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OF LUNG CANCER TYPES
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3A KNACUOUIIUPAHE HA BUJOBETE BEJIOJAPOBEH PAK

H. Cennxyk Horait, T.Yetnn Axkunmxu, ['sopkan Epnemup

ABSTRACT: Lung cancer is the leading cause of death in cancer types. Classification of the types of lung
cancer based on image data is of great importance in this sense. In this study, the goal is to achieve a classifica-
tion with 100% accuracy. Because the treatment of lung cancer depends on which type, together with the stag-
ing. Two convolutional neural network models were designed in the study. Although both models have a simple
architectural structure, more layers are used in the second model. In the second model, the initial learning rate
is also reduced. It can be seen from the accuracy rates in both models that these changes are correct. As a re-
sult, lung cancer types were classified with 100% accuracy using convolutional neural networks.

Key words: Convolutional neural networks, lung cancer type, maxpooling layer

Introduction

In the world, human beings have many death
causes. Diseases constitute a significant part of
these causes of death. Today, with the develop-
ing technology, there are also treatments for
many diseases. However, studies on the treat-
ment of some diseases are still continuing. Can-
cer is one of the serious diseases that cannot be
treated completely. Especially in the case of very
serious studies on lung cancer and scientific arti-
cles, it is still the second most common cause of
cancer death today [1]. Scientists are working to
help early detection and treatment of cancer and
other more fatal diseases. In particular, processes
such as classification of types, stages and proper-
ties of diseases, feature extraction, etc. are cur-
rently being tried using artificial intelligence
techniques and deep learning approaches [2-5].
Predictive and diagnostic applications that start-
ed with artificial neural networks today are the
basis of convolutional neural networks. As a re-
sult of the developments in the computer world,
the digital data used in the past has been replaced
by the image data, and furthermore the artificial
intelligence models have begun to be trained
with a relatively large number of data. Parallel to
all this, the accuracy of prediction, classification
and diagnostic artificial intelligence techniques is
much higher than the previous models. Today,

the field of medicine and many other in-depth
deep learning approaches are used [2-5].
Convolutional neural networks are the most im-
portant tool of the deep learning approaches [2-
5]. In this study, lung cancer types were classi-
fied using convulsion neural networks. In the
second part, which is the next part of the study's
introduction, general and brief information on
lung cancer and its classes is given. In the third
part, the data set and materials used in the study
are mentioned. In the fourth chapter, it is ex-
plained which method is used to work. The deep
convolutional neural network model used in the
study is introduced. In the fifth section, the re-
sults and graphics obtained in the study are pre-
sented. In the sixth chapter, the results obtained
are evaluated and discussed.

Brief description of lung cancer types

There are different types of lung cancer cells.
These are named according to the images of the
cancer under the microscope. Lung cancer in
different cell structure has different rates of
progression, different spreading ways and
different treatment methods. For this reason, it is
extremely important to know which lung cancer
we are facing [6-9].

Basically, lung cancer is divided into 2 main
groups:



1. Small-cell lung cancer
2. Non-small cell lung cancer

Small cell lung cancers:

Figure 1 shows the image of small cell lung
cancer. This group is rare. Among lung cancers,
small cell cancers account for 15%. It's a fast-
moving species. The tendency to spread to other
organs (such as the brain, bone and adrenal
gland) is higher than other species.

Fig. 1. Small-cell carcinoma in the right lung

Chemotherapy (drug therapy) and radiothera-
py (radiation therapy) are usually used in small
cell lung cancer. However, if small-cell lung
cancer is detected as being small, it is possible to
remove it with surgery. Small cell lung cancer is
also associated with smoking as other types. In
patients with small-cell lung cancer, brain metas-
tasis (metastasis) in the brain is important to pre-
vent future spread of radiation (protective radio-
therapy). Although there is a possibility of com-
plete cure (complete cure) in small-cell lung can-
cer, this rate is unfortunately not high [7-9].

Non-small cell lung cancers:

€Y

Fig. 2. Non-small cell lung cancer within the
right lung upper lobe bronchus

Figure 2 shows a non-small cell lung cancer
sample. The majority of lung cancers are non-
small cell lung cancers (85%). The tendency to
spread to other organs is less than that of the
small-cell lung cancer group. The choice of
treatment depends on the stage of the disease and
the general condition of the patient. There are
different types within this group:

e Epidermoid (squamous cell) lung cancer
e  Adenocarcinoma (bronchoalveolar
carcinoma and solid tumors are included
in this group)
e Large-cell lung cancer [7-9].
The abbreviations and cancer types used for the
four lung cancer types in the data set used in the
study are shown in Table 1 below.

Fig. 3. Data set example



Tabe 1 Types of lung cancer used in data set

Lung cancer type | Abbreviation | Numbering | Methodology
Squamous Cell S 1
Carcinoma Two convolutional neural networks with the same
Adenocarcinoma A B data set were trained in the study. The first
convolutive neural network (CNN1) consists of the
Non-Small Cell N 3 . . .
: input layer, convolution layer, relu, maxpooling,
Solid TYPC And SOL 4 fullyconnected and softmax, respectively, as shown in
Acinar figure 4.
Input Convolution + Relu Maxpooling Fully Softmax
(50 x50 x3 }_ (5 x5, 20 filters) (2 x 2, stride 2) | connected

T
|
B

w

Feature Learning

.
Classification

Fig. 4. Architecture of CNN1

The architecture of the second CNN model
(CNN2) is shown in figure 5. This model has an
excess convolution layer and a maxpooling layer.
Since the main goal in the study was to produce a

faultless classification, only the number of layers was
changed between the first model and the second
model.

'\.\
Y 5
| i J.r’l'r /\ : -2
—— ' 3
A 1—a
= f A
7 st [ X
! - - '\\ -
| Be—0
Convolutional +Relu | Maxpooling Con\rcrlut'lcrna_l +Relu Maxpooling Fully
| i (5 x 5), 20 filters (2% 2, stride 2) | | 5%5), 20filters | (2x2, stride 2| connected  Softmax
(50x50x3) Y Y —/I
Feature Learning Classification

Fig. 5. Architecture of CNN2

In both models, 20 filters of size 5 x 5 were used
in the convolution layer. In all the maxPooling layers
used in both models 2 x 2 filters were used with 2
strides. The total number of neurons in the Fully
connected layer is 4 because the output is 4. A total of
400 data were used, 100 data for each of the four
types of lung cancer used in the study. From these
data, 75 data for each type of cancer were allocated to

train the model and 25 data to test the model. In the
CNNI1 model, the initial learning rate was accepted as
0.0001 and in the second model this number was
taken as 0.001. The activation function used for both
models is the ReLu activation function.



Results

Table 2 shows CNNIl's training process.
According to this process the accuracy rate is 100% in
the 25th epoch. The error rate in the 50th iteration has

also dropped to zero. The error curve obtained in the
test result of CNN1 is shown in Figure 6. It can be
observed from the 20th epoch that this error is
followed by the error on the negative side and then to
Zero.

Table 2. CNN 1 training prosses

Epoch | Iteration | Time elapsed | Mini-batch | Mini-batch | Base learning rate
(seconds) loss Accuracy (%)

1 1 0.12 4.7269 26.56 1.00e-04
25 50 4.49 0 100 1.00e-04
50 100 8.60 0 100 1.00e-04

5 .......................................................................
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Epoch
Fig. 6. CNN1 mini-batch loss for testing
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Fig. 7. CNNI1 accuracy for testing

Figure 7 shows the accuracy curve for the
CNNI1 testing process. According to this curve, it
can be observed that the 30th Epoch reached a
100% accuracy. With the designed CNN1 model,
classification with an accuracy rate of 0.98 was
realized. Table 3 shows the training process of
the CNN2 model created in the study and the

20th and 1st epoch results in these processes.
Accuracy according to Table 3 is 100% for 20th
Epoch.

Figure 8 shows the CNN2 accuracy curve.
With the designed CNN2 model, the classifica-
tion was realized with an accuracy rate of 100%.

Table 3 CNN2 training prosses

Epoch | Iteration | Time elapsed | Mini-batch | Mini-batch | Base learning rate
(seconds) loss Accuracy (%)
1 1 0.42 1.45 27.34 0.001
20 40 4.78 100 0.001
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Fig. 8. CNN2 accuracy for testing

Conclusion

CNNI1 and CNN2 models are designed for the
study. The first model is simpler than the second.
So the number of layers is two layers less. How-
ever, 100% success in the study was targeted. In
the first model, this achievement is very close,
but it can be concluded that it cannot be reached.
In the second model, the model is less developed
because the number of data is limited. For this
purpose, a convolutional layer and a maxpooling
layer are added to the architecture of the second
model. In both models, the dimensions of the
filters used in the convolutional layers and the
maxpooling layers were chosen to be the same. It
is very important to determine the type of lung
cancer disease with image data. Although the
number of data used in this study is limited to
400, maximum accuracy is obtained with the
modification made in the used model. The first
model reached its goal in 8.6 seconds. The se-
cond model has achieved 100% accuracy rate in
4.78 seconds, although there are more layers and
filters. In other words, success has been achieved
in two aspects of the study. First, 100% accuracy
is achieved in the study. Secondly, the training
and testing time is shorter than the first model.
So the time to reach the target has been reduced
by about half.
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ESTIMATION OF HEAD & NECK CANCER STAGE BY USING DEEP CONVOLUTIONAL
NEURAL NETWORKS

H. Selcuk Nogay, T.Cetin Akinci, Gokhan Erdemir

OIIEHSABAHE HA ETAIIA HA KAPHHUHOM HA I'VTABATA U HIUATA YPE3
HN3IOJ3BAHE HA 1'bJIBOKO KOHBYJ/JIIOIIMOHHU HEBPOHHU MPEKHU

H. Cennxyk Horait, T.Yetnn Axkunmxu, ['sopkan Epnemup

ABSTRACT: Five deep convolutional neural networks (DCNN) modes were designed in this study. In order
to contribute to the staging of head and neck cancer, stage prediction was performed using classification ap-
proach with convolutional neural network models. The same dataset was used for each model, and only the cer-
tain structural differences were tried to obtain the most satisfactory accuracy. As a result, all five models pro-
duced highly successful estimates. However, the fifth and third models, which are also the most successful
among these models, attract attention.

Key words: Deep convolutional neural networks, head and neck cancer, staging, classification, estimation

Introduction staging system and the "International Union for
Cancer Control" (UICC) systems in staging of
Cancer is a general name given to malignant  head and neck cancers are used for staging. The
tumors and is now the second most common TNM staging system is based on this study [1,
cause of human deaths. Head and neck cancers  2].
also cause psychological disturbances as well as Scientific studies for classification, segmenta-
complaints of patients with external appearance  tion and diagnosis have been carried out in recent
openings and direct appearance findings in terms  years using deep learning methods. Deep convo-
of settlements. In particular, mainly head and lutional neural networks are the most popular
neck cancer types are throat, mouth, tongue, method for image processing, pattern recognition
chin, nasal and face. In recent years, environ- and segmentation among deep learning methods.
mental pollution, food deficiencies, chemical = Deep convolutional neural networks are based on
substances used for food spoilage, GMO foods, artificial neural networks. The use of thousands
environmental pollution, industrial wastes, natu-  of image data through the appropriate layers for
ral water sources of acid fumes and natural disas-  prediction and classification purposes constitutes
ters, smoking, alcohol consumption, pollution of  the basis of the convolutional neural network [3 -
our atmosphere etc. cause negative effects on  6]. In this study, stage estimation for head and
human health and life and cause health problems  neck cancer was performed with deep
[1, 2]. A precautionary part of head and neck  convulutional neural networks. Five deep convo-
cancer is caused by well known causes and there-  lutional neural network models were designed
fore it is possible to prevent them. In addition,  with some modifications in terms of interpreta-
when the disease is diagnosed early, extremely  tion and comparison of the classification accura-
high survival rates can be achieved with existing cy of the phase estimation study, which has a
treatment methods. Early diagnosis is very im-  very large preliminary design for staging. In the
portant in head and neck cancers as it is in all ~ second section after the introduction, the theoret-
cancers. When the diagnosis is delayed, the ical information about head and neck cancer is
treatment becomes very difficult. Therefore, pre-  given. In the third section, information about the
vention and early diagnosis are very important.  materials and data set used in the study are given.
As in other types of cancer, treatment of head In the fourth section, the methods used in the
and neck cancer also depends on diagnosis and  study are given. In the fifth section, the results
staging. The "Tumor Node Metastases" (TNM)
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obtained are presented. In the sixth and final sec-
tion, the results were evaluated.

Brief description of head and neck cancer

Head and neck cancer is the sixth most com-
mon cancer in all cancers and accounts for about
5% of all cancers. The incidence in the world is
2 million people per year. Head and neck cancer
is any cancer in the head and neck region outside
the dice that surrounds the lungs with the mem-
brane surrounding the brain, including the hair
with hair. Head and neck cancers arise from dif-
ferent parts of the head and neck and from dif-
ferent structures. The head and neck region con-
tains different structures and cell types. For ex-
ample, squamous epithelium, glandular struc-
tures (salivary gland, thyroid gland, parathyroid
gland) sinuses, bone structures, cartilage struc-
tures, muscles, nerves, vascular structures and
lymphoid structures. Appropriately, head and
neck cancers have a wide range of histological
subtypes [6-7]. The World Health Organization
only identifies more than 50 different histologi-
cal subtypes for nasal cavity and paranasal sinus
cancers. The great majority of head and neck
cancers arise from the upper aerodigest tract and
include squamous cell cancers. Squamous cell
carcinomas are the most common histologic type
(90% frequency). Historically, the most im-
portant risk factors are tobacco and alcohol use.
Human papilloma virus (HPV) has been found to
be an important etiologic factor especially in
oropharyngeal carcinomas. HPV-associated head
and neck cancers arise primarily from the oro-
pharynx region. It is stated that the carcinogene-
sis process developed differently in HPV-
negative and HPV-positive squamous cell head
and neck cancers. These two groups (HPV + and
HPV-) have different biologic, clinical and prog-
nostic features. This point is important in the se-
lection and maintenance of treatment. HPV-
positive head and neck cancers are associated
with better response and better survival, but are
seen at an earlier age [7-10].

Most of the patients with head and neck can-
cer are local advanced stage, some of them are
metastatic. Head and neck cancers arise as oral
cavity and pharyngeal carcinoma, gut cancer,
tongue cancer, salivary gland cancer, intranasal
and sinus cancer. There may be other types of
cancer in the head and neck region. However,
diagnosis and treatment are very different. Brain
tumors, esophageal cancer, eye cancer, parathy-
roid cancer, sarcoma and thyroid cancer may be
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examples of these cancer types. If a person has
head and neck cancer symptoms, the doctor will
have a complete medical history, specifying all
the symptoms and risk factors. In addition, phys-
ical examination / blood and urine tests, HPV
testing, endoscopy, biopsy, molecular examina-
tion of the tumor, x-ray / barium swallowing,
panoramic radiography, ultrasonography, com-
puted tomography (CT) scanning, magnetic res-
onance imaging (MRI), bone scan, positron
emission tomography (PET), or PET-CT scan-
ning can be performed. Imaging methods are
used for local invasion depth, evaluation of re-
gional lymph nodes, in addition to the results
obtained by physical examination, to investigate
the presence of second primer malignancy in the
presence of distant metastasis. Computed tomog-
raphy (CT), magnetic resonance imaging (MRI)
and positron emission tomography (PET) have
an important role in the diagnosis and staging of
head and neck cancer patients. The most com-
mon metastatic regions are the lungs, liver,
bones, and the second most common cancer re-
gions are head and neck region, lungs and esoph-
agus. Ideally, pre-biopsy imaging should be
done. Computerized tomography, MRI, PET and
PET / CT local infiltration is an important tech-
nique for evaluating regional lymph node in-
volvement and distant metastasis. Magnetic res-
onance imaging is superior to computed tomog-
raphy in the evaluation of soft tissues. MRI is a
good imaging modality for evaluation of tongue
cancers and is very good for the evaluation of
superficial tumors. At the same time, MRI is bet-
ter than computed tomography in the removal of
the mucinous tumor and bone marrow invasion.
MRI is good in assessing cartilage invasion. On
the other hand, computed tomography in bone
cortex evaluation gives better information than
MRI. MR is superior to computed tomography in
evaluating perineural spread, evaluation of skull
base invasion and assessment of intracranial ex-
tension. The "Tumor Node Metastases" (TNM)
staging system and the "International Union for
Cancer Control" (UICC) systems are used for
staging of head and neck cancers. Table 1 shows
the TNM staging system [7-10].

In the TNM system, T, shown in Table 1, is
the stage associated with tumor growth and is
referred to as the primary tumor. N is the Re-
gional Lymph Nodules. M means distant metas-
tasis. There are many sources in the literature on
the TNM staging system. Further information
can be referred to the following sources [11-15].



Table 1. TNM Staging system [K11]

Stage Grouping Numbering
Stage 0 Tis NO MO | 1
Stage 1 Tl NO MO | 2
Stage I1 T2 NO MO |3
Stage I11 T3 NO MO | 4

Tl NI MO

T2 NI MO

T3 NI MO
Stage IVA | T4a NO MO | 5

T4a NI MO

Tl N2 MO

T2 N2 MO

T3 N2 MO

T4a N2 MO
Stage [IVB | Any T | N3 M |6

T4B Any N | MO
Stage IVC | AnyT | AnyN | M1 | 7

The treatment of head and neck cancers is
complex because of the importance of the
anotomical complex and the continuity of organ
function. A multidisciplinary approach where
surgeons, medical oncologists, radiation oncolo-
gists, dentists, dieticians, rehabilitation special-
ists are involved is very important in the treat-
ment of head and neck cancers. Approximately
30-40% of squamous cell carcinomas of the head
and neck refer to early stage (stage I and II). In
general, these patients are treated by surgery or
radiotherapy. The 5-year overall survival rate
ranges between 70-90% in stage I and Il patients.
However, in patients with cigarette and alcohol
related head and neck cancer, the probability of
second primary malignancy occurring at 5 years
is around 20%. Surgical suitability, functional
outcomes and morbidity are important in the
choice of treatment because the results of surgery
and radiotherapy are generally similar. The use
of local treatment alone in local advanced head
and neck cancers (stage III, IVA, IVB) resulted
in high local recurrence, distant metastasis, mor-
bidity and mortality. The addition of chemother-
apy to local treatments has resulted in more ef-
fective treatments for organ prolongation and
survival. Modalities used for the treatment of
local advanced head and neck cancers include
postoperative radiotherapy or
chemoradiotherapy; induction chemotherapy fol-
lowed by surgery or radiotherapy or
chemoradiotherapy; definitive
chemoradiotherapy. The order of treatment
should be decided by multidisciplinary approach.
The expectation of the patient in treatment deci-
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sion is very important in comorbidities. Surgical
oral cavity is the preferred treatment for the
treatment of squamous cancers. The ease of
reaching the operative site and the possibility of
reconstruction make surgical treatment an im-
portant alternative. Treatment of these patients
with radiotherapy + chemotherapy is being con-
tinued in the postoperative period due to the high
recurrence potential of oral cavity cancers. De-
finitive radiotherapy, chemoradiotherapy, or con-
secutive use of these treatment modalities is the
preferred treatment in patients who are inopera-
ble, unresectable, and in whom functional out-
comes are unacceptable. Studies on organ-
protective treatments in patients with orophar-
ynx, hypopharynx and larynx cancer continue.
Simultaneous chemoradiotherapy is the standard
treatment of organ conservative treatment. How-
ever, it is an important treatment method in se-
quential treatments and is preferred in some pa-
tients. Definitive radiotherapy is the preferred
treatment option for poor performance status pa-
tients and elderly patients [8-15].

Materials

The data set used in the study was obtained from
the website of The Cancer Imaging Archive
(TCIA) [16, 17]. 200 Magnetic Resonance Imag-
ing (MRI) image data were used for each stage in
the study. In total, 1400 data were used for 7
stages. Figure 1 shows a randomly selected sam-
ple data from the image data.

Fig. 1. Randomly selected sample image
data

The MRI image data was in 512x512 size
and was obtained with three channels. The
sample data in Figure 1 is 512x512 pixels in



size. Five deep convolutional neural network
models were designed in the study. For each
model, the image size is used differently. In

a) b) c)

Figure 2, examples of real data sets used for
each model are presented.

d) e)

Fig. 2. Sample data sets for DCNN1 (a), DCNN2 (b), DCNN3 (c), DCNN4 (d), DCNNS5 (e)

The MR images of the patient were used from
different age groups with head and neck cancers
in the data set. Data sets have been used by being
saved as folders with tags.

Methodology

Five deep convolutional neural networks
models were designed and implemented in the
study. The data set for each model is the same
number, totaling 1400. For each stage, 75% of
the 200 data sets (150) were used for the training
of the models and the remaining 50 data were
used for the testing of the models. The activation
function selected for each model is the ReLu
activation function. The number of layers used
for each model is the same and the filter
dimensions and image dimensions are different.
The maximum epoch numbers and initial
learning rates were chosen to be the same to be
able to compare with the graphics. The
maximum number of epochs selected is 15.
Initial learning rates were also chosen as 0.001.
The picture sizes are square, with 28, 56, 84, 100
and 128 pixels, respectively, with the condition
being three channels in all. The designed models
and their differences are shown in figure 3. The
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number of filters used in the convolutional layers
was chosen differently for each model. To
determine these numbers, the number of neurons
and folds in the output layer were taken as basis
and no specific criteria was used. The filter sizes
used for each convolution layer were also chosen
differently for each model, as can be seen in
Figure 3 and Table 2. The stride number used for
the Max pooling layer is 2 for each model. Also
the filter used for max pooling was chosen the
same for each model as 2x2 in size. The staging
system used in the data set in the study is the
TNM staging system. In other words, since the
data set contains clinical data recorded according
to the TNM grading system, the TNM staging
system has been compulsory in this study. Table
1 shows the TNM staging system. In all models,
there are 7 neurons in the output layer, which is
naturally the last layer. Classified in this layer.
There are many sources about the choice of
architecture of convolutional neural networks,
the filters of layers, the number of filters, the
selection and decision of activation functions,
and even the design of the architecture.
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Fig. 3. Designed DCNN models and their differences

Results

Separate results were obtained for each
DCNN model designed in the study. Table 2
shows the structural properties of the models as
well as the resulting classification (estimation)
accuracy rates. Table 3 shows the accuracy rates
of the 15th epoch, the latest epoch for each mod-
el, and the time to reach the result. Based on this
table, error and accuracy curves are obtained for
each model. Figure 4 shows the faults for the test
process over 15 epochs. In this way, it can be

observed which model produced the lowest error
and highest error. In Figure 5, the accuracy rates
obtained during the testing process are given
separately for each model, as opposed to the er-
ror curve. From these curves, it can be easily ob-
served which model produces the highest accura-
cy predictions. Considering the graphics and ta-
bles, it is understood that the results are quite
satisfactory in terms of obtaining the results.

Table 2. Structure of DCNN models and accuracy results

Models DCNN1 | DCNN2 | DCNN3 DCNN4 DCNNS5
Input image size 28x28x3 | 56x56x3 | 84x84x3 100x100x3 | 128x128x3
Convolutional layer /filters number | 3x3 /22 4x4/16 6x6/24 3x3/28 5x5/20
Maxpooling layer/stride 2x2 /2 2x2 /2 2x2 /2 2x2 /2 2x2 /2
Fully connected layer 7 7 7 7 7
Accuracy 0.86 0.9514 0.98 0.9771 0.9829
Time elapsed (Seconds) 15.18 8.33 30.51 33.31 62.78
7
6
2 s —+— DCNN1
s DCNN2
_.Eé 4 DCNN3
§ 3 DCNN4
5 BN —#— DCNN5
1 \w\’\’
0 —8 ‘
5 10 15
1 Epoch

Fig. 4. Error curves of DCNN models



Table 3. Testing procces of the DCNN models

Epoch 1,00 7,00 13,00 15,00
Models -
Iteration 1,00 50,00 100,00 120,00
Time Elapsed (seconds) 10,73 13,14 14,61 15,18
DCNN1 | Mini-batch loss 2,22 0,86 0,54 0,43
Mini-batch Accuracy (%) |21,88 73,44 79,69 85,94
Time Elapsed (seconds) 0,21 3,7 7,01 8,33
DCNN2 | Mini-batch loss 2,65 0,32 0,20 0,16
Mini-batch Accuracy (%) | 15,63 92,97 93,75 95,31
Time Elapsed (seconds) 0,37 12,74 25,39 30,51
DCNN3 | Mini-batch loss 6,5796 0,2828 0,0733 0,0376
Mini-batch Accuracy (%) | 6,25 90,63 100 99,22
Time Elapsed (seconds) 0,41 13,77 27,81 33,31
DCNN4 | Mini-batch loss 3,06 0,32 0,11 0,06
Mini-batch Accuracy (%) | 22,66 88,28 97,66 99,22
Time Elapsed (seconds) 9,94 32,7 54,18 62,78
DCNNS5 | Mini-batch loss 5,0033 0,3345 0,0572 0,0391
Mini-batch accuracy (%) 13,28 87,5 99,22 99,22
120
_ 100
g
g 80
g 60 —+— DCNN1 DCNN2
g 20 DCNN3 DCNN4
é 20 —4— DCNN5
0
0 5 10 15
Epoch

Fig. 5. Accuracy rate curves of DCNN models

Conclusion

When the results of five DCNN models de-
signed in the study are examined in Table 2 and
Table 3, it can be said that the DCNN5 model
produced the highest classification accuracy rate
with 98.2%. In this case, it is possible to say that
the DCNN1 model produces the lowest accuracy
rate of 86%.This difference in accuracy rates is
directly related to the size of the image data used
and the filters used in the layers. As the image
size increases, accuracy increases. The same can
be said for the size and number of filters. You
may need to compare DCNN3 and DCNN4 to
see how the filter size in the layers and the num-
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ber of filters affect the model's operation. Alt-
hough DCNN3 has image data in a smaller size
than DCNN4, DCNN3 has a higher accuracy
rate. The advantage of DCNN4 is not only that
the image size is higher than DCNN3. At the
same time, although the number of filters used in
the convolutional layer is more advantageous
than DCNN3, DCNN3 achieves even better ac-
curacy. It is clear that the filter size is important.
Because the filter size used in the convolutional
layer in DCNN3 is less than that in DCNN4, the
filter size is larger than that of DCNNA4. It is also
possible to make an interpretation that there is
not a significant difference between the image
dimensions which would affect the end result.



When the graphs are examined, the error value of
DCNN3 is also the smallest value in the 13th
Epoch compared to DCNNS and others. Also
DCNN3 at the end of the process has the lowest
error rate. There is another important situation in
this type of staging and diagnostic study as well
as accuracy. This is how long the process lasts.
The DCNNS5 with the highest accuracy rate can
achieve this result after 62.80 seconds of the 15th
Epoch, while the DCNN3 with a very close accu-
racy rate reaches this result after 30.51 seconds.
In this study, it can be said that DCNN3 is the
most successful model to propose, although
DCNNS is the model that produces the best clas-
sification rate.
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NPUJIOKEHUE HA BAKTEPUOLMH, NU30JIMUPAH OT BACILLUS
METHYLOTROPHICUS BM47 KATO BUOKOHCEPBAHT B CYPOBO KPABE MJISIKO

IOmuan Tymbapcku, Benuuka Snakuera, Panocera Hukomosa, ['eprana Munesa, Meenuna Jlecesa,
Jama MuxaitnoBa u san l1BanoB

APPLICATION OF A BACTERIOCIN ISOLATED FROM BACILLUS
METHYLOTROPHICUS BM47 AS A BIOPRESERVATIVE IN RAW COW’S MILK

Yulian Tumbarski, Velichka Yanakieva, Radosveta Nikolova, Gergana Mineva, Ivelina Deseva,
Dasha Mihaylova and Ivan Ivanov

ABSTRACT: In recent years, the increasing consumers’ demands for fresh-tasting, safe, naturally preserved
and minimally-processed food products without chemical preservatives stimulated the research interest in devel-
opment of new strategies for food preservation with application of biologically active compounds with antimi-
crobial activity such as bacteriocins. Bacteriocins are compounds of proteinaceous nature synthesized by a large
number of bacteria, which exhibit antimicrobial activity against different saprophytic and pathogenic microor-
ganisms. The bacteriocins which possess the highest potential for application in food biopreservation are those
produced by the members of genus Bacillus and lactic acid bacteria (LAB). Therefore, the aim of the present
study was to evaluate the antimicrobial effect and possibilities for application of a bacteriocin isolated from Ba-
cillus methylotrophicus strain BM47 as a potential biopreservative of raw cow’s milk. The results demonstrated
that the addition of a bacteriocin led to decrease of the titratable acidity and reduction of the total plate count of
microorganisms, without a change of the organoleptic properties of the raw milk.

Key words: bacteriocin, Bacillus methylotrophicus, biopreservation, milk

Introduction In recent years, the increasing consumers’
demands for fresh-tasting, safe, naturally pre-
Milk is an excellent medium for microbial served and minimally-processed food products
growth and acts as a vector for various foodborne  led to avoidance of the use of chemical preserva-
pathogens and spoilage microorganisms. There-  tives and stimulated the scientific efforts to the
fore, pasteurization of raw milk before human  application of biologically active compounds
consumption or for the manufacture of dairy  with antimicrobial activity such as bacteriocins.
products is important and required technological = Bacteriocins are compounds of proteinaceous
process. The different methods of pasteurization = nature produced by a large number of bacteria,
(high temperature, short time pasteurization — including members of genus Bacillus and lactic
HTST; ultra-pasteurization and vat-  acid bacteria (LAB), which possess antimicrobial
pasteurization) significantly decrease the number  activity against different saprophytic and patho-
of microorganisms in milk, but do not provide a  genic microorganisms. Bacteriocins are consid-
sterile product. ered as a perspective approach for
Until now, in the food industry approaches for  biopreservation of food, in particular of milk and
improving the food safety have been related to  dairy products due to their broad antibacterial
the use of more efficient chemical preservatives  and antifungal spectrum, effectiveness, safety
or to the application of more drastic physical and low costs for obtaining and application
treatments (high temperatures). Nevertheless, (Tumbarski et al., 2018).
these types of solutions have many disad- Therefore, the aim of the present study was to
vantages: the proven toxicity of many of the evaluate the antimicrobial effect and possibilities
commonest chemical preservatives (nitrites) and  for application of a bacteriocin isolated from Ba-
the alteration of the organoleptic and nutritional  cillus methylotrophicus strain BM47 as a poten-
properties of foods (Ananou et al., 2007). tial biopreservative of raw cow’s milk.
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Materials and methods

1. Materials

1.1. Bacteriocin

Purified by fast protein liquid chromatog-
raphy (FPLC) and lyophilized substance contain-
ing a protein of intermediate molecular size
(19578 Da) was used. This bacteriocin was syn-
thesized by Bacillus methylotrophicus strain
BMA47 isolated from natural thermal spring water
in Haskovo region, Bulgaria.

1.2. Test microorganisms

Eight test microorganisms including Gram-
positive bacteria (Listeria monocytogenes — our
isolate), Gram-negative bacteria (Escherichia
coli ATCC 8739, Pseudomonas aeruginosa
ATCC 9027 and Salmonella sp. — our isolate)
and fungi (Aspergillus niger, Aspergillus
awamori, Fusarium moniliforme and Penicillium
sp. — our isolates) from the collection of the De-
partment of Microbiology at University of Food
Technologies, Plovdiv, Bulgaria, were selected
for determination of minimal inhibitory concen-
tration (MIC) of the purified bacteriocin.

1.3. Culture media

Luria-Bertani glucose agar (LBG-agar).
This medium was used for cultivation of test bac-
teria and determination of MIC. LBG-agar medi-
um was prepared by the following prescription:
10 g tryptone, 5 g yeast extract, 10 g NaCl, 10 g
glucose and 15 g agar dissolved in 1 L of deion-
ized water. The final pH was adjusted to 7.5 and
the medium was autoclaved for 20 min at 121°C.

Malt extract agar (MEA). This medium was
used for cultivation of test fungi. MEA was pre-
pared by the following prescription: 20 g malt
extract, 20 g dextrose, 6 g peptone and 15 g agar
dissolved in 1L of deionized water. The final pH
was corrected to 5.5 and the medium was auto-
claved for 15 min at 121°C.

Plate count agar (PCA). This medium was
used for determination of total plate count of
mesophilic aerobic and facultative anaerobic mi-
croorganisms in milk. PCA was prepared by the
following prescription: 5 g tryptone, 2.5 g yeast
extract, 1 g dextrose and 9 g agar dissolved in 1
L of deionized water. The final pH was adjusted
to 7.0 and the medium was autoclaved for 15 min
at 121°C.

Chloramphenicol glucose agar (CGA). This
selective medium was used for enumeration of
colony-forming units of yeasts and fungi in milk.
CGA was prepared by the following prescription:
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20 g dextrose, 5 g yeast extract, 0.1 g chloram-
phenicol and 15 g agar dissolved in 1L of deion-
ized water. The final pH was corrected to 6.6 and
the medium was autoclaved for 15 min at 121°C.

1.4. Milk

Fresh, homogenized and pasteurized cow’s
milk with pH 6.7 and titratable acidity of 16.5°T
was used. The milk was delivered by BCC Han-
del Ltd., town of Elena, Bulgaria.

2. Methods

2.1. Preparation and inoculation of agar
media for minimal inhibitory concentration
(MIC) determination

The test bacteria were cultured on LBG-agar
medium at 37°C for 24 h, while the test fungi
were grown on MEA at 30°C for 7 days or until
sporulation. The inocula of bacteria were pre-
pared by homogenization of a small amount of
biomass in 5 mL of sterile 0.5% NaCl. The
inocula of fungi were prepared by addition of 5
mL of sterile 0.5% NaCl into the tubes. After
vigorous shaking they were filtered and replaced
in another tubes before use. The number of via-
ble cells and fungal spores was determined using
a Thoma’s haemocytometer. Their final concen-
trations were adjusted to 1.0x10° cfu/mL (for
bacterial cells) and 1.0x10° cfu/mL (for fungal
spores) and then inoculated in preliminarily
melted and tempered at 45-48°C LBG-agar me-
dia. The inoculated media were transferred in
quantity of 16 mL in sterile Petri dishes (d=9
cm). After hardening, six wells (d=6 mm) per
dish were cut.

2.2. Minimal inhibitory concentration
(MIC) of purified bacteriocin (PB) and de-
termination of the arbitrary units

MIC of the purified bacteriocin was deter-
mined by the conventional method — series of
two-fold dilutions of the bacteriocin ranging
from 10.0 to 0.079 mg/mL were prepared. Dupli-
cate samples of each dilution were pipetted in
quantity of 60 pL into the agar wells. The Petri
dishes were incubated at 37°C (for pathogenic
bacteria) and 30°C (for fungi) for 24h and 48h,
respectively.

The MIC values were determined as the low-
est concentrations of the bacteriocin inhibiting
completely the growth of each test microorgan-
ism around the agar well (Tumbarski et al.,
2017). The calculation of arbitrary units (AU)
was based on the obtained MIC values.



2.3. Application of PB in raw cow’s milk

Fresh, homogenized and pasteurized cow’s
milk (400 mL) was placed in each of four sterile
banks. The purified bacteriocin in different con-
centrations (1 AU/mL, 2 AU/mL and 3 AU/mL)
was added to three of the banks, and the fourth
was kept as a control. All samples were placed
for storage under refrigeration conditions (4°C).
The morphological, biochemical and microbio-
logical changes in milk were monitored for 3
weeks.

2.4. Determination of titratable acidity

Determination of titratable acidity was im-
plemented according to the Bulgarian State
Standard BSS 1111:1980.

Ten mL of milk samples were mixed with 20
mL of distilled water. The titratable acidity was
determined by titration of each sample with 0.1
N NaOH using phenolphthalein as an indicator
until the appearance of a pale pink colour persist-
ing over 1 min. One Torner degree (°T) corre-
sponds to 1 mL of 0.1 N NaOH, needed for neu-
tralisation of an equivalent amount of organic
acid, contained in 100 mL of milk.

2.5. Enumeration of colony-forming units
(cfu) of mesophilic aerobic and facultative an-
aerobic microorganisms in milk

Total plate count of mesophilic aerobic and
facultative anaerobic microorganisms was de-
termined by colony-count technique on PCA at
30°C according to the Bulgarian State Standard
BSS ISO 4833-1:2013.

2.6. Enumeration of colony-forming units
(cfu) of yeasts and/or fungi in milk

Colony-count technique for yeasts and/or
fungi in milk was implemented on CGA at 25°C

according to the Bulgarian State Standard BSS
ISO 6611:2006.

Results and discussion

1. Determination of MIC of PB and calcu-
lation of the dose for application in milk

As seen from the results presented in Table 1,
the purified bacteriocin of B. methylotrophicus
BM47 demonstrated significant activity against
the fungi F. moniliforme, Penicillium sp., A.
awamori and A. niger. Contrary to this, the path-
ogenic bacteria used as indicator microorganisms
remained unaffected. Despite the absence of an-
tibacterial activity, the antifungal activity of the
bacteriocin is also important due to the frequent
presence of fungi or their spores in the raw milk.
The most commonly detected fungi in raw milk
belong to the genera Penicillium, Geotrichum,
Aspergillus, Mucor and Fusarium (Quigley et al.,
2013).

After estimation of MIC (2.5 mg/mL), the ar-
bitrary units (AU) of PB were calculated to its
amount in 60 pL - 0.15 mg. This dose was ac-
cepted as an equivalent of 100 AU. To provide
the desirable concentrations of 1 AU/mL, 2
AU/mL and 3 AU/mL, in the experimental pro-
cedure 0.6 mg, 1.2 mg and 1.8 mg of the
bacteriocin was added in 400 mL of milk.

2. Application of PB as biopreservative in
raw cow's milk

As mentioned above, the morphological, bio-
chemical and microbiological changes in milk
were monitored for 3 weeks. The results from the
effect of the PB of B. methylotrophicus BM47 on
some physicochemical and microbiological pa-
rameters of raw milk are summarized in Table 2.

Table 1. MIC of the purified bacteriocin of B. methylotrophicus strain BM47.

Test microorganism MIC, mg/mL
Fusarium moniliforme 2.5
Penicillium sp. 2.5
Aspergillus awamori 2.5
Aspergillus niger 2.5

Escherichia coli ATCC 8739

Salmonella sp.

Listeria monocytogenes

Pseudomonas aeruginosa ATCC 9027 -




Table 2. Effect of the purified bacteriocin of B. methylotrophicus BM47 on some physicochemical
and microbiological parameters of raw cow's milk.

Milk + PB (1 AU/mL) | Milk + PB (2 AU/mL) | Milk+ PB (3 AU/mL) Milk (control)

Day | TA TPC | Y/F| TA | TPC | Y/F | TA TPC | Y/F | TA TPC | Y/F

(°T) (cfu/ (cfu/ | (°T) (cfu/ (cfu/ | (°T) (cfu/ (cfu/ | (°T) (cfu/ (cfu/

mL) mL) mL) mL) mL) mL) mL) mL)
1 16.5 15 <1 [ 165 15 <1 16.5 15 <1 | 165 15 <1
3 | 170 40 <1 [ 170 35 <1 17.0 30 <1 | 17.0 40 <1
6 17.7 | 7.5x<10° | <1 | 17.6 | 7.0x10° | <1 17.5 | 6.5x10° | <1 18.1 | 8.0x10° | <1
9 [ 201 [7.5x10° | <1 | 19.0 | 7.0x10° | <I 18.1 | 6.5x10° | <1 | 21.0 [ 1.0x10° | <I
12 | 210 [ 34x10° | <1 | 21.0 [ 3.0x10° | <1 | 21.0 [ 3.0x10° | <1 | 22.0 |4.4x10°| <1
15 | 333 [ 65x10° | <I | 333 [ 64x10° | <1 | 333 [ 63x10° | <1 | 348 [ 7.8x10° | <l
18 | 369 | 48x10" [ <1 | 365 [ 46x10" | <1 | 365 | 46x10° | <1 | 38.6 | 6.0x10" | <I
21 | 407 [ 8.7x10° | <1 | 404 | 6.7x10° | <1 | 40.0 | 6.0x10" [ <1 | 414 | 1.0x10° | <I

Legend: PB — purified bacteriocin; AU — arbitrary units; TA - titratable acidity; TPC — total plate
count of mesophilic aerobic and facultative anaerobic microorganisms; Y/F — yeasts and fungi.

The results presented in Table 2 showed that
the addition of bacteriocin at three different con-
centrations (1 AU/mL, 2 AU/mL and 3 AU/mL)
in the raw milk did not significantly affect its
titratable acidity and microbiological parameters
during the first three days of its storage under
refrigeration conditions. After six days of stor-
age, decrease of the titratable acidity values and
reduction of the total plate count of mesophilic
aerobic and facultative anaerobic microorgan-
isms (TPC) of the milk with PB were observed,
which were most pronounced in the sample with
highest bacteriocin concentration (3 AU/mL). An
increase of the same parameters of the control
sample was recorded. No yeasts and fungi in all
samples were detected. No visible changes in the
organoleptic characteristics of milk (colour,
smell and consistency) were observed (Fig. 1).

After the ninth day of storage until the end of
the monitoring period, the same trend was ob-
served — decrease of the titratable acidity values
and reduction of TPC of milk samples with addi-
tion of bacteriocin. The higher concentrations of
bacteriocin in milk (2 AU/mL and 3 AU/mL)
were more effective and influenced beneficially
the physicochemical and microbiological param-
eters, compared with the lower bacteriocin dose
(1 AU/mL) and the control sample. No yeasts
and fungi were detected. Until the 18-th day of
storage no visible changes in the organoleptic
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characteristics of raw milk (colour, smell and
consistency) were observed. However, on the 21-
st day of storage, changes in some of the organo-
leptic properties - unpleasant smell, appearance
of precipitates and fermentation of the control
sample (without bacteriocin) were observed,
while the samples of addition of PB were not
affected. Thus, the results of this study revealed
the potential possibilities for application of
bacteriocin of B. methylotrophicus BM47 as a
biopreservative in raw milk.

The application of Bacillus bacteriocins in
raw milk and their effectiveness as natural pre-
servatives against different foodborne pathogenic
and spoilage microorganisms was previously
studied by some other authors.

Martirani et al. (2002) described the proper-
ties of a bacteriocin named bacillocin 490 isolat-
ed from the thermophilic strain Bacillus
licheniformis. Bacillocin 490 showed broad an-
timicrobial spectrum against Listeria innocua,
Staphylococcus epidermidis and other Bacillus
spp. This bacteriocin has also shown thermal and
pH stability, and displayed promising antimicro-
bial activity when applied in milk.

Another Bacillus bacteriocin tested in milk
and dairy products to control the development of
Listeria monocytogenes was cerein 8A produced
by Bacillus cereus 8A (Bizani and Brandelli,
2002; Bizani et al., 2005 a,b).



Fig. 1. Effect of the purified bacteriocin of B. methylotrophicus BM47 in raw cow’s milk — no
visible changes in the samples after 18 days of storage (from left to right: control; milk + PB -
1AU/mL; milk + PB - 2AU/mL; milk + PB - 3AU/mL).

The addition of 160 AU/mL cerein 8A to ul-
trahigh-temperature milk resulted in a decrease
of 3 log cycles in viable cells within the 14-day
period of storage at 4°C (Bizani et al., 2008).

Sharma et al. (2009) reported application of a
partially purified bacteriocin produced by Bacil-
lus sp. MTCC 43 in raw milk, which effectively
inhibited the growth of some foodborne patho-
gens such as Staphylococcus aureus and
Aeromonas hydrophila. No spoilage of the raw
milk was observed up to the 20-th day of preser-
vation when bacteriocin was added at dose 2.66
x 10° AU/mL.

Some studies discussed the effectiveness and
potential application of bacteriocins synthesized
by LAB in milk biopreservation and shelf life
extension. Benkerroum et al. (2002) reported the
promising inhibitory activity of the strain
Lactococcus lactis subsp. lactis
CCMM/IAV/BKI1 against the foodborne patho-
gen L. monocytogenes ATCC 7644 by in situ
bacteriocin production during the processing and
storage of the traditional Arabic milk product
Iben made from pasteurized cow’s milk.

Other authors proposed different techniques
as advanced approaches for effective inactivation
of foodborne pathogens in raw milk. Alpas and
Bozoglu (2000) described the combined antimi-
crobial effect of hydrostatic pressure (345 MPa)
with heat (50°C) and bacteriocins nisin and
pediocin (5000 AU/mL) for a short time (5 min)
on some foodborne pathogens such as S. aureus,
L. monocytogenes, Escherichia coli O157:H7
and Salmonella sp. in pasteurized milk.
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The encapsulation of nisin in nanovesicles
prepared from partially purified soy lecithin re-
vealed decrease of 3—-4 log cycles in L.
monocytogenes counts in whole and skim milk,
which could offer a good alternative to control
this foodborne pathogen in milk as well as other
microorganisms capable to grow under refrigera-
tion conditions (Da Silva Malheiros et al., 2010).

Conclusion

This is the first report describing the possibili-
ties for application of a bacteriocin synthesized
by B. methylotrophicus BM4T7 as a
biopreservative in milk. The addition of
bacteriocin in raw cow’s milk led to decrease of
the titratable acidity and reduction of the total
plate count of microorganisms, without alteration
of the organoleptic properties. Thus, the
bacteriocin of B. methylotrophicus BM47 could
be considered as a potential agent for milk
biopreservation and suitable for application in
the dairy industry.
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JIM C AHTUOKCUIAHTHO U AHTUMUKPOBHO JEUCTBHUE

Wpan MBanos, Hapexna [letkoBa, FOmnan Tymbapcku, Pagka BparnueBa, Marnanena CrostHOBa

LAVENDER WASTE — PROMISING SOURCE OF TRITERPENOIDS AND POLY-
PHENOLS WITH ANTIOXIDANT AND ANTIMICROBIAL ACTIVITY

Ivan Ivanov, Nadezhda Petkova, Yulian Tumbarski, Radka Vrancheva, Magdalena Stoyanova

ABSTRACT: The lavender is among the most famous and valuable industrially plant for the production of
essential oil. After the production of essential oil, waste biomass present a potential valuable source of
biologically active substances. In this study the content of polyphenols and triterpenes in various extracts
(methanol, ethanol and acetone) obtained by various extraction techniques (maceration, under reflux and
ultrasound-assisted extraction) were investigated. The antimicrobial and antioxidant activity of the extracts were
evaluated The highest values of total pentacyclic triterpenes were established in extract obtained by ultrasound-
assisted extraction with methanol (MUS) — 227.3 mg/g extract and 963.5 mg/100 g DW (14.8 mg/g extract
betulinic acid, 251.5 mg/g extract oleanolic acid and 153.1 mg/g extract ursolic acid, respectively). In general,
all extracts obtained by ultrasound-assisted extraction demonstrated the highest levels of total polyphenolic
content and antioxidant activity. Lavender waste was evaluated as a perspective and promising alternative
source of pentacyclic triterpenes with potential application in cosmetics and the pharmaceutical industry.

Key words: lavender waste, pentacyclic triterpenes, betulinic acid, oleanolic acid, ursolic acid

Introduction glucoside, quercetin and mircetine) with the an-
tioxidant and antimicrobial activity (Vasileva et
The genus Lavandula belongs to the al., 2018, Slavov et al., 2018). However, the
Lamiaceae family. This genus includes annual or  pentacyclic triterpenes can be also found in lav-
short-lived herbaceous perennial plants, and ender plant (Stoyanova et al., 2016, Furtado et
shrub-like perennials, subshrubs or small shrubs  al., 2017) Indeed, this class of compounds pre-
(Upson and Andrews, 2004). The natural distri-  sents several biological activities, including anti-
bution area for lavender is the Mediterranean  inflammatory (Padua et al., 2014), antioxidant
region (Basch et al., 2004), as well as the Canary ~ (Smina et al., 2011), anti-viral (Cichewicz et al.,
Islands and India (Upson and Andrews, 2004,  2004), anti-diabetic (Alqahtani et al., 2013), anti-
Verma et al., 2010). Native species of the genus  tumor (Laszczyk et al., 2009), hepato-protective
can be also found in Northern, Eastern and  (Prasad et al., 2007) and cardio-protective (Shaik
Southern Africa, Russia, Australia and the USA et al., 2012) activities.
(Kara and Baydar, 2013). The genus Lavandula  The present study aimed to develop an efficient
represents one of the most economic important  method for extraction of pentacyclic triterpenes
and popular ornamental and medicinal plants.  from lavender waste and to determine the antiox-
(Woronuk et al., 2011, Andrys et al., 2017). In  idant and antimicrobial activity of obtained ex-
vitro tests have demonstrated that the different tracts.
extracts from lavender possessed analgesic (Silva

et al., 2015), anaesthetic effects (Ghelardini et Materials and methods
al., 1999), antimicrobial (Cavanagh and Wil- 1. Plant material and extraction procedure
kinson, 2002, Adaszynska et al., 2013), antifun- Lavender flowers were purchased from local

gal (Moon et al., 2007) and antioxidant (Spiridon  drugstore (Plovdiv, Bulgaria). The plant material
et al., 2011) activities. The lavender waste has  was used to obtained lavender oil by hot water
been determined as a rich source of phenolic acid  vapor distillation. Lavender flowers residues af-
(p-coumaric,  neochlorogenic, caffeic and  ter distillation process were dried and then they
rosmarinic acid) and flavonoids (quercetin-3-B-  were finely ground to the particle seizes 1 mm.
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Three different extraction procedures were per-
formed with three solvent (methanol, 95 % v/v
ethanol and acetone).

1.1. Ultrasound-assisted extraction (UAE)

Ten grams lavender flower wastes were
placed in an Erlenmeyer flask and 100 mL sol-
vent was added. The extraction was performed in
the ultrasonic bath (VWR, Malaysia) (operating
at frequency 45 kHz and 30 W power) at 45 °C
for 30 min. The obtained extract was filter
through a filter paper and the residue was ex-
tracted again with the same volume of used sol-
vent under above mentioned conditions. The se-
cond extract was combined with the first one and
then evaporated to dryness under vacuum.

1.2. Extraction under reflux

Ten grams lavender flower wastes were
placed in a round bottom flask of 250 mL and the
plant material was extracted with 100 mL solvent
under a reflux and boiling for 1 h. The obtained
extract was filter through filter paper and the res-
idue was extracted again with the same volume
of used solvent. The both extracts were com-
bined and then evaporated to dryness.

1.3. Maceration

Ten grams lavender flower wastes were
placed in an Erlenmeyer flask and 100 mL of
solvent was added. The sample was placed on a
magnetic stirrer and extraction was performed at
24 °C for 24 h. The extract was filtered and then
evaporated to dryness.

2. HPLC-DAD analysis of triterpenes

Chromatographic separations and determina-
tion of triterpenes was performed on a HPLC
instrument Elite Chrome Hitachi, coupled with
diode-array  detector (DAD) and ELITE
LaChrome software. The separation was per-
formed on a reverse-phase column Supelco, Dis-
covery® HS C18 (5 um, 25 cm x 4.6 mm) operat-
ing at 26 °C. Detection was done at wavelength
210 nm. Elution was performed with mobile
phase methanol: formic acid (92:8 v/v) isocratic
mode at the flow rate 0.4 mL/min. The sample
injection volume was 20 pL.

3. Total phenolics content (TPC)

The total phenolic contents were measured
using a Folin-Ciocalteu assay. Folin- Ciocalteu
reagent (1 mL) (Sigma) diluted five times was
mixed with 0.2 mL sample and 0.8 mL 7.5%
Na,COs;. The reaction was performed for 20 min
at room temperature in darkness. Then the ab-
sorbance of the sample was measured at 765 nm
against blank sample, developed by the same
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way but without extract. The results were ex-
pressed in mg equivalent of gallic acid (GAE)
per g extract and 100 g dry weight (DW), accord-
ing to calibration curve, build in range of 0.02 -
0.10 mg gallic acid (Sigma) used as a standard.

4. Antioxidant activity

4.1. DPPH assay

Each analyzed extract (0.15 mL) was mixed
with 2.85 mL freshly prepared 0.1 m mol solu-
tion of 1,1-diphenyl-2- picrylhydrazyl radical
(DPPH, Sigma) in methanol (Merck). The reac-
tion was performed at 37 °C in darkness and the
absorptions at 517 nm were recorded after 15
min against methanol. The antioxidant activity
was expressed as m mol Trolox equivalents (TE)
per g dry weight (DW) by using calibration
curve, build with 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5
m mol 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox, Fluka) dissolved in
methanol (Sigma).

4.2. FRAP assay

The assay was performed according to meth-
od, as follow: the FRAP reagent was freshly pre-
pared before analyzes by mixing 10 parts 0.3 M
acetate buffer (pH 3.6), 1 part 10 mmol 2,4,6-
tripyridyl-s-triazine (TPTZ, Fluka) in 40 mmol
HCI (Merck) and 1 part 20 m mol FeCl;.6H,0O
(Merck) in d. H,O. The reaction was started by
mixing 3.0 mL FRAP reagent with 0.1 mL of
investigated extract. Blank sample, prepared with
methanol instead of extract was developed as
well. The reaction time was 10 min at 37 °C in
darkness and the absorbance at 593 nm of sample
against blank was measured. Antioxidant activity
was expressed as mmol TE/g extract an 100g
DW by using calibration curve, build in the
range of 0.05-0.5 m mol Trolox (Fluka) dis-
solved in methanol (Merck).

5. Test microorganisms

Eleven microorganisms including Gram-
positive bacteria (Staphylococcus aureus
ATCC 25923; Enterococcus  faecalis;
Curtobacterium faccumfaciens; Listeria
monocytogenes and Bacillus subtilis — ATCC
6633), Gram-negative bacteria (Salmonella sp.,
Escherichia coli - ATCC 8739; Proteus vulgaris,
Pseudomonas aeruginosa - ATCC 9027 and
Klebsiella pneumoniae) and yeasts (Candida
albicans) from the collection of the Department
of Microbiology at University of Food Technol-
ogies, Plovdiv, Bulgaria, were selected for the
antimicrobial test.



6. Culture media

6.1. Luria-Bertani glucose agar (LBG-
agar).

This medium was used for cultivation of test
microorganisms and determination of MIC.
LBG-agar medium was prepared by the follow-
ing prescription: 10 g tryptone, 5 g yeast extract,
10 g NaCl, 10 g glucose and 15 g agar dissolved
in 1 L of deionized water. The final pH was ad-
justed to 7.5 and the medium was sterilized by
autoclaving at 121°C for 20 min.

7. Antimicrobial activity

The antimicrobial activity of methanol extract
from lavender waste was determined by using
the standard agar well diffusion method on LBG
agar medium (Tumbarski et al., 2017). The test
bacteria and yeasts were cultured on LBG agar
medium at 37 °C for 24 h. The suspensions of
test bacteria and yeasts were prepared by ho-
mogenization of a small amount of biomass in 5
mL of sterile 0.5% NaCl. The final concentration
of the viable cells in the suspensions for inocula-
tion was adjusted to 1.0 x 10® cfu/mL. Then the
suspensions were inoculated in a preliminarily
melted and tempered at 45-48 °C LBG agar me-
dia. The inoculated LBG agar media were trans-
ferred in quantity of 16 mL in sterile Petri dishes
(d=9 cm). After hardening, six wells (d=6 mm)
per dish were cut. Duplicate samples were pipet-
ted in quantity of 50 pL into the agar wells. As
controls the antibiotics Ampicillin (10 pg/mL),
Streptomycin (6 mg/mL) and Nystatin (40
pg/mL), and methanol were used. The inoculated
Petri dishes were incubated at 37 °C (for test bac-
teria and yeasts) The antimicrobial activity was

determined by measuring and recording the di-
ameter of the inhibition zones around the wells
on the 24™ and 48™ h of incubation.

8. Minimal inhibitory concentration (MIC)

Minimal inhibitory concentration (MIC) of
the lavender extract was determined by the con-
ventional method — series of two fold dilutions,
ranging from 10.0 to 0.079 mg/mL were pre-
pared. The samples were pipetted in quantity of
50 pL per well in a preliminarily inoculated with
the test microorganisms LBG agar media. The
Petri dishes were incubated at the conditions
shown above.

The MIC values were determined as the low-
est concentration of the extract inhibiting com-
pletely the growth of each test microorganism
around the agar well. The determined and rec-
orded MIC values as mg/mL were calculated and
expressed as mg/50 uL (Tumbarski et al., 2017).

Results and discussion

After steam distillation of Lavandula sp.
flowers for production of essential oil the waste
was used for analysis. Different solvents (metha-
nol, ethanol and acetone) and extraction tech-
nique (ultrasound-assisted extraction, maceration
and extraction under reflux) (Table 1.) for opti-
mization of the extraction procedure and isola-
tion of pentacyclic triterpenes were investigated.
After each extraction the yield of extract was
calculated (Table 1). The yield of the extracts
strongly depended on the extraction method and
the used solvents. The highest extract yield was
obtained under the following extraction condi-
tions — maceration with solvent methanol MM
(6.0 0.1 %) (Table 1).

Table. 1. Extractive yields under different extraction techniques and solvents from lavender waste.

Solvent Extraction Abbreviation Yield, %
Methanol Ultrasound-assisted extraction MUS 42+0.1
Methanol Maceration MM 6.0+0.1
Ethanol Ultrasound-assisted extraction EUS 3.3+0.1
Ethanol Under reflux EUR 5.0+0.1
Ethanol Maceration EM 43+0.1
Acetone Under reflux AUR 25+0.1
Acetone Ultrasound-assisted extraction AUS 3.0+0.1
Acetone Maceration AM 3.8+0.1

The obtained extracts from lavender waste
were analyzed for their total phenolic content
and antioxidant activity. The obtained results
from the analysis were summarized in Table 2.
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From all extracts, EUS showed the highest total
polyphenolic content and antioxidant activity.
The lavender waste extracts were evaluated as a
potential source of antioxidants, which was in



agreement with reports of Vasileva et al. (2018).
The highest total polyphenolic content was estab-
lished in EUS extracts from lavender waste ob-
tained by ultrasound-assisted extraction - 10.8
mg GAE/ g extract and 36.4 mg GAE/100g DW.
The same extract possessed the highest antioxi-
dant activity - 36.1 m mol TE/g extract (DPPH
method) and 142.3 m mol TE/g extract (FRAP
method). In comparison our results for total
phenolics content were lower than reported by

Slavov et al 2018 and Vasileva et al., 2018 — 10-
11 mg/g DW. The differences in the amount of
polyphenols content extracted are most likely
due to extraction procedure and used solvent.
However, in our case the application of ultra-
sound-assisted extraction, significantly reduce
the time for extraction of phenolic compounds in
comparison with the maceration procedure.

Table 2. Total phenolics content and antioxidant activity of different extracts from lavender waste

Sample Total phenolics content Antioxidant activity
DPPH FRAP

Extract, Dry weight, Extract, Dry weight, Extract, Dry weight,

mg GAE / mg GAE / m mol /TE | mmol/ TE | mmol /TE | m mol/ TE
g 100g g 100g g 100g
MUS 7.3 30.8 27.0 114.4 105.6 447.2
MM 7.5 45.0 23.1 138.7 108.5 650.5
EUS 10.8 36.4 36.1 120.0 142.3 447.0
EUR 3.2 15.7 14.8 73.7 64.3 320.0
EM 2.8 7.8 26.6 115.5 81.6 454.0
AUR 24 9.2 8.4 21.3 92.0 350.2
AUS 2.4 6.1 1.4 4.9 72.0 199.1
AM 2.5 9.5 1.3 3.0 66.5 183.3

In addition, the Lavandula sp. was evaluated
as a good source for ursolic acid (UA), oleanolic
acid (OA) and betulinic acid (BA), reaching the
highest concentration in flowers (Stoyanova et
al., 2016). In the present study, individual
triterpenic acids in lavender waste were deter-
mined. Three terpenoids - betulinic, oleanolic
and ursolic acids were found in lavender waste
(Figure 1) as oleanolic and ursolic acids were in
the highest concentration in all of the analyzed
samples obtained with different solvents and ex-
traction techniques (Table 3). That was of the
great importance, because of many valuable bio-
logical activities of these terpenoids (Jager et al.,
2009). The highest total triterpenes were estab-
lished in methanol extracts (MUS) from lavender
waste obtained by ultrasound-assisted extraction
— 227.3 mg/g extract and 963.5 mg /100 g DW
(Figure 2). The same extract possessed the high-
est content ursolic acid — 153.1 mg/g extract
(648.4 mg/100g DW), oleanolic acid - 59.4 mg/g
extract (251.5 mg/100g DW) and betulinic acid —
14.8 mg/g extract (62.5 mg/100g DW) (Table 3).
Our results are in agreement with most of the
previous work reported that the oleanolic and
ursolic acid are the major pentacyclic terpenoids
in L. angustifolia. Moreover, Jéger et al. (2009)
reported that lavender flowers contain ursolic
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aicd (1.05 %), oleanolic acid (0.40 %) and
betulinic acid (0.12 %). Similar results for
pentacyclic triterpenoids content in lavender
flowers were also found by Sanicsdk et al.,
(2006) and Stoyanova et al., (2016). Betulinic
acid was in lower concentration in the investigat-
ed samples than ursolic and oleanolic acids.
However, they also possess valuable biological
activities. Betulinic acid is a minor compound
but exhibits a variety of biological and medicinal
properties such as anti-HIV, antibacterial, anti-
malarial, antiinflammatory, anthelmintic,
antinociceptive, anti-HSV, and anticancer activi-
ties (Moghaddam et al., 2012).

The antimicrobial activity of MUS sample has
been investigated. Elewen microorganisms in-
cluding were used - Gram-positive bacteria
(Staphylococcus aureus, Curtobacterium
flaccumfaciens, Enterococcus faecalis, Listeria
monocytogenes and Bacillus subtinis), Gram-
negative bacteria (Salmonella sp., Escherichia
coli (ATCC 8739), Proteus vulgaris, Pseudomo-
nas aeruginosa (ATCC 9027) and Klebsiella
pneumoniae, and yeast (Candida albicans).



Table 3. Amount of isolated pentacyclic triterpenes (betulinic, oleanolic and ursolic acid) of different
extracts from lavender waste.

Sample Pentacyclic triterpenes
Betulinic acid Oleanolic acid Ursolic acid Total

Extract, Dry Extract, Dry Extract, Dry Extract, Dry

mg/g weight, mg/g weight, mg/g weight, mg/g weight,

mg/100g mg/100g mg/100g mg/100g
MUS 14.8 62.5 59.4 251.5 153.1 648.4 227.3 962.5
MM 11.0 66.0 43.3 259.7 106.7 640.3 161.0 966.0
EUS 13.6 45.4 53.1 177.8 135.5 454.1 202.1 677.4
EUR 10.4 51.7 42.2 210.0 109.7 545.8 162.3 807.6
EM 12.4 54.0 46.7 203.0 120.5 523.9 179.6 780.9
AUR 14.5 36.9 534 136.0 136.0 346.3 203.9 519.3
AUS 12.8 38.4 49.5 148.4 129.5 387.9 191.8 574.6
AM 11.2 42.5 44.3 168.6 112.5 427.9 168.0 639.0

Betulinic acid Oleanolic acid Ursolic acid

Figure 1. Chemical structures of isolated pentacyclic triterpenes from lavender waste.
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Figure 2. HPLC chromatograms of MUS extracts from lavender waste, where 1. betulinic acid, 2.
oleanolic acid and 3. ursolic acid

The screening for antimicrobial activity ues summarized in Table 4, showed that the test
showed that the MUS extract possessed a moder-  microorganism E. coli ATCC 8739 was sensitive
ate inhibitory effect only on the Gram-negative to very low concentrations of the tested extract,
bacterium Escherichia coli ATCC 8739. The ranging from 313 pg/mL. Methanol used as a
other test microorganisms remained unaffected.  solvent also demonstrated negative results.

The minimal inhibitory concentration (MIC) val-
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Table 4. Minimal inhibitory concentration (MIC) values of methanol extract from lavender waste

Test microorganisms MIC Controls (IZ, mm)
ug/mL ug/50ul MeOH | Amp. Str. Nyst.

S. aureus ATCC 25923 - - - 40 27 n/a
Enterococcus faecalis - - - 29 21 n/a
Listeria monocytogenes - - - 27 22 n/a
B. subtilis ATCC 6633 - - - 36 30 n/a
Curtobacterium flaccumfaciens - - - 35 33 n/a
Escherichia coli ATCC 8739 313 16 - 25 17 n/a
P. aeruginosa ATCC 9027 - - - - 23 n/a
Proteus vulgaris - - - 18 17 n/a
Salmonella sp. - - - 18 12 n/a
Klebsiella pneumoniae - - - - 16 n/a
Candida albicans - - - n/a n/a 13

Legend: IZ — inhibition zone; MeOH — methanol; Amp. - Ampicillin (10 pg/mL); Str. - Streptomycin

(6 mg/mL); Nyst. -

Conclusion

The current study demonstrated that lavender
waste present a good alternative source of bio-
logically  actives  pentacyclic  triterpenes
(betulinic, oleanolic and ursolic acid) with poten-
tial application in cosmetics and the pharmaceu-
tical industry. Maximum amount of triterpenes
(about 1 %) were extracted from lavender waste
with methanol by application of accelerated
green method for extraction - ultrasound-assisted
extraction. Moreover, obtained extracts pos-
sessed antioxidant and antimicrobial potential.
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RESEARCH ON CYCLOISOMERIZATION REACTION OF
PHOSPHORYLATED o-HYDROXYALLENES

Ismail Ismailov, Mehtab Kechidzhi, Hatidzhe Urucheva, Ivaylo Ivanov and Valerij Christov

HN3CJIIEABAHE HA PEAKIIMUTE HA IUKJIOU3OMEPU3ALINA HA
OOCPOPJIMPUPAHMU o-XUIPOKCHAJIEHHU

Ucmann Ucmannos, Mextad Keunmku, Xatumke Ypyuesa, Mpaiino MBanos u Banepuiit Xpucros

ABSTRACT: Phosphorylated a-hydroxyallenes 1 and 2 were smoothly converted into the corresponding 2,5-
dihydrofurans 3 and 4 in an 5-endo-trig cycloisomerization reaction by using 5 mol % of coinage metal salts as
catalyst. Experimental conditions such as the type of the solvent, the reaction temperature, the mol % and the
type of the catalyst were optimized. This mild and efficient cyclization method can be applied to dimethyl I-
hydroxyalkyl-alka-1,2-dienephosphonates 1 and  2-diphenylphosphinoyl-2,3-dien-1-ols 2a—c and 3-
diphenylphosphinoyl-3,4-dien-2-ols 2d,e, furnishing 3-phosphorylated 2,5-dihydrofurans 3 and 4 in very good
yields.

Key words: phosphorylated a-hydroxyallenes; cycloisomerization; coinage metal catalysts; 2,5-
dihydrofurans.

Introduction dihydrofurans by Au(l)- and Au(IIl)-catalyzed
[15] cycloisomerization of o-hydroxyallenes
2,5-Dihydrofurans and their derivatives are  [16]. Moreover, the method is not restricted to
structural subunits found frequently in a wide the cycloisomerization of o-hydroxyallenes to
variety of natural products which find application =~ 2,5-dihydrofurans [16], rather, it was recently
as flavor and fragrance compounds and pharma-  extended by Krause’s group to the corresponding
ceuticals [1] and represent pivotal structural ele-  endo-cyclization of B-hydroxyallenes, o-/p-
ments in a wide variety of different biologically = aminoallenes [17], and a-thioallenes [18] to the
active molecules. For instance, they can be found  corresponding five- or six-membered O-, N-, or
in mycotoxins such as verrucosidine [2] and the  S-heterocycles. The method of choice, however,
structurally related citreoviridine [3], as well as  is the use of transition metal catalysts since this
vitamin A metabolites [4], polyether antibiotics = combines high reactivities and excellent yields
[5], spiroketals [6] and even amino acids [7]. 2,5-  with a tolerance to many functional groups.
Dihydrofurans are also important intermediates On the other hand, the literature data on the
in organic synthesis due to the presence of the  reactions of phosphorylated allenes with electro-
C=C bond as well as the five-membered ring.  philic reagents reveal that the reactions proceed
Consequently, much attention has been paid to  with cyclization of the allenic system bearing the
the development of efficient and diverse synthet-  phosphoryl group (O=P-C=C=C) to give hetero-
ic methods for construction of this five- cyclic compounds in most cases and the outcome
membered ring system [8]. depends on the structure of the starting allenic
Transition metal-catalyzed cyclization of compound as well as the type of electrophile
functionalized allenes bearing a nucleophilic  used [19]. Several diethylphosphono-substituted
center has attracted considearble attention in re-  a-allenic alcohols [20] and glycols [21] were
cent years [9]. Particularly, the cyclization reac-  prepared by Brel [22] directly from alcohols by
tions of allenols catalyzed by Ag(l) [10], Hg(I) Horner-Mark  rearrangement of  unstable
[11], Pd(0) [12], Pd(I]) [13], or Ru(Ill) [14] have  propargylic phosphites and used as starting mate-
become quite useful methodologies for the synthe-  rials for study of the cyclization in the presence
sis of five-, or six-membered oxygen-containing  of AgNOs [21,23] and CuCl, [22].
heterocycles. Krause’s group has reported a highly Our long-standing research program focuses
efficient and stereoselective synthesis of 2,5-  on the development of efficient cyclization reac-
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tions of 1,1- [24] and 1,3-bifunctionalized allenes
[25]. More specifically, our attention is drawn to
phosphorylated  hydroxyallenes  as 1,1-
bifunctionalized allenes that comprise a
phosphoryl and a hydroxyalkyl group. The appli-
cations of these groups as temporary transform-
ers of chemical reactivity of the allenic system in
the synthesis of eventually heterocyclic com-
pounds are of particular interest. These mole-
cules can be considered a combination of an
allenephosphonate or allenyl phosphine oxide
and a hydroxyallene and they are supposed to
have  different  reactivity = profiles in
cycloisomerization reactions. Our recent research
has led to a significant result, whereby we have
developed a convenient and efficient method for
the regioselective synthesis of phosphorylated o-
hydroxyallenes using an atom economical [2,3]-
sigmatropic rearrangement [26]. In this paper, we
present recent results of ongoing studies dedicat-
ed towards the optimization of the experimental
conditions and the catalyst efficiency in the coin-
age metal salts-catalyzed cycloisomerization of a-
hydroxyalkyl-allenephosphonates and phosphine
oxides to 3-phosphorylated 2,5-dihydrofurans,
which strongly improve the scope of this meth-
od.

Results and Discussion

In addition to our previously reported prepa-
ration [27] of 2,5-dihydro-1,2-oxaphospholes by
electrophilic cyclization of the 1-hydroxyalkyl-
allenephosphonates 1 and allenyl phosphine ox-
ides 2 due to the participation of the phosphonate
neighboring group in the 5-endo-trig cyclization,
we carried out the cycloisomerization reaction
of the abovementioned compounds 1 and 2 in the
presence of coinage metal salts as catalysts. Our
initial work began with the cycloisomerization
reaction of the model a-hydroxyalkyl-
allenephosponate 1a with AgNOj; in order to op-
timize the reaction conditions such as the influ-
ence of the solvent, the reaction temperature, the
mol % and the type of the catalyst. The reaction
occurred with formation of the dimethyl (5-ethyl-
5-methyl-2,5-dihydrofuran-3-yl) ~ phosphonate
(3a, Scheme 1). The results are summarized in
Table 1.

At the very beginning, the reaction occurred
in 1,2-dichloroethane at —20 °C with 10 mol %
of catalyst (Table 1, entry 1). The yield was 41%.
On the other hand, when we used 5 mol % of
catalyst to carry out the reaction at 0 °C or room
temperature in the same solvent the yield in-
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creased considerably (Table 1, entries 2 and 3).
Lower yield was obtained at reflux in the same
solvent (Table 1, entry 4). It is obvious that the
optimal temperature for the cycloisomerization
reaction of compound la is room temperature.
The use of polar solvents such as chloroform,
ethanol, acetonitrile and THF at room tempera-
ture with 5 mol % AgNO; produces the product in
relatively good yields (Table 1, entries 5-8). A
lower yield occurred in toluene (Table 1, entry
9). When the solvent was a mixture of acetone
and H,O [10] at room temperature the yield was
77% with 5 mol % of catalyst (Table 1, entries
11 and 12). The data confirm that the optimal
conditions for cycloisomerization of model com-
pound 1a (Table 1, entry 14) are methylene chlo-
ride, 5 mol % catalyst and room temperature. We
found that reactions occurring at low or high reac-
tion temperatures different from the optimum af-
ford lower yields (Table 1, entries 2, 4 and 13).
We also saw a lower yield when we used 10 mol
% of catalyst at room temperature in dichloro-
methane (Table 1, entry 15). The type of catalyst
and its influence on the yields of the
cycloisomerization  products of the «a-
hydroxyalkyl-allenephosphonates 1a-e was also
of great interest to us. We thus conducted a series
of experiments to optimize the reaction condi-
tions of the model compound 1a (Scheme 2). We
applied the following coinage metal salts as cata-
lysts: AgNO;, AgClO4, AuCl, AuCl;, ZnCl,,
NiCl,, PtCl,, SnCl,, AlICl;, PdCl,, Pd(PPhs)s,
CuCl,, CuCl, CuBr, and Cul. The data reveal that
both Au and Ag are excellent catalysts. Pd,
Cu(II) and Pt are very good catalysts for our ex-
periments. It becomes obvious that Zn, Ni, Sn
and Al are relatively good catalysts. It is the
Cu(I) catalysts that are bad. Table 2 presents the
characteristics of all the above-mentioned catalysts
in the cycloisomerization reaction of the model
compound 1a.

The next step in our study was to explore the
possibilities of the cycloisomerization reactions
of the a-hydroxyalkyl-allenyl phosphine oxides
2a-e synthesized by us. At the very beginning,
we used 2-diphenylphosphinoyl-4-methylhexa-
2,3-dien-1-0l (2a) as a model compound. The
optimal cycloisomerization conditions included
dichloromethane as solvent, 5 mol % catalyst and
room temperature. The reaction occurred via an
S-endo-trig cyclization to give 4-
(diphenylphosphinoyl)-2-  ethyl-2-methyl-2,5-
dihydrofuran (4a, Scheme 2). We performed a
series of experiments with the sole intention of
determining the best catalysts bearing in mind



two criteria-highest yield and shortest reaction
time. The model compound 2a reacts with the
catalysts shown in Table 2, in which the yields
obtained and the reaction time of the preparation
of isomer 4a are presented. The experimental
data reveals that the best catalytic characteristics
correspond to Au, Ag and Pd catalysts (Table 2).
The Cu(Il), Zn and Pt catalysts that show very
good results. The Sn, Al and Ni are relatively
good.

The investigation on the cycloisomerization
reaction of the synthesized series of a-
hydroxyalkyl- allenephosphonates 1a-e was in-
tended to be systematical. We applied the opti-
mized reaction temperature, type of the solvent
and molar ratio of the catalyst conditions in re-

enough-a catalytic S-endo-trig
cycloisomerization occurs and the hydroxy group
participates as an internal nucleophile to give the
2,5-dihydrofuran-3-yl phosphonates 3 in very
good yields.

Our study was systematized also on the
cycloisomerization of a series of a-hydroxyalkyl-
allenyl phosphine oxides 2a-e in methylene chlo-
ride at room temperature (Scheme 3). Moreover,
it was the AgClO4 catalyst, which is easily ac-
cessible and relatively good, that was used in our
research. The results are undisputable-the 3-
diphenylphosphinoyl-2,5-dihydrofurans 4 are
produced as a result of the participation of the
neighboring hydroxy group as an internal nucle-
ophile in the cyclization process. Table 3 shows

gard to the substrate. Having in mind that gold the reaction times and yields of the
catalysts are expensive and sensitive to moisture,  cycloisomerization reaction of the «a-
we decided to use AgClO,4 as a main catalyst in  hydroxyalkyl-allenephosphonates ~ la-e  and
cycloisomerization reaction in order toextend our  allenyl phosphine oxides 2a-e.
study (Scheme 3). The results are explicit
OH AgNO, O, _Me
f Me (mol %) Et
MeO ) Et solvent g
(MeO), % temperature {MEG)ZP\\G
1a 3a

Scheme 1. AgNOs—catalyzed cycloisomenization of the model dimethyl 1-hydroxymethyl-

3-methylpenta-1.2-dienephosphonate (1a).

Table 1. Optimization of the AgNOs-catalyzed cycloisomerization of the model dimethyl
1-hydroxymethyl-3-methylpenta-1,2-dienephosphonate (1a).

Entry Sohvemt * Reaction temperature (°C)  AgNO; (mol %)  Yield ® (%0)
1 CICHCH.C1 20 10 41
2 CICHCH.C1 0 5 55
3 CICHCH.C1 rt 5 63
4 CICHCH.C1 reflox 5 45
5 CHCIs rt 3 38
6 EtOH tt 5 46
7 MeCN tt 5 45
8 THF tt 5 40
9 toluene tt 5 28
10 acetone tt 5 51
11 acetone/H,O tt 5 75
12 acetone/HyO tt 10 T
13 CH:ClL: =20 3 72
14 CH:ClL: rt 5 84°
15 CH:CL: rt 10 g2

* Reaction was camied out in the approprate solvent (10 mL); * Yields determined by 'H and 3'P-NME
analysis; © Isolated vield by chromatographic punfication on silica gel.
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Table 2. Optimization of the coinage metal-catalyzed cycloisomerization of the model
compound 1a and the model dien-1-ol 2a.

) Reaction time * {min) Yield ® (%)

Entry Catalyst 1a 2a 1a 2a
1 AuCl 20 30 97 91

2 AuCl 30 35 94 89
3 AsCI0, 30 55 83° 85¢

4 AgNO, 50 65 80 20

5 PdCl, 100 115 73 80

6 Pd(PPhs)s 105 120 74 77

7 CuCl; 115 110 77 74

8 PCL 135 180 66 78

9 ZaClz 160 135 50 75

10 NiCh 225 395 53 36

11 SnClh 310 255 38 57

12 AICh 345 340 34 32

13 CuCl 530 635 27 27

14 CuBr 545 690 29 2

15 Cul 600 725 24 23

* On the average; " Yields determined by 'H- and ¥P-MMR. analysis; ¢ Isolated yield by chromatographic
p. JOH AgCIO,4 R R2
R1>S':' :RE (5 mol %) R\ __/TR3
3
YR R CHsCly, 1t YR
o 0
1,2 3,4

Scheme 3. AgCl0s-Catalyzed cycloisomerization of the phosphorylated o-hydroxyallenes 1 and 2.

Table 3. AgCl0s-Catalyzed cycloisomenzation of the phosphorylated o-hydroxyallenes 1 and 2.

Entiy Allene Y R R' R! R' Reactiontime* (min) Product, Yield " (%)
1 la MeO H H Me Et 30 3a, 83
2 1b MeO H H Me Bun 35 3b,. 75
3 le M0 H H -(CH:)s- 41 3c, 73
4 1d MeO) H Me Me Et 33 3d 77
5 le MeQO Me Me Me EBEun 40 e, 74
6 2a Ph H H Me Et 35 4a, &5
T b Ph H H Me En 58 4b, 85
g 2 Ph H H -(CH:x)s- 75 4c, B2
9 2d Ph H Me Me Et 57 4d, 34
10 e Ph Me Me Me Bun od 4e, B2

* On the average; * Isolated yield by chromatographic purification on silica gel.
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Conclusions

In conclusion, we have developed a coinage
metal-catalyzed cycloisomerization of phosphor-
ylated a-hydroxyallenes, which provides an effi-
cient route to  3-phosphorylated  2,5-
dihydrofurans. Due to the ready availability of
the starting materials and the catalyst, the con-
venient operation and mild conditions (room
temperature, short reaction time), the very good
yields and the usefulness of the resulting 2,5-
dihydrofuran products, the reaction shows poten-
tial and will be useful in organic synthesis as
well in the application of the method in target-
oriented synthesis. Further investigation on the
chemistry of other phosphorylated allenols for
the synthesis of different heterocyclic systems is
being intensively carried out in our laboratory.
Moreover, results of an initial investigation of
the biological activity of the compounds pre-
pared were encouraging, and the antibacterial
and antifungal activities of selected compounds
are now under investigation in our University.
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CbABbPKAHUE HA NIOJIMPEHOJIM U AHTUOKCUIAHTHA AKTUBHOCT
B EAMHAJECET PA3JINYHU APOMATUYHU PACTEHUSA N3110JI3BAHUN
B BBJII'APCKATA KYJIUHAPUSA

Hanexna IletkoBa, Mapusina Tomy3oBa, Muna Tonoposa, 1IBan MBaHoB, I1anTeneii JleHeB

POLYPHENOLIC CONTENT AND ANTIOXIDANT ACTIVITY OF ELEVEN DIFFERENT
AROMATIC PLANTS USED IN BULGARIAN CULINARY

Nadezhda Petkova, Mariana Topuzova, Mina Todorova, Ivan Ivanov, Panteley Denev

ABSTRACT: In the present work eleven of the most widely used culinary herbs (parsley, dill, lovage, thyme,
savory, oregano, basil, peppermint, spearmint, rosemary and fenugreek leaves) in the Bulgarian traditional
kitchen were analyzed for biologically active substances as total phenolic content, derivatives of caffeic acids,
total flavonoids content, natural pigments (chlorophylls and carotenoids). The antioxidant activity of water ex-
tracts was evaluated by 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay. The highest total phe-
nolic content and the highest antioxidant activity were found in lovage and spearmint water extracts — 86.62 and
66.67 mg GAE/g dw (total phenols) and 473 and 350 mM TE/g dw (DPPH assay). The highest total carotenoids
were found in peppermint and oregano — 2285 ug/g dw and 1493 ug/g dw, respectively. The obtained herbal
extracts were evaluated as rich sources of bioactive compounds with antioxidant potential. Their use in culinary
technology and nutrition could improve health status of consumers. Therefore, the consumption of aromatic
plant in nutrition supplied human organism with antioxidants.

Key words: polyphenols, antioxidant activity, aromatic herbs, culinary purposes

Introduction Dill (Anethum graveolens L.), its seeds and
essential oils are used widely in the culinary
Medicinal and aromatic plants possess many  industry. Dill essential oil has antibacterial activ-
beneficial effects. These herbs and their extracts ity and be used as a natural preservative in food
find wide application in nutrition, pharmacy, industry (Stavri and Gibbons, 2005; Hojjati,
herbal and ethno medicine and cosmetics as well. ~ 2017).
Herbs and spices are sources of bioactive poly- Rosemary (Rosmarinus officinalis L.) is an
phenols that improve human health status. They  important medicinal plant that exerts various
act as digestive stimulant, anti-inflammatory,  pharmacological activities such as antibacterial,
antimicrobial, antioxidant and anti-carcinogenic  antimycotic, antidiabetic, anti-inflammatory, an-
activities (Shobana and Naidu, 2000; Zheng and  titumor and antioxidant. The herb has also the
Wang, 2001). In addition to phenolic com-  culinary application. The rosemary extracts
pounds, these aromatic herbs contain numerous  (E392) and essential oils are used as a natural
phytochemicals such as nitrogen compounds, antioxidant (Hernandez et al., 2016; Andrade et

carotenoids, and ascorbic acid. al., 2018).

Essential oils of Origanum vulgare ssp. Parsley (Petroselinum crispum (Mill.) Fuss)
vulgare plants has antioxidant (Sahin et al, is an aromatic, culinary, and medicinal plant and
2004; Kulisi¢ et al., 2007; Kaurinovic et al., is used in the cosmetic, food, pharmaceutical

2011), antimicrobial and antifungal activities and  industries (Douglas et al., 2011; Linde et al.,
can be used as a natural preservative ingredient ~ 2016) and folk medicine. A parsley essential oil
in food industry (Sahin et al., 2004; Elbanna, (Linde et al., 2016; Alattwani et al., 2016) and
2017). Some extracts (Et,O, CHCI;, EtOAc, n-  water and ethanol extracts (Farzaei et al., 2013)
BuOH and H,O) of this herb possessed antioxi-  from its leaves possess antioxidant, antibacterial
dant activities (Kaurinovic et al., 2011). The  and antifungal activities. Thyme (Thymus vulgar-
aqueous infusion inhibited LDL oxidation js L.) is a culinary and medical plant and rich
(Kulisi¢ et al., 2007). source of minerals (potassium, calcium, iron,
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manganese, magnesium and selenium) and vita-
mins. Thyme volatile oils possess antibacterial
activity (Daugan and Abdullah, 2017).

Basil (Ocimum basilicum L.) is medicinal and

antibacterial and antifungal activity (Avetisyan et
al., 2011; Marwat et al., 2011).

The detail information about culinary uses
and medicinal properties were summarized in

aromatic plant and uses in culinary and folk med-

Table 1.

icine (Stanojkovi¢-Sebi¢ et al., 2017). Basil es-
sential oil and extracts have high antioxidant,

Table 1. Application of aromatic plants for culinary purpose and in traditional medicine ( Meyer,

1998, Kiselova et al., 2006; Jlanmxkes, 2010; Jana and Shekhawat, 2010; Krachanova et al., 2010;

Petkova et al., 2017)
Plant Family Common Used Culinary purpose Medical use/disease treated
Latin name name Parts
Apiaceae Komrsp/ leaf salads, sauces, soups, soft | to relieve colic pain in babies
Anethum Dill leaf tips cheeses, pickled cucumbers, | and flatulence in young chil-
graveolens tips with baked potatoes or zuc- | dren, urinary complaints, piles
chini and mental disorders
Apiaceae Marganos | leaves in salads, as a garnish , espe- | for diseases of the liver, stom-
Petroselinum Parsley cially on potato and rice | ach and urinary tract, in cardi-
crispum dishes, on rice dishes, on | ovascular diseases, as well as
fish, fried chicken, lamb, | in thyroid diseases
goose, and steaks, as well in
meat or vegetable stews
Lamiaceae Bocwuex leaves | As spices for pasta, roast | antiseptic, spasmolytic,
Ocimum Basil meat, especially beef and | expectorant gastrointestinal
basilicum chicken, ingredients in pes- | diseases
to, fresh in salads
Lamiaceae Puran leaves for flavoring meat, especial- | antioxidant, antimicrobial,
Origanum Oregano ly for mutton and lamb, fish, | antitussive
vulgare for dressings and sauces
Lamiaceae Posmapun/ | leaves for breads, fish, sauces | antioxidant, antimicrobial,
Rosmarinus Rosemary soups, different meats, soft
officinalis cheeses, potatoes
Fabaceae Cmunnyx/ | seeds bakery products, frozen | antiviral, antimicrobial,
Trigonella Fenugreek dairy products, meat prod- | anticancer, antioxidant meta-
foenum-graecum ucts, condiments, candy, | bolic syndrome and diabetes,
gravy sauces, in alcoholic, | arthritis, bronchitis, ulcer,
non-alcoholic beverages digestive and kidney problems
Lamiaceae Ixomxken | leaves soups and broths, spinach | indigestion, jaundice, liver
Mentha spicata Spearmint puree, lamb, sheep, stewed | diseases, gastric disorders,
meats and boiled pork spasmolytic, sedative
Apiaceae Hesucur/ | leaves | salads, soup or season | stimulates secretion from the
Levisticum Lovage broths, as a spice for fish | gastrointestinal tract and the
officinale soup and various lamb | lungs, acts beneficial to the
dishes, for chicken soups, | cardiovascular system and the
beans, sauces and meats. nervous system
Lamiaceae Maiepka/ | aerial for eggs, pork, lamb, fish | expectorant, antitussive, asth-
Thymus Thyme parts and game. for stuffing, stews | ma, whooping-cough, insom-
vulgarisL. and marinades, soups, | nia, headache, anemia, gastri-
stewed meals and sauces tis, colics and diarrhea
Lamiaceae Uy6puma/ | aerial In Bulgarian national cui- | against vomiting, in some cas-
Satureja Savory parts sine, as a spice for lentils, | es with kidney, liver, bile and
horten-sis green beans, peas, beans, | heart disease, for high blood
stuffed cabbage, potatoes, in | pressure, headache, dizziness
egg and meat dishes
Lamiaceae Menta/ leaves | herbal infusions, for flavor- | spasmolytic, antiseptic, gastric
Mentha piperita Pepper- ing icecream, candy, fruit disorders, indigestion neural-
mint preserves, bevarage gia, myalgia, antivomiting
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Most of the researches present information
about antioxidant potential and bioactive com-
pounds in infusions or extracts with organic
solvents obtained from medicinal plants ap-
plied. In our study the evaluation of bioactive
potential of water extracts is the most important
task. Therefore, the aim of the current study
was to evaluate the content of biologically ac-
tive substances and antioxidant potential of
green spices typically used for culinary purpos-
es in Bulgarian kitchen.

Material and methods

Plant material
Dry culinary herbs under different trade

marks were purchased from a local market in
Plovdiv, Bulgaria. Some of plant materials were
grown in home medicinal herb garden in
Kostievo village (Plovdiv region) and Chirpan
(Stara Zagora region) (Table 2). All herbs were
finely ground and used for water extraction.

Table 2. List of aromatic plants

Extraction and determination of pigments
Total chlorophylls and carotenoids were
determinated spectrophotometrically with 95 %
ethanol as solvent and calculated according to
Lichtenthaler and Wellburn (1985).

Extraction of phenolic compounds

For the analysis of total phenolics, deriva-
tives of caffeic acid total flavonoids and antiox-
idant activity, samples (2 g) were extracted with
25 mL d. H,O. The extraction procedure was
performed in an ultrasonic bath (SIEL,
Gabrovo, Bulgaria, 35 kHz and 300 W) for 20
min, at 75 °C. The obtained extract was filtered
and the residue was extracted again under the
above mentioned conditions. The combined
extracts were used for further analysis.

Total phenolics content
Total phenolic content was measured using a
Folin-Ciocalteu reagent

Ne | Sample Producer Origin LOT
1 Komsp/ Dill leaf | Bioset Ltd, Plovdiv, Bulgaria Egypt L3026
tips Mercury P&P Co, Gabrovo, Bulgaria - LO1IN1711136
2 Marnano3/Parsley | Bioset Ltd, Plovdiv, Bulgaria Egypt L1057
3 bocunex/Basil Giardena, Mia Foods 21 Ltd, Sofia Egypt L241117110
Bulgria
Picantina, Kendy LtD, Bankia Bulgaria Egypt L1708058
4 Puran/Oregano Picantina, Kendy LtD, Bankia Bulgaria Germany L1709017
Home garden Bulgaria -
5 Posmapun/ Bioset Ltd, Plovdiv, Bulgaria Morocco L1126
Rosemary Picantina, Kendy LtD, Bankia Bulgaria Morocco L1711081
Kotanyi, Gmbh, Wolkensdorf, Austria absent L171025 1045
Home garden Bulgaria -
6 CMuaayX/ Mercury P&P Co, Gabrovo, Bulgaria absent L1216N1610439
Fenugreek
7 Jxomxen/ Picantina, Kendy LtD, Bankia Bulgaria Egypt L1708059
Spearmint Giardena, Mia Foods 21 Ltd, Sofia Egypt
Bulgria
Home garden Bulgaria
8 Mamepka/ Picantina, Kendy LtD, Bankia Bulgaria Egypt L1711019
Thyme Mercury P&P Co, Gabrovo, Bulgaria absent L1711092
9 Hesucun/ Mercury P&P Co, Gabrovo, Bulgaria absent L0217
Lovage leaves
10 | YyOpuma/ Picantina, Kendy LtD, Bankia Bulgaria Bulgaria L1711021
Savory Bioset Ltd, Plovdiv, Bulgaria Bulgaria L1077
11 | Menra/ Home garden Bulgaria -
Peppermint

Briefly, 1 ml Folin-Ciocalteu reagent diluted five
times was mixed with 0.2 ml sample and 0.8 ml

7.5% Na,COj;. The reaction was performed for
20 min at room temperature in darkness. The
absorbance was measured at 765 nm against
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blank using a Camspec VIS spectrophotometer
(UK). The results were expressed as mg equiva-
lent of gallic acid (GAE) per g dried weight (dw)
(Ivanov et al., 2014).

Total caffeic acid derivates

The herbal water extract (1 ml) was added to
2 ml 0.5 M HCI, 2 ml Arnow’s reagent, 2 ml
NaOH (2.125 M) and 3 ml of water. Each solu-
tion was compared with the same mixture with-
out Arnow’s reagent. Absorbance was read at
525 nm. Total dihydroxycinnamic acid content
(including caffeoyl derivatives) was expressed as
mg chlorogenic acid derivates (CAE) per g dw
(Ivanov et al., 2014).

The total flavonoids content

The total flavonoids content was measured
using the aluminium nitrate colorimetric method
at 415 nm against blank. The results were pre-
sented as mg equivalents quercetin (QE) per g
dry weight (dw) (Ivanov et al., 2014).

Table 3. Natural pigments in aromatic plants

The DPPH radical-scavenging ability

Water extract (0.15 ml) was mixed with 2.85
ml freshly prepared 0.1mM solution of DPPH in
methanol. The sample was incubated for 15 min
at 37 °C in darkness. The reduction of absorb-
ance was measured at 517 nm in comparison to
the blank containing methanol and % inhibition
was calculated (Ivanov et al., 2014).

Results and discussion

Total chlorophylls and carotenoids

The bioactive compounds in culinary herbs
were evaluated. The detailed information about
natural pigment as chlorophylls and carotenoids
were listed in Table 3. The content of all remain-
ing green pigments was also proposed as a tool
to measure the impact of drying treatments on
aromatic herb (Lafeuille et al., 2014).

Ne | Sample Producer Chl a Chlb Chl Total
a+tb carote-
noids
1 Komsp/ Bioset Ltd, Plovdiv, Bulgaria 416.1 196.2 612.3 57.2
Dill leaf tips | Mercury P&P Co, Gabrovo, Bulgaria 4213 108.8 517.5 42.5
2 Marmanos/ Bioset Ltd, Plovdiv, Bulgaria 1817.0 650.1 2450.5 316.7
Parsley
3 Bocunex/ Giardena, Mia Foods 21 Ltd, Sofia 16.3 9.6 259 1138
Basil Bulgria
Picantina, Kendy LtD, Bankia Bulgaria | 231.8 152.4 384.0 34.2
4 Puran/ Picantina, Kendy LtD, Bankia Bulgaria 194.3 84.0 278.0 1493.0
Oregano Home garden 897.4 323.2 1220.6 205.5
Posmapun/ Bioset Ltd, Plovdiv, Bulgaria 58.9 35.9 94.71 20.2
5 Rosemary Picantina, Kendy LtD, Bankia Bulgaria 62.6 57.4 119.1 17.9
Kotanyi, Wolkensdorf, Austria 102.3 - 146.4 -
Home garden 64.3 36.8 101.0 18.8
6 CMuamyx/ Mercury P&P Co, Gabrovo, Bulgaria 166.3 106.3 272.2 24.6
Fenugreek
7 JIxomxen/ Picantina, Kendy LtD, Bankia Bulgaria | 465.8 283.1 309.5 53.2
Spearmint Giardena, Mia Foods 21 Ltd, Sofia 186.2 94.5 280.5 453
Bulgria
Home garden Chirpan 290.5 150.8 441.0 63.8
3 Mammepxa/ Picantina, Kendy LtD, Bankia Bulgaria | 105.2 366.1 471.3 156.6
Thyme Mercury P&P Co, Gabrovo, Bulgaria 4759 456.9 635.6 124.6
9 Hesucwun/ Mercury P&P Co, Gabrovo, Bulgaria 298.6 156.5 446.8 56.9
Lovage
10 | YyGpwuma/ Picantina, Kendy LtD, Bankia Bulgaria 473 182.0 568.3 133.5
Savory Bioset Ltd, Plovdiv, Bulgaria 212.5 88.6 301.8 68.2
Home garden 113.4 43.6 157.0 36.4
11 | Menra/ Home garden 4570.5 | 2507.2 | 7080.0 2285.0
Peppermint
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The highest total chlorophylls content was de-
tected in the peppermint leaves — 7080 ug/g dw,
followed by the parsley— 2450 pg/g dw and the
oregano leaves — 1220.6 ug/g dw. The total chlo-
rophylls content in parsley were higher than pre-
vious report of Yamauchi and Watada (1995).
Both plants (peppermint and oregano) were
grown in home herbal gardens and shade dried.
In comparison with home garden oregano, in the
commercial oregano leaves the level of chloro-
phylls was six time lower, but the content of ca-
rotenoids were the highest. The highest total ca-
rotenoids were found in peppermint and oregano
— 2285 pg/g dw and 1493 ng/g dw, respectively
(Table 3). The lowest level of chlorophylls was
detected in basil packed by Giardena, Mia Foods
21 Ltd, Sofia Bulgria — 25.9 ug/g dw. In compar-
ison with previous reports the investigated
trademarks basil showed lower levels of chloro-
phylls content (Kopsell et al., 2005). In general
among the investigated aromatic plants rosemary
showed the lowest values of natural pigments —
chlorophylls and carotenoids.

The consumption of aromatic plants as culi-
nary herb provided the significant level of carot-
enoids was strongly associated with deceasing
risk of cancer and eye diseases (Kopsell at al.,
2005).

Total phenolic content and total flavonoid
content

Total phenolic content, total flavonoid content
and derivatives of caffeic acid of water extracts
of aromatic plants were evaluated (Table 4). The
total phenolic content ranges from 7.3 to 86.6 mg
GAE/g dw. The highest results demonstrated the
lovage water extract — 86.6 mg GAE/g and the
lowest values were found in parsley — 7.3 mg
GAE/g dw. The total phenolic content lower in
the following order: lovage>spearmint>savory>>
thyme> peppermint> rosemary>oregano> fenu-
greek>basil>dill>parsley. Our data for total phe-
nolic content of basil water extracts were in good
agreement and higher than previous reports of
Kaurinovic et al. (2011).

Nour et al. (2017) reported that significant
part of phenolic acids, in lovage is due to ellagic
acid whereas sinapic and vanillic acids were
prevalent in dill. The obtained results for total
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phenolic contents in lovage water extracts were
significantly higher than previously reported data
(Zheng and Wang, 2001; Nour et al., 2017).
However, the observed values for total phenols
in dill and parsley were in good agreement with
reports of Nour et al., (2017) - 418 mg GAE/100
g for dill and 360.89 mg GAE/100 g. Our results
for total phenolic content of water extracts of
rosemary, thyme, fenugreek and oregano were
higher than the reported values of Wojdylo et al.,
(2007). Our results for total phenols content in
water extract of fenugreek, spearmint and basil
were in accordance with Krachanova et al.,
(2010), while their values for peppermint and
thyme were higher than our observation.

The highest content of caffeic acid derivatives
was found in lovage -21.3 mg CAE/g dw and
home garden savory - 20.1 mg CAE/g dw (Table
4). The difference between herbs and the content
of total phenolic even in equal aromatic plants
were likely due to genotopic and environmental
differences (climate, location, temperature,
fertility, diseases and pest exposure) within
species, choice of parts tested, time of taking
samples and determination methods (Wojdylo et
al., 2007).

The highest content of flavonoids was deter-
mined in rosemary and lovage leaves. The lowest
levels of total flavonoids were found in fenu-
greek and some trademarks of spearmint (Table
4). The total flavonoids content lower in the fol-
lowing order: rosemary>lovage>oregano >sa-
vory> thyme> dill> basil> parsley> peppermint>
spearmint >> fenugreek. According to Nour et al.
(2017) among flavonoids, myricetin was pre-
dominant in parsley leaves whereas rutin was
predominant in dill and lovage.

Antioxidant activity

Total antioxidant activity evaluated by the
DPPH method, ranged from 6.7 to 473 mM TE/g
dw (Table 4). The highest antioxidant activity
was detected in water extracts of lovage - 473
mM TE/g. The highest level of total phenolic
content influence on antioxidant potential of
lovage extracts. The same tendency was reported
by Nour et al., (2017) however their data was for
methanol extract of this plant.



Table 4. Biologically active substances and antioxidant activity in water herbal extracts

Ne Sample Producer TPC, mg TF, mg DCA, DPPH,
GAE/g QE/gdw | mg CAE/g | mM TE/g
dw dw dw
1 Komsp/ Bioset Ltd, Plovdiv, Bulgaria 15.3 5.6 - 72.5
Dill leaf tips | Mercury P&P Co, Gabrovo, 14.2 4.6 6.8 62.5
Bulgaria
2 Marnmanos/ Bioset Ltd, Plovdiv, Bulgaria 7.3 35 1.8 26.2
Parsley
3 Bocunex/ Giardena, Mia Foods 21 Ltd, 12.9 2.4 8.8 100.7
Basil Sofia Bulgria
Picantina, Kendy LtD, Bankia 19.0 4.0 15.0 118.8
Bulgaria
4 Puran/ Picantina, Kendy LtD, Bankia 18.3 13.55 - 182.5
Oregano Bulgaria
Home garden 17.3 6.2 - 89.1
5 Po3mapun/ Bioset Ltd, Plovdiv, Bulgaria 19.3 4.3 18.1 122.5
Rosemary Picantina, Kendy LtD, Bankia 21.8 8.8 18.1 152.5
Bulgaria
Kotanyi, Gmbh, Wolkensdorf, 14.7 17.2 13.5 79.9
Austria
Home garden 14.7 1.5 12.9 70.6
6 CMuHmyX/ Mercury P&P Co, Gabrovo, 19.8 0.1 - 6.7
Fenugreek Bulgaria
7 JxomkeH / Picantina, Kendy LtD, Bankia 66.8 0.2 21.3 350.0
Spearmint Bulgaria
Giardena, Mia Foods 21 Ltd, 18.8 1.9 53 187.8
Sofia Bulgria
Home garden 21.7 3.6 7.9 200.0
8 Mamepka/ Picantina, Kendy LtD, Bankia 16.2 4.1 9.3 87.5
Thyme Bulgaria
Mercury P&P Co, Gabrovo, 24.3 5.9 13.3 149.9
Bulgaria
9 Jesucu Mercury P&P Co, Gabrovo, 86.6 13.5 5.5 473
Lovage Bulgaria
leaves
10 | Yybpuna/ Picantina, Kendy LtD, Bankia 28.5 7.7 7.7 156.9
Savory Bulgaria
Bioset Ltd, Plovdiv, Bulgaria 21.0 6.2 6.7 130.0
Home garden 56.0 9.9 20.1 190.4
11 | Menra/ Home garden 16.2 23 6.7 42.7
Peppermint

- not detected

In our study, five aromatic plants (lovage,
spearmint, thyme, rosemary and savory) demon-
strated higher antioxidant activity. All investigat-
ed savory samples showed promising antioxidant
potential 150-200 mM TE/g dw. In the current
study only four aromatic plants possessed antiox-
idant activity below 100 mM TE/g dw — dill,
parsley, peppermint and fenugreek. In addition,
peppermint and thyme showed lower values for
total phenolic content and antioxidant activity in
water extracts in comparison with our previous

reports (Kolaneva et al.,, 2016; Petkova et al.,
2017). This could be explained with growth con-
ditions of the plants and extraction procedure.

Conclusion

The current research demonstrated the values of
bioactive compounds in eleven culinary herbs,
widely used in the traditional Bulgarian cuisine,
but among them lovage, spearmint, savory,
rosemary and oregano were distinguished in
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terms of antioxidant activity and polyphenol
compounds. This study enriched information
about commonly used aromatic plants in culinary
technology and demonstrated the potential bene-
ficial effect after consumption of this plants.
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REACTIONS OF 4-(DIMETHOXYPHOSPHORYL)- AND 4-
(DIPHENYLPHOPHOSPHORYL)-ALLENCARBOXYLATES WITH ELECTROPHILIC
REAGENTS

Ivaylo Parushev, Silviq Guneva, Arzu Eshref, Ivaylo Ivanov, Valerij Christov

ABSTRACT: Reaction of alkyl 4-(dimethoxyphosphoryl)- and 4-(diphenylphosphinoyl)-allencarboxylates
with different electrophilic reagents such as sulfuryl chloride, bromine, benzenesulfanyl and benzeneselanyl
chlorides takes place with 5-endo-trig cyclization or 2,3-addition reaction depending on the kind of the

substituents in phosphoryl group.

Key words: bifunctionalized allenes, 2,5-dihydro-1,2-oxaphospholes, furan-2(5H)-ones, 2,3-adducts.

Introduction

The synthetic potential of functionalized
allenes has been explored extensively in recent
years, and this has led to the development of
novel methods for the construction of a variety of
functionalized heterocyclic and carbocyclic
systems [1]. Allenic compounds are interesting
also for their potential biological activities [la,
2].

The literature data on the reactions of func-
tionalized allenes with electrophilic reagents
show that depending on the structure of the
starting allenic compound as well as the type of
the electrophile, the reactions proceed with ob-
tained of the heterocyclic, or/and acyclic com-
pounds or a mixture of them [3-6].

a-Allenecarboxylic acids and their esters,
disubstituted on the y-carbon atom, underwent
electrophilic attack on the central atom and ring
closure to furan-2(5H)-ones (y-lactones) when
treated with electrophile [3].

On the other hand, literature data on the
reactions of phosphorylated allenes
(phosphonates, phosphinates and phosphine
oxides) with electrophilic reagents show that
depending on the structure of the starting allenic
compound as well as the type of the electrophile,
the reactions proceed with cyclization of the
allenic system bearing phosphoryl group (O=P-
C=C=C) to give heterocyclic compounds in most
cases [4].
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Results and Discussion

As a part of our long-standing studies directed
toward the development of efficient electrophilic
cyclization reactions of bifunctionalized allenes
[5], we become interested in 1,3-bifunctionalized
allenes comprising a phosphoryl and an ester
groups such as I (Scheme 1).

R R'
1, Y=OMe
YR CO,R? 2, Y=Ph
o |
Scheme 1

This molecule can be considered as a combi-
nation of an allenecarboxylate and an
allenephosphonate or allenyl phosphine oxide
and might have different reactivity profiles in
electrophilic reactions. Recently, we presented a
convenient and  efficient method  for
regioselective synthesis of 4-phosphorylated
allenecarboxylates, derived by an atom economi-
cal [2,3]-sigmatropic rearrangement of the the
mediated alkoxycarbonyl-functionalized
propargyl phosphites or phosphinites formed by
reaction of the alkyl 2-hydroxy-alk-3-ynoates
with dimethylchlorophosphite or
diphenylchlorophosphine respectively the
presence of a base (Scheme 2).
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The resulting 4-heteroatom-functionalized
allenecarboxylates 1 and 2 allowed us to study its
chemical behavior during the reactions with
different electrophilic reagents such as sulfuryl
chloride, bromine, benzenesulfanyl and
benzeneselanyl chlorides.

From general considerations as well as from
the literature data on the electrophilic addition

reactions to allenecarboxylates [3] and
phosphorylated allenes [4], the following
pathways of the reactions could be assumed
(Scheme 3):

1) Attack of the reagent on the C>-C°
double bond of the allenoate system and
following neighboring group
participation of the phosphoryl group as
internal nucleophile and ring closure to
the five-membered cyclic compound I1;
Attack of the reagent on the C’-C*
double bond of the allenoate system and
following neighboring group
participation of the ester group as
internal nucleophile and ring closure to
the five-membered cyclic compound III;
Attack of the reagent on the C*-C’
double bond with formation of the 3,2-
adduct IV;
Attack of the reagent on the C’-C*
double bond with formation of the 3,4-
adduct V;
5) Elimination reactions after realization of
some of the above mentioned pathways
(1-4).

2)

3)

4)
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We found that the interaction of the alkyl 4-
(dimethoxyphosphoryl)-alka-2,3-dienoates 1
with electrophilic reagents in dichloromethane at
-20°C occurs with 5-endo-trig cyclization by
neighboring participation of phosphonate and
carboxylate groups as an internal nucleophiles to
give mixtures of the 5-ethoxycarbonyl-2,5-

dihydro-1,2-oxaphospholes 5 and the 5-
(dimethoxyphosphoryl)-furan-2(5H)-ones 6 as
shown in Scheme 4.

R R’ R E
>=, E-Nu _ ; R,
—_—
(MeO)R{ OR? Toc, e 7 Me0),R o
o] o MeO” Yo~ “CO,R? 2 \\O

1 3 4

Scheme 4

Table 1. Synthesis of the 5-Ethoxycarbonyl-2,5-
dihydro-1,2-oxaphospholes 3 and the
5-(Dimethoxyphosphoryl)-furan-2(5H)-ones 4

E R'

(0]

R R' R E 3, 4, Ratio
Yield,% Yield,%
Pr Me Et Cl 3aa,50 4aa,28 1.79:1
Pr Me Et SePh 3ad, 46 4ad,28 1.64:1
Pr Ph Me Br 3bb, 45 4bb,28 1.61:1
Pr Ph Me SePh 3bd, 48 4bd,29 1.66:1
Bu Me Et Br 3cb,51 4cb,28 1.82:1
Bu Me Et SePh 3c¢d, 46 4c¢d,29 1.59:1
Ph Ph Et Cl 3fa, 49 4fa, 27 1.81:1
Ph Ph Et Br 3fb,50 4fb,28 1.79:1
Ph Ph Et SPh  3fc,45 4fc,28 1.61:1
Ph Ph Et SePh 3fd, 47 4fd, 27 1.74:1
The 4-(Diphenylphosphinoyl)-alk-(3E)-

enoates 5 were prepared by the chemo-, regio-,
and stereoselective electrophilic addition to the
C’-C’-double bond in the allenoate system of the
alkyl 4-(diphenylphosphinoyl)-alka-
2,3-dienoates 2 (Scheme 5).

R = R E

/Eo§ E-NU gr— R1
Ph,P OR? PhoR\
Yo S Yo/ coR?

CHoCly
N
2 5

Scheme 5

Table 2. Synthesis of the 4-
(Dlphenylphosphlnoyl)alk (3E)-enoates 5

R R’ R? E Nu 5, Yield,?
%
Bu Me Et Br Br Scb, 70
Bu Me Et SePh Cl 5c¢d, 64
Bu Ph Me Br Br 5db, 73
Bu Ph Me SePh (I 5dd, 65
Ph Me Et Br Br 5eb, 72
Ph Me Et SePh Cl Sed, 64
Ph  Ph Et Cl Cl 5fa, 69
Ph  Ph Et Br Br 5fb, 71
Ph  Ph Et SPh Cl 5fc, 66
Ph Ph Et SePh Cl 5fd, 63

Thus, on the basis of the literature data [1, 3]
and our previous results, a rationale for this
reaction is depicted in Scheme 6.



The initial act is the attack of the electrophile on
the most nucleophilic atom of the allenic system
of m-bonds (C*) with the formation of the cyclic
onium (chloronium, bromonium, thiiranium or
seleniranium) ion A after attack on the relatively
more electron-rich C*-C*-double bond or the ion
B after attack on the C’-C*-double bond.
Subsequently, the ions A and B are easily
transformed into the more stable five-membered
cyclic ions C and D via the neighbouring group
participation of the oxygen atom of the
phosphonate  (path a) and carboxylate
functionalities (path b) respectively. Further, the
intermediates C and D undergo nucleophilic
attacks to MeO or R*0 groups and elimination of
methyl (MeNu) or alkyl halides (R*Nu) affording
the final cyclic products 3 and 4 (path a and path
b). On the other hand, in the case of 4-
(diphenylphosphoryl)-allenoates 2 (Y is Ph) as
starting materials, the formation of the final (3E)-
4-(diphenylphosphoryl)alk-3-enoates 4 can be
considered in term of the assumption for the
nucleophilic attack on the cyclic three-membered
onium ions A (path c) leading to the formation of
the (3E)-2,3-adduct 5.

path a)
Y OMe

1
(vMe o >—j<R T
COyR?

R E

Y2

.. a) 2
0 \/Z)COZR path c)
E-Nu ] Y =Ph (EYS
1,2 A

E R!
©) path b)

R ORZ ——o—— >

A \—'O only Y = MeO (MeO) 2P\ o ‘C? RZA\ ;

2 \\O s N R3Nu

B
Scheme 6

The stereoselectivity observed may be

explained by the favorable trans arrangement of
the electrophile and the phosphine oxide group
and anti-attack of the external nucleophile Nu in
the onium ions A (path c).
In the experimental terms, the progress of all
reactions  was  monitored  thin  layer
chromatography and IR spectroscopy. The
obtained products were isolated and purified by
column chromatography, and the structure of the
synthesized compounds was established by IR,
'H, C, and *'P NMR-spectroscopy.

Conclusion
The present investigation outline the following
points:
1). The reaction of the 4-phosphorylated
allenecarboxylates with different electrophilic
reagents proceeded with 5-endo-trig cyclization
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or 2,3-addition reaction depending on the kind of
the substituents in phosphoryl group. Treatment
of the 4-(dimethoxyphosphopyl)-allenoates with
electrophiles gives mixtures of 2,5-dihydro-1,2-
oxaphospholes and furan-2(5H)-ones as a result
of the competitive neighbouring group
participation of phosphonate and carboxylate
groups in the cyclization. On the other hand, 4-
(diphenylphosphoryl)-alk-(3 E)-enoates were
prepared by the chemo-, regio-, and
stereoselective electrophilic addition to the C*-
C’-double bond in the allenoate system;

2). Further studies on the synthetic applications
of this reaction and the physiological activity of
selected cyclic and acyclic products are now
under investigation in our laboratory.
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ELECTROPHILIC REACTIONS OF 1,2,4- AND 1,3,4- ALKATRIENYL PHOSPHINE OX-
IDES

Ivaylo Ivanov, Hasan Hasanov, Tzvetan Tzenov, Seda Latif, Valerij Christov

ABSTRACT: Results on the examined electrophilic cyclization of the phosphorylated vinylallenes, pos-
sessing a vinyl group on the 1- or 3-place in the allenic system, will be discussed in the report. We studied the
reactions with different electrophilic reagents. It has been established that a heterocyclization of vinylallenic

system of double bonds proceeds in more cases.

Key words: allenyl phosphine oxide, synthesis, cyclization, 2,5-dihydro-1,2-oxaphosphole, selenophene,

thiophene
Introduction

Functionalized allenes have attracted a
growing attention because of their versatility as
key building blocks for organic synthesis. The
synthetic potential of functionalized allenes has
been explored extensively in recent years, and
this has led to the development of novel methods
for the construction of a variety of functionalized
heterocyclic and carbocyclic systems (Ma, 2007;
Hassan, 2007; Back et al., 2010). An impressive
number of heterocyclic systems has been
prepared from allenic starting materials.

Functionalized allenes are very interesting
substrates as a material of choice to study the
electrophilic  addition reactions on the
carboncarbon double bonds (Angelov, 1983;
Khusainova and Pudovik, 1987; Alabugin and
Brel, 1997; Ma, 2009; Brel, 2006). Unlike the
allenic hydrocarbons, the presence of a function-
al group linked to the allenic system, considera-
bly changes the course of the reactions with elec-
trophilic reagents. It has been shown (Angelov,
1983; Khusainova and Pudovik, 1987; Alabugin
and Brel, 1997; Ma, 2009; Brel, 2006) that the
reactions proceeded with cyclization of the
allenic system bearing a functional group to give
heterocyclic compounds in most cases.

Literature data on the reactions of
phosphorylated allenes (phosphonates,
phosphinates and phosphine oxides) with
electrophilic reagents show that depending on the
structure of the starting allenic compound as well
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as the type of the electrophile, the reactions pro-
ceed with cyclization of the allenic system bear-
ing phosphoryl group (O=P-C=C=C) to give het-
erocyclic compounds in most cases (Angelov,
1983; Khusainova and Pudovik, 1987; Alabugin
and Brel, 1997; Ma, 2009; Brel, 2006). Thus, the
reaction of electrophilic reagents with dialkyl
allenephosphonates (Angelov, 1983; Khusainova
and Pudovik, 1987; Alabugin and Brel, 1997
Ma, 2009; Brel, 2006) or allenyl phosphine ox-
ides (Angelov et al., 1982; Khusainova et
al.,1982; Enchev et al.,1991) leads to 2,5-
dihydro-1,2-oxaphospholes or/and 2,1- or/and
2,3-adducts or a mixture of them, depending on
the degree of substitution at the C' and C’ atoms
of the allenic system, on the nature of these sub-
stituents, and on the type of the reagents. Recent-
ly, it was also observed by S. Ma and coworkers
(Guo et al., 2008; He et al., 2009; He et al.,
2009) that the electrophilic iodohydroxylation
(Guo et al., 2008), fluorohydroxylation (He et al.,
2009) and selenohydroxylation (He et al., 2009)
reactions of allenyl phosphine oxides with io-
dine, Selectfluor and benzeneselanyl chloride
affording 2-iodo(respectively 2-fluoro or 2-
phenylselanyl)-3-hydroxy-1(E)-alkenyl phos-
phine  oxides with  high regio- and
stereoselectivities, which the authors (Angelov et
al., 1982; Khusainova et al.,1982; Enchev et al.,
1991) believed to be determined by the neigh-
bouring group participation effect of the diphenyl
phosphine oxide functionality.



As a part of our long-standing programme on
the synthesis and cyclization reactions of mono-
and bi-functionalized allenes, we report in pre-
sent article results of the synthesis of vinylallenyl
phosphine oxides and the reactions with different
electrophilic reagents such as chlorine, bromine,
iodine, methane- or benzenesulfanyl chlorides
and benzeneselanyl chloride in regard to the
study of the cyclization reactions.

Results and Discussion

Electrophilic = Cyclization  Reactions  of
Diphenyl 3-Methyl penta-1,2,4-trienyl Phos-
phine Oxide (Ivanov and Christov, 2013)

Electrophilic reactions of the 3-vinylallenyl
phosphine oxide 1 occur in different pathways
depending on the used electrophiles (Scheme 1).
Chlorination of the phosphine oxide 1 proceeded
with formation of a mixture of the trienyl phos-
phine oxide E-3a and the 3-hydroxy-1,4-dienyl
phosphine oxide £-4a, while the bromination and
iodination reactions were carried out with five-
membered heterocyclization of the allenic sys-
tem of double bonds bearing a phosphoryl group
(C=C=C-P=0) to give 2,5-dihydro-1,2-
oxaphosphol-2-ium bromide Sb and iodide Sc.

PhQPF?: + PhQP

E-3a, 40% E-4a, 26%

—.
Ph,R;
Y 7 =
Phop Me
1 E-Nu ez No
— O\ y

CH,Cl,

SO0,
CHQCIZ

Me

5b: E=Br, Nu = Br, 75%

Shcheme 1 5c: E=1,Nu=1,68%

Reaction of the 1,2,4-trienyl phosphine oxide
1 with methane- and benzenesulfenyl chlorides
proceeds with two types of electrophilic cycliza-
tion to give mixtures of the 2-
(diphenylphosphorylmethyl)-thiophene 6, the 4-
methyl(phenyl)sulfenyl-2,5-dihydro-1,2-
oxaphosphol-2-ium chlorides 5d and Se, and
their dehydrochlorination products — the (1E)-3-
methylene-2-methyl(phenyl)-sulfenyl-penta-1,4-
dienyl diphenyl phosphine oxides 3d and 3e. In a
similar way, a mixture of the 2-
(diphenylphosphorylmethyl)-selenophene 7 and
the 4-phenylselenenyl-2,5-dihydro-1,2-
oxaphosphol-2-ium chloride 5f was obtained
from the reaction of the vinylallenyl phosphine
oxide 1 with benzeneselenenyl chloride.
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Me
R = Me, 6 (50%) + 5d (16%) + E-3d (12%)
R = Ph, 6(45%) + 5e (20%) + E-3e(10%)
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0
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Toch

7,62%

Scheme 2

5f, 14%

Heating at reflux of the cyclic phosphonium
salts 5 in 1,2-dichloroethane for 3 h provoked
elimination of hydrogen halide and C’-O bond
cleavage in the ring with generation of the 3-
methylene-penta-1,4-dienyl phosphine oxides £-
3b—e in good yield (64-68%) as shown in
Scheme 2. The attempts at an elimination reac-
tion of hydrogen chloride of the 4-
phenylselenenyl-2,5-dihydro-1,2-oxaphosphol-2-
ium chloride 5f were not successful. In all cases,
no traces of the expected 1,4-dienyl phosphine
oxide 3f were detected. Instead complex mix-
tures of decomposed products were obtained.
The hydrolysis reaction of the 2,5-dihydro-1,2-
oxaphosphol-2-ium halides Sb—f occurs with the
water molecule attack at the positively charged
phosphorus atom to cleave the P-O bond, [13-
15] which results in the formation of final (1E)-
1-(diphenylphosphoryl)-3-methyl-penta-1,4-
dien-3-ols 4b—f in 63-70% yields, according to
the sequence outlined in Scheme 3.

E

A
————  PhyP
E CICH,CH,CI o
g S —f |
2P
o 9 E
Nu H0 Ve
Sb-f PhoR
oHo”

5 E Nu
Scheme 3

E-3b: E = Br, 68%
E-3c:E=1,65%

E-3d: E = SMe, 67%

E-3e: E = SPh, 64%

E-3f: E = SePh, no desired product

E-4b: E =Br, 70%
E-4c:E=1,67%
E-4d: E = SMe, 64%
E-4e: E = SPh, 67%
E-4f: E = SePh, 63%

L
CICH,CH,CI
- HNu

b Br Br
c | |
d SMe ClI
e SPh CI
f SePh CI

Formation of the thiophene 6 and selenophene
7 as well as the 2,5-dihydro-1,2-oxaphosphol-2-
ium chlorides 5d-f (Schemes 2) is in accordance
with the following reaction mechanisms (Scheme
4). The initial act is the attack of electrophilic
sulfur or selenium on the most nucleophilic atom
of the trienic system of p bonds (C*) with the
formation of the cyclic onium (thiiranium or
seleniranium) ions C after an attack on the rela-
tively electron-rich C*-C’ double bond. The ions
C are in the plane of the p bond of the vinyl
group (s-cis conformation), and for this reason,
C are easily transformed into the more stable
five-membered cyclic ions D. Further, the ions D
undergo elimination of methyl or phenyl chlo-
ride, [1,5]-prototropic shift, and aromatization to



give the thiophene 6 or selenophene 7. The five-
membered cyclic phosphonium chlorides 5d—f is
formed via neighboring group participation of
the oxygen atom of the diphenyl phosphine oxide
functionality in the stage of ions C formation.

onp Q H o [1,5-0]
_—,
ngQﬁH -RCI

RYCI 7/
— . thP\\o_\/‘
o = b) Me
EN
5d-f

Cl
Scheme 4

Pex—n

6,7
Me

Y =8, Se

The simultaneous realization of the both
heterocyclization processes is connected with
introduction of the allenic and 1,3-dienic parts of
the trienic system into the reaction course. This
fact is obviously a result the ability of the sulfur
and selenium to form cyclic ions, (Capozzi et
al.,1990; Schmid and Garratt., 1975) which are
further transformed into five-membered hetero-
cyclic compounds.

Electrophilic = Cyclization = Reactions  of
Diphenyl 5-Methyl-1,3,4-hexatriene-3-yl
Phosphine Oxide (Ivanov and Christov, 2012)

Halogenation of the vinylallenic phosphine
oxide 2 (Scheme 5) proceeded with formation of
the 4-halo-2,2-diphenyl-3-vinyl-2,5-dihydro-1,2-
oxaphosphol-2-ium chloride 8a or bromide 8b in
76% and 78% yield. Obviously, the electrophilic
halocyclization reaction occurs by neighboring
group participation of the phosphine oxide group
with formation of the five-membered cyclic

products 8.
7 E
Ph% \Me
2 No

Me
Nu®

8a: E =Cl, Nu=_Cl, 76%
8b: E = Br, Nu=Br, 78%

7 Me E-Nu

PhQP\\O Me CHCly

2

Scheme 5

Surprisingly (Scheme 6), the reaction of
1,3,4-trienyl  phosphine  oxide 2  with
benzenesulfenyl chloride or bromide proceeds
with two types of electrophilic cyclization by
neighboring group participation of both the
vinylic double bond and the phosphine oxide
group to give mixtures of 3-
(diphenylphosphinoyl)-2-isopropyl-thiophene 9
and 2,2-diphenyl-4-phenylsulfenyl-3-vinyl-2,5-
dihydro-1,2-oxaphosphol-2-ium chloride 10a or
bromide 10b in 65% and 69% overall yields. In a
similar way, ca. 3.8:1 mixture of 3-
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(diphenylphosphinoyl)-2-isopropyl-selenophene

11 and 2,2-diphenyl-4-phenylselenenyl-3-vinyl-
2,5-dihydro-1,2 oxaphosphol-2-ium chloride 12a
or bromide 12b was obtained with 67% and 63%
overall yield from the reaction of 1-vinylallenyl
phosphine oxide 2 with benzeneselenenyl chlo-

ride or bromide.
/ SPh
Ph% S Me
2\,
[0} Me
X@
10

X =Cl, 9 (55%) + 10a (14%)
X = Br, 9 (52%) + 10b (13%)
Me

2 s 7 sePh
S, M
PhSeX e o\ Me
LPrseX Q) o o
CH,Cl, No Me
X
11 12

Me
S Me
\/ +
PPh:

(0]
9

PhSX
CHyCly

4

PhoR{ Me
o

2!
PPh °
o

X = Cl, 11 (53%) + 12a (14%)
X = Br, 11 (50%) + 12b (13%)

Scheme 6
On the basis of previous results (Christov and
Ivanov, 2002; Christov and Ivanov, 2002;
Christov and Ivanov, 2003; Christov and Ivanov,
2004), a plausible mechanism is proposed
(Scheme 7). The initial act is the attack of the
electrophile (X", S*, or Se’) on the most
nucleophilic atom of the trienic system of z-
bonds (C*) with the formation of two cyclic
onium (halogenonium, thiiranium, or
seleniranium) ions E and F after attacks on the
relatively electron-rich C*~C° (in all cases) and
C’—C* (in the case of sulfanyl and selanyl elec-
trophiles only) double bonds, respectively. The
ions E are in the plane of the z-bond of the vinyl
group (s-cis conformation), and for this reason E
are easily transformed into the more stable five-
membered cyclic ions G. Furthermore, the ions
G undergo elimination of phenyl halide, 1,5-
prototropic shift, and aromatization to give
thiophene 9 or selenophene 11. The five-
membered cyclic phosphonium chlorides and
bromides 8, 10, and 12 are formed via neighbor-
ing group participation of the oxygen atom of the
diphenyl phosphine oxide functionality in the
stage of ion F formation. The simultaneous reali-
zation of the both heterocyclization processes is
connected with introduction of the allenic and
1,3-dienic parts of the trienic system into the re-
action course. This fact is obviously a result the
ability of the sulfur and selenium to form cyclic
ions, (Capozzi et al.,1990; Schmid and Garratt,
1975) which are further transformed into five-
membered heterocyclic compounds.
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In experimental terms, the progress of all
reactions =~ was  monitored  thin  layer
chromatography and IR spectroscopy, the
obtained products were isolated and purified by
column chromatography, and the structure of the
synthesized compounds was established by IR,
'H, C-and *'P-NMR spectroscopy.

Conclusion

We noted the following points from this in-
vestigation: (1) Electrophile reactions of the
vinylallenyl phosphine oxides 1 and 2 proceed
with heterocyclization of vinylallenic system of
double bonds to give different heterocyclic com-
pounds in more cases; (2) Electrophilic cycliza-
tion reactions of the phosphine oxides 1 and 2
occur in different pathways depending on the
kind of electrophile and the place of the vinyl
group; (3) Halogenation reactions lead to prepa-
ration of heterocyclic phosphonium salts or high
unsaturated trienyl phosphine oxides probably
through intermediate formation of 1,2-
oxaphosphol-2-ium chloride; (4) Reactions with
sulfenyl and selenenyl chlorides proceed with
1,2-oxaphospholic, thiophenic, or selenophenic
heterocyclization; (5) Trienyl phosphine oxides 1
and 2 are versatile synthons for heterocyclic
compounds in organic synthesis.

Results of an initial investigation of the
physiological activity of the heterocyclic
compounds prepared were encouraging and the
activity of selected compounds is now under
extensive investigation.
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HU3IIOJI3BBAHE HA INVENTOR IIPU ITIPOEKTUPAHE HA EKCIIEPUMEHTAJIEH
CTEH/ 3A U3IIUTBAHE HA BAJIOBE

I'eopru Tounkos, ['eprana ToHnkosa

APPLICATION OF INVENTOR FOR THE DESIGN OF A SHAFT TEST RIG

Georgi Tonkov, Gergana Tonkova

ABSTRACT: The capabilities of the CAD software - Autodesk Inventor, which is specialized in the field of
mechanical engineering, are explored. A justification for the choice was made. With the selected CAD system a
complete design of an experimental shaft test bench was performed. The used CAD program allows an optimiza-
tion of the designed and tested mechanical constructions according to different criteria - strength indicators,
kinematic norms, quality characteristics, mass, size, load capacity, durability, cost, economic efficiency. Part of
the generated CAD models and the built-in structural documentation of the stand are graphically visualized.

Key words: design with Inventor, shaft test rig, design and documentation

BLBenenue

Inventor e cnennanu3upaHa B MalIMHOCTPOE-
Heto CAD cucrema. OTHacs ce KbM CHCTEMUTE
OT CpeJieH Kjac W € BOJEIIa B MPUJIOXKHATA CH
obmnact. PasBuBa ce or kommanusgTa Autodesk
(CAILl), xosATO mpe3 oceMiaeceTTe TOIWHU Ha
JIBAJICCETH BEK Ch3/1aBa M HAH-MOMYJISIPHUS CO(-
Tyep 3a rpadguuHo npoektupaHe — AutoCAD.
KbM MOMeHTa peructpupaHuTe noTpeOUTeNn Ha
Autodesk mo csera ca maxg 11 munmona. B moc-
Jenuure roauHu Inventor e Hal-TUHAMHUYHO
passuBamiara ce CAD cucrema [6,7,8].

B mpodecrnonannara cdepa Inventor ce uz-
MOJI3Ba 3a MOJICINUpaHe, MU3aiH U MPOCKTUPAHE
Ha MalllMHHU €JIEMEHTH, MEXaHUYHH MPEeIaBKu 1
TPaHCMHCHH, CTJIIOOCHH EIAWHUIM, BB3IH, MeXa-
HU3MH, MallliHU, ChOPHKEHUS ¥ METAJHU KOHC-

tpykuuu (dur. 1) [4,5].

@wur. 1 [Ipoextupane B Inventor Ha MexaHU3MHU
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CodryepHara cpeaa Ha cucTeMara MO3BOJISABA
Ch3/1aBaHE HA AUTHTAIHU MPOTOTUIH CHC CHMY-
JTUpaHe Ha pabOTHHUTE YCIOBUS, MPH KOETO 3HA-
YHUTEJHO Ce HaMassiBa BPEMETO U CTOWHOCTTA Ha
MIPOU3BEKIAHUS KPACH MPOAYKT.

en

B codryepHara cpena Ha Inventor na Owue
MPOEKTUPaH €KCIEPHMEHTAJICH CTeH]| 3a W3IINT-
BaHE Ha BAJIOBE, KATO CE HampaBH 0OOCHOBKA 32
n30opa Ha uznon3eaHara CAD cucrema.

Bb3MoskHOCTH M TpUIo:KeHUue Ha Autodesk
Inventor B npoMHIILIEHOCTTA

Inventor mpencrarnsBa yHuBepcasiHa 3D
CAD cucrema, K0osATO 00XBallla BCHUYKH €Talll OT
paboTata Ha KOHCTPYKTOpa — OT WJCHHHUS MpPO-
€KT, TMpe3 TEXHUYeCKaTa JOKYMEHTAlHs 0
MIPOTHO3MpPaHe Ha JKU3HCHUS LMKbBJ Ha U3JeIHe-
T0 - PLM—texHnomnoruu [6] (¢wur. 2).

-

®ur. 2 Mozaenupane Ha npouecH B Inventor



Bn3moxkHoctute Ha Inventor ce u3nos3Bar ot
BCUYKH 00JIACTH HA MAIIMHOCTPOCHETO:

» B TeXKOTO MAIIMHOCTPOCHE — TIPH MPO-
CKTUPAaHe Ha PA3IWYHHU CHWJIOBH 3aJBUKBAHHUS,
TPAaHCMHCHW W MEXaHWYHH TIPENaBKd, IpH
CJIOXHH SKOCTHU aHanm3u u Apyru (dur. 3) [3].

®@ur. 3 CWioBY U AMHAMUYHUA CUMYJIAIAH C
Autodesk Inventor

» B nexara mpoMHIIEHOCT W TPAaHCIOPT-
HaTa TEXHUKAa - 332 NPOEKTUPAHE, E€CTETUYECKO
odopmIieHHE (OU3aiiH), CHMYJIallui, aHUMalul 1
MOJTyYyaBaHE HA PEATUCTHYHU H300pakeHHs
(¢wur. 3).

» Ilpu m3rpaxaaHeTo Ha METaIHH KOHCT-
PYKIIMM — M3IIOJ3BA CE€ PAMKOBHAT TE€HEPATOP
(¢ur. 4).

»  Ilpu mpoektupaHeTo Ha TpHOOIPOBOIHU
CHCTEMH U NIPH eJeKTpookadensBaneTo. Inventor
NPUTEXKaBA WHCTPYMEHTapHUyM 3a IPOEKTHUpPaHE
Ha TpBOONpoBOgHA apMaTypa ((IaHIH, KpaHOBE,
(UTHHTH, YIUTBTHEHHS, CKPEIUTUIHN U (UKCH-
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paly eneMeHTH) M eJIEKTPUYECKO OKalOensBaHe

Crosses

Couplings

)

Plugs

=

Reducers

®@ur. 4 [IpoekTHpaHe Ha PAMKOBU KOHCTPYKIIVH,
TpHOHHU U enekTpouHcTananyu ¢ Autodesk
Inventor

»  Ilpu xoHCTpyHpaHe 1 aHaJIN3a Ha MIITPUI]
dopMu 3a M3ENUS OT MOJUMEPH B Pa3iIUYHU
pasHoBuaHOCTH ((ur. 5 u dur. 12).

@ur. 5 [IpoekTrpaHe Ha paMKOBH KOHCTPYKIIMH
u Matpudnau ¢opmu c Inventor

Inventor cbabpka romsimMa OuOIMOTEKAa OT
CTaHJAapTHU €JIEMEHTH W MOIIEH TeHepaTop 3a
MexaHn4yHH mpenaBku. llputerxaBa mobpa Mo-



JIeTTHA TTapaMEeTPUYHOCT, KOSTO MO3BOJISIBA BCSKA
e/lHa YacT OT Mojiena Ja Obje yrnpaBisiBaHa upe3
pasnuueH napameTsp (dur. 6).
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®@ur. 6 [TapameTpuyHO MOJICIIMPAHE U IOKYMEH-
tupane ¢ Autodesk Inventor

Inventor mo3BonsiBa TOYHO U OBP30 TeHEPH-
paHe Ha MEXaHWYHU TPAHCMHCHUH, OKOMILICKTO-
BaHU ChC CTaHJAPTHHU CJIEMEHTH, KOSTO MYy JaBa
HAR-rOJIIMOTO TPEIUMCTBO TPEJ BCHUKH OCTa-
Hamu CAD cuctemu [1,4,5,7,8]. I'enepupanure
3D CAD mogaenu Morar ja ObaaT onTHMH3Mpa-
HU aBTOMATHYHO I10 Pa3IU4HU KpUTEepUH ((ur.

7).

4 ‘ S / s ¥ =
®@ur. 7 ABTOMaTH3UPAHO TeHEPUPAHE HA ChEIH-
HEHUs U MEXaHUYHHU IIpeaaBku ¢ Inventor

Wznomssanusat ot Inventor DWG dopmar e
Ha TPaKTHUKa HaW-pa3NpoCTpaHeHus copTyepeH
uyepToxkeH (opmar. TexHudyeckaTa JOKyMEHTa-
1us TeHeprpana oT Inventor mo To3W HaYMH MO-

59

ke Ja Objie MpoYeTeHa W M3IMO0JI3BaHA OT BCEKH
enuH copryep otBapsr DWG daiinose (¢ur. 8).
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®@ur. 8 UeproxeH ¢popmar ¢ pa3muperue dwg,
u3non3Bax ot Inventor 3a rpadguuHo KOKYMEH-
TUpaHe

[Ipu renepupane Ha paMKOBH KOHCTPYKIMH
ce m3nomsBar cragaptau (o [SO, DIN, GOST,
ANSI u np.) u norpeduTencku NpoduiIn, KOUTO
Morat Ja ObJJaT MEXaHHYHO CTII00CHH, 3aBapeHH,
CHJIOBO HaToBapeHu (¢ur. 9).

®ur. 9 [IpoekTrpaHe Ha PaMKOBU KOHCTPYKIIMH
¢ Autodesk Inventor

Inventor npezanara n3BbpIIBaHE Ha SIKOCTEH U
JUHAMUYEH aHaJu3 IPU U3UMCIISIBAHE W ONTHMHU-
3WpaHe Ha JICTAIIN, CTIIO0EH! eIMHUIIN 1 MeXa-
HUYHU KOHCTpYKUuH (¢wur. 10).

Hodes 11112

Elesnents 5340

Type: Ird Principal Srain
Unt ol

314017, 2MW
1725010 Max.

21096005

®ur. 10 SIxocTeH ¥ JUHAMUYEH aHAJIN3, U3BbP-
mBaH oT Autodesk Inventor



Pesynratute OT auHAMHYHATA CHUMYJAlUsA Ce
u3noy3Bar 3a uHTerpupan ananusz no MKE, 3a
yCTAaHOBSIBAHE Ha OIACHOTO CEUeHHe M Mpen-
BIK/IAHE HA MaKCUMAJTHUTE HAIIPEIKCHUSI U OTK-
JIOHEHUS TIPU HaH-HEONarompusITHOTO HATOBap-
Baue [3].

Jemaiinu om nucmog mamepuan — Inventor
MO3BOJISIBA Jla C€ TPOEKTHUPAT IETaWH, KOWTO
CBABPIKAT PA3NUYHHA MPEXOIH, CIBBKH, OTBOPH,
n30ymBanus u T. H. (pur. 11). Mogena ce mpo-
eKTHpa TPUMEPHO B PEAIHO MOJIOKEHUE KAaTo OT
HEro ce MojJyd4aBa AUPEKTHO Pa3TbBKaTa, KOATO
MOKe Ja ObJie opa3MepeHa B UepTOXeH (aii ¢
pasmmpenue dwg wiu dxf u na Obae maneHa 3a
IUPEKTHO M3PsI3BAHE.
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®ur. 11 [IpoekTupaHe Ha AETAUIN U pa3rbBKU
ot muctoB Matepuan ¢ Autodesk Inventor

Autodesk Inventor mputexxaBa BUCOKa IIpoO-
JIYKTUBHOCT TIPH TMPOEKTUPaHE HAa PAa3IMYHHU IO
BUJT (hOpMa U CIOKHOCT ITACTMACOBH M3EIUS 1
MHCTPYMEHTUTE 3a TSAXHOTO IIPOU3BOACTBO
mmnpui GopMH, MoaHcoHu, matpui (¢pur. 12).B
cpeznata Ha Inventor ce M3BBpIIBA aHAIM3 Ha 3a-
IbJIBaHE, IPOBEPKa 32 BCMyKHATHHU U JIPYTH.
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®ur. 12 [Ipoextupane ¢ Inventor Ha mmpu-
(dbopMH 1 IeTaliiIk OT TOIUMEPH

Texnuuecka Ookymenmayusi — MPUA TOKYMEH-
THPAHETO OT MOJETUTE, Ch3maaeHu B Inventor
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JUPEKTHO CEe M3BIMYA IsUIaTa HEOOXOIUMa WH-
dbopMarus, Ipyu KOETO ce FeHepuparT HeoOXOIu-
MUTE NPOEKLUWHU, W3TIEOH, pa3pe3d, CEUeHHS.
W3BbpiiBa ce MBIHO, JIECHO U OBp30 opasmepsi-
BaHE ChC 3a/IaBaHEC HA HEOOXOIMMHUTE OTKJIIOHE-
HUSI OT pa3MepH U popma, rparaBocT, TEKCTOBA U
TabmuHa nHbopManus u ap. M3nomssar ce ro-
TOBU CTaHIAPTHU (HOPMATH WIIA ITOTPEOUTEIICKH
takuBa (¢ur. 13).

F——————— "
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®@ur. 13 U3rorssiHe Ha KOHCTPYKTOPCKA JOKY-

menTauus ¢ Autodesk Inventor

Inventor momappika pasiauaHu QaitoBu ¢op-
MaTH, BKJIIOYUTENHO M TakuBa oT npyru CAD
cucremu, a Autodesk Inventor Fusion — mo3Bo-
NSBa Ch3lIaBaHE, OTBAPSHE W peAaKTHpaHe Ha
BCSKAKBU BHJIOBE TPUMEPHHU JETAWIU U Criio0e-
HU eJIMHWIM, 0e3 3HaueHue OT ¢aitnoBuar ¢gop-
MaT B KOWTO 3a Ownm 3amucanu (¢ur. 14). C
Inventor Fusion MoXe TUPEKTHO Aa ce MOJAENHpa
W M3MEHSI pasrIIeKJaHNs TBPIOTENEH O0CKT.

®@ur. 14 Jlurutanao npoextupane ¢ Autodesk
Inventor Fusion



IIpoexTupane B Inventor Ha ekciepuMeHTA-
JIEH CTEH/I 32 U3NMTBaHe HA BAJIOBE

CxeMaTHYHaTa MOCTAHOBKA Ha CTEHJA € IO0-
Ka3zaHa Ha ¢urypa 15.

@ur. 15 Crenn 3a u3nuTBaHe Ha JUHAMUYHO
HATOBapEHH BaJIOBE

Cne cTeHOa € mpenBUACHO na ObJAT H3IUT-
BaHM SKOCTHO M Ae(opMalMOHHO IMHAMHYHO
HaToBapeHu BajoBe [2]. Chlo Taka ¢ HETO ce
uenu na ObJaT M3CICABAaHM BBH3HUKBALLUTE
YCYKBAIlld W OT'BBAIllM TPENTEHHUS U Jla C€ ycTa-
HOBH BIIMSHUETO UM BBpPXYy BajoBeTe. Bbpxy
CTeHJa MoraT na ObJaT yCTaHOBSIBAHU BaJlOBE C
pasinyHa KOH(Urypauus — IJaIKd, CTbIIAJIHHU,
TUTBTHU, KyXH, C Pa3iHyHU pa3MepH U INPOU3-
BOJIHM KOHLIEHTPATOpU Ha HaIllpeKeHHE, KAKBUTO
ca: TEXHOJIOTMYHUTE U (QYHKIMOHAJIHH KaHAJH;
OTBOpH; OCTPH PHOOBE HAa IWIMHIPUYHHU, Ce-
pUYHH W PAaBHUHHU CHCTABHU MOBBPXHUHH OT
¢dopmara Ha nscnenBanus Bajd. CTEHIBT € HPo-
eKTHpaH B copTyepHara cpenia Ha Inventor, Koe-
TO TIO3BOJISIBA BaJloBeTe Ja Obaar coTyepHO
M3MUTaHU U CJIeJ TOBA pe3yiaTatuTe Aa Obaar
CPaBHEHHM C TE€3H, MOJIyYEHHU OT EKCIIEPHUMEHTAJI-
HUTE M3cienBaHus. B usnon3sanara codryepna
cpella MOJENHUTE Ha BaJOBETe MOrar Jia Objar
YCTAaHOBEHH BBPXY IPOCKTHPaHMs CTEHJ CTa-
THYHO - 4Ype3 OTHEMaHe Ha IPOW3BOJIEH Opoit
CTETNIeHH Ha CBOOOJAa WM Ype3 HajaraHe Ha
CTaBHM BPB3KM — UWIMHAPUYHH, COEPUIHH,
IUTB3rallld WK 3aBapKH, KaKBUTO CE€ Cpeliar Ha
MpaKTHKa B MEXaHWYHUTE KOHCTPYKIMW Ha Ma-
HIMHATE U ChOopbxkeHusTa. [Ipoextupanusar 3D
CAD mogen Ha cTeHAa U U3IOJI3BAHUAT CIielua-
mu3upaH coTyep MO3BONSABAT HATOBapBaHE Ha
BaJIOBETE CHC 3aJaBaHE HA MSCTOTO, HaIpaBlie-
HHUETO, ITIOCOKATa U rOJIEMUHATa HA MOMEHTHUTE U
CHIIUTE, KOUTO MOTrar Jia ObJaT paBHUHHH, MTPOC-
TPaHCTBEHHU, CHCPENOTOYECHH WJIA PABHOMEPHO
pasnpeneneHd. Bb3HUKBAIIUTE HANpEKEHUS |
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nedopMaly Cce OTYMTAT B 3aBUCHMOCT OT Xa-
pakTepa Ha HATOBapBaHETO, KaTO TEXHHUTE THar-
pamu u uacanHaTa Gopma Ha BaJia Ce MPEACTaBAT
ABTOMATHU3UPaHO B TpaduueH Buji. B pasriex-
IaHWs CIoy4ail, WHTepec TNpeACTaBlsiBa JWHA-
MUYHATa CHMYJIAllMsl Ha M3MUTBAaHATA MEXaHWY-
Ha CHCTEMa, IpU KOATO C€ IOojJy4yaBa peasiHa
TIpeACTaBa 3a BH3HUKBAIIUTE HAIIPSKCHUS W JIC-
dhopmary 1 XapaKTepUCTHKUTE Ha TapaMeTpH-
T€, KOUTO CE U3CJICABAT Ha JaJCHHS CJICMCHT.

YCTpoiicTBO M NPUHIIAI HA padoTa HA CTeHAa

ExcnepumenTtamauat creHn (¢ur. 16) e che-
TaBEH OT:

1) Mexanuyna yacm, KoaTOo 00XBaIlla TpaHC-
MUCHOHHHU TIpelaBKH (KIMHOPEMBYHA U 3BOHO-
pembuna), KTM, ueTHmpu3BeHHHUK, MPUCIOCO0-
JICHUS 32 Pa3IIUpsBaHEe BH3MOXHOCTUTE Ha IPO-
eKTHUpaHHUs CTeHX, (QUKCATOpH, PpEryJlupyeMu
KOH30JI1 U APYTH.

2) Enexmpuuecka yacm - 3a aBTOMaTU3UPAHO
3aJBI)KBaHE M OCHTYpSBaHE Ha CHOTBETHHUTE
JBIDKEHHSI HA U3IIBJIHUTEIHOTO 3BEHO.

3) Enexmpouna wacm 3a yrpaBJIeHUE, 3alluTa
U KOHTPOJ Ha EJIEKTPUYHATA CHCTEMa M CHOT-
BETHO 3a IOCTHraHEe Ha JKeJaHW KUHEMaTHYHH
rapaMeTpy Ha ABWKCHUATA MPU U3IBIHUTEIIHU-
TE 3BEHA.

4) HUzmepsamenna anapamypa — BKIIOUYBa
AUTI, BuOpoMeTsp, TEH30METPUSI.

KbM enektpudeckata 4yact ce OTHAcA 3aj-
BIDKBAIIIUAT €JICKTPOJBUTATEN, KOUTO € C MOIII-
Hoct P=2,2 kW, 4ecrota Ha BbpTeHe n=1420
min” u BBPTSI] MOMEHT 1,,=9550.P/n [Nm].

KbM MexaHWYHATa YacT Ha CTEHJa CEe OTHACH
KOHCTpPYKITUSATA, IMOKa3aHa Ha ¢ur. 16 (0e3 nBu-
raTes).

F—

1
®ur. 16 [loxymentupan CAD mMozen Ha ekcrie-
puMeHTaneH cresn B Inventor




B wmexammumara 4YacT, €OWH OT Hail-
HaTOBapCHUTE CJIEMEHTH CE SBSBa BalbT 1, yc-
TaHOBEH B MeXAMHHUSA Bb3en 2 Ha KTM (ur.
17). Toii ¢ mpeaHa3HayYeH 1a ImpeaaBa JIBHKCHU-
€TO OT CJIEKTPOJBHUTATENSI KbM H3ITBIHUTEITHOTO
3BEHO TOCPEJCTBOM MEXAHWYHHU IperaBKu (pe-
MBYHH — KJIIMHO- ¥ 3bOHOPEMBUHN) U MEXaHU3MU
(KOTSTHO-MOTOBHMIIKOB C PETYJIUPYEM EeKCIEHTPH-
IIATET).

IIIIIIIII
T

7
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®ur. 17 KunematuueH TpanchopMupani Mexa-
Hu3bM (KTM)

Ha Bxopsius kpaii Ha Bajla c€ MOHTHUpA 4pe3
OBpP30CMEHHA BTyJKa 3 peMbyHa maiida 4 ¢ om-

pezeneH quaMeTbp d - PeMbuHaTa maiida Moxe

na Obae 3aMeHsHa B 3aBHCHUMOCT OT JKeJaHaTa
YecToTa Ha BBPTCHE HAa HM3XOMSIIOTO 3BEHO Ha
creHga (u3nuTBaHus oOpasen). M3cnenBaHUST
BaJl € ABYCTPAHHO JlarepyBaH B MEXIWHHUS Bb-
3eJ Ha eKCIepUMEHTaNHHs CTeHA. M3xomsmus
Kpail Ha BaJia 3aBbpIBa ¢ MacuBeH ¢uanen 5. Ot
(naHena ABMXECHUETO Ce MpeliaBa KbM H3IIUTBA-
HUS BBPXY CTEH/a o0pasel] 1o Ba HaYHWHa:

» Upes 3nbOHOpeMbuHa TIpemaBka (¢wur.
18). Ta ocurypsia rmpu mpoMsiHa Ha MecTara Ha
pPEeMBUYHHTE MIAKOM - CTENEHHO W3MEHEHHE Ha
npenasareHo oTHomeHue i. ChIIo Taka MOCTH-
TaHeTO Ha Pa3lMYH{ NPENaBaTEIHH OTHOIICHHS
MOJKE Jla CTaHEe 4pe3 H3I0J3BaHE HAa KOMILICKT
CMEHHH 3bOHOPEMBUHU MIAHOU C pa3judeH Jua-
MeThp. [IpenaBkara ce M3MON3Ba 3a MpeiaBaHe
Ha €HOTOCOYHO POTAILMOHHO JIBHMXEHHUE C TOC-
TOSIHHA BIJIOBA CKOPOCT.

p
®@ur. 18 3p0HOpeMbYHa MpenaBKa 3a Tpanchop-
MHpaHe Ha BepTenuBOTO nBmxkeHne oT KTM kbpm
M3MATBaHUS BaJl, IPOeKTHpaHa B Inventor u
npousBeneHa B MI'Y ,,Cs. Usan Punicku™

62

»  Upes yeTHPHU3BEHEH LIAPHUPEH MEXaHH-
3bM C PEryJHpyeM EKCICHTPULIHUTET Ha €JHOTO
kosstHO (ur. 19). Upes Hero ce moctura pesep-
CHBHO BIVIOBO 3aBBPTAHE C ONPEAEICHA IOJICMU-
Ha Ha bI'bJIa HA 3aBbPTAHE U IPOMEHJIMBA BITIOBA
CKOPOCT 32 €IMH [MKBJI Ha 3aBbPTAHE.

®@ur. 19 [lapaupeH YeTHPHU3BEHEH MEXaHU3BM
KOHCTpyHpaH B Inventor

[pyro 3BeHO OT MexXaHMYHaTa dYacT €
KIMHOpeMbyHaTta mnpenaBka (¢ur. 20). Ts e
IpecMeTHaTa U MOJleNrpaHa B codTyepHaTa cpe-
na "a Inventor.

®@ur. 20 Moxen Ha ipoekTHpaHa B Inventor u
n3paboTeHa KIMHOPEMbYHA Tpe/IaBKa

CAD MoneaupaHe Ha KIMHOPEMBYHATA Mpe-
JaBKa

IIpoexTupaHeTo Ha peMbyHATa IpElaBKa €
u3BbpuIeHO B Inventor. Pesynrarure rpaduduno
ca OHarJIeZICHW Ha clieABaInTe QUrypu.



V-Belts Component Generator

=]

[] Custom Number of Grooves
Dimensions
Number of grooves
3,000 ul »
Width
8,500 mm »

Groove angle
34.00000000 dec *

Height
2mm v

Diameter
71.000 mm 4

Distance

8.00000000 mm  *

Radius
0mm

Depth
11.00000000 mm

Radius

0 mm

Distance
12.00000000 mm

¥4 vesion | £ calcuation d ] 5]
Belt V-Belt «
ST Narrow V-Belt DIN 7753 b 9,700 mm
@l w7 h 3,000 mm
Ly 1120,000 mm
Bele i Plane L 1133000 mm
Mid Plane Offset 3, 0,000mm v L 1082,755 mm
Dy 63,000 mm
Number of belts 2 3d » i
Datum length Lo [1120,000mm = D2 71,000 mm
Puleys 8 40,000 mm
B 168,20 deg
e X ~100,000 mm
@ 2. Grooved Pulley v 0,000 mm
@ N 5PZ - 150 _ Pulley 2
Click to add puley... Dy 150,000 mm
8 40,000 mm
it 2,113ul
B 191,80 deg
x 284,396 mm
Y 0,000 mm
C 384.396 mm
Groove pulley properties =]
Design Guide Power ratio
Diameter 1,000ul Y
Friction factor
Custom size
0,350 ul v

v

¥

@ur. 21 SIkocTHO NpecMATaHE U TeOMETPUYHO
opa3MepsiBaHe Ha KIMHOPEMbYHA PEAaBKa

V-Belts Companent Generator =]
f5 calaaton HE2
Type of calculation Results ~ |4
[strength Check < |2 3,000 ul
2. 2,125ul
Load v 5,279 mps
[Power, Speed —> Torque = |% 9,427 He
Fy 415,752 N
Power Po2,2kw v e 51050
Torque T 12,785Nm v|Fe 118,355 N
Fomax 187,814N
Speed n 1420 rpm v e
n 0,960 ul
service factor e Liul v s 0,021ul
[ 1,553 ul
Factors VBelt E
[ custom Pra 1,326 k!
Arc of contact correction factor c1 0,972ul » Do 63,000 mm
b of e - Vimax 40,000 mps
MNumber of belts correction factor €4 0,950 ul 3 o 100,000 He
Humber of pulleys correction factor €5 1,000ul v m 0,073 kg/m
Pulley 1
Belt properties P 000 ul
[ custom P 2,200 kw
Base power rating Prs 1,325 kW T 14,795Nm
n 1420,000 rpm
Length correction factor 3 0,930u I 71,000 mm L
gelt tensioning b 168,20 dea
Fy 563,441 N
Tension factor ky 1,300ul v e
L alF.
T T T T T + I 3 T I

T

T

[l

[Pt

T

®@ur. 22 [IpoexkTrpane Ha peMbyUHa NpeaaBKa B

Inventor
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I[OKyMeHTaHl/lfl OT IMPOCKTUPAHUA CTCH

Ha cnenpamure ¢urypu e mpeacraBeHa
4acT OT KOHCTPYKTHBHATA JOKYMCHTAIIHUS HA CK-

CIICPpUMEHTAJIHUA CTCH/.

T
T I - ‘: - ¥ L] I 7 L.}
= s\ [ I Pt .,
1 ! ]
(] % - =
I ] P
' ] —n
g - e
o (g
H iy
Pl
N I LI TR
B
el o
) ¥
o b
|l
k- ¥

@ur. 23 COopeH YepTex Ha MPOSKTUPAHUS B
Inventor excriepuMeHTaNeH CTEH/

=2  —— 1

24 MonTtaxeH ueptexk Ha KTM

@ur.

®ur. 26 ExeMenTH 0T KOIIHO-MOTOBHIKOB M€-
XaHU3bM, IpoeKTHpaH B Inventor



3akiaouenue

PaspaGoren e npenusen 3D CAD mozen Ha
eKCIIEpUMEHTAJIEH CTEHA. 3a HEero € Ch3/AajeHa
IThJIHA TEXHWYeCcKa AoKyMeHTanus. [lo m3roTse-
HaTa JTOKyMEHTaIus € n3paboTeH cTeHAbT (pur.
27), KOWTO ycrenmHo (QpyHkuuonupa. KoHCTpyK-
[UsATa Ha CTEHJA IO3BOJIIBA B OMNPEIEIIEHO OT-
HOIIIEHWE TOH na ObIe HaArpakgaH C Ien pas-
IIUpsBaHE Ha (PYHKIIMOHAIHUTE MY BB3MOXHOC-
Tu. Inventor mo3BossiBa TOBa Ja C€ U3BBLPIIU T.K.
ce OTJiMYaBa C BHCOKA IMPENHU3HOCT Ha TONyde-
HUTE PE3yJITaTH.

Cnc crenuanusupanus codryep ca usc-
JIeIBAHU W PEIIEeHH M IPYTH KOHKPETHH 3a/1a4H B
obnacTTa Ha MexaHukama, MUHHAMA MexXanu3a-
yus, MAWUHOZHAHUEMO, MAWUHHUME elleMeHmU,
MEXAHUYHU MPAHCMUCUU U 3A08UNCEAUU CUC-
memu.

®ur. 27 ExcriepuMeHTaNeH CTEeH]] 33 U3IUTBAHE
Ha BaJIOBe, poeKkTHupax B Inventor

IlocTaBeHH ciieaBaIM 321291

Bb3 ocHOBa Ha u3paborenus cren (¢ur. 27)
Morar aa ObAaT IUIAHUPaHU CIICAHUTE 3aJadudl 3a
ObJenia padorta B gageHara o0acT:

1) Haarpaxnane, onTUMHU3NpAHE U pa3MIUps-
BaHE Ha BB3MOXXHOCTHTE Ha EKCIepUMEHTaJeH
CTeH] B MIOCOKAa Ha Ch3JaBaHE Ha HOBO jabopa-
TOPHO YIpaXHEHHE.

2) AHaJIUTHUYHO U3ClIeBaHe HA (PYHKIIMOHAI-
HU TIapaMeTpH Ha BaJlOBE MPH pa3iiMuHa reoMeT-
pHsl U CUJIOBO-KMHEMAaTHYHO HATOBapBaHe.

3) JluHaMWUYHO W3ClIeZIBAHE HA Pa3TUYHU
KOH(UTypaluu Ha CHCTEMa ,,BaJl-Macu’ cOQTy-
€pHO.

4) IlpoBexgaHe Ha EKCIIEPUMEHTAIHU H3C-
JeABaHUA BBPXY MPOEKTHpaH JabopaTopeH
CTeHJ Ha BB3HUKBAILM TPENTEHHS, BBHTPEIIHH
HanpexxeHus: U aedopMaliid Ha BajoBe C pas-
JUYHA KOHQUTypanus B TUHAMUYHA CpeJia.
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5) KpaifHo eneMeHTHO H3ClIeIBaHEe Ha pas-
JIMYHU BaJoBe B cOPpTyepHa cpeja.

Jluteparypa

1. I'puropoB b. Autodesk Inventor 2012.
Pvrosoocmeo 3a paboma. Codus, 2012.

2. Tonkona I'. lucepramus ,,M3cnensane Ha
BJIMAHUETO HAa Or'bBAlllM U YCYKBAIllM TPEIITCHUSA
Ha BaAJIOBC, M3IIOJI3BAHH B TC)XKKaTa MHHHA MCEXa-
Hu3anus”. MI'Y, 2017.

3. Touxosa I'., Tonkos I'. 3cinensane Ha
SIKOCTHO-/Ie()OPMAIIMOHHOTO CHCTOSIHME Ha
CUJIOBO HaTOBapeH Bal B coTyepHaTa cpeaa
Ha Inventor. Cn. Mnoycmpuannu mexuono-
euu, Tom IV (1), 2017. ISSN 13149911.

4. TonkoB I'. luceprauus ,,MaremMaTuyHo
MOACIUpaHe Ha IMPOCTPAaHCTBECHU IIPEAABKU C
Hekpbcrocanu ocn”. TY-Codus, 2011.

5. Tonxkos I'., JI. PaneB, A. Xunkos. Ilo-
coOue 3a MPOEKTHpaHE HA MAIIMHHH eJle-
mentu. [Ipomenep, Codus, 2013 r. ISBN
978-954-392-127-0.

6. Tonkov G., Tonkova G., Teofilova M.
PLM-Technologies - correct planning an
governance of industrial production, eco-
nomics, ecology and business. Journal of In-
ternational Scientific Publication: Economy
& Business, Volume 3, Part 1 (page 226-
234). ISSN 1313-2555.

7. www.autodesk.com - 2014.

8. www.cadpoints.com - 2014.

I'eopru IlerpoB ToHKOB, 101I. O-p UHXK.
Texunyecku yauBepcuteT — Codust

Karenpa ,, MEHK",

MarmmHocTpouTeneH GakyaTeT

Codus-1700, 6ym. ,,Kmument Oxpuacku Ne 8,
011. 4, eT. 4, kabunert 4424;

tei.: 02/965-3887; GSM: 0893341767,

e-mail: gptonkov(@tu-sofia.bg

I'eprana 3ampsiHoBa TOHKOBA, ac. A-p WHK.
MI'Y ,,Cs. UBan Puncku* — Codus;
Karenpa ,,Texuuuecka Mmexanuka;

Codust — 1700, CtyneHTcKu rpaf,

yi. ,,[Ipo¢. Bosia Kamenos®;

MT®, kabunet 334;

e-mail: g_pis@abv.bg


http://www.autodesk.com/
http://www.cadpoints.com/

HNHAYCTPUAJIHU TEXHOJIOI'UA INDUSTRIAL TECHNOLOGIES

TOMV (1) 2018 /_;;—; VOL.V (1) 2018

INPOEKTUPAHE HA MEXAHUYHA CUCTEMA BAJI-MACH B CPEJATA HA MITCALC
I'eopru Tonkos, I'eprana TonkoBa

DESIGN OF A SHAFT-MASSES MECHANICAL SYSTEM IN MITCALC ENVIRONMENT
Georgi Tonkov, Gergana Tonkova

ABSTRACT: An algorithm for the design of shafis with rotating masses mounted on them is presented. The
algorithm has been developed in the MITCalc software environment. The computer program accurately consid-
ers all the characteristic structural elements both in the shape of the shaft and the shaft — hub assembly. The
built-in shaft design allows to be optimized according to different criteria. The mechanical system can be ana-
lyzed after setting the applied force-kinematic parameters. The logic of the software environment allows the pre-
cise analysis of complex mechanical shaft-mass systems whose calculation is either time consuming and compli-
cated, or restricted by the absence of precise analytical methods.

Key words: shaft design in MITCalc, software algorithm for shaft design

Bb3moskHocTH Ha codTyepHaTa nmporpama IIyCTUMH HaNpEeXEHUs; KOe)ULIMEHTH Ha CUTyp-
MITCalc npu pemiaBane Ha IPAKTHYHA M Ha-  HOCT; JAMHAMHYHH KOC(QUIMEHTH; T€OMETPUYHHU
YYHHM 321241 II0KA3aTeNN; CbBMECTHUMOCT MEXKIY HATOBapBa-

HE-TeOMETPHSI-KHHEMATUYHU U CHIIOBH IMapaMeT-
MITCalc e cnenuanu3upana copTyepHa  PHU U JPYTH.

nporpaMa, KOSITO ce M3MOJI3Ba 3a SIKOCTHO W3- Crnen aHAIMTUYHUTE CO(PTYSpHU MpecMsTa-

YHUCISIBAHE U TEOMETPUYHO Opa3MepsiBaHe B 00-  HUsI, MporpaMaTa JiaBa Bb3MOXKHOCT 3a aBTOMa-

JIaCTTa HAa — MEXaHWKAaTa, ChIPOTHUBICHUETO HAa  TH3UPAHO rpadMyHO M3YepTaBaHE HA M300paxe-

MaTepHAINTE U MAITMHHUTE €JIEMEHTH [2,5]. HUATA HAa MPOCKTUPAHUTE EIIEMEHTU WA CTJIO-
C Hes ce u3BBHpIIBA MOAPOOHO M3UMCISIBAHE  OEHW €IWHUIM, KaKTO W 3a reHepupaHe Ha 3D
Ha CTaTUYHO, KWHEMAaTUYHO W JUHAMUYHO HATO- CAD wmopemute B CAD cucreMutre OT BCHUYKH

BapeHU KOHCTPYKIIMH, U3MBIIHCHU ChC CTAaHAAp-  KJIacOBE, KbM KOHUTO ce OTHAcT - AutoCAD, In-
THH W HECTaHIApTHH npoduiy, pasnuuHu Ma-  ventor, Solid Edge, Solid Works, CATIA, NX u
UIMHHU €JIEMEHTH WU MEXaHW4YHU MpenaBku u  1p. [3,4,6,7]

npyru (¢wur. 1).

AJITOPUTBHM 32 MPOEKTHPAHe HA MEXaHUYHA
cucTeMa BaJI-Macu B codTyepHaTa cpeia Ha
MITCalc

[IpoekTpaneTo Ha CHJIOBO HAaTOBAPEHH Me-
XaHUYHU CHCTEMH € CIIOKHA M TPYJOeMKa 3aja-
ya. [Ipu m3nom3BaneTo Ha mojxonsur codryep,
kakbsBTO € MITCalc ce mocTrra mperu3Ho penra-
BaHE Ha MOCTABEHUTE 33Jla4d C BB3MOXKHOCT 3a
ONITHMHU3HPAHE M0 paznudHu Kpurepun. [lo-momy
B CEleM CTBIKH € MPEJCTaBeH aJIrOPUTHM 3a
MIPOEKTHPaHE Ha BAJIOBE M 3aKPENEHU KbM TAX

_—s porupamu macu. [Iporpamara nos3sonsBa ga Ob-
®@ur. 1 Moaynu 3a npoektrpane B MITCalc JaT OTYETEHH TEOMETPUYHHTE OCOOCHOCTH B
KOHCTPYKTUBHO OTHOIIIEHHE Ha cHCTeMaTa Ball-

Crermammsupanusat copryep MITCalc mo3-  Mmacu. CHIOBOTO HATOBapBaHE MOXKE Jja CE 3aja-
BOJIISIBA: SIKOCTHO TIPECMATaHe, TEOMETPHYHO  J€ IPOCTpaHCTBEeHO. IlpecmATanmATa ca KakTo
opa3MepsiBaHe; POBEPKa 3a OTKJIOHEHHs OT J0-  AKOCTHH, Taka M aedopmanuonnu. Ilpu orkio-
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HEHHUS TTO-TOJIEMH OT JOIMyCTHUMHTE WJIH TIPH He-
KOPEKTHO 3aJaJIiCHH CTOWHOCTH TIporpamMara M3-
BEX/a ChOOIICHHS WIN MOMYepTaBa CTOWHOCTH-
T€ B yepBeH BT [1].

AJNTOPUTHMBT € TPEICTABEH B KOHCIIEKTHBCH
BHI TTIOPAI aCOIMMATHBHOCTTA Ha IporpamMara.

Cmwnka I:

ITo 3amazeHn BXOAHU CTOWHOCTH — MOIIIHOCT,
yecToTa Ha BBPTEHE, BUJ Ha HATOBapBaHE Ha
BaJIa U ChOTBETEH MaTepuai, OT KONTO TOH € u3-
paboteH, copTyephT U3YHUCIISABA TOJEMUHATA HA
YCYKBAIIKS MOMEHT, C KOMTO BAIBT € HATOBAPECH
W W3BEXKIA CTONHOCT 3a MPEMOPHYUTEITHUS MU-
HUMAaJICH AaMeThp (Taodu. 1).

Taoauna 1

1.0 Preliminary shaft diameter design

Shaft design and calculation

1.1‘ Calculation units ST Units (N, mm, kiw..) | ¥

1.2‘ Transmitted power 2,20 kw1

1.3‘ Shaft speed 673 [/min]
1.4‘ Torsion moment 31,22 [Mm]

1.5‘ Preliminary min. diameter 25,83 [mm]

| Clear table of results I
Da ) dh
I '
L
5 L 7 B 9 10
170,40 174,80 367,80 368,30 511,30 512,00
4,400 193,000 0,500 143,000 0,700
23,150 32,000 32,000 30,000 30,000
32,000 32,000 29,000 30,000 27,000
20,000 20,000 20,000 20,000 20,000
20,000 20,000 20,000 20,000 20,000
0,000 0,000 0,000 0,000 0,000
512,00 [mim] 2.6 The shaft surface (Roughness Ra)
d 14,00 ) [rnm] E...Rough machined (3,2} -
el 37800 |C [mm]

Ilo 3amangeHUTEe CTOMHOCTH 3a IBIDKUHUTE U
JUaMeTpUTe Ha OTIEJIHUTE CThIIajla, IporpamMara
BU3yaJH3HUpa rpad)iyHoO Baja ¥ MecTaTa Ha JIBETe
marepHu oropu. ToBa e moka3aHo Ha ¢wur. 2. ['e-
OMETpHsTa Ha Bajla M MecTaTa Ha OIOpUTE MOTaT
Ja 6T>I[aT MMPOMCHAHU B 3aBUCHUMOCT OT JKCJIaHUA
ciayyail.

I Shaft calculation | Clear table of results I

Al
1.6 Type of shaft load
C..Repeated torsion + bending

Al
1.7 Material of the shaft
A...Common structural steel (500)

Cmuonka 2:

B TabnuueH Buj mapaMeTpUYHO CE 3ajaBaT
CTOMHOCTHU B cucTteMa S/ 3a: TeoMeTpusiTa Ha Ba-
Ja O ydYacThIM (pa3Mepu Ha ChCTaBHUTE IIO-
BBPXHUHM);, BUJA U MECTOIOJIOXKEHHUETO Ha Jia-
TEPHUTE OTOPH; TParlaBOCTTa HA MOBHPXHUHUTE

(Tabm. 2).

Taoaumna 2

Shaft design and calculation

I Shaft calculation

2.0 Shaft shape and dimensions
2. f The scale of the displayed shaft diameter.

| Calculation units ST Units (M, mm, kW.|~
2.2 Table 1 2 3 4
Origin 0,00 1,00 28,00 32,40
L 1,000 27,000 4,400 138,000
g Da 29,000 32,000 32,000 23,150
g Db 32,000 32,000 23,150 23,150
o da 20,000 20,000 20,000 20,000
o db 20,000 20,000 20,000 20,000
R 0,000 0,000 0,000 0,000
2.3‘ Total length of the shaft
2.4? ¥-coordinate of the left support (bearing) Fixed
2.5 X-coordinate of the right support (bearing) Free
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®ur. 2 CxeMma Ha U3IMATBAHUS BaJl C MECTaTa, B
KOUTO TOH € JIarepyBaH

Cmuvnka 3:

Criopen mpueTHsi BapuaHT ce MOCOYBaT Teo-
MeTpuuHata ¢opma, Opos U BHIA HAa KaHAJIUTE
10 Baja KaTro B TaOJIMUEH BUJ C€ BBbBEXKAAT He-
00X0IMMUTE TOJIEMUHH Ha TEXHUTE pa3MepH H
CHOTBETHO OTCTOSIHUSTA UM OT Yejara Ha Baja
(Tabm. 3 — orGensizanu ca hopMaTa, pa3MEepUTe U
MOJIOKEHUETO Ha JIBa ITIOHKOBH KaHaja, HalHd-
HU BBpXY Basla), a Mporpamara I' BU3YyaJIM3upa
CXEMaTHYHO.

Tab6auna 3
2.0' ¥ Notches and necking-down on the shaft

3.1‘ The ultimate tensile strength (Su, Rm 595,0 [v [MPa]
3.2 Motch sensitivity factor (q) | 045
— : T 1
-1p0 0 100 200 300 400 00 5t
3.5 C. General notch
X[rnm] bl mm] BC Bb Gt
171,00 50,00 1,64 1,64 1,37
439,00 50,00 1,64 1,64 1,37
1,00 1,00 1,00
1,00 1,00 1,00
1,00 1,00 1,00




Keywiay (end mil) |~

Keyway (fendmill} |} [ | »——
User valuss -

User values - ¥ b
User valuss b

Cmuvnka 4.

3amaBa ce BHUJA, HANpaBJICHUETO, IOCOKATa,
TOJIEMHHATA W TIOJIOKEHUETO Ha CHIOBOTO HATO-
BapBaHe BbpXY Baina (¢pur. 3).

a0 Loading of the shaft

Taoauna 4

50 Rotating masses

5.1 Additional rotating masses (resonance speed)
h
5.2 Use Inading from the weight of disks in the calculation? fes ¥
h
530 X | D d | b [ R | m
[rm] kafm*3] | [kg]
il w100 | 3000 | 200 | 9% | 00 | 575
M) 461,00 340,00 30,00 9,30 78000 | 6,53
wall o0 | o0 | oo | o0 | 7000 | 000
Mapl 0,00 0,00 0,00 0,00 | 78000 | 0,00
MSJ 0,00 0,00 0,00 0,00 | 78000 | 0,00
—
[@j *gD
|
| R | ed \
X b T
Cmvnka 6:

BwBexknmar ce mpu He0OXOIUMOCT MEXaHWY-
HUTE XapaKTEePUCTUKU HA MaTepuala, OT KOWTO €
u3paboTeH BanbT (Tadiu. 5). [Ipu u3dop Ha 3ao-
KEH B CHCTeMara Marepual ce HW3BSKAAT MO
noJpa3oupaHe HErOBUTC MEXaHWUYHU XapakKTe-
PHUCTHKH, KOUTO CHIIO MOTaT Jia ¢ MPOMEHST OT
norpeburens. 3agaBar ce KOeQUIMEHTH HA CH-
TYPHOCT TMpH pa3iM4YHO HaToBapBaHe. [locouBa
Ce ChCTOSIHUETO HA HATOBAapBaHe (CTATHYHO, JH-
HAMUYHO) M CE€ yKa3Ba Jia c€ M3BBPIIU TUHAMHUY-
Ha SIKOCTHA MPOBEPKa MPH aBTOMATHYHOTO CO(-

+7
— -+
w=gl R o+ ]
I
J e T LR
k4 Lo,
¥ ¥ ¥

®@ur. 3 Cxema, oTpa3sBallla CHJIOBOTO HATOBAp-
BaHE MPH COPTYESPHO N3UMCIIIBAHE HA BaJl B Cpe-
narta Ha MITCalc:

Fx — ocoBa cuina;

F — panuanna cuna;

Q — paBHOMEpPHO pas3lpeesieH TOBap Ha
IBIKUHA b;

Mt — ycykBaiil MOMEHT;

Mb — orbBai MOMEHT;

Oxyz — BB30pHETa OT codTyepa ASICHO
OpHEHTHpaHa KOOPUHATHA CUCTEMA;

0 — BI'bJ, TIOJ KOWTO JEWUCTBAT MPHUIIO-
JKEHUTE CUIIH;

X; — Pa3CTOSIHUSL OT €JHOTO YeJIO Ha Bajia
JIO MSCTOTO Ha MPHUJIOKEHATA CUJIa

Cmuvnka 5:

M3BBpiiBa ce ampoKCUMHUpPAHE HA BBPTAIIATE
Ce MacHu KaTo T€ C€ CBEXJAT JI0 IUTBTEH JUCK C
Maca m M XapaKTepUCTHKH, TOCOYCHHU B Ta0. 4.

TYEpHO MpeCcMsTaHE.

Tao6auna 5
6.0 ¥ Material and the type of loading

E.f Shaft material (Ultimate tensie strength min-max)

| & Strectursl steel (350 - 700) - 55 v | [MPg]
6.2 Ultimate tensile strength Sufm| 595 MPa]
6.3 Yield strength in tension S/Re| 345 | [MPg]
6.4 Yield strength in bending SoRe.| 449 | [MP3]
6.5 Yield strength in shear SeRe.| 242 | [MPa]
6.6 For reversed loading
6.7 Fatigue limit - tension-pres G| 226 | [MPa
6.8 Fatigue limit - bending G| 292 | [MPa]
£.9 Fatigue limit - torsion .| 208 |[MPg]
6.10 For cydlic loading
6.11 Fatigue limit - tension-pres O 33 MPa]
6.12 Fatigue limit - bending Tuwc| 437 | [MPa]
f.13 Fatigue limit - torsion Te| 239 | [MPE]
6.14 Spedfic mass Ro| 7850,0 | [ka/m~3]
.15 Modulus of elastidty in ten E| 210000 [ [MPa]
f.16 Modulus of elasticity in she G| 80000 |[MPa]




.17 Dead load Ves -

i, 18 Manx. displayed coeffident of safety | 20 -

i 19 Stress ratio factor ag| 1,00

i.20' Coefficient of maximum loading

i.21 Bending 1,70

i,.22 Radial load 1,70

.23 Torsion 1,70

i. 24 TensionCompression 1,70

i.25' Loading conditions

1,26 Loading from bending moment C...Reversed -
i.27 Loading from radial force C...Reversad -
i.28 Load from torsional moment C..Reverssd -
i.29 Loading from tension/pressure force | C...Reverssd -
i.30' Dynamic strength check

i.31 Impact from shaft surface Yes -
1,32 Impact from shaft size Yes hd
i.33 Impact from stress concentration (no ¥=s -

Cmwvnka 7:

WzBbpmiBa ce BU3yanu3anusi U aHAIW3 Ha T10-
nydeHuTe pesyaratd (tabn. 6). Ms3Bexnaar ce
OKOHYATEeJHUTE CTOWHOCTH (JaleHH ca MO-IOIy
Ha ¢wur. 4) 3a:

- OTIOPHUTE PEaKInH;

- Macara Ha BaJa;

- MaKCUMAaJHOTO POBUCBAHE Ha Baja;

- MAKCUMAJIHUAT BI'bJI HA YCYKBAHC,

- bI'bJla Ha MPOBUCBAHC B PA3JIMYHUTC TOYKH
10 ABJDKUHA Ha Bana;

- MAKCUMAJIHUTEC OT'bBAII HAITPCIKCHUS,

- MAKCUMAJIHUTE CPA3BALIN HAIIPEIKCHUSA,

- MAaKCUMAaJIHUTE YCYKBAIIH HAIIPEKCHHUS;

- MakCHMAJIHUTE HallpeXeHHsI OT OIbH / Ha-
THUCK;

- MAaKCUMAaJIHUTE €KBUBAJICHTHH HAIPE)KECHUS;

- MUHMMAJIHUS CTaTHYeH KOe(QULIMEHT Ha CH-
TYPHOCT;

- MHMHUMAJIHUA AUHAMHUYCH KOG(bI/IHI/IeHT Ha
CUT'YPHOCT;

- KPUTUYHUTE BIIIOBU CKOPOCTH U IPYTH.

Tabauna 6

7.16 ResultsforXco-ordinate  >| 100 | 23,00
16.. Deflection - Sum [mm] * | 0,0205091 | 0,020363
27..Tarsion angle [7] M 0 0,0078408
0. Equivalent stress [MPz] - i} 21,648259
41.. Safety coafficient (static) v 0 |11,370883
42, Safery cosfficent {dynamic) - 0 13,822206

3240 | 170,40 | 17480 | 3780 | 368,30 | 511,30
0,0264067 | 0,1399833 | 0,1384475 | 0,0111061 | 0,0100865 | 0,1545312
0,014207 [0,5381855 [ 0,5469956 [ 0,5913085 | 0,5915037 [ 0,6172034
B6,955656 | 121,60366 | 26,463053 | 13,047999 | 13,044549 | 0,0008314
2,8310631 | 2,0504136 | §,4350936 | 19,730906 | 19,735861| 20
3,4399216 | 2,342701 | 7,3585622| 19,742408| 8,294141| 20
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Benukn Te3nm mapameTpu ce BH3yanu3upaT
rpapu4yHO KaTto ce OTpas3siBaT M3MEHCHHATA Ha
TEXHUTE CTOWHOCTH B PA3JIMYHU CEYCHHS IO
IObDKMHATa Ha BajJa. TOYHUTE MM YHCIICHH
CTOMHOCTH MOraT 1a ObJaT M3BEIEHH 3a BCSAKA
e/lHa JKeJlaHa TOYKa IO ABJDKWHATA HA M3IHTBA-
Husl obpazen (Tabdn. 6). B ciydas ca mocoueHH
TOYKHTE Ha MPEXoJia BB BCAKO €JHO PA3IUIHO
T€OMETPUYHO HAIPEYHO CeUeHHE (B TPaHUYHUTE
MOJIOKCHUS Ha CThIIajIaTa Ha BaJia).

[Ipu oTKIIOHEHHE HA TONYYEHHUTE CTOWHOCTH
OT JOIyCTUMHTE, Iporpamara IpenyInpexIaBa
3a TpellKa Karo Mapkhpa IpolieMa B YepBEH
uBsaT. CodTyepbT TO3BOJISIBA Jla CE HAMpPAaBsT
pa3IMYHNA YTOYHEHHUS: J1a C€ ONpeNelsT I'PaHu-
UTe, B KOUTO MPOOJIEMHUTE CTOWHOCTU TPsiOBa
Jia TIonajaT; Ja ce M3SICHU OT KaKBO TE3U CTOW-
HOCTH 3aBHUCAT M HAYUHBT, [0 KOMTO Te ce ompe-
nenst. [lpumep 3a ToBa e ganeH Ha (¢wur. 4).

7.0 @ Results - summary

X y z
?.f Reaction in the support R3] i 174,60671( 65,596
7.2 Reaction in the support R2 0 -162,9216 | 290,097
7.3 Total shaft weight m 1,45 [ka]
?.4‘ Maximum deflection y | 0,620 ( [mm]
7.5 Maximum angular deflectio ol 06172 ([9
?.E‘ Angular deflection in R1 & 0,083 |
7.7 Angular deflection in R.2 8| o0,0588 |[9
7.2 Max. bending stress G.| 59,0 [MPa]
7.9 Max, stressin shear T: 3,2 [MPa]

7.10 Max. stress in torsion | 1118 | [MPa]
7.11 Max. stress in tension/pres o, 0,0 [MPa]
7.12 Max, equivalent stress o 199,5 | [MPa]
7.13 Min. static safety sFo| 1,23
7.14 Min. dynamic safety sF,| 1,50
7.15 Critical speed (A) n| 14963,0 | [min]
Critical speed (B) n.| 15052,3 | [fmin]
Critical speed (C) n| 12789,7 | [jmin] |
Ty+z 7.17 Gra < >
375 | 186,52195 | [M] 08...Y - Bending moment [Nm] -
789 | 332,71643 | [N] 11.. - Banding stress [MPz] -
35 &0
30 4 1 s0
25 - 1
20 4
1 =0
15 4
1 20
10 -
;] 4 10
0 . I . I . 10
i 100 20 300 400 500 s
5 -10

| Stationary placed shaft - onby discs are rotating (K=1.3)
®ur. 4 BuzyanuzupaHe Ha CTOHHOCTUTE OT
MIpECMATAaHETO Ha Bajla




MeToaukuTe, MO KOUTO € U3BBPIIBAT Mpec-
msatanuata B MITCalc, kakTo u cTaHmapTHUTE
€JIeMEHTH, MPO(UIN U MaTepHaiu ca Oa3upaHu
Ha HaW-pa3NpOCTPAaHCHUTE B CBETa MAIUHOCT-
poutenan cranmaptu: ISO; DIN; EN; ANSI;
GOST; CSN; BS; JIS.

3akiaiouenue

1. IlpoydeH e cneuuanusupan codryepeH
NPOAYKT 3a pelllaBaHe Ha TEXHUYECKH 3aJayH.
HampaBena e 060cHOBKa 3a HETOBUS U300p.

2. W3non3BaHeTo Ha mom0OHAa codTyepHa
cUcTeMa M3MCKBa yMEHHs 3a padoTa, 3a KOETO €
HEOOXOMMO pecypc OT BpeMe.

3. Ilpunaranero Ha MITCalc B mpaktukara
yIllecHsiBa paboTaTa Ha MH)KEHEpa KaTo eIHOBpe-
MEHHO C TOBa C€ MOCTHUTAT OBbP3W W KAUECTBEHH
pe3ynTaTH.

4. OrpoMHO TPEIUMCTBO Ha CICIHAIU3HPA-
HUTE cOTyepHH CUCTEMHU OT TO3W BHUJ €,4€ Ja-
BaT BB3MOXKHOCT 3a OBP30 W MHOTOBapHAHTHO
OINITUMHU3HUPAHEC HA MNMPOCKTUPAHUTE HU3ACIHA 110
pa3sIuYHUA KPUTEPUH.

5. IlpeacTaBeHUST aIrOPUTHM 3a MPOCKTUPA-
HE Ha CHCTeMa BaJ-Macu OW OWII MOJIe3eH 3a CTY-
JEHTH ¢ TeXHUYecKa HacoueHocT. MHpopmanusi-
Ta MOXE Ja ce IMOJI3Ba B Y4eOHHS MPOLEC U OT
XOpa HauMHACeII! W TIOJ3BaIly CIIeUAIH3HUpaH
CAD codryep.
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N3CJIEJABAHE HA SIKOCTHO-JE®OPMAILIMOHHOTO CbCTOAHUE HA TMHAMMUY-
HO HATOBAPEH BAJI

I'eprana TonkoBa

ANALYSIS OF THE STRENGTH-DEFORMATION CONDITION OF A DYNAMICALLY
LOADED SHAFT

Gergana Tonkova

ABSTRACT: A shaft from a mechanical test system is studied in the work. A strength and deformation anal-
ysis of the shaft is performed in a software environment. A system of adjustable masses is set on the shaft. The
shaft is brought into motion by an experimental test rig that allows the force-kinematic load to be adjusted. Ana-
Iytical calculations have been made based on derived relations, and as a result the shaft has been analyzed in a
software environment at different load levels. An algorithm is presented that shows the numerical values of the
calculations made. The more important relations and strength-deformation diagrams of the shaft are graphically

visualized.

Key words: shaft study, dynamically loaded shaft, shaft strength-deformation state, shaft calculation

BnBenenne

B noseueto ciyuau BajioBeTe B MHIYCTpHSITA
ca TeXKO HaToBapeHU. Te paboTAT B ITMHAMHYHA
cpena ImpH Haii-pa3HOOOpa3HU YCIIOBUS U CHIIO-
BO-KMHEMAaTHYHU pexuMu. Hali-yuecto Te ca
MOJAJIOKEHN HAa LUKIMYHU HATOBapBaHUA, NPHU
KOWUTO BB3HHMKBAT BHOpAIMU C OTpE/IeTIeHa aMII-
muTyaa u decrora. llopogenure oT TiIX AHWHA-
MHUYHU MOMEHTH U WHEPITUOHHU CUJIU JOIBJIHH-
TEJHO HaToBapBar Bajia [1,7,8,9].

NzcnenBanero Ha TOBApOHOCHMOCTTA Ha Bal
B pabOTHH YCJIOBUS € CJIOXKHA 3a71a4a. 15 e cBbp-
3aHa C peauia TPYAHOCTH KaTo: HEOOXOIMMOCT
OT CIJIO’)KHA W CKBIIOCTPYBaIlla amapartypa; Tpyad-
HOJIOCTHITHU MECTa, BB3MPETSITCTBAIN N3MEPBa-
HUATA, peAuiia HeOaaronpusaTHH (akTopu OT
rJieHa TOYKa Ha (HYHKIIMOHAIHOCTTAa Ha Baja,
arpecUBHHU CPEIH; CHEIUPUIHN TeMIepaTypHH
ycioBus. [Ipu u3ciieBaHeTO MHOTO YeCTO € He-
00X0/IMMO Ja ce 3HasAT: TOYHAaTa T'eOMETpHUs Ha
Baja, BUJIa U XapaKTepa Ha HaTOBapBaHETO, (ak-
TOpUTE Ha KHHEMATHYHOTO BB3JEHCTBHE, paboOT-
HUTE TEMIIEPaTypH, BHJIa HAa W3MOI3BaHUS MaTe-
puas, TpIIOKEeHaTa XUMHKO-TEpMHUYHA O0pa-
00TKa, Ka4eCTBOTO Ha MOBBPXHHHUTE. ToOBa OT
CBOSI CTpaHa € CBBP3aHO ¢ 000CO0sIBAHETO HA:

1) ronemuHara, xapakrepa, MSCTOTO M TPO-
JIBJDKATETHOCTTA HAa JIEWCTBUE HA BBTPELIHUTE
HaIPEXEeHHUS,;

2) Buaa Ha AeOpMaIMOHHOTO CHCTOSTHHE.
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MHoro 4ecTo npy M34YHCIIBaHE HA BAJIOBE HA
MIOCJICTHOTO YCIIOBHE HE BHHATW CE OT/HaBa He-
00XOIMMOTO 3HaUeHHE. SIKOCTHOTO U3YUCIISIBAHE
W TIOCJIEBAHOTO OT HEro T€OMETPHYHO Opa3Me-
psiBaHe HE Cca JIOCTaThYHM 33 ONpEeNsTHe Ha pa-
00TOCIIOCOOHOCTTA Ha BaJIa.

JedopManioHHOTO TpecMsTaHE € CBBP3aHO C
OIpeieiIsiHE Ha BI'bJla HA €JACTUYHO YCYKBaHE,
roJieMHHaTa Ha €JIacCTHYHOTO IPOBHCBAHE U BI'b-
Jia Ha TPOBUCBAHE U CPaBHIBAHETO UM C JIOMYC-
TUMUTE CTOMHOCTH. [IpM TEXKO TMHAMHYHO Ha-
TOBapeHH BaJIOBE (B TPAHCIIOPTHUTE M MUHHUTE
MaIlIMH{), P THbHKU W IBJITH BajioBe (B aBTO-
MaTu3anusaTa ¥ poOOTU3AIMATA), IPU BaJIOBE Ha
NpENM3HN MalMHU  (METaJopeXkKeIln, HHCTPY-
MEHTAJIHH), T'€OMETPUYHOTO  Opa3MepsiBaHe
TpsiOBa ja ObJe ChOOPA3EHO KAaKTO C SKOCTHOTO
HaToBapBaHe, Taka M ¢ Ae()OPMAIHOHHOTO ChC-
TosiHWE Ha Bana [3,4,5,6].

Men

lla CC€ n3cCjicABa TOBAPOHOCUMOCTTA Ha JUHA-
MHYHO HATOBAp€H BaJl OT CKCICPUMCHTAJIICH
CTCHA.

ITocTanoBka Ha pasriackaanus l'lpOﬁ.TleM
3a mocruraHe Ha IOCTaBeHATa ILCH € IMPOCK-

THpaH eKcrepuMeHTaneH cTteHn [3]. Bupxy
CTCHJIa € YCTAaHOBEH U3NUTBaHMT Basl. Ha ¢wur. 1



€ TIoKa3aHa KWHEeMaTW4YHara IIOCTaHOBKA, MpPH
KoATO ellekTpoasuraren (1) 3aaBmkBa Ball C
¢nanen; (4) mocpeAcTBOM KIMHOpEMbBbUYHA Ipe-
naBka (2). BansT ¢ pnanena (4) ca narepyBanu B
KHHEMaTH4eH  TpaHchopMmHpail  MeXaHH3bM
(KTM - 3), koiiTo mpeoOpa3yBa u IpenaBa Bbp-
TENIWBO JABWXEHHE KbM usnuTBaHus Ban (7).
BoprenuBoTo ABmKeHHE MOXKe Ja OBJEe C TIOCTO-
SIHHA WJIM TPOMEHJIMBA CKOPOCT, €IHOIOCOYHO
WJIN PEBEPCUBHO, C BI'bJl Ha 3aBbPTaHE C OINpee-
JieHa TOJIEMUHA B JIBETE MMOCOKH. [IBIDKEHHETO OT
(4) xeM (7) ce TpaHchoOpMHpa IO €IUH OT CIICI-
HUTE JIBa HAUMHA:

1 Hauun — 9pe3 YeTUPU3BEHEH LIapHUPEH Me-
XaHU3bM (5) ¢ BXOZHO pamo (5,), MOTOBHIIKA (5)
Y U3XOJTHO KOJISTHO (5.), KOWTO OCHUTYpsIBa peBep-
CHUBHO BBHPTCIMBO ABUKCHUC C BI'bJI HAa 3aBbpTa-
HE B JIBETE MIOCOKU ¢ =+ (0,5 + 29)°;

2 Hayun — 1pe3 3b0HOpeMbUHa TpeaaBka (6).

10 /j- )
5/
®ur. 1 KunemaTtnuHa cxeMa Ha M3IHATBaH BaJl,
YCTaHOBEH BBPXY CKCIIEPUMEHTAJICH CTCHI:
1 — emexTpoaBUTaTEN; 2 — peMbUHA NPEAABKA;
3 — xuHeMaTH4YeH TpaHcPOpPMHpAIl MEXaHU3bM
(KTM); 4 — ¢dnanen, narepysan B KTM; 5 —
IapHUPEH YETHPU3BEHHUK (5a — BXOJHO PaMo;
5b — MOTOBMIIKA; SC — MU3XOHO KOJISTHO); 6 - 360-
HO-pEMBbYHA MpeAaBKa; 7/ — U3NMUTBAH B, 8§ U 9
TeXecTH ¢ peryiaupyemu macu; 10 — Hocemra
KkoH301a; 11 - ocHOBa

Koraro Bpb3kara Mexay Bana (7) u daanena
(4) e peanu3upaHa ¢ MAPHUPEH YCTHPU3BEHHHUK
(5), ToraBa nBmwkeHHeTo Ha Baya (7) mpencTaB-
JIBa PEBEPCUBHO 3aBbpTaHe HAa BIbI LT . [o-

JeMHUHATa Ha BI'bJla Ha 3aBbpTaHEe MOXE Jia ce
peryivpa moCpenCcTBOM EKCIEHTPUYHA Maida B
rpanuiy ot £(1° g0 29°).

Koraro m3nutBanusT Ban (7) ce 3aBHKBa OT
3p0HOpEMBYHA Tpe/aBka (6) ToraBa TOW H3BBP-
IIBa HEMPEKbCHATO BBPTEIUBO E€IHONOCOYHO
JBIDKEHHe. B citydast ipu U3ciie/IBAHETO Ha Baja
€ M3II0JI3BaH ITBPBUAT CITy4ai Ha 3a/[BUKBaHE.

Ha ¢ur. 2 e mokazaHa cxemaTuyHaTa MOCTa-
HOBKAaTa, MpH KOSTO C MPOMSIHA Ha JIbJDKHHATA
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Ha BXOJHOTO PaMmo Ha YeTHPU3BEHHUS IIapHUPEH
MEXaHHM3bM C€ INPOMEHs TOJIeMHUHAaTa Ha BI'bjla
Ha 3aBbpPTaHE HA U3MUTBAHUS BaJl.

@ur. 2 II3MeHeHNne Ha roJieMUHATa Ha bI'bjla Ha
3aBbpTaHE Ha M3CJIEJBAHMUS BaJl B 3aBUCUMOCT OT
M3MEHEHUETO Ha IBIDKUHATA Ha BXOJHOTO PaMo
Ha YETUPU3BEHHMSI LIAPHUPEH MEXAHU3BM:!
a) mpu pamo ¢ AbKKHA 14,8 mm BreabT Ha 3a-
BbpTane e 14°; 6) mpu pamo ¢ gpmkuHa 29,5 mm
BI'BIBT Ha 3aBbpTaHe € 29°

HpI/I 3aJBMKBAHC Ha BaJjla ¢ YCTUPU3BCHHUK,
bIJIOBATa MYy CKOPOCT € IIPOMCHJIMBA. Tsa e pas-
JINYHA BbB BCCKHU €UH MOMCHT OT BpEMEC, KaTO B



KpalHUTE TOJOXEHHS OT 3aBBPTAHETO, B KOWUTO
CTaBa MpPOMSHA Ha TOCOKaTa, CKOPOCTTa € MH-
HumanHa (ayna). [lo cpenara Ha U3MHUHATHUS TBT
(Ipu MONIOBMHATA OT BrbJIa HA 3aBbPTaHE) TS ©
MakcuMaiHa. TOYHHUTE CTOMHOCTH Ha CKOPOCTTa
B 3aBHCHMOCT OT BI'bJla Ha 3aBbPTAaHE Ca M3YHC-
neHu B [2,3].

Wzcnenpanuar Baym € OBYyCTpaHHO JlarepyBaH

(dwur. 3)

923

Ci

®ur. 3 ['eomeTpruyeH MOJEN HA MEXaHUYHATA
cucTeMa Baji-Macu

ITo cpenara Mexay IBETe JarepHU ONOPU €
MOHTHpaHa peryimpyemMa TexecT (8), KosTo ce
CBCTOHU OT IIEHTPAJICH AMCK, YSTUPU paMeHa U 1
Ha Opoit perymupyemu macu (¢dur. 1). Macure
MOrar Jia ce Ch4eTaBaT ChbC CMEHSIEMHUTE paMeHa
[0 pa3INyeH HAuuH, pealn3upaiiku pasHooopas-
HU TEOMETPUYHH KOHGHUrypauuu. W3xomsmust
Kpait Ha Bana (7) e koH30JeH. B To3u ydacThk e
MOHTHpaHa BTOpa peryiaupyema Texect (9) aHa-
noruyHa Ha (8), HO ¢ Mo-IbJru pamexne. B 3aBu-
CHUMOCT OT ChYETAaHHETO Ha KOH(PHUTYpalUUTE OT
TEXECTH, TOJIEeMUHATa Ha BI'bJia Ha 3aBbPTaHE H
roJIeMHMHATa, I0COKAaTa M XapaKTepa Ha BIJIOBaTa
CKOPOCT, CHCTEeMaTa Bajl-MacH € IOAJIOKEeHa Ha
pa3MYHO JMHAMUYHO HaToBapBaHe. [Ipu Taszu
cuTyanusi 1e(pOpMalMOHHOTO CHCTOSIHUE CE€ H3-
MEHsI B IIUPOKH I'PaHULIM, KOUTO TpAOBa Ja ca B
CHOTBETHUTE AOIYCTHMMH CTOMHOCTH, 3a Jla ce
rapaHTupa paboTocrocoOHOCTTa Ha Baja. Tesn
CBCTOSIHMSL Ha Baja ca COPTYEepHO H3CIEIBAHU
HO-J0y.

AHAJIMTUYHH 3aBUCUMOCTH MNP U3NMUTBAHUSA
BaJl

3a n3BBpIIBAHE HA COPTYEPHOTO MPECMATAHE
Ha M3IUTBAHUS Bajl ca HANpPaBeHM peAMLA Mpel-
BapUTEJIHU aHAIMTHYHM M3uncienus. Exna vacrt
OT Te3W CTOMHOCTH Ca B3€TH B TOTOB BUJ CJEI
TAXHOTO U3BEXKIAHE.

BaxbT ¢ MacuTe M3BBpIIBA BHPTEINUBO JBU-
YKEHHe, KaTo ca Bh3MOXKHU JBa CITydas Ha 3aBbp-
TaHe:
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I cnyuaii — epuoOANYHO PEBEPCUBHO BBHPTEHE C
MaKCHMAJICH bI'b]l Ha 3aBbPTAaHE B IBETE ITOCOKH

Prax =129° ¥ W3MEHEHHE Ha CKOPOCTTa OT
0=V .
Il cryuaii — eMHOMOCOYHO BBPTEIUBO JIBIKCHHE

C ITOCTOsTHHA CKOPOCT.
OT KuHEeMaTH4YHa rjeaHa TO4Ka, CbIrjiIaCHO 3a-

3a BpEMC€ Ha 3aBbpTaHC [ .

X

KOHA 32 JBUKECHHE }{(t) (r=R;), 3a ckopocrra

U YCKOPCHUCTO HAa CUCTEMATa OT MAaCHU MOXKC Ja
CC 3allulIC:

T 1
T
dt dt

B 00mus ciyuaii ca B cuiia ypaBHCHHUSATA!

S(t) =5, + ”I;(l)‘dt — U3MHHAT II6T; (2)
r roopl
r(t)=r,+ IV(t)dt—SaKOH 3a nBkenue; (3)
1 1 T
V(t)=V,+ Ia(t)dt — 3aKOH 3a cKopocTTa (4)

CkopocTTa Ha perylupyeMUTe Macu € JOIH-
parenna KbM Tpaekropusrta D, , = 2R, ,.

yCKOpCHI/ICTO Ha MacCcuUTC CC€ pasjiara Ha ABEC
KOMIIOHCHTH:

a pormparenta 10 D (R); (5)

T

2
— —HopMaiHa. (6
z p (6)

ay

3a TOJNIEMUHUTE Ha CKOPOCTTA U YCKOPEHHUETO
ce mojyyana:

V=\rl+v= \/(R.a))z sin (@) +(Rw)’ .cos* (ar) =

= R.a)\/sin2 (a)t) +cos’ (a)t) (7

V=0R (8)

a=\a’+a’ = \/(R.a)z )2 .cos” (1) + (R.a)2 )2 sin® (o) =

=Rw’ \/cosz (a)t) +sin’ (a)t) )

a=Rao*. (10)

[Ipy TOCTOSHHM CKOPOCT M YCKOpEHHE Ha
BBpTAIIUTE ce yacTu (/I cryyaii) ca B cuia 3aBU-
CHUMOCTUTE:

V(t)=V,+at; (11)



S(t)=35, +Vot+%at2. (12)

B Tto3u cnyqaﬁ MAaCUTC CC€ BBHPTAT C IIOCTOAHHA
2

CKOPOCT U MOCTOSAHHO YCKOPCHHUC ? , KOCTO €

HOPMAJTHOTO YCKOPEHHE, a TAaHTeHIUATHOTO €
paBHO Ha HyJa:

V2
a, :?; (13)

a, =0. (14)

OT guHaMUKaTa Ha MaTepHajHa TOYKa, ChI-
JacHO BTOpHs 3akoH Ha HIOTOH 3a cuiata Ha
MAacHUTE MOXKE J1a CE 3aIlUIIIE:

T r
d (m V) dv r
——2=m—=m.a (15)
dt dt
WK 3a TOJIEMUHATA Ha CHJIaTa ce MoJyJaBa:

T
F =

F=ma [N]. (16)

Ipy M3BECTHA YeCTOTA Ha BhpTeHe (1 B min)
U AMaMeThp Ha Tpaektopusta (D B m) ce ompe-
nenst nepudepHara CKOpocT MO 3aBUCUMOCTTA:

V=rDn, [m/min]. (17)

‘briosara CKOpPOCT B 3aBUCUMOCT OT 4E€CTOTa-
Ta Ha BbPTCHE CC NPCACTaBs C U3pasa:

T.n

w=—-,
30

-1
[s7]. (18)
3a rojeMmHaTa Ha BBpPTALNIUA MOMCHT MOXC
Ja CC 3altiuIc:

T=F.L [Nm], (19)

OTKBACTO IIPHU U3BECTHA AbJIKMHA HAa PAMOTO Li,
CC ompeacisa rojicMruHaTa Ha nepn(bepHaTa cuia

- B cly4as, cbryiacHo ¢ur. 4 L =R, [m] :

F=

T
I [N]. (20)

M3cnenBane Ha IKOCTHO-1e(OPMALTOHHOTO
ChCTOSIHME HA ITMHAMHYHO HATOBAPEH BAJI B
codryepHa cpena

O6ocobenu ca 12 ocHOBHM cilydasi Ha JUHA-
MUYHO HATOBapEeH BaJI [IPH €JIHA U ChI]Aa TEOMET-
pust Ha Bana. CodTyepHUTE M3CIEIBAHUS Ca U3-
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BBPIICHU TIPU J[Ba PSKUMA Ha paboTa ¢ pasiud-
HU KOHQUTypalMd OT TEXKECTH, HaTOBapBallH
pasriiexjaaHaTa MEXaHWYHA CHCTEMa Bal-Macu
10 pa3IryeH HauWH.

[Ipu m3cnenBaneTo ca n30paHM MECT Pa3INY-
HU ChYETAaHWS Ha KOH(PHUTYpaIH OT TEKECTH U
MacH 3a JiBa KHHEMAaTUYHH PeKKUMa Ha pa0doTa Ha

MeXaHWYHaTa cucteMa (mpu 7, =673 min~' u
npu 1, =336,5 min™'), gopmupamu o6mo 12
OCHOBHH CJTy4asi Ha CHJIOBO HATOBapBAHE.

1 crayuai — Bepxy Baja € yCcTaHOBEHa caMO €/1Ha
TEXECT IO cpelaTta MeXIy IBETE Jar€pHU OIO-
PH, KOSITO € C YETUPH paMEHa U Ha BCAKO pPaMo
nMa [0 eHa peryiupyeMa Maca, paBHOMEPHO
oTJajedeHa OT OcTa Ha Baja.

2 cayyaii — CaMO B KOH30JIHHS YYaCThK Ha BaJa €
yCTAaHOBEHA €JHAa TEXKECT, aHaJOrMYHa Karo
KOH(HTYpalysl Ha ITEPBUS CITyYai.

3 cayuau — BppXy Baja € yCTaHOBEHA CaMO €Ha
TeXeCT M0 cpejaTa MeX1y ABETE JIarepHU OIo-
PH, KaTo Ha JB€ ChCEIHH PaMEHA ca IOCTAaBEHU
IO JIB€ PErYIUPYEeMH MacH, a IpyruTe IBE pame-
Ha ca 0e3 peryJIupyeMH MacH.

4 cryuaii — CaMo B KOH30JIHUS yYaCThK Ha Bajia €
yCTaHOBEHA TEXKECT, aHAIOTHYHA KaTo KOH(PUTY-
pauus Ha TPETH Ciydail.

S cayuaii — BepXy Balila ca yCTaHOBEHH JIBE Te-
YKECTH, KOUTO Ca C TI0 YETUPH PaMeHa | C TI0 eJI-
Ha peryaupyeMa Maca BbpPXY BCSKO €IHO OT pa-
MeHaTa. MacuTe ca OTJajlledeHH OT OCTa Ha Baja
Ha €JTHO U CBHIIO0 Pa3CTOSHUE.

6 cnyuaii — BepXy Bajla ca yCTaHOBEHHU JIBE Te-
JKECTH, KaTO Ha JIBe ChCEJHU paMeHa ca IMocTa-
BEHU TIO JIBE PETYIHUPYEMHU MacH, a IPYTUTe IBE
pameHa ca 0Oe3 peryiaupyemu macu. Perynupye-
MHTE MacH Ha JBETE TEXECTH ca IOCTAaBEHU Ha
CPETIYIIOIOKHU paMeHa.

OnucanuTe ciaydyau ca aHaJIOTUYHH M 110 Ta3H
MpUYMHA Ca IMOMECTEHH MOAPOOHU Ppe3yNTaTH
caMO 3a HaW-WHTEPECHUS OT TAX — TO3H, MpPH
KOMTO ca MpeM3BUKBAHU HAW-rOJIEMHU HaIpexe-
Hus U nedopMaiuu. Pesynrarure oT octaHaIMTE
CJIy4ad Ha u3cje/lBaHe ca 0000IIeHN B TA0IMYCH
BUL.

IIECTHU CJOYYAN

Bwpxy eana ca ycmanosenu ose medsicecmu —
eoHama no cpedama Ha azepHume onopu, emo-
pama 6 KOH30JHus ydacmwK. Peeynupyemume
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®ur. 4 CII0BO HATOBAPBAHE HA U3CIEABAHUS
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Ha ¢ur. 5 ca nokazanu pe3yarata OT SIKOCT-
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Shaft design and calculation 01 A | 5
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7.0 Results - summary
- X Y z ¥ Plane Sum Angle
7.1 Reaction in the support R 0 143,12446 | -70,02 Bending angle [°]
7.2 Reaction in the support B2 0 -34,61082 | 138,371 0.1 350
?.3:' Total shaft weight m 1,43 [ka] 0,08 4 s
7.4 Maximum deflection y | 0,1290 | [mm] 0,06
7.5 Maswimum angular deflectio 0| 06095 ([9 0,04 - T 0
7.6 Angular deflection in R1 5| 0073 |[9 002 | 1m0
7.7 Angular deflection in R2 %] 0,0507 |9 o i
7.8 Max. bending stress G.| 128,4 | [MPa] 00 | sha
7.9 Max. stressin shear T 3,4 [MPa] 004 T 100
7.10 Max, stress in torsion .| 848 [MPa] 1 s
7.11 Max, stress in tension pres [+ 0,0 [MPa] o0
7.12 Max. equivalent stress o 199,6 | [MPa] o °
7.13 Min, static safety SFz| 1,27 ®@ur. 6 ['paduunm 3aBUCMOCTH, OTpa3sBAIIN
7 1‘2 Min. dynamic safety SFz| 1,36 MIPOBMCBAHETO ¥ BI'bJIA HA O'bBAHE 3a BCAKO €/1-
7.15 Critical speed (A) Bl I EE N HO HaIIPEYHO CEYCHHUE OT U3ITUTBAHMS BaJ 32
Critical speed (B) n.| 15576,0 | [fmin] o
Critical speed (C) n| 128%,1 | (min] | oC M CyHAd
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9.0 Graph - Bending moment, Bending stress

12.0 Graph - Torsional angle, Reduced stress, Safety coe
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HUKBAIIUTE HAIIPEKEHUS OT Or'bBAHE 3a IECTH
CIIy4aH Ha U3CJICBAHE OT U3UTBAHUS BaJl

10.0 Graph - Radial force, Stress in shear
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®ur. 8§ Pagnanau ycunus U CpsI3BaIllM Hampe-
KEeHHS, JeWCTBAIM BHPXY Baja

(bvIHM 3aBHCHMOCTH Ha H3MEHEHHETO Ha IWHA-
MUYHUS U CTATUYHUS KOSPHUIIMCHT HA CUTYPHOCT
3a U3NUTBAHUS BaJ 3a WIECTU CIydai

AHaJIU3 HA MOJIyYeHHUTe pe3yaTaTH oT codry-
€PHOTO H3CJIEIBAHE HA BAJIA

[Ipu codryepHOTO TIpecMmsTaHe Ha Bama ca
IIOJIy9€HU MHOXECTBO XapakTepHH TrpaduaHu
3aBUCUMOCTH. OT OTUYETEHUTE CTOHHOCTH Ce
BIDKZA, Ye:

1) Haii-romemMure cuiu nedcTBaT B MecTara
MO/ PETYIUPYEMUTE TEKECTH.

2) MakcuMaJTHUTE HAMPEKEHHS ca ChCPEIo-
TOYEHU B M3THHEHUS YYaCThK M Ca ChC CTOHHOC-
TH chIJIacHo Tabum. 1.

3) TlonemuHNTE Ha TPEAM3BHKAHUTE Jedop-
MalluM ca HaW-roJieMH B Kpash Ha KOH3OJHUS
Y4acThK U B U3THHEHUS YUaCThK OT Baja.

4) OrpBamy, yCyKBaIld, pe3yJaTaHTHH U €K-
BUBAJICHTHH MOMEHTH Ca C MaKCHMAaJHH TOJIe-
MUHU ChIJIACHO Tabn. 1 W ca pasmpeneneHd B
y9acThKa MEXIy IBETE JIare€pHU OTIOPH.

5) KoeduimeHTure Ha CUTYPHOCT — CTaTHYCH
Y TUHAMHYEH Ce U3MEHSAT ChIiIacHO Tabxn. 1 karo
B OIpEJCNICHU Clydyad HaJBUILIABAT OMYCTUMU-
T€ CTOMHOCTH.

B tabmuna 1 ca cucremartuzupaHu pe3yiTa-
TUTE MOJIYYCHHU PU COPTYEPHOTO H3CIICABAHE.



Taoauna 1

?."? Maximum deflection v | 0,0092
7. 51 Maximum angular deflectio o | 0,3600
7.6 Angular deflectioninR1 & | 0,0058
7.7 Angular deflection in R2 5| 0,0004
7.8 Max. bending stress O, 42,2
7.9 Max. stressin shear T, 1,9
7.10 Max. stress in torsion Te 52,7
7.11 Max. stressin tensionfpre: o 0,0
7.12 Max. equivalent stress G, a1,
7.13 Min. static safety SF.| 2,69
7.14 Min. dynamic safety sF.| 3,01
7.15 Critical speed (A) n.| 155148
Critical speed (B) n.| 155756,0
Critical speed (C) n. 12846,1
0,0092 0,0958 0,0456 0,0092 0,1290
0,2495 0,3600 0,2495 0,6095 0,6095
0,0058 0,0574 0,0198 0,0058 0,0735
0,0004 0,0333 0,0167 0,0004 0,0507
42,2 47,2 30,9 42,2 1234
19 4,6 1.7 1,9 34
84,8 52,7 34,8 34,3 84,8
0,0 0,0 0,0 0,0 0,0
156,0 94,4 170,2 156,0 1996
1,59 2,61 1,47 1,59 1,27
1,88 2,27 166 || 18 || 138
15514,8 || 155148 || 155148 |.| 155148 || 155143
15576,0 15575,0 15576,0 15575,0 15576,0
12846,1 | | 12846,1 || 12846,1 || 128461 || 128461

6) Ot nnarpaMute U rpadMUHUTE 3aBUCHMOC-
TH CTaBa SICHO ITOBEJCHHUETO Ha Baja KaTo 3aBU-
CHUMOCT MEXJIy T'eOMeTpus, JlarepyBaHe U Haro-

BapBaHe.
7) U3Beaenu ca 4uCiIEHO U TpapuuHO BCUUKH
Hal-BaKHU pe3ynaTaTu oT SIKOCTHO-

nehOopMaIMOHHOTO ChCTOSHUE HA HM3CJICIBAHUS
Ball.

H3Boau

1) M3cnenBanuaT Bajn mpH 3aJafeHaTa Teo-
MEeTpHs HAMA Ja U3AbPKHA Ha MPUIIOKEHUTE Ha-
TOBapBaHMUA.

2) Cnen aHaJIM3 HA NOJTYYEHUTE PE3YJTaTH Ce
YCTaHOBH, Y€ Hal-HEeOJarompusTHO € HaTOBapeH
BAIBT B LIECTHU CIy4ai, IpU KOHUTO TEKECTUTE ca
JIBE C HECUMETPHYHA KOH(PUTYpalusl Ha peryiu-
pyemute Macu. QakT € ye MHEPUHOHHHUTE MO-
MEHTH Ha MacuTe B TO3M clly4ail ca Hall-rojieMu
U Te JOBEXAAT 10 IO0sBaTa Ha JONBIHUTEITHH
HEYPaBHOBHCEHH NeprU(EepHHU CHIIH.

3) Haii-3acTpaimienu ca CeUeHHsITa B: U3THHE-
HUS Yy9acThK; KOH30JIHUS YYacTBK M B MSCTOTO
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Ha CTBHIIAHHUTE MPEXOIH, TOPaA KOHIICHTPAIIH-
sSTa Ha HampexeHHe. TakWBa y9acTBIM CIIe/[Ba
Jla ce u30ATBaT WM J1a C€ YAKYaBaT 4pe3 JOIbJI-
HUTEIHU MEPKH OT KOHCTPYKTHBEH M TEXHOJIO-
TUYCH XapakTep WIH 4pe3 MNpHjiaraie Ha Mare-
pHai ¢ IMO-BUCOKH MEXaHWYHU XapaKTePUCTHKH
Y TIOCJIEIBAIIM XUMHUKO-TEPMUYHHA 00PabOTKH.

3akiaouenue

Ilpn napenata reoMeTpuss M TPUIOKEHOTO
CHJIOBO HATOBApBaHE CE€ YCTAHOBSABA, Y€ B IIOBE-
YeTO OT M3MUTBAHUTE CiIyda (TPU MO-TEKKUTE
PEeKUMH Ha paboTa) BalbT HAMA J1a U3IBPKU Ha
JaeicrBamuTte HampexeHus. ChIIo Taka B Te3H
Clydyal M BB3HUKBaIIuUTe aedopMmaunuu ca Io-
TOJIEMH OT JIOMTYCTHUMUTE.

Heob6xomumo e 1a ce npeanpuemMar cieIHuTe
MEpKH 3a MPEeNOTBpATsABaHE Ha HETaTHBHU I1OC-
JIeICTBYSI BBPXY BaJla:

1) HamansBane rojeMuHaTa Ha JCHCTBAIIUTE
YCUJIHAL.

2) VYBenuuaBaHE€ Ha HANpPEYHHUTE CEUYCHUA
(ImamerpuTe Ha Basa).

3) Hoaxomsmy n300p Ha MaTepuan W TOAXO-
JISTIa XUMAKOTEpMHUYHA 00paboTKa.

4) MN30sarBaHe W HamaJlsiBaHE Ha KOHICHTpa-
TOpPUTE Ha HAIpPEKEHHE.

5) MuHUMaIHM IBDKMHA Ha KOH3OJIHUTE
YUYaCTBIIH.

6) IlpomsHa Ha HaTOBapBalIUTE PEXUMH Ha
pabora.
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MN3CIEABAHE HA CAMOIIPEYUUCTBATEJIHATA CIIOCOBHOCT
HA PEKA MUIAJJEKKA

birarosecta Mumroposa, MiBan Yo6anos, Mapwus JIlumoBa-TomopoBa

STUDY ON THE SELF-PURIFICATION OF MLADEZHKA RIVER

Blagovesta Midyurova, Ivan Chobanov, Maria Dimova-Todorova

ABSTRACT: The capacity of river self-purification is an important indicator for the river health. The
organic and inorganic pollutants in most of the rivers in Bulgaria are beyond the self-purification capacity of the
river, which has caused the serious pollution to the water body. The capacity of the self-purification of the river
may act as one of the indicators in regulating the discharge standards. Four point s in Mladezhka River were
selected. The samples of water were taken for the pollutant test. The results indicate that the Mladezhka River
has a great ability to purify the organic pollutants in the range of 22 to 30%.

Key words: Self-purification, Mladezhka River, Pollution

BnBenenune

Bopara, kaTo eIMH OT OCHOBHUTE KOMITOHECH-
TH Ha TMPUPOJHATA CPEAa MMa ChHIIECTBEHO 3HA-
YCHHUE 32 YAOBJIECTBOPSIBAaHE HA HEOTMEHHUTE YO-
Bemkn morpedbnoctn (onues, 2012). Ceimect-
BYBaHETO HA YOBEKa KaTo OMOJOrHYeH (eHOMEH
BUHArd € OWJIO OCHOBAHO Ha W3IOJ3BAHETO Ha
OTIpPEJIeNIEHO KOJIMYECTBO BOJA C HEOOXOIUMUTE
KadecTBa. BCHYKHM JAPEBHH KYATYpH ca BB3HHK-
HaJIM B OJIM30CT 70 BOJHU 00eKTH. HOBE4eCTBOTO
BUHArW C€ € CTPEMsUIO KbM YBEIWYaBaHE Ha BO-
JONOTPEOIEHUETO, KOETO KaTo Pe3yNiTaT OKa3Ba
OTPOMEH HAaTHUCK BbPXY Ka4eCTBOTO U KOJIHYEC-
TBOTO Ha mpuponuute Boau (KomeBa u cphaBrT.,
2010; dsmosckm, 1995).

HeszaBucuMo oT 00CTOATENCTBOTO, Y€ BCE IM0-
BEYE Ce OCh3HaBa HEOOXOAMMOCTTa OT MHOTOK-
paTHO W KOMIUIEKCHO H3IIOJ3BAaHE HA BOJIHTE H
4e ce B3eMaT ChOTBETHUTE MEPKHU 3a MPEAOTBpa-
TsBaHE, OrpaHHYaBaHE W OTCTPaHsSBaHE Ha MOC-
JIEJICTBUSITA OT 3aMbBPCSIBAHETO HA BOJHHTE pe-
CypcH B HACTOSALIMS €Tal HNPUPOAHUTE CHCTEMHU
ca 3aryOMJM CBOWTE 3alIMTHH cBoiicTBa. Cro-
COOHOCTTa KbM CaMOIIPEUYHCTBAHE HA BOJHTE OT
pa3NMYHM BOJHHW OOEKTH B peaula ciydau € Ha-
pYILIeHa, HapyIIEHO € U PaBHOBECHETO BbB BOJHA
cpezna, KOeTo BOJM JI0O HeOIaromnpHsTHH Moce-
JIVIIM 332 BOJHUTE €KOCHCTEMH U 3a yoBeka (/Ba-
HOB, 2015). TIlopamu oGcrosiTencTBoTO, 4e ca-
MOTIPEYNCTBAHETO HA BOJIUTE 3aBHCH OT PEIUIa
(akTopH- MPUPOJHU U aHTPOTIOTeHHH, TO Ha Oa-
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3a Ha KOHKpeTHa HMH(poOpMmalus 3a ChcTaBa Ha
BOJIUTE, 338 3aMbPCUTEIIUTE MM, MOTar Jia Obaar
NpenopbYaHd MEPKH 3a OTpaHWYaBaHE Ha aHT-
POTIOTEHHHUSI HATUCK, PECTIIEKTUBHO 338 WHTEH3U-
¢unmpane Ha cCaMONPEUYNCTBAHETO.

ToBa onpezens HEOOXOJUMOCTTAa OT KOHK-
PETHU XUAPOXUMHUYHHU H3CIICBAHUS U OIICHKA Ha
BB3MOXKHOCTTA 32 CAaMOTPEYUCTBAHE HA MPHUPO/I-
aute Boam (Karaouzas et al., 2018).

PeuHuTe BO/M ca eAMH OT OCHOBHHUTE WU3TOY-
HUIIM Ha BOJOMOTpeOJIeHNe, KakTO M OCHOBEH
BOJIOTIPHEMHHUK Ha OTHabYHHUTE BOAHM OT OWTa,
MPOMHMIIICHOCTTA W CEJICKOTO CTOMAaHCTBO. B
Ta3u Bpb3Ka € HEOOXOAMMO Ja ce pasmojara C
WHPOpPMAIUS 32 TIXHOTO CBHCTOSIHHE- KaKTO B
KOJINYECTBCH, Taka W B kadecTBeH acmekt (Ka-
TuHKOB, 2013).

Msoro ca Qakropute, OKa3Balld BIUSHHE
BBPXY XHJAPOJOKKUTE, XUAPOXUMHUUHUTE U XU
POOHONIOTMYHUTE MPOLECH BBB BOAOCOOPHUS
OaceitH 1 popMUpaHETO Ha CHCTaBa W CHCTOSHU-
€TO Ha BOJHUTE eKocucTeMu. M3MeHeHueTo Ha
KOJINYECTBOTO, ChCTABA U KAYECTBOTO Ha BOJIUTE
BbB BPEMETO M NPOCTPAHCTBOTO 3aBHCH OT (u-
3UKO-Teorpa)CKUTE yCIOBUS M aHTPOIOT€HHOTO
BB3CHCTBHE BbB BogocOopHara obnact (Kanun-
koB, 2013; I[TaueB u MBanoB, 1973) .

CamornpedncTBaTeIHATa CIIOCOOHOCT Ha BO-
JUTE OT PEYHHUTE TEUCHUS CHPSMO TIOCTHITBAIIH-
T€ B TAX 3aMBbpPCSABAIIM BEIIESCTBA MOMAJEKH Ha
perynupaHe 4pe3 Bh3JEHCTBHE BbPXY KOJINYECT-



BOTO Ha €CTECTBEHUS BOJICH OTTOK C BOJIO3AIIUT-
HU MEPKHU BBB BoJocOOpHATa 006J1acT.

BaxxeH eneMeHT Ha YCIEIIHOTO YIIPaBJICHUE U
KOHTPOJIMPaHE Ha KOJMYECTBEHOTO M KauyecTBe-
HOTO CHCTOSHHE HAa BOJHUTE PECYpPCU B KOHK-
PETHOTO BOJHO TMOpEYHe € pa3pabOTBaHETO |
M3M0JI3BaHETO Ha KOMIUIEKCHA MporpaMa 3a BO-
mozamutHE Mepku (Cai et al., 2018; Kozyra et
al., 2017).

OOeKkT Ha HACTOSIIOTO M3CelBaHE € Mpo-
BEX/IaHC HA XUJIPOXVUMHYHU aHAJU3W HA BOJIU OT
peka Mnanexxka B CTpaHKa TUIAHHHA W OI[CHKA
Ha caMOIIPEeYHCTBaTEeIHATa UM CIIOCOOHOCT.

ExcnepuMeHnTaiHa yact

W3BbpiieHo € mpoOOB3eMHO HaOHWpaHe Ha
peuyHu Boau oT peka Mnazaexka, CTpanmka mia-
HuHa. Crex mpenBaputenHa o0paboTka mpoouTe
ca MOAJIOKEHN Ha XUAPOXUMHYHH aHAIM3U H €
OILICHEHA CaMOINPEYNCTBATENIHATA CIIOCOOHOCT Ha
pedeH ydacThK OT peka Mnanexka. HM3cnensa-
HUSITA Ca U3BBPLUICHHU B CJICTHUTE ITyHKTOBE!

- IIpo6a Nel — M3Bopure Ha pexa Mia-
JIeIKKa,;

- IIpob6a Ne2 — pexa Mnaznexka (TOpHO Te-
YeHue, npeau c. Miaaexko);

- IIpoGa Ne3 — pexka Mnanmexka (cpemHo
TeueHue, MecTHOCT “KyKypuHKOBU JIbKU®, ciell
¢. Mimazmexko);

- TIpoba Ned — pexa Mmanexxka (J0THO
Te4eHHe, NMpelu BIMBaHE B peka Beneka, mect-
HocT “Tpakuiicku narep®);

Omnpenenenu ca cleJHUTE TIOKa3aTeNu Ha BO-
mute (Stumm and Morgan, 1996):

e pH, t° pasrBopen Oy;
coJiechabpxkanue(crenuduiHa
POIIPOBOAMMOCT);

e  MEXaHUYHU NIPUMECH;
nepmanranatHa okucisemoct ([10);
o6mma tespaoct (OT), Ca*, Mg?;
HCO;, CI, SO*;

NH; (NH;"), NO5, NO,’;

PazrBopenusT kuciopon, pH u corne- cb-
JIbp)KaHUETO BBB BOJATa Ca ONPEACICHU MpH
u3noi3BaHe Ha okcumeTbp, T HACH 40d
(Germany), a ocraHanuTe MOKa3aTeNIH ca OIpe-
JIEJIEHN TI0 ChOTBETHHUTE MeTonuku ([loOpeBcku
u cbaBT., 1982; JloOpeBcku u cbaBt., 2003).

Ha 6a3a momyyennTe cTOMHOCTH 3a OKa3are-
JUTE MEXaHWYHU TPUMECH W TIepMaHTaHaTHA
OKHCIISIEMOCT € OIIeHEeHa CaMOTIPEYNCTBATEIHATA
CIOCOOHOCT Ha y4acThbK OT peka Miuanexka
(dsmoBcku, . 1995).

L4 CIICKT-
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PesyaraTu u 0o6chKIaHE

OmnpeneneHu ca OCHOBHUTE MOKa3aTelln Ha
PEYHU BOJIH, KOUTO ca MPEACTaBEHH Ha TaOIUIH
1, 2 m 3. Or manHuTe ce BwKnaa, 4e pH Ha m3c-
JIeJIBAHUTE MPUPOJAHU BOJIU € B rpaHuuu oT 7.1
oo 7.9, ciemoBaresHO TE3W BOOU IPOSBSBAT
CPaBHHTEIHO HEYTPAJCH A0 Clabo alkajleH Xa-
paxrep.

Crnenuduynara eneKTponpoBOIUMOCT Ha Ue-
TUPUTE PEYHU Mpodu € B rpaHuuu ot 570 1o
799ms.cm”. MMaifki BIpeaBHA 06CTOSTEICTBO-
TO, Y€ TO3W MOKa3aTell XapaKTepu3nupa KoJudec-
TBOTO Ha Pa3TBOPEHHUTE COJIH BHB BOJUTE MOKEM
Jla TIPEIONIOKNM, Y€ aHAIM3HpaHUTe Tpodu ca
BOJH C BHCOKO colechabpkHUE. ChIBPKAHUETO
Ha Pa3TBOPEH KHUCIOPOJ B U3CIICABAHUTE BOIU €
ot 9.11 10 10.20 mg/dm’.

Taoanna 1. CTOHHOCTH Ha MOKa3aTeINuTe
pH, pasteopen O, U €eKTPOIIPOBOIUMOCT

No pH Pazmeopen o,
KUCI0poo, -1
meq/ dm® pas/em

1171 9.2 799
2172 9.85 700
3(74 9.42 608
4179 10.2 570

TemnepatypaTta Ha peunute Boau € ot 10 mo
15°C T.e. Te ce OTHACST KbM IpyIiaTa Ha XJIa(HH-
Te MPUPOAHH BOIH, ¢ Temmeparypa mon 20 °C
(Urnatosa, 1992).

Ha ¢durypa 1, 2 u 3 e nokazaHa KopenanuoH-
HaTa 3aBUCUMOCT MEX/IY HSIKOU OT IIOKa3aTeJInTe
Ha deThpute npodu. HabnronaBaT ce 3HauuTe-
HU pasnuku npu IIpoGa Ne3 — cpenHo TeueHue
Ha peka Miangexka MecTHOCT “KyKypHHKOBHU
TBKA", chen c. Mitasiexko, KOeTo Haii- BEpOSTHO
ce JBJDKU Ha 3aMbpcsBaHe ¢ OUTOBH OTHAJIbYHU
BOJAM OT TO3U paloH.
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PastBOpeH
kucnopog,mg/dm3

o Mex.npumecu, mg/dm3

1 2 3 4

®@mur. 1. CroitHoctr Ha pH, pa3TBOpeH KHCIOPO
Y ChABPKAHUEC HAa MEXAaHWUYHU MPHUMECU Ha U3C-
JIeIBAHUTE PEYHU BOJU

CBI[’I)p)KaHI/ICTO Ha MCXaHUYHU MPUMCECHU € B
rpanumu 2.0 — 30 mg/dm’. Te3u nannu ca B 106-
PO CHOTBETCTBHE C JaHHUTE OT KapTaTa 3a Cpej-
Ha KOHICHTpaLWA Ha CYCIICHAWPAaHU BCUICCTBA B
peuHu Boau, Kbpiaero 3a Boaute B CrpaHmxka
IUIAaHUHA, C€ MOCOYBA KOHLEHTPALUs I[O-HUCKA
ot 100 mg/dm’ (ITaues u HMBanos, 1973).

Ta6auua 2. CTOHHOCTH Ha IIOKa3aTeanuTe o0Ima
tBBpaocT, Ca>*, Mg> u IO

M| OT Ca’ Mg* 110
meq/ meq/ meq/ mgO,/
dm’ dm’ dm’ dm’
1 6.90 6.7 0.2 4.8
2 6.50 5.6 0.9 4.5
3 5.70 5.1 0.6 12.5
4 5.15 4.75 0.8 9.7

B Ta0mn.2 HaOmrogaBaMe BHCOKHM CTOMHOCTH Ha
obmara TBBpAOCT oT 5.15 10 6.90 meq/ dm’.
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12

10

8 mOT, meg/ dm3

HCO3-, meg/ dm3
HM0, mgO2/dm3

1 2 3 4

®ur. 2. ['paduyHa 3aBUCUMOCT Ha 00Ila TBHP-
noct, HCO; ullO Ha u3cnenBanuTe peuHu BOAU

Bucoxara TBBpIOCT Ha BOJUTE € XapaKTepHa
3a pedHH BOIH (POPMHUpPAHH B KAPCTOBU PAOHU U
KapCTOBH M3BOPH, KaKBUTO Ca HAIIUTE MpoOH OT
pexa Mnagexka (Kexatios, 1959).

CroliHOCTUTE Ha II€pMaHraHAaTHAaTa OKHUCIIAe-
MOCT ca B rpanumute ot 4.5 mo 12.5 mgOz/dm3 .
Ta3u pasnuka B CTOMHOCTHTE Hail-BEpOSITHO ce
IBJDKH Ha HAIMYMETO HAa OPraHWYHU BEIIECTBA C
€CTECTBEH NPOU3XOJ WM HA TaKUBa NONAJHAIH
4ype3 OUTOBU OTHAIbYHH BOIIH.

Taouauna 3. Croiinoctn Ha nokasareiante NHj

(NH;"), NO5™, CI' u SO~

M| SO, NH;NH," NO;y
meq/ meq/ meq/  mgO,/

dm’ dm’ dm’ dm’

1 0.25 0.3 0.05 0.1
2 0.25 0.5 0.1 0.2
3 0.25 0.7 0.4 1.0
4 0.25 0.6 0.2 0.5
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Konnenrpanusra Ha SO42' u Cl” 3a Bcuuku
H3CJIEABAaHU BOIM € MHOI'O IIO-HHCKA OT Ta3u
Ha HCO;". Tps6Ba na orOenexuM, 4e Te3u
BOJM Ca XHUIPOTCHKAPOOHATHO - KAIIHEBU
BOJH.

1.2

1
0.8
0.6 B NH3(NH4+), mg/dm3
0.4 | NO3-, mg/dm3
02— 1 =
p WE . . : I
1 2 3 4

®ur. 3. Croitnoctn Ha NH; (NH;") u NOs”
Ha U3CJICJIBAHUTE PEIYHHU BOJIH

Coabpxkannero Ha NH; (NH;) m NO; e
CPaBHUTEIHO HHUCKO, €JWHCTBEHO TMpH TpeTa
nmpo6a e oxomo 1.00 mg/dm’ 3a NO; u
0.4mg/dm’ 3a NH; (NH,"). ToBa Haii-BeposTHO
ce JBJDKH Ha TMO-BUCOKOTO ChIIbPXKaHHE HAa Me-
XaHUYHU IPUMECH B ITpodara.

3a KoJHMYeCcTBEHA OLEHKAa Ha CaMOIPEUYHCTBa-
TeJIHAaTa CIIOCOOHOCT Ha PEYHOTO TEYeHHe Ha
peka Mitasiexka ca B3eTH IpOOH cies 3ayCTBaHe
Ha OMTOBHTE OTHAJBYHHU BOJIM OT cejo Miagex-



KO M € MpecMeTHaTa CTETNeHTa Ha MPEeYnCTBaHEe
Ha BojaTa 1o ¢opmyiara Ha Ilauomauc (dsmos-
cku, 1995):

CC = (M,-M,) / M* 100, %

KBJICTO:

- CC e caMompeuncTBaTeqHaTa CIIOCOOHOCT
Ha pekara B y4acThk OT T.1 70 T.2;

- M, u M, - Macu Ha 3aMBbpPCIBaILATE BEIIEC-
TBa B HAYAJIOTO M B Kpasi Ha y4acThKa Ompe-
JIEJIEH! TI0 CHOTBETEH MOKa3aTe;

YcTaHOBeHO €, 4Ye caMOIpevYHcTBaTeIHaTa
CITOCOOHOCT Ha pedyHaTta Boja (peka Miramexka)
MO TIOKA3aTeNIUTe MEXaHWYHU MPHUMECU U Mep-
MaHraHaTHa OKHCIISIEMOCT € choTBeTHO 30% u
22%.

KoncraTupaHata CpaBHUTEITHO HHCKa CaMo-
MpeYncTBaTeIHaTa CIIOCOOHOCT Ha BOJUTE U3U-
CKBa MHPOBCKAAHC Ha CHOTBETHU MCEPOIIPUATHUA
MO MPEYNCTBAHETO HA OUTOBUTE OTMAABYHU BO-
1 Ha MaJIKUTE HACEJIEHUM MecTa Kpall pekara
(Schweitzer and James Noblet, 2018).

B Oblemu ekcrepruMEHTH 32 OLCHSIBAHE HA
CaMOMPEYHCTBATEIHATA CIOCOOHOCT, aBTOPHUTE
e M3MO0JI3BAT MATEeMAaTHYECKH WHCTPYMEHT, T.
Hap. "HeBponHa mpexa". ToBa € HHCTpYMEHT 3a
MOJICNIUPaHe Ha JICHCTBUTEIHU MapalieHi Mpo-
necH. MoJienupaHeTo Ha MPOIeCUTe IIe HU OCH-
TYpU eJHa BB3MOXKHOCT 3a ThpCEHEe Ha Objaenu
TEXHOJIOTHYHK PEIICHUs TPH OINAa3BaHETO Ha
pPEUHHUTE BOJIM, KOUTO €& YaCT OT BIAKHUTE 30HH
Ha brearapus (Belovski, 2017).

3akiIoueHne

[IpoBenenn ca XUAPOXUMHYHHU H3CIICIBAHUS
Ha YETHPHU MPOOH PEUHU BOAM OT peka Muamex-
ka, CrpaHmka trannHa. OmnpeieneH € XuapoxXu-
MUYHUSI TUI HA BOJUTE M CAMOIIPEUYHCTBATEIHA-
Ta CIIOCOOHOCT IO HSKOHW IOKa3aTejlu Ha peucH
y4acThK Ha pexa Miaiexka.

YcTaHOBEHO €, Y€ pEYHUTE BOIHM Ca XUIPOTeH-
KapOOHATHO KaJIITMEBH, HEYTPAIHU 10 Ci1abo ai-
KanHd. Mexannunurte npumecu ca ot 2.0 go 30
mg/dm3 , & TIEPMAHraHATHATA OKHUCISAEMOCT € OT
4.5 no 12.5 mgOz/de.

CaMomnpeuricTBaTeIHaTa CIOCOOHOCT Ha ped-
HUTE BOJHU 10 TOKA3aTeIUTe MEXaHUYHU TpUMe-
CH W TIEpMaHTaHAaTHA OKWCISIEMOCT € CpaBHHUTEII-
HO HHCKa - cboTBEeTHO 30% u 22%.

3a HamallIBaHE Ha KaueCTBEHHUTE TpaHCopMa-
MU Ha PEYHHUTE BOJU € HEOOXOAMMO MPEUUCT-
BaHE Ha OWTOBUTE OTIMAABUYHU BOJH OT PA3IOJIO-
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JKEHUTE B OJIM30CT 0 PpEYHOTO TCUCHUE CEIIMIIIA,
BKIIIOUUTCIIHO W C MAJIKU IIO KallanuTCeT HHCTa-
JlJallii Ha MOZAYJICH IIPUHOWII, MNOAXOIAAINHN 3a
YCJIOBUATA HAa TE3U paﬁOHH.
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JOBUB HA EHEPT YA U AETPAJAIIMA HA OPTAHUKA B EJHOKAMEPHA
MUKPOBHOJIOT'MYHA TOPUBHA KJIETKA

bnarosecta Muioposa, Baientun Henos

SIMULTANEOUS ENERGY GENERATION AND ORGANIC MATTER REMOVAL IN
A SINGLE CHAMBER MICROBIAL FUEL CELL

Blagovesta Midyurova, Valentin Nenov

ABSTRACT: The microbial fuel cell (MFC) with air-cathode is a promising system for direct conversion of
chemical energy into electrical energy and organica matter degradation. One of the componets of MFC of most
importance is the type of the electode and specifically of the cathode. The study is focused on monitoring the
operational stability of a cell with VITO air-cathode and a modifies anod (carbone brush). The process is
controlled by the potencial created through an open circuit potential (OCP) and against different resistances
(closed circuit, CCP). The obtained voltage is in the range of 45.7mV - 43.9mV at CCP, while it is 202.5mV -
201.5mV at OCP. The extent of the COD removal during the run is 78.6%.

Key words: Microbial Fuel Cell, Carbon brush, Waste water.

BnBeaenne

MuKpoOHOJIOTMYHUTE  TOPUBHU  KJIETKU
(MI'K) ca enHa HOBa M OBP30 pa3BUBAIllA CE UH-
TEePAUCIUILUIMHAPHA TEXHOJIOTHSA, ChYeTaBalla B
cebe cuM OHMOTEXHOJIOTUHUTE, €KOJOTMYHOTO WH-
xenepcTBo u enekrpoxumusrta (ElMekawy et al.,
2014; Sharma et al., 2014; Koleva et al., 2010).
MI'K wu3non3BaTr eneKTpPOXUMUYECKH AKTUBHU
MUKPOOPTaHU3MH KaTO KaTadu3aToOpU 3a TUPEK-
THOTO TIpEBpBIaHE Ha XUMUYECKaTa B EIEKTPHU-
yecka eHeprus (Mohan et al., 2014; ['puroposa,
2017).

IIpunaraneto Ha Te3n OMOEIEKTPOXUMUYHU
CHUCTEMH MMa PeJulla MPEIUMCTBA B CPaBHEHUE C
KOHBEHI[MOHATHUTE METO/AU 32 NpPEUNCTBaHE Ha
Boau. Hskom ot Tsax ca ciennute: 1) crien xpas
Ha paboTHHs Tepuon ce GopMUpPAT 3HAYUTEITHO
MO-MaJIKM KOJMYECTBA OTHaJb4YHA Omomaca; 2)
M3IMOJI3BAT C€ KaTO YCTPOWCTBA 32 MOHHTOPHHT,
JUCTAHIIMOHHO HAOJIOJCHUE U OHOCEH30pH OT
rJieHa TOYKa Ha (PU3HMOJIOTHITa HA MHKPOOPTa-
Hu3MuUTe (KJICThYHA CTPYKTYpa, (PakTopH 3a pac-
tex u ap.), (Lovely, 2006); 3) ¢ BHempsiBaHETO
Ha TE3W CHCTEMHU B NMPEUYNCTBATEITHUTE CTAHIHU
3a ornaxbunu Bogu [ICOB morar na Obmar Ha-
MaJieHH pasxoauTe 3a aepamus ¢ go 50%; 4)
MIK ca enuH HOB OAXOJ ChUeTaBalll B cede cu
€THOBPEMEHHO JIBa €KOJIOTUYHH aCTIeKTa - OTCT-
paHsiBaHE HAa OPraHUYHHM W HEOPraHWUYHU 3aMbP-
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CUTEJIM OT OTHAIbUHHU MOTOLM U IMOJyyaBaHE Ha
eneprus (Tang et al., 2014, Zhang et al., 2015a).
Hapen ¢ npenuvctBara MI'K umart u Hsixou
HepocTareiiy Logan, 2008 u Izadi et al., 2015
YCTAHOBSIBAT, Y€ IPU M3IMOJI3BAHETO HAa OLIETHA
KHCEIIMHA KaTo JIOHOP Ha eIeKTPOHHU M KHCIOPO.
KaTo aKIeNTop Ha EJIEKTPOHU, MaKCUMAaJHOTO
M3MEPEHO HampexeHue Ha cuctemara ¢ 1.105 V.
[lopanu Ta3u npuuMHa U3CIEABAHUATA U MIPOYY-
BaHMATA Ha MHOTO KOJICKTHBU Ca HACOYEHU KbM
omoOpsiBaHe cTpykTypaTta Ha peakropa (Tian et
al. 2015; Zhang et al., 2013). ObuxkHOBEHO ce
CMsTa, 4Ye ENEeKTPOAHUAT MaTepual € €IuH OT
Haii- KpUTHIHUTE (HAKTOPH, OMPEACIISIIH POH3-
BogutenHoctra Ha MI'K. Enektpognust mare-
puan TpsOBa Oa HpUTEXaBa BHCOKA MPOBOIU-
MOCT, HCKa KOPO3MOHHOCT, BUCOKa crieruduy-
Ha TIOBBPXHOCT M MOPHO3HOCT, HEOOXOOUMH 32
pacTexa Ha MHUKPOOPTaHM3MHUTE U HHCKa cebec-
toiiHocT (Guerrini et al., 2015). MHoro oT BbI-
JICPOJTHUTE MaTEepHAaIH MPHUTEKABAT Te3W Kadec-
TBa M IIMPOKO CE€ MpUiIaraT KaTto €JEKTBOIU B
MI'K - Bbraepomuu 1miaroe (Wang et al.,
2013;Ye et al., 2015), yeTkuTe OT BBITICPOTHU
BnakHa (Liao et al., 2015), Bbraepoana xapTus,
aKTHBEH BBIJICH U Ap., (Zhang et al., 2014b). B
HACTOSIIUST MOMEHT C€ TpaBsT pelulla pas3pa-
00TKHM 3a Moau(UIMpaHEe HA aHOTHHUA M KaTOH-
HUSlL MaTepuan upe3 HaHAacsSHE Ha PazIMyHH
€JIEKTPOTIPOBOJIMMH  CJIOEBE, TPOMSHA Ha TeO-
METPUSTA Ha €JICKTPOJIUTE, IPEIBAPUTEITHOTO UM



TpPEeTUpaHe C IeJT ONTUMHU3UPAHETO UM M MTOCTH-
raHe Ha MaKCHUMallHa MOIIHOCT W TOJ00psBaHe
npousBoautenHoctra Ha MI'K (Li et al., 2014;
Liu et al., 2014). Pezynratute OT Te3u mpoy4sa-
HUSI TIOKA3BaT, 4e TAKWBa MOJXOJU MOTaT edek-
THBHO Jia yBEJIHYaT AaKTUBHOCTTA Ha aHOJHUS
OnouiIM, 1a HaMalsIT BBTPEIIHOTO CHIPOTHB-
JICHHWE W J1a YBEIWYAT U3XOMHOTO HAMPESKEHHE U
npousBoauTenHocTTa HAa MI'K.

Lenta Ha HACTOAIIOTO HM3cIeIBaHE € Ch3la-
BaHe Ha KOHCTpykIiws Ha MI'K ¢ Bp3mymieH ka-
ToA M MoaudUITMpaH aHo A (BBIIICpOaHA YE€TKA) U
npociieAsBaHe MPOM3BOJUTEIHOCTTA Ha CHCTe-
MaTa B LUl IEPUO]] Ha eKCIII0ATAIIHS.

ExcnepumeHnTanna yacr

Huszaiin u koncmpyxyusa Ha Mukpobuonosuyna
20pUBHA KIEeMKA.:

NzpaboteHa e nabopaTopHa KIETKa C BB3AY-
men karox VITO Belgium 40:60 c¢ o
0.04.10"m>. Amonmara kxamepa e c: d= 6cm
h=lcm, obema Ha aHOogHaTa kamepa ¢ 1.88.10°
’m’, a BMectuMocTTa 20ml — ur. 1.

AHOIBT ce ChCTOU OT TpaUTHA YETKa ChC ChII-
potuBnenue: R Ha enna Humka = §8.8Q2; R Ha
noBeue HUMKH = 2.3C); R Ha BCUYKW HUIIKH =
1.4Q, noxato R ma carbon cloth = 100Q. Ibi-
JKUHATa Ha HUIIKWATE, OT KOUTO € KOHCTpyHpaHa
yeTkarta € 14cm, ciueq KOeTo ca MEXaHUYHO yCy-
KaHU ¢ TIOMOIITa Ha TeJ OT HephKAaeMa CTOMa-
Ha. AHozmHaTta Kamepa e m3paboreHa or PVC
€JIEMEHT, KaTO B Hes € Pa3MoyiokKeHa rpaduTHaTa
4YeTKa U OTJEeNHUTE BbIJICPOAHN HUIIKU Ca U3BU-
TH TI0 [TIOCOKAa HA YaCOBHHMKOBAaTa CTpeKa. 3a aa
ce m30erHe Mpekrs KOHTAKT HAa HUIIKUTE C Bb3-
JYUIHUSL KaToJl € TMOCTaBEeH Cenaparop OT HEeTh-
KaH miaT B OJIM30CT JO MpeKara.

®ur.1. KoncTpykuus Ha eqHOKaMepHa jabopa-
topHa MI'K ¢ Bp31ymieH karoa u Moauduiupan

aHoJ

BpTpemHoTo CchOpOTHMBIIEHHE HA KIETKaTa
npenu 3apexxaane e 1000k€2. BrHiHaTa Bepura
€ CBBbp3aHa cbe chiipotuBieHue ot 100Q2.
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EnexkTpoauThT ¢ KOWTO € 3apelieHa aHOJHATa
KaMmepa ce ChCTOU OT EJIeKTPOT€HHU MHUKpPOOpra-
HU3MH, KOUTO Ca M30JIUPAHU OT AbHEH CEAMMEHT
Ha f13. ,,fIcHa momsHa”. IIpoba oT cemumeHTa e
MpeHeceHa Ha OoraTa TeYHa XpaHUTENHa cpefa
cbe cbetaB (g/dm’): kasemnoB TpunTOH -10;
npoxeB ekcTpakt - 5; NaCl — 5; riroko3a — 20.
Crnen 72 daca KyJITUBUpaHE TIPH TEMIIEpaTypa OT
16 mo 20°C, momy4yeHwusI eNeKTPOIUT € 3ape/ieH B
aHoJHaTa Kamepa Ha KoHcTpyupanata MIK.
Ch3aaneHu ca MOIXOMAIIM YCIOBHs 3a 00pasy-
BaHE Ha OMO(MWIM OT MHUKPOOPTaHH3MH BBHPXY
aHoza ( BBIVIEpOAHATA YETKa), KOUTO UrPasiT OC-
HOBHA pOJISl MpPHU aHAEpPOOHOTO OKHUCICHHE Ha
cyOcTparuTe U TpaHcdepa Ha eIeKTPOHUTE KbM
aHoJla ¥ BBHHINNHATA eJeKTpudecka pepura. Cren
npoclieisBaHe Ha aHOIHHUS TOK W JOCTHTaHETO
My 70 MaKCHMaJTHH CTOWHOCTH, aHOJHATa Kame-
pa ce ocBOOOXKIaBa M 3apek/ia C MOJIETHA OTIIa-
JbUHA BOJA CBHABpXKANlAa — AaleTaT, Ka3eHHOB
TpUITOH, npoxaeB ekctpakT u NaCl.  Omepa-
[IMOHHATa CTA0MITHOCT Ha KIETKaTa C aHoj OT
BBIVIEpOHA YeTKa U BB3aymieH karox VITO e
npoyueHa Ha 6aza M3MepBaHe Ha HANPEKECHUETO
W aHaJIM3 Ha TOKa3aTelsl XUMHUYHA MMOTPEOHOCT
ot xucnopox (XIIK). 3a mpocnensBane Ha Cb-
Ibp)KaHUETO Ha OpraHukKa B cpenaTta Osxa H3-
non3eanu TectoBe Ha Hach Lange LCK 514 u
cnektpodoromeTsp Hach Lange DR 3900. Han-
PEKEHHETO € U3MEPBaHO B XOJa HA eKCIIEpUMEH-
Ta ¢ Auto ranging digital Multimeter Model MY -
66, KaTo ¢ MOMOIITa Ha MPEBKIIOYBATEN CE OT-
YUTaxa CTOMHOCTHTE TPU OTBOPEHA W 3aTBOpEHA
Bepura. [leproanyHo Osixa B3eMaHW MPOOH OT
aHoaHara kamepa 3a XIIK ananu3 no meroauka-
ta Ha JloOpeBcku u chast, 2003.

Enexmpoxumuuna xnemka 3a usnumauue Ha
e1eKMPOOHUTNE MAMEPUATU:

TecToBaTa KieTKa, KOSTO € H3IOJI3BaHA 3a
MPOBEXKAHE HAa EJIIEKTPOXUMHYHH H3CIIeIBaHMUS,
C€ ChCTOU OT CTHKIIEH PEaKTOp C ENEKTPOJINTCH
¢oH (250mM BozeH pastBop Ha NaCl). B nes ca
CTallMOHAPHO IIOCTaBeHM TPH eiekTpoaa (pabdo-
TEH, CpaBHHUTEIEH M pedepeHTeH) 3a Ja ObIaT
CH3/1aJICHN aHAJOTWYHU YCIOBHUS C KOHCTPYKIH-
ara Ha MI'K. I[IspBus enexrpon e VITO Belgium
40:60 (BB3IyIIEH KaTOM), BTOPHUS EICKTPOI C€
CBhCTOM OT BBIJIEPOJHO TUIATHO OT KOETO € Hall-
paBeHa BbIJIEpoAHaTa uyeTka (aHoxd). 3a pede-
PEHT € M3MOJ3BaH Cpedpo-CcpeOBPEH XJIOPHUICH
enektpona: Ag/AgCl/KCl (HacuteH BOjaeH p-p) C
noteHuan 0.222V. IluknuyHuTe BoATAMOTpaMu
ca cuuMmanu ¢ anapat AUTOLAB PGSTATI101
cee crhnka 0.00244 u ckopocT Ha CKaHHMpaHe
0.1Vs™ mpu craiina Temmepatypa (25 + 2°C). 3a



Ja ce TIONYYH MO-ITbJHa WHQOpMaIus 3a cra-
OWITHOCTTa Ha ENEKTPOJUTE Ca MPUIOKEHHU OIle
JIBa METOJa C JUHCWHO M3MCHCHUE Ha MOTCHIIH-
aja ¢ BpPEMETO T. Hap. JIMHCWHA MOJISIpPU3aIlHsI
(Linear polarization- LP) u T.Hap. nuHelHa BOJI-
tametpus (Linear sweep voltammetry- LSV).

Pe3yaTaTu u 06cbxIaHe

EnekTpoXuMHYHUTE W3CIICABaHHSA C METoJa
[UKJIMYHA BOJTAMETpPHs MOKa3BaT, 4e KOratro €
TECTBaH KaToJ[a B PSKUM Ha TalBaHOCTAT BOJITa-
MOTpaMaTa MMa BUJa Moka3zaH Ha ¢ur. 2. Bon-
Tamorpamara ce CbCTOM OT JIBE KPHBH, ITbpBaTa
OT KOMTO CHOTBETCTBA Ha YBEIMYABAHETO HA ITO-
TeHnuanga. HapacTBaHeTo Ha MOTEHIMANA € ChII-
POBOJZICHO C HamajsBaHE Ha MOBBPXHOCTHATA
KOHIICHTPAIMS U TOCTHTaHEe Ha MAacOBHS IPEHOC
JI0 MaKCHMaJHa CKOpPOCT, KOATO CIlie[l TOBa Ha-
MaJisiBa opaau edekra Ha u3depnBaHe (Mopaan
no-0aBHara audysus). B pesyarar Ha ToBa TO-
KbT JOCTHTa MAaKCHMyM H 3allo4Ba Ja CIaja.
Crex mpeMHUHABAaHETO HAa MaKCMMyMma B TOKa,
CKaHMpaHeTO Ha MOTEHIHMajia ce o0pblla B 00-
paTHaTa IOCOKa, TOBAa € OTPa3eHO BHB BTOpaTa
KpHBa OT BolTamorpamara (¢wur.2).

005~ -

WE(1) Polential (V)

Q1 =

0
Current applied (A)

®@ur. 2. Bonramorpama B pexxuM [ anBanocTat

Ha ¢ur.2 ce Bmxna, ye uMame CTOHHOCTH Ha
noteHrrana - 0.16V mpu 0.700pA.
IIpu cneppammre J1Ba aHanM3a - JUHEHHA NOJIA-
puzauus (LP) m nuneiina Bonrametpus (LSV)
ce TOJaBaT MOTEHIMAIN MPOMEHSIIH Ce JIMHEH-
HO BBB BPEMETO ChC CKOPOCTH Ha CKaHUpaHE B
nuranaszona 0.04 V/s o 1000 V/s.
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OT rpaduyHa 3aBHCUMOCT Ha MOTEHIIHANA
CIIPSAMO TOKa Ha BB3aymIeH katoa VITO u momy-
YyeHaTa KpUBa Ha JIMHEHHA MoJiIpu3aius Ha Qur.
3 e yCTaHOBEHO, Y€ M3MOJ3BaHUS BBH3IYIICH Ka-
TOJ € TIPAaBHITHO MOJ0paH M KOPO3UOHHO YCTOM-
YUB KOHCTPYKTHBEH MaTepHall.

0.0001 |- RS E

m
T
1

WE(1).Current (A)

oo o Potential a: ;Isizd )
®@ur. 3. ['padudHa 3aBUCHMOCT Ha MOTEHIIAATA
crpsiMo Toka Ha Bb3aymeH karox VITO (Linear
polarization)

L I
0.2

I'paduunara 3aBucumMocT Ha ¢ur.4. MOTBBPXK-
JaBa, 4e n300pa Ha TO3M KaToJ € Lelecho0pa3eH
OT TEXHOJIOTMYHA TJICJIHA TOYKA, CTOMHOCTTA Ha
notennuana € 0.345V mpu 1000pA.

034 1

03 1

WE(1) Potential (v)

L I 1 I L I
0002 0.0004 0.0006 0.0008 0.001

Current applied (4}

®@ur. 4. 'paduuHa 3aBUCHMOCT Ha MOTEHIIAATA
crpsiMo Toka Ha Be3aymeH karox VITO (Linear
sweep voltammetry)

PesynTatute 3a omnepanMoHHaTa CTAOMIHOCT
Ha MI'K ca npezacraBenu rpadudno Ha ur.5,
Karo Ha almucata € HaHeceHa NPOIBIDKHUTEN-
HOCTTa Ha paboTa Ha KJIETKaTa B 4YacoBe, a Ha
OpJMHAaTaTa - HAaIpPEKEHUETO IPHU OTBOPEHA U
3aTBOPEHA BEPHTra.



Hanpe)eHus npu 3aTBOpeHa U 0OTBOPEHa Bepura
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®@ur. 5. Harrpe:xeHusi reHepUpaHu IIPYU 3aTBOPEHA U OTBOPEHA BEPUTra CIIPSIMO BPEMETO Ha €KCIUIoa-

Tanusg Ha MI'K

ITony4yeHuTe CTOMHOCTH Ha HAIPEKEHUATA CA
B anamnasoHa ot 45.7mV mo 43.9mV (npu 3atBO-
peHa eNeKTpUYecKa BepUra) M CHOTBETHO
202.5mV no 201.5mV (mmpu oTBOpeHa €IeKTpH-
yecka Bepura). Ilomyuenure pesynaTatu mokas-
BaT, Y€ CJICA ONpeesieH LUKbBJ Ha paboTa CTOH-
HOCTUTE Ha HANpPEXEHUSATa HaMalsiBaT, KOETO
Hal-BepOsITHO ce ABDKM Ha M3YepIlIBaHE Ha Xpa-
HUTEJHUTE BELIECTBA HEOOXOIUMHM 32 pacTexa
Ha MUKpoopranuszmure. ToBa Hanara nepuoguy-
HO TIOJIXpaHBaHe Ha aHOIHUS CcyOCTpaT ChC CBe-
*a XpaHutenHa cpena. IlpoBexgenu ca uetnpu
LUKbBJIa Ha IOJXpaHBaHe Ha cuctemara. Bpemero
3a 3apexJaHe € OT MOpsIbKA HA 5 MUHYTH Tbi
KaTro € HeoOXOAMMO H3BEXKIaHETO Ha ra3oBaTa
¢da3za ¥ XOMOTeHe3upaHe Ha aHOIHHS EJEKTPO-
JINT.

Twii KaTo e/1Ha OT LIEJINTE Ha EKCIIEPUMEHTA €
npocieasBane npouspogutentocrra Ha MI'K, 3a
onpenensHe Ha MUHEpaIU3alusITa Ha MOJesIHaTa
oTnaabyuHa Bojaa ¢ HampaBeH XIIK ananmus Ha nBe
npoOu B HAYAJIOTO W B Kpas Ha EKCIEPUMEHTA.
ChbabpxaHueTo (KOHLIEHTpalMATa) HAa OpraHuY-
HU BEUIECTBAa B aHOJHUS EJIEKTPOJIUT B HAYAJIOTO
Ha eKcrepuMenTa, € 2129mgO,/L 1 ChbOTBETHO B
Kpas Ha pabotHus npouec e 456mgO,/L. Orcr-
paHsBaHeTo Ha opranuka upe3 MI'K e okoso
78.6%, TOBa ca CTOMHOCTH CpaBHUMH C pe3yiTa-
tuTe noiy4yenu ot Tursun H. et al., 2016 okoio
89.3%. ToBa € moKa3aTencTBO 3a MPOTUYAHE HA
Tunu4eH aHaepoben mporec B MI'K, 3a gactuu-
Ha MUHepallu3allis Ha OpraHuKara W 3a jo0para
cuMOn03a MEXAYy TPUTE OCHOBHU (PYHKIHMOHAJ-
HU eJeMEHTa B OMOENIEeKTPOXUMHUYHATA CHCTEMA:
MOJTU(UIMPAH aHOJ, BB3AYIIEH KaToj W OHO-
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GWIM  OT EeNeKTPOTeHHH MHUKPOOPTAHH3MH.
Hzunciena ¢ m momuoctta Ha MI'K, K0osATO CB-
0 € MHOTO Ba)KEH IMOKa3aTel 3a eEeKTUBHOTO
MPOTHYAHE Ha MPOIECUTE B cuUcTeMaTa - (Qur. 6.
(Tursun H. et al., 2016).

MowHocT Ha MTK
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®@ur. 5. ['enepupana momuoct Ha MI'K B nepu-
0Jla Ha eKCIIoaTalus

[MTony4yeHuTe CTOMHOCTH HA MOIIHOCTTA Ca B
nuana3ona ot 137 mo 410W. YcranoBeHo e, ue
npe3 padotHus nepuoa Ha MI'K (okono 20 mun),
ce HaOJrO/aBa €HA MUKINYHOCT B MOJYYCHUTE
CTOWHOCTH Ha HANPEKEHUETO M MOIIHOCTTA, KO-
€T0 MOXKe Ja ObJe eaHa MPearnoCTaBKa KbM
CJIE/IBAII0 ABTOMATHU3UPAHE W MOJCIHPAHE HA
cucTeMara ¢ Iej MPOTHO3MpaHe Ha ObICIIUTE
pesyntatu (Belovski, 1. et al., 2016).



3akiouenue

IlonyuyenuTte pe3ydaTatu IOEMOHCTpUpPAT
OOpY  €KCIUTIOATAIlMOHHU XapaKTEPUCTUKU Ha
MI'K ¢ Bp3myiieH kaToj ¥ MOAU(HUIIMPAH aHO/.
B 3aximroueHne MoKeM Ja OTOEIEKUM, Y€:

. OT oco0eHo 3HaUeHUE € 00pe MPOSKTH-
panata 1 nogOpana koHcTpyKuus Ha MI'K.
. W3nom3BaneTo Ha BBIVICPOJHA YETKA 3a

MOAMGUIMpPAaH aHOA MMa peAuIa NpPEeIuMCTBa,
KaTo MO- rojisiMa TOBBPXHOCTHA TUIOLI, 00pazy-
BaHE Ha cTabmieH OnmopuiM u e(hEeKTHUBHO IIPO-
THYaHe Ha OMOENeKTPOXUMHUIHHUTE TIPOLIECH.

. N360pa Ha BB3MYyILIEH KaTOA € OT 0code-
Ha BaXHOCT 3a CTAOMJIHOCTTa W MPOU3BOIUTEI-
HOCTTa Ha cuctemata. MznomsBanero Ha VITO
(Belgium 40:60) 3a BB3ayIIEH KaTOA € IENECh-
00pa3HO OT TEXHOJOTMYHA TJIeTHA TOYKA.

. B mepuona Ha padora mHa MI'K ce Hab-
JI0JlaBa OTCTPaHsSBAaHE HA OpraHUKaTa C OKOJIO
78.6% W IUKIMYHOCT Ha pe3yiaTaTUTe, KOETOo
MOXKe J1a ObJIe eHa MpeIIocTaBKa 3a U3M0I3Ba-
HETO Ha TEe3HM CHCTEMH KaTO YCTPOMCTBa 3a JIUC-
TaHIOIMOHHO H36H}O[ICHI/IC " U3BBPIUIBAHE HA IIPO-
YUBaTCJICH WX KOHTPOJICH MOHUTOPHMHI' Ha BO-
TIH.
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PEXKUMU HA PABOTA HA TEPMOEJIEKTPUYECKUTE EJIEMEHTH

WBaitno benoscku

OPERATING MODES OF THE THERMOELECTRIC ELEMENTS

Ivaylo Belovski

ABSTRACT: Thermoelectric energy converters, depending on the effect they use, can generally be divided
into three groups: Thermoelectric generators; Thermoelectric refrigerators and Thermoelectric heaters.
In their work Thermoelectric generators use the Seebeck effect, and the Thermoelectric refrigerators and heat-
ers - the Peltier effect. The thermoelectric effect is the direct conversion of temperature differences to elec-
tric voltage and vice versa. Nowadays, thermoelectric devices and systems are finding a growing application.
This is due to their indisputable advantages, such as small size, environmentally safe, noiseless and
reliable. The purpose of this article is to present the main operation modes of the thermoeleciric elements, their

specific features and parameters.

Key words: Thermoelectric elements, Peltier-Seebeck effect, TEC, TEG.

BLBenenue

TepmoenekTpuyeckure mnpeodpa3yBaTenu Ha
EHeprusi, B 3aBHCUMOCT OT e(pekTa, KOWTO U3MOJI-
3BaT, Hail - 00110 MoraT Ja ObJaT pasjelicHu Ha
TpH TPYIH:

TepmoenekTpuYecku TeHEPaTOPH;
TepmoenekTpruYecKH XIIaIUITHULIN;
TepmoeneKkTpuyecku HarpeBaTesu.
TepMmoenekTpuyeckuTe T'€HEPaTOpH H3MOI3BAT
npu paborara cu edexrta Ha 3eebek, a TepMoe-
JIEKTPUUECKUTE XJIaJWIHULKA M HarpeBaTesn
edpexra Ha Ilentre. KeM TepmoenexkTpuueckure
e(eKTH ce MPUUUCIIABA ChIO U edekTa HA Tom-
TICHH.

Edexra Ha 3eedex ce CbCTOM B JAMPEKTHO
NPEBpBLIAHE HA CHIIECTBYBALIUTE B NPUPOIATa,
W B pe3ysiTaT Ha YOBEIIKaTa JeHHOCT TeMIepa-
TypHH paznuku A7, B eJeKTpHUUECKa MOIIHOCT
(Rowe, 2006; Oxorun, 1971). To3u edekr 3a
OBPBU BT € OTKPUT CIIy4alHO OT T€PMAaHCKO -
ecronckus ¢muk Tomac Moxan 3eebex mpe3
1821 r., KOTO OTKpWMII, Ue MEXAY ABaTa Kpas Ha
METaJHa TPhUKa ce MOsBsBa HalpekeHue, Kora-
TO B Hesl ChIIECTBYBa TEMIIEpaTypHa pa3jiHKa
AT. Toil cpIIO Taka YCTAaHOBWJI, Y€ MarHUTHaTa
CTpeJiIka ce OTKJOHSBA, aKo c€ MPHUOIMKH 10
3aTBOPEH KOHTYp, 00pa3yBaH OT Pa3JIM4HHU JIBa
MeTaja ¢ TeMIlepaTypHa pa3jinKa MEXIy MsICTO-
TO Ha ChbEJUHEHUETO UM U Kpauiiara UM (MsCTO-
TO Ha u3MepBaHe). [IpuunHara e, 4ye MeTanuTe
pearupar pa3iiMdHO Ha TeMIIEpaTypHUTE pa3liu-

89

KM, CH3/IaJICHH OT TO3H KOHTYp, KOWTO MPOHU3-
BEXla MAarHUTHO TI0JIE.

Edexra Ha 3eebek ce m3pazsiBa B TOBA, Y€ aKo
B ellHa pa3eJWHEHa eNEKTPUYeCKa BEpUra, ChC-
TOSALIAa C€ OT JBa Pa3HOPONHHU IPOBOJHMKA
(¢wur.1), Ha emUHUAT OT KOHTAKTHUTE C€ TOJIbP-
*Ka Temriepatypa 7;, a Ha APYTHAT - TeMIepary-
pa 1,, To npu ycinosue, ue 7; > T, B Kpauiara
Ha BepHUraTa BBb3HHKBA TEPMOEICKTPOIBIKEILO
Hanpexenne (tepmo E.JI.H) £ (Anarteruyk, 2003,
Taxuctos, 2008). Ilpu 3aTBapsHe Ha €NEKTpH-
YyecKara BEpHra, rnpe3 Hesl IPoTHYa eJeKTpudec-
KU TOK.

S ]

®@ur. 1. TepmoeneMeHT OT JBa Pa3IUYHU €IHO-
pomHM Matepuana: 1, 2 - MmaTepuanu ¢ pa3IuicH
koedunuent Ha Tepmo E.JI.H.

Edexra na Ileatue ce uspasssa B npeodpa-
3yBaHETO Ha eNeKTPHYEcKaTa €HEprusi B TeMIle-
parypHa pasnmuka AT (Anexcanapos, 2012; By-
nat, 2002, Benkos, 1992). Axo mpe3 Tepmoere-
MEHT, CBCTOSI CE€ OT JBa IOJYPOBOJHUKA C


https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Voltage

pa3IM4eH THIT MTPOBOJMMOCT CE MPOITYyCHE EIeK-
TPHYECKH TOK, TO B MECTaTa Ha KOHTaKTa ce OT-
JIeJIST WM TIOTIIBIA W3BECTHO KOJUYECTBO TOII-
JuHa (B 3aBUCUMOCT OT MOCOKAaTa Ha TOKa).
Edexra ma Ilentne ce o0scHSABA ¢ OMpOCTe-
HaTa 30HHA JUarpaMa Ha KoHTakTa N MOIyIpo-
BOJHUK — Metan — P monynpoBogauk (dur. 2).

N M Pk
E. -
****** Sl S =

®ur. 2. 30HHa auarpamMa Ha KoHTakTa N mosy-
IPOBOJHUK — MeTai — P noinynpoBoiHUK

[Tpn npemuHaBaHe Ha TOK / TIpe3 Ta3u cUcTEMa
B YKa3aHaTa II0COKa , €JIEKTPOHUTE IPU JIBUKE-
Huero cu oT P kbM N 1oJIynpoBOAHUKA B MSCTO-
TO Ha KOHTaKTHUTE, Ca IPHUHYCHH J1a C€ N3KauBaT
Ha [0 - BHCOKH E€HEPrHHHU HUBA, IPU KOETO
HOTJIBIIAT TOIUIMHHA €HEPrus OT KpUCTAJIHATa
peleTka Ha MeTajla U IMOJyIPOBOJHHUKA B KOH-
TAaKTUTE U C ToBa I'M oxjaxpar. Ilpm obGpartHa
IIOCOKA Ha TOKA4, EJICKTPOHUTE CIM3aT Ha 10 —
HHCKHM HUBA, OT/1aBAT TOIUIMHHA €HEPrUs Ha KOH-
TaKTHUTE U TE Ce 3arpssar.

Edexkra Ha TomMmncbH chul0 chnaja KbM
TepMoenekTpuueckute edextu. Toll ce uzpassipa

B TOBa, Y€ IIpU MPOTUYAHE HA TOK IIpe3
MPOBOJAHUK WM TOJYIPOBOJHUK, B KOWTO
CBIIECTBYBA TEMIIEPAaTYypeH TIpPaJUEHT, KaTo

JOMBJIHEHHE KbM ToIuIMHaTa Ha JDkaynm ce
OT/IeNI WM TOTJIBIIA HM3BECTHO KOJIHYECTBO
TOIJIMHA, B 3aBHCUMOCT OT IOCOKaTa Ha TOKa
(Godfrey, 1996; Thomson, 1851).

[Topagu w3yeprnBaHe Ha KOHBEHIMOHAIHUTE
CHEePTOM3TOYHUIIN, AJTEPHATUBHUTE W3TOYHHIIN
Ha €Heprusi CTaBaT BCe MO-TIOMYJISIPHA — TepMOoe-
JIEKTPUYECKU T€HEPaTOpH, POTOBONTAUYHU CHUC-
TemHd, TopuBHH kietku (Midyurova, Nenov,
2017) u np.

H3ao:xeHune

A. Pesxcum na zemepupane Ha mepmoeseKm-
Poosudicenio nanpesicenue

CxemMaTa Ha TEpPMOEJIEKTPUYECKU E€JIEMEHT,
paboTer1 B reHepaTopeH PeXHUM € MpeacTaBeHa
Ha ¢ur.3. AKO KOHTakTHTE Ha JBaTa Marepuaia
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ce HAMHpAT MPU Pa3iIM4YHU TemrepaTypu — T u
T,, TO BBB BepuraTta mpoTuda TepMOCICKTPHIEC-
ku Tok (Anaterayk, 2003; HWodde, 1956;
Anatychuk, 1998). B pazenunenara Bepura Bb3-
HukBa Tepmo E.JI.H. - E:

E = [[a(T) = ey (NWT

h

(1

KBIETO &, ,Q, - Koeuuuentn na repmo E.J[H.

Ha mMatepuanu 1 u 2. Ako «,,O, 3aBHUCAT He-

CBhIICCTBCHO OT TEMII€paTypara, To:

E=(a—a, )T, -T)) (2)

AKo, TepMoOeNeKTpruecKkaTa Bepura Chabpixa
HSIKOJIKO TIOCIENOBATETHO BKJIIOYEHH TEPMOJI-
Boiiku, To obmoto Tepmo E.J[.H. ce ompenens
KaTo CyMa OT TOCJeI0BAaTEeIHO BKIIOUEHUTE H3-
tounni Ha E.J[.H..

IIpu TEpMOENEKTPHUUECKUTE €IEMEHTH, YUUTO
KJIOHOBE ca W3TpaJieHd OT TOJYHIPOBOJHUIM C
paznuyeH tun nposogumoct — P u N T, cBbp-
3aHM B €IWHUS Kpai ¢ MertaneH mocT (¢wur. 3),
METaJHUTE KOHTAKTU 1,2 u 3, mocTaBeHH INpuU
€JHaKBM TeMIepaTypHH YCJIOBHSA, HE OKa3BaT
BIUsIHUE BBpXY cymapHoTo E.JI.H.

1
®ur. 3. Tepmoenektpudecku enemeHt - (O, ,

Ql]
1

MU3XOJIAIIM TOTUIMHHYU notouy, Ty, T, — Temnepa-
TypH, CHOTBETHO Ha ropemiata MU CTyJeHaTa
cTpaHa, | — BHCOYMHA Ha KIOHOBETE, Si, S; —
IJIONIM HA HAIPEYHUTE CEYEHHUS Ha KJIOHOBETE.

1 11
- BXOZAIIM TOINNIMHHHK ITOTOLIH, Q2 5 h -

KOC(l)I/ILII/ICHTa Ha II0JIC3HO I[eﬁCTBPIC Ha Tep-
MOCJICMCHTA 1| CC OIPEACIIA OT 3aKOHA 3a ChXpa-



HEHHE Ha €HEeprusAra, 4pe3 OTIUTaHe Ha TOIUIMH-
HUs [OTOK, IPOTHYAIl Ipe3 TepMOeJIeMEeHTa U
eleKTpudeckus Tok [, mpoTuyaiy mpe3 BBHIIEH
TtoBap R. B To3u ciryyaii:

0/ +0' -0, -0 =I'R (3)
a 3a KIIJ[ ce monyuaga:
QI +Q1[ _QI Nl
n== 1 2 2 (4)

1 11
O +0

B uucnurens e mpeacraBeHa OTAeicHAaTa B
ToBapa R enexTpuvecka MOIIHOCT, a B 3HAMEHa-
TeNs — OTJaJieHaTa TOIUIMHHA MOIHOCT. [lopaau
noJo0KeTo Ha JBara KJIOHA, c€ MpPEeMHHaBa KbM
aHaJu3 caMo Ha euHUAT (ur. 4).

A1
o
s I
. 1 o
Y | - I
SN S N— —
T
1 X
('
1/
/

®@ur. 4. EquH 0T KIIOHOBETE HA TEPMOETIEMEHT

ITpu oTcwecTBHE Ha enekTpudecku TOk [ (6e3
BKJIIOUYEH ToBap R), TomnmHHUS MOTOK ce o0yc-
JaBsl caMO OT TOIUIONPOBOAHOCTTA Ha MaTepua-
na:

i 9T
dx

s T
7 I kdT, (5)
T

KBJIETO k € KOS(UIIMEHT Ha TOTLIOPOBOIHOCT.

[Tpu BrutoyeH ToBap R BBB Bepurara, TpsioBa
Ja ce OTYNTAa M BIWSHHETO Ha TOIUIMHATA Ha
Jxayn u TormHaTa Ha TOMIICHH

21

I
0, =—| pdx, ©)
S 0
7 (7)
O, =1[r,dT,

TZ
kpaero O, n (, ca CHOTBETHO TOIUIMHA Ha
Joxayn u ToruinHa Ha TOMIICBH, O - crienuQuy-
HO CBIPOTHBIIEHHUE, T, - KoeduuueHT Ha Tomn-

CBbH.
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H3BecTHO e, Ye TOJIOBHHATA OTJIeNicHa B Tep-
MOEJIEeMEHTa TOIUTMHHA MOIMHOCT Ha Jkaynm u
ToMnceH ce Bpblla KbM ropemiara cTpaHa, a
JIpyrara MoJOBHHA CE MOTTbIIA OT CTyIeHATa.

3a rpy6a omenka Ha KIIJ[ (mempesumaBaria
pazmukata ot 10% mpu M3Mmoia3BaHe HA TIO0 - TOY-
HU METOJM) MOXKE 1a CE U3MOJ3Ba U3pasa:

n= iLsz Z,T", ()
KBIETO:
T +T,
r-AgE ®
Z, o (10)

T (Jhp)+ (Jopy))

Z, - xadecTBeH (aKTOp HA TEPMOCICMEHTa;
a=a,—a,; k,k, - xoebuuuentn na Tommnon-
POBOJHOCT Ha JiBaTa KJIIOHAa Ha TEPMOCICMCHTA;
Py, P, - cnenu(uUHN ChIPOTUBJIECHUS HA MaTe-

puanure.
3a mo — TouHo m3uncnsBane Ha KIIJI, TpsioBa
Ja ce OTYUTa, OCBEH BBTPELIHOTO CBIIPO-
THBJIeHUE HAa N ¥ P onynpoBoJHUKA - I, Taka U
CBIIPOTHBIICHUETO B KOHTAKTUTE C METAJIHUTE
nnactunn. puGmusurenno (Mopde, 1966; Ha-
ep, 1957; Taxuctos, 2002) epeKTUBHOTO €JICKT-
PUYECKO CBHIPOTUBIEHHE B KOMYTAIlMOHHUTE
IUTACTHHM MOXeE Ja ce Ompesiesu o GpopmMynara:

2a

N

plate

R

KBbJACTO!: pp - CHGI_II/I(i)I/I‘IHO ChIIPOTUBJICHUC Ha

MaTepuasa Ha TUTaCTUHATa; § - IUIONI Ha HEeHHO-
TO HANPEYHO ceyeHue; b - IbDKUHA HA TUIACTH-
HaTa; @ - IIMPUHA Ha KJIOHOBETE Ha TEpPMOEIe-
MEHTAa.

VBennuaBane Ha KIIJ[ Ha TepMoenekTpuuec-
KHTE €JIEMEHTH MOXE Jia CE MOCTUTHE , KAKTO C
U3II0J3BAaHETO HAa MaTepualld ¢ M0 — BUCOK Ka-

gecTBeH (akTop Z,, Taka M Ype3 yBeIMdaBaHe

va AT (AT =T, —T,). 3a yBenuuaBane Ha Ka-
4eCTBEHHAT (haKTOp Ce M3IMOJI3Ba, Taka Hapeue-
HOTO ,,KacKagupane” — HIKOJIKO TePMOEIIEMEHTA
ce MOCTABST €IUH BbPXY JAPYr U 00pa3yBaT Mmoc-



JieloBaTeliHa TOIUIMHHA Bepura. B To3u ciyyait,
3a BCEKH OT TEPMOEIIEMEHTHTE MOTaT Ja ObJatr
MOA0PaHN KaKTO MaTepUaMTe, Taka U ChOTBET-
HUS TEMIIEPaTypeH UHTEpBaj, oOe3rneuanall Hail

— BHCOK Z .

b. Pestcum na oxnasicoane

OxyaxkaaHeTo, 4pe3 H3MOJI3BaHE Ha eQeKTa
Ha Ilentme e pasrimemano omie mpe3 1911r. ot
HeMcKusT yueH EqmbeHT Antenkupx (Altenkirch,
1911). 3a uscnenBaHusATa CH TOW € M3MOJI3BAI
TEPMOJIBOMKA OT METAaJHH IPOBOJHHULIM. AHAIIU-
3BT Ha pe3yiTaTuTe TOraBa € JOBEN 0 M3BOJA,
4e TO3M METOJ Ha OXJIaxJaHe € Oe3MepCleKTH-
BeH. EnBa crieq mpoBeneHWTe W3CIEIBAaHUS Ha
pyckust yuen AGpam HMode u Herosute chTpy-
HUIY, TIpe3 MeTAeceTTe FOJUHN Ha MUHAJIHU BEK
ce M3ACHSIBA MEPCHEKTUBHOCTTa HA TO3H METOJ
IIPY U3M0JI3BaHE HA MOJIYNPOBOAHUIM H CE€ Cllara
HA4aJI0TO Ha TEOPETHYHOTO M3CIIEIBaHE U IpakK-
TUYECKOTO MPUJIOKEHHE Ha MOIYIPOBOAHUKOBH-
T€ TEPMOEJICMEHTH.

TepmoenekTpuyeckute npeodpasyBaTeu, 13-
non3Bamy edekra Ha llenTue ce Hapuyar Tep-
moenektpuuecku xnaamwtaniu (TEX). TEX cb-
IbprKa JBa KJIOHA IOJIyIPOBOJHHUIHN C Pa3inyeH
THI npooauMocT — N u P tun ¢ HanpeuHo ce-

qeHne S,,S, W AbokuHa [ (¢ur. 5).

T, ]
2L A |
.-fff 5] f’ff 52
1] __ i __
374
] T,

@ur. 5. TepmoenekTpudeckn XIagwIHUK: 1 —
KOMYTAllMOHHU IUIACTUHU; 2, 3 — HOJIYNPOBOI-
Huuy ¢ N u P Tun npooaumoct

AKO TIpe3 eIMH TaKbB TEPMOEIEMEHT, ITOCTa-
BEH IIPM HOPMAJIHA MOCTOSHHA TEMIIEpaTypa ce
npomnycHe ejekTpudecku Tok I or N kpM P 1o-
JTyTIPOBOJHMKA, CIIe]] MHOTO KpaTKo Bpeme (Hs-
KOJIKO CEKYHJIU) C€ YCTaHOBSIBA, Y€ TOPHHS Kpaii

ce € OXJIaIII JI0 TeMIIepaTrypa 7} - TI0-HHUCKA OT
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OKOJIHAaTa, a JOJIHUAT CC€ € 3arpsjl 10 TEMIIEpaTy-
pa ];) - II0-BHUCOKa OT OKOJIHaTa. HpI/I aHaJIu3a Ha

TepMoeneMeHTa ce otunTa edekra Ha I[lenrne n
oTmeneHara TommHa Ha JDkaynm, a edexra Ha
TomnceH ce mpeneOperBa. B To3u ciyuait ce
CMATa, Y€ IOJOBMHATA TOIIMHA Ha Jxkaym ce
IpeHacsi KbM CTyJeHaTa CTpaHa, a Jpyrara Io-
JIOBWHA — KbM Topemiara (AHateruyk, 2003; Jef-
frey, 2012).

TonnmmHHAaTa MOIIHOCT, TOTBJIHATA OT CTYACHHS
Kpaii e:

O = —TIII + 0.5¢1°, (18)
kbaeto: I1 - koedurmenr na [lentue, » - chnpo-
TUBJICHUETO Ha TEPMOEIIEMEHTa, / - TOKBT Ipe3
HETO.

TemneparypHaTa XapakTepHCTHKa Ha TaKbB
TEPMOEJIEMEHT € TpejcTaBeHa Ha ¢ur. 6. OT Hes
ce BI)KIA, Y€ CBINECTBYBA CTOMHOCT Ha TOKa

1

opt? IIpru KOATO C€ OOCTUIa MaKCHUMalHO OX-

JJaXKIaHE.
o, 1
3
T-IF' :’;I]’H / I
[ |
2
-Q

®@ur. 6. TemneparypHa xapakTepUCTUKA Ha Tep-
MOEJIEMEHT B PEXHUM Ha OXJaxaaHe: | — TommnHa
Ha [Ixayn; 2 — MoreJiHaTa TOIUIMHHA MOIIHOCT
(epexr Ha Ilentue); 3 — TemnepaTypa Ha CTyZe-
HaTa CTpaHa.

ITpu o — MaJIKM TOKOBE HaMaJIsiBa MOTIBILIAHETO
Ha TOIUTMHA, BciencTBue edekra Ha Ilentume, a
IIpY 110 — FOJIEMHU - HapacTBa poJisiTa Ha Jxayiio-
BaTa TOIUIMHA.

CryneHusT Kpail morrbla KakTo TOIUIMHATA

QO’ OTAaBaHa OT OXJIAXIAHOTO TAJIO HWIH OT

OKOJIHATa Cpejia, KOHTAKTyBallla ¢ HEero, Taka W
TOIUIMHATA, [TPEHAacsINa ce M0 KIOHOBeTe (Topa-



JIM HATMYHETO Ha TOILIONPOBOJHOCT) OT TOTLIHS
KbM CTYJICHUS Kpaid.
PaznnuaBar ce Tpu OCHOBHM pexuMa Ha pa-
0oTa Ha TEPMOCIICKTPUICCKHUAT XJIaIUTHHK:
1) Peoicum na maxcumanno oxaadxcoauwe - TIPH
MaKCHUMaJHa TeMIiepaTypHa pasiuka AT ;
2) Pexcum  Ha  MAKCUMAAHA — XJAAOUTHA
NPOU3BOOUMENTHOCHI,
3) Pedxcum Ha MAKCUMATHA UKOHOMUYHOCHI.
Peoicum na maxcumanno oxnasicoane ce moc-

tura mpu yenosuero (O, = O (npu swmmca Ha

TOIJIMHEH ToBap). B To3u ciyuaii, ypaBHEHHETO
Ha TOIJIMHHUS OaJlaHC Ha CTYACHUS Kpal e:

kAT =-T1I + 0.5, (19)

KBJETO kO - KOC(UIIMEHT Ha TOIUIOMPOBOJIHOCT

Ha KJIOHOBECTC.

Or (18) m (19) cenBa:
IT
L= " (20)
H2
O = (1)

2r
MakcrManHaTa TeMIepaTypHa pa3inKa € paBHa
Ha:

2
Tmax = > (22)
2k,r
KBAETO:
1 1
r=Il| —+—|,
018 0,5, (23)

1
k, = ;(klsl +k,s,)

O-l’ 0'2 - KOCCI)I/ILII/ICHTI/I Ha CJICKTPOIPOBOAN-

MOCT Ha KIoHOBete; k;, k, - koebuumentn Ha

TOIJIONPOBOAHOCT.
M3pas (22) moxe Aa ce 3amuiie Taka:

AT =0,5Z,T7, (24)

KBJIETO

Z, (25)

a —a,
i, [l
O, 0,
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Q,, , - xoepumuentu Ha Tepmo E.JI.H. nHa

IBaTa KioHa. MUHHManHAaTa TeMIepaTypa Ha
XJIaJHaTa CTpaHa Ce OTpeaens OT u3pasa:

J+2T,7, -1
ZO
Peoicum na maxcumanna XﬂaauﬂH(l npouseo-

oumenHocm — ce  JOCTATA TPH  YCIOBHETO
0, =0, ,T. IpU HAMYHETO HA MAKCHMaJeH

max

TOIUIMHEH ToBap. ToraBa ypaBHEHHETO 3a TOII-
JINHEH OallaHc € CIEIHOTO:

(26)

1min

(a, —a)IT, —0.571* =k, AT = Q, (27)

TemmnepatypHaTa pasiuka B PEXUM Ha MaKCH-
MaJlHa XJIaJIUIHA IIPOU3BOJAUTEIHOCT € :

AT =AT_— % (28)

max
0

HpI/I OIMMCBAHETO Ha pedxtcuma Ha MaKkcumaina
UKOHOMUYHOCH CC BBBCKIA XJIaJUIICH KOG(bI/ILII/I—
CHT & :

(29)
KBJIETO
W =rl* +(a, — o, )ATI (30)

W - koHCyMHpaHa eJIeKTpHYEeCKa MOIIHOCT OT

TCPMOCIICMCHTA.
OHTI/IMI/I3a]_[I/I$ITa 110 TOK, npu KOsATO
E=¢&, ¢
] = (al ) )AT
opt
[ 15052, +T)-1] (3D
. L J1+0,5Z,(,+T) -,/ T, 2

AT 140,52, (T, + 1)) +1

a OITUMAJIHOTO 3axpaHBallO0 HAIIPEKECHUE Ha
TEPMOCJIIEMCHTA CJIC/IBa a 613)163

(al _az)AT
Uopt =
J140,5Z,(T, +T,) -1

(33)



Ot (32) crnenra, 4e XJATUIHUAT KOCHUIIUEHT &
3aBHCH OCBCH OT Ka4eCTBEHIST (akTop Z, U OT
cpeAHaTa TeMIilepaTypa, U OT TeMIlepaTypHaTa
pasmuka AT . Ilpu AT -5 AT, to € >0.

max

ToBa e HOpMmaiHO, Thit kKato Al ce moctura

mpu O, = 0.
Ipu AT =0, 10 &, HapacTBa. Ha ¢ur. 7 e

NOKa3aHa 3aBMCHMMOCTTa Ha &, OT TeMIepa-
TypHaTa pas3jiuKa, MPH Pa3IWYHU CTOWHOCTH Ha
Ka4yeCTBEHHST (akTop Z .

E

TEE

4.0
3.0
2.0

1.0

‘IJ-S ?:P-TI

@ur. 7. 3aBUCUMOCT Ha XJIAJWIHUSAT KoehuIu-
eHT &, OT TemmepaTypHara paznuka AT, npu

PasIHYHU CTOMHOCTH Ha Z,,

B. Pesicum na nazpsagamne — mepmoenekmpu-
yecKu Hazpesamenu

TepMoenekTpuUecKUTe €JIEMEHTH C€ W3IOJI3BaT
CPaBHHUTEIHO 10 — PSIKO KaTo Harpesatenu. [lo-
HIMPOKO MPHIIOKEHNE HaMHUpaT KaTO M3TOUYHHUIN
Ha E.JI.LH u KaTo TepMOENEKTPUUECKH XJIAIMII-
HUIIM. 3a TOBa, B cTaTHATA HsAMa Aa ObJe Hampa-
BEH 10ipo0eH 0030p, a 11e ce AaJaT caMo HAKOU
OCHOBHHUTE 3aBHUCHMOCTH M IapaMeTpd B TO3H
pexuM Ha paboTa.

[Ipu onmcanneTo Ha TepMOETIEMEHTA MOXKE Ja
ce M3moi3Ba Mozena ot ¢wur. 15., mpeanonaraii-
KM, Y€ XJIaJHaTa CTpaHa € TepMOCTaTHpaHa MpH
Temneparypa 7) a ropemara cTpaHa OTJaBa
TOIUNIMHHA MoImHOCcT (J,, mpu Temmeparypa 7).
Ilocokara Ha TOKa B TO3U PEXHUM € HMPOTUBOIIO-
JIOKHA Ha TOCOKaTa B PeXHUM Ha oxjaxkaane. U
TyK C JIOCTaTh4HA TOYHOCT MOXKE Ja C€ MPEeIro-
jlara, 4e TMOJIOBMHATa OT ToIulMHaTa Ha Jlkayn
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(oTmeneHa B KJIOHOBETE) C€ HAcOYBa KBbM Tope-
1iara CTpaHa, a Jipyrara IoJIOBHHA KbM CTyJ/IcHa-
ta. Edexra Ha Tomncer ce npenedpersa (Haep,
CumoHoBcKkas, 1966). B To3u ciyyaii, TOIInH-
HaTa MOIIHOCT OT/IEJICHA OT TOPEIIHsl Kpaii e:

1

0,9,

1
Q,=(a,—a,)T,.1+0,5I" 1| —+
015

(34)
—u(/’cls1 + ks, )

EdexTuBHOCTTa HA TEPMOEIEKTPUUSCKOTO HAr-
psIBaHE ce OIpeAeis ¢ KOePHUITMEHT Ha TIpeodpa-
3yBaHe K,

0,
K, = (35)
ONTUMHM3ALMATA 110 3aXPAHBAIIOTO HANPEKEHHE
ce TI0JIy4aBa OT YCIIOBHETO K, Oue
HOJIyYaBa OT YCIOBHETO: —2 =0 u e:
yq y U
(g —))T-T,)
Uy =" 2, (36)
KBIETO:
M =1+0,5Z(T, +T,) (37)

3akiouyenue

OT HampaBeHOTO M3JIOKEHHE MOraTr Ja ce
HaIPaBST CIETHUTE N3BOIM:

- TepmoenekTpuuecKkuTe €JIEMEHTH, B 3a-
BUCHMOCT OT eeKTa, KOMTO HM3I0JI3BAT,
HaMUpaT MPUWIOKEHUE KaTo: TeHepaTopH
Ha Tepmo E.J[.H., Tepmoenexktpuuecku
OXJIaJIUTENIN WM HarpeBaTelly;

- Tepmoenextpuueckata e()eKTUBHOCT Ha
JlaJleH TEPMOEJIEMEHT 3aBUCH U3LUIO OT
MaTEepHAJIUTE OT KOUTO € U3Pa0dOTEeH U OT
MIPUJIOKEHUS TEMIIEPATYPEH TPAIUECHT.

bpaemero pa3BuTHe Ha TEXHOJIOTUWTE U TO-
noOpsiBaHe Ha KOS(HUIMEHTA Ha IOJIE3HO JIEHCT-
BHE B TEPMOEJIEKTPUUECTBOTO € HACOYEHO Tpe-
JTUMHO B pa3paOOTBaHETO HA HOBH MaTEPUAIH C
BHCOKA €(pEeKTHBHOCT.

TepmoenekTpuyeckure mnpeodpa3yBaTesid Ha
€HEeprusl HaMHpaT BCE M0 — IMIMPOKO NMPHIIOKEHUE
B OWTa W MHIYCTPUSATA, MOPaJH OC3CIIOPHUTE CH
MpeIuMCTBa. B cbBpeMHETO HU HE clMpa Thpce-
HETO Ha aJTepPHATHBHH, BUCOKOC()EKTUBHH, O€3-



ITyMHH, O€301IacHU 3a XOpaTa ¥ OKOJHaTa cpefa
M3TOYHUIM Ha eHeprus. TepMoeneKTpuyecKuTe
npeoOpaszyBaTesid OTrOBapsST Ha BCUYKH TE3H
W3KUCKBAHHUS M TOBAa T'M MPaBH MHOTO IEPCICK-
THUBHHU.
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HN3CJIIEJABAHE EOEKTUBHOCTTA HA TEPMOEJIEKTPUYECKHN OXJIAZKIALLL
MOAYJ 3AXPAHBAH C IIUM PEI'YJIATOP

HBaiino benoBcku, AHatonuit AjnekcaHapoB

STUDY OF THE EFFICIENCY OF A THERMOELECTRIC COOLING MODULE
POWERED BY A PWM REGULATOR

Ivaylo Belovski, Anatoliy Aleksandrov

ABSTRACT: A major transformation element in the thermoelectric cooling devices is Peltier's thermoelec-
tric module. Thermoelectric cooling modules have gained recognition in many industries of modern technology.
Compared with conventional cooling devices, with energy and overall features, there are areas in the technology
where thermoelectric cooling has undeniable advantages: radio equipment, electronic components and equip-
ment, computing, medical, military and space industries, etc. Thermoelectric module manufacturers specify a
limited number of parameters for a specific module in its catalog data. To achieve maximum cooling, however, it
is necessary to precisely regulate the input current . The purpose of this study is to establish the DC current
mode and the efficiency of a Peltier module, powered by a pulse-width modulation regulator (PWM regulator).

Key words: Thermoelectric cooling, Peltier module, PWM regulator.

BnBenenne

TepMoeneKTpuyecKoTO OXJIaKJaHe Ha OCHO-
Bata Ha edekra Ha llenTme HaMupa IIUPOKO
NPWIOKEHUE Npe3 TmocienHuTe roxuHu (Bell,
2008; Huang, Weng, Chang, 2010). ToBa € cpaBHU-
TEJTHO HOBa TEHJCHIMS B XJAAMJIHATA TEXHUKA,
KOSITO C€ 3aHMMaBa C MOHWKaBaHe U CTaOMIN3U-
paHe Ha TeMIepaTypaTa B CPaBHHUTEIHO MAJKH
3aTBopeHH o0eMu. OcHOBEH Ipeobpa3yBaTelieH
€JIEMEHT B TEPMOEJEKTPUUYECKUTE OXJIAIUTETHH
YCTPOMCTBA € TEPMOEJIEKTPUUYECKUS MOLIYI
(TEM) na Ilentwue.

JlanHUTE 3a KOHCTPYKTHBHHMTE XapaKTepHC-
THKHU U IIapaMmeTpu Ha npoussexaanute TEM ca
HepoctaThuHU. Twi kaTo, TEM € OCHOBEH KOHC-
TPYKTHUBEH eJleMeHT (Stabler, 1962; Enescu, Otilia,
2014) pu NPOEKTUPAHETO HA TEPMOEIIEKTPUYIEC-
KM XJaJUJIHU CUCTEMH, Ce Hajlara ga Obaar Hall-
paBeHu 10 - OOCTOMHM U3CIeABaHUS HA HETOBUTE
OCHOBHHM CTaTWYHH XapaKTEPHUCTUKU U TapameT-
pu. IlomydyeHuTe pe3ynTaTtd OT H3CIENBAHUATA
MOTraT J1a c€ M3MO0J3BaT KakTo 3a U300p Ha ONTH-
MaJIeH MTOCTOSTHHOTOKOB PEXHUM Ha paboTa, Taka
¥ 32 Ch3JaBaHe Ha pPa3NUYHH MaTeMaTHYECKH
MOJIETIH.

OCHOBHO 3BE€HO B TEPMOEIEKTPUIECKUTE MO-
nynmn e tepmoenemenra (Seifert, Ueltzen,
Strumpel, Heiliger, Muller, 2001; Smith, Norris,
2002) TepmoeneMeHT ce Hapuua IpeoOpas3yBa-
TeJ Ha TEPMOEJTIEKTPHUYECKA €HEPTHUs, ChIbpIKaIl]
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MUHHUMAJIEH OpOil KOMITOHEHTH, B KOUTO BH3HHK-
Ba eeKT, He0OXOANM 3a MPHUHIIMIA My Ha pado-
Ta. Hail — pasnmpocTpaHEHUAT TEPMOEIEMEHT €
TO3H, YMHWTO MIPUHLMII HA paboTa ce OCHOBaBa Ha
HaaATBXHUAT edekt Ha 3eebex mnu Ilentue, Ha-
pudaH npocto TepMoiBoiika. Herosara ompoc-
TEHa cxeMa € rokasaHna Ha ¢ur.1. ChcTOU ce OT
JIBa TIOJYNPOBOAHUKOBH KJIOHA 2, 4 C pa3iauyeH
THUIT TIPOBOJUMOCT — N U P, CBbP3aHU B CAWHUA
CHM Kpall ¢ MeTajgHa IiacTiHa 4 W KOHTAKTHHU
IJIACTUHU 5 B APYTHsl Kpaid.

3

2

5

®@ur.1. Tepmoenemenrt: 1, 3, 5 — MmeTaiHE TUTAC-
THUHU; 2 — TOJMYNPOBOJAHUK N — THIT; 4 — TONYTI-
POBOJIHUIK p — THII.

TepMmoenekTpuyeckuTe MOJYJIH Ce Tpejiarar
Ha Taszapa B roJiIiMO pa3HooOpaszme. OcBeH Mo
ENIEKTPUUYCCKHUTE CH TTAPaMETPH, T CE OTIHUYABAT
chINo U 10 (hopma, pa3mMepu U Opoii Ha BrpajieHH
B TdX IOJYIOPOBOAHUKOBU TECPMOCIIEMCHTH.
Criope]1 KOHCTPYKTUBHUTE CH OCOOEHOCTH, Hall —


http://aapt.scitation.org/author/Stabler%2C+H+P

06mo TEM OuBaT: eTHOCEKITMOHHH U JBYCCKITH-
OHHU; €THOCTHIAIHHN U KaCKaJIHU.

TepMmoenekTpuyeckuTe OXJIXKIAIU MOIYIH
ca 3aBOIOBAJM MPH3HAHUE B MHOTO OTpaciy Ha
ChBpEMCHHATAa TCXHHKA. B cpaBHEHHE C Tpaju-
UOHHHUTE OXJIXKJAIIU YCTPOWCTBA, IO CHEp-
TUHHU W Ta0apUTHU XapaKTEPUCTUKH, CHLICCT-
BYBAaT 00JIACTH B TEXHUKATA, KBJIETO TEPMOECIICK-
TPUYECKOTO OXJIAKJAHE MMa HEOCTIOPUMHU TPEH-
MYIIECTBA: Paglo amaparypa, elIeKTPOHHU KOM-
MOHEHTH U 000py/BaHe, N3UUCIUTEIIHA TEXHHUKA,
MEJIUIHA, BOCHHA M KOCMHUYECKa MPOMHIILIE-
HOCT U JIp.

[IpousBogurenure Ha TEPMOEIEKTPUUECKU
MOJyJIH TOCOYBAT OTpaHUueH Opod mapamerpu
32 KOHKPETEH MOJYJ B KaTaJOXHUTE MY JaHHH -

mac>Umax>9c,,, B AT, . 32 TIOCTHTAHE HA MaK-

CHMAJIHO OXJIaXKJaHe, 00adye € HeOOXOaMMO TOU-
HO perynupaHe Ha BXxogHusi Tok /. ToBa ce Hana-
ra, Tbil — KaTo IpU MO — BUCOKU CTOMHOCTH Ha [ ,
TOIUIMHAaTa Ha J[Kayn 3HAYMTENTHO HapacTBa M
Mopajy TOIJIOTIPOBOAHOCT Ha KIIOHOBETE Ha
TEPMOEJIEMEHTHTE, OKa3Ba BIMSIHUE BBPXY e(ek-
Ta Ha [lenTue, KaTo B KpaiHAa CMETKa C€ IOBU-
IIaBa TeMIepaTypaTa Ha CTyJeHaTa CTpaHa Ha
moayna T..

Llenra Ha HACTOSAIIMAT SKCIIEPUMEHT € J1a ce
YCTaHOBH NOCTOAHHOTOKOBHAT PCKUM Ha pa60Ta
u epexrtuBHocTTa HAa TEM Ha [lentue, 3axpan-
BaH OT PEryjaTrop ¢ HMIHMPOYMHHO-UMITYJICHA MO-
nmynanus (LM perymnatop).

Excnepument

3a yCTaHOBSIBAHETO Ha ONTHMAIHMAT IMOCTO-
SHHOTOKOB peXxuM Ha paborta Ha TEM nHa Ilen-
THE, C€ TPOBEIE EKCIIEPUMEHT, B KOWTO MOIyJa
Ce 3aXpaHBa C IIOMOIITA Ha PEryjiaTop C LIUPO-
YUHHO — uMIrysicHa Moaynauus. IIIMM peryna-
TOpPUTE UMAT perula JOCTOMHCTBA, KAaTO: BUCOK
KIIJ, manku raGapuTHH pa3Mepu U Maca, M Ha-
MHUpPAT IIHPOKO TMPHIOKEHHWE B CHBPEMEHHUTE
ABTOHOMHHM €JIEKTPO3aXpaHBaHUsI U B CUCTEMUTE
3a aBTOMAaTH4YHO peryiupane. B peauna nnrepa-
Typau u3tounuiy (Belyaev, 2014; Rahmani,
Krim, Khanniche, Bouafia, 2004) moapoGHo e
pasrnenad npuHOuna Ha padora Ha LIHUM pery-
JATOPHUTE U TSXHOTO YCTEITHO MPHUIIOKEHHE.
3a HyXIWTE Ha EKCIepUMEHTa € W3IOI3BaH
MM perynarop cbC CIEIHUTE TapaMeTPH:
[InaBHO perynupaHe Ha 3aITbJIBAHETO;
3axpanBamio Hanpexenune 10-60V DC;
W3xomen Tok: 0-20A;
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Perynupane Ha 3ampiaBanero ot 0% 1o

100%
e UYecroTa HAa HUMIYJICHTE - B JHAMa30H
22kHz : 24.5kHz.

3a Hy)XIWTE Ha W3CIEIBAHETO C€ H3IION3BA
CHUHTe3WpaHaTa u onucaHa B (Benoscku, Asekcan-
apos, 2015) TepMOEIEKTpUUYECKa OXJIAAUTEIHA
cucrteMa (TOC). Ts ce cbCcTOM OT TEPMOEICKT-
puyecka omma U TepMOCTaTUPaH CbhJl, U3TPaseH
OT ABOMHU CTE€HU, MEXIY KOUTO € BrpaJcH Tep-
MOHU30JIALIMOHEH clIoW. B c¢haa ce pa3zuura enus-
CTBEHO Ha €CTECTBEHHAaTa KOHBEKIIMS U JIMIICBA
JONBIHUTEHA BeHTwIalms. Ha ¢ur. 2 e moka-
3aH BBHIIHUAT BHUJ Ha TEPMOEIEKTpUYECKaTa
cucrema.

®@ur. 2. TepmoenekTpuuecka OXJIaJAuTeIHa CUC-
TEMA

OcHogeH BB3en Ha TOC e TepmoenekTpuyecKaTa
[IOMIIA, B KOSATO € BrpajieH TePMOEIEKTPHUECKH
npeoOpa3yBaTen Ha eHeprus - Moyl Ha [lentue

[To BpeMe Ha ekcriepUMeHTa ca H3CIeABaHU
€KCIUIOATAllMOHHUTE M MpeoOpa3yBaTeHUTE Xa-
PaKTEepUCTUKU HA CHUHTE3MpAaHATa TEPMOEIIEKT-
pryecka nomma Ha ocHoBata Ha TEM Ha Ilentue
TECI-12712 YK-0458. Karamoxxuure DaHHUA Ha
€JIEMEHTA ca IpeACTaBeH! B Tabnuna 1, a BbHII-
HUST My BUI - Ha ¢ur. 3 ( http://wholesaler.ali-
baba.com].

Taoanma 1
Kamanoowcnu oannu na enemenm TECI1-12712
Tu | Umes | Ime | ATmax | Que | JVIUB | R
V| @A © (W) (mm) (9)
TEC1- 40x40x
12712 15,5 12 55 40,1 46 1,2

brokoBaTta cxema Ha ONUTHATa IMOCTAHOBKA €
npejcraBeHa Ha ¢ur. 3.



[=3.9=7.6A
Pervmpvem i
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Duty=>0+100%
TEII

L4

®ur. 3. biiok - cxeMa Ha OIUTHATa II0CTAaHOBKA

Pe3yaraTu u o0chKIaHE

[TpoBenenu ca penuna M3MEpBaHHSA HA TEM-
nepaTypuTe Ha CTyneHHs paauatop 7. U Ha To-
pewmus paguatop 7, Ipu pazaryueH KOe(UIIMEHT
Ha 3anbiBane — Duty = (50+100) %. Ilonydenu-
TE€ pe3yiTaTH ca MpeAcTaBeHr Tabau4deH (Taduu-
1a 2) u B rpaduyieH U Ha Gur. 4.

Tabdnuua 2. ExcrnepuMeHTaJHU Pe3ynTaTd OT
3axpanBaHetro Ha TEM c [II1M perynatop

Duty,% 100 95 90 85
Te,”C -11,9 -11 -8,7 | -7,8
Th°C 33,3 329 | 324 32
AT,’C 45,2 43,9 | 41,1 | 39,8
Duty,% 80 70 60 50
Te,”C -6,5 -4,7 2,1 0,2
Th°C 31,2 31 30,7 | 30,5
AT,’C 37,7 35,7 | 32,8 | 30,3
2
0]
-2 50 100
-4
“
< -6
= -8
-10
12 \T;
14
Duty +, %

®ur. 4. 3aBUCUMOCT Ha TeMIIepaTypara Ha CTy-
nenata crpaHa T, oT koeduIlMeHTa Ha 3aI'bJIBaHE

Duty: T.=f(Duty)

[1oCTOSHHOTOKOBHAT 3axpaHBalll H3TOYHUK
paboTH KaTo reHepaTop Ha HaINpeKeHUe, a MpH
Duty = 100% na I1IUM perynaropa, Moaysa Ha
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[TenTue ce 3axpanBa ¢ TOK /[=7,64 ¥ HampeKeHUE
U=11,8V. imeHHo nipu T€3U CTOMHOCTU HA TOKA
1 HaIPEXEHUETO CE€ TIOCTUTa MUHUMAJTHA TEMITe-

patypa Ha cryneHus paguarop 7. - Tabu. 2.

Ha ¢wur. 2.14 ¢ mokazana rpadpuyHaTa 3aBHU-
CHUMOCT Ha TeMIIepaTypara Ha CTyJeHaTa CTpaHa
T. ot xoeduirenTa Ha 3ambiBane. OT rpadukara
ce BWXKJA, Y€ CHIICCTBYBA MpPsKa 3aBUCHMOCT
MeXay aBere npomernuBu. C HaMansBaHe Ha
KoeHIIMeHTa Ha 3ambjiBaHe — 3HAYUTEIHO Ce
MOBHUIIIaBa TEMIIEpaTypara Ha CTyJeHaTa CTpaHa
Ha TEM na Ilenrue. Ilpu Duty = 50%, T, ce no-
BUIIaBa HAJ| HyJIaTa.

Heat Punlped vs. Current

Do 15 30 45 &0

I(A)

7.5 8.0

@ur. 5. Karamoxxau ganau 3a nsnoissanus TEM -
TEC1-12712 YK-0458

Ha 6a3ata Ha moyiydeHHUTE pe3ysiTaTH M KaTa-
JoXHaTa WH(OpMAIMs 32 M3MOJI3BAHUS TepMOe-
JieKTpruecku Moayn (¢ur. 5), ca HU3YUCICHU:
KoepuIMeHTa Ha mpeoOpasyBaHe (XJIaJAMITHUSL
KOe(HILMEHT) 4, KOHCyMUpaHaTa MOITHOCT W H
XJIaJMITHaTa MOIHOCT Q. HAa MojyJa 1o Gopmy-
nara:

9

77:W

Pesynratute ca npencrasenu B Tabnuma 3.



Tadauua 3. Jlanan 3a xoeduIpeHTa Ha Mpeod-
pasyBaHE # B 3aBUCHMOCT OT Koe(wuiueHTa Ha
3anbiaBane Duty

Duty,% 100 95 90 85
LA 7,6 6,9 6,6 6,2
u,v 11,8 11,8 11,8 11,8
W, W 89,7 81,4 77,9 73,2
Qc, W 15,8 15,5 15,8 16,5
n 0,18 0,19 0,2 0,23
Duty, % 80 70 60 50
LA 5,8 5,4 4,7 3,9
uv 11,8 11,8 11,8 11,8
w, W 68,4 63,7 55,5 46
Oc, W 17 16,8 14,7 12,8
n 0,25 0,26 0,27 0,28

XAaguimHUAT KOSeQHUIUEHT 7 € Hall — HUCBK
npu koeduument Ha 3ambiBaHe Duty =100%,
TBU KaTo TemmeparypHara pasnuka AT B To3u
MOMEHT € Hail — rojsiMa. U3BecTHO €, 4ye mpu

AT — AT, 10 n—0. ToBa € HOPMAJIHO, Tl

max °
kato AT~ ce mocrura mpu Q. = 0. Ilpu
AT — 0, To 5 HapacTsa.

Ha ¢ur. 6 ca mpeacTaBeHd OCHMIOTPaMH Ha

uMmiyincHata nopenuua Ha IIIMM perynatopa,
NIPY pa3inyeH KoeQHIMEeHT Ha 3arblIBaHe.

BN S.00v Ch2

Ch gl Cha Off

5.00v Ch2  Off

Amplitude

Bl 5000 Ch2 0ff
H Chl

®@ur. 6. OcuunorpamMy Ha UMIyJCHATa MOpPEIU-
na Ha LIIINM perynaropa, npu pa3nudeH Koedu-
LUEHT Ha 3ambiBane: a) Duty = 95%, 0) Duty =
90%, B) Duty = 80%, 1) Duty = 70%

3aka0ueHne

ITonyuenute pesynratu Osxa aHaTU3UPaHU U
CBIIOCTaBEHU C PE3yATaTUTE, MOJYyYEHU B Ipe-
nuuieH ekcnepuMeHt [9], B koito TEM Ha Ilen-
THe Oelle 3axpaHBaH C PETyJIHPYeM TOKOH3Ipa-
BUTEIL.

HampaBenu 0s1xa ciiefHUTE 3aKITIOUCHHS:

- Ilpu 3axpanBane Ha TEII ¢ peryaupy-

em THU:

e Haii — romsima TemmepaTypHa pa3iiMKa
AT wmexay cTyaeHaTa W ropeiiara cTpaHa Ha
TEII ce nonyyaBa npu MakCUMajleH BXOJEH TOK
I1=114;

e MunumanHa Temmneparypa B obema 7Ty
HE C€ MOCTUra Mpy MaKCHUMalHa TeMIlepaTypHa
pasnmuka AT, TBHA Karo C MOBUIIABAHETO Ha
TeMIeparypaTa Ha ropemiara crpana 1j, mopaiu
TOTTOTIPOBOJHOCT Ha KJIOHOBETE Ha TepMoelie-
MEHTUTE CE€ TIOBMINIABA M TEMIepaTypara Ha
CTyJeHaTa CTpaHa.



o  ONTUMATHUAT TOK, TIPH KOHTO CE JOCTH-
ra MUHUMajgHa TeMmmeparypa B obema Ty

e:l,, =T74.

- IIpwm 3axpanBane Ha TEII ¢ IIINUM pe-
ryJjartop:

o Haii — Bucoka e(heKTUBHOCT, MpaKTUYEC-
KM C€ ToJIy4yaBa MpU KOC(UIIMCHT HA 3aITbIBaHE
Duty = 100%. Bpripeku WHEPTHOCTTA HAa TEPMO-
EIEKTPUIECKHUIT MOAYJ W TIPOLECUTE MPOTHYA-
M B HETO, IOPH M MaJIKO TIOHWKaBaHE Ha KOe-
¢unMeHTa Ha 3aIbJIBaHE BOJIU O MOHMKaBaHE
Ha eeKTUBHOCTTa W CHOTBETHO [0 TOBHIIIABaHE
Ha TeMIlepaTypara Ha CTy/AeHara cTpaHa T, : mpu
Duty = 100%. e oTueTeHa MUHMMAaJIHA TEMIIepa-
Typa Ha cTynenata crpana 7. = -11,9 °C, a npu
Duty = 95%.,, T, =-11"C (¢ur. 4).

e OtTueTeHa € W3MOMIIEHATa TOTUTMHHA
MOIITHOCT (), TIpU pas3iuueH KoeUIHEeHT Ha 3a-
MbJIBAHE, M3YMCIIEHH ca: KOHCyMHpaHaTa oOT
TEPMOEIEKTPUIECKHsI MOIYJ MOIIHOCT — W u
XJIaIITHAS KoeunueHT - i (Tadm. 3).
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OIIPEJAEJISHE HA MAHI'AH B IIPUPO/IHA OBEKTH YPE3 HTHBEPCUOHHA
BOJITAMIIEPOMETPUA

Huxonaii 3aiines, /lendo Cranes, Becka IllnBadeBa, Kpacummpa Ctandesa,
Xpucrusenuna JXKedea, Bukropus Tpudonora, Kezpan Xacan

DETERMINATION OF MANGANESE IN NATURAL OBJECTS BY ANODIC STRIPPING
VOLTAMMETRY

Nikolay Zaitsev, Dencho Stanev, Veska Shivacheva, Hristivelina Jecheva, Viktoria Trifonova,
Kezvan Hasan, Krasimira Stancheva

ABSTRACT: The paper deals with the determination of the manganese ions content in environmental sam-
ples from the Bourgas region (drinking water, surface waters, seawater, sea lye, etc.) by anodic stripping volt-
ammetry. A methodology for analyzing manganese has been developed and the optimal conditions of the analy-
sis have been determined. The advantage of inversion voltammetry over the spectrophotometric method in the
study of manganese in complex analytical objects with ions and color solutions and high salt content has been
proved experimentally, which greatly hinders and diminishes the specificity, sensitivity and accuracy of the spec-
tral methods. Experimental results show that anodic stripping voltammetry circuit disconnection complements
the standard method and significantly increases the selectivity and sensitivity of the analyses.

Key words: anodic stripping voltammetry, manganese determination, environmental samples

BnBenenne

AxXTyalHOCTTa Ha mpoOJieMa 32 HWHBEPCHUOH-
HOTO BOJITAMIIEPOMETPHYHO OMPEJCIISTHE ChIAbP-
JKQHWETO Ha MUKPOKOJIUYECTBA MaHTaH B TIPH-
pOIHU OOEKTH Ce CBBP3Ba C OCOOCHOCTHTE Ha
MaHTaHa KaTo MPEICTABUTEN Ha TEKKUTE METAIN
U HETrOBOTO 3PaBHO-CKOJOTHYHOTO BB3ICUCT-
BHE, HEOOXOIMMOCTTAa OT CHHXPOHH3HMpaHe Ha
OBJITaPCKUTE TbPXKABHU CTAHIAPTH C E€BPOIICHC-
KOTO €KOJIOTHYHO 3aKOHOATEJICTBO IO OTHOIIIE-
HHUE ChABPKAHUETO HA TEKKH/TOKCHIHU METAJIH,
TEH/ICHIMATA 3a W3MOJI3BaHE Ha TBBPAU EIIEKT-
POJU | eNeKTPOau ¢ ThHBK Hg duam, mnpeumy-
IIeCTBATa Ha TO3U EJIEKTPOXUMHUCH METOJ TPET
CHEKTPOYOTOMETPUYHUTE METOAM, KAaKTO U
CPaBHUTEIHO HeroieMusi Opoil MmyOnuKyBaHH
pe3yiITaTH B CIICIHATH3UpaHaTa HayYyHa JINTepa-
Typa OTHOCHO WHBEPCHOHHOTO BOJTAMITEPOMET-
PHUYHO OTIPEICIISIHE Ha €IIEMEHTA.

ManranbT € TexbK MeTan (p > 5 g/cm3),
KOMTO € )KM3HEHO BaXEH MHUKPOEJIEMEHT B HEOO-
XOIMMHUTE KOJIMYECTBA M TOKCHYEH B KOHIICHT-
paluu Haja TPEACTHO AOMyCTHMHUTE. BakHOTO
(U3HOTOTUYHO JICHCTBHE HA MaHTaHA KaTo OWO-
€IIEMEHT C€ CBBP3Ba C Y4aCTHETO MYy B OKHCIIH-
TEJHO-PEAYKIIMOHHUTE MPOIECH KAaTO KO(hakTop
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Ha €H3UMH IIPH MporecuTe (HOTOCHHTE3a, JUIIa-
He, OWOCHMHTE3a Ha BBIJTIEXUAPATH, OCITBIIH,
HYKJICHHOBM KHCEJIUHH, MUTMEHTH, BHTaMUHH,
MEJIaHWH, JIONAMHWH, MAaCTHU KHCEIWHH, WHCY-
JIVH, KaKTO | 3a JIETOKCUKAIMATA Ha CBOOOJIHUTE
panukanu (CyMmepoKCHAN) B opranm3ma. Tokcu-
KOJIOTHYHOTO BB3/ICHCTBUE CE€ OTHACS MPEIUMHO
JI0 U3MEHEHUe Ha CH3MMHATa aKTUBHOCT IOPaIU
CBBP3BAHETO MYy C KUCIOPOJ, a30T U CyIpXu-
PWIHU TPYIH Ha MPOTEWHHU KAaTO MPUYHHSBA YB-
peXIaHe Ha HepBHATa CHCTEMa, IBUTATEITHHUTE
¢dbyHKIMY, 3puTenHus peduieke, oenute qpodoBe,
cinyxa. IIpu XpoHWYHA EKCHO3WIMS Ha BHCOKHU
HMBa Ha MaHraH HACTHIIBA HEBPOJOTHYEH CHH]I-
pOM, Hape4YeH MaHTaHU3bM, CBBP3aH C yBpeXKaa-
HE Ha pa3IWYHM YacTW Ha Mo3bka. ETo 3amio e
0T 0COOCHO 3HAUYEHHUE ChIBP)KAHUETO Ha MAaHTaH
B OKOJIHaTa cpefa.

[IpuunHNTEe 32 3aMbpcsBaHe C MaHTaH Ipe-
TUMHO Ha BOJWUTE Ca HaJIMYME Ha MAHTaHOBU Ha-
XOJMIA TJABHO HHUPOIY3HUT, IMO-BUCOKOTO Cb-
IbpKaHWE HAa MaHTaH B TOYBHTE, W3MOJI3BAHETO
HA MaHTaH B aKyMyJaTOpHU OaTepuu 3a MOOWII-
HU TeneOHH, KaTO KaTaau3aTop, CIUIaBH, MUK-
pomobaBka B XpaHH, TOPOBE, MHUTMEHTHU OOH,
Oensunu (mog Qopmara Ha METHIILIUKIIOICHTA-
JTUCHWJI MaHTaHOB TPHUKApOOHWI), OKCHKEHHHU



3aBapKH U Jp. MaHTaHBT TPYIHO CE MpeMaxBa OT
3aMbPCEHH BOJX MPETUMHO Ype3 aJICOPOIMOHHH,
yTaeyHH U Ap. IPOLECH.

Llen Ha wn3cneaBaHETO € HWHBEPCHOHHO BO-
JNITAMIIEPOMETPHYHO OIIPEIEIsTHE ChIbpXKa-
HUETO Ha HOHWTE HAa MaHTaH B MPUPOIHHU OOCKTH
oT bypracku peruoH — NOUTEHHH BOAM, TIO-
BBPXHOCTHHU BOJIH, MOPCKa BOJIA, JIyTa U JIp.

ExcnepumeHnTanna yacr

W360pbT Ha MeTOma MHBEPCHOHHA BOJITaM-
MepoMeTpusl 3a M3CJeBaHE HA MaHTaH B MpH-
pOIHHM OOEKTH Ce ONpeneNs OT HeroBara BHCOKa
qyBCTBHUTEJIHOCT IPH JOCTaTh4HA TOYHOCT, JOO-
pa BB3MPOU3BOANMOCT, CEJICKTHBHOCT, OBbP3HHA,
HHCKa cebecToiHOCT, 0e30IacHo M JIECHO 00cC-
JMyXXBaHE Ha amapaTypaTa, IIMPOKH O0JIacTH Ha
NPWIOXKEHHE, aBTOMAaTHU3UPaHE HAa XUMHYHHS
aHaJM3 ¥ M3II0JI3BaHEe Ha CHBPEMEHHO CIICIHAIIH-
3UPaHO MPOTPAMHO OCUTYpsiBaHE C yJOOE€H WH-
Tepdelic, MO3BONABAILIO ABTOMATHYHO PErUCTPU-
paHe aHaTUTUYHUSI CHTHAJ, CpaBHSBaHE ILIOIIHU-
T€ Ha CHOTBETHUTE MUKOBE W M3YMCIISIBAHE KOH-
LEHTpauusiTa Ha OIpPENEISIHUTE €JIEMEHTH IpH
ChbXpaHjIBaHE Ha eMIMPUYHATa UH(POpMALHS.

AHanu3bT Ha CHCNMANIM3MpaHaTa Hay4yHa JIU-
TepaTypa OTHOCHO BOJITAMIIEPOMETPHYHOTO OIl-
penensHe Ha MaHraH pasKpuBa pexuna ocole-
HOCTH, CBBP3aHH C €JIEKTPOXUMHYHOTO IOBE/Ie-
HUE Ha MaHTaHa, KOETO Ce OIpeneis OT pa3ind-
HUTE (POPMH Ha MPHUCHCTBHE Ha enemeHTa [1-8].
B®B BOAHUM pa3TBOpHU Ha )KMBAYEH €JIEKTPOA Ho-
uute Mn(Il) ce pegynupar ¢ o6pasyBaHe Ha He-
oOpaTtuma BbJIHA, YMHTO MOTEHLHAN C€ HaMupa
Mexay -1,5 u -1,6 Bonta. B xucenu pa3rBopu Ha
OTIpEIeNIEHUETO MPEYN OTACISAIIHUAT CE BOAOPO/I.
3a ompenensHe Ha CIEeIU OT MaHTaH MOCPEACT-
BOM WHBEPCHOHHA BOJTAMIIEPOMETPUS CE€ M3-
10JI3Ba IIPOIIECHT HA KOHIIEHTPHUpaHe (OTIaraHe)
BBB BHJ Ha MeTajl (aMajiraMupaH C >XKUBaK) H
aHOAHO pa3TBapsHE (aHOAHA WHBEPCHOHHA BOJ-
TaMIIEPOMETPHS]).

Mn*" + 2e + Hg — Mn(Hg)

PengykumoHHHAT mpolec ce H3BBpIIBA Ha
CTaLlMOHAPEH KXUBAUYeH eNEKTpol B objacTTa OT
-1,6 1o -1,9 BonTta. Buabt Ha (OHOBHUS pa3TBOP
MOJXE Jla M3MECTH Ta3u 00JiacT B OIpejelieHa
nocoka. I'pagyupoBbyHaTa KpHBa € JIMHEHHa 3a
HUCKHM KOHIICHTpAIIMM HAa MaHTaH TIOpajgu Mall-
Kara pa3TBOPUMOCT Ha MaHTaHa B YKUBaka (IIpH
temnepatypa 20 °C e 0,0018 mac.% wm 0,0066
at.%, a koepurueHTsT Ha mupysus D' e
1,84.105 cm’s"). TpymHOCTTa Ha ONpeeIsHE
Ha MaHTaH ce omnpesens oT (akTa, 4e MpeBapu-

102

TEJTHOTO OTJaraHe Ha KUBAYHUS (QHIM BBPXY
paboOTHHS €IEeKTPOI ce M3BBPIIBA B a30THOKHICE-
Ja cpeda, JOKATO BhJIHATA Ha OKHCJICHHE Ha
manrana B 0,1 N HNO; ce mackupa oT aHOgHUS
TOK Ha ()OHA, 3aTOBA OIPENEICHNETO HAa MaHTaH
He TpsiOBa J1a ce MPOBEX/Ia B CHITHO a30THOKHCE-
na cpena. ToBa Hajlara KOMIIPOMUCHO PEIICHUE,
CBBP3aHO C TMPEXBBPISHE Ha €NeKTpoja B pas-
JUYHU Pa3TBOPH NpH pasznndHo pH 3a paznuanan-
TE €Taly Ha aHAJTUTUYHOTO ompezesicHue (oopa-
3yBaHE Ha JKMBa4yeH (WIM U KOHIICHTPHpaHE Ha
MaHTaHa 1oJ1 hpopMaTa Ha amanrama).

Anapamypa

AHanmm3pT Ha MUKpokonmdectBa (mox 0,1 pg)
MaHTaH € W3BBPILICH C MOMOINTa Ha CHBPEMEH-
HEH MHOIO(YHKIMOHAJICH  €JICKTPOXUMHUCH
KoMIuTeKC MIHBEpCHOHEH BONTaMIepoMeTsp (Imo-
nsporpad) ,,ExkorectT-BA”, cHabmeH ¢ MomepeH
MHUKPOTIPOLIECOP U CHBPEMEHHO CIIeUATU3UPAHO
MPOTPaMHO OCHUTYpsBaHE C ynoOeH HHTepdeiic.
M3uncnsaBaHeTo Ha KOHIEHTpPAIMATA Ha OIpese-
JSHUS ~ KOMIIOHEHT MOXE Ja C€ MpOBEIE IO
pa3u4Hu MeToau (TI0 METoJa Ha eHa, IBE WM
TpU N0OAaBKM HA CTaHJAPTHU Pa3TBOPH, IIO Me-
TOJa HA CPaBHEHHETO, IO TpagyHpaHa rpaduka
WJIH 10 TIPOU3BOJIHA (hopMyIIa).

®urypa 1. BoHIileH BUA Ha amapaTtypa, ChC-
TOSII[A C€ OT WHBEPCHOHEH BOJITaMIIEPOMETHD
»EKoTecT — BA” u kxoMmoTBp ¢ pabOTHA MpOor-
pama.
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®@urypa 2. Boaiien Bug (A) n paboTHa MOBBpPX-
Hoct (b)
1- paboTeH CTHKIOBBIIIEPOEH EIEKTPO
2- crnomarartelieH MUpOorpauTeH eNeKTPO]



3- KiIr09 Ha CpeOBPHOXIIOPUICH CPABHUTE-JICH EJICK-
TpOnI

4- CTBKIICH KOPITYC Ha AaTYUKa

5 1 6 - TepITIOHOBH N30JIAITMOHHH MTPHCTCHH.

B xonma Ha ompeneneHHETO BHPXY MOBBPX-
HOCTTa Ha PabOTHUS €NEKTPOJI Ce oTIara >KUBaK
THHBK QWM 3—5 um dpe3 eIeKTpoIn3a IpeIBa-
PHUTEITHO in situ-Ha MACTO, T. €. HETIOCPEIACTBEHO
B aHaJNM3UpaHHUS Pa3TBOp. MaHTaHOBUTE HOHH
Ce peAyLHpar eIeKTPOIU3HO U Ce KOHLIEHTPHPAT
BBHB BUJ Ha METall, aMaJiTaMHUpaH C )KUBaK BbPXY
paboTHus enekTpos B obmacrra -1,5 mo -1,6 BoJI-
ta mpu ¢oHoB enektpoautr 0,IM NaHCO;
(pH=5—6). B pe3ynrtar Ha cienBamo aHOIHO
pasTBapsiHe BLPXY BOJTaMIleporpaMara ce pe-
TUCTpUpAT UHBEPCHUOHHU IIHMKOBE, I10 KOUTO CE
CHIIM 332 KOHIEHTPALMUATA HA ONpPEACISTHUS eJie-
MEHT.

Peazenmu u pasmeopu

3a aHANTUTHYHOTO OMPE/CISHE HA MAaHTaH Ce
W3MOJ3BAT PEAKTUBH C KBATH(DUKAIKS ,,9UCTH 32
aHanau3”, a pa3TBOPUTE Ca IMPHUTOTBEHU C YITpa-
4KcTa BOJA.

-u3xoneH paszrBop Ha Hg(NOs), ¢ koHIeH-
Tpauus 5 g/dm’ 8 0,1 M HNO; (u3x01H0 Bemiec-
TBO Hg(NO3)2H20)

-paboten pastBop Ha Hg®" ¢ KoHIEHTpamms 5
mg/dm’ (paspexaHe Ha M3XOIHHS Pa3TBOP 5
g/dm’ 1:1000). TIpuroTBs ce upe3 paspexjaHe
Ha 1 cm’ pastBop ¢ KoHmenTpauus 5 g/dm’ 1o
1000 cm’ B 0,1 M HNO;.

-paboTen pastBop Ha Hg’" ¢ KoHuEHTpaums
100 pg/dm’ wm 0,1mg/dm’ (paspexnmane Ha
pastBop 5 mg/dm’ 1:50). IIpuroTss ce B neHs Ha
M3CIIe/BAHE Upe3 paspexiaHe Ha 1 cm’ pasTBOp
¢ KoHmenTpauus 5 mg/dm’ go 50 cm’ B 0,1 M
HNO;.

-u3x0/1eH pa3tBop Ha Mn" 5 g/dm’ (m3xoaHO
BeriectBo Mn(NOs),-4H,0).

-paboTeH pa3TtBOp Ha Mn®’ ¢ KOHIEHTpAIHS 5
mg/dm’ (paspexiane Ha H3XOIHHS Pa3TBOP 3
g/dm’ 1:1000). ITpuroTes ce upes paspexiaHe
Ha 1 cm’ pastBop ¢ KoHmenTpauust 5 g/dm’ o
1000 cm’ B 0,1 M NaHCO:;.

-paGoTen pa3TBOp Ha Mn’" ¢ KOHIEHTpalus
100 pg/dm’ wim 0,1 mg/dm’ (paspexaane Ha
pastBop 5 mg/dm’ 1:50). IIpuroTss ce B neHs Ha
W3CiIe/BaHe upe3 paspexiane Ha 1 cm’ pa3TBop
¢ KoHueHTpamus 5 mg/dm’® 1o 50 cm’ B 0,1 M
NaHCO3.

-paztBop Ha NaHCO; ¢ xommenrtparus 0,1
mol/dm® (dow).

-KOHIIEHTpHUpaH pa3TBop Ha Na,SOs.
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3a MpUrOTBSHE HAa BCHYKH Pa3TBOPH CE H3-
Moj3Ba  amapar 3a yiaTpaurcta Boja Purelab
Classic Elga.

Memoouka 3a ananu3 Ha MaHzau

Pazpaborena e meTonuka 3a aHanu3 Ha MaH-
raH B MPUPOAHU 00EKTH (UTEHHU BOAHM, TOBBP-
XHOCTHHU BOJU, MOPCKH BOJM, JIyTa) Ype3 Mpuia-
raHe Ha eJeKTPOXMMHUYHUSA METOJ WHBEPCHOHHA
BoJITamIriepoMeTpust. MI3BbpIiieHo e u3cneaBane u
YTOUHSIBAaHE Ha ONTHUMAIHHUTE YCJOBHUS 3a IpPO-
BEXJIaHE Ha BOJTAMIIEPOMETPUYHHUS aHAIN3 32
ChIbp)KaHHE Ha MHKPOKOJIMYECTBA MAaHraH-
BpeMe 3a HaTpyIBaHE Ha XHBayeH (QUIM BBPXY
pabotHus enekTpon (300 sec), KOHIIEHTpAITHI Ha
xuBak (100 pg/dm®), ckopocT Ha M3MeHeHHe Ha
noreHimaia (100 mV/s), moTeHnuan Ha HATpyI-
BaHE HA MaHTaH BHPXY kuBauHus Gumm (—1600
mV), koHuenTpauus Ha Mn®* (100 pg/dm?).

AHaMU3bT ce MPOBEKIA B CIIEHATA TTOCIIEN0-
BaTEITHOCT:

-IIpoGoB3emMane © MPOOOIIOATOTOBKA  TIO
ctannaptHa metoauka Ha BJIC.

-[TonrotoBka Ha mnpubopa, ENEKTPOAUTE U
pas3TBOpHTE.

-IIpoBepka Ha €IEKTPOXMMHUYHATA KIIETKA.

-YcraHoBsiBaHEe Ha Pa0OTEH PEKUM- aMILIU-
TyJa Ha M3MEHSIIOTO CE MOJISPU3UPALIO0 Harpe-
KEHHE, HaYaJIHO HalpeXeHHe, CKOPOCT Ha U3Me-
HEHHE Ha MOJISPU3UPAIIOTO HAMPEKEHHUE, TYBCT-
BUTEITHOCT W JIp. TapaMeTpu. UyBCTBUTETHOCTTA
ce n3bupa npu noreHuyanl, no-roiasim or  0,2V.

-MlHBEpCHOHHO  BONTAMIIEPOMETPUYHO  H3-
MepBaHe Ha MPOOHTE.

[IbpBOTO M3MeEpBaHE € EIEKTPOXUMHUYHO
OYHNCTBaHE Ha pabOTHUS €JEKTPOJ, NPU OIpere-
JICHU TIOJIOXKUTEITHH MOTEHIHANN (M3BBPILBA CE B
pastBop Ha 0,1 M HNO; 3a Bpeme ot 200-300
cekyanu 1ipu 100 mV).

Broporo m3MepBaHe € oOTjaraHe ¢ BHCOKa
CKOPOCT TIpU MPeIBAPUTEITHO MOA0paHH OTpHUIA-
TEJIHM TIOTEHLMAJIM Ha )XMBa4yeH puiam, HeoOXo-
UM 3a MO-HATaTBIIHM ONpeJesieHus (M3BbPIIBaA
ce B pastBop Ha 100 pg/dm’ Hg*" B 0,1 M HNO,
3a BpeMe 150 s B yclI0BuUSI Ha KOHBEKIIUS).

TpetoTo m3MepBane € MoAOOp Ha YCIIOBHS,
IIPH KOUTO MaHTaHBT C€ pa3TBapsi aHOJHO ¢ 00-
pa3yBaHETO Ha OINpeJeIeH MHBEPCUOHHH  IIH-
KOBE, I10 KOUTO C€ ChJIM 33 HETOBaTa KOHIIEHTpa-
nus. M3MepBaHeTo ce M3BBPIIBA B Pa3TBOP OT
20,00 cm’ mpo6a, 1 cm’ donos exexrpomur 0,1
N NaHCO; wu 0,1 cm’ KOHII. pa3TBop Na,SO;
(penyxumonna cpena) 3a ome 150 cekyHaun c¢
men oOpa3yBaHe Ha aMajraMa MeEXIy JKWBaka U
penynupanusi MaHrad. [IpexBbpIsSHETO Ha eleK-



TpOAa B CBHOTBETHUTE EJIEKTPOIU3HU KIIETKU
TpssOBa 11a ce U3BHpIIBA 0€3 NPEeKbCBAHE HA
enexkTpuieckata Bepura. Ciell n3THUaHEe Ha 3a-
naneHoto Bpeme oT 300 cex u cnupaHe Ha KOH-
BEKLUATA B PEXHUM Ha JIMHEHHO MPOMEHSAII ce
moTeHIan ¢bc ckopoct 50-100 mV/s 3amousa
MPOLECHT HA aHOJHO pa3TBapsHE.

- Peructpupane Ha BOJTaMIEPOMETPHUYHHUTE
KPHBH.

- BpBexkaane Ha cTaHAapTHU 100aBKH OT pa-
6oTeH pastBop Ha Mn”" ¢ konuenTpammst 100 pg/
dm’. OnmuThT MOXKE Ha ce MpOBEAe C HIKOIKO
CTaHAAPTHUA A00aBKH, YMHTO 00EM M KOHIIEHT-
paums ce onpeAessT eKCIepUMEHTAIHO 3a BCIKa
po0a, Taka 4e BUCOUMHATA HAa aHAJUTUYHUS ITHK
¢ nobaBka na ce yBenuun 1,5-3 bTH Mpu 3HaYe-
HU Ha mapamatpute. OOmUAT 00eM Ha BCHUYKH
pa3TBOpH 100aBEHU B E€JIEKTPOXMMHUYHATA KIIET-
Ka, He Tps10Ba Aa npesuiuasa 10% ot obema.

- Perucrpupane Ha HMHBEPCHOHHHM BOJITAM-
MEeporpaMu ¢ TOOABKUTE B aBTOMATHYEH PEIKUM
C BB3MOJKHOCT 32 PbYHA KOPEKIIHSL.

- AHanmu3 u 00paboTKa Ha MOJAPOrpaMUTE,
W3YHCIISIBAaHE KOHLIEHTPANUATA HA MaHTaH.

[Ipu n3BBpLIBaHE Ha ONMpPEAEISIHETO C€ CHa3-
BaT M3WCKBaHUsTA 3a Oe3omacHa paboTa ¢ Ku-
BaYHU 1 MAHTaHOBU ChEIWHECHUSI.

AHaMM3bT ce MPOBEXK/A NPH CICTHUTE Tapa-
METpU: MOTEHUHMaN Ha nuka 3a Manran —1500
mV, amana3zoH Ha Toka 2+200 pA, Bpeme Ha
CJIEKTPOXUMHUYHOTO OYMCTBAHE Ha EJIEKTPoja
300 s, BpeMe 3a HaTpyIBaHE Ha OMNpEICIsIEeMUTE
eneMeHTH Bbpxy enekrpona € 300+600 s mpu
CKOpPOCT Ha HM3MeHeHue Ha morteHmuaina: 50-100
mV/s, xoHneHTpanuoneH uarepsan 0,5— 20 ug
Mn/dm’®, otkpuBaem mMurEMym 0,1 pg/dm’, or-
HocutenHa rpemka 10%.

Pe3syaraTu u quckycust

Onpe/iensHeTo HAa KOHIEHTpauaTa Ha Mn”"
W3UCKBA CEpHs CTAHAAPTHU PAa3TBOPU, UYHHTO
ChCTaB MaKCHMaJHO ce N00JIMKaBa J0 ChCTaBa
Ha aHaJIM3UpPaHUA pa3TBOP, KAaTO YCJIOBHATA Ha
perucTpanysi Ha MMKOBETE HA CTAaHAAPTHUTE pa3-
TBOPH W Ha aHAJM3UpaHUs Pa3TBOp TpsiOBa na ca
€/IHAKBU. 3a IIeNITa ce M3IO0J3Ba Cepusl CTaHIap-
THU pa3TBOPH Ha MaHraH ¢ obemu c¢ odem 1,00,
2,00, 3,00, 4,00 crn3, KOUTO C€ NPUOaBAT KbM
npo6a ¢ o6em 20,00 cm’ Mn** pg/dm’ umn ppb.
KonneHTpanuara Ha MOJYyYEHUTE pa3TBOPU €
crotBetHo 0,1000, 0,2000, 0,3000, 0,4000 Mn**
pg/em’. Te ce aHANM3MPAT CHOOPA3HO METOIHU-
KaTa, a pEruCTpupaHuTe BOJTAMIICPHU 3aBUCH-
MOCTH Ca MpeACcTaBeHu Ha ¢ur.3.
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®urypa 3. 3aBUCUMOCT Ha AaHAIUTUYHHS CUTHAJ
OT KOHIICHTpAIUsITa Ha Mn?"

Jluann BBB BB3XOAAUI pex: 1) mefioHmM3mpaHa Bo-
m, 2) 0,1 N HNO;, 3)100 pg/dm’ Hg”
4) 1cm*100 pg/dm® Mn*', 5) 2em® 100 pg/dm*Mn*,
6) 32cm3 100 pg/dm’® Mn*", 7) 4cm*100 pg/dm’
Mn*".

W3mecTBaHeTO HA MUKAa HA MaHTaHa B TIOCOKA
Ha TIOJOXHTEITHU CTOMHOCTH Ha MOTEHIIMANA
MOXke Ja Obae OOSCHEHO ¢ BIUSHHETO Ha
KOHIICHTpAIHATa Ha OCTaHAJIUTE HOHU B TIpobaTa
(MaTpuIia), KOETO € OCOOCHO H3pa3eHO NpHU
MpOOHTE OT JyTa.

JIuncara Ha NUKOBE B IIBbPBUTC ABC JIMHHUU
03HayaBa, ye IeHOHU3UpaHaTa BOJa U Pa3TBOPHT
HA a30THA KHCEJMHA HE ca OHeuncTeHH ¢ Mn’
HOHHU M ca MOJXOJAIIM 33 U3IOJ3BAHE MPH aHa-
nmu3a. EmMnupuunuTte maHHu ce oOpaboTBar Ma-
TEMAaTUYCCKH, KaTO I“pa(i)I/I‘IHOTO IMPpEACTaBAHE Ha
CUTHAJIA 32 CTaHJapTHATA CEepHs 32 MaHTaH UMa
BHJIa, TOCOYCH Ha Qur. 4.
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®@urypa 4. Kammbpupama rpaduka Ha

CTaH/JapTHa  cepusi 32  BOJTAMIIEPOMETPUYHO

OIPCACIIAHC HA MaHT'aH

Y- roJIeMMHa Ha TOKa i, ]J.A, OTYCTCHA I10 BOJITaM-
neporpamara

C-xonuentpamus Ha Mn”', ug /dm’

R%- Kopenanus.

OnurtHO oOmpejeneHarta KOHIIGHTpAlus Ha
MaHraH B CEpusiTa CTaHIAPTHH Pa3TBOPH CE H3-
yucisiBa o popmynata: Cx = (y—6,2)/270.



CpenmHara CTOHHOCT Ha  OTHOCHTEIHATA
rpemka e 9,6125%. Ilomyuenwte nmaHHU
WIFOCTPUPAT TOYHOCTTA HA MPOBEIICHUS aHAJIH3.

Pe3ynmamu om u3cnedeamno cuvowvpicanue
Ha MAHZAH 8 MOPCKA Jiy2a

W3BbpiieHO € aHaTUTUYHO OMpeessiHe Ha 8
mpoOH, KaTo BOJITAMIICPOMETPUIHUTE KPUBH Ca
MpeaCTaBeHu Ha (ur. 5.

MKA

-1800 -1 600 -1400 -1 200 -1 000 -B800 -600
mB

-400 -200 0 200 400 600

®durypa 5. Borramneporpama Ha mpoba 0T Mopc-
Ka nyra, obem 10 cm’

Jlunuu BBB BB3xOAsML pea: 1) ¢ou 0,1 N HNO;,
2) 100 pg/dm® Hg**, 3) mpo6a 6e3 nobaska, 4) npoba
¢ no6aska 5 cm’ 100 pg/dm® Mn", 5) mpo6a ¢ BrOpa
craHmapTHa g06aeka 10 cm’100 pg/dm’ Mn®",

Nzuncnenusita ca U3BBPIICHHA MO0 Memooa Ha
cmanoapmume 10 popMysara:
Cx = Ccm.hx/hcm, KbIETO:
Cx - KOHLIGHTpalus Ha aHAIU3UPAHUS PA3TBOP,
Ccm - KOHIIEHTpallKs Ha CTaHAApTHUS Pa3TBOD;
hx - BUCOYMHA Ha BBJIHATA HAa aHAJIM3UPAHHSI
pas3TBoD;
hcm - BACOUMHA Ha BBJIHATA HA CTaHAAPTHHA
pas3TBop.

Wzuncnenata cTOWHOCT 3a KOHLEHTpauUusTa
HA MaHraH B poba ot ayra e 0,33 pg/em’.

Ilpu oTunTaHe Ha JBOMHOTO pa3pexaHE Ha
npobara (ot 10,00 1o 20,00 cm’) ce monydasa
KOHIIEHTpalisl Ha MaHraH B Mopcka syra 0,66
pg/em’  wim 666,7 pg/dm’ mpm oTHOCHTETHO
craHgapTtHo oTkioHeHwe S =15%. Ta3u croii-
HOCT Kopemupa ¢ pesynratu (810 pg/dm’) or
M3CIIEIBAHMATA HA MEJUIMHCKA JIyTa, IPOBEICHH
MO CXOJ{HA METOJIMKA C WJICHTUYHO anapaTrypHO
odopmieHHEe Ha METoJla HWHBEPCHOHHATa BOJI-
TaMIIEpOMETPHs pOOOTH3UPaH BapuaHt [3].

Pezynmamu om uscnedeano cwvowvpircanue
HA MAH2AH 8 MOPCKA 6004
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AHanmusupanu ca 3 mpoOu MOpcKa Boja, Ka-
TO BOJITAMIIEPOMETPUYHUTE KPHBH ca MpeiCTa-
BEHU Ha ur. 6.

MEA
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mB
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®durypa 6. Bonramneporpama Ha npoba Mopcka
BoJa ¢ obem 20 cm’

JIuuuu BBB BB3X0Am pex: 1) 100 pg/dm’® Hg™',
2) mpoba 6e3 nobaBka, 3) mpoba ¢ qobaBka 5 cm’
100pg/dm® Mn*', 4) npo6a ¢ Bropa craHmapTHa 10-
6aska 10 cm® 100 pg/dm® Mn*"

EMnupu4HO onpezeneHa cpeiHa CTOWHOCT 3a
MaHraH B Mopcka Boza e 24,39 pg/dm’ npu ot-
HOCHTEITHO CTaHAAapTHO OTKiIoHeHue S,=17%.
IMony4yeHusT pe3ynrar ce A00IMKaBa J0 OT U3C-
JeiBaHKsATA Ha MOpcKa Boza (25,0 pg/dm’), mpo-
BEJICHU TI0 CXOJIHA METOJUKA C MJICHTUYHO ara-
patypHO OQOpMIICHHE HA METO/Ia WHBEPCHOHHA-
Ta BOJTaMIEpOMETpUs pOOOTHU3MpPaH BapUaHT
[3]. TIK 3a manran cweriacHo Hapenba Ne8 3a
Kkpait6pesxun Boau e 0,01mg/ecm’ (10 pg/dm’).

Pesynratute OT HM3CIENBAHOTO ChIBbpPIKAHUE
HAa MaHTaH B 4YeNIMsHA BOJa HE I[OKa3Bar
perucTpupaHe Ha KpHBH Oe3 KOHIICHTPUpPAHE Ha
npooute. Cle/0BaTeTHO KOHIICHTpAIUITA Ha
MaHraHa B YeNIMsHAa BOJA € IOJl OTKPUBAEMHS
muauMym 0,1  pg/dm’ npm  orHocuTenHa
rpemka 10% M € moJ HOPMATUBHO OIIpene-
nenata. CropeJ; eBponeiHcKUTe N3NCKBAHMUS, Ch-
Jbp)KaHUETO HAa MAHTaH B MMUTCHHUTE BOJH CIIE]
mpeyrcTBaHe U oOe33apa3siBaHe TpsAOBa Ja € Io-
Hucko ot 0.05 mg/dm’.

Jlomycka ce KOJTU4IeCTBOTO HA MaHTaH J1a Ob-
e 10 0,2 mg/dm’, npu ycnosue, ge 061OTO UM
KOJIMYECTBO C JKelmsa30To He Hajasumasa 0,3
mg/dm’. Criopexr C30 1984 TTJIK 3a manran e
0,1 mg/dm’. OcbBpeMeHeHaTa CTOMHOCT € 3aHH-
xena 0,05 mg/dm’ ciopen European council di-
rective 98/83/EC of 3 november 1998 on the



quality of water intended for human consumma-
tion.

[TonyuenuTe pe3ynraTd OT WHBEPCHOHHOTO
BOJITAMIIEPOMETPUYHO M3CIICIBAHE HA ChIbpiKa-
HUETO Ha MUKPOKOJIHYECTBA MaHTaH B MPUPOTHH
00eKTH 0T Bypracku pervoH ca CpaBHEHH ChC
cnektpodporomerpuyan  meromu 1o BJIC.
CraHmapThT ce oTHAcS 3a (JOTOMETPUUICH METO
3a OMNpeJeNisHe CBhABPKAHUETO HAa MAaHTaH B
MOBBPXHOCTHH, TMOA3EMHH M OTIAABYHUA BOJIH.
MeroapT ce OCHOBaBa Ha KOJIMYECTBEHOTO
OKHCJISIBaHE ¢ Tiepcyndar Ha MaHTaHOBHTE WOHU
B a30THO KHcCela cpela, B MPUCHCTBHE Ha
KaTaJMUTUYHO JeiicTBalM CpeObpHH HOHM 10
repMaHTaHaTHu Horn. CBeTaMHHATa abcopOIus
Ha MOJIyYCHOTO IIBETHO ChCJAMHEHHE CE M3MEpBa
CbC CIEKTPOPOTOMETHP TPH A 525 nm.
MetoasT ce  mpwiara 3a  ONpeeisHe
chAbpkaHueTo Ha manrad ot 0, 05 mo 10, O
mg/dm’ B Hepa3peneHa mpoba. 3a ONpeneNnsHeTo
Ha MaHraH B KOHIEHTpauus mno-mMaiku 0,05
mg/dm’ mpobata oT wW3CcIeaBaHATA BOJA CE
KOHIIGHTpUpa 4pe3 wu3mapsBane. llocTpoeHa e
KanuOpupaia rpapuka Ha CTaHAApTHA Cepus
mpu A =525 nm.

y=0,2167x - 0,4667
R?=0,9883

A.10-3

—4—C [mg/dm3]

——Linear (C
mg/dm3]

05

C, mg/dm3

®urypa 7. Kanubpupamia rpadurka Ha craHIapTHa
cepust 3a CIIeKTpO(HOTOMETPUYHO ONpeessiHe Ha Mn

Pesyntatute OT CHEKTPOPOTOMETPUUHOTO
olpejieNieHre Ha MaHTaH B U3CJICJABAHUTE MPOOU
OT IPUPOAHH OOEKTH ca MPEJACTaBEeHU B TaOJIH-
4eH Bu/I (Tabi. 1).

IMonydyeHuTe pe3ynTaTd MOKa3BaT, Y€ ChIb-
pKaHMETO Ha MaHraH B HM3BOpHA Bojaa JleBuH
OTroBaps Ha MHUHEPATHHS ChCTaB, MOCOYCH OT
npomssoutens (0.01 mg/dm® wm 10 pg/dm® ).
YenmsiHaTa BOJIa ce JOOJMKABA TI0 ChIbpKaHUE
Ha MaHrad jo0 nectwimpanata Boga 0,109
pg/dm’. Cropen Hapenba 9 3a kauecTBOTO Ha
BOJIaTa, MpeJHAa3HAYCHA 33 MUTCHHO-OUTOBH Ie-
U CHIBP)KAHUETO HAa MaHTaH ce ONpesens C

tounoct 10%, mpermsHoct 10% wu rpanuna Ha
otkpusane 10 %.

Ta6muma 1. Pesynratu ot cmektpodoTome-
TPUYHO OIpPE/CIITHE HA MAHTaH B IPUPOJTHU OOCKTH

C AbcopOuus
IIpoba [ug/dm3] A=1525 nm
Yemmsua Boaa, 1000/50
M, KoHueHTpupane 1:20 | 0,109 0.00503
Jlect.Boaa 1000/50 cm®
KOHIIeHTpupare 1:20 0,104 0.00261
Esepua Boa, 500/50 cm®
KOoHIIeHTpupare 1:10 0,210 0.00900
M3BopHa Bona [leBun
1000/50 e’
KOoHIIeHTpupane 1:20 0,116 0.05751
Mopcka Boza, 100/50 cm”
KOHIIeHTpupaxe 1:2 1,114 0.03637
Mopcka nyra,
20,00/50,00cm’
paszpexnane 1:2,5 5,40 0.02398
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ChabpkaHHETO HA MAaHTaH B e3epHa Boja (e3.
Mannpa) € IBOMHO 3aBHUIICHO CIPSIMO MUTEHHU-
Te BOJAM M jecThiupaHaTa Boaa 0,210 pg/dm’ u
OTroBaps Ha HOPMATUBHHUTE W3UCKBAHUS ChI-
nacHo Hapen6a Ne 12 ot 18.06.2002 r. 3a kauec-
TBCHUTC H3HUCKBAHUA KbM INOBBPXHOCTHU BOJU,
MpeIHa3HAYeHN 3a MUTEHHO-OMTOBO BOJIOCHAO-
JsBaHe 3a kareropus Al (mpemopbuHTENHATA
HopMa 3a mManran e 0,05 mg/l, T.e. 50 pg/dm’).

ChabpKaHHETO Ha MaHraH B MOpPCKa BOJa,
ompezeneHo crnekrpodoromerpuuno e 1,114
ng/dm’, koero e mox ITJIK 3a MaHraH ChIiIacHO
Hapemba  Ne8  3a  kpailOpe:kHU  BOJIM
0,01mg/cm’=10 pg/dm’.

PesyntarhT 3a chAbpXKaHWE HA MaHTaH B
Mopcka Jiyra e 5,40 pg/dm’.

N3Boan

Pa3paboreHa e MeTojMKa 3a aHANM3 Ha MaH-
raH B NPHUPOJHM OOEKTH (NMUTEHHH BOIH, IIO-
BBPXHOCTHH BOJM, MOPCKH BOJH, JIyra) upe3
npuiaraHe Ha eJIeKTPOXHMHUYHUS METOJ MHBEp-
CHOHHA BOJITAMIIEPOMETPHSI.

W3BbplIeHO € M3clieiBaHe W YTOYHSBAaHE Ha
ONITUMAJTHHUTE YCIIOBHS 33 MPOBEXKIaHE HA BOJT-
aMIIepOMETPUYHUS aHANIM3 3a ChIbpIKaHUE Ha
MHUKPOKOJIMUECTBA MaHTaH - BpEME 3a HaTpyll-
BaHE Ha )XMBaueH (MM BBpPXY paOOTHUS €JIeKT-
pox (300 sec), konmeHTparmus Ha xuBak (100
pg/dm’), ckopocT Ha M3MeHeHHe Ha TOTEHIHANA
(100 mV/s), moTeHMan Ha HaTpylBaHE HAa MaH-
raH Bepxy xuBaunus ¢puwiM (-1600 mV); koH-
nentpamus #Ha Mn®* (100 pg/dm’).




JanauTe, MoTyYeHN MU MIpUIaraHe Ha JBaTa
METOJla WHBEPCHOHHA BOJTAMIIEPOMETPUS H
criekTpooToMeTpHs ca OJIM3KH MO CTOMHOCT 32
MUTCHHU U TTIOBBPXHOCTHH BOJU, HO 3HAYUTEITHO
Ce pa3jnyaBaT MMpH CIOXKHHA aHATTUTHYHU OOCKTH
KaTo MOpCKa JIyra, MOPCKa BOZa, MOPaand BHCO-
KOTO UM COJICBO ChIIbpIKaHHE.

ExcriepuMeHTalHO € J0Ka3aHO IIpeuMy-
IECTBOTO HAa WHBEPCHOHHATa BOJITaMIIEPO-
METpUS CHPSMO CHEKTPOYOTOMETPUIHUS METOJ
MpH U3CJICIBAaHEC Ha MaHTaH B CJIO)KHU aHAJU-
THYHA 00EKTH C WOHW W IBETHH Pa3TBOPH U BU-
COKO COJIEBO CBHABPXKAHUE, KOETO 3HAYM-TETHO
3aTpyJHsIBa U HaMalsiBa crenu(uy-HOCTTa, YyB-
CTBUTEITHOCTTA U TOYHOCTTa HA CIIEKTPAIHUTE
METOTH.

WNuBepcuonnara BoiaTamrepomerpus — 0e3
MPEeKbCBaHE HAa OCHOBHATA BepUTa TpPHU 3aMsHA
Ha pa3TBOPUTE JOMBJIBA CTAHIAPTHUS METOM H
3HAYUTEIHO YBEJIMYaBa CEJICKTUBHOCTTA M YYB-
CTBUTENIHOCTTa Ha aHanu3a. ToBa ce moctura
ype3 pasfelisiHe Ha eTaluTe Ha W3MepBaHe |
MIPOBEXIAHETO UM IIPU  PA3IUYHHU IMapaMeTpu
(don, pH, nonspusupaliiio HarpeKeHue).

ExcniepuMeHTanHo ompeneneHara KOHIEH-
Tpanus Ha MaHTaH B W3CIICJBAHUTE aHATTUTHIHU
o0exTH (muTeiiHa BoOJa, MOBBPXHOCTHA BOJA,
MOpcKa Bojia u jyra) He Hampumasa [1/IK cbr-
JaCHO HOpMAaTHBHATA ypenoa.
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BJIMSIHUE HA BAHWJIMHA BbPXY INIOBEJEHHUETO ITPU )KUBOTUHCKHN MO/JIEJI C
A®EKTUBHU HAPYIIEHUSA

Amnnepeii [lomaranacos

EFFECTS OF VANILLIN ON BEHAVIOR IN ANIMAL MODEL WITH AFFECTIVE DIS-
TURBANCES

Andrey Popatanasov

ABSTRACT: Banununvm e HAQU-uWUpoKo UNOI36AHUAN APOMAMUSUPALY A2EHM 8 C8eMd U3NON38AH NPeOUM-
HO 6 Xxpanumennama u Kosmemuunama unoycmpus. CKOpouwiHu OAHHU couam, ue mou uMa u none3Hu Ouo-
MeOUYUHCKU eheKmu Kamo aHmMuoKCUOAHMHU, AHMUMUKPOOHU, anarcemuunu u Op. borecmma na Iapkuncon e
8MOPOMO NO PA3NPOCMPANEHOC HegpoOde2eHepamusho 3abonasane 3acaeaujo ogueamennume gynkyuu. Oco-
bena 6adicHOCM 3a KA4ecmeomo Ha JICUGOM HA nayuenmume u obzpudicéaujume 2u UMAmM CbNbCMEAUUME
agpexmusnu pascmpoiicmea.B nacmosawomo uzciedsane usnOA3BANUKU HCUSOMUHCKU MOOel Ha bonecmma Ha
Tapxuncon b6e uzcied8ano 6IUAHUEMO HA 6AHUNUHA KAKMO 6bPXY OCHOBHUME 08USAMETHU CUMRINOMU, MaKa u
8bPXY HACH OM CLNBMCMEAWATNA CUMNIMOMATNUKA, 20TAMA YACM, OM KOUMO NONAdd 8 Kamezopuama Ha agex-
mueHume pascmpoiicmea. Pesynmamume nokazeéam 01a20me0pHO NOGIUABAHE HA 6AHUIUHA 6 PA3IUYHA CIENeH
8bpXy mesu 06e 3acecHamu cepu U CbOMEEeMHO OU MO2bl 0d O6bOe KAHOUOAM-MepanesmuKk 8 mepanusma Ha
mosa 3abonseane.

Key words: BarnnmmH, Orchidaceae, adhekTuBHE pa3cTpoicTBa, Aenpecus, bonect Ha [lapkuHCOH

BobBenenue ynoTpeba B XpaHHUTENHATa U KO3METHYHATA HH-
JlyCTPUU CKOPOIIHU H3CIIeBaHHsI codyaT, 4e Ou
BanwmHbT € cnabopa3TBopuM BBB Bojia ()e-  MOTBI JIa MMa MOTCHIMATHO TPUIIOKEHHE B Me-
HoneH anzexup (Pwur. 1) (cpemain ce B peauna  AULMHCKaTa npakTuka. Cpex OTKpUTHTE HETOBU
pacrtenust ot cemelictBo Orchidaceae. OMOJIOTUYHN ePEeKTH ca: aHTHOKCHIAHTHUTE H
AHTUMUKPOOHUTE MY CBOWCTBa, aHTUMYTarcHHH
edektn BBpXy xpomoszomute u 1p. (Walton,
Mayer, & Narbad, 2003). U3BectHO € chIIo, 4e
HO BaHWIMHA IPEMUHaBa Ipe3 KPbBHO-MO3bUHATA
Oapuepa, KOETO € MpeaNocTaBKa 3a HEIOCPEACT-
BEHO (hapMaKoJIOTMYHO BIMSHHUE BBPXY LEHT-
O panHata HepBHa cuctema (Park, Kim, & Kang,
= 2011). Uma nanHM, Ye MOBIUSBA HSIKOU HEBPO-
JereHepaTiBHU 3a00JsBaHMsl KaTo OoJyiecTTa Ha
XBHTUHTTOH, UMa aHalIreTu4eH eQeKT u Jp.
(Gupta, & Sharma, 2014; Beaudry, Ross, Lema,

& Vachon, 2010).
®ur. 1: CtpykTypa Ha BAaHU/IMHA. AdexTuBHHTE Pa3TpPOICTBAa ca 4YacT OT Chb-
MIBTCTBAIATA CUMITOMATHKa Ha PEAHIa HEBPO-
C Haii-BHCOKO ChIBPXKAHHUE Ca 00PAOOTCHUTE  joryunM 3a6/IsBAHUS KATO MHCYJIT, MHOXKECTBE-
miozose or V.planifolia — no 3% (Gu, Chen, ya CKJepo3a, bonecTTa Ha Anixaiimep, Oonectra
Fang, Wu, & Tan, 2015). BanmmHbT ¢ Haii- ga [lapkurcoH, adeKTHBHH CMYIICHHS IpH
HIMPOKO M3IIOJI3BAHUAT apOMATH3UPAll arcHT B tpaBMaTHYHO MO3BYHO YBpEXIaHE, CMUIIETICHS,
ceera (Gallage & Moller, 2015) u nonacrosimeM  Gonecrra Ha XuHTHHITHH U ap. (Starkstein, &
roauiiHaTa My NpPOAYKUHWs BB3JIM3a Ha HaAd  Robinson, 1997). ToBa Hapexa ¢ BojeliaTa CHM-
20000 ToHa 1moTy4eHH MPEIUMHO 110 CHHTETHYCH  [iToMaTHKA Ch31aBa YECTO CEPHO3HH MPOOIEMH H
bt (Bomgardner, 2014). Hapen ¢ mmpokara my JIUCTPEC KAKTO B COLIMATHOTO B3aUMOJACHCTBHE C

O
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0oOTpIKBaIIHsI TIEPCOHAT W OJTU3KUTE, TaKa IICH-
XWYCH CTpeC U AUCKOMMOPT 32 caMuTe OOJIHUA U
JIOITBTHUTEITHO BJIOIIABAT KA4€CTBOTO UM Ha JKHU-
BoT (Aarsland, Larsen, Karlsen, Lim, &
Tandberg, 1999; Allegri, Sarasola, Serrano,
Taragano, Arizaga, Butman, & Lon, 2006;
Leiknes, Tysnes, Aarsland, & Larsen, 2010). To-
Ba HaJyara pa3pabOTBaHETO Ha CTPATETUH U CPe/l-
CTBa 32 MCHH/DKMBHT HA Ta3d CHMIITOMATHKA H
pa3TpoiCTBa Ype3 U3IOJI3BAHEC Ha MHOTOIICIICBH
cyOCTaHIIMM B TaKWBa MHOTOKACKaJHH MaToJIO-
THH KaKBUTO Ca HAIPUMEpP HEBPOJCTCHEPAaTHB-
Hute 3a0onsaBanus (Cummings, & Zhong, 2006).
bonecrra Ha IlapkMHCOH € cpej Hal-4ecTo
CpelllaHuTe HEBPOJIETCHEPATHBHU 3a00JIIBaAHMUS,
KOMTO Hapeja C BOJCIINTE HAPYNICHUS B JIBHTA-
TenHaTa cepa B OONMIMHCTBOTO OT CIy4auTe €
CBIIPOBOJICHO ¢ a)eKTHBHU Pa3CTPOUCTBA: KATO
Jlenpecusi, TPeBOXKHOCT, anarus u T.H. (Pfeiffer,
2016), xato mempecusiTa MOXe Ja C€ Cpela Mmpu
Haa 90% oT manueHTUTe B HAKOM M3Baaku (Ring,
& Trimble, 1991). Koeto e cBBbp3ano ¢ yBpenara
Ha JUMOWYHATa CHUCTEMa M JAPYrd MO3BYHH 00-
JIACTH CBBP3aHU C TE3U Pa3TPOMCTBA IPH IPOT-
peca Ha Oonectra (Braak, Ghebremedhin, Riib,
Bratzke, & Del Tredici, 2004; Pfeiffer, 2016).

MaTepnaJm H METOAHN

O06mo 24 Mbxku TTbxoBe Wistar ¢ Teryio ot
220 no 250 g Osxa W3MOJI3BaHM B HAYAJIOTO Ha
eKCIIepUMEHTa. bsixa MocTaBeHHW MO 4YETHPU B
KJIETKa B CTas C KOHTPOJMpaHa TeMIepaTypa ¢
12-4acoB IUKBJI CBETJIO-TBMHO M MMaxa CBOOO-
JICH JIOCTBII J0 XpaHa u Boja. [l1pxoBeTe Osxa
aHecte3upaHu ¢ xuopanxuapart (420 mg / kg,
1.p.), T1aBuTe UM Osxa OOpHCHATH M KOXKaTa ce
nouuctena csc 70% ankoxoin. Cien ToBa IIIBXO-
BeTe OsXa MOCTaBEHH B CTEPCOTAKCUYHUS ara-
par. MoJenbpT O¢ HMHAYIHMpaH 4Ype3 CTepeoTak-
cU4YHO wuHXektupane Ha 2 ul / 20 pg 6-
xuapokcunonamuH (6-OHDA, (Sigma-Aldrich,
USA)); pa3TBOpeH B JIeIGHO CTyaeH (HU3HOIOTU-
yeH pa3tBop ¢ 0,02% ackopOnHOBa KHCETHHA) B
nsicHata xemucepa. LleneBure koopauHatu 3a
ctpuaryma ca AP = 0; LR = 3.5; H = -5 ot Oper-
Mmata. [Ipu dammuBo omnepupanarta rpyma (SO)
0c mmkekTupaH camo 2 pl ¢dusnonoruyeH pas-
TBOp. Panata Oemie 3aTBOpeHa M KUBOTHHUTE Osi-
Xa BbPHATH B KJIIETKUTE CH, 32 JIa C€ BH3CTAHOBSIT
(Popatanasov, Stoeva, Lazarova, Traikov,
Pajpanova, Kalfin, & Tancheva, 2017). Tperu-
paHero ¢ BaHmaMH Oe B go03a 20mg/kg
1.p.€IHOKpaTHO Ha JIeH B TNPOJbBIDKEHHE HA 5
JTHH.
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AnomopduraoB Tect (apomorphine test): M3-
MIOJI3BAHETO Ha JOMAMHHOB aroHHUCT, KAaTO aro-
MOpGUH, € W3KIIOUYUTENTHO e(pEKTHBHO NPHU H3-
MepBaHEe Ha POTAllMOHHATA ACUMETPHS MpPU TaKa
OlIepUpaHN KUBOTHH. ToBa M3MepBaHE Ce OChH-
IIECTBSBA Upe3 IOCTAaBSHE Ha IUIBXOBETE ITOOT-
JIeJTHO B YCTAaHOBKA 332 BbPTEHE MPEACTaBIISABAIIA
051 TIaCTMACOB IIHHABD (MHpodrHa 42 cm B
ropHara 4Jact u 22 cm gpibounHa). Hag To3um
Chll € TMocTaBeHa BHIeoKamepa. OtaenHuTe
ILTBXOBE C€ MHKEKTUPAT MOoAKOKHO ¢ 0.2 mg /
kg amomopdun xuapoxmopun (Sigma, USA),
pastBoper B 0.1% ackopOaten ¢QusnonorunueH
pa3TBOp M C€ OCTaBAT Aa C€ YCIOKOAT U Pe3op-
OupaT BEUIECTBOTO B OT/IENHA KJIETKa B MPO-
IbbKeHue Ha 15 munytu. Crien ToBa poTaluoH-
HOTO TOBeleHHe ce (PUKCHpa B yCTaHOBKATa B
npoabinkerne Ha 30 MUHYTH, a OpOsT Ha HIICH-
JaTepaTHUTe ¥ KOHTpaJaTepaHUTEe 3aBbPTAHHS
ce ompezAesl MPH MPETJIeKJAaHETO Ha 3aICaHUTe
¢unmu ot excriepumenta. OOmust Opoii Ha 3a-
BBPTAaHUSATA ce W34MCIsABa cien 3amuca (Truong,
Allbutt, Kassiou, & Henderson, 2006).

MortopHata KoopauHanus Oerie H3MepeHa
ype3 tecta "Rotarod". AmapaThsT ce chCTOH OT
XOpHU30HTaIHA TphUKa (6 cM B muameTsp, 11 cm
nenra) ¢ auckose (auamersp 40 cm). Toit Ge
IporpaMMpan a ce BbPTU B IIOCTOSIHHA CKOPOCT
ot 8 obopora B mMuHyTa. JKMBOTHHTE OsiXa IO-
CTaBEHU Ha BBPTSAIIATA CE TPHUKa C IJ1aBa HACO-
YeHa Cpelly IM0COKaTa Ha BbpPTEHe, TaKa 4e JKU-
BOTHHTE TpsOBalle Ja ce ABWXKAT HAIpen, 3a Ja
NOJIbpIKaT paBHOBecHe. JKuBoTHHTE Osxa 00Y-
YEHU €IMH JICH IIPEaAU XUPYPrUYHATA OIEepaLysl.
[TpoabrKUTEIHOCTTa HAa BPEMETO, Npe3 KOETO
’KMBOTHOTO OCTaBa Ha BBPTSLIMSA C€ LVIHHIBD,
ce 3amucBa B ceKyHaH, ciex 180 cexynau ce ma-
xa ot amapara (Pechlivanova, Markova, Popov,
& Stoynev, 2013).

Tecr 3a 3axapo3HO TpeAnoYnTaHHE (Sucrose
preference test): Cien Bb3cTaHOBSBaHE OT OIle-
pamsta Ha 14-THsS AeH >KMBOTHHTE Osixa mpe-
XBBpJICHM B €IMHUYHHM KJIETKH CBC CBOOOIECH
JIOCTBII 710 xpaHa. Beexkn mibx Oe cHaOJieH ¢ 1Be
OyTHJIKHM 32 BOJa B KpallHUTE CTpaHM Ha KIIETKa-
Ta M0 BpeMe Ha 24-yacoBaTa TPEHUPOBBUYHA (a-
34, 3a Aa C€ aJanTupar >XUBOTHUTEC KbM ITUCHE OT
nBe Oyruiku. Criei TpeHUpOBKa eHaTa OyTHIIKa
OuBa 3aMeHEHa Ha CIy4YaeH NpPUHIMI, 32 Ja
ChABPKA pa3TBOp Ha 3axaposa ¢ 0,8% xoHIeH-
Tpamus, KOETO CIIOpel INPOyYBAHHUSA OCHUTYpsBa
CTaOMIIHO, HO HE MAKCHUMAaJHO MpeINoYnTaHHe
Ha 3aXapo3a B cpefaTa Ha CBETIHS LUKBJI (OKOJIO
12:004.). 24 gaca mo-kbCHO, OyTHikuTe Osxa
pa3MeHHEHH, 3a Jia ce U30erHaT MoClIeUIUTe OT



Hay4aBane. Cnen omie 24 gaca Oytuinkata ¢ 0.8%
3axapo3eH pa3TBop Oe 3aMeHeHa ¢ Boja U O¢ u3-
MEPEHO U3MUTOTO KOJIMYECTBO 3a 24 yaca, npeau
elHa OT jABeTe OyTWIKM Ja ObAe H3BajeHa OT
KJIeTKaTa. M3momBaneTo Ha 48-4acoB MEpHOT Ha
TECTBAaHE I03BOJISIBA J1a CE€ M3KIIOYAT BCSKAKBU
edpexTn oT HeopoOus, apTedaKkTHO MPEANmoInTa-
HHUE KbM KOATO U JIa € CTPaHa M MOCIEAULUTE OT
Hay4yaBaHe. B nmombnHeHWe TOBa IpenOCTaBs
WHPOPMALIUS OTHOCHO TBJITOCPOYHHS TOCTBII 10
BB3Harpaxaasaml ctumyin (Slattery, Markou, &
Cryan, 2007).

Tect 3a mnpunymutenHo turyBane (forced
swim test): HaTuBHuUTE TIBXOBE CE MOCTaBST
MPUHYOUTEIHO J1a IUTyBaT IOOTAEIHO BBB BeEp-
TUKAIHU LWIMHAPU OT IUICKCHUIJIAC {BHCOYMHA:
40 cm; nuameTsp: 18 cm), ceabpxail 15 cMm Bo-
na, nogabpxana npu 25 °© C. Cnen 15 munytu
BBHB BOJATa KMBOTHHUTE C€ OTCTPAHABAT U C€ OC-
TaBAT J1a U3CHXHAT 32 15 MHHYTH B 3arpsra 3a-
BuBka (32 ° C), npeau 1a ObAaT BHPHATH B TEX-
Hute kietku. Caen 24 Jaca ce MOCTaBIAT OTHOBO
B IWJIMHIBpPA W o0IIara MpOABIDKUTEIHOCT Ha
HETIOABIKHOCTTA UM CE MU3MEpBa [0 BpeMe Ha 5-
MUHYTEH TecT. [IpeneHnsBa ce, 4e IIBXBT € He-
MOJBI)KEH, KOraTo OCTaBa MaCUBHO BbB BOJATa B
JIEKO M3TrbHATA, HO U3NPaBeHa MO3UIIHSA, a TIIaBa-
Ta My € TOYHO Haj mnoBbpxHOCcTTa (Porsolt,
Anton, Blavet, & Jalfre, 1978).

Cratuctuuecka o0OpabOTKa Ha PE3yJITaTUTE:
Wznomn3ean Oe t-tect Ha CTIoapHT mpu p<0.05.

PesyaraTu u 1uckycust

Pesyrature ot anomopdrHOBUS TECT MOKa3-
BaT HaJIMUME HA HApYLICHHUS B JOMaMHUHEPTUYHA-
Ta CHUCTeMa TpPH HHTOKCUKHPAHWUTE >KUBOTHHU
(®ur. 2). Ilpu TpeTupaHuTe ¢ BaHWIHH KUBOTHH
ce Ha0moAaBa HEKOJKOKPATHO HaMajsiBaHE Ha
WHIYIAPAHUTE OT alOMOPPHUHA POTAIUH CITPSIMO
HETPETUPAHUTE.

AnomopduH

20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

1ceam.

Bpoii KoHTpanatepantm potaummn/muH

1ceam. 2 cegm. 1lcegm. 2 cegm. 2cegm.

SO 6-0HDA 6-OHDA+VA

@ur. 2: [ToBeneHyecku eekTH mpu aro-
MUP(HUHOB TecT BbpXY HeTpeTupanu (6-OHDA)
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Y TpeTHpaHu ¢ BaHWINH rpynu 6-OHDA uHTOK-
cukanus (6-OHDA+VA), cpaBHEHO ¢ (arBo
onepupanute (SO).

Pesynrarute ot Rotarod Tecra chimo covar 3a
HaJIM4Me Ha OTYETJIMBO HAPYIIECHUE IBUTATCIIHU-
Te (YHKIMH TpH WHTOKCHUKUPAHHUTE CIIPSIMO
¢dammmBo onepupanute XuBoTHH (Pwur.3). Ilpu
TpeTupaHaTa C BAHWIMH I'pyna obade ce OTKpHUBa
3HAYUTEITHO NOJ00pEHHE B Te3U (PYHKIIUH.

Rotarod

9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0 -
0.0

Bpoii naganua/muH

T mie

1ceam. 2 ceagm. 3 ceam. 1 ceam. 2 ceam. 3 ceam. 1ceam. 2 cegm. 3 cegm.

SO 6-0OHDA 6-OHDA+VA

®@ur. 3: [loBenenuecku edextn mpu Rotarod
TecT BbpXy HeTpetupanu (6-OHDA) u tpetupa-
HU ¢ BaHWwiIuH rpynu 6-OHDA unTOKCHKanus
(6-OHDA+VA), cpaBHEHO ¢ ¢anmmBo onepupa-
Hute (SO).

IIpu 3axapo3Hus TeCT 3a aHXEHOHUS ce Hal-
JMOJaBa HaMaJsBaHe Ha NPEANOYNTAHHUETO Ha
’KUBOTHUTE KbM TMO3UTHUBHUS €MOIIMOHATICH CTH-
myn (Our. 4). Ho TpeTupanuTe ¢ BaHUIUH K-
BOTHHM C€ Ha/JII0faBa TOJOOpEeHHe B XoAa Ha
BPEMETO, JIOKATO MPU HETPETUPAHUTE MMa 00-
paTHa TCHICHIIUS.

MpeanoynTaHue Ha 3axapo3a
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Lceam. 2 ceam. 3 ceam. 1 ceam. 2 ceam. 3 cenm. 1 ceam. 2 cenm. 3 ceam.

Saxapo3a npegnovmrTaHme (2:6)
[a)
\

6-OHDAVA

®@wur. 4: [ToeneHuecku eeKTH MpH 3axapo-
3€H TecT BbpXy HeTpetupanu (6-OHDA) u tpe-
TUpaHu ¢ BaHwIuH rpynu 6-OHDA uHTOKCHKA-



st (6-OHDA+VA), cpaBHEHO ¢ (alIiBo ore-
pupanute (SO).

Tecta 3a NPUHYIUTEIHO TUTyBaHE CE€ HAOJIIO-
JlaBa yAbDKaBaHe Ha BPEMETO HA UMOOHMIHOCT
npu wHTOKCHKHpanute Tpymu (Pur. 5). Ilpu
TPETHPAHUTE C BAaHWIWH )KUBOTHH TOBa BpeMe €
peaymupano ¢ 35% copsiMO HETpEeTHpaHHUTE C
TIC3UH.

MNpuHyauTenHo nnysaHe

=R NN
o v o u
o © © o

v
(=}

3 cenm.

Bpeme HenoABMMKHOCT (cek.)
o

3cenm. 3 ceqm.

SO 6-0OH-DA 6-OHDA+VA

®@ur. 5: [ToBeneHueCKU ePEKTH MTPH TECT 3a
NPUHYIUTENHO IUTyBaHe BbPXY HETpeTHpaHu (6-
OHDA) u TpeTupaHu ¢ BAHWJIVH TPYIH C 6-
OHDA wunrokcukanus (6-OHDA+VA), cpaBHe-
HO ¢ ¢ammuBo onepupanute (SO).

Ot pe3yiTaTuTe ce BHXKIA, Y€ BEPOSTHO UMa
HapylIeHNs ¥ YBpEAH Ha Ha JOTMIaMHUHEPTrUYHATa
cHCTeMa HE caMO B HEWHHS HUTPOCTPHATYMEH
JISUT, KOWTO € OTrOBOPEH 3a BOJENaTa CHMIITO-
MaTHKa B JABHTATEIHUTE HAPYIIECHUsI, HO CHIIOTO
U B 4YeCTO NpeHeOperBaHa ChIBTCTBAILA CHUMII-
TOMaTHKa, KOSTO CBHIIO B TOJISIMA CTEIEH BIIUSC
BBpPXY MOHWKaBaHETO HA Ka4eCTBOTO Ha JKHUBOT
Ha OoxHuTe. [locnenHarta e cBbp3aHa ¢ ME30KOP-
TUKOJIUMOWYHHSA [ Ha JONaMUHEpruyHaTa
cucTeMa, KOosiTo T0-c1abo ce TOBIHsBA OT Tepa-
NUsITa C HAKOU (apMaleBTHYHH CPEJCTBa KaTo
L-Dopa (Jaunarajs, Dupre, Ostock, Button, Deak,
& Bishop, 2010). Hacrosimiero u3cnenBaHe Io-
Ka3Ba, 4e MPUPOHUS MPOJAYKT OT PACTEHHSTA OT
ceMm. Orchidaceae — BaHwiInMHa, OM MOI'BI edek-
TUBHO J]a TIOBJIHSIE KAaKTO BBPXY ME30KOPTHKO-
TMMOWYHATAa CUMIITOMATHKA, TaKa M BbPXY HHT-
pocTpuarymHata. Berpeku, e 3acera He ce 3Ha-
AT TOUYHUTE MOJICKYJIIPHA MEXaHU3MH Ha JeHcT-
BHE Ha BaHWINHA, BEPOSITHO YacT OT eeKTa My
Ce OCHOBaBa HAa AHTHUOKCHJIAHTHOTO MY JIEUCT-
BUE, THI KaTO MPH CKOPOIIHO WH BUTPO U3CJIEH-
BaHe O€ YCTaHOBEHO 4Ye HMa O00e3BpeXIario
JIECTBUE CIPSIMO YacT OT PaJIUKaIOBUTE CUCTe-
mu (Tai, Sawano, Yazama, & Ito, 2011). Hdpyro
CKOPOLIHO M3CJIeIBaHE I0Ka3Ba, Y€ BAaHWIMHA OU
MOTBJI JIa UMa W HEBPOMYAYJATOPHO JeHCTBHE
BBpPXY acoluupanute ¢ apekTuBHata cdepa -
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JOBE Ha MO3bKa CBBP3aHH C TPEBOXKHOCTTA
(Bhagwat, Chowta, Shoeb, Maskeri, Venkatesh,
& Rai, 2013). B HacTosmoTo u3ciaeaBaHe ce yc-
TaHOBSIBA, Y€ BaHIJIMHA OM MOT'BJI J1a UMa U aH[-
tuaenpecuBeH e EKT mpu Mozen ¢ OoecTTa Ha
ITapxuHCOH.

3akaouenune

OcBeH B KO3METHKaTa W KyJIWHAPHUATA, BaHU-
JUHBT OM MOTBJI J1a ObJC MOTCHIIUAIICH KaH/IH-
JIAT-TEPANCBTUK B MCHUJKMBHTA Ha CHMIITOMA-
THKaTa Ha Oojyiectra Ha [lapkMHCOH, 0COOCHO B
HEWHUTE YECTO HEeIMKUPAaHU a()eKTUBHU acIieK-
TH, KOUTO 00aue OKa3BaT JUCKOMQOPT U CHUIIHO
COIMATHO-TICUXOJIOTHYECKO BB3JIEHCTBHE BBHPXY
MalMeHTHTe U OOKpBKeHHeTo uM. Hwuckara my
TOKCHUYHOCT M IITUPOKO Pa3lpOCTpaHECHUE B OUTa,
o TPaBIT MOTEHIWAIHO JOCTBIICH 3a IIHPOK
KpBr' oT manueHTu. HyxxHu ca o0ave JOIBJIHU-
TEJIHA W3CJICJIBAHUS 3a YCTAHOBSIBAHE Ha CXEMU
Ha MPUEM KaKTO ¥ CTPAHUYHU €(PEKTH U B3aHUMO-
JEHCTBUA.
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INPOYYBAHE 'OTOBHOCTTA 3A PEAI'MPAHE HA MJIAJIUTE XOPA IIPU
BBH3HUKBAHE HA ITPUPOJHU BEACTBUA U KPUTUYHU CUTYALIUU
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STUDY OF YOUNG PEOPLE'S READINESS IN THE EVENT OF NATURAL DISASTERS
AND CRITICAL SITUATIONS

Plamena Atanasova, Sabina Nedkova

ABSTRACT: We live in a world where the sources of risks, dangers and threats are many and varied.
Disasters happen every day anywhere in the world. The study we conducted aims to identify the students
awareness, knowledge and readiness to respond to natural disasters and crisis situations.
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[Ipe3 nocneanuTe TOAUHU MAIIAOBT U YECTO-
TaTa Ha OCICTBEHHUTE CUTyallMd HEMPEKbCHATO
HapacTBaT. CbhbriacHo 3akoHa 3a 3allluTa IpHU
OencTBus - OeACTBHE € CHOWTHE WM TIOpeauIa
OT CHOUTHS, IPEAN3BUKAHU OT MPHUPOAHU SBIIE-
HUSI, UHIIUJCHTH, aBapUU WM JPYTH U3BBHPEIHU
00CTOSTENCTBA, KOUTO 3acAraT WM 3acTpaliaBatr
JKUBOTA WJIM 3/IPaBETO Ha HACEIEHUETO, HMY-
HIECTBOTO WJIM OKOJIHATa Cpejia B pa3MepH, KOu-
TO HM3UCKBAT NPEANPHEMAHETO Ha MEPKU HIIH
YYaCTHETO Ha CIIEUUAJHU CHJIM W M3IOJI3BAHETO
Ha crieruaiHu pecypeu [1].

I'oTOBHOCTTa Ha HAaCEJIEHUETO 3a MOBEICHUE,
JeficTBUE U OKa3BaHEe Ha IbPBa MOMOIL Ipu Oex-
CTBEHU CHUTYAIlMH € OT CHIIECTBEHO 3HAYCHHUE 32
HamaJsBaHe Ha PHCKa 32 JKUBOTA W 3/[paBETO Ha
xopara. [loOpata moarotoBka rapantupa edex-
THUBHA PEaKLys 3a 3allMTa ¥ IOMOII Ha 3acerHa-
TUTE XOpa. 3HAHUITA U YMEHHATA 110 OCHOBHHTE
croco0M 3a 3amuTa Npu Bb3HUKBAaHE HA OencT-
BEHAa CHUTYyalUs ca OT CBIIECTBEHO 3HAYEHHUE 32
OorpaHUYaBaHEe Ha BB3JCHCTBHETO Ha TOpa3siBa-
muTe GaKTOPH U CHacSIBaHETO HA )KWBOTA HA XO-
para, momnagHajId B OTHUIIETO Ha OeICTBHETO.

[MocraBuxMme cH 3a eI J1a IPOYYUM U aHaIU-
3UpaMe CaMOOIleHKaTa Ha aHKETUPaHUTE CTY-
JIEeHTH OoT YHuBepcurer ,,IIpod. n1-p Acen 3nara-
POB”OTHOCHO TEXHHTE 3HAHUS M yMEHHs 3a 3a-
HIMTa TIPU BH3HMKBaHE Ha Oe€JICTBEHA CHUTYAIHS.
Pa3zpaboTuxMe aHOHMMHa aHKeTa, KOSTO pasil-
poctpanuxme cpenl 93 crynentu B O0pazoBaTe-
HO KBaJM(UKAIMOHHATA CTEICH ,,0aKalaBbp” OT
®dakynTeT MO0 TEXHUYECKH HAYKW H3ydaBallld
OUCHUIUIMHATA  ,, TexHuuecka 0Oe30macHOCT .
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CryneHTHTe ca OT ClIELUATHOCTUTE: ,,bHOTEXHO-
gorun”’, ,EKoJIOrMS ¥ oma3BaHEe Ha OKOJIHATa
cpena”, ,,Texnonorust Ha HedTa u raza”, ,,Emexrt-
ponuka”, ,,KOMIIOTBpHH CHCTEMH U TEXHOJO-
run’, ,,MpexoBU TEXHOJOTUH, MYITHUMEIUU U
Iu3aiiH” ¥ ,,TeXHUKa U TEXHOJIOTUHU B TPAHCIIOP-
Ta”. PesynraTutre oT aHKeTHTe ca 0000IEHN B
rpaduKy ¢ MPOLEHTHO MpeacTaBsHe. Brrpocute
U OTTOBOpHUTE ca npeacraBeHu BB durypu ot 1
o 5.

HaBopHeHusTa ca 4ecTo cpeuaHu IpUupoaHH
OenctBus Ha Teputopusrta Ha PenyOnuka brira-
pust. Te Morar na HaHecaT OTPOMHU LIETH, 3aCs-
rar ypOaHU3UpaHW, TPOMUILICHH TEPUTOPHUH,
MPOAYKTUBHU 3€MENIEJICKH 3€MH U T'OPCKHU MacH-
Bu. HaBogHeHusiTa MoraT 1a ObaT NpUPOIHH (B
pe3yiTaT Ha BaJeKH, TOIIEHE Ha JIEJJOBE U CHEro-
B€) U TEXHOTeHHH (TMPUYMHEHU OT JIPYTH BIHS-
HUSI, KaTO TMOBPeJa Ha XUAPOTEXHUIECKO ChOPb-
KEHHE, KOETO MOJKE J1a JI0BEJIE JI0 aBapusl).

Ha mocraBenust BbHpoc ,,3HaeTe JU Kak Ja
pearupare npu HaBogHeHUA?” 82 % OT aHKETH-
paHuTe CTYIAEHTH OTrOBapsT ,Ja”, KaTo JOIbJI-
BaT, Y€ Ie 3ama3ar caMoo0Jaanune, e moaanaT
curHa Ha Ten. 112, me mpoBepsT Jaiu uMa 1moc-
TpaJaiy U 1€ UM IOMOTHAT, LIE MOTHPCAT HaH-
0e3omacHO MSCTO Ha KoeTo Aa ce kayar. 11 %
OTrOBapsT, Y€ ,,HE 3HAAT KaKk Ja pearupar, a 7
% OT TAX ca Jajau OTTOBOP ,,HE™.



B 13 3aMA3BaMe CAMOOGMATAHHE [T01aBaMe CHTHAT Ha 112, 1ire mpoBeps AATHHMa
MOCTPATATHH 1ITe HM TTOMOTHA, Th{)CHM Hail-Ge30MacHOTO BHCOKO MACTO, Ha
KOETO Ja Ce KaTHM

WHe

He 3HaM

®ur.1 Brrpoc — ,,3HaeTe 1 Kak 1a pearupa-
T€ IIpU HaBOHEHHE?*

3eMeTpeceHneTo € NPUPOIHO OeacTBUE, Koe-
TO HE MOXE Ja Obje NPEJOTBPATCHO, MPEIU3-
BHKBa KaTacTpo(aTHW CHUTyalluH, XapaKTeph3u-
pamm ce ¢ HapyIlIaBaHe Ha HOpMaJHHUS HAYUH Ha
JKUBOT, YHHUIIOKaBaHE HAa MaTCPUAIHH LIEHHOC-
TH, TIOCTPAAAIU U KEPTBH, HYXkKIACIIH CE OT Me-
MUIIUHCKA TIOMOIIl, HO TPABWJIHOTO TOBEICHUE
Ha BCEKH OT HAC MOe Aa ObJe >KUBOTOCIACIBA-
110.

Ha Bempoca ,,3Haere mu Kak Ja pearupare,
aKo 3eMEeTpEeceHue 3acTure Bamust gom?” 83 %
OT CTYJICHTUTE OTTOBApST, Y€ ,,IlI¢ CE CKPUAT Ha
Oe3omacHoO MsICTO (11O KacaTta Ha BpaTa, IMoj Ma-
ca), me ce obamaT Ha Ten. 112, u cien nmpemMuHa-
BaHE Ha Tpyca Ille HAyCHAT crpajaara 0e3 Ja
MOJI3BAaT acaHChOp, KaTO C€ OTHajedar OT Hes ™.
11 % or aHKeTHpaHUTE OTrOBApST, Y€ ,,IIe Ha-
mycHat crpamarta“, 2 % ,He 3HaAT KakBO IIe
HaIpaBsIT MPH Bb3HUKBaHE Ha 3eMeTpeceHue, 4
% ca anu oTroBOp ,,HE.

B e ce CKPHA Ha §€30MacH0 MACTO - TOJ Kacara Ha BpaTara, MOJ Macara, e ce
o0and Ha 112, c1ea mpeMHHABAHE Ha TPYca Ie HAITYCHA Ccrpadata 0e3 Ja IOIsBaM
aCAHChOP H IIE Ce OTATENM 0T Hesl

H e HANycHa Crpajiara

L) B He 3HaM

®@ur.2 Bripoc — ,,3HaeTe I KaK Ja pearupa-
T€, aKO 3€METPECEHUE 3aCTUTHE BAILIUAT JOM 7

B crpanara HU BCsika roJiiHa BH3HUKBAT I10-
Kapy OT pa3NIMueH XapakTep, IPH KOUTO 3aruBat
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XOpa, YHHIIOXKaBaT Ce MaTEepUATHU U KyJITypHH
[ICHHOCTH, HAHACAT CE€ OrPOMHU EKOJIOTHYHU
ntetd. [IprunHMTE 32 TE3W MOXKAPH ca Pa3IHYHH,
HO MOTBHPIIEBIIO OT MPEKUTE U KOCBEHH 3aryou e
obmectBoTo [2]. IloxapbT e ropeHe, pa3mpoct-
pansBamio ce 6e3 KOHTPOJI BB BPEMETO M IPOC-
TPaHCTBOTO, XapaKTEPU3UPAILIO Ce C OTACISIHE Ha
TOIUTMHA, TIPUAPYKEHO C UM WIN TUIAMBIH, HITH
u nete [3]. Ha Bpmpoca ,,3Haere mu Kak aa pea-
rupare rnpu noxap” 17 % oT aHKeTUpaHUTE CTY-
JEHTH OTTOBapsT, 4e ,,lle CEe OMUTAT Ja 3aracst
nokapa, KaTo M3II0JI3BaT HAIMYHHUTE I0XKapora-
CUTEJIHH CPEJCTBA, I M3KIIOYaT €. 3axpaHBa-
HeTo, Ta3Ta“. 76 % oT TIX Ka3Bart, ue ,,lTbPBO 11
CHUTHanmM3upar Ha Tex. 112, me mocTtaBIT MOKpa
KbpIia Ha yCTaTa CH M II¢ HAIyCHAT TOPSIIOTO
MOMeIIeHHe, IIe MpeaynpeasT XopaTa aa He ce
npudmmKaBat, a 7% ca mpanm oTroBOp ,,He™.
= e H3BHKAM MOKAPHATa Ha 112: Ha MBPBO MACTO ¢ GE30MaCHOCTTA Ha

XOpaTa; MO CTaBAME MOKDa KbPIIA Ha YCTATaT CH H 53 [a e IPHTCCHABAM

A

NPHGTICKABAT ;aKo HMa [0CTPATATH IIe OKaka ThPEA TIOMOLL

M aKo MoKapa e MATHK IIe ce OTHTAM Ja Fo 3arac I ce o5akIaM Ha

mojkapHaTa -H3[0I3BaM IOKaporacHTel, BoJa, H3KIOUBaM ell.
HHCTATALIATA, CITEPaM

rasta

He

®@ur.3 Berpoc — ,,3HaeTe Ju KaK Ja pearupa-
T€ IpHu noxkap?*

NHnpaeHTy, CBbpP3aHU C H3MO0JA3BaHE HA
OMacHM XWUMHYHHM BeIeCTBa, Ouxa MOITH Ja
BB3HUKHAT B PE3YJITAT HA TEXHOIOTUYHU aBapUU
B MIPOM3BOJICTBEHH OOEKTH, pabOTEIIN C OMaCHH
XHMHUYHH BEUICCTBA OT XHMMHUYECCKaATa, TCKCTHUJI-
HaTa ¥ (apMaleBTUYHATA IPOMULIICHOCT; B pe-
3yaTaT Ha HHUCKara TPyJOBa M TEXHOJIOIMYHA
JUCLWILIMHA, HECNa3BaHE IpaBHJIaTa 3a TEXHHU-
yecka 0€30MacHOCT, MPEBO3 HA OMAaCHH XUMHYHH
BEIIECTBa, KOUTO NpU KatacTpoda ch3naBar yc-
JIOBHS 3a 3aMbPCSIBAHE Ha OKOJIHATA Cpela M ca
3aIiaxa 3a KUBOTA M 3IPABETO HA HACEIICHHUETO.
IloTeHnmanHa onacHOCT OT Bb3HMKBAHE Ha aBa-
pHHN MPEACTaBISBAT XPaHWIHNIATA 32 HEPTOMPO-
IyKTH, BTCYHEHU BBIVICBOAOPOIHU Ta30BE U
KOMIIPECOPHUTE CTaHLUUU 3a IPUPOACH Ta3 U
JpYrd TEXHOJIOTMYHMU Ta30BE€, KOMTO MOrar na
JIOBENAT 70 BB3HMKBAaHE HA €KCIUIO3WUU U IIOXKa-
pu. 3aroBa ClEIBAIMTE BBIPOCH, KOMTO 3aja-



JIOXME Ha CTYJICHTUTE B pa3paboTeHaTa OT Hac
aHKeTa ca ,,3all03HaTH JIH CTE C TIOTCHIUAITHUTE
W3TOYHUIM Ha 3aMbpcsBane ¢ [IOB (mpomwi-
JICHW OTPOBHU BECINECTBA) HAa paiioHAa B KOWTO
JkuBeere?; 3HaeTe JHM Kak Jla pearupare Ipu
NPOMHIIIICHA aBapHs C OTICNSTHE HAa TOKCHYHH
BEI[ECTBA B OKOJIHATA cpeaa?

B a XIMEYECKHTe MeIMPHATHA - Jlykodtr, KpoHomman, cepoBonopod,
aBTOMOGHIHTE (0CBeI0MABAM X0PaTa, I H3I0I3BaN IPOTHBOrA3, Macka

He He 3HaM

,,3aM03HATH  JIA
MOTEHIIMATHUTE U3TOYHUIM Ha 3aMmbpcsBaHe ¢ [10B
Ha pailoHa B KOWTO xwuBeeTe?, ,3HaeTe M Kak Ja
pearupaTe MpU NPOMUIIJICHA aBapusi C OTAENsHE Ha
TOKCUYHHM BELLECTBA B OKOJHATa cpena?*

®ur.4 Brrpoc cTe ¢

54 % oT aHKETHpaHUTE CTYACHTH OTTOBapST,
Yye ca 3al03HaTH C MOTEHIHATHUTE H3TOYHHUIIH
Ha 3ambpcsBade ¢ [IOB Ha paifoHa B KOWTO *u-
BEAT M IIOCOYBAT KAaTO TaKHBA XHMHUYECKUTE
npennpusrtus, Jlykoin, Kponommnan, Tpancnop-
ta; 13% ca otroBopwiu ¢ ,,He Ha BBIIpOCca, a
33% nmaBat OTroBOp ,,HE 3HAM"".

IIspBa gonekapcka MOMOI € Ta3H, KOSITO Ce
OKa3Ba OT XOpa HaMHUpalld Ce Hai-OJM3KO JI0
noctpananuir. Ts He mpeanonara crenUaIn3u-
paHM MEOVIMHCKH NO3HAHUA M anaparypa. Hei-
HaTa 3aJlaya € MaKCHMajiHa 3alliTa Ha IMoCTpa-
nanusT. ToBa ca jelcTBHs CBBp3aHu ¢ Oe3omac-
HOCTTa M CTaOWJIN3HUPAHETO HA CHCTOSHUETO HA
nocTpajaiusi B MoJeBH YycnoBus. OCHOBHHUTE
MPUHLIMIIK TP IIbpBa JOJEKapcka MOMOI ca
3ama3BaHe Ha camooOiajgaHue, 3a Ja MOXeE
MPAaBWJIHO Jla c€ MpeleHn cuTyanusTa. Ocury-
psiBaHe Ha 0e30MACHOCT, 32 /1a CE€ aHaIWu3Hpa
BB3HMKHAJIATa CUTYalMsATa M J1a C€ TPOBEPU Ja-
JY MMa HSKaKBH MOTEHLUAIHU ONACHOCTHU, ThH
KaTo aKko MACTOTO Ha MHIIMACHTA € OIIacHO, HE Ce
BJIM3a B HETO, IPEIH Jia € JOIIBJ CIIeHaIn3Hpa-
HUAT €KHII, 3aI10TO UMa PUCK OT YOBEK TPBIHAI
Jla OKa3Ba ITbpBa MOMOII J]a CE OKAYKETE B CUTya-
nus Ha moctpanan. CHrHaju3upaHe Ha CJIYXK-
OnTe 3a CHelmIHA MOMOILI, KOraTto ¢ Heo0OXoau-
MO U MpUJIaraHe Ha MbpPBa MOMOLI - HEO0XO-
JIUMO € JIa Ce 3ama3u ChCTOSHUETO Ha MoCTpajia-
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JUSL ¥ 1A ce 00JieKYaT OOJKUTE MY, JJOKOJIKOTO €
BB3MOXXHO, JI0 WJBaHE Ha CIIEIHAM3UpaHa Me-
JUITMHCKA TTOMOIII,

Ha Bwmopoca ,,3Haete a1 OCHOBHUTE MPUHITU-
M 32 OKa3BaHE Ha IbpPBa JOJICKapCcKa MmoMor?*
13 % nmaBat otroBop ,,He”, 19 % oT aHKeTHpaHH-
T€ OTrOBapAT ,,HE 3HAM™ U 68 % oTromapsr ,,1a”,
KaTo JOIBJIBAT OTTOBOPHUTE CH, Y€ OKa3BAHETO Ha
IIpBa JIOJIEKapcKa IMMOMOII 3aBUCH OT CiTydasi Ha
IIOCTPaJaus, HO Ca TOTOBH Jla HANPABAT ChpJIe-
YeH MacaX, W3KYCTBEHO [UIIIaHE, KaKTO U Ja
MIPUTHCKAT paHaTa NMpH BB3HWKHAJI KPHBOW3IUB
JI0 WJBAHETO Ha CICHHAIM3MpaHa METUITMHCKA
TIOMOII.

¥ 13 (3aBHCH OT CTy4as - 0T KaKBO € MOCTpajal YoBek; OpoBepABaMe IIy/ca,
TOBIHraMe OpanHuKaTa Ha II0CTPATATHA H Ce PABH H3KYCTBEHO JHINAHE,
ChpJIEYEH Macak, e/l KOETO T0 TI0CTaBAME HACTPAHI, TIPH KPHEOHITHB
TPHTHCKAME PaHaTa)

L))

HE 3HaM

®ur.5 Brnpoc ,»,3HAETe JU OCHOBHHUTE
MIPUHIIAIIA 332 OKa3BaHe Ha IbpBa JOJeKapcKa
momorr?

3akJIroueHue

IToBumaBaneTo Ha 3HAHUSATA M YMEHHUATA 32
3amuTa Ipy OeJICTBEHU CUTYAIlMH M OKa3BaHe Ha
ITbpBa MEJAUIIMHCKA ITOMOII] ca OT OCOOEHHO 3Ha-
YeHUe TPH pearupaHe 3a WHIWBHIYAIHO U KO-
JIEKTUBHO CIPaBSIHE ChC CUTYyallH Ha OEINCTBUSL.
B pesynTaT Ha mpoBenEHOTO MPOYYBAHE 3a ro-
TOBHOCTTA 3a pearmpaHe Ha mijaaurte xopa (21-
23 roauHM) IpH BH3HUKBAHE Ha MPUPOIHU OejIc-
TBUSI U KPUTUYHU CUTYallMM U TIOIYYEHUTE pe-
3yJITaTd OT aHajiM3a MOrar Ja ObJaT HalpaBeHH
CJIEIHUTE U3BOJIH:

[To-ronsima 4acT OT aHKETUPAHUTE CTYJCHTHU-
TE€ Ca 3al03HAaTH C OCHOBHUTE MpaBUJIa 3a MOBE-
JIeHWE U JIEHCTBYE HA HACEIIEHNETO, P Bb3HUK-
BaHE Ha IPUPOAHU OCJCTBHS U KPU3UCHHU CUTya-
uud. M3pas3sBar TOTOBHOCT 3a pearupaHe Mpu



BB3HHKBaHe Ha mnoxapu (93%), HaBomHEHHE
(82%) u 3emetpecenue (83%)

3amo3HaTH ca C OCHOBHUTE MPHHIUIHN 32
OKa3BaHE Ha ITbpBa JoJekapcka momor (68%).

[MoBumaBaneTo Ha WHPOPMUPAHOCTTA H 3a-
CHJIBAHETO HA YYACTHETO HA HACEIICHUETO B JCH-
HOCTHTE 32 HAMaJIIBaHE HA PUCKA OT OCICTBUSA €
OT W3KJIFOYUTENTHO 3HAueHHE, 3aTOBa € HeoOXo-
JIIMO TTPOBEXKIAHETO HAa OOyUeHUE 3a pearupaHe
MPHU Pa3IMYHU OMACHOCTU. Ta3u MPEBEHIUS e
HaMaJId 3aryOWTe Ha YOBCIIKH JKUBOT, IICTUTE
Mo WHPPACTPYKTypaTa, NKOHOMUKATA U OKOJIHA-
Ta cpena.
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MEXAYJABOPATOPHO CPABHEHHUE 3A OTKPUBAHE HA CAJIMOHEJIA B
OBE3MACJIEHO MJISIKO HA TTPAX

Ianuna ['puroposa, [amuna Mopaanosa

INTERLABORATORY COMPARIOS FOR THE DETECTION OF SALMONELLA IN
SKIMMED-MILK POWDER

Galina Grigorova, Galina Yordanova

ABSTRACT: In connection with the requirements of BDS EN ISO/17025 and BAS QR 18 to provide
authenticity of the results, we have participated in the proficiency testing program for microbiological analysis
in Quality in Microbiology PT Scheme / QMS / milk matrix .Object of research are: detection of Salmonella
species.

Key words :Interlaboratory Comparison, Proficiency Testing, milk matri, Salmonella species

BbBenenne BAHO IIPH €IMH WM [OBEYE LMKBJIA B ONpeesie-
Ha o0JIaCT Ha M3MHTBaHE, U3MEPBaHE, KAINOPH-
HeobOxoaumocTTa OT mocTtosiHHO noBepue B pane wim koHTpoua (BJIC EN ISO/IEC 17043, .
paborara Ha JabopaTOpHHTE 32 XpaHU € OT Chb-  3.11)
IIECTBEHO 3HAYCHHE KAaKTO 3a Ja0OpaTOpUHUTE H Opranusarop (Provider ) Ha u3nuTBaHuA 3a
TCXHUTC KIIMCHTHU, TaKa U 3a APYTHU 3aUHTCPUCO- IMPUTOAHOCT. OpFaHI/ISaHI/Iﬂ, KOsSATO HOCH OTIO-
BaHM CTPaHU, KaTO PEryJIaTOPHU OPraHu, OPraHd  BOPHOCTTA 33 BCHUKHU 3aJa4yM NPH pa3zpadoTBaHe-
3a aKkpeauTays Ha 1abopaTopu. TO Y IEHCTBUETO Ha €Ha Iporpama Ha U3MUTBa-
Jlaboparopusita TpssOBa na uMma nporenypa 3a  He 3a npurognoct (BJC EN ISO/IEC 17043, T.
yIpaBlieHHE Ha KauyecTBOTO, 3a HaOmoaeHue Ha  3.9)
BAIIMJHOCTTA Ha IPEAIPUETUTE W3INUTBAHUA U YuactHuk (Participant). JlaGoparopus, op-
kanuOpupanus. Ts TpsOBa Ja OTroBapsi Ha U3UC-  TaHW3AMS WM QU3HMUYECKO JIUIE, KOETO Moyda-
kBanusTa Ha BJIC EN ISO/17025 (pa3nmen 5.9.1). Ba 00eKTHM Ha HM3MUTBAHETO 3a TPUTOIHOCT M
KontponsT Ha pabortara Ha jgaboparopuuTe MO  M3Mpallia pe3yJTaTHTE 3a Iperien OT OpraHu3a-
XpaHH 3aIbJDKUTENTHO BKIIFOUBA y4acTHsl B MEX-  TOpa Ha IporpaMara Ha U3MUTBAHETO 3a IPUTO/-

JyJ1a00pPaTOPHU CPABHEHHUS. noct (BJIC EN ISO/IEC 17043, 1. 3.6) (BAS QR
MexnyaadopaTopHo cpaBHeHue  18).
(Interlaboratory Comparison, ILC). Opranu- OCHOBHHTE W3MCKBaHUs, HA KOUTO Jadoparo-

3WPaHETO, MPEJICTABSIHETO, OICHABAHETO HAa M3-  PUHUTE 32 KaJHOpWUpaHe W M3MUTBAaHE cJellBa Ja
MCpBaHUATA WM Ha H3IMUTBAHUATA Ha C€AHU U OTTOBApAT, aKO KejJadT na ACMOHCTpHUpAT, UC Ca
CBILY WM Ha OJO0OHH OOEKTH OT ABE WJIM MOBe-  BHEIPWIM CHCTEMa 3a YIpPaBJICHHWE HA KauyecT-
ye 71a00paTopuu B CHOTBETCTBUE C IIpPEABapU-  BOTO, Y€ €A TEXHUYECKH KOMIETEHTHH M MOratr
tenHo onpezenenn ycnosust (BJIC EN ISO/IEC  na mpenocTaBaT HaJleXIHH Pe3yNITaTH, ca OIH-
17043, 1. 3.4) cann B MexayHapoanusi crapapar ISO/IEC

HUsnurBane 3a mnpuroaHocT (Proficiency 17025. Touka 5.9 ISO/IEC 17025 usucksa na-
Testing, PT). V3nurBane 3a IpUroHOCT € Olle-  OOpaTopHHTE J1a UMAT MPOIETypH 3a KOHTPOJI Ha
HSIBaHE Ha MPE/ICTAaBSHETO HA yYAaCTHUKA CIIPSAMO  Kad4eCTBOTO, Ype3 KOHMTO JIa Ce TapaHTHpa BaUJI-
NpEABApUTEIHO YCTAHOBEHM KPUTEPUHM dYpe3  HOCTTa Ha pe3ylTaTHTe OT H3MEpBaHMATA
CpeJicTBaTa Ha MEX/y1a0opaTOpHUTE CpaBHEHHS  /u3nurBaHusTa. CTaHAapThT MOCOYBA, 4ye Jabo-
(BAC EN ISO/IEC 17043, 1. 3.7) paTopuaTa MOXKE Ja ydacTBa B MEXIyJradopa-

IporpamMa Ha M3NMUTBaHEe 3a NMPUIOAHOCT TOPHU CPABHEHMS WM M3MUTBAHUS 3a HPUTOA-
(Proficiency Testing Scheme). UsmurBane 3a  Hoct. (BAS QR 18, BJAC EN ISO/IEC
MIPUTOJTHOCT, KOETO € MPOEKTHpaHO U m3mbiHsA-  17043:2010)
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3a ocurypsBaHe Ha KauecTBOTO Ha pe3yiTa-
THTE OT M3MUTBAaHE U KAIHOpHpaHe JT1abopaTopH-
aTa TpsAOBa Ja UMa TMpoLeaAypa 3a YIpaBiIeHUe Ha
Ka4yecTBOTO, 32 HAaOMIOACHUE HA BaJUJHOCTTA Ha
W3BBPUIBAHUTE W3MUTBAHUS WU KaIUOpUpPAHUSL.
[lomyuenute nanam TpsiOBa ma OBIAT 3amyCaHU
MO0 HAayMH, KOWTO TMO3BOJISBA Ja CE€ OTKPHUBAT
TEHACHIMUTE U KOraTo ce M3MCKBa Ja ce Ipuia-
raT CTaTUCTHYECKH METOIM 3a NPOBEpKa Ha pe-
synrarute. ToBa HaOmronenue TpsiOBa na Obae
TUTAHUPAHO U TMPETJIekKAaHO U MOXKE Ja BKITIOUBA,
0e3 1a ce orpaHuyYaBa ¢ TOBA, CICIHUTE €JIEMEH-
TH:

a) PenoBHO m3mon3BaHe Ha cepTUUIMPaHU
CPaBHHUTEIHU MaTepHaIN U/UIM BBTPELIEH KOHT-
PO Ha KadyecTBOTO € IIOMOILIA HAa BTOPHYHH
CpPaBHUTCIIHU MaTCpHaIn

0) Yuactue B mporpaMa 3a Mexmynadopa-
TOPHH CPaBHEHMS U M3MUTBAHUSA 32 IPUTOTHOCT

B) [IOBTOpHM M3NUTBAaHUS WU KaIMOpUpaHHS
C MoOMOIIla Ha CbUIUTC UIIU APYTr'd METOOU

r) IlocmeaBammo HOBO M3MHUTBAaHE WIIN KaJnO-
pupaHe Ha 3ana3eHu 00eKTH

n) Kopenanus Ha pesynaTaTure 3a pa3iudyHU

xapaktepuctukn Ha obekta (BJAC EN
1SO/17025)

XpaHUTEITHUTE TOKCUKOMH(MEKIUK Ce TIeaU3-
BUKBAT oT MIPEICTABUTEITU Ha CEM.
Enterobacteriaceae  (pon  Salmonella, pon

Escherichia, pon Proteus). XpaHUTEIHUTE OTpa-
BSIHUS, TIPEAU3BUKAHU OT OakTepuu OT POJ
Salmonella, 3aemat IbpPBO MACTA cpell MUKpOOU-
OJIOTUYHHUTE XPAHUTEIIHH TOKCUKOWMH(EKITUH.
Nmeto Ha poja € B 4ecT Ha aMEpUKAHCKUS MHK-
po6uonor I.CanmoHn, koiTo npe3 1885r. 3a mbp-
BU BT € ONPEIEIINII MPEJICTABUTEN Ha Ta3u Ipy-
na - Salmonella choleraesuis. TlonacroseM ca
omnucanu okoyio 2500 Buma, OT KOUTO IOBEYE OT
400 maToreHHU 3a YOBEKa, MPEAU3BUKBALIU OCT-
pU CaTIMOHMJIO3HM TacTpoeHTepuTH. CammoHe-
JUTE Cca MaJIKU TpaM-OTPUIIATENHU NMPBUUIU ChC
3aKkpbrieHd kpauma. [loBeueTo BHIOBE ca TO-
BIDKHH, C TIEPUTPUXATHO Pa3MOJIOKEHU KaMIIH-
yera. He oOpasyBar karcynu, ¢ U3KIIIOYCHUE Ha
S.typhi. @axynraTiBHE aHaepoOU C TeMIepary-
per ontumym 37°C. OnTuManHa peakius Ha
cpemata e cmabo ankamHara. JloOpe pacrar Ha
OOMKHOBEHHA XpaHHUTENHa cpeaa. He oOpa3sysar
CHOPH, HO MMAaT OTHOCHUTEIHO BHCOKA YCTOWYH-
BOCT KbM JICHCTBUETO HA PA3IUYHUA (PU3UYHU H
XUMUYHU (pakTopu W Ha antuOmMoThiu. JlobOpe
MPEKMBABAT W H3CYIIaBaHE, 3ama3BaT ce IpH
CTaifHa TeMIieparypa Ha pa3lIi4HUd CyOCTpaTH B
Mpoab/DKeHne Ha 2,5-3 mecena, B W3CHXHAIH
JKUBOTUHCKH €KCKpeMeHTH - 3-4 roawHn. B
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MJIEYHHUTE NPOAYKTH HE CaMo, 4e IbJIro ce 3a-
masBar /mo 3-4 Mecena/, HO ¥ ce pa3MHOXKaBarT,
0e3 71a NMpOMEHST BHHIIHUS BHI U BKYCOBHTE
KadecTBa Ha MpoaykTa. B macnmo ce 3amasBar 4
Mecela IIpu ChXpaHsIBaHE IPU CTaliHa TeMmIepa-
Typa u 9-10 mMecema - npu chbXpaHeHHE B XJia-
nunHuk. Hait-nearo ce 3ana3BaT B U3BapaTta-io -
34 mecema. M3gppxkaT HarpsBaHe IpH TEMIIEpa-
typa 10 60°C B mpoxbinkenune Ha 1 gac, g0 75°C
- 10 MuH., IpU KUIIEHE 3aTUBAT MOMEHTAJIHO. 32
WHAKTHBUpPaHE Ha CAJIMOHENUTE B MIISIKOTO pe-
JKUMBT Ha HAcThOPHU3alMs € I0CTaTh4eH, aKo
IbPBOHAYATHATA UM KOHIIEHTpAIHs HE € TIOBeYe
ot 3x10" knerku/mi1. Bos BOJIa C HHCKa CTOM-
HocT Ha pH, canMonenure mpexuBsBaT 10 2
Mmecena. [Ipu Hanu4mue Ha roTBapcka cosl B Ipo-
nykTa Hajg 8% pa3BUTHETO UM 3HAYUTEITHO Ce
3abaBs, a mpu 12-15% ce mpekpaTtsBa HAIbJIHO.
Ho mpexussisar B 8-10% pa3tBop Ha oLeTHa
KHCEIMHAa B MpoabKeHHe Ha 18 waca. Xapak-
TEepHA OCOOCHOCT Ha XPAaHUTEITHHUTE MPOIYKTH,
3apa3eHy ChC CAJIMOHEIIH, € JINIICATa HAa KAKBUTO
1 Ia € OPraHoJICIITUYHU U3MCHCHUA B TIX. Oc-
HOBCH U3TOYHHK Ha CaJIMOHCJIIO3HU I/IH(I)CKHI/H/I ca
CEJICKOCTONIAHCKUTE M JIOMAIIHUTE XUBOTHH.
Hepsinko csc canmoHenu OmBa 0OCeMEHEHO IITH-
Y€TO MECO U IIOYTHU BHHAIrv NnaTrCliKUTEC U I'bIINU
siina. [IpegaBaHeTo Ha 3apas3ara Hal-4ecTo ce
OCBILECTBSIBA UPE3 3apa3eHH BOAA U XPaHUTEIHU
OPOAYKTH. MyXuTe, MHIIKUTE W XJIeOapKuTe
UTPasiT BaKHa POJIsl KATO TPEHOCUTENH. 3apassi-
BAaHETO HAa XPAHWUTEIHUTE MNPOAYKTH MOXKeE Aa
0bJe IBPBUYHO-KOraToO ca MPOMU3BENEHH OT 0OJI-
HO KUBOTHO, U BTOPHUYHO-TIPH HETIpaBHJIHA 00-
pabOTKTKa, ChXpaHEHHE U TPAaHCHOPT (AHTOHO-
Ba-HuxomnosaC., ﬁoqua, HBanoBa,2015).

B ImpoMuUIIlJICHaTa OMOTEXHOJIOTHS B ITOBEUE-
TO CllydaW C€ M3MO0JI3BAaT MOHOKYITYPH HIIH
CMECEHH KYITYpH ¢ Ie(UHUPaH ChCTaB U U3BEC-
TeH Opod MHUKPOOpPraHW3MH OT XpaHUTEIHATa,
MJI€UHaTa, IMMBOBAapHAaTa U APYyru MpOMUIIIIICHOC-
Td. B wactHocT mnpm buoenexTpoxumuuHuTE
CHCTEMH OT 3Hau€HHE ca BHUIOBUS ChCTaB, METa-
OOJUTHYSI TOTEHIIMAT HA MUKPOOHUTE KYJITYpH U
ISUIOCTHUSL AM3ailH Ha peakTtopa.(Muaropoa
b.,boneB,Henos,2017)

ChrinacHoO M3MCKBaHMATA HAa MOCOYEHATA JIH-
TepaTypa, IeJiTa Ha HACTOSIIOTO H3CIIE/IBaHE ¢
Ja ce IUIaHWpa M NPOBEIE MEXAyl1abopaTopHO
CpaBHEHHE II0 MporpaMa 3a MHUKPOOHOJIOTHYEH
aHanu3 (OTKpWBaHE Ha CajIMOHENa) B MIICUEH
npoaykT. llocTuraneTro Ha mocTaBeHaTa Lel
W3UCKBA pelllaBaHe Ha CICAHUTE 3aJauu:



1.Pa3zpaboTBane Ha 1miaH U U3060p Ha OpraHu-
3aTop 3a TMPOBEXKIAHE HA MEXIylabopaTOpHO
CpaBHEHHE.

2. AHanu3 W OlleHKa Ha Pe3yJTaTUTEe OT MPO-
BEJICHOTO MEXKTy1ab0paTopHO U3CIICABAHE.

ExcnepumeHt

JlaGopaTopuunTe TpsOBa Ja UMAT KPUTCPUH 32
u3oop Ha opranusatop Ha ILC/PT. MA BCA
npenopruBa yuactue B ILC/PT, opranusupanu
or akpemutupupanu, ceriaacio EN ISO/IEC
17043 oprammszaropu. (BJAC EN ISO/IEC
17043:2010)

3a menTa mabopaTtopusTra ydactBa B M3mmt-
BaHE 3a IPUTOAHOCT 10 Iporpama 3a MUKpOOHo-
goruueH aHanmm3 Quality in  microbiology
Scheme /QMS/ meuna matpwuia/obe3mMacieHo
MIISIKO Ha Tipax/. OOEKT Ha W3CNeNBaHus € cai-
monena: ToBa € XOPU3OHTAIEH METOJl C KOHTO
oTKpuBame O6aktepuu oT poa Salmonella.

1 OnpepensiHeTo Ha cajiMOHeJIa pa3pado-
Tena no BJIC EN ISO 6579 Muxkpobuosnorus
Ha XpaHu U Gypaxu. XOpPU3OHTAIIEH METOJ 32
otkpuBane Ha Salmonella spp. (BAC EN ISO
6579)

2.1Ipouenypa.

OtkpuBaneTro Ha  OakTepuu OT  poj
Salmonella n3BBpIIBaMe HA YETHPHU IMOCIEAOBA-
TEJIHY eTarna :

IIpeaBapurtenno oforatsiBaHe B HeceJIeK-
THBHA Te4yHa cpena. M3nonsysame Oydepupana
NENTOHOBA BOAA.

XomoreHusupame B J1abopaTopeH ONeHaep u
kynrusupame npu 37°C © 1 B mpogbikenne Ha
18h*2h;

CenekTHUBHO o0OoraTsiBane B /JBe Te4YHHU
cpenn

ITbpBOTO CENEKTUBHO OOOTraTsIBaHE NPaBUM
Ha Rappaport-Vassiliadis c¢bc cost (RVS Oyibon).
Kynrusupame Ha 41,5° C + 1 B pob/keHue Ha
24h+3h.

Bropara teuna cenextuBHa cpena e Terparu-
OHAaT/HOBOOMOIIMHOB ~ OynaboH  Ha  Muller-
Kauffmann (MKTTn Oynwon). KyntuBupame Ha
37°C+ 18 npoabinkeHue Ha 24 h & 3 h.

IIpenocsiBane 1 nACHTUDUKALUSA.

Ot Bcska emnpyBeTka ¢ RVS OynmboH ©
MKTTn OynpOH mpaBUM IpenocsiBKa ChC CTe-
pPUITHO OAKTEPHOIOTHIHO YXO (i03€) BBPXY IBE
TBBpPAU cenekTuBHU cpeau. IIvpBaTta e Kcuinosa
nu3uH Ae3okcuxonat arap (XLD), a Bropara —
JlakTo30—3axapeH arap ¢ OpWISHTIPIOH U ¢e-
Honpotr (BPLS —agar —Brillliant-green Phenol
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red Lactose Sucrose Agar -modified). [leTtpurtara
C JBaTa BHJA XPaHUTEIHH CPEAH KyJITHBHpame
na 37 °C B npoxsmkenue Ha 24 h .

TuUnuyHUTE KOJMOHWMU 3a OakTepuH OT P.
Salmonella Bppxy XLD arapa ca c 4epeH HeHTbp
¥ YepBEHHWKaBa 30HA OKOJIO KOJOHUHTE.BBpXy
BPLS — arapa Salmonella-6akTepunte ca uepse-
HU, 3200MKOJIEHH OT SIPKO YepBeHAa 30Ha.

IMoTBBpxKIABAHE HA MIEHTU(PUKALUATA.

WzBbpuiBaMe OHMOXMMHYHO U CEPOJIIOTHYHO
W3MUTBAHE.

BuoxumMHu4yHU TecToBe:

- Jlm3mn OyasoH (Lysin Decarboxylase
Broth). To3u Tect HM OaBa BB3MOXKHOCT 3a
uneatudukanus Ha FEnterobacteriaceae m 10
crreniaaHo Ha 6akTepun oT pon Salmonella xato
OTKpUBaMe pa3rpakIaHEeTO Ha JIM3WH JIeKapOoK-
cuiasara.

Kynrusupame 3a 24 h na 37°C. Cnen npuk-
JIOYBaHE HA KYJITUBUPAHETO MpELEeHsIME pe3yl-
TaTUTE B 3aBUCUMOCT OT mpomsiHa 1eera (pH) Ha
cpenara.

Salmonella - uBera e BUONETOB

- Tpuzaxapen arap (TSI). C to3u Tect yc-
TaHOBSIBAME pa3TpakjaHe Ha BBIIEXUIPATUTE C
oOpa3yBaHe Ha KHCEIMHA W MPOMSHA I[BETa Ha
cpenara OT YEpBEHO-OPAHXKEBO B KBJITO, 00pa-
3yBaHETO Ha JKeJe3eH CyN(pHI C YEePHO OLBETS-
BaHe.

HpaBI/I C€ IIOCsABKAa OT CbMHUTECIHATA KOJIOHUA
B 00/1 ¥ Ha IPUXHU BbPXY MOJIETaTUs
cThI6 Ha arapa. Kynrusupame na 37° C 3a 24 h
u otuntame. [I[poMeHuTe Ha cpepara ce MHTEpII-
petupar no tabnuna ot bJIC EN ISO 6579.

®ur.1 Salmonella spp.




®ur.2 Salmonella typhi

Cpena 3a unpoj. ChbMHUTENHATa KOJOHUS
MocsiBaMe B ENpYBETKa, Chabpxkama 5 ml Tpun-
ToH/TpunToaHoBa cpena. Kynarusupame npu 37
°C B mpogwmxenne Ha 24 h. Clieq H3BaXIaHETO
Ha enpyBeTKUTE OT TepMocraTa aobaBsme 1 ml
ot peaktuBa Ha Koau. OOpa3yBaHEeTO Ha YepPBEH
INPBCTEH € MOKAa3aTell 3a MOJIOKUTEIHA PEaKIHsl.
JKbntokadsBUAT IPBCTEH € MoKa3aTes 3a OTpU-
natenHa peakuus: bakrepun ot p. Salmonella
ca c OTPULIATETHA PeaKuus 32 HHAOJI.

Ceposloru4HOTO TNOTBBpPKAaBaHe. 3BBp-
IIBa c€ C HaCUTEH calMoHeleH cepyMm - OA-OE.
IIpenBapuTenHO MpaBUM MOCSBKA BbPXY XpaHHU-
TEJeH arap,0T KOHTO NpaBUM pEakius ariryTu-
Halus CbC CAJIMOHEJICH CEPYM.

Pe3syaraTu u o0chxxIaHe

B wu3uckBanmsTa 33 MEXIyIabopaTOpHOTO
CpaBHEHHE CJE€Jl OTYUTAHETO HA IOJyYEHUTE
pe3yNTaTH ce N3BBPIIBA OIIEHKA U3pa3eHa KaTo Z
KpUTEpPHH, KOWTO Naboparopusrta Mojy4yaBa B
JIOKJIaga OT opraHusatopa. Pesynraturte 3a Z
KPUTEPHAT ca npejicTaBeny Ha Tabmuual.

Koraro Z xpurepust e mo-maabK OT 2 U TO-
TOJIsIM OT -2, OLIEHKaTa 3a pe3y/lTaTUTe Ha Jaje-
Ha 1abopaTopusi € yI0BJIETBOPUTETHA.

Z xputepus 3a caJMOHENa € 3aJ0BOJIUTEIECH
(Tabnwuma 1).

Analyte result Satisfactory%
Salmonella Dete 96.1
species cted

Tadauual. Z kpuTepuii 3a caJiMoHea
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Ilonyuyenure pesyaratu 3a Z KpuTepus IO-
Ka3BaT JOCTOBEPEHOCTTa Ha MOJYyYEHHUTE CTOM-
Hoctu. CwrimacHo wum3uckBanussta Ha BJIC EN
ISO/17025 u BAS QR 18 pesynratute oT mpo-
BEACHUTE MEXAylabopaTOpHU  CPaBHUTEIHU
M3IMTBAHUS CE€ U3IOJI3BAT KaTO €IUH OT KpuTe-
pUMTE 3a OLIEHKAa Ha TeXHHW4eckata pabora B
nmaboparopusita. Upe3 TakoBa ydacTtme Jabopa-
TOpPUUTE MOraT Jla CPaBHAT PE3YIATATUTE CH C
NoJOOHM Ha TAX J1abopaTopuH, Aa HaOmogaBat
CBOMTE pE3yiNTaTd B TEUYEHHE HAa BPEMETO, Aa
OTKpHUBAT TEHICHIMUTE W Ja MpeanpuemMar He-
00X0AMMUTE MPEBaHTHBHM WM KOPUTHPAIIN
JEUCTBYSL.

Jluteparypa

1. BAS QR 18; 01.05.2016r.,,IIpouemypa 3a
nonuthkaTa Ha A BCA oTHOCHO Mexmysa0o-
paTOpHM CpaBHEHUS U WM3IMTBAHUS 3a MPHUIOJI-
HOCT.

2. BJIC EN ISO/IEC 17043:2010 OuensiBane
Ha CBHOTBETCTBUETO. OOLIM W3UCKBaHMS 32 W3-
nurBaHusita  3a  mpurogHoct  (ISO/IEC
17043:2010).

3. BJAC EN ISO/17025. OOmyu M3MCKBaHUS
OTHOCHO KOMIIETEHTHOCTTA Ha JTabOpaTOpHUTE 32
W3IIATBaHE u KajauOpupane (ISO/IEC
17025:2005/).

4. BIC EN ISO 6579:2003 Mukpo0Ouosorust
Ha XpaHu U (ypaxu. XOpPH30HTAIEH METOJI 3a
oTkpuBaHe Ha Salmonella spp.

5. BAC EN ISO 7218:2007 MukpoOuomiorus
Ha XpaHu U ¢ypaxu. OO U3UCKBAHUS U PBKO-
BOJICTBOBO 32 MUKPOOHOJIOTUYHU U3IMTUTBAHHUS.

6. BIC EN ISO 11133:2014 MukpoOuosorus
Ha XpaHWUTEIHU TPOAYKTH, (GYpaKu W BOJH.
IloaroroBka, MPOW3BOACTBO, ChbXPAaHEHUE M H3-
MUTBaHE Ha KAYeCTBAaTa HAa KyATYpalHU CpeIn

7. AwnronoBa-Hukomosa C., JI.Mouesa, U.
WBanoBa XpaHuTelHa MUKPOOHONIOTHs Y HUBEP-
cuteTcko m3narenctso ,,CB. Kmument Oxpunc-
kn” Codus,2015.

8. Muntoposa b., bones b., Henos B., 2017,
"XapakTepucTrKa 1 e()eKTUBHOCT Ha CETUMCH-
TaI[MOHHA OMOETICKTPOXMMHUYHA CHCTEMA C Kepa-
MuueH cenapatop”, Oxidation Communication
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ABSTRACT: In quality management in a test laboratory, consideration should be given to the traceability
of the results, especially to the expanded uncertainties that occur during the analysis. The experimental part of
the article will propose an uncertainty budgeting procedure for initial verification of a standardized test method
or validation of an interlaboratory method by enveloping two certified comparative materials in the lower and
upper limits of the measurement range by the respective method.
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BLBenenue

CepliecTByBaT  pa3igMyHd ~ METOAM 32
yIpaBiIeHHEe Ha KayeCTBOTO B HW3MUTBATEIHUTE
MUKpoOHoNorudHN Jtaboparopuu. Korato emHa
TakaBa JjabopaTopus € aKpeOUTHPaHa, TO
METOJUTE 3a YIpaBleHHE Ha KauecTBOTO ca
ONMHMCAaHW B HApbUHHUKA [0 Ka4YeCTBOTO H
chucTemMara 3a yIpaBJeHHe Ha JjabopaTopusra.
HappyHUKBFT 1O Ka4yecTBO € Ch3AAAEH II0
mexayHaponuus crannapt bJIC EN ISO 17025
WM 1o MexayHapoanus crasgapt EN ISO
9001.

HappyHUKBFT 1O KayecTBOTO € 4YacT OT
cucTeMara 3a ynpasieHue Ha jJabopatopusita. B
cUcTeMara 1o KaueCTBO Ca OMHMCAaHH OCHOBHUTE
npouenypu mo kadectBoto (OIIK), paborHn
npouenypu mo kausectBoro (PIIK), dopmynspu
no kayectBoTo (PK) M cnuchIy MO Ka4eCTBOTO
(CuK).

IIpocaeaumocT Ha U3MEPBAHUATA

WznckBanusita 3a Ka4eCcTBOTO Ha
Mpe/ylaraHuTe yCIyTh B JabopaTopuuTe 3a
M3MUTBaHE Ca CBBP3aHU C MPAKTHYECKHUTE
acleKTH Ha pa3BUTHE Ha CHUCTeMaTa Ha
yIpaBJeHHEe Ype3 OCUTYPSBAHE Ha:

e EduxacHoct, KOSATO ce rapaHTupa oOT
CTETeHTa, JI0 KOSTO IUIAHUPAaHWUTE IEHHOCTH ca
M3IIBJIHEHN WU IOCTUTHATH
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e  EdexTuBHOCT, KOSTO € OCHUTypeHa OT
CBOTHOUIEHUETO MEXIY IOIYYEHUTE pPE3yJITaTH

1 M3II0JI3BAHUTE PECYPCH

e IlochnemoBaTemHoCT ce  CBBpP3BA €
HEIIpEKbCHATaTa BEpUra oOT JEHCTBUA IO
OCBIICCTBSBAHE HAa  3aJ0KEHUTE LENH B

KpalHUTE pe3yJaTaTH.

EdukacHata cucrema 3a yOpaBicHHE Ha
U3MEpBaHUITA  OCHUTYpsiBA  CpelcTBaTa  3a
W3MepBaHE M MPOIECHTE HAa H3MEpBaHE Ja ca
MOAXOSIIM 3a MPEABUACHOTO M3MOJ3BaHe. Ts e
BOKHA 3a MMOCTHUTAHE HA IIEJIUTE MO OTHOIICHHUE
KAueCTBOTO HA TMPOJYKTAa U 3a YIPABICHUETO Ha
pHCKa  OT  HENPaBWJIHH  PE3yATaTH  OT
u3MepBanusta. llenuTe Ha cucTemMara 3a
yIIpaBJICHUE Ha M3MEPBAHUATA € J1a CE YIIPaBIIsBA
PHCKBT TPH [OJyYaBaHE Ha HEMPABHIHH
pe3ynTatd  OT TEXHHYECKHTE CpeicTBa 3a
W3MEpPBaHUS U TPOIECHTE HA W3MEPBaHe, KOMTO
BIMSIAT HAa KAa4eCTBOTO HA TMPOAYKTa Ha
opraHm3aiusaTa. MeToauTe, U3MOJI3BaHH  3a
cucTeMara 3a YNpaBICHHE Ha HM3MEpPBAHUATA,
o0XBaIla OT OCHOBHUTE TEXHUYECKU CPEICTBA JI0
OpUJIAraHeT0 Ha CTATHCTHYECKH METOJM B
ympaBiieHreTo Ha mporeca Ha usmepsane (BJIC
EN ISO 10012:2006).

I[Iporiecute Ha W3MepBaHe, KOMTO Ca YacT OT
cucTeMara 3a yIpaBieHHE Ha H3IUTBAHHS
33JBJDKUTESTHO  C€  IUIAHMPAT,  BaJWAUpAT,
JOKYMEHTUpaT W  BHeIpsBaT. Brwmsemmre
BCIIMYHUHHU, KOUTO BT)?,JICI\/’ITBaT Ha MIpoHeCUuTe Ha



M3MEpBaHUATA, TPIOBa Jda ce WACHTUDUIIUPAT U
B3eMarT I10]l BHUMaHUeE.

[IpocnemumocTtTa Ha  HW3MEpBaHUATAa €
CBOWMCTBO Ha pE3yJTaTUTE OT W3MEPBAHETO,
KOUTO MOrar Jia ObJIaT CBBP3aHU C yCTAaHOBCHH
€TaJIOHH, KOHUTO uMmar 00siBEHH
HEOMPEACICHOCTH C IIOCOYCHU JOBEPUTCIHU
BEPOSITHOCTH 4Ype3 HENpeKbCHATa BEpHUTa OT

CpaBHEHMUSI.
HctuHckaTta CTOMHOCT Ha  CIy4YalHHTE
BEJIMYMHM C€ HaMuUpa C  ONpEACIUTENHA

CTaTHCTUYECKAa CHUTYPHOCT B TOYHO OIPEJEICH
HWHTEpBal OT croifHocTu. TakaBa WHTEpBalHA
OIICHKA IMPE/ICTABIIABA JTOBEPUTECIHUSIT UHTEPBAIL.
B mpakrtukara Hali-uecTO  JIOBEPUTEIHUSAT
WHTEpBaJl C€ W3YHCIsABAa TPH YCIOBUS Ha
MTOBTOPSIEMOCT 32 MOTY4aBaHETO.

3a BcekH TpoIlec Ha W3MEpBaHE, BKIOYCH B
cucremMara 3a yIpaBlieHHe, TpsOBa ma ce
OTIpe/IeNN M HEOMPEIeIEHOCTTa Ha U3MEPBAHETO.
Cnen xatro aHanu3upame HEONpeaeNeHOCTTa Ha
IaJieH0 W3MEepBaHe TpsOBa Ja TOTBBPANM
MCTPOJIOTUYHO TEXHHUYCCKUTC cpeacrsa 3a
W3MepBaHe M Ja BaJUAuMpaMe TIpoleca Ha
M3MepBaHe.

Heonpenenaenoct

Crnopen cranmapr BJAC EN ISO 17025
TpsiOBa Ja ce M3MMCBA M HEONPENEIEHOCTTa KaTo
MSpKa 32 METPOJIOTUMHOTO KauecTBO Ha
n3MepBaHusTa. HeonpeneneHocrra ce nmpuema 3a
napameTsp, PeleBaHTeH ¢ M3MEpBaHMATA. 103U
napamMeTsp XapakTepu3upa AWCHepcHsTa Ha
CTOMHOCTHTE Ha JIaicHa U3MEepeHa BeTMYHHA.

Karo Hali-uecTu U3TOYHUII
HEOIPEeNICHOCT MOraT Jia Ce 0coYar:
[IpobGorzemane
VYcnoBus Ha chXpaHEHHE Ha MpoOuTe
M3non3eana anapatypa
YucroTra Ha peareHTUTe
CrexromeTpus Ha peaKkusTa
VYcnoBusita Ha U3MEpBaHUsTA
Marpuunu epexTu
N360p Ha kanmuOpanuoHeH MoJiel
Kopexmwmst mo nipa3za npobda
OrnepaTopcKu yMEHUS
Caydaiinu dakropu
3a ompeneinsHe Ha OOIIaTa HEONPEHAEICHOCT

Ha

ce B3€Ma npeaABUa CTaHJAapTHATa
HCOIPECACICHOCT, KOM6I/IHI/IpaHaTa
HEOIPEACICHOCT nu pasmurpeHaTta
HCOIPEACICHOCT. CTaHZIapTHaTa

HEONpPENETICHOCT ce pa3fend Ha Tun A u tun B.
Tum A ce omeHsBa OT W3OHUTBATENIS dYpe3
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CTaTUCTUYECKU
HaOJroIeHHE.

OneHka 3a HEONpEJENCHOCTTa MOXE Ja ce
OCHOBaBa BBpXY Beu€ CHIIECTBYBAIlU JAHHU 32
XapakTepu3upaHe Ha MeToda (Baauzaupase,
CepTUQUUUPAHN  CPABHUTECIHH  MaTEepHaJIH,
HapbYHULIM U JIp.).

OneHsBaHETO Ha HEONPENEICHOCTHTE C€
OCHOBAaBa Ha:

e OyHkuusATa Ha  IJTBTHOCTTa  HA
pasmpeseNeHneT0 Ha BEpOSTHOCTUTE BCSIKa
BEJIMYMHA, BIIUSC HA U3MEpBaTelIHa BEIUYHHA, €
HE BUHAIy U3BECTHA;

e  Haii-noOpaTa oueHka Ha BeTUUMHATA €
CTOWHOCTTa Ha MaTeMAaTHYECKOTO OYaKBaHE Ha

aHaJIu3 Ha cepun oT

¢byHKIUATA Ha pasIpeaeneHeTo Ha
BEPOATHOCTHUTE;

e  CpemHOKBaApaTHIHOTO (CTaHAAPTHOTO)
OTKJIOHEHHE ce npueMa KaTo
CPEIHOKBAIpaTHYHA (cranmapTHa)
HEOTIPEIeTICHOCT;

e B ocHoBara Ha (QyHKIOUATA Ha

pasnpeaci€HueTO Ha BEPOATHOCTUTE C€ sABsIBa
BCJIMYKMHATa, U3BCJACHA OT:

o IloBTopHM wu3MepBaHMs — METOA 3a
OolLICHIBaHE, THIT A

o Hayuno 000CHOBaHU BB3MOXKHU
U3MCHCHUA Ha BCJIMUMHATA — MCTOJ Ha
ollcHIBaHe, THIT B

OueHka Ha HEOIPEEICHOCTTa Ha

U3MEpBaHUATA CC€ MU3BHPHIBA OT TEXHUYCCKHU
KOMIIETEeHTHU ChTPYAHHUIIA Bh30CHOBA Ha:

e [lpunarane Ha eTallOHW — U3MEPBATEIICH
ypen, MspkKa, W3MepBaTellHa CHCTEMa, THIIOBE
CCM/CM, KOHTpOJIHA 00pa3iu uiad Jgo0pe
oXapakTepu3upaHu nmpoou

e  VuacTtus B MEXTyJIad0opaTOpHH
CpPaBHEHHUS U U3MUTBAHUS 33 IPUTOTHOCT

° NupuBuayanHo U KOMIIJIEKCHO
OTUYMUTAHC Ha BIMSAHHUCTO Ha BCAKA OT I'PCHIKUTE B
cyMapHarta (KOMIUIEKCHATa) HEOIPEaeIeHOCT Ha
M3MEpBaHETO, aHAIIN3 ¥ OIIEHKA Ha paslIupeHaTa
HEOTIPEIETICHOCT

e Uscnensane u joka3BaHe Ha BUAa Ha
pasmpeleieHHeT0 Ha BEIMYMHHUTE (HOPMAJHO,
CUMETPUYHO, ACUMETPUYHO WU JIP.).

[Ipouenypara 3a OIICHSIBaHE Ha
HEOMPEICICHOCTTa Ce ONKMCBA B YSTHPHU YaCTH, a
HUMEHHO:

o HSBC)K,Z[&HCTO Ha Mozaciaa Ha
HU3MCPBAHCTO — HU3MNOJ3BAT C€ MNPUYUHHO-
CIICACTBCHUTC BPB3KU MCKOY BXOJHHUTC

BCJIIMYWHU U U3MEpBaHAaTa BEJIMUMWHA,



e  OxapakTepusupaHe Ha BXOIHNTE
BEJIMYMHU Ha (DYHKIHUATA HaA PasNpeIeICHUETO
Ha BEPOATHOCTHUTE, JaBallyd HHPOPMAIHS 3a Te3H
BEJIMUMHU — OIpEeNeNsl ce Hai-7o0para OICHKa
Ha BCSAKA BEIMYMHA W CPEIHOKBaJpaTHYHATA
HEOIPEIEICHOCT Ha Ta3H OLCHKA,;
e  PasmpocTpaHeHHE Ha HEOIPEACICHOCTTA
3aKOHBT 3a pasnpoCTpaHeHUE Ha
HEOMPEJICICHOCTTa CE TMpwiara 3a JIMHEHHU
(GYHKIINH 1 MOJIEINH;

e  KpaeH pesynrar — KOMIUIEKCeH 00pa3 Ha

OIICHKa Ha U3MEpBaHaTa BCIIMYHHA,
KOM6I/IHI/IpaHa CpCAHOKBaApaTUIHA
HCOIPEACICHOCT n pasmpeHara
HEOIIPEACIICHOCT.

3aBHCHMOCTTA MCKOY KOM6I/IHI/IpaHaTa nu
CTaHAAPTHUTC HEOIPLCACICHOCT CC OIPEACI 110
CICOHUA HAYUH:

Z c2.u(x) +

Ue(V)=

Z Cj. Cku(xl) u{xk} Tik
LK=1

KBJICTO:
u(x;), u(xy) — CTAaHIAPTHU HEOTIPEEICHOCTH;
C; — KOS(DUIMEHT HA YyBCTBUTEIHOCT, KOWTO
OTpa3sBa KakBa € MpOMsHAaTa B CTOMHOCTTa Ha
BCJIMYHMHATA.
ITpu ycrnoBuWe, 4e BCHYKM MapaMeTpu X; ca
cH,

HE3aBUCUMHU  MTOMEXIY
CJIETHOTO YpaBHEHHUE:

ce IoIydasa

Uc(y)=

PaSHJHpeHaTa HCOIMPEACICHOCT CC U3UUCIIIBA
110 CJICAHOTO YpAaBHCHUC!

U(y) = k.uc(y)

Heomnpenenenoctra Ha u3MepBaHETO ce JaBa,
3a 1a OCUTYPHU METPOJIOTUYHATA BEPUTa HA BCEKU
eran oT u3MepBaHetro. KpallHust pesyarar ce
u3pa3siBa B pa3LIMpPEHaTa HEONPEIEICHOCT.

CpemHoKBaapaTHYHO OTKJIOHEHUE HAa JaHHM,
MOJIYYeHH OT MEPUOAMYHO HU3MEpPBAHE Ha
ctabuieH, HO TUNOB OOEKT 3a M3NMUTBAaHE, JaBa
KOMOWHUpaHa OIleHKa Ha M3MEHYUBOCTTA, KOATO
MPOM3TUYa OT MHOTO TIOTCHIMATHH W3TOYHHUITH
Ha OTKJIOHEHHUS.

M3Boa: CpeaHOKBAAPATHIHOTO OTKIOHCHHE €
OCHOBa 32 OIICHSBAaHE Ha HEONPEeAeNeHOCTTa,
KOATO € MOpeIcTaBUTEIHA 3a  ISUIOCTHATa
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W3MEHYMBOCT, KOATO HHaue OH H3HCKBaJIa
oleHsBaHe Ha otaeaHuTe Bb3AehcTBus (EA
4/16 G, 2003).

KoraTo manHHTE OT KOHTpOJIA HA KA9€CTBOTO,
KOUTO Ca TMOJIYYCHH OT U3MEHEHUS, BOJCIIU 10
OTXBBPJISHE HAa PE3yNTATUTE OT H3MEPBaHUA U
V3NUTBAHUS WA 0 KOPUTHUPAIIN ACHCTBUSA, TE3U
IaHHA OT KOHTpoJia Ha KadeCTBOTO Ce
OTCTpaHsBaT OT JAaHHHUTE, IO KOWUTO Ce€
M3YNCIIABA CPETHOKBAAPATHIHOTO OTKIIOHEHHE.

Pasmmpenara HeompeneaeHOCT Ha METoa 3a

HU3MCpBaHE CC oOmIpeacid 4Ype3 CcyMapHaTa
HCOIMPEACICHOCT OT:
o HeonpenenenocTtra Ha  W3MepBaHaTa

CPEIHOAPUTMETHYHA CTOMHOCT OT TapajeiaHu
MU3MEpBaHUsl B YCJIOBHMS Ha MOBTOPSIEMOCT.
Onpenenst ce 4Ype3 HEHHUS TMOJNOXHUTEICH
KBaJpaTeH KOPEH U ce Hapuia eKCIePUMEHTATHO
CPEIHOKBAAPATUYHO OTKJIOHEHHE Ha
CpeIHOapUTMETHYHATA CTOHHOCT
(cpemHOKBagpaTUYHA HEOIIPEIEICHOCT);
HeonpeneneHnocrra Ha
cepruduuupanara croiHoct Ha tuna CCM, c
KOMTO ce M3MepBa, v3pazeHa _ upe3
CpPEIHOKBaipaTUYHATa  HEONpPEeAEAeHOCT  OT
cepTudUUIpaHeTo Ha TUNa CCM.
Heomnpenenenocrra Ha tuna CCM, ¢ koiTo ce
KaJquOpHpa B KOHIIEHTPAIMOHHA TOYKA, CE B3eMa
JUPEKTHO OT HeroBus ceprudukar. B cioydaunre,
Korato B ceprupukara €  IOCOYEHa
OTHOCHTENTHaTa HeollpeneleHocT B % Ha
cepruduuupanara ctoiHocT (& Ccem), B3eMa ce
1ol BHUMaHHUE MOCOYEHUs] B cepTH(duKara BUI
pasmpeeneHue. CpenHokBagpaTHYHATA
HEOTIPE/IETICHOCT CE XapaKTepu3upa c:

o  Hopwmanno pasnpeanenenue

o IlpaBobI'biHO pasnpeneneHue

e  HeonpeneneHocrra oT AEWCTBUS BBPXY
tuna CCM uiu KoHTpoJHaTa mpoba. [IpuHochT
OT HEONpPENEeJIEHOCTTa OT Pa3peKIaHeTO Ha
M3XOJIHUS pa3TBOp MpH n3MepBaHne ¢ Teunn CCM
W H3MOJI3BAHETO HA MEPHUTENHU KOJIOW WIH
MUIIETH, ce n3passpa OTHOCHUTETHATa
KOMOWHHMpaHa CTaHJapTHAa HEOIPEIeNICHOCT Ha
paboTHHS pa3TBOP;

e  HeompeneneHocTTa Ha THMA CPEJICTBO 32
JajgeHa mo  ceprudukara  3a

M3MepBaHe,
KaJauOpupase;
e  HeompeneneHocrra oT HW3MEpBaHE Ha
u3xojaHaTa maca Ha TBbpauMs Tun CCM. Ilpu
W3YHUCIIIBaHE Ha MPHHOCA OT HEOMPEAETIeHOCTTa
oT u3MepBaHe ¢ TBepaM CCM ce mnomydasa
NPEeHEOPEKUTETHO HHUCKA CTOHHOCT, HO MpHU




W3YHCISIBAHETO TpsiOBa Jla ce TMpeMUuHE B
OTHOCHTETTHH €IHHIIN;
e  HeompeneneHocTra OT BAMSHUETO Ha

CKaJHOTO JICJICHUE. [TpuHOCHT Ha
HEOMPEACICHOCTTa  OT  pasmpeAciIuTeHaTa
CIIOCOOHOCT Ha ypena ce OIeHsBa 110
¢dhopmynara:
a
* 243

KBIETO a € pa3JelUTe]HaTa CIIOCOOHOCT Ha
ypena.
e HeompeneneHocTra OT BIMSHHAETO Ha
(dbakTopuTe Ha OKOJHATA cpena (IpHu HEOTIYUTaHE
Ha OapoMeTpuuYHO HajsraHe, Temmeparypa (20

+5)°C u BnaxxHOCT Ha BB31myxa oT 20 mo 60 %);

° HeOHDeI{eHeHOCTTa OT BJIUJIHHUEC Ha
APYTHU {l!aKTO[ZI/I.
Broxxker Ha HEOoIIpeaeJIeHOCTTA
Onenka CpennokBa | Koedury IpuHOC KBM
BxonHa | Hax; JpaTHYHa HEHT Ha CPEIHOKBA/I-
BenmM4M | (M3MepBaT | HeoNpexele | YyBCTBH- | paTUYHATa
Ha X; el-Ha HOCT TEITHOCT HeonpezieeH
€/IMHULIA) i ocT
X1 X1 Ci
Xn Xn Cn
KomOunHnpana HeonpeaeneHocT Uc
Pasmmpena HeonpeeneHoCT 6]
Koedunmentute Ha YyBCTBUTENHOCT c€

OTIpeNIeNIAT dYpe3 OICHSBaHE Ha W3MEpBaHaTa
BEJIMYMHA M BB3JEHCTBUETO HA OCTAHAJINTE
BXOJTHM  BEJIMYMHU TIpU  YCIIOBUSATA  Ha
(YHKITMOHAIHOCT, KaTO C€ MPUPAaBHABAT Ha
€IMHUIIA TIPU TIPEKH U He3aAUCUMH U3MEPBaHHUA,
T.e.c=1.

Cratuctuyecka o0padoTka Ha JaHHUTE U
Npe/cTaBsiHe HA Pe3yJITATUTE

O0paboTBaHETO, aHAIM3BT U OICHIBAHETO Ha
MONYYEHUTE pe3ylTaTh OT W3MUTBaTelIHATA
nabopaTopusi Ce€  U3BBPIIBA  MOCPEICTBOM
npuiaraHe Ha JABY(QAKTOPHHUS JUCICPCHOHCH
aHaJN3 KaTo MaTeMaTHUKO-CTATHCTUIECKH MOJICI.

[Tpuerara nmponeaypa BKIIIOYBA!

1. OOpaboTBaHe Ha TBPBUYHHUTE PE3YJITATH

oT IIPOBEACHUTEC N3MEpBaHUA CBI'JIaCHO
3aJIOKCHUA MaTEMAaTUYCCKU arapar.
2. OHCH}IBaHC Ha CpCAHOAPUTMCTUYHUA

pe3yiTaT Mo MOoKa3aTed Ha BCsKa JIabopaTopHs
CHIPSIMO  CpeiHHsSl pe3yiaTraT 3a o0ekTra Ha
W3MHATBAHE.
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3. AHamu3 Ha HAIMYHETO Ha TPyOH TpEeIIKu
mo kputepus Ha CmupHOB-I'pyOC ¢ M3XBBpIsTHE
Ha ycTaHOBeHaTa rpyOa rpemka. To3u aHamu3
JloOKa3Ba  JOCTaThb4Ha  JOCTOBEPHOCT  Ha
M3MEpBaHUATA B 1a00paTOPHITA.

4. H3uucisiBaHe HA IPUITHCAHATA CTOWHOCT
Ha BCEKM MOKa3aTel Ha OOEKTa 3a H3MUTBaHE.
ToBa ce moctura dpe3  MaTeMaTHKO-
CTAaTHCTUYECKN aHajW3 3a OLEHABaHE Ha
HE3aBHCUMUTE PE3YJITaTH M OIpelIeisHe Ha
CHOTHOIIEHUSATA upe3 3o-kpurepuit 3a
OXapakTepu3HpaHe Ha JOCTUTHATATa TOYHOCT Ha

M3MEpBaHUATA.
5. T'paduuHo mpencraBsHEe Ha NAHHUTE U
OIICHSABAaHE HAa CHOTHONICHUATA, CBHIJIACHO
MIPUJIOKEHUS KPUTEPHIA.
6. AmnanusupaHe Ha CBBKYHNHOCTTa OT
JTAHHY 32 OTpEJeNsTHe Ha Z; — CTOWHOCTHTE TIO Z
— KpUTEepHil.

Bceekn mpoliec Ha W3MepBaHe, 3a KOMTO ¢
M3BECTHO HJIK CC mpearmojara, 4€¢ MOXCE Jda naac
HETOYHH pE3yNTaTH OT M3MEpBaHHA, TpsOBa Ia
ce WIACHTU(DUIUpPA [0 TMOAXOIAIl HAYMH U HE
TpsiOBa J]a Ce M3I0J3Ba [0 MPEINPUEMAHETO Ha
nogxomsum  geiicteus (BJIC EN - ISO
10012:2006; BZIC EN ISO/IEC 17025, 2006;
Wopnanos JI. 2015; EA 4/02 M, 2013; Kypc
Ne7/2014 ; isobudgets.com).

3a 51a ce OCUTypH IIBITHO YAOBJIETBOPSIBAHE HA
KIMEHTHTE OT YCIyruTe Ha naboparopusiTa,
aKpeIUTHPAHUTE JTabopaTopuu 3a H3MUTBAHE
TpsOBa Na pa3paloTAT MOIXOJSIIM MpaBUIIA 3a
ChTPYAHUUCCTBO C KIIMCHTH. Kinnenture wmMmar

mpaBo Ja O4YakBaT, Y€ IMPOTOKOJIHUTE OT
U3IIUTBaHUATA Ca HeﬁCTBHTeHHO KOPEKTHH,
IIOJIC3HU H pa36HpaeMI/I. B 3aBucumocTt ot
ciyvas KIMCHTHUTC ca ChIIIO TakKa
3aMHTCPCCHOBAHMU OT XapaKTCPUCTUKUTEC Ha
KayeCTBOTO 1 Hai-BeYe OT:

o Ha}le)KHOCTTa Ha pPE3YyIATATUTE u

KOJINUECTBEHO OOsBSIBaHE HAa Ta3d HAAEKHOCT,
T.€. HEOIIPEEIECHOCTTa;

e  JloBepurenHaTa BEPOSITHOCT Ha
O0SIBEHOTO CBOTBETCTBHME 3a IPOJYKTa, KOETO
MOXe Ja ObJe HampaBeHO OT pe3yiarara oOT
W3MIMTBAaHE W CBBbpP3aHATA C HETO paslupeHa
ueonpenenenoct (EA 4/16 G, 2003).

Ilenta  Ha  HacTOsIIATa  CTAaTUs €
pa3paboTBaHETO Ha NpoLEelypa 3a ChbCTaBSIHE Ha
Oro/KET Ha HEOIpeAeIeHOCT o MeToaa ,,Top-
down” B MHUKPOOHMOJIOTUUHHUTE H3IUTBATEIHU
na0oparopuy, upe3 KOSITO Ja C€ OCHUIYpsT
CUTYPHHU W HAACKIHH PEIYJITATU IO OTACITHHUTE



IIoKa3aTciinu B Ka4CCTBCHUA
CBOTBETHUTEC ITPOAYKTH.

KOHTPOII Ha

Excnepument

HacrosmaTta npouenypa periaMeHTHpa pena
3a OIEHKAa M CbCTaBsgHe Ha Olomkera Ha
HEONpEeIeIeHOCTTa  OT  H3IUTBAHUATA U
W3UCKBaHMATA, KOMTO C€  cla3BaT IIpu
MIpEJICTaBsSHE Ha Pe3yJITaTUTE OT U3MUTBAHUITA C
OLICHEHA HEOIPEAEICHOCT Ha U3MEPBAHETO.

W3mepBaHusiTa, U3BBPIIBAHU 3a OINpEIEIIsSHE
Ha MapaMeTpUTe Ha U3MUTBaHUS MPOIYKT CE€ M3-
BBPILIBAT MPHU YCIOBUATA, TIOCOUEHU B CHOTBET-
HUTE BepU(DULMPAHU CTAaHIAPTH3UPAHU METOAU
32 M3NMTBAaHE WIM BANUIUPAHU BBTPELIHOIA00-
paToOpHHU METOIU.

OTuyuTallKl MHOXECTBOTO HEKOHTPOJIUPYEMHU
¢axTopu B mpolieca Ha U3MUTBAHE CE MPHEMA, Ue
pe3yiTaTuTe OT U3MEpPBAaHE ca CllydallHU Belld-
YUHU C HOPMAJIEH 3aKOH Ha pas3lpe/icieHue.
IIpouenypara ce CbCTOM TPHU MOZYIA.

Mopaya 3a oneHsiBaHe HA CPeIHOKBaJApaTH4-
HATa HeolpeAeJeHOCT TUll ,,A” Ha OCHOBaTa
Ha npa3Ha npo®a u aABa cepruduuMpanu
CPaBHUTEJHH MaTepHAaIa B A0JHATA U TOpPHA-
Ta rpaHUIa HA 00XBaTa HA MeTOAA 32 M3MMT-
BaHe

IIpy TO3M METOH HEONPEAEIIEHOCTTa C€
OIIEHABA Ype3 CTATUCTUYECKH aHaJIN3 Ha CEepHUH
OT HaOMIOJEHWs Ha Tpa3Hata mnpoda W JBaTa
CepTUQUUUPAHN CPABHUTEIHM MaTepuajia U ce

u3passisa c EKCTIIEpUMEHTAITHOTO
CPEHOKBAIPATUIHO OTKJIOHEHHE Ha
CpeJHOApUTMETHYHATA CTOHHOCT 3a  BCSKa
cepusl.

IIpu n He3aBHCHMHU OTAETHH U3MEpBaHHA (N
> 1) u Tpu eNHAKBH YCIOBHs HAa H3MEpBaHE
OIlcHEeHaTa CTOMHOCT X; Ha BeandyuHata X; ce
M3passiBa Ype3 CPeTHOAPUTMETHYHATA CTOWHOCT
Ha OTHEINHO W3MEpPEHUTe CTOWHOCTH. Ta3m
CpPEeTHOAPUTMETHYHA CTOWHOCT IMIPEJICTaBIIsIBaA
OIICHKATa y Ha U3MEpBaHaTa BEIMYNHA!

1 n
¥ == X, [1]
nj=
Onenkata Ha CPEeTHOKBAAPATHIHOTO
OTKJIOHEHHE Ha pas3npeieieHueTo Ha

croiiHocTHuTe Xjj, Ce onpesiens 1o popmynara:
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[2]

Ta3u olleHKa XapaKkTepu3nupa TUCIIepPCUsITa Ha
pe3yiTaTHTE Ha CepUsl OT B U3MEPBaHUs HA eHA
M ChIIla U3MEPBaHa BEINIHNHA.

OreHkara Ha CPETHOKBAIPATUIHOTO
OTKJIOHEHHE Ha CPETHOAPUTMETHYHATA CTOHHOCT
ce ompenenst mo Gpopmynara:

S(x) = (%)= S 3
Jn
Taz3u OLICHKA MIPEICTaBIISIBA
€KCIIEPIMEHTAITHOTO CPETHOKBAIPATHIHO
OTKJIOHEHHE Ha CpeIHOapUTMETHYHATA
CTOMHOCT.

CpenHOKBagpaTHYHATa HEONPEACICHOCT Ha
cpeiHaTa CTOMHOCT Ha HM3MeEpBaHATa BEIMYMHA
u(x;) TpUA U3BBPIIBAHE HA M HE3aBUCUMH
OTIpeIeNIeHs], 32 KOUTO € XapaKTepHO HOPMAITHO
pasmpezeneHue, ce H3YHCIsIBa [0 YPaBHEHUETO:

[4]

KBJIETO:

X, € CpeIHOapMTMETUYHATa CTOHHOCT Ha

u3MepBaHaTa BeJIM4YMHA X, ;

X; € pe3yaTarbT OT j-TOTO H3MEpBaHE Ha

g
HU3MEpBaHaTa BEJIMYUHA xl- N

n € OpOsIT Ha U3MEPBaHUATA.

B kpas Ha TO3u MOJIyJ1 Ce M3BBPIIBA JINHECH
pPErpEeCHOHEH aHaIW3 MEXIy KBaJpaTuTe Ha
KOHIIGHTPAIMUTE (CTOMHOCTHTE Ha ITOKa3aTels
3a Mpa3Harta npoba M JaBaTa cepTHUIMpaHH
CpaBHHMTEIHM MaTepuana) M KBaJpaTHTe Ha
HOJIyYECHUTE HEONPEIeICHOCTH M0 ypaBHEeHHUE 4.
PerpecHoHHUAT MOJIe UMa CIISTHHS BUJI:

2

_ 2

MO}IyJ’l 3a OICHABAHC Ha HEOMPEIACJICHOCTTA
oT rlp06033eMaHe
HpI/I TO3W MCETOA CC€ aHaIM3upa CCpusd OT

OBOWKM TpoOM OT enuHus cepTuduIupan
CPaBHUTEJIEH MaTepual, KaTro ce oIlpeness
CBOTHOLLEHUETO MEXIy pasnukara B



CTOWHOCTUTE Ha M3MEpBaHMA TIOKa3aTel Ha
BCSiIKa JIBOMKA KBbM CpeJHaTa CTOMHOCT Ha
MoKa3aTess 3a JajieHaTa JBOWKa, & MIMEHHO:

[6]

H3uucnsasa ce CPCAHOKBAAPATUIHOTO
OTKJIOHCHUC Ha BCUYKHU MOJTYYCHU CbOTHOIICHUSA
I10 CJIEAHOTO YpaBHCHUE!

2.4

2N

[7]

dup

Heonpenenenocrra oT mpoOOB3eMaHe TOraBa
I MOJTyYHUM KaTo:

U _ Sdup
DR = [8]
VN
[Tomyuenata o ypaBHEHHUE 8

HEOIPEIeNICHOCT € ChbOTHOILICHHE, B pe3yNTar Ha
KOETO TpU BKIIOYBaHETO U B OIO/KeTa Ha
HEOIpeIeNICHOCTTa Ha eTana Ha KOMOMHUpAaHE ¢
HEOOXOIMMO J1a ce YMHOXH [0 TOJydeHaTa
CTOWHOCT Ha M3CJeABaHMS MoKa3aTen (X).

Monyn 3a oneHsiBaHe HAa HeoNpeneJeHOCTTa
OT CHCTEMATHYHUTE OTKJIOHEHUS

OreHABAaHETO HA  HEONPEACJICHOCTTa  OT
cucreMatuyHure  OoTkiioHenus  (bias)  ce
M3BBPIIBA HA OCHOBA JIAHHUTE OT M3MOJI3BAHUTE
JBa cepTUMUIMPAHA CPABHUTEIHH MaTepuaia B
o0XxBaTa Ha MeTo/ia 3a U3MEpPBaHe.

Heomnpenenenoctra  OT  CUCTEMATUYHUTE
orkionennus u(bias-low) ce momywaBa 1O
CJICJIHOTO YpaBHCHHE:

2 ‘vaiax2 2 9
bias +T+uCRM—/DW [9]

ubias—low =
Heomnpenenenoctra OT  CUCTEMATUYHUTE
orknonenuss u(bias-high) ce mony4yaBa 1m0

CJICAHOTO YpaBHCHUC:

2
bias

—
_ . 2
Upias—high = bias + + U cgr—high [10]
KOM6I/IHI/IpaHaTa HCOIPEACIICHOCT Ha
OCHOBATa Ha TpPUTC MOAyJla CC€ MNPCEACTaBA IIO

CJICIHUS HAYMH:
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2

_ 2 dup 2
uc(x) =,|/mx +C+W')‘ +ubins‘flm1‘ +

2
ubiakhigh xz [1 1]

high

Pasmmpenara neomnpeneneHoct npu 95 %-na
JIOBEPHUTEJIHA BEPOSATHOCT I1Ie Obje:

U=2u_.(x) [12]

B kpaen BHI TIpH H3YHCIABAHETO Ha
pasIIMpeHaTa HEOIpPEeIeNIeHOCT Ha pe3yJsiTara 3a
JaJeHusl MoKa3zaTel € HeoOXOAUMO CaMoO €IHO
M3MEpBaHe 3a X, ThI KaTO OCTAaHAINTE WICHOBE B
ypaBaenue 11 ca mocrostaan!!!

Pe3yaraTn u 06chKIaHe

[pemnokenara mpoleaypa 3a ChCTaBsiHE Ha

Oromxer Ha HEOMPECICHOCT B
MUKPOOHOJIOTUYHN W3MUTBATEHN J1a00paTOpuu
€ TpwiokKeHa IpH  BepudHKanuATa  Ha

crangaptusupanus meron bJIC EN ISO 6579-1
“MuKpoOHONIOTHsl Ha XpaHWUTEIIHATA BEpHTa.
X OpH30HTaJICH METO/] 32 OTKpPHUBaHE, H30pOsBaHEe
Y CepOJIOTMYHO TUNu3upaHe Ha Salmonella. YacT
1: OrkpuBane Ha Salmonella spp.”(BJC EN
ISO 6579-1).

Pesynratute mnpu HK3MOJI3BAHETO Ha TPUTE
MOJIyJIa ca CIeIHUTE:

1. Monya 3a OlleHsIBaHe HA
CPeIHOKBAIPATHYHATA HEONPEIeJeHOCT THUIl
»A” Ha OCHOBaTa Ha mpa3Ha mpoda u aBa
cepTHUIHPAHN CPABHUTEJHM MaTepHaia B
A0JIHATA M TOPHATA IPaHUIIA HA 00XBaTa Ha
MeTo/1a 32 H3NNTBaHe



Tadauua 1. Jlaman oT HAOMIONCHHUATA BBHPXY

Tadoauna 3. J[anau OT HAONIOACHUATA BBPXY

Ipa3HaTa poba " U3YHMCIICHATa cepTUHUITHPAHIIS CpaBHUTEIICH Marepuail
CpPEeHOKBaApATUYHA HEONIPEACICHOCT THUII ,,A” Salmonella (50+£2) CFU B ropuusi o0xBaT Ha
Ne Salmonella Cpennokpaapatu | CpelHOKBaJpaTH4YH MeToa 3a U3MEpBaHe u n3uncieHara
spp., CFU 4YHO OTKJI-€, S a Heomp-ocT, u(X;) v
1. 3 CpEeIHOKBAAPATHIHA HEOIIPEACICHOCT THIT ,,A
2. 0 1,49 0,27
3. 2
4. 1
5. L Ne Salmonella | Cpeanoxsaapa CpeaHOKBaAPATHYH
(7" g spp., CFU | Tu4Ho oTKJ-€, S a Heomp-0cT, u(X;)
- 1. 48
g' g 2. 46 1,92 0,35
10, 5 3. 45
11. 3 4. 49
12. 2 5. 50
13. 3 6. 50
14. 5 7. 49
15. 4 8. 49
= ; 9. 44
18, 3 10. 45
o 5 11. 47
20. 0 12. 46
21. 1 13. 46
22. 1 14, 51
23. 2 15. 50
24. ! 16. 49
25. 5 17 18
26. 1 :
5 7y 18. 48
28. 1 19. 47
29. 1 20. 49
30. 2 21. 50
Mean value: 2,3 22. 51
Ta6auna 2. [lanau ot HaOMIOJICHHUATA BBPXY 23, 50
cepTU(GUIMpPAHUs  CpPaBHHUTEIEH  MarepHall g;‘ :z
Salmonella (4+1) CFU B gomHus o0xBaT Ha %6 47
METOAa 3a UBMEPBAHE 27. 45
Ne Salmonella | Cpeanoksagpatu | CpeaHOKBAaJApPaTH4YH 28. 46
spp., CFU UHO OTKI-¢, S a Heonp-ocT, u(x;) 29. 49
1. 5 30. 48
2. 2 1,53 0,28 Mean value: 47,9
i j B pesynrar ot nmonyuenute nanHu B tabi. 1-3
3 5 € U3BBPUICH PErPECHOHEH aHalu3, KOWUTO €
6. 6 npencraBeH Ha ¢Gur. 1:
7. 2
8. 3 -
4
10. 4 0,12 4
11. 1 014
12. 4 008 |
13. 4 s
14. 4 0,06 -
15. 1 0,04 4
16. 1 0,02 A
17. 4 0 , , , , ‘
18. 4 0 500 1000 1500 2000 2500
19. 2 XA2
20. 2
21. 2 ®@ur.1 Perpecuonen anajaus
22. 4
23. 1 ITomyyeHoTo ABHECHUE u3paszsaBa
24 4 y yp p >
25. 4 3aBUCUMOCTTA Ha HEOMPEJEICHOCTTa TUIl ,,A” OT
26. 2 ceappxkanueTo Ha  Salmonella spp. B
;; ‘7‘ n3mepBaHus ooxsar (4-50) CFU.
29. 5
30. 2
Mean value: 3,27
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2. Moayn 3a oueHsiBaHe Ha Heompesese-
HOCTTA OT NMpodoB3eMaHe

Ouenkara Ha  HEONpPEAEIEHOCTTa  OT
npoOoB3eMaHe 10 TO3M MOJYJ C€ M3BHPIIBA Bb3
OCHOBA Ha PE3yJITATUTE OT CEPUH JABOMKU MPOOH
Ha CepTHOHIMPAHMS CPABHHUTEICH MaTepHal B
JONHMS O00XBaT Ha MeToJa 3a H3MEpBaHe.
Pesynrarute ca nmpencrasenu B Tab. 4:

Tabdauua 4. OueHka Ha HEOMPENEICHOCTTA
OoT mpoOoB3eMaHe TMpH  H3IOJ3BaHE  Ha

CEePTHQUITUPAH CPABHUTCIHUTEICH MaTeprail
Salmonella spp. (4£1)CFU
Ne IIpo6a | IIpoda
HA”, B, d M dx Saup
pesyar | pesyar
aTt aT
L. 5 6 1 5,5 0,181818
2. 3 5 2 4 0,5 0,28
3. 4 6 2 5 0,4
4. 3 5 2 4 0,5
5. 4 5 1 45 0,222222
6. 3 4 1 3,5 0,285714
7. 4 4 0 4 0
8. 4 5 1 45 0,222222
9. 3 5 2 4 0,5
10. 2 4 2 3 0,666667
11. 2 4 2 3 0,666667
12. 4 5 1 45 0,222222
13. 3 4 1 3,5 0,285714
14. 4 6 2 5 0,4
15. 4 5 1 45 0,222222
16. 4 5 1 45 0,222222
17. 2 4 2 3 0,666667
18. 2 4 2 3 0,666667
19. 4 5 1 45 0,222222
20. 3 5 2 4 0,5
21. 2 4 2 3 0,666667
22. 2 3 1 2,5 0,4
23. 2 3 1 2,5 0,4
24, 4 4 0 4 0
25. 3 5 2 4 0,5
26. 4 4 0 4 0
27. 3 4 1 3,5 0,285714
28. 4 5 1 45 0,222222
29. 4 5 1 45 0,222222
30. 4 4 0 0
Sdu
Upr = Z = 0,052

4

3. Moaya 3a ouneHsiBaHe Ha Heompernese-
HOCTTA OT CUCTEMATHYHUTE OTKJIOHEHUS

OleHsIBAHETO HA  HEONPEICNICHOCTTa  OT
cuctemMatnyHute  OTKIOHeHHMs  (bias)  ce
W3BBpIIBA OTHOBO C TIOMOINTAa HAa JIBETE
CEepTUQUIMPAHN CPAaBHUTEIHU BEIIeCTBA B
ooxsata (4-50) CFU. Pesynratutre ot
M3MEpPBaHMATA ca MIPEACTABCHH B Ta0MI. 5-6:

Tadauna S. OueHka Ha HEONPEAEICHOCTTA
oT CHCTEMAaTUYHUTE OTKJIOHEHHUSI npu
M3TOJI3BaHE Ha cepTudHUIIpaH
cpaBHUTETHHUTENIeH Martepuan Salmonella spp.
(4£1) CFU

Ne Pesy | CRM- | Bias Spias | W(CR u(bias
JaTar low M- -low)
low)

1. 5 4 1

2. 2 4 -2 1,53 0,5 0,93
3. 4 4 0

4. 4 4 0

5. 2 4 -2

6. 6 4 2

7. 2 4 -2

8. 3 4 -1

9. 4 4 0

10. 4 4 0

11. 1 4 -3

12. 4 4 0

13. 4 4 0

14. 4 4 0

15. 1 4 -3

16. 1 4 -3

17. 4 4 0

18. 4 4 0

19. 2 4 -2
20. 2 4 -2
21. 2 4 -2
22. 4 4 0
23. 1 4 -3
24. 4 4 0
25. 4 4 0
26. 2 4 -2
27. 4 4 0
28. 7 4 3
29. 5 4 1
30. 2 4 -2

Bias(average): -0,73

Kombunupanata HEOTIPeIeTICHOCT Ha

OCHOBaTa Ha TPUTE MOJyJIa ChIIIACHO ypaBHEHHE
11 ce u3umncisgBa, KaTo:

u (x) = |2.107.x% +0,0758 + 0,052%.x% + 0,93% +

Pazmupenara
ypaBHeHue 12 e:

U=2u_(x).

HEOIIPEACTICHOCT CBI'NIACHO

2
2,2
s 9 .x2

b

Tabanna 6. OueHka Ha HEOIPENEIeHOCTTa
oT CUCTEMaTUIHHTE OTKJIOHEHHS npu
M3M0JI3BAHE Ha ceprudunupan



cpaBHUTEIHHUTENEH MaTepuan Salmonella spp.
(50+£2) CFU

Ne Pesy | CRM- Bias Shias u(CR u(bias-
arat | high M- high)
high)

1. 48 50 -2

2. 46 50 -4 1,92 1,00 2,29
3. 45 50 -5

4. 49 50 -1

5. 50 50 0

6. 50 50 0

7. 49 50 -1

8. 49 50 -1

9. 44 50 -6

10. 45 50 -5

11. 47 50 -3

12. 46 50 -4

13. 46 50 -4

14. 51 50 1

15. 50 50 0

16. 49 50 -1

17. 48 50 -2

18. 48 50 -2

19. 47 50 -3
20. 49 50 -1
21. 50 50 0
22. 51 50 1
23. 50 50 0
24, 49 50 -1
25. 48 50 -2
26. 47 50 -3
27. 45 50 -5
28. 46 50 -4
29. 49 50 -1
30. 48 50 -2

Bias(average): -2,03
3akiaroueHue

B pazpaborenara u npuiioxeHa mpoueaypa 3a
OIICHKA e CHCTaBEH OI0/KET Ha
HEONPEIEJICHOCTTa OT M3MHUTBAHMITA C MOIYJIH
3a OLIEHKa Ha HEONpeNeJeHOCTTa OT THll ,,A”,
MpoOOB3eMaHe U CUCTEMATHYHHU OTKJIOHEHUS.

B pesynrar oT mpuiaraneTro Ha mporieaypara
npu H3YHCIISIBAHETO Ha pasmpeHara
HEOTIPE/IETICHOCT Ha pe3yirara 3a JajeHus
MOKa3aTe)l € He0OXOJUMMO CaMO €JIHO W3MEpBaHe
32 X, TBbM Karo OCTaHAJUTE 4YJICHOBE B
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YpaBHEHUETO 3a
HEOTIPEIETICHOCT Cca MOCTOsHHU.
IIpencraBeHara mnpoueaypa MoOXe JAa ce
MpPUJIOKM  Karo OCHOBHA Ipoledaypa IO
KadecTBOTO B CHCTEMHUTE 3a YIIpaBIIeHHE Ha
KadecTBOTO, KaKTO B MHUKPOOHMOJIOTHIHUTE
nmaboparopuu 3a HM3NUTBaHE, Taka W B
OCTaHAJINTE U3IUTBATEITHU J1ab0paTOpHH.
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OBCJIEABAHE PABOTATA HA ACOPAJITOCMECHUTEJ (MOIEJ A1C1172K) KATO
HUTOYHUK HA EMUCHUHU B ATMOC®OEHUSA Bb3YX

HBan Yobanos, Aimkan XomKa

INVESTIGATION OF ASPHALT PLANT (MODEL DS1172K) AS SOURCE
OF AIR EMISSIONS

Ivan Chobanov, Aydzhan Hodzha

ABSTRACT: Asphalt plant, model DS1172, as source of air emissions was investigated. The change of fuel
consumption as a function of two parameters (drying drum productivity and material humidity) has been studied.
Obtained results show that for humidity 2 % the fuel consumption is 200 kg/h, but for humidity 12% the con-
sumption increases to 500 kg/h. If the oil consumption is maintained at 300 kg/h, a maximum output of 42 t/h can
be achieved at 2% humidity of the material. At 5% humidity (normal for the spring and autumn season), the
productivity decreases to 32 t/h. At 10% humidity — the productivity is about 22 t/h.

Key words: emissions in air, asphalt plant,
BnBenenne

WHcrananuure 3a TPOU3BOACTBO Ha TOPEI
acant 3a TBTHH TOKPUTHS, HE3aBHCHMO, Y€
MPOM3BEKIAT PA3IMIHU THIIOBE ac(ait, ca MHO-
ro ONU3KW TI0 TPUHIMIT Ha JeWCTBUE W amapa-
TypHO oopmiienne. Paznukara B kpaitHus mpo-
IyKT Ce OIpeJiens OT pa3Mepa THIA Ha U3IO03Y-
BaHUs MBJIHUTEN. [opemusar acant 3a THTHH
MOKPHTHS c€ KIacU(HIIpa OCHOBHO 110 KOJIHYE-
CTBOTO Ha TpyOHs M (PMHO NUCTIEPCHHS ITBIHH-
TeJl 1 MUHEpaJHO OpamrHo. M3mon3yBaHusT Ou-
TyM (acdant) Hali-4ecTo ce MoIy4aBa KaTo Mpo-
IyKT OT IbpBHYHATA JecTunanus Ha Hedra. [lo-
PSIIKO 3a TPOU3BOACTBOTO Ha ropery acait ce
W3I0N3yBa NPUpPOJeH OUTyM. 3a HSKOM BHIOBE
MOKPHUTHS C€ H3MOoJN3yBa ac(halT, ChAbpIKAIL
IIIaka ¢ pasMep Ha YacTuuure 10 6,4 mm u
TSICHK.

OcBeH OT XapaKTEPUCTUKUTE Ha H3IOJI3yBa-
HUTE IBJIHUTENN M OUTYM, KadeCTBOTO Ha rope-
muTe ac(aaToOBH CMECKH CHIHO 3aBUCH M OT
CTPOTOTO CIIa3BaHE HA ONPEJEIICHUS] TEXHOJIOTH-

YCH PEKHM.
Lea Ha HacTosiIaTa padoTa € ja u3cieaBa
paborara  Ha  acaaTOCMECHTEN,  MOJEIN

JC1172K, xato U3TOYHHK Ha €MHCHUH B aTMOC-
(depHus Bb3OyX.
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Onucanue HA THIHYHHU CX€MH 332 ra3004HCT-
BaHE€ Ha aC(l)a.TlTOCMeCI/ITeJ'lI/I

[Ipon3BoACTBOTO Ha KadecTBEHH ac(aiTOBU
CMECKH{ M3HMCKBA IMpeBApUTEITHO U3CYIIaBaHe Ha
WHEpTHUS Marepuai. V3XOomHUSAT MaTepuanl
NpeACTaBiIsiBa TPOLIEHa KaMeHHa (pakuus, Jue-
TO BJIATrOCHABPKAHUE Bapupa B IIMPOKHU TPAHUIIN
- ot 1% no 10-12%. 3a HOpMaTHO ce mpuema, ue
CHXPaHSIBAaHUAT HA OTKPUTO YaKbJ ChbIbpPXKa
okouo 5% Bnara.

W3cymaBanero craBa 3a cMeTKa Ha TOIUIMHATA
Ha IMMHHM ra30Be, IOJIyYeHH B PE3YJITaT Ha U3ra-
psiHEe Ha Ma3yT, Had)Ta WiIK ra3000pa3HoO FOPUBO.
3a ;1a ce rapaHTHpa MBJIHO M3CylLIaBaHe, TeMIle-
paTypata Ha CyxHsl MaTepHal Ha H3XOA OT Cy-
muHATa TpsioBa nma Owvae B rpanurure 150-
1800C.

CymmiHata Kamepa MpeAcTaBisiBa BBPTAII ce,
cnabo HakiIoHeH OapabaH ¢ rpebia, ocurypsBa-
mu 100po pa30bpkBaHe Ha Marepuana. IIpore-
CHT € HETPEKbCHAT.

HeoOxomumara 3a cyineHeTo TOIUIMHA C€ II0-
Jy4yaBa 4pe3 HEMOCPEACTBEHO U3rapsiHE Ha TOPH-
BO B CymIwiiHAA OapabaH. B pesynrar Ha BHucoka-
Ta TypOyJIEHTHOCT, BHCOKaTa TeMIleparypa u
HaJIM4MeTo Ha GUHM (PaKLuH, IPOLECHT Ha Cy-
IIeHE MPOTHUYA C OTAEINSHE HA TOJIEMH KOJIUYECT-
Ba npax. Toil ce yBiaM4a OT IUMHUTE ra3oBE U
3a€JHO C MPOAYKTUTE HAa TOPEHETO CE HACOYBA
KBbM IPEYHCTBATEIHUTE ChOPBXKEeHUsA. EMuTHpa-



HETO Ha TOJIEMH KOJHMYECTBAa BPEIHH BEUIECTBA
M3HCKBA CYIIMIIHUAT arperar Jja ce KOMIUIEKTOBa
C JIBY- WIH TPUCTENCHHU MPEYHCTBATEIHH CHO-
pbxenus. Haii-uecto u3nonsyBaHata B NpakTH-
KaTa cXeMa M3I0JI3yBa JBYCTENIEHHO CYXO Ipe-
YUCTBAHE W €HOCTEIIEHHO MOKPO MPEYHCTBAHE.

Haii-gyecTo kato mbpBa CTENEH HA NMPEYHCT-
BaHe Ha CYIIMJIHUTE Ta30BE C€ M3IONI3YyBaT yTa-
utenHn kamepu. Te ca epekTHuBHM 3a 4acTUIH C
pasmepu ot 75 1o 500 pum. 3a vactuuu Hag 200
pm TsxHaTa e(EeKTUBHOCT OOMKHOBEHO HAJBH-
maBa 90%. Yactumm, c¢ pasmepu mox 50 pum
NPaKTUYECKH HE CE YIaBAT OT yTaWTEeIHUTE Ka-
Mepu. OCHOBHOTO NMPEJUMCTBO Ha YTaUTEIHUTE
KaMepH e, 4e WMaT MHOTO MaJIKO XUAPaBIMIHO
CBHIPOTHBIIEHUE, KOETO € OCOOEHO Ba)XHO IMpH
TPAaHCHOPT Ha Ta30BETE Ype3 BEHTHIATOP.

Karo BTOpa cTemeH Ha mpe4yncTBaHe, MOYTH
BCHYKHU ac(alTOCMECHTENN H3MOI3yBaT IHKIIO-
HU. 3a J1a ce yBeIMYM TAXHATa ePeKTHBHOCT MPHU
OTHOCHUTEITHO MAJIKO XHIPABIMYHO CHIIPOTHBIIC-
HHUE, Te CE CBBP3BAT MO HAKOJIKO Opos mapaien-
Ho. KII/] Ha miukiIoHUTE 3aBUCH OCHOBHO OT pa3-
MEpHUTE Ha YACTUIMTE W KOHIIEHTpAIUATA UM Ha
Bxoa. Ilpum pasmep Ha uactuuure 30-40 pm,
cpenHara e()EeKTUBHOCT Ha LUKIOHUTE € 98%,
npu yactuim ¢ pazmep 10 um 1 maga go 80%, a
MPH YACTHUIM ChC CpelicH pasmep 4-5 um edek-
tuBHOCTTa € Tox 60%. OcBeH TOBa, edeKTHUB-
HOCTTAa Ha IIMKJIOHUTE CUITHO 3aBHCH OT CKOPOCT-
Ta Ha ra3za Ha BXxoJ. OOMKHOBEHO TS € OKOJO 15
m/s ¥ mpu HamansHe, e(heKTUBHOCTTa OBP30 Ma-
nma. Ot ToBa cneiBa, Y€ IIUKJIOHU CIeBa Ja Cce
M3M0N3yBaT B MHCTAJAIMK C IOCTOSIHEH AEeOUT
Ha Ta30BUS MOTOK. B MpOTHBEH ciydall MUKIIO-
HUTE paboTIT C MPOMEHINBa e(DeKTHUBHOCT, KO-
TO TPYIHO MOXe Jia ObJie MpeJicKa3ana.

OcHoBHa cnabocT Ha IMKIOHUTE € BHCOKATa
CTerneH Ha abpa3uBHO N3HOCTBAHE.

JIBYCTETIEHHOTO CyXO NMpEYUCTBaHE HA JMMHU-
Te Ta30BE OT CYNIMIHMS OapabaH OOMKHOBEHO HE
€ JIOCTaThYHO 32 JOCTUTAHE Ha HOPMHTE 3a JIO-
MyCTUMHU €MHUCHH OT MPOMHUIILIEHU W3TOYHUIIM.
Ilo Ta3u npuumHa, Hail-ueCTO MpUIaraHaTa TpeTa
CTEIIEeH ce OCHOBaBa Ha METOZA “MOKpPO Ipeyuc-
TBaHe”. 3a LenTa ce U3MNoJN3yBaT  Haid-
pasHOOOpa3HM amapaTu, HO Hal-I00po pelieHue
ce JIOCTHTa 4pe3 MOKpPHUTE CKpyOepu THI “TphOa
Ha Bentypu”. B pesynrtar Ha BHCOKaTa CTENEH
Ha TypOynu3alus Ha BOJHO-Ta30BHUS IOTOK ce
MOCTUra OTIMYHO YMOKpPSIHE Ha YaCTHIIUTE H
I'BJIHOTO UM TIpeMUHaBaHe B TeuHata ¢aza. Karo
pesyiTaT ce MOCTHra mpevyucTBaml e(ekT o
TBBpAW dacTUIM Hag 99%. Upes MoHTHpaHE Ha
CIEIMATHO ChOPBKEeHHE, “TphbaTta Ha Bentypu”
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MOXE J1a pabOTH ¢ BHUCOKa €(EKTHBHOCT M IIPH
MIPOMEHJIMBH JeOUTH Ha Ta30BHS MOTOK.

Karto amapatu 3a MOKpO Npe4HCTBaHE MHOTO
YEeCTO C€ M3IMONI3YBaT M Pa3IUYHU KOHCTPYKIIUU
“moxpu ckpybepu”. Ilo mpuHIHIT Te TpeaTu3BUK-
BaT YacTUYCH WM IBJICH OapOoTak Ha Tra3a mpe3
BOJICH CJIOH, MPU KOETO C€ MOCTHra YacTUYHO
YMOKpsIHE Ha YacTUIUTE W TPEMHUHABAaHETO UM
BBB BOJIHHS CIIOM. EQekTHBHOCTTA Ha TEe3W ara-
paTH CHUJIHO 3aBHCH OT KOHKPETHATa KOHCTPYK-
uusg U ce ABWKU B rpanunute oT 80% 1o 95%.
OcBeH TOBa, ¢hEKTHBHOCTTa € CBBP3aHa U C
YMOKpPSIEMOCTTa Ha YacTUIUTE W CTENeHTa Ha
JMcIiepriupane Ha ra3oBaTa ¢a3a B TEUHOCTTA.

OCHOBEH HEIOCTaTHK Ha “MOKpPUTE METOAM €
HE0OXOIUMOCTTa J1a ce KOHIEHTpUpa W Tpepa-
00TH moJTyueHus nuiaM. ToBa Haii-4ecTo CTaBa B
yrautenan Oacerinu. M30ucTpeHnara Boma oOWK-
HOBEHO C€ H3IMOJ3yBa Karo 0OOpPOTHa BOAa 3a
NPEYHUCTBATEIHOTO ChopmkeHue. OcBeH TOBa,
“MOKpUTE TIPEUUCTBATEHU CHOPBKEHUS HMaT
MTOBUIIIEH Pa3XOJ HA €HEPIrus B CPaBHEHHE ChC
“cyxure”. [IpuurHa 3a TOBa € BUCOKOTO UM XH/]I-
paBINYHO CBHIIPOTUBIICHHUE.

Karo mocnenHa creneH Ha mpedricTBaHE B H-
KOM CITy4dau Ce M3IOJI3YBaT pbKaBHU Guntpu. Te
ca BHUCOKOC(DEKTHMBHHM, HO HW3UCKBAT CTPHUKTHA
TEeXHOJOrnyHa aucuuiuinga. OCBEH TOBa €KCII-
JI0ATAIMOHHUTE UM Pa3XOJY Ca MHOTO BHUCOKH.

TexHo0rMYHA cXeMa HA CYNINJIHUS Mpolec
Ha o0cjiefBaHATA ac(aTTOCMECUTETHA HHC-
TaJanus

[IpuHIMIIHATA TEXHOJIOTHYHA CXeMa Ha 00cC-
JenBaHaTta acanrocMecuTeNHa HHCTANTAMA €
nokasaHa Ha ¢wur. 1.

Karo TrOpHBO 3a OCHUICCTBABAHC Ha CYHIWJIHUSA
NPOLIEC Ce M3IOJI3yBa HAal-4ECTO Ma3yT ChC Ch-
IbpkaHue Ha csipa 3,5%, a mo-psiako HadTa. [o-
PHUBOTO ce pa3lpbCKBa BBB “(akern” upe3 mommna
3a BHCOKO HaJISITaHe, /f03a M BEHTHJIATOpP 33 BU-
COKO HaJIsiraHe, pa3nojoKeHH! B YeIHATa 4yacT Ha
amapara. Pa3xoJpT Ha rOpHBO 3aBHCU OT KOHK-
peTHUS pabOTEH PeXUM.

BiakHuSAT MaTepHan MOCTHIBA B CYIIMIHHS
OapabaH OT MPOTHBOTIOJIOKHATA CTpaHa. B pe-
3yJITaT Ha BBPTEHETO Ha OapabaHa W pas3molio-
KEHUTE 10 nepudepusra My rpedia MaTepuasTbT
HENPEKbCHATO C€ pa30bpKBa M €HOBPEMEHHO C
TOBAa C€ NPHUJBUXBA B HaAIIPpaBJICHHUE KbM I'OpCII-
kata. [Ipu TOBa ABMKEHHE YaCTHLUTE BIM3AT B
MpsIK JOCeT C AMMHHUTE ra3oBe, 3arpsBar ce |
OTJICTISIT BlIaraTa CH.



KonTposeH napameTsp 3a CTEIEHTa Ha CyLICHE
€ TemIeparypara Ha MaTepuaja Ha U3X0H OT Cy-
mtHATa. Ta3u Temnepatypa TpsOBa na Objae He
no-maska ot 150°C.

B mpomneca Ha ropeHe Kuciopona OT Bb3AyXa
ce CBBbpP3Ba C KOMIOHEHTUTE Ha TOPHBOTO, B pe-
3yJlTaT Ha KOETO Ce IMOJIyyaBa OCHOBHO BBIJIEPO-
JIeH AUOKCHUI U cepHH okcuiu. HopmanHoTo CBb-
OTHOLICHHWE Ha CEpHHUS IOUKOCHUA KbM CEpHHUS
Tpuokcua e 95:5. Bucokara creneH Ha TOILUIOOT-
JlaBaHe HE MO3BOJISABA B CYIIMJIHATA Ja ce J0C-
TUTHAT MHOTO BHUCOKHM TEMIIEpaTypu, KOETO He
CTUMYyJIFpa 00pa3yBaHETO Ha a30THU OKCHIU, HO
3a CMETKa Ha TOBA C€ YBEIMYaBa ChIbPKAHUETO
Ha BBIVIEPOAEH OKcuA U caxau. CpAbp:KaHUETO

I

Bnaxen
MaTtepuan
3a CyIICHE 4
3
Masyt
2
Cyx Ma-
TepHual
p YnoBsena ot
BT)3I[YX IUKJIIOHA

TBBpaa (aza

Ha BOJHM IApH B M3XOMSIIUTE ra30Be ¢ 3HAYH-
TEJIHO II0-BHCOKO OTKOJIKOTO IIPH HOPMaJHH
JIUMHH Ta30BE¢, Thil KaTO IsUIaTa Bjara OT H3CY-
IIaBaHHS MaTEpUaN MPEeMHUHABA B THX.

Bucokara ckopocT U TeMIriepaTypa Ha JUMHUTE
rasoBe, Chu€TaHa C MHTCH3UBHO pa30bpKBaHE Ha
W3CYIIaBaHUsl MaTepUall MPEJAU3BUKBA YBIMYAHE
Ha rojieMH Koiu4ecTBa mpax. IIpu oTchcTBHE Ha
MpeYHCTBATEIHA anapaTypa eMUCHHTE Ha Tpax
nocrurat 20 kg/t maTepuan.

["a3000pa3HuTE eMUCHM ca MHOTOKPATHO
MO-MaJIko | ce ABmxkat B rpanunute 0,045-0,065
kg/t. Hali-BpeaHu ca CEpHUTE OKCUIH, YHUETO
KOJIMYECTBO 3aBUCHU OT ChIbPIKAHUETO Ha Cspa B
MasyTa.

7
6
Bona
IIpenuBna
BOJIA
Y
Inam

Pur. 1. HpI/IHLII/IHHa TEXHOJIOT'MYHA CXEMa Ha CYIIHUJIHUSA IPOUEC Ha O6CJ'I€,Z[BaHaTa aC(l)aJ'ITOC—

MCECHUTCIJIHA MHCTAaJIalus

1 — BenTunarop 3a BUCOKO HaJsiraHe (OCUTYpsiBa Bb3IyX 3a (hakena Ha ropenkara); 2 — Cymm-
nen O6apaban; 3 — 3aBUXpUTEN Ha Ta30BHs IOTOK HA U3X0J] OT CylImiHUs OapabaH; 4 — batepus

OT YCTHUPHU MapaJICITIHO CBbP3aHN IIUKIIOHA, 5-

BCHTHJIaTOp 3a BUCOKO HAJIATaHE (OCI/IprHBa TA-

raTta Ha cynmiHaATa); 6 — Bogen ckpyoep; 7 — KomuH.

JlumHMTE Ta30BE HAITyCKAaT CYIIMIHUS OapabaH
Mpe3 CIenHageH 3aBUXPUTEN, YUATO IEN € Ja
MIpUAaae BBPTEINBO JBIDKCHHE HA Ta30BHS II0-
TOK upe3 nepudepHo 3aBapeHU JTUCTOBU JIOMAT-
ku. ToBa BbPTEINBO ABMIKEHUE € TOCTAThYHO, 32
Ja TMpUAaae Ha TO-TOJIEMHUTE YaCTHIM IIEHTPO-
0exHO yckopeHue. Te3u YacTUIM ce MPUTHCKAT

KbM CTaHETHE Ha 3aBUXPHUTENS U Npe3 Crenua-
HHU OTBODPHU T€ C€ BPBILIAT KbM OyHKEpa 3a 3apex-
JlaHe Ha CYLIMJIHSTA C BIa)KeH MaTepuall.
[Ipaxoynassimara epeKTUBHOCT Ha 3aBUXPUTE-
NI € HUCKa M TOM OTHAENs NMPAaKTUYECKH CaMo
yacTunu ¢ pasmepu Haa 200 pm. Toif 3amens
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MpaxoyTaWTeIHaTa KaMepa B KIacHyeckaTa cxe-
Ma 3a IIPEeYrCTBaHe Ha ac(halTOCMECUTEIHTE.

Crnen 3aBUXpUTENIS, TA30BUAT MOTOK MOCTHITBA
B 0arepus OT YETHPHU MapPaAJICTHO CBbP3aHU VK-
noHa ¢ guamerbp 1 m. Tam ce ochIecTBaBa
yIIaBSHETO Ha OCHOBHATa Maca TBBPIH YaCTHUIIH.
[IpakTHuecky ce yinaBsIT BCUYKU YaCTHUIM C pa3-
Mep Hag 50 pm ¥ mo-rojsiMaTa 4acT OT YaCTHITHU-
te ¢ pazmepu mexay 20 u 50 um. EdextuBHOCT-
Ta My 3a 4acTHUI| ¢ pasmep moj 10-20 um psizko
naja.

Bpennwure razoBe u BogHUTE Mapu Oe3mpersiTc-
TBEHO IPEMHHABAT Tpe3 JBETe CTCICHH Ha
MPEIBAPUTEITHO PESYNCTBAHE.

OcHoBHAaTa 4acT OT HeoOXomuMara 3a TpaHC-
MOPT Ha Ta30BUS MOTOK €HEPTHs Ce BHACS 4pe3
HEHTPOOEKEH BEHTHJIATOP 32 BUCOKO HaJsSTaHe,
CBBP3aH KbM Ta30BOJUTE HETIOCPEICTBEHO CIIET
uuKiIoHuTe. TOH MMa HampaBisiBally JIONATKU,
KOUTO TO3BOJISABAT JIa CE MPOMEHS XapaKTepHcC-
THKaTa MY - YBEJIMYCHHE Ha HAIATAHETO 3a
CMETKa Ha HaMmajsBaHe Ha Nebuta m OOpaTHO.
MaxkcuMalHUAT Harmop Ha BeHTHiaTopa e 280-
300 mm H,O, xoiiTo ce gocTura npyu MUHUMAJICH
neowut. [Ipy HOpMamTHO HaTOBapBaHE HAIOPHT MY
e 260 mm H,O.

[IpeuncTBaHETO HA AMMHHTE Ta30BE€ OT (DPUHO
JUCTICPCHUS TIPax € MPeIBUICHO Ja CTaBa B Oap-
OoTaxkeH ckpyOep, CBbp3aH Ha M3XOJ OT BEHTH-
natopa. B ropHara dact Ha ckpyOepa € MOHTH-

paH cemapaTop, KOWTO NpeMHWHaBa HAIPaBO B
KOMUH.

OcHoBHaTa 3a/a4a Ha CKpyoOepa € Ja IpUHYAd
ra3oBus MOTOK Aa OapOoTmpa mpe3 CIIoW Boja,
MIPH KOETO YACTHIIUTE CE OMOKPSAT M MPEMUHABAT
B TeuHaTa ¢asa.

O4HUCTEHUAT OT Mpax ra3 ce 3aBHXPs OT IEpH-
(epHU cTalMOHApHY JIOMIATKY C IEJT yTasBaHe Ha
YBIICUCHUTE KAIKH IO IHJIHHIPUIHATE CTCHH Ha
cermaparopa. YJOBEHAaTa TEYHOCT c€ CTHYa IO
CTCHUTE Ha cemaparopa W MOCThIIBA B MeETaleH
KOO, OTKBIETO IO THBKAB TPHOOMPOBOA ce
BpbIIA B CKpyOepa.

O4HCTEHUAT Ta3 MOCThIIBA B KOMHHA U CE H3-
ITycKa KbM atMocdepara.

1o Bpeme Ha OapOoTaxka, 4acT OT EMUTHPAHUTE
CepHH OKCHUJH C€ MOrTbLIaT oT Bogara. OTHOCH-
TEJHUSAT JSUT HA Pa3TBOPECHUTE OKCHUIM € MAalbK,
Thil KaTo paboTHATa TeMIlepaTypa Ha BOjaTa ¢
okosio 80°C, a mpu Ta3u Temreparypa pa3TBOpH-
MOCTTa Ha BojaTra € MHoro majika. OcraHanara
YacT OT BPEIHUTE ra3oBe MOCTHIBA B aTMocde-
para.

[Tpu HOpManHa paboTa Ha cKpyOepa, BbB BOJ-
HaTa (haza ocTaBa M MO-TONIAMATA YaCT OT CaXIU-
TE.

Oco0eHocTH HA CbBMECTHOTO MPOTHYAHE HA
rOpMBeH U CYUINJIeH NMpolec
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JIa ¥ IOCTOsTHEeH pa3xo Ha MasyT 300 kg/h
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IMoay4enu pe3yaTaTu U aHATU3

OcobeHocTuTe Ha CHbBMECTHOTO NMPOTHYAHE Ha
TOPUBEH W CYIIWJICH TMPOLEC MPOU3THYAT OT
(akTa, ye TOpHMBHATa KaMepa ce ChUeTaBa ChC
CylmmiHa Kamepa. JIMMHUTE ra3oBe BIHM3aT B
MpSIK KOHTaKT ChC M3CYIIaBaHWs MaTepuai, a
MPOJYKTHTE HAa CYIICHETO OCTaBaT W3IS0 B
MPOJYKTHTE Ha ropeHeTo. [Ipu ToBa MonokeHue,
pPa3xoqbT HAa TOPUBO 3aBUCH CIHOBPEMEHHO OT
JBA TapaMeTbpa - MPOU3BOJUTEIHOCT Ha CYy-
mTHAS 0apabaH B BIAKHOCT Ha MaTepuana. Ot
TOBA CJICJ[BA, Y€ Bb3MOKHHUTE PEIKUMU Ha TOPEHE
MOTaT Jia Ce OMPEACNAT MO JiBa Pa3jiuyHu Hauu-
Ha:

¢ JNOoAABbpP:KAaHE HA MOCTOAHEH pa3xoJ Ha ro-

PHMBO NPH MPOMEHJINBA MPOU3BOIUTETHOCT
Ha 0apafaHa B 3aBUCHUMOCT OT BJIA’KHOCTTA
- TPOM3BOJMUTEIHOCTTA HA CYIIWIHHUS Oapa-
0aH MpY pa3uyYHa BIAXHOCT HA MaTepHana u
noctosiHeH pasxoj Ha Ma3yT 300 kg/h e npen-
ctaBeHa Ha ¢ur. 2. Ha cpmara ¢urypa e mno-
Ka3aHO W TIOJYYEHOTO OT HAc ypaBHCHHUE 3a
HU3YKCIABAaHC Ha I[MPOU3BOAUTCIHOCTTA IIpU
TE3U YCIIOBHSI;

NoIbp:KaHe HA MOCTOSIHHA TPOU3BOIH-
TeJIHOCT Ha Oapa0aHa npU NPOMEHJHB
pa3xoJ HA TOPUBO B 3aBHCHUMOCT OT BJIAK-
HOCTTA HA MaTepHaJia - pa3xoAbT Ha Ma3yT
MPU MOCTOSIHHA MPOou3BoIUTeTHOCT OT 30 t/h
B 3aBHCHUMOCT OT BI&KHOCTTA HA MaTepuala ¢
nokazan Ha ¢ur. 4. Ha cpimara ¢urypa e
MPEACTaBEHO U YPABHEHUETO, TI0 KOETO MOXKE

Jla ce M3YUCIH Pa3XoIbT HAa Ma3yT NPU Te3H

YCIIOBHAL.

W B nBata ciydas ¢ HeOOXOAUMO 1a ce H3-
MepBa JeOuTa Ha MOCTHIBAIIOTO B FOpeNKaTa
TOPUBO, MPOU3BOJIUTEIHOCTTA Ha CYIIWIHATA
10 MaTepual M BIaXHOCTTa My. Jlurcara Ha
TaKMBa W3MEPBATEIHH IMPUOOPH TIPaBU IPO-
1eca Ha TOpeHe M CyIIeHe MHOTO TpYyHIEH 3a
perynmpase.

3a menuTe HA aHAJIU3a U OLIEHKaTa 3a padoraTa
Ha acanTtocMecHTeNHaTa WHCTaNaluusl € Haii-
Jno0pe /1a ce U3MoJ3yBa OTHOCUTENHHS Pa3xo/l Ha
TOPHUBO B 3aBHCHMOCT OT BJI@XHOCTTa Ha IOC-
THIBALIMS 3a cylleHe Marepuan. Ta3u 3aBHCH-
MOCT, 3a€/IHO C YPaBHEHHETO 3a W3YHCISIBaHE €
nmpencTaBeHa Ha ¢wur. 3.

Ot ¢Qur. 2. ce BmxIa, 4€ aKO pa3xoJbT HA Ma-
3yT ce noaabpka 300 kg/h, MakcuManHa pous-
BOAUTETHOCT OT 42 t/h MoXxe n1a ce mocTurHe mpu
2% BrnaxxHoct Ha mMarepuaina. [Ipu 5% BnaxHoCT
(HOpMaliHa 32 TPOJIETHUSI M €CEHHHS CE30H),
NPOM3BOAUTENHOCTTa Taga Ha 32 t/h, a mpu
BiIaXHOCT 10% - MPOM3BOOUTEIHOCTTA € OKOJIO
22 t/h.

UzmeHeHneTo Ha pa3xola Ha MasyT MPH HOP-
MaiHa mpousBoAuTenHocT oT 30 t/h chiio 3aBu-
CH CHJIHO OT BJI@XHOCTTa Ha Marepuaia. Taka
HampuMep, npu BiaxHocT 2% Toi e exsa 200
kg/h, Ho nipu BiaxkHOCT 12% pazxoabT HapacTBa
1o 500 kg/h.
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®@ur. 4. Pazxox Ha ma3yT B kg/h ipu mocrosiHHa iponsBoauTenHocT 30 t/h B 3aBUCHMOCT OT Bitax-

HOCTTa Ha MaT€puajia

l'opHHTE IpEMEpH TOKa3BaT, Y€ MOTbpPIKAHE-
TO Ha HOpPMaJIeH TEXHOJIOTUYEH MPOLEC N3UCKBA
HEMPEKbCHATO M3MEpPBaHE Ha BIAKHOCTTa Ha
MaTepuala M perylupaHe pa3xoja Ha MasyT B
3aBUCHMOCT OT Hesl.

[Tpubopu 3a U3MepBaHe Ha pa3xoja Ha MasyT
Ha WHCTAaJanusATa HIMa MOHTHPaHH.

@ur. 3 mo3BonsiBa HOPMHUpaHE Ha pa3xoja Ha
MasyT 3a TOH mpepaboTeHa cypoBuHa (0e3 pas-
X0J/la Ha Ma3yT 3a MOATpsABaHe Ha OUTyMa) B 3a-
BUCHMOCT OT BiaxHocTTa. OT Hesl ce BWKIa, ue
Ipyd MHUHHMMAaJIHA BJIAXKHOCT OT 2%, OTHOCHUTEIN-
HUST pa3xon € expa 7 kg/t, HO TpW BIAXKHOCT
12% oTHOCHTENHMSIT pa3xoa HapacTBa A0 18
kg/t.
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PE3EPBOAPHUTE MAPKOBE HA HE®TEH TEPMUHA ,,POCEHEI* KATO U3TOY-
HUK HA EMMCHMH HA JIETJINBA OPTAHUYHU CHEJUHEHUSA B ATMOC®EPHUSA
BB3AYX

WBan Yobanos, Anekcannpuna CraiikoBa

OIL STORAGE TANK STOCKS OF OIL TERMINAL ,,ROSENETS* (LUKOIL — BURGAS)
AS SOURCE OF VOLATILE ORGANIC COMPOUNDS AIR EMISSIONS

Ivan Chobanov, Alexandrina Staykova

ABSTRACT: A quantitative estimation of volatile organic compounds (VOC) emissions from oil storage tank
stock “Rosenets”(LUKOil — Burgas) was made. 32 oil tanks from two stocks was investigated. The software
product “TANKS — 4.09” was used for evaluation of VOC air emissions. The obtained results show that the
highest emissions are coming from fixed roof tanks (495 t/yr) followed by external floating roof tanks (56 t/yr).
The emissions from internal floating roof tanks are smallest. The summer emissions are two times higher as

compared to winter emissions.
Key words: air emissions, VOC, oil storage tanks

BnBenenune

OcHoBHarta 3aja4a Ha HeTeH TepMHUHAT ,,Po-
cenen” karo yact ot ,,JIVKOWJI HEGTOXVUM
BYPI'AC” Al e na npuema cypoB HE(T OT TaH-
KEpH; /a CbXpaHsiBa M 3axpaHBa KOMOWHa CbC
cypoB He(T; Ja TpreMa 3a ChbXpaHEHHE OT KOM-
OWHATa CTOKOBH TOPWBA, XUMUYHU MPOAYKTH U
BTEUHEHHM Ta30Be; Jla EKCIegupa Ha TaHKEpH
CTOKOBH TOpHBa M XHMUYHH TNPOAYKTH; Ja
IpreMa 3a CbXpaHeHUE XUMUYHU MIPOLYKTH IIpe-
I U CJIell TPAHCIIOPTUPAHETO HM.

Benuku Tesu gedHocTH, O HEOOXOAWMOCT,
ca CBBp3aHH C BpPEMEHHOTO CBHXpaHSABaHE Ha
He(TOMPOIYKTUTE HA TEPUTOPHUSITA HA CaMUs
HedTeH TepmuHa. llopagu Tasu npuurHa, Ha Te-
puropusita Ha HedToOa3ara ca M3rpajeHH IBa
pe3epBOapHU IapKa.

Hen na HacTosimaTa padoTa € Ja HANPaBH
KOJMYECTBEHA OLIEHKa HAa EMHCHUUTE B aTMO-
chepHUs] BB3AYX, IMOJYyYEHH B pE3yNTar oT
CBbXpaHJIBAHETO Ha HE(MTONPOJYKTH B PE3EpPBO-
apHUTE NapKOBE Ha HETCHUS TEPMUHAIL.

OnucaHue Ha pe3epBOAPHHUTE MAPKOBE HA
Hed)TeH TepMuHAaJ ,,PoceHen®

Hedren tepmunan ” Pocenen” karo yact or
»WIYKONIT HEOTOXUM BYPT'AC” A]] ce Ha-
mupa B Ilapk ,,Pocenerr”’, mectHocT ,,OT™Manmn”,
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3emudiie Ha Tp. byprac, kB. ,,Kpaiimopue”, u e
pasnonoxeH Ha Teputopust oT 844,919 nekapa.

OcHoBHaTa 33/1a4a Ha TEPMUHAJA € Ja Ipue-
Ma CypoB He(DT OT TaHKEPH; Jla ChbXpaHsBa U 3aX-
paHBa KOMOHMHA ChC CypoB He(T; Ja mpHemMa 3a
ChXpaHEHHE OT KOMOMHATa CTOKOBU IOpPHBA, XU-
MUYHH TPOAYKTH U BTEUHEHH ra3oBe; /a eKcIie-
IUpa Ha TaHKEPHU CTOKOBH TOpPHBA U XHUMHYHHU
NPOAYKTH; J1a MpHeMa 3a ChbXpaHCHHE XUMHYHH
npoaykTu u TpaHcnoptupanero um a0 JIHXB;
Jla TIpueMa OT TaHKEpH, ChbXpaHsBa U eKCIeanpa
BTeuHeHU ra3ose 3a JIHXD u BbHIIHU KIIUEHTH.

B crpykrypara na HT ,,Pocenen” ca Bkito-
YeHM TPU TapkKa, JABa 3a ChbXpaHEHHE, eKCIIe]u-
ISl ¥ MPUEMaHe Ha CypoB HedT, He(hTOMPOIYK-
TH ¥ BTEYHEHHU Ta30BE M eIuH 3a 00paboTKa Ha
TaHKEPU.

IMapk 3a cypos HedT (IICH) — pesepBoapen
MapK 3a MpUEMaHe, CbXPaHSABAHE U EKCIIETULIVS
Ha HedT, KoTesnHo TopuBo (KI'), nuzenoBo ropu-
Bo ([I'), O6ensunun. B cbcraBa cu BrirouBa 15
pe3epBoapa; MarucTpaiHU TOMIH 3a TPAHCIIOP-
TUpaHe Ha HE(T; IOMIIM 32 TOBapeHE Ha TAaHKEPH
¢ JII' u Oen3uH; HEPTOYIOBUTET U OKUCITUTEITHH
esepa.

Ilapk 3a XMMHMUYECKH NPOAYKTH M BTEYHEHHU
razose (IIXII u BI') — pe3epBoapeHn napk 3a npu-
eMaHe, ChXpaHsIBaHE B Pe3epBOapy M TPaHCIOP-
tupane Ha K[, masyr, [II', OeH3uHHM, TONyOI,
Oenszon, monoerwnen riukon (MEIL), xekcaw,



METaHOJ, CTUPOJI U Ap. KaKTO U IPOAYKTH, KOUTO
ce TPaHCHOPTHPAT U TOBAPAT AUPEKTHO HA TaH-
KEpU OT aBTOLUCTEPHU — AKPUIIHUTPUII, alleTOH-
OUaHXUApUH, quetwieH raukon (JED), ctupon u
Jp. B chcraBa Ha mapka ca BkItOueHu 17 pesep-
BOapa, YeTUPH NOMIICHH OTACICHHS C MOMIIH 3a
TOBAap€HE HA TaHKEpU OT PE3EPBOAPHU, aABTOLMC-
TEPHH W 3a PA3TOBAapBaHE OT ABTOLMCTEPHU B
pesepBoapu

M3uncianrena yacr

B nacrosimara pabota Ha eMUCHOHHA OLIEHKA
0s1xa TOAJIOKEH! U ABaTa pe3epBOapHU MapKa Ha
HT “Pocenenr”, Hocellln HaMMeHOBaHUITa — 0a3a
3a He(T u HedTonpoayktu (BHII) u 6a3a 3a xu-
muuecku npoayktu (BXII). Bazara 3a HedT n
He()TOTIPOIYKTH ChIbpxa 15 pesepBoapa, a Oa-

3aTa 3a XUMUYHH TPOAYKTH - 17 pesepBoapa.
ITapxbT BKIIIOYBA pe3epBOAPH C HETOIBIKEH
IIOKPHB, C BBHHIIICH U BHTPEIICH ILIABAIIl TIOKPUB,
aniito o6em Bapupa ot 1 000 1o 50 000 m®. Ot
00II0TO KOIMYECTBO pe3epBoapu B mapka, 37 %
ca C HEeTOJABIKEH MOKpuB, 44 % ca ¢ BBHIICH
maBamy nokpus u 19 % ca ¢ BbTpelIeH miapaiig
MMOKpUB. B 3aBUCHMOCT OT BHIa Ha ChXpaHSIBa-
HHUTE OPTaHWYHH TEYHOCTH, PE3EPBOAPUTE CE
MO/IPa3CIIAT MO CICAHMS HA4YMH: 6 pe3epBoapa
3a HeT, 7 3a OcH3UHM, 7 3a JU3CIOBO TOPUBO, |
3a Ma3yT, 3 3a TOJIyeH, 2 3a CTUpEH, | 3a OeH3eH,
1 3a meTanom, 1 32 akpuIOHUTPUI, 1 3a XEKCaH.
JlaHHHMTE C XapaKTEPUCTUKUTE Ha pe3epBOa-
pute ca mocodeHu B Tabmmmm 1 u 2. Tabmurmre
CBHABPKAT OCHOBHATa WH(POpPMAIUATA, KOSATO €
HEO0OXO0IMMa 3a U3YHCIIIBAaHEe Ha EeMHCHHTE.

Ta6smua 1. OcHOBHM XapaKTEPHCTUKU Ha pe3epBoaputre B Oa3zata 3a He(T U Hed-

tonpoayktu (BHIT)

No Iponykr O6em,m’ Tun Jluamersp, m Bucoumna, m

1 A-95SH 20000 11 42.87 15

2 Hedr 30000 11 15 22

3 A-95SH 30000 11 42.87 15
4 HOBb 30000 11 42.87 15

5 Ar 20000 HII 42.87 15.03
6 I 20000 HIT 42.87 15.03
7 A-92H 15000 11 42.87 15

8 A-92H 10000 11 42.87 15

9 A-92H 10000 11 42.87 15
10 Maszyr 50000 HIT 60.7 17.95
11 Hedrt 50000 11 60.7 17.95
12 Hedt 50000 11 60.7 17.95
13 Hedr 50000 11 60.7 17.95
14 Hedt 50000 11 60.7 17.95
15 Hedr 50000 111 60.7 17.95

3abenexka: HIT — HenogBMKEH MTOKPUB;
[1IT — BBHIIEH IJ1aBal] HOKPUB;
BIIII — BpTpelieH miaBaii NoKpus;

3a M3BBPIIBAHETO Ha KOJHMYECTBEHA OIIEHKa
0e m3mon3BaH KOMIIOTHPHUAT MpoaykT TANKS
4.09, KOHTO € mpeAHa3HaYeH 3a U3YUCIIABAHE Ha
€MHUCHH OT OPTaHWYHH TEYHOCTH ChXPAHSIBAaHU B
pe3epBoapu C HEMOJBWXEH MOKPWB, C BHHIIEH
IUIaBalll MOKPUB, C BHTPENIEH IJIABAIl MOKPUB U
MOJI3eMHHU pe3epBoapu. Ta3u mporpaMa Moxe aa
ObJe mpuiaraHa 3a BCHYKM HE(TOIPOIYKTH,
YHUCTH JIETIUBU OPTraHUYHHU TEYHOCTH U XUMHYHU
CMECH ChC M3BECTEH MapeH HaTHUCK. KoMmoTsp-
HUST TIPOJAYKT TIIO3BOJISIBA Jia ObJe OTpa3eHo
BIMSHUETO Ha pa3nuyHu (hakTopu (pasmepu u
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KOHCTPYKITUSI Ha pe3epBoapa, ChCTOSHUE Ha 00s-
Ta, TEMIEpaTypaTa Ha TEYHOCTTa M OKOJIHATa
cpeda " 1p.) BbPXY MHTEH3UBHOCTTA HA €MHUCHU-
te. Ilporpamara mo3BOIsIBAa W3YUCIABaHE Ha
E€MHUCHH 3a MPOIBIDKUTEITHA TMEPUOAN OT BpPEMeE
(mecen, roguHa u T.H.). [Iporpamara pasnonara c
xumuuna 6aza nanau 3a Hag 100 opraHUYHU Ch-
eAVHEHUS U C MemeoponocuyHa 0aza NaHHU, KO-
sto BkiouBa Hax 175 rpaga B CALL. IlotpeOu-
TEJIAT Ha MporpaMaTta MoXe Ja 100aBsi HOBU XU-
MUYHH ChEAWHEHUS M (WIHM) TPaZoBe KbM Te3U
0a3u JaHHHU.



Tadauua 2. . OCHOBHH XapaKTEPHUCTHKH Ha pPe3epBOApUTE B Oa3aTa 3a XUMHUECKH

npoxykTt (BXII)
Ne [Tponykt O6em, m® Tum Jnamersp, m Bucounna, m
16 Tomyen 1000 BIIII 12 11.92
17 Tomyen 1000 BIIII 12 12.92
18 Tomyen 1000 BIIII 12 13.92
19 JInzemoBo ropuBo 1000 BIIIIT 12 14.92
20 JInzemoBO ropuBO 2000 HIT 15.18 11.92
21  AKpWIOHUTPHI 2000 HIT 15.18 11.92
22  XexkcaH 2000 BIIII 15.18 11.92
23 Crupen 2000 HIT 15.18 11.92
24  BenseH 2000 HIT 15.18 11.92
25 Crupen 2000 HIT 15.2 11.92
26 [IuzemoBo ropuBo 2000 HIT 15.18 11.92
27 [u3enoBo ropuBo 5000 HII 22.8 11.92
28 [u3emnoBo ropuBo 5000 HII 22.8 11.92
29 [u3enoBo ropuBo 5000 HII 22.8 11.92
30 bensun A-95H 5000 11 22.8 11.92
31 bensun A-95H 5000 11 22.8 11.92
32  Meranon 10000  BIIII 34.2 11.92

3abenexka: HI1 — HenoaBI»KEH MOKPUB;
111 — BBHILEH IJ1aBal OKPUB;
BIIII — BpTpenieH miaBany NOKPHB,

TANKS 4.09 e pa3paboreHa oT AMepHKaHC-
kust WHCTATYT 1o metponma APl (American
Petroleum Institute), a mo-kbcHO omOOpeHa U
npe/uiokeHa oT AMEepHKaHCKaTa areHius o
onasBaHe Ha OKOJIHaTa cpena EPA
(Environmental Protection Agency) kaTto ocHO-
BEH MHCTPYMEHT 3a OIleHKa 3aryouTe OT ChXpa-
HeHue. M3umcieHusiTa ce M3BBPIIBAT CHIIIACHO
cnpaBouHrk Ha EPA 3a emucuonHu ¢akropu -
Compilation of Pollutant Emission Factors, u3-
BECTEH IO HanMeHOBaHneTo AP-42.

KonmuecTBenara ouneHka Ha eMHUCHUTE OT pe-
3epBOApHU 3a ChbXpaHEHHE HAa OPraHUYHHU TEYHOC-
TH, KakTo Oellle CIIOMEHATO IMO-TOpe 3aBUCH OT
MHOXECTBO (PaKTOPH, OT KOUTO OTPEEISIIN Ca:
reOMETPUYHHUTE Pa3Mepy U KOHCTPYKLHMS Ha pe-
3epBoapa, TOJUIIEH OO0OpOT Ha ChXpaHIBAHUI
MPOJIYKT, BUJIa U ChCTOSTHUETO HA YIUThTHEHUSATA,
(U3NYHU ¥ XMMUYHU CBOWMCTBA Ha MPOIYKTA,
METEOPOJIOTHYHHUTE YCIIOBUS, LBIT U CHCTOSHHE
Ha OosiTa Ha KOpIyca, HAJMYME Ha pPBXKIA IO
BBTPEIIHUTE MOBBPXHOCTH Ha pe3epBoapa u Jp.
Bewnuku te3u akrtopu ce sIBSIBAT BXOJHM JaHHU
3a mporpamMara, Bb3 OCHOBA Ha KOWTO C€ HM3YHC-
JSIBAT EMHUCHUUTE EMHUTHUPAHU OT Pa3lIMuHH THUIIO-
BE€ PE3EPBOAPH.

3a pesepBoapu ¢ HEMOJBIKEH IMOKPHUB HEOO-
XOJMMHUTE BXOJHH JIJAaHHU Ca: BHCOYMHA, JHaMe-
TBp, 00eM, ToIUIIeH 000pOT, MAaKCUMAJIEH 00eM

Ha 3aITbJIBAHEC, TUII HA ITIOKPHXBA, LBAT Ha KOpPITyCa
U TIOKPHBA, CHCTOSHHE Ha KOpPITyca W TOKPHUBA,
BUJIa HA ChXPaHsABaHATa TEYHOCT M MECTOIOJIO-
JKEHHETO Ha pe3epBoapa.

3a pe3epBoapy C BBHIICH IUIABAIl IOKPHB
HEOOXO/JMMHTE BXOJHM MAaHHH Ca: JWAMETHD,
o0eM, rojiuIieH o0opoT, ChbCTOSIHUE Ha KOpITyca,
[BSIT Ha KOpIyca, ChbCTOSIHUE Ha 00sTa, KOHCT-
PYKIHATa Ha KOpITyca, THIIA HA IUIABAIMs ITOK-
puB, GUTHHTY KBbM IUIaBAIlUs TOKPUB, BHIA Ha
ChXpaHsBaHAaTa TEYHOCT M MECTOIOJIOKEHHE Ha
pesepBoapa.

3a pe3epBOapu C BBTPEIICH IUIABAIL ITOKPHB
HEOOXOUMHUTE BXOJHH JaHHU Ca : JHAMETH,
o0eM, rouIieH o0opoT, ChbCTOSIHUE Ha KOpIyca,
BT Ha KOpITyca, ChbCTOSIHUE Ha 0osiTa, THIIA HA
YIUITbTHCHUATA, BUJIa HAa ChbXpaHsABaHaTa TCUYHOCT
W MECTOIIOJIOXKEHHUE Ha pe3epBoapa.

[IporpaMHUST TPOAYKT H3UCKBA BXOIHUTE
JaHHU A2 ObJaT BbBEACHU B aMEPUKAHCKH H3Me-
PUTENHU €IMHUILIN.

IIporpamata TANKS 4.09 pasnonara ¢ mete-
opojyiornyHa 0a3a JaHHH, KOSTO BKJIOYBA Hal
175 rpama B CAILLI.

3a u3uKcIsIBaHe HA EMUCHH OT PE3epPBOAPH OT
PezepBapuus mapk Ha “HT” Pocenenr” 6e cp3na-
JleH MeTeoposormyeH ¢ain 3a rpag byprac. B
HETO KaTo METEOpPOJIOTHYHH (PaKTOpH ca BbBee-
HU CpPEIHO MECEUYHUTE U CPEAHO TOIWIIHUTE
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CTOWHOCTH Ha MaKCUMallHa 1 MHUHAMAJIHA JTHEB-
Ha TeMmIleparypa Ha OKOJHATa cpeja, CIIbHUEBO
IrpeeHEe M CKOPOCT Ha BAThpa. Bennuunure ca
B3eTu oT Kimumatnunus cripaBouyHuk Ha HapoaHa
Pemryonmka bearapus [2,3] 3a rpax byprac, karo

Tadoauua 3. Tunuaan QUTHHTH, U3MOJI3BAHU
[P U3YHUCIIIBAHETO HA PE3EPBOAPUTE C BbT-
pEIlIeH TUIaBaI| MOKPUB

No Bun putuarn bpoii
1 JIok 3a pmocthn (24-vHya naua- 1
METBp), OTBapsll] ce Kamak, He-

YIUTBTHEH

2 IlTaxTa 3a 1UIaBall HUBOMED, 1
OTBapSIII Ce KallaK, HEYIUTHFTHEH

3 Kononn 3a mopnbpikaHe Ha mo- 1
KpHBa, CBCTAaBHH KOJOHH 0e3
YIUTBTHEHUS

4 1
[axTa 3a cTH10a, ITH3TaN Kamax,
HEYIUTHTHEH

5 Kpaka na mmatdopmara (0,08 m), 5
perynupyeMu, HEYIUTbTHEHA TI0-
BBPXHOCT KbM IIOHTOHA

6 Conma 3a mpobonabupane (24- 1
WHYA TUAMETHP),, YIULIBTHEH, OT-
BopeH 10%

7 BakyymeH npekbcBau ¢ MEXaHHU- 1
HO JIEMCTBUE, YILIBTHEH

ITporpamata TANKS 4.09 paznonara ¢ mete-
oposyiornyHa 0a3a JaHHW, KOSTO BKJIOYBA Hal
175 rpama B CAILLI.
3a W3UMCIsIBAaHE HAa €MUCHHM OT PE3epBOapu OT
PesepBapuus napk Ha “HT” Pocenenr” 6e cb3na-
JieH MeTeoposioruueH ¢ain 3a rpag byprac. B
HETO KaTo METEOpOJIOTHYHH (paKTOpH ca BbBe/e-
HH CpPEIHO MECEYHHTE U CPEAHO TOIUIIHUTE
CTOWHOCTH Ha MaKCHUMaJlHa ¥ MHUHHMMAajHa THEB-
Ha TemIiepaTypa Ha OKOJHATa Cpena, CIbHYEBO
rpeeHe M CKOpOCT Ha BATHpa. BenuuuHure ca
B3eTH 0T Knumatnunus cripaBouHuk Ha Hapogna
Penry6nmka benrapus [2, 3] 3a rpax byprac, karo
ca TpaHcopMUpaHH OT MEXIyHapoIHaTa CHC-
TeMa 3a U3MEPUTENHN eIUHUIHN S| B amMepuKaHc-
KaTa CHCTeMa 3a M3MEPUTEITHN EANHHUIN, KaKTO €
MIOKA3aHO Ha Talil. 5.
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ca TpaHcHOpMHUpaHK OT MEKIyHApOIHATA CHC-
TeMa 3a U3MEPUTETHN eAuHUIM ST B aMeprKaHC-
Kara CHCTeMa 332 U3MEPUTEITHH SMHHUIH, KaKTO €
MMOKa3aHo Ha Tabm. 5 .

Taoauua 4. Tunuaan GUTHHTH, U3MTOJI3BAHA
[IPH U3YHUCIIIBAHETO HA PE3EPBOAPHUTE C BbH-
IICH IIJIaBalll TOKPUB

No Bun putuarn Bpoit
1 1
JIrok 3a nocTsn (24-uH4a JUaMETHP),

Kamnak ¢ 6onroBe, yIIbTHEH

2 IMTaxTa 3a muaBalm]  HUBOMED, 1
OTBapsIIl CE KalaK, HeYIUITbTHEH

3 1
BakyymeH mpexbcBad ¢ MEXaHHYHO
JIEWCTBHE, YIIITbTHEH

4 Henepdopupan Bomau  (mmaMeTsp 1
0,2 merpa) u maxta (auamersp 0,5
MeTpa), HeymrbTHEH mirp3ram Kanak

5 1
JIrok 3a mpobGoB3zemane, C MexaHWY-
HO JIe¥iCTBUE, YIUTbTHEH

6 1
Jpenax Ha mardopmara (AuaMeTbp
3 unya), OTBOpEH

Ioay4enu pe3yaTaTu U aHATU3

OOeKT Ha KOJIMYECTBEHAa €MHCHOHHA OLICHKA
ca 32 pesepBoapa OT 2 pe3epBOapHHU MHapka Ha
HT” Pocenert”. PesepBoapure ca ¢ pazimdHa
TOH)XHOCT W KOHCTPYKIMS. 32 BCEKH OTICIECH
pe3epBoap ca HalpaBeHHW H3YMCIICHUS 3a Meced-
HU ¥ TOJWIIHA €MHCHU Ha JICTJIMBH OPTraHUYHU
CHEJIHEHUSI.

3a oHarnensBaHe Ha PE3yJTaTUTE TE ca rpy-
MUpaHu ¥ 0000IIEHN IO MECEYHH OOILIM eMHUCHH
(¢ur. 1), mo Tumose pesepoapu (¢pur. 2) u 1o
pe3epBoapHH napkose (¢wur. 3).

Lenta Ha rpynupaHeTo u 0000IIAaBaHETO Ha
JAHHUTE € Jla MOXKE J]a Ce OIPEJEIsT ITHKOBUTE
Mecelly, 30HUTE C HAi-TOJIIMO €MHUCHOHHO HATO-
BapBaHE M HE Ha TOCJIEAHO MSCTO, KOM THIIOBE
pe3epBoapu ce SBSBAT HAW-MOUIHH W3TOYHHUIH
HA EMHUCHH.



Tadauua 5. MeTeopoJIoTHIHN JaHHY 3a rpaja byprac, n3Mmon3BaHu Py U3YHCIISIBA-
HETO Ha EeMHCHHUTE OT PE3EPBOAPHMUSI MTAPK

Maxkc. nueBra  MuH. nHeBHa  CapHueBo  CpegHa CKOPOCT
TeMIieparypa, TeMIepaTypa, rpeeHe, Ha BATHpA,
°C °C W/m® m/s
Sunyapu 5,0 -1,3 56,7 3,0
®eBpyapu 7,3 -0,3 89,2 3,5
Mapt 10,4 2,3 127,4 4.4
Anpun 15,7 7,0 173 3,6
Maii 20,9 12,2 206 3,3
10171 25,3 16,1 235,5 3,1
Om 28,2 18,2 2452 3,3
ABryct 28,0 18,3 234,1 3,7
CentemBpu 242 14,8 174,5 3.9
OKTOMBpHU 19,2 10,5 116,8 3,5
Hoemepu 13,3 6,3 63 3,3
JexemBpu 7,9 1,5 42,6 2.9
I"'ogumHO 17,1 8,8 147 3,4

Bmxkna ce, ye OTHOCHTENHO HaW-HUCKM HUBA
Ha CMHUCHU Ca HU3YUCJIICHHU 3a CTYI[CHI/ITC 3UMHU
MecCeI JEeKeMBpH W SHyapH, a OTHOCHTEITHO
Hali-BHCOKM Ca HMBAaTa 3a MECELUTE IOHHU, I0JIU H
aBr'yCT HE3aBHCHUMO OT KOHCTPYKIMsATa Ha pe-
3epBoapa U TOBa KaKbB MPOAYKT C€ ChXpaHsIBa B
TSX.

ToBa ce mMOTBBpkJIaBa M OT O00OOIICHUTE
JTAaHHU 32 CyMa OOIM €MHUCUU Ha JICTIIMBU Opra-
HUYHHA ChEJIMHEHUS! OT BCHYKHUTE 32 pe3epBoapa

pasIpeeneHy Mo Meceld, MPeCTaBeH:u B Ipa-
¢uueH BUJ Ha XUcTOrpaMaTa Ha ur. 1.

SlcHO ce BMXKIa, Y€ € HaJMIE CE30HHO M3Me-
HeHue Ha emucuure. Ciex 3MMHUTE MECeIH, Jie-
KEMBpH, sIHyapHu U (eBpyapH, Ipe3 KOUTO HUBATa
ca IpUOIN3UTENHO €THAKBHU, CJIE/(BA [UIABHO IO-
KayBaHE Ha €MHCHHTE, KOUTO TOCTHTaT IO JIBa
OBTH TO-BUCOKM HHBA IIpe3 JICTHUTE MeECEIH
IOHH, I0JI U aBTYCT, U OTHOBO IJIABHO MOHMXa-
BaHe

3aryou, t/month

Mecen

®@ur. 1. OO eMUCHH Ha JIETIMBY OPTaHUYHU ChEIUHEHHUS OT PE3EPBOAPHUTE MTAPKOBE, Pa3Il-

PEACTICHHA 110 MECEIIU

KakTo 6e moco4yeHo, pe3epBOapHHST MapK Ha
HT “Pocener” BKIIOYBA pe3epBOaApH C HEIOJ-
BW)KEH MOKPUB, C BHHILEH U BBTPELIEH IUIaBall]
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MOKpUB, uniito o6em Bapupa ot 1 000 go 50 000
.

Ha ¢ur. 2 e mpencraBeHo pasnpeneneHUETO
Ha OOLIMTE €eMUCHM OT BCHYKH H3CJICABAHU pe-



3epBOApPH B 3aBUCHUMOCT OT KOHCTPYKIIUSTA HM.
SIcHO ce BWXKa, Ye Hai-roJeMHU ca TOOUIITHUTE
3aryOu OT pe3epBOAPHUTE C HEIMOJBUKCH MMOKPUB
(495 t/yr), cnenBaHu OT pPe3epBOAPUTE C BHHIICH
TuTaBami HokpuB (56 t/yr). Haif - manku ca 3ary-
Oure Mpu pe3epBoapuTe C BBHTPEIICH ILIaBall
TTOKPHUB.

600

IutupanuTe CTOWHOCTH ca a0COFOTHH T'OAHIITHA
E€MHUCHH U B TSIX Ca BKJIIOUYEHH BCUYKH €MHCHU 3a
CHOTBETHHUSI THUII PE3EPBOAPH, HE3ABUCHMO OT
BMECTUMOCTTA, TOJUIIHUSA O0OpPOT W BHIA Ha
ChXpaHsSIBaHATA TEYHOCT.

495

500 A

400 A

300

3aryom, tiyr

200

100 -

HIT

56
20

1 BIII

®ur. 2. FOI[I/IHIHI/I C€MHCHUH Ha JICTIIMBU OPraHn4YHU CbC€ANHCHUA OT PA3JIMYHU TUIIOBE PE3CPBOA-

pu
Ha ¢ur. 3 e mpeacTaBeHO ChOTHOIICHUETO Ha

TOJUIIHUTE eMUCHH (OpMHpaHM OT JABaTa pe-
3epBoapHu napka Ha HT “Pocenent”. Ot Hes ce

BHI

Brx1a, ye napk bHIT renepupa 86 % ot obmiaTa
roauinHa emucus, a asnsT Ha napk bXII e ena
14 %.

®ur. 3. CbOoTHONIICHNE HA EMUCHUHTE HA JICTIIMBU OpraHn4YHu CbCIUHCHUA OT ABATa pE3CpBOApP-

uu napka Ha HT “Pocener;”

IIpuunHaTa 3a TOBa ChOTHOIICHHE TPsiOBa Ja
ce ThpCH BBB (paKTa, 4e Pe3cpBOAPHUTE B MapK
BXTI, nezaBucumo, ge ca oBede Ha Opoi, BcHd-
ki 0€3 M3KIIIoYeHHE ca ¢ MaJdbk o0eM (0OmusT
uM obeM e okoso 10 mbTH MO-MaTbK OT o0ema
Ha pesepBoapute B BHII). Ocen ToBa, B TO3MU
MapK € CbCPEJOTOYEHO OCHOBHOTO KOJHYECTO
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pe3epBOapu ¢ BBTPEIEH TUIAaBaIl TIOKPHUB (OKOJIO
eIHa TpeTa OT Opos Ha pe3epBOApHUTE B IMapKa),
KOUTO OT BCHUKU THIIOBE Pe3epBOapH I'eHepHpar
Hali-HUCKUTE EMUCHUHU..
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CUCTEMMU 3A YIIPABJIEHUE HA MPEKA
Cgetnana CspoBa, Exatepuna OneroBa-/lynun, Auna OneroBa
NETWORK MANAGEMENT SYSTEMS
Svetlana Siarova, Ekaterina Otsetova-Dudin, Anna Otsetova

ABSTRACT: The advanced communications networks, characterized by continuously expanding
capacity and complexity, offer a huge variety of applications delivered to an avidly growing number of
users. This necessitates their automated management in order to ensure reliable and efficient
operation of both the network and the services provided to the users.

The functional areas of management defined by the International Organization for Standardization
(ISO) - Fault Management, Accounting Management, Configuration Management, Security
Management are presented.

The report describes an architectural model of a communications network management system in
which the nodes are composed of Network Management Entity and Network Management Application,
the connection being performed on the basis of SNMP (Simple Network Management Protocol).

Key words: Network Management Systems, Fault Management, Accounting Management, Config-
uration Management, Security Management Simple.

BnBeaenue YunpaBiieHue HAa KOMYHUKALMOHHA MpesKa
OcHOBHH TIPOOJIEMH B CHBPEMEHHHUTE KOMY- YIpaBieHUETO Ha BCSIKA KOMYHHMKAlMOHHA
HUKAIlMOHHU CHUCTEMH MOraT Aa ce Kiacuuiuu-  MPeXa IeIH OCUI'YPsBaHE Ha!
paT Mo CIEIHNATE MPU3HALM: e HajexAHa paboTa HpU YCIOBHS Ha HPETO-
e VYBEIMUYABAHE CIOXKHOCTTA U pa3Mepa, KOEeTo BApBAHE, MOBPEJa UM IIPOMEHU B MPEXOBa-
OT CBOs CTpaHa BOAU IO HapacTBaHE Ha Be- Ta KOH(urypauus (BbBeXJaHe Ha HOBU YCT-
POATHOCTTA 3a MO5IBA HA FPEUIKH, a OT TaM JI0 pO¥CTBa WIIH YCITYTH),
U3KJIIOYBAHE WJIM HaMallsiBaHE HaJeKIHOCT ® e(peKTHBHA paboTa, CBbp3aHa C KAueCTBOTO U
Ha Mpeara. KOJMYECTBOTO Ha MPEIOCTABEHUTE YCIyTH Ha
e CpuBOBE 1O BpeMe Ha U3ITBJIIHEHHUETO Ha KOH- rnoTpedurenure.
KPETHH 3a7a4yu. 3a Ja ce PeIlu TO3U Ipodiiem CrnoxxHocTTa Ha ChBPEMEHHUTE MPEXH Hajla-

ce mpubATrBa KbM METOAM 32 TPOTHO3WpaHe I'a aBTOMATU3MPAHOTO MM YIPABICHHUE, KOCTO €
Ha TsJXHaTa I0sBa, C 1I€JI CBOEBPEMEHHOTO UM CBBP3aHO C pa3pabOTBaHE HA HEOOXOAUMHUTE MH-

OTCTpaHsBaHE. ctpymentu (Anrenos, 2009).

(] HpoGHeMH CBBbp3aHHU C KanauuTeTa, Bb3HHUK- Or JApyra CTpaHa yHnpaBJI€HUETO Ha KOMYHU-
HaIu C TEYEHUE HA BPEMETO WU B PE3yaTar KallMOHHHUTC MPCEXKH CC YCJIOXKHsBA IIOpaaAn H3-
Ha HeoOMNYaiiHO CHOUTHE. TIOJI3BAHETO Ha yCTpOfICTBa OT Pa3JIM4YHU IPOMU3-

Bogutenu. llopagm Te3wm TPWYMHMA Ce Hajara
IlenTa Ha mpeacTaBeHUs NOKIaJ € Aa Ce aHa- pa3pabOTBaHETO Ha IIPOTOKONH, 0a3u JaHHU U

JIU3MPAT BH3MOKHOCTUTE 33 HAJEKIHO ympaje-  ChIIBTCTBAIM YCIYIH 3a yIpasieHHe Ha UH(POp-
HHle Ha KOMITIOTBPHH MPEXH, Kato ce npencrapy  Maumsira (Divakara , 1996).

APXUTEKTYPEH MOJIE] HA CUCTEMA 3a YIIPABJICHUE Cucremure 3a ynpaBlieHHE Ca IPOCKTHPAHH
C TIOMOIIITa Ha TPUCIOEH COhTyepeH MOJed. 3a CH3JaBAHC HA MPEXKHU C YHUULMPAHA apXu-

TEKTypa, C aApeCHu U €TUKETHU 0 BCiAKA OTACIIHA
TOYKa, ONpCACIIAIN CJIEMCHTUTE U CbOTBECTHUTC
BPB3KU MCKAY TAX. EnmementnTe Ha BCska ak-
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THBHA MpeEXa ITPelocTaBsIT o0paTHa Bpb3Ka 3a
HEHHOTO ChCTOSTHHE B IIEHTHPA 32 KOHTPOJL.

M3nckBaHusi KbM CHCTEMHTE
3a ynpaBJieHHe

OYHKIMOHAIHUTE 00JIACTH B YIIPABIEHUETO

Ha BCSIKa Mpeka ce OmpeaeniT oT MexTyHapoI-

Hata opraHu3anus mo cranmaptusauus ( ISO)

(Duglas, 2016).

o Fault Management (FM) - oTkpuBaHe U KO-
purnpaHe Ha HETHUNMHWYHH pPabOTHH CHCTOS-
HUSL.
3a HOpMamHOTO (YHKUMOHUpAHE Ha eaHa

CJIO)KHA Mpeka € HeoOXOAWMO Ja Ce TapaHThpa

HEHHOTO MPaBWIHO, ISUIOCTHO W KOMIOHEHTHO

¢ynkunonupane (Verma, 2009). [Ipu Bb3HHUKBa-

HE Ha TpeliKa € HeoOXOANMO CBOCBPEMEHHO:

e oOmnpenensHe Ha BUJA W MSCTOTO Ha BH3HHK-

BaHe,

M30/IMpaHe Ha OCTaHajlaTa 4acT OT MpexaTa,

C IIeJT OCUTypsiBaHe paboTara Ha Mpekara 0e3

CMYIICHHS,

MpeKoH(UTyprpaHe Ha Mpekara, ¢ el MH-

HUMU3WpaHe Ha BB3JCHCTBHETO W BBH3MOXK-

HUTE MIETH BbPXY HAKOU OT HEWHUTE KOMIIO-

HEHTH.

PEMOHT WIIM 3aMsHAa Ha TIOBPEICHUS KOMIIO-

HEHT W BB3CTAHOBSBAaHE IHPBOHAYATHOTO

CBCTOSIHUE HA MpEKaTa.

Ilpu KOpUrMpaHeTo Ha TPEUKH U AeHEeKTH
ce pa3iu4aBaT TPU PA3IMYHU CUTYalUUu - error,
damage v wrong.

Error - cutyanusi cBbp3aHa ¢ HEU3IPaBHOCT,
M3UCKBAIlla HamMeca OT CTpaHa Ha aJIMHHUCTpA-
TOpa U CBOCBPEMEHHOTO M KOPUTHpPAHE, JIOKATO
wrong e uzonupaHo cwoutue. Error moxe na
Obne ronsiM Opoll wrong-rpemiku (TpuMmep -
MPEeKbCHE Ha KOMYHHMKALIMOHHATA JIMHUS U JIUI-
caTa Ha CHTHAa).

B cnyuait Ha wrong- rpemiku (Harpumep
rpeieH bit B KOMyHUKallMOHHATA JIMHUA), € Bb3-
MOJKHA KOMIIEHCAIUSTA C TIOJXOJISIIA MEXaHH3-
MU 3a TIPOBEPKa Ha TPEIIKU B OTAEITHHUTE MPOTO-
KOJIN.

BnusiHueTo Ha error-rpelikv B €Ha Mpexa
ce HaMaJIsiBa 4pe3 M3MOJI3BaHE Ha JIOMbJIHUTEITHH
JaHHU WM MPOMSHA Ha IBTS, KaTo MO TO3M Ha-
YMH C€ MOCTUTa CTENEeH Ha MPEKOBa TOJEPaHT-
HOCT KbM Tpemkute (Bergstra, Burgess, 2009).

[Ipobnemute cBbp3anu ¢ Fault Management
(FM) w3uckBaT Obp3a U HAICKIHA TUATHOCTHKA,
KaTo IeNITa € MUHUMAIN3UpaHe Ha Bb3JIeHCTBHE-
TO BBPXY MpexKara.
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Accounting Management (AM)— MOHUTO-
PHUHT Ha MOTPEOUTENNUTE TI0 OTHOIICHUE Bpe-
METO Ha W3MOJ3BaHE HAa Mpexara, odeM Ha
mpornycHatata WHGOpMaIus ¥ 3aluc  Ha
NBOMKUTE Source- destination IP u source-
destination port.

AJMUHHUCTPATOPBT CIIEIU 32 KOPEKTHOTO H3-
MOJNI3BaHEe HA MPEKOBUTE PECYPCH OT BCEKHU Kpa-
€H TOTpeOuTeN WINW Tpyna OT IMOTPeOUTEIH.
Ilenta e mpemoTBpaTsBaHe HAa HAPYIICHUS Ha
npaBaTa 3a JOCTHII, BOACIIM J0 HaTOBapBaHE Ha
MpekaTa Wi He €(peKTHBHOTO M M3IIOJI3BaHE.

VYpaBieHHETO Ha BCSIKA MpEKaTa € CBhP3aHO

3alMCH Ha IapaMETPUTE B Pa3IMYHHUTE Bb3JIH
OT MperKaTa,

3alMCH Ha HHTEPBAJIUTE OT BpeMe, IPU KOUTO
MHpOpMaLUiITa ce M3Mpalla Ha MO-KII0YOBU
BB3IIH,

U yIIpaBJIEHHE Ha aJropuThMa 3a M3UMCIsIBa-
HE Ha Pa3XxoAuTe.

Configuration Management (CM) - KOHTPOJ
Ha MapaMeTPUTE Ha CUCTeMaTa U IPOBEpKa 3a
MPaBUIHOTO (YHKIIMOHUpPAHE Ha YNpaBIsiBa-
HUTE 00EKTH.

CbBpEeMEHHHUTE MPEXH 33 JaHHHU C€ ChCTOST
OT OTAETHHM KOMIIOHEHTH M JIOTWUYECKU IOJCHUC-
TEMH, KOMUTO MOTaT Jia ObJIaT KOHPUTrypupaHu aa
M3ITBJIHABAT Pa3IMYHU npuiioxeHus. [lpumep -
€IHO YCTPOMCTBO MOKeE J1a Ob/ie KOHPUTYPUPAHO
Ja paboTH KaTro pyTep, KaTo KpaiiHa BbH3JIOBa
TOYKA WJIHM KaTo JIBETE 3a€/IHO.

Cren omnpenensiHe HauMHA HA U3IIOJI3BAaHE Ha
n30paHOTO YCTPOMCTBOTO B JajneHa mpexa, CM
oTroBaps 3a noabdopa Ha MOAXOAIHs codryep u
OTIpeJIeNITHETO Ha Habopa OT (YHKIWH 32 CHOT-
BetHUTE ycrpoiictBa (Tyxapos, 2008).

CM ce oTHacs A0 CTapTHPAHETO, U3KITIOYBA-
HETO KaKTO Ha IylaTa Mpe)ka Taka M Ha 4acT OT
Hesl, MOJAPBKKaTa, J0OAaBSIHETO M aKTyaJlu3Hupa-
HETO HAa BPB3KUTE MEXIYy AAHHUTE M TIXHOTO
CBHCTOSIHUE TI0 BpEME Ha eKCIII0aTaIusl.

Yecto ce Hajara npekOH(UTrypaus Ha Mpe-
JKata ¢ LeN nojxoOpsBaHe HeWHaTa MPOU3BOIU-
TEJTHOCT, HaArpaKIaHe, OTKPUBAaHE Ha TPEIIKH
WU TIOI00psiBaHE Ha HeiHata curypHocT. KoH-
(GUrypaniMoHHUTE OTYETH CE€ I'CHEpUpar IMepuo-
JTUYHO OT areHTUTE WJIM IO MCKaHe Ha aJMHHHC-
Tparopa.

e Performance Management OCHUTypsiBa
e(eKTUBHOCT Ha paboTaTa Ha MpexaTa, KaTo



CIe 3a TPaBWIHOTO (YHKIIMOHUpPaHE Ha
YOpaBIsIBAHUTE OOEKTH W KOMYHHKAIIHSTA
MEXYy OTAaJICYCHUTE BH3JIU.

ChbBpeMEHHHUTE MPEXKHU C€ ChCTOAT OT MHOTO
Ha Opoll W pPa3NUYHU eJIEeMEHTH, KOUTO KOMYHH-
KHpaT TIOMEXTY CH U CIOJIEISIT TaHHU U MPEkKO-
BU pecypcu. YTpaBIeHHUETO Ha e(PEeKTHBHOCTTA
Ha eJIHA MpeXa € pas[eliecHo Ha JBe OOJIaCTH:
MOHHMTOPUHT Ha aKTUBHOCTTA U KOHTPOJ. To om-
penes:
® U3MOJ3BaHMS KaNAIUTET HA MpEkKara,
HAJIMYMETO HA YBEIHYCH TpaduK,

JIeUHUpa TOMYCTUMHUTE W TIPUCMITBH HHBA
Ha e(heKTHBHOCT,

BEPOSITHOCTTA 32 MPETPYIBaHE,

BPEMETO 32 PEaKIHs.

3a 1a OTrOBOpM Ha IIOCOYCHUTE INPOOIEMHU,
MPEXKOBHUSI aIMUHHUCTPATOP HaOIIOAaBa N30paHH
MPEXOBU O0CKTHU U OLICHSIBA PeaTHATa CUTYaIHS.
3a Ta3W OIEHKAa OT CHIIECTBEHO 3HAUYCHHE ca
CTaTUCTHYECCKUTE JaHHU 32 e(DEeKTUBHOCTTA, KO-
UTO CIIOMArar 3a MPOCKTHPAHETO, YIPaBICHHETO
U mommbpkaHeTo Ha ronemu Mpexu (Duglas,
2014). IsnrocpoyHaTa CTaTUCTHKA C€ W3IIOJI3BA
IpY MPOEKTHPaHE Ha KalaluTeTa Ha MpekaTta,
IPH PA3MIMPSIBABAHETO M B ONPEICTHU CEKTOPH.
e Security Management (SM)- ynpaBicHUe
Ha CHUTYpPHOCTTa, BKJIIOYBAIO Cb3JaBaHe,
pa3NpoCcTpaHEHUE M ChXPaHCHNE Ha KIIIOYOBE
3a mUQpoBaHe, MOHUTOPUHT M KOHTpPOJ Ha
JOCTBIIa 1O CeKIMH WM IslaTa Mpeara.
MpeXoBUAT TOCTHI € WH(OpManus, 3amuca-
Ha B Pa3jIMYHUTC BBH3JIM B MpEXKara. 3a tasu
eIl Ce M3IOJI3BAT CIPaBKH, KOUTO CE SIBSIBAT
MHCTPYMEHTH 32 KOHTPOI.

Cucrema 3a ynpasJjieHHe HA KOMYHMKAIIHTOH-
Ha Mpexa — KOH(puUrypauus

Besika cucrema 3a ynpasiieHHE €€ CbCTOH OT:
VYnpasnsaBamara craHiuust (CbpBbp WM af-
MHUHHCTPATOP) - YCTPOICTBO, KOETO MOXE J1a
ObJie pa3loNOKEHO U IPU CIIOAEIEHU CHCTe-
Mmu. Ts npurexana:

e Ha0oOp OT MPHUJIOKEHUS 3a YIpPaBICHUE U
aHaJIu3 Ha JIaHHU, KOPEKLUs Ha TPELIKU
u J1p,
uHTepdeiic 32 HaOIIOICHNE M KOHTPOI
Ha MpexXara.

CIOCOOHOCT 3a HMHTEpIpETHpaHe Ha
U3MCKBAHUATA 34 YIPABICHHUE HA Mpe-
Kara npu HaOJIIoeHHe W KOHTPOJN Ha
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OTJaJICUCHU KOMIIOHCHTH.

2. Wndopmanmonna 6aza JaHHU 3a yIpaB-
JICHHWEe Ha Mpe)KaTa OT BCUYKH MPEXOBU OOCKTH
Management Information Base-MIB. 3a edek-
THBHO YyIIpaBJICHHE HA PECypCHTE B €IHA Mpexa
€ HeoOXOOUMO TS Ja ce MPEACTaBH KaTo Habop
0T 00EKTH - JTaHHU 3a yrpaBieHne. Te3u 00exTu-
Te ce Ae(pUHUpAT B CHCTEMATa U Ce Pa3JeliaT Ha
pa3NUYHM KJIACOBE. YTpaBisABaIlaTa CTaHIHS
U3IBJIHSABA  MpOCIeAsBaHe, KaTo KOpUTHpa
croiiHoctTa Ha obekture MIB. Cranmusara 3a
yhpaBiieHHEe MOXKE Ja MpeIu3BUKa JeicTBHUE,
KOETO Ja ObJe M3MBIHEHO OT areHTa, Wik Aa
IPOMEHM KOH(HUTypanusTa Ha areHT, 4pe3 Mmpo-
MSIHa CTOWHOCTTa Ha CBOUTE TIPOMEHIINBH.

3. ATeHT - aKTUBEH €JIEMEHT Ha CHUCTEMAaTa
3a yIpaBJIeHHE Ha MpexKara.

EnemeHnTn xato xocTroBe, MOCTOBE, MapuIpy-
TU3ATOPU U CIUIUTEPH Ca OCUTYPEHH ChC COPTY-
€pa Ha areHT, ¢ 1IeJ yIpaBlIeHne 0T MEHUKbpC-
Kara CTaHUusA. ATEHTBT IpenocTtass MH(OpMa-
LU 3a yIpaBisBaIlaTa CTaHLHSL.

4. [Iporokon 3a ympaBieHHE Ha Mpekara.
CranuusTa 3a yrnpaBJeHUE U areHTHT Ca CBBpP3a-
HU TIOMEX]Iy CH C TPOTOKOJIa 32 yNpaBlIeHHEe Ha
mpexara.  [Iporokomsr  Simple  Network
Management Protocol (SNMP) ce u3nonssa 3a
ynpasnenue Ha TCP/IP mpexu. 3a mpexu, 0a3u-
panu Ha OSI Mozen ce W3MOJd3Ba MPOTOKOJ 3a
ynpasineHne Ha uHpopmanmara (CMIP). B mo-
YCBBBpIIEHCTBaHUTE  Bepcun Ha  SNMP,
SNMPv2 u SNMPv3 ce wu3moisBaT emxHOBpe-
menHo 3a TCP/IP u OSI-6a3upann mpexu (Ty-
xapos, 2008).

[Ipu BHEnpsiBAaHETO HA CHCTEMH 3a HaOIIIOJe-
HUE ¥ KOHTPOJI HA MPEXHUTE CE aKIEHTUpa Ha:
e Hanmmume Ha momxopsin wHTEpdEiic, mpemoc-
TaBsIl HA0Op OT KOMaHIM, 38 M3IIBIHEHHETO
Ha HeoOXoauMHTE (YHKIWH 32 yIpaBlicHHE
Ha ChOTBETHATA MPEXKa.
Wznon3BaHe Ha MUHUMaIIEH OpOii yCTPOWCTBA
3a MOAJPBKKA HAa YIPABICHUETO, Ype3 WH-
TErpupaHe B YCTPOWCTBAaTa Ha MOTPEOHTEIS
Ha cod)Tyepa M xapayepa, HEOOXOIUMH 3a
yIpaBJICHUE HA MpeXKara.

Ha ¢ur. 1 e mpencraBeH apXuUTEKTypeH MO-
Jle] Ha CHCTEMA 3a YIPABICHUE HA KOMYyHHUKALU-
OHHA MPEKa, B KOSITO BCEKH Bb3€Il € CbCTABEH OT



codTyep, OTroBapsIl 3a yINPaBICHHETO HA Mpe-
xata Network Management Entity (NME).
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/

Server

Appl

o]

NME

NMA

SentOS07

NME Appl

=]

Agent

SentOS07

Manager

Agent Agent

Workstation Ruter

SentOS07

NME
NME Appl

| = B

CommsS

Comms

SentOS07

®ur. 1 Cucrema 3a yrpaBieHrue Ha KOMyHHKa-
LIMOHHA MpeXxa

Cucremara 3a ynpaBicHHE:

e Ccb0upa CTATUCTHYECCKH JAHHU 32 JIBH)KCHUE-
TO B MpeXarta U T [IpeJlocTaBs Ha [IEHThpa 3a
yIpaBiieHHE

ynpasiisiBa napaMerpute ( Hamp. Oposiua 3a
BpeMeE B IPOTOKOJIA 32 MIPEJaBaHe)
IIPEJOCTaBs JaHHU 3a ChCTOSHHUETO Ha eJle-
MCHTUTC

Cbhb3aBa TCXHUYCCKU IMOTOK ITPU TECTBAHC
npefaBa CboOIIEHUs B LIEHTHPA 3a YyIIpaBJe-
HUEC, IpU TPpOMsAHA B CHCTOSAHHUCTO.

NMA e codTyep 3a ympaBiieHHE Ha 3asBKH
norpedurennTe U npeaaBaHero M KbM NME B
Mpexara. Ta3u Bpb3Ka c€ OCBHLIECTBSBA Ype3
M3II0JI3BAHETO Ha MPOTOKOJI 3a YNpaBlCHHE Ha
Mpexara.

C wen mo-7o6po ympasieHHE C€ M3MOI3BAT
no-Bede oT eauH aredT. [lpum HOpManHa paboTa,
BTOPHSIT areHT ChOMpa CTATUCTUIECKH JaHHH, HO
MOXE Jia C€ WU3MO0J3Ba BCEKHM MOMEHT Karo
backup.

CodryepbT B amarpamara npeicTaBeHa Ha
¢wur.1 e oprann3upaH B TpH HUBA.

Haii-BucokoTo HIBO - HA0OP OT MPUIIOKEHUS,
32 TpPEIOCTaBIHE Ha YCIYTd Ha MOTPEOHTENs
(oOpaboTka Ha rpemkd, npoduiau, KoHPUrypa-
s, €PEKTUBHOCT ¥ CUT'YPHOCT).

Mankusar OpoH NpUIOKEHHUs 3a yIpaBicHHE
V3ITBJIHSBAT MO-TIPUMUTHBHA (YHKIHK C OOIIO0
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npeHa3HaueHHe- TaKWBa KaTo CHTHAJM 32 anap-
Ma WM ChOMpaHe Ha JaHHH.

Ha no-HHCKOTO HUBO € pa3noyioKeH coPpTyep
3a ympaBlIeHHEe, KOWTO MPEJOCTaBsl YCIyTUTE 3a
yOpaBieHHe Ha W3IIOJ3BAaHUTE MTAHHW,KAaKTO H
MPOTOKOJ 3a 0OOMEH Ha MH(OpMalHs 3a ymnpas-
JICHUETO MEXIY MEHUKbPH U areHTH.

Ha Hall-HUCKO HUBO CE€ HaMupa
communication softuer, u3moa3Bad 3a 0OMEH Ha
uH(pOpMAIUs 3a YIPABICHUETO MEXKIY MEHH-
JOKBPU W arcHTH. 3a Jia C€ U3ITBJIHAT JKCJIaHHUTE
¢dyHKIMH, COPTYEephT 3a YIIPaBJICHUE HA MpeXka-
Ta ce HyXKJIa€ OT JIOCTHII JI0:

bazara 3a ympasnenue Ha wH(pOpMmanmara -
MIB (Management Information Base), B xosTO
ca OmucCaHW OOEKTHUTE, MPEOCTaBSIHU HAa BCEKH
ynpasisiBaH Bb3esl oT SNMP- arenture ot u Ao
OTJIaJICUCHH areHTH U aJIMUHUCTpaTopu. B MecT-
Hust MIB u areHTa ce chabpika uHbOpMAIUS 3a
KOH(UTYpanusATa U MOBEJICHUETO Ha TO3HM BBH3ET,
KaKTO U MapaMeTpuTe, M3MOJI3BaHU 32 YIpaBlie-
HHUETO U paboTaTa Ha Bb3ela.

KomyHukanusara ¢ Apyru Bb3MH (areHTH WA
aJIMHUHHACTPATOPU) CE€ OCHIIECTBSIBA YpPE3 KOMY-
HUKalMoHeH nporokon kato OSI wmu TCP / IP.

CBhBpEeMEHHHUTE OTICPAIMOHHU CHUCTEMHU IPH-
TeXaBaT rojiiMa YacT OT HeoOxomumute (pyHK-
MU 33 aJIMUHUCTPUpPAHE Ha Mpekarta. Bcuuku
ChBPEMEHHH MPEKOBH YCTPOWCTBA CE€ IMpojaBaT
¢ BrpajieH coTyep 3a TUarHOCTHKA W yIpaBlie-
HUe Ha Mpexata. [lo To3u HaumH Te ce KOH)H-
rypupar 3a OnTHMajHaTa UM padoTa B ChCTaBa
Ha KOHKpeTHaTa Mpeka. Ha masapa ce mpesiara
pa3zHoOOpa3eH crnenwaau3upan codryep 3a yri-
paBJICHUE Ha MPEXH.

3akiouenue

BHeapsiBaneTo Ha cuctemMuTe 3a HaOJIrOIeHHE
Y KOHTPOJI Ha MpexaTa ce Gpokycupa BbpXY:

HanmuiueTo Ha MollleH 1 yZ00€H 3a ToJ3BaHe
uHTepdelic, mperocTapsi Habop OT KOMaHIHN 3a
U3ITBJIHCHNE Ha (YHKIMUTE 3a yIpaBICHHUE HA
MperKara.

W3znon3sane Ha BE3MOXKHO Hal-MalKo OTAEJ-
HU yCTPOWCTBA 32 MOJJIPHIKKA HA YIPABICHUETO.
ToBa ce u3BBPIIBA YpPe3 HHTETPUPAHE B YCT-
poiicTBaTa Ha TMOTPeOUTEN Ha codTyepa U Xap-
Jyepa, HeoOXOIMMH 3a yIIpaBIeHUE Ha MpeKara.

TenneHusATa Mpe3 TMOCICTHUTE TOIUHH €
KbM pa3paboTBaHe HAa Bce MO-TOJNIEMH H IIO-



CJIO)KHU KOMIIOTHPHUTE MPEXKH U CHCTEMHTE C
pasmpenenena oopadoTka.

B TO3u nmoknax e mpeAcTaBeH TPUCIOCH MO-
Jell Ha CUCTeMa 3a yhpaBlieHHe Ha 0a3aT Ha
Network Management Entity u Network
Management Application u SNMP npoTokon 3a
yhpaBlieHHE.
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DESULFURISATION OF GASOIL FRACTIONS

Yordanka Tasheva, Stanislava Tasheva

ABSTRACT: Ilpucvcmsuemo Ha cepHu u Opyau XemepocveOuHeHus, KaKmo U Ha apeHosuU 8b21e8000pooU U
CMONU 8 20pUBAMA € HeXNCeIAmenHo, Nopaou KOoemo 6b6 6CUYKU CMPAHU 6 cgema ce Npeonpuemam
3aKOHOOAMENHU U Opy2u MepONPUAmuUs 34 0ZPAHUUABAHE CLOBPICAHUCTNO HA CAPA, APEHOBU 8b2eB000POoU U
cmonucmu npooykmu 6 max. B masu eépw3ka ce paseusam u HOBU MEXHOIOSUU 30 OUUCMEAHE HA 2a3bO0JesU
@pakyuu.6 HacmoAwaAMa cmamus e usciedean npoyeca Ha Oecyigypuparne Ha 08e 2a3vonesu Ppaxyuu,
nonyyenu om OvI2APCKU NEMpON, HANpaseHn e noobop Ha egexmusHu pasmeopumenru U e OoKazana
BB3UOIHCHOCINING 30 HAMATABAHE HA CHOBPHCAHUEMO HA CEPHU CbeOUHEHUS 8 NOCIeOHUMme.

Key words: desulfurization, sulfur, alternative technologies, gasoil

Introduction

Sulfur in transportation fuels remains a major
source of sulfur oxides which contributes to air
pollution and acid rain (Serhiy P., 2012).

For the use in fuel cell system commercial
fuels, like diesel or domestic heating oil, have to
be desulphurised to ultra deep sulphur levels of
below 1 mg kg—1 (Ristovski Z., et al., 2006).

In Bulgaria allowed sulfur content in gasoil
fuels is 1000 ppm .

The removal of sulfur-containing compounds
from liquid fuels is currently achieved by
hydrodesulfurization (HDS) using a Co—
Mo/Al,O; or a Ni-Mo/Al,O; catalyst (360 °C
and 3-5 MPa H, pressure) (Serhiy P., 2012). The
current HDS technology can desulfurize aliphatic
and acyclic sulfur-containing organic compounds
on the industrial scale. However, aromatic
dibenzothiophene (DBT) and especially 4,6-
alkyl-substituted DBTs are difficult to convert to
H,S due to the sterically hindered nature of these
compounds on the catalyst surface. For this rea-
son, the removal of the DBTs by HDS, to give
the desired low levels of sulfur in diesel, requires
high temperature and H, pressure conditions and
hence a bigger reactor size as well as an active
catalyst. From an environmental and economic
viewpoint, it is extremely desirable to develop
alternative more energy-efficient desulfurization
processes for the production of virtually sulfur
free fuel. Reported deep desulfurization process-
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es include, but are not limited to, selective ad-
sorption, extraction with ionic liquids, oxidative
desulfurization (ODS), biodesulfurization, and
other processes (Zonguan J., Zh.Yongna, et al.,
2011). Due to a short reaction time at ambient
conditions, high efficiency and selectivity, ODS
combined with extraction is regarded to be the
most promising of these processes (Wang H., H.
Jianxun, J. Cairong, 2014).

Various studies on the ODS process have em-
ployed different oxidizing agents such as NO,
tert-butyl-hydroperoxide and H,0O, (Corro
G.,2002, Muric M., 2013, Patil M., S.Kulkani,
2011). H,O, is commonly used as an oxidizing
reagent due its affordable cost, environmental
compatibility, and commercially availability.
H,0, is effective in the presence a transition-
metal based catalyst and in acid media (Patil M.,
S.Kulkani, 2011). Different transition metal cata-
lysts have been used, such as tungstophosphoric

acid, Na,WO, + [(n-C,Ho),N]Cl (14),
K] ZWZnan (ZHW9034)2 and [CH3 (n—
CsHi7):N]Cl, 2-NO2C6H4SeO2H, and others

(Babich J., A. Moulijn, 2003).

For the use in fuel cell system commercial
fuels, like diesel or domestic heating oil, have to
be desulphurised to ultra deep sulphur levels of
below 1 mg kg—1. To reach this goal the adsorp-
tive desulphurization using a nickel-based
sorbent has been identified. The evaluation of the
reaction mechanism reveals in principle the same
route as that of the hydrodesulphurisation (HDS)



whereas the sulphur is adsorbed by the sorbent
instead of being converted to hydrogen sulphide.
The required hydrogen for the process is provid-
ed out of the fuel itself and not by an external
supply of hydrogen. This analysis leads to an
easy applicable enhancement of the process by
adding a hydrogen donator as an additive to the
liquid fuel. In correlation to the mass fraction of
the donator the reaction rates and sorbent capaci-
ties are improved significantly (Arturo J.,
T.Yang, 2004).

Furthermore the influence of aromatic com-
pounds has been investigated, which exhibit sim-
ilar molecular structures and chemical properties
than comparable high refractory sulphur species.
This leads to side reactions especially of di- and
tri-aromatics which influence the sulphur adsorp-
tion. A shift of the aromatic fraction from mono-
to di- and tri-aromatic compounds has been ob-
served as well as the alkylation of di- and tri-
aromatics (Breysse, G.Djega, 2003).

The aim of this paper is to study the desulfu-
rization of gasoil fractions by extraction and to
evaluate the effectiveness and selectivity of indi-
vidual extraction systems.

Experimental

The extraction procedure is described in pre-
vious papers.

It must be noticed that the desulfurization of
gasoil fractions by extraction were carried out in
ambient temperature and atmospheric pressure.
The conditions of extraction processes have been
established experimentally as follow: tempera-
ture — 60 °C, duration — 1,5, 3,0, 4,5 and 6,0
hours and ratio gasoil: solvent = 1:1, 1:2.

In previous papers has been established that
the most effective solvents for applying in ex-
traction process of fuels are N-methyl
pyrrolidone /NMP/, furfural and diethylene gly-
col /DEG/. In this order we used these organic
polar solvents in present investigations.  The
physical properties of solvents are given in ().

As raw-material we used gasoil fractions —
gasoil fractionl, produced by petroleum from
Dolni Dabnik and gasoil fraction 2, produced by
petroleum from Tyulenovo. The both fractions
are produced in Bulgaria. The physicochemical
properties of liquid fractions are given in Table 1
and 2.

Table 1. Physicochemical properties of gasoil
fraction 1

Parameters Value

1. | Density at 15 °C, kg/m’ 827.0
2. | Sulfur content, ppm 1000
3. | Arene content, % 20.2
4. | Water content, % (v/v) Neal
5. | Ash content, % 0.006
6. | Coke, % 0.03
7. | Kinematic viscosity at 40 °C, 2.65

mm?/s
8. | Distillation characteristics:

-10 %, °C 226

=75 %, °C 320
9. | Flash point in closed cup, °C 94

Table 2. Physicochemical properties of gasoil
fraction 2

Parameters Value

1. | Density at 15 °C, kg/m’ 889.6
2. | Sulfur content, ppm 1400
3. | Arene content, % 20.2
4. | Water content, % (v/v) Neal
5. | Ash content, % 0.008
6. | Coke, % 0.03
7. | Kinematic viscosity at 40 °C, 2.88

mm?/s
8. | Distillation characteristics:

-10 %, °C 236

=75 %, °C 308
9. | Flash point in closed cup, °C 96
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After extraction the obtained yield of raffinate
and extract were measured experimentally. The
sulfur content in raffinates was measured by BSS
EN ISO 8754. The obtained results from desulfu-
rization processes are given in follow figures.

The yield of raffinate was increased with in-
creasing of contact time at extraction process of
systems: gasoil 1: NMP, gasoil 1: furfural.

The figures 4 and 7 confirmed the literature
data that the sulfur content depends on composi-
tion of raw material mainly. The best results at
extraction of gasoil 1 have shown from solvent
NMP, then DEG and furfural. The data shown in
figure 7 presents that the best results are obtain-
ing by extracting of gasoil 2 with a solvent furfu-
ral, NMP and DEG
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Fig.3. Dependency of yield of raffinate and ex-
tract from duration of extraction of system gasoil
1: furfural /ratio gasoil 1:furfural = 1:2/

150



98.5 T T T T T

—O— Yeild of raffinate, %
—4— Yield of extract, %

98.6 4
98.7 4

98.8 4

Raffinate, %
Extract, %

98.9 4

99.0 4

99.1 4 0.9

T T T T T

3 4
Duration, h

Fig.7. Dependency of yield of raffinate and ex-
tract from duration of extraction of system gasoil
2: furfural /ratio gasoil 2: furfural = 1:2/

500 4

—m— NMP
—8-DEG
Furfural

450 4

400

Sulfur content in raffinate, ppm
NN W ow
8 &8 8 &
g 8 8 8
L L

150

100

50 T T T T T

Duration, h

Fig.8. Dependency of sulfur content from dura-
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vent = 1:2/

The experimental results presented that desul-
furization of gasoil fractions with selected sol-
vents carried out more hard in initial period of
contact time than in duration of 3 hours and
more. The percent of separated sulfur com-
pounds decreased significantlly.Conclusion

Heightened concerns for cleaner air and in-
creasingly more stringent regulations on sulfur
contents in transportation fuels make desulfuriza-
tion more and more important. The sulfur prob-
lem is becoming more serious in general, particu-
larly for gasoil fractions as the regulated sulfur
content is getting an order of magnitude lower,
while the sulfur contents of crude oils refined in
the world are becoming higher. The chemistry of
gasoil fractions processing has evolved signifi-
cantly around the central issue of how to produce
cleaner gasoil fuels in a more efficient and envi-
ronmentally friendly fashion.
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N3CJIEABAHUA 3A CbCTABA HA TEXXKH ®PAKIIUN

Wopnauka Tamesa, Togop Iamuen

COMPOSITIONAL STUDIES ON HEAVY FUEL FRACTIONS

Yordanka Tasheva, Todor Palichev

ABSTRACT: [1oopobHomo u HAOeNHCOHO OXapaxmepusupaHe Ha KOMROSUYUOHHUS CbCMAE HA  MEeNCKU
HegbmeHu dpaxyuu e om 20JAMO 3HAYEHUe 3a ONMUMUAYUAMA HA npepabomeawume npoyecu, oyeHssane Ha
npOOyKmume, KOpeiayusi Mexncoy CmpyKmypa u ceotcmea Ha CypoguHUme 1 npodiemume Ha OKOAHAMA cpeoa.
Tosnasanemo na XuMuuHusl CbCmag Ha Hepma u Hepmenume Gpakyuu Ha MOIEKYIAPHO HUBO 3AHUMABA YUEHU-
me om Ysii C8sim, NOPAOU USKIIOUUMETHAMA CIONICHOCH Ha npobiema. B nacmoswama cmamusi e u3ciedsan 3a
NBPEU NI KOMNOZUYUOHHUSL CbCIMAS HA MENCKU Hedhmenu paxyuu om 6ba2apcku npousxoo, Hanpagen e noo-
60p Ha paziuuHy pasmeopument u e u3cie08and MmaxHama CROCOOHOC 3a U3GIUYAHE HA OMOETHUMe KOMNO-

HeHmu.

Key words: hydrocarbon group types, heavy fuel fractions, arene hydrocarbons

Introduction

The distribution of major structural types of
hydrocarbon classes in crude oil, heavy ends and
middle distillates is often required for various
applications in the petroleum industry. Composi-
tional studies are of much significance in under-
standing the crude oil source, optimizing refining
processes, product performance evaluation, feed-
stock utilization, structure-property correlations
and environmental hazards ((Stratiev D., et al,
2016).

The properties of petroleum and its products
are closely related to their chemical composi-
tions. The hydrocarbon compositional infor-
mation is important for petroleum processing.
Group-type analysis is a widely used procedure
for obtaining the required information to evaluate
petroleum and its products in the petroleum in-
dustry. The method normally used for hydrocar-
bon group-type analysis is the fluorescent indica-
tor adsorption method FIA and it is well known
for its simplicity and ease of operation. However,
its poor separation is usually encountered in
samples with final boiling points higher than 315
°C and dark colored samples (Adams J., et al.,
2015) Gas chromatography coupling with mass
spectroscopy GC-MS. has been widely used for
hydrocarbon analysis of light fractions in oil in-
dustry (Adebiyi M., V. Thoss, 2014). But the
requirement of vaporization of samples limits its
application in separation of samples with high
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boiling point and poor thermo stability. Super-
critical fluid chromatography (SFC) has become
a popular analytical tool in petroleum analysis
during last few years not only for its ability to
analyze thermally unstable and relatively high-
molecular-weight compounds, but also because
highly efficient and selective capillary columns
can be used to achieve unique separations (espe-
cially for polycyclic aromatics, (Anand V., R.
Freedman, 2012, Aske N., J. Sjoblon, 2002). But
the expensive mobile phase-supercritical CO and
complicated operation make SFC difficult to ap-
ply in production control in refinery.

The application of high performance liquid
chromatography (HPLC) to hydrocarbon group
type analysis of petroleum products was first re-
ported in1970s. HPLC is characteristic with its
high efficiency, high speed, high sensitivity and
wide application range. The development and
application of HPLC offer a powerful analytical
tool for high boiling distillates. Detail studies on
HPLC utilizing alumina, silica and various
chemically bonded silica stationary phases to
analyze petroleum products have been published
(Mansur E., et al., 2012, Santos et al, 2014). But
the aromatic-ring number separation of high boil-
ing distillates has been still a difficult task. Tra-
ditional open-column chromatography technique
is a powerful analytical tool which provides de-
tailed compositional information for alkanes,
cycloalkanes and aromatics (Podgorski et al,
2012).



Crude oils have been fractionated into satu-
rates, aromatics, resins and asphaltenes using
open-column liquid chromatography. Asphaltenes
are n-pentane, n-hexane- or n-heptane-insolubles
depending on the n-alkane used. The n-alkane-
soluble materials, termed maltenes, are usually
fractionated on a silica or alumina column using
appropriate solvents. In general, saturates are
extracted with an n-alkane (such as n-hexane)
followed by elution of aromatic and polar frac-
tions with solvents or solvent mixtures of higher
eluotropic strengths. Quantitative data are ob-
tained by the gravimetric determination of each
fraction after evaporation of solvent or solvent
mixture. Rotary evaporation under mild vacuum
is a common practice for the concentration of the
collected fractions (Bisht H., et al., 2013,
Soulgani S., B. Tohidi, 2011).

The present paper considered compositional
studies on heavy fuel fractions and affect of dif-
ferent polar solvents under content of arene hy-
drocarbons.

Experimental
For the purpose of this paper several standard
heavy fuel fractions from Bulgarian origin are
used. They are called sample 1, 2, 3, 4, 5 and
sample 6, respectively. The exploration charac-
teristics of heavy fuel fractions are given in Ta-
bles from 1 to 6.

Table 1. Exploration characteristics of heavy
fuel fraction — sample 1 /S-1/

Table 3. Exploration characteristics of heavy

fuel fraction — sample 3 /S-3/

Parameters Value
1 | Density at 15 °C, kg/m’ 875,0
2 | Distillation characteristics
-i.p., °C 315
-10 %, °C 330
-20 %, °C 360
3 | Sulfur content, % 0,22
4 | Asphaltene content, % 0,54

Table 4. Exploration characteristics of heavy

fuel fraction — sample 4 /S-4/

Parameters Value
1 | Density at 15 °C, kg/m’ 889,6
Distillation characteristics
-i.p., °C 319
-10 %, °C 337
-20 %, °C 360
3 | Sulfur content, % 0,24
4 | Asphaltene content, % 0,54

Table 5. Exploration characteristics of heavy

fuel fraction — sample 5 /S-5/

Parameters Value
1 | Density at 15 °C, kg/m’ 904,6
2 | Distillation characteristics
-i.p., °C 325
-10 %, °C 349
-20 %, °C 360
3 | Sulfur content, % 0,26
4 | Asphaltene content, % 0,66

Table 6. Exploration characteristics of heavy

fuel fraction — sample 6 /S-6/

Parameters value
1 | Density at 15 °C, kg/m’ 849,0
2 | Distillation characteristics
-1.p., °C 305
-10 %, °C 325
-20 %, °C 345
3 | Sulfur content, % 0,17
4 | Asphaltene content, % 0,42

Table 2. Exploration characteristics of heavy
fuel fraction — sample 2 /S-2/

Parameters Value
1 | Density at 15 °C, kg/m’ 914,0
Distillation characteristics
-i.p., °C 335
-10 %, °C 355
-20 %, °C -
3 | Sulfur content, % 0,29
4 | Asphaltene content, % 0,70

Parameters Value
1 | Density at 15 °C, kg/m’ 864,0
Distillation characteristics
-i.p., °C 310
-10 %, °C 328
-20 %, °C 356
3 | Sulfur content, % 0,20
4 | Asphaltene content, % 0,48
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The used from us polar solvents are chosen by

their polarity, literature and industrial applica-
tion. We used solvent such as: n-pentane, n-
hexane, cyclohexane, toluene, acetone, methanol
and ethanol.



Because asphaltenes can irreversibly absorb
to the stationary phase, the first step of the pro-
cedure is to precipitate the asphaltene fraction
with an excess of alkane solvent - n-pentane, n-
hexane. After deasphalting the fraction that re-
mains dissolved) then successively passed
through two percolation columns which are con-
nected in series with the upper column contain-
ing ALLO; and the lower one having Al,O; at the
top and silica gel at the bottom. The sample solu-
tion in pentane or n- hexane is added at the top of
the upper column. n-Pentane or n- hexane is then
used to elute saturates from Al,O; and silica,
leaving polar compounds on the Al,O; and aro-
matics on the silica. After removing residual ar-
omatics from the Al,O; adsorbent by washing
with n-pentane or n - hexane, then at the top up-
per column cyclohexane is added to elute cyclo-
alkanes and more weight saturates, polar are de-
sorbed with toluene, acetone, methanol and eth-
anol. Saturates and polars are determined gravi-
metrically by complete evaporation of solvents.
The amount of aromatics is calculated by differ-
ence.

The obtained experimental data are presented
in figures 1 and 2. In figure 3 is shown the de-
pendency of arene content from the density of
raw material.

40
35
30 1 —acetone
J = methanol
25
ethanol
20 - \
15 T T T T T 1
1 2 3 4 5 6

Fig. 1. Dependency of solvent nature on the yield
of polar compounds
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Fig. 2. Dependency of solvent nature on the yield
of saturates
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Fig. 3. Dependency of arene content from the
density of investigated heavy fuel fractions

It's established that the selected solvents
eluted saturates and resins from heavy fuel sam-
ples. The best results are obtained with solvent
ethanol.

As can seen from figure 3 the increasing of
density of investigated samples haven't been af-
fected under arene content. The dependency of
arene content from density of investigated heavy
fuel fractions have been non linear.

Conclusion

The investigations of composition of six
heavy fuel fraction were done. The obtained ex-
perimental data was shown percent content of
saturate, polars and arene content. It's estab-



lished that ethanol adsorb polar compounds bet-
ter than acetone and methanol.
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XHUPAJIHOCTTA IPE3 HOT'JIEJA HA ®APMAILIEBTA
Cons MBanoa, Uimnsau Kones
CHIRALITY THROUGH THE EYES OF A PHARMACIST
Sonya Ivanova, Iliyan Kolev

ABSTRACT: Stereochemistry in pharmaceutical research and development is gaining increasing im-
portance due to the fact that the 3D shape of drug molecules affects both their desired biological activity and
clinical application.

More than 40 percent of the currently marketed and used medicines are mixtures of enantiomers and/or
diastereoisomers. In most cases, single-enantiomer or diastereoisomer formulations can provide greater target
selectivity and specificity, improved therapeutic responses and pharmacokinetic properties, and/or reduced side
effects than a mixture of their enantiomers or diastereoisomers, respectively.

The current article reviews the nomenclature and chemistry of chiral drug compounds, emphasizing the dif-
ferences between their biological, therapeutic, and pharmacological actions.

Acquirements in the stereochemistry of drug agents and their pharmacological manifestations will aid the
practicing physician and pharmacist in assuring safe and effective drug therapy of his or her patients, and in
providing optimal health outcomes.

Key words: chirality, drugs, pharmacy

[lox xwmpamHOCT ce pazOupa MpHCHIIATa 32  HaTa CI/IMeTpI/ISI3, C KOATO YUTATENAT MOXKE J1a ce
HAKOU MOJIEKYIIH K0H(1)I/IrypauI/IOHHa1 HECbBMEC-  3aIl03HAE B JIECTAWNIH, NOJ3BallKU MOCOYEHATA TYK
THMOCT’ C Ta3W HAa TEXHUTE OrVICNATHH M300pa-  creluanu3nupana suteparypa [1-3].
keHus. KaTo XxupaiH# ce OTBXKICCTBSIBAT BCHY- [Ipucehilia 3a XUpaTHUTE CHhEIUHEHUS € CIIO-
KA ChEeIVHEHUS, MPUTEXABalld acHMETPUYeH  COOHOCTTA 3a B3aMMOJAEWCTBUE C MIIOCKOIOJSPH-
(xupasneH) BBITICPOJICH aTOM — aTOM, YUUTO Ba-  3HWpaHaTa CBETIWHA. XHWPAIHUTE CHEAUHEHUS
JICHIIUM Ca KOBAJIEHTHO AHTAXKUPAHU OT YETHUPU  IIPEIU3BUKBAT 3aBBPTAHE PAaBHUHATA HA TPEIITE-
pasIu4YHU 10 CTPyKTypa ((pyHKIIMOHATHOCT) 3a-  HE Ha TOBA JIFYCHHE B CTPOTO OIpe/esieHa TI0Co-
Mectutens. [lpuunHata 3a BB3HHUKBAHETO Ha
KOH(UTYpallMOHHA HM30MEpHsI HAW-JIECHO MOXKeE
@ Gbje OTKPHTA B OCOOCHOCTHTE HA MOJEKYJI- B HIKOM MOIEKyIM Morar ja GbIaT OTKPUTH eHH
WM HAKOJIKO eJeMeHTa Ha cuMerpus (oc — C, paBHU-
Ha — O U LIEHTBP Ha CUMETPHS - i), 32 KOMTO ca NpH-
JIO)KUMU CHOTBETEH Opoi cumetpuunu onepanuu (C,,
1 S, oTpaxkeHHe (G) ¥ MHBEPCUS Ha EKBUBAJICHTHH aTo-

Pazmonoxennero Ha atoMuTe (aTOMHHTE TPYNH) B My OTHOCHO HEHTHp Ha cumerpus (i)). [loBeueTo oT
NPOCTPAHCTBOTO, Oe3 Ja ce OTYHTA TAXHATA POTALMSA  gieMeHTHTE HAa CHMETPHsS MOTAT Ja ObJAT IpPeICcTa-

(kOH(OpMALIKs) OTHOCHO CIMHUYHH BDB3KH, Ce O  pemu ¢ IpUMep MoJIeKyJiaTa Ha OeH3eHa!
nexu kato koHpurypanums. ITosnatm ca nBa Tuma

KOH(UTypawus: 7/ \\L{
- abCONIOTHA - JIeiCTBUTENHATa KOHQUTYpalus Ha )% ?]\f\:__
6C,Cs

MOJIEKyJIaTa u
- OTHOCHTEJIHA - KOH(HUrypanusaTa Ha MOJIEKyJIaTa,
OTHEceHa Hamp. KbM Tas3u Ha (R)-(+)-rmunepanaexuna
— €TaJIOHHO MPHUPOJIHO CheINHEHHE.
2 Tyk 1moJ HECHBMECTHMOCT CE Pasbmpa HEBB3MOK-
HOCTTa B oOeMa Ha eIWHUS cTepeou3oMep aa Obie
a0COJIFOTHO TOYHO BMECTEH, IPU BCHYKUA BB3MOKHHU
HAYMHU HA OPHUCHTUPAHE, HETOBHUAT CTPYKTYPHO
UACHTUYCH OTJICIAICH aHTUTIO].
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Ka U 10J TOYHO OINpeJesIeH BI'bJl, IPOSIBSIBANKU
CBOATA T. Hap. clielu(pUIHA ONTUYHA AKTUBHOCT.
OTnuunTenHa 3a TeOMETPUYHUTE aHTUIIOAM Ha
BCSIKO €THO XMPaJTHO CheJUHEHHE € CIIOCOOHOCT-
Ta UM Jla 3aBbPTAaT paBHUHATA Ha IJIOCKOIOS-
pHU3MpaHaTa CBETJIMHA IOA €IUH U CBII 110 ToJie-
MHUHA BIBJ, HO B MPOTHBOMNONOXHU TOCOKH —
JsiBa U AACHA.

AGconoTHaTa reoMepTHYHA U30MEpHS Ce OT-
Oemns3Ba ¢ MaTeMaTUYHUTE onepaTopu (+) u (-) 1
ompezens eKCIEPUMEHTAIHO ¢ MTOMOIITa Ha I0-
napumeTsp':

Ropivacaine

5 5

(—)-(25)-N-(2,6-
nuMeTrdenm)-1-
MIPONUINUIEPUIUH-2-
KapOoKcaMu[ KapOoKcaMu[g
—74.0 +—-64.0 +74.0 ++64.0
ExBumonapHaTa cMec OT XUpPajJHU aHTUIIOAU
ce Hapuya pamemar (paneMudHa cmec). Pare-
MaTHaTa cMec € oNTHYHO HeakTHBHA ([o] = 0°) 1
oTOeIsI3Ba ChC CHMBOJIA (+).
I'eoMepTUUHUTE CTEPEOUIOMEPH Ca HAPUUAHU
omie eHantuomepu. OTHOCUTENTHATA TSIXHA KOH-

(R)-Ropivacaine

(+)-(2R)-N-(2,6-
numeTrdermn)-1-
TIPONMIITAIICPUANH-2-

* C momomITa Ha TMONAPHMETHP CE ONMPEEs CIEIH-
(hUYHUS 32 BCEKU eIUH CHaHTHOMEDP BI'BJI HA ONTHIHO
BBpPTEHE:

[e]] = a/l.c,
KBJETO C [n']:ir ce oTOensI3Ba BI'BIBT HA BBPTCHE, Mpe-
JTU3BUKAH OT pa3TBOpP HAa €HAHTHOMEpa ¢ KOHIECHTpa-
st 11“/CM3, oMecTeH B Tpbba ¢ apmkuHa 10 cMm. B
noBedeto cirydan A = 589.3 nm (D nurmsaTa Ha Na), a
T=20°C.
> B ra3000pa3HO ¥ TEYHO CHCTOSHHE, BKI. M B Pa3T-
BOp, panemMuyHata (opma MposiBSBA CXOJCTBO TIO
(bU3MYHUTE CH MOKa3aTenu C Te3W Ha ChCTAaBHUTE U
eHaHTHOMepH. Paznuunst ce HabM0JaBaT €TUHCTBEHO
B KPHUCTaJTHOTO CHCTOSIHUE, Kacaellyd MPEAUMHO TEM-
nepaTypure UM Ha TOTICHE; HACTBHITWIIM B PE3yiTaT Ha
3HAYMMHU W3MEHEHUS! B TOJICMHHUTE Ha MEXTyMOJIe-
KyJHHUTE CHUJIM Ha TSIXHO B3aumojeiicrBue. Chbluect-
BYBaT TPW BUJa TBBPAU paleMUdHu (HOPMHU: KOHTIIO-
MeEpaTH, paleMaTH W PAleMUYHO CMECEHH KPUCTAIH.
[IspBHUTE TIpeACTaBISIBAT CMECH OT CHAHTHOMOPGhHHU
WIA XEMHEJPUYHU KPUCTATHH (OPMH Ha OTACITHU
€HAaHTHOMEPH, a BTOPUTE —XOMOEAPUIHN MOJICKYITHH
cheuHeHus (,,KOMIUIEKCH ‘) Ha JBaTa €HaHTHOMeEpa.
PanleMruHO cMeceHUTE KPHCTall CE€ OTHKIECTBSIBAT
KaTo ,,TBBPAU‘ pa3TBOPU HA OTIEIHHU CHAHTHOMEDH.
TToBedeTo palneMUvHH JIEKAPCTBEHU BEIIECTBA MPOS-
BSIBAT MHOTO TO-CJIa00 M3Pa3eHO OMOJIOTMYHO JIEHCT-
BHE OT TOBA Ha TEXHUS aKTUBEH CHAaHTHOMEp. TakbB
HAIp. € CIy4YasT C palleMHYHaTa cMec Ha edeapuHO-
BUSI XHJPOXJIOPH/ (€PETOHUH).
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¢durypanus ce onpeaess ChbriIacHO BL3IMPHETOTO
or IUPAC mpaBuno na Kan-Uurona-Ilpemor
(R,S-cuctema) 3a mpociensBaHe IOcoKaTa Ha
HaMaJIsIBAHE HA CTapIIMHCTBOTO (aTOMHATa Ma-
ca) Ha TpUTE, OPUCHTUPAHN CHPSIMO HabIromaTe-
18, ,.Hai-rexku’ C*-3amecturens. B ciydanre,
B KOUTO CTapIIMHCTBOTO HA 3aMECTUTEIIUTE Ha-
MaJisiBa 10 TIOCOKa Ha JIBUKEHUETO Ha YaCOBHU-
KOBaTa CTpelKa, KOH(PHUTypalusITa Ha CheIHHE-
HUETO CE¢ O3HauaBa C IJIaBHATa JIATHHCKA OyKBa
R (ot nart. rectus - neceH), a ako Ts HamalsBa B
MOCOKa, OOpaTHa Ha JBIKCHUETO HA YaCOBHHKO-
Bara CTpeyka, OTOeNsA3Ba ¢ MOMOIITA Ha IJIaBHA-
Ta naTuHCKa OykBa S (OT Jart. sinister - JsB).

H }H
— R/ ‘
= N/

o CH

He e HE0oOXoanMO U 3abJDKUTEITHO YCIOBHE
a0CONIOTHATAa U OTHOCHUTEIHA KOH(HUTypamus Ha
JasieHa XUpajgHa MOJIEKyJla 1a ChbBIAIaT IO Hall-
paBiieHHe. 3aTOBa B MPAKTUKaTa HUE Ce CONBCK-
BaMe U C YCTUPHUTE BH3MOXKHH THIA KOHPUTYpa-
nuonHa uzomepust: (R)-(+), (R)-(-), (S)-(+) u (S)-
().

[lo cBoero (hapMakoIOTHYHO TIOBEACHUE,
€HAaHTHOMEPUTE MOraT Aa HPOSBIT aHAJOTHYHO
(aronncTHyHO)®, MPOTHBOMONOKHO (AHTATOHMC-
TUYHO) WM PAa3MHUpPEeH0 N0 (QyHKIHOHATHOCT
neiicreue [4,5]. Taka Hanpumep S-U30MepPBT Ha
Bupivacaine Hydrochloride mposiBsiBa Hapenm c
OpUCHIATa 332 HEroBUs R-onNTHYEeH aHTHION
aHECTETMYHA AKTUBHOCT M Ba30KOHCTPUKTHBHA
TakaBa. B To3u cinydail reomerpuyHaTa M30Me-
pust e (akTopbT, KOHTO OTXBBPISL HEOOXOMAHU-

% BbB (hapMaBLEBTHYHATA PAKTHKA € TPHETO CTEpe-
OM30MEpPBT C Hal-BHCOKA aKTUBHOCT Jia ce OTOes3Ba
KaTo eymomep (lomomep), a TO3M C Hail-HuUCKa (ap-
MaKOJIOTHYHAa aKTHBHOCT KaTo oucmomep. CbOTHO-
OICHHETO B MOTCHIIMATa Ha OMOJNIOTHYHOTO ACHUCTBHE
Ha J]BaTa crepeon3oMepa ce OeNesku KaTo eyouUcMuiHo
omHouieHue. Taxa Harpumep, 3a
Dexchlorpheniramine Maleate e onpezneneno 3Haun-
TETHO pa3zInyue B IOTEHOWAla HAa OWOJIOTHYHOTO
JICWCTBHE Ha J[BaTa HETOBH CTEPEOW3UMEpPA, PaBHS-
BaIIO ce Ha eyaucMuyHO oTHomeHue (S)-(+)-/(R)-(-)
or 200 emmanmu. MiMeHHO 3aTOBa B MEIMIIMHCKATA
MPaKTHKAaTa JAeKCXJIOPYEHUPAMUHBT Ce TpUIIara caMmo
oz opMaTa Ha ONTHYHO YuCTa (S)-(+)-JIIekapcTBeHa
cyOcTaHIms.




MOCTTa OT €IHOBPEMCHHO MPHUIIOKEHNUE Ha aHeC-
TETHK ChC CUMITATUKOMHUMETHK [6-8].

A &N

O\/NH

O

Penmuma nppkaBu BBBEXKIAT B OOpBIICHHE
enuHCcTBeHO (S)-(+)-m30omepbpT Ha Ketoprofen,

@) NN

MpOSIBABAI TPOTUBOBB3MAINTENIHA aKTUBHOCT, a
IpYyrd, BKJI. W IbpKaBUTE Mon3BaTenn Ha EU
Pharmacopoeia, nomyckaT NpuUCHbCTBHETO U HA
HeroBust (R)-(-)-anTumoa, mposiBsiBal HHXHOH-
pama akTHBHOCT CIpsMO 3arybaTa Ha KOCTHa

THKaH IIPY IEPUOIOHTATHH 3a00sBaHus [9].
s (2R)

28) HO

[TpuunHaTa, KOSATO BB3MPENATCTBA HABIH3a-
HETO Ha 5-eTui-1-meTun-5-peHummupumMuInH-
2,4,6 (1H,3H,5H)-tpuona (Methylphenobarbital-
OB aHAJOT) BBB (hapMaleBTUYHATA TPAKTHKA €
MPOSIBSIBAHUAT OT HETOBUTE CTEPEOHU30OMEpH
(YHKLIMOHANEH aHATarOHW3bM — CENAaTHUBEH 3a
(R)-(-)-enanTriomep u KoHBYyJCHBEH 3a (S)-(+)-
m3omep [10].

(5R
Ah

Tyk e MACTOTO Aa ce MPEeACTaBH U 3JI0IIACT-
HUSL TpUMEpP C JICKQpPCTBEHOTO CPEACTBO
Thalidomide - cepaTvBeH U CHHOTBOPEH MEIH-
KaMEeHT, JONMyCHAT Ha THPrOBCKHS Mazap Mpe3
1957 1. or Hemckus (apmalleBTHUEH KOHIIEPH
Chemie Griinenthal. HenocpeiacTBeHO —cien
BITyCKaHETO MYy B MPOJax0a, TaTuJIOMUABT MPO-
sBsIBa CBOSI (HEPETHCTPHUPAH BBPXY ONMTHH KHU-
BOTHH) TepaTtoreHeH egekT. bpost Ha HOBOpO-
JIeH! ¢ ManopMainy, MPUYUHEHU OT yrorpeoda-
Ta Ha To3u MeaukaMmeHT HanxBEpis 10 000. Me-
TalUIHU W3CIeIBaHUs J10Ka3BaT, Y€ €AUHCTBEHO
S-n3oMepbT Ha TOBA JIEKAPCTBEHO ChEIUHECHHUE
MMa KacaTelICTBO C TO3W TparudeH HHITUJICHT.
Bropexkn ToBa, B mpomaxba He € JOIMycHar
CHAaHTHOMEPHO NPEUYUCTCHUST R-TamumomuaeH

AHTHIIOA IO MPUYWHA, Y€ B iN VIVO yCIOBHS TOU
JIECHO MPOMEHsI cBosiTa KoHpurypauus [10]:

Methylphenobarbital
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NH NH

O O 0 O

IIpouechT Ha m3MeHeHHe (OOpBIIAHE) KOH-
¢uryanusTa Ha BCEKM EHAaHTHOMED ce 0TOeNsI3Ba
kaTo uHBepcus. Hamp.:

Hyoscyamine

inversion

Specific optical rotation:
-24t0-29

(1R,317,5S)-8-MeTmi-8-a3a6mmmkno[3.2. 1 JokT-3-m
(25)-3-xunpokcu-2-peHunmnponaHoar

WNHBepcusATa € paBHOBECEH IPOLIEC, YUHTO
KpacH PaKIMOHEH MPOIYKT MPEICTABISBA CKBU-
MOJIapHa CMec OT JIBa €HaHTHOMEpa — TO3U Ha
M3XOIHUS ¥ MpoAaykTeH anTumox [11]. Hamp.:

Atropine®

e

Optical rotation: - 0.50° to + 0.05°
(1R,31,5S)-8-meTmi-8-a3aburukio[3.2.1 JokT-3-mi1
(2RS)-3-xuapokcu-2-heHUIIPOnaHoaT

B penuua ciiyuan uHBEpCUsTa C€ OCHILECTBSI-
Ba IPU HOPMAJIHU YCJIOBHS, a B IPYI'H — B pE3YII-
TaT HAa U3MEHEHHE HA HAKOM OT IapaMeTpPUTE Ha

7 OGmonpreTo ¢ ¢ TaTHHCKUTE OYKBH F U § 1a Ce OT-
Oemns3Ba OTHOCHTETHATAa KOH(UIypaIys Ha ICeBaoa-
CHUMETPUYHH BBIJIEPOJHN aTOMH — aTOMHM, ChIbpiKa-
Y BOMKA MJICHTUYHH TI0 CTPYKTYpPa, HO C MPOTHBO-
NoJNOKHa KoH(purypanms 3amecturesd. OTHOCHTE-
Hata KOHQUrypauus Ha ICEBJOACHMETPHYHH aTOMH
ce ompenens chriaacHo BbBeneHuTe ot Kaun, Murong u
[Tpesor mpaBuia, Cropea KOUTO IPHOPUTETHT Ha
HJICHTUYHUTE I10 CBOSATA MOJIEKYJIHA Maca U CTPYKTY-
pa pamukaiu ce mpuemMa OT R-KOH(HryparmoHHUs
3amecruren [11].

¥ ATpONHHBT € CheIMHEHHE C BTOPHYEH MPOH3XO.
Kamo emopuunu ce ombensizeam mesu npupooHu
cveouHenus, uulimo cmpoedic / Koumpueypayus ce
NPOMeHs 6 X004 HA MAXHAMA eKCMPAaKyus om pac-
MUMenHUs MAmepua.



peaknuonHara cpena (pH, Temmeparypa u T.H.).
,BHUCOUMHATA* Ha CHEepreTMYHaTa Oapmepa Ha
WHBEPCHOHHATA PEaKysl Ce ONpeaesis IPearuMHO
OT EJICKTPOH-JICTEPMHUHUpPAIU (DAKTOPH — TMPH-
ChCTBHE Ha ENEKTPOH-aKIENTOPHA 3aMECTH-
TeJNH, HaM4ie Ha PE30HAHCHO-CTAOWIM3UpAaIIn
panukanu u ap. Karo npumep 3a ToBa Moxke Aa
OpIe mpencraBeHa MolekyinaTa Ha Rosiglita-
zone’ - JIEKAPCTBEHO CHEIMHEHHE, YHHTO CHAH-
THOMEPHO YHCTH BOJHU DPAa3TBOPH WHBEPTHPAT
MUTHOBEHO JIOPH M B OTCHCTBUETO Ha KaTaju-
TUYHH TIpoMoTopu. HBepcusaTa B ciaydas ce ne-
TEPMUHHpPA OT HATUYHU €JICKTPOOTpHLIATENEH S-
aTOM M eJIeKTPOHAKLe-NITOpHa KapOOHWIIHA TpPY-
ma, epexkThbT OT KOMOMHHPAHOTO ACHCTBHE Ha
KOUTO TIPEAOMpPEeNss BUCOKAaTa TOABIKHOCT Ha
THa3zoauauHAnOoHOBUS H-aToM:

(R)
e
| NH —
|N\ N\/\o S\ﬁ
_ (@]
ST ®
; proR /. pros | H
: RYNE P <—= R Y “\H
B s s~
: o} i o)

ExBumMonapausiT noOuMB Ha nBoiika S m R
EHaHTHOMEpHU ce o0yciaBs oT (pakTa, 4e MHBEP-
CUATa Ha THA3OJUIUHAMOHOBUS paJuKal ce
OCBILECTBSIBA MOCPEICTBOM CHHTE3a Ha IMPOXU-
pajieH XETEPOLMKIIEH EHOJIOB UHTEPMEUAT.

B cnyuaute, npu KOUTO B ChCTaBa Ha aJE€HO
OpPraHWYHO CbhEIMHEHUE MPUCHCTBA MOBEYE OT
€JIMH aCUMETPUYEH BBIIEPOAECH UEHTHP, TO B TIX
OCBEH pasriielaHaTa BeY€ EHAHTUOMEpHUS Ce
MIPOSIBABA U T. HAP. G-0UACTEPEOU3OMEPUSL 10

? Pocurnura3oHsT € XUIOTITMKEMHYHO JICKapCTBEHO
CPEICTBO, IPEACTaBUTEN Ha TpylaTa THA30JIUANHIU-
OHHU - CEJIEKTUBHHU aroHUcTH Ha Y-PPAR sapenu pe-
LIENITOPH.

' G-mmacToMepuTe ce pasNMUaBAT MOMEXIY CH He
caMo 10 TOJIEMHHATa Ha BI'hJIa Ha ONTUYHO BHPTEHE,
HO CBIIIO U I10 TOJIEMHHHUTE Ha CBOUTE (PU3NYHU MOKa-
3aTend - T.T., T.K., Pa3TBOPUMOCT, aOCOpOLMOHHA
CIIOCOOHOCT U JIp.

JlObIIHUTEHO yKa3aHHUE 3a IPOCTPAHCTBEHATA Opra-
Hu3anus (TMO3MLIMOHMpaHe) Ha EKBUBAICHTHH WA
»TEKKHA® (CTapImn) 3aMeCTHUTEIN OTHOCHO OCTa Ha
BaJICHTHAaTa BPb3Ka, OOCIMHSABAILA CBCEIHO pPa3Io-
JIOKEHN aCUMETPHUYHU BBITICPOJHU aTOMH, CE€ TTOCTU-
ra ¢ IOMOINTa Ha TNPEICTaBKUTE mpeo- U epumpo-
(HOHS[TI/IH, MMpon3JIn3aliu OT HaUMEHOBAaHWATA HA BbI-
JexujpaTuTe Tpeoza M eputposa). IlpeacrtaBkara
epumpo- € yKa3aHUe 3a €JHONOCOYHATa OPUEHTALUs
Ha MPHOPUTETHH (CTapIIN) 3aMECTHTEIH, a IIPEACTaB-
KaTa mpeo- - 3a TAXHATa CPELIYNOJIOKHA OPUEHTALUS
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B kagecTBoTO Ha mpHMep Moxe nxa Obae
IPEICTaBeHa CTEPEOXMMHYHATa OCOOCHOCT Ha
Monekynara Ha Labetalol — anTHxXunepTeH3uBeH
areHT, HOCUTEN Ha JBoiKa acuMeTpuuHu C aro-

Ph  pph Ph

1 1
1 1
' !
(s.8) i (RR) Ji j (SRR | (RS)

1
1 1

NH i i HN

OH I Ho,
: !
' |
! |
o PO oo

1 1

OH NHz ' NH,OH OHNH, | NHpOH

MzBectHo e, ue (R,R)-crepeomsomepsT Ha
Labetalol mposiBsiBa XxapakTepHHUs 3a BHCOKOCE-
JEKTUBHU [-afpeHepruvyHr Oiokepu ¢dapmako-
JOTHYeH e(eKT, JOKaTO OMOJOTHYHOTO TOBEe-
HueTo Ha HeroBus (R,S) anTumnon - ToBa Ha He-
CEJNICKTHBHHU O-aipeHeprudHu Omokepu. OcraHa-
nuTe aBa ontudHO-akTHBHM (S,S) 1 (S,R) crepe-
on3zoMepa MpOsIBSIBAT U3KITIOUUTETHO HUCKA OHO-
JIOTU4YHA aKTUBHOCT, a IMPUCHCTBUCTO UM B CbhC-
TaBa Ha JIEKAPCTBEHHUS MPOIYKT CE€ OTOeINs3Ba
KaTo M30MEepeH 0anacT.

Paznuuen npodun Ha OuonoruyHo neiicTBUE
MposBSIBAT W CHAHTUOMEpUTe  Ha  4-
(mumerunamuHo)-3-metun-1,2-mudennndyran-2-
WI TpOoNHOHaTa (1R,25)-(+)-Dextropropo-
xyphene Hydrochloride u (1S,2R)-(-)-Levopro-
poxyphene Hydrochloride [10].

[11]. HacrosmoTto Moxe na ObAe WIFOCTPHpPAHO Ha
npumepa Ha antuouotrka Chloramphenicol:
(R,S)-(-)-epumpo-

-nsomep NO, NO,
(R,R)-(-)-mpeo-n3omep
N
%H HO
OHHO OH
OHHO
HN NH O_NH O._NH
G Cl Cl o I I
Cl al ClI” Cl ClI” ¢Cl
S,S)-(+)- . (S,R)-(-)-epumpo-
(S,S)-(+)-mpeo-nsomep aomep

YcraHoBeHO e, 4e (papMakoJOrniHa aKTUBHOCT MPOsi-
BsiBa equHCTBEHO (R,R)-TpeonzomepsT Ha Xm0pampe-
HUKOJa. 3a pas3nuka oT Hero, (S,S)-TpeonzomepbT He
MposiBsIBa aHTHOAKTEpUaHa aKTUBHOCT, a JBOMKaTa
€pUTPOU30MEPH — MOJYEPTHO XEMATOTOKCHYHO AeHc-
tBUE [10].
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JIBaTa eHaHTHOMEpa HAMHpPAT TEPaleBTHYHO
NPUIOKEHUE U CE Mpeiarar KaTo MEJANKaMEeHTH
C pa3inMyHa KIMHUKOTEPAleBTHYHA IPHHAJIC-
xHocT: Dextropropoxyphene Hydrochloride e

(18,2R)

ONMOMJCH AaHAIreTHK, a Levopropoxyphene
Hydrochloride — anTuTYyCHBEH areHT.

B 3akiroueHrne MOXKEM Jla KakeM, 4e MO3Ha-
HHUATA Ha (hapMaleBTa OTHOCHO CTEPEOXHUMHUATA
Ha JICKapCTBCHUTE BELIECTBA MOTAT Ja M3UIPAsT
BaYKHA POJIA 3a pa30UpaHeTo Ha (hapMaKOoJIOTHY-
HUTE eeKTH Ha eUH HEMAIIbK Opo# JeKapcTBe-
HH TIPE/ICTABUTEIIH.

W3n0keHOTO TyK MMa 3a IieJ Jla 3aro3Hac
MCEAUIMHCKUTE CIICHUAJINCTU C OCHOBHUTEC Ha XU-
paTHOCTTa Ha MOJIEKYJHOTO HH OOKPBKEHHE H
ha IMpUBJICYC MHTECPCCUTC UM KbM Ta3u HEMaJlo-
Ba)KHa Hay4Ha 00JIacT.
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KAPOTEHOU/U - XUMUSA, AHAJIN3, ITIPUJIOKEHUE
Couns HUsanosa, Mimusn Kones
CAROTENOIDS — CHEMISTRY, ANALYSIS, APPLICATION
Sonya Ivanova, Iliyan Kolev

ABSTRACT: Carotenoids are naturally occurring organic pigments which are produced by plants and al-
gae, as well as some bacteria and fungi. There are over 1000 known natural carotenoids with a different chemi-
cal composition and distribution. Carotenoids are commonly divided into two major classes - xanthophylls (oxy-
gen-containing carotenoids) and hydrocarbon carotenoids or carotenes. In general, carotenoids absorb photons
of green, blue, and violet wavelengths and reflect red, yellow, and orange ones.

In plants and algae, carotenoids serve commonly as compounds - photoabsorbers in the visible range with
contribution to the photosynthetic act, and as (photo- and oxido)protectors of chlorophyll.

Today, carotenoids are mainly used in food industry and medicine. Approximately 10% of the carotenoids,
consumed as food nutrients, can function as precursors of vitamin A or its functional derivatives. Carotenoids as
well as retinoids exhibit a wide spectrum of biological activities. Usually they act as effective antioxidants, in-
hibitors of malignant tumour growth, inductors of apoptosis, effectors of cell growth, and as modulators of gene
expression and immune response.

In this article, we briefly describe both the biological and immunological activities of the main carotenoids,
and some of their key toxicological and pharmacopoeial features. A special attention is also paid to the physico-
chemical properties of some pharmacopoeial carotenoids and their analysis.

Key words: carotenoids, drug, pharmaceutical analysis

KaporeHoumure ca pacTHTEIHH ITHUTMEHTH, Jukorms'
TETPATEPIICHOBH NPOU3BOJHHU, NPEJACTABCHU OT
MHOKECTBO,  PA3NMYABALM  CE  KAKTO 110 _ PRGAP P P
CTpYyKTypa, Taka ® 10 Opod ®  THI 2
(YHKIIMOHATHA rpynu ChEIMHEHMYSI. B-Kaporer?

KapOTeHOI/IILI/ITe MIpuUTeIKaBaT OTIMYHUTCIIHHU

CTPYKTYPHH OCOGEHOCTH - MOJIEKY/IHA CUMETPHA 1 KaporeHonnen nurMeHT, onpeaensil BeTa Ha IUIo-
W HAJIMYHE Ha crielu(UIeH MOIMMETHII3aMECTeH JIOBeTe HA HAKOU PACTEHHs, KaTo JOMATH, IyaBa, [u-
NOJMEHOB ocTaThK. IIpM HAKOM KapOTCHOMIM  yg y np. HepasTBopuM e BbB BOAA, HO B IIPHCHCTBHE-
KpaniiaTa Ha MOJUCHOBATA BEpUIa 3aBbpUIBAT C TO Ha PACTHTENHH Ma3HHHU (HOPMHPA MULIEIH, KOUTO
HIECTYICHHHU (WIKM NETWICHHU) BBIVIEBOJOPOAHU  JIECHO JOCTHTAT JIO CTEHATA Ha THHKHMTE 4epBa U ajl-
IpPBCTECHU, a NPHU JPYIH Ce 3ama3Ba JIMHEWUHUAT COpGI/IpaT OT CHTCPOUMTHUTEC IIO IIbTS Ha IAaCUBHATa
XapakTep Ha TAXHATA OCHOBHA BBINIEBOJAOpOAHA  AH(y3us. QOPMUPAHUTE OT CHTEPOLHUTHTE JIHKOMHH-

Bepura. HalnM4meTo Ha MpONOHTHpaHa cucTema — CPAPPKALIM XHIOMHKDOHH JIOCTHIaT KPbBHHS MOTOK,
" o/
OT JIeJOKAIM3HUPAHH JBOHHH BpB3KA 110 ocurypsiBaiiku 40%-Ha OMOHINYHOCT OT NPUETHUS C

XpaHaTa JMUKOIIUH. B KPbBTa JIMKOIIUHBT CC IPEHACA
ObJDKMHATa Ha BBIVIEBOJOPOAHATA BEpUra Ha

OT JIMHOOIIPOTECHUHU C HUCKA IUITBTHOCT, 3a pas3jiiKa OT
KapOTeHOMIUTE € MpUYUHATa Te Aa abcopOupar

APYru aHTUOKCUAAHTHU, C KOCTO A0 rojisiMa CTCIICH CC
YacT OT CJICKTPOMAriuTHO JIBUCHUE OT BUAMMATa 00SICHSIBA BAYKHOCTTA My B 3aIlUTa TIPH OKCHIATUBEH

obmact  u  0060COOAT  KAaTO  NMIMEHTHH crpec. JIMKOIMMHBT CE M3IOJI3BA BB (papMalleBTHYHA-
CbCIMHEHUS.  YCTaHOBEHO €, Y€  KakTo Ta W KO3METHYHA WHIYCTPHA KaTo OHMOJOTHYIHO-
WHTEH3UTETa, Taka W  OIBETABAHETO Ha aKTHBHA XpaHUTENHA N00aBKa (AHTHUOKCUIAHT) U OIl-
OTJICJIHUTE KapOTCHOMIW 3aBHUCH OT Opos Ha  Beruren (E 160d).

CIIPETHaTH [JBOMHM BpPB3KM W HAINYMETO HA ? KapoteHsT (OT JiaT. carota - MOPKOB) € XHbJITO-

AyKCOXPOMHH TPYIH — KHCIOPOACHIbPIKAIIM OpPAaHKEB IMUI'MCHT, CbAbPIKAIL] CC B JIMCTATA HA BCUY-
paMKaIu. KU pacTCHUs, a CbIIO U B KOPECHOIUIOJAUTE HA MOPKO-

BUTEC, IIJIOJOBETC Ha IIHWIIKATAa U Ap. PCI‘I/ICTpI/IpaH (&
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[To ananorus ¢ tepnenure, O-ChABPKAIINTE
KapoOTEHOUIYU CE€ O3HauaBaT C OOIIO TPUBUAIIHO
HaMMEHOBaHUE — Kcanmogunu. KuciopomHusT
aToM OOWMKHOBEHO BIM3a B CHCTaBa Ha
XUIPOKCHIIHA, CMOKCHAHA WIH KapOOHHIIHA
(yHKLIHOHAHA TPyTIA.

3
3eakcaHTHH

Kaporenounnnre ce ChIBpPKAT B
XJIOPOIUTIACTUTE u XpOMOIUTACTUTE Ha
pacTuTenHara KieTka. TAXHOTO NPUChCTBUE BbB
(OTOCHHTETUYHUS PEeaKkIMOHEH LIEHTBD

obe3neyaBa HYXIUTE OT CHEPro-MPeHOCHUMU
yuacTHUIM. KaporeHomanTe mHXMOUpAT (racst)
CBIIO Taka W JACHCTBHETO Ha (POTOCHHTETHYHO

TeHepHpPaHW CHWJIHO peakTUBOCIocoOHH O,
¢dhopmu [4-6].
3HaYeHNeTO HA KAPOTEHONIUTE B
JKHUBOTHHCKHUS CBAT
KaporensT e OMOCHHTETHYEH

MPEIIIECTBEHUK Ha PETUHOIIA (BUTAMHH A).

N NN OH

all’<(E)-3,7-numeTin-9-(2,6,6-TpuMeTHIHKIOXeKC- 1 -
eHmI)HOHa-2,4,6,8-TeTpaeH-1-01

Kato xpaHuTenHa go6aska E160a. KaporeHsT uHXU-
6upa MPOU3BOACTBOTO HA CBOOOIHU PagUKaIIH, C KOe-
TO Ipena3Ba KIETKUTE HAa UMyHHaTa cuctema [1]. B-
KapoTeHbT € ecTecTBeH MMYHOCTUMYJIAHT C HecIe-
nuduuHo neiicreue. [loBuiaBa UMyHHHS KalaluTeT
Ha OpraHMW3Ma, HE3aBUCUMO OT BHJA Ha MOCTHIIMINTE
B OpPraHM3Ma aHTUI€HHU. YCTAaHOBEHO €, 4e MpH MOJ-
JIOXKEHH Ha MEPOKCUJAEH CTPEC JHIA, KApOTEHBT Ipe-
JIM3BMKBAa 3HAYMTEIHO HapacTBaHe Ha Opost Ha T-
muMbonuty u T-xenmepu [2].

’ 3aKCAHTHHBT € €IMH OT Haif-uecTo CpellaHHTe
KcaHTO(G UMM B puponaTa. Toil € MIrMeHT, Ha KOWTO
ce IBJDKU OIBETABAHETO HA YEPBEHUS U XKBIT IHIED,
IapeBuIia, madpana ¥ MHOTO APYTH IUIOAOBE M 3e-
JIeHYyNH. 36aKCaHTUHBT € €ANH OT ABaTa KapOTEHOU-
Jla, TIPUCHCTBAINU B peTHHaTa. V3mon3Ba ce kaTo Oar-
pHIIEH KOMIIOHEHT B XpaHUTEIHATa IPOMHUIIICHOCT
(E161h), a BbB ¢apmarieBTHUHATA NpPAKTHKA, KaToO
J100aBKa, IPEBEHTOP B Pa3BUTHETO Ha MAaKyJaTOPHO-
JlereHepaTUBHU IPOLIECH.
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B nuraBumara Ha THHKOTO YEpBO M UYEPHHUSI
Ipo0, Toa BIMSHUE Ha €H3MMa KaporeHasza ([3-
kapoteH 15-15’-MoOHOOKCHUI€HA3a), MOJICKyJaTa
Ha [(-KapOTEeHa MPETHPISIBA OKUCIUTEIHA JIECT-
pykuusi, GOpMHUpANKH yIBOCHO KOJUYECTBO pe-
tHHON . CHHTE3MPAHUAT BHTAMHH CE MPEBPbIIA
B €CTep U JenoHupa B uepHus ApoO. Ilpu HeoO-
XOIUMOCT (B CIlydauTe Ha XHUIIOBUTAMHHO3a)
MTOCIIETHUAT C€ OCBOOOKIaBa OT YEPHOIPOOHUTE
Jlenia ¥ XUJIPOJIU3upa B KpbBTa 10 petnHoi. Oc-
BOOOJICHUAT PETHHOJ CE€ CBBP3BAa HA CBOW peln
CchC crenmuUIHN TUIa3MEHU TPOTEeHHH (retinol

O%inding prl,25 cmotein (RBP)), ¢ momoimira Ha

KOHUTO CC OCUT'ypsiBa HCroBaTa ThbKaHHa OuoHa-
JIMYHOCT.

PetnHonpT ce exckperupa mox Qopmarta Ha
TJIFOKYPOKOHIOTAT TOCPEJCTBOM IKITbUKAaTa |
ypUHAaTa.

OH OH

(©)

(e} OH OH
Ha crnennara cxema e mpencraBeH MapIipy-
TBT, 110 KOWTO C€ OCHIICCTBSIBA OMOCHUHTE3a Ha
JUTEPIIEHON A PETHHOI:

4 [IpencraBkara all naBa yka3aHWe 3a HICHTUYHATA
KOH(HTypanus Ha BCHYKH HAaJMYHU JIBOWHH BPH3KU B
CTPYKTypaTa Ha peTuHONa. HoMepupaHeTo Ha BBIJIe-
BOJIOPOJTHUTE aTOMH B MOJIEKYJIaTa Ha PETHHOJNA Ce
OCBIIECTBSBA MO0 OOIIONPHUETHS KIIACHYSCKH BApPHUAHT,
CBIJIACHO KOWUTO HU(PPEHOTO O3HAYCHHE 3all0YBa OT
HUKIOXeKceHmIoBus C-aToM, HOCHTEN Ha JBOMKa
TeMHUHAITHU METHJIOBH pajifKaia:

4 _0O
> 6 5 /‘3 = 7
18 19 20
% R % R % R i R
n
- A R
R R

<

> U3onupaH 3a npbB 06T 0T Eavbp B. MakkomsM 1
M. [eiiBuc (1912 + 1914 1.).
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B npuponara ce cpemnia chII0 U JACXHIPOAHA-
JIOTa Ha PeTMHONA, MO3HAT KaTo peTHHoN A,’, ¢
HpI/I6III/I3I/ITCHHO JABa II'bTHU IIO-HUCKA OT Ta3du Ha
pEeTHHOJA AKTHBHOCT.

Vitamin A,

HexunpoperuHonst adbcopbupa YB nbueHUe
¢ MakcuMmyM 1ipu A = 351+352 um. [1o ananorus
C PEeTHHOJIA, TO3W BUTaMHH (popMmpa C aHTHMO-
HOBHSI TPUXJIOPWJ] [IBETHO OPTaHOMETAIHO Che-
JTIUHCHHE C abCOpPOLMOHEH MakcuMyM mpu 690
oM [7].

BriocnencTsue € OTKpUTO U CheIUHEHHE, Ha-
Mo100SBAaI0 HA PETUHOIA, HO C MPUOIU3UTEITHO
TPH IIBTH MO-HUCKA OT HETO aKTUBHOCT, MO3HATO
KaTo pETHHOJIOBA KHCENIHHA.

N NN OH

(6]
PetnHonoBara kucenuHa € MeTabOJIUT Ha pe-
THHONA. 3HauuTenHa (apMaKoIOrMYHA AKTHB-
HOCT TPOSBABAT CIIEHUTE JBa HEWHH CTEpeo-
u3zomepa:

[sotretinoin

(2Z,4E,6E,8E)-3,7-numetnin-9-(2,6,6-
TPUMETHIIUKIIOXEKC- | -eHnin)HoHa-2,4,6,8-
TETPAcHOBA KUCEJIHHA

M30TpeTHOHUHBT OCHIIECTBIBA TEPMUHATHUS
cTaaui ot auepeHINPAHETO HA KEPATHHOIIUTH.
Oka3Ba BB3ACHCTBHE BBHPXY UpeBHATA MHUKPOd-
JIOpa, HapyllaBa €KCIpecusTa Ha T€HU, OTTOBOP-
HU 3a CHHTE3a Ha pa3jIuyHU BUAOBE IPOTEUHU U
penynupa CekKpenusaTra Ha MacTu OT MACTHHTE
JKJe3d. PeTMHOMIBT HaMMpa MPUIIOKEHUE B Te-

% OTkpuT B YEpHHS APOG HA CIIATKOBOTHH PUOH.
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pamusaTa Ha TSKKH (GopMH Ha akHe (HOAYJIapHO
WM KOHMIyHpaIo akHe), UXTHO03a, CHHIPOM Ha
Apnexun u ap. [Ipuiara ce ChIIO U B TEpAMUsITa
Ha TUIOCKOKJICTBUCH KapuuHoM (squamous cell
carcinoma).

Tretinoin

= =

z Z “COOH

(2E,4E,6E,8E)-3,7-mumeTnn-9-(2,6,6-
TPUMETHIIIUKIOXEKC- | -eHu)HoHa-2,4,6,8- TeTpae-
HOBa KUCENIUHA

TpeTUHONHBT € AaHTHUHEOIUIACTUYHEH JIeKapc-
TBEH MEIUKAMEHT, YCIICIIHO MPUJIaraH B ClIy4a-
UTE Ha OCTpa MPOMHUENIOLHTHA JIEBKeMUS (OOUK-
HOBEHO, KOTaTO TEpaINusATa C aHTPAIUKINHU OH-
Ba Oesycnenna). M3monsBa ce chllo U 3a jeye-
HHE Ha NO-TeXKHU Gopmu Ha Acne vulgaris (11-111
cTaanii), CHIPOBOJEHN C TOsSBaTa HA MANMYJIH U
IyCTYJIN.

[Hec peTHMHONBT ce Moly4yaBa MO CHUHTETHYEH
ITBT, KBJIETO, B KAYECTBOTO Ha MPEKYPCOpP Ce U3-
I10J13Ba [IPUPOJHOTO CHEIUHEHUE HI/ITpaJ]7:

A)\/\/L NAOH NaOH —_—
o Z>N NaOH l “H,0
. ONa OH 2
NS = =
I
ST o]
i ’ bl W
NG >z —_— NS ®
pseudomnone
CI\/COOMe
—
NaOH/MeOH
beta-ionone
BrMg

OH

AR PdlBaSO4

Bngb/
AN \
=
OH Ip
- N N~ OAC -

JlaGopaTopHUAT CUHTE3 HE ONOJI30TBOpPsIBA [3-
KapOTEH 10 NPUYHNHA, Y€ OKHCIEHHUETO My HE Ce

, CHscoc
AICIsle

7 AUMKITHYEH MOHOTEPIICH, ChIbPKALl AJIeXHIHA
¢yakunonanHa rpyma. CeiiectByBa moja gopmara Ha
nBa m3omepa — repanuan (E-msomep) m nepan (Z-
n3zomep). LlurpansT mpuckcTBa B ChCcTaBa Ha MHO-
JKECTBO €TEPUYHHU Maca.



OCBhIICCTBABA C H€06X0,III/IMaTa PETrUOCCIICKTHUB-
HOCT:
OHC

S

[
Ak b

B Ttasu Bpb3ka TpsiOBa ;ma ce oTOenexu, de
YaCTUYHOTO OKHCJICHHE Ha PETHUHOJA IMOpaxIa
(bopMHpaHeTO Ha MPOAYKTH C AHTHBUTAMUHO3HA
AKTHBHOCT:

OH
p % OH

OH

=

PeTuHONBT y4yacTBa B MPOTEHHOBHS OOMEH
Ha KO)KaTa U JIMTABHIIMTE, a ChIIO B CHHTE3a Ha
CBETJIOYYBCTBUTEIIHUSI MEMOpaHEH XpOMOOENTh-
4eH KOMILIEKC poorcuH’ [7].

PeTrHONBT cTUMyNHpa CBHIO M CHHTE3a Ha
MTOJIOBH XOPMOHH U KOPTHKOCTEPOUAH, C KOETO
ce OOsCHSBAa HETOBHAT CTUMYJIHMpAI pacTexa
e(eKT, MOBHIIaBa CHIIO U YCTOWYMBOCTTA HA
OpraHu3Ma CIpsIMO HUCKH TEeMIIEpaTypu ¥ HWH-
(exnmo3nu 3abomnsBanud. Jlepunuter Ha peru-
HOJl BOJU JO W3MEHEHUE KOHIEHTPAIIMOHHOTO
paBHOBECHE MEX/y METHOHHUH H IIUCTEHH B €IIU-
TEJTHUTE KIIETKH, C KOETO Ce TOBHIIaBa TAXHATA
CKJIOHHOCT 3a BpOTOBsBaHEe W paHuUMocT. [lpm
XUIIO- U aBUTAMUHO3a A ce HaOJIto1aBaT KepaTo-
3a (10 KOKaTa ¥ JIMTaBHIIUTE ), 0AaBHO 3apacTBaHe
Ha pPaHHWTE W OTClIa0BaHEe Ha CHIIPOTUBUTEITHUTE
CHJTU Ha OpraHu3Ma crpsiMo uHpekuuu [6,8].

PeTnHONBT M peTMHONIOBAaTa KHCEIMHA WUT-
pasT penraBaiia pojisi B POILIECUTE HA TeHHA €K-
CrpecHs W IBUIOCTHOTO Pa3BUTHE Ha eMOpHOHA.
HepuuuThT UM U3MUIIBKBT HA PETHHOMIN MO-
’Ke J1a oBeJIe 10 PaHEH eMOpPHOHAJICH JIETaIUTET
Wi MandopMaluy 1Mo BpeMe Ha eMOpHOreHe3a-
Ta [6, 8].

B npuchbcTBHETO HAa KOHIEHTpPUpaHa CspHA
KHCEJIMHA, PEeTHHONBT J1aBa WHTEH3UBHO CHHBO

8 PO}IOHCI/IHT)T ocurypsBa aaanranusiTra Ha OKOTO
CIIpAMO HUCKOMHTCH3MBHA CBETIIMHA U 3aTOBA B CIIYy-
YHUTE Ha XUIIO- U aBUTaMHHO3a A ce Ha6J'IIOZ[aBaT Xe-
MEpaJIoIusa (KOKOIIIa CJ'ICHOTa), HapyluieHa ajanTtanus
1 HapacTBallo otrciabBaHe Ha 3PEHUCTO.
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OIIBETEH MPOAYKT, n03HaT 0JT HANMEHOBAHHUETO
aHXUAPOBUTAMUH A [7

WOH
M
@/M

BzanmopeiictBuero na Buramuna ¢ SbCl; B
cpena ot xjopodopM mopaxkaa GopMHpPaHETO Ha
YCTOMYHMBO LIBETHO OPTaHOMETAIHO ChEANHEHUE.
Peakuudra e HauMeHyBaHa B 4YECT Ha HEWHUTE
oTtkpuBarenu - Kap u Ilpaiic. [lnec, T4 Hamupa
yCHellHa YTWIH3alHsd B Ka4eCTBEHUSA W KOJIH-
YEeCTBEH PETHHOJIOB aHAJIM3.

MOH

H*

e

—_—

-H,0

-H,0

_SbCl,
A =620 nm [9]

PeTnHONMOBHAT amerat, NPONMOHAT U MaJIMH-
TaT JecHO (hoToM3OMepU3HpaT U Ce OKHCIABAT
JIECHO B NPUCHCTBHETO HAa aTMOC(EpPEeH KHCIO-
poa. XuMHuuecKara UM HEyCTOWYMBOCT Hajlara Te
na ObJaT ChXpaHSABaHU B ChJOBE C MaKCHMallHa
XepMeTH3aIHs, a BbBEXKIaHETO UM B TSX Jia CTa-
Ba 1oj a3oTHa arMmocdepa. Perunounure npos-
BABAT MakCHUMaJlHa CTPYKTYPHa CTaOMIIHOCT IpH
ChXpaHEeHHE IpU HHUCKa Temmeparypa. Hamnuue-
TO Ha MPHUMECH, KOUTO Ca HAaW-4eCTO MPOAYKTH
Ha HEXEJaHO OKHUCIICHHE, CE€ YCTaHOBSBa II0C-
PEICTBOM CIIEKTPOPOTOMETPUPAHETO HA PETHU-
HosnoBu paztBopu mpu 300, 311.5, 326, 337 u
360 umM [10].

Kaporenongure crnomaraT 3a NpaBUIHOTO
(GYHKIIMOHUpAHE HA WU3KIIOYUTEITHO TOJIsSIM Opoi
BR)XHU 32 HAIIMsA OPraHU3bM OHOJIOTMYHH MPO-
necH. [lo3HanudATa HM 3a TAX cilenBa a CIIOMOT-
HaT 3a TpuXKara, KosATO TpsOBa Ja OKaxeM 3a
BCEKM NalMeHT. Makap U B 4YUCTO aKaJIEeMHYEH
CTUJ, NPEICTaBEHHss TyK HaydeH Marepuall,
cleiBa Ja MOCOYHM OCHOBHHUTE acleKTH oT dap-
MAaKOJIOTUYHOTO JICSIHUE HA TE€3U ChEIUHEHUS U
MOCTaBH B pe3loMe OENEXKH, Kacaelld XUMUSITa
Y aHanu3a Ha hapMakoNeHHH KOPOTEHOUIH.
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AJIKEHHU - XUMUSA U AHAJIN3
Wnusu Kones
ALKENES — CHEMISTRY AND ANALYSIS
Iliyan Kolev

ABSTRACT: Alkenes are unsaturated hydrocarbons containing at least one carbon—carbon double bond.
These compounds are also generically known as olefins or unsaturated hydrocarbons.

Being analytical subjects, alkenes should be put to undisputable qualitative control — a control, which is de-
signed to give full confirmation of their structures in toto or, partially, of their peculiar unsaturated structural
elements.

On the whole, the pharmaceutical qualitative analysis is intended to confirm the identity of pharmaceutical
raw materials at the so-defined “acceptable” level of security. Thus, a wide variety of color reactions and some
other types of identity tests are included in the scope of the so-called “second identification” pharmacopoeial
analysis.

In this article, we briefly describe the qualitative analysis of a wide variety of olefins. Attention is also paid
to the chemical reactivity of some pharmacopoeial representatives.

Key words: alkenes, drug, pharmaceutical analysis

[lpuchbmym 3a HEeHACHUTEHUTE BBIVICBOJOPOAHM  JIECHO MOJSPU3YyEeMH ChEAMHEHHS. 3a LENUTe Ha
ca MPUCHEIMHUTEITHUTE peakunu. B 3aBucuMocT  KauecTBeHUs (YHKIIMOHAIIEH aHAIHW3, Hal-4eCTO
oT w300opa Ha  pEaKIWOHHM  YyCJOBHSA, IpHIaraHa € peaklHaTa Ha B3auMOJICHCTBHE Ha
B3aMMOJICHCTBIATA OT TO3H THII MOTAT ja ObJAT  AJKeHH ¢ MoJeKysper opom (Bry)'.
OCBIIECTBEHW 1O WOHEH WiuM paaukaioB  OOWMKHOBEHO aHAIM3bT CE OCHIIECTBSBA B IPH-
MexaHm3bM. [lo-yecto cpemranm 3a ajdKkeHW  ChCTBHETO HA HE3HAYMTEIHO KOJNW4YecTBO Br,, ¢
obaue, ca MPHUCHETUHHUTEIHUTE ENEKTPOQUIHM  KOETo CyOcTpaThT TpsiOBa Ja oTpearupa M3dep-
peakiuu (Ag) 1o MPUYMHA, Y€ TEXHUTE ABOWHU  TATEJHO W Ja o0e3rnmeud OO0C3IBETSIBAHETO Ha
BPB3KH IPOSBSBAT XapaKTEPHOTO 32 BCSAKA €HA  PEaKIMOHHUS 00eM.
oprannyHa 0aza HyKJICO(WIHO TOBEJCHHE. Br,

MexaHn3MbT Ha Ag peakius MOXKe Jia ce U3pa3u w)\ oo B%r
B Hai-001I1 BUJ Ype3 CIeAHOTO ypaBHeHUE [1]: 4

Nnentudukanysara Ha MOJYYSCHUTE BULIUATHU
IU- U TeTpabpOMONPON3BOIHU CE€ OCHIIECTBSIBA
CPaBHHUTEIHO JIECHO - 0 TIOKa3aTells TeMmIepa-
Typa Ha Tonene [2]:

! TeTpaxiopoMeTansT € IPEBH3XONEH 3a TOBEUYETO
HETOJISIPHU U ¢1a00 MOJISIPHU OpPTraHUYHH ChEJUHEHHS
pastBopuren. B CCl, ce pastBapss OpoMbT, HO HE U
HBr kucennna — npoaykT Ha B3aUMOJEHCTBUETO HA
Br, ¢ ¢eHonu, ecrepu U HAKOM ChIBPKAIINA aKTHBHA
METHJICHOBA TPyIa CheIUHECHNUS:

2Br, -
. ©/\NH2 ©/\NBI‘2 ©/\N+H3Br
+2

B TO3u THII B3aUMOJEHCTBHS y4acTHE MpUEMAaT - 2HBr ©/C/”N

Hall-pasNuuHU 1O CTPYKTypa enekTpoduin u

166



oL .

camphene o
M. p. 42(52)0C Mp 89 C
pinene j
M.p.-64(-55°C  M.p. 164°C

B

Br '
Br

limonene Br

M.p. -74.35°C M.p. 104°C

BsanmMoneiicTBueTO Ha aqKkeHH C MOJICKYJIsi-

peH OpoM He € cTporo crnenuduyHa peaxius.
[MonoxwuTeNHa KOHTPOJIA IaBaT ChHIIO Taka U IMo-
BEUYETO aJKWHHU (aIMTEIeHHW) W apOMaTHU aMHU-
HI/IZ.
CheMHEeHUs, ChABPXKAINM CTECHHJIOB PauKal
oTpearupar 1o aHaJIOTHYEH C BCHYKH OCTAHAIH
oneUHA HAYMH C OPOMHH MOJEKYIH, (HOopMH-
paiiki BUIIHATHUA TUOPOMOIIPOU3BOIHH, TIPUCHC-
TBUETO Ha KOWUTO JIECHO MOXE J]a CE YCTAHOBH C
nomorra Ha Na,S,0s:

HanuuHocTTa Ha €THHUIIOBYU PaJUKAIH IO TO-
3M METOJI C€ YCTAaHOBSIBA UHAUPEKTHO, & UMEHHO,
10 OTAENCHHSI U JiecHO mpociieaum SO, [3].
MetonbT Ha anudaTHO OPOMUpPAHE € MPETHPIISLI
MHOKECTBO MOAM(HKAIK, Uensmu: . MUHU-
MHU3MpaHe Ha Bb3MOXKHOCTTA 3a OCBHIICCTBSIBAHE

? C apoMarHH aMEHH GPOMBT BCTHIIBA B PEAKIHs Ha
eneKkTpomIIHO 3amecTBaHe, ¢opmupaiiku HBr kuce-
auHa ¥ 4-OpOMOAHWINH — PEAKUMOHHU MHPOIYKTH,
KOWTO B3aMMOJIEHcTBAT TOMEX1y cu W Qopmupar
CBbOTBETHA aMOHHEBA COJL.
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Ha 3aMECTUTENIHN PEaKIH{; 2. yBeIWdaBaHE Ha
XEMOCEJIEKTHBHOCTTa Ha H3IMOI3BaHUS OpoMeH
peareHT CchpsiMO HW3NUTBaHUs Kiac anudarHu
ChEeIMHEHUs U 3. peayuupaHe Ha criocoOHOCTTa
Ha OPOMHH MOJIEKYJH J]a BCTHIIBAT B OKUCITUTEI-
HU peaKIny.

Moxe 0 eiauH OT Hail-eKCTpaBaraHTHUTE MOJ-
XOJTH, C TIOMOII[Ta Ha KOWTO Ce pean3nupar moBe-
YEeTO OT MOCOYEHHUTE LIETH € TO3H, IPEUIOKEH OT
H. P. Kaufmann npe3 1926 r. [4]. 3a uenra, aB-
TOPBT U3IOJI3BA i7 Situ TIOMYUYECHUS B PE3YyJITaT HA
CMECBAHETO Ha €KBHUMOJAPHHU KoindecTBa Br, u
KBr B cpena or meranon Bry” Opomupain areHr.
OrpoMHuAT Opoii eKClepUMEHTAHU HW3Cle/Ba-
HUS TIOKa3BaT, Y€ 3a Pa3IinKa OT EJIeMEHTHHS
OpoM, TPHUOPOMHUIHUAT aHWOH IPOSBSBA 3HAYH-
TEJHO TIO-BHUCOKA CEJIEKTHUBHOCT IO OTHOILIEHHUE
Ha M3KJIIOYUTEHO TOSIMO MHOTO00pa3ne HeHa-
CUTCHH ChEIWHEHUS, BKJI. U TaKMBa C BHHUJIOB
TUIl CTPYKTYpa, a ChIIO Taka U 000cobsBa KaTo
peareHT chC 3HAUUTEHO BHCOKA CTPYKTypHa
CTaOMITHOCT W MOJIapHA HAJIMYHOCT TIPH ChXpa-
HEHHE M EKCIEPUMEHTAaJIHA OMOJI30TBOPSIEMOCT
(Viz OTCBCTBHETO HA MPHCHIINATA 32 OPOMHH MO-
JeKynu JeTauBocT). Hemocrarbiure Ha peareH-
Ta Ce CBBP3BAT C OCKBJHATA MY [0 OTCHCTBAIIA
PEaKTMBHOCT 1O  OTHOUIEHWE Ha  o,B-
HEHAaCUTEHUTE CbEIUHEHHUS, CBABPKAIM -
COOH, -COOR, -CONH,, -S0;H un -C=N enexrt-
POH-aKIENTOPHU (GYHKIIMOHAIN U MIPOSIBEHATA OT
HEr0 W3BECTHA OKHUCIUTEIHA PEaKTHBOCIIOCOO-
HOCT CIIPSAMO MOJICKYJUTE Ha aKpOJIEWHA U HEro-
BUTE Tpow3BOMHU. HeodakBaHW CMyIeHUS B
X0Jla Ha ONE(MHOBHSI aHAIN3 MOTaT Jia Bh3HUK-
HaT B pe3yJTaT Ha HAaJUYHU BTOPHYHH aJIKOXOII-
HU TPYIH B ChCTaBa Ha W3CIICABAHHS AHAIUT, C
KOUTO TO3U PEAreHT II€ BCTHIIM B OKUCIUTEITHO
B3auMOJIelicTBUE. MUHUMHU3UPAHETO HA OKUCIIH-
TeNHHUA TOTeHIWan Ha Bry cmnpsmMo ykazaHuTe
(YHKIIMOHANH ce TIOCTHTa C MOIIbPKAHETO Ha
OTHOCHUTEITHO HUCKAa PeaKlMOHHA TeMIepaTypa -
<-10°C. YcTaHOBEHO €, ue uaeHTH()UKAIMITA Ha
one()MHYU, CHIbpPXKAIIUA IIBPBHYHH W BTOPUYHU
aMUHOTPYTH, MOXXE Jla OCBHIIECTBU CaMO CIeJ
MpHUOaBsIHETO Ha MOAXOISIIO KOJMYECTBO OLET-
Ha KHceNrHa KbM paszteopa Ha KBr; [2].
[MupunuaueBo-cyndaT-TuOPOMHUIHUAT ~ METOJ
(CsHgN - H,S04 - Bry) [5] e pa3HOBHAHOCT Ha
o0mus Meton Ha anudatHo OpoMupaHe, OOMK-
HOBEHO TNPWIOKHM B CIIy4auTe Ha cJiabo peax-
THBOCIIOCOOHW alKeHHW (BKJI. M YKA3aHHUTE TII0-
rope o,-HeHacuTeHH paaukain). CKIOHHOCTTa
Ha pearcHTa /a BCThIIBA B 3aMECTUTEIHHU peak-
LMW C€ OTPaHWYaBa camMo B CIy4auTe, IPH KOUTO



B3aMMOJICMCTBUETO MY C W3IUTBAHUS aHAIUT Ce
OCBIIIECTBABA B OTCHCTBUETO HA SIPKA CBETIMHA.
Wnentndukanusata Ha cnabo peakTHBOCHOCOOHH
JBOWHHM BPB3KH B ChCTaBa Ha O,-HEHACHTEHH
CHEIMHEHHS® MOYXE J1a Ce OCBIIECTBU H 1O METO-
na Ha Critchfield, Johnson u Funk wmm T. Hap.
MopdonrHOB MeTo[ [6], CBIIIACHO KOMTO MOp-
(hoMMHBT B3aMMOEICTBAa N3UEPIIATEIHO C HEHa-
cuternsa H,C=CH- aknentopen (GyHKIIMOHAIT.

\I\ o H O
X + HN \) - I\/N\/\/X
X = -COOH, -COOR, -SO3H, -CN, -CONH,

KonuuectBenuar ananu3 Ha Muxaenos Mpu-
ChEMHHUTENEH MPOIYKT' Ce OCHIIECTBSBA CPaB-
HUTEIIHO JIECHO, C MOMOINTa Ha MOIXOJAIIN 3a
LenTa THTPUMETPUYHHU noaxonu (Meroau). Ilpu-
CbCTBHETO Ha CTWIAKPWIATHU U METHJI METaK-
pUJIATHA OHEYMCTBAHUS B ChCTaBa HA Ammonio
Methacrylate Copolymer or tum A u B wu
Methacrylic  Acid Methyl Methacrylate
Copolymer ycriermao Moxe Aa ObJlle YCTAHOBEHO
M KOJMYECTBEHO OLEHEHO C IMOMOIITa Ha TO3M
AQHAJIUTUYEH TOJXO/.

[IpuckcTBHETO HA TIPON-2-€HUIOBH (YHKITH-
OHAJTHU TPyIH (AJIUJIOBH paauKaii) B ChCTaBa Ha
JIEKapCTBEHU BEIIECTBA MOXKE Jla CE€ YCTaHOBHU
CPaBHHUTEIHO JIECHO C IIOMOIITA HA KOHAEH3aIH-
OHHA PEeaKkLys MEXIy TECTBAHUS aHAJIUT U Che-
JUHEHUETO (DIOPOTIIIONMHON. Y CIEHIHUSAT XOJ
Ha TOBa B3aMMOJEHCTBHE CE€ OCBIIECTBSIBA B
npucberBuero Ha HCl kucenmnna. OOMKHOBEHO
(dhopMHpaHHUTE PEaKIMOHHA MPOJYKTH Ca YepBe-
HO-BHOJIETOBO OI[BETeHH. Peakuuara mpoTuya mno
CJIO’KEH MEXaHU3bM H C YH4aCTHETO Ha aTMocde-
peH KHUCIOpOA, C KOUTO CyOcTpaThT Hai-
BEPOSITHO CPOpPMHUpPA MEPOKCHICH UHTEPMEINAT.
B 3HaunTenHo rosnsaM Opol IUTEpaTypHH MU3TOY-
HUIM PEAKLIHOHHOTO YPAaBHEHHE C€ IPEICTaBs
IO CJIEIHUS TIO-CEMIThJI HAYMH:

Altizide, Eugenol, Naloxone Hydrochloride
Dihydrate, Oxprenolol Hydrochloride,
Alcuronium Chloride u Alprenolol Hydrochlo-
ride ca JekapCTBEHUTE ChEJMHEHUs, B ChCTaBa

> MeToxbT € HeNPUIOKHM 33 aHAIN3a Ha CIIEIHHTE
ceequnenns: CH,=CH-CHO, CH,=CH-COR wu
CH,=CH-COOK(Na).

PeakimsaTa e ommcana 3a npbpB mbT OT Arthur
Michael npe3 1887 r. [7]. dnec, Ts1 HaMHupa HIMPOKO
NIPWIOKEHNE BbB GpUHMA (hapManeBTHIEH CHHTE3.
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Ha KOWTO MPUCHCTBAT NPOTM-2-€HWIOBU pajHKa-
.

Alcuronium Chloride

Alprenolol
Hydrochloride

HO HN/<

Nnentndukanusara Ha 0IePUHOBH pagrKaIH,
Makap M 1O eIMH TBBPJIE apXandeH METO, MOXe
Jla ce OCHUIECTBU C TIOMOIITA Ha MEPKAaNTaHH H
trnoderonu. C TIX alKeHWTe o0pa3yBaT yCTOM-
YUBU TEYHU CYJIQUIHH KOHICH3AIIMOHHH IIPO-
JIYKTH, KOUTO B IPUCHCTBUETO HA CI1a0M OKUCIIU-
Tenu (opMHpaT TBBPAM MO CBOETO arperaTHo
CBCTOSTHHE CYJI()OHOBU MPOIYKTH. AHAIM3BT HA
MOCJIETHUTE CE OCBILECTBSIBA CPABHHUTEIIHO JIEC-
HO 1O TexHHs QU3NYCeH mokaszaren - T.T.:

S.

R R
RJ + R'SH Y
R

0" R

[IpuchCTBUETO HA BUHWICTEPHU PaJUKaiH, a
CHIO TaKa U TAXHOTO KOJIUYECTBEHO ChAbpPIKA-
HUE B ChCTaBa Ha PEHIIA aHAUTH, CE YCTAHOBSI-
Ba C MOMOIITA HA T. HAP. MEPKypo-alleTaTeH Me-
ton. /lHec ymorpebara Ha TO3M aHAIUTHYECH
MOJIXOJT € TBHPJIC OrPAHUYCHA, TIOPAJH BHCOKATA
TOKcHYHOCT Ha m3noi3Banms Hg(OAc), [8].

o/
J /Hg/\ R
O + MeOH + Hg(OAc), —= AcO , ©
R CH4COOH

R

+ Ox
O‘S\

Ox.

KOH/MeOH
— > CHZCOOK

phenolphthalein

MukaonpucbenunsaBane no Juiac—Aniep
AmudatHure  BBIVICBOJOPOAH,  ChABPXKALIH
CIIpETHAaTH JIBOMHHM BpPB3KH (JUEHH), JIECHO
BCTHIBAT B IHUKJIONPUCHETUHUTETHH PEAKINU C
JUEHO(QHUIIHA PEareHTH, TaKuBa KakBUTO Ca ,,aK-
TUBUpPAHUTE " MOJIEKYTH Ha 1,4-HaTOXMHOHA U
MAQJICHHOBUS aHXWUIpUA, QopMHpaliku Ou- u
TPULMKINYHY YTA€UHU KPHUCTAIHHM PEAKIMOHHU
MPOAYKTH [2]:

O R O
OO0 —OC0
‘ + —_—
R'
o R O

Okucjenue
B okuciuTeNnHM peaknuu ajJKeHUTE ydacTBat
MPEeIMMHO C HAJIWYHU CBOM T-BPB3KH, HO B pe-



JUla cilyyad, Hapel C TAXHOTO pasjlaraHe, ce
OCBILECTBSIBA U XETEPOJIM3a Ha MpUIeKaIiaTa UM
G-Bpb3Ka. ,,CTenenTa* Ha OKUCIIEHUE ce KOHTPO-
Jpa JIECHO, TOCPEACTBOM M300pa Ha OKUCITUTET.
3a menuTe Ha TPYMoOBUs (YHKIIMOHAICH aHAIN3,
YecTo IpUjlaraHa € PeakuusITa Ha OKUCICHHE Ha
ankenn ¢ KMnO, (oxucnenue no baiiep). B3au-
MOJCHCTBUETO HAa AJIKEHH C TO3M DPEareHT ce
OCBILECTBSIBA CPAaBHUTEJIHO JIECHO W IPHU MEKHU
PEaKIMOHHH ycloBus . IIpHCHCTBHETO HA alKe-
HHU B ChCTaBa Ha W3CJICJBAHUTE Pa3TBOPU CE OT-
YUTa IO HACTHIMJIOTO MOMEHTAJIHO O0E3LBETS-
BaHe Ha u3noi3Banusg KMnO, paztBop (ochimec-
TBeHa Herosa penykuus) [9-11]. IlpoxykTure Ha
Ta3u OKMUCIIUTENIHA peaKkys OMBaT BULMAIHHU CIS-
muonu (TIIMKONA) — CHhEeIUHEHHS, XeJIaToph Ha

MeJIHU HOHU:
2KMnO
3 w)\ *3 %H + 2MnO, + 2KOH
OH

4H,0

Annexuaure, MpaBueHATa KHCENIWHA, aJKoO-
xonute, (eHonauTe, apOMaTHUTE aMHUHU W Mep-
KalTaH!u ca ChbeAMHEHHS, KOUTO ChIIO TaKa CIIO-
coOctBat pexykuusata Ha KMnOy4 [12].
JlexapcTBeHHTE BeLIECTBA, ChAbPXKAIIM MpPOI-1-
eamwnoB paaukan (Cefprozil Monohydrate,
Anethole, Isoeugenol), necHo morar nma ObmaT
UACHTU(OUIINPAHA TTOCPEACTBOM 00paboTKaTa UM
¢ Oenzoun nepokcu. LleneBusT npoaykT B Tazu
OKIJIMTEITHA PEaKIHs € aleTalIexuaa — JeTIUBO
CbEJIMHEHUE, YHMETO INPHCHCTBHE B oOeMa Haj
peaKkIMOHHATa cpejia JIECHO MOXKE Jia ce WJeH-
TI/I(l)I/I]_II/Ipa C InoMoIllTa Ha HUMIIPETHUPAHU Ha
GunThpHa XapTHs HATPUEB HUTPONPYCUI U
MopdouH [3].

COOH
O
Z |
o) 2(PhCO),0,
s OH —
N
H
HoN
COOH
o0~ V¥ N °
o) + CH5CHO
s OH
H + 2(PhC0),0
HoN

5 IIpu HarpsiBaHe OKHUCIIEHHETO Ha aJKEHH ,,[IPOJbJI-
’KaBa®, KaTo y4yacTHe B OKHCIMTENIHUS MPOLEC B3eMa
u C-C Bpsb3ka. [Ipogykrure Ha OKUCIIEHUE HA aJIKEHU
MPU Te3U PEaKIMOHHU YCIOBHS Ca KapOOKCHIIHH KU-

CCJIMHMU.
H

'

H

0
JU -+ mno,

R™ "OK

A
R —>

KMnO,

169

AHanu3bT € HENpPWIOKHM 3a ChEIUHEHUS,
ChIbpIKAIlM aJIMJIOB WJIM BUHWIOB THIl pajMKa-
mu. TpsiOBa na ce uMa npeaBU, Y€ MPUCHCTBUE-
To Ha etaHod wiu O- 1 N-eTHa QyHKIHOHATU3H-
paHM CBEAMHEHHS B CbCTaBa HA M3CIIECIBAHUS
aHaJUT Morar Aa ObJaT IpUYMHA 3a [OosBaTa Ha
MO3UTHUBEH PE3YJTaT B X0/1a HAa Ta3u KauecTBEHA
TECT peaKuus MPHU OTCHCTBUETO Ha IPOIEHHUIIOB
panuka:

2(PhCO),0
o ( )202

R._OH + CH,CHO
+ 2(PhC0),0

~

R
| H
N 2(PhC0)0, N+ CHiCHO

R — R
+ 2(PhCO),0
Unentnduranmara Ha OeH3aI-CHABPKAIIH
nekapctBeHn — chenuHeHUss  (Cinnarizine U

Flunarizine Dihydrochloride) ce ocbmiecTBsBa ¢
MOMOIIITA HA METOJ, MOJ3BAIll OKUCHTEIHUS MO~
TEHIMad Ha HIKOM MeTanHu Ookcumgu (PbO,,
MnO, u np.) U ,,KOJIOPUTEHHOTO* JEWCTBUE Ha
THOOApPOUTYpOBaTa KUCEIMHA. B NpUCHCTBHETO
HA OKCHJ| pasriIeKJaHusl THI CheIUHCHUS JeCT-
pyKTUpaT, GOpMHUpaKNA €KBUMOJIAPHO KOJINYEC-
TBO OeH3aIAEXH]l U ChOOPa3HO 3aMECTEeH eTaHall.
[MpuchcTBHETO HA OCH3ANICXUJA CE YCTAHOBSBA
JIECHO C TIOMOINTa Ha THOOApOUTYpOBa KUCENH-
Ha, C KOSATO apOMaTHHAT aliexwj cQopMupa
YEpPBEHO OIBETCH KOHJICH3AIMOHEH MPOAYKT:

AHanMM3bT € TMOJXOMAAI 32 UACHTUDUKAIUATA
Ha ruHamanaexua ((2E)-3-pennnmnpon-2-enan) u
0,-HEHACUTEHUTE AJJACXUAU LUTPaa U KPOTO-
nanaexun ((2E)-0yt-2-enan).



Hanmnuuero nHa KpaTHU BPB3KU B ChCTaBa Ha
JICKApCTBCHU MOJICKYJIM MOXKEC Ja CC€ YCTaHOBU
KOPCKTHO U C IMMOMOLITAa Ha pe€aula MHCTPYMCH-
TaJIHU aHaAJIUTHYHNU MeTOHI/I().
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PA3TBAPSHE HA BUOAKTUBHMU CTBKJIA —- ®PAKTOPU NIOBJIUABAIIIN ITPOLECA
N BUOJIOT'UYEH OTIOBOP

Tauns lumosa, JIvuezap Panes, Mnusa Kones

DISSOLUTION OF BIOACTIVE GLASSES — FACTORS AFFECTING THE PROCESS AND
BIOLOGICAL RESPONSE

Tanya Dimova, Lachezar Radev, Iliyan Kolev

ABSTRACT: B 0630pa ca npedcmasenu 6uoaxmueHu Mamepuaiy Kamo OuoaKkmueHu CImvKid U CImbKI1oKe-
PAMUKU NPU 83AUMOOCUCMEUEeno UM C pa3meopu cumyaupawu meiecha meynocm (SBF). Obwvpuamo e no-
CNeyuanio 6HUMAanue Ha Gaxmopume nOGIUABAWU PASMBAPAHENO U HA OUOTOUYHUIE eeKmu, 00 KOUMO 60-
osim omoenenume UOHHU nPoodykmu. Pasenescoanemo na mesu mamepuanu e cbp3ano ¢ 6voewu U3C1e08aHuUs U
VCMAaHo8eHU cneyu@uuny HyHcou 8 pazeusawjomo ce noje Ha peceHepamusHama Meouyund.

The main objective of this review is to present the reactions between sol-gel glasses and glass-ceramics with
Simulated Body Fluid (SBF). Attention has been given to the factors influencing the ions release kinetics and the
biological effects resulting in ions releasing products. The current review also presents the specific effect of the
released ionic dissolution products on human cell behaviour. The review of these materials is presented with
intention for future investigations and identification for specific research needs to advance the field of regenera-
tive medicine.

Key words: bioactive glasses, dissolution, ion release

C HSKOJNKO JyMH, MPOIECUTE, CTOSIIH B OC-

BobBenenne HOBaTa 3a OWMOAKTHUBHOCTTA, € J00pe Mo3HaTa

cepusi OT (PU3MKOXUMUYHU Tiporiecd Mexay BG

broaktuBHUTE MaTepuaiv, KOUTO HaW-4eCcTo U JOaacH OMOJIOTHYEH pas3TBop. Te BOIAT 10

Ce mpujarar 3a PEKOHCTPYKLHMS Ha MYCKYJIHO-  ¢opmupane Ha HA-crmoli Ha NMOBBPXHOCTTa Ha
CKeJIeTHAaTa CHcTeMa ca: OMOaKTHBHHTE CThKIAa  BG.
(BG), xepamuku kato xuapokcuanatut (HA) n B Hacrosmus 0030p ce akIEHTHpa BbPXY

tpukamueB ¢pocpar (TCP), crbkiokepaMuku  crnenudukara Ha pa3TBapsHe, paKTOPUTE, KOMTO

(Ceravital®, Cerabone®™ A/W) u ap. [1]. Te ce  ro noeamusiBaT U GHONOrMUHATE eEKTH HACTBII-

M3M0I3BaT NpPU BbH3CTAHOBABAHE HA KOJISHHA,  Ball¥ BCIEACTBME HA OT/IEICHMTE HOHHHU IIPO-

Ta300€e/peHa CTaBa, CyXOKUIIMsA, CTABHH BPB3KH,  JyKTH.

3p0H, MPH MApOJOHTO3a, JHULEBO-YEIIOCTHA pe-

KOHCTPYKIHSI, yrOJIEMsBaHE U CTa0unsupane Ha  [Ipoumec Ha pa3TBapsiHe

YeJ0CTHATa KOCT, KATO KOCTHH ITBJIHUTENH CIIEH

OTCTpaHsABaHe Ha TyMOp U 1p. [2, 3]. IIspBa cTHIKA TIpH MpoIIeca Ha pa3TBapsHE €
[MpruymnHara, 3a W3MON3BAHETO HA TE€3W MaTe-  Opp3ara OOMsSHA HA KaTMOHU Mexay BG u past-

puaiid B pEreHepaTtuBHaTa MCJWIKHA, CC OCHO-  BOpa, ClI€ABaHa OT pa3TBapsiHC Ha CHUJIMKaTHaTa

BaBa Ha CBOMCTBOTO MM Jia 00pasyBaT XMMHYHM  Mpeka M M0SBa HA CHJIAHOJNHHU IPYHH HA TPaHH-

BPB3KU C MEKH U TBHPIN THKaHH. nata BG-pasteop. Ilo nosepxHocTTa Ha BG cbe
Tosa cBoiictBo, copen Hench, ce onpenens  cunanonnure (Si-OH) rpynu nportuuar Gbp3u

OT OMOpa3rpaJMMOCTTa UM BbB (DM3HOJOTMYHM  peaKUUM Ha IIOJMKOHJCH3allUs, NPH KOATO Ce

TEYHOCTH U ()OPMHMPAHETO HA HOBA KOCTHA ThKaH  ch3maBa CJIoM, Oorat Ha Si. Toil ¢opmmupa mo-

Upe3 CTUMYJIMpPAaHEC Ha 0CTE00JJaCTHUTE KIIETKH. HaTaTbK KPHUCTAJIM3allMOHHM LEHTPOBE 3a HAT-

Toi npeniara ¥ MexaHu3bM Ha CBbP3BaHEe MEX-  pymnBsane Ha kpucTaneH Ca-P-coii.

ny BG u xocrra [4]. Kanuuesure docdatn nporpecuBHO KpucTa-

JU3UpaT 4pe3 NPUCHEUHSBAHE Ha AaHHOHH OT
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pa3TBOpa 0 OTJIaraHe Ha OMOJOTMYHO aKTHUBEH
kapoonaTchappxkan; HA (HCA), ekBuBaieHTeH
Ha MHUHEpajHaTa ¢a3a Ha KOCTHaTa ThKaH. Tps0-
Ba /1a ce oTOeNexHu, ue o0pa3yBaHETO HA CTaOu-
JieH KPHUCTaJeH allaTUT € TACHO CBBP3aH KaKTO
ChC CTPYKTypaTa Ha Marepuaia, Taka M C Hero-
BUS ChCTaB [5].

PaztBapsaeTo Ha BG 3amouBa ¢ pa3kbcBaHe-
to Ha Si-O-Si Bpv3kuTe B BG. ETO 3amo, xu-
MUYHUAT ChCTaB € CIUH OT Hal-BaKHUTE (QaKkTo-
pH, KOUTO MOTaT CBIIECTBEHO Ja MOBIUAAT Ha
mporieca. 3a YuCT CHIINKAT XUAPOIIN3aTa € OUTH
HyJIeBa, HO W BKJIIOYBAHETO HA MOAU(UKATOPH
B CWJIMKaTHAaTa MpeXa, Ce HapyllaBa HeWHara
cTpykTypa. Popmupar ce cBOOOIHU BPB3KH, KO-
WTO HaMalsBaT HeiHaTa crabmiHOCT. Monndu-
KaTo-puTe MoOraT Ja HalyCHaT Mpexara Io-
0Bp30 OT Si HOHH, C KOUTO ca CBbp3aHu. B cren-
CTBHE Ha TOBa, ce (hopMupar cBOOOJHU MeECTa,
KOUTO TOANOMAaraT HaBIH3aHETO Ha MOJEKYJIH
BOJIa B CHJIMKaTHAT Mpexa. ETo 3aio, ckopocTtTa
Ha pasTBapsHe HapacTBa C HApacTBAaHETO Ha
HoHHUS paguyc Ha Moaudukaropure. Hampu-
Mep, KOraTo MOAU(PHUKATOPH ca aNKaTHH METaJH,
edeKkThT Ha HOHHWTE BBHPXY pPEAKTHBHOCTTA Ha
BG crnenpa pema K > Na > Li.

XHUCTOMATOJOTUYHN aHaIW3M Ha THKAHMW IO-
Ka3Bar, 4e CHJIMKATHATa Mpexa ce pa3pyllasa in
vivo. Cnen 7 MeceyHo uMIUiaHTUpane Ha BG e
YCTaHOBEHO OTJEIISTHE Ha CUIIINIA B pPa3TBOPUMA
(dopma upe3 ypunara [6].

dakTopu, BiIUselId BbPXY Pa3TBapsiHETO U
0MOAKTHBHOCTTA Ha 30/I-TeJIHATE CTHKJIA

Te morat ga ObIaT NoOApPEIEHH U pa3rieiaHu
B CIIETHUS pe:

ChbceTaB Ha OMOAKTHBHHTE CTHKJIA M METO/ HA
nojgy4yaBaHe

B cbcraBa Ha BG paznuyHu OKCHIOU KaTo
SiOz, B203, P205, ZnO, CUO, Ag20, CI’Oz, Ti02,
Al,O; ocurypst cnennpuIHU CBOICTBA WITH I10-
noOpsiBaT ChIUECTBYBallM TakuBa. Hampumep,
aHTUOAKTEpPHAIHN, MEXaHUYHH CBOWCTBA W [p.
[7-10].

CaoiictBara Ha BG 1 CTBKIIOKEpaMUKH MOTaT
na ObJaT MPOMEHEHH C BKJIIOYBAHE B Ipolleca Ha
cuHTe3 Ha enmeMeHTH kato Mg, Ag, Cu, Zn, In,
Ba, La, Y, Fe, Cr, Sr, Al, K, F, Zr nox ¢opmara
Ha HoHM unu okcuau [9, 11-15].

Manku OTKJIOHEHHS B ChCTaBa, MOTaT KOPEH-
HO Ja TPOMEHST KWHETHKaTa Ha pa3TBapsHe U
JIOPH OCHOBHHMTE MEXAaHW3MH Ha CBBbpP3BaHeE.
Hanpumep, obpasysaneto Ha HA npu BG mosny-
yern B cronmwika (MDBG), ce Bamsie oT chabp-
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x)armusa ce B X Na,O Wiam Ha ApYyTH ajaKaaH!
KaTHOHH, KouTo moBuinaBar pH Ha rpaHuuHata
MOBBPXHOCT UMIUTAaHT-THKaH [IPH HalpeABaHe Ha
pasTtBapsiHeTo. J{o0OaBsiHETO Ha TOJHMBAJICHTHH
katnoHn B BG karo amymuHMiA, cTabmim3upaT
CTpyKTypaTa My M OTTaM ce 3a0aBs 0Opa3yBaHe-
To Ha HA. Ilpu yBennuaBaHe ChbABPKAHUETO Ha
SiO, B CTBKJIOTO, TUHEHHO HaMajsBa TeMIIepa-
TypaTra Ha BCTHKJISIBAHE, MaKCHMajHaTa TeMIle-
parypa Ha KpUCTalnu3alus, IIIBbTHOCTTAa Ha CThK-
JIOTO U C€ TIOBUIIIaBa KOe(UIIEHTa Ha TEPMUYHO
pasmupenue. YcTaHoBeHo e, 4e Na,O pa3kbcBa
BPB3KHUTE B CHIIMKATHATA MpEXa W Ha MPaKTHKa
HamassBa OMOAaKTHBHOCTTA Ha CTHKIOTO. [Ipuero
e, 9e C yBeImM4aBaHE ChABpkaHueTo Ha SiO, B
MDBG, ckopocTta Ha pa3TBapsiHE HaMaJsiBa,
nopagy peaylHpaHe HAIMYUETO Ha MOIU(UKa-
TOpHH HOHH B pa3TBopa (TakuBa kato Ca’  n
HPO"). OcBeH TOBa ce BB3MPEMATCTBA 06Pasy-
BaHETO HAa CHJIMKATECH CIIOW Ha MOBHPXHOCTTA HA
CTBKIIOTO. Pe3ynrarsT OoT TOBa €, HamMalsiBaHE U
€BEHTYaJIHO T[oracsiBaHe OWOAaKTUBHOCTTa Ha
MDBG, koraro csabspxanueto Ha SiO, B CTBK-
noto e mo-manko ot 60 mol%. Korato obGaue
cpappkanuero Ha SiO, e mo-romamMo ot 60
mol%, in vitro OMOAKTUBHOCTTA HA CTBHKIIOTO €
Hanure [16].

B 3axmouenue, cunanonnure rpymu (Si-OH),
KOMTO ca (OpPMHpPAaHH MO TOBBPXHOCTTa Ha
aMOp(i)HI/ITe CUJIMKAaTHU MaT€puaii, CbII0 MOrat
I1a BIMSAT Ha OmoakTMBHOCTTA Ha BG, THH KaTo
NPEIOCTAaBIT Bb3MOXKHOCT 32 OOMEH Ha WOHU M
oTTam — 3a oOpa3yBaHe Ha KpuctasieH HA, kakTo
€ YCTaHOBEHO B [6].

Bausinue na pH

U3zBecten dakr e, ue pH Ha pazTBOpa CHILIO
BJIMSAE Ha pasrpaxganero. Kakro Ha 30s-renHuTe
crbkna (SGBG) u kepamuky, Taka U Ha Moyye-
HUTC KOMIIO3UTHU MaT€pualiv € TAXHO y4aCTHC.
3a cuIMKaTHUTE CTHKJIA, HAIPUMED, CTETIIEHTa Ha
pasrpakaaHe ce yBelruaBa C IOBHIIABaHE Ha
pH, Tpii kato Si-O-Si BpB3KHTE ce pa3KbCBaT
npu Hykieodunanarta ataka Ha OH'BBB BOAeH
pastBop. OT TepMOAMHAMHYHA TJIe/1a TOYKa, pa3-
TBOPUMOCTTA €J1abo 3aBHCH OT pH B MHTepBaia
ot 2 1o 8. B Hero creneHta Ha pa3TBapsHE Ha-
pacTBa ¢ nosumasanero Ha pH. [Ipu pH Han 8§,
pa3TBOPUMOCTTA Ha CTHKJATa HApacTBa 3HAYHU-
TEJHO, Thil KaTo ce 00pa3yBar mo-100pe pa3TBo-
pumu Honu cbe cberaB SIO(OH)5', kakTo e ycra-
HOBEHO B [6].

CncTaB Ha pa3TBOpa

CbCTaBBT Ha Pa3TBOpa € CHIIO BaKeH (ak-
TOp, KOMTO Ompezessi CKOPOCTTa Ha pa3TBapsiHe
Ha MaTepuaa.



B nauanorto Ha 90 TogMHM HA MUHAIINS BEK,
T. Kokubo [17] mpemrara W3moia3BaHETO HA T.
Hap. pasTBOp, CHMYJIMpAI] YOBEIIKaTa KpPbhBHA
mia3Ma, m3BecTteH omie karo SBF (Simulation

Body Fluid), ¢ koiiTo MoXxe na ce ompenens in
vitro OnoakTUBHOCTTa Ha pa3nmuuau BG u kepa-
MUKH.

CncTaBbT Ha pa3TBopa € nazeH B Tadauma 1

Tadauna 1. CrcraB Ha SBF n Ha yoBemkaTa kpbBHa m1asma (umol/L) [17, 18].

Mo CumynaTtop Ha kpbBHata nnasma (SBF) KpbBHa nnasma
Na' 142.0 142.0
K" 5.0 5.0
Mg 1.5 15
Ca* 25 25
cr 148.8 103.0
HCOy 42 27.0
HPO4* 1.0 1.0
| S04~ 0.5 0.5

SBF cumynupa pa3inyHu XapaKTEpUCTUKH Ha
YyoBelIKaTa IiasmMa karo pH, HoHHAa KOHUEHTpa-
s 4 T.H. [Ipn noransuero Ha BG mwin Ha kom-
MO3UTHH MAaTepUad C TIXHO y4yacTUe B TO3U
pasTBOpP, Ha MOBBPXHOCTTA MM CE OTJIara Kpuc-
taneH HA cnoii [19], xoiiTo e Msapka 3a Tsxarta in
vitro O0MoakTUBHOCT, cbriaacHo ISO 23317 wua
Mexnynapoanara Opranuzanus no CraHngaptu-
3arus [18].

PazrBopbr Ha SBF e c pH=7.4mpu 37C u B
HETO HE MPUCHCTBAT KJIETKH, IPOTEUHH WM JPY-
ru oprannyHu no0asku. Ilo Bpeme Ha nmpuroTss-
HETO MY HE ca JOIMyCTUMH IIPOMEHH B ChIIbpHKa-
HUETO, yTasiBaHe WK KoHcepBupane [18].

Cropen L.Hench u cpaBt. [16] mapamerpure
Ha pa3TBopa — HayainHo pH, lloHHa cuna U Tem-
nepatypa MMaTr 3HauMTeNneH e(eKkT BBpXy cTe-
NIEHTa Ha Pa3TBapsHE Ha MMIUIAHTHUPAHHUSA MaTe-
puan. MoHHaTa KOHIEHTpALMS, a CIIeI0BATENHO
u pH, ce mpomeHsT ¢ BpeMeTo U TOBa, OT CBOS
CTpaHa, BJIMsAE BbPXY CKOPOCTTa Ha pa3TBapsHe.
Axo pH HapacTHe Haj KPUTHYHHUTE 32 KIETKUTE
CTOWHOCTH, ce HabIIt0/1aBa IUTOTOKCUYIHOCT.

3a m3crmenBane pastBopuMocTTa Ha BG BBB
BpB3Ka € TecTa 3a in Vitro OMOaKTHBHOCT, IOBE-
YETO aBTOPH M3IMOI3BAT TPH BH/IA PA3TBOPHU:

1) Tris-Oydep, KOHTO € OOMKHOBEH OpraHu-
ueH Oydep.

2) pastBop Ha SBF, koiito daxkruuecku npen-
crapnsiBa Tris-Oydep, chabpkam HOHH B KOH-
LEHTpaLuy OJM3KK A0 TE3W Ha YOBEIIKAaTa KPbB-
Ha IJ1a3Mma.

3) a-MEM u D-MEM, KouTO Tpe/CTaBIsBaT
XPaHUTENHN CPEO ChIAbPXKAIIN, KaKTO Heopra-

HUYHUTC, TaKa U OPraHMYHHUTC KOMIIOHCHTU Ha
KpBbBHATA IJ1a3Ma.

B Tris-0ydeprure pa3zrBopu orcherBar Ca u
P, Taka ue HA cioii ce oOpa3yBa camo mocpenc-
tBoM Ca u P HoHH, 0cBOOOIEHN OT CHOTBETHHUS
matepuan. B SBF umu PBS (Phosphate-buffered
saline) pasztBopm, oTnaraHe-To Ha HA crnoii ce
YCKOpsIBa, MOPagd TOJNEMHAT OpOW KallHUeBH H
thocdarau itonu B Tax. [Ipn m3non3sane Ha Te3H
pasTBOpH 3a in Vitro OMOaKTHUBHOCT TPSOBa 1a ce
OYaKBa, ue B JIaJIcH MOMEHT Pa3TBapSHETO 1Ie ce
MpeyCcTaHOBU. buomonekynmuTe B pa3TBOPUTE
CBINO BIWSIST BHPXY IOBEACHUETO HA pazTBapsi-
He. ICP-AES (Inductively coupled plasma
atomic emission spectroscopy) U3CJIeIBaHUs I10-
Ka3BaT, Y€ pa3TBapsSHETO Ha CTHKIIO C O3HAUYCHUE
58S BG e mo-6aBHO B KyJITypaJiHa Cpejia, OTKOJI-
KoTO B pa3tBop Ha SBF, mopaau npucscTBHeTO
Ha CEpyMHH OeNnThIU. Te3n MONOKUTEIHO 3ape-
JIeHN OeNThIM MOraT Ja ce afcopOupar 1o Imo-
BbpXHOCTTa Ha BG W Ja MOTHUCHAT pa3TBOPH-
MocTTa My. ToBa ecTecTBEHO IMOCTaBs OTPaHH-
YEeHWsI, KaTO C€ MMa B MPEIBU/I, Y€ TE3U MaTepH-
aJy ca MpeaHa3HadeHH 3a Ipujiarage in vivo [6].
IIpoBenenn ca MHOTOOPOIHU in Vitro M3cienBa-
Hus 3a OnoaktuBHOCT Ha SGBG, npunamiexanu
KpM pasznuaau cuctemu karo CaO-P,05-Si0,,
Ca0-MgO-P,05-Si0, u Ca0O-Si0,. Te nokassar,
4ye MPEeCcTOSIBAHETO Ha CTHhKJIATa B Pa3TBOPH Ha
SBF, Boau g0 moBumaBaHe Ha pH u oTTam Ha
KoHIeHTparmsaTa Ha Ca™’, opajy YacTHUHO pas-
TBapsiHE Ha 30JI-F€THOTO CTHKJO. Te3n mpoMeHu
BIMSIAT KakTO Ha CKOPOCTTa Ha oOpa3yBaHe Ha
arnaTUTHUS CJIOM, Taka U Ha B3aUMOJIEHCTBHUETO
Ha TpaHMIATa MEXJy TBbpJaTa W TeuHara (asa
[20].
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Tect Ha T. Kokubo 3a in vitro 6moakTuBHOCT

[Ipu To3m TecT ce u3nonsBa pa3tBop Ha SBF
KaTo cpelia 3a OLIEHKA Ha in Vitro OMOaKTUBHOCT-
ta Ha BG u kepamuku. ITposexna ce mpu 37 °C B
CTaTHYHY WU B AWHAMUYHH ycloBHs. Te ompe-
JeNsT CTEeNeHTa Ha OCBOOOXK-IaBaHE Ha HOHUTE
OT MaTepuaja u nmopumasaHeTo pH Ha pa3TBOpa.
[loBedeTro ekcmepuMeHTH C€ TPOBEKIAT IPH
CTaTHMYHM YCJIOBHS, KOETO O3HayaBa, 4€ pa3TBO-
pPBT, HE ce MOoAMEHS Mo Bpeme Ha Tecta. [lpu au-
HAMUYHM YCIIOBUS, Pa3TBOPHT IMEPHOIMYHO Ce
nmoaMeHss win oboratsaBa. ChIECTBYBaT U TOJ-
XOJIY, TIPY KOUTO TOM IUPKYJIUpa HEMPEKBHCHATO,
KaTo OCUTYpsiBa BHHArWl MPECEH Pa3TBOp, B3au-
MOJICHCTBAI C MOBBPXHOCTTA HAa W3CIICABAHUI
MaTepuai Mo BpeMe Ha TecTa. TpyAaHO e Ja ce
KaXke, KO OT eKCIepu-MEHTAITHUTE METOIU Haii-
TOYHO OW CHUMyNHpan TPOIECUTE B YOBEIIKHUS
Opranu3bM. B N1€MCTBU-TETHOCT TEIECHUTE TEY-
HOCTH HUPKYJIUpAT B TAJIOTO, KaTO BJIM3aT B KOH-
TaKT ¢ HapaHeHaTa ThKaH. He3aBuCHMO OT TOBa,
poisiTa Ha MUPKYyIAUATa HE € HUTO NeduHUpa-
Ha, HUTO MH3Yy4YC€HA HAI'bJIHO. HanynaHI/ITe u
0000mIeHn JTocera eKCIIepUMEHTAITHN Pe3yITaTh
MOKAa3BaT, 4€ MPH CTATUYHHUS METOI Pa3TBOPHT
Hal-0BP30 ce HAcHIA ¢ OCBOOOJCHH HOHHU, KOU-
TO 00pasyBaT mo-0up30 yraeH HA cioii, kato pH
CTOWHOCTTA Ha pa3TBOpa MPHU TE3U YCIOBHUSA € TIO-
BHUCOKa B CPABHCHHUEC C ATMHAMUYHUA MTOAXOMI.

®opmupane Ha HCA. Mopnes na Hench.

[Ipu B3ammogeiictBue Ha BG ¢ BomeH pasT-
BOp, C MOBBPXHOCTTa My HACTBIIBAT XUMHUYECKH
U CTPYKTYPHU NPOMEHH, KOUTO ca (YHKLHUS OT
Bpemero. ObpazyBanero nHa HCA Bepxy BG un
0CBOGOX/IABAHETO OT TAX Ha Pa3TBOpUMH Si' 1
Ca’’ {ioHM KbM OKOIHHTE THKAHH, Ca KIIOUOBH
(daktopu 3a 0bp30TO CBBp3BaHe Ha BG ¢ Thka-
HUTE ¥ CTUMYJIMpaHE pacTeka Ha HOBa ThKaH.

W3BecTHu ca 11 erama B mpoueca Ha IbJ-
HO cBbp3BaHe Ha BG ¢ kocrra. Etamu 1 - 5 ca
XMMHUYECKH peaknuu, a eranu 6 - 11 ca Guono-
THYeH OTIOBOP:

1) bup3 obmen Ha Na’ u Ca®’ ot cThKIIOTO C
H" umu H;0" ot pastBopa (audys3us KOHTPOJIH-
paHa CbC 3aBUCHMOCTTA t,). ToBa BOIW O XU-
pOJM3 Ha CWIMKATHUTE TPYINH, KOETO Ch3JaBa
CHJIAHOJIM, KaKTO CJIe/IBa OT OCOYCHUTE XHUMHUY-
HU pEaKIH:
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Si—ONa'+ H + HO

Si—OH + Na* (solution)+HO"

Si—O0Ca,"0—Si +2H" + 2HO"

— > 2Si—OH + Ca®" (solution) + HO"

pH Ha pa3TBOpa ce yBenmmdaBa B pe3yiTar Ha
3amsiHata Ha H' HOHU OT pa3TBOpa ¢ KATHOHH OT
CTBKJIOTO.

2) 3aMsHaTa Ha KaTHOHH MOBHIIIABA KOHIICH-
Tparmsaita Ha OH™ B pasTBOpa, KOETO BOAW /O
aTaka Ha CWJIMKaTHAaTa MpeXa Ha CTBKIOTO. T
ce pa3TBaps, Karo OT Hesl ce OTACNS CHIMIHNA
nmox ¢opmara Ha Si(OH)4 1 mocTHIBa B pa3TBoO-
pa. ToBa e pesynrar ot paskbcBaneTo Ha Si-O-Si
BPB3KUTE U MPOIBIIKABAIIOTO 00pa3yBaHe Ha Si-
OH (cumaHoNHHW) TPyNU IO TMOBBPXHOCTTA Ha
CTBKIIOTO.

Si—0—S8i +H,0 ——» Si—OH + HO—Si

To3u eTan 0OMKHOBEHO CE KOHTPOJIMPA OT MEXK-
nydaszoBara peakiusi.
3) Komnmenzamuss w permonuMepusanus Ha
Si0,-60rartus ciioii Ha TOBLPXHOCTTA!

O O
'O—éi—OH + HO—‘Si—O‘
o o

O O
“H,0 "O0—Si—O0—Si—O°
O O

4) Murparus Ha Ca’'n PO,” rpynu kbM 1o-
BbpXHOCTTA mpe3 Ooratusi Ha SiO, cnoi. Han
Hero ce popmupa amopden ¢puim Gorar Ha Ca®”
u PO,’ loHH, KOIMTO HAPACTBA C BKIIOYBAHETO HA
pa3TBopeH Kannui ¥ Gocop ot pa3TBopa.

5) Kpucranuzanus Ha aMOpQHHS KaIIHEBO-
docharen ¢uam upe3 BkitouBaHe Ha OH u
CO,” anifoHH OT pa3TBOpa 3a (OpMHpaHe Ha
cmecenust HCA croit.

6) AncopOumst U gecopOIus Ha OMOJOTHYHU
pactexxau ¢akropu mo HCA-ciaos akTuBHpamiu
IuQepeHInanyaTa Ha CTBOJIOBH KIIETKH.

7) HeiictBue Ha Makpodarure 3a OTCTpaHs-
BaHE Ha OCTaThIM OT CHJIMKATHATA Mpexa, Mo3-
BOJISIBAMKM Ha KJIETKH JIa 3aeMaT MPOCTPAHCTBO-
TO.

8) CBbp3BaHE HA CTBOJIOBH KIJIETKH 110 OMOaK-
TUBHATa TIOBBPXHOCT.

9) udepeHnmanys Ha CTBOJIOBU KIETKH U
(dhopMupane Ha KOCT-00pa3yBaiy KIETKU (OCTe-
obmnactn).



10) I'enepupane Ha HW3BBHKICTHYHATA MaT-
puIia oT octeo0acTuTe U 00pa3yBaHe Ha KOCTHA
Maca.

11) Kpucranuzanus Ha HEOPTaHUYHOTO Kal-
ueBoochaTHO MEKAYKIETHYHO BEIIECTBO H
3aTBapsHE HAa KOCTHHUTE KJIETKH B XHUBaTa KOM-
MO3HUTHA CTPYKTYpa.

CBbp3BaHeTO Ha OWOAKTHBHHS HMMIDIAHTECH
MaTepual ¢ KOCTTa ce AbJKHA Ha ChbOTBETCTBHETO
MEXIy HeopraHuyHa U 4YacT W HapacTBalIHs
HCA cnoit. B MekuTe TbKaHU KOJAreHOBUTE
¢ubprm ca XeMHCOpPOUpPaHU BHPXY MOPHO3HUS
SiO,-0orar cioii 4pe3 eNeKTPOCTATUYHY, HOHHH
u/unu BojopoAHu Bpb3ku, a HCA ce yrasBa u
KpUCTAIM3Mpa BBPXY KOJAr€HOBUTE BIAKHA H
MOBBPXHOCTTA Ha CTHKIOTO. PeaknimoHHn eramu
1) u 2) ca otroBopHHM 3a pa3rBapsHeTo Ha BG u
CJIETOBATEITHO TOBIHUSBAT 3HAYMUTEIIHO CKOPOCT-
Ta Ha oOpaszyBane Ha HCA. MHoro u3cienBanus
ca ToKa3anmM, 4e M3BIMYaHeTo Ha Sit u Na™ oT
BG, mppBOHaYanHO mpoTHya OBp30 M UMa mapa-
OomdeH BHUJ A0 MIECTHS 4Yac, CJIE]] TOBa peaKIu-
aTa ce CTa0WIM3Mpa, ClIeIBaliKu JIMHEHHA 3aBH-
CHUMOCT OT BpeMeTO. 3a OMOaKTHUBHUTE CTHKIIA H
KepaMUKH € HeoOxomumo ga ObJe OCHTypeH
KOHTPOJI BBPXY CKOPOCTTa WM Ha pasTBapsHe.
Marepuanu ¢ HUCKa pa3TBOPUMOCT C€ CHHTE3U-
par, Korato ce U3HCKBa Te J]a UMAT AbIbI KUBOT.
bep3o pasteapsmm ce BG u BGC, xato 45S5
Bioglass”, ce M3mom3BaT 3a BH3CTAHOBSIBAHE HA
HE-HOCCIIM KOCTHH ThKaHW, HAIpPUMEP MPH pe-
TeHeparus clie/l 3ajaraHe Ha 3b0HM WMIUIAHTH.
C pazbupaHe Ha (axTOpHTEe, BIHUSEIIH BBHPXY
pa3TBOPUMOCTTa U OMOAKTHBHOCTTA, € BB3MOXK-
HO J1a ce Pa3padoTAT HOBH MaTepHaNH C TIpe/Ba-
pUTENHO 3aa1eHa pe3opoius [16].

Cb31aBaHETO M THPCEHETO HAa HOBU MaTepua-
JIM € JIBIXKEHO U OT (hakTa, Y€ UMIUIAHTHUTE MO-
raT Ja Mpean3BUKAT peaulla Hexxenanu epekT B
opraHu3zMa Karo: Hecrenu(uyHa MIpPOTEHHOBA
ajicopOmusi, KIEThYHO B3aUMOJICHCTBHE, KPHBO-
ChCHpBaHe, aKTHBHPAHE CHCTEMaTa Ha KOMILIe-
MeHTa[21]. OcBeH TOBa, akO MaTepUAIIbT € TOK-
CHYEH WU OWOJIOTMYHO HEaKTHBEH, OKOJHUTE
THKaHW HEKPOTH3UpaT wiu ce dopmupa Guodpo-
3€H cJoi [2].
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BB3MOXHO € CHIMKaTHH MaTepuald C MHK-
poronorpadusi, 1a MPETHPIAT UMYHHO OTXBBP-
JISTHE, TOKaTO MaTepHUaii ¢ HaHO-pa3MEepHHU NOpHU
[0 MOBBPXHOCTTA CH, HE MPEIU3BUKBAT UMYHEH
oTroBop [22].

Haii-gecto, mopaau omepaTWBHH WHGEKITHH,
OnomarepualuTe HEe MOTaT Ja ce WHTErpupar
ThKaHUTE, KOETO Hajara ChbBMECTHOTO UM TIpH-
Jarafe ¢ aHTHOWOTHITM KaToO TETpamuKiIuH [23]
u ratuaokcanut [24].

MzBecten e xommo3ut mexay MDBG cbe
cbeeraB 45510,-21.2Ca0-26Na,0-7.8P,05 (wt%)
1 XWUTO3aH KaTo JIEKapCTBO-JOCTaBAlla CHCTEMaA
pu octeoMuenuT [24]. Bernpeku ToBa, M3MON3-
BaHETO Ha AaHTUOWOTHIIM € CBBHP3aHO C HAKOU
HETaTHBHU MOCTIEUITH, criopen [25].

Buosoruyes oTroBop cnpsiMo HOHHUTE MPO-
AYKTH NPH Pa3TBapsiHeTO Ha OHOAKTHBHM
CTBKJIA

B nutepatypen npernen A. Hoppe u cbaBrT.
[12] cvOupar u pasriexngar noapodHo uHOp-
MalusATa OTHOCHO CTHMYyJHpaiuTe e(eKTH Ha
HEOpraHNYHHUTE OMOMAaTEepHAId BHPXY OCTEO- M
aHTMoreHe3aTa. Te TOCTaBiT yAapeHHe BBPXY
CHelU(pUIHUTE OHOJOTMYHM U TEPaIeBTUYHH
edeKTH, IpeIU3BUKaHU OT HOHUTE OTICIICHH MTPU
pa3TBapsSHETO Ha TE3HM MaTepPHAIIN.

Ha ¢mrypa 1. cxematnyHo € mperncTaBeHa
B3aMMOBpB3KaTa MeXIy ocBoOomeHute oT BG
HOHHM, B TIpolleca HAa HETOBOTO pa3TBapsiHE W
edekTure, KOUTO Te OMXa MOTJIH J1a TIPETU3BHKAT
KaTo OTTOBOP OT CTpaHa Ha OpraHu3Ma.

A. Hoppe ¥ CbaBT. IUCKYTHPAT OHOJIOTHYHA-
Ta MpOsBa HA JOTHPAHU W HE-IOTHUPAHU, CHIIH-
katiu BG, crekiiokepamuku, ¢ochatan BG,
CHIIbpXKAIM PA3IMYHA METAIHU OKCHIU U JpY-
T'H, CIeNU(UYHN KaJIIMeBH ¥ CHIMKATHH ChEIU-
HeHus. B pesynTar Ha pasrienaHuTe JUTEpaTyp-
HU JIaHHU, aBTOpUTE O0OOIIABAT JAMPEKTHU H
WHIMPEKTHA METO/M, MPWJIATaHW 3a OICHKa Ha
KJIETBYHUSI OTTOBOP KbM pasrpajuMHUTe B Opra-
HU3Ma OnomartepHuaiy, KakTo € MoKa3aHo Ha ¢u-
rypa 2.
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Yogemrkata KOCT € AWHAMHUYHA, BUCOKO Bac-
KyJlapu3upaHa ThKaH, cliocoOHa Jla ce peMoJe-
JUpa Mpe3 Ieus KUBOT 4Ype3 peryimpaHa ak-
TUBHOCT Ha KOCT-(DOpMHUpAIIUTE KICTKU (OCTe-
0071acTH) M KOCT-pe30opOupamuTe KISTKH (ocTe-
OKJIACTH).

KonTtponsT npu koctoobpasyBanero (ocudu-
KarusaTa) W pe3opOImsATa Ha KOCTHA THKaH,
T.Hap. KOCTHO DPEMOJEIHpaHe, CE OCHIIECTBSIBA
4ype3 pa3sHOOOpa3HH CUCTEMHHU W JIOKAIHU Pery-
JATOPHHU arcHTH, BKJIFOYHUTEIHO PACTEXKHU (hak-
TOpPHY, XOPMOHH M CTPECOBH 33 KOCTTA JECHCTBUSI.
B nmombnHeHMe, OTHETHU HEOPTaHUYHU HOHU
kato Si, Ca u P, ca BbBIIEUEHHN B KOCTHHUS METa-
007M3BM, THI KaTO aKTUBUPAT OMPE/IEICHN TeHH
1 UTpasT QU3NOJIOTHYHA POJIS MIPH aHTHOTeHe3a-
Ta, pacTeXXa W MHUHEpAIM3alMATAa Ha KOCTHATa
TBKad [6, 9].

HopMmanHo B 9OBEMIKOTO TSIIO MPUCHCTBAT
Makpoenementu karo Ca, P, Na, Cl, K u T.H.
(>100 mg/dL) n muxpoenementn karo Cu, Fe,
Zn, S, Mg, Cr, Sr u 1.H (<100 mg/dL). Te3u

€JIEMEHTH C¢ OTKPUBAT W KaTO KOMITOHEHTH Ha
BG, HO konmuyecTBaTa MM, OCBOOOJKIaBaIllk CE
IpH in vivo pa3TBapsiHe, TpsOBa Aa ca JTUMHUTH-
paHu, 3a J1a He JOCTHraT TOKCUYHH 32 KJICTKHTE
HHBA.

Wonn karo S, Mg®", Zn*", Fe’", B u Co*"
MPUCHCTBAT B HE3HAUUTEIHU KOJUYECTBA B 4YO-
BEIIKOTO TSJIO, HO T€ BJIIM3aT B ChCTaBa Ha 30JI-
TeTHU MaTepHalid, Thi KaTo IMMOBHINABAT TSIXHATA
OMOAKTUBHOCT M TPHUTEKABaT aHa0oOJCH e(ekT
BbPXY (PU3UOJOTHYHU TIPOIECH KATO KOCTHHS
METaOO0IN3bM.

B cbcraBa Ha BG pasnuuHu OKCHUAM KaTo
SiOQ, }3203, P205, ZnO, CuO, AgzO, CI‘Oz, TiOZ’
AL Os;, KOUTO OCHTYPAT CHENM(HIHU CBOKHCTBA
Wi moxoOpsBaT chIIecTByBamu. Harmpumep,
aHTI/I6aKTepI/IaIIHI/I, MEXaHUYHU CBOI\/'ICTBa nu I[p.

[7-10].

Ta6auna 2. naBa KpaTka IpejacraBa 3a Ouo-
JIOTUYHUA OTIrOBOp KBbM OTACIHU HCOPraHUuYHU
HOHU.

Ta6auna. 2. Edexktn Ha fioHUTE HAa HAKOW €TIEMEHTH, ChCTABSIIN OMOAKTBHU CTHKJIA M KEPAMHUKH,
BBPXY YOBELIKHUS KOCTEH MeTabO0JIN3bM U aHMOTeHe3a.

Hon

Buoaoruyen otroBop in vitro / in vivo

Jluteparypa

- OCHOBEH 32 METa0OJINTHUTE TIPOIIECU
- (hopmupane U KanudUKaLnus Ha KOCTHATa ThKaH

[26, 27]

- bone mineral density)

- Si moBumaBa ITFTHOCTTA MPU KOCTHAaTa MuHepanu3anus (BMD

[28]

- B TeYHOCTH Si mpenn3BUKBa yTasBane Ha HA

[29]

- Si(OH), cTumynupa GpopMupaHeTo Ha KojiareH Twit |
- IpeJIN3BUKBa ocTeo0IacTHa AudepeHraus

[30]

- B cbcTaBa HAa BG CJIY?KH KaTO CpEACTBO 3a KOCTHOTO CBBbP3BAHC,
a pa3sTBOPCHUAT KaJ'ILII/Iﬁ € HCO6XO,I[I/IM 34 CTUMYJIMPpAHC HA KIICTKU-
T€ KbM M3rpaXJaHe€ Ha HOBA KOCTHA ThbKaH

[31]

- mojromara ocreo0acTHaTa npoudepaus, TudpepeHuanus u
MHUHEpaau3alys Ha u3BbHKIEThYHMA MaTpukc (ECM)

[32]

Ca

KHN

- akTuBHpa Ca-4yyBCTBUTENHHU PELETITOPH B OCTEOOIACTHUTE KIIET-

- TIOBHMILIABA EKCIIpecUsATa Ha pacTexXHu akropwu, B T.4. IGF-I nunn
IGF-II (insulin like growth factor ), kouTo nocpeaHnYaT 3a NOBU-
I1aBaHe Ha ocTeobyracTHaTa mponudeparys

[33, 34]

P

- cTUMyIUpa ekcripecusita Ha MatpuieH Gla-nporenn (MGP),
KOMTO € Kir0u0B (hakTop Mpu 00pa3yBaHETO Ha KOCTHATA ThKaH

[35]

3a MeTamHUTe HOHU, KOUTO MPUCHCTBAT B Hil-
kou BQG, Hal-00II0 MOXXE Ja ce Ka)Ke, 4e Te
JefcTBaT KaTo eH3uMHH Ko-¢aktopu. [lo Tasm
NPUYHHA, TTOBIHUIBAT CUTHAHU MBTUIIA U CTHU-
MYJIHpaT METa0OJIUTHU e(EeKTH, HACTHIIBAIIH IO
BpeMe Ha KocTooOpasysaneto [36, 37]. Tesu
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e(eKTH IPaBsIT METAJIHUTE HOHU aTPaKTUBHU 3a
M3MO0J3BaHE KATO TEPANEBTUYHH areHTH B Tbh-
KaHHOTO MH)XEHEPCTBO HAa MEKU U TBBPIU ThKa-
mu [12, 38].

OcBeH TOBa W3IJIECKIA, Y€ MPU JOTHPAHUTE C
pasznudHu MeTtanHu WoHu BG, ce HabmogaBa mo-




NnoOpsiBaHEe Ha OMOCHBMECTUMOCTTA W CTHMYJIH-
paHe Ha KieTbuHara mnponudepanus, KakTo e
MoKa3aHo mo-rope. Bwopeku ToBa, ca HeoOXo-
JTUMH TIO-TOJISIMO KOJIMYECTBO CKCIICPUMEHTAITHU
JIAHHU 32 OMOJIOTHYHUS OTTOBOP HAa ChOTBETHHUTE
KJIETKH KbM Momudunupanute BG, 3a ma ce mo-
Kake crieru(puIHaTa poisi Ha HOHUTE OT pas3TBO-
PCHHTE CHIUKATHA CUCTEMH B KOHTEKCTa Ha
KOCTHOTO ThKaHHO WH)KeHepCTBO [12].

3akiouenue

Ot mperieaa Ha TUTEPATYPHUTE JTAHHHA MOTAT
aa ce OoQOpMAT CIACTHHTE MO-BAXKHH 3aKJIOUe-
HUS:

1) PaztBapsinero Ha BG ce moBimsBa OT TeXHUS
ChCTaB, METOJA Ha MoJTydaBaHe, pH u cbcraBa Ha
pas3TBOpa 3a in Vitro U3NATBAaHE.

2) 3a w3nuTBaHE in Vitro OMOAaKTHBHOCTTA Ha
BG, Hali-mmpoko mpujiaraH MeToJ € TECThT Ha
T. Kokubo B pa3zrBop Ha SBF. 3a onpezaensue in
Vitro Ha KJIeThb4HUA OTTroBOp KbM BG u pazmuu-
HU JPYTH Pa3TBOPUMHU OHOMaTepualu, ce U3IoJl-
3BaT METOAM — AMPEKTHU U MHIUPEKTHH, B 3aBU-
CHUMOCT OT (opMaTa, B KOSITO € Ch3/IaJCH MaTe-
puaia 3a KOHKPETHO MPHIIOKEHUE.

3) CrlrecTByBa B3aMMOBP'B3Ka MEKIY 0CBOOO/IE-
Hute oT BG HoHH, B mpolieca Ha HETOBOTO pa3T-
BapsiHe W e(]eKTHTe, KOUTO Te Omxa MOTIHU Ja
MpeIM3BUKAT KaTO OTTOBOP OT CTpaHa Ha Opra-
HHU3Ma. Hopaan TOBaA, KOJIMYECTBOTO Ha BBBCIC-
HUTE B chcTaBa Ha BG momudukaropu, TpsioBa
Ia € JUMHUTUpPaHo. B mpoTuBeH ciyyaii, Hapen C
JKeJaHuTe e)eKTH B MSCTOTO Ha MPUIIOKEHHUE Ce
Ha0JII0/IaBaT U TOKCUYHU €(PEKTH.
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