHH KOMITOHEHTH
KaTo MHOTOYMIOBU Motyu (Multi-chip modules,
MCM) unu 3D unrerpanau cxemu (3D-IC).

TpuuzmepHara HHTErpanus e Haii-
o0eIaBaIusIT NoJAX0/1 38 IPOIbIDKaBaHe Ha MBTS
Ha TEXHOJIOTUYHO MamaldupaHe, MO3BOJISABALL



ObaaT

Ja

HapacTBam Opod  ycTpoiicTBa
UHTETPUPAHH Ha SMHHIA 00EM.

Ultra-dense
interconnects

Ha ¢wur. 1 e nokaszan BepTUKaIHO UHTETpHpaH
nu3aiid Ha 3D uui, KOHTO chUyeTaBa M3YHCIICHUS
U ChXpaHCHHUE Ha TaHHU.

—RRAM

——CNFET logic

—Silicon logic

®@ur. 1. Beprukanno unterpupas qu3aid Ha 3D yun

Wzrounuk: (Shulaker, 2017)

3D uumbT, TMPOEKTUPAH OT U3CIIEI0BATENN OT
Crandopiackusi yHuBepcuteT n Macady3eTcKus
TEXHOJIOTMUYEH MHCTUTYT, [03BOJIIBa 00paboTKa
U ChXpaHsIBaHE HA OTPOMHH KOJIMYECTBA JaHHH C
BUCOKAa CKOPOCT B ObJieIIy TpaHchOopMHUpaIly Ha-
Hocuctemu (Shulaker, 2017).

Ha ¢wurypa 1 ce BmxIaT 4eTUpH BEPTUKAIHH
ciog B 3D HaHocuctemeH umn. Hai-ropHust
cIoi (YeTBBPTH) BKIIOUBA CEH30PH H MOBEYE OT
€IMH MUWIKMOH JIOTHYECKH UHBEPTOPU, U3rPasieHU
C TIOJIEBU TPAH3UCTOPH C BBIVIEPOJHU HAHOTPHOU
(CNFET). Tpetuar cnoif Ha 4uma € eHeproHesa-
BucuMa RRAM namer. Bropusr cnoit e CNFET
JIOTHKa C KIacu(pHUKaLUOHEH YCKOPUTE (3a UeH-
TuUIMpaHe Ha CEH30pHM Bxonose). Haii-mon-
HuAT (ThpBH) cnoi e cunnimeBa FET moruka.

I'bBKaB qu3aiiH

[lonsikora pa3mnoyioKEHHETO Ha KOMIIOHEH-
TUTE CTaBa KPUTUYHO, ThH KaTo CHELUPUIHU
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YacTH Ha eYaTHaTa IuiaTka Morar ga ObJaT I10-
TATIIMBY Ha MEXaHWYHH OThBaHMs. B TakmBa ciy-
yad T'bBKABUAT JU3aiH MOXE Ja OBJe MOJIE3CH.
TexHomnorusTa 3a rbBKaB AU3aliH HE € HOBA U Mpe-
TUMCTBaTa Ha T'HBKABHUTE CyOCTpaTH 3a MedaTHH
IJIaTKU OBP30 CE JOKa3BaT KaTo Hai-100pOTO pe-
IICHUE HAa HAKOU OT MPUCHIIUTE MPOOIEMH MPH
nu3aiiHa Ha [oT ycTpoiicTBara.

ITeuaTHuTE MIATKK MOTaT Ja ce mpeaiarar B 3
BHJIa: CaMO OT TBBPJ TUII, CAMO OT I'bBKaB WU
XUOpUICH THII, HapeueH TBBHPIO-T'bBKABU IIe-
YaTHM TIIAaTKH. [BbpAaTra THBKaBa IedaTHa
IJIaTKa UMa KaKTO TBBPAA CEeKIIUs, TaKa U CEKIUs
C TbBKaBa BEpUTA W T€ Ca JIAMUHUPAHU 3a€IHO.
Flex PCB ca usBectnu coiio kato Flex Circuit
Board i FCB.

®urypa 2 mokasBa NpUMep 3a I'bBKaBa Ile-
YyaTHa I1JIaTKa.



®ur. 2. CriobeHa rpBKaBa IIaTka
Wzrounuk: (Tawil, 2020)

IInatkara Ha enektpoHHoTO 10T ycTpoicTBO
e ObJe OIIe MO-KOMITAaKTHA C MHOTOCTIOWHU Tie-
YaTHH TUTATKH.

TBbpAUTE THBKABU BEPUTU CbhuUeTaBaT Hail-
JO0OpOTO OT TBBPIWTE TUIATKH U T'bBKABUTE Be-
purH, HTHTETPUPAaHU 3a€HO B eHa Bepura. Bepu-
rata JiB€ B €IHO € CBbp3aHa MOMEXKIY CH 4pe3
MOKPUTU NPOXOJHU OTBOPU. TBBPANUTE I'bBKABU
BEPUTH OCHUTYpSBAaT TO-BUCOKA IITBTHOCT Ha

KOMIIOHEHTUTE U MO-100Bp KOHTPOJI Ha KayecT-
BOTO. /lu3aiiHuTe ca TBBPIU, KOraro € HeoOXo-
JuMa OMBIHUTEIHA OTI0pPa, U T'hbBKABH OKOJIO BI-
JIUTE U 30HUTE, N3UCKBAILU JOIBIHUTEIHO MPOC-
TPaHCTBO.

Ha ¢wur. 3 e mokazana oceMcioiiHa TBBpIa
I'bBKaBa CTPYKTYpaA.

®@ur. 3. OcemMcroitHa TBbp/a I'bBKaBa CTPYKTYpa

Wzrounuk: (Eight-Layer Rigid Flex, 2023)

IleyatauTe mnnatkm, wus3nom3Band B IoT
YCTpOMCTBAaTa, WM3UCKBAT KOMIIAKTEH JU3aiiH C
MOTEHUATHY I'bBKABU CEKLIUU U BPB3KU C BUCOKA
IUTHTHOCT.

I'bBKaBUTC TmMCUATHH IUIATKH 3aCJHO C
JIU3aHEPCKUTE MPAKTUKH HA BPB3KUTE C BUCOKA
ITBTHOCT (HDI) e moo0OpsT

MMPOU3BOJUTCIIHOCTTA U  HAACKIHOCTTA  Ha
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IoT

IEYaTHUTE
ycrpoiictBata. KomnoHneHnTutre moraT aa ObaaT
LIO-IIBTHU B au3aiiHure Ha HDI u uypes
W3MOJI3BaHE HAa T'BbBKABH MAaTepHalld, BCHUYKHU

IJIATKH, H3II0JI3BaHU B

KOMIIOHCHTH W  BC€pUTrH Morar Ja 6’I:,Z[aT
Ppas3noJIOKEHUW Ha €JHa Ii€daTHa IIjIaTKa. Tazu
KOM6I/IHaI_II/I$I OT TCXHOJIOTMHM IIC IIOMOTHE 3a
HOI[O6p$IBaHC Ha Ka4€CTBOTO Ha CHUTHaJla, KaTO B



CBIIIOTO BpeMe Ie HaMadl KOHCyManusATa Ha
SHEpTHs | III¢ HaMaJld TOIUTMHHHSI CTpec, KOETO
1Ie HaIpaBH M3aiiHa mo-31pas.

3akiaouenue

Kakro mnpu moBeueTo  MOTPEOUTEICKH
€JIEKTPOHUKH, TaKa U NpHU IPOEKTUpaHeTo Ha [oT
YCTpOWCTBA, NpEIBapUTENHATA OLEHKAa Ha
TEXHOJIOTUYHOCTTa ¥  €(EeKTUBHOCTTA  Ha
MPOAYKTa € OT pemananio 3Hadenue. Ilpenu tesn
OE3KMYHU YCTpOWCTBA Ja OBAaT MycHATH B
eKCIUToaTalus, Te TpsiOBa 1a ca TECTBAHU CIIPSIMO

OPWIOKUMUTE  PaslopendH, CTaHAapTH H|
cnenupuIHU W3HCKBAaHHUA. CBbBMECTHOTO
CBIIECTBYBAaHE Ha MHOXXECTBO TEXHOJOTHUH,

paboTey B pa3InyHu YECTOTHH 00XBATH B €HO
YCTPOMCTBO, € OT TOJsIMO 3HAuY€HUE U
CJIeI0BaTeTHO M3MCKBA CIEIMAJHO BHUMAaHHUE B
MPOLIECUTE HA IMPOEKTUPAHE U BaTUIUPAHE.
CpoTBETHO, 3a Ja C€ OCUTypU HOIXOIAlIa
(YHKIIMOHAIHOCT, Ka4yecTBO u
MPOU3BOAUTEIHOCT MIPE3 LTS )KU3HEH UKD Ha
NPOIYKTa, OT CBIIECTBEHO 3HAYEHUE € Ja ce
TECTBA IAJIOCTHOTO KOMYHUKAIITMOHHO ITOBCACHUEC
BbB BCHYUKU (Pa3u Ha >KM3HEHHUS LUKbI Ha loT
YCTPOHCTBOTO.

I'mobGamamsr pactexx Ha loT me BximrouBa
BCUYKHA BUAOBE pa3nuyHu loT ycTpoiicTBa 3a
JIUYHU HOCUMH YCTPOWCTBA, HWHAYCTPUAIHU
MallMHA W TPUJIOXKEHHS B 3JPaBEOIA3BAHETO.
Te3u ycTpolicTBa 1€ MpoABKAT Ja ce
nogo0psiBaT u e no0aBsT HOBU
(hYHKITMOHATHOCTH, KaTO CHIIEBPEMEHHO CTaBaT
BCE TO-MalKH, MO-Tekh Hu mo-06p3u. [lpu
MPOEKTHPAHETO CE€ W3MOI3BAaT ChHIIECTBYBALIN
TEXHOJIOTMM, HO BeYe HUMa TEHACHIMS 3a
HaMHpaHE Ha HOBU JU3aWHEPCKH PELICHUS 32
Ch3/laBaHE Ha Te3U ycTpoicTBa. Taka B qu3aiina
Ha [oT ce Bnarat Bce moeeue pecypcu, 3a Ja ce
OCHUTYPST HaJIeKIHN 1 e(DEeKTHUBHU yCTPOHUCTBA.
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OITA3BAHE HA IIMCMEHO HACJIEACTBO - CBAPYKHUE MEXKIY
N3KYCTBO U XUMMUSA

Hckpa LBetancka, Mpena [lereBa, Becka Jlamesa, Mnmstna KamOyposa

PRESERVATION OF WRITTEN HERITAGE - A PARTNERSHIP BETWEEN ART AND
CHEMISTRY

Iskra Tsvetanska, Irena Peteva, Veska Lasheva, lliyana Kamburova

ABSTRACT: This report aims to present the role of chemistry in the preservation of the written heritage,
because in recent years the development of chemical science offers new tools and methods to be used in the
analysis, diagnosis, and preservation of our written heritage. The report was developed as part of a project
"Creating an Eco — chemical Model and Laboratory for Teaching Preservation of Written Cultural Heritage",
Contract No KIT— 06 - H 40/1 / 10.12.2019 with project manager Eng. Dr. Iskra Tsvetanska, financed by National
Science Fund of Bulgaria.

Key words: chemistry, preservation, conservation, restavration, written heritage

BbBeaenne MUHHMYM OpOSIT U KOJUYECTBOTO MpPOOH, CHO-
paHn OT NHUCMCHUTC apTe(i)aKTI/I. HOpa,Z[I/I Ta3u

Juec xumusTa urpac pemanaimia poJsd B XapaKTe- IMpUYIrHA BUHATru € IMMPEropbYUTEIIHO [1a CC CJICABa
prU3UpPaHETO HAa IPHUpOJaTa HA MMCMEHUTE MAaTCpHUAIIN, METOJOJIOTHYEH I10AX0/, IPU KOUNUTO Hepa3pyLIn-
B U3Yy1aBaHETO Ha APEBHUTEC TCXHUKHU, KAKTO U B IOAK- TEITHUTE U MUKPO-PA3PyIIUTSITHUTE TEXHUKU MO-

pelia Ha apXCOMETPUIHHN U3CJICABAHU (HpOI/ISXO,H, Ja-

rart aa cc KOM6I/IHI/IpaT IO UHTCTpUPAaH HAYUH.
THUpPaHEC, HpI/IHI/ICBaHe), OTKpHBAHC HA IIPUYIUHU U MEXa-

KoncepBaunoHHO-pecTaBpalluOHHUTE TPETH-
paHuda ca CHAPYKUC MEKAY HU3KYCTBO U XUMUA.
XUMHUKaIUTEe c€ U3MOJ3BAT OT HaW-IPEBHU Bpe-
MEHA, BKJIIOYMTEIHO ECTECTBEHUTE ITUI'MEHTH.

XHMHASTA B KOHCEPBALMSTA H PECTABPAIH- J[Hec CBBPEMEHHMTE XUMUKAIU KaTO Pa3TBOPHU-

SITa HA MAICMEHO HACIEACTBO TeNH, CMOJIM, QYHTUIHIH (TIpenapaTH 3a oopba ¢
BpPEIHN TBOMYKH W TIJIECEHH) UTpasT W3KIIOYH-

TCJIHO BaXHa POJId 3a CbXPAaHABAHCTO HAa CBETOB-

HU3MU Ha pasrpaxaaHe M OLCHKa Ha eq)eKTI/IBHOCTTa
Ha pECTaBpallMOHHUTC MaT€pHalivd U KOHCCPBAIIMOH-
HHUTC MCTOaU

XuMHATa KaTo HayKa ce 3aHMMaBa C OIpejie-
JSHE HA Ka4eCTBEHATa M KOJMYeCTBeHaTa uieH-  HOTO MHCMEHO KyJITypHO HACJICACTBO. .
TUYHOCT Ha JIaJIeH MUCMeH J0KyMeHT. OcBeH ToBa XumHATa € B OCHOBATA 32 M30MpaHe HA HAM-
€JIMH CJIOH YECTO € ChCTABEH OT CMEC OT pasauyuu ~ TOAXOAIIHA HPOTIEC Ha pECTaBpallns, T.¢. XHMH-

ChEMHEHHUS, KAKTO OT OPraHM4HO, TaKa ¥ OT He- 114 IfoMara fia ce pas0epe 3a1lo eHH MHCMEH J10-

opraHnuHo ecTecTBo. TakuBa BemiectBa He ce ~— KYMCHT €€ paspyliakad, Kak TOYHO CTaBa ToBa W

pasmpeneNsaT XOMOTE€HHO M MOJKE 1a MMa MHOro0-  Kak MOXKE Jia ObJ1e MPEIOTBPATCHO.
POMHHU B3aUMOJIECHCTBHUSI MEXKY TAX, KAKTO U SIB- B Ta3u Bpb3ka XMMHYHATAa HAayKa ONpeeNs
NTeHHs Ha pasTpAKIAHE M cTapeene. 3a fa ce 3a-  OCHOBHHTE 337184l HA XMMUK-DECTABPATOpA:
IBIOOYM Pa3OMPAHETO Ha TE3M SABICHUS, CIEN0- * B TacHO chTpysmHITIECTBO C HCTOpHKa orpe-
BATEJIHO CE€ M3UCKBAT YCHBBPINEHCTBAHM aHaiau-  ACTA KOHTCKCTA W IIEPHONA, B KOUTO € Ch3/IaicHa
THYHH TEXHHKH He caMo Ha MONEKYIISpHO HHEO, TBOpOATa, KaTo W3yyaBa TEXHMKUTE M MaTepua-

3a Jla ce XapaKTepU3Hpa eCTECTBOTO Ha ChEIUHE- JINTE, JOCTBITHU I10 TOBA BPEME, KAKTO U MEXAHU3-
MHUTE Ha OCTapsiBaHEC.

® KOHCTaTI/Ipa ChIIHOCTHHUTC IMPOLECHU Ha €C-
TCCTBCHOTO CTApPCCHC Ha XapTHUATA, JICIUJIATA, KO-

HUSITA, HO M JIa C€ TMOJY4YH XUMHYecKa U (pHU3M-
yecka HHPOpMaIHs 3a TeKyLIUTe IpoMeHH. pyr
Ba)XEH BBIIPOC, KOMTO TpAOBa Ja ce B3eMe TOj
BHUMaHHE, € HEOOXOJMMOCTTA JIa Ce HaMaJH JI0
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KaTa, IepraMenTa, TyloBeTe u Mactuiara. lpu-
Jlara METOJH 3a M3CJe/lBaHe Ha MPUYUHUTE, MIPO-
TUYAIIA B pe3yATaT Ha 3aKOHOMEPHU IPOLIECH.

* XUMUKBT € JUThKCH JIa TIPOCIIesBa H3MEHE-
HUSTA 10/ BIMSHUE HA OKOJHATA cpefa — QU3u-
KOXUMHYHHUTE NECTPYKTUPAIIH IIPOIIECH TTO]T BITU-
SSHAE Ha TEeMIIepaTypaTta, BIAXHOCTTA, CBETIIH-
HaTta, aTMOC(EPHHUTE Ta30BE U MEXaHWJIHATA Ha-
TOBapEHOCT.

* 3aHNMMAaBa c€ C IPEIBAPUTEIHOTO H3CIE-
BaHE Ha OOEKTHUTE 3a PECTaBpaIUs — BU3yaTHUS
orJiell, MPOBEKIAHETO Ha OMOXMMHYHH EKCIIep-
TH3H, ONpeAelis KHCEIMHHOCTTA Ha XapTHATa,
BIIAKHECTHS U ChCTAB, BHJIa HA MACTHJIATa U OTIpe-
JIeJIsl METOJIUTE Ha PecTaBpallnsiTa, KOUTO IIe ce
Tpuiarar.

JIMarHoCTHKA W aHAJIN3 HA MHCMEHHTE Ma-
METHHIIH, MPeIIIEeCTBALIM MPOECHTe HA KOH-
cepBanMs M pecTaBpanust

B cBosIT momxoa KOHCEpBAMOHHUTE H3CIEI-
BaHUs ca MHTEPAUCLUIUTHHAPHH.

[Ipe3 mocnenHuTEe TOAMHH H3CIENOBATEINC-
KHTE yCUIINS Ca IOCBETEHHU Ha pa3pabOTBAaHETO Ha
Hepa3pyIIUTEIHN TEXHUKH (PEHTT€HOBa PEHTre-
HOrpadusi M1 KOMIIOTbPHA TOMOTpadwsi, peHTTre-
HoBa ¢uyopecuennus (XRF), mynrtucnextpamHa
o0Opa3Ha cucTteMa, NpeHocMMa HH(padepBeHa
cnexTpockonus Ha Paman u ®@ypue npeodpasy-
BaHe) . BeIpeku, 4e ca N3KIIOYUTENHO M0JIE3HH,
nopaay TdxHaTa HE paspylmIUTCIIHOCT U Bb3MOXK-
HOCTTa Ja ObJaT M3MOJ3BaHH in situ, Te He MOTaT
7la IPEIOCTaBAT MOAPOOHa cTpaTUrpadcka Xxapak-
TEPUCTHKA Ha aHATM3UPAHUTE 30HU. B ToBa OTHO-
LICHWE ca IIUPOKO NpPOYYEeHH U pazpaboTeHH
MHUKPOPa3pYyIIUTEIIHA  AaHAIUTUYHH  TEXHHKH,
MIPUIOKEHN KbM CEUEHHITA Ha MPOOUTE, KOUTO
MO3BOJISIBAT HMISHTH(OUIMPAHETO U CHBpPEMEH-
HOTO NPOCTPAHCTBEHO PAa3MOJIOKEHHE, KaKTO Ha
OpPraHMYHHTE, TaKa U Ha HEOPraHWYHUTE KOMIIO-
HeHTu. [lo-cnenmanHo € oOBpPHATO CHELUATHO
BHUMAaHHUE Ha pa3pa0d0TBaHETO Ha CTPaTUrpadCKu
aHAJIMTUYHU TEXHUKH, CIIOCOOHU Ja OTKPUBAT Op-
TaHWYHU BellecTBa. BCBITHOCT TAXHOTO XapakTe-
pHU3MpaHe € MO-TpyAHA 3ajJada Mopaad TAXHATa
[10-BUCOKA XMMHUYECKa U3MEHYMBOCT, HUCKA KOH-
LEHTpauus U TeHJCHLUS Ja Cce pasrpakaar ot
BBTpEIIHU (PaKTOpu H (PAaKTOPH HA OKOJIHATA
cpena. OT caMOTO Ha4alo HA U3CJIEABAHE U KOH-
cepBaIs-pecTaBpalys Ha MHUCMEHOTO Hacie/C-
TBO, XUMHSITA UTPAe BayKHA POJIS B TOKyMEHTALU-
ATa, U3y4aBaiKy IPEeBHOTO MPOU3BOJICTBO HA Ma-
TEPUAIN ¥ TEXHOJOTHH, pa30upaHeTo Ha Mpolle-
CHUTE Ha JIerpaJialiis 1 HACTOSAIIOTO ChCTOSHIE Ha
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NUCMEHHUTE KOJEKIWH, KaKTO M pa3padoTBaHe H
OLIEHKA Ha HOBM MaTepHalld U METOJIU 32 KOHCEP-
BaI[IOHHO-PECTaBPAI[IOHHA UHTEPBEHITHH.

[Ipe3 mocnennuTe aeceTwsieTuss OyMBT Ha
Pa3BUTHETO HA XMMUYHATA HAyKa, 0COOCHO B aHa-
JTUTHYHATA, OPTAHUYHATA XUMHUS WM XUMHITA Ha
OKOJIHATA Cpe/ia, HU JIOHECe HOBU MHCTPYMEHTH H
METOJIU C TOJIIMO CHBBPIIEHCTBO, KOUTO TPE/IC-
TaBAT HOBY XOPU30HTH B aHAIIN3a, JHATHOCTHUKATA
, M OTTa3BaHe Ha MUCMEHU O0CKTH OT KYJITYPHOTO
HACIIE/ICTBO.

Hanarat ce MHTEpIUCIIMIUTMHAPHUTE ACTIEKTH
Ha MPUPOJHHUTE HAYKU (XUMHUS, PHU3HKA, MUKDPO-
Ouoiorus u ap.) , U3KycrBata (MCTOpHs Ha U3KYyC-
TBOTO, apXEOJIOTHS, €THOJIOTHS), OMa3BaHETO M
CHXPaHSIBAHETO HA IIMCMEHOTO KYJITYPHO HaCIEe -
cTBO. JIMCKyCcHUTE 32 HOBUTE TEXHUKH 32 UICHTH-
(unmpane Ha TPaAWIIMOHHH W MOJEPHH Opra-
HUYHA MaTepuand. braromapeHne Ha WHOBaIlU-
UT€ W YCHBHPIICHCTBAHETO HAa MHOTO aHAIH-
TUYHU TEXHUKU BHB BCHYKH O0JIACTH Ha H3CIeE]-
BaHETO, XMMHYHOTO M300pa3siBaHe HAMEPH CBOS
HauuH A2 ObJe M3KIIOYHUTENHO LEHEH HHCTPY-
MEHT 3a U3CJIe[BaHE Ha MMCMEHU OOCKTH Ha KyJI-
TypHOTO HacneacTBo. [IpoyuBaneTo Ha nH(DOpMAa-
[UATa, ChbXpaHsABaHA B PHKOMHCH W KHUTH, TIPEI-
Jara Ha HSKOHM aBTOPU BB3MOXKHOCTTA Ja JUar-
HOCTHLMPAT U aHAIM3UPAT Te3H OOCKTH 10 HOBH
HaunHU. Fiddyment et al. [1] cp3gaBa Tpuboemex-
TpUYecKa TEXHHWKa 32 HEMHBAa3WBHO B3E€MaHE Ha
npobu OT OHO-MONIEKYIM Ha MOBBPXHOCTTAa Ha
nepraMeHTa, M03BOJsIBalla M3CiIe[BaHe Ha OWo-
JIOTUYHU JAaHHW, CBBP3aHU C JOKYMEHTH BBPXY
nepramenT, gokaro Bicchieri et al. [2] u3cnensa
MHUKPO-00EKTHTE, KAKTO HEOPTaHWYIHH, TaKa 1 Op-
TaHWYHU, CBHP3aHU WIH C IEPTaMEHTHH I Iie-
JYJO3HH BJIAKHA, WM C MacTUIa U 3aMbpCSIBaHE.
U nBaTta moaxona uMaT CIOCOOHOCTTA Ja Pa3Kpu-
BaT MH(OpMaIMs 3a crapeeHeTo, OOpaBeHeTo,
OMa3BaHETO M HMCTOPUYECKOTO H3IMOJI3BaHE Ha
NHCMEHUS 0OEKT.

3akia0o4yeHne

Hayunurte wuscienBaHus BBPXY MUCMEHOTO
KYJITYPHO HACIIEJICTBO, KAKTO 3a M3CJe/BaHEe Ha
HETOBUTE MAaTEPHATTHU aCIIEKTH, TaKa U 3a TPOCK-
TUpPaHE ¥ KOHTPOJUPAHE Ha CTPATETHH 33 KOHCEP-
BallMs M OMasBaHe, ce COTBCKBAT C pa3HOOOpa3ue
OT TIPOMEHH TOPaJH CIONKHOCTTA W TIPUCHIATA
cToiiHOCT Ha Marepuanute. OCBEH TOBa YCIOBU-
ATa HA OKOJIHATA CPeJia IO 1IEJIHS CBSIT ca HAaHECIH
BCE IMO-TOJIEMH IIETH WX IIOHE BJIONIABAaHE Ha
MUCMEHHTE IEHHOCTH, KOUTO ca OMITN MTpeTHa3HAa-
yeHn aa OBAAT Ch3/IaBaHU 3a BeYHOCTTa. Upe3



KOHBEHI[MOHATHUTE TEXHUKH CME B CHCTOSHUE J]a
00JIEKYMM TIOBEYETO OT OIACHOCTHUTE, HO TPsOBa
Jla ce MpoyYyaT HOBH MOAXOAM, KOUTO HU JaBa XU-
MUATa KaTo Hayka, 3a Ja Ce 3ama3d MUCMEHOTO
HACJIEJICTBO HA YOBEIIKATa [INBUIH3AIIHS, KAKTO U
YHHUKAQJTHATE MUCMEHH [ICHHOCTH Ha MPEIUIIHUTE
MTOKOJICHHUSI.
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MN3IIOJI3BBAHE HA HEBPOHHU MPEXMU 3A IIOJAOBPSAIBAHE CUTI'YPHOCTTA H ITPO-
3PAYHOCTTA B BJIOKUEMHA

EBrenn Honues

USING NEURAL NETWORKS TO IMPROVE SECURITY AND TRANSPERANCY IN
BLOCKCHAIN

Evgeni Nonchev

ABSTRACT: This article examines the possibility of using neural networks to improve the security and
transparency of blockchain transactions. Despite the revolutionary nature of blockchain technologies, they are
still susceptible to a number of vulnerabilities. Neural networks, which are at the heart of modern artificial intel-
ligence, offer opportunities for data processing and training on large datasets, which can help improve the secu-

rity and transparency of blockchain transactions.

Key words: Gi1ox4eiiH, HEBpOHHH MPEXH, IPOU3BOAUTETHOCT, MAIIAONPYEMOCT, TPaH3aKIHNH, IIPEACKa3BaHE

Ha IMOBCIACHHUCTO Ha HOTp€6I/ITCJII/ITe.

BnBenenne

Bnokueiin TexHonorusATa € Obp30 pa3BUBaLIA
ce 00macT, KOSTO MpPEACTaBIsABA JCLEHTPATH3H-
paHa cucTema 3a yrpasiieHHe Ha JaHHu. Ts mpen-
Jlara CUTYPHOCT, IIPO3PAYHOCT U HAACKIHOCT, HO
BCE OLIE UMa NPOOJIEMH, CBbP3aHH C IPOU3BOIHU-
TETHOCTTa W MamabupyemocTra. Tasm craTus
pasriiexia Bb3MOXKHOCTTA 3a U3II0JI3BAaHE HA HEB-
POHHM MpPEXH 3a NOoA0OpsiBaHE Ha CUTYPHOCTTA U
MPO3pavyHOCTTa Ha OJOKYEWH TpaH3akuuu. Bem-
PEKU PEBOIIOIMOHHMS XapakTep Ha OJIOKYeiH
TEXHOJIOTHHTE, TE BCE OLIE Ca MOJIOKEHHU Ha pe-
IUIA ys3BUMOCTH. HeBpOHHUTE MpeEKH, KOUTO ca
CHpLETO Ha CHbBPEMEHHUS W3KYCTBEH HMHTENEKT,
npeJiaraT Bb3MOKHOCTH 32 00pa00oTKa Ha JTaHHH
1 o0y4YeHHe BbpPXY roJieMd HaDOpH OT JTaHHH, KO-
€TO MOXe Ja NMOMOTHE 32 yCHBBLPIISHCTBaHE Ha
CUTYPHOCTT2 W TIPO3PAvyHOCTTa Ha OJOKYEHH
TpaH3aKIUUTE.

BoBenenne B 0OJiOK4YeliHA M HEBPOHHHTE
MpexRu

briokyeiiH TexHoyorusATa € Hail-royisiMaTta pe-
BOJIFOIIMS B 00J1acTTa Ha ()MHAHCOBUTE TEXHOJIO-
MW M IMa OrpOMEH MOTEeHITMAN 32 TpaHcHopMu-
paHe Ha MHOTO JpYyrH o0nacTu Ha xuBoTa. Hes-
POHHHUTE MPEXKH Ca MOIICH MHCTPYMEHT 3a Ma-
NIMHHO 00Y4eHUe, KOWTO MOKE J]a Ce U3M0JI3Ba 32
W3BJIMYaHe Ha I[CHHU JaHHU W UH(QOpMAIHs OT
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Oyrok4eitH Mpexxute. B Tazu cratus ce pasriex-
JaT BB3MOXHOCTHUTE 3a MNPUIOKEHHE Ha HEB-
POHHHU MpPEXH B OJIOKYEHH, KaTo ce 00phIIa crie-
[MATHO BHUMaHHE Ha TEXHUTE BH3MOXKHOCTH 3a
M3BIMYaHEe Ha HWHGpOpPMaLUs 3a yIpaBlIeHHE Ha
pHUCKa, 3allWTa Ha JAHHWUTE M YyMpaBlieHHE Ha
Tpam3akiuuTe. ChIIO Taka ce pasriiexaaT Bb3-
MOYXHOCTHTE 32 U3I0JI3BaHE HA HEBPOHHH MPEXH
3a TpeJICKa3BaHEe Ha [IEHUTE Ha KPUIITOBAIYTHTE,
KaTo ce M3I0JI3Ba MCTOpHUYecKa MHpOpManns 3a
THPTOBHSITA W JaHHW OT OJIOKYEHH MpEXHUTE.
[IpencraBenn ca Hali-HOBHTE TEHACHLWHU B 00-
JacTTa Ha MAIUHHOTO OOYYEeHHE W HEBPOHHHUTE
MpEXH M KaK T€ MOraT Jia ce ImpujIoXxar B OJIOK-
YeiH TEXHOJIOTHHUTE, 3a J1a ce MoA00pH edeKTuB-
HOCTTa M CUTYPHOCTTA Ha TPaH3aKIIUUTE U yIpPaB-
JICHWETO Ha JaHHUTe. MalMHHOTO O0ydeHHe e
U3CJIe/IBAHE HA N3UYUCITUTEITHH MOJIEIN, KOUTO MO-
raT Ja ce y4dat ot JaHHu. HeBpoHHUTE Mpexu ca
BUJ T€XHHKA 3a MAIINHHO 06yquHe, KOsITO UMa
apXHUTEKTypa, ChCTOAIIA CE OT MHOTO B3aMMOC-
BBP3aHU Bb3JIH, KOUTO Ca CBbP3aHU KbM SVH HITH
IoBeye BXOA0BE U n3xoau. Te ca criocoOHu aaar-
TUBHO J]a TIPOMEHST CBOSITA CTPYKTypa U (PyHK-
1Y, KaKTO U Ja 0000IIaBar oT JaHHU 0e3 mpe-
BapUTEITHO MporpamMupane. Te3u Mpexu ca Ouimn
W3MOJ3BaHM 32 Pa3UYHU I[IEJIH KaTo pa3lo3Ha-
BaHe Ha 00pa3u, oOpabOTKa Ha H300paKeHUs,
€3WKOB TPEBOJI, MEIUIIUHCKA TUATHOCTHKA U JIp.
KakTo npu Bceku aaropuThsM 3a MalIMHHO 00y4e-
HUE, HEBPOHHHUTE MpEXH MoraT ga Obraar



KIacuUIMpanu, KaTo KOHTpoaupanu. HeBpoH-
HHUTE MPEXHU MPUIMYAT HA MO3bKa B JBA aCICKTa:
3HAHUSTA ca MPUIOOUTH OT MpEkKaTa, upe3 Mmpo-
1ec Ha 00ydYeHHe M BhTPEITHO-HEBPOHHATA CHIA
Ha BPB3KUTE, M3BECTHA, KAaTO TEXKECT HA CH-
HaICKca U Cce M3MOJI3BAT 33 CKIaJUpaHe Ha TOBa
no3Hanue (Haykin, 1999).

Neuron

Crnopen beiin n JKakChbH HEBpPOHHUTE ca
KIJIETKH, KOWTO C€ HAMUPAT B HEPBHATA CHCTEMa
Ha YoBeKa W B 4yoBemkus Mo3bk (Beale, 1990).
Unesta 3a OMOIIOTUYHUTE HEBPOHH, OT KOUTO €
M3rpajieH YOBEIIKUSA MO3bK € MpeicTaBeHa Ha (u-

rypa 1.

Dendrites

Soma

Axon terminals

Axon

®urypa 1: buonoruueH HeBpoH

Karo ommuurencH mepuon B MOIEIHUPAHETO
Ha U3KYCTBEHUTE HEBPOHHU MPEXKH CE CMsATA pas-
paborenust or Makkynok u Ilutc mpe3 1943 r.
MOJE]I HEBPOH - JBOWYEH IIParoB €IIEMEHT.
MMeHHO TO3M MOZEN MOCTaBsl HAYAJIOTO HA IpHU-
JIO’)KEHUETO Ha HEBPOHHUTE MPEXKH B YIIPaBJICHU-
€TO Ha MpOIIeCH, INIAHUPAHE U IIPOTHO3UpaHE U
unentudukarus (McCulloch, 1943).

BxopdmmuTe qaHHM B KJIETBYHOTO TAJIO CE pas-
MPOCTPAHsABAT MO JEHAPUTHUTE, KOUTO OT CBOS
CTpaHa M3MBJIHABAT (PYHKUIMATA Ha MPOBOTHHUIIH
Ha U3XoAAlaTa WHGOPMAaLMs, TOCTABIHKH 5 1O
CBhCETHUTE HEBPOHHU. 110 TO3M HaUMH M3MBIHABAT
(hyHKIMS Ha HHTEPKOHEKTOp. BXoaHuTe ycrpoiic-
TBa Ha HEBPOHA MpEACTaBISIBAT 0Opa3yBaHHE OT
JIEHAPUTH, KOUTO C€ XapaKTEepHU3NpaT, KaTo pasK-
JIOHEHU CTPYKTYpPH U OCHUTYPSIBAT CEH30PEH BXO[
JI0 TSJI0TO Ha HeBpoHa. To oT cBos cTpaHa, Cy-
MUpa MeMOpaHHHTE NOTCHUUAIN MEXIY CH-
HAICUTE U JACHAPUTUTE M HU3Mpalla aKTHBHUPAIO
HallpeKEHUE C OIPEleNIEeH pa3Mep I0 aKCOHA.
EneKkTpudeckuaT CUrHall OT TSUIOTO HAa HEBPOHA
JI0O HETOBUTE CHHAICH CE€ MPOBEXkJA IO aKCOHA.
N3xoaHuTe YCTPOKWCTBA HA HEBPOHA IIPEICTABIIA-
BaT
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TpaHC(OPMHUPAHOTO aKTUBUPAIIO HaIpexKe-
HUE OT CHHAIICUTE, ITOJIyYEHO 10 aKCOHA B €JIEKT-
pUYECKH UMITYJICH, KOUTO KOUTO BB30YKAAT HITH
MOATHUCKAT aKTUBHOCTTA Ha CbCCAHUTE HEBPOHU.
Bcuuku HEBpOHU ca CBBP3aHU MNOMEXKIY CH, ThU
KaTo MEHAPUTHTE MM TIOTydaBaT BXOJaHa WHGOP-
Malys OT CHHAIICUTE Ha APYryu HEBPOHU. DPopMu-
par ce LeHTPOBE, U3IIBIHABAILY ClIEUAIU3UPAHU
¢bysaxmun. Cren nporec Ha B30YKIaHe Ha BCEKH
HEBPOH CJIe/IBa MPOIIEC Ha BH3CTaHOBSIBAHE.

W3kycTBeHUTE HEBPOHHH MPEXKH HE Ca aHaJIoT
Ha OmonoruuHute. Te mpeacTaBiIsBaT MaTeMaTH-
Yyecka aOCTpakIys Ha )KUBHSA HEBPOH U TI0 CTPYK-
Typa ce AoOIKaBar 10 YOBeIIKaTa HEpBHA CHC-
TeMa W ClIeBaT MPOIECUTe Ha 0O0paboTBaHe Ha
nHpopmarusaTa. Onucpar ce, KaTo U3YUCTUTEITHN
MO/IEJIN, CHCTOSALIH CE OT MHOXECTBO Bb3/IU (HEB-
POHHHM €JIeMEHTH), MOAYMHEHH Ha OIpeesieHa
BpB3Ka IOMEXKITY CH M METOJ Ha 00110 (pyHKIHO-
HUpaHe.

HeBponHuTE €neMEHTH ca MPOLECOPHHU HIIH
00paboTBallll €JIEMEHTH, NMPEeACTaBeHH Ha (u-
rypa 2.



1 W——
L
X2 W o T, Y \ = S l v
‘ N, 1 =
................... >{  2wix; )—b >
/,’ “\\_4/,/"

®urypa 2: IIporecopan eIeMeHTH

H3nos3BaHe HAa HeBPOHHU MPEKH B 0JI0K-
YeiH

HeBponuute Mpexu Morat ga 0baaT U3MOn3-
BaHU 33 aHAIIU3 W NIPEIBIDK/IaHE HA TIOTCHIIUATHH
3aIIaxy 3a CUTYpHOCTTa B OmokueitH. Te morar
na 0paar o0y4yeHH Jja pa3no3HaBaT aHOMAJHMH B
TPaH3aKIIMOHHUTE JaHHHU, KOUTO MOTaT Jia yKa3-
BaT Ha OMUT 32 MaHUITyJaus win ataka. ChIno
TakKa, HeBPOHHUTE MPEXH CE M3I0JI3BaT 3a 0100~
psiBaHE Ha MPO3PAYHOCTTA HA TPAH3AKIIMUTE, KATO
roMarar 3a aBTOMaTHYHOTO OTKPHBaHE Ha MaHU-
MyJaTUBHY WU TIOJO3PUTENHN TpaH3akiuu. 1H-
TepeCchT KbM BaIyTUTE Ha MU(PPOBUTE TEXHOJO-
rud, Oa3upaHu Ha OJIOKYEHH TEXHOJIOTHUSITA
(Blockchain), BpBeficHH OT crieluduKanusaTa Ha
Nakamoto mpe3 2008 r., HapacTBa €KCIIOHEHIIH-
QHO TMpe3 TOCIEeNHUTE HAKOIKO TOIUHH
(Nakamoto, 2009). 3a npumep mMoxe 1a ObJie 1o-
COUYCHO W3CIICZIBAHETO 3a MPOTHO3HWpaHE Ha IIe-
HaTa Ha OMTKOIH, IpoBeieHo oT Makueinn u Pou
(McNally, 2018). M3cneapanero aoka3Ba TOY-
HOCTTa Ha HEBPOHHUTE MPEXKH 32 MPOTHO3UpPAHE
Ha TI0COKaTa Ha IIeHaTa Ha OWTKOWH (B IMATCKU
JI0JIapH), W3MON3BANKU ONTHUMHU3UPAH MOJEN 3a
MOBTOPEHA HEBPOHHA MpEXKa M MpeXa C IbJITOC-
pouna kpatkocpouHa mameT (Long Short-Term
Memory - LSTM), cripsimo Moziena 3a aBToperpe-
CMBHa  WHTETpUpaHa  TOJABIXHA  CpeJHa
(Autoregressive integrated moving average -
ARIMA).

HeBponHuTe Mpexu ca KH3HEHOBa)KHAa 4acT
ot Al u umar moteHMaNa APACTUIHO J1a MMOI00-
PAT CUTYPHOCTTA M MIPO3pavyHOCTTa Ha OJOKUEHH
TpaH3aKIUUTE.

EnuH 0T OCHOBHHTE HAUYMHU, IO KOUTO HEB-
POHHHWTE MPEXH MOTaT J1a TIOAIOMOTHAT TpoIieca
€ B aHaJM3a M MPENBIKIAHETO HA TOTEHIMAITHU
3aIlIaxy 3a CUTYpHOCTTA B Oyiokueiin. C 00y4eHu-
€B0 CH BBpPXy TOJleMH Ha0OpH OT JaHHH,
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HEBPOHHUTE MPEXHU MOTaT Ja ObJaT o0ydeHH! na
pasmo3HaBaT aHOMANWM B TPaH3aKIMOHHUTE
JTAaHHHW, KOMTO MOTAT J]a YKa3BaT Ha OITHT 32 MaHU-
MyJanys Wik ataka. ToBa € Bb3MOXHO Oyaroa-
peHue Ha CIOCOOHOCTTa Ha HEBPOHHUTE MPEKH
Jla MOJETHUPAT CIOXHHU B3aMMOJCUCTBUS W 00-
pa3iy B IaHHHTE.

Ot npyra crpaHa, HEBPOHHUTE MPEXH MOTAT
Ja ObJaT W3MONI3BAaHU 32 MOJO00pSBaHE HA MPO3-
pavyHOCTTa Ha TpaH3akuuute. Te MoraT a moMor-
HAT 32 aBTOMaTHYHOTO OTKPHUBAHE Ha MaHMITYJIa-
TUBHU WJIH TOJ03PUTEITHU TPAH3aKIIMU, KATO MO-
JIeNUpaT HOPMAIHOTO TOBEJICHNE HA TPaH3aKIIH-
UTE ¥ OTKPUBAT OTKJIOHECHHUS OT TOBA MOBEJICHUE.
ToBa o0ernraBa 3HAYUTEITHO IMOAOOPEHUE HA TTPO3-
PaYHOCTTa M MOJKE J1a TIOMOTHE 32 TPEe0TBPaTs-
BaHE Ha U3MaMU U IPYT'H HEPEIHOCTH.

HeBpoHHUTE MpEXH MpencTaBiIsBaT J00po
pellieHre 32 ONITUMH3AIINS Ha MPOIECUTE Ha OJIOK-
yeitd. Te MoraT na ObIaT 0OyYEHHU J1a MPEIABIK-
naT Hal-e(DeKTMBHMS HauuH 3a 00paboTKa Ha
TPaH3aKIHUH, KOETO MOXKeE Jia OBEJIE 10 Mo-0bp3u
1 10-¢(PeKTUBHU OJOKYCHH CUCTEMH U JAH CIIy-
YaHOCTTa MOXE Jia TMOBMIIK KpPaTKOCPOYHATA
peIBUIUMOCT Ha 1udpoBute BaxyTu (Lahmiri,
2019). dynkmunte Ha OIOKUYEHHA ce M3CIeBar,
KaTO BXOJ] KbM HEBPOHHU MPEKH, KOUTO MOTAT Ja
0OSICHAT TIOBUIIIABAHETO HA IIEHUTE HA KPUIITOBA-
JYTHUTE, KaTO C€ WU3MOJ3BAT Pa3IMYHA METOJIM Ha
MalmmHHO 00yueHue (Saad. 2019).

Bb3MoxkxHOCTH B Npeau3BUKATEJICTBA

Brrpeku oOeniaBanuTe Bb3MOXKHOCTH, Ch-
IIECTBYBAaT U MNPEAM3BUKATEIICTBA, CBBP3aHHU C
MpHUJIaraHeTo Ha HEBPOHHH MPEXH B OJIOKUYCHH
TEXHOJIOTHH.

HeBpoHHUTE Mpexu mnpemiarar yHUKaIHH
BB3MOKHOCTH 3a 00paboTKa Ha ToJIeMH Habopu
OT JJaHHM W MOJIENIUPaHe Ha CIOXHH OOpasIlH.



ToBa rv IpaBU MOIIIEH HHCTPYMEHT 3a aHallN3 Ha
OJIOKYEIH TpaH3aKIIMU U MPEIBUK/IaHE Ha TOTEH-
ruaitHy 3ariaxu. OCBEH TOBa, B3MOXHOCTTA Ha
HEBPOHHUTE MPEXKH Ja aBTOMATHU3UPAT 00padoT-
KaTa Ha JJAHHU MOXKE Jia JIOBEJEC IO 3HAYUTEITHO
nmogoOpsiBaHe Ha e(heKTUBHOCTTA M OBp3UHATA Ha
OJyiok4eitH cuctemuTe. Berpeku, ue Te3u Bb3MOXK-
HOCTH Ca BIICUATIJISIBAIIM, € BaXHO Ja ce OTOe-
JISKH, Y€ pealin3alusaTa UM M3MCKBa J00po pas-
OupaHe, KakTO Ha OJIOKYEWH TEXHOJIOTUUTE, TaKa
Y Ha HEBPOHHUTE MPEXKH.

Bonpeku noteHuuana, NpuIokKEHUETO HA HEB-
POHHU MPEXU B OJIOKYEIHH TEXHOJIOTUH ce COTbC-
KBa C peauia mpeau3Bukarencrsa. HeBpoHHuTe
MpPEXKHU Ca CIO0KHHU MOJCIIN, KOUTO U3UCKBAT I'0O-
JIIMO KOJIMYECTBO JIaHHU W BpeMe 3a OOydeHHeE.
Te chIlo Taka MoraT a ObJaT TPYAHHU 3a UHTEp-
MpeTalus U aHaJlu3, 0COOCHO KOraTo ca 00y4YeHH
BBPXY CIOXHM M MHOTOMepHH naHHH. OcBeH
TOBA, CHIIIECTBYBAT BHITPOCH 332 CUTYPHOCTTA, KO-
UTO BBH3HUKBAT ITPH 00pabOTKA HA YYBCTBUTEITHU
JaHHU. Ho-npeunaﬂHo 3amuyrara Ha JIMYHUTC
JAHHU M CHhOTBETCTBHETO C PEryJallMHuTe 3a 3a-
[UTa HA JaHHUTE MOTAT J1a ObJIAT CEPUO3HH Tpe-
AU3BUKATCIICTBA IIPU U3IIOJI3BAHC HA Al B KOHTEK-
cTa Ha OJIOKYCHH.

CayyaiiHu IpOy4BaHuUsl

EnvH OT NpUioXuMHTe CIyvad BKJIFOYBA H3-
MOJI3BAHETO HAa HEBPOHHM MPEXH 32 MPEIBHIK-
JlaHE Ha MOTCHIIMAJIHA KHOepaTaku BhPXY OJIOK-
yeitH cuctemure. [Ipe3 mociaeHUTE TOUHY, HS-
KOJIKO W3CJICJIBAHUS Ca pasriieflald Bbh3MOXK-
HOCTTa 3a M3MOJI3BaHE Ha HEBPOHHH MPEXKH 3a
aHaJIM3 Ha TPAH3aKIIMOHHY JJaHHU U UICHTU(UKA-
Ul Ha aHOMAIIMKM, KOMTO MOXE Jla YKa3BaT Ha
MOJITOTOBKA 3a araka. Pe3ynraTure OT Te3H H3C-
JICIBAHUS TOJAKPEIAT Bh3MOXKHOCTTA 332 M3MOJ3-
BaHe Ha Al B Ta3u obmacT.

Jpyr npriMep BKIIOYBA U3IOI3BAHETO HA HEB-
POHHU MPEXH 32 OTKpUBaHE Ha U3MaMU B OJIOK-
4yeitH TpaH3akinuu. Mi3MaMuTe MOTaT Jja BKIIIOYBAT
pa3IMYHU BHUJIOBE MaHWITYJAIMH, BKJIIOYHTEITHO
JIBOMHO IMOXap4BaHe U TPAH3AKIIUY C HUCKA CTOM-
HOCT, KOUTO C€ U3BBHPIIBAT C IIeJ 000TraTsBaHe Ha
yuacTHUIMTE. HEBpOHHUTE Mpexku ca Ouimm yc-
TIENTHO M3MOJI3BaHU 32 OTKPUBAHE HA TaKWBa Ma-
HUITyJaIK, Karo ce o0ydyaBaT BBPXY HCTOPH-
YECKH JIaHHHU M C€ M3I0JI3BAT 3a MPEIBUKIaHE Ha
OB eI U3MaMH.

W3BecTHO € 1 MPUITOKEHUETO UM 32 aBTOMATH-
3WpaHe Ha MPOLECUTE BHB BPH3Ka C OJIOKYEHH
TpaH3akiuuTe. M3moa3BaHu ca 3a aBTOMAaTUYHO
pasmnpeneisiHe Ha PeCcypcH, ONTUMHU3UpPAaHE Ha
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BpeMeTo 3a 00paboTKa Ha TpaH3aKUUH U Ipem-
BU)KJIaHE Ha Hal-e(DeKTUBHHMA HA4WH 3a OOpa-
0oTka Ha TpaH3akuuu. ToBa MoXe Ja JOBezE 10
3HAYHUTENIHU TOJO0OpEHHs B €(QEeKTUBHOCTTA H
Obp3uHaTa Ha OJIOKYEHH CUCTEMUTE.

Bbaemm HanpaBJieHust

Cb3naBaHeTO Ha OJIOKYEHH CHCTEMH, KOUTO
YCIICIIHO UHTETpUpaT HEBPOHHHU MPEKH, CE SIBSIBA
Ba)XHO HalpaplieHHE 3a OBJemeTo Ha obnacTTa.
BB3MOXKHO € M3MMoI3BaHeTO Ha HEBPOHHU MPEXHU
Ja JoBene 10 No-e()eKTUBHH, CHTYPHU M IPO3-
padHu OJIOKYEHH CUCTEMH.

[To-kOHKpETHO, Ce OuYakBa HM3MOJI3BAHETO Ha
HEBPOHHU MPEXH J1a AOMPHUHECEe 3a pa3padoTBa-
HETO Ha WHOBATUBHHU OJIOKYEHH MPUIOXKEHUS,
BKITFOUMTEITHO JCTICHTPATN3UPaHd (PUHAHCOBU
yciryru (DeFi), nenentpanu3upanu uaeHTUUKa-
UOHHH CUCTEMH M ACTIIEHTPATU3UPAHH NIa3apH 3a
JlaHHU. BBrpeku ToBa, BAXXHO € J1a C€ OTOCIICKH,
4e yCIeXbT Ha Te3W YCHIINSA IIe 3aBUCH OT pas3pe-
[IaBaHETO HA BaYKHU BBIPOCH, CBBP3aHH ChC CH-
TYPHOCTTA, IOBEPUTEIIHOCTTA U €THUKATA.

Wznon3BaneTo Ha HEBPOHHU MpPEXH B OJOK-
4eiiH Moxke na Oble epeKTUBEH MOIXOHA, HO
TpsiOBa 1a ce mpujara BHUMaTenHo. Ha ocHoBaTa
Ha IPOBEICHOTO MPOYYBaHE Ca M3BEACHH IPETo-
PBKH 32 UHTETPUPAHETO Ha JABETE TEXHOJOTHH, a
HUMEHHO:

EdexTuBHOTO W3MON3BaHE HAa HEBPOHHH
MpeXH B OJIOKYEHH N3UCKBa J0Opo pazdupane Ha
1 qBeTe TexHoJoruu. ToBa BKItouBa oOydeHue u
onuT B 00J1acTTa HA MAIIMHHOTO 00y4YeHHE, KAKTO
1 TBJIOOKO pa3dmpaHe Ha HAUMHA, MO0 KOWTO pa-
0OTH TEXHOJIOTHSATA.

[Ipr wm3non3BaHETO HAa HEBPOHHU MPEXH B
OJOKUEeiiH, € BayKHO Ja ce 00e3Meyn 3amurara Ha
naHauTe. ToBa MOXKe 1a BKITIOYBA KPUIITHPaHE Ha
JaHHUTE W U3MOJI3BaHe HA aHOHUMHHU WIIU TICEB-
JOHUMHHM HICHTU(UKATOPH, 32 Ja CE 3aIIUTH
nryHaTa nHQopMaIys.

BaxHo e Ja ce moappika npo3payHoCT U OT-
YETHOCT NpH u3noin3BaHe Ha Al B 6mok4ueiin. Tosa
MOJKE Jia BKITIOUBA U3IOJI3BaHE HA OTKPUT KOJI, ay-
JUTH HA CUTYPHOCTTA W MPO3PAYHH MPOIECH 32
B3€MaHE Ha PELICHHUS.

Brnpeku oberiaBaiiys moTeHMAaN, H3M0I3Ba-
HETO Ha HEBPOHHH MPEKH BB BPBh3Ka ¢ OJIOKUCIHH
TEXHOJIOTHH He € 0€3 CBOUTE MPeIU3BUKATEIICTBA
Y OTPaHUYCHUSI.

HeBpoHHUTE MpEXM H3UCKBAT 3HAYUTEITHH
KOMITIOTBPHU PECYpPCH 3a 0OydueHHe U W3ITbIIHE-
HUE, KOETO MOXe Jia ObJie MPo0IEeMaTHYHO B KOH-
TeKCTa Ha JelCHTpPATM3UPaHUTe OJOKUYeHH



cuctemu. [IpunoxeHNETO HA HEBPOHHHU MPEKHU B
TETEHTPATTU3UPAHNTE CUCTEMH MOXe J1a ObJIe OT-
PaHUYCHO OT BH3MOXKHOCTUTE 32 00paboTKa Ha
OTJIETTHUTE YYaCTHUIIM B MpeXkaTa.

CrhIecTByBaT M ONACCHUSA, CBP3aHU ChC CH-
TYPHOCTTA TIPH M3ITOJI3BaHE HA HEBPOHHU MPEKHU
B OJTOKYEHH, a UMEHHO, Y€ H3M0a3BaHeTo HAa Al B
OJIOKUEHH MOKE Ja Ch3/aJe HOBH Bb3MOKHOCTH
3a aTaky, BKJIIOYUTEIHO MaHHUITYJIalKs Ha 00yyJa-
BAaILIUTE TaHHU WK NPSKO HAJIaraHe Ha HEXXeJaH!
MOJEJIM Ha HEBPOHHU MPEXKHU.

HeBponnuTe Mpexu ca M3BECTHHU C TOBA, Y€ ca
"yepHU KyTUU'" - TPYIHO € J1a ce pa3depe 3aIo ce
B3WMAT KOHKPETHH peteHus. ToBa Moxe fa 0b/ie
MIPOTUBOPEYHMBO C IEIUTE HA MPO3PAvYHOCTTA U
OTYETHOCTTa Ha OjokdeiH. [Ipo3paunocrra, KO-
ATO € KJIF0YOBa XapaKTePHCTUKA Ha OJIOKYEiiH,
MOJXe Ja ObJie 3acTpallieHa OT HEMpPO3pPayHOCTTa
Ha PEIICHUATA, B3TH OT HEBPOHHUTE MPEXKH.

3aKiIoueHue

CrueTraBaHETO Ha HEBPOHHH MPEXH W OJOK-
YeH TEXHOJOTHH TMpeajara oOeliaBamy Bb3-
MOXXHOCTH 3a MOJ0O0psSiBaHE HA CUTYPHOCTTA U
MPO3PavYHOCTTa Ha OJIOKUYCHH TpaH3aKiuu. BbIi-
pEeKH TpeAn3BUKATEICTBATa, CBBP3aHA C TEXHH-
YecKaTa CIOXHOCT U BBIIPOCHUTE 32 CHTYPHOCTTA
Y IOBEPUTEITHOCTTA, CHIIIECTBYBA 3HAUUTEIICH 110~
TEHITHAIT 33 M3IIOJI3BaHE Ha HEBPOHHU MPEXKH 32
monoOpsiBaHe Ha e(EeKTUBHOCTTA M HAJEX[I-
HOCTTA Ha OJOKYEHH CHCTEMUTE.

[Ipenu3BuUKaTENCTBO Mpea OBACHIOTO Pa3BH-
THE Ha BBIPOCHUTE, CBbP3aHU C PUIIOKEHHETO Ha
HEBPOHHUTE MPEXKU 3a MOJOOpSIBAaHE HA CHUTYp-
HOCTTa U MPO3PAYHOCTTA B OJIOKUYEHHA ca CBBP-
3aHM ¢ OTKPHUBAHETO Ha HOBH HAYMHHM 3a IMOI00-
psIBaHE Ha OJIOKYEHH TEXHOJIOTHHTE UPE3 H3IOJI3-
BaHe Ha Al. Beopeku ToBa, BaXHO € a IoI4ep-
TaeM, 4e yCIeXbT Ha Te3W YCHIIWS Ie 3aBUCH HE
caMO OT TEXHUYECKHTE IMOCTHIKEHHS, HO U OT
aJICKBaTHUTE PEIICHUS Ha BBIPOCHUTE 3a CHUTYP-
HOCTTa, IOBEPUTEITHOCTTA U €TUKATa, CBbP3aHU C
H3M0J13BaHeTo Ha Al B KOHTEKCTa Ha OJIOKYEHH.
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NPUIOKEHUE HA U3KYCTBEHUSA UHTEJIEKT 3A 3AIIUTA OT KUBEPATAKHU U
KHUBEPHIPECTBITHOCT

Esrenn Honues

APPLICATION OF ARTIFICIAL INTELLIGENCE DEFENDING AGAINST CYBERAT-
TACKS AND KYBERCRIME

Evgeni Nonchev

ABSTRACT: Artificial Intelligence (Al) is the capacity of machines and computers to achieve tasks that would
normally require human intelligence. Examples of this include predicting cyber attacks, among other activities.
The thesis of this research is that artificial intelligence can be effectively used in the fight against cybercrime and
cyber attacks through the use of machine learning and deep learning methods for analyzing large volumes of data.
Specifically, artificial intelligence systems can identify unusual activities that can serve as indicators of potential
cyber attacks. This is due to the ability of artificial intelligence to process large sets of data in real-time and to
detect patterns and trends that the human mind may miss. This can lead to fast and efficient solutions in the fight
against cybercrime, which can reduce the risk of cyber attacks and improve the security of computer systems. Al
can play a significant role in the fight against cyber attacks and cybercrime, significantly improving the processes
of detection and response. This article explores the potential of Al in the field of cybersecurity. It reveals various
ways in which Al can help combat cyber attacks and cybercrime, including facilitating vulnerability detection,
predicting potential attacks, and automating incident responses.

Key words: artificial intelligence, cyber security, cyber attacks, cyber crime, machine learning, anomalies,
cyber attack detection, incident response automation, cyber security awareness, cyber security training

BbBenenne (ML), kato obmact Ha U, natupa ot 1950-Te ro-
JIMHU, KOTaTO 3aIlouBaT Ja ce pa3padoTBaTr mbp-

B aneniHoTo 00IIECTBO, KUOCPCUTYPHOCTTa €  BUTE aJITOPUTMH 3a KJIacU(pUKaIus Ha qaHad. OT-
€/IHa OT OCHOBHHUTE W aKTyallHd TEMH, Thi KaTo  TOrapa Ta3u 00iacT ce pa3BuBa ObP30 U CE U3MOI-
TEXHOJIOTHSTA TPOHUKBA BCE MO-ABJIOOKO B Ha-  3Ba B PA3IMYHU MPHIIOKEHUS, KaTO Pa3lO3HaBaHEe
nreto exenaneBue. Kubeparakure u kuOepnpec-  Ha 00pas3d, TJacOBH TEXHOJOTHH, METUIIMHCKA
TBIIHOCTTA Ca C€ YBEJIWYMJIM MPOIMOPLHUOHATHO ¢  JuarHoctuka u Apyru (Domingos, 2015). Ibi60-
Pa3BUTHETO HAa TEXHOJIOTHUATA, KAaTo Te mpeAcTaB-  koTo oOyuenue (DL) e paspaboreHo mpe3 1960-te
JSBAT 3HAYMTENHA 3aIUlaXa 3a JIMYHAaTa CUryp-  TOAWHH, HO MO-IIHPOKOTO MY MPHIOKEHUE U TI0-
HOCT, KOPIIOPATUBHHUTE WHTEPECH M HAIMOHA-  MyJSIpU3alMsITa My KaTO OCHOBEH METO[ 3a Ma-
HATa CUTYPHOCT. B TO3WM KOHTEKCT, U3KYCTBEHUAT  IIMHHO OOYYEHHE Ce MOCTUTAT Ipe3 MOCIeTHNUTE
unTenekt (M) npennara HOBU Bb3MOXKHOCTH 32 TOJWHH, KOTAaTO CE pPa3BUBAT IMO-MOIHH KOM-
3allUTa U C€ TPEJCTaBs, KaTo KIIOYOB MHCTPY-  IMIOTPU U CE MOSIBSBAT HOBU TEXHUKU U AITOPUTMHU
MEHT B OopOarta ¢ KHOepIpeCThIIHOCTTA. 3a HeroBata peanusanus (Zhou, 2017). C napacr-
B nayuynuTte cpeau ChlliecTBYBa TBBPACHUETO, BaHETO Ha aBaHrapJHU TexXHoJyioruu, kato Al, DL

ye M mMoxe 11a ce IpeBbpHE B CEpHO3HA 3aiiaxa ¥ ML, MalmMHHTE CcTaBaT BCE IMO-CIIOCOOHH Jia

3a yoBeuecTBOTO (Tegmark, 2017). €MyJMpaT YOBEIIKOTO IM03HaHue. ToBa 03BoJIsBa
Ha KpUMUHAJTUCTHUTE J1a 00paboTBaT OTPOMHH KO-

H3KycTBEH HHTEJIEKT U KHOEPCUTYPHOCT JTUYeCTBa JaHHU MO-OBP30 OT BCAKOTa, KaTo upe3
TO3W HWHCTPYMEHT, pa3clie[BaT CJIydauTe IIO-

TepmunsbT "nzkycrBen uatenekt" (Al) e BbBe-  Obp30 (UYunukatu, 2018). Ympaenenueto Ha

JICH 32 IIbPBU BT TIpe3 1956 I. Ha NaTHAaTa KOH-  JIaHHH € pelllaBala CThIIKa 32 OCUTypsiBaHe Ha Oe-
(depennus Ha JlaptmyTtckus konex B CAILl, ko-  30MacHO M CUTYPHO ChXpaHEHHE, KAKTO U aHaJU3.
ATO € CMATaHa 3a HA4aJIoTO Ha Hay4yHaTa obnact  OCBEH TOBa Momara Jia ce OrpaHuyu JOCThIBT J0
Ha I (McCarthy, 1956). MammHaHOTO 0OydeHHe  TE3W JJaHHHU CaMo JI0 OHE3H CIYXHUTEIH, KOUTO ca
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CBBP3aHM C Pa3CIEIBAaHETO, U MO3BOJISIBA JIECHO
HM3BJIMYaHE, KOraTo Bb3HUKHE Heooxoaumoct. 1
U MO-CTIeMAIHO MAIMHHOTO 00y4eHHe, € OIXO0-
IS B HAl-BHCOKa cTemeH 3a o0paboTka Ha ro-
JeMH 00eMH JNaHHM M aBTOMAaTU3HUPAHO OTKpU-
BaHE HAa AaHOMAJIMM WM 00pa3Ly, KOUTO Morar Aa
OKa3BaT Ha TOTeHIMaiHa Kubeparaka (Mehta,
2018). Hampumep, anropuT™Mu 3a MaliiHHO 00Y-
YeHHe MOoraT Jia ObJarT O0y4eHH Jja pa3lo3HaBat
TUNUYHUTE MPU3HALM Ha Pa3IUYHU BHUIOBE
ataku, kato phishing, DDoS araku unu pasnpoc-
Tpanenue Ha BpeneH codryep (Dilek, 2015).

Hpnioxenue Ha MU B knbepcurypHocrra

Hanocnenvsk MM ce mpuiiara 3a pa3nuyHu 3a-
Jla4u, KaTo pa3lo3HaBaHE Ha ped, B3eMaHe Ha pe-
IIeHUS U METUIIMHCKa JuarHo3a. basupanure Ha
WU uHCTpyMeHTH 32 KHOEpIPECTHITHOCT CTaBaT
BCE I0-4ECTO CPELIaHu Mpe3 ToAuHUTE. TIXHOTO
W3I0JI3BaHE B PA3IMYHU 00IacTH € OE3LEeHHO OT
TJIeTHa TOYKa Ha TMOJIOMaraHe Mpu peliaBaHeTo
Ha ciydan. CoTyepsT, Oasupan Ha M, moxe na
C€ M3M0JI3Ba OT EKCIIEPTH 3a OCTUraHe Ha MO-TO-
JIIMa TOYHOCT U MPEeUU3HOCT NPY aHaIU3UpaHe Ha
CJI0OXHH ITUGPPOBU M300pakeHus. Tora Ou OMIIO
CBOEOOPa3HO JONBIHEHUE KbM TEXHHs ChLIECT-
ByBall Ha0op OT uHCTpyMeHTHU. biaronapenue Ha
CKOpOCTTa Ha ChOMpaHe Ha JJOKa3aTeJICTBa U U3C-
JIeIBaHMs, UMa I10-MaJIKa BEPOSITHOCT OT I'PEILKH,
NPUYMHEHH OT KOTHUTHBHU mnpuctpactus. U
npaBu paboTaTa Ha eKCIIePTUTE MHOTO MO-JIeCHa,
KaTo JIeHCTBa, KaTo BOJa4 U pa3no3HaBa MOJEIH,
KOUTO OOMKHOBEHMST YOBEIIKH MO3BK MOXE Aa
npenebperde (Zang, 2010). ToBa Moxe aa Obae
BCHYKO - OT UACHTH(UIIMpaHEe HA Pa3NUYHU ac-
NEKTH Ha N300pakeHHe 10 HaMHPaHE Ha MOACIH
B UMEWIM U ChOOIIEHUS WIH AOPU ChIIOCTaBsIHE
Ha HOBa MH(OpMAIHS ChC CHILECTBYBALIH JaHHH,
ChXpaHsABaHU B CUCTeMHH 0a3u maran. M moxe
Jla ce U3I0JI3Ba 32 aHAJIM3 Ha MPEKOBH IIOTOLH, 3a
OTKPHMBAaHE HAa AaHOMAJIMH MJTH 32 JETEeKIV U IPOr-
HO3MpaHe Ha BB3MOXKHU KuOeparaku. Takua
CHCTEMH MOTaT Jja paboTAT B peajHo BpeMe, Ipe-
JOTBpATSABAaliKM aTakWTe, NpeAd TE Jla HaHecaT
snauntennu mer (Karie, 2019). C nomomuira Ha
NN, peakmusara npu UHIUACHTH MOXE na Oble
aBTOMaTHU3MpaHa U oNTUMHU3UpaHa. ToBa MoXe 1a
BKJIIOUBA aBTOMAaTHYHO H30JIMPAaHE Ha 3acerHa-
TUTE CHUCTEMH, ChOMpaHe Ha WHOpMAIMs 3a
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WHIMICHTA W OpeAlpueMaHe Ha HEOOXOAMMUTE
CTBIIKM 32 CbBMECTHOTO CIIpaBsiHE C KuOepara-
kara. UM moxke na Objie M3M0JI3BaH 3a Ch3/IaBaHe
Ha CHCTEMH 3a OTKpUBAHE Ha 3aruiaxu (intrusion
detection systems), KOUTO MOraT Jia aHAIU3UPAT
rojJeMHu KOJIMYECTBa JaHHU U J1a HACHTU(UIHUpAT
HEeOOWUYaliHW WM BpPEIHHM JNEWHOCTH. Te3u cuc-
TEMH W3I0J3BaT METOAM, KATO MAIIMHHO 00y4e-
HUE ¥ aHAIM3 Ha JaHHUTE B peallHO BpeMe, 3a Aa
OTKPHSIT aTaKH U J1a MPEAYNPEIsT 3a TSAX MPeIu Aa
IPUYUHAT cepuo3Hu wwetu. MU moxe na anamu-
3Upa ¥ pa3INyHU YyCTBUTCITHH JAHHH, CBHP3aHH
C MHIUJICHTH, U JIa TIPEJIOKHU TOAX OIS MEPKH
3a pearmpane, KOUTO CJIeJ[Ba Jia ce MpeanprHeMarT.
Ot apyra cTpaHa, MPUIOKEHUETO MYy € TOJXO-
JISITIO 32 00yYeHNe Ha IOTPeOUTeNnTe B 001acTTa
Ha KuOepcurypHocTTa. ToBa BKIIOYBA 0OyueHHE
Ha BUPTYaJIHU aCUCTCHTH 32 OTrOBapsHE HA BBII-
pOCH, CBBP3aHH ¢ KHOSPCUTYPHOCTTA WK Ch3/1a-
BaHE Ha OOYYMTEIIHU CLIEHAPUH, KOUTO CUMYJIH-
pat kubepataku. B Hayynarta nuTepartypa, chliec-
TBYBa TBBPICHHETO, Y& MoJenbT Deep Learning-
based Causality Inference Framework (DLCF)
MOXe Jia IPeo/I0Iee OrPaHNICHUSTa Ha TPaAUIH-
OHHUTE METOJIM 32 MPUYUHHO 3aKIIOUCHHE U Ja
W3rPaJM MOJICIH, KOUTO MOTAT Jia M3BIIMYAT 3Ha-
YUMHU NPUYMHHYA B3aUMOJICHCTBHUS OT TOJIEMH Ha-
6opu ot mannu (Su, L., 2017). DLCF ce uznon-
3Ba 3a MH(EPEHIUS Ha NPHYMHHO-CIICIACTBECHH
BPB3KH MEXAY CHOUTHS B CHCTEMH C MHOXECTBO
napameTp. To3u MoJien1 € OCHOBaH Ha IbIOOKO
oOyuenue - DL u e cocoOeH ia n3Biiede BpBh3KH
MEX]ly pa3IM4YHH ITapaMeTpy Ha cCUcTeMaTa U Ja
WACHTU(QHULINPAa TPUUYNHHO-CICICTBEHH BPB3KH.
B obnactra Ha KuMOepcHTypHOCTTa, MOJAETBT €
MOJIXOJIAN 32 WICHTU(DHKAIUS Ha TOTCHITUATHH
KuOepaTaky U MPeBIKIaHe Ha ObACIIN 3arIaxy.
Toli Moxe &a aHajgM3Wpa TOJSIMO KOJIWYECTBO
JAHHU OT Pa3IMYHH M3TOYHUIIM, KaTO MPEKOBH
TpaduK, JOroBe Ha CHPBBPH U APYTH U J1a UACH-
TUPHULIKpPAa aHOMAJUH B IOBEIECHHETO Ha CHUCTe-
MaTa, KOUTO MOTAT J]a CUTHAIIU3UPAT 32 TIOTCHIIU-
aJTHa 3aIuTaxa, KakTo U 3a 1oo0psiBaHe Ha Kuobep-
CUTYpHOCTTa W 3a MpeJOTBpaTsBaHe Ha KuOepa-
Taku. Ta3u TEXHOJIOTHS UMa TOJISIM ITOTEHIHAN 32
3alUTa HA YYBCTBUTEIIHA UH(DOPMAIIHSI 1 KOMITIO-
TBPHHUTE CHCTEMH, TTOKa3aHa Ha ¢urypa 1.



Deep Learning Enabled Cyber Forensic
Investigation Engine

3

Potential Digital Evidence
Data Sources Identification

2

4 Forensic Reporting and
Presentation

Initialization Process .

. Decision Making and
Case Closure

®ur.1 - Mogenst Deep Learning-based Causality Inference Framework

B Ta3u BpB3Ka € pa3paboTeH U HOB XUOPHUICH
IDS Momen, KOHTO M3MOJI3Ba IBE PA3IUAIHHU TEX-
HUKH, 3aMMCTBaHU OT 3a00WKaisiara Kuoep uH-
(dhpacTpykTypa. B mppBuUs eTan ce u3IoN3Ba U3-
KycTBeHa uMyHHa cucrtema (AIS) 3a uneHTHU-
upane Ha anomainau TCP/UDP Bpb3ku, Hampa-
BEHU KbM MallMHU B Mpexka. Ciex ToBa ce mpe-
JoctaBs WH(GOpPMAIUS Ha BHCOKO HHMBO 32 UJICH-
TUQUIUPAHA aHOMAJIHA BPB3KHU Upe3 rpynupaHe
Ha aHOMaJIuATa B €AWH OT p€aula IMHUPOKU TH-
MOBE aTaKW, KaTO C€ H3MOJ3Ba CaMOOpPraHU3U-
pama ce xapta Ha Kohonen (SOM).

N3rpaznena e cucrema, KOSITO CIEAN BXOIAIIN
BPB3KHU Upe3 U3IMOJI3BAaHEC Ha BEKTOP Ha BPbB3Ka,
KOWTO € ChCTaBeH OT (DYHKIMH, OTHCBAIU HO-
Mepa Ha ImopTa 1 Opos u3npaTeHu naketu. Bekro-
puTe Ha BPB3KHUTE C€ TOJIarat Ha OTKpUBaHE Ha
aHOMamnus OT JIETEKTOpH, TEHEPHUpaHH dYpe3

\//
\

oTpHLAaTeNIHA ceNeKuus. Bexkropute Ha CBBP3-
BaHe, MApKUPaHHU KaTO aHOMaJIHH, C€ TPOSKTHPAT
BbpXy SOM, KOeTo rm mocTaBsi BBPXY HEBPOH,
ONMU3BK 110 TE3W, BbPXY KOUTO CE€ MPOEKTHpAT
CBBbp3aHU aTakd. ToBa momara 3a OTKpHBaHE Ha
aTakWTe, CHOJENSAIIM OOIIM CBOHCTBAa C JIPYTH
ataku. [lo Bpeme Ha 0OyueHHETO JETEKTOPHUTE 32
anomayyu 1 SOM ce oOydaBat HezaBucuMO. [le-
TEKTOPHTE 32 aHOMAJIUH ce 00ydaBaT caMO BEPXY
MpUMEpH 3a HOPMAJIHU BPB3KH, AokaTo SOM ce
o0yyaBa M3KJIIOUYUTEIHO BBPXY [IPUMEPH 3a aHO-
Manuu Bpb3ku (Powers, 2012). SOM rpynupa 3a-
€JIHO aTaKW, KOUTO CIIOAEJIAT OOIIM CBOMCTBA 0€e3
anpUOpPHO 3HaHUe 3a Tax. PaboraTta Ha cuctemara
B peasiHo BpeMe € witoctpupana Ha Gurypa 1.1, a
Ha @urypa 1.2 e umocTpupana nporeaypara 3a
oOydeHue 3a I1BaTa KOMIIOHEHTA.

T Incoming network connection

B
-

\‘\\ Acrxtificial Immune System
anomaly detection rules

Anomalous
connections

Self Organising Map

Ourypa. 1.1 Usnenaenne Ha xubpunaus IDS anpropHo 3HaHME
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Examples of
normal connections

Examples of
attack connections

[F-THEN anomaly
detection rules

Attack
classifier

Ourypa 1.2 IIporenypa mo oOydeHre Ha ABaTa KOMIIOHCHTA

Hpe}]I/BBl/IKaTe.TICTBa H OrpaHuYCHUSA

Brrpeku obeniaBanuTe nepcneKTHBH, IPUITO-
xeHuero Ha MW B obOnactra Ha KuOepcUryp-
HOCTTa ChIII0 UMa CBOUTE MPEIU3BUKATEICTBA U
orpannuenusi. EqHo oT Hali-rojgeMuTe npeaun3Bu-
KaTeJICTBa € HyXXJaTa OT KAa4yeCTBEHU AaHHU 3a
o0ydeHHe Ha aJropuTMuTe. B nombiHeHHE, Cb-
IIECTBYBa PUCK OT 3j10ynoTpeda ¢ MU ot crpana
Ha KUOEPTIPECTHITHUIU, KOUTO MOTAT J1a M3M0N3-
BaT CHIIUTE TEXHOJOTUU 32 AaBTOMATU3HUPAHE Ha
aTakUTe CH WIM 3a 00XOJ Ha CHCTEMHTE 3a

3amura. Hanpumep, cucremute 3a M3KyCTBEH UH-
TEJIEKT MOTaT Jla U3MOJI3BaT METoJa Ha MallHH-
HOTO OOy4YeHHe, HapedueH "Kiacudukanus', 3a na
uACHTH(GHULIUPAT TOTCHIUATHA KHOepaTaky B pe-
aJHO BpeMe. Te3u cucTeMH Morar Jia aHajau3upar
o0IIUTE XapaKTePUCTUKH HA Pa3IMYHUA THIIOBE
KuOepaTaky U 1a Cb3/1aAaT MOJell, KOWTO Aa pas-
MO3HaBa T€3W aTakH, KOTaTo CE MOSABST B PEAHO
Bpeme. [Ipumep 3a KnacupuKanuoHeH arOPUTHM
e Support Vector Machine (SVM), mokazaH Ha
(urypa 2 no-noiny:

Class1

(_‘___ -
T — T — > (lass2
Mixed SVM
Data
— Class3
\""—\-.___‘_\—'_,_,_.—'-’

» Class4

@wur.2 - AnroputsM Support Vector Machine (SVM)

Ta3u TeXHHKa MOXeE J]a ce U3I0JI3Ba, 3a JIa Ce
ompeneny aaau Habop OT BXOJHU JAaHHH € TO-
n00pe OmUcaH OT eIUH WM APYT Kiac, ba3upan
Ha JIMHEHHO s111po. To3u MeTo padboTu 100pe npu
JAHHU C TOJIEMH pa3MepH, TOKAToO APYTH METOIH

3a MamuHHO 00ydeHue kato Naive Bayes, moka-
3aH Ha ¢urypa 3 TpsOBa na O6bAaT MoaUQHULIU-
paHu, Korato paboTAT ¢ MOBEYE OT /IBa Kiaca.

Training Data

4

N4

New Data

>

Classifier

Prediction

S

®wur.3 - Merop 3a kinacudukanms Naive Bayes

AnroputMmute 3a KiacuuuupaHe OOUKHO-
BEHO C€ M3I0JI3BAT 3a POrHO3UpPaHE Ha ObIeHIH
CBHOUTHS WM 32 KIacupUIMpaHe Ha JaHHU B Ka-
teropuu. DL Moxke na Obae H3MON3BaHO 3a
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aHaJIn3 Ha TCKCTOBC, I/I306pa)KeHI/I$I 1 BUACO MaTe-
puain, KOETO IMO3BOJIsIBa HA CUCTEMUTE Ha U3KYC-
TBCHUS UHTCJICKT Ja OTKPHUBAT 3aIlJlaXxyu B pCaJIHO
BpEMC U1 Jia reHepupar 6’Lp31/I OTTOBOPH 3a 3aluTa



Ha cucrtemarta u aaHHuTe. DL Moxke na oTkpue
MOJIEJIM B HECTPYKTYPUPAHU TaHHU U MOXKE CHIIO
Jla IOMOTHE 32 pa3IIUpsIBaHe Ha CIIOCOOHOCTTA Ha
KOMIIaHMSITA J1a HAMHUPA HOBH MPOIYKTH, YCIYTH
i kueHTd. daiinmoseTe ¢ MUQGPOBH TOKA3aTEI-
ctBa (CD) ca OT CBIIIECTBEHO 3HAYCHHUE 32 KPUMU-
HAJIMCTUKATA, ThH KaTo Te ChOMpPAT U ChXpaHIBAT
BCsika MH(OpMAIIHs, KOATO Ce OTHACS JI0 Tpec-
ThIUIeHHe. VIHTENUTeHTHUTE CHCTEMH 3a OTKpH-
BaHE MpPaBsT TE3U CiIydail MO-JIECHU U MO-edek-
TUBHM, Th KaTO MO3BOJISABAT Ha EKCHEPTHUTE Aa
NpEMUHAT CaMoO TNpe3 BaXHU JIOKa3aTelCTBa,
cBbp3aHu cbe caydas. CDA e npeuusen HauuH 3a
M3y4yaBaHE Ha roJieMd HaOOpH OT JaHHHU, KOWTO
BKIIIOYBa HM3MOJI3BAHETO HA CTATUCTUYECKH TEX-
HUKH 33 CpaBHSBaHE U M3CJe[BaHE HA €IHO WIH
HSKOJIKO yCTpOWCTBA. TO3M METOHA MpenocCTaBs
OTJIMYHA BB3MOXHOCT 3a aHajW3 Ha TOJEMH
o0eMu OT JaHHHU. 3a aBTOMAaTH3UPaHO HaMHpaHe
W pelaBaHe Ha KuOepaTaky, CHCTEMUTE Ha U3KYC-
TBEHUSI MHTEJEKT MOTaT J1a U3I0JI3BaT METOo/1a Ha
"pemaBane Ha npo6sieMu". To3u MeTo N3MOI3Ba
aBTOMAaTH3WpaHa MporpaMHa JIOTHKa, KOATO aHa-
TU3Upa W peliaBa mpoOiieMa B peasHo BpeMe,
KaTo MpHJIara CTpaTeruy 3a 3alliTa Ha CucTeMaTa
U JaHHUTe OT 3amiaxu. ONucaHuTe CTpaTervH
MOTaT J]a BKIIOYBAT OTKPWUBAHE W IMPENOTBPATS-
BaHE Ha HEOTOPH3HMPAH JOCTHII JO CHCTEMAaTa,
uicHTU(UIIMPAHE Ha 3JIOBpEJcH codTyep W
JIPYTH PUCKOBE 32 CHTYPHOCTTa U KOPHTUpPaHEe Ha
VS3BHUMOCTH B CHCTEMaTa. MeTOIbT 3a ,,pa3pelia-
BaHe Ha Mpo0JIeMHU‘‘ He € ChBBPILICH, Thi KaTo He
BUHArd wuAeHTHUIMpa 3amaxurte. Boropekn
TOBa OM OWJI MO-TTOJIE3€H OT TPAIUIIMOHEH METO/T,
IpU KOUTO y4acTHULMTE PHYHO aHAIM3UPAT aTa-
KWTE, TIpeId J1a ce MOosBAT. B ciydail, 4ye HsAMa
BpPB3Ka U JAHHWUTE ca HECTPYKTYPHUPAHH, MOXKE Ja
ce M3I0NI3Ba METONBT 3a HepapXWUIHOTO TPYITH-
paHe - MeTO/I 3a KJlacTepHu3alusl Ha JaHHHU, KOMTO
ce W3MOoJi3Ba B MamMHHOTO oOyueHue. Toi ce
mpujiara, Korato He ca HaJlMdHU SICHU TIPEICTaBH
3a Oposi Ha KI'bCTEPUTE, HA KOUTO MOTAT J1a Ce pas-
JensT nanaute. To3u meron paboTu, KaTo Mallu-
HaTa Ce ONMHUTBA Ja pa3feld JaHHUTE Ha IOAT-
PYIH, ThPCEHKH OOLIM XapaKTEPUCTUKU MEXKIY
TsX. 3a 1a ce n30erHat rpemky, TO3H METO] MOXKe
na Ob71e KOMOMHHpPaH Ype3 HepapXUIHOTO TPYITH-
pane. MepapXHuHOTO TpyNHpaHe MOXe Ja ce U3-
BBPILBA 10 Ba HAUMHA - "arJioMepaTUBHO" U " U~
Bm3uBHO". llpm arioMepaTMBHOTO TpymHpaHe,
BCEKHU OOEKT 3aIlouBa KaTo OTJIeJIHA TPyIIa U IOoC-
TENEeHHO ce 00eIMHIBAT C APYTH IPyIH, KaTo ce
TBHPCAT Hal-OIM3KUTE UM cheenu. [Ipu TuBU3UB-
HOTO TpYyIUpaHe, BCHYKH OOCKTH 3alloyBaT KaTo
€/IHa roJIsIMa TpyTa U MOCTENEHHO ce pa3iessT Ha
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MO-MaJIKU TPYNH, KaTro C€ ThbPCAT pasinHuusl
Mexay Tax. [Ipu HepapXxuyHOTO rpynupaHe, Ma-
IIMHATA Ch3/]aBa JbPBOBHIHA CTPYKTYpa OT KIIbC-
TepH, KaTo Ha BCSIKO HUBO Ha Hepapxusara rpy-
IUTE ca BCE MO-MAJIKH U IO-CIIEHUAIN3UPaHHU.
To3um mpomec mNpoabKaBa, IOOKaTO BCHYKHU
00eKTH He ca BKIIIOYEHW B rpynute. Taka, JaH-
HUTE CE pa3felaT Ha pa3iIMdHU KII'bCTEPH B 3aBU-
CHUMOCT OT TEXHHUTE OOLIHY XapaKTEPHUCTUKH.

3akiIouyenue

NN npennara 3HaYUTENHM BB3MOXKHOCTH 32
noo0psiBaHe Ha KUOEPCUTYPHOCTTA, HO € BAXKHO
Ja ce 0TOENeXH, Y€ TOH He € YHHUBEPCAIHO pelle-
Hue. CraTusTa pasriexna pa3aIuyHd METOOU Ha
WU, xouto Morat J1a ce M3IO0J3BaT 3a aHAJIN3 Ha
rOJIEMH MHOXKECTBA OT IaHHH, BKIIIOUUTEITHO IbJI-
0O0KOTO MAIIMHHO O0YYEeHHE U APYTH TEXHUKH Ha
HN. Edexruaarta 60pda c KHOEpIpecThIIHOCTTA
W3UCKBA KOMOMHHPAH MOJIX0/1, KOMTO BKIIIOUBA HE
CaMO TEXHOJIOTMYHM PEIIEHHS, HO WM IPaBHUIIHA
opraHu3anys, MOJUTHKH U oO0ydeHue. Hayunure
W3CIIeIBaHMS B Ta3HW OOJIACT MPOABIDKABAT Ja CE
pa3BuUBarT, ¢ HajaexaaTa, ue M1 mie urpae Bce mo-
3HauMMa poiisi B ObJemara 3amura oT Kudepa-
Taku U kubepnpectsnaoct. B 0bneme NN moxe
Ja TIOAKPENH JCUCHTPAIM3UPAaHUTE CUCTEMH 3a
KHOEPCHUTYPHOCT, KaTo OJIOKYEHH, KaTo yJIeCcHsSIBa
BaIHMJANMATa U Bepu(UKAIHUATA HA TPaH3AKLUH.
[Ipenu3BukarencTBaTa, CBbP3aHH C HEroBaTa WH-
Terpanus, BKJIIOYBAT HaMaJsIBaHE HA CJIOXKHO-TIO-
JIOXKUTEJHUTE PE3yNTaTH, NOAIbpPKaHE HA IIOBe-
pUTEIHOCTTa Ha JAaHHUTE M YIpPaBJICHUE Ha
eTUYHHU IIpoOseMu. Borpeku ToBa, ¢ IpaBUiIHaTa
peann3anys ¥ noaxonamu nonutuku, UM moxe
Jia mo1o0py 3HAYUTETTHO KHOEPCUTYpHOCTTA.

References

1. Ywunuxatu K., 2018, “U3kycTBeH HHTe-
JIEKT B KpUMHHANMHCTHKaTa. KpuMmuHanmmcTruka”,
Add Res 2018; 2: pp. 182-3.

2. Buczak, AL, & Guven, E., 2016, “A
survey of data mining and machine learning
methods for cyber security intrusion detection”,
IEEE Communications Surveys & Tutorials,
18(2), 1153-1176.

3.  Domingos, P., 2015, “The master algo-
rithm: How qgest for the ultimate learning mashine
will remake our world.”, Basic Books, pp. 18-53

4. Dilek S, Cakir H, Aydin M, 2015, “IIpu-
JIOXKCHHUSI Ha TEXHUKU 32 N3KYCTBEH MHTEIEKT 3a
6opba c kubepnpectpiuienusTa” Int J Artif Intell
Appl, 6: 21-39.



5. Karie NM, Kebande VR, Venter HS.,
2019, “Pa3MuHaBaHe Ha KOrHUTHBHHUTE TEXHHKH
3a ABIOOKO oOydeHHe B KHOep KpUMHHaIUCTH-
kara” Kpumunanuctuka Int: Cuneprus, pp.61-7.

6. Lu Su, Zhihua Zhang, Jiawei Han, 2019,
"Causality Inference in Big Data: Challenges and
Opportunities".

7.  McCarthy, J. Minsky, M., Rochester, N.,
Shannon, C., 1956, "A Proposal for the Dartmouth
Summer Research Project on  Artificial
Intelligence”, Al Magazine.

8. Mehta, S., Hora, H.S., & Pa, Y.P., 2018,
“Machine learning in cyber security: A review.
International Journal of Advanced Computer
Science and Applications”, 9(10).

9. Powers, S., He, J., 2012, “A Hybrid
Artificial Immune System and Self Organising
Map for Network Intrusion Detection, Cornell
University, pp. 1-32

10. Tegmark, M., 2017, “Life 3.0: Being
Human in the Age of Artificial Intelligence",
Knopf, pp.32-49

96

11. Zang Y, Lin Y., 2010, “U3cnensane Ha
KJIFOYOBAaTa TEXHOJIOTHS HA CHTypHaTa KOMIIIO-
ThpHA KpUMHHAIUCTUKA , TpeTu MexayHapoaeH
CHUMITO3UYM 32 WHTEIWTCHTHU WH()OPMAIOHHH
TEXHOJIOTMH ¥ MH(POPMATHKa 3a CUTYPHOCT, Pp.
649-52.

12. Zhou, Y., & Feng, Y., 2017, “Deep
learning for ict security: review, challenges, and
future research directions.” IEEE Access, 6,
63923-63949.

EBrenn Honuer

Yuusepcuret ,llpod. J-p Acen 3marapos,
Byprac*

®akynrer ,,KOMOIOTHPHUA CUCTEMH U TEXHOJIO-
run®, Kareapa ,,TexHudecku HayKu'

rp. byprac, ya. ,,[Ipod. Skumor 1 Address
e-mail: enonchev@gmail.com






/5_\'

HHAYCTPUAJIHU TEXHOJIOT'MHU INDUSTRIAL TECHNOLOGIES
Texnudeckn pegakrop Technical Editor
WBan lumurpos Ivan Dimitrov
Xy10KHUK HA KOpUIIATa Cover Design
Kpacumup Hukonos Krasimir Nikolov
Hzpartencrso House Press
VYuusepcurert ,,IIpod. a-p Acen 3narapos” Prof. Dr Assen Zlatarov University

®opmat — 206 / 290 Format — 206 / 290



	1 b7_page_1
	2 b7_page_2
	3 b7_СЪДЪРЖАНИЕ-ИТ-2023
	b7_1
	Introduction
	Analysis of the results
	Literature

	b7_2
	Introduction
	References

	b7_3
	References

	b7_4
	Introduction

	b7_5
	Effect of interfering ions
	Effect of interfering ions
	Applications

	b7_6
	Въведение
	Литература

	b7_7
	b7_8
	Introduction

	b7_9
	24. Health Effects of Ozone Pollution, https://www.epa.gov/ground-level-ozone-pollution/health-effects-ozone-pollution

	b7_10
	b7_11
	Въведение
	Експериментална част
	Литература

	b7_12
	Въведение
	Известно е, че нефтът е един от най-важните енергийни ресурси в съвременното индустриално общество. Той се използва широко в нефтохимията, транспорта, машиностроенето и други важни области. Докато петролът се експлоатира, транспортира, използва и съхр...
	Литература

	b7_13
	b7_14
	.
	Въведение
	Литература

	b7_15
	References

	b7_16
	References

	b7_last page 98

