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AGE AND GROWTH OF THE BLUE SHARK PRIONACE GLAUCA  
IN THE EASTERN ATLANTIC OCEAN 

 
T. Beraki, S. V. Shibaev, S. Yu. Gulyugin 

 
�<�H�A�J�:�K�L���B���J�H�K�L���K�B�G�?�C���:�D�M�E�U���<���<�H�K�L�H�Q�G�H�C���:�L�E�:�G�L�B�D�? 

 
�L. �;�_�j�Z�d�b�����K�� �<�����R�b�[�Z�_�\�����K�����X�����=�m�e�x�]�b�g 

 
 

In this study, 292 blue sharks Prionace glauca (Linnaeus, 1758) (from 151 to 
305 cm total length,���6�.) were collected off western Africa in the eastern central Atlantic 
Ocean between 1980 and 1982.  Vertebral sections of females specimens ranged from 
175 to 300 cm and males specimens ranged from 166 to 312 cm �6�. were processed and 
analyzed for age and growth parameters. Growth band pairs (translucent and opaque 
bands) were counted on the images photographed from the stained whole vertebrae us-
ing digital microscope called Digi Scope II. The band pairs after the birthmark were 
counted from 3 to 12 for males and from 4 to 13 for females. Growth parameters were 
derived using the Von Bertalanffy growth function (�8�$�)�() based on FISAT and solver 
solution Microsoft excel and Ford Wall-Ford. VBGF was that which best fit the data. 
Parameters derived from the combination of observed and back-calculated lengths,           
�-  = 0.1, �.�¶  = 386.4 cm and �P�4 � ���í�����������\�H�D�U���I�R�U���P�D�O�H�V���D�Q�G���-  = 0.12 year -1, �.�¶ = 355 cm 
and �P�4 = �±1.02 year for females were considered to best describe growth. The longevity 
was estimated to be at least 23.7 and 28.3 years for females and males respectively. The 
natural mortality rate was estimated to be 0.15 year - 1 and 0.18 year -1 for males and fe-
males respectively.  

 Prionace glauca, Eastern Atlantic, Longevit  age and growth, von Beralanffy 
paramenters 

 
 
�I�j�h�\�_�^�_�g�h���b�k�k�e�_�^�h�\�Z�g�b�_���\�h�a�j�Z�k�l�Z���b���j�h�k�l�Z���\�u�[�h�j�d�b���b�a��292 �w�d�a�����k�b�g�_�c �Z�d�m�e�u 

Prionace glauca (Linnaeus, 1758) �^�e�b�g�h�c (�6�.) �h�l�� �������� �^�h�� �������� �k�f���� �h�l�e�h�\�e�_�g�g�u�o�� �\ 
�P�_�g�l�j�Z�e�v�g�h�c���q�Z�k�l�b���:�l�e�Z�g�l�b�q�_�k�d�h�]�h���h�d�_�Z�g�Z���\���j�Z�c�h�g�_���A�Z�i�Z�^�g�h�c���:�n�j�b�d�b���\���i�_�j�b�h�^���k��
1980 �i�h�� ��������-�_ �]�h�^�u���� �<�h�a�j�Z�k�l�� �h�i�j�_�^�_�e�_�g�� �i�h�� �i�h�a�\�h�g�d�Z�f���� �I�Z�j�u�� �i�h�e�h�k�� �j�h�k�l�Z�� ���i�h�e�m��
�i�j�h�a�j�Z�q�g�u�_�� �b�� �g�_�i�j�h�a�j�Z�q�g�u�_�� �i�h�e�h�k�u���� �i�h�^�k�q�b�l�u�\�Z�e�b�� �g�Z�� �b�a�h�[�j�Z�`�_�g�b�y�o���� �k�n�h�l�h�]�j�Z��
�n�b�j�h�\�Z�g�g�u�o�� �k�� �h�d�j�Z�r�_�g�g�u�o�� �p�_�e�u�o�� �i�h�a�\�h�g�d�h�\���� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �p�b�n�j�h�\�h�]�h�� �f�b�d��
�j�h�k�d�h�i�Z���'�L�J�L���6�F�R�S�H���,�,���� �D�h�e�b�q�_�k�l�\�h���i�h�e�h�k���d�h�e�_�[�Z�e�h�k�v �h�l�������^�h���������^�e�y���k�Z�f�p�h�\���b���h�l������
�^�h���������± �^�e�y���k�Z�f�h�d�����I�Z�j�Z�f�_�l�j�u���j�h�k�l�Z���n�m�g�d�p�b�b���n�h�g���;�_�j�l�Z�e�Z�g�n�b�����j�Z�k�k�q�b�l�u�\�Z�e�b�k�v���k��
�i�h�f�h�s�v�x���i�j�h�]�j�Z�f�f FISAT, �n�m�g�d�p�b�b �j�_�r�_�g�b�y���0�L�F�U�R�V�R�I�W���(�[�F�H�O���b���m�j�Z�\�g�_�g�b�y���N�h�j�^�Z��
- �M�h�e�N�h�j�^�Z����Ford �± Walford�����g�Z���h�k�g�h�\�_���g�Z�[�e�x�^�_�g�g�u�o���^�Z�g�g�u�o���b���h�[�j�Z�l�g�u�o���j�Z�k�q�b�k��
�e�_�g�b�c���� �I�h�e�m�q�_�g�u�� �k�e�_�^�m�x�s�b�_�� �q�b�k�e�h�\�u�_�� �a�g�Z�q�_�g�b�y:  �D= 0,1, �.�¶  � �� ������������ �k�f                 
�b�����������P�4 = �±�����������]�h�^�Z���^�e�y���k�Z�f�p�h�\���b���-  = 0,12, �.�¶  = ���������k�f���b���P�4 = �±�����������]�h�^�Z���^�e�y���k�Z�f�h�d����
�I�h���h�p�_�g�d�Z�f�����i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���`�b�a�g�b �Z�d�m�e�u�� �k�h�k�l�Z�\�e�y�_�l���g�_���f�_�g�_�_�������������b�������������]�h��
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�^�Z�� �^�e�y�� �k�Z�f�p�h�\ �b�� �k�Z�f�h�d�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �?�k�l�_�k�l�\�_�g�g�Z�y�� �k�f�_�j�l�g�h�k�l�v�� �h�p�_�g�_�g�Z�� �\�� ����������
�]�h� ̂-1 �b���������� �]�h� ̂-1 �^�e�y���k�Z�f�p�h�\���b���k�Z�f�h�d���j�u�[���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�3�U�L�R�Q�D�F�H�� �J�O�D�X�F�D���� �<�h�k�l�h�q�g�Z�y�� �:�l�e�Z�g�l�b�d�Z���� �f�Z�d�k�b�f�Z�e�v�g�u�c�� �\�h�a�j�Z�k�l  �b�� �j�h�k�l, 
�m�j�Z�\�g�_�g�b�_���;�_�j�l�Z�e�Z�g�n�b 

 
 

INTRODUCTION 
The blue shark is considered as one of the pelagic carcharhinid that is mainly 

distributed in the world's oceans of the tropical and temperate waters from latitudes of 
�D�E�R�X�W�������ƒ�1���W�R�������ƒ�6���D�Q�G���U�H�S�R�U�W�H�G���W�K�D�W���L�W���L�V���W�K�H���P�R�V�W���D�E�X�Q�G�D�Q�W���V�S�H�F�L�H�V���R�I���V�K�D�U�N���W�K�U�R�X�J�K�R�X�W��
its range of distribution [1]. In the history of cartilaginous fisheries, sharks have been 
targeted by local fishermen in small and locale scale [2]. Recently sharks have been 
considerably targeted by industrial fisheries as commercial species due to high price of 
the fin and expansion of the market for shark meat demand [3]. Blue sharks are consid-
ered the major catches accounting for landing which are mainly captured as by-catch in 
pelagic longlines which are targeting tunas (Thunnus spp) and swordfish (Xiphias 
gladius). Although commercial and recreational sectors in several countries harvest, fin, 
or discard blue sharks, comprehensive catch data are lacking.  In many countries, the 
meat of the blue shark is consumed fresh, smoked, or dried salted, its hides are used for 
leather, fins are marketed for shark fin soup, liver oil and fishmeal are produced           
as well [4]. 

The age and growth of blue shark has been well studied in the north Atlantic 
compared to the south Atlantic. Litvinov conducted different studies about blue shark in 
the eastern Atlantic Ocean. For example, such of his studies are two forms teeth in blue 
shark, rate of tooth replacement, on the role of Dense Aggregations of Males and Juve-
niles in the functional structure of the range of the blue shark [5�±7].  But the studies to 
generate information about the age and growth of reference blue shark are poor in south 
Atlantic especially in the Central eastern Atlantic and Southeast Atlantic. The objective 
of the current study is to enrich information about blue shark on estimating the age and 
growth of the species in eastern Atlantic Ocean.   

 
METHODS AND MATERIALS 

Vertebrae were brought from blue shark caught on Russian research cruises be-
tween 1980 and 1982 in Central Eastern Atlantic (Fig. 1). The samples were obtained 
from blue shark caught on the ship SRTM-8081 "Quant" cruise No.18 from 12.12.1980 
to 07.03.1981 in coordinates of 7�±32 0 N and 13�±29 0 W and on the vessel SRTM-8030 
"Specter" cruise No. 20, from 13.05 to 14.09.1982 with Coordinates 9 �ž���1���± 8 �ž���6������ �ž���(��
�±�����ž���:���L�Q���W�K�H���Z�D�W�H�U�V���R�I���W�K�H���&�H�Q�W�U�D�O-East Atlantic (Table 1).  The cruises were equipped 
with the fishing gears of longlines and trawls. But the Blue shark specimens for this cur-
rent study were collected from longline fishing gear.  

The vertebrae were cleaned and preserved in 10 % buffered formalin or 70 % 
ethanol and kept in the laboratory of Atlantic fisheries and Oceanography Research of 
Russian Federation (Kaliningrad, Russia). The fishing date, location, weight (kg), total 
length (�6�.) and fork length (�(�.) (cm) of the specimens were recorded to the nearest 
measurements, and the sex of each specimen was identified. 
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Fig. 1. Sampling site of blue shark in Central Eastern Atlantic Ocean 
�J�b�k�����������J�Z�c�h�g�u���k�[�h�j�Z���f�Z�l�_�j�b�Z�e�h�\���i�h���k�b�g�_�c���Z�d�m�e�_���\���P�_�g�l�j�Z�e�v�g�h�c���:�l�e�Z�g�l�b�d�_ 

 
AGE ESTIMATION 

The whole vertebral section was used to estimate the age of the blue shark. The 
vertebral face was stained with silver nitrate to enhance the visibility of the band pairs 
(opaque and translucent zones) which were counted to determine the age of the species  
(Fig. 2). The growth rings on vertebrae were described as band pairs of one opaque 
(calcified) and one translucent (less calcified) which were considered as one year. After 
staining with silver nitrate, the vertebral section was dried for some minutes then digi-
tally photographed with digital microscope known as Digi Scope II in the presence of 
sufficient light. Then the vertebrae were digitally enhanced using pain.net 4.1.1 before 
counting the band pairs to estimate age and t is very important to identify correctly the 
first and inner most bands. The innermost band was taken as birth mark and subsequent-
ly counting of the band pairs was started to determine the age of the blue shark. The 
band pairs were counted by two readers to assign age to each specimen. If differences 
resulted between the readers, the band pairs were recounted again until agreement 
reached. If agreement could not be reached at all, the vertebrae were discarded. 

 
Table 1. Collected data used for study of blue sharks growth 
�L�Z�[�e�b�p�Z���������H�[�t�_�f���f�Z�l�_�j�b�Z�e�h�\�����b�k�i�h�e�v�a�h�\�Z�g�g�u�o���^�e�y���b�a�m�q�_�g�b�y���j�h�k�l�Z���k�b�g�_�c���Z�d�m�e�u 

Month and year 
Female Male 

Total FAO Region 
n TL (cm) n TL (cm) 

1 2 3 4 5 6 7 
December, 1980 2 269�±278 75 171�±311 77 34 
January, 1981 3 151�±255 1 276 4 34 
February, 1981 2 207�±212 2 215�±305 4 34 
March, 1981  2 243�±250   2 34 
December, 1981 33 191�±265 14 166�±286 47 34 and 4 females from 37 

January, 1982 18 191�±280 3 209�±236 21 
Females from 34 and 

males from 37 
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�H�d�h�g�q�Z�g�b�_���l�Z�[�e������ 
1 2 3 4 5 6 7 

February, 1982   1 237 1 37 
May, 1982 5 218�±250 16 212�±311 21 34 
June, 1982 10 188�±267 26 202�±298 36 34 
July, 1982 29 203�±295 29 220�±303 58 34 
August, 1982 4 175�±305 8 199�±312 12 34 
September, 1982 2 225�±228 7 200�±241 9 34 
Total 110  182  292  
 

GROWTH PARAMETERS 
The standard dahl Lee direct proportions method was applied to determine back 

calculating previous length - at - age as the following formula [8]: 
 
    ���:�6�.�;�J 
L

�Í�Å�Û�Ë�á

�Ï�Ë
���á���������� (1) 

  
where (�6�.)n is the back-calculated length-at-age n, Rn is the vertebral radius at 

the time of the ring n, VR is the vertebral radius-at-capture, �6�. is the total length. 
The growth parameters were tried to estimate in linear regression  function (Ford 

Wall-Ford plot) and non-linear regression function by fitting to length at age data in 
FISAT software and by performing  minimization with the add -inn optimization tool 
(solver) of Microsoft Excel 2016 based on Von Bertalanffy growth functions (VBGF) 
as the following equation [9]. 

 
 �.�ç 
L �.�¶ 
k�s 
F �A�?�Ä�:�ç�?�ç�, �;
o��. (2) 
  

In Ford-Walford plot, the value of �.�¶  in and �-  are estimated by fitting the 
length of the fish at age(t) against the length of the fish at the next age (�.�ç�>�5) then the 
value of to is estimated based on VBGF as the following equation: 

 

�P�ç
L ���P 
E
�5

�Þ
�H�J�B�s 
F

�Å�ß��

�Å�®
�C����, (3) 

where t is the age of the blue shark at birth (�P�� 
L �r) and Lt is the length of blue 
shark at birth which is taken averagely 45 cm [10].  

In the Von Bertalanffy plot, the set of length at age were used as inputs to turn 
the FISAT software to estimate the growth parameters and to identify the growth curve 
that best fit a set of length - age. In the use of the Solver function in Microsoft Excel, 
the data were fitted by computing the minimum sum of squared residuals (SSR) taking 
into the account the non-linear nature of the tool by using the iterative approach. 

 
�5�5�4
L �� �Ã�:�.�ç
F �.�ç
á�;�6, (4) 
  

where �.�ç is the observed length at age (t) and �.�ç
á  is the length predicted              
at age (�P).  

Longevity was estimated directly from the oldest individual in the sample. How-
ever, this probably underestimates actual longevity because maximum age in a fished 



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

 

15 
 

population is likely to be lower than in an unfished population, and because the sample 
size was not large enough to include the oldest individuals in the population study. Lon-
gevity could be defined, as the time required attaining 95% of �.�¶  using the equation 
[11]. 

�P�à�Ô�ë
L �P�4 
E ��
�6�ä�=�:�:

�Þ
. (5) 

  
This equation can be used to determine life-span based on 99% of �.�¶  by substi-

tuting 0.99 for 0.95 in the above equation [12].  
 

�P�à�Ô�ë
L
�9�ß�á�6

�Þ
. (6) 

  
The natural mortality rate (�/ ) was estimated using equation which is based on 

the observed empirical relationship between M and the maximum age (longevity) in the 
population [13]. Hoenig examined this relationship in fishes, cetaceans and mollusks. 
He concluded a significant negative relationship between the maximum age (longevity) 
and natural mortality in fishes and described by the following equation:  

 
                  �.�J�/ 
L �s�ä�v�x
F �s�ä�r�s�:�H�J�P�à�Ô�ë�;,                     (7) 
  

where �P�à�Ô�ë the maximum age in the population, and �/  is the natural mortality 
rate. 
 

RESULT 
In this study, totally 182 males and 110 females collected in the eastern Atlantic 

Ocean were used for analysis of size relationship total length versus total weight and 
size distribution analysis. The size of the specimens ranged from 151 to 305 cm TL with 
average size 231.1 cm TL for females and from 166 to 312 cm TL with average size 
257.6 cm TL for males (Table 1 and Fig. 4). Out of these specimens, 70 specimens of 
females ranged from 175 to 300 cm and 57 specimens of males ranged from 166 to               
312 cm TL were processed for age and growth parameters analysis. The relationship 
between total length and total weight was analyzed separately for both sexes in this pre-
sent study  (Fig. 3). 

 
AGE ESTIMATION 

The growth band pairs were counted after the birth mark to estimate the age of 
the individuals in the specimens. The age estimates in the sampled male specimens 
ranged from 3 to 12 years and the age estimates in the female specimens ranged from 4 
to 13 years. The length of male specimens with 3 band pairs was 166 cm TL. The mean 
length of male specimens with 12 band pairs was 293 cm TL. Over 36% of the male 
blue shark specimens accounted 10 to 11 growth band pairs (Fig. 5). The mean length of 
female specimens with 4 growth band pairs was 190 cm TL while the mean length of 
female specimens with 13 growth band pairs was 297 cm TL. Almost half of the female 
specimens had 5 to 6 growth band pairs. 

In the size distribution 35.16% of male specimens were ranged from 257 to 276 
cm TL (14.29 % were from 257 to 266 and 20.88 % were from 267 to 276 cm TL) 
while over 60 % of female specimens ranged from 211 to 250 cm TL (Fig. 4). 
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Fig. 2. An example Digi Scope II  image of vertebral magnetified by paint 
�J�b�k�����������I�j�b�f�_�j���b�a�h�[�j�Z�`�_�g�b�y �h�d�j�Z�r�_�g�g�h�]�h���i�h�a�\�h�g�d�Z���\��Digi Scope II  

 
 

 
 

Fig. 3. Length�±weight relationship for blue shark 
�J�b�k. 3. �A�Z�\�b�k�b�f�h�k�l�v���^�e�b�g�Z�±�f�Z�k�k�Z �k�b�g�_�c���Z�d�m�e�u 
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Fig. 4. Length-frequency distribution of the blue shark in catches 
�J�b�k�����������J�Z�a�f�_�j�g�Z�y���k�l�j�m�d�l�m�j�Z���k�b�g�_�c �Z�d�m�e�u �\���m�e�h�\�Z�o 

 
 

 
 

Fig. 5. Age-frequency distribution of the blue shark in catches 
�J�b�k�����������<�h�a�j�Z�k�l�g�Z�y �k�l�j�m�d�l�m�j�Z���k�b�g�_�c �Z�d�m�e�u���\���m�e�h�\�Z�o 

 
 
The relationship between total length (�6�.) and centrum radius (�%�4) was linear 

for both sexes, females (slope = 2.2, intercept = 86.2, r2 = 0.52) and males (slope= 2.4, 
intercept= 88.7, r2 =0.67) (Fig. 6). 
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Fig. 6. Relationship between vertebral centrum radius and total length of blue shark 

�J�b�k�����������A�Z�\�b�k�b�f�h�k�l�v���f�_�`�^�m���j�Z�^�b�m�k�h�f���i�h�a�\�h�g�d�Z���b���^�e�b�g�h�c���k�b�g�_�c �Z�d�m�e�u 
 

GROWTH PARAMETERS 
The growth parameters were generated based on three ways namely back calcu-

lated length, observed length and back calculated length combined to observed length at 
age computed based on the Von Bertalanffy growth function (�8�$�)�(). The back calcu-
lated and observed lengths were combined as missing observed lengths for growth band 
pairs 0, 1, 2 in males and 0, 1, 2, 3 and 12 in females. The values of standard deviation 
in females for observed length per growth band pairs were less than those for back cal-
culated and back calculated combined to observed lengths per growth band pairs class 
and the values of standard deviation in male for back calculated combined to observed 
lengths higher than back calculated and observed lengths per growth band pairs show-
ing a variation in size for each growth band pair class. In both sexes, among the �8�$�)�( 
parameters obtained, observed lengths produced highest value of K and lowest value of 
�.�¶  compared to the values of back calculated lengths and back calculated combined to 
observed length ( Table 2). 

 
Table 2. Von Bertalanffy growth parameters of blue shark  
�L�Z�[�e�b�p�Z���������I�Z�j�Z�f�_�l�j�u���m�j�Z�\�g�_�g�b�y���;�_�j�l�Z�e�Z�g�n�b���k�b�g�_�c �Z�d�m�e�u 

Methods 
Female Male 

�G �.�¶  �P�4 �G �.�¶  �P�4 
Observed 347.62 0.11 �± 1.26 351.41 0.12 �± 1.14 
Back calculated 457.49 0.07 �± 1.48 430.47 0.08 �± 1.38 
Observed + back calculate 399.51 0.09 �± 1.33 415.77 0.09 �± 1.27 
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Table 3. Von Bertalanffy growth parameters generated from FISAT 
�L�Z�[�e�b�p�Z���������I�Z�j�Z�f�_�l�j�u���m�j�Z�\�g�_�g�b�y���;�_�j�l�Z�e�Z�g�n�b, �j�Z�k�k�q�b�l�Z�g�g�u�_���i�h��FISAT 

Parameters 
Male Female 

Observed Back 
calculated 

Observed + 
back calculate 

Observed Back 
calculated 

Observed + 
back calculate 

�.�¶  314.9 419.7 386.4 311.43 375 355 
�5�ä �A 26.3 10.3 19.6 27.44 64.6 22.36 
�%�ä �R 0.08 0.02 0.05 0.09 0.17 0.06 
�-  0.19 0.08 0.1 0.16 0.09 0.12 

�5�ä �A 0.07 0.004 0.01 0.05 0.03 0.02 
�%�ä �R 0.35 0.04 0.1 0.37 0.32 0.14 
�P�4 �±0.71 �±1.74 �±1.35 �±1.9 �± 1.06 �± 1.02 

�5�ä �A 1.05 0.065 0.16 1.5 0.47 0.24 
�%�ä �R �±1.47 �±0.04 �±0.12 �± 0.77 �± 0.44 �± 0.23 

Abbreviations: S.e = standard error and C.v = covariance of the estimates 
 
The growth parameter (�.�¶ , �-  and �P�4) were generated in �(�+�5�#�6 software by ana-

lyzing length at age in the three ways, observed, back calculated and observed com-
bined to back calculated length at age. Generally, the value of �.�¶  was higher in back 
calculated and less in observed length at age while the value of �-  was higher in ob-
served length at age and less in back calculated length at age.  But medium value of �-  
and �.�¶  were generated in observed combined to back calculated length at age. The val-
ues of standard error and covariance estimates less in observed length at age for male 
and in observed combined to back calculated length at age for female (Table 3). The 
growth curve of observed combined to back calculated length at age was considered 
best fit to the �8�$�)�( than the rest.  

In the solver tool of Microsoft excel, the value of �.�¶  was high in back calculated 
length for both males and females and the value of �-  was high in the observed com-
bined to back calculated length at age for females but the value of �-  is high in observed 
length for males. In males and females, the minimum value of �5�5�4 was recorded in 
back calculated length at age (Table 4). 
 
Table 4. Parameters of Von Bertalanffy equation calculated using Microsoft Excel 
Solver function 
�L�Z�[�e�b�p�Z�� ���� �I�Z�j�Z�f�_�l�j�u�� �j�h�k�l�Z�� �m�j�Z�\�g�_�g�b�y�� �;�_�j�l�Z�e�Z�g�n�b���� �j�Z�k�k�q�b�l�Z�g�g�u�_ �k�� �i�h�f�h�s�v�x��
Solver Microsoft Excel 

Method 
Female Male 

�.�¶  �-  �P�4 �5�5�4 �.�¶  �-  �P�4 �5�5�4 

Observed 344.14 0.11 �±3.35 39.58 320.14 0.18 �±0.93 445.72 
Back calculated 429.52 0.08 �±1.53 36.48 421.15 0.08 �±1.75 16.72 
Observed + back calculated 358.74 0.12 �±1.04 579.16 392.15 0.10 �±1.39 174.31 

 
The maximum observed age of this present study were 12 years for males and 

13 years for females. Longevity estimates were estimated to be 28.3 for males and 23.7 
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�\�H�D�U�V���I�R�U���I�H�P�D�O�H�V���I�R�O�O�R�Z�L�Q�J���7�D�\�O�R�U�¶�V�����������������Z�K�L�O�H�������������\�H�D�U�V���I�R�U���I�H�P�D�O�H�V���D�Q�G�������������\�H�D�U�V��
for ma�O�H�V���I�R�O�O�R�Z�L�Q�J���)�D�E�H�Q�V�¶�����������������P�H�W�K�R�G�V�����7�K�H���Q�D�W�X�U�D�O���P�R�U�W�D�O�L�W�\���R�I���P�D�O�H���D�Q�G���I�H�P�D�O�H��
blue shark estimated 0.15 and 0.18 in this current study using Hoenig's (1983) method. 

 

 
 

Fig. 7. Growth curves generated by different approaches for females of blue shark 
�J�b�k�� 7�����D�j�b�\�u�_���e�b�g�_�c�g�h�]�h���j�h�k�l�Z���k�Z�f�h�d �k�b�g�_�c �Z�d�m�e�u�����i�h�e�m�q�_�g�g�u�_���j�Z�a�e�b�q�g�u�f�b�� 

�k�i�h�k�h�[�Z�f�b 
 

 
 

 
Fig. 8. Growth curves generated by different approaches for males of blue shark 

�J�b�k�����������D�j�b�\�u�_ �e�b�g�_�c�g�h�]�h���j�h�k�l�Z���k�Z�f�p�h�\���k�b�g�_�c���Z�d�m�e�u, �i�h�e�m�q�_�g�g�u�_���j�Z�a�e�b�q�g�u�f�b��
�k�i�h�k�h�[�Z�f�b 
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Table 5. Parameters of blue shark growth calculated using published data 
�L�Z�[�e�b�p�Z ������ �I�Z�j�Z�f�_�l�j�u�� �j�h�k�l�Z �k�b�g�_�c�� �Z�d�m�e�u���� �j�Z�k�k�q�b�l�Z�g�g�u�_ �i�h�� �e�b�l�_�j�Z�l�m�j�g�u�f��            
�^�Z�g�g�u�f 

Authors Ocean vertebrae 
condition band visualization 

 
N 

me
asu
re 

se
x 

VBGF parame-
ters max  

age  �.�¶  �-  �P�4 
Aasen 
(1966) 

North Atlan-
tic 

whole 
centra 

silver nitrate stain-
ing 

 
268 TL C 394 0.13 �±0.8 8 

Stevens 
(1975) 

North Atlan-
tic 

whole 
centra and 
sections 

silver nitrate stain-
ing, 

transmitted polar-
ized light 

 

82 TL C 423 0.11 �±1 7 

Caillie 
etal 
(1983) North Pacific 

whole 
centra 

silver nitrate stain-
ing, X-ray 

 

130 TL 

C 265.5 0.22  

9 

 M 295.3 0.18 �±1.1 
 F 241.9 0.25 �±0.8 

Tanaka 
etal 
(1990) North pacific 

whole 
centra and 
sections 

Haematoxylon 
staining, 

silver staining 

 

195 TL 

M 369 0.1 �±1.4 7 
 

F 304 0.16 �±1 8 

Hender-
son etal 
(2001) 

Northeast 
Atlantic 

whole 
centra 

unstained silver 
nitrate stained and 

alizarin red S 
stained 

 

159 TL C 376.5 0.12 �±1.3 6 
Skomal 
and Na-
tanson 
(2003) 

North Atlan-
tic sections Reflected light 

 

411 FL 

C 285.4 0.17  

16 

 M 282.3 0.18 �±1.4 
 F 286.8 0.16 �±1.8 

Lessa etal 
(2004) 

western 
South Atlan-

tic sections Weight light 

 

236 TL C 352.1 0.16 �±1 12 

Blanco-
Parra etal. 
(2008) North pacific 

whole 
centra 

silver nitrate stain-
ing 

 184 TL C 303.4 0.1  16 
   M 299.9 0.1 �±2.4 16 
   F 237.5 0.15 -2.2 12 

Megalo-
fonou etal. 
(2009) 

Mediterrane-
an 

whole 
centra 

digital enhance-
ment, reflected 

light 

 

54 TL C 401.6 0.13 �±0.6 12 
Jolly etal. 
(2013) 

South Atlan-
tic Whole No staining, white 

 
197 TL C 311.6 0.12 �±1.7 16 

Joung etal 
(2017) 

eastern south 
Atlantic 

whole 
centra 

X- ray and digital 
photography en-

hancement 

 

742 TL C 352.1 0.13 �±1.3 15 
Present 
study 
  

central east-
ern Atlantic whole 

digitally photo-
graphed with digi-

tal microscope 

 

127 TL 

M 392.2 0.11 �±1.4 12 
 

F 358.7 0.12 �±1 13 
 

DISCUSSION 
In using the Von Bertalanffy growth function (�8�$�)�(), the FISAT software and 

solver tool of Microsoft excel were applied to estimate the growth parameters in nonlin-
ear regression function in this present study. The results from the back calculated and 



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

 

22 
 

observed combined to back calculated showed similar values of the growth parameters 
while results from �(�+�5�#�6 software produced higher values of growth parameters in ob-
served length at age data compared to the results obtained from solver tool of Microsoft 
excel. In comparing the result of the present study with the results of previous studies 
both the values of �-  and �.�¶  lie within the range of previous studies result [14�±23]. 

Several studies have been done based on the analysis of vertebrae to estimate the 
age and growth of blue sharks. The vertebrae of sharks are known not easy to be read 
due to poor contrast of the opaque and translucent growth bands [21, 24]. Age studies 
using whole vertebrae instead of sectioning is an easier and less expensive method, less 
time consuming as well as does not demand specific sectioning equipment. But several 
studies indicate that whole vertebrae tend to under estimate the age the older ones as the 
growth bands are not adequately visualized in the specimens. Because the growth bands 
get diffuse with increasing age of the sharks [25]. Silver nitrate and X-radiography 
methods were used to estimate the growth rate of the northeast Pacific blue shark using 
their vertebrae. It was figured out that both techniques produced clear growth zones but 
silver nitrate was preferred for the work [16]. In estimating the ages of blue sharks from 
the northeast Atlantic, they compared whole unstained vertebrae with whole vertebrae 
stained with silver nitrate and alizarin. However, they did not found differences in the 
age estimates obtained from the three techniques and they preferred analyzing of the 
whole unstained vertebrae under reflecting lightening as being most easy and conven-
ient method. In this present study similarly stained whole vertebrae were used.  In this 
technique, silver salts substitute the calcium salts in the calcified cartilage matrix of 
whole vertebrae that allows to count the growth bands in better visibility [22]. 

In this current study, validation of the age estimation was not carried out. How-
ever, other previous studies have validated the age of this species indicating an annual 
periodicity of growth band (opaque and translucent) deposition for blue shark [18,19, 
21, 26, 27]. The previous studies assumed that the growth band pairs are produced once 
a year with the first band being considered birth mark. The same assumptions were tak-
en to conduct this current study. 

In estimating growth parameters, the Ford Walford plot and the Von Bertan-
lanffy growth function were used in this current study.  Von Bertanlanffy growth func-
tion is mostly preferred as it is the most commonly and frequently used in fisheries bi-
ology in order to conduct fisheries stock assessment [28].  Based on the results it could 
be �V�X�J�J�H�V�W�H�G���W�K�D�W���W�K�H���Y�D�O�X�H���R�I���.���Z�D�V���V�P�D�O�O���D�Q�G���O�D�U�J�H���Y�D�O�X�H���R�I���/�’���L�Q���E�D�F�N���F�D�O�F�X�O�D�W�H�G���D�V��
the back calculated length were smaller than the actual lengths of specimens.  However, 
in combination of the observed length and back calculate length produced reasonable 
and comparable value of growth parameters with the previous results of studies. It 
would be suggested that sample size should be large to include the smaller size and 
larger sizes of species. Von Bertanlanffy growth function was preferred for estimating 
the growth parameters compared to the Ford-Walford plot. Because the Von Bertalanffy 
growth function provides more best fit growth curve than the Ford-Walford plot and the 
Von Bertalanffy growth function (�8�$�)�() is the most used in previous age and growth 
studies of blue shark that allows comparison with the results of current study.  

 
CONCLUSION 

Blue sharks are the most and frequent caught pelagic sharks in the Eastern At-
lantic Ocean. In recent years, the blue sharks have been targeted not only by the local 
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artisanal fisheries but also by industrial fisheries because of its importance and demand 
in fish market. The stock assessment and management for this blue shark is crucial for 
sustainable exploitation as sharks have slow growth rate, less fecundity and delay ma-
turity. The study of age and growth provide fundamental key for stock assessment and 
management. The age and growth of blue sharks have been well studied in North Atlan-
tic Ocean.  Most of the study reported growth rate from 0.11 to 0.25 per year and max-
imum of age 16 years. In the present study, the growth rate for males was 0.1 and 0.12 
per year for females while maximum age was estimated 12 and 13 years for males and 
females respectively. 
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�j�Z�a�j�Z�[�h�l�Z�g�Z���f�_�l�h�^�b�d�Z���� �i�h�a�\�h�e�y�x�s�Z�y���h�i�j�_�^�_�e�b�l�v���a�g�Z�q�_�g�b�y���^�Z�g�g�h�]�h�� �d�h�w�n�n�b�p�b�_�g�l�Z��
�k�� �l�h�q�g�h�k�l�v�x�� �[�h�e�_�_�� ���� %. �B�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�h�\�h�^�b�e�b�k�v�� �\�� �e�Z�[�h�j�Z�l�h�j�b�b�� �w�d�k�i�_�j�l�b�a�u��
�j�u�[�h�e�h�\�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �d�Z�n�_�^�j�u�� �i�j�h�f�u�r�e�_�g�g�h�]�h�� �j�u�[�h�e�h�\�k�l�\�Z�� �N�=�;�H�M�� �<�H��
�©�D�Z�e�b�g�b�g�]�j�Z�^�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���l�_�o�g�b�q�_�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�ª.  

�I�h�e�m�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u�� �[�u�e�b�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u�� �b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b��
�h�[�j�Z�[�h�l�Z�g�u�� �k�� �i�h�k�l�j�h�_�g�b�_�f�� �]�j�Z�n�b�q�_�k�d�b�o�� �a�Z�\�b�k�b�f�h�k�l�_�c�� �\�� �k�j�_�^�_��MathCad. 
�I�j�_�^�k�l�Z�\�e�_�g�g�u�_���a�Z�\�b�k�b�f�h�k�l�b���i�h�a�\�h�e�b�e�b���g�Z�]�e�y�^�g�h�� �h�l�k�e�_�^�b�l�v���b�a�f�_�g�_�g�b�y���a�g�Z�q�_�g�b�c 
�d�h�w�n�n�b�p�b�_�g�l�Z�� �I�m�Z�k�k�h�g�Z�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �g�Z�]�j�m�a�d�b�� �g�Z�� �f�Z�l�_�j�b�Z�e�� �B�k�k�e�_�^�h�\�Z�g�b�y��
�i�h�^�l�\�_�j�`�^�Z�x�l�� �\�e�b�y�g�b�_�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �I�m�Z�k�k�h�g�Z�� �g�Z�� �h�k�g�h�\�g�u�_�� �k�\�h�c�k�l�\�Z�� �b��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���h�j�m�^�b�y���i�j�h�f�u�r�e�_�g�g�h�]�h���j�u�[�h�e�h�\�k�l�\�Z�� 

�d�h�w�n�n�b�p�b�_�g�l�� �I�m�Z�k�k�h�g�Z���� �j�u�[�h�e�h�\�g�u�_�� �g�b�l�_�\�b�^�g�u�_�� �b�a�^�_�e�b�y���� �n�b�a�b�d�h-
�f�_�o�Z�g�b�q�_�k�d�b�_�� �k�\�h�c�k�l�\�Z���� �^�b�Z�f�_�l�j���� �m�^�e�b�g�_�g�b�_���� �i�j�h�q�g�h�k�l�v���� �w�d�k�i�_�j�b�f�_�g�l�u����
�a�Z�\�b�k�b�f�h�k�l�b�����f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y���h�[�j�Z�[�h�l�d�Z�����]�j�Z�n�b�d�b 

 
 
The present work is devoted to an experimental study of the determination of 

Poisson's ratio for fishing threadlike materials. Poisson's ratio for fishing threadlike 
products plays an important role, because with its help, it is possible to track the 
behavioral changes in the physical and mechanical properties of the material, which is 
under constant variable loads, which as a result affects the performance and efficiency 
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of the industrial fishing tool in the fishery. Studies on the determination of Poisson's 
ratio for many isotropic materials, such as metal, stone, glass, are well known and easily 
determined due to the structure of these materials. Anisotropic materials, which include 
filamentary fishing products, are very often unstable in their structure, which leads to 
both negative values of the coefficient and positive ones. 

Experiments to determine Poisson's ratio have been carried out on threadlike 
fishing twists used for the construction of commercial fishing tools, in particular on 
polyamide threads. A technique has been developed that allows you to determine the 
values of this coefficient with an accuracy of more than 90%. Experimental studies were 
carried out in the laboratory for the examination of fishing materials of the department 
of commercial fishing of FSEI HE "KSTU". 

The results of the obtained experiments have been analyzed and mathematically 
processed with the construction of graphical dependencies in the MathCad environment. 
The presented dependences made it possible to visually trace the behavior of the change 
in the value of Poisson's ratio depending on the change in the load on the material. The 
obtained material makes one think about the values of Poisson's ratio for fishing thread-
like products and its influence on the basic properties and characteristics of commercial 
fishing tools in general. 

Poisson's ratio, fishing threadlike products, physical and mechanical properties, 
diameter, elongation, strength, experiments, dependencies, mathematical processing, 
graphs 

 
 

�<�<�?�>�?�G�B�? 
�D�Z�d�� �b�a�\�_�k�l�g�h���� �h�j�m�^�b�y�� �i�j�h�f�u�r�e�_�g�g�h�]�h�� �j�u�[�h�e�h�\�k�l�\�Z�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c��

�k�e�h�`�g�u�_�� �d�h�g�k�l�j�m�d�p�b�b���� �k�h�k�l�h�y�s�b�_�� �b�a�� �j�Z�a�e�b�q�g�u�o�� �w�e�_�f�_�g�l�h�\���� �M�k�l�j�h�c�k�l�\�h�� �h�j�m�^�b�y��
�e�h�\�Z �\���d�Z�d�h�c-�l�h���k�l�_�i�_�g�b���f�h�`�g�h���k�j�Z�\�g�b�l�v���k���`�b�e�h�c���i�h�k�l�j�h�c�d�h�c, �k�l�j�m�d�l�m�j�m���d�h�l�h�j�h�c��
�h�[�j�Z�a�m�x�l���[�_�l�h�g�g�u�c���n�m�g�^�Z�f�_�g�l�����`�_�e�_�a�h�[�_�l�h�g�g�u�_���i�_�j�_�d�j�u�l�b�y�����d�b�j�i�b�q�g�u�_ �k�l�_�g�u���b��
�d�j�u�r�Z���� �D�Z�`�^�Z�y�� �q�Z�k�l�v�� �d�h�g�k�l�j�m�d�p�b�b�� �^�h�e�`�g�Z�� �\�u�^�_�j�`�b�\�Z�l�v�� �h�i�j�_�^�_�e�_�g�g�u�_�� �a�Z�^�Z�g�g�u�_��
�g�Z�]�j�m�a�d�b [1]. �L�Z�d�� �b�� �h�j�m�^�b�x �i�j�h�f�u�r�e�_�g�g�h�]�h�� �j�u�[�h�e�h�\�k�l�\�Z�� �g�m�`�g�h�� �\�� �i�h�e�g�h�c�� �f�_�j�_��
�\�u�^�_�j�`�b�\�Z�l�v���\�g�_�r�g�b�_ �b���\�g�m�l�j�_�g�g�b�_���g�Z�]�j�m�`�_�g�b�y���� 

�H�j�m�^�b�_ �i�j�h�f�u�r�e�_�g�g�h�]�h �e�h�\�Z���� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k�� �^�h�f�h�f���� �^�h�i�h�e�g�b�l�_�e�v�g�h��
�b�f�_�_�l���h�^�g�h���a�g�Z�q�b�l�_�e�v�g�h�_���k�\�h�c�k�l�\�h�� �± �w�l�h���b�a�f�_�g�_�g�b�_���n�h�j�f���\�h���\�j�_�f�y���w�d�k�i�e�m�Z�l�Z�p�b�b����
�A�Z�� �k�q�_�l�� �g�Z�l�y�`�_�g�b�y�� �d�Z�g�Z�l�g�h-�\�_�j�_�\�h�q�g�u�o�� �w�e�_�f�_�g�l�h�\ �l�Z�d�_�e�Z�`�Z�� �b�� �h�k�g�Z�k�l�d�b 
�i�j�h�b�k�o�h�^�b�l���i�_�j�_�j�Z�k�i�j�_�^�_�e�_�g�b�_���g�Z�]�j�m�a�h�d �\���^�Z�g�g�u�o���w�e�_�f�_�g�l�Z�o�����q�l�h �\�e�_�q�_�l���a�Z���k�h�[�h�c 
�Z�k�b�f�f�_�l�j�b�q�g�h�k�l�v �n�h�j�f�u���h�j�m�^�b�y���e�h�\�Z��[2]. 

�<�_�j�g�m�\�r�b�k�v���d���k�j�Z�\�g�_�g�b�x���d�h�g�k�l�j�m�d�p�b�b���h�j�m�^�b�y���e�h�\�Z���k���^�h�f�h�f�����g�_�f�Z�e�h�\�Z�`�g�h��
�m�q�b�l�u�\�Z�l�v �i�j�h�q�g�h�k�l�v�� �w�e�_�f�_�g�l�h�\�� �b�� �b�a�f�_�g�_�g�b�_ �b�o�� �k�\�h�c�k�l�\�� �i�h�^�� �\�e�b�y�g�b�_�f�� �g�Z�]�j�m�a�h�d 
[3]. 
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�<�� �b�a�m�q�_�g�b�b�� �n�b�a�b�d�h-�f�_�o�Z�g�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �j�u�[�h�e�h�\�g�u�o�� �g�b�l�_�\�b�^�g�u�o��
�f�Z�l�_�j�b�Z�e�h�\���� �i�j�b�� �b�a�f�_�g�_�g�b�b�� �e�b�g�_�c�g�u�o�� �j�Z�a�f�_�j�h�\�� �i�h�^�� �\�e�b�y�g�b�_�f�� �j�Z�a�e�b�q�g�u�o��
�g�Z�]�j�m�a�h�d�����\�Z�`�g�Z�y �j�h�e�v���h�l�\�h�^�b�l�k�y���d�h�w�n�n�b�p�b�_�g�l�m���I�m�Z�k�k�h�g�Z�� 

�D�h�w�n�n�b�p�b�_�g�l�� �I�m�Z�k�k�h�g�Z�� ���—���� �± �w�l�h�� �n�b�a�b�q�_�k�d�Z�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �f�Z�l�_�j�b�Z�e�Z��
�m�i�j�m�]�h�]�h�� �l�_�e�Z���� �j�Z�\�g�Z�y �h�l�g�h�r�_�g�b�x�� �Z�[�k�h�e�x�l�g�u�o�� �a�g�Z�q�_�g�b�c�� �h�l�g�h�k�b�l�_�e�v�g�h�c��
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�i�h�i�_�j�_�q�g�h�c�� �^�_�n�h�j�f�Z�p�b�b�� �w�e�_�f�_�g�l�Z�� �l�_�e�Z�� �d�� �_�]�h�� �h�l�g�h�k�b�l�_�e�v�g�h�c�� �i�j�h�^�h�e�v�g�h�c��
�^�_�n�h�j�f�Z�p�b�b���������� 
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�]�^�_���O
Ã �± �^�e�b�g�Z���i�h�k�e�_���^�_�n�h�j�f�Z�p�b�b�� 
�I�j�b�� �j�Z�k�l�y�`�_�g�b�b�� �i�j�y�f�h�m�]�h�e�v�g�h�]�h�� �i�Z�j�Z�e�e�_�e�_�i�b�i�_�^�Z�� �\�� �g�Z�i�j�Z�\�e�_�g�b�b�� �h�k�b��y 

�b�f�_�x�l �f�_�k�l�h �\�^�h�e�v�� �w�l�h�c�� �h�k�b�� �m�^�e�b�g�_�g�b�_���� �Z�� �\�^�h�e�v�� �i�_�j�i�_�g�^�b�d�m�e�y�j�g�u�o�� �h�k�_�c x �b��z �± 
�k�`�Z�l�b�_�����l�� �_�� �k�m�`�_�g�b�_�� �_�]�h�� �i�h�i�_�j�_�q�g�h�]�h�� �k�_�q�_�g�b�y���� �>�e�y�� �b�a�h�l�j�h�i�g�h�]�h�� �l�_�e�Z�� �\�_�e�b�q�b�g�Z��
�d�h�w�n�n�b�p�b�_�g�l�Z �I�m�Z�k�k�h�g�Z�� �g�_�� �f�_�g�y�_�l�k�y�� �g�b�� �i�j�b�� �a�Z�f�_�g�_�� �j�Z�k�l�y�`�_�g�b�y�� �k�`�Z�l�b�_�f���� �g�b���i�j�b��
�i�_�j�_�f�_�g�_�� �h�k�_�c�� �^�_�n�h�j�f�Z�p�b�b���� �<�� �Z�g�b�a�h�l�j�h�i�g�u�o�� �l�_�e�Z�o�� �d�h�w�n�n�b�p�b�_�g�l�� �I�m�Z�k�k�h�g�Z��
�a�Z�\�b�k�b�l�� �h�l�� �g�Z�i�j�Z�\�e�_�g�b�y�� �h�k�_�c���� �l�Z�d�`�_ �h�g �\�f�_�k�l�_�� �k�� �h�^�g�b�f�� �b�a�� �f�h�^�m�e�_�c�� �m�i�j�m�]�h�k�l�b��
�h�i�j�_�^�_�e�y�_�l���\�k�_���m�i�j�m�]�b�_���k�\�h�c�k�l�\�Z���Z�g�b�a�h�l�j�h�i�g�h�]�h���l�_�e�Z��  

�D�h�w�n�n�b�p�b�_�g�l���I�m�Z�k�k�h�g�Z �l�Z�d�`�_���a�Z�\�b�k�b�l �h�l �f�Z�l�_�j�b�Z�e�Z���l�_�e�Z���b���y�\�e�y�_�l�k�y���h�^�g�h�c��
�b�a�� �\�Z�`�g�u�o�� �i�h�k�l�h�y�g�g�u�o���� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o�� �_�]�h�� �m�i�j�m�]�b�_�� �k�\�h�c�k�l�\�Z�� �G�_�� �h�[�y�a�Z�l�_�e�v�g�h��
�\�u�^�_�e�y�l�v�� �k�e�m�q�Z�b�� �\�� �d�h�l�h�j�u�o�� �^�_�c�k�l�\�m�x�l�� �k�b�e�u�� �g�Z�� �k�`�Z�l�b�_���� �\�h�a�f�h�`�g�h�� �j�Z�k�k�f�h�l�j�_�g�b�_��
�k�b�e���g�Z���j�Z�k�l�y�`�_�g�b�_�����g�h���i�j�b���w�l�h�f���b�k�i�h�e�v�a�h�\�Z�l�v���i�j�h�l�b�\�h�i�h�e�h�`�g�u�c���a�g�Z�d��[4]. 

�D�h�w�n�n�b�p�b�_�g�l�� �I�m�Z�k�k�h�g�Z �h�i�j�_�^�_�e�y�_�l�k�y�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�f�� �i�m�l�_�f�� �b��
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �[�_�a�j�Z�a�f�_�j�g�u�c �d�h�w�n�n�b�p�b�_�g�l�� �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�h�k�l�b�� �d�h�l�h�j�u�c��
�o�Z�j�Z�d�l�_�j�b�a�m�_�l �k�\�h�c�k�l�\�Z���f�Z�l�_�j�b�Z�e�Z��[5]. 

�A�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z �^�e�y�� �Z�g�b�a�h�l�j�h�i�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �h�l�f�_�q�Z�x�l�k�y�� �d�Z�d��
�i�h�e�h�`�b�l�_�e�v�g�u�_���� �l�Z�d�� �b�� �h�l�j�b�p�Z�l�_�e�v�g�u�_ [6]. �I�j�b�� �w�l�h�f �i�h�e�h�`�b�l�_�e�v�g�u�_�� �f�h�]�m�l��
�\�u�o�h�^�b�l�v�� �a�Z�� �j�Z�f�d�b�� �b�a�\�_�k�l�g�u�o�� �^�e�y�� �b�a�h�l�j�h�i�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\�� �h�]�j�Z�g�b�q�_�g�b�c���� �d�h�l�h�j�u�_��
�\�h�a�g�b�d�Z�x�l�� �\�� �k�b�e�m�� �i�h�e�h�`�b�l�_�e�v�g�h�c�� �h�i�j�_�^�_�e�_�g�g�h�k�l�b�� �m�i�j�m�]�h�c�� �w�g�_�j�]�b�b��
�^�_�n�h�j�f�b�j�m�_�f�h�]�h���f�Z�l�_�j�b�Z�e�Z��[7]. 
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�L�Z�[�e�b�p�Z�� ������ �G�_�d�h�l�h�j�u�_�� �a�g�Z�q�_�g�b�y�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �I�m�Z�k�k�h�g�Z �^�e�y�� �j�Z�a�e�b�q�g�u�o��
�f�Z�l�_�j�b�Z�e�h�\ 
Table 1. Some values of Poisson's ratio for different materials 

�F�Z�l�_�j�b�Z�e �D�h�w�n�n�b�p�b�_�g�l���I�m�Z�k�k�h�g�Z���— 
�@�_�e�_�a�h 0,29 
�K�l�Z�e�v 0,3 
�;�_�l�h�g 0,16 
�J�_�a�b�g�Z 0,5 
�K�l�_�d�e�h 0,2 
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�G�Z�� �i�j�b�f�_�j�_�� �Z�g�b�a�h�l�j�h�i�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\���� �d�� �d�h�l�h�j�u�f�� �h�l�g�h�k�y�l�k�y�� �j�u�[�h�e�h�\�g�u�_��
�g�b�l�_�\�b�^�g�u�_���b�a�^�_�e�b�y�����i�h�d�Z�a�Z�g���d�j�Z�l�d�b�c���Z�g�Z�e�b�a���b�a�f�_�g�_�g�b�c���d�h�w�n�n�b�p�b�_�g�l�Z���I�m�Z�k�k�h�g�Z��
�k���j�Z�a�e�b�q�g�h�c���g�Z�]�j�m�a�d�h�c �g�Z���f�Z�l�_�j�b�Z�e���� 

   
�F�:�L�?�J�B�:�E�U���B���F�?�L�H�>�U 

�<�� �e�Z�[�h�j�Z�l�h�j�b�b�� �w�d�k�i�_�j�l�b�a�u�� �j�u�[�h�e�h�\�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\ �d�Z�n�_�^�j�u 
�i�j�h�f�u�r�e�_�g�g�h�]�h�� �j�u�[�h�e�h�\�k�l�\�Z�� �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �l�_�o�g�b�q�_�k�d�h�]�h��
�m�g�b�\�_�j�k�b�l�_�l�Z �[�u�e�b���i�j�h�\�_�^�_�g�u���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���i�h���h�i�j�_�^�_�e�_�g�b�x��
�d�h�w�n�n�b�p�b�_�g�l�Z�� �I�m�Z�k�k�h�g�Z�� �l�Z�d�b�o�� �j�u�[�h�e�h�\�g�u�o�� �g�b�l�_�\�b�^�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\���� �d�Z�d��
�i�h�e�b�Z�f�b�^�����I�:�����j�Z�a�g�h�]�h���^�b�Z�f�_�l�j�Z: 
�± �I�:  �����L�_�d�k�î�������^�b�Z�f�_�l�j (d) �����������f�f�����j�Z�a�j�u�\�g�Z�y���i�j�h�q�g�h�k�l�v�����L�j�����������������G���� 
�± �I�:�������L�_�d�k�î�������^�b�Z�f�_�l�j (d) 0,5�����f�f�����j�Z�a�j�u�\�g�Z�y���i�j�h�q�g�h�k�l�v�����L�j�� �������������G���� 
�± �I�:�����������L�_�d�k�î�������^�b�Z�f�_�l�j (d) 0,7�����f�f�����j�Z�a�j�u�\�g�Z�y���i�j�h�q�g�h�k�l�v�����L�j�� ���������������G���� 
�± �I�:���������L�_�d�k�î�������^�b�Z�f�_�l�j (d) ���������f�f�����j�Z�a�j�u�\�g�Z�y���i�j�h�q�g�h�k�l�v�����L�j�� ���������������G���� 
�± �I�:���������L�_�d�k�î�������^�b�Z�f�_�l�j (d) 2,�����f�f�����j�Z�a�j�u�\�g�Z�y���i�j�h�q�g�h�k�l�v�����L�j�������������������G��  

 �<�u�[�h�j���^�Z�g�g�u�o �f�Z�l�_�j�b�Z�e�h�\���h�[�m�k�e�h�\�e�_�g���Z�d�l�b�\�g�h�k�l�v�x���b�o �b�k�i�h�e�v�a�h�\�Z�g�b�y���i�j�b 
�i�h�k�l�j�h�c�d�_ �h�j�m�^�b�c �e�h�\�Z���� �Z�� �l�Z�d�`�_�� �\�h�a�f�h�`�g�h�k�l�v�x�� �f�Z�d�k�b�f�Z�e�v�g�h�� �i�h�e�g�h�]�h��
�b�k�k�e�_�^�h�\�Z�g�b�y�� �\�� �j�Z�f�d�Z�o�� �j�Z�[�h�l�u [8]. �H�l�[�h�j�� �h�[�j�Z�a�p�h�\�� �i�j�h�o�h�^�b�e�� �i�h�� �k�l�Z�g�^�Z�j�l�g�h�c��
�f�_�l�h�^�b�d�_��[9]. �<�k�_�� �h�[�j�Z�a�p�u�� �i�_�j�_�^�� �g�Z�q�Z�e�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �\�u�^�_�j�`�Z�g�u�� ������ �q�� �\��
�j�Z�k�i�j�Z�\�e�_�g�g�h�f�� �\�b�^�_�� �\�� �i�h�f�_�s�_�g�b�b�� �e�Z�[�h�j�Z�l�h�j�b�b �k�� �p�_�e�v�x�� �i�j�b�g�y�l�b�y�� �b�k�o�h�^�g�h�c��
�k�l�j�m�d�l�m�j�u���� 

�>�e�y���b�k�k�e�_�^�h�\�Z�g�b�y���i�j�b�f�_�g�y�e�b �k�e�_�^�m�x�s�_�_���h�[�h�j�m�^�h�\�Z�g�b�_�� 
�± �h�d�m�e�y�j�g�u�c�� �f�b�d�j�h�k�d�h�i�� �k�� �p�_�g�h�c�� �^�_�e�_�g�b�y�� ���������� �f�f �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��

�^�b�Z�f�_�l�j�Z�� 
�± �f�_�l�Z�e�e�b�q�_�k�d�m�x���e�b�g�_�c�d�m ���������f�f�����=�H�K�L��������-75); 
�± �]�j�m�a�u�� �f�Z�k�k�h�c (T) �± ���������� �G���� ���������� �G���� ������������ �G���� ������������ �G���� ������������ �G�� �b�� �������������� �G 

�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 
�I�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �m�� �d�Z�`�^�h�]�h�� �h�l�h�[�j�Z�g�g�h�]�h�� �h�[�j�Z�a�p�Z�� �h�i�j�_�^�_�e�y�e�b�� �^�b�Z�f�_�l�j����

�b�k�i�h�e�v�a�m�y�� �h�d�m�e�y�j�g�u�c�� �f�b�d�j�h�k�d�h�i �g�_�� �f�_�g�_�_�� ������ �j�Z�a���� �\�� �b�l�h�]�_ �m�k�l�Z�g�h�\�b�e�b 
�k�j�_�^�g�_�Z�j�b�n�f�_�l�b�q�_�k�d�h�_ �a�g�Z�q�_�g�b�_�� 

�G�Z�� �j�b�k���� ���� �i�j�_�^�k�l�Z�\�e�_�g�� �h�d�m�e�y�j�g�u�c�� �f�b�d�j�h�k�d�h�i�� �k�� �a�Z�d�j�_�i�e�_�g�g�u�f�� �h�[�j�Z�a�p�h�f �k��
�h�^�g�h�c���k�l�h�j�h�g�u���b���i�h�^�\�_�r�_�g�g�u�f���]�j�m�a�h�f���± �k���^�j�m�]�h�c��  

�H�[�j�Z�a�_�p�� �a�Z�d�j�_�i�e�y�e�b �\�� �g�_�i�h�^�\�b�`�g�h�f�� �a�Z�`�b�f�_�� �f�b�d�j�h�k�d�h�i�Z���� �i�j�h�\�h�^�b�e�b 
�g�_�i�h�k�j�_�^�k�l�\�_�g�g�h���i�h�^���h�d�m�e�y�j�h�f�����q�_�j�_�a���[�e�h�d���i�j�h�i�m�k�d�Z�e�b �k�\�h�[�h�^�g�u�c���d�h�g�_�p���h�[�j�Z�a�p�Z��
�k�� �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�� �h�l�f�_�q�_�g�g�u�f�� �m�q�Z�k�l�d�h�f�� �^�e�b�g�h�c�� �������� �f�f �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y��
�h�l�g�h�k�b�l�_�e�v�g�h�]�h�� �m�^�e�b�g�_�g�b�y���� �a�Z�l�_�f�� �i�h�^�\�_�r�b�\�Z�e�b �]�j�m�a���� �;�u�e�Z�� �i�j�h�\�_�^�_�g�Z�� �k�_�j�b�y��
�w�d�k�i�_�j�b�f�_�g�l�h�\���k���d�Z�`�^�u�f �]�j�m�a�h�f���� 
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�J�b�k�����������H�d�m�e�y�j�g�u�c���f�b�d�j�h�k�d�h�i���k���a�Z�d�j�_�i�e�_�g�g�u�f���h�[�j�Z�a�p�h�f 

Fig. 1. Ocular microscope with a fixed specimen 
 

�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y�����B�O���H�;�K�M�@�>�?�G�B�? 
�H�i�u�l�u�� �i�j�h�\�h�^�b�e�b�k�v�� �i�h�� ������ �j�Z�a�� �g�Z�� �d�Z�`�^�u�c�� �\�_�k�� �]�j�m�a�Z ���L������ �<�� �l�Z�[�e. 2�±6 

�i�j�_�^�k�l�Z�\�e�_�g�u���k�j�_�^�g�_�Z�j�b�n�f�_�l�b�q�_�k�d�b�_���a�g�Z�q�_�g�b�y���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\���� 
 

�L�Z�[�e�b�p�Z���������I�h�e�m�q�_�g�g�u�_���a�g�Z�q�_�g�b�y �I�: , d = �����������f�f 
Table 2. PA received values, d = 0,39 mm  

�=�j�m�a, 
�G�������L��  

�K�j�_�^�g�b�c��
�^�b�Z�f�_�l�j 
d
Ã, �f�f   

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�b�a�f�_�g�_�g�b�_��

�^�b�Z�f�_�l�j�Z������ 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�m�^�e�b�g�_�g�b�_�������� 

�D�h�w�n�n�b�p�b�_�g�l��
�I�m�Z�k�k�h�g�Z �— 

T/Tp, 
�G�������J�� 

4,90 0,382 2,06 3 0,66 0,111 
9,80 0,370 5,13 7 0,72 0,222 
19,61 0,334 14,36 11 1,27 0,444 
29,41 0,323 17,18 13 1,31 0,666 

 
�L�Z�[�e�b�p�Z���������I�h�e�m�q�_�g�g�u�_���a�g�Z�q�_�g�b�y���I�:, d = �����������f�f 
Table 3. PA received values , d = 0,54 mm  

�=�j�m�a���� 
�G�������L�� 

�K�j�_�^�g�b�c��
�^�b�Z�f�_�l�j 
d
Ã�����f�f 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�b�a�f�_�g�_�g�b�_��

�^�b�Z�f�_�l�j�Z������ 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�m�^�e�b�g�_�g�b�_�������� 

�D�h�w�n�n�b�p�b�_�g�l��
�I�m�Z�k�k�h�g�Z �— 

T/Tp, 
�G�������J�� 

9,80 0,503 6,86 2 3,40 0,105 
19,61 0,468 13,34 4 3,32 0,210 
36,22 0,439 18,71 9 2,07 0,420 
58,83 0,411 23,89 12 1,98 0,631 
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�L�Z�[�e�b�p�Z���������I�h�e�m�q�_�g�g�u�_���a�g�Z�q�_�g�b�y���I�:, d = �����������f�f       
Table 4. PA received values, d = 0,85 mm  

�]�j�m�a���� 
�G�������L�� 

�K�j�_�^�g�b�c��
�^�b�Z�f�_�l�j��
d
Ã�����f�f 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�b�a�f�_�g�_�g�b�_��

�^�b�Z�f�_�l�j�Z������ 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�m�^�e�b�g�_�g�b�_�������� 

�D�h�w�n�n�b�p�b�_�g�l��
�I�m�Z�k�k�h�g�Z �— 

T/Tp, 
�G�������J�� 

4,90 0,724 7,18 1 7,10 0,027 
19,61 0,642 17,69 6 2,93 0,111 
58,83 0,614 21,28 11 1,92 0,333 
117,67 0,588 24,61 14 1,75 0,666 

 
�L�Z�[�e�b�p�Z���������I�h�e�m�q�_�g�g�u�_���a�g�Z�q�_�g�b�y���I�:, d = ���������f�f       
Table 5. PA received values, d = 1,1 mm  

�]�j�m�a���� 
�G�������L�� 

�k�j�_�^�g�b�c��
�^�b�Z�f�_�l�j 
d
Ã,  �f�f  

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�b�a�f�_�g�_�g�b�_��

�^�b�Z�f�_�l�j�Z������ 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�m�^�e�b�g�_�g�b�_�������� 

�D�h�w�n�n�b�p�b�_�g�l��
�I�m�Z�k�k�h�g�Z �— 

T/Tp, 
�G�������J�� 

19,61 1,078 2 1 2 0,049 
39,22 1,013 7,91 4 1,97 0,099 
58,83 0,993 9,73 5 1,94 0,149 
117,67 0,954 13,28 7 1,88 0,299 

 
�L�Z�[�e�b�p�Z���������I�h�e�m�q�_�g�g�u�_���a�g�Z�q�_�g�b�y���I�:, d = ���������f�f 
Table 6. PA received values, d = 2,0 mm  

�]�j�m�a���� 
�G�������L�� 

�k�j�_�^�g�b�c��
�^�b�Z�f�_�l�j 
d
Ã���� �f�f�� 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�b�a�f�_�g�_�g�b�_��

�^�b�Z�f�_�l�j�Z������ 

�H�l�g�h�k�b�l�_�e�v�g�h�_��
�m�^�e�b�g�_�g�b�_�������� 

�D�h�w�n�n�b�p�b�_�g�l��
�I�m�Z�k�k�h�g�Z �— 

T/Tp, 
�G�������J�� 

39,22 1,919 8,62 2 4,30 0,057 
58,83 1,884 10,29 4 2,55 0,085 
117,67 1,855 11,67 10 1,16 0,171 

 
�G�Z���j�b�k. 2 �]�j�Z�n�b�q�_�k�d�b���b�a�h�[�j�Z�`�_�g�Z���a�Z�\�b�k�b�f�h�k�l�v���d�h�w�n�n�b�p�b�_�g�l�Z���I�m�Z�k�k�h�g�Z�����—1, 

�—2���� �—3���� �—4���� �—5���� �h�l�� �h�l�g�h�r�_�g�b�y�� �j�Z�a�j�u�\�g�h�c�� �i�j�h�q�g�h�k�l�b �b�a�^�_�e�b�y�� �d�� �]�j�m�a�m�� ���J1���� �J2���� �J3���� �J4, 
�J5,) �m���\�k�_�o���i�y�l�b���b�k�k�e�_�^�m�_�f�u�o���h�[�j�Z�a�p�h�\. 

 



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

32 
 

 
 �J�b�k�����������=�j�Z�n�b�q�_�k�d�Z�y���a�Z�\�b�k�b�f�h�k�l�v���i�h�e�m�q�_�g�g�u�o���j�_�a�m�e�v�l�Z�l�h�\ 

Fig. 2. Graphical dependence of the obtained results 
 

 
�A�:�D�E�X�Q�?�G�B�? 

�G�Z �j�b�k���� �� �i�j�h�k�e�_�`�b�\�Z�_�l�k�y�� �^�b�g�Z�f�b�d�Z�� �a�Z�\�b�k�b�f�h�k�l�b �d�h�w�n�n�b�p�b�_�g�l�Z�� �I�m�Z�k�k�h�g�Z��
�h�l�� �h�l�g�h�r�_�g�b�y�� �j�Z�a�j�u�\�g�h�c�� �i�j�h�q�g�h�k�l�b���� �a�g�Z�q�_�g�b�y�� �d�h�l�h�j�h�c �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h��
�k�\�h�^�y�l�k�y���d���h�^�g�h�f�m���i�j�b�f�_�j�g�h�f�m���a�g�Z�q�_�g�b�x���� 

�>�Z�g�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y �i�h�a�\�h�e�y�x�l�� �g�Z�f�� �k�� �[�h�e�v�r�h�c�� �^�h�e�_�c�� �\�_�j�h�y�l�g�h�k�l�b��
�m�l�\�_�j�`�^�Z�l�v���� �q�l�h�� �^�e�y�� �Z�g�b�a�h�l�j�h�i�g�u�o�� �f�Z�l�_�j�b�Z�e�h�\, �\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �j�u�[�h�e�h�\�g�u�o��
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�[�_�j�_�]�h�\�h�c�� �e�b�g�b�b���� �d�h�w�n�n�b�p�b�_�g�l�� �h�l�d�j�u�l�h�k�l�b���� �Z�� �l�Z�d�`�_�� �i�e�h�s�Z�^�v�� �\�h�^�h�k�[�h�j�g�h�]�h�� �[�Z�k��
�k�_�c�g�Z���b���i�h�d�Z�a�Z�l�_�e�v���m�^�_�e�v�g�h�]�h���\�h�^�h�k�[�h�j�Z �b���^�j. �I�h���j�_�a�m�e�v�l�Z�l�Z�f���j�Z�k�q�_�l�h�\���R�_�g�n�e�b�a 
�f�h�`�g�h�� �h�l�g�_�k�l�b�� �d�� �g�_�]�e�m�[�h�d�b�f�� �i�j�m�^�Z�f�� �k�j�_�^�g�_�]�h�� �j�Z�a�f�_�j�Z���� �k�� �i�e�h�s�Z�^�v�x�� �\�h�^�g�h�c �i�h��
�\�_�j�o�g�h�k�l�b ���������]�Z���b���k�j�_�^�g�_�c���]�e�m�[�b�g�h�c�������� �f�����H�q�_�j�l�Z�g�b�y���_�]�h���[�_�j�_�]�h�\�h�c���e�b�g�b�b���[�e�b�a�d�b��
�d���l�j�_�m�]�h�e�v�g�b�d�m�����J�_�e�v�_�n���^�g�Z���i�j�m�^�Z �k�e�h�`�g�u�c�����k���j�_�a�d�b�f���m�\�_�e�b�q�_�g�b�_�f���]�e�m�[�b�g�u���\�� �k�_��
�\�_�j�g�h�c�� �b�� �k�_�\�_�j�h-�\�h�k�l�h�q�g�h�c�� �q�Z�k�l�y�o, �]�^�_ �d�j�m�l�b�a�g�Z �i�h�^�\�h�^�g�h�]�h�� �[�_�j�_�]�h�\�h�]�h�� �k�d�e�h�g�Z��
�^�h�k�l�b�]�Z�_�l 30�q�����<�h�^�h�k�[�h�j�g�u�c���[�Z�k�k�_�c�g���g�_�\�_�e�b�d���± 7,3 �]�Z�����q�l�h���o�Z�j�Z�d�l�_�j�g�h���^�e�y���d�Z�j�v�_�j��
�g�u�o���\�h�^�h�_�f�h�\���D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c���h�[�e�Z�k�l�b.  

�f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �[�Z�l�b�f�_�l�j�b�y���� �\�h�^�h�k�[�h�j�g�u�c�� �[�Z�k�k�_�c�g����
�i�j�m�^���R�_�g�n�e�b�a 

 
 
The paper presents the study results of one of the artificial reservoirs in Kalinin-

grad �± �W�K�H�� �6�F�K�|�Q�I�O�L�H�V Pond, located in the southern part of the city. It is an important 
recreational impoundment in which swimming is allowed. In 2018, the Department of 
Ichthyology and Ecology of KSTU carried out a hydroacoustic survey using the 
ASKOR data collection software-hardware complex, which allowed, in real time, joint 
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recording of the current depth and the geographical coordinates of the investigated bot-
tom. Initial processing of the field measurement results was performed using MS Excel 
spreadsheets,  Golden Software Surfer and ArcGis geoinformation systems. The maps 
of the bottom relief in 2D and 3D have been plotted for the first time; the boundaries of 
the catchment basin have been shown. During the subsequent analysis of the results ob-
tained, the main morphometric parame�W�H�U�V�� �R�I�� �W�K�H�� �6�F�K�|�Q�I�O�L�H�V�� �S�R�Q�G�� �K�D�Y�H�� �E�H�H�Q deter-
mined, such as the water surface area, shape of the reservoir basin and volume of water 
mass enclosed therein, length of the contour line, maximum length and width, depth 
(average and maximum), tortuosity of coastline, coefficient of openness, as well as the 
water catchment area and specific water intake. Following the calculation results, the 
�6�F�K�|�Q�I�O�L�H�V���3�R�Q�G���F�D�Q���E�H���G�H�I�L�Q�H�G���D�V���D���P�H�G�L�X�P���V�L�]�H�G���Z�D�W�H�U���U�H�V�H�U�Y�R�L�U���Z�L�W�K�����������K�H�F�W�D�U�H�V���R�I��
surface area and with an average depth of 3.1 m. Its coast line has a shape close to trian-
gle. The pond has a complex bottom relief, with a sharp increase in depth in the north-
ern and northeastern parts, where the steepness of the underwater coastal slope reaches 
�����ƒ�����7�K�H���G�U�D�L�Q�D�J�H���D�Uea is not large and amounts to approximately 7.3 hectares which is 
typical for quarry reservoirs of the Kaliningrad region. 

morphometric characteristics, bathymetry, �Z�D�W�H�U�� �F�D�W�F�K�P�H�Q�W�� �D�U�H�D���� �6�F�K�|�Q�I�O�L�H�V��
Pond 

 
 

�<�<�?�>�?�G�B�? 
�I�j�h�[�e�_�f�Z���w�n�n�_�d�l�b�\�g�h�]�h�� �m�i�j�Z�\�e�_�g�b�y���\�h�^�g�u�f�b�� �j�_�k�m�j�k�Z�f�b���b���j�Z�p�b�h�g�Z�e�v�g�h�]�h��

�b�k�i�h�e�v�a�h�\�Z�g�b�y �\�h�^�g�u�o���h�[�t�_�d�l�h�\ �h�k�l�j�h���k�l�h�b�l���g�Z���i�h�\�_�k�l�d�_���^�g�y���f�g�h�]�b�o���]�h�j�h�^�h�\���J�h�k��
�k�b�b���� �\�� �l�h�f �q�b�k�e�_ �b�� �D�Z�e�b�g�b�g�]�j�Z�^�Z�����b���l�j�_�[�m�_�l�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �b�o�� �f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o��
�i�Z�j�Z�f�_�l�j�h�\���� �L�_�j�j�b�l�h�j�b�y�� �\�h�^�h�k�[�h�j�Z�� �b�� �\�h�^�g�u�c�� �h�[�t�_�d�l�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �k�e�h�`��
�g�m�x �_��̂b�g�m�x���]�_�h�k�b�k�l�_�f�m�����]�^�_���h�k�m�s�_�k�l�\�e�y�_�l�k�y���\�a�Z�b�f�h�^�_�c�k�l�\�b�_���j�Z�a�g�h�h�[�j�Z�a�g�u�o���i�j�h��
�p�_�k�k�h�\�����]�b�^�j�h�n�b�a�b�q�_�k�d�b�o�����]�b�^�j�h�o�b�f�b�q�_�k�d�b�o�����]�b�^�j�h�[�b�h�e�h�]�b�q�_�k�d�b�o �b���^�j��  

�G�Z�� �g�Z�q�Z�e�v�g�h�f�� �w�l�Z�i�_�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �Z�g�l�j�h�i�h�]�_�g�g�h�]�h�� �\�h�^�h�_�f�Z�� �f�h�j�n�h�e�h�]�b�y��
�_�]�h�� �d�h�l�e�h�\�b�g�u�� �a�Z�\�b�k�b�l�� �\�� �h�k�g�h�\�g�h�f�� �h�l�� �p�_�e�_�c�� �b�� �k�i�h�k�h�[�h�\�� �_�_�� �k�h�h�j�m�`�_�g�b�y���� �f�_�k�l�g�u�o��
�]�_�h�e�h�]�h-�]�_�h�f�h�j�n�h�e�h�]�b�q�_�k�d�b�o�� �b�� �]�b�^�j�h�]�_�h�e�h�]�b�q�_�k�d�b�o�� �h�k�h�[�_�g�g�h�k�l�_�c���� �k�i�_�p�b�n�b�d�b��
�]�_�h�e�h�]�b�q�_�k�d�h�]�h���k�l�j�h�_�g�b�y�����I�h�k�l�_�i�_�g�g�h�����\���o�h�^�_���w�\�h�e�x�p�b�b���\�h�^�g�h�]�h���h�[�t�_�d�l�Z���^�h�f�b�g�b��
�j�m�x�s�b�f�b�� �n�Z�d�l�h�j�Z�f�b�� �\�� �i�_�j�_�j�Z�[�h�l�d�_�� �[�_�j�_�]�h�\�� �b�� �i�j�_�h�[�j�Z�a�h�\�Z�g�b�b�� �d�h�l�e�h�\�b�g�u�� �k�l�Z�g�h��
�\�y�l�k�y���]�b�^�j�h�^�b�g�Z�f�b�q�_�k�d�b�_�����]�b�^�j�h�e�h�]�b�q�_�k�d�b�_���b���d�e�b�f�Z�l�b�q�_�k�d�b�_. 

�P�_�e�v���j�Z�[�h�l�u���± �b�a�m�q�_�g�b�_���h�k�h�[�_�g�g�h�k�l�_�c���j�_�e�v�_�n�Z���d�h�l�e�h�\�b�g�u���i�j�m�^�Z���R�_�g�n�e�b�a, 
�h�i�j�_�^�_�e�_�g�b�_���b���d�h�f�i�e�_�d�k�g�u�c�� �Z�g�Z�e�b�a���i�h�e�m�q�_�g�g�u�o�� �f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c����
�d�h�l�h�j�u�_�� �h�d�Z�a�u�\�Z�x�l�� �\�_�k�v�f�Z�� �k�m�s�_�k�l�\�_�g�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �\�g�_�r�g�b�c�� �h�[�e�b�d�� �b�� �j�Z�a�\�b�l�b�_��
�\�h�^�h�_�f�Z���� �_�]�h �]�b�^�j�h�e�h�]�b�q�_�k�d�b�c���j�_�`�b�f�� �j�Z�k�i�j�_�^�_�e�_�g�b�_���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o���i�h�d�Z�a�Z��
�l�_�e�_�c���\���l�h�e�s�_���\�h�^ �b �l�_�d�m�s�_�_���w�d�h�e�h�]�b�q�_�k�d�h�_ �k�h�k�l�h�y�g�b�_.  

�I�j�m�^���R�_�g�n�e�b�a���y�\�e�y�_�l�k�y���h�^�g�b�f �b�a���g�_�f�g�h�]�b�o���\�h�^�h�_�f�h�\���]. �D�Z�e�b�g�b�g�]�j�Z�^�Z�����]�^�_��
�d�m�i�Z�g�b�_�� �h�n�b�p�b�Z�e�v�g�h�� �j�Z�a�j�_�r�_�g�h���� �q�l�h�� �h�i�j�_�^�_�e�y�_�l�� �p�_�g�g�h�k�l�v�� �^�Z�g�g�h�]�h�� �\�h�^�h�_�f�Z�� �d�Z�d��
�\�Z�`�g�h�]�h���j�_�d�j�_�Z�p�b�h�g�g�h�]�h���j�_�k�m�j�k�Z, �b�f�_�x�s�_�]�h �\�k�_���g�_�h�[�o�h�^�b�f�u�_���m�k�e�h�\�b�y���^�e�y �i�e�y�`��
�g�h-�d�m�i�Z�e�v�g�h�]�h�� �h�l�^�u�o�Z���� �k�e�Z�[�h�_�� �\�h�e�g�_�g�b�_�� �^�h�f�b�g�b�j�m�_�l�� �\�� �l�_�q�_�g�b�_�� �\�k�_�]�h�� �d�m�i�Z�e�v�g�h�]�h 
�k�_�a�h�g�Z�����e�_�l�h�f���l�_�f�i�_�j�Z�l�m�j�Z���\�h�^�u���d�h�f�n�h�j�l�g�Z���^�e�y���d�m�i�Z�g�b�y�����i�_�k�q�Z�g�u�c���i�e�y�`���b�� �i�_�k�q�Z��
�g�h�_���^�g�h�����g�Z�e�b�q�b�_���i�j�b�[�j�_�`�g�h�c���h�l�f�_�e�b [1].  

�I�j�m�^�� �R�_�g�n�e�b�a�� �g�Z�o�h�^�b�l�k�y�� �g�Z�� �x�`�g�h�c�� �h�d�j�Z�b�g�_�� �D�Z�e�b�g�b�g�]�j�Z�^�Z���� �=�_�h�]�j�Z�n�b�q�_��
�k�d�b�c�� �p�_�g�l�j�� �\�h�^�h�_�f�Z���� �i�h�g�b�f�Z�_�f�u�c�� �d�Z�d�� �l�h�q�d�Z���� �j�Z�k�i�h�e�h�`�_�g�g�Z�y�� �\�� �k�_�j�_�^�b�g�_�� �f�_�`�^�m��
�^�\�m�f�y�� �d�j�Z�c�g�b�f�b�� �l�h�q�d�Z�f�b�� �l�_�j�j�b�l�h�j�b�b�� �i�h�� �_�_�� �r�b�j�h�l�_�� �b�� �^�h�e�]�h�l�_��[2], �b�f�_�_�l�� �k�e�_�^�m�x��
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�s�b�_�� �d�h�h�j�^�b�g�Z�l�u���� �����ƒ�����
��������" �k�� �r������ �����ƒ�����
���������� �\�� �^�� �A�_�j�d�Z�e�h�� �_�]�h�� �\�h�^�� �e�_�`�b�l �g�Z�� �Z�[��
�k�h�e�x�l�g�h�c���h�l�f�_�l�d�_���h�d�h�e�h������ �f���g�Z�^���m�j�h�\�g�_�f���f�h�j�y���� 

�<���e�_�l�g�b�c���k�_�a�h�g���\�h�^�h�_�f���b�k�i�h�e�v�a�m�_�l�k�y���d�Z�d���a�h�g�Z���h�l�^�u�o�Z�����i�j�_�^�e�Z�]�Z�x�l�k�y���m�k�e�m�]�b��
�\���k�n�_�j�_���k�i�h�j�l�Z���b���a�^�h�j�h�\�h�]�h���h�[�j�Z�a�Z���`�b�a�g�b�����I�_�k�q�Z�g�u�c���i�e�y�`�����j�Z�k�i�h�e�h�`�_�g�g�u�c���g�Z���\�h��
�k�l�h�q�g�h�f�� �[�_�j�_�]�m���� �i�j�b�\�e�_�d�Z�_�l�� �[�h�e�v�r�h�_�� �d�h�e�b�q�_�k�l�\�h�� �h�l�^�u�o�Z�x�s�b�o���� �A�b�f�h�c�� �\�� �i�j�m�^�m��
�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �k�i�h�j�l�b�\�g�h�_�� �o�h�e�h�^�h�\�h�_�� �i�e�Z�\�Z�g�b�_���� �^�_�c�k�l�\�m�_�l�� �d�j�m�]�e�h�]�h�^�b�q�g�u�c�� �[�Z�k��
�k�_�c�g�� �g�Z�� �h�l�d�j�u�l�h�c�� �\�h�^�_���� �<�h�^�h�k�[�h�j �i�j�m�^�Z�� �h�]�j�Z�g�b�q�_�g�� �k �a�Z�i�Z�^�Z�� �`�_�e�_�a�g�h�^�h�j�h�`�g�u�f��
�i�h�e�h�l�g�h�f�����g�Z�o�h�^�y�s�b�f�k�y���\���g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�c���[�e�b�a�h�k�l�b�����������f�����h�l���m�j�_�a�Z���\�h�^�u�����k���\�h��
�k�l�h�d�Z���± �m�e�b�p�_�c���k���h�`�b�\�e�_�g�g�u�f���^�\�b�`�_�g�b�_�f�����f�b�g�b�f�Z�e�v�g�h�_���j�Z�k�k�l�h�y�g�b�_�����������f�������D���k�_��
�\�_�j�m�� �h�l�� �\�h�^�h�_�f�Z�� �j�Z�k�i�h�e�Z�]�Z�_�l�k�y�� �l�_�j�j�b�l�h�j�b�y�� �l�h�j�]�h�\�h-�i�j�h�b�a�\�h�^�k�l�\�_�g�g�h�]�h�� �f�_�l�Z�e�e�m�j��
�]�b�q�_�k�d�h�]�h���d�h�f�i�e�_�d�k�Z ���j�b�k��������.  

 

 
 

 �± �`�_�e�_�a�g�h�^�h�j�h�`�g�Z�y���k�l�Z�g�p�b�y����  �± �h�j�]�Z�g�b�a�h�\�Z�g�g�u�c���i�e�y�` 

 �± �a�Z�\�_�^�_�g�b�_���h�[�s�_�k�l�\�_�g�g�h�]�h���i�b�l�Z�g�b�y  �± �g�_�h�j�]�Z�g�b�a�h�\�Z�g�g�Z�y���k�\�Z�e�d�Z 

 �± �i�j�h�f�u�r�e�_�g�g�h�_���i�j�_�^�i�j�b�y�l�b�_   
�J�b�k. 1. �K�o�_�f�Z �i�j�m�^�Z �R�_�g�n�e�b�a 

Fig. 1. The Sch�|nflies Pond  
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�K�� �p�_�e�v�x �i�h�e�m�q�_�g�b�y�� �f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �i�j�m�^�Z�� �R�_�g�n�e�b�a����
�\�u�q�b�k�e�_�g�b�y���d�h�g�d�j�_�l�g�u�o���i�Z�j�Z�f�_�l�j�h�\���b���k�h�q�_�l�Z�g�b�c���i�h�^�\�h�^�g�u�o���w�e�_�f�_�g�l�h�\���_�]�h���d�h�l�e�h��
�\�b�g�u�� �\�� �h�d�l�y�[�j�_�� ���������� �]�� �k�b�e�Z�f�b�� �d�Z�n�_�^�j�u�� �b�o�l�b�h�e�h�]�b�b�� �b�� �w�d�h�e�h�]�b�b�� �N�=�;�H�M�� �<�H��
�©�D�=�L�M�ª�� �[�u�e�Z�� �i�j�h�\�_�^�_�g�Z�� �]�b�^�j�h�Z�d�m�k�l�b�q�_�k�d�Z�y�� �k�t�_�f�d�Z�� �i�j�b�� �i�h�f�h�s�b�� �i�j�h�]�j�Z�f�f�g�h-
�Z�i�i�Z�j�Z�l�g�h�]�h���d�h�f�i�e�_�d�k�Z���©�:�k�D�h�j�ª�����i�j�h�]�j�Z�f�f�g�Z�y���q�Z�k�l�v���d�h�l�h�j�h�]�h���i�h�a�\�h�e�y�_�l���\���j�_�Z�e�v��
�g�h�f�� �j�_�`�b�f�_�� �\�j�_�f�_�g�b�� �n�b�d�k�b�j�h�\�Z�l�v�� �b�g�n�h�j�f�Z�p�b�x�� �h�� �l�_�d�m�s�_�c�� �]�e�m�[�b�g�_�� �k�h�\�f�_�k�l�g�h���k��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�c���i�j�b�\�y�a�d�h�c�����>�\�b�`�_�g�b�_���e�h�^�d�b���\���i�j�h�p�_�k�k�_���k�t�_�f�d�b���h�k�m�s�_�k�l�\�e�y�e�h�k�v��
�i�h�� �k�_�l�d�_�� �]�Z�e�k�h�\�� �i�h�� �l�b�i�m�� �f�_�Z�g�^�j�Z���� �h�[�_�k�i�_�q�b�\�Z�x�s�_�c�� �\�u�k�h�d�h�_�� �k�h�h�l�g�h�r�_�g�b�_�� �f�_�`�^�m��
�i�h�d�j�u�l�h�c�� �i�e�h�s�Z�^�v�x�� �b�� �i�j�h�c�^�_�g�g�u�f�� �j�Z�k�k�l�h�y�g�b�_�f���� �>�e�y�� �[�h�e�_�_�� �i�j�Z�\�b�e�v�g�h�]�h�� �m�q�_�l�Z��
�a�g�Z�q�_�g�b�c���]�e�m�[�b�g���\���i�j�b�[�j�_�`�g�h�c���q�Z�k�l�b���h�a�_�j�Z���i�j�b���i�h�k�e�_�^�m�x�s�_�f���f�h�^�_�e�b�j�h�\�Z�g�b�b���j�_��
�e�v�_�n�Z�� �_�]�h�� �^�g�Z�� �[�u�e�Z�� �i�j�h�\�_�^�_�g�Z�� �n�b�d�k�Z�p�b�y�� �]�b�^�j�h�Z�d�m�k�l�b�q�_�k�d�h�c�� �b�g�n�h�j�f�Z�p�b�b�� �\�^�h�e�v��
�[�_�j�_�]�h�\�h�c���e�b�g�b�b���\�h�^�h�_�f�Z���� �I�h�e�m�q�_�g�g�u�_���j�_�a�m�e�v�l�Z�l�u���[�u�e�b���i�h�^�\�_�j�]�g�m�l�u���i�_�j�\�b�q�g�h�c��
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�h�[�j�Z�[�h�l�d�_���\���k�j�_�^�_���w�e�_�d�l�j�h�g�g�u�o���l�Z�[�e�b�p��MS Excel �g�Z �i�j�_�^�f�_�l���\�u�y�\�e�_�g�b�y���\�u�[�j�h�k�h�\��
���b�a�f�_�j�_�g�b�c���� �\�u�^�_�e�y�x�s�b�o�k�y�� �b�a�� �h�[�s�_�c�� �\�u�[�h�j�d�b���� �\�� �k�h�[�j�Z�g�g�h�f�� �f�Z�l�_�j�b�Z�e�_�� �b�� �i�h�k�e�_��
�^�m�x�s�_�c���i�h�^�]�h�l�h�\�d�b���^�Z�g�g�u�o���^�e�y���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�y���\���]�_�h�]�j�Z�n�b�q�_�k�d�b�o���b�g�n�h�j�f�Z�p�b��
�h�g�g�u�o���k�b�k�l�_�f�Z�o���� 

�I�h�k�l�j�h�_�g�b�_���p�b�n�j�h�\�h�c���f�h�^�_�e�b���j�_�e�v�_�n�Z���^�g�Z���b���k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���d�Z�j�l�� �i�j�m�^�Z 
�R�_�g�n�e�b�a�� �h�k�m�s�_�k�l�\�e�y�e�h�k�v�� �i�m�l�_�f�� �b�g�l�_�j�i�h�e�y�p�b�b�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�o�� �\�� �i�j�h�p�_�k�k�_��
�]�b�^�j�h�Z�d�m�k�l�b�q�_�k�d�h�c���k�t�_�f�d�b���a�g�Z�q�_�g�b�c���]�e�m�[�b�g�u���\�� �m�a�e�u���j�_�]�m�e�y�j�g�h�c���j�_�r�_�l�d�b���]�_�h�k�l�Z��
�l�b�k�l�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �e�b�g�_�c�g�h�c�� �b�g�l�_�j�i�h�e�y�p�b�b�� �©�D�j�b�]�b�g�]�ª���� �I�j�b�f�_�j�g�u�c�� �\�b�^�� �w�o�h��
�]�j�Z�f�f�u���b���h�k�g�h�\�g�u�_���i�h�d�Z�a�Z�l�_�e�b���\�u�i�h�e�g�_�g�g�h�c���[�Z�l�b�f�_�l�j�b�q�_�k�d�h�c���k�t�_�f�d�b���i�j�b�\�_�^�_�g�u��
�g�Z���j�b�k���������b���\���l�Z�[�e�� �����k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 
 

 
 

�J�b�k. 2. �N�j�Z�]�f�_�g�l���w�o�h�]�j�Z�f�f�u�����n�b�d�k�b�j�m�_�f�h�c���i�j�h�]�j�Z�f�f�h�c���k�[�h�j�Z���b�g�n�h�j�f�Z�p�b�b��
�i�j�h�]�j�Z�f�f�g�h-�Z�i�i�Z�j�Z�l�g�h�]�h���d�h�f�i�e�_�d�k�Z���©�:�k�D�h�j�ª���\���i�j�h�p�_�k�k�_���i�j�h�\�_�^�_�g�b�y��

�]�b�^�j�h�Z�d�m�k�l�b�q�_�k�d�h�c���k�t�_�f�d�b 
Fig. 2. A fragment of the echogram recorded by the ASKOR data collection  

software-hardware complex during the hydroacoustic survey  
 
�L�Z�[�e�b�p�Z�� ��. �H�k�g�h�\�g�u�_�� �i�h�d�Z�a�Z�l�_�e�b�� �\�u�i�h�e�g�_�g�g�h�c�� �[�Z�l�b�f�_�l�j�b�q�_�k�d�h�c�� �k�t�_�f�d�b��                            
�h�a�_�j�Z���R�_�g�n�e�b�a���\�������������]�� 
Table 1. Main indicators o�I���W�K�H���E�D�W�K�\�P�H�W�U�L�F���V�X�U�Y�H�\���R�I���W�K�H���6�F�K�|�Q�I�O�L�H�V���S�R�Q�G������������ 

�I�h�d�Z�a�Z�l�_�e�v�� �<�_�e�b�q�b�g�Z�� 
�H�[�s�_�_ �d�h�e�b�q�_�k�l�\�h���l�h�q�_�d���i�j�h�f�_�j�h�\���]�e�m�[�b�g�����a�Z�n�b�d�k�b�j�h��
�\�Z�g�g�u�o���\���i�j�h�p�_�k�k�_���]�b�^�j�h�Z�d�m�k�l�b�q�_�k�d�h�c���k�t�_�f�d�b 

 
2 112  

�>�h�e�y �h�l�[�j�Z�d�h�\�Z�g�g�u�o���b�a�f�_�j�_�g�b�c, % 5,2 
�D�h�e�b�q�_�k�l�\�h���d�Z�q�_�k�l�\�_�g�g�u�o���b�a�f�_�j�_�g�b�c 2 002  

 
�F�h�j�n�h�f�_�l�j�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �b���\�Z�`�g�u�_���j�Z�k�q�_�l�g�u�_���i�h�d�Z�a�Z�l�_�e�b�� �l�b�i�h��

�e�h�]�b�q�_�k�d�h�]�h�� �a�g�Z�q�_�g�b�y���� �d�� �q�b�k�e�m�� �d�h�l�h�j�u�o�� �h�l�g�h�k�y�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l�u�� �]�e�m�[�b�g�g�h�k�l�b, 
�h�l�d�j�u�l�h�k�l�b�� �b�� �^�j�m�]�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �h�i�j�_�^�_�e�y�e�b�k�v�� �\�� �k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �j�Z�[�h�l�Z�f�b                    
�K�����<�����=�j�b�]�h�j�v�_�\�Z�����;�����;�����;�h�]�h�k�e�h�\�k�d�h�]�h,  �H�����N�����Y�d�m�r�d�h [3�±5].  

�<�� �p�_�e�y�o�� �b�a�m�q�_�g�b�y�� �i�j�h�b�k�o�h�`�^�_�g�b�y�� �d�h�l�e�h�\�b�g�u�� �\�h�^�h�_�f�Z�� �i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�g�u��
�f�g�h�]�h�q�b�k�e�_�g�g�u�_���j�_�l�j�h�k�i�_�d�l�b�\�g�u�_���d�Z�j�l�h�]�j�Z�n�b�q�_�k�d�b�_���b���Z�j�o�b�\�g�u�_���f�Z�l�_�j�b�Z�e�u��  

 
�J�?�A�M�E�V�L�:�L�U���B���H�;�K�M�@�>�?�G�B�? 

�I�j�h�\�_�^�_�g�g�Z�y�� �j�Z�[�h�l�Z�� �i�h�a�\�h�e�b�e�Z�� �i�h�k�l�j�h�b�l�v�� �[�Z�l�b�f�_�l�j�b�q�_�k�d�m�x�� �d�Z�j�l�m�� �i�j�m�^�Z��
�R�_�g�n�e�b�a ���j�b�k����3), �d�h�l�h�j�Z�y���^�Z�_�l���i�j�_�^�k�l�Z�\�e�_�g�b�_���h���j�_�e�v�_�n�_���^�g�Z���^�Z�g�g�h�]�h���\�h�^�h�_�f�Z.  
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�J�b�k����3. �J�_�e�v�_�n���^�g�Z���i�j�m�^�Z���R�_�g�n�e�b�a���k�h���k�o�_�f�h�c���j�Z�a�j�_�a�h�\�����h�l�f�_�l�d�b���]�j�Z�^�m�k�g�h�c���k�_�l�d�b��
�i�h���e�_�\�h�c���b���g�b�`�g�_�c���j�Z�f�d�Z�f �± �\���]�j�Z�^�m�k�Z�o���r�b�j�h�l�u���b���^�h�e�]�h�l�u���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 
Fig. 3. Bottom relief of the �6�F�K�|�Q�I�O�L�H�V��pond and lines of the bottom relief profiles  
(grid grades on the left and bottom frame are in degrees of latitude and longitude 

respectively) 
 
�>�e�y�� �k�_�\�_�j�g�h�]�h�� �b�� �k�_�\�_�j�h-�\�h�k�l�h�q�g�h�]�h�� �k�d�e�h�g�Z�� �d�h�l�e�h�\�b�g�u�� �i�j�m�^�Z�� �o�Z�j�Z�d�l�_�j�_�g��

�^�h�\�h�e�v�g�h���j�_�a�d�b�c���k�\�Z�e���]�e�m�[�b�g���\���i�j�b�[�j�_�`�g�h�c���a�h�g�_�����f�_�k�l�Z�f�b���^�h�������� �f���g�Z���j�Z�k�k�l�h�y�g�b�b��
�f�_�g�_�_�� ���� �f  �h�l�� �[�_�j�_�]�Z���� �D�j�m�l�b�a�g�Z�� �i�h�^�\�h�^�g�h�]�h�� �[�_�j�_�]�h�\�h�]�h�� �k�d�e�h�g�Z�� �a�^�_�k�v�� �^�h�k�l�b�]�Z�_�l��
30�q���� �<�� �x�]�h-�\�h�k�l�h�q�g�h�c�� �b�� �h�k�h�[�_�g�g�h�� �\�� �x�`�g�h�c�� �q�Z�k�l�y�o�� �\�h�^�h�_�f�Z�� �k�d�e�h�g�� �i�h�e�h�]�b�c���� �_�]�h��
�d�j�m�l�b�a�g�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �k�g�b�`�Z�_�l�k�y�� ���^�h�� ���±7�q������ �<�� �p�_�e�h�f�� �i�e�h�s�Z�^�v�� �f�_�e�d�h�\�h�^�b�c�� �k�� �]�e�m��
�[�b�g�h�c���^�h�������f���k�h�k�l�Z�\�e�y�_�l������ �����h�l���i�e�h�s�Z�^�b���a�_�j�d�Z�e�Z���i�j�m�^�Z�����I�j�_�^�i�h�e�Z�]�Z�_�f�Z�y���f�Z�d�k�b��
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�f�Z�e�v�g�Z�y���]�e�m�[�b�g�Z���i�j�m�^�Z�����i�j�h�_�p�b�j�m�_�f�Z�y���k�b�k�l�_�f�h�c���$�U�F�*�,�6���k���m�q�_�l�h�f���]�e�m�[�b�g���[�e�b�a���h�l��
�f�_�j�_�g�g�u�o�� �l�h�q�_�d�� �± �������� �f�� �h�[�g�Z�j�m�`�_�g�Z�� �g�Z�� �k�_�\�_�j�_�� �\�h�^�h�_�f�Z���� �>�g�h�� �\�� �_�]�h�� �g�Z�b�[�h�e�_�_�� �]�e�m��
�[�h�d�b�o���k�_�\�_�j�g�h�c���b���k�_�\�_�j�h-�\�h�k�l�h�q�g�h�c���q�Z�k�l�y�o���^�h�\�h�e�v�g�h���j�h�\�g�h�_���� 

�R�_�g�n�e�b�a �i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �k�j�_�^�g�b�c�� ���k�h�]�e�Z�k�g�h�� �>���@�� �i�h�� �i�e�h�s�Z�^�b�� �\�h�^�g�h�]�h��
�a�_�j�d�Z�e�Z���i�j�m�^�����h�d�h�e�h��9,1 �]�Z��, �]�e�m�[�b�g�Z���d�h�l�h�j�h�]�h���g�_���i�j�_�\�u�r�Z�_�l�� ���±4 �f�� �\�� �i�j�b�[�j�_�`�g�h�c��
�a�h�g�_�� �b�� �f�_�g�_�_��6 �f���± �\�� �p�_�g�l�j�Z�e�v�g�h�c���� �<�Z�`�g�u�f�� �i�h�d�Z�a�Z�l�_�e�_�f�� �y�\�e�y�_�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l��
�]�e�m�[�b�g�g�h�k�l�b�� �\�h�^�h�_�f�Z [3], �d�h�l�h�j�u�c�� �^�e�y�� �i�j�m�^�Z �R�_�g�n�e�b�a�� �k�h�k�l�Z�\�b�e�� ���������� �W�l�h�� �k�\�b�^�_��
�l�_�e�v�k�l�\�m�_�l�� �h�[�� �m�f�_�j�_�g�g�h�c�� �m�d�j�u�l�h�k�l�b�� �d�h�l�e�h�\�b�g�u�� �i�j�m�^�Z�� �h�l�� �\�_�l�j�h�\�h�]�h�� �i�_�j�_�f�_�r�b�\�Z��
�g�b�y�� �\�h�^�� �b�� �\�h�a�f�h�`�g�h�k�l�b�� �b�o�� �j�Z�k�k�e�h�_�g�b�y �\�� �e�_�l�g�b�c�� �b�� �a�b�f�g�b�c�� �i�_�j�b�h�^�u���� �q�l�h���� �\�� �k�\�h�x��
�h�q�_�j�_�^�v���� �k�i�h�k�h�[�k�l�\�m�_�l�� �m�k�b�e�_�g�b�x�� �g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �o�b�f�b�q�_�k�d�h�c�� �b�� �[�b�h�e�h�]�b�q�_�k�d�h�c��
�g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �\�h�^�g�h�c�� �f�Z�k�k�u���� �H�i�Z�k�g�h�k�l�v�� �\�h�a�g�b�d�g�h�\�_�g�b�y�� �g�_�[�e�Z�]�h�i�j�b�y�l�g�h�]�h���d�b�k��
�e�h�j�h�^�g�h�]�h���j�_�`�b�f�Z���\�� �m�k�e�h�\�b�y�o���m�k�l�h�c�q�b�\�h�c���k�l�j�Z�l�b�n�b�d�Z�p�b�b�� �i�h�^�l�\�_�j�`�^�Z�_�l���b���g�b�a�d�h�_��
�a�g�Z�q�_�g�b�_���r�b�j�h�d�h���i�j�b�f�_�g�y�_�f�h�]�h���\���f�h�j�n�h�f�_�l�j�b�b���i�h�d�Z�a�Z�l�_�e�y �h�l�d�j�u�l�h�k�l�b (�k�h�]�e�Z�k�g�h��
[5]), �\�u�j�Z�`�Z�x�s�_�]�h �k�e�Z�[�m�x���k�l�_�i�_�g�v���^�b�g�Z�f�b�q�_�k�d�h�]�h���i�_�j�_�f�_�r�b�\�Z�g�b�y���\�h�^���i�j�m�^�Z���� 

�:�d�\�Z�l�h�j�b�y�� �i�j�m�^�Z �b�f�_�_�l�� �i�h�q�l�b�� �i�j�Z�\�b�e�v�g�m�x�� �l�j�_�m�]�h�e�v�g�m�x�� �n�h�j�f�m �k�� �h�q�_�g�v��
�k�e�Z�[�h�b�a�j�_�a�Z�g�g�u�f�b���[�_�j�_�]�Z�f�b (�d�h�w�n�n�b�p�b�_�g�l���b�a�j�_�a�Z�g�g�h�k�l�b���[�_�j�_�]�h�\�h�c���e�b�g�b�b�� �± 1,12) 
�i�j�b���i�j�h�l�y�`�_�g�g�h�k�l�b���[�_�j�_�]�h�\�h�c���e�b�g�b�b�����������d�f�����K�h�]�e�Z�k�g�h���b�a�f�_�j�_�g�b�y�f���b���j�Z�k�q�_�l�Z�f���Z�\��
�l�h�j�h�\���� �^�e�b�g�Z���R�_�g�n�e�b�a�Z���k�h�k�l�Z�\�e�y�_�l�� �± 0,48 �d�f���� �f�Z�d�k�b�f�Z�e�v�g�Z�y���r�b�j�b�g�Z������������ �d�f���� �a�Z��
�f�_�l�g�h���i�j�_�\�h�k�o�h�^�b�l���k�j�_�^�g�x�x�����h�d�h�e�h���������� �d�f�������<���k�h�h�l�\�_�l�k�l�\�b�b���k���\�_�e�b�q�b�g�h�c���i�h�d�Z�a�Z��
�l�_�e�y�� �m�^�e�b�g�_�g�g�h�k�l�b���K�� �<�� �=�j�b�]�h�j�v�_�\�Z�� �>���@���� �]�h�j�b�a�h�g�l�Z�e�v�g�Z�y�� �j�Z�k�q�e�_�g�_�g�g�h�k�l�v�� �\�h�^�h�_�f�Z��
�g�_�\�_�e�b�d�Z���b���[�e�b�a�d�Z���d���h�d�j�m�]�e�h�c���n�h�j�f�_�����l�Z�[�e�b�p�Z��������  
 
�L�Z�[�e�b�p�Z��2�����H�k�g�h�\�g�u�_���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���i�j�m�^�Z���R�_�g�n�e�b�a�� 
Table 2. Basic morphometric characteristics of the �6�F�K�|�Q�I�O�L�H�V��pond  

�I�Z�j�Z�f�_�l�j �A�g�Z�q�_�g�b�_ 
�I�e�h�s�Z�^�v���\�h�^�g�h�]�h���a�_�j�d�Z�e�Z�����]�Z 9,1 
�>�e�b�g�Z�����d�f 0,48  
�R�b�j�b�g�Z���k�j�_�^�g�y�y�����d�f 0,19 
�R�b�j�b�g�Z���f�Z�d�k�b�f�Z�e�v�g�Z�y�����d�f 0,32 
�=�e�m�[�b�g�Z���k�j�_�^�g�y�y�����f  3,1 
�=�e�m�[�b�g�Z���f�Z�d�k�b�f�Z�e�v�g�Z�y�����f 5,5 
�I�j�h�l�y�`�_�g�g�h�k�l�v���[�_�j�_�]�h�\�h�c���e�b�g�b�b�����d�f 1,2 
�H�[�t�_�f���\�h�^�u�����l�u�k�����f3   281,4 
�D�h�w�n�n�b�p�b�_�g�l���b�a�j�_�a�Z�g�g�h�k�l�b �[�_�j�_�]�h�\�h�c���e�b�g�b�b 1,12 
�D�h�w�n�n�b�p�b�_�g�l���h�l�g�h�k�b�l�_�e�v�g�h�c���]�e�m�[�b�g�u  6,9 
�D�h�w�n�n�b�p�b�_�g�l���h�l�d�j�u�l�h�k�l�b  0,03 
�I�h�d�Z�a�Z�l�_�e�v���n�h�j�f�u �h�a�_�j�g�h�c���q�Z�r�b  0,6 (�i�h�e�m�w�e�e�b�i�k�h�b�^) 
�D�h�w�n�n�b�p�b�_�g�l���m�^�e�b�g�_�g�g�h�k�l�b 2,5 
�I�e�h�s�Z�^�v���\�h�^�h�k�[�h�j�g�h�]�h���[�Z�k�k�_�c�g�Z�����]�Z 7,3 
�I�h�d�Z�a�Z�l�_�e�v���m�^�_�e�v�g�h�]�h���\�h�^�h�k�[�h�j�Z 0,8 

 
�L�j�_�o�f�_�j�g�Z�y�� �f�h�^�_�e�v�� �j�_�e�v�_�n�Z�� �^�g�Z�� �R�_�g�n�e�b�a�Z�� ���j�b�k���� ���� �b�� �[�Z�l�b�f�_�l�j�b�q�_�k�d�b�o��

�i�j�h�n�b�e�_�c ���j�b�k���� ���� �i�h�a�\�h�e�y�_�l�� �b�a�m�q�b�l�v�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_ �]�e�m�[�b�g�� �i�h��
�i�e�h�s�Z�^�b�� �\�h�^�h�_�f�Z �b�� �h�o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v�� �n�h�j�f�m�� �_�]�h�� �d�h�l�e�h�\�b�g�u. �M�� �[�_�j�_�]�h�\���� �\�� �h�k�g�h�\��
�g�h�f�� �h�l�f�_�q�Z�_�l�k�y�� �j�_�a�d�h�_�� �m�\�_�e�b�q�_�g�b�_�� �]�e�m�[�b�g�u�� �^�h��2�±3 �f���� �>�g�h�� �\�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b��
�d�h�l�e�h�\�b�g�u�� �[�h�e�_�_�� �\�u�j�h�\�g�_�g�g�h�_�� �D�h�l�e�h�\�b�g�Z�� �i�j�m�^�Z�� �k�e�Z�[�h�h�l�d�j�u�l�Z�y���� �q�l�h�� �o�Z�j�Z�d�l�_�j�g�h��
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�^�e�y�� �g�_�[�h�e�v�r�b�o���� �g�h�� �^�h�k�l�Z�l�h�q�g�h�� �]�e�m�[�h�d�b�o�� �\�h�^�h�_�f�h�\�� �K�h�h�l�g�h�r�_�g�b�_�� �k�j�_�^�g�_�c�� �b�� �f�Z�d��
�k�b�f�Z�e�v�g�h�c�� �]�e�m�[�b�g�� �i�j�m�^�Z�� ������������ �i�h�^�l�\�_�j�`�^�Z�_�l �[�e�b�a�h�k�l�v�� �_�]�h�� �d�h�l�e�h�\�b�g�u �i�h�� �n�h�j�f�_�� �d��
�i�h�e�m�w�e�e�b�i�k�h�b�^�m���>7�@�����q�l�h �o�h�j�h�r�h���\�b�^�g�h���g�Z���l�j�_�o�f�_�j�g�h�c���f�h�^�_�e�b. 

 

 
 

�J�b�k. 4. �L�j�_�o�f�_�j�g�Z�y �f�h�^�_�e�v �j�_�e�v�_�n�Z���^�g�Z���i�j�m�^�Z���R�_�g�n�e�b�a 
Fig. 4. Three-�G�L�P�H�Q�V�L�R�Q�D�O���P�R�G�H�O���R�I���W�K�H���E�R�W�W�R�P���U�H�O�L�H�I���R�I���W�K�H���6�F�K�|�Q�I�O�L�H�V���S�R�Q�G 

 
�>�e�y���b�k�d�m�k�k�l�\�_�g�g�h�c���d�h�l�e�h�\�b�g�u���i�j�m�^�Z���R�_�g�n�e�b�a �o�Z�j�Z�d�l�_�j�g�Z���l�j�Z�i�_�p�b�_�\�b�^�g�Z�y��

�n�h�j�f�Z���i�j�h�^�h�e�v�g�h�]�h���i�j�h�n�b�e�y �k���a�Z�f�_�l�g�u�f���j�Z�k�q�e�_�g�_�g�b�_�f���^�h�g�g�h�]�h���j�_�e�v�_�n�Z���\���p�_�g�l�j�_��
�\�h�^�h�_�f�Z�� ���e�b�g�b�y�� �:�<��. �I�h�i�_�j�_�q�g�u�c�� �i�j�h�n�b�e�v�� �d�h�l�e�h�\�b�g�u�� �i�j�m�^�Z�� ���e�b�g�b�y��CD) �b�f�_�_�l��
�q�_�l�d�h���\�u�j�Z�`�_�g�g�m�x���d�h�g�m�k�h�h�[�j�Z�a�g�m�x���n�h�j�f�m�����j�b�k���������� 

 
   �I�j�h�l�y�`�_�g�g�h�k�l�v�����f 

 

 �I�j�h�l�y�`�_�g�g�h�k�l�v�����f 

 
�E�b�g�b�y���:�<    �E�b�g�b�y��CD 

 
�J�b�k����5. �;�Z�l�b�f�_�l�j�b�q�_�k�d�b�_���i�j�h�n�b�e�b���i�j�m�^�Z���R�_�g�n�e�b�a 

Fig. 5. Bathymetric profiles �R�I���W�K�H���6�F�K�|�Q�I�O�L�H�V���S�R�Q�G 
 

�G�h�\�h�h�[�j�Z�a�h�\�Z�g�g�u�_ �Z�g�l�j�h�i�h�]�_�g�g�u�_���\�h�^�h�_�f�u���^�Z�e�_�_���f�h�]�m�l�� �i�h�^�\�_�j�]�Z�l�v�k�y���j�Z�a��
�e�b�q�g�u�f�� �\�f�_�r�Z�l�_�e�v�k�l�\�Z�f�� �\�� �_�k�l�_�k�l�\�_�g�g�u�_�� �i�j�h�p�_�k�k�u�� �j�Z�a�\�b�l�b�y�� �e�b�f�g�h�k�b�k�l�_�f�� ���n�h�j��
�f�b�j�h�\�Z�g�b�_�� �i�j�h�n�b�e�y�� �j�Z�\�g�h�\�_�k�g�h�]�h�� �[�_�j�_�]�Z���� �b�a�f�_�g�_�g�b�_�� �m�j�h�\�g�y�� �\�h�^�u���� �g�Z�d�h�i�e�_�g�b�_��
�^�h�g�g�u�o�� �h�k�Z�^�d�h�\�� �b�� �l�� �i�������� �d�h�l�h�j�u�_�� �\�_�^�m�l�� �d�� �i�h�k�l�_�i�_�g�g�h�c�� �\�u�j�Z�[�h�l�d�_�� �g�h�\�u�o�� �m�k�e�h�\�b�c��
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�h�[�b�l�Z�g�b�y�� �f�Z�d�j�h�n�b�l�h�\�� �[�_�g�l�Z�e�v�g�u�o�� �b�� �i�e�Z�g�d�l�h�g�g�u�o�� �h�j�]�Z�g�b�a�f�h�\�� �\�� �\�h�^�h�_�f�_�� �;�Z�l�b��
�]�j�Z�n�b�q�_�k�d�b�_ �d�j�b�\�u�_�� �i�h�a�\�h�e�y�x�l�� �h�l�k�e�_�`�b�\�Z�l�v�� �k�^�\�b�]�b�� �\�� �]�b�^�j�h�f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o��
�i�h�d�Z�a�Z�l�_�e�y�o (�i�Z�j�Z�f�_�l�j�u �]�e�m�[�b�g�g�h�k�l�b, �h�[�t�_�f�g�h�k�l�b, �b�a�f�_�g�_�g�b�_���n�h�j�f�u���d�h�l�e�h�\�b�g�u). 

�G�Z�� �[�Z�l�b�]�j�Z�n�b�q�_�k�d�b�o �d�j�b�\�u�o ���j�b�k���� ������ �i�h�� �a�Z�g�b�f�Z�_�f�u�f�� �i�e�h�s�Z�^�y�f�� �i�j�_�h�[�e�Z��
�^�Z�x�l �]�e�m�[�b�g�u��3�±5 �f�����i�h �h�[�t�_�f�Z�f�� �± �i�j�b�[�j�_�`�g�u�_�� �m�q�Z�k�l�d�b���^�h�����±2,5 �f�� �D�j�b�\�Z�y �i�e�h��
�s�Z�^�_�c�� �b�f�_�_�l�� �^�\�Z�� �i�e�Z�\�g�u�o�� �b�a�]�b�[�Z���� �m�d�Z�a�u�\�Z�x�s�b�o�� �g�Z�� �f�h�j�n�h�e�h�]�b�q�_�k�d�m�x�� �k�e�h�`�g�h�k�l�v��
�\�h�^�h�_�f�Z. �D�j�b�\�Z�y �h�[�t�_�f�h�\ �f�h�g�h�l�h�g�g�h�� �\�h�]�g�m�l�Z�� �\�� �k�l�h�j�h�g�m�� �d�h�h�j�^�b�g�Z�l�g�u�o�� �h�k�_�c���� �q�l�h��
�k�\�y�a�Z�g�h���k���h�k�h�[�_�g�g�h�k�l�y�f�b���_�_���i�h�k�l�j�h�_�g�b�y���d�Z�d���i�h�k�e�h�c�g�h���g�Z�j�Z�k�l�Z�x�s�_�c���k�m�f�f�u �h�l���^�g�Z��
�d���i�h�\�_�j�o�g�h�k�l�b��  

 

 

 
 

�J�b�k�����������;�Z�l�b�]�j�Z�n�b�q�_�k�d�b�_ �d�j�b�\�u�_���i�j�m�^�Z �R�_�g�n�e�b�a 
Fig. 6. Bathymetric curves of the Sch�|nflies pond 

                                                                     
�;�_�j�_�]�Z���i�j�m�^�Z���i�j�_�b�f�m�s�_�k�l�\�_�g�g�h���^�h�\�h�e�v�g�h���i�h�e�h�]�b�_�����j�_�e�v�_�n���a�Z�i�Z�^�g�h�]�h���i�h�[�_��

�j�_�`�v�y�� �± �m�f�_�j�_�g�g�h�� �d�j�m�l�h�c���� �>�g�h�� �h�[�k�e�_�^�h�\�Z�g�g�h�]�h�� �i�j�m�^�Z�� �\�� �p�_�g�l�j�Z�e�v�g�h�c�� �q�Z�k�l�b���� �_�]�h��
�[�_�j�_�]�Z���b���i�j�b�[�j�_�`�g�u�_���m�q�Z�k�l�d�b���^�g�Z���\���h�k�g�h�\�g�h�f �i�h�d�j�u�l�u���k�e�h�_�f���q�_�j�g�h�]�h���b�e�Z�����b���l�h�e�v��
�d�h �g�Z�� �m�q�Z�k�l�d�_�� �^�g�Z���b�� �[�_�j�_�]�Z���\�� �j�Z�c�h�g�_���i�e�y�`�Z�����\�h�k�l�h�d���\�h�^�h�_�f�Z�����]�j�m�g�l�� �± �i�_�k�q�Z�g�u�c���� �k��
�i�j�b�f�_�k�v�x���d�Z�f�g�_�c�����i�h�^���i�_�k�d�Z�f�b���l�Z�d�`�_���h�[�g�Z�j�m�`�_�g���q�_�j�g�u�c���b�e�����>�e�y���k�_�\�_�j�g�h�c���± �k�_�\�_��
�j�h-�a�Z�i�Z�^�g�h�c���b���x�`�g�h�c���q�Z�k�l�_�c���i�j�m�^�Z���o�Z�j�Z�d�l�_�j�g�h���k�b�e�v�g�h�_���a�Z�j�Z�k�l�Z�g�b�_�����^�h������ ���������i�j�_��
�h�[�e�Z�^�Z�_�l���l�j�h�k�l�g�b�d�����d�h�l�h�j�u�c���h�[�j�Z�a�m�_�l���k�i�e�h�r�g�u�_���a�Z�j�h�k�e�b�����j�Z�k�i�j�h�k�l�j�Z�g�y�x�s�b�_�k�y���h�l��
�m�j�_�a�Z�� �\�h�^�u�� �g�Z�� �j�Z�k�k�l�h�y�g�b�_�� �^�h�� ������ �f�� �b�� �[�h�e�_�_���� �\�k�l�j�_�q�Z�x�l�k�y�� �w�e�h�^�_�y�� �b�� �j�h�]�h�e�b�k�l�g�b�d���� �M��
�i�e�y�`�Z�� ���\�h�k�l�h�q�g�u�c�� �[�_�j�_�]���� �\�h�^�g�Z�y�� �j�Z�k�l�b�l�_�e�v�g�h�k�l�v�� �h�l�k�m�l�k�l�\�m�_�l���� �G�Z�� �k�_�\�_�j�_���� �g�_�i�h��̂Z��
�e�_�d�m���h�l���a�^�Z�g�b�c���h�l�f�_�q�_�g�u���h�l�k�u�i�d�b���b�k�d�m�k�k�l�\�_�g�g�h�]�h���]�j�m�g�l�Z�� 

�;�_�j�_�]�Z�� �\�h�^�h�_�f�Z �i�h�d�j�u�l�u�� �]�m�k�l�h�c�� �j�Z�k�l�b�l�_�e�v�g�h�k�l�v�x, �i�h�� �[�h�e�v�r�_�c�� �q�Z�k�l�b �k�f�_��
�r�Z�g�g�h�c���� �k�Z�^�h�\�h�c�� �b�� �^�_�d�h�j�Z�l�b�\�g�h�c���� �k�n�h�j�f�b�j�h�\�Z�\�r�_�c�k�y�� �g�Z�� �f�_�k�l�_�� �[�u�\�r�b�o�� �o�\�h�c�g�h-
�r�b�j�h�d�h�e�b�k�l�\�_�g�g�u�o�� �e�_�k�h�\���� �B�a�� �^�j�_�\�_�k�g�h�c�� �j�Z�k�l�b�l�_�e�v�g�h�k�l�b�� �i�h�� �[�_�j�_�]�Z�f�� �h�[�g�Z�j�m�`�_�g�u��
�Z�e�u�q�Z�����]�j�m�r�Z���� �Z�d�Z�p�b�y�����j�y�[�b�g�Z�����[�h�y�j�u�r�g�b�d�����d�Z�r�l�Z�g�����d�e�_�g�����b�\�Z�����h�e�v�o�Z�����^�m�[�����j�Z�a�e�b�q��
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�g�u�_�� �d�m�k�l�Z�j�g�b�d�b���� �H�d�j�m�`�Z�x�s�b�c�� �e�Z�g�^�r�Z�n�l�� �i�j�_�^�k�l�Z�\�e�_�g�� �i�e�h�k�d�h�c�� �f�h�j�_�g�g�h�c�� �j�Z�\�g�b��
�g�h�c���� �r�b�j�h�d�h�� �j�Z�k�i�j�h�k�l�j�Z�g�_�g�u�� �g�Z�k�u�i�g�u�_�� �]�j�m�g�l�u���� �\�� �l�h�f �q�b�k�e�_ �b�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h��
�\�h�d�j�m�]���\�h�^�h�_�f�Z���>���@�����H�l�k�u�i�d�Z���a�Z�\�h�a�g�h�]�h���i�_�k�d�Z���^�e�y���i�e�y�`�Z���i�j�h�^�h�e�`�Z�_�l���i�j�h�\�h�^�b�l�v�k�y��
�b���\���g�Z�k�l�h�y�s�_�_���\�j�_�f�y���������� �l���\���������� �]���������� �l���\���������� �]�����>���@�����G�Z���j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c���l�_�j�j�b��
�l�h�j�b�b�� �j�Z�a�\�b�l�u�� �e�_�]�d�h�k�m�]�e�b�g�b�k�l�u�_�� �^�_�j�g�h�\�h-�k�e�Z�[�h�i�h�^�a�h�e�b�k�l�u�_�� �i�h�q�\�u�� �g�Z�� �i�h�q�\�h�h�[��
�j�Z�a�m�x�s�b�o���f�h�j�_�g�g�u�o���k�m�]�e�b�g�d�Z�o���b���k�m�i�_�k�y�o���� �K�h�]�e�Z�k�g�h���d�Z�j�l�Z�f�� �J�h�k�j�_�_�k�l�j�Z, �l�_�j�j�b�l�h��
�j�b�y�� �h�l�g�h�k�b�l�k�y�� �d�� �d�Z�l�_�]�h�j�b�b�� �©�a�_�f�e�b�� �g�Z�k�_�e�_�g�g�u�o�� �i�m�g�d�l�h�\�ª�� �>�����@���� �<�h�k�l�h�q�g�_�_�� �i�j�m�^�Z��
�R�_�g�n�e�b�a�� �i�j�h�l�_�d�Z�_�l�� �j�� �E�_�k�g�Z�y�� ���f�b�g�b�f�Z�e�v�g�h�_�� �j�Z�k�k�l�h�y�g�b�_�� �± �h�d�h�e�h�� ���� �f������ �d�h�l�h�j�Z�y��
�[�_�j�_�l�� �g�Z�q�Z�e�h�� �\�h�a�e�_�� �i�h�k�� �H�l�\�Z�`�g�h�_�� �d�� �x�]�m�� �h�l�� �]�� �D�Z�e�b�g�b�g�]�j�Z�^�Z�� �b�� �l�_�q�_�l�� �\�� �k�_�\�_�j�g�h�f��
�g�Z�i�j�Z�\�e�_�g�b�b���i�Z�j�Z�e�e�_�e�v�g�h���m�e. �>�a�_�j�`�b�g�k�d�h�]�h�����G�_�i�h�^�Z�e�_�d�m���h�l���m�e. �Y�[�e�h�q�g�h�c���h�g�Z �i�h��
�\�h�j�Z�q�b�\�Z�_�l���g�Z���\�h�k�l�h�d���b���\�i�Z�^�Z�_�l���\���j�� �K�l�Z�j�m�x���I�j�_�]�h�e�x����  

�R�_�g�n�e�b�a�� �± �a�Z�f�d�g�m�l�u�c���� �[�_�k�k�l�h�q�g�u�c�� �\�h�^�h�_�f���� �b�a�� �g�_�]�h�� �g�_�� �\�u�l�_�d�Z�_�l�� �g�b�� �h�^�b�g��
�\�h�^�h�l�h�d�����H�k�g�h�\�g�h�_���i�b�l�Z�g�b�_�����i�h�e�m�q�Z�_�f�h�_���i�j�m�^�h�f���R�_�g�n�e�b�a�����± �i�h�^�a�_�f�g�h�_�����^�h�`�^�_�\�h�_��
�b�� �k�g�_�]�h�\�h�_���� �h�g�� �g�_�� �i�j�b�g�b�f�Z�_�l�� �g�b�� �h�^�g�h�]�h�� �\�h�^�h�l�h�d�Z���� �D�h�e�_�[�Z�g�b�y�� �m�j�h�\�g�y�� �\�� �i�j�_�^�_�e�Z�o��
�]�h�^�Z���h�q�_�g�v���f�Z�e�u�����h�^�g�Z�d�h���f�_�`�]�h�^�h�\�u�_���d�h�e�_�[�Z�g�b�y���f�h�]�m�l���[�u�l�v���^�h�\�h�e�v�g�h���k�m�s�_�k�l�\�_�g��
�g�u�f�b�����L�Z�d�����\�������������]�����\�h�^�h�_�f���[�u�e���a�Z�d�j�u�l���^�e�y���d�m�i�Z�g�b�y���\���k�\�y�a�b���k���h�[�f�_�e�_�g�b�_�f [11].  

�L�Z�d�b�f���h�[�j�Z�a�h�f�����b�f�_�_�l�k�y���j�y�^���i�j�b�a�g�Z�d�h�\�����j�_�a�d�h�_���m�\�_�e�b�q�_�g�b�_���]�e�m�[�b�g���m���[�_�j�_�]�Z��
�b�� �\�u�j�h�\�g�_�g�g�u�c�� �j�_�e�v�_�n�� �^�g�Z�� �\�� �p�_�g�l�j�_ �d�h�l�e�h�\�b�g�u���� �i�j�Z�d�l�b�q�_�k�d�b���i�j�y�f�h�e�b�g�_�c�g�Z�y�� �[�_��
�j�_�]�h�\�Z�y�� �e�b�g�b�y�� �b�� �i�h�q�l�b�� �i�j�Z�\�b�e�v�g�Z�y�� �l�j�_�m�]�h�e�v�g�Z�y�� �n�h�j�f�Z�� �\�h�^�h�_�f�Z���� �]�e�m�[�b�g�u �[�h�e�_�_��5 
�f���� �i�j�_�\�u�r�Z�x�s�b�_���a�g�Z�q�_�g�b�y���� �l�b�i�b�q�g�u�_���^�e�y �_�k�l�_�k�l�\�_�g�g�u�o���k�l�Z�j�b�q�g�u�o���b�� �i�h�c�f�_�g�g�u�o��
�h�a�_�j�� �^�h�e�b�g�u�� �j���� �I�j�_�]�h�e�b������ �d�h�l�h�j�u�_ �i�h�^�l�\�_�j�`�^�Z�x�l���b�k�d�m�k�k�l�\�_�g�g�h�_ �i�j�h�b�k�o�h�`�^�_�g�b�_ 
�i�j�m�^�Z�����I�_�j�\�h�g�Z�q�Z�e�v�g�h���l�Z�d�h�c���\�u�\�h�^���[�u�e���k�^�_�e�Z�g���g�Z���h�k�g�h�\�_���j�_�l�j�h�k�i�_�d�l�b�\�g�u�o���d�Z�j�l�h��
�]�j�Z�n�b�q�_�k�d�b�o���f�Z�l�_�j�b�Z�e�h�\ [12]. 

�<�i�_�j�\�u�_���g�_�h�[�\�h�^�g�_�g�g�u�c���d�Z�j�v�_�j �k���i�h�^�\�h�^�y�s�b�f���d�Z�g�Z�e�h�f���\���x�`�g�h�c���q�Z�k�l�b, �i�h��
�n�h�j�f�_�� �g�Z�i�h�f�b�g�Z�x�s�b�c�� �k�h�\�j�_�f�_�g�g�u�c�� �R�_�g�n�e�b�a���� �i�h�y�\�e�y�_�l�k�y�� �g�Z�� �d�Z�j�l�Z�o�� �g�Z�q�Z�e�Z��                
�;�;���\�������d�h�]�^�Z �D�_�g�b�]�k�[�_�j�]���k�l�Z�e���j�Z�k�r�b�j�y�l�v�k�y�����b���^�e�y���b�g�l�_�g�k�b�\�g�h�]�h���]�h�j�h�^�k�d�h�]�h���k�l�j�h�b��
�l�_�e�v�k�l�\�Z�� �i�h�l�j�_�[�h�\�Z�e�b�k�v�� �f�Z�l�_�j�b�Z�e�u���� �\�� �l�h�f �q�b�k�e�_ �i�_�k�h�d��(Messtischblatt, 1933; Karte 
des Deutschen Reiches, Umgebung von �.�|�Q�L�J�V�E�H�U�J�� ���3�U��, 1938���� �=�_�g�_�j�Z�e�v�g�u�c�� �r�l�Z�[��
�J�D�D�:���� �‹�� ����-������ ���N�b�r�o�Z�m�a�_�g������ �<�h�k�l. �I�j�m�k�k�b�y���� �D�_�g�b�]�k�[�_�j�]�k�d���� �i�j�h�\������ �b�k�i�j�Z�\�e���� �\ 
1922�±30 �]�]��). �G�Z���[�h�e�_�_���j�Z�g�g�b�o���b�a�h�[�j�Z�`�_�g�b�y�o���\�h�^�h�_�f���b�e�b���d�Z�j�v�_�j���a�^�_�k�v���h�l�k�m�l�k�l�\�m�x�l 
(Reymann�¶s Special-Karte. K�|nigsberg, 1806; �K�_�f�b�l�h�i�h�]�j�Z�n�b�q�_�d�Z�y�� �d�Z�j�l�Z��
�b�g�h�k�l�j�Z�g�g�u�o�� �\�e�Z�^�_�g�b�c�� �J�h�k�k�b�c�k�d�h�c�� �B�f�i�_�j�b�b���� ������������ �K�i�_�p���� �d�Z�j�l�Z�� �?�\�j�h�i�_�c�k�d�h�c��
�J�h�k�b�b�� �D�_�g�b�]�k�[�_�j�]�� �b�� �<�h�k�l�h�q�g�Z�y�� �I�j�m�k�k�b�y, 1885; �D�Z�j�l�Z�� �=�_�j�f�Z�g�k�d�h�c�� �b�f�i�_�j�b�b��
1:100000, 1878�±1904). �<�h�k�l�h�q�g�_�_ �g�Z�o�h�^�b�l�k�y �\�h�^�h�l�h�d���� �j�m�k�e�h�� �d�h�l�h�j�h�]�h�� �h�l�q�_�l�e�b�\�h��
�i�h�\�l�h�j�y�_�l���k�h�\�j�_�f�_�g�g�u�_���h�q�_�j�l�Z�g�b�y���j. �E�_�k�g�h�c�����m�d�Z�a�Z�g�h �g�Z�a�\�Z�g�b�_ �i�h�k�_�e�_�g�b�y���± �R�_�g��
�n�e�b�a. �G�Z���i�e�Z�g�_���]�� �D�_�g�b�]�k�[�_�j�]�Z�����k�h�k�l�Z�\�e�_�g�g�h�f���i�h���Z�w�j�h�n�h�l�h�k�g�b�f�d�Z�f�������������]���� �k���j�m�d�h��
�i�b�k�g�u�f�b�� �i�h�f�_�l�d�Z�f�b�� �r�l�Z�[�Z�� ����-�c�� �]�\�Z�j�^�_�c�k�d�h�c�� �k�l�j�_�e�d�h�\�h�c�� �^�b�\�b�a�b�b�� �J�D�D�:, �f�h�`�g�h��
�m�\�b�^�_�l�v���� �q�l�h�� �\�� �f�_�k�l�_�� �j�Z�k�i�h�e�h�`�_�g�b�y�� �d�Z�j�v�_�j�Z�� �m�k�l�Z�g�h�\�e�_�g�u�� �k�l�Z�g�d�h�\�u�_�� �i�m�e�_�f�_�l�u���� �l����
�_�����_�]�h���^�g�h���[�u�e�h���k�m�o�b�f�����j�b�k����7). 
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�Z����Reymann�¶s Special-Karte. K�|nigsberg, 

1806 (�n�j�Z�]�f�_�g�l) 
 

�[) Messtischblatt (4 cm-Karte), 1933 
(�n�j�Z�]�f�_�g�l) 

 
�\�����I�e�Z�g���]�� �D�_�g�b�]�k�[�_�j�]�Z���������������]����(�n�j�Z�]�f�_�g�l) 

 
�J�b�k����7�����I�j�m�^���R�_�g�n�e�b�a���g�Z���d�Z�j�l�Z�o������������ ���Z��, 1933 ���[��, 1945 ���\��) [12] 
Fig. 7. Maps showing t�K�H���6�F�K�|�Q�I�O�L�H�V���S�R�Q�G������������(a), 1933(�\), 1945(�k)) 

 
�<�� �l�h�� �`�_�� �\�j�_�f�y�� �g�Z�� �Z�j�o�b�\�g�u�o�� �n�h�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �b�a�h�[�j�Z�`�_�g�b�y�o�� ��������-�o�� �]�]����

���j�b�k. 8) �\���^�Z�g�g�h�f���]�_�h�]�j�Z�n�b�q�_�k�d�h�f���i�m�g�d�l�_���f�h�`�g�h���m�\�b�^�_�l�v���\�h�^�h�_�f���k���g�Z�a�\�Z�g�b�_�f��Bag-
gerteich���� �l�� �_���� �©�d�Z�j�v�_�j�g�u�c�� �i�j�m�^�ª���� �©�d�h�i�Z�g�v�ª�� �>13]. �<�_�j�h�y�l�g�h���� �\�k�d�h�j�_�� �i�h�k�e�_�� �k�h�h�j�m�`�_��
�g�b�y���d�Z�j�v�_�j�Z�� �k�m�s�_�k�l�\�h�\�Z�e�Z�� �l�_�o�g�b�q�_�k�d�Z�y�� �\�h�a�f�h�`�g�h�k�l�v�� �a�Z�i�h�e�g�y�l�v �_�]�h�� �\�h�^�h�c�� �b�� �k�i�m�k��
�d�Z�l�v�� �\�h�^�m�� �i�j�b�� �g�_�h�[�o�h�^�b�f�h�k�l�b���� �g�h�� �\�� �\�h�_�g�g�u�_�� �b�� �i�h�k�e�_�\�h�_�g�g�u�_�� �]�h�^�u�� �\�h�a�f�h�`�g�h�k�l�v��
�j�_�]�m�e�b�j�h�\�Z�l�v���a�Z�i�h�e�g�_�g�b�_���d�Z�j�v�_�j�Z���\�h�^�h�c���[�u�e�Z���m�l�j�Z�q�_�g�Z���� 
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�J�b�k����8�����<�b�^���g�Z���i�j�m�^���;�Z�]�]�_�j�l�Z�c�o�����R�_�g�n�e�b�a�����h�d�j�m�]���D�_�g�b�]�k�[�_�j�]�������������±1936) [13] 
Fig. 8. The view of the Baggerteich (�6�F�K�|�Q�I�O�L�H�V, �.�|�Q�L�J�V�E�H�U�J���X�U�E�D�Q���G�L�V�W�U�L�F�W�� 1930�±1936) 
 

�G�Z�� �\�k�_�o�� �i�h�k�e�_�\�h�_�g�g�u�o�� �d�Z�j�l�Z�o�� �b�� �k�i�m�l�g�b�d�h�\�u�o�� �k�g�b�f�d�Z�o��(�I�e�Z�g��                          
�]���� �D�Z�e�b�g�b�g�]�j�Z�^�Z N-�������� ������������ �i�h���f�Z�l�_�j�b�Z�e�Z�f�� �k�t�_�f�d�b������������ �]������ �k�i�m�l�g�b�d�h�\�u�c���k�g�b�f�h�d��
�]�� �D�Z�e�b�g�b�g�]�j�Z�^�Z�� �b�� �h�d�j�_�k�l�g�h�k�l�_�c, 1966) �^�Z�g�g�u�c�� �h�[�t�_�d�l�� �m�`�_�� �h�[�\�h�^�g�_�g���� �\�b�^�b�f�h�� �a�Z��
�k�q�_�l�� �i�h�k�l�m�i�e�_�g�b�y�� �]�j�m�g�l�h�\�u�o�� �\�h�^, �b�� �h�d�j�m�`�_�g�� �h�[�j�u�\�b�k�l�u�f�b�� �[�_�j�_�]�Z�f�b�� �k�h�� �\�k�_�o�� �k�l�h��
�j�h�g�����I�h�^�\�h�^�y�s�b�c���d�Z�g�Z�e���g�Z���x�]�_�����d�Z�d���b���^�j�m�]�b�_���\�i�Z�^�Z�x�s�b�_���\���i�j�m�^���b�e�b���\�u�l�_�d�Z�x�s�b�_��
�b�a���g�_�]�h���\�h�^�h�l�h�d�b�����h�l�k�m�l�k�l�\�m�_�l�����j�b�k����9). 

 

  
�Z�����I�e�Z�g���]�����D�Z�e�b�g�b�g�]�j�Z�^, N-34, 1959 

(�n�j�Z�]�f�_�g�l) 
�[�����K�i�m�l�g�b�d�h�\�u�c���k�g�b�f�h�d����1966  

(�n�j�Z�]�f�_�g�l) 
 

�J�b�k����9�����I�j�m�^���R�_�g�n�e�b�a���g�Z���d�Z�j�l�Z�o�����������������Z�������������������[��) [12] 
Fig. 9. �0�D�S�V���V�K�R�Z�L�Q�J���W�K�H���6�F�K�|�Q�I�O�L�H�V���S�R�Q�G����1959(�Z), 1966(�\)) 

 
�J�_�e�v�_�n���h�d�j�m�`�Z�x�s�_�c���f�_�k�l�g�h�k�l�b���l�Z�d�`�_���i�j�_�l�_�j�i�_�e���a�g�Z�q�b�l�_�e�v�g�u�_���b�a�f�_�g�_�g�b�y����

�i�h�y�\�e�y�e�b�k�v���g�h�\�u�_���g�_�j�h�\�g�h�k�l�b�����\�b�^�h�b�a�f�_�g�b�e�Z�k�v���]�b�^�j�h�]�j�Z�n�b�q�_�k�d�Z�y���k�_�l�v���� �<���j�_�a�m�e�v��
�l�Z�l�_�� �w�l�h�]�h�� �\�h�^�h�k�[�h�j�g�u�c�� �[�Z�k�k�_�c�g�� �i�j�m�^�Z�� �R�_�g�n�e�b�a�� �h�d�Z�a�Z�e�k�y�� �h�]�j�Z�g�b�q�_�g�� �[�e�b�a�e�_�`�Z��
�s�b�f�b�� �Z�\�l�h�f�h�[�b�e�v�g�u�f�b�� �b�� �`�_�e�_�a�g�h�c�� �^�h�j�h�]�Z�f�b, �i�h�k�l�j�h�_�g�g�u�f�b�� �\�� �o�h�^�_�� �o�h�a�y�c�k�l�\�_�g��
�g�h�]�h���h�k�\�h�_�g�b�y���l�_�j�j�b�l�h�j�b�b�����=�j�Z�g�b�p�u �\�h�^�h�k�[�h�j�g�h�]�h���[�Z�k�k�_�c�g�Z���\�u�^�_�e�_�g�u���k���i�h�f�h�s�v�x 
�d�Z�j�l�h�]�j�Z�n�b�q�_�k�d�b�o�� �k�_�j�\�b�k�h�\�� �*�R�R�J�O�H�� �(�D�U�W�K�� �b�� �]�_�h�b�g�n�h�j�f�Z�p�b�h�g�g�h�c�� �k�b�k�l�_�f�u ArcGis. 
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�I�h�e�h�`�_�g�b�_�� �e�b�g�b�c�� �\�h�^�h�j�Z�a�^�_�e�Z���� �d�h�l�h�j�u�_�� �i�j�h�o�h�^�y�l���� �\�� �h�k�g�h�\�g�h�f���� �h�q�_�g�v�� �[�e�b�a�d�h�� �d��
�m�j�_�a�m�� �\�h�^�u���� �h�k�h�[�_�g�g�h�� �g�Z�� �a�Z�i�Z�^�_�� �b�� �k�_�\�_�j�h-�\�h�k�l�h�d�_�� �\�h�^�h�_�f�Z�� �± �g�Z�� �j�Z�k�k�l�h�y�g�b�b 30�±
40 �f���� �h�i�j�_�^�_�e�y�_�l�k�y�� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �o�h�a�y�c�k�l�\�_�g�g�h�]�h�� �j�Z�a�\�b�l�b�y �i�j�b�e�_�]�Z�x�s�_�c�� �f�_�k�l��
�g�h�k�l�b�����j�b�k����10). 

 

 
 

�J�b�k. 10. �<�h�^�h�k�[�h�j�g�u�c �[�Z�k�k�_�c�g �i�j�m�^�Z �R�_�g�n�e�b�a  
Fig. 10. Catchment area of the �6�F�K�|�Q�I�O�L�H�V��pond  

 
�I�e�h�s�Z�^�v�� �\�h�^�h�k�[�h�j�g�h�]�h�� �[�Z�k�k�_�c�g�Z�� �i�j�m�^�Z�� �R�_�g�n�e�b�a�� �g�_�\�_�e�b�d�Z���� �k�h�k�l�Z�\�e�y�_�l��

�i�j�b�[�e�b�a�b�l�_�e�v�g�h��7,3 �]�Z���b���k�h�i�h�k�l�Z�\�b�f�Z���k���i�e�h�s�Z�^�v�x���_�]�h���\�h�^�g�h�c���i�h�\�_�j�o�g�h�k�l�b���� �q�l�h �\��
�p�_�e�h�f�� �o�Z�j�Z�d�l�_�j�g�h�� �^�e�y�� �f�g�h�]�b�o�� �h�[�\�h�^�g�_�g�g�u�o�� �d�Z�j�v�_�j�h�\�� �]�� �D�Z�e�b�g�b�g�]�j�Z�^�Z�� �>14, 15]. 
�<�h�^�h�k�[�h�j�g�u�c���[�Z�k�k�_�c�g���\�d�e�x�q�Z�_�l���m�q�Z�k�l�h�d���f�_�k�l�g�h�k�l�b���i�h�q�l�b���^�h���j. �E�_�k�g�h�c���g�Z���\�h�k�l�h�d�_����
�j�Z�k�r�b�j�y�y�k�v �d���x�]�h-�\�h�k�l�h�d�m�� �G�Z���a�Z�i�Z�^�g�h�f���[�_�j�_�]�m���\�h�^�h�_�f�Z���_�]�h���\�h�^�h�k�[�h�j���a�Z�f�_�l�g�h���m�`�_��
(20�±������ �f������ �h�]�j�Z�g�b�q�_�g�� �`�_�e�_�a�g�h�^�h�j�h�`�g�u�f�b�� �i�m�l�y�f�b�� �b�� �\�u�l�y�g�m�l�� �k�� �k�_�\�_�j�Z�� �g�Z�� �x�]. �G�_��
�[�h�e�v�r�h�c���j�Z�a�f�_�j�� �\�h�^�h�k�[�h�j�Z �i�j�m�^�Z�����m�^�_�e�v�g�u�c���\�h�^�h�k�[�h�j �R�_�g�n�e�b�a�Z������������ �h�i�j�_�^�_�e�y�_�l��
�_�]�h�� �k�g�b�`�_�g�g�h�_�� �\�e�b�y�g�b�_�� �g�Z�� �]�b�^�j�h�e�h�]�b�q�_�k�d�b�c�� �j�_�`�b�f�� �\�h�^�g�h�]�h�� �h�[�t�_�d�l�Z���� �K�e�_�^�h�\�Z��
�l�_�e�v�g�h���� �a�g�Z�q�_�g�b�_�� �b�a�f�_�g�q�b�\�u�o�� �i�h�]�h�^�g�u�o�� �m�k�e�h�\�b�c�� �b�� �\�g�m�l�j�b�\�h�^�h�_�f�g�u�o�� �i�j�h�p�_�k�k�h�\ 
�m�k�b�e�b�\�Z�_�l�k�y. �I�h�k�d�h�e�v�d�m�� �i�j�m�^ �R�_�g�n�e�b�a�� �± �a�Z�f�d�g�m�l�u�c�� �g�_�i�j�h�l�h�q�g�u�c�� �\�h�^�h�_�f �k�� �a�Z��
�f�_�^�e�_�g�g�u�f�� �\�h�^�h�h�[�f�_�g�h�f, �Z�� �h�[�t�_�f�� �\�h�^�g�h�c�� �f�Z�k�k�u �k�j�Z�\�g�b�l�_�e�v�g�h�� �g�_�\�_�e�b�d���� �l�h�� �_�]�h��
�m�k�l�h�c�q�b�\�h�k�l�v���d���a�Z�]�j�y�a�g�_�g�b�x���l�Z�d�`�_���g�_���f�h�`�_�l���[�u�l�v���\�u�k�h�d�h�c.  

 
�A�:�D�E�X�Q�?�G�B�? 

�I�j�h�\�_�^�_�g�g�u�_���j�Z�[�h�l�u���i�h�a�\�h�e�b�e�b �\�i�_�j�\�u�_���i�h�k�l�j�h�b�l�v���[�Z�l�b�f�_�l�j�b�q�_�k�d�m�x���d�Z�j��
�l�m�� �b�� �l�j�_�o�f�_�j�g�m�x�� �f�h�^�_�e�v�� �j�_�e�v�_�n�Z�� �^�g�Z�� �i�j�m�^�Z�� �R�_�g�n�e�b�a���� �Z�� �l�Z�d�`�_�� �h�i�j�_�^�_�e�b�l�v�� �_�]�h��
�f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���� �W�l�h�� �\�h�^�h�_�f�� �k�j�_�^�g�_�]�h�� �j�Z�a�f�_�j�Z�� ���i�e�h�s�Z�^�v�� �\�h�^��
�g�h�c�� �i�h�\�_�j�o�g�h�k�l�b�� ������ �]�Z���� �k�h�� �k�j�_�^�g�_�c�� �]�e�m�[�b�g�h�c�� ������ �f���� �f�Z�d�k�b�f�Z�e�v�g�Z�y�� �a�Z�n�b�d�k�b�j�h�\�Z�g��
�g�Z�y�� �]�e�m�[�b�g�Z�� �k�h�k�l�Z�\�b�e�Z�� ������ �f���� �K�h�q�_�l�Z�g�b�_�� �g�_�[�h�e�v�r�h�c�� �i�e�h�s�Z�^�b�� �\�h�^�g�h�]�h�� �a�_�j�d�Z�e�Z��
�i�j�m�^�Z�� �k�� �l�Z�d�h�c�� �]�e�m�[�b�g�h�c�� �i�j�b�\�h�^�b�l�� �d�� �h�k�e�Z�[�e�_�g�b�x�� �\�_�l�j�h�\�h�]�h�� �i�_�j�_�f�_�r�b�\�Z�g�b�y�� �_�]�h��
�\�h�^�g�h�c�� �l�h�e�s�b�� �b�� �g�_�j�Z�\�g�h�f�_�j�g�h�f�m�� �j�Z�k�i�j�_�^�_�e�_�g�b�x�� �l�_�i�e�Z�� �b�� �j�Z�k�l�\�h�j�_�g�g�u�o�� �w�e�_�f�_�g��
�l�h�\�����m�k�b�e�b�\�Z�_�l���j�b�k�d���\�h�a�g�b�d�g�h�\�_�g�b�y���d�b�k�e�h�j�h�^�h�^�_�n�b�p�b�l�g�u�o���a�h�g���\���i�j�b�^�h�g�g�h�f���k�e�h�_�� 



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

47 
 

�L�_�o�g�h�]�_�g�g�Z�y�� �i�j�b�j�h�^�Z �\�h�^�h�_�f�Z�� �b�� �_�]�h�� �k�j�Z�\�g�b�l�_�e�v�g�Z�y�� �f�h�e�h�^�h�k�l�v�� �h�[�m�k�e�h�\�e�b��
�\�Z�x�l�� �^�h�k�l�Z�l�h�q�g�h�� �k�e�h�`�g�u�c�� �j�_�e�v�_�n�� �^�g�Z. �D�h�l�e�h�\�b�g�Z�� �i�j�m�^�Z �\�u�j�h�\�g�_�g�Z�� �\�� �p�_�g�l�j�_���� �[�_��
�j�_�]�h�\�Z�y���e�b�g�b�y���k���l�j�_�m�]�h�e�v�g�u�f�b���h�q�_�j�l�Z�g�b�y�f�b �h�q�_�g�v���k�e�Z�[�h�b�a�j�_�a�Z�g�g�Z�y�����I�e�h�s�Z�^�v �\�h��
�^�h�k�[�h�j�g�h�]�h�� �[�Z�k�k�_�c�g�Z�� �i�j�m�^�Z�� �R�_�g�n�e�b�a�� �g�_�\�_�e�b�d�Z�� �b�� �k�h�k�l�Z�\�e�y�_�l�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h��                   
�������� �]�Z���� �I�h�d�Z�a�Z�l�_�e�v�� �m�^�_�e�v�g�h�]�h�� �\�h�^�h�k�[�h�j�Z�� �h�l�g�h�k�b�l�k�y�� �d�� �h�q�_�g�v�� �f�Z�e�u�f���� �q�l�h�� �]�h�\�h�j�b�l�� �h��
�g�b�a�d�h�c���j�h�e�b���\�h�^�h�k�[�h�j�g�h�]�h���[�Z�k�k�_�c�g�Z���\���i�j�h�l�_�d�Z�x�s�b�o���\�g�m�l�j�_�g�g�b�o���i�j�h�p�_�k�k�Z�o���\���i�j�m�^�m���� 

�G�Z�b�[�h�e�_�_�� �[�e�Z�]�h�i�j�b�y�l�g�u�_�� �m�k�e�h�\�b�y�� �^�e�y�� �k�h�a�^�Z�g�b�y�� �i�e�y�`�Z�� �b�f�_�x�l�k�y�� �g�Z�� �a�Z�i�Z�^��
�g�h�f�� �b���x�]�h-�a�Z�i�Z�^�g�h�f�� �[�_�j�_�]�m�� �\�h�^�h�_�f�Z���� �l�Z�d�� �d�Z�d�� �\�� �h�l�e�b�q�b�_�� �h�l�� �\�h�k�l�h�q�g�h�]�h�� �i�h�[�_�j�_�`�v�y 
�]�e�m�[�b�g�u�� �l�Z�f�� �b�a�f�_�g�y�x�l�k�y�� �[�h�e�_�_�� �i�e�Z�\�g�h�� �b���i�h�k�l�_�i�_�g�g�h���� �R�b�j�b�g�Z�� �i�h�e�h�k�u�� �Z�d�\�Z�l�h�j�b�b��
�i�j�m�^�Z���� �h�]�j�Z�g�b�q�_�g�g�h�c�� �b�a�h�[�Z�l�h�c�� ���� �f���� �^�h�k�l�b�]�Z�_�l�� �i�h�q�l�b�� ������ �f. �M�\�_�e�b�q�_�g�b�_�� �i�e�h�s�Z�^�b��
�h�j�]�Z�g�b�a�h�\�Z�g�g�h�]�h�� �i�e�y�`�Z�� �i�h�a�\�h�e�b�e�h�� �[�u�� �k�g�b�a�b�l�v�� �j�_�d�j�_�Z�p�b�h�g�g�m�x�� �g�Z�]�j�m�a�d�m�� �g�Z�� �i�j�m�^��
�R�_�g�n�e�b�a �\���p�_�e�h�f�� 
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�<���k�l�Z�l�v�_���j�Z�k�k�f�h�l�j�_�g�Z �j�h�e�v �f�Z�e�u�o���]�h�j�h�^�k�d�b�o���\�h�^�h�_�f�h�\���\���`�b�a�g�b���m�j�[�h�w�d�h�k�b��
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�`�_�g�b�y���g�Z���i�j�b�f�_�j�_���i�j�m�^�Z���I�h�i�e�Z�\�h�d. �I�h�k�e�_���j�_�d�m�e�v�l�b�\�Z�p�b�b���\�h�^�h�_�f���i�j�h�o�h�^�b�e���i�_�j�b��
�h�^�� �\�h�k�k�l�Z�g�h�\�e�_�g�b�y�� �b�� �m�`�_�� �d�� �������� �]���� �f�g�h�]�b�_�� �b�a�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �i�j�b��
�r�e�b�� �d�� �^�h�i�m�k�l�b�f�h�f�m�� �m�j�h�\�g�x���� �<�u�y�\�e�_�g�g�u�_�� �h�k�h�[�_�g�g�h�k�l�b�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �a�Z�f�d�g�m�l�h�c��
�k�b�k�l�_�f�u�� �i�j�m�^�Z�� �g�_�� �k�i�h�k�h�[�k�l�\�m�x�l�� �[�u�k�l�j�h�f�m�� �h�[�g�h�\�e�_�g�b�x�� �\�h�^�� �b�e�b�� �b�o�� �k�Z�f�h�h�q�b�s�_��
�g�b�x�����q�l�h���i�j�b�\�h�^�b�l���d���i�h�k�l�_�i�_�g�g�h�f�m���k�g�b�`�_�g�b�x���d�Z�q�_�k�l�\�Z���\�h�^�u���\���j�_�a�m�e�v�l�Z�l�_���[�u�k�l�j�h��
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�q�l�h���b���g�Z�[�e�x�^�Z�e�h�k�v���\���i�j�m�^�_ �I�h�i�e�Z�\�h�d���\�������������]�����>�e�y���w�d�h�k�b�k�l�_�f���i�h�^�h�[�g�u�o���\�h�^�h�_�f�h�\��
�l�j�_�[�m�_�l�k�y���i�h�k�l�h�y�g�g�u�c���d�h�g�l�j�h�e�v���a�Z���b�o���k�h�k�l�h�y�g�b�_�f���b �k�\�h�_�\�j�_�f�_�g�g�h�_ �\�f�_�r�Z�l�_�e�v�k�l�\�h��
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The paper considers the role of small water bodies in the life of urban ecosys-
tems and their importance for modern cities. Changes in the chemical composition of 
the water of the Poplavok pond due to the recent clean-out, anthropogenic influences 
and natural factors are assessed based upon the data of monthly hydrological and hydro-
chemical observations and additional studies within the period from February 2015 to 
November 2017. Comparison of the pond with other water reservoirs of the similar pur-
pose in Kaliningrad in terms of morphometric and hydrochemical parameters showed 
that the Poplavok pond is one of the typical artificial reservoirs of Kaliningrad; its hy-
drological and hydrochemical regime significantly depends on weather conditions and 
performed water control and water economic practice. A feature of the artificial reser-
voirs of the city of Kaliningrad is their small size and slow natural water exchange, 
which is one of the most important hydrological and hydroecological characteristics.  

These small water reservoirs of Kaliningrad are dynamically passive water areas 
with a simplified structure and reduced stability of in-water body processes. As a result, 
there is a tendency in ponds to significantly accelerated eutrophication in comparison 
with natural water bodies and �³water �E�O�R�R�P�L�Q�J�´�� 

Rejuvenation of ponds and extension of their life cycle is possible by cleaning 
the bed and reconstruction of the reservoir. The result of such rejuvenation is studied in 
the article using the example of the Poplavok pond. After reclamation, the reservoir un-
derwent a recovery period, and by 2016 many indicators had reached the permissible 
�O�H�Y�H�O�����7�K�H�V�H���I�H�D�W�X�U�H�V���R�I���W�K�H���I�R�U�P�D�W�L�R�Q���R�I���D���F�O�R�V�H�G���V�\�V�W�H�P���R�I���W�K�H���S�R�Q�G���G�R�Q�¶�W���F�R�Q�W�U�L�E�X�W�H���W�R��
the rapid renewal of the waters or their self-purification, which leads to a gradual de-
crease in water quality as a result of the rapid accumulation of organic material even 
after reclamation, which was observed in the Poplavok pond in 2017. For this type of 
ecosystems a constant monitoring of their condition and timely intervention to maintain 
or improve their ecological state are recommended. 

small city ponds, the Poplavok pond, hydrochemical characteristics, ecological 
state, monitoring 
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�]�Z�� �i�j�m�^�Z�� �a�Z�k�Z�^�b�e�b�� �j�_�^�d�b�f�b�� �i�h�j�h�^�Z�f�b�� �^�_�j�_�\�v�_�\�� �b�� �d�m�k�l�Z�j�g�b�d�h�\�� �>1�@���� �I�h�i�e�Z�\�h�d�� ���i�h��
�e�m�q�b�e�� �k�\�h�_�� �k�h�\�j�_�f�_�g�g�h�_�� �g�Z�a�\�Z�g�b�_�� �\�� ���������� �]������ �^�h�� �w�l�h�]�h�� �± �g�_�f���� �=�Z�L�O�O�L�Q�J�V�W�H�L�F�K�� �b�e�b��
Zwillingssee �± �i�j�m�^�� �;�e�b�a�g�_�p�u���� �[�u�k�l�j�h�� �k�l�Z�e �h�^�g�h�c�� �b�a�� �^�h�k�l�h�i�j�b�f�_�q�Z�l�_�e�v�g�h�k�l�_�c��
�j�Z�c�h�g�Z���� �©�l�h�q�d�h�c�� �i�j�b�l�y�`�_�g�b�y�ª�� �^�e�y�� �`�b�l�_�e�_�c���� �d�Z�d�h�\�u�f�� �h�k�l�Z�_�l�k�y���b���i�h�� �g�Z�k�l�h�y�s�_�_��
�\�j�_�f�y�� �< 90-�_�� �]�h�^�u���� �g�Z�� �n�h�g�_�� �h�[�s�_�]�h�� �w�d�h�g�h�f�b�q�_�k�d�h�]�h�� �d�j�b�a�b�k�Z���� �i�j�m�^�� �i�h�k�l�_�i�_�g�g�h��
�i�j�b�r�_�e�� �\�� �m�i�Z�^�h�d���� �d�Z�f�_�g�g�h�_�� �h�]�j�Z�`�^�_�g�b�_�� �q�Z�k�l�b�q�g�h�� �h�k�u�i�Z�e�h�k�v���� �\�h�^�Z�� �i�j�Z�d�l�b�q�_�k�d�b��
�b�k�q�_�a�e�Z���i�h�^���k�e�h�_�f���f�m�k�h�j�Z���b���j�y�k�d�b�����<�_�k�g�h�c�������������]�����g�Z�q�Z�e�Z�k�v���j�_�d�h�g�k�l�j�m�d�p�b�y���i�j�m�^�Z, 
�\�� �o�h�^�_�� �d�h�l�h�j�h�c �j�Z�a�[�b�j�Z�e�Z�k�v�� �^�Z�f�[�Z, �\�u�i�h�e�g�y�e�h�k�v �h�k�m�r�_�g�b�_���� �h�q�b�s�_�g�b�_ �h�l�� �^�h�g�g�u�o��
�h�l�e�h�`�_�g�b�c���� �m�d�j�_�i�e�_�g�b�_ �[�_�j�_�]�Z, �[�u�e�b�� �j�_�d�h�g�k�l�j�m�b�j�h�\�Z�g�u �f�h�k�l�u���� �k�b�k�l�_�f�Z�� �\�h�^�h�h�l��
�\�_�^�_�g�b�y �b���^�j. [4].  

�P�_�e�v�� �j�Z�[�h�l�u�� �± �h�i�j�_�^�_�e�_�g�b�_�� �i�j�h�[�e�_�f�� �f�Z�e�u�o�� �\�h�^�h�_�f�h�\���� �g�Z�o�h�^�y�s�b�o�k�y �\ �]�h��
�j�h�^�k�d�h�c �q�_�j�l�_�����Z���l�Z�d�`�_���\�u�y�\�e�_�g�b�_���k�\�y�a�Z�g�g�u�o �k���g�b�f�b���]�b�^�j�h�o�b�f�b�q�_�k�d�b�o���b���]�b�^�j�h�e�h��
�]�b�q�_�k�d�b�o���b�a�f�_�g�_�g�b�c �g�Z���i�j�b�f�_�j�_���i�j�m�^�Z���I�h�i�e�Z�\�h�d. 

 
�F�:�L�?�J�B�:�E�U �B���F�?�L�H�>�B�D�: 

�<���p�_�e�y�o�� �d�h�g�l�j�h�e�y�� �w�d�h�e�h�]�b�q�_�k�d�h�c�� �k�b�l�m�Z�p�b�b�� �g�Z�� �i�j�m�^�m �I�h�i�e�Z�\�h�d�� �k�� �n�_�\�j�Z�e�y��
�����������]�����[�u�e���h�j�]�Z�g�b�a�h�\�Z�g �_�`�_�f�_�k�y�q�g�u�c���f�h�g�b�l�h�j�b�g�]�� �I�j�h�[�u���\�h�^�u���^�e�y���b�k�k�e�_�^�h�\�Z�g�b�y����
�h�l�[�b�j�Z�e�b�k�v�� �b�a�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �]�h�j�b�a�h�g�l�Z�� �g�Z�� �l�j�_�o �h�k�g�h�\�g�u�o�� �b�� �^�\�m�o�� �^�h�i�h�e�g�b�l�_�e�v��
�g�u�o�� �k�l�Z�g�p�b�y�o�� �k�� �n�_�\�j�Z�e�y�� ���������� �]���� �i�h�� �g�h�y�[�j�v 2017 �]������ �b�o�� �]�b�^�j�h�o�b�f�b�q�_�k�d�b�c�� �Z�g�Z�e�b�a��
�i�j�h�\�h�^�b�e�k�y �\�� �e�Z�[�h�j�Z�l�h�j�b�b �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �l�_�o�g�b�q�_�k�d�h�]�h��
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�m�g�b�\�_�j�k�b�l�_�l�Z���i�h �h�[�s�_�i�j�b�g�y�l�u�f �f�_�l�h�^�b�d�Z�f���^�e�y���h�[�t�_�f�g�h�]�h���b���d�h�e�h�j�b�f�_�l�j�b�q�_�k�d�h�]�h��
�f�_�l�h�^�h�\ ���j�b�k�������������I�Z�j�Z�e�e�_�e�v�g�h���g�Z���d�Z�n�_�^�j�_ �i�j�h�o�h�^�b�e�b �Z�e�v�]�h�e�h�]�b�q�_�k�d�b�_���b�k�k�e�_�^�h�\�Z��
�g�b�y [5�±6]. 

 

 
�J�b�k�����������I�j�m�^ �I�h�i�e�Z�\�h�d�����k�o�_�f�Z���j�Z�k�i�h�e�h�`�_�g�b�y���k�l�Z�g�p�b�c���f�h�g�b�l�h�j�b�g�]�Z�� 

�b���l�j�m�[�Z���m���k�l�� �������h�l�\�h�^�y�s�Z�y���k�l�h�d���k���i�j�b�e�_�]�Z�x�s�_�c���l�_�j�j�b�l�h�j�b�b 
Fig. 1. The Poplavok Pond: scheme of monitoring stations and a water outlet at st. 1, 

discharge from adjacent territory 
 

�A�Z�� �m�d�Z�a�Z�g�g�u�c�� �i�_�j�b�h�^�� �[�u�e�h�� �k�h�[�j�Z�g�h�� �b�� �h�[�j�Z�[�h�l�Z�g�h�� �[�h�e�_�_�� �������� �i�j�h�[�� �>�Z�g�g�u�_ 
�^�e�y���Z�g�Z�e�b�a�Z���k�_�a�h�g�g�h�]�h���o�h�^�Z���\�_�s�_�k�l�\���h�k�j�_�^�g�_�g�u���i�h���k�l�Z�g�p�b�y�f�����l�Z�d �d�Z�d���\�u�y�\�e�_�g�g�u�_��
�i�j�h�k�l�j�Z�g�k�l�\�_�g�g�u�_�� �j�Z�a�e�b�q�b�y�� �b�o�� �a�g�Z�q�_�g�b�c�� �i�h�� �i�e�h�s�Z�^�b�� �i�j�m�^�Z�� �g�_�\�_�e�b�d�b���� �J�Z�k�q�_�l��
�f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�u�i�h�e�g�_�g���k���i�j�b�f�_�g�_�g�b�_�f��Google Maps. 

 
�H�;�K�M�@�>�?�G�B�?���J�?�A�M�E�V�L�:�L�H�<           

�I�h���\�_�e�b�q�b�g�_���i�e�h�s�Z�^�b���\�h�^�g�h�]�h���a�_�j�d�Z�e�Z��������3 �]�Z�����i�j �m�^ �I�h�i�e�Z�\�h�d���y�\�e�y�_�l�k�y���f�Z��
�e�u�f�����o�h�l�y���g�_�d�h�l�h�j�u�_���Z�\�l�h�j�u���>3�@���k�q�b�l�Z�x�l�����q�l�h���l�Z�d�b�_���\�h�^�h�_�f�u�����k���i�e�h�s�Z�^�v�x���\�h�^�g�h�c��
�i�h�\�_�j�o�g�h�k�l�b���h�l�������^�h���������]�Z�����k�e�_�^�m�_�l���h�l�g�h�k�b�l�v���d���d�Z�l�_�]�h�j�b�b���k�j�_�^�g�b�o�����=�e�m�[�b�g�Z���\�h�^�h�_��
�f�Z�� �g�_�[�h�e�v�r�Z�y�� �± �h�l�� �������� �^�h�� ���� �f���� �^�e�b�g�Z�� �_�]�h�� �[�_�j�_�]�h�\�h�c�� �e�b�g�b�b �± �\�k�_�]�h�� ����1 �d�f���� �H�[�t�_�f��
�\�h�^�u�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h��40 �l�u�k���� �f3. �I�h�� �f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�f�� �i�Z�j�Z�f�_�l�j�Z�f�� �\�h�^�h�_�f��
�h�q�_�g�v�� �[�e�b�a�h�d �d���d�Z�e�b�g�b�g�]�j�Z�^�k�d�b�f�� �\�h�^�h�_�f�Z�f �± �h�a. �E�_�k�g�h�f�m, �E�_�l�g�_�f�m, �A�b�f�g�_�f�m, 
�i�j�m�^�m �\���i�Z�j�d�_ �X�`�g�h�f �b���f�g�h�]�b�f�� �^�j�m�]�b�f�� �h�a�_�j�Z�f�� �b���i�j�m�^�Z�f ���l�Z�[�e���� �������� �<�k�_���j�Z�k�k�f�h�l��
�j�_�g�g�u�_�� �\�h�^�h�_�f�u�� �g�_�[�h�e�v�r�h�]�h�� �j�Z�a�f�_�j�Z���� �k�h�i�h�k�l�Z�\�b�f�h�c�� �^�e�b�g�u���� �k�j�_�^�g�_�c�� �r�b�j�b�g�u �b��
�i�j�h�l�y�`�_�g�g�h�k�l�b���[�_�j�_�]�h�\�h�c���e�b�g�b�b�� 
 
�L�Z�[�e�b�p�Z���������K�j�Z�\�g�_�g�b�_���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�h�^�h�_�f�h�\���]�����D�Z�e�b�g�b�g�]�j�Z�^�Z 
Table 1. Comparison of morphometric characteristics of some waterbodies located                      
in Kaliningrad 

�I�Z�j�Z�f�_�l�j 
�I�j�m�^�� 

�I�h�i�e�Z�\�h�d 
�H�a�_�j�h�� 
�E�_�k�g�h�_ 

�H�a�_�j�h�� 
�E�_�l�g�_�_ 

�H�a�_�j�h�� 
�A�b�f�g�_�_ 

1 2 3 4 5 
�I�e�h�s�Z�^�v���\�h�^�g�h�]�h���a�_�j�d�Z�e�Z�����]�Z 2,3 (1,1/1,2)* 3,1 3,3 1,4 
�>�e�b�g�Z�����f 228/191* 330 305 165 
�K�j�_�^�g�y�y �r�b�j�b�g�Z�����f 48/62* 95 108 85 
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�H�d�h�g�q�Z�g�b�_���l�Z�[�e������ 
1 2 3 4 5 

�F�Z�d�k�b�f�Z�e�v�g�Z�y���r�b�j�b�g�Z�����f 86/87* 170 167 115 
�I�j�h�l�y�`�_�g�g�h�k�l�v���[�_�j�_�]�h�\�h�c��
�e�b�g�b�b�����d�f 1,1 0,8 0,8 0,5 

�D�h�w�n�n�b�p�b�_�g�l�� �b�a�j�_�a�Z�g�g�h�k�l�b��
�[�_�j�_�]�h�\�h�c���e�b�g�b�b 1,4 1,2 1,2 1,2 

�I�j�b�f�_�q�Z�g�b�_�����
���\�� �q�b�k�e�b�l�_�e�_���± �i�Z�j�Z�f�_�l�j�u���^�e�y���a�Z�i�Z�^�g�h�c���q�Z�k�l�b�����\���a�g�Z�f�_�g�Z�l�_�e�_�� �± �i�Z��
�j�Z�f�_�l�j�u���^�e�y���\�h�k�l�h�q�g�h�c���q�Z�k�l�b���i�j�m�^�Z. 

 
�=�e�Z�\�g�u�f�� �h�l�e�b�q�b�_�f�� �i�j�m�^�Z�� �I�h�i�e�Z�\�h�d�� �y�\�e�y�_�l�k�y�� �_�]�h�� �n�h�j�f�Z�� �± �h�g�� �k�h�k�l�h�b�l�� �b�a��

�^�\�m�o �i�j�b�f�_�j�g�h���j�Z�\�g�u�o���i�h�e�h�\�b�g ���h�q�_�\�b�^�g�h�����g�_�f�_�p�d�h�_���g�Z�a�\�Z�g�b�_���\�h�^�h�_�f�Z�� �± �;�e�b�a�g�_��
�p�u���± �h�[�t�y�k�g�y�_�l�k�y���n�h�j�f�h�c���i�j�m�^�Z�������d�h�l�h�j�u�_���k�h�_�^�b�g�y�x�l�k�y���l�j�_�f�y���i�j�h�l�h�d�Z�f�b�����j�b�k����1).  

�I�j�m�^���g�_�i�j�h�l�h�q�g�u�c�����h�g���g�_���i�j�b�g�b�f�Z�_�l���g�b���h�^�g�h�]�h���\�h�^�h�l�h�d�Z���b���g�b���h�^�g�h�]�h���\�h�^�h��
�l�h�d�Z���b�a���g�_�]�h���g�_���\�u�l�_�d�Z�_�l�����I�j�b���a�Z�i�h�e�g�_�g�b�b���i�j�m�^�Z���\�h���\�j�_�f�y���_�]�h���j�_�d�h�g�k�l�j�m�d�p�b�b���[�m��
�j�b�e�Z�k�v�� �k�d�\�Z�`�b�g�Z�� �^�h�� �]�j�m�g�l�h�\�u�o�� �\�h�^���� �d�h�l�h�j�Z�y�� �\�� �g�Z�k�l�h�y�s�b�c�� �f�h�f�_�g�l�� �g�_�� �n�m�g�d�p�b�h�g�b��
�j�m�_�l���b�a-�a�Z���a�Z�k�h�j�_�g�b�y���d�Z�f�g�y�f�b���b���d�b�j�i�b�q�h�f [7]. �I�j�m�^���i�h�i�h�e�g�y�_�l�k�y �]�j�m�g�l�h�\�u�f�b���\�h��
�^�Z�f�b�� �b�� �\�e�Z�]�h�c�� �Z�l�f�h�k�n�_�j�g�u�o�� �h�k�Z�^�d�h�\�� �D�j�h�f�_�� �l�h�]�h���� �\�� �g�_�]�h �\�u�\�_�^�_�g�Z�� �l�j�m�[�Z���� �q�_�j�_�a��
�d�h�l�h�j�m�x���h�k�m�s�_�k�l�\�e�y�_�l�k�y���^�h�i�h�e�g�b�l�_�e�v�g�u�c���k�[�j�h�k���\�h�^�u���k���i�j�b�e�_�]�Z�x�s�_�c���l�_�j�j�b�l�h�j�b�b��
���j�b�k���� �������� �<�� �`�Z�j�d�m�x�� �i�h�]�h�^�m�� �i�j�b�� �h�l�k�m�l�k�l�\�b�b�� �Z�l�f�h�k�n�_�j�g�u�o�� �h�k�Z�^�d�h�\�� �m�j�h�\�_�g�v�� �\�h�^�u�� �\��
�I�h�i�e�Z�\�d�_���k�b�e�v�g�h���i�Z�^�Z�_�l���b���\���g�_�d�h�l�h�j�u�o���f�_�k�l�Z�o���]�e�m�[�b�g�Z���m�f�_�g�v�r�Z�_�l�k�y���^�h��15�±�������k�f�� 
�G�Z���i�h�\�_�j�o�g�h�k�l�b���h�[�u�q�g�h���i�j�b�k�m�l�k�l�\�m�_�l���f�m�k�h�j�����e�_�l�h�f���f�g�h�]�h���\�h�^�h�j�h�k�e�_�c�����i�m�o�Z���b���i�_��
�j�v�_�\���i�l�b�p�����i�u�e�v�p�u���b���k�_�f�y�g���j�Z�k�l�_�g�b�c. 

�<�� �i�_�j�b�h�^�� �i�j�h�\�_�^�_�g�b�y�� �g�Z�[�e�x�^�_�g�b�c�� �i�j�m�^�� �d�Z�`�^�m�x�� �a�b�f�m �i�h�d�j�u�\�Z�e�k�y �e�v�^�h�f��
�l�h�e�v�d�h���\���y�g�\�Z�j�_�����\���h�k�l�Z�e�v�g�u�_���f�_�k�y�p�u���l�_�f�i�_�j�Z�l�m�j�Z���i�h�\�_�j�o�g�h�k�l�g�u�o���\�h�^���b�a�f�_�g�y�e�Z�k�v��
�\���i�j�_�^�_�e�Z�o��4,3�±24,7 �q�K�����i�j�b�q�_�f���e�_�l�h�f �\�h�^�u���a�Z�i�Z�^�g�h�c���q�Z�k�l�b �i�j�h�]�j�_�\�Z�e�b�k�v �k�b�e�v�g�_�_����
�q�_�f���\�h�k�l�h�q�g�h�c�����<�������������]�����d�h�g�_�p���\�_�k�g�u���b���i�_�j�\�Z�y���i�h�e�h�\�b�g�Z���e�_�l�Z���[�u�e�b �i�j�h�o�e�Z�^�g�u�f�b��
(�g�b�`�_���d�e�b�f�Z�l�b�q�_�k�d�h�c���g�h�j�f�u���g�Z���������±0,9 �q�K���g�Z�[�e�x�^�Z�e�b�k�v���k�j�_�^�g�_�f�_�k�y�q�g�u�_���l�_�f�i�_�j�Z��
�l�m�j�u���\�h�a�^�m�o�Z���k���f�Z�y���i�h���b�x�e�v�� �b���^�h�`�^�e�b�\�u�f�b�����\���l�h���\�j�_�f�y���d�Z�d���h�k�l�Z�e�v�g�Z�y���q�Z�k�l�v���]�h�^�Z���b��
�h�k�h�[�_�g�g�h�� �g�h�y�[�j�v-�^�_�d�Z�[�j�v�� �± �h�q�_�g�v�� �l�_�i�e�u�f�b�� ���k�j�_�^�g�_�f�_�k�y�q�g�Z�y�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z��
�i�j�_�\�u�k�b�e�Z���k�j�_�^�g�_�f�g�h�]�h�e�_�l�g�b�_���a�g�Z�q�_�g�b�y���g�Z�����������b�������� �q�K���k�h�h�l�\�_�l�k�l�\�_�g�g�h�������\���������� �]����
�i�h�q�l�b�� �i�h�k�l�h�y�g�g�h�� �l�_�f�i�_�j�Z�l�m�j�Z�� �\�h�a�^�m�o�Z�� �[�u�e�Z�� �a�g�Z�q�b�l�_�e�v�g�h �\�u�r�_�� �g�h�j�f�u�� ���h�k�h�[�_�g�g�h��
�l�_�i�e�u�f�b���\�u�^�Z�e�b�k�v���f�Z�j�l���b���f�Z�c���± �k�j�_�^�g�_�f�_�k�y�q�g�Z�y���l�_�f�i�_�j�Z�l�m�j�Z���\���w�l�b���f�_�k�y�p�u���h�l�f�_��
�q�Z�e�Z�k�v �g�Z�� �������±6,3 �q�K �[�h�e�v�r�_�� �k�j�_�^�g�_�f�g�h�]�h�e�_�l�g�_�c���� �b�� �l�h�e�v�d�h�� �\�� �h�d�l�y�[�j�_�� �± �g�b�`�_; �\�h��
�f�g�h�]�b�_�����\���l�h�f �q�b�k�e�_���e�_�l�g�b�_���f�_�k�y�p�u�� �h�k�Z�^�d�h�\ �\�u�i�Z�e�h �[�h�e�v�r�_���g�h�j�f�u��[8]. �L�_�f�i�_�j�Z��
�l�m�j�Z���\�h�a�^�m�o�Z���\���g�Z�q�Z�e�_�������������]�� �[�u�e�Z���[�e�b�a�d�Z���d���d�e�b�f�Z�l�b�q�_�k�d�h�c���g�h�j�f�_�����h�^�g�Z�d�h���d �d�h�g�p�m��
�e�_�l�Z���b���g�Z���i�j�h�l�y�`�_�g�b�b �\�k�_�c �h�k�_�g�b���i�j�_�\�u�r�Z�e�Z���_�_���g�Z���������±3,0 �q�K�����L�_�f�i�_�j�Z�l�m�j�Z���\�h�^�u���\��
�i�j�m�^�m�� �\�� �i�_�j�b�h�^�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�� �h�k�g�h�\�g�h�f�� ���a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �\�_�k�_�g�g�b�o�� �f�_�k�y�p�_�\��
2015�±2016 �]�].�����[�u�e�Z���\�u�r�_���l�_�f�i�_�j�Z�l�m�j�u���\�h�a�^�m�o�Z �b���f�Z�d�k�b�f�Z�e�v�g�u�o���a�g�Z�q�_�g�b�c�����h�d�h�e�h��
20�±25 �q�K�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b���� �^�h�k�l�b�]�Z�e�Z�� �d�� �d�h�g�p�m�� �e�_�l�Z�� �H�[�s�b�c�� �l�_�f�i�_�j�Z�l�m�j�g�u�c�� �n�h�g�� �\��
2015 �]�����\���p�_�e�h�f���[�u�e���g�b�`�_�����q�_�f���\�������������b��2017 �]�]. (�j�b�k����2). 

�<�h�^�Z�� �\�� �i�j�m�^�m�� �f�Z�e�h�i�j�h�a�j�Z�q�g�Z�y���� �e�_�l�h�f�� �h�l�g�h�k�b�l�_�e�v�g�Z�y�� �i�j�h�a�j�Z�q�g�h�k�l�v�� �g�Z�� �\�k�_�o��
�k�l�Z�g�p�b�y�o���k�h�k�l�Z�\�e�y�e�Z �h�d�h�e�h���������k�f�����p�\�_�l���\�h�^�u���± �a�_�e�_�g�h�\�Z�l�h-�[�m�j�u�c�����=�j�m�g�l���i�_�k�q�Z�g�u�c��
�b�� �b�e�b�k�l�u�c���� �i�j�b�q�_�f�� �a�g�Z�q�b�l�_�e�v�g�u�_�� �h�[�t�_�f�u�� �i�_�k�d�Z�� �a�Z�\�h�a�b�e�b�k�v�� �i�j�b�� �j�_�d�h�g�k�l�j�m�d�p�b�b��
�\�h�^�h�_�f�Z���� 
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�J�b�k. 2. �I�h�]�h�^�g�u�_���m�k�e�h�\�b�y���\���]�� �D�Z�e�b�g�b�g�]�j�Z�^�_���\�����������±2017 �]�]�� 

Fig. 2. Weather in Kaliningrad in 2015�±2017  
 

�I�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �H�� �:���� �:�e�_�d�b�g�Z�� �>9�@���� �\�h�^�Z�� �\�� �i�j�m�^�m�� �f�y�]�d�Z�y: �`�_�k�l�d�h�k�l�v�� �± 
�h�d�h�e�h���������±���������f�]���w�d�\�����^�f3�����k�j�_�^�g�_�c���k�l�_�i�_�g�b���f�b�g�_�j�Z�e�b�a�Z�p�b�b���± �f�_�g�_�_�������� �f�]���^�f3. �G�Z��
�k�l�� 1, �m���\�u�o�h�^�Z���l�j�m�[�u�����k�m�f�f�Z���b�h�g�h�\���g�Z�b�f�_�g�v�r�Z�y�����q�l�h���k�\�y�a�Z�g�h���k���Z�l�f�h�k�n�_�j�g�u�f���i�j�h��
�b�k�o�h�`�^�_�g�b�_�f�� �\�h�^ ���i�j�b�[�e�b�a�b�l�_�e�v�g�h�� ������ �f�]���^�f3). �<�� ���������� �]���� �\�h�^�u�� �k�m�e�v�n�Z�l�g�h-
�d�Z�e�v�p�b�_�\�u�_�� �\�l�h�j�h�]�h �l�b�i�Z���� �\�� �k�_�\�_�j�g�h�c�� �q�Z�k�l�b�� �\�h�^�h�_�f�Z�� �± �]�b�^�j�h�d�Z�j�[�h�g�Z�l�g�h-
�d�Z�e�v�p�b�_�\�u�_�� �\ 2017 �]�� �± �]�b�^�j�h�d�Z�j�[�h�g�Z�l�g�h-�g�Z�l�j�b�_�\�u�_���i�_�j�\�h�]�h���l�b�i�Z �i�h���\�k�_�c���Z�d�\�Z�l�h��
�j�b�b�����B�a�f�_�g�_�g�b�_���l�b�i�Z���f�h�]�e�h���i�j�h�b�a�h�c�l�b �\���j�_�a�m�e�v�l�Z�l�_ �b�a�f�_�g�_�g�b�y���m�k�e�h�\�b�c���\�h�^�h�h�[�f�_��
�g�Z �b���\�h�k�k�l�Z�g�h�\�e�_�g�b�y �[�b�h�]�_�h�o�b�f�b�q�_�k�d�b�o���i�j�h�p�_�k�k�h�\���\���\�h�^�Z�o���i�j�m�^�Z. 

�<�h�^�h�j�h�^�g�u�c�� �i�h�d�Z�a�Z�l�_�e�v�� �i�h�^�\�_�j�`�_�g�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �d�h�e�_�[�Z�g�b�y�f�� �\�� �l�_�q�_�g�b�_��
�]�h�^�Z, �k�� �\�u�j�Z�`�_�g�g�u�f�� �f�Z�d�k�b�f�m�f�h�f�� �e�_�l�h�f �b�� �f�b�g�b�f�m�f�h�f�� �\�� �o�h�e�h�^�g�u�c�� �k�_�a�h�g. �<�h�^�u��
�i�j�m�^�Z���± �h�e�b�]�h�s�_�e�h�q�g�u�_�����\���k�j�_�^�g�_�f���a�Z���i�_�j�b�h�^���g�Z�[�e�x�^�_�g�b�c���\�_�e�b�q�b�g�Z���j�G �k�h�k�l�Z�\�e�y��
�e�Z��8,5�±8,6 ���j�b�k. 3)���� �h�k�l�Z�\�Z�y�k�v�� �\�� �i�j�_�^�_�e�Z�o�� �g�h�j�f�u�� �^�e�y�� �\�h�^�h�_�f�h�\�� �a�h�g�u�� �k�f�_�r�Z�g�g�u�o��
�e�_�k�h�\�� ���������“�������� �i�h�� �>10]). �B�a�f�_�g�_�g�b�y�� �S�+�� �l�_�k�g�h�� �k�\�y�a�Z�g�u�� �k�� �i�j�h�p�_�k�k�Z�f�b�� �n�h�l�h�k�b�g�l�_�a�Z����
�l�Z�d �d�Z�d�� �i�j�b�� �i�h�l�j�_�[�e�_�g�b�b�� �m�]�e�_�d�b�k�e�h�]�h�� �]�Z�a�Z�� �\�h�^�g�h�c�� �j�Z�k�l�b�l�_�e�v�g�h�k�l�v�x�� �\�u�k�\�h�[�h�`�^�Z��
�x�l�k�y���b�h�g�u���H�G- ���k�b�e�v�g�h�]�h���h�k�g�h�\�Z�g�b�y�������q�l�h���k�f�_�s�Z�_�l���d�Z�j�[�h�g�Z�l�g�h�_���j�Z�\�g�h�\�_�k�b�_���\�i�j�Z��
�\�h�����\���k�l�h�j�h�g�m���s�_�e�h�q�g�h�c���j�_�Z�d�p�b�b���b���h�[�j�Z�a�h�\�Z�g�b�y���d�Z�j�[�h�g�Z�l�h�\���b���[�b�d�Z�j�[�h�g�Z�l�h�\�����L�h�e�v��
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�d�h�� �d���d�h�g�p�m�� �������� �]���� �\�_�e�b�q�b�g�Z�� �S�G�� �k�f�_�k�l�b�e�Z�k�v�� �\�� �k�l�h�j�h�g�m�� �d�b�k�e�u�o�� �\�h�^���� �q�l�h�� �f�h�`�_�l�� �]�h��
�\�h�j�b�l�v�� �h�� �i�h�\�u�r�_�g�g�h�f�� �k�h�^�_�j�`�Z�g�b�b�� �b�h�g�h�\�� �G+. �<�� ���������� �b�� ���������� �]�]���� �\�� �^�g�_�\�g�u�_�� �q�Z�k�u��
�e�_�l�h�f���\���\�h�^�_���i�j�m�^�Z���^�\�m�h�d�b�k�v���m�]�e�_�j�h�^�Z���g�_���[�u�e�Z���h�[�g�Z�j�m�`�_�g�Z�����K�h�^�_�j�`�Z�g�b�_���d�Z�j�[�h�g�Z��
�l�h�\�� �k�h�k�l�Z�\�b�e�h�� �[�h�e�_�_�� ���������� �]�b�^�j�h�d�Z�j�[�h�g�Z�l�h�\�� �± 135�±170 �f�]���^�f3 �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �D�Z�j��
�[�h�g�Z�l�g�Z�y���s�_�e�h�q�g�h�k�l�v���± �h�d�h�e�h���������±1,8 �f�]���w�d�\�����^�f3.  

 

 
�J�b�k����3. �<�_�e�b�q�b�g�Z���\�h�^�h�j�h�^�g�h�]�h���i�h�d�Z�a�Z�l�_�e�y �\�h�^�u �i�j �m�^�Z���I�h�i�e�Z�\�h�d�� 

�\�����������±2017 �]�]�� 
Fig. 3. Hydrogen ion concentration in the Poplavok pond in 2015�±2017 

 
�I�_�j�f�Z�g�]�Z�g�Z�l�g�Z�y�� �h�d�b�k�e�y�_�f�h�k�l�v���� �k�\�b�^�_�l�_�e�v�k�l�\�m�x�s�Z�y�� �h�� �k�h�^�_�j�`�Z�g�b�b �\ �\�h�^�_��

�e�_�]�d�h�h�d�b�k�e�y�_�f�u�o�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �\�_�s�_�k�l�\���� �\�� ���������� �]���� �\�� �p�_�e�h�f�� �[�h�e�_�_�� �\�u�k�h�d�Z�y���� �q�_�f���\��
�^�j�m�]�b�_���]�h�^�u. �?�_���\�_�e�b�q�b�g�Z���o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���d�Z�d �k�j�_�^�g�y�y ���q�l�h���k�h�h�l�\�_�l�k�l�\�m�_�l���h�e�b�]�h��
�f�_�a�h�]�m�f�h�a�g�u�f�� �\�h�^�h�_�f�Z�f�� �>10])���� �\�� �h�l�^�_�e�v�g�u�_���f�_�k�y�p�u�����Z�\�]�m�k�l-�h�d�l�y�[�j�v������������ �]��, �f�Z�j�l 
���������� �]��) �± �i�h�\�u�r�_�g�g�Z�y ���j�b�k. 4). �I�h�k�d�h�e�v�d�m�� �\�h�^�h�_�f�� �g�_�[�h�e�v�r�h�c���� �f�Z�e�h�c�� �]�e�m�[�b�g�u �b��
�[�_�k�i�j�h�l�h�q�g�u�c���� �_�]�h �_�k�l�_�k�l�\�_�g�g�Z�y�� �k�i�h�k�h�[�g�h�k�l�v�� �d�� �k�Z�f�h�h�q�b�s�_�g�b�x�� �k�g�b�`�_�g�Z �b�� �Z�d�\�Z��
�w�d�h�k�b�k�l�_�f�Z���h�q�_�g�v���q�m�l�d�h���j�_�Z�]�b�j�m�_�l���g�Z���e�x�[�u�_���\�g�_�r�g�b�_���\�h�a�^�_�c�k�l�\�b�y�����l�Z�d�b�_���d�Z�d���i�j�h��
�\�_�^�_�g�g�Z�y �j�_�d�m�e�v�l�b�\�Z�p�b�y�����h�[�b�e�v�g�h�_���\�u�i�Z�^�_�g�b�_���h�k�Z�^�d�h�\�� �b�g�l�j�h�^�m�d�p�b�y���g�h�\�u�o���\�b�^�h�\. 
�< �p�_�e�y�o���h�q�b�k�l�d�b �i�j�m�^�Z���h�l���\�h�^�h�j�h�k�e�_�c���b���i�j�_�^�h�l�\�j�Z�s�_�g�b�y���_�]�h���[�u�k�l�j�h�]�h���w�\�l�j�h�n�b�j�h��
�\�Z�g�b�y���\���k�_�g�l�y�[�j�_�������������]�����\���\�h�^�h�_�f���a�Z�i�m�k�l�b�e�b�����������h�k�h�[�_�c���l�h�e�k�l�h�e�h�[�b�d�h�\�� �I�j�_�^�i�j�b��
�g�y�l�u�_���^�_�c�k�l�\�b�y���g�_���h�d�Z�a�Z�e�b���h�`�b�^�Z�_�f�h�]�h���j�_�a�m�e�v�l�Z�l�Z���� �G�Z�q�b�g�Z�y�� �k������������ �]���� �h�q�b�k�l�d�h�c���k��
�i�h�f�h�s�v�x�� �k�i�_�p�b�Z�e�v�g�h�c�� �f�Z�r�b�g�u-�Z�f�n�b�[�b�b�� �a�Z�g�b�f�Z�_�l�k�y�� �F�;�M�� �©�=�b�^�j�h�l�_�o�g�b�d�ª���� �I�h��
�f�b�f�h�� �k�[�h�j�Z�� �i�h�\�_�j�o�g�h�k�l�g�h�]�h�� �f�m�k�h�j�Z, �Z�]�j�_�]�Z�l�� �k�j�_�a�Z�_�l�� �p�\�_�l�m�s�b�_�� �\�h�^�h�j�h�k�e�b�� �g�Z�� �]�e�m��
�[�b�g�_���^�h�����������f��  

�D�b�k�e�h�j�h�^�g�u�_�� �m�k�e�h�\�b�y�� �\�� ���������±���������� �]�]���� �[�e�Z�]�h�i�j�b�y�l�g�u�_���� �d�h�g�p�_�g�l�j�Z�p�b�y�� �d�b�k��
�e�h�j�h�^�Z�� �g�_�� �h�i�m�k�d�Z�e�Z�k�v �g�b�`�_�� ���� �f�]���^�f3���� �Z�� �\�� �d�h�g�p�_�� �e�_�l�Z�±�g�Z�q�Z�e�_�� �h�k�_�g�b�� �������� �]���� �i�j�_�\�u��
�r�Z�e�Z������ �f�]���^�f3 ���j�b�k�������������^�h�k�l�b�]�g�m�\���a�g�Z�q�b�l�_�e�v�g�h�]�h���i�_�j�_�g�Z�k�u�s�_�g�b�y�����^�h���������±140 �����\��
�Z�\�]�m�k�l�_������ �<�������������]�������a�Z���b�k�d�e�x�q�_�g�b�_�f�� �f�Z�j�l�Z-�f�Z�y�����k�h�^�_�j�`�Z�g�b�_���j�Z�k�l�\�h�j�_�g�g�h�]�h���d�b�k�e�h��
�j�h�^�Z�� �g�b�`�_���� �q�_�f�� �\�� ���������� �]������ �d�Z�d�� �\�� �Z�[�k�h�e�x�l�g�u�o�� �l�Z�d�� �b�� �\�� �h�l�g�h�k�b�l�_�e�v�g�u�o���i�h�d�Z�a�Z�l�_�e�y�o����
�q�l�h���f�h�`�_�l���[�u�l�v���k�\�y�a�Z�g�h���k���[�h�e�_�_���\�u�k�h�d�b�f�b���l�_�f�i�_�j�Z�l�m�j�Z�f�b���\�h�^�u���b���\�h�a�^�m�o�Z�����L�_�f���g�_��
�f�_�g�_�_ �b�� �e�_�l�h�f�� �������� �]���� �\�h�^�u�� �i�j�m�^�Z�� �[�u�e�b�� �g�Z�k�u�s�_�g�u�� �d�b�k�e�h�j�h�^�h�f�� �g�Z�� �m�j�h�\�g�_�� �h�d�h�e�h��
100 ������ �<�� ���������� �]���� �Z�[�k�h�e�x�l�g�h�_�� �k�h�^�_�j�`�Z�g�b�_�� �d�b�k�e�h�j�h�^�Z�� �a�Z�f�_�l�g�h�� �g�b�`�_, �q�_�f�� �\�� �i�j�_�^�u��
�^�m�s�b�_���]�h�^�u�����<���b�x�g�_���b���Z�\�]�m�k�l�_���k�d�e�Z�^�u�\�Z�e�b�k�v���g�_�[�e�Z�]�h�i�j�b�y�l�g�u�_���d�b�k�e�h�j�h�^�g�u�_���m�k�e�h��
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�\�b�y�� �k�h�� �a�g�Z�q�b�l�_�e�v�g�u�f�� �g�_�^�h�k�u�s�_�g�b�_�f (56�±64 ������ �b�� �g�Z�j�m�r�_�g�b�_�f�� �j�u�[�h�o�h�a�y�c�k�l�\�_�g��
�g�u�o���g�h�j�f�Z�l�b�\�h�\�������������b�����������f�]���e���k�h�h�l�\�_�l�k�l�\�_�g�g�h������ 

 

 
�J�b�k�����������I�_�j�f�Z�g�]�Z�g�Z�l�g�Z�y���h�d�b�k�e�y�_�f�h�k�l�v�����f�]�H���^�f3 

Fig. 4. Permanganate value, mgO/dm3  
 

�K�_�a�h�g�g�h�k�l�v���\���o�h�^�_���j�Z�k�l�\�h�j�_�g�g�h�]�h���d�b�k�e�h�j�h�^�Z���g�Z�j�m�r�_�g�Z���� �h�k�h�[�_�g�g�h���\�� ���������� �]����
���f�g�h�]�h���d�b�k�e�h�j�h�^�Z���h�[�g�Z�j�m�`�_�g�h���\���n�_�\�j�Z�e�_�����]�h�^�h�\�h�c���f�b�g�b�f�m�f���g�Z�[�e�x�^�Z�e�k�y���\���f�Z�_�������\��
�����������]�����]�h�^�h�\�h�c���o�h�^���[�h�e�_�_���i�j�Z�\�b�e�v�g�u�c�������<�������������]. �k�h�^�_�j�`�Z�g�b�_���d�b�k�e�h�j�h�^�Z���\�h�a�j�Z�k�l�Z��
�_�l���\���i�_�j�b�h�^�u���Z�d�l�b�\�g�h�]�h���n�h�l�h�k�b�g�l�_�a�Z���\�_�k�g�h�c���b���h�k�_�g�v�x�����g�h���k�g�b�`�Z�_�l�k�y���e�_�l�h�f���>���@���� 

 

 
 

�J�b�k. 5.  �J�Z�k�l�\�h�j�_�g�g�u�c���d�b�k�e�h�j�h�^�� �f�]���^�f3, % 
Fig. 5. Dissolved oxygen, mg/dm3, % 
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�E�Z�[�h�j�Z�l�h�j�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���i�h�d�Z�a�Z�e�b�����q�l�h���k�h�^�_�j�`�Z�g�b�_���[�b�h�]�_�g�g�u�o���w�e�_�f�_�g��
�l�h�\���\���\�h�^�_ �i�j �m�^�Z �I�h�i�e�Z�\�h�d���\�u�o�h�^�b�l���a�Z���i�j�_�^�_�e�u���g�h�j�f�Z�l�b�\�h�\ �^�e�y���j�u�[�h�o�h�a�y�c�k�l�\�_�g��
�g�u�o���\�h�^�h�_�f�h�\ �l�h�e�v�d�h���i�h���Z�a�h�l�m���Z�f�f�h�g�b�c�g�h�f�m���b���`�_�e�_�a�m���h�[�s�_�f�m�� �B�o���d�h�g�p�_�g�l�j�Z�p�b�b 
�\�u�r�_���b�e�b���[�e�b�a�d�b���d �I�>�D  �[�h�e�v�r�m�x���q�Z�k�l�v���]�h�^�Z�� 

�K�h�^�_�j�`�Z�g�b�_�� �h�[�s�_�]�h�� �`�_�e�_�a�Z�� �i�h�k�l�h�y�g�g�h�� �k�m�s�_�k�l�\�_�g�g�h�� �i�j�_�\�u�r�Z�_�l�� �j�_�d�h�f�_�g�^�h��
�\�Z�g�g�u�_�� �a�g�Z�q�_�g�b�y�� ���[�h�e�_�_�� �������� �f�]�)�H���^�f3 �\�� �k�_�g�l�y�[�j�_�� �������� �]�������� �q�l�h���� �\�_�j�h�y�l�g�h���� �h�[�m�k�e�h�\��
�e�_�g�h���a�Z�i�h�e�g�_�g�b�_�f���d�h�l�e�h�\�b�g�u���i�j�m�^�Z���i�h�^�a�_�f�g�u�f�b���\�h�^�Z�f�b���i�h�k�e�_���j�_�d�m�e�v�l�b�\�Z�p�b�b�����j�b�k����
���������^�e�y���\�h�^���q�_�l�\�_�j�l�b�q�g�u�o���h�l�e�h�`�_�g�b�c���\���D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c���h�[�e�Z�k�l�b�����k�\�y�a�Z�g�g�u�o���k���e�_�^��
�g�b�d�h�\�u�f�b���h�[�j�Z�a�h�\�Z�g�b�y�f�b�����o�Z�j�Z�d�l�_�j�g�h���i�h�\�u�r�_�g�g�h�_���k�h�^�_�j�`�Z�g�b�_���`�_�e�_�a�Z�� 

 

 
�J�b�k�����������@�_�e�_�a�h���h�[�s�_�_�����f�]Fe���^�f3  

Fig. 6. Total iron, mgFe/dm3 
 
�D�h�g�p�_�g�l�j�Z�p�b�b�� �Z�f�f�h�g�b�c�g�h�]�h�� �Z�a�h�l�Z�� �\�� �i�j�m�^�m�� �[�u�e�b�� �\�k�_�]�^�Z�� �\�u�k�h�d�b�f�b���� �<�� �k�_�g��

�l�y�[�j�_�� �������� �]���� ���[�h�e�_�_�� �������� �f�]N���^�f3���� �b�� �i�j�Z�d�l�b�q�_�k�d�b�� �\�_�k�v�� �\�_�k�_�g�g�_-�e�_�l�g�b�c�� �i�_�j�b�h�^��
2017 �]�����h�g�b���^�h�k�l�b�]�Z�e�b���f�Z�d�k�b�f�m�f�Z�����W�l�h���i�h�a�\�h�e�y�_�l���o�Z�j�Z�d�l�_�j�b�a�h�\�Z�l�v���\�h�^�u���i�j�m�^�Z���d�Z�d��
�a�Z�]�j�y�a�g�_�g�g�u�_. �I�j�b�� �w�l�h�f�� �g�Z�b�[�h�e�v�r�Z�y �d�h�g�p�_�g�l�j�Z�p�b�y�� �Z�a�h�l�Z�� �Z�f�f�h�g�b�c�g�h�]�h�� �k�h�\�i�Z�e�Z�� �k��
�k�Z�f�u�f���\�u�k�h�d�b�f���a�g�Z�q�_�g�b�_�f���S�+���\�h�^�u�����q�l�h���m�k�b�e�b�e�h �l�h�d�k�b�q�g�h�k�l�v���Z�f�f�h�g�b�c�g�h�]�h���Z�a�h�l�Z 
�a�Z�� �k�q�_�l �m�\�_�e�b�q�_�g�b�y �k�h�^�_�j�`�Z�g�b�y �Z�f�f�b�Z�d�Z���� �I�j�Z�\�b�e�v�g�h�_�� �\�g�m�l�j�b�]�h�^�h�\�h�_�� �j�Z�k�i�j�_�^�_�e�_��
�g�b�_���g�Z�j�m�r�_�g�h�� 

�D�h�g�p�_�g�l�j�Z�p�b�y�� �g�b�l�j�b�l�h�\�� ���j�b�k���� ������ �[�u�e�Z�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�c�� �b�� �d�h�e�_�[�Z�e�Z�k�v�� �\�� �b�g��
�l�_�j�\�Z�e�_�����±�������������f�]���^�f3�����i�j�b���w�l�h�f���i�h�q�l�b���h�^�b�g�Z�d�h�\�u�_���a�g�Z�q�_�g�b�y���������������±0,025 �f�]���^�f3) 
�g�Z�[�e�x�^�Z�e�b�k�v���\���f�Z�j�l�_�����b�x�g�_�����k�_�g�l�y�[�j�_�����g�h�y�[�j�_�������������]�������l�����_�����i�j�Z�d�l�b�q�_�k�d�b���\�h���\�k�_���k�_��
�a�h�g�u���]�h�^�Z�����<�����������±�����������]�]���� �h�l�f�_�q�_�g �[�h�e�_�_���i�e�Z�\�g�u�c���o�h�^���d�h�g�p�_�g�l�j�Z�p�b�b���g�b�l�j�b�l�h�\�� 

�I�h�\�u�r�_�g�b�_���d�h�g�p�_�g�l�j�Z�p�b�b���b�h�g�h�\���Z�f�f�h�g�b�y���b���g�b�l�j�b�l�h�\���h�[�u�q�g�h���m�d�Z�a�u�\�Z�_�l���g�Z��
�k�\�_�`�_�_���a�Z�]�j�y�a�g�_�g�b�_���� �Z�� �i�h�k�d�h�e�v�d�m���\�� �i�j�m�^���g�_���i�h�k�l�m�i�Z�x�l�� �k�_�e�v�k�d�h�o�h�a�y�c�k�l�\�_�g�g�u�_���� �o�h��
�a�y�c�k�l�\�_�g�g�h-�[�u�l�h�\�u�_�� �b�e�b�� �i�j�h�f�u�r�e�_�g�g�u�_�� �k�l�h�q�g�u�_�� �\�h�^�u���� �f�h�`�g�h�� �i�j�_�^�i�h�e�h�`�b�l�v����
�q�l�h�� �i�j�b�k�m�l�k�l�\�b�_�� �[�h�e�v�r�b�o�� �d�h�e�b�q�_�k�l�\�� �b�h�g�h�\�� �Z�f�f�h�g�b�y�� �k�\�y�a�Z�g�h�� �]�e�Z�\�g�u�f�� �h�[�j�Z�a�h�f�� �k��
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�i�j�h�l�_�d�Z�x�s�b�f�b�� �\�� �\�h�^�h�_�f�_�� �[�b�h�o�b�f�b�q�_�k�d�b�f�b�� �i�j�h�p�_�k�k�Z�f�b�� ���^�_�]�j�Z�^�Z�p�b�y�� �[�_�e�d�h�\���� �^�_�a��
�Z�f�b�g�b�j�h�\�Z�g�b�_�� �Z�f�b�g�h�d�b�k�e�h�l�� �b�� �^�j������ �b�� �_�]�h�� �i�h�^�a�_�f�g�u�f�� �i�b�l�Z�g�b�_�f�� ���n�h�g�h�\�u�_�� �d�h�g�p�_�g��
�l�j�Z�p�b�b�� �Z�f�f�h�g�b�y�� �\�� �i�h�^�a�_�f�g�u�o�� �\�h�^�Z�o�� �I�j�b�[�Z�e�l�b�c�k�d�h�]�h�� �[�Z�k�k�_�c�g�Z�� �± �\�� �^�b�Z�i�Z�a�h�g�_�� �h�l��
���������^�h�����������f�]���^�f3 �b���[�h�e�_�_��[11]). 

 
 

 
 

�J�b�k�����������:�a�h�l���Z�f�f�h�g�b�c�g�u�c���b���g�b�l�j�b�l-�b�h�g�u�����f�]���^�f3 
Fig. 7. Ammonia nitrogen and nitrite, mg/dm3 

 
�K�h�^�_�j�`�Z�g�b�_�� �n�h�k�n�Z�l�g�h�]�h�� �n�h�k�n�h�j�Z�� �\�� �i�h�\�_�j�o�g�h�k�l�g�u�o�� �\�h�^�Z�o�� �i�j�m�^�Z�� �[�u�e�h�� �g�_��

�h�q�_�g�v���\�u�k�h�d�b�f�� �b �\�� �h�k�g�h�\�g�h�f �g�_���i�j�_�\�u�r�Z�e�h���������� �f�]�J���^�f3 ���j�b�k����8������ �i�j�b���w�l�h�f�� �h�g�� �^�h��
�\�h�e�v�g�h���j�Z�\�g�h�f�_�j�g�h���j�Z�k�i�j�_�^�_�e�_�g �i�h���i�h�\�_�j�o�g�h�k�l�b���\�h�^�h�_�f�Z���� 

 

 
�J�b�k. 8.  �N�h�k�n�h�j���n�h�k�n�Z�l�h�\�����f�]�J���^�f3  

Fig. 8. Phosphorus phosphate, mgP/dm3 
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�<�� �[�h�e�_�_�� �i�j�h�o�e�Z�^�g�h�f�� ���������� �]���� �n�h�k�n�Z�l�h�\�� �h�[�g�Z�j�m�`�_�g�h�� �a�Z�f�_�l�g�h�� �[�h�e�v�r�_���� �<�� �k�_��
�a�h�g�g�h�f�� �o�h�^�_�� �d�Z�d�Z�y-�e�b�[�h�� �h�l�q�_�l�e�b�\�Z�y�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�v�� �g�_�� �i�j�h�k�e�_�`�b�\�Z�_�l�k�y���� �=�h�^�h�\�h�c��
�f�Z�d�k�b�f�m�f �\�� ���������� �]�� �n�b�d�k�b�j�m�_�l�k�y�� �\�� �b�x�e�_���� �d�Z�d�� �b�� �\�� ���������� �]�� �F�g�h�]�h�� �f�b�g�_�j�Z�e�v�g�h�]�h��
�n�h�k�n�h�j�Z���[�u�e�h���j�Z�k�l�\�h�j�_�g�h �\���f�Z�_�����q�l�h���k�h�\�i�Z�^�Z�_�l���k���]�h�^�h�\�u�f���f�b�g�b�f�m�f�h�f �\���o�h�^�_���d�b�k��
�e�h�j�h�^�Z. �<�_�j�h�y�l�g�h���� �Z�g�h�f�Z�e�b�b�� �\�� �k�_�a�h�g�g�h�f�� �k�h�^�_�j�`�Z�g�b�b �w�l�b�o�� �\�_�e�b�q�b�g�� �h�[�t�y�k�g�y�x�l�k�y����
�h�[�s�_�c�� �i�j�b�q�b�g�h�c���� �<�� ���������� �]. �k�_�a�h�g�g�u�c�� �o�h�^ �n�h�k�n�h�j�Z�� �n�h�k�n�Z�l�h�\ �l�Z�d�`�_ �g�_�l�b�i�b�q�g�u�c, 
�_�]�h���k�h�^�_�j�`�Z�g�b�_ �h�q�_�g�v���g�b�a�d�h�_���b �g�Z�o�h�^�b�l�k�y���\���i�j�_�^�_�e�Z�o�����������±�����������f�]�J���^�f3. 

�I�j�m�^�� �I�h�i�e�Z�\�h�d�� �k�o�h�`�� �k�� �^�j�m�]�b�f�b�� �\�h�^�h�_�f�Z�f�b�� �D�Z�e�b�g�b�g�]�j�Z�^�Z�� �g�_�� �l�h�e�v�d�h�� �i�h��
�f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�f�� �i�j�b�a�g�Z�d�Z�f���� �g�h�� �b�� �i�h�� �l�_�j�f�b�q�_�k�d�h�f�m�� �b�� �e�_�^�h�\�h�f�m�� �j�_�`�b�f�Z�f���� �]�b�^��
�j�h�e�h�]�h-�]�b�^�j�h�o�b�f�b�q�_�k�d�b�f���i�h�d�Z�a�Z�l�_�e�y�f ���l�Z�[�e�� 2). 
 
�L�Z�[�e�b�p�Z���������K�j�Z�\�g�_�g�b�_���]�b�^�j�h�o�b�f�b�q�_�k�d�b�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���\�h�^�h�_�f�h�\���D�Z�e�b�g�b�g�]�j�Z�^�Z���\��
�\�_�]�_�l�Z�p�b�h�g�g�u�c���i�_�j�b�h�^ [1213] 
Table 2. Comparison of hydrochemical characteristics of some waterbodies located in 
Kaliningrad during the growing season 

�I�h�d�Z�a�Z�l�_�e�v 
�I�j�m� ̂
 �h�a�_�j�h��

�=�h�e�m�[�h�_ 

�H�a�_�j�h�� 
�D�Z�j�i�h�\�k�d�h�_ 

�I�j�m�^�� 
�I�_�e�Z�\�k�d�b�c 

�I�j�m�^��
�R�_�g�n�e�b�a 

�I�j�m�^�� 
�I�h�i�e�Z�\�h�d 

�F�b�g�_�j�Z�e�b�a�Z�p�b�y �K�j�_�^�g�y�y  �K�j�_�^�g�y�y  �K�j�_�^�g�y�y �K�j�_�^�g�y�y �K�j�_�^�g�y�y 
�@�_�e�_�a�h���h�[�s�_�_����

�f�]�)�H�����^�f3 0,05 0,36 0,09 0,06 0,23 

�J�Z�k�l�\�h�j�_�g�g�u�c��
�d�b�k�e�h�j�h�^����

�f�]���^�f3 
7,79 8,12 8,73 7,83 8,77 

�I�_�j�f�Z�g�]�Z�g�Z�l��
�g�Z�y���h�d�b�k�e�y�_��

�f�h�k�l�v�����f�]�H���^�f3 
9,62 12,70 7,51 6,73 8,37 

�G�b�l�j�b�l�u����
�f�]���^�f3 0,01 0,05 0,02 0,00 0,01 

�:�a�h�l���Z�f�f�h�g�b�c��
�g�u�c�����f�]�1�����^�f3 

0,39 0,28 0,22 0,19 0,37 

�N�h�k�n�h�j���n�h�k�n�Z��
�l�h�\�����f�]�J���^�f3 

0,01 0,03 0,01 0,01 0,03 

 
�W�l�h�� �h�k�h�[�_�g�g�h�� �a�Z�f�_�l�g�h �\ �a�g�Z�q�_�g�b�y�o �f�b�g�_�j�Z�e�b�a�Z�p�b�b���� �k�j�_�^�g�_�c�� �d�h�g�p�_�g�l�j�Z�p�b�b��

�d�b�k�e�h�j�h�^�Z���� �[�e�b�a�d�h�c�� �d�� ���� �f�]���^�f3���� �i�h�\�u�r�_�g�g�h�c�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �Z�a�h�l�Z�� �Z�f�f�h�g�b�c�g�h�]�h �b��
�q�Z�s�_�� �k�j�_�^�g�_�c���� �g�h�� �b�g�h�]�^�Z�� �i�h�\�u�r�_�g�g�h�c�� �\�_�e�b�q�b�g�u�� �h�d�b�k�e�y�_�f�h�k�l�b��[12�±13]. �L�Z�d�h�_��
�k�o�h�^�k�l�\�h�� �]�b�^�j�h�o�b�f�b�q�_�k�d�h�]�h�� �j�_�`�b�f�Z �f�h�`�_�l�� �]�h�\�h�j�b�l�v �h �g�_�d�h�l�h�j�h�c�� �h�[�s�g�h�k�l�b�� �i�j�h��
�[�e�_�f�� �]�h�j�h�^�k�d�b�o�� �\�h�^�h�_�f�h�\�� �k�\�y�a�Z�g�g�u�o�� �k�� �g�_�m�k�l�h�c�q�b�\�u�f�� �j�_�d�j�_�Z�p�b�h�g�g�u�f�� �b�� �o�h�a�y�c��
�k�l�\�_�g�g�u�f���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�_�f, �g�Z�i�j�b�f�_�j�� �k �i�h�k�l�m�i�e�_�g�b�_�f���\���\�h�^�h�_�f�u���b�a�[�u�l�h�q�g�h�]�h��
�d�h�e�b�q�_�k�l�\�Z�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �\�_�s�_�k�l�\�� �k�� �\�h�^�h�k�[�h�j�g�h�]�h�� �[�Z�k�k�_�c�g�Z���� �g�b�a�d�h�c�� �w�d�h�e�h�]�b�q�_��
�k�d�h�c���d�m�e�v�l�m�j�h�c���]�h�j�h�`�Z�g���b���l�� �^�� 
 

�A�:�D�E�X�Q�?�G�B�?  
�G�_�k�f�h�l�j�y�� �g�Z�� �l�h���� �q�l�h�� �l�j�Z�^�b�p�b�h�g�g�h�� �i�j�b�[�j�_�`�g�u�_�� �l�_�j�j�b�l�h�j�b�b�� �j�_�d�� �b�� �h�a�_�j�� �y�\��

�e�y�x�l�k�y���g�Z�b�[�h�e�_�_���p�_�g�g�u�f�b���^�e�y���b�k�i�h�e�v�a�h�\�Z�g�b�y���b�o���\���]�j�Z�^�h�k�l�j�h�b�l�_�e�v�g�u�o���p�_�e�y�o�����a�g�Z��
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�q�_�g�b�_���g�_�[�h�e�v�r�b�o���\�h�^�h�_�f�h�\���\�� �k�h�\�j�_�f�_�g�g�u�o���]�h�j�h�^�Z�o���� �\�h�a�f�h�`�g�h�k�l�b���b�o���b�k�i�h�e�v�a�h�\�Z��
�g�b�y���^�h���k�b�o���i�h�j���q�Z�k�l�h���h�d�Z�a�u�\�Z�x�l�k�y���g�_�^�h�h�p�_�g�_�g�g�u�f�b�� 

 �>�Z�g�g�u�_�� �k�h�p�b�h�e�h�]�b�q�_�k�d�b�o�� �h�i�j�h�k�h�\�� �>14] �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �`�b�l�_�e�b�� �j�h�k�k�b�c��
�k�d�b�o���]�h�j�h�^�h�\���h�l�g�h�k�y�l �i�j�h�[�e�_�f�m���a�Z�]�j�y�a�g�_�g�b�y���\�h�^�h�_�f�h�\���d���q�b�k�e�m���k�Z�f�u�o���Z�d�l�m�Z�e�v�g�u�o. 
�F�g�h�]�b�_ �]�h�j�h�`�Z�g�_���i�h�e�Z�]�Z�x�l���� �q�l�h���\�h�^�h�_�f�u���l�j�_�[�m�x�l�� �f�_�j�h�i�j�b�y�l�b�c���i�h���h�q�b�k�l�d�_, �i�j�b��
�a�g�Z�x�l�� �k�\�h�x�� �h�l�\�_�l�k�l�\�_�g�g�h�k�l�v�� �a�Z�� �b�o�� �k�h�k�l�h�y�g�b�_�� �b�� �i�h�g�b�f�Z�x�l���� �q�l�h�� �k�Z�f�b �^�h�e�`�g�u 
�m�q�Z�k�l�\�h�\�Z�l�v���\���f�_�j�h�i�j�b�y�l�b�y�o���i�h���h�o�j�Z�g�_���h�d�j�m�`�Z�x�s�_�c���k�j�_�^�u.   

�M�k�b�e�b�y���� �g�Z�i�j�Z�\�e�_�g�g�u�_�� �g�Z�� �h�a�^�h�j�h�\�e�_�g�b�_�� �b�� �[�e�Z�]�h�m�k�l�j�h�c�k�l�\�h�� �]�h�j�h�^�k�d�b�o�� �\�h��
�^�h�_�f�h�\�����i�j�b�\�h�^�y�l���d���h�q�_�g�v���o�h�j�h�r�b�f���j�_�a�m�e�v�l�Z�l�Z�f�����i�j�_�\�j�Z�s�Z�y���b�o���\���m�d�j�Z�r�_�g�b�_���m�j�[�h��
�e�Z�g�^�r�Z�n�l�h�\�� �b�� �b�a�e�x�[�e�_�g�g�u�_�� �f�_�k�l�Z�� �h�l�^�u�o�Z. �G�Z�[�e�x�^�_�g�b�y�� �i�h�d�Z�a�Z�e�b���� �q�l�h�� �i�h�� �\�k�_�f��
�j�Z�k�k�f�h�l�j�_�g�g�u�f�� �]�b�^�j�h�o�b�f�b�q�_�k�d�b�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f�� �\�h�^�u�� �i�j�m�^�Z �I�h�i�e�Z�\�h�d �\�� �������� 
�b���������� �]�]�� �h�d�Z�a�Z�e�b�k�v���[�h�e�_�_���q�b�k�l�u�f�b�����q�_�f���\���������� �]. �d���g�Z�q�Z�e�m���i�_�j�b�h�^�Z���\�h�k�k�l�Z�g�h�\�e�_��
�g�b�y���w�d�h�k�b�k�l�_�f�u���i�h�k�e�_���j�_�d�m�e�v�l�b�\�Z�p�b�b�����<�������������]�����m�f�_�g�v�r�b�e�Z�k�v���\�_�e�b�q�b�g�Z���i�_�j�f�Z�g�]�Z��
�g�Z�l�g�h�c�� �h�d�b�k�e�y�_�f�h�k�l�b���� �k�g�b�a�b�e�b�k�v�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �n�h�k�n�h�j�Z�� �n�h�k�n�Z�l�h�\���� �Z�a�h�l�Z�� �Z�f�f�h��
�g�b�c�g�h�]�h���� �g�b�l�j�b�l-�b�h�g�h�\���� �`�_�e�_�a�Z���� �l�� �_���� �i�j�h�b�k�o�h�^�b�l�� �i�h�k�l�_�i�_�g�g�h�_�� �d�h�f�i�e�_�d�k�g�h�_�� �k�Z�f�h��
�h�q�b�s�_�g�b�_�� �\�h�^�h�_�f�Z���� �W�l�h�� �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l�� �h�� �i�h�e�h�`�b�l�_�e�v�g�h�f�� �j�_�a�m�e�v�l�Z�l�_�� �h�q�b�k�l�d�b����
�i�j�h�\�_�^�_�g�g�h�c���\�������������]�� �G�h���b�a-�a�Z���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���h�k�h�[�_�g�g�h�k�l�_�c�����k�g�b�`�_�g�g�h�]�h �\�h��
�^�h�h�[�f�_�g�Z�� �b�� �\�h�a�j�Z�k�l�Z�x�s�_�c�� �j�_�d�j�_�Z�p�b�h�g�g�h�c�� �g�Z�]�j�m�a�d�b�� �\�h�^�h�_�f�� �[�u�k�l�j�h�� �g�Z�d�Z�i�e�b�\�Z�_�l��
�^�h�k�l�Z�l�h�q�g�h���[�h�e�v�r�h�_���d�h�e�b�q�_�k�l�\�h���h�j�]�Z�g�b�q�_�k�d�b�o �\�_�s�_�k�l�\, �q�l�h���h�l�j�Z�`�_�g�h���\���^�b�g�Z�f�b�d�_��
�b�a�f�_�g�_�g�b�y���]�b�^�j�h�o�b�f�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���\�������������].  

�:�^�f�b�g�b�k�l�j�Z�p�b�y�f�� �j�h�k�k�b�c�k�d�b�o�� �]�h�j�h�^�h�\ �i�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b���w�d�h�e�h�]�b�q�_�k�d�h�c��
�i�h�e�b�l�b�d�b�� �b�� �\�u�i�h�e�g�_�g�b�b�� �^�h�e�]�h�k�j�h�q�g�u�o�� �w�d�h�e�h�]�b�q�_�k�d�b�o�� �i�j�h�]�j�Z�f�f�� �k�e�_�^�m�_�l�� �i�j�_�^�m��
�k�f�Z�l�j�b�\�Z�l�v�� �f�_�j�h�i�j�b�y�l�b�y�� �i�h �i�h�^�^�_�j�`�Z�g�b�x �b�� �j�_�Z�[�b�e�b�l�Z�p�b�b �\�h�^�g�u�o�� �h�[�t�_�d�l�h�\���� �k�m��
�s�_�k�l�\�m�x�s�b�o���\���g�_�[�e�Z�]�h�i�j�b�y�l�g�u�o���m�k�e�h�\�b�y�o���]�h�j�h�^�k�d�h�c���k�j�_�^�u�����h�k�h�[�_�g�g�h���f�Z�e�u�o���j�_�d��
�b���\�h�^�h�_�f�h�\�� 

�I�j�b�� �i�h�^�[�h�j�_�� �\�b�^�h�\�h�]�h�� �k�h�k�l�Z�\�Z�� �j�u�[ �^�e�y�� �a�Z�j�u�[�e�_�g�b�y �\�h�^�h�_�f�h�\�� �k�e�_�^�m�_�l�� �\�u��
�[�b�j�Z�l�v���\�b�^�u, �m�f�_�j�_�g�g�h���l�j�_�[�h�\�Z�l�_�e�v�g�u�_���d���d�Z�q�_�k�l�\�m���\�h�^�u�����g�Z�i�j�b�f�_�j�� �d�Z�j�i�h�\�u�_�����<�h 
�b�a�[�_�`�Z�g�b�_���i�_�j�_�]�j�_�\�Z���\�h�^�u���e�_�l�h�f���b���[�u�k�l�j�h�]�h���a�Z�j�Z�k�l�Z�g�b�y���i�j�b�[�j�_�`�g�u�o���f�_�e�d�h�\�h�^�b�c��
�j�Z�k�l�b�l�_�e�v�g�h�k�l�v�x�� �g�_�h�[�o�h�^�b�f�h�� �i�h�^�^�_�j�`�b�\�Z�l�v�� �\�� �f�_�`�_�g�g�u�c�� �i�_�j�b�h�^�� �]�e�m�[�b�g�m�� �\�^�h�e�v��
�[�_�j�_�]�Z���g�_���f�_�g�_�_���������±1 �f���� 
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�I�h�d�Z�a�Z�g�Z�� �Z�d�l�m�Z�e�v�g�h�k�l�v �j�Z�a�j�Z�[�h�l�d�b�� �d�h�f�i�e�_�d�k�Z�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c����
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�^�h�k�l�b�`�_�g�b�b���f�Z�d�k�b�f�Z�e�v�g�h�]�h���a�g�Z�q�_�g�b�y �[�_�a�j�Z�a�f�_�j�g�h�c���m�^�_�e�v�g�h�c���j�Z�[�h�l�u���j�Z�a�j�m�r�_�g�b�y����
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h���o�Z�j�Z�d�l�_�j�g�h�c���[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b, �i�j�h�b�k�o�h�^�b�l���k�f�_�g�Z���\�y�a�d�h�]�h��
�j�Z�a�j�u�\�Z���g�Z���m�i�j�m�]�b�c���\�u�j�u�\���\�h�e�h�d�g�Z�����I�j�b���w�l�h�f���k���^�Z�e�v�g�_�c�r�b�f���j�h�k�l�h�f���[�_�a�j�Z�a�f�_�j�g�h�c��
�k�d�h�j�h�k�l�b�� �[�_�a�j�Z�a�f�_�j�g�Z�y�� �m�^�_�e�v�g�Z�y�� �j�Z�[�h�l�Z�� �m�i�j�m�]�h�]�h�� �j�Z�a�j�m�r�_�g�b�y�� �b�a�f�_�g�y�_�l�k�y��
�g�_�f�h�g�h�l�h�g�g�h���� �I�j�b�� �f�_�j�_ �w�e�Z�k�l�b�q�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z 3���� ������ ������ ������ �f�Z�d�k�b�f�Z�e�v�g�u�_��
�a�g�Z�q�_�g�b�y�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u�� �j�Z�a�j�m�r�_�g�b�y�� �k�h�k�l�Z�\�e�y�x�l�� ���������������� ���������������� ���������������� ��������������
�b�� �^�h�k�l�b�]�Z�x�l�k�y�� �i�j�b�� �o�Z�j�Z�d�l�_�j�g�u�o �[�_�a�j�Z�a�f�_�j�g�u�o �k�d�h�j�h�k�l�y�o 0,0982; 0,0549; 0,0331; 
�����������������i�j�b���w�l�h�f���f�b�g�b�f�Z�e�v�g�u�_���a�g�Z�q�_�g�b�y���[�_�a�j�Z�a�f�_�j�g�h�c���m�^�_�e�v�g�h�c���j�Z�[�h�l�u���m�i�j�m�]�h�]�h��
�\�u�j�u�\�Z�� �k�h�k�l�Z�\�e�y�x�l�� ������������������ ������������������ ������������������ ���������������� �b�� �^�h�k�l�b�]�Z�x�l�k�y�� �i�j�b��
�[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b�� �������������� �������������� �������������� ������������ �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �K�� �m�\�_�e�b�q�_�g�b�_�f��
�f�_�j�u�� �w�e�Z�k�l�b�q�g�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z�� �f�Z�d�k�b�f�Z�e�v�g�Z�y �[�_�a�j�Z�a�f�_�j�g�Z�y �m�^�_�e�v�g�Z�y �j�Z�[�h�l�Z 
�j�Z�a�j�m�r�_�g�b�y�� �b�� �f�b�g�b�f�Z�e�v�g�Z�y�� �j�Z�[�h�l�Z �m�i�j�m�]�h�]�h�� �\�u�j�u�\�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �k�g�b�`�Z�x�l�k�y����
�L�Z�d�`�_�� �k�� �j�h�k�l�h�f�� �f�_�j�u�� �w�e�Z�k�l�b�q�g�h�k�l�b�� �m�f�_�g�v�r�Z�_�l�k�y�� �a�g�Z�q�_�g�b�_�� �o�Z�j�Z�d�l�_�j�g�h�c��
�[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b�����i�j�b���d�h�l�h�j�h�c���\�y�a�d�b�c���j�Z�a�j�u�\���k�f�_�g�y�_�l�k�y���m�i�j�m�]�b�f���\�u�j�u�\�h�f�� 

�j�u�[�Z���� �\�h�e�h�d�g�h, �f�u�r�_�q�g�Z�y�� �l�d�Z�g�v, �j�_�a�Z�g�b�_, �j�Z�a�j�m�r�_�g�b�_, �g�h�`���� �j�Z�[�h�l�Z, 
�j�_�h�e�h�]�b�y�� �\�y�a�d�h�m�i�j�m�]�h�k�l�v 
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The paper shows the relevance of the development of a complex of 
mathematical models that allows calculating the specific work when cutting fish in 
order to determine the coefficient of efficiency of an elementary knife. An expression 
has been obtained for calculating the dimensionless specific work of muscle fibers 
destruction. A model for calculating this value for elastic fiber tear with a high 
deformation rate has been formulated. The specific work of viscous laceration at high 
cutting speed has been determined. A mathematical model for calculating the 
dimensionless specific work required for elastic fiber tear at not very high speeds has 
been obtained. The dimensionless specific work of viscous laceration of the fiber at not 
very low speeds has been calculated. The dependences of the dimensionless specific 
works of elastic tear and viscous laceration on the dimensionless strain rate have been 
determined by a numerical method. It has been found that with an increase in the 
dimensionless velocity, there is a nonlinear increase in the dimensionless specific work 
of viscous laceration. When the maximum value of the dimensionless specific fracture 
work, corresponding to the characteristic dimensionless speed, is reached, the viscous 
laceration changes to elastic fiber tear. In this case, with a further increase in the 
dimensionless velocity, the dimensionless specific work of elastic fracture changes 
nonmonotonically. With the values of measures of elasticity 3; 5; 8; 12 the maximum 
values of the specific work of destruction are 0.0694; 0.0417; 0.0262; 0.0173 and are 
achieved with a characteristic dimensionless speed values of 0.0982; 0.0549; 0.0331; 
0.0218, while the minimum values of the dimensionless specific work of elastic tear are 
0.05761; 0.02714; 0.01279; 0.00641 and are reached at dimensionless speed values of 
0.248; 0.217; 0.187; 0.161 respectively. With an increase in measures of elasticity of the 
material, the maximum value of the dimensionless specific work of destruction and the 
minimum value of the work of elastic tear reduce significantly. Also, with an increase in 
measures of elasticity, the value of the characteristic dimensionless speed, at which a 
viscous laceration is replaced by an elastic tear, decreases. 

fish, fiber, muscle tissue, cutting, damage, knife, work, rheology, viscoelasticity 
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�j�_�a�Z�g�b�y���� �i�j�b�f�_�g�_�g�b�_�� �b�a�g�h�k�h�k�l�h�c�d�b�o�� �g�h�`�_�c�� �k�� �Z�g�l�b�n�j�b�d�p�b�h�g�g�u�f�b�� �i�h�d�j�u�l�b�y�f�b����
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�f�_�j�h�i�j�b�y�l�b�y���� �I�h�\�u�r�_�g�b�_�� �w�g�_�j�]�h�w�n�n�_�d�l�b�\�g�h�k�l�b�� �m�d�Z�a�Z�g�g�h�]�h�� �i�j�h�p�_�k�k�Z��
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�Å �d�b�g�_�f�Z�l�b�q�_�k�d�m�x���l�j�Z�g�k�n�h�j�f�Z�p�b�x �m�]�e�Z���a�Z�l�h�q�d�b; 
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�Å �i�j�b�f�_�g�_�g�b�_���g�h�`�Z���k���n�b�]�m�j�g�h�c���d�j�h�f�d�h�c���b���h�i�l�b�f�b�a�Z�p�b�x �n�h�j�f�u���d�j�h�f�d�b; 
 �Å �b�a�f�_�j�_�g�b�_���f�h�j�n�h�f�_�l�j�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���k�u�j�v�y���b���\�u�[�h�j���j�Z�p�b�h�g�Z�e�v�g�u�o��
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�Å �i�j�b�f�_�g�_�g�b�_�� �k�_�j�\�h�i�j�b�\�h�^�Z�� �^�e�y�� �i�j�b�\�_�^�_�g�b�y�� �g�h�`�Z�� �\�� �^�\�b�`�_�g�b�_�� �b��

�Z�\�l�h�f�Z�l�b�q�_�k�d�h�_�� �j�_�]�m�e�b�j�h�\�Z�g�b�_�� �f�h�f�_�g�l�Z�� �g�Z�� �\�Z�e�_�� �k�_�j�\�h�^�\�b�]�Z�l�_�e�y�� ���d�h�g�l�m�j�g�h�_��
�m�i�j�Z�\�e�_�g�b�_��; 

�Å �\�u�[�h�j�� �j�Z�p�b�h�g�Z�e�v�g�h�c�� �k�d�h�j�h�k�l�b�� �j�_�a�Z�g�b�y�� �b�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�_�� �j�_�]�m�e�b�j�h�\�Z�g�b�_��
�k�d�h�j�h�k�l�b���g�h�`�Z�����m�k�l�Z�g�h�\�e�_�g�g�h�]�h���g�Z���k�_�j�\�h�i�j�b�\�h�^�_�� 

�G�Z�j�y�^�m�� �k�� �h�l�f�_�q�_�g�g�u�f�b�� �\�u�r�_���� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�l�k�y�� �^�h�i�h�e�g�b�l�_�e�v�g�u�_��
�f�_�j�h�i�j�b�y�l�b�y�� �i�h�� �i�h�\�u�r�_�g�b�x�� �w�n�n�_�d�l�b�\�g�h�k�l�b�� �i�j�h�p�_�k�k�Z�� �j�_�a�Z�g�b�y�� �j�u�[�u���� �d�� �d�h�l�h�j�u�f��
�h�l�g�h�k�y�l�k�y: �\�u�[�h�j�� �j�Z�p�b�h�g�Z�e�v�g�u�o�� �a�g�Z�q�_�g�b�c�� �k�d�h�j�h�k�l�b�� �i�h�^�Z�q�b�� �f�Z�l�_�j�b�Z�e�Z�� �b �m�]�e�Z��
�i�h�^�Z�q�b; �h�i�j�_�^�_�e�_�g�b�_�� �j�Z�p�b�h�g�Z�e�v�g�h�c�� �k�l�_�i�_�g�b�� �m�i�e�h�l�g�_�g�b�y�� �k�u�j�v�y�� �i�j�b�� �j�_�a�Z�g�b�b; 
�m�\�_�e�b�q�_�g�b�_�� �^�h�e�]�h�\�_�q�g�h�k�l�b�� �e�_�a�\�b�y�� �b�� �_�]�h�� �b�a�g�h�k�h�k�l�h�c�d�h�k�l�b; �k�g�b�`�_�g�b�_��
�r�_�j�h�o�h�\�Z�l�h�k�l�b�� �i�h�\�_�j�o�g�h�k�l�b�� �j�_�`�m�s�_�]�h�� �h�j�]�Z�g�Z; �k�g�b�`�_�g�b�_�� �f�Z�k�k�u�� �e�_�a�\�b�y; 
�m�i�j�h�s�_�g�b�_�� �w�d�k�i�e�m�Z�l�Z�p�b�b�� �j�_�`�m�s�_�]�h�� �i�j�b�k�i�h�k�h�[�e�_�g�b�y; �m�e�m�q�r�_�g�b�_�� �m�k�e�h�\�b�c�� �^�e�y��
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�j�_�`�m�s�b�o���m�k�l�j�h�c�k�l�\���b���^�j. 

�<�Z�`�g�u�f���i�h�d�Z�a�Z�l�_�e�_�f�����o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�f���w�n�n�_�d�l�b�\�g�h�k�l�v���i�j�h�p�_�k�k�Z���j�_�a�Z�g�b�y����
�y�\�e�y�_�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l�� �i�h�e�_�a�g�h�]�h�� �^�_�c�k�l�\�b�y�� �w�e�_�f�_�g�l�Z�j�g�h�]�h�� �g�h�`�Z���� �>�e�y�� �_�]�h��
�h�i�j�_�^�_�e�_�g�b�y�� �l�j�_�[�m�_�l�k�y�� �j�Z�k�q�_�l�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u�� �j�Z�a�j�m�r�_�g�b�y�� �f�u�r�_�q�g�u�o�� �\�h�e�h�d�h�g��
�j�u�[�u���� �G�_�k�f�h�l�j�y�� �g�Z�� �p�_�g�g�h�k�l�v�� �b�a�\�_�k�l�g�u�o�� �i�m�[�e�b�d�Z�p�b�c���� �Z�� �l�Z�d�`�_ �h�[�r�b�j�g�u�o��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �j�_�a�m�e�v�l�Z�l�h�\���� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �g�_�^�h�k�l�Z�l�h�q�g�h�� �j�Z�a�\�b�l��
�l�_�h�j�_�l�b�q�_�k�d�b�c�� �i�h�^�o�h�^���� �i�h�a�\�h�e�y�x�s�b�c�� �h�i�j�_�^�_�e�b�l�v�� �m�d�Z�a�Z�g�g�m�x�� �\�_�e�b�q�b�g�m���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �j�Z�a�j�Z�[�h�l�d�Z�� �d�h�f�i�e�_�d�k�Z�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c, �^�Z�x�s�b�o�� �\�h�a�f�h�`�g�h�k�l�v 
�j�Z�k�k�q�b�l�Z�l�v���m�^�_�e�v�g�m�x���j�Z�[�h�l�m�����g�_�h�[�o�h�^�b�f�m�x���^�e�y �j�Z�a�j�m�r�_�g�b�y �i�b�s�_�\�h�]�h���f�Z�l�_�j�b�Z�e�Z,  
�i�j�_�^�k�l�Z�\�e�y�_�l���k�h�[�h�c���Z�d�l�m�Z�e�v�g�m�x���h�l�j�Z�k�e�_�\�m�x���a�Z�^�Z�q�m. 

�F�Z�l�_�f�Z�l�b�q�_�k�d�h�_�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �i�j�h�p�_�k�k�h�\�� �j�_�a�Z�g�b�y�� �Å �Z�d�l�m�Z�e�v�g�h�_��
�g�Z�i�j�Z�\�e�_�g�b�_�����\���j�Z�f�d�Z�o���d�h�l�h�j�h�]�h���h�i�m�[�e�b�d�h�\�Z�g �r�b�j�h�d�b�c���i�_�j�_�q�_�g�v���j�Z�[�h�l���\���J�h�k�k�b�b���b��
�a�Z���j�m�[�_�`�h�f����M. Boisly, S. Schuldt, M. G. Kaestner, Y. Schneider, H. Rohm, G. Arnold, 
J. Kowalewski [1, 2] �b�k�k�e�_�^�h�\�Z�e�b�� �j�_�a�Z�g�b�_�� �f�y�k�g�u�o�� �i�j�h�^�m�d�l�h�\���� �m�k�l�Z�g�h�\�b�e�b��
�w�f�i�b�j�b�q�_�k�d�b�_�� �a�Z�\�b�k�b�f�h�k�l�b�� �f�_�`�^�m�� �k�b�e�Z�f�b�� �k�h�i�j�h�l�b�\�e�_�g�b�c�� �i�j�b�� �j�Z�a�j�m�r�_�g�b�b��
�\�h�e�h�d�g�b�k�l�h�]�h���f�Z�l�_�j�b�Z�e�Z���b���k�d�h�j�h�k�l�v�x���^�\�b�`�_�g�b�y���g�h�`�Z�����i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�e�b���\�e�b�y�g�b�_��
�m�]�e�Z�� �a�Z�l�h�q�d�b�� �e�_�a�\�b�y�� �g�Z�� �i�Z�j�Z�f�_�l�j�u�� �m�d�Z�a�Z�g�g�h�]�h�� �i�j�h�p�_�k�k�Z����T. Atkins [3, 4] �i�j�h�\�_�e��
�i�h�^�j�h�[�g�h�_�� �l�_�h�j�_�l�b�d�h-�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�_�� �b�a�m�q�_�g�b�_ �i�j�h�p�_�k�k�h�\�� �j�_�a�Z�g�b�y�� �j�Z�a�e�b�q�g�u�o��
�i�b�s�_�\�u�o�� �f�Z�l�_�j�b�Z�e�h�\���� �b�k�k�e�_�^�h�\�Z�e�� �h�i�l�b�f�Z�e�v�g�u�_�� �m�]�e�u�� �a�Z�l�h�q�d�b�� �j�_�`�m�s�b�o�� �h�j�]�Z�g�h�\����
�h�[�h�[�s�b�\�� �j�_�a�m�e�v�l�Z�l�u�� �\�� �d�j�m�i�g�_�c�r�_�c�� �f�h�g�h�]�j�Z�n�b�b�� �i�h�� �l�_�f�_�� �j�_�a�Z�g�b�y�� �i�b�s�_�\�u�o��
�i�j�h�^�m�d�l�h�\����A. Spagnoli, M. Terzano, R. Brighenti, F. Artoni, P. Stahle [5, 6] 
�i�j�h�Z�g�Z�e�b�a�b�j�h�\�Z�e�b �k�b�e�u�� �l�j�_�g�b�y, �a�Z�d�h�g�h�f�_�j�g�h�k�l�b�� �i�j�h�p�_�k�k�Z�� �j�_�a�Z�g�b�y�� �\�y�a�d�h�m�i�j�m�]�b�o��
�f�Z�l�_�j�b�Z�e�h�\���� �i�j�h�\�_�e�b�� �k�j�Z�\�g�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �m�k�b�e�b�c�� �j�_�a�Z�g�b�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l��
�j�_�`�b�f�g�u�o���i�Z�j�Z�f�_�l�j�h�\�����<���b�k�k�e�_�^�h�\�Z�g�b�b��K.-R. Deibel, S. L�lmmlein, K. Wegener [7] 
�j�Z�a�j�Z�[�h�l�Z�e�b�� �f�h�^�_�e�v�� �^�e�y�� �j�Z�k�q�_�l�Z�� �m�k�b�e�b�c�� �k�d�h�e�v�a�y�s�_�]�h�� �j�_�a�Z�g�b�y�� �l�h�g�d�b�o�� �h�[�j�Z�a�p�h�\��
�f�Z�l�_�j�b�Z�e�Z. B. S. Ogunsina, A. I. Bamgboye [8] �j�Z�k�k�f�Z�l�j�b�\�Z�e�b �k�b�e�u���j�Z�a�j�m�r�_�g�b�y���i�j�b��
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�h�[�j�Z�[�h�l�d�_�� �j�Z�k�l�b�l�_�e�v�g�u�o�� �i�b�s�_�\�u�o�� �i�j�h�^�m�d�l�h�\����J. Sadowska, T. Jeli��ski,                   
W. B�áaszczak, S. Konopka, J. Fornal, W. Rybi��ski �>���@���b�a�m�q�Z�e�b���\�e�b�y�g�b�_���k�l�j�m�d�l�m�j�g�u�_��
�k�\�h�c�k�l�\�Z�� �j�Z�k�l�b�l�_�e�v�g�h�]�h�� �k�u�j�v�y�� �g�Z�� �k�b�e�u�� �k�h�i�j�h�l�b�\�e�_�g�b�c�� �i�j�b�� �h�[�j�Z�[�h�l�d�_���� �<�� �j�Z�[�h�l�Z�o��
S. M. Goh, M. N. Charalambides, J. G. Williams �>�����@�� �i�j�b�\�h�^�y�l�k�y �j�_�a�m�e�v�l�Z�l�u��
�b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�� �j�_�a�Z�g�b�x�� �k�l�j�m�g�g�u�f�b�� �j�_�`�m�s�b�f�b�� �h�j�]�Z�g�Z�f�b���� �L�Z�d�`�_�� �i�j�h�p�_�k�k�m��
�j�_�a�Z�g�b�y�� �i�h�k�\�y�s�_�g�Z �h�[�k�l�h�y�l�_�e�v�g�Z�y �i�m�[�e�b�d�Z�p�b�y��E. Vandenberghe, M. N. 
Charalambides,   I. K. Mohammed, B. D. Ketelaere, J. D. Baerdemaeker, J. Claes [11]. 
�:�\�l�h�j�u��B. S. Sridhar, K. Sommer [12�@�� �b�k�k�e�_�^�h�\�Z�e�b�� �f�_�l�h�^�h�f�� �d�h�g�_�q�g�u�o�� �w�e�_�f�_�g�l�h�\��
�i�j�h�p�_�k�k�u�� �j�Z�a�j�m�r�_�g�b�y �\�y�a�d�h�m�i�j�m�]�b�o�� �i�j�h�^�m�d�l�h�\�� �k�� �j�Z�a�e�b�q�g�h�c�� �d�h�g�k�b�k�l�_�g�p�b�_�c����         
H. J. Holl, M. Meindlhumer, V. Simader, D. Schnurer,     A. Brandl �\ [13] �b�a�e�h�`�b�e�b 
�j�_�a�m�e�v�l�Z�l�u�� �i�h�� �\�b�[�j�Z�p�b�h�g�g�h�f�m�� �j�_�a�Z�g�b�x�� �f�Z�l�_�j�b�Z�e�h�\�� �k�� �j�Z�a�e�b�q�g�u�f�b�� �k�l�j�m�d�l�m�j�g�h-
�j�_�h�e�h�]�b�q�_�k�d�b�f�b���k�\�h�c�k�l�\�Z�f�b���� 

�<�� �i�j�_�^�r�_�k�l�\�m�x�s�_�f �b�k�k�e�_�^�h�\�Z�g�b�b �Z�\�l�h�j�h�\��[14] �i�h�e�m�q�_�g�� �d�h�f�i�e�_�d�k��
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c���� �i�h�a�\�h�e�y�x�s�b�o�� �j�Z�k�k�q�b�l�Z�l�v�� �b�g�l�_�j�\�Z�e�u�� �\�j�_�f�_�g�b��
�g�Z�k�l�m�i�e�_�g�b�y�� �\�y�a�d�h�]�h�� �j�Z�a�j�u�\�Z�� �b�� �m�i�j�m�]�h�]�h�� �\�u�j�u�\�Z�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �k�l�j�m�d�l�m�j�g�h-
�j�_�h�e�h�]�b�q�_�k�d�b�o���k�\�h�c�k�l�\���f�u�r�_�q�g�h�c���l�d�Z�g�b���b���k�d�h�j�h�k�l�b���_�_ �^�_�n�h�j�f�b�j�h�\�Z�g�b�y���j�_�`�m�s�b�f��
�h�j�]�Z�g�h�f���� �J�Z�a�j�Z�[�h�l�Z�g�u�� �f�h�^�_�e�b���� �h�i�b�k�u�\�Z�x�s�b�_�� �j�_�`�b�f�� �j�Z�a�j�m�r�_�g�b�y�� �\�h�e�h�d�h�g����
�d�h�l�h�j�u�c�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y�� �\�g�_�a�Z�i�g�h�� �\�h�a�g�b�d�r�_�c�� �i�h�k�l�h�y�g�g�h�c�� �^�_�n�h�j�f�Z�p�b�_�c��
�f�Z�l�_�j�b�Z�e�Z���� �I�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �\�� �j�Z�[�h�l�_�� �>14�@�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �f�h�^�_�e�b�� �\�� �j�Z�a�f�_�j�g�h�c�� �b��
�[�_�a�j�Z�a�f�_�j�g�h�c�� �n�h�j�f�Z�o�� �h�l�j�Z�`�Z�x�l�� �n�b�a�b�q�_�k�d�b�_�� �a�Z�d�h�g�h�f�_�j�g�h�k�l�b�� �i�j�h�p�_�k�k�Z��
�j�Z�a�j�m�r�_�g�b�y���f�u�r�_�q�g�u�o���\�h�e�h�d�h�g���j�u�[�u���\���m�^�h�[�g�h�c���^�e�y���b�k�k�e�_�^�h�\�Z�g�b�y���n�h�j�f�_��  

�<���k�l�Z�l�v�_ �>�����@�� �i�h�e�m�q�_�g�u�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �h�i�b�k�Z�g�b�y �^�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �k�b�e��
�i�h�e�_�a�g�u�o �k�h�i�j�h�l�b�\�e�_�g�b�c �i�j�b�� �j�_�a�Z�g�b�b �i�b�s�_�\�u�o�� �i�j�h�^�m�d�l�h�\���� �<�� �i�m�[�e�b�d�Z�p�b�b [16] 
�i�j�_�^�e�h�`�_�g�� �i�h�^�o�h�^�� �d�� �h�i�l�b�f�b�a�Z�p�b�b�� �n�h�j�f�u�� �i�j�h�n�b�e�y�� �g�h�`�Z�� �^�e�y�� �j�_�a�Z�g�b�y�� �j�u�[�u �i�h��
�d�j�b�l�_�j�b�x���f�b�g�b�f�Z�e�v�g�h�c �k�b�e�u �\�j�_�^�g�h�]�h���k�h�i�j�h�l�b�\�e�_�g�b�y�� 

 
�J�:�K�Q�?�L���M�>�?�E�V�G�H�C���J�:�;�H�L�U���H�;�T�?�F�G�H�=�H���J�:�A�J�M�R�?�G�B�Y���F�U�R�?�Q�G�U�O��

�<�H�E�H�D�H�G���I�J�B���J�?�A�:�G�B�B 
�G�Z�� �h�k�g�h�\�_ �j�_�a�m�e�v�l�Z�l�h�\ [14] �h�i�j�_�^�_�e�b�f�� �m�^�_�e�v�g�m�x�� �j�Z�[�h�l�m�� �h�[�t�_�f�g�h�]�h��

�j�Z�a�j�m�r�_�g�b�y���� �d�h�l�h�j�m�x�� �g�_�h�[�o�h�^�b�f�h�� �k�h�\�_�j�r�b�l�v�� �^�e�y�� �i�j�_�h�^�h�e�_�g�b�y�� �\�g�m�l�j�_�g�g�b�o��
�\�y�a�d�h�m�i�j�m�]�b�o�� �k�b�e�� �k�h�i�j�h�l�b�\�e�_�g�b�y���� �i�j�_�i�y�l�k�l�\�m�x�s�b�o�� �i�j�h�^�h�e�v�g�h�f�m�� �j�Z�k�l�y�`�_�g�b�x�� �\��
�_�^�b�g�b�p�_�� �h�[�t�_�f�Z�� �\�h�e�h�d�g�Z���� �G�Z�i�j�y�`�_�g�b�_�� �b�� �h�l�g�h�k�b�l�_�e�v�g�Z�y�� �^�_�n�h�j�f�Z�p�b�y�� �\�h�e�h�d�g�Z��
�y�\�e�y�x�l�k�y�� �i�_�j�_�f�_�g�g�u�f�b�� �b�� �f�h�]�m�l�� �[�u�l�v�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\�� �\�b�^�_�� �n�m�g�d�p�b�c�� �\�j�_�f�_�g�b����
�L�h�]�^�Z�� �m�^�_�e�v�g�m�x�� �j�Z�[�h�l�m�� �h�[�t�_�f�g�h�]�h�� �j�Z�a�j�m�r�_�g�b�y�� �a�Z�i�b�r�_�f �\�� �\�b�^�_�� �h�i�j�_�^�_�e�_�g�g�h�]�h��
�b�g�l�_�]�j�Z�e�Z��  

                 �³ �¸
�¹

�·
�¨
�©

�§
�˜� 

crt

dt
dt

d
A

0

�Ö
�Ö �W
�W�W

�H
�V , �»

�¼

�º
�«
�¬

�ª
2�f

�G
, (1) 

�]�^�_��crt  �í �b�g�l�_�j�\�Z�e���\�j�_�f�_�g�b���j�Z�a�j�m�r�_�g�b�y���k���g�Z�q�Z�e�Z���^�_�n�h�j�f�b�j�h�\�Z�g�b�y �\�h�e�h�d�g�Z; 

�W�H�Öd  �í �w�e�_�f�_�g�l�Z�j�g�h�_�� �h�l�g�h�k�b�l�_�e�v�g�h�_ �m�^�e�b�g�_�g�b�_�� �\�h�e�h�d�g�Z; �W�V�Ö �í �g�Z�i�j�y�`�_�g�b�_�� �\��
�\�y�a�d�h�m�i�j�m�]�h�f���\�h�e�h�d�g�_. 

�<���\�u�j�Z�`�_�g�b�b��(1) �\�_�j�o�g�b�c���i�j�_�^�_�e���b�g�l�_�]�j�b�j�h�\�Z�g�b�y���y�\�e�y�_�l�k�y���g�Z�b�f�_�g�v�r�b�f���b�a��
�^�\�m�o���b�g�l�_�j�\�Z�e�h�\���\�j�_�f�_�g�b���m�i�j�m�]�h�]�h���\�u�j�u�\�Z 0crt  �b �\�y�a�d�h�]�h���j�Z�a�j�u�\�Z��1crt . �K���m�q�_�l�h�f��
�j�_�a�m�e�v�l�Z�l�h�\���j�Z�[�h�l�u��[14] �\�u�j�Z�`�_�g�b�_�����������a�Z�i�b�r�_�f �\���k�e�_�^�m�x�s�_�f���\�b�^�_�����i�j�b�g�b�f�Z�y���\�h��
�\�g�b�f�Z�g�b�_���g�Z�q�Z�e�v�g�h�_���m�k�e�h�\�b�_�� 0~ � crt , 0� �WA : 
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�]�^�_ 0E  �í�� �f�]�g�h�\�_�g�g�u�c�� �f�h�^�m�e�v�� �m�i�j�m�]�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z�� ���f�h�^�m�e�v�� �X�g�]�Z������            

1E  �í���a�Z�i�Z�a�^�u�\�Z�x�s�b�c�����\�u�k�h�d�h�w�e�Z�k�l�b�q�g�u�c�����f�h�^�m�e�v���m�i�j�m�]�h�k�l�b; 1001 EEe � �í���f�_�j�Z��
�w�e�Z�k�l�b�q�g�h�k�l�b; �K�í�� �d�h�w�n�n�b�p�b�_�g�l�� �^�b�g�Z�f�b�q�_�k�d�h�c�� �\�y�a�d�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z����v �í�� �k�d�h�j�h�k�l�v��

�^�_�n�h�j�f�b�j�h�\�Z�g�b�y; al  �í �i�h�e�h�\�b�g�g�Z�y�� �r�b�j�b�g�Z�� �\�h�e�h�d�g�Z;  
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10~  �í�� �[�_�a�j�Z�a�f�_�j�g�h�_�� �\�j�_�f�y 

�j�Z�a�j�m�r�_�g�b�y �\�h�e�h�d�g�Z �k���f�h�f�_�g�l�Z���g�Z�q�Z�e�Z���^�_�n�h�j�f�b�j�h�\�Z�g�b�y.  

�<�\�_�^�_�f�� �[�_�a�j�Z�a�f�_�j�g�m�x�� �k�d�h�j�h�k�l�v�� �^�_�n�h�j�f�b�j�h�\�Z�g�b�y 
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�h�l�d�m�^�Z���k�e�_�^�m�_�l���\�u�j�Z�`�_�g�b�_���^�e�y���[�_�a�j�Z�a�f�_�j�g�h�c���m�^�_�e�v�g�h�c���j�Z�[�h�l�u�� 
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�A�g�Z�q�_�g�b�_���[�_�a�j�Z�a�f�_�j�g�h�]�h �b�g�l�_�j�\�Z�e�Z���\�j�_�f�_�g�b �j�Z�a�j�m�r�_�g�b�y �� ��10
~,~min~
crcrcr ttt �  

�h�i�j�_�^�_�e�y�_�l�k�y �k�h�]�e�Z�k�g�h��[14] �i�m�l�_�f���q�b�k�e�_�g�g�h�]�h���j�_�r�_�g�b�y���k�b�k�l�_�f�u���l�j�Z�g�k�p�_�g�^�_�g�l�g�u�o��
�m�j�Z�\�g�_�g�b�c���b���i�h�^�k�l�Z�\�e�y�_�l�k�y �\���\�u�j�Z�`�_�g�b�_����4�����^�e�y���i�h�e�m�q�_�g�b�y���a�g�Z�q�_�g�b�y �[�_�a�j�Z�a�f�_�j�g�h�c��
�\�_�e�b�q�b�g�u���WA

~
.  

�F�h�^�_�e�v�� ��4���� �i�h�a�\�h�e�y�_�l�� �q�b�k�e�_�g�g�h�� �b�k�k�e�_�^�h�\�Z�l�v�� �a�Z�\�b�k�b�f�h�k�l�v�� �\�_�e�b�q�b�g�u���WA
~

 �h�l��
�[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b�� �^�_�n�h�j�f�b�j�h�\�Z�g�b�y�� �b�� �k�l�j�m�d�l�m�j�g�h-�j�_�h�e�h�]�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\��
�f�Z�l�_�j�b�Z�e�Z. 
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�I�j�b���h�q�_�g�v���[�u�k�l�j�h�f���m�i�j�m�]�h�f���j�Z�a�j�m�r�_�g�b�b�����l�����_�� �i�j�b���m�i�j�m�]�h�f���\�u�j�u�\�_���k���h�q�_�g�v��
�[�h�e�v�r�h�c�� �k�d�h�j�h�k�l�v�x�� �j�_�a�Z�g�b�y�� �b�� �h�q�_�g�v�� �f�Z�e�u�o�� �a�g�Z�q�_�g�b�y�o��0

~
crt ���� �m�^�_�e�v�g�m�x�� �j�Z�[�h�l�m 

�k�h�]�e�Z�k�g�h��(4) �\�h�a�f�h�`�g�h���i�j�b�[�e�b�`�_�g�g�h���g�Z�c�l�b �k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�� 
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�I�h�^�k�l�Z�\�b�\�� �\�� ��5���� �\�u�j�Z�`�_�g�b�_��
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�]�^�_�� 0cr�V  �í���m�i�j�m�]�Z�y���k�h�k�l�Z�\�e�y�x�s�Z�y���i�j�_�^�_�e�v�g�h�]�h���g�Z�i�j�y�`�_�g�b�y���\���\�h�e�h�d�g�_�� 

�K�� �m�q�_�l�h�f�� �������� �\�u�j�Z�`�_�g�b�_�� �^�e�y�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u��0~
�WA  �\ �^�Z�g�g�h�f��

�k�e�m�q�Z�_���i�j�b�f�_�l���\�b�^��  
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�<���k�\�h�x���h�q�_�j�_�^�v�����\���k�e�m�q�Z�_���\�y�a�d�h�]�h���j�Z�a�j�u�\�Z���i�j�b���[�h�e�v�r�h�c �k�d�h�j�h�k�l�b���j�_�a�Z�g�b�y���b��

�f�Z�e�h�c���\�u�k�h�d�h�w�e�Z�k�l�b�q�g�h�c���k�h�k�l�Z�\�e�y�x�s�_�c���i�j�_�^�_�e�v�g�h�]�h���g�Z�i�j�y�`�_�g�b�y���\�� �\�h�e�h�d�g�_��1cr�V  
�[�_�a�j�Z�a�f�_�j�g�m�x���m�^�_�e�v�g�m�x���j�Z�[�h�l�m���l�Z�d�`�_ �\�h�a�f�h�`�g�h���i�j�b�[�e�b�`�_�g�g�h���g�Z�c�l�b �k�e�_�^�m�x�s�b�f��
�h�[�j�Z�a�h�f�� 
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�K���m�q�_�l�h�f����4) �\�u�j�Z�`�_�g�b�_���^�e�y���[�_�a�j�Z�a�f�_�j�g�h�c���m�^�_�e�v�g�h�c���j�Z�[�h�l�u 1~
�WA  �a�Z�i�b�r�_�f���\��

�k�e�_�^�m�x�s�_�f���\�b�^�_: 
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�H�l�g�h�r�_�g�b�_�� �[�_�a�j�Z�a�f�_�j�g�u�o�� �m�^�_�e�v�g�u�o�� �j�Z�[�h�l�� �m�i�j�m�]�h�]�h�� �b�� �\�y�a�d�h�]�h�� �j�Z�a�j�m�r�_�g�b�y 
10

01
~~~
�W�W AAA �  �\�h�a�f�h�`�g�h���h�i�j�_�^�_�e�b�l�v �b�a����7�����b������0): 
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�h�l�d�m�^�Z�� �\�b�^�g�h���� �q�l�h�� �[�_�a�j�Z�a�f�_�j�g�Z�y �m�^�_�e�v�g�Z�y�� �j�Z�[�h�l�Z�� �i�j�b�� �m�i�j�m�]�h�f�� �\�u�j�u�\�_�� �k�� �h�q�_�g�v��
�[�h�e�v�r�h�c���k�d�h�j�h�k�l�v�x���f�h�`�_�l���[�u�l�v���d�Z�d���[�h�e�v�r�_���k�h�h�l�\�_�l�k�l�\�m�x�s�_�c���j�Z�[�h�l�u���i�j�b���\�y�a�d�h�f��
�j�Z�a�j�u�\�_�� �k�� �h�q�_�g�v�� �f�Z�e�h�c�� �k�d�h�j�h�k�l�v�x���� �l�Z�d�� �b�� �f�_�g�v�r�_�� �_�_���� �>�Z�g�g�h�_�� �h�l�g�h�r�_�g�b�_ 
�[�_�a�j�Z�a�f�_�j�g�u�o�� �m�^�_�e�v�g�u�o�� �j�Z�[�h�l �a�Z�\�b�k�b�l�� �h�l�� �d�j�b�l�_�j�b�y 10 crcr �V�V  �b�� �f�_�j�u��

�w�e�Z�k�l�b�q�g�h�k�l�b���f�Z�l�_�j�b�Z�e�Z 01e �����<���q�Z�k�l�g�h�k�l�b�����i�j�b�� 310 � crcr �V�V  �b�� 201 � e  �m�d�Z�a�Z�g�g�u�_��

�[�_�a�j�Z�a�f�_�j�g�u�_���m�^�_�e�v�g�u�_���j�Z�[�h�l�u���j�Z�\�g�u �f�_�`�^�m���k�h�[�h�c: 1
~

01 � A . 
�H�i�j�_�^�_�e�b�f�� �[�_�a�j�Z�a�f�_�j�g�m�x�� �m�^�_�e�v�g�m�x�� �j�Z�[�h�l�m���� �g�_�h�[�o�h�^�b�f�m�x�� �g�Z�� �m�i�j�m�]�b�c��

�\�u�j�u�\���\�h�e�h�d�g�Z���i�j�b���g�_���h�q�_�g�v���[�h�e�v�r�b�o���k�d�h�j�h�k�l�y�o�����<�u�j�Z�`�_�g�b�_����4�����\���^�Z�g�g�h�f���k�e�m�q�Z�_��
�i�j�b�f�_�l���\�b�^�� 
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�]�^�_�� 0
~
crt  �h�i�j�_�^�_�e�y�_�l�k�y �q�b�k�e�_�g�g�u�f�� �f�_�l�h�^�h�f�� �i�j�b�� �a�Z�^�Z�g�g�u�o�� �a�g�Z�q�_�g�b�y�o 

�k�d�h�j�h�k�l�b��tv~ , �f�_�j�u �w�e�Z�k�l�b�q�g�h�k�l�b �f�Z�l�_�j�b�Z�e�Z��01e ���� �^�e�b�l�_�e�v�g�h�]�h�� �f�h�^�m�e�y�� �m�i�j�m�]�h�k�l�b����

�[ ���� �i�j�_�^�_�e�v�g�h�]�h�� �g�Z�i�j�y�`�_�g�b�y��0cr�V . �I�h�� �\�u�j�Z�`�_�g�b�x�� ����2���� �g�_�� �k�h�k�l�Z�\�e�y�_�l�� �l�j�m�^�Z��
�i�j�h�b�a�\�_�k�l�b���i�_�j�_�j�Z�k�q�_�l�u���g�Z���n�Z�d�l�b�q�_�k�d�m�x���k�d�h�j�h�k�l�v���j�_�a�Z�g�b�y��v  �b���k�h�h�l�\�_�l�k�l�\�m�x�s�m�x��
�_�c�� �m�^�_�e�v�g�m�x�� �j�Z�[�h�l�m�� �j�Z�a�j�m�r�_�g�b�y��0�WA  �i�j�b�� �m�i�j�m�]�h�f�� �\�u�j�u�\�_,  �i�j�b�g�b�f�Z�y�� �\�h��

�\�g�b�f�Z�g�b�_ �b�a�\�_�k�l�g�u�_�� �j�_�h�e�h�]�b�q�_�k�d�b�_�� �d�h�g�k�l�Z�g�l�u�� �f�u�r�_�q�g�h�c�� �l�d�Z�g�b �j�u�[�u  0cr�V , 0E , 

1E , �K. 
�H�i�j�_�^�_�e�b�f�� �[�_�a�j�Z�a�f�_�j�g�m�x�� �m�^�_�e�v�g�m�x�� �j�Z�[�h�l�m���� �g�_�h�[�o�h�^�b�f�m�x�� �g�Z�� �\�y�a�d�b�c��

�j�Z�a�j�u�\���\�h�e�h�d�g�Z���i�j�b���g�_���h�q�_�g�v���f�Z�e�u�o���k�d�h�j�h�k�l�y�o�������K���m�q�_�l�h�f���\�u�j�Z�`�_�g�b�y����4�����a�Z�i�b�r�_�f: 
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�]�^�_�� 1
~
crt  �h�i�j�_�^�_�e�y�_�l�k�y �q�b�k�e�_�g�g�u�f���f�_�l�h�^�h�f���i�j�b���a�Z�^�Z�g�g�u�o �a�g�Z�q�_�g�b�y�o��tv~ , 01e , 

�[ , 1cr�V . �H�l�� �\�u�j�Z�`�_�g�b�y�� ����3���� �l�Z�d�`�_�� �g�_�k�e�h�`�g�h�� �i�_�j�_�c�l�b�� �d�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�_��

�j�Z�a�j�m�r�_�g�b�y���i�j�b���\�y�a�d�h�f�� �j�Z�a�j�u�\�_��1�WA  �d�Z�d���n�m�g�d�p�b�b���n�Z�d�l�b�q�_�k�d�h�c���k�d�h�j�h�k�l�b�� �j�_�a�Z�g�b�y��

v ���� �A�g�Z�q�_�g�b�_�� �o�Z�j�Z�d�l�_�j�g�h�c�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b�� �j�_�a�Z�g�b�y 01
~v  �i�j�b�� �� 1~

01 � t , 
�j�Z�a�^�_�e�y�x�s�_�c  �h�[�e�Z�k�l�b���\�y�a�d�h�]�h���j�Z�a�j�u�\�Z���b�� �m�i�j�m�]�h�]�h���\�u�j�u�\�Z�����\�h�a�f�h�`�g�h���i�h�e�m�q�b�l�v �\��
�j�_�a�m�e�v�l�Z�l�_���q�b�k�e�_�g�g�h�]�h���j�_�r�_�g�b�y���k�b�k�l�_�f�u���l�j�Z�g�k�p�_�g�^�_�g�l�g�u�o �m�j�Z�\�g�_�g�b�c�����a�Z�^�Z�\���\���g�b�o��

0110
~~~
crcrcr ttt � �  ���k�f�����k�l�Z�l�v�x [14]).  

 
�J�?�A�M�E�V�L�:�L�U 

�A�Z�\�b�k�b�f�h�k�l�b �[�_�a�j�Z�a�f�_�j�g�u�o�� �m�^�_�e�v�g�u�o�� �j�Z�[�h�l��1
~
�WA , 0

~
�WA  �h�l�� �[�_�a�j�Z�a�f�_�j�g�h�c��

�k�d�h�j�h�k�l�b��tv~  �b�a�h�[�j�Z�a�b�f�� �g�Z�� �]�j�Z�n�b�d�_���� �i�h�d�Z�a�Z�g�g�h�f�� �g�Z�� �g�b�`�_�i�j�b�\�_�^�_�g�g�h�f�� �j�b�k�m�g�d�_. 
�L�h�q�d�Z�f�b�� �g�Z�� �^�Z�g�g�h�f �]�j�Z�n�b�d�_�� �h�l�f�_�q�_�g�u �a�g�Z�q�_�g�b�y�� �� �j�Z�[�h�l�u�� �i�j�b�� �o�Z�j�Z�d�l�_�j�g�h�c��
�[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b�� �j�_�a�Z�g�b�y��01

~v ���� �F�_�l�h�^�b�d�Z�� �i�h�k�l�j�h�_�g�b�y�� �]�j�Z�n�b�d�Z�� �g�Z�� �W�<�F��
�k�e�_�^�m�x�s�Z�y�� 

1. �I�j�b�g�b�f�Z�x�l�k�y�� �h�i�j�_�^�_�e�_�g�g�u�_�� �\�_�e�b�q�b�g�u �f�_�j�u�� �w�e�Z�k�l�b�q�g�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z��

01e �����^�e�b�l�_�e�v�g�h�]�h���f�h�^�m�e�y���m�i�j�m�]�h�k�l�b���[ �����i�j�_�^�_�e�v�g�u�o���g�Z�i�j�y�`�_�g�b�c��0cr�V , 1cr�V . 

2. �I�j�b�g�b�f�Z�_�l�k�y���l�_�d�m�s�_�_���a�g�Z�q�_�g�b�_ �[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b��01
~~ vvt �� �����d�h�l�h�j�h�_��

�h�l�f�_�q�Z�_�l�k�y���i�h���h�k�b���Z�[�k�p�b�k�k���]�j�Z�n�b�d�Z�����A�g�Z�q�_�g�b�_���o�Z�j�Z�d�l�_�j�g�h�c���[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b��

01
~v ���� �d�Z�d�� �h�l�f�_�q�_�g�h�� �\�u�r�_���� �h�i�j�_�^�_�e�y�_�l�k�y�� �q�b�k�e�_�g�g�h�� �i�m�l�_�f�� �j�_�r�_�g�b�y�� �k�b�k�l�_�f�u��
�m�j�Z�\�g�_�g�b�c ���k�f�����\�u�j�Z�`�_�g�b�y (20), (21) �\���j�Z�[�h�l�_���>�����@��. 

3. �Q�b�k�e�_�g�g�u�f�� �f�_�l�h�^�h�f �h�i�j�_�^�_�e�y�_�l�k�y�� �l�_�d�m�s�b�c�� �[�_�a�j�Z�a�f�_�j�g�u�c�� �b�g�l�_�j�\�Z�e��
�\�j�_�f�_�g�b���\�y�a�d�h�]�h���j�Z�a�j�u�\�Z��1

~
crt ���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�c���a�Z�^�Z�g�g�h�c���l�_�d�m�s�_�c���[�_�a�j�Z�a�f�_�j�g�h�c��

�k�d�h�j�h�k�l�b��tv~ . 

4. �I�h�� �a�g�Z�q�_�g�b�y�f��tv~  �b�� 1
~
crt  �\���k�h�h�l�\�_�l�k�l�\�b�b�� �k�� �\�u�j�Z�`�_�g�b�_�f�� ��13���� �\�u�q�b�k�e�y�_�l�k�y��

�l�_�d�m�s�_�_�� �a�g�Z�q�_�g�b�_�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u�� �\�y�a�d�h�]�h�� �j�Z�a�j�u�\�Z��1
~
�WA ���� �d�h�l�h�j�h�_��

�h�l�f�_�q�Z�_�l�k�y���i�h���h�k�b���h�j�^�b�g�Z�l���]�j�Z�n�b�d�Z�� 
5. �E�b�g�b�y�� �]�j�Z�n�b�d�Z���� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �a�Z�\�b�k�b�f�h�k�l�b���� ��tvA ~~

1�W , �k�l�j�h�b�l�k�y�� �^�h��

�o�Z�j�Z�d�l�_�j�g�h�]�h���a�g�Z�q�_�g�b�y���Z�j�]�m�f�_�g�l�Z�����[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b 01
~v . 

6. �I�j�b�g�b�f�Z�_�l�k�y�� �^�Z�e�v�g�_�c�r�_�_�� �l�_�d�m�s�_�_�� �a�g�Z�q�_�g�b�_�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b��

01
~~ vvt �! . 

7. �Q�b�k�e�_�g�g�u�f�� �f�_�l�h�^�h�f�� �h�i�j�_�^�_�e�y�_�l�k�y�� �[�_�a�j�Z�a�f�_�j�g�u�c�� �b�g�l�_�j�\�Z�e�� �\�j�_�f�_�g�b��
�m�i�j�m�]�h�]�h���\�u�j�u�\�Z��0

~
crt . 

8. �I�h���a�g�Z�q�_�g�b�y�f��tv~  �b�� 0
~
crt  �\�� �k�h�h�l�\�_�l�k�l�\�b�b���k���\�u�j�Z�`�_�g�b�_�f�� ����2���� �\�u�q�b�k�e�y�_�l�k�y��

�l�_�d�m�s�_�_���a�g�Z�q�_�g�b�_���[�_�a�j�Z�a�f�_�j�g�h�c�� �m�^�_�e�v�g�h�c���j�Z�[�h�l�u�� �m�i�j�m�]�h�]�h���\�u�j�u�\�Z��0
~
�WA ���� �d�h�l�h�j�h�_��

�h�l�f�_�q�Z�_�l�k�y���i�h���h�k�b���h�j�^�b�g�Z�l���]�j�Z�n�b�d�Z�� 
9. �E�b�g�b�y �]�j�Z�n�b�d�Z���� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y�� �a�Z�\�b�k�b�f�h�k�l�b���� ��tvA ~~

0�W , �k�l�j�h�b�l�k�y�� �^�h��

�d�h�g�_�q�g�h�]�h���a�g�Z�q�_�g�b�y��tv~ . 
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�H�;�K�M�@�>�?�G�B�?���J�?�A�M�E�V�L�:�L�H�< 
�J�_�a�m�e�v�l�Z�l�u���q�b�k�e�_�g�g�h�]�h���f�h�^�_�e�b�j�h�\�Z�g�b�y���g�Z���W�<�F���i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �k���j�h�k�l�h�f��

�[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b �b�f�_�_�l�� �f�_�k�l�h �g�_�e�b�g�_�c�g�h�_�� �m�\�_�e�b�q�_�g�b�_ �[�_�a�j�Z�a�f�_�j�g�h�c��
�m�^�_�e�v�g�h�c���j�Z�[�h�l�u �\�y�a�d�h�]�h���j�Z�a�j�u�\�Z��1

~
�WA . �I�j�b���^�h�k�l�b�`�_�g�b�b���f�Z�d�k�b�f�Z�e�v�g�h�]�h���a�g�Z�q�_�g�b�y��

�[�_�a�j�Z�a�f�_�j�g�h�c�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u�� �j�Z�a�j�m�r�_�g�b�y���� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �o�Z�j�Z�d�l�_�j�g�h�c��
�[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b 01

~v , �i�j�h�b�k�o�h�^�b�l���k�f�_�g�Z���\�y�a�d�h�]�h���j�Z�a�j�u�\�Z���g�Z���m�i�j�m�]�b�c���\�u�j�u�\��
�\�h�e�h�d�g�Z���� �I�j�b�� �w�l�h�f�� �k�� �^�Z�e�v�g�_�c�r�b�f�� �j�h�k�l�h�f�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b�� �[�_�a�j�Z�a�f�_�j�g�Z�y��
�m�^�_�e�v�g�Z�y�� �j�Z�[�h�l�Z�� �m�i�j�m�]�h�]�h�� �j�Z�a�j�m�r�_�g�b�y 0

~
�WA  �b�a�f�_�g�y�_�l�k�y�� �g�_�f�h�g�h�l�h�g�g�h: �\�g�Z�q�Z�e�_��

�k�g�b�`�Z�_�l�k�y���� �^�h�k�l�b�]�Z�_�l�� �k�\�h�_�]�h�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y �b���^�Z�e�_�_�� �m�\�_�e�b�q�b�\�Z�_�l�k�y����
�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�Z�� �]�j�Z�n�b�d�_�� �b�f�_�x�l�k�y�� �y�\�g�h�� �\�u�j�Z�`�_�g�g�u�_�� �f�b�g�b�f�m�f�u�� �j�Z�[�h�l�u��0

~
�WA , 

�k�h�h�l�\�_�l�k�l�\�m�x�s�b�_���h�i�j�_�^�_�e�_�g�g�u�f���a�g�Z�q�_�g�b�y�f���[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b�� 
 

 
�J�b�k�����A�Z�\�b�k�b�f�h�k�l�v���[�_�a�j�Z�a�f�_�j�g�h�c���m�^�_�e�v�g�h�c���j�Z�[�h�l�u���j�Z�a�j�m�r�_�g�b�y���\�h�e�h�d�g�Z���h�l��

�[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b���j�_�a�Z�g�b�y �i�j�b���j�Z�a�e�b�q�g�u�o���a�g�Z�q�_�g�b�y�o���f�_�j�u���w�e�Z�k�l�b�q�g�h�k�l�b��
( 31001 � � crcr �V�V�V ): �����í�� 301 � e ���������í�� 501 � e ���������í�� 801 � e ���������í�� 1201 � e  

Fig. Dependence of the dimensionless specific work of filament damage on the 
dimensionless cutting speed for different values of the elasticity measure 

( 31001 � � crcr �V�V�V �����������í�� 301 � e ���������í�� 501 � e ���������í�� 801 � e ���������í�� 1201 � e  
 

�K�h�]�e�Z�k�g�h�� �j�b�k�m�g�d�m �i�j�b�� �f�_�j�_ �w�e�Z�k�l�b�q�g�h�k�l�b�� ������ ������ ������ ������ �f�Z�d�k�b�f�Z�e�v�g�u�_��
�a�g�Z�q�_�g�b�y�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u�� �j�Z�a�j�m�r�_�g�b�y�� �k�h�k�l�Z�\�e�y�x�l�� ���������������� ���������������� ���������������� ��������������
�b���^�h�k�l�b�]�Z�x�l�k�y���i�j�b���a�g�Z�q�_�g�b�y�o���o�Z�j�Z�d�l�_�j�g�h�c���[�_�a�j�Z�a�f�_�j�g�h�c���k�d�h�j�h�k�l�b����������������������������������
���������������� ���������������� �i�j�b�� �w�l�h�f�� �f�b�g�b�f�Z�e�v�g�Z�y �[�_�a�j�Z�a�f�_�j�g�Z�y �m�^�_�e�v�g�Z�y �j�Z�[�h�l�Z �m�i�j�m�]�h�]�h��
�\�u�j�u�\�Z���k�h�k�l�Z�\�e�y�_�l��0,05761; 0,02714; 0,01279; 0,00641 �b���^�h�k�l�b�]�Z�_�l�k�y���i�j�b���a�g�Z�q�_�g�b�y�o��
�[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b��0,248; 0,217; 0,187; 0,161 �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �J�b�k�m�g�h�d 
�b�e�e�x�k�l�j�b�j�m�_�l���� �q�l�h�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �f�_�j�u�� �w�e�Z�k�l�b�q�g�h�k�l�b�� �f�Z�l�_�j�b�Z�e�Z�� �f�Z�d�k�b�f�Z�e�v�g�Z�y 
�[�_�a�j�Z�a�f�_�j�g�Z�y �m�^�_�e�v�g�Z�y �j�Z�[�h�l�Z �j�Z�a�j�m�r�_�g�b�y�� �b�� �f�b�g�b�f�Z�e�v�g�Z�y �j�Z�[�h�l�Z �m�i�j�m�]�h�]�h��
�\�u�j�u�\�Z�� �k�m�s�_�k�l�\�_�g�g�h�� �k�g�b�`�Z�x�l�k�y���� �L�Z�d�`�_�� �k�� �j�h�k�l�h�f�� �f�_�j�u�� �w�e�Z�k�l�b�q�g�h�k�l�b��
�m�f�_�g�v�r�Z�_�l�k�y�� �a�g�Z�q�_�g�b�_�� �o�Z�j�Z�d�l�_�j�g�h�c�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b���� �i�j�b�� �d�h�l�h�j�h�c�� �\�y�a�d�b�c��
�j�Z�a�j�u�\���k�f�_�g�y�_�l�k�y���m�i�j�m�]�b�f���\�u�j�u�\�h�f�� 
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�<�U�<�H�>�U 
�I�j�_�^�e�h�`�_�g�� �l�_�h�j�_�l�b�q�_�k�d�b�c�� �i�h�^�o�h�^�� �d�� �j�Z�k�q�_�l�m�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u �j�Z�a�j�m�r�_�g�b�y��

�\�h�e�h�d�h�g�� �f�u�r�_�q�g�h�c�� �l�d�Z�g�b�� �i�j�b�� �j�_�a�Z�g�b�b���� �d�h�l�h�j�u�c�� �i�h�a�\�h�e�y�_�l �i�j�h�\�_�k�l�b�� �Z�g�Z�e�b�a��
�d�h�w�n�n�b�p�b�_�g�l�Z�� �i�h�e�_�a�g�h�]�h�� �^�_�c�k�l�\�b�y�� �w�e�_�f�_�g�l�Z�j�g�h�]�h�� �g�h�`�Z�� �k�� �m�q�_�l�h�f�� �_�]�h�� �]�_�h�f�_�l�j�b�b, 
�j�_�h�e�h�]�b�q�_�k�d�b�o�� �k�\�h�c�k�l�\�� �f�Z�l�_�j�b�Z�e�Z�� �b�� �k�d�h�j�h�k�l�b�� �h�[�j�Z�[�h�l�d�b. �M�k�l�Z�g�h�\�e�_�g�� �k�e�h�`�g�u�c��
�g�_�f�h�g�h�l�h�g�g�u�c�� �o�Z�j�Z�d�l�_�j �h�k�g�h�\�g�u�o �a�Z�\�b�k�b�f�h�k�l�_�c �[�_�a�j�Z�a�f�_�j�g�h�c�� �m�^�_�e�v�g�h�c�� �j�Z�[�h�l�u��
�j�Z�a�j�m�r�_�g�b�y�� �f�Z�l�_�j�b�Z�e�Z�� �h�l�� �[�_�a�j�Z�a�f�_�j�g�h�c�� �k�d�h�j�h�k�l�b�� �j�_�a�Z�g�b�y �i�j�b�� �j�Z�a�e�b�q�g�u�o��
�a�g�Z�q�_�g�b�y�o�� �f�_�j�u�� �w�e�Z�k�l�b�q�g�h�k�l�b. �D�h�f�i�e�_�d�k �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �f�h�^�_�e�_�c�� �^�Z�_�l��
�\�h�a�f�h�`�g�h�k�l�v�� �g�Z�m�q�g�h�� �h�[�h�k�g�h�\�Z�g�g�h�� �h�i�j�_�^�_�e�y�l�v �d�h�g�k�l�j�m�d�l�b�\�g�u�_ �i�Z�j�Z�f�_�l�j�u 
�j�_�`�m�s�b�o���h�j�]�Z�g�h�\ �b���\�u�[�b�j�Z�l�v���j�_�`�b�f�g�u�_���i�Z�j�Z�f�_�l�j�u���i�j�h�p�_�k�k�Z���k���p�_�e�v�x���i�h�\�u�r�_�g�b�y��
�w�n�n�_�d�l�b�\�g�h�k�l�b���i�_�j�\�b�q�g�h�c���h�[�j�Z�[�h�l�d�b���j�u�[�u. 
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�J�Z�a�j�Z�[�h�l�Z�g�� �k�i�h�k�h�[�� �i�h�e�m�q�_�g�b�y�� �n�j�Z�d�p�b�c�� �d�h�e�e�Z�]�_�g�Z�� �b�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� �b�a��

�j�u�[�v�_�c���q�_�r�m�b�����d�h�l�h�j�u�c���a�Z�d�e�x�q�Z�_�l�k�y���\���k�e�_�^�m�x�s�_�f�����I�j�h�f�u�l�m�x �\�h�^�h�c���b���^�\�m�d�j�Z�l�g�h��
�h�[�j�Z�[�h�l�Z�g�g�m�x �\�� �j�Z�k�l�\�h�j�_, �k�h�^�_�j�`�Z�s�_�f�� �i�b�s�_�\�m�x�� �k�h�e�v�� �b�� �i�b�s�_�\�m�x�� �k�h�^�m, �j�u�[�v�x 
�q�_�r�m�x�� �\�u�k�m�r�b�\�Z�x�l �]�h�j�y�q�b�f�� �\�h�a�^�m�o�h�f�� ���^�h�� ���� 0�K�� �^�h�� �f�Z�k�k�h�\�h�c�� �^�h�e�b���\�e�Z�]�b�� �g�_�� �[�h��
�e�_�_�� ���� %, �^�Z�e�_�_�� �b�a�f�_�e�v�q�Z�x�l �\�� �\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�f�� �b�a�f�_�e�v�q�b�l�_�e�_�� ���i�j�h�^�h�e�`�b�l�_�e�v��
�g�h�k�l�v���b�a�f�_�e�v�q�_�g�b�y����,1�±�����f�b�g, �������������h�[���f�b�g�����k���h�^�g�h�\�j�_�f�_�g�g�u�f���b�e�b���i�h�k�e�_�^�m�x�s�b�f��
�k�_�i�Z�j�b�j�h�\�Z�g�b�_�f�� �i�h�e�m�q�_�g�g�h�c���k�f�_�k�b �i�h���f�_�g�v�r�_�c���f�_�j�_���g�Z���^�\�_���n�j�Z�d�p�b�b���� �d�h�e�e�Z�]�_�g�h��
�\�m�x�� �\�h�e�h�d�g�b�k�l�m�x�� �b�� �i�h�j�h�r�d�h�\�m�x�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�h�\�m�x. �H�i�u�l�g�u�f�� �i�m�l�_�f�� �h�i�j�_�^�_��
�e�_�g�h�� �q�l�h�� �\�u�k�m�r�_�g�g�Z�y�� �b�� �b�a�f�_�e�v�q�_�g�g�Z�y�� �\�� �_�k�l�_�k�l�\�_�g�g�h�f�� �k�h�k�l�h�y�g�b�b�� �d�h�e�e�Z�]�_�g�h�\�Z�y��
�l�d�Z�g�v �b�f�_�_�l�� �g�Z�b�f�_�g�v�r�b�c���j�Z�a�f�_�j�� �q�Z�k�l�b�p���\�� �^�b�Z�i�Z�a�h�g�_���h�l�� ������ �f�f�� ���������� �f�d�f���� �b���[�h�e�v��
�r�_���� �i�j�b�� �w�l�h�f�� �q�Z�k�l�b�p�u�� �\�u�]�e�y�^�y�l�� �d�Z�d�� �n�j�Z�]�f�_�g�l�u�� �\�h�e�h�d�h�g. �Q�Z�k�l�b�q�g�h�� �^�_�g�Z�l�m�j�b�j�h��
�\�Z�g�g�Z�y���d�h�e�e�Z�]�_�g�h�\�Z�y���l�d�Z�g�v���f�h�`�_�l�� �[�u�l�v���b�a�f�_�e�v�q�_�g�Z���g�Z���]�h�j�Z�a�^�h���[�h�e�_�_���f�_�e�d�b�_���k�n�_��
�j�b�q�_�k�d�b�_���q�Z�k�l�b�p�u ���f�_�g�_�_�������� �f�f������ �I�j�_�^�k�l�Z�\�e�_�g���h�[�s�b�c���o�b�f�b�q�_�k�d�b�c���k�h�k�l�Z�\�����\�d�e�x��
�q�Z�y�� �d�Z�e�v�p�b�c�� �b�� �n�h�k�n�h�j���� �i�h�e�m�q�_�g�g�u�o�� �n�j�Z�d�p�b�c�� �j�u�[�v�_�c�� �q�_�r�m�b �k�m�^�Z�d�Z�� �b�� �k�Z�a�Z�g�Z. 
�H�i�j�_�^�_�e�_�g�h�����q�l�h���f�Z�k�k�h�\�Z�y���^�h�e�y���\�u�o�h�^�Z���n�j�Z�d�p�b�c���b�a�f�_�e�v�q�_�g�g�h�c���b���k�_�i�Z�j�b�j�h�\�Z�g�g�h�c��
�j�u�[�v�_�c�� �q�_�r�m�b�� �a�Z�\�b�k�b�l�� �h�l�� �\�b�^�Z �k�u�j�v�y���� �_�]�h�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z �b���i�j�h�^�h�e�`�b�l�_�e�v��
�g�h�k�l�b���i�j�h�p�_�k�k�Z���b�a�f�_�e�v�q�_�g�b�y�� �<�u�y�\�e�_�g�h�����q�l�h���k���m�f�_�g�v�r�_�g�b�_�f���j�Z�a�f�_�j�Z���q�Z�k�l�b�p���i�h�e�m��
�q�Z�_�f�u�o���n�j�Z�d�p�b�c �m�\�_�e�b�q�b�\�Z�_�l�k�y���f�Z�k�k�h�\�Z�y���^�h�e�y�����������\���g�b�o���d�Z�e�v�p�b�y���b���k�h�h�l�\�_�l�k�l�\�_�g��
�g�h�� �g�Z�k�u�i�g�Z�y�� �f�Z�k�k�Z���� �I�h�d�Z�a�Z�g�h���� �q�l�h�� �h�k�g�h�\�g�u�f�� �d�h�f�i�h�g�_�g�l�h�f�� �\�h�e�h�d�g�b�k�l�h�c�� �n�j�Z�d�p�b�b��
(�j�Z�a�f�_�j���q�Z�k�l�b�p�������� �f�f���b���[�h�e�_�_�����y�\�e�y�_�l�k�y���[�_�e�h�d�����d�h�e�e�Z�]�_�g��, �f�Z�k�k�h�\�Z�y���^�h�e�y���d�h�l�h�j�h�]�h��
�[�h�e�_�_������ ������ �Z���i�h�j�h�r�d�h�\�h�c�����j�Z�a�f�_�j�� �q�Z�k�l�b�p�����������b���f�_�g�_�_) �± �a�h�e�Z�����]�b�^�j�h�d�k�b�Z�i�Z�l�b�l���� �k��
�f�Z�k�k�h�\�h�c���^�h�e�_�c �[�h�e�_�_������ %. 

�j�u�[�v�y�� �q�_�r�m�y���� �j�u�[�g�u�c�� �d�h�e�e�Z�]�_�g���� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l���� �l�_�o�g�b�q�_�k�d�b�c�� �g�Z�i�h�e�g�b��
�l�_�e�v�����i�b�s�_�\�Z�y���^�h�[�Z�\�d�Z 

 
 
A method for obtaining collagen and hydroxyapatite fractions from fish scales 

has been developed. The method consists in the following: fish scales are washed with 
water and treated twice in a solution containing edible salt and baking soda, then scales 
r are dried with hot air (up to 80 0C) until the mass fraction of moisture is not more than 
10%, then it is crushed in a high-speed grinder (grinding duration 0.1-5 minutes, 36000 
r/min) with simultaneous or subsequent separation of the resulting mixture into at least 
two fractions: fibrous collagen and hydroxyapatite powder. It has been experimentally 
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determined that collagen tissue, dried and crushed in its natural state, has the smallest 
particle size in the range of 0.1 mm (100 microns) and more, while the particles look 
like fiber fragments. Partially denatured collagen tissue can be crushed into much 
smaller spherical particles (less than 0.1mm). The general chemical composition (in-
cluding calcium and phosphorus) of the obtained fractions of fish scales of pike perch 
and sazan is presented. It has been determined that the mass fraction of the yield of 
crushed and separated fish scales fractions depends on the type of raw material, its 
chemical composition, as well as on the duration of the grinding process. It has been 
revealed that with a decrease in the particle size of the resulting fractions, mass fraction 
(%) of calcium in them and, accordingly, the bulk density, increase. The work also 
shows  that the main component of the fibrous fraction (particle size 2.5 mm and more) 
is protein (collagen) mass fraction, which is more than 70%, and powder (particle size 
0.1 and less)- ash (hydroxyapatite) with mass fraction of over 62%. 

fish scales, fish collagen, hydroxyapatite, technical filler, food additive 
 
 

�<�<�?�>�?�G�B�? 
�?�`�_�]�h�^�g�h�� �\�� �i�j�h�p�_�k�k�_�� �j�Z�a�^�_�e�d�b�� �j�u�[�u�� �h�[�j�Z�a�m�_�l�k�y�� �g�_�k�d�h�e�v�d�h�� �k�h�l�_�g�� �l�u�k�y�q��

�l�h�g�g�� �j�u�[�v�_�c�� �q�_�r�m�b���� �d�h�l�h�j�Z�y�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �f�Z�e�h�� �\�h�k�l�j�_�[�h�\�Z�g�Z�� ���a�Z�]�j�y�a�g�y�_�l 
�h�d�j�m�`�Z�x�s�m�x�� �k�j�_�^�m���� �b�� �i�h�w�l�h�f�m�� �\�� �h�k�g�h�\�g�h�f�� �g�Z�i�j�Z�\�e�y�_�l�k�y �g�Z�� �i�j�h�b�a�\�h�^�k�l�\�h�� �f�Z�e�h��
�j�_�g�l�Z�[�_�e�v�g�h�c���d�h�j�f�h�\�h�c���j�u�[�g�h�c���f�m�d�b�����D�h�e�b�q�_�k�l�\�h���q�_�r�m�b���k�h�h�l�\�_�l�k�l�\�m�_�l 0,5�±10 % 
�f�Z�k�k�u�� �j�u�[�u���� �k�h�k�l�h�y�s�_�c�� �\�� �h�k�g�h�\�g�h�f�� �b�a�� �d�h�e�e�Z�]�_�g�Z�� �b�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� �d�Z�e�v�p�b�y����
�K�l�j�m�d�l�m�j�Z�� �q�_�r�m�b�� �h�[�u�q�g�h�� �b�f�_�_�l�� �^�\�Z�� �k�e�h�y���� �\�g�_�r�g�b�c��(�d�h�k�l�g�u�c), �i�j�_�^�k�l�Z�\�e�_�g�g�u�c, 
�d�Z�d�� �i�j�Z�\�b�e�h, �d�j�b�k�l�Z�e�e�Z�f�b �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� �b�� �i�j�h�b�a�\�h�e�v�g�h�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�u�f�b 
�d�h�e�e�Z�]�_�g�h�\�u�f�b �\�h�e�h�d�g�Z�f�b�� �b�� �\�g�m�l�j�_�g�g�b�c, �k�h�k�l�h�y�s�b�c�� �b�a�� �i�e�Z�k�l�b�g�q�Z�l�u�o�� �k�l�j�m�d�l�m�j��
�d�h�e�e�Z�]�_�g�h�\�u�o���\�h�e�h�d�h�g���k���j�Z�a�e�b�q�g�h�c���k�l�_�i�_�g�v�x �f�b�g�_�j�Z�e�b�a�Z�p�b�b�� �K�l�h�b�f�h�k�l�v�������d�]���[�b�h��
�]�_�g�g�h�]�h�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� �h�d�h�e�h�� ���������� �^�h�e�e�� �K�R�:, �e�b�^�_�j�u �_�]�h�� �i�j�h�f�u�r�e�_�g�g�h�]�h��
�i�j�h�b�a�\�h�^�k�l�\�Z �± �R�\�_�c�p�Z�j�b�y���b���Y�i�h�g�b�y���� �k�b�g�l�_�l�b�q�_�k�d�h�]�h �± �D�b�l�Z�c���b �K�R�:�� �h�k�g�h�\�g�u�_ 
�i�h�l�j�_�[�b�l�_�e�b���± �K�R�:�����X�`�g�Z�y���D�h�j�_�y�����B�a�j�Z�b�e�v�����<�\�b�^�m���[�b�h�k�h�\�f�_�k�l�b�f�h�k�l�b���[�b�h�]�_�g�g�h��
�]�h���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z���k���d�h�k�l�g�h�c���l�d�Z�g�v�x���q�_�e�h�\�_�d�Z �h�k�g�h�\�g�h�c���h�[�e�Z�k�l�v�x �_�]�h�� �b�k�i�h�e�v�a�h��
�\�Z�g�b�y�� �y�\�e�y�x�l�k�y�� �l�j�Z�\�f�Z�l�h�e�h�]�b�y���� �h�j�l�h�i�_�^�b�y���� �j�_�d�h�g�k�l�j�m�d�l�b�\�g�Z�y�� �o�b�j�m�j�]�b�y �b���k�l�h�f�Z��
�l�h�e�h�]�b�y, �l�Z�d���d�Z�d���i�h�d�j�u�l�u�_���b�f���b�f�i�e�Z�g�l�Z�l�u���g�_���\�u�a�u�\�Z�x�l���j�_�Z�d�p�b�b���h�l�l�h�j�`�_�g�b�y�����h�[��
�e�Z�^�Z�x�l�� �k�i�h�k�h�[�g�h�k�l�v�x�� �Z�d�l�b�\�g�h�� �k�\�y�a�u�\�Z�l�v�k�y�� �k�h�� �a�^�h�j�h�\�h�c�� �d�h�k�l�g�h�c �l�d�Z�g�v�x, �m�k�d�h�j�y�y��
�i�j�h�p�_�k�k���j�_�]�_�g�_�j�Z�p�b�b���b���j�_�Z�[�b�e�b�l�Z�p�b�b���>1]. �D�j�h�f�_���l�h�]�h�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l���i�j�b�f�_�g�y�_�l��
�k�y���d�Z�d���d�h�f�i�h�g�_�g�l���d�j�_�f�h�\, �m�e�m�q�r�Z�x�s�b�o���k�l�j�m�d�l�m�j�m���d�h�`�b�����g�Z�i�h�e�g�b�l�_�e�v�����k�l�Z�[�b�e�b�a�Z��
�l�h�j���b���w�f�m�e�v�]�Z�l�h�j �d�h�k�f�_�l�b�q�_�k�d�b�o���k�j�_�^�k�l�\�����k�h�k�l�Z�\�e�y�_�l���h�k�g�h�\�m �^�e�y���;�:�>�h�\�� �b�k�i�h�e�v�a�m��
�_�l�k�y���d�Z�d���i�b�s�_�\�Z�y���^�h�[�Z�\�d�Z���\���d�Z�q�_�k�l�\�_���k�h�e�b �b���k�l�Z�[�b�e�b�a�Z�l�h�j�Z���d�h�g�k�b�k�l�_�g�p�b�b���f�h�j�h�`�_��
�g�h�]�h�����f�h�e�h�d�Z���b���g�Z�i�b�l�d�h�\���g�Z���_�]�h���h�k�g�h�\�_�����j�u�[�g�h�]�h���n�b�e�_�����j�u�[�g�h�c���b���d�j�_�\�_�l�h�q�g�h�c���i�Z�k��
�l�u���� �k�h�m�k�h�\���� �o�e�_�[�h�[�m�e�h�q�g�u�o���� �d�h�g�^�b�l�_�j�k�d�b�o�� �b�� �f�m�q�g�u�o�� �b�a�^�_�e�b�c���� �k�m�o�b�o�� �a�Z�\�l�j�Z�d�h�\����
�l�_�k�l�Z���� �k�b�^�j�Z�� �b�� �[�_�a�Z�e�d�h�]�h�e�v�g�u�o�� �g�Z�i�b�l�d�h�\���� �K�l�h�b�f�h�k�l�v�� �j�u�[�g�h�]�h�� �d�h�e�e�Z�]�_�g�Z�� �g�Z�� �k�_�]�h��
�^�g�y���f�_�g�_�_�����������^�h�e�e�����K�R�: �a�Z�������d�]���^�e�y���i�b�s�_�\�h�c���i�j�h�^�m�d�p�b�b, 5000�±50 000 �± �^�e�y���f�_��
�^�b�p�b�g�k�d�b�o�� �i�j�_�i�Z�j�Z�l�h�\, 11�±17 �^�h�e�e�� �k�l�h�b�l�� �]�b�^�j�h�e�b�a�h�\�Z�g�g�u�c�� �d�h�e�e�Z�]�_�g�� ���`�_�e�Z�l�b�g����
[2]. �I�h�� �h�p�_�g�d�Z�f���� �d�� ���������� �]�� �j�u�g�h�d �f�h�j�k�d�h�]�h�� �d�h�e�e�Z�]�_�g�Z�� ���h�k�g�h�\�g�u�_�� �g�Z�i�j�Z�\�e�_�g�b�y�� �b�k��
�i�h�e�v�a�h�\�Z�g�b�y�� �± �d�h�k�f�_�l�b�q�_�k�d�Z�y, �i�b�s�_�\�Z�y�� �i�j�h�f�u�r�e�_�g�g�h�k�l�v�� �b�� �i�j�h�b�a�\�h�^�k�l�\�h�� �g�Z�i�b�l��
�d�h�\�� �^�h�k�l�b�]�g�_�l�� �������������� �f�e�g. �^�h�e�e�� �K�R�:���� �i�j�b�� �w�l�h�f�� �k�j�_�^�g�_�]�h�^�h�\�h�c�� �l�_�f�i�� �j�h�k�l�Z��
(CAGR) �k�h�k�l�Z�\�b�l�� ������ % [3�@���� �J�u�[�v�y�� �q�_�r�m�y�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �h�[�t�_�f�g�u�c�� �b�� �^�_�r�_�\�u�c�� �b�k��
�l�h�q�g�b�d�� �k�u�j�v�y�� �^�e�y�� �j�u�[�g�h�]�h�� �d�h�e�e�Z�]�_�g�Z�� �b �[�b�h�]�_�g�g�h�]�h�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z, �b�f�_�x�s�b�o��
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�\�u�k�h�d�m�x�� �^�h�[�Z�\�e�_�g�g�m�x�� �k�l�h�b�f�h�k�l�v�� �b�� �i�h�\�u�r�_�g�g�u�c�� �k�i�j�h�k�� �\�� �j�Z�a�e�b�q�g�u�o�� �h�l�j�Z�k�e�y�o��
�i�j�h�f�u�r�e�_�g�g�h�k�l�b���� �q�l�h�� �k�i�h�k�h�[�k�l�\�m�_�l�� �b�a�u�k�d�Z�g�b�x�� �b�� �j�Z�a�j�Z�[�h�l�d�_ �w�d�h�g�h�f�b�q�_�k�d�b�� �i�j�b��
�_�f�e�_�f�u�o���k�i�h�k�h�[�h�\���b�o���i�h�e�m�q�_�g�b�y���g�Z �h�k�g�h�\�_ �q�_�r�m�b. 

 
�F�:�L�?�J�B�:�E�U���B���F�?�L�H�>�U���B�K�K�E�?�>�H�<�:�G�B�Y 

�H�[�t�_�d�l�Z�f�b�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �y�\�e�y�e�b�k�v�� �i�Z�j�l�b�b�� �q�_�r�m�b �k�m�^�Z�d�Z�� �b�� �k�Z�a�Z�g�Z, �i�h�e�m��
�q�_�g�g�u�_ �\���i�j�h�p�_�k�k�_���j�Z�a�^�_�e�d�b���j�u�[�u�����F�_�k�l�Z�f�b �i�j�h�\�_�^�_�g�b�y���k�l�Z�e�b���b�k�i�u�l�Z�l�_�e�v�g�Z�y���e�Z��
�[�h�j�Z�l�h�j�b�y���H�H�H���©�D�Z�e�b�g�b�g�]�j�Z�^�k�d�b�c���b�k�i�u�l�Z�l�_�e�v�g�u�c���p�_�g�l�j�ª���b���e�Z�[�h�j�Z�l�h�j�b�y���h�j�]�Z�g�b��
�q�_�k�d�h�c�� �o�b�f�b�b�� �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �l�_�o�g�b�q�_�k�d�h�]�h�� �m�g�b�\�_�j�k�b�l�_�l�Z��
(�D�=�L�M). �H�i�j�_�^�_�e�_�g�b�_�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �b�k�k�e�_�^�m�_�f�u�o�� �h�[�j�Z�a�p�h�\�� �h�k�m�s�_�k�l�\�e�y��
�e�h�k�v �\���k�h�h�l�\�_�l�k�l�\�b�b���k�h���k�e�_�^�m�x�s�b�f�b���f�_�l�h�^�Z�f�b�����D�v�_�e�v�^�Z�e�y �± �^�e�y���[�_�e�d�Z�� �w�d�k�l�j�Z�d�p�b��
�h�g�g�h-�\�_�k�h�\�h�c �± �^�e�y �`�b�j�Z���� �]�j�Z�\�b�f�_�l�j�b�q�_�k�d�b�c �± �^�e�y�� �\�e�Z�]�b�� �b�� �a�h�e�u, �Z�l�h�f�g�h-
�Z�[�k�h�j�[�p�b�h�g�g�Z�y �k�i�_�d�l�j�h�f�_�l�j�b�y���± �^�e�y���d�Z�e�v�p�b�y�����k�i�_�d�l�j�h�n�h�l�h�f�_�l�j�b�y �k���f�h�e�b�[�^�_�g�h�\�h��
�d�b�k�e�u�f���Z�f�f�h�g�b�_�f �\���i�j�b�k�m�l�k�l�\�b�b���]�b�^�j�h�o�b�g�h�g�Z �b���k�m�e�v�n�b�l�Z���g�Z�l�j�b�y���± �^�e�y���n�h�k�n�h�j�Z. 

 
�J�?�A�M�E�V�L�:�L�U���B���H�;�K�M�@�>�?�G�B�? 

�B�a�\�_�k�l�g�u�_���k�i�h�k�h�[�u���i�h�e�m�q�_�g�b�y���d�h�e�e�Z�]�_�g�Z���b���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z���b�a���j�u�[�v�_�c���q�_��
�r�m�b���h�k�g�h�\�Z�g�u �g�Z���i�j�_�^�\�Z�j�b�l�_�e�v�g�h�c���_�_ �h�q�b�k�l�d�_���h�l�� �h�j�]�Z�g�b�q�_�k�d�b�o���i�j�b�f�_�k�_�c���b�� �i�_�j�_��
�\�h�^�_���\�� �j�Z�k�l�\�h�j�b�f�h�_���k�h�k�l�h�y�g�b�_ ���i�j�b���i�h�f�h�s�b���d�b�k�e�h�l���� �s�_�e�h�q�_�c���� �w�\�l�_�d�l�b�q�_�k�d�b�o���j�Z�k��
�l�\�h�j�b�l�_�e�_�c�����n�_�j�f�_�g�l�h�\�� �\�u�k�h�d�b�o���^�Z�\�e�_�g�b�c�����l�_�f�i�_�j�Z�l�m�j �b���^�j���� �k���i�h�k�e�_�^�m�x�s�b�f���j�Z�a��
�^�_�e�_�g�b�_�f�� �g�Z�� �n�j�Z�d�p�b�b�� ���p�_�g�l�j�b�n�m�]�b�j�h�\�Z�g�b�_���� �h�k�Z�`�^�_�g�b�_���� �^�b�Z�e�b�a���� �\�u�k�Z�e�b�\�Z�g�b�_�� �b��
�^�j����, �b�a�\�e�_�q�_�g�b�_�f �d�h�e�e�Z�]�_�g�Z���b���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� �b�a���j�Z�k�l�\�h�j�Z �k���^�Z�e�v�g�_�c�r�_�c�� �^�h�i�h�e��
�g�b�l�_�e�v�g�h�c�� �h�q�b�k�l�d�h�c �b���h�[�_�a�\�h�`�b�\�Z�g�b�_�f (�k�m�[�e�b�f�Z�p�b�h�g�g�Z�y �b�e�b �j�Z�k�i�u�e�b�l�_�e�v�g�Z�y 
�k�m�r�d�Z���� �k�`�b�]�Z�g�b�_�� �\�� �f�m�n�_�e�v�g�h�c�� �i�_�q�b) �k�� �p�_�e�v�x�� �i�h�e�m�q�_�g�b�y�� �\�u�k�m�r�_�g�g�h�c�� �]�h�l�h�\�h�c��
�i�j�h�^�m�d�p�b�b���>4�±7]. 

�I�j�b�f�_�g�_�g�b�_�� �a�g�Z�q�b�l�_�e�v�g�u�o�� �h�[�t�_�f�h�\�� �i�j�h�f�u�\�g�u�o�� �`�b�^�d�h�k�l�_�c�� �Z�� �l�Z�d�`�_ �d�b�k��
�e�h�l���� �s�_�e�h�q�_�c���� �j�Z�k�l�\�h�j�b�l�_�e�_�c�� �b�� �^�h�j�h�]�h�k�l�h�y�s�b�o �n�_�j�f�_�g�l�h�\���� �f�g�h�]�h�k�l�Z�^�b�c�g�h�k�l�v, 
�w�g�_�j�]�h�_�f�d�h�k�l�v �b�� �^�e�b�l�_�e�v�g�h�k�l�v�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�\ �a�g�Z�q�b�l�_�e�v�g�h�� �i�h�\�u�r�Z��
�x�l���k�l�h�b�f�h�k�l�v���]�h�l�h�\�h�c���i�j�h�^�m�d�p�b�b�����q�l�h �h�]�j�Z�g�b�q�b�\�Z�_�l���b�o���b�k�i�h�e�v�a�h�\�Z�g�b�_���\���i�j�h�f�u�r��
�e�_�g�g�u�o���f�Z�k�r�l�Z�[�Z�o. 

�M�q�b�l�u�\�Z�y���i�h�\�u�r�_�g�g�u�c���k�i�j�h�k���b���\�u�k�h�d�m�x���^�h�[�Z�\�e�_�g�g�m�x�� �k�l�h�b�f�h�k�l�v�� �f�h�j�k�d�h��
�]�h�� �d�h�e�e�Z�]�_�g�Z�� �b�� �[�b�h�]�_�g�g�h�]�h�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z, �g�Z�� �d�Z�n�_�^�j�_�� �o�b�f�b�b�� �D�=�L�M�� �[�u�e�b�� �i�j�h��
�\�_�^�_�g�u�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �j�Z�a�j�Z�[�h�l�Z�g�� �b �i�j�_�^�e�h�`�_�g�� �k�i�h�k�h�[�� �i�h�e�m�q�_�g�b�y�� �d�h�e�e�Z�]�_�g�Z�� �b��
�]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� ���g�Z�o�h�^�b�l�k�y�� �\�� �k�l�Z�^�b�b�� �i�Z�l�_�g�l�h�\�Z�g�b�y��, �i�h�a�\�h�e�y�x�s�b�c�� �m�\�_�e�b�q�b�l�v�� �b�o��
�d�h�g�p�_�g�l�j�Z�p�b�x�� �\�h �n�j�Z�d�p�b�y�o���� �f�b�g�m�y�� �w�l�Z�i�� �i�_�j�_�\�h�^�Z�� �j�u�[�v�_�c�� �q�_�r�m�b�� �\�� �j�Z�k�l�\�h�j�b�f�h�_��
�k�h�k�l�h�y�g�b�_ �b �b�k�i�h�e�v�a�m�y���n�b�a�b�q�_�k�d�b�_���k�i�h�k�h�[�u���h�[�j�Z�[�h�l�d�b�����b�a�f�_�e�v�q�_�g�b�_�����k�_�i�Z�j�b�j�h�\�Z��
�g�b�_���� �\�u�k�m�r�b�\�Z�g�b�_������ �q�l�h�� �a�g�Z�q�b�l�_�e�v�g�h�� �k�h�d�j�Z�s�Z�_�l�� �i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v�� �h�[�j�Z�[�h�l�d�b�� �b��
�k�l�h�b�f�h�k�l�v���]�h�l�h�\�h�c���i�j�h�^�m�d�p�b�b���� �D�j�h�f�_���l�h�]�h���� �i�j�_�^�e�h�`�_�g�g�u�c���k�i�h�k�h�[�� �i�h�a�\�h�e�y�_�l�� �j�Z�k��
�r�b�j�b�l�v���k�n�_�j�m���i�j�b�f�_�g�_�g�b�y���i�h�e�m�q�_�g�g�u�o���d�h�e�e�Z�]�_�g�h�\�u�o���n�j�Z�d�p�b�c�� 

�I�j�b�� �j�Z�a�j�Z�[�h�l�d�_�� �k�i�h�k�h�[�Z�� �b�k�o�h�^�b�e�b�� �b�a�� �l�h�]�h���� �q�l�h�� �h�k�g�h�\�g�u�f�b�� �d�h�f�i�h�g�_�g�l�Z�f�b��
�j�u�[�v�_�c�� �q�_�r�m�b�� �y�\�e�y�x�l�k�y�� �d�h�e�e�Z�]�_�g�� ���k�_�f�_�c�k�l�\�h�� �n�b�[�j�b�e�e�y�j�g�u�o�� �[�_�e�d�h�\������ �b�f�_�x�s�b�c 
�g�b�l�_�\�b�^�g�m�x���k�l�j�m�d�l�m�j�m, �b���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�����[�b�h�f�b�g�_�j�Z�e��, �g�Z�o�h�^�y�s�b�c�k�y���\���Z�f�h�j�n�g�h�c��
�b�e�b���d�j�b�k�l�Z�e�e�b�q�_�k�d�h�c���n�h�j�f�_���\���\�b�^�_���i�h�j�h�r�d�Z���� �I�e�h�l�g�h�k�l�v���d�h�e�e�Z�]�_�g�Z���q�_�r�m�b���k�h�k�l�Z�\��
�e�y�_�l�� ������������ �Z�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� �d�Z�e�v�p�b�y�� �± ���������� �]���k�f3���� �h�k�g�h�\�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �d�h�l�h�j�h�]�h��
�k�h�^�_�j�`�b�l�k�y���\���_�_ �d�h�k�l�g�h�f���k�e�h�_���>8�@�����B�k�o�h�^�y���b�a���Z�j�o�b�l�_�d�l�h�g�b�d�b���b���o�b�f�b�q�_�k�d�h�]�h���k�h�k�l�Z��
�\�Z���\�u�k�m�r�_�g�g�h�c���q�_�r�m�b���[�u�e�h���k�^�_�e�Z�g�h���i�j�_�^�i�h�e�h�`�_�g�b�_���h���\�h�a�f�h�`�g�h�k�l�b���j�Z�a�^�_�e�_�g�b�y���_�_ 
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�h�k�g�h�\�g�u�o�� �n�j�Z�d�p�b�c�� �n�b�a�b�q�_�k�d�b�f�b�� �k�i�h�k�h�[�Z�f�b�� ���b�a�f�_�e�v�q�_�g�b�_�� �b�� �k�_�i�Z�j�Z�p�b�y������ �k�i�h�k�h�[��
�k�l�\�m�x�s�b�f�b���a�g�Z�q�b�l�_�e�v�g�h�f�m���k�g�b�`�_�g�b�x���k�l�h�b�f�h�k�l�b���]�h�l�h�\�h�c���i�j�h�^�m�d�p�b�b�� 

�K�m�s�g�h�k�l�v�� �k�i�h�k�h�[�Z�� �i�h�e�m�q�_�g�b�y�� �n�j�Z�d�p�b�c�� �d�h�e�e�Z�]�_�g�Z�� �b�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z�� �a�Z��
�d�e�x�q�Z�_�l�k�y���\���l�h�f�����q�l�h���j�u�[�v�y���q�_�r�m�y���h�q�b�s�Z�_�l�k�y���h�l���h�j�]�Z�g�b�q�_�k�d�b�o���i�j�b�f�_�k�_�c���\���i�_�j�n�h��
�j�b�j�h�\�Z�g�g�h�f�� �[�Z�j�Z�[�Z�g�_�� �f�h�_�q�g�h�c�� �p�_�g�l�j�b�n�m�]�b �\�� �l�_�q�_�g�b�_�� ������ �f�b�g���� �I�j�h�f�u�l�Z�y�� �q�_�r�m�y��
�h�[�j�Z�[�Z�l�u�\�Z�_�l�k�y���\���k�f�_�k�b�l�_�e�_���k���^�h�[�Z�\�e�_�g�b�_�f���i�b�s�_�\�h�c���k�h�e�b�����i�b�s�_�\�h�c���k�h�^�u���b���^�j�h�[��
�e�_�g�h�]�h �e�v�^�Z���\���l�_�q�_�g�b�_���������f�b�g�����a�Z�l�_�f �i�j�h�f�u�\�Z�_�l�k�y���i�j�_�k�g�h�c���\�h�^�h�c�����I�h�k�e�_���i�j�h�f�u�\�d�b��
�q�_�r�m�x �i�h�\�l�h�j�g�h���h�[�j�Z�[�Z�l�u�\�Z�x�l���\ �\�h�^�g�h�f���j�Z�k�l�\�h�j�_���k���^�h�[�Z�\�e�_�g�b�_�f���i�b�s�_�\�h�c���k�h�e�b���b��
�k�h�^�u�� �g�_�� �f�_�g�_�_�� ������ �f�b�g���� �^�Z�e�_�_ �h�l�^�_�e�_�g�g�m�x�� �l�\�_�j�^�m�x �q�Z�k�l�v�� �i�j�h�f�u�\�Z�x�l���i�j�_�k�g�h�c�� �\�h��
�^�h�c���� �H�q�b�s�_�g�g�m�x �q�_�r�m�x �\�u�k�m�r�b�\�Z�x�l �i�j�b���i�h�f�h�s�b���]�h�j�y�q�_�]�h���\�h�a�^�m�o�Z���^�h���k�h�^�_�j�`�Z��
�g�b�y�� �f�Z�k�k�h�\�h�c�� �^�h�e�b�� �\�e�Z�]�b�� �g�_�� �[�h�e�_�_�� ���� ���� ���i�j�_�^�i�h�q�l�b�l�_�e�v�g�h �^�h�� �� %), �l�Z�d�� �d�Z�d�� �i�j�b��
�\�e�Z�`�g�h�k�l�b���[�h�e�_�_������ �����\�h�a�j�Z�k�l�Z�_�l���\�_�j�h�y�l�g�h�k�l�v���h�[�j�Z�a�h�\�Z�g�b�y���d�e�_�_�h�[�j�Z�a�g�h�]�h���\�y�a�d�h�]�h��
�d�h�f�d�Z�� �± �©�d�Z�l�u�r�Z�ª�� �± �i�j�b�� �_�_ �b�a�f�_�e�v�q�_�g�b�b�� ���\�k�e�_�^�k�l�\�b�_�� �i�_�j�_�o�h�^�Z�� �q�Z�k�l�b�� �d�h�e�e�Z�]�_�g�Z��
�i�j�b���g�Z�]�j�_�\�_���l�j�_�g�b�_�f���\���i�j�b�k�m�l�k�l�\�b�b���\�h�^�u���\���\�h�^�h�j�Z�k�l�\�h�j�b�f�u�c���]�e�x�l�b�g�����y�\�e�y�x�s�b�c��
�k�y���h�k�g�h�\�h�c���j�u�[�g�h�]�h���d�e�_�y������ �q�l�h���i�j�b�\�h�^�b�l�� �d���h�k�l�Z�g�h�\�d�_���b�e�b���\�u�\�h�^�m���b�a���k�l�j�h�y���h�[�h�j�m��
�^�h�\�Z�g�b�y���� �<�u�k�m�r�_�g�g�m�x �q�_�r�m�x �b�a�f�_�e�v�q�Z�x�l �\�� �\�u�k�h�d�h�k�d�h�j�h�k�l�g�h�f�� �b�a�f�_�e�v�q�b�l�_�e�_�� �b��
�k�_�i�Z�j�b�j�m�x�l ���n�j�Z�d�p�b�h�g�b�j�m�x�l) �i�j�b�� �i�h�f�h�s�b�� �\�h�a�^�m�r�g�h�]�h�� �k�_�i�Z�j�Z�l�h�j�Z�� �b�e�b�� �k�b�l�� �k�� �i�h��
�e�m�q�_�g�b�_�f���i�h���f�_�g�v�r�_�c���f�_�j�_���^�\�m�o���n�j�Z�d�p�b�c�����d�h�e�e�Z�]�_�g�h�\�h�c���\�h�e�h�d�g�b�k�l�h�c���b���]�b�^�j�h�d�k�b��
�Z�i�Z�l�b�l�h�\�h�c���i�h�j�h�r�d�h�\�h�c�� 

�H�i�u�l�g�u�f�� �i�m�l�_�f�� �[�u�e�h�� �h�i�j�_�^�_�e�_�g�h���� �q�l�h�� �b�a�f�_�e�v�q�_�g�g�Z�y�� �j�u�[�v�y�� �q�_�r�m�y�� �g�Z�o�h��
�^�b�l�k�y���\���\�b�^�_���i�h�j�h�r�d�Z���k���j�Z�a�f�_�j�h�f �q�Z�k�l�b�p�����������f�f�������������f�d�f�����b���f�_�g�_�_. �I�j�b���[�h�e�v�r�_�f��
�j�Z�a�f�_�j�_�� �q�Z�k�l�b�p�� �h�g�Z�� �b�f�_�_�l�� �\�b�^�� �d�h�j�h�l�d�b�o�� �\�h�e�h�d�h�g, �w�l�h �i�h�^�l�\�_�j�`�^�Z�_�l�k�y�� �^�Z�g�g�u�f�b��
�^�j�m�]�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �]�^�_�� �i�h�d�Z�a�Z�g�h���� �q�l�h�� �\�� �\�u�k�m�r�_�g�g�h�c�� �b�� �b�a�f�_�e�v�q�_�g�g�h�c �\�� �_�k�l�_��
�k�l�\�_�g�g�h�f�� �k�h�k�l�h�y�g�b�b�� �d�h�e�e�Z�]�_�g�h�\�h�c�� �l�d�Z�g�b �g�Z�b�f�_�g�v�r�b�c�� �j�Z�a�f�_�j�� �q�Z�k�l�b�p�� �^�h�k�l�b�]�Z�_�l��
100 �f�d�f �b �[�h�e�v�r�_. �I�j�b���w�l�h�f���q�Z�k�l�b�p�u���\�u�]�e�y�^�y�l���d�Z�d���n�j�Z�]�f�_�g�l�u���\�h�e�h�d�h�g�����Q�Z�k�l�b�q�g�h��
�^�_�g�Z�l�m�j�b�j�h�\�Z�g�g�Z�y�� �d�h�e�e�Z�]�_�g�h�\�Z�y�� �l�d�Z�g�v�� �f�h�`�_�l�� �[�u�l�v�� �b�a�f�_�e�v�q�_�g�Z�� �g�Z�� �]�h�j�Z�a�^�h�� �[�h�e�_�_��
�f�_�e�d�b�_���k�n�_�j�b�q�_�k�d�b�_���q�Z�k�l�b�p�u���>9].  

 �=�b�^�j�h�Z�i�Z�l�b�l�� ���[�b�h�f�b�g�_�j�Z�e���� �\�� �_�k�l�_�k�l�\�_�g�g�u�o�� �k�l�j�m�d�l�m�j�Z�o�� �g�Z�o�h�^�b�l�k�y�� �\�� �g�Z�g�h��
�d�j�b�k�l�Z�e�e�b�q�_�k�d�h�f�� �k�h�k�l�h�y�g�b�b�� �k�� �j�Z�a�f�_�j�h�f�� �q�Z�k�l�b�p�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� ���±10 �f�d�f [10], 
�i�h�w�l�h�f�m���n�j�Z�d�p�b�y���b�a�f�_�e�v�q�_�g�g�h�c���j�u�[�v�_�c���q�_�r�m�b���k���j�Z�a�f�_�j�h�f���q�Z�k�l�b�p�����������f�f���b���f�_�g�_�_ 
�i�j�_�^�k�l�Z�\�e�y�_�l�� �k�h�[�h�c�� �\�� �h�k�g�h�\�g�h�f�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l���� �Z�� �l�Z�d�`�_�� �q�Z�k�l�b�q�g�h�� �^�_�g�Z�l�m�j�b�j�h��
�\�Z�g�g�u�c�� �d�h�e�e�Z�]�_�g�� ���h�[�j�Z�a�m�x�s�b�c�k�y�� �\�� �i�j�h�p�_�k�k�_�� �\�u�k�m�r�b�\�Z�g�b�y�� �]�h�j�y�q�b�f�� �\�h�a�^�m�o�h�f�� �b��
�i�j�b�� �d�j�Z�l�d�h�\�j�_�f�_�g�g�h�f�� �g�Z�]�j�_�\�_�� �k�u�j�v�y�� �a�Z�� �k�q�_�l�� �l�j�_�g�b�y�� �i�j�b�� �b�a�f�_�e�v�q�_�g�b�b�����\�� �\�b�^�_�� �i�h��
�j�h�r�d�Z���� 

�K�h�]�e�Z�k�g�h�� �w�l�h�f�m�� �k�i�h�k�h�[�m �[�u�e�b�� �g�Z�j�Z�[�h�l�Z�g�u�� �h�i�u�l�g�u�_�� �i�Z�j�l�b�b �j�Z�a�e�b�q�g�u�o��
�n�j�Z�d�p�b�c���h�q�b�s�_�g�g�h�c���b���\�u�k�m�r�_�g�g�h�c���q�_�r�m�b���k�Z�a�Z�g�Z���b���k�m�^�Z�d�Z���� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �^�Z�g�g�u�_�� �\�u�o�h�^�Z�� �f�Z�k�k�h�\�h�c�� �^�h�e�b (%), �\�g�_�r�g�_�]�h�� �\�b�^�Z�� �b��
�g�Z�k�u�i�g�h�c���f�Z�k�k�u ���]���k�f3), �b�a�f�_�e�v�q�_�g�g�u�o���\�� �l�_�q�_�g�b�_������ �f�b�g���b�� �k�_�i�Z�j�b�j�h�\�Z�g�g�u�o (�k�b�l�Z) 
�n�j�Z�d�p�b�c���\�u�k�m�r�_�g�g�u�o���i�Z�j�l�b�c���q�_�r�m�b���k�Z�a�Z�g�Z���b���k�m�^�Z�d�Z (�k���f�Z�k�k�h�\�h�c���^�h�e�_�c���\�e�Z�]�b �k�h��
�h�l�\�_�l�k�l�\�_�g�g�h�� �������� �b�� ������ %), �\�a�y�l�u�o�� �\�� �r�_�k�l�b�d�j�Z�l�g�h�c�� �i�h�\�l�h�j�g�h�k�l�b, �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��
�l�Z�[�e�������� 2. 

�B�a�� �l�Z�[�e���� ������ ���� �\�b�^�g�h���� �q�l�h�� �g�Z�k�u�i�g�Z�y�� �f�Z�k�k�Z�� �i�h�j�h�r�d�h�\�h�c�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�h�\�h�c��
�n�j�Z�d�p�b�b�� ���������� �f�f�� �b�� �f�_�g�_�_���� �g�Z�� �i�h�j�y�^�h�d�� ���\�� ������������ �j�Z�a�Z�� �± �k�Z�a�Z�g���� �\�� ������������ �j�Z�a�Z�� �± �k�m�^�Z�d����
�h�l�e�b�q�Z�_�l�k�y���h�l���\�h�e�h�d�g�b�k�l�h�c���d�h�e�e�Z�]�_�g�h�\�h�c �����������f�f���b���[�h�e�_�_�������i�j�b���w�l�h�f���f�Z�k�k�h�\�Z�y���^�h�e�y��
�\�u�o�h�^�Z�� �n�j�Z�d�p�b�c�� �i�j�b�� �h�^�g�b�o�� �b�� �l�_�o�� �`�_�� �i�Z�j�Z�f�_�l�j�Z�o�� �b�a�f�_�e�v�q�_�g�b�y�� ������ �f�b�g���� �j�Z�a�e�b�q�g�Z����
�q�l�h���k�\�y�a�Z�g�h���k���\�b�^�h�f���k�u�j�v�y���b���_�]�h���o�b�f�b�q�_�k�d�b�f���k�h�k�l�Z�\�h�f��  
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�L�Z�[�e�b�p�Z�� ��. �<�u�o�h�^�� �f�Z�k�k�h�\�h�c�� �^�h�e�b�� ������, �g�Z�k�u�i�g�Z�y�� �f�Z�k�k�Z�� ���]���k�f3���� �b�� �\�g�_�r�g�b�c�� �\�b�^��                
�b�a�f�_�e�v�q�_�g�g�u�o�� �\�� �l�_�q�_�g�b�_ ���� �f�b�g�� �b�� �k�_�i�Z�j�b�j�h�\�Z�g�g�u�o�� ���k�b�l�Z���� �n�j�Z�d�p�b�c�� �\�u�k�m�r�_�g�g�h�c��
�i�Z�j�l�b�b���q�_�r�m�b���k�Z�a�Z�g�Z���k���f�Z�k�k�h�\�h�c���^�h�e�_�c���\�e�Z�]�b�������� % (6-�d�j�Z�l�g�Z�y���i�h�\�l�h�j�g�h�k�l�v�� 
Table 1. Yield of mass fraction (%), bulk weight (g/cm3) and appearance of crushed 
within 3 min and separated (sieve) fractions of a dried lot of zazan scales with a mass 
fraction of moisture 7.4 % (6-fold repetition) 

�N�j�Z�d��
�p�b�y 

�F�Z�k�k�h�\�Z�y���^�h�e�y���\�u�o�h�^�Z���n�j�Z�d�p�b�c������ �K�j�_�^��
�g�_�_��

�a�g�Z�q�_��
�g�b�_, % 

�G�Z�k�u�i��
�g�Z�y��

�f�Z�k�k�Z 

�<�g�_�r�g�b�c��
�\�b� ̂1 2 3 4 5 6 

���������f�f��
�b���f�_�g�_�_ 12,0 14,9 13,3 16,0 16,0 16,0 14,7 0,551 �I�h�j�h�r�h�d 

0,1�±2,5 
�f�f  26,0 21,3 28,9 22,0 30,0 30,0 26,4 0,125 

�K�f�_�k�v���i�h��
�j�h�r�d�Z���b���d�h��
�j�h�l�d�h�]�h���\�h��
�e�h�d�g�Z-�\�Z�l�u 

2,5 �f�f��
�b���[�h�e�_�_ 62,0 63,8 57,8 62,0 54,0 54,0 58,9 0,048 

�<�h�e�h�d�g�b��
�k�l�u�c �\�Z�l�h��
�h�[�j�Z�a�g�u�c��
�f�Z�l�_�j�b�Z�e 

�<�u�k�m��
�r�_�g�g�Z�y��
�q�_�r�m�y 

100,0 0,065 
�L�\�_�j�^�Z�y �b�a�h��
�]�g�m�l�Z�y���i�e�Z��

�k�l�b�g�d�Z 
 

�L�Z�[�e�b�p�Z�� ��. �<�u�o�h�^�� �f�Z�k�k�h�\�h�c�� �^�h�e�b�� ���������� �g�Z�k�u�i�g�Z�y�� �f�Z�k�k�Z�� ���]���k�f3���� �b�� �\�g�_�r�g�b�c�� �\�b�^��                 
�b�a�f�_�e�v�q�_�g�g�u�o�� �\�� �l�_�q�_�g�b�_ ���� �f�b�g �b�� �k�_�i�Z�j�b�j�h�\�Z�g�g�u�o�� ���k�b�l�Z���� �n�j�Z�d�p�b�c�� �\�u�k�m�r�_�g�g�h�c��
�i�Z�j�l�b�b���q�_�r�m�b���k�m�^�Z�d�Z���k���f�Z�k�k�h�\�h�c���^�h�e�_�c���\�e�Z�]�b�������� % (6-�d�j�Z�l�g�Z�y���i�h�\�l�h�j�g�h�k�l�v���� 
Table 2. Yield of mass fraction (%), bulk weight (g/cm3) and appearance of crushed 
within 3 min and separated (sieve) fractions of a dried lot of pike per�kh scales with              
a mass fraction of moisture 7.4 % (6-fold repetition) 

�N�j�Z�d��
�p�b�y 

�F�Z�k�k�h�\�Z�y���^�h�e�y���\�u�o�h�^�Z���n�j�Z�d�p�b�c�� % �K�j�_�^�g�_�_��
�a�g�Z�q�_��
�g�b�_�� % 

�G�Z�k�u�i��
�g�Z�y��

�f�Z�k�k�Z 

�<�g�_�r�g�b�c��
�\�b� ̂1 2 3 4 5 6 

���������f�f���b��
�f�_�g�_�_ 33,7 34,0 35,0 35,4 34,7 33,4 34,4 0,593 �I�h�j�h�r�h�d 

0,1�±2,5 
�f�f  40,8 42,5 41,0 39,6 39,8 42,4 41,0 0,226 

�K�f�_�k�v���i�h��
�j�h�r�d�Z���b��

�d�h�j�h�l�d�h�]�h��
�\�h�e�h�d�g�Z-

�\�Z�l�u 

2,5 �f�f���b��
�[�h�e�_�_ 25,5 23,5 24,0 25,0 25,5 24,2 24,6 0,040 

�<�h�e�h�d�g�b��
�k�l�u�c �\�Z�l�h��
�h�[�j�Z�a�g�u�c��
�f�Z�l�_�j�b�Z�e 

�<�u�k�m��
�r�_�g�g�Z�y��
�q�_�r�m�y 

100,0 0,102 
�L�\�_�j�^�Z�y��

�b�a�h�]�g�m�l�Z�y��
�i�e�Z�k�l�b�g�d�Z 

 
�N�j�Z�d�p�b�y �q�_�r�m�b�� �k�m�^�Z�d�Z�� �h�l�� �������� �^�h�� �������� �f�f�� �^�h�i�h�e�g�b�l�_�e�v�g�h�� �b�a�f�_�e�v�q�Z�e�Z�k�v          

�������f�b�g) �b���n�j�Z�d�p�b�h�g�b�j�h�\�Z�e�Z�k�v�����k�b�l�Z�� �k���i�h�e�m�q�_�g�b�_�f���f�Z�k�k�h�\�h�c���^�h�e�b �n�j�Z�d�p�b�b�������������f�f��
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�b���f�_�g�_�_����49,5 % �\���\�b�^�_���i�h�j�h�r�d�Z���b���k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �n�j�Z�d�p�b�b�����������±���������f�f����50,5 �����\��
�\�b�^�_���f�y�]�d�h�]�h���\�h�e�h�d�g�Z-�i�m�o�Z.  

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �^�Z�g�g�u�_�� �h�[�s�_�]�h�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z ���\�� �l���� �q���� �d�Z�e�v�p�b�y, 
�n�h�k�n�h�j�Z) �b�a�f�_�e�v�q�_�g�g�u�o�� �\�� �l�_�q�_�g�b�_�� ���� �f�b�g�� �b�� �j�Z�a�^�_�e�_�g�g�u�o�� �\�h�a�^�m�r�g�h�c�� �k�_�i�Z�j�Z�p�b�_�c��
�n�j�Z�d�p�b�c���\�u�k�m�r�_�g�g�h�c���q�_�r�m�b���k�Z�a�Z�g�Z��(�\���i�j�h�p�_�g�l�Z�o�������Z���l�Z�d�`�_���b�o���\�g�_�r�g�b�c���\�b�^ �i�j�_�^��
�k�l�Z�\�e�_�g���\���l�Z�[�e����3, 4. 

 
�L�Z�[�e�b�p�Z����. �<�g�_�r�g�b�c���\�b�^�����Z���l�Z�d�`�_���h�[�s�b�c���o�b�f�b�q�_�k�d�b�c���k�h�k�l�Z�\�����\���l�h�f���q�b�k�e�_ �d�Z�e�v�p�b�c��
�b�� �n�h�k�n�h�j���� �b�a�f�_�e�v�q�_�g�g�u�o�� �\�� �l�_�q�_�g�b�_�� ���� �f�b�g�� �b�� �j�Z�a�^�_�e�_�g�g�u�o�� �\�h�a�^�m�r�g�h�c�� �k�_�i�Z�j�Z�p�b�_�c��
�n�j�Z�d�p�b�c���\�u�k�m�r�_�g�g�h�c���q�_�r�m�b���k�Z�a�Z�g�Z, % 
Table 3. Appearance, as well as the general chemical composition (including calcium 
and phosphorus) of dried sazan scales crushed for 3 minutes and separated by air, % 

�N�j�Z�d�p�b�b 
�F�Z�k�k�h�\�Z�y���^�h�e�y������ �<�u�o�h�^��

�n�j�Z�d�p�b�b����
% 

�<�g�_�r�g�b�c���\�b�^ �\�e�Z-
�]�Z 

�[�_�e�h�d �`�b�j �a�h�e�Z �K�Z �J 

�P�_�e�Z�y��
�q�_�r�m�y 7,4 54,0 1,1 29,0 7,1 4,5 100,0 �L�\�_�j�^�Z�y���b�a�h�]�g�m�l�Z�y��

�i�e�Z�k�l�b�g�d�Z 
�;�h�e�_�_����������

�f�f  4,6 81,0 0,7 11,5 3,4 3,9 58,8 �<�h�e�h�d�g�b�k�l�u�c �\�Z�l�h��
�h�[�j�Z�a�g�u�c �f�Z�l�_�j�b�Z�e 

�H�l�����������^�h��
2,5 �f�f  6.5 35,4 0,7 51,9 14,1 4,7 27,1 

�K�f�_�k�v���i�h�j�h�r�d�Z���b��
�d�h�j�h�l�d�h�]�h���\�h�e�h�d�g�Z-

�\�Z�l�u 
�F�_�g�_�_��
���������f�f 6,4 26,4 0,8 62,7 17,1 3,7 14,1 �I�h�j�h�r�h�d 

 
�L�Z�[�e�b�p�Z�� ��. �<�g�_�r�g�b�c�� �\�b�^���� �Z�� �l�Z�d�`�_�� �h�[�s�b�c�� �o�b�f�b�q�_�k�d�b�c�� �k�h�k�l�Z�\�� ���\�� �l���� �q�� �d�Z�e�v�p�b�c�� �b��
�n�h�k�n�h�j���� �b�a�f�_�e�v�q�_�g�g�u�o�� �\�� �l�_�q�_�g�b�_�� ���� �f�b�g �b�� �j�Z�a�^�_�e�_�g�g�u�o�� �\�h�a�^�m�r�g�h�c�� �k�_�i�Z�j�Z�p�b�_�c��
�n�j�Z�d�p�b�c���\�u�k�m�r�_�g�g�h�c���q�_�r�m�b���k�m�^�Z�d�Z, % 
Table 4. Appearance, as well as the general chemical composition (including calcium 
and phosphorus) of dried pike per�kh scales crushed for 3 minutes and separated by air, 
% 

�N�j�Z�d�p�b�b 
�F�Z�k�k�h�\�Z�y �^�h�e�y, % �<�u�o�h�^ 

�n�j�Z�d�p�b�b, 
% 

�<�g�_�r�g�b�c �\�b� ̂�\�e�Z-
�]�Z �[�_�e�h�d �`�b�j �a�h�e�Z �K�Z �J 

�P�_�e�Z�y 
�q�_�r�m�y 8,7 39,9 2,6 50,4 19,1 4,9 100,0 �L�\�_�j�^�Z�y���b�a�h�]�g�m�l�Z�y��

�i�e�Z�k�l�b�g�d�Z 
�;�h�e�_�_��
���������f�f 9,2 71,4 3,7 22,4 6,5 3,8 24,6 �<�h�e�h�d�g�b�k�l�u�c �\�Z�l�h��

�h�[�j�Z�a�g�u�c �f�Z�l�_�j�b�Z�e 
�H�l����������
�^�h����������

�f�f  
7,4 36,4 2,3 53,8 14,5 3,9 41,0 �K�f�_�k�v���i�h�j�h�r�d�Z���b���d�h��

�j�h�l�d�h�]�h���\�h�e�h�d�g�Z-�\�Z�l�u 

�F�_�g�_�_��
���������f�f 6,9 25,7 2,4 63,5 17,4 3,7 34,4 �I�h�j�h�r�h�d 

 
�B�a���l�Z�[�e. 3, �����\�b�^�g�h�����q�l�h���i�j�h�p�_�g�l �\�u�o�h�^�Z �n�j�Z�d�p�b�c���d�h�j�j�_�e�b�j�m�_�l���k���b�k�o�h�^�g�u�f��

�o�b�f�b�q�_�k�d�b�f���k�h�k�l�Z�\�h�f���k�u�j�v�y: �l�Z�d, �q�_�r�m�y���k�Z�a�Z�g�Z, �k�h�^�_�j�`�Z�s�Z�y�������������������a�h�e�u, �\���i�j�h��
�p�_�k�k�_�� �b�a�f�_�e�v�q�_�g�b�y�� �b�� �k�_�i�Z�j�Z�p�b�b�� �b�f�_�_�l�� �\�u�o�h�^ �i�h�j�h�r�d�h�\�h�c�� �n�j�Z�d�p�b�b�� �������� ������ �Z�� �q�_��
�r�m�y���k�m�^�Z�d�Z�����k�h�^�_�j�`�Z�s�Z�y���������� �����a�h�e�u, �Z�g�Z�e�h�]�b�q�g�h���b�f�_�_�l���\�u�o�h�^���������� �������i�j�b���w�l�h�f���k��
�m�f�_�g�v�r�_�g�b�_�f���j�Z�a�f�_�j�Z���q�Z�k�l�b�p���n�j�Z�d�p�b�b �m�\�_�e�b�q�b�\�Z�_�l�k�y���k�h�^�_�j�`�Z�g�b�_���\���g�b�o���d�Z�e�v�p�b�y�� 
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�<�u�o�h�^�� �n�j�Z�d�p�b�c�� �a�Z�\�b�k�b�l�� �l�Z�d�`�_�� �h�l �m�k�e�h�\�b�c�� �i�j�h�\�_�^�_�g�b�y�� �i�j�h�p�_�k�k�Z�� �b�a�f�_�e�v�q�_��
�g�b�y�� �b�� �k�_�i�Z�j�b�j�h�\�Z�g�b�y�� �B�a�f�_�e�v�q�_�g�b�_�� �\�u�k�m�r�_�g�g�h�c�� �j�u�[�v�_�c�� �q�_�r�m�b�� �f�h�`�_�l�� �h�k�m�s�_�k�l�\��
�e�y�l�v�k�y���h�^�g�h�\�j�_�f�_�g�g�h���b�e�b���k���i�h�k�e�_�^�m�x�s�_�c �k�_�i�Z�j�Z�p�b�_�c���k���i�h�e�m�q�_�g�b�_�f�� �\�h�e�h�d�g�b�k�l�u�o��
�b���i�h�j�h�r�d�h�\�u�o���n�j�Z�d�p�b�c�� 

�W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �^�Z�g�g�u�_�� �i�j�h�p�_�k�k�Z�� �b�a�f�_�e�v�q�_�g�b�y�� ���i�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v��
�h�[�j�Z�[�h�l�d�b�����±�����f�b�g�����������������h�[���f�b�g�����b���k�_�i�Z�j�b�j�h�\�Z�g�b�y�����k�b�l�Z�����k�� �m�^�Z�e�_�g�b�_�f���i�h�j�h�r�d�h��
�\�h�c���n�j�Z�d�p�b�b���j�u�[�v�_�c���q�_�r�m�b���b���[�_�a���_�_ �m�^�Z�e�_�g�b�y���\���i�j�h�p�_�k�k�_���h�[�j�Z�[�h�l�d�b �i�j�_�^�k�l�Z�\�e�_�g�u��
�\���l�Z�[�e�� 5, 6. 

 
�L�Z�[�e�b�p�Z����. �<�u�o�h�^���n�j�Z�d�p�b�c���\�u�k�m�r�_�g�g�h�c���j�u�[�v�_�c���q�_�r�m�b���k�m�^�Z�d�Z�����f�Z�k�k�h�\�Z�y���^�h�e�y���\�e�Z��
�]�b�� �± 8,7%) �\���i�j�h�p�_�k�k�_�� �_�_�� �b�a�f�_�e�v�q�_�g�b�y�� �����±���� �f�b�g���� ������������ �h�[/�f�b�g���� �b�� �k�_�i�Z�j�b�j�h�\�Z�g�b�y��
���k�b�l�Z�����k���m�^�Z�e�_�g�b�_�f���i�h�j�h�r�d�h�\�h�c���n�j�Z�d�p�b�b���\���o�h�^�_ �h�[�j�Z�[�h�l�d�b 
Table 5. Yield of dried pike perch fish scales fractions (mass fraction of moisture 8.7 %) 
during its grinding (1�±5 min, 36000 r/min) and separation (sieve) with removal of the 
powder fraction during processing 

�N�j�Z�d�p�b�b 

�<�j�_�f�y���h�[�j�Z�[�h�l�d�b�����f�b�g 
1 2 3 4 5 

�F�Z�k�k�Z���g�Z�q�Z�e�v�g�h�]�h���h�[�j�Z�a�p�Z�����] 
100,0 78,0 61,0 49,0 41,0 

�] % �] % �] % �] % �] % 
���������f�f���b��
�f�_�g�_�_ 20,0 20,4 14,0 18,7 10,0 16,9 6,0 12,8 6,0 12,0 

0,1�±2,5 
�f�f  39,0 39,8 31,0 41,3 20,0 33,9 12,0 25,6 6,0 12,0 

2,5 �f�f���b��
�[�h�e�_�_ 39,0 39,8 30,0 40,0 29,0 49,2 29,0 61,6 29,0 76,0 

�H�[�s�Z�y��
�k�m�f�f�Z 98,0 100 75 100 59,0 100 47,0 100 41 100 

 
�L�Z�[�e�b�p�Z�� ��. �<�u�o�h�^�� �n�j�Z�d�p�b�c�� �i�Z�j�l�b�b�� �\�u�k�m�r�_�g�g�h�c�� �j�u�[�v�_�c�� �q�_�r�m�b�� �k�m�^�Z�d�Z�� ���f�Z�k�k�h�\�Z�y��
�^�h�e�y�� �\�e�Z�]�b�� �± 8,7 %) �\�� �i�j�h�p�_�k�k�_�� �_�_�� �b�a�f�_�e�v�q�_�g�b�y�� �����±���� �f�b�g���� ������������ �h�[/�f�b�g����                           
�b���k�_�i�Z�j�b�j�h�\�Z�g�b�y�����k�b�l�Z��  
Table 6. The yield of fractions of a batch of dried pike perch fish scales (mass fraction 
of moisture �± 8.7 %) during its grinding (1�±5 min, 36000 r/min) and separation (sieve) 

�N�j�Z�d�p�b�b 

�<�j�_�f�y �h�[�j�Z�[�h�l�d�b, �f�b�g 
1 2 3 4 5 

�F�Z�k�k�Z �g�Z�q�Z�e�v�g�h�]�h �h�[�j�Z�a�p�Z, �] 
100,0 

�] % �] % �] % �] % �] % 
1 2 3 4 5 6 7 8 9 10 11 

0,1 �f�f  �b 
�f�_�g�_�_ 18,0 18,0 27,0 27,3 33,0 34,7 34,0 35,8 38,0 40,4 

0,1�±2,5 
�f�f  

42,0 42,0 42,0 42,4 37,0 38,9 36,0 37,8 35,0 37,2 

2,5 �f�f���b��
�[�h�e�_�_ 40,0 40,0 30,0 30,3 25,0 26,4 25,0 26,4 21,0 22,4 

�H�[�s�Z�y��
�k�m�f�f�Z 100,0 100 99,0 100 95,0 100 95,0 100,0 94,0 100 
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�B�a�� �l�Z�[�e. 5, ���� �\�b�^�g�h���� �q�l�h�� �\�� �i�j�h�p�_�k�k�_�� �b�a�f�_�e�v�q�_�g�b�y�� �b�� �k�_�i�Z�j�b�j�h�\�Z�g�b�y�� �\�u�k�m��
�r�_�g�g�h�c���i�Z�j�l�b�b���j�u�[�v�_�c���q�_�r�m�b���k�m�^�Z�d�Z���k���m�^�Z�e�_�g�b�_�f���i�h�j�h�r�d�h�\�h�c���n�j�Z�d�p�b�b���������� �f�f���b��
�f�_�g�_�_�����\���o�h�^�_ �h�[�j�Z�[�h�l�d�b �������f�b�g�� �k�m�f�f�Z�j�g�Z�y���f�Z�k�k�h�\�Z�y���^�h�e�y���m�^�Z�e�_�g�g�h�c���n�j�Z�d�p�b�b���k�h��
�k�l�Z�\�b�e�Z��56 �]�������������\���l�h���\�j�_�f�y���d�Z�d���[�_�a���m�^�Z�e�_�g�b�y���± �������]�������������D�j�h�f�_���l�h�]�h, �h�l�f�_�q�_�g���b�g��
�l�_�j�\�Z�e�� �\�j�_�f�_�g�b�� �h�[�j�Z�[�h�l�d�b��(3�±���� �f�b�g���� �k�� �m�^�Z�e�_�g�b�_�f�� �b�� �����±���� �f�b�g���� �[�_�a�� �m�^�Z�e�_�g�b�y�� �i�h��
�j�h�r�d�h�\�h�c�� �n�j�Z�d�p�b�b���� �]�^�_�� �\�h�e�h�d�g�b�k�l�Z�y�� �d�h�e�e�Z�]�_�g�h�\�Z�y�� �n�j�Z�d�p�b�y�� �������� �f�f�� �b�� �[�h�e�_�_���� �g�_��
�b�a�f�_�g�y�e�Z�k�v���i�h���f�Z�k�k�_�� 

�<�g�_�r�g�b�c�� �\�b�^�� �d�h�e�e�Z�]�_�g�h�\�h�c�� �\�h�e�h�d�g�b�k�l�h�c�� �n�j�Z�d�p�b�b�� ���������� �f�f�� �b�� �[�h�e�_�_���� �b�� �i�h��
�j�h�r�d�h�\�h�c���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�h�\�h�c���n�j�Z�d�p�b�b�������������f�f���b���f�_�g�_�_���� �q�_�r�m�b���k�m�^�Z�d�Z���i�j�_�^�k�l�Z�\��
�e�_�g���g�Z���j�b�k�� 1. 

 

 
 

�J�b�k������. �<�g�_�r�g�b�c���\�b�^���d�h�e�e�Z�]�_�g�h�\�h�c���\�h�e�h�d�g�b�k�l�h�c���n�j�Z�d�p�b�b�������������f�f���b���[�h�e�_�_�����b���i�h��
�j�h�r�d�h�\�h�c���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�h�\�h�c���n�j�Z�d�p�b�b�������������f�f���b���f�_�g�_�_�����q�_�r�m�b���k�m�^�Z�d�Z 

Fig. 1. Appearance of collagen fibrous fraction (2.5 mm or more) and powdered hy-
droxyapatite fraction (0.1 mm or less) of pike perch scales 

 
�I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���b�a�f�_�e�v�q�_�g�b�y�����b�k�l�b�j�Z�g�b�y�����\�e�b�y�_�l���g�Z�� �k�\�h�c�k�l�\�Z���i�h�e�m�q�Z�_��

�f�h�]�h���\�h�e�h�d�g�b�k�l�h�]�h���d�h�e�e�Z�]�_�g�h�\�h�]�h���f�Z�l�_�j�b�Z�e�Z�����k�l�_�i�_�g�v���`�_�k�l�d�h�k�l�b���b���j�Z�a�\�h�e�h�d�g�_�g�b�y 
�k�l�j�m�d�l�m�j�u�����g�Z�k�u�i�g�Z�y���f�Z�k�k�Z�����i�h�j�b�k�l�h�k�l�v�����^�b�k�i�_�j�k�g�h�k�l�v�����^�e�b�g�Z���\�h�e�h�d�g�Z���b���^�j�������b, �k�h��
�h�l�\�_�l�k�l�\�_�g�g�h�����g�Z �\�u�[�h�j���g�Z�i�j�Z�\�e�_�g�b�y���_�]�h���i�j�b�f�_�g�_�g�b�y�� 

�<�g�_�r�g�b�c�� �\�b�^�� �\�h�e�h�d�g�b�k�l�u�o�� �n�j�Z�d�p�b�c�� �k�f�_�k�b�� �\�u�k�m�r�_�g�g�h�c�� �q�_�r�m�b�� �b�a�� �j�Z�a�g�u�o 
�j�u�[�����k�m�^�Z�d�����k�Z�a�Z�g�����e�_�s�����d�Z�j�i�����d�Z�j�Z�k�v�����i�e�h�l�\�Z���b���^�j�������i�j�_�^�k�l�Z�\�e�_�g���g�Z �j�b�k������. 
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�J�b�k������. �<�g�_�r�g�b�c���\�b�^���i�h�e�m�q�_�g�g�u�o���n�j�Z�d�p�b�c���k�f�_�k�b���\�u�k�m�r�_�g�g�h�c���q�_�r�m�b���b�a���j�Z�a�g�u�o��
�j�u�[�����k�m�^�Z�d�����k�Z�a�Z�g�����e�_�s�����d�Z�j�i�����d�Z�j�Z�k�v�����i�e�h�l�\�Z�� 

Fig. 2. Appearance of the obtained various fractions of a mixture of dried scales from 
various types of fish (pike perch, sazan, bream, carp, crucian carp, roach) 
 
�<�h�e�h�d�g�b�k�l�u�_�� �d�h�e�e�Z�]�_�g�h�\�u�_�� �n�j�Z�d�p�b�b�� �b�� �b�o�� �k�f�_�k�b���� �\�a�y�l�u�_�� �\�� �h�i�j�_�^�_�e�_�g�g�u�o��

�k�h�h�l�g�h�r�_�g�b�y�o�� �d�Z�d���b���i�h�j�h�r�d�h�\�u�_�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�h�\�u�_�� �n�j�Z�d�p�b�b, �f�h�]�m�l�� �[�u�l�v�� �b�k��
�i�h�e�v�a�h�\�Z�g�u �\�� �d�Z�q�_�k�l�\�_�� �i�b�s�_�\�h�c�� �^�h�[�Z�\�d�b�� �\�� �o�e�_�[�h�[�m�e�h�q�g�u�o�� �b�� �d�h�g�^�b�l�_�j�k�d�b�o�� �b�a�^�_��
�e�b�y�o�� �f�y�k�g�u�o���� �j�u�[�g�u�o�� �i�h�e�m�n�Z�[�j�b�d�Z�l�Z�o���� �f�h�j�_�i�j�h�^�m�d�l�Z�o���� �f�h�e�h�q�g�h�d�b�k�e�u�o�� �b�� �k�h�d�h��
�k�h�^�_�j�`�Z�s�b�o���g�Z�i�b�l�d�Z�o. 

�L�Z�d�`�_�� �\�h�e�h�d�g�b�k�l�u�_�� �n�j�Z�d�p�b�b�� �b���b�o�� �k�f�_�k�b�� �f�h�]�m�l�� �i�j�b�f�_�g�y�l�v�k�y�� �d�Z�d���g�Z�l�m�j�Z�e�v��
�g�u�c �l�_�o�g�b�q�_�k�d�b�c�� �g�Z�i�h�e�g�b�l�_�e�v �i�h�k�l�_�e�v�g�u�o�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�_�c���� �b�]�j�m�r�_�d���� �f�_�[�_�e�b����
�n�b�e�v�l�j�h�\���� �d�Z�d�� �i�h�e�b�f�_�j�g�u�c �d�h�f�i�h�g�_�g�l�� �d�h�f�i�h�a�b�l�h�\���� �i�Z�k�l���� �d�j�Z�k�h�d���� �i�e�_�g�h�d���� �i�h�d�j�u��
�l�b�c�����d�_�j�Z�f�b�d�b�����b�f�i�e�Z�g�l�h�\�����l�d�Z�g�_�c�����[�m�f�Z�]�b�� 

�I�h�^�m�r�d�Z���k���g�Z�l�m�j�Z�e�v�g�u�f���g�Z�i�h�e�g�b�l�_�e�_�f���b�a���q�_�r�m�b���k�m�^�Z�d�Z �b���k�Z�a�Z�g�Z ���n�j�Z�d�p�b�y��
���������f�f���b���[�h�e�_�_) �i�j�_�^�k�l�Z�\�e�_�g�Z���g�Z���j�b�k������.  

�I�h�j�h�r�d�h�\�u�_�� �]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�h�\�u�_�� �n�j�Z�d�p�b�b�� �l�Z�d�`�_�� �f�h�]�m�l�� �[�u�l�v�� �b�k�i�h�e�v�a�h�\�Z��
�g�u�� �d�Z�d�� �g�Z�l�m�j�Z�e�v�g�u�c�� �l�_�o�g�b�q�_�k�d�b�c�� �g�Z�i�h�e�g�b�l�_�e�v�� �d�h�f�i�h�a�b�l�h�\���� �i�Z�k�l���� �d�j�_�f�h�\���� �i�m�^�j�u����
�d�j�Z�k�h�d�����i�e�_�g�h�d�����i�h�d�j�u�l�b�c�����d�_�j�Z�f�b�d�b�����b�f�i�e�Z�g�l�h�\�����i�h�\�y�a�h�d�� 
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�J�b�k�� 3. �I�h�^�m�r�d�Z���k���g�Z�i�h�e�g�b�l�_�e�_�f���b�a���q�_�r�m�b���k�m�^�Z�d�Z �b���k�Z�a�Z�g�Z (�n�j�Z�d�p�b�y���[�h�e�_�_ 2,5 �f�f ) 

Fig. 3. Pillow filled with pike perch and sazan scales (fraction more than 2.5 mm) 
 

 
�<�U�<�H�>�U 

������ �J�Z�a�j�Z�[�h�l�Z�g���w�n�n�_�d�l�b�\�g�u�c �k�i�h�k�h�[�� �i�h�e�m�q�_�g�b�y �n�j�Z�d�p�b�c���\�h�e�h�d�g�b�k�l�h�]�h���d�h�e��
�e�Z�]�_�g�Z���b���i�h�j�h�r�d�h�\�h�]�h���]�b�^�j�h�d�k�b�Z�i�Z�l�b�l�Z���b�a���j�u�[�v�_�c���q�_�r�m�b�� 

2. �B�k�k�e�_�^�h�\�Z�g�� �h�[�s�b�c�� �o�b�f�b�q�_�k�d�b�c�� �k�h�k�l�Z�\�� �\�h�e�h�d�g�b�k�l�u�o�� �b�� �i�h�j�h�r�d�h�\�u�o��
�n�j�Z�d�p�b�c���j�u�[�v�_�c���q�_�r�m�b�� 

�������H�i�j�_�^�_�e�_�g�u���\�h�a�f�h�`�g�u�_���g�Z�i�j�Z�\�e�_�g�b�y �b�k�i�h�e�v�a�h�\�Z�g�b�y���n�j�Z�d�p�b�c�� 
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�K�h�e�_�g�Z�y�� �j�u�[�g�Z�y �i�j�h�^�m�d�p�b�y �b���i�j�_�k�_�j�\�u���b�a���k�_�e�v�^�b���Z�l�e�Z�g�l�b�q�_�k�d�h�c���y�\�e�y�x�l�k�y��
�l�j�Z�^�b�p�b�h�g�g�u�f���i�j�h�^�m�d�l�h�f���i�b�l�Z�g�b�y���g�Z�k�_�e�_�g�b�y���g�Z�r�_�c���k�l�j�Z�g�u. �A�Z�e�b�\�d�Z���\���i�j�_�k�_�j�\�Z�o��
�f�h�`�_�l���k�h�k�l�Z�\�e�y�l�v������ �����h�l���h�[�s�_�c �f�Z�k�k�u�����h�g�Z���g�Z�o�h�^�b�l�k�y���\���`�b�^�d�h�f���k�h�k�l�h�y�g�b�b���b�����d�Z�d��
�i�j�Z�\�b�e�h���� �g�_�� �m�i�h�l�j�_�[�e�y�_�l�k�y�� �\�� �i�b�s�m���� �K�j�h�d�� �]�h�^�g�h�k�l�b�� �i�j�_�k�_�j�\�h�\�� �a�Z�\�b�k�b�l�� �h�l�� �m�k�e�h�\�b�c��
�o�j�Z�g�_�g�b�y�� �<���l�h�j�]�h�\�u�o���k�_�l�y�o���l�Z�d�h�c���i�j�h�^�m�d�l���k�[�_�j�_�]�Z�x�l �i�j�b���l�_�f�i�_�j�Z�l�m�j�_ (�����“����) �ƒ�K.  
�J�Z�a�j�Z�[�h�l�d�Z �j�_�p�_�i�l�m�j�u���a�Z�e�b�\�d�b�����]�Z�j�f�h�g�b�q�g�h���k�h�q�_�l�Z�x�s�_�c�k�y���i�h���\�d�m�k�m���k���k�h�e�_�g�h�c���j�u��
�[�h�c�����i�e�h�l�g�h�c���d�h�g�k�b�k�l�_�g�p�b�b���^�e�y���i�j�_�k�_�j�\�h�\ �k���m�k�e�h�\�g�h-�i�h�e�h�`�b�l�_�e�v�g�u�f�b���l�_�f�i�_�j�Z�l�m��
�j�Z�f�b���o�j�Z�g�_�g�b�y �y�\�e�y�_�l�k�y���Z�d�l�m�Z�e�v�g�h�c. �>�e�y���j�_�r�_�g�b�y���w�l�h�c���a�Z�^�Z�q�b���\���d�Z�q�_�k�l�\�_���k�l�j�m�d�l�m��
�j�h�h�[�j�Z�a�h�\�Z�l�_�e�y���\�u�[�j�Z�g���`�_�e�Z�l�b�g�����h�k�g�h�\�h�c���k�e�m�`�b�e�Z �f�Z�c�h�g�_�a�g�Z�y���a�Z�e�b�\�d�Z���k���^�h�[�Z�\�e�_��
�g�b�_�f�� �l�Z�d�b�o�� �d�h�f�i�h�g�_�g�l�h�\���� �d�Z�d�� �l�h�f�Z�l�g�Z�y�� �i�Z�k�l�Z�� �b�� �q�_�k�g�h�d���� �B�k�k�e�_�^�h�\�Z�g�b�_�� �\�e�b�y�g�b�y��
�d�b�k�e�h�c���k�j�_�^�u�����h�[�j�Z�a�m�x�s�_�c�k�y���\���j�_�a�m�e�v�l�Z�l�_���\�g�_�k�_�g�b�y���l�h�f�Z�l�g�h�c���i�Z�k�l�u�����g�Z���i�j�h�q�g�h�k�l�v��
�a�Z�e�b�\�d�b�� �\�u�y�\�b�e�h�� �m�f�_�g�v�r�_�g�b�_�� �i�j�h�q�g�h�k�l�b�� �k�� �m�\�_�e�b�q�_�g�b�_�f�� �k�h�^�_�j�`�Z�g�b�y�� �l�h�f�Z�l�g�h�c��
�i�Z�k�l�u�� �H�[�h�k�g�h�\�Z�g�Z���f�Z�k�k�h�\�Z�y���^�h�e�y���`�_�e�Z�l�b�g�Z�������� %�����i�h�a�\�h�e�y�x�s�Z�y���h�[�j�Z�a�h�\�Z�l�v���i�j�h�q��
�g�u�c�� �k�l�m�^�_�g�v�� �\�� �i�j�h�p�_�k�k�_�� �o�j�Z�g�_�g�b�y�� �i�j�_�k�_�j�\�h�\�� �i�j�b�� �m�k�e�h�\�g�h�� �i�h�e�h�`�b�l�_�e�v�g�u�o�� �l�_�f�i �_��
�j�Z�l�m�j�Z�o�� �>�_�]�m�k�l�Z�p�b�h�g�g�Z�y�� �h�p�_�g�d�Z�� �i�j�_�k�_�j�\�h�\�� �i�h�a�\�h�e�b�e�Z�� �h�i�j�_�^�_�e�b�l�v�� �h�i�l�b�f�Z�e�v�g�h�_��
�k�h�^�_�j�`�Z�g�b�_���l�h�f�Z�l�g�h�c���i�Z�k�l�u���\���i�j�h�^�m�d�l�_���± 10 %. �H�[�h�k�g�h�\�Z�g���k�j�h�d���]�h�^�g�h�k�l�b���i�j�h�^�m�d��
�l�h�\���± �������k�m�l�����<���l�_�q�_�g�b�_���^�Z�g�g�h�]�h���\�j�_�f�_�g�b���g�_���[�u�e�h���\�u�y�\�e�_�g�h�� �i�j�b�k�m�l�k�l�\�b�y �k�Z�g�b�l�Z�j��
�g�h-�i�h�d�Z�a�Z�l�_�e�v�g�u�o���� �m�k�e�h�\�g�h-�i�Z�l�h�]�_�g�g�u�o�� �b�� �i�Z�l�h�]�_�g�g�u�o �f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\���� �I�h�d�Z�a�Z��
�l�_�e�v���D�F�:�N�:�g�F���g�_���i�j�_�\�u�k�b�e���a�g�Z�q�_�g�b�y��2��105 �D�H�?���]. �H�[�s�Z�y���d�b�k�e�h�l�g�h�k�l�v���i�j�h�^�m�d�l�Z��
�\���l�_�q�_�g�b�_���k�j�h�d�Z���o�j�Z�g�_�g�b�y���b�a�f�_�g�y�e�Z�k�v���g�_�a�g�Z�q�b�l�_�e�v�g�h���b���h�k�l�Z�\�Z�e�Z�k�v���\���i�j�_�^�_�e�Z�o���g�h�j��
�f�Z�l�b�\�g�u�o�� �a�g�Z�q�_�g�b�c�� �J�Z�a�j�Z�[�h�l�Z�g�u �j�_�p�_�i�l�m�j�Z �b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y �k�o�_�f�Z �i�j�b�]�h�l�h�\��
�e�_�g�b�y �i�j�_�k�_�j�\�h�\���\���f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c���a�Z�e�b�\�d�_ �k���^�h�[�Z�\�e�_�g�b�_�f���l�h�f�Z�l�g�h�c���i�Z�k�l�u���b��
�q�_�k�g�h�d�Z�����i�j�h�_�d�l���l�_�o�g�b�q�_�k�d�h�c���^�h�d�m�f�_�g�l�Z�p�b�b.  

�i�j�_�k�_�j�\�u�����k�_�e�v�^�v���Z�l�e�Z�g�l�b�q�_�k�d�Z�y�����f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�Z�y���a�Z�e�b�\�d�Z�����i�j�h�q�g�h�k�l�v��
�a�Z�e�b�\�d�b�����k�j�h�d���]�h�^�g�h�k�l�b 

 
 
Salted fish products and preserves from Atlantic herring are the traditional food 

in our country. The filling in the preserves can make up to 35% of the total mass in a 
liquid state and as a rule people do not eat it. The shelf life of preserves depends on the 
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storage conditions. In retail chains, such a product is stored at temperatures of +5+20C. 
The development of a filling recipe that is harmoniously combined in taste with salted 
fish, a dense consistency for preserves with conditionally positive storage temperatures 
is relevant. To solve this problem gelatin was chosen as a structure-forming agent. The 
basis for the development of the recipe was mayonnaise filling with the addition of 
components such as tomato paste and garlic. The study of the influence of the acidic 
environment formed as a result of the tomato paste on the strength of the filling revealed 
a decrease in strength with an increase in the content of tomato paste. The mass fraction 
of gelatin in the formulation of 3.5% is justified, which makes it possible to form a 
strong jelly during the storage of preserves at conditionally positive temperatures. The 
tasting evaluation of preserves allowed us to determine the optimal content of tomato 
paste in the product which is 10%. The shelf life of the products is justified in 15 days. 
During this time, no sanitary-indicative, conditionally pathogenic and pathogenic mi-
croorganisms were detected. The CMAFAnM index did not exceed the value of 2 * 105 
CFU / g. The total acidity of the product during the shelf life changed slightly and re-
mained within the standard values. 

A recipe and technological scheme of preserves in mayonnaise-jelly filling with 
the addition of tomato paste and garlic, a draft of technical documentation have been 
developed. 

preserves, Atlantic herring, mayonnaise-jelly filling, filling strength, shelf life 
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�f�_�g�l���i�j�_�k�_�j�\�h�\���h�[�_�k�i�_�q�b�\�Z�_�l�k�y���b�k�i�h�e�v�a�h�\�Z�g�b�_�f���j�Z�a�e�b�q�g�u�o���\�b�^�h�\���j�u�[�g�h�]�h���k�u�j�v�y����
�m�i�Z�d�h�\�h�d���b���a�Z�e�b�\�h�d�� 

�I�j�h�b�a�\�h�^�k�l�\�h�� �i�j�_�k�_�j�\�h�\�� �b�a�� �j�Z�a�^�_�e�Z�g�g�h�c�� �k�_�e�v�^�b�� ���b�a�� �l�m�r�d�b�� �n�b�e�_���� �n�b�e�_-
�d�m�k�h�q�d�h�\���� �k�� �i�j�b�f�_�g�_�g�b�_�f�� �j�Z�a�e�b�q�g�u�o�� �\�d�m�k�h�\�u�o�� �a�Z�e�b�\�h�d�� �± �i�j�h�]�j�_�k�k�b�\�g�h�_�� �g�Z�i�j�Z�\��
�e�_�g�b�_���a�Z �i�h�k�e�_�^�g�b�_���^�\�Z�^�p�Z�l�v���e�_�l [1]. 

�B�a�\�_�k�l�g�h���� �q�l�h�� �a�Z�e�b�\�d�Z�� �\�� �j�u�[�g�u�o�� �i�j�_�k�_�j�\�Z�o�� �f�h�`�_�l�� �k�h�k�l�Z�\�e�y�l�v�� �^�h 35 ���� �h�l��
�h�[�s�_�c�� �f�Z�k�k�u���� �>�h�[�Z�\�e�_�g�b�_�� �k�h�m�k�h�\�� �b�� �a�Z�e�b�\�h�d�� �i�h�a�\�h�e�y�_�l�� �j�_�]�m�e�b�j�h�\�Z�l�v �\�d�m�k�h-
�Z�j�h�f�Z�l�b�q�_�k�d�b�_���k�\�h�c�k�l�\�Z���]�h�l�h�\�h�]�h���i�j�h�^�m�d�l�Z���� �Z���l�Z�d�`�_���_�]�h �w�g�_�j�]�_�l�b�q�_�k�d�m�x���b���[�b�h�e�h��
�]�b�q�_�k�d�m�x���p�_�g�g�h�k�l�v�����K�e�_�^�h�\�Z�l�_�e�v�g�h�����Z�d�l�m�Z�e�v�g�Z �j�Z�a�j�Z�[�h�l�d�Z���j�_�p�_�i�l�m�j�u���l�Z�d�h�c���a�Z�e�b�\��
�d�b�� �d�h�l�h�j�Z�y���f�h�]�e�Z���[�u���i�h�e�g�h�k�l�v�x���m�i�h�l�j�_�[�e�y�l�v�k�y���\���i�b�s�m���� 

�G�Z���^�Z�g�g�u�c���f�h�f�_�g�l���\���i�j�h�f�u�r�e�_�g�g�h�k�l�b���^�e�y���i�j�h�b�a�\�h�^�k�l�\�Z���i�j�_�k�_�j�\�h�\���r�b�j�h�d�h��
�b�k�i�h�e�v�a�m�x�l���j�Z�a�g�h�h�[�j�Z�a�g�u�c���Z�k�k�h�j�l�b�f�_�g�l���a�Z�e�b�\�h�d���b �k�h�m�k�h�\�����l�Z�d�b�o���d�Z�d �k�\�_�d�h�e�v�g�u�c����
�f�h�j�d�h�\�g�u�c���� �q�_�k�g�h�q�g�u�c���� �l�h�f�Z�l�g�u�c���� �]�h�j�q�b�q�g�u�c���� �k�f�_�l�Z�g�g�u�c���� �f�Z�c�h�g�_�a�g�u�c���� �i�b�\�g�h�c����
�\�b�g�g�u�c�����m�d�j�h�i�g�u�c�����k���^�h�[�Z�\�e�_�g�b�_�f���o�j�_�g�Z�����b�d�j�u���j�u�[�g�h�c, �n�j�m�d�l�h�\�h-�y�]�h�^�g�u�_ �a�Z�e�b�\��
�d�b ���e�b�f�h�g�g�Z�y���� �y�[�e�h�q�g�Z�y���� �[�j�m�k�g�b�q�g�Z�y���� �q�_�j�g�b�q�g�Z�y���� �k�e�b�\�h�\�Z�y�� �b�� �^�j�������� �f�Z�k�e�h�� �b�� �Z�j�h�f�Z��
�l�b�a�b�j�h�\�Z�g�g�h�_���f�Z�k�e�h���>2�@�����K�h���\�j�_�f�_�g�_�f�� �i�j�_�^�i�h�q�l�_�g�b�_���i�h�l�j�_�[�b�l�_�e�_�c���d���a�Z�e�b�\�d�Z�f�� �b�a��
�f�_�g�y�_�l�k�y�����j�b�k. 1).  
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�G�Z���j�b�k���������\�b�^�g�h�����q�l�h���k�������������]�����i�h�l�j�_�[�b�l�_�e�v���m�k�l�h�c�q�b�\�h���k�h�o�j�Z�g�y�_�l���k�\�h�b���i�j�_�^��
�i�h�q�l�_�g�b�y���d���a�Z�e�b�\�d�Z�f���g�Z���h�k�g�h�\�_���f�Z�k�e�Z�����G�_�a�g�Z�q�b�l�_�e�v�g�h���m�f�_�g�v�r�b�e�k�y���b�g�l�_�j�_�k���d���f�Z�c��
�h�g�_�a�g�u�f���a�Z�e�b�\�d�Z�f�����g�h���a�Z�l�h���\�h�a�j�h�k���d���a�Z�e�b�\�d�Z�f���b�a���l�h�f�Z�l�h�\���>���@�� 

�B�k�o�h�^�y�� �b�a�� �\�u�r�_�b�a�e�h�`�_�g�g�h�]�h���� �p�_�e�v�x�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�e�y�e�h�k�v�� �k�h�\�_�j�r�_�g��
�k�l�\�h�\�Z�g�b�_�� �j�_�p�_�i�l�m�j�u�� �i�j�_�k�_�j�\�h�\�� �b�a�� �k�_�e�v�^�b�� �Z�l�e�Z�g�l�b�q�_�k�d�h�c�� �\�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c��
�a�Z�e�b�\�d�_���k���^�h�[�Z�\�e�_�g�b�_�f���l�h�f�Z�l�g�h�c���i�Z�k�l�u��      

 

 
 

�J�b�k�����������I�j�_�^�i�h�q�l�_�g�b�y���j�_�k�i�h�g�^�_�g�l�h�\���\���h�l�g�h�r�_�g�b�b���\�b�^�Z���a�Z�e�b�\�d�b���\���i�j�_�k�_�j�\�Z�o 
Fig. 1. Respondents' preferences regarding the type of filling in preservers 

 
�>�e�y���^�h�k�l�b�`�_�g�b�y���^�Z�g�g�h�c���p�_�e�b���g�m�`�g�h���[�u�e�h���\�u�i�h�e�g�b�l�v �k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b�� 
1. �B�a�m�q�b�l�v �\�e�b�y�g�b�_���d�h�f�i�h�g�_�g�l�h�\���a�Z�e�b�\�d�b���g�Z���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �b���h�j�]�Z�g�h��

�e�_�i�l�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�j�h�^�m�d�l�Z; 
2. �H�[�h�k�g�h�\�Z�l�v�� �k�j�h�d�� �]�h�^�g�h�k�l�b�� �i�j�_�k�_�j�\�h�\�� �\�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�_ �k��

�^�h�[�Z�\�e�_�g�b�_�f���l�h�f�Z�l�g�h�c���i�Z�k�l�u���b���q�_�k�g�h�d�Z;  
3. �J�Z�a�j�Z�[�h�l�Z�l�v�� �j�_�p�_�i�l�m�j�m �b���l�_�o�g�h�e�h�]�b�q�_�k�d�m�x�� �k�o�_�f�m �i�j�h�b�a�\�h�^�k�l�\�Z�� �i�j�_�k�_�j��

�\�h�\�� �b�a�� �k�_�e�v�^�b�� �Z�l�e�Z�g�l�b�q�_�k�d�h�c�� �\�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�_�� �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �l�h��
�f�Z�l�g�h�c���i�Z�k�l�u���b���q�_�k�g�h�d�Z�����i�j�h�_�d�l���l�_�o�g�b�q�_�k�d�h�c���^�h�d�m�f�_�g�l�Z�p�b�b�� 
 

�F�:�L�?�J�B�:�E�U���B���F�?�L�H�>�U 
 �<�� �d�Z�q�_�k�l�\�_�� �h�k�g�h�\�g�h�]�h�� �k�u�j�v�y�� �^�e�y�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �i�j�_�k�_�j�\�h�\�� �\�� �f�Z�c�h�g�_�a�g�h-
�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�_�� �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� �k�_�e�v�^�v�� �Z�l��
�e�Z�g�l�b�q�_�k�d�Z�y���� �i�h�� �d�Z�q�_�k�l�\�m�� �k�h�h�l�\�_�l�k�l�\�m�x�s�Z�y �l�j�_�[�h�\�Z�g�b�y�f�� �L�J�� �?�:�W�K�� �������������������� �L�J��
�L�K�� ������������������ �b�� �=�H�K�L�� ������10-2014 (�o�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\���� �`�b�j�� �± 19,7 %���� �[�_�e�h�d�� �±     
16,3�����f�b�g�_�j�Z�e�v�g�u�_���\�_�s�_�k�l�\�Z���± 3,6�����f�Z�k�k�h�\�Z�y���^�h�e�y���\�e�Z�]�b���± 60,4 %). 

�<�k�_�� �b�k�i�h�e�v�a�m�_�f�h�_�� �k�u�j�v�_�� �\�� �i�j�h�p�_�k�k�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h�� �l�j�_�[�h��
�\�Z�g�b�y�f���g�h�j�f�Z�l�b�\�g�h�c���b���l�_�o�g�b�q�_�k�d�h�c���^�h�d�m�f�_�g�l�Z�p�b�b�����l�Z�[�e�� 1).  
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�L�Z�[�e�b�p�Z 1. �I�_�j�_�q�_�g�v �g�h�j�f�Z�l�b�\�g�h-�l�_�o�g�b�q�_�k�d�h�c �^�h�d�m�f�_�g�l�Z�p�b�b �g�Z �k�u�j�v�_ 
Table 1. List of normative and technical documentation for raw materials 

�G�Z�b�f�_�g�h�\�Z�g�b�_���\�k�i�h�f�h�]�Z�l�_�e�v�g�u�o��
�f�Z�l�_�j�b�Z�e�h�\ 

�>�_�c�k�l�\�m�x�s�Z�y���^�h�d�m�f�_�g�l�Z�p�b�y 

�K�Z�o�Z�j �[�_�e�u�c �=�H�K�L������������-2015, �L�J �L�K 021/2011 
�F�Z�c�h�g�_�a�� �=�H�K�L������������-2012, �L�J���L�K������������������ 
�L�h�f�Z�l�g�Z�y���i�Z�k�l�Z �=�H�K�L����������-2017, �L�J���L�K������������������ 
�Q�_�k�g�h�d �k�\�_�`�b�c �=�H�K�L���J������������-2013 
�I�_�j�_�p���q�_�j�g�u�c���f�h�e�h�l�u�c �=�H�K�L������������-91 
�I�_�j�_�p���^�m�r�b�k�l�u�c �=�H�K�L���,�6�2��������-2016 
�B�f�[�b�j�v���f�h�e�h�l�u�c �=�H�K�L���,�6�2����������-2016 
�E�b�k�l���e�Z�\�j�h�\�u�c �k�m�o�h�c �=�H�K�L������������-81 
�K�h�e�v �i�b�s�_�\�Z�y �=�H�K�L���J������������-2018 
�<�h�^�Z �=�H�K�L���J������������-98�����K�Z�g�I�b�G 2.1.4.1116-02 
�@�_�e�Z�l�b�g �i�b�s�_�\�h�c �=�H�K�L������������-2017, �L�J���L�K������������������ 
�;�_�g�a�h�Z�l���g�Z�l�j�b�y �=�H�K�L������������-2014�����L�J���L�K��������/2012 

  
�I�h�k�h�e�� �k�u�j�v�y�� �^�e�y�� �i�j�h�\�_�^�_�g�b�y�� �b�k�k�e�_�^�h�\�Z�g�b�c �h�k�m�s�_�k�l�\�e�y�e�k�y�� �i�j�_�j�\�Z�g�g�u�f��

�g�Z�k�u�s�_�g�g�u�f�� �h�o�e�Z�`�^�_�g�g�u�f�� �l�m�a�e�m�q�g�u�f�� �i�h�k�h�e�h�f�� �\�� ����������-�g�h�f�� �k�h�e�_�\�h�f�� �j�Z�k�l�\�h�j�_ 
�i�j�b���l�_�f�i�_�j�Z�l�m�j�_���������“��2) �ƒ�K �^�h���^�h�k�l�b�`�_�g�b�y �f�Z�k�k�h�\�h�c���^�h�e�b �k�h�e�b���\���f�u�r�_�q�g�h�c���l�d�Z�g�b��
�j�u�[�u��(5 �“��0,5) % [4]. �B�k�k�e�_�^�h�\�Z�g�b�y�� �i�h�� �h�[�h�k�g�h�\�Z�g�b�x�� �f�Z�k�k�h�\�h�c�� �^�h�e�b�� �`�_�e�Z�l�b�g�Z �b��
�j�_�p�_�i�l�m�j�g�h�]�h �k�h�k�l�Z�\�Z���i�j�h�\�h�^�b�e�b�k�v �h�^�g�h�\�j�_�f�_�g�g�h. 

�K���w�l�h�c���p�_�e�v�x�� �[�u�e�b �i�j�b�]�h�l�h�\�e�_�g�u���l�j�b���h�[�j�Z�a�p�Z���a�Z�e�b�\�d�b ���l�Z�[�e���� ������ �j�_�p�_�i�l�m�j�Z��
�‹���������k���f�Z�k�k�h�\�h�c���^�h�e�_�c���`�_�e�Z�l�b�g�Z��2,5; ���������b�������� % ���^�h�k�l�b�]�Z�e�Z�k�v���a�Z���k�q�_�l���m�f�_�g�v�r�_�g�b�y��
�b�e�b�� �m�\�_�e�b�q�_�g�b�y�� �\�� �k�h�k�l�Z�\�_ �a�Z�e�b�\�d�b �\�h�^�u��. �I�j�h�q�g�h�k�l�v�� �\ �h�[�j�Z�a�p�Z�o�� �h�i�j�_�^�_�e�y�e�b�� �g�Z��
�i�j�b�[�h�j�_���<�Z�e�_�g�l�Z. 

�>�e�y�� �h�[�h�k�g�h�\�Z�g�b�y�� �f�Z�k�k�h�\�h�c�� �^�h�e�b�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u�� �[�u�e�b�� �i�j�b�]�h�l�h�\�e�_�g�u�� �h�[��
�j�Z�a�p�u�� �i�j�_�k�_�j�\�h�\�� �b�a�� �k�_�e�v�^�b�� �Z�l�e�Z�g�l�b�q�_�k�d�h�c�� �\�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�_ �i�h�� �j�_��
�p�_�i�l�m�j�Z�f�����i�j�_�^�k�l�Z�\�e�_�g�g�u�f���\���l�Z�[�e�� 2. �K�h�h�l�g�h�r�_�g�b�_���n�b�e�_-�d�m�k�h�q�d�h�\���k�h�e�_�g�h�c���k�_�e�v�^�b��
�d���a�Z�e�b�\�d�_���k�h�k�l�Z�\�e�y�e�h��65 : 35 %. �<���d�Z�q�_�k�l�\�_���d�h�g�l�j�h�e�v�g�h�]�h���h�[�j�Z�a�p�Z���j�Z�k�k�f�Z�l�j�b�\�Z�e�Z�k�v��
�f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�Z�y���a�Z�e�b�\�d�Z �[�_�a���^�h�[�Z�\�e�_�g�b�y���l�h�f�Z�l�g�h�c���i�Z�k�l�u. �H�[�j�Z�a�p�u �[�u�e�b���]�_�j��
�f�_�l�b�q�g�h���m�d�m�i�h�j�_�g�u���\���i�h�e�b�f�_�j�g�m�x���i�e�Z�k�l�b�d�h�\�m�x���l�Z�j�m �b �o�j�Z�g�b�e�b�k�v �\���o�h�e�h�^�b�e�v�g�h�c��
�d�Z�f�_�j�_���i�j�b���l�_�f�i�_�j�Z�l�m�j�_ (�����“����) �ƒ�K��  

 
�L�Z�[�e�b�p�Z��2�����J�_�p�_�i�l�m�j�u���h�[�j�Z�a�p�h�\ �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�u�o���a�Z�e�b�\�h�d  
Table 2. Recipes for samples of mayonnaise-jelly fillings 

�B�g�]�j�_�^�b�_�g�l�u 
�G�h�f�_�j���j�_�p�_�i�l�m�j�u 

�D�h�g��
�l�j�h�e�v 

1 2 3 

1 2 3 4 5 
�K�Z�o�Z�j 5,50 5,50 5,50 5,50 
�F�Z�c�h�g�_�a���©�I�j�h�\�Z�g�k�Z�e�v�ª 67%-�g�u�c 40,95 38,25 36,75 35,25 
�L�h�f�Z�l�g�Z�y���i�Z�k�l�Z �± 5,00 10,00 15,00 
�Q�_�k�g�h�d �± 3,00 3,00 3,00 
�I�_�j�_�p���q�_�j�g�u�c���f�h�e�h�l�u�c 0,11 0,11 0,11 0,11 
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�H�d�h�g�q�Z�g�b�_���l�Z�[�e������ 
1 2 3 4 5 

�I�_�j�_�p���^�m�r�b�k�l�u�c 0,24 0,24 0,24 0,24 
�B�f�[�b�j�v 0,11 0,11 0,11 0,11 
�E�b�k�l���e�Z�\�j�h�\�u�c 0,24 0,24 0,24 0,24 
�K�h�e�v 3,50 3,50 3,50 3,50 
�<�h�^�Z 55,77 50,81 47,31 43,81 
�@�_�e�Z�l�b�g 3,50 3,50 3,50 3,50 
�G�Z�l�j�b�c���[�_�g�a�h�c�g�h�d�b�k�e�u�c 0,11 0,11 0,11 0,11 
�<�u�o�h�^�� ���k�� �m�q�_�l�h�f�� �� ���� �i�h�l�_�j�v�� �g�Z��
�j�h�a�e�b�\�� 

110,03 110,03 110,03 110,03 

 
�<�� �i�h�e�m�q�_�g�g�u�o�� �h�[�j�Z�a�p�Z�o �h�i�j�_�^�_�e�y�e�b �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�_�� �b�� �n�b�a�b�d�h-

�o�b�f�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� ���i�j�h�q�g�h�k�l�v�� �k�l�m�^�g�y���� �h�[�s�m�x �d�b�k�e�h�l�g�h�k�l�v�� �± �\�� �i�_�j�_�k�q�_�l�_�� �g�Z��
�m�d�k�m�k�g�m�x���d�b�k�e�h�l�m�����f�Z�k�k�h�\�m�x���^�h�e�x �k�h�e�b�����j�G���a�Z�e�b�\�d�b��. 

�>�e�y�� �h�[�h�k�g�h�\�Z�g�b�y�� �k�j�h�d�Z�� �]�h�^�g�h�k�l�b �i�j�h�^�m�d�l�Z �[�u�e�b�� �i�j�b�]�h�l�h�\�e�_�g�u�� �h�[�j�Z�a�p�u��
�i�j�_�k�_�j�\�h�\�� �\�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�_�� �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u�� �i�h�� �j�_��
�p�_�i�l�m�j�_ �‹�� ���� ���l�Z�[�e���� �������� �k�h�h�l�g�h�r�_�g�b�_���n�b�e�_-�d�m�k�h�q�d�h�\���k�h�e�_�g�h�c���k�_�e�v�^�b���d���a�Z�e�b�\�d�_�� �k�h��
�k�l�Z�\�e�y�e�h��65 : 35 ������ �I�h�e�m�q�_�g�g�u�_�� �h�[�j�Z�a�p�u�� �o�j�Z�g�b�e�b �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� ��(���� �“�� ��) �ƒ�K�� �\ 
�l�_�q�_�g�b�_���������k�m�l. �<���i�j�h�p�_�k�k�_���h�i�j�_�^�_�e�y�e�b �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�_�����n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_���b 
�f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_���i�h�d�Z�a�Z�l�_�e�b�� 

�H�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �\�u�y�\�e�y�e�b �i�h�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�c�� �r�d�Z�e�_���� �^�_�]�m��
�k�l�Z�p�b�x �i�j�b�]�h�l�h�\�e�_�g�g�u�o�� �h�[�j�Z�a�p�h�\�� �i�j�_�k�_�j�\�h�\�� �i�j�h�\�h�^�b�e�b�� �g�Z�� �d�Z�n�_�^�j�_�� �l�_�o�g�h�e�h�]�b�b��
�i�j�h�^�m�d�l�h�\�� �i�b�l�Z�g�b�y�� �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �l�_�o�g�b�q�_�k�d�h�]�h�� �m�g�b�\�_�j�k�b��
�l�_�l�Z. 
 �K�h�^�_�j�`�Z�g�b�_���f�Z�k�k�h�\�h�c���^�h�e�b���o�e�h�j�b�k�l�h�]�h���g�Z�l�j�b�y �b �\�e�Z�]�b���\���j�u�[�_ �h�i�j�_�^�_�e�y�e�b���\��
�k�h�h�l�\�_�l�k�l�\�b�b���k���=�H�K�L����������-���������h�[�s�m�x���d�b�k�e�h�l�g�h�k�l�v���i�j�_�k�_�j�\�h�\���± �l�b�l�j�b�f�_�l�j�b�q�_�k�d�b�f��
�f�_�l�h�^�h�f���k�h�]�e�Z�k�g�h���=�H�K�L������������-2014. 

�>�e�y�� �h�i�j�_�^�_�e�_�g�b�y�� �i�j�h�q�g�h�k�l�b �g�Z�� �i�j�b�[�h�j�_ �<�Z�e�_�g�l�Z �i�e�Z�k�l�b�d�h�\�m�x�� �l�Z�j�m�� ���]�Z�[�Z��
�j�b�l�g�u�_�� �j�Z�a�f�_�j�u �����o�������o������ �f�f) �k�h �������� �f�e�� �a�Z�e�b�\�d�b �m�k�l�Z�g�Z�\�e�b�\�Z�e�b�� �g�Z�� �h�k�g�h�\�Z�g�b�_��
�i�j�b�[�h�j�Z�� �b�� �g�Z �i�h�\�_�j�o�g�h�k�l�v�� �k�l�m�^�g�y���� �< �i�y�l�b �l�h�q�d�Z�o�� �h�i�m�k�d�Z�e�b�� �]�j�b�[�h�\�b�^�g�m�x�� �g�Z�k�Z�^�d�m 
�f�Z�k�k�h�c���������]�����k�e�_�^�h�f���j�Z�\�g�h�f�_�j�g�h���i�h�^�Z�\�Z�e�b���g�Z�]�j�m�a�d�m���^�h���f�h�f�_�g�l�Z���j�Z�a�j�u�\�Z���k�l�m�^�g�y�� 

�D�h�e�b�q�_�k�l�\�h�� �f�_�a�h�n�b�e�v�g�u�o�� �Z�w�j�h�[�g�u�o�� �b �n�Z�d�m�e�v�l�Z�l�b�\�g�h-�Z�g�Z�w�j�h�[�g�u�o�� �f�b�d�j�h��
�h�j�]�Z�g�b�a�f�h�\�� ���D�F�:�N�:�g�F���� �h�i�j�_�^�_�e�y�e�b�� �i�h�� �=�H�K�L�� ����������������-94, �[�Z�d�l�_�j�b�c�� �]�j�m�i�i�u��
�d�b�r�_�q�g�u�o�� �i�Z�e�h�q�_�d�� �± �i�h�� �=�H�K�L�� ����������-2012, S. aureus �± �i�h�� �=�H�K�L�� ����������-2012, v. 
parahaemolyticus �± �i�h�� �=�H�K�L��ISO/TS 21872-1-20�������� �k�m�e�v�n�b�l�j�_�^�m�p�b�j�m�x�s�b�o�� �d�e�h��
�k�l�j�b�^�b�c���± �i�h���=�H�K�L������������-2014, Salmonella �± �i�h���=�H�K�L������������-2012, Listeria mono-
cytogenes �± �i�h�� �=�H�K�L�� ����������-������������ �^�j�h�`�`�b�� �b�� �i�e�_�k�g�_�\�u�_�� �]�j�b�[�u�� �± �i�h�� �=�H�K�L��
10444.12-2013. 

 
�J�?�A�M�E�V�L�:�L�U���B���H�;�K�M�@�>�?�G�B�? 

�G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�b �j�Z�a�j�Z�[�h�l�Z�g�u �j�_�p�_�i�l�m�j�u �a�Z�e�b�\�d�b �g�Z��
�h�k�g�h�\�_�� �f�Z�c�h�g�_�a�Z �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u���� �]�Z�j�f�h�g�b�q�g�h�� �k�h�q�_�l�Z�x�s�_�c�k�y�� �i�h��
�\�d�m�k�m���k���k�h�e�_�g�h�c���k�_�e�v�^�v�x���Z�l�e�Z�g�l�b�q�_�k�d�h�c ���l�Z�[�e����2�����j�b�k������)�����<���d�Z�q�_�k�l�\�_���k�l�j�m�d�l�m�j�h�h�[��
�j�Z�a�h�\�Z�l�_�e�y�� �\�u�[�j�Z�g�� �`�_�e�Z�l�b�g���� �i�h�a�\�h�e�y�x�s�b�c�� �i�h�e�m�q�b�l�v�� �i�e�h�l�g�u�c�� �k�l�m�^�_�g�v�� �i�j�b�� �a�Z�y�\��
�e�_�g�g�u�o���l�_�o�g�h�e�h�]�b�q�_�k�d�b�o���m�k�e�h�\�b�y�o�����j�G���k�j�_�^�u �a�Z�e�b�\�d�b�����d�h�f�i�h�g�_�g�l�g�u�c �k�h�k�l�Z�\���� 
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�B�a�\�_�k�l�g�h���� �q�l�h�� �g�Z�� �i�j�h�p�_�k�k�� �k�l�m�^�g�_�h�[�j�Z�a�h�\�Z�g�b�y�� �[�h�e�v�r�h�_�� �\�e�b�y�g�b�_�� �h�d�Z�a�u�\�Z�_�l��
pH �k�j�_�^�u���� �A�Z�k�l�m�^�g�_�\�Z�g�b�_�� �g�Z�b�[�h�e�_�_�� �w�n�n�_�d�l�b�\�g�h�� �i�j�h�l�_�d�Z�_�l�� �i�j�b�� �a�g�Z�q�_�g�b�y�o�� �S�+�� 
�[�e�b�a�d�b�o�� �d�� �b�a�h�w�e�_�d�l�j�b�q�_�k�d�h�c�� �l�h�q�d�_��[5]. �<�u�y�k�g�_�g�h���� �q�l�h�� �d�h�f�i�h�g�_�g�l�u���� �\�o�h�^�y�s�b�_�� �\��
�j�_�p�_�i�l�m�j�m���j�Z�a�j�Z�[�h�l�Z�g�g�u�o���a�Z�e�b�\�h�d, �k�g�b�`�Z�x�l���a�g�Z�q�_�g�b�_���j�G���g�b�`�_��5,0 (�b�a�h�w�e�_�d�l�j�b�q�_��
�k�d�Z�y���l�h�q�d�Z���`�_�e�Z�l�b�g�Z���k�h�k�l�Z�\�e�y�_�l�����«6,95 �_��̂��������i�h�w�l�h�f�m �h�^�g�h�\�j�_�f�_�g�g�h �i�j�h�\�h�^�b�e�h�k�v 
�h�[�h�k�g�h�\�Z�g�b�_ �f�Z�k�k�h�\�h�c�� �^�h�e�b �`�_�e�Z�l�b�g�Z�� �\�� �a�Z�e�b�\�d�_�� �^�e�y�� �i�h�e�m�q�_�g�b�y�� �i�j�h�^�m�d�l�Z�� �k�� �h�i�l�b��
�f�Z�e�v�g�u�f�b���k�l�j�m�d�l�m�j�g�h-�j�_�h�e�h�]�b�q�_�k�d�b�f�b���k�\�h�c�k�l�\�Z�f�b [6].  

�B�a�f�_�g�_�g�b�_�� �i�j�h�q�g�h�k�l�b �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�b (�l�Z�[�e���� ������ �j�_�p�_�i�l�m�j�Z��   
�‹  2) �k���f�Z�k�k�h�\�h�c���^�h�e�_�c�� �`�_�e�Z�l�b�g�Z��������; �������� �b�������� % �k�h�h�l�\�_�l�k�l�\�_�g�g�h �i�j�_�^�k�l�Z�\�e�_�g�u���\��
�l�Z�[�e. 3. 

 
�L�Z�[�e�b�p�Z 3. �J�_�a�m�e�v�l�Z�l�u �b�a�f�_�j�_�g�b�y �i�j�h�q�g�h�k�l�b �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c �a�Z�e�b�\�d�b 
Table 3. The results of measuring the strength of the mayonnaise-jelly filling 

�K�h�^�_�j�`�Z�g�b�_���`�_�e�Z�l�b�g�Z �I�j�h�q�g�h�k�l�v �G 

2,5 % 0,77 �“���������� 

3,5 % 1,06 �“���������� 
4,5 % 1,08 �“���������� 

 
�B�a���^�Z�g�g�u�o���l�Z�[�e. 3, �f�h�`�g�h���k�^�_�e�Z�l�v���\�u�\�h�^�����q�l�h���j�Z�a�g�b�p�Z���\���i�j�h�q�g�h�k�l�b���k�l�m�^�g�y���\��

�h�[�j�Z�a�p�Z�o���k���f�Z�k�k�h�\�h�c���^�h�e�_�c �`�_�e�Z�l�b�g�Z 3,5 �b 4,5 % �^�h�k�l�h�\�_�j�g�h���b�f�_�_�l���[�e�b�a�d�b�_���a�g�Z�q�_��
�g�b�y�����K�e�_�^�h�\�Z�l�_�e�v�g�h�����y�\�e�y�_�l�k�y���g�_�p�_�e�_�k�h�h�[�j�Z�a�g�u�f���m�\�_�e�b�q�_�g�b�_���f�Z�k�k�h�\�h�c���^�h�e�b���`�_�e�Z��
�l�b�g�Z �[�h�e�_�_���q�_�f�������� �����\���k�h�k�l�Z�\�_���j�_�p�_�i�l�m�j�u���f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�u�o���a�Z�e�b�\�h�d���^�e�y���i�j�h��
�b�a�\�h�^�k�l�\�Z���i�j�_�k�_�j�\�h�\���b�a���k�e�Z�[�h�k�h�e�_�g�h�c���k�_�e�v�^�b�� 

�H�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�Z�y�� �h�p�_�g�d�Z�� �h�[�j�Z�a�p�h�\�� �i�j�_�k�_�j�\�h�\ �k�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�u�f�b��
�a�Z�e�b�\�d�Z�f�b �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z���j�b�k������ 

�D�Z�d���\�b�^�g�h �b�a �j�b�k�� 2, �g�Z�b�[�h�e�_�_���\�u�k�h�d�b�f�b���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�f�b���i�h�d�Z�a�Z�l�_�e�y�f�b 
�h�[�e�Z�^�Z�_�l�� �h�i�u�l�g�u�c�� �h�[�j�Z�a�_�p �k���^�h�[�Z�\�e�_�g�b�_�f�� �a�Z�e�b�\�d�b���i�h���j�_�p�_�i�l�m�j�_�� �‹  2, �]�^�_���k�h�^�_�j��
�`�Z�g�b�_���l�h�f�Z�l�g�h�c���i�Z�k�l�u���k�h�k�l�Z�\�e�y�_�l 10 %.  �>�Z�g�g�u�c���h�[�j�Z�a�_�p���i�j�_�k�_�j�\�h�\���o�Z�j�Z�d�l�_�j�b�a�h��
�\�Z�e�k�y �g�Z�b�[�h�e�_�_�� �]�Z�j�f�h�g�b�q�g�u�f�� �\�d�m�k�h�f�� �b�� �Z�j�h�f�Z�l�h�f���� �g�_�a�g�Z�q�b�l�_�e�v�g�u�c�� �i�j�b�\�d�m�k�� �l�h��
�f�Z�l�g�h�c���i�Z�k�l�u���h�s�m�s�Z�e�k�y���k�e�Z�[�h���b���g�_���\�u�^�_�e�y�e�k�y�� 
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�J�b�k�����������H�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�Z�y �h�p�_�g�d�Z �h�[�j�Z�a�p�h�\ �i�j�_�k�_�j�\�h�\  

Fig. 2. Organoleptic evaluation of preserves samples 
 
�N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �b�k�k�e�_�^�m�_�f�u�o�� �h�[�j�Z�a�p�h�\ �i�j�_�k�_�j�\�h�\�� �i�j�_�^��

�k�l�Z�\�e�_�g�u���\���l�Z�[�e. 4. 
 

�L�Z�[�e�b�p�Z 4. �N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_ �i�h�d�Z�a�Z�l�_�e�b �i�j�_�k�_�j�\�h�\ 
Table 4. Physicochemical indicators of preserves 

�I�h�d�Z�a�Z�l�_�e�v �>�h�i�m�k�l�b�f�u�c��
�m�j�h�\�_�g�v 

�H�[�j�Z�a�_�p 

�D�h�g�l�j�h�e�v �H�i�u�l���‹ 1 �H�i�u�l���‹ 2 �H�i�u�l���‹ 3 

1 2 3 4 5 6 
�H�[�s�Z�y 

 �d�b�k�e�h�l�g�h�k�l�v������ 
���\���i�_�j�_�k�q�_�l�_�� 
�g�Z���m�d�k�m�k�g�m�x�� 

�d�b�k�e�h�l�m�� 

�G�_ �[�h�e�_�_�������� 
% 0,07 �“ 0,05 0,11 �“ 0,05 0,17 �“ 0,05 0,20 �“ 0,05 

�j�G �± 6,10 �“ 0,1 5,96 �“ 0,1 5,32 �“ 0,1 4,93 �“ 0,1 
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�H�d�h�g�q�Z�g�b�_���l�Z�[�e����4 
1 2 3 4 5 6 

�F�Z�k�k�h�\�Z�y���^�h�e�y��
NaCl, % �H�l �����^�h�������� 5,5 �“ 0,1 5,9 �“ 0,1 6,1 �“ 0,1 6,4 �“ 0,1 

�I�j�h�q�g�h�k�l�v �G �± 1,23 �“���������� 1,21 �“���������� 1,08 �“���������� 0,86 �“���������� 

  
�B�a�� �l�Z�[�e�b�p�u�� �\�b�^�g�h���� �q�l�h�� �\�k�_�� �h�[�j�Z�a�p�u�� �i�h�� �f�Z�k�k�h�\�h�c�� �^�h�e�_ �k�h�e�b�� �b�� �d�b�k�e�h�l�g�h�k�l�b��

�g�Z�o�h�^�y�l�k�y�� �\�� �^�h�i�m�k�l�b�f�h�f�� �k�l�Z�g�^�Z�j�l�h�f�� �^�b�Z�i�Z�a�h�g�_���� �h�i�l�b�f�Z�e�v�g�u�_�� �i�h�l�j�_�[�b�l�_�e�v�k�d�b�_�� �b��
�n�m�g�d�p�b�h�g�Z�e�v�g�h-�l�_�o�g�h�e�h�]�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �\�� �i�j�_�k�_�j�\�Z�o�� �b�a�� �f�Z�e�h�k�h�e�_�g�h�c�� �k�_�e�v�^�b��
�^�h�k�l�b�]�Z�x�l�k�y�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\�� �j�_�p�_�i�l�m�j�_�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�b�� �`�_�e�Z��
�l�b�g�Z���\���d�h�e�b�q�_�k�l�\�_�������� �����b���l�h�f�Z�l�g�h�c���i�Z�k�l�u������ �����k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �>�Z�g�g�Z�y���j�_�p�_�i�l�m��
�j�Z�� �a�Z�e�b�\�d�b�� �[�u�e�Z�� �\�u�[�j�Z�g�Z �^�e�y�� �^�Z�e�v�g�_�c�r�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �k�� �p�_�e�v�x �h�[�h�k�g�h�\�Z�g�b�y��
�k�j�h�d�Z���]�h�^�g�h�k�l�b���i�j�_�k�_�j�\�h�\�� 

�B�a�f�_�g�_�g�b�_���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���i�j�_�k�_�j�\�h�\ �\���i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y��
�i�j�_�^�k�l�Z�\�e�_�g�h���g�Z���j�b�k�� 3. 

�D�Z�d�� �\�b�^�g�h�� �b�a�� �i�j�h�n�b�e�h�]�j�Z�f�f���� �i�j�_�k�_�j�\�u �g�Z�� �i�j�h�l�y�`�_�g�b�b�� �\�k�_�]�h�� �k�j�h�d�Z�� �o�j�Z�g�_��
�g�b�y�� �\�� �m�k�e�h�\�b�y�o���i�h�e�h�`�b�l�_�e�v�g�u�o�� �l�_�f�i�_�j�Z�l�m�j�� �k�h�o�j�Z�g�y�e�b�� �^�h�\�h�e�v�g�h�� �\�u�k�h�d�b�_�� �h�j�]�Z�g�h��
�e�_�i�l�b�q�_�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �b�� �i�j�Z�d�l�b�q�_�k�d�b�� �g�_�� �b�a�f�_�g�b�e�b�k�v�����a�Z�� �b�k�d�e�x�q�_�g�b�_�f�� �d�h�g��
�k�b�k�l�_�g�p�b�b���b���\�g�_�r�g�_�]�h���\�b�^�Z���a�Z�e�b�\�d�b���� �<���i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y���i�j�h�b�k�o�h�^�b�e�h���k�l�Z�j�_�g�b�_��
�]�_�e�y���� �d�h�l�h�j�h�_�� �\�u�j�Z�`�Z�e�h�k�v�� �\�� �\�u�^�_�e�_�g�b�b�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �\�e�Z�]�b�� �g�Z�� �i�h��
�\�_�j�o�g�h�k�l�b���b���m�i�e�h�l�g�_�g�b�b���k�l�m�^�g�y�����j�b�k��������. 

�<���i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y���i�j�_�k�_�j�\�h�\���\�_�j�h�y�l�g�u �b�a�f�_�g�_�g�b�y���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o���b��
�j�_�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���d�h�f�i�h�g�_�g�l�h�\���i�j�_�k�_�j�\�h�\�����q�l�h�� �f�h�`�_�l �h�l�j�b�p�Z�l�_�e�v�g�h���k�d�Z��
�a�Z�l�v�k�y�� �g�Z�� �i�h�l�j�_�[�b�l�_�e�v�k�d�b�o�� �k�\�h�c�k�l�\�Z�o�� �]�h�l�h�\�h�]�h�� �i�j�h�^�m�d�l�Z���� �B�a�\�_�k�l�g�h���� �q�l�h�� �i�h�^�� �\�h�a��
�^�_�c�k�l�\�b�_�f���m�d�k�m�k�g�h�c���d�b�k�e�h�l�u���[�_�e�d�b���j�u�[�u���q�Z�k�l�b�q�g�h���]�b�^�j�h�e�b�a�m�x�l�k�y���b���j�Z�a�f�y�]�q�Z�x�l��
�k�y�����g�h���\���l�h���`�_���\�j�_�f�y���i�h�\�Z�j�_�g�g�Z�y���k�h�e�v���^�_�e�Z�_�l���f�y�k�h���j�u�[�u���`�_�k�l�q�_��[7].  

�=�j�Z�n�b�d�� �b�a�f�_�g�_�g�b�y�� �d�b�k�e�h�l�g�h�k�l�b�� �i�j�_�k�_�j�\�h�\�� �\�� �i�j�h�p�_�k�k�_�� �o�j�Z�g�_�g�b�y�� �i�j�_�^�k�l�Z�\��
�e�_�g�� �g�Z�� �j�b�k�� 4���� �h�l�d�m�^�Z�� �f�h�`�g�h�� �k�^�_�e�Z�l�v�� �\�u�\�h�^���� �q�l�h�� �d�b�k�e�h�l�g�h�k�l�v�� �h�[�j�Z�a�p�h�\�� �i�j�_�k�_�j�\�h�\ 
�m�\�_�e�b�q�b�\�Z�_�l�k�y�� �g�_�a�g�Z�q�b�l�_�e�v�g�h�� �\�� �i�j�h�p�_�k�k�_�� �o�j�Z�g�_�g�b�y�� �b�� �g�Z�o�h�^�b�l�k�y�� �\�� �^�h�i�m�k�l�b�f�h�f��
�^�b�Z�i�Z�a�h�g�_�����k�f�����l�Z�[�e. 4).  

�B�a���j�b�k�m�g�d�Z���\�b�^�g�h���� �q�l�h���\�� �i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y���i�j�_�k�_�j�\�h�\ �\�� �b�k�k�e�_�^�m�_�f�h�f�� �\�j�_��
�f�_�g�g�h�f�� �^�b�Z�i�Z�a�h�g�_ �i�j�h�q�g�h�k�l�v�� �`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�b�� �m�\�_�e�b�q�b�\�Z�_�l�k�y���� �q�l�h, �\�_�j�h�y�l�g�h, 
�k�\�y�a�Z�g�h���k�h���k�l�Z�j�_�g�b�_�f�� �]�_�e�y���\�� �i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y���b���k�h�]�e�Z�k�m�_�l�k�y���k���^�Z�g�g�u�f�b���h�j�]�Z�g�h��
�e�_�i�l�b�q�_�k�d�h�c���h�p�_�g�d�b�� 
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�J�b�k������. �B�a�f�_�g�_�g�b�_���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���i�j�_�k�_�j�\�h�\���\���i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y 
Fig. 3. Changes in the organoleptic characteristics of preserves during storage 
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�I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���o�j�Z�g�_�g�b�y�����k�m�l 

�K�Z�g�b�l�Z�j�g�h-�f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �i�j�_�k�_�j�\�h�\�� �b�a�� �k�_�e�v�^�b�� �Z�l�e�Z�g�l�b��
�q�_�k�d�h�c���\���f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c���a�Z�e�b�\�d�_���k���^�h�[�Z�\�e�_�g�b�_�f���l�h�f�Z�l�g�h�c���i�Z�k�l�u�� �i�j�b�\�_�^�_�g�u 
�\���l�Z�[�e�� 5. 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
�J�b�k. 4. �B�a�f�_�g�_�g�b�_ �d�b�k�e�h�l�g�h�k�l�b �i�j �_�k�_�j�\�h�\ �\ �i�j�h�p�_�k�k�_ �o�j�Z�g�_�g�b�y 

Fig. 4. Changes in the acidity of preserves during storage 
 
 �G�Z�� �j�b�k�� 5 �i�j�_�^�k�l�Z�\�e�_�g�� �]�j�Z�n�b�d�� �b�a�f�_�g�_�g�b�y�� �i�j�h�q�g�h�k�l�b�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c��
�a�Z�e�b�\�d�b���\���i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y�� 

 
 

�J�b�k����5�����=�j�Z�n�b�d���b�a�f�_�g�_�g�b�y���i�j�h�q�g�h�k�l�b���f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c���a�Z�e�b�\�d�b���i�j�_�k�_�j�\�h�\�� 
�\ �i�j�h�p�_�k�k�_ �o�j�Z�g�_�g�b�y 

Fig. 5. The graph of the change in the strength of the mayonnaise-jelly filling during 
storage 
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�L�Z�[�e�b�p�Z�� ������ �K�Z�g�b�l�Z�j�g�h-�f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �i�j�_�k�_�j�\�h�\�� �\�� �i�j�h�p�_�k�k�_   
�o�j�Z�g�_�g�b�y         
Table 5. Sanitary and microbiological indicators of preserves during storage 

�I�h�d�Z�a�Z�l�_�e�v 
�>�h�i�m��

�k�l�b�f�u�c��
�m�j�h�\�_�g�v 

�I�h�e�m�q�_�g�g�u�_���^�Z�g�g�u�_ 

�D�F�:�N�:�g�F�����D�H�?���] �G�_���[�h�e�_�_��
2��105 

�N�h�g 
5-�_  

�k�m�l�d�b 
10-�_ 

�k�m�l�d�b 
15-�_ 

�k�m�l�d�b 
20-�_ 

�k�m�l�d�b 
2,0��103 3,0��103 2,9��103 3,0��103 3,7��103 

�I�Z�l�h�]�_�g�g�u�_�� �f�b�d�j�h�h�j��
�]�Z�g�b�a�f�u���� �\�� �l�h�f�� �q�b�k�e�_ 
�k�Z�e�v�f�h�g�_�e�e�u���� �g�_�� �^�h��
�i�m�k�d�Z�x�l�k�y�� �\�� �f�Z�k�k�_��
�i�j�h�^�m�d�p�b�b�����]�� 

25 �G�_���m�k�l�Z�g�h�\�e�_�g�u���\���������] 

Listeria monocytogenes 
�g�_���^�h�i�m�k�d�Z�x�l�k�y���\���f�Z�k�k�_��
�i�j�h�^�m�d�p�b�b�����]�� 

25 �G�_���m�k�l�Z�g�h�\�e�_�g�u���\���������] 

�;�Z�d�l�_�j�b�b �]�j�m�i�i�u�� �d�b��
�r�_�q�g�u�o�� �i�Z�e�h�q�_�d�� ���d�h��
�e�b�n�h�j�f�u���� �g�_�� �^�h�i�m�k�d�Z��
�x�l�k�y�� �\�� �f�Z�k�k�_�� �i�j�h�^�m�d��
�p�b�b ���]�� 

0,01 �G�_���m�k�l�Z�g�h�\�e�_�g�u���\�������������] 

S. aureus �g�_�� �^�h�i�m�k�d�Z�_�l��
�k�y�� �\�� �f�Z�k�k�_�� �i�j�h�^�m�d�p�b�b 
���]�� 

0,1 �G�_���m�k�l�Z�g�h�\�e�_�g�u���\�����������] 

�K�m�e�v�n�b�l�j�_�^�m�p�b�j�m�x��
�s�b�_�� �d�e�h�k�l�j�b�^�b�b�� �g�_��
�^�h�i�m�k�d�Z�x�l�k�y�� �\�� �f�Z�k�k�_��
�i�j�h�^�m�d�p�b�b ���]�� 

0,01 �G�_���m�k�l�Z�g�h�\�e�_�g�u���\�������������] 

V. parahaemolyticus, 
�D�H�?���]�����g�_���[�h�e�_�_ 

100 �F�_�g�_�_�������� 

�>�j�h�`�`�b���� �D�H�?���]���� �g�_�� �[�h��
�e�_�_ 5��102 �F�_�g�_�_�������� 

�I�e�_�k�_�g�b���� �D�H�?���]���� �g�_�� �[�h��
�e�_�_ 50 �F�_�g�_�_������ 

 
�I�j�h�\�_�^�_�g�g�u�_���b�k�k�e�_�^�h�\�Z�g�b�y���i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�����q�l�h���g�Z���i�j�h�l�y�`�_�g�b�b���\�k�_�]�h��

�k�j�h�d�Z�� �o�j�Z�g�_�g�b�y�� �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b �i�j�_�k�_�j�\�h�\�� �g�Z�o�h�^�b�e�b�k�v�� �\�� �^�h�i�m��
�k�l�b�f�u�o�� �i�j�_�^�_�e�Z�o�� �G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�h�e�m�q�_�g�g�u�o���^�Z�g�g�u�o�� �k�� �m�q�_�l�h�f�� �d�h�w�n�n�b�p�b�_�g�l�Z�� �j�_��
�a�_�j�\�Z�����������h�i�j�_�^�_�e�_�g���k�j�h�d���]�h�^�g�h�k�l�b���i�j�_�k�_�j�\�h�\���\���f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c���a�Z�e�b�\�d�_���k���^�h��
�[�Z�\�e�_�g�b�_�f�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u���� �d�h�l�h�j�u�c�� �k�h�k�l�Z�\�b�e�� ������ �k�m�l �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �o�j�Z�g�_�g�b�y��     
(4�“2) �ƒ�K. 

�I�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �j�_�p�_�i�l�m�j�Z�� �f�Z�c�h�g�_�a�g�h-
�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�b �k�� �^�h�[�Z�\�e�_�g�b�_�f�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u �b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y�� �k�o�_�f�Z �_�_ 
�i�j�h�b�a�\�h�^�k�l�\�Z�����^�e�y���i�j�_�k�_�j�\�h�\���b�a���f�Z�e�h�k�h�e�_�g�h�c���k�_�e�v�^�b�����j�b�k�� 6). 
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�J�b�k����6. �L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y���k�o�_�f�Z���i�j�b�]�h�l�h�\�e�_�g�b�y���f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c���a�Z�e�b�\�d�b 
Fig. 6. Technological scheme for the preparation of mayonnaise-jelly filling 

 
�<�U�<�H�>�U 

�B�a�m�q�_�g�h���\�e�b�y�g�b�_���l�h�f�Z�l�g�h�c���i�Z�k�l�u���g�Z�����n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_���b���h�j�]�Z�g�h�e�_�i�l�b�q�_��
�k�d�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�j�h�^�m�d�l�Z. �I�h�d�Z�a�Z�g�h���� �q�l�h�� �h�i�l�b�f�Z�e�v�g�u�_�� �i�h�l�j�_�[�b�l�_�e�v�k�d�b�_�� �i�h��
�d�Z�a�Z�l�_�e�b�� �\�� �i�j�_�k�_�j�\�Z�o�� �b�a�� �f�Z�e�h�k�h�e�_�g�h�c�� �k�_�e�v�^�b�� �^�h�k�l�b�]�Z�x�l�k�y�� �i�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �\��
�j�_�p�_�i�l�m�j�_�� �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�b�� �`�_�e�Z�l�b�g�Z�� ������ ���� �b�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u�� ���� % 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h. 

�H�[�h�k�g�h�\�Z�g�� �k�j�h�d�� �]�h�^�g�h�k�l�b�� �i�j�_�k�_�j�\�h�\�� �\ �f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c�� �a�Z�e�b�\�d�_�� �k�� �^�h��
�[�Z�\�e�_�g�b�_�f���l�h�f�Z�l�g�h�c���i�Z�k�l�u���b���q�_�k�g�h�d�Z�����d�h�l�h�j�u�c���k�h�k�l�Z�\�e�y�_�l���������k�m�l���i�j�b���l�_�f�i�_�j�Z�l�m�j�_��
�o�j�Z�g�_�g�b�y��(4 �“��2 �ƒ�K). 

�G�Z�� �h�k�g�h�\�Z�g�b�b�� �i�j�h�\�_�^�_�g�g�u�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �[�u�e�Z �j�Z�a�j�Z�[�h�l�Z�g�Z�� �j�_�p�_�i�l�m�j�Z��
�i�j�b�]�h�l�h�\�e�_�g�b�y���i�j�_�k�_�j�\�h�\���b�a���k�_�e�v�^�b���Z�l�e�Z�g�l�b�q�_�k�d�h�c���\���f�Z�c�h�g�_�a�g�h-�`�_�e�_�c�g�h�c���a�Z�e�b�\�d�_��
�k�� �^�h�[�Z�\�e�_�g�b�_�f�� �l�h�f�Z�l�g�h�c�� �i�Z�k�l�u�� �b�� �q�_�k�g�h�d�Z���� �<�u�y�\�e�_�g�h���� �q�l�h�� �g�Z�b�[�h�e�_�_�� �h�i�l�b�f�Z�e�v�g�u�f��
�y�\�e�y�_�l�k�y���^�h�[�Z�\�e�_�g�b�_������ �����l�h�f�Z�l�g�h�c���i�Z�k�l�u���b�������� �����`�_�e�Z�l�b�g�Z�� 
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�k�d�h�]�h �j�Z�a�g�h�h�[�j�Z�a�b�y �y�\�e�y�_�l�k�y�� �l�j�Z�^�b�p�b�h�g�g�h�c�� �i�j�Z�d�l�b�d�h�c�� 12 000 �e�_�l�� �g�Z�a�Z�^�� �a�Z�j�h�^�b��
�e�h�k�v�� �b�� �k�l�Z�e�h�� �j�Z�a�\�b�\�Z�l�v�k�y�� �i�j�h�b�a�\�h�^�k�l�\�h �\�b�g�� �b�� �k�e�Z�[�h�Z�e�d�h�]�h�e�v�g�u�o�� �n�j�m�d�l�h�\�u�o�� �\�b�g��
�g�u�o���g�Z�i�b�l�d�h�\ [1]. �H�i�j�_�^�_�e�_�g�g�Z�y���f�_�k�l�g�h�k�l�v���b�f�_�_�l�� �k�\�h�x���n�j�m�d�l�h�\�h-�y�]�h�^�g�m�x���[�Z�a�m���\��
�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �i�j�b�j�h�^�g�u�o �b�� �d�e�b�f�Z�l�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c���� �Z�� �l�Z�d�`�_�� �l�j�m�^�h�a�Z�l�j�Z�l�� �^�e�y��
�\�h�a�^�_�e�u�\�Z�g�b�y�����G�Z���k�_�]�h�^�g�y�r�g�b�c���^�_�g�v���\���d�Z�`�^�h�c���d�e�b�f�Z�l�b�q�_�k�d�h�c���a�h�g�_ �k�n�h�j�f�b�j�h�\�Z�e��
�k�y���o�Z�j�Z�d�l�_�j�g�u�c���^�e�y���g�_�_ �g�Z�[�h�j���k�h�j�l�h�\���b���\�b�^�h�\���d�m�e�v�l�m�j, �l�Z�d �i�h�y�\�b�e�h�k�v���i�h�g�y�l�b�_���©�Z�e��
�d�h�]�h�e�v�g�u�_�� �i�h�y�k�Z�ª���� �X�`�g�h�c�� �?�\�j�h�i�_�� �k�\�h�c�k�l�\�_�g�g�h�� �j�Z�a�e�b�q�g�h�_�� �\�b�g�h�^�_�e�b�_, �P�_�g�l�j�Z�e�v��
�g�Z�y�� �?�\�j�h�i�Z�� �i�j�_�b�f�m�s�_�k�l�\�_�g�g�h�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�_�l�� �y�[�e�h�d�b�� �\�� �\�b�g�h�� �b�� �k�b�^�j. �<���j�Z�f�d�Z�o��
�i�j�_�^�k�l�Z�\�e�_�g�g�h�c �k�l�Z�l�v�b�� �i�j�_�^�e�h�`�_�g�h�� �g�_�k�d�h�e�v�d�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �j�_�p�_�i�l�m�j�� �y�[��
�e�h�q�g�h�]�h�� �k�b�^�j�Z �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �^�b�d�h�j�Z�k�l�m�s�b�o�� �i�e�h�^�h�\�� �b�� �y�]�h�^���� �Z�� �b�f�_�g�g�h�� �i�e�h�^�h�\��
�r�b�i�h�\�g�b�d�Z���� �h�[�e�_�i�b�o�b�� �b�� �d�Z�e�b�g�u���� �<�� �d�Z�`�^�h�c�� �b�a�� �j�_�p�_�i�l�m�j�� �m�k�l�Z�g�h�\�e�_�g�u�� �i�h�d�Z�a�Z�l�_�e�b�� 
�h�i�j�_�^�_�e�y�x�s�b�_�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�v�� �d�h�g�_�q�g�h�]�h�� �i�j�h�^�m�d�l�Z�� �d�� �d�Z�l�_�]�h�j�b�b�� �©�k�b�^�j�ª���� �l�Z�d�b�_��
�d�Z�d���d�b�k�e�h�l�g�h�k�l�v�����k�h�^�_�j�`�Z�g�b�_���k�i�b�j�l�Z���b���k�Z�o�Z�j�Z���� �D�j�_�i�h�k�l�v���g�_�d�h�l�h�j�u�o���k�h�k�l�Z�\�h�\�� �^�h��
�o�h�^�b�e�Z�� �^�h 8�±9 ���� �i�j�b�� �^�h�a�\�h�e�_�g�g�u�o���=�H�K�L�� ������������ �� % [2]. �D�b�k�e�h�l�g�h�k�l�v�� �k�h�h�l�\�_�l��
�k�l�\�h�\�Z�e�Z���g�h�j�f�_���b���k�h�k�l�Z�\�b�e�Z���g�_���f�_�g�_�_�������]���^�f3�����Z���i�h���k�h�^�_�j�`�Z�g�b�x���k�Z�o�Z�j�Z���a�g�Z�q�_�g�b�y��
�d�h�e�_�[�e�x�l�k�y�� �h�l�� �������� �^�h�� ����������Brix���� �g�b�`�g�b�_�� �a�g�Z�q�_�g�b�y�� �o�Z�j�Z�d�l�_�j�g�u�� �^�e�y�� �k�h�k�l�Z�\�h�\ �k��
�^�h�[�Z�\�e�_�g�b�_�f�� �h�[�e�_�i�b�o�b���� �\�u�k�h�d�b�_�� �± �k�\�h�c�k�l�\�_�g�g�u�� �g�Z�i�b�l�d�Z�f�� �k�� �k�b�j�h�i�h�f�� �d�Z�e�b�g�u�� �\ 
�b�o �k�h�k�l�Z�\�_���� �>�e�y�� �h�p�_�g�d�b�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� ����-
�[�Z�e�e�v�g�Z�y���k�b�k�l�_�f�Z�����E�b�^�b�j�m�x�s�b�f�b �k�l�Z�e�b���g�Z�i�b�l�d�b���k���[�h�e�v�r�b�f�� �i�j�h�p�_�g�l�h�f�� �k�b�j�h�i�Z��
�d�Z�e�b�g�u���b���r�b�i�h�\�g�b�d�Z�����������b������ ���������g�Z�[�j�Z�\�r�b�_���\���k�j�_�^�g�_�f���i�h���������[�Z�e�e�h�\�����b���g�Z�i�b�l�h�d��
�k���f�Z�e�u�f���k�h�^�_�j�`�Z�g�b�_�f���h�[�e�_�i�b�o�h�\�h�]�h���k�b�j�h�i�Z���\���k�h�k�l�Z�\�_��(25 %) �± �������[�Z�e�e�Z���� 

�y�[�e�h�d�b�����k�b�^�j�����d�Z�e�b�g�Z�����h�[�e�_�i�b�o�Z�����[�Z�e�l�b�c�k�d�b�c���r�b�i�h�\�g�b�d�����l�b�l�j�m�_�f�Z�y���d�b�k�e�h�l��
�g�h�k�l�v�����k�h�^�_�j�`�Z�g�b�_���k�i�b�j�l�Z�����k�h�^�_�j�`�Z�g�b�_���k�Z�o�Z�j�Z�����j�_�p�_�i�l�m�j�Z�����[�j�h�`�_�g�b�_ 

 
 
Processing of regional fruits and berries into alcoholic beverages in order to pre-

serve them for a longer period and increase the gastronomic variety is a traditional prac-
tice. Humanity has been developing the production of wines and low-alcohol fruit wine 
drinks. With the development of the mankind, different types of fruit and berry bases 
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have become common to certain territories, depending on the natural and climatic con-
ditions and labor costs for cultivation. As a result, today in each climatic zone a specific 
set of varieties and types of cultivated crops has been formed �± this is where the "alco-
hol belts" concept takes its beginning. Winemaking culture varies in southern Europe 
quite dramatically, while central Europe predominantly processes apples into wine and 
cider. Within the scope of this research, several experimental recipes for apple cider 
have been developed using wild fruits and berries, namely briar, sea buckthorn and vi-
burnum. Special indicators were established to confirm that the final product can be 
considered "cider", such as acidity, alcohol and sugar content. Strength of some compo-
sitions reached 8-9%, while the permitted GOST 31820 was 6% [2]. Acidity was within 
acceptable range: at least 4 g / dm3, and in terms of sugar content, the values range from 
5.8 Brix to 24.8 Brix, the lower values appeared to be common for samples with added  
sea buckthorn, high values were mostly seen in samples with viburnum syrup in their 
composition. To assess organoleptic characteristics, a 50-point system was used. In the 
end, samples with a high percentage of viburnum and briar syrup (50 and 75%) have 
scored the highest - an average of 47 points, and the sample with a low content of sea 
buckthorn syrup in the composition (25%) scored 43 points. 

apples, cider, viburnum, sandthorn, briar, titrated acid, alcohol content, sugar 
content, recipe, brewing 

 
 

�<�<�?�>�?�G�B�? 
�L�_�g�^�_�g�p�b�y�� �b�� �j�Z�a�\�b�l�b�_�� �\�b�g�h�^�_�e�v�q�_�k�d�h�]�h ���g�_�� �l�h�e�v�d�h�� �\�b�g�h�]�j�Z�^�g�h�]�h�� �k�_�d�l�h�j�Z��

�k�l�j�Z�g���f�b�j�Z���k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h���l�h�f�����q�l�h���k�h�k�l�Z�\���b���k�l�j�m�d�l�m�j�Z���Z�k�k�h�j�l�b�f�_�g�l�Z���f�_�g�y�_�l�k�y 
�^�e�y�� �m�^�h�\�e�_�l�\�h�j�_�g�b�y�� �\�h�a�j�h�k�r�b�o�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �i�h�l�j�_�[�g�h�k�l�_�c�� �q�_�e�h�\�_�d�Z���� �J�_�Z�e�v��
�g�u�c�� �k�i�j�h�k�� �g�Z�� �\�b�g�h �k�\�y�a�Z�g�� �g�_�� �l�h�e�v�d�h�� �k�� �k�h�p�b�Z�e�v�g�h-�i�k�b�o�h�e�h�]�b�q�_�k�d�b�f�b�� �n�Z�d�l�h�j�Z�f�b����
�g�h���b���k���_�]�h �e�_�q�_�[�g�h-�i�j�h�n�b�e�Z�d�l�b�q�_�k�d�b�f�b���k�\�h�c�k�l�\�Z�f�b �b���i�b�s�_�\�h�c���p�_�g�g�h�k�l�v�x�����I�h�w�l�h��
�f�m �g�Z�[�e�x�^�Z�_�l�k�y���m�k�l�h�c�q�b�\�Z�y���a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�h�k�l�v���i�h�d�m�i�Z�l�_�e�y �\���g�Z�l�m�j�Z�e�v�g�u�o���\�b�g�Z�o��
�b���k�b�^�j�_�����h�k�h�[�_�g�g�h���_�k�e�b���\���b�o �k�h�k�l�Z�\�_���i�j�b�k�m�l�k�l�\�m�x�l���i�j�b�j�h�^�g�u�_���d�h�f�i�h�g�_�g�l�u���k �y�j�d�h��
�\�u�j�Z�`�_�g�g�u�f�b���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�f�b �k�\�h�c�k�l�\�Z�f�b. 

�>�e�y�� �i�h�e�m�q�_�g�b�y�� �g�Z�b�[�h�e�_�_�� �\�u�k�h�d�b�o�� �\�d�m�k�h�\�u�o�� �i�h�d�Z�a�Z�l�_�e�_�c �y�[�e�h�q�g�h�]�h�� �k�b�^�j�Z 
�e�m�q�r�_���\�k�_�]�h���b�k�i�h�e�v�a�h�\�Z�l�v���d�m�i�Z�`���g�_�k�d�h�e�v�d�b�o���y�[�e�h�d�����@�_�e�Z�l�_�e�v�g�h�����q�l�h�[�u �h�^�b�g���k�h�j�l��
�[�u�e�� �d�b�k�e�u�f�� �b�� �l�_�j�i�d�b�f���� �Z�� �^�j�m�]�h�c�� �± �k�e�Z�^�d�b�f�� �b�� �f�y�]�d�b�f���� �l�Z�d�� �\�d�m�k�� �[�m�^�_�l�� �g�Z�b�[�h�e�_�_��
�k�[�Z�e�Z�g�k�b�j�h�\�Z�g�g�u�f���� �<�� �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c�� �h�[�e�Z�k�l�b���� �d�Z�d�� �b���\���[�e�b�a�e�_�`�Z�s�b�o�� �k�l�j�Z�g�Z�o �k��
�i�h�o�h�`�_�c���d�e�b�f�Z�l�b�q�_�k�d�h�c���d�Z�j�l�b�g�h�c�����Z���l�Z�d�`�_���\���=�_�j�f�Z�g�b�b �i�j�h�b�a�j�Z�k�l�Z�x�l �y�[�e�h�d�b �j�Z�a��
�e�b�q�g�u�o���k�h�j�l�h�\�����i�h�k�d�h�e�v�d�m���e�_�l�h�f �l�_�f�i�_�j�Z�l�m�j�Z���j�_�^�d�h���i�h�^�g�b�f�Z�_�l�k�y���^�h����2 �ƒ�K �b���\�u�r�_ 
[3]. �<�� �k�\�y�a�b�� �k�� �w�l�b�f �]�h�k�m�^�Z�j�k�l�\�Z �I�j�b�[�Z�e�l�b�d�b���� �h�k�h�[�_�g�g�h�� �E�b�l�\�Z���� �m�`�_�� �^�Z�\�g�h�� �Z�d�l�b�\�g�h��
�j�Z�a�\�b�\�Z�x�l���k�_�d�l�h�j���n�j�m�d�l�h�\�u�o���\�b�g���b���n�j�m�d�l�h�\�u�o���k�e�Z�[�h�Z�e�d�h�]�h�e�v�g�u�o���g�Z�i�b�l�d�h�\�����l�Z�d�b�o��
�d�Z�d���k�b�^�j���b���i�m�Z�j�_�����:�e�d�h�]�h�e�v�g�u�_���g�Z�i�b�l�d�b���b�a���f�_�k�l�g�u�o���n�j�m�d�l�h�\���b���y�]�h�^���i�j�_�^�i�h�q�b�l�Z�_�l 
�g�_���l�h�e�v�d�h���f�_�k�l�g�h�_���g�Z�k�_�e�_�g�b�_�����b�o���m�\�h�a�y�l���k���k�h�[�h�c���l�m�j�b�k�l�u �\���d�Z�q�_�k�l�\�_���k�m�\�_�g�b�j�Z���� 

�L�Z�d�`�_�� �k�e�_�^�m�_�l �m�i�h�f�y�g�m�l�v�� �=�_�j�f�Z�g�b�x�� �b�� �_�_ �n�_�^�_�j�Z�e�v�g�u�c�� �h�d�j�m�]�� �=�_�k�k�_�g�� �k��
�d�j�m�i�g�_�c�r�b�f�� �]�h�j�h�^�h�f�� �N�j�Z�g�d�n�m�j�l�h�f���� �]�^�_�� �g�Z�� �i�j�h�l�y�`�_�g�b�b�� �������� �e�_�l�� �l�j�Z�^�b�p�b�h�g�g�h 
�i�j�h�b�a�\�h�^�y�l�� �g�_�d�j�_�i�d�h�_���� �f�y�]�d�h�_�� �y�[�e�h�q�g�h�_�� �\�b�g�h���� �g�Z�o�h�^�y�s�_�_�k�y�� �i�h�^�� �a�Z�s�b�l�h�c���X�G�?��
�K�D�H [4]. 

�=�_�j�f�Z�g�b�y�����d�Z�d���b���I�j�b�[�Z�e�l�b�d�Z, �y�\�e�y�_�l�k�y���©�i�b�\�g�u�f�ª���]�h�k�m�^�Z�j�k�l�\�h�f�����h�^�g�Z�d�h���w�l�h��
�g�_���i�h�f�_�r�Z�e�h���_�c �h�k�g�h�\�Z�l�v���b���j�Z�a�\�b�l�v���k�_�d�l�h�j���[�h�e�_�_���f�y�]�d�b�o���b���[�e�Z�]�h�j�h�^�g�u�o���g�Z�i�b�l�d�h�\��
�b�a���j�_�]�b�h�g�Z�e�v�g�h�]�h���k�u�j�v�y���� 
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�K�_�]�h�^�g�y���k�e�_�^�m�_�l���h�[�j�Z�l�b�l�v���\�g�b�f�Z�g�b�_ �g�Z���l�h�����q�l�h���\���D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c �h�[�e�Z�k�l�b��
�g�Z�[�e�x�^�Z�_�l�k�y�� �Z�d�l�b�\�g�h�_�� �j�Z�a�\�b�l�b�_ �Z�]�j�h�i�j�h�f�u�r�e�_�g�g�h�]�h �d�h�f�i�e�_�d�k�Z, �\ ���������� �]. �h�[�s�Z�y��
�i�e�h�s�Z�^�v�� �k�Z�^�h�\�� �b�g�l�_�g�k�b�\�g�h�]�h�� �l�b�i�Z�� ���\�� �h�k�g�h�\�g�h�f�� �y�[�e�h�g�_�\�u�o���� �k�h�k�l�Z�\�b�e�Z   794, �f�g�h��
�]�h�e�_�l�g�b�o���y�]�h�^�g�b�d�h�\���± �����������i�b�l�h�f�g�b�d�h�\���i�e�h�^�h�\�u�o���b���y�]�h�^�g�u�o���d�m�e�v�l�m�j �± 63 �]�Z [5].  

�:�k�k�h�j�l�b�f�_�g�l���i�j�h�^�m�d�p�b�b �b�a���^�Z�g�g�h�]�h���\�b�^�Z���k�u�j�v�y���\���f�Z�k�k-�f�Z�j�d�_�l�_���h�]�j�Z�g�b�q�_�g����
�h�k�h�[�_�g�g�h �_�k�e�b���j�_�q�v���b�^�_�l���h���i�j�h�^�m�d�l�Z�o���b�a���r�b�i�h�\�g�b�d�Z�����d�Z�e�b�g�u���b���h�[�e�_�i�b�o�b�� �D�Z�d���i�j �Z��
�\�b�e�h�� �b�o�� �i�_�j�_�j�Z�[�Z�l�u�\�Z�x�l �\�� �k�e�Z�^�h�k�l�b�� �b�e�b�� �k�h�d�h�\�u�_�� �g�Z�i�b�l�d�b���� �Z�� �l�b�i�b�q�g�u�_�� �b�� �j�_�]�b�h��
�g�Z�e�v�g�h���m�a�g�Z�\�Z�_�f�u�_���i�j�h�^�m�d�l�u�����j�_�p�_�i�l�m�j�u���d�h�l�h�j�u�o���h�k�g�h�\�Z�g�u���g�Z���^�Z�g�g�h�f �k�u�j�v�_, �l�Z��
�d�b�_���d�Z�d���Z�e�d�h�]�h�e�v�g�u�_�����h�l�k�m�l�k�l�\�m�x�l�� 

�L�Z�d�b�f���h�[�j�Z�a�h�f, �j�Z�a�j�Z�[�h�l�d�Z���j�_�p�_�i�l�m�j���\�b�g�g�u�o���g�Z�i�b�l�d�h�\���g�Z���h�k�g�h�\�_���k�[�j�h�`�_�g��
�g�h�]�h�� �y�[�e�h�q�g�h�]�h�� �k�h�d�Z �\�_�k�v�f�Z�� �Z�d�l�m�Z�e�v�g�Z �[�e�Z�]�h�^�Z�j�y�� �j�Z�a�\�b�\�Z�x�s�_�f�m�k�y �Z�]�j�h�i�j�h�f�u�r��
�e�_�g�g�h�f�m�� �d�h�f�i�e�_�d�k�m. �P�_�e�v�x�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �y�\�e�y�_�l�k�y�� �\�u�y�\�e�_�g�b�_�� �h�i�l�b�f�Z�e�v�g�h�c�� �d�h�g��
�p�_�g�l�j�Z�p�b�b�� �\�g�h�k�b�f�u�o�� �g�Z�l�m�j�Z�e�v�g�u�o�� �k�b�j�h�i�h�\�� �b�a�� �^�b�d�h�j�Z�k�l�m�s�b�o�� �i�e�h�^�h�\�� �b�� �y�]�h�^�� �^�e�y��
�^�h�k�l�b�`�_�g�b�y�� �b�^�_�Z�e�v�g�u�o �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�o�� �b�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d����
�q�l�h, �\���k�\�h�x���h�q�_�j�_�^�v, �f�h�`�_�l �e�_�q�v���\���h�k�g�h�\�m �j�Z�a�\�b�l�b�y �b���i�j�h�b�a�\�h�^�k�l�\�Z���j�_�]�b�h�g�Z�e�v�g�u�o 
�k�e�Z�[�h�Z�e�d�h�]�h�e�v�g�u�o���g�Z�i�b�l�d�h�\ �b�a���^�b�d�h�j�Z�k�l�m�s�b�o���d�m�e�v�l�m�j �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c���h�[�e�Z�k�l�b���� 

 
�H�;�T�?�D�L�U���B���F�?�L�H�>�U���B�K�K�E�?�>�H�<�:�G�B�Y 

�<���d�Z�q�_�k�l�\�_���h�[�t�_�d�l�Z���b�k�k�e�_�^�h�\�Z�g�b�y���[�u�e�b���\�u�[�j�Z�g�u �d�m�e�v�l�m�j�u, �Z�d�l�b�\�g�h���i�j�h�b�a��
�j�Z�k�l�Z�x�s�b�_ �\���D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c�� �h�[�e�Z�k�l�b���� �l�Z�d�b�_ �d�Z�d�� �y�[�e�h�d�b���� �h�[�e�_�i�b�o�Z���� �[�Z�e�l�b�c�k�d�b�c��
�r�b�i�h�\�g�b�d�� �b�� �d�Z�e�b�g�Z�� �B�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �b�f�_�g�g�h�� �^�b�d�h�j�Z�k�l�m�s�b�_�� �\�b�^�u �^�e�y�� �[�h�e�_�_�� �i�h�e��
�g�h�]�h���\�u�y�\�e�_�g�b�y���i�h�l�_�g�p�b�Z�e�Z���j�Z�k�l�_�g�b�c�����\�k�_���k�u�j�v�_ �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�h���L�J���L�K����������������������
�I�j�b �i�j�h�\�_�^�_�g�b�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�� �\�� �k�h�k�l�Z�\�� �^�h�[�Z�\�e�y�e�b�� �^�j�h�`�`�b�� �f�Z�j�d�b��Biowin ���I�h�e�v��
�r�Z��, �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_ �L�J�L�K�������������������� 

�I�_�j�\�h�g�Z�q�Z�e�v�g�h �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v�� �h�k�g�h�\�u�\�Z�l�v�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �g�Z�� �i�e�h�^�h�\�h-
�y�]�h�^�g�h�f���\�b�g�_�����i�j�h�b�a�\�_�^�_�g�g�h�f���b�a���^�b�d�h�j�Z�k�l�m�s�_�]�h���k�u�j�v�y�����H�^�g�Z�d�h���\�i�h�k�e�_�^�k�l�\�b�b���\�_�d��
�l�h�j�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�_�r�_�g�h�� �[�u�e�h�� �k�d�h�j�j�_�d�l�b�j�h�\�Z�l�v�� �g�Z�� �[�j�h�`�_�g�b�_�� �[�u�e�b�� �i�h�k�l�Z�\�e�_�g�u��
�h�[�j�Z�a�p�u���\�b�g�Z���b�a���h�[�e�_�i�b�o�b���� �d�Z�e�b�g�u, �r�b�i�h�\�g�b�d�Z �b���y�[�e�h�q�g�u�c���k�b�^�j. �;�j�h�`�_�g�b�_���i�j�h��
�o�h�^�b�e�h�� �\�� �k�i�_�p�b�Z�e�v�g�h�c�� �k�l�_�d�e�y�g�g�h�c�� �_�f�d�h�k�l�b�� �k�� �]�b�^�j�h�a�Z�l�\�h�j�h�f �^�e�y�� �h�[�_�k�i�_�q�_�g�b�y�� �h�^��
�g�h�g�Z�i�j�Z�\�e�_�g�g�h�]�h���\�u�o�h�^�Z���m�]�e�_�d�b�k�e�h�]�h���]�Z�a�Z���b�a���l�Z�j�u ���l�Z�[�e����1).  

 
�L�Z�[�e�b�p�Z 1. �J�_�p�_�i�l�m�j�Z �i�e�h�^�h�\�h-�y�]�h�^�g�u�o �\�b�g          
Table 1. Recipe of fruit and berry wines 
�D�h�f�i�h�g�_�g�l�� 

�j�_�p�_�i�l�m�j�u�����d�] 
�<�b�g�h�� 

�b�a���r�b�i�h�\�g�b�d�Z 
�<�b�g�h�� 

�b�a���d�Z�e�b�g�u 
�<�b�g�h�� 

�b�a���h�[�e�_�i�b�o�b 
�Y�[�e�h�q�g�u�c��

�k�b�^�j 
�I�e�h�^�u���r�b�i�h�\�g�b�d�Z 3 �± �± �± 
�Y�]�h�^�u���d�Z�e�b�g�u �± 3 �± �± 
�Y�]�h�^�u���h�[�e�_�i�b�o�b �± �± 3 �± 
�Y�[�e�h�q�g�u�c���k�h�d �± �± �± 20 
�>�j�h�`�`�b 0,07 0,007 0,007 0,01 
�K�Z�o�Z�j-�i�_�k�h�d 1 1 1 2 
�<�h�^�Z���i�b�l�v�_�\�Z�y 3 1 1 �± 

 
 �I�h�� �h�d�h�g�q�Z�g�b�b �i�_�j�\�h�]�h�� �w�l�Z�i�Z�� �[�j�h�`�_�g�b�y �[�u�e�Z�� �i�h�^�]�h�l�h�\�e�_�g�Z�� �l�Z�j�Z�� �b�� �\�d�m�k�h-

�Z�j�h�f�Z�l�b�q�_�k�d�b�_ �b�g�]�j�_�^�b�_�g�l�u�����l�Z�[�e�� 2�������I�e�h�^�u���b���y�]�h�^�u���i�j�h�l�b�j�Z�e�b�����k�h�d���h�l�`�b�f�Z�e�b���b��
�i�j�h�p�_�`�b�\�Z�e�b���� �F�_�a�]�m�� �a�Z�e�b�\�Z�e�b�� �]�h�j�y�q�_�c�� �\�h�^�h�c���� �^�h�[�Z�\�e�y�e�b�� �k�Z�o�Z�j���� �i�j�h�\�Z�j�b�\�Z�e�b�� �i�j�b��
�k�e�Z�[�h�f���d�b�i�_�g�b�b�����±�������f�b�g�����a�Z�l�_�f���h�k�l�m�`�Z�e�b �^�h������ �ƒ�K���b���^�h�[�Z�\�e�y�e�b �h�l�`�Z�l�u�c���k�h�d��  



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

109 
 

�L�Z�[�e�b�p�Z���������J�_�p�_�i�l�m�j�Z���\�d�m�k�h-�Z�j�h�f�Z�l�b�q�_�k�d�b�o���b�g�]�j�_�^�b�_�g�l�h�\ 
Table 2. Recipe of flavor ingredients 

�D�h�f�i�h�g�_�g�l�� 
�j�_�p�_�i�l�m�j�u�����d�] 

�K�b�j�h�i�� 
�b�a���r�b�i�h�\�g�b�d�Z 

�K�b�j�h�i�� 
�b�a���d�Z�e�b�g�u 

�K�b�j�h�i�� 
�b�a���h�[�e�_�i�b�o�b 

�I�e�h�^�u���r�b�i�h�\�g�b�d�Z 0,450 �± �± 
�Y�]�h�^�u���d�Z�e�b�g�u �± 0,450 �± 
�Y�]�h�^�u���h�[�e�_�i�b�o�b �± �± 0,450 
�K�Z�o�Z�j-�i�_�k�h�d 0,350 0,350 0,350 
�<�h�^�Z���i�b�l�v�_�\�Z�y 1 1 1 

 
�<�h�� �\�j�_�f�y�� �\�l�h�j�h�]�h�� �w�l�Z�i�Z�� �[�j�h�`�_�g�b�y �[�u�e�h�� �i�h�k�l�Z�\�e�_�g�h�� �^�_�\�y�l�v �w�d�k�i�_�j�b�f�_�g��

�l�Z�e�v�g�u�o���h�[�j�Z�a�p�h�\ �i�h���j�_�p�_�i�l�m�j�_���l�Z�[�e�� 3 �k�h�]�e�Z�k�g�h���l�_�o�g�h�e�h�]�b�q�_�k�d�b�f���k�o�_�f�Z�f�����j�b�k�� 6).  
 

�L�Z�[�e�b�p�Z��3�����J�_�p�_�i�l�m�j�Z���w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o���h�[�j�Z�a�p�h�\�� 
Table 3. Test sample recipe 

 
�D�h�f�i�h�g�_�g�l�� 

�j�_�p�_�i�l�m�j�u������ 

�G�h�f�_�j���j�_�p�_�i�l�m�j�u 
 

0  
���d�h�g�l�j�h�e�v�� 

1 2 3 4 5 6 7 8 9 

�Y�[�e�h�q�g�h�_���k�m�k�e�h 100 75 50 25 75 50 25 75 50 25 
�K�b�j�h�i���h�[�e�_�i�b�o�b �± 25 50 75 �± �± �± �± �± �± 
�K�b�j�h�i���d�Z�e�b�g�u �± �± �± �± 25 50 75 �± �± �± 
�K�b�j�h�i�� 
�r�b�i�h�\�g�b�d�Z �± �± �± �± �± �± �± 25 50 75 
�<�k�_�]�h  100 100 100 100 100 100 100 100 100 100 

 
�I�h�� �i�j�h�r�_�k�l�\�b�b�� ������ �k�m�l �g�Z�q�Z�e�k�y�� �l�j�_�l�b�c���� �d�h�g�_�q�g�u�c, �w�l�Z�i�� �[�j�h�`�_�g�b�y�� ���^�h�[�j�Z��

�`�b�\�Z�g�b�_�������H�[�j�Z�a�p�u���j�Z�a�e�b�e�b���\���[�m�]�_�e�v�g�u�_���[�m�l�u�e�d�b���l�_�f�g�h�]�h���p�\�_�l�Z�����q�l�h�[�u �i�j�_�^�h�k�l�_��
�j�_�q�v���i�j�h�^�m�d�l���h�l���i�j�y�f�u�o���k�h�e�g�_�q�g�u�o���e�m�q�_�c���b�� �h�[�_�k�i�_�q�b�l�v �_�k�l�_�k�l�\�_�g�g�m�x �d�Z�j�[�h�g�b�a�Z��
�p�b�x �g�Z�i�b�l�d�Z�����I�h�^�j�h�[�g�h���w�l�Z�i�u���[�j�h�`�_�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e. 4.  
 
�L�Z�[�e�b�p�Z��4. �W�l�Z�i�u���b���j�_�`�b�f�u���[�j�h�`�_�g�b�y��    
Table 4. Fermentation stages and modes 

�W�l�Z�i�u�� 
�[�j�h�`�_�g�b�y 

�H�[�j�Z�a�p�u �I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v, 
�k�m�l 

�L�_�f�i�_�j�Z�l�m�j�Z, 
�ƒ�K 

1 2 3 4 
1 �H�[�e�_�i�b�o�h�\�h�_���\�b�g�h 5  20 �“���� 
 �<�b�g�h���b�a���d�Z�e�b�g�u 5  20 �“���� 
 �<�b�g�h���b�a���r�b�i�h�\�g�b�d�Z 5  20 �“���� 
 �Y�[�e�h�q�g�u�c���k�b�^�j 5  20 �“���� 
2 �H�[�e�_�i�b�o�h�\�h�_���\�b�g�h 14  17 �“���� 
 �<�b�g�h �b�a���d�Z�e�b�g�u 14  �������“���� 
 �<�b�g�h���b�a���r�b�i�h�\�g�b�d�Z 14  �������“���� 
 �Y�[�e�h�q�g�u�c���k�b�^�j���k��

�g�Z�i�h�e�g�b�l�_�e�y�f�b 7 �������“�� 
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�H�d�h�g�q�Z�g�b�_���l�Z�[�e������ 
1 2 3 4 
3 �H�[�e�_�i�b�o�h�\�h�_���\�b�g�h 20  �����“���� 
 �<�b�g�h���b�a���d�Z�e�b�g�u 20  �����“���� 
 �<�b�g�h���b�a���r�b�i�h�\�g�b�d�Z 20  �����“���� 
 �Y�[�e�h�q�g�u�c���k�b�^�j 20 �����“���� 

 
�L�Z�d�b�f���h�[�j�Z�a�h�f, �[�u�e�h���i�h�e�m�q�_�g�h����3 �h�i�u�l�g�u�o���h�[�j�Z�a�p�h�\�����q�Z�k�l�v���d�h�l�h�j�u�o���i�j�_�^��

�k�l�Z�\�e�_�g�Z���g�Z���j�b�k�� 1.   
 

 
 

�J�b�k����1. �H�[�j�Z�a�p�u���b�k�k�e�_�^�h�\�Z�g�b�y      
Fig. 1. Test samples 

 
�I�h�� �h�d�h�g�q�Z�g�b�b �[�j�h�`�_�g�b�y�� �[�u�e�b�� �k�g�y�l�u�� �[�Z�a�h�\�u�_�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_�� �^�Z�g�g�u�_����

�i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �g�Z�� �j�b�k. 4�±6.  �K�h�^�_�j�`�Z�g�b�_�� �k�Z�o�Z�j�h�a�u�� �h�i�j�_�^�_�e�y�e�b �i�h�� �=�H�K�L�� �,�6�2��
2173-2013 [6]�����f�Z�k�k�h�\�m�x���d�h�g�p�_�g�l�j�Z�p�b�x���l�b�l�j�m�_�f�u�o���d�b�k�e�h�l�� �± �i�h���=�H�K�L������������-2013 
[7]���� �^�e�y�� �b�a�f�_�j�_�g�b�y�� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�]�h�� �k�h�^�_�j�`�Z�g�b�y�� �k�i�b�j�l�Z�� �b�k�i�h�e�v�a�h�\�Z�e�b�� �\�b�g�h�f�_�j��
�d�Z�i�b�e�e�y�j�g�u�c. 

�H�p�_�g�d�m�� �\�d�m�k�Z���� �p�\�_�l�Z�� �b�� �Z�j�h�f�Z�l�Z�� �i�j�h�\�h�^�b�e�b�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�f�� �f�_�l�h�^�h�f�� �k��
�i�j�b�f�_�g�_�g�b�_�f���k�i�_�p�b�Z�e�v�g�h���j�Z�a�j�Z�[�h�l�Z�g�g�u�o �r�d�Z�e.  

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y���B���H�;�K�M�@�>�?�G�B�Y 

 
�I�_�j�\�h�k�l�_�i�_�g�g�h �b�k�k�e�_�^�h�\�Z�g�b�x���i�h�^�\�_�j�]�e�b�k�v���^�j�h�`�`�_�\�u�_���]�j�b�[�u (�j�b�k. 2).  
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�J�b�k����2. A �± �^�j�h�`�`�_�\�Z�y���d�e�_�l�d�Z�����h�l�i�h�q�d�h�\�u�\�Z�x�s�Z�y �^�h�q�d�m�����; �± �^�j�h�`�`�_�\�u�_���d�e�_�l�d�b 
 �k���^�h�q�_�j�g�b�f�b���r�j�Z�f�Z�f�b 

Fig. 2. A �± yeast cell (branching out a child cell); B �± yeast cells with child markings 
(scars)     

 
�F�b�d�j�h�k�d�h�i�b�y���i�h�d�Z�a�Z�e�Z�����q�l�h���k�m�o�b�_���^�j�h�`�`�b���i�j�_�^�k�l�Z�\�e�y�x�l���k�h�[�h�c���^�j�h�`�`�_�\�u�_��

�]�j�b�[�u���\�b�^�Z��Saccharomyces cerevisiae [8].  
�K�h�^�_�j�`�Z�g�b�_���k�Z�o�Z�j�Z���\���h�[�j�Z�a�p�Z�o���i�h�d�Z�a�Z�g�h���g�Z���j�b�k�� 3.   
 

 
�J�b�k����3. �>�b�Z�]�j�Z�f�f�Z���k�h�^�_�j�`�Z�g�b�y���k�Z�o�Z�j�Z���\���d�h�g�_�q�g�h�f���i�j�h�^�m�d�l�_���\���a�Z�\�b�k�b�f�h�k�l�b�� 

�h�l���d�h�e�b�q�_�k�l�\�Z���\�g�h�k�b�f�h�]�h���d�h�f�i�h�g�_�g�l�Z (A �± 25 �����h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l�� 
�\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� B �± 50 �����h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l��  

C �± 75 �����h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� D �± �q�b�k�l�u�_,  
�g�b���k���q�_�f���g�_���k�f�_�r�Z�g�g�u�_���h�[�j�Z�a�p�u���\�b�g�Z���b���y�[�e�h�q�g�h�]�h���k�b�^�j�Z�� 

Fig. 3. Final product sugar content (in relation to the amount of flavor filler added  
(A �± 25 % of flavor filler per volume; B �± 50 % of flavor filler per volume;  

C �± 75 % of flavor filler per volume; D �± pure samples of wine and apple cider) 
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�K�h�]�e�Z�k�g�h���i�h�e�m�q�_�g�g�u�f�� �^�Z�g�g�u�f �k�h�^�_�j�`�Z�g�b�_���k�Z�o�Z�j�Z���\�� �h�[�j�Z�a�p�Z�o���k���h�[�e�_�i�b�o�h�c��
�m�f�_�g�v�r�Z�_�l�k�y�� �i�j�b�� �m�\�_�e�b�q�_�g�b�b�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �k�b�j�h�i�Z���� �I�j�b�� �i�h�\�u�r�_�g�b�b�� �d�h�g�p�_�g�l�j�Z��
�p�b�b�� �k�b�j�h�i�Z�� �r�b�i�h�\�g�b�d�Z�� �b�� �d�Z�e�b�g�u�� �m�\�_�e�b�q�b�\�Z�_�l�k�y�� �b�� �d�h�g�p�_�g�l�j�Z�p�b�y �k�Z�o�Z�j�Z�� �\�� �d�h�g�_�q��
�g�h�f�� �i�j�h�^�m�d�l�_���� �L�Z�d�`�_�� �k�e�_�^�m�_�l�� �h�[�j�Z�l�b�l�v�� �\�g�b�f�Z�g�b�_�� �g�Z�� �d�h�g�l�j�h�e�v�g�u�c�� �q�b�k�l�u�c���i�j�h��
�^�m�d�l�����]�^�_���k�[�j�Z�`�b�\�Z�e�Z�k�v���d�Z�e�b�g�Z���[�_�a���k�f�_�r�b�\�Z�g�b�y���k���y�[�e�h�q�g�u�f���k�m�k�e�h�f�����i�j�b���h�^�b�g�Z�d�h��
�\�h�f���d�h�e�b�q�_�k�l�\�_���\�g�h�k�b�f�h�]�h���k�Z�o�Z�j�Z���\���g�Z�q�Z�e�_���[�j�h�`�_�g�b�y���\���b�l�h�]�h�\�h�f���i�j�h�^�m�d�l�_���k�h�^�_�j��
�`�Z�g�b�_���k�Z�o�Z�j�Z���i�h���k�j�Z�\�g�_�g�b�x���k �^�j�m�]�b�f�b���h�[�j�Z�a�p�Z�f�b���[�h�e�v�r�_���g�Z�������±20 �ƒBx.  

�G�Z���j�b�k�� 4 �i�j�_�^�k�l�Z�\�e�_�g�h���d�h�g�_�q�g�h�_���k�h�^�_�j�`�Z�g�b�_���Z�e�d�h�]�h�e�y���\���i�j�h�^�m�d�l�_���� 
 

 
 

�J�b�k����4. �>�b�Z�]�j�Z�f�f�Z���k�h�^�_�j�`�Z�g�b�y���Z�e�d�h�]�h�e�y���\���]�h�l�h�\�u�o���h�[�j�Z�a�p�Z�o���\���a�Z�\�b�k�b�f�h�k�l�b�� 
�h�l���d�h�e�b�q�_�k�l�\�Z���\�g�h�k�b�f�h�]�h���d�h�f�i�h�g�_�g�l�Z (A �± 25 % �h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l�� 

�\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� B �± 50 % �h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� 
C �± 75 % �h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� D �± �q�b�k�l�u�_, �g�b���k���q�_�f��

�g�_���k�f�_�r�Z�g�g�u�_���h�[�j�Z�a�p�u���\�b�g�Z���b���y�[�e�h�q�g�h�]�h���k�b�^�j�Z�� 
Fig. 4. Final product alcohol content in relation to the amount of filler added (A �± 25 % 

of flavor filler per volume; B �± 50 % of flavor filler per volume; C �± 75 % of flavor  
filler per volume; D �± pure samples of wine and apple cider) 

 
�K�Z�f�u�f�� �d�j�_�i�d�b�f�� �b�a�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�o�� �h�[�j�Z�a�p�h�\�� �y�\�e�y�_�l�k�y�� �g�Z�i�b�l�h�d�� �k�� �^�h�[�Z�\��

�e�_�g�g�h�c���h�[�e�_�i�b�o�h�c, �b���g�Z�h�[�h�j�h�l�����g�Z�b�f�_�g�_�_���d�j�_�i�d�b�f���i�h�e�m�q�b�e�b�k�v���g�Z�i�b�l�d�b���k���d�Z�e�b�g�h�c�� 
�<���i�j�_�^�k�l�Z�\�e�_�g�g�u�o���^�Z�g�g�u�o�����j�b�k�� 5) �i�h�d�Z�a�Z�g�h �d�h�e�b�q�_�k�l�\�h���l�b�l�j�m�_�f�u�o���d�b�k�e�h�l��

�\���i�_�j�_�k�q�_�l�_ �g�Z���y�[�e�h�q�g�m�x.  
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�J�b�k�� 5. �>�b�Z�]�j�Z�f�f�Z���k�h�^�_�j�`�Z�g�b�y���l�b�l�j�m�_�f�u�o���d�b�k�e�h�l���\���]�h�l�h�\�u�o���h�[�j�Z�a�p�Z�o����A �± 25 % 

�h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� B �± 50 �����h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h��
�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� C �± 75 �����h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c��

�d�h�f�i�h�g�_�g�l�� D �± �q�b�k�l�u�_, �g�b���k���q�_�f���g�_���k�f�_�r�Z�g�g�u�_���h�[�j�Z�a�p�u���\�b�g�Z���b���y�[�e�h�q�g�h�]�h���k�b�^�j�Z�� 
Fig. 5. Test sample titrated acids content diagram (A �± 25 % of flavor filler per volume; 

B �± 50 % of flavor filler per volume; C �± 75 % of flavor filler per volume; D �± pure 
samples of wine and apple cider) 

 
 �I�h�d�Z�a�Z�l�_�e�v �d�b�k�e�h�l�g�h�k�l�b �^�h�e�`�_�g �[�u�l�v �g�_ �f�_�g�_�_ 4,0 �]/�^�f3, �q�_�f�m �k�h�h�l�\�_�l��

�k�l�\�m�x�l �\�k�_ �h�[�j�Z�a�p�u. �H�^�g�Z�d�h �a�Z�f�_�l�g�h, �q�l�h �g�Z�b�[�h�e�v�r�_�c �d�b�k�e�h�l�g�h�k�l�v�x�� �h�[�e�Z�^�Z�_�l��
�g�Z�i�b�l�h�d���k���^�h�[�Z�\�e�_�g�g�h�c���h�[�e�_�i�b�o�h�c�����q�l�h���[�u�e�h���h�`�b�^�Z�_�f�h�����\�_�^�v���\���h�[�e�_�i�b�o�_���k�h�^�_�j�`�Z��
�g�b�_�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �d�b�k�e�h�l�� �d�h�e�_�[�e�_�l�k�y�� �f�_�`�^�m�� �������� �b�� ������ %, �\ �l�h�� �\�j�_�f�y�� �d�Z�d�� �\�� �d�Z�e�b�g�_��
�l�b�l�j�m�_�f�u�_ �d�b�k�e�h�l�u �k�h�k�l�Z�\�e�y�x�l���f�Z�d�k�b�f�m�f�������� % [9]. 

�>�Z�e�_�_�� �[�u�e�b�� �k�g�y�l�u�� �i�_�j�\�u�_�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�_�� �i�j�h�[�u�� �]�h�l�h�\�u�o�� �h�[�j�Z�a�p�h�\����
�H�d�Z�a�Z�e�h�k�v�����q�l�h���f�h�g�h�i�j�h�^�m�d�l���h�[�e�Z�^�Z�_�l���b�a�e�b�r�g�_���k�b�e�v�g�u�f���\�d�m�k�h�f�����h�l�q�_�]�h���l�j�_�[�m�_�l�k�y��
�e�b�[�h���^�e�b�l�_�e�v�g�Z�y���\�u�^�_�j�`�d�Z���]�h�l�h�\�h�]�h���\�b�g�Z�����e�b�[�h���d�m�i�Z�`�����J�_�r�_�g�h���[�u�e�h���h�k�l�Z�g�h�\�b�l�v�k�y��
�g�Z�� �d�m�i�Z�`�b�j�h�\�Z�g�b�b���� �l�_�f�� �k�Z�f�u�f�� �Z�^�Z�i�l�b�j�m�y�� �y�j�d�b�_�� �\�d�m�k�u�� �^�b�d�b�o�� �i�e�h�^�h�\�� �b���y�]�h�^�� �k�h��
�]�e�Z�k�g�h�� �i�j�_�^�i�h�q�l�_�g�b�y�f�� �k�j�_�^�g�_�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h�� �i�h�l�j�_�[�b�l�_�e�y���� �H�i�b�j�Z�y�k�v�� �g�Z�� �i�h�e�m��
�q�_�g�g�u�_�� �j�_�a�m�e�v�l�Z�l�u���� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z�� �l�_�o�g�h�e�h�]�b�q�_�k�d�Z�y�� �k�o�_�f�Z�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �h�[�h��
�]�Z�s�_�g�g�h�]�h���y�[�e�h�q�g�h�]�h���k�b�^�j�Z (�j�b�k�� 6).  

�G�Z���a�Z�d�e�x�q�b�l�_�e�v�g�h�f���w�l�Z�i�_���b�k�k�e�_�^�h�\�Z�g�b�c���[�u�e�Z���j�Z�a�j�Z�[�h�l�Z�g�Z���[�Z�e�e�v�g�Z�y���l�Z�[�e�b��
�p�Z���^�e�y���h�p�_�g�d�b���]�Z�j�f�h�g�b�q�g�h�k�l�b���b���d�Z�q�_�k�l�\�Z���i�j�h�^�m�d�l�Z�����Z���l�Z�d�`�_���d�h�e�_�k�h���Z�j�h�f�Z�l�h�\�����f�Z�l��
�j�b�p�Z���\�d�m�k�h�\���b���Z�j�h�f�Z�l�h�\���k�b�^�j�Z�����d�h�l�h�j�Z�y���i�h�f�h�]�e�Z���i�h�k�e�_���h�i�j�h�k�Z���h�i�j�_�^�_�e�b�l�v���^�h�f�b�g�b��
�j�m�x�s�b�_���b���y�j�d�b�_���\�d�m�k�u���d�Z�`�^�h�]�h���b�a���h�[�j�Z�a�p�h�\���� 

 

8,0 

8,9 

7,9 

7,3 

6,3 

4,2 

4,0 

5,9 

6,0 

5,0 

4,5 

4,8 

6,2 

0,0 2,0 4,0 6,0 8,0 10,0

100

75

50

25

�¶���-�#�(�/�&�(�-�/�=�U�����l���%3 

�¶
�(

�&
�6

���
&

�/�
,��

�6
���

A
���

��!
�1

�-
�(

���
��(

���
��&

���
,��

���
���

�&
�/�

��U
���

9
 

�Ô�
�#�(�!�� 

�¶���#���&�� 

�Ì���*�(���&���! 

�½�
�#���*���5�� 



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

114 
 

 

�J�b�k����6. �L�_�o�g�h�e�h�]�b�q�_�k�d�Z�y���k�o�_�f�Z���i�j�h�b�a�\�h�^�k�l�\�Z���k�b�^�j�Z����A�����b���\�d�m�k�h-�Z�j�h�f�Z�l�b�q�_�k�d�b�o�� 
�^�h�[�Z�\�h�d���d���g�_�f�m����B, C, D) 

Fig. 6. Cider production technological block-scheme (A) and cider flavor filler  
production block-scheme (B, C, D) 
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�I�j�b�� �i�j�h�\�_�^�_�g�b�b�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�h�c�� �h�p�_�g�d�b�� �h�[�j�Z�a�p�h�\ �\�u�^�_�e�y�e�b�k�v�� �l�Z�d�b�_��
�i�Z�j�Z�f�_�l�j�u, �d�Z�d�� �\�g�_�r�g�b�c�� �\�b�^���� �Z�j�h�f�Z�l���� �\�d�m�k���� �l�_�e�_�k�g�h�k�l�v�� �b�� �i�h�k�e�_�\�d�m�k�b�_�� �;�u�e�Z�� �b�k��
�i�h�e�v�a�h�\�Z�g�Z�� �m�i�j�h�s�_�g�g�Z�y�� �l�Z�[�e�b�p�Z�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �^�e�y�� �^�h�k�l�m�i�g�h�c 
�h�p�_�g�d�b�� �i�j�_�^�k�l�Z�\�b�l�_�e�y�f�b�� �j�Z�a�g�u�o�� �k�e�h�_�\�� �g�Z�k�_�e�_�g�b�y. �F�Z�d�k�b�f�Z�e�v�g�h�� �h�[�j�Z�a�p�u�� �f�h�]�e�b��
�g�Z�[�j�Z�l�v���������[�Z�e�e�h�\�����j�_�a�m�e�v�l�Z�l�u���i�j�_�^�k�l�Z�\�e�_�g�u���\���l�Z�[�e�� 5. 

�>�_�]�m�k�l�Z�p�b�h�g�g�h�c���d�h�f�b�k�k�b�b �[�u�e�h���i�j�_�^�e�h�`�_�g�h���j�Z�a�e�h�`�b�l�v���g�Z�b�[�h�e�_�_�� �m�^�Z�q�g�u�_��
�\�d�m�k�h�\�u�_���k�h�q�_�l�Z�g�b�y���i�h���d�h�e�_�k�m���Z�j�h�f�Z�l�h�\���>����]. 

 
�L�Z�[�e�b�p�Z��5�����J�_�a�m�e�v�l�Z�l�u���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�h�c���h�p�_�g�d�b 
Table 5. Organoleptic test results 
�G�h�f�_�j���h�[�j�Z�a�p�Z 1 2 3 4 5 6 7 8 9 0 

�<�g�_�r�g�b�c���\�b�^ 5 4 4 4 5 5 3 5 5 5 

�:�j�h�f�Z�l 13 10 7 13 9 10 8 12 15 14 

�<�d�m�k 14 10 9 13 17 18 12 15 15 14 

�I�h�k�e�_�\�d�m�k�b�_ 8 5 5 6 9 10 5 9 9 7 

�B�l�h�]�h 40 29 25 36 40 43 28 41 44 40 

 
�G�Z���j�b�k�� �����i�j�_�^�k�l�Z�\�e�_�g�u���^�Z�g�g�u�_���j�_�a�m�e�v�l�Z�l�h�\���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�h�c���h�p�_�g�d�b�� 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�J�b�k�����������>�b�Z�]�j�Z�f�f�Z���b�l�h�]�h�\�u�o���j�_�a�m�e�v�l�Z�l�h�\���h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�h�c���h�p�_�g�d�b 
 (A �± 25 �����h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� B �± 50 %  

�h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z���k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� C �± 75 �����h�l���f�Z�k�k�u���g�Z�i�b�l�d�Z�� 
�k�h�k�l�Z�\�e�y�_�l���\�d�m�k�h�\�h�c���d�h�f�i�h�g�_�g�l�� D �± �q�b�k�l�u�_, �g�b���k���q�_�f���g�_���k�f�_�r�Z�g�g�u�_�� 

�h�[�j�Z�a�p�u���\�b�g�Z���b���y�[�e�h�q�g�h�]�h���k�b�^�j�Z�� 
Fig. 7. Final organoleptic score diagram (A �± 25 % of the weight of the drink  

is the flavor component; B �± 50 % of the weight of the drink is the flavor component;  
C �±75 % of the weight of the drink is the flavor component; D �± pure unmixed samples 

of wine and apple cider) 
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�D�Z�d �\�b�^�g�h �b�a �j�b�k. 7, �k�Z�f�u�f�b �m�^�Z�q�g�u�f�b �\�d�m�k�h�\�u�f�b �k�h�q�_�l�Z�g�b�y�f�b �k�l�Z�e�b: 
�x �h�[�j�Z�a�_�p �‹��  
�x �h�[�j�Z�a�p�u �‹  5 �b 6  
�x �h�[�j�Z�a�p�u �‹  8 �b 9  
�x �h�[�j�Z�a�_�p �‹  0 
�B�a�f�_�g�_�g�b�y���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c �m �g�Z�b�[�h�e�_�_���m�^�Z�q�g�u�o���\�d�m�k�h�\�u�o��

�k�h�q�_�l�Z�g�b�c �k���l�_�q�_�g�b�_�f���\�j�_�f�_�g�b �i�h�d�Z�a�Z�g�u���g�Z���j�b�k. 8.  
 

 
�J�b�k�� 8. �B�a�f�_�g�_�g�b�y���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���k���l�_�q�_�g�b�_�f���\�j�_�f�_�g�b 

Fig. 8. Change of physicochemical parameters over time 
 

�N�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �k�h�� �\�j�_�f�_�g�_�f�� �f�_�g�y�e�b�k�v�� �h�`�b�^�Z�_�f�h���� �d�h�e�b�q�_��
�k�l�\�h�� �k�i�b�j�l�Z�� �\�� �i�j�h�^�m�d�l�_�� �i�h�k�l�_�i�_�g�g�h�� �m�\�_�e�b�q�b�\�Z�e�h�k�v���� �Z �k�Z�o�Z�j�Z�� �± �m�f�_�g�v�r�Z�e�h�k�v���� �K�h��
�^�_�j�`�Z�g�b�_���d�b�k�e�h�l���^�h���������k�m�l �f�_�^�e�_�g�g�h���\�h�a�j�Z�k�l�Z�e�h�����Z���i�h�k�e�_���i�h�r�e�h���g�Z �k�i�Z�^��   

 
�<�U�<�H�>�U 

�I�h���b�l�h�]�Z�f���i�j�h�\�_�^�_�g�g�h�c���j�Z�[�h�l�u���i�h�e�m�q�_�g�u���k�e�_�^�m�x�s�b�_���j�_�a�m�e�v�l�Z�l�u:  
1. �<�u�o�h�^�� �q�b�k�l�u�o���� �g�_�� �k�h�^�_�j�`�Z�s�b�o�� �y�[�e�h�q�g�h�]�h�� �k�m�k�e�Z, �y�]�h�^�g�u�o�� �\�b�g�� �h�d�Z�a�Z�e�k�y��

�f�Z�e���b���w�d�h�g�h�f�b�q�_�k�d�b���g�_�\�u�]�h�^�_�g�� �h�^�g�Z�d�h �\�d�m�k�h�\�u�_���b�g�]�j�_�^�b�_�g�l�u���i�h�e�m�q�b�e�b�k�v �h�q�_�g�v 
�Z�d�l�b�\�g�u�f�b,  �j�Z�a�[�Z�\�e�_�g�b�_�� �b�o�� �\�� �y�[�e�h�q�g�h�f�� �k�m�k�e�_�� �^�_�e�Z�_�l�� �i�j�h�^�m�d�l�� �i�j�b�y�l�g�_�_�� �\�� �m�i�h��
�l�j�_�[�e�_�g�b�b. 

2. �B�k�k�e�_�^�m�y���h�[�j�Z�a�p�u�����h�i�j�_�^�_�e�b�e�b �k�e�_�^�m�x�s�b�_���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_���^�Z�g�g�u�_���� 
�x �k�h�^�_�j�`�Z�g�b�_���k�Z�o�Z�j�Z���\���h�[�j�Z�a�p�Z�o���\�Z�j�v�b�j�m�_�l���h�l�����������^�h�������������]���^�f3; 
�x �k�h�^�_�j�`�Z�g�b�_���l�b�l�j�m�_�f�u�o���d�b�k�e�h�l���d�h�e�_�[�e�_�l�k�y���\���^�b�Z�i�Z�a�h�g�_���h�l�����������^�h�����������]���^�f3; 
�x �k�h�^�_�j�`�Z�g�b�_���k�i�b�j�l�Z���\���h�[�j�Z�a�p�Z�o���k�h�k�l�Z�\�e�y�_�l �h�l�������^�h�����ƒ. 
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�������D�Z�`�^�Z�y���b�a���^�h�[�Z�\�h�d���\�g�h�k�b�e�Z���k�\�h�b���h�k�h�[�_�g�g�u�_���h�l�l�_�g�d�b���\���g�Z�i�b�l�h�d�����I�j�b���^�h��
�[�Z�\�e�_�g�b�b���k�b�j�h�i�Z���r�b�i�h�\�g�b�d�Z���^�_�]�m�k�l�Z�l�h�j�u���h�s�m�s�Z�e�b�� �\�d�m�k���b���a�Z�i�Z�o���]�j�m�r�b�����y�[�e�h�q�g�h��
�]�h���^�`�_�f�Z�����k�_�g�Z�����f�_�^�Z. �>�h�[�Z�\�d�Z���d�Z�e�b�g�u �i�j�b�^�Z�\�Z�e�Z���\�d�m�k���q�_�j�g�h�c���k�f�h�j�h�^�b�g�u�����e�_�k�g�u�o��
�y�]�h�^���� �b�a�x�f�Z���� �]�h�j�v�d�b�o�� �k�i�_�p�b�c�� �H�[�e�_�i�b�o�Z�� �`�_�� �h�d�Z�a�Z�e�Z�k�v�� �Z�]�j�_�k�k�b�\�g�h�c���� �^�Z�`�_�� �i�j�b�� �f�Z��
�e�u�o�� �\�g�h�k�b�f�u�o�� �d�h�g�p�_�g�l�j�Z�p�b�y�o �q�m�\�k�l�\�h�\�Z�e�Z�k�v�� �_�^�d�Z�y�� �d�b�k�e�b�g�d�Z, �h�s�m�s�Z�e�Z�k�v�� �h�j�_�o�h��
�\�Z�y���]�h�j�_�q�v�����Z���l�Z�d�`�_���Z�j�h�f�Z�l���j�h�a�u���b �p�b�l�j�m�k�h�\�u�o.  

4. �G�Z�b�[�h�e�_�_�� �m�^�Z�q�g�u�f�b�� �k �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�h�c�� �l�h�q�d�b�� �a�j�_�g�b�y�� �h�d�Z�a�Z�e�b�k�v���k�e�_��
�^�m�x�s�b�_���h�[�j�Z�a�p�u: 

�x �k�h�q�_�l�Z�g�b�_�������������y�[�e�h�q�g�h�]�h���k�m�k�e�Z���b�������������h�[�e�_�i�b�o�h�\�h�]�h���k�b�j�h�i�Z; 
�x �k�h�q�_�l�Z�g�b�_�������������y�[�e�h�q�g�h�]�h���k�m�k�e�Z���b�������������k�b�j�h�i�Z���d�Z�e�b�g�u�����k�h�q�_�l�Z�g�b�_������������

�y�[�e�h�q�g�h�]�h���k�m�k�e�Z���b�������������k�b�j�h�i�Z���d�Z�e�b�g�u; 
�x �k�h�q�_�l�Z�g�b�_�� ������ ���� �y�[�e�h�q�g�h�]�h�� �k�m�k�e�Z �b�� ������ ���� �k�b�j�h�i�Z�� �r�b�i�h�\�g�b�d�Z���� �k�h�q�_�l�Z�g�b�_��

�����������y�[�e�h�q�g�h�]�h���k�m�k�e�Z���b�������������k�b�j�h�i�Z���r�b�i�h�\�g�b�d�Z; 
�x �d�h�g�l�j�h�e�v�g�u�c���h�[�j�Z�a�_�p���[�_�a���h�[�h�]�Z�l�b�l�_�e�_�c.   
�M�q�b�l�u�\�Z�y���i�h�e�m�q�_�g�g�u�_���^�Z�g�g�u�_���b���l�h�����q�l�h���h�g�b���\���[�h�e�v�r�_�c���k�l�_�i�_�g�b �m�^�h�\�e�_�l�\�h��

�j�y�x�l���i�h�k�l�Z�\�e�_�g�g�u�f���p�_�e�y�f���b���a�Z�^�Z�q�Z�f�����f�h�`�g�h���]�h�\�h�j�b�l�v���h���k�m�s�_�k�l�\�_�g�g�h�f���i�h�l�_�g�p�b�Z��
�e�_�� �i�j�h�_�d�l�b�j�m�_�f�h�]�h�� �i�j�h�^�m�d�l�Z���� �<�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y�� �h�k�g�h�\�g�h�c�� �a�Z�^�Z�q�_�c�� �y�\�e�y�_�l�k�y�� �g�_��
�l�h�e�v�d�h���b�a�h�[�j�_�l�_�g�b�_���g�h�\�u�o���l�_�o�g�h�e�h�]�b�c�����g�h���b���b�k�i�h�e�v�a�h�\�Z�g�b�_���\�k�_�o���^�h�k�l�m�i�g�u�o���i�b�s�_��
�\�u�o�� �j�_�k�m�j�k�h�\�� �^�e�y�� �m�^�h�\�e�_�l�\�h�j�_�g�b�y�� �i�h�l�j�_�[�g�h�k�l�b�� �g�Z�k�_�e�_�g�b�y���� �Z�� �b�f�_�g�g�h�� �j�Z�a�j�Z�[�h�l�d�Z��
�j�_�p�_�i�l�m�j���b���\�u�\�h�^���g�Z���j�u�g�h�d���g�h�\�u�o���\�d�m�k�h�\�u�o���k�h�q�_�l�Z�g�b�c���� 
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9. �E�x�� �J�h�g�]�� �K�_�g���� �O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\�� �i�e�h�^�h�\�� �h�[�e�_�i�b�o�b�� �\�� �D�b�l�Z�_ / �E�x�� �J�h�g�]��
�K�_�g // 2-�c�� �F�_�`�^�m�g�Z�j�h�^�g�u�c�� �k�b�f�i�h�a�b�m�f�� �i�h�� �h�[�e�_�i�b�o�_���� �± �;�Z�j�g�Z�m�e���� �G�h�\�h�k�b�[�b�j�k�d: 
�G�B�B�K�K�����������������± �K�� 128 �± 130. 

10.  �D�h�r�d�b�g�Z, �:���� �F�_�l�h�^�b�d�Z�� �h�[�h�[�se�g�g�h�c�� �q�b�k�e�_�g�g�h�c�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�h�c��
�h�p�_�g�d�b�� �d�Z�q�_�k�l�\�Z�� �g�Z�l�m�j�Z�e�v�g�u�o�� �k�b�^�j�h�\���� �h�[�h�]�Z�se�g�g�u�o�� �k�b�j�h�i�Z�f�b�� �b�a�� �^�b�d�h�j�Z�k�l�m�s�b�o��
�i�e�h�^�h�\�� �b�� �y�]�h�^ / �: . �D�h�r�d�b�g�Z���� �>�� �E���� �:�e�v�r�_�\�k�d�b�c ������ �<�_�k�l�g�b�d�� �f�h�e�h�^e�`�g�h�c�� �g�Z�m�d�b: 
�w�e�_�d�l�j�h�g�g�u�c�� �g�Z�m�q�g�u�c�� �`�m�j�g�Z�e���� �± 2021. �± �‹  30 �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �± URL: 
http://vestnikmolnauki.ru/3-30/ ���^�Z�l�Z���h�[�j�Z�s�_�g�b�y����5.07.2021). 
 

REFERENCES 
 

1. MakGovern Patrik E., Mondavi Robert G. Drevnee vino: poiski istokov 
vinogradarstva [Ancient Wine: The Search for the Origins of Viniculture]. Prinstonskiy 
Universitet, 2004 

2. GOST 31820-2015 Sidry. Obshchie tekhnicheskie usloviya [Ciders. General 
specifications]. 

3. Doroshenko T. N., Zakharchuk N. V., Maksimtsov D. V. Ustoychivost' 
plodovykh i dekorativnykh rasteniy k temperaturnym stressoram: diagnostika i puti 
povysheniya [Resistance of fruit and ornamental plants to temperature stressors: diag-
nostics and ways to increase]. Krasnodar, Kubanskiy GAU, 2014, 117 p.  
            4. Eykhorn S. Yablochnoe vino na puti k kul'turnomu naslediyu [Apple wine on 
the way to cultural heritage].  Frankfurtskiy zhurnal, 2020, available at: 
https://www.journal-frankfurt.de/journal_news/Kultur-9/Bundesliste-des-Immateriellen-
Kulturerbes-Das-Stoeffche-auf-dem-Weg-zum-Kulturerbe-36119.html  (Accessed                   
29 April 2021). 
           5. Itogi razvitiya APK regiona v 2019 godu [Results of the development of the 
agro-industrial complex of the region in 2019]. Available at: 
http://mcx39.ru/operativnaya-informaciya/itogi-razvitiya-apk-regiona/ (Accessed                     
29 April 2021). 
          6. GOST ISO 2173-2013. Produkty pererabotki fruktov i ovoshchey. Refrak-
tometricheskiy metod opredeleniya rastvorimykh sukhikh veshchestv [Fruit and Vege-
table Products. Refractometric Method for Determination of Soluble Solids]. 
          7. GOST 32114-2013. Produktsiya alkogol'naya i syr'e dlya ee proizvodstva. 
Metody opredeleniya massovoy kontsentratsii titruemykh kislot [Alcoholic products 
and raw materials for their production. Methods for determining mass concentration of 
titratable acids]. 
             8. Bab'eva I. P., Chernov I. Yu.  Biologiya drozhzhey [Biology of yeast]. Mos-
cow, Tovarishchestvo nauchnykh izdaniy KMK, 2004, 239 p. 
             9. Lyu Rong Sen. Khimicheskiy sostav plodov oblepikhi v Kitae [Chemical 
composition of sea buckthorn fruits in China]. 2-y Mezhdunarodnyy simpozium po 
oblepikhe. Barnaul; Novosibirsk, NIISS, 1993, pp.128�±130. 
             10. Koshkina A., Al'shevskiy D. L. Metodika obobshchyonnoy chislennoy or-
ganolepticheskoy otsenki kachestva natural'nykh sidrov, obogashchyonnykh siropami iz 
dikorastushchikh plodov i yagod [Methodology for the generalized numerical organo-
leptic assessment of the quality of natural ciders enriched with syrups from wild fruits 
and berries]. Vestnik molodyozhnoy nauki, 2021, no. 30, available at: 
http://vestnikmolnauki.ru/3-30/ (Accessed 5 July 2021). 



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

119 
 

�B�G�N�H�J�F�:�P�B�Y���H�;���:�<�L�H�J�:�O 
 

�D�h�r�d�b�g�Z���:�g�Z�k�l�Z�k�b�y �± �D�Z�e�b�g�b�g�]�j�Z�^�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���l�_�o�g�b�q�_�k�d�b�c�� 
�m�g�b�\�_�j�k�b�l�_�l�����f�Z�]�b�k�l�j�Z�g�l �d�Z�n�_�^�j�u���l�_�o�g�h�e�h�]�b�b �i�j�h�^�m�d�l�h�\���i�b�l�Z�g�b�y�� 

E-mail: anastasija.koskina@gmail.com  
 

Koshkina Anastasiya �± Kaliningrad State Technical University; 
Master student of the Department of Food Technology; 

E-mail: anastasija.koskina@gmail.com 
 

�:�e�v�r�_�\�k�d�b�c���>�f�b�l�j�b�c���E�_�h�g�b�^�h�\�b�q �± �D�Z�e�b�g�b�g�]�j�Z�^�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c�� 
�l�_�o�g�b�q�_�k�d�b�c���m�g�b�\�_�j�k�b�l�_�l�����d�Z�g�^�b�^�Z�l���l�_�o�g�b�q�_�k�d�b�o���g�Z�m�d�����^�h�p�_�g�l���d�Z�n�_�^�j�u�� 

�l�_�o�g�h�e�h�]�b�b���i�j�h�^�m�d�l�h�\���i�b�l�Z�g�b�y����E-mail: alshevsky@klgtu.ru  
 

Alshevskiy Dmitriy Leonidovich �± Kaliningrad State Technical University;  
PhD in Engineering, Associate Professor of the Department of Food Technology;  

E-mail: alshevsky@klgtu.ru 
 

 
 
 

mailto:anastasija.koskina@gmail.com
mailto:anastasija.koskina@gmail.com
mailto:alshevsky@klgtu.ru
mailto:alshevsky@klgtu.ru


  
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

120 

 

�M�>�D��������������������  
DOI 10.46845/1997-3071-2021-62-120-132 
 

�H�P�?�G�D�:���;�?�A�H�I�:�K�G�H�K�L�B���F�Y�K�G�U�O���I�:�R�L�?�L�H�<�����H�;�H�=�:�S�:�?�F�U�O�� 
�;�?�E�D�H�<�H-�F�B�G�?�J�:�E�V�G�U�F���D�H�F�I�E�?�D�K�H�F���B�A���<�L�H�J�B�Q�G�H�=�H���J�U�;�G�H�=�H��

�K�U�J�V�Y���=�H�J�Y�Q�?�=�H���D�H�I�Q�?�G�B�Y 
 

�D�����:�����K�l�_�i�Z�g�h�\�Z�����E�����K�� �;�Z�c�^�Z�e�b�g�h�\�Z 
 

SAFETY ASSESSMENT OF MEAT PATE ENRICHED WITH PROTEIN-MINERAL 
COMPLEX FROM HOT-SMOKED SECONDARY FISH RAW MATERIAL 

 
K. A. Stepanova, L. S. Baydalinova 

 
 
�J�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �j�_�Z�e�b�a�Z�p�b�b�� �q�Z�k�l�b�q�g�h�� �[�_�a�h�l�o�h�^�g�h�c�� �l�_�o�g�h�e�h��

�]�b�b�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �d�h�g�k�_�j�\�h�\�� �©�R�i�j�h�l�u�� �\�� �f�Z�k�e�_�ª�� �g�Z�� �[�Z�a�_�� �j�u�[�h�i�_�j�_�j�Z�[�Z�l�u�\�Z�x�s�b�o��
�i�j�_�^�i�j�b�y�l�b�c�� �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c�� �h�[�e�Z�k�l�b�� �I�h�d�Z�a�Z�g�Z�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �b�� �[�_�a�h�i�Z�k�g�h�k�l�v��
�i�j�b�f�_�g�_�g�b�y�� �[�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�h�]�h�� �d�h�f�i�e�_�d�k�Z�� ���;�F�D������ �i�h�e�m�q�Z�_�f�h�]�h �i�m�l�_�f�� �]�b�^�j�h��
�l�_�j�f�h�e�b�a�Z�� �]�h�e�h�\�� �d�b�e�v�d�b�� �]�h�j�y�q�_�]�h�� �d�h�i�q�_�g�b�y���� �^�e�y�� �h�[�h�]�Z�s�_�g�b�y�� �f�y�k�g�u�o�� �i�j�h�^�m�d�l�h�\����
�H�i�j�_�^�_�e�_�g�Z�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�v�� �;�F�D�� �i�h�� �k�h�^�_�j�`�Z�g�b�x �d�Z�e�v�p�b�y���� �F�Z�k�k�h�\�Z�y�� �^�h�e�y��
�d�Z�e�v�p�b�y�� �b�� �n�h�k�n�h�j�Z�� �\�� �;�F�D�� �k�h�k�l�Z�\�e�y�_�l�� ������  �b�� �� % �k�h�h�l�\�_�l�k�l�\�_�g�g�h���� �J�Z�k�k�q�b�l�Z�g�u �k�h��
�^�_�j�`�Z�g�b�_���d�Z�e�v�p�b�y���b���n�h�k�n�h�j�Z���b���b�o���k�h�h�l�g�h�r�_�g�b�_���\�� �f�y�k�g�h�f�� �i�Z�r�l�_�l�_���� �h�[�h�]�Z�s�_�g�g�h�f 
�[�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�u�f�� �d�h�f�i�e�_�d�k�h�f���� �<�\�_�^�_�g�b�_�� �w�l�h�c�� �^�h�[�Z�\�d�b�� �\�� �f�y�k�g�u�_�� �i�j�h�^�m�d�l�u�� �\��
�d�h�e�b�q�_�k�l�\�_�� �� ���� �� �i�h�\�u�r�Z�_�l�� �k�h�^�_�j�`�Z�g�b�_�� �d�Z�e�v�p�b�y�� �\�� �g�b�o�� �������� ���� �h�l�� �k�m�l�h�q�g�h�c�� �g�h�j�f�u��
�_�]�h���i�h�l�j�_�[�e�_�g�b�y���\�� �i�_�j�_�k�q�_�l�_���g�Z���������� �]�� �i�j�h�^�m�d�l�Z�����b���h�[�_�k�i�_�q�b�\�Z�_�l�� �h�i�l�b�f�Z�e�v�g�h�_���^�e�y��
�m�k�\�h�_�g�b�y�� �h�j�]�Z�g�b�a�f�h�f�� �k�h�h�l�g�h�r�_�g�b�_�� �d�Z�e�v�p�b�y�� �b�� �n�h�k�n�h�j�Z���� �>�h�d�Z�a�Z�g�Z�� �[�_�a�h�i�Z�k�g�h�k�l�v��
�h�[�h�]�Z�s�_�g�g�h�]�h�� �f�y�k�g�h�]�h�� �i�Z�r�l�_�l�Z�� �i�h�� �k�h�^�_�j�`�Z�g�b�x�� �[�_�g�a���Z���i�b�j�_�g�Z���� �g�h�j�f�b�j�m�_�f�h�]�h�� �\��
�d�h�i�q�_�g�h�c���i�j�h�^�m�d�p�b�b�����>�Z�g�Z���j�_�d�h�f�_�g�^�Z�p�b�y���i�h�����^�h�i�m�k�l�b�f�h�f�m���m�j�h�\�g�x���[�_�g�a���Z���i�b�j�_�g�Z��
�\���;�F�D���± �g�_���[�h�e�_�_���������������f�]���d�]�����K�j�h�d���]�h�^�g�h�k�l�b���i�Z�r�l�_�l�Z���\���m�i�Z�d�h�\�d�_���k �g�b�a�d�b�f�b���[�Z�j�v��
�_�j�g�u�f�b���k�\�h�c�k�l�\�Z�f�b���k���m�q�_�l�h�f���d�h�w�n�n�b�p�b�_�g�l�Z���j�_�a�_�j�\�Z���k�h�k�l�Z�\�b�e���������k�m�l���i�j�b���l�_�f�i�_�j�Z��
�l�m�j�_�� �o�j�Z�g�_�g�b�y�� �����“���� �ž�K���� �G�_�� �\�u�y�\�e�_�g�h�� �a�g�Z�q�b�l�_�e�v�g�h�_�� �\�e�b�y�g�b�_�� �;�F�D�� �g�Z�� �b�a�f�_�g�_�g�b�_��
�f�b�d�j�h�[�g�h�c���h�[�k�_�f�_�g�_�g�g�h�k�l�b���b�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�����g�Z���k�j�h�d���]�h�^�g�h�k�l�b���w�d�k�i�_�j�b�f�_�g�l�Z�e�v��
�g�u�o���h�[�j�Z�a�p�h�\���i�Z�r�l�_�l�Z���\�� �k�j�Z�\�g�_�g�b�b���k���d�h�g�l�j�h�e�v�g�u�f�b���� �>�Z�g�u �j�_�d�h�f�_�g�^�Z�p�b�b���i�h���\�h�a��
�f�h�`�g�h�f�m�� �m�\�_�e�b�q�_�g�b�x���k�j�h�d�Z���]�h�^�g�h�k�l�b �i�Z�r�l�_�l�Z. �H�[�g�Z�j�m�`�_�g�Z �\�u�k�h�d�Z�y���\�_�j�h�y�l�g�h�k�l�v��
�g�_�k�h�h�l�\�_�l�k�l�\�b�y���f�y�k�g�h�]�h���k�u�j�v�y���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�f���g�h�j�f�Z�l�b�\�Z�f�����q�_�f�m���g�_�h�[�o�h�^�b��
�f�h���m�^�_�e�y�l�v���k�_�j�v�_�a�g�h�_���\�g�b�f�Z�g�b�_���i�j�b���h�j�]�Z�g�b�a�Z�p�b�b���i�j�h�b�a�\�h�^�k�l�\�Z���f�y�k�g�h�c���i�j�h�^�m�d�p�b�b��  

�[�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�u�c�� �d�h�f�i�e�_�d�k���� �d�Z�e�v�p�b�c���� �n�h�k�n�h�j���� �f�y�k�g�h�c�� �i�Z�r�l�_�l����
�[�_�g�a���Z���i�b�j�_�g�����f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_���i�h�d�Z�a�Z�l�_�e�b�����[�_�a�h�i�Z�k�g�h�k�l�v 

  
 
The paper considers a possibility of implementing a partially waste-free tech-

nology for the production of canned food �³Sprats in oil�  ́on the basis of fish processing 
enterprises in Kaliningrad. It shows efficiency and safety of the use of the protein-
mineral complex (PMC), produced by hydrothermolysis of the hot smoked head sprat, 
for the enrichment of meat products. Functionality of PMC has been determined by the 
content of calcium. The content of calcium and phosphorus in PMC is 6.5 and 4 %, re-
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spectively. The content of calcium and phosphorus and their ratio in meat pate, enriched 
with a mineral complex of a protein-mineral complex have been calculated. Introduction 
of this additive into meat products in the amount of 5 % provides an increase in the cal-
cium content in them (37 % of the daily intake in terms of 100 g of product) and pro-
vides an optimal ratio of calcium and phosphorus for absorption by the body. Safety of 
the enriched meat pate has been proven in terms of benzo(a)pyrene content, which is 
standardized in smoked products. A recommendation has been given for the maximum 
permissible level of benzo(a)pyrene in PMC �± no more than 0.016 mg / kg. The shelf 
life of pate in a package with low barrier properties, taking into account the reserve co-
efficient, was 12 days a�W���D���V�W�R�U�D�J�H���W�H�P�S�H�U�D�W�X�U�H���R�I�������“������ �ž�K���� �7�K�H�U�H���K�Ds been no signifi-
cant effect of PMC on the change in microbial contamination and, accordingly, the shelf 
life of experimental pate samples in comparison with control samples. Recommenda-
tions are given for a possible increase in the shelf life of the pate. A high probability of 
non-compliance of meat raw materials with microbiological standards has been found, 
which must be given serious attention when organizing manufacturing of meat products. 

�jrotein-mineral complex, calcium, phosphorus, meat pate, benzo(a)pyrene, mi-
crobiological indicators, safety 
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�s�Z�l�v���p�_�g�g�u�f�b���d�h�f�i�h�g�_�g�l�Z�f�b���\�l�h�j�b�q�g�h�]�h���j�u�[�g�h�]�h���k�u�j�v�y���� 

�;�h�e�v�r�_�� �i�h�e�h�\�b�g�u�� �j�h�k�k�b�c�k�d�h�]�h�� �j�u�g�d�Z�� �d�h�g�k�_�j�\�h�\�� �l�b�i�Z�� �©�R�i�j�h�l�u�� �\�� �f�Z�k�e�_�ª��
�a�Z�g�b�f�Z�x�l���i�j�h�b�a�\�h�^�b�l�_�e�b���D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c���h�[�e�Z�k�l�b�����H�H�H���©�J�D���©�A�Z���J�h�^�b�g�m�ª�����H�H�H��
�©�J�h�k�d�h�g�ª���� �H�H�H�� �©�;�:�J�K�ª���� �H�:�H�� �©�F�Z�f�h�g�h�\�k�d�b�c���j�u�[�h�d�h�g�k�_�j�\�g�u�c���d�h�f�[�b�g�Z�l�ª���� �H�H�H��
�©�;�Z�e�l�n�b�r�l�j�_�c�^�ª�����H�H�H���©�=�e�Z�\�i�j�h�^�m�d�l�ª�����I�j�_�^�i�j�b�y�l�b�y�f�b�����j�_�]�b�h�g�Z���\�u�i�m�k�d�Z�_�l�k�y���[�h��
�e�_�_�����������l�u�k���� �m�k�e�h�\�g�u�o���[�Z�g�h�d�� �©�R�i�j�h�l�u �\�� �f�Z�k�e�_�ª���\���k�m�l�d�b���b���[�h�e�_�_������ �f�e�g. �± �\���]�h�^����
�M�e�h�\���[�Z�e�l�b�c�k�d�h�c���d�b�e�v�d�b���a�Z���i�h�k�e�_�^�g�b�_�������e�_�l �\�u�j�h�k���\�^�\�h�_���b���k�_�c�q�Z�k���k�l�Z�[�b�e�v�g�h���^�_�j��
�`�b�l�k�y���g�Z���h�l�f�_�l�d�_���������l�u�k�����l���\���]�h�^�����I�j�b���w�l�h�f���k�������������]�� �\�h�a�h�[�g�h�\�b�e�k�y���i�j�h�f�u�k�_�e���d�b�e�v��
�d�b�� �d�Z�k�i�b�c�k�d�h�c�� �h�[�u�d�g�h�\�_�g�g�h�c���� �<�� ���������� �]���� �_�_�� �m�e�h�\�� �k�h�k�l�Z�\�b�e�� ������ �l�u�k���� �l���� �Z�� �g�Z�� ���������� �]�� 
�j�_�d�h�f�_�g�^�h�\�Z�g�h���d���\�u�e�h�\�m���m�`�_���������l�u�k�����l���d�b�e�v�d�b���D�Z�k�i�b�c�k�d�h�]�h���f�h�j�y���>���@�� 

�J�Z�k�k�q�b�l�Z�g�h�����q�l�h���\���i�j�h�p�_�k�k�_���\�u�j�Z�[�h�l�d�b���j�u�[�g�u�o���d�h�g�k�_�j�\�h�\���l�b�i�Z���©�R�i�j�h�l�u���\��
�f�Z�k�e�_�ª�� �\�� �D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�c�� �h�[�e�Z�k�l�b�� �a�Z�� �]�h�^�� �g�Z�d�Z�i�e�b�\�Z�_�l�k�y�� �[�h�e�_�_�� �������� �l�u�k�����l��           
�h�l�o�h�^�h�\���± �]�h�e�h�\ �b���o�\�h�k�l�h�\�u�o���i�e�Z�\�g�b�d�h�\���>���@�����W�l�h�l���i�h�d�Z�a�Z�l�_�e�v���f�h�`�_�l���m�\�_�e�b�q�b�\�Z�l�v�k�y��
�\�f�_�k�l�_���k���j�h�k�l�h�f���i�j�h�b�a�\�h�^�k�l�\�Z���a�Z���k�q�_�l���d�b�e�v�d�b���D�Z�k�i�b�c�k�d�h�]�h���[�Z�k�k�_�c�g�Z����  

�I�h���l�_�o�g�h�e�h�]�b�b�����k�h�a�^�Z�g�g�h�c �g�Z���d�Z�n�_�^�j�_���i�b�s�_�\�h�c���[�b�h�l�_�o�g�h�e�h�]�b�b���N�=�;�H�M���<�H��
�©�D�=�L�M�ª���� �i�m�l�_�f�� �h�[�j�Z�[�h�l�d�b�� �h�l�o�h�^�h�\�� �r�i�j�h�l�g�h�]�h�� �i�j�h�b�a�\�h�^�k�l�\�Z�� �]�b�^�j�h�l�_�j�f�b�q�_�k�d�b�f��
�k�i�h�k�h�[�h�f�� �i�h�e�m�q�Z�x�l�� �[�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�u�c�� �d�h�f�i�e�_�d�k�� ���;�F�D���� �>���@���� �=�h�e�h�\�u�� �d�b�e�v�d�b��
�]�h�j�y�q�_�]�h�� �d�h�i�q�_�g�b�y�� �i�h�^�\�_�j�]�Z�x�l�� �]�b�^�j�h�l�_�j�f�h�e�b�a�m�� �k�� �i�h�k�e�_�^�m�x�s�b�f�� �j�Z�a�^�_�e�_�g�b�_�f �g�Z��
�l�j�b�� �n�j�Z�d�p�b�b���� �i�j�h�l�_�b�g�h�\�u�c�� �j�Z�k�l�\�h�j���� �`�b�j�h�\�m�x�� �n�j�Z�d�p�b�x �b�� �[�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�u�c��
�h�k�Z�^�h�d���� �B�a�� �i�h�k�e�_�^�g�_�]�h�� �i�h�k�e�_�� �\�u�k�m�r�b�\�Z�g�b�y�� �i�h�e�m�q�Z�_�l�k�y�� �;�F�D�� �H�g �b�k�i�h�e�v�a�h�\�Z�g��
�g�Z�f�b���\���d�Z�q�_�k�l�\�_���h�[�h�]�Z�s�Z�x�s�_�]�h���d�h�f�i�h�g�_�g�l�Z���j�_�p�_�i�l�m�j�u���� 
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�;�F�D �h�l�e�b�q�Z�_�l�k�y�� �i�h�\�u�r�_�g�g�u�f�� �k�h�^�_�j�`�Z�g�b�_�f�� �f�b�g�_�j�Z�e�v�g�u�o�� �\�_�s�_�k�l�\ �d�h�k�l��
�g�h�c�� �l�d�Z�g�b�� �j�u�[���� �\�� �q�Z�k�l�g�h�k�l�b, �d�Z�e�v�p�b�y �b�� �n�h�k�n�h�j�Z���� �K�h�]�e�Z�k�g�h �j�_�d�h�f�_�g�^�Z�p�b�y�f �F�J��
2.3.1.2432-������ �>���@�� �k�j�_�^�g�y�y �k�m�l�h�q�g�Z�y�� �g�h�j�f�Z�� �d�Z�e�v�p�b�y�� �^�e�y�� �q�_�e�h�\�_�d�Z�� �k�h�k�l�Z�\�e�y�_�l��
1000 �f�]���� �I�j�b�� �w�l�h�f�� �g�Z�� �_�]�h�� �m�k�\�h�y�_�f�h�k�l�v�� �[�h�e�v�r�h�_�� �\�e�b�y�g�b�_�� �h�d�Z�a�u�\�Z�x�l�� �k�h�i�m�l�k�l�\�m�x��
�s�b�_���\�_�s�_�k�l�\�Z�����\�b�l�Z�f�b�g���'�����n�h�k�n�h�j�� �f�Z�]�g�b�c�����Z���l�Z�d�`�_���k�h�^�_�j�`�Z�g�b�_���[�_�e�d�h�\ �b���`�b�j�h�\���\��
�i�j�h�^�m�d�l�_���� �H�i�l�b�f�Z�e�v�g�u�f�� �^�e�y�� �m�k�\�h�_�g�b�y���y�\�e�y�_�l�k�y���k�h�h�l�g�h�r�_�g�b�_���d�Z�e�v�p�b�y���� �n�h�k�n�h�j�Z���b��
�f�Z�]�g�b�y���\���j�Z�p�b�h�g�_������������,0:0,5 [4]. 

�H�[�t�_�d�l�h�f���^�e�y���h�[�h�]�Z�s�_�g�b�y���\�u�[�j�Z�g�Z���f�y�k�g�Z�y���i�j�h�^�m�d�p�b�y���f�Z�k�k�h�\�h�]�h���i�h�l�j�_�[�e�_��
�g�b�y���± �f�y�k�g�h�c���i�Z�r�l�_�l�����;�F�D���i�j�b�^�Z�_�l���i�Z�r�l�_�l�m���i�b�d�Z�g�l�g�u�c���\�d�m�k���b���Z�j�h�f�Z�l���d�h�i�q�_�g�h�k�l�b��
�b���i�h�a�\�h�e�y�_�l���k�[�Z�e�Z�g�k�b�j�h�\�Z�l�v���i�h�\�u�r�_�g�g�h�_���k�h�^�_�j�`�Z�g�b�_���n�h�k�n�h�j�Z���\���f�y�k�g�h�f���i�j�h�^�m�d�l�_�� 

�B�a-�a�Z�����i�j�b�k�m�l�k�l�\�b�y�����\���h�l�o�h�^�Z�o���d�b�e�v�d�b���]�h�j�y�q�_�]�h���d�h�i�q�_�g�b�y���d�h�i�l�b�e�v�g�u�o���d�h�f��
�i�h�g�_�g�l�h�\���� �\�d�e�x�q�Z�y�� �i�h�e�b�p�b�d�e�b�q�_�k�d�b�_ �Z�j�h�f�Z�l�b�q�_�k�d�b�_�� �m�]�e�_�\�h�^�h�j�h�^�u�� ���I�:�M�� �b�� �n�_��
�g�h�e�v�g�u�_ �k�h�_�^�b�g�_�g�b�y�� �h�g�b���g�_���f�h�]�m�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y���i�_�j�_�j�Z�[�h�l�d�b���g�Z���d�h�j�f�h��
�\�m�x���i�j�h�^�m�d�p�b�x�����i�h�w�l�h�f�m �i�h�^�\�_�j�]�Z�x�l�k�y���m�l�b�e�b�a�Z�p�b�b�����q�l�h���y�\�e�y�_�l�k�y���w�d�h�g�h�f�b�q�_�k�d�b���b��
�w�d�h�e�h�]�b�q�_�k�d�b���g�_�[�e�Z�]�h�i�j�b�y�l�g�u�f���n�Z�d�l�h�j�h�f.  

�G�Z�b�[�h�e�_�_�� �b�a�\�_�k�l�g�u�c�� �\�u�k�h�d�h�l�h�d�k�b�q�g�u�c �I�:�M�� �± �[�_�g�a���Z���i�b�j�_�g���� �d�h�l�h�j�u�c�� �h�[��
�e�Z�^�Z�_�l���k�\�h�c�k�l�\�h�f���[�b�h�Z�d�d�m�f�m�e�y�p�b�b�����h�d�Z�a�u�\�Z�y���i�j�b���w�l�h�f���^�h�d�Z�a�Z�g�g�h�_���d�Z�g�p�_�j�h�]�_�g�g�h�_��
�b���f�m�l�Z�]�_�g�g�h�_���^�_�c�k�l�\�b�_���g�Z���`�b�\�h�l�g�u�o���b���h�]�j�Z�g�b�q�_�g�g�h���^�h�d�Z�a�Z�g�g�h�_�� �± �g�Z���q�_�e�h�\�_�d�Z [5]. 
�I�j�_�^�_�e�v�g�h�� �^�h�i�m�k�l�b�f�u�_�� �d�h�g�p�_�g�l�j�Z�p�b�b�� �[�_�g�a���Z���i�b�j�_�g�Z�� �\�� �i�j�h�^�m�d�l�Z�o�� �i�b�l�Z�g�b�y�� �m�k�l�Z��
�g�Z�\�e�b�\�Z�_�l�� �l�_�o�g�b�q�_�k�d�b�c�� �j�_�]�e�Z�f�_�g�l�� �L�Z�f�h�`�_�g�g�h�]�h�� �k�h�x�a�Z�� �L�J�� �L�K�� ������������������ �©�H�� �[�_�a��
�h�i�Z�k�g�h�k�l�b���i�b�s�_�\�h�c���i�j�h�^�m�d�p�b�b�ª�����g�_���[�h�e�_�_���������������f�]���d�]�� �± �\���d�h�i�q�_�g�h�c���j�u�[�_���b���g�_���[�h��
�e�_�_���������������f�]���d�] �± �\���h�k�l�Z�e�v�g�h�c���i�b�s�_�\�h�c���i�j�h�^�m�d�p�b�b�����b�k�d�e�x�q�Z�y���k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�_��
�i�j�h�^�m�d�l�u���i�b�l�Z�g�b�y. 

�G�Z�� �l�_�j�j�b�l�h�j�b�b�� �]�h�k�m�^�Z�j�k�l�\-�q�e�_�g�h�\�� �?�\�j�Z�a�b�c�k�d�h�]�h�� �w�d�h�g�h�f�b�q�_�k�d�h�]�h�� �k�h�x�a�Z��
�i�b�s�_�\�Z�y���i�j�h�^�m�d�p�b�y���g�h�\�h�]�h���\�b�^�Z���i�h�^�e�_�`�b�l���]�h�k�m�^�Z�j�k�l�\�_�g�g�h�c���j�_�]�b�k�l�j�Z�p�b�b���b���i�j�h�p�_��
�^�m�j�_�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �k�h�h�l�\�_�l�k�l�\�b�y�� �l�_�o�g�b�q�_�k�d�b�f�� �j�_�]�e�Z�f�_�g�l�Z�f���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �^�e�y��
�l�Z�d�h�c���i�j�h�^�m�d�p�b�b���h�[�y�a�Z�l�_�e�v�g�u�f���y�\�e�y�_�l�k�y���i�j�h�\�_�^�_�g�b�_���b�k�k�e�_�^�h�\�Z�g�b�c���i�h���h�j�]�Z�g�h�e�_�i��
�l�b�q�_�k�d�b�f���b���n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�f���i�h�d�Z�a�Z�l�_�e�y�f�������h�i�j�_�^�_�e�_�g�b�_���k�h�h�l�\�_�l�k�l�\�b�y���l�j�_�[�h�\�Z��
�g�b�y�f�� �]�b�]�b�_�g�b�q�_�k�d�h�c���b���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�h�c���[�_�a�h�i�Z�k�g�h�k�l�b���� �� �Z���l�Z�d�`�_�� �m�k�l�Z�g�h�\�e�_�g�b�_��
�k�j�h�d�h�\���]�h�^�g�h�k�l�b���i�j�h�^�m�d�p�b�b�����<���g�Z�k�l�h�y�s�_�c���j�Z�[�h�l�_���j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y���j�_�a�m�e�v�l�Z�l�u���b�k��
�k�e�_�^�h�\�Z�g�b�y�� �h�[�h�]�Z�s�_�g�g�u�o�� �f�y�k�g�u�o�� �i�Z�r�l�_�l�h�\�� �i�h�� �m�j�h�\�g�x�� �[�_�g�a���Z���i�b�j�_�g�Z���� �g�Z�b�[�h�e�_�_��
�h�i�Z�k�g�h�]�h���d�h�g�l�Z�f�b�g�Z�g�l�Z���\���d�h�i�q�_�g�h�c���i�j�h�^�m�d�p�b�b�����Z���l�Z�d�`�_���i�h���b�a�f�_�g�_�g�b�x���f�b�d�j�h�[�b�h��
�e�h�]�b�q�_�k�d�h�c���h�[�k�_�f�_�g�_�g�g�h�k�l�b���\���i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y���h�[�j�Z�a�p�h�\���i�Z�r�l�_�l�Z�� 

�P�_�e�v�x �b�k�k�e�_�^�h�\�Z�g�b�y�� �y�\�b�e�h�k�v�� �k�h�a�^�Z�g�b�_�� �^�h�d�Z�a�Z�l�_�e�v�g�h�c�� �[�Z�a�u�� �\�h�a�f�h�`�g�h�k�l�b��
�i�j�b�f�_�g�_�g�b�y���;�F�D �b�a���]�h�e�h�\���d�h�i�q�_�g�h�c���d�b�e�v�d�b �\���j�_�p�_�i�l�m�j�Z�o �f�y�k�g�h�]�h���i�Z�r�l�_�l�Z���b���^�j�m��
�]�b�o�� �i�b�s�_�\�u�o�� �i�j�h�^�m�d�l�h�\�� �i�j�b�� �k�h�[�e�x�^�_�g�b�b�� �l�j�_�[�h�\�Z�g�b�c�� �[�_�a�h�i�Z�k�g�h�k�l�b���� �i�j�_�^�m�k�f�h�l��
�j�_�g�g�u�o���l�_�o�g�b�q�_�k�d�b�f�b���j�_�]�e�Z�f�_�g�l�Z�f�b.  

�>�e�y���^�h�k�l�b�`�_�g�b�y���p�_�e�b���j�_�r�Z�e�b�k�v���k�e�_�^�m�x�s�b�_���a�Z�^�Z�q�b��  
�± �i�h�^�l�\�_�j�`�^�_�g�b�_���n�m�g�d�p�b�h�g�Z�e�v�g�h�c���Z�d�l�b�\�g�h�k�l�b���;�F�D���\���g�h�\�h�f���\�b�^�_���i�Z�r�l�_�l�Z�� 
�± �m�k�l�Z�g�h�\�e�_�g�b�_���k�h�h�l�\�_�l�k�l�\�b�y���j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�]�h���i�Z�r�l�_�l�Z���l�j�_�[�h�\�Z�g�b�y�f�� �g�h�j��

�f�Z�l�b�\�g�u�o���^�h�d�m�f�_�g�l�h�\���i�h���k�h�^�_�j�`�Z�g�b�x���[�_�g�a���Z���i�b�j�_�g�Z�� 
�± �m�k�l�Z�g�h�\�e�_�g�b�_�� �k�j�h�d�Z�� �]�h�^�g�h�k�l�b�� �f�y�k�g�h�]�h�� �i�Z�r�l�_�l�Z���� �h�[�h�]�Z�s�Z�_�f�h�]�h�� �;�F�D�� �b�a��

�]�h�e�h�\ �d�b�e�v�d�b���]�h�j�y�q�_�]�h���d�h�i�q�_�g�b�y�� �b���\�e�b�y�g�b�y���;�F�D���g�Z���k�l�Z�[�b�e�v�g�h�k�l�v���i�Z�r�l�_�l�Z���\���i�j�h��
�p�_�k�k�_���o�j�Z�g�_�g�b�y���g�Z���h�k�g�h�\�Z�g�b�b���i�h�d�Z�a�Z�l�_�e�_�c���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�h�c���[�_�a�h�i�Z�k�g�h�k�l�b�� 
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�F�:�L�?�J�B�:�E�U���B���F�?�L�H�>�U���B�K�K�E�?�>�H�<�:�G�B�Y 
�>�e�y�� �w�d�k�i�_�j�b�f�_�g�l�Z �i�j�b�]�h�l�Z�\�e�b�\�Z�e�b�� �d�h�g�l�j�h�e�v�g�u�_�� �b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�_�� �k��

�\�g�_�k�_�g�b�_�f�� ���� ���� �;�F�D���h�[�j�Z�a�p�u���i�Z�r�l�_�l�h�\���� �>�h�a�b�j�h�\�d�Z���;�F�D���[�u�e�Z�� �m�k�l�Z�g�h�\�e�_�g�Z���j�Z�g�_�_��
�g�Z�� �h�k�g�h�\�_�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�h�c�� �h�p�_�g�d�b�� �b�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �h�[�j�Z�a��
�p�h�\���i�Z�r�l�_�l�h�\���k���^�h�a�Z�f�b���;�F�D���h�l�������������^�h���������������h�l���f�Z�k�k�u���i�Z�r�l�_�l�Z��[6]. 

�<�� �j�_�p�_�i�l�m�j�m�� �h�[�j�Z�a�p�h�\�� �i�Z�r�l�_�l�Z�� �\�d�e�x�q�Z�e�b: �f�y�k�h�� �b�� �i�_�q�_�g�v�� �p�u�i�e�y�l-
�[�j�h�c�e�_�j�h�\���� �b�o�� �d�h�`�m�� �\�� �d�Z�q�_�k�l�\�_�� �`�b�j�h�\�h�]�h�� �d�h�f�i�h�g�_�g�l�Z�� �h�[�h�]�Z�s�Z�x�s�m�x�� �^�h�[�Z�\�d�m�� �� �± 
�;�F�D���b�a���]�h�e�h�\���d�h�i�q�_�g�h�c���d�b�e�v�d�b�����Z���l�Z�d�`�_���\�k�i�h�f�h�]�Z�l�_�e�v�g�u�_���\�d�m�k�h�\�u�_���b���k�l�j�m�d�l�m�j�h��
�h�[�j�Z�a�m�x�s�b�_���d�h�f�i�h�g�_�g�l�u�����I�h���k�l�Z�g�^�Z�j�l�b�a�h�\�Z�g�g�u�f �f�_�l�h�^�b�d�Z�f�����^�e�y���;�F�D���b���h�[�j�Z�a�p�h�\��
�i�Z�r�l�_�l�h�\�� �h�i�j�_�^�_�e�y�e�b�� �h�j�]�Z�g�h�e�_�i�l�b�q�_�k�d�b�_���� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� ���f�Z�k�k�h��
�\�m�x �^�h�e�x �\�h�^�u���� �`�b�j�Z���� �[�_�e�d�Z�� �b�� �f�b�g�_�j�Z�e�v�g�u�o�� �\�_�s�_�k�l�\���� �b�� �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�m�x����
�[�_�a�h�i�Z�k�g�h�k�l�v���\���k�h�h�l�\�_�l�k�l�\�b�b���k �l�j�_�[�h�\�Z�g�b�y�f�b���l�_�o�g�b�q�_�k�d�b�o���j�_�]�e�Z�f�_�g�l�h�\�� 

�H�[�j�Z�a�p�u���i�Z�r�l�_�l�h�\���i�j�b�]�h�l�Z�\�e�b�\�Z�e�b���k�e�_�^�m�x�s�b�f���h�[�j�Z�a�h�f�����N�Z�j�r���b�a���[�e�Z�g�r�b��
�j�h�\�Z�g�g�h�]�h���f�y�k�g�h�]�h���k�u�j�v�y���b���^�j�m�]�b�_���d�h�f�i�h�g�_�g�l�u���j�_�p�_�i�l�m�j�u���k�f�_�r�b�\�Z�e�b���� �l�h�g�d�h���b�a��
�f�_�e�v�q�Z�e�b���� �i�Z�r�l�_�l�g�m�x�� �f�Z�k�k�m�� �l�_�f�i�_�j�Z�l�m�j�h�c�� ���� �q�K �n�Z�k�h�\�Z�e�b �i�h�� ���� �]�� �\�� �i�h�e�b�f�_�j�g�u�_��
�d�h�g�l�_�c�g�_�j�u���� �d�h�l�h�j�u�_�� �i�_�j�_�d�j�u�\�Z�e�b�� �n�h�e�v�]�h�c�� �b�� �a�Z�d�j�u�\�Z�e�b�� �d�j�u�r�d�Z�f�b���� �H�[�j�Z�a�p�u��
�i�Z�r�l�_�l�h�\���i�Z�k�l�_�j�b�a�h�\�Z�e�b���\���i�Z�j�h�\�h�c���k�j�_�^�_���\���l�_�q�_�g�b�_���������f�b�g�����h�o�e�Z�`�^�Z�e�b���b���a�Z�d�e�Z� �̂u��
�\�Z�e�b���g�Z���o�j�Z�g�_�g�b�_���^�e�y �i�h�k�e�_�^�m�x�s�b�o �b�k�k�e�_�^�h�\�Z�g�b�c. 

�<�� �p�_�e�y�o�� �i�h�^�l�\�_�j�`�^�_�g�b�y�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�b�� �;�F�D�� �\�� �g�_�f�� �h�i�j�_�^�_�e�y�e�h�k�v�� �k�h��
�^�_�j�`�Z�g�b�_�� �d�Z�e�v�p�b�y�� �i�h�� �=�H�K�L�� �����������±95 �©�D�h�j�f�Z���� �d�h�f�[�b�d�h�j�f�Z�� �d�h�f�[�b�d�h�j�f�h�\�h�_�� �k�u��
�j�v�_�����F�_�l�h�^�u���h�i�j�_�^�_�e�_�g�b�y���d�Z�e�v�p�b�y�ª �b���n�h�k�n�h�j�Z���i�h���=�H�K�L�������������±�������©�D�h�j�f�Z�����d�h�f�[�b��
�d�h�j�f�Z���� �d�h�f�[�b�d�h�j�f�h�\�h�_�� �k�u�j�v�_���� �F�_�l�h�^�� �h�i�j�_�^�_�e�_�g�b�y�� �k�h�^�_�j�`�Z�g�b�y�� �n�h�k�n�h�j�Z�ª. �K�h�h�l��
�g�h�r�_�g�b�y���d�Z�e�v�p�b�y���b���n�h�k�n�h�j�Z���\���i�Z�r�l�_�l�_���m�k�l�Z�g�Z�\�e�b�\�Z�e�b�k�v���j�Z�k�q�_�l�g�u�f���i�m�l�_�f�� 

�<�� �;�F�D�� �b�� �]�h�e�h�\�Z�o�� �d�b�e�v�d�b�� �]�h�j�y�q�_�]�h�� �d�h�i�q�_�g�b�y �h�i�j�_�^�_�e�y�e�b�� �k�h�^�_�j�`�Z�g�b�_��
�[�_�g�a���Z���i�b�j�_�g�Z�� �i�h�� �N�J�������������������������������� [7�@�� �g�Z�� �[�Z�a�_�� �E�Z�[�h�j�Z�l�h�j�g�h�]�h�� �p�_�g�l�j�Z�� �©�:�l�e�Z�g�l��
�G�B�J�H�ª�����G�Z���h�k�g�h�\�_���i�h�e�m�q�_�g�g�u�o���^�Z�g�g�u�o���j�Z�k�k�q�b�l�u�\�Z�e�b �k�h�^�_�j�`�Z�g�b�_���[�_�g�a���Z���i�b�j�_�g�Z���\��
�i�Z�r�l�_�l�_��  

�I�j�b���m�k�l�Z�g�h�\�e�_�g�b�b �k�j�h�d�Z���]�h�^�g�h�k�l�b �i�j�h�^�m�d�l�Z���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�f �f�_�l�h�^�h�f 
�\�� �d�Z�q�_�k�l�\�_�� �d�h�g�l�j�h�e�v�g�h�]�h�� �h�[�s�_�i�j�b�g�y�l�h�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �i�h�d�Z�a�Z�l�_�e�v�� �D�F�:�N�:�g�F ���d�h��
�e�b�q�_�k�l�\�h���f�_�a�h�n�b�e�v�g�u�o���Z�w�j�h�[�g�u�o���b���n�Z�d�m�e�v�l�Z�l�b�\�g�h���Z�g�Z�w�j�h�[�g�u�o���f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\����
�i�h���=�H�K�L�������������������±������ �©�I�j�h�^�m�d�l�u���i�b�s�_�\�u�_���� �F�_�l�h�^�u���h�i�j�_�^�_�e�_�g�b�y���d�h�e�b�q�_�k�l�\�Z���f�_��
�a�h�n�b�e�v�g�u�o���Z�w�j�h�[�g�u�o���b���n�Z�d�m�e�v�l�Z�l�b�\�g�h-�Z�g�Z�w�j�h�[�g�u�o���f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\�ª.  

�<���g�Z�q�Z�e�_���o�j�Z�g�_�g�b�y���^�e�y���h�l�^�_�e�v�g�u�o���h�[�j�Z�a�p�h�\���i�Z�r�l�_�l�h�\���i�j�h�\�h�^�b�e�k�y���d�h�g�l�j�h�e�v��
�g�Z�� �g�Z�e�b�q�b�_�� �k�Z�g�b�l�Z�j�g�h-�i�h�d�Z�a�Z�l�_�e�v�g�h�c�� �b�� �m�k�e�h�\�g�h-�i�Z�l�h�]�_�g�g�h�c�� �f�b�d�j�h�n�e�h�j�u���� �;�=�D�I��
���[�Z�d�l�_�j�b�b�� �]�j�m�i�i�u�� �d�b�r�_�q�g�h�c�� �i�Z�e�h�q�d�b���� �b��Staphylococcus aureus �± �i�h�� �=�H�K�L 31747�±
���������� �©�I�j�h�^�m�d�l�u�� �i�b�s�_�\�u�_���� �F�_�l�h�^�u�� �\�u�y�\�e�_�g�b�y�� �b�� �h�i�j�_�^�_�e�_�g�b�y�� �d�h�e�b�q�_�k�l�\�Z�� �[�Z�d�l�_��
�j�b�c�� �]�j�m�i�i�u�� �d�b�r�_�q�g�u�o�� �i�Z�e�h�q�_�d�� ���d�h�e�b�n�h�j�f�g�u�o�� �[�Z�d�l�_�j�b�c���ª �b�� �=�H�K�L�� �����������±2012 
�©�F�_�l�h�^�u�� �\�u�y�\�e�_�g�b�y�� �b�� �h�i�j�_�^�_�e�_�g�b�y�� �d�h�e�b�q�_�k�l�\�Z�� �d�h�Z�]�m�e�Z�a�h�i�h�e�h�`�b�l�_�e�v�g�u�o�� �k�l�Z�n�b��
�e�h�d�h�d�d�h�\�� �b�� �6�W�D�S�K�\�O�R�F�R�F�F�X�V�� �D�X�U�H�X�V�ª���� �D�h�g�l�j�h�e�v�� �i�Z�l�h�]�_�g�g�h�c�� �f�b�d�j�h�n�e�h�j�u�� �\�� �k�u�j�v�_�� �b��
�]�h�l�h�\�h�f���i�j�h�^�m�d�l�_���g�_���i�j�h�\�h�^�b�e�k�y���� 

�I�j�b���m�k�l�Z�g�h�\�e�_�g�b�b���k�l�Z�[�b�e�v�g�h�k�l�b���b���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�h�c���[�_�a�h�i�Z�k�g�h�k�l�b���i�Z�r��
�l�_�l�Z�� �g�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �j�Z�[�h�l�u�� �h�i�j�_�^�_�e�y�e�b�� �[�_�a�h�i�Z�k�g�h�k�l�v�� �d�h�f�i�h�g�_�g�l�h�\���_�]�h�� �j�_�p�_�i�l �m��
�j�u���� �h�[�e�Z�^�Z�x�s�b�o�� �\�u�k�h�d�h�c�� �k�l�_�i�_�g�v�x�� �j�b�k�d�Z���� �f�y�k�Z�� �p�u�i�e�_�g�d�Z-�[�j�h�c�e�_�j�Z���� �d�h�`�b�� �d�m�j�� �b��
�;�F�D �i�h���i�h�d�Z�a�Z�l�_�e�y�f���D�F�:�N�:�g�F���b���;�=�D�I���� 

�K�Z�f�u�c���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�c���k�i�h�k�h�[�����m�k�l�Z�g�h�\�e�_�g�b�y���k�j�h�d�Z �]�h�^�g�h�k�l�b �± �l�_�k�l�b�j�h��
�\�Z�g�b�_ �i�j�h�^�m�d�l�Z�� �i�j�b�� �o�j�Z�g�_�g�b�b�� �\�� �d�h�g�l�j�h�e�b�j�m�_�f�u�o�� �m�k�e�h�\�b�y�o���� �d�h�l�h�j�u�_�� �b�f�b�l�b�j�m�x�l��
�j�_�Z�e�v�g�u�_���m�k�e�h�\�b�y �o�j�Z�g�_�g�b�y �b���j�_�Z�e�b�a�Z�p�b�b �i�j�h�^�m�d�l�Z�����I�j�b���w�l�h�f���g�_�\�h�a�f�h�`�g�h���i�h�e�g�h��
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�k�l�v�x���\�h�k�i�j�h�b�a�\�_�k�l�b���j�_�Z�e�v�g�u�_���m�k�e�h�\�b�y���h�[�j�Z�s�_�g�b�y���i�j�h�^�m�d�p�b�b���\���k�\�y�a�b���k���g�_�i�j�_�^�k�d�Z��
�a�m�_�f�h�k�l�v�x���k�b�l�m�Z�p�b�c���\���j�h�a�g�b�q�g�h�c���l�h�j�]�h�\�e�_���b���m���i�h�l�j�_�[�b�l�_�e�_�c���>��]. 

�>�e�y���w�d�k�i�_�j�b�f�_�g�l�h�\���[�u�e�b���i�h�^�]�h�l�h�\�e�_�g�u���k�e�_�^�m�x�s�b�_���h�[�j�Z�a�p�u�� 
�± �f�y�k�g�h�c���i�Z�r�l�_�l�����h�[�h�]�Z�s�_�g�g�u�c���;�F�D�� 
�± �d�h�g�l�j�h�e�v�g�u�c���h�[�j�Z�a�_�p���f�y�k�g�h�]�h���i�Z�r�l�_�l�Z���[�_�a���^�h�[�Z�\�e�_�g�b�y���;�F�D�� 
�± �f�y�k�g�h�c�� �i�Z�r�l�_�l�� �i�j�h�f�u�r�e�_�g�g�h�]�h�� �i�j�h�b�a�\�h�^�k�l�\�Z���� �i�j�b�h�[�j�_�l�_�g�g�u�c�� �\�� �l�h�j�]�h��

�\�h�c���k�_�l�b.  
�<���d�Z�q�_�k�l�\�_���h�[�j�Z�a�p�Z���i�j�h�f�u�r�e�_�g�g�h�]�h���i�j�h�b�a�\�h�^�k�l�\�Z���[�u�e���\�u�[�j�Z�g���i�Z�r�l�_�l���f�y�k��

�g�h�c���©�I�_�q�_�g�h�q�g�u�c�ª���d�Z�l�_�]�h�j�b�b���;�����i�j�b�]�h�l�Z�\�e�b�\�Z�_�f�u�c���\ �\�b�^�_���[�Z�l�h�g�q�b�d�Z���\���i�h�e�b�Z�f�b�^��
�g�h�c���h�[�h�e�h�q�d�_�����k���^�\�m�o���k�l�h�j�h�g���a�Z�d�j�_�i�e�_�g�g�h�]�h���Z�e�x�f�b�g�b�_�\�u�f�b���k�d�h�[�Z�f�b�����f�Z�k�k�h�c���g�_�l�l�h��
���������]���k���a�Z�y�\�e�_�g�g�u�f���k�j�h�d�h�f���]�h�^�g�h�k�l�b���������k�m�l���� 

�I�j�b���m�k�l�Z�g�h�\�e�_�g�b�b���k�j�h�d�h�\���]�h�^�g�h�k�l�b���h�[�j�Z�a�p�u���i�Z�r�l�_�l�Z���o�j�Z�g�b�e�b�k�v���\���k�e�_�^�m�x��
�s�b�o�� �m�k�e�h�\�b�y�o���� �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_�� �f�b�g�m�k�� �������q�K�� �\�� �h�i�l�b�f�Z�e�v�g�u�o�� �± �i�j�b�� �l�_�f�i�_�j�Z�l�m�j�_��
�����“�������q�K�����\���w�d�k�l�j�_�f�Z�e�v�g�u�o���± �i�j�b���l�_�f�i�_�j�Z�l�m�j�_���������“���� �q�K�����A�Z�f�h�j�h�`�_�g�g�u�_���h�[�j�Z�a�p�u���\��
�l�_�q�_�g�b�_���b�k�k�e�_�^�h�\�Z�g�b�y���g�_���i�h�^�\�_�j�]�Z�e�b�k�v���b�a�f�_�g�_�g�b�y�f���� �I�j�b���w�d�k�l�j�_�f�Z�e�v�g�h�c���l�_�f�i�_�j�Z��
�l�m�j�_���i�Z�r�l�_�l�u���b�k�i�h�j�l�b�e�b�k�v���\���l�_�q�_�g�b�_���� �k�m�l���b���[�u�e�b���k�g�y�l�u���k���^�Z�e�v�g�_�c�r�_�]�h���b�k�k�e�_�^�h��
�\�Z�g�b�y���� �I�h�w�l�h�f�m�� �\�� �k�l�Z�l�v�_�� �i�j�b�\�h�^�y�l�k�y�� �l�h�e�v�d�h�� �^�Z�g�g�u�_���� �i�h�e�m�q�_�g�g�u�_�� �i�j�b�� �o�j�Z�g�_�g�b�b 
�i�Z�r�l�_�l�h�\���\���h�i�l�b�f�Z�e�v�g�u�o���m�k�e�h�\�b�y�o���i�j�b���l�_�f�i�_�j�Z�l�m�j�_���������“�������q�K�� 

�G�Z���h�k�g�h�\�Z�g�b�b���b�g�n�h�j�f�Z�p�b�b, �k�h�[�j�Z�g�g�h�c �i�j�b �b�a�m�q�_�g�b�b���Z�k�k�h�j�l�b�f�_�g�l�Z�� �i�Z�r�l�_��
�l�h�\���\���l�h�j�]�h�\�h�c �k�_�l�b�� �[�u�e���\�u�[�j�Z�g�� �i�j�_�^�i�h�e�Z�]�Z�_�f�u�c�� �k�j�h�d�� �]�h�^�g�h�k�l�b�� �h�[�h�]�Z�s�_�g�g�h�]�h��
�i�Z�r�l�_�l�Z���± �h�l���������^�h�������� �k�m�l�����H�[�j�Z�a�p�u���d�h�g�l�j�h�e�b�j�h�\�Z�e�b���i�h���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�f���i�h��
�d�Z�a�Z�l�_�e�y�f���\���g�Z�q�Z�e�_���o�j�Z�g�_�g�b�y �b���a�Z�l�_�f���j�Z�a���\��5 �k�m�l �\���l�_�q�_�g�b�_���f�_�k�y�p�Z. 

 
�J�?�A�M�E�V�L�:�L�U���B�K�K�E�?�>�H�<�:�G�B�Y 

�<�� �l�Z�[�e���� ���� �i�j�b�\�_�^�_�g�� �o�b�f�b�q�_�k�d�b�c�� �k�h�k�l�Z�\�� �g�Z�b�[�h�e�_�_ �\�Z�`�g�h�]�h�� �d�h�f�i�h�g�_�g�l�Z�� �j�_��
�p�_�i�l�m�j�u�� �i�Z�r�l�_�l�h�\���� �[�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�h�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �^�h�[�Z�\�d�b���� �\�d�e�x�q�Z�y�� �k�h��
�^�_�j�`�Z�g�b�_���d�Z�e�v�p�b�y���b���n�h�k�n�h�j�Z���\���g�_�c���� 

 
�L�Z�[�e�b�p�Z 1. �O�b�f�b�q�_�k�d�b�c �k�h�k�l�Z�\ �[�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�h�]�h���d�h�f�i�e�_�d�k�Z���b�a���]�h�e�h�\���d�b�e�v�d�b��
�]�h�j�y�q�_�]�h���d�h�i�q�_�g�b�y��������[6] 
Table 1. Chemical composition of the protein-mineral complex from hot smoked sprat 
heads, % 

�H�[�t�_�d�l �<�e�Z�]�Z �;�_�e�h�d �@�b�j �A�h�e�Z Ca P 

�;�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�u�c���d�h�f�i�e�_�d�k�� 10,9 53,9 16,1 18,6 6,5 4,0 
 

�N�m�g�d�p�b�h�g�Z�e�v�g�Z�y���^�h�[�Z�\�d�Z���o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y���i�h�\�u�r�_�g�g�u�f���k�h�^�_�j�`�Z�g�b�_�f�����f�b��
�g�_�j�Z�e�v�g�u�o���\�_�s�_�k�l�\�����b�a���d�h�l�h�j�u�o���[�h�e�_�_���i�h�e�h�\�b�g�u���a�Z�g�b�f�Z�x�l���d�Z�e�v�p�b�c���b���n�h�k�n�h�j�������q�l�h������
�m�d�Z�a�u�\�Z�_�l���g�Z���g�Z�e�b�q�b�_���a�g�Z�q�b�l�_�e�v�g�h�c���^�h�e�b���d�h�k�l�g�h�c �l�d�Z�g�b���\���_�_���k�h�k�l�Z�\�_�����>�j�m�]�m�x���i�h��
�e�h�\�b�g�m���f�b�g�_�j�Z�e�v�g�u�o���\�_�s�_�k�l�\�����i�h�j�y�^�d�Z�������������k�h�k�l�Z�\�e�y�x�l��K, Mn, Fe, Mg, Na�����i�_�j�_��
�o�h�^�y�s�b�_���b�a���f�u�r�_�q�g�h�c���l�d�Z�g�b���j�u�[��[9]. 

�<���l�Z�[�e���������i�j�_�^�k�l�Z�\�e�_�g�u���j�Z�k�q�_�l�u���k�h�h�l�g�h�r�_�g�b�y���d�Z�e�v�p�b�y���b���n�h�k�n�h�j�Z���\���f�y�k�g�h�f��
�i�Z�r�l�_�l�_���� �g�_�� �h�[�h�]�Z�s�_�g�g�h�f�� �;�F�D���� �Z�� �\�� �l�Z�[�e���� ���� �± �l�Z�d�b�_�� �j�Z�k�q�_�l�u�� �^�e�y�� �i�Z�r�l�_�l�Z���� �h�[�h�]�Z��
�s�_�g�g�h�]�h���;�F�D�����k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

 



  
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹���������������������]�� 

125 

 

�L�Z�[�e�b�p�Z�� ������ �K�h�h�l�g�h�r�_�g�b�_�� �d�Z�e�v�p�b�y�� �b�� �n�h�k�n�h�j�Z�� �\�� �d�h�g�l�j�h�e�v�g�h�f�� �h�[�j�Z�a�p�_�� �f�y�k�g�h�]�h��  
�i�Z�r�l�_�l�Z 
Table 2. The ratio of calcium and phosphorus in the control meat pate 

�D�h�f�i�h�g�_�g�l�u�� 
�j�_�p�_�i�l�m�j�u 

�F�Z�k�k�h�\�Z�y���^�h��
�e�y���d�h�f�i�h�g�_�g�l�Z 
�\���j�_�p�_�i�l�m�j�_, 

�d�]�����������d�] 

�D�Z�e�v�p�b�c �N�h�k�n�h�j 

�f�]�����������]��
�k�u�j�v�y 

�f�]�����������]��
�i�Z�r�l�_�l�Z 

�f�]�����������]��
�k�u�j�v�y 

�f�]�����������]��
�i�Z�r�l�_�l�Z 

�I�_�q�_�g�v���]�h�\�y�`�v�y 39 15,0 5,9 268,0 104,5 

�F�y�k�h���p�u�i�e�_�g�d�Z-
�[�j�h�c�e�_�j�Z 

30 14,0 4,2 160,0 48,0 

�F�m�d�Z���i�r�_�g�b�q�g�Z�y 5 18,0 0,9 86,0 4,3 

�F�h�e�h�d�h���k�m�o�h�_�� 
�h�[�_�a�`�b�j�_�g�g�h�_ 

3 1155,0 35,0 920,0 27,6 

�E�m�d���j�_�i�q�Z�l�u�c 7 31,0 2,2 58,0 4,1 

�D�h�`�Z���d�m�j 10 34,0 3,4 230,0 23,0 

�;�m�e�v�h�g���d�m�j�b�g�u�c 20 3,0 0,6 27,0 5,4 

�F�Z�k�e�h���i�h�^�k�h�e�g�_�q��
�g�h�_ 

6 �± �± �± �± 

�K�h�e�v���i�b�s�_�\�Z�y 1,5 �± �± �± �± 

�K�i�_�p�b�b 0,2 �± �± �± �± 

�B�l�h�]�h   52,2  216,9 

�K�h�h�l�g�h�r�_�g�b�_��Ca:P 1,0:4,2     

                                                                      
�L�Z�[�e�b�p�Z���������K�h�h�l�g�h�r�_�g�b�_���d�Z�e�v�p�b�y���b���n�h�k�n�h�j�Z���\���h�[�h�]�Z�s�_�g�g�h�f���;�F�D���f�y�k�g�h�f���i�Z�r�l�_�l�_ 
Table 3. The ratio of calcium and phosphorus in meat pate enriched with PMC 

�D�h�f�i�h�g�_�g�l�u�� 
�j�_�p�_�i�l�m�j�u 

�F�Z�k�k�h�\�Z�y���^�h��
�e�y���d�h�f�i�h�g�_�g�l�Z 
�\���j�_�p�_�i�l�m�j�_, 

�d�]�����������d�] 

�D�Z�e�v�p�b�c �N�h�k�n�h�j 

�f�]�����������]��
�k�u�j�v�y 

�f�]�����������]��
�i�Z�r�l�_�l�Z 

�f�]�����������]��
�k�u�j�v�y 

�f�]�����������]��
�i�Z�r�l�_�l�Z 

�I�_�q�_�g�v���]�h�\�y�`�v�y 38 15,0 5,7 268,0 101,8 

�F�y�k�h���p�u�i�e�_�g�d�Z-
�[�j�h�c�e�_�j�Z 

28 14,0 4,0 160,0 45,0 

�F�m�d�Z���i�r�_�g�b�q�g�Z�y 5 18,0 0,9 86,0 4,3 

�F�h�e�h�d�h���k�m�o�h�_�� 
�h�[�_�a�`�b�j�_�g�g�h�_ 

3 1155,0 35,0 920,0 27,6 

�E�m�d���j�_�i�q�Z�l�u�c 6 31,0 2,0 58,0 3,5 
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 �H�d�h�g�q�Z�g�b�_���l�Z�[�e������
�D�h�f�i�h�g�_�g�l�u�� 
�j�_�p�_�i�l�m�j�u 

�F�Z�k�k�h�\�Z�y���^�h��
�e�y���d�h�f�i�h�g�_�g�l�Z 
�\���j�_�p�_�i�l�m�j�_, 

�d�]�����������d�] 

�D�Z�e�v�p�b�c �N�h�k�n�h�j 

�f�]�����������]��
�k�u�j�v�y 

�f�]�����������]��
�i�Z�r�l�_�l�Z 

�f�]�����������]��
�k�u�j�v�y 

�f�]�����������]��
�i�Z�r�l�_�l�Z 

�;�F�D 5 6500,0 325,0 4000,0 200,0 

�D�h�`�Z���d�m�j 10 34,0 3,4 230,0 23,0 

�;�m�e�v�h�g���d�m�j�b�g�u�c 23 3,0 0,7 27,0 6,2 

�F�Z�k�e�h���i�h�^�k�h�e�g�_�q��
�g�h�_ 

5 �± �± �± �± 

�K�h�e�v���i�b�s�_�\�Z�y 1,5 �± �± �± �± 

�K�i�_�p�b�b 0,2 �± �± �± �± 

�B�l�h�]�h   376,7  411,4 

�K�h�h�l�g�h�r�_�g�b�_��Ca:P 1,0:1,1 
 
�I�h�d�Z�a�Z�g�h���� �q�l�h�� �\�\�_�^�_�g�b�_�� �\�� �i�Z�r�l�_�l�� ���� ���� �;�F�D�� �i�h�a�\�h�e�y�_�l�� �i�j�b�[�e�b�a�b�l�v�� �k�h�h�l�g�h��

�r�_�g�b�_��Ca:P �d�� �h�i�l�b�f�Z�e�v�g�h�f�m�� �^�e�y�� �m�k�\�h�_�g�b�y�� �h�j�]�Z�g�b�a�f�h�f�� �k�h�h�l�g�h�r�_�g�b�x�� �������������� �l�h�]�^�Z��
�d�Z�d���\ �h�[�j�Z�a�p�Z�o���[�_�a���;�F�D���b�����i�j�h�f�u�r�e�_�g�g�h�]�h���i�j�h�b�a�\�h�^�k�l�\�Z���^�Z�g�g�h�_���k�h�h�l�g�h�r�_�g�b�_���k�h��
�k�l�Z�\�e�y�_�l���i�h�j�y�^�d�Z�������������I�j�b���w�l�h�f���\�Z�`�g�h�����q�l�h���m�i�h�l�j�_�[�e�_�g�b�_���h�[�h�]�Z�s�_�g�g�h�]�h���i�Z�r�l�_�l�Z���\��
�d�h�e�b�q�_�k�l�\�_�� ������ �]�� �\�� �k�m�l�d�b�� �k�i�h�k�h�[�g�h�� �h�[�_�k�i�_�q�b�\�Z�l�v�� �g�_�� �f�_�g�_�_�� ���� ���� �k�m�l�h�q�g�h�c�� �g�h�j�f�u��
�i�h�l�j�_�[�g�h�k�l�b���\���d�Z�e�v�p�b�b�� 

�;�h�e�v�r�m�x �l�j�_�\�h�]�m�� �m���i�j�h�b�a�\�h�^�b�l�_�e�_�c���b���i�h�l�j�_�[�b�l�_�e�_�c���\�u�a�u�\�Z�_�l���\�_�j�h�y�l�g�h�k�l�v��
�i�j�_�\�u�r�_�g�b�y�� �^�h�i�m�k�l�b�f�h�]�h�� �m�j�h�\�g�y�� �� �[�_�g�a���Z���i�b�j�_�g�Z�� �\�� �d�h�i�q�_�g�u�o�� �i�j�h�^�m�d�l�Z�o���� �I�j�b��
�h�i�j�_�^�_�e�_�g�b�b���\�h�a�f�h�`�g�h�]�h���m�j�h�\�g�y�����[�_�g�a���Z���i�b�j�_�g�Z���\���f�y�k�g�h�f���i�Z�r�l�_�l�_���i�j�_�^�\�Z�j�b�l�_�e�v��
�g�h�� �i�j�h�\�_�^�_�g�� �l�_�h�j�_�l�b�q�_�k�d�b�c�� �j�Z�k�q�_�l �g�Z�� �h�k�g�h�\�Z�g�b�b�� �g�h�j�f���� �m�k�l�Z�g�h�\�e�_�g�g�u�o�� �l�_�o�g�b�q�_��
�k�d�b�f�� �j�_�]�e�Z�f�_�g�l�h�f�� �L�Z�f�h�`�_�g�g�h�]�h�� �k�h�x�a�Z���L�J �L�K 021/2011. �>�h�i�m�k�l�b�f�u�c�� �m�j�h�\�_�g�v��
�[�_�g�a���Z���i�b�j�_�g�Z�� �\�� �d�h�i�q�_�g�h�c�� �j�u�[�_�� �± �g�_�� �[�h�e�_�_�� ������������ �f�]���d�]���� �\�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�f��      
�i�Z�r�l�_�l�_���± �g�_���[�h�e�_�_���������������f�]���d�].  

�I�j�b���]�b�^�j�h�l�_�j�f�h�e�b�a�_���]�h�e�h�\���d�h�i�q�_�g�h�c���d�b�e�v�d�b���\�u�o�h�^���;�F�D���k�h�k�l�Z�\�e�y�_�l���i�h�j�y�^��
�d�Z�������������h�l���b�k�o�h�^�g�h�]�h���k�u�j�v�y�����;�_�g�a���Z���i�b�j�_�g���y�\�e�y�_�l�k�y���g�_ �j�Z�k�l�\�h�j�b�f�u�f���\ �\�h�^�_���\�_�s�_��
�k�l�\�h�f���b���k�e�Z�[�h���j�Z�k�l�\�h�j�b�f�u�f���\���`�b�j�Z�o�����\���k�\�y�a�b���k���q�_�f���h�k�g�h�\�g�Z�y���_�]�h���f�Z�k�k�Z���i�_�j�_�o�h�^�b�l���\��
�;�F�D�� �± �i�e�h�l�g�m�x�� �q�Z�k�l�v���� �h�k�l�Z�x�s�m�x�k�y�� �i�h�k�e�_�� �j�Z�a�^�_�e�_�g�b�y�� �n�j�Z�d�p�b�c���� �i�h�e�m�q�_�g�g�u�o�� �i�j�b��
�]�b�^�j�h�l�_�j�f�h�e�b�a�_�� �]�h�e�h�\�� �d�b�e�v�d�b�� �]�h�j�y�q�_�]�h�� �d�h�i�q�_�g�b�y���� �L�h�]�^�Z�� �l�_�h�j�_�l�b�q�_�k�d�h�_�� �k�h�^�_�j�`�Z��
�g�b�_���[�_�g�a���Z���i�b�j�_�g�Z���\ �;�F�D���f�h�`�g�h���h�`�b�^�Z�l�v���g�_���[�h�e�_�_ �������������f�]���d�]�� 

�I�j�b�� ���� ��-�g�h�f�� �k�h�^�_�j�`�Z�g�b�b�� �;�F�D�� �\�� �j�_�p�_�i�l�m�j�_�� �i�Z�r�l�_�l�Z�� �l�_�h�j�_�l�b�q�_�k�d�b�c���m�j�h��
�\�_�g�v �[�_�g�a���Z���i�b�j�_�g�Z���\���g�_�f���f�h�`�_�l���k�h�k�l�Z�\�e�y�l�v���g�_���[�h�e�_�_�����������������f�]���d�]��  

�H�i�j�_�^�_�e�_�g�b�_�� �k�h�^�_�j�`�Z�g�b�y�� �[�_�g�a���Z���i�b�j�_�g�Z�� �g�Z�� �[�Z�a�_�� �E�Z�[�h�j�Z�l�h�j�g�h�]�h�� �p�_�g�l�j�Z��
�©�:�l�e�Z�g�l�G�B�J�H�ª���i�h�d�Z�a�Z�e�h���k�e�_�^�m�x�s�b�_���j�_�a�m�e�v�l�Z�l�u�������\���]�h�e�h�\�Z�o���d�b�e�v�d�b���]�h�j�y�q�_�]�h���d�h�i��
�q�_�g�b�y���_�]�h�����������������f�]���d�]�����Z���\���;�F�D���± ���������������f�]���d�]�����L�Z�d�b�f���h�[�j�Z�a�h�f�����^�Z�g�g�u�_�����i�h�e�m�q�_�g��
�g�u�_�� �j�Z�k�q�_�l�g�u�f�� �i�m�l�_�f���� �i�h�^�l�\�_�j�^�b�e�b�k�v�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h���� �I�j�b�� �k�h�^�_�j�`�Z�g�b�b��
�[�_�g�a���Z���i�b�j�_�g�Z���\���b�k�i�h�e�v�a�m�_�f�h�c���^�h�[�Z�\�d�_���\���i�j�_�^�_�e�Z�o���������������f�]���d�]���h�[�h�]�Z�s�_�g�g�u�c �i�Z�r��
�l�_�l���[�m�^�_�l���k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v���m�k�l�Z�g�h�\�e�_�g�g�u�f���g�h�j�f�Z�f���[�_�a�h�i�Z�k�g�h�k�l�b���i�h���^�Z�g�g�h�f�m���i�h�d�Z��
�a�Z�l�_�e�x�����g�_���[�h�e�_�_���������������f�]���d�]���� 
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�I�j�b�� �i�j�h�\�_�j�d�_���f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���f�y�k�g�h�]�h���k�u�j�v�y�� �m�k�l�Z�g�h�\�e�_��
�g�h�����i�j�_�\�u�r�_�g�b�_���\���h�l�^�_�e�v�g�u�o���h�[�j�Z�a�p�Z�o���D�F�:�N�:�g�F�����\���d�h�`�_���d�m�j�b�g�h�c���������Â107 �D�H�?���]��
�i�j�h�l�b�\���g�h�j�f�Z�l�b�\�g�h�]�h���������Â����6 �D�H�?���]�����\���f�y�k�_���p�u�i�e�_�g�d�Z-�[�j�h�c�e�_�j�Z���������Â����5 �D�H�?���]���i�j�h��
�l�b�\�� �������Â����4 �D�H�?���]���� �H�[�g�Z�j�m�`�_�g�u�� �l�Z�d�`�_�� �;�=�D�I�� �\�� �������� �]�� �f�y�k�Z�� �p�u�i�e�_�g�d�Z-�[�j�h�c�e�_�j�Z���� �H�l��
�f�y�k�g�h�]�h�� �k�u�j�v�y���� �g�_�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �l�j�_�[�h�\�Z�g�b�y�f�� �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�h�c�� �[�_�a�h�i�Z�k��
�g�h�k�l�b���� �\�� �^�Z�e�v�g�_�c�r�_�c �j�Z�[�h�l�_���i�j�b�r�e�h�k�v���h�l�d�Z�a�Z�l�v�k�y���� �>�e�y���w�d�k�i�_�j�b�f�_�g�l�Z���b�k�i�h�e�v�a�h�\�Z��
�e�h�k�v�� �f�y�k�g�h�_�� �k�u�j�v�_�� �^�j�m�]�h�]�h�� �i�j�h�b�a�\�h�^�b�l�_�e�y���� �i�j�h�r�_�^�r�_�_�� �l�s�Z�l�_�e�v�g�h�_�� �b�k�k�e�_�^�h�\�Z�g�b�_��
�b���[�e�Z�]�h�i�h�e�m�q�g�h�_���i�h �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�f���i�h�d�Z�a�Z�l�_�e�y�f���[�_�a�h�i�Z�k�g�h�k�l�b�� 

�F�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b�� �;�F�D�� �b�� �f�y�k�g�u�o�� �d�h�f�i�h�g�_�g�l�h�\���� �a�Z�^�_�c�k�l�\�h��
�\�Z�g�g�u�o �i�j�b�� �i�h�^�]�h�l�h�\�d�_�� �d�h�g�l�j�h�e�v�g�u�o�� �b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �h�[�j�Z�a�p�h�\�� �i�Z�r�l�_�l�Z����
�h�d�Z�a�Z�e�b�k�v���k�e�_�^�m�x�s�b�f�b ���l�Z�[�e��������.  

 
�L�Z�[�e�b�p�Z����. �F�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_���i�h�d�Z�a�Z�l�_�e�b �[�_�a�h�i�Z�k�g�h�k�l�b �f�y�k�g�h�]�h���k�u�j�v�y���b���;�F�D 
Table 4. Microbiological indicators of the safety of meat raw material and PMC 

 
�H�[�t�_�d�l�� 

�b�k�k�e�_�^�h�\�Z�g�b�y 

�D�h�e�b�q�_�k�l�\�h���f�_�a�h�n�b�e�v�g�u�o��
�Z�w�j�h�[�g�u�o���b���n�Z�d�m�e�v�l�Z�l�b�\�g�h 

�Z�g�Z�w�j�h�[�g�u�o���f�b�d�j�h�h�j�]�Z�g�b�a�f�h�\����
�D�H�?���] 

 
 

�;�Z�d�l�_�j�b�b���]�j�m�i�i�u�� 
�d�b�r�_�q�g�h�c���i�Z�e�h�q�d�b  

 
 

�N�Z�d�l�b�q�_�k�d�h�_�� 
�a�g�Z�q�_�g�b�_ 

�G�h�j�f�Z�l�b�\�g�h�_�� 
�a�g�Z�q�_�g�b�_ 

�D�h�`�Z���d�m�j�b�g�Z�y �������Â����5 �������Â����6 �G�_���g�h�j�f�b�j�m�_�l�k�y 
�F�y�k�h���p�u�i�e�_�g�d�Z-
�[�j�h�c�e�_�j�Z �������Â����3 �������Â����4 �G�_���h�[�g�Z�j�m�`�_�g�u���\�������� �] 

�;�_�e�d�h�\�h-�f�b�g�_�j�Z�e�v�g�u�c��
�d�h�f�i�e�_�d�k �������Â����5 �������Â����5 �G�_���h�[�g�Z�j�m�`�_�g�u���\�������] 

 
�F�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_�� �g�h�j�f�Z�l�b�\�u�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �i�Z�r�l�_�l�h�\���� �m�k�l�Z�g�h�\�e�_�g�g�u�_��

�l�_�o�g�b�q�_�k�d�b�f�b�� �j�_�]�e�Z�f�_�g�l�Z�f�b�� �L�Z�f�h�`�_�g�g�h�]�h�� �k�h�x�a�Z �L�J �L�K 021/2011 �b 
�L�J �L�K ������������������ �©�H�� �[�_�a�h�i�Z�k�g�h�k�l�b�� �f�y�k�Z�� �b�� �f�y�k�g�h�c�� �i�j�h�^�m�d�p�b�b�ª���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �\��
�l�Z�[�e�� 5. 

 
�L�Z�[�e�b�p�Z���������F�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_���g�h�j�f�Z�l�b�\�u���[�_�a�h�i�Z�k�g�h�k�l�b���i�Z�r�l�_�l�Z 
Table 5. Microbiological safety standards for pate 

�I�h�d�Z�a�Z�l�_�e�b �>�h�i�m�k�l�b�f�u�_���m�j�h�\�g�b 
Salmonella �G�_���^�h�i�m�k�d�Z�_�l�k�y���\���������] 
Listeria monocytogenes �G�_���^�h�i�m�k�d�Z�_�l�k�y���\���������] 
�D�F�:�N�:�g�F�����D�H�?���] ���Â����3 
�;�=�D�I �G�_���^�h�i�m�k�d�Z�_�l�k�y���\�������] 
Staphylococcus aureus �G�_���^�h�i�m�k�d�Z�_�l�k�y���\�������] 
�K�m�e�v�n�b�l�j�_�^�m�p�b�j�m�x�s�b�_���d�e�h�k�l�j�b�^�b�b �G�_���^�h�i�m�k�d�Z�_�l�k�y���\�����������] 

 
�K�� �m�q�_�l�h�f�� �w�l�b�o�� �g�h�j�f�Z�l�b�\�h�\�� �b�� �h�p�_�g�b�\�Z�e�b�� �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�_�� �i�h�d�Z�a�Z�l�_�e�b��

�i�Z�r�l�_�l�h�\���i�j�b���h�i�l�b�f�Z�e�v�g�u�o���m�k�e�h�\�b�y�o���\���l�_�q�_�g�b�_���i�j�_�^�i�h�e�Z�]�Z�_�f�h�]�h���b���m�k�l�Z�g�h�\�e�_�g�g�h��
�]�h �i�j�h�b�a�\�h�^�b�l�_�e�_�f���k�j�h�d�Z �]�h�^�g�h�k�l�b ���l�Z�[�e���������� 
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�L�Z�[�e�b�p�Z������ �B�a�f�_�g�_�g�b�_ �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�o���i�h�d�Z�a�Z�l�_�e�_�c���[�_�a�h�i�Z�k�g�h�k�l�b �i�Z�r�l�_�l�h�\���\��
�i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y �\���h�i�l�b�f�Z�e�v�g�u�o���m�k�e�h�\�b�y�o 
Table 6. Changes in the microbiological indicators of the safety of pates during storage 
under optimal conditions 

�I�h�d�Z�a�Z�l�_�e�b �H�[�t�_�d�l�u�� 
�b�k�k�e�_�^�h�\�Z�g�b�y 

�I�j�h�^�h�e�`�b�l�_�e�v�g�h�k�l�v���o�j�Z�g�_�g�b�y�����k�m�l 
0 5 10 15 20 

�D�F�:��
�N�Z�g�F�� 
�D�H�?���] 

�F�y�k�g�h�c���i�Z�r�l�_�l����
���d�h�g�l�j�h�e�v���� 

�������Â����2 �������Â����2 �������Â����2 �������Â����3 4�����Â����3 

�H�[�h�]�Z�s�_�g�g�u�c���f�y�k��
�g�h�c���i�Z�r�l�_�l 

�������Â����2 �������Â����2 �������Â����3 �������Â����3 �������Â����3 

�I�Z�r�l�_�l���i�j�h�f�u�r�e�_�g��
�g�h�]�h���i�j�h�b�a�\�h�^�k�l�\�Z 

�������Â����2 �B�k�k�e�_�^�h�\�Z�g�b�y���g�_��
�i�j�h�\�h�^�b�e�b�k�v 

�������Â����3 �������Â����3 

�;�=�D�I���� 
�g�_���^�h�i�m�k��
�d�Z�_�l�k�y���\�������] 

�F�y�k�g�h�c���i�Z�r�l�_�l��
���d�h�g�l�j�h�e�v���� �G�_���h�[��

�g�Z�j�m��
�`�_�g�u���\��

�����] 
�>�Z�e�v�g�_�c�r�b�_���b�k�k�e�_�^�h�\�Z�g�b�y�� 

�g�_���i�j�h�\�h�^�b�e�b�k�v 

�H�[�h�]�Z�s�_�g�g�u�c���f�y�k��
�g�h�c���i�Z�r�l�_�l 

�I�Z�r�l�_�l���i�j�h�f�u�r�e�_�g��
�g�h�]�h���i�j�h�b�a�\�h�^�k�l�\�Z 

Staphyloco
ccus 
aureus,  
�g�_���^�h�i�m�k��
�d�Z�_�l�k�y���\�������] 

�F�y�k�g�h�c���i�Z�r�l�_�l��
���d�h�g�l�j�h�e�v���� �G�_ �h�[��

�g�Z�j�m��
�`�_�g�u���\��

�����] 

�H�[�h�]�Z�s�_�g�g�u�c���f�y�k��
�g�h�c���i�Z�r�l�_�l 

�I�Z�r�l�_�l���i�j�h�f�u�r�e�_�g��
�g�h�]�h���i�j�h�b�a�\�h�^�k�l�\�Z 

 
�<���g�Z�q�Z�e�_���o�j�Z�g�_�g�b�y���i�h���i�h�d�Z�a�Z�l�_�e�y�f���;�=�D�I���b��Staphylococcus aureus  �h�[�j�Z�a�p�u��

�i�Z�r�l�_�l�h�\�� �k�h�h�l�\�_�l�k�l�\�h�\�Z�e�b�� �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�f�� �g�h�j�f�Z�l�b�\�Z�f�� �± �f�b�d�j�h�h�j�]�Z�g�b�a�f�u��
�g�_�� �h�[�g�Z�j�m�`�_�g�u�� �\�� ���� �]�� �h�[�j�Z�a�p�h�\���� �i�h�w�l�h�f�m�� �g�Z�� �^�Z�e�v�g�_�c�r�b�o �w�l�Z�i�Z�o�� �b�k�k�e�_�^�h�\�Z�g�b�_�� �i�h��
�w�l�b�f���i�h�d�Z�a�Z�l�_�e�y�f���g�_���i�j�h�\�h�^�b�e�h�k�v�� 

�>�e�y���g�Z�]�e�y�^�g�h�k�l�b���j�_�a�m�e�v�l�Z�l�u���h�i�j�_�^�_�e�_�g�b�y���h�[�s�_�c�� �f�b�d�j�h�[�g�h�c���h�[�k�_�f�_�g�_�g�g�h��
�k�l�b���i�Z�r�l�_�l�h�\���\���i�j�h�p�_�k�k�_���o�j�Z�g�_�g�b�y���i�j�_�^�k�l�Z�\�e�_�g�u���\���\�b�^�_���]�j�Z�n�b�d�Z�����j�b�k�m�g�h�d����  

�F�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�Z�y���k�l�Z�[�b�e�v�g�h�k�l�v���h�[�h�]�Z�s�_�g�g�h�]�h���f�y�k�g�h�]�h���i�Z�r�l�_�l�Z �g�Z�[�e�x��
�^�Z�e�Z�k�v�� �\�� �l�_�q�_�g�b�_�� ���� �k�m�l. �I�h�k�e�_�� �w�l�h�]�h�� �a�g�Z�q�_�g�b�y�� �f�b�d�j�h�[�b�h�e�h�]�b�q�_�k�d�b�o�� �i�h�d�Z�a�Z�l�_�e�_�c��
�\�h�a�j�Z�k�l�Z�x�l�����K�h�]�e�Z�k�g�h���F�M�D������������������-04 �>�����@���d�h�w�n�n�b�p�b�_�g�l���j�_�a�_�j�\�Z���^�e�y���i�j�h�^�m�d�p�b�b��
�k�h���k�j�h�d�h�f�� �]�h�^�g�h�k�l�b���^�h�� ������ �k�m�l�� �k�h�k�l�Z�\�e�y�_�l�� ��,3. �L�Z�d�b�f�� �h�[�j�Z�a�h�f, �k�j�h�d���]�h�^�g�h�k�l�b���h�[�h��
�]�Z�s�_�g�g�h�]�h���f�y�k�g�h�]�h���i�Z�r�l�_�l�Z���± �������k�m�l �k���m�q�_�l�h�f���d�h�w�n�n�b�p�b�_�g�l�Z���j�_�a�_�j�\�Z�� �I�h�e�m�q�_�g�g�u�_��
�\���o�h�^�_���w�d�k�i�_�j�b�f�_�g�l�Z�����^�Z�g�g�u�_���i�h�a�\�h�e�y�x�l���a�Z�d�e�x�q�b�l�v�����q�l�h���\�\�_�^�_�g�b�_���;�F�D���g�_���h�d�Z�a�u��
�\�Z�_�l���k�m�s�_�k�l�\�_�g�g�h�]�h���\�e�b�y�g�b�y���g�Z���o�j�Z�g�b�f�h�k�i�h�k�h�[�g�h�k�l�v���h�[�h�]�Z�s�_�g�g�u�o���i�Z�r�l�_�l�h�\���� 

�I�j�h�b�a�\�h�^�k�l�\�_�g�g�u�c�� �h�[�j�Z�a�_�p�� �i�Z�r�l�_�l�Z�� �\�� �l�_�q�_�g�b�_�� �\�k�_�]�h�� �k�j�h�d�Z�� �]�h�^�g�h�k�l�b����������������
���������k�m�l�����k�h�o�j�Z�g�y�e���k�\�h�x���k�l�Z�[�b�e�v�g�h�k�l�v�����m�j�h�\�_�g�v���_�]�h���h�[�k�_�f�_�g�_�g�g�h�k�l�b���i�h���i�h�d�Z�a�Z�l�_�e�x��
�D�F�:�N�:�g�F���g�_���\�u�o�h�^�b�e���a�Z���i�j�_�^�_�e�u���g�h�j�f�Z�l�b�\�Z�����± �������Â����3.  
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Fig. Changes in the microbial contamination of pates during the shelf life 
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�E�� �K�����;�Z�c�^�Z�e�b�g�h�\�Z���������<�_�k�l�g�b�d���f�h�e�h�^�_�`�g�h�c���g�Z�m�d�b�����w�e�_�d�l�j�h�g�g�u�c���g�Z�m�q�g�u�c���`�m�j�g�Z�e�����± 
2019.�± �‹�� ������������ �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �± URL: http://vestnikmolnauki.ru/wp-
content/uploads/2020/01/Stepanova-���������S�G�I�����^�Z�l�Z���h�[�j�Z�s�_�g�b�y������������������������. 

������ �F�_�l�h�^�b�d�Z�� �\�u�i�h�e�g�_�g�b�y�� �b�a�f�_�j�_�g�b�c�� �f�Z�k�k�h�\�h�c�� �^�h�e�b�� �[�_�g�a�Z�i�b�j�_�g�Z�� �\�� �i�b�s�_��
�\�u�o�� �i�j�h�^�m�d�l�Z�o���� �i�j�h�^�h�\�h�e�v�k�l�\�_�g�g�h�f�� �k�u�j�v�_���� �i�b�s�_�\�u�o�� �^�h�[�Z�\�d�Z�o �f�_�l�h�^�h�f�� �\�u�k�h�d�h��
�w�n�n�_�d�l�b�\�g�h�c�� �`�b�^�d�h�k�l�g�h�c�� �o�j�h�f�Z�l�h�]�j�Z�n�b�b�� �N�J������������������������������������ �K�\�b�^�_�l�_�e�v�k�l�\�h��   
�‹  30-�������h�l������������������������ 
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8. �K�l�_�e�_���� �J���� �K�j�h�d�� �]�h�^�g�h�k�l�b�� �i�b�s�_�\�u�o�� �i�j�h�^�m�d�l�h�\���� �j�Z�k�q�_�l�� �b�� �b�k�i�u�l�Z�g�b�_ /         
�J�����K�l�_�e�_�����± �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����I�j�h�n�_�k�k�b�y�����������������± ���������k�� 

������ �;�j�_�`�g�_�\�Z���� �:�� �<���� �K�j�Z�\�g�b�l�_�e�v�g�Z�y�� �\�_�l�_�j�b�g�Z�j�g�h-�k�Z�g�b�l�Z�j�g�Z�y�� �h�p�_�g�d�Z�� �f�y�k�Z��
�j�Z�a�e�b�q�g�u�o���j�u�[�� �k�_�f�_�c�k�l�\�Z���k�_�e�v�^�_�\�u�o���i�h���i�h�d�Z�a�Z�l�_�e�y�f���d�Z�q�_�k�l�\�Z������ �:�� �<���� �;�j�_�`�g�_�\�Z��������
�B�g�g�h�\�Z�p�b�h�g�g�Z�y���g�Z�m�d�Z�����± 2018. �± �‹�����±8. �± �K�����������±176. 

���������K�Z�g�b�l�Z�j�g�h-�w�i�b�^�_�f�b�h�e�h�]�b�q�_�k�d�Z�y���h�p�_�g�d�Z���h�[�h�k�g�h�\�Z�g�b�y���k�j�h�d�h�\���]�h�^�g�h�k�l�b���b��
�m�k�e�h�\�b�c�� �o�j�Z�g�_�g�b�y�� �i�b�s�_�\�u�o�� �i�j�h�^�m�d�l�h�\���� �± �F�h�k�d�\�Z���� �N�_�^�_�j�Z�e�v�g�u�c�� �p�_�g�l�j�� �=�h�k��
�k�Z�g�w�i�b�^�g�Z�^�a�h�j�Z���F�b�g�a�^�j�Z�\�Z���J�h�k�k�b�b�����������������± �������k�� 
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�:�g�Z�e�b�a���w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�o���j�_�`�b�f�h�\���k�m�^�h�\�u�o���w�e�_�d�l�j�h�k�l�Z�g�p�b�c  �i�h�d�Z�a�Z�e�������q�l�h��
�a�Z�q�Z�k�l�m�x�� �h�g�b�� �j�Z�[�h�l�Z�x�l�� �k�� �[�h�e�v�r�b�f�b�� �j�_�Z�d�l�b�\�g�u�f�b�� �g�Z�]�j�m�a�d�Z�f�b���� �W�l�h�� �i�j�b�\�h�^�b�l �d�� 
�k�g�b�`�_�g�b�x���Z�d�l�b�\�g�h�c�����f�h�s�g�h�k�l�b�����k�b�g�o�j�h�g�g�u�o���]�_�g�_�j�Z�l�h�j�h�\ �b���j�Z�[�h�l�_���\�k�i�h�f�h�]�Z�l�_�e�v��
�g�u�o�� �k�m�^�h�\�u�o�� �^�b�a�_�e�_�c�� �g�Z�� �^�h�e�_�\�u�o�� �g�Z�]�j�m�a�d�Z�o���� �q�l�h�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �i�h�\�u�r�_�g�g�u�f 
�m�^�_�e�v�g�u�f�� �j�Z�k�o�h�^�h�f�� �l�h�i�e�b�\�Z�� �D�Z�q�_�k�l�\�_�g�g�Z�y�� �h�p�_�g�d�Z �j�_�`�b�f�h�\�� �j�Z�[�h�l�u�� �k�m�^�h�\�u�o�� �^�b��
�a�_�e�v-�]�_�g�_�j�Z�l�h�j�h�\�� �h�k�g�h�\�u�\�Z�_�l�k�y�� �g�Z�� �j�Z�k�k�f�h�l�j�_�g�b�b�� �^�b�Z�]�j�Z�f�f�u�� �f�h�s�g�h�k�l�_�c���� �i�j�_�^��
�k�l�Z�\�e�y�x�s�_�c�� �a�Z�\�b�k�b�f�h�k�l�v�� �j�Z�k�i�h�e�Z�]�Z�_�f�h�c�� �Z�d�l�b�\�g�h�c�� �f�h�s�g�h�k�l�b �h�l�� �j�_�Z�d�l�b�\�g�h�c. �G�Z��
�i�j�b�f�_�j�_�� �^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z�� �m�q�_�[�g�h-�i�Z�j�m�k�g�h�]�h�� �[�Z�j�d�Z �©�D�j�m�a�_�g�r�l�_�j�g�ª �i�h�d�Z�a�Z�g �j�Z�k��
�q�_�l �j�Z�k�i�h�e�Z�]�Z�_�f�h�c�� �f�h�s�g�h�k�l�b�� �k�b�g�o�j�h�g�g�h�]�h�� �]�_�g�_�j�Z�l�h�j�Z �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �j�_�`�b�f�h�\��
�j�Z�[�h�l�u�� �I�h�k�l�j�h�_�g�b�_�� �^�b�Z�]�j�Z�f�f�u�� �j�Z�k�i�h�e�Z�]�Z�_�f�u�o �f�h�s�g�h�k�l�_�c �\�u�i�h�e�g�_�g�h�� �g�Z�� �h�k�g�h�\�_��
�Z�g�Z�e�b�a�Z �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b �l�_�o�g�b�q�_�k�d�b�o���^�Z�g�g�u�o �k�b�g�o�j�h�g�g�h�]�h���]�_�g�_�j�Z�l�h�j�Z�����b���\�k�i�h�f�h��
�]�Z�l�_�e�v�g�h�]�h�� �^�b�a�_�e�y �k�� �m�q�_�l�h�f�� �j�y�^�Z  �a�h�g�� �h�]�j�Z�g�b�q�_�g�b�y�� �f�h�s�g�h�k�l�b�� �h�]�j�Z�g�b�q�_�g�b�_�� �i�h��
�g�Z�]�j�_�\�m���h�[�f�h�l�d�b���\�h�a�[�m�`�^�_�g�b�y �b���h�[�f�h�l�d�b���k�l�Z�l�h�j�Z���k�m�^�h�\�h�]�h���k�b�g�o�j�h�g�g�h�]�h���]�_�g�_�j�Z�l�h��
�j�Z���� �h�]�j�Z�g�b�q�_�g�b�_�� �f�h�s�g�h�k�l�b�� �i�h�� �l�_�o�g�b�q�_�k�d�b�f�� �\�h�a�f�h�`�g�h�k�l�y�f�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h�� �^�b��
�a�_�e�y���� �i�h�� �m�k�e�h�\�b�y�f�� �h�[�_�k�i�_�q�_�g�b�y�� �k�l�Z�l�b�q�_�k�d�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b�� �i�j�b�� �j�Z�[�h�l�_�� �\�� �j�_�`�b�f�_��
�g�_�^�h�\�h�a�[�m�`�^�_�g�b�y���b �h�]�j�Z�g�b�q�_�g�b�_���i�h���f�b�g�b�f�Z�e�v�g�h���^�h�i�m�k�l�b�f�h�f�m���l�h�d�m���\�h�a�[�m�`�^�_�g�b�y�� 
�G�Z���h�k�g�h�\�_���Z�g�Z�e�b�a�Z���i�h�k�l�j�h�_�g�g�h�c���^�b�Z�]�j�Z�f�f�u���f�h�s�g�h�k�l�_�c���h�i�j�_�^�_�e�_�g �j�Z�[�h�q�b�c���^�b�Z�i�Z��
�a�h�g���i�h �Z�d�l�b�\�g�h�c �b���j�_�Z�d�l�b�\�g�h�c �f�h�s�g�h�k�l�y�f�� �k�m�^�h�\�h�]�h �k�b�g�o�j�h�g�g�h�]�h���]�_�g�_�j�Z�l�h�j�Z���� �^�e�y��
�d�Z�`�^�h�c���b�a���h�]�j�Z�g�b�q�b�l�_�e�v�g�u�o���l�h�q�_�d���^�b�Z�]�j�Z�f�f�u���j�Z�k�i�h�e�Z�]�Z�_�f�u�o���f�h�s�g�h�k�l�_�c �i�h�k�l�j�h��
�_�g�u�� �m�]�e�h�\�u�_�� �b�� �k�b�g�o�j�h�g�b�a�b�j�m�x�s�b�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b. �<�� �b�l�h�]�_ �g�Z�� �h�k�g�h�\�_�� �b�a�m�q�_�g�b�y 
�d�h�f�i�e�_�d�k�Z�� �\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o�� �j�_�r�_�g�b�c�� �± �^�b�Z�]�j�Z�f�f�u�� �j�Z�k�i�h�e�Z�]�Z�_�f�u�o�� �f�h�s�g�h�k�l�_�c����
�\�_�d�l�h�j�g�u�o�� �^�b�Z�]�j�Z�f�f���� �m�]�e�h�\�u�o�� �b�� �k�b�g�o�j�h�g�b�a�b�j�m�x�s�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �k�b�g�o�j�h�g�g�h�]�h��
�]�_�g�_�j�Z�l�h�j�Z���b���l�_�o�g�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\���\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h���^�b�a�_�e�y�� �± �^�Z�g�Z���h�p�_�g�d�Z���j�_��
�`�b�f�h�\���j�Z�[�h�l�u���k�m�^�h�\�u�o���^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�h�\�����q�l�h���f�h�`�_�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g�h���g�Z���k�l�Z��
�^�b�y�o���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���b���w�d�k�i�e�m�Z�l�Z�p�b�b���k�m�^�h�\�u�o���w�g�_�j�]�_�l�b�q�_�k�d�b�o���m�k�l�Z�g�h�\�h�d�� 

�k�m�^�h�\�Z�y���w�e�_�d�l�j�h�k�l�Z�g�p�b�y�����^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�����Z�d�l�b�\�g�Z�y���b�����j�_�Z�d�l�b�\�g�Z�y���f�h�s��
�g�h�k�l�b�����g�Z�i�j�y�`�_�g�b�_�����l�h�d�����^�b�Z�]�j�Z�f�f�Z���j�Z�k�i�h�e�Z�]�Z�_�f�u�o���f�h�s�g�h�k�l�_�c 
 
 

�$�Q�� �D�Q�D�O�\�V�L�V�� �R�I�� �W�K�H�� �R�S�H�U�D�W�L�Q�J�� �P�R�G�H�V�� �R�I�� �V�K�L�S�¶�V�� �H�O�H�F�W�U�L�F�� �S�R�Z�H�U�� �S�O�D�Q�W�V��shows that 
they often operate with large reactive loads, which leads to a decrease in the active 
power of synchronous generators, and operation of auxiliary marine diesel engines at 
fractional loads, which is characterized by increased specific fuel consumption. A quali-
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tative assessment of the operating modes of ship service diesel generators is based on an 
examination of the capability diagram, which represents the dependence of the available 
active power on the reactive power. On the example of the diesel electric-power genera-
tor of the sail training barque "Kruzenshtern", calculation of the available power of the 
synchronous generator for various operating modes is shown. Construction of the capa-
bility diagram is based on the analysis of the characteristics and technical data of the 
synchronous generator and auxiliary diesel, taking into account a number of power limi-
tation zones: limitation on the heating of the field winding and stator winding of the ma-
rine synchronous generator; power limitation according to the technical capabilities of 
the auxiliary diesel; under the conditions of ensuring static stability when operating in 
under-excitation mode and limitation on the minimum permissible excitation current. 
Based on the analysis of the constructed capability diagram, the operating range for the 
active and reactive power of the ship's synchronous generator is shown; angular and 
synchronizing characteristics are plotted for each of the limiting points of the capability 
diagram. As a result, based on the study of a complex of interrelated solutions: the ca-
pability diagrams, vector diagrams, angular and synchronizing characteristics of the 
synchronous generator and the technical parameters of the auxiliary diesel engine, an 
assessment of the operating modes of marine diesel generators is given, which can be 
used at the design and operation stages of s�K�L�S�¶�V���H�O�H�F�W�U�L�F���S�R�Z�H�U���S�O�D�Q�W. 

ship�¶�V electric power plant, diesel-generator, active and reactive power, voltage, 
current, capability diagram 

 
         

�<�<�?�>�?�G�B�?  
�G�Z�� �k�l�Z�^�b�b�� �i�j�h�_�d�l�b�j�h�\�Z�g�b�y���� �Z�� �\�� �^�Z�e�v�g�_�c�r�_�f�� �i�j�b �w�d�k�i�e�m�Z�l�Z�p�b�b�� �k�m�^�h�\�u�o��

�w�e�_�d�l�j�h�k�l�Z�g�p�b�c�� �\�Z�`�g�h�� �b�f�_�l�v�� �d�Z�q�_�k�l�\�_�g�g�m�x�� �h�p�_�g�d�m�� �j�_�`�b�f�h�\�� �j�Z�[�h�l�u�� �k�m�^�h�\�u�o�� �^�b��
�a�_�e�v-�]�_�g�_�j�Z�l�h�j�h�\�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �a�g�Z�q�_�g�b�y�o�� �Z�d�l�b�\�g�u�o�� �b�� �j�_�Z�d�l�b�\�g�u�o�� �g�Z�]�j�m�a�h�d����
�K�e�_�^�m�_�l�� �h�l�f�_�l�b�l�v���� �j�_�Z�d�l�b�\�g�u�_�� �g�Z�]�j�m�a�d�b�� �k�m�^�h�\�u�o�� �w�e�_�d�l�j�h�k�l�Z�g�p�b�c�� �a�Z�q�Z�k�l�m�x�� �i�j�_��
�\�u�r�Z�x�l���Z�d�l�b�\�g�u�_  [1]. �L�Z�d�Z�y���h�p�_�g�d�Z���f�h�`�_�l���[�u�l�v���i�h�e�m�q�_�g�Z���g�Z���h�k�g�h�\�_���Z�g�Z�e�b�a�Z���d�h�f��
�i�e�_�d�k�Z�� �\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o�� �j�_�r�_�g�b�c�����^�b�Z�]�j�Z�f�f�u�� �j�Z�k�i�h�e�Z�]�Z�_�f�u�o�� �f�h�s�g�h�k�l�_�c���� �\�_�d��
�l�h�j�g�u�o�� �^�b�Z�]�j�Z�f�f, �m�]�e�h�\�u�o�� �b�� �k�b�g�o�j�h�g�b�a�b�j�m�x�s�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �]�_�g�_�j�Z�l�h�j�Z �b��
�l�_�o�g�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�h�\ �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h���^�b�a�_�e�y�� 

 
�H�K�G�H�<�G�:�Y �Q�:�K�L�V 

�>�b�Z�]�j�Z�f�f�Z�� �j�Z�k�i�h�e�Z�]�Z�_�f�u�o �f�h�s�g�h�k�l�_�c �^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�h�\�� �i�j�_�^�k�l�Z�\�e�y�_�l��
�k�h�[�h�c�� �a�Z�\�b�k�b�f�h�k�l�v�� �Z�d�l�b�\�g�h�c�� �f�h�s�g�h�k�l�b�� �h�l�� �j�_�Z�d�l�b�\�g�h�c�� �i�j�b�� �j�Z�a�e�b�q�g�u�o���a�g�Z�q�_�g�b�y�o��
�d�h�w�n�n�b�p�b�_�g�l�Z �f�h�s�g�h�k�l�b�� �b �\�u�i�h�e�g�y�_�l�k�y�� �g�Z�� �h�k�g�h�\�_�� �Z�g�Z�e�b�a�Z�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d �b�� �l�_�o��
�g�b�q�_�k�d�b�o �i�h�d�Z�a�Z�l�_�e�_�c �k�b�g�o�j�h�g�g�h�]�h�� �]�_�g�_�j�Z�l�h�j�Z�� ���K�=���� �b�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h�� �^�b�a�_�e�y����
�\�_�d�l�h�j�g�u�o���^�b�Z�]�j�Z�f�f���K�=���b���j�y�^�Z���h�]�j�Z�g�b�q�b�l�_�e�v�g�u�o���m�k�e�h�\�b�c [2]. 

�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �o�h�e�h�k�l�h�]�h�� �o�h�^�Z�� �K�=��(�l�Z�[�e�� 1, �j�b�k�� 1) �i�h�a�\�h�e�y�_�l�� �h�p�_�g�b�l�v��
�g�Z�k�u�s�_�g�b�_���f�Z�]�g�b�l�g�h�c���p�_�i�b���k�m�^�h�\�h�]�h���K�=�����k���_�_���i�h�f�h�s�v�x���f�h�`�g�h���i�h�k�l�j�h�b�l�v���\�_�d�l�h�j��
�g�m�x���^�b�Z�]�j�Z�f�f�m���� 
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�L�Z�[�e�b�p�Z��1. �G�h�j�f�Z�e�v�g�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �o�h�e�h�k�l�h�]�h�� �o�h�^�Z�� �k�m�^�h�\�h�]�h�� �k�b�g�o�j�h�g�g�h�]�h��  
�]�_�g�_�j�Z�l�h�j�Z���\���h�l�g�h�k�b�l�_�e�v�g�u�o���_�^�b�g�b�p�Z�o���>3] 
Table 1. Normal idling characteristic of a marine synchronous generator in relative units 
[3] 
If

* 0 0,3 0,4 0,5 0,7 0,9 1 1,2 1,3 1,4 1,5 2,0 
E0

* 0,025 0,41 0,545 0,664 0,84 0,96 1 1,067 1,093 1,109 1,135 1,19 

 

�J�b�k. 1. �O�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�m�^�h�\�h�]�h���^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z���������±  �a�Z�\�b�k�b�f�h�k�l�v�� 
�k�b�g�o�j�h�g�g�h�]�h���b�g�^�m�d�l�b�\�g�h�]�h���k�h�i�j�h�l�b�\�e�_�g�b�y���h�[�f�h�l�d�b���k�l�Z�l�h�j�Z���i�h���i�j�h�^�h�e�v�g�h�c���h�k�b�� 
�h�l���l�h�d�Z���\�h�a�[�m�`�^�_�g�b�y����xd

* = f(If
*)); 2 �± �a�Z�\�b�k�b�f�h�k�l�v���W�>�K �K�= �h�l���l�h�d�Z���\�h�a�[�m�`�^�_�g�b�y��

�^�e�y���g�_�g�Z�k�u�s�_�g�g�h�c���f�Z�r�b�g�u�� 3 �± �g�h�j�f�Z�e�v�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z���o�h�e�h�k�l�h�]�h���o�h�^�Z������ 
4 �± �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z �l�j�_�o�n�Z�a�g�h�]�h �d�h�j�h�l�d�h�]�h �a�Z�f�u�d�Z�g�b�y 

Fig. 1. Characteristics of a ship service diesel generator: 1 �± dependence  
of the synchronous inductive resistance of the stator winding along the longitudinal axis 
on the excitation current (xd

* = f(If
*)); 2 �± dependence of the SG EMF on the excitation 

 current for an unsaturated machine; 3 �± normal idling characteristic; 4 �± characteristic 
of a three-phase short circuit  

U�K�=*,
E�K�=*,
I�K�=*, 
xd*,

�h.�_.
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�G�Z�� �k�m�^�Z�o�� �J�N �b�k�i�h�e�v�a�m�x�l�k�y�� �k�b�g�o�j�h�g�g�u�_�� �]�_�g�_�j�Z�l�h�j�u�� �k�_�j�b�c�� �F�K�D���� �F�K�K����
���K�G���b���l�b�i�h�\���L�D��-�������=�K�K�����=�F�K �f�h�s�g�h�k�l�v�x���h�l���������^�h�������������d�<�l�����g�Z�i�j�y�`�_�g�b�_�f������������
���������<�����k���q�Z�k�l�h�l�h�c���\�j�Z�s�_�g�b�y���������������������������������������������h�[���f�b�g��[3].  

�I�h�k�l�j�h�_�g�b�_�� �^�b�Z�]�j�Z�f�f�u�� �j�Z�k�i�h�e�Z�]�Z�_�f�u�o�� �f�h�s�g�h�k�l�_�c�� �\�u�i�h�e�g�_�g�h�� �g�Z�� �h�k�g�h�\�_ 
�k�m�^�h�\�h�]�h�� �^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z���� �w�d�k�i�e�m�Z�l�b�j�m�_�f�h�]�h�� �g�Z �M�I�K�� �©�D�j�m�a�_�g�r�l�_�j�g�ª (�l�Z�[�e. 2), 
�[�e�b�a�d�h�]�h���i�h���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���d���K�=���F�K�D-102-�������l�Z�[�e�� 3). 

 
�L�Z�[�e�b�p�Z 2. �L�_�o�g�b�q�_�k�d�b�_ �^�Z�g�g�u�_ �k�m�^�h�\�h�]�h �]�_�g�_�j�Z�l�h�j�Z LSAM 46.2 L6 [4]  
Table 2. Technical characteristics of the LSAM 46.2 L6 ship generator [4] 

�L�b�i���K�=���b���a�Z�\�h�^�k�d�h�c���g�h�f�_�j U�g�����< 
P�g, 
�d�<�l 

�Q�Z�k�l�h�l�Z��
�\�j�Z�s�_�g�b�y�� 

�h�[���f�b�g 

I�g, 
�:  If.�g�����: �Kos �3�g�h�f 

LSAM 46.2 L6 116394/4 390 150 1500 271 152 0,8 

  �I�j�h�^�h�e�`�_�g�b�_ �l�Z�[�e. 2  
  Continuation of table 2 

�B�g�^�m�d�l�b�\�g�u�_���k�h�i�j�h�l�b�\�e�_�g�b�y, �h�� �_�� 
ra�����H�f �H�D�A�����h�� �_. 

xd���’��
* xq

* x�1
* 

1,996 0,98 0,077 0,02 0,59 
 
�L�Z�[�e�b�p�Z��3. �L�_�o�g�b�q�_�k�d�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���k�m�^�h�\�h�]�h���K�= �F�K�D-102-4 [3] 
Table 3. Technical characteristics of the ship SG MSK-102-4 [3] 

�L�b�i���K�= 
U�g, 
�< 

P�g, 
�d�<�l 

�Q�Z�k�l�h�l�Z��
�\�j�Z�s�_�g�b�y�� 

�h�[���f�b�g 

ra, 
�H�f �Kos �3  

�B�g�^�m�d�l�b�\�g�u�_���k�h�i�j�h��
�l�b�\�e�_�g�b�y, �h�� �_�� 

x�G���’��
* xq

* x�1
* 

�F�K�D-102-4 400 150 1500 0,02 0,8 1,92 0,98 0,076 
 
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� �d�h�j�h�l�d�h�]�h���a�Z�f�u�d�Z�g�b�y�����j�b�k�� �������d�j�b�\�Z�y�������� �k�l�j�h�b�l�k�y�� �k�� �m�q�_�l�h�f��

�\�u�j�Z�`�_�g�b�y�� 

�•�™�– 
L
�Â�Í�Ê

�Û

�Â�Ð�Ñ�Ï
�Û              

   (1) 

  
�]�^�_��I�d�a

* �± �m�k�l�Z�g�h�\�b�\�r�b�c�k�y���l�h�d���l�j�_�o�n�Z�a�g�h�]�h���d�h�j�h�l�d�h�]�h���a�Z�f�u�d�Z�g�b�y���� �i�j�b���l�h�d�_��
�\�h�a�[�m�`�^�_�g�b�y���� �j�Z�\�g�h�f �g�h�f�b�g�Z�e�v�g�h�f�m�� �g�Z�i�j�y�`�_�g�b�x�� �i�h�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�_�� �o�h�e�h�k�l�h�]�h��
�o�h�^�Z�����j�b�k�� 1) [5]. 

�<���d�Z�l�Z�e�h�]�Z�o  �i�j�b�\�_�^�_�g�h���g�_�g�Z�k�u�s�_�g�g�h�_���a�g�Z�q�_�g�b�_���k�b�g�o�j�h�g�g�h�]�h���b�g�^�m�d�l�b�\�g�h��
�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�y�� �h�[�f�h�l�d�b�� �k�l�Z�l�h�j�Z�� �i�h�� �i�j�h�^�h�e�v�g�h�c�� �h�k�b�� ��xd���’��

*������ �q�l�h�� �k�h�h�l�\�_�l�k�l�\�m�_�l��
�q�Z�k�l�b���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���o�h�e�h�k�l�h�]�h���o�h�^�Z���K�=���i�j�b���l�h�d�Z�o���\�h�a�[�m�`�^�_�g�b�y���h�l���g�m�e�_�\�h�]�h���a�g�Z��
�q�_�g�b�y���^�h��������������If

* ���j�b�k�� ���������J�Z�k�q�_�l�u���k�b�g�o�j�h�g�g�h�]�h���b�g�^�m�d�l�b�\�g�h�]�h���k�h�i�j�h�l�b�\�e�_�g�b�y���h�[��
�f�h�l�d�b�� �k�l�Z�l�h�j�Z�� �i�h�� �i�j�h�^�h�e�v�g�h�c�� �h�k�b�� �i�j�h�\�h�^�y�l�k�y�� �i�h�� �\�u�j�Z�`�_�g�b�x ���� �b�� �i�j�b�\�_�^�_�g�u�� �\��
�l�Z�[�e. 4 �b���g�Z���j�b�k. 1 (�d�j�b�\�Z�y������: 
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�L�Z�[�e�b�p�Z��4. �A�g�Z�q�_�g�b�y�����k�b�g�o�j�h�g�g�h�]�h���b�g�^�m�d�l�b�\�g�h�]�h���k�h�i�j�h�l�b�\�e�_�g�b�y���h�[�f�h�l�d�b���k�l�Z�l�h�j�Z��
�K�=���i�h���i�j�h�^�h�e�v�g�h�c���h�k�b�� 
Table 4. Values of the synchronous inductive resistance of the SG stator winding along 
the longitudinal axis 
If

* 0,125 0,25 0,35 0,4 0,5 0,75 1,0 1,25 1,5 1,75 2,0 
xd

* 1,996 1,996 1,996 1,944 1,898 1,791 1,694 1,545 1,381 1,232 1,103 
 
�>�h�k�l�h�\�_�j�g�h�k�l�v�� �j�Z�k�q�_�l�h�\�� �i�h�� �n�h�j�f�m�e�_�� ���� �h�[�h�k�g�h�\�Z�g�Z �l�_�f���� �q�l�h�� �i�j�b�� �d�h�j�h�l�d�h�f��

�a�Z�f�u�d�Z�g�b�b�� ���D�A���� �g�Z�� �a�Z�`�b�f�Z�o�� �h�[�f�h�l�d�b�� �k�l�Z�l�h�j�Z�� �b�f�_�_�l�� �f�_�k�l�h�� �l�h�e�v�d�h�� �i�j�h�^�h�e�v�g�h-
�j�Z�a�f�Z�]�g�b�q�b�\�Z�x�s�Z�y �j�_�Z�d�p�b�y���y�d�h�j�y���b���W�>�K (�' � �’ �������g�Z�\�h�^�b�f�Z�y���\���h�[�f�h�l�d�_���k�l�Z�l�h�j�Z�� 
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   (3) 
�]�^�_�� �� �� �� �� ��x�1

* �± �b�g�^�m�d�l�b�\�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �j�Z�k�k�_�y�g�b�y�� �h�[�f�h�l�d�b�� �k�l�Z�l�h�j�Z�� �K�=��         
xad

* �± �k�b�g�o�j�h�g�g�h�_�� �b�g�^�m�d�l�b�\�g�h�_�� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �j�_�Z�d�p�b�b�� �y�d�h�j�y�� �K�=�� �i�h�� �i�j�h�^�h�e�v�g�h�c��
�h�k�b��   

�I�Z�^�_�g�b�_�f�� �g�Z�i�j�y�`�_�g�b�y�� �g�Z�� �Z�d�l�b�\�g�h�f�� �k�h�i�j�h�l�b�\�e�_�g�b�b�� �h�[�f�h�l�d�b�� �k�l�Z�l�h�j�Z�� �K�=��
�i�j�_�g�_�[�j�_�]�Z�_�f���\�\�b�^�m���_�]�h���f�Z�e�u�o���a�g�Z�q�_�g�b�c�����l�Z�[�e�� 3). 

�D�Z�d���b�a�\�_�k�l�g�h, �k�b�g�o�j�h�g�g�h�_���b�g�^�m�d�l�b�\�g�h�_���k�h�i�j�h�l�b�\�e�_�g�b�_���h�[�f�h�l�d�b���k�l�Z�l�h�j�Z���K�=��
�i�h���i�h�i�_�j�_�q�g�h�c���h�k�b����xq

*�����i�j�Z�d�l�b�q�_�k�d�b���g�_���a�Z�\�b�k�b�l���h�l���g�Z�k�u�s�_�g�b�y���>5]. 
�<�_�d�l�h�j�g�Z�y�� �^�b�Z�]�j�Z�f�f�Z �k�m�^�h�\�h�]�h�� �K�=��LSAM 46.2 L6 116394/4 �k�l�j�h�b�l�k�y�� �^�e�y��

�g�h�f�b�g�Z�e�v�g�h�]�h���j�_�`�b�f�Z����I�]���g�h�f
* = 1, U�]���g�h�f

* = 1, cos�3�g�h�f = 0,8 �k�� �m�q�_�l�h�f�� �\�u�j�Z�`�_�g�b�y��(4) 
���j�b�k�� 2).  
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�]�^�_��xd

* �± �g�Z�k�u�s�_�g�g�h�_�� �a�g�Z�q�_�g�b�_�� �k�b�g�o�j�h�g�g�h�]�h�� �b�g�^�m�d�l�b�\�g�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�y��
�h�[�f�h�l�d�b �k�l�Z�l�h�j�Z���K�=���i�h���i�j�h�^�h�e�v�g�h�c���h�k�b�����j�b�k�� 1�����l�Z�[�e�� 4). 

�M�]�e�h�\�Z�y�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� ���j�b�k�� ������ �\�u�j�Z�`�Z�_�l�� �a�Z�\�b�k�b�f�h�k�l�v�� �w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c��
�f�h�s�g�h�k�l�b���K�=����P�w�f�����h�l���m�]�e�Z���g�Z�]�j�m�a�d�b������) [5]: 
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   (5) 

�]�^�_����E0 �± �W.�>.�K�����b�g�^�m�p�b�j�m�_�f�Z�y���\���h�[�f�h�l�d�_���k�l�Z�l�h�j�Z���i�h�e�_�f���\�h�a�[�m�`�^�_�g�b�y [2,5].  

�K���m�q�_�l�h�f���_�_���i�h�k�l�j�h�_�g�b�y���\���h�l�g�h�k�b�l�_�e�v�g�u�o���_�^�b�g�b�p�Z�o�����h�� �_�������i�j�b���g�h�f�b�g�Z�e�v�g�h�f��
�g�Z�i�j�y�`�_�g�b�b�� ��U�]���g�h�f

* = U1
* � �� ������ �K�=�� �b�� �i�h�k�l�h�y�g�k�l�\�_�� ��Ef

* = const���� �\�u�j�Z�`�_�g�b�_��(5) �i�j�b��
�g�b�f�Z�_�l���\�b�^�� 
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�J�b�k. 2. �<�_�d�l�h�j�g�Z�y���^�b�Z�]�j�Z�f�f�Z���k�m�^�h�\�h�]�h �^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z���k���y�\�g�h�i�h�e�x�k�g�h�c�� 
�d�h�g�k�l�j�m�d�p�b�_�c���j�h�l�h�j�Z���k���m�q�_�l�h�f���g�Z�k�u�s�_�g�b�y���f�Z�]�g�b�l�g�h�c���p�_�i�b���b���j�Z�[�h�l�h�c�� 

�i�j�b���g�h�f�b�g�Z�e�v�g�h�f���d�h�w�n�n�b�p�b�_�g�l�_���f�h�s�g�h�k�l�b����cos �3�g�h�f = 0,8) 
Fig. 2. Vector diagram of a ship service diesel generator with a salient-pole rotor 

 design, taking into account saturation of the magnetic circuit and operating 
 at the nominal power factor (cos �3nom = 0,8) 

 
�D�j�b�l�_�j�b�_�f�� �k�l�Z�l�b�q�_�k�d�h�c�� �m�k�l�h�c�q�b�\�h�k�l�b���^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z���y�\�e�y�_�l�k�y���d�h�w�n�n�b��

�p�b�_�g�l�� �k�b�g�o�j�h�g�b�a�b�j�m�x�s�_�c�� �f�h�s�g�h�k�l�b�� ��P�k�f
*������ �j�Z�k�k�q�b�l�u�\�Z�_�f�u�c�� �i�h�� �\�u�j�Z�`�_�g�b�x��(8) �k��

�m�q�_�l�h�f���n�h�j�f�m�e�u��(7) �i�h���Z�g�Z�e�h�]�b�b���k���j�Z�k�q�_�l�h�f���w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c���f�h�s�g�h�k�l�b [2, 5]. 
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�J�b�k. 3. �A�Z�\�b�k�b�f�h�k�l�v���w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c���f�h�s�g�h�k�l�b����P�w�f
*�����h�l���m�]�e�Z���g�Z�]�j�m�a�d�b (��)  

���d�j�b�\�Z�y�����������k�h�k�l�Z�\�e�y�x�s�b�_���w�e�_�d�l�j�h�f�Z�]�g�b�l�g�h�c���f�h�s�g�h�k�l�b�����d�j�b�\�u�_�������b���������� 
�a�Z�\�b�k�b�f�h�k�l�v���d�h�w�n�n�b�p�b�_�g�l�Z���k�b�g�o�j�h�g�b�a�b�j�m�x�s�_�c���f�h�s�g�h�k�l�b����P�k�f

*�����K�=�����j�Z�[�h�l�Z�x�s�_�]�h��
�k���F�R�V�3�g�h�f� �������������h�l���m�]�e�Z���g�Z�]�j�m�a�d�b ������ (�d�j�b�\�Z�y��4) 

Fig. 3. Dependence of the electromagnetic power (Pep
*) on the load angle (��) (curve 3); 

electromagnetic power components (curves 1 and 2); dependence of the synchronizing 
power factor (Psp�
�����R�I���W�K�H���6�*���R�S�H�U�D�W�L�Q�J���Z�L�W�K���F�R�V�3nom = 0,8 on the load angle (��)  

(curve 4) 
 
�<�u�i�h�e�g�_�g�g�u�_�� �j�Z�k�q�_�l�u�� �b�� �i�h�k�l�j�h�_�g�g�u�_�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b�� �i�h�a�\�h�e�y�x�l�� �i�_�j�_�c�l�b��

�d�� �i�h�k�l�j�h�_�g�b�x�� �^�b�Z�]�j�Z�f�f�u�� �j�Z�k�i�h�e�Z�]�Z�_�f�u�o�� �f�h�s�g�h�k�l�_�c�� �k�m�^�h�\�h�]�h�� �]�_�g�_�j�Z�l�h�j�Z�� �M�I�K��
�©�D�j�m�a�_�g�r�l�_�j�g�ª�����j�b�k�� ���������I�h�k�l�j�h�_�g�b�_���\�u�i�h�e�g�_�g�h���k���m�q�_�l�h�f���f�_�l�h�^�b�d�b�����i�j�b�\�_�^�_�g�g�h�c 
�\�� �j�Z�[�h�l�_ [2]. �<�� �k�\�y�a�b�� �k�� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �\�u�o�e�h�i�g�h�]�h�� �l�j�Z�d�l�Z �\�k�i�h�f�h�]�Z�l�_�e�v�g�u�c�� �^�b��
�a�_�e�v-�]�_�g�_�j�Z�l�h�j�� �0�$�1�� �1�X�W�]�I�D�K�U�]�H�X�J�H�� �$�*���� �'�� ���������� �/�;�(�� ������ �b�f�_�_�l�� �h�]�j�Z�g�b�q�_�g�g�m�x�� �g�Z��
���������f�h�s�g�h�k�l�v�����^�b�Z�]�j�Z�f�f�m���k�l�j�h�b�f���^�e�y��P�K�= � �����������d�<�l���>4]. 

�>�b�Z�]�j�Z�f�f�Z �k�h�k�l�h�b�l�� �b�a �j�y�^�Z �a�h�g�� �h�]�j�Z�g�b�q�_�g�b�y�� �f�h�s�g�h�k�l�b [2]���� �W�l�h�� �a�h�g�u��DY, 
YE, EF, FJ ���j�b�k�� 4). �A�h�g�Z��DY �± �h�]�j�Z�g�b�q�_�g�b�_���i�h���g�Z�]�j�_�\�m���h�[�f�h�l�d�b���\�h�a�[�m�`�^�_�g�b�y�����^�e�y��
�h�i�j�_�^�_�e�_�g�b�y�� �d�h�l�h�j�h�c�� �b�a�� �l�h�q�d�b��L �k�l�j�h�b�l�k�y�� �j�y�^�� �i�j�y�f�u�o�� ���D1���� �D2���� �D3���� �D4���� �D5���� �D6���� �D7, 
�D8�������q�b�k�e�_�g�g�h���j�Z�\�g�u�o���h�l�j�_�a�d�m���D1�:  = 1,426 �h�� �_�� �I�j�b���w�d�k�i�e�m�Z�l�Z�p�b�b�����\���^�Z�g�g�h�c���a�h�g�_��
�K�=���b�f�_�_�l���[�h�e�_�_�����g�b�a�d�b�c�� cos �3 �i�h���h�l�g�h�r�_�g�b�x���d �g�h�f�b�g�Z�e�v�g�h�f�m  �a�g�Z�q�_�g�b�x�������i�h�g�b��
�`�_�g�g�h�_���a�g�Z�q�_�g�b�_�� �i�h�e�g�h�c �f�h�s�g�h�k�l�b����S�]���g�h�f

*���� �b�� �l�h�d�Z���k�l�Z�l�h�j�Z�� �\�k�e�_�^�k�l�\�b�_  �j�Z�a�f�Z�]�g�b��
�q�b�\�Z�x�s�_�]�h�� �^�_�c�k�l�\�b�y�� �j�_�Z�d�p�b�b�� �y�d�h�j�y�� �A�h�g�Z��ZA �± �h�]�j�Z�g�b�q�_�g�b�_�� �i�h�� �g�Z�]�j�_�\�m�� �h�[�f�h�l�d�b��
�k�l�Z�l�h�j�Z �K�=���� �h�^�g�Z�d�h�� �b�a-�a�Z�� �\�h�a�f�h�`�g�h�k�l�_�c�� �^�b�a�_�e�y �^�Z�g�g�Z�y�� �a�h�g�Z�� �g�_�� �\�e�b�y�_�l�� �g�Z�� �j�Z�[�h�l�m��
�K�=���� �A�h�g�Z��YE �± �h�]�j�Z�g�b�q�_�g�b�_�� �f�h�s�g�h�k�l�b�� �\�k�e�_�^�k�l�\�b�_ �\�h�a�f�h�`�g�h�k�l�_�c �^�b�a�_�e�y�� �F�h�s��
�g�h�k�l�v���^�b�a�_�e�y���h�]�j�Z�g�b�q�_�g�Z���g�Z���m�j�h�\�g�_������ �����h�l���g�h�f�b�g�Z�e�v�g�h�c���K�= (P�^�b�a�_�e�y = 90 ���� P�]���g�h�f��= 
0,72 �h�� �_���� �b���i�j�_�^�k�l�Z�\�e�_�g�Z���\���\�b�^�_���]�h�j�b�a�h�g�l�Z�e�v�g�h�c���e�b�g�b�b���h�l���l�h�q�d�b��Y �^�h���?.   �A�h�g�Z��EF 
�± �h�]�j�Z�g�b�q�_�g�b�_���i�h���m�k�e�h�\�b�y�f���h�[�_�k�i�_�q�_�g�b�y���k�l�Z�l�b�q�_�k�d�h�c���m�k�l�h�c�q�b�\�h�k�l�b���i�j�b���j�Z�[�h�l�_���K�=��
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�\�� �j�_�`�b�f�_�� �g�_�^�h�\�h�a�[�m�`�^�_�g�b�y�� �I�j�b�g�b�f�Z�_�l�k�y���� �q�l�h�� �i�j�_�^�_�e�� �f�h�s�g�h�k�l�b�� �g�Z�� ���� ���� �i�j�_�\�u��
�r�Z�_�l�� �g�Z�]�j�m�a�d�m�� �i�j�b�� �w�l�h�f�� �`�_�� �l�h�d�_�� �\�h�a�[�m�`�^�_�g�b�y����(UU`� �� �������� �h�� �_��)���� �>�h�i�m�k�l�b�f�u�_��
�g�Z�]�j�m�a�d�b���K�= �\�� �j�_�`�b�f�_�� �g�_�^�h�\�h�a�[�m�`�^�_�g�b�y���h�]�j�Z�g�b�q�b�\�Z�x�l�k�y���d�j�b�\�h�c��EF, �^�e�y���h�i�j�_�^�_��
�e�_�g�b�y�� �d�h�l�h�j�h�c �b�a�� �l�h�q�d�b��L �k�l�j�h�b�l�k�y�� �j�y�^�� �i�j�y�f�u�o�� ��W1W1`, W2W2`, W3W3`, W4W4`, 
W5W5`, W6W6`, W6W6`, W7W7`�������q�b�k�e�_�g�g�h���j�Z�\�g�u�o���^�j�m�]���^�j�m�]�m (0,�������h�� �_������ �A�h�g�Z��FJ �± 
�h�]�j�Z�g�b�q�_�g�b�_���i�h���f�b�g�b�f�Z�e�v�g�h���^�h�i�m�k�l�b�f�h�f�m���l�h�d�m���\�h�a�[�m�`�^�_�g�b�y�� �I�j�b�� �m�q�_�l�_���\�h�a�f�h�`��
�g�u�o�� �h�l�d�e�h�g�_�g�b�c�� �i�Z�j�Z�f�_�l�j�h�\�� �h�l�� �j�Z�k�q�_�l�g�u�o�� �b �b�k�d�e�x�q�_�g�b�b �k�e�m�q�Z�y�� �i�_�j�_�f�Z�]�g�b�q�b�\�Z��
�g�b�y��C�=���� �j�Z�[�h�l�Z�x�s�_�]�h �k �g�_�^�h�\�h�a�[�m�`�^�_�g�b�_�f�� �m�q�b�l�u�\�Z�_�l�k�y�� �h�]�j�Z�g�b�q�_�g�b�_�� �i�h�� �f�b�g�b��
�f�Z�e�v�g�h���^�h�i�m�k�l�b�f�h�f�m���l�h�d�m���\�h�a�[�m�`�^�_�g�b�y �g�Z���m�j�h�\�g�_ 20 �����h�l���l�h�d�Z���\�h�a�[�m�`�^�_�g�b�y���i�j�b��
�o�h�e�h�k�l�h�f���o�h�^�_���b���g�h�f�b�g�Z�e�v�g�h�f���g�Z�i�j�y�`�_�g�b�b. 

 

�J�b�k. 4. �>�b�Z�]�j�Z�f�f�Z���j�Z�k�i�h�e�Z�]�Z�_�f�u�o���f�h�s�g�h�k�l�_�c���k�m�^�h�\�h�]�h���^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z 
Fig. 4.  Capability diagram of a ship service diesel generator 
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�h�]�j�Z�g�b�q�b�l�_�e�v�g�u�o���l�h�q�_�d����D, Y, M, E, F, J) (�j�b�k�� 4). 
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�J�b�k. 5. �M�]�e�h�\�u�_ �b���k�b�g�o�j�h�g�b�a�b�j�m�x�s�b�_���o�Z�j�Z�d�l�_�j�b�k�l�b�d�b���^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z  
�^�e�y���l�h�q�_�d���a�h�g���h�]�j�Z�g�b�q�_�g�b�y���\���k�h�h�l�\�_�l�k�l�\�b�b���k���^�b�Z�]�j�Z�f�f�h�c���f�h�s�g�h�k�l�_�c�����j�b�k�� 4) 

Fig. 5. Angular and synchronizing characteristics of the diesel-generator for points of 
restricted zones in accordance with the capability diagram (fig. 4) 

          �G�Z���j�b�k�m�g�d�_��P�w�f��max
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�]�_�g�_�j�Z�l�h�j�Z; P�w�f���^
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�]�_�g�_�j�Z�l�h�j�Z��[5]. 
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�:�g�Z�e�b�a���^�b�Z�]�j�Z�f�f�u���j�Z�k�i�h�e�Z�]�Z�_�f�u�o���f�h�s�g�h�k�l�_�c���k�m�^�h�\�h�]�h���^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z��
�i�h�a�\�h�e�b�e�� �h�i�j�_�^�_�e�b�l�v�� �a�g�Z�q�_�g�b�y�� �Z�d�l�b�\�g�h�c�� �b�� �j�_�Z�d�l�b�\�g�h�c�� �f�h�s�g�h�k�l�_�c�� �\�� �h�l�^�_�e�v�g�u�o��
���[�Z�a�h�\�u�o�����l�h�q�d�Z�o���b���k�l�Z�l�b�q�_�k�d�m�x���m�k�l�h�c�q�b�\�h�k�l�v���k�m�^�h�\�h�]�h���K�=�����l�Z�[�e�� 5). 

�L�Z�[�e�b�p�Z 5. �A�g�Z�q�_�g�b�y�� �Z�d�l�b�\�g�h�c�� �b�� �j�_�Z�d�l�b�\�g�h�c�� �f�h�s�g�h�k�l�_�c�� �\�� �h�]�j�Z�g�b�q�b�l�_�e�v�g�u�o�� �l�h�q��
�d�Z�o���g�Z���^�b�Z�]�j�Z�f�f�_���j�Z�k�i�h�e�Z�]�Z�_�f�u�o���f�h�s�g�h�k�l�_�c���k�m�^�h�\�h�]�h���^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�Z ���j�b�k. 4)  
Table 5. Values of active and reactive power at limiting points on the capability diagram 
of a ship service diesel generator (fig. 4) 

�L�h�q�d�Z���g�Z�� 
�^�b�Z�]�j�Z�f�f�_��

�j�Z�k�i�h�e�Z�]�Z�_�f�u�o��
�f�h�s�g�h�k�l�_�c���K�= 

�:�d�l�b�\�g�Z�y��
�f�h�s�g�h�k�l�v��

�K�=, P,  
�h�� �_�� 

�J�_�Z�d�l�b�\�g�Z�y��
�f�h�s�g�h�k�l�v��

�K�=, Q,  
�h�� �_�� 

�J�_�`�b�f���j�Z�[�h�l�u��
�^�b�a�_�e�v-  

�]�_�g�_�j�Z�l�h�j�Z 

�A�g�Z�q�_�g�b�_  
�k�l�Z�l�b�q�_�k�d�h�c�� 

�i�_�j�_�]�j�m�`�Z�_�f�h�k�l�b��
�k�m�^�h�\�h�]�h���K�= 

D 0 0,831 �i�_�j�_�\�h�a�[�m�`�^�_�g�b�_ 0 
Y 0,72 0,647 �i�_�j�_�\�h�a�[�m�`�^�_�g�b�_ 2,11 
M 0,72 0 �i�_�j�_�\�h�a�[�m�`�^�_�g�b�_ 1,72 
E 0,72 0,196 �g�_�^�h�\�h�a�[�m�`�^�_�g�b�_ 1,73 
F 0,198 0,543 �g�_�^�h�\�h�a�[�m�`�^�_�g�b�_ 1,67 
J 0 0,477 �g�_�^�h�\�h�a�[�m�`�^�_�g�b�_ 0 
 
�I�h�e�m�q�_�g�g�u�_�� �a�Z�\�b�k�b�f�h�k�l�b�� ���j�b�k�� 4, ���� �b�� �l�Z�[�e�� 5���� �q�j�_�a�\�u�q�Z�c�g�h�� �\�Z�`�g�h�� �b�k�i�h�e�v��

�a�h�\�Z�l�v���g�Z���k�l�Z�^�b�y�o���w�d�k�i�e�m�Z�l�Z�p�b�b���k�m�^�g�Z���b���i�j�b���i�j�h�_�d�l�b�j�h�\�Z�g�b�b �g�h�\�u�o���k�m�^�h�\�� 
 

�A�:�D�E�X�Q�?�G�B�? 
�<���k�l�Z�l�v�_���^�Z�g�Z  �h�p�_�g�d�Z���j�_�`�b�f�h�\���j�Z�[�h�l�u���k�m�^�h�\�u�o�� �^�b�a�_�e�v-�]�_�g�_�j�Z�l�h�j�h�\�����h�k�g�h��

�\�Z�g�g�Z�y�� �g�Z���� �Z�g�Z�e�b�a�_���d�h�f�i�e�_�d�k�Z���\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o���j�_�r�_�g�b�c���� �^�b�Z�]�j�Z�f�f�u���j�Z�k�i�h�e�Z�]�Z��
�_�f�u�o���f�h�s�g�h�k�l�_�c�����\�_�d�l�h�j�g�u�o���^�b�Z�]�j�Z�f�f�����m�]�e�h�\�u�o���b���k�b�g�o�j�h�g�b�a�b�j�m�x�s�b�o���o�Z�j�Z�d�l�_�j�b��
�k�l�b�d�� �]�_�g�_�j�Z�l�h�j�Z �b�� �l�_�o�g�b�q�_�k�d�b�o�� �i�Z�j�Z�f�_�l�j�h�\�� �\�k�i�h�f�h�]�Z�l�_�e�v�g�h�]�h�� �^�b�a�_�e�y, �q�l�h�� �f�h�`�_�l��
�[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g�h���g�Z���k�l�Z�^�b�y�o���i�j�h�_�d�l�b�j�h�\�Z�g�b�y���b���w�d�k�i�e�m�Z�l�Z�p�b�b���k�m�^�h�\�u�o���w�g�_�j�]�_�l�b��
�q�_�k�d�b�o���m�k�l�Z�g�h�\�h�d�� 
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E-mail: vbeley@klgtu.ru             

 
Beley Valeriy Feodosievich �± Kaliningrad State Technical University; PhD in Technical 
Sciences, Professor; Head of the Department of Electrical Equipment of Ships and Elec-

trical power engineering; E-mail: vbeley@klgtu.ru 
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�I�J�:�<�B�E�:���>�E�Y���:�<�L�H�J�H�<���@�M�J�G�:�E�: 
�©�B�A�<�?�K�L�B�Y���D�=�L�M�ª 

 
�H�[�s�b�_���l�j�_�[�h�\�Z�g�b�y 

�@�m�j�g�Z�e�� �i�m�[�e�b�d�m�_�l�� �h�j�b�]�b�g�Z�e�v�g�u�_�� �g�_�h�i�m�[�e�b�d�h�\�Z�g�g�u�_�� �j�Z�g�_�_�� �k�l�Z�l�v�b, 
�m�^�h�\�e�_�l�\�h�j�y�x�s�b�_�� �d�j�b�l�_�j�b�y�f�� �\�u�k�h�d�h�]�h�� �g�Z�m�q�g�h�]�h�� �d�Z�q�_�k�l�\�Z�� �i�h�� �g�Z�m�q�g�u�f�� �g�Z�i�j�Z�\�e�_��
�g�b�y�f���� �_�k�l�_�k�l�\�_�g�g�h-�g�Z�m�q�g�u�_�� �b�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_���� �[�b�h�e�h�]�b�q�_�k�d�b�_�� �b�� �k�_�e�v�k�d�h�o�h�a�y�c��
�k�l�\�_�g�g�u�_�����l�_�o�g�b�q�_�k�d�b�_�����w�d�h�g�h�f�b�q�_�k�d�b�_���g�Z�m�d�b���� �i�j�h�f�u�r�e�_�g�g�h�_���j�u�[�h�e�h�\�k�l�\�h���� �K�j�h�d��
�k�^�Z�q�b���k�l�Z�l�_�c���\���j�_�^�Z�d�p�b�x���± �a�Z���^�\�Z���f�_�k�y�p�Z���^�h���\�u�o�h�^�Z���`�m�j�g�Z�e�Z���©�\���k�\�_�l�ª�����]�j�Z�n�b�d���\�u��
�o�h�^�Z���������n�_�\�j�Z�e�y���������f�Z�y���������Z�\�]�m�k�l�Z���������g�h�y�[�j�y�� �<�k�_���i�j�b�k�e�Z�g�g�u�_���k�l�Z�l�v�b���i�j�h�o�h�^�y�l���i�j�h��
�\�_�j�d�m���k�b�k�l�_�f�h�c �©�:�g�l�b�i�e�Z�]�b�Z�l�ª�� 

 
�<���j�_�^�Z�d�p�b�x���`�m�j�g�Z�e�Z���Z�\�l�h�j�u���i�j�_�^�k�l�Z�\�e�y�x�l�� 

�± �j�Z�k�i�_�q�Z�l�d�m���j�m�d�h�i�b�k�b���� �i�h�^�i�b�k�Z�g�g�m�x�� �\�k�_�f�b���Z�\�l�h�j�Z�f�b���� �b���_�_���w�e�_�d�l�j�h�g�g�m�x��
�\�_�j�k�b�x���� �L�_�d�k�l�� �j�m�d�h�i�b�k�b���^�h�e�`�_�g���i�h�e�g�h�k�l�v�x���k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v���l�_�d�k�l�m�� �w�e�_�d�l�j�h�g�g�h�]�h��
�\�Z�j�b�Z�g�l�Z�� 

�± �\�g�_�r�g�x�x�� �b�e�b�� �\�g�m�l�j�_�g�g�x�x�� �j�_�p�_�g�a�b�x�� �^�h�d�l�h�j�Z�� �g�Z�m�d ���g�Z�� �k�l�Z�g�^�Z�j�l�g�h�f��
�[�e�Z�g�d�_������ �a�Z�\�_�j�_�g�g�m�x�� �i�h�^�i�b�k�v�x�� �b�� �i�_�q�Z�l�v�x�� �m�q�_�g�h�]�h�� �k�_�d�j�_�l�Z�j�y�� �k�h�� �k�e�h�\�Z�f�b���� �©�I�h�^��
�i�b�k�v�� �j�_�p�_�g�a�_�g�l�Z�� �l�Z�d�h�]�h-�l�h�� �a�Z�\�_�j�y�x���� �^�h�e�`�g�h�k�l�v�� �a�Z�\�_�j�y�x�s�_�]�h���� �n�Z�f�b�e�b�y���� �j�h�k�i�b�k�v����
�q�b�k�e�h�ª�����;�e�Z�g�d���j�_�p�_�g�a�b�b���f�h�`�g�h���k�d�Z�q�Z�l�v���g�Z���k�Z�c�l�_���m�g�b�\�_�j�k�b�l�_�l�Z���\���j�Z�a�^�_�e�_���©�G�Z�m�d�Z���b��
�b�g�g�h�\�Z�p�b�b�� �± �G�Z�m�q�g�u�c�� �`�m�j�g�Z�e�ª���� �J�_�p�_�g�a�_�g�l�� �^�h�e�`�_�g�� �y�\�e�y�l�v�k�y�� �i�j�b�a�g�Z�g�g�u�f�� �k�i�_�p�b�Z��
�e�b�k�l�h�f���i�h���l�_�f�Z�l�b�d�_���j�_�p�_�g�a�b�j�m�_�f�h�]�h���f�Z�l�_�j�b�Z�e�Z���b���b�f�_�l�v���\���l�_�q�_�g�b�_���i�h�k�e�_�^�g�b�o���l�j�_�o��
�e�_�l���i�m�[�e�b�d�Z�p�b�b���i�h���l�_�f�Z�l�b�d�_���j�_�p�_�g�a�b�j�m�_�f�h�c���k�l�Z�l�v�b���� 

�± �w�d�k�i�_�j�l�g�h�_���a�Z�d�e�x�q�_�g�b�_ �k���i�_�q�Z�l�v�x �h���k�l�_�i�_�g�b���k�_�d�j�_�l�g�h�k�l�b���k�\�_�^�_�g�b�c�����k�h��
�^�_�j�`�Z�s�b�o�k�y �\���k�l�Z�l�v�_ (�b�g�h�]�h�j�h�^�g�b�_ �f�h�]�m�l �\�u�k�e�Z�l�v���w�e�_�d�l�j�h�g�g�h�c���i�h�q�l�h�c��. 

 �<���^�Z�e�v�g�_�c�r�_�f���k���Z�\�l�h�j�h�f���a�Z�d�e�x�q�Z�_�l�k�y���E�b�p�_�g�a�b�h�g�g�u�c���^�h�]�h�\�h�j �b���h�n�h�j�f��
�e�y�_�l�k�y���:�d�l���i�_�j�_�^�Z�q�b �± �i�j�b�_�f�d�b �j�m�d�h�i�b�k�b.  

 
�H�[�t�_�f���k�l�Z�l�v�b 

�H�[�t�_�f�� �k�l�Z�l�v�b �k�h�k�l�Z�\�e�y�_�l�� �h�l�� �\�h�k�v�f�b�� �^�h�� �q�_�l�u�j�g�Z�^�p�Z�l�b �k�l�j�Z�g�b�p�� �l�_�d�k�l�Z�� 
�\�d�e�x�q�Z�y���j�b�k�m�g�d�b�����l�Z�[�e�b�p�u���b���k�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u�� 

 
�K�l�j�m�d�l�m�j�Z���k�l�Z�l�v�b 

�± �<�\�_�^�_�g�b�_�����k�h�k�l�h�y�g�b�_�� �i�j�h�[�e�_�f�u���� �a�Z�^�Z�q�b�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �i�h�� �p�_�g�l�j�m�� �i�j �h��
�i�b�k�g�u�f�b���[�m�d�\�Z�f�b�����d�_�]�e�v�����������r�j�b�n�l���g�_���`�b�j�g�u�c); 

�± �H�k�g�h�\�g�Z�y���q�Z�k�l�v�����i�h�k�l�Z�g�h�\�d�Z���a�Z�^�Z�q�b�����f�_�l�h�^�u���b���j�_�a�m�e�v�l�Z�l�u���b�k�k�e�_�^�h�\�Z�g�b�y����
�b�o�� �h�[�k�m�`�^�_�g�b�_ �± �i�j�h�i�b�k�g�u�f�b�� �[�m�d�\�Z�f�b���� �d�_�]�e�v�� �������� �r�j�b�n�l�� �h�[�u�q�g�u�c������ �H�k�g�h�\�g�m�x��
�q�Z�k�l�v�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �j�Z�a�[�b�\�Z�l�v�� �g�Z�� �j�Z�a�^�_�e�u�� �k�� �g�Z�a�\�Z�g�b�y�f�b���� �h�l�j�Z�`�Z�x�s�b�f�b�� �b�o�� �k�h��
�^�_�j�`�Z�g�b�_�� 

�± �A�Z�d�e�x�q�_�g�b�_ ���\�u�\�h�^�u �± �i�j�h�i�b�k�g�u�f�b�� �[�m�d�\�Z�f�b���� �d�_�]�e�v�� �������� �r�j�b�n�l�� �h�[�u�q��
�g�u�c��. 

 
�K�h�k�l�Z�\�g�u�_���q�Z�k�l�b���k�l�Z�l�v�b���b���i�h�j�y�^�h�d���b�o���k�e�_�^�h�\�Z�g�b�y 

1. �B�g�^�_�d�k �i�h���m�g�b�\�_�j�k�Z�e�v�g�h�c���^�_�k�y�l�b�q�g�h�c���d�e�Z�k�k�b�n�b�d�Z�p�b�b ���M�>�D�� �j�Z�a�f�_�s�Z�_�l��
�k�y�� �\�� �e�_�\�h�f�� �\�_�j�o�g�_�f�� �m�]�e�m �[�_�a�� �h�l�k�l�m�i�Z ���i�j�h�i�b�k�g�u�f�b�� �[�m�d�\�Z�f�b���� �d�_�]�e�v�� �������� �r�j�b�n�l��
�h�[�u�q�g�u�c���� 
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�������Q�_�j�_�a���h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m���± �g�Z�a�\�Z�g�b�_���k�l�Z�l�v�b ���i�j�h�i�b�k�g�u�f�b���[�m�d�\�Z��
�f�b, �d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c). 

������ �Q�_�j�_�a�� �h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m�� �± �b�g�b�p�b�Z�e�u�� �b�� �n�Z�f�b�e�b�y���b���� �Z�\�l�h�j�Z���h�\�� 
���d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c). 

�������Q�_�j�_�a���h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m���± �g�Z�a�\�Z�g�b�_���k�l�Z�l�v�b���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u��
�d�_ ���i�j�h�i�b�k�g�u�f�b���[�m�d�\�Z�f�b�����d�_�]�e�v�����������r�j�b�n�l���g�_�`�b�j�g�u�c). 

������ �Q�_�j�_�a�� �h�^�b�g���b�g�l�_�j�\�Z�e �i�h���p�_�g�l�j�m�� �± �b�g�b�p�b�Z�e�u�� �b�� �n�Z�f�b�e�b�y���b���� �Z�\�l�h�j�Z���h�\����
�g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_ ���d�_�]�e�v�����������r�j�b�n�l���g�_�`�b�j�g�u�c). 

�������Q�_�j�_�a���^�\�Z���b�g�l�_�j�\�Z�e�Z���k���h�l�k�l�m�i�h�f���7�D�E���������������± �Z�g�g�h�l�Z�p�b�y ���d�_�]�e�v�����������r�j�b�n�l��
�h�[�u�q�g�u�c�����k�e�h�\�h���©�:�g�g�h�l�Z�p�b�y�ª���g�_���m�d�Z�a�u�\�Z�_�l�k�y���� 

 �J�_�d�h�f�_�g�^�m�_�f�u�c�� �h�[�t�_�f�� �Z�g�g�h�l�Z�p�b�b�� ���������±���������� �a�g�Z�d�h�\�� ���������±�������� �k�e�h�\������ �A�Z��
�i�j�_�s�Z�_�l�k�y�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �^�h�k�e�h�\�g�u�c�� �l�_�d�k�l�� �b�a�� �k�l�Z�l�v�b�� �\�h�� �b�a�[�_�`�Z�g�b�_�� �i�h�\�l�h�j�h�\����
�g�Z�a�\�Z�g�b�_���j�Z�[�h�l�u�����Z���l�Z�d�`�_���l�Z�[�e�b�p�u�����]�j�Z�n�b�d�b���b���\�g�m�l�j�b�l�_�d�k�l�h�\�u�_���k�k�u�e�d�b�����<���g�Z�q�Z�e�_ 
�g�_�� �i�h�\�l�h�j�y�_�l�k�y�� �g�Z�a�\�Z�g�b�_�� �k�l�Z�l�v�b���� �Z�g�g�h�l�Z�p�b�y���g�_���j�Z�a�[�b�\�Z�_�l�k�y�� �g�Z�� �Z�[�a�Z�p�u���� �:�g�g�h�l�Z�p�b�y��
�^�h�e�`�g�Z���[�u�l�v���i�h�e�g�h�p�_�g�g�h�c���b���b�g�n�h�j�f�Z�l�b�\�g�h�c�����g�_���k�h�^�_�j�`�Z�l�v���h�[�s�b�o���k�e�h�\�����h�l�j�Z�`�Z�l�v��
�k�h�^�_�j�`�Z�g�b�_�� �k�l�Z�l�v�b�� �b�� �j�_�a�m�e�v�l�Z�l�u�� �b�k�k�e�_�^�h�\�Z�g�b�c���� �k�l�j�h�]�h�� �k�e�_�^�h�\�Z�l�v�� �k�l�j�m�d�l�m�j�_�� �k�l�Z��
�l�v�b���� �K�e�_�^�m�_�l�� �b�a�[�_�]�Z�l�v�� �b�k�i�h�e�v�a�h�\�Z�g�b�y���\�\�h�^�g�u�o���k�e�h�\�� �b���h�[�h�j�h�l�h�\�� �e�b�r�g�b�o���\�\�h�^�g�u�o��
�n�j�Z�a���� �g�Z�i�j�b�f�_�j���� �©�Z�\�l�h�j�� �k�l�Z�l�v�b�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�������ª�� �g�_�� �g�m�`�g�h�� �i�h�^�q�_�j�d�b�\�Z�l�v�� �e�b�q�g�u�c��
�\�d�e�Z�^�� �Z�\�l�h�j�Z�� �B�k�l�h�j�b�q�_�k�d�b�_�� �k�i�j�Z�\�d�b���� �_�k�e�b�� �h�g�b�� �g�_�� �k�h�k�l�Z�\�e�y�x�l�� �h�k�g�h�\�g�h�_�� �k�h�^�_�j�`�Z��
�g�b�_���^�h�d�m�f�_�g�l�Z�����h�i�b�k�Z�g�b�_���j�Z�g�_�_���h�i�m�[�e�b�d�h�\�Z�g�g�u�o���j�Z�[�h�l���b���h�[�s�_�b�a�\�_�k�l�g�u�_���i�h�e�h�`�_��
�g�b�y���\���Z�g�g�h�l�Z�p�b�b���g�_���i�j�b�\�h�^�y�l�k�y�����<���l�_�d�k�l�_���Z�g�g�h�l�Z�p�b�b���k�e�_�^�m�_�l���i�j�b�f�_�g�y�l�v���a�g�Z�q�b�f�u�_��
�k�e�h�\�Z�� �b�a�� �l�_�d�k�l�Z�� �k�l�Z�l�v�b���� �b�a�[�_�]�Z�l�v�� �k�e�h�`�g�u�o�� �]�j�Z�f�f�Z�l�b�q�_�k�d�b�o�� �d�h�g�k�l�j�m�d�p�b�c���� �<�\�h�^�g�Z�y��
�q�Z�k�l�v�� �f�b�g�b�f�Z�e�v�g�Z���� �f�_�k�l�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �m�l�h�q�g�y�_�l�k�y�� �^�h�� �h�[�e�Z�k�l�b�� ���d�j�Z�y������ �B�a�e�h�`�_�g�b�_��
�j�_�a�m�e�v�l�Z�l�h�\�� �k�h�^�_�j�`�b�l�� �d�h�g�d�j�_�l�g�u�_�� �k�\�_�^�_�g�b�y�� ���\�u�\�h�^�u���� �j�_�d�h�f�_�g�^�Z�p�b�b�� �b�� �l���i�������� �>�h��
�i�m�k�d�Z�_�l�k�y���\�\�_�^�_�g�b�_���k�h�d�j�Z�s�_�g�b�c���\���i�j�_�^�_�e�Z�o���Z�g�g�h�l�Z�p�b�b�����i�h�g�y�l�b�_���b�a����-�����k�e�h�\���a�Z�f�_��
�g�y�x�l�� �g�Z�� �Z�[�[�j�_�\�b�Z�l�m�j�m�� �b�a�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �[�m�d�\���� �\�� ��-�c�� �j�Z�a�� �^�Z�_�l�k�y��
�i�h�e�g�h�k�l�v�x���� �k�h�d�j�Z�s�_�g�b�_�� �± �\�� �k�d�h�[�d�Z�o���� �^�Z�e�_�_�� �b�k�i�h�e�v�a�m�_�l�k�y�� �l�h�e�v�d�h�� �k�h�d�j�Z�s�_�g�b�_������
�Q�b�k�e�b�l�_�e�v�g�u�_���� �_�k�e�b�� �g�_�� �y�\�e�y�x�l�k�y�� �i�_�j�\�u�f�� �k�e�h�\�h�f���� �i�_�j�_�^�Z�x�l�k�y�� �p�b�n�j�Z�f�b���� �G�_�e�v�a�y��
�b�k�i�h�e�v�a�h�\�Z�l�v���Z�[�[�j�_�\�b�Z�l�m�j�u�����g�Z�i�j�b�f�_�j�����g�Z�a�\�Z�g�b�c���m�q�j�_�`�^�_�g�b�c�����[�_�a���j�Z�k�r�b�n�j�h�\�d�b���b��
�k�e�h�`�g�u�_�� �w�e�_�f�_�g�l�u�� �n�h�j�f�Z�l�b�j�h�\�Z�g�b�y�� ���g�Z�i�j�b�f�_�j���� �\�_�j�o�g�b�_�� �b�� �g�b�`�g�b�_�� �b�g�^�_�d�k�u������ �D�Z��
�l�_�]�h�j�b�q�_�k�d�b���g�_���^�h�i�m�k�d�Z�x�l�k�y���\�k�l�Z�\�d�b���q�_�j�_�a���f�_�g�x���©�K�b�f�\�h�e�ª�����a�g�Z�d���j�Z�a�j�u�\�Z���k�l�j�h�d�b����
�a�g�Z�d���f�y�]�d�h�]�h���i�_�j�_�g�h�k�Z���� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�c���i�_�j�_�g�h�k���k�e�h�\���� �A�g�Z�q�_�g�b�y��to �h�[�h�a�g�Z�q�Z�l�v���d�Z�d��
�©�]�j�Z�^�����K�ª�����\���Z�g�]�e�b�c�k�d�h�f���\�Z�j�b�Z�g�l�_���± �d�Z�d���©deg C�ª��  

�������K���g�h�\�h�c���k�l�j�h�d�b �k���h�l�k�l�m�i�h�f���7�D�E���������������± �d�e�x�q�_�\�u�_���k�e�h�\�Z  �k�h���k�l�j�h�q�g�h�c�����q�_�j�_�a��
�a�Z�i�y�l�m�x ���d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c�� �d�m�j�k�b�\�����n�j�Z�a�Z���©�D�e�x�q�_�\�u�_���k�e�h�\�Z�ª���g�_���m�d�Z�a�u�\�Z�_�l��
�k�y�����l�h�q�d�Z �\���d�h�g�p�_���g�_���k�l�Z�\�b�l�k�y). 

�������Q�_�j�_�a���^�\�Z���b�g�l�_�j�\�Z�e�Z �k���h�l�k�l�m�i�h�f�������������± �Z�g�g�h�l�Z�p�b�y���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_ 
���d�_�]�e�v�����������h�[�u�q�g�u�c�����k�e�h�\�h���©�:�g�g�h�l�Z�p�b�y�ª���g�_���m�d�Z�a�u�\�Z�_�l�k�y����  

�G�_�^�h�i�m�k�l�b�f�h�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�� �f�Z�r�b�g�g�h�]�h�� �i�_�j�_�\�h�^�Z���� �\�f�_�k�l�h�� �^�_�k�y�l�b�q�g�h�c�� �a�Z��
�i�y�l�h�c���b�k�i�h�e�v�a�m�_�l�k�y���l�h�q�d�Z�����<�k�_���j�m�k�k�d�b�_���Z�[�[�j�_�\�b�Z�l�m�j�u���i�_�j�_�^�Z�x�l�k�y���\���j�Z�k�r�b�n�j�h�\�Z�g��
�g�h�f���\�b�^�_�����_�k�e�b���m���g�b�o���g�_�l�� �m�k�l�h�c�q�b�\�u�o���Z�g�Z�e�h�]�h�\���\���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_�����^�h�i�m�k�d�Z�_�l�k�y����
�<�L�H���± WTO�����N�:�H���± FAO �b���l���i���������;�_�a�e�b�q�g�u�_���d�h�g�k�l�j�m�d�p�b�b���i�_�j�_�\�h�^�y�l�k�y���k���b�k�i�h�e�v�a�h��
�\�Z�g�b�_�f���i�Z�k�k�b�\�Z�� 

�������K���g�h�\�h�c���k�l�j�h�d�b �k���h�l�k�l�m�i�h�f���7�D�E���������������± �d�e�x�q�_�\�u�_���k�e�h�\�Z���g�Z���Z�g�]�e�b�c�k�d�h�f��
�y�a�u�d�_ �k�h���k�l�j�h�q�g�h�c���q�_�j�_�a���a�Z�i�y�l�m�x�����d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c�����d�m�j�k�b�\, �n�j�Z�a�Z���©�D�e�x��
�q�_�\�u�_���k�e�h�\�Z�ª���g�_���m�d�Z�a�u�\�Z�_�l�k�y�����l�h�q�d�Z���\���d�h�g�p�_���g�_���k�l�Z�\�b�l�k�y). 
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 ���������Q�_�j�_�a���^�\�Z���b�g�l�_�j�\�Z�e�Z �k���h�l�k�l�m�i�h�f���± �l�_�d�k�l���k�l�Z�l�v�b ���d�_�]�e�v�������������\�d�e�x�q�Z�x�s�b�c��
�\�� �k�_�[�y�� �h�[�y�a�Z�l�_�e�v�g�u�_�� �k�l�j�m�d�l�m�j�g�u�_�� �w�e�_�f�_�g�l�u�� ���k�f���� �K�l�j�m�d�l�m�j�Z�� �k�l�Z�l�v�b���� �G�_�e�v�a�y�� �b�k��
�i�h�e�v�a�h�\�Z�l�v�� �\�� �l�_�d�k�l�Z�o�� �n�h�j�f�m�e�u-�d�Z�j�l�b�g�d�b�� �b�� �i�j�h�q�b�_�� �b�k�d�m�k�k�l�\�_�g�g�h�� �\�k�l�Z�\�e�_�g��
�g�u�_���k�b�f�\�h�e�u�� 

�������� �Q�_�j�_�a�� �^�\�Z�� �b�g�l�_�j�\�Z�e�Z�� �i�h�k�e�_�� �l�_�d�k�l�Z�� �k�l�Z�l�v�b�� �i�h�� �p�_�g�l�j�m���k�i�b�k�h�d�� �b�k�i�h�e�v�a�h��
�\�Z�g�g�u�o�� �e�b�l�_�j�Z�l�m�j�g�u�o�� �b�k�l�h�q�g�b�d�h�\ (�i�j�h�i�b�k�g�u�f�b�� �[�m�d�\�Z�f�b���� �d�_�]�e�v�� �������� �r�j�b�n�l��
�h�[�u�q�g�u�c������ �K�i�b�k�h�d�� �e�b�l�_�j�Z�l�m�j�u�� �\�� �g�Z�m�q�g�u�o�� �i�m�[�e�b�d�Z�p�b�y�o�� �h�[�y�a�Z�l�_�e�_�g�� ���h�n�h�j�f�e�y�_�l�k�y��
�i�h�� �=�H�K�L��7.1-2003 �©�;�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�Z�y�� �a�Z�i�b�k�v���� �;�b�[�e�b�h�]�j�Z�n�b�q�_�k�d�h�_ �h�i�b�k�Z�g�b�_����
�H�[�s�b�_�� �l�j�_�[�h�\�Z�g�b�y�� �b�� �i�j�Z�\�b�e�Z�� �k�h�k�l�Z�\�e�_�g�b�y�ª, �=�H�K�L�� �J�� ����������-���������� �©�;�b�[�e�b�h�]�j�Z�n�b�q�_��
�k�d�Z�y�� �k�k�u�e�d�Z���� �I�j�Z�\�b�e�Z�� �k�h�k�l�Z�\�e�_�g�b�y�ª������ �K�i�b�k�h�d�� �e�b�l�_�j�Z�l�m�j�u�� �^�h�e�`�_�g�� �k�h�^�_�j�`�Z�l�v�� �\�k�_��
�p�b�l�b�j�m�_�f�u�_���b���m�i�h�f�b�g�Z�_�f�u�_���\���l�_�d�k�l�_���j�Z�[�h�l�u�����<���k�i�b�k�h�d���\�d�e�x�q�Z�x�l�k�y���l�h�e�v�d�h���l�_���j�Z��
�[�h�l�u�����g�Z���d�h�l�h�j�u�_���Z�\�l�h�j���k�k�u�e�Z�_�l�k�y���\���l�_�d�k�l�_�����B�k�l�h�q�g�b�d�b���\���k�i�b�k�d�_���e�b�l�_�j�Z�l�m�j�u���g�m�f�_��
�j�m�x�l�k�y���b���j�Z�k�i�h�e�Z�]�Z�x�l�k�y���\�� �i�h�j�y�^�d�_���b�o�� �m�i�h�f�b�g�Z�g�b�y���\�� �l�_�d�k�l�_�����\�� �i�h�j�y�^�d�_���p�b�l�b�j�h�\�Z��
�g�b�y������ �>�e�y�� �j�Z�a�f�_�s�_�g�b�y�� �k�l�Z�l�v�b�� �\�� �f�_�`�^�m�g�Z�j�h�^�g�h�c�� �[�Z�a�_�� �$�J�U�L�V�� ���i�h�� �j�_�d�h�f�_�g�^�Z�p�b�b�� �j�_��
�^�Z�d�l�h�j�Z�� �j�m�[�j�b�d�b���� �l�j�_�[�m�_�l�k�y�� �g�_�� �f�_�g�_�_�� �k�_�f�b�� �b�k�l�h�q�g�b�d�h�\���� �k�j�_�^�b�� �g�b�o���^�h�e�`�g�u�� �[�u�l�v��
�a�Z�j�m�[�_�`�g�u�_���Z�\�l�h�j�u�� 

 
�H�[�j�Z�a�p�u���h�n�h�j�f�e�_�g�b�y���k�i�b�k�d�Z���b�k�i�h�e�v�a�h�\�Z�g�g�u�o���e�b�l�_�j�Z�l�m�j�g�u�o���b�k�l�h�q�g�b�d�h�\: 

 
�F�h�g�h�]�j�Z�n�b�y 

1. �:�]�_�_�\���� �<���� �<�� �=�j�m�a�h�i�Z�k�k�Z�`�b�j�k�d�b�_�� �k�m�^�Z�� �\�� �\�h�_�g�g�u�o�� �d�h�g�n�e�b�d�l�Z�o���� �f�h�g�h�]�j���� ����   
�<�����<�����:�]�_�_�\. �± �D�Z�e�b�g�b�g�]�j�Z�^�����B�a�^-�\�h���N�=�;�H�M���<�I�H���©�D�=�L�M�ª�����������������± ���������k�� 

2. �;�m�o�Z�g�h�\�k�d�b�c���� �:���� �<�� �F�h�^�_�e�b�j�h�\�Z�g�b�_�� �g�_�e�b�g�_�c�g�u�o�� �k�b�k�l�_�f�� �\�� �k�e�h�`�g�u�o�� �^�b��
�g�Z�f�b�q�_�k�d�b�o�� �k�j�_�^�Z�o���� �f�h�g�h�]�j�� ���� �:���� �<���� �;�m�o�Z�g�h�\�k�d�b�c���� �K���� �<���� �B�\�Z�g�h�\��                           
�X�����B�����G�_�q�Z�_�\�����± �K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����B�a�^�Z�l�_�e�v�k�d�b�c���p�_�g�l�j���G�B�M���B�L�F�H������������. �± ���������k�� 

 
�D�g�b�]�Z 

�D�g�b�]�b���h�^�g�h�]�h��- �l�j�_�o���Z�\�l�h�j�h�\ 
�������J�h�a�_�g�r�l�_�c�g, �F�����F�����F�_�l�h�^�u �h�i�l�b�f�b�a�Z�p�b�b���i�j�h�_�d�l�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d���h�j�m��

�^�b�c�� �j�u�[�h�e�h�\�k�l�\�Z���� �f�h�g�h�]�j���� ���� �F���� �F�� �J�h�a�_�g�r�l�_�c�g. �± �D�Z�e�b�g�b�g�]�j�Z�^���� �N�=�;�H�M�� �<�I�H��
�©�D�=�L�M�ª, 2013. �± ���������k��  

������ �G�h�\�b�d�h�\�Z���� �:���� �F���� �M�g�b�\�_�j�k�Z�e�v�g�u�c�� �w�d�h�g�h�f�b�q�_�k�d�b�c    �k�e�h�\�Z�j�v�� ��������������������������������������������������������������������������
�:�����F�����G�h�\�b�d�h�\�Z�����G�����?�����G�h�\�b�d�h�\�����D�����:�����I�h�]�h�k�h�\�����± �F�h�k�d�\�Z�����W�d�h�g�h�f�b�d�Z�����������������± ���������k�� 

 
�D�g�b�]�b���[�h�e�_�_���l�j�_�o���Z�\�l�h�j�h�\ 

�J�_�e�b�]�b�b�� �f�b�j�Z���� �i�h�k�h�[�b�_   �^�e�y   �i�j�_�i�h�^�Z�\�Z�l�_�e�_�c�� ���� �Y���� �G���� �R�Z�i�h�\�� �>�b�� �^�j�@���� �± 
�K�Z�g�d�l-�I�_�l�_�j�[�m�j�]�����I�b�l�_�j�����������������± ���������k�� 

 
�D�g�b�]�b�����g�_���b�f�_�x�s�b�_���b�g�^�b�\�b�^�m�Z�e�v�g�u�o���Z�\�l�h�j�h�\�����i�h�^���j�_�^�Z�d�p�b�_�c�� 

�K�[�h�j�g�b�d�� �a�Z�^�Z�q�� �i�h�� �n�b�a�b�d�_���� �m�q�_�[���� �i�h�k�h�[�b�_�� �^�e�y�� �\�m�a�h�\�� ���� �i�h�^�� �j�_�^����                            
�K�����F�����I�Z�\�e�h�\�Z�����± 2-�_���b�a�^�������^�h�i�� �± �F�h�k�d�\�Z�����<�u�k�r�Z�y���r�d�h�e�Z��������95. �± ���������k�� 

 
�K�l�Z�l�v�y���\���`�m�j�g�Z�e�_ 

1. �L�h�e�d�Z�q�_�\�Z�����H�����<�� �<�e�b�y�g�b�_���[�Z�j�v�_�j�g�u�o���n�Z�d�l�h�j�h�\���g�Z���k�l�h�c�d�h�k�l�v���i�j�_�k�_�j�\�h�\������
�H�� �<���� �L�h�e�d�Z�q�_�\�Z���� �;�� �E���� �G�_�o�Z�f�d�b�g���� �<�� �B���� �R�_�g�^�_�j�x�d�� ������ �J�u�[�g�Z�y�� �i�j�h�f�u�r�e�_�g�g�h�k�l�v���� �± 
2006. �± �‹  2. �± �K. 14�±16.  

2. �;�Z�c�^�Z�e�b�g�h�\�Z���� �E���� �K�� �I�_�j�k�i�_�d�l�b�\�u�� �b�k�i�h�e�v�a�h�\�Z�g�b�y�� �j�Z�k�l�b�l�_�e�v�g�u�o�� �Z�g�l�b�h�d�b�k-
�e�b�l�_�e�_�c�� �^�e�y�� �k�l�Z�[�b�e�b�a�Z�p�b�b�� �]�b�^�j�h�e�b�l�b�q�_�k�d�b�o�� �b�� �h�d�b�k�e�b�l�_�e�v�g�u�o�� �i�j�h�p�_�k�k�h�\�� �\�� �i�j�_�i�Z-
�j�Z�l�Z�o�� �i�h�e�b�g�_�g�Z�k�u�s�_�g�g�u�o�� �`�b�j�g�u�o�� �d�b�k�e�h�l�� ���� �E���� �K���� �;�Z�c�^�Z�e�b�g�h�\�Z�� �K���� �<���� �:�g�^�j�h�g�h�\�Z�� ������
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�B�a�\�_�k�l�b�y���D�Z�e�b�g�b�g�]�j�Z�^�k�d�h�]�h���]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h���l�_�o�g�b�q�_�k�d�h�]�h���m�g�b�\�_�j�k�b�l�_�l�Z�����± 2013.�± 
�‹�����������± �K���������±80. 

 
�K�l�Z�l�v�y���\���w�e�_�d�l�j�h�g�g�h�f���`�m�j�g�Z�e�_ 

1. �;�_�e�h�m�k�����G�����:�� �I�j�Z�]�f�Z�l�b�q�_�k�d�Z�y���j�_�Z�e�b�a�Z�p�b�y���d�h�f�f�m�g�b�d�Z�l�b�\�g�u�o���k�l�j�Z�l�_�]�b�c���\��
�d�h�g�n�e�b�d�l�g�h�f���^�b�k�d�m�j�k�_�������G�����:�����;�_�e�h�m�k���������F�b�j���e�b�g�]�\�b�k�l�b�d�b���b���d�h�f�f�m�g�b�d�Z�p�b�b�����w�e�_�d��
�l�j�h�g�g�u�c�� �g�Z�m�q�g�u�c�� �`�m�j�g�Z�e���� �± 2006. �± �‹�� ���� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �±                            
�8�5�/���� �K�W�W�S�������Z�Z�Z���W�Y�H�U�O�L�Q�J�X�D���E�\���U�X���D�U�F�K�L�Y�H�������������B���B�����K�W�P�� ���^�Z�l�Z�� �h�[�j�Z�s�_�g�b�y����
15.12.2007). 

2. �H�j�_�o�h�\���� �K�� �B�� �=�b�i�_�j�l�_�d�k�l�h�\�u�c�� �k�i�h�k�h�[�� �h�j�]�Z�g�b�a�Z�p�b�b�� �\�b�j�l�m�Z�e�v�g�h�c�� �j�_�Z�e�v��
�g�h�k�l�b ���� �K���B���� �H�j�_�o�h�\ ������ �<�_�k�l�g�b�d�� �H�f�k�d�h�]�h�� �]�h�k�m�^�Z�j�k�l�\�_�g�g�h�]�h�� �i�_�^�Z�]�h�]�b�q�_�k�d�h�]�h�� �m�g�b��
�\�_�j�k�b�l�_�l�Z���� �w�e�_�d�l�j�h�g�g�u�c�� �g�Z�m�q�g�u�c�� �`�m�j�g�Z�e���� �± ���������� �>�W�e�_�d�l�j�h�g�g�u�c�� �j�_�k�m�j�k�@���� �±                 
URL: http://www.omsk.edu/article/vestnik-omgpu-�������S�G�I�� ���^�Z�l�Z�� �h�[�j�Z�s�_�g�b�y����
10.01.2007). 

 
�K�l�Z�l�v�y�����h�i�m�[�e�b�d�h�\�Z�g�g�Z�y���\���k�[�h�j�g�b�d�Z�o���g�Z�m�q�g�u�o���l�j�m�^�h�\���\�m�a�h�\�����f�Z�l�_�j�b�Z�e�Z�o��

�d�h�g�n�_�j�_�g�p�b�c���b���k�_�f�b�g�Z�j�h�\ 
1. �:�\�^�_�_�\�Z���� �?���� �<�� �;�b�h�j�Z�a�g�h�h�[�j�Z�a�b�_�� �i�Z�j�Z�a�b�l�h�\�� �j�u�[�� �b�� �_�_�� �h�k�h�[�_�g�g�h�k�l�b�� �\�� �[�Z�k-

�k�_�c�g�_�� �<�b�k�e�b�g�k�d�h�]�h�� �a�Z�e�b�\�Z�� ���;�Z�e�l�b�c�k�d�h�_�� �f�h�j�_���� ���� �?���� �<���� �:�\�^�_�_�\�Z�� �?���� �;���� �?�\�^�h�d�b�f�h�\�Z����  
�K�����D�����A�Z�h�k�l�j�h�\�p�_�\�Z��������I �<�k�_�j�h�k. �g�Z�m�q�����b�g�l�_�j�g�_�l-�d�h�g�n�������������n�_�\�j�������������������f�Z�l�_�j�b�Z�e�u. �± 
�D�Z�a�Z�g�v�����������������± �K���������±56. 

2. �:�e�_�d�k�Z�g�^�j�h�\���� �X�� �I�� �B�a�f�_�j�_�g�b�_�� �^�b�g�Z�f�b�q�_�k�d�h�c�� �l�\�_�j�^�h�k�l�b�� �l�b�l�Z�g�h�\�u�o��
�k�i�e�Z�\�h�\�������X�����I�����:�e�_�d�k�Z�g�^�j�h�\���������B�g�g�h�\�Z�p�b�b���\���g�Z�m�d�_�����h�[�j�Z�a�h�\�Z�g�b�b���b���[�b�a�g�_�k�_���± 2013: 
XI �F�_�`�^�m�g�Z�j���� �g�Z�m�q�g���� �d�h�g�n���� ������-������ �k�_�g�l�������� �l�j������ �d�� ������-�e�_�l�b�x�� �\�u�k�r���� �j�u�[�h�o�h�a����
�h�[�j�Z�a�h�\�Z�g�b�y�� �\�� �J�h�k�k�b�b���� �\�� ���� �q���� ���� �N�_�^�_�j���� �:�]�_�g�l�k�l�\�h�� �i�h�� �j�u�[�h�e�h�\�k�l�\�m; �N�=�;�H�M�� �<�I�H��
�©�D�=�L�M�ª�����± �D�Z�e�b�g�b�g�]�j�Z�^�����N�=�;�H�M���<�I�H���©�D�=�L�M�ª�����������������± �Q�����������± �K���������±32. 

 
�>�b�k�k�_�j�l�Z�p�b�y���b�e�b���Z�\�l�h�j�_�n�_�j�Z�l���^�b�k�k�_�j�l�Z�p�b�b 

1. �>�Z�g�b�e�h�\���� �=���� �<�� �D�Z�d�� �`�_�� �[�u�l�v�"���� �^�b�k�� �«�� �d�Z�g�^���� �w�d�h�g���� �g�Z�m�d: 05.13.10 /                   
�>�Z�g�b�e�h�\���=�_�g�g�Z�^�b�c���I�_�l�j�h�\�b�q�����F�:�B�����± �F�h�k�d�\�Z�����������������± ���������k�� 

2. �F�Z�g�b�e�h�\���:�����<�� �D�l�h���\�b�g�h�\�Z�l�"�����Z�\�l�h�j�_�n�����^�b�k�����«���d�Z�g�^�����x�j�b�^�����g�Z�m�d: 05.13.10 
/ �F�Z�g�b�e�h�\���:�e�_�d�k�_�c���<�e�Z�^�b�f�b�j�h�\�b�q�����F�X�B�����± �F�h�k�d�\�Z�����������������± �������k�� 

 
�I�_�j�_�\�h�^�g�Z�y���d�g�b�]�Z 

1. �K�_�[�_�o�_�c���� �<�� �L�_�h�j�b�y�� �h�j�[�b�l���� �h�]�j�Z�g�b�q�_�g�g�Z�y�� �a�Z�^�Z�q�Z�� �l�j�_�o�� �l�_�e�� ���� �<���� �K�_�[�_�o�_�c: 
�i�_�j���� �k�� �Z�g�]�e����/ �i�h�^�� �j�_�^���� �=�� �G���� �>�m�[�h�r�b�g�Z���� �± �F�h�k�d�\�Z���� �G�Z�m�d�Z���� ������������ �± �������� �k��                            
[Victor G. Szebehely. Theory of Orbits: the Restricted Problem of Three Bodies.                
New York : Academic Press, 1967]. 

2. �>�_�c�l�����D�����>�`�� �<�\�_�^�_�g�b�_���\���k�b�k�l�_�f�u���[�Z�a���^�Z�g�g�u�o �����D�� �>�`�����>�_�c�l�����i�_�j�����k���Z�g�]�e.�± 
�F�h�k�d�\�Z: �<�b�e�v�y�f�k, 2006. �± 1328 �k. [Date C. J. An Introduction to Database Systems. 
8th ed. Addison-Wesley, 2003. �± 1024 p.]. 

 
�I�Z�l�_�g�l�g�u�_���^�h�d�m�f�_�g�l�u 

�L�j�_�o�n�Z�a�g�u�c�� �Z�k�b�g�o�j�h�g�g�u�c�� �w�e�_�d�l�j�b�q�_�k�d�b�c�� �^�\�b�]�Z�l�_�e�v���� �i�Z�l���� �J�h�k���� �N�_�^�_�j�Z�p�b�y������
�;�_�e�y�_�\�� �?�� �N������ �L�Z�r�d�b�g�h�\�� �:�� �:������ �P�u�e�_�\�� �I�� �G���� �± �‹�� ������������������������������ �a�Z�y�\�e����16.09.11; 
�h�i�m�[�e. 27.03.13. �;�x�e�����‹���������í���������k.  
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�K�l�Z�g�^�Z�j�l�u 
�=�H�K�L�� �J�� ���������������±������������ �B�g�n�j�Z�k�l�j�m�d�l�m�j�Z�� �f�Z�e�h�f�_�j�g�h�]�h�� �n�e�h�l�Z���� �H�[�s�b�_ �i�h�e�h��

�`�_�g�b�y�� ���� �g�Z�p���� �k�l�Z�g�^�Z�j�l�� �J�h�k�k�b�c�k�d�h�c�� �N�_�^�_�j�Z�p�b�b�� ���� �b�a�^���� �h�n�b�p���� ���� �m�l�\���� �b�� �\�\�_�^�_�g�� �\���^�_�c��
�k�l�\�b�_���I�j�b�d�Z�a�h�f���N�_�^�_�j�����Z�]�_�g�l�k�l�\�Z���i�h���l�_�o�g�����j�_�]�m�e�b�j�h�\�Z�g�b�x���b���f�_�l�j�h�e�h�]�b�b���h�l���������Z�\�]����
���������� �]���� �‹�� ������-�k�l�� ���� �\�\�_�^���� �\�i�_�j�\�u�_�� ���� �^�Z�l�Z�� �\�\�_�^���� ��������-01-������ ���� �j�Z�a�j�Z�[���� �H�H�H��
�©�L�_�o�j�_�q�k�_�j�\�b�k�ª�����± �F��:  �K�l�Z�g�^�Z�j�l�b�g�n�h�j�f�����������������± IV, 7 c. 

�K�k�u�e�d�b�� �g�Z�� �\�k�_�� �i�j�b�\�_�^�_�g�g�u�_�� �\�� �k�i�b�k�d�_�� �e�b�l�_�j�Z�l�m�j�u�� �b�k�l�h�q�g�b�d�b�� �\�� �l�_�d�k�l�_���a�Z��
�d�e�x�q�Z�x�l�k�y�� �\�� �d�\�Z�^�j�Z�l�g�u�_�� �k�d�h�[�d�b���� �g�Z�i�j�b�f�_�j���� �>���@���� �>���±7], [1, 18, 25]. �?�k�e�b�� �\�� �l�_�d�k�l�_��
�_�k�l�v���i�j�y�f�Z�y���p�b�l�Z�l�Z�����a�Z�d�e�x�q�_�g�g�Z�y���\���d�Z�\�u�q�d�b�����l�h���h�[�y�a�Z�l�_�e�v�g�h���^�h�e�`�g�Z���[�u�l�v���m�d�Z�a�Z�g�Z 
�k�l�j�Z�g�b�p�Z���� �g�Z�� �d�h�l�h�j�h�c�� �w�l�Z�� �p�b�l�Z�l�Z�� �g�Z�o�h�^�b�l�k�y�� �\�� �p�b�l�b�j�m�_�f�h�f�� �b�k�l�h�q�g�b�d�_���� �G�Z�i�j�b�f�_�j����
�>�������k���������@�����K�k�u�e�d�b���g�Z���g�_�h�i�m�[�e�b�d�h�\�Z�g�g�u�_���j�Z�[�h�l�u���b���j�Z�[�h�l�u�����g�Z�o�h�^�y�s�b�_�k�y���\���i�_��
�q�Z�l�b�����g�_���^�h�i�m�k�d�Z�x�l�k�y. 

 
           12. �Q�_�j�_�a���k�l�j�h�d�m���i�h���p�_�g�l�j�m���± �k�i�b�k�h�d���e�b�l�_�j�Z�l�m�j�u���g�Z���e�Z�l�b�g�b�p�_�����^�h�e�`�_�g���[�u�l�v��
�h�a�Z�]�e�Z�\�e�_�g���± references�����i�j�h�i�b�k�g�u�f�b���[�m�d�\�Z�f�b�����d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c). �L�j�Z�g�k��
�e�b�l�_�j�b�j�h�\�Z�l�v�� �k�i�b�k�h�d�� �e�b�l�_�j�Z�l�m�j�u�� �f�h�`�g�h�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b���� �a�Z�c�^�y�� �g�Z�� �k�Z�c�l  
http://translit-online.ru/ �b���g�Z�k�l�j�h�b�\���i�_�j�_�\�h�^�����z �:�� yo; �c �:�� y; �o���:���\�k�_�]�^�Z��kh; �p �:�� ts; 
�s �:�� shch; �w �:�� e (�l�j�Z�g�k�e�b�l�_�j�b�j�m�x�l�� �l�h�e�v�d�h�� �i�h�k�e�_�� �h�n�h�j�f�e�_�g�b�y�� �k�i�b�k�d�Z�� �i�h�� �h�[��
�j�Z�a�p�m).   
 

 
�H�[�j�Z�a�p�u���h�n�h�j�f�e�_�g�b�y���k�k�u�e�h�d�� 
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1. Shorygin A. A. Pitanie i pishchevye vzaimootnosheniya ryb Kaspiyskogo 
morya [Diet and food relations of fish in the Caspian Sea]. Moscow, Pishchepromizdat 
Publ., 1952, 268 p.  

2. Latyshev V. N. Tribologiya rezaniya. Kn. 1: Friktsionnye protsessy pri re-
zanii metallov [Tribology of Cutting, Vol. 1: Frictional Processes in Metal Cutting]. 
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�K�l�Z�l�v�y���\���`�m�j�g�Z�e�_ 

1. Zagurenko A. G., Korotovskikh V. A., Kolesnikov A. A., Timonov A. V., 
Kardymon D.V. Tekhniko-ekonomicheskaya optimizatsiya dizayna gidrorazryva plasta 
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zyaystvo, 2008, no. 11, pp. 54�±57. 
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�K�l�Z�l�v�y �\ �w�e�_�d�l�j�h�g�g�h�f �`�m�j�g�Z�e�_ 
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okruga [Problems of mortality in regions of the Central Federal Okrug]. Sotsial'nye 
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�������� �Q�_�j�_�a���^�\�Z���b�g�l�_�j�\�Z�e�Z�� �i�h���p�_�g�l�j�m�� �± �b�g�n�h�j�f�Z�p�b�y���h�[�� �Z�\�l�h�je���Z�o�� ���i�j�h�i�b�k��
�g�u�f�b���[�m�d�\�Z�f�b�����d�_�]�e�v�����������r�j�b�n�l���h�[�u�q�g�u�c���� �Q�_�j�_�a���b�g�l�_�j�\�Z�e���i�h���p�_�g�l�j�m���^�Z�_�l�k�y���k�e�_��
�^�m�x�s�Z�y���b�g�n�h�j�f�Z�p�b�y�����N�Z�f�b�e�b�y�����b�f�y�����h�l�q�_�k�l�\�h �Z�\�l�h�j�Z (�d�m�j�k�b�\�h�f), �^�Z�e�_�_�����i�j�y�f�h�c��
�r�j�b�n�l�� �± �f�_�k�l�h�� �j�Z�[�h�l�u ���Z�[�[�j�_�\�b�Z�l�m�j�m�� �j�Z�k�r�b�n�j�h�\�Z�l�v���� �b�� �]�h�j�h�^; �g�Z�m�q�g�Z�y�� �k�l�_�i�_�g�v����
�m�q�_�g�h�_���a�\�Z�g�b�_�����^�h�e�`�g�h�k�l�v�� E-mail ���^�e�y���\�k�_�o���^�Z�g�g�u�o���d�_�]�e�v�����������l�h�q�d�Z���\���d�h�g�p�_���g�_���k�l�Z��
�\�b�l�k�y); �l�_�e�_�n�h�g�����e�m�q�r�_���f�h�[�b�e�v�g�u�c�����h�k�l�Z�z�l�k�y���\���j�_�^�Z�d�p�b�b�����g�m�`�_�g���g�Z���k�e�m�q�Z�c�����_�k�e�b���m��
�j�_�^�Z�d�l�h�j�Z�� �\�h�a�g�b�d�g�m�l�� �\�h�i�j�h�k�u�� �i�h�� �l�_�d�k�l�m���� �Q�_�j�_�a�� �b�g�l�_�j�\�Z�e�� �i�h�� �p�_�g�l�j�m�� �b�g�n�h�j�f�Z�p�b�y��
�^�m�[�e�b�j�m�_�l�k�y���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_�� 

 
 
 
 



 
�G�Z�m�q�g�u�c���`�m�j�g�Z�e���©�B�a�\�_�k�l�b�y���D�=�L�M�ª�����‹������, 2021 �]�� 

152 

 

�H�[�j�Z�a�_�p: 
�B�G�N�H�J�F�:�P�B�Y���H�;���:�<�L�H�J�:�O 

 
�I�_�l�j�h�\���B�\�Z�g���B�\�Z�g�h�\�b�q �± �D�Z�e�b�g�b�g�]�j�Z�^�k�d�b�c���]�h�k�m�^�Z�j�k�l�\�_�g�g�u�c���l�_�o�g�b�q�_�k�d�b�c�� 
�m�g�b�\�_�j�k�b�l�_�l�����^�h�d�l�h�j���l�_�o�g�b�q�_�k�d�b�o���g�Z�m�d�����i�j�h�n�_�k�k�h�j�����a�Z�\�����d�Z�n�_�^�j�h�c���i�b�s�_�\�u�o�� 
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�D�m�`�e�_�\�Z���?�e�b�a�Z�\�_�l�Z���I�_�l�j�h�\�g�Z �± �;�Z�e�l�b�c�k�d�b�c���n�_�^�_�j�Z�e�v�g�u�c���m�g�b�\�_�j�k�b�l�_�l���b�f�_�g�b��
�B�f�f�Z�g�m�b�e�Z���D�Z�g�l�Z�����]�����D�Z�e�b�g�b�g�]�j�Z�^�������Z�k�i�b�j�Z�g�l���d�Z�n�_�^�j�u���f�Z�r�b�g�h�\�_�^�_�g�b�y�� 

�b���l�_�o�g�b�q�_�k�d�b�o���k�b�k�l�_�f����E-mail: roza@bk.ru�����l�_�e��������������������-39-654 
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�I�j�Z�\�b�e�Z���h�n�h�j�f�e�_�g�b�y���j�m�d�h�i�b�k�_�c 
 

�± �n�h�j�f�Z�l���[�m�f�Z�]�b�����:���� 
�± �h�j�b�_�g�l�Z�p�b�y�����d�g�b�`�g�Z�y�� 
�± �i�h�e�y���k�\�_�j�o�m�����k�e�_�\�Z�����k�i�j�Z�\�Z���± �����k�f�����k�g�b�a�m���± ���������k�f��  
�± �]�Z�j�g�b�l�m�j�Z �r�j�b�n�l�Z: Times New Roman; 
�± �d�_�]�e�v �± 12;  
�± �Z�[�a�Z�p���k���h�l�k�l�m�i�h�f���7�D�E���������������� 
�± �f�_�`�k�l�j�h�q�g�u�c���b�g�l�_�j�\�Z�e���± �h�^�b�g�Z�j�g�u�c�� 
�± �i�j�b���g�Z�[�h�j�_���l�_�d�k�l�Z�� 
�‡�� �g�_�� �^�h�i�m�k�d�Z�_�l�k�y���� �i�j�b�f�_�g�y�l�v�� �k�l�b�e�b�� �i�j�b�� �n�h�j�f�b�j�h�\�Z�g�b�b�� �l�_�d�k�l�Z�� �\�g�h�k�b�l�v�� �b�a��

�f�_�g�_�g�b�y���\���r�Z�[�e�h�g���b�e�b���k�h�a�^�Z�\�Z�l�v���k�\�h�c���^�e�y���n�h�j�f�b�j�h�\�Z�g�b�y���l�_�d�k�l�Z�����k�l�Z�\�b�l�v���i�j�h�[�_�e�u��
�i�_�j�_�^���a�g�Z�d�Z�f�b���i�j�_�i�b�g�Z�g�b�y�����i�j�b�f�_�g�y�l�v���e�x�[�u�_���j�Z�a�j�y�^�d�b���k�e�h�\���� 

�‡�� �g�_�h�[�o�h�^�b�f�h���� �k�e�h�\�Z�� �\�g�m�l�j�b�� �Z�[�a�Z�p�Z�� �j�Z�a�^�_�e�y�l�v�� �h�^�g�b�f�� �i�j�h�[�_�e�h�f���� �g�Z�[�b�j�Z�l�v��
�l�_�d�k�l�� �[�_�a�� �i�j�b�g�m�^�b�l�_�e�v�g�u�o�� �i�_�j�_�g�h�k�h�\���� �m�k�l�Z�g�h�\�b�l�v�� �Z�\�l�h�f�Z�l�b�q�_�k�d�m�x�� �j�Z�k�k�l�Z�g�h�\�d�m��
�i�_�j�_�g�h�k�h�\�� ���i�m�l�v���� �f�_�g�x�� �K�?�J�<�B�K�� �:�� �i�h�^�f�_�g�x�� �Y�A�U�D�� �:�� �i�m�g�d�l�� �J�:�K�K�L�:�G�H�<�D�:��
�I�?�J�?�G�H�K�H�<���:���i�h�k�l�Z�\�b�l�v���]�Z�e�h�q�d�m���\���h�l�d�j�u�\�r�_�f�k�y���h�d�g�_���©�Z�\�l�h�f�Z�l�b�q�_�k�d�Z�y���j�Z�k�k�l�Z��
�g�h�\�d�Z���i�_�j�_�g�h�k�h�\�ª���� 

�L�Z�[�e�b�p�m���� �\�� �a�Z�\�b�k�b�f�h�k�l�b���h�l�� �_�_���j�Z�a�f�_�j�Z���� �i�h�f�_�s�Z�x�l�� �i�h�^���l�_�d�k�l�h�f���� �\�� �d�h�l�h�j�h�f 
�\�i�_�j�\�u�_���^�Z�g�Z���k�k�u�e�d�Z���g�Z���g�_�_�����b�e�b���g�Z���k�e�_�^�m�x�s�_�c���k�l�j�Z�g�b�p�_�����>�h�i�m�k�d�Z�_�l�k�y���i�h�f�_�s�Z�l�v��
�l�Z�[�e�b�p�m�� �\�^�h�e�v�� �^�e�b�g�g�h�c�� �k�l�h�j�h�g�u�� �e�b�k�l�Z���� �i�j�b�� �w�l�h�f�� �g�m�f�_�j�m�x�l�� �Z�j�Z�[�k�d�b�f�b�� �p�b�n�j�Z�f�b 
�]�j�Z�n�u���b���k�l�j�h�d�b���i�_�j�\�h�c���q�Z�k�l�b���l�Z�[�e�b�p�u�����K�e�h�\�h���©�L�Z�[�e�b�p�Z�ª���m�d�Z�a�u�\�Z�x�l���h�^�b�g���j�Z�a���k�e�_��
�\�Z�����[�_�a���h�l�k�l�m�i�Z�����g�Z�^���i�_�j�\�h�c���q�Z�k�l�v�x���l�Z�[�e�b�p�u�����i�h�k�e�_���g�h�f�_�j�Z���k�l�Z�\�y�l���l�h�q�d�m�����k�e�_�^�h�f �k��
�i�j�h�i�b�k�g�h�c���b�^�_�l���g�Z�a�\�Z�g�b�_���l�Z�[�e�b�p�u�����l�h�q�d�m���\���d�h�g�p�_���g�_���k�l�Z�\�y�l�����g�Z�^���^�j�m�]�b�f�b �q�Z�k�l�y�f�b��
�i�b�r�m�l���� �©�I�j�h�^�h�e�`�_�g�b�_�� �l�Z�[�e�b�p�u�ª ���h�n�h�j�f�b�l�v�� �d�Z�d�� �i�h�e�h�`�_�g�h��, �k�� �m�d�Z�a�Z�g�b�_�f�� �g�h�f�_�j�Z��
�l�Z�[�e�b�p�u���� �L�Z�[�e�b�p�Z�� �^�h�e�`�g�Z�� �[�u�l�v�� �\�k�l�Z�\�e�_�g�Z�� �Z�\�l�h�f�Z�l�b�q�_�k�d�b�� ���q�_�j�_�a�� �©�L�Z�[�e�b�p�Z���� �>�h�[�Z��
�\�b�l�v�� �l�Z�[�e�b�p�m�ª���� �G�Z�a�\�Z�g�b�_�� �l�Z�[�e�b�p�u�� �^�m�[�e�b�j�m�x�l�� �g�Z�� �Z�g�]�e�b�c�k�d�h�f�� �y�a�u�d�_�� �i�h�^�� �j�m�k�k�d�b�f��
�g�Z�a�\�Z�g�b�_�f�����b���g�Z�h�[�h�j�h�l�����_�k�e�b���k�l�Z�l�v�y���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_�����L�Z�[�e�b�p�Z��������Table 1.).       
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�J�b�k�m�g�d�b �^�h�i�m�k�d�Z�x�l�k�y���l�h�e�v�d�h���q�_�j�g�h-�[�_�e�u�_���q�_�l�d�b�_�����\�u�i�h�e�g�_�g�g�u�_���k�j�_�^�k�l�\�Z��
�f�b�� �d�h�f�i�v�x�l�_�j�g�h�c�� �]�j�Z�n�b�d�b�� �b�e�b�� �k�d�Z�g�b�j�h�\�Z�g�g�u�_�� ���k�d�Z�g�b�j�h�\�Z�g�g�u�_�� �g�_�h�[�o�h�^�b�f�h�� �j�Z�k��
�i�_�q�Z�l�u�\�Z�l�v���g�Z���e�Z�a�_�j�g�h�f�� �b�e�b���k�l�j�m�c�g�h�f�� �i�j�b�g�l�_�j�_������ �J�b�k�m�g�d�b���f�h�]�m�l�� �[�u�l�v���\�\�_�^�_�g�u���\��
�l�_�d�k�l���k�l�Z�l�v�b���b�e�b���\�u�i�h�e�g�_�g�u���\���\�b�^�_���h�l�^�_�e�v�g�u�o���]�j�Z�n�b�q�_�k�d�b�o���n�Z�c�e�h�\�����<���i�h�k�e�_�^�g�_�f��
�k�e�m�q�Z�_���g�_�h�[�o�h�^�b�f�h���m�d�Z�a�Z�l�v���f�_�k�l�h���j�Z�k�i�h�e�h�`�_�g�b�y���j�b�k�m�g�d�Z�����g�Z�i�b�k�Z�\���g�Z���i�h�e�y�o���j�m�d�h��
�i�b�k�b���i�h�k�e�_���Z�[�a�Z�p�Z�����\���d�h�l�h�j�h�f���h�g���\�i�_�j�\�u�_���m�i�h�f�b�g�Z�_�l�k�y�� �J�b�k�������� �b���l�����^�����<�k�_���j�b�k�m�g�d�b��
�^�h�e�`�g�u�� �[�u�l�v�� �i�j�h�g�m�f�_�j�h�\�Z�g�u�� ���J�b�k���� ��. �b�� �l���� �^������ �b�� �b�f�_�l�v�� �i�h�^�j�b�k�m�g�h�q�g�u�_�� �i�h�^�i�b�k�b����
�G�h�f�_�j���j�b�k�m�g�d�Z���b���i�h�^�j�b�k�m�g�h�q�g�Z�y���i�h�^�i�b�k�v���j�Z�k�i�h�e�Z�]�Z�x�l�k�y���i�h�^���j�b�k�m�g�d�h�f�� �G�Z�a�\�Z�g�b�_��
�j�b�k�m�g�d�Z���^�m�[�e�b�j�m�x�l���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_���i�h�^���j�m�k�k�d�b�f���g�Z�a�\�Z�g�b�_�f�����b���g�Z�h�[�h�j�h�l�����_�k��
�e�b���k�l�Z�l�v�y���g�Z���Z�g�]�e�b�c�k�d�h�f���y�a�u�d�_�����J�b�k����������Fig���������������L�h�q�d�Z���\���d�h�g�p�_���i�h�^�j�b�k�m�g�h�q�g�h�c���i�h�^��
�i�b�k�b���g�_���k�l�Z�\�b�l�k�y���� 

�<�k�_���h�[�h�a�g�Z�q�_�g�b�y���g�Z���j�b�k�m�g�d�_ �^�h�e�`�g�u���k�h�h�l�\�_�l�k�l�\�h�\�Z�l�v���h�[�h�a�g�Z�q�_�g�b�y�f �\�� �l�_�d��
�k�l�_���� �N�h�l�h�]�j�Z�n�b�b�� �^�h�e�`�g�u�� �[�u�l�v�� �k�^�_�e�Z�g�u�� �k�� �o�h�j�h�r�_�]�h�� �g�_�]�Z�l�b�\�Z�� �d�h�g�l�j�Z�k�l�g�h�c�� �i�_�q�Z��
�l�v�x���� �K�k�u�e�d�b�� �g�Z�� �\�k�_�� �j�b�k�m�g�d�b�� �\�� �l�_�d�k�l�_�� �h�[�y�a�Z�l�_�e�v�g�u���� �R�b�j�b�g�Z�� �j�b�k�m�g�d�Z�� �g�_�� �^�h�e�`�g�Z��
�[�u�l�v���[�h�e�v�r�_���r�b�j�b�g�u���i�h�e�h�k�u���g�Z�[�h�j�Z���l�_�d�k�l�Z���� 

�?�k�e�b���\���k�l�Z�l�v�_���h�^�b�g���j�b�k�m�g�h�d���b�e�b���h�^�g�Z���l�Z�[�e�b�p�Z�����h�g�b���g�_���g�m�f�_�j�m�x�l�k�y���� 
�G�_���^�h�i�m�k�d�Z�_�l�k�y���a�Z�d�Z�g�q�b�\�Z�l�v���k�l�Z�l�v�x���j�b�k�m�g�d�h�f���b�e�b���l�Z�[�e�b�p�_�c���� 
�<�k�_���j�b�k�m�g�d�b���b���l�Z�[�e�b�p�u���^�h�e�`�g�u���[�u�l�v���j�Z�k�i�h�e�h�`�_�g�u���i�h���p�_�g�l�j�m���i�h�e�h�k�u��

�g�Z�[�h�j�Z��  
�N�h�j�f�m�e�u. �<�k�_���n�h�j�f�m�e�u �g�Z�[�b�j�Z�x�l�k�y���\���n�h�j�f�m�e�v�g�h�f���j�_�^�Z�d�l�h�j�_�����g�m�f�_�j�m�x�l��

�k�y�����g�Z���g�b�o���^�h�e�`�g�u���[�u�l�v���k�k�u�e�d�b���\���l�_�d�k�l�_���\���d�j�m�]�e�u�o���k�d�h�[�d�Z�o�����N�h�j�f�m�e�u �\�u�g�h�k�y�l�k�y��
�h�l�^�_�e�v�g�h�c���k�l�j�h�d�h�c���i�h�k�e�_���k�k�u�e�d�b���k���h�l�k�l�m�i�h�f���^�\�Z���L�Z�\�����G�h�f�_�j���n�h�j�f�m�e�u���\�\�h�^�b�l�k�y���\��
�d�j�m�]�e�u�_�� �k�d�h�[�d�b�� �b�� �\�u�j�Z�\�g�b�\�Z�_�l�k�y�� �\�i�j�Z�\�h���� �I�j�b�� �g�Z�[�h�j�_�� �n�h�j�f�m�e�� �j�_�d�h�f�_�g�^�m�_�l�k�y�� �b�k��
�i�h�e�v�a�h�\�Z�l�v���k�e�_�^�m�x�s�b�_���d�_�]�e�b���r�j�b�n�l�h�\���� �h�k�g�h�\�g�h�c�� �± ���������d�j�m�i�g�u�c���b�g�^�_�d�k�� �± ������ �f�_�e��
�d�b�c�� �b�g�^�_�d�k�� �± ������ �d�j�m�i�g�u�c�� �k�b�f�\�h�e�� �± �������� �f�_�e�d�b�c�� �k�b�f�\�h�e�� �± �������� �=�Z�j�g�b�l�m�j�Z�� �r�j�b�n�l�Z��
�7�L�P�H�V���1�H�Z���5�R�P�D�Q�����>�e�y���g�Z�[�h�j�Z���f�Z�l�_�f�Z�l�b�q�_�k�d�b�o���n�h�j�f�m�e���b�k�i�h�e�v�a�m�x�l���[�m�d�\�u���e�Z�l�b�g��
�k�d�h�]�h���Z�e�n�Z�\�b�l�Z�����k�\�_�l�e�u�c���d�m�j�k�b�\�������]�j�_�q�_�k�d�h�]�h���Z�e�n�Z�\�b�l�Z�����k�\�_�l�e�u�c���i�j�y�f�h�c���r�j�b�n�l�����b��
�]�h�l�b�q�_�k�d�b�c�� �r�j�b�n�l�� ���k�\�_�l�e�u�c�� �i�j�y�f�h�c������ �B�g�^�_�d�k�u�� �n�h�j�f�m�e���� �h�[�h�a�g�Z�q�_�g�g�u�_�� �[�m�d�\�Z�f�b��
�e�Z�l�b�g�k�d�h�]�h���Z�e�n�Z�\�b�l�Z�����g�Z�[�b�j�Z�x�l���d�m�j�k�b�\�h�f����mi �± �f�Z�k�k�Z��i-�]�h���w�e�_�f�_�g�l�Z�������Z���h�[�h�a�g�Z�q�_�g��
�g�u�_���[�m�d�\�Z�f�b���j�m�k�k�d�h�]�h���Z�e�n�Z�\�b�l�Z���± �i�j�y�f�u�f���r�j�b�n�l�h�f����lp �± �^�e�b�g�Z���j�Z�a�[�_�]�Z����V�i�h�k �i�h�k�Z��
�^�h�q�g�Z�y���k�d�h�j�h�k�l�v�������K�h�d�j�Z�s�_�g�g�u�_���h�[�h�a�g�Z�q�_�g�b�y���n�b�a�b�q�_�k�d�b�o���\�_�e�b�q�b�g���b���_�^�b�g�b�p���b�a�f�_��
�j�_�g�b�y�� ���d�<�l���� �N���f���� �:���P���� �± �k�\�_�l�e�u�f�� �i�j�y�f�u�f�� �[�_�a�� �l�h�q�_�d���� �Q�b�k�e�Z�� �b�� �^�j�h�[�b�� �\�� �n�h�j�f�m�e�Z�o��
�^�h�e�`�g�u�� �[�u�l�v�� �g�Z�[�j�Z�g�u�� �k�\�_�l�e�u�f�� �i�j�y�f�u�f�� �r�j�b�n�l�h�f���� �I�j�y�f�u�f�� �r�j�b�n�l�h�f�� �g�Z�[�b�j�Z�x�l��
�l�Z�d�`�_�� �g�_�d�h�l�h�j�u�_�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_�� �h�[�h�a�g�Z�q�_�g�b�y�� ��sin, tg; max, min; const; log, det, 
exp �b�� �l���� �^�������� �<�_�d�l�h�j�g�u�_�� �\�_�e�b�q�b�g�u�� �k�e�_�^�m�_�l�� �h�[�h�a�g�Z�q�Z�l�v�� �`�b�j�g�u�f�� �d�m�j�k�b�\�h�f���� �Z�� �g�_��
�g�Z�^�k�b�f�\�h�e�v�g�h�c���q�_�j�l�h�c�����_ �g�_���•���� �I�_�j�_�g�h�k���\�� �n�h�j�f�m�e�Z�o���^�h�i�m�k�d�Z�_�l�k�y���^�_�e�Z�l�v���\���i�_�j�\�m�x��
�h�q�_�j�_�^�v���g�Z���a�g�Z�d�Z�o����� �����ª�����������!���b���^�j���������\�h���\�l�h�j�m�x���h�q�_�j�_�^�v���± �g�Z���h�l�l�h�q�b�b�����«�������g�Z���a�g�Z�d�Z�o��
�k�e�h�`�_�g�b�y�� �b�� �\�u�q�b�l�Z�g�b�y�� �������� �±������ �\�� �i�h�k�e�_�^�g�x�x�� �± �g�Z�� �a�g�Z�d�_�� �m�f�g�h�`�_�g�b�y�� �\ �\�b�^�_�� �d�h�k�h�]�h��
�d�j�_�k�l�Z�� ���î������ �I�_�j�_�g�h�k�� �g�Z�� �a�g�Z�d�_�� �^�_�e�_�g�b�y�� �g�_�� �^�h�i�m�k�d�Z�_�l�k�y���� �F�Z�l�_�f�Z�l�b�q�_�k�d�b�c�� �a�g�Z�d���� �g�Z��
�d�h�l�h�j�h�f���j�Z�a�j�u�\�Z�_�l�k�y���n�h�j�f�m�e�Z���i�j�b���i�_�j�_�g�h�k�_�����h�[�y�a�Z�l�_�e�v�g�h���^�h�e�`�_�g���[�u�l�v���i�h�\�l�h�j�_�g���\��
�g�Z�q�Z�e�_�� �\�l�h�j�h�c�� �k�l�j�h�d�b���� �I�j�b�� �i�_�j�_�g�h�k�_�� �n�h�j�f�m�e�� �g�_�e�v�a�y�� �h�l�^�_�e�y�l�v�� �\�u�j�Z�`�_�g�b�y���� �k�h�^�_�j��
�`�Z�s�b�_�k�y�� �i�h�^�� �a�g�Z�d�h�f�� �b�g�l�_�]�j�Z�e�Z���� �e�h�]�Z�j�b�n�f�Z���� �k�m�f�f�u���� �i�j�h�b�a�\�_�^�_�g�b�y���� �h�l�� �k�Z�f�b�o�� �a�g�Z��
�d�h�\���� �G�_�[�h�e�v�r�b�_�� �n�h�j�f�m�e�u���� �g�_�� �b�f�_�x�s�b�_�� �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�]�h�� �a�g�Z�q�_�g�b�y���� �g�Z�[�b�j�Z�x�l�k�y��
�\�g�m�l�j�b�� �k�l�j�h�d�� �l�_�d�k�l�Z���� �G�Z�b�[�h�e�_�_�� �\�Z�`�g�u�_�� �n�h�j�f�m�e�u���� �\�k�_�� �g�m�f�_�j�h�\�Z�g�g�u�_�� �n�h�j�f�m�e�u���� �Z��
�l�Z�d�`�_���^�e�b�g�g�u�_���b���]�j�h�f�h�a�^�d�b�_���n�h�j�f�m�e�u���� �k�h�^�_�j�`�Z�s�b�_���a�g�Z�d�b���k�m�f�f�b�j�h�\�Z�g�b�y���� �i�j�h�b�a��
�\�_�^�_�g�b�y�� �b�� �l���� �i������ �g�Z�[�b�j�Z�x�l�� �h�l�^�_�e�v�g�u�f�b�� �k�l�j�h�d�Z�f�b���� �H�l�[�b�\�d�Z�� �^�h�� �b�� �i�h�k�e�_�� �k�l�j�h�d�b�� �k��

�n�h�j�f�m�e�h�c�� �\�� �w�l�h�f�� �k�e�m�q�Z�_�� �± ���� �i�m�g�d�l�h�\���� �<�f�_�k�l�h�� �\�u�j�Z�`�_�g�b�y�� �\�b�^�Z�� �j�_�d�h�f�_�g�^�m�_�l�k�y��
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�i�b�k�Z�l�v�� �Z���E���� �H�l�^�_�e�v�g�u�_�� �w�e�_�f�_�g�l�u�� �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o�� �n�h�j�f�m�e���� �\�u�g�_�k�_�g�g�u�_�� �\�� �l�_�d�k�l�� 
�g�Z�[�b�j�Z�x�l�k�y���i�h���i�j�b�\�_�^�_�g�g�u�f���\�u�r�_���i�j�Z�\�b�e�Z�f�����i�j�y�f�h�c���r�j�b�n�l���\���n�h�j�f�m�e�_���± �i�j�y�f�h�c��
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