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Abstract
The proposed model combines electric and temperature fields, when organic dispersed hydraulic systems are
subjected to electric-thermochemical treatment. This model has been applied for developing the technologies and
equipment for protein production from potato juice, milk whey and for electrolytic activation of yeast productivity.
The given model relations are required to establish optimal treatment parameters of media, to impose restriction
on technological and design parameters, to define medium flow diagrams in the reactor, electrode and orifice
material, ultimate electric field strength and current values, etc.
Keywords: organic dispersed hydraulic systems, electric treatment, electric field strength, temperature, Joule
heating.
Agricultural products of vegetable and animal
origin (vegetable and fruit juices, milk whey, solutions
for growing microorganisms, moist and moistened forage, etc. can be conditionally referred to as organic dispersed hydraulic systems (ODHS). To improve the efficiency of using nutritive potential and increasing extraction or formation of useful materials, and to
disinfect ODHSs the latter are treated in different ways
– mechanical, thermal, complex [1].
The electric field applied through the medium
heats it. Increasing the temperature can have a positive
effect on the treatment process in some cases and a negative effect in others. A temperature value depends on
electric field density, medium specific conduction, on
design of a reactor, where a medium is treated, and on
flow diagram. In all cases, the temperature increase
means the growth of the energy intensity of the process.
This is undesirable. In addition, the treatment quality is
affected by a uniform temperature distribution over the
medium volume. A higher temperature near the surface
of current-conducting electrodes and the separating
membrane may worsen the treatment quality or in general, this may hinder the electric field applied to the medium.
The present work considers a flat electrode system, whose the interelectrode space are separated by a
membrane into cathode and anode regions with the
length L and the widths 1 and  2 , respectively. The

ter and direction of moving liquid, permissible electrical conduction of membrane material, and electric field
strength.
As ODHSs are usually subjected to applied electric fields of relatively small strength (E < 1 kV/cm) and
at rather a long interelectrode distance (le ~ 1 cm), we
can consider the temperature variation in ODHS using
the Ohmic conduction model to a good enough approximation [2]. Also, based on a small rate of diffusive and
convective transfer of a charge in comparison to a migration velocity of ions in ODHS due to an applied
electric field, the equation for the total current in ODHS
is of the form
(1)
(E )  ()  0
We determine the ODHS temperature from the
convective heat conduction equation with the consideration of Joule heating:

objective of this work was to develop a mathematical
model able to describe electric and temperature fields
in liquid moving in the anode and cathode regions.
Temperature, more precisely its uniformity between
electrodes, serves as a criterion in defining the charac-

temperature, Tenv is the environment temperature,

 T
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At the initial boundary condition T 0  T0 and
the boundary conditions T



 (Tenv  T  ) ,

where , , СP is the thermal conductivity, the density,
and the specific heat capacity of a dispersed medium
respectively, u is the velocity vector,  is the heat
transfer coefficient at the boundary , T0 is the initial

T



is the medium temperature at the boundary ,  is the
specific electrical conductivity of a medium, E is the
electric field strength,  is the electric potential.
The flow of the medium can be co-current and
counter-current. The electric field is applied from one

4
electrode to another. The temperature in the medium
and in the membrane varies from the initial value (room
temperature) to some final maximum value assigned by
the technological process. At that, the membrane temperature must not exceed the maximum permissible one
of the treated material. For example, under coagulation
of whey proteins, it is not more than 45 0С. Such a temperature range shows the heat and electrophysical parameters of the medium and the membrane are weakly
temperature-dependent. They can be taken as constant.

POLISH JOURNAL OF SCIENCE № 31, 2020
Thus, the temperature is the objective function. It
is necessary to determine a temperature field of ODHS
in the presence of internal heat sources depending on
the thermophysical parameters of the moving liquid
and the membrane.
For the steady flow of the liquid in the interelectrode space with relative sizes 1 / L  1 and

2 / L  1 , we can assess the medium state along the
channel to a boundary layer approximation for both
temperature and electric fields:


 
 
(( y ) E y )   ( y )
0
y
y 
y 
for the liquid :

C pu

for the membrane:

At the channel entrance, the boundary conditions
are T = T and at the channel exit, the “soft” boundary
condition is

1

T
y

T / x xL = 0 . In the case of counter= 1 (Tenv  T

y  m 1

y  m 1

Here  m is a membrane half width. We determine
the coefficients of heat transfer αi [Wm-2K-1] from a
heated fluid to an ambient medium in the cathode and
anode regions using the Nusselt number as αi = Nui λi/δi
[3, 4]. In the considered-type channel, for the laminar
flow regime we use Nui = 7,54 and for the turbulent
0,5

0,83

flow regime – Nui = 0.0155Pri Rei
valid for
fluids with the Prandtl number 1 < Pri< 25 [4].
With the boundary conditions on the electrodes for
the

potential

 y (

m

 2 )

(  y  
m
1

= U0 ,

= U 0 ) and the electric field continu-

ity condition at the medium–membrane boundary (
y  m and m ) included, we can show that the solution of equation (2) is the dependence:

E ( y) 
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Here, the electrical conductivity  is the function
of y, because it varies depending on the electrical conductivity of the medium moving above and under the
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flow, we should take into consideration that for the anode and cathode regions, these boundaries are opposite
to each other. At the channel (electrode) walls, the
Newton conditions are valid for the heat flux

2

),

(2)

T
y

=  2 (Tenv  T

y ( m  2 )

y ( m  2 )

).

(5)

membrane, as well as of the electrical conductivity of
the membrane (1, 2, m respectively). Substituting
formula (6) into the formula for heat source term in
temperature equation (3) yields:

Q( y)  E 2 

(2U 0 ) 2
  2  
( y)  1  m  2 
 1  m  2 

2

(7)

The regime of medium flow in the interelectrode
space can be either laminar or turbulent, and determined by the Reynolds number

Rei  ui DHi / i

(i = 1, 2), where DHi  2i is the hydraulic channel
diameter. The analysis [4] shows that the critical Reynolds number at a transition from the laminar to the turbulent regime for a plane-parallel channel also has its
traditional value of  2300.
To calculate the dynamics of laminar flow, it is
possible to use the theory of laminar flow of incompressible liquid in the flat channel. First, consider the
cathode region. Following the approach described elsewhere in [3], for laminated flows it is possible to show
that the velocity distribution in this region is

3
V1max  u1 .
2
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Here, it is taken into account that for consideredtype
channels,
the
pressure
drop

5

u1

and the friction resistance coefficient – by the

Reynolds number: 1  96 / Re1 [3, 4]. Similarly, for
L 1u12
p1  1
is assigned by the bulk velocity the anode region of the channel we have
DH 1 2
  2( y   m )   2  2 
3
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For the dynamics of turbulent flow, bearing in
mind that the Reynolds number for the problems of interest is not too high (over the range 5000–30000), the
1
 m )  7

V1 ( y)  2( y

1
V1max 

power-law velocity profile (“one seventh” law) is used
to assign the velocity profile [3, 4]:

V1max  u1 / 0.817 at  m  y   m  1 / 2 ,

 ,

1

V2 ( y)  2( y   m )  7

 ,
2
V2max 


V2max  u 2 / 0.817 at ( m 

The last profiles are symmetric relative to the coordinates
and
y  ( m  1) / 2

y  ( m   2 / 2) . Thus, the heat transfer problem
remains the only unsolved one.

1C p1u11n1

2
)  y   m .
2

Using the integro-interpolation method [5] for
finding a temperature averaged over the thickness of
each of the channels and the membrane, equations (3)
and (4) arrive at the following system of equations:
for the medium above the membrane:

T1
 K1 (Tm  T1 )  K1env (Tenv  T1 )  1E121 ,
x

(8)

for the medium under the membrane:

2C p 2u22 n2

T2
 K2 (Tm  T2 )  K2env (Tenv  T2 )  2 E222 ,
x

(9)

for the membrane:

0  K1 (T1  Tm )  K2 (T2  Tm )  m Em2 2m .
Here, we determine the bulk velocity in channels
as u1,2  Q1,2 / S1,2 , where Q1,2 is the volumetric
flowrate of the medium in the channel,

S1,2 is the flow

area of the channel,

n1,2 are the subscripts of the me-

dium direction ( n1,2

 1  along the х-axis, n1,2  1

 opposite to the х-axis), subscripts 1, 2, m denote the
parameter in the considered region.
The
heat
transfer
coefficients
are
1

K1,2  (1/ 1,2  2m /  m ) ,
Tm 

(10)

K1env  (1/ 1  1/ env  1e / 1e )1 ,
K1env  (1/ 2  1/ env  2e / 2e )1 . Here 1,2e
and

1,2e are the thickness and thermal conductivity of

electrode material,

 env is the coefficient of heat trans-

fer from electrode surface to room (we take
env  8 W/m2К).
The determined coefficients

K1,2 and equation

(10) yield that the membrane temperature is equal to:

 E 2 2
K1
K2
T1 
T2  m m m .
K1  K 2
K1  K 2
K1  K 2

(11)

Thus, for the medium temperature variation to be found, the system of the ordinary differential equations
must be solved

1C p1u11n1

m Em2 2m 
T1
K 2 K1 
2

T

T

 2 1
  K1env (Tenv  T1 )  1E1 1 ,
x K1  K 2 
K2


(12)

m Em2 2m 
T2
K1 K 2 
2
2C p 2u22 n2

 T1  T2 
  K 2 env (Tenv  T2 )  2 E2 2 . (13)
x K1  K 2 
K1
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We can obtain a general solution to the system of
equations (12)–(13) by finding the characteristic equation roots and by using the variation method of arbitrary
constant [6].
The present work contains the solution for a particular ODHS when protein is produced from milk
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whey [7]. Table 1 contains the set of characteristics
needed for calculation. In our case, according to the parameters, Pri   i C pi /  i  5 and the liquid flow is
a laminar.
Table 1

Thermophysical, Dynamic and Geometric Characteristics
Parameter name
Designation
Unit
Voltage
U
V
Distance from cathode to membrane
δ1
m
Distance from anode to membrane
δ2
m
Membrane thickness
2δm
m
Channel length
L
m
Membrane heat capacity
Сpm
J kg-1К-1
Membrane material density
ρm
kg/m3

Value
36
0.08
0.07
0.00015
0.5
1500
1300

Initial membrane temperature

Tm0

К

293

Initial medium temperature in cathode region

T10

К

293

Initial medium temperature in anode region

T20

К

Medium density in cathode region
Medium density in anode region
Medium heat capacity in cathode region
Medium heat capacity in anode region
Medium thermal conductivity in cathode region
Medium thermal conductivity in anode region
Membrane thermal conductivity
Membrane electrical conductivity
Medium electrical conductivity in cathode region
Medium electrical conductivity in anode region

ρ1
ρ2
Сp1
Сp2
λ1
λ2
λm
σm
σ1
σ2

kg/m
kg/m3
J kg-1К-1
J kg-1К-1
W m-1 К-1
W m-1 К-1
W m-1 К-1
Ohm-1m-1
Ohm-1m-1
Ohm-1m-1

995.7
995.7
4174
4174
0.618
0.618
0.17
0.0210
0.48
0.48

Medium bulk velocity in cathode region

u1

ms-1

0.01

Medium bulk velocity in anode region (volumetric flowrates
above and under membrane are the same)

u2

ms-1

 env

W/m2К

8

Material thickness of electrode 1

1e

m

0.001

Material thickness of electrode 2

2e

m

0.001

Material thermal conductivity of electrode 1

1e

W/m К

236

Material thermal conductivity of electrode 2

 2e

W/m К

236

Coefficient of heat transfer from electrode surface to room

293
3

u1

1
2

For the assigned treatment parameters (Table 1) in the co-current flow of the medium in channels (

n1  n2  1), the analytical equations (12)(13) are described by the functions
T1  1141,524 exp(0,00213x)  12,799 exp(0,01123x)  1447,322 ,

(14)

T2  1137,392 exp(0,00213x)  12,845 exp(0,01123x)  1417,547 .

(15)

In the case of the counter-flow of the medium ( n1

 n2  1 ), the solution is presented by the following

functions at the channel length L = 1 m:

T1  310,824 exp(0,00491x)  843,498 exp(0,00488 x)  1447,322 ,

(16)

T2  790,678 exp(0,00491x)  331,5896 exp(0,00488 x)  1417,547

(17)
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at the channel length L = 0.5 m:
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T1  205,207 exp(0,00491x)  842,969 exp(0,00488 x)  1447,322 ,

(18)

T2  792,025 exp(0,00491x)  331,381exp(0,00488 x)  1417,547 .

(19)

The temperature variation in the membrane is

Tm  0,5(T1  T2 )  5,98935 .

Figure 1 demonstrates the temperature variation
according to the above analytical solutions (14)-(20).
There is a fairly clear trend that in the case of co-current
flow, both the medium and the membrane undergo
heating along the length of channels (Fig. 1, а). At the
same time, in the case of counter-flow, the treated medium is heated, not substantially varying the membrane

a

(20)

temperature along the channel length (Fig. 1, b, c). It
should also be mentioned that, when the channel length
is the same, the medium temperature drop between the
channel entrance and exit in co-current and countercurrent flow of the medium (Fig. 1, а, c) is identical.

b

c
Figure 1. Temperature variation of the treated medium along the channels and the membrane
(1  temperature T1; 2 – T2; 3  Tm): а – co-current flow of the medium, b – co-current flow of the medium along
the channel at L = 0.5 m, c – counter-current flow of the medium at L = 1 m.
The proposed model for a relationship between
electrochemical processes and electric and temperature
fields, when organic dispersed hydraulic systems are
subjected to electric-thermochemical treatment, has
been utilized to develop technologies and equipment
for protein production from potato juice, milk whey, for
electrolytic activation of forage yeast productivity, etc.
The above-mentioned relations are needed to set optimal treatment parameters of media, to impose resistance restrictions on technological and design parameters, to define medium flow diagrams in the reactor, electrode and orifice material, limiting values of
electric field strength and density, process duration, etc.
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Abstract
The object for the research was an oar, grown in LLC WG "Mercury" with. Pultivtsi of Vinnytsia district.
The task of this work was to investigate the evaluation of broodstock, preparation for factory reproduction,
the dose of pituitary gland, the duration of incubation of eggs and larval yield depending on temperature conditions,
as well as determining the efficiency of economic activity of the economy.
Paddlefish (Latin Polyodon spathula) - a species of freshwater ray-finned fish of the family Paddlefish sturgeon. It lives mainly in the Mississippi River, as well as in a number of rivers flowing into the Gulf of Mexico.
The only species of sturgeon that feeds on zoo, phytoplankton and detritus, swimming with its mouth constantly
open and draining it with gill bristles.
In the latitudes of Ukraine (Vinnytsia region - 48-50 °) with the sum of temperatures of 1.8-2.2 thousand
degrees, reaching the IV completed stage of maturity of the gonads in the oarsman lasts for 10-11 years.
On the basis of complex researches the prospects of cultivation of new for domestic aquaculture object of fish
farming in pond farms of Ukraine are proved. For the first time in the country's fish-breeding practice, the offspring
of the oarsman was obtained from broodstock raised in ponds. New data on fish - biological characteristics of the
oarsman relocated to the ponds of the forest-steppe zone have been obtained. The fishery substantiation is developed and prospects of introduction of an oar-bearer in domestic aquaculture are defined.
The practical significance of the obtained results. The production is offered recommendations for the reproduction of oarsmen in ponds of Ukraine. An old-age repair herd of paddlefish has been formed, which can be used
in the process of implementing a long-term program of fishery development of this non-traditional fish farm.
Keywords: rowing, grading, brooding, reproduction, incubation, fish farming.
Topicality. At the present stage of development of
domestic fish farming there is a need to identify reserves for its development, in particular the search for
new economically viable approaches to fisheries management; reducing the cost of production while improving its quality. The introduction of low-cost resourcesaving technologies aimed at improving the efficiency
of using the bioproductive potential of aquatic ecosystems has become a priority. Of particular interest in this
regard is the possibility of introducing into the ichthyocomplexes of inland waters of fish sestonophages,
which do not require artificial feeding, are characterized by accelerated growth combined with high nutritional and dietary quality of meat: One such object is
imported to Ukraine North American representative of
sturgeon-like fish - paddle (Polyodon spathula (Walb))
[6].
Veslonis is the only representative of a number of
sturgeon-like species, the basis of nutrition of which are
planktonic organisms, mainly lower crustaceans. It is a
fast-growing fish that weighs more than 80 kg and is
more than 2 m long. Its natural range is the Mississippi
and Missouri river basins. High taste qualities of otter,
the meat of which is similar to beluga meat, delicacy
caviar, which is equated to sturgeon caviar, lack of
bones and scales, high percentage of meat yield (over

60%), give reason to include it among the most valuable freshwater fish [2].
Given the special value of paddlefish, even relatively small volumes of its cultivation will provide significant profits that can be used to economically
strengthen enterprises and increase overall production
of commercial fish, including for further development
of traditional freshwater aquaculture dominated by carp
and herbivorous fish [ 8].
One of the positive consequences of fishery development of otters may be the reduction of the industrial
press on the population of sturgeon in their natural distribution [1].
At the same time, fishery development of paddlefish in Ukraine is still in the initial stages of development. There is a lack of scientific data necessary for the
development of biotechnology for its cultivation in accordance with the specifics of the functioning of domestic aquaculture, in particular, adapted to the conditions of conventional ponds. The key tasks are to master
the methods of artificial reproduction and cultivation of
viable youth of this introducer.
These circumstances became a prerequisite for
special research, which formed the basis of this master's
thesis.

POLISH JOURNAL OF SCIENCE № 31, 2020
The practical significance of the obtained results
lies in the study of the latest methods of reproduction
of the oarsman and their introduction into production.
Analysis of recent research and publications.
Oystercatcher - Polyodon spathula (Waibaum) belongs
to the class of higher fish (Teleostomi), subclass Cartilaginous ganoids (Chondrostei), a number of sturgeons
(Acipenseriformes), family Oystercatchers (Polyodontidae). In modern ichthyofauna, Veslonis is the only
member of the genus Polyodon [2].
In English literature, paddlefish is known as Paddlefish.
The body of the oarsman is elongated, tapering to
the tail. The tail is heterocercal. The color of the back
is dark gray, sometimes with a greenish tinge, on the
sides and abdomen - lighter. There are individuals with
almost solid dark color [5].
The most characteristic morphological feature of
the oarsman is the presence on the head of a rostrum a flat elongated snout of oar shape. The length of the
rostrum is about a third of the total length of the body.
Its purpose is not fully understood. It has been suggested that a flattened snout can act as a wing that directs the flow of water with food organisms to the
mouth during the movement of fish. The rapid increase
in linear size due to the growth of rostrum, as well as
the presence of a large number of receptors suggest that
rostrum allows not only to quickly get the young oars
out of the press of a mass predator, but also serves to
determine the concentration of forage and orientation
in space. acting as a kind of locator. In the case of damage to the surface of the rostrum in the oarsman is violated the ability of orientation, which must be taken into
account during fish farming.
Sexual dimorphism in the otter is not very clear.
Only in the pre-spawning period do mature males have
a well-marked wedding dress in the form of a rough
rash on the head and rostrum. Some males are fluid. In
females, the area of the genital opening is smooth and
compacted. In males, the ingenious hole is surrounded
by small, raised papillae of round shape. The oarsman
has sexual dimorphism by body weight. Mature females are 20-30% larger than male males.
In the wild, paddlers have once been found along
the length of the Mississippi River with tributaries of
the Ohio, Missouri, and Illinois, in lakes and reservoirs
in the Mississippi Basin, and in some other rivers that
flow into the Gulf of Mexico. The paddlefish species
has been known in Lake Erie since 1903, but its status
in the Great Lakes has not been determined.
The length of the native range of the otter from
north to south is about 2000 km, which significantly diversifies the temperature conditions of the environment
to which this species of fish has adapted.
Once upon a time in North America, paddling was
of great industrial importance. In the first half of the
20th century, its annual catch was up to 1,000 tons.
Later, as a result of increased anthropogenic pressure
on water ecosystems, the limits of natural distribution
and the number of populations of paddlefish were significantly reduced [5].
Veslonis can adapt to life in different types of inland waters: rivers, lakes, reservoirs. As a rule, it is kept
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in remote areas of rivers, at depths of more than 3 m.
With the approach of spawning can form numerous
shoals. When the water rises, paddlers migrate upstream and from the river to the lake, and when it falls,
they reverse migration. The tendency to active migrations in these fish is noted by most authors [11].
Veslonis is a calm fish, it is easy to catch with net
fishing gear. Fish caught in the nets make only weak
attempts to break free.
Significant losses in the cultivation of planting
material of paddlefish in the conditions of ponds, as
well as serious damage to its young in the wild can
cause fish-eating birds.
The increased tendency of the oarsman to be affected by small ectoparasites of fish, in particular,
lower crustaceans, has been repeatedly noted.
Veslonis is characterized by significant growth
potential and reaches large sizes. In North America, the
individual weight of the largest fish in industrial
catches used to be about 30-40 kg, the absolute maximum exceeding 83 kg for the body length of the fish
216 cm. Recently, the mass of fish recovered from natural reservoirs has decreased significantly [3].
There is a clear dependence of the growth of the
paddle on the water temperature and the level of development of the natural forage base [7].
In Russia, in the ponds of the fish breeding plant
"Hot Key" (steppe zone) this year's paddlefish reached
an average weight of 100-300 g, in some cases their
weight exceeded 650 g for fish body lengths up to 67
cm. Biennials grew to 3-4 kg, five-year-olds - up to 78
kg. Sometimes in the south of Russia against the background of the maximum level of development of zooplankton for one season oarsmen gave an increase of
about 8 kg. Studies of the dependence of paddlefish
growth on food supply have shown that the most intensive growth is observed for zooplankton biomass above
5 g / m3. [6].
Paddlefish withstand wintering well and grow
well in central Russia. When grown in the Moscow region, two-year-olds weighed 0.9 kg, three-year-olds 1.8 kg, four-year-olds - 2.8 kg, five-year-olds - 3.3 kg,
six-year-olds - 5.5 kg, seven-year-olds - 6.5 kg, ie, the
average seasonal growth of two-year-old fish ranged
from 0.5 to 2.2 kg [5].
In the ponds of the Kursk Fish Breeding Plant
(Kursk region, two-year-old oarsmen, which were
grown in polyculture with carp and Russian fish in different variants of experiments, reached an average
weight of 620 to 930 g) (initial weight of annuals is
about 50 g). , 2 kg, four-year-olds - 2.7–3.3 kg The average seasonal indicators of zooplankton biomass of
ponds were in the range of 2.1–7.2 g / m³ The highest
intensity of paddlefish growth was observed at water
temperature 21–24ºС.
In pond farms in Poland, in climatic conditions
similar to the north-western part of Ukraine, fish of the
senior repair group of oarsmen (seven-year-olds)
reached an average weight of about 11 kg [2].
Veslonis mage is a gill filtration device that is not
typical of sturgeon fish. Completely formed by a number of features, it resembles the filtration apparatus of
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the variegated silver carp, which explains the similarity
of their power spectra [20].
Veslonis is a sestonophage that consumes zooplankton, phytoplankton and detritus. The area of the
filtration apparatus in the oarsman is twice as large as
in the variegated silver carp of the same mass. The set
of food organisms available for consumption by fish
depends on the interstitial intervals, the size of which in
the otter varies widely. The intensity of filtration and
the quality of filtered food depends on the speed of
movement of fish.
There are some differences in the behavior and
diet of young paddlers of different ages. In fish up to 80
mm in size, the filtration apparatus is not yet formed
and is represented by a cartilaginous plate covered with
beetles. At this stage, the fry feed mainly on large forms
of zooplankton, capturing them individually. When the
length reaches 90 mm, the rudiments of gill stamens appear on the brackets. At a length of 120–130 mm, the
filtration apparatus becomes more formed - the stamens
occupy about 50% of the area of the cartilaginous plate.
During this period, paddling partially passes to the filtration of food. At the size of 200 mm, the paddle carrier already has a well-formed filtration apparatus and
food filtration becomes the main way of feeding.
During the first year of life, the oarsman has small
teeth on his jaws, this year weighing 160-180 g, they
number from 160 to 250 pieces, the size of 200-300 microns. This indicates the ability of the oarsman to capture and retain small prey, in particular, insects, which
have been repeatedly found in the food lumps of the
examined fish. Oystercatchers are caught on a fishing
rod. That is, they combine a filtration method of feeding with the capture of individual larger than lower
crustaceans, food organisms.
The basis of the content of the gastrointestinal
tract of this year paddlefish are dominant in zooplankton reservoirs lower crustaceans, occurs
a small number of aquatic insects, larvae of dragonflies, plant remains, planktonic larvae of chironomids, the presence of a significant amount of detritus.
The size of forage organisms varies widely [8].
During the growing season among the various
groups of zooplankton the main role in the nutrition of
the otter is played by representatives of crustaceans
(over 50% of the mass of food). Crustaceans (8–40%)
also play an important role in their diet. Small forms of
zooplankton (rotifers, crustacean nauplii), as well as
representatives of planktonic algae in the diet of the otter have a subordinate importance. [9].
During the mass development of zooplankton, detritus is of secondary importance in the diet of the otter.
With a decrease in zooplankton biomass, Veslonis
switches to a predominant detritus diet. At the same
time, the number of larvae of dragonflies, planktonic
chironomids, algae, remains of higher plants, etc. increases [2].
The digestive system of the paddlefish is quite
similar to the digestive system of sturgeon in the main
features of its structure.
Like sturgeon, paddlefish belongs to the lithophilic fish. Spawning occurs in April-June in areas of
rivers with strong currents and well-washed pebble,
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gravel and sandy soils at depths of 2–12 m (mainly at
depths of 4.5 to 6 m) at water temperatures of 13–16 °
C. During spawning, the broodstock of the otter often
clusters in shoals. Females do not spawn every year.
Embryonic development in the oarsman at the same
water temperature (14 ° C) is slightly longer than in
such representatives of sturgeon fish as Russian sturgeon and beluga. At water temperatures ranging from
12 to 18 ° C, it can last from 280 to 130 hours. The
development of paddlefish embryos is similar to the development of sturgeon embryos.
Veslonis, like other representatives of a number of
sturgeon, belongs to the late-maturing fish. The age of
puberty depends on the latitude, ie the amount of heat
of the aquatic environment, and according to American
researchers, females can vary from 9 to 14 years, males
- from 6 to 9 years.
In the conditions of pond farms of the Krasnodar
Territory of Russia, which are similar in the amount of
heat to the conditions of the south of Ukraine, female
oarsmen mature in the tenth year of life [4].
Female oarsmen mature again in 2 years. Sometimes the process of maturation lasts three years [10].
Male oarsmen reach sexual maturity in the Krasnodar Territory at the age of six. There are cases of maturation of males at the age of four. Unlike females, the
sexual cycle in male oarsmen is completed within one
year, so they can be used for reproduction annually.
Males spend the winter with mature sexual products
[3].
In 1999, in the process of artificial reproduction of
the otter in the south of Russia (Krasnodar Territory), a
unique case of a mature female was noted, which was
used in the spawning campaign of the previous year. In
1998, it produced benign caviar and offspring [2].
In the United States, the first attempt to artificially
produce the offspring of an oar was made at the beginning of the last century (1915), but it was unsuccessful,
the caviar was not even inseminated. In subsequent
years, there were no reports of such attempts, and it was
not until the early 1960s that Purket first artificially fertilized eggs obtained from flowing females from natural bodies of water by the semen of mature oarsmen. In
1963, similar work was carried out by Bollard and
Nithemo, who described the stages of embryonic development of the oarsman.
Attempts to artificially reproduce the paddle with
the use of hormonal injections have been known since
1962. In 1963–1964, Nitham was the first to induce the
maturation of female and male oarsmen by performing
intraperitoneal injections with a suspension of acetonated pituitary glands of oarsman and carp. Twice
maturation of females was achieved after repeated injections of pituitary oars. After injections of carp pituitary glands, signs of maturation were found only in
male oarsmen [6].
In the period 1965–1971, studies on the controlled
production of oarsmen offspring using the physiological method of fish reproduction became significantly
more active and became more widespread. One such
study tested five gonadotropic substances with different
ratios of injection doses. Mature broodstock oarsmen
were caught from the natural spawning herd by gill nets
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and kept in ponds until fish farming began. Among the
hormonal drugs that were tested, tested; human chorionic gonadotropin, luteinizing hormone, folliculinstimulating hormone, pituitary carp and otter. Ovulation of oocytes in female oarsmen weighing 18.1–22.7
kg occurred after intraperitoneal injections of a pituitary suspension of the corona or oarsman. The best results were seen with 2 and three injections with dosages
consisting of two pituitary pituitary glands per daily injection. Male otters with a body weight of 11.3–15.9 kg
responded positively to a single pituitary injection with
a single dose of one pituitary gland or the corresponding number (by weight of substance) of carp pituitary
glands. Injections by the pituitary gland of the oarsman
were more reliable [7].
In general, it should be noted that in the 60's work
on the artificial reproduction of paddlefish in the United
States were mainly exploratory, the survival of fish at
all stages of development was characterized by low
rates. At the same time, the obtained results allowed to
draw conclusions about the prospects of artificial reproduction of the oarsman and the need to expand efforts
to develop rational methods of such work.
Significant progress has been made in artificial otter reproduction in South Dakota and Tennessee. In the
process of testing various hormonal stimulators of fetal
maturation, it was determined that the most acceptable
are acetonized pituitary gland and luteinizing hormone
(LH-RHa). The use of the hormone LH – RHa made it
possible to establish that it gives better ovulation indicators of oocytes than the pituitary gland of the oarsman. Therefore, since 1984, this hormone has been
used mainly in US fish farms [5].
As a result of research, which has been successfully continued in recent decades, the United States has
mastered the methods of artificial reproduction of the
paddlefish with the help of broodstock recovered from
natural bodies of water. However, a sharp decrease in
the number of populations of this species of fish within
the native range significantly limits the scale of artificial fish farming.
Currently, work on the artificial reproduction of
the paddlefish in the United States is carried out at both
private and public fish farms. One such loudspeaker
that has been actively involved in artificial otter reproduction in recent years is the University of Kentucky
Aqua Center. Catching broods take place in the Ohio
River in regular nets in April-May, with the water temperature rising to spawning values (13–16 ° С). After
catching from the river, the broodstock selected for fish
farming is kept in small concrete ponds. In the process
of hormonal stimulation, the uterine material is in plastic pools located directly in the premises of the reproductive complex. Luteinizing hormone is used to stimulate the maturation of the offspring with the use of two
intra-abdominal injections for females and one for
males. Selection of mature eggs after ovulation is carried out by squeezing after incision of the fallopian
tubes. Sexual products from males are selected using a
catheter. The fertilized eggs are glued in a talc suspension. Incubation of eggs takes place in modified Mac
Donald incubation tanks, which provide constant mixing of eggs with a stream of water. Growing of young
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to an average weight of 1–2 g is carried out for 20–30
days in plastic pools with feeding with artificial starting
feed mixtures and live zooplankton organisms. In the
future, the fry are transplanted for additional rearing in
small ponds where they continue to be fed artificial and
live feed. The viable youth obtained as a result of these
works is used to replenish the number of paddlefish
populations in natural reservoirs, as well as sold to private farms, mainly for the purpose of further formation
of uterine herds intended for the production of edible
black caviar [4].
Significant progress in the development of methods of artificial reproduction and cultivation of paddlefish in the last few decades has been achieved in Russia,
where he has accumulated extensive experience in sturgeon farming [13]. In contrast to US fish farming, artificial reproduction of otters in Russia, as already mentioned, is based on the use of uterine herds formed in
controlled conditions of ponds, which is of particular
interest to specialists in the fisheries industry of
Ukraine.
The main volume of research on these issues was
conducted in Russia on the basis of the fish breeding
plant "Hot Key" and a specialized fish breeding plant
of herbivorous fish (SRZRR), located in the Krasnodar
Territory (Adygea) [5].
It was noted that the breeding material of the otter
can be grown in ordinary carp ponds. Mandatory requirements for ponds of all categories are a wellplanned bed that provides complete drainage, independent supply and discharge of water.
Separate ponds are used for growing repairs and
summer keeping of broodstock. Co-cultivation of paddlefish of different ages is not recommended due to the
possible deterioration of growth and development of
more demanding to the feeding conditions of older fish.
Growing oarsman in monoculture is impractical.
Repair and broodstock paddlefish can be grown
together with breeding material of herbivorous fish,
black and small-mouthed buffalo, black grass carp,
carp and catfish. Given the intense competition in nutrition, it is advisable to remove from the polyculture
typical zooplankthophags - variegated silver carp and
large-mouthed buffalo. If this is not possible - significantly reduce the planting density of these species. In
ponds with different age groups of otters (from the age
of two), if necessary, it is possible to use predatory fish
- bio-ameliorators. The experience of joint cultivation
of otters and sturgeon is of interest.
Among males, individuals with well-defined mating attire and fluid sexual products are preferred.
Work on artificial reproduction of the paddle boat
begins from the moment of stable water temperature of
13–14 ° С (optimum about 16 ° С). Acetonized sturgeon pituitary glands are used to stimulate the maturation of broodstock. The technique of preparation of a
suspension of acetonized pituitary glands is usual. In
work with females apply small (double) injections. It is
important to correctly determine the dosage of the pituitary gland during the first (previous) injection. In most
cases, the polarization index of the nucleus in oocytes
in female oarsmen in the spring varies between 0.04–
0.14. The use of the most common dosages of 0.6-1.0
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Experimentally revealed a pattern in the selection
of the first dose of pituitary glands depending on the
polarization of the nucleus. The best results are obtained at a water temperature of 12 to 16 ° C and the
interval between the first and second injections of 24
hours at such doses of the pituitary gland during the
previous injection are given in (table 1).
Table 1
Introduction of the substance of acetonated pituitary glands during the previous injection depending on the polarization of the nucleus in the oocyte (according to EO Melchenkov, VG Chertykhin, 1992)
Polarization index nucleus in the oocyte
The dose of the pituitary gland during previous injection, mg / kg
0,04–0,06
0,4–0,6
0,06–0,08
0,6–0,8
0,08–0,09
0,8–0,9;
0,10–0,13
1,0
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mg / kg of sturgeon pituitary glands during the previous
injection without taking into account the polarization
index does not always give positive results: there are
significant fluctuations in the fertilization rates of eggs
(26-87%), sometimes asynchrony in the maturation of
females after the second (decisive) injection.

Some overdose of pituitary glands during the decisive injection, as a rule, does not lead to negative results, but contributes to a more complete ovulation of
the eggs. Underestimation of the decisive dose of the
pituitary gland causes a longer, portion ovulation of
eggs, reducing its fish quality. The most effective doses
of pituitary glands during the decisive injection for female oarsmen (at optimal spawning temperatures)
should be considered 6-7 mg / kg. At water temperatures below 13–14 ° С, doses of about 8 mg / kg are
recommended. When working with very well-prepared
female oarsmen, when the water temperature rises to 18
° C, the interval between injections can be reduced to
12 hours, and the dose of the decisive injection of the
pituitary gland is reduced to 5–5.5 mg / kg. To stimulate
the maturation of males, one pituitary injection is sufficient. A suspension of acetonized sturgeon pituitary
glands (3–4 mg / kg) is administered before the decisive
injection to females [10].
At a water temperature of 14–16 ° C, females mature in 21–24 hours, and at a temperature of 17–19 ° C
in 18–21 hours after the decisive injection. The decrease in water temperature has a negative effect on the
course of maturation: delays ovulation, sometimes (in
conditions of a sharp decrease in temperature) damages
oocytes.
Due to the lack of sturgeon pituitary glands in Russia, the drug surfagon was tested to stimulate the maturation of the otter. Females responded positively to hormonal stimulation and obtained benign eggs
In other experiments conducted in Russia, acetonized cartilage of carp and bream was used to stimulate
the maturation of the otter. The experiments also gave
positive results.
One of the ways to improve the technology of artificial reproduction of sturgeon-like fish is to develop
methods for managing the seasonality of their reproduction, which allows to obtain offspring in a convenient time for fish farming. Studies have established the
fundamental possibility of controlling the sexual cycle
of the oarsman and obtaining full-fledged offspring in
the period from December to June [4].
Due to the special value of otters, as in the work
with other sturgeons, it is recommended to use a lifelong method of caviar selection by removing it through
an incision in the abdominal wall [3].

To simplify the process of obtaining sexual products, it is proposed to use a special technological table
for fixing female oarsmen and lifelong production of
eggs from them. With this method of caviar selection
there is also no need to anesthetize the offspring [8].
Good results were obtained during lifelong selection of eggs by trimming the oviduct in female oarsmen. In this way, only the eggs of the state of complete
ovulation are obtained, which has a positive effect on n
quality [1]. Recently, this method of caviar selection
has become the main in the artificial reproduction of the
otter.
In 1 g of otter caviar there are on average from 90
to 140 eggs. With age and increasing weight of fish, the
weight of eggs increases. In females of ten-year-olds
(weight of one egg 7.9 mg) and females of sixteen rivers (weight of one egg 8.6 mg) the number of eggs in 1
g of caviar decreases from 126 to 97 pieces.
It is established that the fertility of females depends on their weight and housing conditions. In fish
weighing 10 kg the working fertility is 100 thousand
(75–155 thousand) eggs, in fish weighing 19 kg this figure increases to 249 thousand (153.4–361.4 thousand
eggs). Up to 500,000 pieces were obtained from individual large fish. eggs.
Milk in males is expressed by light massage, abdomen or through a catheter. Sperm in most cases, watery, whey color. Sperm concentration is 0.45–0.8 billion / mm3, less often 0.9 billion / mm3. The average
volume of ejaculate is about 70 ml. The fertilizing ability of sperm at a water temperature of 14 ° C is maintained for 5-8 minutes. When storing drained semen, it
retains its fertilizing ability in the refrigerator for more
than a day.
Insemination of caviar is carried out, as during the
artificial reproduction of sturgeon, in a semi-dry way.
Before insemination, the cavity fluid is drained from
the vessel with the caviar.
For degreasing of caviar use a suspension of talc
(100 g of talc, 9.5 g of salt per 10 liters of water). The
process of degluing paddle eggs in a suspension of talc
lasts about 40 minutes [10].
Other mixtures of disinfectants used in sturgeon
farming, in particular a suspension of river silt, are also
recommended for decontamination of fertilized otter
caviar. However, after treatment of eggs with a suspen-
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sion of silt on the surface of their shells there is an increase in the number of bacteria, increases the degree
of exposure to the pathogenic fungus saprolegnia [2].
Paddle eggs are incubated in the same apparatus
as sturgeon eggs (Yushchenko's apparatus, "Sturgeon"). Weiss devices can be used to incubate eggs after transportation. Up to 250,000 eggs are loaded into
one Yushchenko's apparatus. Up to 1.5 kg of caviar 150-180 thousand eggs - are loaded into one tray of the
Sturgeon device. No more than 40,000 eggs are incubated in the Weiss apparatus. Direct sunlight should be
avoided.
It was found that for the normal development of
paddle-bearing embryos, the concentration of dissolved
oxygen in water should be maintained at 8–10 mg / l.
With its reduction beyond 5 mg / l, the embryos of the
otter begin to experience oxygen starvation, which can
cause disruption of the processes of formation of systems and organs, the emergence of a large number of
ugly individuals and the death of embryos.
The optimum incubation temperature of eggs is in
the range of 14–18 ° С. The period of embryonic development is characterized by a minimal zone of tolerance,
the upper pie temperature for paddle-bearing embryos
only slightly exceeds 21–22 ° С. At low temperatures
(10–11 ° С) the development of embryos slows down
to 300 hours and more, the period of hatching of free
embryos is significantly prolonged. About 50% of embryos die before hatching, 25% have various defects
and later most of them die. Temperature 8 ° С - lethal
for oarsmen. At this temperature, a limited number of
eggs are fertilized, but its development stops before
gastrulation. The most dangerous effects of extreme
temperatures are in the early stages of embryonic development. In the future, the thermoresistance of the
embryos of the oar gradually increases, while slightly
expanding the range of favorable temperatures. Shortterm exposure to extreme temperatures during the second half of embryonic development was less dangerous, after the cessation of the adverse effects of adverse
temperatures in a significant part of the embryo normal
course of embryogenesis. Depending on the water temperature, hatching of free paddle-bearing embryos is
observed 5–12 days after loading the devices.
The study of osmoresistance of oar-bearing embryos showed that caviar normally develops in water
with salinity up to 3 ‰. The survival of embryos under
favorable other environmental factors is about 90%.
Studies of the influence of the hydrogen index
(pH) of water on the embryogenesis of the otter allowed
to establish that the optimal development of eggs is possible in the range of pH 6.5–7.8. At pH 5.5–6.0, no
more than 40% of embryos survive. In an alkaline environment (pH 8.2–8.7), only 30% of free embryos
emerge from the eggs, most of which can develop normally in the future. In a more alkaline environment (pH
9.0–9.3) the eggs swell and soon burst.
However, there are literature data from which it
follows that the absolutely lethal effect of the aquatic
environment on the embryos of the oar occurs at pH =
10 and partial at pH = 9.5.
During the incubation, preventive treatment of
caviar with dyes (purple K, malachite green, methylene
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blue) is carried out. The treatment is carried out starting
from the second day of incubation - 2 times, exposure
15-20 minutes. The concentration of violet K-10 mg /
l. Caviar can also be treated with formalin: concentrates, 1: 500–1: 1000, exposure 15 minutes [10].
The output of free oars embryos from the shells is
quite stretched. The length of the hatching period
causes differences in the size and development of free
embryos. Even at a water temperature of 17 ° C (optimum), the duration of the hatching period of free paddle-bearing embryos can reach 40–50 hours [7].
The yield of free embryos from eggs of normal
quality, incubated in favorable environmental conditions, is usually at least 90%. The number of ugly forms
does not exceed 10-15% [5].
Studies show the possibility of transporting fertilized otter eggs in the last stages of development in
plastic bags with water and oxygen. To do this, use
standard plastic bags, which are used to transport fish
larvae and fry. At the rate of loading of 0.5 kg of caviar
per package and the duration of transportation of 9–12
hours, embryo departure does not exceed 0.5% [2].
Of interest is the experience of transporting fertilized otter caviar from Russia to Cuba. The total duration of transportation of caviar reached 23 hours. The
temperature of the water in the transport tank was 14 °
C. The eggs were incubated in the incubation section of
the "Sturgeon" apparatus. No disturbances in embryo
development were observed during the incubation period of the eggs. The duration before incubation of eggs
(stage 31-36) at an average water temperature of 19.3 °
C was 46 hours. The yield of imported caviar was 94
%.
The age of transition of otter larvae to exogenous
food depends on water temperature. At a temperature
of 20–22 ° С larvae begin to actively feed in 152–112
hours after hatching, in 17ºС - in 225 hours, at a temperature of 12–14 ° С the duration of transition to exogenous feeding increases to 360–480 hours. The favorable temperature during the period of keeping free
embryos is in the range of 17–22 ° С, and the survival
before the larvae switch to active feeding is 90–95 %.
At a temperature of 12–14 ° C, the survival of free embryos is significantly reduced, the main death (up to
65–95%) is observed before the loss of the yolk plug.
In free paddle-bearing embryos, the upper water temperature thresholds are about 25–26 ° C. Prolonged aging of free embryos at higher temperatures is unacceptable. At a temperature of 31–32 ° С, vital activity
is suppressed and all free embryos die quickly [6].
As for the embryos in the eggs, for free paddle embryos the optimal concentration of dissolved oxygen in
water is at the level of 8–10 mg / l. The oxygen content
in the water below 5 mg / l has a detrimental effect on
the larvae [9].
Free paddle-bearing embryos feel good in water
with salinity up to 3 ‰, and after anterior gradual adaptation - at salinity up to 4 ‰. Survival under such
conditions is about 80%. The duration before the larval
period at a salinity of 4 ‰ increases per day compared
to the control (at a water temperature of 17Cº). More
than 60% of free embryos die in water with a salinity
of 5 ‰, and 100% in salinity of 6–7 ‰ [6].
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Anomalies in the embryonic development of the
oar can be divided into several groups [7,9]. The first is
disorders associated with polysperm fertilization of
eggs. They are manifested in the unnatural fragmentation of embryos in the early stages of development. Under conditions of strict compliance with the technological requirements of artificial reproduction, these violations can be avoided.
The second group of anomalies is a violation of
the gastrulation process. As a result, the embryos developed asymmetrically, had disorders of the main department and axial organs. Usually this type of violation is associated with adverse conditions during the incubation period: hyperthermia, overload of incubators
and, as a consequence, a significant deterioration of the
gas regime.
The third group of developmental anomalies is
caused by poor initial quality of eggs, which is primarily due to unsatisfactory conditions for keeping and
feeding the brood, does not depend on the incubation
conditions. Embryos are lethargic, react weakly to mechanical stimuli, which indicates a violation of neuromuscular motility. Subsequently, weakened embryos
die.
It is not necessary to plant for rearing in ponds not
under the grown-up larvae of a paddle-nose - results of
such rearing happen rather unstable (an exit under the
grown-up youth varies in considerable limits - from 0
to 42,5% and in most cases does not exceed 10%) [5].
Much more reliable is the rearing of otter larvae in
flowing pools and trays of fish farms [7].
Positive experience in the rearing of otter larvae
was obtained, in particular, in the Astrakhan region of
Russia at the Alexander Sturgeon Fish Farm.
The results of experiments at this and other sturgeon plants in the Astrakhan region showed the possibility of using for the purpose of rearing larvae of paddlefish, in addition to concrete daphnia pools and installations with closed cycle water supply elements of
various structures, as well as plastic pools (LPL, ICA2) and installed in trees 1.5x2x1m gardens covered with
a mesh made of stainless steel, brass or kapron with a
mesh size of 1–2 mm. Comparative analysis revealed a
significant dependence of the results of growing on water temperature. Where at the time of rearing the temperature was higher, the growth and survival of fish increased [10].
According to researchers, the most acceptable water temperature for the growth of otter larvae should be
considered 20-24 ° C. With its increase to 26 ° C, the
growth rate of larvae increases, but at the same time
significantly increases the cost of feed per unit of
growth and reduces the survival rate of fish.
Further increase in water temperature is unacceptable. The upper threshold survival temperatures of
otter larvae approach 32–33 ° С. Recently, Amur-type
devices have been successfully used to grow paddle larvae to a weight of 200–300 mg. The obtained data show
that the rearing of young oarsmen weighing up to 300
mg in Amur devices using LK-5 type feeds will be able
to obtain satisfactory results of the initial planting density of larvae in the range of 25–50 specimens / m³ and
water exchange of 15–20 l / h. After the young reach a
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weight of more than 250-300 mg, it is necessary to
carry out sorting and thinning of plantings. The best
fish-breeding results when raising young otters from
250–300 to 1500 mg were obtained at a planting density of not more than 5 thousand units / m³ and water
exchange of 18–20 l / min.
Recently, Russia has developed artificial starter
feeds for young young otters. It is also established in
principle the possibility of rearing otter larvae on starter
feed intended for other fish species, in particular, the
recipe LK-5 (for young salmon), as well as on feed mixtures based on fish, minced meat [11].
At the beginning of rearing, in addition to artificial
feed, it is desirable to feed the larvae and live zooplankton organisms, the share of which in the diet is subsequently gradually reduced [10].
When choosing artificial starter feed, keep in mind
that paddlers most actively eat food while they are in a
suspended state. 3 bottoms of fish feed are reluctantly
taken. Therefore, the most suitable for otter larvae are
feeds with neutral buoyancy, ie those that can stay for
a long time in the water column.
An urgent issue is to increase the productive effect
of feed through the introduction of additional biologically active substances that promote digestion. This
problem acquires special significance in the manufacture of starting feed mixtures for early young fish, in
which the enzymatic activity of digestive processes is
still quite limited. For this purpose, the drug SGOL was
tested in Russia during the rearing of young otters on
the starting feed of domestic production. Created on the
basis of whey drug SGOL (whey hydrolyzed enriched
with lactates) is a biologically active and environmentally friendly product recommended for feeding to
young growing animals.
Experiments on the use of the drug in the form of
feed additives were carried out in production conditions
on the background of feed LK-5 and Art. Paddle larvae
were fed by hand - 30 times a day. For experimental
purposes, a liquid form of the drug was used, which was
dissolved in oil during its addition to the feed in such a
way that the level of crude fat in the feed was 14–16%.
SGOL was used from the first days of feeding fish. The
results of the experiments showed that the addition of
the drug SGOL in these feeds had a positive effect on
the main production indicators - significantly increased
the viability of young paddlefish and significantly reduced feed costs per unit of fish growth. This tendency
was especially clear when using less suitable action of
young oarsmen. Thus, in the variant of feeding SGOL
with food Art.-4 Az, the survival of larvae increased
from 13 to 61%, and feed costs decreased from 8.4 to
1.8 units per unit weight gain of fish [2].
One of the obstacles to the development of factory
reproduction of valuable fish species is the deterioration of water quality. The way out of this situation, in
addition to taking a set of vigorous measures to reduce
anthropogenic pressure on water ecosystems, should be
sought in the use of new technologies and trends in aquaculture, for example, in the use of incubation and
rearing of young most valuable fish farms. water supply
cycle (UZV), which allows to control not only the ther-
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mal but also the chemical regime of the aquatic environment. According to the experience of using ultrasound, in the reconstruction of incubation shops for a
closed cycle of water supply by optimizing the conditions of embryogenesis and suppression
saprolegn fungi with low concentrations of inhibitors, it is possible to increase the survival of one-day
sturgeon by at least 20–30% compared to the actual results [10].
The technology of growing paddlefish to a weight
of 1-2 g in plants with a closed water supply cycle was
developed at the All-Russian Research Institute of
Freshwater Fisheries [9].
Transportation of otter larvae is carried out in plastic bags with water with oxygen at a planting density of
non-grown larvae (weight 10-20 mg) and duration of
transportation up to 24 hours - not more than 15 thousand copies per standard package, young weighing 100
- 150 mg - not more 400–500 copies per package.
When growing paddle-bearing planting material
in ponds, the level of overall productivity depends on
the structure of polyculture, the quantitative ratio of individual species in polyculture, the quality of the original planting material (larvae, fry), the development of
natural fodder base and so on.
The main competitor in the diet in the first year of
life for the oarsman is the variegated silver carp. The
most successful object for the joint cultivation of this
year is the white silver carp, with which the competition
of the oarsman is the least. In the case of a limited
amount of source material, you can use the monoculture
of this rowing [8].
In the production conditions of fish farms in the
steppe zone of Russia, the yield of this year paddlefish
when grown in polyculture with the same age groups of
herbivorous fish, buffalo and catfish on a natural feed
base, usually is: from stocking larvae weighing up to 30
mg - not more than 8.5%; from grown to 100-300 mg
of young - about 30%; from fry weighing 600 mg - up
to 60%. Fish productivity on the oar carrier is from 100
to 300 kg / ha with the total fish productivity of 700–
800 kg / ha and the average weight of this year's oar
carrier is not less than 100 g. the formation of repairuterine herds of paddlefish was first started in the conditions of pond farms in the east of the country (Donrybkombinat) simultaneously with similar works in the
south of Russia. However, later in the period of various
deterioration of the gas regime of winter ponds with
older age groups of repair young, this valuable breeding
material was unfortunately lost [11].
Later, the work on the formation of the original repair and uterine material of the oar was carried out by
the joint efforts of fish farmers, practitioners of fisheries enterprises of the south of the country and scientists
of Kherson State Agrarian University under the leadership of Professor IM Sherman.
Among the producers one of the main executors of
these works was Onuchenko OV The basis for the formation of breeding material on the basis of the Odessa
regional fish factory (now a closed joint-stock company
"Odesaribhosp") were fertilized caviar and otter larvae,
imported during 1991-1993 from fish farms in the
Krasnodar Territory of Russia. In 1996, fertilized otter

15
caviar from the Krasnodar Territory was also imported
to the Dnieper Production and Experimental Sturgeon
Fish Farm of Pivdenrybvod (DVEORZ) in the Kharkiv
Region. In 1997, a consignment of fertilized caviar
from the United States arrived there. In the latter case,
the material suffered significant losses due to adverse
conditions and long transportation times.
Experimental work with oarsmen in the following
years at the specified enterprises consisted in formation
of initial uterine herds in the conditions of pond maintenance. In particular, in the conditions of the Yaska section of CJSC "Odesarybhosp" the indicators of the environment, against the background of which the different age groups of the introducer were grown, were
generally satisfactory, which allowed this year to reach
an average weight of 298 g, two-year-olds - 1600 g,
three-year-olds - 2200 g. water temperature to 28–30ºС,
as well as reducing the content of dissolved oxygen in
water to 1.7–2.2 mg / l. The departure of fish of older
age groups during the feeding period did not exceed a
few percent. Fish overwintered with the same minimal
losses. The individual weight of eight-year-olds ranged
from 7.9 to 14.2 kg. Mature rowing males in the repair
herd began to appear from the age of six.
In 1998, in order to increase the reliability of
preservation and eliminate the possibility of negative
accidents formed in CJSC "Odesarybhosp" repair material paddle at the age of eight was partially transferred
to the ponds DVEORZ and fish farm "Mountain Tikich" JSC "Cherkasyrybhosp".
In the spring of 2001, individual ten-year-old female oarsmen with stage IV ovarian maturity were detected with the help of pike gonads at all fish farms,
which became the basis for their experiments on artificial production of offspring.
The first attempts to artificially reproduce the
oarsman in the south of the country were unsuccessful.
At the Dnieper Sturgeon Plant and Odesarybhosp
CJSC, 14 females with an individual weight of 9–13 kg
were selected for work. A small amount of low-quality
caviar was obtained from the four fish, which, according to the authors, was due to the use of females of the
first maturity. The fertilization rates of eggs did not exceed 20%, followed by complete death of embryos.
In fish-breeding works of 2002 in the conditions
of DVEORZ the attempt of artificial reception of posterity from for the first time mature eleven-year-old females of a paddler was successfully realized. Stimulation of fetal maturation was carried out by glycerol extraction of sturgeon pituitary gland, dry activated
sturgeon pituitary glands and Surfagon. The best results
were obtained by stimulating the maturation of the offspring with the drug "Surfagon". After the period of incubation of caviar in “Sturgeon” devices and rearing of
young to an average weight of 1 g in ICA-2 pools, a
certain number of rowing boats was grown in two
ponds with an area of 2 ha each [2].
The first positive practice of artificial reproduction
of the otter in Ukraine can be considered conducted in
2001 and then successfully repeated in 2002 experiments on the basis of the farm "Mountain Tikich" OJSC
"Cherkasyrybhosp". In contrast to the experimental
work carried out in the conditions of DVEORZ, which
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year's oarsmen reached an average weight of 490 g for
a survival of about 28% [3].
In the domestic literature there are different statements about the feasibility of the introduction of the
oarsman in different types of continental reservoirs of
Ukraine (cooling reservoirs, lakes, estuaries, estuarine
systems of the Dnieper, Southern Bug and Dniester).
However, these works have not yet begun, and their
practical implementation requires the preparation of appropriate aquaculture and biological justifications [6].
The analysis of literature sources also allows us to
state that at the moment the work with the oarsman in
Ukraine was at the initial stage of development and was
mainly limited to the formation of the original repair
and uterine herds.
It is also possible to draw conclusions about the
significant potential for the introduction of this North
American sturgeon-like fish into the waters of Europe,
due to the similar climatic conditions of the two continents and the diversity of their faunal complexes.
The aim of the study. The purpose of writing this
work is to study the latest technological operations in
the factory reproduction of the oarsman in the conditions of this farm, to study the influence of various factors and temperatures on the final indicators of productivity and economic efficiency.
Research methodology. The study was conducted on the basis of the experimental farm LLC WG
"Mercury" Vinnytsia region.
The whole herd of carp broods grown on this farm
served as biological material for research.
The broods on the principle of groups of analogues
were formed into two experimental batches depending
on the readiness for spawning and incubation time, on
which the studies were conducted, which are given in
table. 2
Table 2
Scheme of the experiment with the oarsmen
Quantity, copies
Researched indicators
females
males
fertility of females and males.
3
3
fertility of caviar, the release of pre-larvae after
3
3
incubation and release of larvae after incubation
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belongs to the specialized enterprises for the reproduction of sturgeon-like fish, research at JSC "Cherkasyrybhosp" was carried out in the conditions of a normal full-system pond economy. This circumstance deserves special attention in view of the further expansion
of the scale of introduction of paddlefish in the aquaculture of Ukraine. On the basis of the farm "Gorsky
Tikich" in recent years, research has also been conducted on the rearing of young paddlefish to viable cultivation of this year in polyculture with traditional objects of pond fish farming. The first in Ukraine marketable products of the oar carrier were received. The
results of these studies are covered in the dissertation of
Onuchenko OV [1].
In addition to data on the cultivation of otters in
farms in the south and central part of the country, the
literature contains information on the cultivation of otters in the Sumy region. Floating gardens with a volume
of 1 m³ (1.5 × 1 × 0.7 m), made of nylon sieve with a
mesh size of 0.7–0.8 mm, were used in experiments on
rearing the larvae of the otter on the basis of Sumy of
OJSC Sumyrybhosp.
Free paddle-bearing embryos aged 5-6 days were
brought from the Gorsky Tikich fish farm.
Short-term rearing of larvae, lasting 7 days, was
carried out in gardens set up in a specially prepared
winter pond with an area of 0.8 hectares. The planting
density of larvae in gardens was 1.2–1.3 thousand specimens / m3. The larvae were fed live zooplankton organisms (mainly daphnia). At the end of the rearing period, the average weight of larvae increased to 31.5 mg
with a survival rate of 80%. The cultivation of this year
was carried out in the same pond where the young were
grown with an initial planting density of 2.5 thousand
specimens / ha. At the end of the growing season, this

№ party

Breeders

1

oarsman

2

oarsman

The task of the experiment included:
A) Prepare the broodstock for spawning.
B) To study the technology of the factory method
of breeding oarsmen.
C) Analyze the influence of abiotic factors (temperature and annual regime) on the development of
eggs and larvae.
D) To give an economic assessment of the method
of factory reproduction of the oar and note the prospects
for its further use.
Unloading of wintering grounds and selection of
broodstock for fish farming was carried out according
to the plan of work of the incubation shop. Maintenance
of broodstock before spawning was carried out in ponds
according to regulations.
Hydrochemical regime of water during fish farming works corresponds to GOST.15 378.87. Mature
sexual products were obtained by the method of pituitary injections, developed by ML Gerbilsky.

Determination of oar fertility was performed by
taking and weighing on medical scales. Incubation of
eggs took place in incubators with a capacity of 10 liters, Weiss type.
Purification of water supplied to the incubation
shop was carried out using filters of the system AG Bolotov and IK Malytsky. The content of dissolved oxygen and water temperature was performed using a thermooximeter and a water thermometer.
The study of eggs was carried out in the laboratory, and the larvae were counted by the method of
Winner.
In the work on obtaining offspring, in addition to
traditional methods of factory reproduction of sturgeon,
special recommendations for artificial reproduction of
the oarsman were used. Mature sexual products from
female oarsmen were selected for life by squeezing
them through an incision of the oviducts [10].

POLISH JOURNAL OF SCIENCE № 31, 2020
During the fish-breeding works, the size and
weight indicators of the broodstock were recorded, the
efficiency of using different dosages of gonadotropic
substances was determined (acetonized pituitary glands
of sturgeon and bream, glycerol extract of sturgeon pituitary glands). The effect of changes in water temperature on the effectiveness of hormonal stimulation and
the duration of fish maturation was studied. In the
course of the experiments, the mass of the obtained caviar was determined by weight. The number of eggs in 1
g of eggs in order to determine the working and relative
working fertility was calculated from the breakdown of
unfertilized eggs 4-5 g
A biopsy with probe caviar sampling was used to
assess the readiness of females for reproduction. The
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state of maturity of oocytes was determined by the indicator (coefficient) of polarization of the nucleus L
(Fig. 1)
L=

А
,
В

Where: A is the distance from the nucleus to the
shell of the animal pole of the oocyte;
В - the greatest distance from the animal to the
vegetative pole
In order to assess the reproductive capacity of
males, the volume of ejaculate obtained and the duration of translational active sperm motility were determined.

Fig. 1 Schematic representation of an oocyte with a nuclear polarization index of 0.07
Insemination of eggs was carried out in a "semidry" way. Decontamination of fertilized eggs was performed in specially prepared devices by bubbling the
non-adhesive suspension (talc) with compressed air.
Caviar was incubated in "Sturgeon" devices. In order to
combat saprolegnia, the eggs were treated with the drug
"Purple K".
The percentage of embryo development was calculated at the initial stage of gastrulation and the stage
of motile embryo. To study the influence of water temperature on the duration and efficiency of incubation.
After hatching from the eggs of free embryos of
the oarsman before their transition to exogenous nutrition was kept in plastic pools ICA-2 (2x2x0.5 m), in
which the larvae were subsequently reared. Their yield
after hatching from eggs was determined by piecemeal
accounting during transplantation into pools.
Due to the need to obtain reliable information on
the dynamics of the main physicochemical and hydrobiological indicators of fishponds and experimental
ponds, systematic control of water temperature and hydrochemical parameters of the aquatic environment
was carried out. In order to obtain quantitative and
qualitative characteristics of phytoplankton, zooplankton and zoobenthos, sampling was carried out, the processing of which was performed in-chamber conditions.
Control of abiotic parameters of the aquatic environment was performed using common methods in fish
farming. Water temperature was measured using a water thermometer graduated by 0.2 ° C, the content of

dissolved oxygen in water was determined by the Winkler method and using a thermooximeter H-20-IOA.
Biological factors of the aquatic environment were
studied using generally accepted methods in hydrobiology [7].
Determinants were used to determine the qualitative composition of organisms in the feed base of fish.
Biomass calculations of organisms were performed according to the tables of their individual mass [6].
During the entire research period, 43 samples were
taken, processed and analyzed for complete hydrochemical analysis, 3.5 thousand measurements of water
temperature and 2.3 thousand determinations of the
content of dissolved oxygen in water were performed.
94 hydrobiological samples (23 phytoplankton, 55
zooplankton and 16 zoobenthos) were studied.
The digital material obtained as a result of the research was processed by statistical methods according
to standard methods [10].
The final evaluation of the efficiency of paddlefish
cultivation was carried out both on the set of fish-biological indicators and on the economic analysis of fishery results, which gave a convincing evidence of a
number of advantages associated with the introduction
of this unconventional fish farm in domestic pond aquaculture.
Research results. The effectiveness of measures
to introduce non-traditional fish farming facilities into
aquaculture, especially in the initial stages of their fishery development, largely depends on the organization
of their effective reproduction in controlled conditions
of farms of different types. At the same time, among
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In the process of transporting fish with an average
weight of about 1.5 kg were in the transport tanks of
live fish machines for 5-6 hours. with a load of up to 83
kg of fish per 1 m³ of water. The water temperature was
14–15 ° С. Transportation of breeding material took
place without leaving. Fish delivered to the northern region successfully withstood the unusually long winter
of 2007–2008 pp. [6].
In the spring of 2017, with the help of probe tests
of the gonads, individual ten-year-old female oarsmen
with stage IV ovarian maturity were identified, which
became the basis for their use in experiments on artificial production of offspring.
Mature rowing males in the climatic conditions of
the farm began to appear in the breeding herd from the
age of six (2013 p.). That is, at the beginning of the experiments to obtain offspring in 2017 in fish-breeding
works used the same age as females re-mature males of
the oar.
In the spring of 2017, experiments on the reproduction of the paddlefish were continued with the first
mature eleven-year-old females of the second wave of
maturation taken with the help of probe samples.
Dimensional and mass indicators of broodstock
selected for fish farming are shown in Tables 3 and 4.
The weight of females ten - and eleven years of age varied between 9.82-12.23 kg and 9.18-13.48 kg at the average values of this indicator, respectively 10.90 and
11.19 kg. Males identical to females (according to age)
weighed 7.52–9.72 and 7.92–11.19 kg (average 8.51
and 8.93 kg) - (Table 3).
Table 3
Dimensional mass indicators of females selected for reproduction
Indicators
Age group
decades (п = 5)
eleven years (п = 5 )
W (mass of fish), kg
М±m
10,90±0,34
11,19±0,44
min
9,82
9,18
mах
12,23
13,48
Cv,%
8,16
12,92
L (absolute length of fish), cm
М±m
min
117,61±2,09
121,32±2,06
mах
109,20
113,20
Cv,%
123,50
132,30
4,69
5,62
1 (body length), see
М±m
106,40±1,58
109,13±1,94
min
101,20
101,10
mах
112,10
120,20
Cv,%
3,94
5,90
С (length of the head with rostrum), see
М±m
min
43,33±0,46
43,41 ±0,60
mах
42,00
41,00
Cv,%
45,20
46,40
2,81
4,59
R (length of rostrum), see
М±m
28,63±0,55
29,07±0,51
min
26,50
27,10
mах
30,50
31,50
Cv,%
5,09
5,81
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the current problems of artificial reproduction of the otter, as a new object of commercial sturgeon farming,
the key tasks are the study - the reproductive status of
the broodstock and the development of biotechnology
for its reproduction in the factory. Given the priority for
domestic aquaculture pond direction of fish farming,
special interest is in solving these problems in the conditions of conventional carp farms equipped with tools
for factory production of fish offspring.
It is known that in the process of fish farming with
the first mature females of sturgeon, there are special
difficulties associated with the heterogeneity and poor
quality of sexual products, as well as significant differences in response to hormonal stimulation of their maturation. At the same time, due to the shortage of uterine
material and the peculiarities of the formation of the
genital system of the oarsman, such fish for a certain
period will predominate in the work on artificial reproduction of this species of fish in Ukraine. In this regard,
the experience gained in working with different-aged
mature otter females of different ages in our country
will be useful, the offspring of this North American introducer were obtained.
Fish-biological characteristics of broodstock. As
noted (see section 1.), the initial stage of formation of
the uterine herd took place in the south of the country
in the ponds of the Yaska section of the plant "Odesaribhosp", where at the age of two years the breeding
material of the oar was transported to the farm geographical area.
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These differences in body weight of fish of different ages do not fully reflect the average annual growth
of breeding material in the eleventh year of life, as
broodstock in fish farming was used selectively, taking
into account the degree of maturity of their gonads. At
the same time, it was noted that relatively small females
were the first to mature in the formed breeding decline.
Instead, females with an individual weight of more than
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13 kg were mostly still mature, which can be explained
by the well-known pattern of significant slowdown in
fish growth after reaching puberty. At the same time,
the analysis of the above values revealed differences in
size and mass indicators of age-old fish of different
sexes. The average weight of females was 26–28%
higher than that of males. The data are given below in
table 4.
Table 4
Size and mass indicators of males selected for reproduction
Age group
Indicators
decades (п = 5)
eleven years (n =5)
W (mass of fish), kg
М±m
8,51±0,35
8,93±0.35
min
7,52
7,92
mах
9,72
11,19
Cv,%
10,96
12,29
Cv,%
L (absolute length of fish), cm
М±m
min
113,80±0,69
114,55±1,36
mах
111,20
108,30
Cv,%
117,10
123,20
1,61
3,75
1 (body length), see
М±m
102,54±0,52
102,66±1,13
min
100,30
97,50
mах
105,00
109,50
Cv,%
1,35
3,49
С (length of the head with rostrum), see
М±m
min
39,67±0,56
40,13±0,38
mах
37,40
38,90
Cv,%
42,00
42,70
3,71
2,98
R (length of rostrum), see
М±m
26,23±0,36
26,59±0,27
min
24,50
25,60
mах
27,20
28,40
Cv,%
3,64
3,26

Females outnumbered males in average length (L)
by 3.8–6.3%, head length (C) by 8.2–9.1%, and rostrum
length (R) by 9.1–9 , 4%. The length of the stream from
the absolute length of the fish averaged 24.0–24.3% in
females and 23.0–23.2% in males. The length of the
rostrum from the body length of fish in females averaged 26.6–26.9%, in males 25.6–25.9%.
The identified patterns in the ratio of individual
body parts of fish of different sexes can be the basis for
further research using different age ichthyological material, the ultimate goal of which is to develop methods
for early life determination of the sex of the oarsman by
morphological parameters. As already mentioned, this
will be useful in the formation of special uterine herds
exclusively female, intended for the production of caviar.
Indicators of fertility of female oars that responded
to hormonal stimulation of egg maturation are presented in table 5.
The analysis of the given values of reproductive
indicators in the first mature females showed that fish

of both age groups were characterized by close indicators of the mass of the obtained caviar. They were
slightly higher (on average by 19%) in older and larger
females of eleven-year-olds. Their average weight was
11.35 kg. The average weight of ten-year-old fish from
which sexual products were obtained was 8% inferior
to older fish and amounted to 10.43 kg.
The average values of the number of eggs in 1 g of
caviar (according to the age of fish 126 and 133 eggs)
were also characterized by similar values. The slight
excess in eleven-year-olds was not associated with oocyte size and mass and may be due to the presence of
more fluid in the sexual products of younger fish.
Table 5 shows some advantages of eleven-yearold fish (on average by 25%) in terms of working fertility (according to the age of fish on average 70.77 and
88.77 thousand eggs). They also had a slightly higher
average relative fertility rate - 7.73 thousand eggs
against 6.80 thousand eggs in decades. The absolute
maximum of working fertility (115.43 thousand eggs)
was registered in eleven-year-old females with a body
weight of 13.48 kg.
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The best indicator of relative working fertility
(9.98 thousand eggs) was also observed in an elevenyear-old fish with a body weight of 10.32 kg, from
which it was possible to obtain 752 g of eggs (working
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fertility 103.02 thousand eggs). The lowest values of
fertility rates were characteristic of fish, from which
sexual products were selected only partially.
Table 5

Female fertility rates
Indicators
Mass of the received caviar, g
М±m
min
mах
Cv,%
Cv,%
Number of eggs in
1 g of caviar, pcs.
М±m
min
mах
Cv,%
Working fertility, yew eggs
М±m
min
mах
Cv,%
Relative working fertility, thousand eggs / kg
М±m
min
mах
Cv,%

With increasing age of fish, there was a slight increase in the size and mass of unfertilized eggs after
ovulation. The average values of the diameter of the
eggs of the examined broods ranged from 2.28–2.36
mm in decades and 2.31–2.44 mm in eleven years. The

decades (п = 3)

563,40±76,68
335,00
804,00
30,43

Age group
eleven years (n =3)
672,14±89,38
210,00
886,00
35,18

126,40±2,50
120,00
134,00
4,43

133,86±2,28
123,00
140,00
4,55

70,77±8,81
43,22
96,48
27,83

88,77±11,65
29,40
115,43
34,3

6,77±0,77
4,13
8,72
25,50

7,73±0,90
2,88
9,98
30,83

average weight of oocytes, according to the age of the
fish, increased from 7.6–8.0 mg to 7.7–8.3 mg (Table
6). At the same time, there was no clear dependence of
the diameter and weight of eggs on the body weight of
females within their age group.
Table 6
Size and mass indicators of unfertilized oocytes
Age group
Indicators
decades (п = 3)
eleven years (n =3)
The average diameter of the eggs, mm
М±m
min
2,31±0,02
2,38±0,02
mах
2,28
2,31
Cv,%
2,36
2,44
1,55
1,87
The average weight of eggs, mg
М±m
min
7,80±0,07
7,99±0,08
mах
7,60
7,70
Cv,%
8,00
8,30
2,03
2,75
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Significant differences were observed in the indicators of fish quality of sexual products and survival of
embryos during incubation of eggs obtained from
broods of different ages.
Among ten-year-old females, five individuals responded to hormonal stimulation with the maximum
dose of pituitary injections (8 mg / kg). The use of
lower doses of the pituitary gland was ineffective. In
two fish that were used in fish farming with a certain
delay (2.5 hours after the onset of ovulation of oocytes)
were visually detected signs of maturation of sexual
products. The eggs were greenish yellow and pale gray.
Individual oocytes were deformed with signs of destruction of the membranes. Sexual products are characterized by high fluid and mucus content. Carried out
insemination of caviar did not give positive results. In
the process of incubation of timely selected eggs, which
was visually assessed as of satisfactory quality, at the
stage of gastrulation the development of a certain hour
of embryos continued in the eggs obtained from only
two females. At the same time, the indicators of embryo
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development were 21 and 29% (working fertility of females, 43.22 and 96.48 thousand eggs, respectively).
Subsequently, before the stage of motile embryo, the
survival rate of embryos in the studied portions of caviar decreased to 13 and 11%, respectively, which was
62 and 38% of the development of embryos during gastrulation. As a result, 4.75 and 8.68 thousand specimens
were obtained from each of the females. free embryos
(6.72 thousand copies on average).
As already mentioned (see Section 1), in similar
experiments with ten-year-old female oarsmen of the
first year of maturation, conducted in 2016 on the basis
of fish farms in the south of the country, 4 individuals
out of 14 selected fish matured. The eggs were characterized by low quality with fertilization rates of less
than 20% and subsequent complete death of embryos.
Compared with ten-year-old females, eleven-yearold first-spawning offspring of the second wave of maturation showed better reproductive capacity in terms of
embryo survival and yield of free embryos per female
(Table 7).
Table 7
Survival rates of embryos obtained from eleven-year-old females (n = 3)
Indicators
Development of embryos at the stage Development of embryos at the stage Output of free embryos per female,
of gastrulation,%
of motile embryo,%
thousand copies.
М±m 40,83±6,87
М±m 33,17±6,22
М±m 40,83±6,87
min 22,00
min 17,00
min 22,00
mах 67,00
mах 58,00
mах 67,00
Cv,% 41,20
Cv,% 45,90
Cv,% 49,23

Eleven broods with an index (coefficient) of polarization of the nucleus of oocytes 0.08–0.14 (M ± m
= 0.10 ± 0.01), Cv = 22.32% were selected for fish
farming.
In the combined hormonal injection variant (acetonized sturgeon pituitary gland and glycerol extract of
sturgeon pituitary gland), six products of satisfactory
quality of the injected fish were obtained from six
broodstock. The use of bream pituitary glands in work
with female oarsmen was ineffective. One of the females used in fish farming was the last to be characterized by caviar overripeness, it was partially selected
(caviar weight - 210 g, working fertility 29.4 thousand
eggs). After insemination of this portion of eggs at the
fifth hour of incubation at an average water temperature
of 16.2 C, single live eggs were found. Subsequently,
on the second day of incubation (at the stage of gastrulation) live embryos in the examined eggs were absent.
In the process of incubation of eggs selected from other
fish at the stage of gastrulation, the indicators of em-

bryo development varied in the range of 22–67% (average 40.83%). Subsequently, before the stage of motile embryo, the survival rate of embryos in the studied
portions of caviar decreased to 17–58% (average
33.17%), which was on average about 81% of the development of embryos during gastrulation. As a result,
an average of 23.4 thousand specimens were received
per eleven-year-old female. free embryos, or 23.7% of
the eggs laid for incubation (average working fertility
of six females was 98.67 thousand eggs). The share of
beautiful postembryos in their total weight did not exceed 10% on average.
Some indicators characterizing the reproductive
properties of male oarsmen after pituitary injections are
given in Table 8. The average volume of ejaculate of
ten- and eleven-year-olds was determined by close values, respectively - 57.60 and 50.86 cm за, with fluctuations in individual values from 34 to 70 cm³. The bulk
of sperm in water retained the ability to actively move
for 220-425 seconds. (on the average 326 sec.) From
separate offspring sexual blows selected receptions.
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Indicators
Ejaculate volume, cm³
М±m
min
mах
Cv,%
Active movement
sperm, sec.
М±m
min
mах
Cv,%
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Table 8
Reproductive indicators of males
Age group
Decades (п=3)
Eleven years (п=3)
57,60±4,84
42.00
70,00
18,80

not determined

As a result, we note that the issue of fish quality of
otter caviar has been repeatedly discussed in the literature. In general, there is a general opinion about the low
quality of caviar in first-matured fish compared to respawning broodstock. In this regard, it was pointed out
that it is inexpedient to use females for the first time to
reproduce mature gonads [6]. Sharing the general opinion, we note that it is due to the use in fish farming for
the first time mature females of ten - eleven years of
age we were able to obtain the necessary number of viable young paddlefish to form a further group of repair
young this year and two years. You should also pay attention to the inherent sturgeon-like stretched in time
formation of the reproductive system. In females, depending on the individual characteristics of the organism, this process usually does not end at the same time
and can last for 2-3 years or more. In particular, less
than half of the females matured in the uterine herds of
the otter in Ukraine in the first two years. Moreover, the
offspring of the second wave of maturation were of better quality than those that matured at the age of ten.
Therefore, the question of the expediency of using in
fish-breeding works for the first time mature otters of
different ages, in our opinion, needs detailed clarification. At the same time, due to the scarcity and special
value of the oar-bearing breeding material, in order to
maximize its preservation, the youngest females of the
first wave of maturation, which are characterized by
low reproductive capacity, should not be used in fish
farming.
Of particular interest will be studies of the impact
of fish farming with first-matured females and the processes of resorption of mature sexual products in "unworked" fish on the subsequent reproductive properties
of broodstock.
Biotechnological aspects of artificial reproduction. Experiments on artificial reproduction of the otter
were based on the physiological method of obtaining
sexual products from the offspring with the use of hormonal drugs. Fish-breeding works were performed in
the conditions of the reproduction complex intended for
factory reproduction of carp and herbivorous fish with
completion of the incubation shop with the special
equipment recommended for incubation of sturgeon
embryos.

50,86±4,56
34.00
65,00
23,72

326,29±25,15
220,00
425,00
20,39

Taking into account the functional heterogeneity
of the reproductive system of first-time mature oarsmen, the primary attention was paid to the selection of
broodstock suitable for fish farming manipulations in
the optimal time; study of the peculiarities of hormonal
stimulation of maturation of sexual gonadotropic substances, in accordance with the conditions before
spawning of females and males. The favorable mode of
performance of a complex of biotechnical processes
connected with reception and maintenance of free embryos before their transition to exogenous food was
worked out.
Terms of fish farming, selection and pre-spawning
of broodstock. The presence of high-quality broodstock
and their use in the optimal spawning period are important elements of artificial reproduction of sturgeonlike fish. It is known from the literature that the broodstock of the otter in the spring become ready for spawning from the time of the onset of a stable average daily
water temperature not lower than 13–14 ° С. The optimal temperature is 16Cº. The calendar terms of fishbreeding work with oarsmen in farms that do not have
special devices for long-term keeping of fish in a regulated temperature largely depend on the climatic features of the region and weather conditions of a particular year.
In experiments conducted on the basis of the farm
LLC WG "Mercury" (forest-steppe zone) in the absence of thermoregulation of the aquatic environment
fish farming in 2016-2017 began in the near calendar
(last five days of April - the first five days of May), due
to similar weather - temperature conditions of the
spring period of both years. At the same time, in contrast to 2016, when the work was performed at a water
temperature of 17.0–19.5 ºС, in 2017 the experiments
were performed against the background of temperature
fluctuations in the range of 14.0–18.5 ° С. Fish-breeding work on obtaining mature sexual products of fish
was carried out in a short time, which did not exceed 67 days.
The fish-breeding manipulations were directly
preceded by the spring grading of the broodstock,
which was carried out at the end of March and in the
first days of April during the unloading of wintering
grounds. The oarsman was caught from wintering
ponds by a drag made of small-scale deeds. The fish
was carefully selected from the tow with the help of
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special large sleeves about 1.5 m long with a metal
hoop up to 40 cm. The selection of fish from fishing
gear was tried to be performed for as short a period as
possible, as long-term keeping of the oarsman in the absence of free movement in the water can negatively affect the respiratory function of fish. In order to avoid
injury to the broodstock, they should not be transferred
by holding the middle part and the end of the rostrum.
You can only hold the fish by the rostrum directly near
the head in the area of the mouth. During the inspection
of measurements, weighing and transport over short
distances (in adjacent ponds), the caught fish were kept
for a short time (up to 5-7 minutes) in large tarpaulin
stretchers filled with water. Their length should exceed
the body length of the broodstock (up to 1.5 m). That
is, for the successful evaluation of the movement of the
oarsmen, it is necessary to have special equipment that
exceeds the size of traditional tools, designed to work
with the carcasses of carp and herbivorous fish.
Transportation of oarsmen within the farm (duration of keeping in transporting containers up to 30–40
minutes) was carried out in live fish machines.
In order to collect individual fish - biological indicators, the markings of fish used in fish - breeding
works were used by trimming the fins.
For reproduction among females, fish with a convex, drooping soft belly were selected first. In males,
readiness for spawning was determined by the presence
of a wedding dress in the form of a rough ("pearly")
rash on the front of the body, in some offspring - also
by the fluidity of milk.
To assess the degree of completion of stage IV maturity of eggs used biopsy, followed by determination
of the rate of polarization of the nucleus in oocytes. To
do this, a special probe (Fig. 2) through a puncture in
the abdominal wall from the caudal part of the ovary
removed a certain number of oocytes (Fig. 3). The
probe was inserted into the abdominal cavity to a depth
of 5–6 cm at an acute angle (30 °) to the body surface,
which prevents damage to vital organs. Puncture of the
abdominal wall (even in the case of re-sampling for one
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month) did not harm the fish, the wound healed quickly.
Before sampling in order to avoid inflammatory processes in the body of fish, the probe and the puncture
site are disinfected.
Eggs were removed by biopsy for 1.5–2 min.
boiled in a test tube or glass of water. Hardened eggs
after boiling were cut with a sharp razor blade along the
axis from the animal to the vegetative poles [3].

Fig. 2 Probe for express analysis of the condition of
the gonads under us, the selection of the oarsmen (material - stainless steel, wire).
The animal pole of mature unfertilized eggs had a
noticeable pigment color: lighter in the center with dark
concentric rings (Fig. 4.3). By placing the nucleus under the binoculars with an eyepiece-micrometer, the degree of maturity of the eggs was determined, ie the
readiness of the female for fish farming.
It is known from the literature that the optimal
state of the caviar for work on artificial reproduction of
the oarsman is observed at a polarization index of 0.05–
0.07. In fish-breeding works it is recommended to use
females, in oocytes of which the polarization index of
the nucleus does not exceed 0.13–0.14 and is not less
than 0.03 [6].
In our experiments, positive results in obtaining
mature sexual products were recorded when using females with a nuclear polarization index in oocytes of
0.08–0.14.

Fig. 3. Paddle eggs removed from the gonad with a probe
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After the spring grading, small ponds that are easy
to catch (area 0.2–0.5 ha, depth 1.5–1.8 m) were used
for pre-spawning of oarsmen. Planting density of
broodstock did not exceed 100–200 specimens / ha.
Catching ponds was carried out using a tow with a partial discharge of water. Examination and final (re-) selection of broodstock for use in the spawning campaign
was carried out directly in the pond. For this purpose,
the captured broodstock was concentrated for a short
time in spacious commercial seedlings established in
the coastal zone of the reservoir. Intense water turbidity
was avoided at the place of concentration of broodstock.
To keep the brood after pituitary injections,
earthen ponds were used, which are used during works
on artificial reproduction of herbivorous fish (Fig. 4.4.).
Their area was 25–30 m2, depth –1.0–1.2 m. The ponds
were located next to the incubation shop, which greatly
simplified fish farming. They were divided in half by
mesh walls, which made it possible to sort the brood as
they matured. The stocking density of fish did not exceed 1 copy. on 4–5m2.
The water temperature between injections and receiving averages 17.7 ° C. During the period after the
decisive injection, its medium values were slightly
higher than after the previous one, 18.1 ° C and 17.6 °
C, respectively.
As a result, females with a higher dose of gonadotropin matured 12.5–15.0 hours after the decisive injection. At a total pituitary dose of 5.5 mg / kg, both of the
injected fish did not respond positively to hormonal
stimulation. In one of them, partial ovulation of a small
number of oocytes was detected.
In experiments with eleven-year-old female oarsmen, combined dry matter injections of acetonized sturgeon pituitary gland and glycerol extract of sturgeon pituitary gland were tested. Sturgeon pituitary with a dose
of 0.7–0.8 mg / kg body weight was used for the previous injection. During the decisive injection, 75–80 frog
units of pituitary glycerol extract were injected into one
female. Two females were injected with a suspension
of dry acetonated bream pituitary glands with a total
dose of 7.8–8.3 mg / kg. The interval between the first
and second injections varied between 24 and 26 hours.
In fish-breeding works, broodstock was used in
two batches, starting their hormonal stimulation from
25.04. and 29.04.2002 p. In the first case, the water
temperature between injections and caviar production
averaged 16 ° C. During the period after the decisive
injection, its mean values were slightly lower than after
the previous one, 15.8 ° C and 16.3 ° C, respectively.
At the same time, at the final stage of fish maturation
(during the last 3–8 hours) there was a significant increase in water temperature (from 14.5 to 17.0 ° C).
During the maturation of females of the second
group, among which were fish injected with bream pituitary glands, the average water temperature was 17ºC.
The mean values of water temperature during the period between the first and second injections were at the
level of 16.7ºC, after the decisive injection water temperatures were observed (on average up to 17.8 ºC).
In the case of combined gonadotropic injections,
the fetuses of the first group matured 15.5–21.5 hours
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after the administration of the decisive dose of the hormone. With increasing water temperature, the ripening
period of fish in the second group decreased to 13.5–
16.0 hours. Females injected with bream pituitary
glands did not respond to hormonal stimulation.
To stimulate the maturation of male oarsmen, a
single pituitary injection was used - suspensions of
pounded acetonized pituitary glands in saline were injected into the back of the fetal muscle one to three
hours before the decisive injection to the females.
Only sturgeon pituitary glands were used in experiments with ten-year-old broodstock. In 2002, gonadotropic effects of acetonated bream pituitary glands were
tested in male elephants for injection of eleven-year-old
fish along with sturgeon pituitary glands. In both variants of the experiments, the dose of pituitary injection
was determined by the number of fetuses used at the
rate of 40-50 mg of pituitary dry matter per individual.
Per kilogram of live weight, males of both age groups,
depending on individual body weight, received 4.2–5.3
mg / kg of dry matter of sturgeon pituitary glands (on
average 4.7 mg / kg) and 4.9–5.8 mg / kg of pituitary
bream (average 5.4 mg / kg).
As a result, males with signs of spawning readiness (mating attire) responded positively to pituitary injections in all cases except one fish out of four breamstimulated pituitary glands. In terms of the quality of
sexual products and the volume of ejaculate, the fetuses
injected with a suspension of bream pituitary glands
were generally not inferior to fish after gonadotropic
stimulation by sturgeon pituitary glands.
Intramuscular administration of penicillin to females and males (50,000 IU per fish) was used to reduce the likelihood of postoperative and post-injection
inflammatory processes.
It should be noted that previously there were no
difficulties in harvesting the pituitary gland of sturgeon.
In recent years, a sharp decline in the number of their
populations has created a problem of pituitary deficiency. In this regard, the task of finding substitutes for
sturgeon pituitary glands is becoming increasingly important. In our opinion, taking into account the analysis
of literature sources and practical experience of foreign
experts in the future, the greatest interest in hormonal
stimulation of maturation of oarsmen is associated with
attempts to use surfagon and spawning drugs of Russian production, synthetic ovulation stimulant of Hungarian production - ovopel and lutein. The advantages
of synthetic substitutes for natural pituitary drugs include the absence of foreign protein substances in the
form of remnants of pituitary membranes, which reduces the stress of the fetuses after drug administration,
as well as the possibility of long-term storage, lower
risk of hormone overdose and simplified preparation. It
is important that the main effect of synthetic gonadotropic substances is to physiologically stimulate the
production of their own gonadotropic hormones in the
pituitary gland of the fetus. It can be assumed that positive results of fish farming will be obtained with the
use of certain combinations of natural and synthetic
gonadotropic drugs. Further research on the use of natural pituitary preparations of carp fish species to stimulate the maturation of otters is also relevant.
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Returning to the discussion of biotechnical aspects
of artificial reproduction of oarsmen in our experiments, we note that to prevent injury to offspring, their
injection was usually performed in tarpaulins with water, and in some cases directly in earthen ponds used to
keep fish. This primarily applies to female oarsmen.
Taking into account the tendency of paddlefish females to the rapid maturation of ovulated eggs revealed
in the 2001 studies, in the further works the primary attention was paid to the timely determination of the initial stage of their maturation. Periodic inspection of
broodstock (every 1.0–1.5 hours) was started 5–6 h before the possible maturation dates, which were determined according to the graphs of the dependence of the
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maturation duration of oarsmen on the water temperature after the decisive injection.
It is known that recently, due to the aggravation of
the problem of uterine material deficiency, the preservation of the life of broodstock after the selection of
sexual products has become an indispensable technology for the conditions of effective artificial reproduction of sturgeon-like fish. This is especially true of
work with the least valuable items of commercial sturgeon farming, which includes paddling. There are several methods of lifelong selection of sexual products
from sturgeon. In our experiments, the most modern
method of survival was used.

Fig. 4. Trimming the oviduct of a mature female oar bearer
Milks from males were obtained without surgical
manipulations by light squeezing and massaging the
caudal part of the abdomen of fish with a slight curvature of their body. They tried to drain the initial portion
of yellow milk with a significant amount of urine and
not to use caviar in insemination works. The semen of
male oarsmen was mostly the color of whey, which is
characteristic of this species of fish.

Mature sexual products from the offspring were
selected in a clean dry container, excluding the possibility of contact with eggs and milk water and mucus
fish bodies (Fig. 5). 3-4 fish farmers were involved
in the process of extracting sexual products from the
broodstock. All work was performed under a roof that
protected sexual products from direct sunlight.
All "spent" fish, after a short stay in the ponds,
where they matured, were planted in ponds intended for
summer keeping of uterine livestock.

Fig. 5. The initial stage of selection of mature eggs after pruning the oviduct of female oarsmen
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The survival of female oarsmen, from which sexual products of different quality were selected, was 40
and 86%, respectively, among fish aged ten and eleven
years. The survival of males in the post-spawning period averaged about 85%. The departure of broodstock
was observed, as a rule, during the first week after fish
farming.
It should be noted that the lack of possibility of
thermoregulation of water during the work with the
broodstock had a negative impact on the mode of their
implementation, and directly on the fish farming results. Therefore, during the further expansion of work
on the formation and operation of uterine flocks of oarsmen, in order to optimize the process of pre-spawning
preparation of broodstock and obtaining quality sexual
products in a convenient fish season, it is necessary to
complete the breeders with long-term keeping fish in
controlled temperature. Similar problems can occur
during the stages of incubation of eggs, keeping free
embryos and rearing larvae.
Insemination, detachment and incubation of eggs,
keeping free embryos. Insemination of caviar was carried out in a semi-dry way, the biotechnology of which
was reduced to bulk operations. Sexual products from
each of the females and males were selected in separate
containers (eggs - in nylon bowls, semen in glassware).
The duration of storage of squeezed caviar until insemination did not exceed 15-20 minutes. Before performing the process, the accompanying cavity fluid was
carefully drained from the caviar bowls. To inseminate
each portion of caviar, we used the milk of 3-4 males at
a rate of about 10-12 ml of their total volume per 1 kg
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of caviar. The calculated amount of sperm immediately
before the insemination process was diluted in pure
pond water at the rate of 10–12 ml of sperm per 2 liters
of water. After rapid stirring, the resulting solution was
immediately poured into a bowl with caviar. Then caviar with water and milk for 3-4 minutes. mixed thoroughly with a whisk of goose feathers. During stirring,
several short stops (for 10-15 seconds) were made
when the eggs were at rest. The procedure of mixing
the eggs in the sperm solution was performed carefully,
with smooth movements, without pressing the eggs to
the bottom of the bowl. After that, the water and semen
were drained, and the eggs were carefully washed with
an additional portion of water. Attempts were made to
maintain the water temperature in the caviar vessels
during the fertilization process at the level close to the
water temperature in fish farms with broodstock during
maturation and in incubators, where the fertilized caviar was subsequently incubated. After washing the fertilized caviar immediately proceeded to the process of
its non-gluing.
Decontamination of fertilized caviar was performed in special devices by bubbling the non-adhesive
suspension (100 g of talc, 9.5 g of table salt per 10 l of
water) with compressed air (Fig. 6). The process of ungluing the otter caviar in talc lasted about 45-50
minutes. After that, the eggs were washed with clean
water and placed in an incubator. Sometimes at the initial stage of degreasing of caviar there was a necessity
of mechanical beating, by means of a crown of feathers
of separate eggs from walls of devices.

Fig. 6. Apparatus for degreasing caviar
The eggs were incubated in a modified Sturgeon
apparatus. In order to collect data on the results of incubation of embryos obtained from different broodstock, a corresponding portion of eggs was loaded into
each tray of the incubation apparatus. The incubator
was placed in a place protected from direct sunlight.
During the incubation, preventive treatment of caviar

with dyes (violet K and malachite green) was carried
out. It was performed starting from the second day of
incubation with an interval of 1.5–2.5 days (depending
on the quality of the eggs and the duration of embryonic
development). In the case of collection of dead eggs, its
number was counted in order to further determine the
yield of live embryos.
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Water exchange in the incubator per section
loaded with caviar was 2.1–3.2 l / min.
In order to stabilize the oxygen regime in fish
tanks during incubation of eggs and rearing of larvae
over the filter of the water intake of the incubation shop
in the pond of the settling tank was installed easy to
make aerator water.
This made it possible to maintain the oxygen concentration in the water supplied to the incubator at a
level of not less than 5.4–5.6 mg / l at minimal costs.
Other hydrochemical parameters of water during the incubation period of paddle-bearing embryos during both
years did not exceed the limits of fish-breeding norms.
The hydrogen pH of the water ranged from 7.1 to 7.9,
the permanganate oxidation and the total hardness of
the water were 8.1–14.3 mg O / l and 3.3–4.2 mg – eq./l,
respectively.
The water temperature during the incubation of
eggs varied between 13–19 ° С and was mostly at the
level of optimal values (15–18 ° С). The daily fluctuations did not exceed 2.0–2.5 ° С.
A clear dependence of the duration of embryonic
development of the nasal oars embryos on the water
temperature was revealed. The beginning of hatching
of embryos from eggs, depending on the water temperature, occurred on the sixth - eighth day of incubation.
Hatching was stretched in time and lasted up to 1.5-2.0
days.
In 2001, with water temperature fluctuations in the
range of 13.0–19.0 ° С (average 15.2 ° С), hatching of
free embryos began at 177 hours of incubation. In 2002,
during the incubation of eggs obtained from the first
batch of broodstock at a water temperature of 13.0–17.5
° C (average 15.4 ° C), the embryos began to emerge
from the shells at 164 hours of the embryos in the incubator. In the second batch of eggs, in which the development of embryos took place at a water temperature
of 15.0–18.0 ° С (average 16.8 ° С), this process began
143 hours after loading the incubator trays.
The length of the hatching period caused some differences in the size and development of free embryos.
The formation of more developed individuals in the future determined their earlier transition to active nutrition. Even at the highest water temperature (17–19 ° С),
the duration of the embryo exit process from the shells
lasted for 32–39 hours. In some cases, this process
lasted more than 45 hours.
Free embryos were kept in plastic pools before
their transition to exogenous nutrition, in which larvae
were subsequently reared. Long-term practice of such
works (using material of both local origin and imported
to the farm) has shown that in the event of spring colds
in the absence of equipment for water thermoregulation
can significantly worsen the temperature in fish farms.
The decrease in water temperature to 12–13 ° С could
be one of the main reasons for the increased waste of
free embryos (sometimes up to 40–60%) at the end of
the aging period and at the time of their transition to
active feeding, which is confirmed in the literature [4].
In the experiments of 2002, under a favorable temperature regime with water temperature fluctuations in the
range of 16–20 ° С, the maintenance of free embryos in
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the pools took place with a small waste that did not exceed 10–15%.
After being released from the shells and transplanted into the pools, the embryos make "candles" by
rising to the surface of the water and then slowly descending. The piglets have a dark pigment in the eyes,
a wide fin band is not yet differentiated into the rudiments of fins (Fig. 4.12.). the length of embryos is 8.04
± 0.10 mm (Cv = 6.44%) for body weight 9.58 ± 0.14
mg (Cv = 7.48%).
At an average water temperature of 17.3–18.4 ° С,
the majority of free paddle-bearing embryos prevailed
and switched to active feeding for 8–9 days in pools.
Given the long duration of the period of hatching of embryos from eggs and the resulting differences in their
development, feeding of larvae began 1.5–2.0 days before the transition of their bulk to exogenous nutrition.
During this period, the larvae become active, move
quickly in different directions of the water column,
sometimes in the process of capturing food organisms
make circular motions near the water surface. Their
length is 16.09 ± 0.14 mm (Sv = 4.38%). Characteristic
signs of the transition of larvae to active feeding are the
ejection of pigment plugs from the digestive tract and
the rotation of the ends of the tendrils forward towards
the edge of the head (Fig. 4.13). In the case of feeding
the larvae of living food organisms through the translucent abdominal wall of fish visible pigmented eyes of
captured crustaceans.
Thus, according to the results of the experiments
presented in this section of the work, it was found that
for the first time mature females paddle nose elevenyear-old in terms of reproductive capacity significantly
outweighed for the first time mature decades.
Ordinary breeders designed for factory reproduction of carp fish species are quite suitable for carrying
out fish-breeding works to obtain offspring of the nasal
paddle, which significantly expands the possibility of
fish farming in Ukraine. At the same time, an important
condition for improving the efficiency of such works is
the additional equipment of hatcheries with appropriate
equipment and the creation of water treatment systems,
which will optimize the oxygen and temperature regime in fish farms.
Some research materials in this section are published in professional journals.
Economic efficiency of the developed technology. At the present stage of aquaculture development,
one of the most important conditions for the successful
operation of sturgeon is the presence of mature offspring, from which you can get quality sex products and
viable offspring. However, in some cases significant
losses to the economy.
The economic efficiency of fisheries should be
considered to obtain the maximum number of products
per unit area at the lowest cost of labor and money under conditions of high quality products. In this case, the
main evaluation criteria, as a rule, are the amount of
profit and the level of profitability of this production.
Fish and fish products are a valuable and often indispensable food product that provides human needs
primarily for animal proteins, a wide range of vitamins,
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need to find the most economically efficient options for
the application of technological components of production. In this regard, an analysis of economic efficiency
was conducted, aimed at determining the best options
for reproduction, both in fisheries and in economic
terms. Given the lack of a stable pricing policy over the
years, conditional indicators of economic efficiency
were determined, with the conditional value of oarsmen
was adopted 600.0 UAH / kg, larvae - 500 thousand
UAH / 100 thousand units, the cost of 1 g. pituitary
gland - 5000.0 UAH. To simplify the calculations they
are made in terms of 100 thousand larvae obtained using various hormonal drugs (Table 10).
Table 10
Economic efficiency of reproduction of 100 thousand otter larvae
Indicators
Preparations
pituitary
reprogenol
Remuneration, UAH
15600
15600
Costs for hormonal drugs, UAH
3500
7600
Materials: oil products, UAH
5100
5100
Electricity, UAH
2500
2500
Working capital, UAH
4200
4200
Depreciation of fixed assets, UAH
125000
90900
Other expenses, UAH
2500
4100
Cost of goods sold, UAH
158400
130000
Sales price of 100 thousand larvae, UAH
500000
500000
Profit, UAH
341600
370000
Profitability,%
216
284
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a variety of trace elements and biologically active substances.
The economic efficiency of fisheries should be
considered to obtain the maximum number of products
per unit area at the lowest cost of labor and money under conditions of high quality products. In this case, the
main evaluation criteria, as a rule, are the amount of
profit and the level of profitability of this production.
The results of the technology of factory reproduction and cultivation of viable oarsmen in the economy
of Mercury WG LLC convincingly testify to the prospects of using this method. At the same time, given the
existing economic realities of today, there is an urgent

For the purpose of objectivity and reliability of the
analysis, the actual indicators of fishery activity in
terms of production costs and production costs obtained
on the studied farm were used.
In the analysis of research on the reproduction of
the oar by the traditional factory method in the economy, the main part of production costs, which determined the level of profitability accounted for wages and
fixed assets, as well as other costs associated with petroleum products and electricity.
Analyzing the indicators of economic efficiency
of reproduction of the otter, we can conclude that a significant part of the cost of larvae during reproduction
are labor costs with deductions for social costs (27.935.1% of the total). These costs combine the remuneration of fish farmers who carry out technological operations for the cultivation and feeding of broodstock,
with the remuneration of highly qualified specialists
who carry out reproduction in hatcheries. Since the reproduction of the oarsman by the traditional factory
method, the main work to control the maturation of females and the selection of sexual products and insemination of eggs are highly skilled workers, so up to 25%
are labor costs.
In second place in the cost part is the depreciation
of fixed assets, namely: the cost of growing oarsmen
and the purchase of devices for incubation of eggs, and
other facilities of the incubation complex.
Other costs include the cost of purchasing or procuring the pituitary gland and other working capital of
the incubation plant (plastic bags, refueling of oxygen
cylinders).

As a result, the profitability of obtaining 100 thousand larvae of otters with the use of reprogenol differed
significantly compared with the traditional use of carp
pituitary glands.
Conclusions and prospects for further research.
As a result of research on the latest methods of reproduction of paddlefish in the forest-steppe zone of
Ukraine, namely the impact of hormonal drugs on the
working fertility of females, the impact of abiotic factors on them, the conclusion is:
1. In the latitudes of Ukraine (Vinnytsia region 48-50 °) with the sum of temperatures of 1.8-2.2 thousand degrees days, the achievement of the IV completed stage of maturity of the gonads in the oarsman
lasts for 10-11 years.
2. On the example of this farm proved the possibility of organizing the artificial reproduction of the oar
on the basis of conventional carp farms.
3. Positive results in hormonal stimulation of maturation of sexual products of female oarsmen were obtained at a water temperature of 14-16 ° C with two hormonal injections with an interval of 24 hours.
4. Male oarsmen responded positively to a single
pituitary injection of reprogenol.
5. The level of profitability of factory reproduction
of the paddle with the use of the pituitary gland was
216%, with the use of reprogenol - 284%.
According to the research results, the following
suggestions can be made:
1. Due to the deficiency and breeding value of otters, dubious hormonal drugs should not be used, which
are characterized by low reproductive capacity and increased waste in the post-neurist period.
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2. For successful reproduction of the paddle, the
incubator should be equipped with devices to optimize
the temperature.
3. An important condition for the survival of otter
larvae is the development of methods for breeding forage crustaceans in controlled conditions.
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Abstract
Introduction: Rhabdomyosarcoma (RMS) is the most common pediatric soft parts sarcoma accounting for
almost 50% of all sarcomas in children ages 0-14. It can arise from any anatomical site but it is mostly described
in head and neck and genitourinary tract. Alveolar and embryonal RMS are the two most common histological
subtypes in children. In some cases however the mixed histological picture can complicate diagnosis.
Aim: Our purpose is to present a debatable case of rhabdomyosarcoma with both diffuse and alveolar histological component.
Case: We present the case of a 3 year old boy with submandibular swelling which at first was painful. After
antibiotic therapy with no effect the child was admitted into a hospital and an ultrasound revealed enlarged lymph
nodes in that area. After biopsy the histological slides revealed monomorphic rounded tumour cells with eosinophilic cytoplasm, diffuse growth in places and fibrous stroma forming nests in others. Immunohistochemically the
tumour cells were positive for Desmin and Vimentin. Negative markers were MyoD1, SMA, CD10, CK AE1/AE3;
Ki67, p53. An NTRK (neurotrophic receptor tyrosine kinase) test was done on the paraffin embedded block and
no oncogenic drivers of various adult and pediatric tumour types have been identified. CT reveals tumour with
primary parameningeal localisation with infiltration into the meso- and epipharynx and spreading into regional
and mediastinal lymph nodes. This classifies the RMS as IIIrd clinical stage- high risk group.
Conclusion: Identifying rhabdomyosarcoma and his subtypes is important because ARMS has an aggressive
course and is associated with a higher frequency of disseminated metastases. In recent years, genetic mutations
used to identify different types of rhabdomyosarcomas have been crucial for therapy, prognosis and histological
affiliation.
Keywords: Embryonal, Alveolar, Rhabdomyosarcoma, Parameningeal, Infratemporal Fossa.
Rhabdomyosarcoma (RMS) is the most common
sarcoma in soft tissues in children and adolescents with
4.5/1 million new cases every year in the USA. The
number of newly diagnosed cases in Europe is roughly
the same [1, 2]. RMS occurs during the first decade of
life in more than 50% of cases and the incidence is rising. After Wilms tumor it is one of the most common
neoplasms in children. It is localized in upper and lower
extremities, head, urinary tract and the organs of the reproductive system.
Alveolar RMS (ARMS) and embryonal RMS
(ERMS) are the two most common histological subtypes in children. They have different clinical and
pathological characteristics and results [3, 11]. ERMS
is being the most common soft tissue sarcoma in children, it represents approximately 4-8% of all cases of
malignant disease in children younger than 15 years
and 40% occur in the head and neck region.
Alveolar rhabdomyosarcoma (ARMS) accounts
for 20-30% of all rhabdomyosarcomas and roughly 1%
of all neoplasms in childhood. ARMS in children and
adolescents usually arises in the extremities and the
body and can be characterized by reoccurring cytogenetic replacement involving FOXO-1 and PAX3 or
PAX7 genes and the consecutive translocations t(2;13)

or t(1;13), while allelic loss on chromosome 11 is frequent in ERMS [5, 6]. Often the disease has already
spread to the regional or distant lymph nodes at the time
of diagnosis. Generally it has high tendency to metastasize and has worse prognosis than other sarcomas [3,
4]. In fact, 70% of the patients with localized disease
survive with conventional therapy including surgery,
radiation therapy and chemotherapy [4].
While Embryonal Rhabdomyosarcoma has better
results (5 year survival rate 82%), the alveolar subtype
of this tumor has worse prognosis (5 year survival rate
65%), which is probably associated with cytogenetic
aberrations which the latter type carries [3, 4].
Case report:
Three year old boy, born from a first pregnancy,
with normal development up to the moment, when the
symptoms were presented - swelling in the right submandibular region which was painful at first and inability to fully close the right eyelid. After an antibiotic
therapy with no effect and enlargement of the tumor
formation, the child is admitted into a hospital, where
an ultrasound examination showed enlarged lymph
nodes. A CT scan was performed which showed a tumor with primary para meningeal location which infiltrates the meso-epipharynx and involves regional and
mediastinal lymph nodes. Tumor assessment assigned
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it to a high risk group - III clinical stage. There were no
proofs of bone marrow or abdominal involvement. No
tumor cells were found in spinal fluid cytology.
The patient was sent to otorhinolaryngology clinic
for further diagnostics and tumor biopsy sampling. The
tissue sample revealed lymph node with metastasis represented by monomorphic, rounded tumor cells with
eosinophilic cytoplasm (Fig. 1 and 2). The arrangement
of the tumor cells in some places was diffuse with
small, round poorly differentiated cells from skeletal
muscle and in other places showed nests with fibrous
stroma (Fig 3). The fibro-vascular stroma is covered by
undifferentiated round cells which seem to peel off
from the septae (Fig 4). Other than, the zones with alveolar type of growth there were such with diffuse/solid
type. In our case the differential diagnostic difficulties
arose from the mixed cellular population with an alveolar and a diffuse/solid type of growth.
Positive Immunohistochemical markers were Desmin and Vimentin (Fig 5, A and B), and negative markers – MyoD1, Smooth muscle actin; CD10; CK
AE1/AE3; Ki67, p53.
Differential diagnosis is made with other lesions
which are more common in the Parameningeal site:
neuroblastoma, soft tissue type of Ewing sarcoma, undifferentiated small cell carcinoma and lymphoma.
The patient was deemed inoperable at the time and
a chemotherapeutic course was started on the CWS
2002 protocol for soft tissue sarcomas (Cooperative
Weichteilsarcom Studie CWS 2002) high - risk branch
CEVAIE (CEV - carboplatine, epirubicin, vincristine,
AIE (actinomycin, ifosfamide, etoposide). Further examination revealed parts of the lungs (more than two)
suspect for micro metastasis. They, as well as the primary tumor formation, responded well to chemotherapeutics and after the first courses of chemotherapy, the
tumor engages only muscles and epipharynx without
vascular vessels and mesopharynx. A treatment in a
clinic abroad was also carried out and up to January
2018 all the examinations proved no residual disease.
In April 2018 on MRI with contrast a relapse was diagnosed in the right infratemporal fossa. After several cycles of chemotherapy a new surgical excision was performed of the tumor and the histological result from the
obtained material showed hyalinosis and sporadic, single rhabdomyoblasts.
A new chemotherapeutic cycle was started according to VITA protocol (Vincristine, irinotecan and temozolomide - active against recurrent sarcomas) with
lesser response of the tumor to it. An STR (stereotactic
radiosurgery) with cyber knife was performed. The formation was greatly reduced and there was no local
blood vessels involvement. This allowed a radical surgery to be carried out with total removal of the primary
formation. After thorough histological assessment it
was concluded that there are no vital cells only fibrous
and hyalinized tissue with sporadic rhabdomyoblasts.
CT scan proved no residual tumor formation in the central nervous system and no lung micro metastases. Control MRI showed thrombosis of sinus sigmoideum and
a suspected relapse along the cystoma that formed after
the surgery. A dense formation behind the right mastoid
appeared which clinically was seen as paresis of both
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n. hypoglossus and n. glosopharyngeus on the right
side. A new anti-relapse course of chemotherapy was
started. An NTRK (neurotrophic receptor tyrosine kinase) test was done on the paraffin embedded block and
no oncogenic drivers of various adult and pediatric tumor types have been identified. Despite the mixed cell
composition, the negative genetic profile led us to conclude it is embryonal type of rhabdomyosarcoma. In the
course of the therapy was seen a progression of the formation. In the course of the therapy was seen a progression of the formation. Clinically it was presented with
vomiting, neck stiffness, bulbar paresis and progression
of the paresis of n. facialis on the right. Based on the
poor tumor response to chemotherapy CWS protocol
was started again.
Unfortunately despite the good initial response,
the disease progressed and the response to chemotherapeutics continually declined. The patient’s condition
kept worsening and he died at the age of seven.
Discussion:
Rhabdomyosarcoma (RMS) is the most common
pediatric soft parts sarcoma accounting for almost 50%
of all sarcomas in children ages 0-14 [7; 8]. Adolescents and, more rarely, adults, may be affected [9].
Stout and Lattes (1967) described adult and juvenile
forms of this condition both of which are highly malignant. The adult type usually occurs on the trunk or
limbs whereas the juvenile form is more common near
mucosal surfaces, especially in the head and neck [25].
A common misconception is that rhabdomyosarcomas
arise in skeletal muscle, but in fact many examples arise
in viscera such as prostate, urinary bladder, and
gallbladder, which are devoid of striated muscle fibers.
The head and neck RMSs are anatomically divided into
2 categories: parameningeal (including RMS of the
nose, nasopharynx, paranasal sinuses, middle ear, mastoid, infratemporal fossa and pterygopalatine fossa) and
non-parameningeal (including RMS of the scalp, orbit,
parotid gland, oral cavity, oropharynx, and larynx)
[26].
ERMS was most common in the youngest children
aged 0–4 years (42%), whereas ARMS was found nearly
equally distributed amongst all 4 age groups. Bimodal
age distribution was observed for RMS and ERMS, including a larger peak between ages 0–5 years and a
smaller peak in adolescence [21]. Rhabdomyosarcoma
is an aggressive malignant tumor. The tumor is composed of neoplastic mesenchymal cells, with varying
degrees of striated muscle differentiation with rapidly
growing local extensions including bony destruction
[23].
The main etiology of rhabdomyosarcomas lies in
the genetic mutations. Alveolar rhabdomyosarcoma is
associated with 2:13 or 1:13 chromosomal translocations, which generate PAX3-FKHR and PAX7-FKHR
fusion products. RMS is heterogeneous tumor who is
considered to arise as a result of genetic mutations in
the mesenchyme progenitors /stem cells which express
normal smooth muscle markers but show not-fully-differentiated muscle phenotype [10].
Histologically there are four subtypes amongst
which the embryonal and alveolar are the most common in patients under 20 years old while pleomorphic
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and spindle cell types can be seen in adults respectively,
with a peak in 4th 5th and 7th decades of life.
The different morphological features were recognized in the mid-1900s by Horn and Enterline who divided rhabdomyosarcomas into embryonal, alveolar,
botryoid and pleomorphic subtypes. [20].
Embryonal RMS subtype of the rhabdomyosarcoma (RMS) is soft tissue sarcoma family whose lineage derives from the undifferentiated mesoderm. It is
the most common subtype of rhabdomyosarcoma in the
pediatric and adolescent setting. Anaplasia is associated with TP53 mutations, p53 protein overexpression
and worse overall prognosis.
Embryonal RMS is common in children (0 - 4
years old) with a maximum reported incidence of 4
cases per 1 million children but can be identified at any
age [21]. Most common location is in the head and neck
region, including the nasal and oral cavities, as well as
the orbit and middle ear [13]. Also it is common in
the paratesticular soft tissues and the genitourinary
tract. Extremity involvement of the somatic soft tissues
is less common (< 9%). ERMS metastasizes to soft tissue, serosa, lung, lymph nodes and bone marrow. Most
cases occur sporadically with no genetic predisposition.
Embryonal RMS consists of four types of cells.
They are composed of primitive mesenchymal cells
that show variable degrees of skeletal muscle differentiation. Eosinophilic spindle cells are arranged in interlacing fascicles. They are moderately cellular but in the
typical pattern often contain both hypo- and hypercellular areas with a loose, myxoid stroma. Perivascular
condensations of tumor cells in the less cellular regions
are common. Sheets of small, stellate, spindled or
round cells with scant or deeply eosinophilic cytoplasm
and eccentric, small oval nuclei with a light chromatin
pattern and inconspicuous nucleoli are usually seen.
Some elongated eosinophilic cells are with cross striations. Rhabdoid cells may have elongated tails of cytoplasm (tadpole cells) and if densely cellular, resemble
solid alveolar rhabdomyosarcoma. Most ERMS cases
have allelic loss at chromosome 11p15 [27].
Botryoid RMC is a subtype of Embryonal RMS.
Histologically it is presented with mucoid or myxoid
matrix with scattered primitive mesenchymal cells and
has a high-cellular peripheral area, known as the cambial layer, which is recognized as a characteristic of this
subtype.
Alveolar RMS: Accounts for 20 to 30% of all rhabdomyosarcoma tumors and 1% of malignancies found
in children and adolescents. They affect the age group
10-25 years old. ARMSs derive from precursor cells
within the muscle. Several genetic recombination
events acting together cause the fusion protein, which
leads to dysregulation of transcription and acts as an
oncogene. Two fusion proteins can be associated with
alveolar rhabdomyosarcoma: ~60% of cases are positive for PAX3-FOXO1 fusion gene, 20% for PAX7FOXO1 fusion gene, and 20% are fusion negative
ARMS cases.
ARMSs commonly found in the head and neck region, male and female urogenital tracts, torso and extremities. 25 - 30% have metastases at the time of diagnosis, including bone marrow, bones, regional lymph
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nodes. They are represented by three types of cells: 1.
Aggregates of poorly differentiated round to oval cells
in irregular clusters or nests separated by fibrous septa.
2. Degenerated cells in the center show loss of cohesiveness and peripheral cells adhere in a single layer to
septal wall. 3. Sometimes multinucleated giant cells
can be seen and mitotic figures are common and bizarre.
Alveolar RMSs are divided into:
Classical subtype: It consists of alveolar type
spaces that contain desquamated small, round and
poorly differentiated skeletal muscle cells. The fibrovascular stroma is lined by undifferentiated round cells
and differentiating cells with abundant eosinophilic cytoplasm but only rare cross striations. The nests of neoplastic cells are arranged in alveolar spaces and the
amount of alveolar spaces present is not significant.
Cells adhere to the periphery of the alveoli. They have
hobnail or tombstone appearance. Arrangement may
look like a non-cohesive papillary pattern. Non-cohesive cells appear to float in the center. Multinucleated
giant cell forms may be seen. Nuclei usually are placed
peripherally, wreath-like.
Solid subtype: presented with sheets of neoplastic
cells. Nests are separated by thin fibrovascular septae
but alveoli are not seen. That is the reason, why this
subtype should be considered in differential diagnosis
with the ERMS. In contrast to solid variant ARMS,
dense cellular ERMS is characterized by variation in
cellular and nuclear size and shape within a tumor [31].
Diagnosis is based on immunohistochemical examination with Desmin, Smooth muscle actin, myogenin, MyoD1, PAX5, CAM 5.2, ALK1, P-cadherin,
P80 and genetic observations.
Strong, diffuse myogenin expression by immunoperoxidase stains has been shown to correlate with alveolar histology and poor outcome. ARMSs, including
the solid variant, typically show strong robust homogeneous expression with myogenin immunoperoxidase
stains, as compared with the relatively weak to heterogeneous pattern seen with ERMSs and have P3F or P7F
gene fusions. Even with myogenin immunohistochemistry, the most diagnostically difficult category remains
the dense pattern of ERMS, as it typically shows moderate (2–3+) myogenin expression, overlapping that of
solid ARMS [24].
Rudzinski et all., reviewed 255 original ARMS
cases (compared with a control group of 38 embryonal
ERMs cases) and revealed that many had an ARMS-like
densely cellular pattern with cytologic features and myogenin expression more typical of ERMS. Following rereview, 84 (33%) cases of original ARMS were re-diagnosed as ERMS. All reclassified ERMS, including
dense ERMS, were fusion negative, whereas 82% of
confirmed ARMS cases were fusion positive. Total
ARMSs diagnoses returned to historic rates of 25% to
30% of all rhabdomyosarcomas, and ARMSs decreased
from 37% to 18% of the cases. The outcome of reclassified ERMSs was similar to confirmed ERMSs [19].
Publications in the two articles give divergent results
for myogenin expression in ERMSs and ARMSs.

POLISH JOURNAL OF SCIENCE № 31, 2020
However, there was a “disturbing level” of discordant diagnosis (37%) reported for the ARMS subtype, which was thought to reflect poor recognition of
some of ARMS histologies [28]. For example, a solid
type of ARMS morphologically resembles ERMS and is
associated with a misdiagnosis rate of about 20% [29].
As they examined the incidence of RMS during the period of 1975–2005, the vast majority of diagnoses were
based on histology. Only within the last decade has the
biology of tumors been taken into consideration during
diagnosis relying on advances in immunologic and molecular methods. While immunologic studies are not
necessary to establish the histologic diagnosis in the
majority of cases, approximately one fifth of cases require such analyses in order to establish or confirm diagnosis [28]. Large proportion of RMS cases can be accurately classified by histology alone, the distinction
between tumors such as solid-variant ARMS and dense
ERMS may be particularly difficult in the absence of
genetic testing, which may not be available in some settings [24]. The application of molecular methods to detect translocations t(1, 13) and t(2, 13) characteristic for
ARMS is may be useful in confirming diagnosis [30]. In
our case the lack of mutation reclassifies the rhabdomyosarcoma as embryonal subtype.
Based on histological subtype there are differences in 5 year survivability between ERMS (82%) and
ARMS (65%) [12]. Not only that but patients with
ARMS (in the soft tissues) who have regional lymph
node involvement have worse prognosis (5 year survival rate 43%) than those who don’t have lymph node
metastasis. (5 year survival rate 73%) [17].
Parameningeal localization is associated with
worse prognosis in children with localized RMS. A
generalised study from European and North American
colleges analyzed 1105 patients with parameningeal localization in 10 studies treated between 1984 and 2004.
There was a significant difference in the condition of
patients who have had radiation therapy and those who
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haven’t (68.5% to 40.8%). The study also separates
these with good overall prognosis from those with bad
and also confirms the poor prognostic factors: age <3
and >10; signs of meningeal involvement, unfavorable
size and location of the primary tumor [18].
According to International Classification of Rhabdomyosarcoma, prognosis was expected as superior
prognosis for botryoid and spindle cell types, as intermediate prognosis for embryonal type and as poor
prognosis for alveolar & undifferentiated type of sarcomas [21].
The prognosis is different based on the histological subtype. Botryoid RMS has the best prognosis and
the worst - alveolar RMS. It depends on primary tumor
site, clinical staging and age of the patient. What is interesting about the case we present is the early onset of
the RMS (3 years old). After several cycles of chemotherapy and a complete tumor resection unfortunately
there was a relapse with very quick deteriorating in the
patient’s condition. An aggressive chemotherapy appropriate for alveolar RMS was started despite the negative mutation tests. After the many chemotherapeutic
cycles and several relapses the boy passed away at the
age of seven.
Prognostic factors which determine the outcome
of patients with RMS include age, initial site of the tumor, size, surgical resectability, metastasis, their number and tissues involvement, lymph node involvement,
radiation therapy in selected cases, the unique biological characteristics of the tumor cells and last but not
least the histological subtype [13-16]. In recent years,
genetic mutations to identify different types of rhabdomyosarcomas have been crucial for therapy, prognosis
and histological affiliation.
Acknowledgement: We would like to express our
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Georgi”, Plovdiv, Bulgaria for the documentation on
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Fig.1. Monomorphic round cells with eosinophilic cytoplasm, alveolar pattern. НЕх20.
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Fig.2. Rhabdomyoblasts with eosinophilic cytoplasm. НЕх40.

A

B
Fig.3. Metastases in lymph nodes. Alveolar structure with fibro-vascular stroma.
А) НЕх4; B) НЕх10.

Fig.4. Desquamated small, round, poorly differentiated skeletal muscle cells: Fibro-vascular stroma is covered
with undifferentiated round cells which peel off by the septs. HEx40
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Fig.5. Immunohistochemistry in rhabdomyoblasts: А) Vimentin x20. B) Desmin x20. Negative markers are
MyoD1, Smooth muscle actin; CD10; CK AE1/AE3; Ki67, p53.
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Abstract
The article discusses the effect of inhalation of highly concentrated oxygen on the state of the cardiorespiratory reserve during steady-state exercise.
Material and methods. Commonly, 25 aerobically untrained men were measured and tested. The subjects
measurable averaged to a mean weight of 76.8±15.6 kg, a mean height of 172.5±5.8 cm, and a mean age of 22.7±3
years. The variables that were measured and recorded were rating of perceived exertion (RPE), respiratory exchange ratio (RER), heart rate (HR), VO2 relative and VO2 absolute. After primary measurement, immediately
following their warm-up, the subjects self-administered five deep inhalations of the oxygen canister, containing
95% concentrated oxygen (Tesla's Secret by Eco Medical Europe Ltd Oxygen Breathing Mixture). The subjects
attempted to maintain veloergometry during inhalations.
Results. During the entire observation period, there was a lower perceived exertion at 8 minutes of observation, as well as a decrease in recovery time after inhalation of highly concentrated oxygen (p <0.05). While analyzing the heart rate before and after inhalation of highly concentrated oxygen, the increase in heart rate at 2, 6, 8
minutes of physical activity was less than similar indicators before oxygen inhalation (p <0.05).
After inhalation of highly concentrated oxygen, a lower level of pressure in the cardiorespiratory system was
observed - due to a decrease in RER by 2, 4, 6, 10, 12, and 15 minutes (p <0.05) with the same initial value during
warm-up. A lower heart rate was observed during warm-up, as well as at 2, 8 and 15 minutes of observation after
inhalation of highly concentrated oxygen (p<0.05). Significant shortening of the recovery time was set (p<0.05).
The absolute oxygen pressure increased at all stages of observation by 20-50% - at the 2nd, 4th, 8th, 10th, 12th,
14th minutes of physical exertion and during the restitution period (p <0, 05).
Physical efficiency, with the use of inhalations of highly concentrated oxygen, increased in 2.3 times. The
percentage of increase in double product (DP) was 25.5% (p <0.05). Accordingly, the chronotropic reserve index
increased by 14.3% and the inotropic reserve index by 16.2%.
Keywords: cardiorespiratory reserve, highly concentrated oxygen, steady-state exercise, restiturion.
Actuality. In the conditions of sports activity, high
requirements are imposed on the respiratory reserve of
athletes, the implementation of which ensures the effective functioning of the entire cardiorespiratory system [1, 5]. During strenuous physical exertion, the respiratory system can indirectly limit the delivery of oxygen to working muscles during work at the level of
submaximal and maximal threshold load, both due to
the development of arterial hypoxemia and due to reflex redistribution of blood flow between the respiratory apparatus and working muscles. The use of inhalations of highly concentrated oxygen as one of the effective measures of improving the functional state of the
respiratory system of athletes has been shown in a number of studies [2, 3, 12]. At the same time, a number of
issues related to the use of highly concentrated oxygen
in sports remain poorly understood. There are contradictory observations regarding the time of action of the
hyperoxic stimulus, the effectiveness of using an air
breathing mixture with an increased oxygen content as
a measure of restoring the functional state of the respiratory system of athletes. From this point of view, the

study of the efficasy of inhalation of air breathing mixture with an increased oxygen content on the functional
capabilities of the respiratory system of athletes is an
urgent problem [6, 7].
Various efforts of the body systems - emotional,
intellectual, physical - are accompanied by an increase
in oxygen demand. The brain, myocardium and skeletal
muscles, which are rich in myoglobin and mitochondria, are extremely sensitive to its deficiency. Under exertion, a kind of competition may even arise between
these bodies [14].
When training athletes, as well as during their participation in competitions of various levels, great physical and emotional stress is inevitable. The need for a
recovery period is due to an extremely sharp tension of
the body's functional and metabolic reserves and, in
some cases, the threat of their complete depletion. In
this situation, the development and application of technologies that provide compensation and prevention of
oxygen deficiency are of particular importance [10,
13].
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Insufficient oxygen supply to tissues is fraught not
only with a deterioration in their energy supply, but also
with the formation of under-oxidized products, as well
as reactive oxygen species such as superoxide, hydroxyl and perhydroxyl radicals, the excessive formation of which causes serious consequences due to
damage to functionally important proteins, nucleic acids, biomembrane lipids, etc. In this regard, the problem
of preventing the decompensation of the functions of
external respiration, directed adequate supply of oxygen to the tissues of the body during and after the period
of energy stress, arises very keenly. Improving the supply of oxygen to the lungs and to its main transporters
- erythrocytes - contributes to the normalization of respiratory processes. Supplemental oxygen (including inhalation with oxygen-enriched air mixtures) is not prohibited in materials that contain practical recommendations for physicians on the use of the WADA Prohibited
List [4, 8, 9].
At the same time, studies on the use of highly concentrated oxygen as an operative means of restoring
sports performance after physical exertion are clearly
insufficient today.
The aim of the study was to study the effectiveness
of inhalation of highly concentrated oxygen on the state
of the cardiorespiratory reserve during steady-state exercise.
Material and methods. Commonly, 25 aerobically untrained men were measured and tested. The
subjects' measurables averaged to a mean weight of
76.8±15.6 kg, a mean height of 172.5±5.8 cm, and a
mean age of 22.7±3 years.
The variables that were measured and recorded
were rating of perceived exertion (RPE), respiratory exchange ratio (RER), heart rate (HR), pressure of O2 VO2 relative and VO2 absolute. For the recording of
RPE, the subjects gave the test taker a number between
1-10 on their perception of how much exertion their
workout was at that moment in time. The RPE was recorded every two minutes throughout the trial. The heart
rate was measured a fingertip oximeter.
The investigation consisted of a two-minute of inhalations of high concentrated oxygen, fifteen minutes
of steady exercise on a cycle ergometer a pace that was
equivalent to the subject’s 70% HR max and a two-minute rest.
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After primary measurement, immediately following their warm-up, the subjects self-administered five
deep inhalations of the oxygen canister, containing
95% concentrated oxygen (Tesla's Secret by Eco Medical Europe Ltd Oxygen Breathing Mixture). The subjects attempted to maintain bicycle ergometry during
inhalations.
Bicycle ergometry (BEM) was performed according to the generally accepted method in the position of
the subject sitting on a bicycle ergometer "VE-02"
(82008) according to the step continuous method with
a duration of 3 minutes for each step at a pedaling speed
of 60 rpm, depending on the level of aerobic capacity
(maximum oxygen consumption, MOC) according to
existing schemes. In this method first degree of design
load was 20% MOC, II - 35% MOC, III - 50% MOC,
IV (submaximal) - 75% of MOC. As a load, control
used submaximal heart rate (SHR, bpm) according to
the formula: SHR = [(220 - A) x 85] / 100, where A is
the years of patient’s age.
During BEM, the following indicators were evaluated: 1) double product (PD); 2) the percentage of
achieved load (AL); 3) physical fitness (PF); 4) chronotropic reserve index (CRI); 5) inotropic reserve index
(IRI).
As a control of the stress test used a 3-channel
electrocardiograph "NIHON CONDEN" (№93081)
with ECG recording in 12 leads (recorded the original
ECG, at the end of each stage of exercise, after 1-3-5
minutes of restitution). Once the subjects finished their
five inhalations, they then continued their fifteen-minute exercise at 70% HR max , then proceeded to perform a two-minute cool-down.
For statistical analysis of the results we used Statistica for Windows Version 10.0 (Stat Soft inc., USA).
Parameters are presented in the form M±m, where M is
the Mean, m is standard deviation. At the case of
p<0.05, differences were statistically significant.
Results. In general, during the entire observation
period, when comparing perceived exertion before and
after inhalation of highly concentrated oxygen, there
was a lower perceived exertion at 8 minutes of observation, as well as a decrease in recovery time after inhalation of highly concentrated oxygen (p <0.05), Fig.
1.
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Fig. 1. Rating of perceived exertion (RPE) in both groups of observation.
In addition, with inhalation of highly concentrated
oxygen, a decrease in the respiratory metabolism coefficient, which reflects the tension of the respiratory
muscles, was noted. At the same time, in the case of

oxygen inhalation, an increase in the stress coefficient
was characteristic at the 2nd minute of observation,
with a consistently lower respiratory stress until the end
of the observation period (p <0.05), Fig. 2.
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Fig 2. Respiratory exchange ratio (RER) in the groups of observation.
Similar results were obtained when analyzing the
dynamics of heart rate before and after inhalation of
highly concentrated oxygen, Fig. 3. In particular, the

increase in heart rate at 2, 6, 8 minutes of physical activity was less than the same parameters before oxygen
inhalation (p <0.05).

POLISH JOURNAL OF SCIENCE № 31, 2020

40
180
160
140
120
100

Initial

80

In dynamics

60
40
20
0
0

2

4

6

8

10

12

Fig 3. Dinamics of heart rate during physical activity and in restitutional period.
As can be seen from the analysis of the diagrams
obtained, after inhalation of highly concentrated oxygen, the subjects showed a lower level of stress in the
cardiorespiratory system - due to a decrease in RER by
2, 4, 6, 10, 12 and 15 minutes (p <0.05) with the same
initial indicator during warm-ups, tab. 1. A lower heart

rate was also found during warm-up, as well as at 2, 8
and 15 minutes of observation after inhalation of highly
concentrated oxygen (p <0.05), table. 1. Also characteristic was a significant shortening of the recovery
time (p <0.05), table. 1.

Table 1
Indicators of respiratory stress and heart rate in the dynamics of observation in the subjects
RER
HR
Parameters
Initial
In dynamics
Initial
In dynamics
1,1±0,02
0,94±0,03
72±5
82±6
Rest
0,97±0,03
0,96±0,04
104±8
87±6*
Warm-up
1,01±0,01
0,99±0,01
120±10
80±8*
2 min.
1,04±0,03
0,94±0.02*
152±12
150±14
4 min.
1,03±0,03
0,98±0,02*
144±12
148±11
6 min.
1,03±0,02
0,99±0,02
140±13
121±10*
8 min.
1,05±0,04
0,97±0,03*
146±7
130±5
10 min.
1,06±0,03
0,95±0,04*
148±8
134±6
12 min.
1,06±0,04
0,96±0,03*
146±11
136±10
14 min.
1,09±0,06
0,95±0,04*
150±5
137±6*
15 min.
1,12±0,03
1,02±0,03*
140±10
95±8*
Cool-down
Sign:
* – reliability of the difference in indexes in the dynamics of observation (p <0.05).
The opposite pattern of relationship was established when assessing the relative and absolute oxygen
pressure volume in the observation dynamics. In partic-

ular, the relative oxygen pressure in capillary blood, according to pulse oximetry data, increased from 2 to 5
units (p <0.05), Fig. 4.
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Fig 4. The level of VO2 relative in the observational groups.
The absolute oxygen pressure increased at all
stages of observation by 20-50% (p <0.05), Fig. 5.
According to the results of both methods, the relative and absolute oxygen pressure was higher during

the restitution period after physical exertion, which is
also confirmed by the shorter restitution time (p<0.05),
Fig. 4-5.
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Fig 5. The level of VO2 absolute during physical activity and in restitution period.
Digital parameters representing the relative and
absolute oxygen pressure in the dynamics of the observation are presented in Table 2.
In particular, the relative oxygen pressure was
27%, 21%, 28%, 18.6%, 10.4%, 15.5% higher during
warm-up, as well as on the 2nd, 4th, 8th, 12th, 14th

minutes of physical activity, as well as during the entire
period of restitution (p <0.05), Tab. 2.
The absolute oxygen pressure was significantly
higher during the warm-up period, at the 2nd, 4th, 8th,
10th, 12th, 14th minutes of physical exertion and during the restitution period (p <0.05), Tab. 2.
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Table 2
Indicators characterizing the relative and absolute oxygen pressure in the dynamics of observation in the subjects
VO2 relative
VO2 absolute
Parameters
Initial
In dynamics
Initial
In dynamics
5,8±0,02
6,4±1,23
0,07±0,01
0,58±0,12*
Rest
9,5±1,4
12,1±2,8*
0,87±0,05
1,11±0,07*
Warm-up
15,8±3,0
19,1±4,2*
1,15±0,05
1,16±0,04
2 min.
20±3,2
25,6±3,0*
1,84±0,4
2,35±0,3*
4 min.
21,7±1,2
22,7±2,6
2±0,02
2,08±0,03
6 min.
20,9±2,3
24,8±2,9*
1,92±0,12
2,27±0,18*
8 min.
23,6±1,8
25,5±2,2
2,17±0,09
2,34±0,12*
10 min.
22,4±1,4
25±2,7*
2,06±0,06
2,3±0,2*
12 min.
22,8±2,8
27±4,1*
2,09±0,05
2,47±0,1*
14 min.
25,5±4,8
25,6±3,5
2,33±0,03
2,35±0,04
15 min.
11,3±3,1
15,6±3,6*
1,04±0,1
1,44±0,12*
Cool-down
Sign:
* - reliability of the difference in indicators in the dynamics of observation (p <0.05).
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The use of inhalations of highly concentrated oxygen caused reliable changes of indicators of physical
fitness (PF) and the achieved load (AL), table 3, (p

Parameters
PF (kgm)
AL, (Wt)
CRI (U)
IRI (U)

<0.01). Accordingly, there was an increase in inotropic
and chronotropic reserves of the heart after inhalation
of highly concentrated oxygen (p <0.01), table 3.
Table 3
Indicators of bicycle ergometry (BEM) in observation groups
Initial
In dynamics
471,0±32.1
207.0±45.2
p<0,01
128.2±6.7
102.0±8.2
p<0,01
175.3±7.8
153,5±7.4
p<0,01
150.1±9.5
129.2±6.3
p<0,05

Sign:
* - reliability of the difference in indicators in the dynamics of observation (p <0.05).
Physical fitness (efficiency), with the use of inhalations of highly concentrated oxygen, increased 2.3
times. The percentage of increase AL in BEM was
25.5% (p <0.05). Accordingly, the chronotropic reserve
index (CRI) increased by 14.3% and the inotropic reserve index (IRI) - by 16.2%. That is, the indicators of
stress test tolerance, which characterize the growth of
coronary blood flow in accordance with the level of
physical activity, had a significant increase with the use
of oxygen inhalations.
Conclusions. During the entire observation period, there was a lower perceived exertion at 8 minutes
of observation, as well as a decrease in recovery time
after inhalation of highly concentrated oxygen (p
<0.05).
A decrease in the respiratory metabolism coefficient was noted with an increase in the coefficient at the
2nd minute of observation, with a consistently lower
respiratory stress until the end of the observation period
(p <0.05). When analyzing the heart rate before and after inhalation of highly concentrated oxygen, the increase in heart rate at 2, 6, 8 minutes of physical activity
was less than similar indicators before oxygen inhalation (p <0.05).
After inhalation of highly concentrated oxygen, a
lower level of tension in the cardiorespiratory system
was observed - due to a decrease in RER by 2, 4, 6, 10,

12, and 15 minutes (p <0.05) with the same initial value
during warm-up. A lower heart rate was observed during warm-up, as well as at 2, 8 and 15 minutes of observation after inhalation of highly concentrated oxygen (p <0.05). Significant shortening of the recovery
time was also characteristic (p <0.05).
The opposite pattern was established when assessing the relative and absolute oxygen pressure in the
dynamics of observation. The relative oxygen pressure
in capillary blood, according to pulse oximetry data, increased from 2 to 5 units (p <0.05) - by 27%, 21%,
28%, 18.6 %, 10.4%, 15.5% higher during warm-up, as
well as at the 2nd, 4th, 8th, 12th, 14th minutes of physical activity, as well as during the entire restitution period (p <0.05).
The absolute oxygen pressure increased at all
stages of observation by 20-50% - at the 2nd, 4th, 8th,
10th, 12th, 14th minutes of physical exertion and during the restitution period (p <0, 05).
Physical fitness (efficiency), with the use of inhalations of highly concentrated oxygen, increased in 2.3
times. The percentage increase in AL was 25.5% (p
<0.05). Accordingly, the chronotropic reserve index increased by 14.3% and the inotropic reserve index by
16.2%.
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Discission. Thus, oxygen inhalations improve adaptation to heavy physical activity, promote timely correction of the functional state of athletes, increase physical endurance and quickly restore the body's reserves.
A number of such studies involved 20 volunteers and
160 athletes of both sexes in various sports (martial
arts, cyclic, game, complex coordination). At the same
time, a number of positive points were revealed. Thus,
inhalations do not cause negative consequences that
could be recorded during a clinical examination of athletes. Relatively small (within 7%) changes in the parameters of the body's oxygen supply, as well as shifts
in glucose and lactate levels, in our opinion, reflect the
increased "oxygenation" of body tissues and are adaptive [6, 9].
To monitor the effectiveness of oxygen inhalations, the function of external respiration, general hemodynamics and blood gas composition should be
evaluated. The comfortable mode of giving of mix for
the sportsman has to be selected individually taking
into account his physical status, a functional condition
of his organism and specificity of a sport [1, 8].
In other studies, the training load following inhalations of highly concentrated oxygen was accompanied by a significantly smaller decrease in the value (in
some cases not exceeding 10%) of the criteria of the
state of the functional systems of athletes in comparison
with the control groups. Inhalations improve pulmonary ventilation, reduce the level of arterial hypertension, systolic and diastolic pressure, increase acuity and
expand the field of view [10, 13].
At the same time, the successful and rapid implementation of this technique in the practice of physical
training of athletes is possible only when addressing the
issue of equipping sports medicine centers and teams
with appropriate equipment - stationary and portable [2,
7].
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Аңдатпа
Бұл мақалада mininet эмуляторы құралдарымен екінші деңгейдегі желіаралық экранды қолдана
отырып, бағдарламалық – анықталатын желінің (SDN) прототипі әзірленді. Бағдарламалық – анықталатын
желілерде қауіпсіздікті қамтамасыз ету тәсілдері талданды және олардың кемшіліктері мен
артықшылықтары анықталды. Қауіпсіздіктің негізгі қатерлері сипатталды. Жобаланған желіде трафиктің
өтуіне талдау жүргізілді.
Abstract
In this work was developed prototype software - defined network (SDN) using firewall the second level means
of the emulator mininet. Approaches to security in software - defined networks were analyzed, identified their
advantages and disadvantages. It describes the main security threats. The analysis of traffic flow in the projected
network.
Түйін сөздер: SND, Mininet, OpenFlow, желіаралық экран, API, Controller.
Keywords: SND, Mininet, OpenFlow, firewall, API, Controller.
Кіріспе.
Бағдарламалықконфигурацияланатын желілер бойынша алғашқы
жұмыстар мен зерттеулер (SDN, ағылш.: Software
Developed Networks) 1995 жылдан кейін пайда бола
бастады.
Көптеген
идеялар
алдыңғы
технологиялардан алынды (мысалы, телефон
желілері). Бұл әр түрлі тапсырмалар үшін желілік
технологияларды қолдану қажеттілігінің артуымен,
ірі дата-орталықтардың пайда болуымен және
интернетті
виртуалдандырудың
басталуымен
байланысты болды.
Ірі дата-орталықтарда желіні орнату және
қолдау көрсету өте күрделі және қымбат процесс.
Дәстүрлі желілерде әкімші (администратор) әрбір
желілік торапты бөлек баптауы, сондай-ақ көптеген
хаттамалармен (протокол) жұмыс істей білуі қажет.
Автоматтандырусыз роутерлердің үлкен санын
(10000 және одан да көп) конфигурациялау мүмкін
емес. Тағы бір мәселе – баптау интерфейсінің
желілік жабдықты өндірушіден тәуелділігі.
Бағдарламалық-конфигурацияланатын
желілер – желіні жобалау және қолдау көрсету
тәсілін өзгертеді.
Бағдарламалық-конфигурацияланатын
желінің (SDN) екі ерекше қыры бар:

 Желілік жабдықты және деректерді беруді
басқаруды бөлу (data and control plane separation);
 Басқару консолидациясы – яғни арнайы
қосымшаның көмегімен деректерді беру деңгейінің
көптеген элементтерін басқару.
SDN маршрутизаторлары (OpenFlow vSwitch)
тек бос болатын пакеттерді (flow - table) жіберу
ережелерінің
кестесінен
тұрады.
Пакеттер
кестелерін арнайы контроллерлер қолданбалары
(POX-controller, Beacon Project) арқылы реттеуге
болады. Желіні және деректерді басқаруды бөлу
қауіптердің жаңа түрлерін енгізді. Мысалы, бір
конфигурацияда
бір
провайдердің
SDN
контроллері
басқа
провайдердің
SDN
маршрутизаторларына тікелей қол жеткізе және
басқара алады. Жергілікті желіні қорғаудың бірінші
кезеңі желіаралық экранды енгізу болып табылады.
Екінші деңгейлі желіаралық экран жергілікті желі
арқылы берілетін трафикті сүзеді.
Пакетке бағыттау ережелерін кестеге қосу
маршрутизаторға желіаралық экран ретінде әрекет
етуге және стандартты қауіпсіздік саясатын
қамтамасыз етуге мүмкіндік береді.
Бұл мақаланың мақсаты – бағдарламалықанықталатын желілердің прототипін әзірлеу, осы
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желіге желі тораптары арасында трафикті сүзуді
қамтамасыз ету үшін желіаралық экранды қолдану.
1. Бағдарламалық-анықталатын желілерде
қауіпсіздікті
қамтамасыз
ету
тәсілдерін
салыстырмалы талдау
SDN (бағдарламалық-анықталатын желі)
классикалық IP - желімен салыстырғанда екі
ерекшелігі бар. Біріншіден, SDN желілік жабдықты
басқару (трафикті қалай басқаруды шешеді) мен
деректерді беруді басқаруды (желілік жабдық
қабылдаған
шешімдерге
сәйкес
трафикті
бағыттайтын) ажыратады. Екіншіден, SDN басқару
деңгейін біріктіреді, сондықтан бір басқару
бағдарламасы бірнеше деректер элементтерін
деңгейде бақылайды. SDN басқару деңгейі нақты
анықталған API көмегімен желілік жабдықтар
элементтеріндегі (яғни роутерлер, свитчтар және
басқа да бағдарламалық – аппараттық құралдар)
жай-күйіне тікелей бақылауды жүзеге асырады.
OpenFlow – осындай API үлгісі. OpenFlow
коммутаторларында бір немесе бірнеше пакеттерді
өңдеу кестелері бар. Әрбір ереже трафиктің ішкі
жинағына сәйкес келеді және Ережеге сәйкес
келетін трафик бойынша белгілі бір әрекеттерді
орындайды, мысалы: іс-шаралар, қалпына келтіру
(dropping), жіберу (forwarding) немесе флудинг
(flooding) қамтиды. Контроллер қолданбасы
орнатқан ережелерге байланысты, OpenFlow
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коммутаторы
маршрутизатор,
коммутатор,
брандмауэр, желілік адрес түрлендіргіші немесе
басқа нәрсе бола алады.
SDN желіні басқаруды жеңілдету және жаңа
мүмкіндіктерді өрістетуді қамтамасыз ету үшін
басқару деңгейі мен деректер деңгейінің нақты
бөлінуін
пайдаланатын
бұрыңғы
телефон
желілерінің идеяларын қайта қарайды. Дегенмен,
OpenFlow сияқты ашық интерфейстер телефон
байланысы қызметтерінің тар шеңберіне арналған
жабық
желілерде
мүмкін
болатындай
контроллерлер
мен
қосымшалар
платформаларында көп инновацияларды қамтиды.
SDN Архитектурасы. SDN моделі (сурет – 1),
қосымша деңгейінен, желілік жабдық деңгейінен
және деректер деңгейінен тұрады. Желілік
қосқыштар қарапайым бағыттаушы құрылғыларға
айналады, ал басқару логикасы логикалық
орталықтандырылған
контроллерде
жүзеге
асырылады. SDN контроллері D-CPI (Datacontroller plane interface) арқылы деректер
ресурстарын басқарады. A-CPI (Applicationcontroller plane interface) қосымшалар мен
контроллер арасындағы байланысты жүзеге асыру
үшін қолданылады және басқару функциясы
басқару интерфейсі арқылы ұйымдастырылған.
Мұндай конфигурация бірнеше қолданбаларды
қолдай алады.

Сурет 1. SDN архитектурасы
SDN желісіндегі маршрутизатор дәстүрлі
желілерге қарағанда тек тарату функцияларын
орындайды. Дәстүрлі желілерде және SDN

желілерінде пакеттерді берудің айырмашылығы 2 –
суретте көрсетілген.
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Сурет 2. Дәстүрлі желіде және SDN желісінде пакеттерді жіберу
OpenFlow маршрутизаторы. OpenFlow маршрутизаторының құрылымы 3 – суретте көрсетілген.

Сурет 3. OpenFlow маршрутизаторының құрылымы
OpenFlow маршрутизаторы бір немесе бірнеше
ағын кестелерінен (flow - table), топтық кесте (group
- table) және OpenFlow арнасынан (OpenFlow
channel) тұрады. Маршрутизатор OpenFlow
протоколының көмегімен контроллермен хабар
алмасады.
OpenFlow протоколын қолдана отырып,
контроллер кестеде ағымдық жазбалармен келесі
әрекеттерді орындайды:

 қосу;
 жаңарту;
 жою.
Ағын кестелерінде жазбаларды салыстыру
өрістері (matching fields), есептегіштер және сәйкес
өрістері бар пакетке қолданылатын нұсқаулар
жиынтығымен анықталатын жазбалар жиынтығы
болады.
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Тарату кезінде пакеттердің тақырыптары
басымдық тәртібімен жазбаларды салыстыру
өрісімен салыстырылады (priority – салыстыру
өрістерінің бірі). Егер сәйкес келетін жазбалар
табылса,
онда
пакетке
осы
жазбамен
байланыстырылған нұсқаулықтар қолданылады.
Егер бірде-бір жазба табылмаса, онда пакет алынып
тасталады немесе шешім қабылдауды талдау үшін
контроллерге жіберіледі.
Тиісті жазбалардағы нұсқаулықтар пакетке
қолданылатын іс-әрекеттерден тұрады және жіберу
ережелерінің өзі тікелей анықтайды, немесе келесі
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ағын кестелерінде (конвейерлік өңдеу) пакетті одан
әрі өңдеуді анықтайды. Конвейерлік өңдеу арнайы
метадеректерді қосымша жіберіп, пакеттің
талдауын бір кестеден екіншісіне жіберуге
мүмкіндік береді. Өңдеу тиісті нұсқаулықтарда
келесі кестеге жіберу бойынша командалар
болмаған кезде аяқталады.
Мұндай
модель
арқасында
OpenFlow
коммутаторы
қарапайым
коммутатор,
маршрутизатор, желілік экран және басқа желілік
құрылғы ретінде жұмыс істей алады. Барлығы беру
кестесімен анықталады (кесте – 1).
Кесте 1.
Тарату кестесі ережелерінің көмегімен коммутатордың әртүрлі мамандандырылған функцияларын іске
асыру мысалдары
Коммутатор
Желілік экран
Маршрутизатор
Ағындар коммутациясы
Порт комм.
*
*
*
Port3
MAC src
*
*
*
00:20: …
MAC dst
00:1F: …
*
*
00:1F: …
Eth.type
*
*
*
0800
VLAN ID
*
*
*
Vlan1
IP src
*
*
*
192.0.2.10
IP dst
*
*
198.51.100.1
198.51.100.1
Proto/sport
*
*
*
6/27089
Proto/dport
*
80
*
6/80
Әрекеттер
Port6
Тастау
Port
Port6

OpenFlow
протоколының
қауіпсіздігі.
OpenFlow протоколына қауіп/шабуылдарды екі
санатқа бөлуге болады: сыртқы және ішкі.
Ішіндегілер OpenFlow хаттамасының орындалуын
өзгертуге немесе тиісті анықтамалық мәліметтерге
қол жеткізуге мүмкіндік алады, содан кейін осы
артықшылықтарды
жүйенің
қауіпсіздік
шекарасынан зиянды әрекеттерді орындау үшін
пайдалануға тырысады.
Сыртқы шабуылмен келесі әрекеттерді
орындауға болады:
 Деректер / басқару хабарламаларын
пассивті тыңдау.
 Man-in-the-Middle (MITM) шабуылдарды,
DOS / DDoS-шабуылдарды немесе жанама арналар
арқылы шабуылдарды орындау, деректерді ойнату
/ хабарларды басқару немесе SDN желісінде сенімді
емес деректерді / бақылау хабарламаларын енгізу.
SDN қорғау және қауіпсіздік. Желінің жаңа
мүмкіндіктері мен жаңа кеңейтулері тәуекел мен
қателіктерді тудыруы мүмкін, соның салдарынан
бұрын болмаған қауіп-қатерлерге жол ашылып, әрі
оларды бұрынғысынан да маңызды етеді. Мысалы,
бір конфигурацияда, бір SDN контроллерінің
провайдері
басқа
провайдердің
SDN
коммутаторына тікелей қосылып оған манипуляция
жасауы мүмкін.
SDN қауіпсіздігін қамтамасыз ету үшін
мыналарға көңіл бөлген жөн:
 Трафик пен ресурстарды оқшаулау. Нақты
уақыттағы ақпаратты бір адамның басқаруы мен
бақылауы басқалардан толығымен оқшауланғанын
қамтамасыз ету қажет.
 A-CPI және I-CPI интерфейс қауіпсіздігі.
A-CPI арқылы қосымшалармен қатар контроллер

контроллердің жоғарғы қабатын басқара алады
немесе сол иерархиялық деңгейде басқа
контроллермен бірге жұмыс істей алады. Осы
интерфейстер арқылы қорғаудың жоқтығы SDN-ге
шабуылдарды тудыруы мүмкін.
2. Желі моделін жобалау, модельдеу
мақсаттарын бекіту.
SDN-ді пайдаланудың негізгі идеясы – желілік
құрылғыларды конфигурациялау интерфейстерін
біріздендіру, сондай-ақ желіге жұмыс істеу үшін
қатардағы бағдарламашы үшін ыңғайлы API ұсыну
(сәйкесінше бұл API желі мүмкіндіктерінің толық
спектрін пайдаланатын қосымшаларды құруға
мүмкіндік береді). Желіні жобалау үшін POXконтроллер қолданылады. Желіні модельдеу
Mininet компьютерлік желісінің эмуляторында
жүзеге асырылады. Оның көмегімен желі
топологияларының әртүрлі түрлерін модельдеуге
болады. Бұл желі үшін біртұтас («жалғыз»)
топология қолданылады.
Mininet компьютерлік желісінің эмуляторы.
Mininet – Linux операциялық жүйесіндегі
компьютерлік эмулятор. Mininet виртуалды
OpenFlow желілерін нақты немесе виртуалды
компьютерде жасайды (контроллерлер, қосқыштар
және хосттар). Ол бағдарламалық жасақтамамен
анықталған желілерді жылдам құруға, өзара
әрекеттесуге және конфигурациялауға мүмкіндік
береді.
Әрбір
операциялық
жүйе
процестің
абстракциясын
пайдалана
отырып
есептеу
ресурстарын
виртуализациялайды.
Mininet
виртуализацияға негізделген процесті көптеген
хосттар мен коммутаторларды бірдей ОЖ
ядросында іске қосу үшін қолданады.
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Mininet коммутаторлар мен хосттарды
виртуалды Ethernet жұптарының көмегімен қосады.
Қазіргі уақытта Mininet тек Linux қолдайды, бірақ
болашақта ол Solaris немесе FreeBSD сияқты басқа
операциялық жүйелерді қолдай алады.
Mininet желісін жобалау. Mininet виртуалды
желіні құруды топологиядан бастау керек. Жалпы
алғанда, желілік топологияның төрт негізгі түрін
жасауға болады:
1) Minimal
–
әдетте
қолданылатын
топологияның ең қарапайым түрі. Бұл жағдайда бір
OpenFlow қосқышына қосылған 2 хост құрылады;
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2) Single – хосттардың санын еркін анықтауға
болады және барлығы бір коммутаторға қосылады;
3) Linear – барлық хосттар өздерінің
қосқыштарына
қосылған
және
пәрменмен
басқарылады;
4) Tree – ағаш топологиясы. Параметрлері
ретінде
коммутаторлардың
иерархиясының
тереңдігін (depth), сондай-ақ оларға қосылған
хосттардың санын көрсетеді (fanout).
Біздің жағдайда жалғыз (single) топологиясын
қолданамыз (сурет 2.1).

Сурет 4. Желінің құрылымдық сызбасы
Mininet-те желінің құрылуы келесідей
әрекеттерден тұрады (сурет – 6):
 Виртуалды 6 хост құрылады;
 Ядрода 6 портты бір OpenFlow қосқышы
құрылады;

 Әрбір виртуалды хост виртуалды желілік
кабель арқылы коммутатормен байланысады;
 Әрбір
хост
үшін
МАС-мекенжай
орнатылады.

Сурет 5. Mininet желісін құру
Құрылған локальды желідегі қол жетімді тораптар 7 – суретте көрсетілген.
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Сурет 6. Желідегі қолжетімді тораптар
3. Модельдеу жоспарын жүзеге асыру және
нәтижелерді дайындау
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Желі жобаланғаннан кейін, тораптар арасында
өтетін трафикті қорғау қажеттілігі туындайды. Ол
үшін желіге пакеттерді жіберу ережесін беретін
желіаралық экранды қолдану керек. Бұл
желіаралық экран белгілі бір компьютерлермен
байланысты бұғаттайды.
Желіаралық экранды қолдану. Біздің
желідегі тораптар арасында пакеттерді жіберу
құқығын контроллерге қосамыз (сурет – 8)

Сурет 7. Пакеттерді беру ережелерін белгілеу
және "ping" командасын тораптарда трафик өтуін тексереміз (сурет – 9),

Сурет 8. "ping" командасы арқылы алынған мәліметтер
сондай-ақ, пакеттерді жіберудің жылдамдығын тексеріп көреміз (сурет – 10).

Сурет 9. "iperf" командасы арқылы алынған мәліметтер
4. Модельдеу нәтижелерін талдау
Трафикті беруге рұқсат ететін (сурет – 11, а)
және тыйым салатын түйіндер (сурет – 11, б) үшін
пакеттер берудің нәтижелерін талдап көрейік.
Бірінші пакеттің берілуі кейінгі пакеттердің

берілуіне қарағанда ұзақ уақыт алады. Бұл
коммутаторда пакетті беру кезінде ағын кестелері
(flow - table) әлі қалыптаспағандығына байланысты,
сондықтан
да
коммутатор
контроллермен
байланысуы қажет.

Сурет 10. Трафик беруді талдау
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Бірінші жағдайда пакеттерді тарату 100% - ға
тең, ал екінші жағдайда бірде-бір пакет адресатқа
(қабылдаушыға)
жіберілмейді.
Келтірілген
желіаралық экран біз орнатқан ереже бойынша
пакеттер ағынын дұрыс сүзеді.
Қорытынды. Бұл жұмыста SDN-нің негізгі
элементтеріне шолу жүргізілді және OpenFlow
протоколының қауіпсіздігіне негізгі қатерлер
анықталды. Желімен жұмыс істеу үшін келесі
бағдарламалық
құралдар
пайдаланылды:
VertualBox - виртуализация құралы, SSH – PuTTY
қолдайтын терминал эмуляторы, X-сервер – Xming
және VM бейнесі. Бейне ретінде Mininet
компьютерлік желісінің эмуляторы алынды.
Нәтижесінде SSH терминалын қолдана
отырып,
6
хост,
маршрутизатор
және
контроллерден
тұратын
бағдарламалық
басқарылатын желінің прототипі жасалынды.
Арнайы контроллердің көмегімен (POX - controller)
пакеттерді тарату ережесін енгізе отырып екінші
деңгейлі желіаралық экран қолданылды. Осыдан
кейін пакеттерді бір порттан екінші портқа
тасымалдауға мүмкіндік туды. Желі тораптарын
тексеру үшін ifconfig, ping, nodes сияқты утилиттер
қолданылды.
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Введение. Решением вопросов гидравлики
люди стали заниматься в глубокой древности. Однако прошло много тысячелетий, прежде чем
начали появляться попытки сделать научные обобщения наблюдений за гидравлическими явлениями.
В настоящей работе систематизированы по периодам наиболее важные сведения по истории развития гидравлики и вкладу отдельных ученых. На

этой основе разработана наглядная опорная система информации в виде дидактического кроссворда с фрагментами для повышения эффективности обучения.
Доисторические времена. Ещё при первобытнообщинном строе человек начал использовать реки и озёра как пути сообщения. Он
«научился ставить парус раньше, чем седлать
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коня. Шест и весло стал использовать на реке и в
море раньше, чем колесо на суше» [1, с. 3]. Уже в
глубокой древности в Египте строились примитивные мосты (рис. 1) и велись наблюдения за режимом рек и водоёмов. Ярким примером являются

51
наблюдения древних египтян за уровнем воды в
Ниле, начавшиеся еще 3000 лет до н. э. Для этой
цели возводились специальные водомерные
устройства – Ниломеры.

Развитие земледелия в Северной Африке и
Средней Азии и необходимость водообеспечения
поселений вызвали строительство простых водопроводных устройств и различных водоподъёмных
средств. Известно, что за 1700 лет до н. э. в Каире
для подъёма воды из колодца глубиной 90 м использовали устройство в виде бесконечной цепи с
ковшами [7, с. 15]. За несколько тысячелетий до н.
э. в Египте, Греции, Китае, на территории Средней
Азии уже существовали плотины, оросительные каналы, акведуки, на реках использовались мельницы
и мосты, строились гребные и парусные корабли [8,
с. 50].
В IV тысячелетии до н. э. в странах Древнего
Востока начался переход от первобытнообщинного
строя к более прогрессивному – рабовладельческому строю. Несмотря на примитивную технику
строительного производства того времени, рабовладельческое общество смогло скооперировать
труд большого количества людей и создать большие гидротехнические сооружения. Так в 3890 г. до
н. э. египтянами была построена первая крупная
плотина на р. Ниле, а позднее, в 2200 г. до н. э., создана целая сеть гидротехнических сооружений:
каналов, шлюзов, водохранилищ [11, с. 11]. При
строительстве ирригационных сооружений и их
эксплуатации принудительный труд применялся в

колоссальных размерах. Так, чтобы поднять воду
из реки и наполнить ею каналы, египтяне использовали шадуфы – водочерпалки с рычаговой системой типа «журавля». Шадуфы располагались вдоль
каналов. И тысячи закабаленных тружеников с утра
до вечера, день за днем перекачивали воду из одного канала в другой, расположенный на ступеньку
выше.
Издавна были известны и различные бытовые
гидравлические устройства. Так, ещё во втором тысячелетии до н. э. греки использовали водяные часы
на собраниях и судах. Даже древнегреческому философу Платону (428–348 гг. до н.э.) приписывают
изобретение водяного будильника [6, с. 33]. Однако, все вышеописанные сооружения и устройства
создавались на базе чисто практических навыков
без каких-либо научных основ.
Период Древней Греции. В процессе трудовой деятельности люди накапливали знания о природе и пытались обосновать их. Такая попытка сделана любимым учеником Платона Аристотелем
(384–322 г.г. до н. э.), который собрал и систематизировал почти все знания своего времени. Его учение впоследствии оказалось во многом ошибочным
[4, с. 13]. Но он правильно подметил, что среда оказывает сопротивление движению тел и тем большее, чем она плотнее.

Платон
428–348 гг. до
н.э.

Аристотель
384–322 гг. до
н.э.

Позднее, за 250 лет до. н. э., древнегреческий
механик Архимед (287–212 гг. до н. э.) написал
трактат «О плавающих телах», где были заложены

Архимед
287–212 гг. до
н.э.

Герон Александрийский
I век н.э.

основы гидростатики и сформирован его знаменитый закон. Это сочинение считается первым из дошедших до нас научным трудом по гидравлике.
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В этот период в Греции создавались разные
гидравлические и пневматические устройства. Архимеду причисляют изобретение водоподъемного
устройства в виде винта (рис. 2, а). Ктезибием (II
век до н. э.) были изобретены духовое ружьё, водяные поплавковые часы и насос для тушения пожаров (рис. 2, б) [8, с. 54], который был изготовлен из
бронзы и имел основные элементы современного
насоса (плунжеры, цилиндры, клапаны). Герон
Александрийский (I век н.э.) прославился как изобретатель фонтана оригинальной конструкции, водяного органа, автомата для отпуска святой воды,
гидравлического привода дверей, статуй и фигур в
театре марионеток (рис. 2, в).
В греческих городах было хорошее водоснабжение. Водопроводы питали общественные водоразборные водоемы, куда вода поступала по керамическим и свинцовым трубам. Дома имели внутренний водопровод и канализацию. В них
устанавливались ванны в виде каменных кресел. В
гимназиях устраивались бассейны. Трубы и детали
водопровода выполнялись из обожженной глины.
Период древнего Рима. Римляне многое заимствовали у греков. Строились огромные и сложные
для того времени сооружения: мосты, акведуки, системы водоснабжения. В Риме за 7 веков до н. э. построен «свайный мост» через р. Тибр, а на век
позже – водопровод, сохранившиеся остатки которых свидетельствуют о высокой для того времени
технике [2, с. 5; 9, с. 6]. Особый размах гидротехническое строительство стало приобретать в III в. до
н. э. с началом применения измельченной породы
вулканического происхождения для приготовления
строительного раствора и римского бетона [3, с.
125].
Ранние римские каменные водопроводы (акведуки) сооружались с IV в. до н. э. В их верхней части располагались каналы, в которых вода перемещалась самотеком. Акведук, построенный в 140 г.
до н. э. на арочных опорах из тесаного камня, высотой местами до 15 м, подавал воду за 91 км [3,
с. 128]. Во времена Траяна в Риме было 9 водопроводов с общей протяженностью 436 км [13, с. 26].
Период средних веков длился после падения
Римской империи (476 г.) около тысячи лет. Он отмечался всеобщим застоем в развитии человечества
и регрессом гидравлики, как науки, т.к. установле-

в

нию основных положений механики препятствовали церковь и развитие учения Аристотеля. С другой стороны, эпоха феодализма с её натуральным
хозяйством не требовала решения новых гидравлических задач, хотя продолжали строиться различные гидротехнические сооружения, например, каналы в низовьях Амударьи, водопроводы из гончарных и деревянных труб на Руси в X–XI вв., в
1115 г. построен наплавной мост через Днепр у Киева, в 1516 г. возведена плотина из камня на реке
Неглинке в Москве [15, с. 5]. Начинали применяться и различные виды водяных колес для
привода мельниц и различных механизмов в горном деле и других отраслях. Но в этот период не
появилось ни одного теоретического труда по гидравлике.
Эпоха Возрождения (XV–XVI вв.) характеризуется бурным развитием человеческих знаний и
всплеском в развитии гидравлики, чему способствовали изобретение печати, рост городов в Европе и потребность промышленного производства
в техническом усовершенствовании.
В этот период итальянец Леонардо да Винчи
(1452–1519 гг.) внес вклад во все основные разделы
механики жидкости. Леонардо поставил первые лабораторные опыты и положил начало экспериментальной гидравлике; изобрел подводную лодку,
различные гидромашины (центробежный насос,
гидравлический пресс, мельницы), летательные аппараты (вертолёт, планер, парашют) и приборы
(анемометр и гигрометр) [14, с. 10]. Позднее в 1585
г. голландский механик С. Стевин дал правило вычисления силы давления жидкости на плоскую
стенку и объяснил гидростатический парадокс.
XVII век отмечен следующими достижениями: итальянский учёный Г. Галилей показал, что
гидравлическое сопротивление возрастает с увеличением скорости движения твердого тела в жидкости и ее плотности (1612 г.), а его ученик Э. Торричелли получил формулу для скорости истечения невязкой жидкости из отверстия (1641 г.);
французский физик Б. Паскаль открыл закон о передаче внешнего давления в жидкости (1653 г.), который явился основой для расчета прессов и гидроподъемников, а английский физик И. Ньютон
сформулировал гипотезу о внутреннем трении в
жидкости (1686 г.) [14, с. 10–12, 15; 20].
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XVIII век явился для России новым историческим периодом: в недрах феодального общества
крепла молодая национальная буржуазия, строились новые города, сооружались каналы, росли добыча и переработка руд. Петр I приглашал в Россию
западноевропейских ремесленников и ученых,
чтобы помочь преодолеть научную и техническую
отсталость феодального государства. Реформы
Петра I подготовили и учреждение Академии наук,
открытие которой состоялось в 1725 г. в только что
построенной новой столице России Санкт-Петербурге. Здесь были заложены современные теоретические основы механики жидкости академиками
Д. Бернулли, Л. Эйлером, М. В. Ломоносовым.
Однако сформулированные математические
основы механики жидкости (гидромеханики) не
могли удовлетворить всё растущие запросы промышленности и строительства. Это привело к формированию во второй половине столетия французской школы ученых-инженеров (А. Пито, А. Шези,
Ж. Борда, Д. Вентури), разрабатывающих приближенные рекомендации на базе экспериментов, т.е.
техническую механику жидкости (гидравлику). В
это время техническое направление механики жидкости стало развиваться и в России М.В. Ломоносовым, который предложил упрощенный расчет гидравлических лотков, прибор для измерения скорости ветра, вискозиметр, газовый барометр [14].
XIX век отмечен многочисленными исследованиями как общетеоретического, так и прикладного характера. Достижения этого периода связаны
с именами французских ученых Ж. Пуазейля, А.
Дарси, Г. Кориолиса, английского физика О. Рейнольдса, немецких ученых Г. Хагена, Ю. Вейсбаха.
В России плодотворно работали П.П. Мельников
(издал первый курс гидравлики), Д.И. Менделеев
(указал на существование двух режимов течения и
двух законов сопротивления), Н.П. Петров (разработал гидродинамическую теорию смазки), Н.Е.
Жуковский (создал теорию гидравлического удара),
И.С. Громека и другие.
XX век характеризуется разделением гидравлики на отдельные отрасли (инженерно-строительную, машиностроительную, судостроительную,
нефтяную, подземную и т. п.), и переходом ведущей роли от французской к немецкой школе благодаря работам Ф. Форхгеймера и П. Блазиуса по гид-

М.В. Ломоносов
1711–1765

равлическим сопротивлениям, М. Вебера по гидродинамическому подобию, Л. Прандтля по теории
турбулентности. Внес вклад и американский гидромеханик Т. Карман по вопросам пограничного слоя,
гидросопротивлений и вихревых движений.
Наша отечественная гидравлика за последние
десятилетия также выдвинулась на одно из первых
мест в мире в связи с бурным развитием гидротехнического строительства, авиационной техники,
гидромашиностроения, теплоэнергетики и благодаря созданию ряда вузов и научно-исследовательских институтов гидромеханического и гидротехнического профиля. Среди них ВНИИ гидротехники им. Б.Е. Веденеева (ВНИИГ), ВНИИ
водоснабжения, канализации, гидротехнических
сооружений
и
инженерной
гидрогеологии
(ВОДГЕО), институт гидромеханики СО РАН и др.
Этому способствовали труды М.В. Келдыша,
М.А. Лаврентьева, Л.И. Седова, Л.Г. Лойцянского
по основным разделам гидромеханики, М.А. Великанова по теории турбулентности и русловым деформациям, Б.А. Бахметева по неравномерному течению в руслах, Н.М. Бернадского по речной гидрометрии, Н.Н. Павловского по фильтрации и
неравномерному течению, И.И. Агроскина, И.И.
Леви, В.М. Макковеева, Р.Р. Чугаева по расчёту течения в открытых руслах, А.Д. Альтшуля, Г.А. Мурина, Н.Ф. Федорова, Ф.А. Шевелева в области гидравлики трубопроводов.
Современная гидравлика (техническая механика жидкости) представляет собой органичный
сплав науки и практики, опирающийся на теоретическую гидромеханику и экспериментальные исследования.
Кроссворд-экскурс в историю и содержание
гидравлики. Современная гидравлика для многих
лишь совокупность знаний в виде бездушных определений и абстрактных формул. А за ними люди,
характеры, судьбы. Поэтому определения в кроссворде составлены с использованием работ [5, 7, 10,
12, 14) в виде занимательных биографических этюдов о знаменитых ученых, внесших заметный вклад
в гидравлику и упомянутых выше.
Задание. После угадывания фамилии ученого
следует обратить внимание на расположенный рядом фрагмент (схему изобретения или процесса) и
получить дополнительные представления о деятельности ученого. Фрагменты дают наглядное
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представление о содержании гидравлики (технической механики жидкости). Они расположены в хронологическом порядке, что позволяет проследить
последовательность освоения человечеством основных положений дисциплины.
1. Князь мудрецов: знал всё, к сожалению, церковь верила в это слишком долго; признается основателем двух десятков наук, в том числе физики.
Его знаменитые слова: «Платон мне друг, но истина дороже" – означали отход от воззрений своего учителя. Вместе с тем, он отбросил и прогрессивные идеи предшественников. За неверное положение о неподвижности Земли ухватилась церковь,
поэтому борьба против его учения была опасным
делом.
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2. 3наменитый греческий механик: изобрёл водяные часы и водяной насос. Многие его изобретения призваны были лишь «удивить» публику.
3. Величайший инженер древности: обнаружил обман в известной истории с короной царя Герона; готовился сдвинуть Землю, но не успел найти
точку опоры. Его винт сегодня используется в
обыкновенной мясорубке. Согласно одной легенде, при погружении в ванну вдруг осенила его
мысль о выталкивающей силе жидкости и, забыв
обо всем, голый, бежал он по улицам Сиракуз с победным кличем: «Эврика!», «Я нашел!». Это событие свершилось благодаря тому, что он искал путь
решения задачи постоянно. Здесь уместны слова
Л. Пастера: «Счастливая случайность выпадает на
долю подготовленных умов».

4. Автор портрета Моны Лизы («Джоконда»);
больше известен как художник, но больше сделал
как учёный. Он додумался до паровой пушки, создал пружинный автомобиль и танк, предложил мускулолёт, спроектировал и осуществил постройку
ряда каналов. Изобрел модуль подвесного моста,
многоствольную установку – зародыш пулемётов и
«Катюш», механизм для забивки свай, первый разводной ключ, редуктор, экскаватор, парашют. Он
работал всю жизнь и, очевидно не представлял себе
состояния, которое мы в быту называем отдыхом и

покоем, творил всегда и везде, но почти все давалось ему с трудом, что подтверждает фразу Т. Эдисона: «Гений – один процент вдохновения и девяносто девять процентов пота». Умирая, он просил
прощения у бога и людей за то, что сделал в своей
жизни так мало.
5. Выдающийся физик, механик и астроном:
изобрел первый телескоп и воздушный термоскоп –
прообраз термометра, сконструировал гидростатические весы для определения удельного веса твёр-
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дых тел, определил удельный вес воздуха. Однажды он зашел в церковь на богослужение и заметил, как от сквозняка раскачиваются на цепях
люстры. Держа руку на пульсе и отмеряя время их
полного качания по ударам собственного сердца,
открыл принцип независимости частоты колебаний
от их амплитуды, что послужило изобретению маятника – сердца любых механических часов. Девять
лет после публичного покаяния он оставался «узником инквизиции», а затем умер. Но человечество не
может жить без великих людей: в тот год родился
И. Ньютон.
6. Итальянский физик, ученик Галилея. Если
опустить в чашку с ртутью закрытую сверху стеклянную трубку с ртутью, то она не выльется, а
только опустится немного – её держит давление атмосферы на ртуть в чашке, а там, вверху, возникает
вакуум. Высота ртути служит мерой этого давления. Так в 1643 г. им открыто атмосферное давление, получен вакуум и сконструирован первый в
мире барометр. Он вывел формулу для скорости течения жидкости из отверстия в сосуде.
7. Создатель теоретической механики жидкости: вывел уравнение, которому в гидравлике нет
равных; использовал пьезометр для измерения давления движущейся жидкости. Является представителем семейной династии, отмеченной четырнадцатью крупными учёными – гениальность передавалась по наследству из поколения в поколение (как
и в семьях Иоганна Себастьяна Баха, Дарвина,
Штрауса, Кюри), вопреки расхожему мнению, что
природа, истратившись на гениях, отдыхает на их
детях.
8. « ... – великий человек. Между Петром I и
Екатериной II он один являлся самобытным сподвижником просвещения. Он создал первый университет. Он, лучше сказать, сам был первым нашим
университетом» (А.С. Пушкин). Знаменит открытиями в астрономии, физике, химии, геологии, географии, истории, кристаллографии и других
науках. Почти всегда, открывая новое, вступал в
бой со старым. Даже не прикоснувшись к науке, он
уже вписал бы свое имя в историю русской культуры как поэт. Для двора Елизаветы он и был
только поэтом и художником.
9. Французский врач и физик: изучая движение
крови в венах получил экспериментальную формулу, носящую его имя и широко применяемую для
определения вязкости жидкостей и скорости течения в капиллярах; первым использовал ртутный манометр для измерения кровяного давления животных.
10. Немецкий ученый: дал общие формулы для
потерь напора и ввел безразмерный коэффициент
гидравлического сопротивления.
11. Французский ученый: исследовал течение
в трубах и в грунте; открыл основной закон ламинарной фильтрации, носящий его имя.
12. Английский физик: установил критерий
подобия, названный его числом и сформулировал
условия перехода ламинарного течения в турбулентное, первым продемонстрировал явление кавитации.
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13. Русский ученый и инженер: создал первый
на русском языке труд «Основания практической
гидравлики ...» (1836 г.); организовал в 1855 г.
первую в России учебную гидравлическую лабораторию.
14. Русский ученый: основоположник аэродинамики; дал теоремы о подъёмной силе и тяговом
усилии; создал теорию гидравлического удара; основал Центральный аэрогидродинамический институт.
15. Немецкий ученый: автор полуэмпирической теории турбулентности; получил логарифмическое распределение скорости по сечению потока
жидкости в круглых трубах.
16. Русский ученый: развил теорию фильтрации воды в грунте и разработал метод построения
свободной поверхности потока в естественных руслах; был участником строительства крупных ГЭС.
17. Русский ученый: развил теорию турбулентности; исследовал движение наносов и русловые
деформации.
18. Немецкий учёный: установил эмпирическую зависимость для коэффициента сопротивления гидравлически гладких труб.
19. Русский ученый: заложил основы современной русской гидравлической школы, решил в
общей форме задачу интегрирования дифференциального уравнения неравномерного движения в
призматических руслах.
Кроссворд можно разгадывать в интерактивном режиме на нашем сайте https://labkap.ru. В процессе разгадывания кроссворда наука оживает и
вызывает интерес. Этюды вносят дополнительную
занимательную информацию, воздействуют на
эмоции обучающихся, вызывают у них эффект сопереживания и способствуют воспитанию определенных качеств личности.
После угадывания фамилии знаменитого ученого, обучаемые обращают внимание на расположенный рядом фрагмент (схему изобретения или
процесса с математической зависимостью) и получают дополнительные представления о деятельности ученого. Фрагменты расположены в хронологическом порядке событий, что позволяет проследить
последовательность и продолжительность постижения (освоения) человечеством основных положений дисциплины.
Совокупность фрагментов обобщает все основные разделы гидравлики и дает представление о
ее содержании, побуждает к установлению многогранных связей всего предстоящего изучению материала. Такой кроссворд представляет собой
наглядную опорную систему информации по истории развития гидравлики (технической механики
жидкости) и по ее содержанию (составу), что важно
для дальнейшего детального изучения дисциплины.
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Abstract
The article presents the results of the development of scientific and methodological systematic approach to
assessing the effectiveness of the organizational and technical system of emergency rescue operations during the
elimination of emergencies of natural and man-made nature. Based on the obtained results, there is an increase in
the integrated efficiency of the resource potential of the organizational and technical system of rescue operations
by increasing the functional (systemic) or corresponding economic effect.
Keywords: efficiency, useful effect, emergency situation, liquidation of consequences, emergency rescue
works, organizational and technical system.
If we consider the dynamics of the concept of
emergency, then in regulatory sources [1] we find the
following definition: an emergency is a violation of
normal living conditions and activities of people on the
site or territory, caused by an accident, catastrophe, natural disaster, epidemic, epizootic, large fire, the use of
means of destruction that have led or may lead to human and material losses.
In [2] it is specified that the emergency situation
means the situation in a certain area, which has developed as a result of a catastrophic event and is associated
with human casualties, damage to the environment, and
human health, with significant material losses and disruption of living conditions.
In [3] it is emphasized that this is an unexpected
situation, as it occurs suddenly and is characterized by
a rapid disruption of the sustainable process.
The authors [4] call an emergency a sudden situation characterized by significant socio-environmental
and economic damage, the need to protect the population from harmful factors (chemically aggressive and
radioactive substances, microbes, viruses, rickettsia,

hypothermia and other overheating, traumatic and psychogenic factors), rescue, emergency medical and
evacuation measures, as well as the elimination of negative consequences.
Nowadays in The Code of Civil Defense of
Ukraine, the following definition is given: Emergency
- the situation on a separate territory or business entity
on it or a water body, which is characterized by the violation of normal living conditions caused by a catastrophe, accident, fire, natural disaster, epidemic, epizootic, epiphytosis, use of means of destruction or another
dangerous event that has led (may lead to) a threat to
life or health of the population, a large number of dead
and injured, significant material damage, as well as the
impossibility of living in such an area or object, conducting economic activities on it [5].
Common to all these definitions is that an emergency is an environment caused by accidental causes,
such that it leads to harmful social, economic, and environmental consequences. Narrowing the range of
causes of emergencies, we will consider emergencies
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that are caused by the destruction of potentially dangerous objects or accidents at these objects.
During the crisis, rescue measures are conducted
to localize the effects of the threat and increase the viability of regional components in the affected areas.
Rehabilitation measures carried out in the post-crisis period are designed to eliminate the consequences
of the manifestation of sources of danger and increase
the rehabilitation of regional components in the postcrisis areas.
In the context of the introduced concepts, we will
define natural and man-made security as a state of components of the region, characterized by the availability
of necessary protection resources for possible or real
recipients of damage in each period of development of
any emergencies of military-man-made origin.
Territorial distribution, heterogeneity, multi-connectedness and dynamism of impact and protection
measures significantly complicate the management of
natural and man-made safety.
The purpose of the article is to develop a mathematical formulation of the problem of eliminating the
consequences of natural and man-made disasters in
Ukraine.
Presenting the main material. Analysis of the
problems of man-made security management in the region where the Joint Forces Operation is conducted
leads to the logical conclusion that the object of study
is to choose a system of man-made safety and civil defense (governing bodies and executive bodies with subordinate resources), the objects of which are:
objects that represent a source of man-caused
hazards - potentially dangerous objects (PDO) and objects of increased danger (OID);
objects to which the action of harmful factors
applies in case of realization of dangers (recipient objects or objects of protection and restoration).
The socio-economic system of the region and the
environment is external to the organizational and technical system under consideration.
You can get a mathematical description of the
studied system and its environment, using the principles of a systems approach. According to these principles [7] by a system, we mean a set of objects (system
components) with a set of relationships between them
and between their properties. Also, the system as a
complex object must have the following system features:
- the presence of the goal for the purpose;
- the presence of a systemic effect, the level of
which is associated with the achievement of the goal;
- availability of resource potential (human, material, information resources);
Consider Figure 1.
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- the presence of the structure (control and executive parts, adapted to produce a systemic effect);
- the presence of the process (transformation of
resource potential into a systemic effect);
- the presence of purposeful control (algorithm);
- the presence of emergence.
When describing the components of the system,
their properties and relationships should take into account the main feature of the system approach, which
is that all components of the system function as a whole
for a common purpose. The operation of the technogenic safety system is carried out continuously in order
to prevent emergencies or eliminate their consequences. This allows the analysis of the system to highlight only certain properties of objects and relationships
that are relevant in this context. Therefore, first of all,
it is necessary to define the concept of an emergency.
When searching for the optimal plan for the use of
forces and means of the military-technogenic security
system at the stage of emergency response, it is advisable to use a program-targeted approach to planning. The
initial stage of the planning cycle is the development of
the purpose of the program (goal setting). We consider
the main system goal of the program of works on liquidation of consequences of emergency situations to increase their target efficiency. The first indicator of efficiency is the value of F of the expected systemic effect
(reduction of damage from the consequences of the
emergency) of the program of work to eliminate the
consequences of the emergency. The second indicator
of the effectiveness of the program should be considered the cost of budget resources В, which reached the
value of the first indicator. Then the effectiveness of the
target program is evaluated by the ratio:

Etp =

F
B

(1)

Statement of the problem of development of the
optimal program of works on liquidation of consequences of emergency: on set of plans of use of budgetary resources {R} for the program, each of which R
satisfies system of restrictions on use of resources
(that is belongs to the area of admissible decisions):

G( R ) < GO

(2)

find such an (optimal) RO plan that maximizes the
effectiveness of the program

Etp ( RO ) =

F(RO )
= max Etp
B(RO )
.

(3)

POLISH JOURNAL OF SCIENCE № 31, 2020

58
FS

Fmax

Rtriv

Finv
F

Rinv

dir

Rdir
R(FB)

Bdir

Binv

Bmax

BS

Figure 1. The area of acceptable solutions and "concessions" on the Pareto functions of the system
Here BS - budget costs for the program, FS - the
target effect achieved by the costs of BS. Naturally,
there are many possible plans {R}, each of which is
represented by a point with coordinates R(F,B).
Obviously, for each point of the domain of admissible solutions, F is completely determined by the plan
R of the use of resources В. It is easy to see that the set
of "effective" plans for which the ratio (F/B) is best is
the left upper bound of the domain of admissible plans.
prevails in F equivalent to his plans in В or inferior in
В equivalent to him in plans F.
The set of effective plans is called the Pareto set,
and if the Pareto set is a continuous line, then the Pareto
function F(B) is formed.
Since the desire to increase the efficiency of the
system is limited to the point Rtriv(Fmax, Bmax) as a trivial
plan of "absolute perfection" of the system, the required
budget funds Bmax may not be enough, and it is necessary to slightly "yield" the target effect F.
If the costs of Вdir are possible, then they correspond to the value of the Pareto function Fdir, which is
the result of solving the "direct" problem of optimal
planning of the use of limited resources, which maximizes the effect. If the value of Fdir does not satisfy and
it can be increased to Finv then the new Finv corresponds
to the new value of the budget expenditures Вinv, which
is the result of solving the "inverse" problem of optimal
use of resources, which minimizes the required budget.
This contains the problem of "concessions", the
solution of which determines the compromise level of
the target effect of the program and the budget for its
achievement.
Conclusion
In the case of solving the problem of optimal management of man-made safety resources in the aftermath
of emergencies, the provisions for finding the optimal
plan are implemented in the process of ranking the objects of restoration work. The efficiency of the work is
determined by the formula (1), whereas a systemic effect is calculated the value of the averted economic

damage at the macro level. To calculate the economic
loss, it is proposed to use a simulation macroeconomic
model. The selection of objects for a direct task is carried out in accordance with their priority (rank), determined by the formula (1) until the budget is exhausted.
When solving the inverse problem, the selection of objects is carried out to achieve a given level of system
effect, which accumulates in the selection process.
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