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OBOBIIEHOMPEXXOB MOJEJI HA NAIVE BAYES AJITOPUTHM

Cranuncnas [Tomos

GENERALIZED NET MODEL OF NAIVE BAYES ALGORITHM

Stanislav Popov

ABSTRACT: The Naive Bayes (NB) algorithm, rooted in Bayes' theorem, is a fundamental tool for classifica-
tion tasks in machine learning, particularly effective for high-dimensional datasets like those encountered in text
classification. Common applications include sentiment analysis, news categorization, and spam detection. The
algorithm’s process is presented in the current research with the usage of Generalized nets. The constructed Gen-
eralized net can be used for describing and monitoring the parallel processes in the NB algorithm.

Key words: Generalized nets, machine learning, Naive Bayes algorithm

Introduction

Classification models are developed through a
two-step process. In the initial training phase, the
model learns to recognize patterns and relation-
ships within a designated dataset. Following train-
ing, the evaluation phase rigorously assesses the
model's ability to accurately classify new, unseen
data [1]. This assessment typically involves eval-
uating metrics such as accuracy, error rate, preci-
sion, and recall (Fig. 1).

Training
Set

Model
Development

Performance
measures:
1. Accuracy
2. Precision
3. Recall

Model
Evaluation

Test Set

Fig. 1. Classification algorithm workflow

The Naive Bayes algorithm is recognized for
its simplicity and efficiency, facilitating faster
model training and prediction. While constructing
any machine learning model, incorporating prin-
ciples derived from Bayes' theorem can enhance
model performance. The workflow of the algo-
rithm can be successfully described using the
Generalzied Nets concept.

How Naive Bayes classifier works

The Naive Bayes classifier operates under the
"class conditional independence" assumption,

meaning it treats features as independent of one
another within a specific class [2]. This simplifi-
cation, while potentially inaccurate in real-world
scenarios, significantly reduces computational
complexity. For example, in loan applications, the
classifier may treat income, credit history, and
other factors as independent contributors to loan
eligibility, even if they are interrelated.

Bayes' theorem (1) excels at handling situa-
tions where the probability of an event evolves se-
quentially as new information becomes available.
It formalizes the process of updating an initial be-
lief (prior probability) into a refined belief (poste-
rior probability) by incorporating the impact of
newly acquired evidence.

P(D[h)P(h)

P(h| D)= D)

Q)
where:

- P(h): the probability of hypothesis h being
true (regardless of the data). This is known
as the prior probability of 4.

- P(D): the probability of the data (regardless
of the hypothesis). This is known as the
prior probability.

- P(h|D): the probability of hypothesis %
given the data D. This is known as posterior
probability.

- P(DJh): the probability of data d given that
the hypothesis 4 was true. This is known as
posterior probability.



The Naive Bayes classifier operates in a four-
step process [3]:

1. It initially calculates the prior probability of
each class occurring independently.

2. Then, it determines the likelihood of each
observed attribute belonging to each class.

3. Next, Bayes' Theorem is applied to calculate
the posterior probability, which represents the
probability of a class given the observed attrib-
utes.

4. Finally, the classifier assigns the input to
the class with the highest posterior probability.

To simplify the calculation of prior and poste-
rior probabilities, the Naive Bayes classifier uti-
lizes two key tables: a frequency table and two
likelihood tables. The frequency table records the
occurrence of different class labels across all fea-
tures [4]. These tables streamline the calculation
of prior and posterior probabilities, essential com-
ponents of the Naive Bayes algorithm.

Generalized net model of the Naive Bayes
algorithm

The concept of Generalized nets (GNs) is in-
troduced in [5-7]. Examples of constructed Gen-
eralized nets for data mining processes are pre-
sented in [8-10]. In the current research, the GN
of the Naive Bayes algorithm contains 8 transi-
tions and 23 places (Fig. 2).

Fig. 2. GN model of Naive Bayes algorithm

The Generalized net consists of the following
set of transitions:
A=A{Z\, Zr, 23, Zs, Zs, Zs, Z7, Z8},
where:
e 7 - “import basic libraries needed for
performing the algorithm”;

Z, - “import dataset”;
Z3 - “data preprocessing”’;
Zs - “train the model”;
Zs - “calculate the prior probability”;
Zs - “find likelihood probability”;
Z7 - “calculate the posterior probability”;
Zs - “assign the input to the class with
the highest posterior probability”;
o-token enters the GN via place L;. The token
has initial characteristic “available libraries”.
The token entering L3 does not obtain any new
characteristic. After the activation of transition Z,
the a-token moves to place L, and obtains the fol-
lowing characteristic “chosen libraries”.
Transition Z; has the following form:
Z] = <{L1, L3}, {Lz, L3}, R], V(L], L3)>,
where:

and

W3, = “the suitable libraries are chosen”.

f-token enters the GN via place L4 with initial
characteristic “dataset for classification”. The to-
ken entering L¢ does not obtain any new charac-
teristic. After the activation of transition Z, the f—
token moves to place Ls and obtains the following
characteristic “chosen dataset for classification”.

Transition Z; has the following form:

4= <{L45 Lﬁ}a {L55 Lﬁ}a R29 V(L4a L6)>a

where:

R = | Ly L
> L, | false true
Ly | Wes true

and
Ws.s = “the dataset for classification is chosen”.
y-token enters the GN via place L7 with initial
characteristic “features to split”. The tokens en-
tering L1odo not obtain any new characteristic. Af-
ter the activation of transition Z3, the tokens from
places Lo, Ls and L7 merge into two tokens (o and
[1) in places Lg and Lo with characteristics respec-
tively “chosen features for training dataset” and
“chosen features for testing dataset”.

Transition Z3 has the following form:
Z3={({La, Ls, Ly, Lio}, {Ls, Lo, L10}, R3, V(A (Lo,
Ls L), L)),

where:



R - Ly Ly L
3L, | false false true
Ly | false false true
L, | false false true
Ly | Wipg Wiy true

and

W18 = “the training dataset is formed”;

W18 = “the testing dataset is formed” .

o-token enters the GN via place L; with initial
characteristic “standard scaler”. The token enter-
ing place L3 does not obtain any new characteris-
tic. After the activation of transition Z4 the d-token
moves to place L, with the following characteris-
tic “scaled features”.

Transition Z4 has the following form:

Zs={{Lu1, L3}, {L12, L13}, Ra, vV(L11, L13)),

where:

R = | L, Ly
YL, | false  true
Ly [ Wiy, true

and

Wi3,12 = “training operation is performed”.

After the activation of transition Zs, the tokens
in places Lo and Li» merge into one ar-token in
place Lis with characteristic “successfully trained
model”. The tokens entering Li¢ do not obtain any
new characteristic.

Transition Zs has the following form:

Zs={({Lo, L12, L1}, {L15, L6}, Rs, V(~ (Lo, L12)),

Lie)),
where:
R - | L, Ly
> Ly | false true
L, | false true
Lig | Wieys true
and

Wie.15 = “the prior probability is calculated”.
e-token enters the GN via position L;s with
initial characteristic “attributes for each class”.
At the first activation of the transition, the tokens
form places Ls, L4 and Lis merge into a new yi-
token in place Lis with characteristic “initial esti-
mation of likelihood for each class”. At the sec-
ond activation of the transition, the tokens form
places Lg, L4 and Lis merge into a new y:-token
with characteristic “next estimation of likelihood
for each class “. The tokens entering L7 do not ob-
tain any new characteristic.
Transition Zs has the following form:
Zs=({Ls, L1a,L1s,L17, L21}, {L1s, L17}, Re, V(A
(Ls, Lra L1s)), Li7, L21)),

where:

R = Ly Ly
L, | false true
L, | false true
L | false true
Ly | Wigi6 true
L, | false true

and

Wi7.16 = “the first estimation of likelihood with
each attribute is made”.

After the activation of transition Z, the y,-to-
ken form place Lis moves to place Lis and obtains
the following characteristic “values for Bayes for-
mula”. The token entering Lo does not obtain any
new characteristic.

Transition Z; has the following form:

Z7={{L1s, L19, }, {L1s, L1}, R7, V(L16, L19)),
where:

R = | Ls Ly
=
L | false true
Lyg | Wigyg true

and

Wio1s = “the posterior probability is calcu-
lated”.

o-token enters the GN via place Lo with initial
characteristic “criterion for assigning the highest
posterior probability”. After the activation of
transition Zg, the tokens form places Lig and Lo
move to place Ly or Ly, depending on whether the
criterion is met with characteristics respectively
for Lo1 “actual feature probability for each class™
and “predicted posterior probability for each
class” for L.

The P (Features) term is ignored in Bayes’ the-
orem because only the relative probabilities of the
classes are important. The tokens entering L»3; do
not obtain any new characteristic.

Transition Zs has the following form:

Zs = {({L1s, L2, L23}, {L21, L2, Lo3}, Rs, V(A (Lis,
La), L)),

where:
R = | Ly, Ly, Ly
UL ¢ | false  false true
L,, | false false true
Ly | Wysp Wasy,y  true
and



W31 = “another iteration is done in order to
meet the criterion for the highest posterior proba-
bility”;

Wa32> = “assigned input to the highest poste-
rior probability”.

Conclusion

The Naive Bayes classifier is a probabilistic
learning algorithm founded on Bayes' theorem. It
operates under the assumption of feature inde-
pendence, a simplification that, while potentially
inaccurate in real-world scenarios, enables effi-
cient computation and effective classification.
The GN model presented in the current research
shows how the BN algorithm works by splitting
its four main steps into smaller ones and describ-
ing them in detail.
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Cranncnas Koucranruaos ITomos

PREDICTING SOLAR RADIATION THROUGH MACHINE LEARNING

Stanislav Popov

ABSTRACT: Solar radiation, comprising the entire spectrum of electromagnetic energy emitted by the sun,
serves as the primary input for solar energy technologies. The technical feasibility and economic viability of these
technologies are inherently linked to the local solar resource characteristics, such as irradiance levels and solar
insolation patterns. The amount of solar radiation depends on different factors such as temperature, humidity,
atmospheric pressure, wind speed, wind direction. In the current research, all these parameters are taken into
account in order to build a predictive model of the amount of solar radiation using machine learning.
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Introduction

Machine learning (ML) is a subfield of artifi-
cial intelligence (Al) that empowers computers to
learn from data without being explicitly pro-
grammed [1]. Instead of relying on predefined
rules, ML algorithms analyze data, identify pat-
terns, and make predictions or decisions based on
those patterns [2].

The key characteristics of ML are:

e [ earning from Data: ML algorithms learn
from data, extracting valuable insights and
patterns.

e Adaptability: ML models can adapt to new
data and improve their performance over time.

¢ Automation: ML automates many tasks that
previously required human intervention.

The two most common types of machine learn-
ing are Supervised learning (regression, classifi-
cation) and Unsupervised learning (clustering) [3]

(Fig. 1).
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Fig. 1. Machine learning techniques

In the paper, correlation analysis will be used
to find relationship between the different variables
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as well as Ordinary Least Squares - OLS (part of
the supervised learning) method to build the pre-
dictive model.

Methods

Correlation describes the statistical relation-
ship between two variables. It measures the extent
to which the values of two variables change to-
gether [4]. Correlation measures the strength of
the relationship. A strong correlation indicates a
close relationship between the variables, while a
weak correlation suggests a less pronounced rela-
tionship. Correlation can be positive (when one
variable increases, the other variable tends to in-
crease as well) or negative (when one variable in-
creases, the other variable tends to decrease). If
there is no relationship between the variables, the
correlation is zero. The most common measure for
linear correlation is Pearson correlation coeffi-
cient which ranges from -1 to 1 [5].

OLS aims to find the best-fitting linear rela-
tionship between a dependent variable (Y) and one
or more independent variables (X) [6]. This rela-
tionship is typically expressed as:

Y=B0+p1XI +p2X2+ ...+ fp*Xp+e (1)
where:
e Yis the dependent variable;
e X1, X2, .., Xp are the independent

variables;
e A0 is the intercept ! (the value of Y when all
X variables are zero);



e f1, B2, ..., fp are the coefficients (slopes)
for each independent variable;

e ¢ is the error term (the difference between
the actual value of Y and the predicted value).

OLS secks to find the values of the coefficients
(PO, p1, 2, ...) that minimize the sum of the
squared differences between the actual observed
values of Y and the values predicted by the model
[7]. To find the optimal values of the coefficients,
OLS uses mathematical optimization techniques.
Typically, it involves calculating the partial deriv-
atives of the sum of squared residuals with respect
to each coefficient and setting them to zero [8, 9].

The data used for the machine learning analy-
sis includes values for temperature (°C), humidity
(%), atmospheric pressure (inHg), wind speed
(km/h), wind direction (degrees) and solar radia-
tion (kWh/m?) grouped in a table (Table 1).

Table 1. Data for performing machine learning
analysis

Radiation Temperature Pressure Humidity WindDirection WindSpeed
653.45 1500  30.19 43 2131 65.18
513.86 1444 3019 43 211.64 63.36
168.81 11.67  30.19 46 229.57 61.56
567.17 1444 3019 40 207.35 61.56

1.24 833 3023 27 196.82 59.74
628.4 1444 30.19 4 219.28 59.74
1.19 889 3025 27 191.05 57.%4
1.2 833 3024 26 208.61 57.%4
1.2 833 3023 27 200.98 57.%4
120.14 11.67 30.2 42 203.47 56.12
248.34 1278 30.19 43 200.28 56.12
612.71 1444 3019 43 198.06 56.12
1.24 889 304 27 201.98 54.32
12 833 304 26 200.62 54.32
12 833 3023 26 213.48 54.32
194.57 1222 30.2 43 198.1 54.32
1.23 833 304 26 202.79 52.50
1.25 833 3023 25 197.69 52.50
383.88 1333  30.19 44 220.21 52.50
42515 1333 30.19 44 217.16 52.50
533.64 1444  30.19 40 200.25 52.50
582.8 1444  30.19 42 195.32 52.50
769.4 1500  30.21 44 228.76 52.50
1.26 833 3028 0 171.71 50.69
1.23 833 3025 25 196.65 50.69
1.23 833 304 25 205.49 50.69
1.21 889 302 26 202.6 50.69
14.37 10.56  30.21 32 208.29 50.69
77.04 11.11 30.2 42 197.2 50.69
143.77 11.67 30.2 44 210.31 50.69
709.55 15.00 30.2 43 206.2 50.69

The table consists of more than 500 rows and the
data is taken from the NASA EarthData hub [10].

Analysis and results
First, a correlation analysis is performed to

find any relationship between the variables in the
dataset. The results are presented in Fig. 1.

Radiation | Temperature| Pressure | Humidity | WindDirection| WindSpeed
Radiation 1
Temperature | 0.7349548 1
Pressure 0.1190157)  0.3111735 1
Humidity -0.2261706| -0.2239733 1
WindDirection [-0.2303235| -0.2594212|-0.2290100| -0.0018333 1
WindSpeed | 0.0736269] -0.0314581]-0.0836393|-0.2116237]  0.0730924 1

Fig. 1. Result from correlation analysis

Fig. 2 show that the best positively correlated
pairs are Radiation—Temperature (0.73) and Pres-
sure-Temperature (0.31). The least correlated
pair is Humidity-Temperature (-0.29).

Next, in order to build the predictive model for
the amount of solar radiation, Python program-
ming language is used, along with its statistical li-
braries (sklearn, scipy, numpy). For visualizing
the results seaborn and matplotlib libraries are
also added in the project.

The data is imported, and a histogram chart is
created to show the distribution of the numeric
values of the variables as a series bars (Fig. 3).
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The pairplot chart (Fig. 3) illustrates linear re-
gression between solar radiation amount and the
rest of the factors.
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Fig. 3. Liner regression results

Fig. 2 and Fig. 3 confirm the result from the
correlation analysis where solar radiation is most
dependent on temperature.

A predictive model is trained using OLS in-
cluding all the parameters (Temperature, Humid-
ity, WindSpeed, WindDirection, Pressure):
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X train, X test,
train_test_split(X, y,
dom_state=46);
lin_model = sm.ols(formula="Radiation ~ Tem-
perature + Humidity + WindDirection + Pressure
+ WindSpeed", data=dy).fit(),

The results are as follows:

y_train, y_test

test size=0.20, ran-

OLS Regression Results
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Fig. 4. Results from OLS analysis

The most important coefficient is R-squared
(0.57) which indicates robustness of the model.

Finally, a function for forecasting the amount
of solar radiation is added to the model:

Forecasted radiation=lin_model.predict(ndata),

where ndata is an array consisting of the user in-
put values for the different parameters. A couple
of examples are presented below:

1. 'Humidity: [70], 'Temperature": [30.1],
'WindDirection: [151.2], 'Pressure’: [30.44],
'WindSpeed": [4.20] => the Solar radiation is
1510 kWh/m’.

2. Humidity" [60], 'Temperature: [16.3],
'WindDirection': [37.12], 'Pressure": [65], 'Wind-
Speed": [7.44] => the Solar radiation is 79.52
kWh/m’.

Conclusion

This study has demonstrated the effectiveness
of machine learning for creating and training of
predictive models. The usage of correlation anal-
ysis and Ordinary Least Squares prove useful for
forecasting the amount of solar radiance based on
parameters such as temperature, humidity, pres-
sure, wind speed and wind direction. The results
show that the solar radiation is most affected by
temperature and least affected by wind direction.
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ELECTROPHILIC CYCLIZATION AND CYCLOISOMERIZATION
OF PHOSPHORYLATED 3-HYDROXYALLENECARBOXYLATES

Hasan Hasanov, Ismail Ismailov, Ivaylo Parushev, Husein Halil, Serkan Mumun,
Yordan Yordanov, Yordanka Ivanova, Ivaylo Iliev, Ivaylo Ivanov, Valerij Christov

ABSTRACT: We have synthesized model compounds of three types heterocyclic compounds by electrophilic
cyclization and cycloisomerization of 4-phosphorylated 6-hydroxyhepta-2,3-dienoates. Reactions with electro-
philes produce mixtures of the 2,5-dihydro-1,2-oxaphosphole-5-carboxylates and the 5-phosphoryl-furan-2(5H)-
ones by competitive electrophilic cyclization due to the neighboring phosphonate (phosphine oxide) and the car-
boxylate groups participation. Starting compounds were smoothly converted into the corresponding 4-phosphoryl-
2,5-dihydrofuran-2-carboxylates by using 5 mol % of a silver salt as a catalyst in the 5-endo-trig cycloisomeriza-

tion reaction.

Key words: 4-phosphorylated 6-hydroxyhepta-2,3-dienoates; electrophilic cyclization; 2,5-dihydro-1,2-oxa-
phospholes; furan-2(5H)-ones, silver catalyzed cycloisoerization, 2,5-dihydrofurans.

Introduction

Allenes are versatile building blocks with
broad applications in modern synthetic chemis-
try,! and are extremely important subunits in a va-
riety of natural products and pharmaceutical mol-
ecules.!™®? 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.® Literature data on the reactions
of phosphorylated allenes (phosphonates, phos-
phinates, and phosphine oxides) with electrophilic
reagents show that depending on the structure of
the starting allenic compound as well as the 1 type
of the electrophile, the reactions proceed with cy-
clization of the allenic system bearing phosphoryl
group (O=P-C=C=C) to give heterocyclic com-
pounds in most cases.** Furan-2(5H)-ones (y -lac-
tones) are important intermediates in organic syn-
thesis® and much attention has been paid to the de-
velopment of efficient and diverse synthetic meth-
ods for construction of this five-membered ring
system.® Among these, cyclization involving al-
lenecarboxylic acids and their derivatives, the so-
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called lactonization reaction, is one of the most ef-
ficient pathways.” On the other hand, transition
metal-catalyzed cyclization of functionalized al-
lenes bearing a nucleophilic center has attracted
considerable attention in recent years.® Particu-
larly, the cyclization reactions of allenols cata-
lyzed by Ag(),’ Hg®D,' Pd(0),"" Pd(II),"
Ru(II),” Au(),’* and Au(Il)"®* have become
quite useful methodologies for the synthesis of
five- or six-membered oxygen-containing hetero-
cycles. Intramolecular cyclization of the dieth-
ylphosphono-substituted a-allenic alcohols in the
presence of AgNO;'%* and CuCl,'® yielded 3,6-
dihydro-2H-pyran-4-yl-  and  4,5-dihydro-3-
furanyl phosphonates. Our long-standing research
program focuses on the synthesis and the devel-
opment of efficient cyclization reactions of tri-
functionalized allenes. More specifically, our at-
tention is drawn to 4-phosphorylated 6-hydroxy-
hepta-2,3-dienoates as 1,1,3-trifunctionalized al-
lenes. These molecules can be considered a com-
bination of an allenephosphonate or allenyl phos-
phine oxide, an allenecarboxylate and a hydroxy-
allene and they are supposed to have different re-
activity profiles in cyclization reactions. In a con-
tinuation to our communications'® on the



synthesis and cyclization reactions of the bifunc-
tionalized allenes, in this paper, we present recent
results of our studies dedicated towards the elec-
trophilic cyclization and cycloisomerization reac-
tions of 4-phosphorylated 6-hydroxyhepta-2,3-
dienoates, which strongly improve the scope of
this method for synthesis of heterocyclic com-
pounds.

Results and Discussion

We applied a convenient, efficient, atom eco-
nomical and regioselective four-step method'’ to
achieve a range of the 4-phosphorylated 6-hy-
droxyhepta-2,3-dienoates 1-4. The present paper
is a recent part of our long-term objective to in-
vestigate both the scope and the limitations of the
electrophilic cyclization and cycloisomerization
reactions of the trifunctionalized allenes, namely

the phosphorylated hydroxyallenecarboxylates. It
is necessary to draw attention to the fact that con-
ceptually three distinct modes of cyclization of the
4-phosphorylated 6-hydroxyhepta-2,3-dienoates
1-4 are possible. They depend on the electrophilic
atom that forms a new bond with the central car-
bon of the allenic system, which seems likely.*>1°
It is evident that these pathways are closely con-
nected with the intramolecular neighboring group
participation of the phosphoryl, ethoxycarbonyl
and/or the hydroxymethyl groups as internal nu-
cleophile(s) in the final step of the cyclization. Be-
sides the 5-endo-trig cyclizations® to the 2,5-di-
hydro-1,2-oxaphosphole-5-caboxylates I, the 5-
phosphoryl-furan-2(5H)-ones 1I or the 2 4-phos-
phoryl-2,5-dihydrofuran-2-carboxylates III, the
electrophilic addition might afford the 2,3-ad-
ducts IV and/or the 2,1-adducts V (Scheme 1).

Me
0z 1, Y=MeO, Z=THP
M 2, Y=Ph, Z=THP
3, Y=MeO, Z=H
sz\\ :$_OEI e
0 o 4, ¥Y=Ph, Z=H

Me Me
07z oz
E E
Me
Y,(Q)P
VoS 2(0) W Me
O nu COoE CO,Et
| ] 1] v v

Scheme 1

We started the present study with the reaction
of the 4-(dimethoxyphosphoryl)-6-hydroxyhepta-
2,3-dienoates with protected (1) or unprotected
(3) hydroxy group with benzeneselenenyl chlo-
ride or sulfuryl chloride (Scheme 2). We con-
ducted the reactions under the optimized reaction
conditions determined in the similar reactions of
the bifunctionalized allenes'®*¢ — solvent CH,Cl,
at -20 °C using 1.0 equiv of the allenephosphonate
and 1.2 equiv of the electrophilic reagent. We
have to say that the reaction under this set of
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standard reaction conditions in the favored 5-
endo-trig mode affords mixtures of the 2-ox0-2,5-
dihydro-1,2-oxaphosphole-5-carboxylates 5 and
5-(dimethylphosphoryl)-furan-2(5H)-ones 6 in
the ratio 1.47:1 and 1.41:1 by competitive electro-
philic cyclization of the 4-phosphorylated 6-hy-
droxyhepta-2,3-dienoates 1 and 3 with the neigh-
boring group participation of phosphonate and
carboxylate groups in the cyclization in very good
overall yields (74 and 70%).
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Scheme 2
To outline the general terms of this methodol- (Scheme 3), the interaction afforded mixtures

ogy, the reaction of the 4-(diphenylphophinoyl)- of the 5-ethoxycarbonyl-2,5-dihydro-1,2-oxa-
6-hydroxyhepta-2,3-dienoates with protected and  phosphol-2-ium chlorides 7 and 5-(diphe-
unprotected hydroxyl group 2 and 4 with bromine  nylphosphinoyl)-furan-2(5H)-ones 8 in overall
or benzensulfenyl chloride was investigated. Sur-  yields (75% and 73%) in the ratio 1.78:1 and
prisingly, once we applied the current standard  1.81:1. These reaction pathways may be inter-
conditions to the 1,1,3-trifunctionalized allenes  preted as a result of the neighboring phosphine ox-
comprising a phosphine oxide, an ethoxycarbonyl  ide and ethoxycarbonyl groups participation as the
and a hydroxymethyl groups such as 2 and 4 internal nucleophiles in the favored 5-endo-trig
mode cyclization.

(oV4
E Me
Me: —
—_—

PhyP.
F"hz Et 2 \O CO,Et PhH o 0
Xy
(@)
2,4 Ta, Z=THP, E=Br, 48% 8a, Z=THP, E=Br, 27%
Th, Z=H, E=SPh, 47% 8b, Z=H, E=SPh, 26%
Scheme 3

In addition to the above mentioned preparation presence of silver salts as catalysts. We con-

of the 2,5-dihydro-1,2-oxaphosphole-5-cabox-  ducted the reaction under the optimized reaction
ylates 5 and 7 and the 5-phosphoryl-furan-2(5H)-  conditions determined in the similar reactions of
ones 6 and 8 by electrophilic cyclization of the 4-  the phosphorylated (a-hydroxy)-'*< and (B-hy-
phosphorylated 6-hydroxyhepta-2,3-dienoates 1-  droxy)-'%¢ allenes earlier — solvent methylene
4 due to the phosphonate (phosphine oxide) or  chloride, 5 mol% catalyst and room temperature.
carboxylate neighboring group participation inthe ~ The reaction occurred via a 5-endo-trig cycliza-
S-endo-trig mode cyclization, the next step in our  tion and the hydroxy group participates as an in-
study was to explore the possibilities of the cycloi-  ternal nucleophile to give the 4-phosphoryl-3,6-
somerization reaction of the above phosphory-  3,6-dihydro-2H-pyran-2-carboxylates 9 (Scheme
lated hydroxyallenecarboxylates 3 and 4 in the 4).
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9b, Z=Ph, 70% (Method A); 47% (Method B)

Scheme 4

In conclusion, we have developed the compet-
itive electrophilic cyclization and silver-catalyzed
cycloisomerization reactions of the 4-phosphory-
lated 6-hydroxyhepta-2,3-dienoates, which pro-
vided an efficient route to 2,5-dihydro-1,2-oxa-
phospholes, 5-phosphorylated furan-2(5H)-ones
and 4-phosphorylated 2,5-dihydrofurans which
are produced as a result of the participation of the
neighboring phosphonate (phosphine oxide), car-
boxylate or hydroxy groups as internal nucleo-
philes in the 5-endo-trig cyclization processes.
The successful synthesis of these compounds
opens a new access to novel heterocyclic mole-
cules with interesting properties as well as broad
range biological activities.

Conclusion

In conclusion, reactions of the 4-phosphory-
lated 6-hydroxyhepta-2,3-dienoates with pro-
tected or unprotected hydroxy group with electro-
philic reagents occur via 5-endo-trig cyclizations
giving mixtures of the 2,5-dihydro-1,2-oxaphos-
pholes and the 5-oxo0-2,5-dihydrofurans because
of the neighboring group participation of the
phosphonate (phosphine oxide) and carboxylate
group in the cyclizations.

We have developed a silver-catalyzed cycloi-
somerization reaction of the 4-phosphorylated 6-
hydroxyhepta-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.
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INIPOEKTHUPAHE U PABPABOTKA HA APIYUHO BA3SUPAH ITPOTOTHUII HA
MHUKPOKOMITIIOTBP

Aranac Ky3manos, UBaitiio benoscku

DESIGN AND DEVELOPMENT OF AN ARDUINO-BASED MICROCOMPUTER
PROTOTYPE

Atanas Kuzmanov, Ivaylo Belovski

ABSTRACT: The embedded systems have been increasingly used in recent years. These are devices based on
various types of microcontrollers, designed to perform specific tasks. Embedded systems usually lack peripheral
devices, such as a monitor and mouse, and instead, they are controlled using buttons and a joystick. This type of
system is characterized by its high speed, which makes it preferred for building various sensor devices.

The paper presents a project and prototype of a microcomputer built on the basis of Arduino, using an analog
Jjoystick for user inputs and a TFT display for visual outputs. The sofiware operating system is programmed using
the Atmega4809 microcontroller built into Arduino. The microcomputer includes the following applications: cal-
culator, calendar, text editor, graphics editor, stopwatch and tic-tac-toe game.

Key words: Embedded systems, ARDUINO, Microcomputer

BnBenenune

Brpagenute cuctemu ce M3MON3BaT BCE IO-
4YecTo Mpe3 MOCIEAHUTEe ToguHH. ToBa ca ycT-
poiicTBa, Ga3upaHu Ha pasIUYHH BUIOBE MUKPO-
KOHTPOJIEPH, IPeTHA3HAYCHH J[a N3ITBIHSBAT CIIe-
nuuyan 3axaun (Zurawski, 2018; Louis, 2016;
Rubio, Soriano, Barber, 2015).

Brpanenute cucteMu 0OOMKHOBEHO HsIMAT Iie-
pudepHH yCcTpoiicTBa, KATO MOHUTOP U MUIIKA, U
BMECTO TOBa c€ YNpaBJIsIBaT ¢ MOMOINTa Ha Oy-
TOHU M JDKOWCTUK. TO3M THIT cUCTEMH ce Xapak-
TEPU3HUPAT C BHCOKA CKOPOCT, KOETO TH TpaBH
MPEIOYNTAHN 33 U3TPAXKJAHE HA Pa3IMYHH CEH-
30pHu ycrpoiictBa (Singh, Sharma, 2015; Mar-
tins, 2016) .

Arduino e CpaBHUTEJHO MPOCTa XapjyepHa
iatdopma ¢ OTBOPEH KOJI, KOSITO ChYeTaBa MHK-
poIporecop, MaMeT ¥ Bb3MOKHOCT 32 BXOJ1/U3X0J
Ha CUTHAIH (KakTo MU(POBHU, TaKa M aHAJIOTOBH)
(Yoder, 2015). IIporpamupaHeTo ce OCHIIECTBIBA
c nomouira Ha C. M3mnon3Ba ce OT CTyIeHTH, JIo-
ourenmn u npodeCHOHANHN  pa3padoTINLH
(Kaswan, Singh, Sagar, 2020).

OcHoBHHTE BB3MOXKHOCTH Ha Arduino morar
na ObAaT MepCOHAIM3UPAHU U PA3LIMPEHU upe3
W3MONI3BaHE HAa NIMPOKA raMa OT XapJIyepHH H
coryepHn OMOIMOTEKH. 3a Ch31aBAHETO HA I10-
JIe3HO padoTerIo yCcTpoicTBo, TpsiOBa obaue Ja ce
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JNO0aBIT U CHOTBETHUTE JIOMBJIHUTEIHH CXEMH,
CCH30PH U MOAYJIH.

OTBOpEHUSAT KOJI M HUCKaTa 1ieHa Ha Arduino,
npassT miardopmara 0coOSHO MpHUBIEKATEIHA.

B Arduino uma u HSIKOM OCHOBHHU OIpaHHYe-
HUSI: MOXe J1a IOCTaBs CaMO CUTHAJIU ¢ HU(poBa
motHocT (TTL HuBa) 1 MMa cTPOro orpaHUYeHH
M3XO0AHU TOKOBe. PaboTara B paMKuTe Ha TE3H OT-
paHWYEHUSI MOXKe 1a ObJie 1 MHOT'O I0JIe3Ha, 3a-
HIOTO CIEIUATUCTUTE THPCAT HAYMHU 32 MPEOJIO0-
JSIBAHETO MM - YCHJIBAaHE HA CUTHAINTE, M30JIU-
pase u puntpupase u T.H.

CraTusTa mpejcTaBsi MPOEKT W MPOTOTHI HA
MHUKPOKOMITIOTBEp, H3TpajeH Ha 0Oa3ata Ha
Arduino, u3mos3Bai aHaJIOrOB JUKOMCTHK 3a MOT-
peburencku BxomoBe u TFT mucrutedr 3a Bu3y-
anau m3xoau. OnepanvoHHaTa cucteMa Ha cog-
Tyepa ce porpaMupa ¢ oMOIITa Ha MUKPOKOHT-
poiepa Atmega4809, srpagen B Arduino (Simic,
Stojanovi¢, 2025). MEHKpOKOMITIOTBPBT BKJIIOUBA
CJICJTHUTE TPHUJIOKCHUS: KAIKyJIaToOp, KaJeHaap,
TEKCTOB PEeNaKTop, rpaduveH perakTop, XpOoHO-
METHP U Urpa Ha THK-TaK.

HN3ao0:xenne
A. XAPAYEPHO OCUT'YPSIBAHE
CeimecTByBa TOJISIMO — pa3HooOpasme  OT

Arduino rutaTku, peanu3upaHd ¢ pa3iIHIHA MUK-
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pokoHTpoiepu. Enna ot 3agaunte Oeme na ce u3-
Oepe Hall - MOIXOASIIATa 32 [EIUTE HA MPOEKTA.
Crieqr HamMpaBEHOTO JICTAWIIHO TPOy4YBaHe, Oerre
u3bpana paspoiiHaTa cucreMa Arduino Nano
Every, KkosTO H3MONI3Ba MHKpPOKOHTpoOJEpa
Atmega4809 — ¢wur. 1. OcHOBHHUTE M MPEINMCTBA
npe/l OCTaHAJIHUTE Ca KOMIAKTHOCTTA U TOJISIMOTO
KOJINYECTBO MaMeT.

wxe as7 (2] 02° 03 D4 05 ©F 07 08 03 Olo 0L OAX g
-

g °
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DT s w vy

ABOTING . CC

®ur. 1. O6m1 u3rnex Ha mwiatdopmara Arduino
Nano Every

OcHOBHHTE MapaMeTpH Ha U3IMOJI3BaHUS MHK-
pOKOHTpOJIep Atmega4809 ca:
ApxutekTtypata - megaAVR;
- Yecrora Ha npouecopa - 20 MHz;
- Flash mamer - 48 KB;
- SRAM -6KB;
- EEPROM - 256 bytes;
- 10 6utoB aHAJIOTOBO - (P POB Ipeodpa3y-
BaTel;
- USART, SPI u I2C untepdeiicu.
3a peanu3upaHeTo Ha ITbJIHATA (PYHKIIHMOHAT-
HOCT Ha IPOTOTHIIA HA MUKPOKOMITIOTBPA ca MO/~
OpaHM M M3II0JI3BaHU CIIEAHUTE TEpU(EPHU KOM-
MOHEHTH:
e IPS TFT (Thin Film Transistor) nucn-
JIeH - . U3M0JI3BaH € 2.2 HHYOB JUCILICH, KOWTO KO-
MYHHKHpa CbC MHKpPOKOHTpojepa upe3 SPI un-
Tepdeiic. 3puTenHUAT BI'BJ Ha auciuies € a0 80
rpaayca U JaBa Bb3MOKHOCTTA JIa Ce U3IMOI3BaT 16
MUIIMOHA IIBsITa. Pe3ofronmsara Ha JUCIIIes €
240x320 nukcena — ¢ur. 2.

®ur. 2. O6uy usriten Ha nsnoiassadusa [PS TFT
JIMCIUIEH
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e Jlpyr BaK€H KOMIIOHEHT Ha MHKPOKOM-
MIOTHPA € YaCOBHUKBT 3a peasiHo Bpeme (RTC
Clock). N36pan e momema DS1302, koiito pa-
6otu Ha pexxum Low Power Consumption u 3a-
ma3Ba 4yaca u garata BbB popmata Unix. Komy-
HHUKHpPa ¢ MUKPOKOHTpOJIEpa TIOCPEICTBOM TpPH-
kaHanen cepueH wHTEepdeiric (Data, Clock,
Reset) — ¢ur. 3.

®@ur. 3. YacopHuk 3a peanHo Bpeme (RTC Clock)
DS1302

e 3a JOCTBHII M HaBUTalus B MEHIOTO Ha
MHUKPOKOMITIOTbpPa € peaIu3upaH YIpaBIIsiBall
OJI0K, CBCTOAII C€ OT AHAJIOTOB JDKOHCTHK M
Reset Oyron. Upes mkoiicThka, MOTpeOHUTENS
OCBILECTBSIBA JJOCTHII 10 MEHIOTAaTa U MPHUIIOKE-
HUATA, a ¢ Reset OyToHa mporpamara ce BpbIIa
00paTHO B MITaBHOTO MEHIO — (uT. 4.

®ur. 4. OO u3riea Ha U3M0N3BAHUS HKOUCTHK

e 3a 3axpaHBaHE Ha MHUKPOKOMIIIOTbpa M
HETOBHUTE TIepU(EepHI KOMIIOHEHTH € U3I0JI3BaH
ITOCTOSTHHOTOKOB M3TOYHUK (0OaTepus) ¢ HOMH-
HAJIHO HanpexxeHue 9V u crabunnsatop Ha Hall-
pexxenne U = 5V, koifto ocurypsiBa Heo0Xo/1u-
MOTO 3aXpaHBAaIIO0 HAIPEKEHNE 32 BCUYKU KOM-
MIOHEHTH Ha cucteMara — Qur. 5.



Ha ¢wur. 6 e nmpeacraBena cuaTe3npanara o1o-
KOBa CXeMa Ha MUKPOKOMITIOTHpPA, a Ha ur. 7 —
MPUHIMITHATA EIEKTPUIECKa CXeMa Ha CBbp3BaHe
Ha BCUYKH KOMIIOHCHTH:

Cren peanuzanusTa Ha 0JI0KOBaTa M €IEKTPH-
Yyeckara CXeMH Ha MUKPOKOMITIOTBpa ce MPEMHUHA
KbM CBBbp3BaHE Ha OT/ICITHATE KOMIIOHCHTH BPXY
Breadboard u TecTBane Ha PyHKIMOHATHOCTTA HA
yCTpOMCTBOTO — (ur. 8:

@ur. 5. Crabunuzatop Ha HanpexeHue - U = 5V

Ynpasnsaealy
6nok

v

RTC MCU Oucnnen
Clock —— (atmega4809) ——>1 (2.2 inch TFT)

L1

3axpaHBaly,
6nok

@ur. 6. O6001IeHa 6JTOKOBA CXeMa Ha MUKPOKOMITIOTHPa

i

a TFT1
|O 1L19341
- 4
|U’J o_ O
[SRGRTR]
—| N0 O
™~ ™
< o | RTC1
DS1307
— oy ¥
0O =
00 O QO ——
55 23S ARDUINO NANO EVERY py .L
oo+ o[ % PDO/RXD/PCINT16 PBO/ICP1/CLKO/PCINTO —% 9 JB RESET
o] PD1/TXD/PCINT17 PB1/OC1A/PCINT1 iz
7 PD2/INTO/PCINT18 PB2/SS/OC1B/PCINT2 5
] PD3/INT1/QC2B/PCINT19 PB3/MOSI/OC2APCINT3 5
9 PD4TOXCK/PCINT20 PB4/MISO/PCINT4 17
BAT1 10 PDS/T1/OCOB/PCINT21 PB5/SCK/PCINTS 7 —= o
! N n PD6/AINO/OCOA/PCINT22  PBB/TOSC1/XTAL1/PCINTG s - i
: PD7/AINT/PCINT23 PBE7/TOSC2/XTAL2/PCINTT T
O ig AREF PCO/ADCO/PCINTS gi
AVGC PC1/ADC1/PCINTS 25 Q} JX JY
= 19 PC2/ADC2/PCINT10 56
] ADC6 PC3/ADC3/PCINT11 o7 1k 1k
% ——1 ADC7 PC4/ADC4/SDAPCINT 12 o8
1 Q a PC5/ADC5/SCL/PCINT13 o9
Vi VO PCG/RESET/PCINT14 ——=
REG1 ATMEGA4809
8V = 5V == ==

®@ur. 7. [IpyHIMIIHA €JIEKTPUYECKA CXEMA HA CBbP3BAHE
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®@ur. 8. OyHKIMOHANEH IPOTOTUI HA MUKPOKOMIIIOTHpa

b. ITIPO'PAMHO OCHT'YPABAHE
[Ipn BKIIIOYBaHETO HA MHUKPOKOMIIOTHpA Ce
3apexJa INITaBHOTO MEHIO0 Ha mporpamara. Ya-
COBHHKBT 32 PEATHO BpeMe MOKa3Ba TOYHUS Jac,
KOWTO Ce aKTyaJH3Hpa, Ype3 MMILYJIC 3a aKTya-
nu3anust Ha Bpemero ot moayna RTC Clock .
Tosu mpornec pabotu karo background task. C
HIOMOIIITa Ha JUKOMCTHKA MOYKE J1a C€ HABUTHPA B
MEHIOTO U U30epa CbOTBETHOTO KEJIAHO MPUIIO-
xerne. Hanmnunaute pazpaboreHu 1 QyHKIIMOHU-
pamy NpuiIoKeHus ca — ¢ur. 9:
- Kankynarop;
- Kanennap;
- TekcroB penakrop;
- I'paduuen penakrop;
- XpOHOMETHD;
- MHrpa ,,Mmopcku max®.

Arduin FC
11:33 AM

Caleoulator et

Stopwatch

TicTacToe FPaint

®@ur. 9. Usrnen ,,I maBHO MeHIO*
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Kankynamop: Tyk, dpe3 IDKOWCTHKA ce Ha- TsBa (Mapkupa) B UBAT 1o u3bop. Mubopmariu-
BUTHpA U3 KJIaBHAaTypara ¢ IUPpU U MaTeMaTH- ATa OT MPUIOKEHUETO ce 3alliCBa B MTaMETTa Ha
4yecku omeparuu. KaikymaropbsT pabotu u C YCTPOMCTBOTO, CIIe/] KaTo ce 3aTBopu — ur. 12.
quclia ¢ miasaina 3amnetas — gur. 10.

®ur. 10. Usrien venio , Kankynatop™ ®@ur. 12. U3rnen MeHmo ,,TeKCTOB peaakTop*
I'pagpuuen peoaxmop: Tyx, upe3 TpUTE 1BE-
TOBHM Claiifiepa MoXe a ce n3bepe enuH oT 16-
T€ MIJIMOHA IBSITAa Ha JWCIIIeS U J1a Ce OLBETS-
BaT mukcenu oT 16x16 wm 32x32 marpuna c
Hero. l[BeToBara mHpOpMAaIs Ha THKCEIUTE
CBINO CE 3allMCBa B IMaMeTTa Ha MUKPOKOMITIO-
Thpa, ClIe]] KaTO MPUII0KEHHUETO Ce 3aTBOPH.

Kanenoap: YacoBHUKBT 3a peaHO BPEME UT-
pae BakHa poJisl B KaJIeHJapa, Thil KaTo MpUiIo-
KEHHETO aBTOMATHYHO IIE 3apeld MpaBUIHUSI
Mecell U roauHa. Upes IHKoMCTHKa MOXeE J1a ce
BUJIAT MPEAXOIHU U Obnerm qatu — ¢ur. 11.

®@ur. 11. Usrnen mento ,,Kanennap*

®@ur. 13. Uzrnex menro ,,I'paduden pegakrop
Texcmoe peoakmop: PenaktopbT pasmnosiara

¢ 10 penoBo mojie B KOETO MOXE JIa CE 3alKcBa

Xponomemwvp: 1lpu XxpoHOMETHpA C€ UBIOJ-
MPOU3BOJIEH TEKCT. TEKCTHT MOXKE Jla ce OLBe-

3Ba aCHHXPOHHOCT, 32 JIa MOX€ TOM J1a paboTH,
JIOKaTO BCUYKH TJIaBHU W background mporecu
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ce M3MBJIHABAT Oe3 npekbeBaHe. ToBa 1aBa Bb3-
MO’KHOCT XPOHOMETBpA Ja Ce CIupa Ha ray3a —
¢wur. 14.

oo

KK -

®@ur. 14. zrnen MeHo ,,XpOHOMETBHP

Hzpa ,, mopcku wiax“: B HayaoTo Ha Urpara
3anouBa urpau X u ce peaysa ¢ urpaud O. Urpae
ce ¢ TIOMOIITa Ha JHKOMCTHKA, KaTo Ce JJOCTHIIBA
MOJIETO, B KOETO UTpaya MCKa 1a IOCTaBH X HIIH
O. Urpara e cHabieHa cbC CUCTEMA, KOSTO aBTO-
MaTUYHO OTYHUTA IMOOETUTEINS U CIIE/ TOBa pec-
taprupa 3x3 marpunara — ¢ur. 15.

Game Over!

Winner: 0

®@ur. 15. Usrnen meHto ,,Mopcku mrax*
3akioueHue

[IpoekTHpaH U CUHTE3UPAH € HATBIIHO (PYHK-
[IUOHAJICH MTPOTOTHIT HA MUKPOKOMITIOTBD, Oa3u-
paH Ha miatdopmara Arduino. IlpoekTupana e
6HOKOBa " NpUHIUITHA CJICKTPHUYECKA CXEMa U €
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peaTu3upaHo MHIHO TPOTPaMHO OCUTYpsIBAHE
Ha MPOIECOpPHATA CUCTEMA.

Bw3moxncnocmu 3a naozparicoane na Muk-
Pporxomniomwpa: braemute uaen 3a MUKPOKOM-
MOThpa KacasAT cBbp3BaHeTo My KbM WiFi
Mpexa (na 0pae mpesbpHatr B [oT ycTpoiicTBO)
[o To3u HauwWH 1IE ce OCUTYPH BpB3Ka KbM pas-
mmaan uHTepHeT APl yemyrm xato Weather
report wimu GPS yciyra.
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CONTAINER TRANSPORT AFTER THE COVID CRISIS —- TRENDS AND INNOVATIONS

Petar Vankov

ABSTRACT: The COVID-19 pandemic has had a critical impact on container shipping, leading to changes
in global supply chains, regulations and technological innovations. This article analyzes the main trends in
container shipping after the COVID crisis, examines new regulatory requirements and presents innovations that
are shaping the future of the sector. By reviewing current research and statistical data, a comprehensive view of
the industry’s adaptation to the new realities is provided.

Key words: containers, maritime transport, engineering, fleet and port operations

BnBenenune

[MTangemusara or COVID-19 okaza kpuTUIHO
BB3/ICUCTBUE BBbPXY KOHTEHMHEPHHs TPAHCIOPT,
BOJEHKM O MPOMEHH B IJIOOAJIHHUTE BEPUTH HA
JNOCTaBKH, PETyJIallUUTEe U TEXHOJIOTHYHUTE MHO-
Bauuu. Hacrosmata craTusi aHajau3upa OCHOB-
HUTE TEHJIEHIMH B KOHTEHHEpPHHUS TpPaHCIOPT
cinen COVID-kpu3ara, pasriexja HOBUTE pery-
JATOPHYU M3UCKBAaHUS U TPEACTaBs MHOBAIIUHUTE,
KOUTO odopmsaT Objaeniero Ha cektopa. YUpes
Mperyie]] Ha aKkTyalHHW W3CIEABAHHA U CTaTHCTHU-
YeCKH JaHHHM CE IMPEeNoCTaBs IUIOCTEH MOIJIEH
BBPXY aJanTalyaTa Ha HHAYCTPUATA KbM HOBUTE
pEaJHOCTH.

[Nangemusara or COVID-19 npenuzBrka 6e3m-
pelleIcHTHU TIpeNIU3BUKATENICTBA TpeJ Tiioda-
HaTa MKOHOMHKA, KaTO KOHTEWHEPHUAT TpaHC-
nopT He Oeme m3kimoueHue. Hapymenusita BbB
BEPUTUTE Ha JOCTAaBKH, 3aTBAPSTHETO HA TPAHUIN
Y OrpaHHYEHUSATa B MPOM3BOJCTBOTO JOBENOXA
710 3HAYUTEJIHU IPOMEHHU B cekTopa. Ta3u craTus
MMa 3a IeJd Ja Mu3cielBa KaK KOHTEHHEPHUAT
TpaHcnopt ce € tpanchopmupan cieg COVID-
KpHu3ara, Kato ce (OKycHpa BBPXY OCHOBHHUTE
TEHJEHIIUH, PETYJIaTOPHUTE IPOMEHH U TEXHOJIO-
TUYHUTE WHOBAIMH, KOUTO O(OpMAT ObIEIIETO
Ha nHaycTpusra. M3cnenBanero ce 6a3upa Ha MO-
HorpaM4HO HM3CiieABaHE HampaBeHO npean 10
roguan (Bankos, 2014, 2017), Hagrpaxxaaiiku c
Mpoy4YBaHe Ha TeHAeHIuuTe B mocT-KoBun Bpe-
MEHa.
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MarepuaJ u MmeToaU

W3BbplieH e mperiies Ha Hay4yHaTa JIMTepa-
Typa B Google Scholar ¢ x1ro9oBu 1ymMu Ha OBII-
TapcKu €3HK ,,KOHTEHHEpEeH TpaHCHopT U B
PubMed ¢ ki1r040BHM OyMH Ha aHTJIMHACKU €3HMK
,container transport”, COVID-19. Ilpoydenu ca
MPOTpaMHU JIOKYMEHTH, 00yCIaBsIIH peryIaTop-
HUTE TIpoMeHH B TocT-KoBu BpeMeHa, myOInKy-
BaHM OT MexJyHapoaHaTa MOpPCKa OpraHu3a-
st/ International Maritime Organization (IMO) B
obnacTTa Ha KOHTEHHEPHUS TPAHCIIOPT.

Pe3syaraTu u o0chkaaHe

Ot TBpceHeTo MmO KiMoyoBH aymu B Google
Scholar ca oTkpuTH 1IECT ITyOIMKAIIUH, OT KOUTO
ner ca oT nepuoja npeau KoBua-kpusata, KaTo
TPH ca Ha aBTOpa Ha HACTOSIIATa ITyOJIMKAIHS
(Cunienos, 2011; Ivanov, 2020; Baukos 2013) u
e/1Ha MyOJMKalys € MOCBETeHa Ha Pa3BUTUETO Ha
KOHLIENIHUATA (PU3MYECKH MHTEPHET M IEpCIIeK-
TUBU 3a TMPWIOXKEHWE B TPAHCIIOPTA, BKIFOYH-
TEJIHO W B KOHTelHepHus Tpancnopt (Pencheva,
2021).

[Tpu TepceneTo no kio4YoBH aymu B PubMed
Ha aHTIUHCKH €3WK - ,.container transport” u
COVID-19 e oTkpuTa caMo e/1Ha Hay4Ha CTaTHs,
KOSITO € aHAIM3UpaHa B paMKHTE Ha HACTOSINATA
myonmukanmst (Guerero et al., 2022).



AHanu3upaHu ca JBa MEXKIYHAPOJHHU JOKY-
MEHT4, CBBbP3aHU C IPOMEHU B PETylalMUTe Ha
KOHTEHHEpHHS TpaHCcHopT, myonukyBanu oT IMO
(IMO, 2020, 2021). Ha 6a3a Ha Te3u 1OKyMEHTH
Ca CUCTEMATHU3HPaHM PETYIAMOHHHUTE IIPOMEHH
B 00J1acTTa Ha KOHTEIHEPHHUS TPAHCIIOPT.

Cnen aHanu3 Ha OTKpUTATa HAY4YHO-TEXHH-
yecKa JIMTeparypa, aHaJIu3bT OMBa MPEICTABEH B
TPH MTOCOKH: TEHACHIUH, PETYIATOPHU IPOMEHHU
u nHoBauuu cinex Kosua-kpuzara.

1. TEHAEHIIUM B KOHTEWMHEPHHS
TPAHCIIOPT CJUIEJL COVID-KPU3ATA

1.1. Hapyumienusi BbB BepUrUTe Ha J0C-
TABKH

ITannemMusTa 10BEAE 1O 3HAYUTEIHU HapyLle-
HUS BbB BEPUIUTE HA JOCTAaBKH, KaToO 3aTBaps-
HETO Ha MPOU3BOACTBEHU MOIIHOCTH U OTpaHUye-
HUSTa B TPAHCIIOpPTa NMpeAn3BUKaxa 3a0aBsiHUS U
HEJOCTUT Ha CTOKHU. ToBa Hal0XK1 KOMITAaHUUTE J1a
MPEOCMUCIIAT CBOUTE JIOTUCTUYHU CTPATETUU U A
TBPCAT NO-I'bBKABU U YCTONYMBH perieHus. Har-
pumMep, MHOTO (PUpPMHU 3all0YHaxa Aa JuBepcudu-
UUpaT CBOUTE TOCTABUYMUIIM U 1a HAMAJISIBAT 3aBU-
CHUMOCTTA CH OT OIPEACICHN PETUOHHU.

1.2. YBeanuyaBaHe Ha eJ1eKTPOHHATA ThPro-
BHSA

C HanoxeHUTe KapaHTUHHU MEpPKU W COLU-
allHa JIMCTAHIUS, MOTPEOUTENINTE CEe HAcovnxa
KbM OHJIAWH Ta3apyBaHe, KOETO JIOBE/IE YBEININ
TBHPCEHETO Ha KOHTEHHEPHH NPEBO3H, 0COOEHO B
cerMeHTa Ha Obp3HUTE JJOCTABKHU JI0 KpallHU KITH-
eHtd. JloructnuHure mociequuu Osxa TPHHY-
JICHU J1a aJlalThpar MpeoCTaBsHUTE YCIyTH, 3a
Jla OTTOBOPST HA HAPACTBAIUTE M3MCKBAHUS 32
OBbp3uHA U HAIEXKTHOCT. [IprMep, cBBbp3aH ¢ -
pOBH3aLUATA HA JIOTHCTHYHUTE TIPOLIECH ca pas-
paboTeHnTe CrennuaIHO 32 KOHTEHHEPHUST TpaH-
CHOPT CHHXPOMOJATHK YCIYTH 4pe3 Iu(poBH
wiardopmu (Ilenuesa, 2021).

1.3. CBpbXKananmuTeT U COaJ B ThPCEHETO

Ilo BpeMe Ha maHAEeMuUsITA MHOTO OINEpaToOpu
Ha KOHTEHHEPOBO3W IMOpBhYaXa HOBU KOpaOW B
OYaKBaHE Ha MPOABIHKABAI PACTEX B THPCEHETO.
Bonpeku ToBa, ciex MbpBOHAYATHUS CKOK, THP-
CEHETO Ce CTa0MIIM3nupa, KOETO JIOBEE 10 CBPbX-
KamaureT U cnaj B nedamumte. ToBa ch31aje
MIpEM3BUKATEIICTBA TIpe] KOpaOHUTE KOMITAHUU,
KOUTO TpsiOBaIle J1a ONTUMU3UPAT CBOUTE OTepa-
[IUY ¥ Jia THPCSIT HAYMHM 32 TIOBUIIIaBaHE Ha e(eK-
THBHOCTTA.
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2. PETYJIAIIUA B KOHTEWHEPHUA
TPAHCIIOPT CJIEJL COVID-KPU3ATA

Ot 2021 r. Hacam UHAYCTpHUSATA 32 KOHTEIHe-
PEH TPaHCIOPT MPETHPIIA 3HAYUTEIHH perylia-
TOpHU MTPOMEHH, HACOUYEHU KbM MoM00psiBaHe Ha
€KOJIOTHYHATa  yCTOWYHMBOCT,  OIEpaTHBHATa
e(DEeKTUBHOCT W CTAaHIAPTHTE 3a OE30MacHOCT.
KirrouoBute pa3zpabotku Birousat 2.1 mo 2.5.

2.1. Peryaauuu B 00J1acTTA HA €KOJOTUSITA
(Environmental Regulations)

daza 3 Ha BpBexkare Ha MHnekca 3a mpoek-
TUpaHe Ha eHepruiiHa edexTuBHOCT/ Energy
Efficiency Design Index (EEDI): IMO yckopu u3-
ITBTHEHUETO Ha TMoclieHaTa (a3a Ha BhBEXKIaHE
Ha EEDI ot 1 ssmyapu 2022 r. 3a KOHKPETHH KaTe-
TOpUHN KOpaOW, BKIFOYUATEIIHO KOHTEHHEPOBO3HM.
Ta3zu aza Hamara mMO-CTPOTM M3WUCKBAaHUS 3a
eHepruiiHa e(peKTHBHOCT, KATO HUBATa 3all04YBaT
ot 30% 3a mo-MajJKuUTe KOpabW M JIOCTUTAT JIO
50% 3a 1o-royieMuTe KOHTCHHEPOBO3H.

M3menenus na Anexc VI na MARPOL: Ilpes
tonu 2021 r. IMO npue n3menenus Ha Anexc VI
Ha Koneenmusra MARPOL, HacouyeHH KbM Ha-
MaJsBaHe Ha BBIIICPOIHHS MHTEH3UTET Ha KOpa-
oure. Te3n W3MEHEHHUS OMpPENENAT MOAOOpPEHU
ey 3a eHepruiiHa eQeKTUBHOCT 3a JOIBbITHH-
TETHO HaMaJsiBaHE Ha EMUCHHTE Ha TMapHUKOBU
ra3oBe OT MOPCKHS TPAHCIIOPT.

C HapacrBamus (OKyC BbPXY €KOJIOTHsATA, pe-
THOHAITHUTE PETYJIIATOPHUTE OPTaHW CHIIO Bb-
BEXAT TO-CTPOTH M3HWCKBAHHS 32 EMHUCHUUTE Ha
NapHUKOBU Ta30BE W M3MOJI3BAHETO Ha EKOJIO-
TUYHO YHCTH ropuBa. KommanuuTe B cexTopa Ha
KOHTEHHEpPHUS TPAHCIIOPT Ca MOTHBHPAHU J]a HH-
BECTHUPAT B MOJCPHU TCXHOJOTHUU U Aa adallTupar
KOpaOuTe CH, 3a J]a OTTOBOPSAT HAa HOBUTE CTaH-
nmaptu. ToBa BKIFOUBaIe MpeMHUHABaHE KbM all-
TCPHATHUBHU I'OpHUBa KaTO BTCYHCH ITPUPOJICH Ira3
(LNG) u pa3paboTBaHe Ha CHEPTUHHO €PEKTUBHU
JM3aiHU Ha KOpaouTe.

2.2. CranaapTtu 3a 0€30MACHOCT M UHCHEK-
nus (Safety and Inspection Standards)

Wucneknus Ha npeHocumute mucrepHu (UN
Portable Tanks Inspection): bsixa HanpaBeHu pe-
BHM3MH 110 OTHOIICHHWE HA WHTEPBAJIMTE Ha IPO-
BEepKa Ha NMIPEHOCHMHUTE IUCTEPHU 32 OMACHH TO-
Bapu. AKO 2,5-TOAHMITHAAT MEXIUHEH TECT CE 3a-
0aBM cjiell pa3pelleHUuTe TPU Mecela clie]] Kpai-
HaTa J]aTa, Toi TpsaOBa 1a ObJie 3aMEeHEH ¢ 5-rou-
IIeH MMePUONYEH Nperiiea U TecT. Ta3u nmpomsHa
rapaHTHpa MOCTOsIHHATAa 0€30MaCHOCT U LEJI0CTTa



Ha MIPEHOCHUMHTE IHUCTEPHHU, U3IMOJI3BAHU B KOH-
TeHEPHUS TPAHCTIOPT.

2.3. OnepaTuBHH H 00CJIYKBAIIM CTaH-
aaptu (Operational and Service Standards)

Ocean Shipping Reform Act (OSRA) 2021:
3akononarenute Ha CAILl BpBenoxa OSRA, 3a na
YCTaHOBAT MHHUMAITHH CTaHIAPTH 3a OOCITyX-
BaHE Ha KOopaOHHTE JUHHUH. 3aKOHBT MMa 3a IIeJ
Jla PEJIOTBpaTH HEOCHOBATEIIHUS OTKa3 3a Ipe-
BO3 HA TOBapH, ymbiHOMoOINaBa denepanHara
MOpCKa KOMUCHSI J1a WHUIIMUpA Pa3cicBaHHUS U
MOBHINIABA IPO3PAYHOCTTA B HHYCTPHSTA.

2.4. 3acwjieHH CAHUTAPHU W XUTHEHHHU
MepKH

HaHI[CMI/IﬂTa HaJIOXXKU BbBCIKAAHETO HAa CTPOTHU
CaHUTapHU MPOTOKOJIU B IIPUCTAHUIIATA U TPAHC-
MOPTHUTE BB3IH. Te3u Mepku 0s1xa HeoOX0IUMHU
3a MpEAOTBpaTsIBaHE Ha Pa3MPOCTPAHCHUETO Ha
BUpYyCa M 3a OCHTypsBaHe Ha 0e30MacHOCTTa Ha
nepcoHaya. BeIpekn de HAKOM OT Te3W MEpKU
6HX3 BPEMCHHH, MHOI'0 OT TAX OCTaHaxa KaTo
CTaHIapTHA MTPAKTHUKA, KOETO TOBEJE 10 YBEInYa-
BaHE Ha OIEPATHBHUTE PAa3XOAM M TPOMEHHU B
IPOLIETyPHTE.

2.5. lurutanu3anmsa M eJeKTPOHHH [0KY-
MEHTH

[MannmemusitTa ycKOpH MpHEMaHETO Ha JHUTH-
TaJHW PENICHUS B KOHTEHHEPHUS TPAHCIIOPT.
EnekTpoHHHTE TOBAPUTENHULIM W AWTHTAIHUTE
mw1atpopMH 3a YHpaBIEHUE ca Bede CTaHAApPT,
yIIeCHsIBalll TPOLECHTE M Hamall HeoOXoau-
MoOcTTa OT (pu3nyeckn KOHTaKkT. ToBa BOIU ChC
ce0e cu U Mo-roJIsiMa MPO3PavyHOCT, ePEKTUBHOCT
W CUTYPHOCT B JIOTUCTUYHUTE MIPOIIECH.

B o00o0uienne, Te3n perynaTopHd NPOMEHH
OTpa3siBaT CHIJIACYBaHU YCWIIMS 3a CIIPaBSHE C
npoOIeMUTE Ha OKOTHATA Cpefia, MOA00psIBaHE HA
MPOTOKOIUTE 32 0€30MacHOCT U OCHUTYpsIBaHE Ha
CTpaBeJIMBH ONEPaTHBHU MPAKTUKHU, KAKTO H 32
BBBEXXJAHE HAa MHOBALIMM B CEKTOpa Ha KOHTEH-
HEPHUS TPAHCIIOPT.

3. HHOBAIIMM B KOHTEHWHEPHUSA
TPAHCIIOPT CJIEJL COVID-KPU3ATA

3.1. ABToMaTH3anMsa ¥ podOTH3ANMSA

C uen moBumaBane Ha e(EeKTUBHOCTTA U Ha-
MaJsiBaHE Ha 3aBUCHUMOCTTa OT YOBEIIKH TPYI,
MHOT'0 MPUCTAHUIIA U JJIOTUCTUYHH LIECHTPOBE MH-
BECTHpaxa B aBTOMaTHU3HPAHH CUCTEMHU U POOOTH.
ToBa BxIITOUYBa aBTOMAaTU3HMPaHU KPAaHOBE, aBTO-
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HOMHH TIPEBO3HH CPEICTBA U CHCTEMH 32 yIIPaB-
JICHHE Ha CKJIa[JOBETE, KOUTO HAMAJISBAT BPEMETO
3a 00paboTKa Ha TOBAPUTE U MUHUMHU3UPAT PHCKa
OT YOBEIIKHU I'PEIIKH.

3.2. U3nos3BaHe Ha M3KYCTBEH HHTEJIEKT
(Al) u aHATU3 HA TAHHU

Al n ananmu3bT Ha ronemu nanau (Big Data)
UT'pasiT BCE IO-BaXKHA POJISL B ONTUMHU3ALUATA HA
KOHTEHHEpHUs TpaHCHopT. biaromapeHue Ha
YCHBBPUICHCTBAHUTE AITOPUTMH, KOMIIAHHUTE
MOrar Aia IPOTHO3UPAT ThPCEHETO, Ja ONTUMH3H-
paT MapIIpyTH U Aa HaMaisIT pazxoaute. Hanpu-
Mep, Upe3 U3IMONI3BaHe Ha NPEIUKTUBHYI aHAIN3H,
KOpaOHHTE OIlepaTOpH MOTaT Aa IUIaHUpaT TOBa-
PEHETO U Pa3TOBAPBAHETO M0-€()EKTUBHO, MUHU-
MU3Hpail- KM 3aKbCHEHUSTa U Pa3XxoAuTe 3a To-
pHBO.

3.3. biiok4eiiH TeXHOI0TMH 32 TOA00pPsABaHe
HA CUTYPHOCTTA

[Ipunara ce B KOHTEHHEPHUS TPAHCIIOPT C LEN
noJo0psiBaHe Ha CHUTYPHOCTTa M TPOCiessc-
MOCTTa Ha ToBapHuTe. Ta3W TEXHOJOTHsS IMO3BO-
JsiBa CH3IABAHETO Ha HEM3MEHSEMHM 3alllCH 32
BCSIKA CTHIIKA OT JIOTUCTUYHATA BEPUTa, KOETO Ha-
MaJIsiBa pucKa OT u3MaMu u 3aryou. ['onemu kom-
naHuu kato Maersk Bede BHeprxa OJ0KueiH-0a-
3UpaHy IIATPOPMHU, KOUTO aBTOMATH3UPAT U -
THTAIM3MPAT TOBAapDHUTE IOKYMEHTH, Hamals-
BallKM BpPEMETO 3a 00pabOTKa U aJIMUHUCTPATHB-
HUTE Pa3XOJH.

3akiIouyenne

KoBun-kpuzata me uMa ABITOTPacH e(eKT
BBPXYy KOHTEHHEpPHMS TpPaHCIOPT, KaTo Ba)xHa
94acT OT MOPCKUS M CyXOIbTeH TpaHcnopT. [lomo-
JKUTEJHUTE TEHICHLMH 32 BbH3CTAHOBSBaHE Ha
CEKTOpa II0Ka3BaT 3acWJICHa JUTHTaIN3alys,
MIPOMEHH B pPEryJalliUTe W BHEAPSBAHE HA HOBU
TEXHOJIOTHH, KOUTO OBUIIABAT €(EKTUBHOCTTA U
YCTOMUYMBOCTTA HA KOHTEUHEpHUs TpaHCHopT. B
ObJele ce OuaKBaT BCe IOBEYE EKOJOTMYHU pe-
IIEHHS U [TOBHUILEHA I'bBKABOCT, KOETO IIIE TapaH-
TUpa YCTOHYMBOCTTA My IIpU OBbACIIHN KPHU3H.
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ENGINEERING COMPETENCES — SOCIAL SIGNIFICANCE AND ACADEMIC ASPECTS
FOR MARITIME SUBJECTS

Petar Vankov

ABSTRACT: In a technologically developed and technologically dependent society, such as ours, engineering
competencies are of key importance in more and more spheres of social activity and life. Including in the field of
education. This is dictated by the fact that new technologies are constantly being generated and applied. This is
not an end in itself, nor a guarantee of increasing civilizational status, but a reality that needs to be worked with.
The result may not only be in increasing the number of technologies, but also in in-depth analysis and control of
them. This concerns the sphere of education and has social significance.

Key words: Engineering competencies, maritime disciplines, safety, training

BonBenenune

HmxeHepHUTE KOMIIETEHTHOCTH Ca CpeJl Te3H,
YHATO 3HAYMMOCT III€ PacTe 32 BCHYKH 00JIaCTH OT
JKMBOTA HU 3aC/ITHO U BBIIPCKU PA3BUTUCTO HA U3-
KyCTBeHHUSI MHTEJEeKT. ToBa ce OoTHAcs B roisMa
CTEIICH 3a ChBPEeMEHHATAa MOPCKa MHIYCTPHSI, KO-
ATO C€ XapaKTepH3Hpa C BUCOKA CTETICH Ha TEXHO-
JIOTUYHO Pa3BUTHE, N3UCKBAIIO HH)XEHEPHU KOM-
METEHIIUH OT BCHYKH CIICIHAINCTH B MOPCKHUTE
mucturuuae (Stopford, 2009). OcBen karo mpo-
(ecnoHaNMCTH, MHXEHEPHUTE KOMIIETEHTHOCTH
MOATOTBAT OBJCIINTE MEXAHUIM ¥ HABUT'ATOPH Ja
MMOCTUIHAT JIMYHOCTHA peajiu3anus, OCUTYypsI-
BaiKK CBBP3aHOCT MEXK/Ty MIEPCOHATHATA M COIH-
alHaTa W3sABa Ha CHbBPEMEHHHUS 4OBEK. B To3m
CMHUCBJI, HH)KEHEPHOTO 00pa30BaHUE MMa YCTOM-
4B OMHApPEH 3apsijl, 3al0TO M3rPaKaa eIHOBpE-
MEHHO NPO(ECHOHAIHU M KIFOYOBH KOMIIETCH-
MM, B IOJIKpETa Ha OCTUTAHETO Ha TI00aTHUTe
renu 3a passutue (UNESCO, 2021).

en

IlenTa Ha HacToAIIATa CTATHSI € JIa CE pasrieaa
3HAYCHHETO HAa WH)XCHEPHUTE YMEHUS 3a edek-
TUBHOTO YIIPaBJICHUE HA IJIABATEIIHU ChJOBE, K-
CIUIoaTanusaTa Ha OOPIOBUTE CUCTEMHU U OCUTYPSI-
BaHETO Ha 0€30MacHOCT B MOpeIlIaBaHEeTO. AHa-
JIU3UPAT C€ OCHOBHUTE WH)XCHEPHH 3HAHHUSI, HE00-
XOJIUMH 32 CHBPEMEHHUTE HABUTATOPH, KAKTO U
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pOJIsITa Ha TEXHOJIOTHHUTE B 00Y4YEHUETO U mpode-
CHOHAJIHaTa MOATOTOBKA HAa MOPCKHUTE KaJpH.
IIpencraBsaT ce ycnenHu MoJenu 1 npodecuona-
JIeH ONHT 3a MHTETPHpaH MOAXO0J] KbM IOBHIIA-
BaHE HAa MHXCHEPHATa KOMIIETEHTHOCT B MOpC-
KHTE CIEIUATHOCTH Ype3 MOJ00peHH Y4eOHHU
MpOTpaMy M BHEJAPSIBaHE Ha HOBU TEXHOJIOTHH B
00y4eHHUETO.

AkazeMHYHaTa HEOOXOAMMOCT Jja Ce pa3BUBAT
WH)XEHEPHH KOMIIETEHTHOCTH Yy CTYIEHTHUTE OT
BCHUYKH MOPCKH CIIELIUATHOCTH C€ JIOKa3Ba OT I0-
3ULMATA HA YHUBEPCUTETCKHU MPEToAaBaTel v u3-
cleqi0BaTeNl, KOpaOeH HHKEHEP, TPETO IOKOJICHHE
MOpsK, ¢ HaJ 30 roguHM MPAKTHYECKH U TPero-
JIABAaTEJICKH OITUT.

HNu:xenepHuTe KOMIETEHTHOCTH — Mpode-
CHOHAJIHM M KJIIOY0BH

Hymata ,,uH>xeHep* uMa JJaATUHCKU [IPOU3XO/,
KaTo TS M HEWHUTE MPOU3BOIHU Ca C €AHO U CHIIO
3HaueHwe Mo uenus cBar. ymarta "nmxenep"
UABa OT CPEIHOBEKOBHHUS JIATUHCKH TEPMHH
Lingeniator, KOWTO Mpou3nm3a OT ,,ingenium* —
03HaYaBario ,,M300peTaTeTHOCT™, ,,yM*, ,,CII0CO0-
HOCT 3a ch3faBaHe’. I[lo-HaTaThITHOTO pa3BUTHE
Ha JyMmMaTa ce CBbp3Ba CBbC CTapOPpPEHCKUS
Lenginieur (oT ,.engin“ — ,MeXaHU3BM, ,yCT-
POICTBO®), KOETO MHPBOHAYAIHO CE€ € OTHACSIIO
JI0 Ch3JIaTEeJIUTE Ha BOCHHU MAlllMHH, KaTo Karta-
nyaTy ¥ o0caanu opbaus. [1o-KbCHO 3HAUEHHETO
Cce pasmmMpsiBa W BKIIOYBA BCHYKH, KOHUTO



MPOCKTHPAT M CTPOST CIIOXKHU KOHCTPYKIIMU H
MamuHA. Taka ge ,,nixeHep* OyKBaJIHO 03HAYaBa
YOBEK C M300peTaTelieH yM, KOUTO MMa KOMIIe-
TEHTHOCTHUTE J1a POSKTUPA, Ch3/1aBa U yIpaBsiBa
TEXHOJIOTHH U MEXaHU3MHU.

B koHTeKkcTa Ha O0YYEHUETO HA CTICIIHATHCTH
32 BCUYKU MOPCKHU MPO(ECHH, POoJIsiTa Ha WHXKE-
HEPHUTE KOMIIETEHTHOCTH € BCE MO-BaKHA KAKTO
3a MEXaHHUIUTE, TaKa U 32 HABUTATOpHTE. 3HAYe-
HUETO Ha MH)KEHEPHUTE KOMIICTCHTHOCTHU € ITbp-
BOCTEIICHHO B Pa3IMYHU acIeKTH Ha MOpCKaTa
npodecus, BKIIOUUTEITHO:

- TexHuyecka ekcruioaraiusi Ha Kopaba —
MO3HaBaHEe Ha KOPAaOHWTE CUCTEMH, YIPaBICHUE
Ha CHEPTHUHHUTE U MEXaHUYHUTE WHCTAJIAIHH.

- ABroMaruzainus M JUTHTAIU3AIMI — pa-
00Ta ChC CHBPEMEHHM HABUTAIIHOHHH U KOMYHH-
KaIlAOHHH CHCTEMH, KAKTO M M3MOJI3BAHETO HA aB-
TOHOMHH TE€XHOJIOT'HUH.

- besonacHOCT ¥ yCTOWYHBOCT — yIpaBJe-
HUE Ha PUCKOBETE, CBBP3aHH C CKCIIOATAIUATA
Ha KOopalu, U IpujIaraHe Ha MEpKH 3a Ora3BaHe Ha
OKOJIHATA Cpela.

WmxeHepHUTE KOMIICTCHIMM CE CYUTAT 3a
KIIFOYOBHU KOMIICTCHIIMHU B KOHTECKCTAa Ha BUCIICTO
oOpa3oBaHue U npodecroHaaHaTa MoJrOTOBKa B
MopcKaTa HHIyCTpus. Te BKITIOYBAT:

- AHaIUTUYHO MHCIIEHE U TPOOIEMHO
OpHEHTHPAH MOIXO0 — CIIOCOOHOCT 3a JUarHOCTH-
UpaHe Ha TEXHUYECKH HEU3MPABHOCTH U B3e-
MaHe Ha HHPOPMHUPAHHU PEIICHHS.

- HMHTepaucuuiuiMHApHU 3HAHUS — UHTET-
paivs Ha WHXXCHEPHHW, HABUTAIIMOHHU W YIIpaB-
JICHCKH 3HaHMs 332 e()eKTUBHO yIpaBJICHUE Ha KO-
paOHUTE OTepaluy.

- Iludporu ymeHus u aganTUBHOCT — pa-
060Ta C YCHBBPIICHCTBAHN TEXHOJIOTHH, BKITIOUH-
TEJHO, aBTOMAaTU3UPAaHN CUCTEMH 3a YIIPaBJICHUE
Ha MEXaHU3MH U TPOLIECH.

3a 7a ce rapaHTHpa aJicKBaTHATA WHXKCHEpPHA
IMOAroTOBKa Ha BCUYKHU MOPCKH CIICIIMAJIHOCTU U
B CHOTBETCTBHE C CBPOICHCKHUTE CTPATErHu 3a
pasBUTHE HA BUCIIETO MOPCKO 00pa30BaHuUE, JTHEC
aKIICHTHT C€ MOCTaBS BBPXY: aKTyaJIM3MpaHe Ha
y4eOHUTE TPOTpamMy B MOPCKHUTE aKaJeMHUU Ype3
BBBEXK/IaHE HA WH)KCHEPHH JUCUIUTUIMHH, U303~
BaHE Ha CHMYJIATOPY M BUPTyajHa PEaHOCT 3a
IMPAKTHYECKO o6yquI/Ie " CbTPYAHHUYECTBO C UH-
IyCTpHsiTa 3a MNPUIOOWBaHE HA NPAKTUYSCKH
OIIHT Ype3 CTAKOBE U KYPCOBE.

HNnkeHepHUTE KOMIIETEHTHOCTH— O0y4H-
TeJTHH MOJeJIH 32 HHOBATMBHO HHTErpHpaHe B
nporpamMurTe 3a o0y4eHue MO MOPCKHTE JMC-
IUILJIMHA
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Benuku cbhBpeMEHHUTE HPOrpaMu IO CBETa
ChueTaBaT HABUTALMOHHOTO O0YYEHHUE C U3IPaXK-
JaHe Ha umxeHepHu komnerentnoct (EC, 2020;
IMO, 2017; Lloyd’s Register, 2020; MTS, 2019).
JoOpuTe mpakTUKX ca MHOTO, B HACTOSIIIIATa ITy0-
JMKaLUys ce MPEACTAaBIT TPU OT Hall-yCIIEIIHUTE
CBETOBHH MIPUMEPH, KAKTO U JINUEH NpodecruoHa-
JIEH OTIUT.

[Ipumep 3a uaTErpHpaHo o0ydeHue 3a pa3Bu-
THE Ha WHKCHEPHM KOMIIETCHTHOCTH 3a HaBHra-
Topu ¢ nmporpamata Ha World Maritime
University (WMU) B Manwmpo, [IBemus, Hape-
yena Maritime Education and Training (MET).
WMU mnpennara nporpamu, KOUTO KOMOWHHpAT
MOpCKa HaBHTauus, KOpaOHU TEXHOJIOTUH U HH-
KeHepHU Hayku. CTyJeHTUTE MOJIy4aBaT MYJITH-
JUCHUIUTMHAPHA TTOJTOTOBKA, KOSITO BKIIIOYBA:

KopaOuu eHepruitHu cHCTEMHU — TEXHUYECKH
MIO3HAHUS 33 JBUTaTeN, HABUTALIOHHO 000pya-
BaHE U aBTOMAaTH3AIIHS.

Mopcka eleKTpoHUKa U KOMYHHKAlUu — WH-
KCHEPHU YMEHHS 3a yNpaBJICHHE HAa HABUTALU-
onnu cuctemu (ECDIS, panapau u GPS TexHouno-
THH).

CumynaTopHu TPEHHPOBKU — W3IOJ3BAaHE HA
BUPTYaJHU CHUMYJIAaTOPH 32 pa3BUTHE HA MPAKTHU-
YECKUTE MHKCHEPHU YMEHUS TIPH HaBUTAIIHA.

WmxenepuHr u 6€30MacHOCT — yIpaBieHUE Ha
KOPaOHM CUCTEMH 1 TEXHOJIOTHH 3a IPEBEHLMS HA
WHIIUJICHTH.

B msaxou kypcose, kato Maritime Safety &
Environmental Administration, crynenture pado-
TAT 1O peaH! MHXCHEPHU Ka3yCH, CBBP3aHU C
eHepruiiHa eeKTHBHOCT, YCTOHYNBO Kopaboruia-
BaHE M aBTOMAaTH3alMs Ha mpouecute. To3H THUII
oOydeHue € Jo00bp mpuMep 32 KOMOMHHpaHe Ha
HABUTAIIHOHHU U WHXXEHEPHU KOMITETEHTHOCTH —
MOJIrOTBS MOPCKUTE O(pHIIEpU HE camo Jia yIpaB-
JsiBaT KopaOu, HO M Ja pa3Oupar CIIOKHU MHXKe-
HEpHH CUCTEMH, C KOUTO paboTsIT €KETHEBHO.

Jdpyr npumep 3a WHTErpupaHa mporpama 3a
pa3BUTHE HAa MH)XKEHEPHH KOMIIETCHTHOCTH BbHB
BCHYKH MOPCKH CIIELIMATTHOCTH € Ta3H, KOSTO ce
npeanara ot Massachusetts Maritime Academy
(MMA) B CAL. ITporpamara 3aara Ha:

MyATHAMCIUIIMHAPHOCT - OOEAMHSABA JHUC-
IUTUTMHA OT 00JIacTTa Ha MOpCKaTa HaBUTAIlUs,
MOpCKaTa TEXHHUKa, KOpaOOCTPOEHETO U yIpaBJie-
HUETO Ha KopabHu cucrtemu. CTyaeHTHTE ce 3a-
MO3HABAT C TEXHUYECKHUTE, ONEPATHUBHUTE U YII-
PaBJICHCKUTE aclieKTH Ha MOPCKAaTa WHITYCTPHSL.

Wnterpupano o0ydeHue - KOMOMHAIMATA OT
TEOPETUYHH JICKLIUH, Ta00paTOpHHU YIpPaKHEHUS,
CHUMYJIAIIIOHHH TPEHUPOBKH M NMPAKTUIECKU CTa-
J)KOoBe Ha Oopma Ha KopabwTe OCuTypsiBa Ha



CTYJICHTHTE IThJIHA TTIOATOTOBKA. TO3M MOIX0/ Ta-
paHTHpa, Y€ TE€ HE caMO NpUIOOHMBAT 3a7bII0O-
YeHM WH)KCHEPHU 3HAHWS, HO M T'M MpUiIarat Ha
MpPaKTHKA B PEaJTHU CUTYAIUH.

®dokyc BbpXy HHIKCHEPHHTE KOMIIETEHTHOCTH
- IlporpaMarta BKIIIOYBA CHEIUAIU3UPAHU KYp-
COBE MO MOPCKH CHEPIHMHHHM CHUCTEMH, KOpPaOHHU
JIBUTATEIH, eJICKTPOHUKA, aBTOMATU3AIIHS, HABH-
TallMOHHU TEXHOJOTMU W CUCTEMH 3a Oe3orac-
HocT. ToBa MO3BOJISABA HA CTYACHTUTE 13 Pa3BUST
TEXHUYECKATa CU TPAMOTHOCT U J1a CTAHAT KOMIIe-
TEHTHH B YIIPABICHUETO Ha CIIOKHU KOPaOHU CHC-
TEMH.

[ToaroroBka 3a pa3jIMYHU MOPCKH CIICIIHAI-
HOCTH- 4pe3 MYJITHIUCIUIUTMHAPHUS CH TTOJXO,
mporpaMara mojaroTBsl IpoQecuoHATUCTH 3a pa3-
JIMYHHU O6J'IaCTI/I — OT KallUTaHUu U UHXXCHCPU 0
CTEIUAUCTH MO KopaOHa CUTYPHOCT W JIOTHC-
ThKa. Taka ce ocurypsiBa ISUIOCTHO Pa3BUTHE HA
MHKCHEPHUTE KOMIICTEHTHOCTH, HEOOXOIUMH 32
yCIeIIHa Kaprepa B MOpCcKaTa HHIYCTPHSL.

HuTepecen ycrenieH MOJIeN € U mporpamara,
npemarana or Korea Maritime and Ocean
University (KMOU) B Ilycan, IOxna Kopest, ko-
STO CHIINO 3anara Ha MyJITHIUCIUIUTMHAPHOCT U
pa3sBUTHE Ha WHTETPUPAHW WHXCHEPHU KOMIIC-
TEHTHOCTHU C TPAKTUYECKO 00yYEHHE B CICIHUTE
o0nacTH:

Mopcku nmxernepunr: Kypcose mo kopabocT-
pOCHE, MOPCKH CHEPTrHMHH CHUCTEMH, EJICKTPO-
HHMKA ¥ aBTOMATHU3al1s Ha KOPAOHU CHCTEMHU.

Hapurarnuonnu texuonoruu: OOydeHHE IO
MOJICpHU HABHUTAIIMOHHU CUCTEMH, KOMYHHUKAI[U-
OHHU TEXHOJIOTMM U CUMYJIATOPHU TPEHUPOBKH,
KOUTO Pa3BHBAT yMEHUS 3a paboTa ¢ BUCOKOTEX-
HOJIOTHYHH yCTPOHCTBA.

Mopcka Oe3zomnacHocT W ympasneHue: Kyp-
COBE, HACOUCHM KbM YIPABICHHETO HA KOMILICK-
CHH KOpaOHU Omepanuu, MEpKH 3a 0€30MacHOCT U
OIEpPaTUBHO IJIAHUPAHE.

CTy}IeHTI/ITe IMpeMrHaBaT U CCPUO3HA ITPAKTHU-
Yyecka MOJroTOBKa 4pe3 JTabOpaTOPHH yIpaKHe-
HUSI, CAMYJIAIHOHHH TPEHUPOBKH U MPAKTHUYCCKU
CTa)KOBE Ha OopJia Ha KOpabuTe, KOETO MM JaBa
BB3MOXKHOCT J1a IPHIIOKAT TEOPETUIHUTE 3HAHUS
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B pCaJHH YCJIOBHS M Ja Pa3BHAT NPAKTUYECKH
YMEHHS B YIIPABJICHUETO HA CII0XKHU MOPCKHU CHC-
TeMu. Ta3u uHTErpUpaHa nporpaMa J1eEMOHCTpUpa
KaK 4pe3 ChueTaBaHE HAa TEXHUYECKO 3HAHUE U
MPAKTUYECKO MPHUIIOKEHUE CE€ U3rPaXIaT KOMII-
JIEKCHH WH)XEHEPHH KOMIIETEHTHOCTH, HE00XO-
JTUMH 3a yCIellHa Kapuepa BbB BCUYKH aCIEKTH
Ha MOPCKaTa HHIYCTPH.

[Ipodecnonannara yOeaeHOCT 3a ITHPBOCTE-
MIEHHATa HEOOXOIUMOCT OT Pa3BUTUETO HA HHKE-
HEPHUTE KOMIIETEHTHOCTH 3a BCHYKH MOPCKH
npodecruu € HaMepuia CBOATA U3Ba B Pa3BUTH-
€TO Ha IporpamMa Io CIEJAHUTE TEXHUYECKH JTUC-
LUIIMHY 3a HaBuratopu B BBMYVY, xaro Hanpu-
Mep TEXHUYECKA MEXaHUKA, TEOPHSI U yCTPONCTBO
Ha Kopaba, OCHUTypsiBaHE Ha MOPEXOIHOCTTa Ha
Kopaba u Jip.

3aKkiIoueHne

B npoyuBaHe Ha AMEpPHKaHCKUSI HHCTHUTYT 3a
kapuepHo passutue (US Career Institute), cpen
65-Te mpodecun, KOUTO HsIMa Ja W3Ye3HAT ca
TPaXJaHCKOTO WHKEHepCcTBO (civil engineering -
Ha 28-MO0 MACTO) ¥ TPAHCIIOPTHOTO HHXKEHEPCTBO
(transportation engineers — Ha 29-To mscto) (US
Career Institute, 2023). 3amo umame HyXJa OT
WH)KEHEPHUTE KOMIIETEHTHOCTH, BKIIFOYUTEIIHO U
Ha MOpe, oBeyYe OT Besikora? MH)KeHepHUTe 3Ha-
HUSI ¥ YMEHUS ca OT CBHINECTBEHO 3HAYCHHUE 32
e(eKTUBHOTO B OE€30TMIaCHO M3IThIIHEHNE HA HABH-
raunoHHuTe 3anaud. C orjien Ha HapacTBalaTa
POJIsl HA TEXHOJIOTUUTE B MOPCKAaTa HHIYCTPHUS, €
HEOOXOJIUMO TSIXHOTO YCTOWYMBO UHTETPHPAHE B
MOJArOTOBKaTa HA MOPCKHTE KaJpH Ha BCHUYKH
HUBa U crienuanHocTy. Pa3oupa ce, Hajl0XUTEeITHO
€ aJlanTUpaHeTo Ha y4eOHHUTE TPOTpaMu B IOCOKA
W3M0JI3BaHE HAa CHBPEMEHHM OOYUYHTEHU TEXHO-
JIOTHH U Ch3/1aBaHE HA MAPTHHOPCTBA C HHILYCTPHU-
ATa, HO TPENOJIABaHETO Ha KIACHYECKUTE WHKe-
HEpHU KOMIIETEHTHOCTH 32 BCHYKH MOPCKH CIIe-
LUATHOCTH CH OCTaBa COLIMAJIHO 3HAYUM UMIIepa-
TuB. Ha ®ur.1 ca npeacraBeHu NpUOPUTETHU HaA-
COKH B MH)XCHEPHOTO 00y4YeHHE Ha KOpaOHH Ha-
BUTATOPH.



M3rparkgaHe Ha
MHXXeHepeH noaxomq,

Kopaba Kato
MH}EeHepHOo
CbOpbIKeHue

OCHOBHW KpUTEpPUK
3a HopMasnHa
eKkcnaoaTtauma Ha
opaba

3ano3HaBaHe C
KpUTepuUuU 3a
TexHu4YecKa rogHocT
Ha Kopaba

PEMOHT M
nooapbyKa Ha
Kopaba

@ur. 1. [IpropureTHr HACOKK B MHXKEHEPHOTO O0yUeHHE HAa KOPAaOHU HABUTaTOPH
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BUOJIOI'MYEH IIPEITAPAT HA OCHOBATA HA BACILLUS AMYLOLIQUEFACIENS M
3A PACTUTEJIHA 3AIIUTA

Hopnanka I"aitrancka, Pocuiia JlenkoBa-Koctora

BIOLOGICAL PREPARATION BASED ON BACILLUS AMYLOLIQUEFACIENS M
FOR PLANT PROTECTION

Yordanka Gaytanska, Rositsa Denkova-Kostova

ABSTRACT: Biological preparations based on natural strains of microorganisms with growth-stimulating,
fungicidal, immunomodulatory activity and protection of plant species from environmental stress factors are
promising for practical application. Liquid and dry spore preparations for use in plant breeding have been
obtained on the basis of the strains Heyndrickxia coagulans M, Heyndrickxia coagulans BJ and Bacillus
amyloliquefaciens M isolated from mineral waters and spontaneously coagulated pasteurized milk, and identified
by molecular genetic studies to species level. The influence of Bacillus amyloliquefaciens M in the form of a liquid
and dry spore preparation on the growth of tomatoes of the "Pink Heart" variety (Solanum lycopersicum L.) and
fruit trees (cherry Prunus avium) was studied. The preparations obtained from Bacillus amyloliquefaciens M have
been applied in the preparation of tomato seedlings “Pink Heart” (Solanum lycopersicum L.) and spraying of fruit
trees (cherries Prunus avium). The liquid spore preparation of Bacillus amyloliquefaciens M was used for soil
and seed treatment of tomatoes "Pink Heart", as well as for their spraying on the 14" and 21* days, and the
rehydrated dry spore preparation was used for three-time spraying of cherry fruit trees. It has been shown that
the preparations must contain a high concentration of Bacillus amyloliquefaciens M spores - over 10°-10° cfu/cm’,
to achieve effective biocontrol. In addition, due to the active metabolism of Bacillus amyloliquefaciens M, the
growth of tomato plants occurs in a shorter time with more leaf mass. In unsprayed fruit cherry trees, leaf spots
and curling are observed, while they are absent in triple-sprayed cherry trees; the sprayed trees are protected
from brown rot of fruits. Bacillus amyloliquefaciens M is an effective biological agent for plant protection.

Keywords: Bacillus amyloliquefaciens, Heyndrickxia coagulans, tomatoes, plant protection, fruit trees,
cherry.

BbBenenune KOETO Ha CBOH pej OJarompusTcTBa MOJTydYaBa-
HeTo Ha no-yuctu npoayktu (Chourdhary et al.,
[onacrosiiem ce ThpcAT HOBH, epexTiBHA 1 2009). MHOTO OT U3CIIeIBAaHUATA Ca CBBP3aHHU ChC
€KOJIOTHYHO O€30IaCHH CPEJICTBA 32 MOJIbPKaHe  CeJIEKIHs Ha IAMOBETE U ONIPE/IeIsTHE Ha TAXHATA
Ha MIPOJYKTUBHOCTTA M yCTOMYMBOCTTA HA pacTe-  aHTUI'bOHA ¥  aHTHOAKTepUalHa AKTHBHOCT.
HusTa. [lepcreKTHBHY 3a MPAaKTHYECKO NPUioke-  Malko u3cieIBaHus ca CBbp3aHu C BIMSHUETO Ha
HUE ca OMOJIOTMYHUTE NperapaTd Ha OCHOBaTa Ha  mamoBete oT poxa Bacillus w pon Heyndrickxia
NPUPOJHHU IIAMOBE MHKPOOPTaHU3MH ChC CTUMY-  BBPXY CEJICKOCTONAHCKUTE KYJITYPH U OBOILIHUTE
nupamna pactexa, GyHrummaHa, uMmyHoMonynu-  apbBuera (Radhakrishnan et al., 2016).

paiia akTHMBHOCT W Ola3BaHE Ha PACTUTEIHUTE 3a npegoTBpaTsABaHe U JeUeHNE Ha OOJIECTH 110
BUJIOBE OT CTpecoBHTE (DAKTOPH HAa OKOJIHATA  TUIOJIOBE W 3EJICHUYLH CE W3IMOJ3BAT IIABHO XH-
cpena. Kato Haii-nipuBIieKaTeIHH O0CKTH 3a IPO-  Mudecku Oakteputman/gyHrunman. VMHTeH3uB-
MHIIJICHO TIPOM3BOJICTBO HA Tpemapatd 3a OWo-  HaTa uM ymnoTtpeba, obade, 4eCTO BOIU 10 Pa3BH-

KOHTPOJI B PAcTeHHEBBICTBOTO C€ H3MON3BAT  THE Ha PE3UCTEHTHOCT MPH MAaTOTEHUTE, KaKTO U
npeAcTaBUTeNIuTe Ha pol Bacillus w poxm 10 3aMbpcsBaHE HA OKOJHATA Cpena, a TEXHHUTE
Heyndrickxia. I3non3BaHeTo Ha 1aMOBE OT TE3M  OCTAaTBLU IO IUIOJOBETE M 3€JICHUYLUTE BPEIsIT
poloBe TOJO0psiBA XMTHEHHOTO CHhCTOSIHME Ha  Ha 31paBeTo Ha morpeburenurte (Huang et al.,
MoyBaTa, HamaJsiBa TOKCUYHOTO Bb3aelicTBre Ha  2021). KoHTponsT Ha GosecTuTe BBHPXY IUIONO-
KCEHOOMOTHLIUTE BBPXY PACTUTEIHUTE BHJIOBE,  BETE M 3€JICHUYLUTE, IOCPEACTBOM U3M0O3JIBAHETO

Ha OuoIpenaparu, ce U3I0JI3Ba BCE IO-IIUPOKO
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KaTO aJTepHATHBEH M MIAAII OKOJIHATa Cpena
NoaX0A. AKTUBHHUTE ChCTaBKM HAa MHKpPOOHHTE
OMoTNeCTUIIMIN Ca MUKPOOPTraHU3MH KaTo Iie-
CEHHU T'bOM, OaKTEpUU, BUPYCH, MPOTO30M WIIH
BOJIOPACIIM, MPUTEXKABAIIM LIMPOK CIIEKTHP Ha
JICUCTBHE U TTO-BHCOKA CEJIICKTHMBHOCT CaMO KBbM
enuH nenesu Bpeauren (Kovach, 2001).
bonecture mo pacTeHusTa NPOIBIKABAT O
O0bJaT OCHOBEH OrpaHUYaBaIll (PaKTop B CEICKOC-
TOMAHCKOTO Tpou3BoAcTBO. [omatsT (Solanum
lycopersicum 1..) e moaJI0KeH Ha peanna 3a00s-
BaHMUS, IPUYUHEHH OT Pa3JINYHH aTOTEHHH MHK-
pPOOpraHu3Mu, MPUCHCTBAIIN B HEroBaTa cpeaa u
B mouBeHata pusocdepa (Raaijmakers et al.,
2009). Pannara Gonect mpu ITOMaTHTE, TMPHIH-
HeHa OT A.solani, e eqHa OT Hal-CEPHO3HUTE IO
TAX, BOJEIIA IO TEKKH MKOHOMHYECKH 3ary0Ou B
pasmep Ha 70—-80% B mobumsa (Ali et al., 2017).
braronpusTHHTE YCIOBUS 3a MOSBATa U BKJIIOY-
BaT TOIUIA M TIOCTOSIHHA BJIaXKHa CpeAa, KOSTO
MOJXE Ja C€ IBJDKM Ha YeCTH BaJIe)KU WM BCS-
KaKBH HaIlOMTEIIHH cucTeMu (Sahu et al., 2020).
B crpaterunte 3a OHONOTHYEH KOHTPON M3-
MOJI3BAHETO Ha OaKTepHH, MpPUHAJICKAIIN KbM
pon Bacillus w pon Heyndrickxia, ce cuura 3a
enHa ot uaTpHUryBamuTe onmmu (Lu et al., 2022).
XapaKkTepUCTHKHUTE, KOUTO NPaBAT poa Bacillus u
pon Heyndrickxia mopxomsany 3a HMPOMUIIIICHO
NPUIOKEHHE, KOETO BaXKM 3a IMO-TOJSIMaTa 4acT
OT HETOBHUTE BUJIOBE, Ca, Y€ T€ ca OOLIONpPU3HATH
kato Oe3zomacHu (GRAS), TsaxHata yCTOWYHUBOCT
KBbM CTPECOBH (haKTOPH B OKOJHATA Cpeia, TeHe-
TUYHA CTAOMITHOCT ¥ CIIOCOOHOCTTA J1a 00pa3zyBar
ennocriopu (Hashem et al., 2019). Tpu ot Haii-
IIUPOKO M3MOJI3BAaHUTE BHIOBE OT pox Bacillus,
KaTO TIpernapaTH 3a OMOJIOTHMYEeH KOHTpOJ, ca B.
amyloliquefaciens, B. subtilis u B. velezensis.
Bacillus amyloliquefaciens w Heyndrickxia
coagulans ca GakTepuH, MPUTEKABAIIH ITUPOKOC-
NEeKThbpHa aHTUMHUKpoOHa akTuBHOCT. Li et al.
(2023) ycraHOBsIBaT, Y€ CTCPUIIHUAT (epMeHTa-
IMOHEH OyNboH Ha B. amyloliquefaciens Mmoxe na
UHJYIMPA eKCIIPECUTA Ha CEPUs OT TeHH, BKIIIO-
YEeHH B 3allIMTHATA PETYJIanus Ha UIepa u aa 1mo-
BUIIIY YCTOWYMBOCTTa My KbM Oonectu (Zhang et
al., 2024). baktepuaHOTO yBSIXBaHE Ha JOMaTH
(BWT) e cucremHo cb10BO 3a0019BaHEe HA pacTe-
HUATa, TPUYUHEHO OT Ralstonia solanacearum
(Yabuuchi et al., 1995), npenacsH ot mouBara
pactuTeneH OakTepHalieH MaTOreH, U3BECTEH ChC
CBOSITA CMBPTOHOCHOCT, YCTOHYHBOCT, CIIOXHH
MOJBHUIOBE, INUPOK KPBI' TOCTONPUEMHHUIH U LITH-
POKO reorpadcko pasnpocTpaHeHHe
(Elphinstone, 2005). ambT Bacillus
amyloliquefaciens QL-18 moxe edekTHBHO 1a
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HaMaji 4ecToTaTta Ha OAKTEpPUalHOTO YBSXBaHE
Ha goMmatu (BWT) npu napaukosu ycinosust (Wei
et al., 2011). B. methylotrophicus NKG-1 unxu-
Oupa pacTeka Ha JOMaTeHaTa IUIECEHHA OOJIecT,
npuduHeHa ot Botrytis cinerea, ¢ 1o 60%. O6pa-
00TKa ¢ OaKTepualHa CyCIIeH3Us OT B. velezensis
FZBA42 cpemy X. oryzae pv.oryzae u X. oryzae pv.
Oryzicola moka3a mHXUOMpaII eexT, BCICACTBHE
MPOAYIHUPAHETO Ha aHTHOMOTHINTE AU(DUIUIIH
u OammmmsuH (Ge et al 2016). Te3u chequHeHHS
YCIIEIIHO pETyaupaT TeHHUTE, CBbP3aHU C MaTo-
TEHHOCTTA, KJIETHYHOTO JEJICHE U 00pa3yBaHETO
Ha KJeThYHa cTeHa mpH marorenute (Wu et al.,
2015).

bakreprnounHuTe ca 6enTHYHU BELIECTBA C aH-
THUMUKPOOHO IEHCTBHE CpeIlry APYrH OaKTepuu
WM TIOHSKOTa Cpellly BHIOBE, TCHO CBHP3aHU C
mamoBeTe npoaynenTH (Venugopal, et al., 2011).
Te oOMKHOBEHO aTakyBaT OaKTepHWaiHaTa Kile-
ThUHA CTEHA, KaTO MHIYLUpaT 00pa3yBaHETO Ha
nopu, uix HHXuOupat 6nocunreszara u (Collins et
al., 2017). Hackopo Oerie OTKPHUT JIAKTOKOKITUH
Lcn972, nos 6aktepuonuH ot kinac II, mpogymm-
pas oT B. velezensis HN-Q-8, koiito ce xapakre-
pusupa C SICHO W3pa3eH WHXHUOUTOpPEH e(]exT
cpemty E.coli. To3n 6aKTepHOIMH MMOTHUCKA Pa3BH-
THETO (MUHHMaJIHAa MHXUOMpAIla KOHIICHTPAIHS
10,58 pg/mL) Ha Streptomyces scabies, KOUTO
MNPUYMHABA YECTO CPELIaHOTO 3a00IsIBaHe KpacTa
no kaprodure (Zhao et al., 2022).

OcCBeH aHTarOHUCTUYHUSI MEXaHU3bM, KOWUTO
MpHUTeXaBaT BUAOBeTe OT poj Bacillus n pox
Heyndrickxia, Te3n MUKpOOpraHu3Myd Morar 1a
ObJaT KJIIOYOB (PAKTOP B CTUMYJIMPAHETO HA pac-
TeXa Ha PacTeHUATA Ype3 3acUiIBaHE Ha OMOCHH-
Te3aTa Ha PacTUTENHH XOPMOHH (THOepeInHOBa
kucennHa (GA3) v WHAON-3-OLlETHA KHCETWHA
(IAA)), xouTo UMaT TACHA BPB3Ka C HATMYUE HA
XpaHUTeNHU BemecTBa 3a pacreHusra (Chen
et al., 2007). KoraTo criopoBy Wy KJIETHYHHU CYC-
nen3un Ha B. subtilis OTPB1 ce npunarat Bpxy
JOMaTeHN CeMEeHa B IUIaCTMAcoBa CaKCHs, TOBa
3HAYUTENIHO NOJ00psBa pacTexa Ha U3ABbHKUTE U
KOpEHHTE, )KU3HEHOCTTA Ha pa3cajia v TIIoNITa Ha
JUcTaTa Ha JOMaTeHOTO pacreHue. [lo-Bucoku
HUBAa Ha CTUMYJIMPAIIM pacTeka Ha PacTeHUsITa
xopMmoHHu (GA3 u IAA) u eH3uMH, CBBP3aHH ChC
samuTara (nepokcunaza (PO), monudeHon ok-
cunasa (PPO) u cynepokcua nucmyTasa) ca OTK-
pUTH B TPETHPAHHUTE PACTEHHS B CpPaBHEHHE C
HeTperupanute pacrenus (Shafi et al., 2017).
Jiang u ap. ochLIECTBABAT CKPUHHUHT Ha CTO Oak-
TEpUAJIHU LIaMa 110 OTHOLIEHUE HA TEXHUTE aHTa-
TOHUCTUYHU W CTUMYJIMPAIIA pPacTeka aKTHB-
HOCTU M OTKpuBar, ue B. amyloliquefaciens 54,
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3HAUUTEIHO YBEIHMYaBa pacTeka Ha PacTCHUATA
Ype3 MOBHIIABAaHE ChABPKAHHETO Ha a30T, (oc-
¢dop, xanmuii 1 xnopodun B pactenusta. CopIio
Taka IOBHIIABA M PE3UCTEHTHOCTTA HAa THKBH
cpenry OakTepHalHH METHAa MO IIIOAOBETE Upe3
aKTHBUPAHE U eKCIIPECHs Ha CBBP3aHUS ChC 3a-
mrara red PR1 u natpynsane na H>O; B pactu-
TexauTe ThKanu (Jiang et al., 2015).

Hacrosmara pabota e mocBeTeHa Ha MMoJTyJaBaHe
Ha CyXU CIOpOBH Tpemnapatu Ha Heyndrickxia
coagulans M, Heyndrickxia coagulans BJ u
Bacillus amyloliquefaciens M. W3cnenBane Ha
BIusiHUETO Ha Bacillus amyloliquefaciens M niog
¢dopmara Ha TeueH U CyX OMOJIOTMYEH Mpenapar
BBpPXY pacTeka Ha Jgomatd oT copT “PosoBo
copue’ (Solanum lycopersicum L.) n OBOUIHH
IpbBUeTa (depermia).

Marepuaju u MeTOAU

1. Muxkpoopranuzmu

B paborara ca W3MOJN3BaHU TpU IAMA:
Bacillus amyloliquefaciens M ot pon Bacillus n
Heyndrickxia  coagulans M, Heyndrickxia
coagulans BJ ot pon Heyndrickxia.

2. Cnoposu 6monpenapatu ot Heyndrickxia
coagulans M, Heyndrickxia coagulans BJ n
Bacillus amyloliquefaciens M 3a pactutejna
3alUTa cpelly (PUTONATOreHHHM TJIECEHHU
re0u no nomatu (Solanum lycopersicum L.)

ITpoBeneHo € KynTHBHPAHE 3a MOJTyYaBaHEe HA
TEYEH CIIOPOB KOHIIEHTPAT B KOJIOM Ha KilaTayka
Ha Heyndrickxia coagulans M, Heyndrickxia
coagulans BJ wn Bacillus amyloliquefaciens M.
KynTuBrpaHeTo € OCBIIECTBEHO B epelicHMakie-
posu kon6u ot 500 cm® cve 100 cm?® xpanurenna
cpena MIIb (mecomnentoHeH OyJbOH), ABJIOO-
YUHHO Ype3 aepalysi Ha POTAlMOHHA KJIaTauyeH
amapar (220 min™'), mpu Temneparypa 37°C 3a 24
4, [ToceBbT € ocwiiectBeH ¢ 1% (v/v) 18-uacos
BEreTaTHBEH MOCEBEH MaTepUall.

EnHa yact oT mosyyeHarta KyJiTypaiiHa cpesa
€ W3I0JI3BaHa KaTo TEUYEH CIIOPOB OHoNpenapar
cpeliry GUTONMATOreHHH TUIECEHH, a IPyTa YacT OT
Hesl € TIOJIJIOYKEeHA Ha CYIIICHE.

3. [losryyaBaHe HA CyX CIIOPOB KOHIEHTPAT

llamoBere oT pox Bacillus wu pox
Heyndrickxia ca WHOKynupaHu B T€YHa XpaHH-
tenHa cpena, MIIb, 3a 24 h npu Temmeparypa
37°C 3a nony4aBaHe Ha KyATypanHa cpena. Kyin-
TypaJiHaTa cpelia € MOJUI0KeHa Ha TOIUIMHHA 00-
padotka mpu 80°C 3a 20 min 3a yHHUIIIO)KaBaHE Ha
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BereTaTHBHUTE KieTku. OmpesiesieHa ¢ KOHIICHT-
panmsaTa Ha KH3HECTIOCOOHHM KIIETKH W CIOPH
npeau Tpoleca Ha CylIeHe 4pe3 MOBBPXHOCTCH
MOCeB BHPXY TBBpIA XpaHuTenHa cpega MIIA
(MecomenToHeH arap) U MHKyOHWpaHe TpU TeMIIe-
patypa 37°C 3a 24 h. CymieHeTo Ha IIaMOBETE €
MPOBEECHO BbB BUXPOBA CYIIMJIHS MPH TeMIIepa-
Typa 40°C 3a 24 h mo mony4yaBane Ha cyxa cy0c-
tanmus. [Ipexu cymerero B 200 cm® oT KynTy-
pasiHaTa cpeia Ha BCEKH IaM ca qobasenu mo 80
€ MHKpPOKpDHUCTaJHa LEeNyJ03a KaTo KPHUIIPOTEK-
TopHa cpena. OnpeneneHa ¢ KOHIEHTpanusITa Ha
JKU3HECTIOCOOHU KJIETKH U CIOPH CIie[ mpoleca
Ha CyIlIeHe Ype3 MpeTerisiHe Ha 1g cyxo Belec-
TBO, pexuapartupane ¢ 10 cm® 0.5% pastBop Ha
NaCl, moBspXHOCTEH ITOCEB BHPXY TBbPAA XPAHU-
TenHa cpena MITA u uHKyOUpaHe mpu TeMmmnepa-
Typa 37°C 3a 24 h.

OT cyxus mpemapar ce MPUTOTBSI Pa3TBOP ¢
BOJIA ¢ Kpaiina kounenrpamws 10°-108 cfu/cm’u ¢
HETO ce MPbCKAT TPUKPATHO APHBUETATA OT Ye-
pemn (Prunus avium).

4. U3cnenBaHe Ha BB3AEHCTBUETO HA KOH-
LEHTPAT OT CIIOPU BbPXY NbKbJIBAHETO U pac-
Te:xka Ha pactrenuss (aomatu  (Solanum
lycopersicum L.)).

[Mpocnenena e BucounHaTa Ha cTHOIATA U T10-
sBaTa HA IUIECCHHU (UTONATOTCHH, KAKTO U BU-
JIUMU TPU3HAIM Ha 3a00JIsBaHE.

3a menWTe Ha EKCIEPUMEHTa ca IMOJOpaHH
OpNTapcKkM gomaTe  copT ,,Po30Bo  chpre
(Solanum lycopersicum L.), KOUTO ca OTIIIEXK-
nanu 21 nHu B nmabopatopHu ycnoBus. Hampa-
BEHHM ca § pascazia B CAKCHH, KaKTO CIIe/IBa:

Bapuanr IMousa Cemena Ipsbe-
KaHe
1. Heobpaborena HeoOpaborenu He
2. Heobpabotena O0paboTeHun He
3. Heobpaborena HeoOpaborenu Ja
4. Heobpabotena O0paboTeHun Ja
S. OobpaboTeHa Heobpaborenu He
6. O06paboTeHa O0paboTeHun He
7. O06paboTeHa Heobpabotenn Ja
8. OobpaboTeHa OobpaboTenu Ja

*00paboTeHa Mmoysa - moyBaTa € oopadoTeHa che
CYCIIeH3Ms, KOSATO TMPEJCTaBIsABa pa3TBop Ha 1
cm® KynrypandHa cpema Ha mam  Bacillus
amyloliquefaciens M (xonueHTpamus 6.10'°
cfu/cm?®) B 2 cm’® nurelina Bona.

00paboTeHn ceMeHa — MOJIyYeHH ca 4ype3 Ha-
KHCBaHE B CIIOPOBATA CYCIIEH3UsI OT KYJTypajHa
cpena Ha 1mam Bacillus amyloliquefaciens M
(xonuenTpanus 6.10' cfu/cm?) 3a 10 min, npean
MOCSABAHETO UM B ITOYBATA.



-TH

pbCcKaHe - Ha AeH 14™ u nen 217" e mpurot-
BEHA CYyCIICH3US OT CBEXa KyNTypalHa cpejia Ha
mam Bacillus amyloliquefaciens M (koHueHTpa-
uus 6.10'° cfu/cm?), ¢ kosTO ca HampbckaHu J0-
MateHuTe pazcaau. CycreH3usTa € B ChOTHOIIE-
e 2:100 - 2 cm® Gakrepumanna KynTypaiHa
cpena Ha mam Bacillus amyloliquefaciens M n
100 cm?® Boza.

Ha ¢ur. 1 e npeacTaBena cxemaTa Ha ONUTA.

Heopaboremt Obpatotens
Hetpaem O _;::::e:" w«u::e:w
cnopon
mpenapar "P"'P"

( HeodpaGotena >

( Obpatorena >
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®@ur. 1. Cxema Ha EKCIIEPUMEHTA 32 U3CIICBAHE HA
BB3JICHCTBUETO HA KOHIIGHTPAT OT CHOPU BBPXY I'b-
KBJIBAHETO U pacTeXa Ha pacTeHUs (IOMaTH)

conena ik
IpRCKANE (M
€mopos.
upemapat

Heobpaboremn
(g aphCkANE CMC
€B0pos

npesapar

Cren mocsiBaHe ce MOJIMBa C MUTEHHA BOJa.

5. U3caenBane Ha BB3JEHCTBHETO HA CYyX
KOHUEHTPAT OT CHOPH BbPXY OBOUIHHU JIPbB-
yera (uepewm Prunus avium).

3a menWMre Ha EKCIEpHMEHTa ca MoaOpaHu
copt uepemn “T'pakuiicka xpymsanka”. Yepero-
BUTE PAaCTEHUS C€ MPBHCKAT ChC CIIOPOB KOHIIEHT-
pat Ha mam Bacillus amyloliquefaciens M, ¢ KoH-
uenrpanus Hag 10°-10% cfu/cm?, Tpu neTH: npeau
pa3nyKBaHETO Ha ITBIKUTE, TI0 BpeMe Ha IbPTEx
U cien ub(Teka, 3a 1a ce NPeAnassiT PacTsIUTe
wionose. HaOmonaBa ce M3MEHEHHETO Ha JIUC-
TaTa Ha PACTEHMsITA U 3/[paBHHATA Ha 3peNTUTe Ye-
peuu (Prunus avium).

6. CTaTUCTHYECKHU aHAJIN3

JlaHHUTE OT TPUKPATHO MOBTOPEHHUTE EKCIie-
PUMEHTH ca 00pabOTEeHH € TOMOILTa Ha IPorpam-
nure npoayktu MS Office Excel 2013, karo ca
W3TOJI3BaHH CTATUCTHIECKU (DYHKITUH 32 OIpeie-
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JITHE Ha CTAHJAapTHOTO OTKIIOHCHHE U MaKCHUMall-
HaTa IpeliKa Ha OICHKaTa IpYU HHMBA Ha 3HAYM-
mocT 0<0,05.

Pe3syaraTu u o0chkIaHe

1. ITonyyaBaHe Ha CyXM KOHLIEHTPaTH OT
cniopu Ha Heyndrickxia coagulans M,

Heyndrickxia coagulans BJ wu Bacillus
amyloliquefaciens M

B cepus ot onutH € onpezeneHa KOHICHTpA-
[UATa Ha BErCTATUBHU KJICTKHM W CHOPU Ha
Heyndrickxia  coagulans M, Heyndrickxia
coagulans BJ w Bacillus amyloliquefaciens M
npeau mpoueca Ha cymene (Pur. 2). U tpute
1raMa ca ¢ IpUOJU3UTEIHO €IHAaKBa KOHIEHTPA-
uMs Ha kusHecrocobun kietku - 10'0 cfu/cm?.
Cren cymeHeTo U IpH TPUTE IjaMa ce HabIro1aBa
HE3HAUUTETHA PeaYKIHUs B OpOs )KU3HECTIOCOOHU
KJIETKH U CHOpHU. 3a TpUTE IIaMa Ce yCTaHOBAT
KOHLeHTparuu okoo 10° cfu/g (Pur. 2).

Bacillus amyloliquefaciens M Heyndrickxia coagulans M Heyndrickxia coagulans BJ

Ig N, -

N mperH cymere M cleq CyIeHe

@ur . 2. KoHIleHTpanus Ha )KU3HECTIOCOOHN
KJIETKH U CIIOPH NIPE/M U ClIeJI Ipolieca Ha CylleHe Ha
maMoBe ot poj Bacillus v pon Heyndrickxia.

2. Buonpenapartu 3a pacTHTe/IHA 3aLINTA.

2.1. TeyeH KOHLIEHTPAT OT CIIOPH

B mporieca Ha CBOETO pa3BUTHE IIAMOBETE OT
pon Bacillus w pon Heyndrickxia npomyuupat
KOMILJIEKC OT BTOPHYHHM METaOOJMTH, TPUTEkKa-
Ballli aHTUMUKPOOHA akTUBHOCT. OT 3HaUCHUE €
Ja ce onpenenyd (UTOTOKCHYHOTO JCHCTBHE HA
Te3W META0OINTH TIPH PACTEHUATA TOMATH, [IPH
00paboTka Ha ceMeHara, 00paboTKa Ha cTebiaTa
W JTUCTATA B MPOIleca Ha PaCTeX.
[TpoBesieHO € u3cie/BaHe 3a YCTAaHOBSIBAHE MeXa-
HU3Ma 3a OWOKOHTpOJ Ha maMm Bacillus
amyloliquefaciens M cpenry GUTONATOTEHU IO
JIoMaTd OT copT ,,Po3oBo cwpue‘‘(Solanum
lycopersicum L.).



IIpocnenena e cnocobHocTTa Ha 1AM Bacillus
amyloliquefaciens M 3a npeoTBapATBaHE Ha He-
JKeJlaHu 00JIeCTH, KaKTO U aKTUBHOCTTa MY 3a Ha-
ChpYaBaHe pacTeka Ha PacTCHUSTA.

B naGopaTopHu ycnoBusi, py NpHjIaraHeTo Ha
KyJITypaiiHa cpena Ha Bacillus amyloliquefaciens
M 3a 00paboTKka Ha ToYBaTa W/WJIM CeMeHaTa Ha
JIOMATUTE U CHOPOB KOHIIEHTPAT 3a MPBhCKaHE Ha
MOKBJIHAJIMTE JIOMAaTH, ce HaOIo/aBa yBeIHda-
BaHe Ha BUCOuYMHA Ha pacteHusTa (Tadmn. 1, dur.
3, @wur. 4a, 6). YCTaHOBEHH Cca yBEJIUYCH UaMe-

THP Ha CTHOJIOTO M MIMpPUHA HA KOPOHATA B CPaB-
HEHHUE C KOHTpoJIaTa cie NpbcKkaHe ¢ hepMeHTa-
UOHEH OYJbOH.

OueHeHa € U cOCOOHOCTTA 3a MPEeAOoTBpaTs-
BaHe Ha OonectH 110 fomartute. [Ipu KoHTpOIHUTE
JHCTa ce HabJro/aBa JIEKO TOKBIATABAHE, a IPH
TpeTUpaHUTEe C OaKTepHaNHaTa CyCHEeH3HS JIUCTa
HE ca yCTaHOBEHHM HEKpO3HW merHa. Kynrypan-
HaTa cpena Ha Bacillus amyloliquefaciens M e
e(peKTUBEH IPH KOHTPOIHPaHe OONECTUTE MO J10-
MaTHTE MPH Ja00PaTOPHH yCIOBUSL.

Taoauuna 1. Bucounna Ha MOKBIHAINTE JOMAaTeHH PACTEHHS IPE3 Pa3INIHUTE JTHH.

Hen 7 Hen 14 Hen 21
Heobpabotenu cemena (KouTpona) 4.06+0.42 7.50 £0.17 11.20 £0.16
O0paboTeHu ceMeHa 5.44 £0.44 9.30 £0.16 152 £0.16
Heob6paboTena Heo6pab +
HouBa €00paboTeHn ceMeHa + MPBCKAHE ChC CIIOPOB 5,534 0.41 733 +0.28 13.3 4 0.44
n npernapar
O6paboTeHu ceMeHa +Hgg;,§1<aﬂe ChC CHOPOB Mpe- 620+ 021 930 + 024 1826 + 0.21
Heobpabotenu cemena 4.36=+0.28 8.10£0.21 12.80 £ 0.16
O06paboTteHu cemeHa 4.86+0.26 11.70 £ 0.25 17.36 £ 0.28
O6paboTeHa HeoBpab +
HouBa eoOpaboTeHr ceMeHa + MPbCKaHe ChC CIIOPOB 5504032 9034012 14.46 + 0.36
n npemnapar
O0paboTeHn ceMeHa + MPBCKaHE ChC CIIOPOB TIpe- 6.53 4 0.38 14734012 20.96 +0.12

napar

®@ur. 3. Pactenus tomaru ot copT ,,P030B0 chpiie™
— HeoOpaboTeHa rmo4sa ¢ HeoOpaboTeHH cemMeHa 1 00-
paboTeHa moyBa ¢ HeoOpPaOOTEHH CeMEHa, MPBCKaHU
Ha 14™ nen u 21" nen

HabnronaBa ce mo-rosisiMa mporpecusi BbB BU-
CcOouYMHATa MPU PACTEHUATA, TPETUPAHU JOIBIIHHU-
TEITHO ChC CIIOPOBA CyCHeH3us Ha neH 14™ u 21°
. JlucTHaTta mMaca € 3HaYUTEIIHO IIOBEYE U JIUC-
TaTa UM ca BUAMMO IO CBEKH U C MO-TLTHTEH IBSAT.
[Ipu koHTpOIHMTE MPOOH ce 3abensi3Ba yBsIXHa-
JIOCT, KaKkTO M 1o-0aBeH pactex. Cth0aTa UM ca
C Hal-HUCKHU U3MEPEHU CTOMHOCTH, a Ha 14™ neH
MOJKE J1a ce HaOJI0AaBaT C HEBLOPBKEHO OKO M
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BPBUTE NPHU3HALM Ha pa30o0JsiBaHE NMPH KOHT-
ponnute aucta (Pur. 2). OOpaboTeHute chbe Cro-
poBaTta CyCIECH3Hs CEMEHa He TOKa3aT BUIUMH
IpU3HALM Ha 3a00sABaHe 10pH Ha 21-BUs JEH OT
excriepumenta (Pwur. 40).

®@ur. 4a. Pactenus qomatu oT copT ,,P030BO chpIie’
— HeoOpaboTeHa MoYBa ¢ HEOOPabOTeHH CEMEHA U
HeoOpaboTeHa moYBa ¢ 00pabOTEeHH CeMEHa



®@ur. 46. Pactenus qomatu ot copT ,,Po30B0 chp1ie
— oOpaboTreHa moyBa ¢ 00pabOTeHH ceMeHa 0Oe3
npbcKaHe U oOpaboTeHa mouBa ¢ 0OpaboTeHH ce-
MeHa U npbckane Ha 14™ nen u 21" nen

2.2. Cyx KOHIIEHTPAT OT COpH

Haii-cpemanute 3a001s1BaHUs TIPU YEpPELINTE
ca 9YepelIoBUTE JINCTHU TE€THA, KaKTO W KbApa-
BOCTTa, IPH KOUTO HACTHIIBA 00e3rcTBaHe. ToBa
Ha CBOM pej 0TCIa0dBa ABPBOTO U HAMAJIS KA4ecT-
BOTO Ha MPOIYKIIHATA.

Hpyra mo TunmyHa 6oyecT € paHHOTO KadsiBo
THHEHE, KOETO 3acsira IIBETOBETE, CTHOJIATa U B
MOCIIE/ICTBYE U IIJIOJIOBETE Ha pacTeHusra. llpu-
YHMHSIBA CE OT IUIeceHHaTa reoa Monilia laxa, xo-
ATO C€ Pa3MHOYKaBa M3KIIIOYUTEIIHO OBP30 U AOC-
TUTa JI0 eMHJEMUOJIOTHYHH pa3Mepu. [IbpBuTe
CUMITOMH Ha 3a00JIeNnTe APHBUETA CE€ TOSIBSIBAT
npu b TekKa. 3apa3eHuTe [[BETOBE MTOKa(eHsIBAT
M YEeCTO OTMAaAAaT OT IbPBOTO, @ B MOCIIECTBUE CE
TOSIBSIBAT MaJIKW Ka(siBH TIETHA TIO TIOJIOBETE.

Ha ®ur. 5 a, 6. ca moka3zaHu NpbCKaHU U HEll-
pbCcKanu aApbBUeTa Yepeiu (Prunus avium). SIcHO
ce BWXKJA, Y€ MpHU HENPBbCKAHWUTE JApPHBUETA CE
HaAOII0JaBaT JINCTHU TIETHA U KbJPaBOCT, KOUTO
OTCBHCTBAT IIPU NIPHECKAHUTE TPUKPATHO APHBUETA
yepemn. OCBeH TOBa MPBCKAHUTE JAPHBUETA Ca C
NpenaseHy oT KahsiBO THUEHE IJIOJIOBE.

@ur. 5a) HeobpaboTeHu ApbBUETa OT YePEIIU
Prunus avium — HabmOAaBaT CE JIUCTHY NIETHA U
KbJIPaBOCT
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®ur. 50) 6pa60TeHH TpI/IKpaTHOZ[p”bB‘ICTa
uepemn Prunus avium

3akiaouenue

B pesynrat Ha onpenensHeTo Ha PhCT-CTUMY-
TUparniara AKTUBHOCT Ha Bacillus
amyloliquefaciens M e ycTaHOBeHO, 4e ipu oOpa-
0OTKa Ha ceMeHarTa C KyJITypajHa cpefia ce CTH-
MYJIUpa Pa3BUTHUETO HA JOMATCHUTE PACTECHHS OT
copT ,,Po30Bo cepue (Solanum lycopersicum L.).
[Tpu o6paboTeHa mouBa cTebnara Ha pacTEHUSTA
OT 00paboTeHu ceMeHa ca 5 IbTU Mo-IbJrH. [1o-
Ka3aHo €, 4e 3a MpeJa3BaHe Ha CEICKOCTOIaHC-
KWATE KyATYpU OT I'bOHHU U OaKTepuasHu O0JIecTH
¢ HeoOxomuMma mpencentOeHa oOpaboTka Ha ce-
MEHaTa.

VYcTaHOBEHO €, 4e TPHKPATHOTO MPBCKaHEe Ha
IpbBUeTaTa uepenu (Prunus avium) (npeau pas-
ITYKBAHETO Ha IIBIIKUTE, IO BPEME Ha H'bq)Te)K u
cien b(rexa) ru npennasBar OT YepPEeIOBH JIUC-
THH TIETHA U KBAPABOCT U 00e31eYaBaT Ola3BaHe
Ha IJI0/IOBETE.
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SIMULTANEOUS DETERMINATION OF ZINK, CADMIUM, LEAD AND COPPER IN
WINE BY ANODIC STRIPPING VOLTAMMETRY

Krasimira Stancheva, Viktoria Trifonova, Chand Pasha

ABSTRACT: A simple and sensitive method for the simultaneous determination of Zn(1l), Cd(ll), Pb(Il) and
Cu(ll) in wine has been performed using anodic stripping voltammetry technique at a mercury-film electrode.
Metal accumulation is achieved by holding the electrode potential at —1400 mV for 200 s followed by an anodic
voltammetric stripping scan from —1400 to +250 mV, supporting electrolyte 0.1 N HNO3. The calibration plots
are obtained for all four metals simultaneously in the ranges of 0.5 400 ppb for Cd(1l) and Pb(Il), as well as for
Zn(1l) and Cu(ll) in the range of 0.5-500 ppb. The analysed samples showed concentration levels from 65.31 to
73.18 pg/L Zn(1l), from 1.57 to 5.87 ug/L Cd(Il), from 3.28 to 6.84 ug/L Pb(ll) and from 16.23 to 24.35 ug/L
Cu(ll). With this method it is possible to quantify metals in simply and easy way without requiring sample prepa-
ration or other approaches to remove organic matter, making it an effective pollution control methodology.

Key words: Anodic stripping voltammetry, simultaneous determination of Zn(II), Cd(II), Pb(II) and Cu(Il) in
wine

Introduction stability of wine, affecting its organoleptic prop-

erties [3]. Daily consumption of wine in moderate

Metals in wine can originate from natural and  amounts can contribute to the intake of important
anthropogenic sources, having a significant im-  elements such as Zn.

pact on wine properties as well as on its storage. The trace element content of wine depends on
The chemical composition of wine includes etha-  several factors, such as soil type, the ability of
nol, sugars, organic acids, tannins, metals, aro-  grapes to adsorb mineral substances from the soil,

matic compounds and colorants [1]. This compo-  agrochemical treatment, environmental pollution,
sition can be influenced by the preparation and  vinification processes (from fermentation reaction
storage of the wine, the grape variety and climatic ~ to addition of substances), winemaking equip-
factors [2]. Different grape varieties and different =~ ment, wine storage and bottling [5, 6]. However,
yeast strains produce different wines. Many wines  the application of pesticides, fungicides, and fer-
are named after the regions where they are pro- tilizers containing Zn, Cd, Pb, and Cu leads to an

duced. Wine can also be made from other fruits -  increase in the amounts of these metals in wine [5,
cherries, plums, apricots, wheat, etc. The word  7].

wine comes from the Greek word Foivog, mean- The International Organization of Vine and
ing wine and vine. Wine (OIV) [8], Mercosur [9], and the Brazilian

The analysis of certain elements in wines is  Health Regulatory Agency [10] allow 1000, 1000,
important because of their toxicity in case of ex-  and 10,000 pug/L Cu in wine; and OIV and Mer-
cessive consumption and also because of the ef-  cosur allow up to 10 ug/L Cd and 5000 pg/L Zn.
fect they have on the organoleptic properties of  The permissible concentrations of Pb are 150 and
wine [3]. Cd and Pb are known to be potentially 300 ug/L for OIV and Mercosur, respectively.
toxic [3]. Cu is an essential trace element, but is Several analytical methods have been reported
toxic at high concentrations, which may increase  for the determination of trace metals in environ-
during winemaking, grape growing and/or cellar ~ mental samples and foods. The most popular for
processing [4]. Elements such as Fe, Cuand Mn  simultaneous analyses of many elements are chro-
play an important role in the oxidation and  matography with electrochemical and
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spectrometric detection [11, 12] and inductively
coupled plasma-mass spectrometry [13-15],
atomic absorption spectrometry [16]. These tech-
niques are successfully used but they are tedious,
expensive, time consuming and are not conven-
ient for routine analyses of large sets of samples
where rapid analysis is needed.

The use od anodic stripping voltammetry
(ASV) has grown rapidly during the past few
years. The incrasing use of the technique is due to
the ability to simultaneously determine several el-
ements at concentration levels ranging down to
the fractional parts per billion range with rela-
tively inexpensive instrumentation. Due to its ca-
pacity to perform simultaneous multielement
analysis and the ability to display the information
on several ions at the same time, anodic stripping
voltammetry (ASV) could offer an excellent alter-
native for simultaneous determination of heavy
metal ions [17, 36]. The pre-electroplated mercury
film electrode (MFE) generated from the solution
of mercury salts by electroplating was found to be
perfect to determine Zn(Il), Cd(II), Pb(Il) and
Cu(Il) simultaneously. Thus the analysis is more
cost-effective, environmentally friendly and less
toxic. The potential of ASV in multielement anal-
ysis for heavy metals has been demonstrated in the
literature [17-36].

Experimental

Apparatus

Voltammograms are recorded using an Ekotest
—VA (Ekoniks-Ekspert, RF) computer-controlled
voltammetric analyzer connected to a three-elec-
trode cell.

Fig. 1. The set for the measurements of the
heavy metals in the laboratory and field condi-
tions.

The electrode system is a three-in-one trans-
ducer designed as a single body electrochemical
cell with a polycarbon indicator electrode, an aux-
iliary electrode and a reference electrode located
in the same plane®. The combination «3 in 1»
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electrode is a whole voltammetric 3-electrode cell
in a single body. All component electrodes (work,
auxiliary and reference electrodes) are place co-
planarly on top of the sensor. MFE is generated
from the solution of mercury salt by electroplat-
ing. The indicator electrode surface is regenerated
by polishing it with an ashless paper filter wetted
with ethanol. Voltammograms are recorded in an
alternating-current mode with alternating voltage
amplitude. The pH is measured using an Ekspert
001, model 3 (0.1) pH meter/potentiometer
(Ekoniks-Ekspert, RF) with a glass electrode.

A

Fig. 2. «3 in 1» electrode (A) and working area
(B)
1- polycarbon indicator electrode;
2- auxiliary pyrographyte electrode;
3- silver chloride reference electrode;
4- glass body of the sensor;
5 and 6 — teflon isolated rings.

Reagents and Solutions

All chemicals (Merck, Germany, high purity
>99 %) are of analytical-reagent grade and em-
ployed without further purification. Double-dis-
tilled water was used in the preparation of the var-
ious solutions. The following reagents were used:
HNOs; Hg(NO:3),xH-0; Zn(NO3),x6H0;
CuS04x5H,0, Cd(NOs),x4H,0, Pb(NOs3).. A
stock solution of Hg(NO3),xH»O at a concentra-
tion of 5 g L'!; a working solution of Hg*" - 100
mg L!; stock solutions of 1 g L! of Zn?*, Cd*",
Pb** and Cu?*. The working solutions of standard
Zn**, Cd**, Pb** and Cu** solutions having con-
centrations 100-500 ppb were prepared with ap-
propriate dilution.
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Fig. 3. Examples of measurement of zinc, cad-
mium, lead, copper with the complexes «Ecotest-
VA- heavy metalsy». Standard additions of 100-
500 ppb.
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Table 1. Optimal conditions for voltammetric
measurements using a three-in-one transducer.

electrolyte and 100 pg/L Hg** solution and vol-
tammograms were recorded at optimal conditions
(Table 1). The concentrations were calculated by
the equations of the calibration graphs. All measu-
rements were carried out at room temperatura and
5 duplicates.

Results and Discussion

To assess the risk of exposure to these toxic
elements, an analysis of different types of wine
was conducted and the data obtained were compa-
red with the maximum permissible concentrations
(MPC) of the respective samples.

Stage of | Solution Poten- The time
analysis composi- tial, of ex-
tion working | posing,
elec- foxp, S
trode,
E,,, mV
1.Electro- 0.1M +100 100
chemical HNO;
cleaning of
the electrode
2.Formation | Hg(NOs),. | -600 200
of the mer- | H,O
cury film 100 mg/l,
0.1M
HNOs3
3.Electro- 0.1 | -600 200
chemical M HNO:s
pre-concen-
tration  of
cadmium
and zinc

Analytical procedure for wine samples. Wine
samples were filtered. Then 1 mL wine sample
was pipetted and transferred in glass vessel con-
taining 25 mL 0.1M HNOj supporting electrolyte
and 100 ug/L Hg?" solution to form a Hg-film dur-
ing electrolysis (7-8 drops of 100 mg/L
Hg(NO3),.H>O were put in the vessel). The elec-
trode was immersed into the solution and the
analytes were pre-concentrated. The voltammo-
grams were recorded. Calibration graphs: 1, 2, 3,
4, 5 mL of standard solutions of Zn?**, Cu?*, Cd**
and Pb?* (100 ppb) were added in the glass vessel
containing 25 mL 0.1M HNO; supporting
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Table 2. Determination of zinc(I) in wine

samples
Wine samples | Zn(II) found  RSD 3
x + SAnS = (S/ x)x
(ppb) 100 (%)
Mavrud 65.31+4.26 4,22
Traminer 73.18+3.15 |3,88

Table 3. Determination of cadmium(Il) in

wine samples

Wine samples  Cd(II) found  RSD B
x * tSNnS = (8 x)x
(ppb) 100 (%)
Mavrud 5.87 £0.65 6,35
Traminer 1.57 +£1.63 5,88

Table 4. Determination of lead(Il) in wine

samples
Wine samples  Pb(I) found  RSD 3
x £ tSNn S = (S/ x)x
(ppb) 100 (%)
Mavrud 6.84 £2.58 6,35
Traminer 328+2.12 10,53

Table 5. Determination of copper(Il) in wine

samples
Wine samples | Cu(Il) found  RSD B
x = SAn S = (S/ x)x
(ppb) 100 (%)
Mavrud 2435+4.17 2,57
Traminer 16.23 +£4.85 |6,28

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



Various factors such as the use of fertilizes,
fungicides and storage can lead to the presence of
zinc in wine. It is known that the presence of cad-
mium and lead in wine can be closely related to
air pollution and the use of phytosanitary prod-
ucts. Additionally, wineries located near roads or
industrial areas where emissions are intense are
susceptible to cadmium and lead contamination.
The presence of copper in the wine may be due to
the application of fungicides containing Cu(ll)
that are used to control pests.

The developed method for simultaneous deter-
mination of Zn?**, Cd*", Pb*" and Cu?' in wine
samples is characterized by good accuracy and re-
producibility and wide concentration range.

The data obtained from the analyses show that
the determined concentrations of Zn**, Cd**, Pb**
and Cu?" are below the International permissible
limits [37-39].

Conclusions

The simultaneous determination of Zn(II),
Cd(II), Pb(IT) and Cu(II) in wine samples was per-
formed by anodic stripping voltammetry using a
mercury-film electrode. Under the optimal
conditions alternating-current voltammograms
were recorded and the concentrations were deter-
mined by calibration graph method. The results
obtained show that the method offers advantages
as easy sample pretreatment, good selectivity,
sensitivity, reproducibility and linearity.
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veloped into atomic-molecular theory, and hence for chemical science.
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Introduction however, what Gerard and Laurent did was not
immediately accepted.

Nearly forty to fifty years after Dalton's work
the atomic masses of the chemical elements had
not yet been accurately given, the atomic-molec-
ular theory with its implications had not yet ex-
isted, the relation in which the atoms were bound
together had not yet been definitely established,
the concept of molecule had not been constructed
(although it was felt in Avogadro's hypothesis),
valence had not been given, and finally Berzelius
stubbornly resisted Avogadro's hypothesis and as-
sumed that the building blocks of gases - elements
were atoms. All this led to controversy and confu-
sion.

In 1840-1842, Gerard and Laurent, starting
from the corticity of water, carbon dioxide, etc.,
involved in some organic chemical reactions, and
from Avogadro's hypothesis, distinguished the
concept of molecule from the concept of atom.

They defined the molecule (from Latin moles John Dalton (1766-1844) English chemist and
- mass) as the smallest particle of a substance that  physicist
can freely, independently exist and cannot be fur-
ther divided without changing the basic chemical In 1853, the English scientist Frankland, on the
properties of the given substance and the atom as  basis of his studies on organometallic compounds,
the smallest particle of the element in the mole-  defined the term valence (from Latin valens - hav-
cules of compounds (simple and complex sub-  ing power), which he called "saturation ability".
stances), which is an expression of the chemical
properties of that element. Unfortunately,
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Amadeo Avogadro (1776-1856) Italian chem-
ist and physicist

Charles Gerard (1816-1856) French chemist

Jons Jakob Berzelius (1779-1848) Swedish
chemist, one of the founders of modern chemistry

Auguste Laurent (1807-1853) French organic
chemist
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Edward Frankland (1825-1899) English chem-
ist

He emphasized that the origin and composition
of both inorganic and organic compounds can be
explained by starting from the assumption that
each atom possesses the ability to attach to, re-
spectively saturate with, a certain number of other
atoms and that this ability can be expressed in
whole numbers, assuming that for hydrogen it is
equal to one. Moreover, when the conditions are
changed, the "saturation ability" changes accord-
ingly.

Frankland's ideas were accepted and became
established after the German chemist Kekule
pointed out that, on the basis of the "valence the-
ory", the carbon atom is tetravalent. In fact, the
concept of valence was felt in the works of Berze-
lius, Dalton, Liebich, and others, but was not
clearly expressed.

The questions of atomic masses, the constitu-
ent particles of gases, Avogadro's hypothesis, and
other current issues in chemical atomistics were
reconciled by the Italian scientist Cannizzaro in
1858.

However, there were still some misunder-
standings - the crisis in chemical atomics contin-
ued in one form or another. In order to bring con-
sensus and end the impasse, it was necessary to
bring chemists together in a congress.
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Friedrich Kekule (1829-1896) German chem-
ist, one of the founders of the theory of the struc-
ture of organic compounds
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Stanislao Cannizzaro (1826-1910) Italian
chemist

The first international congress of chemists
took place in 1860 in Karlsruhe Germany. The
Italian professor Cannizzaro gave a paper in
which he developed the questions concerning
Avogadro's hypothesis, the building blocks of
gases and ultimately the choice of atomic masses.
After a lively debate, Canizaro's ideas were



accepted, and Avogadro's hypothesis now became
Avogadro's law.

The significance of the First International Con-
gress of Chemists in 1860 was enormous for the
development of chemical atomistics, which had
already developed into atomic-molecular theory,
and hence for chemical science. A number of fun-
damental issues that had been controversial - the
concepts of molecule, atom, equivalent, valence,
etc. - were clarified and became common ground
for all. Uniform values for atomic masses were
given. At this congress the present chemical for-
mulae of water and hydrogen sulphide were
adopted. Until 1860 the formula of water was
written HO under the influence of the receptions
of Dalton and Berzelius. According to Avogadro's
law, equal volumes of gases under equal condi-
tions of temperature and pressure contain equal
numbers of molecules, and according to Gay-Lus-
sac's law, the ratio of the volumes of hydrogen,
oxygen, and water vapor is 2:1:2.

Joseph - Louis
French chemist and physicist

Gay-Lussac (1778-1850)

Therefore, in the course of the chemical reac-
tion, oxygen molecules split into two atoms and
hydrogen molecules bind to them, respectively,
and two volumes of water vapor are produced.
Therefore, the formula of water is H>O, oxygen is
of the second valence, the atomic mass of oxygen
is not 8 but 16, since at a mass ratio of hydrogen
to oxygen bonding of 1:8 the atomic ratio is two
atoms of hydrogen to one atom of oxygen.
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The Karlsruhe Congress was an international
meeting of chemists organized by August Kekulé
and held in Karlsruhe, Germany from 3 to 5 Sep-
tember 1860. It was the first international confer-
ence of chemistry with 140 participants.The con-
ference is known for the adoption of atomic
weights in chemistry motivated by the participa-
tion of Stanislao Cannizzaro. During the congress
he showed evidence using Avogadro's hypothesis,
that certain gases were not made of atoms but of
diatomic molecules.

It has been argued that the Karlsruhe meeting
was the first international meeting of chemists and
that it led to the eventual founding of the Interna-
tional Union of Pure and Applied Chemistry (1U-
PAC).
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Iskra Tsvetanska, Ivanka Yankova

ABSTRACT: The aim of the report is to highlight the application of nanotechnology in the field of conservation
and restoration of written heritage. Nanomaterials contribute to making ecological decisions to solve problems
arising from specific phenomena that could occur during a conservation intervention, and to identify potential
newly formed products in the treated archival written materials.

The report is under project No. KP-06-N90/6 of 10.12.2024 on the topic: "Ecologically sustainable
conservation strategy for written heritage" from the Scientific Research Fund Competition for Funding of

Fundamental Scientific Research — 2024, Bulgaria.
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BnBenenune

Konceppauusirta u pectaBpanusara Ha IMCMEHO
HACJIEICTBO M3MCKBA MHTEPANCLIUIIIMHAPEH CKHIT
C TMO3HAaHMS B 00JIACTTAa Ha MaTepHAJIUTE, XUMH-
arta, QU3NKaTa, MUKPOOHOJIOTHITA, HICTOPHATA Ha
M3KyCTBaTa U HAHOTEXHOJIOTHUHTE, 32 Jja JONpPH-
HEece U MPEJIOKU PEIIeHUs 3a MPeloTBpaTIBaHe
Ha €CTECTBEHOTO CTAPEEHE Ha IMCMEHMUTE apTe-
(dakTH M A2 MpeJoCTaBH TOJIE3HM M OCHOBHU
MPOTHO3M 3a JerpajanusiTa Ha MHUCMEHOTO KyJ-
TypHO HacnencTBo. [IpunaraneTo Ha ”THOBaTUBHU
TEXHOJIOTHM M METOJH NPH MPEICTaBsIHE Ha KYJI-
TYpPHOTO ChIbp)KaHUE, MOXKE 3HAUUTEITHO /1a yBe-
JIUYM aHTaXUPAHOCTTa U YAOBJIETBOPEHHETO HU
KaTo CHUICBPEMEHHO paslupsiBa 00XBaTa U Bb3-
JEHCTBUETO HA KYJATYPHUTE UHCTUTYLHUU.[1]

[IpunoxxeHueTo Ha HAHOTEXHOJIOTHHUTE B 00-
JacTTa Ha KOHCEpBaLUATa U pecTaBpalusira Ha
MUCMEHO HACJIEJICTBO BKJIIOYBA: AMArHOCTHKA HA
MOBPEJICHUTE MOBBPXHOCTH 32 TOJy4YaBaHE Ha
(OU3NKOXUMHYHA M CTPYKTYpHA WHpOpMAIUS 32
MaTepUaInTe, OT KOUTO ca Ch3/1aJcHA IIMCMEHNTE
apredakTd, U 3a HISHTU(UIMPAHE HA TOBBPX-
HOCTHH JlehopMaIiui; JUarHOCTUIHA METO/H, 32
Jia ce B3eMe MH(OpMUpaHO pelleHe 3a MaTepua-
JIUTE, KOUTO 2 C€ U3MOJ3BaT 110 BpeMe Ha 10-Ha-
TaThIIHUTE (Pa3u HA pecTaBpanys; HAHO-METOIN
3a KOHCEPBAIlMOHHO TPETHPaHE MOBbPXHOCTTA HA
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MUCMEHUTE AOKYMEHTH, 3aCETHAaTH OT 3aMbpcCs-
Balllll BEIEeCTBA;EKOJIOTHYHO-YCTOWYUBH TIperna-
paTH 3a cTa0WIn3anusl; HaHO-MaTepruatn 3a KOH-
CEepBAIIMOHHY ¥ / WM PEeCcTaBpallMOHHU HHTEp-
BEHLIWH.

Hanomartepuanu 3a KOHcepBalusi U pec-
TaBpalus HAa NMCMEHO KYJTYPHO HACJIEICTBO

Hanomarepuanure 3a KOHCepBalysa U pecTaB-
pauus Ha MUCMEHO KYJITYpPHO HAclEJCTBO C€ Xa-
PaKTepU3HpaT € roJiiMa NOBbPXHOCTHA IO, KO-
SATO BJMSIC BBPXY TEXHHUTE (QUIMKOXUMHUHU
cBolicTBa. IHOBaTUBHUTE MPUIIOKEHUS Ca HAHOC-
TPYKTYpPH OCHOBABAILIM C€ HA JBA BUJA YHUKAIHU
CBOMCTBA : HOBU ONTHYHH CBOMCTBA, BHJIKAIIHU CE
Ha TeHEPUPAHETO Ha KBAHTOBU €()E€KTH; IPOMEHHU
B PEAKTHUBHOCTTAa U MEXAaHUYHHUTE CBOMCTBA, MO-
paau Manku (pU3NIECKU pa3MepH M rojisimMa ol
Ha crnenuduuHaTa MOBBPXHOCT. [IpenumcTBaTa
Ha MAJIKUTE TPaHyJu B CPaBHEHUE C arjioMepupa-
HUTE MAaTEpUAJIM BKJIIOUBAT: HUCKA TEMIIEpaTypa
Ha arjJoMepupaHe, Cymep elacTUYHOCT, T000-
peHa audy3us, mogoOpeHN AUESTESKTPUIHHI CBOIC-
TBA.

Enxo ot HanpaBieHusATa 3a U3MOJI3BAHETO HA
HaHOYACTUIIUTE B JHEUIHO BPEME € OlNa3BaHe Ha
KYJATYpHOTO HacneAcTBo. [Ipunaranero Ha HaHO-
TEXHOJIOTHH B Pa3jINdHU apTehaKkTH HACKOPO J0-
Ka3za OrpoMHUS MOTEHIMAJI Ha Ta3W Hayka Jia ce
MIPHUJIOKH B 00JIACTTA HA OTIa3BaHE HA KYJITYPHOTO



HaciencTso.[2] TBepauTe HAHOAWCIEPCHH, MU-
[eNH, TeJIOBE WIM MHUKPOEMYJICHH IMpejaraT
HOBHU XKM3HECIIOCOOHH PEILCHHUS 33 pecTaBpalys
1 KoHcepBauus. HaHowactuuuTe TpsiOBa 1a mmar
CIIETHUTE XapaKTEePUCTHUKW: TEPMHUYHA CTaOWII-
HOCT, OMOIIOTUYHA M XMMHYECKa WHEPTHOCT, HE
TOKCHMYHOCT, HUCKA IIeHa, CTaOMIIHOCT KbM BH-
nrMa wu 6mm3o qo UV cBeTimHa, mobOpa amar-
THBHOCT KBM PA3IMYHU cpedau M goOpa aacopo-
1Usl B CI'IPHYEBUS CHCKTHP. B mombiHeHue, 131
JieYeHUs MOTaT Ja MMaT M BOAOOTOIBCKBALIH
cBoiicTBa. XUApOIU3aTa Ha KUcea KaTalu3upaHa
LEITyJI03a € OCHOBHUSAT M3TOYHUK HA pa3rpaxkIaHe
Ha xaptusra. JloOpe n3BecTHO e, 4e MpoLechT Ha
pasrpaxiaHe ce ChCTOM B IIPOM3BOJICTBOTO Ha
HUCKOKa4eCcTBEHa XapTusa. B HadanmoTo Ha ocem-
HaJIECeTH BEK TEXHOJIOTHSATA 3a MPOU3BOJCTBO Ha
XapTHs ce MPOMEHH U XapTHUsTa 3all0YHa J]a CE U3-
paboTBa OT BCe MO-PEaKTHBHHU MAaTEpHAIH (Ibp-
BEeCHa Maca) M KHUCEJIIMHHU BeliecTBa (KOiIo(oH,
XJIOp ¥ T.H.). Clieqy AbIBT IEPUO]] HA U3JIarane Ha
OKOITHATa cpefia (HalpuMep TeMIepaTypa, BIax-
HOCT, CBETJIMHA), T€3U BEIECTBA YCKOPSBAT XH-
MHUUYECKOTO pPa3rpaxkIaHe Ha XapTHATA.

I'mobanamAaT edekT e ObP30TO HaMASIBAaHE Ha
YCTOHYHMBOCTTA Cpelly Jerpajanvs Ha THCMe-
HUTE XapTueHH JoKyMeHTH.[3] ChliecTByBa 0011
KOHCEHCYC OTHOCHO HEHW30EKHOTO JICYCHHE Ha
neanunnduKands TpHU 3alla3BaHe Ha XapTHEHU
konekiuu. Jleanunudukanysara BKIIOYBA ITbIHA
HEyTpaIM3alusd Ha XapTuiaTra U B IIOBEUYCTO CIIy-
yall BBBEKIAHE Ha allkaJleH pe3epB, KOWTO ce
MPOTUBOIIOCTABs Ha aTakara Ha KUCEITUHHOCT B
OKOJIHAaTa cpena (HampuMep 3aMbpcsiBane). B
TO3U KOHTEKCT ca pa3paboTeHn MHOTO U3CIIe/[Ba-
HUS, HACOYSHH KbM IPOIIECUTE HAa ETUMUHHUPAHE
Ha KucenuHHocTTa. Hali-moOpure Metoau 3a Jie-
3aKTUBUpPAHE CE OCHOBABAT HA HEBOJHU Pa3TBO-
putenu. HanoyacTuim n3non3BaHu KaTo HEBOTHU
JIUCIIEPCUH Ce Tpeiarat 0codeHo e(heKTUBHO 3a
KOHCepBallvsl Ha MICMEHN JOKYMEHTH Ha 0a3aTa
Ha IIeITy7I03a, KOUTO Ce pasrpaxar, 4Ype3 Kuce-
JUHHO KaTaJM3WpaH MpOoIec, BOJCHI 0 XHUMH-
Yecka JiernonuMepu3anus. To3u HOB METOJ ce OC-
HOBaBa Ha CBOMCTBAaTa HA HAHOYACTHIINTE JIa TIPO-
HUKBAaT B MpekaTa Ha IENyJIO3HUTE BJIaKHA, Ja
MPUJIENIBAT KbM TAX MOKPUBANKMU JECTPYKTHUpPa-
HaTa 30Ha MU KOHCOJNMJIMPANKKU NUCMEHUS AOKY-
MEHT HE OKa3BaT HETATHUBHO BIMSHUE BBPXY Mac-
THiara.

[IpemioxkeH e MHOBATHBEH METOJT HA 0a3ara Ha
AIIKOXOJTU, AUCIIEPTUPAHY B HAHOYACTHIIX OT KaJl-
[IUEB XUAPOKCHU]I, KOUTO JaBaT JOOpHU pe3yNTaTH
pu neanuauduKaImsa Ha MICMEHA XapTHEHU KO-
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nexkiuu. ['opecrioMeHaTuTe U3CIEABAaHUS ca pas-
ITUPEHH U 32 00paboTKaTa Ha XapTHs ¢ HAaHOYAC-
THUIM OT MarHe3ueB XUAPOKCH], ThI KaTo € JOKa-
3aHO, Y€ MAarHe3usIT HaMallsiBa CKOpOCTTa Ha
OKHCIIMTEJIHO Pa3TpaXkIaHe Ha LEIyJI03HUs CyOc-
TPaT MOpaAX M3JIaraHe Ha CBETJIMHA. AJIKAIHUTE
CheJMHEHHs Ha OCHOBaTa Ha MarHe3Wi ca OT ro-
JSIMO 3HA4YCHHUE 32 Olla3BaHEe Ha MHCMEHOTO KyJ-
TypHOTO HacnenctBo. I[lomoOHa obmacT Ha WHTe-
pec TpeAcTaBIsABaT U KOHCEPBALIMOHHUTE TPETHU-
paHus 3a AeauuanuKaug Ha KUceaaTa XapTHs C
LeJs HeitHoTo 3ana3Bane. 1 meronure Ha Wei T'o
u Bookkeeper ce ocHOBaBaT Ha W3MOI3BAHETO HA
MarHe3ueBH CheTUHEHUS, KOUTO CJe] XUAPOIN3a
reHepupatr marnesueB xunpokcug Mg (OH), ,,in
situ“. llexTra Ha HOBHTE TIPOYUYBAHMUS € [1a CE CHH-
Te3UpaT MarHe3WeBH HAHOYACTUIM CIIEH Tpole-
noypara, HoA00Ha Ha Ta3u Ha KAILUEB XUAPOKCHT,
KOETO Aajie MHOTO 100pHy pe3ynraTd. 3a pa3inka
ot meroaute Ha Wei T'o u Bookkeeper, Te3u Ha-
HOYACTHUIIM, BEIHDBK JCNO3UPAHU BHPXY XapTH-
siTa, BeIHara MpuI00uBaT poJsiTa Ha neanuandu-
katop uin Oydep. CHHTETUUHUTE TBTUINA 32 Ha-
HOYACTUIIMTE MarHe3ueB xuapookcun Mg(OH),
HMaT BakKHA POJISl KAKTO TEOPETHYHO, Taka U
npakTuiyecku. Hakonko crtatuu nokassar, 4e yTa-
SIBAHETO HA METATHU XUPOKCHIU B TEXHUTE COJIH
€ CHJTHO TIOBJIMSTHO OT IPOMSIHA B ITApaMeTpUTE Ha
cuHTe3a. Te BKII0UBAT PEaKkIMu C BUCOKA TEMIIe-
patypa, KOHIICHTpallusl Ha pearcHTa M BpeMe Ha
crapeere.  OTIUYHUTE  JealMIUQHUIMPAIIN
areatu ca Mg(OH), u Ca(OH),, Tbii kaTo Te ocu-
rypsiBaT MHOTO A00pa (pU3MKOXMMHYHA ChBMeEC-
TUMOCT C HOCHTEJNS U CJe]] MPEBPBIIAHETO UM B
KapOOHATH PabOTAT KaTO ajKaJHU pe3epBH, 0e3
Ja  TOpeAM3BUKBAT  HEXEJTaHW  CTPAHUYHH
edexru.[4]

HanowactunuTe, mucrieprupaHu B allKOXOJIH,
Morat s1a ObJjaT HaHECEHU BbPXY XapTusATa, upe3
NpbCKaHe, UMIIPETHUpaHe WK TMoTtansHe. To3n
METO/ TPOU3BEXK/IA in Situ XUAPOKCHIU U U3UCKBA
IUCIIEPCAHTH 3a CTaOWIM3MpaHe Ha CHCTeMarta.
Wznon3BaHUTE pa3TBOPUTEINH Ca JICTIUBH, €KOJIO-
TUYHO YMCTH U ¢ HUCKO TIOBBPXHOCTHO Harpexe-
HUe, Taka 4e Te JACHCTBAT KaTO HOCUTENH Ha
TBBPAM YaCTUIM M OCHTYPSIBAT XOMOT€HHOCT H
MPOHMKBAHE HA HAHOYACTHUIIUTE B JIBJIOOYHHATA
Ha IETYJ03HUTE BIaKHA.[5]

IMe1y/103HM HAHOKPUCTAIH

Iesyno3HUTE HAHOKPHUCTAIU Ca E€KOJIOTUYHO
YUCTH HaHO MaTepHaIN 3a KOHCEpBAaILUs U pec-
TaBpalMs Ha NMHUCMEHO HacneactBo. Ilpemmarat
MHOX€ECTBO IIPEIUMCTBA, 3a11l0TO OCBEH e ca Ou-



Opa3rpajiiMy U HETOKCUYHH, U3BJICYCHH OT TPH-
POIHU IIETYJIO3HN U3TOYHHIN KaTO AbPBECHHA H
namyK, HO UMaT B OTJIMYHU MEXaHUYHU CBOWCTBA.
[Ipunarar ce ycreniHo 3a 3almra 0T XUMHYECKH
¥ OMOJIOTMYHM areHTH, KOETO TU TPaBU He3aMe-
HUM HMHCTPYMEHT 3a KOHCEpBAaIMATa Ha IHCMe-
HOTO KYJITYpHO HacieAcTBo. Llemynosnute Ha-
HOKPHCTAJIH C€ M3II0JI3BAT 3a YKPEIBaHE Ha ITHC-
MEHHU XapTHEHHU JOKYMEHTH, HOTOOPSIBANKH TAX-
HaTa MEXaHUYHa AKOCT 0e3 ]a ce KOMIPOMETHpa
'BBKaBOCTTa M MPO3PAyHOCTTA, Ch3JaBalKH
TBHKH TIPO3payHH MOKPHUTHUS, KOUTO Ch3AaBaT H
JOIBITHUTENHA 3allIuTa Ha JOKyMeHTHuTe. Ocury-
psBar 3ammra cpeury (U3MUECKH U XUMHUYECKH
YBPEeXKAAaHUS B apXWBHU JOKYMEHTH, 3aIOTO
JelcTBaT KaTo Oapuepa cpely Biara u 3aMbpCH-
TeNW, U MHXUOUPAT Pa3BUTUETO HA MUKPOOpPTa-
HHU3MH, TIPHYUHSABAII MYXBJI U IUieceH. B pec-
TaBpalusATa Ha THUCMEHO HACIEICTBO MENyJ03-
HHUTE HAaHOKPUCTAIU C€ M3II0J3BAT 3a 3allbJIBaHE
Ha JIUIICBAIM YacTH W Pa3KbCBaHUS, 3a yKpel-
BaHE Ha CTPAHUIIN OT PHKOIMCH, KOUTO Ca KPEeXKH
Y TIOJATIIMBU Ha JECTPYKIHHU. [6]

3akiIoueHue

IIpunoxeHnero Ha HAHOTEXHOJOTUUTE U Ha-
HOMAaTEpHAJIUTE II0KA3BaT OIPOMHHUS CH IIOTEH-
[UaJI B peCTaBpalysATa U KOHCEPBALUATA Ha MHC-
MEHO KYJTYpHO HacieAcTBO. Te nompuHacsar 3a
B3E€MAHETO Ha EKOJIOTMYHU PELICHUS B YCHUIIUATA
32 YCBHBBPILIEHCTBAHE HA KOHCEPBAIL[MOHHO/pec-
TaBpanuoHute Metoau. C mo-mMansk pasmMep, Mo-
BHCOKA IIPOHUIIAEMOCT, BUCKO3UTET, TOIUIMHHU U
MarHMTHU CBOMCTBA, B CPAaBHEHUE C TPaJUIMOH-
HUTE MaTepHaad, HaHOMAaTepUAINTE ILE JOIpHU-
HacsIT 3a pelaBaHe Ha MPOOJIIEMUTE, MPOU3TH-
Yamy OT CHeUU(pUYHU SBICHUS, KOUTO OHxa
MOTJIH Ja CE MOSIBST 110 BpeME Ha HHTEPBEHIINSATA,
W J1a ce uAeHTU(UIIPAT TOTeHI[MATHATE HOBOOO-
pa3yBaHH HPOAYKTH B TPETHUPAHUTE apXUBHU
MMUCMEHHN MaTEpHAIH.
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ABSTRACT: In the context of growing environmental challenges and the need for sustainable management of
written cultural heritage, biotechnology offers innovative and environmentally friendly solutions for the
conservation and restoration of written cultural values. This report examines the application of bio-based methods
such as microbiological cleaning, the use of sustainable and environmentally friendly biodegradable materials for
conservation and restoration that minimize harmful impacts on documents and the environment, DNA analysis as
an innovative approach for the identification of materials used in the creation of written heritage, and
bioremediation as an environmentally sustainable alternative to chemical conservation. Good practices are
presented from leading institutions such as the National Library of Italy and the University of Bologna, which are
implementing sustainable strategies through the use of recyclable materials, controlled microclimates and
environmentally friendly treatment methods. The advantages of the biotechnological approach over traditional
chemical interventions are also analyzed. The study emphasizes the importance of inter-institutional cooperation
and scientific innovation as a key to the effective and responsible preservation of written heritage.

The report is under project No. KP-06-N90/6 of 10.12.2024 on the topic: "Ecologically sustainable
conservation strategy for written heritage" from the Scientific Research Fund Competition for Funding of
Fundamental Scientific Research — 2024, Bulgaria.
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BobBenenne OCHOBHM €KOJOTHYHHM TPHJI0KeHUs Ha Ouo-
TeXHOJIOTHUTE B KOHCEPBaLlMATA M pecTaBpa-
buoTtexHomoruuTe Urpadr Bce Mo-BaXkHa pojii  IUATA HA MMCMEHH IeHHOCTH
B OIIa3BaHE Ha IIMCMEHOTO HacieAcTBO. Upes u3-

M0JI3BaHe Ha OMOJOTHYHH METOAHM U MHOBATUBHU MHKpOﬁHOJIOFI/I'{HO MOYMCTBAHEC HaA IIHC-

TEXHOJIOTUH CC OCUTypsBa HO-G(I)GKTI/IBHO n €KO- MEHU JOKYMEHTH

JIOTUYHO CHXPAaHCHUC HAa MUCMCHHUTEC NJOKYMCHTHU MI/IKpOGI/IOJ]OFI/I‘-IHOTO IMOYUCTBAHC NPCACTAB-

W KHUT'H. JIiBa MHOBATUBCH MCETOJ 3a KOHCEpBALUA U pEC-
brorexHOIOrHYHUAT noaxon  mIpeaocTaBst TaBpauusd, npu KOHTO CHeI_II/I(l)I/I‘IHI/I MHKpPOOpra-

HMHOBAaTHBHHU U €KOJIOTUYHU PCIICHUA 3a PECTaB- HU3MHU CC€ M3IIOJI3BAT 3a IpEMaxBaHC Ha 3aMbpPCU-

pauusTa ¥ KOHCEpBalUATa Ha TUCMEHOTO Haclle[l-  TEJIM W JECTPYKIMH OT MUCMEHU JOKYMEHTH U
cTBO. Upe3 U3IOI3BAHETO HA MUKPOOPraHU3MH,  KHUTH. TO3M MHOAXOJ Mpeajara €KOJIOIMYHO M
ensumu u JIHK ananu3 ce ocurypsiBa mo-eek-  HEKHO PEIICHHE, KOSTO MUHHUMH3HpPA PHCKa OT
THBHA W YCTOWYMBA 3alllUTa HA MMICMECHHUTE apTe-  YBPEXKJIaHE Ha IleHHUTE apTedaktu. B mporteca Ha
¢axtu. Te3n CbBpEeMEHHH METOM HE CaMO 3ara3-  MHUKPOOHOJIOTHYHOTO ITOYUCTBAHE ITHPBOHAYAITHO

BaT MUCMCHOTO KYJITYPHO HACJICACTBO 3a 6”[))16— C€ BKJIOYBA JHUArHoCTHUKarTa 3a I/I,I[GHTI/I(bI/IKaLII/IH u
IMUTE MMOKOJICHUA, HO U JOIIPHUHACAT 3a Pa3BUTU- aHAJIM3 Ha 3aMbPCHUTCIUTE BBPXY MHJOKYMCHTa
€TO Ha HAYUYHHUTEC U3CJICABAHUA W TEXHOJIOTHMU B upe3 MI/IKpO6I/IOHOFI/IT-IHI/I U XMMUYHH METOJH, 3a
Ta3u 00JIacT. Ja c€ 1/136epaT Haﬁ—HOZ[XOI[SIH.[HTe MHKpOOpra-

HU3MHU 32 nourctBane. ClieiBa MOAXOASI] 300D
Ha MHUKPOOPTaHM3MH, KOUTO ca e(QeKTHBHH
Cpelly WACHTUQHUIMPAHUTE 3aMbPCUTENH U 0€30-
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MacHM 3a MaTepHraia Ha IOKyMeHTa. Mukpoopra-
HU3MHUTE CE€ HAHACAT BBPXY 3aMbpPCEHUTE ydac-
TBIU Ype3 NPhCKaHEe, HAMA3BaHE WM IOTAIISHE.
JIOKyMEHTHTE Ce OCTaBAT B KOHTPOJIMPaHa Cpefa,
KOSITO OJIaronmpHATCTBA pacTeXxa Ha MHKpPOOpra-
HU3MHUTE, HO HE IO3BOJIIBA PAa3MpPOCTPAHEHHUETO
UM U3BBH 3aMbpceHUTEe ydacThiiu. Cren Karo
MHUKPOOPTAaHU3MHUTE DPa3TpafiT 3aMbpPCUTEINTE,
T€ Ce OTCTPAHABAT OT IOKyMEHTHUTE Ype3 BHUMa-
TeaHa BojHA 00paboTKa. 3a ;1a ce MpenoTBpaTH
OBJICII0 MUKPOOHOJIOTUYHO 3aMbpPCSBaHE, JIOKY-
MEHTHUTE C€ TpPEeTUpaT CBhC CTEPHIUIUPALIH
areHTH, 0€30MacHU 3a XapTUATa U MacTUIOTO. [1]
Haii - dvecro u3moy3BaHM B Mpolieca HA MMOYHCT-
BaHe ca OakTepumure ,, Pseudomonas “, kouTo ca
M3BECTHU CHC CIIOCOOHOCTTA CH J1a pasrpakaaT
pa3IMYHU OPTaHWYHHM BEIIECTBA, BKIFOYMTEITHO
MacTHIIa U TUIeCeHH, 0e3 J]a YBpeKJaT MaTepHall-
HUs HocuTen Ha nHpopmanws. [2] Hiaxou Bumose
Bacillus moraT na pasrpaxkiaT JUIMIA U MPOTE-
WHU, KOUTO YE€CTO C€ CPellaT KaTo 3aMbPCUTEIIH
Ha JIOKyMeHTHTe. M3mon3Batr ce W THOHM
Trichoderma, kouTo ca U3BeCTHH ¢ OHOJCTpaa-
IIMOHHUTE CH CBOMCTBA, M MOTAT Jia pa3rpaxkaaT
OpPTaHUYHH 3aMBPCUTENN, BKIIOYUTEITHO CTapH
Jenuia ¥ cMoii. B mporecute Ha MUKPOOHOIIO-
TUYHO TTOYUCTBAHE BCE MO-TOJISIMO TPHIIOKEHUE
HaMUpPAT CH3UMUTE- JIMMA3u, MPOTea3H U Iie-
Tyna3u, TPOU3BEeHN OT MUKPOOPTaHU3MH /Oak-
TepuH M r'bOW/ 3a pasrpaxaaHe Ha crenupuuHU
3aMBPCHUTEIM KaTO Ma3HHWHU, IPOTCUHHU U IEINY-
no3a.[1]

MuKpoOHOIOTHYHOTO TIOYHCTBAaHE TPECTAB-
JisiBa o0eIaBall] METO/ 32 KOHCEPBAIUs Ha THC-
MEHO HACJIEJICTBO, KOWTO ChUeTaBa e)eKTUBHOCT,
3aI[0TO MUKPOOPTaHU3MHTE MOTAT J]a JOCTHTHAT
M TOYUCTAT TPYAHOAOCTHIIHM 30HH, KOUTO ca
TpynHU 3a 00paboTKa C TPaIWIIMOHHU METOJH,
€KOJIOTUYHOCT, Thil KATO C€ M3MOI3BaT PUPOIHH
MIPOIIECH 3a MOYHNCTBaHE U Oe30macHoCT. Upes u3-
MOJI3BAHETO Ha CHEIM(DUIYHN MUKPOOPTAHU3MH U
€H3WMH, TO3W TOJXOJ Tpenjiara HOBH Bb3MOXK-
HOCTH 3a TIOYHCTBaHE, KOHCEPBAIUS W ChXpaHs-
BaHE Ha IICHHU MUCMEHU apTe(aKkTH, KaTo ChIICB-
PEMEHHO MHHHMMHU3HpA PUCKA OT YBpEKIaHE Ha
opuruHanHute Marepuanu.[3] YcmemeH npumep
3a MHKPOOMOJIOTMYHO MouncTBaHe ¢ Hammonar-
Hata OuOnnorexka Ha Mrtamus, KOSTO M3II0JI3Ba
OakTepuute” Pseudomonas” 3a mouwncTBaHEe Ha
CPEIHOBEKOBHU PBHKOIMKCH, 3aMbPCEHH C IJICCEHH
0e3 yBpexXiaHe Ha OPUTMHATIHUTE PhKONUCH. W3-
CJIEIBAaHUSl U aHAIU3W B YHUBEPCHTETHT B bo-
JIOHS 3a TpuioxkeHHe Ha rroute “Trichoderma”
3a IOYNCTBAaHE Ha KHUTH OT 18-TH BEK, 3aMbpPCEHU
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CBC CTapu JiClinja U MaCTujia, IMOKa3BaT 3HaA4Yu-
TCIIHO HOZ[OGpeHI/Ie B CBCTOAHHUECTO Ha KHHUI'HMTC
oe3 BPEAHU OCTATHhLU OT NOYUCTBALIUTEC arcHTU.
[4.5]

HN3non3Bane HA YCTOHMYUBHM U €KOJIOTHYHH
OmopasrpaguMy MaTepHaJy 3a KOHCepBalus U
pecTaBpanust

B cpBpeMeHHaTa NpakTHKa IO ONa3BaHE Ha
MUCMEHM KYJITYpHHU LIEHHOCTU HapacTBa MHTepe-
CbT KbM YCTOHYMBH M EKOJOTUYHO CHOOpa3HH
MaTepHaId, KOUTO CBHIIEBPEMEHHO Jna Obaar
e(eKTHBHU B ABJITOCPOYHATA 3alllUTa HA JOKY-
MeHTuTe. ENnH OT Hali-o0elaBamure moAX0au B
Ta3u [I0COKA € M3IOJI3BAaHETO Ha OHopasrpaiumu
MaTEepHay B MPOLIECUTE HA KOHCEPBALWs U pec-
taBpanus. OCHOBHHUTE BHIOBE OHMOpa3rpajuMH
MaTEepHaNH:

Xudpoeenose u nHanozenoge, KOUTO ce U3MOM3-
BaT ce 3a NOYMCTBAaHE Ha MOBbPXHOCTHHUTE 3aMbp-
CSIBAHMS BBPXY JOKYMEHTHTE, 0€3 HE0OXOJUMOCT
OoT arpecuBHH pa3TBoputTenn. OOHKHOBEHO ce
ch37aBaT Ha 06a3ara Ha MoJIM3axapyu, HapuMep
arap.

buopazepaoumu noxpumus , 4ecto 6a3upaHu
Ha XHUTO3aH, IENYJIO3HU eCTepH, IEKTHH. bruopas-
rpaJuMHUTE TOKPUTHUS  3alllUTaBaT MHUCMEHUTE
meHHocTy OoT Biara, UV-Tp4d U OHMOJOTMYHH
aTakW.

Buopasepaoumu nenuna, 0T pacTUTEIEH MPO-
W3XO0/I, HApUMep HUIIECTE , IOAXO AN 3a pH-
JaraHe B KOHCEPBallMOHHO/PECTaBPAllMOHHUTE
JICYEHUs, 3al]0TO HE CE BbBEXKJAT TOKCHYHU Be-
IIECTBA B CTPYKTypaTa Ha JIOKyMEHTHUTE.

Quamu Ha OCHO6AMA HA NOMUMIEYHA Kuce-
JIuHa, N3TI0JI3BAHM 3a PECTaBpals 4pe3 JIAMUHU-
paHe cC BHCOKa MPO3PavyHOCT U OE30MacHOCT 3a
OKOJIHATA CpeJa.

Exonoruunure 6nopasrpagiMyu MaTepHaIn 3a
KOHCEpBallMs M pecTaBpalus Ha MHCMEHHU IeH-
HOCTH HMMAaT peauia MpeJuMcTBa: Oe3omacHH,
KaKTO 3a peCTaBpHpaHus 00eKT, TaKa 1 32 KOHCEp-
BaTOP/pECTaBpaTOpUTE, 3alIOTO HE TeHepHpar
TOKCHUYHHU OCTaThLIM WU U3MIaPEHUS; PEBEPCUBHHI
ca, T.€. JIECHO C€ OTCTpaHsBaT IPH HEOOXOUMOCT
IIpY MOBTOPHO KOHCEPBALIMOHHO JIEYEHHE, a TOBA
€ B YHHCOH C €IUH OT OCHOBHHTE MPHUHIUIHN Ha
pecTaBpanusiTa ¥ ca ChBMECTHMH C M3UCKBAHUATA
3a ABITOCPOYHO apXMBHO ChXpaHEHHE Ha JIOKY-
MEHTHTE.



JAHK ananu3s 3a ugeHTuduKanmus B KOHCepP-
BallMATA M pecTaBPalMATA HA NMHUCMEHO Hac-
JIeACTBO

JHK ananu3bT npejiara HHOBaTUBEH MOIXO0A
3a nAeHTH(UKANKA Ha MaTepUaInTe, H3IOI3BaHI
B CB3JaBaHETO HAa MHCMEHOTO HACJIeICTBO.[6]
Ta3u TexHUKa M03BOJIsABA pa3lo3HaBaHe Ha BUO-
BETE PACTEHUS W >KMBOTHH, OT KOWTO Ca W3BIie-
YeHH BJIAKHATA 32 MaTepUAITHUA HOCHUTEN Ha WH-
¢dopmanmst U mactunara. Upes naeHTHQHUKALUSL
Ha OpraHWYHUsS MPOU3XOJ] HAa TE3W MaTepHalH,
KOHCEpBaTOp/pecTaBpaTOPUTE MOTaT I0-700pe
Jla aHAIM3UpaT U KOHCEPBUPAT MHUCMEHOTO KYJI-
TYpHO HAcJIEACTBO. 3HAHUETO 3a ChCTAaBa Ha Xap-
THATA, IEpraMeHTa 1 MacTHjiaTa roMara Ha cIie-
[MUATACTUTE Ja W30epaT MOAXOMAIIN METOIU 3a
KOHCepBallys, KOUTO MUHUMHM3HPAT PUCKa OT yB-
pekIaHe Ha OpHUTHHANIUTE. XapTHsATa YecTo €
MpOW3Be/IeHa OT Pa3IUYHU BHOBE pacTEHHUS,
KaTo JieH, KOHOM, maMyK win aspBecuna. JJHK
aHaATM3bT MOXKE J]a UJICHTU(UIMPA TOYHUTE pac-
TUTEITHU BIIAKHA, KOETO MPEAOCTaBs WHGOPMAITHS
3a reorpad)CKusi IPOU3X0J] U UCTOPUIECKHUS KOH-
TEKCT Ha nokyMeHTa.[7] JKUBOTHHCKU MPOTEHHU
KaTO KOXKaTa Ha TeJeTa, OBIIE WIH KO3H, YECTO Ce
W3M0J3BAaT 3a NpOoU3BOACTBO Ha neprameHT. JJHK
aHAIM3bT TIO3BOJISIBA JIa CE OINpeneidd TOYHHUST
JKUBOTHHCKU BUJ, U3MOJI3BaH 32 Ch3/1aBaHETO Ha
nepraMeHTa KaTo MaTephalieH HOCHTENI Ha WH-
dopmarus. 8] Mactunara, U3M0JI3BaHH B JPESBHU
pBKOMUCH, Morat Jia ObIaT IPOU3BEJCHN OT pas-
JUYHA OPTaHWYHA W3TOYHHIIN, BKIFOYUTEITHO
PACTHTEIHH €KCTPAKTH U )KUBOTHHCKH TIPOIYKTH.
u 0e3 TreHeprpaHe Ha TOKCHYHHU oTHaxbIm. I1po-
1eC Ha MpWiIaraHe Ha OakTepuu, r'bOW WIN €H-
3UMH, KOUTO CEJIEKTHUBHO pa3rpakiaT 3aMbpCH-
Tenu (KaTo Jenusa, MieceH!, Ma3HIHH WA OCTa-
THIM OT MacTHja) OT MOBBPXHOCTTa HA apXUBHU
MaTepualH, KaTo 3ama3BaT TAXHATa CTPYKTYpHA U
HCTOpHYECKa IsTocT. bruopemenuamusita e KoH-
cepBaliOHHA MPaKTHKa, 0a3upaHa Ha OMOTEXHO-
JIOTUH, KOSTO ChUYeTaBa HAYYHH W EKOJOTHYHHU
MIPUHLIMI C 1eJT 0e30MaCHOTO OMNa3BaHe Ha ys3-
BUMH KyINTYpHU OOEKTH, OCOOCHO TMpHU HaIU4IHE
Ha OpraHWYHU OUOJIOTMYHM aTaKH.

JHK ananu3spT Moke 1a pa3kpue Te3U U3TOU-
HUIIM, KOETO 1ToMara 3a pa30oupaHeTo Ha TEXHOJIO-
TUUTE W MaTepHaINTe, U3I0JI3BaHH B MUHAJIOTO.
[9] AHK ananu3bT npemoctass u LieHHA HHDOP-
MaIus 3a ThPrOBCKATE MapIIPYyTH, TEXHOJIOTHUTE
M KyJITypHUTE B3aUMOJCHCTBHS TMpe3 Pa3InIHH
UCTOPUYECKH NEPUOJIH.

JHK ananu3bT ce yTBBpXKIaBa KaTO MOUIEH
WHCTPYMEHT B 00J1acTTa Ha KOHCEepBaIusITa 1 pec-
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TaBpanusATa Ha MUCMEHO HACNeACTBO. Upes pask-
puBaHe Ha OMOJOTMYHMS MPOU3XO0] HA MaTepua-
JWTEe, W3MOJ3BAHM B JAPEBHHU IOKYMEHTH, Ta3H
TEXHHUKa MPEeJOCTaBs IEeHHA WH(POPMAaLUs, KOSTO
MOJIIOMara He caMo (U3MYECKOTO ChXpaHEHHE,
HO M MCTOPHYECKOTO pa3dupaHe Ha IMHCMEHOTO
Hacnenctro. [10]

Buopemennanuss B KoHcepBaUMsTa U pec-
TaBpalUsATa HA MHCMEHO HacjaeAcTBO buope-
MeAHanysTa € Mmpolec, NPy KOHTO ce U3MOoN3BaT
KUBH OPTaHU3MH — IPEIUMHO MHUKPOOPTaHU3MH
WM TEXHU CH3WMH — 3a HeyTpalnu3upaHe, pasr-
pakJaHe WM OTCTpaHsBaHE HA BPEIHU BEIIECTBA
U 3aMBPCUTENH OT Pa3IMYHU MOBBPXHOCTH HIIH
cpenu, BKIFOUYUTEIHO KyATypHH 00CKTH KaTo J10-
KyMEHTH, PBKOIINCH M apxXuBH. buopemenunaru-
sATa B KOHCEpBalUATa U peCTaBpaludaTa Ha NHUC-
MEHHU KyJITYpHH HEHHOCTH MPEACTABIISIBA MIPUIIO-
JKEHHUE Ha CTIeNU(UIHA MUKPOOHUOJIOTHYHU U €H-
3UMHHU arc¢HTU 3a IpPEMaxBaHC HAa OpraHWYHH U
HEOPraHWYHH 3aMBbPCUTENH, 0e3 J1a ce yBpeKaatT
OpUTHHAJHHUTE HOCUTENW Ha mHpopMarms (xap-
THS, TIEPTaMeHT, MacTuna). buopemenuanusra e
C€KOJIOTUYHO YCTOI\/'I‘II/IBa AJITCpHATMBA HAa XHUMHU-
geckaTa KOHCEpBAIMs, Ype3 KOSTO C€ OCHIIECT-
BsBa MOYMCTBAaHE M CTAOWIN3UpaHE HA JOKY-
MEHTHU C MHUHUMAaAJIHO BB3I[CI71CTBI/I€ BBPXY OKOJI-
HaTa cpesa U 0e3 reHeprpaHe Ha TOKCHYHH OTIa-
merm. [poriec Ha mpunarane Ha 6akTepuu, T'bOU
WIN CH3UMH, KOUTO CEJICKTUBHO Pa3rpa)<iaT 3a-
MBPCUTCIIN (KaTO Jieniiiia, miIC€CCHU, Ma3HUHH HUJIN
OCTAaThIM OT MAacCTHWJIa) OT MOBBPXHOCTTA Ha ap-
XHMBHH MaTepHajH, KaTo 3ara3Bar TSIXHATa CTPYK-
TypHa ¥ HCTOpUYEcKa IsUT0CT. buopemenuanusira
€ KOHCepBaIlMOHHA MPaKTHKa, Oa3upaHa Ha OHO-
TEXHOJIOTHH, KOSITO ChueTaBa HAYyYHH M EKOJIO-
TUYHU TPUHIIMITY C €)1 0€301IaCHOTO Ola3BaHe Ha
VSI3BUMH KYJITYPHH OOEKTH, 0COOCHO MpU HaJu-
YKe Ha OPraHuYHH OMOJIOTUYHY aTaku. Ta3u Tex-
HHUKa € 4aCT OT €KOJOTUYHHUTC HAYKHW W HaMHpa
IMMPUJIIOKCHUE B KOHCEpBAllMATa Ha MNHUCMEHOTO
HACJIEJCTBO, ThH KaTO OCHIYpsSBa E€KOJOTUYHO
YHUCTH U e()eKTHBHU METOIH 33 TIOYNCTBAHE U 3a-
HIMTa HA UCTOpHYECKHUTE apTedakTH. MHOTo uc-
TOPUYECKH JOKYMEHTH M KHUTH CTpajar oT 3a-
MBPCSIBaHE C IJIECEHH U I'bOMYKH, KOUTO MOTaT Aa
paspymar IIepramMeHTa, XapTusiTa W MacTH-
nata.[11] buopemenuarusata U3Moia3Ba MEKPOOP-
TaHW3MH, KOUTO AUPEKTHO pasrpakaar Te3H Bpe-
nutend, 0e3 Jla yBpeXIaT CaMuTe JOKYMEHTH,
ChbIIO TaKa M3II0JI3Ba U HAKOU MUKPOOpPTaHU3MHU,
KOHTO /1a HEYTPaIU3UpaT KUCEIUHHOCTTa, IPUYIH-
HEHa OT CTapeeHe WM 3aMbpCsABaHe, KOETO Mpe-
ma3Ba XapTUCHUTE JOKYMCHTH OT IMO-HATATHIIHO



pasziarane u KpexkocT. Hakou ucropuyecku J0-
KYMCHTH Ca HalMCaHW C MAaCTHJIA, ChIbpPIKAIIH
TOKCUYHH METAJIH KaTo XHUBaK U 0JI0BO. bropeme-
IUanusaTa TMpuiara CrneluuYHd MHUKpPOOpra-
HU3MH, KOUTO MOTAT Ja MeTaboJIM3UPaT U HEeyT-
paM3upaT TE3W BEIIeCTBA, HAMAISIBAUKUA pUCKA
3a 3/IpaBETO Ha XOpaTa U oKoiHaTa cpea. [12] 3a
pasiuka OT XUMHYECKHUTE TOYMCTBAIM arcHTH,
KOUTO MOTar Jia ObJ]aT arpeCUBHU U BPETHHU, MHK-
pOOPraHU3MHUTE Ca EeCTECTBEHM W Ouopasrpa-
UMM, KOETO TY TIpaBU OC30IMMaCHU 32 U3IOJI3BaHE
BBPXY JICIMKATHH ¥ UCTOPUYCCKH 3HAYMMHU OpPH-
THUHAJY.

Buopemenunanusara mnpeacTaBisBa oOemaBall
MOJTXO0JT 32 €KOJIOTUYHO ITOYUCTBAHE U ITOIIPHKKA
Ha uctopudeckute apredaxra. Mysen n 6ubiro-
TEKH 110 CBETa 3al04Bar Jia priarat OuopemMeiu-
alyATa 3a MOIPHIKKA HA CBOUTE KOJICKITUH, KATO
CBIIEBPEMEHHO MUHUMH3HPAT YIIOTpeOaTa Ha XH-
Mukainy. Upe3 M3MON3BaHETO Ha crHerupuuHU
MHUKpPOOPTraHU3MHU 3a IpeMaxBaHe Ha 3aMbpPCH-
TENW ¥ TOKCUYHHU BEHIECTBA, TO3H METOJ Mpe.l-
jara e(eKTHBHO M 0€30TacHO PellieHUE 3a 3amas3-
BaHE Ha IIMCMEHOTO HACJICJICTBO 3a OBJICIIUTE 110~
koneHus. [13]

3akiIouyenue

BuotexHomoruute Tpeaygarar  eKOJOTUYHO
YHCTH, HpeHI/I3HI/I U NHOBAaTHUBHHU peHleHI/IH 3a pec-
TaBPAIMATA ¥ KOHCEPBAIHMITA HA THCMEHOTO Hac-
nencTBo. Te mpenocTaBsIT Bh3MOXKHOCTH 3a JIeHU-
KAaTHO TOYHMCTBAaHE W KOHCEpBAIUs HA ICHHU W
erXKI/I }IOKyMeHTH, KaTo C’LIlIeBpeMeHHO MHUHHN-
MU3UPAT Bb3ACUCTBUETO BEPXY OKOJTHATA Cpe/ia 1
3PaBETO HA XOpaTa, KOUTO padoTaT ¢ TiIx. bro-
TEXHOJIOTHUUTC OTBapHT HOBU BB3MOKHOCTH 34 U3-
Clle/IBaHE M ChXpaHEHHE Ha MUCMEHOTO HACIEC-
TBO, KaTo ChHIIEBPEMEHHO MpeiaraT HOBU Me-
TOJM U MOAX0aU. B Obuelle, pa3BUTHETO U NIPH-
JIaraHETO Ha HOBH OMOTEXHOJOTMYHU METOMH I
MPOABLIDKK Jia pa3IlupsBa Bb3MOXKHOCTHTE 32
CbXpaHCHHE W OMNAa3BaHE HA MHUCMEHO KYJITYPHO
HacyecTBO. IIpeauMcTBaTta Ha OMOTEXHOIOTHY-
HUS TIOAXOJ] CIPSIMO TPATUIIMOHHATE XUMHUYCCKH
WHTEPBEHIINU: €KOJIOTHYHO Oe30rmaceH u Ouopas-
rpajinM, MOJIXOMSII 32 JOKYMEHTH C BUCOKA KYJI-
TypHa CTOMHOCT M UYBCTBUTEJIHA CTPYKTYpa.
Moxe fa Obae MPEIM3HO HACOYCH KBbM CIICIH-
(PMIHM 3aMBPCUTENH 1 JIECHO J]a C€ KOMOMHHMpA C
JUTUTAJIHU U aHAJIMTUYHU MCETOAMW 3a AUArHOC-
THKA.

Bwienure TEHACHIIMK ca CBBP3aHHU C paspa-
OOTBaHETO Ha HOBH CH3MMHU M OHWOIpenaparH,
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alanTHpaHH KbM CICHU(HUYHUTE BHUIOBE JOKY-
MEHTH, UHTETPUPAHE C TUTUTATHUTE TEXHOJIOTHU
32 MOHHTOPHHT ¥ aHAJIU3, U ME)KTyHAPOTHH TUIaT-
¢dopmu 3a 0OMEH Ha 3HAHHUA ¥ JOOPU MPAKTHKH.
BuoTexHonoruuTe npesaraT HOB XOPH30HT
3a YCTOMYMBO U IMIAIAIIO Olla3BaHe Ha TUCMEHOTO
KyJATypHO HacjeACTBO. Te chyeraBaT BHCOKA
e(eKTHBHOCT C €KOJIOTUYHA OTTOBOPHOCT U OTTO-
BapsIT Ha ChBPEMEHHUTE U3HCKBAHUS 32 KYJITYPHO
Ola3BaHe B KOHTEKCTA HA YCTOMYMBOTO pPa3BUTHE.
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AHAJIN3 HA ®YHKIIMUOHAJIHATA EGEKTUBHOCT I1PU TBPCEHE HA HH®OPMA-
IS B MHTEPHET - U3KYCTBEH UHTEJIEKT CPEIILY TPAJMIIMOHHHU THhPCEIIIU
CUCTEMHU

Kusko IletiueB

ANALYSIS OF FUNCTIONAL EFFICIENCY IN INTERNET INFORMATION RETRIEVAL
— ARTIFICIAL INTELLIGENCE VS. TRADITIONAL SEARCH SYSTEMS

Zhivko Peychev

ABSTRACT: Introduction: The Internet has established itself as a primary tool for information retrieval,
communication, and business. Search engines provide access to vast amounts of content through algorithms that
index and rank results based on keywords. Despite their effectiveness, artificial intelligence (A1) has made rapid
advancements in recent years, significantly transforming the way information is accessed. Al not only
complements search engines but also offers innovative solutions such as chatbots, personalized recommendation
systems, and natural language processors. These technologies enable more accurate, personalized, and efficient
searches, while also introducing new modes of user interaction. This paper presents a comparative analysis of
the advantages Al holds over traditional search engines in terms of accuracy, personalization, efficiency, and
enhanced information handling. AIM: The aim of this study is to analyze the functional efficiency of information
retrieval on the internet using artificial intelligence in comparison to traditional search systems. Methods: A
comparative analysis method has been applied between artificial intelligence and traditional search engines
based on various effectiveness criteria. Results: Artificial intelligence offers significant advantages over
traditional search engines by providing personalized results, improved accuracy, and faster delivery of relevant
information. Al systems can analyze the context of user queries and provide more precise and efficient solutions,
while adapting to the changing needs of users. Conclusion: Artificial intelligence introduces new opportunities
in internet search by significantly enhancing the accuracy and efficiency of results. AI has the potential to
completely transform the way we interact with online information by enabling personalized and dynamic real-
time searches.

Keywords: artificial intelligence, search engines, personalized search, natural language processing, internet
search.

BnBenenne rpeJiara HOBM, MHOBAaTUBHU HAYMHU 33 B3aWMO-
JeiictBue ¢ nHpopMmanusaTa. TeXHOJIOTHHUTE, OC-
WHTepHET ce € yTBBPIMI KaTO OCHOBEH MHCT-  HOoBaHW Ha MU (Hanpumep yaT-00TOBE), IEPCOHA-
PYMEHT 3a ThpPCEHE U HAMHUpaHe Ha HH(pOpMAaNWs,  JIM3UPAHU NPEMOPHUUTEIIHA CUCTEMH H €CTEeCT-
KOMyHHKanus 1 0u3Hec. OCHOBHM MEXaHM3MH 32  BEHH €3WKOBH TIPOIECOpH, Mpeayiarat 3Hadd-
HaMUpaHe Ha MH(OpPMAIKs B MpeXaTa ca ThpCe-  TEJIHH MPEIUMCTBA IIPE]] TPAIUIUMOHHUTE METOTU
mre Mamman(TM) kato Google, Bing, Yahoou  Ha Thpcene [2], [3], [9].
MHoro npyru [10], [11]. Te npegocTaBst Ha IOT- B macTosuuAaT Tpya 1ie pasriename Kak H3-
pebuTtennuTe MOYTH HEOTPAHWYEH pPecypc OT MH-  KYCTBEHMAT MHTENIEKT C€ pa3jindaBa W Mpejasiara
(dopmanus o BCIKaKBH TEMH, KaTo Ce M3MOJI3BaT  mpeanMmcTBa npen TM B MHTEpHET, KaTo ce (oKy-
QITOPUTMHU 32 UHAECKCUPAHE HA ChIbPKAHUETO U CHUpaMe€ BBPXY OCHOBHUTE MPEIUMCTBA, KOUTO
KJIacUpaHe Ha pe3yJITaTUTE CIOpea 3aJaJeHd  TOH MpeAdoCTaBs: MEPCOHATU3ALMs, TOUYHOCT Ha
kitouoBH tymu [ 1], [4],[8]. Berpekn Bb3MOXKHOC-  pe3ynTaTHTe, epukacHOCT B 00paboTkaTa Ha WH-
TUTE, KOUTO UMAT, Mpe3 MOCICTHUTE TOIUHU ce  (opMaIys U OTSHIIHAI 32 HOBU BE3MOXHOCTH 32
HaOmo1aBa Obp30 pa3BuTHE HA M3KyCTBEHHS HH-  B3aUMOJICHCTBHE C TIOTPEOUTEIIS.
tenekT (M), koiiTo mpoMeHs paguKaTHO HadH-
HUTE Ha 00paboTKa M ThpceHe Ha MH(OpMAIHs
[5], [6], [7].Toit He camo nmombiBa TM, HO u
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Ilepconanu3anus Ha TbPCEHETO

EnHo 0T OCHOBHHUTE NPEIMMCTBA HA U3KYCTBE-
HUS UHTEJNEKT CTpsMO TpaauunonHute TM e He-
ropara CIIOCOOHOCT 3a MEPCOHAIM3UPAHE Ha pe-
3yJATaTUTE OT ThpceHeTo. I1o To3u HauMH ce moc-
THUra aJalNTUPAHE Ha PE3YJITaTUTE OT ThPCEHETO
CIIOpEe.l HYKAUTE, MPEATOYUTAHUSITA U TIOBEICHU-
€TO Ha MOTPEOUTENUTEe B WHTEPHET W MOCTUTAHE
Ha 1Mo-e(DeKTHBHO MPEIOCTABSIHE Ha ChABPKAHHE.
ToBa e KJIIF0UOB KOMIIOHEHT 3a ONTHUMH3UPAHE HA
npeOMBaBaHETO HA MOTPEOUTENS B MHTEPHET U
MOCTUTaHE Ha MO-€()eKTHBHO IPEIOCTaBsIHE Ha
ceabpxkanue. Ilpu cranpapraure TM pesyinra-
TUTE ce 0a3upaT Ha aAJITOPUTMHU 3a KIIJaCUpaHe, KO-
WTO W3IOJI3BAT KitouoBH AyMud U SEO TeXHHKH,
MU mMoxe na pasriieia MHOTO MO-TOJIIMO KOJIHU-
4eCTBO (paKTOPH 3a MHICKCHpaHE Ha WHQOpMa-
rust. Te3un dakTopy BKITIOYBAT MPEATIOYATAHUSITA
Ha TMOTPeOUTENsI, HEroBaTa UCTOPUS HAa ThPCEHE,
KOHTEKCTa Ha 3alUTBAHETO U JIOPH MOBEJCHUE B
COITHATHUTE MEJTUH.

Cucremu kato Google Assistant wimu gaT-60-
ToBe, O0asupanu Ha MU, morar na aHaiuzupar
MOTPEOUTEIICKUS KOHTEKCT U Ja MPEIIoKaT UH-
dopMarus, KOSTO € 3HAYUTEINHO TMO-MOIXO 1A
3a MHAWBHIYaJTHUTE HYXIH Ha moTpeduTtens [3],

[5].

MU cpemy TM, cniopea kpurepuu 3a edex-
THBHOCT

Nzkyctenust untenekt (M) npemnara 3Ha-
YUTEIHU OPEAUMCTBA Mpe]l TPAAULHUOHHUTE Thp-
cauku (TM) B pa3nu4HM acnekTH Ha e(eKTHB-
HocTTa. Jlokaro TM u3mos3BaT KJIFOUYOBH JIyMU 32
KjacupaHe Ha pesyirature, UM ce Oaszupa Ha
IBJIOOKOTO YUEHE UM aHaJIM3a Ha KOHTEKCTa, OCH-
T'ypsIBaliK IMO-TOYHH U PEIIEBAHTHU PE3YJTATH.

W3KyCTBEHUST HUHTENEKT 3HAYUTENHO MPO-
MEHHU HaUYUHUTE, [0 KOUTO MOTPEOUTENIS B3aUMO-
neiicTBa ¢ uH(OpMaNMATa B UHTEPHET, Npeia-
railku OpeauMcTBa, HaAMUHABAIY TE3U Ha Tpa-
TUIMOHHUTE Thpcemu MamuHu. M nogoOpsiea
TOYHOCTTa, )EKTUBHOCTTA U MEPCOHAN3AIIMATA
Ha THPCEHETO, KaTO M3BEXJa ChOOpa3eHH C KOH-
TEKCTa AUHAMUYHHU pPE3yNTaTu. TeXHOJOruure
KaTo 00paboTKa Ha €CTECTBEH €3HK, aJalITHBHOCT
B PEATHO BPEME W MYJITUMOJAIHO CHIbPKAHUE
MPEAOCTABIT HECPABHUMU Bb3MOXKHOCTH 3a Mep-
COHAIM3UPAHO W WHTEIMIEHTHO ThpceHe. B Ob-
JIele ce MPeaBIDKIA IM0-3abJI00UYCHa WHTETPa-
LMs Ha U3KYCTBEHUS UHTEJIEKT, KaTO 10 TO3U Ha-
YYH 1€ C€ CTUMYINPA Pa3BUTUETO HA HOBU pellie-
HUS | IIe C€ TIPEOI0NICAT OTpaHuICHUATa Ha Tpa-
JMATTMOHHOTO ThPCEHE B MHTEPHET.
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IlepcnexkTnBN 3a ObJELIOTO Pa3BMTHE Ha
HU3KYCTBEHHSI MHTEJEKT U HeroBUTE Bb3MOK-
HOCTH 32 NPHJIOKEHUE

N3KyCTBEHUST MHTEJIEKT € BCE OLIE B IIPOLEC
Ha pa3BUTHE, U OBAEIIETO My B KOHTEKCTa Ha UH-
TEpHET ThPCEHETO M3riexaa obemasamo. Upes
MHTErpalysiTa Ha HOBM TEXHOJIOTUM KaTO KBaH-
TOBH HW3YHCJICHUS, TO-IO0pH MOIenu 3a obpa-
0OTKa HA €CTECTBEHH €3HLIU U yChBBPIICHCTBAHU
aJrOpUTMHU 3a MalIMHHO yueHe, MU me moxe na
U3BBPLIBA BCE MO-CIOKHU aHAIN3U U J1a IPEAoC-
TaBsl PELICHUS 332 BCE MO-LIMPOK KPBI' OT MpoO-
JIEMH.

Bob3mokHoctTa 3a uaTerpanus Ha Ul B TM u
JpyTy UHTEpPHET I1aTOpMU O3HAYaBa, Y€ MHOTO
OT TIPOLIECUTE, KOUTO JHEC M3IJIEeKAAT TPYAHU U
M3UCKBAT 3HAYUTEIHO BPEME IlI€ MOTaT Jia Ce U3-
I'BJIHBAT aBTOMATUYHO U B PEaliHO BpEMe.

CpaBHEHO C TpaIWIMOHHUTE THPCEIIH CHUC-
TEMH, KOUTO Pa3unuTaT OCHOBHO Ha aJlTOPUTMH 32
MHJEKCUpaHe Ha ye0 CTpaHUIM Bb3 OCHOBA Ha
KITIOYOBH yMHU M ME€Ta JaHHH, U3KyCTBEHHUAT WH-
TEJIEKT Tpeajara 3HaYuTeIHO TO-ABJIOOK U KOH-
TeKcTyajeH noaxon. Al cucreMure pa3no3HaBat
HaMEpeHUsATa Ha MOTPEOUTENNUTE U MPEIOCTaBSIT
MepCOHAIN3UPAHH PE3yNTaTH, KOUTO ca B CHOT-
BETCTBHE C TSAXHATAa WHIUBHIyaTHa MCTOPHS Ha
ThpPCEHE, NPEANOYUTAHUS U AOPU TEKYILO MECTO-
nojnoxkeHue. [lo Tozu naunn MM nocrura no-u-
COKa TOYHOCT M PEJIEBAaHTHOCT Ha IpeocTaBe-
HaTa WH(pOpMAIUs, KOETO € 0COOCHO IOJIE3HO 3a
NOTPEOUTENH, THPCEUIM IO-KOMIUIEKCHH WM
MHOTO3HAYHU BBIIPOCH, KOUTO TPaJUIIMOHHUTE
ThPCaYKH He MoraT a 06paboTaT epexturHO. U
MOJKE J]a OITUMU3HPA THPCEHETO Ype3 00padoTka
Ha ectecTBeH e3uK (NLP), koeTo My mo3BosisiBa ga
"pa3dupa" 1mo-100pe KOHTEKCTa W HIOAHCUTE Ha
BBIPOCUTE, IOCTABEHU OT noTpeduTenure. Tosa
MPeOoCTaBsT BB3MOXKHOCT 32 H3KIIOYUTEITHO
TOYHH U cHIeNU(UIHU OTTOBOPH, KOUTO TPaHIIU-
OHHHUTE THPCAYKH HE MOT'aT J1a OCUTYPSIT.

Men

IlenTa Ha HACTOSIIIOTO HM3CJICIBAHE € JIa H3C-
JienBa M CpaBHU (PyHKIIMOHATHATa €(PeKTHBHOCT
Ha TBPCEHETO Ha WH(OPMAIUS B MHTEPHET, W3-
MOJI3BAKY M3KYCTBEH MHTEJEKT, CIPSIMO Tpaau-
LHUOHHUTE THhPCEIIN CUCTEMHU.

MeTtoamn

W3non3Ban € MeTOJ Ha CpaBHUTEJIEH aHAIU3
MEXy W3KYCTBEH MHTENEKT U TPAJUIMOHHUTE
ThPCEUIN MAIIMHU TI0 Pa3NuYHH KPUTEPUHU 3a
e(eKTUBHOCT. AHaNM3WpaHW ca pa3nuyusITa B



nojxoautre Ha UM u TM kbM ThpCEHETO HA WH-
(hopmarus, KaTo pasrieaHn acTeKTUTE TOYHOCT,
eUKacHOCT, aIalTUBHOCT, 00paboTKa Ha ecTec-
TBEH €3UK U MYJITUMOJAIHA BE3MOKHOCTH.

PesyaraTn

Pesynratute oT npoBeI€HOTO U3CIEABAHE I10-
Ka3BarT, 4e U3IM0JI3BAHETO HA U3KYCTBEH NHTEJIEKT
IpU TbpceHe Ha uHpopMamusa uMa penuna

MpEeIUMCTBA TIpel U3BIMYHAHETO HAa HH(POpPMIIa-
LU OT TPAAUIIMOHHUTE THPCEIIN MAIIUHH 110 OT-
HOIIIEHUE Ha €()eKTUBHOCT U MEPCOHATH3AIIHSL.

[MomyueHUTE TaHHU OT CPABHUTCITHUAT aHAIIN3
MEXy METOMTE 3a IEpCOHATU3UpaHe Ha HHPOP-
MAI[MOHHO THPCEHE B MHTEPHET 4pe3 TPaaulld-
OHHH THPCEIIU MAIIIMHU U aJrOPUTMH, Oa3upaHu
Ha M3KYCTBEH MHTEIEKT ca MpejcTtaBeHu B Tao-
jmma 1.

Ta6auna 1. Meronu 3a nepcoHaIm3upaHe Ha ThpceHeTo Ha HH(popmars B nHTepHeT ipu W u Thpcenu

MalllnHH.

MeTton

XapakTepucTuka

O6paboTka Ha ec-
TECTBEH €3HK
NLP(Natural
Language
Processing)

WU, uznon3Baiiku TeXHUKH 32 00pabOTKa Ha €CTECTBEHUAT €3UK, pa3dupa KOHTEKCTa Ha 3asBKaTa Ha
notpeburens. Ilo To3u HaYMH MO3BOJIABA HAa ThpcaykaTa Jja HHTEPIPETHpPA HE CAMO KIIFOUOBH JTyMH,
HO ¥ HaMepeHusTa 3aj Tax [1],[9].

Hcropust Ha TBp-
CeHUsITa U TIOBE-
JCHHE Ha TI0Tpe-
ourens

TepcenuTe MAIIMHA U AUTUTATHUTE IUIAT(HOPMU CIIESIT HCTOPHUSITA Ha THPCEHHUATA M AKTHBHOCTTA Ha
HOTpeOUTENNTE, 3a Aa MOTaT Ja aJaNTUpaT Pe3yNTaTUTe CHOpel WHINBUAYATHUTE MPEANOYNTAHHS,.
AKO MOTPEOUTETAT YECTO THPCH HOBHHH 3a ONPEAENEHN CHOPTHU chOMTHs mm Temu, U me nox-
pexra pe3yaTaTuTe 1o HauWH, KOWTO OTroBaps Ha T€3U HHTEPECH.

[IpenmnounTtanus
U podunmpane

Koraro motpeburens Biau3a B cBost npodun (Hanpumep B Google, Facebook mmu npyru miatdopmn),
WU u3nomn3Ba JaHHU KaToO Bb3PAcT, MECTONOJIOKEHHE, COLMATHY HHTEPECH U MOBEICHNE, 3a Ja Ipe-
JIOCTaBU HO-IIEPCOHATH3UPAHU PE3YITATH.

IIpenckazanus u
MIPETIOPBKU

VI moxke 1a mpaBH NPOTHO3H 32 TOBA, KOETO MOTPEOUTEIS 1IIe MCKa JIa ThPCH OILE NPEAHU Ja € BbBEI
cBosdATa 3asBKa. B mmardopmure kato YouTube, Amazon u Netflix, kouto usnomsar U e 3anoxen
TaKbB aJITOPUTHM 32 IIPENOPBKHU, KaTo M0 TO3M HAUMH Ipejyiara Ha ,,KIIMEeHTa  HOBO ChIbpKaHUe, KO-
€TO MOXKe Jia ObJic HHTEPECHO 3a HEro.

JluHamu4Hu  pe-
3yNTaTH W ajai-
Tanus

MU morxe ta akTyaau3upa U MPOMEHS PE3yJITATUTE Ha THPCEHETO B PEATTHO BpEeMe, KaTo TH alanTupa
B 3aBUCHMOCT OT KOHTEKCTa MJIH HOBOIIOCTBIIBAIIM AaHHU. HanprMep, ako cTe ThPCHIH HHPOPMAILHS
3a HOBHHHUTE B 00J1aCTTa HA TEXHOJOTHHTE, ThPCcauKaTa MOXeE Ja MOJPEeI HOBUHUTE Bh3 OCHOBA Ha
MOCIIEAHUTE aKTyaInu3auu [5].

Usnon3sane Ha
BU3YaJHO ChIbBp-
JKaHue

CoiectByBat MU anroputMu, KOUTO MOraT ja pa3lo3HaBaT U aHAIM3UpaT N300paxeHus WM BUIECO
ChIBpPIKAHKE, 3a J1a IPEJIOCTABIT M0-e()EKTUBHU pe3yaTaTy [2].

KonTekcryanno
OCBEJIOMSIBAaHE

VI moxke /1a aHAIM3Upa BPEMETO Ha ThPCEHE, KOHTEKCTa (HalpuMep JalH TOTPEOUTENAT € B ABIIKE-
HUE WK BKBIIN) U APYTH GAKTOPH, 32 ]a OCUTYPH Hail-peNieBaHTHHUTE PE3yNTaTH. AKO IIOTPEOUTETAT
€ Ha BT U THPCH WHPOpMAIHs 3a OJM3KH OOCKTH WJIH YCITYTH, pe3yATaTHTe mie OBbAaT afanTupaHu
KBbM MecTonojoxenuero my [10].

Unrepdeiicu ¢
IJJaCOBH  acuc-
TEHTH

C pa3BUTHETO Ha INIACOBH acucTeHTH Kato Siri, Alexa u Google Assistant u rmacoBu komanau, U
CTaBa OIIIE MMO-MPEIM3CH MPH MePCOHANTN3UPAHE Ha ThpceHeTo Ha HHpopManus. Te3u TEXHOIOTHH MO-
rar Jja pa3no3HaBaT ECTECTBEHU U3Pa3u Ha MOTPEOUTEIs U [1a PEIOCTABAT OTTOBOPH, KOUTO ce Oa3u-
par Ha IpeAMIIHNUTE ThpCceHus U npeanountanus [3], [10].

ETuxa u npospau-
HOCT

Ipu nepcoHanu3upaHe Ha ThPCEHETO € BAXKHO JIa CE 3ala3u eTHKa U Npo3padHocT [7]. Bernpeku ue
WU mosxe na mpefocTaBy MEepCOHAM3UPAHH Pe3yNITaTH, TOBA MOBAUTA BBIIPOCH 3a KOH(UAESHINAT-
HOCTTa M 3alllUTaTa Ha JJAHHUTE Ha NoTpeduTenuTe. Bee moBeue ce mocTaBst akleHT BbPXY Ch3/1aBa-
HETO Ha MpaBHWJIa M PEeryNalyy, KOUTO Ja rapaHTHpaT, 4e JIMYHNATE JaHHH ca J00pe 3allUTeH! U 4e
HSIMa 3710yTOTPEOH.

Ot usnoxennte B Tabnuna 1. 1aHHU, MOXKEM
na xaxxeMm. ye UM 3HaunTeNnHO NpOMEHsl HauMHa,
10 KOMTO ThPCAYKUTE ¥ JUTHTATHUTE TIIATHOPMHU
MpenocTaBsIT WHGOPMAIUS, H3MOI3BAHKN Hal-
PEeAHATN TEXHOJIOTHH KaTo 00paboTKa Ha eCTecT-
BEH €3WK, aHAJIN3 Ha MIOTPEOUTEIICKO MTOBEACHUE U
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npeaACKa3aHvs Ha NPCANIOYUTAHUS. ToBa mo3Bo-
JisiBa MCPCOHAJIM3UPAHU, TUHAMUYIHU U KOHTCKC-
TyaJIHO aJaliTUpaHu PE3YJITaTH B PEaIHO BPEME,
KaTO CBIICBPEMCHHO pa3lIvpsABa Bb3MOKHOCTUTC
3a BU3YyaJIHO U I''TAaCOBO THPCCHCE. OcCBeH H3I0XKe-
HUTEC MPEANMCTBA, MO-CIICIIMAJIHO BHHUMAaHHUE CC



o0pbIlla BbPXY €THKATa W MPO3PAYHOCTTA, OCO-
OCHO MIO ce OTHACS JIO 3alluTara Ha JIUYHUTE
JTAHHYU Ha TIOTPEOUTEITUTE.

WHTEJICKT U TPAJUIMOHHUTE ThPCEIIN MAIIHH, B
Tabmmia 2 e mpeAcTaBeH aHAIU3 HAa KPUTEPUUTE
3a e()eKTUBHOCT NPU THPCEHE Ha WH(pOpMAIIVs B

Bb3 0CHOBa Ha JAHHUTE, M3JIOKEHH B HAydY-
JUTEpaTypa

HaTa

HWHTEpHET:

OTHOCHO N3KYCTBCHUA

Tabauna 2. AHann3 Ha KpUTEPHUUTE 32 e(PEKTUBHOCT IIPH ThPCCHE Ha MHPOpManus B nuHTepHET upe3 U n

TpaauuuoHHu TM:

Kpurepuii 3a edex-
THBHOCT

WU cpenry TM, cnopex edeKTHBHOCTTA

TouHoCT Ha pe3yr-
TaTUTe M 00paboTKa
Ha nH(OpMaIus

TM, Ga3upaHu Ha ATOPUTMH, OCHOBHO HM3IIOJI3BAT KITFOYOBH JyMH 3a KIACHpPAHE Ha PE3yNITaTUTE.
ToBa Moxe J1a JIOBeJe 10 CUTYAIlHH, B KOUTO MOTPEOUTENSAT MOy9YaBa pe3ylTaT, KOUTO HE OTro-
BapsT HAITBITHO Ha HETOBUTE HAMCPCHMUS.

WU moxe na u3mon3Ba METOIM Ha IBIOOKO yYeHE W aHAJM3 Ha KOHTEKCTa, 3a J1a pasTrpaHu4H HIO-
aHCHTE Ha 3asBKaTa U Jia MPeI0’KA MHOTO IIO-TOYHH U peJieBaHTHH pe3yaTaT. MU ananusupa cmu-
ChJla Ha 3aUTBAHETO B KOHTEKCTAa Ha IIENHs TEKCT M CUHTE3UPAaHE Ha OTTOBOPH, KOMTO OTpa3siBaT
JIEHCTBUTEIHUTE HYXKIU HA TOTPEOUTEIS.

EdukacnocT u cko-
poct

[pemumvcteo Ha U nipen Tpaaunmonante TM, e B 06paboTkaTa Ha HHDOpMAIIUS U BpEMETO, KOETO
€ Heo0X0MMO 3a HaMHpaHe Ha perreHre. TM H3UCKBAT OT IOTPeOUTENs Ja Mperjiena peanna pe-
3yJITaTH U J1a OTJENIM BpeMe 3a HaMHpaHe Ha Hai-IToAX0A11I0 Chabpxkanue. Bramoxknocrra Ha UN
J1a pa3no3Hae Hali-BayKHATA W MOJIC3HA HH(OPMAIHSA U J1a 5 MPEIOCTaBH MMOYTH MUTHOBEHO, 3HAYH-
TEJHO yBeJIn4YaBa e()eKTUBHOCTTA Ha THPCEHETO.

IToTeHuuan 3a HOBU
BB3MOXKHOCTH 3a
B3aUMOJICHCTBHE C
notpeduTens

Tpamuuponante TM MpeoCTaBAT CUCHK € TMHKOBE, KOUTO BOIAT KbM Pa3IUUHH PECYPCH, JOKATO
WU moxe na mpeyiokd 3HAYUTEIHO MO-JMHAMHYHO B3auMojciicTBue. Hampumep, BUpTyaIHUTE
acucteHTd kato Siri, Alexa mim Google Assistant Morar Jia He camo Ja U3BBPIIBAT ThPCEHE, HO U
Jla OCBIIECTBSIBAT Pa3roBOP C MOTPEOUTENS, KaTO CE alalTUPaT KbM HETOBUTE MPEANOYUTAHHS U
Hyx/u. ToBa M03BOJISIBA HA IOTPEOUTENS 1a B3aUMO/ICHCTBA [O-PEATUCTUYHO U e(PEKTHBHO C UH-
(dopmanusiTa, KaTo ChIIEBPEMEHHO MOTyYaBa IEPCOHATU3UPAHU CHBETU U MPETOPHKU.

AJJanTUBHOCT U
y4eHE B peaiHO
BpeMe

ITpu cucremute ¢ U e 3anoxeHa crocoOHOCT 3a HENPEKbCHATO 00y4YEHHE B PEaIHO BpeMe U aJiarl-
THpaHe KbM NPOMEHSIINTE ce HYXIH Ha noTpebureins. Te3n criocoOHOCTH JaBaT BE3MOXKHOCT Ha
cucremute ¢ MU na craBat Bce NO-TOYHM U €(DEeKTHBHHU, KaTO C BPEMETO Pa3IIUpsBaT CBOsTA Oa3a
OT 3HaHUs U N0J00PABAT MPEUIAraHUTEe PE3YITaTH, T.€. aKO IOTPEOUTENAT ThPCH ONPEIENICHa UH-
¢dopmanmst, UM Moxe a mpociiein KakBU ca HETOBUTE MTPEANIIHH ThPCEHHS, KAKbB THII pe3yITaTH
¢ MpeANoYuTAl ¥ KaKbB € HETOBHAT CTWJI HA B3aHMMOJICHCTBHE ¢ TpepocTaBeHuTe naHHu [8]. Ha
0azaTa Ha TOBa, CHCTEMaTa MOXXE Jla 3all0YHE Jia aJlanTupa CBOMTE OTFOBOPH M [ Ipejiara IHo-
noapoOHa u mone3Ha nHdopmarus B Obneme. Taka W cp3maBa ycemaHne 3a IepcoOHAIM3UPAHO U3-
JKUBSIBAHE, KOETO € TPYIHO MOCTHKHMO 3a TpaauuuoHHuTe TM.

TM OCHOBHO pa34nTaT Ha MPEIBAPUTEIHO 33/1/ICHN ANTOPUTMH U HAOOpH OT MpaBMIIa.

Ha U3KYCTBCHUS UH-
TCICKT

IMomo6peno pa3du- | MU npurexaBa cmocoOHOCTTA /1a pa3dupa 1 00paboTBa €CTECTBCHHUS €3UK C IOMOIIITA Ha aJITOPUTMH

paHe Ha ecTecTBe- 3a o6padotka (NLP) [1]. Ta3u B3MOKHOCT TOBEX/a JO MHOTO MO-TIPEIU3HU U TIOAXOISIIH Pe3yIl-

HHS €3UK TaTH, KOUTO Ca MO-OJIM3KHK /10 HauHMHa, 10 KOWTO X0paTa eCTECTBEHO ThpcAT HHpopManus. ChIes-
pemernHo TM ce Ga3mpar Ha crieUPUYHA KIFOYOBH IyMH U (pasd, 3a Ja OTKPHAT TMOAXOIAIIO Ch-
JIbpKaHue, HO TOBA YECTO BOJH 10 Hee()eKTHBHU WM HEYyOCAUTEIHN Pe3ylaTaTH, KOraTo 3aliTBa-
HETO € MO-CJI0KHO WK (HOPMYJIHPAHO 0 HECTAaHAAPTEH HAYHH.

MynTMO#aIHOCT WU moxe na 06paboTBa M KOMOMHYpA Pa3InYHHU BUIOBE JAaHHH — TEKCT, U300pa)KeHHs, 3BYK U BH-

neo. C nmomouira Ha Te3u TexHosoruu, I moxe na pazdepe u aHaIM3Upa HE CaMO TEKCTOBATa UH-
(opmManust, HO ¥ BU3YaTHHUTE U 3BYKOBHUTE EJIEMEHTH, peIaraiiki MHOTO 0-00TaTo U ITbJTHOIIEHHO
B3anMoJelicTBre ¢ nHMopManuaTa. Tasn MyITHMOZATHOCT, KoATO mpuTekaBa MU e cpimecTBeHO
MIpeAUMCTBO Tper TpaaunnoHanTe TM, Thif KaTo Te OOMKHOBEHHO Pa3dMTAT Ha TEKCTOBH pe3yIl-
TaTH, @ TOBAa 3HAYUTEIHO OTpaHIM4YaBa 00XBaTa MM Ha ThpceHe [2].

3akiao4yeHne

P C3YyJITaThT OT IMPOBCACHUTC MNPOYUYBAHUA H

M3HUCKBAT MOTPEOUTEIAT Ja TPeriiesia MHOKECTBO
pesynraru. Upe3 BBH3MOXKHOCTTA 32 HEMPEKbC-
HAaTo y4eHe B peanHo Bpeme, MM apantupa cBo-

aHanu3u mnokasea, ye MM ocurypsiBa mo-Bucoka
e(UKaCHOCT U CKOPOCT, KaTo He3a0aBHO Iperoc-
TaBsl Hai-BakHaTa WHpOpManus, xokato TM
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WTE OTTOBOPH Ha 0a3aTa Ha MPEAWIIHA ThPCEHUS
Y TIPENIOYNTAHNSA, Ch3/IaBaAK HHAUBUAYAICH U
cneruuuen  pesyarar. Cemo Taka UU



MpHUTEXKaBa CIIOCOOHOCTTA Ja pa3dupa ecTecTBe-
HUA €3UK U J1a 00paboTBa MyITUMOIATHN JaHHU
KaTo TEKCT, M300paKCHHWs W BHUJICO, MPEIOCTa-
BSIKM T10-00TaTo W 3aJbJI00YCHO B3aMMOJICHCT-
BHE, IokaTo TM ce orpaHnyaBar J0 TEKCTOBH pe-
3yJITATH.
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BUOTEXHOJIOI'MYEH NOTEHIUAJ HA ACKOMUIETHATA I'bBA EPICOCCUM
NIGRUM

Panka banmxuesa, [lers Credanosa, Mapus bpr3kosa

BIOTECHNOLOGICAL POTENTIAL OF THE ASCOMYCETE FUNGUS EPICOCCUM
NIGRUM

Radka Baldzhieva, Petya Stefanova, Mariya Brazkova

ABSTRACT: The endophytic saprophyte Epicoccum nigrum is a globally distributed ascomycete fungus rec-
ognized for its extensive metabolic versatility. Current research initiatives have principally focused on its antag-
onistic activity against a broad spectrum of phytopathogens, with the objective of developing innovative biocontrol
strategies leveraging the fungus’s secondary metabolites. Metabolite-based formulations derived from E. nigrum
are anticipated to serve as sustainable and environmentally benign alternatives to synthetic chemical pesticides
and artificial pigments, aligning with the increasing demand for eco-friendly agricultural and industrial inputs.
E. nigrum synthesizes a diverse array of biologically active compounds, including antimicrobial, antiviral, anti-
fungal, antioxidant, and cytotoxic agents, positioning it as a valuable resource for biotechnological exploitation.
Its capacity to produce natural pigments with potential applications in food, pharmaceuticals, and cosmetics fur-
ther underscores its industrial relevance. Advances in genomics and metabolomics have begun to elucidate the
biosynthetic pathways underpinning these bioactivities, facilitating the strategic enhancement of metabolite pro-
duction through bioprocess optimization. This review aims to comprehensively synthesize the most recent advance-
ments in the study of E. nigrum, with particular emphasis on its secondary metabolite profile and prospective
applications in agriculture, food technology, and medicine. By integrating current findings on its biocontrol effi-
cacy, metabolic potential, and biotechnological prospects, this work seeks to promote the further investigation and
practical deployment of E. nigrum as a sustainable alternative to traditional chemical-based solutions in multiple
industrial sectors.

Key words: Epicoccum nigrum, bioactive metabolites, biocontrol agents, polyketides, pigments

Introduction fungi could reproduce via sexual or asexual path-
way with the second being more common and it is
One of the main engines of the global eco- usually performed by vegetative spores of frag-
nomic growth is the science combining the devel-  mentation of the mycelium. This anamorphic type
opment of new and healthy food products; the dis-  of growth allows these species to be spread easily
covery of new drugs for treatment of diseases; the  through the environment compared with the ones
environmental protection, as well as the genetic =~ which reproduce sexually. Many representatives
engineering — biotechnology. It refers to the appli-  of the Ascomycota phylum have demonstrated
cation of living organisms or biological processes  their remarkable biotechnological potential over
in the fields of medicine, food industry, agricul-  the years. Examples include Penicillium species,
ture and beyond. Countless microbial species are ~ employed in the food industry as well as in the
employed in the creation of biotechnological use-  pharmaceutical industry.
ful products and innovations. In the resent years Epicoccum nigrum Link (syn. E. purpurascens
the scientific interest regarding the Kingdom of = Ehrenb. ex. Schlecht) is an anamorph saprophyte
Fungi has been rapidly increasing with a ten-fold  fungus, part of the Ascomycota phylum. Usually,
increase in publication related to fungal biotech-  itisisolated from the internal tissue of host-plants,
nology (Roth et al., 2023). assuming its endophytic nature. There are numer-
The largest phylum in the fungal kingdom, the =~ ous scientific reports of Epicoccum strains iso-
Ascomycota, comprise over 93 000 species (Luiet  lated from various plant located in versatile loca-
al., 2024). During their life cycle the ascomycete  tions worldwide (Arnold, 2007; Favaro et al.,
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2012; Perveen et al., 2017). One of the distin-
guishing features of this fungus is its morpholog-
ical and physiological diversity which is the main
reason for the requirement of the exact determina-
tion of the strain lineage responsible for the syn-
thesis of specific metabolites (Favaro et al.,
2011). E. nigrum potential for inhibition of sev-
eral plant pathogens such as Sclerotinia sclerori-
orum, Pythiym irregulare and Monilinia spp. has
been demonstrated previously (Elmer et al., 2001;
Baldzhieva et al., 2024). Current research on E.
nigrum properties is very promising in terms if its
possible application for the production of a num-
ber of biotechnological products, as well as its im-
plementation in various biotechnological pro-
cesses.

Sustainable Plant Disease Management

In the resent years the need of sustainable, en-
vironmentally friendly and cost-effective alterna-
tive of the chemicals used in the agriculture is
emerging. As such biocontrol agents (BCAs) are
applied successfully in several agricultural pro-
cesses, proving the need for more research and
discovering of more efficient BCAs. The ad-
vantages of BCAs are numerous: they target the
pests thus reducing the harming of non-target or-
ganisms and minimizing environmental damage;
their usage minimize the development of re-
sistance of the pests towards the applied pesticides
and thus reducing the need for using more chemi-
cals; BCAs present fewer health risks to humans,
animals, and beneficial insects than chemical pes-
ticides; and last but not least BCAs are cost-effec-
tive because they provide long-term control of the
pest species.

Many studies have demonstrated the ability of
E. nigrum strains to inhibit the growth of various
plant pathogens and its potential as a BCA for
some of the most dangerous plant infections. Epi-
coccum species exhibit biological activity against
a variety of plant pathogens through several
mechanisms. They function as antagonists that
suppress or inhibit the growth of harmful micro-
organisms, produce bioactive compounds that are
detrimental to the pathogens, and stimulate re-
sistance in host plants, thereby enhancing their
natural defense responses while also promoting
plant growth and development.

E. nigrum is known for suppressing the growth
of several Fusarium species such as F. ox-
ysporum, F. avenaceum, F. graminearum, also it
is able to inhibit the mycelial growth of Rhi-
zoctonia solani and Venturia inaequalis (Ogorek
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& Plaskowska, 2011; Favaro at al., 2012; Jensen
etal., 2016; Christova et al., 2021). One of the ma-
jor contaminants of the sugarcane are the phyto-
pathogens Cyanophora paradoxa and Fusarium
verticilloides which could cause serious plant
damage and yield losses. It has been proven that
E. nigrum strain was able to successfully prevent
infections with these pathogens but also a root
growth promoting effect was registered (Favaro et
al., 2012). The application of E. nigrum as BCA
of several olive tree diseases was demonstrated re-
cently. The olive trees have great agricultural im-
portance and very important for the global econ-
omy with 11.6 hectares of olive cultivation re-
ported in 2024 (Ferndndez-Lobato et al., 2024)
but they are very vulnerable to diseases, especially
ones caused by Verticillium dahliae and Colleto-
trichum acutatum. In dual culture assays E.
nigrum inhibited the growth of C. acutatum and
V. dahliae by nearly 45% and 39% respectively
with demonstration of significant antagonistic po-
tential (Angile et al., 2025). E. nigrum demon-
strated its qualities as BCA towards the stripe rust
of wheat. This disease is caused by the macrocy-
clic basidiomycete Puccinia striiformis and it has
been proven that the E.nigrum metabolites cause
an inhibition of the uredospores germination in
vitro. Also, infected cultures, sprayed with E.
nigrum demonstrated higher activities of several
enzymes such as peroxidase, polyphenol oxidase
and catalase and increased phenolic content. Un-
der greenhouse conditions, application of E.
nigrum led to a considerable reduction in the se-
verity of stripe rust in wheat (El-Sharkawy et al.,
2023). In greenhouse experiments, the application
of biocontrol agents in the form of spore or conid-
ial suspensions derived from Epicoccum species
has demonstrated significant potential in reducing
both the incidence and severity of various plant
diseases (Hashem, 2004; Li et al., 2013; Del Frari
et al., 2019). These findings highlight the effec-
tiveness of Epicoccum-based formulations as a
sustainable and environmentally friendly alterna-
tive to chemical pesticides for managing plant
pathogens under controlled conditions.

The bioactive compounds produced by Epi-
coccum have the potential to serve as cost-effec-
tive and environmentally friendly alternatives to
conventional fungicides used for controlling plant
diseases. Therefore, further investigation into the
antifungal properties of these metabolites and
their potential applications is essential. Given the
crucial role that metabolites play in the biological
activity of E. nigrum, an omics-based approach—



such as metabolomics—can be employed to ana-
lyze the metabolic profiles of various E. nigrum
strains. When integrated with genomic data, this
strategy may help clarify how specific metabolites
contribute to distinguishing pathogenic strains
from those that function as effective biological
control agents.

Importance of E. nigrum metabolites

In the field of biotechnology fungi have
emerged as a rich and valuable source of second-
ary metabolites. They have contributed to the
identification of over 15 000 secondary metabo-
lites until now. There are several fungal-derived
antimicrobial compounds, demonstrating promis-
ing results regarding the treatment of persistent
pathogens.

Polyketides

Polyketides are vital class of molecules known
for their remarkable structural and functional di-
versity. They are naturally occurring compounds
distinguished by a repeating structural pattern of
carbonyl and methylene groups which contributes
to their wide range of complex chemical architec-
tures (Singh et al., 2019). They play essential roles
in nature and have been widely studied for their
therapeutic potential, including antibiotic, anti-
fungal, anticancer, and immunosuppressive prop-
erties.

Flavipin is a naturally occurring compound,
part of the phenylpyrones family, build from ace-
tate units. One of the first reports on flavipin, iso-
lated from Epicoccum sp. dates back from the
1960s (Bamford et al., 1961), but the compound
has not been thoroughly studied regarding its pre-
clinical and clinical applications. Just recently,
flavipin has been shown to demonstrate inhibitory
effect of key signaling molecules involved in the
inflammatory response associated with rheuma-
toid arthritis. The study combined in silico molec-
ular docking and in vivo experiments using a
mouse model of adjuvant-induced arthritis (Ah-
med et al., 2024). Together, these findings high-
light flavipin’s potential as a therapeutic agent ca-
pable of modulating the inflammatory signaling
network central to rheumatoid arthritis progres-
sion. Also, flavipin was reported to possess anti-
fungal, antioomycete, antialgal and anti-nematode
activities (Brown et al., 1987; Madrigal et al.,
1991). The antifungal effect was recorded against
Phytophthora caprisa, Alternaria sp. Botrytis ci-
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nerea and Moilinia laxa where flavipin caused in-
hibition of the germination of the spores (Madri-
gal et al., 1991). Flavipin serves not only as a bi-
oactive metabolite with known antifungal and
anti-inflammatory properties but is also presumed
to act as a key biosynthetic precursor for the for-
mation of other structurally related secondary me-
tabolites within the fungal cell factory (Devadiga
et al., 2024). The central role of flavipin in E.
nigrum's metabolic network underscores the or-
ganism’s potential as a biotechnological platform
for the production of novel polyketide-based com-
pounds with potential pharmaceutical or agricul-
tural applications.

Epicolactone was first reported in 2012, as a
novel metabolite produced by E. nigrum wild type
P17 and the genes responsible for the synthesis of
the molecule were also determined (da Silva
Araujo et al., 2012). This metabolite demonstrates
significant antimicrobial and antifungal activity.
For example, with the agar diffusion method was
established that concentration of 40 pg led to the
inhibition of the growth of Bacillus subtilis and
Escherichia coli. Minimal inhibitory concentra-
tions in pg per paper disk were established as 40,
20 and 40 for Pythium ultimum, Aphanomyces
cochlioides, and Rhizoctonia solani, respectively
(Talontsi et al., 2013). Another two similar metab-
olites epicoccolide A and epicoccolide B also
demonstrated significant antimicrobial and anti-
fungal activity (Talontsi et al., 2013).

An E. nigrum species was isolated from the in-
ner tissue of the jellyfish Aurelia aurita. The
strain was able to synthesize numerous metabo-
lites and the secondary metabolite epicoccamide
was described and it was established that the latter
had no detectable cytotoxicity nor antimicrobial
activities (Wright et al., 2002). Recently, the me-
tabolite was again an object of scientific interest.
In a study from 2023 the cytotoxicity assay of ep-
icoccamide against HeLa cells revealed that the
relative cell population was 88% and 14% at con-
centrations of 50 and 100 puM, respectively. Cell
proliferation was only slightly affected up to 50
uM; however, a sharp decline in viable cells was
observed at 100 and 200 uM. The initial HeLa cell
assay was performed with a maximum concentra-
tion of 100 uM, showing a steep dose—response
curve between 50 and 100 uM, with near-com-
plete inhibition at 100 uM. Epicoccamide exhib-
ited a pronounced inhibitory effect at this concen-
tration, suggesting that it not only suppressed cell
proliferation but also actively compromised cell
viability (Kwon et al., 2023).



Another representative of the polyketides iso-
lated from E. nigrum is the metabolite epicocco-
none (Bell and Karuso, 2003). It represents natu-
ral fluorescent compound, which can permeate
through the cell wall and possesses high molar ab-
sorptivity. Epicocconone is able to bind with
amine residues of proteins and this was applied in
the development of a new method for in situ quan-
tification of extracellular proteins in various bac-
terial biofilms (Randrianjatovo et al.,, 2015).
Tracking and visualizing bioorganic molecules
and organelles within living cells—without dis-
rupting their natural functions—remains a capti-
vating and active area of research. Recently, car-
bon nanodots, known for their intriguing fluores-
cence properties, have emerged as promising can-
didates for cellular imaging. The ideal fluorescent
probe should be highly specific, small, cell-per-
meable, and non-cytotoxic. Additionally, it
should be excitable by low-power lasers, exhibit
strong resistance to photobleaching, and be rea-
sonably affordable. As such, the search for the
perfect fluorescent marker—the "fluorescent
grail"—continues to pose a compelling scientific
challenge (Schapman et al., 2017). Alongside
with the ability of capturing, detection and analy-
sis of primary amine-containing biomolecules due
to the capacity of binding covalently and reversi-
bly with primary amines, epicocconone has low
molecular weight, is cell permeable, nontoxic,
water-soluble and could be excited by several la-
ser sources (Choi et al., 2006).

Diketopiperazines

Diketopiperazines represent the smallest and
most structurally simple class of cyclic peptides.
They are typically formed through the cyclization
of two amino acids and are naturally biosynthe-
sized by a wide range of organisms, including
bacteria, fungi, and marine life. These compounds
are generally regarded as secondary metabolites,
meaning they are not directly involved in primary
metabolic processes such as growth or reproduc-
tion. Instead, they often arise as by-products dur-
ing the final stages of peptide degradation or
cleavage. Despite their small size, diketopipera-
zines exhibit a broad spectrum of biological activ-
ities and have garnered significant interest for
their pharmacological potential (Martins and Car-
valho, 2007). They are commonly isolated from
natural sources through extraction techniques, re-
flecting their widespread presence in various eco-
systems. The structural simplicity and diverse bi-
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oactivity of cyclic dipeptides make them im-
portant candidates for drug discovery and bio-
chemical research.

Many papers report the identification of com-
pounds belonging to the diketopiperazines iso-
lated from E. nigrum strains (Perveen et al., 2017;
Qader et al., 2021; Fatima et al., 2016). Gaining a
deeper understanding of the chemical characteris-
tics and biological activities of these compounds
offers valuable insights that can drive the devel-
opment of innovative therapeutic agents for vari-
ous diseases. Furthermore, their identification and
isolation hold significant promise for uncovering
new drug candidates, particularly in the fight
against the growing challenge of drug resistance
in both pathogenic microorganisms and cancer
cells.

Epicoccin A-D, isolated from E. nigrum strain
demonstrate antimicrobial activity towards Bacil-
lus subtilis (Zhang et al., 2007). Six other diketop-
iperazines were identified in the cultural broth of
another E. nigrum isolate. Epicoccin F-H and di-
phenylalazine A demonstrated inhibitory activity
over the HIV-1 replications in C8166 cells (Guo
et al., 2009). Epicorazine A, isolated from E.
nigrum demonstrates significant antimicrobial ac-
tivity towards Gram-positive bacteria, including
some antibiotic-resistance strains such as Staphy-
lococcus aureus (methicillin-resistant) and Enter-
ococcus sp. (resistant to vancomycin). The com-
pound has also demonstrated inhibitory effect
over the growth of Candida albicans (Defflieux et
al., 1978, Baute et al., 1978). Epicorazine A was
reported to inhibit the growth of the phytopatho-
genic fungus Ustilago maydis, causing corn smut
leading to reduced corn yields and economic
loses. The compound had potent cytotoxic effect
on mice lymphoma cell line and slight cytotoxi-
city towards human lymphoma and leukemia cell
lines (Harwoko et al., 2021).

Diterpenes

Diterpenes, characterized by their extensive
structural complexity and variability, have gar-
nered increasing interest in the field of drug dis-
covery. Their broad spectrum of significant bio-
logical activities—ranging from cytotoxic and
multidrug-resistance (MDR) reversing effects to
antiviral, immunomodulatory, and anti-inflamma-
tory properties—underscores their therapeutic po-
tential. As a result, diterpenes are being inten-
sively investigated as promising lead compounds
for the development of novel pharmacological



agents targeting a variety of diseases (Zhou et al.,
2020).

Diterpenes isolated from marine-derived Epi-
coccum sp. were object of identification and eval-
uation of biological activities. It was established
that two of the isolated compounds demonstrated
significant cytotoxic activity towards human epi-
dermis carcinoma cell line and against a classic
multidrug resistant cell line (Xia et al., 2012).

Taxol, a diterpenoid with potent anticancer ac-
tivity, was initially isolated from the plant tissues
of Taxus brevifolia. While its efficacy against var-
ious cancers is well-established, Taxol has also
been explored for its potential therapeutic appli-
cations in non-cancerous conditions, such as neu-
rodegenerative disorders and polycystic kidney
disease. An endophytic E. nigrum (strain SS2)
was reported to produce taxol (Somjaipeng et al.,
2015). Later, various approaches were applied in
order to increase the taxol yield during cultivation.
With the employment of gamma irradiation muta-
genesis and immobilization the taxol yield was in-
creased nearly 22-fold compared to the initial titer
of the start strain (El-Sayed et al., 2020).

Biotechnological advances in producing Ep-
icoccum nigrum pigments for the food industry

Growing public concern over human health
and environmental safety — including evidence
linking the consumption of synthetic food color-
ants to attention deficit/hyperactivity disorder
symptoms in children — is fueling the search for
more sustainable alternatives (Nigg et al., 2012).
However, despite this increasing demand, the
dyes and pigments market continue to be domi-
nated by synthetic, petroleum-based compounds.
Biotechnological approaches, while promising,
often face the challenge of higher production costs
compared to conventional chemical synthesis.
Natural pigments often exhibit notable bioactivi-
ties and greater biocompatibility. While plants
have historically been the main pigment source,
their use is limited by seasonal production, batch
variability, and high costs. In contrast, microbial
pigments offer a wide range of colors and bioac-
tivities, while avoiding many of these challenges
(Lagashetti et al., 2019; Reddy et al., 2021). Fun-
gal pigments are broadly classified into carote-
noids and the structurally diverse polyketide class
of secondary metabolites. Notably, the pigments
derived from the Monascus genus, representative
of the polyketide group, have been utilized for
centuries as natural food colorants. Earlier studies
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have highlighted the potential of pigment-produc-
ing genera beyond Monascus, whose colors
closely resemble some commercially available
food colorants, particularly in the yellow range
(Mapari et al., 2006). Epicoccum is one such ge-
nus, previously reported to produce a range of sec-
ondary metabolites, including pigments of carote-
noid and/or polyketide origin, exhibiting hues
across the red, orange, and yellow spectra (Mapari
et al., 2008). In the available data there are several
reports on the pigment production of E. nigrum.
The synthesis of these pigments, mainly polyke-
tides, carotenoids and flavonoids in various ratios
is highly dependent on the cultivation conditions
and the genetics of the strain employed (Bahrim
et al., 2007; Mapari et al., 2008). An E. nigrum
isolate was reported to produce orevactaene
(Kaur et al., 2019). Orevactaene is a water-soluble
polyketide pigment with yellow coloring which
does not belong to the carotenoid-related com-
pounds. It drags the scientific interest in the recent
years due to the fact that the synthetic yellow pig-
ments used in manufacturing, e.g. tatrazine usu-
ally are highly toxic and represent a major health
risk for the consumer thus leading to the need of
discovering natural non-toxic alternatives. The
strain was able to produce 52.78 UA/g substrate
during cultivation on rice (Kaur et al., 2019). Usu-
ally, the metabolic pathways for pigment synthe-
sis lead to mycotoxin production alongside the
pigment synthesis. The lack of proven mycotoxin
synthesis with the orevactaene production is an
advantage for the possibility of application of E.
nigrum (Mapari et al., 2009a; Dufosse et al.,
2014). The yellow orevactaene pigment produced
by E. nigrum was found to be sensitive to both
temperature and pH variations. It exhibited insta-
bility at elevated temperatures and under acidic
conditions, with its stability improving as the pH
moved closer to neutral. These findings indicate
that orevactaene is sensitive to heat and pH, and
that noticeable changes in color intensity may oc-
cur in products subjected to heat processing (Kaur
et al., 2023).

Epipyrone A was found to be one of the pig-
ments synthesized by E. nigrum ABI-F55-1 (Car-
boue et al., 2025). Compared to turmeric, which
served as the control, the Epicoccum pigment ex-
tract containing epipyrone A demonstrated greater
stability at pH levels 3 and 7 in both citrate buffer
and soft drink model, highlighting its potential as
a photostable colorant (Mapari et al., 2009b). It
was also established that the greater pigment
yields were achieved when solid-state fermenta-



tion was used as cultivation method. Also, the pig-
ment production is dependable on the cultivation
conditions, strain's genetics and on the media
composition (Carboue et al., 2025). Another im-
portant feature of the pigment compounds derived
from E. nigrum is that very often they also demon-
strate antimicrobial activity (Fan et al., 2024; Lee
et al., 2024).

Conclusion

In conclusion, Epicoccum nigrum stands out as
a globally distributed ascomycete fungus with
substantial biotechnological potential, primarily
due to its ability to synthesize a wide variety of
biologically active secondary metabolites. Its
strong antagonistic effects against numerous phy-
topathogens emphasize its promise as a sustaina-
ble biocontrol agent, offering an environmentally
friendly alternative to conventional chemical pes-
ticides. Additionally, the production of natural
pigments and bioactive compounds by this fungus
provides valuable opportunities for replacing syn-
thetic additives in the agricultural, food, and cos-
metic industries.

Beyond its agricultural and industrial rele-
vance, emerging evidence highlights the potential
of E. nigrum metabolites in pharmaceutical appli-
cations. Several compounds isolated from this
fungus have demonstrated significant antimicro-
bial, antioxidant, anticancer, and antiviral activi-
ties. Notably, preliminary studies suggest that cer-
tain metabolites exhibit inhibitory effects against
viral agents, including HIV, and possess cytotoxic
properties that could be harnessed for anticancer
therapies. These findings position E. nigrum as a
promising source for the development of novel
therapeutics targeting a range of conditions, from
infectious diseases to malignancies.

Recent advances in genomics, metabolomics,
and bioengineering have begun to unravel the
complex biosynthetic pathways involved in me-
tabolite production, enabling more targeted ap-
proaches to enhancing bioactive compound
yields. Continued investigation into the molecular
mechanisms underlying E. nigrum’s bioactivities
will be critical to fully exploiting its potential. Ul-
timately, the integration of E. nigrum into biotech-
nological frameworks could significantly contrib-
ute to the advancement of sustainable agriculture,
eco-friendly industrial products, and innovative
medical therapies. As research progresses, E.
nigrum may emerge not only as a key player in
biological control strategies but also as a valuable
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platform for drug discovery and the development
of next-generation therapeutics.
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METOJUKA 3A U3CJIEJIBAHE BJIMSSTHUETO HA YECTOTATA U PACTEPHATA
CTBIIKA ITPU JIASBEPHO MAPKUPAHE HA CTOMAHU

IHanka 3nareBa-IleTkoBa

METHODOLOGY FOR INVESTIGATING THE INFLUENCE OF FREQUENCY
AND RASTER STEP IN LASER MARKING OF STEEL

Tsanka Zlateva-Petkova

ABSTRACT: The research concerns the process of fiber laser marking of C60 structural steel samples, which
is widely used in industry. The influence of frequency and raster step on the contrast of the marking is studied.
Graphs of the experimental dependences of the contrast on frequency and raster step for three power densities
have been constructed. A research methodology has been developed, which, in addition to the present study, can
be applied to study the influence of other quantities on the contrast of the marking. Working intervals of frequency
and raster step for three power densities have been determined. The results can be used by operators of laser

technological systems and technologists.

Key words: laser marking, fiber laser, C60 steel, contrast, frequency, raster step

BnBenenune

I'moGanu3arusra Ha MPOU3BOJICTBOTO U THPIO-
BHATA [TOCTaBsI HOBU M3MCKBAHUS KbM MapKHPOB-
Kara Ha W3JICNHATA, KOUTO Ce Mpejiarat Ha ma-
3apa. Jlumncata Ha MapKUpOBKa 3aTPy/AHSABA, a B
HSKOW CJIy4al U HEBH3MOXKHO KOHTPOJIUPAHETO
Ha Ka4eCTBOTO U 00eMa Ha MPOIyKIUsITa. MapKu-
pOBKaTa € HeoOXO0JUMa Ha MPOU3BOIUTEINS 32 TIO-
MyJspU3UpaHe Ha MapkaTa M Ha IMOTPeOUTEss
KaTo rapaHIysl 3a KauyeCTBO U M3TOYHUK Ha HMH-
¢dopmanus 3a mapamerpute Ha mponaykra. Oc-
HOBHO U3UCKBaHE KbM MapKHUPOBKATA € J1a TPUTE-
JKaBa HEOOXOJIMMUSI KOHTPACT U Jla ChXpaHH WH-
(dopmanuaTa mpe3 II0TO BpeMe Ha eKcIioaTa-
nus [Sobotova L. 2017, Chirkova O. 2018,
Konchus D. 2021, Sobotova, L. 2015, Pandey M.
2023, Bammynua A. 2007].

Ipenyarat ce pasmUYHU METOIU 33 MAapKH-
paHe — yIapHO-MEXaHMYHH, €JICKTPOXUMHYHH,
CJIEKTPOCPO3UOHHH, CUTOIICUAT, TAMIIOHEH I1eYar,
JIETICHE Ha €TUKETH, C ja3ep. JlazepHusaT meTos e
MHOBATHUBEH, BUCOKOTEXHOJIOTHYEH U I'bBKAB Me-
toa. [lopaau npeauMcTBaTa My IIpe]] TPaIUIHOH-
HUTE METOJH, TOU € IIUPOKO MPEANOYNUTAH B pe-
JTUIIa POU3BOICTBA.

OCHOBHHUTE TPYAHOCTH Ca CBbP3aHH C ONpee-
JITHETO Ha TIOAXOMASAIIUTE paOOTHH MapaMeTpH 3a
peanM3upaHe Ha Tpolleca JIa3epHO MapKUpPaHe.
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ToBa M3KMCKBa MIMPOK CIEKTHP OT CKCICPUMEH-
TaJHH U3CJIEBAHUS 32 TIOJyYaBaHe Ha HEOOXOIH-
mute mapametpu [Lazov L. 2007, Antonczak A.
J.,2013].

JlazepHOTO MapkmpaHe MIMPOKO CE W3IIONI3BA
3a M3JEeNUs OT METAld U CIUTaBH, BKIFOYUTEIHO
cToMaHu. Penuiia aBTOpHM ca HM3CIIEIBAIA TO3M
poriec:

B ny6mukanus [Kucera M. 2015], aBTopute ca
W3CJIC/IBAIU BIUSTHUETO HA JIA3EPHOTO MapKHUpaHe
BbPXY MOBBPXHOCT, CTPYKTYpa ¥ KOPO3HOHHH
CBOIICTBA Ha HEpBXKIaeMa cromaHa. ExcrieprmMen-
TUTE ca MPOBEJEHN C UMIyJceH (HaiObp Jazep
SPI G3. U3cnenBanu ca BIUSHUETO HA Y€CTOTATa
U TIPOIBIDKUTEITHOCTTa Ha UMITYJICHTE, UMITYJIC-
HaTa €HEeprus W WMITYJICHATa MOIHOCT BBPXY
nporieca. M3mon3Banu ca cKaHUpAI eIeKTPOHEH
MHUKPOCKOII 33 aHAJIU3 Ha MapKUPAHUTE 00JIACTH.

B nayuynus npokinan [Atanasov A. 2024], aBto-
pHUTE ca CUCTEMAaTU3UPaId OCHOBHUTE METOMIHU 3a
Ja3epHo Mapkupane. [loka3aHu ca npeauMcTBara
Ha J1a3epHUS METOI IIPEJT IPYTUTE METOJU 33 Map-
kupaHe. [IpoBeneHn ca eKCiepUMEHTaTHU H3C-
neasanus ¢ CuBr mazep (J1azep Ha mapu Ha MEIICH
OpoMun) 3a CICUUIHA JETAIN Ha MAITTHOCT-
poeneto. [lanenu ca pabOTHH TEXHOJIOTHYHU Ta-
paMeTpH 3a TSIXHOTO MapKUpaHe.

B crarus [Lazov L. 2012], aBTopute ca m3c-
JIeABAIM TIpoIleca Ha JIa3epPHOTO MapKUpaHe Ha



JBIDKEIIN C€ HM3JIENUsl OT MHCTPYMEHTAllHA CTO-
Mmana. [lonmydeHrn ca eKCIIEpPUMEHTATHH 3aBUCH-
MOCTH Ha KOHTpacTa Ha MapKHpOBKaTa OT ILUTBT-
HOCTTa Ha MOIIHOCTTa U CKOPOCTTa Ha MapKH-
pane. ExcrnepuMeHTHTE ca TpOBEICHU C HUM-
myJiceH (paiiobp 3a CKOPOCTH Ha JABIKEHHE HA U3-
JeNusITa, W3MOJI3BaHH B MPOU3BOJCTBEHHU YCIO-
BUSI.
B myOmmkarus [ Angelov, Petrov N. 2021], aB-
TOpHUTE ca U3CIIEABAIH Mpolieca Ha JIa3epHO Map-
KHpaHe 4pe3 ToIeHe Ha MPOOH OT BBIVIEPOIHA WH-
ctpymerntanHa cromaHa Cl110W. Excnepumen-
TUTE ca TMpoBeneHU ¢ ¢GaiObp Jazep U Jazep Ha
CuBr. [TocpencTtBoM pacTepeH METON ca MapKu-
paHM ToNeTa OT KBaJpaTH 3a Pa3lUYHH CTOW-
HOCTH Ha KOe(UIMEHTa Ha MPUMOKPUBAHE H
ILUTBTHOCTTA Ha MoIHOCTTa. KOHTpacThT Ha Map-
KHPOBKATa ce Onpeens 3a Bceku kBaapat. Ot mo-
JMYYCHUTE CKCICPUMCHTAJIHU JaHHU ca Hadep-
TaHH TpayKK Ha 3aBUCUMOCTTa Ha KOHTPACTa OT
KoeHIIMeHTa Ha MPUIOKPHBAHE 32 TPH IUTBT-
HOCTH Ha MoInHocTTa. CpaBHEHU ca MOJy4YCHUTE
pe3yiITaTH 3a IBaTa Jiazepa U HHIUPEKTHO ce aHa-
JIM3Upa BJIIUMAHUCTO Ha AbJDKMHATAa Ha BbBJIHATA.
Omnpeneneny ca pabOTHUTE UHTEPBAIH Ha Koe(u-
[IUCHTA HA PUTIOKPUBAHE 33 H3CIICIBAHUTE IUTHT-
HOCTH Ha MOLIHOCTTA 32 JIBaTa Jia3epa, IPH KOUTO
ce MoJy4aBa ONTHMAJEH KOHTpacT B 30HAaTa Ha
o0OpaboTka.

Kakro ce BmkIa OT M3ClelBaHUATA HA aBTO-
pHUTE, MMa MHOTO HEM3CJIeIBaHU TPoOeMH B 00-
JacTTa Ha JIa3epPHO MapKUpaHe Ha CIUIaBH. 3a
BCEKH KOHKPETEH CIyJail Ha BHJ CTOMAHa, TUIT Ha
Jazepa ¥ METOJ Ha MapKupaHe TpsaOBa Jia ce mpa-
BAT M3CJICIBAHKS 32 ONTHMHU3MPAHE Ha Mpoleca.
Ho6pe 6u 6mo pazpaboTeHaTa METOIMKA Ha €KC-
MEPUMEHTAIHUTE M3CIeBaHUs Ja MOXE Ja ce
IMPUJIOKH 3a pa3jiIniHu BUAOBE CTOMAaHU U TUIIOBE
nazepu.

Llen Ha cTaTusTa € 1a ce MPEATIOKH METOAUKA
3a eKCIIEPUMEHTAIIHU W3CIIeIBAHUSI Ha Tpolieca
Ja3epHO MapKHUpaHe Ha CTOMAHH, Jia Ce U3CJIe/IBa
BJIMSIHUETO HA YeCcTOTaTa W pacTepHaTa CThITKA
BBPXY KOHTpAacTa MpH PAacTepHO MapKUpaHe Ha
o0pa3uy OoT CTOMaHa U J1a Ce ONpenesaT paboTHH
MHTEPBAJIH 3a TE3U BEIMYUHU.

N3aoxenue

3a oneHsBaHe Ha KayecTBOTO HAa MapKHPOB-
KaTa ce M3MOJI3BaT peaulia KPUTEpUH: KOHTPACT
Ha MapKUpPOBKATa, XOMOTE€HHOCT, ICHOTA U OTYET-
JIUBOCT Ha JINHUUTE, IBJITOTpaiiHOCT U Ap. OcHO-
BEH KPHUTEpPHUIl € KOHTpacTa Ha MapKHpOBKAaTa.
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KoHTpacTsT Ha nazepHaTa MapKHpOBKa Ha 00-
pa3ly OT CTOMaHa ce ONPEAEeNs OT peuna mapa-
METpHU KaTo €AHU OT TAX ca pacTepHa CThIKA H
4ecToTa.

Pacrepnara cThmka ce gepmHIpa KaTo pa3cTo-
SIHUE MEXKY JIBE ChCEeTHH CKaHUPAIIH JIMHUH TIPH
pacTepHo MapkupaHe. TS Wrpae BaKHa PO
BBPXY KpaiHHUS pe3ynTaT MpHU JIa3epHO MapKH-
pane. IIpu mo-Maskn pacTepHH CTBIIKU CE YBEIIH-
YaBa NPUIOKPHUBAHETO HA JIA3E€PHUS Y [IPH pac-
TEpHO MapKupaHe, KOeTO BOJIH [0 MOTyYyaBaHe Ha
MO-TOJsIMa €HEeprusi B 30HaTa Ha BB3ICHCTBHE.
[lo-ronemure pacTepHH CTBHIKH BOAAT A0 TONY-
YaBaHE Ha MO-MaJIKO KOJIMYECTBO €HEeprus B 30-
HaTa Ha 00paboTKa, KOETO TTOHIKOTa BOIH 10 He-
BUCOK MJIM HEJIOCTaThYHO BHCOK KOHTPACT Ha I10-
JydeHaTa MapkupoBka. Korato pacrepHaTa
CTBIIKA € MO-TOJSIMA, € HEOOXOAMMO IO-MaJKO
BpeMe 3a U3BBPIIBaHE HA MAPKHPOBKATa B CPaB-
HEHHE C MO-MajlKaTa pacTepHa cThlKa. Bee mak
pasnuKata MEeXAy pacTepHara CThIIKAa M JHamMe-
Thpa Ha pabOTHOTO METHO HE TPAOBa ja Ob/Ie Mo-
rojsiMa OT pasJeluTe]HaTa crocoOHOCT Ha Yo-
BEIIKOTO OKO, 3aIll[0TO CE HapyIliaBa yCIOBUETO 32
XOMOTEHHOCT Ha MapKHPOBKATa.

[TpouechT Ha Ta3epHO MapKHpaHe Ha 00pa3IH
OT CTOMaHa 3aBHCH OT YeCTOTara Ha jazepa. Ts
BJIMsIC BBPXY IBJIOOYMHATA HA MOJydyeHaTa Map-
KHPOBKA W KOHTpacTa. Taka HanmpuMmep UMITyJIC-
HaTa MOIIHOCT Ha Jla3epa € Mo-roJisiMa IPH HUCKH
YEeCTOTH, KOETO BOJH A0 MO-TOJisiMa JAbI00YMHA
Ha MOJTyYeHaTa MapKHUpPOBKA B CPaBHEHHE C BUCO-
KHTE 4eCTOTH. BB3MOXKHO € J1a ce MOoTydH TONeHe
Ha Marepuana Wi u3napeHue ¢ obpasyBaHe Ha
kaHanu. [Ipu u3non3BaHe Ha MO-BUCOKU YECTOTH
€ BB3MOJKHO J1a c€ TOJIy4YH JIa3epHO MapKHpaHe
Yype3 OKHCIsIBAHE 32 HSKOM BHIOBE CTOMAaHH.
Bewnuky Te3u MeTou Ha Jla3epHO MapKUpaHe 3a-
BUCAT M OT IUTBTHOCTTa Ha MOIIHOCTTA M CKO-
pocrTa.

1. Marepuan

ExcniepuMeHTamHUTE U3CIEBAHNS CE OTHACST
3a oOpasim oT cromana C60. Ts uma IUPOKO
MpUIOKEHHEe B MHIycTpusTta. M3momsBa ce 3a
HampaBa Ha TBBPJO BAJILyBaHU BaroHHM KoJjena,
pabOTHH POJKH 3a TOPEIIO BAIIOBA METHHIIH,
IIMAHAETH, CTOMaHEHU Oala)KH, ChEIMHUTEITHH
JUCKOBE, IPYXUHHU NPBCTEHH Ha aMOPTHCHOPH,
3aKJTFOYBAIIH MAHOW, peTyIrpany manou, pery-
JIMpaIy HAKIIAJIKH U IPYTH YaCTH, KbM KOUTO NMa
BHCOKH M3UCKBaHHSA 32 SIKOCT U YCTOHYMBOCT Ha
n3HocBaHe. B tabnuua 1 e npencraBeH XuMuyec-
KHAT ChCTaB Ha CTOMaHaTa. Tsl € BUCOKO BBIJIe-



poIlHa KOHCTPYKLMOHHA cTomaHa. Mma cpaBHH-
TETHO BHCOKO CBhIbp)KaHWE HA MaHTaH, KOETO
BOAM J0 TOAOOpsBaHE Ha 3aKalsieMOCTTa,
SIKOCTTa HA OITbH U U3HOCOYCTOWYMBOCTTA HA CTO-
MaHaTa.

Taémuna 1. XumMudecku chbCTaB Ha KOHCTPYKITH-
onHa cromana C60

Ne Enement Copappxanue, %
1 C 0.57 - 0.65
2 Si 0.17 -0.37
3 Mn 0.50 - 0.80
4 Ni <0.30

5 S <0.04

6 P <0.35

7 Cr <0.25

8 Cu <0.30

9 As <0.08
10 Fe Bbananc

2. JlazepHa cuctema

ExcniepumeHTHTE Cce HM3BHPIIBAT C Ja3zepHa
TEXHOJIOTHYHA cucTema ¢ ¢aitosp mazep. OcHOB-
HUTE i mapaMeTpu ca faaeHu B Tabnmmna 2. Jlazep-
HaTa CHCTeMa MMa BHCOKAa TOYHOCT Ha MO3UIIHO-
HUpaHe U 1o0pa moBTopsieMocT. Paitdbp nazepbT
€ ChbBPEMEHEH JIazep C JIbYeHHE B Onm3KaTa nH)-
pauepBeHa 00JIaCT ¥ padOTH B UMITYJICEH PEKUM.
OtnnuaBa ce ¢ U3KITFOUYUTETHO BHCOKO KaueCTBO
Ha JIbYCHHUETO, BUCOKA YECTOTa U AOOBD K.II.1I.

Tabauua 2. [TapameTpu Ha a3epHaTa CUCTEMA C

(haiobp mazep

Ne ITapameTsp CroiiHoCT

1 | Mommuoct P, W 20

2 | Yecrora v, kHz 80

3 | [IpoaBIKUTETHOCT 100
Ha UMITYJICHTE T, NS

4 | UmmyncHa eHeprus £,, mJ 0,25

5 | Nmnyacua moniaoct P,, kW 2,5

6 | Jnamersp Ha pabOTHOTO METHO 30
d, um

7 | ToyHOCT Ha NO3ULIMOHUPAHE, LM 2,5

8 | KILA., % 40

3. MeTtouka Ha €eKCIEPUMEHTAITHUTE U3CIIEA-
BaHUS
ExcriepuMeHTHTE CEe U3BBPIIBAT B JIBE HATIPAB-
JICHUS:
A. H3cnedsane na e1uanuemo Ha yecmomama
8bPXY KOHMPACMA HA MAPKUPOBKAma.
W3cnenBanudra mnpoTrhyar mpe3 CIETHUTE
eTarnu:
e [lpoexTnpa ce mMaTpula 3a MPOBEXKAAHE
Ha eKCIIepUMEHTHTE. 15 ce ChCTOM OT 3 pena C 1o
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8 kBagpata cwc crpana 10 mm, BBpXy KOUTO IIIe
ce MapKHupaT 30HU C Pa3INYHH CTOHOCTH Ha Jec-
TOTaTa U ILTBTHOCTTA Ha MOIIHOCTTa. OCTaHaNINTe
napaMeTpH ce MOAAbPKaT MOCTOSHHH.

e [loaroTesr ce oOpasuy OT W3cienBaHaTa
CTOMaHa C TOAXOISIIH Pa3MepH.

e Mapkupar ce Bcuukute 24 KBajapara noc-
peactBoMm ¢aitbsp nazepa BbpXy u3paboTeHHTE
o0pa3siu ot cromana C60.

e Omnpeznens ce KOHTpacTa Ha MapKHPOB-
KaTa Ha BCEKH KBaJpaT KaTo ce M3BBPIIBAT 5 U3-
MEpBaHMS 32 BCEKH KBaJIpaT U Ce OMpPEeNs Cpe-
HaTa CTOHHOCT Ha KOHTpAacTa 3a HeTo.

e UeprasT ce rpaduku Ha 3aBUCUMOCTTA Ha
KOHTpacTa OT 4ecToTaTa 3a TPH IUTBTHOCTH Ha
MOIITHOCTTAa. AHAIM3UPAT c€ U ce 0000IIaBaT 1mo-
JTYy4EeHUTE PE3yNITaTH.

e OrmpenensaT ce paOOTHH WHTEPBaIM Ha
YecToTaTa 3a TPUTE TIBTHOCTH HA MOIIHOCTTA.

B. Hzcnedsane na enuanuemo Ha pacmepuama
CMBIKA 8bPX) KOHMPACMA HA MAPKUPOBKAMA.

W3zcnenanusta mpoTHYaT Mpe3 aHaJOTHYHH
eTanu:

e 3BBpiIBa ce MPOEKTHpaHE HA MaTpHIA
3a MPOBEXKJaHEe Ha eKCIIepUMEHTHUTe. 15 ce Che-
ToH OT 3 pena c 1o § kBajapara cbe cTpana 10 mm,
BBPXY KOHUTO II€ C€ MapKHUpaT 30HU C Pa3IniHu
CTOWHOCTH Ha pacTepHaTa CTHIIKA U TUIBTHOCTTA
Ha MoInHocTTa. OcTaHaIuTe MapaMeTpu ce Mo-
J'bpPXKAT TIOCTOSIHHH.

e [loxroTesr ce oOpasiy OT W3cieIBaHaTa
CTOMaHa.

Mapxkwupat ce Bcuukute 24 KBajaparta 1noc-
peactBoMm ¢aiidsp nmazepa BbpXy U3pabOTEHHTE
o0pa3siu ot cromana C60.

e Omnpezaenss ce KOHTpacTa Ha MapKHPOB-
KaTa Ha BCEKH KBaJIpart.

e UeprasT ce rpaduku Ha 3aBUCUMOCTTA Ha
KOHTpacTa OT pacTepHara CTHIIKAa 33 TPH ILTHT-
HOCTH Ha MOIIIHOCTTA. AHAJIU3UPAT ce U ce 0000-
IaBaT MOJIyYCHUTE PE3YIITATH.

e Ompenensat ce pabOTHM HMHTEPBAIX Ha
pacTepHaTa CTHIIKA 32 TPUTE TUTHTHOCTH Ha MOIII-
HOCTTA.

4. EkcriepuMeHTaIHH pe3yaTaTh

CrwriacHo pazpaboTeHaTa METO/IMKA Ce MTPOBe-
JI0Xa eKCIIePUMEHTAITHU U3CIIEABAHMS.

3a u3cnenBaHe Ha BIUSHHMETO HA YeCTOTaTa
BBPXY KOHTpacTta 0sixa JIa3epHO MapKuUpaHH 00-
nmacTtu. YecTtoTaTa ce U3MeHAIIe B MHTEpBaja OT 5
kHz no 70 kHz. ExkcriepuMeHTHTE ca 3a TPH TLTBT-
HocTH Ha MomHocTra: 0,85.10'° W/m?, 1,42.10'°
W/m? u 1,98.10'° W/m?. Cnen onpenensine Ha



KOHTpAcTa 3a BCeKH MapKHpaH KBaJpat Osixa moc-
TpOEHH rpadMKH Ha 3aBUCHMOCTTA Ha KOHTpacTa
ot vectotara (Bux ¢ur. 1). Ot Tsax Morar na ce
HAIpaBsT CJICAHUTE U3BOJIH:

e ( yBenuyaBaHe Ha 4eCTOTATa ce HAOIIO-
JlaBa HeJIMHEHHO HapacTBaHe Ha KoHTpacTa. Kpu-
Bara B uHTepBasa oT 5 kHz no 20 kHz e 3naquu-
TEITHO MO-CTPBMHA OT Ta3W B MHTepBaia oT 20
kHz no 70 kHz. JIpmxu ce Ha pa3IHIHUS UM-
OyJICeH KOoeUIMEeHT Ha mpHumokpuBaHe. U B
JIBaTa MHTEpBaJla TOM HapacTBa, HO 32 BTOPHUS WH-
TepBaJl TEMITHT Ha HAPACTBAHE € MHOT'O MaJIbK;

e 3a mibTHOCT Ha MomHocrTa 0,85.10'°
W/m?, KoHTpacThT ce u3MeHs oT 29,5 % 1o 56 %
3a [IeJISl MHTepBaJl Ha YecToTara. 3a IUTbTHOCT Ha
morHocTTa 1,42.10'° W/m? | KonTpacTsT Bapupa
ot 47,5 % 1o 70 %. 3a IIBTHOCT HA MOIIHOCTTA
1,98.10'° W/m?, npoMsiHaTa Ha KOHTpAcTa € B MH-
TepBana ot 63,5 % no 82 %;

e [lomy4eHu ca ciieiHUTE PaOOTHU MHTEP-
BaJIM Ha YeCTOTAaTa:

ot 34 kHz 10 70 kHz 3a 0,85.10'° W/m?;
or 7 kHz o 70 kHz 3a 1,42.10'° W/m?;
ot 5 kHz o 70 kHz 3a 1,98.10'° W/m?;

90

80
]
70
b
60
1
50 /] et
5 7 /
40 >
30 ./
L2
20
10
0
0 10 20 30 40 50 60 70

V—

@ur. 1. 'padyky Ha 3aBUCHMOCTTA HA KOHT-
pacra ot yecrtorara: oparkesa — 0,85.10' W/m?;
3enena— 1,42.10"° W/m? u cuns — 1,98.10'°
W/m?.

Cneznpamara CTbIIKA CBHITIACHO MOCTAaBEHATa
1en e J1a Cce M3CIeNBa BIUSAHUETO Ha KOHTPACTa.
PacTepHO MapkupaHu OsXa pas3IMYHH 00JacTH
KaTo pacTepHaTa CTHIKA CE€ M3MEHSIIE B MHTEp-
Baya ot 5 um 10 60 pm. Excnepumenture ca 3a
TPH ILTLTHOCTH Ha MomHocTTa: 0,85.10'° W/m?,
1,42.10" W/m? u 1,98.10'° W/m? (Bwx ¢ur. 2).
Cnen onpe/eNsHe Ha KOHTPACTA 3a BCEKH MapKH-
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paH KBajapaT 0s1xa IOCTPOCHH TpauKH HA 3aBH-
CHUMOCTTa Ha KOHTpAacTa OT pacTepHaTa CThIIKA
(Bwx ¢ur. 3). Ot aHanu3a UM cieaBa:

e C yBelMyaBaHEe HA pacTepHATa CTHIIKA Ce
HaOJI0/1aBa HEMMHEHHO HaMalsBaHE Ha KOHT-
pacta. KpuBara B naTepBana ot 5 um g0 30 um e
3HAYHUTEITHO MMO-CTPHMHA OT Ta3W B MHTEPBAIa OT
30 um no 60 um. OGsicHsBa ce ¢ (akTa, Ye CKaHU-
paIusaT KOeQHUIMEHT Ha MPUTIOKPHBAHE UMa OT-
PHIIATEIIHU CTOMHOCTH 32 CTBHIIKH, KOUTO ca TO0-
rojgemu ot 30 pm;

e 3a mrbTHOCT Ha MommHocrTa 0,85.10'
W/m?, KOHTpacThT ce u3Mens ot 53 % 10 29,5 %
3a Ile7sl MHTEpBal Ha pacTepHara CThIKA. 3a
IIBTHOCT Ha MomHoctTa 1,42.10'° W/m?, konT-
pactsT Bapupa ot 65 % 10 43 %. 3a IUIbTHOCT Ha
momrocrra 1,98.10' W/m?, mpomsinara Ha KOHT-
pacta e B uHTepBajia ot 75 % 1o 54 %;

e [lonydenu ca cneaHUTe PabOTHH UHTEP-
BaJIM Ha pacTepHaTa CThIIKA!

ot 5 um g0 20 um 3a 0,85.10'° W/m?;
oT 5 pum 10 48 um 3a 1,42.10'° W/m?;
ot 5 um g0 60 um 3a 1,98.10'° W/m?;

@ur. 2. JlazepHo I/IpaHA opa3 OT cTOMaHa
C60: 1-Bu pen — 0,85.10'° W/m?; 2-pu pen —
1,42.10"° W/m? u 3-tu pen — 1,98.10'° W/m?.
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@ur. 3. ['paduku Ha 3aBUCHMOCTTA HA KOHT-
pacra OT pacTepHaTa CThIIKA: OPAHXKEBA —
0,85.10"° W/m?; 3enena — 1,42.10'° W/m? u cuns
—-1,98.10"° W/m?.



3akiaouenne

[IpoBeneHoTo M3cneaBaHE MOKa3Ba, Y€ KAKTO
4yecToTara, Taka M pacTepHaTa CThIIKAa 3HAYH-
TEJHO BIMSAT BBbPXY KOHTpAcTa Ha JIA3EPHOTO
MapKHpaHe BbBbpPXYy KOHCTPYKIMOHHA CTOMaHa
C60. Upe3 cucreMaTHyeH aHaIM3 Ha TE3U MHapa-
METPH B TPH IUTBTHOCTU HA MOIIHOCTTA Ca yCTa-
HOBEHU ONTUMATTHH paOOTHU MHTEPBAIH, TPe/Jia-
raimy NpakTUYeCKH HACOKHU 3a MOJ0OpsBaHE Ha
KaueCTBOTO Ha MapKUPaHE B MH]yCTPUAIHU MPH-
noxenwus. ToBa u3cleBaHe HE CaMO MPEOCTAaBSI
KOHKPETHH OTTOBOPH Ha ITbPBOHAYAIHATA LIS 110
OTHOIIICHUE Ha POJIATA HA JIA3CPHUTE MapaMeTpH
MPU MapKUpaHe Ha KOHTPACTa, HO CHILO TaKa Io-
Jara OCHOBATa 3a TO-IIHMPOKH H3CIEJABAHUS HA
JpyrTu BiUsield (aKTOPH KAaTO MPOIBIDKUTEN-
HOCT Ha UMITyJica, CKOPOCT Ha CKaHUpaHe Wi $ho-
KyC Ha JIbya.

Ha npaktuka uneHTHQUIMPAHUTE THATIA30HU
Ha TapaMeTpHTe MO3BOJSIBAT HA ONEPATOPUTE H
TEXHOJIO3UTE Ja MPEHU3UPAT CBOUTE Ja3epHU
CHCTEMH 3a mo00peHa YeTIIMBOCT Ha MapKHPOB-
KHTE, 0OCOOCHO B KPUTUYHH 332 KAa4€CTBOTO CEK-
TOPHU KaTO aBTOMOOMIIOCTPOSHETO U TIPOU3BOJICT-
BOTO. BBIpeku TOBa, MPHIOKHMOCTTA Ha TE3H
KOHCTaTallid B MOMEHTAa € OrpaHHYeHa JI0 CTO-
Mana C60 u u3nos3BaHarta crenupuyHa JiazepHa
cucreMa. HeoOX0oMMU ca JTOMBIHATEITHH IPOYY-
BaHUsI, 32 1a Ce MPOBEPU NPEHOCHMOCTTA Ha TE3H
3aKJIIOYECHUS KbM JPYrd MaTepuaad U JIa3epHU
TEXHOJIOTHH. Pas3lupsiBaHEeTO HA METOJOIOTUATA
JI0 TO-IIMPOK JUANa30H OT pabOTHU YCIOBHS H
MaTepuainy 1me ObJe OT KII0YOBO 3HAueHHe 3a
pa3paboTBaHETO HA ISIOCTHA paMKa 332 ONTHMH-
3WpaHe Ha MPOIIECUTE Ha JTa3ePHO MapKUpaHe.
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CBKPAIIABAHE HA TEXHOJIOTHYHOTO BPEME 3A EKCIIEPUMEHTAJIHU U3C-
JIEJABAHUS 3A JIASBEPHO MAPKUPAHE HA HEPBXKJAEMA CTOMAHA X6Cr13

Ilanka 3naTeBa-IleTkoBa

REDUCTION OF TECHNOLOGICAL TIME FOR EXPERIMENTAL RESEARCH
FOR LASER MARKING OF STAINLESS STEEL X6Cr13

Tsanka Zlateva-Petkova

ABSTRACT: The possibilities of numerical and real experiments for the fiber laser marking process of steel
samples are discussed. The influence of the speed and duration of the pulses on the process for X6Crl3 steel
samples is studied by means of numerical experiments. The Temperaturfeld3D program is used and temperature
fields in the impact zone are obtained for different values of the studied quantities. Graphs of the dependence of
temperature on the speed and duration of the pulses are constructed for three power densities. Preliminary
working intervals of the speed and duration of the pulses for laser marking of samples of this material are
determined, which help to shorten the time for the experimental study of the influence of these two quantities on
the process. Possible applications of the obtained results are indicated.

Key words: laser marking, numerical experiments, speed, pulse duration, power density.

BLBenenue

JlazepHOTO MapKHUpaHe € TEXHOJOTHYEH Ipo-
1ec, KOWTO B TIOCJICAHUTE TOAMHI HAMUPA BCE T10-
IIMPOKO MPUIIOKEHUE B HHTyCTpUsITa OJlarogape-
HHE Ha CBOSITa BUCOKA MPEIM3HOCT, HAIEKIHOCT
¥ BB3MOXXHOCTTA 32 aBToMaTm3anusi. B cpaBHe-
HHE C TPAJUIMOHHUTE METOAM Ha MapKHpaHe —
KaTO MEXaHWYHO I'PaBHPaHE, AMIIOBAHE HIIH XH-
MHUYECKO €I[BaHE — JIA3EPHOTO MapKHpaHe Mpe/-
Jara pejuia NpeIuMcTBa: Oe3KOHTaKTHa oOpa-
00TKa, BHCOKa CKOPOCT, OTJIMYHA TOBTOPSEMOCT
Ha pe3y/ITaTUTE, MUHIMATHO TEPMUYHO Bb3/IEHC-
TBUE BBPXY MaTepHalia U €KOJIOTUYHOCT Ha Mpo-
neca. ToBa ro MpaBu U3KIFOUUTEITHO MOAXOISIIO0
3a MapKupaHe Ha M3JeIHs B aBTOMOOMIIHATA,
eJIEKTPOHHATa, MEIUIMHCKATA W XPaHUTEIHO-
BKyCOBaTa NMPOMHUIIICHOCT, KaKTO U B TIOTPEOH-
Tesnckusi cektop [Sobotova L. 2015, Narica P.
2020, Deprez P. 2012, Ogrodnik P. 2013, Valette
S. 2006, Qi J. 2003, Velotti C. 2016, Ngoc H.,
2023].

ChbriacHO M3MCKBAaHUATA HA €BPONEUCKUTE U
MEXYHAPOJIHUTE CTaHJapTH, HAIMYAETO Ha
SICHO YeTJINBA, YCTONYMBA M TpaiiHa MapKUpPOBKa
€ 3aJBJDKUTENHO YCIOBHE 32 NPOCIECTUMOCT,
uaeHTHGHUKAIUS U cepTHUKAIUSI Ha [IMPOKa
rama oT npoaykTH. Ta3um MapKupoBKa TpsOBa aa
OTroBaps Ha BUCOKM W3UCKBAHHA T10 OTHOILLCHHE
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Ha yCTOWYHMBOCT BBHB BPEMETO, YETIMBOCT MpPHU
Pa3IUYHU yCIOBHS W CHBMECTUMOCT C Pa3HO00-
pa3HU MaTepHaIH.

3a mocTUraHe Ha Ka4eCTBEHO U ¢(DeKTHBHO Jia-
3epHO MapKupaHe o0ade € He0OXO0UMO MPOIIECHT
na ObJie MPENU3HO ONTUMHU3HUPaH 33 BCEKH KOHK-
peTeH cityuail — criopes THIa MaTepua, U3Moi3-
BaHUWs JIa3epeH HM3TOYHWK, JABJDKWHATA Ha BBI-
HaTa, MOIIIHOCTTA, CKOPOCTTa Ha CKaHUPAaHE, IPO-
IBIDKUTETHOCTTa HA MUMITYJICA M APYTH TEXHOJO-
rUYHU napameTpu. ToBa Hajmara mpoBeXxaaHe Ha
3aJIBJIOOYEHH M3CIIE/IBaHUS, ISISAIIH /1a YCTaHO-
BAT BIMSIHUETO Ha Pa3IMYHHU BEIUYUHH BBHPXY
KpaliHUs pe3yaTar OT MapKupaHeTo. B To3u KoH-
TEKCT M3KJIFOYUTETHO B)KHA € BH3MOXKHOCTTA 32
ChKpalaBaHe Ha BpeMeTo, He0OX0IUMO 3a eKCIIe-
PUMEHTATHU HM3CJIeBaHUs, KaTO C€ W3MOJI3BaT
ITOIXOJISATIIA METOT! ¥ MHCTPYMEHTH.

Cpen Haii-epeKTUBHUTE TOAXOIH 3a HaMaJls-
BaHE Ha HEOOXOAWMOTO BpeMe 3a €KCIIEPUMEHTH
ca uncienute cumynanuu [Rohith S. 2023, Lazov
L. 2013, Ganzulenko O. 2021, Lazov L. 2020]. Te
MO3BOJISIBAT MPEABApUTEIICH aHAINW3 Ha IMpoleca
Yype3 MOJeNUpaHe Ha B3aUMOJEHCTBHETO MEXITY
Ja3epHUs IbY U MaTepHaa, Ipean a ce IpeMUuHe
KBM pEaHU eKCIEpUMEHTH. UnCIIeHuTe eKcIiepu-
MEHTH HE caMO HamasiBaT Opost Ha pu3ndecKkuTe
mpoOu, HO M JIaBaT BH3MOXKHOCT 3a TECTBaHE Ha
LIMPOK JHANa30H OT MapaMeTpH B KOHTPOJIMpaHa



BUpPTyaHa cpefia. ToBa ru nmpaBu U3KIIOYUTEITHO
IIEHeH WHCTPYMEHT TIPU TUTAHUpPAHE W OIITUMH3a-
M Ha TIPOLIECH KaTO JIa3epPHOTO MapKUpPaHe.

Hacrosimoro wu3cnenBaHe € HACOYCHO KbM
aHaM3 Ha BB3MOXKHOCTUTE 32 ChKpallaBaHe Ha
BPEMETO, HEOOXOMMO 3a SKCTIEPUMEHTATTHH U3C-
JIeJIBAHUS TIPU JIa3€PHO MapKHUpaHe Ha HEPbXKaa-
ema cromana X6Crl3. Ilenra e upe3 u3mo3BaHe
Ha codTyep 3a  YHCICHO  MOJCIHpaHe
Temperaturfeld3D na ce u3cnensa BIUSHUETO Ha
JIBA KIIFOYOBU MapaMeThbpa — CKOPOCT Ha CKaHU-
paHe W MPONBIDKHTEITHOCT HA UMITYJICA — BBPXY
TEMIIEPATyPHOTO TOJIC B 30HATA HA JIA3€PHO Bh3-
neiicrpue. lomydeHure pe3ynraTd MpeaoCTaBsIT
BakHa WHpoOpManms 3a n3dopa Ha IpeaBapHy-
TEHW pabOTHU WHTEPBAIM 3a TE3U IapaMeTpH,
KOETO TMOoANoOMara IMo-0bp3aTa peajau3als Ha
MapKHPOBKAaTa B pEaTHH MPOU3BOJCTBEHU YCIIO-
BUSI.

N3ao:xxenne

1. Codryep

3a U3BBPIIBAHE HA YUCICHUTE CKCIIEPUMEHTH
B PaMKHUTE Ha HACTOSIIOTO U3CIIEIBAHE € U303~
BaH CHELUAIN3UPAHUSIT codryep
Temperaturfeld3D (benes 1. 2009). Tosa e npor-
pama, mpeHa3HaYeHa 32 CUMYJIMPaHE U U3UUCIIS-
BaHE Ha TEMIIEPaTYPHU IOJIETa MIPH Ja3epHO Bb3-
JeiicTBUE BBpXY pasdnuyau marepuand. Codrye-
PBT € Ch3/aJIeH C 1Iel Ja TTO/AIToMara u3cieIBaHus
W TEXHOJIOTUYHHU pa3pabOTKu B o0JiacTTa Ha Ja-
3epHaTa 00paboTKa, KBAETO ce paboTH C M3KIIO-
YUTETHO MaJIKH 30HH Ha BB3JICHCTBUE W BUCOKH
IUTBTHOCTH HA MOIIHOCT U eHeprus. Te3u xapak-
TEPUCTHKH TIPABST MporpaMaTa 0cOOEHO MOIXO0-
TSI 32 MOJIEIMPaHe Ha MPOIIECH KaTo JIa3epHO
MapKHpaHe, JIa3epHO TPaBUPaHE, ps3aHe, 3aBapsi-
BaHe, NMPOOMBAHE W OPYTd NPELUU3HH TEXHOJIO-
THYHH OTIePAIInH.

3a Hy)XAWTE Ha CUMYJIAIMTa Ha Ipoleca Ha
Ja3epHO MapKupaHe 0 n30paH TMHAMUYHUAT MO-
Jiell, KOWTO TO3BOJISIBA TO-TOYHO HpOCielsiBaHe
Ha MPOMEHUTE BbB BPEMETO Ha TEMIIEPATypHOTO
nosie B Marepuana. Cie crapTupaHe Ha mporpa-
MaTa ce 3apekia OCHOBHHUSAT mpo3open (¢dur. 1a),
B KOHTO IIOTPEOUTEISAT Ma Bh3MOXKHOCT KaKTO J1a
W3II0I3Ba TIPE/IBAPUTEIIHO ChXPaHEHW JaHHU U
pe3yATaTH OT MPEIUIIHN €KCIICPUMEHTH, Taka U
Jla Ch3/1aJic HOB TIPOEKT, W3IOJI3BANKN Pa3IMuHU
THTIOBE JIa3epU U HOBH MaTEPHAIIH.

[IppBUAT eTan OT M3BHPIIBAHETO HA KOHKpE-
TEH YHCJIEH EKCIIEPUMEHT € BbBE)XXKJAaHETO Ha Ha-
gayauTe (BXOMHW) MaHHW. ToBa BKIIIOYBA HS-

80

KOJIKO OCHOBHHM KAaTerOpHH: IPOTpaMHH Tapa-
MeTpH (HACTPOWKH Ha CHMYJAIusaTa), T€OMeT-
pUYHM MTapaMeTpH Ha oOpaboTBaHaTa 00sacT, Xa-
PaKTEPUCTUKU Ha W3MOJI3BaHMSA Jiazep (IUTBTHOCT
Ha MOIIHOCTTA, TPOJBDKUTEITHOCT HAa HMMITYJI-
CHUTE, CKOPOCT Ha CKaHUpaHe U Jp.), KAKTO U Ta-
paMeTpu Ha camHsl TEXHOJIOTHYEH Ipouec U (u-
3WYHU CBOMCTBA Ha MaTepuara.

Cren BBBEXKIAHETO Ha HeoOXoamMaTa nHpOp-
Malys ce MPHUCTHIIBA KbM CAMOTO MpecMsATaHe Ha
TemneparypHoto moje. I[Iporpamarta renepupa
pe3yiTaTHTe, KOUTO CE BU3YIU3UPAT B OTJCICH
npo3open ,,3xomuau nanuau’ (¢ur. 1b). Beamoxk-
HOCTHUTE 32 aHaJM3 Ha Pe3yJITaTUTE ca Pa3Ho00-
pasHu 1 00XBaImaT pa3’udHu GOpMH Ha BU3yalIH-
3arus 1 00opadoTtka. Te BkrouBaT: rpadudna ar-
poKCUMalg Ha U3YUCIICHUTC AAaHHU, aHUMalWsd
Ha TEMIIEPATYPHOTO pPa3BUTHE B Marepuayia Mo
BpeMe Ha Ja3epHata 00paboTka, mpodwim Ha
TeMIieparypaTra B ONpe/elieHd MOMEHTH OT Bpe-
METO, MakCUMallHaTa JOCTUTHATa TeMIlepaTypa,
Ha IMMOBBPXHOCTTA Ha 00paboTeHaTa 30Ha, 3aBUCH-
MOCTH Ha TeMIlepaTypaTa CIipsiMO BpeMeTO, KaKTO
Y TeMIIepaTypHH IPOMEHH B IBJIOOYMHA HA MaTe-
puana.

Ta3zu reBKaBOocT Ha Temperaturfeld3D maBa
BB3MOXKHOCT 32 TPEIM3CH U 3abJI00UEH aHAIN3
Ha TEMIIEPaTypHOTO MOBEJICHHE Ha MaTepUAITUTE
MPU Ja3epHO BB3JCHCTBUE, KOCTO € OT ChINECT-
BCHO 3HAYCHUC ITPU ONITUMHU3ALMATA HA TCXHOJIO-
TUYHHY [TapaMeTPpHU 3a pa3IMYHU BUIOBE IIPUIIOKE-
HUSL.

) Temperturfeldberechnung for Laserbestrahlung E c E
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®@wur. 1. [Ipo3opuu Ha nporpama
Temperaturfeld3D: a) ocHOBeH mpo3operr; b)
npo3opert ,,I3XoaHu JaHHu .

2. Marepuan

YucneHuTe eKCIIEPUMEHTH Ca 3a HepbiKaaeMa
ctomana X6Cr13. Ts uma mmpoxo NpuinoXeHue B
WMHIIyCTpUsATA M CE M3I0JI3Ba 3a M3paboTBaHE Ha
M3ENHs C MOBHILIEHA [UIACTUYHOCT, HOJIOKCHH
Ha yJapHU HaTOBapBaHUs (XUIPaBIUYHU TIIpe-
COBH KJIalaHW, OUTOBHU MPEIMETH), KAKTO U MPO-
IyKTH, U3JI0KEHH Ha cl1a0b0 arpecuBHU cpenu (Ba-
JIeKW, BOAHU Pa3TBOPHU Ha COJIM HAa OPTaHUYHU
KHCEJIMHM TIpU CTaifHa TemrepaTypa u J1p.), Jio-
NaTKy Ha MapHU TypOWHH, KjamaHu, O0JITOBE M
TppOu. OTaMyaBa ce ¢ 1o6pa IKOCT U TBBPIAOCT U
yMepeHa yCTOWYMBOCT Ha Koposusi. B tabnwma 1
€ JaJieH XUMHYHUS ChCTaB Ha cToMaHaTa. Jleru-
paLusT €JIEMEHT, OCBEH 4Y€ sl IPaBU KOPO30YC-
TOWYMBA, MOBHUIIABA TOIJIOYCTOWYMBOCTTA Ha
cromaHaTa. B Tabnuima 2 ca majeHu HIKOU mapa-
MeTpu Ha cromaHa X6Crl3. Mima HHMCKM CTOH-
HOCTH Ha KO€(UIMEHTUTE Ha TOIIONPOBOJHOCT U
TEMIIEPATypPOIPOBOJHOCT, KOETO CIioMara jJa ce
MOJy4aBaT OTYETIMBH KOHTYpH IIpH JIa3epHa
MapKHUpPOBKA.

Ta6anna 1. XumuueH chCcTaB Ha HepbKIaeMa
ctomaHa X6Crl3

Ne Enement Copabpxanue, %
1 C <0.08

2 Cr 12-14

3 Mn <0.80

4 Ni <0.60

5 S <0.025

6 P <0.03

7 Si <0.80

8 Fe bananc
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Tabdauna 2. OCHOBHHM MapaMeTpH Ha CTOMaHa
X6Cr13

Ne [lapameTsp CroiiHoCT

1 Koedunuenr na Torutorpo- 8
BojHOCT k, W/(m.K)

2 | IoprHOCT p, kg/m3 7760

3 CrieruriueH TOIIMHEH Kara- 462
murer ¢, J/(kg.K)

4 Koedunuenr na remneparypo- 6

) 7,81.10

MPOBOJIHOCT @, M*/s

3. JlazepHa cuctema

YucneHute eKCIIEpUMEHTH ca 3a MOZEpHa Jia-
3epHa TEXHOJOIWYHA CHCTeMa, OOopynBaHa C
(haiiobp nmazep. To3u THm Jasep MpencTaBisIBa
HMHOBATUBCH HM3TOYHHMK Ha JIBYCHHC, KOMTO pa-
0oTu B Oniu3kaTa HH(ppadepBeHa 00IacT Ha CIICK-
TBbpa, KaTo OCHUTYpsiBA BHUCOKA €()EKTHBHOCT U
cTabuiaHOCT npu paborta. binarogapeHue Ha cBo-
ATa CbBPEMCHHA KOHCTPYKUUA W TCXHOJIOTMYHU
MpeIuMCTBa, (aridbp Na3zepute ce yTBHPKIaBaT
KaTO €THH OT HA-IpeINOYNTAHUTE PEIICHUS 32
MapKUpaHe B WHAYCTpHAIHATA IPAKTHKA.

Hsixom 0T OCHOBHHTE apamMeTpy Ha N3I0JI3Ba-
HaTa JlazepHa cuctema ca o0oOmienn B Tabmuma
3, KBJIETO ca MpPEACTAaBeHU TEXHUYECKUTE XapaK-
TEPUCTHKH, OTHACSIIH CE O MOIIHOCTTA Ha Jia-
3epa, IbJDKMHATA HA BBJIHATA, 9YeCTOTATa Ha IOB-
TOPCHUEC Ha UMITYJICUTEC, KaKTO U JUaMETbpa Ha
pabotHoTo meTHO. Te3n mapaMeTpu OKa3BaT
NPSKO BIMSIHUE BBPXY KAueCTBOTO M IPEIH3-
HOCTTa Ha M3BBPIIBAHOTO MapKUpPaHe.

®daiidbp Ma3ephbT AESMOHCTpUPA OTIIMYHM pa-
OOTHM KadecTBa, KaTo €JHO OT OCHOBHHUTE MY
MpEeJMMCTBA € BUCOKOTO Ka4eCTBO Ha JIa3epHHS
JIb4, KOMTO IT03BOJISIBA M3KITIOUNUTEITHO (1)I/IHI/I n ae-
Taitman MapkupoBku. OcBeH TOBa, cuUcTeMaTa
npesiara MHOTO BUCOKA YEeCTOTa Ha UMITYJICHUTE,
KOETO JIOTIpHHACS 3a MO-0bp30 U e(EKTUBHO H3-
I'BJTHEHUE HA Tpolieca.

JIpyr ChIECTBEH IUTIOC HA Ta3M Jia3epHa CHC-
TeMa € HeifHaTa BUCOKA TOYHOCT Ha ITO3MIIMOHH-
paHe, KOeTo € OT KIIF0YOBO 3HAYCHHE 3a MOCTH-
raHe Ha MPElNu3HO H IOBTOPSEMO MapKUpaHe,
0co0eHO mpH cepuitHO mpou3BoacTBO. Hanexn-
HOCTTa M CTAaOWIJIHOCTTA HA CHUCTEMAaTa s MPaBsIT
nmoaxonadma 3a HIMPOK KPbI' OT IMPUIIOKEHUA — OT
MapKHpaHe Ha METaJHM MNOBBPXHOCTU IO TIpe-
LUU3HU HAANKCH BBPXY IUIACTMACU U JIPYTU TEX-
HUYECKU MaTepHallH.



Ta6auna 3. [TapameTpu Ha JTa3epHATa CUCTEMA C
(haiiowp mazep

Ne ITapameTsp CroitHOCT

1 | JIsmkuHa Ha BhJIHATA A, nm 1062

2 Momtaoct P, W 20

3 Yecrora v, kHz 1000

4 | TIpoaABIKATEITHOCT 4-200
Ha UMITYJICHTE T, NS

5 | dmametrsp Ha pabOTHOTO IETHO 30
d, um

6 | ToyHOCT HA TO3WIIMOHUPAHE, LM 2,5

7 | KILA., % 40

4. YucneHu eKCrepuMeHTH

3a u3cneaBaHe Ha BIMSAHUETO HA OCHOBHU (u-
3WYHU BEJTMYMHH BBPXY MpoIieca Ja3epHO MapKu-
paHe upe3 TOIeHe ce MPOBEA0Xa peaulia YUCIEeHU
excriepuMeHTH ¢ mporpama Temperaturfeld3D 3a
Pa3NUYHMA CTOHHOCTH HA CKOPOCTTa, MPOIbIDKU-
TEJIHOCTTA Ha UMITYJICUTE U ITBTHOCTTA Ha MOIII-
HOCTTA.

A. H3zcnedsane emusHuemo Ha CKOpocmma
8bPXY npoyeca

C uen mo-mo0po pa3dupaHe Ha TEPMUIHOTO
MOBEJCHUE Ha Hepbxaaemara cromaHa X6Crl3
MpU Ja3epHO MapKupaHe, 0sxa MpOBEIEHH YHuC-
JIEHH CUMYJIAllMU C ITOMOLITA Ha CHelHaIn3upa-
Hus copryep Temperaturfeld3D. OcHoBen ak-
LEHT B TOBAa M3CJIEABAaHE € BIMSHUETO Ha CKO-
pOCTTa Ha JIBIDKCHHE Ha JIA3€PHUS IIbY BBPXY
(dbopMHpaHETO Ha TEMIEPaTypHOTO Toje B 00pa-
O0oTBaHata 30Ha. TO3M mapamMeTsp € KPUTHYEH
MpU OTpENeNsiHE Ha KaueCTBOTO Ha MapKUPOB-
Kara, JBIOOYMHATA HAa TONEHE M PUCKA OT Tep-
MHUYHO yBpEXXIaHE Ha MaTepuana.

Wscnensanusar nuama3oH Ha CKOpOCTTa 00X-
Baia croiHocty ot 20 mm/s g0 110 mm/s ¢ uHK-
pemenT ot 10 mm/s, kKaTo 3a BCsika CTOMHOCT Os1xa
W3BBPLICHU MPECMATAHHUS 32 JBE PA3TUYHH ILTBT-
Hocth Ha MomHocTTa: 1,04x10° W/m? wu
1,61x10" W/m?.

Upes cumynaruurte 0sxa noixydern 2D u 3D
TEeMIIepaTypHH TMOJIeTa B 30HaTa Ha BB3JICHCTBHE,
KOUTO JIaBaT sICHA TPeJICTaBa 3a TEPMUIHOTO Ha-
TOBapBaHe MNpH BCsKa KOMOHMHALUS OT mapa-
Merpu. Ha @urypa 2 ca mokasaHu npencraBu-
TEJIHW TEMIIepaTypHU pa3mpe/ieiieHus] BLpXy 1o-
BBPXHOCTTA Ha MaTepuana IMpH Pa3IndHU CKO-
POCTH Y ITBTHOCTH HA MOIITHOCTTA, KOETO BU3ya-
JU3Upa CTENEHTa Ha HarpsiBaHe W JIBJIOOYMHATA
Ha TOTIEHE.

W3BbpHIeHUAT aHaIu3 Ha MOTYyYSHUTE TeMIIe-
paTypHHU CTOMHOCTH, U3BEJICHU Ha TpaduKuTe Ha
@urypa 3, Toka3Ba sICHO U3pa3eHa TeHICHIHS:
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o C YBCIM4YaBaHC Ha CKOPOCTTA Ha ABUKC-

HUE Ha JIAa3ePHUS JTbY, MaKCHMallHaTa TeMIlepa-
Typa B 30HATa Ha Bb3I€UCTBHE HaMalsiBa. ToBa ce
IBIDKM Ha MO-KPaTKOTO BpeMe Ha eKCIO3HLMUS Ha
Ja3epHUs UMITYJIC BbPXY €MHUYHA TOYKa OT MO-
BBPXHOCTTA.

e [lpu mapTHOCT Ha MomHOcTTa 1,04%x10'
W/m?, remnepatypara Bapupa ot 2235 K (mipu 20
mm/s) no 835 K (mpu 110 mm/s).

[Ipu mrpTHOCT Ha MomHocTTa 1,61%10'
W/m?, temmieparypaust uatepsai e ot 2650 K 1o
1030 K B chImust CKOPOCTEH AWAMTa30H.

Te3u cToifHOCTH ca OT 0cOOEHO 3HaYCHUE, ThI
KaTo TeMIlepaTypaTa Ha TOIEHE Ha CTOMaHaTa
X6Crl13 e okomo 1723 K. CrnemoBaTenHo, mpu
HUCKH CKOPOCTH M BHCOKa IUIBTHOCT Ha MOLI-
HOCTTa C€ IMOCTUTa M'BbJIHO TOIIEHE M IOJXOJIa
JBIIOOYMHA Ha MAPKUPOBKATA, IOKATO MPH MO-BU-
COKH CKOPOCTH € Bh3MOXKHO CaMO TIOBBPXHOCTHO
HarpsiBaHe 06e3 BUANMO TPailHO MapKHpaHe.

Ha 6azata na anamm3a, Osxa oOIpenercHH
NpeBAPUTEITHH PAa0OTHH WHTEPBAIM Ha CKO-
pOCTTa, KOUTO OCHTYpsiBaT €(EKTUBHO MapKH-
paHe 4pe3 Mmpoliec Ha JOKAIHO TOIEHE:

3a 1,04x10' W/m?: ot 20 mm/s go 80 mm/s

3a 1,61x10'° W/m?: ot 20 mm/s g0 93 mm/s

Te3u rpaHuuu ca MOJE3HU NMPHU IIbPBOHAYal-
HOTO HACTpPOWBaHE Ha Ja3epHaTa CHCTEMa U MO-
raT 3HaYUTEITHO Jia CHhKpaTAT BPEMETO, HeOOXO-
MO 33 peaiHi eKCIIEPUMEHTH, KaTO MO3BOJIST
KOHIIGHTPUpPaHEe BhPXY Hal-o0emaBamure napa-
METpPH.
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®@ur. 3. ['padyku Ha 3aBUCHMOCTTA HA TeMIlepa-
TypaTa OT CKOpOCTTa 3a: opaHxkena — 1,04x10'°
W/m?; cuns — 1,61x10'° W/m2.

B. Uzcnedsane enusanuemo Ha npoowadCu-
MeIHOCmmMa Ha UMNYJICUme 8bpxy npoyeca
B Ta3u yact ot u3cieaBaHeTo ce PoKycHpaxme
BBPXY BIUSHHETO Ha MPOABIDKUTEITHOCTTA Ha Jia-
3EPHUTE UMITYJICH BbPXY TEMIIEPATypPHOTO IIOBE-
nenne Ha cromada X6Crl3 mo Bpeme Ha mporeca
Ha Jla3epHO Mapkupane. M3mon3BaHu 0sxa 4ymc-
JieHW cuMytaiiu B cpena Temperaturfeld3D, ko-
UTO TO3BOJISABAT Jia CE IMPOCIEST TeMIeparyp-
HUTE MPOMEHH BBHB BPEMETO M MPOCTPAHCTBOTO
NPY Pa3IUYHU CTOWHOCTH HA BPEMETPACHETO Ha
HUMITYJICUTE U INIBTHOCTTA HA MOIITHOCTTA.
W3creBaHUAT WHTEPBAT HA TPOIBIDKUATEN-
HOCTTA Ha UMITYJICUTE 00XBaHa CTOWHOCTH OT 4 ns
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1o 200 ns, KOETO TMOKpPHBA KAaKTO KPAaTKH, Taka U
MO-ABJITH HMILYJICH, XapaKTepHU 3a CbBPEMEH-
Hute (Haiobp Ja3epHu cucTeMH. 3a BCsSKa CTOM-
HOCT Ha MPOJBIDKUTETHOCTTA OsiXa M3BBPILCHH
MIPECMATAHUS IIPU [IBE€ Pa3IM4HU ILTBTHOCTH Ha
moigHoctra: 1,04x10° W/m? u 1,61x10' W/m2.

Cumynauuutre TpeAocTaBuXa TPUH3MEPHU
TEMIIEpaTypHH II0JI€Ta B 30HAaTa Ha Bb3JCHCTBHUE
1 B OJIM30CT 10 HEsl, KOUTO ca BU3YaJIM3UPaHU Ha
®urypa 4. Te3u nosera noka3BaT HE CaMO MTUKO-
BUTE TEMIIEPAaTypH, HO U paslpelelIeHHeTO Ha
TEMIIepaTypaTa OKOJIO U B 30HaTa Ha BB3ICHUCT-
BHE, KOETO € OT 0COOCHO 3HAYCHHUE 32 aHAIN3a Ha
TEPMUYHUTE €PEKTH U KAUeCTBOTO Ha MapKUPOB-
Kara.

Ha ®@wurypa 5 ca npeacraBenu rpad ik Ha 3a-
BHUCHMOCTTa MEXAY MakCHUMaJHaTa TeMIlepaTypa
U MIPOABIDKUTEIHOCTTA Ha UMITYJICUTE 32 BCSKA OT
pas3raeKaaHuTe IITbTHOCTH HA MOLIHOCTTA. AHa-
JTU3bT Ha pE3yATAaTUTE IOKa3Ba CIEIHUTE OC-
HOBHU 3aBHCUMOCTH W H3BOJIH:

e C yBenmuuaBaHe Ha MPOJBIKUTEITHOCTTA
Ha UMIIyJIca ce HaOIr01aBa TEHACHLUS KbM IIOHU-
JKCHHE Ha THKOBaTa TeMIlepaTypa B 30HaTa Ha
BB3AcHcTBUE. ToBa ce NBIDKM Ha IIO-IBJITOTO
BpeMe 3a pa3ceiiBaHe Ha TOIUIMHATA, IPU KOETO
4acT OT CHEPrusiTa ce pasnpenesst BbpXy MO-To-
7siM 00eM OT MaTepHaia, KaTo 1o TO3M Ha4WH Ha-
MaJisiBa JIOKAJIHOTO MpEerpsiBaHe.

e To3zu edekr e mo-cnabo U3paseH, OTKOJI-
KOTO BJIMSHHETO Ha CKOPOCTTa, HO BCE IaK HE
Moxke na Obae mnpeneOpernar. OcoOeHO mpu
KpaTku umnyicu (rmox 20 ns), eHeprusara ce KOH-
LEHTpHpa NMO-UHTEH3UBHO, KOETO BOJH 110 MO-BU-
COKHM TEeMIIepaTypd W HOTEHLHAIHO MO0-100po
NPOHUKBAHE WIIH JbJI00YNHA Ha MApPKUPOBKATA.

e 3a mIbTHOCT Ha MoigHocTra 1,04Xx101°
W/m?, remneparypata HamansiBa ot 2235 K (mpu
4 ns) no 2035 K (pum 200 ns).

e Ilpu mno-Bucokara mibTHOCT 1,61x10'
W/m?, temneparypure Bapupar ot 2650 K mo
2390 K B chIus BpeMEBH JUATIA30H.

Tesn pesynrarh uMaT BaXXKHO HPAKTHUECKO
3Ha4YeHHe — 4pe3 u300p Ha MOJAXOJIIa TPOIbII-
JKUTEITHOCT Ha UMITyJIcCa MOXE Jla CE YIpaBIisiBa
TEPMUYHOTO HATOBapBaHE Ha MaTepualia, KaKTo 1
€CTETUUECKUTE U (DYHKIIMOHAJIHUTE XapaKTepHC-
TUKWA Ha MapKHpoOBKaTa (KaTo AbJI00YMHA, KOHT-
pacT ¥ Halnu4Yue Ha MUKPOITYKHATHHH).

Ha 0aza Ha u3BBpILICHHUTE CHUMYyJALNH, Odxa
OTIpeJIeJICHH TIPEIBAPUTEIIHN PAOOTHH HHTEPBAITH
HA MPOJBIDKUTEITHOCTTA Ha UMITYJICHTE, KOUTO CE
MperopbyBaT 3a ObACHIN PEATHH EKCIIEPUMEHTH:

3a 1,04x10'° W/m?: ot 4 ns 1o 200 ns

3a 1,61x10'° W/m?: ot 4 ns 1o 200 ns



Te3u uHTEpBaIM 00XBaIIaT 00JIaCTH, B KOUTO
Ce MOCTHra J0CTaThYHO BHCOKA TeMIlepaTrypa 3a
TOTEHEe Ha TIOBBPXHOCTHUS CJIOH, HO 0e3 mpeko-
MEPHO HarpsiBaHe, KOeTo OH JOBEJO JI0 JCPEKTH
WK HeXKEJTaHU CTPYKTYPHU U3MEHCHHUS B MaTePH-
ana.

Profil der maxamalen Temperaturen in der Schicht 1
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@ur. 5. 'padyky Ha 3aBUCHMOCTTA HA TeMIlepa-
TypaTa OT MPOIBIKUTETHOCTTa Ha UMITYJICUTE
3a: opamxkeBa — 1,04x10'° W/m?; cunst —
1,61x10" W/m?.

3akiaouenne

Hacrosmoro uscnenBane 1eMOHCTpupa edex-
THUBHOCTTA Ha M3II0JI3BAHETO HA YUCIICHO MOJICIHU-
paHe 3a ChbKpallaBaHe Ha BPEMETO, HEOOXOIMMO
3a eKCIIEPUMEHTAJIHH MPOYYBAHHS TPHU Ja3epHO
MapKupaHe Ha Hepbxkaaema ctomaHa X6Crl3.
Upes HpUJIaraHeTo Ha codryepa
Temperaturfeld3D u ananu3 Ha TemneparypHuTe
nojera, Osxa ouepTaHH MPeABAPUTEIHNA PaOOTHH
MHTEPBAIIM 32 CKOPOCTTA U MPOABIDKUTEITHOCTTA
Ha WMITYJICUTE, KOMTO MOTaT Ja ce H3IOJI3BaT
KaTo OTIPaBHA TOYKA MPU PEATHU EKCTIEPUMEHTH.
ToBa mo3BoisiBa ONTUMM3MpPaHE Ha Ipoleca U
3HAQUUTEIHO HAMaJlsiBaHE Ha HEOOXOJMMHUTE pe-
CYPCH TIPH TIPOBEXKIAHETO HA OTIHTH.

[MonyueHuTe pe3yinTaTi HAMHPAT MPSKO MPH-
JI0>)KEHHE B MHAYCTPUAITHH CPEI, KBIETO € He0O-
XOMMO OBP30 M NPENU3HO aIaNTUPaHe Ha mapa-
METPUTE Ha JIA3epPHOTO MAPKHUPAHE CIPSAMO pa3-
JUYHU TIPOM3BOJCTBEHH W3UCKBaHUS. OCBeH
TOBA, PE3yJATAaTUTE MOTAT Ja IOCITYXaT KaTo OC-
HOBa 3a pa3pa0OTBaHE HAa aBTOMAaTH3UPAHH CHUC-
TEeMH 3a MOJ00p HA TEXHOJIOTHYHU PEKUMHU TIPH
MapKHpaHe Ha MapTEH3UTHU HEPBKIAEMH CTO-
MaHH.

OrpaHnyeHne Ha HACTOSIIOTO U3CIE/BAaHE €,
Yye YHCJICHUTE MOJENU HE OTYUTAT BCHYKH BBH3-
MOXHU (DM3MYHU B3aHMMOJCUCTBUS, NMPOTHYAIIN
IIPY PEAHUS IIPOLIEC, KATO HAIIPUMED U3MEHEHHUS
B IMIOBBPXHOCTHATA CTPYKTYpa, OTpa3siBallia CIio-
COOHOCT M OKcuaaumoHHu npouecu. [lopanu Tosa
€ IPETNOpPbUYNTEIHO OBACIIN M3CIEeIBAHUS Ja Ce



HAaco4vaT KbM BaJMJIUpaHE HA MOJYYCHUTE PE3yIl-
TaTH Ype3 PeaiHi SKCIIEPUMEHTH U Pa3llupsBaHe
HAa Mojela C JIONBIHUTEIHU (U3NYHU Tapa-
MmeTpH. ChIlo Taka, Ou OMJIO LIEHHO Ja Ce MPOYYH
BIMSHUETO HAa JIPYTH MapaMeTpd Ha Ipolieca,
KaTo eOKyCHPOBKa, U YeCTOTa, OpOii Ha TTOBTO-
peHUsITa, pacTepHa CTHIIKA U JpP. BHPXY KavecT-
BOTO Ha MapKUPOBKATA.
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KYJITUBUPAHE HA HIAMOBE MJIEHHOKHNCEJIN BAKTEPUH OT YOBELIKMU ITPO-
N3XO0/J U OIIPEJAEJSAHE HA KHHETUKATA HA ®EPMEHTAIIMOHHUSA ITPOLEC

Wmusta loGpes

CULTIVATION OF LACTIC ACID BACTERIA STRAINS OF HUMAN ORIGIN AND
DETERMINATION OF THE KINETICS OF THE FERMENTATION PROCESS

Iliyan Dobrev

ABSTRACT: Batch cultivation of the selected strains Lacticaseibacillus rhamnosus 10/18 and Lactobacillus
acidophilus 2/18, possessing probiotic properties, was carried out. The dynamics of the increase in the
concentration of active cells of the studied cultures, as well as their acid-forming ability, were also monitored. It
was established that the studied strains allow obtaining bacterial concentrates with a high titer of active cells (10
CFU/cm®) at the 24™ hour at a titratable acidity of the medium around 120°T. Mathematical modeling of the
growth kinetics, in which the biomass was presented in a dimensionless form, was performed for a more complete
study of the reproductive ability of the strains. From the kinetic studies conducted, it was established that the
maximum specific growth rate for the strains varied in the range of 0.0156 h™' and 0.0470 h™', depending on the
models used. Similar kinetic studies were performed to determine the kinetics of acidification. The Weibull model
was used to model the acidification capacity, according to which the maximum rates of acidification for the strains
Lacticaseibacillus rhamnosus 10/18 and Lactobacillus acidophilus 2/18 were 0.027 h™ and 0.054 h™!, respectively,
and the parameter 0 determining the change in the rate of lactic acid accumulation over time was 1.88 and 0.991,
respectively. The longest induction period of 1.43 h and the lowest adaptation rate constant (0.103 h'') was
observed for L. acidophilus 2/18, while for L. rhamnosus 10/18 the values for these parameters were 0.88 h and
0.227 hl, respectively. This is evidebce that the composition of the nutrient medium was optimal for the
development of L. rhamnosus 10/18. The slower adaptation of L. acidophilus 2/18, compared to the other strains,
may be due to the lack of some substrates in the medium, other than those optimal for its growth, oxidation-
reduction potential and temperature regime.

Keywords: lactic acid bacteria, human origin, cultivation

BbBenenne Propionibacterium spp., Streptococcus spp.,
Bacillus spp., Enterococcus spp. ¥ HIKOH CIICIIH-
Crnopen CeroBHaTa 31paBHa opraHuzaums  ¢uuHM mwamose Ha Escherichia coli [Kechagia et
npoduoTuyTe ce NeUHUPAT KaTo , KuBW MHUK-  al., 2013].
POOpPraHW3MH, KOHTO MPWIOKEHH B aJIeKBaTHH Pa3zpaboreHu ca ompeneneHd KpUTEpHUH, Ha
KOJINYECTBA, PEIOCTABAT MOJI3U 32 3IPaBETO HA  KOMTO NPOOHMOTHYHUTE MUKPOOPraHU3MHU TpsiOBa
rocTonpueMHuKka®. I3momsBaHeTo Ha MpoOHMO-  Ja OTrOBapsT, 3a Ja c€ CUMTaT 3a ehekTuBHU. KbM
THIIM 33 OTa3BaHE Ha 3JIPaBETO HE € HOBOCT, HO  TAX CE OTHACAT CIIOCOOHOCTTA 3a OIEISIBaHE B

WHTEPEChT 3HAYMTEITHO CE YBEIWYH MPe3 MOCNe-  CTOMAITHO-YPEBHUS TPAKT, BUCOKA YCTOWYHBOCT
Hurte roaunu [Mcnsm, 2016]. ToBa ce 1bDKM Ha Ha CTOMAallHU KHCEJIMHHU, JIMIICA Ha TpaHC-
YBEJIMYABAHETO HA aHTUOMOTHYHATA PE3UCTCHT-  (epyeMa PE3UCTCHTHOCT KbM AHTUOMOTHUIM U
HOCT Ha TAaTOICHHUTE MUKPOOPTaHU3MH, OCOOCHO  CIIOCOOHOCTTa Jia YIPaXHSBAT I10JI30TBOPEH
MpHU JIeYeHUE Ha 3a00NsSBaHUSA Ha CTOMAalIHO-  eeKT Ha rocronpuemMHuka [Montalban-Arques et

YpeBHATa CHCTEMa, KaKTO M HapacTBamoTo xeja-  al., 2015]. Cnopexn Donald J. and Brown, 1993, 3a
HUE OT CTpaHa Ha OOIIECTBEHOCTTAa OT ECTECTBEHH  Jia MPOSBSIBAT CBOETO ITOJN30TBOPHO BIHSIHUE
NPOMOTOpH Ha 37apaBeTo. [[poOnoTHYHNTE MHUK-  BBpPXY OpraHum3Ma NPOOMOTHYHHUTE Npenapatu
POOPraHU3MH, 3a KOUTO € JI0Ka3aHo, 4e UMaT Mo-  TpsiOoBa na chabpxkar Hax 107 cfu/g sxusuecno-
JIE3HW CBOMCTBA, BKIIIOYBAT MNPEACTABUTENM OT  COOHM KIeTKH. [I[pOOHOTHIMTE BIUSIAT BBPXY Op-
ponosere: Lactobacillus spp., Bifidobacterium  raHum3Ma dYpe3 pasiiM4Hu MexaHu3sMmu. OO0muTe
spp., Saccharomyces (Saccharomyces boulardii), =~ MexaHW3MH Ha JEWUCTBUE Cpea U3CIECIBAHUTE
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MPOOMOTHYHH POJOBE OOXBAIaT PE3UCTCHT-
HOCTTa KbM KOJIOHHM3WpaHe, MPOM3BOACTBOTO HA
MJIEYHA KHUCEJIMHA U KbCOBEPHKHH MACTHHU KHUCE-
JIUHYW, pEryJupalid 4YpeBHATa ICPUCTAIITHKA,
HOpMaHM3WpaHe Ha HapylieHaTa MUKPOOHOTa |
KOHKYpEHTHO m3KirouBaHe Ha matorenn [Hill et
al.,2014]. Hsakowu ot edpekTHTE Ca IIAMOBO-CIICITU-
¢buaan. [TpoOHoTHYHY MaMOBE TTOXOOPSBAT Xpa-
HOCMHJIAHETO Ha TOCTONPHEMHIKA upe3 MeTabo-
JU3UpaHe Ha XIIBYHUTE COJIM WM JOIMBbIBAHE Ha
(GYHKUIMHUTE HA JUTICBAIIY XPAHOCMUJIATETHN €H-
3umu [Amara and Shibl, 2015; Shi et al., 2016].

Lactobacillus spp. ca Hali-U3MON3BAaHUTE TIPO-
OMOTHLIM U c€ OTKPHUBAT B PA3TUYHU CKOJIOTUIHU
HUIIN HaBCIKBAE 1Mo cBeta [Giraffa et al., 2010].
To3m ponm wrpae BakHa poOJII B XpaHUTeITHATa
(epMeHTaMsT U HErOBU TPEACTaBUTENN CE OTK-
pUBaT B TaCTPOMHTECTHHAIHIS TPAKT Ha X0opaTa U
JKUBOTHUTE B Pa3IMYHH KOJUYECTBA B 3aBHCH-
MOCT OT BHJa, BH3pacTTa Ha TOCTONPHUEMHHKA
WM MECTOTIONIOKEHHETO B 4yepBara [Duar et al.,
2017]. IIpe3 mocneaHUTE TOMUHU C€ OOPBIIA OCO-
O0CcHO BHUMAaHHUE Ha MOJE3HUTE U (PYHKIMOHAIHU
cBoiicTBa Ha Lactobacillus spp. Te ca cBbp3aHu C
nonoOpeHara (Gu3HoNIOrnYHa QYHKITUS ¥ KOTHH-
TUBHU criocoObHocTH [Linninge et al., 2019; Ni et
al., 2019; Wang et al., 2020]. Nma u3ciieaBanus
BBPXY BB3eiicTBUeTO Ha Lactobacillus spp.
BBpXy OKcumaTuBHHUS ctpec [Truusalu et al.,
2004; Aabed et al., 2021].

Mueunokucenute 6aktepuu (MKB) ce uzomnu-
pat ot pasnuuan mi3rounuiy. Crnopen Hutkins,
2006; Sun et al., 2015 ce HaGmOgAaBAT TOJICMU
pa3InKy MEXY BUAOBETE WM JIOPH IIaMOBE, Ha
T€HEeTHYHO WIH (DU3MOJIOTMYHO HUBO. YCTaHO-
BEHO €, Y€ pa3IMyHH IaMOBe, MPUHAIJIEKAIIH
KbM €JIMH ¥ CBIIU BUJ, [10 PA3JIMYCH HAYUH XUJI-
ponusupar nporeunu [Jensen et al., 2009]. Toea
Ha CBOHM pej moayepTaBa HEOOXOAUMOCTTa OT
BHUMATEJIEH MOJI00p Ha MAMOBETE, KOUTO IIE ce
W3M0JI3BAT 332 MPOM3BOJACTBO HA OMOJIOTUYHO aK-
THUBHU TIpETNapaTH, KAKBUTO ca MPOOHUOTHUITUTE.

Hacrosimata Hay4Ha myOauKaIus e TocBeTeHa
Ha MepHOANYHO KynTuBupaHe Ha mamoBe MKb
OT 4oBemKH Tmpousxon Lacticaseibacillus
rhamnosus 10/18 u Lactobacillus acidophilus
2/18 mpu CTaTUYHU YCIOBUSI M OIIpeielisTHE Ha KH-
HETHYHUTE TIapaMeTpy Ha MIIeHHOKHcenus dep-
MEHTALMOHEH MPOIIEC.

MarepuaJju ¥ METOIU

1. MukpoopranusmMu

WscneapanusTa B HacTosImara paboTa ca mpo-
BesieHu ¢ jiBa mama MKDB ot yoBeniku npousxo,
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uaeHTUGUIUpPaHu 4Ype3 (HU3UOJIOTUYHH, OHOXH-
MHYHA M MOJICKYJISIPHO-TEHETHYHH TECTOBE [0
BUn - Lacticaseibacillus rhamnosus 10/18 u
Lactobacillus acidophilus 2/18.

2. XpaHUTEeJIHHU CPpeau

2.1. MRS-0ynwon (cpena na De Man, Rogosa
& Sharpe)

Cncras (g/dm®): nmenron or kasemn — 10 g;
JIPOXKICB EKCTPAaKT - 4 g; MECeH eKCTPakKT - 8 g;
rimoko3a — 20 g; KoHPO4 — 2 g; natpues anerar —
5 g; nnamonmeB mwTpart - 2 g; MgSOs — 0.2 g;
MnSO4 — 0.04 g; Tween 80 — 1 ml; pH=6.5. Cpe-
JaTa ce ctepuwinsupa 3a 15 munytu npu 118°C.

2.2. CrepmwiHo 00e3MaciieHO MIIIKO C THT-
pyema kucenmHHOCT 16-18°T.

Cnceras (g/dm®): o6e3maciieno MIISKO Ha Ipax
(Scharlau). Cpenara ce crepuwnmmsupa 3a 15 mu-
HyTH nipu 118°C

2.3. MRS-arap

Cocra (g/dm®): MRS-6ymson + 2% arap.
Cpenata ce crepwiu3upa 3a 15 MuHyTH HpHU
118°C.

2.4. ®du3noNoruYeH pa3TBop

Cocrae (g/dm’): NaCl — 5 g; necrunupana
Boaa — 11. Crepunmsupa ce 20 munyTH nipu 121°C.

2.5. LAPTgl0 - 6ynbon

Cneras (g/dm®): menron — 15; 1pokieB eKkcT-
pakt — 10; tpunton — 10; rmroko3a — 10. pH ce
noBexna a0 6.6 — 6.8 u ce nobass Tween 80 -
lem?/1. Cpenata ce crepunusupa 3a 20 MUHYTH
mpu 121°C.

2.6. LAPTglO0 - arap

Cxnceras (g/dm?): Cpena L-Oynbon + 2% arap.
Cpenara ce crepunusupa 3a 20 MHHYTH HpH
121°C.

3. KyrTuBnpane Ha M3cjaeIBAaHUTE MHKPO-
OpraHu3Mu

B 3aBuCHMOCT OT 11€1MTE Ha OTAEIHUTE EKCIIe-
PUMEHTH U3CJICIBAHUTE IIAMOBE Ca KYJITUBUPAHH
Ha TeyHH XpauurtesHu cpean (MRS-Oynbow,
LAPTgl10-0ynb0H 1 00€3MaciIeHo MIISKO).

4. OnpenensiHe HA KHHETHKATA HA Mpoleca
U UAeHTH(HUKALMA HA MapaMeTPUTe Ha Moje-
JiMpaHe

3a MonenupaHe KMHETHMKaTa Ha pa3BUTHE Ha
MHUKpPOOHA MOMyIalusl 1 KNCETMHOOOpa3yBaHe ca
W3IMIONI3BAaHN  CIIEAHUTE Mojaenu (YpaBHEHHS
1,2,3,4).
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Pb ¢
= Hinax (1 __) X Moen 1

X,

dr
X, "

o

M kg u
In—=pur+1 {_ [1 Z [-(ko+ﬂ)r1”
nN0 pr+n PR -I-koe Monen 4
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Kr=a- be’(qpf)ﬁ Weibull

*KBAETO: Wmax € MAKCUMaJHA CIIEU(HUYHA CKO-
poct Ha pactex, h''; Xi, Py, Xom ¥ Ppy ca cbOT-
BETHO OmomMacara, KOJMYECTBOTa MJICUHA KHCE-
JIMHA, KpallHaTa KOHIIGHTpalus Ha OnomacaTa u
MJIeYHATa KHCcelMHa B Oe3pa3mepeH BuI;, M — Te-
Kyllla KOHLIEHTpaIus Ha Ouomacara, cfu/cm?®; N
— HaYaJIHa KOHIIEHTpalMs Ha 6uoMacara, cfu/cm?;
T — MHIYKIIUOHEH Nepuo, h; ky — CKOpoCTHA KOH-
CTaHTa Ha aJIaNTaIys Ha KIETKUTE KbM cpeaTa u
ycnoBusTa Ha Kyitusupane h''; ¢ — mapamersp,
OTYHTAILl HHXHOMPAIIOTO BIMSHUE HA HATPYIBa-
sl ce MPOAYKT (MJIeYHaTa KHCEIWHA) BBPXY
Pa3BHTHETO Ha KJIETKUTE; N ¥ N| — KOSHUIINEHTH,
OTYHTAIIM BIUSHUETO Ha MJICYHATAa KHUCEJIMHA
BBPXY KJIETKUTE, PECHEKTHBHO MOKAa3Balll YyC-
TOMYMBOCTTa (TyBCTBHUTEIHOCTTA) HA KIIETKHUTE
KBbM HapacTBaIllaTa KOHIIEHTPALU Ha MPOIYKTa;
q — KOCQUIIMEHT, MMOKa3Ball] HHXUOUPAIIIOTO JeH
CTBHE Ha NPOJYKTa, PECHEKTUBHO Ha MJIeYHATa
KHCEJIMHA, BbPXY COOCTBEHAaTa CH CHHTe3a; Kr —
TUTpyeMa KUCEIMHHOCT B Oe3pa3MepeH BHUT; a -
MaKCUMaJlHa CTOMHOCT Ha TUTpyeMaTa KHCEIH-
HOCT B Oe3pa3MepeH BUl; b — KoeQUIMeHT, paBeH
Ha pa3liuKaTa MeX1y MaKCHMaJTHaTa U HadaJlHaTa
TUTpyeMa KUCEITMHHOCT B Oe3pa3MepeH BUII; qp —
crieruuyHa CKOPOCT Ha KUCEIMHOOOpa3yBaHe,
h'!; 8 - mokasares, onpeneNnsin U3MEHEHUETO HA
¢dopmara Ha KpuBaTa WIM U3MEHEHHETO Ha CKO-
pOCTTa Ha HATPyIBaHE HAa MJIEYHA KUCEJIHHA BHB
BpPEMETO; T — BpeMe Ha KyJITHBHUpaHe, h.

Kyntusupanero Ha  Lacticaseibacillus
rhamnosus 10/18 u Lactobacillus acidophilus
2/18 ce npoBexa Ha cpena MRS-0ynboH npu cb-
OTBETHATA TEMIIepaTypa Ha pa3BUTHE.

5. O6padoTka Ha pa3yaTaTHTe

JlaHHUTE OT TPUKPATHO MOBTOPEHHTE EKCIIe-
pPUMEHTH ca 00pabOTEeHH C IOMOIITa Ha TPOTPaM-
nute npoxykru MS Office Excel 2013 u Origin
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Pro 8.1, kaTo ca U3M0I3BaHN CTATHCTHYECKH (DyH-
KIIMU 32 ONpeielsTHe Ha CTaHIaPTHOTO OTKIIOHE-
HUE W MaKCHMajHaTa Tpellka Ha OleHKaTa IMpH
HHUBa Ha 3HaynMocT a<0,05.

Pe3yaraTu u o0chkaane

Enun oT OCHOBHHUTE KpUTEpUU TIPU CEIEKIUA
Ha mamoe MKB, oco0eHo OT YOBEIIKH BUI, € 1a
MO3BOJISIBAT MPOMMUIIICHO KYJITUBHUPAHE C MOJY-
YaBaHETO Ha KOHIIEHTPATU C BUCOKO ChIbPKAHUE
Ha >Ku3HecrocoOHu kietku. [lopagu ToBa e m3c-
JieIBaHa Pa3MHOXKHUTEITHATA CITOCOOOCT Ha IIaMo-
BETE C IeJ1 MOTyYBaHE Ha KOHLIEHTpaTH C BU-
COKa KOHIIEHTpAIHsI Ha KUCHECITOCOOHH KJIETKH.
[IpoBeneHo € nepruoIuIHO KyJITUBUPAHE TIPH CTa-
TUYHU YCIIOBUS U € OINpeesicHa TUHAMUKATa Ha
HATpPyIBaHe HA OMOMaca U MJICYHA KUCEIMHA, 13-
pa3eHa KaTo THTpyeMa KHCETMHHOCT. Pesynra-
TUTE ca MpEJCTaBeHH Ha Gurypu 1,2,

Lacticaseibacillus rhamnosus 10/18
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log N
TK, °T
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12
Bpewme, h

24 36

= Lactobacillus sp. ==THTpyeMa KHCETHHHOCT

¢ur. 1. lmHamMuka Ha U3MeHeHUe HA OMoMacarta
U TUTPyeMaTa KUCEJUHHOCT MPU KyJITHBHPaHe
Ha mwaM Lacticaseibacillus rhamnosus 10/18

Lactobacillus acidophilus 2/18
140

120
100
80 =
60 E
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Bpeme, h

24 36 48

== Lactobacillus sp. ~—Turpyema KHCeIHHHOCT

@ur. 2. lunaMuKa Ha U3MeHeHHe Ha OGuomacara
U TUTPyeMAaTa KHMCeJIUMHHOCT NMPH KYJITHBUPaHe
Ha wam Lactobacillus acidophilus 2/18



OT mpencraBeHUTe Ha (UTYpPHUTE JaHHU Ce
BIDKJA, 4e Jlar (azata € ¢ MpOABHKUTEIIHOCT 6
yaca, Ciel KOETO 3aloyBa EKCIOHEHIMaIHATa
¢aza Ha pactex. [llamoBeTe HaBIM3aT B CTAUO-
HapHa ¢aza Ha pacTtex Ha 24™" gac OT HaYaJI0TO
Ha Mpolieca, KoraTto ce MOCTUTa BUCOKA KOHIICHT-
panus Ha JKU3HECHOCOOHM KieTkd - Haxy 10'
cfu/cm?®. Ot 24 1m0 48 yac KOHLEHTpanMsATa Ha
JKU3HECTIOCOOHU KJIETKH OCTaBa OTHOCHTEITHO
MOCTOSTHHA 3a JBaTa nama. [Tpu
Lacticaseibacillus rhamnosus 10/18 u
Lactobacillus acidophilus 2/18 1o 36 1ac KoHIICH-
TpanusaTa Ha )XU3HECIIOCOOHUTE KIICTKH HapacTBa
¢ otwe ABe JiorapuTMudau equauy 2 log N (Dwur.
1 u @wr. 2). CxogHa TCHISHITUS ce HAOIIOMaBa U
NpY U3MECHEHHE HA TUTpyeMaTa KUCETMHHOCT. T
3aroyBa IUTABHO Jla HapacTBa OT O-THS 4ac U B
Kpas Ha KyJATUBUPAHETO AOCTUra A0 okojo 120
°T.

Crnen mpoBENCHOTO KYJITHBUPAHE MpPH CTa-
TAYHH YCIIOBUS Ha MOAOpaHHMTE IIIaMOBE
Lacticaseibacillus rhamnosus 10/18 u
Lactobacillus acidophilus 2/18 ¢ HanpaBeHO Ma-
TEMaTHUYHO MOJICIIMPaHe HA KMHETHKATa Ha pac-
TeX Ha yakrobanmiaute. V3BeCTHO €, Ye Ipu Ha-
pacTBaHe Ha KOHIICHTpAIUATA HA MIICYHA KHCE-
JUHa B cpenara ce moTucka pactexka Ha MKBD.
Ta3u YyBCTBHTEIHOCT KbM HATpyIBaliara ce
MJICYHA KHUCENMHA € I[1aMOBO crernuduyna
[Bouguettoucha, et.al., 2011; I'opaees u ap. 2017,
Khalfallah et al., 2023], mopaau koeTo u30paHuTe

Taoauua 1. Kunernunu napamerpu B mogean 1, 2,3

MaTeMaTHYHH MOJICNI ChIbPIKAT MapaMeTpH, Xa-
paKTepU3NpaIly BIUSHHETO Ha MJIEYHATA KHCE-
nuHa BbpXy MKBb.

OT Ba)XKHO 3HAYEHHUE € JIa c€ ONpeAeIH KaKTo
WHIYKIIMOHHUAT TIEPUOJ], BPEMETO OT Jar-¢3arta,
Mpe3 KOeTo KJIETKUTE 3al04BaT J1a CHHTE3UPAT He-
00XOIUMUTE KICTHYHH CTPYKTYPH U CH3UMU U Ja
MPEMUHABAT OT HEaIATHPAHO B aJIAaIITUPAHO ChC-
TOSIHME KbM ChCTaBa Ha cpeliaTa U yCIOBUATA Ha
KyJITUBHUpaHE, TaKa ¥ CKOPOCTHATa KOHCTAHTa Ha
agantupane ko [Bapdomnomees, C.[1. u K.I'. 'ype-
BHY, 1999].

[Tpu u3cnenBaHeTo U CPaBHIBAHETO HA KUHE-
THKaTa Ha Pa3BUTUETO NPU OTJICIIHU IIaMOBE B
€/IHa M ChINA CPe/ia ¥ YCIOBUS Ha KYJITUBHpAHE €
HEOOXOIMMO TIPOIIECUTE JIa 3al0YBaT C €HAKBa
KOHIICHTpAIM HA aKTHBHU KJICTH WM ¢IHAKBA Ha-
yallHa KHCEJIMHHOCT, KOETO € TPYAHO IOCTH-
xkumo. Tlopagn ToBa OmoMacata W TUTpyeMaTa
KHCCJIMHHOCT B MATEMATUYHUTE MOICIIU Ca IPC-
ctaBeHu B Oe3zpa3meper Buj [Tummn B.b., ['ono-
BuHckas O.B, 2015; Tummn B.B., A.B. ®egopos
2016 1.

HanpaBena e uaeHTHUKanus Ha mapamMeT-
pHTE Ha MOJICTIUTE U PE3yJTATUTE Ca MPECTABCHU
B Tabm. 1, Tabu. 2 u Ta6a. 3. Ha ®wur. 4 go dwur.
7 € HampaBeHO CpaBHEHHE Ha EKCIICIMMEHTA-
HUTE pe3yTaTH U Te3u OT n3bpanute moaenu. Ot
MpeJCTaBeHUTE HA (PUTYpUTE JaHHU CE BUXKIA, e
pe3yiTaTUTe OT MOAETHTE CE CHIIIaCyBaT MHOTO
00pe ¢ eKCIIEPUMEHTAITHUTE.

MaremMaTHueH MOJIeN
Ilam Mopgen 1 Mopen 2 Mopgen 3
pm, pm, um,
hel c Pm hel n Xm hel nl q Pm Xm
10/18 | 0,0220 | 0,368 2,38 0,0740 1,135 2,16 0,0400 | 0,980 0,130 2,85 2,45
2/18 0,0190 | 0,448 2,83 0,0156 0,857 1,87 0,0470 | 0,478 0,621 1,91 2,64

Ta6auua 2. KuHeTnunu napamMerpu Ha mozae 4

lam Ta, h ko, h'!
L. rhamnosus 10/18 0,88 0,227
L. acidophilus 2/18 1,43 0,103
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Tabonuua 3. KuHeTuyHu nmapamMeTrpu B Mojesia Ha
Weibull

[lam a, | b, | gp,h'! 5 R2? E
L.

rhamnosu10/|2,81(2,04| 0,027 | 1,88 | 0,9981 | 0,23
18

L “gjﬁl‘éph” 2,7211,72| 0,054 |0,991 | 0,9900 | 0,22




Tabéimuna 4. Kunernunn napamerpu Ha Weibull B

SIBEH BH/I

[lam

MOZ[eJ'H/I B AIBCH BUJ

L. rhamnosus 10/18

KT =281- 2.046(_0'0277)1’88

L. acidophilus 2/18

Kp=272- 1,729(—0,0541)0,99

+  DuomacaFxcnepnemramo = = Buomaca-Mopen 1

Buomaca-Mogen2 === Bonaca-Mopen3
250
200 -—-‘-------

=" - == -.
-l-"_::’— -
130 1 deza
% -

oV

1.00 =

EBaomvaca B fe3IpainvepeH BHT
=
[ E
=

=]
=
=

= 4

¢ur. 4. CpaBHeHHe Ha eKCIIEPHUMEHTAJTHHUTE
JaHHM ¢ Te3u oT Moaean 1,2 u 3 3a L. rhamnosus

10/18

12 H 36
Bpeme Ba kyITHENpAHE,h

8

¢ Bmmaca-Excnepmermamo = = Brmmaca-Mogen |

Bronaca-Mopen2

=== Emyaca-Mogen3

[
iy
=

EBaomaca B GezpazMepeH BHI

¢ur. 5. CpaBHeHHe Ha eKcIepUMEHTAJTHUTE
JAHHU C Te3u OT MOAeJH

acidophilus 2/18

12 A 36 4

Bpeme makyarmenpaze, b

1, 2 u 3 3a L.
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¢ Timpyena mcsmEm0CT-EXCTEpIMERTATHO

=== Trrpyema ricemmmoct Mozen = Weibull

TuTpyenma KACeTHHHOCT B
despainiepeH BHA

0.00 - : : .
4 36
Bpene maxymenpare, h

4

¢ur. 6. CpaBHeHHe HAa eKCIePUMEHTAJIHUTE
JaHHM ¢ Te3n orT moaeaa Ha Weibull L.
rhamnosus 10/18

¢ Tirpyea mceTERCT-EXCIRMME RTATHD

=== Tirpyema mmcemmmocT-Mopen = Weibull

THTpyeMa KHCeIMHHOCT B
DespasnepeH B

u
Bpene Haky.menpane, h

% 4

¢ur. 7. CpaBHeHue Ha eKCIlepUMeEHTAJHUTE
JAaHHH ¢ Te3u or Mogeaa Ha Weibull L.
acidophilus 2/18

Jlanaute, nocouenu B Tabn. 1, couar, 4ye mo-
J'BJIBI MHAYKIUOHEH mnepuox ot 1,43 h u mo-
HUCKa CKOPOCTHA KOHCTaHTa Ha afarnraius (0,103
h') ce nabmonasa 3a wam L. acidophilus 2/18.
Hoxkaro mam L. rhamnosus 10/18 ce xapakrepu-
3upa ¢ uHAyKIMoHeH nepuof 0,88 h u ckopocTHa
koHcTaHTa Ha azanTauus 0,227 h™'. Ot Te3u usc-
JIEIBAHUS MOXKE Ja ce 00001, ue L. rhamnosus
10/18 mo-0bp30 I11e ce axanThpa KbM (pepmMeHTa-
[IMOHHATA CPeJia U yCIIOBHS Ha KynTUBUpaHe Tosa
MOKa3Ba, dYe W3IMOJ3BaHaTa (QepMeHTaIIOHHA
cpema 3a Te3W MIaMOBE € C ONTHMAJICH ChCTaB U
MIPUTOJTHOCT 3a TAXHOTO pa3BuTHe. [lo-0aBHOTO
apantupane Ha L. acidophilus 2/18, B cpaBHeHHE
¢ IpyTHs IIaM MOJKE J1a ¢e IBJDKU Ha JIUIcaTa Ha
HsAKOM CyOCTpaTH B cpemara, pa3imdHu OT OITH-
MaJHUTE 32 HETOBOTO PAa3BUTHE, OKUCIHUTEIHO-
PEAYKIMOHEH TMOTEHIMANT U TEeMIEepaTypeH pe-
*uM. Jpyra npruyuHa 3a Mo-HUCKUTE CTOMHOCTH



Ha CKOPOCTHA KOHCTaHTa Ha aiarTaIis U mo-Ibi-
TUAT WHAYKIMOHEH MEePUOJl, BEPOSTHO CE€ IBIDKU
M Ha CTaTUYHHUS XapaKTep Ha cpejaaTa, KOeTo ce
XapaKkTepu3upa ¢ JIMICca Ha MOBBPXHOCTHA aepa-
IS, KOSITO 32 HAKOM BUIOBE JTAKTOOAIMIIA OKa3Ba
M3BECTEH CTHMYyIMpail epeKkT, Thif KaT0O MHOTO
[IaMOBE OT TO3U POJ ca MUKPOApOQHIIH.

IIpencraBennte B Tabma. 3 maHHM TTOKa3BaT, 4e
W TIpU JBaTa W3CIEABAHM IaMa HapacTBamaTa
KOHIICHTpAIHs Ha MIIEYHATA KHCEIMHA OKa3Ba I10-
cnabo M3pa3eH0 WHXUOWpAIO NEHCTBHE BBPXY
MaKCHMAaJlHaTa CIenu(uIHa CKOPOCT Ha PACTEX.
ToBa ce moguepraBa OT CPaBHUTEITHO HUCKHUTE
CTOWHOCTH Ha mapamMeTbpa ¢ B Mozen 1. 3a mam
L. rhamnosus 10/18 To3m mapamMeThp IpHEeMa
croitHocT 0,368. Ilo-BHCOKa CTOMHOCT Ha Tapa-
MeThpa ¢ ce HabmoaaBra npu mwam L. acidophilus
2/18 — 0,448. Ilo-BrcokaTa CTOHHOCT Ha TTapame-
Thpa C MPHU TO3M IaM MOXeE Ja ce O0SICHU C TI0-
BUCOKAaTa KpaliHa KOHIIEHTpAIus Ha MJIeYHa KH-
cenvHa B Oe3pa3MepeH BUJ, MpelcKazaHa OT MO-
nema (2,83), B CpaBHEHHE C JPYTUTE IIAMOBE.
KpaiiHaTa KOHIIEHTpaI¥s Ha MJIeYHATa KUCEeTNHA
B Oe3pasmeper BuA nipu mwam L. rhamnosus 10/18
npuemMa CTOMHOCTH, CbOTBETHO 2,48 u 2,38. Cbr-
JIACHO JaHHUTE OT Monei 1 mamseT L. rhamnosus
10/18 npuTexaBa Mo-BUCOKa MaKCUMaJIHA CIICIU-
¢uuna ckopoct Ha pacrex - 0,0220 h'l. L.
acidophilus 2/18 ce xapakTepusnpa C MMO-HHCKa
MaKCHUMajJHa crhelu(uyHa CKOpOCT Ha pacTex
0,0198 h'.

WuTepec npeacrapnsBa 1a ce U3SICHU BIUSHU-
€TO Ha HaTpylBallaTa ce MJIeYHa KHCEIMHA |
BBbpXY OnomMacara. 3a Ta3u 1eJ MOJICIIUPAaHETO Ha
KHHETUKATA € U3BBPIICHO B JIOTUCTUYEH MOJIEN 2,
KOHTO CHIBpKa MapaMeTbpa h, OKa3Balll BIUs-
HHUETO Ha MIICYHATA KUCEITMHA BEPXY caMaTa OHo-
Maca UM yCTOMYMBOCTTA (UyBCTBUTEIHOCTTA) HA
MUKpPOOHUTE KJIETKH KbM HaTpyIBamara ce
MJIeYHa KHcenrHa. JJaHHNTe, TOTyYeH! OT JIOTUC-
TUYEH MOien 2, ca oTpa3eHu B Tabu. 1, ot kouto
cTaBa sCHO, ue KiaeTkute Ha L. rhamnosus 10/18
ca ¢ MO-BUCOKAa YCTOWYHMBOCT (Hal-HUCKA YyBCT-
BUTEITHOCT) KbM HapacTBallaTa KOHIICHTPAIHs Ha
MJIeYHaTa KHWCENIMHA, JOKaTo Tpu Imam L.
acidophilus 2/18 ce HabmogaBa Mo-HUCKa CTOM-
HOCT Ha mapameTspa n (0,857). Ilpu mam L.
rhamnosus 10/18 3aema n mnpuemMa CTOHHOCT
1,135.

Crnopen mozen 2 ¢ o-BUCOKa MaKCHMaJHa CIie-
MUQHUIHA CKOPOCT HAa PacTeX Ce XapaKTepusnupa
wam L. rhamnosus 10/18 (0,0740 h). Ilam L.
acidophilus 2/18 npuTexaBat Mo-HUCKa CTOHHOCT
Ha MakcuMaliHaTta crieliuIHa CKOPOCT Ha pac-
tex — 0,0156 h''. CerinacHo gaHHUTE OT Mozen 2
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3a mam L. rhamnosus 10/18 ce moctura Makcu-
MajHa KOHIIEHTpaIus Ha Omomacara B Oe3pazMe-
peH Bun 2,16, a 3a L. acidophilus 2/18 - 1,87.

B monen 3 mapamerspa n; MMa aHaTIOTHYHO
3HaYeHWE KAaKTO TMpPH MpeaxomHus. 3a mam L.
rhamnosus 10/18, Mmomen 3 mpeacka3Ba CTOMHOCT
Ha mapameTspa n; nox 1, a umenso 0,980 B cpas-
HEHHE ChC CTOWHOCTTA HA aHATIOTUYHHS Tapame-
Tep nBMozen 2 (1,135). ToBa noka3sBa, ge criopen
MoJied 3 maMbT Ce XapaKTepu3upa ¢ MOBHIIEHA
YCTOHYHMBOCT (HaMaJieHa YyBCTBUTEIHOCT) KbM
HapacTBallaTa KOHIIEHTPANWs Ha MIIeYHaTa Krce-
muHa. OT naHHuTe, npencraBenu B Tabmn. 2, ce
BIKJIa, Y€ OTHOBO IO-BHCOKA YCTOHYMBOCT KbM
MJedyHaTa KHCENWHA TpUTeXaBa maMm L.
acidophilus 2/18, XapakTtepusmpani ce ¢ Hai-
HHCKa CTOMHOCT Ha nmapamerbpa n; — 0,478.

N3yyaBaHeToO Ha yCTOMYHMBOCTTA Ha KJIETKUTE
KBbM MIIEYHATa KHCEINHA € OT CHIIECTBEHO 3HaUe-
HUE M KOCBEHO MPE/Iojara, ue mo-yCTOMYUBUTE
KbM MJICYHATA KACEIMHA [I[aMOBE Il UMAT MO-TO-
JIsMa TPEKUBIEMOCT TIPH TPEMHUHABaHE IIpe3
HHUCKUTE CTOMHOCTU Ha pH B cToMaxa.

Jpyr BaxkeH mapameTsp € napaMeTbpbT ( B
mozen 3. Toif moka3Ba MHXUOMPAIIOTO JIEHCTBHE
Ha TPOAYKTa, PECHEKTUBHO Ha MIIEYHATa KHCE-
JIMHA BBPXY COOCTBeHATa cu cuHTe3a. OT mpejc-
taBeHuTe B Ta0i.1 gaHHU cTaBa SICHO, Y€ 3a Iam
L. rhamnosus 10/18 To3u mapaMeTsp premMa 1o-
Hucka croitHoct - 0,130. ToBa xapaktepusupa
TO3H II[aM C BUCOKA SHEPIHs Ha KUCEIMHO00pasy-
BaHe. [Ipu Hero OnocuHTE3aTa Ha MIIeYHATA KHCe-
JUHA 1€ TPOTHYa C TO-TOJIsIMa WHTEH3MBHOCT.
[pu mawm L. acidophilus 2/18 ce nadbmonasa mo-
BHCcOKa cToiHOCT Ha g (0,621). Ta3u Bucoka cTo-
HOCT TI0Ka3Ba, 4e HapacTBallaTa KOHICHTPAIHS
Ha MJIeYHATa KUCEJIMHA IIe OKa3Ba MO-CUJIHO WH-
XUOHpaIo BIUSHUE BHPXY COOCTBEHATA CH CHH-
Te3a. OCBEH TOBa TS XapakTepH3Hpa mama ¢ 1o-
HUCKa SHEepPrusi Ha KUCEIIMHOOOpa3yBaHe B CPaB-
HEHHUE C OCTaHAJIMTE U TI0Ka3Ba, Y€ MPOIEChT Ha
CHHTE3 Ha MJIEYHA KHCEIIMHA IIIe IPOTHYA IT0-yMe-
peHo. ToBa ce MOTBBpXkAaBa M OT IMO-HUCKAaTa
KpaiiHa KOHIICHTpAIMs Ha MJICYHATa KUCEJIMHA B
6e3pasmepeH Bup - 1,91. Mogen 3 naBa cpu3me-
pUMH CTOWHOCTH Ha KpaiiHaTa MaKCHMAaJlHA KOH-
LIEHTpaIus Ha OuoMacaTa B Oe3pa3MepeH BH/I, KO-
SITO Ce M3MEHs B Juana3oHa ot 2,45 1o 2,64 3a Cb-
OTBETHHUTE IIAMOBE.

3a ma 6bIaT MOTBBP/ICHN U3Ka3aHUTE TIPEIITO-
JIO’)KEHUSI OTHOCHO KMCEIMHOOOpasyBalara cro-
COOHOCT Ha M3CJICIBAHUTE IIaMOBE, € U3YHCIIEHA
crierpUIHATa CKOPOCT Ha KUCEITMHOOOpa3yBaHe
Jp ¥ CTETNICHTa Ha N3MEHEHNE Ha WHTEH3WBHOCTTA
Ha HATPYyIBaHE Ha MJICYHA KMCEJIHMHA BbB BPEMETO



KaTo 1510 (0). Pesynrarure oT mpoBEIeHOTO MO-
JenupaHe ca npeacraBeHy Ha Taoi. 3, a Ha Taou.
4 ca W3BEACHM MOJENUTE 3a M3CIeIBaHUTE Ia-
MOBE B SIBCH BH]I.

3akiaouenue

[Ipu nepronuyHO KyITHBUpPAHE HA IIAMOBETE
MKDb npu cTaTUYHU YCIOBHSI C€ TOCTUTa BUCOKA
KOHIIEHTpAIMA Ha KM3HECTOCcOOHH KieTku (101
CFU/cm®) Ha 36 4ac npu TUTpyeMa KUCETMHHOCT
okono 120°T. Omnpenenenn ca KHHETUYHATE T1a-
paMeTpu Ha TMEPUOTUYHUS MIICYHOKHCceN ¢ep-
MEHTAllMOHEH Mpolec W ca MOKa3aHW CIIeLH-
(buuHN 0COOCHOCTH Ha H3CJICABAHUTE IAMOBE,
CBBP3aHU C aJalTALUSITa UM KbM (PepPMEHTALIOH-
HaTa cpeia M ycJOBUsTa Ha KyJITUBHpaHE, Jiora-
PUTMUYHUS UM PacTEX, HATPYIIBAaHETO HA MJIEYHA
KHCEJIMHA, KaTo ca Pa3KpUTH 3aBUCUMOCTH
MEXIY TAX.
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IMPACT OF NITROGEN DIOXIDE AIR POLLUTION ON
MORBIDITY IN BURGAS MUNICIPALITY

Nikola Todorov

ABSTRACT: Nitrogen dioxide is one of the main air pollutants capable of causing a wide range of respiratory
illnesses. The aim of this study is to deepen the understanding of nitrogen dioxide air pollution and its effects on
public health. The analysis covers data collected from four monitoring stations in Burgas Municipality that track
air quality in terms of nitrogen dioxide over a five-year period (2019—2023). The results show a stable annual
average NO: levels remaining well below the regulatory limit. However, the number of recorded illnesses in
healthcare facilities in 2023—specifically in ICD-10 Class X "Diseases of the Respiratory System" and Class 11
"Neoplasms"—was higher compared to the previous two years. This discrepancy is mainly attributed to inaccura-
cies in estimating actual human exposure to NO:. In urban environments, motor vehicles are the primary source
of NO: emissions. Nitrogen oxides are produced during fuel combustion and emitted through exhaust pipes, con-
taminating the surrounding environment. Since NO: is heavier than air and requires time to disperse, pollution
levels in transport microenvironments are significantly elevated. Although people spend relatively little time in
these conditions, they can still be subjected to considerable exposure, which stationary monitoring stations are
unable to register. This study proposes the use of portable hand-held devices to measure NO: concentrations in
transport microenvironments and other locations with high levels of air pollution.

Keywords: nitrogen dioxide, monitoring, transport microenvironments, morbidity

Introduction these are typically emitted as nitric oxide (NO)
and only 5-10% as nitrogen dioxide (NO2). Under
Air pollution is a global issue. More than 4.2  ambient conditions, NO rapidly oxidizes in the at-
million people worldwide die prematurely each  mosphere to form NO: due to the presence of ox-
year due to ambient air pollution [WHO, 2024].  idants such as oxygen, ozone and volatile organic
Air pollutants can cause health problems even  compounds (VOCs). This oxidation process is so
when they are not visible or detectable by smell.  rapid that NO: is generally considered the main
They can also have a significant economic impact  pollutant. It exists in the air in gaseous form, has
through increased healthcare costs, reduced life  reddish-brown color, it’s heavier than air and has
expectancy and lost working days across various  a sharp odor noticeable at concentrations above
sectors. Furthermore, air pollutants damage vege- 188 pg/m®.
tation, ecosystems, water and soil quality and lo- In urban areas, motor vehicles are the main
cal biodiversity [EEA, 2024]. The World Health  source of nitrogen oxides. Researchers are partic-
Organization (WHO) identifies particulate matter ~ ularly interested in NO: because it is among the
(PM), nitrogen dioxide (NO:), sulfur dioxide  most hazardous components emitted from vehicle
(SO2) and ground-level ozone (Os) as the most  exhausts. Despite the short amount of time people
harmful pollutants to human health [ECA, 2018].  typically spend in transport microenvironments,
Nitrogen oxides are formed during combustion  they may be exposed to significant levels of pol-
processes, resulting from various combinations of  lutants. Moreover, most travel occurs during peak
oxygen and nitrogen. The higher the combustion  hours when emissions are higher due to heavy
temperature, the greater the quantity of nitrogen  traffic. These periods are characterized by low air
oxides generated. Approximately 90-95% of turbulence and limited pollutant dispersion, as
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traffic moves slowly or not at all. The highest ex-
posures occur during such conditions, especially
when passengers are near the exhaust of the vehi-
cle in front [McNabola et al., 2009]. Results re-
ported by Ning et al. [2005] indicate that nitrogen
oxides disperse and dilute over time and under fa-
vorable air turbulence, background concentrations
can be reached at a distance of 3 meters from the
exhaust. However, due to NO:'s relatively high
molecular weight (NO: = 1.5; air = 1), vertical ho-
mogeneity is not easily achieved. A study in the
South Bronx, New York [Restrepo et al., 2004],
found significant differences in NO: concentra-
tions between measurements taken at heights of 4
and 15 meters above ground level.

NO: enters the human body through inhala-
tion. Its health effects are well documented [EPA,
2016; EPA, 2018]. Epidemiological data show
that even low doses can cause irritation of the
throat and mucous membranes, potentially lead-
ing to tracheobronchitis and other non-allergic
respiratory illnesses [Guarnieri and Balmes,
2014]. Long-term exposure to elevated NO: levels
may contribute to asthma development and in-
creased susceptibility to respiratory infections
[Kienzler et al., 2022]. People with asthma, chil-
dren and the elderly are particularly vulnerable to
the adverse health effects of NO. [EPA, 2016;
Laumbach and Kipen, 2012; Olaniyan et al., 2020;
Kowalska et al., 2020]. Numerous studies have
found a positive correlation between NO: concen-
trations and morbidity in urban areas [Restrepo et
al., 2012], though these studies can be challenging
due to significant intra-urban variability in NO:
levels [Zak, 2017].

In recent years, public interest in air quality has
increased significantly. Air quality monitoring is
generally conducted using fixed-site automated
measuring stations (AMS) or DOAS systems op-
erating in continuous mode. These stations pro-
vide accurate, real-time data representative of
broader urban areas. However, a significant limi-
tation of such systems is that they do not account
for the exposure experienced by individuals
throughout their daily routines. During outdoor
activities, many people are exposed to “hot spots”
— localized microenvironments where pollutant
concentrations are much higher. In such cases,
portable hand-held measuring devices can be ef-
fectively used [Kumar et al., 2015; Jiao et al.,
2016; Castell et al., 2017].

To date, no NO: concentration measurements
have been conducted in the “hot spots” of Burgas
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Municipality, although such data could be ex-
tremely valuable in confirming correlations be-
tween NO: pollution and morbidity rates.

Methods

Study Area

This study was conducted in the territory of
Burgas Municipality, Bulgaria. The municipality
is located in the central part of Burgas Province
and spans an area of 559.151 km? (Fig_.." 1).
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Fig. 1. éeographical mal; ’E)f Burgas Muni‘é‘ipality

The municipality comprises 12 settlements. As
0f 2024, the total population is 194,809, with Bur-
gas being the largest city, home to 188,114 peo-
ple. The city serves as the administrative center of
both the municipality and the province and it hosts
regional and national institutions.

Due to its geographical location, the munici-
pality plays a key role in the country’s transporta-
tion and communication system. Important trans-
portation corridors cross the territory in east—west
directions, as well as connections to northern and
southern Bulgaria.

As in most urban areas, cars are the predomi-
nant means of transport. According to the munic-
ipal transport department, as of 2022 there were
over 200,000 registered vehicles in Burgas alone,
with the number increasing by approximately
1,500 annually. Public transportation includes
buses (56 of which are electric) and local trains.
The city operates 26 bus and 6 shuttle lines, cov-
ering a total public transport route length of 490
km.



Monitoring of Nitrogen Dioxide

During the five-year period covered in this
study (from January 1, 2019 to December 31,
2023), the following NO- monitoring stations op-
erated within the territory of Burgas Municipality
[RIEW 2024]:

Air Quality Monitoring Station “Meden Rud-
nik” (AQMS MR) — located in the Meden Rudnik
residential complex, within the yard of Konstantin
Petkanov Secondary School. The station is classi-
fied as a background station with a monitoring
range of 100 m to 2 km. It monitors emissions
from residential heating (as the neighborhood is
not connected to the central heating system) as
well as emissions from other industrial activities
in the area.

AQMS “Dolno Ezerovo” (AQMS DE) — lo-
cated in the Dolno Ezerovo district of Burgas. The
area is predominantly affected by emissions from
industrial installations such as “LUKOIL
Neftochim Burgas” and other facilities situated
east of the neighborhood. This station is classified
as an industrial monitoring point with a range of
100 m to 2 km.

Differential Optical Absorption Spectroscopy
“OPSIS” (DOAS “OPSIS”) — located on the roof-
top of the RIEW Burgas building at 67 Perushtitsa
Street. The station is near one of the city’s busiest
traffic arteries—between the Regional Hospital
and RIEW Burgas. The monitored area is affected
by intense traffic, household activities and emis-
sion transport from the technological operations
of “LUKOIL Neftochim Burgas” and other indus-
trial enterprises in the northern industrial zone. It
is classified as a background station with a cover-
age of 100 m to 2 km.

The AQMS MR, AQMS DE and DOAS "OP-
SIS" stations are part of the National System for

Table 1. Air quality standards for nitrogen dioxide

Air Quality Monitoring (NSAQM) under the Min-
istry of Environment and Water. They operate
continuously (24/7), with real-time data transmit-
ted to RIEW regional databases and to the Execu-
tive Environmental Agency (EEA) in Sofia,
where the National Air Quality Database is main-
tained.

Mobile Air Quality Monitoring Station (Mo-
bile Station) — operated by Burgas Municipality,
this station was launched in April 2011. It is the
only fully automated municipal station of its kind
in Bulgaria. Its mobility allows it to be deployed
in various locations within the municipality. Data
from this station are transmitted and visualized in
real time on the official website of Burgas Munic-
ipality.

Morbidity in Burgas Municipality

To assess morbidity, this study examined the
number of registered cases in healthcare facilities
in Burgas Municipality under ICD-10 Class X
"Diseases of the Respiratory System" and Class 11
"Neoplasms" for the period 2019-2023. Data
were provided by general practitioners and spe-
cialists during initial medical examinations and
were compiled by the Regional Health Insurance
Fund (RHIF) — Burgas [RHI, 2024]. Population
figures were obtained from the official statistics
of the National Statistical Institute (NSI) of the
Republic of Bulgaria.

Results and Discussion

To accurately assess nitrogen dioxide (NO2)
air pollution data, the values were compared
against the norms (Table 1) established in Regu-
lation No. 12 from July 30, 2010.

Standard

Averaging Period

Value [pg/m’]

Hourly average limit value for the protection of | 1 hour 200 (must not be exceeded more than
human health 18 times per calendar year)

Upper assessment threshold for the hourly av- | 1 hour 70% of the limit (140 — must not be
erage value for the protection of human health exceeded more than 18 times per year)
Lower assessment threshold for the hourly av- | 1 hour 50% of the limit (100 — must not be

erage value for the protection of human health

exceeded more than 18 times per year)

Alert threshold

3 consecutive hours | 400

Annual average limit value for the protection of
human health

1 calendar year 40

Upper assessment threshold for the annual av-
erage value

1 calendar year

80% of the limit (32)

Lower assessment threshold for the annual av-
erage value

1 calendar year

65% of the limit (26)

Limit value for the protection of vegetation
(not applicable near emission sources)

1 calendar year 30




According to Bulgarian environmental legisla-
tion, in addition to the hourly limit value for NO»,
there are upper (UAT) and lower assessment
thresholds (LAT) for the hourly average value,
which must not be exceeded more than 18 times
within a calendar year. While there is no daily av-
erage limit for NO-, an annual average limit is es-
tablished, along with upper and lower assessment
thresholds for the annual average value. In recent
years, the number of exceedances has been as fol-
lows:

e 2019-14
e 2020-14
e 2021-10
e 2022-16
e 2023-11

In Burgas Municipality, NO2 levels are moni-
tored by three fixed air quality stations: AQMS
DE, AQMS MR and DOAS "OPSIS". These sta-
tions operate continuously, taking samples and
analyzing air quality 24 hours a day. Figure 2 pre-
sents the highest hourly average concentrations
(HHA) of NO2 measured from January 1, 2019, to
December 31, 2023.
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Fig. 2. HHA NO: concentrations

Figure 2 shows that the HHC of NO: during
the five-year period remained below the hourly
standard (200 pg/m?) and the upper assessment
threshold (140 ug/m3). Only at DOAS "OPSIS"
was the lower threshold (100 ug/m?®) exceeded,
but the number of exceedances remained below
the regulated limit of 18 (Table 2).

To obtain a more comprehensive profile of
NO: pollution, maximum daily average concen-
trations were also determined for the three fixed
monitoring stations (Figure 3).
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Fig. 3. Maximum daily average of NO-

Figure 3 indicates that the highest daily aver-
age NO: values were measured at the DOAS "OP-
SIS" station, likely due to its proximity to the bus-
iest traffic artery in Burgas. The results also
showed that relatively elevated concentrations are
observed primarily during the summer season.
This confirms that motor vehicles are the primary
source of NO:z emissions in the city.

Figure 4 illustrates the annual average NO-
concentrations (in ug/m?®) from 2019 to 2023 for
AQMS MR, AQMS DE and DOAS "OPSIS"
[RIEW, 2024]. Table 3 presents summarized data
from the Mobile Station [Burgas Municipality,

2019-2023].
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Fig. 4. Annual average NO: concentrations.

Table 3. Summary data from the Mobile
Station for the period 2019-2023

Year | Number of | Number | Annual
monitoring | of data | Average
stations input Value,

ug/m3

2019 |8 8131 25,1

2020 | 6 8538 7,88

2021 |4 5123 5,1

2022 | 8 8540 9,3

2023 | 8 7688 14,08

No annual average values were reported for
AQMS MR for the years 2019-2021, due to an



insufficient number of valid hourly measurements
to calculate annual averages.

The results presented in Figure 4 and Table 3
show that:

e  The highest annual NO: values were rec-
orded by the DOAS "OPSIS" station.

e In2020and 2021, annual average concen-
trations were lower than in 2019, which can be at-
tributed to the COVID-19 pandemic restrictions
on transportation and industrial activity.

In 2022 and 2023, the annual average NO:
levels remained well below the regulatory limit.

e NO: concentrations near busy intersec-
tions and traffic corridors remained relatively ele-
vated during summer, although still within per-
missible limits.

Health Status Analysis of the Population
Based on ICD-10 Class X "Diseases of the Res-
piratory System" and Class Il ""Neoplasms" in
the Burgas Region

Table 4 presents data on the number of regis-
tered cases of diseases in healthcare facilities in
the municipality of Burgas. The data are catego-
rized by disease classes and specific nosological
units. Morbidity was monitored across two age
groups: 0—17 years and over 18 years. The inci-
dence rate was calculated per 100,000 inhabitants
(RHI, Report 2024).

Table 4. Number of registered cases in Healthcare Facilities in Burgas Municipality under ICD-
10 Class X “Diseases of the Respiratory System” and Class II “Neoplasms” for the Period 2019-2023

Disease
Acute upper respiratory infections J00-J06

Age group 2021 2022 2023
0-17 123 297 154 857 177 636
Over 18 7088 8775 10398

Morbidity has increased among both children and adults, continuing the trend observed in previous

years.
Influenza and pneumonia (J10 - J18)

Morbidity has decreased.

Other acute lower respiratory infections (J20 - J22)

Morbidity has decreased among children but increased among adults.

Other diseases of the lower respiratory tract (J30 -

139)

Morbidity shows an increasing trend among both children and adults, as in previous years.

Chronic lower respiratory diseases (J40 - J47)

0-17 2961 4200 4076
Over 18 2632 1270 1176
0-17 16434 22847 21275
Over 18 3922 4125 4136
0-17 5747 8757 9256
Over 18 2115 2305 2354
0-17 1843 2012 1674
Over 18 1935 2190 2333

Among children, morbidity has decreased; among adults, it has increased, continuing the trend from

previous years.
Lung diseases due to external agents (J60 - J70)

Morbidity has increased among both children and adults.

Malignant, benign and neoplasms of unspecified 0-17

origin (C30 - C39; D14, D15; D38)

0-17 6 13 16

Over 18 7 15
9 13 42

Over 18 255 293 482

Morbidity among both children and adults shows an upward trend, similar to previous years.

Analysis of Morbidity in Burgas Municipality
Based on ICD-10 Class X “Diseases of the Res-
piratory System” and Class II “Neoplasms”

Table 4 shows an increase in morbidity among
the population over 18 years of age across all di-
agnostic groups, with the exception of “Influenza
and pneumonia (J10-J18).” Among children aged
0-17 years, an increase was also observed in the
categories “Acute upper respiratory infections
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(JO0-J06),” “Other diseases of the lower respira-
tory tract (J30-J39),” “lung diseases due to exter-
nal agents (J60—J70),” and ‘“Malignant, benign
and unspecified neoplasms (C30-C39).”

Relationship Between Air Pollution by NO:
and Morbidity in Burgas Municipality

The analysis of NO: air pollution revealed a
stable trend of maintaining nitrogen dioxide con-
centrations below the legally established limits



(Fig. 4 and Table 3). Similar trends were observed
for other major air pollutants. A decline in the an-
nual average values of PMio, PMz.s and SO: was
recorded in 2023 compared to 2021 and 2022.
Ozone levels also remained within the regulatory
limits. Based on data from the network of moni-
toring stations, which are representative of the re-
spective areas of the city, air quality in Burgas im-
proved in 2023 relative to 2022. This improve-
ment is the result of multiple measures undertaken
by Burgas Municipality to improve air quality, in-
cluding traffic management, replacement of diesel
buses with electric ones, switching from conven-
tional heating methods to environmentally
friendly alternatives, intensive street cleaning and
other initiatives outlined in the “Air Quality Im-
provement Program of Burgas Municipality for
the Period 2021-2027.”

However, concerns arise from the fact that the
number of registered diseases in [CD-10 Class X
“Diseases of the Respiratory System” and Class 11
“Malignant and Benign Neoplasms and Neo-
plasms of Uncertain or Unknown Behavior”
[ECA, Report 2018] increased in 2023 compared
to 2021 and 2022. This discrepancy may be ex-
plained by the fact that the pollution levels rec-
orded by monitoring stations do not accurately re-
flect the actual exposure experienced by individu-
als, particularly during time spent in high-pollu-
tion microenvironments.

NO: is primarily released during fuel combus-
tion in motor vehicle engines and is emitted
through exhaust pipes. Since NO: is heavier than
air, it disperses slowly, accumulating in transpor-
tation microenvironments such as intersections,
traffic lights, bus stops and congestion zones
(McNabola et al., 2009). Although people spend
relatively little time in these environments, their
exposure can be significant. Moreover, due to
NO:-’s density, pollution levels should be meas-
ured at breathing zone height (approximately 150
cm), where exposure is most relevant.

Potential of Portable Devices for Measuring
NO: Air Pollution

Air quality monitoring in the Republic of Bul-
garia, including in Burgas Municipality, is carried
out using high-grade equipment such as auto-
mated measuring stations (AMS) and DOAS sys-
tems. Although these systems provide accurate
and reliable data, they represent generalized infor-
mation for specific areas and do not capture the
variability of exposure within the urban environ-
ment.
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In cities, air pollution is highly variable across
space and time. To obtain representative data on
population exposure to NO2, measurements from
fixed stations should be supplemented with data
reflecting real exposure during everyday activities
in urban “hot spots” — such as during travel by
public or private transport, at intersections, traffic
lights and congested areas. Measurements in
transportation microenvironments have already
been conducted in many countries and do not re-
quire expensive high-grade sensor stations. In-
stead, more affordable, handheld portable devices
can be used. Although such devices still face chal-
lenges in accuracy, they are increasingly recog-
nized as viable alternatives and their use is ex-
panding rapidly. These tools provide valuable re-
sults for assessing relative changes in air quality
and for identifying urban hot spots, thereby im-
proving our understanding of how pollution im-
pacts public health.

Conclusion

Burgas Municipality has implemented a num-
ber of initiatives—particularly in the transport
sector—that have contributed to a sustained trend
of nitrogen dioxide levels remaining well below
regulatory thresholds. In theory, such improve-
ments in air quality should prevent increases in
population morbidity. However, the number of
registered cases in ICD-10 Class X “Diseases of
the Respiratory System” and Class II “Neo-
plasms” rose in 2023 compared to 2021 and 2022.

This inconsistency may be attributed to the fact
that the data recorded by automated measuring
systems and DOAS stations do not fully capture
the actual exposure individuals face in urban hot
spots—particularly in transportation microenvi-
ronments, during travel, at intersections, traffic
lights and in congestion zones.

By supplementing the data from fixed moni-
toring stations with measurements conducted in
transportation microenvironments, it is possible to
establish a stronger correlation between air pollu-
tion and morbidity in Burgas Municipality. These
additional measurements can be performed using
handheld, portable devices that offer reliable in-
sight into relative changes in air quality, including
NO:2 concentrations.
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HN3NIOJI3BBAHE HA 'EHEPATUBEH U3KYCTBEH UHTEJIEKT

Tepesa Credanora, Pocen [lacapencku

USING GENERATIVE ARTIFICIAL INTELLIGENCE

Tereza Stefanova, Rosen Pasarelski

ABSTRACT: Generative artificial intelligence technology has been rapidly adopted by businesses across
sectors. Generative Al has already begun to transform roles from sales to software development, and a number of
jobs have significant potential for automation with generative Al tools.

The paper examines the potential for automation with and without generative Al across different job groups
and by education level. It also looks at the share of generative Al use in and outside the workplace worldwide in
2023 - by region and by industry, as well as the industry distribution of companies using ChatGPT in their

business.

Key words: generative artificial intelligence; using GenAl; GenAl automation potential.

BLBenenue

TexHonorusaTa Ha TEHEPATUBHHUSA H3KYCTBEH
unTenekT (Generative Al) 0bpp30 Oerre Bb3npHeTa
0T OM3HeCH B pa3nuuHu cekTopH. [IpunoxenusTa,
KOMTO TeHepupaT M300pakeHUs, TEKCT, BHICOK-
JIMIIOBE M OPYTH, cTaHaxa IIMPOKO AOCTHIHM 32
00IIeCTBEHO TOJ3BaHe. | eHepaTUBHUAT U3KYCT-
BEH HMHTEJIEKT Beue 3alovHa Ja TpaHcopmupa
poNUTE OT MPOJAKOM KbM pa3paboTka Ha cod-
Tyep, a peauna paboTHH MeCTa UMAT 3HAUNUTEIICH
MOTEHIIMAN 32 aBTOMATH3alHs ¢ TeHepaTuBHU Al
MHCTPYMEHTH.

I'eHepaTUBHUAT N3KYCTBEH UHTEJICKT MOXKeE A2
OKaKe Hali-TOJISIMO BIIMSIHUE BBPXY ChTPYTHHYEC-
TBOTO W TPHUJIAraHeTO Ha EKCIePTHH 3HaHWA -
JEHHOCTH, KOWTO IPeOu TOBa MMaxa IO-HUCHK
MOTEHIIAAN 332 aBTOMATH3aIHS.

B crarusiTa ce pasriexaa NOTCHIMAIBT 32 aB-
TOMaTH3alKs CbC U 0e3 reHepaTHBEH M3KYCTBEH
MHTEJIEKT B Pa3IMYHU IPYIHU IEHHOCTH, ¥ 10 HUBO
Ha oOpaszoBanue. OTpaseH € JeNbT Ha M3M0NI3Ba-
HeTo Ha reHepatuBeH Al Ha pabOTHOTO MSCTO
WJIK U3BHH HETO B CBeTOBeH Mariad mpe3 2023 T. -
M0 PETHOHU U TI0 OTPACIH, KAKTO ¥ OTPACIIOBOTO
pasnpesielieHie Ha KOMITAHUWTE, W3MOJ3BAIH
ChatGPT B cBost 6usHec.
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IMoTenuuan 3a ABTOMaTHU3alud
IreHEPAaTUBECH U3KYCTBCH HHTCJICKT

C

Ls10cTEH MOTEHIHMAJ 32 ABTOMATH3AIUSA
C¢hC 1 0e3 reHepaTUBEH U3KYCTBEH UHTEJIEKT B
Pa3IuYHU IPYNHU AeHHOCTH

Bb3MoxHOCTHTE HAa TeHEPATHBHUS H3KYCTBEH
HHTEJIEKT yBeIM4aBaT MoTeHIHaNa 3a
aBTOMAaTH3alls Ha BCHUKU BUI0BE JCHHOCTH, HO
B pa3In4yHa CTEIEH.

[lo-panHuTE BapWaHTH HAa TEXHOJOTHITA 3a
aBTOMATH3alIMs 3acsaraxa Hai-Bede (PU3MYCCKUTE
paboTHH  JEWHOCTH, HO TeHePATUBHUAT
M3KYCTBEH WHTENEKT BEPOATHO I WMa Hai-

TOJIIMO BB3JCHCTBHE BBPXYy paboTata ChC
3HaHUA.
[MoreHnmansT  3a  aBTOMATH3AlMA  C

reepatuBeH Al ce pasmiexia IJIaBHO IO
OTHOIIIEHHWE Ha YIpPaBIEHHWETO Ha JAHHU W Ha
B3€MaHe Ha PEeLICHUs U HE TOKOBA 10 OTHOIIECHHE
Ha (usuyeckn peliHocTH. ['eHepaTUBHUST
W3KYCTBEH  HMHTEJEKT  HsIMa  3HAYUTEIHO
BB3ICHCTBUE BBPXY AaBTOMATH3alUsITa  Ha
¢usnyeckute aeiHoctu. ['eHepatuBHuAT Al e
U3IUI0 IU(POB IPOLEC U € MHOI0 MAaJKO
BEPOSITHO Jla C€ U3IO0JI3Ba B IIPUWIOKEHUS,
M3UCKBAIIU (pU3NUECKa CHIIA.

Ha ¢wur. 1 e nokazan oOIIMAT MOTEHIMAT 32
TEeXHUYECKa aBTOMaTH3amus Ccbe H  0e3
reHepaTHUBEH U3KYCTBEH MHTENEKT npe3 2023 1., B
rnobaned mamad. CpaBHEH € MOTEHUHUATHT 3a
aBTOMAaTH3alnvs Ha TpU TPYNud JACHHOCTH:



B3emane Ha pemieHHMS W CHTPYIHHUYECTBO,
Vrpasienue Ha JaHHU U PU3UYECKH INEUHOCTH,
npu usnon3Banero Ha Gen Al u oneHka Ha

I'pynu xedHOCTH
Ilpnnarane Ha
€KCIepTeH OMIT

BiemaHe HaA pelIeHHA

VYmpasieHite
H CBTPYAHHYECTBO

BiammozeiicTBile cbe

aBToMaTu3anusaTa Ha pa60TaTa npe€an HEroBaTa
mosABa.
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®ur. 1. O0I1 MoTeHIHAN 32 TEXHUYECKa aBTOMATH3ALMs ChC M 0€3 TeHepaTHBEH N3KYCTBEH Tpe3
2023 r.,B%
Uzrounwmk: (Chui, 2023)

[IpenuuiauTe MOKONEHUS] TEXHOJOIUU 33 aB-
ToMaTu3anus 0s1xa 0oco0eHO eeKTHBHU MpH aB-
TOMaTU3WpaHe Ha 33Ja4d 3a YyIpaBJIeHHE Ha
JaHHHW, CBBP3aHU C TAXHOTO ChOMpaHe W oOpa-
0oTka. Hali-HOBHUTE MPUIIOKEHHUS HA TEHEPATHB-
Hus Al moraT ga M3NBIHABAT HAOOP OT PYTUHHH
3aJauM, KaTo peopraHn3anus 1 Kiacupuxkanus Ha
JaHHU. M3M053BaHeTO Ha I'eHEPAaTUBEH M3KYCT-
BEH MHTENEKT B IIPOIecUTe Ha ChOupaHe u oopa-
00TKa Ha JaHHU yBEIWYaBa [IOTEHIMAJA 33 aBTO-
Matuzaus. ['eneparuBauAT Al moBumiaBa edex-
THBHOCTTA U Ha J[BaTa Mpoiieca, Ho Ipu o0padoT-
KaTa Ha JaHHY YBEJIMUEHUETO € 3HAYUTEITHO — HaJ|
90% (ur. 1).

I'eHepaTUBHUAT M3KYCTBEH WHTEJIEKT YBEIH-
YyaBa MMOTEHIIMala 32 aBTOMAaTU3alus U TIPU Tpo-
LIECUTE 110 B3EMAHE HA PELICHUS U ChbTPYIHHYEC-
1BO. [logoOpsiBaHe Ha aBTOMaTM3alMATa ce Hal-
JI0J]aBa MPH MPUJIATaHEeTO Ha EKCTIIePTH3a, YIpaB-
JIEHUETO 1 B3aMMOJEHICTBHETO ChC 3aMHTEPECOBA-
nure crpanu. IIpe3 2023 r. (pur. 1) Haii-3HauM-
TEITHO € BB3ACUCTBHETO Ha TeHepaTuBHHUS Al B
MPOLIECUTE Ha YIIPaBJIEHUE, KBJIETO MOTEHITHABT
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3a aBTOMATHU3alus CE € YBEIHYHI IIOBeYE OT TPH
mbTd (Chui, 2023).

IloTenumaJi 3a apToMaTHU3alMs CbC U 03 re-
HepaTHBeH U3KycTBeH UHTeaeKT B CAILl mpe3
2023 r., o HUBO Ha O0pa3oBaHMe

B o0mus cioyvail BHEAPSBAHETO HA TEXHOJIO-
TM{ 33 aBTOMAaTH3allKs Ce XapaKTepU3upa ¢ TeH-
JICHIIUS J]Ja UMa Hal-roJIsIMO BB3/ICHCTBUE BBPXY
paOOTHHUIIM C HAl-HUCKY HUBA Ha KBaJTH()UKALHSL.
[Tpu reneparuBuus Al ce HaOnrOMaBa OOpATHUST
MOJIe] — BEPOSATHO IIIe MMa Hai-rosiMO HapacT-
Balllo BH3/ICCTBUE Ype3 aBTOMATU3UPAHE HA Hil-
KOHM OT AEHHOCTHTE Ha CIYXHUTEIH C [O-BUCOKA
cTeneH Ha oOpazoBanue (pur. 2).

B CAII] ce HabroaBa rojisiM MOTEHIHAT 32
ABTOMATHU3aLMs C TEHEPATUBEH U3KYCTBEH MHTE-
JIEKT 32 pod)ecru ¢ pa3IndHO HUBO Ha 0Opa3oBa-
aue (¢wur. 2). [lpu npodecunte, N3UCKBAIIN BH-
COKa cTerneH Ha oOpazoBaHue (OakamaBbp, Maruc-
TBP, AOKTOP U MO-BUCOKA) MOTEHIHATBT 33 aBTO-
MaTH3aI|sl € TMOYTH JBa ITbTH MO-TOJISIM, OTKOJI-
KOTO TIpeiu rosiBata Ha reHepatuBHUA Al. Oxoso
16% 17% e pasnukara B NOTEHIMana 3a



aBTOMAaTH3alus Tpu TpodecuuTe, NIUCKBAIIH
acolyMypaHa CTeNeH WM KoJexx. PaboTHute
MeCTa, KOMTO W3KCKBAT MO-HUCKO OOpa3oBaHUE,
OOWMKHOBEHO Ca TPYAHH 3a aBTOMAaTH3UpPaHE U ca
M0-3aBUCHUMHU OT usndeckust TpyA. [Ipu mo3umm-
WUTe 3a HUBO Ha OOpa3oBaHWE IO CPETHOTO,

Hugo Ha oOpa3oBanHe

Maruacrsp, PhD
HJIH II0-BHCOKA CTelleH

bakanaBbpCcKAa cTenmeH

AconHHpAaHA cTeNeH

Kose:kaHCKA cTeneH

I'asMHA3HAIHA CTeNeH
H/IH eKBHBAJICHTHA

Be3 cpeaHo odpasoBaHHe

® c reHepatuBeH Al
i bes renepatuBen Al

| (&)
=

pazinKata B MOTEHIMAIA 32 aBTOMATH3allus Ha
paborara chC M 0€3 M3KYCTBEH MHTEJICKT € €1Ba
9%. JlaHHUTE ca MOITY4YEeHU OT IPOYYBAHE ChC Ch-
nerictBuero Ha McKinsey & Company mpe3 2023
r. B CAI (Chui, 2023) .

IoTeHIHA 32 ABTOMATH3ANHA ¢hC H 0e3 gen Al B %
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@ur. 2. [ToTernnan 3a aBTOMaTU3anus ChC U 0€3 reHepaTBeH n3KycTBeH uHTeNIeKT B CAILl mpe3
2023 r., 0 HUBO Ha 00pa3oBaHUE
W3zrounuk: (Chui, 2023)

Bw3aeiicTBueTO Ha TeHEpaTHBHUS M3KYCTBEH
WHTEJIEKT caMo 0 ce0e CH MOXKe Ja aBTOMATH-
3upa moutu 10% oT 3aaunTe B HKOHOMHUKATa Ha
CAILL. ToBa 3acsira BCUYKH CIIEKTPHU OT PabOTHU
MecTta, HO Gen Al € MHOrO MHO-KOHLIEHTPHpaH
BBPXY pabOTHH MecTa C MO-HHUCKO 3aIljallaHe U
KB (hUKALIHS.

N3non3Bane Ha reHepaTHBEH HM3KYCTBEH
HHTEJEeKT Ha padoTHOTO MSCTO WJIH W3BBH
HEro Mo peruoHu U Mo 0Tpacjau

McKinsey & Company npoy4Ba B pa3inyHH
CTpPaHU IO CBETa M3IOJ3BAHETO Ha TeHEPATHBEH
U3KYCTBEH HHTEJIEKT Ha paOOTHOTO MSCTO WIIH U3-
BbH HErO 10 OTPACIH U 110 PErHOHHU.
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Jla1 Ha M3M0JI3BAHETO HA TeHEPATHBEH M3-
KYCTBEH MHTEJEKT Ha Pa0OTHOTO MSICTO WJIH
H3BBH HEro B CBeTOBeH Maiiad npe3 2023 r., no
peruoHu

JenbT Ha PECNIOHCHTUTE, U3IOI3BAIIY TeHe-
paruBeH Al Ha paboTa wiM W3BBH paboTa mpes3
2023 T., IO pETHOHHU € MoKa3aH Ha ur. 3.

B cBeroBen mamab EBpomna e Bojema mnpu
Te3W, KOUTO M3IOJI3BAaT TeHepatuBeH Al crenu-
anHoO Ha paboTHOTO Msicto. Hali-romsm 1sut mot-
peOuTeny, pe0BHO U3M0JI3BAIY reHepaTuBeH Al
3a paboTa 1 3BHH Hest UMa B CeBepHa AMepuHKa,
cieq TX ca moTpedurenure oT A3us-TuxookeaH-
CKHU peruoH. Hali-Majko u3mon3BaT reHepaTHBEeH
Al moTtpeOuTennTe OT pa3BUBAIIUATE CE Ma3apu
(Share of respondents using generative Al at work
or outside of work, by region, 2023).
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2023 r., IO peTHOHU
Wzrounuk: (Share of respondents using generative Al at work or outside of work, by region, 2023)
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TexHONOruu, Meauu U TeNeKOMyHUKauuu

E J3non3Ba ce peloBHO 3a paboTa

B I3mo3Ba ce peJoBHO 3a paboTa U M3BBH paboTa
HW3nosn3Ba ce peioBHO W3BBH paboTra

B OnurBaiu ca MoHe BEAHBK

= Hawma otrosop
He 3nam

@ur. 4. /{51 Ha pecrIOHAEHTUTE, U3MI0JI3BaLIM IreHepaTiBeH Al Ha paboTta uiu n3BbH padoTa mpes
2023 r., mo otpaciau
Uzrounuk: (Share of respondents using generative Al at work or outside of work, by industry, 2023)

Ja1 Ha M3M0JI3BaHETO HA TeHepaTHBEH M3- [ToBeuero xopa B MOUYTH BCHUYKH HHIYCTPUH
KycTBeH HHTeJdeKT Al Ha pa0oTHOTO MSICTO  TIO CBeTa ca M3NpoOBaiy reHeparuBeH Al HHCTPY-
WIN U3BbH HETO B CBeTOBeH Mamad mpe3 2023  MeHT noHe BeaHbxk mpe3 2023 r. (¢ur. 4). Crenu-
I., 10 0TPACJIH anuctute paboTenty B cepaTa Ha TEXHOJIOTUUTE,

MEIMUTE W  TEICKOMYHUKAIMUTE  PEJAOBHO
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U3MOJI3BAaT TreHepaTuBeH Al B cBomTe OH3HEC
NPaKTUKK U U3BBH padota (Share of respondents
using generative Al at work or outside of work, by
industry, 2023). [louytu ceinTe ca pe3ynraTure u
B HampeaHaiauTe HHAycTpuu. [lo-ciado e n3nons-
BaHETO My B cepaTa Ha (UHAHCOBHTE YCIYTH,
3/1paBeola3BaHeTo U eHeprus U Marepuanu. Haii-
royisiMara rpymna oT Te3H, KOUTO He ca NMaJIi KOH-
TaKT ¢ TeHepaTuBHU Al HHCTPYMEHTH € TIpe/CTaB-
JsiBaHAa OT PabOTEIIUTE B ThPrOBHATA Ha JPEOHO
Y MHIIyCTPUSITA 32 HOTPEOUTEIICKU CTOKH.

H3non3Bane Ha reHepaTuBeH M3KYCTBEH
HHTEJEeKT Ha padoTHOTO Msicto B CAIIl npe3
2023 r., mo oTpaciin

B naganoro ma 2023 r. B CAIlLl e HanpaBeHo
IpoyuYBaHE 3a CTENEHTa Ha M3IO0JI3BaHE HaA

TeHepaTHBEH U3KYCTBEH UHTEIEKT Ha pabOTHOTO
msicto (Rate of generative Al adoption in the
workplace in the United States, by industry,
2024). Komnanuute, KOUTO ca y4acTBAIIU B MPO-
yuBaHneto ca Amazon, Bank of America,
Edelman, Google, IBM, JPMorgan u Twitter. Ot
pesynTaTute ce Bikaa (Qur. 5), ue N3KyCTBEHUST
WHTENIEKT C€ W3IIOJI3Ba B HAil-rojisiMa CTETeH B
cdepaTta Ha MapkeTHHTra 1 pexnamata (37%), u B
Texnonoruute (35%). Hali-manko € npuiiosxxeHu-
eto Ha Al npu cuetoBonuuTe Aeitnoctu (16%) n
B 3apaseona3BaneTo (15%). Taxa npuioxxeHuero
Ha M3KYCTBEHHS WHTENIEKT CE OTKpOsBa Ipe-
JUMHO B TBOPUYECKH JEHHOCTH U B TEXHOJIOTHYHH
MIPOIIECH.

[sn Ha pecnoHgeHTHTe

0% 5%

10%

MapKeTHHT H peRIaMa

Texnoxoran

Koncyarapase

Ipenoaasane

CHeT0BOACTEO

3apapeonazpane

15%

20% 25% 30% 35%

@ur. S. [Ipouent Ha n3non3BaHe Ha reHepatuBeH Al Ha pabotHoTO MsicTo B CAILl pe3 2023 r., o
oTpaciu
Nsrounuk: (Rate of generative Al adoption in the workplace in the United States, by industry, 2024)

Komnanumn, nznonzBamm ChatGPT B cBost
ousHec npe3 2023 r., no oTpaciau

I'eneparuBuu Al mpunoxenus karo ChatGPT,
GitHub Copilot, Stable Diffusion u apyru, HaBis-
30Xa B €XKEJHEBHUETO Ha Xopara 1o cBera OJyaro-
JlapeHUEe Ha TSAXHATa MIMPOKA MOJIE3HOCT.

IIpe3 mocnenHuTe TOAMHYU ce HabMIOAaBa 3Ha-
yutenHo usnonszBaHe Ha ChatGPT. bazupanust
Ha M3KYCTBeH MHTeNeKT chatbot name Bb3MOXK-
HOCT Ha MUJIMOHU MOTPEOUTENHN J1a eKCIIEPUMEH-
tupar ¢ Al u 1a cTaHat CBHAETENN HA yJUBUTEN-
HHUTE My Bb3MOKHOCTH.

[IpoyuBane cpex GUPMHU M HHCTUTYLIUH OT LISLT
CBAT ycTaHOBsBa, ue npe3 2023 r. ChatGPT ce e
U3M0JI3BAJl HA-MHOTO B TEXHHYECKAaTa MHIYCT-
pust U B obpazoBanuero (Amount of companies
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using ChatGPT in their business function, by
industry, 2024). Okono 100 koMmaHuu B POH3-
BOJICTBOTO M OW3HEC YCIIyTUTE CHIIO H3MOI3BAT
ChatGPT (¢wur. 6). B penuna unnycrpuu obaue,
TOH ce M3MO03Ba OT MaIIbK OpOM KOMITAHUHU — O]
50. IIpe3 2023 1. B CEKTOPH KaTO CEICKOTO CTO-
MaHCTBO, KyJITypHaTa W IOpUANYECKaTa UHIYCT-
pust m3noszBanero Ha ChatGPT e Owio muHm-
MAJTHO.

Bbnpeku, ue Bce olle MMa OTrpaHUYEHUs,
ChatGPT naBa BmewaTnsBamyM pe3ynTaTd, Ka-
paiiku xoparta Ja OCb3HasAT KOJKO Jlajled Beue €
CTUTHaJl U3KYCTBEHUSAT UHTEIICKT.

37%

40%
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®@ur. 6. bpoit kommanum, nnomBamu ChatGPT B cBonte 6m3Hec dynrkiuu mpe3 2023 r., 1Mo oTpacin
Wztounuk: (Amount of companies using ChatGPT in their business function, by industry, 2024)

3akiIouyenue

Bo3geiictBuero Ha reHepatuBHus Al Bbpxy
MoBeYeTO (PUINUECKU PAOOTHH IEHHOCTH € MHOTO
MO-MaJIkO0, Thb KaTO HErOBHUTE CIIOCOOHOCTH ca
OCHOBHO  IPOGKTHPaHM  Jla  HU3IIBJIHABAT
KOTHUTHBHU 3aJaud. B pe3ynrar Ha ToOBa
reHepaTUBHUAT Al BEpOSTHO 1€ Ma Hal-TOJISIMO
BB3ICHCTBHE BBPXYy paboTara CbC 3HAHMHIL
3HAYHUTEITHO € Bb3ACHUCTBUETO BHPXY JCHHOCTUTE
CBBpP3aHM C TpUiIaraHe Ha €KCIEPTEeH OMUT MIpHU
B3€MaHe Ha pELICHUs, TUIAHUPaHE U TBOPYECKH
3aJauy, KaKToO M MPH YIPABICHUETO U pa3BUTHE
Ha Xopa.

IIpe3 cnenBamuTe TOIMHM TE€HEPATHBHUSIT
M3KYCTBEH MHTEJEKT 1ie ObJie BKIIOYEH B PeIUlLa
notrpeduTeicku mnpuiokeHus. Cucremure Ha
reaepaTuBHUsT Al MoraT na TeHepupaT HOBO
ChAbp)KaHWE, KOHLEHNIUU U HUIEH, JOKaTo
KOMYHHUKHpAT ¢ noTpeOurtenute. Mopenute c
0o0II0  TpeJHa3HAUYeHWE ChIIO IIe  ObJar
KOMepcHalIu3upaHu B Oim3ko Objemie. Toa e
JOBeAe A0 HHTerpupaHe Ha (QYHKUUHUTE Ha
romemun e3ukoBu wmoxenu (Large  Language
Models, LLM) BbB BCSIKO IPHIIOKEHHE.
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OuakBa ce 1O Kpas Ha TOBa [ECETUIIECTHE
M3KYCTBEHHUAT HHTEJNEKT Ja paboTh Ha CpenHO
HUBO Ha YOBEIIKA MPOM3BOAUTEIHOCT 32
MOBEYETO OT TEXHUYECKUTE IEHHOCTH, @ HEToBaTa
NPOM3BOJAUTENIHOCT Jla C€ KOHKypHpa C Haii-

noOpHUTe  CHEIUATUCTH, W3ITBIHSBAIINA — TEe3U
3agaud. [lo-HaxoguuBWTE MEHUDKBPU  Ha
NpEANpuUATUsITa Ch3JaBaT HWHUIMATUBU 32
aBTOMAaTHU3alMsA C LEJl CTUMYJMpPaHE Ha pacTexa
Ha MPUXOJUTE, MOBHUIIIaBaHE Ha
MPOU3BOJIUTEIIHOCTTA U ONTUMM3UpPAHE Ha

pasxoaute. OCBEH Te3HM MOJOXKUTEINHU e(heKTH,
aBTOMAaTH3alMATa III€ TIOMOIHE 3a HaMaJIIBaHe Ha
pHUCKa, 3a MPeIoCTaBIHE Ha TpaHChOpMHUpAIIU
nu(ppoBA TPOIYKTH W BB3MOXKHOCTH, KaTo
0CBOOOIM TIepcoHaNa Ja paboTH BHPXY ACHHOCTH
C TT0-BUCOKA CTOWHOCT.
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OB30P HA IIYBJINKYBAHUTE U3CJIEABAHUS 3A IIPUJIAI'AHE HA MHTEPKPUTE-
PUAJIHUS AHAJIN3 B OBJIACTTA HA XUMUATA U TEXHOJIOT'UATA HA HE®TA

Teopru ITamnues, Teopru [eoprues, Jo6pomup Mopaanos

REVIEW OF PUBLISHED RESEARCH ON THE APPLICATION OF INTERCRITERIA
ANALYSIS IN THE FIELD OF PETROLEUM CHEMISTRY AND TECHNOLOGY

Georgi Palichev, Georgi Georgiev, Dobromir Yordanov

ABSTRACT: This study presents brief notes on the theory of intercriteria analysis and its application in the
field of chemistry and technology of petroleum for a period of 10 years (2015 — 2025). During this period, 43
scientific articles were published, three reports were presented and one monograph was published, dedicated to
the application of intercriteria analysis in the study of chemistry and technology of petroleum. The application of
intercriteria analysis in oil refining practice is associated with the realization of an economic effect of about 19

million USD.

Keywords: intercriteria analysis, applications in petroleum chemistry and technology

Kpatku Oestexxkn BbpXy TeOpUSiTa HA HUH-
TEPKPUTEPUAIHUS AHAJIM3 M HErOBOTO MPOT-
paMHoO peaau3upaHe

Wnrepkpurepnanausar anann3 (ICrA) e uHCT-
PYMEHT, 4pe3 KOMTO ce OLIEHSABAT CTEIEeHTa Ha
BpPB3Ka MEX/Y U3CIEBAaHH KPUTEPUH HA MHOTO-
¢dakropuu obektu. Toit e cb3naneH 8 UBOBME
npe3 2014r. [1]. Toii ce ocHOBaBa Ha 1Ba MaTeMa-
TUYECKH arapara:

e JIreOpUYHUS anapaT Ha UHICKCHUTE MaT-
punx 3a 00paboTKa Ha MacWBH OT JJAHHU C pas-
JINYHU u3Mepenus [2,3];

® Y UHTYUIIMOHNUCTKH Pa3MUTHTE MHOKECTBA
KaTo MaTeMaTHYeCKH MHCTPYMEHT 3a 00paboTka
Ha HeonpeneneHocrra [4—7].

IIpu ICrA macuBH OT JaHHH, OIYYEHH Ype3
HU3MEpBaHE Ha MHOXKECTBO KPHUTEPHUH Ha pas-
JUYHU MHOTO(AKTOpHU 00EKTH, ce oOpaboTsart,
3a J1a ce M3YUCIU 32 BCHUYKH JBOWKH KPUTEPHUH
WHTYULIMOHUCTKH Pa3MHUTa JIBOMKa CTOMHOCTH B
naTepBana [0;1], KOUTO CHOTBETCTBAT Ha HUBATa
Ha TIOJIOKUTENIEeH KOHCOHAHC, OTPHIIATEIeH KOH-
COHAHC U JUCOHAHC MEX/Yy BCSIKa IBOMKA KpUTe-
pun. B To3u cu BUI NOAXOOBT OTYMTA HEONpEe-
JIEHOCTTA, KOSATO € MPUCHINA Ha ITOBEYETO MOJIE-
JUPaHH IPOLIECH U O0EKTH OT PEasTHUsl KHUBOT.

VHTYMIMOHUCTKM  Pa3sMHTUTE MHOXKECTBa
(MPM, Bx. [8, 9]), BBBEieHU OT ATaHACOB, ca pa3-
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NIMPCHUE HAa KOHIEMIIHATA 32 PAa3MHTH MHOMKEC-
TBa, neunupana ot Zadeh. Heka E ¢ yHusepcym.
IFS A* ce onpenens oT

A = {<x,,uA(x),vA(x)>| xe E}

KBIETO [, (x) v, (x) CE—> [0, 1], IIPEJCTABIIS-
BaT (YHKLMMTE, KOUTO J]aBaT CTEIIEHUTE Ha MPH-
HAJUIE)KHOCT U HENPHHAJJIEKHOCT 32 BCEKU €Jie-
MEHT X € ' CbOTBETHO KbM (PUKCHPAHO HOJIMHO-
xectBo A Ha E, Taka ue 0< g, (x)+v,(x)<1.

WNuTtyntmonnctkn pazmurure asoiiku (UP]I,
BXK. [10]) ca obext mox ¢opmara Ha mojpeneHa
IBOMKa (a,b) , xpeTO a,b e [O, 1] ua+b<l.Tace
M3II0JI3Ba KaTO OIlEHKa Ha OOEKTH WM IIPOIECH.
Hettnute xommoHenTH (a u b) ce HHTEpIIpETHpAT
CBHOTBETHO KaTO CTETIEHN Ha IPUHAJIEKHOCT (Ba-
JUJHOCT U T.H.) U HeWIEHyBaHe (HEBAJUIHOCT U
T.H.). 3a n1Be IPJ] u ce ompenenst cieqHuTe otT-
HOILIEHUS:

x<y iiffa<cand b >d
x<y iffas<cand b=d
x=y ffa=cand b=d
x>y iffa=cand b<d
x>y ffa>cand b<d

B [2, 3] ATtanacoB BbBEXAa U pPa3BUBA TEOPH-
ATa Ha IOHATUETO MHIeKcupaHa marpuua (UM) u



W3clieIBa OCHOBHUTE U cBoiicTBa. Heka I e duk-
CHUPAHO MHOXXECTBO OT MHJEKCH, a R € MHOXKECT-
BOTO OT peannu uncia. Heka K u L(K,L c 1), ca
MHOKecTBa OT uHAekcH. UM e 00exT cbe cien-
HaTa ¢opma:

-
KLig,, HE | e,
k Oy vy,
km akm A " akm b
KpJeTo K = {kl,kz,...,km}, L= {ll,lz,... [ } h 3a

I<i<m,ul<j<n:a 6 eNR.

Pasmmpennero Ha MM € UMHTYMIIMOHUCTKA
pasmuta UM (MPUM, Bxk. [3]), KOlTO MMa BUJA:

{Kl.:_{';t;,‘_ o ‘ I .
k- ::‘u-“.-: ]r ‘:‘“".‘} ]’»1&'
k, o, st
KBJIETO:
Iism,i<j<n, O0<p , v, .t +v,, <1,
r.e. (Hy, Vi1, ) € UPJL
A= Ol On
G 0.0 0,0,
Cm GC” 0 a C,.0,

KBJIETO 32 BCAKO p,q (1 <p<m1<g< n):
— C, e KpuTepui, ydacTBalll B OIICHKATa;
— O, e 00€eKT, MoJyIeKalll Ha OIICHKA;
a. , © PealHO YHCIO WIH APYr OOeKT,

KOWTO MMa CpaBHHMa Bpb3Ka R C ApYT a — 00EKT,
Taka, 4e 3a BCAKO i, ],k : R(acm ,aq()/) e nedunn-

pano. Heka R na e aBoiiHa Bpb3Ka Ha R B CMHU-
CBIL, Ue aKO R ¢ U3ITBIHEH, ToBa R HE € H3IIbIHCH
u obparHo. Hampumep, ako ‘R’ e Bpb3kara “>’,
ToraBa R e Bpb3Kara ‘<’, 1 00paTHo.

Hexa S/, e OposaT Ha ciydaure, B KOHUTO
R(a

a

0 cko/) u R(aqu .dg, 0/) Ca €IHOBPEMEHHO 13-

neiHenu. Heka S;, e 6posT Ha ciayyanTe, B KOUTO
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R(am ,a%) u R(am ,aqo/) Ca €IHOBPEMCHHO M3~
mbiIHeHH. OYEBUIHO,

SE+S), < 1)

kil —

Cera, 3a BCsko k, [ TakoBa, e 1<k </<m,n
3a n2>2, Mmoxe 1a ce aedunmpa:
PAYS AV
—H o u =—"
n(n - 1) n(n - 1)

CraenosarenHo, (u,, ..v. > ¢ AP Cera, mo-

Heo, =

VCk,C,
»)keM na noctpoum NPYM:

Cl Cm

‘*:,“c,,c, Ve, )

..‘ ‘.
WeeiVor )

Cu (g, ¢:Ve,0) (g ¢ Ve c,)

KOSTO OIpeness CTEINEHUTE Ha ChOTBETCTBHE
Mmexny kpurepuute Ci, ..., Cp.

Heka e naneno a, ﬁe[O, 1] Taka, 4¢ a+ f<1.
Kaszpame, ue xputepuute Cr u C; ca B:

- (a,ﬂ) — nojoscumesieH KOHCOHAHC, aKoO
(/uq,(', > 0() H (VCA < <ﬂ)’
- ((Z,ﬂ) — ompuyameneH KOHCOHAHC, aKoO

(/’le,C, < ﬂ) n (VCA,C, > a);
— (. 8) — Ouconanc 3a BcvuKu OCTAHANH CITyYaH.

Hsixon uzcnensanus [11, 12, 13] cBbp3anu c
MPUJIaraHeTO HAa MHTEPKPUTEPHATHUS aHATIN3 13-
MoJi3BaT peanusanuara Ha anroputrbma ICrA B
Matlab Ha YopykoBa M KOJEKTHB, HO IIOBEYETO
u3cnensanus, npuiaramu ICrA u3nonssar cre-
uanusupanus copryep, pazpadboren ot MaBpos
3a nmpunarane Ha ICrA u mpencrasex B [97, 98].
Codryepbt Ha MaBpoB "npuema 1B MaTpULH OT
BXOJHM JaHHU W U3BEXJa MHTYULIHOHUCTKU pa3-
MUTHUTE JIBOMKH, KOUTO OMKHCBAT UHTEPKPUTEPH-
aJlHaTa BPB3Ka, Kato Ase Tabmuuu. [lpunoxenu-
€T0 MOXe Ja paboTh c pabOTHM KHUTU Ha
Microsoft Excel wiu texcroBu (aiinose u mpe-
JIOCTaBd HAaYMHM 32 MPEXBBPIISTHE HAa M3XOJIHUTE
JaHHW KbM JpyrHm mporpamu. To Moxke na
BKIIFOYBA M (DYHKIIMOHATHOCT 3a IOKa3BaHE Ha
rpaduku Ha u3xoaHute nanuu [14]. B [15] e pea-
JU3UpaHa JOIbIHUTENIHA rpad)iuHa HHTEpIIpeTa-
nus Ha pesyaTtarute ot ICrA B MHTYMIIMOHUCTKH
pa3MHUT HMHTEpPIpPETAIMOHEH TPUBI'BIHHUK. BbIl-
peku de npezacraBeHuat B [14, 15, 16] codryep
nma yno0eH narepeiic u e JeceH 3a U3M0JI3BaHe,
TOM CTpajia OT HSAKOJIKO OTPaHUYEHHSA: COPTYyepBT
pabotu camo mojx Windows; KoMpaHUTe JaHHH
TpsOBa aa ca ceBMecTuMH ¢ Microsoft Excel u B



Ta3W BpH3Ka Hajlara OrpaHWYeHne Ha Opos Ha
00eKTuTe (Pa3IOIOKEHN B KOJIOHH).

B [17] e npeanoxen HOB MexaymiaaThopMeH
copryep 3a m3mbaHenue Ha ICrA, HapedeH
ICrAData. CodTyepbT € HammcaH Ha €3MKa 3a
nporpamupane Java. [CrAData Busyanmsupa pe-
3yJITaTUTE B JBa MaHeNa - MaTPUYCH U rpaduucH
nsrnesn. PesynraTure Morat Aa ce eKCIopTHupar B
paznuuHu QopMaTH: MacHWBH, BEKTOpPU H Tpa-
¢uku. B MaTpuyHuMs M3rI€N JaHHUTE OT KOJIO-
HUTE MOraT Ja C€ COpPTHUpAT BHB BB3XOJAI WU
HU3XOAM pen. ['paguaHusT u3ries nMa OIuu
3a MpOMsIHAa Ha pa3Mepa Ha UHTYIMOHHUCTKO pa3-
MUTHS TPUBI'BJIHUK 32 MHTEPIIPETALINS, 33 TTOKa3-
BaHE Ha MpeXa U 3a 3aJjaBaHe Ha Pa3IH4yHU I[Be-
ToBe Ha ToukuTe. OCBEH TOBa M30paHarTa TOYKa B
rpadukara ce mojayepTaBa B MATPUYHUS U3TJICIT U
o0OpatHO. ETHO OT JOMTBIHUTEHUTE TTPEIUMCTBA
Ha ICrAData e, 4e TS mo3BoisABa W aHAJIA3 Ha
JTAaHHU, TIPEICTABCHH YPE3 UHTYUITHOHUCTKH pa3-
mutu nBoiiku. ICrAData HsMa orpaHudeHue 3a
Opost Ha 00EKTUTE U pa3moiara ¢ MHOTO JIOTbIIHH-
TeaHa (QYHKIIMOHATHOCT B CPaBHEHHUE ChC COPTY-
epa Ha Magpog. Hemio noseue, B ICrAData ca pe-
ANM3WPaHU TIET Pa3iINyHU alrOPUTHMA (|L-TIPUCT-
pacTeH, HEeMPHUCTPACTEH, V-TIPUCTPAcTeH, OanaH-
CHpaH M TIPETErJICH) 3a HW3YUCISIBAHE Ha HWH-
TEPKPUTEPHAIHA OTHOIIICHUS, B CHOTBETCTBHUE C
aKTyaJTHOTO pa3BuTHE Ha Teopusara Ha ICrA [4,
12].

Koner u Ctparues [ 18] npoBexpariku OHOIH-
orpapcko HW3cnenBaHE BBHPXY IMyOIUKAIUUTE,
CBBpP3aHH C TEOPHUATA W TPHIOKEHUETO HA WH-
TePKPUTEPHUAITHUS aHAJIN3 YCTAHOBSIBAT, Ye TPHU-
noxxenunero Ha ICrA e usciiegBaHo B CIIEIHUTE 00-
JIACTH ChC CHOTBETHOTO pas3mperielieHue Ha Iy0-
JTUKAIMUTE, TIOCBETCHN HAa KOHKpPETHAaTa 00J1acT:
couuaiHu Hayku — 1%; cencko cromancTtsBo 3%;
exojrorus — 6%; MKoHOMHUKA — 8%; MeIuIHA —
17%; uanycrpust — 22% u Hayka — 43%. Te ot0e-
JIA3BAT, Y€ UKOHOMHYECKHUAT eEKT OT Mpujiara-
HeTo Ha ICrA B HedronpepaboTBaTenHaTa HHAYC-
TpHA € U34YKCIIeH OT nopsiabka Ha 19 miuH USD/ro-
JIMHA, KOETO € JIOKYMEHTHUPAHO B IMyOJUKALMUTE
[19, 20, 21]. OTuyuTaiiku, ye NPUIIOKEHUETO Ha
ICrA B oOnacrra Ha XUMUSITAa U TEXHOJIOTHATA HA
HepTa permcrpupa HAW-TOISIM HWKOHOMHYECKU
eeKT MHTEepeC MpeaCcTaBiIsgBa 0000aBaHETO Ha
BCUUKHM H3caeaBanus, usnonspauy [CrA npu us-
CIeIBAaHETO HAa XUMHUATA W TEXHOJOTHATA Ha
He(Ta, KOETO ce SABSBA U 1€ Ha HACTOSIIIOTO MPO-
y4BaHe.
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00630p BLpPXYy My0JMKaIIUUTE, U3MOJI3BALIH
ICrA npu wuscieaBaHusi, NMpoBeAeHU B 00-
JIACTTA HA XUMUSITA M TEXHOJIOTUATA HA HedTa

CrtpatueB u KoJekTHB [22] uscienBar BUcOpe-
KHMHTa Ha JeBET pa3InIHA He(DTeHU BaKyyMHH OC-
TaThKa U OCEM TEXHHU CMECH B TPOMUIILICHATA HH-
CTaJIallvsl 32 TEPMHUYCH KPEKUHT B pauHEpUsiTa
Ha ,,JIVKOWJI Heproxum byprac* (JIHB) karto
m3non3Bar ICrA 3a ma ompenersiT KO CBOMCTBA
Ha HETCHUTE BAKYYMHU OCTaThIIM UMAT CTATHUC-
TUYECKU 3HaYMMa Bpb3Ka C KOHBEpCHUsTa Ha Hed-
TEHUTEe BaKyyMHH OCTATBIM IO TPOIYKTH, KH-
s oa 360 °C. C momoinra Ha ICrA Te ycra-
HOBSIBAT, Y€ ChIbPKAHUETO HA CApa, BOAOPOJ U
pasTBapsiaTa CIioCOOHOCT Ha MAaJTEeHUTE WMaT
CTaTHCTUYECKH 3HaYMMa BPB3Ka C KOHBEPCHSTA
Ha TyJIpOoHAa 10 MPOAYKTH, Kumsm mox 360 °C.
Tazu nH(DOpMAaITNS € H3KITFOYUTENHO MOJIE3HA TPH
onTUMH3HpaHe paboTara Ha MPOMUIILIEHATA WHC-
Tajamnusg 3a TSPMUYCH KPEKUHI Ha TYIPOH, Thi
KaTo IMO3BOJISIBA Jla CE€ MOAOHMpAT TakUBa Cypo-
BHHH, KOUTO J1a 00e3rnedaT MakCUMaTHa KOHBEp-
cus. B ToBa u3cneaBaHe 3a WbpBU IBT € MPHUIIO-
skeH ICrA mpu u3cneaBaHe Ha TEXHOJIOTHATA Ha
npepaboTBaHe Ha HEPTA.

CrpatneB u konekTuB [23] m3crnensar 22 Tuma
HedT, oT Kouto 19, mpepaboTBanu B paduHEpH-
sta Ha JIHb, xouto ru oxapakrepusupar mo 67
KpuTepus (CBOWCTBa). 3a MbPBU BT XUMUSTA HA
HedTa e u3cneaBana ¢ nmomoinra Ha ICrA B ToBa
npoyuBaHe [23]. Upe3 ICrA e ycraHoBeHO, 4e
He()TEHUTE CBOMCTBA: TUIBTHOCT, ChABPIKaHUE HA
cspa U CHMYJIaHTHA JIECTHJIANNS Ca B ChCTOSHUE
Jla TIPEJIOCTaBAT chlnaTa WHPOpPMaIHs KaTo ITb-
JIeH aHaiM3 Ha HedTa, KOWTO CTpPyBa OKOJIO
20 000USD [24]. ICrA ouienkara Ha JaHHUTE 3a
W3CIIEJIBAHNTE THIOBE HE(PT IMOKa3Ba, Ye Pa3TBO-
pUMOCTTa Ha ac(anTeHUTe KOpenupa ¢ TAXHOTO
BOJIOPOJHO CBHIBP)KAHWE W, 4Ye€ pa3TBapsimarta
CIOCOOHOCT Ha MaJTEHUTE KOPEIHUPa ChC ChIbP-
JKQaHMETO Ha HACUTEHU KOMIIOHEHTH B He(Ta.
ICrA oueHkara noTBbpKIaBa XUMUYECKOTO Mpa-
BUJIO, Y€ TIOJIOOHU C€ Pa3TBAPAT B MOAOOHM.

CrtpaTtues 1 KOJICKTHUB [25] n3ciaeaBaT JaHHUTE
oT aHanu3u Ha 244 tuna HedT (Ta30BH KOHIIEH-
3aTH, CBBPX JICKH, JIEKH, MEXKIMHHU, TEKKA U
CBPBX TEXXKH TUNOBE He(T) M ' 00paboTBaT upe3
ICrA c menm ma ce ga ce W3CiIenBaT BPB3KUTE
MeXJ1y o0IuTe CBOMCTBA HA HepTa U CBOMCTBATA
Ha HEroBUTE (ppakiMu ¥ HAMUpPAHE Ha CTEMEHTa
Ha CXOJICTBO M1y Te3u 244 Buaa HedT. Ycra-
HOBEHO €, Y€ C M3KJIIOYEHUE Ha OOIIUTE CBONCTBA
Ha CYpOBHS IIETPOJI, ChABPIKAHUETO HA CAPA, BBI-
nepox o KoHpacoH 1 MeTanu, BCHUKH OCTaHAIN



U3CJIE[IBAaHN CBOWCTBA HA CYpOBHS IIETPOJI HE I10-
Ka3BaT CTAaTUCTMYECKU 3HAYMMHU CTOMHOCTU WM
HalM4yMe Ha clabu CTaTHCTUYECKH 3HAYUMHU
BPB3KH C OOILIUTE CBOMCTBA HA cypoBus HEPT. U3-
nmoBaneTo Ha ICrA mokasBa, 4e THUIIOBETE HEPT
C MHOTO CXOJHM CBOMCTBa MOTaT a ObAaT UIEH-
TUHUIKPAHU, KOTaTO Ce W3MOJ3Ba rojsma 0aza
JaHHU 3a cypoBH nerponu. 1lo To3u HauMH BB3
OCHOBA Ha MPEAUIIEH ONUT B paUHUpPAHETO HA
HET ce MpaBy MOAOOP Ha MOTEHIMATHO U3TOJHH
HOBHU CYpOBHHH 3a IpepaboTBaHe B eHA paduHe-
pHSL

CrpaTueB u KOJEGKTHB [26] H3MON3BAT HH-
TEPKpUTEPHAJICH aHAIIM3 3a J1a OLICHAT CTENeHTa
Ha OJIM30CT BHB (DM3MKOXMMHYHUTE CBOMCTBAaTa
Ha 24 BakyyMHH OCTarbKa IOIy4e€HH OT Ibp-
BUYHA JAecTwianus Ha HedT (IbPBUYHU Baky-
yMHH He(pTeHU OCcTaThIM) U 28 XUAPOKPEKUPAHU
BaKyyMHH OCTaTbKa (BTOPHYHU BaKyyMHH Hed-
TEHH OCTaTbhLM), MOJYYECHH OT MPOMHILICHATA
WHCTANAM 33 XUIPOKPEeKUHT Ha ryapon H-Oil B
LJIVKOIJI Heproxum Byprac®. UHTepKpHTEpH-
ANHUAT aHalajlu3 Pa3KpH, 4e KaKTO B MbPBUY-
HUTE, TaKa U BHB BTOPHUYHHUTE BaKyyMHH OCTa-
TBHIM ITBTHOCTTA M ChIBPIKAHUETO Ha BBIIIEPOL
Ha KoHpaJcoH ce HamMupaT B MHOT'O CHJIEH I10JIO-
JKUTEJeH KoHcoHaHC. CBoiicTBaTa ChIbpIKaHUE
Ha BBIepo] mo KoHpalcoH M MIIBTHOCTTa Ha
XUIPOKPEKUPAHUTE BAKYYMHH OCTaThLIU Ca B CH-
JIeH OTpHUIIaTeNIeH KOHCOHAHC ChC ChIBPKAHUETO
Ha BOJIOPOJl M aTOMHOTO choTHOmeHne H/C BbB
BTOPUYHHUTE BaKyyMHH HE()TEHH OCTATHIM 110 Ch-
M HAYuH, KaKTO MPHU IbPBUYHHUTE BaKyyMHHU
HeTeHn ocrarbi. ChIIo Taka Oelie MOTBBP-
JICHO, Y€ ChABPKAHMETO Ha HACUTEHUTE KOMIIO-
HEHTHU BbB BaKyMHHUSI OCTAaThK C€ HAMUPAT B IO-
JIOKHUTEJIEH KOHCOHAHC C IUTHTHOCTTA Ha BaKyyM-
HUSI OCTaTHK, KOMTO MO3BOJISABA 3MOJI3BAHETO HA
JIOTHCTUYHA (PYHKIMA 32 MOJETTUPaHE Ha 3aBHCHU-
MOCTTa Ha ChABPKAHHETO HA HACHUTEHH KOMIIO-
HEHTH OT IUTHTHOCTTA HA BaKyyMHHUSI HEPTEH OC-
TaTbK. 3a pa3iuKa OT IbPBUYHUTE BAKYYMHH OC-
TaTbLH, BUCKO3UTETHT, HA KOUTO € B MOJIOXKHTE-
JIeH KOHCOHAHC CBhC CBHABPKAHHETO Ha acdal-
TEHH, BHCKO3UTETHT Ha BTOPHYHHUTE BAKyyMHH
OCTaThLH € B AMCOHAHC C TSIXHOTO ChIbP)KaHHE.
Jlokaro TemriepaTypara Ha OMEKBaHE Ha ITbPBHY-
HUTE BaKYyMHHU HE(PTEHH OCTATHIIM CE€ HAMHUpa B
MOJIOXKHUTENIEH KOHCOHAHC C TEXHMS BH3KO3HTET,
TeMIieparypara Ha OMEKBaHe Ha BTOPUYHHUTE Ba-
KyyMHH He()TEeHH OCTaThI Ce HaAMHUpPa B JHCO-
HAaHC C BUCKO3UTETA UM, KOETO MpeaIonara pas-
JIMYHU PEOJIOTHYHHU CBOMCTBA Ha IbPBUYHHUTE U
BTOPUYHHTE BAKYyMHHU HE()TEHH OCTATBITH.
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CrpatueB M KOJIGKTHB [27] W3IMON3BAT WH-
TEPKPUTEPHUATTHHUS aHAIIN3, 32 Ja OTICHAT KPUTEPH-
WTE Ha CYypOBUHATA, KOUTO Ca OTTOBOPHH 32 IMOBU-
[IaBaHETO Ha KOHBepcusaTa oT 55% 1o 93% B mpo-
MHIICHaTa WHCTAJAINASA 32 XHUIAPOKPEKWUHT Ha
rynpoH B JIykoitn Hedroxum byprac. B pesynrar
Ha W3MO0JI3BaHETO HA UHTEPKPUTEPUATHUS aHATIU3
OCBEH M3BECTHUTE BPB3KHU Ha INTHTHOCTTA HA IIBP-
BHUYHHUTE BaKyyMHHU HE()TEHHU CHC CHIBPKAHUETO
Ha apOMAaTHU CTPYKTYPHU U CHOTBETHO CHC ChIBP-
’)KAHMETO HAa HACUTEHH KOMIIOHEHTH, OeIlle OTK-
pHUTa CTATHCTHYCCKU 3HAYNM ITOJIOKHUTEIICH CI1a0
KOHCOHAHC MEXIY ChIbPKaHUETO Ha HACUTEHU
BEIIECTBA B ITbPBUYHUTE BAKyyMHH HE(PTCHH OC-
TaThIM M WHJEKCAa Ha KOJIOMJHA HECTAOWITHOCT.
Upe3 moapoOHO pasriiekaaHe Ha JaHHUTE Oerre
YCTaHOBEHO, Y€ UHJICKCA Ha KOJIOMIHA HECTaOMII-
HOCT C€ HAMHpa B CHJIEH KOHCOHAHC CHC ChIbp-
JKAaHUETO Ha HACUTCHH BEIIECTBA B ITbPBUYHUTE
BaKyyMHH HE()TECHH OCTAaThIM, KOMTO MUMAT Ch-
JbpKaHUE Ha ac(alITeHH MO-HUCKO oT 14 mac.%,
JIOKaTO TBPBUYHATE BaKyyMHU HE(PTEHH OCTa-
THIM, KOUTO UMAT ChAbPIKaHUE Ha ac(alITCHH 110~
BUCOKO OT 14%, MHJAEKCHT Ha KOJIOWJHA HECTa-
OmITHOCT MMa c1a0 KOHCOHAHC ChC ChIBPIKAHUETO
Ha ac(hanTenn. ToBa moka3Ba, 4e MHIEKCHT Ha KO-
JIOWTHA HECTAOWIIHOCT, BO)KEH MapaMeThp, Ompe-
JIEJISI ChbBMECTUMOCTTAa Ha Pa3IMYHUTE TUIIOBE
He(T B 3aBUCHMOCT OT ChIBP)KAaHUETO Ha acdal-
TEHHU 3aBHCH OT JIBa MapaMeThpa: ChAbP)KAHHIE Ha
HACUTCHU KOMIIOHEHTH 3a TE€3U TUIIOBE HE(T, Yu-
€TO ChIbpKaHue Ha acdanrteHu e nox 14 mac.% u
ChAbpKaHUE Ha acanTeHH 3a THIOBETE HEPT,
UMallld ChIbpKaHWe Ha acdanrteHu Hagy 14
mac.%. VHTepeceH MOMEHT TYK €, 4e MaKCHMaJl-
HUST WHJIEKC Ha KOJOWIHA HECTAOMITHOCT 32 IIbP-
BUYHHWTE BaKyyMHHU HE(TEHU OCTaTBLU, KOUTO
uMaT ChAbPIKAaHUE HA acalITeHH MO-HUCKO OT 14
mac.%, € mo-Bucok ot 2,0, 10KaT0 MaKCUMATHUST
WHJICKC Ha KOJIOMJIHA HECTAOWJIHOCT 3a IIbPBUY-
HUTE BaKyyMHU HE(TCHU OCTAThIU, KOUTO UMAT
ChAbp)KAaHUE Ha acQalTeHW I0-BHCOKO oT 14
mac.%, e no-uuckk ot 0,9. ToBa nmpenmnonara, ye
IbPBUYHUTE BAKYYMHH HE()TCHHU OCTATBIU C I10-
BHCOKO ChIbp)KaHHWE Ha HACUTCHH KOMITOHEHTHU
e JEMOHCTPUPAT MO-HUCKO HUBO Ha KOHBEPCUS
B NPOMMIUICHHS  XHUIPOKPEKHHI Ha TYJIPOH,
CJIEICTBHE OT HAJTMIMETO HA OTPUIIATEIICH KOHCO-
HaHC Ha HUBOTO HAa KOHBEPCHS C WHJEKCa Ha KO-
JIOWTHAa HECTAaOMITHOCT HA BAaKyYYMHHTE OCTATHITH
[28].

CrpatueB u KoJEKTHB [29] u3MON3BaT HH-
TEPKPUTEPHUATHIS aHAIH3 32 ]I OLEHAT KPUTEPHU-
WTE, KOUTO BOJAT JIO MOBUINIABAHE HA PEHTAOMII-
HOCTa B MHCTAJAINSA ,,KataauTideH KpekuHar ™, 3a



LeJITa € M3MO0JI3BaHa CYpOBUHA, CHCTOSIA CE OT
raspbolIM OT MHCTajgauus ,,XUIPOKPEKUHI Ha
ryapon H-Oil” (texwsk armocdepeH ra3pon
(HAGO), nex BakyymeH razpon (LVGO), Texbk
BakyymeH razpbon (HVGO)) (BropuvHr BaKyyMHH
ra3bojiv), U JB€ TEXHU CMECH C XUIPOOUYHCTEHU
BaKyyMHH Ta3bOJI, MOJIy4YeHH OT IIbPBUYHA JIEC-
Tiianug Ha HedTa (IBPBUYHM BAaKyyMHH Tra-
3posin). Ilerre u3cnenBaHu I'BPBUYHU M BTO-
PUYHHM BaKyyMHH T'a3bOJId Ca MOJJIOKEHH Ha Ka-
TANUTHYEH KPEKUHT BHPXY YETUPU MPOMHILICHH
KaTaJn3aTopa, J1Ba KaTalau3aTopa ¢ rojsiM pa3Mep
Ha MOPUTE U C TI0-HUCKA MIOPHO3HOCT, U J]Ba KaTa-
JM3aTOpa C MATHK pa3Mep Ha MOPUTE C TTIO-BHCOKA
MOPBO3HOCT. Pe3ynraTure OT MHTEPKPUKTEPHATI-
HUSl aHAJIN3 Ha HOJIYYEHUTE EKCIEPHUMEHTAIHU
JAHHU TI0Ka3BaT HaJIM4Ke Ha CHJICH OTPHLIATEIICH
KOHCOHAHC Ha JOOMBa Ha IIIaM OT KaTaJIMTHYECH
KpEeKHHT W Tedandara OT Ipoleca HedTompepa-
6oTBane. ToBa 03HauaBa, ye Te3M CYPOBUHH U Ka-
TaNU3aTOPH, YMETO M3IMOJI3BaHe B IMpolieca Kara-
JUTHYEH KPEKUHI BOIHU 1O MO-HUCKU TOOMBH Ha
[uiaMm Ie noJo0psBaT UKOHOMHUKATa Ha Tpoleca
HedTOonpepaboTBaHe.

CrparueB u koinektuB [30] wm3momsBar WH-
TEPKPUTEPHATIHNS aHAIIU3, 32 12 OLICHAT BPB3KUTE
MEX]y CBOWCTBaTa Ha Ta3bOJUTE, CypOBHHA 3a
nporeca KaTaTUTHYCH KPEKHHT, U TSAXHATa KOH-
Bepcus, JOOMBUTE U KAUECTBOTO HA MPOILYKTHUTE.
3a menTa ca aHaMM3MpaHH JIECET Ta3bojia U eJUH
neachantupal XUJIPOKPEKUpPaH BaKyyMeH OCTa-
TBK, TIOJy4eH OT XUAPOKPEKUHT Ha BAaKyyMEH OC-
TaTbK, KOUTO ca KPEKHUpaHHU B JaOOpaTOpHa MHC-
Tayalus 3a yChbBbPIICHCTBAHA OIICHKA Ha KaTaJlu-
3aTopa BbPXY MPOMHMIIUIEH KaTaau3aTop 3a KaTa-
JUTHYEH KPeKHHT. Pe3yntarute OT MHTEpKpHUTE-
pHaTHHS aHAITN3 [TOKA3BaT, 4Ye KOHBEPCHsITa Ha Ta-
3bOJINTE TIPU KaTATUTHYHHS KPEKUHT ce HAMUPA B
CHJICH IIOJIOKUTEIeH KOHCOHaHe ¢ Kw-xapakre-
pusmpainus hakrop Ha razponute. C moMounra Ha
ICrA e ycraHoBeHO, 4e NOOMBHTE HA MPOJYKTH
3aBUCAT OT Oposi Ha BBIVIEPOJHUTE aTOMHU BBHB
BTOPUYHHUTE Ia3boJf, OT MHAECKCA Ha apOMAaTHHS
MPBCTEH, ChIIBPKAHUETO HA MTapadUHOB U apoMa-
TEH BBIJIEPOA U OT OOLIOTO ChIbpKaHUE Ha apo-
MaTHHA KOMITOHEHTH.

CrparneB u koiekTtuB [31] wm3mom3Bar WH-
TEPKPUTEPHATHUS aHAJIN3 32 OIeHKa Ha 135 ma-
pameTrbpa, BKIIOUBAIIN YCIOBHITA Ha paboTa Ha
WHCTAAINS 32 XUJIPOKPEKUHT Ha T'yJJPOH, CBOKC-
TBaTa HA CYpOBHHATA W MPOJYKTUTE OT Tpolieca
XUJPOKPEKHHT Ha ryapoH. Pesynratute ot ICrA
paskpuBat, ye Kw-xapakrepusupaimusiT hakTop
Ha CypOBHHATA 32 XHJPOKPEKUHT € B CUJICH OTPH-
HaTeJeH KOHCOHAHC C TUTBTHOCTTA Ha TIOyYeHUS
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B TIpOIIeca XUAPOKPEKHPAH BaKyyMEH OCTaThK, C
HETroBHS BBIIIEPO (Kokc) mo Konpasco, ¢ Hero-
BUS BUCKO3HTET U TeMIepaTypa Ha oMekBane. Ko-
JIMYECTBOTO Ha IOOABSHUS IIUTAM OT KaTaJTUTHICH
KPEKHHT W TOBa HA JOOABSHUS PEIUKBI OT 4Yac-
TUYHO OJICHIUPAHO KOTEITHO TOPUBO KBM CYPOBH-
HaTa 3a XUJPOKPEKUHT € B OTPHUIIATEIICH KOHCO-
HaHc ¢ Kw-xapakTepusupanus (pakTop Ha cMece-
HaTa CypOBHHA 3a XUIPOKPEKUHT Ha TyapoH. Pe-
aKIIMOHHATA TeMIIEPaTypa B PEAKTOPUTE Ha WHC-
Tajanus XUIPOKPEKUHT € B MOJIOKHUTEICH KOHCO-
HAHC C TUTBTHOCTTA U OTPHUIIATENIEH KOHCOHAHC C
Kw-xapakrepusupainus (akTop Ha TOTYYCHHS
XUJIPOKPEKHUPaH BakyyMeH HedTeH ocraTbk. Ko-
JUYECTBOTO IIpepaboTBaHa CypOBHHA B TIPOMHMIII-
JIeHaTa WHCTANANNS 32 XUAPOKPEKUHT Ha TYIPOH
€ B TTOJIOKUTENIeH KOHCOHaHC ¢ Kw-xapakTepusu-
pamus pakTop Ha MPOU3BEKIAHVS BAKyYMEH Ta-
3b0JI ¥ C IIETAHOBUS WHAEKC Ha TPOU3BEKIAHOTO
nu3enoBo ropuBo. ICrA pe3ynTaTuTe moka3Bat
ChIIlO, Y€ CBOWCTBATA HA MPOU3BEKIAHUS HUCKO
OKTaHOB O€H3WH OT MHCTATANHA XUAPOKPEKUHT
Ha TYJPOH € B JUCOHAHC C BCHYKU H3CIICABAHU
(hakTOpH, KOHTPOJIMPAIIY CBOMCTBATA HA TCUHUTE
MPOAYKTH B WHCTANAlMS 332 XUAPOKPEKWHT Ha
TYIpOH: XHUAPOKPEKHpaH BaKyyMEH OCTaThK,
XUJIPOKPEKUPAHU Ta3bOJdM U XUIAPOKPEKUPAHO
JTN3EJI0BO TOPHUBO.

CrpatreB u KoJekTHB [32] wu3moi3Bar WH-
TEPKPUTEPHATIHUSL aHAU3, 332 Ja CE OMpPEAesT
CTaTHUCTUYECCKY 3HAYUMHUTE BPB3KH MEXKITY (Pu3u-
KOXMMHYHHUTE CBOMCTBA, EMIHPUYHHUTE CTPYK-
TypHU MOJAENW W MHPOpManuATa 3a ChCTaBa Ha
BaKyyMHHTE Ta3b0JIH, KaToO ca M3I0JI3BaHU IPOOH
OT BaKyyMHH T'a3b0JIM ChC ChIbpPKaHHUE HA HACH-
Tenu BenlectBa Mexay 0,8 u 93,1 ternoBHu %.
WHTepKpUTEPUATHUAT aHAIU3 PAa3KPH CICIHUTE
CTAaTHUCTUYECCKH 3HAYMMU BPB3KH MEKIY (PU3UKO-
XUMHUYHUTE CBOMCTBA Ha BaKyyMHHUTE Ta3bollH,
u3pa3eHu upe3 p-ctoiiHocTtTa Ha ICrA. Pesynra-
TUTE MOKAa3BaT, Y€ IIbTHOCTTA € B CUJIICH OTpPH-
1aTelleH KOHCOHAHC ChC ChIbPKAHUETO Ha BOJIO-
pox (n=0,02), atomHoTO choTHOIeHue H/C (n =
0,03) u B cuiieH MOJIOXKUTEICH KOHCOHAHC C WH-
nekca Ha pedpaknus (1 = 0,98). [lrbTHOCTTA € B
CpelleH OTpUIlaTeIeH KOHCOHAHC ChC ChAbPIKaAHU-
ero Ha HacuteHH BemecTBa (L = 0,07) u B cpenen
MOJIOXKUTENIEH KOHCOHAHC ChC ChABPKAHUETO Ha
apomaTtHu BbraeBogopomu (L = 0,91), u B crmabd
TIOJIOXKHTENIEH KOHCOHAHC C JBYSAPEHHUTE apo-
MatHU BeIIIeBogopoan (L = 0,76). Tesu manHU
MOTBBPK/IABAT, Y€ IUITBTHOCTTA € CBOWCTBO, KOETO
nmo0pe oImMcBa apoOMaTHOCTTAa U BOAOPOIHUS Jie-
¢duuT, KakTo Bede Oeire choOiieHo B [33,34].



Kw- xapakrepusupaiusat GakTop € B CHICH OT-
pUIlaTeNieH KOHCOHAHC CBhC CHIBPKAHHETO Ha
apomatHu Bbriepoan (| =0,05) u B cuiieH mosio-
JKUTEJIEH KOHCOHAHC C aTOMHOTO CHOTHOIICHHUE
H/C (n = 0,96). CpappxanneTo Ha BOJOPOX € B
CHJICH OTPHIIATENIEH KOHCOHAHC ChC CHABPIKAHU-
eTo Ha apomatHu Beriepoau (K = 0,02) u ¢ uH-
JleKca Ha TpedyIBaHe Ha CBETIWHATA (MHIECKC Ha
pedpakmms) (1= 0,02). CbappkaHHETO HA BOIO-
PO € B CHJICH MOJIOKUTENICH KOHCOHAHC C aHUIIU-
HOBaTa TOYKAa M B CPEACH MOJOXHUTEIEH KOHCO-
HAHC ChC CHIBPKAHUETO HA HACUTEHH BEIIECTBA.
WHnexchbT Ha pedpakiyst € B CUJICH OTPULATEIICH
KOHCOHAHC ChC ChABPKAHUETO Ha apoMaTeH BbI-
nepona. Te3n naHHU TOKa3BaT, Y€ IIBTHOCTTA, HH-
Jlekca Ha pedpakius U ChIbPKAaHUETO Ha BOZO-
POJ IMaT CHITHO U3Pa3€HH PEallii ChC ChIbpKa-
HUETO Ha apOMaTEeH BBIVIEPO]] M IOMEXKIY CH.

llInmkoBa w KOJEKTHB [35] HM3MON3BaT WH-
TEPKPUTEPHATHUSL aHaIN3 3a Ja C€ PasKpHsT
BPB3KUTE MEXIy Pa3TUUHUTE MHICKCH Ha KOJIO-
UIHA CTAOMITHOCT M (PU3UKOXUMIYHUTE CBOHCTBA
Ha 30 uaguBHayanHu Hedra. M3non3sanu ca 30
He(Ta, TIPUHAUISKAIIH KbM JIEKUTE, CPEAHUTE,
TEXKUTE W CBPHX TEKKUTE THUIIOBE, C HUCKO Ch-
I'bpKaHWE Ha Cspa M C BHCOKO ChIbP)KaHHE Ha
csipa, M ca OIpelesieHH WHAEKCUTEe UM Ha KOJIO-
uaHa cTabWIHOCT. JleBeT nHaeKkca Ha KOJOWIHA
CcTaOMITHOCT ca M3IOJI3BaHM 32 OIleHKa Ha ChBMeEC-
TUMOCTTa Ha CMECH OT TPHUJECETTE CYPOBH IET-
pona. IHTepKpUTEepHATHUAT aHAIW3 Pa3KpH, 4e
OTHOIICHUETO MEXIY YUCIOTO Ha Pa3TBOPHUMOCT
Ha CMECTa W YHCIOTO Ha HEPa3TBOPHMOCT Hai-
no0pe ornrcBa eheKTUBHOCTTA Ha 00€3COJIsIBaHE U
CJIeTOBATETHO MOXE Jla C€ CUUTa 3a WMHIEKC Ha
CHBMECTHMOCT, KOWTO Hali-moOpe Moaenupa ChB-
MECTUMOCTTa Ha CYpPOBHTE TIETPOJIHH CMECH.
[TrpTHOCTTA Ha CypoBHS HE()T M TECTHT 3a pa3-
peXIaHe ¢ n-XenTaH W3TIIEKIAT OCTAThUHU 3a
MOJIeIUpaHe W TPOTHO3UpAaHE Ha CHBMECTH-
MOCTTa Ha CypOBHUTE CMECH.

CrpatueB U KOJIEKTHB [36] HU3MON3BAT HH-
TEPKPUTEPHUATHUS aHAIH3 3a OIpeNesiHe Ha Xa-
paKTepHHUTE MapaMeTpd Ha BTOPUYHUTE BaKy-
YMHHU Ta3bOJIM, KOUTO OKa3BaT BIHMSHUE BBPXY
BUCKO3HTeTa. [IpesicTaBeny ca JaHHH 3a XapaKTe-
PUCTHKHUTE U BUCKO3UTETA Ha 34 BTOPUYHHU BaKy-
YMHHU Ta3poiia (Ta3bolId OT XHJPOKPEKWHT Ha
TYAPOH, Ta3b0JIM OT BUCOPEKMHT U IIIJIaM OT KaTa-
JUTHYEH KPEKUHT) ChC ChIbPKAHNE HA APOMATHH
BemectBa 10 100 %. OT maHHUTE OT M3IONI3Ba-
HETO Ha MHTEPKPUTEPHATHUS aHAJU3 Ce BIKIA,
Yye MapaMeTbpbT, KOWTO OKa3Ba HAH-TOJISIMO BIIU-
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SHUE BHPXY BHCKO3HUTETa € 95% Touka oT mectu-
JALlMOHHATa KpUBAa HAa BAKyyMHHUTE Ia3bOJId OT
BTOPUYEH MIPOU3XO/.

CrpatueB u konekTuB [37] uU3MON3BAT HH-
TEPKPUTEPHATHUS aHAIMU3 33 J]a YCTAHOBAT IPH-
YMHATA 32 JBOWHO IO-TOJSIMOTO KOJIMYECTBO J0-
0aBsH neTaHomomoOpuren (2-eTHIXEKCHJI HUT-
paTt) KbM AM3EI0BOTO TOPUBO B IIPOLIECa Ha HEro-
BOTO MPOM3BOJICTBO B patdmHepusara Ha “JIykonn
Hedtoxum byprac®. IlpoBeaenust ICrA Ha nan-
HUTE 3a MPOU3BOJICTBO HA JAU3EJI0BO TOPHUBO B U3-
ciefBaHaTa pauHepus IOKa3a, 4e pa3xoAbT Ha
LETaHOB TOA0OPOOPUTEN € B OTpULIATEIICH KOHCO-
HAaHC C LIE€TaHOBMS MHAEKC Ha TOTOBOTO aBTOMO-
OWJIHO IU3€JI0BO TOPUBO U B IOJOXKUTENICH KOH-
COHAHC C TBBPJOCTTA Ha PAOOTHUSA PEXUM Ha UH-
cTananuss XUIPOKPEKUHT Ha TYAPOH. ABTOpHTE,
omarogapenue Ha ICrA orneHkuTe cTUTAT 10 W3-
BOJIa, Y€ OCHOBHATA IPUYMHA 32 IOBUILICHUS pa3-
XOJI Ha CKBIIO CTPYBAIIl IETAHOMOAOOPHTEN € BU-
COKaTa TRBPAOCT Ha pekuMa B MHCTaNaus “ Xui-
poxpexkuHr Ha ryapod H-Oil”.

CrpatueB u kojiekTuB [38] u3MON3BAT WH-
TEepPKpUTEpHUATIHUS aHATIU3, 32 Ja ce OIEeHST cTa-
TUCTUYECKU 3HAYMMUTE BPb3KU HAa paOOTHUTE yC-
JIOBUS C KOHBEPCHSITA U JOOUBUTE HA MMPOIYKTH B
uHcTanaus “Xuapokpekunr Ha ryapon H-Oil“ B
padunepusara na “Jlykoitn Hedroxum Byprac,
IIPU HaMaJIeH KalaluTeT, o- HUCBK oT 50% ot
NPOCKTHUS, B pe3yaTar oT nanaemusta Covid 19.
OreHena e paboTtaTa Ha MHCTaNANUs ““XuIpoKpe-
kuHr Ha ryapoH H-Oil* npu paznuuan paboTHH
YCIIOBUSL M PA3IUYHU CypOBHMHH, KaKTO W Ipepa-
0OTBaHETO Ha PELUKBII OT YACTUIHO OJICHIUPAHO
KOTEJTHO FOpPUBO M JOCTHI'aHE HAa KOHBEpPCHS Ha
BaKyyMHUTE ocTarbliu oT 93%. OueHkara Ha UH-
TEPKPUTEPHUATHUS aHAIU3 Pa3KpH, ye JTOOWBUTE
Ha ra3, HUCKO OKTaHOB O€H3MH W JIM3EJIOBO TO-
PHBO Cca B CUJICH IOJIOKUTEICH KOHCOHAHC C KOH-
BEpCHUSATA, IOOMBHT Ha XUJIPOKPEKUPAH BaKyyMeH
HeTEH OCTAThK € B CHJICH OTPHUIATEIICH KOHCO-
HaHC C KOHBEPCHUSATA, 1OKaTO JOOUBBHT Ha BaKyy-
MeEH T'a3boJl € B INCOHAHC C KOHBEPCHUSTA 3a U3C-
JIeIBAHUTE YCIIOBUS Ha paboTa B WHCTaJAIUATa
“Xunpokpekunr Ha ryapon H-Oil“.

JoO6uBBT Ha BaKyyMeH Ia3boJI KaTO HeCTaOu-
JICH TbPBUYCH MPOJYKT HAPACTBA C TIOBUINIABAHE
Ha KOHBepcusTa 10 65% u HaJ Ta3u CTOMHOCT Ha-
MaJIsBa ¢ MO-HaTaThIITHO MOBHUIIABAHE HA KOHBEP-
cusita [39]. ToBa Moxke Ja 0OsSCHHM JMCOHAHCA
MeX]ly JI0OMBa Ha BaKYYMHH T'a3bOJIH ¥ KOHBEP-
CHsTa Ha BaKyyMHHMS OCTaThbK B HMHCTaJjalus
“Xunpokpekunr Ha ryapon H-Oil“. lanaute mno-
Ka3Bar ChIIO, Y€ KOJIMIECTBOTO IpepaboTeHa cy-



POBHHA, peaKLIMOHHATA TEMIIEpaTypa U ChIbpiKa-
HHUETO Ha PELIMKBJ OT YACTUYHO OJIEHIUPAHO KO-
TEJTHO TOPUBO B CMECEHaTa CypOBHHA 32 XUIPOK-
PEKUHT ca B MOJIOKUTENEH KOHCOHAHC C HETHaTa
kouBepeus (| > 0,75).

CrpatueB u koiektuB [40] 3a IbPBU BT W3-
MOJI3BaT MHTEPKPUTEPHATHUS aHAIU3, 3a Ja Ce
OLICHST BPB3KUTE MEKAY yCIOBUATA Ha paboTa Ha
IPOMHIIUIEHATA MHCTAJNALMA KaTAINTHYCH Kpe-
KuHT B ,,JIykoiin Hedproxum Byprac* u HHUBOTO
Ha KOHBEPCHS B CIy4auTe Ha nmpepaboTBaHETO Ha
100 % xummpoTpeTupaH MbpPBUYEH BaKyyMeH Ta-
3b0J1 ¥ HETOBUTE CMECH C BTOPHUHU BaKyyMHHU ra-
3601 OT NMPOMMIUIEHA WHCTalalus XUAPOKpe-
KUHT Ha ryapoH. OLeHKaTa OT MHTEPKpUTEpHa-
HUSI aHAIK3 [10Ka3a, Y€ B IPOMUIIICHUS KaTallu-
THYEH KPEKUHT B paduHepusiTa Ha , JIykoiin Hed-
toxuMm byprac® npu npepaborBanero Ha 100 %
XUIPOTPETUPAaH IBbPBUYCH BAKyyMEH Ia3boj OT
VYpancku HeT pa3xoabT Ha CYpOBHHA CE HAMHPA
B OTpHULIATENIEH KOHCOHAHC C OTHOILIEHUETO KaTa-
JM3aTop/ CypOBHHA, C BpEMETO Ha IPECTO Ha Cy-
POBHHATA B p€aKIIMOHHATA 30HA U B IIOJIOKHUTENIEH
KOHCOHAaHC C dYacoBaTa TerJIOBHA CKOPOCT
(WHSV). CrnenoBarenHo B IpOMUIIJICHATa WHC-
Tajauus 3a KaTAIUTUYEH KPEeKUHT B ,JIykoiln
Hedroxum Byprac* BnusiHHETO HA OTHOILICHUETO
KaTaJn3aTop/CypOBHHA, BPEMETO Ha MPECTOH H
BPEMETO Ha PEaKUusiTa BbPXY KOHBEpCHUSATA I
ObJie M3pa3eHo caMo 4pe3 elHA MPOMEHIIMBA —
pasxoja Ha cypoBuHa. CieBaiaTa MpoMeHIINBa,
TeMmIeparypaTa Ha peakusTa, HHTepKpUTepral-
HUS aHAJIN3 TI0KAa3a, Y€ € B CHJICH IOJIOKUTEJICH
KOHCOHAaHC C KOHBepcusTta. HHTepkpurepua-
HUST aHalW3 pa3KpH, Y€ KOHBEPCHUSATa HA MPO-
MHUIIJICHA MHCTAJIANus 33 KaTaIUTUYECH KPEKUHT €
B OTpHIIaTEJIeH KOHCOHAHC ChC ChABPIKAaHUETO HA
BTOpUYHM BakyyMHH ra3ponu oT H-Oil, u cbe cb-
IBP)KaHUETO Ha IUIaM OT KaTaJUTUYEH KPEeKUHT B
CMeceHaTa CypOBHHA 3a HHCTajanuaTa “Xuapok-
pexunr Ha ryapon H-Oil“. CnenoBareiaHo noBu-
[IaBaHE Ha CHIBP)KAHHUETO HAa BTOPUYHHU BaKy-
ymHH razponu oT H-Oil, kakTo 1 yBennuaBaHe Ha
JieJla Ha IIJ1aM OT KaTaIUTHYeH KPEeKUHT B Cypo-
BUHATa 3a MHCTaNanusara “XUIpPOKPEKUHI Ha
ryapon H-Oil* e BoasaT 1o moHm»kaBaHe Ha KOH-
BepcusiTa B UHCTANIaus ,,KatanutuueH KpekuHr'
W JI0 HamallsiBaHe Ha JIOOMBUTE Ha IIEHHH IPO-
IYKTH.

CrpatneB u koiekTtuB [41] wm3mom3Bar WH-
TEPKPUTEPHAITHUS aHAIN3, 33 J]a OLEHST CTaTHC-
TUYECKU 3HAUUMUTE BPB3KU MEXKIY BaKyyMHUTE
OCTaThIM MOJTYYEeHH OT IbPBUYHA MTPpepadoTKa Ha
He()Ta W TE3W MOIYYEHH OT XHUIAPOKPEKWHT Ha
T'yApoH (BTOpW4YHA npepaboTka Ha HedTa), MpH
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IIPOM3BOJCTBOTO Ha OWUTYM 3a I'bTHU HACTUJIKH.
ITpu TO3M BUA NMPOU3BOICTBO CE€ U3UCKBA A0OPO
pa3bupaHe Ha HauMHA, IO KOWTO MOTar Jia ce Mo-
JeNUpaT U KOHTPOJIMPAT BUCKO3UTETHT U TOUKATA
Ha OMeKBaHe. 3a menTa ca uicnenand 30 Baky-
YMHHU OCTaThKa IOJyYeHH OT I'bPBHUYHA IIpepa-
0oTka Ha HedTa 1 33 XUAPOKPEKUPAHH BAaKyyMHHU
OCTaThLM MOJIyYCHHU B AMANa30HA HA KOHBEPCHS
55-93 % wu maHHWTE OT XapaKTepH3UpaHeTo Osxa
M3MOJI3BaHH 3a IIeJUTe Ha MojenupaHeTo. OueH-
KaTa OT MHTEPKPUTECPHAIHUS aHaIU3 Pa3KpH, 4e
BUCKO3UTETHT Ha I'BPBUYHHUTE BAKyyMHH OCTa-
TBHIH € B MOJOKHUTEJIEH KOHCOHAHC C TITBTHOCTTA
Ha CypoBHA HE(T, ChIbP)KAHHETO Ha cspa B
He(Ta, CbABPKAHUETO Ha BAaKyyMHHS OCTaThK B
CypoBus He()T ¥ CBOWCTBATa HA BAaKyyMHHUS OCTa-
ThbK — INIBTHOCT W CBABbPKAHHUC Ha BBIJTICPOO
(xoxc) mo KoHpancoH, chabpikanue Ha acdain-
TEHH, CpeJHaTa TeMIIepaTypa Ha KHUIIEHE, MOoJie-
KyJIHaTa Maca M MHAEKca Ha apOMaTHHS MPBCTCH
(ARI). Cpen Ts1x Hali-cHJIeH € KOHCOHAHCA ChC Ch-
nepxannero Ha acanterm u ARIL Comure
CBOIiCTBa Ha IIBPBUYHUTE BAKYYMHHU OCTAaTbLU
MMart IMOJIOKHUTEIEH KOHCOHAHC C TeMIleparypaTa
Ha OMEKBaHE, a ChABPKAHMETO Ha acanreHu
uMa Hail-CHJIHa BPb3Ka, U3pa3eHa KaTo CUIICH I10-
JIOKHUTENIEH KOHCOHAHC C TemIeparypara Ha
OMCKBAaHC Ha NBPBUYHUTC BAKYYMHHU OCTATBIH.
Ilpy BakyyMHHUTE OCTaTBUHM OT XHIPOKPEKHHT
JAHHUTE MOKa3BaT, 4e KOHBEPCHSTA Ha TyPOHA €
B TOJIOXKHUTEIEH KOHCOHAHC ChC CBOMCTBaTa Ha
BTOPUYHHS BaKYyMEH OCTAaTBK — IIIBTHOCT U Ch-
Ibp)KaHue Ha Kokc o KoHpajcoH, TemmepaTtypa
Ha OMEKBaHe, Cpe/iHa TeMIlepaTypa Ha KHIICHE,
MOJIEKYJIHO TETJIO M UH/AEKC Ha apOMaTHHUS MPbC-
TEH, JI0KaTO ChIBP)KAHHETO Ha HACUTEHU KOMIIO-
HEHTU B XUAPOKPEKUPAHUS BAKYYMEH OCTaTBK €
B OTpHIIaTeleH KOHCOHAHC C KOHBEpCHUsTa Ha
ryapoHa, Hail-cumHM ca KOHCOHAHCHUTE C IUTBT-
HOCTTa M CHABPKAHMUETO HAa HACUTCHHU KOMIIO-
HEHTH. 3a pas3irKa OT IbPBUYHHUTE BAKYYMHHU OC-
TaTbLH, BUCKO3UTETHT HA BTOPUYHUTE BAKYYMHH
OCTaThbLU € B OTPHULATEJICH KOHCOHAHC C MoJe-
KynHata Maca. [lpuumHaTta 3a Tasu pazimka
MEXIYy BaKyyMHUTE OCTATBUX NOJTY4YEHH OT ITbP-
BUYHA NpepadoTKa Ha HEPT U TE3H MOJYUEHU OT
BTOPUYHA MPepabOTKa Ha HE(PT 11O OTHOIIIEHUE HA
BHCKO3HUTETa MOXKeE JIa ce 00sICHU ¢ (aKTa, ue mpu
yBeJIMYaBaHE Ha KOHBEPCHATA Ha HWHCTAJALMA
XUAJIPOKPEKUHI HA BAKYYMHH OCTaTbLU MOJIEKYJI-
HaTa MaCa Ha BaKYyYMHHUS OCTaTbK HaMaJIABa U €11-
HOBPEMEHHO C TOBA CE yBeJIMUYaBaT HEroBaTa apo-
MaTHOCT, U3pa3eHa upe3 IUTbTHOCTTA U ChABPKa-
HUETO Ha Kokc 1o KoHpaJICOH, KOETO OT CBOS
CTpaHa BOJIM JI0 YBEJIMYaBaHEe Ha BUCKO3UTETA Ha



BaKyyMHHUSI OCTaThK IOIyY€H OT XUIPOKPEKUHT.
ChbiuuTe CBOMCTBAa HA BTOPUYHUTE BaKyyMHHU OC-
TaThbIM ca B KOHCOHAHC C TeMIepaTypaTra Ha
oMmekBaHe. TemnepaTypara Ha OMEKBaHe Ha BTO-
PUYHHUTE BaKyyMHU OCTaTbLH € B IOJIOKUTEJICH
KOHCOHAHC ¢ Kokca 110 Konpazncon u B orpunare-
JIEH KOHCOHAHC ChC ChABPKAHUETO HA HACUTEHU
KOMITIOHEHTH. VIHTEepKpUTEpHUaNHUs T aHAIU3 T10-
Ka3a, ye IbPBUYHHUTE BAKyyMHHTE OCTAaTbLU U
BTOPUYHHUTE BaKyyMHH OCTaThIM Ca HaIBIHO
Pa3iINyYHU U CIEI0BATETHO TEXHUAT BUCKO3UTET U
TeMIIepaTypa Ha OMEKBaHe TpsIOBa Jja ce MOJEIH-
paT OTAEIHO.

CrpatueB u KOJEKTHB [42] H3MON3BAT HH-
TEePKPUTEPHATIHNS aHAJIN3, 32 OLICHKA Ha JTAaHHUTE
0T mpepaboTKaTa Ha BaKyyMHHU OCTaTbLU B IPO-
MUIIJIEHA WHCTAAlUs XUJIPOKPEKUHT 3a Baky-
yMHH ocTaTsim B ,,JIYKOMJI Heroxum Byprac®
C LIeJT Ja Ce PAa3KpUAT MPUIMHUTE 33 TIOBUILIEHOTO
3aMBbpCsIBaHe, PETUCTPUPAHO MO BpEME Ha TPETHS
UKD Ha xuapokpekuHra. C momomra Ha ICrA
ca OTKpUTHU (HaKTOpPHUTE, ZONPUHACAIIN B Hal-TO-
JsIMa CTETICH 32 YCKOPEHOTO 3aMbpCsiBaHe Ha 000-
pyaBaneto. CKopocTTa Ha 3aMbpcsiBaHe Ha 000-
PYABAHETO Ce YCTAaHOBH, Y€ CE HAMHPA B OTPHLIA-
TeJIEH KOHCOHAHC ChC ChOTHOIICHUETO MEXKAY aK-
TUBHOCTTA Ha TBbPAMSI KaTAJIN3aTOp B IBPBUS pe-
aKTOp CHPSMO aKTHBHOCTTA HA TBBPIUS KaTau-
3aTOp BBB BTOPUS PEAKTOP, C pa3xoAa Ha HAHO
nucneprupat teueH katanuzatop HCAT, cbe cb-
IBPKAHUETO Ha apOMAaTHU KOMIIOHEHTH B CypO-
BUHATA U B MOJOXKUTEJICH KOHCOHAHC C Pa3xoza
Ha rpepa0oTBaHa cypoBuHa. Te3u OTKpUTHS MOC-
Jy’KUXa 3a pa3paboTBaHe Ha IIporpamMa 3a yBellu-
YyaBaHE Ha aKTUBHOCTTA Ha TBBPAMS KaTaIN3aToP
B IIBPBHS PEAKTOpP, yBEIMYaBaHE Pa3Xxoia Ha Te-
yeH HaHO nucneprupan karanuzatop HCAT, ko-
WTO JIOBeIOXa 0 MOHIKAaBaHE Ha CKOPOCTTa Ha
3aMBbpCsBaHe, KOETO OT CBOSI CTpaHa MO3BOJIU T10-
BHIIIABaHE Ha peaKI[MOHHATa TeMIlepaTypa 1 pea-
TU3MpaHe Ha MOJ0KUTENICH HKOHOMUYECKH eeKT
ot 11 munmmona nonapa (USD).

[IIumkoBa u kojexkTuB [43] u3MON3BAT WH-
TEPKPUTEPHATHHS aHaJU3, 33 J]a CE U3CJIe/Ba Ha-
JUYAETO Ha CTATUCTUYECKH 3HAYMMHU BPB3KH
Mexay ¢pakuuure Ha SARA, usmepenu upes
MEeTTe METO/a, U3MOI3BaHN 3a aHAJIN3 Ha BBIJIE-
BOJIOPOJTHHS CHCTaB Ha HeTeHuTe rpynu (ASTM
D 2007, ASTM D 4124, teuna xpomartorpadusi,
BUCOKO e(peKTUBHA TeuHa XpoMaTorpadusi U ThH-
KocloiiHa xpomarorpadus). Pesynrarure ot u3-
MOJI3BAHETO Ha MHTEPKPUTEPHUATHUS aHAIU3 I10-
Ka3BaT, Y€ NpU BCHUUKM METOAM 3a aHAIM3 Ha
SARA Ha cypoBust He(T, C U3KITFOUCHHE HA THH-
KOocloiiHaTa xpomatorpadusi, IUTBTHOCTTa Ha
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HedTa € B OTPHUIIATEIICH KOHCOHAHC ChC ChAbPIKa-
HUETO Ha HACUTEHH KOMIIOHEHTH U TIOJIOKUTENICH
KOHCOHAaC CbC CBHIBPKAHHETO HA apOMaTHU
ctpyktypu. Metonure ASTM D 2007, ASTM D
4124 u BucoKkoe(eKTUBHATA TEYHA XPOMATOTpPa-
(hus moka3BaT yMepeH KOHCOHAHC ChC ChIbpXKa-
HUETO Ha HACUTEHW KOMIOHEHTH (OTpHLATENCH
KOHCOHAHC) W CBHIBbPKAHWETO HA apOMaTHHU
CTPYKTYpH (TIOJIOKUTENIEH KOHCOHAHC) C TUTBT-
HOCTTa Ha CypoBHsI HE(T, a METOABT HA TeUHATa
xpomaTtorpadusi TOKa3Ba CHJIEH KOHCOHAaHC
MEXIy Te3W MmapaMmeTpu Ha cypoBus HedpT. OT
TOBa MOXE J1a C€ 3aKIo4M, 4Ye crenupuyHaTa
IUTBTHOCT Ha CYpOBHsI He(T U HEPTEHUTE JEepH-
BaTH € OCHOBEH IOKa3aTes, XapaKTepu3uparl Xu-
MHYecKaTa Mpupoja Ha Hedra.

3a cHXKaJeHHe ChAbPKAHHUETO Ha HACUTEHU
BBIUIEBOIOpOAH B OeH3mHOBaTa (pakmus (IBP-
180 C) ot 244 uzcnenBanu HedTa ca B AUCOHAHC
C TUTBTHOCTTA W TEMIIepaTypara Ha KWIICHE Ha
Ta3u Qpaxuusi, 3a pa3iuka OT APYTUTE PpaKiuu
Ha cypoBus HeT. M3cnenBaiiku Bpb3KaTa MEXITY
CBOICTBaTa Ha OCH3MHOBUTE (PPAKINH, TOTyYSHH
oT 244 pas3nu4HU CypoBU Hedra, Oelie yCTaHo-
BEHO, Y€ ChABPKaHUETO HA APOMATHH BBIIIEBOO-
poau uinu 100-apoMaTHU BBIIEBOAOPOIN = HACH-
TEHU BBIJIEBOJOPOIU CE HaMUpPa B JUCOHAHC C
BCUYKH U3CJIC/IBAHHA CBOMCTBA.

JlaHHWTE OT M3MOI3BAHETO HA UHTEPKPHUTEPH-
aJIH{A aHaJIu3 MOKa3BaT, Yye caMo U3cieoBaTeNc-
KoTo okTtaHoBo uucio (RON) Ha OeH3nHOBHTE
(dpaxun ot 244 n3cnenBanu HedTa € B TIOJIOKH-
TEJIeH KOHCOHAHC C TUThTHOCTTAa Ha OCH3MHOBUTE
¢dpakuuu. CieoBaTellHo, 3a Jia c€ PEKOHCTPYUpa
SARA cbcraBa Ha cypoBus HE(T OT JaHHUTE 3a
IDTBTHOCTTA M TEMIIepaTypara Ha KUIIeHe Ha Hed-
TeHuTe (Ppakiuu, € HeoOXOAMMa ChINO TaKa WH-
(dopmanusi 3a ChIBbpPKAHHETO Ha HACUTCHU Be-
mecTBa BbB PpaknusTa Ha OEH3WHA, KOSITO MOXKE
na ce nomyuu upe3 GC PIANO ananus. Upes npu-
JlaraHeTo Ha TaKbB METOJ 32 PEKOHCTPYUpaHe U
ype3 GC PIANO ananu3 Ha 6eH3nHOBaTa (pak-
ous MoraT jga ce m30erHaT rpemknte B SARA
chbcTaBa Ha CypoBHsI HE(T B cllydanTe, KOraTo Ma-
coBuAaT Oamanc Ha SARA e He3a10BOIUTEIIEH.

CrparueB u KonekTuB [44] pazpaboTBaT HOBU
KOpeNaluy 3a MpeAcKa3BaHe Ha BHCKO3WTETa Ha
MeTpoJIa OT MOJIEKyJHAaTa Maca M IIbTHOCTTA. B
X0Jla Ha MPOYYBAHETO Te U3II0J3BAT MHTEPKPHUTE-
pHAHYS aHAIN3, 32 1a YCTAHOBSAT Y€ HAKJIIOHBT Ha
ypaBHeHHeTo Ha Walther, ompenensin 3aBucH-
MOCTTa Ha BUCKO3UTETa HAa HETa OT TeMIepary-
pata, € B MOJIOXKHUTEJIEH KOHCOHAHC C MOJIEKYJI-
HaTa Maca Ha cypoBus HedT. JJaHHUTE OT M3MOI-



3BaHETO HAa WHTEPKPUTECPUANHUS aHAIIN3 ITOKa3-
BaT CBHINO, Y€ BICKO3UTETHT € B CPEIEH MOJIOKH-
TEJCH KOHCOHAHC ¢ mIbTHOCTTA (U = 0,92; v =
0,08)uc MW (u=0,89;v=0,10), kakTo u B c1ad
MTOJIO’KUATENIEH KOHCOHAHC ChC ChABPIKAHUETO Ha
cmoimm u acanrenu (n = 0,75; v = 0,25). Cpapp-
KaHWETO Ha HACUTEHW KOMIIOHEHTH B CYpPOBHUS
He(T € B cl1ab oTpHUIIATEIICH KOHCOHAHC ¢ BUCKO-
surera (L = 0,20; v = 0,80).

Bbypesa u konektus [45] U3mona3Bat HOBO MO-
TUQUIMPAaHUSIT METOJ, HAa WHTEPKPUTEPUATHUS
aHaIIN3 C TETJIOBHU KOe(PUIIMEHTH Ha OOEKTHUTE 3a
OLIeHKa Ha e(peKTUBHOCTTA Ha KaTaJN3aTopa U Cy-
pOBHHATa MPH Npolieca KaTaTUTUICH KPEKUHT. 3a
menTa Ha nmpoBeacH MAT TecToBe Ha KaTaIUTH-
YeH KPEKUHT C BAKyyMeH ra3poll akTHBHpaH ¢ 2%
1aM OT KaTAJIMTUYCH KPCKUHK U HEAKTUBUPAH
BaKyyMEH T'a3b0JI BbPXY JIBa Pa3IMIHU KaTaln3a-
TOpa, cBex KaTanuzatop Futura 70 u paBHOBeceH
MPOMHUIIUIEH KaTanu3arop. JlelicTBuero Ha KaTa-
JIMTUYHUA KPCKUHI 3a J[BaTa KaTajJlnu3aropa C
JIBETE AKTHBUPAHU M HEAKTHBHPAHW CYPOBHUHHU
(00110 yeTHpu cirydasi) Oelie cpaBHEHa IPU MOC-
TOSTHHAa KOHBEpCHsI OT 65 TerfnoBHU % W IpH MOC-
TOSIHEH 100uB Ha KoKc oT 1,9 Ternosuu %. Pesyn-
TaTUTE OT OIlEHKaTa Ha MHTEPKPUTEPUATHUS aHa-
JU3 TOKa3BaT, Ye CPaBHEHHETO Ha JIBETE CYpO-
BUHM C JIBaTa KaTajiu3aTopa, U3BBPIICHO Ha Oa-
3aTa Ha WHTEPIIOJMPAHUTE AOOMBH MPHU IOCTO-
sTHHa KOHBepcus oT 65 % (cmydaii 1) u npu noc-
TostHeH KOkc oT 1,9 % (cmyuaii 2), mokassa, 4e u
B JBaTa CiIy4as ChHIIECTBYBa JHCOHAHC MEXIY
JIBETE CYpOBUHH (aKTUBUPAH BaKyyMeH Ta3boll C
2 % mam OT KaTaIMTUYEH KPEKUHT ¥ HEaKTUBU-
paH BaKyyMeH ra3boi), KpeKHpaHH BBbpPXY Kara-
nu3aropa Futura 70 u paBHOBECHUSI HPOMUIILIEH
Katanu3aTop. JMCOHAaHCHT MpPU KaTalnu3aTopa
Futura 70 e cunen, nokaTo To3u pH PaBHOBECHUS
MPOMUIILIEH KaTanu3arop € ciad. ToBa mpearo-
Jara, 4e pasjiuKara B CTpyKTypara Ha JOOHMBHTE,
XapakTepu3npala ce ¢ TErIOBHUTE KOSHUIIMEHTH
MEeX/y aKTUBUpaHaTa M HEaKTHBHpaHATa Cypo-
BHHA € chllecTBeHa. ClenoBaTeiHo, Bb3 OCHOBA
Ha orieHKaTa Ha ICrA ¢ TernoBHUTE KOSDUITMEHTH
Ha 00EKTHTE MOJKE Jla Ce HAaIIPaBH 3aKJII0YEHHUETO,
4Ye aKTHUBHPAHETO Ha CYPOBHMHA 3a KaTaJMTHYECH
KpeKHHT ¢ 2 % mm1amMm MOsKe J1a OBEJIE 10 CTaTHC-
TUYCCKHU 3HAYUMHU ITPOMECHU B }106I/IBI/ITC " Kaydec-
TBOTO Ha MPOIYKTHUTE OT MpPOLEca KaTAINTHYECH
KPEKHHI.

MaBpoB 1 KoJeKTHB [46] mpuitarar HUHTEPKPH-
TEpUAHUS aHAJIU3 3a OLEHKA Ha e(EeKTHBHOCTTA
Ha JBa KaTanu3aTopa W JIB€ CYpOBHHHU B IpoLEca
KaTaJIUTUYCH KPEKHUHT U OLICHAT BPB3KUTE MEXKIY
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pasiIuYHUTEe JOOMBHU, OKTAHOBOTO YMCIIO Ha OEH-
3MHAa U BBIJIEBOJOPOAHUS CbCTaB HA OEH3UHA IIPU
MOCTOSIHHA KOHBEpCHsl OT 65 % ¥ Mpu NOCTOSTHEH
KOkc oT 1,9 TernoBHu % 3a 1Ba pa3NIuyHU KaTalu-
3aTopa, KOUTO ca KPEKUPaIU IbPBUYEH BaKyyMEH
ra3pout moy4deH ot cypoB Hedt Urals, u cmec oT
HETO C IJIaM OT KaTaJIMTHYCH KPEeKUHT B 1abopa-
topaa MAT wHcTanamus, paboTema ChIIIaCHO
m3uckBanuaTa Ha cragmapTure ASTM D 3907 n
ASTM D 5154. Pe3ynratute OT U3MOJI3BAHETO HA
WHTEPKPUTEPUATTHHS aHAIIN3 MT0Ka3axa, 4e B CIIy-
yasi Ha OLICHsIBaHEe Ha JOOMBUTE M CBOMCTBATa Ha
MPOAYKTa MHTEPHOJIUPAHU MPH MOCTOSHHA KOH-
Bepcus oT 65 %, nMa moBede JIBOMKU KPUTEPHUU
(moOuBH ¥ CBOWCTBa Ha MPOAYKTA) B AMCOHAHC,
OTKOJIKOTO B CIIydas, KOraTo OLICHKATa Ce U3Bbp-
1IBa 3a TOOMBHUTE M CBOWCTBATA HA MPOIYKTA, NH-
TEPIIOJIUPAHH NPU TMOCTOSIHEH TOOMB Ha KOKC OT
1,9 %. BbB BTOpUS Cciay4ail (IOCTOSIHEH 1OOUB Ha
KOKC) ce HaOIro1aBat moBeye IBOWKH B MOJIOKH-
TEJICH M OTPHLIATEJICH KOHCOHAHC.

llInmkoBa w KoOJEKTHB [47] W3MOI3BAT WH-
TEePKpUTEPHATHUS aHATU3, 32 Ja OICHSAT ChbBMEC-
TUMOCTTa Ha 48 IpoOu OT CypoB netpoJ. U3cnen-
BaHa € TAXHAaTa KOJIOMIHA CTAaOMIHOCT upe3 M3-
MEpBaHEe Ha pa3TBapsIaTa CIOCOOHOCT Ha HedTa
MO OTHOIIEHHE Ha aceNTCHUTE M KPUTUYHATA
CUJIa Ha Pa3TBOPUTENS, M3ION3BaliKM TecTa 3a
paspexIaHe C N-XenTaH, U3BBPLICH C MOMOIITA
Ha neHrpogyra. PasTBapsiiara crnocoOHOCT Ha
HedToBeTEe Bapupa Mexay 12,5 u 74,7, nokarto
KPUTHYHATa CHJIa HA Pa3TBOPUMOCT ce Kosebae
Mexnay 3,3 u 37,3. U3BbplueHu ca aHalu3 Ha UC-
THHCKaTa Temrneparypa Ha kumneHe (TBP), Buco-
KOTeMIIepaTypHa  CHMYJaHTHa  JeCTHJIALMS,
SARA aHanus, BUCKO3UTET, IIIBTHOCT U pasmnpe-
JieJieHNe Ha cspaTa Ha TeCHU HeTeHU (pakiny,
KaKTO ¥ XapaKTepU3UpaHe Ha BAKYyMHUS OCTaThK
(SARA, mpTHOCT, KOKC 110 KOHpaaCcoH, MIbT-
HOCT Ha acqaJiTeHUTe) Ha H3CIeABaHHUTE Hed-
ToBe. BCHYKHM eKCIIepUMEHTAITHO OTpellelieH
JaHHU B TOBA M3cieBaHe 0s5Xxa OLECHEHHU Ype3 HH-
TEPKPUTEPHAICH aHaNU3. VHTepKpUTEpUATHUST
aHalu3 Pa3KpH, Y€ IbPBOHAYAIHHUS OTHOCUTEIICH
MHJIEKC Ha CbBMECTHMOCT € B IMCOHAHC C OTHO-
HIEHUETO MEKAY CMECUTEITHOTO YKCIIO HA Pa3TBO-
PUMOCT ¥ MHJIEKCa HA HEPa3TBOPUMOCT U C MOJIU-
(GUIMpaHus OTHOCUTENICH MHJICKC Ha CHhBMECTHU-
MOCT, AOKaTO MOIMGHUIMPAHUSAT OTHOCUTEJICH
WHJIEKC HA ChBMECTHUMOCT M OTHOILIEHHETO MEXKTY
CMECHUTEITHOTO YHUCIO HA Pa3TBOPUMOCT M YHC-
JIOTO Ha HEPA3TBOPUMOCT UMAT CHJICH ITOJIOKHTE-
JieH KOHCOHaHC. ChABPKAaHMETO Ha N-XENTaH B
HAYaJIo0TO Ha TOYKATa Ha yTasBaHe Ha acdaire-



HHUTE € B CUJIEH IIOJIOKUTEJICH KOHCOHAHC U C MO-
TU(UIMPAaHUsT OTHOCUTENEH MHAEKC Ha ChBMeEC-
TUMOCT ¥ C OTHOIIEHHETO MEXKAY CMECHTEIHOTO
YHCIIO Ha Pa3TBOPUMOCT M MHAEKCA Ha HEPa3TBO-
PUMOCT, JOKaTO IbPBOHAYAIHHUS OTHOCUTEICH
MHJIEKC Ha CbBMECTMMOCT II0Ka3Ba IHCOHAHC.
JaHHUTE OT MHTEPKPUTEPHATHUS aHAIU3 pasK-
pHxa olle, ye napaMeTpuTe 3a CbBMECTUMOCT Ha
He(Ta, cujara Ha pa3TBOPUTEINS, KPUTHUYHATA
CHJIa HA Pa3TBOPUTENS U MOIU(PUIMPAHUS OTHO-
CHUTEJICH HHJCKC Ha CbBMECTUMOCT Ca B TUCOHAHC
¢ moOWBa Ha KOSITO ¥ 1a € (PpaKIusi OT UCTHHCKATA
temneparypa Ha kuneHe (TBP). Tyk 3acmyxaBa
Ja ce 0TOeNeXH, Y€ OTPULATEHUS KOHCOHAHC Ha
ChIBbP)KAaHUETO Ha (PpakiuiTa Ha BAKYyMHHUS OC-
tatek (>540 C) ¢ mo-nekute Gppakuu (JeKk OeH-
3uH (IBP -110 C); Texbk 6en3us (110-180 C); ke-
pocuH (180-240 C) u nuzenoso ropuso (240-360
C) Ha u3cnenBaHUTE CypoBH He(pTOBE HAOAOOS-
BaT TE3H, TOTYUYCHHU MTPHU XUIPOKPEKUHTa HA BaKYy-
yMHUS ocTaThK. CBHIIOTO CXOJICTBO c€ HAOIII0JaBa
U MEXIy oTHouleHusTa Ha Kw-xapakrtepusupa-
st pakTop Ha pa3IMyHHUTE PPaKLIUKN Ha CypOBHUS
HET U To3H Ha HedTeHUTE PpaKIHH, TOTyYSHH
IpU XUAPOKPEKUHra Ha BaKyyMHHA ocTaTbk. Ko-
raTo JAHHUTE OT XUAPOKPEKHUHTra Ha 13 BaKyyMHU
0CTaThKa, MoydeHu ot 13 cypoBu HedTa ce ole-
HSIBAT 4Ype3 MHTEPKPUTEPHAICH aHallu3, KOHCO-
HaHCUTE Ha HEKOHBEPTHPAaHMS BaKyyMEH OCTa-
TBK C TIO-JICKUTE HePTCHU PpaKIUy, MaKap U cTa-
TUCTUYECKH 3HAYHMHU, ca [0-ClIabu OT Te3H, Hao-
JIF01aBaHU OT JAHHUTE 34 XUAPOKPEKUHra Ha e/1u-
HUYEH BaKyyMEH OCTaTbhK, U ca MHOTO OJIM3KH 0
Te3u, HaOJroJaBaHu Npu HedTeHuTe (pakuuu.
Tes3u pe3ynTaT OT MPUIAraHETO Ha HHTEPKPUTE-
pHaJHMS aHAIN3 ca B MOAKpena Ha OMOreHHaTa
TeopHsl 3a Mpou3xojia Ha Hedra, cropen KOSTO
He(THT ce popMHpa B pe3yiTaT Ha TEPMUYCH
KPEKHHI Ha BKAMEHEHUTE OCTAaHKH OT OpraHu4eH
MartepHua (KeporeH) KaTo IUIAHKTOHH, 300TUIaHK-
TOHH, BOAOPACIX U BUCIIM PACTEHHS, TOTYIECHH
[Py TIpoleca JuareHesa.

CrpatueB 1 KoJIeKTUB [48] M3BBPIIBAT IISUTOC-
THO H3CJIEIBAHE HA M3KJIIOYUTENHO CIIOXKHA TeT-
ponHa paduHepus (MHAEKC Ha CIOXHOCT Ha
Hencwa 10,7) o Bpeme Ha npepadorBaneTo Ha 11
CYpOBH Hed)Ta U BHOCEH aTMOC(EepEeH OCTAThHK, 3a-
MecTBai npoektHust cypoB Hedrt Urals. B ToBa
M3CIE[IBAaHE € H3II0J3BaH HMHTEPKPUTEPUATIHHS
aHallM3 32 HAMHpaHe Ha KOJMYECTBEHU BPBH3KH
MEX]y KauecTBOTO Ha CYpPOBHTE HE()TCHU CMECH
u edeKkTuBHOCTTAa Ha padunepusara. Jannure ot
OXapakTepu3upBaHETO Ha wu3cienBaHure 11
He()Ta ¥ TEXHUTE CMECH TIOKa3BaT, 4e OpasuiICKus
Hedt Tartaruga cmecen ¢ Hedroete Urals u Sib.
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Light oOpa3yBar cTaOMJIHU BOIHU €MYJICHH, KO-
UTO ca TPYIHO Pa3AeIuMH U BOJAT 10 IEHO00pa-
3yBaHe B IIpolieca Ha aTMOc(epHa AeCTUIAIMS Ha
HepTeHUTEe cMecH. IHTepKpUTEepHaTHUAT aHAIN3
10Ka3a, 9¢ ChABPKAHUETO Ha Opasmickus HedT
Tartaruga B cMecTa € B MHOT'O CHJICH IIOJIOJKUTE-
JIeH KOHCOHAHC ChC CTa0MIHOCTTa Ha oOpasyBa-
HaTa B X0/1a Ha aTMoc(epHaTa IecTUIalus IsHa
(n = 0.00; v = 1.00). CpoiictBata Ha HedTeHaTa
cMmec chabpikanue Ha csapa (u = 1.00; v = 0.00),
BuckosuteT (1 = 0.10; v = 0.90), u chabpKaHUC
Ha Boga (i = 0.10; v = 0.90) mokazaxa, 4e ChHIIO
ca CBBP3aHM C MHTEH3MBHOCTTA Ha MEHOOOpa3y-
BaHeTo. Te3n cBolicTBa, o0aue ca CBBP3aHU ChC
ChABPKAaHUETO Ha Opaswmickug HeT Tartaruga B
H3CIIEBAaHUTE CMECH (ChABPXKAHME HA cApa: | =
0.00; v = 1.00; Buckozuret: L =0.90; v =0.10; u
cpabpkanue Ha Boga: P = 0.90; v =0.10), u crne-
JOBATEJIHO € TPYAHO Jia CE 3aK/II0YH, Y€ HAKOE OT
TE3U CBOMCTRA UMa BIUSHHUE BbPXY 00pa3yBaHETO
Ha msHa. EQHO Hemlo e SICHO OT pe3ynTaTute Ha
ICrA, e cpappkaHneTo Ha OpaszwWicKus Hedt
Tartaruga B He()TeHaTa cMeC € OCHOBHHAT (hak-
TOp, KOMTO KOHTpOJIHpa 00pa3yBaHETO Ha MsHA
pu atMocdepHarta aectuiaanusi. Kuceannnocrra
Ha maneH HeT wiu HedTeHa cucTeMa OOWKHO-
BEHO Ce HeyTpaiu3upa ¢ Jo0aBaHe Ha HaTpHEBa
OCHOBa KBbM oOe3colieHHss HepT B HMHCTaamus
~ATMOcpepHa W BaKyyMHa JecTWIaLUs Ha
Hedra®“. [Ipu npepaborBanero Ha 11-Te m3cnen-
BaHHM He(Ta B paduHepusTa Ha ,, JIYKOMJI Hed-
toxuM byprac® Oelne perucrpupaHo UYETHPHUK-
paTHO yBeIMYaBaHE Ha pa3xoja Ha HaTpueBa Oc-
HOBa, 3a J]a ce MOCTUTHAT OorpaHnyeHusTa 3a pH
HE MO-HUCKO OT 5,5 Ha TEXHOJIOTHYHUSI KOH/EH-
3atr. IHTepKpUTepraHUAT aHaIu3 [10Ka3a, 4e Cb-
JIbpKaHUEeTO Ha OpaswickuTe HedToBe Sepia u
Tartaruga B npepaboTBaHaTa He()TeHa CMEC ca B
rosioxkuteneH konconanc (u = 0.87; v = 0.08 —
Sepia; = 0.75; v = 0.21 - Tartaruga) ¢ pa3xona
Ha HATpUEBa OCHOBA. Te3W JaHHU 32 OIICHKUTE OT
ICrA nomorsaxa 3a B3eMaHETO Ha pELICHUE 32 U3-
KJIIOYBAaHE HA Te3W HE(PTOBE OT IO-HATATHIIHO
npepaboTBaHe B paduHepHsTa 32 Ja ce 3amasu
HHTETPUTETHT HA TEXHOJIOTUYHOTO 000pyABaHE U
Ja ce n30erue onacHoCTTa OT MHOT'O BUCOKA CKO-
POCT Ha KOPO3HSI.

IumkoBa n konekTuB [49] w3mon3BaT WH-
TEPKPUTEPHAIHUS aHAIIN3, 32 J]a Ce MOJEIUPA Ch-
nbpkanuero Ha SARA ¢dpaknmm ot TsaxHara
IUTBTHOCT, IUIaMHa TEMIIEpaTpa, CbAbPKAaHUE Ha
csipa U JECTWIAMOHHHU XapaKTEPUCTHKH OT CH-
MyJiaHTHa JecTwianus. JlaHHUTE TONyYeHH OT
W3IIONI3BAHETO HA WHTEPKPUTEPUATHUS aHAIH3
MOKAa3Bar, 4e MIIbTHOCTTa € OCHOBHO CBOWCTBO Ha



He()Ta U € CBbpP3aHa ChC CHIBPKAHUETO HA apo-
MatHH CTpyKTypu [49]. Konkoto mo-BHCOKa €
IUTBTHOCTTA, TOJIKOBA TO-BUCOKO € ChIbP)KaHU-
€TO Ha apOMaTHU CTPYKTYpPU M CHOTBETHO IIO-
HUCKO CBHIbPKAHMETO HA HACHTEHH BEIECTBA.
ToBa ce mirocTpupa OT OTPUIIATETHIS KOHCOHAHC
MEXJy TUTBTHOCTTa U ChABPKAHUCTO HA HACH-
Tern creauHeHus (L= 0,17; v = 0,80) 1 mosoxu-
TEJTHHSI KOHCOHAHC ChC CHABPKAHMUETO HA CMOJHN
u acanrenn(p = 0,84; v=0,13; u pn=0,75; v =
0,17). HepreHuTe KOMIOHEHTH, KOUTO ChIbpPXKAT
apoMaTHH CTPYKTYpH, Ca apOMAaTHUTE KOMIIO-
HeHTH, cMonute u acantenure [34]. Cpen Tax
camMo apomaTHarta ()pakIysl MOKa3Ba JUCOHAHC C
mreTHOCTTA (U = 0,68; v = 0,28). [ImamHara Tem-
meparypa € B JUCOHAaHC C BCHYKH H3CIICIBAHU
CBOHCTBa 3a To3u HaOOp OT naHHU. ChAbpKaHH-
€TO Ha csipa MOKa3Ba cliad OTPHIATE]IeH KOHCO-
HaHC ¢ HacuTeHuTe Bemectra (L = 0,23; v=0,73)
U c1ab0 OTpHIIATEICH KOHCOHAHC C J00WBa Ha
¢dpaxiuu kurmsy 10 400 u 500 °C (u=10,25;v=
0,72). CpappikaHAETO Ha HACUTEHU KOMIIOHEHTH
€ B OTPHIIATEJICH KOHCOHAHC ¢ (DpakiUuTe, Ch-
JTbpKAIld KOMIIOHEHTH C apoMaTrHa CTPYKTypa:
apomataHu BemectBa (1 = 0,13; v = 0,83); cmonn
(n=0,11; v=0,84); m achanteru (n = 0,16; v =
0,76).

ChbIbpIKaHUETO Ha apOMAaTHH BEIIECTBA, C U3-
KIFOUEHNE Ha ChIBPKAHUETO Ha HACUTCHH KOM-
MOHEHTHU HSAMA CTAaTUCTHUYCCKH 3HAYUMa BPb3Ka C
HUTO €THO JIPYTO U3CJIeABAHO CBOUCTBO. JIOOUBHT
Ha (paxuuu, kursimu npu 300, 400 u 500 -C, no-
Ka3BaT OTPHUIIATENIEH KOHCOHAHC ChC ChAbPIKAHU-
€TO Ha CMOJIM M acanTeHu. Te3u KOHCTaTaluH
M3TIIeKAAT Pa3yMHH, ThH KaTO € H3BECTHO, 4e
CMOJIHUTE U ac(alnTeHOBHUTE (PpaKIINu ca KOHICH-
TPUPAHU IJIABHO B MO-BHCOKO KHITAIIATA YaCT Ha
netpona. OT JaHHWTE TNPEAOCTABEHH OT WH-
TEPKPUTEPHUATHUS aHAJIN3 CE BIDKIA, Y€ MEXKIY
nobusute Ha Gpakiuu pu 300, 400 u 500 -C uma
CPaBHHUTEJIHO CHJICH TOJIOXHUTEJICH KOHCOHAHC,
KOETO TIpeAroara, 4e 3a IeInTe Ha MOJeIHpa-
HETO Ha PErPECHOHHUS aHanIHu3 TPsAOBa Ja ce u3-
0JI3Ba CaMo €/IHa OT TX. JIaHHUTE OT HHTEPKPH-
TepUAITHUS aHAJIN3 HU Pa3KpUBAT CHINO U CIEI-
HUTE 3aBUCHMOCTH:

o CpIbpXKaHHUETO Ha CSAPa, HACUTCHH ChEIIH-
HEHUSs1, CMOJIU U ac()ajITeHU IMOKa3Ba U3BECTHO 3a-
CHJIBAaHE Ha BPB3KUTE C JOOMBUTE HA KHUIIAIIH
(dpakuu ¢ yBennuaBaHE Ha TeMIlepaTypaTta Ha
kunere ot 180-200°C go 300-500°C. Hanpumep
BpB3KaTa Ha ChIBPIKAHUETO HA CMOJIH C TeMIIepa-
TypaTa Ha KHIICHE Ha (PpakiMuTe, U3pa3eHa upe3
p, HamansBa ot 0,25 (Temmeparypa Ha KHIIEHE
180°C) mo 0,20 (remmepatypa Ha kutieHe 300°C),
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nokaro v ce ypenmdana ot 0,68 mo 0,75. Berpeku
TOBA TE€3H BPB3KH KaTo ISUI0 ca C1a0H U yBelnJa-
BaHETO Ha |1 U V HE MOXE J1a CE CYUTA 3a ChILECT-
BEHO.

e Konebanue Ha ITBTHOCTTA U ChIBP)KaHU-
€TO Ha HACUTEHH, apOMATHHA M CMOJIMCTH BeIllec-
TBa MIPH yBeNWYaBaHe Ha TeMIlepaTypaTa Ha KH-
neHe Ha HedTeHuTe (pakUuy, HampuMep Bpb3-
KaTa Ha ChABPKAHUETO HAa CMOJH C TeMIIepary-
paTa Ha KuTIeHe Ha (QpaknusaTa, ©3pa3eHa upes |,
ce xonebae rpu okoio 0,25 u 0,26 npu Mo-HUCKU
TeMIiepaTypu Ha kureHe u mpu okoio 0,20 u 21
TIPH TI0-BICOKH TEMIIEPATypy Ha KHUIIEHE; MPOTH-
BOIIOJIO’KHO MOBEJICHNE HA ChIbP)KaHUETO Ha Ha-
CUTEHH BEIIECTBA CIPSMO IUTBTHOCTTA, ChABPKA-
HUETO Ha apoOMaTHH BEIeCTBa, CMOJH H acdar-
TEHH, Hal[PIMep JIOKAaTO ChAbPKaHUETO HA HACH-
TEHH BEIECTBA € BOTPHUIATENICH KOHCOHAHC C
mwretHOCTTa (U oT 0,17, v ot 0,80), TUTBTHOCTTA
MTOKa3Ba MOJIOKUTEIEH KOHCOHAHC ChC ChIIbpPKa-
HUEeTO Ha cMoiu u achanrtenu (U ot 0,81, v oT
0,13; u crotBeTHO W oT 0,75, v ot 0,17, ).

e Jlumca Ha sICHO u3pa3eHa OJIU30CT B CTOM-
HOCTHTE Ha TUTBTHOCTTA, CHIIBPIKAHUETO HA apo-
MaTHM BEIIECTBA, CMONM W acanTeHH eaHa
CHpsIMO ApyTa.

CrparneB u xonektuB [50] wm3momsBar WH-
TEPKPUTEPUATHHIS aHATIN3, 32 J1a YCTAHOBST IPHU-
YyiHATa 3a KoJieOaHMsTa Ha KOHBepcusita oT 10
wt.% B mpoMuIIIIeHa HHCTATAINS XUAPOKPEKUHT
B Jlykoitn Hedroxum byprac, mpu 3amsHa Ha
npoekTHuUs cypoB netpod Urals cmecen ¢ 10 30%
cypoB nietpoi oT biuskus uzrok (Arab Medium,
Basra Medium, Arab Light, Basra Light, Arab
Heavy, Basra Heavy, Kuwait Export Blend u ap.)
KkbM mpepaboTka Ha 100% Hepycku CypoB IeT-
poi. Mzuncnenara KOHBepCHs Ha BaKyyMHHUS OC-
TaThK Ha 0a3ara Ha JaHHU 332 KOJUYECTBOTO Tpe-
paboTeHa CypoBWHA, TeMIlepaTypaTa B peakTo-
pUTE U MOjeJa Ha peakTopa ¢ HIealHO U3MEeCT-
BaHEe C eHeprus Ha aktuBanms oT 215 kJ/mol wu
MopsITBK Ha peakruaTa 1,59, mokasa, 4e € mo-Bu-
coka ¢ okoJio 4-6 mac % Ipu mpexoja KbM Ipepa-
6otBane Ha 100% Hepycku HedTOBE. 32 1a ce pas-
Oepe OCHOBHaTa MPUYMHA 332 PETUCTPUPAHATA I10-
HUCKa KOHBepcHs Tipu nipepadoTBanero Ha 100%
HEPYCKH TUIIOBE HE(PT, OTUMTAUKH, 4e BcekH 1%
KOHBEPCHS BOJHU JI0 peaM3WpaHe Ha MKOHOMHU-
yecku edexT ot mopsimbka Ha 0,5 MunHoHa H0-
napa/mecer] Oellie M3BHPILEH WHTEPKPUTEPUAITICH
aHaJIM3 Ha JIAHHUTE OT MPOMUIILIEHATa WHCTAaJla-
LU 38 XMJIPOKPEKUHT. JJaHHUTE OT MHTEPKpUTE-
pHUANHHS aHAIM3 pa3Kuxa, 4e MpUYHHATA 32 T10-
HHUCKaTa KOHBEPCHS € KaueCTBOTO Ha CMeceHaTa



3axpaHBalllaTa CypOBHHA B MHCTAJIAIMS XUIPOK-
pexuHr. PeakiyoHHaTa crocoOHOCT Ha CYpOBU-
HaTa, onpezesicHa Ha 0a3ara Ha MUJIOTHH U3CIe-
BaHUs, CE YCTAaHOBH, Y€ € B CHUJIEH MOJIOXKHUTEICH
KOHCOHAHC C KOHBEPCHSITA Ha IPOMUIIICHATA HH-
CTajalys U, 4€ T4 Ce 5BABAa OCHOBHATA NPUYMHA
3a peructpupanara ¢ 4-6 mac % Mo-HHCKa KOH-
BepcuUs Ha TyIpoHa.

CrpatneB m KoJIeKTHB [51] wW3mon3Bar WH-
TEepPKpUTEPHAIHUS aHaJIU3 3a pa3dupaHe Ha po-
JTa HAa KauecTBOTO HA CYpOBMHAaTa U XapakTe-
PUCTUKUTE Ha KaTaau3aTropa, 3a a ¢ ONTHMHU-
3upa paboTara Ha JBaTa Hali- MEYEIHBLIM MPO-
neca, KaTaJTUTH4YeH KPEeKUHT U XUAPOKPEKUHT, Ha
KOHBEpCHS Ha T&KKHUS HeT. 3a IeaTa ca 3Mmoi3-
BaHM 19 paznmuyHu TEKKH HedTa, OIEHKA Ha Ce-
JIeM BHUJIa KaTaJIn3aTop 3a KaTAIUTTHYEH KPEKUHT
Y 3aMsiHa Ha KacKajHa C IapajeliHa CHCTeMa 3a
Jno0aBsiHE Ha CBEXX KaTaJU3aToOp B CEKLUS 3a XU
POKPEKMHT Ha BaKyyMHH ocTaTblu. Cien u3mo-
3BaHETO HA MHTEPKPUTEPHATHHUS aHaTIN3 Oele yc-
TAHOBEHO, Y€ KOHBEPCHATA HAa BaKyyMHHUS OCTa-
TBK B CEKIHMS XUIPOKPEKUHT 3aBHCH OT PEaKTHB-
HOCTTa Ha CypOBHHATa, KOSTO, U3UMCIIEHA Bb3 OC-
HOBa HAa W3MHUTBAHUITA B MMJIOTHATA MHCTAJALNA
Bapupa ¢ 16,4 %; OT chObPKaHUETO HA BaKyyM-
Hus octaTbk (VR) B cMeceHaTa cypoBUHA B CEK-
OUsl XUAPOKPEKMHT HA BaKyyMHH OCTaThIU
(Besixko konebanue ot 10 % B ChABPKAHUETO HA
BaKyyMHH OCTaThIY BOJM JIO IPOMSIHA B KOHBEP-
cusiTa Ha BaKyyMHHUTe ocTaThIi ¢ 1,6 %); Temre-
parypaTa Ha peakuusaTa (orkiaoneHue ot 1 °C B
TeMIIepaTypaTa Ha peakuusaTa € cBbp3aHo ¢ 0,8 %
npoMsiHa B KoHBepcusata Ha VR); m obemHaTa
ckopoct (0,01 h'! mpomsina Ha 0oGeMHaTa CKOPOCT
Boau 10 0,85 % mpomsiHa B koHBepcusara). Kon-
BEpCHUsTa HA BAKyyYMHHS ra3boJl B MHCTANALUATA
KaTaJIMTHYECH KPEKUHT € B 3aBUCUMOCT OT CIIOCO0-
HOCTTa 32 KpeKHUpaHe Ha CYypOBHHATA, KOATO, U3-
YlCcJIeHa Bb3 OCHOBA Ha M3MUTAHMUS B TMJIOTHA HH-
cranarus Bapupa ¢ 8,2 %, u oT AKOKC Ha KaTalu-
3aropa (Bcsiko yBenuueHue Ha Akokc ¢ 0,03 % Ha-
MaJisiBa KOHBEPCHUSTa Ha CEKUHUS KaTaJTUTHYCH
KpekuHr ¢ 1 %), 3a KONTO e ycTaHOBEHO, 4e 3a-
BUCH OT IUTBTHOCTTA Ha CYpOBHHATA 32 KaTAIUTH-
YeH KPEKHUHT ¥ MUKPOAKTHBHOCTTA Ha paBHOBEC-
HUSI KaTajiu3arop Ha KaTaJUTUYHUS KPEKUHT.
brnaromapenne Ha MoTyYeHUTE PE3yNTaTH OT WH-
TEPKpUTEPHAIHUS aHaiuu3, Oeme u30paHa Bb3-
MOJKHO Hai- 1o0paTa CHHEPTHS MEX/Iy KaTaan3a-
TOp ¥ CYypOBHHA 32 JOCTUTAHE HA Bb3MOXHO Haii-
BUCOKa CTEIIEH Ha KOHBEPCHSI, CbOTBETHO U PEH-
TaOMJIHOCT, HA /IBaTa Hail- NEYeNMBIIN MpoLeca:
Karajutnuen KkpekuHr U XUAPOKPEKHHI Ha
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rynpoH. Tyk TpssOBa ma ce oTbemnexu, 4e camoc-
tositenmHOTO Tiprtarane Ha ICrA 3a oreHka Ha
JaHHUTE 32 MPOMUIUICHUTE MHCTAJauus 38 XH-
POKPEKHHT Ha TyJpOH C LieJl OTKpUBaHE Ha CTa-
TUCTHYECKH 3HAYMMH BPH3KU HE BHHATH € JIOCTa-
THYHO 32 HAMHUPaHe Ha Te3U KPUTEPHUH, KOUTO CTa-
TUCTUYECKHA 3HAYMMO BIUSST BHPXY KOHBEpPCH-
sita. M3mon3BaneTo My B KOMOWHAIIHSI C PETpecH-
OHEH aHaJIn3 TI03BOJISBA Jla CE OTKpHE KOMOWHa-
LUATa OT IPOMEHJIMBH, KOUTO ca CBBP3aHU C Iie-
JeBaTa MPOMEHJINBA, 32 KOUTO MOOT/EIHO € yCTa-
HOBEHO, Y€ HIMAT CTaTHCTUYECKH 3HaYMMa
BpB3Ka C IIeieBata npoMeninBa. ToBa o0yciaBs
MPOBEKJAHETO Ha OBICIIM H3CIelBaHUs, HACO-
YeHH KbM OIIeHKa Ha KOMOHWHAITUS OT KPUTEPHH, a
HE Ha CaMOCTOSITeITHU KPUTEPUH Ipe3 MOAH(HIIN-
paH MeTOA Ha HHTEPKPUTEpUAIICH aHAIIN3.

[InmkoBa 1 K0JIeKTUB [52] 00001IaBaT BCHUKH
W3CIIeIBAHNS TTPOBEXKIaHU B 00JIACTTa HA XUMHU-
sITa ¥ TEXHOJIOTUATA Ha HedTa 3a nepuona 2015 —
2024r. u cTurar 0 U3Boja, Ye OJiaroJapeHue Ha
mpunoxkenuero Ha ICrA HedrompepaborBare-
JWTE ca ce HAyYWJIM KaK Ja MUHHUMH3UPAT CKO-
pOCTTa Ha 3aMbpcsBaHe Ha 000PYABAHETO, KOATO
e Haif-ronemus OWd 3a Te3n HedTompepaboTBa-
TeJH, KOUTO MMaT B CBOSITA TEXHOJIOYHA BEpUTa
npotieca ,, XHAPOKPEKUHT Ha TYIPOH B TICEB/I0 KH-
TSI CJION Ha KaTtamu3aropa‘, IpeaIuMCTBOTO Ha
n3no0a3BaHeTo Ha HaHo-nucneprupad HCAT ka-
TaJIM3aTOp, Kak Ja yBEJIWYaBaT TBBPAOCTTA Ha
TEXHOJIOTHYHHS PEKUM 0e3 TOBa, KAKTO OOMKHO-
BEHO, J1a Obie CBHP3aHO C YBEIMYaBaHE HA CKO-
pocTTa Ha 3aMBbpCSIBaHEe, KATO 3aMEHST KacKaTHUS
peXHuM C TlapaieseH 3a J00aBsSHE Ha CBEX Kara-
JU3aTOP MPH XUAPOKPEKUHTa HA T'yIPOH, U MHOTO
JIPYTH TIOJI3H OT MOA00PEHUTE 3HAHMS, TTOTyUYEeHU
¢ nomorra Ha ICrA.

CrtpatueB U KOJeKTUB [53] mpuiaraT TpH TeX-
HUKH 3a 0a3W JaHHM 32 OTKPUBaHE HA 3HAHUS —
UHTEPKPUTEPUCH U PETPECHOHEH aHANIN3, KAKTO U
M3KyCTBEHH HEBPOHHH MPEXKH 32 OIIeHKa Ha JIekic-
TBHETO Ha IPOMUIIIJICHUTE IPOIIECH KaTaTUTHIEH
KpeKHHT THUN (IyUA U XUAPOKPEKUHT Ha TYAPOH
B TICEBJI0 KHUIISII CJIOW Ha KaTalnu3aTopa IpH mpe-
paboTBaHETO HA BaKYyMHTH I'a3hOJId U TYAPOHH,
MIOJIyYEHU TIPU JIeCTHIANUATa Ha 19 pa3nuuHu
HedTa. CamocTosTenHOTO TpritokeHne Ha ICrA
3a OIIEHKA Ha JJaHHH OT MPOMHUIIUICHA WHCTAJIAIHSI
3a XUApOKpeKkHHr Ha ryapon H-Oil ¢ nen otkpu-
BaHC Ha CTAaTUCTUYCCKU 3HAYMMHU BPH3KHU HE €
JIOCTaThUYHO M KOMOMHAIIMATA MY C PErpECHOHEH
aHaJI3 MO3BOJISIBA OTKPUBAHETO HA KOMOMHAIIH-
ST OT MPOMEHJIMBHU, KOUTO Ca CBBbP3aHU C LieJie-
BaTa MPOMEHJINBA, HO 32 KOUTO MOOT/IENHO € YC-
TAaHOBCHO, Y€ HMMAT CTAaTUCTHUYCCKHW HC3HaA4YMMa



BpB3Ka ¢ IiefieBaTa mpoMeHInBa. [Ipunaranero Ha
MOJICTTUPAHETO C M3KYCTBCHH HEBPOHHU MPEKH
MPEIOCTaBs Bh3MOXKHOCT 3a MO00psBaHE HA TOY-
HOCTTa Ha MPOTHO3UPAHE HA JICHCTBUETO HA MIPO-
MHUIIJICHATa MHCTAJAUS 3a XUAPOKPEKHHI Ha
ryapon H-Oil B cpaBHeHme ¢ mocTurHarara upes
M3II0JI3BaHE Ha PErPECUOHCH aHaJu3,

CrpaTtreB u KOJIeKTHB [57] u3cienBa padorara
Ha papuHEPHUS C BUCOKA TEXHOJIOIHYHA CII0KHOCT
pu npepbaoTBaHe Ha 17 CypoBU meTpoa, oT Ko-
WTO €IIMH € CBPBXJICK, MET JICKH, ICBET CPEAHH U
nBa TeKkH. C IOMOIITAa HA MHTEPKPUTEPUATHHUS
aHaJIM3 Ha JIaHHUTE OT paboTara Ha Oioka 3a
obe3cosisiBane M 00e3BOJHSABaHEe Ha Hedra, 3a-
€/THO C JIAaHHWTE 32 ChCTaBa Ha CypOBHS METPOI U
HMHIEKCHUTE 3a KOJIOMIHA ChbBMECTUMOCT, Pa3KpH,
Ye MOBUIIIABAHETO HA aMIlepaka (CuiiaTa Ha TOKa)
B 010Ka 3a 00e3coysiBaHe M 00€3BOAHSBAHE Ha
HedTa € CTATHCTHYECKH 3HAYUMO CBBP3aHO C YBe-
JIMYaBaHE Ha ChIBPKAHUETO HA HAN-TEXKKUS CY-
POB TMETPOJI B TEXHOJOrMYHATa cMmec (HedTa
Tempa Rossa) m wHAEKCUTE 32 CHBMECTHMOCT

SBN (CMeCHTeJIHO YMCJIO Ha Pa3TOPUMOCT Ha MaJITeHOBaTa GppaKius)

IBN (CcMecHTeJIHO YMCJI0 HAa HEPAa3TBOPHMOCT Ha achasTeHoBaTa GpaKiius)
¥ Pa3TBOPUMOCTTA Ha acdanreHute B HedTa Sa,
JIOKaTO 3aMbPCSBAHETO € CBBP3aHO CaMO ChC Ch-
IbpKAHUETO Ha €MH OT JIEKUTE CYpOBHU METPOIH
B 00paboTBanaTa cMec, To3u Ha Hedpra TEN.
[nmkoBa, CtpatueB u Konektus [58] ¢ mo-
morra Ha ICrA u3cieaBaT mpUUUHUTE 32 BHE3aIl-
HOTO TOBHINIABaHE Ha ChAbP)KAHWETO HA CElu-
MEHTHU B XUAPOKPEKUPAHHSI aTMOC(PEPEH OCTAThK
OT MHCTaJIalMATA 332 XUAPOKPEKUHT Ha ryapoH H-
Oil. ICrA uaeHTHQUIIMPa HATHYHETO HA CTATHC-
TUYECKU 3HAYMMH BPB3KH MEXy OTIICIIHUTE MPO-
MEHJIMBH Ha MPOLEca U 0XapaKTEepU3UPaHETO Ha
CYpPOBHMHHUTE MO JIBOIMKH, TOKATO PErPECHOHHUIT
aHaJIM3 pa3Kpy KOMOHMHALMATA OT NMPOMEHIIHBH,
MMalla CTaTUCTHYECKU 3HAUYMM e(eKT BbPXY CKO-
pocTTa Ha oOpa3yBaHe Ha ceJUMEHTH. B ToBa
MpOy4YBaHe BaKyyMHH OCTAThIIH, TOJy4eHH OT 16
CYpOBH IETpOjia, Ca XUAPOKPEKUPAHH KaTo
CMECH, KOUTO ChIbPXKAT CHILO TEKBK KaTAIUTH-
YeH Ta3boj M IJIaM OT KaTaJUTHU4YeH KPEKUHT B
CypOBHHATa 3a XHIpoKpekuHra Ha ryapon H-Oil.
Cotupos, CotupoBa u CTpaTHeB U KOJEKTUB
[59] ananm3upar JaHHUTE 32 XapaKTepu3npaHe Ha
120 roToBH Kapra KOTEITHO TOPUBO, TPOU3BEIACHU
3a 10 rogunu (Mexay 2015 u 2025 r.) c nomorra
Ha ICrA. [lamnuTe 3a xapakrepusupane Ha 140
CMECeHH CYPOBHHHM OT BaKyyMHH OCTaTbIHU
(TrynpoHm), MpepaObOTBaHU B MPOIIECa XUIPOKPE-
kuHr Ha TyapoH H-Oil u Ha xunpokpekupanuTe
BayKyMHH ocTaThlli V1B 0sixa omeHeHum upes
ICrA, nuHeWHN 1 HETMHEWHN PETPECHOHHU TeX-
HUKH. [Iprio’keHo € 1 MoJenupaHe ¢ N3KyCTBEHU
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HEBPOHHU MPEXH Ha Bpb3KaTa MEXIYy CBOWCT-
Bara Ha cypoBuHara 3a H-Oil u manHuTe 3a ore-
PaIMOHHUTE YCIOBHS B MHCTANAIMATA 32 XUIPOK-
pexunr Ha ryapon H-Oil u cBoiicTBata Ha xunu-
POKpEKHpaHUTE BaKyyMHH octaTbuu. V3mon3Ba-
HaTa METOJOJIOTHsI Ha IIpolieca Ha U3CJIEABAHE C
nomoira Ha ICrA, perpecuoHneH aHaiau3 U U3Kyc-
TBEHU HEBPOHHM MPEKH € IpeAcTaBeH Ha Purypa
1.
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®urypa 1. ExcnepuMeHTanHa METO0IOT S, TIPH-
narama ICrA 3a moxbop Ha momxozsi HedT 3a
MIPOU3BOJICTBO HA KOTEITHO TOPUBO C JKEJIAHU Ka-
yecTBa Ha 0a3ara Ha Mpoleca XUIAPOKPEKUHT Ha
ryapon H-Oil.

CorupoBa, Bacunes, CtpaTueB W KOJEKTHB
[60] m3nom3Bat ICrA, 3a ma OIEHSAT BPB3KUTE
MEXIy Pa3INYHUTE MTPOMEHIINBU, KOUTO CIIE/IBa
Jla ce M3MOJ3BAT 3a MPOTHO3UPAHE Ha KPUTHIHA
TeMIiepaTypa 1 HajsiraHe Ha WHIUBHUIYATHH BHT-
neBonoponu. OcBeH TOBa, T€ MpeIaraT HOBU KO-
penanuu 1 ANN Moaenu 3a Te3u CBOMCTBA U OlLie-
HsBaT TsxHaTa eekTuBHOCT. Llenta Ha TOBa M3C-
JIeJIBaHE € Ja MPEeAOoCTaBU HANCKIHU MPEACKa3-
Ballli MOJICNIM, KOUTO MOTAaT TOYHO Jia OIEHAT
KPUTHYHUTE CBOWCTBA B PAa3IUYHH IETPOIHHU
(dpakiy U ChCTaBH, Thil KATO TE3U CBOWCTBA ca
M3KJIIOYUTENIHO BXKHU B Ipolieca Ha MPOEKTHU-
paHe Ha HOBHU W OIICHKA Ha CHITICCTBYBAIIUTE WH-
CTaJlalliy B Tpolieca Ha HedTornpepadOTBaHE U
He(To100uB. ToBa U3cNeABaHE € €H MHOTO JIO-
O0bp nmpumep 3a ToBa Kak ¢ nmomoiura Ha ICrA ce
M3cje/iBa XUMHUATA Ha He(pTa, KaTo 3a pe3yJ/Tar ce
MoJTy4YaBa MpeicKa3Balll MOZEI ¢ MHOTO ITO-100pa



TOYHOCT OT CBILECTBYBALUTE A0 MOMEHTA, BO-
JeIo 10 ToAoOpsiBaHE Ha Ipolieca Ha CUMYJIHU-
paHe Ha TEXHOJOTMYHUTE INpOLECH MpH Ipepa-
0oTBaHeTO Ha HepTa U HAMANSBAHE HA Pa3XOIUTE
3a U3rpakJaHe Ha HOBO 000OpyIBaHeE.

Crpatues [61] u3cnenBa Bpb3KUTE MEXKIY Xa-
PaKTEpUCTUKUTE HAa OCEM BaKyyMHHU ras3boia C
MHOT'0 pa3JIMYHH CBOHCTBA, KOUTO Ca MOUIOKCHH
Ha KaTQJINTHYCH KPEKHUHI' B JIAOOpaTOpPHA MHCTA-
Janys ¢ HEMOJBMKEH CJIOW Ha KaTauu3aropa U
MaKCHUMaJHaTa KOHBEpPCHS, JOOMBHUTE U KauecT-
BOTO IIPOAYKTHUTE OT IpOIleca KaTaJIUTHUEH Kpe-
kuHr. C nmomoimra Ha ICrA e yctaHOBEHO, ue pe-
aKIMHHATA CIOCOOHOCT Ha W3CJICIBAHUTE BaKy-
YMHHU Ta3bOJIM NIPU KaTaIUTUYHUS KPEKHMHI 3a-
BUCH OT TPH MapaMeTbpa, XapaKTepU3UpaIHU Cy-
pOBHMHATA: CHAbPKAHUETO HA apoMaTeH BBIJIe-
PO, a30T U OCHOBEH a30T.

CrpatneB [62] mpoy4Ba BB3MOXKHOCTTa Ha
ICrA u perpecuoHHus aHau3 Ja U3CJEaBa BPb3-
KHTE MEXJy KOHBEpCHUSATa U CEJEKTUBHOCTTA Ha
NPOAYKTHUTE, TIOIyYEHH B J1abopaTopHa MHCTAJa-
s 3a MukpoaktuBHocT (MAT) o BpeMe Ha Ka-
TAIUTHYCH KPEKUHT Ha CYPOBUHH, YUATO KOHBEP-
cust Bapupa mexay 50 u 85 tern.%, xato napa-
METPUTE Ha CYpPOBHHATA CE OIpPEHeNsiT 4Ype3
MacCHEeKTPOMETPHUS, TPYINOB BBIVIEBOAOPOICH
CBHCTaB U EMIIMPUYHU METOM. Y CTAaHOBSIBA C€, Ye
komOmnHanusATa oT ICrA u perpecHoHeH aHaIn3
MO3BOJISIBA WACHTH(PHUIMPAHETO HA TTapaMeTpH Ha
CypOBHHATa, KOUTO KOHTPOJIMPAT KOHBEPCHUSATA U
CEJIEKTUBHOCTTA Ha MPOAYKTHUTE IIPH Ipolieca Ka-
TanuTH4YeH KpekuHr. M3nomssane Ha ICrA mo-
Ka3Ba, Y€ €IHM U CHIIU BPH3KU CHIIECTBYBAT
MEXIY XapaKTePUCTUKUTE Ha CypOBHHATA, OIpe-
JeJIEHH Ype3 M3II0JI3BaHEe HA CKbIIa MACCIIEKTPO-
METpHs, U Te3U, MOIYUeHH Ype3 EMIUPUIHU Ta-
pameTpu, U34HCICHN Bb3 OCHOBA Ha €BTHHHU DY-
TUHHU J1a0OPaTOPHHU aHAIM3M Ha CypOBHHATa 3a
KaTaINTHYECH KPEKWHT ¥ KOHBEPCHSITa, KAKTO 1 Ha
CEJIEKTUBHOCTTa Ha mpoaykrure. Hail-rouHusT
PErpecuoHeH MO 3a IPOrHO3UpaHe Ha KOHBEP-
CHUsTa Ha HeTeH BaKyyMEH ra3boJ ce MoJydaBa,
KOraTo Ce HM3MOJ3BaT EMIUPUYHHUTE MapaMeTpH
CBHABP)KAHUE HAa apOMATEH BBIJIEPO U BOJIOPOI.

Crpatues [63] aHanmu3npa JaHHWATE 3a KaTaju-
TUYEH KPEKUHT Ha JIECET Pa3INIHU CYPOBUHHU OT
BaKyyMHH ra3b0JI¥ OT ITbPBHYECH U BTOPUYUEH TIPO-
M3X0A A0 neacdanTuzaTé Ha TyAPOHU C IOMOIITA
Ha ICrA u perpecroHeH aHalu3 ¢ LeN J1a ce Ipo-
BEPST yCTAHOBEHWTE B IMPEIUITHOTO MPOYIBaHE
[62] 3aBucumocTH, Oa3MpaHU Ha KaTATUTHYEH
KPEKHUHT Ha JIEBET BAKYYMHH I'a3b0J1a, U Ja Ce U3-
BeJlaT HOBM KOpEJaluy 3a MPOrHO3HWPaHE Ha ce-
JIEKTUBHOCTTAa Ha TMPOAYKTUTE OT KaTaJUTHYEH
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KpeKkuHr. ToBa mpoy4BaHe MOTBbPKAaBa OTHOBO,
ye komOuHanuaTa oT ICrA u perpecnoHeH aHaTN3
MO3BOJISIBA WACHTHU(PHULIMPAHETO HA TTApaMeTpH Ha
CYpOBHHATa, KOUTO KOHTPOJHUPAT KOHBEPCHUSTA U
CEJIEKTUBHOCTTAa Ha MPOAYKTHUTE OT IpoLeca Ka-
TINTHYCH KPEKUHI Ha BAKYYMHH T'a3b0JIU U HE(-
TeHH (ppakiuy, ChIbPKAIIN OCTAaThIU. XapaKTe-
PUCTUKUTE Ha CYpOBHHATa, 32 KOUTO € yCTaHO-
BEHO, Y€ KOHTPOJHPAT KOHBEPCHATA, CEIIEKTUB-
HOCTTa Ha MPOAYKTUTEC M KPEKHHTa Ha TEXKaTa
4acT OT CypOBHMHATa ca apoMareH BBIJIEPO, BO-
JOpOA, HOJSIPHU CBhEIUHEHUs, ChAbPXKAHUE HA
csipa ¥ MOJIEKYJIHa Maca.

Crpatues [64] 0600miaBa pesynraTure oT WH-
OYCTPUAIHOTO MPUIOKEHUE Ha MPOLIECca XUIPOK-
pexunr Ha rynpon H-Oil 3a mepuoz ot 10 rognau.
C nomornra Ha ICrA Toif ycraHoBsiBa, ue KOHBEp-
CHsTa Ha T'YApPOHA MMa MOJIOKUTEIEH KOHCOHAHC
(u = 0.87; v = 0.07) cbc cpemHo TpeTerieHaTa
TeMIIepaTypa Ha KaTaJu3aTOpHUs CJIOH B peakTo-
pHUTE U OTpHUILIATENICH KOHCOHAHC C KOJIMYECTBOTO
npepadoTrBana cypoBuHa (i =0.09; v =0.89). 13-
MOJI3BAKK TE3W JBa OMEPALMOHHU IMapaMeThpa
TOW W3BEXJA PETPECHOHHO YpaBHEHHE, KOETO
IpecKa3Ba KOHBEPCHUATA Ha I'yAPOHA C KoepuLu-
eHT Ha JetepMenupanoct (R? = 0.964) u crannap-
THa rpemika ot 2,5 %. To# chIo ycTaHOBSIBA Ha-
JUYUETO HA OTPHUILATEIICH KOHCOHAHC MEXKIY Ch-
IOBP)KaHUETO Ha csipa B CypOBHMHATa U ChAbpKa-
HHETO Ha CEJWMEHTH B KPalHOTO CTOKOBO KO-
tenHo ropuBo (| = 0.13; v =0.82). Tosa npemrmo-
jara, 4e KOTEJIHO TOPUBO C IO-BHCOKA KOJIOWIHA
CTaOMIIHOCT MOJKE J1a C€ IIPOU3BEIE OT CYpOBHHA,
KOSITO IMa BUCOKO ChIbpKaHHe Ha csipa. MHTe-
PECHO € CBILO Ja ce 0TOETIeKH HATMYUETO Ha OT-
HOCUTENTHO CHJIEH IIOJIOKUTEJICH KOHCOHAHC
MEXIY ChABPKAHUETO HA CEIUMEHTHU B XUIPOK-
pexupanust atMocepeH OCTaThK M KOJTMYECTBOTO
npepaborena cyposuHa (p = 0.89; v =0.09). Yc-
TAaHOBEHHTE 3aBUCHMOCTH ITO3BOJISIBAT JIa CE MO/I-
OMpa OoNTUMaJieH TEeXHOJOTHYEH PEXUM 3a pas-
JMYHUTE CYPOBHHHU C LIEJ IPOU3BOACTBOTO HA KO-
TEJIHO TOPHBO C ONPEAETICHU CBOWCTBA, KAKTO
IMMOCTHUTI'aHC Ha YABJDKCH HUKBJI Ha CKCILJIoaTalus
Ha 000pyIBaHETO OT MpoLeca XUAPOKPEKUHT Ha
ryapox H-Oil.

Crpatues [65] omieHsS pe3yNTaTUTE OT XUIPOK-
PEKUHT Ha TYJIPOH B JabopaTropHa WHCTAJAIKs 32
XUJIPOKPEKHUHT Ha TYJPOH B NICEBJO KHUIISIL CIOH
Ha KaTanu3aropa ¢ nomomnra Ha ICrA. W3Bwpuie-
HuaT [CrA pa3kpurBa, 4e KOHBEpCHSTA Ha TYIpPOHA
UMa OTPULATEIHU KOHCOHAHCH ChC ChIbPKAHU-
€TO Ha a30T U METaJIM B TYJPOHOBAaTa CypOBHHA 32
XUJIPOKpeKHHT. V3BesieHn ca Kopenaiuu, KOUTO



MpecKa3BaT KOHBEPCHATA NPH IOCTOSHHHU pa-
OOTHH yCJIOBHUS B pAMKHUTE Ha HEOIPEIEIICHOCTTA
Ha M3MEpPBaHETO Ha KOHBepcusta oT 1,7 teri. %
u koepunmeHT Ha kKopenanus ot 0,964. Konsep-
CHSIT2 Ha TYAPOHA MPU MOCTOSHHO ChIAbPIKAHUE
Ha CEJMMCHTH B XUIPOKPEKUPAHUS aTMOC(epeH
OCTaThK € MpeJCKa3aHo C KoeHUIUEHT Ha Kope-
narys ot 0,985. PazpaboTenure B Ta3u padoTa Ko-
penaryu pa3kpuBar, e KOJIKOTO MO-BUCOKO € Ch-
JTbPKAHUETO Ha METAJTH, a30T U ac(hanTCHH U KOJI-
KOTO TO-HUCKO € ChIBPKAHHUETO Ha Cspa, TOJ-
KOBa IMMO-HICKA € KOHBEPCHUTA B Ipoleca Ha XU/I-
POKpEKHHT. belie moka3aHo ChIIO, Y€ TYAPOHHTE,
KOUTO HMMaT €JHAKBa PEaKIHMOHHA CIIOCOOHOCT
(emHa W chIAa KOHBEPCHS TPU HACHTUYHHU pa-
OOTHM yCJIOBHA), MOTAT Ja MOKa3BaT 3HAUNTETHA
pasirKa B KOHBEPCHSITA IIPH €ITHO U CHIIO ChIbP-
JKaHUE HA YTAWKH B XUAPOKPEKUPAHHS aTMOChe-
PEH OCTaThK, TOPAIU Pa3IMYHATA UM CKIOHHOCT
KbM 00pa3yBaHe Ha yTalKu B ITpolieca Ha XUIPOK-
CKUHT.
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durypa 2 pestomupa OposT Ha MyOIHKALUUTE,
oCcBeTeHN Ha mnpuinoxeHneto Ha ICrA 3a mepu-
oma 2015 —2025r.
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®urypa 3. Bpoii Ha myOIMKyBaHUTE U3CIICIBAHUS
B o0jacTTa Ha XHMMHUSTa W TEXHOJOTHATA Ha
HedTa, kouto m3non3Bat ICrA cpemgHo 3a roguHa
(a) u c HaTpynBaHe 3a epuoxa 2015 — 2025r.

43 Hay4HU CTaTUU, TPHU IOKIA]a, U3HECCHU Ha
MEXIYHAPOIHU CHMIIO3UYMH H KOH(pEpEeHIUH
[50, 53, 54], enna mouorpadus [52], u exna au-
cepranus 3a MpuaoOMBaHe Ha 00pa30BaTEIIHA U
Hay4Ha creneH ,,JlokTop” [55], ca mybnukyBaHH
3a nepuof ot 10 roqunu. Ot nanHuTe Ha Ourypa
2 ce BIXK/Ia, Y€ OpOosT Ha MyOIMKAI[MUTE, U3CIICI-
Ballll XUMUATA M TEXHOJOTHITAa HA HedTa C IOo-
Momira Ha ICrA napactBa ot 1 — 2 3a mepuojna
2015 -2020 no 7 — 10 3a mepuoma 2021 — 2025r.,
KOETO MOXKE J1a ce 00SICHU ChC 3aCHIJICHUS UHTEPEC
Ha CIIEI[HANMCTUTE B 00J1aCTTA HA XUMUATA U TEX-
HOJIOTHATA Ha He(Ta, MOPOJCH OT YCIEUIHOTO
npwiarane Ha ICrA 3a pemaBaHe Ha penuIla Ha-
BeUe TEXHOJIOTMYHU Ka3yCH MPpH MpepadbOoTBaHETO
Ha pa3nu4YHU TUIoBe He(T. [IBE TpeTn oT u3cen-
BanusTa, uznoissamn ICrA B o6nacTra Ha XUMH-
ATa U TEXHOIIOTHATA Ha HepTa ca MOCBETEHU Ha
TexHonorusTa Ha Hedra [20, 21, 22, 27, 29, 30,
31, 33, 35, 37, 38, 40, 42, 45, 46, 48, 50, 51, 53,
54,55,57,58,59,60,61, 62,63, 64], a enna Tpeta
€ IMOCBEeTeHa Ha XuMusIiTa Ha Hedta [23, 25, 26, 32,
34, 36, 41, 43, 44, 47, 49, 60]. OueBuaHoO €, 4e B
OpJaemMTe u3cienBanus, usnoisBamm ICrA B
He()TOXUMUSATA 3aciIyXaBa Ja ce 0ObpHE BHUMa-
HUE BHPXY HErOBOTO M3MOJ3BAaHE 3a LIENIUTE Ha
XUMUATA HA HedTa.

H3Boan

Cnoco6HoctTa Ha ICrA 1a oTKpWBa CTaTUCTH-
YeCKH 3HAYMMU BPB3KM, KOMTO MOrar fa Obaar



KAaKTO JIUHEHU, TaKa U HEJIMHEIHYU JaBa peIuM-
CTBO Ha TO3W METOJI 32 CTATHCTUYECKH aHAIH3 Ha
JIAHHY, TEHEPUPAHU B TpAKTUKaTa Ha W3CJICBa-
HETO Ha XUMHUATA U TEXHOJOTHATa Ha HeTa mpe
KOpeNaruoHHus aHanu3. ToBa HEeroBo mpemuMc-
TBO € U3IOJI3BaHO B 48 M3cieIBaHus 3a IEPUOJT OT
10 roguHU Ha CHENWIMCTUTE, paboTemu B 00-
JacTTa Ha HedTompepaboTBaHETO, KOETO € IT03BO-
JIWIIO PeaTu3NPaHETO HA NKOHOMUYECKH €PEeKT OT
nopsiabka Ha 19 mwimmona nonapa (USD). llee
TPETH OT U3CJIC/IBAHUATA Ca TIOCBETCHU HA TEXHO-
JoruaTa Ha HedTa 3a HAMHPAHETO Ha IO-I00pH
pEIIeHUs MPU MPepadOTBaHETO Ha Pa3IMYHU TH-
MoBe HE()T U €IIHA TPETa OT TAX € HACOUCHA KbM
m3non3Banero Ha ICrA 3a m3ciemBaHe Ha pas-
JUIHA acleKTH OT XUMHuATa Ha Hedra. B OBae-
mure u3ciaensanns ¢ nomomra Ha ICrA B 00-
JIACTTa HA XMMUATA ¥ TEXHOJIOTHITA HA HeTa Ou
cienBaino Aa ce OOBpHE MO-TOISIMO BHUMAaHWE
BBpXY npuioxkennero Ha ICrA mpu uscneaBane
XUMHATA Ha He(dTa.
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OTHOCHO PA®UHUPAHETO HA IIETPOJI, HAYKATA U IIOJOBPSABAHETO HA PEH-
TABAWJIHOCTTA HA HEOTOIIPEPABOTBAHETO

T'eopru I'eoprues, Jlo6pomup Mopaanos

ABOUT OIL REFINING, SCIENCE, AND MARGIN IMPROVEMENT

Georgi Georgiev, Dobromir Yordanov

ABSTRACT: This paper presents how the application of the scientific tools intercriteria analysis, linear and
nonlinear regression techniques in oil refining in the process of crude oil selection can improve the refining margin
by several tens of million USD. The achievement of this oil refining margin improvement is a result of the joint
research effort of LUKOIL Neftohim Burgas, Institute of Biophysics and Biomedical Engineering — Bulgarian
Academy of Science, University of Chemical Technology and Metallurgy-Sofia, and University “Prof. Dr. Assen
Zlatarov’-Burgas who developed the scientific tools to improve the oil refining margin.

Keywords: intercriteria analysis, refining margin improvement, oil refining process

BnBenenne

Padunnpanero Ha meTpon e mpolec Ha TpaHC-
(dbopmupaHe Ha CypOBUs IETPOJI B 1A3apPHO FOAHU
MPOJYKTH KaTo TOpHBa, CMa304YHU MaTepuaIn U
JIeKH oJiepUHY - CypOBHHH 32 He(hTOXMMUYECKaTa
npoMHIUIEHOCT. CTPOruTe EKOJIOTMYHH PasIio-
penodu, crporute cnenuuKauu Ha TPOIYKTUTE
3a paduHUpaHe, 3a¢IHO C OrpaHHYeHATa HaJIHY-
HOCT Ha JICKH HUCKO CEPHHUCTH CYPOBH NETPOJIH,
1 HeCTaOMITHUTE MapKoBe Ha paduHupaHe, Hama-
nmuxa Opost Ha eiicTBamuTe padUHEPHH B CBETO-
BeH mMamab ¢ okoso 100 3a meprox ot 12 ronuHu
[1]. U3mecTBaHETO HA THPCEHETO HA MPOAYKTH OT
TOpHBa KbM JIEKH 0J1e(DUHH € PYyro Mpearu3BHKa-
TEJICTBO, TPeJ KOETO € U3MPaBeHo papuHUPaAHETO
Ha netpoi [2]. Bcuuku mpoMeHH, HACTHIIBAILU B
pagUHUpPaHETO Ha ETPOJI, Ca PE3YJITaT OT BCE MO-
CTPOTHTE €KOJOTMYHH Pa3NopendH, HOBUTE II0-
CTPOTH IPOAYKTOBH CIEHU(PHUKALNHU, THPCEHETO
Ha naszap 3a npepaboTKa Ha OTHaAbIH U OrnoMare-
puanmu [3], 3aeqHO C €CTECTBEHOTO H3UCKBaHE
BCEKH OM3HEC Mporiec Aa Obje NeUeNIuBIIL, H3UCK-
Balll IpUeMaHe Ha UHOBATHBHU TEXHUKH. 3aKyIIy-
BaHETO Ha CypOB METPOJI € HA-TOJEMUST pa3xo]
B padunHupaneTo Ha nerpon (durypa 1) u nensbt
My Cpel BCHUKHM pa3xoad 3a paduHHpaHe ce e
yBenuuui ot 80% [4] no 95% [5] mpe3 roguHuTe.
CrnenoBatenHo, mpepaboTkaTa Ha MO-CBTHHH CY-
POBH TIETPOJIH, HAPUYAHH OIIE ,,CYpPOB METPOI C
BB3MOkHOCTH (OC) WM ,,CypoBU METPOIH C
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mpenruMcTBa“, OM Morja Ja mojgoOpu peHTa0wI-
HOCTTa Ha paduHHMpaHeTo Ha merpon [6]. OC
obade ca Mo-€BTHHHU MOPaJH MMO-HUCKOTO CH Ka-
YEeCTBO U MPepaboTKaTa UM MPEACTABIISIBA U3KITIO-
YUTEIIHU TEXHUYECKH TMpeAu3BUKATENCTBA [6].
OC chappKaT Mo-TOJIIMO KOJIMYECTBO BPEIHH 32
paduHUpAIINTE TPOIECH CHEIMHEHHS KaTo ac-
GbanTeHn, METANOCHIABPKAIIM CHEIUHCHHUS U
HaTEHOBH KHCEJIMHH, KOUTO 3acTpaiiaBar 0e3m-
pobnemnara pabora Ha padunepusra [6]. Tex-
HUTe (U3NYHHU CBOWCTBA U PEaKIMOHHA CHOCO0-
HOCT MMaT CEPUO3HHU TOCIEAUIH 3a paduHUpa-
HeTo Ha meTpoi [6]. Jluncata Ha 3a1bJIOOYCHU
MO3HAHUS 32 TE3H MOJICKYJIM MOXeE J1a JIOBE/Ie JI0
HEIUTAHUPAHO CIHMpaHe Ha papuHEPUHOTO 000-
pyZBaHE 3a MOYMCTBAHE WIIM PEMOHT, KOETO Jaa
JIOBEJIe 10 OrpoMHa 3aryba Ha revasnba npu npe-
paboTkara Ha ,,CypOBUTE HETPOIH C MPEAUMC-
TBa"“. 3a J1a ce pa3depar no-100pe XapakTePUCTH-
KATE Ha ,,CypOBHUTE MHETPOIU C MPEAUMCTBA" H
TAXHOTO BB3JEHCTBHE BBPXY paborata Ha Hed-
TonpepaboTBaTENHH TPOIIEC, ca HEOOXOAUMH U3-
CJIeJIBaHUsI, KOUTO, 33 ChXKAJICHHE, Ca CKBITH.
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Ourypa 1. CTpykTypa Ha pa3xoJuTe B ChBpe-
MeHHa HedrornpepaboTBaTeTHa KOMITAHUSL.

[smocten nabopaTropeH aHalN3 Ha CYpOB TET-
poin moxe na crpyBa Hag 20 000 matcku gonapa
[7]. Camo mairbk Opoit rosleMu METPOITHN KOMITa-
HUU pa3IoyiaraT ¢ peCypcure aa Ch3aaaar coOcT-
BeHa OMOJIMOTEKA OT JTaA0OPATOPHH aHAM3H 32 CY-
POB IIETPOJI 10 1ieus cBAT [7]. [lopu ¢ Te3u j1abo-
pPaTOpHH aHAIIM3H Ha CypOB IETPOJ € TPYTHO Ja
ce TMpeNBUAH MPABUIHO TOBEIEHUETO Ha ,,Cypo-
BUTE TETPOJIH C MPEeIUMCTBA 10 BpEMe Ha THAX-
HaTa npepadoTKa, Thil KaTo HepTeHnuTe paduHe-
pUM OOMKHOBEHO MpepaboTBaT HE €IUH BUJ CY-
pPOB TETPOJ, a CMEC OT CYpPOBHW TETPOJIHU IPO-
nykta [8]. [lopamu Tazu nmpuunHa € HE0OXOANMO
MPaBWIIHO MOJIENIUPaHe M MPOTHO3WpaHe Ha
CBOMCTBaTa Ha MeTpoJHUTE cMecH [9]. Biemaiiku

MPeIBUI BCUUKU TE3H aCHEKTH, HHKCHEP-XUMH-
wute B JIVKOMJI Heproxum Byprac (JIHB) o6e-
TUHIXa COOCTBEHUS CH M3CIIEIOBATEIICKU MTOTEH-
uuan ¢ To3u Ha MHcTuTyTa no 6uodusuka u 6uo-
MenunuHcko wumkeHepetBo (MBOBMU) xbMm
bearapckara akanemust Ha Haykute (BAH), Xu-
MHUKOTEXHOJIOTHYHUSI K METaTypruieH YHUBEPCH-
teT-Codus (XTMY) u Byprackus abpikaBeH
yHHBepcuTer ,,IIpod. n-p Acen 3matapos*, 3a ga
MOJIOOPAT MpOLeaypaTa 3a CEJIEKIUS Ha CYpOBHS
METPOJ upe3 MOZETIHpaHe Ha CBOWCTBATa Ha IeT-
poJia ¥ N3TIONI3BaHe Ha HHTEPKPUTEPHUAICH aHAIH3
(ICrA). IlpoBemeHn ca HSIKOJIKO H3CIIEABAHUS,
MMOCBETEHH Ha MOJEIMPAHETO Ha CBOMCTBaTa Ha
nietpona u npmioxkenuero Ha ICrA [10-15]. Pe-
3yATaThT OT TOBAa CHBMECTHO H3CJIEIOBATEIICKO
ycuiHe € TOBUIIaBaHe Ha KOHBEpPCHATA Ha Haid-
nieuenuBius padunupan rnpouec B JIHb — xuz-
POKPEKHWHT Ha BaKyyMHH OCTAaTBIU B eOynmpaH
cinoit H-Oil ot 55 Ha 93% [13], Onarogapenue Ha
noJ00peHusT MpoIeC Ha CENEeKIHs Ha CypOBHUS
MeTpoII. 3HAUEHUETO Ha CTETICHTA Ha MTPEeBpPhIaHe
Ha ryznpoHa B xuapokpekunara H-Oil 3a nukoHomu-
KaTa Ha padUHUPAHETO Ha METPON € Hal-Ioope
WIIOCTPUPAHO C TIOAOOPEHUETO HA MapiKa, IMoc-
TUTHATO C €MH MPOIEHT peoOpa3yBaHe, KOETo €
pasHo Ha 15 000 USD/neH.

Ienta Ha Ta3u paboTa € 1a ce 00ChaU Kak Io-
IOOpPEeHHeTo B TpoIleca Ha CENEeKIUs Ha CYpOB
IIETPOJI IOBeAE 10 ToI00peHre Ha Mapika Ha pa-
(uHEpaHe Ha TETPOJ C HAKOJIKO JIECETKA MHJIIH-
OHH IIATCKU J0Japa, 9Ype3 KOMOMHUPaHEe Ha YCH-
TUATA HA TIPOU3BOJICTBOTO M HAyKaTa.

MaTepuaau U MeTOAN

B ToBa u3cnenBaHe ca M3IOJ3BAHH CYPOBH
MIETPOJIM C AMANa30H Ha BapupaHe Ha CBOICTBATA,
noxasad B Ta0muna 1.

Tabmuua 1. /lnana3on Ha BapupaHe Ha CBOWMCTBAaTa Ha CypOBUTE IETPOJIM, OLIEHEHU B Ta3u padorta

ot ICrA

MHUHHUMYM MaKCHUMYM

[LnsTHOCT pu 15°C (r/cm?)
Coabprxanue Ha csipa (% Mac.)
Coaspxanue Ha a30T (% mac.)
CwabpprkaHre Ha HAKEN (ppm Mac.)

ChabpxaHue Ha BaHauid (ppm Mac.)
UTK (ucTuHCKM TemrepaTypH Ha KUTIEHe) JOOUBH

Ha Qpaxiyn, % Mac.

30-100°C (JIex 6en3un; Cs-C7)
100-180°C (Texnbk 6ensun; C7-Cio)
180-240°C (Kepocwun; Ci1-Ci4)

0.7822 1.119
0 9.0
1.0

0 237

0 1200

0 274

0 62.4

0 62.6
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240-360°C (duzexn; Ci5-Ca2)

360-540°C (Bakyymen 1a3p0ir; Ca3-Cae)

> 540°C (Bakyymen octaTbK (TyapoH); > Cae )

['pymoB BBraeBoIOpOIeH ChCTaB Ha HeTa

Hacurenu komnonenTu (% mac.)
Apenosu kommoHeHTH (%0 Mac.)
Cmomu (% mac.)

Cs-acthantenn, (% mac.)

['pynoB BBriaeBoaOpOIEH CHCTaB HA TYAPOHA

Hacurenn komnonenTn (% mac.)
ApenoBu komnoneHTH (% mac.)
Cwmomn (% mac.)

Cr-acantenu (% mac.)
Cs-acantenn (% mac.)

0 99.7
0 87.2
0 68.2
4 88.9
3.4 59.6
0 62.6
0 43.0
2.2 44.6
40.8 73.5
3.8 15.2
1.4 43.0
54 49.7

3a MoJenupaHe Ha CBOMCTBATA HA METPOJIHUTE
({pakuuU ¥ TEXHOJOTMYHHUTE XaPAKTEPUCTHKH Ha
Hall-leyeMBIINTE TpoLecH 3a paduHUpaHe Ha
HedT — KaranutuaHus kpekunr Tum Gayna (FCC)
n xuapokpeknnara Ha ryapo H-Oil - ca m3mons-
BaHU METOIM 332 MHTEPKPUTEPHAJICH aHaJIH3, He-
JUHEWHAa perpecuss W H3KYCTBCHH HEBPOHHH

Mpexu (M3KycTBeH MHTENeKT). [logpoOHoCcTH 3a
NPUIOKEHUETO Ha T€3U METOIH Cca JAACHU B IO-
pannu u3cnensanus [10-15]. Omnpoctena TexHo-
JIOTUYHA JuarpamMa Ha padusepusta Ha JIY-
KOJJI Hedroxum Byprac, KbIeTo € MpoBeaeHO
W3CcJIeIBaHeTo, € m300pa3eHa Ha Durypa 2.
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®urypa 2. OnpocTeHa TEXHOTOTHYHA cxeMa Ha padunepusita Ha ,,JTYKOMJI Hedroxum Byprac.

PesyaraTu m quckycust

Haykara e nsu1 oT 3HaHMETO, KOHUTO C€ 3aHU-
MaBa CbC ChBKYIHOCT OT (haKTH UM UICTUHH, CHUC-
TEMAaTHUYHO MOAPEAECHU U NMOKa3Ballll IEHCTBUETO
Ha oburute 3akoHM [16]. Ts mpenocraBs uHCTpPY-
MEHTH 3a T0-100po pa3dupaHe Ha MPOIECUTE Ha
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paduHUpaHe Ha METPOJ, KOETO OT CBOS CTpaHa
MO3BOJISIBA TO-e(DEKTHBEH KOHTPOJ Ha TMpoIie-
CHUTE, BOJIEN] B KpaiiHa CMETKa JI0 MT0-BUCOKA pEH-
tabuiaHocT. OOMYaiHO € /1a ce U3MOoJI3BaT HHIYC-
TpHaJHU cO(TyepHH TOYHU MIPOIIECHH MOJIEIH 3a
1o-100Bp KOHTPOI HA TIPOLIECHTE Ha paduHIpaHE



Ha nietpod [17]. Beopeku ToBa, KOMEpCUAaTHUTE
TOYHU TEXHOJIOTUYHH MOJIENH, BBIIPEKH CBOSTA
T'BBKABOCT, ca MPUOIMKEHNE HA PEATHOCTTA, KO-
ATO € TOJIKOBA CIIOXKHA B CiIydasi ¢ padpuHUpaHeTo
Ha TIETPOJI, Y€ MOJENUTe HE MOTaT HAITBJIHO Ja
00XBaHAT BCHYKW HEWHH XapaKTePUCTHUKH. ETO
3al10 B OIpPENEJeHH CIydaul KOMEpPCHAIHUTE
TOYHH TEXHOJIOTHYHH MOJIENU 32 padUHUPaHE Ha
TIETPOJI MOTAT Ja CE IPOBAIISIT B CBOUTE IIPOTHO3M.
JBa TakuBa ciy4as ca perucTpUpaHH B MPaKTHU-
kaTa Ha papunmpane Ha JIVKOMJI Hedroxum
Byprac. Te ce oTHacsaxa 0O NPOrHO3UPAHETO HA
JBaTa Mpolleca Ha KOHBEPTHUPAaHE Ha TEXKKUTE
HedTeHu (pakuy Mo BpeMe Ha mpepadoTKaTa Ha
BTOPUYHH TeXKH HedTeHn (pakuuu. lIporHo-
3uTe 32 e(PEeKTHBHOCTTA Ha IPOIIECUTE Ha KOHBEP-
TUpaHe Ha TeKKH HeTECHH OCTATHIIM I10 BpeMe Ha
npepadoTKaTa HAa BTOPUYHHU TEXKKH Maclia Osxa
TOYHO TIPOTHUBOTIOJIOKHH Ha HAOIIOMaBaHOTO B
NpoMHIIeHATE HHCTananuu. [lopamy Tasu npu-
yrHa Os1xa pa3paboTeHu eMIUPUYHN MOJIEIH, H3-
MOJI3BAllM TEXHUKU Ha JIMHEWHAa W HEJIUHEHHa
perpecust [15, 18]. Tesn momenu mokazaxa, 4e
cBolicTBaTa Ha 23 BUJAa CYpOBH METPOJH, Ipepa-
6otenu B padunepusita Ha JIVKOMJI Heproxum
Byprac, He Oka3BaT BIUSHUE BbPXY ECHCTBUETO
Ha MHCTANANMTA 38 KaTaJUTUYEH KPEKHUHT, JI0-
KaTo Te OKa3BaT CUJIHO BIUSHHE BbPXY CKOPOCTTA
Ha oOpa3yBaHe Ha yTalWKWd B XHJPOKPEKWHTa Ha
rynapoH H-Oil, kato mo To31 HauuH BIUSAT BEPXY
TBBPJOCTTA Ha TEXHOJIOTUYHUS PEXKUM H CIIE0-
BaTEJIHO BHPXY HUBOTO Ha KOHBEPCHS HA BAKYyM-
HUTE OCTaThIM B mHCTanarmsata H-Oil [19, 20, 21,
22]. Oxka3a ce, 4e CKOpOCTTa Ha oOpa3yBaHe Ha
yTallku B XUJPOKPEKHUHTa HA BAKYYMHH OCTAaTBIH
or H-Oil e eamHCTBEeHaTa NMPOMEHJHBA, KOSTO
uMa Hal-ToJIsIMO BIIMSTHHE BbPXY HHBOTO Ha KOH-
BEpCHs Ha TEKKUTE HeQTEHH OCTATBIH U 110 TO3H
HAYMH BBPXY ISUIOCTHATA MPOU3BOJUTEIHOCT Ha
padunepusita. Upe3 usBppmBaHe Ha ICrA Ha
CBOIiCTBaTa Ha CypOBHUTE METPOIH, B3E€TH OT aHa-
JU3a Ha CypOBHS NIETPOIT HITH TIPEJICKA3aHU OT MO-
JeNuTe, pa3pabOTeHH OT U3CIIeI0BATEIICKUS CKHIT
ua JIYKOIJI Hedroxum Byprac, XTMY-Cogusi,
Byprackust nbpkaBeH yHuBepcureT ,,[Ipod. a-p
Acen 3narapos” 1 UBOBEMMU-BAH, ctana Bb3-
MOXHO KIacH(pHUIMPAHETO Ha THUIOBUTE HEPT
KaTo CXOJHH W pa3inyHdu. HoBuTe KaHaMIaTH 3a
HE(T, KOUTO AEMOHCTPUpaxa BHCOKa CTENEH Ha
cxonicTBO Bb3 ocHoBa Ha ICrA ouenkara [12] ¢
TE3W CYpOBH IETPOJIH, KOWTO TOKa3axa Hai-
no0pa, Hal-Jola WM MEeXIUHHA e()EeKTHBHOCT
TP TAXHOTO HpepaboTaane B Ha JTYKOMJI Hed-
ToxuM Byprac, 6sxa mpruurcIeHn KbM IpyraTa Ha
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Hail-noOpuTe, HAW-IOMKUTE MU MEXAUHHUTE T10-
kazarenu [13]. B 3aBucHMOCT OT mieHaTa Ha HOBUS
KaHIUAAT W HeroBaTa Kiacuukanus Oeme u3-
BBpIICHA MPOTHO3HA OLICHKA Ha JIEHCTBHETO Ha
Hal-peHTaOWIIHUTE TPOIIECH: KAaTAIUTHUCH Kpe-
KUHT ¥ XuapokpekuHr Ha ryapoH H-Oil. Cren
TOBa, Ype3 M3IOJI3BaHE HAa MOJEN Ha JINHEWHO
mporpaMupane, Oelle U3BbpIICHa OLEHKA Ha T0-
moOpeHneTo Ha Mapka Ha paduHepHUsATa, KOraTto
HOBUSAT KaHAUAaT 3a HedT ce mpepaborsa. [lo
TO3HW HA4MH, Ype3 MOJCINpaHe Ha CBOMCTBATa Ha
MeTpoJia, EMIIMPUYHO MOJIEIMpaHe Ha JeHCTBU-
€TO Ha TPOLIECUTE KATAIUTHYCH KPEKUHT U XUJI-
POKpEKMHT Ha TynpoH U mnpwiarane Ha ICrA,
Oerre mocTurHaTo moxoOpeHne B Mapka Ha padu-
HUpaHe Ha neTpoi. Purypa 3 wirocTpupa momo0-
PEHHETO Ha Mapka Ha padUHHpaHE Ha METPOIL,
NOCTHIHATO B pauHepusra Ha JIYKOMII Hed-
ToXUM Byprac mo Bpeme Ha nipepaboTkaTa Ha pas-
JIMYHU CYpPOBH IIETPOJIX U NIPUIAraHETO HAa HOBATA
mpoleaypa 3a u300p Ha CypoOB MeTpoJ, Oa3upaHa
Ha pe3yJITaTHUTE OT ChbBMECTHATA W3CJEAO0BaTE-
cka paspabotka Ha JIYKOMJI Heproxum Byprac,
UB®BMU-BAH, XTMVY-Codus u Byprackus
IbpKaBeH yHUBepcHTeT ,,IIpod. a-p Acen 3nara-
PpOB* 3a MEPUOJ OT MET FOJUHHU.

Ot nannute Ha Ourypa 3 e BUIHO, Y€ MOJ00-
peHueTo Ha Mapxa Bapupa Mexay -1,2 u 15,8% u
Ta3u Bapualys ¢ GyHKIUSI Ha CBOMCTBATA Ha CY-
POBHS METPOJI, [IeHATa HA CYPOBHUS METPOJ U Ma-
3apHaTa cpeaa. OOII0TO Ha0JII0IaBaHO MOA00pe-
HUE Ha Mapka Ha paQUHUpPAHE 3a TIEPHOJ OT HeT
TOJIMHU BB3JIH3a HA HAKOJIKO JIECETKH MUJIMOHA
HIaTcKu jgonapa. B mporec Ha paspaboTBane e
oteHka Ha ICrA 3a mo-3aabI004YeHO U AETaMITHO
MPOyYBaHE HA BCUUKU (DAKTOPH, TOTIPUHACSIIH 32
noJJ00psSIBAaHETO HAa Map)ka Ha pauHUpaHe Ha
netpoi. Pesynararure ot m3cnensaneto Ha ICrA
e ObJaT NpeIMET Ha Ipyra CTATHS.

HN3Boau

KomOuHanusta OT M3CIenoBaTEICKH YCHUIIHS
Ha JIVKOMJI Hedroxum Byprac, UB®BMU-
BAH, XTMVY-Coduss u Byprackus abpkaBeH
yauBepeutet L Ilpod. a-p Acen 3nmarapos® no-
BeZie 10 pa3paboTBaHETO Ha MHCTPYMEHTH 3a MO-
JeNMpaHe Ha CBOWCTBaTa Ha METPOJIHHUTE MpPO-
IYKTH 1 EMIMPUYIHO MOJIeNMpaHe Ha nporecu H-
Oil u xatanutuueH kpekuHr. Te3um Monenu, 3a-
enHo ¢ npwiaranero Ha ICrA, kmacudummpaxa
KaHAWIaTuTe 3a mnpepaboTka B paduHEpHUsITa Ha
JIVKOMJI Hedroxum Byprac xaro Haii-1o6pw,
MEXJIWHHU ¥ HAH-JIOIIN MOTEHIWNATHHA U3IBJIHU-



tenu. Buenpsisanero Ha ICrA u HOBUTE eMIu-
PUYHU MOJEIH B TIpo1ieca Ha n300p Ha CypOB ITeT-
poJ mo3Boiu Ha paduHepmsaTa Ha LNB ma mo-
o0pu Mapka Ha paUHUPAHE C HAKOJIKO JIECECTKH
MWJIMOHA MIATCKH JI0JIapa 32 MEepUoa OT MET To-
JIAHHU.
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MNepuog ot Bpeme (MeT rognHm)

@urypa 3. [IporieHT Ha TO/TOOpPEHNE HA peHTa-
OwiHOCTTa NpH npepaboTBaHEe Ha CYpPOBH IMET-
ponau npoayktu B padunepus LNB, mocturnaro
ype3 ICrA u eMnupru4yHO MOJIENHMpaHe.
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IMAM LACTICASEIBACILLUS PARACASEI 7, U30JIMPAH OT CIIOHTAHHO ®EPMEH-
THUPAJIO TACTBOPU3UPAHO MJISAKO, C IPOBUOTUYEH ITIOTEHIIMAJI

WNmusa Jlo6pe, bornan ['opanos

LACTICASEIBACILLUS PARACASEI 7 ISOLATED FROM
SPONTANEOUSLY FERMENTED
PASTEURIZED MILK WITH PROBIOTIC POTENTIAL

Iliyan Dobrev, Bogdan Goranov

ABSTRACT: Lacticaseibacillus paracasei 7T was isolated from spontaneously fermented pasteurized milk. The
newly isolated and identified strain was studied for the possession of some probiotic properties like antimicrobial
activity and antibiotic resistance. The antimicrobial activity of the culture medium, the cell-free supernatant and
the neutralized supernatant against panogenic and saprophytic microorganisms was determined.
Lacticaseibacillus paracasei 7 had clearly pronounced high antimicrobial activity on the growth of the pathogens
included in the study, with the inhibition zones varying in the range from 9.39 £ 0.36 to 23.30 = 0.25 mm depending
on the panogen. The inhibitory effect of the strain on the growth of representatives of the genus Bacillus and fungi
with the exception of Aspergillus flavus, Penicillium chrysogenum and yeasts was significant. The tested strain
was resistant to the group of antibiotics inhibiting cell wall synthesis and DNA synthesis and/or cell division with
the exception of novobiocin and cefuroxime, and resistance to fewer of the antibiotics inhibiting protein synthesis,
with the exception of tobramycin and amikacin. The enzymatic activity of Lacticaseibacillus paracasei 7 was
determined. The strain had highly pronounced amylolytic and proteolytic activity, as well as the enzymes alkaline
phosphatase, lipase C4, lipase C8, lipase Cl4, leucine arylamidase, valine arylamidase, cysteine arylamidase,
chymotrypsin, acid phosphatase, phosphohydrolase, o-glucosidase, p-glucosidase and a-fucosidase. The
reproductive ability of the strain was studied by static cultivation for 48 hours. Lacticaseibacillus paracasei 7
accumulated over 10*? cfu/cm’ of live active cells. The survival rate of Lacticaseibacillus paracasei 7, lyophilized
under a standard regime for lactic acid bacteria in the presence of cryoprotective medium, was determined. It has
been shown that after the lyophilization process, a slight reduction in the number of viable cells was observed -
Sfrom 10.85 LogN to 10.00 LogN, which corresponded to a high survival rate of 93.39%.

Keywords: Lacticaseibacillus paracasei, antimicrobial activity, cultivation, lyophilization.

BbBenenne lam L. paracasei K5, nzonupan oT MJICYHU
MPOAYKTH, € M3MOJI3BaH 332 MPOHM3BOACTBOTO HA
Lactobacillus paracasei € yecto cpeiiad B 4o-  cupene tun Feta. M3non3BaHeTo Ha UMOOUIH3H-

BEILIKUS YPEBEH TPAKT, KOMTO MBa OT PEepMEHTH-  paH OMOKaTaIM3aTOp, KOHTO € ChCTaBEeH OT Ipe-
pajo MIISKO, 3eJeHYYIM ¥ MECHU NMPOXYKTH. L.  OMOTHK OT MIICHWYHH TPHIM W KJIETKH Ha L.
paracasei 3aeqHO ¢ L. casei ce m3non3ear karo  paracasei K5, momoOpsiBa apomara, NmpuUeMIIU-
NpOOMOTHIIM U XPAHUTEIHH JOOABKM B KIMHHY-  BOCTTA, KAYECTBOTO M CPOKa HA T'OJJHOCT Ha CUpe-
Hata mpakTthka. [Ipomenute B upeBHara Muk-  Hero Ttuml ,dera”“ (Terpou et al, 2018). L.
poOHa momynanusi IPOMEHAT 3/APABETO Ha roc-  paracasei subsp. tolerans JG22 e n3omupaH OT
TOMPHEMHHUKA U HeroBaTa (pu3noIorus. JMCTA Ha MHUIEP U 32 HEro € YCTAaHOBEHa BHCOKA

[IpobruoTnuHNTE YpeBHM OaKTepHu CieABAT  CTENEH Ha NPEKUBAEMOCT 110 BpeMe Ha u3jara-
HSIKOM crieupuIHr MeTabOJMTHU MBTUIIA, KATO  HETO MY Ha IETICHH, ChbPIKAIll CTOMAIIIEH COK U
pasrpakAaHeTO Ha JMETHYHHUTE BBIVIEXHIPATH  YpEeBHA TEYHOCT, M3MEHEHa ¢ OKcajl. To3u mam
(Li et al., 2014). L. paracasei subsp. paracasei  TOKa3Ba aIXEpPeHTHOCT KbM KJIETbUHA JIMHUS

W20 pasrpakaa npeOuMOTHKa UHYJIWH B yoBeml-  Caco-2 ¥ pe3UCTEHTHOCT KbM pU(aMIIMH, EpUT-
KHTE YepBa W C€ M3I0JI3Ba KAaTO ThPrOBCKU CUM-  POMHIMH, UeQaJoTHH ¥  TUIPO]IOKCAIHH.
ouotuk (Boger et al., 2018). [Ipeamnonara ce, 4e TO3M NOTEHLIMAJIEH TPOOMOTH-

YCH LIaM LIC UIrpac BaXxHa pOJid 3a HAMAJISIBAHC HA

134



pHCKa OT paK upe3 MOTHCKaHe Ha MyTareHesara u
abcopbupane Ha Mytarenute (Lim, 2014). B-riro-
Ko3ujazata W P-TIIOKYpOHUAa3aTa ca W3BECTHU
KaTo NOTCHLMATHN KaHIIEPOreHHN OMOMapKepH 1
L. paracasei 0919 HamansBa akTHBHOCTTA Ha TE3H
eH3uMu cbe 76% mpu genata u ¢ 82% MpH BB3-
pactaute xopa (Nowak et al., 2014). L. paracasei
DTA93 u L. paracasei DTA81 morat na orenesr
B CUMYJIUPAaHUTE CTOMAIITHU yCIIOBHS M ITOKa3BaT
AHTUMHUKPOOHA aKTHBHOCT, XHAPOJa3Ha aKTHB-
HOCT Ha XI'bUYHUTE COJH, XEMOJHUTUYHA aKTHB-
HOCT M HHXHOHpAIla akTHBHOCT CpPeITy oOpa3yBa-
HeTo Ha OuodunM. Hapen ¢ ToBa mposBsiBar aH-
TUPAKOBa aKTHBHOCT Ype3 MPUKPENBaHE KbM H0-
BEITKY pakoBH KieThuan Jiuann HT-29 (Tarrah et
al., 2019).

Paznuunyn MieyHOKHCETH OaKTepHH, BKIIOUH-
TenHo L. paracasei, ca B ChCTOSIHUE Jla HAMAJISAT
HUBOTO Ha XOJIECTEPOJIa U CHIIIO TaKa MPOU3BEK-
JaT OaKTEPHOIMHHU, KOUTO TOKa3BaT aHTarOHHC-
TUYHA aKTUBHOCT cpely Listeria monocytogens,
Salmonella enteritidis w Staphylococcus aureus
(Iranmanesh et al., 2014). CBOHCTBOTO 3a UMyHHA
Monynamus Ha L. paracasei e ToKa3aHO 4pe3 Mpe-
JOTBpaTsiBaHe Ha 3arybata Ha Terio a0 50% mpu
Mumku ¢ koimuT. Idamoere L. paracasei
KBL382, L. paracasei KBL 384 u L. paracasei
KBL 385 ca n3non3Banu 3a jeyeHre Ha Bb3MaIu-
TEJTHH 3a00JIIBaHUS Ha YepBaTa Ype3 UMyHHA MO-
IyJanus U TOJOKUTETHO BB3JEHCTBHE BBPXY
ypeBHaTa MUKpOOHA mommynarnus. Te3u mamose L.
paracasei TIOKa3BaT 3HAYUTEITHO MOT00pEHNE TIPH
MPEeM3BUKAHMS OT JIEKCTpaH-HATpUEB Cyidar
KOJUT. Te 3HaYNTEeTHO HaMaJsiBaT TyMOpP HEKpo-
tusupamus pakrop, IL-4, [L-6, IL-17A u unTep-
(depoH TaMa; JOKaTO MOITyJAIUUTE Ha MPOTUBO-
BB3NAJIUTEIHUTEe [UTOKUHM Kato 1L-10, CD4D,
CD25p, Foxp3p u T-perynaropHuTe KIETKH ca
3HauuTenHo nmo-Bucoku (Kim et al., 2019). dep-
MEHTHPAJIO MJISIKO, ChIbPKAIIO L. paracasei mam
CIDCAS8339, e nageHO Ha MUIIIKH U TO HE € TIPO-
menusio excnpecusta Ha IL-10, TNF-a u TGF-b
mRNA, kakTo 1 HUBaTa Ha SIgA B uneyma. B uie-
yMa € OTYETeHO TIOHM)KEHO HUBO Ha MPOTHBOBbH3-
namurenans nutokuH INF-c (Bengoa et al.,
2019). JleuenneTo ChC CHHOMOTHIM HamasBa
CHHTEe3a Ha IUTOKUHY U neperyiaupa TLR 2,4 u 9
MPHK. Hapen ¢ Bcuuku Te3u (GyHKIMH XpaHe-
HETO ChC CUHOMOTHIM €(EeKTUBHO 3allnTaBa Iie-
JIOCTTa Ha YpeBHATa Oapuepa M HamalsBa IOIy-
JanusaTa Ha BPEJAHU OaKTepHH B JIMTABHIATA HA
nedenoro yepso (Li et al., 2020). CHHOMOTHKET,
CBCTaBEH OT NPOOHOTHK L. paracasei DSM 46331
u Bifidobacterium animalis subsp. lactis 3aeqHO ¢
npeOMOTHK  OBeceH [-TIIIOKaH, 3HAYUTEIHO
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o0JieK4aBa NPEIU3BUKAHOTO OT BHCOKOMACIICHA
JMeTa 3aTIBCTSBAaHE M yBEINYaBaHE HA TETJIOTO.
To3u CHMHOMOTHK CHIIO Taka € M3Urpaj 3HauyM-
TEJHA POJIA 3a XOMEOocTa3aTa Ha YpeBHATa MUK-
podiopa (Ke et al., 2021).

Kpurepunte 3a mogdop Ha mamoBe MIICYHO-
KHCENU 0aKTePHH C TPOOHUOTHYECH TOTSHLIUAT MO-
rat 1a ObaaT KaTerOpu3UpaHy B YETHPH OCHOBHU
TPyIH, KaTo IIeIechoOpa3HOCT, TEXHOJIOTMYHA
MPUTOAHOCT, KOHKYPEHTOCTIOCOOHOCT, e€(heKTHB-
HocT U (yHkimonanHocT (Victor-Aduloju et al,
2018). [Ipu ckpuHUHTA Ha POOHOTHIHH IITAMOBE
Ce U3BBLPIUBAT MHOTO in Vitro oueHKU. IIspBara
CTBIIKA MpPU CENEKUHsITa Ha MPOOHOTHYEH ILIaM
MJICYHOKHUCEH OaKTEepUH € M3CIIEABAHETO HA He-
roBara TaKCOHOMHYHA KIACH(HKAIHI, KOSTO
MOJKE J1a MPEeJOCTaBH WHIUKAIMA 33 TPOU3X0Aa,
MECTOOOWTaHHEeTO W (U3HONOTUSATA HA IIama.
MKB ce cBBp3BaT ¢ MECTOOOHUTAHUS, KOUTO MOTAT
na ObaaT OOraTH Ha XpaHWTEHU BEIIECTBA, KaTO
pas3iMYHu XPpaHUTCIIHU NPOAYKTH U PAaCTUTCIHU
BerecTBa. Te Morar J1a ObaT OTKPUTH B IOYBATA,
BOJIaTa, 00OPCKUS TOP, OTIIAJHUTE BOAH U CHUIIaXKa
1 Morat aa npeau3BUKBaT (bCpMCHTaHI/Iﬂ HJIN pa3-
Baja Ha xpanu (Da Cruz Rodrigues et al, 2019).

Llenra Ha HACTOSIIOTO M3CJIEABAaHE € Jla Ce
n30JIMpa u I/II{CHTI/I(bI/I]_[I/Ipa nraM MJICYHOKHMCEIHN
0aKTepuu OT CIOHTaHHO (pepMEHTHPAIIO MAaCThO-
PH3HMpPaHO MIIIKO M Ja C€ HM3CieBa MpoOHOTHY-
HUA MYy IOTCHIIUAJL.

Marepuajn 4 MeTOAH

1. Mukpoopranusmu

W3cnenpanusra B HacTosimaTa padboTa ca mpo-
BEJICHU C I[aM MJICYHOKHUCETH OakTepuu 7, U30-
JUpaH OT CIOHTAaHHO (EPMEHTUPATIO MACTHOPH-
3UpaHO MIISIKO, KOMTO € uIeHTH(HIMpaH Ypes
(hU3M0JIOTO-OHOXUMHUYHU M MOJICKYJISIPHO-TCHE-
TAYHA MeTtoou 10 BUn Lacticaseibacillus
paracasei.

Karo Tecr-mukpoopranusmu B paboTtaTta ca
W3MON3BAaHU CIICJHUTE I[IaMOBE Canpo(UTHU
MHUKpoopranusmm: Oaktepuu: Bacillus subtilis
ATCC 6633, Bacillus cereus ATCC 14579,
Sacch. cerevisiae ATCC 9763, Candida utilis
ATCC 9950, Mucor Iluteus ATCC 28932,
Rhizopus oryzae ATCC 56536, Aspergillus niger
ATCC 16888, Aspergillus flavus ATCC 9643,

Penicillium  chrysogenum  ATCC 10106,
Fusarium moniliforme ATCC 10052, maToreHnn
MHMKpoopranmsmm: Escherichia coli ATCC
25922,  Escherichia coli ATCC 8739,
Staphylococcus aureus ATCC 25923,

Staphylococcus aureus NBRC 6538P, Salmonella



abony NTCC 6017, Enterococcus faecalis ATCC
29212, Psaudomonas aeruginosa NBIMCC 1390.

2. XpaHUTeJIHH Cpeau

2.1. MRS-06ynvoH (cpena na De Man, Rogosa
& Sharpe). Crcras (g/dm?): menTon ot kazenH —
10 g; npokaeB eKCTPakT - 4 g; MeceH eKCTPaKT -
8 g; rmokoza — 20 g; KoHPO4 — 2 g; HaTpueB ane-
Tar — 5 g; auaMoHueB nuTpar - 2 g; MgSO4 — 0.2
g; MnSO4 — 0.04 g; Tween 80 — 1 ml; pH=6.5.
Cpenara ce crepwiam3upa 3a 15 MUHYTH TpHU
118°C.

2.2. MRS-arap. Cncras (g/dm?): MRS-6ynb0n
+ 2% arap. Cpenata ce crepunusupa 3a 15 mu-
Hytu ipu 118°C.

2.3. ®usnonoruuen pasteop. Cheras (g/dm?):
NaCl -5 g; necrunupana Boga — 11. Crepunmsupa
ce 20 munytu npu 121°C.

2.4. LAPTgl0 — 6ymbon. Cncras (g/dm’):
nentoH — 15; npoxaes ekcTpakT — 10; TpunToH —
10; roroko3a — 10. pH ce noBexna g0 6.6 — 6.8 u
ce no6ass Tween 80 - 1cm?/1. Cpenara ce crepu-
nuzupa 3a 20 munytu npu 121°C.

2.5. LAPTg10 — arap. Cxcras (g/dm®): Cpena
L-Oynbon + 2% arap. Cpenara ce cTepuim3mpa 3a
20 munyTu npu 121°C.

3. U3oaupane na MKb

W3zonupan e mam MiIeqHOKHCENN OaKTEpUH OT
CIOHTaHHO  (PEPMEHTHPAIIO  MAacTHOPU3UPAHO
MIISIKO. M301MpaHeTo € OChIIECTBEHO ¢ IOMOLITa
Ha KOMOMHUPaHUS MHKPOOHOJIIOTUYEH TOAXO] U
W3MON3BAHETO HA Pa3IMYHU CEJICKTHBHU YCIOBHS
n xpanutenau cpeaun (MRS-6ymbon m MRS-
arap). MzonupaHeTo Ha MaMoOBe MJICUHOKHCENIN
0aKkTepuu ce OCHIIECTBIBA IO MOPQIIOTUYHHU Xa-
PAKTEpUCTUKHU U Upe3 KIACHUYECKUTE PEHOTUITHH
METOAH.

4. OnpenensiHe Ha TATPyeMa KHCEJIMHHOCT

3a ompesensHe Ha KHCEIMHHOOOpa3yBalaTa
CIOCOOHOCT HAa MHUKPOOPTaHW3MUTE C€ U3I0JI3Ba
meton Ha Teopuep. Enun °T ce paBussa Ha 1 cm®
0,1 N NaOH, u3pa3xoaBaHa 3a HEyTpaJIn3anys Ha
CKBUBAJIEHTHO  KOJIWYECTBO OpPraHWYHA KHCE-
JIMHA, KOATO ce chabpxka B 100 cm® kynrypanna
cpena. MeTobT ce OCHOBaBa Ha TUTPYBAHETO Ha
npodara ¢ 0,1 N NaOH. 3a nenta ot Bcsika npoba
ce B3ema 1o 10 cm?® u ce npubassT 20 cm’ JgecTu-
nupana Bona. Tutpysa ce ¢ 0,1 N NaOH npu un-
nvkarop QeHondTaneiH 10 TosBa Ha OJIeAOpO-
30BO OLIBETSIBaHE, KOETO CE 3ara3Ba B TCUCHUE Ha
¢/IHAa MUHYTA.

5. Onpenensine Oposi HA KU3HECTOCOOHUTE
KJIETKH

[TpuroTBsT ce MOIXOAALIM AECETOKPATHH pa3-
pexaanus BbB GusnonoruueH pa3rop. OT T4x ce
MpaBu TOBBPXHOCTEH WM JBIOOYMHEH I0CEB
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BBPXy WIH B CHOTBETHaTa TBbpAA XpaHHUTEITHA
cpena. THOKyIMpaHUTE TIETPUTA U ETPYBETKH CE
KyJITHBHpAT 3 JCHOHOIIMS MPH ONTUMaliHa TeM-
nepaTypa 3a pa3BUTHE 0 MOsSBaTa HA CAUHUYHH
KOJIOHUH.

6. Onpenensine Ha OMOXUMHUYEH PO

WznomsBa ce cucremata API 50 CHL
(BioMerieux SA, France) 3a nmenTudukams Ha
BHIIOBE OT poA Lactobacillus B3 OCHOBA Ha KOH-
cymanusra Ha 49 BbIriaepoJHH W3TOYHHKA, C ITOC-
nenBama o6paboTka ¢ apiweb® unentuduxarmo-
HeH codTyep.

7. Onpenensine Npo¢uJI HA AHTHOUOTHYHA
YYBCTBHTEJIHOCT

[IpoduabT Ha aHTHOMOTHYHA TYBCTBUTEITHOCT
ce ompenens 1Mo IUCKOB Mu(y3NOHEH METO/a Ha
Bauer et al., (1966). Cexxa 24 yacoBa KyiTypa Ha
W3CTIeIBaHUS IIaM CE€ M3TIO0I3BA 32 HHOKYIIMPaHe
Ha netputa ¢ MRS-arap. B nerpurata ce nocra-
BIT CTaHAAPTHU JAMCKYETa, HamoeHu ¢ 21 pas-
JIMYHU aHTHOUOTHKA — MCHUIWINH, OAllUTPAIIVH,
aMITUIMIINH, OKCAIlWINH, BAHKOMUIIMH, KIIAPUT-
POMUIIMH, TETPAUUKINH, AOKCUIMKIUH, TeHTa-
MUIIMH, TOOpaMHIIMH, aMUKAIlMH, JUHKOMUIH,
XJopaM()EeHNKOIN, epUTPOMUIIMH, prU(aMITiH, Ha-
JUIUKCOBa KHUCETHHA, MUIPOdIOKCAaWH, HOBO-
OuonuH, HopduioKcalyt, edypokcumM, cyidame-
TOKca30: u TpuMeTonpuM. [leTpurara ce nHKyOu-
pat 48 h mpu onTrManHaTa 3a pa3BUTHETO HA U3-
cleqiBaHus maM Temreparypa. OTuura ce Auame-
Thpa (B mm) Ha 00pa3yBaJHTe Ce CTEPHIHHI 30HH
OKOJIO BCSIKO OT aHTHOMOTHYHUTE nuckdeTa. [Ipu
OTYUTAHE CE M3IOJ3BAT CIeTHUTE O3HaUeHUs: R —
pe3ucTeHTHH (30Ha < 8 mm), SR — uHTEep™MENH-
€PHO YyBCTBUTENIHH (30Ha 8 - 16 mm), S — yyBCT-
BHTETHH (30Ha >16 mm).

8. Onmnpenensine HAa aAHTUMHKPOOHA AKTHB-
HOCT CHpPSAMO canpoGUTHU WM NATOTeHHHU
TeCT-MUKPOOPraHU3MH 4Ype3 arap-audy3uo-
HEH MeTOJI ¢ IMKH

3a ompenensHe HAa aHTHMUKPOOHATa aKTHB-
HOCT Ha W3CIIEJBAHUA IIaM CIPSMO CanpopUTHH
WA TIATOTeHHH MHUKPOOPTaHW3MH C€ H3IOJI3BAT
kynrtypanna teunoct (KT), 6e3kieTpuna cymep-
HatanTa 6e3 kopekuus Ha pH (bCH) u neyrpanu-
3upana (¢ 1IN NaOH) Ge3knerpuHa cynepHaTaHTa
(HBCH) (pH=6.5), mony4uenu ot 48 gacoBa KyJ-
Typa Ha CbOTBETHHS IIaM. AHTUMHUKpPOOHATa aK-
TUBHOCT C€ M3CIe/lBa CIPSIMO CIEIHHUTE Carpo-
GUTHU TecT-MHKpoopranusMu: Bacillus subtilis
ATCC 6633, Bacillus cereus ATCC 14579,
Sacch. cerevisiae ATCC 9763, Candida utilis
ATCC 9950, Mucor luteus ATCC 28932,
Rhizopus oryzae ATCC 56536, Aspergillus niger
ATCC 16888, Aspergillus flavus ATCC 9643,



Penicillium  chrysogenum  ATCC 10106,
Fusarium moniliforme ATCC 10052. Ilnecen-
HUTE I'bOU U APOXKIUTE pacTaT B MHKYOAaTOp Ipu
30°C na LBG-arap 3a 3 10 7 q1Hu, TOKaTO OakTe-
puute ce pasmuoxkasat 24-48 h ipu 37°C. Ilpu-
TOTBAT CE€ CIIOPOBU CYCIIEH3WH HA BCEKH OT TECT
mukpoopraausmure (10°-107 CFU/cm®) u Te ce
M3IIOJI3BAT 32 WHOKYJIMpaHe Ha MeTprueBU OIroaa
cse cpena LBG-arap. Crmen BTBBpIsSBaHE Ha
arapa ce MpUroTBAT AMKHU (6 mm).

AHTHMUKpPOOHAaTa AKTUBHOCT C€ H3CIeABa
CIPSIMO CIIEAHUTE TMATOTeHHH TECT-MHUKpPOOpra-
HU3MH:.  Escherichia coli ATCC 25922,
Escherichia coli ATCC 8739, Staphylococcus
aureus ATCC 25923, Staphylococcus aureus
ATCC 6538P, Salmonella abony NTCC 6017,
Enterococcus  faecalis ATCC 29212,
Pseudomonas aeruginosa NBIMCC 1390.

bakrepuure ce pazmuoxasat 24 h npu 37°C.
[TpuroTBAT ce cycrieH3NHn Ha BCEKU OT TECT MHK-
poopranmsmure (108-10° CFU/cm®) u te ce us-
TMOJI3BAT 32 MHOKYJIMPaHe Ha IETPUEBH OITF0/1a ChC
cpena LBG-arap. Cien BTBBbpsSBaHE Ha arapa ce
MpUroTBAT IMKHU (6 mm). B sMkuTe Ha neTpuTaTa
C TIATOT€HHUTE U CanpOPUTHH MUKPOOPTAHU3MH
ce Hakamngat 1o 0,06 cm?® or KT, BCH u HBCH u
nerpurata ce uHKyoupat npu 37°C 3a 24-48 h.
AHTUMHUKPOOHUTE aKTUBHOCTH C€ OIpEenessaT
cien 24-48 4acoBO KyJATUBUPAHE Ype3 U3MEPBAHE
Ha 30HUTE Ha MHXMOUpaHEe B mm.

9. Onpenessine HATUYHE HA AMUWIOJIUTHYHU
€H3UMH

Xpanutenna cpega msLAPTgl0 ce pasnuBa
o 15 ¢cm® B neTpueBu 6111012 ¥ BHB BCAKO OT TAX
cliell BTBBP/sABaHE Ha Cpelara ce MpaBsT 1Mo 6
SMKH C TarmonpooOuBau. M3non3Bar ce cBexu 24
4acoBHM KyJNTypH Ha mpoOute. HakamBar ce Kyi-
TypaJHUTE TEYHOCTH Ha IAMOBETE M CMECHTE,
KaTo Ha BCAKA Mpo0a ce MpaBsT 10 YSTUPH TTOBTO-
penus. Pe3ynrarsT (AMaMeThpbhT HA CTEPUITHUTE
30HM B mm) ce oT4nTa Ha 24 wiu 48 Jac.

10. OmnpenensiHe HaJIW4YHMe Ha TPOTEOTH-
YUHU €H3UMH

KbMm crepunna pasrornena tebpaa LAPTgl0
ce no0aBs CTEPHIHO 00e3MaclieHO MIIIKO (10
10cm?® o6e3macieno misiko Ha Beeku 100 cm? cre-
pHIM3NpaHa XpaHUTEIHA CPeJla) U Ce pa3iivBa 1o
15 cm® B merpueBo OMIOI0 M BBB BCAKO OT TAX
ciiel BTBBPISBaHE Ha cpenaTa ce HpaBsT 1o 6
SIMKH C TarnonpoOuBau. 3mon3sar ce cBeXH KyJ-
TypH B €KCHOHEeHIHMalHa (a3a Ha pactex (244a-
COBHM). 3a BCEKHM I[aM C€ NPUTOTBAT 10 3 mpodu:
KT = xynrypanHa Te4HocT — 244acoBa KyqTy-
panHa cycnensus Ha mama; bCH = 6e3kneTpuna
CyliepHaTaHTa momyyaBa — ce  upes
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neHTpodyrupane Ha KylaTypajaHa TEYHOCT H I10-
JIydeHaTa CyllepHaTaHTa ce IPEXBbPIIs B HOBA €Il-
pyBetka; KCDP = knerbuna cycnensust BbB Qu-
3MOJIOTHYEH Pa3TBOP - MOJyYaBa ce Ype3 LEeHTPO-
¢dyrupase Ha KyATypalHa TEYHOCT Ha I[aMa U eI-
HOKpaTHO NMPOMHBAHE Ha yTaiikaTa ¢ (pu3nonoru-
YeH Pas3TBOp, MOCIEABAHO OT PECYCIECHIHpaHEe
BBB (DM3HOJIOTHYEH Pa3TBOP IO M3XOAHHUSI 00eM
Ha TIpo0ara.

Bcesika mpoba ce nipaBu B IO Y€TUPHU MOBTOpE-
HUS, a pe3ynTarhT (AMaMEThPBT Ha CBETIUTE
30HM OT XMIPOJIM3UpPaHE Ha Ka3€MHA B mMm) ce OT-
yuTa Ha 24 unm 48 gac.

11. U3caenBane Ha mpoduiaa Ha eH3UMHA
AKTHBHOCT gpe3 cucremara APl ZYM
(BioMericux, France), copen MHCTpyKIMHTE Ha
MPOU3BOHUTEIS.

12. CexBenupane Ha resa 3a 16S pPHK

CexBenupanero Ha rena 3a 16S pPHK ce u3-
BBpIIBA 1O MeToAa Ha Sanger oT ,,Macrogen
Europe Laboratory”, Xonanaus.

[lony4yeHuTe NpH CEKBEHUPAHETO Ha IeHa 3a
16S pPHK mipaBa u 0OpaTHa 4acTUYHA CEKBCHIIHS
ca criobeHu upe3 u3non3Banero Ha copryep CLC
Sequence Viewer. llenuTe cKEBEHLMU HA T€HA 3a
16S pPHK ca cpaBHEeHM C HAJIMYHUTE CEKBEHIUU
B OHJIaliH 0a3zata nanuu GenBank 4pe3 oHnaiiH
codryep BLASTn u e onipenerieHa BU0BaTa Mpu-
HaJJICKHOCT Ha IIaMOBETE ChC CHOTBETHHSI IPO-
ICHT Ha CbBOAAACMOCT MCXKAY CCKBCHIMATA Ha
W3CIEJIBAaHUS 1AM U peepeHTHHs 1IaM OT OH-
naifH 6a3ara JaHHU.

13. Ileppoau4HO KYJTHUBHPAHE

IIpouechT Ha NEPUOAMYHO KYJITHBUPAHE C€
NPOBEXKIa B XpaHWUTENHA cpeaa 00e3MaciieHO
MIIIKO. XPaHHUTEIHUTE CPEeId CE€ CTEePUIM3HpAT
npu 121°C 3a 20 min. Cnen oxmaxnane 10 39-
40°C noarotseHara cpeia B KojbaTa ce WHOKY-
mmpa ¢ 5% (v/v) moceBeH MaTepual OT cBexa 24
YacoBa Ky/lITypa Ha M3CJeIBaHHS IIaM Ha cpeja
MRS-0yib0H. [IpoabKUTETHOCTTA HA KYJITHBH-
pase e 48 h, karo ce B3emar mpobu oT KynTypa-
HaTa TeYHOCT 3a aHaJIU3 Ha 0011 Opoi KU3HECTo-
COOHM KJIETKM Ha choTBeTHHS mam (cfu/cm’) n
TUTpyeMa KHCEJIMHHOCT.

14. JIuopuanzanus

Jlnopunuzupanute MPOAYKTH c€ TOIydaBaT
TEXHOJIOTUYHO I10 KOM6I/IHI/IpaH METO/J 3a TEXHO-
JIOTHYHO TPETHUPAHE - UMOOMIN3AHA U CyOnuma-
IMUOHHO  cymieHe. [IppBuuHaTa 00paboTkKa
BKITIOYBA Pa3pekJIaHe Ha KYJITYPHTE OT CEJEKIIH-
oHupanus mam Lacticaseibacillus paracasei 7,
eKBWIMOpaysi, JO3UpaHe, UMOOWIM3aLusl Ha
KIeThYHATA  CYCIIEH3US  4Ype3  3ajbpiKaHe



(BKIIOYBAaHE) B CHOTBETHATa ITOJIMMEpPHA Mart-
pHIa, KOATO M3MIBIHIBA (QYHKIUHUTE U HAa KPHO3a-
LIMTHA cpefa.

Uznon3eanara marpuua 3a UMOOWMIH3ALMS €
XHUIPOKOJIOWAHA U ChAbpXKa 4 %-eH pa3TBop Ha
BHCOKOECTEpH(PHUIMPaH I0BIKOB IeKTHH U 1.2%-
€H pa3TBOp Ha HATPHEB ajTWHAT B CHOTHOLICHHE
croTBeTHO 1:1. [IpritoxxeH e MEXaHHIHUAT METO
3a UMOOWMIHM3aIUs Ha MHUKPOOHHTE KJIETKH T.€.,
KJIETBYHOTO CBBP3BaHE KbM HOCHTENS CE€ OCh-
LIECTBSIBA, Upe3 CMECBaHE Ha KJIEThbUHATA CyCIICH-
3Ws1 C HOCUTEIS (XUAPOKOIONIHATA MATPHIIA) IIPH
ClIeZIHaTa TOCJICA0BATETHOCT Ha TEXHOJIOTHYHUTE
eranu: 1. [lomyuaBane Ha KJIeThYHATA CYCIICH3US
4ype3 KyITUBUPAHE Ha IaMa Ha CTEPHIHO MIIIKO
3a 24 gacaipu 37°C.; 2. CMecBaHe C TOJIMMEPHUS
pastBop npu Temnepatrypa 40 - 45°C u xomore-
Huzupane 3a 1 yac 30 MUHYTH B PEaKTOp ChC CKO-
poct Ha pazobpkBane 500 rpm.

Taka npuUroTBEHUAT MaTepuan ce TojaJjara Ha
muoduu3anus.

CyOnuManoHHOTO CYIIEHE Ce OCHILECTBSBA B
YCIIOBHSATA HA BaKyyM B CyOJIMMaIlMOHHA MHCTA-
narus Ha ¢upmara - “‘Hochvakuum-TG — 16.50”
C KOHTAaKTHO HarpsiBaHe Ha Iouynre B ,,Kprooduo-
tuka*“ OO/I — c. BoiBogAHHOBO.

Cnen nuodpumnuzanusra, JMOPUIN3ATUTE Ce
cmwiat B rpanynatop “Erveka”. Taka o0Opabo-
TEHH, THOOUIH3UPAHUTE ONOTIPOTYKTH CE OTTaKO-
BAT B OIIAKOBKM OT TPUCIOWHO aJIyMHUHUEBO
(donmo, XepMeTUIeCKU 3aTBOPEHH I0]T BAKYYM.

15. MukpoOHONOTHYHHN W3CJIeIBAHUS Ha
auoduanzara

MukpoOGHONIOTHYEH CTaTyc Ha HATUBHUTE U
mno¢wimsupanu npobu — ceria. BJAC 1670-82 u
Hapenoa Ne 5 va M3 — JIB 39/84, BZIC EN ISO
4833:2004.

ITokaszarenu:

o wireuHokucenn 6akrepun, CFU/g;

e 0011 Opoit Me3o¢uTHN aepoOHM U (akynTa-
TUBHM aHaepoOHu O6akrepun — CFU/g;

e Escherichia coli 8 0.1 g ot nponykra (ISO
16649-2:2001);

® [JaTOr€HHU MHUKPOOPTaHHU3MH, B
1.9.5almonella (bBJIC EN ISO 6579:2003) B 25.0
g OT IPOJYKTa;

® K0aryJsa3onoJoXHUTeIHU cTapuIokoku B 1.0
g ot npoaykra (BJIC EN ISO 6888-1:2005 +
A1:2005);

o cyndutpemymnupanty kroctpuauu B 0.1 g ot
npoaykta (ISO 15213:2003);

® criopu Ha MUKpockonuuHH mecenu, CFU/g
(BAC ISO 6611:2006);

o npoxau, CFU/g (BAC ISO 6611:2006);
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16. O0padoTKa Ha pe3yaTaTHTE

JlaHHUTE OT TPUKPATHO MOBTOPEHHUTE EKCIie-
PUMEHTH ca 00pabOTEeHH ¢ MOMOILTa Ha POrpaM-
nute npoayktu MS Office Excel 2013, karo ca
W3MON3BaHH CTATUCTHYCCKU (DYHKITUH 32 OIpeie-
JISTHE Ha CTAHJAPTHOTO OTKJIOHEHHE U MaKCcUMall-
HaTa rpellka Ha OLEHKaTa MpH HHUBA HA 3HAYH-
mocT 0<0,05.

Pe3yaraTu u o0chkaane

XapakTepru3upaHeTO Ha HOBOM3OJIMPAHU Iia-
MOBE 3aIl04Ha C OLIEHKA 33 YUCTOTATa Ha KYNITy-
para, MaKpOCKOIICKH U MHUKPOCKOIICKH MOP]OJI0-
TMYEeH KOHTPOIL.

IIpn xyaTHBUpaHEe BBPXY XpaHUTEIHa Cpeaa
MRS-arap uzonmupanusr maMm Gopmupa apeOHH,
MJIEYHOOEIHM KOJIOHMH C M3IbKHANA JIIOBUIHA
¢dopma, KOUTO JIECHO C€ OTAETIAT OT cCpefaTta.

W3onupanusT mam npeacrapisisa I'pam-nosno-
skutenau (I'p (+)), HecnopooOpa3syBaiiy mpb-
YHIIH.

Cren oxapakTepu3upaHe 0 OCHOBHUTE MOp-
(ONOTHYHM KPUTEPHH, U3CIICIBAHUSAT 1AM € IO
JIOKEH Ha OTpe/eisiHe Ha OMOXUMHYHHS MY TIPO-
¢un cec cucremara 3a Obp3a HWACHTU(DUKALINS
API 50 CHL (Biomerieux, France), kato e onpe-
JIeJICHa CIOCOOHOCTTa My Jia ycBOsiBa 49 BbIlie-
POJIHU U3TOYHMKA, BKIIFOUEHH B CUCTEMATA.

Bb3 ocHOBa Ha NPOBENCHHUTE W3CIEIABAHUS C
API 50 CHL xuToBeTE U30IUPAHUIT IIIaM € OTHE-
ceH KbM BuIA Lactobacillus paracasei.

CexBenupane Ha resa 3a 16S pPHK

3a meiHATa BUAOBA MACHTU(MKALWS HA U3C-
JIeZIBAaHUSA 11[aM € U3M0JI3BaH FeHETHYEeH METOJ 3a
TeHOTUIMpPAHE - CEKBEHUpaHE Ha reHa 3a 16S
pPHK. Pesynrature OT CEKBEHLIMOHHUS aHAIU3
Ha 16S pJAHK otnacat MKBb 7 xbM Buma
Lacticaseibacillus paracasei.

XapakTepucTMKa Ha NPOOHOTHYHHUS IO-
TeHIHMAJ HA N30JIMPAHNS IIaM JIAKTO0AIUIH

AHTHUMUKpPOOHA AaKTHMBHOCT Ha IIaM
Lacticaseibacillus paracasei 7 cupsimo naro-
FeHHH U Canpo(PUTHU MUKPOOPTraHU3MHU

B cepus ot onutu e u3cnenBaHa aHTUMUKPOO-
HaTa aKTUBHOCT Ha Lacticaseibacillus paracasei 7
COPSIMO TIATOI€HHH M CanpopHUTHH MHKpPOOpra-
HU3MU 10 MeTo/ia Ha audy3us B arap (Tab. 1).



Tabnauua 1. AHTUMHKPOOHA AKTUBHOCT HA IIaM
Lacticaseibacillus paracasei 7 cnpsiMo NnaToreHHH
0axrepnu Ha 24h. dawie=7mm. KoHnenarpanusira Ha
aakrobamuaure e 10! — 1012CFU/cm?.

»-" —He e YCTAHOBEHO MOTHCKAHe HAa PacTexXa Ha
NATOreHHUTe MHKPOOPraHU3MH OT JIAKTOo0alM-
aute. KT — kyarypaiana teunoct; BCH — de3kie-
ThuHa cynepHaTtanta; HBCH - neyTpanum3upana
0e3KJIeTbYHA CyllepHATAHTA

Ipoda  |Iam:Lacticaseibacillus paracasei T
Tecr-MO KT BCH HECH
\Escherichia coli ATCC 25922,
bx10'%fu/cm? 14,83 £ 0,12 12,22 +0,17 -
\Escherichia coli ATCC 8739,
bx101cfu/cm? 13,91 +0,19 10,05 £0,13 -
IStaph. aureus ATCC 25093,
1x10% /e’ 23,30 + 0,25 12,93 +£0,24 -
IStaph. aureus ATCC 6538P,
110 fu/om’ 14,26 + 0,36 12,54 + 0,40 -
\Salmonella abony NTCC 6017,
1.5x10" % fu/em? 11,55 +0,28 10,60 + 0,49 -
\Enterococcus faecalis ATCC
09212, 1x10"cfu/em?® 17,72 + 0,26 10,39 £ 0,23 -
\Ps. aeruginosa NBIMCC 1390,
bx 10" fu/em? 14,66 £ 0,33 11,24 £ 0,47 -
\Bacillus subtilis ATCC 6633,
%10 fiu/cm? 15,44 + 0,40 10,69 + 0,39
\Bacillus cereus ATCC 14579,
1.8x10" fu/em’ 17,43 0,34 11,00 + 0,00 -
ISacch. cerevisiae ATCC 9763, ) R R
1x107cfw/em’
Candida utilis ATCC 9950,
1x10°cfw/ecm’ ] ] ]
IMucor luteusATCC 28932,
lx106cfu/em? 10,31 +0,22 10,17+0,24 (9,83 +£0,23
\Rhizopus oryzae ATCC 56536, 10.33 2 0.47 10.0020.00 1967024
1x107cfw/em’ ’ » > ’ » ’
Uspergillus niger ATCC 16888, 11.52 + 0.29 0.50+0.24 931 +0.26
5,6x10°fu/cm’ i i > i > i
Uspergillus flavus ATCC 9643, ) R
2.3x107cfu/em’ 9-39+0,36
\Penicillium chrysogenum
IATCC 10106, 6x10°fu/cm’ 9,49 £0,25 ) )
\[Fusarium moniliforme ATCC
10052, 1x107cfu/em?’ 10,33 £ 0,45 9,39+0,38 |8,17+0,24

3a menTa ce W3MOJ3Ba KYJITypajHa TEYHOCT
(KT), momyuena cnen 24-4acoBoO KyJITUBUPaHE Ha
cpena LAPTgl0-0ynboH, 3a 1a ce onpeneiu uH-
xuOupanus epeKT Ha KIETKUTE Ha IaMOBETE
BBPXY TECT-MHKPOOPraHM3MHUTE; Oe3KJIeThYHA
cynepnaranta (bCH) 6e3 xopekius Ha pH (¢ xu-
ceno pH), 3a na ce onpeaenu MHXUOUPAITOTO BIIU-
SIHUE Ha CMHTE3MPAHUTE U HATPYIaHWU B cpelaTa
MJIEYHA U JIPYTU OparaHWYHU KUCEHUHM OT JIaK-
TOOAIMIINTE BBPXY pacTeka M Pa3BUTHETO Ha
canpoduTHUTEe MHUKpoopraHu3Mu. llapanenHo e
OTYeTeHa aKTUBHOCTTA HA HEYTpaJIM3HpaHaTa 10
pH=6,5 6e3knerpuna cynepuaranta (HBCH), 3a
Ja Objie eIMMUHHUpaH WHXHOWpAIus epeKkT Ha
NPOAYUMPAHUTE OT JIAKTOOAIMJIIMTE MJIeYHa H
JpYTY OpraHUYHH KHCEJIMHH U 32 Ja CE U3CJIe/IBa
Ka4eCTBEHO CIIOCOOHOCTTa Ha M3CIIEABAHUS IIaM
JAKTOOALMIN J]a TPOAYLUpAT U APYTH BEIECTBA
C aHTHUMUKPOOEH XapakTep, KOMTO Ja MOTHCKAT
MaToTreHUTe.
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Lacticaseibacillus paracasei 7 moka3Ba sSICHO
W3pa3eHa BHCOKA aHTUMHUKpOOHA aKTHBHOCT
BBPXY pacTe)ka Ha MATOrCHHUTE OaKTePHH, BKITFO-
YEeHH B M3CJICIBAHETO. 3HAUMMO € HHXHOUPAIOTO
JIefiCTBUE Ha IIaMa BbPXY pacTeka U pa3BUTHETO
Ha MPEACTABUTEINTE OT pon Bacillus w mteceH-
HUTE I'bOM ¢ M3KIOueHue Ha Aspergillus flavus,
Penicillium chrysogenum u apoxaute (Tabm. 1).

AHTHOHOTHYHA YCTOYHBOCT Ha
Lacticaseibacillus paracasei 7

3a menta ca micnenBanu 21 aHTHOMOTHKA C
pas3inveH MEXaHW3bM Ha JICHCTBUE OT OCHOBHUTE
TPYyIH, U3NOA3BaHU B MEIUIIMHCKATA TIPAKTUKA, U
¢ TeCcTBaHA YYBCTBUTEIHOCTTA Ha  IIaM
Lacticaseibacillus paracasei 7 xoMm T5X. [lomyde-
HUTE pe3yATaTH OT MPOBEACHUTE H3CIIEABAHUS MO
arap nudy3uoHHUS MeTo Ha Bauer et al., 1966 3a
24 h ca 0606mmenu B Tadm. 2.

Lacticaseibacillus paracasei 7 e ycTOW4YHB
KBM I10-TOJIIMAaTa 4acT OT aHTHOUOTHUIIUTE, BKIIFO-
YEHH B HACTOSIIOTO M3CieqBaHe. M3cneaBanusT
[IaM ITO0Ka3Ba PE3UCTEHTHOCT KbM TpyIaTa aHTH-
OMOTHIIM, MHXUOWpAIU CUHTE3aTa Ha KJICThY-
HHTE cTeHU U cuHTe3aTa Ha JIHK w/unm Ha Kie-
THYHOTO JICTICHE C U3KITFOUYCHHE Ha HOBOOHOIMH U
nePypOKCUM, U PE3UCTEHTHOCT KbM MO-MAaJIKO OT
AHTHOMOTHIIUTE MHXHOUpAIIW OCNTHYHUS CHH-
Te3, C M3KJIIOYCHUE HA TOOPAMUIIMH U aMUKAIUH
(Tabm. 2).

Tabauua 2. AHTHOMOTHYHA Pe3UCTEHTHOCT HA
mam Lacticaseibacillus paracasei 7

# Me;[(ea;:.'rib"l\g Ha AHTHOHOTHK Kounenrpamms | L. paracasei 7
1_ oy IPenicillin P 10 E/nuck R
2 | E E =} E =~ |Bacitracin 'm 0,07 E/muck R
B | ¢Es¢E ; [Ampicillin A 10 pg/muck R
o ;é SEE2° |oxacillin o 1 pug/mmck R
5 ° [Vancomycin v 30 pg/muck R
6 | ) [Tetracycline T 30 pg/muck S
7| E IDoxycycline D 30 pg/mick S
B | 5 o (Gentamicin G 10 pg/muck SR
o | ‘< E [Tobramycin Tb 10 pg/muck R
10| ; 5 |Amikacin JAm  [30 pg/muck R
| E g ILincomycin L 15 pg/muck S
2 | g = (Clarithromycin __|Clr 15 pg/nuck S
3 | § (Chloramphenicol |C 30 pg/muck S
14 [Erythromycin E 15 pg/muck S
s | INovobiocin b 5 pg/nuck S
T - INalidixic acid X B0 pg/mack R
17 | SEg2 [Rifampin R S pg/muck S
18 | :_i( g % orfloxacin INor 10 pg/nuck R
19 E ; g ; ICiprofloxacin Cp 5 ng/muck R
20 | g ?_?;E 2 (Cefuroxime Cx 30 pg/muck S
b £ F Sulfamethoxazole | [23.75 /125 R

[Trimethoprim g/ anck

ITpn d< 8 mm — R, npu 8 <d< 16 mm - SR,
npu d> 16 mm — S.



H3ciaeasane Ha aMHJIOJIUTHYHA AKTHBHOCT

Baxuo e 11a ce 3HaAT Bb3MOXXHOCTUTE Ha JIAK-
TOOALMIINTE Ja Pa3rpakaar MOJU3aXxapuau B T.4
HUIIIECTE, ThIi KaTO T€ Ca OCHOBHH CyOCTpaTH B
KOMIUIEKCHUTE XpaHUTEIHH cpeau. BbB Bpb3Ka ¢
TOBA € U3CIEABAHO HAIMYNETO Ha aMIJIOIUTHYIHA
AKTHBHOCT Ha CEJICKIIMOHUPAHUS nam
Lacticaseibacillus paracasei 7 1o MeTona Ha JIu-
¢by3us B arap (Tabn. 3). MscrmegBaHusT mmam
MJICUHOKHUCEIIN OaKTepUU NPOsIBsBa c1ada aMuIIo-
JINTHYHA aKTUBHOCT.

Taoaunma 3. AMWIOJIMTHYHA AKTHBHOCT HAa
Lacticaseibacillus paracasei 7, dawka = 6 mm. Kon-
HEHTPANUsATa Ha Jakrobamuaute ¢ 10'2CFU/cm?

I1lam MKB AMMITOIMTHYHA AKTUBHOCT

L. paracasei 7 10,17+ 0,24

H3cnenBane Ha NPOTEOJMTHYHA AKTHBO-
HocT Ha maMm Lacticaseibacillus paracasei 7

[IpoBeneHo e u3cnenBaHe 3a oOmpenesHe Ha
HAIMYAETO Ha MPOTCOJIMTHYHA AaKTHBHOCT Ha
Lacticaseibacillus paracasei 7 o meTona Ha 1u-
¢y3us B arap (Tabm. 4).

Tadnmua 4. IlporeosMTHYHA AKTHBHOCT Ha
Lacticaseibacillus paracasei 7, dawca = 6 mm. KT
(kyarypanana teuHocrt), BCH (6e3kijierpuHa cynep-
HatanTa) 1 KC®P (xierbuyHa cycneH3usi BB Qu-
3uojiornyeH pa3rsop). KoHueHTpauusita Ha Jak-
Todamuante e 102 - 103CFU/cm’.

[lam MKB [IpoTeosuTHYHa AKTUBHOCT
KT 12,67 £0,47
L. paracasei 7 BCH 14,50 + 0,24
KCOP 16,33+ 047

HabnronaBanara npoTeosn3sa ce JbJKU, KAKTO
Ha MPOAYLHMPAHETO HAa MHAYLHPYEMH HPOTEOJIH-
TUYHM €H3MMH OT KJIETKHTE Ha Ifama, Taka W Ha
KHCETMHHA XUAPOJIN3a, pe3yaTaT oT MpoaylHpa-
HUTE OT LIaMOBETE MJICYHA, OLETHA U APYTH Op-
TaHWUYHU KUCETUHH.

OmnpenesisiHe HA eH3UMHMSA NPO(UIT HA aM
Lacticaseibacillus paracasei 7

[IpoBeneHo e m3cienBaHe MO ONpeneNsIHe Ha
eH3uMHusT mpodun  Ha  Lacticaseibacillus
paracasei 7 ¢ oMornra Ha KuT cuctemara API
ZYM (Duwr. 1).

w
)
)
)
)
D
]

FS

EH3HMHAa aAKTHBHOCT

@ur. 1.Enszumen npodun va Lacticaseibacillus
paracasei 7.

* eH3MMHATa aKTUBHOCT Ce OMpeelisi M0 BETHA
ckaja ot 0 (Jimmca HA eH3UMHA aKTUBHOCT) 10 5
(MaKkcHMaJIHA eH3UMHA aKTHBHOCT).

Lacticaseibacillus paracasei 7 mnputexaa
CJICJTHUTE EH3UMHHU aKTUBHOCTH: allkaiHa Gocda-
Ta3a, unaza C4, nunasa C8, numa3a C14, nesnu-
HOBa apuJIaMH/1a3a, BATMHOBA apriIaMu/asa, [c-
TEMHOBa apuiaMujaza, XUMOTPHIICHH, KHCela
docharaza, dochoxumponaza, a-rIOKO3UAA3A,
B-rmoxo3unasa u a-pykosunaza (Our. 1).

I[lepuoagnyHo KyJTHBHpaHe Ha  IaM
Lacticaseibacillus paracasei 7 cTraTM4HO B
KO0JI0M Ha 00e3Mac/IeH0 MJISIKO

Kynrypu Ha Lacticaseibacillus paracasei ce
M3M0J3BAaT KaTO ChCTaBKU Ha MPOOHOTHIIN U CTap-
TEPHU KYITypH 3a (epMEHTHPaM XpaHH, MO
¢dopMaTa Ha MOHOKYITYPH WJIM B KOMOWHAIS C
JPYTY MPOOUOTHYHY JakToOarmiu. Enun ot kpu-
TEPUUTE 3a 000D € TEe3W IaMOBE J]a CE Pa3BUBAT
J00pe B M3IOJI3BAHUTE 33 NMPOMHUIIICHO MPHIIO-
KeHUe (PEepMEHTALMOHHU CPEAM M Ja HaTPyIBatT
BUCOKAa KOHIEHTpAlUs Ha IKU3HECTIOCOOHH
kietku. [lopagum ToBa € OCBIIECTBEHO NEPHO-
IUYHO KyntuBupane Ha Lacticaseibacillus
paracasei 7, KaTo ca oIpejelieHH KOHIIEHTpaIlu-
ATa Ha )KUBUTE KIIETKH 1 KI3MEHEHHETO Ha TUTPYe-
Mara KHUCEIMHHOCT Ha cpenara. Pesynrarure ot
TE3W EKCIePUMEHTAHH HW3CJICJBAHUS ca OTpa-
3eHu Ha Dwur. 2.
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®@ur. 2a. U3MeHeHNe HA KOHIIEHTPAIUS HA KU3-
HECTOCOOHY KJIETKU HAa (pepMEeHTHPATHSI KOHIEHT-
part ot Lacticaseibacillus paracasei7l
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@ur. 26. I3MeHeHne HA TUTPYeMaTa KHCeJIHHHOCT
Ha (hepmeHTHPATHS KOHIIEHTPAaT oT
Lacticaseibacillus paracasei 7

Lacticaseibacillus paracasei 7 npu craTu4HO
passutue 3a 48 h marpynsa Hax 10'% cfu/cm’
JKUBU akTHBHM KjeTku (PDur. 2a), kato 3a ToBa
BpeMe TUTpyeMaTa KHCETMHHOCT Ha cpesiaTa J0C-
trra 108°T (Pwur. 26).

Cy0JMMalHOHHO CyLIeHe

Crnen mpukiiouBaHe Ha (EepMEHTAIIMOHHUS
nporec Ouomacara € IMOOHIIU3UPAaHa B XHIPOKO-
nouaHa Matpuna. Cies 3ampassBaHe 10 TeMIiepa-
Typa -40°C ce nmoanara Ha cyonumarus. Onpene-
JIeH € MUKPOOMOJIOrMYHHUSAT CTaTyC Ha MOJTyYSHHS
mo¢wminzat. Pesyntatute oT Te3u H3CIeIBaHUS
ca orpa3eHu Ha Ta6un. 5 u ®wur. 3.

Cren mponeca Ha jauoduaM3anus ce Habro-
JlaBa HE3HAYMTeNHA pelyKuus Ha Oposi Ha aKTUB-
aute xietku ot 10,85 LogN mo 10,00 LogN, ko-
€TO CHOTBETCTBA Ha BHCOK IPOICHT MPEKHUBSIC-
MocT - 93,39 %. ToBa Ha cBOH pex couu, ye ma-
MBT MPOSIBSIBA BHCOKA YCTOHYMBOCT Ha IMpoleca
Ha TMO(MIIH3aIU 1 OCBEH TOBA ChCTaBa Ha KPH-
ONPOTEKTOPHATA Cpelia U peKuMa Ha CyOsimmanus
ca onTUMasHM 3a u3cnenBanHus mam (dur. 3 u
Tabn. 5). BUCOKHAT MPOIEHT MPEKUBSIEMOCT
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MOKa3Ba, Ye MaMbT € KCEPOYCTOWYHB U B Mallka
CTEIICH ce BJIUsAE OT YCIOBUATA HA CYOIMMAIOH-
HOTO CyIlIeHEe. Y CTOWYMBOCTTA Ha IIaMa KbM YB-
pexnammre GakTopu IpU CYyOIUMAIHOHHOTO CY-
IICHE TO MPaBU [ICHEH 32 MPOM3BOICTBEHHU IICTIH,
THI KaTO HE BCHYKU MIICYHOKUCEITH OaKTEpUH TT0-
Ka3BaT TaKaBa BUCOKA MIPEKUBSIECMOCT U YCTOMYH-
BOCT TIPU MPOU3BOJICTBECHUTE MPOIIECH.

Tabdauna 5. MUKpoOHOJIOTHYEH CTATyC HA JHO-
¢unuzara ua Lacticaseibacillus paracasei 7

Buj Ha u3caeaBaHuTe na- Hopma no Bpoii mo
TOreHHH MHKPOOPraHU3MHU BAC aHaIu3
1.06m Gpoit me3odhmmHN ae-

He noseue
poOHH U (haKyNTaTUBHO aHae- o1 800 ITox 10
poOHH OakTepHI
2.Escherichia coli B 0.1 g or | Jla e ce ye- He ce yc-
TaHOBABAT TaHOBAl-
MIPOJYKTa sar
3.Cyndurpeayuuparuy Kinoc- | Jla ue ce yc- Iiz:;;;c_-
Tpuuu B 0.1 g ot mpoxykTa TAHOBSIBAT sar
4. Salmonella sp. B 25.0 got | Ja ne ce yc- He ce yc-
TaHOBABAT TaHoBA-
MIPOJYKTa sar
5. Koaryna3omnonaoxureaHu He ce yc-
Jla He ce yc-
craduiokoku B 1.0 g ot mpo- TaHOBS-
TaHOBsBAT
JyKTa BT
6. Ciopn Ha MEKPOCKOTIMIHHI He noseue He ce ye-
CFU/ ot 100 TaHOBsI-
IUICCEHH, g Bar
He noseue He ce ye-
7. dpoxau, CFU/g or 100 Ta:;)fﬂ—

Laciticaseibacillus paracasei 7

12

TpeaH MHoGHIH3ALEL el THOGHTHIAHT

®ur. 3. Ipexussiemoct Ha Lacticaseibacillus
paracasei 7 ciel npoueca Ha cy0JMMALMOHHO CY-
neHe

3akiouenne

Upe3 KIACHYECKH W MOJICKYJISIPHO-TaKCOHO-
muuan Metogu MKB 7 e uneHTH(UIMpaH KaTo
npencraBuTen  Ha Buma  Lacticaseibacillus
paracasei. Lacticaseibacillus paracasei 7 npos-
BsSIBa BHCOKAa aHTUMUKPOOHA aKTUBHOCT BBHPXY
pacTexxa Ha MAaTOT€HHUTE MUKPOOPraHU3MU:



Escherichia  coli, Staphylococcus  aureus,
Salmonella  abony, Enterococcus faecalis,
Psaudomonas aeruginosa. [Ipu

Lacticaseibacillus paracasei 7 ce HaOmronasa
SICHO U3pa3eHa aHTUMHUKPOOHA aKTHBHOCT BBPXY
pactexxa Ha canpoQHUTHUTE MUKPOOPTAHU3MU -
Oaktepuu: Bacillus subtilis, Bacillus cereus,
Sacch. cerevisiae, Candida utilis, Mucor luteus,
Rhizopus oryzae, Aspergillus flavus, Fusarium
moniliforme, ¢ u3kimoueHue Ha Aspergillus niger,
Penicillium chrysogenum v IpoXIuTe, BKIFOYCHU
B M3clieiBaHeTO. Upes nepuoauueH hepMeHTaI-
oHeH npouec ¢ Lacticaseibacillus paracasei 7 e
MOJIyYEeH KOHIIGHTPAT C BHCOKO ChIbpIKAaHHE Ha
JKU3HECTIOCOOHH KieTku - Hajg 10Zcfu/cm’. Ot
HETo 4pe3 CyOIMMAIIMOHHO CYyIIEHE € MOJyYeH
JHO(GUIIEH TIpernapaTr ¢ BHCOKO ChAbPIKAHHUE Ha
xusHecnocoOnu kietku (10'%cfu/g), xoero ce 3a-
nma3Ba B Mpolleca Ha ChbXPaHCHUE MPH TeMIepa-
Typa 4+2°C.
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CPABHSIBAHE U OLHEHKA HA ITIOJIAPHU PA3TBOPUTEJIN

Hatanws Anrenosa, Anexcaumsp Jumurpos, Kpacumupa Maputosa, Mopnan JleHes,
Hopnanka Taiesa

COMPARISON AND EVALUATION OF POLAR SOLVENTS

Natalia Angelova, Alexander Dimitrov, Krasimira Marinova, Yordan Denev, Yordanka Tasheva

ABSTRACT: Automobile and public transport are major sources of carbon monoxide (CO), nitrogen oxides
(NOx), particulate matter (soot) and non-methane volatile organic compounds (NMVOCs).

As a result of emissions of these components contained in automobile exhaust gases, especially in large cities,
people are beginning to suffer from a number of diseases.

Key words: extraction. diesel fuel, polar solvents, sulphur

BnBeaenne

3amMbpcsiBaHMsl, KaTo cApaTa B JU3EJI0BOTO Io-
PHBO BOAAT HE CaMO /10 3aMbpCSIBaHE Ha Bb3yXa,
HO T€ CBIIIO Taka MpeJCTaBIsABAaT OTPOBA 3a KaTa-
JUTUYHUTE KOHBEPTOPH, YIIOBHTEIIUTE HA CaXKIH
Y Ha APYTH TEXHOJOTMH 332 KOHTPOJI Ha BPEIHUTE
emucuu. IIpe3 2003 ronuna EBponelickusT nap-
nameHT npue nupektusa 2003/17/EC, kosTo noc-
TaBsl OTPAaHUYCHUE BHPXY ChIbPKAHHETO Ha cspa
B IU3eJI0OBUTE ropuBa oT 10 ppm, BIU3aIL0 B cuia
ot 01.01.2009 romuua [1]. B Pbwarapus covr-
macao IIMC 223/23.09.2008, u3uckBaHusara 3a
ChIbp)KaHUE HA CApa B IU3EJIOBUTE I'OPHUBA OT
01.01.2009 roauna e 10 ppm, a 3a ra3poi 3a Ipo-
MUIIUIEHH W KoMmyHatHH 1enu — 0,2%, xato oT
2010 roguHa M3UCKBAHETO 3a TO3U IMOKA3aTENl €
mox 0,1%.

HupextuBure Ha EC orpannuaBamm mnpowus-
BOJICTBOTO HA TOPHBA C MAKCUMAJTHO ChIbpPKaHHe
Ha csipa oT 10 mg/kg Hamarat Ha IpOU3BOAUTE-
JUTE Ha aBTOMOOWIH JIa TIOCTUTHAT 3HAYHUTEIICH,
JOIIBIIHUTENICH TPOrpec B MOCOKa MOJ00psBaHe
Ha KOHCTPYKLUSTA HA IBUTATEIINTE B IPEBO3HUTE
cpeactBa. lloTeHIMANHUAT IPUHOC HA TOpPHBa C
MaKCHMAaJTHO ChIbpXKaHue Ha apeHu nox 11% e B
MoCOKa ocTurane 1eira Ha EBponeiickara Oou1-
HocT oT 120 g/kg 3a cpenna emucust Ha CO; [2].

HamansiBane Ha chabpKaHUETO HA CSpa B aB-
TOMOOWIJTHUTE TOPHBA JI0 CBPEXHUCKU HUBA OT T10-
psanbka Ha 10 ppm urpae KJiro4oBa pojisl 3a 3Ha-
YUTETHO TIOHW)KaBaHE HAa HUBOTO HA BPEIHUTE
emucun= CBbIBPXKAHAETO HA BHCOK IIPOLIEHT
apeHu (ocobeHo OM- W MONUUMKIMYHH) B
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JIM3EIIOBHUTE TOPUBA CHIO € HEXKETATEITHO TIOPAIH
HHUCKOTO UM IIeTaHOBO unciio. OCBEH TOBa MPH U3~
rapsHCTO Ha NOJUIUKIUNYHUTE apC€HU CC I10J1y4a-
BaT MPOAYKTH, KOUTO NMAT KaHI[EPOTCHHO JICHCT-
BHE€ BbPXY YOBELIKHS OPraHU3bM.

Haii-o0mo TexHomoruute 3a mojiydyaBaHe Ha
JIU3EII0OBO TOPUBO CHC CBPBXHHUCKO ChIbPIKAHHE
Ha cspa MOTarT Jia ce KIacu(UIMpar 1o CIeTHUS
HAYWH: XUAPOOUNCTBAHE, XHIPOKPEKUHT, OHOIIO-
THYHO Jecyi(ypupane, aacopOIHOHHO aecyndy-
pHUpaHe, eKCTPAKIMOHHO JeCyI(ypUpaHe, eKcT-
pakuusi ¢ WOHHM TEYHOCTH, OKHCIHUTEIHA Jie-
cyndypusaius 1 Ipyru..

IMocTuranero Ha Te3W CBPHXHHCKH HHBA Ha
csipa B TU3EJIOBUTE FOPHBA MPECTABIISIBA TOJIIMO
NPEN3BUKATENICTBO 32 CbBPEMEHHOTO Hedrompe-
paboTBaHe.

IIpu ekctpakiuara Ha HEPTCHUTE CYPOBUHH
OTCTPAHIBAHETO HA CEPHUTE CheIMHEHHS OT Hed-
TOINPOAYKTHUTE CTaBa 4Ype3 EKCTPAKIHs C MOJXO0-
JSIIIA Pa3TBOPUTEIH JIO MOJTY4YaBaHETO Ha JU3e-
JIOBU TOpPHBA C HUCKO ChABPKAHHE HA aPEHH W
cepHM cbenuHeHus. IIpensapurennure exkcrepu-
MEHTH [IOKa3BaT, Y€ Ta3! TEXHOJIOTHS PAJAUKAIHO
MOJKE J1a HaMajlM pa3XOIUTe Ha JIW3elHaTa Jie-
cyndypuzanus. AMEPHUKAHCKH H3CJICI0BATEIN
yOeanuTeNHO TOKa3Bat, Y€ TEXHUTE MUIOTHH Tec-
TOBE TMOTBBPIKAABAT INPEIBAPUTEIHHUTE Jabopa-
TOPHHU CKCIICPpMMCEHTH, IMOKa3BalllH, Y€ C€KCTpPaK-
[MOHHATa TEXHOJIOTHS OM MOTJa paliKaIHO Ja
HaMalll pa3XOAMTEe Ha Ju3eNHaTa Jecyidypusa-
nus. Te choOmaBar, 4e B pe3yiTaT Ha IpoBeie-
HUTC IMWJIOTHU U3IIUTAHUA 3a 0663cepBaHe Ha ra-
3b0JI CsIpaTa ce MOHWXaBa 10 12 ppm B IPOIYKTA..



BcnenctBue HempekbCHATUTE MHUIJIOTHH H3IHTA-
HUS U YCIIEITHUTE Pe3yNTaTH aMepruKaHcKa padu-
HepHs € TUTaHMpaJia MOCTPOSBAHETO HA TIPOMMIII-
JICHA MHCTAJIAIUS 32 EKCTPAKIIMOHHO jaecyidypu-
pane [3].

[IpormechT Ha Hecyndypu3anms upe3 eKCTpaK-
U HE W3UCKBAa BOJOPOJH, pabOTH MpH aTMOC-
(depHO HamsTaHe, CPABHHUTEIIHO HHCKa TEMIIepa-
Typa u 0€3 JONBIHHUTENHH CHOPBHKEHUA. TBi
KaTo C€ W3I0JI3BA 3HAYUTEITHO MO-MAJIKO SHEPTHUs
OT XUJIPOOYMCTBAIIUTE WHCTAJAIMH, TOBA BOJIH
0 IpacTHYHO HaMaisBaHe Ha emucunute ot CO;
u ot NOy B atmocdepara [4].

B Ta3u Bpw3ka e m Hacrosmarta pabora, a
WMEHHO CpaBHSABaHE M OIeHKa e()eKTHBHOCTTA Ha
Pa3IMYHU MOJISIPHY pa3TBOpUTENH Ha 0a3a Ha pa3-
MPeJeNICHUETO Ha OMpeelieHH BBIVIEBOJIOPOIH
cien m1abopaTopHO EKCTPAKIIMOHHO OYNCTBaHE HA
CPeIHOeCTHIIaTHA CypOBHHA.

ExcnepumeHnTanna yacr

TpsiOBa na ce orOenexw, e au3enopara Gppak-
U1 € IPOU3BO/ICTBO Ha ,,bhITapcka meTpoiHa pa-
¢unepus “ EOO/- rp. Codwus u ¢ men yctaHOBS-
BaHe Ha €(QEKTUBHOCTTA HA PA3IMYHHU IOJISIPHU
pa3TBOpHTENHN Oelie NOoAI0XKEeHa Ha JJadopaTopHa
TEYHOCTHA EKCTPAKLHUS M0 METOMKA, OTHMCAaHA B
(5, 6].

Kato nomnsipau paszrBopurenyu 0sxa moadpaHu
cnequute: MET, JIET, IM®A, u dypdypan. 13-
OOpBT Ha Pa3TOPHUTENIN CE OCHOBABAIE HA YCIIO-
BHETO CYpPOBHHHATAa M CHOTBETHHUTE Pa3TBOPH-
TCJIN Jla MPUTE)KABAT KpUTUIHA TEMIICpaTypa Ha
pasztBapsine ¢ 10-15 °C mo-HuCKa OT TeMIepaTy-
para Ha NpOBEXKIaHEe HA OT/EIHUTE EKCTPAKIIH-
OHHH TIPOIIECH, TIPOMHUIIIIEHO NPHUIOKEHNE U Ce-
0eCcTOWHOCT Ha OTJETHUTE MPOIIECH 1 HE Ha 1MoC-
JIETHO MSACTO TPEIXOJHH M3CIE/BaHUS HA aBTO-
pure.

Bb3 OCHOBa Ha IMpPEJCTABEHHUTE EKCIIEPUMEH-
TaJIHU JaHHU 3a CKCTPAKIUOHHOTO OYHMCTBAHEC HA
M3ClieBaHaTa OT HAc CypOBMHA ce JI0Kasa, 4e
TaKa MoJA0paHUTE CEIEKTHBHU Pa3TBOPUTEIH OT-
JIeTIST YCTIEIIHO CEPHUTE CheJMHEHHUS OT CPEIHO-
JECTHIATHUTE (PpaKIIMK, KAKTO M CIIOMaraT 3a Ha-
MaJISIBAHETO HAa KOJMYECTBOTO HAa apeHOBHUTE
BEIIIEBOJIOPOAM. JIaHHUTE OT OTAETHHTE eKcIie-
PHMEHTH NOKa3BaT, 4ye BCHMYKH M30paHU OT HacC
Pa3TBOPHUTEINH ca Hall-e(heKTUBHHU ITPU CHOTHOILIE-
HHUE: CypOBHHA:CEJIEKTUBEH pa3TBoputen =1:2, u
TeMmreparypu ONHM3KH JIO KPUTHYHUTE TeMIiepa-
TYpH Ha pa3TBapsiHE HA OTJCITHUTE CHCTEMHU.

VYcraHoBH ce, Y€ KOJKOTO € MO-TOJSIMO TIPO-
LEHTHOTO CbABPKAHNE HA CCPHUTE CHbCIMHCHUA B
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M3XO0JHATa CYpOBUHA, TOJKOBA MO-TOISIMO € Tpo-
[IEHTHOTO HaMaJIeHHe Ha Te3W CheIWHEHHS B I10-
JydeHUTe paduHaTy.

BunHo e, ye ¢ moOmkaBaHe Ha TeMIIEpary-
paTa Ha Tporieca, 10 KpUTUYHATA TeMIIepaTypa Ha
pa3TBapsiHE HA OTACTHHUTE CHUCTEMH, IPaBU IIO-
e(heKTUBEH TMpolleca Ha OTIEISIHE Ha CEPHUTE
ChEIIMHEHUS OT CPETHOACCTUIIATHUTE (PpaKIIny.

ExcriepuMeHTanHuTE JAHHW ITOKA3BAT, Y€ yBE-
JIMYaBaHETO HA KOJUYECTBOTO HA Pa3TBOPHUTEIS
CBHIIIO BOJYU J0 MOBHIIABAHE HA W3BJIMYAHETO HA
CEepHHTE W apeHOBH BBITIeBomopoan. Ha crensa-
nmTe GUrypu ca NpeJCTaBeHU CKCIICPUMEHTAITHI
pe3yATaTH OT pa3NpeneleHHETO

6 8 10 12 14 8 20
CbabpKaHue Ha capa, %
®ur.1. PaznpeneneHue Ha OTACIHATE KOMIIO-
HEHTHU B paHAT, MOJTY4CH MPH EKCTPAKIIUS C
METI', choTHOLIEHUE U3CIEIBAHA CYPOBHHA:

METI= 1:1

16

0

7z
10 12 14 16 18 20

CbabpxaHue Ha capa, %

6 8

®@ur.2. PaznpenencHue Ha OTACIHUTE KOMIIO-
HEHTH B pa(uHaT, TOJTY4YEH IIPHU EKCTPAKIIHS C
METI', croTHOLIEHUE U3CIE€IBAHA CYPOBHHA:
MEI'=1:2



6 8

CbabprkHUe Ha csipa, %

10 12 14 16 18

®@ur.3. PaznpenencHue Ha OTACITHUTE KOMITO-
HEHTH B paUHAT, TIOJTYYCH IIPU EKCTPAKIIHS C
HEI', cboTHOLIEHHE HU3CleIBaHA CYpPOBUHA!
HEI'=1:1

80

0
18 20

6

CbAabvpxaHue Ha csapa, %

8 10 12 14 16

®ur.4. Paznpenenenue Ha OTASITHUTE KOMIIO-
HEHTHU B paUHAT, MOIY4EH MPH EKCTPAKLUS C
HEI', cboTHOLIEHHE HU3ClIeIBaHA CYpPOBUHA!
HEI=1:2

IIpenacraBenure Qurypu NOTBBP)KAABAT HE
caMO TIOJyYEHHUTE €KCIEPUMEHTAIIHU pe3yJTaTH
OT €KCTPAaKIMOHHOTO OYHMCTBaHE Ha M30paHa OT
Hac CpeJHOAECTHIATHA CYPOBHHA, HO M JAaHHUTE,
MOJTyYEHH OT APYTH aBTOPU U MPEICTABEHH B JIH-
tepatypara. OT npencraBeHuTe GUTYpH € BUIHO,
ye no-eexTuBeH pazrBopuren ce sBssa JIEI" u To
B ChOTHOIIEHHE 1:2.

W3cneaBanusTra HU MPOABIDKHXA C CpaBHS-
BaHEe U OLIEHKa Ha pa3TBoutenure Qypdypan u
JAM®A, KOoUTO KaKTO € M3BECTHO C€ M3IOJ3Bar,
KaTo pa3TBOPUTENHN 32 OYMCTBAHE OT HEXKETaHH
KOMIIOHEHTH OT MacJleHH KoMIoHeHTu. Ha cien-
BaluTe (GUTypH ca NpeCTaBEHH MOTYyUCHUTE pe-
3yJATaTH OT Pa3NpeAesIeHNEeTO Ha OTJEIHUTE KOM-
MMOHEHTH B paQMHATH, ITOJTyUYEHH MTPH EKCTPAKIIHS
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B JIaOOpaTOPHH YCIOBHS IPY CHOTHOIIEHUE CPEl-
HOJCCTHIJIaTHA CypoBUHA:pa3TBouTeN = 1:1 1 1:2.

10

CbabpxaHue Ha capa, %

20

®@ur.5. PasnpeneneHue Ha OTACIHUTE KOMIIO-
HEHTHU B padMHAT, TOTYUEH IPH EKCTPAKLUS C
JAM®A, choTHOIIICHHE U3CTIEBaHA CYPOBUHA!
IM®DA=1:1

6
CobaobprkaHue Ha csapa, %

8 10 12 14

@ur.6. PasnpeneneHue Ha OTACIHUTE KOMIIO-
HEHTH B papuHAT, TIOTYUYEH MPH EKCTPAKITHS C
JAM®A, choTHOIIICHHE U3CTIEBAHA CYPOBHHA!

JAM®DA=1:2

Ot ¢wur. 5 u ¢ur. 6 ce ycTaHOBsIBa, 4e Oue-
BUJIHO Ma Halu4re Ha eeKT Ha 3arpeleNBaHe,
KOWTO ce sBsIBa, KATO XapaKTePHCTHKA Ha I10J10-
paHMTE OT HAC YCIIOBHS 3a 00paboTBaHe Ha Cypo-
BUHATa U JOCTUTaHE HAa PaBHOBECHO CHCTOSHHUE B
pasnpeneseHueTo Ha KOHLEHTpalusTa Ha cep-
HUTE CHEAMHEHHS] U apeHOBH BBIVIEBOJOPOIN B
o0paboTBaHaTa OT HAC CypOBWHA M Ta3M B MOJ0-
paHuUs OT HAaC Pa3TBOPUTEN. Y CTAHOBEHHUTE EKCIIe-
PUMEHTAITHO PAaBHOBECHH CHCTOSIHUS YIOBIIETBO-
psBAT TMPAKTUYECKUTE HYKIH, 3alI0TO ca JOC-
TUTHATH 3nckBanusaTa Ha EC 3a chabppkanue Ha
csipa M apeHOBH BBIJIEBOAOPOIU B M3CIIeIBaHATA
OT Hac CpeHoeCTUIaTHA QpaKLusl.



6 8

CbabpxaHue Ha cspa, %

10 12 14 16 18 20

®@ur.7. PaznpeneneHue Ha OTACIHUTE KOMIIO-
HEHTHU B padMHAT, MOTY4EH IPH EKCTPAKLIUS C
¢bypdypai, ChOTHOLIEHHE U3CIICIBaHA CYPOBUHA!

bypdypan= 1:1

7
8

6 10 12 14 16 18 20

CbabpxaHue Ha capa, %

®ur.8. Paznpenenenue Ha OTASITHUTE KOMIIO-
HEHTHU B padMHAT, MOTYUEH IPH eKCTPAKIIUS C
bypdypan, CbOTHOIIEHHE H3CIIeIBaHa CypOBHHA!

bypdypan= 1:2

[IpoBenenure n3cnaenBaHus O OTHOIIEHUE HA
pasNpeseNeHueTO Ha OTACIHUTE BbIIIEBOJOPOIU
B padMHATHTE, IOITYYEHH OT TEUHOCTHH EKCTPaK-
[IMOHHU TIPOIIECH B TaOOPAaTOPHU MPOLIECH TOKa3-
BaT Bb3MOXKHOCTTA 3a IOJIy4aBaHE Ha JU3EJIOBU
KOMIIOHEHTH ¢ 00JIeKYeH ChCTaB HE caMo IO OT-
HOLIICHHE HAa CEPHUTE CBEAMHEHMS, HO U IO

OTHOIIIEHUE Ha aPEHOBUTE BBHIJTICBOAOPOIN, KAKTO
0Ou, Taka ¥ MOJIUIUKIAYHH,
3akioueHne

OT mpencraBeHUTe PE3yITATH 1O OTHOIICHHUE Ha
CpaBHEHHE W OIICHSBaHE Ha MOAOpaHUTE OT HAC
Pa3TBOPUTEIIN MOXKE Jla OTOCIIIKY, Ye Hal-100pu
PE3YNTATH ce NOJIydaBar MpHu U3M0JI3BAHE Ha pa3-
tBOpuTeN [IM®DA, cenekTuBeH ChIIO Taka € Qyp-
(dypana, a Hal-JIOIIO MOBEJACHUE HA pa3TBapsHE
nokazea MEI', JIEI' 3aema MEXIUHHO MOJIOXKE-
HHE.
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BJIMAHUE HA TIOBBPXHOCTHOTO HANIPEKEHUE BBPXY PA3XOJA HA TOPUBO B
CBbBPEMEHHUTE ABTOMOBUNJIN

Hatanbs Anrenoa, Kpacumupa Mapusosa, Mopnan Jlenes, Mopnanka Tamesa

INFLUENCE OF SURFACE TENSION ON FUEL CONSUMPTION IN MODERN CARS

Natalya Angelova, Krasimira Marinova, Yordan Denev, Yordanka Tasheva

ABSTRACT: In recent years, rapid growth in population, industrialization and transportation have led to a high
demand of energy throughout the world. The major portion of the energy demand is met with fossil-based fuels,
such as petroleum, coal and natural gas. Among them, diesel is widely used in the transportation, agriculture,
construction and power generation sectors due to the higher thermal efficiency of diesel engines compared to petrol
engines. However, the rapid depletion rate of petroleum based fuels as well as the environmental degradation due
to vehicular pollution directly affects the stable global ecosystem. To circumvent these issues, researchers have
been looking for an alternative fuel that can reduce the dependence on petroleum-based fuels. Biodiesel — a
renewable, biodegradable and non-toxic fuel — is one of the best candidates that can replace conventional petro
diesel to strive towards sustainability. It is a mixture of alkyl esters of long-chain fatty acids produced by
transesterification reaction of vegetable oils or animal fats.

Key words: diesel fuel, biodisel, surface tension, cars

BnBeaenne

H3BecTHO e, 4e ropuBara c MO-HUCKA IUTBT-
HOCT, BUCKO3UTET U NOBBPXHOCTHO HaNpeKeHHUE
B CPaBHEHHE C JIN3EJIOBOTO TOPHBO MOKA3BAT I10-
MaIIbK CPEICH pa3Mep Ha KaITIUIUTEe, KOETO MOXKE
Ja Hachbpyd IHO-PAaHHOTO BIPBCKBAaHE Ha TOpU-
BOTO U MO-I0OPOTO Pa3NPbCKBAHE B INU3EIOBUTE
JIBUTATENH. ABTOpPH CHOOIIABAT, Y€ TOPEHETO,
E€MHICHUTE U IPOU3BOAMTEIHOCTTA HA JIBUTATEJIS
ca IPSIKO CBBP3aHU C Pa3IPbCKBAHETO Ha CIpes U
CMECBAaHETO Ha TOPUBOTO ¢ BB3AyX [1]. CnemoBa-
TEJTHO, XapaKTEPUCTUKUTE Ha Pa3NpPbCKBAHETO CE
nonoOpsiBaT OnarogapeHue Ha QUHOCTTA Ha pas-
NPBCKBAHETO, KOETO HaMaIsABa 3a0aBsSHETO HA 3a-
MajBaHEeTO Ha TOpUBOTO [2]. 3abaBsHETO Ha 3a-
NaJIBAHETO € CUJIHO MOBJIMSHO OT ITbPBOHAYAIIHO
u3napeHara ¢pakuus Ha ropuBoto. CremoBa-
TEJIHO, 320aBSHETO Ha 3aMalBaHETO CE YBEINYaBa
C MOBHINIABAHE HA TEMIIepaTypaTa Ha KUTIeHe, Thi
KaTo 3a M3MapsiBaHe Ha ITbPBOHAaYaIHATA (DpaKus
Ha TOPHUBOTO € HEOOX0ANMO TToBede Bpeme. 3ada-
BSHETO Ha 3aMaliBaHeTo, 00ade MOoXKe Jia ce KOHT-
pojMpa OT Ipyrd HNPOMEHIIMBH, KaTo IIE€TaHOBO
ymcio [3], TemnepaTypa Ha CMECTa, Mapu U KOH-
meHTpanus Ha kuciopon [4]. Yaemkerure 3aba-
BSHUS Ha 3alajBAaHETO IO3BOJISABAT HaMajlsiBaHe
Ha oOpasyBaHeTo Ha TBbpAU yactuuy (PM), Tei
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KaTo € HAIMYHO M0BEYE BPEME 32 IIPEABAPUTEIIHO
cMecBaHe [5]. HamansBanero Ha emucunte Ha PM
MOJKE Ja c€ ABJDKU Ha MO-IIBJIHO U3rapsiHe Ha To-
puBoto [6]. OcBeH TOBa, KOraTo ce paboTH C Au-
3eJI0BO TOPUBO, € ChOOIICHO, Y€ EMHCHUUTE Ha
NOx Morar J1a ObJJaT 3HAaYUTEITHO HAMaJIeH! upe3
MpujIaraHe Ha paHHO BpEME 3a BOpPBbCKBaHE [3].
Jlomo XOMOreHM3UpaHUTe FOPUBa BOJAT CTPYsITa
Jla ce TPeBbPHE B OCTpa Iapa, BMECTO B CIpEH,
CbCTaBEH OT MaJKH Kalluyhld, KOETO BOAM [0
JIOIIO TOpEHE, KOETO NPOM3BEXAa YepeH UM H
emucuu Ha 3ambpcutenu [7] u PM [8]. Jlomo xo-
MOTEHU3MPAHNUTE TOPUBA CHIIO Taka HachbpyaBaT
Pa3BUTHETO HA HATPYIIBaHE Ha BBIJIEPOA B TOPUB-
HaTa KaMepa, KOeTO MOXKE Jja UMa BPE/IHU IocCe-
nuty 3a nuratens [3]. OcBeH ToBa, aIeKBATHOTO
XOMOT€HHU3HpaHEe IOBHIIABA €(PEKTHBHOCTTa Ha
nBurares [9].

[Ipu pabora c ropuBa, cMeceHu ¢ Onoan3ed, €
CHOOIIEHO, Y€ XOMOTEHH3HMPAHETO C€ BJOIIaBa
ChC CHOTHOILIEHHWETO Ha CMECBaHe Ha Ouoamsena
[IOpajJy yBeITNIaBaHETO HA BUCKO3UTETA U TTIOBBP-
XHOCTHOTO HampexkeHne B cMmecta [9]. Bemnpeku
ToBa, criopeA Di et al. [6], Ononuzena uma mo-Bu-
COKO CBIbpKaHHE Ha KUCIOPOJ OT JHU3EI0BOTO
TOPUBO, KOETO AOMIPUHACS 32 MO-IIBJIHO U3rapsHe,
0co0eHO 3a HamMaJlsiBaHEe Ha €MHCHUUTE Ha BbIJe-



Bogopoan, CO, ToTyeH U KCHUJICH, KaTo ChITEBpe-
MEHHO HHXHUOHpa 00pa3yBaHETO HA CAKIIA M EMHU-
cuute Ha PM B nuzenoute auratenu [5]. Tlo
Mo100CH HAYMH, PA3JIMYHA KUCIOPOIHU T00aBKU
MO3BOJISIBAT HaMaJsiBaHE HA EMHUCUHUTE Ha JBHUTa-
tens [7]. OcBeH ToBa, B [8] ce mocouBa, 4e KaKTo
MO-BHCOKOTO ChABPIKAHUE Ha KUCIOPOJ, Taka U
aJIeKBaTHOTO aTOMH3UpPaHe Ha CIIpest MOTaT Ja Ha-
MaysIT o0pa3yBaHETO Ha CaXad. Bempekn ToBa,
Ouou3ena oTaeNs mo-Bucoku emucuu Ha NOX oT
JTU3EJI0BOTO TOPUBO, KOETO CE JIBJIXKH Ha MOBUIIIC-
HOTO HHBO Ha KHUCIIOPOJ B TOPUMHUTE CMECH U TI0-
BHCOKaTa TeMIIEpaTypa Ha FrOpeHe.

Edexture OT M3MOI3BaHETO HAa PACTHTCIHH
Macia B HeMOIU(DUIMPAHH AU3EIOBU IBUTATEIN
e 3aBUCAT O TOJisiMa CTENeH OT YyBCTBHUTEI-
HOCTTa Ha JBUraTelid KbM BIPBCKBAHETO Ha ToO-
PUBO W OT XapaKTEPUCTUKUTE HA TOpPEHE Ha pac-
TATENHOTO Macio. ChINECTBYBAIIUTE JH3EIIOBH
JIBUTATEIM UMaT CUCTEMH 3a BIPHCKBAHE Ha TO-
PUBO, KOUTO Ca MOJATIUBU Ha (PU3UKOXUMHYHU
mpomenu. Crniopen Agarwal et al., korato ce us-
non3BaT SVO kato ropuBo B HeMoAH(UIIUpaHH
JTU3EJIOBU JIBUTATeIH, KPAaTKOCPOYHHUTE TECTOBE
MOKa3BaT JOOPH pe3yNTaTH; IbJITOCPOYHUTE TeC-
TOBE 00ade TIOKa3BaT IO-BUCOKH EMHUCHH Ha
TBBPJU YACTHUIM, KAKTO W MPOOJIEMHU, CBBP3aHU C
KOKCYBaHE Ha BIIPhCKBAHETO, YBEIMYaBaHE HA OT-
JaraHWATa B NWJIMHIPHUTE, 3aJlelIBaHe Ha MPHCTE-
HUTE M HEU3rOPsJIO TOPUBO B CMa304YHOTO Macio.
OOmonpueTo e, ue GU3MKOXUMUUHUTE CBOMCTBA
Ha TOPHBOTO, KaTO IUTHTHOCT, BUCKO3UTET M IO~
BBPXHOCTHO HaIPEXEHHE, ca Hail-BIUSTEIHUTE
CBOWMCTBa Ha BIPHCKBAHETO U AaTOMU3AIUsATA,
CBBpP3aHH C KAYECTBOTO Ha 3aIalIBAHETO B KOMII-
PECUOHHUTE ABUTATENU [2], OCBEH reOMeTpusTa
Ha WHXKeKImoHHaTa cucteMa [3]. CinemoBarenHo,
3aJIbJIOOYCHOTO TI03HABAHE HA TEXHUTE CTOM-
HOCTH B IIIMPOK TEMIIEPATypPEH TMANIa30H € OT OC-
HOBHO 3HAYCHHE 33 XapaKTepu3UpaHe Ha MPOU3-
BoguTenHocTTa Ha SVO KaTo ropuso.

Llenta Ha MpoBeneHUTE HAYYHH W3CJIEIBAHUS
OTpa3eHU B HACTOAIIATA CTATHS € J]a CE TPOCIIEH
BJIUSIMMETO Ha TIOBBPXHOCTHOTO HAIPEIKECHUES
BBPXY pa3xo/ia Ha TOPUBO Ha CMECH OT JTU3EJI0BO
TOpPUBO U OMOM3EN BTOPA FeHepallys 1 HUICKOOK-
TaHOB OCH3WHOB KOMITOHEHT.

C 1en yCTaHOBSIBAHE BIUSHHUETO HA MOBBPX-
HOCTHOTO HAaNpPEXeHHE BBPXY pa3xojia Ha Cpel-
HOJIECTHJIATHU CMECH, ITbPBOHAYAIHO Osixa 1Mo a0-
paHH CJICIHUTE CYPOBUHHM: Ia3b0J1 3a M3BbHITbTHA
Y TpaKTOpHA TEXHWKA, OMONIM3eN BTOpa reHepa-
M M HHUCKOKTaHOB KoMIlOHeHT. [locnemnHute
Osixa oxapakTepusnupaHu (QU3NKOXUYMHO. Pe3yi-
TaTUTE ca OTPA3CHH B CJICIBAIIMTE TAOJIMIIH.

Taoauna 1. PusMKoXMMUYHN XapPaKTEPUCTHKY Ha
rasboll 32 H3BbHITETHA U TPAKTOPHA TEXHHMKA

No Iloxazarenu Metoau Ha Croii-
HM3MHUTBAHE HOCT
1. | IImptHOCT TIPH 15 BJIC EN 858 0
°C, kg/m® ISO 3675 )
2. | JleCTUNAIIMOHHHK BJIC EN
X-KH ISO 3405
0 o
10 %., °C 236
0 o,
75 %., °C 305
3. | Ilmamna T-pa cbC BJIC EN 66
3aTB. THrel, °C ISO 2719
4. | Cepgppxanne Ha | BJC ISO 200
csipa, mg/kg 20846

Tadauua 2. PU3NKOXUMUYHA XapaKTEpUC-

THUKa Ha JU3€JI0BO TOPUBO

Mertonm Ha o
[Tokazarenu CTOMHOCT
M3MHUTBaHE
[IreTHOCT TipH 15°C, BAC EN
g/cm’ ISO 3675 0.8334
IInamua temnepa- BJIC EN 64
Typa, °C ISO 2719
IeranoB uHIEKC IBS{[)C4§21 53
KunemarnueH Bucko- BAC EN
suret npu 40 °C, ISO 3104 + 2.88
mm?/s AC
JecTunanuoHHu xa- BJC EN
pakTtepuctuky, °C ISO 3405
H. k.,°C 180
10 %, °C 204
50 %,°C 244
90 %,°C 324
95 %,°C 346
K. k.,°C 350
BJIC EN
Csipa, mg/kg 1SO 20846 10,0
N BAC ISO Otcner-
Bona, % (v/v) 3733 e
MexaHuyHU NpU- Cr. na CIB OrcbeT-
mecH, % 2876 BHUE
Ilenen, % IBSZC[)C6§}1\IS 0.004
I'pannyna Temmepa-
Typa Ha QuITpye- BACEN 116 -10
mocT, °C
KokcoB octarnk (Ha
10% ot mecTuimaru- 1;3201(1: 01?;10 0.004
ara), %
CoappxaHue Ha TO- BJIC EN 15.0
JUIWKICHN apeHH , % 12916 ’
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Tadauua 3. PU3NKOXUMUTHHA XapPaKTEPHC-
TUKHW Ha OMOJIU3EIT BTOPA TeHepaIusl

Ilokazarenu Metoau CroitHoCT
BroHIen suna:
KaeHUKaBa,
HETpo3p. Mac-
nmoobpa3Ha Ted-
HOCT ¢ (puHa
OpraHuYHO OMHCa- Busya- yTaiika (mpu
HHE JIcH, CeH- cTaiiHa TeMII-
30peH
pa)
Mupuc: cuies,
HecrienupuueH
3a OmpeJeNeH
BHJ MacJIo.
BJIC EN
MacTtHo-KuCceInHEeH ISO
cbcTaB, % 12966-
1:2015
JlaypuHoBa K-Ha 0.2
MupuctrHOBa K-Ha 0.9
ITanmuTHHOBA K-Ha 25.8
IlanmuTOOIEMHOBA 15
K-Ha
CreapuHOBa K-Ha 6.9
OnenHOBA K-Ha 37.4
JInHoNOBa K-Ha 243
JInHOJIeHOBA K-Ha 2.1
ApaxrHOBa K-Ha 0.3
Eiiko30HOBA K-Ha 04
bexenoBa x-Ha 0.2
BJIC EN
CpabpxaHue Ha ISO 31
cspa, mg/kg 20846:20
20
Bnara u oneuncrBa- ASTM D
6304:202 1500
Husi, mg/kg 0
BJIC EN
Hozro =ucro, 395301 102
mgl,»/100 g 8.
IIpun. B
BC EN
Kucemuano
yucno,mg/kg 150 94
’ 660:2018
BJC EN
CB0o0OOIHH MaCTHU ISO
KHCENMHU (KaTo 660:2018 4.7
oyienHoBa), % N3uncn.
METOJ]
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Tabéauna 4. ®U3uKOXUMUYHU CBOWCTBA HA HUCKO-
OKTAHOB OCH3MHOB KOMIIOHEHT

ITokazarenu Merop Ha u3- .
TBAHe CTOMHOCT
JlecTunanmOHHN BJIC EN ISO
XapaKTePUCTHKHI 3405
H.K., °C 50
10 %, (v/v), °C 70
20 %, (v/v), °C 78
30 %, (v/v), °C 83
40 %, (v/v), °C 88
50 %, (v/v), °C 92
60 %, (v/v), °C 97
70 %, (v/v), °C 102
80 %, (v/v), °C 108
90 %, (v/v), °C 117
K.K, °C 129
CopabpikaHue Ha BJIC
oeHseH, % ENI12177+ AC 0.6
2003
Copaepxanue Ha | BJIC EN ISO 23
capa, mg/kg 20846
Boriesoaopo- |\ gryrp 1319
JIeH cbeTaB, %
-one(uHU 14.1
-apeHu 22.0
[MoerHoct npu | BJC EN ISO 0.745
15 °C, g/em® 3675 )
Hansrane Ha Ha-
cutenn  mapu, | ASTM D 323 51.6
kPa
Nonso YHUCIIO, Cr ra CUB 47
gJ>/100g 2380 )
OKTaHOBO BJIC EN ISO 87 4
gucio, /RON/ 5163 ’

Tadauua S. IIpoueHTHO ChOTHOILIEHUE HA OT-
JIETHUTE CMECH

Kommonentu chOTHOIIEeHue, %
CMEC 1
Jun3enoBo ropuso 83
buonuzen BTOpa reHepa- 7
st
HuckooktaHoB O€H3MHOB 5
KOMIIOHCHT
I'a3ponm 3a W3BBHOBTHA H 5
TPaKTOpHA TEXHHUKA
CMEC 2
Jwu3zenoBo ropuBo 79
buonuzen BTOpa reHepa- 7
Mt
HuckookTaHoB O€H3MHOB 7
KOMIIOHEHT
I'asponn 3a W3BBHOBTHA U 7

TPAKTOPHA TCXHUKA




CMEC 3
Jln3enoBo ropruBo 73
buonusen BTOpa rexepa- 7
LU
Huckooktanos OeH3MHOB 10
KOMIIOHEHT
I'a3bon1 3a M3BBHOBTHA U 10
TPaKTOpPHA TEXHHUKA

['opuBara, KOUTO Ce N3MOI3BAT B IBUTATEIINTE
C BBTPELIHO ropeHe TpsiOBa Ja obe3nevaBar moj-
XOJISIIM YCIIOBUS 32 MPOTHYAaHE HA HOPMaJIeH pa-
6oten npouec. [1o Ta3n nmpuunHa B CTaHAAPTHTE
ce MPEIBIKIAT TPaHHUIM 32 BapUpaHe Ha CTOM-
HOCTHUTE Ha EKCIUIOATALIMOHHUTE U (PU3MKOXH-
MHYHHATE MM IIOKa3aTenu. B Tiax ce BKiIrouBar
BCHYKHUTC IPOLECCHU, KOUTO IIPOTHUYAT C rOpHUBaTa
OT MOMCHTA Ha MPOU3BOJACTBOTO UM /10 ITBJIHOTO
UM U3Pa3X0/IBaHe.

HM3BecTHO e, 4e M3MmapeMocTTa Ha TOpHBaTa ce
OIpeJIeNs OT CKOPOCTTa Ha IIPEMUHABAHETO UM OT
TEYHO B Ta3000pa3Ho checrosHue. KommuecTBoTO
ce OLICHsABA 110 KpHBaTa Ha (PAKIIMOHHUS CHCTAB,
MOBBPXHOCTHOTO HANPEKEHHUE, TOIUTHHA Ha Mapo-
oOpazyBane, KoeUIHUEeHT Ha Au(y3Hsl Ha TTapUTe
U IpYyTH.

[ToBBPXHOCTHOTO HANpEKCHHWE € BakHA Xa-
paKTEepUCTHKA 3a OICHSIBAaHE HA Pa3lpPbCKBAHETO
Ha TOPUBOTO — FOJIEMHHATA HAa KalYUIUTE € TIpa-
BOITPOTIOPIIMOHAIHA HAa ITOBBPXHOCTHOTO HArpe-
KeHne. Mexay IeCTHIAMOHHUTE XapaKTepuc-
THUKH, TUTBTHOCTTA U TIOBBPXHOCTHOTO HaIpeKe-
HHE chInacTByBa Kopenaims. C yTexHsBaHE Ha
CbCTaBa Ha rOPMBOTO U YBCJIMYABAHE Ha HErOBaTa
IIJIBTHOCT € U3BCCTHO, Y€ MNOBBPXHOCTHOTO HaIl-
pexeHue HapacTBa. To3W IMOKa3arTen ce BIUse
CBIIO TaKa OT CHABP)KAHHETO Ha CMOIIM, CEPHHU
ChEIMHEHUSI K ADCHOBHU BBIJIEBOIOPO/IH, OCOOCHO
MOJMIHUKINYHA. BHCOKOTO UM ChABKaHHE IOII-
pHHAcS 3a BUCOKO MOBBPXHOCTHO HANPEKEHHE HA
rpaHunaTa ropuBo-Bb3ayx. OT Apyra cTpaHa Cbr-
nacuo 3EBU B nuzenoBuTe ropusa TpsiOBa 1a ce
chabpxka 10 7 % (vol./vol.) 6omuzenoBo ropugo,
a KakTO € M3BECTHO TO € C MM0-BHUCOKA IUIBTHOCT,
KaKTO M XMMUSTA Ha TOPEHE Ha IMOCIIEIHOTO Ce
pa3nryaBa 3HAYMTENHO OT KOHBEKIHOHAIHOTO
JIM3EJI0BO TOPUBO, HO MPEAMMCTBOTO Ha TO3U
KOMITIOHCHT € HYJICBUTC €EMHUCHUU HAa CEPHU CHEIH-
HEHUS 1 HaMaJIeHH EMHUCHHU Ha BBIJIEPOJICH JIUOK-
CHIL.

Bb3 ocHOBa Ha ujesATa Ha Pa3IMYHUA ABTOPH
3a tobaBsiHe Ha OEH3MHOBA (PAKIUsS B TU3EIOBO
TOPUBO C YTEKHEH ChCTaB WIIM ITO-BUCOKA TEMIIE-
parypa Ha KHITUHE, HAE PEIIMXMe Jla U3C/Ie/IBaHe
IMOBBPXHOCTHOTO HAIIC)KECHUEC HA T'OPUBHU CMECU
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1,2 1 3, KOUTO ca ChCTAaBEHH OT JIM3EII0BO TOPHBO,
ra3boJl 32 U3BHIIBTHA U TPAKTOPHA TEXHHKA, OU-
0JIM3€JI0BO TOPUBO BTOpA TeHEepaIusl U HUCKOOK-
TaHOB OCH3MHOB KOMITOHEHT, NPOW3BOJICTBO Ha
,.bbarapcka Ilerpomna Padunepus EOOJ — rp.
Codus.

ITOBBPXHOCTHOTO HamNpeXEeHHUE Oele H3Me-
peHo 1o meToa Ha PeOunzaep 3a Temmemeparyp-
Hus uHTepBan ot 25 1o 80 °C. IlomyueHure exc-
MIEPUMEHTATHN PE3YNITaTH ca MPECTaBeHU B Ta0-
JIMIH 6 U 7.

Tabauna 6. ExcrieppMeHTaTHO H3MEPEHU
MOBBPXHOCTHHU HAMNPEKEHUS HA U3CIICABAHUTE

CYpOBHMHU
[ToBBPXHOCTHO HampekeHre, mN/m
t°C Ausenoso Bromuzen I'aszpon
TOPUBO
25 6.308 6.470 4.571
30 5.864 5.635 4.138
35 5.423 4.809 4.121
40 4.571 3.990 3.693
45 4.138 3.575 3.678
50 4.121 3.163 3.663
55 3.694 2.362 3.242
60 3.270 1.960 3.228
65 2.850 1.561 2.813
70 2.433 1.553 2.801
75 2422 1.160 2.391
80 2.010 1.154 2.380

Tabauua 7. ExciepuMeHTaTHO U3MEPEHH M0~
BBPXHOCTHH HAaIIPEKEHUS HA M3CIICABAHUTE

CMECHU
IToBbpXHOCTHO HampexxeHne, mN/m
t, °C

cmec | cmec 2 cmec 3
25 4.067 4.490 3.254
30 3.647 3.642 2.822
35 3.227 3.223 2.810
40 3.213 3.209 2.797
45 3.205 2.795 2.387
50 2.787 2.783 2.376
55 2.774 2.770 2.366
60 2.367 2.364 2.355
65 2.357 2.353 2.344
70 1.955 2.343 1.945
75 1.946 1.943 1.936
80 1.550 1.935 1.927
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[Tony4ueHuTe  eKCHEPUMEHTATHH  JaHHUTE
NpE/ICTABEHH B HACTOsIIIaTa paboTa 3a ompese-
JISTHE Ha MOBBPXHOCTHOTO HANPEKEHHE B KaTo Xa-
paKTepUCTHKA 32 O[CHSIBAHE Ha BIMSHUETO HA TO-
PHBOTO 3a HETOBHUS Pa3xojl MOTBBP)KIABAT U Ha-
IBITHO CE MOKPUBAT C MPOYUYCHUTE M3TOYHUIN B
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INVESTIGATION OF MOLECULAR PROPERTIES OF PYRROLE AND
ITS DERIVATIVES FROM PETROLEUM AND PETROLEUM PRODUCTS

Yana Koleva, Elisaveta Todorova — Koynova, Yordanka Tasheva

ABSTRACT: Heterocycles are a significant class of natural compounds that are found in vitamins, hormones,
alkaloids, and a variety of other natural products. In addition, they can be found in a wide range of biologically
active substances. Most heterocycles are also used in combinatorial and supramolecular chemistry, as well as in
medicine, agriculture, and industry. The present work is focused on the use of alternative methods to predict the
risk assessment of the pyrrole and its derivatives from petroleum and petroleum products.

Key words: pyrrole, derivatives, molecular properties, prediction, Molinspiration software

Introduction Five-membered heterocyclic compounds have
drawn a lot of attention over the past decades due
There are three categories of heterocyclic com-  to their important role in biological processes and
pounds: those based on nitrogen, such as pyrazole, = widespread application in pharmaceutics, medi-
indole, imidazole, piperidine, and pyridine; those  cine, materials science, and the synthesis of natu-
based on sulfur, such as thiazole, thiadiazole, and  ral products. These compounds are well recog-
thiophene; and those based on oxygen, such as  nized for being widely employed as precursors in
benzofuran, oxazolidine, and pyran [1-3]. Inaddi-  the development of dyes, pesticides, herbicides,
tion to being a common component of many nat-  and other agrochemicals [9].
ural products, functional materials, ligands, and Pyrroles are significant heterocycles that are
catalysts, heterocyclic compounds with nitrogen, = widely employed in material science and are pre-
oxygen, and sulfur atoms are also used as versatile  sent in naturally occurring and crucial compounds
building blocks in the synthesis of organic com-  for human life [10, 11].
pounds [4, 5]. They are utilized at practically The present work is focused on the use of al-
every stage of the numerous metabolic processes  ternative methods to predict the risk assessment of
required to maintain life, playing a crucial role in  the pyrrole and its derivatives from petroleum and
the metabolism of all living things. Their popular-  petroleum products.
ity can be attributed in part to the wide variety of

interactions that these structures are involved in, Material and Methods
which are made possible by the physicochemical
characteristics of their heteroatoms, which can be- Compounds. Pyrrole is an important five mem-

have as either acids or bases depending on the pH  bered aromatic heterocyclic compound pos-
of their surroundings [6, 7]. These molecules are  sessing a nitrogen atom as hetero atom. Pyrrole
necessary for the synthesis of chlorophyll in  plays an important role in the chemistry of living
plants, and the chemicals in hemoglobin, which  organisms (Table 1) [12, 13].

consist of four pyrrole rings, are found in nature

commonly [8].
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Table 1. CAS number, name and structure of pyrrole and its derivatives

pyrrole

/

No CAS number Name of compound Structure of compound
1 109-97-7 Pyrrole // \\
N
H
2 636-41-9 2-Methylpyrrole &
N
H
3 616-43-3 3-Methylpyrrole :
N
H
4 96-54-8 N-Methyl pyrrole // \E
|
5 600-28-2 2,3-Dimethyl pyrrole
N
H
6 625-82-1 2,4-Dimethyl pyrrole b\
N
H
7 625-84-3 2,5-Dimethyl pyrrole /@\
N
H
8 822-51-5 3,4-Dimethyl pyrrole U
N
H
9 3855-78-5 2,3,4-Trimethyl  pyr- i_i
role / \
N
H
10 2199-41-9 2,3,5-Trimethyl  pyr- /d
role / \
N
H
11 1003-90-3 2,3,4,5-Tetramethyl M
N
H

153



Molinspiration software. The Molinspiration
software was used for calculation of important
molecular properties (logP, polar surface area,
number of hydrogen bond donors and acceptors
and others), as well as prediction of bioactivity
score for the most important drug targets (GPCR
ligands, kinase inhibitors, ion channel modula-
tors, nuclear receptors) [14].

LogP (octanol/water partition coefficient).
LogP is calculated by the methodology developed
by the Molinspiration software as a sum of frag-
ment-based contributions and correction factors.
The method is very robust and is able to process
practically all organic and most organometallic
molecules [14].

"Rule of 5" Properties is a set of simple molec-
ular descriptors used by Lipinski in formulating
his "Rule of 5". The rule states, that most "drug-

like" molecules have logP <=5, molecular weight
<= 500, number of hydrogen bond acceptors <=
10, and number of hydrogen bond donors <= 5.
Molecules violating more than one of these rules
may have problems with bioavailability. The rule
is called "Rule of 5" because the border values are
5,500, 2*5, and 5 [14].

Results and Discussion

The Molinspiration software has been used for
predicting parameters - molecular physicochemi-
cal properties (Table 2) of the pyrrole and its de-
rivatives. Data of the calculation of molecular
physicochemical properties of the five membered
aromatic heterocyclic compounds possessing a ni-
trogen atom as hetero atom (pyrrole and its deriv-
atives) are presented in Table 2.

Table 2. Calculation data of the molecular physicochemical properties of the pyrrole and its derivatives.

Ne
LogP* | TPSA® | natoms® | MW! | nONe ‘1‘\%1 Volu “;;ﬂt N t‘i’(fnf:i"la
me

Pl oss | 1579 5 67.09 1 1| .03 | 0 0
21 107 | 1579 6 8112 | 1 1| 8559 | o 0
S0 123 | 1579 6 81.12 1 1| 8559 | 0 0
Y09 | 493 6 8112 | 1 0o | 8597 | o 0
S| 145 | 1579 7 95.14 | 1 1| 10215 | 0 0
61 145 | 1579 7 95.14 | 1 1| 10215 | o 0
T 130 | 1579 7 95.14 | 1 1| 10215 | 0 0
81 161 | 1579 7 95.14 | 1 1| 10215 | o 0
21 183 | 1579 8 109.17 | 1 1| 11871 | 0 0
101 167 | 1579 8 109.17 | 1 1| 87 | o 0
1205 | 1579 9 12320 | 1 113527 | o 0

a: LogP - Logarithm of partition coefficient between n-octanol and water (miLogP); b: Topological polar surface
area (TPSA); c: Number of nonhydrogen atoms (natoms); d: Molecular weight (MW); e: Number of hydrogen-
bond acceptors (O and N atoms) (nON); f: Number of hydrogen-bond donors (OH and NH groups) (nOHNH); g:
Molecular volume (volume); h: Number of rotatable bonds (nrotb);. i: Number of Rule of 5 violations (nviolations).

Partition coefficient (LogP) is a significant pa-
rameter used to determine molecular hydrophobi-
city or lipophilicity. LogP affects the absorption,
bioavailability, interactions, metabolism and

toxicity of molecule of the pyrrole and its deriva-
tives. The LogP value of the the pyrrole and its
derivatives were found to be from 0.85 to 2.05
(Table 2). Therefore, the pyrrole and its


https://www.molinspiration.com/services/logp.html
https://www.molinspiration.com/services/psa.html
https://www.molinspiration.com/services/volume.html
https://www.molinspiration.com/services/logp.html
https://www.molinspiration.com/services/psa.html

derivatives will have good permeability across the
cell membrane. Molecular weight of the pyrrole
and its derivatives were found to be less than 500.
The molecular weight (as well as the molecular
volume) is within the limits, which allows the
molecule to be easily absorbed, diffused and
transported. Molecular volume assesses the
transport properties of the molecule such as
blood-brain barrier penetration [15].

TPSA (Topological Polar Surface Area) is a
very useful physiochemical parameter of mole-
cule that gives the information about polarity of
compounds. This parameter was evaluated for an-
alyzing molecule transport properties. Polar sur-
face area is the sum of all polar atoms mainly ox-
ygen and nitrogen including attached hydrogen
[15]. Topological polar surface area (TPSA) is
closely linked to the hydrogen bonding potential
of'a molecule and is a very good predictor of mol-
ecule transport properties like intestinal absorp-
tion and blood brain barrier penetration. TPSA of
the pyrrole and its derivatives was found to be
with from 4.93 to 15.79. The flexibility of the pyr-
role and its derivatives is 0 rotatable bonds [15].

The pyrrole and its derivatives had less than 10
hydrogen bond acceptors (O and N atoms) and the
number of hydrogen bond donors (NH and OH) is
less than 5. The pyrrole and its derivatives do not
deviate from Lipinski's rule. Therefore, the calcu-
lated molecular properties of the pyrrole and its
derivatives show probable good oral activity.

Conclusion

In the present work, the molecular properties
of the eleven compounds (the pyrrole and its de-
rivatives) were claculated by the Molinspiration
Cheminformatics software. The calculated molec-
ular properties of the pyrrole and its derivatives do
not deviate from Lipinski's rule. Therefore, the
rule shows that the pyrrole and its derivatives have
good absorption or penetration into the body,
which shows that at high concentrations can cause
a number of harmful effects on living organisms.
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HU3CJIEJABAHE HA TOKCHUKOJIOI'MYHUA TPOPUJ HA ITMPOJIA U HETOBUTE
NPONU3BOJHU OT HE®TA

Sna Konera, Enucasera Togoposa - KoitHoBa, Mopnanka TameBa

STUDY OF THE TOXICOLOGICAL PROFILE OF PYRROLE AND ITS DERIVATIVES
FROM PETROLEUM

Yana Koleva, Elisaveta Todorova — Koynova, Yordanka Tasheva

ABSTRACT: Pyrrole is a planar, aromatic, five-membered heterocycle which provides the fundamental struc-
tural subunit for many of the most important biological molecules, such as heme and chlorophyll. Extensive delo-
calization of the lone pair of nitrogen electrons throughout the system accounts for the lack of basicity and pro-
nounced aromatic character of pyrrole systems. The aim of this work is to calculate and analyses different prop-
erties related to environmental fate of the pyrrole and its derivatives in petroleum by the CompTox Chemistry
Dashboard .

Key words: pyrrole, derivatives, toxicological properties, prediction, CompTox Chemistry Dashboard

Introduction be classified as high-nitrogen oils (>0.25 wt.%) or
nitrogen-poor oils (<0.25 wt.%) [4].
Oil and petroleum products are extensively N-containing compounds are classified into

used in our society for transportation, electricity, =~ two major groups: basic (derived from pyridine)
and construction materials. Transportation may be  and non-basic or neutral (derived from pyrrole)
the sector that most relies on petroleum-based  [4].
fuels, from ground transportation to planes and Exposure to SO, and NOXx is related to several
ships [1]. health issues in humans. NOx and SO, are both
Some heteroatoms are inherently found in pe-  irritants of the respiratory system and are associ-
troleum and petroleum-based fuels. The atom  ated with worsening existing respiratory illnesses,
found in the highest concentration after carbon  such as asthma, and increased susceptibility to
and hydrogen is sulfur, followed by nitrogen. lung infections [5]. Most of the PM emitted in die-
Their presence is associated with a series of envi-  sel engines (>90%) is smaller than 1 pm in diam-
ronmental and health-related issues due to the for-  eter [6]. PM10 (aerodynamic diameter <10 pm) is
mation of toxic gaseous products (NOx and SO;)  a nose and throat irritant, causing lung damage,
during combustion. Those issues have driven leg-  bronchitis, and risk of cardiac arrest, which is
islative bodies to regulate the content and related  even associated with early death [7]. Studies have
emissions of S- and N-based compounds, increas-  shown that long-term exposure to diesel combus-
ing restrictions [1]. tion products is associated with a 20-50% in-
Petroleum is composed mostly of hydrocar-  crease in the likelihood of developing lung cancer
bons, although impurities such as nitrogen, sulfur,  due to genotoxicity [6, 8]. Similarly, exposition to
oxygen, and metal compounds (vanadium, nickel,  diesel exhausts is related to a 4-fold increase in the
and iron, among others) are found [2]. Sulfur is  risk of dying of noncancerous diseases, such as
the component that varies the most between dif-  cardiovascular diseases [6].
ferent petroleum samples [2] and is the third most The aim of this work is to calculate and anal-
abundant element in crude oils, after carbon and  yses different properties related to environmental
hydrogen [3]. Sulfur content can vary between fate of the pyrrole and its derivatives in petroleum
<0.1 to 8 wt.% [2], leading to the classifications by the CompTox Chemistry Dashboard .
of sweet crude oils (S content <1 wt.%) or sour
oils (S content >1 wt.%) [3]. Nitrogen content can
vary between <0.1 to 1.8 wt.% [2], and crudes can
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Material and Methods possessing a nitrogen atom as hetero atom. Pyr-
Compounds. Pyrrole is an important five mem-  role plays an important role in the chemistry of
bered aromatic  heterocyclic =~ compound living organisms (Table 1) [9, 10].

Table 1. CAS number, name and structure of pyrrole and its derivatives

No CAS number Name of compound Structure of compound
1 109-97-7 Pyrrole // \\
N
2 636-41-9 2-Methylpyrrole @\
N
3 616-43-3 3-Methylpyrrole ;
N
4 96-54-8 N-Methyl pyrrole @
T
5 600-28-2 2,3-Dimethyl pyrrole
N
6 625-82-1 2,4-Dimethyl pyrrole b\
N
7 625-84-3 2,5-Dimethyl pyrrole /@\
N
8 822-51-5 3,4-Dimethyl pyrrole H
N
9 3855-78-5 2,3,4-Trimethyl  pyr- &
role / \
N
10 2199-41-9 2,3,5-Trimethyl  pyr- /(i
role / \
N
11 1003-90-3 2,3,4,5-Tetramethyl
pyrrole / \
N

CompTox Chemistry Dashboard. The Dash-  other platforms (specifically PubChem and Pub-
board is a freely accessible web-based application =~ Med) via web services and visualization widgets.
and data hub providing access to data associated = The Dashboard represents a first step in building
with chemical substances. It accesses data from  a comprehensive chemical substance- centric in-
nine component databases housing generic data  formatics architecture to provide flexible access to
types. The Dashboard also integrates data from
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data, models and analysis tools in support of
EPA’s research programs [11, 12].
Environmental fate and transport. The envi-
ronmental fate and transport tab contains experi-
mental and predicted properties sourced from
online databases or predicted using EPI Suite,
NICEATM, TEST and OPERA models. Included
are properties such as the adsorption coefficient,
atmospheric hydroxylation rate, biodegradation
half-life, fish biotransformation half-life, as well
as parameters to assess bioaccumulation potential,
such as bioaccumulation factors (BAF) and bio-
concentration factors (BCF). The properties are
predominantly predicted values derived using
OPERA models. EPI Suite models also are avail-
able for predicting bioconcentration and bioaccu-
mulation factors, as well as the adsorption

coefficient, and TEST and NICEATM models are
available for predicting BCF. Experimental val-
ues for fish biotransformation half-life, BAF and
BCF, were taken from the curated PHYSPROP
database [11, 12].

Results and Discussion

The QSAR have the potential to estimate the
risks of chemicals for environment and human
health, while reducing time, monetary cost, and
animal testing currently needed for ecological risk
assessment of chemicals [13].

The results of the prediction of bioconcentra-
tion factor for the pyrrole and its derivatives by
the CompTox Chemistry Dashboard are presented
in Table 2.

Table 2. Predicted property (bioconcentration factor) for the pyrrole and its derivatives in petroleum

Ne | Experimental | Predicted | Experimental | Predicted | Experimental | Predicted range
average average median median range
1 - 3.10 - 3.10 - 2.30 to 3.89
2 - 6.33 - 6.33 - 3.11t09.55
3 - 5.31 - 5.31 - 3.54t07.08
4 - 4.21 - 4.21 - 4.06 to 4.37
5 - 9.44 - 9.44 - 5.70t0 13.2
6 - 8.33 - 8.33 - 6.43t0 10.2
7 - 9.04 - 9.04 - 5.78t012.3
8 - 7.17 - 7.17 - 6.40 to 7.94
9 - 9.46 - 9.46 - 8.91t0 10.0
10 - 7.34 - 7.34 - 5.25t09.44
11 - 9.52 - 9.52 - 6.76t0 12.3
*Unit: L/kg

There is no experimental BCF data for the pyr-
role and its derivatives. The bioconcentration fac-
tor of the eleven compounds was predicted by
OPERA, EPISUITE and TEST.

The results of the prediction of atmospheric
hydroxylation rate for the pyrrole and its deriva-
tives by the CompTox Chemistry Dashboard are
presented in Table 3.

Table 3. Predicted property (atmospheric hydroxylation rate) for the pyrrole and its derivatives in pe-

troleum
Ne | Experimental | Predicted | Experimental | Predicted | Experimental | Predicted range
average average median median range
1 1.10e-10 1.10e-10 1.10e-10 1.10e-10 1.10e-10 1.10e-10
2 - 7.76e-11 - 7.76e-11 - 7.76e-11
3 - 5.37e-11 - 5.37e-11 - 5.37e-11
4 - 1.26e-11 - 1.26e-11 - 1.26e-11
5 - 7.08e-11 - 7.08e-11 - 7.08e-11
6 - 7.08e-11 - 7.08e-11 - 7.08e-11
7 - 4.90e-11 - 4.90e-11 - 4.90e-11
8 - 5.37e-11 - 5.37e-11 - 5.37e-11
9 - 6.92¢-11 - 6.92e-11 - 6.92e-11
10 - 5.75e-11 - 5.75e-11 - 5.75e-11
11 - 7.41e-11 - 7.41e-11 - 7.41e-11

*Unit: cm?/molecule*sec
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There is one experimental atmospheric hy-

droxylation rate data for the pyrrole. The atmos-
pheric hydroxylation rate of the pyrrole and its de-

rivatives was predicted by OPERA.

Table 4. Predicted property (biodegradation half-life) for the pyrrole and its derivatives in petroleum

The results of the prediction of biodegradation
half-life for the pyrrole and its derivatives by the
CompTox Chemistry Dashboard are presented in

Table 4.

Ne | Experimental | Predicted av- | Experimental | Predicted | Experimental | Predicted
average erage median median range range
1 - 4.47 - 4.47 - 4.47
2 - 4.07 - 4.07 - 4.07
3 - 3.55 - 3.55 - 3.55
4 - 8.91 - 8.91 - 8.91
5 - 5.37 - 5.37 - 5.37
6 - 5.01 - 5.01 - 5.01
7 - 4.47 - 4.47 - 4.47
8 - 4.17 - 4.17 - 4.17
9 - 5.62 - 5.62 - 5.62
10 - 5.50 - 5.50 - 5.50
11 - 5.75 - 5.75 - 5.75
*Unit: days

There are no experimental biodegradation

half-life data for the pyrrole and its derivatives.
The biodegradation half-life of the pyrrole and its

derivatives was predicted by OPERA.

Table 5. Predicted property (fish biotransformation half-life (Km)) for the pyrrole and its derivatives in

The results of the prediction of fish biotrans-
formation half-life (Km) for the pyrrole and its de-
rivatives by the CompTox Chemistry Dashboard

are presented in Table 5.

petroleum
Ne | Experimental | Predicted av- | Experimental | Predicted | Experimental | Predicted
average erage median median range range
1 - 0.186 - 0.186 - 0.186
2 - 0.166 - 0.166 - 0.166
3 - 0.166 - 0.166 - 0.166
4 - 0.437 - 0.437 - 0.437
5 - 0.155 - 0.155 - 0.155
6 - 0.166 - 0.166 - 0.166
7 - 0.166 - 0.166 - 0.166
8 - 0.155 - 0.155 - 0.155
9 - 0.151 - 0.151 - 0.151
10 - 0.158 - 0.158 - 0.158
11 - 0.129 - 0.129 - 0.129
*Unit: days

There is no experimental fish biotransfor-
mation half-life (Km) data for the pyrrole and its
derivatives. The fish biotransformation half-life
(Km) of the compounds was predicted by
OPERA.

The results of the prediction of soil adsorption
coefficient (Koc) for the pyrrole and its deriva-
tives by the CompTox Chemistry Dashboard are
presented in Table 6.
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Table 6. Predicted property (soil adsorption coefficient (Koc)) for the pyrrole and its derivatives in

petroleum
Ne | Experimental Predicted av- | Experimental Predicted Experimental Predicted
average erage median median range range
1 - 6.61 - 6.61 - 6.61
2 - 25.7 - 25.7 - 25.7
3 - 19.1 - 19.1 - 19.1
4 - 27.5 - 27.5 - 27.5
5 - 31.6 - 31.6 - 31.6
6 - 27.5 - 27.5 - 27.5
7 - 27.5 - 27.5 - 27.5
8 - 18.6 - 18.6 - 18.6
9 - 35.5 - 35.5 - 35.5
10 - 41.7 - 41.7 - 41.7
11 - 200 - 200 - 200
*Unit: L/kg

There is no experimental soil adsorption coef-
ficient (Koc) data for the pyrrole and its deriva-
tives. The soil adsorption coefficient (Koc) of the
compounds was predicted by OPERA and
EPISuite.

Conclusion

The experimental data on the fate of the pyr-
role and its derivatives in the environment are lim-
ited. Alternative methods have been used for this
purpose. In the present work, different properties
(bioconcentration factor, atmospheric hydroxyla-
tion rate etc.) related to environmental fate of the
pyrrole and its derivatives were calculated and an-
alyzed.
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TPENTEHUS HA CACTEMU C KPAEH BPOM CTEIIEHU HA CBOBOJIA

JIunus Ilerposa

VIBRATIONS OF SYSTEMS WITH ENDING NUMBER DEGREES OF FREEDOMS

Liliya Petrova

ABSTRACT: It is write the equations of non-quietly vibrations of frame systems with ending number degree of
freedoms. It is look the straight and turn form of equations of motion. It is investigated the free and constrained
vibrations of the same systems in a right and turn form of the vibrations. It is obtained an own vectors and shape
functions. It is investigated and verification property orthogonality of the own vectors and form of vibration. It is write
an expressions in the vibrations of the whole mass system and of each from separated concentrated masses. It is made
an analysis in the method’s application of the frame systems.

Key words: frame systems, ending number degree of freedoms, vibrations

YI)aBHeHI/Iﬂ Ha HE3ATUXBAIIIUTE TPECNITCHUSA

Ilpaga ¢opma na ypasnenuama na osudice-
Hue

Karo HensBecTHH ce NpreMaT HHEPLIMOHHHUTE
CUJIM, JEUCTBALIU BbPXY MacUTe

Sp=-m,y,, (k=12.3),
(1
KBIETO k ¢ Opoif Ha cTeneHHTe Ha CBOOOJA HA
cUcTeMara.
M3cnenBaHaTa cucteMa ce pasriex/a B ChbCTo-
sHMS Ha HaTOBapBaHe C¢be cuin S, =1, (k =1,2,3)
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HpeMeCTBaHCTO Ha Macata m, , B CbOTBETCT-

BUE C NMPUHIMIIA HA CYNEPIO3ULUATA, CE MPEIC-
TaB4 IO CJIEeIHUSA HAUUH
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OHHa cuna S, =1, NpUIOKeHa CTATUYHO MO HAaIl-
paBJieHH€e Ha JBIKEHUETO Ha Macara.

Oopamna popma na ypaguenusma na 06u-
JHcenue

3a HEU3BECTHHU CE npueMartr npeMeCTBaHUATA
Ha CbCPEAOTOUYCHUTE MaCH

(@),  (k=123).



WHepunoHHHUTE CHUITH CE MTPEICTAaBAT Ype3 Tpe-
MECTBaHHITa Ha ChCPEAOTOUYCHUTE MacH Ha CHUC-
TeMara

S,=—m,y,, (k=12,3). (6)
,Z[eﬁCTBHTCHHaTa CUCTEMA CC anBemI[a KbM
OCHOBHa qpe3 BBBCXKIOAHEC HaA JOIIBJIHUTCIHU
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B’I)pHIBa oT YCJ'IOBI/Iﬂ 3a paBHOBeCI/Ie Ha BB3JIUTC HA
cucreMara
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CBo0oaHM He3aTHXBAIM TPENTeHUsI Ha
CHCTEMH ¢ KpaeH Opoii cTeneHn Ha cBoGo1a

Obpamna ¢opma na ypagnenuama Ha 06u-
JHcenue

HudepeHuunanure ypaBHEHHS, KOUTO OIHUC-
BaT CBOOOJHHUTE TPENTEHHs Ha CUCTEMH C KpacH
Opoii cTenieHn Ha cBOOO/IA ce TIOyYaBaT CJIe] 1Mo-
naraHe B ypaBHeHusiTa (16) ascHaTa gacT, paBHa
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KBJICTO {X } ¢ 0000I11IeHa COOCTBEHA aMILIUTY/Ia,
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3amauaTa ce CBeX/a 0 ONpeaeisiHe Ha coOCT-
BEHH YHCJIa U COOCTBEHU BEKTOPU Ha MAaTPHIIU. 3a
pelIaBaHe Ha Ta3M 3aja4a ChIECTBYBAT CTaHIap-
THU niporpamu. Cucremara (21) e xomorenHa. Yc-
JIOBHE 3a HEHYJICBO pelleHne Ha cuctemara (21) e
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Hoxka3Ba ce, 4ye npu eJacCTUIHUTE JIMHEUHO Jie-
dhopmupyemu cucteMu ypaBHeHHETO (23) UMa 71
peaHi IOJIOKHUTEIHN KOpPeHa — COOCTBEHHTE
gyucia Ha Matpunara (22). Ha Bcsko cobcTBeHO

164

YHCIO O CHOTBETCTBA COOCTBEHA UECTOTA ) ,
(k=12,...51) u cobcTBen BekTOp {X k}. CoBKyn-
HOCTTa OT COOCTBEHHUTE YHCNIA O , (k=1,2,... ,n) "
coberrenute Bextopu (X}, (k=12,...1) o6pa-
3yBa CIIEKTHP Ha COOCTBEHNUTE YECTOTH H CIICKTBP
Ha cOOCTBEHHUTE BEKTOPH.

Cobcmeenu sekmopu
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Jugepenyuannu ypasnenus Ha c60600nume
mpenmenus

Crnen 3amectBane Ha (18) B (16) ypaBHEHHETO
Ha CBOOOJIHUTE TPENTEHUS MpUeMa BHIa

(e =0}

@27



KBJIETO MaTpuIiaTa [C]z[ﬁ][m], [E] €IMHUYHATA
MaTpuLa, X=L2
®

VYciioBre 3a HETPUBHAIHO pEIlliCHHE Ha ypaB-
HEHHUETO Ha CBOOOJHUTE TPEITCHUS €
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Pasr BPHATUAT BUJ HA YPABHCHUETO HAa YECTOTHUTC
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Ha Bcsiko cOOCTBEHO 4YMCIO ) CHOTBETCTBA ueC-
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JACIAT YECCTOTUTE Ha CBO60[[HI/ITG
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Crnen Taka TONyYeHH YECTOTH Ha CBOOOJHHUTE
TPENTeHH s, CIeBa ONPE/CIsIHe HA COOCTBEHUTE BEK-

TPECOTCHUA
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O mXy,  + 6nzsz +. +(5nnm Xk )X =0
Cnexmvp na npemecmeanuama npu mpen- Ot {Xj}T [r]{Xk}:{Xk }T [”]{Xj} -

meHuAma Ha cucmemama

OnpenensHe KOHCTaHTUTE A, U A, B pellle-

HHUETO Ha JU(EpeHIIMAIHOTO YpaBHEHHE Ha CBO-
0OAHUTE TPETITCHUS

ZA (31)

Te ce onpenesar oT NPeANUCAHUTE HAYaJIHU yC-
JIOBUSI Ha IBYKEHHUETO.

J/o ZA
{ } vo ZA (ok cosk (32)

sm cokt+k )

Sm (0, 2+1,)

Opmozconannocm Ha cobcmeenume gopmu Ha
mpenmeHe (cobcmeeHume 6eKmopu)

Ypasuenuero (17) ce 3amucsa Buaa
o’[3[mfXj={x}  oi[mlix}=[]ix}

PerireHust Ha CHIIOTO ypaBHEHHE Ca COOCTBEHUTE
BeKTOpH. 3a K-Ta U j-Ta (opma Ha TpenTeHe coOCTBe-

HUTEC BEKTOPH UMAT BHUJAa
035' [m]{Xj}: [’” ]{X j} .

o [mfiX =X} .
Crnen yMHOXXEHHE JBETE CTPAHHU HA ITBPBOTO YpaB-

nemne otnaso ¢ (X[, a msere crpanu Ha BTOpOTO
ypanenme ¢ {X, |, ce nonyuasa
of X f ], = [, )
(”i {Xk }T [m]{Xj }: {Xk }T [’”]{Xj }

(33)

165

{X i }T [m]{Xk }= {Xk }T [m]{X j} ciel MOWICHHO M3-

BaXXJ1aHE€ TIOCJICAHUTE OBEC YPaBHCHHUA CC€ IIOJIY-

(02 -0 Jox, / [m){x, }=0

CrnemoBatenHo NpH  ®; # @y,

(34)

T.e. j#k,

TpsiOBa 1a 0b/ie U3MTBIIHEHO YCIOBHETO

' mlix

{x

J

n
=ZXijmiXik npu j#k
i=l1
Cnensa
{Xj}T[m]{Xk}ZO npu j#k (35)
(YcroBue 32 OpTOroHATHOCT Ha cOOCTBEHUTE (HOPMH)
B (35) unnexchT i € HOMEp Ha Macara, WHAEK-
cute j U k ca HOMep Ha COOCTBEHHTE BEKTOPHU
(HOMeEp Ha coOcTBeHHTE HOPMH).
[IpoawsmxaBaMe ¢ onpeAensIHETO Ha KOHCTaH-
TMTE 4, U A, .

VYpasaenusara (32) ce 3ammcBar Mo CIEIHUS

HAa4YuH
oj=2 Culx
k=1

{v'o}zz:Dk{X (36)
k=1
KBJIETO

C,=A4,sink,, D,=A,m,cosh,. (37)

IMpu n3ecthn C, n D, ot ypaBHeHusTa (37)
ce ToJIy4yaBa



2 2 2
A= |2+ 20 | carag SR 3y
P Dy

CkanapHo yMHOXeHHe nBeTe dactd Ha (36) ¢
BEKTOpa [m]{ } BOJIU IO

Db bl <o bk )
Teit xato (X, [mf{X,}=0 npu j=k,
J}Z{X

) Il :iwg ;

{J/O}T[m]{x} { Yo ZylomX

j=k, B nsBaTa 9acT ocTaBa CaMO €IUH k—TH

(39)

npu

4IieH, pa3yueH OT Hyna. YpaBHeHueTo (39) npu-

T, = i,

2
Ckzm Xlk _Zyl m; Xlk
i=1 i=1
CrnenoBarenHo
n
0 2
Z)’; m; Xy

Cp=t (40)

n
2
Z m; X
i=1

} NI

AmnajoruyHo ce H3BCXKAa U U3PA3bT 34 KOHC-

TaHTaTa
Zvio mi Xti
D= (41)

2
ZmiX ik
il

ITpu BcHYKU MacH eTHAKBY, U3PA3UTE 33 O3HA-
yenuara C, u D, npuemar Buja

n n

0 0

zyiomiXik Z";ome;k
_ il _ =l

= —— D=

n
2 2
zmiXik E ,miXik
i=1 i=1

(42)

Ilpu usBecthu C, n D, , KOHCTaHTUTE A, U
A, ce ompenenst no uspasure (38). C ToBa cBo-

0OJHHUTE TPENTEHUS Ca OKOHYATEIHO Ompee-
JICHM.

Tpenmenus na macoeama cucmema ¢ n cme-
nenu Ha c60600a

Ypasnenue na neusicenuemo ma ecsaxa eoma
om macume - m;, (i=1,...,n)
3amucBa ce BEKTOPBT Ha coOCcTBeHHTE (HOPMH Ha
cucTeMaTa ¢ 1 CTeleHH Ha cBoOoja.

CncTaBsa ce MaTpulla Ha coOCTBEHUTE POPMHU
- [X ](n'n) . Beexu ¢TI0 Ha MaTpuuaTa NpecTaBs

CIHH OT COOCTBEHHTE BEKTOpH

Xy Xy X, X,
Xy Xy Xy Xy,

=t ) x - IR AasAsa - (43)
Xy Xy X, X

nl

=.
3
B

TpenTeHus Ha IsIaTa MacoBa CHUCTEMa C 7
CTENEHH Ha cBOOOIA
yl(t X Xy X

1]'"'X1n

W) X XXy X,

] Asin( t+kl)
Ay sinfo,t+1, )

e 44
{y} Yi(t) Xy Ly Xy X -G

y

nl) [0,

4;sin ,t+k

4, sin(&). t+kn)

n

VYpaBHeHHE Ha TPENTCHETO Ha OTJCIIHATA
m;, (i=1,...n)e

y‘(t):AlX”sin(mlt-%—?»,)+“.+A/Xijsm(w t+) )+ +4,X, sm(u) 1+ ) (45)

1t in

WA CBKPaTeHO

n
(t)zZAinj sin(m_jt+h_/).
J=1
C Bexropuure hopmu (44) u (46) Tpenreusita
Ha IsJ1aTa MacoBa CHCTEMa C 1 CTEIEeHHU Ha CBO-
00/1a ¥ Ha BCSIKA OT OTAEIHUTE MAaCH Ca HAITbJIHO
OIIpeIeTICHH.

(46)
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MNPUHYAEHU HE3ATUXBAIIK TPEIITEHUA HA CUCTEMUA
C KPAEH 5POI CTENIEHU HA CBOBOJA

JInnus IlerpoBa

CONSTRAINED VIBRATIONS FRAIME SYSTEMS WITH ENDING NUMBER DEGREES
OF FREEDOMS

Liliya Petrova

ABSTRACT: It is investigated constrained vibrations of frame systems with ending number degrees of freedoms.
1t is followed the equations and dependences of the solution in the right and turn form of equations at the motion. It is
write a system equations of constrained vibrations, also are discus his specialities. It is indicated the possibilities for
falling the system in resonans. It is examination the expressions for determined amplitudes of the displacements, mass’s
inertial forces and the internal forces in the system. It is made an analysis a method’s in application for solved the
frame systems. It is made a non-evident in parallel comparison on a method in the right and turn_form of vibrations.

Key words: frame systems, ending number degree of freedoms, constrained non-quietly vibrations

OCHO6HU NON0IHCEHUS

[Mpeamonara ce, cBOOOTHHUTE TpPENTEHUS HA
cucTeMara ca M3ciieIBaHH, ONPEAEICHHU ca YECTO-
TUTE, COOCTBEHUTE BEKTOPH, COOCTBEHHTE
bopmu.

Bbpxy cucremara JeiCTBAT XapMOHUYHO H3-
MEHSIIHN CE€ BbB BPEMETO TOBAPH, C €IHAKBA BI-
JIOBA YECTOTa

{F()={F)sinbt =R F, .. F, fsinbt, (i=12,...n), (1)
KBIECTO

{F; } Cca aMIUIUTYAHUTC CTOMHOCTH Ha BBHHIII-

HUTC TMHAMUYHU TOBAPH,
9 € 4€CTOTa Ha BBHIIHWUTC AWMHAMHWYHH TO-
Bapu, PpECIICKTHUBHO HAa MMPUHYACHUTC TPCUTCHUS.

Ilpasa popma na ypasnenuama na ogusice-
Hue

Mampuuno ougpepenyuanno ypagnenue Ha
NpUHyOeHume mpenmeHus

MaTpuyHOTO ypaBHEHHE IMPEACTaBIsBA CHUC-
TeMa OT 7- JIMHEHHW OOMKHOBEHW NU(epeHIIH-
AJTHA ypaBHEHUS

[c ]{y} +{y)=[8]{F}sin0r )

B pasrepnar opma ypaBaeHueto (2) ce mpen-
CTaBsl BbB BHJIA

Zsikmk v+ Vi=

k=1

ZnZSikasinOt, (i=12,..n1) (3)
k=1

BeBexaa ce o3HaueHue 3a KpaTKOCT
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isikF =Ay, ((=12,...n).

k=1
B 3anucanus uspas A, e mIpeMecTBaHe Ha

“)

NPUIIOXKHATA TOYKA HAa MacaTa 71; IO HalpaBlie-
HHE Ha ;, IPEAN3BUKAHO OT CTATHYECKOTO JeHc-
TBUE Ha BCSKA OT aMIUTHUTYIHUTE CTOWHOCTH Ha
BBHIITHUTE CHIN {F}(}, (k=1,2,...,n). YpaBHeHu-
€TO Ha MPUHYJCHUTE TPEIITCHHS IPHEeMa BUIa

n .

Zﬁikmk Vit Vi =Apsinbt, (i =1,2,...,n). (5)

k=1

YacTHuAT uHTEerpan Ha ypaBHeHueto (3) ce
ThPCH BbB BUJIa Ha JIICHATA YacT

v, (t)= X sin6t . (6)
HueprponHaTa cuia, KOATO Ce Pa3BHBa B Ma-
cara m, IIpH JBUKEHHETO U, €

S (t)=—m; 3,07,
S, (£)= Xm0 sinbt =S, sint . (7)

B u3paza (7) amnnutynata Ha MHEPLIMOHHATA

cuia, JielcTBamia  BBpPXy ~— Macata  m,
(k =1,2,...,n) , C€ 3aIIMCBa BbB BUIA
ETIPY)
S, =Xm,0°. (8)
Crenx  3amecTBaHe Ha  NPEMECTBAHETO

; i (t)=}k sin6t (6) u uneprpionnara cuna (7) B

pasrbpHaTa popMa Ha YpaBHEHHETO Ha IIPUHYIC-
HUTE Tpentenus (5) u oT



S,

X=
m,0°

)

CC IOJIyuaBa CUCTEMAaTa YpaBHCHUA HaA MPUHY/IC-
HUTC TpeHTeHI/IH

Z%S

CI/ICTeMaTa YpaBHEHUS Ha PUHYJICHUTE TPETI-
tenus (10) ce yaoBneTBopsiBa 3a BCSKO !, KOTaTo
M3pa3bT B CKOOWTE € paBeH Ha HyJia

ZSIkSk ‘

CHCTeMaTa (1 1) ce 3anucCBa B CICAHUS Pa3BUT
BUJT

8,8, 48,8, +.. 48,8 +.. 48,8, 4.

m=n

S+AF sinbt=0, (i=1,2,...,1).(10)

— S+ A= 0,(=12,...n). (11)

=0, (i=12,..n) (12)
BBBG)KILa CC 3a KPaTKOCT CJICAHOTO O3HAYCHUC

1 (13)

2
m, m;0

CrnemoBaTenHO 3a OnpeaeNsHe aMILTUTYIHATE

S,

n) ce moNy4aBa CHCTeMa OT 71 JIH-

Xi=

CTOMHOCTH
(k =12,...,
HEHHU HEXOMOTECHHH aJITeOpUYHH YPaBHEHUS
(611_7(1) 3, Sy,
3y 822_Xz)~~ 35,
8111 8712 "(Snn _Xn)
B cpkpaten 3amuc u3pas3st (14) moxe 1a ce 3a-
MUIIE U BbB BUIA

Ha  HWHCPUUOHHUTE CHUIIN

£0.  (14)

81’1’ 812 ‘81}1
821 8;2 62;1 #0 (15)

nn

Tpu x =y, ,(k=1,2,...n) nerepmunantara Ha
cucTeMaTa CTaBa paBHA Ha HyJa, aMILIUTYHHUTE
CTOHHOCTH  Ha cumm S,

(k=l,2,... ,n) MOJTy4aBaT Oe3KpailHO TOJeMH HITH

WHCPUHUOHHUTE

Heomnpeenenu ctoiiHoct. Koraro yecrorata 0
Ha MPUHYJCHUTE TPENTEHUS ChBMAAA C HIKOS OT
COOCTBEHUTE UECTOTM Ha CHCTeMara ),
(k=l,2,... ,n) cucTeMaT u3naga B pezoHanc. Cuc-
TeMa C 71 CTENEHH Ha cBoOOa uMa 7 COOCTBEHH
4ECTOTH ), (k=1,2,...,n), CJIEI0BATEIHO ChIIEC-
TBYBaT 1 BB3MOXKHOCTH 32 PE30HAHC.

OT pelleHHeTO HA CHCTEMAara Ce OMPEACHST
KOe(UIIMEHTUTE 7, , (k=1,2,... ,n), aAMIUTATY T~
HUTE CTOMHOCTH Ha MPEMECTBAHUATA, HA HHEPIIU-

OHHHUTC CWJIM U Ha YCUJIMATA B IPbTOBATA CHUC-
TEMa.
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Oopamna popma na ypasnenuama Ha 06u-
Jcenue

MeTtoabT B Ta3u (hopMa ce OCHOBaBa Ha yCIIO-
BHETO 33 TUHAMUYHO PABHOBECHE HA BCSKA OT Ma-
cure m,, (i =12,... ,n) TP JIBHKESHUETO ¥ 10 HAIT-
paBJICHHE Ha CHOTBETHATA M CTEIICH Ha CBOOO/A.

Martpuunoro audepeHIaTHo YypaBHEHHE Ha
MPUHYACHUTE TPEITCHUS UMa BHJIA

0 OI8Ol M

YpaBHEeHHETO TIPECTABIIABA CHCTEMa OT A JIH-
HeltHN 0OMKHOBEHHU MU()epeHIINATHA yPaBHEHIIS.

Cucremara KaHOHWYHH  TudepeHITHATHI
YpaBHEHUS HAa TPUHYJECHUTE TPEITCHUS, U3BE-
JIcHa 10 METOJa Ha IPEeMECTBaHUITA, B Pa3BUT
BUJI TTpUEMa BHIA

kaj}k'i'zrkiyk =F (t), (i=1,2,...,l’l
k=1 k=1

OOmuAT MHTErpal Ha HEXOMOTeHHOTO Aude-
peHnmamHOTO ypaBHeHue (17) ce Thpch BBHB BUA

) (17

{y(t)}z {X }sin or, (18)
KBJICTO MPEMECTBAHETO HA OTAETHATA Maca
yk(t)szsin Or. (19)

YacTHUAT WHTErpajl HEXOMOTEHHOTO nude-
PECHIMATHO ypaBHEHUE HA MPHUHYICHUTE TPEITe-
Hus (17) ce ThpcH BBHB BHJIA HA JICHATA YacT Ha
YPaBHEHHUETO

v, (6)=X,sin Ot (20)

[Tpou3BOHH HA MTPEMECTBAHETO (CKOPOCT,
YCKOpEHHE)

v (t)=X,cos Ot y (t)=—X,sin 0. (21)

WueprnrionHaTa cuia, KOATO ce pa3BUBa B Ma-
cara m, IO HaIlPaBJICHUE Ha JIBIKEHHUETO U, €

S, (t)=—m, )ﬂ’k (t) (22)
S (t)=—m, 0°X, sin 0Ot
S, (1)=S, sin Ot,
KBIETO S, € aMIUIMTyJHaTa CTOHOCT Ha HHEp-

OUMOHHATA CHJIa, KOATO CC pa3BUBa B MacaTra m,

MIPHU TPENITEHETO L.
Cren 3amecTBaHEe NPEMECTBAHMATA ) (t) u

WHEPLIMOHHATA CHJIA Sk(t) B YpPaBHEHHMETO Ha
npuHyaeHute Tpentenus (17) ce momydasa

Z(rk, -m, 0 )stmet F, (¢)sinbr ( =1,2,..

k=1

(23)

)



3anucanu B MaTpuyHa Qopma, ypaBHEHHATA Ha
NPUHYJCHUTE TPENTCHUS PHEMaT BUIA

(#]-lmlo? X Jsin0e={F}sin 06 (24)
B pasrepHat Bug
("11""192) P U X K
hi (”22"”262)"' Ton Yol sintr=1T2 L singr (25)
rnl o (rnn_mnez) X" F”
3a KpaTKoCT ce BbBEX/a 03HAYCHUETO
rr=r—m0®, (i=12,..n) (26)

3a ompenensHe aMIUIUTYJHUATE CTOHHOCTHHA
IPEMECTBAHMATA CE M0JIy4aBa JIMHEHHA HEXOMO-
TeHHA CHCTeMa OT /I KaHOHWYHU ypaBHeHus. Ilo
BUa CH T4 CbOTBETCTBA HA CUCTEMATa YPAaBHCHUSA
Ha METOJja Ha IpeMecTBaHuATa (JeQopMaoHeH
merton). B Hed xoeduuueHTHTE F); Ca BB3JIOBH

ciiH (peakuuu) B k -Ta BIIOXKEHA BPB3Ka 110 HAIl-
paBJeHUE Ha JBIKCHUETO Ha Mmacata 7/, , Ipe-

JIM3BUKaHa OT IIPeMeCTBaHe Z, =] B cBIIOTO HAN-

paBJICHHUE. PasznmmuaBane ce camo o CMHCHIA Ha
KOG(bI/I]_[I/ICHTI/ITC OT TJIaBHH AUaroHaja Ha CHUCTC-

X. He ca Ku-

Mara 7, =r,—m, 0" . HenspecTaute X,
HEMATUYCCKNU HCONPCACIMMU BCIIMYUHU. Benu-

yuHUTE X, Ca aMIUIMTYyJHH CTOMHOCTH Ha IIpe-

MecTBaHUsITa. MaTpuiiaTa Ha KOSQUIIMEHTUTE Ha
cucremMaTa KaHOHMYHM YpPaBHEHHUS Ha IPUHYJeE-
HUTE TPENTEHU CE O3HAYABA C [k] - MaTpuIa Ha

KOpaBHHA Ha METO/Ia Ha IPEMECTBaHMATA B IMHA-
MHUKaTa.Ha NPHHYIECHUTE TPENTEHHs Ha CHCTe-
MUTE ¢ KpaeH Opoil crenenu Ha cBoboga. Cucre-
MaTa MMa €IWHCTBEHO peIlIeHHe, KOraTto JeTep-
MUHAHTaTa U € pa3jIu4yHa OT HyJla.

det[k]#0,
(”11 _mlez) N> N
i ’”22_’"292)“' "o #0 (27)
' ¥y '::(rm —'}hnez)

2
B 3ammcanata cuctema ce o3Hauasa y(0)=m6” .
Koedunuenture r, Ha MeTOJa Ha IPeMeCTBa-

HUATA ChIbpKAT MHOXUTEN EI, . Cien yMHOXe-

n

1
HHUC HAa YpaBHCHHATA 110 CbOTBCTCTBUC HaA <1

m

n c

, KbACTO [c € CPAaBHUTCJICH MHCPLUUOHCH MOMCHT,
m_ - CPAaBHUTCJIHA CBbCPECAOTOYCHA MacCa, /1 € UH-
JACKC Ha MHEPLUMOHHWA MOMEHT B 71 - TUA YYaCTBK,
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CbOTBCTHO HA # - TaTa CbCPECAOTOUCHATA Maca Ha
n3cijacaBaHaTta CHCTEMaA. Kanonuunure YpaBHEC-
HU Ha IPUHYACHUTE TPENITCHUA Ha CUCTEMATA C
n CTCIICHHU Ha CBO6OI[EI npueMa Buaa

m
n—Xe—
m

c

I

20, (28)

nl

KBJIETO

(29)

CobriocTaBsHe ACTCPMHUHAHTUTE Ha NOCICOHUTE
ABC CUCTEMH YPAaBHCHHA ITIOKAa3Ba, 4€ T€ CC pa3Jin-

m,0*
El,

Ot pemieHue Ha cucTeMaTa KAaHOHUYHH ypaB-
HEHUs Ha MIPUHYACHUTE TPENTEHUS Ce OTIPeNesIT
aMIUTUTYTHUTE CTOMHOCTH Ha TIPEMECTBaHUITA

=[x {F} (30)

CuBragane yecrorara O ¢ HIKOS OT COOCTBE-

YaBaT CaMO B O3HAYUCHUATA HA ¥ 5=

HHUTE YECTOTH (;, (1'=1,2,...,n) MIPUBEXKIA CUCTE-
MaTa B ChCTOSIHUE Ha pe30HaHC. B cucrema ¢ n
CTETIeHH Ha CBOOOJIa CHIIECTBYBAT # COOCTBEHH
4ECTOTH (;, (i=1,2,...,n). CrnenBa ChIECTBYBAT
1 pa3MYHU CTOMHOCTH Ha @, IPH KOUTO € Bb3-

MO>KEH PE30HaHC.
CrnenBa ompezaensHe aMIDIUTYJAHHATE CTOM-

HOCTH Ha MHepUHOHHHTE cuiu S, (8).

AMIUTUTY/IHU CTOWHOCTH Ha pa3pe3HUTe ycH-
st

M=Mf+iMkSk,

k=1
0=0,+>.0,S,, N=N,+Y NS, (31)
k=1 k=1

3anucaHuTe M3pasu ce pa3jindyaBaT OT aHaJIo-
TUYHUTE B CTPOUTEIIHATA MEeXaHHKa. JlmarpamMure
M,,Q,, N, caycunus B IeHCTBUTENIAHATA CHC-
TeMa OT JIeVCTBHE HA aMIUIMTYJIHUTE CTOMHOCTH
F, (i =1,2,...,n) Ha BBHIIHUTE JWHAMHYHH TO-
Bapu, M,;, O;, N;,
ca yCHJIUS B JIEHCTBUTEIHATAa CHCTEMa BCIIE/CT-
BUE CTaTHYECKOTO JeicTBMEe Ha cuian S, =1,

ﬂeﬁCTBaHlH B IIpHJIO’KHATa TOYKa Ha Macata m,;,



(i =1,2,...,n) TIO HAINPABJIECHHUE HA JBHKEHHETO Ch-
II0Ta Maca..
B cny4as Ha cBOOOAHM TpenTeHUs {F (t)}zO,
* 2
C KOe(HLUEHTH 7;; =71; —M®~ , YeCTOTUTE HA CBO-

OOIHHUTE TPENITCHHUS CE OMPEICIAT OT YCIOBHETO
det[k]=0 (ypaBHeHUE HA 4ECTOTHTE).

AHanIu3 HA MeTo/1a B MpUJIaraHe

I'eomeTrpusiTa, MaTepUATHUTE XapaKTEPUCTHKH
Y HATOBApPBAHETO Ha CHCTEMATa ca U3BECTHH.

OmpenensHe Ha Y€CTOTH, TIEPUOAM Ha CBOOOI-
HUTe TpenTeHus. [locTposiBaHe AHarpamMu Ha am-
IUTUTYAHATE CTOWHOCTU HA BBHTPEIIHHUTE YCHUIIUS

OT TMHAMHYeH ToBap F(t)=F, sin0t.
N3xonna cucrema

lFsin 0r

m

El=const

dur. 1

Crenenu Ha cBo0OIa
m

El=const

dur. 2 ®ur. 3

Cucremara € ¢ AB€ CTEIIEHU Ha CBOOOa.

Macara m MOXe Jia ce MPEeMeCcTBa B XOPHU30H-
TAJHO U BEPTUKAIIHO HAIMIPABJICHUE.

3a cucmemama om @ue. 1

CobcrosHue cunu S, =1

®ur. 4

Cucremara ot ¢ur.4 € equH IbT CTATHICCKHU
HEOTpeieMa — ChITIACHO METO/A Ha CHITUTE.
Cucremata ot ¢ur.4 ¢ aBa MbTH KHHEMATH-
YecKH HeomnpeaennMa — iehopMarioHeH METO.
3a cucmemama om ®@ue.3

@ur. 5 ®ur. 6

Cucremara or (Hur.5 € Tpyu IBTH CTATHISCKHU
HeomnpeenMa — 110 ciiioB Metof. CucteMarta e e
JBa II'bTU KUHECMATHYCCKHU HEOIIpeAciInMa — II0
nedhopMaIioHeH METO/I.

B mpaBata ¢opma Ha ypaBHEHHUSATA HA JABHKE-
HHUE LIeNechoOpa3eH 3a JUHAMUYHO H3CJIeBaHE
Ha CHCTEMaTa € METOJbT Ha CHITUTE.

B o6parHaTa ¢opma Ha ypaBHEHUSTA HA JBU-
JKEHHE 1ellecho0pa3eH 3a JUHAMUYHO H3CIe]l-
BaHE Ha CHCTeMaTa € 1Ie()OPMAIMOHHUS METO/I.

AMIUTUTYIUTE HA MHEPIMOHHUTE CUIIU CE OIl-
peacsAT OT YpaBHCHUA Ha MPUHYACHUTEC TPCITC-
HUS, Pa3JIMYHM TI0 3amuc 3a aBere Gopma Ha Me-
TOJA.

W3cnenanero Ha cucTemara MpoabDKaBa Mo
1enecho0pa3HuTa popMa Ha METOJIa C OrJIe] 1Mo~
MAaJIKO M3YUCITUTEIHA paboTa.
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