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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.

17

Acknowledgment

We gratefully acknowledge the financial sup-
port by Research Fund of the Konstantin Preslav-
sky University of Shumen (Project No. RD-08-
79/2025).

References

1. (a) H. F. Schuster, and G. M. Coppola, ‘Al-
lenes in Organic Synthesis’ Wiley, New York,
1984; (b) Modern Allene Chemistry; eds. by N.
Krause, and A. S. K., Hashmi, Wiley-VCH, Wein-
heim, 2004; (c) M. Brasholz, H.-U. Reissig, and
R. Zimmer, Acc. Chem. Res., 2009, 42, 45. (d) S.
Ma, Acc. Chem. Res., 2009, 42, 1679. (e) S. Yu,
and S. Ma, Angew. Chem., Int. Ed., 2012, 51,
3074.

2. A. Hoffmann-Roder, and N. Krause, An-
gew. Chem., Int. Ed., 2004, 43, 1196.

3. (a) F. Yu, X. Lian, and S. Ma, Org. Lett.,
2007, 9, 1703. (b) F. Yu, X. Lian, J. Zhao, Y. Yu,
and S. Ma, J. Org. Chem., 2009, 74, 1130. (c) P.
Li, Z.-J. Liu, and J.-T. Liu, Tetrahedron, 2010, 66,
9729. (d) N. Xin, and S. Ma, Eur. J. Org. Chem.,
2012, 3806. (e) P. Fourgeaud, J.-N. Volle, J.-P.
Vors, Y.-A. Bekro, J.-L. Pirat, and D. Virieux,
Tetrahedron, 2016, 72, 7912. (f) 1. Essid, C. La-
borde, F. Legros, N. Sevrain, S. Touil, M. Rol-
land, T. Ayad, J.-N. Volle, J.-L. Pirat, and D.
Virieux, Org. Lett., 2017, 19, 1882.

4. (a) C. M. Angelov, and C. Z. Christov, Syn-
thesis, 1984, 664. (b) F. Yu, X. Lian, J. Zhao, Y.
Yu, and S. Ma, J. Org. Chem., 2009, 74, 1130. For
reviews, see: (¢) C. M. Angelov, Phosphorus, Sul-
fur, 1983, 15, 177. (d) N. G. Khusainova, and A.
N. Pudovik, Russ. Chem. Rev., 1987, 56, 564. (e)
I. V. Alabugin, and V. K. Brel, Russ. Chem. Rev.,
1997, 66, 205. (f) S. Ma, Acc. Chem. Res., 2009,
42, 1679. (g) V. K. Brel, Heteroatom. Chem.,
2006, 17, 547.

5. (a) C. M. Angelov, C. Z. Christov, and B. L.
Ionin, Zh. Obshch. Khim., 1982, 52, 264. (b) N.
G. Khusainova, L. V. Naumova, E. A. Berdnikov,



and A. N. Pudovik, Zh. Obshch. Khim., 1982, 52,
1040. (¢) D. D. Enchev, C. M. Angelov, E. Kraw-
chik, A. Skowronska, and J. Michalski, Phospho-
rus, Sulfur, Silicon, 1991, 57, 249.

6. For reviews, see (a) Y. S. Rao, Chem. Rev.,
1964, 64, 353. (b) Y. S. Rao, Chem. Rev., 1976,
76, 625. (¢) D. W. Knight, Contemp. Org. Synth.,
1994, 287.

7. (a) E. P. Kohler, and W. J. Whitcher, J. Am.
Chem. Soc., 1940, 62, 1489. (b) K. Shingu, S.
Hagishita, and M. Nakagawa, Tetrahedron Lett.,
1967, 4371. (c) S. Ma, and S. Wu, Tetrahedron,
1999, 55, 12137. (d) S. Ma, and S. Wu, Tetrahe-
dron Lett., 2001, 42, 4075. (e) S. Ma, F. Pan, X.
Hao, and X. Huang, Synlett, 2004, 85. (f) C. Fu,
and S. Ma, Eur. J. Org. Chem., 2005, 3942. (g) G.
Chen, C. Fu, and S. Ma, Tetrahedron, 2006, 62,
4444. (h) C. Zhou, Z. Ma, Z. Gu, C. Fu, and S.
Ma, J. Org. Chem. 7 2008, 73, 772.

8. For review, see: R. Zimmer, C. U. Dinesh,
E. Nadanan, and F. A. Hhan, Chem. Rev., 2000,
100, 3067-3125.

9. (a) L.-I. Olsson, and A. Claesson, Synthesis,
1979, 743. (b) S. S. Nikam, K. H. Chu, and K. K.
Wang, J. Org. Chem., 1986, 51, 745. (c) J. A. Mar-
shall, R. H. Yu, and J. F. Perkins, J. Org. Chem.,
1995, 60, 5550.

10.J. -J. Chilot, A. Doutheau, and J. Gore, Tet-
rahedron Lett., 1982, 23, 4693.

11. (a) K. Uemura, D. Shiraishi, M. Noziri, and
Y. Inoue, Bull. Chem. Soc. Jpn., 1999, 72, 1063.
(b) S.-K. Kang, T. Yamaguchi, S.- J. Pyun, Y.-T.
Lee, and T.-G. Baik, Tetrahedron Lett., 1998, 39,
2127.

12. (a) S. Ma, and W. Gao, Tetrahedron Lett.,
2000, 41, 8933. (b) S. Ma, and W. Gao, J. Org.
Chem., 2002, 67, 6104.

13. (a) E. Yoneda, T. Kaneko, S.-W. Zhang, K.
Onitsuka, and S. Takahashi, Org. Lett., 2000, 2,
441. (b) B. M. Trost, and A. B. Pinkerton, J. Am.
Chem. Soc., 1999, 121, 10842.

14. (a) A. Hoffmann-Roder, and N. T. Krause,
Org. Biomol. Chem., 2005, 3, 387. (b) R. A.
Widenhoefer, and X. Han, Eur. J. Org. Chem.,
2006, 4555. (c) A. S. K. Hashmi, and G. J. Hutch-
ings, Angew. Chem. Int. Ed., 2006, 45, 7896. (d)
E. Jimenez-Nunez, and A. M. Echavarren, Chem.
Commun., 2007, 333. (e) D. J. Gorin, and F. D.
Toste, Nature, 2007, 446, 395. (f) N. Bongers, and
N. Krause, Angew. Chem. Int. Ed., 2008, 47,
2178.

15. (a) A. Hoffman-Roder, and N. Krause,
Org. Lett., 2001, 3, 2537. (b) N. Krause, A. Hoff-
man-Roder, and J. Canisius, Synthesis, 2002,

18

1759. (¢) C. Deutsch, B. Gockel, A. Hoffmann-
Roder, and N. Krause, Synlett, 2007, 1790.

16. (a) V. K. Brel, Synthesis, 1999, 463. (b) V.
K. Brel, and E. V. Abramkin, Mendeleev Com-
mun. 2002, 12, 64.

17. 1. E. Ismailov, I. K. Ivanov, and V. C.
Christov, Bulg. Chem. Commun., Special Ed. B,
2017, 49, 33.

18. (a) V. C Christov, 1. K. Ivanov, and 1. E.
Ismailov, Heterocycles, 2013, 87, 1903. (b) L. K.
Ivanov, 1. D. Parushev, and V. C. Christov, Het-
eroatom Chem., 2014, 25, 60. (¢) 1. E. Ismailov, 1.
K. Ivanov, and V. C. Christov, Molecules, 2014,
19, 11056. (d) V. C. Christov, 1. E. Ismailov, and
I. K. Ivanov, Molecules, 2015, 20, 7263. (e) H. H.
Hasanov, I. K. Ivanov, and V. C. Christov, Phos-
phorus, Sulfur, Silicon, 2018, 193, 611. (f) H. H.
Hasanov, I. K. Ivanov, and V. C. Christov, Phos-
phorus, Sulfur, Silicon, 2018, 193, 797. (h) H. H.
Hasanov, I. K. Ivanov, and V. C. Christov, Het-
eroatom Chem., 2017, 28, e21357.

19. (a) M. C. Caserio, ‘Selectivity in Addition
Reactions of Allenes’ in ‘Selective Organic 8
Transformations’, ed. by B. S. Thyagarajan, John
Wiley & Sons, New York, 1970, pp. 239-299. (b)
P. B. D. De la Mare, and R. Bolton, ‘Electrophilic
Addition to Unsaturated Systems’, Elsevier, Am-
sterdam, 1982, pp. 317-325. (c) T. L. Jacobs,
‘Electrophilic Addition to Allenes’, in ‘The
Chemistry of the Allenes’, ed. by S. R. Landor,
Academic Press, New York, 1982; Vol. 2, pp.
417-510. (d) W. Smadja, Chem. Rev., 1983, 83,
263. (e) S. Ma, ‘lonic Addition to Allenes’ in
‘Modern Allene Chemistry’, ed. by N. Krause,
and A. S. K. Hashmi, Wiley-VCH, Weinheim,
2004; Vol. 2, pp. 595-699.

20. J. E. Baldwin, Chem. Commun., 1976,
734.

Hasan Hasanov

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: h.hasanov(@shu.bg

Ismail Ismailov

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: i.ismailov(@shu.bg

Ivaylo Parushev
Medical University-Varna


mailto:h.hasanov@shu.bg
mailto:i.ismailov@shu.bg

Faculty of Dental Medicine

Department of Clinical Medical Sciences
55 Marin Drinov Str., 9002 Varna
e-mail: Ivaylo.Parushev(@mu-varna.bg

Husein Halil

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: 2220150006@shu.bg

Serkan Mumun

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: 2220150017@shu.bg

Yordan Yordanov

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: 2420150017 @shu.bg

19

Yordanka Ivanova

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: 2329040090(@shu.bg

Ivaylo Iliev

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen

e-mail: Liliev@shu.bg

Ivaylo Ivanov

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: i.ivanov(@shu.bg

Valerij Christov

Konstantin Preslavsky University of Shumen
Department of Chemistry

115 Universitetska Str., 9700 Shumen
e-mail: v.christov@shu.bg



http://www.mu-varna.bg/EN/AboutUs/Dentistry/Pages/Akademi4en_sastav_klini4ni_nayki.aspx
mailto:Ivaylo.Parushev@mu-varna.bg
mailto:2220150006@shu.bg
mailto:2220150017@shu.bg
mailto:2420150017@shu.bg
mailto:2329040090@shu.bg
mailto:i.iliev@shu.bg
mailto:i.ivanov@shu.bg
mailto:v.christov@shu.bg

HMHIYCTPUAJHHI TEXHOJIOT U
TOM 12 (1) 2025

INDUSTRIAL TECHNOLOGIES
VOL. 12 (1) 2025

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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MMWYHHU ACIIEKTH 3A MOPCKUTE JUCIMIIVIMHU

ITersp BankoB

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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ABSTRACT: In 19 century Gerard and Laurent, starting from the corticity of water, carbon dioxide, involved
in some organic chemical reactions, and from Avogadro's hypothesis, distinguished the concept of molecule from
the concept of atom. English scientist Frankland, on the basis of his studies on organometallic compounds, defined
the term valence. Frankland's ideas were accepted and became established after the German chemist Kekule
pointed out that, on the basis of the "valence theory", the carbon atom is tetravalent. In fact, the concept of valence
was felt in the works of Berzelius, Dalton, Liebich, and others, but was not clearly expressed. The questions of
atomic masses, the constituent particles of gases, Avogadro's hypothesis, and other current issues in chemical
atomistics were reconciled by the Italian scientist Cannizzaro in 1858. The significance of the First International
Congress of Chemists in 1860 was enormous for the development of chemical atomistics, which had already de-
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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