.0’0
Polish journal of science

POLISH JOURNAL OF SCIENCE
Ne31 (2020)
VOL. 1

ISSN 3353-2389
Polish journal of science:

¢ has been founded by a council of scientists, with the aim of helping the knowledge and scientific achieve-
ments to contribute to the world.

o articles published in the journal are placed additionally within the journal in international indexes and li-
braries.

o isa free access to the electronic archive of the journal, as well as to published articles.

o before publication, the articles pass through a rigorous selection and peer review, in order to preserve the
scientific foundation of information.

Editor in chief —J an Kaminski, Kozminski University
Secretary — Mateusz Kowalczyk

Agata Zurawska — University of Warsaw, Poland

Jakub Walisiewicz — University of Lodz, Poland

Paula Bronisz — University of Wroctaw, Poland

Barbara Lewczuk — Poznan University of Technology, Poland
Andrzej Janowiak — AGH University of Science and Technology, Poland
Frankie Imbriano — University of Milan, Italy

Taylor Jonson — Indiana University Bloomington, USA

Remi Tognetti — Ecole Normale Superieure de Cachan, France
Bjern Evertsen — Harstad University College, Norway
Nathalie Westerlund — Umea University, Sweden

Thea Huszti — Aalborg University, Denmark

Aubergine Cloez — Universite de Montpellier, France

Eva Maria Bates — University of Navarra, Spain

Enda Baciu — Vienna University of Technology, Austria

Also in the work of the editorial board are involved independent experts

1000 copies
POLISH JOURNAL OF SCIENCE
Wojciecha Gorskiego 9, Warszawa, Poland, 00-033
email: editor@poljs.com
site: http://www.poljs.com



mailto:editor@poljs.com
http://www.poljs.com/

CONTENT
AGRICULTURAL SCIENCES

Zayats E., Chorny A., Barayshuk S.,
Krivovyazenko D., Yanko M.

Datsyuk I., Mushit S.
THE LATEST METHODS OF REPRODUCTION OF THE

HEAT TRANSFER AT ELECTROCHEMICAL TREATMENT  OWNER ...oooccccccvveeeeessseessesenessessssonsseneessssssnnsssneees 8
OF ORGANIC DISPERSED HYDRAULIC SYSTEMS .......... 3
MEDICAL SCIENCES

Genova S., Gerakova E.

EMBRYONAL V/S ALVEOLAR RHABDOMYOSARCOMA
WITH PARAMENINGEAL LOCALIZATION IN THE RIGHT
INFRATEMPORAL FOSSA OF A 3 YEAR OLD BOY. CASE
REPORT AND REVIEW OF LITERATURE..........cccuuu...... 30

Shorikova D., Shorikov E., Reva T.

STATE OF THE CARDIORESPIRATORY RESERVE OF THE
BODY UNDER THE INFLUENCE OF INHALATION OF
HIGHLY CONCENTRATED OXYGEN DURING STEADY-
STATE EXERCISE.....coi et e e 37

TECHNICAL SCIENCES

Kuzekov A., Zhumanuly G.

DEVELOPMENT OF A PROTOTYPE OF A SOFTWARE-
DEFINED NETWORK USING A SECOND-LEVEL
FIREWALL USING THE MININET EMULATOR.............. 44

Slabozhanin G., Slabozhanin D.
HISTORY OF HYDRAULICS DEVELOPMENT ................ 50

Romanyuk V., Trysnyuk V.,

Pidhorodetskyi M., Nikitin A.

THE MATHEMATICAL FORMULATION OF THE
SCIENTIFIC PROBLEM OF LIQUIDATION OF
CONSEQUENCES OF NATURAL AND MAN-CAUSED
CATASTROPHES ON THE TERRITORY OF UKRAINE ....56



POLISH JOURNAL OF SCIENCE Ne 31, 2020

AGRICULTURAL SCIENCES

HEAT TRANSFER AT ELECTROCHEMICAL TREATMENT OF ORGANIC DISPERSED
HYDRAULIC SYSTEMS

Zayats E.

D. Sc. (Techn.), Belarusian State Agrarian Technical University,Belarus

Chorny A.

PhD (Physics and Mathematics), A.V. Luikov Heat and Mass Transfer Institute of the

National Academy of Sciences of Belarus, Belarus
Barayshuk S.

PhD (Physics and Mathematics), Belarusian State Agrarian Technical University, Belarus

Krivovyazenko D.

Researcher, Belarusian State Agrarian Technical University, Belarus

Yanko M.

PhD student, Belarusian State Agrarian Technical University, Belarus

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 for-
age, etc. can be conditionally referred to as organic dis-
persed hydraulic systems (ODHS). To improve the ef-
ficiency of using nutritive potential and increasing ex-
traction 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 neg-
ative 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 gen-
eral, this may hinder the electric field applied to the me-
dium.

The present work considers a flat electrode sys-
tem, whose the interelectrode space are separated by a
membrane into cathode and anode regions with the

length L and the widths 6, and 0, , respectively. The

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-

ter and direction of moving liquid, permissible electri-
cal conduction of membrane material, and electric field
strength.

As ODHSs are usually subjected to applied elec-
tric 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 approx-
imation [2]. Also, based on a small rate of diffusive and
convective transfer of a charge in comparison to a mi-
gration velocity of ions in ODHS due to an applied
electric field, the equation for the total current in ODHS
is of the form

V(cE)=V(cVd) =0 [@h)

We determine the ODHS temperature from the
convective heat conduction equation with the consider-
ation of Joule heating:

pC, (z—T+U~VTj =V(A\WVT)+cE* (1)
T

At the initial boundary condition T|T:0 =T, and

env _T|1—) )
where A, p, Cp is the thermal conductivity, the density,
and the specific heat capacity of a dispersed medium
respectively, U is the velocity vector, o is the heat
transfer coefficient at the boundary T, Ty is the initial

temperature, Teq is the environment temperature, T |r

the boundary conditions XVT|r:oc

is the medium temperature at the boundary T', o 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
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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 tem-
perature must not exceed the maximum permissible one
of the treated material. For example, under coagulation
of whey proteins, it is not more than 45 °C. Such a tem-
perature range shows the heat and electrophysical pa-
rameters of the medium and the membrane are weakly
temperature-dependent. They can be taken as constant.

oy

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 interelec-

trode space with relative sizes o,/L>>1 and

3, / L >>1, we can assess the medium state along the

channel to a boundary layer approximation for both
temperature and electric fields:

0 0 od
—(o(y)E )=——[G(y)—}=0 (03
RV A=Y
for the liquid : pC u%:%(k(y)%j+cE2 3)
for the membrane: 0 = g(k a—T] o, E? (4)
oy oy

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

condition is OT /8X|X:L

oT
M — = o1 (Tenv T|

y=0m+01

=0. In the case of counter-
y=0m +81

Here &, is amembrane half width. We determine

the coefficients of heat transfer o [Wm2K™] from a
heated fluid to an ambient medium in the cathode and
anode regions using the Nusselt number as o; = Nu; Ai/d;
[3, 4]. In the considered-type channel, for the laminar

flow regime we use Nu; = 7,54 and for the turbulent

flow regime — Nuj = 0.0155Pr>*Re®® valid for

fluids with the Prandtl number 1 < Pri< 25 [4].
With the boundary conditions on the electrodes for

the potential ((I)| =Uo,
CI)| y=—(8m+5: )
ity condition at the medium-membrane boundary (
Y =9, and —J,,) included, we can show that the so-
lution of equation (2) is the dependence:

Y=8m+01
—Up) and the electric field continu-

2Uo
E(y)= 6
(¥) ST (6)
ofy)| 4+ "t
01 Om 02

Here, the electrical conductivity o is the function
of y, because it varies depending on the electrical con-
ductivity of the medium moving above and under the

2
Va(y) =™ 1{2(|y|_6m)_81} ,

d1

flow, we should take into consideration that for the an-
ode and cathode regions, these boundaries are opposite
to each other. At the channel (electrode) walls, the
Newton conditions are valid for the heat flux

T
hy— =09 (Teny — T|
y==(8n+32)

®)

—(8m+d;)

membrane, as well as of the electrical conductivity of
the membrane (o1, o2, om respectively). Substituting
formula (6) into the formula for heat source term in
temperature equation (3) yields:

0ty -of? -—— 20
d%&Z%Sﬂ

61 Om 02

The regime of medium flow in the interelectrode
space can be either laminar or turbulent, and deter-

mined by the Reynolds number Rej = UjDnj /Vi

(i=1,2), where Dnj = 29 is the hydraulic channel
diameter. The analysis [4] shows that the critical Reyn-
olds number at a transition from the laminar to the tur-
bulent 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 incom-
pressible liquid in the flat channel. First, consider the
cathode region. Following the approach described else-
where in [3], for laminated flows it is possible to show
that the velocity distribution in this region is

U]

3
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Here, it is taken into account that for considered-

type channels, the pressure drop
L pwf

Ap1 =& D P is assigned by the bulk velocity
H1

2(|y|—8m) -2

Va(y) =V, 1—{
o2

For the dynamics of turbulent flow, bearing in
mind that the Reynolds number for the problems of in-
terest is not too high (over the range 5000-30000), the

1
Va(y) _[2(|y|—6m)j7,

Vlmax - S

Vzmax 8 2

The last profiles are symmetric relative to the co-
ordinates y=(0m+0d1)/2 and

Yy =—(0m +82/2). Thus, the heat transfer problem
remains the only unsolved one.

[

1
vz(y):£2(|y|—6m>j7, v

Uj and the friction resistance coefficient — by the

Reynolds number: &1 =96/ Rey [3, 4]. Similarly, for
the anode region of the channel we have

3
Vzmax = EUQ .

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

V™ =u;/0.817 at §m <Y <8m+61/2,

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:

oT.
plc plu181nl &1 = K1 (Tm _Tl) + Klenv (Tenv _Tl) +0; E1261’ ®)
for the medium under the membrane:
or
pZCp2u282n2 8)(2 = KZ (Tm _TZ) + KZenv (Tenv _TZ) +0, E2282 ) 9)

for the membrane:

0=K\ (T, ~Tp) + K,(T, - T,)) +5,E725,,.

Here, we determine the bulk velocity in channels
as U,=Q,/S,, where Q, is the volumetric

flowrate of the medium in the channel, S, , is the flow
area of the channel, n,, are the subscripts of the me-
dium direction (N, , =1 —along the x-axis, N, =—1

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

Ki,=@/o,+28,/1,)",

coefficients are

L

K, | +GmE§]28m.

(10)

-1
Kieny = @/ 04 +1/ 0, +8,¢ [ 1)
Koy = @/ 0ty +1/ 0y, +8,0 1 Aye) . Here 3,
and A, ,, are the thickness and thermal conductivity of

is the coefficient of heat trans-
room (we take

electrode material, oL,
fer from electrode surface to
Olgy, =8 W/MZK).

The determined coefficients Kly2 and equation
(10) yield that the membrane temperature is equal to:

m= T1+ 2
K, +K, K, +K,

11
K, +K, (1)

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

must be solved

orT. K,K
p,C p1u181n1 &1 = ﬁ (Tz -T+

x K +K,

pch2u282n2 @ = &[Tl T, +

c,E225,

J + Koy (Ten = Ty) + 0y E1281 ; (12)

2
5 E225

1

] + K2env (Tenv _Tz) + 02 E2262 : (13)
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We can obtain a general solution to the system of ~ whey [7]. Table 1 contains the set of characteristics
equations (12)—(13) by finding the characteristic equa-  needed for calculation. In our case, according to the pa-

tion roots and by using the variation method of arbitrary  ameters, Pri = 1iCpi / Ai ~5 and the liquid flow is

constant [6].
The present work contains the solution for a par-
ticular ODHS when protein is produced from milk

a laminar.

Table 1
Thermophysical, Dynamic and Geometric Characteristics
Parameter name Designation Unit Value
Voltage U \Y 36
Distance from cathode to membrane o1 m 0.08
Distance from anode to membrane &2 m 0.07
Membrane thickness 20m m 0.00015
Channel length L m 0.5
Membrane heat capacity Com Jkg'K? 1500
Membrane material density Pm kg/m?® 1300
Initial membrane temperature n? K 293
Initial medium temperature in cathode region TlO K 293
Initial medium temperature in anode region TZO K 293
Medium density in cathode region p1 kg/m?® 995.7
Medium density in anode region p2 kg/m?® 995.7
Medium heat capacity in cathode region Cp J kgiK?! 4174
Medium heat capacity in anode region Cp2 J kgiK?! 4174
Medium thermal conductivity in cathode region M W mtK?! 0.618
Medium thermal conductivity in anode region A W mtK?! 0.618
Membrane thermal conductivity Am W mtK?! 0.17
Membrane electrical conductivity Om Ohm?m? 0.0210
Medium electrical conductivity in cathode region o1 Ohm?m? 0.48
Medium electrical conductivity in anode region o2 Ohm?m? 0.48
Medium bulk velocity in cathode region u, m-s? 0.01
Medium bulk velocity in anode region (volumetric flowrates u I 01
2 m-S U1 e

above and under membrane are the same) Sy
Coefficient of heat transfer from electrode surface to room Oy W/m?K 8
Material thickness of electrode 1 d, m 0.001
Material thickness of electrode 2 Oy, m 0.001
Material thermal conductivity of electrode 1 A W/mK 236
Material thermal conductivity of electrode 2 Aoe W/mK 236

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

n=n,= 1), the analytical equations (12)—(13) are described by the functions
T, =-1141,524exp(-0,00213x) —12,799exp(-0, 01123x) +1447,322,

T, =-1137,392exp(-0,00213x) +12,845exp(—0,01123x) +1417,547 .

(14)

(15)

In the case of the counter-flow of the medium (N, =—n, =1), the solution is presented by the following

functions at the channel length L =1 m:

T, =—310,824 exp(0, 00491x) —843,498exp(—0,00488X) +1447,322,

T, = 790,678 exp(0,00491x) —331,5896 exp(~0,00488X) +1417, 547

(16)

(17
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at the channel length L = 0.5 m:

T, = —205,207 exp(0, 00491x) —842,969 exp(-0, 00488x) +1447,322 (18)
T, =—792,025exp(0,00491x) —331,381exp(-0, 00488x) +1417,547 . (19)

The temperature variation in the membrane is
T, =0,5(T,+T,)+5,98935. (20)

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, ). At the
same time, in the case of counter-flow, the treated me-
dium is heated, not substantially varying the membrane

Ts“C—
27— ...................
3 —1
25k —,
_____ 3
23t

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 counter-
current flow of the medium (Fig. 1, 4, c) is identical.

19 1 1 1 1 ]
0.0 0.2 04 0.6 0.8 x, m
a
T.°Cr
il
—=1
25F

T.°Cr
2T )
251
—]
---2
23+ _._._ 3
]9 1 1 1 1 J
0.0 0.1 0.2 0.3 0.4 X, m
b
2

Figure 1. Temperature variation of the treated medium along the channels and the membrane
(1 —temperature Tq; 2 —To; 3 — Twm): a — co-current flow of the medium, b — co-current flow of the medium along
the channel at L = 0.5 m, ¢ — 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 opti-
mal treatment parameters of media, to impose re-
sistance restrictions on technological and design pa-
rameters, to define medium flow diagrams in the reac-
tor, 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 stur-
geon. 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 devel-

oped 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 repro-
duction 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 re-
serves for its development, in particular the search for
new economically viable approaches to fisheries man-
agement; reducing the cost of production while improv-
ing its quality. The introduction of low-cost resource-
saving technologies aimed at improving the efficiency
of using the bioproductive potential of aquatic ecosys-
tems has become a priority. Of particular interest in this
regard is the possibility of introducing into the ichthy-
ocomplexes of inland waters of fish sestonophages,
which do not require artificial feeding, are character-
ized by accelerated growth combined with high nutri-
tional 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 valua-
ble freshwater fish [2].

Given the special value of paddlefish, even rela-
tively small volumes of its cultivation will provide sig-
nificant 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 devel-
opment of otters may be the reduction of the industrial
press on the population of sturgeon in their natural dis-
tribution [1].

At the same time, fishery development of paddle-
fish in Ukraine is still in the initial stages of develop-
ment. There is a lack of scientific data necessary for the
development of biotechnology for its cultivation in ac-
cordance with the specifics of the functioning of do-
mestic aquaculture, in particular, adapted to the condi-
tions 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.
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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 Carti-
laginous ganoids (Chondrostei), a number of sturgeons
(Acipenseriformes), family Oystercatchers (Polyodon-
tidae). In modern ichthyofauna, Veslonis is the only
member of the genus Polyodon [2].

In English literature, paddlefish is known as Pad-
dlefish.

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 sug-
gested that a flattened snout can act as a wing that di-
rects 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 dam-
age to the surface of the rostrum in the oarsman is vio-
lated 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 fe-
males 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 di-
versifies 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 sig-
nificantly reduced [5].

Veslonis can adapt to life in different types of in-
land waters: rivers, lakes, reservoirs. As arule, it is kept

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 up-
stream and from the river to the lake, and when it falls,
they reverse migration. The tendency to active migra-
tions 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 af-
fected 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 maxi-
mum exceeding 83 kg for the body length of the fish
216 cm. Recently, the mass of fish recovered from nat-
ural reservoirs has decreased significantly [3].

There is a clear dependence of the growth of the
paddle on the water temperature and the level of devel-
opment 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 back-
ground of the maximum level of development of zoo-
plankton 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 inten-
sive growth is observed for zooplankton biomass above
59/ ma3. [6].

Paddlefish withstand wintering well and grow
well in central Russia. When grown in the Moscow re-
gion, 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 dif-
ferent 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 av-
erage seasonal indicators of zooplankton biomass of
ponds were in the range of 2.1-7.2 g / m® The highest
intensity of paddlefish growth was observed at water
temperature 21-24°C.

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 num-
ber 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 zoo-
plankton, 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 ap-
pear 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 fil-
tration of food. At the size of 200 mm, the paddle car-
rier 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 mi-
crons. This indicates the ability of the oarsman to cap-
ture 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 feed-
ing 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 zooplank-
ton reservoirs lower crustaceans, occurs

a small number of aquatic insects, larvae of drag-
onflies, plant remains, planktonic larvae of chirono-
mids, 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 ot-
ter have a subordinate importance. [9].

During the mass development of zooplankton, de-
tritus 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. in-
creases [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 litho-
philic fish. Spawning occurs in April-June in areas of
rivers with strong currents and well-washed pebble,

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 stur-
geon 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 de-
velopment 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. Some-
times the process of maturation lasts three years [10].

Male oarsmen reach sexual maturity in the Kras-
nodar Territory at the age of six. There are cases of mat-
uration 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 begin-
ning 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 fer-
tilized eggs obtained from flowing females from natu-
ral 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 devel-
opment of the oarsman.

Attempts to artificially reproduce the paddle with
the use of hormonal injections have been known since
1962. In 19631964, Nitham was the first to induce the
maturation of female and male oarsmen by performing
intraperitoneal injections with a suspension of ace-
tonated pituitary glands of oarsman and carp. Twice
maturation of females was achieved after repeated in-
jections of pituitary oars. After injections of carp pitui-
tary 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 physiologi-
cal 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 chori-
onic gonadotropin, luteinizing hormone, folliculin-
stimulating hormone, pituitary carp and otter. Ovula-
tion of oocytes in female oarsmen weighing 18.1-22.7
kg occurred after intraperitoneal injections of a pitui-
tary suspension of the corona or oarsman. The best re-
sults were seen with 2 and three injections with dosages
consisting of two pituitary pituitary glands per daily in-
jection. 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 correspond-
ing 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 repro-
duction of the oarsman and the need to expand efforts
to develop rational methods of such work.

Significant progress has been made in artificial ot-
ter 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 indi-
cators of oocytes than the pituitary gland of the oars-
man. Therefore, since 1984, this hormone has been
used mainly in US fish farms [5].

As a result of research, which has been success-
fully 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 artifi-
cial 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 repro-
duction in recent years is the University of Kentucky
Agqua Center. Catching broods take place in the Ohio
River in regular nets in April-May, with the water tem-
perature rising to spawning values (13-16 ° C). 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 plas-
tic pools located directly in the premises of the repro-
ductive complex. Luteinizing hormone is used to stim-
ulate 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 car-
ried 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 suspen-
sion. Incubation of eggs takes place in modified Mac
Donald incubation tanks, which provide constant mix-
ing of eggs with a stream of water. Growing of young

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 pri-
vate 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 meth-
ods of artificial reproduction and cultivation of paddle-
fish in the last few decades has been achieved in Russia,
where he has accumulated extensive experience in stur-
geon farming [13]. In contrast to US fish farming, arti-
ficial reproduction of otters in Russia, as already men-
tioned, 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 re-
quirements for ponds of all categories are a well-
planned bed that provides complete drainage, inde-
pendent supply and discharge of water.

Separate ponds are used for growing repairs and
summer keeping of broodstock. Co-cultivation of pad-
dlefish 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 nu-
trition, it is advisable to remove from the polyculture
typical zooplankthophags - variegated silver carp and
large-mouthed buffalo. If this is not possible - signifi-
cantly 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 mat-
ing 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 ° C (optimum about 16 ° C). Acetonized stur-
geon pituitary glands are used to stimulate the matura-
tion 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 pitu-
itary 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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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.

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 ob-
tained 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 polar-
ization 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 0,406
0,06-0,08 0,6-0,8
0,08-0,09 0,8-0,9;
0,10-0,13 1,0

Some overdose of pituitary glands during the de-
cisive injection, as a rule, does not lead to negative re-
sults, 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 fe-
male oarsmen (at optimal spawning temperatures)
should be considered 6-7 mg / kg. At water tempera-
tures below 13-14 ° C, 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 suffi-
cient. 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 ma-
ture in 21-24 hours, and at a temperature of 17-19 ° C
in 18-21 hours after the decisive injection. The de-
crease 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 Rus-
sia, the drug surfagon was tested to stimulate the matu-
ration of the otter. Females responded positively to hor-
monal stimulation and obtained benign eggs

In other experiments conducted in Russia, aceton-
ized 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 ar-
tificial reproduction of sturgeon-like fish is to develop
methods for managing the seasonality of their repro-
duction, which allows to obtain offspring in a conven-
ient 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 life-
long method of caviar selection by removing it through
an incision in the abdominal wall [3].

To simplify the process of obtaining sexual prod-
ucts, 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 selec-
tion of eggs by trimming the oviduct in female oars-
men. 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 riv-
ers (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 de-
pends 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 fig-
ure increases to 249 thousand (153.4-361.4 thousand
eggs). Up to 500,000 pieces were obtained from indi-
vidual large fish. eggs.

Milk in males is expressed by light massage, ab-
domen or through a catheter. Sperm in most cases, wa-
tery, whey color. Sperm concentration is 0.45-0.8 bil-
lion / mma3, less often 0.9 billion / mm3. The average
volume of ejaculate is about 70 ml. The fertilizing abil-
ity of sperm at a water temperature of 14 ° C is main-
tained 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 in-
crease 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, "Stur-
geon"). Weiss devices can be used to incubate eggs af-
ter 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 incu-
bated 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 / I.
With its reduction beyond 5 mg / |, the embryos of the
otter begin to experience oxygen starvation, which can
cause disruption of the processes of formation of sys-
tems 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 ° C. The period of embryonic devel-
opment is characterized by a minimal zone of tolerance,
the upper pie temperature for paddle-bearing embryos
only slightly exceeds 21-22 ° C. At low temperatures
(10-11 © C) the development of embryos slows down
to 300 hours and more, the period of hatching of free
embryos is significantly prolonged. About 50% of em-
bryos die before hatching, 25% have various defects
and later most of them die. Temperature 8 ° C - 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 de-
velopment. In the future, the thermoresistance of the
embryos of the oar gradually increases, while slightly
expanding the range of favorable temperatures. Short-
term exposure to extreme temperatures during the sec-
ond half of embryonic development was less danger-
ous, 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 tem-
perature, hatching of free paddle-bearing embryos is
observed 5-12 days after loading the devices.

The study of osmoresistance of oar-bearing em-
bryos showed that caviar normally develops in water
with salinity up to 3 %o. 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 pos-
sible 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 en-
vironment (pH 8.2-8.7), only 30% of free embryos
emerge from the eggs, most of which can develop nor-
mally 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

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 /
I. Caviar can also be treated with formalin: concen-
trates, 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 (opti-
mum), the duration of the hatching period of free pad-
dle-bearing embryos can reach 40-50 hours [7].

The yield of free embryos from eggs of normal
quality, incubated in favorable environmental condi-
tions, is usually at least 90%. The number of ugly forms
does not exceed 10-15% [5].

Studies show the possibility of transporting ferti-
lized 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 ferti-
lized otter caviar from Russia to Cuba. The total dura-
tion 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 pe-
riod 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 ° C larvae begin to actively feed in 152-112
hours after hatching, in 17°C - in 225 hours, at a tem-
perature of 12—14 ° C the duration of transition to ex-
ogenous feeding increases to 360-480 hours. The fa-
vorable temperature during the period of keeping free
embryos is in the range of 17-22 ° C, and the survival
before the larvae switch to active feeding is 90-95 %.
At a temperature of 12—14 ° C, the survival of free em-
bryos 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 tem-
perature thresholds are about 25-26 ° C. Prolonged ag-
ing of free embryos at higher temperatures is unac-
ceptable. At a temperature of 31-32 ° C, vital activity
is suppressed and all free embryos die quickly [6].

As for the embryos in the eggs, for free paddle em-
bryos the optimal concentration of dissolved oxygen in
water is at the level of 8-10 mg / I. The oxygen content
in the water below 5 mg / | has a detrimental effect on
the larvae [9].

Free paddle-bearing embryos feel good in water
with salinity up to 3 %o, and after anterior gradual ad-
aptation - at salinity up to 4 %o. Survival under such
conditions is about 80%. The duration before the larval
period at a salinity of 4 %o increases per day compared
to the control (at a water temperature of 17C°). More
than 60% of free embryos die in water with a salinity
of 5 %o, and 100% in salinity of 6—7 %o [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 fragmenta-
tion of embryos in the early stages of development. Un-
der conditions of strict compliance with the technolog-
ical requirements of artificial reproduction, these viola-
tions can be avoided.

The second group of anomalies is a violation of
the gastrulation process. As a result, the embryos de-
veloped asymmetrically, had disorders of the main de-
partment and axial organs. Usually this type of viola-
tion is associated with adverse conditions during the in-
cubation 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 primar-
ily due to unsatisfactory conditions for keeping and
feeding the brood, does not depend on the incubation
conditions. Embryos are lethargic, react weakly to me-
chanical stimuli, which indicates a violation of neuro-
muscular 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 0O
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 stur-
geon plants in the Astrakhan region showed the possi-
bility of using for the purpose of rearing larvae of pad-
dlefish, in addition to concrete daphnia pools and in-
stallations with closed cycle water supply elements of
various structures, as well as plastic pools (LPL, ICA-
2) 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 wa-
ter temperature. Where at the time of rearing the tem-
perature was higher, the growth and survival of fish in-
creased [10].

According to researchers, the most acceptable wa-
ter 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 unac-
ceptable. The upper threshold survival temperatures of
otter larvae approach 32-33 ° C. Recently, Amur-type
devices have been successfully used to grow paddle lar-
vae 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 den-
sity of larvae in the range of 25-50 specimens / m? and
water exchange of 15-20 | / h. After the young reach a

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 den-
sity of not more than 5 thousand units / m* and water
exchange of 18-20 | / 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 mix-
tures 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 zooplank-
ton organisms, the share of which in the diet is subse-
quently 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 biologi-
cally active substances that promote digestion. This
problem acquires special significance in the manufac-
ture 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 environmen-
tally 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 re-
duced 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 deteriora-
tion 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 ag-
uaculture, 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 envi-
ronment. According to the experience of using ultra-
sound, in the reconstruction of incubation shops for a
closed cycle of water supply by optimizing the condi-
tions of embryogenesis and suppression

saprolegn fungi with low concentrations of inhib-
itors, it is possible to increase the survival of one-day
sturgeon by at least 20-30% compared to the actual re-
sults [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 plas-
tic 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 thou-
sand 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 in-
dividual species in polyculture, the quality of the origi-
nal 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 repair-
uterine herds of paddlefish was first started in the con-
ditions of pond farms in the east of the country (Don-
rybkombinat) 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 re-
pair and uterine material of the oar was carried out by
the joint efforts of fish farmers, practitioners of fisher-
ies enterprises of the south of the country and scientists
of Kherson State Agrarian University under the leader-
ship of Professor IM Sherman.

Among the producers one of the main executors of
these works was Onuchenko OV The basis for the for-
mation 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

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 mainte-
nance. In particular, in the conditions of the Yaska sec-
tion of CJSC "Odesarybhosp" the indicators of the en-
vironment, against the background of which the differ-
ent 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 28-30°C,
as well as reducing the content of dissolved oxygen in
water to 1.7-2.2 mg / |. 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 ma-
terial paddle at the age of eight was partially transferred
to the ponds DVEORZ and fish farm "Mountain Ti-
kich™ JSC "Cherkasyrybhosp".

In the spring of 2001, individual ten-year-old fe-
male oarsmen with stage 1V ovarian maturity were de-
tected with the help of pike gonads at all fish farms,
which became the basis for their experiments on artifi-
cial 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, accord-
ing to the authors, was due to the use of females of the
first maturity. The fertilization rates of eggs did not ex-
ceed 20%, followed by complete death of embryos.

In fish-breeding works of 2002 in the conditions
of DVEORZ the attempt of artificial reception of pos-
terity from for the first time mature eleven-year-old fe-
males of a paddler was successfully realized. Stimula-
tion of fetal maturation was carried out by glycerol ex-
traction of sturgeon pituitary gland, dry activated
sturgeon pituitary glands and Surfagon. The best results
were obtained by stimulating the maturation of the off-
spring with the drug "Surfagon". After the period of in-
cubation 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 experi-
ments 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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belongs to the specialized enterprises for the reproduc-
tion of sturgeon-like fish, research at JSC "Cher-
kasyrybhosp" was carried out in the conditions of a nor-
mal full-system pond economy. This circumstance de-
serves special attention in view of the further expansion
of the scale of introduction of paddlefish in the aqua-
culture of Ukraine. On the basis of the farm "Gorsky
Tikich" in recent years, research has also been con-
ducted on the rearing of young paddlefish to viable cul-
tivation of this year in polyculture with traditional ob-
jects of pond fish farming. The first in Ukraine market-
able 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 ot-
ters in the Sumy region. Floating gardens with a volume
of 1 m® (1.5 x 1 x 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
0JSC 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 spec-
imens / m3. The larvae were fed live zooplankton or-
ganisms (mainly daphnia). At the end of the rearing pe-
riod, 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

year's oarsmen reached an average weight of 490 g for
a survival of about 28% [3].

In the domestic literature there are different state-
ments 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 ap-
propriate 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 conti-
nents 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 condi-
tions of this farm, to study the influence of various fac-
tors and temperatures on the final indicators of produc-
tivity and economic efficiency.

Research methodology. The study was con-
ducted 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

uantity, copies Researched indicators
Neparty | Breeders fgmales : rﬁales
1 oarsman 3 3 (fertility of females and males.
) oarsman 3 3 fertility of caviar, the release of pre-larvae after
incubation and release of larvae after incubation

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 (tem-
perature 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 farm-
ing works corresponds to GOST.15 378.87. Mature
sexual products were obtained by the method of pitui-
tary 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 li-
ters, Weiss type.

Purification of water supplied to the incubation
shop was carried out using filters of the system AG Bo-
lotov and IK Malytsky. The content of dissolved oxy-
gen and water temperature was performed using a ther-
mooximeter and a water thermometer.

The study of eggs was carried out in the labora-
tory, 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].
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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 pi-
tuitary glands). The effect of changes in water temper-
ature 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 cav-
iar 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 ¢

A biopsy with probe caviar sampling was used to
assess the readiness of females for reproduction. The

state of maturity of oocytes was determined by the in-
dicator (coefficient) of polarization of the nucleus L
(Fig. 1)
L= é ,
B

Where: A is the distance from the nucleus to the
shell of the animal pole of the oocyte;

B - 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 dura-
tion of translational active sperm motility were deter-
mined.

&

Y

Fig. 1 Schematic representation of an oocyte with a nuclear polarization index of 0.07

Insemination of eggs was carried out in a "semi-
dry" way. Decontamination of fertilized eggs was per-
formed 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 cal-
culated at the initial stage of gastrulation and the stage
of motile embryo. To study the influence of water tem-
perature on the duration and efficiency of incubation.

After hatching from the eggs of free embryos of
the oarsman before their transition to exogenous nutri-
tion 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 hydro-
biological indicators of fishponds and experimental
ponds, systematic control of water temperature and hy-
drochemical parameters of the aquatic environment
was carried out. In order to obtain quantitative and
qualitative characteristics of phytoplankton, zooplank-
ton and zoobenthos, sampling was carried out, the pro-
cessing of which was performed in-chamber condi-
tions.

Control of abiotic parameters of the aquatic envi-
ronment was performed using common methods in fish
farming. Water temperature was measured using a wa-
ter thermometer graduated by 0.2 ° C, the content of

dissolved oxygen in water was determined by the Win-
kler method and using a thermooximeter H-20-10A.

Biological factors of the aquatic environment were
studied using generally accepted methods in hydrobiol-
ogy [7].

Determinants were used to determine the qualita-
tive composition of organisms in the feed base of fish.
Biomass calculations of organisms were performed ac-
cording to the tables of their individual mass [6].

During the entire research period, 43 samples were
taken, processed and analyzed for complete hydro-
chemical 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 re-
search 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-bio-
logical indicators and on the economic analysis of fish-
ery results, which gave a convincing evidence of a
number of advantages associated with the introduction
of this unconventional fish farm in domestic pond ag-
uaculture.

Research results. The effectiveness of measures
to introduce non-traditional fish farming facilities into
aquaculture, especially in the initial stages of their fish-
ery 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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the current problems of artificial reproduction of the ot-
ter, 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 con-
ditions 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 differ-
ences in response to hormonal stimulation of their mat-
uration. 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 repro-
duction 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 in-
troducer 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 "Ode-
saribhosp", where at the age of two years the breeding
material of the oar was transported to the farm geo-
graphical area.

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 m?® of water. The water temperature was
14-15 © C. Transportation of breeding material took
place without leaving. Fish delivered to the northern re-
gion successfully withstood the unusually long winter
of 20072008 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 artifi-
cial 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 ex-
periments 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 repro-
duction 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 var-
ied between 9.82-12.23 kg and 9.18-13.48 kg at the av-
erage 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 (m = 5) eleven years (m=5)
W (mass of fish), kg
M+m 10,90+0,34 11,19+0,44
min 9,82 9,18
max 12,23 13,48
Cv,% 8,16 12,92
L (absolute length of fish), cm
M=£m
min 117,61£2,09 121,32+2,06
max 109,20 113,20
Cv,% 123,50 132,30
4,69 5,62
1 (body length), see
M=m 106,40+1,58 109,13+1,94
min 101,20 101,10
max 112,10 120,20
Cv,% 3,94 5,90
C (length of the head with rostrum), see
M=+m
min 43,33+0,46 43,41 +£0,60
max 42,00 41,00
Cv,% 45,20 46,40
2,81 4,59
R (length of rostrum), see
M=m 28,63+0,55 29,07+0,51
min 26,50 27,10
max 30,50 31,50
Cv,% 5,09 5,81
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These differences in body weight of fish of differ-
ent 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

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
Indicators Age group
decades (n = 5) eleven years (n =5)
W (mass of fish), kg
M+m 8,51+0,35 8,93+0.35
min 7,52 7,92
max 9,72 11,19
Cv,% 10,96 12,29
Cv,%
L (absolute length of fish), cm
M=£m
min 113,30+0,69 114,55+1,36
max 111,20 108,30
Cv,% 117,10 123,20
1,61 3,75
1 (body length), see
M+m 102,54+0,52 102,66+1,13
min 100,30 97,50
max 105,00 109,50
Cv,.% 1,35 3,49
C (length of the head with rostrum), see
M=£m
min 39,67+0,56 40,13+0,38
max 37,40 38,90
Cv,% 42,00 42,70
3,71 2,98
R (length of rostrum), see
M+m 26,23+0,36 26,59+0,27
min 24,50 25,60
max 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 aver-
aged 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 ma-
terial, 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 cav-
iar.

Indicators of fertility of female oars that responded
to hormonal stimulation of egg maturation are pre-
sented 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 indica-
tors 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 oo-
cyte 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-year-
old fish (on average by 25%) in terms of working fer-
tility (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 eleven-
year-old fish with a body weight of 10.32 kg, from
which it was possible to obtain 752 g of eggs (working

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
. Age group
Indicators decades (= 3) eleven years (n =3)
Mass of the received caviar, ¢
M=m 672,14+89,38
min 563,40+76,68 210,00
max 335,00 886,00
Cv,% 804,00 35,18
Cv,% 30,43
Number of eggs in
1 g of caviar, pcs.
M+m 126,40+2,50 133,86+2,28
min 120,00 123,00
max 134,00 140,00
Cv,% 4,43 4,55
Working fertility, yew eggs
M+m
min 70,77+8,81 88,77+11,65
max 43,22 29,40
Cv,% 96,48 115,43
27,83 34,3
Relative working fertility, thousand eggs / kg
M=£m
min
max 6,77+0,77 7,73+£0,90
Cv,% 4,13 2,88
8,72 9,98
25,50 30,83

With increasing age of fish, there was a slight in-
crease 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

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 (i = 3) eleven years (n =3)

The average diameter of the eggs, mm
M=+m
min 2,31+0,02 2,38+0,02
max 2,28 2,31
Cv,% 2,36 2,44

1,55 1,87
The average weight of eggs, mg
M=tm
min 7,80+0,07 7,99+0,08
max 7,60 7,70
Cv,% 8,00 8,30

2,03 2,75
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Significant differences were observed in the indi-
cators 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 re-
sponded 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 de-
struction of the membranes. Sexual products are char-
acterized 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

development were 21 and 29% (working fertility of fe-
males, 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 cav-
iar decreased to 13 and 11%, respectively, which was
62 and 38% of the development of embryos during gas-
trulation. As aresult, 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 charac-
terized by low quality with fertilization rates of less
than 20% and subsequent complete death of embryos.

Compared with ten-year-old females, eleven-year-
old first-spawning offspring of the second wave of mat-
uration 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
of gastrulation,%

Development of embryos at the stage |Output of free embryos per female,
of motile embryo,%

thousand copies.

M=m 40,83+6,87 M=+m 33,17+6,22 M=+m 40,83+6,87
min 22,00 min 17,00 min 22,00
max 67,00 max 58,00 max 67,00

Cv,% 41,20 Cv,% 45,90 Cv,% 49,23

Eleven broods with an index (coefficient) of po-
larization 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 (ace-
tonized 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 fe-
males used in fish farming was the last to be character-
ized 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 gastru-
lation) 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% (av-
erage 40.83%). Subsequently, before the stage of mo-
tile 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 de-
velopment 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 ex-
ceed 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 val-
ues, respectively - 57.60 and 50.86 cm 3a, with fluctu-
ations in individual values from 34 to 70 cm?®. 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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Table 8
Reproductive indicators of males
. Age group
Indicators Decades (n1=3) Eleven years (n1=3)
Ejaculate volume, cm?
M=+m 57,60+4,84 50,86+4,56
min 42.00 34.00
max 70,00 65,00
Cv,% 18,80 23,72
Active movement
sperm, sec.
M=tm 326,29+25,15
min 220,00
max not determined 425,00
Cv,% 20,39

As aresult, we note that the issue of fish quality of
otter caviar has been repeatedly discussed in the litera-
ture. In general, there is a general opinion about the low
quality of caviar in first-matured fish compared to re-
spawning 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 opin-
ion, 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 vi-
able young paddlefish to form a further group of repair
young this year and two years. You should also pay at-
tention to the inherent sturgeon-like stretched in time
formation of the reproductive system. In females, de-
pending on the individual characteristics of the organ-
ism, 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 bet-
ter 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 clarifica-
tion. 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 pro-
cesses of resorption of mature sexual products in "un-
worked" fish on the subsequent reproductive properties
of broodstock.

Biotechnological aspects of artificial reproduc-
tion. Experiments on artificial reproduction of the otter
were based on the physiological method of obtaining
sexual products from the offspring with the use of hor-
monal 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.

Taking into account the functional heterogeneity
of the reproductive system of first-time mature oars-
men, 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 sub-
stances, 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 em-
bryos 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 im-
portant elements of artificial reproduction of sturgeon-
like fish. It is known from the literature that the brood-
stock of the otter in the spring become ready for spawn-
ing from the time of the onset of a stable average daily
water temperature not lower than 13-14 ° C. The opti-
mal temperature is 16C°. The calendar terms of fish-
breeding work with oarsmen in farms that do not have
special devices for long-term keeping of fish in a regu-
lated temperature largely depend on the climatic fea-
tures of the region and weather conditions of a particu-
lar year.

In experiments conducted on the basis of the farm
LLC WG "Mercury" (forest-steppe zone) in the ab-
sence 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 con-
trast to 2016, when the work was performed at a water
temperature of 17.0-19.5 °C, in 2017 the experiments
were performed against the background of temperature
fluctuations in the range of 14.0-18.5 ° C. Fish-breed-
ing work on obtaining mature sexual products of fish
was carried out in a short time, which did not exceed 6-
7 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 ab-
sence of free movement in the water can negatively af-
fect 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 (dura-
tion of keeping in transporting containers up to 30—40
minutes) was carried out in live fish machines.

In order to collect individual fish - biological indi-
cators, the markings of fish used in fish - breeding
works were used by trimming the fins.

For reproduction among females, fish with a con-
vex, 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 ma-
turity 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

month) did not harm the fish, the wound healed quickly.
Before sampling in order to avoid inflammatory pro-
cesses 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 (ma-
terial - 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 un-
der the binoculars with an eyepiece-micrometer, the de-
gree 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 fe-
males with a nuclear polarization index in oocytes of
0.08-0.14.
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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 par-
tial discharge of water. Examination and final (re-) se-
lection 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 brood-
stock.

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 ex-
ceed 1 copy. on 4-5m2.

The water temperature between injections and re-
ceiving 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 gonado-
tropin matured 12.5-15.0 hours after the decisive injec-
tion. 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 oars-
men, combined dry matter injections of acetonized stur-
geon pituitary gland and glycerol extract of sturgeon pi-
tuitary gland were tested. Sturgeon pituitary with a dose
of 0.7-0.8 mg / kg body weight was used for the previ-
ous 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 in-
crease 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 pi-
tuitary glands, the average water temperature was 17°C.
The mean values of water temperature during the pe-
riod between the first and second injections were at the
level of 16.7°C, after the decisive injection water tem-
peratures were observed (on average up to 17.8 °C).

In the case of combined gonadotropic injections,
the fetuses of the first group matured 15.5-21.5 hours

after the administration of the decisive dose of the hor-
mone. 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 in-
jected 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 exper-
iments with ten-year-old broodstock. In 2002, gonado-
tropic 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 vari-
ants 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 readi-
ness (mating attire) responded positively to pituitary in-
jections in all cases except one fish out of four bream-
stimulated 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 fe-
males and males (50,000 1U per fish) was used to re-
duce 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 defi-
ciency. In this regard, the task of finding substitutes for
sturgeon pituitary glands is becoming increasingly im-
portant. 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 Rus-
sian production, synthetic ovulation stimulant of Hun-
garian production - ovopel and lutein. The advantages
of synthetic substitutes for natural pituitary drugs in-
clude the absence of foreign protein substances in the
form of remnants of pituitary membranes, which re-
duces 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 gonado-
tropic substances is to physiologically stimulate the
production of their own gonadotropic hormones in the
pituitary gland of the fetus. It can be assumed that pos-
itive 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 nat-
ural pituitary preparations of carp fish species to stim-
ulate 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 experi-
ments, we note that to prevent injury to offspring, their
injection was usually performed in tarpaulins with wa-
ter, 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 fe-
males to the rapid maturation of ovulated eggs revealed
in the 2001 studies, in the further works the primary at-
tention was paid to the timely determination of the ini-
tial stage of their maturation. Periodic inspection of
broodstock (every 1.0-1.5 hours) was started 56 h be-
fore the possible maturation dates, which were deter-
mined according to the graphs of the dependence of the

maturation duration of oarsmen on the water tempera-
ture after the decisive injection.

It is known that recently, due to the aggravation of
the problem of uterine material deficiency, the preser-
vation of the life of broodstock after the selection of
sexual products has become an indispensable technol-
ogy for the conditions of effective artificial reproduc-
tion of sturgeon-like fish. This is especially true of
work with the least valuable items of commercial stur-
geon farming, which includes paddling. There are sev-
eral 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 curva-
ture 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 possi-
bility 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.

g

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 sex-
ual 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 pe-
riod 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 re-
sults. Therefore, during the further expansion of work
on the formation and operation of uterine flocks of oars-
men, 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 car-
ried 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 insem-
ination did not exceed 15-20 minutes. Before perform-
ing 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 thelr total volume er 1 ki

“'gia;a‘ill

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 cav-
iar with water and milk for 3-4 minutes. mixed thor-
oughly 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 cav-
iar was subsequently incubated. After washing the fer-
tilized caviar immediately proceeded to the process of
its non-gluing.

Decontamination of fertilized caviar was per-
formed in special devices by bubbling the non-adhesive
suspension (100 g of talc, 9.5 g of table salt per 10 | of
water) with compressed air (Fig. 6). The process of un-
gluing 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 ini-
tial 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 in-
cubation of embryos obtained from different brood-
stock, 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 | / 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 con-
centration in the water supplied to the incubator at a
level of not less than 5.4-5.6 mg / | at minimal costs.
Other hydrochemical parameters of water during the in-
cubation 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 8.1-14.3mg O/l and 3.3-4.2 mg —eq./l,
respectively.

The water temperature during the incubation of
eggs varied between 13-19 ° C and was mostly at the
level of optimal values (1518 ° C). The daily fluctua-
tions did not exceed 2.0-2.5 ° C.

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 temper-
ature, 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 ° C (average 15.2 ° C), 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 incu-
bator. In the second batch of eggs, in which the devel-
opment of embryos took place at a water temperature
of 15.0-18.0 ° C (average 16.8 ° C), this process began
143 hours after loading the incubator trays.

The length of the hatching period caused some dif-
ferences in the size and development of free embryos.
The formation of more developed individuals in the fu-
ture determined their earlier transition to active nutri-
tion. Even at the highest water temperature (1719 ° C),
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 ° C 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 tempera-
ture regime with water temperature fluctuations in the
range of 16-20 ° C, the maintenance of free embryos in

the pools took place with a small waste that did not ex-
ceed 10-15%.

After being released from the shells and trans-
planted into the pools, the embryos make "candles” by
rising to the surface of the water and then slowly de-
scending. The piglets have a dark pigment in the eyes,
a wide fin band is not yet differentiated into the rudi-
ments 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 ° C,
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 em-
bryos from eggs and the resulting differences in their
development, feeding of larvae began 1.5-2.0 days be-
fore 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 translu-
cent 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 eleven-
year-old in terms of reproductive capacity significantly
outweighed for the first time mature decades.

Ordinary breeders designed for factory reproduc-
tion 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 re-
gime in fish farms.

Some research materials in this section are pub-
lished in professional journals.

Economic efficiency of the developed technol-
ogy. At the present stage of aquaculture development,
one of the most important conditions for the successful
operation of sturgeon is the presence of mature off-
spring, 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 un-
der 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 in-
dispensable food product that provides human needs
primarily for animal proteins, a wide range of vitamins,
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a variety of trace elements and biologically active sub-
stances.

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 un-
der 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 reproduc-
tion and cultivation of viable oarsmen in the economy
of Mercury WG LLC convincingly testify to the pro-
spects of using this method. At the same time, given the
existing economic realities of today, there is an urgent

need to find the most economically efficient options for
the application of technological components of produc-
tion. 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 us-
ing 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

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 econ-
omy, the main part of production costs, which deter-
mined the level of profitability accounted for wages and
fixed assets, as well as other costs associated with pe-
troleum products and electricity.

Analyzing the indicators of economic efficiency
of reproduction of the otter, we can conclude that a sig-
nificant part of the cost of larvae during reproduction
are labor costs with deductions for social costs (27.9-
35.1% of the total). These costs combine the remuner-
ation of fish farmers who carry out technological oper-
ations for the cultivation and feeding of broodstock,
with the remuneration of highly qualified specialists
who carry out reproduction in hatcheries. Since the re-
production of the oarsman by the traditional factory
method, the main work to control the maturation of fe-
males and the selection of sexual products and insemi-
nation 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 pro-
curing 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 thou-
sand 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 repro-
duction 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 fac-
tors 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 thou-
sand degrees days, the achievement of the IV com-
pleted stage of maturity of the gonads in the oarsman
lasts for 10-11 years.

2. On the example of this farm proved the possi-
bility of organizing the artificial reproduction of the oar
on the basis of conventional carp farms.

3. Positive results in hormonal stimulation of mat-
uration of sexual products of female oarsmen were ob-
tained at a water temperature of 14-16 ° C with two hor-
monal 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 ot-
ters, dubious hormonal drugs should not be used, which
are characterized by low reproductive capacity and in-
creased 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 for-
age 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 histo-
logical 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 eosino-
philic 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 IlIrd 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 ris-
ing. After Wilms tumor it is one of the most common
neoplasms in children. Itis localized in upper and lower
extremities, head, urinary tract and the organs of the re-
productive system.

Alveolar RMS (ARMS) and embryonal RMS
(ERMS) are the two most common histological sub-
types in children. They have different clinical and
pathological characteristics and results [3, 11]. ERMS
is being the most common soft tissue sarcoma in chil-
dren, 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 cytoge-
netic 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 fre-
quent 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 metas-
tasize 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 sub-
mandibular region which was painful at first and ina-
bility 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 tu-
mor with primary para meningeal location which infil-
trates the meso-epipharynx and involves regional and
mediastinal lymph nodes. Tumor assessment assigned
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it to a high risk group - 111 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 rep-
resented 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 al-
veolar 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 alve-
olar and a diffuse/solid type of growth.

Positive Immunohistochemical markers were Des-
min and Vimentin (Fig 5, A and B), and negative mark-
ers — MyoD1, Smooth muscle actin; CD10; CK
AE1/AES; Ki67, p53.

Differential diagnosis is made with other lesions
which are more common in the Parameningeal site:
neuroblastoma, soft tissue type of Ewing sarcoma, un-
differentiated 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 ex-
amination revealed parts of the lungs (more than two)
suspect for micro metastasis. They, as well as the pri-
mary tumor formation, responded well to chemothera-
peutics 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 diag-
nosed in the right infratemporal fossa. After several cy-
cles of chemotherapy a new surgical excision was per-
formed of the tumor and the histological result from the
obtained material showed hyalinosis and sporadic, sin-
gle rhabdomyoblasts.

A new chemotherapeutic cycle was started accord-
ing to VITA protocol (Vincristine, irinotecan and te-
mozolomide - active against recurrent sarcomas) with
lesser response of the tumor to it. An STR (stereotactic
radiosurgery) with cyber knife was performed. The for-
mation was greatly reduced and there was no local
blood vessels involvement. This allowed a radical sur-
gery 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 cen-
tral nervous system and no lung micro metastases. Con-
trol 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

n. hypoglossus and n. glosopharyngeus on the right
side. A new anti-relapse course of chemotherapy was
started. An NTRK (neurotrophic receptor tyrosine ki-
nase) test was done on the paraffin embedded block and
no oncogenic drivers of various adult and pediatric tu-
mor types have been identified. Despite the mixed cell
composition, the negative genetic profile led us to con-
clude it is embryonal type of rhabdomyosarcoma. In the
course of the therapy was seen a progression of the for-
mation. In the course of the therapy was seen a progres-
sion 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 chemother-
apeutics 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]. Adoles-
cents 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 malig-
nant. 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, mas-
toid, 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 04 years (42%), whereas ARMS was found nearly
equally distributed amongst all 4 age groups. Bimodal
age distribution was observed for RMS and ERMS, in-
cluding a larger peak between ages 0-5 years and a
smaller peak in adolescence [21]. Rhabdomyosarcoma
is an aggressive malignant tumor. The tumor is com-
posed 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 transloca-
tions, 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-dif-
ferentiated muscle phenotype [10].

Histologically there are four subtypes amongst
which the embryonal and alveolar are the most com-
mon 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 4™ 5" and 7™ decades of life.

The different morphological features were recog-
nized in the mid-1900s by Horn and Enterline who di-
vided rhabdomyosarcomas into embryonal, alveolar,
botryoid and pleomorphic subtypes. [20].

Embryonal RMS subtype of the rhabdomyosar-
coma (RMYS) is soft tissue sarcoma family whose line-
age derives from the undifferentiated mesoderm. It is
the most common subtype of rhabdomyosarcoma in the
pediatric and adolescent setting. Anaplasia is associ-
ated 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 tis-
sue, 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 differen-
tiation. Eosinophilic spindle cells are arranged in inter-
lacing fascicles. They are moderately cellular but in the
typical pattern often contain both hypo- and hypercel-
lular 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 stria-
tions. Rhabdoid cells may have elongated tails of cyto-
plasm (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 cam-
bial layer, which is recognized as a characteristic of this
subtype.

Alveolar RMS: Accounts for 20 to 30% of all rhab-
domyosarcoma 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 posi-
tive for PAX3-FOXOL1 fusion gene, 20% for PAX7-
FOXO1 fusion gene, and 20% are fusion negative
ARMS cases.

ARMSs commonly found in the head and neck re-
gion, male and female urogenital tracts, torso and ex-
tremities. 25 - 30% have metastases at the time of diag-
nosis, including bone marrow, bones, regional lymph

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 cohe-
siveness 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 bi-
zarre.

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 fibro-
vascular stroma is lined by undifferentiated round cells
and differentiating cells with abundant eosinophilic cy-
toplasm but only rare cross striations. The nests of ne-
oplastic 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-cohe-
sive 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 ex-
amination with Desmin, Smooth muscle actin, myog-
enin, MyoD1, PAX5, CAM 5.2, ALK1, P-cadherin,
P80 and genetic observations.

Strong, diffuse myogenin expression by immun-
operoxidase stains has been shown to correlate with al-
veolar histology and poor outcome. ARMSs, including
the solid variant, typically show strong robust homoge-
neous expression with myogenin immunoperoxidase
stains, as compared with the relatively weak to hetero-
geneous pattern seen with ERMSs and have P3F or P7F
gene fusions. Even with myogenin immunohistochem-
istry, the most diagnostically difficult category remains
the dense pattern of ERMS, as it typically shows mod-
erate (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 my-
ogenin expression more typical of ERMS. Following re-
review, 84 (33%) cases of original ARMS were re-diag-
nosed 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 reclas-
sified ERMSs was similar to confirmed ERMSs [19].
Publications in the two articles give divergent results
for myogenin expression in ERMSs and ARMSs.
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However, there was a “disturbing level” of dis-
cordant diagnosis (37%) reported for the ARMS sub-
type, 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 pe-
riod 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 mo-
lecular methods. While immunologic studies are not
necessary to establish the histologic diagnosis in the
majority of cases, approximately one fifth of cases re-
quire such analyses in order to establish or confirm di-
agnosis [28]. Large proportion of RMS cases can be ac-
curately 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 set-
tings [24]. The application of molecular methods to de-
tect 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 rhabdomy-
osarcoma as embryonal subtype.

Based on histological subtype there are differ-
ences 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 sur-
vival 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 lo-
calization in 10 studies treated between 1984 and 2004.
There was a significant difference in the condition of
patients who have had radiation theraply 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 Rhab-
domyosarcoma, prognosis was expected as superior
prognosis for botryoid and spindle cell types, as inter-
mediate prognosis for embryonal type and as poor
prognosis for alveolar & undifferentiated type of sarco-
mas [21].

The prognosis is different based on the histologi-
cal 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 in-
teresting about the case we present is the early onset of
the RMS (3 years old). After several cycles of chemo-
therapy and a complete tumor resection unfortunately
there was a relapse with very quick deteriorating in the
patient’s condition. An aggressive chemotherapy ap-
propriate for alveolar RMS was started despite the neg-
ative 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 tu-
mor, size, surgical resectability, metastasis, their num-
ber and tissues involvement, lymph node involvement,
radiation therapy in selected cases, the unique biologi-
cal 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 rhabdo-
myosarcomas have been crucial for therapy, prognosis
and histological affiliation.
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Abstract

The article discusses the effect of inhalation of highly concentrated oxygen on the state of the cardiorespira-
tory 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 172.54+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 ex-
change ratio (RER), heart rate (HR), VO relative and VO, 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 observa-
tion, as well as a decrease in recovery time after inhalation of highly concentrated oxygen (p <0.05). While ana-
lyzing 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 ef-
fective functioning of the entire cardiorespiratory sys-
tem [1, 5]. During strenuous physical exertion, the res-
piratory system can indirectly limit the delivery of ox-
ygen 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 re-
flex redistribution of blood flow between the respira-
tory apparatus and working muscles. The use of inhala-
tions of highly concentrated oxygen as one of the effec-
tive measures of improving the functional state of the
respiratory system of athletes has been shown in a num-
ber 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 contra-
dictory 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 respir-
atory system of athletes. From this point of view, the

study of the efficasy of inhalation of air breathing mix-
ture 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 mitochon-
dria, are extremely sensitive to its deficiency. Under ex-
ertion, a kind of competition may even arise between
these bodies [14].

When training athletes, as well as during their par-
ticipation in competitions of various levels, great phys-
ical 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 tech-
nologies 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, hy-
droxyl and perhydroxyl radicals, the excessive for-
mation of which causes serious consequences due to
damage to functionally important proteins, nucleic ac-
ids, biomembrane lipids, etc. In this regard, the problem
of preventing the decompensation of the functions of
external respiration, directed adequate supply of oxy-
gen to the tissues of the body during and after the period
of energy stress, arises very keenly. Improving the sup-
ply of oxygen to the lungs and to its main transporters
- erythrocytes - contributes to the normalization of res-
piratory processes. Supplemental oxygen (including in-
halation with oxygen-enriched air mixtures) is not pro-
hibited in materials that contain practical recommenda-
tions for physicians on the use of the WADA Prohibited
List [4, 8, 9].

At the same time, studies on the use of highly con-
centrated 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 ex-
ercise.

Material and methods. Commonly, 25 aerobi-
cally 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 ex-
change ratio (RER), heart rate (HR), pressure of O3 -
VO, relative and VO, 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 rec-
orded every two minutes throughout the trial. The heart
rate was measured a fingertip oximeter.

The investigation consisted of a two-minute of in-
halations 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-mi-
nute rest.

After primary measurement, immediately follow-
ing their warm-up, the subjects self-administered five
deep inhalations of the oxygen canister, containing
95% concentrated oxygen (Tesla's Secret by Eco Med-
ical Europe Ltd Oxygen Breathing Mixture). The sub-
jects attempted to maintain bicycle ergometry during
inhalations.

Bicycle ergometry (BEM) was performed accord-
ing 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, Il - 35% MOC, Il - 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 eval-
uated: 1) double product (PD); 2) the percentage of
achieved load (AL); 3) physical fitness (PF); 4) chro-
notropic reserve index (CRI); 5) inotropic reserve index
(IR1).

As a control of the stress test used a 3-channel
electrocardiograph "NIHON CONDEN" (Ne93081)
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-mi-
nute exercise at 70% HR max , then proceeded to per-
form a two-minute cool-down.

For statistical analysis of the results we used Sta-
tistica 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 obser-
vation, as well as a decrease in recovery time after in-
halation 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 coef-
ficient, 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 ac-
tivity was less than the same parameters before oxygen
inhalation (p <0.05).
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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 oxy-
gen, 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 charac-
teristic 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
Parameters — RER - — HR -
Initial In dynamics Initial In dynamics
Rest 1,1+0,02 0,94+0,03 72+5 8246
Warm-up 0,97+0,03 0,96+0,04 10448 87+6*
2 min. 1,01+0,01 0,99+0,01 120£10 80+8*
4 min. 1,04+0,03 0,94+0.02* 152+12 150+14
6 min. 1,03+0,03 0,98+0,02* 144£12 148+11
8 min. 1,03+0,02 0,99+0,02 140+13 121£10*
10 min. 1,05+0,04 0,97+0,03* 146+7 13045
12 min. 1,06+0,03 0,95+0,04* 14848 13446
14 min. 1,06+0,04 0,96+0,03* 146+11 136+10
15 min. 1,09+0,06 0,95+0,04* 15045 137+6*
Cool-down 1,12+0,03 1,02+0,03* 140+10 95+8%*

Sign:

* — reliability of the difference in indexes in the dynamics of observation (p <0.05).

The opposite pattern of relationship was estab-
lished when assessing the relative and absolute oxygen
pressure volume in the observation dynamics. In partic-

ular, the relative oxygen pressure in capillary blood, ac-
cording to pulse oximetry data, increased from 2 to 5
units (p <0.05), Fig. 4.
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Fig 4. The level of VOZ2 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 rel-
ative 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 obser-
vation 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 dur-
ing 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

Rest 5,8+0,02 6,4+1,23 0,07+0,01 0,58+0,12*
Warm-up 9,5+1,4 12,1+£2,8* 0,87+0,05 1,11+0,07*
2 min. 15,843,0 19,1+4,2* 1,15+0,05 1,16+0,04

4 min. 20+3,2 25,6+3,0* 1,84+0,4 2,35+0,3*

6 min. 21,7+1,2 22,7+£2,6 2+0,02 2,08+0,03

8 min. 20,9+2,3 24,8+2,9* 1,92+0,12 2,27+0,18*
10 min. 23,6+1,8 25,5+2,2 2,17+0,09 2,34+0,12*

12 min. 22,4414 25+2,7* 2,06+0,06 2,3+0,2*
14 min. 22,8428 27+4,1* 2,09+0,05 2,47+0,1*
15 min. 25,5448 25,6+3,5 2,33+0,03 2,35+0,04
Cool-down 11,3431 15,6+3,6* 1,04+0,1 1,44+0,12*

Sign:

* - reliability of the difference in indicators in the dynamics of observation (p <0.05).

The use of inhalations of highly concentrated ox-
ygen caused reliable changes of indicators of physical
fitness (PF) and the achieved load (AL), table 3, (p

<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

Parameters Initial In dynamics
471,0£32.1

PF (kgm) 207.0+45.2 p<0,01
128.2+6.7

AL, (Wt) 102.0+8.2 0<0,01
175.3+7.8

CRI (V) 153,5+7.4 0<0,01
150.1+9.5

IRI (U) 129.2+6.3 0<0,05

Sign:

* - reliability of the difference in indicators in the dynamics of observation (p <0.05).

Physical fitness (efficiency), with the use of inha-
lations 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 re-
serve 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 pe-
riod, 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 coeffi-
cient 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 af-
ter inhalation of highly concentrated oxygen, the in-
crease in heart rate at 2, 6, 8 minutes of physical activity
was less than similar indicators before oxygen inhala-
tion (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 dur-
ing warm-up, as well as at 2, 8 and 15 minutes of ob-
servation after inhalation of highly concentrated oxy-
gen (p <0.05). Significant shortening of the recovery
time was also characteristic (p <0.05).

The opposite pattern was established when as-
sessing the relative and absolute oxygen pressure in the
dynamics of observation. The relative oxygen pressure
in capillary blood, according to pulse oximetry data, in-
creased 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 phys-
ical activity, as well as during the entire restitution pe-
riod (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 dur-
ing the restitution period (p <0, 05).

Physical fitness (efficiency), with the use of inha-
lations 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 in-
creased by 14.3% and the inotropic reserve index by
16.2%.
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Discission. Thus, oxygen inhalations improve ad-
aptation to heavy physical activity, promote timely cor-
rection of the functional state of athletes, increase phys-
ical 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 ath-
letes. Relatively small (within 7%) changes in the pa-
rameters 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 adap-
tive [6, 9].

To monitor the effectiveness of oxygen inhala-
tions, the function of external respiration, general he-
modynamics 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 inha-
lations of highly concentrated oxygen was accompa-
nied 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 pulmo-
nary ventilation, reduce the level of arterial hyperten-
sion, systolic and diastolic pressure, increase acuity and
expand the field of view [10, 13].

At the same time, the successful and rapid imple-
mentation 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.

References

1. Adams W C. Human pulmonary responses
with 30-minute time intervals of exercise and rest when
exposed for 8 hours to 0.12 ppm 0zone via square-wave
and acute triangular profiles. Inhal Toxicol. 2006;
18(6): 413-22.

2. Beck KC, Johnson BD, Olson TP, Wilson TA.
Ventilation-perfusion distribution in normal subjects. J
Appl Physiol. 2012; 113(6): 872-7.

3. Cole-Hunter T, de Nazelle A, Donaire-Gonza-
lez D, Kubesch N, Carrasco-Turigas G, Matt F, Foras-
ter M, Martinez T, Ambros A, Cirach M, Martinez D,
Belmonte J, Nieuwenhuijsen M. Estimated effects of
air pollution and space-time-activity on cardiopulmo-
nary outcomes in healthy adults: A repeated measures
study. Environ Int. 2018; 111: 247-259.

4. Elizondo S, Avyala-Sanchez D, Choi W,
Munoz Mercado L, Lachina A, Canady B. Oxygen up-
take kinetics as a determinant of sports performance.
European Journal of Sport Science. 2007; 7(2): 63-79.

5. Giles LV, Carlsten C, Koehle MS. The effect
of pre-exercise diesel exhaust exposure on cycling per-
formance and cardio-respiratory variables. Inhal Toxi-
col. 2012; 24(12): 783-9.

6. Kargarfard M, Shariat A, Shaw BS, Shaw I,
Lam ET, Kheiri A, Eatemadyboroujeni A, Tamrin SB.
Effects of polluted air on cardiovascular and hemato-
logical parameters after progressive maximal aerobic
exercise. Lung. 2015; 193(2): 275-81.

7. Kawahara Y, Saito Y, Kashimura K, Muraoka
I. Relationship between muscle oxygenation kinetics
and the rate of decline in peak torque during isokinetic
knee extension in acute hypoxia and normoxia. Int J
Sports Med. 2008; 29(5): 379-83.

8. Mickleborough TD, Nichols T, Lindley MR,
Chatham K, lonescu AA. Inspiratory flow resistive
loading improves respiratory muscle function and en-
durance capacity in recreational runners. Scand J Med
Sci Sports. 2010; 20(3): 458-68.

9. Ostergaard L, Kjaer K, Jensen K, Gladden LB,
Martinussen T, Pedersen PK. Increased steady-state
V02 and larger O2 deficit with CO2 inhalation during
exercise. Acta Physiol (Oxf). 2012; 204(3): 371-81.

10. Serebrovska TV, Serebrovska ZO, Egorov E.
Fitness and therapeutic potential of intermittent hy-
poxia training: a matter of dose. Fiziol Zh. 2016; 62(3):
78-91. doi: 10.15407/fz62.03.078.

11. Sperlich B, Schiffer T, Achtzehn S, Mester J,
Holmberg HC. Pre-exposure to hyperoxic air does not
enhance power output during subsequent sprint cy-
cling. Eur J Appl Physiol. 2010; 110(2): 301-5.

12. Strickland SL, Hogan TM, Hogan RG, Sohal
HS, McKenzie WN, Petroski GF. A randomized multi-
arm repeated-measures prospective study of several
modalities of portable oxygen delivery during assess-
ment of functional exercise capacity. Respir Care.
2009; 54(3): 344-9.

13. Suchy J, Heller J, Bunc V. The Effect of In-
haling Concentrated Oxygen on Performance during
Repeated Anaerobic Exercise. Biology of Sport. 2010;
27 (3): 169-175.

14. Vieira JL, Guimaraes GV, de Andre PA, Sal-
diva PH, Bocchi EA. Effects of reducing exposure to
air pollution on submaximal cardiopulmonary test in
patients with heart failure: Analysis of the randomized,
double-blind and controlled FILTER-HF trial. Int J
Cardiol. 2016; 215: 92-7.


https://www.researchgate.net/profile/Jiri_Suchy?_sg%5B0%5D=dbn8cwUr354js1JerMov-TaO0vrtOuSWlHX8U6YFddYGtFzKuxpjA7u-ud3JRCTRevaMFmg.ZsTXMkMQnph6SA15k6hMs8W52Sh2jXU2uZQCF1eQH7SY_3-tORAJvpUy0iMFt17ZhhTvCNJWQ4j-w9j1924XsQ&_sg%5B1%5D=470QDo5SRJRM55uGXHYVXpFAOeiQPxcQiWPxHpUj44i0rRLZ5Nv1mvFz8qyfoQttZtuWKYI.Lq71UhzxT-eeCqpoyaZNO3PUxIP_6usOtItt0GbbXMvQyjsfkpYJkR92Hx_U9QL2XZnL21SMjHp612vbg8Nlfw
https://www.researchgate.net/profile/Jiri_Suchy?_sg%5B0%5D=dbn8cwUr354js1JerMov-TaO0vrtOuSWlHX8U6YFddYGtFzKuxpjA7u-ud3JRCTRevaMFmg.ZsTXMkMQnph6SA15k6hMs8W52Sh2jXU2uZQCF1eQH7SY_3-tORAJvpUy0iMFt17ZhhTvCNJWQ4j-w9j1924XsQ&_sg%5B1%5D=470QDo5SRJRM55uGXHYVXpFAOeiQPxcQiWPxHpUj44i0rRLZ5Nv1mvFz8qyfoQttZtuWKYI.Lq71UhzxT-eeCqpoyaZNO3PUxIP_6usOtItt0GbbXMvQyjsfkpYJkR92Hx_U9QL2XZnL21SMjHp612vbg8Nlfw
https://www.researchgate.net/profile/Vaclav_Bunc?_sg%5B0%5D=dbn8cwUr354js1JerMov-TaO0vrtOuSWlHX8U6YFddYGtFzKuxpjA7u-ud3JRCTRevaMFmg.ZsTXMkMQnph6SA15k6hMs8W52Sh2jXU2uZQCF1eQH7SY_3-tORAJvpUy0iMFt17ZhhTvCNJWQ4j-w9j1924XsQ&_sg%5B1%5D=470QDo5SRJRM55uGXHYVXpFAOeiQPxcQiWPxHpUj44i0rRLZ5Nv1mvFz8qyfoQttZtuWKYI.Lq71UhzxT-eeCqpoyaZNO3PUxIP_6usOtItt0GbbXMvQyjsfkpYJkR92Hx_U9QL2XZnL21SMjHp612vbg8Nlfw

44

POLISH JOURNAL OF SCIENCE Ne 31, 2020

TECHNICAL SCIENCES

MININET 3MYJIATOPBIH KOJJIAHBII EKTHIII JEHT'EAJII )KEJIAPAJIBIK SKPAHHBIH
KOMEI'IMEH BATTAPJTIAMAJIBIK-AHBIKTAJIATBIH KEJITHIH ?KOBACBIH KYPACTBIPY

Kyszexoe A.C.

9.&.x. PhD, JI.H. I'ymunee amvindazer Eypazus ynmmolx yHusepcumenmi npogheccopl,

Hyp-Cynman k.
Kymanyno I.

JLH. I'vmunes ameinoazel Eypazus yimmuolk yHuepcumemi Masucmpanmol,

Hyp-Cynman k.

DEVELOPMENT OF A PROTOTYPE OF A SOFTWARE-DEFINED NETWORK USING A SECOND-
LEVEL FIREWALL USING THE MININET EMULATOR

Kuzekov A.

PhD in economics, Professor of the L.N. Gumilyov Eurasian national University,

Nur-Sultan
Zhumanuly G.

Master student of the Eurasian National University named after L.N. Gumilyov,

Anjgarna

Nur-Sultan

Byn mMakamama mininet SMyISTOPH KYpalgapbIMeH €KiHII JeHreiieri jkemapaiablK dKpaHAbl KOJJaHa
OTHIPHII, OaFJapIaMalbIK — aHBIKTANATHIH XKeniHiH (SDN) mporotumi a3ipienai. barmapnamanbik — aHBIKTaTaTEIH

JKenmgepae Kayinci3mikTi

KaMTaMachl3 €Ty Tociimepi

TANJAHABl JKOHE OJAapAbIH KEMIILTIKTepi MeH

apTHIKIIBUIBIKTAPEI aHBIKTaNABI. Kayinci3aikTiH Heri3ri Karepiepi cunaTtrainsl. JKobamanraH xemine TpaduKTiy

OTyiHe Tanjay Xypri3iii.
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.

Tyiiin ce3gep: SND, Mininet, OpenFlow, sxemiapanbik sxpan, API, Controller.
Keywords: SND, Mininet, OpenFlow, firewall, API, Controller.

Kipicme. Barmapnamainsik-
KOH(pHUTypalysIaHaThIH JKeiiep OOMBIHINIA aFaIIKbl
kymbictap MeH 3eprreynep (SDN, arpumn.: Software
Developed Networks) 1995 xbuinan keiiin naiiga 6ona
OacTajbl. Konreren uaesnap ANIBIHFBI
TEXHOJIOTHsIapAaH  alblHABl  (MbICajbl, TeneoH
xkeninepi). Byt op Typai Tanceipmanap YIIiH JKEIUTiK
TEXHOJIOTUsIIAp/Abl KOJIJJaHy KaKeTTUIIT HIH apTybIMEH,
ipi JaTa-opTaNBIKTApIBIH Taijga OONYBIMEH >KOHE
MUHTEPHETTI  BHPTYaIJAaHIBIPYIbIH  0acTalybIMEH
0OaJIaHBICTHI OOJIIBI.

Ipi marta-opramblKTapaa SKeNiHI OpHATY J>KOHE
KOJIJay KepceTy oTe KypAewi jkoHe KpIMOAT mporiecc.
Hoctypai xemninepae okiMimi (amMUHHECTpATOp) opOip
KEJIUTIK TOpanThl 0eJiek OanTaybl, COHAAN-aK KONTereH
xaTTaManapMeH (IPOTOKOI) )KYMBIC icTei 0Lyl KaeT.
ABTOMATTaHJBIPYChI3 POYTEPJIEPIH YJIKEH CaHBbIH
(10000 »xoHe onan a Kken) KOH(UTypanusiay MyMKiH
emec. Tarel Oip Macene — Oanray wuHTepdeiiciHig
JKEJIUTIK JKa0IbIKTHI OHIIPYLIIICH TOYEI LTI,

BarnapiamanbIK-KOHGHUTypalusIaHATEIH
JKENep — JKeNiHi jxkobamay >KoHE KoJgay KepceTy
TOCLITIH ©3repTei.

barnapiamanpIK-KOHGHUTypanysiIaHaTbIH
xemninig (SDN) eki epekiie KbIphI 6ap:

o Kemimik >ka0OABIKTHI XKoHE NIepeKTepai oepy i
Gackapysl 6oy (data and control plane separation);

e backapy KOHCOIMAALMSICHI — SIFHU apHaubl
KOCBHIMIIIAHBIH KOMETIMeH JepeKTepi Oepy AeHreiiHig
KONTEreH JIEMEHTTEPiH OacKapy.

SDN wmapmpytuzatopiapsl (OpenFlow vSwitch)
Tek Ooc OomareiH makerrepai (flow - table) xkibepy
epexxenepiHiy  KectecineH  Typansl.  Ilakerrep
KecTeNlepiH apHailbl KOHTpoJUIepiep KoJIaHOanapsl
(POX-controller, Beacon Project) apkpuibl peTteyre
Oomaner. JKemiHi jxoHe AepekTepAi Oackapyabl Oemy
KayinTepniH >kaHa TYpJiepiH eHri3mi. Meicansl, Oip
KOH(UTyparmsia 6ip TIpoBaiiepaiH SDN
KOHTpOJUIEPI backa MpoBaiaepaiH SDN
MapHIpyTH3aTOpJIApbIHA TiKeIeH KOJ JKETKi3e KOHEe
Oackapa ana bl XKeprinikri )KeniHi Kopray/pIH OipiHii
KE3CHI JKeTiapalibiK SKPAHIbI CHT13y OOJIBIN TA0BLIAIBL.
ExiHmm qeHreii skemiapaliblK 3KpaH JKEPriTIKTI kel
apKbUIBI OepiieTiH TpapuKTi cy3ei.

[TakeTke OarbITTay epeKeNepiH KecTere Kocy
MapLIpyTH3aTOPFa XKeMiapablK IKpaH PEeTiHIe dpeKeT

eTyre JKOHE CTaHJapTThl KayilCi3MiK CasiCaThiH
KaMTaMachI3 eTyre MyMKiHIIK Oeperi.
byn MakanaHblH MakcaThl — OarmapiaMalibik-

aHBIKTANATHIH JKENJICPAiH IPOTOTHIIH d3ipliey, OCHI
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JKeJIire JkKeni TopanTtapbl apacbiHga TpadukTi cy3yni
KaMTaMachl3 €Ty YILiH XKeliapalblK 9KpaHIbl KOJIIaHy.

1. bargapiiaMajibIK-aHBIKTAJATBIH JKedigepae
Kayinci3mikti  KamMTamaceIi3  eTy  Taciaaepin
CATBICTBIPMAJIBI TAIAAY

SDN  (OGarmapiaMaibIK-aHBIKTATATBIH — JKEJi)
KjaccukaiblK [P - oKemiMeH canbICTBIpFaHaa eKi
epekmeniri 6ap. bipiaminen, SDN skemiik ka0 bIKTHI
Oackapy (TpadukTi Kamaii Oackapyasl IIemieai) MeH
nepekrepai  Oepymi Oackapyabl (KENUTiK  KaOIbIK
KaOBUIIaFraH menrimMaepre calikec TpaduKTi
OarpITTalThIH) aXkeIpaTansl. Exinminen, SDN 6ackapy
JIeHreiflin  Oipikripeni, COHABIKTaH Oip Oackapy
Oarnmapiamacbl OipHemie JepeKTep dIIeMEHTTepiH
neHreine Oakputaiimel. SDN Oackapy meHreili HaKThI
anbikTanraH APl keMeriMeH JKeNuTiK KaOabIKTap
JJIEMEHTTEPIHACT] (IFHU POYTepiiep, CBUTYTAp JKOHE
Oacka ma OarmapiamalblK — amllapaTThIK Kypaimap)
Kal-KYHiHe Tikened OakplIaynbl >Ky3ere achbIpajpbl.
OpenFlow — oceiHmait APl yirici.  OpenFlow
KOMMYyTaTOpJapbiHaa Oip HeMece OipHeIe makeTTepii
eHZIey KecTenepi Oap. OpOip epexe TpaUKTIH iMIKi
JKUHAFpIHA CoMiKec Kememi jkoHe Epeskere coiikec
KeJeTiH Tpaduk OoliplHIIa Oenrinmi Oip opexerTepmi
OPBIHIAMIBI, MBICANBI: iC-IITapayiap, KaJIblHA KEeNTipy
(dropping), xibepy (forwarding) Hemece ¢uryauHT

KOMMYTAaTOPBI MapIpyTH3aTop, KOMMYTATOD,
Opanamaysp, KeJIUTiK aapec TYPJCHIIPriln Hemece
Oacka Hopce 0oJia amaibl.

SDN >keiniHi 0acKapyabl KEHUIICTY JKOHE KaHa
MYMKIH/IKTEpAl OpiCTeTyAl KaMTaMachl3 €Ty YIIiH
Oackapy HAeHreili MeH JepeKTep AEHreiiHiH HaKTbhI
OemiHyiH  maiinanaHaTelH  OYpbIHFBI  TesieOH
JKEIUIepiHIH uAesIapblH Kaiita Kapaiasl. [lereHMmeH,
OpenFlow cusakTel amblk wuHTep(eiictep TenedoH
OaifTaHpICH KBI3METTEPiHIH Tap MIeHOepiHe apHalFaH
JKaOBIK JKeninepae MYMKiH OoaTeIHIAN
KOHTpOJIIepIIep MEH KOCBIMILIAJIap
wiathopManapbiHIa KOl HHHOBAIUSIIAPIbl KAMTHABL.

SDN Apxutektypacsl. SDN mozeni (cypet — 1),
KOCBIMIIIA JIEHTEeHIHEH, KEIUTK KaOIbIK AeHreHiHeH
JKOHE JepeKTep JCHrediHeH Typaabl. JKemimik
KOCKBIIITap KapamaibiM OarbITTayIIbl KYPBUIFBLIapFa
aiiHamazpl, an 0Oackapy JIOTMKachl JIOTHKAJbBIK
OPTAJBIKTAHABIPBUIFaH KOHTpOJUIEpe Kyzere
acelppuiansl.  SDN - kontpomiepi  D-CPI - (Data-
controller plane interface) apxputel  jmepexTep
pecypcrapbin  Oackapansl.  A-CPl  (Application-
controller plane interface) KoceIMmamap MeH
KOHTPOJIJIEp apachIHIAFbl OaiJIaHBICTEI JKY3€re achIpy
YIIiH KOJAAHBUIAABl JKoHE Oackapy (YHKIHSCHI
Oackapy uHTepdeici apKbUIbI YHBIMIACTHIPBUIFAH.

(flooding) xamtumel. Koutposmmep konmanbacel MyHmaW KoH(urypamus OipHelre KoJiaaHOamapsl
OpHAaTKaH epexkenepre OaimansicTel, OpenFlow  kosmait amanusl.
Management
SDN
0SS | /| application Application
SDN plane
OSS | ﬂ ) o
application
A-CPI I
G Coordinator Agent
gﬁ SDN | Controller
— controller|  plane
Master RDB | | SDN control logic
0SS D-CPI
’ Coordmator Agent (1) Data
NE =1) plane
Master RDB NE resources

Cypem 1. SDN apxumexmypacwi

SDN kemiciHgeri MapuHIpyTH3aTOp JASCTYpii
JKeJIiepre KaparaHaa TeK Tapary (QyHKIusuapelH
opeiHmaiael.  Jloctypmi  keminepae skene  SDN

XKeJepine nakerrepai Oepy/iH albIpMaIIbUIBIFEL 2 —
CypeTTe KOPCETUITEeH.
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TMacTypai xemi

baxprmay

Ilaget baxeimay Ka6suinayms:
SDN :xketici
OpenFlow bakeria
apt
ITaker
Kaosuinaymer

Cypem 2. [Jocmypai sicenioe scane SDN oicenicinde nakemmepoi dicibepy

OpenFlow mapmpyTtuzaropbl. OpenFlow MapiipyTH3aTOPBIHBIH KYPBUIBIMBI 3 — CYpeTTe KOPCETIIreH.

Controller

Controller

P~

—

e
\.z OpenFlow Protocol

OpenFlow Switch

—_—

| Datapath
OpenFlow | | OpenFlow :
Channel Channel : Group | | Meter
Control Channel | | Table | | Table
Port Port
Flow Flow Flow
+ +II [ ]
I | Table [ 7| Table | Taple | T
Port Pipeline Port
R I —

Cypem 3. OpenFlow mapuipymuszamopuinvly Kypolivimbl

OpenFlow mapripytu3arops 6ip Hemece OipHere
arbiH kectenepineH (flow - table), TonTeIk kecTe (group
- table) »xone OpenFlow apnaceiHan (OpenFlow
channel) Ttypagsl. Mapmpytuzatop  OpenFlow
OPOTOKOJBIHBIH KOMETIMEH KOHTPOJUIEPMEH Xabap
anMacajpl.

OpenFlow MpOTOKONBIH  KOJNJAaHA  OTBIPHII,
KOHTpOJLIEp KeCTele arbIMIBIK jKa3bamapMeH Keneci
OpeKeTTep i OpBIHIAIIBL:

*  KoCy,
®  IKaHAPTY;
® KOIO.

AFbIH KecTenepiHae jkazdajapibl CalbICTHIPY
epictepi (matching fields), ecenreritmrep xoHe colikec
epicrepi 0ap makeTke KOJNJAHBUIATHIH HYCKayJap
JKUBIHTBIFBIMEH AHBIKTAJIATBHIH Ka30ajiap KUBIHTBIFBI
Oomazpl.
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TapaTy Ke3iHIe makKeTTepAiH TaKbIPBIITAPHI

OGaceIMIBIK  TOpTiOiMeH ka30amapabl  CaJBICTBIPY
epiciMeH calbICThIpbLIaAbl (priority — caibICTBIPY
epicrepiHin Oipi). Erep colikec keneriH jxazbanap
TabbliCa, OHJIa MaKeTKe OCBI KazbameH

0alIaHBICTBIPBUIFAH HYCKAYJIBIKTAp KOJJIAHBLUIA/IBI.
Erep 6ipae-06ip xa30a TabbuiMaca, OH/1a MAaKET aJIbIHBII
TacTanaabl HeMece MM KaObliayapl Tajnnay YIiH
KOHTpOJUIEepre Xibepinei.

Tuicti xa30amapmarbl HYCKayIBIKTap ITAKETKE
KOJIJIAHBUIATHIH IC-OPEKETTEP/ICH TYPAJIbl )KIHE XKibepy
epexernepiHiH o3 TiKeJel aHBIKTalbl, HeMece Keleci

aFbIH KecTenepinae (KOHBeepIlik eHIey) TaKeTTi OgaH
opi eHzaeyxi aHbIKTalael. KoHBeHepiik eHaey apHaiibl
MeTaIepeKTepi  KOChIMINA  JKiOepil,  IMaKeTTiH
TangayblH  Oip KecTeleH —eKiHIIiciHe kibepyre
MYMKiHAIK Oepeni. ©OHIey THICTI HYCKayJbIKTapnaa

Keieci kecrere okibepy OOWBIHIIA KOMaHJajiap
OoyMaraH Ke3Je asKTaIabl.

Mynnaii  momens  apkaceiHma — OpenFlow
KOMMYTAaTOPBI KaparaifbimM KOMMYTATOD,

MapIIpyTH3aTOp, KEJTIK IKpaH jKoHE 0acKa JKEeNiTiK
KYPBUIFBI pETiHJIE )KYMBIC icTeil anansl. bapisirel Oepy
KecTeciMeH aHbIKTanaabl (kecre — 1).

Kecre 1.

Tapary kecrteci epexesnepiHiH KOMeTiMeH KOMMYTATOPJIbIH SPTYpPJli MaMaHIaHABIPbUIFaH (QYHKIHSIIAPBIH iCKe
achIpy MbIcaJiapbl

KommyTtarop XKemninik skpan Mapupyrtusarop AFBIH/Iap KOMMYTAIHACH
[Topt KOMM. * * * Port3
MAC src * * * 00:20: ...
MAC dst 00:1F: ... * * 00:1F: ...
Eth.type * * * 0800
VLAN ID * * * Vlanl
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
OpekerTep Port6 Tacray Port Port6
OpenFlow  npoToKoJbIHBIH  Kayimci3airi.  KOHTpPOJUIEpAIH MKOFaprbl KabaThlH Oackapa ayiajbl

OpenFlow mpoTokojbHa Kayin/madysuigapabl  exi
caHaTKa Oexyre Ooiajpl: CBHIPTKBI JKOHE IIIKi.
Iminnerinep OpenFlow xarTamachIHBIH OPBIHIAATYBIH
@3repTyre HeMece THICTI aHBIKTaMaJIbIK MaJlIMETTepre
KOJI JKETKi3yre MYMKIHJIIK alajbl, COJaH KEHiH OCBHI
APTHIKIIBUTBIKTAPIBI KYHeHIH Kayincizmix
IIeKapachlHAH 3USHIBI OPEKETTepIli OpBIHAAY YIIiH
nalananyFa ThIPbICAbI.

CeIpTKbl  1AOYBUIMEH  KeJeci  opeKeTTepi
OpBIHIAayFa OOJaIbI:
o Jlepektep / Oackapy xaOapiamaiapbiH

MACCUBTI THIHJAY.

e Man-in-the-Middle (MITM) mabybuiaapsl,
DOS / DD0S-mabybuiiap/pl HeMece jKaHaMa apHaiap
apKbUIBI MIA0YBUTIAp/IEl OPBIHAAY, IEPEKTep i OHHATY
/ xabapnaps! backapy Hemece SDN kermiciHae ceHiMIi
emec iepexTepi / bakpuiay xabapiaaManapblH eHT13y.

SDN kopray xoHe Kayincizgik. XKeminiH xaHa
MYMKIHIIIKTEpi MEH KaHa KEHEWUTyJepi ToyeKenl MeH
KaTeJKTepi TYyAbIPYbl MYMKiH, COHBIH CaJlIapblHaH
OypbIH OoNMaFaH Kayin-KaTepiepre o alllbUIbII, api
oJiap/ibl OYPBIHFBICBIHAH Jla MaHBI3ZbI eTe/li. MbIcalbl,
0ip koudurypaumsaga, Oip SDN koHTpostepiHig
npoBaiinepi Oacka mpoBaiiepIiy SDN
KOMMYTaTOpbIHA TiKeJIeH KOCHUIBIIT OFaH MaHHITYJISIIINS
Kacaybl MYMKIiH.

SDN kayimci3miriH  KaMTamachI3
MBIHaJIapFa KOH1J 06JIreH KeH:

e Tpaduk meH pecypcrapasl okmraynay. Hakrer
YaKBITTaFbl aKMaparTel Oip amaMHBIH 0acKapybl MEH
OakpUIaybl OacKalapJaH TOJNBIFBIMEH OKIIayJaHFaHBIH
KaMTaMachl3 €Ty KaXeT.

e A-CPI xone [-CPI mnTtepdetic xayimcizmiri.
A-CPI apkpuibl KOCHIMIIIAJTapMEH KaTtap KOHTpPOJUIEP

eTy YIIiH

HEeMece COJ  HMepapXWsUIbIK  JieHreige — Oacka
KOHTpOJUIEpMEH Oipre >KymbIc icted amagsl. Ocbl
nHTepdeiicTep apKbUIbl KOPFayIbIH KOKTEIFBI SDN-Te
madybUTIapAbl TYABIPYBI MYMKIH.

2. Keai wmomedin :kodanay,
MaKcaTTapbIH 0eKiTy.

SDN-ai naiganany/pIH HEeTi3ri Uaesichbl — KeIUTiK
KYpBUFBLTapAsl KOH(HUTYypanusuiay WHTEpdeicTepin
Oipi3zeHaipy, COHIaW-aK JKelire >KYMbIC iCTey YIIiH
KaTap/arbl Oarapiamaiibl yiid binrFaiiiel APl yebiny
(cotikeciumre 0y API sxeni MyMKIHIIKTEPIHIH TOJIBIK
CHEKTPIH MaijajaHaThlH KOCBIMIIAIApAbl  KYpyFa
MYMKiHAiK Oepeni). XKemini xobamay ymin POX-
KOHTpoJulep  KosmaHbutanbl. JKemini  Mopenbaey
Mininet KOMIBIOTEPIIK JKETICIHIH AMYJISATOPBIHIA
Kysere — acelpputafpl.  OHBIH — KOMETIMEH kel
TOTIOJIOTHSUTAPBIHBIH SPTYPJIi TYpJIEpiH MOJETbIeyTe
Oomamer. Bym kemi ymiH GipryTac («KaJFBI3»)
TOTIOJIOTHSI KOJIJIaHbLIa/IBI.

Mininet KOMIbIOTEPJIIK HKeJTiCiHIH IMYJISATOPBI.
Mininet — Linux omepamusuielk — KyieciHmeri
KOMIIBIOTEPIIIK ~ AMyssiTop.  Mininet  BUpTyanbl
OpenFlow keminepiH HaKThl HEMece BUPTYaJIbI
KOMITBIOTEp/Ie JKacaiabl (KOHTpOJUIEpIep, KOCKBIIITAp
xoHe xoctrap). On OarmapiamainslK JKacaKTamMameH
aHBIKTAJFaH OKEJIepAl KbULaM KYpyFa, e3apa
9peKeTTecyre XoHe KOH(UTyparusiayra MYMKIHIIK

MoaeJIbACY

Oepemi.

OpOip OTIePALIHSITBIK Kytie MIPOIIECTIH
a0CTpaKIMAChIH  TalfiajaHa  OTBIPBIII  E€CeNTey
pecypcTapbiH BHPTYaTH3aIsUIANIBL. Mininet
BHPTyaJIM3aIlMsiFA HETI3NENTeH MPOIECTi KONTereH
XOCTTap MeH KoMmmyTtaTtopiapasl Oipmeit  OX

SITPOCHIHAA ICKE KOCY YIIiH KOJTaHaIbI.
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Mininet  kKOMMyTaTopiap MeEH  XOCTTap.bl
BupTyanpl Ethernet synrapblHbIH KOMETIMEH KOCA/IBI.
Kaszipri yakpirta Mininet Tex Linux xonpaiinpl, 6ipak
6omnamaxkTta oi Solaris Hemece FreeBSD cuskrbl Oacka
orepanusUIbIK KyHenepi Konaai anasl.

Mininet :kemicin ko6anay. Mininet BupTyanast
JKEITiHI KYpy/Ibl TOMONIOTUsIaH OacTay Kepek. JKamsr
aJIFaH/a, JKEeNUIIK TOMOJOTUSHBIH TOPT HETI3ri TYpiH
xKacayra 0omasl:

1) Minimal — JnerTe KOJIIaHbUIAThIH
TOTIOJIOTUSHBIH €H KapamnaibiM Typi. by sxarmaiina 6ip
OpenFlow KOCKBIIIBIHA KOCBUTFAaH 2 XOCT KYPBUIAIbI;

2) Single — xocTTapabiH CaHBIH epKiH aHBIKTAyFa
0ouapl xoHe OapIbIFbl Oip KOMMYTaTOpPFa KOChUIA/IbL;

3) Linear — Gapmblk XOCTTap  ©37€pPiHIH
KOCKBIIITAphIHA ~ KOCBUIFAH  JKOHE  IOPMEHMEH
OackapbLIaIbI;

4) Tree — aram Ttononoruscel. I[lapamerpiuepi
peTiHae KOMMYTaTOpJIapabIH HepapXUsACHIHBIH
tepeHnirin (depth), commaii-axk onapra KOCBUIFaH
XOCTTapAbIH CaHBIH Kopcereni (fanout).

Bi3min xarmaiina >xanrei3 (single) TOMOMOTHACHH
KoJmaHaMeI3 (cyper 2.1).

h4 h3
b 10.0.0.4 10.0.0.3 2
10.0.0.5 10.0.0.2
10.00.6 |~ OpenFlow " 10.00.1
Switch
Kountposuiep
c0 Iopt 6633
Cypem 4. XKeniniy KypolivimovlK, col30achi
Mininet-te  skemiHIH  KYpbUIybl  Keneciiei =  OpOip BUPTYaIIbl XOCT BUPTYAIBI XKEIUTIK

OpeKeTTepAeH TYpaabl (cypeT — 6):

=  Bupryanasl 6 XOCT KypbUIafbl;

= Snpomga 6 moptTel Oip OpenFlow KOCKBITIIEI
KYpBUIaJsl;

*=#% (Creating network
=% Adding controller

=% Adding hosts:

hl h2 h3 hd h5 hé
=== Adding switches:
s1

=== Adding links:

*=*% Contfiguring hosts
hl h2 h3 hd h5 hé

=== Starting controller
cB

=== Starting 1 switches
sl

=#% Starting CLI:
mininet>

Ka0esb apKbUThl KOMMYTaTOPMEH OaiIaHbICa b,
= Opbip xoct ymiH MAC-MekeHx)ai
OpHATHLIAIBL.

mininet@mininet-vm:~% sudo mn --topo single,6 --mac --switch ovsk --controller remote

Unable to contact the remote controller at 127.8.8.1:6633

(h1, s1) (h2, s1) (h3, s1) (h4, s1) (h5, s1) (h, s1)

Cypem 5. Mininet dcenicin Kypy

Kypbuiran JToKabIbl )KEMier KOJI )KeTIM1 TopanTap 7 — CypeTTe KOpCeTLIreH.
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mininet:® nodes
available nodes are:
c® hl h2 h3 hd hS hE sl

Cypem 6. JKenioezi Konicemimoi mopanmap

3. Mogeibey sK0CHapbIH JKy3ere acbIpy skoHe
HITHIKeJIepAi AalbIHaay

DEBUG:misc.firewall:Adding firewall rule
DEBUG:misc.firewall:Adding firewall rule
DEBUG:misc.firewall:Adding firewall rule

JKemi xxobanaHraHHaH KEHiH, TOpanTap apachiHaa
OTeTIH TpaQUKTI KOpPFay KaKeTTUIiri TybiHaaiasl. On
YLIH JKeJire nakeTrTepil xibepy epexkeciH OeperiH
KeJiapajJblK ~ 9KpaHAbl — KOJJaHy  Kepek.  byn
KeJiapajblK dKpaH Oenrinmi Oip KOMIbIOTEpIepMeH
OaiiIaHBICTHI OYFaTTal/IbL.

Kemiapaaplk 3SKkpaHabl  KoagaHy. biznig
JKeJTiIeri TopanTtap apacklHia TakeTTepAl kidepy
KYKBIFBIH KOHTPOJLIEpre KocambI3 (cypeT — 8)

in G@-80-80-80-20-81: 08:00:00:08:08:081
in G@-80-80-80-20-81: 08:00:00:08:08:83
in G@-80-80-80-20-81: 08:00:00:08:08:85

Cypem 7. [lakemmepoi bepy epexcenepin beneiney

koHe "ping" KOMaHIACkIH TopanTapiaa Tpapuk eTyiH TekcepeMis (cypet — 9),

hl -> X h3 X h5 X
h2 -> X X X XX
h3 -> hl X X h5 X
hd -> X X X XX
hS -> hl X h3 X X
he -> X X X X X

=%% Ping: testing ping reachability

Cypem 8. "ping" komanoacwsl apKvlibl ANblH2AH M2NiMemmep

COH/Ial-aK, MakeTTep/i KidepyIiH KbUIAaMIBIFBIH TeKcepin Kopemis (cyper — 10).

mininet> iperf hl h3

==% Tperf: testing TCP bandwidth between hl and h3

Waiting for iperf to start up...*** Results: ["14.2 Gbits/sec’,

"14.2 Gbits/sec']

Cypem 9. "iperf" komanoacel apKvlivl AIbIHAH MATIMemmep

4. Moneabey HITHKeIepiH Tanaay

Tpadukri 6epyre pykcar eretin (cyper — 11, a)
JKOHE THIMBIM canaThIH TyHinzaep (cyper — 11, 6) ymrin
nmakeTTep OCpyliH HOTWIKEJEpIH Tanjan KepeHuik.
Bipinmni  makertiH Oepidyl KeHWiHTI mHakeTTepAiH

root@mininet-vm:~# ping -cl1@ 16.0.0.5

--- 10.0.8.5 ping statistics ---
10 packets transmitted, 10 received, 8% packet loss, time 9009 ms
rtt min/avg/max/mdev = @.894/5.466/51.522/15.358 ms

a)

OcpimyiHe KaparaHAa y3aK YakbIT ajaasl. by
KOMMYTaTOp/ia MakeTTi Oepy Ke3iHje aFblH KecTelnepi
(flow - table) ani KasbInTacaFaHIbIFbIHA OANTAHBICTHI,
COH/IBIKTaH  Ja  KOMMYTaTOp  KOHTPOJUIEPMEH
0aiiTaHBICYbI KAXKET.

root@mininet-vm:~# ping -c1@ 1€.8.8.5

PING 10.0.8.5 (10.0.08.5) 56(84) bytes of data. PING 10.8.8.5 (10.0.08.5) 56(84) bytes of data.

64 bytes from 108.8.8.5: icmp_seq=1 ttl=64 time=51.5 ms FROM 18.8.0.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.8.8.5: icmp_seq=2 ttl=64 time=1.85 ms FROM 10.0.0.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.8.8.5: icmp_seq=3 ttl=64 time=0.189 ms FROM 10.9.0.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.8.8.5: icmp_seq=4 ttl=64 time=8.139 ms FROM 10.0.0.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.0.8.5: icmp_seg=5 tt1=64 time=08.897 ms FROM 10.0.8.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.6.8.5: icmp_seq=6 ttl=64 time=8.897 ms FROM 10.8.0.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.8.8.5: icmp_seq=7 ttl=64 time=1.34 ms FROM 10.8.0.2 icmp_segq=1 Destination Host Unreachable
64 bytes from 10.8.8.5: icmp_seq=8 ttl=64 time=8.896 ms FROM 10.9.0.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.8.8.5: icmp_seq=9 ttl=64 time=8.894 ms FROM 10.0.0.2 icmp_seq=1 Destination Host Unreachable
64 bytes from 10.0.8.5: icmp_seq=10 ttl=64 time=08.161 ms FROM 10.0.0.2 icmp_seq=1 Destination Host Unreachable

--- 10.0.0.5 ping statistics ---
10 packets transmitted, @ received, +10 errors, 18@% packet loss, time 9017 ms

6)

Cypem 10. Tpaguk bepydi manoay
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Bipinmi sxarmaiina makerrepai tapaty 100% - ra
TEH, aJl eKiHII jkarmaina Oipae-0ip maker ajpecaTka
(kaObuTIAYIIBIFA) KibepinMeii. Kenripinren
JKelmapasablK 3KpaH 0i3 OpHATKaH epexe OOMbIHIIA
MaKeTTep arbIHbIH JAYPBIC CY3€ei.

Kopoiteinasl. byn xymeicta SDN-HIH Herisri
JJIEMEHTTEpiHe IOy JKyprizinai sxoHe OpenFlow
MPOTOKOJIBIHBIH ~ KayilCi3[irine Heri3ri  Karepiep
aHBIKTANARL. JKemiMeH KYMBIC iCTey VIIIH Keneci
OarJapIaMabIK Kypanzuap nanganaHbUIIb:
VertualBox - Buptyanusaiust kypansl, SSH — PUTTY
KOJITAWTHIH TEPMHUHAI SMYJITOPHI, X-cepBep — Xming
JkoHe VM OeiiHeci. befine peringe Mininet
KOMITBIOTEPJIIK JKEIICIHIH dMYJISATOPHI aJIbIHbI.

Hotmxecinme SSH  TepMuHAIBIH — KOJgaHa
OTBIPBII, 6  XOCT,  MAapUIPyTH3aTOp  JKOHE
KOHTpOJUIEPICH TYpaThIH Oaraprama’bIK
OackapblIaThlH  KETIHIH MPOTOTUII  >KacajbIHIBI.
ApHaiisl KoHTpOILTEpAiH keMerimeH (POX - controller)
MaKeTTepAl TapaTy epeKeciH CHri3e OTHIPBIN CKIiHII
JCHTeiTl JkenmiapaiblK 3KpaH KoJnaneuIabl. OcChlIaH
KeiiH makerTepAi Oip MOpTTaH eKiHII TOpPTKa
TacBIMaNgayFa MYMKiHAIK Tyzael. JKeni TopamTapbiH
Tekcepy yiH ifconfig, ping, nodes CHAKTBI yTHIATTED
KOJIIAHBUIBL.
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B cratpe pazpaboTana HarIAgHAS OTIOPHAs CHCTEMa HH(GOPMAIUHN 110 UCTOPHH Pa3BUTHS, COACPIKAHUIO THI-
PaBIHKH, BKJIQJy OTACIBHBIX yueHbIX. OHA MO3BOJISIET TOBBICUTH KAUECTBO OOYUEHHS U IIPOBECTH MPOBEPKY 3HA-

HUH.
Abstract

The article provides a visual reference system of information on the history of development, the content of
hydraulics, and the contribution of individual scientists. It allows you to intensify the learning process and conduct

a knowledge check.

KiroueBble ciioBa: TuJpaBJjivKa, UICTOpUSA HAYKU, ):[I/IﬂaKTI/I‘IeCKI/Iﬁ KpOCCBOPA.
Keywords: hydraulics, history of science, didactic crossword.

BBenenne. PemieHueM BOIMPOCOB TUAPABIUKU
JIOAM CTaJ¥ 3aHUMAThCS B TIyOOKo# npeBHOCTH. Of-
HAaKO TIPONUIO MHOTO THICAYCIETHH, TMPEeKIe UYeM
HaYaJIH MOSBIATHCS MOMBITKA CACNATh HaAyyHble 0000-
wjenus HaOMIONCHNH 3a THAPABINICCKUMU SBIICHUSAMU.
B Hacrosmel pabote cCUCTEeMaTH3UPOBAHBI TI0 TIEPHO-
JaM HanOoJiee BaKHBIE CBEICHUS MO WCTOPHUU Pa3BH-
TUSA THUAPABJIMKKA W BKJIaAy OTHACJIBbHBIX YYCHBIX. Ha

9TOM OCHOBe pa3paboTaHa HarjsHas OIOpHasl CH-
creMa WH(GOpPMAIMK B BUAC TUIAKTHIECKOTO KPOCC-
BopJa ¢ pparmMeHTaMu [UISA TOBBIIICHUS () (HEKTUBHO-
CTH 00y4JeHUsI.

Joucropuyeckue BpeMeHa. Emé npu nepso-
O6bIMHOOOWUHHOM CMpOe YeNTOBEK Hadall HCIOJIB30-
BaTh pekH W o3Epa Kak mOyTH coobmeHus. OH
«HAYYUICS CMasumv NApyc pamvude, Yem ceondamb
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Kousi. Lllecm u 6ecno cman ucnonv308amo Ha pexe u 6
Mope paHvute, yem Koneco Ha cywey» [1, c. 3]. Yxe B
riry0oKkoii ApeBHOCTH B Erunre cTporinch NpUMUATHB-
Hble MOCTHI (pHC. 1) M Benuch HAOMIOJNEHUS 3a PEXH-

HaOJIOJICHUS] IPEBHUX ETUIITSH 32 YPOBHEM BObBI B
Huie, nauapmmecs eme 3000 et mo H. 3. [us sToit
LENA  BO3BOAWIKNCH  CICIHAIBHBICE  BOJIOMEpHBIC
ycTpoiictBa — Hunomepsr.

Puc. 1. Koncmpykyuu kamenno2o mocma u 6000800a 8 /[peenem Ecunme

PazButne zemnenenust B CeBepHoii Adpuke n
Cpenneit A3uu U HEOOXOIMMOCTHh BOJ00OCCIICUCHUS
TTOCETICHUH BBI3BAJH CTPOUTEIBCTBO IIPOCTBHIX BOIIO-
TIPOBOJHBIX YCTPOWUCTB M PA3IMIHBIX BOIOTIOABEMHBIX
cpencts. M3BecTHO, uTo 3a 1700 net go H. 5. B Kaupe
JUIA TIoabpEéMa BOABI M3 Koyoana riryomHoi 90 M mc-
TIOJIB30BAIIN YCTPOMCTBO B BUIE OECKOHEYHOH LEIH C
KoBIIaMu [7, c. 15]. 3a HECKOIBKO THICAYENETHH J0 H.
3. B Erunre, I'pennn, Kurae, va Teppuropun Cpennei
A3uy yxe CyNecTBOBAIH INIOTHHBI, ODOCHTENILHBIE Ka-
HaJlbl, aKBEeJIyKH, Ha peKax NCIIOJIb30BaINCh MEIbHUIIBI
U MOCTBI, CTPOMIIUCH TPEOHBIC U MTapyCHBIE KOpadiu [ 8,
c. 50].

B IV thIcsuenernn 1o H. 3. B cTpaHax [IpeBHero
BocTtoka Havascs nepexost oT mepBoOBITHOOOIIMHHOTO
CTposi K OoJyiee TPOTPECCUBHOMY — pabosiadenbye-
ckomy cmpor. HecMOTps Ha IPUMHUTHBHYIO TEXHHUKY
CTPOHTENBHOTO TIPOU3BOJICTBA TOTO BpPEMEHH, pabo-
BJIa/lebYecKoe OOIIeCTBO CMOTJIO CKOOIIEPHPOBATH
TPy OOJBIIOTO KOJMYECTBA JIIOJIEH U cO3laTh OOJb-
e THAPOTEXHUYECKUe coopyskeHust. Tak B 3890 r. 10
H. 3. CTMITSHAMH ObUla TOCTPOCHA ITIepBas KPYyIHas
miotuHa Ha p. Hune, a no3auee, B 2200 r. 10 H. 3., co-
3/aHa Ienasi CeTh TUAPOTEXHUYECKUX COOPYKEHMI:
KaHaJIOB, IUTI030B, BopoxpaHunuu [11, c. 11]. Ilpu
CTPOUTEJBCTBE HMPPUTAIIMOHHBIX COOPY)KEHHH M WX
IKCIUTyaTalliil TPUHYIUTEIBHBIA TPYA MPUMEHSIICS B

21
2 e i

IInaton Apucrorens
428-348 rr. 1o 384-322 rr. o
H.D. H.D.

ITo3nnee, 3a 250 et 10. H. 3., APEBHETPEUECKUI
MeXaHUuK Apxumeo (287-212 rr. 1o H. 3.) Hamucan
TpakTaT «O niasarwux meiax», rae ObUIN 3aJ0XKEHbI

KOJIOCCAIIbHBIX pa3Mepax. Tak, yToObl MOAHSITH BOAY
U3 PEKU U HATIOJIHUTH €10 KaHAJIbI, ETUNTIHE UCIOJIb30-
BaN wadygel — BOJOUYEPIANKHA C PHIUYAroBOil CHCTe-
Moi Tuna «xkypasis». [laxydsr paconaranics B1oms
kaHainoB. 1 Teicsum 3aKabaneHHBIX TPY)KEHUKOB C yTpa
JI0 Bedepa, JCHb 3a JHEM NEepeKaynBaId BOLY U3 OA-
HOTO KaHaJla B IpYrOi, paclOJIO’KEHHBIN Ha CTYIIEHbKY
BBIIIC.

I/ISI[aBHa 6I)IJ'II/I N3BCCTHBI U PA3JIMYHBIC 6I)ITOBI:Ie
TUpaBIMYecKue ycTporcTa. Tak, emé Bo BTOpOM ThI-
CSAYEJIeTHH JI0 H. 3. TPEKU UCII0Ib30BaIM BOSHbIE Yachl
Ha coOpaHusX u cynax. Jlaxe npeBHerpeyeckomy (u-
nocoty ITnamony (428-348 rr. 10 H.3.) IPHUITUCHIBAIOT
n3obperenue BoxasHOro OymuibHHKa [6, c. 33]. On-
HAKO, BCE BBIIICONUCAHHBIE COOPYIKEHHSI U yCTPOICTBA
CO3/1aBajich Ha 0a3e YMCTO NMPAKTUYECKUX HABHIKOB
0e3 KaKuX-ITM00 HaAYIHBIX OCHOB.

Hepuon Apesneii I'penun. B npouecce tpyno-
BOW JESTENLHOCTH JIIOY HAKAIUITMBAINA 3HAHUSA O TPH-
POJC U NbITATINCH obocHoBaTh uX. Takas MONBITKA cac-
JlaHa JIIOOMMBIM yueHukoM Ilmarona Apucmomenem
(384-322 r.r. 10 H. 3.), KOTOPBIH COOPAT M CHCTEMATH-
3UpOBaJ MOYTH BCE 3HAHMS CBOEro BpeMeHU. Ero yue-
HUE BIIOCJIEJICTBUHU 0Ka3aJ0Ch BO MHOT'OM OLIMOOYHBIM
[4, c. 13]. Ho oH npaBuibHO NOAMETHIL, YTO Cpejia OKa-
3bIBA€T COIPOTHBIICHHUE JIBIJKCHHIO TEI M TeM OOJb-

mee, 4YEM OHa IIJIOTHEC.

Apxumen I'epon Anekcan-
287-212 rr. 1o TPUNCKUNA
H.J. | BeKx H.D.

OCHOBBI THAPOCTATHKH ¥ CHOPMHUPOBAH €ro 3HAMEHH-
TBHI 3aKOH. DTO COYMHEHHUE CUUTACTCS HEePEbIM U3 00-
wedumux 00 HAC HAYYHBIM MPYOOM NO SUOPABIUKe.


http://enigma2000.narod.ru/delfi11.jpg
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Puc. 2. Mawunsi, cozoannvie Apxumedom, Kmesubuem u I'eponom

B sror mepuon B I'perum co3maBanmck pasHEBIC
TUIPaBINYECKUE U MTHEBMAaTHUYECKHUE YCTPOHCTBA. Ap-
XUMEy MPUIHCISIOT M300peTeHre BOAOTOIBEMHOTO
ycTpoiicTBa B Buje BuHTa (puc. 2, a). Kmesubuem (11
BEK JI0 H. 3.) OBUTH H300pETEeHBI TyXOBOE PYKBE, BOMIS-
HBIE MTOTUIaBKOBBIE Yachl M HACOC IS TYIICHUS IT0XKa-
poB (puc. 2, 6) [8, ¢. 54], KOTOPBI OBUT U3TOTOBJICH U3
6pOHSBI U UMEJI OCHOBHBIC D3JIEMEHTBI COBPEMCHHOTI'O
Hacoca (IUTYH)KEpbl, LWIMHAPHL, KiamaHel). [ epou
Anexcandpuiickuii (1 BeK H.3.) MPOCTABUICS KaK H300-
peratenb pOHTaHA OPUTHHATBHON KOHCTPYKIIUH, BOJIS-
HOTO OpraHa, aBTOMaTa I OTIYCKa CBSTOW BOIBI,
THIPaBIMIECKOTO MPUBOAA IBEPEH, CTaTyl U QUTYp B
TeaTpe MapHUOHETOK (puc. 2, 8).

B rpedeckux ropomax ObUTIO XOpoIIee BOZOCHAO-
JKeHre. BonompoBoasl muTanu OOIMIeCTBEHHBIE BOJIO-
pa3bopHBIE BOIOEMEI, Ky/a BOJa IOCTyTaja 1Mo Kepa-
MHUYECKHM M CBHUHIIOBBIM TpyOam. /loma umenu BHYT-
PEHHMM BOJOMPOBOA Y KaHanu3auuio. B Hux
YCTaHaBJIMBAJIMCh BAHHBI B BUJIC KAMCHHBIX KPCCEII. B
TUMHAa3MAX yCTpanBaJluch 0acceliHbl. TpyOs! U netanu
BOJIONIPOBO/1a BBITTOJIHSUTUCH M3 0003KKEHHOH TJIMHBI.

Ilepuoa npeBHero Puma. Pumisine MmHoroe 3anm-
CTBOBaJIN y I'peKoB. CTPOMIICH OTPOMHBIE U CII0KHBIE
JUIS1 TOTO BPEMEHH COOPY>KCHHUS: MOCTBI, aKBEYKH, CH-
CTeMBI BoJTocHaOeHMst. B Pume 3a 7 BekoB 110 H. 3. To-
CTPOCH «CBalHBI MOCT» uepe3 p. Tubp, a Ha Bek
M03K€ — BOJIOTIPOBOJI, COXPAHUBIIIMECS OCTaTKH KOTO-
PBIX CBHICTENBCTBYIOT O BBHICOKOH IUISI TOTO BPEMEHH
TeXHHKE [2, C. 5; 9, c. 6]. OcoObIii pa3Max TUAPOTEXHU-
YECKOE CTPOUTEIBCTBO cTasio npuodperats B I B. 10
H. 3. C Ha4YaJIOM NPUMEHEHHs] U3MEIbYEHHOMN MOPOIbI
BYJIKAHUYECKOTO MMPOMCXOXKICHUS JJISl IPUTOTOBIICHUS
CTPOMTEIBHOTO PacTBOpa W PUMCKOTO OemoHa [3, c.
125].

PanHne puMckue kKaMeHHBIE BOJIOTIPOBOABI (aKBe-
Iykn) coopyxainuck ¢ 1V B. 1o H. 5. B ux Bepxueii ya-
CTH pacIoIarajuch KaHaJbI, B KOTOPBIX BOJA IepeMe-
Iajach CaMOTEKOM. AKBEIyK, TOCTPOeHHEIH B 140 T.
10 H. 3. Ha apOYHBIX OITOpaX M3 TECAHOTO KaMHSI, BBICO-
Tol Mectamu 1o 15 M, momaBan Bomy 3a 91 kM [3,
c. 128]. Bo Bpemena TpasHa B Pume 6b110 9 Bogompo-
BOJIOB ¢ 00IIIel MpoTsHKeHHOCTHIo 436 kM [13, ¢. 26].

Ilepuoa cpeqHUX BEKOB JUIMIICS T1OCIE TTaJCHUS
Pumckoii umnepuu (476 r.) okoso Teicsuu jeT. OH oT-
MeuaJicsl BCeoOIMM 3aCTOEM B Pa3BUTHH Y€JI0BEUECTBA
U PErpeccoM I'nApaBIiMKH, KaKk HayKH, T.K. YCTaHOBJIE-

HUIO OCHOBHBIX TOJIOXKCHUH MEXaHUKH TIPETSITCTBO-
BaJI [IEpKOBB U pazBuTHe yueHus Apuctotens. C apy-
TOif CTOPOHBI, 310Xa (eoganmsMa ¢ e€ HaTypalbHBIM
XO03SCTBOM He TpeOoBaja pemeHust HOBBIX THAPABIIH-
YEeCKHX 3aJad, XOTS MPOJOJDKAIN CTPOUTHCS Pa3Ind-
HBIE THAPOTEXHUYECKHE COOPYKEHHs, HallpuMep, Ka-
Hallbl B HU30BBSX AMYyIapbH, BOAOIPOBOIBI M3 T'OH-
YapHBIX U JAepeBsHHbIX TpyO Ha Pycu B X-XI BB., B
1115 r. moctpoen HammaBHON MocT yepe3 [Juenp y Ku-
eBa, B 1516 r. Bo3BeJieHa MJIOTHHA U3 KaMHs Ha peke
Hernuuke B Mockse [15, c¢. 5]. Haunnanu npume-
HATBCA W Pa3WYHBIC BUABI BOJSHBIX KOJEC IS
MIPUBO/Ia METFHHUII ¥ PA3IMYHBIX MEXaHHU3MOB B TOP-
HOM JIelie ¥ IPYTUX oTpacisix. Ho B 3TOT mepuox He
MOSIBIJIOCH HU OJTHOTO TEOPETUYECKOTO TPyIa MO TH/-
paBiuKe.

Omnoxa Bo3poxaenus (XV-XVI BB.) xapakrepu-
3yercsi OypHBIM Pa3BUTHEM YEJIOBEUECKHX 3HAHMH U
BCIUIECKOM B DPa3BUTHU THAPABIMKH, YEMY CIOCOO-
CTBOBJIM M300pETEHUE Me4yaTH, pocT ropoaoB B EB-
porie u MoTpeOHOCTh MPOMBIIUIEHHOTO MPOU3BOJICTBA
B TEXHUYECKOM YCOBEPIICHCTBOBAHHH.

B artor nepuoa uranssuen Jleonapoo da Bunuu
(1452-1519 rr.) BHEC BKIIa] BO BCE OCHOBHBIC pa3Ieiibl
MEXaHHKH KUIKOCTH. JIeoHap 10 ITOCTaBHII IIEpBBIE JTa-
0OOpaTOPHBIE OMBITHL M HOIOJCUL HAYALO IKCHEPUMEH-
MAnbHOU 2udpasiuke; M300pen TMOIBOMHYIO JOAKY,
pa3iHYHBle THAPOMAIINHB (LIEHTPOOESKHBIA HAcoc,
THIPAaBINYECKHUI Tpecc, MEIBHHUIIBI), JIeTaTeIbHBIC aIl-
mapatel (BEpTOJIET, IUIAHEp, MAapalloT) W MPHOOPHI
(anemomeTtp u rurpometp) [14, c. 10]. Tloznuee B 1585
r. rojanjckuit Mexanuk C. Cmegun Aaj NPaBUIIO BbI-
YHUCIIEHHUS CHJIBI JIABJICHUS JKUJIKOCTH Ha IUIOCKYIO
CTEHKY M OOBSICHUII TUIPOCTATHYECKHUI ITapaioKc.

XVIl Bek oTMedYeH CIEAYIOIIUMH JTOCTHKCHU-
SIMM: UTANbSHCKUU Yu€HbIA [. [anuneti mokasai, 4To
THJIPaBJIMYECKOE CONPOTHBIICHUE BO3PACTALT C yBEJH-
YeHHEM CKOpPOCTH JBIKEHHS TBEPIOTO TeJa B JKUIKO-
cti 1 ee moTHocTH (1612 1.), a ero yuenuk O. Toppu-
Yeu TIOTYIMIT (POPMYITY JUISI CKOPOCTH UCTCUCHUS HEe-
BSI3KOM  >KMAOKOCTH ®3  orBepctus (1641 r1.);
¢bpanuysckuii Gpusuk b. Ilackans OTKPBLT 3aKOH O Tie-
penade BHENIHETO AaBJeHus B xkuakocTH (1653 1.), Ko-
TOPBIN ABUIJICS OCHOBOM /JIs pacueTa MpeccoB U TUpo-
MOTbEMHUKOB, a aHrmuiickuii ¢usuxk U, Heromon
c(hOpMyITHpPOBAJI THUIOTE3y O BHYTPEHHEM TPEHUH B
suakoctu (1686 r.) [14, ¢. 10-12, 15; 20].
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. bepnynnu
1700-1782

XVIII Bek sBuics qist Poccun HOBBIM HCTOpUYe-
CKHMM TMEpPHOAOM: B Helapax (eomaabHOro ooIecTsa
KpeIuia MoJoJasi HallMoHaJbHAs OypiKyasus, CTpOH-
JIMCh HOBBIE TOPO/Ia, COOPY KAJIMCh KaHaJIbI, POCIH JI0-
6b1ua 1 iepepadotka pya. [lerp | npuriaman B Poccnto
3amaJHOCBPOINICHCKNX PEMECICHHHKOB M YYEHBIX,
YTOOBI TOMOYB TIPEOAOJICTh HAYIHYIO M TEXHHUECKYIO
OTCTaNoCTh (heomanbHOro rocyaapctBa. Pedopmbl
ITerpa | mogroToBMIM U yupexxaeHne AKaIeMiu HayK,
OTKPBITHE KOTOPOH COCTOSUIOCH B 1725 T. B TOIBKO UTO
mocTpoeHHo HoBoH cronune Poccun Cankr-Ilerep-
Oypre. 3nech OBIIN 3a/10CceHbl cO8peMenHble meope-
muyecKue 0CHOBbl MEXAHUKU HCUOKOCMYU aKaJEeMUKaMH
M. bepuymnu, JI. Diinepom, M. B. JlIoMOHOCOBBIM.

Onnako chopMyJTMpOBaHHBIE MaTeMaTHYECKUE
OCHOBBI MEXaHUKH JKUIKOCTH (2udpomexanuxu) He
MOTJIM Y/IOBJIETBOPUTH BCE pacTylIMe 3ampochl Hpo-
MBIIIJIEHHOCTH ¥ CTPOUTENLCTBA. DTO MPUBETIO K POp-
MHPOBaHHIO BO BTOPOH MOJIOBUHE CTOJNETHS paHyy3-
CKOU WKOJIbl YICHBIX-MHXeHepoB (A. [Tumo, A. Llesu,
JK. Bopoa, JI. Benmypu), pa3pabaThIBalOMIMX MpHOIH-
JKEHHBIC PEKOMEHIALNN Ha 0a3e 3KCIIEPUMEHTOB, T.C.
TEXHUYECKYI0 MEXaHUKY XUAKOCTH (eudpasnuxy). B
9TO BpeMs TEXHUYECKOEe HaNpaBlICHUE MEXaHUKH JKUJI-
KOCTH cTajo pa3BuBaThcs U B Poccuu M.B. Jlomonoco-
6bIM, KOTOPBIHA MPEUIOKHI YIPOIECHHBINH pacueT Thj-
PaBIMYECKUX JIOTKOB, IPHOOD ISl H3MEPEHHUST CKOPO-
CTH BETpa, BUCKO3UMETP, T'a30BbIi1 Oapomerp [14].

XIX Bek oTMEUeH MHOTOYHCICHHBIMH HCCIIE0-
BaHMSAMH KakK OOILIETEOPETHYECKOTO, TaK M MPHUKIAMI-
HOTO Xapakrepa. JoCTHKeHHMS 3TOTO TIEpHO/1a CBA3aHbI
¢ uMeHamu (paHIy3ckux y4deHbx K. [lyazeiins, A.
Japcu, I'. Kopuonuca, aurnmiickoro ¢usuka O. Peii-
HOIbOCA, HEMEUIKHUX YUeHBIX [ . Xacena, FO. Beiicbaxa.
B Poccun mnoporBopHo pabdotanu I1.11. Menvhukos
(m3man mepBeIit Kypc THApaBIuKH), J.M. Menoenees
(ykazas Ha CyIIEeCTBOBaHHUE JIByX PEKUMOB TEUCHHUS U
JIByX 3aKOHOB conpotusicuus), H.I1. [lempos (pa3pa-
00Ta’ TUAPONUHAMHYECKYIO TEOpHIO cMasku), H.E.
JKyroeckuii (co31al TEOPUIO THAPABINYECKOTO YAapa),
U.C. I'pomexa n npyrue.

XX Bek XapakTepHu3yeTcsl pa3/ieJIeHHEM THIpaB-
JIMKH Ha OT/ENbHbIC OTPACIN (MHXEHEPHO-CTPOUTEIb-
HYI0, MAaIlHHOCTPOHUTENIFHYIO, CYIOCTPOHTENBHYIO,
HEPTIHYIO, TIOA3EMHYIO U T. II.), H TIEPEXOJOM BeIy-
el posi OT GpaHIy3CKOM K HEMENKOH mIKoie 01aro-
naps pabotam @. Dopxzevimepa v I1. Bnazuyca no rug-

JI. Ditnep
1707-1783

M.B. JlJomoHOCOB
1711-1765

PaBIMYECKUM CONPOTHBIEHUAM, M. Bebepa 1o runpo-
MUHAMHUYECKOMY moaoouto, JI. [lpanomisi IO TEOPUH
TypOyJIeHTHOCTH. BHec BKi1al 1 aMepUKaHCKHH THIPO-
MexaHuk 1. Kapman 1o BOpocaM MOrpaHuvHoOro Cios,
TUJIPOCOMPOTUBICHUN U BUXPEBBIX ABHKECHH.

Hamra otedecTBeHHAs THOpABIHKA 32 IMOCICIHUE
NECATHIICTHS TAK)Ke BBIIBUHYJACH HA OJTHO M3 MEPBHIX
MECT B MHpPE B CBSI3H ¢ OYPHBIM Pa3BUTHEM THAPOTEX-
HUYECKOTO CTPOWUTENbCTBA, ABHALMOHHOW TEXHHUKH,
THIPOMAITHHOCTPOCHNUS, TEIUIO3HEPTeTHKH W Ojaro-
Japs CO3IaHUIO PAa BY30B M HAYYHO-HUCCIIEAOBATEIb-
CKHX MHCTUTYTOB TMIPOMEXaHHYECKOTO U THAPOTEX-
Huueckoro npoguis. Cpean vux BHUUW runmporex-

Huku uM. B.E. Benmeneea (BHUUI), BHUU
BOJIOCHAO)KEHMS, KaHAIM3AIMH, THUIPOTEXHUYECKHX
COOPY)KEHUII M  HMHXEHEpPHOH  TUAPOreoNoruu

(BOAT'EO), unctutyT rugpomexannku CO PAH u np.
Oromy cnocobcTBoBanM Tpyael M.B.  Kendwuua,
M.A. Jlagpenmvesa, JI.U. Cedosa, JI.I'. Jlotiyanckozo
[0 OCHOBHBIM pa3zfenam ruapomexanuku, M.A. Beau-
Kanoea MO TEOPUH TYpOYJIEHTHOCTH M PYCJIOBBIM Jie-
dopmarmsam, b.A. baxmemesa o HEpaBHOMEPHOMY Te-
yeHuto B pycnax, H.M. Beprnadckozo 1o pedHoi ruj-
pomerpun, H.H. [lagnosckozo mo ¢unpTpanuu u
HEpaBHOMEpHOMY TeueHuto, M.U. Aepockuna, U.H.
Jlesu, B.M. Maxkoeeesa, P.P. Yyzaesa 1o pacuéry te-
YEeHHUS B OTKPBITBIX pycnax, A.J. Anemwyna, I"A. My-
puna, H ®@. @edoposa, D.A. lllesenesa B 001acTH THI-
PaBIMKH TPYyOOIIPOBOIOB.

CoBpeMeHHasl THAPABIMKA (TEXHHYECKas Mexa-
HUKa JXUJIKOCTH) TPEICTaBIsAeT coOOW OpraHWYHBIN
CIUIaB HAyKW W MPAKTHKH, ONMUPAIONINIACS Ha TEOPETH-
YECKYI0 THAPOMEXAHUKY M JKCHEPHMEHTAIBHBIC HC-
CJICZIOBAHUSL.

KpoccBopa-akckype B HCTOPHIO U coep:KaHue
ruapaBauki. CoBpeMeHHas THAPABINKA JUII MHOTHX
JIMIIb COBOKYITHOCTh 3HAHWH B BHJIE O€3/yIIHBIX OIpe-
JIeNICHNH ¥ aOCTPakTHBIX (GOpPMYJ. A 332 HUMH JIIOJIH,
XapakTepsl, cys0bl. [loaTOMY OmnpeneneHus B Kpocc-
BOP/JIC COCTaBJICHBI C UCIIOJIb30BaHUEM pabor [5, 7, 10,
12, 14) B BUIe 3aHMMATEIbHBIX OHMOTrpaUuECKUX ITIO-
JIOB O 3HAMEHHTHIX YYEHBIX, BHECIINX 3aMETHBIH BKJIa/l
B TUAPABINKY W YIIOMSHYTBIX BBIIIE.

3aoanue. Tlocne yransiBaHusl (GaMUINHA YICHOTO
cienyeT oOpaTUTh BHUMAaHNE Ha PACIIOJIOKEHHBIN psi-
oM (hparMeHT (cxeMy M300peTeHHs UM Mpoliecca) U
MOJTYy4UTh [OTOJHUTEIbHBIC INPEICTABICHHUS O Ief-
TEJILHOCTH ydeHOro. (PparMeHThl AAIOT HAarJSAHOE
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MPEACTABICHUE O COAEPKAHUY I'MIPABINKH (TEXHHUIE-
CKOW MEXaHUKH XUIAKOCTH). OHU pacIoIOKEHBI B XPO-
HOJIOTUYCCKOM TOPAAKE, YTO IMO3BOJIACT MNPOCICIAUTH
MOCJIEIOBATEIbHOCTh OCBOGHHSI YEJIOBEUYECTBOM OC-
HOBHBIX IOJIOKEHUH JUCLUITIINHBI.

1. Kus13p My ipenioB: 3HaJ BCE, K COXKAICHUIO, LIep-
KOBb BEpWJIA B 3TO CIIMIIKOM JO0JITO; TPU3HAETCS] OCHO-
BaTeJeM JBYX JIECATKOB HayK, B TOM 4HCIE (H3HKH.
Ero 3namenutsie cnoBa: «/ltamon mue opye, HO uc-
muHa 0oposice’ — 03HAYANN OTXOJl OT BO33PEHHUI CBO-
ero yuurens. Bmecre ¢ TeM, OH 0TOpOCHII B TIporpec-
CHBHBIE UJIeH NTPEIIECTBCHHUKOB. 3a HEBEPHOE I10JI0-
JKEHHUE O HETIOJBIKHOCTH 3EMJIN yXBaTHUIACh [IEPKOBb,
MO03TOMY OOph0a MPOTHB €ro yueHHs ObLIa OMACHBIM
JIETIOM.

2. 3HaMEHUTHIN TPEYSCKU MEXaHUK: H300PENT BO-
JISTHBIE Yachl M BOJSHOW Hacoc. MHoTHe ero n3oopere-
HU MIPU3BAHBI 6bIJ'II/I JIMIb «YAUBUTDLY) l'[y6J'II/IKy.

3. Benuualmmii MH)XXEHEp APEBHOCTH: OOHapy-
JKIJI OOMaH B U3BECTHON MCTOPHH C KOPOHO# naps ['e-
POHA; TOTOBHJICS CABHHYTH 3€MIIIO, HO HE YCIIEN HAUTH
TOYKY OIOpEL. Ero BHHT CEroiHs HMCHOJB3yeTCs B
OOBIKHOBEHHOUW MsicopyOke. CorliacHO OIHO# Je-
TeHJIE, [P TIOTPYKEHUH B BaHHY BIIPYT OCCHMIIA €0
MBICTTh O BBHITIKUBAIOMICH CHIIC KHUAKOCTH U, 3a0BIB
000 BceM, roJbli, Oexan ol 1o ynumaM Cupakys ¢ mo-
OenHBIM KIHaeM: «328pukal», «A nawenly. 3to coObI-
THE CBEPIIMIOCH Oiaromapsi TOMy, 4TO OH MCKaJl IyTh
pelIeHus 3aJa4y MOCTOSHHO. 37eCh YMECTHBI CJIOBa
JI. Tlacrepa: «Cuacmausas ciyuainocms gbinadaem Ha
001110 NOO20MOBIIEHHBIX YMOBY.

4. Astop noptpera Mowns! JInuzbl («J[xoxoHma»);
bonvuie uzgecmen KaKk XyOOodCHUK, HO 6oablue cOenal
kak yuénoui. OH 1oAyMalcs 10 HMapoBOM MyIIKH, CO-
371431 IPY>XUHHBII aBTOMOOMIIb U TAHK, PEIOKUIT MY-
CKYJIONET, CIIPOEKTUPOBAIl U OCYIIECTBUII MOCTPOUKY
psina xaHanoB. M300pen MOIyib MOIBECHOTO MOCTa,
MHOTOCTBOJIbHYIO YCTaHOBKY — 3apO/IBILI IyJIEMETOB U
«Kartrommn, MexaHu3M IJIs1 3a0MBKH CBaii, MEPBEII paz-
BOJHOH KIIIOY, pEIyKTOp, 3KCKaBaTop, mapamtoT. OH
paboTalt BCIO )KU3Hb U, OYEBHIHO HE IIPEICTABIII cebe
COCTOSIHHSI, KOTOPOE MBI B OBITY Ha3bIBa€M OTIBIXOM U
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MIOKOEM, TBOPHUII BCErja U Be3Jie, HO MOUTH BCE AaBa-
JIOCh €MY C TPYJOM, 4To noATBepxkaaet ppazy T. Dau-
coHa: «I enutl — 00uH nPoyenm 600XHOBCHUS U OCBIHO-
cmo 0eeamv nPoyeHmos noma». YMHpasi, OH MPOCHIT
MpOIICHUs y Oora ¥ JIFOJICH 3a TO, YTO CIIeNal B CBOCH
JKA3HH TaK Majo.

5. Beimarommuiicss QU3MK, MEXaHUK U aCTPOHOM:
M300pe MepBEIi TENECKOI U BO3AYIIHEIA TEPMOCKOIL —
mpooOpa3 TepMOMETpa, CKOHCTPYHUPOBAI THAPOCTATH-
YeCKHe BECHI ISl ONpeAeIeHNs YACTHHOTO Beca TBEP-



POLISH JOURNAL OF SCIENCE Ne 31, 2020

55

JBIX TEJ, ONpENeNl YAENbHBINA Bec Bo3myxa. OnHa-
Kbl OH 3allle]l B IIEPKOBb HA OOTOCITy)KEHUE U 3aMe-
T, KaK OT CKBO3HSKAa pAacKauMBaIOTCS Ha LEIIX
JIOCTpHL. Jlepika pyKy Ha IyJbce U OTMEpsis BpeMs UX
MOJIHOTO KayaHMs 10 ylapam COOCTBEHHOIO cepila,
OTKPBUI TPUHIIMI HE3aBUCUMOCTH 4aCTOTHI KoJieOaHn i
OT UX aMIUIUTY/Ibl, YTO TOCIYXHJIO N300pETEHUI0 Ma-
ATHHUKA — CepJILa JIIOOBIX MEXaHNYECKHUX YacoB. JIeBsTh
JIET MOCIIE My OJIMYHOTO MTOKAsTHUSI OH OCTAaBANICS «Y3HH-
KOM MHKBH3HIINNY, a 3aTeM yMep. Ho denoBedecTBoO He
MOJKET >KUTH 0€3 BENHMKUX JIIOAEH: B TOT TOJ POANICS
. HeroToH.

6. Uranpstackuii pusuk, yuenuk ammies. Ecim
OITYCTUTH B YaIIKy C PTYTHIO 3aKPBITYIO CBEPXY CTEK-
JSIHHYI0 TPYOKY C PTyThIO, TO OHa HE BBUIBETCH, a
TOJIBKO OITyCTHUTCSI HEMHOT'O — €€ IeP)KUT JaBJICHHE aT-
Mocdepsl Ha PTYTh B YalllKe, a TaM, BBEPXY, BOZHHKAET
BakyyM. BeIcoTa pTyTH CIyXHUT Mepoi 3TOro JaBie-
Hus. Tak B 1643 T. UM OTKPBITO aTMOC(EpHOE JTaBIie-
HUE, TIOJydeH BaKyyM M CKOHCTPYMPOBAH II€PBBHIH B
mupe 6apomerp. OH BbIBeI (GOpMyITy AJISI CKOPOCTH Te-
YEeHUS! KUJIKOCTH U3 OTBEPCTHSI B COCYE.

7. Co3maTens TEOPEeTHIECKOW MEXaHUKU KHUIKO-
CTH: BBIBEJ ypaBHEHHE, KOTOPOMY B THIPABINKE HET
PaBHBIX; UCTIOIB30BANI IIbE30METP I U3MEPEHUS 1aB-
JIEHUS JBUXKYILENCS KUAKOCTU. SBisieTcs npencraBu-
TeJIeM CEMENHOM TMHACTUN, OTMEUEHHOM YeThIpHA/I1Ia-
THIO KPYIHBIMH yYEHBIMU — I€HHAILHOCTH NiepeiaBa-
Jack 10 HACJE/ICTBY M3 TIOKOJIEHUS B MOKOJICHHE (Kak
u B cembsix Horamna Cebactbsna baxa, JlapsuHa,
Tpayca, Kropu), Bonpeku pacxoxeMmy MHEHHIO, YTO
NpUpOJIa, UCTPATUBIINCH HA TEHMAX, OTABIXAeT HA UX
JETSIX.

8. « ... — geauxuil uenosex. Meacoy Ilempom | u
Examepunoti 11 on 0oun aeriancsa camobvimuviym cno-
osudcHuKom npocgeujerus. OH co30ai nepeulil yHusep-
cumem. On, 1yvue ckazamo, cam Oblil NEPEbIM HAWUUM
yuugepcumemom» (A.C. IlymkuHn). 3HAMEHUT OTKPHI-
TUSIMU B aCTPOHOMUH, PU3KKE, XUMHUH, T€OJOTHUH, T€0-
rpaguu, HWCTOpUM, KpuUcCTaiorpaguu W JIpyrux
Haykax. [louTu Bcerzma, OTKpbIBasi HOBOE, BCTyHal B
060i1 co crapbiM. [laxke He IPUKOCHYBIIUCH K HayKe, OH
yKe Brucail Obl CBOE MMS B HCTOPUIO PYCCKOH KYJIb-
Typsl Kak 1moaT. [lns nBopa EmmzaBersr oH m Obin
TOJIBKO ITO3TOM H XYyIOKHUKOM.

9. ®paHITy3CcKHii Bpad v PU3HK: U3ydas ABIDKCHHE
KPOBH B BEHAX IONIyYHMJI SKCIIEPUMEHTAIBHYIO (op-
MYy, HOCSIIIYO €TO UMl ¥ ITMPOKO MPUMEHAEMYIO IS
OTIpe/IeICHNUS BSI3KOCTH JKUIKOCTEH U CKOPOCTH Tede-
HUS B KalIsIpax; NepBbIM UCIIOIb30BAJl PTYTHBIN Ma-
HOMETp IS U3MEPEHHsI KPOBSIHOTO aBICHUS >KUBOT-
HBIX.

10. Hemenkwuii yueHslii: 1an o0mune GopMyJisl uist
NOTeph HAIopa M BBeJ Oe3pa3MepHbIH KodPQUITHEHT
THPABINYECKOTO COPOTHBIICHUS.

11. dpaHiy3ckuil yueHbIH: UcCIen0Ball TeUEHUE
B Tpy0ax M B IPYHTE; OTKPbIJI OCHOBHOM 3aKOH JIAMH-
HapHOW (DUIIBTPAIIUH, HOCAIIUN €ro UMsI.

12. Anrmmiickuii (U3WK: YCTaHOBIJI KPUTEPHHA
1o00Ms, Ha3BaHHBIH €ro YHCIOM M Cc(HOPMYJIUpPOBa
YCIIOBUSI MEpPEXOAa JTaMUHAPHOTO TEYEHUs B TypOy-
JICHTHOE, TIEPBBIM POAEMOHCTPUPOBA ABJICHUE KaBH-
TaIIH.

13. Pycckuil y4eHslid 1 HEXKEHEP: CO3aJl IePBhIH
Ha PYCCKOM si3bIke TPyl «OCHOBaHMS NMPAKTUYECKOH
ruapasiauka ...» (1836 r.); opranmsoman B 1855 r.
nepByto B Poccuu yueOHyto ruapaBinueckyto jabopa-
TOPHUIO.

14. Pycckuii yueHblil: OCHOBOIIOJIOKHUK a’pOIH-
HaMHUKH; JTaJl TEOPEMBI O MOIBEMHOI CHIIE U TATOBOM
YCHJIUH; CO3J1all TEOPUIO TUAPABINYECKOTO ynapa; oc-
HoBan LleHTpalibHBI a3pOrUAPONMHAMUYECKUN HH-
CTHTYT.

15. Hemenkuii y4yeHbI: aBTOp MOJYyIMIIUpPUYE-
CKOIl Teopruu TypOyJIEHTHOCTH; TOXYYMI JOTaprupMHu-
YECKOE paclpesieleHHe CKOPOCTU IO CEUCHUIO TIOTOKa
KHUIKOCTH B KPYTIIBIX TPyOax.

16. Pycckuii y4eHblil: pa3Buil TeOpUio GHUIBTpaA-
LMK BOJBI B TPYHTE U pa3paboTayl METOJ HOCTPOSHUS
CBOOOIHOM ITOBEPXHOCTH MTOTOKA B ECTECTBEHHBIX PyC-
Jax; ObUT yYaCTHUKOM CTPOUTENbCTBA KpymHBIX ['DC.

17. Pycckuii yueHbIH: pa3BHII TEOPHUIO TYpOYJIEHT-
HOCTH; WCCIENOBAJI JABM)KEHHE HAHOCOB U PYCIOBBIC
nedopMaruy.

18. Hemenkuil y4y€HbIH: yCTAaHOBWJ 3MIIUpHYE-
CKYIO 3aBHCHMOCTH U KO3(h(HUITMEHTa COMPOTUBIIE-
HUSI THIAPABINYECKH TTIaKUX TPYO.

19. Pycckuii ydeHBIH: 3aJ0KHJI OCHOBBI COBpE-
MEHHOM PYCCKOW I'MIPaBIMYECKOH IIKOJbI, PELIWI B
oOmiei popme 3amady HHTETPUPOBaHUS TUDGEpEHITH-
aNbHOTO YPaBHEHUS HEPABHOMEPHOTO JIBIXKEHHS B
MPU3MATHYECKHUX pyClIax.

KpoccBopa MOXHO pasrajisiBaTh B HHTEPaKTHB-
HOM peXUMe Ha HareM caiire https://labkap.ru. B mpo-
Lecce pasraJbIBaHHs KpOCCBOpJa HayKa OXKHBAaeT U
BBI3BIBACT MHTEPEC. DTIOJIBI BHOCAT JOTIOJHUTEIBHYIO
3aHMUMATEIbHYI0 HMH(OPMAIMIO, BO3ACHCTBYIOT Ha
MO 00yJaIOMINXCA, BRI3BIBAIOT Y HUX dPPEKT co-
MIEPEKUBAHUS U CIIOCOOCTBYIOT BOCITUTAHHIO OIIPEZE-
JICHHBIX Ka4€CTB JINYHOCTH.

[Mocne yraapiBanusi GpaMuiaIny 3HAMEHUTOTO y4e-
HOro, oOyuaeMble 00OpaIlalOT BHUMaHUE Ha PAaCIIoJo-
KEHHBII paaoM (parMeHT (cxemy H300peTeHHs WU
Ipolecca ¢ MaTeMaTU4eCKOM 3aBUCHUMOCTBIO) U MOJTY-
YaroT JONOJHUTENbHbIE PEJCTABICHUS O AEATEIBHO-
CTH yueHOT0. PparMeHTh! PaCOIOKEHbI B XPOHOJIOTH-
YECKOM ITOPSI/IKE COOBITHH, YTO ITO3BOJISIET POCIEANTh
TIOCIIE0BATEIFHOCTD M MPOJIOJDKUTEINBHOCTh MOCTH-
JKeHUS (OCBOSHUS) YeJIOBEUECTBOM OCHOBHBIX ITOJIOXKE-
HUM JTUCHUIUIAHBL.

CoBOKYITHOCTh (pparMeHTOB 0000IIaeT BCE OC-
HOBHBIE Pa3/IeNbl THAPABINKH U JA€T NMPEICTaBICHHIE O
ee CoJIepIKaHMH, NOOYKIAeT K YCTaHOBJICHHIO MHOTO-
TPaHHBIX CBs3€il BCETrO MPEACTOSAIIECIO M3YUYEHHIO Ma-
Tepuanga. TakoW KpOCCBOPJ TNpEACTaBIseT Cco0oi
HarJSIIHYI0 OIIOPHYIO CUCTEMY MH(GOPMAIMU 1O UCTO-
PUM Pa3BUTHS THAPABINKH (TEXHHMYECKOM MEXaHWKH
JKHJIKOCTH) U TI0 €€ COIEPKaHuIo (COCTaBy), YTO BaKHO
JUIs  JajbHEHIIEero JEeTalbHOTO W3YYeHHS IHCIH-
TUTHHBEIL.
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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, nat-
ural disaster, epidemic, epizootic, large fire, the use of
means of destruction that have led or may lead to hu-
man and material losses.

In [2] it is specified that the emergency situation
means the situation in a certain area, which has devel-
oped 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 dis-
ruption 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 situa-
tion characterized by significant socio-environmental
and economic damage, the need to protect the popula-
tion from harmful factors (chemically aggressive and
radioactive substances, microbes, viruses, rickettsia,

hypothermia and other overheating, traumatic and psy-
chogenic factors), rescue, emergency medical and
evacuation measures, as well as the elimination of neg-
ative 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 vi-
olation of normal living conditions caused by a catas-
trophe, accident, fire, natural disaster, epidemic, epizo-
otic, 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, con-
ducting economic activities on it [5].

Common to all these definitions is that an emer-
gency is an environment caused by accidental causes,
such that it leads to harmful social, economic, and en-
vironmental consequences. Narrowing the range of
causes of emergencies, we will consider emergencies
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that are caused by the destruction of potentially danger-
ous objects or accidents at these objects.

During the crisis, rescue measures are conducted
to localize the effects of the threat and increase the via-
bility of regional components in the affected areas.

Rehabilitation measures carried out in the post-cri-
sis period are designed to eliminate the consequences
of the manifestation of sources of danger and increase
the rehabilitation of regional components in the post-
crisis areas.

In the context of the introduced concepts, we will
define natural and man-made security as a state of com-
ponents 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-con-
nectedness 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 mathe-
matical 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 re-
gion 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 de-
fense (governing bodies and executive bodies with sub-
ordinate resources), the objects of which are:

7] objects that represent a source of man-caused
hazards - potentially dangerous objects (PDO) and ob-
jects of increased danger (OID);

71 objects to which the action of harmful factors
applies in case of realization of dangers (recipient ob-
jects or objects of protection and restoration).

The socio-economic system of the region and the
environment is external to the organizational and tech-
nical system under consideration.

You can get a mathematical description of the
studied system and its environment, using the princi-
ples of a systems approach. According to these princi-
ples [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 fea-
tures:

- 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, ma-
terial, information resources);

Consider Figure 1.

- the presence of the structure (control and ex-
ecutive 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 (algo-
rithm);

- the presence of emergence.

When describing the components of the system,
their properties and relationships should take into ac-
count 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 techno-
genic safety system is carried out continuously in order
to prevent emergencies or eliminate their conse-
guences. This allows the analysis of the system to high-
light 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 advisa-
ble 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 liqui-
dation of consequences of emergency situations to in-
crease their target efficiency. The first indicator of effi-
ciency 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 consid-
ered the cost of budget resources B, which reached the
value of the first indicator. Then the effectiveness of the
target program is evaluated by the ratio:

£ - F
Statement of the problem of development of the
optimal program of works on liquidation of conse-
guences of emergency: on set of plans of use of budg-
etary 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 deci-

sions):
G(R)<G,  ®
find such an (optimal) Ro plan that maximizes the
effectiveness of the program

E (R, )= Ro)

= E
BR,) Y
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Finv
Fdir
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Bdir Binv

v

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 admis-
sible solutions, F is completely determined by the plan
R of the use of resources B. 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 B or inferior in
B 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 R"™(F™, B™) as a trivial
plan of "absolute perfection™ of the system, the required
budget funds B™* may not be enough, and it is neces-
sary to slightly "yield" the target effect F.

If the costs of BY" are possible, then they corre-
spond to the value of the Pareto function F4", which is
the result of solving the "direct" problem of optimal
planning of the use of limited resources, which maxim-
izes the effect. If the value of F9" does not satisfy and
it can be increased to F™ then the new F™ corresponds
to the new value of the budget expenditures B™, 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 man-
agement 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 ob-
jects of restoration work. The efficiency of the work is
determined by the formula (1), whereas a systemic ef-
fect 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 car-
ried out in accordance with their priority (rank), deter-
mined by the formula (1) until the budget is exhausted.
When solving the inverse problem, the selection of ob-
jects is carried out to achieve a given level of system
effect, which accumulates in the selection process.
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