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PROVIDING OF POGO STABILITY OF THE CYCLONE-4M LAUNCH VEHICLE

Low-frequency longitudinal (POGO) oscillations of liquid launch vehicles is a phenomenon inherent to almost all liquid rockets.
POGO oscillations of launch vehicles can lead to various emergencies: damages of the rocket structure and liquid propellant propul-
sion system, unacceptable malfunctions of the rocket control system. The use of liquid-propellant rocket engines with an oxidizer-rich
staged combustion cycle for the first stage of launch vehicles can introduce a number of features into the POGO stability analysis.
First of all, in this case, longitudinal vibrations of launch vehicles can occur due to the low-frequency instability of a liquid propulsion
system at frequencies associated with the dynamics of the circuit of the turbopump — gas generator - gas duct. Another feature of these
engines is the manifestation of a significant maximum of the module of the engine dynamic pressure gain in the low frequency range
(up to 10 Hz), which can lead to POGO instability of the launch vehicle even in the initial part of its flight with significant values of the
rocket structure generalized masses for the lower modes of launch vehicle natural vibrations.

To predict the POGO stability of the currently designed Cyclone-4M two-staged launch vehicle, the mathematical model of the
low-frequency dynamics of the “propulsion system — rocket structure” system has been developed. The model describes the interac-

HuryBannusg: Pylypenko O. V., Degtyarev M. A., Nikolayev O. D., Klimenko D. V., Dolgopolov S. 1., Khoriak N. V., Bash-
liy I. D., Silkin L. A. Providing of POGO stability of the Cyclone-4M launch vehicle. Kocmiuna nayxa i mexuonoeis. 2020. 26,
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tion of the launch vehicle elastic structure longitudinal vibrations with low-frequency processes in the main propulsion system. The
developed mathematical model contains a mathematical description of the low-frequency dynamics of the RD-874 main propulsion
system (includes four RD-870 engines with oxidizer-rich staged combustion cycle), the launch vehicle structure, and feed lines. As
a result of a theoretical analysis of the POGO stability, based on the developed mathematical model, using the Nyquist criterion, it
was found that the “propulsion system — rocket structure” dynamic system is unstable with respect to the first mode of the structure
longitudinal vibrations at the initial flight time interval (5 s, 70 s). This instability is caused not only by the convergence of the first
oscillation frequency of the liquid in the oxidizer feed line and the natural frequency of the first mode of the longitudinal vibrations of
the Cyclone-4M launch vehicle structure but also by a significant increase in the (6 Hz — 9 Hz) frequency range of the dynamic gain
of the RD-870 engine. It leads to POGO instability of the Cyclone-4M launch vehicle in the indicated interval of the flight time. This
pattern of the POGO-instability development was discovered for the first time, and it can be noted as a characteristic feature of this
dynamic phenomenon for rocket engines with an oxidizer-rich staged combustion cycle.

To provide the launch vehicle POGO stability, it is proposed to install POGO suppressor in the oxidizer feed lines of the main pro-
pulsion system. A mathematical model of the low-frequency dynamics of a POGO suppressor with a bellows gas-liquid separation was
developed, and the suppressor parameters were determined. The approach to determining the POGO suppressor parameters to provide
the POGO stability of liquid propellant LVs was developed: a rational choice of the POGO suppressor design parameters was carried
out based on the conditions of the amplitude stabilization of the “propulsion system with POGO suppressors — rocket structure” open
dynamic system.

Keywords: POGO stability of launch vehicle, cavitation phenomena in pumps, bellows type POGO suppressor, dynamic gains of oxi-

dizer-rich staged rocket engine, Nyquist stability criterion.

INTRODUCTION

When creating new or upgrading existing space
launch vehicles (LVs), an analysis of longitudinal
(POGO) stability is performed. Liquid LV most of-
ten lose longitudinal stability due to the dynamic
interaction of the LV structure and the main liquid
rocket propulsion system during the flight in the case
when the frequencies of the lower longitudinal struc-
tural oscillation modes converge (coincide) with the
frequencies of dynamic processes in the propulsion
system.

Longitudinal oscillations of the launch vehicle are
unacceptable both for the liquid propellant rocket
engines and the LV control system, and for the launch
vehicle structure, including the spacecraft launched
into working orbits with complex and expensive ap-
paratuses and sensitive equipment. Vibrational loads
on the LV and spacecraft during the LV longitudinal
instability can exceed the permissible level and lead
to failure situations (examples of such unsuccessful
LVlaunches are described, for example, in [6, 7, 10]).
In the American aerospace papers, this phenomenon
is called POGO oscillations (e. g. [12]).

To date, research centers in the USA, Russia,
France, Ukraine, and China have completed a num-
ber of works on the problem of the POGO stability
of liquid launch vehicles (in particular, [1, 3, 13, 16,
24, 25]). Among the fundamental works on the liquid
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rockets POGO stability, one can distinguish a mono-
graph by M. Natanzon [10], methodological articles,
and NASA guidance to eliminating the POGO insta-
bility of liquid rockets by S. Rubin [12, 20, 21]. The
main mechanism of longitudinal instability of liquid
launch vehicles is described in the works of M. Na-
tanzon and Sh. Rubin, mathematical models of the
low-frequency dynamics of aggregates and systems
of rocket engines are developed for the analysis of
the POGO stability of LV and methods for studying
the vehicle stability in the frequency and time do-
main. M. Natanzon showed the main method used
in the theoretical forecast of the LV POGO stabil-
ity is the mathematical modeling of launch vehicle
dynamics due to the fact of the dynamic interaction
of the rocket engine and the rocket launcher cannot
be reproduced under various experimental studies in
Earth conditions.

The POGO stability of liquid rockets is studied
mainly for rocket engines designed without oxidizer-
rich staged combustion cycle scheme (in particular,
in [3, 13, 14, 17, 23—25]). The results of studies of
the POGO stability of these liquid rockets showed the
development of POGO oscillations occurred during
the operation of these main engines in the final inter-
val of the LV flight time, characterized by relatively
small values of the generalized mass of the lower
modes of the LV structure. The use of liquid-pro-
pellant rocket engines with an oxidizer-rich staged

ISSN 1561-8889. Kocmiuna nayxa i mexnonoeis. 2020. T. 26. No 4
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combustion cycle as the
LV first stage main engines
can introduce a number
of features into the study
of the POGO stability of
the launch vehicle. First of

all, for this case, thisisthe —~—""=
low-frequency instability r":-'l'ﬁ';:

of the liquid propulsion
system arising at frequen-
cies associated with the
low-frequency dynamics
of the engine circuit of the
turbopump — gas genera-
tor — gas duct (as shown
in [5]) based on mathe-
matical modeling and fire
tests results of this type of
engines at throttle modes.
This phenomenon can
lead to POGO oscillations
due to this instability. An-
other distinctive feature of
this type of liquid-propel-
lant rocket engines is the
presence of a significant

CYCLONE - 4M-]

—

maximum modulus of the

engine dynamic gain (for

example, see work [14]) at  £i8- 1. The Cyclone-4M
LV layout

the low-frequency range
(from 3 Hz up to 10 Hz). It can lead to the LV POGO
instability even in the initial interval of the LV flight
path. Providing the LV POGO stability by installing
POGO suppressors can be significantly complicated
by the cavitation oscillations in the feed system of the
rocket engine, as follows from [15].

Thus, the POGO instability of the LV for liquid
rocket engines designed with an oxidizer-rich staged
combustion cycle, as a physical phenomenon, can
manifest itself in a unique form. In this regard, in
order to ensure the POGO stability of the Cyclone-
4M launch vehicle currently under development, the
above-mentioned dynamic phenomena in systems
of main rocket engines with an oxidizer-rich staged
combustion cycle should be investigated first.

The work aims to determine the features of POGO
oscillations in the Cyclone-4M LV being developed

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2020. T. 26. No 4

uses liquid-propellant rocket engines with an ox-
idizer-rich staged combustion cycle and to develop
an approach to determining the parameters of the
POGO suppressor system to ensure the POGO sta-
bility of liquid LVs.

The Cyclone-4M LV is being designed by the Yu-
zhnoye State Design Office to meet the growing de-
mand for commercial missions to put on spacecraft
in low Earth and solar-synchronous orbits [11]. It is
the two-staged liquid rocket of the middle class with
a tandem stage layout scheme (Fig. 1). The prelimi-
nary value of LV starting weight (without payload) is
about 2597.6 kN. The design of the first stage of the
Cyclone-4M LV was carried out using the results of
the development of systems and assemblies of Zenit
family liquid launch vehicles [11].

1. POGO STABILITY ANALYSIS
OF THE CYCLONE-4M LAUNCH VEHICLE

Theoretical prediction of the liquid launch vehicle
POGO stability isbased on mathematical modeling of
the interaction of the LV structure elastic longitudinal
oscillations and low-frequency processes in the LV
propulsion system and investigation of the stability of
closed “propulsion system — LV structure” dynamic
system.

The development of the mathematical model
of the dynamical system “propulsion system — LV
structure” was carried out in the low-frequency
range, considerable for the problem under the study.
The upper limit of this range was 50 Hz. Develop-
ing the mathematical model of the “propulsion sys-
tem — LV structure” dynamical system, the aggrega-
tion principle [22] was used. At the same time, the
feed lines of the propulsion system, the engine, and
the LV structure with propellant tanks were the main
components in the studied system. So, the developed
mathematical model included three blocks of equa-
tions. The first block describes the low-frequency dy-
namic processes in the liquid rocket engine (LRE),
the second block describes the fluid dynamics in the
feed lines, and the third describes the longitudinal
elastic oscillations of the LV structure. At the same
time, the mathematical model of the LRE low-fre-
quency dynamics was developed by the models of
LRE aggregates and by the models of the hydraulic
and gas connecting lines.
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Hot gas manifold

Combustion
chamber

Oxidizer
low pressure

Fuel
low pressure
pump

Fuel high pressure pump

Fig. 2. Simple schematic of hydraulic and gas flowrates in the RD-870 LRE

1.1. Mathematical modeling of the low-frequency
dynamics of LRE. Prediction of the dynamic charac-
teristics of the main LRE is the central problem in
the theoretical analysis of the LV POGO stability.

The first stage main LRE (RD-870) is designed
according to the oxidizer-reach staged combustion
cycle scheme with liquid oxygen and kerosene com-
ponents. Figure 2 shows a simplified schematic of
the engine liquid and gas flows. The thrust of the first
stage RD-874 main liquid rocket propulsion engine
system (LRPE) is 3178 kN near the Earth’s surface
and 3554 kN in the vacuum [11]. This LRPE consists
of the four RD-870 engines.

The mathematical model of RD-870 LRE low-fre-
quency dynamics is developed using theoretical ad-
vances in scientific works [7, 8, 14, 15, 22]. The mod-
el includes the dynamics equations of the main engine
elements: liquid and gas lines, turbopumps (among
other factors, the equations of cavitating oxidizer and
fuel pumps’ dynamics), the LRE gas generator, the
LRE combustion chamber, the fuel flow regulator
and other LRE elements. A system of linearized dif-
ferential equations, describing the LRE low-frequen-
cy dynamics, is represented as follows [7]:

Z[am- &x; +b;0x; +¢.;0x,(t—7,;)]=d. 8y, (1)
i=l

k=1,.,n,

where &x;,8y, are the deviations of engine param-
eters and forced actions; a,;,b,; c,; are the system
coefficients, depending on the design and operating
engine parameters; t,; is the time delay (t,; #0 only
in the equations of the LRE gas lines low-frequency
dynamics).

The engine dynamic properties are characterized
by LRE amplitude-phase frequency characteristics,
describing the steady-state harmonic forced oscilla-
tions of the system parameters occurring under the
influence of external harmonic forcing. To determine
the frequency responses of the investigated engine
RD-870, the transformation to the form of the sys-
tem (1) is made in the frequency domain. The result-
ing mathematical model is the system of algebraic
equations with complex coefficients:

(joa, +b,; +ce /)8, =d 3y, . )

The frequency responses are determined from the

system (2) and represent the ratio of the complex
amplitudes of the system parameters’ oscillations to
the complex amplitudes of the external forcing:
STf; =W, (jo)=Re, (o) + jIm,;(0) = 4, (0) e /% (3)
where Re; () and Im,(w) are the real and imaginary
parts of the engine frequency response, A4;(w) and
(pj(co) are the amplitude and phase of the engine
frequency response.
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The main frequency responses of the RD-870
LRE necessary for analyzing the LV POGO stabil-
ity are the input impedances and the engine pressure
dynamic gains. They can be obtained based on the
LRE calculated frequency responses (3).

The engine input impedances Z; (jo) and
Zli( jo) are the ratios of the complex amplitudes of
pressure oscillations and a propellant flow rate at the
LRE inlet in the oxidizer line and the fuel line cor-
respondingly:

Z5:jay =22 ).
3G (jo) @
7/ (jo) = w .
5G (joo)

It sets the boundary conditions at the end of the
feed lines of the oxidizer and fuel (from the engine
side).

The rocket engine pressure dynamic gains in the
oxidizer and the fuel channel (W, (j®) and Wef; (Jo))
are the ratios of the complex amplitude of the pressure
oscillations in the combustion chamber to the com-
plex amplitude of the pressure oscillations at the inlet
of the corresponding LRE propellant feed line:

W (o) =Ll

3D (Jo) 5)
W ey = 2Ll

3D, (Jo)

The dynamic gains of the first stage LV main en-
gine RD-870 and the impedances at the inlet of the
oxidizer and fuel low-pressure pumps were calcu-
lated taking into account cavitation phenomena in
the pumps for various combinations of nominal and
limiting (from the LRE operating range) pressure and
temperature values at the engine inlet. The computa-
tion results — the input impedance modules and dy-
namic gains (by pressure) of the RD-870 engine at the
LOX inlet and the fuel inlet of low-pressure pumps
are presented in Fig. 3, 4. The numbers /, 2 indicate
the curves for the following computation cases: curve
[l is a gain (or impedance) without taking into account
pump cavitation; curve 2is a gain (or impedance) tak-
ing into account pump cavitation at the nominal pres-
sure and nominal temperature values.

From the analysis of the results, taking into ac-
count cavitation phenomena in the pumps led to a

mod Z %, 10" s/m’
2
1
1 -
2
0 .

Fig. 3. Modules of the input impedance (a) and the pressure
dynamic gains of the main LRE (b) for the oxidizer channel
at LRE nominal pressure - temperature conditions (curve / is
modules without taking into account pump cavitation, curve
2 is modules taking into account pump cavitation, curve 3 is
module taking into account pump cavitation for an LRE gas-
generator cycle engine)

significant quantitative and qualitative changes in the
input impedance modulus of the main LRE Z;(jo)
for the engine oxidizer channel. It is explained main-
ly by the effect of the cavitation cavities’ elasticity in
inducer pre-pumps (Fig. 3, a). The effect of pump
cavitation formations on the resonant increasing
of the RD-870 engine dynamic gain for the engine
oxidizer channel W, (jw) wasn’t so significant as,
for example, for a similar LRE with oxidizer-reach
staged combustion scheme, given in [8]. For the LRE
under research the calculated maximum of module
W (jo) observed (see Fig. 3, b) at frequencies of
6—7 Hz (i. e. at oscillation frequency range less than
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mod Z” 10" s/m’

in’

151

151

mod Wefn

1.5

10 20 b 30 40

f, Hz

Fig. 4. Modules of the input impedance (a) and the pressure
dynamic gain of the main LRE (b) for the engine fuel channel
at the LRE nominal pressure - temperature conditions (curve
1 is modules without taking into account pump cavitation,
curve 2 is modules taking into account pump cavitation)

10 Hz and dangerous to the self-oscillating POGO
of launch vehicle) increased in 5 % (up to the value
of 0.9).

At the same time, using the results presented in
Fig. 4, it comes clear that taking into account cavita-
tion phenomena in the low pressure and main fuel
pump led to a five-fold increase in the modulus of
the pressure dynamic gain of the LV first stage LRE
for the engine fuel channel We{; (jo) at an oscillation
frequency of 18.0 Hz and to 7.0 % increase at an os-
cillation frequency of 7.0 Hz. In addition, taking into
account cavitation led to a significant change in the
input impedance module Zl{: (jo) of the main LRE
at the fuel low-pressure pump inlet (Fig. 4, curve /
corresponds to the computation case of without tak-

8

ing into account cavitation, curve 2 — to the compu-
tation case of taking into account cavitation for LRE
nominal operating parameter values).

1.2. Mathematical modeling of cavitation phenom-
ena in pumps. Taking into account cavitation phe-
nomena in LRE pumps is fundamentally important
for reliable prediction of the dynamic characteristics
of LPRE and for predicting the LV POGO stability in
general. It is known, e. g. from [10, 15], that cavita-
tion in pumps with inducer leads to a noticeable de-
crease in the natural frequencies of fluid oscillations
in the feed line compared to acoustic frequencies,
and also leads to increase in the pressure dynamic
gains of the LRE pumps during gain resonant in-
crease (see Fig. 3, b and Fig. 4, b). As cavitation de-
velops (in particular, with a decrease in pressure and
flow rate at the inlet to the pump), the pump input
impedance module decreases, and the pump dynam-
ic gain modulus increases.

Accounting for cavitation phenomena in the low-
pressure and main pumps of the RD-870 engine was
developed according to the theory of cavitation os-
cillations in pump systems. This theory summarizes
the results of numerous theoretical and experimental
studies of cavitation oscillations in hydromechanical
systems [15]. The basic input data for the numerical
determination of the cavitation flow parameters in
the flow part of the pumps are the geometric param-
eters of the pump — the inner and the outer diameter
of the inducer, the angle of inducer blades, the num-
ber of blades, and the LRE operational parameters —
pump rotation speed, flowrate coefficient, and pres-
sure cavitation breakdown.

The basic equations in the mathematical model of
the low-frequency dynamics of the cavitating pump
according to [15] are follows:

e the equation of the dynamics of cavitation cavi-
ties in the flow part of inducer and centrifugal pump,
obtained from the solution of the problem of non-
steady-state cavitation flow past the flat plate cascade

of inducer:

8A = B3R + B,3G, + BT, % ) (6)

e equation of mass of fluid conservation in the flow
part of the pump
d
YE(SVC )+08G, -G, =0, 7)

ay
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B, 10° KN/m’
0 -

—0.01

—0.02

—0.03 ) L . . .
0 50 100 150 200 250 s

Fig. 5. Dependence of the elasticity B, cavitation cavities in
the flow part of the oxidizer low-pressure pump on the LV
flight for various temperature and pressure combinations at the
pump inlet: at minimum pressure and maximum temperature
(curve 1), at nominal pressure and temperature (curve 2); at
maximum pressure and minimum temperature (curve 3)

e equation for determining the pressure at the outlet
of the pump

where B,, B,, T,,,, V., are the parameters of the
inducer pump cavitation flow (cavitation elasticity,
cavitation resistance, the time constant of cavitation
cavities and the volume of cavitation cavities in the
pump), n is the pump rotation speed, P, P,, G|, G,
are the pressure and weight flow rate at the input and
at the outlet of the pump, /, is the inertial resistance
factor of the inducer and centrifugal pump, S, A, are
partial derivatives of the pressure head of the flow
rate and pump rotation speed at the operating point.

Comparison of the numerous results of experimen-
tal and theoretical investigations of pumps of various
sizes [18] showed that for values of the flow coeffcient
in the range of 0.3—0.8, the hydrodynamic model of
cavitating inducer centrifugal pumps makes it possible
to describe the LRE low-frequency dynamics and to
determine the oscillations frequencies and stability
boundaries of pumping systems with satisfactory ac-
curacy. Note that the nominal value of the flow coeffi-
cient of the LRE oxidizer low-pressure pump is 0.534.

B, 10" s/m’

0 -
—0.01 |

1 2
—0.02
3
~0.03 . . . . .
0 50 100 150 200 250 s

Fig. 6. Dependence of the negative cavitation resistance B,
of the oxidizer low-pressure pump on the LV flight time for
various temperature and pressure combinations at the pump
inlet: at minimum pressure and maximum temperature
(curve 7), at nominal pressure and temperature (curve 2); at
maximum pressure and minimum temperature (curve 3)

1.

cav?

0.002 r

S

0.001

0 1 1 1 1

50 100 150 200 250 1,

Fig. 7. Dependence of the cavitation time constant T, of the
oxidizer low pressure pump on the LV flight time for various
temperature and pressure combinations at the pump inlet: at
minimum pressure and maximum temperature (curve /), at
nominal pressure and temperature (curve 2); at maximum

pressure and minimum temperature (curve 3)

In Fig. 5—8 as an example, the results of deter-
mining the cavitation flow parameters B, B, , T,

cav

V,,, for the oxidizer low-pressure pump are given,

depending on the LV flight time. The indicated pa-
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Fig. 8. Dependence of the total volume of cavitation cavities
V., of the oxidizer low-pressure pump on the LV flight time
for various temperature and pressure combinations at the
pump inlet: at minimum pressure and maximum temperature
(curve 7), at nominal pressure and temperature (curve 2); at

maximum pressure and minimum temperature (curve 3)

LOX tank { '

Rd-870 LRE inlet

Low pressure
pump inlet

Low pressure
pump inlet

Zn;» (jo)

Fig. 9. Simple computation scheme of the oxidizer feed sys-
tem of the LRE RD-874

10

rameters are computed for various combinations of
the limiting (minimum and maximum) and nominal
values of temperature and pressure of liquid oxygen
from the LRE operating range. Curves /, 2, 3 show
the calculation results for the case of minimum pres-
sure and maximum temperature, nominal pressure
and temperature, and maximum pressure and mini-
mum temperature accordingly.

The calculated values of the cavitation flow pa-
rameters in the oxidizer and fuel pumps were used
to develop the system of equations (1). Based on the
system of equations (1), the dynamic gain factors of
the main LRE of the first stage Cyclone-4M LV (for
the engine oxidizer and fuel lines) were determined.
Besides, the input impedance values at the input to
low-pressure pumps needed for the LV POGO stabil-
ity analysis of the Cyclone-4M LV based on the Ny-
quist criterion were determined.

1.3. Mathematical modeling of low-frequency dy-
namics of the LPRE feed system. The feed system lines
for the LV first stage LRE RD-874 are made with
branched thin-walled pipe-lines of relatively large
length (Fig. 9). Developing a mathematical model
of the low-frequency dynamics of the “LPRE — LV
structure” closed system, the feed lines of the oxidiz-
er and fuel were considered as systems of distributed
parameters, taking into account the fluid compress-
ibility and the ductility of the feed lines walls.

The mathematical model of the fluid dynamics in
the feed lines of the main LRE RD-870 included the
equations of unsteady fluid motion and the continu-
ity equations [10]. Taking into account the accelera-
tion of the LV structure during its flight, this math-
ematical model had the following form:

op 1_§+L.G:xq‘yﬂcow,

oz gF ot g-F g )
oG & F op_
0z c2 ot ’

where p, G are pressure and weight flow rate of the
liquid, t is time, z is the axial (longitudinal) co-
ordinate of the pipe-line axis, F is the area of the
pipe-line cross section, K is a reduced factor of lin-
ear friction per unit length of the line length /, G
is weight fluid flow rate at steady operation, g is a
gravity acceleration, C is the sound speed in a liquid
in a pipeline with elastic walls,  is the generalized
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coordinate in the equation of longitudinal oscilla-
tions of the studied longitudinal mode of the rocket
structure, y is a coefficient of the natural shape of the
rocket structure longitudinal oscillations in the sec-
tion of the pipe-line bracing, yg is an acceleration
of the pipe-line section along the longitudinal axis of
the rocket, y g is the liquid specific weight, a is the
angle between the rocket longitudinal axis and the
symmetry axis z of the feed line section.

In accordance with the approach [4], generalizing
the impedance method [15] in the case of multidi-
mensional and distributed external forces, a moving
fluid in each section of the pipe-line was considered
as an active quadripole.

For the rocket POGO stability analysis, the values
of the resonant frequencies of fluid oscillations in the
LRE feed lines (indicated as the oxidizer feed lines’
low-frequency modes f, i Joxo and the fuel feed
lines’ low-frequency modes j}l, /?2) and the change
in their values during the flight time according to the
pressure and temperature change of the propellant
at the engine inlet and the LRE operation mode in
thrust (pressure in the combustion chamber) are of
the primary interest. The dependences of these oscil-
lation frequencies on the LV flight time are presented
in Fig. 10. These dependences are obtained from (9)
according to the results of calculations of the dynam-
ic gains Wj‘;x (jo) and Wf{”d( jw) for the oxidizer
and fuel feed lines of the LV first stage.

1.4. Mathematical modeling of the Cyclone-4M LV
structure low-frequency dynamics. For mathematical
modeling of Cyclone-4M LV structure free oscilla-
tions, the one-dimensional oscillatory motion was
considered only along the longitudinal axis. The es-
timated scheme of free longitudinal oscillation of the
LV structure was built based on LV structural layout
(see Fig. 1).

In the developed Cyclone-4M LV computation
scheme, the LV structure is represented by an elas-
tic thin-walled rod of the variable cross-section for
a geometrically unchanged contour and free ends.
There are elastically connected concentrated mass-
es (oscillators) simulating oscillations of individual
structural elements of the LV structure and liquid
propellant in the tanks on the longitudinal axis of this
rod in its various sections. The oscillations of each
oscillator are a mechanical analog of the correspond-

f, Hz

20

-foxl

10 1
fblsupr
0 1 1 1 1 1
50 100 150 200 250 t,s

Fig. 10. Calculated dependences of the first and second modes
of natural frequencies (f,,.;, f;,,) of the Cyclone-4M LV struc-
ture longitudinal vibrations, the resonant frequencies (f, ., and
J, Isupr) of liquid oscillations in the first stage LV oxidizer feed
system for the case without POGO suppressor in the feed line
and for the case with POGO suppressor in the feed line, and
resonant frequency in the fuel feed system j}, on flight time ¢

ing mode of fluid oscillations in the elastic tank or
engine elastic oscillations (more precisely, the “elas-
tic frame and LRE” subsystems) for rocket structure
longitudinal oscillations. The LRE masses and lig-
uids in the propellant tanks of the LV first stage were
taken into account in the computation scheme as the
masses of the LV individual structural elements.

The longitudinal displacements of the main first
stage LRE relative to the plane of engine bracing to
the LV structure were presented in the computation
scheme as concentrated mass displacements on elas-
ticity, simulating engine longitudinal oscillations for
the fundamental frequency of the oscillation “elas-
tic frame — LRE” subsystem. This elasticity was at-
tached to the rod element. The axial coordinate of
this rod element corresponds to the plane of engine
bracing to the LV structure. The longitudinal oscilla-
tions of the LV second stage propulsion system were
modeled in the same way.
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The two lower (dominant) modes of the longitu-
dinal oscillations of liquid in the LV first stage tanks
(oxidizer and fuel) were taken into account in the
computation scheme of the Cyclone-4M LV struc-
ture. The masses and frequencies values of the at-
tached equivalent oscillators simulating the liquid
longitudinal oscillations in the LV first stage tanks
(with the 1st and 2nd modes frequencies) were
calculated by modeling the free longitudinal oscil-
lations of the liquid in the cylindrical tanks. The
modeling was carried out for several levels of tank
filling corresponding to different moments of the
Cyclone-4M LV flight time during the operation of
the LV first stage propulsion system. In this case, the
liquid surface wave oscillations were not taken into
account.

The calculated dependences of the frequencies
S Joarp O the lower two modes of the LV structure
longitudinal oscillations as a function of the active
LV flight time during the operation of first stage main
engines are shown in Fig. 10. Here, for comparison,
the time dependences of the calculated frequencies
(at the oxidizer line f, ; and fuel line j}l) of liquid os-
cillations in the feed system of the Cyclone-4M LV
first stage propulsion system are shown.

The frequency responses of the Cyclone-4M LV
structure were determined based on the equations of
structure forced elastic longitudinal oscillations in
deviations for generalized normal coordinates 0 (t):

BDli_ R 8,

1

. Ao, .
oG +’—m’6q,- + o)?sq,. =
T

(10)

where ¢ is the generalized coordinate of the i mode
of LV structure elastic longitudinal oscillations, ;,

A, are angular (circular) frequency and decrement of
the / mode of LV structure natural oscillations, Bpy;

is the shape factor of the / mode of natural longitudi-
nal oscillations of LV structure at the point of the first
stage LRE mounting, m ; is the / mode reduced mass
of the LV structure longitudinal oscillations, R is the
nominal value of the propulsion thrust of the LV first
stage (it is supposed that the engine thrust amplitudes
are directly proportional to the amplitudes of the
pressure oscillations in the LRE combustion cham-
ber [10]), n is the modes’ number of LV structure

12

natural longitudinal oscillations, taken into account
in the mathematical model of the closed “LRE — LV
structure” dynamic system, & is a symbol indicating a
small deviation of the parameter from its steady-state
value.

The LV structure frequency responses were com-
puted as the ratio of the complex amplitude of the LV
structure generalized coordinate oscillations to the
complex amplitude of the pressure oscillations in the
LRE combustion chamber:

. 8q .
W (o) = o) =

cc

— BDliR , (11)

— 2 . Aimi 2
My Dee| —@O +j0)'7n +;

o is the current value of the angular (circular) fre-
quency changing from 0 to ®, .., j is the imaginary
unit (square root of —1).

1.5. The results of the Cyclone-4M LV POGO sta-
bility analysis. The Cyclone-4M LV POGO stability
analysis was developed based on a study of the closed
“LRE — LV structure” dynamic system using the
Nyquist stability criteria in the form given in [10].
The open system frequency responses W, (jw) were
calculated for the LV flight time interval during op-
eration of the LV first stage LRE for various values of
system parameters: spacecraft masses (from the range
of its design values 500 kg up to 5000 kg), operational
parameters of the first stage main LRE — pressures
and temperatures of the propellants at the inlet to the
main LRE RD-870 (for different combinations of
their nominal, minimum and maximum values). The
frequency response W,,(jo) of the open “LRE and
LV structure” system was calculated as the product
of the corresponding open subsystem frequency re-
sponses along the oxidizer and fuel lines:

W, (jo) =W (jo)+ Wi (jo),

max>

(12)

where W,"(jw) and W (jo) are the frequency
responses of the open system along the oxidizer and
fuel lines.

The oxidizer line and the fuel line were investi-
gated in the open “LRE — LV structure” system as
dynamic subsystems consisting of three connected

links: the LV structure, feed line, and engine.
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In summary
o (Jo)=W, (jo) Wi (jo) W, (jo), (13)

W (jo) =W, (jo)- Wi (jo)- Wi (jo), (14)

where W35 (jw) and Wf{”e’( Jjo) are the dynamic
gains of the oxidizer and fuel feed lines by the external
forces; VIQ‘;,"( jm) are the engine pressure dynamic
gains along the oxidizer and fuel lines.

The POGO stability of the dynamic “LRE — LV
structure” system was computed from the conditions
of system amplitude stabilization [10]:

mod W,,(jo) <1, 0<o<m,,, -

15)

The open system frequency responses W,;(jo)
were calculated separately for each mode of oscilla-
tions of the LV structure for a minimum value of LV
structure oscillations decrement. When investigating
the LV stability, the cases of separate and combined
accounting of the LRE oxidizer and fuel part were
analyzed in the mathematical model of the dynamic
“LRE — LV structure” system.

Analysis of the computation results showed that
for the studied “LRE — LV structure (I mode)” dy-
namic system, condition (15) don’t satisfy. As it is
shown in Fig. 11, 12, the W ,(jo,,,) frequency re-
sponse modules mod of the open “LRE — LV struc-
ture (I mode)” system in the range of the LV flight
time (5 s, 70 s) significantly exceeds unity, reaching a
maximum value of 3.4. In Fig. 11, sub numbers /—3
show the results obtained for various combinations
of propellant (LOX) pressure and temperature at the
LRE inlet (/ is minimum pressure and maximum
temperature, 2 is nominal pressure and temperature,
3 is maximum pressure and minimum temperature).

The nonstability of the dynamic “LRE — LV
structure (I mode)” system in the range (5 s, 70 s)
of the LV flight time is, first of all, the result of the
resonant dynamic interaction of the LV structure and
the LRE oxidizer feed system. It happens for close
values of the oscillations first mode frequency f, ;
of the liquid in the LRE oxidizer feed line and the
Ist mode natural frequency f,,, of the LV structure
longitudinal oscillations. The first mode frequency
J,; Of the fluid oscillations in the LRE oxidizer feed
line in this interval of flight time varies in the range

from 6.0 Hz to 8.0 Hz, and the frequency f,,., — from
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Fig. 11. Dependences of the maximum value of frequency
response module of the open “LRE — LV structure (I mode)”
system on the LV flight time 7 (1 is a case of minimum pressure
and maximum temperature, 2is a case of nominal pressure and
temperature, 3 is a case of maximum pressure and minimum
temperature, 4 is a case of the LRE with the gas-generator
cycle at nominal pressure and temperature)

Im W,
4}
t=10s
3+
2+
6.8 Hz
1_
0 -
-1 !
-3 =2

Fig. 12. Nyquist diagrams hodographs W, (jw) of the open
“LRE — LV structure (I mode)” system for 7 = 10 s; 20 s;
70 s of flight times

6.75 Hzt0 9.1 Hz (see Fig. 10). At the same time, the
dependency curves f, () and f,,(7) are close, but
not intersecting.

So, the dynamic interaction of the oxidizer feed
line and the LV structure in the closed “LRE — LV
structure (I mode)” system occurs in conditions of
internal resonance. It leads to a critical increase (up
to 3 or more units) of the frequency response module
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mod W, (jo,;) of the open “LRE — LV structure
(I mode)” system at the LV structure natural circu-
lar frequency g, . Such a significant increase in
max mod W, (joy,) is caused not only by the
convergence of the first oscillation frequency of the
liquid in the oxidizer feed line and the first mode
natural frequency of the Cyclone-4M LV structure
longitudinal oscillations. It is also caused by the very
significant value of dynamic gain of the engine RD-
870 for oxidizer reach staged combustion scheme at
the frequency range from 6 Hz to 9 Hz (see Fig. 3, b).
It leads to POGO instability in the initial interval of
the Cyclone-4M LV flight time (5's, 70 s).

It was found by calculation that the dynamics of
the “turbopump — gas generator — gas path” circuit
significantly affects the dynamic gain of the RD-870
engine, developed according to the with oxidizer-rich
staged combustion cycle scheme, and the POGO sta-
bility of the investigated “LRE — LV structure” sys-
tem. So, at the frequency range from 6 Hz to 9 Hz,
the modulus of the dynamic gain mod W,)* (jw) of
the RD-870 engine (Fig. 3, b, the curves 1, 2) sig-
nificantly (at least in 5 times) exceeds the values of
a similar dynamic characteristic computed without
taking into account the feedback between the pres-
sure at the oxidizer pump inlet and the pressure in
the LRE gas generator, that is realized in the “tur-
bopump — gas generator — gas path” circuit through
the turbopump shaft speed (Fig. 3, b, the curve 3).
Time delays in the equations of the dynamics of LRE
gas paths play an important role in the implementa-
tion of this feedback [8]. Note that in rocket engines
without oxidizer-rich staged combustion cycle, this
feedback in the above low-frequency range is practi-
cally absent, and the graph of the dynamic gain mod-
ulus of engines of such combustion cycle usually has
a form similar to curve 3.

Fig. 11 shows the results of computation of the
modulus of the dynamic gain mod W, (jo,,,) ofthe
open-loop system taking into account the feedback
between the pressure at the LRE oxidizer pump inlet
and the pressure in the gas generator (curve 2) and
without taking it into account (curve 4). A significant
decrease in the values of the module dynamic gain
mod W, (jo,,,) of the RD-870 engine, calculated
without taking into account this feedback, led to a
significant decrease (to 0.84) in the frequency re-
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sponse module mod W,;(jw,,) of the open-loop
“LRE — LV structure (I mode)” dynamic system. It
resulted in the stabilization of the system in the in-
vestigated closed-loop dynamic system “LRE — LV
structure (I mode)” (see Fig. 11, curve 4). This pat-
tern of the POGO-instability development was dis-
covered for the first time, and it can be noted as a
characteristic feature of this dynamic phenomenon
for rocket engines with an oxidizer-rich staged com-
bustion cycle.

The computation results showed that the dynamic
interaction of the LV structure and the LRE fuel feed
line occurs for resonance conditions due to the con-
vergence (coincidence) of the fluid oscillations first
mode frequency in the LRE fuel line with the longi-
tudinal oscillations LV structure first — third mode
natural frequencies (in particular, at # = 130 s and
t =200 s). The dynamic “LRE — LV structure” sys-
tem is stabilized for the LV second and third modes
POGO oscillations and also has satisfactory stability
margins. Moreover, the maximum values of the fre-
quency response mod W, (jog,;) modulus of the
open system are less than 0.66.

Finally, it was computed that the Cyclone-4M LV
loses POGO stability at the structure oscillations first
mode in the flight time interval (5 s, 70 s) during op-
eration of the LV first stage main LRE. To ensure the
POGO stability of the Cyclone-4M LYV, it is necessary
to correct the dynamic characteristics of the oxidizer
feed line. It can be achieved by mounting POGO
suppressors at the inlet to each main LRE. For this
LV, mounting of POGO suppressors at the LRE fuel
feed lines is not required.

2. THE CHOICE OF THE POGO SUPPRESSOR
RATIONAL PARAMETERS FOR PROVIDING
THE CYCLONE-4M LV POGO STABILITY

Native and foreign experience in providing the liquid
rockets POGO stability has shown that the simplest
and most effective way to LV POGO stability is
changing the dynamic characteristics of the LRE feed
lines by decreasing the liquid propellant oscillations
resonant frequency in the LRE feed line [10, 12].
This is achieved by mounting special devices in the
LRE feed line — POGO suppressors.

Decreasing the resonant frequency of liquid pro-
pellant oscillations in the LRE feed line is provided
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by the presence of elastic elements in the suppressors
(for example, gas cavities or springs). Suppressors’ el-
ements contribute to the liquid propellant oscillation
energy dissipation [10, 13]. Depending on the LRE
schematic and the propellant physical properties, the
POGO suppressor can be selected with or without
separation of gas and liquid phase. Moreover, various
separation elements (pistons, bellows, plastic, and
rubber shells) can be used in the suppressor design
for the separation of gas and liquid phase [2, 10, 12,
13, 19]. Choosing suppressor design for suppressing
Cyclone-4M LV POGO vibrations, the suppressor
without separation of gas and liquid phase was con-
sidered as one of the main technical solutions. This
technical solution has shown its effectiveness in pro-
viding the POGO stability of the Zenit LV developed
by Yuzhnoye State Design Office.

However, designing a POGO suppressor without
a gas and liquid phases separator, it should be taken
into account that the specified suppressor must be
designed in such a way as to exclude any possibility of
“transfer” of a certain volume of suppressor gas fill-
ing to the LRE feed line during transients in the LRE
feed system. It may break normal engine operation.
This requirement imposes some limitations on the
geometry of such suppressor and its mounting in the
LRE feed system. At the same time, the possibility
of maintaining a constant liquid level using a special
regulation system should be realized in the suppres-
sor on the LV flight active part. It greatly complicates
suppressor development as a part of the LRE.

In a gas POGO suppressor with bellow separation
of gas and liquid phases, this problem is naturally ex-
cluded. Such suppressor was used in the USSR on
R-7 rocket, A30 (35) rocket [2]. In addition, as a
result of theoretical investigations [19] of providing
the Antares LV POGO stability performed by ITM
NASU and GKAU, Yuzhnoye State Design Office,
and Orbital Science Corporation, it was decided to
mount the gas suppressor with a bellow separation of
gas and liquid phases in the oxidizer feed system. The
suppressor effectiveness was subsequently confirmed
by the launches of this LV.

The choice of the conceptual scheme and rational
parameters of the POGO suppressor as a tool of pro-
viding the Cyclone-4M LV POGO stability was made
for both of these devices.
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When developing a mathematical model of low-
frequency dynamic processes in POGO suppressor,
the following assumptions were made: the working
medium in the suppressor gas cavity is an ideal gas;
liquid oxygen located inside the bellows and commu-
nicating with the feed line does not contain gas-vapor
inclusions (i. e., the internal cavity of the bellows is
completely filled with liquid oxygen at the main en-
gine start-up); heat exchange with the environment
through the suppressor structure walls was not taken
into account in the calculations.

Mathematical modeling of the POGO suppressor
oscillation was performed in one-dimensional and
three-dimensional form using computer finite ele-
ment analysis [9].

To determine the compliance Ny of the suppres-
sor gas cavity, the state gas equation was used

Co= % ; (16)
% Pg
where \79 ,Pg are the volume and pressure in the
suppressor gas cavity in steady state, 7y is adiabatic
index (factor), y, is oxidizing specific weight.

Based on the developed one-dimensional and
three-dimensional mathematical models of the
POGO suppressor dynamics with a bellows separa-
tion of phases, the frequency responses necessary
to perform an LV POGO stability analysis is deter-
mined. It is the POGO suppressor input hydraulic
impedance. It can be represented in a simple form:

oP
Z ,(jo)=—L(jo)=
1 (Jo) SGd(] )
_ . ksf 1
=R, +jod,;+ + (17)

j(")YO ESJ% -IO‘)Cd '

where ® is the angular (circular) oscillations
frequency, G, is weight flowrate at the POGO
suppressor inlet, R, J, are linearized hydraulic and
inertial resistance coefficients, F is the effective
bellow area. The symbol 6(*) in (17) marks the
deviations of the parameter (*) from its steady-state
value.

For the gas-liquid POGO suppressor with a free
boundary between liquid and gas phase, the expres-
sion (17) for the input impedance of this type of sup-
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Fig. 13. Dependences of the POGO suppressor input imped-
ance module for the case without bellows liquid and gas sepa-
ration (curve /) and for the case with bellows liquid and gas
separation (curve 2) on the oscillation frequency f
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Fig. 14. Dependences of the dynamic gain module of the LRE
oxidizer feed system on the oscillation frequency: / is a calcu-
lation case without POGO suppressor, 2 is a computation case
with POGO suppressor for nominal pressure and nominal
temperature from the LRE operating range at the LRE inlet

pressor has the form:

. oP . .
Z,(jo)=—L(jo)=R, + joJ ; +—
3G, Jjoey,

., (18)

Fig. 13 shows the dependences of the input hy-
draulic impedance module Z,( jo) of the POGO
suppressor without bellows separation of phases
(curve 7) and with bellows separation of phases
(curve 2) on the oscillation frequency f, calculat-
ed for POGO suppressors with a gas cavity volume
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I7g = 7.4 x 103 m3 at the suppressor working pres-
sure of liquid oxygen p, =5 bar.

The analysis of the effectiveness of LV POGO sta-
bility providing for considered suppressor design ver-
sions showed the gas-liquid suppressor without bel-
lows separation of phases is a bit more effective than
the POGO suppressor with bellows separation of gas
and liquid phases (for identical volumes of their gas
cavities). At the same time, the bellows-type sup-
pressor has an important advantage — it “prevents”
gas leakage from the POGO suppressor to the main
engine inlet during transients at the LV flight time.
Finally, further investigations and assessment of the
POGO suppressor rational design parameters were
developed for a bellows-type POGO suppressor with
gas-liquid separation.

The stability analysis of the dynamic “LRE with
POGO suppressor — LV structure” system was made
by varying the POGO suppressor design param-
eters — the gas cavity volume, the bellows stiffness,
and the liquid cavity geometric dimensions.

The approach to determining the rational param-
eters of the POGO suppressor system to ensure the
POGO stability of liquid LVs was developed. For the
first time a rational choice of the design parameters
of POGO suppressors was carried out from the con-
ditions of a minimum of the module of the frequency
response W,,(jw) for reliable amplitude stabiliza-
tion of the open “LRE with POGO suppressor — LV
structure” dynamic system, and not on the basis of
the required removal of the first natural frequency
of the oscillations of the LRE oxidizer feed system
from the lowest natural oscillation frequency of the
LV structure. Determining a rational variant of the
suppressor parameters, the possibilities of its mount-
ing were taken into account, limited by the geometry
and features of the layout schematic of the Cyclone-
4M LV first stage feed system. Finally, taking into ac-
count these limitations, it is most preferable to mount
a POGO suppressor on almost horizontal branches
of the oxidizer main pipeline leading to the engines.

It is shown the mounting of gas-liquid suppressors
with a bellows separation of phases (for selected ra-
tional design parameters) in the branches of the oxi-
dizer main pipeline leading to the RD-870 engines
provides the POGO stability with satisfactory stabil-
ity margins during Cyclone-4M LV flight time. In
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this case, the maximum modulus of the frequency re-
sponses of the open “LRE with POGO suppressor —
LV structure (I mode)” system does not exceed 0.43,
which is significantly less than the critical value (see
(15)), i. e., the conditions for the amplitude stabiliza-
tion of the investigated “LRE with POGO suppres-
sor — LV structure (I mode)” closed system will be
performed. The indicated dependence of the module
W, (jog) on the LV first stage flight time is shown
in Fig. 15 (curve I).

The POGO stability of the Cyclone-4M LV is
achieved as a result of a significant change in the
LRE feed system dynamic gain Wj5"(jo) (for the
oxidizer pressure channel) by mounting the POGO
suppressor with rational parameters (as it is shown in
Fig. 14).

For the system without the POGO suppressor the
maximum gain of the oxidizer feed line is realized at
a frequency of 6 Hz (the curve 7 in Fig. 14), for the
system with the POGO suppressor — at a frequency
of 3.3 Hz (curves 2 correspond to a computation case
with the POGO suppressor in the LRE feed at nomi-
nal pressure and nominal temperature of the liquid
oxidizer at the LRE inlet from the operating range of
these parameters). The change in the lowest oscilla-
tion frequency of the liquid oxidizer in the LRE feed
line during the LV flight time for the selected vari-
ant of the POGO suppressor and the variant without
mounting the POGO suppressor can be compared
by the dependences, shown in Fig. 10 (the curves
marked as f) Isupr and f, , respectively).

Furthermore, it was shown (see Fig. 15, curve 2) in
the case of mounting the POGO suppressor directly
at the inlet to the engine low pressure pumps the LV
POGO stability margins can be a bit increased.

CONCLUSION

The mathematical model of the POGO oscillations
of the Cyclone-4M LV in the active flight during
operation of the first stage propulsion system RD-874
(include four RD-870 engines designed according to
the scheme with oxidizer-rich staged combustion
cycle) is developed.

As a result of a theoretical analysis of the POGO
stability of the Cyclone-4M LV using the Nyquist
criterion, it was found the “LRE — LV structure”
dynamic system is unstable with respect to the first
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Fig. 15. Dependences of the maximum value of the fre-
quency response module of the open “LRE and LV structure
(I mode)” system on flight time ¢ (/ is a case of the POGO
suppressor in the branches leading to the engines, 2 is a case
of the POGO suppressor mounting at the inlet to the low-
pressure pump)

mode of the LV structure longitudinal vibrations at
the initial flight time interval (5 s, 70 s) due to the
dynamic interaction of the oxidizer feed line and the
LV structure under conditions of internal resonance.
This resonance is caused not only by the convergence
of the first oscillation frequency of the liquid in the
feed line of the oxidizer and the natural frequency
of the first mode of the longitudinal vibrations of the
Cyclone-4M LV structure but also by a significant
increase in the frequency range from 6 Hz to 9 Hz
of the dynamic gain of the RD-870 engine along the
LRE oxidizer pressure channel. It leads to POGO in-
stability of the Cyclone-4M LV in the initial interval
of the flight time. This pattern of the POGO-insta-
bility development was discovered for the first time,
and it can be noted as a characteristic feature of this
dynamic phenomenon for rocket engines with an
oxidizer-rich staged combustion cycle.

The approach to determining the parameters of
the POGO suppressor system to ensure the POGO
stability of liquid LVs was developed. For the first
time a rational choice of the design parameters of
POGO suppressors was carried out from the condi-
tions of the amplitude stabilization of the “LRE with
POGO suppressors — LV structure” open dynamic
system, and not on the basis of the required removal
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of the first natural frequency of the oscillations of the
LRE feed system from the lowest natural oscillation
frequency of the LV structure.

It is shown that the installation of POGO suppres-
sors designed with a bellows separation of gas-liquid
media in the feed branches from the oxidizer main
pipeline to the engines, ensures the POGO stabil-
ity of the Cyclone-4M LV with satisfactory stability
margins during all flight not only with the nominal

values of the operational parameters of the rocket
engine but also with various combinations of limit-
ing values of pressure and temperature at the inlet to
the engines. At the same time, for all the options for
choosing the values of the operational parameters of
the liquid propellant rocket engine, the conditions
for the amplitude stabilization of the studied open
“liquid propellant rocket engine with POGO sup-
pressor — LV structure” dynamic system are satisfied.
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U THcTUTYT TexHiuHOT MexaHiku HauioHansHoi akagemii Hayk YKpainu i JlepXaBHOro KOCMidHOTO areHTCTBa YKpaiHu
ByJ1. Jlemko-Ilonens 15, Aninpo, Ykpaina, 49005

2 TepxaBHe nianpueMctBo «KoHcTpykTopebke 61opo «IliBneHHe» im. M. K. Surens»

Bys1. KpuBopisbka 3, JIHinpo, Ykpaina, 49008

3ABE3MNEYEHHS MO310BXHbBOI CTIMKOCTI PAKETHU-HOCIA «IIUKJIOH-4M>»

Hu3bkoyacTOoTHI MO3A0BXHI KOJMBaHHS pinvMHHUX pakeT-HociiB (POGO) — dBulle, BiacTuBe Malike BCIM PITMHHUM
paxketam. Lli KonMBaHHS MOXYTb ITPU3BECTH J0 Pi3HUX aBapiiHUX CUTYallill: MOIIKOIKEHHS KOHCTPYKIIil paKeTH i CUCTEMU
rojavi pigKoro majuBa, HEMPUITYCTUMUX TOPYIIeHb B poOOTi CUCTEeMM KepyBaHHSI pakeTolo. BukopucTanHs pimmHHUX
PaKeTHMX ABUTYHIB 3 IOMATIOBAHHSIM OKUCIIOBaIbHOTO FeHePATOPHOTO ra3y siKk MapIlllOBMX IBUTYHIB MIEPILIOTO CTYTIEHS pakeT-
HOCIiB MOXe BHECTU psiJi OCOOJIMBOCTEM B aHaJIi3 MO3A0BXHbOI cTilikocti PH. Hacamnepen, B 11boMy BUMAanKy MO3A0BXHi
KOJIMBAHHSI PAKETU MOXYTb OyTU CIIPUYMHEHI HU3bKOYACTOTHOIO HECTIMKICTIO PiIMHHOI ABUTYHHOI YCTAHOBKM, OB’ I13aHOI0
3 AMHAMIYHUMU MPOLIECAMU B KOHTYPI «Ta30reHePaTOp — ra3oBiJl — TypOOHACOCHUIA arperars.

J11s1 TpoTHO3yBaHHS IMO3I0BXKHBOI CTIHKOCTI IIPOEKTOBAHOI B JaHUI Yac IBOCTYITEHEBOI pakeTH-HOCis « LlukimoH-4M» O6yno
PpO3pO0IIeHO MaTeMaTUYHYy MOJIE/Ib HU3bKOYACTOTHOI TMHAMIKY CUCTEMHU «PiMMHHA paKeTHA IBUTYHHA YCTAHOBKA — KOPITYC
paxketu». LIst Moaenb onucye B3aEMO/IiI0 MPYKHUX MO3I0BXHIX KOJMBaHb KOHCTpyKIii PH i HU3bK0OYacTOTHMX TTpoOLIECiB B 1i
MapllOBiii IBUTYHHIl ycTaHOBLI. Po3pobieHa Moelb MiCTUTh MaTeMaTUYHE ONMUCAHHS HU3bKOYACTOTHOI AMHAMIKM Map-
1I0BO1 ABUTYHHOI ycTaHOBKM RD-874 (1o i1 ckiaay BXoasaTh 4oTUpH ABUryHU RD-870 3 nonaitoBaHHSIM OKHUCIIOBAJIBHOTO
TeHEPATOPHOTO ra3y), XKMBWIbHUX MaricTpajeil Ta KopIycy pakeTu-Hocisi. B pe3yibrarti TeOpeTUUHOro aHasizy NoB3J0BXHbBOT
CTIMKOCTI paKkeTU-HOCisl, BAKOHAHOTO Ha OCHOBI pO3p0o0JIeHOI MaTeMaTUYHOI MOJIeJIi 3 BUKOPUCTaHHSIM KpuTtepito HalikBic-
Ta, OyJ10 BUSIBJIEHO, 1110 Ha TTIOYaTKOBOMY iHTEpBaJIi Yacy MmoiboTy pakeTu (5 ¢, 70 ¢) mnHaMiyHa CHCTEMa «pilMHHA paKeTHa
JIBUTYHHA ycTaHoBKa — kKopryc PH» € Hecriiikoio nmo BinHomeHHIO 10 | mo310BXKHBOT MOAM KOPITYCY pakeTu. BusHaueHo,
L0 HECTiKiCTh JOCTIAXYBaHOI CUCTEMU 0OYMOBJIEHO HE JIUIIE 30JIMKEHHSIM 4acTOT! | TOHY BiIbHUX MO3J0BXHIX KOJIUBaHb
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koprrycy paketu «LlukimoH-4M» 3 MepIIoo YacTOTOI0 KOJIMBAHb PIAVMHU B JIiHil KUBJIEHHST OKUCTIOBAYEM, ayie il 3HAUHUM
3POCTAHHSIM IMHAMIYHOTO KoedilieHTa miacmieHHs auryna RD 870 y yactorHomy miama3oni Bix 6 mo 9 Iii. CykymnHa mis
LIMX JBOX YMHHMKIB MIPU3BeJia 10 BTPATH IMO3MOBXHbOI CTIHKOCTI pakeTu-Hocis «LlukioH-4M» y 3a3HauyeHOMY iHTepBasi
yacy 1moJjiboty. Taky cxemy po3BuTky POGO-HeCTIiKOCTI piTMHHUX pakeT 0yJIo BUSIBJICHO BIIEpIle, i I MOXHA BiI3HAYNUTHU SIK
xapakTepHy oco0nuBicTh siBulIa POGO mis pakeT, B IKUX BUKOPUCTOBYIOTbCS PIIMHHI PAKETHi IBUTYHU 3 TOMATIOBAHHSAM
OKHCITIOBAJTbHOTO T€HEPATOPHOTO Ta3y.

J1ns1 3a6e3nedeHHs TO3I0BXKHbBOI CTIMKOCTI pakeTH-HOCis «lIukiI0H-4M» 3aIporOHOBaHO BCTAHOBUTH B XKMBUJIbHI Ma-
rictpaii okuciIoBaya aeMmdepy MoB3I0BXHIX KoJuBaHb. Po3pobieHo MaTeMaTUYHY MOJE/b HU3bKOYACTOTHOI AMHAMIKU
ra3opigHHOro aeMrdepa 3 Cujb(GOHHUM TTOAIIOM CepeIOBUIIL i BU3HAYEHO MOTO pallioHaJIbHI TapaMeTpu. 3arpoIoOHOBAHO
Miaxia 10 BU3HaYeHHs mapaMmeTpiB cucteMu neMmrdyBaHHs: POGO-KoarBaHb, 3TiJIHO 3 IKUM palliOHAJIbHUI BUOIp KOHCTPYK-
TUBHUX NapaMeTpiB AeMrdepa NOB3A0BXKHIX KOJIMBAHb 301 CHIOETHCS BUXOASIYM 3 YMOBU aMILIITYIHOI cTa0ili3alii f1nHamiv-
HOI CHICTeMU «IBUTYHHA YCTAHOBKA 3 IeMIT(hepOM TIOTOBKHIX KOJIMBaHb — KOPITYC PAKETH-HOCIST».

Karouosi caosa: mo3n0BXHS CTiMKiCTh paKeTHU-HOCIS, KaBiTalliliHi siBUIIa B Hacocax, AeMIT(ep MO3I0BXKHIX KOJIMBaHb, CUJIb-
(GOHHUI MO cepeoBUIL, PITMHHUI paKeTHUI IBUTYH, ITOMAaTOBaHHS OKHCIIOBAJIBHOTO F€HEPATOPHOIO rasy, KpUTepiit
criiikocTi HaiikBicTa.
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MATERIALS AND TECHNOLOGIES OF POWDER METALLURGY
IN THE COMPONENTS OF MISSILE AND SPACE ENGINEERING.
PROSPECTS OF DEVELOPMENT

The use of materials and technologies of powder metallurgy in the components of missile and space engineering is considered. The
possibilities of these technologies are shown when producing composite materials, as well as products and coatings thereof through the
example of radioabsorbing and radiotransparent materials.

The methods for the synthesis of radioabsorbing materials based on ferrimagnetic materials (Ni0,, se7n0,) ;;Mn  ,,Co,, o>oFe 0 ,— nick-
el-zinc ferrites and hexagonal barium ferrite with W-phase (BaCo,Fe 0,,), obtained by MAS and MASHS methods were worked out.
Methods of producing high-temperature ceramic radioabsorbing materials using alumina as a dielectric matrix, and a resistive material
containing the MAX-phases Ti ,AIC and Ti AIC , and heat-resistant FeSiTiAl alloy as an electromagnetic pulse absorber were investigated.

The production technique of a ceramic composite radiotransparent material based on high-alumina ceramics in the Al,0;-Si0 ,-
TiO, system is proposed. The specific technological features of the powder metallurgy method, ensuring the production of materials and
products (coatings) for missile-space technology with the required properties, are given.

The promising directions and main tasks for powder metallurgy in the field of producing energy-saturated heterogeneous composite
materials are determined.

Keywords: powder metallurgy, missile and space engineering, radioabsorbing and radiotransparent materials, ferrimagnetic materi-
als, high-alumina ceramics.

INTRODUCTION made from such materials are capable of operating
Powder metallurgy technologies are one of the main, | for a long time in various conditions, including those
and in some cases the only way to obtain composite | under the influence of space factors. Such materials
materials with a specific set of properties. Products | include [1]:

HuryBanus: Ilyushchanka A. Ph., Kryvanos A. K., Baray S. G., Savich V. V. Materials and technologies of powder metallurgy
in the components of missile and space engineering. Prospects of development. Kocmiuna nayxa i mexuonoeia. 2020. 26, No 4
(125). C. 21—30. https://doi.org/10.15407 /knit2020.04.021
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e pseudo-alloys (for example, heavy alloys based
on tungsten with additions of nickel, iron or copper,
hard alloys based on tungsten or titanium carbides
with a cobalt bond);

e antifriction composite materials based on iron
or copper with the addition of solid lubricants (for
example, graphite, molybdenum and tungsten
disulfides, other compounds) and soft metals (lead,
tin), other metal compositions that cannot be
obtained by traditional technologies;

» powders for applying functional coatings;

¢ oxide and carbide ceramics, composite materials
based on it;

e powder composite materials containing metal
and ceramic components;

e intermetallic compounds and much more.

The production of such materials with the re-
quired properties is achieved due to the possibility
of regulating their structural and phase composition,
synthesis of particles of the initial components of the
necessary fractions with the required morphology of
their surface, which for traditional industrial tech-
nologies remains difficult or completely impossible.
The selection of powder charge components with the
required characteristics, its molding and sintering at
certain pressures and temperatures (as a rule, below
the melting point of the main component) makes it
possible to obtain a material with unique properties
[2]. In this case, not only resistance to an aggressive
environment is formed, but also a predetermined lev-
el of functional properties, which remains during the
entire service life of a product made from it.

RESEARCH GOAL

In a number of designs, modern rocket and space tech-
nology has both products and coatings made of radio-
absorbing and radio-transparent materials. Products
made of radio-absorbing material are used to protect
against the effects of electromagnetic radiation, which
affects the performance of various technical and bio-
logical objects, and to mask them. Radiotransparent
materials are widely used in aerodynamic radomes of
aircraft and missiles under conditions of acrodynamic
and thermal loads and impacts, rain, dust, gas erosion
and ionizing radiation, as a partition-window in accel-
erators and electronic devices to ensure the transmis-
sion of electromagnetic radiation [3].

22

Radio-absorbing and radio-transparent materials
are non-metallic materials that ensure absorption
or transmission, respectively, of electromagnetic ra-
diation of the radio frequency range (10° ...10'2 Hz)
with minimal reflection. Propagating in the volume
of these materials, an electromagnetic pulse creates
an alternating electric field, the energy of which for
a radio-absorbing material is almost completely con-
verted into thermal or minimally for a radio-trans-
parent one [4].

The Powder Metallurgy Institute (Minsk, Belarus)
carries out comprehensive research on the develop-
ment and manufacture of ceramic radio-absorbing
and radio-transparent materials for the microwave
frequency range. The main goal of the work is to de-
velop compositions and technological modes for
obtaining radio-absorbing and radio-transparent
materials, as well as products and coatings made of
them by the method of powder metallurgy, having the
necessary electrical and thermomechanical charac-
teristics.

RESEARCH RESULTS AND THEIR DISCUSSION

Ceramic radio-absorbing materials are composite
ceramics that absorb electromagnetic radiation due
to dielectric and magnetic losses.

Modern radio-absorbing materials are created on
the basis of:

e ferrimagnetic compositions that retain their
functional properties at temperatures up to 600 °C,
which is associated with the violation of their mag-
netic characteristics in the temperature range ex-
ceeding the Curie point [5];

e composite materials consisting of a dielectric
matrix alloyed with high-temperature absorber con-
ductors synthesized by various methods [6].

With this in mind, the main directions of research
have been formulated, which include:

1. Development of the composition and method
of obtaining:

e composite radio-absorbing material based on
ferrimagnets;

* materials for use as a high-temperature dielec-
tric matrix;

* composite materials to perform the function of
an absorber of electromagnetic waves in a given fre-
quency and temperature range.
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Fig. 1. Surface morphology of nickel-zinc ferrite particles after mechanical activation

2. Definitions of:

e arational ratio of dielectric matrix/absorbing fill-
er to achieve the maximum effect of EMP absorption;

* methods and technological modes of manufac-
turing products and applying coatings from radio-
absorbing materials, etc.

The solution of the above problems was carried out
by choosing a production method, within which the
composition, concentration and combination of con-
centrations, shape, particle size, thickness of materi-
als and other parameters were varied. Subsequently,
the properties of an article made of a radio-absorbing
material were regulated by the modes of pressing the
charge and heat treatment of the formed blank. When
using a radio-absorbing material as a coating, the
properties were regulated by the technological modes
of its application to the protected surface.

For the second class of radio-absorbing materials,
after the selection of the compositions of the dielectric
matrix and the absorber, an appropriate ratio of the
matrix/absorbing filler was selected based on the re-
quired level of absorption of electromagnetic radiation.

Nanostructured powders of soft magnetic nickel-
zinc ferrite  (NiO 53Zn0O, 3,Mny, (,Co, 1,5Fe,0,)
and magnetically hard hexagonal barium ferrite
with the W-phase (BaCo,Fe,(0O,,) were studied as a
composite radio-absorbing material of the first type.
To obtain them at the Powder Metallurgy Institute,

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2020. T. 26. No 4

along with traditional methods, technological modes
of mechanically activated synthesis (MAS) and me-
chanically activated self-propagating high-tempera-
ture synthesis (MASHS) have been worked out.

The worked out modes were confirmed during the
manufacture of experimental samples of the com-
posite material. So, for nickel-zinc ferrite powder
after six hours of mechanical activation, the maxi-
mum particle size did not exceed 700 nm, and the
minimum was 25...30 nm. The morphology of the
surface of these particles was filmed using a certified
high-resolution scanning electron microscope Mira
(manufactured by Tescan, Czech Republic). The re-
sults of morphological analysis of nickel-zinc ferrite
particles are shown in Fig. 1.

In this case, no chemical interaction between the
components of the powder mixture is observed in
the process of mechanical activation. To confirm the
absence of chemical interaction between the com-
ponents of the powder charge, its phase composition
was studied. The study was carried out on an Ultima
IV X-ray diffractometer by Rigaku. The phase com-
position of mechanically activated powders includes
only the initial oxides. The results of the study (phase
composition) shown in Fig. 2 confirm the expedi-
ency of the selected modes of synthesis of soft mag-
netic nickel-zinc ferrite, and the obtained sizes of its
particles make it possible to achieve the maximum
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Fig. 3. Phase composition of barium hexaferrite obtained by MAS and MASHS

value in terms of radio absorption of electromagnetic
radiation.

The results of the synthesis of barium cobalt hexa-
ferrite by the MAS method depend on the tempera-
ture and time of ferritization. During the develop-
ment of technological modes, it was found that the
minimum duration of ferritization with a tempera-
ture of 1250...1300 °C, at which 70...80 % of the

W-phase is formed, is 2 hours. As a rule, 100 % trans-
formation is observed after 4...6 hours of processing
and depends on the volumetric load of the furnace.
In MASHS synthesis, up to 40 % of the W-phase can
be obtained already in the SHS process. In this case,
a change in the oxygen pressure in the reactor from
0.5 to 2.0 MPa has no significant effect on the phase
composition of SHS products. The maximum con-
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Fig. 4. Surface morphology of BaCo,Fe,,0,, particles obtained by the MAS method

tent of the W-phase (up to 80 %) is formed at a Fe:
Fe, 0, ratio of 6 : 4. The results of the analysis of the
phase composition of barium hexaferrite obtained by
various methods are shown in Fig. 3.

The phase composition of powders obtained using
the MASHS scheme with subsequent ferritization
practically does not differ from the composition of
MAS powders. Taking into account the conclusion
made, mechanically activated synthesis, as less labo-
rious, was chosen as the basic method for obtaining
barium hexaferrite. The results of the morphologi-
cal analysis of BaCo,Fe,;O,; obtained by the MAS
method shown in Fig. 4, confirmed the feasibility of
choosing this method to obtain it.

When analyzing the morphology of the particles, it
was found that the BaCo,Fe ;O,; powders obtained
by the MAS method after ferritization have a plate-
like shape (Fig. 4) with a crystal faceting characteris-
tic of the W-phase. At high magnifications, the breaks
of individual particles show that they have a complex
structure with submicron growth steps, which, in
turn, have a nanocrystalline structure. Subsequent
processing in a planetary mill makes it possible to
obtain nanostructured powders or submicron aggre-
gates of ferrite nanoparticles, which significantly im-
proves its radio-absorbing properties.
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The developed ferrimagnetic composite materials
were tested for functionality by examining the atten-
uation and reflection coefficients of electromagnetic
radiation. The results of the measurements are shown
in Fig. 5.

All synthesized materials have shown satisfactory
EMP reflection results. Thus, the reflection coeffi-
cient for all materials under consideration was less
than —5 dB in the entire measured frequency band.
In this case, the best result (up to —12 dB in the fre-
quency band from 8 to 9.5 GHz) was obtained for
the soft magnetic nickel-zinc ferrite obtained by the
MASHS method.

The synthesized ferrimagnetic powder materials
were considered as fillers in various dielectric matri-
ces, including painting material for casing products,
as well as in the form of plates of sintered material
and thermal spray coatings on substrates made of
aluminum alloys of various components of rocket
and space technology.

The synthesis of high-temperature radio-absorb-
ing materials was carried out in accordance with the
technological process, the diagram of which is shown
in Fig. 6.

For the manufacture of a high-temperature di-
electric matrix, aluminum oxide, aluminum nitride,
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thickness): 1.1 — MAS Ni-Zn ferrite, 1.2 — MASHC Ni-Zn ferrite, 3.1 — MAS barium hexaferrite,
3.2 — MASHC barium hexaferrite

Dielectric matrix

RAM blank Finished product

RAM charge

ALO,/AIN

Pressing

Heat treatment

Grinding and mixing

Absorber material

Ti,AIC,/Ti,Al
Fig. 6. Technological process for obtaining high-temperature radio-absorbing material
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or their composition was investigated. A commercial
alumina powder was selected as the base matrix mate-
rial. The choice is justified by the fact that a dielectric
material based on aluminum oxide is most suitable
for solving problems in terms of dielectric permittiv-
ity (e = 9.5...9.7), has a high operating temperature
(up to 1400 °C) and, as a decisive factor, it can be
used to obtain the highest quality thick-film coatings
by thermal spraying.

Three groups of conductive materials have been in-
vestigated as a high-temperature EMP absorber: re-
sistive materials containing MAX-phases, heat-resis-
tant alloys and intermetallics. All these materials are
also characterized by a high operating temperature of
over 1200 °C, have electrical conductivity properties,
which provides high conductivity losses in the com-
position of the radar absorbing material. MAX-phas-
es and intermetallic compounds were synthesized by
the MASHS method, and heat-resistant alloys were
obtained by melt dispersion from a master alloy syn-
thesized using the MAS method from a charge of the
corresponding composition.

The results of studying the phase and particle size
distribution, morphology of particles, and dielectric
properties of synthesized high-temperature radio-ab-
sorbing materials in the frequency range 8...12 GHz
using the example of Al,O5;-Ti;AIC,/Ti,AlC com-
posites with MAX-phases as an absorbing filler are
shown in Fig. 7.

It was found that in the process of synthesis, com-
posite radio-absorbing materials were created con-
taining from 41.0 to 53.0 % of the dielectric in the
form of a-Al,O, and from 39 to 56 % of the con-
ductive absorber, which ultimately makes it possible
to provide dielectric losses, conductivity losses, and
in heat-resistant alloys — and magnetic losses in the
frequency range 8...12 GHz.

All synthesized powder radio-absorbing materi-
als are finely dispersed (d50 = 0.14...1.2 um) with a
rounded shape of particles formed in the processes of
intensive grinding and mixing, which contributes to
their thermal spraying when obtaining RAC.

When studying the electromagnetic properties of
the synthesized high-temperature radio-absorbing
materials, it was found that with an increase in the
content of the absorber in the dielectric matrix, the
values of both the real and imaginary parts of the di-
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electric constant increase. The tangent of the dielec-
tric loss angle increases. For the Al,O,/heat-resistant
alloy composition, the values of the magnetic perme-
ability and the tangent of the angle of magnetic losses
also increase.

According to the results of the study, the optimal
content of the high-temperature conductive absorb-
er in the dielectric ceramic matrix in the amount of
40...50 wt. % has been established.

In Fig. 7, from e and f'it also follows that the de-
pendence of dielectric properties on the test fre-
quency is wavy in nature. For the Al,O; — Ti;AlC,/
Ti,AlIC composition, the values of the real part of
the dielectric constant are in the range &' = 17...28,
and the imaginary part — in the range ¢” = 5...12,
which is optimal and provides the tangent of the di-
electric loss angle tg6, = 0.25...0.58 with a maximum
value at a frequency of /= 10.3 GHz. For doped
ceramic RAM Al,O;+ FeSiTiAl, the best values of
tgo, = 0.30...0.38, tg6, = 0.78...0.82, S|, = —2.2...
—2.5dB, S,,=10.0...10.2 dB are achieved.

Along with radio-absorbing materials and prod-
ucts (coatings), the Powder Metallurgy Institute is
conducting research on the creation of radio-trans-
parent materials.

When developing radio-transparent materials, the
process of preparing compositions based on high-
alumina ceramics was studied using high-purity
fused corundum powder as a starting material, as well
as alloying additives in the form of oxides of silicon,
magnesium, titanium, etc., activating the sintering
process in order to obtain the required set of proper-
ties. The influence of the modes of preparation of the
initial materials for obtaining a homogeneous finely
dispersed charge is established, the modes of its gran-
ulation, subsequent static pressing and high-temper-
ature sintering are determined in order to obtain the
required physical-mechanical, thermomechanical
and electrophysical properties. The structure, phase
composition and properties of the obtained radio-
transparent materials have been investigated and
their dependence on the composition and modes of
the technological process is shown.

Based on the research results, a ceramic radio-
transparent material based on high-alumina ceram-
ics has been developed, the main properties of which
are shown in the Table.
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Properties of the synthesized radio-transparent material
based on high-alumina ceramics

Measured characteristics Value
Operating frequency range, GHz 6.5...10.5
Dielectric constant at f=7 GHz 6...8
Dielectric loss tangent tgo, <0.0007
Deviation ¢ in the range of impacts, % +2.8
EMP absorption, % <2.0
Apparent density, g/cm? .7
Limit strength to bending, MPa >50
Water absorption, % <0.1
Modulus of elasticity to bending, GPa >30
Heat resistance, K 850

The electrophysical characteristics of the synthe-
sized composition correspond to the requirements
for radio-transparent materials presented by the cus-
tomer.

CONCLUSIONS

Powder metallurgy is a technology for creating unique
composite materials from dispersed components of
different physical and chemical nature throughout
its development is inextricably linked with rocket
and space technology. The use of powder materials
in the design of engines, control and guidance units
has greatly contributed to the progress of space tech-
nology.

In modern conditions, it is difficult to imagine a
rocket engine without inserts into the critical section
made of a carbon-carbon composite material, a head
fairing without a top made of a heavy pseudo-alloy or
radio-transparent material, friction pairs in moving
elements without antifriction self-lubricating materi-
als and coatings, etc.

A promising area of powder metallurgy is radio-
absorbing composite materials in the frequency range
of 8...12 GHz, especially those that do not lose this
ability at temperatures of 1000 °C and above. Such
materials have already been synthesized at the Powder
Metallurgy Institute and are undergoing field tests.

A fairly new direction in powder metallurgy has
become the production of unique one-piece struc-
tures of rocket and space technology units of any
complexity, previously assembled from a group of
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parts. The additive metallurgical technologies devel-
oped for these purposes use special spherical powders
of high-strength heat-resistant alloys such as Inconel
625, 718, titanium alloys Ti6Al4V, etc.

In the future, additive technologies in conjunc-
tion with traditional methods of powder metallurgy
can be transformed into the field of knowledge that
determines the approaches and methods for the syn-
thesis of energy-saturated heterogeneous composite
materials (EHCM) and the manufacture of products
from them. The possibility of this realization will de-
pend on the solution of the following tasks:

e development of technologies for obtaining
spherical particles of ammonium salt of perchlo-
ric acid and other components of the solid phase of
EHCM (energy additives, catalysts, combustion sta-
bilizers, etc.);

e synthesis of a polymer that performs the func-
tion of a fuel — binding and guaranteeing the physi-
cal and mechanical characteristics required for such
products;

e determination of the environment in which it is
possible to build a product from EHCM, as well as
methods of its creation;

¢ development of technological equipment to en-
sure the laying of EHCM components;

¢ determination of the method of packing the sol-
id phase particles of EHCM with a density not lower
than 0.84...0.8;

e development of a method for forming the re-
quired shape of a product from EHCM;

e carrying out calculations of contact interactions
arising in the process of stacking solid phase particles;

e study of the processes occurring at the phase
boundary during the synthesis of EHCM;

* development of a model for the synthesis of
EHCM and the manufacture of a product from it by
the method of additive technologies, etc.

The solution of the above tasks will work out the
requirements and build a functional model of a tech-
nical system, through which it is possible to build
products from EHCM according to a given pro-
gram. In turn, the development of this method of
constructing products from EHCM will significantly
enrich the theory of powder metallurgy and make it
even more significant in the development of compo-
nents for rocket and space technology.
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MATEPIAJIU I TEXHOJIOTIT MOPOIIKOBOT METAJTTYPTI{
B KOMITOHEHTAX PAKETHO-KOCMIYHOI TEXHIKW. MEPCIEKTUBU PO3BUTKY

Po3risiHyTo BUKOpUCTaHHS MaTepialliB i TEXHOJIOTiH TTOPOIIKOBOI METAJIypril B KOMIIOHEHTAX PAKETHO-KOCMiIUYHOI TEXHIKU.
Ha npuxiiaai pagionoraMHaabHUX i pagionpo30pux MaTepiajiB MOKa3aHO MOXJIMBOCTI LIUX TEXHOJIOTII ISl CTBOPEHHS KOM-
MO3ULIITHUX MaTepialiB, a TAKOX BUPOOIB i MOKPUTTIB 3 HUX.

PospobisieHo criocobu cMHTe3y palionoriMHaIbHUX MaTepialiB Ha OCHOBI (hepuMarHeTuKiB (HiKeJb-IIMHKOBUX (PepuUTiB
(Ni0, 53Zn0; 3,Mn 1,Co; ,5Fe,0,) i TekcaronanbHoro deputy 6apito 3 W-tasoro (BaCo,Fe|0,,), oTpumManux Metonamu
MAC i MACBC. IocrimkeHo criocoor OTpMaHHs BUCOKOTEMIIepaTypPHUX KepaMiuHUX palioTIOTIMHAIEHUX MaTepiaiB, 10
BUKOPUCTOBYIOTh OKCHJI ATIOMIHIIO SIK ieIEKTPUIHY MaTPUIIIO, a SIK TIOTJIMHAY eJIeKTPOMAarHiTHOTO iMITYJIbCy — PE3UCTUB-
Huii Matepiai, wo Mictutb MAX-dasu Ti,AlC i Ti;AlC,, i xapocrikikuii crtas FeSiTiAl

3anpornoHOBaHO CMOCIO OTPUMAHHS KepaMidHOTO KOMITO3UIIIMHOIO pajionpo30poro Marepiajly Ha OCHOBI BUCOKOTJIM -
Ho3eMucTol KepaMiku B cuctemi Al,05-Si0,-TiO,. HaBeneHo XapakTepHi TEXHOJIOTIYHI OCOOIMBOCTI METO/Y MOPOIIKOBOI
MeTaJIyprii, 1110 3a0e3Meuy0Th OTPUMaHHS MaTepialliB i BUpOOiB (ITOKPUTTIB) ISl PAKETHO-KOCMIUHOI TEXHIKU 3 HEOOXiTHUMU
BJIACTUBOCTSIMU.

BuzHnayeHO OCHOBHI 3aBIaHHS ISl TOPOIIKOBOI METayprii B 00J1aCTi OTpMMaHHSI eHEPrOHACUYEHUX FeTePOreHHUX KOM-
MO3UILIIITHUX MaTepiaiB.

Karouosi caosa: mopouikoBa MeTalyprisi, paKeTHO-KOCMiUHa Te€XHiKa, palionorjaMHalIbHi i pagionpo3opi MaTepianu, depu-
MAarHeTUKU, BACOKOIJIMHO3EMUCTA KepaMiKa.
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INTEGRATION OF REMOTE SENSING DATA
AND GROUND-BASED INFORMATION TO SOLVE
NATURAL RESOURCES AND ENVIRONMENTAL PROBLEMS

We consider the rationale for the integration of remote sensing data and ground information using a statistical criterion to solve natural
resources and environmental problems. The method is proposed to be implemented as the module of the “computer assistant”. The al-
gorithm that describes a set of the sequence of operations for automation of the decision-making procedure is presented. This algorithm
should free the operator from a significant amount of subjective and labor-intensive work, which is performed using visual methods.

Based on the proposed methodology, we perform the object recognition in aerospace images of the territory with different geological
and landscape conditions and, respectively, with standard objects of different classes with different sets of values of informative features
(of different nature and dimension). For the recognition and classification of images of studied objects, the probabilities of the ratios of
informative features of the studied areas to ones of each standard object present in the aerospace image were determined.

The results of testing the proposed methodology are presented on the examples of assessing oil and gas prospects in the areas of the
Dnieper-Donetsk cavity and the problem of classifying crops of different varieties in different periods of vegetation in the agricultural
fields in the Kyiv region.

Key words: remote sensing, integration, natural resource, system analysis, statistical criterion.

There are several ways to solve environmental prob-
lems based on the decoding of aerospace images:
visual, interactive, and automatic [2, 8, 11]. How-
ever, the growth of the scope of the thematic tasks
and the creation of new systems of remote sensing
of the Earth requires the improvement and develop-
ment of new methods for decoding aerospace im-
ages, including the recognition of the space images
of objects’ classes and their detection. For example,
analyzing and classification of the aerospace images

is performed by measuring and comparing the infor-
mative features of the objects with the corresponding
features of the object taken as the standard [7]. The
correspondence of the object and the standard class
is determined by the maximum value of the calcu-
lated membership function [5].

There are possible situations when the assessed
object may belong to different standard classes. In
that case, the classification of this object is performed
by calculating the probability of its relation to each

HutyBanHusg: Khyzhniak A. V., Fedorovskyi O. D. Integration of remote sensing data and ground-based information to solve
natural resources and environmental problems. Kocmiuna nayka i mexronoeis. 2020. 26, Ne 4 (125). C. 31—37. https://doi.org/
10.15407/knit2020.04.031
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Fig. 1. Algorithm for automation of decision making

of possible standard classes, and belonging is deter-
mined by the maximum value of the probability of its
relation to the particular standard class. The calcula-
tion of the above probabilities is done using the heu-
ristic criterion (1), which involves previously entered
informative features of each standard class and auto-
matic calculation of probability ratio of the belong-
ing of the studied object to the standard classes [1]:

2,(X)
¢ =gt (1
D p,(X)
q=1
where:
K2 g 2
— 1 L —L, )
X)=|— exp| ——~—|/c
Py(X) (hj g p 2o, / gk
— multidimensional distribution density,
L ! %L
k=N ks
q N, = q.k.n
— average value of spectral brightness,
-1/2

1 &
2
Ok = Fz(Lq,k,n L)

q n=l1

— average dispersion value,

32

O — the number of classes of objects to be identified,
g — the current number (index) of a particular class
of objects, K — number of informative features used,
k — the current number of a specific informative
feature, L — the result of a particular measurement
of an informative feature (vector of dimension K
with coordinates L,,..., L), N, P the sample size for
the random variable L g4 11— current value.

Model decision support systems can be considered
as the “computer assistant operator”, and in case of
weakly structured tasks, the decision maker is able to
make the best decision using the computer together
with personal efforts. Such kind of tasks character-
ized by the uniqueness and lack of information is
widespread in aerospace research of natural resourc-
es management. The solution of well-structured tasks
by verified algorithms practically does not require the
participation of a decision maker and the usage of a
computer assistant operator [6].

The main advantage of objects’ classification
method based on the heuristic criterion in compari-
son with other statistical methods is the structuring of
a complex problem by calculating the level of belong-
ing of object parameter values concerning the data of
the object considered as standard. The latter is pro-
posed to be used as a “computer assistant operator”
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module when decoding aerospace images. An opera-
tor develops and takes a balanced decision using a
computer, having the databases, methods, models,
and criteria. The basis of the “computer assistant
operator” is mathematical modeling, which allows a
decision maker to obtain the missing information for
him to make a decision.

Probabilistic and statistical methods used to solve
optimization problems, statistical theories of identi-
fication, recognition and number theory [3, 4, 9, 10]
are applied in [6] for the representation of the heu-
ristic criterion of object classes determination by the
results of measuring their informational features.

Processing of multizonal aerospace images for ob-
jects’ classification according to known standards is
interesting for the considered problems.

Based on heuristic criterion, the recognition of
objects in aerospace images of the territory with dif-
ferent geological and landscape conditions and, re-
spectively, the conditions with standard objects of
different classes with different sets of values of infor-
mative features (of different nature and dimension)
was performed. For the recognition and classifica-
tion of investigated objects’ images, the probabilities
of the ratios of the studied areas’ informative features
to ones of each standard object present in the aero-
space image was calculated. The class of the stud-
ied object was determined by the probability value
which is higher or equal to the threshold value for the
particular standard object by assessment of above-
mentioned parameters based on a heuristic criterion,
which includes the introduction of informative fea-
tures of all the standards and automatic calculation
of probabilities of the ratio of each studied object to
all referenced objects.

The sequence of operations to implement the pro-
posed method of automation of the decision-making
procedure should free the operator from a significant
amount of subjective and labor-intensive work which
is performed using visual methods. The above se-
quence of execution is shown in Fig. 1.

Consider two examples of approbation of the pro-
posed method below.

The first one is an assessment of the oil and gas
availability of the sites on the territory of the Dnieper-
Donetsk cavity, which was carried out using three
standard classes: two of them — productive wells and
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Fig. 2. Territory of the study of the Dnieper-Donetsk cavity
(fragment of Landsat 8, 10.08.2017)

the other — empty one (Fig. 2). The following archive
data were selected to assess the oil availability: a map
of residual anomalies of the gravitational field, a geo-
thermal grade map, a gravitational field diagram, an
anomalous magnetic field map, temperature charts
at the cut —3500 m and —5000 m. As a result of the
pre-processing of the total a priori information, maps
of various anomalies related to hydrocarbon deposits
in one format are obtained. Also, multi-spectral (hy-
perspectral) and radar aerospace images (Landsat /
ETM +, EO1 / Hyperion, Sentinel 1A, Sentinel 2A,
and others) were used to calculate the Haralick’s tex-
ture parameters and to create the scheme of relative
neotectonic activity of blocks from the minimum to
the maximum (in points from 1 to 10) (in the process
of structural decoding and structurally-geomorpho-
logical analysis, schemes of block and high-altitude
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Fig. 3. A set of input layers of heterogeneous geospatial data

landscape fields are built). In addition, for obtaining
the values of all types of features in the single points
of the selected area, the grid (299 separate plots) with
a size of 4x4 km was created. The set of input data is
presented on Fig. 3.

Then, according to the algorithm (Fig. 1), all rel-
evant iterations were carried out, and the threshold
value of the probability of the ratio of the values of
the informative features of each studied object to the
values of the informative features of each object of a
standard class of oil and gas availability present in the
aerospace image was determined.

The final product of this process is the mapping of
interdisciplinary, integrated assessment of the oil and
gas availability in the studied areas and the determi-
nation of zones of reservoirs on the investigated ter-
ritory, which is presented in Fig. 4 as the gray-scaled
levels — the black color corresponds to the maximum
value of oil and gas availability. Creating a map dia-
gram characterizing the oil and gas availability in the
zone and each of its sites, based on the results of re-
mote and terrestrial studies, allows us to distinguish
abnormal areas in the studied area.

The second example of approbation of the pro-
posed method is the classification of agricultural
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fields of the Kyiv region. Fig. 5 depicts the part of the
area being studied with fields for standard classes and
fields for classification.

The satellite image, which closely corresponds
to the date of the growing season and ground-based
data, was used to carry out the research. The Sentinel
2A image for August 1, 2017, spectral channels 2—12
(496.6 nm — 2202.4 nm) was selected [9]. Verifica-
tion of the obtained results was carried out using the
ground-based data for August 1, 2017, on the studied
territory. According to the preconditions of the heu-
ristic criterion, data for the study were selected for
each of 5 crops (sunflower, corn, soybean, sugar beet,
buckwheat) for 15 reference values of spectral char-
acteristics. The separate class was added for soybean
with wild grass. Also, separate classes for stubble and
plowing were added, since the period of growth has
ended.

The validation of the obtained results was carried
out on 8 separate sites in accordance with the above-
mentioned points with ground-based data on the
same fields to assess the accuracy of the classification.
The results of the validation are shown in Table 1.
The following metrics were used for comparison:
overall classification accuracy, producer’s accuracy
(PrAc), and user’s accuracy (UsAc). The producer’s
accuracy shows how well the classification result for
this class matches the test data. The user’s accuracy,
in turn, shows how likely it is that this class coincides
with the results of the classification.

The mismatch matrix for the test sample using
the proposed method is shown in Table 2 for more
detailed consideration.

Table 1. The results of classification accuracy assessment

Noe of class Crop PrAc, % UsAc, %
1 Stubble 100 100
2 Sunflower 100 98
3 Corn 95.31 61
4 Soybean 557.56 99
5 Plowing 94.34 100
6 Soybean with weed 95.45 63
7 Sugar beet 100 94
8 Buckwheat 100 100
Overall accuracy OvAc = 89.37 %
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Fig. 4. Mapping of oil prospecting of areas of the territory of
Dnieper-Donetsk cavity. Relative perceptivity is presented
in brightness gradations - the black color corresponds to the
maximum value of oil prospect

Table. 2. Mismatch matrix for test sampling

|:|I:] 3|

Fig. 5. The part of the test area on the Sentinel 2A for the
01.08.2017 (1 — stubble, 2 — sunflower, 3 — corn, 4 — soy-
bean, 5 — plowing, 6 — sugar beet, 7 — fields with unknown
Crops)

; 4
6 [ 7

41 151

(PrAc — producer’s accuracy, UsAc — user’s accuracy, Com — commission, Om — omission)

Ne of class 1 2 3 4 5 6 7 8 UsAc, % Om
1 1 0 0 0 0 0 0 0 100 0.0
2 0 0.98 0.02 0 0 0 0 0 98 2.0
3 0 0 0.31 0.47 0 0.2 0 0 61 39
4 0 0 0 0.99 0 0.01 0 0 99 1.0
5 0 0 0 0 1 0 0 0 100 0.0
6 0 0 0.01 0.46 0 0.53 0 0 63 37.0
7 0 0 0 0 0,06 0 0.94 0 94 6.0
8 0 0 0 0 0 0 0 1 100 0.0

PrAc, % 100 100 95.31 57.56 94.34 95.45 100 100

Com 0.0 0.0 4.69 42.44 5.66 4.55 0 0
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As it is seen from the table above, the results of the
classification of certain crops have a rather low corre-
lation coefficient with ground-based data. This is due
to the difference in vegetative periods. Therefore, the
next step of research should be the study of agricul-
tural crops in different periods of vegetation and the
classification of crops for different varieties.

As a result of the study, it was found that the pro-
posed method makes it possible to obtain the results
not only of the classification of cultures but also of
their belonging to each other in percentage. The lat-
ter expands the possibility of further evaluation of the
particular agricultural crop condition. Also, a certain
assessment of the crop condition has been performed.

For example, it was managed to divide soybean crops
into conditionally clean and inbred ones.

RESULTS

The use of the heuristic criterion for solving the prob-
lems of the nature resources usage with the process-
ing of aerospace images and in-situ measurements as
the module of the “computer assistant” is substan-
tiated. The proposed method was tested on the ex-
amples of assessing the oil and gas availability in the
regions of the Dnieper-Donetsk cavity and the prob-
lem of classifying crops of different varieties in differ-
ent periods of vegetation in the agricultural fields of
the Kyiv region.
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JlepxaBHa ycTaHOBa « HayKoBUiT IICHTP a¢pOKOCMIYHMX JOCIIIKEHb 3eMJTi
IHcTuTyTYy reosoriunmx Hayk HaitioHanbHol akagemii Hayk YkpaiHu»
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IHTETPYBAHHSA JAHUX AUCTAHLIMHOTO 30HAYBAHHA 3EMJII
TA HA3BEMHOT IHOOPMALIIT J1J14 PO3B’I3YBAHHS 3A0AY TPUPOJJOKOPUCTYBAHHS

OOIpyHTOBYEThCSI iHTEIpYBaHHSI JaHMX IMCTAHIIIHHOTO 30HAYBaHHs 3eMJi Ta Ha3eMHOI iH(opMallii i3 3acTOCYyBaHHSM ISt
PO3B’sI3yBaHHS 3a1a4 MPUPOIOKOPUCTYBAHHSI CTATUCTUYHOTO KPUTEPIIO SIK MOIYJIST KOMIT IOTEPHOTO aCUCTEHTa OTepaTopa.
[1pencraBiieHO aNrOpUTM, KU OMUCYE CYKYIHICTh OIepaliil Ta MOCHiIOBHICTh iXHbOTO BUKOHAHHS, 1110 peali3yloTh 3a-
TIPOTIOHOBAHMIT METOJ aBTOMATH3allil MPOIIeypU IPUIHATTS pillleHb. MeTon Ma€e 3BiTbHUTH OTiepaTopa-aemndpyBaTbHUKa
KOCMIYHHUX 3HIMKIB BiJl 3HAUHOTO 00’€My Cy0’€KTMBHOI Ta TPYIOMiCTKOI poOOTH, siIKa BUKOHYETHCS Ha OCHOBI Bi3yaJIbHO-
IHCTpYMEHTaJIbHUX MeToIiB. Ha OCHOBI 3ampornoHOBaHOI METOAUKMU OYJI0 BUKOHAHO PO3Mi3HABaHHSI 300paxkeHb 00 €KTIB
Ha aepOKOCMIYHUX 3HIMKax TepUTOpii 3 Pi3HUMM TI'€OJIOTIYHUMMU i JaHAIIA(DTHUMUA YMOBAMU i BiAIOBIAHO O TUX YMOB 3
00’€eKTaMU-eTaJIOHAMU Pi3HOTO KJacy 3 pi3HUM HaOOpOM 3HauyeHb iHHOPMATUBHUX O3HAK (Pi3ZHOI MPUPOAM i PO3MIPHOCTI).
st po3nizHaBaHHS i Kiacubikallii 300paxeHb T0CTIKYyBaHUX 00’ €KTiB BU3HAYAIMCh UMOBIPHOCTI BiTHOLIEHHS iHpOopMa-
TUBHUX 03HAK IOCIIIKYBAHUX MIISTHOK A0 iH(OOPMATUBHUX O3HAK KOKHOTO HAssBHOTO Ha a6pOKOCMIYHOMY 3HIMKY 00’ €KTa-
etasioHa. [IpeacraBieHo pe3yabraTu anpooallii 3arpormoHOBaHOI METOAMKY Ha MPUKJIaAi OLIIHKK Ha(TOrazonepcrneKTUBHOC-
Ti AinsiHOK [IHinpoBcbKo-JloHe1bKOI 3anaagHu Ta Kiaacudikallii arpoKyJBTYp CilbCbKOrocnoaapchbKux noiiB y KuiBebkiit
00J1acTi Ha pi3Hi COPTHU B Pi3Hi Nepioau Bererailii.

Karouosi caosa: nucraHiiiliHe 30HIYBaHHS 3eMIli, iHTerpallisi, MPUPOIOKOPUCTYBAHHSI, CUCTeMHUN aHai3, CTATUCTUIHUNT
KpUTEpIii.
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BAPIAHT ITPUB’A3KN HASEMHUX OB’€EKTIB
3A OTHUM KOCMIYHUM 3HIMKOM

Po3zensdaemocs 3adaua nozuyionyeanHs HegidoMux Ha3eMHUX 00’ €kmis y cucmemi Koopounam, noe’a3aiii 3 3emaero (3adaua Ko-
opournamuoi npue’szku). [lepeddbauaemovcs gukopucmants €OUHO20 3HIMKA 32a0anuX 00 eKmie (Mapkepis), 6UKOHAH020 OOPMOB0H0
3HIMANBHOK KaMepolo KOCMIYH020 anapama Ha HABKO0A03eMHIll opoimi i nepedanoeo Ha 3eMat0 pa3omM 3 CUHXPOHHOK CYNPOBIOHOH
iHghopmauiero. 3anyuaemoca 3a0anuil anpiopi mamemamuuruil onuc opmu nogepxui 3emai. 3iomkam mapkepie 6 inmepecax Ko-
0pOUHAMHOT NPUE’a3KU nepedye NoAboOmHe KanriopyeanHs — YMOYHeHHs 83AEMHOI opicHmauyii kamepu ma 60pmoeo2o 30paH020 da-
6aua y mini Kocmiunoeo anapama. Pospaxyniu y pamkax kaniopyeanus i KoopoOUHAmMHOI npue’a3ku 00CAYy208YI0MbCs HA3EMHUM
Komn’romepom.

Ha 6idminy 6id nocmanosok i po3e’a3kie pozenadyeanoi 3a0auiy eidomux nyoaikauisx, y yii pobomi Haneped HA0aemMbCs 8eAbMU
npubAUZHA AnpoKcUMAauis WyKaHux Koopounam o00°ekmie npus’azku 3 noxubkamu Ha pieni 100 km. Ha yiti niocmasi neniniiine
DIBHAHHA 3eMHOI NOBEPXHI 3AMIHIOEMbCS NIHeAPU308AHUM PIBHAHHAM 6I0HOCHO NOXUOOK NO3UYIOHY8AHHS Hegidomo2o mapkepa. Bu-
paz y Aigiil 4acmuHi Yb020o PiGHAHHSA € NPOEKYIEI 6eKMOPA NOXUOOK NO3UYIOHYBAHHA HA HANPAM 2e0UEeHMPUUHO20 Padiyca-6eKmopa
mapkepa. 32adane pigHAHHs PO36°S13YEMbCS PA30OM 3 6eKMOPHUM PIGHAHHAM NOXUOOK, CKAAOeHUM Ha OCHOBI (homoepammempuunoi
ymogu konineaprocmi. Cucmema Homupbox cKanspHux pieHsHs NOXUOOK 3 NeHicmI0 He 8Upo0dicena, AKUL0 NiHis 8i3y8anHs mapkepa
He nepneHouKyAspHa 00 padiyca-eeKmopa mapkepa.

Cnpowjenns, donyujeHi npu AiHeapu3auii piGHAHHS QopmMyau 3emai, iCMOMHO CNOMBOPIOIOMb OUIHKY NApamempie npus’a3ku.
s nocrabnenns yboeo egpekmy nponoHyemuvcs Memoouka KoopouHamuoi npue’s3Ku, 3acH08aHa HA 8UKOPUCIAHHI PO3MUMO20
cnocmepieaua cmany. Memoouka peanizyemvcs K ROCAIOOGHICMb YUKATMHUX onepayii. Y KoJWCHOMY YUKAL 3a 00NOMO20H0 pO3MU-
moeo cnocmepieayua oyiHIOEMbCsl BIOHOCHO MAAA eAeMeHMAaPHA YacmuHa NOXUOKU NO3UUIOHY8aHHA MapKepa. 36ixcHicms npoyedypu
OUIHIOBAHHA MAKA, W0 015 OMPUMAHHS NPUUHAMHOT MOYHOCMI NPU8’a3KU 00800UMbCS BUKOHYB8AMU COMHI | MUCAYI eneMeHmMaPHUX
yukanis. Lle Heobmaicaueo 045 po3paxyHKie y cmayioHapHux ymogax.

Touna i 00HO3HAUHA OUIHKA MPLOX KOOPOUHAM 00 EKMA NPUS A3KU MONCAUBA NPUHAUMHI NPU 11020 HE3HAUHI eucomi HAO pieHe-
8010 NOBEPXHEIO.

Karouogi caoea: kocmiunuii anapam, KoopoOuHamHa NPUE’a3Ka, 30paHuil 0aéa4, Kamepa, posmumuil CHocmepiea4, PiGHAHHs N0O8epX-
Hi Semani, 30ixcHiCMb OYIHOK.

Huxue posrisimaeTbest 3aga4a KOOpAMHATHOL MPU- B poborax [1—3] mependavaeThcsi BUpPILLIEHHS
B’SI3KM — BM3HA4YEHHSI MicClie3HaXOMKEHHsS HeBi- | 3aBgaHb KOOPAMHATHOI IPUB’SI3KMU TiJIbKHU I10 OJI-
JIOMUX Ha3eMHUX OO’EKTIB Yy CUCTeMi KOOpAMHAT, | HOMY KOCMIYHOMY 3HiMKY, B poboTtax [4, 5] — 3 BU-
3B’s13aHii i3 3eMJiel0, 3a KOCMIYHMMM 3HIMKaMH. | KOPMCTAHHSIM HE MEHII HiX JBOX 3HIMKiB 00’€KTIB
Po3paxyHku BUKOHYIOTHCSI Ha 3€MJIL. TPUB’SI3KU.

HHutyBanHs: Tkauenko O. 1. BapiaHT npuB’s3ku Ha3eMHUX 00’ €KTIiB 32 OTHUM KOCMiYHUM 3HIMKOM. Kocmiuna Hayka i mex-
nonoeisn. 2020. 26, Ne 4 (125). C. 38—44. https://doi.org/10.15407/knit2020.04.038
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Bapianm npué’a3ku HazemHux 06’ exmie 3a 0OHUM KOCMIYHUM 3HIMKOM

Ha BinmiHy Bim MOCTaHOBOK i pO3B’SI3KiB PO3IJIsI-
HYTOI 3a1a4i y BimoMux Imyouikaiisx [1—5], B gaHii
po0OOTi BBaXa€eThbCsl Harepe. 3aJaHol0 allpoOKCUMa-
11is1 LIyKaHUX KOOPAMHAT 00’ €KTIB MPUB’SI3KU, X0Ua
0 i my>xe rpyba, HalpuKJIaa 3 MOMUJIKAMU MOPSIAKY
100 kM. MoxxnBO, 1i€l TOYHOCTI HENOCTATHBLO IS
HaBelIeHHsI ONTUYHOI OCi KaMepu Ha nepeadadyBa-
HE Miclie po3TallyBaHHSI 00’€KTa MpPHUB’SI3KU; TaKa
rirepOoJiizallisi Ma€ Ha yBa3i MpPOIEeMOHCTPYBaTU
KOHBEPIeHTHI MOXKJIMBOCTI BIIACHE METOMY ITPUB’sI3-
K1. MOXHa OUYiKyBaTH, 110 TAKWI MiAXi[ BUSIBUTHCS
KOPUCHUM JUIs1 TIPUB’SI3KU HEBiIOMOTO 00’€KTa, 1110
MOTPAIMB Y T0JIE 30py KaMepu HeCToAiBaHO — 0e3
HaBMMCHOTO HaBEIEHHS.

bopTtoBa anmapatypa, HeoOXxinHa A1 KOOPAMHAT-
HOI NPUB’SI3KH1, BKJIIOYAE 3HIMAJIbHY KaMepy, 30psi-
Huii naBay, npuiimad GPS, xpoHomeTp. BBaxaemo,
1110 TIPY €KCITOHYBaHHI HEBiJOMUI TOYKOBUI Map-
Kep M mepeOyBae y ot 30py Kamepu. BBomsiTbes
OpPTOHOPMOBAHI KOOpAWHATHiI Oasucu: J — Treo-
LIEHTPUYHUI, OB’ si3aHuit 3 3emiiero, K — nos’siza-
HUI 3 KaMeporo, 3 MOYaTKOM Y ii LEHTPi MPOeKIIii.
K10 KoopaAuHATHIN NpUB’s31i IIepenye peTeabHe
KajiOpyBaHHSI, TO MOXHa BBaXKaTu, 1[0 Opi€HTa-
uist 6azucy K BimHOocHO J BM3HauaeTbes 3 mMOTPio-
HOIO TOYHICTIO 32 MOKa3aHHSIMU 30pPSIHOTO JaBaya.
OnHe piBHSIHHSI BUMipIOBaHb ISl METOMY TIPUB’sI3-
KU BUXOJUTh HA OCHOBI (hOTOTpaMMETPUYHOI YMOBU
KOJITiHeapHOCTi:

D(e;)r; =e; xR, (1)

e HIKHiM iHgekc J BKa3ye Ha IOJaHHSI BEKTOPIB
y Gasuci J, r; — HIyKaHWi TeOLIEHTPUYHMIA paji-
yc-BeKTOp Mapkepa M, R, — reoueHTpu4HU pa-
nmiyc-Bektop KA, 3HaligeHuid 3a MOBiZOMJICHHSI-
mu GPS, e; — onMHUYHMIA BEKTOD JIiHii Bi3syBaHHsI
MapKepa, po3paxoBaHUI 3a IOMOMOIOI0 KaMepH,
® — kococumeTrpuuHa (3 x3)-Marpuilsd; hopMalb-
HO D(e;)r; =e; xr,. PiBHauna (1) Bu3Hauae Bek-
TOP T 3 TOYHICTIO JIO TPOEKIIii HA HAMPSAMOK JIiHii
Bi3yBaHHSI MapKepa.

ATNPOKCUMYEMO DPIiBHEBY IMOBEPXHIO 3eMJii IO-
BEpxHelo ejlincoina odepTaHHs Tak, 110 Oa3UCHI Ha-
MPSIMKA CUCTeMHU J 30iratoThCsl 3 TOJIOBHUMMU 1IEHT-
paJIbHUMU OCSIMMU eJlirncoina:

2.2 2
A )
a b
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IIe X, y, 7 — KoopauHaTu B 6a3uci J, a, b — Binnosia-
HO BeJIMKA 1 MaJia IiBoci eJtirncoina.

Hexait x* =x + Ax, y* =y +Ay,7* =7+ Az —
BiIOMi KOOpOWHATM TOYKM, BiIHOCHO OJM3bKOL
1o M. MosHauumo r° = [x*, y*, az*/b]T (inmekc T
BKa3ye Ha TPaHCIOHYBaHHsA), Ar = [Ax, Ay, Az]T,
s=('Tr)l/2 e =r/s.

PiBHsSIHHSI BUMipIOBaHb, 1110 BillIOBiJa€ PiBHSH-
HIO (2), Ma€ BULJISIT

eTAr=a—s. (3)

PiBHsiHHs (3) xapakTepu3ye IpOeKIlilo BEeKTopa

NOMWJIKU Ar Ha HaIpsM, MpoTuaexkHuil r’. BoHo

HEYYTIMBEe OO CKJIAJ0BOI Ha3BaHOI IIOMUJIKM, MEpP-

NeHIUKYJISIpHOI 10 r°. PiBHIHHS (1) TaKOX BHUpa3u-
MO 4epes Ar:

D(e;)Ar=e; x(r} -R;).

HecniocrepexxyBanuii  ImiampocTip TpaHcdop-
MoBaHoOro piBHSHHS (1) BiTHOCHO Ar 30ira€rbcs 3
HarpsiIMKOM JIiHii Bi3yBaHHs e, Hecrnocrepexysa-
HUI OianpocTip piBHSHHSA (3) € IUIOIIMHOIO, Mep-
MNEHIUKYJISIPHOIO 10 I°. SIKIIo BeKTOpU € v i r"Hee
B3a€EMHO OPTOTOHAJbHUMMU, TO BEKTOP Ar HE MOXe
OIHOYACHO HaJlexkaTh 00OM HEeCMOCTepeXKyBaHUM
mignpocropaM, i oTXke, (OpPMajJbHO BiH ILIJIKOM
crocTepexxyBaHuii 3a BuMiptoBaHHsIMHU (1), (3). Cu-
Tyallisl TTOBHOI CIIOCTEPEXKHOCTI 0€3CYyMHIiBHO Mae€
Micle, SKIIO 00’€KT IPUB’SI3KM JIEXKUTh Yy MeXkKax
BiTHOCHO BY3BKOTO ITOJISI 30py KaMepH.

st po3B’si3yBaHHsI PiBHSIHb KOOPAMHATHOI MTPU-
B’SI3KM BUKOPUCTOBYEMO (hOPMYJIM PO3ZMUTOTIO CIO-
cTepiraya ctaHy, HOAiOHO IO TOTO, SIK 1€ 3pO0JICHO
B po0OOTi [6] CTOCOBHO 3a/1a4i ITOJIOTHOTO TeOMET-
PUYHOTIO KaJaiOpyBaHHS.

Hexaii o11iHKy HeBimoMoOro BekTopa X € R™ (nani
IJ1s1 BU3HA4YEHOCTI m = 3) OyJ0 OTpMMAaHO SIK pe-
3yJIBTaT 1-TO KPOKY PEKYPEHTHOI TIPOIIEAYPH Y BU-
g Bektopa X, Pe3ynsTaT HACTYMHOTO KPOKY
LIYKAETHCS Y BUTJISII

X(”+1) = X(”) =+ Ax(’ﬁ'l)’

ne Ax"TD — BekTOp YTOUHIOBAJIBLHOTO MPUPOCTY
ouiHku. st fioro oburciieHHs (OpMY€EThCS cKa-
asipHe piBHsHHS Bugy hTAX"D =z neh e R", 7 —
ckajsap (He IUIyTaTu 3 KOOpJAWMHaTolo B Gasuci J).
[Tpn moTpuMaHHI BiAMOBIIHWX YMOB CHOCTEpEXK-
HocTi oniHka BekTopa AX"*1) BuxomuTh sIK pe3yib-
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TaT oreparii

_ Ph
“ a+h"Ph’
2
2 W;< .
2o it ji=1,2,3, 4
i B+h’Ph X

G =diag{y;,75,7v3}»
P =I(P"-Kh"P)r,
AX(*D =K 2,

Ie o, B, w, — Jo#aTHi mapaMeTpH, SIKi MOXYTb OyTH
PI3HUMMU TSI PI3HUX PIBHSIHB i Pi3HUX KPOKIB PEKY-
PEHTHOro paxyHkKy, P~ — (3x3)-marpuisi, BigzoMa
Ha noyatky (n + 1)-ro kpoky, Pt — (3 x3)-mMaTpuns,
o0uKcieHa Ha yepropomMy kpoii, K, € R3 — BekTop-
HUI KoeillieHT cIocTepiraya misi KOHKPETHOIO
CKaJISIPHOTO PiBHSIHHSI Ha yeproBoMy Kpoii. I[1apa-
METpH o, 3, w; Ta IMOYAaTKOBE 3HAYeHHS P~ yTrou-
HIOIOThCSI IILJISIXOM TIOTMEPeHbOTO HasallTyBaHHS
crocTepiraya — 06araTopa3oBOro TECTyBaHHS 3 Ba-
piloBaHHSIM YMOB TIPUB’SI3KU B Jiala3oHi OCTaHHiX,
XapakKTEepHOMY IJISI TIPaKTUYHOI peasizallii. AKIio,
SK 1€ Ma€ Miclie y pO3IJISIHYTIM 3amadi, X = const,
€TaIl MPOrHo3Y, 3BUYAMHUIA JJI TAKOTO POAY ajro-
PUTMIB OLIIHIOBAaHHS, 3aMiHIOETHCS OTEpaLli€lo Te-
pecunanHua P~ = P’ micia BUKOHaAHHA PO3paxyHKiB
(4). Bzarani cnoctepirau (4) mpu3HaAva€EThCsl IS
MOJTIIIIEHHS 301KHOCTI OLIIHOK CTaHy 3a JliHeapu-
30BaHUMM pPiBHSHHSIMU BHUMIipIOBaHb. Y JaHOMY
BUMNAAKY 1Ie piBHSIHHS (3). 3aCTOCYyBaHHS CIIOCTE-
piraya (4) o1 oOpoOKM KOXXHOI'O 3 YOTUPHOX CKa-
JIIpHUX piBHSIHB cuctemu (1), (3) Mae MmiaBUILIUTHA
TOYHICTB 1 MOJINIIUTU 301KHICTH OLIIHOK B 3ajadi
KOOPIMHATHOI MPUB’SI3KU.

[Ipy KoMI’'IOTEpHOMY MOJIEIIOBaHHI (GopMy
(1), (3) (mam — anroputmy (1)+(3)) BinTBOpIoBaBcs
pyx KA 110 COHSIYHO-CUHXPOHHIi OpOiTi 3aBBUILIKU
670 kM, OnU3BKi 00 Kpyrosoi. Beomwnucsa 3Ha-
yeHHs a = 6378137 M, b = 6356752 M. lle enremenT
cuctemu napametpiB 3emii WGS 84. 3amaBainocs
pO3TallyBaHHSI «HEBIIOMUX» TOUYKOBUX Ha3eMHUX
00’exTiB Ha AinstHKax B i C, 1m0 MaoTh opMy KBa-
JIpaTa 3i CTOPOHOIO 5 KM i 3MillieHi Mmif yac 3OMOK
moao Tpacu Ha Bigctani 100 i 300 kM BiITOBigHO.
3iloMKa KOXHOI IiISHKM 3IiliCHIOBajacsd, KOJU
BOHAa OMUHSJIACA Y T10J1i 30py Kamepu. SK i B poOOTi
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[4], Ha xoxHiiT 3 AingHOK 16 00’€KTIB MPUB’I3KK
JIeXaTh y By3/JaX PiBHOMiIpHOI KBagpaTHOI CiTKH,
00MeKeHOI MepuMeTpoM AUISTHKU. TakuM 4uHOM,
KOXHa 3 KOOpJAMHAT 00’ €KTiB O/IHI€T NIJITHKU B 3eM-
HoMy 0a3uci yrBopio€ (4 x4)-matpuiio. Lleit mpuii-
OM He O3Hauae, 1110 HacIpaB/i nepeadauyeHo TaKuii
Habip 00’eKTiB, BiH MAa€ Ha METi CKOPOTUTU OOCST
PO3paxyHKiB JJIs1 BUSIBJIEHHSI TOCTiI)KyBaHUX edek-
TiB. O0’€KTU IPOHYMEPOBAHO SIK IIPUIHSITO Y MOBI
mmporpaMmyBaHHsg @opTpaH: 3BepXy BHHU3 B KOXK-
HOMY CTOBIIIi 3rajilaHoi MaTpulli 3 Oe3nepepBHUM
MPOJOBXEHHSM HyMepallii B HACTY[THOMY CTOBIILI.
[Tpu 3ifoMKax KOXHOI IUISTHKWA ONTWYHA BiCh Ka-
MepHY HaBOJMIacs Ha OKOJIUILI BiAIIOBIZHOIO 00’ €K-
Ta Ne 7, 1110 JIEXXUTh Ha MEPETUHI IPYrOro CTOBIILIS
1 TpeThOro psaka MaTpulli KoopauHat. ITomuika
HaBeIeHHs — BMIIAAKOBA BeJMYMHA, PIBHOMipHO
posnoniieHa y Mmexax +1200 m. ITomunkm 30psiHO-
ro jaBaya BBOAMWJIMCS SIK HOPMaJbHO PO3IOJIiIeHI
BUITaJIKOBi KyTU ITOBOPOTiB HABKOJIO IBOX HATIPSIM-
KiB, TIEPIEHIUKYJISIPHUX 10 ONITUYHOI OCi AaBaya, i
HaBKOJIO caMoi 1Ii€l OCi 3 cepeaHiMU KBaJpaTUUHMU -
MM BigmxuneHHsMu BinnosigHo 17, 171 20", Lle opieH-
TOBHI XapaKTEPUCTUKU MEPCHEKTUBHOTO 30PSIHOTO
nmaBaya bOK3-MJI-02; BoHM NpUIMAIOThCS IJIsI
3HUXEHHSI (DOHY, Ha SIKOMY BUSIBJISIIOTHCS TOMUJI-
KU aJropuTMy NnpuB’s3ku. Po3Mmip mikcesnst kamepu
9 mkm. CepenHe KBaapaTU4HE BiIXWJIEHHSI HOP-
MaJIbHO PO3MOAiJICHUX BUIMAaAKOBUX MOMUIOK GPS
nopiBHIOE 3 M. MoentoBaHHIO MPOLECY KOOPAU-
HaTHOI TPUB’SI3KM TIepenyBajo IMOJbOTHE IeoMe-
TpUYHE KaliOpyBaHHSI CUCTEMU «KaMepa i 30pSIHU
nmaBau». Ilicns 3akiHYeHHST KaliOpyBaHHS 3a/IMILI-
KOBI ITOMWJIKM BU3HAYEHHS Opi€HTAllii KaMepH Bif-
HOCHO 30psiHOro naBaya B 0asuci K manu cepenHi
KBaJpaTUuHi BigxuiaeHHs 17, 1" (MOMUIKY HANIPSIMKY
ONITUYHOI Oci) i 56" (MOMWMJIKa Y TIIOIIMHI Yy TIUBOL
iomaaku). Ciin BpaxoByBaTH, 110 IIPU BiZHOCHO
OMM3bKOMY pO3TalllyBaHHI 00’€KTa TMPUB’SI3KU IO
TOUKM TIEPETUHY OIITMYHOI OCi KaMepu 3 3€MHOIO
MOBEPXHEI0 BIUIMB HAaBITh OyXK€ BEJIMKOI TPETHOL
MOMWWIKY KaJiOpyBaHHSI HE3HAYHMWU IMOPIBHSHO i3
BIUIMBOM MaJIMX 3HAYE€Hb JABOX MEPIINX TOMUIIOK.
MopenoBaHHSI TP KOHKPETHOMY Habopi YMOB
i peajizallii BMIIQAKOBUX ITOMUJIOK BHKOHYBaJO-
cg cepisimu 1o 100 BapiaHTIB y KOXHiii. 30Kpema, y
KOXHOMY BapiaHTi Ui BCix 16 00’eKTiB-MapKepiB
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KOXHOI TIJITHKY BBOJMJIMCSI B3AEMHO HE3a/IeXKHi M0-
YaTKOBI MOMWIKHU 3aBIaHHS KOOPAWHAT, HOPMaJIbHO
po3moiJieHi 3 cepeaHiMM KBaIpaTUYHUMM BiIxu-
seHHsamu 100 kM. MoOTUBYBaHHSI HaCTiJIbKM, B3a-
rajli KaXy4du, TepeOiTbIIEHUX YMOB OYJIO TTOSICHEHE
BMIIIE, X04a CJIi/I paxyBaTUCS 3 MOXJIMBICTIO IXHBOI
peasnizalii Ha mpaKTUli. Y pi3HUX CepisgX EAMHUIN 3Hi-
MOK KOXKHOI JUISTHKM BUKOHYBABCS IPU Pi3HUX 3HA-
yeHHsX TaHraxy KA. 3a pe3ynbraraMym KOHKpPETHOL
cepil po3paxoBYBaJIMCS Y MeTpax XapaKTepUCTUKU
My, My, M ,— OlliHKM MaTeMaTUYHKUX OYiKyBaHb 1O~
MMJIOK OOUYMCJIEHHSI KOOPAMHAT 00’ EKTIB Y 36MHOMY
Gasuci J —Ta Gy, Gy, G, — OLIHKK CEPEIHIX KBAapa-
TUYHUX BiIXUJIEHb TUX K€ MOMUJIOK.

Pospaxynku 3a anropurmom (1)+(3) BUKoHyBa-
JIMCS 32 LIUMKJIIYHOIO cxeMolo. TTicist KoXHOI OLliHKM1
3HAYEHHS I ; IUTsI KOHKPETHOTO MapKepa BOHO BBOII -
JIocs SIK TToYaTKOBa YMOBA /111 YTOUHEHHSI B HACTYTI-
HOMY IUKJIi. MozemoBaHHS IT0Ka3aJjIo IIOBiIbHY, aJie
HamiliHy 30iKHICTh OLIIHOK, III0 BMMAarae IeKiJIbKOX
TUCSIY LIMKJIB JIJI1 HOCSITHEHHSI MPUAHSITHOI TOY-
HOCTiI TpuUB’sI3KU. 151 cTallioHapHOTO KOMIT HOTe-
pa 1e HeoOTskuBo. T1oBibHA 30iIKHICTh ITYKAHOT
OLIIHKM MOSICHIOETHCSI iCTOTHUMM MOMMJIKAMM, SIKi
BHOCSITBCS TIPU JliHeapu3allil piBHSHHS (2).

B tabn. 1 mokazaHO XapaKTepMCTUKU TOYHOCTI
TIpYB’SI3KM T Mapkepa No 7 minsgHku B, oTpruMaHi
MpU 3MOMIII 3 KyTOM TaHTaxy 25° Juisl pi3HUX 3Ha-
YeHb KUIBKOCTI Lg LMKIIB y cepii paxyHKy. Bun-
HO, SIK 31 30UTbIICHHSIM Lg 30LTbIIYETHCS TOYHICTh
MPUB’SI3KU, TOXOASYN 10 HACUUEHHSI B HUXKHIX PSifI-
Kax TabyulLi.

B Tabi. 2 mpuBeaeHO XapaKTEPUCTUKU Gy, Gy,
G, OTPMMaHi NPU MOJENIOBAHHI KOOPAMHATHOI
NPUB’A3KK MapKepiB nistHoK Bta Cripu Lg= 50000
i 3HOMKM 3 KyToM TaHraxy 2.5°. OcKilbKu po3mipu
HinssHOK B i C BiTHOCHO HEBEJMKi, BiIMiHHOCTI y
TOYHOCTI MPUB’SI3KM MapKepiB OAHI€T MIISTHKU He-
3HAYHi, X04Ya MOMiTHAa TEOPETMYHO OOIPYHTOBA-
Ha TEHAEHLisI A0 3HMXKEHHS TOYHOCTI MPUB’SI3KU
00’€eKTIB, BigmajeHUX Big TOUKu Ne 7.

3a MoKa3HUK BUAKOCTI 301KHOCTi OLIIHOK B 3a-
Jadi IMpuB’I3KN MIPUHAMAETHCS PI3HULS OLIIHOK KO-
OopIMHAT 00’€KTa X, Y, Z Ha YeproBoMy i mornepea-
HbOMY LIMKJIaX paxyHKy. B Ta0j. 3 HaBemeHO Taki
TIOKa3HUKU Vy 7, Vy 7, V77 IS 00’exta Ne 7 minstHKkm
B, oTpuMaHi B 0MHOMY 3 BapiaHTiB paxXyHKYy, i aHa-
JIOTiYHI MOKa3HUKU Vxie Vrie Vzie M o0’exTa
No 16 Ti€l x DiASHKM JUIS Pi3HOI KiJIBKOCTI LIMKJIIB
Lg. BumHo, 9K NIBUIKO YTOYHIOIOTHCS OLIHKKM Ha

Tabauys 1. XapakTepuCTHKH TOYHOCTI MPUB’I3KH, AiIsIHKAa B, Mapkep 7

Lg My, m My, M M, m Gy M Gy M Gy M
5 —346 849 -996 2473 6072 7124
50 47.1 27.3 43.9 453 258 413
500 0.6 0.5 1.5 126 8.8 130
5000 0.1 —0.5 1.0 6.0 5.9 8.5
50000 —0.2 0.5 1.2 3.0 6.5 6.9
Tabauys 2. TloMuky NPUB’I3KU MapKepiB Ha ainsnakax Bi C
JlinsgHka Gy, M Gy, M G,HM

B 9.7 88 7.1 6.7 2.7 29 3.0 3.0 7.5 63 7.3 89

76 6.8 64 6.5 29 24 22 28 8.1 6.8 6.7 8.2

6.6 7.3 84 9.1 36 29 26 25 10.1 81 6.1 7.0

8.0 8.310.6 11.4 35 3.1 3.0 22 11.2 9.1 64 6.3

C 49 43 3.6 3.5 7.8 6.0 5.7 8.1 57 6.1 72 1.7

37 3.6 32 33 7.7 57 62 1.8 53 54 58 6.0

33 3.8 46 5.0 7.1 55 69 8.5 74 72 62 59

41 47 58 6.4 6.8 52 6.6 93 9.7 9.0 8.0 7.5
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Tabauys 3. TloKa3HUKM MBUAKOCTI 30i2KHOCTI OLIHOK

Lg Vx,7» M Vy,7» M Vz7, M Vx,16 M Vy,160 M Vz,16 M
1 8.5-10° —2.2-10* —7.6-10* —5.6-10* —1.5-10* —5.1-103
5 -52 93 —50 —130 240 -120
50 —0.45 0.80 —0.43 —-1.2 2.2 —-1.2
500 —4.4-1073 7.9-1073 —4.2-1073 —1.2-1072 2.2-1072 —1.2-1072
5000 —4.4-10° 7.8-1073 —4.2-107 —1.2-10~* 2.2-107% —1.2-10~*
50000 —4.4-1077 7.8-1077 —4.2-1077 —1.2-10°° 2.2-107° —1.2-10°°
Tabauys 4. 3aneXKHICTb TOYHOCTI MPUB’ I3KM BiJl TOYHOCTI BUXITHUX JAHUX
Lg Sg» KM My, M My, M M, M Gy, M Gy, M G, M
5 1 —84.8 151.1 —80.4 393.5 702.1 375.1
10 —712.5 1271 —681 2769 4941 2649
100 —223.3 398.8 -213 3208 5724 3067
5000 1 —17.4 30.8 —16.2 77.6 136.2 72.7
10 -2.8 4.5 2.1 29.2 48.3 26.7
100 -0.3 0.1 0.2 9.4 9.1 9.0
500000 1 —-0.4 0.4 0.1 7.3 2.9 8.1
10 -0.3 0.3 0.2 7.3 2.7 8.1
100 -0.3 0.1 0.1 7.3 2.7 8.1

MEePIIMX LIUKIaX, i 9K TOYHICTb OL[IHOK JOCSITa€ Ha-
CUYEHHS 31 30UIbIICHHAM L.

SIK BUTIJIMBAE 3i CKa3aHOro, Aiarla30H MoYaTKoOBO1
HEBU3HAYEHOCTI Ar, KWl OOIyCKa€ YCIIIIHE 3a-
crocyBaHHs aaroputMy (1)+(3), 1OCUTh MIMPOKUIA.
Jl71st meMOHCTpallil 3aJIeXKHOCTI TOYHOCTI ITPUB’ SI3KK
Bill (pakKTUYHOTrO PiBHSI TOYHOCTI BMXiHOiI arpoK-
cuMallii KOOpIMHAT MiClIe3HAXOMKEHHsSI 00’eKTa
MPUB’I3KM BUKOHYBAJIOCS JA0AATKOBE MOJEIIOBAH-
Hs1. Moro pesynsratu st 06’exta Ne 7 minssHKu B
MOKa3aHo y Tabi. 4, ne S; — CcepelHe KBaaparuy-
HE BIIXWJIEHHS MOYaTKOBUMX 3HAUY€Hb KOOPAMHAT
BekTOpa IOMMWIOK Ar. IlpaBmoromiOHe ITOsICHEH-
HJ KUIbKICHUX CHIiBBIZHOIIEHb MIX ITOMILIKAMU
NIPUB’SI3KU TIPU Pi3HUX 3HaYeHHsAX Lg i S mossrae
B TOMY, IIO MPU BiIHOCHO MaluX 3HAYEHHIAX S
3aTyXaHHS 3raJlaHuX MOMWIOK Ma€ KOJUBAJIbHUIA
XapakTep, a Npyu BEIMKUX S; — aCUMITOTUYHMIA
XapakTep. 3 LMM Y3TOIXYIOTbCS Pe3yJabTaTh MoJie-
JIIOBAHHS MPU MPOMIKHUX 3HAYEHHSX L g, HE BKIIIO-
JyeHnX y Taou. 4. fx i ciig Oyno o4ikyBaTH, MiCJIsS
3aKiHUEHHS TepexigHux mpouecis (y Taba. 4 — npu
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Lg = 500000) mincyMKoBa TOYHICTh KOOPAMHATHOI
NPUB’ 3K IIPAKTUYHO HE 3aIEXUTh Bill ;.

OueBUIHO, piBHSAHHS (2) XapaKTepU3ye PiBHEBY
MOBEPXHIO, ajie He peaJibHUil pelbe(d MiClLIeBOCTI.
Bcymepeu crporieHMM MipKyBaHHSIM, SIKIIO TIPU
3OMIIi JIiHisI Bi3yBaHHSI 00’€KTa-MapKepa CTpPOro
BepTUKaJIbHA, ajle caM MapKep JIeXXWUTb BUllEe abo
HIDXKYe PiBHEBOI MTOBEPXHi, B 3araJIbHOMY BUTAIKy
BU3HAUYEHHS T€OLEHTPUYHUX KOOPAUHAT Ha 11ii1 1mo-
BEPXHi MOXXe BUSIBUTUCS HeTouHUM. Lle He cymepe-
yuTh piBHSIHHIO (11) 3 pobotu [1], sike aHaAIITUYHO
3B’s13y€ KOOpAMHATU 00’€KTa Ha 36MHili TTOBEPXHi 3
eJleMeHTaMM JOCTYIHO1 iH¢opmaittii. Cynsuu 3 pe-
3yJIbTaTiB MOJAEIIOBAHHS 3 ileaTbHUM MOETHAHHSIM
0a3uciB KaMepH i 30psTHOTO AaBada i 0e3IMOMUIIKO-
BUMM TIOKa3aHHSIMU UYYTJIUBUX €JIEMEHTIB, IMiIHE-
CeHHs MapKepa Haj piBHeBil moBepxHi Ha 100 M mo-
POMXKYE ITOMUJIKY OLIiHIOBAaHHSI IIIMPOTU ITPUOIU3HO
B 3". Ha miclieBocTi 1IbOMY BilIOBiNalOTh MOMWIKH
MO3UILIIOHYBaHHS B JE€CSITKM METPIB.

3 IBOX pIiBHSIHB Yy Bapiallisix, IO BiIIOBiZarOTh
HeJiHiIlHOMY PiBHSIHHIO (2), SIK BUTAETHCS, TiAbKU
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piBHsAHHS (3) Ma€ MpaBWIbLHUN i 301KHMIA pO3B’sI-
30K. 3 LIMM J0Ope y3roKYIOThCSl YMCIEHHI PE3YJib-
TaTU KOMIT'IOTEPHOTO MOJIEIOBAHHS, BUKOHAHOTO
3 BapiloOBaHHSAM JUCJIOKallii MapKepiB Ha TOBEpX-
Hi 36MHOTO eJiIcoiia Ta peaizailii BUIMAIKOBUX
30ypeHb. s KOHTPOJIIO MNPaBUJIBHOCTI OLIIHOK
MNpUIaTHI MOKAa3HUKU 301KHOCTI, MONiOHI A0 mpu-

BeJleHuX y Taba. 3. MoxXHa nmokasaTu, puHaiMHi
MIpY BepPTUKAJbHIN JIiHII Bi3yBaHHS MapKepa, IO
piBHsIHHS (3) y TOMY BUIJISIL, SIK BOHO 3arucaHe,
MPaBUJIbHO OLiHIOE BEPTUKAJIbHY CKJIaJ0BY BEKTOpa
MMOMMIIKU Ar. [IprHaliMHI TpUETHAHHST aJITOPUTMY
(1)+(3) no meTomy, 3anpOIOHOBAHOrO B po0oTi [1],
He 3MEHINYE HamiiHOCTI KOOPAUHATHOI TIPUB’SI3KM.
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A VERSION OF THE GEO-REFERENCING OF GROUND OBJECTS
USING SINGLE SPACE SNAPSHOT

The problem of the positioning of unknown ground objects in a coordinate system related to the Earth (geo-referencing prob-
lem) is considered. The task was to use the single snapshot of the above-mentioned objects (markers) obtained with an onboard
imaging camera of the spacecraft on the near-Earth orbit. The snapshot was transmitted to the ground-based services together
with synchronous accompanying information for processing using the on-ground computer. The a priori accepted mathemati-
cal description of the Earth’s shape was attracted. Imaging of markers for geo-referencing was preceded by in-flight calibration,
which is to clarify the mutual attitude of the camera and the onboard star tracker in the body of the spacecraft. Unlike statements
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of the above-mentioned problem and its solutions in known publications, here we started from a highly rough approximation
of unknown coordinates of geo-referenced objects with errors at the 100 km level. At this base, the nonlinear equation of the
Earth’s surface is replaced by a linearized equation to positioning errors of an unknown marker. The expression in the left part
of this equation represents a projection of the vector of positioning errors onto the direction of the marker’s geocentric radius-
vector. The above-mentioned equation is solved together with the vector equation of errors composed on the base of the photo-
grammetric collinearity condition. The system of four scalar equations of errors is wittingly nonsingular if the marker’s line of
sight is non-orthogonal to the radius-vector of the marker.

Simplifications made during the linearization of the equation of Earth’s shape essentially distort the estimation of the geo-
referencing’s parameters. To dilute this effect, the method of geo-referencing based on using the fuzzy state observer is proposed.
The method is realized as a sequence of cyclic operations. In each cycle, a relatively small elementary part of the marker’s
positioning error is estimated using a fuzzy observer. The convergence of the estimation procedure makes it necessary to repeat
up to thousands of elementary cycles to get acceptable accuracy of geo-referencing. This can be easily handled by computers in
on-ground conditions.

Accurate and unambiguous estimation of three coordinates of a geo-referencing object is possible when it has a low height
above the level surface.

Keywords: spacecraft, geo-referencing, star tracker, camera, fuzzy observer, equation of the Earth’s surface, convergence of the
estimations.
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JlepxxaBHa yctaHoBa «HayKoBuii LIEHTp aepOKOCMIYHMX JOCTIIKEHb 3eMJTi
IHcTUTYTY reosioriunmx Hayk HarioHanbHOT akagemMii Hayk YKpaiHu»
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MEPKOJALINHA MOJAEJb A4 KOHTPOJIIO ITOIIUPEHHSA
3APAXKEHD JIICY 3A 30bPAXKEHHAMU 3 KOCMIYHUX AIIAPATIB

s Yepainu i 6aeamvox kpain €8ponu akmyanrbHum € upiuieHHs npobaemu Kamacmpo@piunoeo 6Cuxauts i 3aeubeni cocHogux
aicie, siKke cnocmepieaemocs OCMAHHIMU POKAMU K HACAIOOK 3apajiceHHs depeé cmogOyposumu wkionukamu, xopoioamu (Ips
acuminatus, Ips sexdentatus). Jlns supiuienus yiei npobaemu uKOpUCmOo8yomsCcs pe3yasmamu 00CAI0NCeHb PI3HO20 PiBHS, 30KpeMd
ducmaHnyiiine 30H0Y8aHHA 3 KOcMiunux anapamis. Tpaduyitini Memoou KOHMpPOA0 3a KOCMIYMHUMU 3HIMKAMU 0036015H0Mb ONUCA-
mu iHMEeHCUBHICMb 3apadceHHs: EOUHUM CNOCOOOM — GU3HAUEHHAM NAOUWL KAACmepie 3apaiceHHs npu YMOGI GUCOKOI npocmopogoi
DpO3pizHeHHOCmI ducmanyitinux oanux. Pezyivmam eumipiosanus niow Kaacmepie iCMomHo 3aiexcums 6i0 macuimaoy 3HoMKU,
uepe3 me wjo noje 3apajcens € Heenadkum. Bucoka eapmicms ompumanus demanbHux OaHUX ICMOMHO CMPUMYE 3ACMOCYBAHHS
iHGhopmayiliHux KocMIMHUX MEeXHOA02IH 015 KOHMPOAI0 NOWUPEHHS 3apadiceHHs. Y 6unaoky macumabHo-iHeapianmHo2o po3nooiny
naow Kaacmepie 3apancenb 3aCMoCcy8aHHs CIMAmMuCmu4Hi Memoou i Memoou nepkoasuitinoi meopii modxce damu icmomuo Oinvuie
inghopmauyii npo xapakmep 3apaxcenus.

Bnpoeaoircyeani macuimabno-ineéapianmui inHduKkamopu 003604510Mb GU3HAYAMU IHMEHCUBHICMb 3aPANCEHHS 34 KOCMIYHUMU
BHIMKAMU cepedHboi npocmopo8oi po3pizHeHHOCI, W0 3HAUHOI0 MIPOH CRPUSE NIOBUWEHHIO eKOHOMIUHOI eghekmuenocmi 3acmo-
cy8anus iHopmayiiHoi KocmiuHoi mexnonoeii ducmanyitinoeo 30H0y8anHs. Pozeasnymo memoou kKoumpoato i ananizy 3apajiceHHs
aicy, wo 6asyromucs Ha QizuKo-mamemamurii meopii nepkoasauii, 6 pamkax aKoi po3ens10aemovcs Nowuperus @aridy (WKiOHUKIg)
6 HeoOHOPIOHUX cepedosuw,ax. 3anponoHo8ami memoou 06pooKu ma inmepnpemayii KocmiuHol iHghopmayii 00360450mMb 3po6UMU
HUBKY 8aXCAUBUX BUCHOBKIG | HA IXHill OCHOBI ompumamu 00TPYHMOBAHI peKomeHOayii, cnpsamMoeaHi Ha nideuuyeHHs egheKkmueHocmi
bopomvbu 3 wkionukamu aicy. Ha 3aeepuienns yeii nioxio npointocmposano ekcnepumenmamy 3 peansbhumu KOCMIiYHUMU 300pa-
NCEHHAMU 1 pe3yabmamamu 8anioayii nepKoAAyiiHoi Mooeni NOWUPEHHS 3aPAdNCeHb NICY.

Karouosi caoea: 3apadicenns aicy, nepkoaayiiina meopisi, Kaacmepu 3apasiceHHsl, KOCMIYHA 3HoMKa, cmeneHesuil po3nodin, ckeli-
AUH2, IHOUKAMOPU 3aPANCEHHS.

BCTVYII NPUIINSIETbCS BeAMKa yBara 3 OOKY MiXXHapOmHOI
JlicoBi exkocucremMu BUKOHYIOTh HaMBaXJIMBIilIl | rpoMajachbkocTi. g Ykpainm i 6aratbox KpaiH €B-
€KOJIOTiUHI (DYHKIIII Ta € KJIIOUOBUM KOMIIOHEHTOM | POIM aKTyaJIbHUM € BUPpILLIEHHS Ipo0JeMMu Kara-
oiocepu. Ilpobaemi 30epexeHHs], BiAITBOPEHHS i | CTpodiYHOro BCMXaHHS i 3arubesi COCHOBUX JIiCiB,
palioHaTbHOTO BUKOPUCTAHHS JIICOBUX PECYPCIB | sIK€ HAMITUJIOCS B OCTaHHI POKM B pe3yJIbTaTi IXHbO-

LHurtyBanHs: Aptiomienko M. B., Tomuenko O. B. I1epkoJisiuiiiHa Moaeb AJis KOHTPOJIIO HaJl MTOLIMPEHHSIM 3apaXKeHb JIicy
3a 300pakeHHSMU 3 KOCMIYHUX amapaTiB. Kocmiuna nayxa i mexnonoeis. 2020. 26, Ne 4 (125). C. 45—56. https://doi.org/
10.15407 /knit2020.04.045
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ro 3apaXke€HHs CTOBOYPOBUMM IIKiZHMKAMU, KOPOi-
namu (Ips acuminatus, Ips sexdentatus) |2, 3]. Cepen
noHan 30 gepeBHUX ITOPid, MPeaCcTaBIeHUX B JIicax
VYKkpaiHu, yacTka COCHM CTaHOBUTb B CEpeHbOMY
33 %, a B okpeMUX perioHax BoHa nepesuiiye 80 %
[3]. 3a pekomeHaaLi€0 BITYM3HSIHUX 1 3apyOisKHUX
¢axiBLiB, EIMHUM e(PEKTUBHUM 3aCO00M OOPOTHOU
3 KOPOIIOM € CBO€YacHa caHiTapHa pyOKa i TepMi-
HOBE BUBE3€HHSI 3 JIiCY IOIIKOMXKEHOI IepeBUHH [2].

J1st BUpillIeHHST TTpo0JIeMr MacOBOTO BCUXAHHS
COCHOBUX JIiCiB BUKOPHUCTOBYIOTbCS pe3yJIbTaTH Pi3-
Horo piBHs gociimkeHb: JIHK-miarHocTuka paH-
HBOTO 3aXBOPIOBAaHHS JEPEB, CENEKIIWHUN Bigbdip
0i0JIOTIYHO CTIMKUX MOPiT MO MOJIEKYJISIPHO-TeHEe-
TUYHUX XapaKTepPUCTUKAX, METOAU (PEPOMOHHUX
nacToK, AWCTaHLiiiHOro 3oHayBaHHs (I13) 3 0e3-
MiJIOTHUX i KOCMIYHUMX JIiTaJbHUX amapariB i Bi3y-
aJlbHUI KOHTpOJib. [Ipu criocTtepexkeHHi XBOMHUX
JIiciB YKpaiHu 3a JOIIOMOTOI0 BMCOKOTOYHUX CEH-
copiB kKocmiuHux anapatiB (KA) mMoxHa nobdauu-
TH, IO CepeJl 3eJICHUX XBOMHMX JepeB HasIBHI UMC-
JICHHI BKparuleHHS >KOBTO-PYIMX MUISTHOK Pi3HUX
po3MmipiB i popmu. Lle ypaxkeHi ;KykaMu-KopoigaMu
nepesa [1]. 3HauHi IO 3apaxkeHH: JIiCiB, IIBU/I-
KiCTb IOIIMPEHHSI i PO3BUTKY HOPOCIMX OCOOMH
KOpOIIiB IIpM BUCOKIM BECHSIHII TeMIlepaTypi, sika
CIIOCTEPIraeThcsl B OCTaHHI POKH, CITPUSIE HIBUIKO-
My (3a KiJibKa TUXKHIB) YCUXaHHSI COCEH.

3 orjisiy Ha BUCOKY LIBUAKICTH MOIIMPEHHS 3a-
pakeHHs JiciB, MPUPOIHUM CIIOCOOOM TJI00ATBHO-
o OIePaTMBHOTO KOHTPOJIIO CUTYyallil € MPOCTUI
MipaxyHOK IUIOII KOPOITHOIO BCUXAHHSI JiCOBUX
MacHMBiB Mo BHCOKOTOUuHMX 3HiMKax 3 KA. Ilpu
LILOMY pe3yJibTaT BUMiplOBaHb ILUIOLL KJIaCTepiB 3a-
PaXeHHSI CYTTEBO 3aJIEXKUTh Bijl MacluTady 31oMKH,
OCKIiJIbKY I0JIe 3apaXkeHb € HerslaakuM [4]. Onucatu
IHTEHCUBHICTh 3apaX€eHHS TPaIULIiHHUM METOIO0M
MOXHa €JIMHUM CIIOCOOOM, a camMe€ — MiIpaxoBy-
JOUYU TUIOLLY MPU BHUCOKIiM MTPOCTOPOBIiii pO3pi3HEH-
HOCTI, TOOTO MpU JOCUTh Majiii BEJIMUMHI IIPOEKIIil
mikcesia 300paxkeHHsI Ha 3eMHY noBepxHio. OmHaK
BUCOKa BapTiCTh OTPMMAaHHSI BUCOKOTOUYHUX JTaHUX
iCTOTHO CTPUMYE 3aCTOCYBaHHSI iH(opMalliiHUX
KOCMiUHUX TEXHOJIOTiH /IS KOHTPOJIIO TOLIMPEHHS
3apaXkeHHs. ¥ BUMNagKy MacIITaOHO-iHBapiaHTHOTO
pO3IOoIiny IIoll KiacTepiB [4—8] 3acTocyBaHHS
BiIMOBiMHMX METOIB 1 MOJeIel iHTepHIpeTallil Koc-
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MivHoi iHdopMallii Moxke maTu HabaraTo Oible iH-
¢opmaliii mpo xapakTep 3apaxkKeHHsI.

o nepeniky 00roBoptoBaHuUX B11il CTaTTi 3aBIaHb
BXOJUTh BUKOPUCTAHHSI MacIITaOHO-iHBapiaHTHUX
IHAWKATOPIB, SIKi 1O3BOJISIIOTh BU3HAYATH IHTEHCHUB-
HICTb 3apaXeHHS 32 KOCMIYHUMMU 3HIMKaMU cepe/l-
HBOI MPOCTOPOBOI PO3PI3ZHEHHOCTi, 10 3HAYHOIO
MipoI0 CHpPUSE ITiABUIIECHHIO €KOHOMIYHOI e(eK-
TUBHOCTI BUKOPUCTAHHS KOCMIYHOI 3iIOMKU.

PesynbraTtu aHasi3y ro0ajJbHOrO PiBHSI CIIOCTE-
pexeHb 3 KA 6a3ytoTbest Ha (hi3MKO-MaTeMaTUIHUX
METO/IaX Teopil MePKOJIALIil, B paMKax SIKO1 pPO3TJIs-
Ja€ThCST TTOLIUPEeHHS (oiny (IIKiTHUKIB) B HEOI -
HopigHuX cepenoBuiax [7, 8, 10]. Po3mistHyTI HIX-
ye MeToIM OOpOOKM Ta iHTepmpeTallii KOCMiuHOi
iH(opMallii J03BOJISIIOTh 3POOUTU Psif BaXKJIMBUX
BUCHOBKIB i Ha IXHilfi OCHOBI OTpUMaTHh OOIPYHTO-
BaHi peKOMeHZAllil, CIIpsSIMOBaHi Ha IiABUILCHHS
ebeKTUBHOCTI OOpOTHOM 3i 1IKimHUMKaMu Jicy. Ha
3aBepIICHHS Liel MiaXig MpOUTICTPOBAHO YHUCIO-
BUMM €KCIIEpUMEHTaMU 3 peaIbHUMU KOCMiYHUMU
300pakeHHSIMU i pe3yabraTaMy BaJlijallil epKoJs-
LilfHO1 MOJIeJIi MOLIMPEHHS 3apakeHb JIiCy.

ITOCTAHOBKA 3AJIAYI

JlviHaMika MOILIMPEHHS 3apakeHb JepeB Y JIici po3-
[JISIIAETBCS K BUIAJIKOBUI mpoliec, sKkuii popma-
JI3YETHCS JBOBUMIiPHOIO MOIEJUTIO TTEPKOJISLIil i BU-
BYAETHCS MO KOCMIYHUX 3HIMKaX JIiICOBOIO MAaCHBY.
Ha pemritui mikceniB (pactpi) mxm= N KBampar-
Hoi obsacti W, JiiHiliHOro po3Mipy m, 3agaHo OiHap-
He 300pakeHHs, BU3HaUYeHe HM(PPOBOIO (PYHKIIIEIO

l,jeB
; _|+lieB, n
70, jeB,

ne j=1,N HoMmep mikcesna, B — kjac 00’€KTiB «KJTi-
TUHKA i3 3apaXeHUMMU JepeBamMm». Lleit kinac Bu3Ha-
YaeThCS y TIPOLECi cerMeHTallil 300pakeHHsI JIico-
Boro MacuBy 3 KA. @yHK1lisg Ij PO3IJISIAAETHCS Aali
sK OiHapHe 300paXKeHHsI KBadpaTHOI obOyiacTi
IUIOIIMHY 3eMii. B o6macti Q 300paxeHHsM 3a-
JIaHO CITKY, KBaApaTHi KJIITUHKM SIKOI € IPOEKIIIIMM
MiKCceiB Ha 3eMHY ILIOIKUHY. MeToao10ris epKo-
JISILiT BUKOPUCTOBYETBCS ISl MOjeJItoBaHHS (op-
MYBaHHSI KJIaCcTepiB i3 3apakeHUX KIIITUHOK obJrac-
Ti Q i BiIMoBinHO Ki1acTepiB 3 mikcesiB GiHApHOTo
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300paxkeHHs. [1in K1acTepoM Ctil po3yMiTH CyKyII-
HICTb KJIITUHOK CITKM ab0 acoLliiiOBaHUX 3 HUMU
nikcesiB GiHapHoro 300paxeHHs1 (1), o nepedy-
BaloTh B cTaHi (+1) i MaloTh xoua 6 OJHY 3arajibHy
cropoHny. [Tikceni 300paxkeHHs1 3i 3HaueHHsIMU (+1)
3a(apOOBYIOTHCSI OMHUM KOJIHOPOM.

KinpkicTb i po3Mip KjiacTepiB BU3Ha4Ya€e KOHQIry-
pallifo CiTKM 3apaxkeHHs JlicoBoro MacuBy. Ilomm-
PEHHSI 3aXBOPIOBAHHS JIEpEB PO3IJISIAAEThCS SIK Pop-
MyBaHHSI KJIACTEPiB 3 KIITMHOK KBaApaTHOI CITKU
po3mipoM mxm= N. Tlpouec (hopMyBaHHS BU3HA-
YA€EThCST PIBHEM MMOBIPHOCTI p, 3aTaJIbHUM JIJTSI BCIET
MEePKOJISILIIHOI CITKH! i XapaKTepU3y€e iHTEHCUBHICTh
MOIIMPEHHS 3apaxeHH:s1. PiBeHb p 3a1eXuTh Big 6a-
ratbox (pakTopiB, cepel SIKUX: TIJIOLIA JIicy, 3apaxe-
HOTO LIKiTHUKAMU, TeMIIepaTypa, piBeHb IPYHTOBUX
BOJ, CTaH IPYHTY, BiK J€peB, CTPYKTypa JCOBOIO
MAaCHBY, IIPOBEACHI caHiTapHi 3axoau Toio. TouyHmii
00JTiK i MaTeMaTUYHUI OITKC il HABiTh iCTOTHUX YMH-
HUKIB, 1110 BIUIMBAIOTh Ha TIOIIMPEHHS 3apaXeHb, He
€ MOXJIMBUM, a iXHsI CyMapHa Jisi MOJIEJTIOEThCS PiB-
HEM MMOBIPHOCTI p. ¥ NEPKOJISALIHIA MOE/Ti KOXHa
KJIiTUHKA CiTKM j=1, N BUMNaAKOBUMM YMHOM HaOy-
Ba€ OJIHOTO 3 IBOX CTaHiB:

+Lp;<p,
I;= 2)
0,p;2p.

Ha OinapHoMy 300paxkeHHi 3acdapOoBaHi Kili-
TMHKM BianoBigaoTh ctaHy (+1). Po3Mmipu kitacte-
piB CITKM BM3HAYarOThCs KiJIbKiCTIO KIIITUHOK, SIKi
3HAXOMSAThCS B cTaHi (+1), abo IUIolIeIo, SIKY 3a-
MaroTh KJacTepy Ha 3eMHiii moBepxHi. Kiactep Ha
300paXke€HHI MOXKE XapaKTepH3yBaTUCS KiJbKiCTIO
3ahapOOBaHMX ITIKCEJIiB, 3 IKUX BiH CKJIamaeTbes. B
pe3y/bTaTi 3acCToCyBaHHS BUpasy (2) 10 BCix mikce-
JIiB objacti Q 3apapboBaHOI0 BUSIBUTHCS BiTHOCHA
YacTKa p BCiX MiKCEJTiB.

Ha puc. 1 HaBeneHo npukiaa 0iHapHOTo 300pa-
KEHHSI TEepKOJSILIIHOI CUCTeMM Ha KBaapaTHii
peuriTi JiHiiiHOro po3mipy m=16 3 MOBIpHiCcTIO
3alOBHEHHS KIITMHOK p =0.2. SIKi10 iIMOBIpHICTh
p HeBeJnKa, TO TUIbKM HEBEJIMKa KiJIbKICTh KITITH-
HOK oTpuMa€ 3HadeHH (+1), i 6iabLricTs 3aapoo-
BaHMX KJIITMHOK YTBOPIOE OAMHOYHI KjacTepu adbo
KJacTepu Mo JABi, TpU KIITUHKHU (TiKcena). OTxke,
cepeaHill po3Mip KiacTepiB < s> TexK HEBEJIUKUIA.
ITpu noBTOpPEHHI OOUMCIIIOBAJILHOTO €KCIIEPUMEHTY
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Puc. 1. lemoHcTpaiitHuit mpukian ¢dpparmMeHTa GiHapHOTO
300paXkeHHS NMEPKOJISLIINHOI CiTKU Npu 3HaYeHHi p = (0.2 Ha
peuritii 16 x 16

3 MEPKOJILIMHOI0 MOJEIII0 KOXHOIO pa3y BUXO-
ISITh HOBI KOH(irypallii KJ1acTepiB Ha pelliTIIi.

3i 3poCcTaHHSIM MMOBIPHOCTI p OLIBIIICTD KJIiTH-
HOK BUSIBJISIETBCS 3ahapOOBaHUMU, i BOHU 00 €m-
HYIOTHCS Y BEJIMKi KJIaCTepH, CEPEAHIl po3Mip < s >
IKMX TexX 30imbiryeTbes. [Ipm mManmx 3HaYeHHSIX
P CepelHiil po3Mip <s§> MaJUMid i He 3aJIeKUTh Bif
po3MipiB ciTku. [Ipy meBHOMY KPUTHUYHOMY 3Ha-
YeHHi MMOBIPHOCTI p= p, cepell KIacTepiB pi3HO-
I'o pO3Mipy BIIepIlIe CIIOCTEPIra€ThCsl ONUMH BEIUKUIA
MNEPKOJSILIMHUNA KIacTep, SIKUM TITHETbCS Bill Of-
HOTO Kpalo CiTKHU 10 IPOTWIEXKHOTO, i CTAa€E MOX-
JIMBUM TaKWil CTaH CTPYKTYPH, IIPU SIKOMY € Xo4a 0
OIVH HETIepePBHUI IIIJISIX Bil OMTHOTO Kpalo CiTKHU 10
npotuiexHoro. B 1iboMy Bunaaky citka (cucrema
KJIITUHOK) TIEPKOJTIOE (MPOTiKae), i, IKILO CiTKa cTae
BEJIMKOIO, CTA€ BEJIMKUM i 3HAUEHHS < § > — cepell-
Hill po3Mip KJ1acTepiB 30iJbIIYETHCS i3 3pOCTaAHHSIM
PO3MipiB IepKoJIsLiiiHOI ciTku. OTXe, MepKosi-
LilfHA CiTKa MOMIEJIOE IBa Pi3Hi BUMAOKU, — OIUH
IUI MaJIuX 3Ha4eHb MMOBIPHOCTI p < p, , IIPH SIKUX
< .§> TaKOX MaJie i He 3aJIeXKUTb Bi/l pO3MipiB CiTKH.
Hpyruii BUMagoK BUHUKAE MPU BEIUKUX 3HAUYCH-
HAX p 2 p,, IS IKMX CepeJIHE 3HaYEeHHs KJIacTepiB
< §> BeJIMKE i 30ibIIYETHCS 31 301TbIIEHHSIM CiTKU.
L5 BracTUBICTh MEPKOISALIAHOI CITKM BUKOPUCTO-
BYETbHCS Yy (Di3ULIi AJIs1 MOJIEJIIOBAaHHSI Oe3IepepBHUX
¢azoBux mepexoniB [7, 8]. Ilepxoisuiss y Momeni
MOIIMPEHHS 3apaxKeHb PO3LIISAAETHCS SIK PE3YIIb-
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TaT 30UIbILICHHS KJIACTEPiB A0 pO3MipiB, CYyMipHMX 3
po3Mipom JiicoBoro Mmacuy. CepenHili po3mip Kiiac-
TepiB <§> CITKM BUKOPUCTOBYETHCS y MOJEII SIK
OJlHA 3 IHAWKATOPHUX O3HAK i Mipa iHTEHCUBHOCTI
3apakeHHs JIiICOBOTO MAacHUBY, a JWHaMiKa IIi€l Be-
JIMUMHU CJIYTYE MipO0 TMOILIMPEHHST 3aXBOPIOBaH-
HS JIEPEB JIICOBOTO MAcUBY 3a CIIOCTEPEXEHHSIMU
3 KOCMOCY.

Banipganiss 3a KOCMiYHMMM 3HIMKaMU TIEPKOJISI-
LiliHOI MOAeIi MOIIUPEeHHs 3apaxKeHb JIiCY mepem-
0Oavae BCTAHOBJICHHSI PSIly OCHOBHUX BJIACTUBOCTEM
MepKOJISLINHOI cucTeMU 3a 300paxkeHHs MU 3 KA:

* YTBOPEHHSI KJIACTEPHOI CTPYKTYPU 3apakeHHS
TUTSTHOK JTiCY;

® 3pOCTaHHS CEPeIHBOIO po3Mipy (ILUIOIL) Kiac-
TepiB CTPYKTYPHU i3 3pOCTaHHSIM ITOIIMPEHHS 3apa-
JKEHHS JIiCY;

° CcTerneHeBa 3aJIeXXHICTh YACTOTHOTO PO3MOJIiTY
KJIaCTepiB CTPYKTYPH 3a PO3MipaMHu.

Buxonsiuu 3 BiacTMBOCTEM TMEPKOJSLIAHOI MO-
JIeJTi, HeoOXiTHO BU3HAYMTH IHAWKATOPHI O3HAKWU,
110 KiJIbKICHO XapaKTepu3yloThb IHTEHCUBHICTh MO-
IIMPEHHS 3apaKeHHS, METOJMU i aJITOPUTMU (POPMY-
BaHHS iHAMKATOPHUX O3HAaK (iHAMKATOPiB) 3a KOC-
MIiYHMMU 3HIMKaMH, a TaKOX BCTAHOBUTHU 3ajieXk-
HICTh LIMX O3HAK BiJl MPOCTOPOBOI PO3Pi3HEHHOCTI
(Maciurady) 3OMKH.

METOJH I AJITOPUTMU
©OPMYBAHHSA IHIUKATOPIB

Aneopumm o6MuUCAeHHA cepedHbO20 PO3MIpY Kaacme-
Pi6 neproaauitinoi cimku. 3agaMo KoHQirypatiito cit-
KM KIJIBKICTIO i po3Mipamu KiactepiB. Po3mip kiac-
Tepa BU3HAYAETHCS KiIbKICTIO B HBOMY KJIITMHOK
crady (+1). Tum knacrepa XapakTepu3y€eThCs MOro
po3mipom. Hexaii mepexa ckiamaetbes 3 i=1,M
TUIIB KJIACTEPIB, TOML: §; — PO3MIp KJIACTEPIB /-TO
THITY, 7; — KUTbKIiCTh KJIACTEPIB i-ro TuIly. BusHauu-
MO MMOBIpHICTb W; TOrO, 110 BUIIaAKOBO BUOpaHa
KJIITUHKA CITKU HAJIEXKUTb KJIACTEPY i-TO TUITY, IKUIA
Mag€ po3Mip s;
s n;

Wy = 3)
Zs,- n;
i=1

e
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3 ypaxyBaHHSIM 3HaiJIECHOTO BEKTOpa HMOBip-
HocTi (3), cepenHili po3Mip KJIaCTEpiB CITKU < § >
BU3HAYAETHCS K MOMEHT IIEePIIOTO MOPSIIKY PO3-
nominy

M
<s>=)ws; . (4)
=1

OnuHuLE0 BUMIpIOBaHb PO3MIpPiB KJIacTePIiB ;
i IXHbOIO CepeaHbOro po3Mipy <S> MOXYTb OyTH
KIUTBKICTh MiKCesiB ado IJiolla y KBaJpaTHUX MET-
pax MPOEKIIil MiKCEiB Ha 36MHY MOBEPXHIO.

Ilpukaao obuucaenns cepednvo2o po3mipy Kaacme-
pa cimku 3a 300paxcennam. Y TepMiHaX BBEICHUX
MO3HAYE€Hb BM3HAUYMMO XapaKTePUCTUKU KOHDIry-
paitii ciTku 3a OiHapHUM 300pakeHHSIM, HaBeIEHUM
Ha puc. 1:

M=4 i=14 s"'=1237):; n"=(0641),(5)

ne inmexc «T» — 3HaK TpaHCITOHYBaHHSI.
OOuncaeHHS BeKTOpa IMMOBIPHOCTI KJIacTepiB

BUKOHYEMO 3TigHO 3 Bupa3oM (3) 3a 3HalieHUMU

XapaKTepuCcTUKaMu KoH(pirypailii citku (5):

wT =(0.392, 0.235, 0.235, 0.137). (6)

CepenHiit po3Mmip KjacTtepa y mikcejiax 300pa-
JKEHHSI 3HAXOAMMO 3a BUpa3oM (4): <s>=2.529 .

Memoou obuucaenns posnodiaie naowy 3apajicenn.
CTaTUCTUYHUI aHali3 XapaKTepUCTUK OaraTbox
MNpPOLIECIiB YaCcTO NEMOHCTPYE BEJIMKY Bapiadeb-
HICTh 3HAYEHb BEJMYMWH, SIKi HE TPYMYIOTbCS Oiss
OAHOro ab0 AEKiIbKOX BEJIMYMH, 110 BUMipIOIOTh-
Csl, a MalOTb 3HAYHUI pO3Max 3HAYEHb, IKUA MOXE
OXOIUTIOBATH JeKiJbKa mopsnkiB [5, 6, 8]. s
MEPKOJISILIIIHOI MOJIeNi BBEIEMO Y PO3PaxyHOK Be-
JIMYUHY BapiaOeabHOCTI V KiacTepiB 3apaXkeHb SIK
BITHOIIEHHSI MK MaKCUMAaJbHOIO 1 MiHIMaJIbHOIO
IUTONICIO KIaCTepiB:

N

V: max
bl
Smin
M
Spax =Max{s;" }, 7)
.M
Sin = Mings;” },

ne M — KiIbKiCTh TUITiB KJIacTePiB.

[IpoBeneHi aBTOpaMM JOCHTIIKEHHS IloKa3a-
JIM, 110 CTPYKTypa IJIONI 3apa’K€HHH JIiCOBUX Ma-
CHUBIB XapaKTepU3y€ETbCSI 3HAUHOIO BapiabebHiCTIO
PpO3MipiB KJIacTepiB 3apaXKeHHS, 110 € OIHIEIO 3 03-
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Hak cTereHeBoro posnoaity. Cucremu i mpouecu 3
TaKOIO BJIACTUBICTIO 3BUYAHO MiAMOPSIKOBYIOThCS
CTerneHeBOMY 3aKOHY po3mnojiiy. BinMmiHHOIO oco-
OJIMBICTIO CTENIEHEBOTO 3aKOHY PO3MO/IiIY, BiTOMO-
ro Takox sk 3akoH Llunda, po3nonin ITapero ado
PO3IOIIT 3 «BaXXKUM XBOCTOM», € TTOBiJIbHE 3MEH-
LIIEHHSI MOBIPHOCTI BEJIMKMX 3HAaUYe€Hb BUMiplOBa-
HUX BeJIM4YMH X [8]. 151 cTeneHeBUX pO3IOAiIiB Be-
JIMKI TTofii BinOyBarOTbCsl HENOCTATHHO PiIKoO, 1100
iX He BpaxoBYBaTHU TP PO3IJISIIL, Yepe3 10 rpadiku
PO3IOIiIiB MalOTh BaXKi XBOCTH, 11O CBiIUYUTH PO
MOXJIMBICTb PO3BUTKY B CUCTeMi KaTacTpO(idHUX
SIBUIL, TIOB’SI3aHUX 3 MOSIBOIO BEJIMKUX 3HAUYEHb X.
CTOCOBHO 10 MOIIMPEHHS 3apaXKeHb JiCy 1ie 03Ha-
yae, 110 € BejJMKa HMOBIpHICTh MOSIBU KJIacTepiB
3apaXeHb 3HAYHMX pO3MipiB (TUI01I). Y BUIIAIKY
CTETNIEHEBOr0 3aKOHY LIUIBHICTh PO3MOALTY MMOBIp-
HOCTi BUIIQAKOBOI HEMepepBHOI BenmumHM X 3i
3HAYEHHSIMU X OIMCYETbCSl CTEINEeHEBOI (PYHK-
miero u(x):

ux)=Cx™*, x>0, >0, (8)

a JUTSl AMCKPETHUX BETMYMH — BU3HAYAETHCS PSIIOM
PO3IOILTY MMOBIPHOCTI

p=P(X=x,),x,>0, i=ln

n
pi:cxi_aﬂ OL>0, Zpizlv (9)
i=l
ne C,c — cTaji BeJIMYUHU, 0L — CTETIEHEBUI ITOKa3-
HUK, p; — WMOBIpHICTb, OOYMCIIEHA K BiIHOCHA
4acToTa, 3 KOO 3yCTPiYalOThCS 3HAYEHHS X; .

CreneHeBuit BuJ (byHKIIT 1IiibHOCTI (8) B Gij0-
rapupMiyHUX KOOpAMHATAaX BUPAXKAETLCS JIiHiM-
HOIO 3aJIEXKHICTIO
(10)
siKa BAKOPUCTOBYETHCSI IS ileHTUdiKallii po3o/Ti-
JIiB JAHOTO THUITY.

VY po6ori [8] Ha MoAebHUX PUKJIagax oKa3aHo,
IO igeHTUdIKAaLlig CTeeHeBMX PO3ITOALIIB 3a 10M0-
MOT0I0 ITOOYA0BU riCTOrpaM € IoraHoI0 MPaKTUKOIO.
3rinHo i3 BupaszoMm (10) rictorpama creneHeBOro
pO3MOoAiy y TMOABIMHMX JToTapu(pMIYHUX KOOPAUHA-
Tax MOBMHHA BUIJIAIATU IK npsiMa JiiHist. [Tpore cra-
TUCTUYHUIA 1IyM JUISI BEJIMKUX 3HAYeHb BEJIMUMHU,
1O PiZIKO 3YCTPivYarOThCsl, MPU3BOAUTD JI0 Tiepeayac-
HOro 0Opi3aHHS «XBOCTa» TicTOrpaMu. Y BUMAIKY
CTeTeHEeBMX PO3MOAiIiB 4151 TOOYI0BU ricTorpam, sIKi

Inu=InC-alnx,
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PO3IJISIIAIOTHCS SIK €MIIIPUYHUIA aHAJIOT IIJIbHOCTI
MMOBIPHOCTi, HEOOXiMHO MaTH BUOIPKM IyxKe BEIH-
Kux 00’emiB. Ha mpakTuni ineHTrdikalis creneHe-
BUX PO3IMOJiJIiB BUKOHYETHCS PAHTOBUM (paHr-ya-
CTOTa) METOJIOM, SIKM1 TIOC/Ia0IF0E BUMOTH JI0 BEJIU-
KOro O0’€MYy CTaTUCTUYHUX JAHUX i JO3BOJISIE
YHUKHYTU PpaHHBOI MOSIBU CTATUCTUYHOIO IIyMmy |5,
8]. PaHroBuii MmeTon 0OpOOKM JaHUX CIIOCTEPEKEHb
nependayae HamaHHS HoMepa (PaHry) I KOKHOTO
3HAYEHHSI BEJIMUYUHU y BUOIPLI, BIOPSIAKOBaHIN 3a
cragaHHsIM. KoOXHOMy eJieMeHTYy IOC/IiIOBHOCTI,
MOYMHAKOYM 3 HAWOLIBIIOr0 3HAYEHHS, HATAEThCS
HoMmep. EneMeHTH 3 0HAKOBUMUY 3HAYEHHSIMU OJIEP-
KYIOTb Pi3HIi HOMEPM B CHAAHIM MOCIiZOBHOCTI.
Koxne BubipkoBe 3HaUYE€HHST Ma€ PaHT, 1110 JOPiBHIOE
HaMOLIbIIOMY HOMEpPY e€JeMeHTa 3 JaHUM 3HadyeH-
HaM. PaHru 3HaueHb € HAKOMMUYEHUMU (KYMYJISITUB-
HUMM) YacTOTaMU PO3MOJIiTY, a MaKCUMaJIbHEe 3Ha-
YEHHSI HAaKOIMMYEeHOT YaCTOTH (MTOBHA YacTOTa) 10PiB-
HI0€ KiJbkocTi N efneMeHTiB y BuOipii. Yactora, 3
SIKOIO 3YCTPiualOThCsl 3HAYEHHST BUMTAIKOBO1 BEJTNYM -
HU, PO3IJISNAETHCH SIK CTAaTUCTUYHA HMOBIPHICTb.
IneHTHdikalisgs cTeneHeBOro po3MOoAily PaHTOBUM
METOJIOM BUKOHYETBCS LIJISIXOM MOOYIO0BU KyMYJIsi-
TUBHOI pyHKiT F(x):

F(x)=P(X>2x)= > P(X =x;),

X;2X

an

ne X — BUMNAAKOBA BEJIMYMHA, X — MOTOYHE 3Ha-
yeHHs BeMyuHU. [lo3HayeHHs Min 3HaKOM Cymu
BKa3ye Ha Te, 1110 MiICYMOBYBaHHSI MOIIUPIOETHCS
Ha BCi 3HAYEHHA X;, AKi OUIbLII YU PiBHi MOTOY-
HUM 3HauYeHHSIM. IMOBipHicHa KyMylIsiTUBHA (hyHK-
LIisI CTENEeHEBOro PO3IMOIiTY AOCSTa€ MaKCUMasb-
HOI'o 3Ha4YyeHHsI, piBHOrO OAMHULI, pu X =X
F(x,)=1.

KymynsatuBHa dyHkuis F(x) BU3Ha4YeHa SIK IS
JUCKPETHUX, TaK i 11t 0e3repepBHUX BeIndnH. s
HerepepBHOI BeIMUMHU X (byHKIIS F(Xx) NoB’si3aHa
3 (DyHKIIi€O MIIBHOCTI u(X) iHTerpaJibHUM CITiBBi/I-
HOIIIEHHSIM, B SIKOMY ITpU BUOOPi MeXX iHTeTpyBaHHS
BPaXOBYEThCSI TOU (haKT, 110 CTENIEHEBUIl PO3IMOALI
(8) pO3XOAUTHCS MPY MATUX 3HAYEHHSIX X:

min >

x (@D _

F(x)= Iu(x)dx = CI X %dx=——
=Cx (12)
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3i cniBBigHOWIeHHs (12) BUIIMBAE, 10 Kymy-
ngtuBHA GyHKLIS F(X) CTereHeBOro po3Iomily €
TaKOX CTEIEHEeBOIO (PYHKIIIEIO 3i 3HAUYCHHSIM IIO-
Ka3HUKa CTeleHs, 10 Ha OJMHUII0 MEHIIUN Bil
noka3Huka o (GyHKUii mijbHocTi (8), i B Oijora-
pUGMIYHUX KOOpAMHATAX BUPAXKAETHCS JiHIMHOMWO
3JIEXKHICTIO

InF=InC,-(a—-1)Inx . (13)

[Tpu Bimomiii MHOXWHI 3HA4Ye€Hb KyMYJISITABHOI
(yHk1ii y OinorapuMiuHUX KOOpAMHATaX METO-
JIOM HaliMEHIIMX KBaApaTiB BU3HAYAETHCS 3HAUYECH-
HsI CTEMEHEBOro IMokKa3HukKa o —1 gK KoedilieHTa
Haxuiy npsmoi (13).

VYMoBa HOpMYyBaHHSI IIUJIBHOCTI PO3IOALTY 3a-
JAEThCS PIBHSHHSIM

0

I u(x)dx=1,
Xmin
3 SIKOT0 BU3HAYAEThCS 3HaYeHHs KoedinieHTa C:
o0 0
_ c _
1=C I x %dx =——x"! ,
I-a o
Xmin min
_ oa-1

C=(a—Dxq;, -

HopMmoBanuii Bupa3 (8) Mae BUTJISA
u(x)=[(a—1)x,

BunHo, 1110 HOpMYBaHHS 3MiHIOE TiJIbKU BETUYU-
Hy MHOXHUKa C, HE 3MiHIOIOUM CTEIIEHEBOTO BUILY
pPO3MOiY, a TAKOX 3HAYEHHST CTEIEeHEBOro MoKa3-
HUKa o.. 3 OMJISIAY Ha 110 OCOOIMBICTh CTEIIEHEBOTO
PO3IOALTY 3 TOUHICTIO A0 MOCTIMHMX MHOXHMKIB
MaloTh MicClle CIiBBiIHOIIEHHS

F(x)oc x @D

a1
min

Ix™

* (14)
PaHroBuii MeTON OOYWCIEHHS KyMYISITUBHOL
(byHK1IiT po3rnoainy 103BoJisIe ineHTUdIKyBaTH CTe-
TIEHEBUIA PO3IMOALI i BA3HAYUTU MOKA3HUK CTETIEHS
SK JIJIS1 HOpPMOBaHMX 3HAY€Hb, TaK i HE Mepeimaro-
YUCh IIPO BUKOHAHHS YMOB HOpMYBaHH (14).
Macwmaobno-ineapianmmui inouxamopu 3apaxyceno
aicy 3a 300paxcennamu 3 KA. Ha matematnmaHomy
piBHi omucy MaciTaOHO-iHBapiaHTHI BJIaCTUBOCTI
CTENIEHEBUX pO3MOIiIiB o4eBuAHI. CTerneHeBUid
3aKOH JUISI iIMOBiIpHICHOTO PO3MOMAUIY 3HAaY€Hb X
BUMipIOBaHOI BEJIMYMHU BUPAXKAETHCS OJHOPITHOIO
dbynkiiero onniel sMiHHOT u(x)=cx"* i30epirae Bci
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u(x)oc x”

J00pe BiJloMi BJIaCTUBOCTI KJ1acy OHOPiNHUX (DyHK-
Lifi DOBUIBHOTO YyMcjaa 3MIiHHUX. AKIIO LIUIBHICTD
posnoainly u(x) TiAMOPSIAKOBYETbCS CTENEeHEBO-
My 3aKOHY, TO 3MiHa MaclTady X B k pasiB He 3Mi-
HIOE BUAY (PYHKIIOHAILHOI 3aJIEXKHOCTI i 3HAYCHHS
MOKa3HUKA o, 3HAYeHHS (PYHKII1 30iJbLIYETHCS
(3MeHIyeThes) B k% pasis
u(kx)=clkx)™* =ck™*x*=Cx7%,
C=ck™, k>0, a>0. (15)
Yepe3s 1110 BIACTUBICTh, CTEICHEBI PO3IOALIN Ha-
3MBalOTh MacilITabHO-iHBapiaHTHUMU. CTereHeBUit
MOKAa3HUK PO3MOIiIY o i MoKa3HuK (a.—1) Kymy-
JNSTUBHOI (pyHKIT (14) € iHBapiaHTaMU PO3MOLITY.
TouHime BU3HaAYEHHS LIMX MapaMeTPiB BUPAXKAETh-
¢Sl SIK KpaTHi MOABiMHI iHBapiaHTU IPyNy HECUMET-
pUYHUX PO3TIrHeHb [5]. MaciurabHa iHBapiaHT-
HICTh CTENEHEBMX PO3MOIiIIB pO3MipiB KJIaCTEPiB
3apaxkeHb O3HAYaE€, 110 1Ii iHBapiaHTH He 3aJIeXaTb,
a Ha IpaKTHIIiI MaJIo 3ajeXaTh Bil IIPOCTOPOBOI PO-
3pi3HEHHOCTI KOCMiYHOI 3OMKM i, OTXKE, MOXYTb
OyTM BMKOPMCTAHi SIK iHIMKATOPU iHTEHCUBHOCTI
3apaxkeHHsI, 110 BU3HAYAIOThCS SIK 10 BUCOKOTOY-
HUX 3HIMKax, Tak i Mo 3HIMKaX cepeIHbOI IPOCTO-
poOBOI poO3pi3HEHHOCTI. BiacTuBicTh MaciTabHOI
iHBapiaHTHOCTI IpUTaMaHHE OaraTboM TIeodizmy-

HUM, OiOJIOTIYHMM, COLIiaJIbHUM IIpOLIeCaM i CHUCTe-
Mawm [5, 6].

BAJIIJIALLS TEPKOJISALIIITHOT MOJENI
3APAXEHHS JIICY

Banimauist Mmogesi mpoBaauaacsl Ha TECTOBIN IiJISTH-
L[i COCHOBOIO JiCy, pO3TalllOBAaHOTO Ha TepPUTOpil
Kawminb-Kammpcskoro paiiony BoauHcbkoi 00-
JnacTi. Meroau i aJiropuTMu, SIKi 3aCTOCOBYIOThCSI
npu (GopMyBaHHiI iHAMKATOPHMX O3HAK 3apakKeH-
HsI, HaJleXXaTh J0 METO/IIB iHTepIIpeTallil KOCMiqHOL
iHdopmauii. Ilum anroputTmMam nepeayoTb METOIU
00poOKM KOCMiuHO1 iH(opmallii, 3a JT0MOMOTroI0
SIKUX BUKOHYETbCSI Kjacudikalliss Ta cerMeHTallist
300paxkeHb Jicy B pi3HMX [diana3oHaxX BUIMMOIO
CHEKTPY.

3a KOCMiYHMMM 3HiIMKaMM Ta Ha3eMHOIO iH(pop-
Malli€l0 BUKOHAHO aHasli3 IMHAMiKM HaCJIiIKiB 3ace-
JIEHHSI JIICY BepIIMHHUM KopoigoM (Ips acuminatus)
IIPOTATOM TPHOX pokKiB (2016—2018 pp.). 3a 300pa-
SKeHHSIMU  JIOCJTiJIKYBaBCsl KBaJpaTHUI (hparMeHT
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2017
g o

Puc. 2. Pesynbrat cermeHTallii (kaptu) (6, ¢) BACOKOTOYHMX 3HIMKIB (@, 8) TECTOBOI IiJISIHKM Jiicy: / — caHiTapHi pyoku, 2 —
3/10pPOBUIA COCHOBHUIA Jiic, 3 — 3apaxkeHuii (BCOXIIUIA) Jlic

JIUISTHKY Jiicy 1uioinero 53.5 ra. 3 omisiay Ha pe3yjib- | BCUMXaHHIO COCHM (KiJIbKa TUXKHIB) MpHU 3acejeHHi
TaTu Ha3eMHUX CIIOCTEPEKEHb, SIKi OKA3YyI0Th, IO | il KOPOiZOM, CerMeHTallis 3apaKeHUX IUIOI BUKO-
BUCOKIi BECHSIHI TEMIIepaTypu CPUSIOTH IIBUAKOMY | HyBajacsl MO AUISIHKAX 3acoXJIvX JepeB. AHami3 i
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2017 2018

Puc. 3. 3nimMok 2016 p. 3 KA Sentinel-2A (a) Ta pe3yJisrar cerMeHTallii (KapTi) 3HiMKiB TeCTOBOI IUISTHKH JIiCy CepeHbOT Mpo-
CTOPOBOI PO3Pi3HEHHOCTI (6—e): 1 — caHiTapHi pyOKH, 2 — 3M0POBUII COCHOBUIA JIic, 3 — 3apaXkeHUl (BCOXJIMIA) JTic

3icTaBIeHHSI IUIOLI KOPOIZHOTO BcuxaHHs cocHOBO- | (08.09.2016) i Pleiades-1B (09.08.2017), Tak i 1o
O Jlicy MpOBaaUIUCS SIK IO BUCOKOTOYHMX 3HiMKax | 3HiMKax 3 KA Sentinel-2A (puc. 3) cepeaHboi mpo-
BuauMoro mianaszoHy (puc. 2) 3 KA WorldView-2 | cropoBoi po3pizHeHHOCTi 10 MeTpiB.
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Jns posmizHaBaHHSI Ha BHUCOKOTOYHMX 300pa-
JKEHHSIX 00’€KTIB iHTepecy TPhOX KJIaciB: «CaHiTapHi
BUPYOKM Ta TAJIIBUHWU», «30OPOBUI COCHOBMIA JIC»,
«3apakeHui1 (BCOXJIMIA) JIiC» 3aCTOCOBYBaBCS 00’ EKT-
HO-OpieHTOBaHM MiaxiA. [demndppyBaHHs 3HIMKIB
CepeHbOI MPOCTOPOBOI PO3PI3HEHHOCTI BUKOHYBa-
JIOCS 3 BUKOPMUCTAHHSIM ITiKCEJIbHO-OPIiEHTOBAHO-
ro migxomny. ITicjst cTBOpeHHSI €TaloHIB [JIs TPhOX
KJ1aciB OyJIio MPOBEACHO aBTOMATUYHY Kjacudika-
11i10 00’€KTIB METOAOM IITYYHUX HEPOHHUX MEPexK
[9]. Ha puc. 2, 6, e i puc. 3, 6—e HaBeAeHO CErMEH-
TOBaHi 300paXeHHs1 (KapTu), sIKi MOKa3yloTb JU-
HaMiKy MOIIMPEHHS 3apaXeHb 1 IUISTHOK caHiTap-
HUX BUPYOOK Ha TJi 3mopoBoro jicy. Ha kaprax sicHO
MPOCTEXYEThCS KJIAaCTepHA CTPYKTypa JUISHOK 3a-
paxKeHHsI, BJlacTUBa NePKOSILIMHUM cucTemMaM. Ha
kapti 2018 p. (puc. 3, 2) BUIHO (hopMyBaHHS IIEPKO-
JISIIAHOTO KjacTepa, SKAi Mir O1 csAraTH Bif JIiBOro
IO TIPaBOTO Kpalo CiTKM, i TiJIbKY CaHiTapHi BUPYOKM
MepelKoKaTh Horo yrBopeHH0. OCHOBHI Kijlb-
KiCHi XapaKTepHUCTUKU MOIIMPEHHS 3apaXkeHHSI, OT-
pUMaHi Mo 3HiMKaX pPi3HOI MPOCTOPOBOI PO3Pi3HEH-
HOCTI i B pi3Hi pOKH, 3B€JICHO B TAOJIMIIIO.

3pocTaHHs cepelHbOl IUIOII KJIacTepiB < § > le-
MOHCTPY€E 30i7blIEHHS IHTEHCUBHOCTI 3apakeHH:
Jicy mo poxax. Ileit po3paxyHOK OyB BUKOHaHMIA
BiJIMOBIIHO J10 aJITOPUTMY PO3IJIsTHYyTOMY Buiie (1),
(3), (4). Ciing 3a3HaUMTH, 110 3HAYECHHST <S>, TaK
CaMo K i 3arajibHa TLIOIIA 3apakeHHs Sy 3aJeXaTh
BiJ MaclITady pO3IJIsiAY, SKU BU3HAYAETHCS BEJIM-
YUHOIO TIPOCTOPOBOI PO3Pi3HEHHOCTI & 300pakKeHb
3 KA. 3HauHa BapiabenbHicCTh V 110111 KJ1acTepiB 3a-
paxkeHHs (IMB. TaOJIUIIIO), MigpaxoBaHa 32 BUPa30OM

0 1 1 1 1

1 3 5 7 In x

Puc. 4. Tpadiku kymynaTuBHUX QYHKITII po3MOIiTY K1acTe-
PiB KOPOITHOTO BCMXaHHSI JIiCy 3a po3MipaMu, MoOyI0BaHi 3a
300paxkeHHsaMHU (2016 p.) 3 TPOCTOPOBOIO PO3PI3HEHHICTIO
6 =10 m (xpectuxku) i 6 < 3 M (Touku). [Tpsimi — BinmoBiaHi
JIiHi1 perpecii

(7), BKazye Ha MOXJIMBY allpOKCHUMAIlil0 PO3IOALTY
y BUIJISIIL CTENEHeBOI (PYyHKIIi1. 3HaUeHHS MapaMeT-
piB PO3MOAiIB a 3HalJEHO PaHIOBHM METOIOM
IIUISIXOM MOOYHOBM KyMYyJSITUBHUX (yHKLiNA. Lla
BeJIMUMHA € MAacIITaOHUM iHBapiaHTOM i 3MEHIIy-
€TbCS 3i 30UIbIIEHHSIM IHTEHCUBHOCTI 3apakKeHHSI.
Y Tabnuiii BKazaHi 3HaY€HHSI CTAHIAPTHUX MOXUOOK

Pe3ynsraTi Basinanii nepkoJsuiiini moneJi i ananizy 3apaxeHHs Jicy
Ha TeCTOBiii TiigHIi miomero 53.5 ra 3a 1TaHMMK 3 KOCMIYHUX anapariB

Pix, & S, ra S,, ra S, ra <s>, KB. M V,KB. M o E
2016,86<3 M 6.3 46.1 1.1 405.91 328 1.911 0.105
2017,6<3m 7.4 43.5 2.7 1084.03 433 1.598 0.197
2016,6=10m™ 6.5 43.2 3.8 1575.07 33 1.918 0.187
2017,6=10m 7.9 38.0 7.6 5796.85 140 1.600 0.093
2018,6=10m 12.9 33.8 6.8 6759.56 130 1.671 0.128

Ilosnauenns: & — NPOCTOPOBA PO3PI3HEHHICTD 3HIMKa, S| — BUPYOKH, S, — 310poOBHIi Jiic, S; — Beoxmii nic, <s> — cepen-
Hill po3Mip KjlacTepa BCOXJIOro Jiicy, V' — BapiabeNbHiCTb KIacTepiB, o — MapameTp po3Noiily KiactepiB, £ — cTaHAapTHa

noxudKa perpecii mpu ineHTUdiKalii po3noity.
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anpokcumaiii E JiHiliHOl perpecii mpyu o0YMCIeHHI
KyMYJISTUBHUX (DYHKITIIA.

Ha puc. 4 HaBeaeHo rpadikd KyMyJISITUBHUX
(byHK1IIl po3noniay KiaacTepiB 3apakeHb To TLI0-
max (po3mipax) i TectoBoi miissHku y 2016 p.
Jlinifitnuii Burasin GyHKUIN y OigorapupMidyHUX
KoopauHaTax igeHTUdIKYyE CTEeNeHEeBUI PO3MOIia
kiactepiB. OOUMCiIeHi 3a KOCMIYHMMHU 3HiIMKaMu
3HAUEHHS CTEMEeHEeBUX MOKAa3HUKIB PO3MOIITY o,
HaBelIeHi B TaOJIMIIi, JeMOHCTPYIOTh iHBapiaHTHICTh
LIMX BEJIMYMH T10 BiIHOIIEHHIO 10 TPOCTOPOBOI pO3-
Pi3HEHHOCTI & KOCMIYHOI 3MOMKH, IO HO3BOJISIE
BUKOPUCTOBYBaTH 1li BEJIMYMHU $SIK MacIITaOHO-
iHBapiaHTHI iHOAMKATOPU 3apaxkeHb Jicy 3a 300pa-
xkeHHsaMu 3 KA. Ha puc. 4 rpadiku 1BOX KyMyJIsi-
TUBHUX (DYHKIIii, OTpMMaHi IIpU pi3HUX 3HAYECHHSIX
MPOCTOPOBOI  PO3PI3HEHHOCTI &, TIpeACTaBieHi
napajeJIbHUMU IIPSIMUMMU JIiHIHOI perpecii y 0ii10-
rapudmiuHux KoopauHarax. [padiku MaloTh ofHa-
KOBi KyTH Haxwiy o, IO iTIOCTPYE MACIITaOHY iH-
BapiaHTHICTbh MapameTpa o, IK iHaukaTopa. 3i 36i1b-
IIEHHSIM IHTEHCUBHOCTI 3apakeHHs 30iIbIIYIOThCS
MaKCUMaJIbHUI i cepeIHiil po3aMipH KiacTepiB (IUB.
TaOJIUIIIO), 110 MTPU3BOAUTH 10 3MEHILIEHHSI 3HAY€Hb
iHaukaTopa o. Ipadik KymyassTuBHOI (yHKIIl Jii-
HilfHOI perpecii y Oizorapu@pmMivHNX KOOpAMHATax
CTa€ OiJIbII MOJIOTUM.

BIUCHOBKH

3acTocyBaHHS TEPKOJISILIHOI Momaesi st iHpop-
MaliifHOTO OMKCY MPOLIECiB MOIIMPEHHS 3apaXkeHb
COCHOBOTO JIicy CTOBOYPOBMMU MIKiZTHUKAMU O0Y-
MOBJIEHE CTaTUCTUYHUMU BJIACTUBOCTSIMU HEOIHO-
PiIHOTO 1151 IePEeHEeCEeHHSI IIKiTHUKIB cepeaoBuIlia
3 BUNAAKOBUMU BJIACTUBOCTAMU. 3i 30UIBIIEHHIM
IHTEeHCHBHOCTI 3apaXXeHb y MNEPKOJSIINHIA CiTii
BinOyBa€eTbcsl (popMyBaHHS 3B’I3HUX OO €KTIB, $IKi
YTBOPIOIOTh KJIACTEPU ILIOLI KOPOINHOIO BCHXaH-
Hs1. Knacrepy BneBHEHO AeIMMPYIOTHCS HA MYJb-
TUCIIEKTPAJIbHUX BUCOKOTOYHMX 3HIMKAaX i 3HIMKax
cepeaHbOI IIPOCTOPOBOI PO3PI3ZHEHHOCTI.

BenuunHa cepenHbOro po3mipy ILIOLIL KjIacTepiB
BCOXJIOTO JIiCy 301IbIIYETHCS 31 301/IbIIIEHHSIM iHTEH-

54

CMBHOCTI 3apak€HHsI JIiICY i € XOPOIIUM iHAMKATOP-
HOIO O3HAKOIO 3apa’kKeHHSsI JIICOBOTO MacuBy. 3 po3-
IJISTHYTUX METOIIB IIEPKOJISILIAHOI MOZIE/Ti BUILIMBAE,
1110 MPpU OOMEKEHUX pecypcax Ha BUKOHAHHSI TOBHOL
CaHiTapHOI OYMCTKM JIICOBOTO MAacCHMBY CaHIiTapHi
pyOKM JiepeB CJlii MTPOBOAUTH B HaMOUIbIIIOMY Kia-
cTepi CiTKH, SKUI MOXe CTaTy MePKOISILinHUM. s
1IbOTO IO KapTax 3apak€Hb, OTPUMAHMX Micjs Je-
mur@pyBaHHS KOCMIYHMX 3HIMKIB, CJIiJl BU3HAYUTU
KIIITUHKY CiTK!, SIKi HEOOXiTHO BUIAJINUTH, 1100 TTO-
PYLLIUTH 3B’SI3HICTb Y KJIacTepi i He JOMYyCTUTH YTBO-
PEeHHSI MePKOJILIIAHOrO KjacTepa 3apakeHb.

st 6e3mocepeIHbOTO BUMIpIOBAaHHSI 3a KOC-
MIYHMMU 3HIMKaMU TJIOLL KJIACTepiB 3apaxkKeHHSs, 3
MPUHITHOIO JJIs1 TMIPaKTUKKA TOYHICTIO, HEOOXiTHO
BUKOPUCTOBYBATU BUCOKOTOUHY 3MOMKY, OO pe3yib-
TaT BUMipIOBaHb KJIACTEPiB iCTOTHO 3aJIEXKUTh BilI
MaciTaly 3iiomMku. lle mosicHIoeThCS BimoOpakeH-
HSIM HEOJHOPITHOI CTPYKTYpM KJIacTepiB Ha KOC-
MiuHUX 3HiMKax. Bucoka oruiara 3a 6e3nocepeHiii
MPUIAOM BUCOKOTOYHMX JaHUX 3 KA € cTpuMyBajib-
HUM (HaKTOPOM 3aCTOCYBAHHS Cy4aCHUX KOCMiYHUX
iH(poOpMaLlIMHUX TEXHOJIOTiI IJIsT OIlepaTUBHOIO
KOHTPOJIIO HaJl MOLIMPEHHSIM 3apaXKeHb JIiCy M0 3Ha-
YeHHsX IUtoll. B maHumii yac € BimKpuTi i 0e3Kol-
TOBHi JOCTYIU 10 OTPUMAHHS MYJIbTUCIEKTPaJIb-
HUX KOCMIYHMX 3HIMKiB CepelIHbOi MPOCTOPOBOL
PO3pi3HEHHOCTI, IO peasi3yeTbCs 3a JOMOMOIOK
CydacHUX reoiHgopmaliitHuX BeO-CcepBiciB, sIKi 10-
3BOJISIIOTH ITPOBOIMTU AUCTAHIIAHE CIIOCTEPEKEHHS
3a JIiICOBUMHM MacuBaMu. BuKopucTaHHSI 3HiIMKiB
CepelHbOl IIPOCTOPOBOI PO3PiI3HEHHOCTI 3aMiCTh
BUCOKOTOYHMX 3HIMKIB CTa€ MOXKJIMBUM 32 PaXyHOK
3aCTOCYBaHHSI MacIUTaOHO-iHBapiaHTHUX iHOMKA-
TOpIB i mepKosALiliHoi Moxeni. Lst oocTaBuHa Oyne
COPUSITU MiIBUILIEHHIO €KOHOMIYHOI e(heKTUBHOCTI
KOHTPOJIIO JTICOBUX MAacHBIiB 3 BUKOPUCTAHHSIM CYy-
YacHUX iH(popMaLifHUX KOCMiYHMX TEXHOJIOTI.

Aemopu cmammi 8Uc106841010Mb NOOSKY npoghecopy
B. II. Tkauy 3a nHadany moxcaugicme 831mu y4acmo
8 002080peHHI NPoOAeMU BCUXAHHSA COCHOBUX NiCi6 HA
MidCHAPOOHII HAYK08O-NPAKMUYHIN KOHDepeHUil.
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PERCOLATION MODEL TO CONTROL THE DISTRIBUTION
OF FOREST INFECTIONS ON IMAGES FROM SPACE VEHICLES

For Ukraine and many European countries, it is relevant to protect pine forests from catastrophic drying and the death, the dan-
ger, which has emerged in recent years as a result of their infection with stem pests, bark beetles (Ips acuminatus, Ips sexdentatus).
Research results of various levels are used to find the proper solution, including remote sensing from a spacecraft. Traditional
methods of control from the space images allow us to describe the intensity of infection in a single way, namely, to estimate
the area of infection clusters from remote sensing data with a sufficiently high spatial resolution. The result of measuring the
infected areas significantly depends on the shooting scale, because the infection field is not smooth. The high cost of obtaining
the high-precision data hinders significantly the application of space information technology to control the spread of infection.
In the case of a scale-invariant distribution of infected clusters, statistical methods and methods of percolation theory can give
much more information about the nature of the infection.

The list of tasks discussed in this article includes the use of scale-invariant indicators. Such indicators make it possible to de-
termine the intensity of infection from satellite images of medium spatial resolution, which makes a significant contribution to
the increase in the economic efficiency of the application of space information technology. The methods of control and analysis
of forest infection are considered. They are based on the physical and mathematical theory of percolation, which deals with the
distribution of fluid (pests) in heterogeneous environments. The methods of processing and interpretation of space information
proposed in the article allow us to draw some important conclusions and, on their basis, to obtain sound recommendations
aimed at improving the effectiveness of forest pest control. In conclusion, this approach is illustrated by numerical experiments
with real images and validation results of a percolation model of the spread of forest infections.

Keywords: forest infections, percolation theory, infection clusters, satellite imagery, power distributions, scaling indicators of
infection.
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HU3bKOOPBITAJIbHA CYITYTHUKOBA CUCTEMA
IHTEPHETY PEYEU HA BA3I PO3ITIOAITEHOI'O CYITYTHHUKA

Posenanymo numanns nodyodosu cynymnukogoi HuzbkoopoimanvHoi cucmemu inmepruemy peuell, IKa 6UKOPUCMOBYE apXimeKmypy
«p03n00inen020 CynymHuka». 3anponoHo8ana CynymHuKoga cucmema 00’cOnye 6 cobi Hu3bK0OpOImanbHy cynymHukosy menexo-
MYHIKQUIGHY cucmemy, wo Haoae nocayeu Wupokocmy208020 0ocmyny 00 iHmepHemy wupoKomy KOy cnojcusauie, ma cucme-
MU inmepnemy peuell, AKa NPU3HAYEHA 045 HAOAHHS NOCAYe KOPUCIYBAYAM, YYMMEBUM MA HeHYMMEBUM 00 3aMPUMKU 00pOOKU
inghopmauyii inmeprnemy peueii. Ilokazano npunyunu no6ydoeu opOimanrbHo20 ceecMeHmy HU3bKkoopOimanbHoi cynymuHukoeoi cuc-
memu iHmepHemy peueil, pOKpUMO 0CoOAUBOCMI 3ACMOCYBAHHS 8 HU3bKOOPOIMAAbHIl CYNYMHUKOBII cucmemi yeHmpanizoeanoi
apximexmypu <«po3nooineHoe0 CynymuHuka» 3 6UKOPUCMAHHAM KOCMIMHUX anapamie Kaacy MIiKpocynymiuk ma kyocam. 3anpo-
NOHOB8AHO MemOo0 OPMYBAHHA 30HU 00CAY208Y8AHHA CYNYMHUKOBOI HU3bKOOPOIMAAbHOI cucmemu i3 6paxy8anHaM 3axXucmy 2eo-
cmayionapuux cucmem ma 6aeamopaz’o8oeo 8UKOPUCMAHHS BUOINEH020 HacmOmHo20 pecypcy. Busnaueno wiasxu 3anposadicenis
bazamvox npomokonie 0as nepedaui ingopmauii inmepHemy peueii i PopmysanHs KOMOIHOBAHUX 30H 00CAY208Y8aHHS. 3anpono-
HOBAHO pilleHHs w000 peanizauii KOHUenyii <MmyMaHHUX 004UCAeHb» WASXOM BKAHOUEHHS 00 CKAady opOimanbHO20 CeeMeHmy HU3b-
KOOpOImanbHOi Cynymnukoeoi cucmemu OKpemux Cynymnukie-o04UCAI08a4i8, 20A108HUM 3A80AHHAM SKUX € (POPMYBAHHA Y CKAAOI
0pOIManbHO20 ceeMeHmy cucmemu 6AACHUX 00HUCAIOBANbHUX nOMYICHOCHell. Busueno moxcausicms 00’ ¢OHaHHA cynymMHUKI6-00-

HurtyBanus: Inbuenko M. KO., Haputnuk T. M., [Mpucsskuuii B. 1., Kamruk C. B., MartBienko C. A. HusbkoopoiTaib-
Ha CYNMyTHMKOBA CHCTeMa iHTepHETY peveil Ha 6a3i posnoisieHoro cynyTHUKa. Kocmiuna nayka i mexuonoeis. 2020. 26, No 4
(125). C. 57—85. https://doi.org/10.15407 /knit2020.04.057
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YUCAHBAUIE 8 EOUHY 00HUCAIOBANBHY MEPeNCY [ CIBOPEHHS MAKUM YUHOM Oe3nocepedbo Ha opbimi po3nodineHoi 00uUCA8aANbHOT
Mmepedci. Buznaueno cknao 6asu danux, sika 36epieacmucs 6 opoimanvHiil po3nodineniil mepedici, BUGUEHO HANPIMKU IHPOPMAUITIHUX
NOMOKI8, N08’A3aHi i3 NIOMPUMKOI ma akmyanizayicto 6a3u 0aHUx, 3anPONOHOBAHO AN20PUMM NepPepo3nodiny HAOAUUIK08020 00-

YUCNH06A/NIbHOC0 HABAHMANCECHHA.

Karouogi caosa: cynymuukoga inghopmauiiina cucmema, HU3bK00poimanvHa CynymHukoga cucmema, iHmepHem peveil, mymMaHHi
obuucaeH s, OpOimanbHa 004UCAI08ANbLHA Mepedica, PO3N00iNeHULl CYNYMHUK, MIKPOCYRYMHUK, KyOcam.

BCTVYII

OcrtaHHE aecsaTupiyust y cdepi iHDOKOMyHiKallii
O3HAMEHYBAJIOCSl TOSIBOI0 HOBMX iH(OpMaLiiHUX
TEXHOJIOTil, sIKi 0a3yroThCs HAa BUKOPUCTAHHI iH-
TEPHETY SIK TpaHCMOPTHOI iHppacTpykTypu. OgHUM
13 CTUMYJIiB U151 BIIPOBAIKEHHSI HOBOTO ITOKOJIIHHS
aznpecartii B cucremi intepHer, IPv6, crama morpeda
B IOJATKOBOMY aIpeCHOMY ITPOCTOPi [J1s1 TPUCTPOIB
iHTepHETY peyvelt, KiJIbKIiCTh SIKMX TMOCTiMHO 30i/ib-
LIYETHCS.

EnexktponHa enmukiioneniss Bikinemiss mae take
BusHaueHHs: [HTepHeT Peueii (Internet of Things,
1oT) — 11e KoHIIeIIist 00UMCII0BaIbHOI MepexXi (i-
3UYHUX IIPEIMETIB («pedeii» ), OCHAIIEHUX BOyI0Ba-
HUMU TEXHOJIOTIIMU IS B3aEMO/Il OOWH 3 OOJHUM
a0o0 i3 30BHIIIHIM CEpPeHOBUIIEM, sSKa PO3IJISIIac
opraHizallito TaKMuX Mepex SIK sSIBUILe, 37aTHE Mepe-
OyayBaTM €KOHOMIYHiI Ta CYCHiIbHI MpOLECH, IO
BUKJTIOYAE 3 YACTUHM [Iiil i omepalliii HeoOXiTHICTh
yJacTi JoauHu [2].

IoT crae BaxkiauBuM ¢akTopoM po3BUTKy IT-
IHAYCTpii i Oyne cepilo3HO BIUIMBATU HAa MPAKTUYHO
BCi cpepu misTIBHOCTI: IIPOMMCIIOBICTD i BUTOOYTOK
KOPUCHUX KOINAaJWH, TPAHCHOPT i JIOTICTHUKY, OXO-
POHY 3[0pOB’S 1 MEIUIMHY, MOHITOPMHI HAaBKO-
JIMIITHBOTO CEPENIOBUIIA, BKJIOUYAIOUU METEOpOJIO-
rito, iHTeJeKTyaJlbHI MicTa i pO3yMHMIA OyIWHOK,
HaBYaHHsI, pO3Baru, po3apiOHy TOPriBIiO TOIO. 3a
MPOTHO3aMU aHAJITUYHUX KoMmIlaHii 1o 2025 poky
3arajibHa KiIbKicTb mpucTpoiB IoT craHoBUTHME
noHaz 64 miapa ogvHuub (y 2018 p. KiabKicTh IpH-
crpoiB loT craHoBmIa 3a pi3HMMU OLIIHKamMu Bif 7
1o 10 mupp i 3piBHsIach a00 MepeBUILIIIIA KiJIBKICTh
MOOUIBHMX TIPUCTPOIB: TeJieOHIB, CMapTQOHIB,
MUIaHIIeTiB, HOyTOyKiB) [11]. 3a mecumicTUYHUMU
ouinkamu 10 2025 poKy KiJIbKiCThb MiIKTIOUYEHMX,
a00 akTuBHUX, TpUCTPoiB 0T craHOBUTHUME 22 MJIp]L
[21]. ¥ 2019 p. cBiTOBUI1 OOCAT PUHKY IHTEPHETY pe-
yeii ckimaB 6u3bKo $ 1.7 TpiH, i mo 2025 p. 3a pisHu-
MM OLIIHKaMU BiH 3pocte 10 $ 4...11 paH [21].

58

Baxx1mBUM NMOKa3HWKOM NPY BU3HAYEHHI BUMOT
1o nocayr IoT € BIIMB Ha SIKiCTh IMOCIYTM ITOKa3-
HUKa 3aTpUMKHU Iepenadi Ta oOpoOku iHdopMmallii
IHTEpHETY peueil. 3a UM rmoka3zHukoM 1ociryru [oT
YMOBHO MOXHa pO3JiJIUTU Ha JIBa KJacu [24]:

° MOCJIYTH, IO IOMYCKAOTh TPUBAY 3aTPUMKY Y
nepenadi Ta o0po6ui ingopmaiiii IoT, TodTo TTOCITY-
I'W, SIKiCTb HalaHHS SIKUX HE 3aJIeXKUTh Bijl 3aTpUM-
ku — DTAs (Delay-Tolerant Applications);

°* [OCJIyTU, SIKiCTb HalaHHS SKUX KPUTHUYHA J0
BEJIMYMHM 3aTPUMKM Iiepenadi Ta 00pooku iHdop-
maii IoT — DSAa (Delay-Sensitive Applications).

IToxa3Huxk gomycTuMoi, ado IpUIAHATHOL, TPUBa-
JIOCTi 3aTpMMKM Mepeaadi Ta o0podku iHbopMalliii
[oT € BaxkIMBUM MapaMeTpoM, SIKMIi BU3HAYA€E BU-
6ip apxitektypu nociayru IoT i TexHiYHMX 3ac00iB
JUISL peastizaliii Li€ei MocayTu.

PozButok IoT € cTuMynom 10 3poCcTaHHSI OITUTY
Ha MPOITyCKHY 3MaTHICTh KaHaJIiB 3B SI3KY i Iepena-
yi panux. [IpiopureTHMM 3acO0OM ITiAKITIOUEHHS
npuctpoiB [oT € pagioTexHOOTii HA3EMHUX MEPEX
nepenavi gaHux. OuikyBaHe OypXJIMBE 3pPOCTaHHSI
MOMUTY Ha MPOMYCKHY 3IaTHICTh CTAE CTUMYJIOM 0
PO3pPOOKM TEXHOJIOTI MOOIIBHOIO IIMPOKOCMYTO-
BOTO JI0CTyITy Ta 3B’s13Ky 5G. OmHak 3acToCyBaHHS
HassBHUX 1 IMEPCIEKTUBHUX PaTiOTEXHOJOTIN IS
migkimodeHHsT npucTtpoiB IoT obOMexeHe 3o0HaMu
00CTyTOBYBaHHSI MEpEeX Ha3eMHOro MOOIIBHOIO
paio3B’si3Ky BCiX MokodiHb (BKIoyarouu 2G, 3G,
4G/LTE, 5G) i mepex paaiogoctymny 3 00OMexXeHO0
30HO10 obOciyroByBaHHsi (LPWAN, Wi-Fi, Zigbee,
WPAN, Bluetooth) [24]. 3oHu 00CTyroByBaHHS
TaKUX pagioMepex, sIK MpaBUIo, 30iraloTbcs i3 pa-
OHAMU 3 JOCTaTHbOIO BMCOKOIO IIIJIbHICTIO Hace-
JIEHHS.

EdexTuBHIUM MeTOIOM IMOOYIOBU TEJIEKOMYHIKa-
iHOI CUCTeMH, SIKa 37aTHA 3a0e3TTeYNTH TIT00aITh-
He MOKPUTTS JUist HagaHHs rocayr [oT, € cTBopeHHSs
CUCTEMHU CYMMYTHUKOBOTO 3B 513Ky [12]. [Ins1 cuctem
CYMYTHUKOBOTO 3B’513KY, OPiEHTOBAaHUX HA HalaHHSI
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DSA mnocayr IoT, ocobnuBuii iHTEpeC CTaHOBUTH
BUKOPHMCTAaHHSI HM3bKOI HABKOJIO3€MHOI OpOiTH
(LEO, Low Earth Orbit) [9, 12, 24]. Cepen nepesar
LEO-0p6itT — GJM3bKiCTh 10 MOBEPXHi 3eMi, 1110
3a0e3reuye MiHiMaJIbHY TPUBAIICTh 3aTPUMKHU MPHU
rnepeaayvi CUTHaIy Ta MiHiMaJIbHY HEOOXiAHY ITOTYX-
HiCTb IepeaaBaJbHOTO MPUCTPOIO CYITyTHUKOBOI pa-
nioJiiHii [24]. Yac ABOCTOPOHHBOrO OOMiHY iH(Op-
mauieo (RTT, Round Trip Time) 8 LEO-cucremi
cTaHOBUTH He Oinbire 100 Mc, 1110 iCTOTHO MEHIIIE 3a
aHaAJIOTIYHUI MOKAa3HUK JIJIs TeéoCTallioOHapHUX CUC-
teM 3B’s13Ky (GEQ), mist IKkux 3HaYyeHHS TOKa3HUKa
RTT nopiBatoe 600 mc. Hemonikom LEO-cucteM €
MaJia 30Ha OOCJYrOBYBaHHSI KOXHOTO CYIyTHHUKA i
MOro MOCTIMHUI PyX BiTHOCHO MOBepxHi 3emui. Ak
Hacrminok, B LEO-cucTtemMax BUHMKA€E HEOOXiTHICTh
BiICTEXXEHHSI TEpMiHAJIOM 3€MHOI CTaHIIil 3MiHU
TTOJIOKEHHST CYIyTHUKA Y XOMi CeaHCy 3B’SI3Ky TIpH
BUKOPMCTAaHHI CIIPSIMOBAaHMX aHTEH i KOMIIEHCALIis
BruIMBY edekTy Jdomnrepa.

[J100anbHOI0 TEHACHIIIEID B PO3BUTKY CYITYyTHU-
koBux LEO-cucreM pi3HOro mpusHauyeHHSI € BU-
KOPUCTAHHS MaJluX i HaJMaJluxX KOCMIUYHHUX amna-
patiB: MiHi-, MIKpO-, HaHOCYIIyTHMKIB i KyOcaTiB
sIK OKPEMOTrO0 CEerMEHTY HaHOCymyTHUKiB. Kiacu-
¢ikauisg MaauMx i HaaMaauX KOCMIYHHUX aliapaTiB
MPOBOJUTHCS 3a MOKA3HUKOM CTapTOBOI MacH KOC-
MiuHOTO amapaTa (Maca KOCMIYHOro ariapara Ha
MOYaTKy CTPOKY €KCIUTyaTallil 3 ypaXxyBaHHSM 3a-
rnacy najusa). 3a UMM IMOKa3HUKOM MaJi i HaaMauti
KOCMIuHi anmapaTt AUIIThes Ha [6]: MiHICYITyTHUKHA,
Maca akux ctTaHoBUTH 50...500 Kr; MiKpOCYITyTHUKHA
(10...50 kr), HaHOCynmyTHUKHM i Kyocatu (1...10 kr).
3a ouinkaMmu komrasii SpaceWorks [6] y 2018 pouti
OUiKyBaJioCs, 1110 KiJIbKiCTh 3aMyIleHUX CYTMYyTHUKIB
LIbOTO cerMeHTa ckianae 262, peanbHo y 2018 p. 6yno
3amnyiieHo 253 CynmyTHUKM KJacy MiKpo/HaHOCY-
nyTHUKIB Macoro 1...50 kr. ¥ 2020 p. mporHO3yeThCs
3aImycK 298 cymyTHUKIB. SIK O4iKy€TbCsI, KiIbKiCTh
3amylIeHNX CYIyTHUKIB 3pocte Ha 15 %. B winomy
komraHist SpaceWorks mpornosye [6] y Haitoamkai
m’s1Th pokiB 3amyckK 1800...2400 HaHO- Ta MiKpoOCy-
MYyTHUKIB.

OuikyBaHe 3pOCTaHHsI TMOMUTY Ha BiIbHY TPO-
MYCKHY 3JaTHICTh TEJIEKOMYHIKAlIMHUX CHUCTEM,
MOB’sI3aHe i3 MepcrneKTUBaMU BIPOBAIKEHHS CUC-
TeM MOOiTbHOrO 3B’3Ky 5G, i pe3yabraTyd ABaals-
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TUpiYHOI opOiTanbHOI ekcrutyaTauii LEO-cucrem
MEPCOHAIBHOIO MOOLILHOTO CYITyTHUKOBOTO 3B’S13-
Ky nepioro nokoJiiHHs Iridium, Global Star, Orb-
comm CTUMYJIIOBaIU TOsIBY cynmyTHUkoBux LEO-
CHUCTEM 3B’SI3Ky HOBOTO TOKOJiHHSI, MPU3HAYECHUX
JUIS HaIaHHsS TMOCIYT IIMPOKOCMYTOBOTO JOCTYIY
(IOCH) nmo inTepHet, IoT, i mocayr xmMapHoro 30e-
piraHH$ TaHUX.

Huszvkoopoimaavna cynymnurosa cucmema IIC/|
OneWeb [17]. CucteMy Nnpu3HAYEHO [Jis HaJaHHS
KiHueBuM KopuctyBauam rocayr IHCJI no iHTepHe-
Ty 3i IBUAKICTIO Mepenavi iHpopmariii 1o 50 M6it/c
i Majolo 3atpumMkoro — MeHie 50 mc. KocMiuyHuii
cermMeHT cuctemu OneWeb Oyne ckimamatucek i3 720
CYITYTHHUKIB, po3MillleHUX y 18 opOiTaIbHUX TIOIIN -
Hax, 1o 32 po0oYuX CYIyTHUKU B KOXHili. Bucora
op6itu 1200 kM, HaxuieHHs 87.9°. [IponyckHa 31aT-
HIiCTb KOXKHOTO CyMyTHUKA CTAaHOBUTH A0 7.5 T0iT/C.
s HagaHHSI TOCAyTY nependadyaeTbCsl pPO3TOPHYTU
Ha nmoBepxHi 3emui 10 50 craHuiil cripsokeHHST (GW,
Gate Way), KoxHa 3 siIKux Oyae 3a0e3neuyBaTy Mif-
KJIIOUEHHS 10 MaricTpajbHOI Ha3eMHOI Mepexi iH-
TEPHETY BCiX CYyNMYTHUKIB, 1110 IEPEOYBaIOTh Y 11 30Hi1
BUIUMOCTI. Y 3B’SI3KY i3 KpU3010, CIIPUYMHEHOIO
nanaemiero COVID-19, komnanis OneWeb He 3M0-
IJIa CBOEYACHO 3aJTyIUTHU KOIITH JJISI TIPOIOBXKEHHS
po3ropTaHHsI opbiTabHOTO yrpynoBaHHs. Ha cho-
rofHi opOiTajibHe yrpyrnoBaHHs cucteMu OneWeb
CKITAIAETHCS 3 68 MIIOUMX CYITyTHUKIB, SIKi chopMy-
BaJii ABi opOiTaibHi TUIOMHU. 19 TpOaOBXKEHHS
PO3TOPTaHHSI CUCTEMU Ta BIPOBAIKEHHS IJ100asb-
HOTO CepBiCy IITMPOKOCMYTOBOTO CYITyTHUKOBOTO
JIOCTYITy YTBOPEHO MiXXHApOJHUI KOHCOPIIiyM, OJl-
HUM i3 JIigepiB IKOro IUIaHye ctatu Ypsia Bemnko-
OpuTaHii, BHECOK sIKoro ctaHoButume 500 MJIH A0JI.
®dopMyBaHHS MIXKHAPOIHOTO KOHCOPIIyMY BCEJIsIE
HaJIi1o Ha MoJajblle pO3ropTaHHs Ta eKCILTyaTallito
cuctemu OneWeb. Ha puc. 1 mmoka3aHo cxeMy Ha-
nanHs nmocayru IOTT/T y cuctemi OneWeb.

Cynymnuroea cucmema IIIC/] StarLink (SpaceX
Non-Geo Satellite System). IIpoexkr StarLink €
HaWOLIbII MacIITaOHUM i CKJIAQTHUM CYITyTHHKO-
BUM TeJleKOMYHiKalliiHuM mpoektoMm [8, 20]. o
TEMepilllHbOrO Yacy Y BIIKPUTUX JKepesiax He Mpe-
cTaBJieHO iH(opMallito, sika 0 J03BOJIIMIA BU3HA-
YUTU MPOTOKOJIM i OCOOJMBOCTI Mepenayvi JaHUX B
cucreMi StarLink. OgHak psia 4OCHiIHUKIB, CITMpa-
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Puc. 1. CtpykTypa HagaHHs ocayr mupokocmyrosoro poctymny (IIICJI) kiHieBUM KopucTyBauyaM B cucteMi OneWeb

IOYUCh Ha JIaHi 3 JOCTYMHUX IXKepes i mpe3eHTalil
KomIiaHii SpaceX 1110/10 IIbOTO MPOEKTY BU3HAYMIU
apxiTeKTypy noOynoBM Ta iHpopMaLiiiHOro 0OMiHYy
cucremu StarLink.

Cucrema StarLink Oyne cknamaTucst 3 IBOX CUC-
TeM: HU3bKOOpOiTajibHa cHUCTeMa — OpOiTajabHe
LEO-yrpynoBanHs StarLink y ckmanmi 4425 cymyt-
HUKIB; i opOiTajibHE YIPYITOBAaHHS HAa EKCTPEMATBbHO
HU3bKIi opbiTi — opbitasibHe VLEO-yrpynoBaHHs
StarLink (7518 cynytHukiB). ¥ tabu. 1—3 HaBene-
HO JIaHi IO CTPYKTYpi OpOiTaJbHOIO yrpynoBaHHS
LEO, VLEO i npo 4acTOTHOMY IIJIaHi CHCTEMMU.
CTaHOM Ha yac HarnMcaHHS CTaTTi 3arajibHa YU CeJib-

Tab6auys 1. IlapameTpu opoiTATLHOTO
LEO-yrpynoBanns cucremu StarLink

HicTh cynyTHUKIB StarLink, BuBeneHuX Ha poOoui
opbitu, nepeBuinye 460 oguHUIb. TAKUM YMHOM,
cuctema StarLink crajma HaiiMacIITaOHIIIOI CHC-
TEMOIO 3a IMOKA3HMKOM 3arajibHOI YMCEIbHOCTI Mi-
IOUMX CYITyTHUKIB.

KoxeHn cynytHuk cucremu StarLink ocHale-
HO 4oTupMa (pa3oBaHUMM aHTEHHUMHU pEIIiTKa-
MU, sIKi 3a0e3meuyoTb (GopMyBaHHS TPOMEHIB J0
TepMiHaJiB KOPUCTYBayiB i A0 CTaHLIil CIIPSKEHHS
GW, i m’aTbMa ONTUYHUMU TOJOBKAMM, IIpU3HA-
YeHMMM JJI OpraHizauii ONTUYHUX/Ja3epHUX Ji-
Hill 3B’SI3KY Y BIIKPUTOMY KOCMOCI 3 IBOMa CYCif-
HiMU CYMMyTHUKAMU Y CBOIl OpOiTalbHIl MJIOLINHI,
3 IBOMa CYIYTHUKaMU IO OJHOMY y JABOX CYCiTHiX
opOiTaTbHUX TUIOIIMHAX, i 3 OMHWUM i3 CYITYTHUKIB
(3 HAMOAMKYMM CYMYTHUKOM) B OpOiTalIbHIli MJIO-

LLIMHI, SIKa IEPETUHAETLCA (IIPU pyCi CYyMyTHUKA MO
Kinbicts | KinbkicTs cymyr- Brcora | NANWICHHS | | pyrexinyijl nisiHLII OpOITH 3B’SI30K HANALITOBYETHCS
OpOiTAIbHUX | HUKIB B OpOiTaib- 6i opoiTH, . el . ..
ILIOLIMH Hiii rTomMHi OpOITH, KM Tpan i3 CYIyTHUKOM Ha HUBXiOHIN OiISHIN, i HaBIIaKM).
[lepuiuii eman, 1600 cynymnukie Tabauys 2. TlapamMeTpu opoiTAILHOTO
3 | 50 1150 53 VLEO-yrpynoBauus cucremu StarLink
7 i KinbkicTb cymyT- Bucota opbiru, HaxuneHHst op6itu,
Jpyeuii eman, 2825 cynymuukie
- 0 0 38 HUKiB Ha OpOiTi KM rpazn
5 111 53.
8 50 1130 74 2 547 345.6 53
5 75 1275 81 2478 340.8 48
6 75 1325 70 2493 335.9 42
60 ISSN 1561-8889. Kocmiuna nayka i mexunonoeis. 2020. T. 26. Ne 4
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Ha puc. 2 mokazaHO HMXKHIO TOBEPXHIO CYITyTHMKA
StarLink [7]. BumHo MiclLsl ycTaHOBKU IIpUiAMAaJib-
HUX Ta TepeJaBajibHUX (ha30BaHUX aHTEHHUX pe-
LIITOK JUISI OpraHizallii pagionpoMeHiB 10 TepMiHa-
JIiB KOPUCTYBayiB i 10 craHliil crnpsikeHHs GW, a
TaKOX CTallioHAapHO-TIa3MOBi ABUTYHM KOPEKIIii i
YTPUMaHHS.

IIpoBenenuii y pobori [8] aHaji3 mokasas, 110
B cucremi StarLink 3a0e3meuyeTbcsi MapiipyTu3a-
IisT TIOTOKIiB MiXK ONTUYHUMU/Ja3epHUMU JIiHISIMUA
3B’SI3Ky MIX CYIYTHUKAMHU i pamioNpOMEHSIMU IO
TepMiHaJIiB KOPUCTYBAUiB i 4O CTAHIIili CIPSKEHHS
GW. BukopucToByBaHi alropuTMU MapiipyTu3altii
(TToLIyKy MapllpyTy) OpiEHTOBaHI Ha MiHiMi3allito
nokaszHuka RTT.

LEO-cucmemy cynymuuxoeozo 36’s3xy LeoSat
MPU3HAYEHO /1 HAJaHHSI TTOCTYT BUCOKOIIBUJIKIC-
Hoi niepenavi gaHux [13]. OpOiTajabHe yrpylmoBaHHS
cuctemu Oyne ckiagatucs 3 108 cynyTHMKIB (Ha
TMEPIIOMY €Tarli opOiTalbHE YyTPYyMOBAaHHS CKJIama-
TUMEThCS 3 84 CynmyTHHKIB: 78 pobounx i 6 pe3eps-
HUX), PO3MIllIEHUX Ha TOJSIpHill OpOiTi BHUCOTOIO
npu6au3Ho 1400 KM y 1mecTy opoiTaIbHUX IO -
Hax (Ha repiioMy eTari mo 13 podouunx CynmyTHUKIB
B KOXHiil opOiTanbHiii momuHi) [14]. Koxen cy-
MMyTHUK Oyae ocHameHo 10 kepoBaHMMM aHTeHAMU
1711 (popMyBaHHSI KEPOBAHUX MPOMEHIB y 4acTOT-
HoMmy piana3oHi Ka no tepMmiHaniB KopucTyBayiB i

Tabauys 3. YacTorHmii miaan cuctemu StarLink

IMpusHavyeHHs i Hanpsimok | Yacrotu cucte- | Yacrtoru cucre-
panioniHii mu LEO, I'Tit | mu VLEO, I'Tit
Jlinist BHM3 10.7...12.7 37.5..42.5
CynyTHUK —
TepMiHaJl KOpUCTyBaya
Jlinist BHM3 17.8...18.6 37.5..42.5
CyInyTHUK — 18.8...19.3
CTaHLIisl CIIPSKEHHS
Jlinis Bropy 14.0...14.5 47.2...50.2
TepmiHan kopuctyBaua — 50.4...52.4
CYMyTHUK
Jlinist Bropy 27.5..29.1 47.2...50.2
CraHLIis CIIPSKEHHST — 29.5...30.0 50.4...52.4
CYMyTHUK
Jlinisg Bun3 TT&C 12.15...12.25 | 37.5...37.75
18.55...18.60
Jlinis Bropy TT&C 13.85...14.00 | 47.2...47.45

Puc. 2. Huxxnst noBepxHs cynyTHuka StarLink [7]. Crpinka-
MU BKa3aHi MiClisl YCTAaHOBKM (ha30BaHUX aHTEHHUX PEIIiTOK

nepenavi iHpopmaii 3i mBKUaKicTIO 10 50 MGIT/C
i 1.6 T6ir/c. OcobnuBicTio cuctemu LeoSat € Koc-
MiyHa MaricTpajJbHa MepexXa OINTUYHOIO 3B’SI3KY
MiX cynyTHUKaMu. KoXeH CYNyTHUK MiATPUMYE
3B’S130K I10 ONTUYHIN JIiHIi 3 YOoTMpMa CyCimHiMu
cyrmyTHuKamu. KopucHe HaBaHTaxKeHHST CYITyTHH-
KiB LeoSat 3abesmeuye Mapuipyrusaimito Tpadika
MiX MTPOMEHSIMU OJTHOTO CYMyTHUKA 1 MiX JIiHiIMU
OINTUYHOTO 3B’SI3KYy 3 iHIIMMU cynyTHMKamu. Ha
puc. 3 ToKa3aHo cXeMy HaJaHHS TTOCIYTY KiHIEBUM
KopucTtyBayaM B cuctemi LeoSat [14].
LEO-cucmema IIIC]] Telesat (Kanana) [23] Oyne
ckiagatucs 3 117 cynyTHMKIB, po3TallloOBaHUX Ha
HU3bKili HaBKOJI03eMHii op0OiTi LEO BrcoTOIO TTpM-
6mu3Ho 1000 kM. CynyTHUKY OyoyTh B3a€EMOMIISITU
3 Ha3eMHOI0 iH(pacTpykTyporo. Cucrema Oyme BU-
KOPHCTOBYBAaTU CMYTY YacTOT IIMPUHOIO OJIU3b-
ko 4 I'Tit B yactoTHOMYy miarna3oHi Ka. Op0itaibHe
yrpyrnoBaHHS cucteMu Telesat Oyae ckiagaTucs 3
11 opGiTaJbHUX TUIOIIMH 3 ABOMAa HaxXUJCHHSIMU:
LIICTh IOJIIPHUX OpOITaJbHUX IJIOLIMH 3 BUCOTOIO
op6it 1000 kM i HaxwneHHsIM 99.9°, B KOXHill 3
SIKMX OyJe po3TalllOBaHO 110 12 CymyTHUKIB, i ITSITh
opOiTaIbHUX TIOUIMH 3 BUCOTOIO opOith 1200 kM
i HaxuteHHsIM 37.4°, B KOXHIN 3 IKMX Oyne po3Ta-
ILIOBAHO TI0 JeB’SITh CYMyTHUKIB. KOXeH CYMmyTHUK
Oyzne hopMyBaTH 30HY OOCIYTOBYBAHHS 3a TIOTTIOMO-
roto 16 mpomenis. [TependadacTbCcss BUKOPUCTAHHS
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Puc. 4. Cxema HafaHHSI ITOCJYT KiHLIEBUM KOPUCTyBayaM B cucteMi Telesat [23]

OINTUYHOTO 3B’SI3KY MiX CyMyTHUKaMMU i peaizallisi
[P-mapipyTtuzanii Tpadika Ha 60pTy KOXHOIO Cy-
nytHuka. Ha puc. 4 mokaszaHo cxeMy HalaHHs I0-
CJIYT KiHIIEeBUM croKMBavyaMm y cuctemi Telesat.
Cynymnurxoeéa LEO-cucmema xmaprozo 30epi-
eanusa danux SpaceBelt [19]. OpOiTaibHUiA CErMeHT
cuctemu SpaceBelt Oyme ckimagaTucs 3 BOCbMU KOC-
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MiUHUX anapariB, po3TallloBaHUX B OJIHil opOiTaib-
Hi TIOIIMHI HAa HU3bKiIM HaBKOJO3eMHIil OpOiTi
BUCOTOIO Ipuban3Ho 650...700 KM 3 MaJlUM Haxu-
JIEHHSIM, OJIM3BKMM J0 TUIOIIMHY ekBaTopa [18]. 1o
CKJI1ay OpOiTaIbHOTO YTPYIOBaHHSI OyayTh BXOIUTHU
TPU CYNYTHUKU XMapHOTO CXOBHUIIA JAHUX, KOXEH
3 SJIKMX pO3paxoBaHMII Ha 30epiranHs go S5 Il6aiit
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Puc. 5. Cxema HamaHHs MOCTYT XMapHOro 30epekeHHs TaHuX B cucteMi SpaceBalt [19]

JaHUX, i T'SITh CYMYTHMKIB 3B’3KY. s ¢pyHKIiO-
HYBaHHSI CHUCTeMU IlepeadavyaeTbcs chopMyBaTh
KOCMiUHY KiJIbLIEBY MEPEXY ONITUYHOTO 3B’ SI3KY MixX
cynyTHukamu. CynmyTHUKH 3B’ 513Ky OyayTh 3a0e31e-
YyBaTU JIBOCTOPOHHIN 3B’SI30K MEpexXi ONTUYHOI'O
3B’SI3KY i3 TeoCTalliOHApHUMMU CYIIyTHUKAMU i3 BU-
KOPUCTAaHHSIM METOIB KPUIITOTpaiuHOIO 3aXUCTY.
Kinnesi kopuctyBadi OymyTh OTpUMYyBaTH OOCTYII
JI0 XMapHOTO CXOBMIIIA JaHUX Yepe3 reocrailioHap-
Hili cyrmyTHUK. Ha puc. 5 mokazaHo cxeMy HagaHHS
MOCJYTU XMapHOTO 30epekeHHs JaHUX B CUCTEMi
SpaceBalt.

OcTaHHIM YacoM 3’SBUJIUCS MOBiTOMJICHHS PO
po3pooky LEO-cucrem IoT Ha 06asi CylyTHUKIB
kiacy kyocat. Ilpuknagom € poekt GloT (Global
Internet of Things). ¥ 2019 p. €Bporneiicbke KocMiu-
He areHTcTBO, KoMmnaHisi ARTES i rpyna npuBat-
HUX iHBECTOPIB BUIIWIAN IPaHT y po3mipi 10 MaH
€Bpo KoHcopuiyMy B ckiaai NanoAvionics, KSAT i
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Antwerp Space 3a mporpamoio €BpoIreiicbKoi KOMi-
cii Horizon 2020 Ha 3nificHeHHSI IeMOHCTpaLiiiHOTO
MOJIbOTY CYMYTHUKOBOI CUCTeMU ISl HaJaHHSI T10-
CJIyru MalllMHa-MaimuvHa (M2M ).

11 nmuctomana 2018 p. Oyno 3amylieHoO aBa Iep-
mmx kyocatu: Proxima I i Proxima II, nmpusHaueHi
711 HagaHHS nocayr cynyrHukoBoro loT 3 LEO
[8]. CynyrHukm HanexaTb KommaHii Fleet Space
Technologies Pty Ltd. Kommnanis Fleet mouasa Ha-
nmaBatu Tiociyru loT Ha 6a3i TexHosorii pagiogoc-
Tynty LoORaWAN 3 BUKOpHUCTaHHSIM CyTTyTHUKOBOTO
CerMeHTa JUIS MiIKJIIOYEHHS MPUCTPOIB KOPHUCTY-
BauiB nmocyyru IoT mo xmapu — LIEHTPiB 0OpOOKM
i 30epiranHs BenuMkux gaHux. Ha puc. 6 mokasaHo
cxeMy HamaHHg nociayru loT 3 BuKopucTaHHSIM
CYIIyTHUKOBOro cerMeHTa KommaHii Fleet Space
Technologies [8].

[IpencraBneHnit CTUCTUI aHaJi3 CYITyTHUKOBUX
MPOEKTIB, MOB’sI3aHMX 3 HagaHHIM TtocyT IoT, mo-
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Puc. 6. Cxema HaganHs nocayru loT komnanii Fleet Space Technologies i3 BUKOpHUCTaHHSIM Cy-

MYTHUKOBOTO cerMeHTy [18]

Ka3ye, 110 BCi 11i MPOeKTHU OPiEHTOBAHI Ha repegavy
Tpadika IoT y HanmpsIMKY Bif AaTYMKIB O XMapHUX
LIEHTPiB 00pOOKM/30epiraHHsI JaHUX Ta Y 3BOPOT-
HOMY HaIIpsSIMKY, 10 npucTtpoiB loT, ski peanizyiorh
KOMaHAu KepyBaHHs. laHi cucTeMu He BpaxoBY-
10Th ocobauBocTeit Tpadika IoT i He mpumyckarTh
ONTUMi3allil BAKOPUCTAHHS MPOITYCKHOI 3MaTHOCTI
CYMYTHUKOBOT'O CETMEHTA CUCTEMHU.

1. TYMAHHI OBYCJIEHHA

Metogom migBuIIeHHST e(PeKTUBHOCTI cucteM loT
€ TEpPEeHEeCeHHS OOYMCIIOBATbHUX MOTYXXHOCTEN
OJIvX4e 10 rpaHuIlb MepexXi i peatizallis KOHIEITIii
«tymaHHuX oduncienb» (Fog Computing, FC) [3—
5]. Y uboMy BUIAnKy, Ha BiIMiHY Bil XMapHOI apXi-
TeKTypHu, 00podka iHdopmalii [oT-nmpuctpois 3aiii-
CHIOETHCS Ha HUXKHIX 1 TPOMIDKHUX PIBHSIX i€papxid-
HO1 CTpYKTypM iH(opmaliiliHoi cucteMu (puc. 7).
Lle mo3BosisiE 3BIIBHUTU CHUCTEMY 3B’SI3Ky Bid Iie-
penadi Bchoro obcsry tpadika Bin loT-npuctpois,
1110 TTIepeOyBalOTh Ha HUXKHBOMY i€papXiYHOMY piBHi
CHUCTEMHU, IO LIEHTpa XMapHUX O0UYUCIIEHb, SIKWAU Te-
peOyBa€ Ha BepXHbOMY i€papXiYyHOMY piBHi, i Y 3BO-
potHoMy HanpsiMKy. [Tpu peanizauii koHuemnuii FC
Ha BUIII i€papXiyHi piBHI MEpemaroThCs JIUIIE pe-
3yJIbTaTh 00pOOKM iH(popMallii, 1110 CKOPOUYYE 00CST
rnepenaHol iHgopMallii i MiaABUIILYE «KOIITOBHICTH»
i€l iHpopmalrii.
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CynyrHukoBa iHdopMaliiiHa cucremMa, sKa
npu3HaveHa Jjsg HagaHHs rmocayr [oT i minTpumye
koHuenuito FC, moBuHHa MaTu BlacHI 00YUCIIIO-
BaJIbHI ITOTY>KHOCTIi, pO3TalllOBaHi SIKOMOTa OJIMX-
Yye 10 TpaHMIIi Mepexi, i 3a0e31euyBaTy TOCTYI A0
LIMX TIOTY>KHOCTEW cucTtemMam i cIioXuBayam Mo-
cayr 1oT [5].

Takum yrHOM, 3aBOAHHST PO3POOKU apXiTEKTYpPU
CUCTEMU MOXHA BU3HAUYUTH TaK: PO3POOUTU apXi-
TEKTypPY HU3bKOOPOITAJILHOI CYITyTHHUKOBOI CHUCTEe-
MM 3B’S13KYy Ta ILIMPOKOCMYTOBOT'O JIOCTYIY, aianTo-
BaHOI1 10 BuMor nocayr 10T, Ta po3MicTutu y ckiami
OpOITaTbHOI'O CETMEHTY CUCTEMHM BJIACHI 00YMCITIO-
BaJIbHi TTOTYXKHOCTI i3 BpaxyBaHHSIM OCOOJMBOCTEM
iXHbOro (PYHKIIOHYBaHHSI, BMKOPMCTaHHSI Hali-
OLTBII TPOCTUX APXITEKTYPHUX PIillIEeHb i BpaxyBaH-
HSI KOHCTPYKTMBHHUX OCOOJMBOCTEN i OOMEXEeHb
m1aTopM KOCMIUHMX arapatiB popM-dakTopa Kyo-
caT Y1 HAaHOCYITyTHUK.

2. CTPYKTYPA CYITYTHUKOBOI LEO-CUCTEMH 10T

Husbkoop0biTanbHa TeleKOMyHiKalliiiHa CYIyTHU-
koBa cuctema (nani LEO-cucrema) mae psia nepe-
Bar IIOpiBHSIHO 3 reocrauioHapaumu (mami GEO)
CUCTEMaMU i CUCTEMaMH Ha CepeIHiil HaBKOJIO3eM-
Hilt op6iTi (nani MEO) [9, 15, 24]. OcHoBHa mnepe-
Bara — MiHiMaJbHa BelnMyrHa nmokazHuka RTT —
TPUBAIICTh IBOCTOPOHHBOTO OOMiHY iH(hopMalli€lo
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Puc. 7. TTopiBHSIHHSI MOJIeJTi XMapHUX Ta TYMaHHUX o0uucieHb ajis cucteM [oT [4]

(Round Trip Time, RTT) [24]. CymapHuii yac no-
BeleHHs iHdopMaliii Bin loT-npuctporo 10 HeHTpy
00pooku naHux (Data Processing Center, DPC) iy
3BOpOTHOMY HanpsiMky B LEO-cucTteMi He nepeBu-
mye 100 mc. JlJaHuii MoKa3HMK iCTOTHO MEHIIMI 3a
aHaJIoTiYHUN Mmoka3HUuK s GEO-cucreMu, SKuii
ctaHoBUTh 600 Mc.

Bubip xnacy loT-nocayr, He4yTTEBUX 10 3aTPUM-
ku DTA, abo uyTTeBUX 10 3aTpUMKU DSA, BruinBae
Ha apXiTeKTypy opbiTajbHOTO yrpynoBaHHs [9]. s
CHCTEM, Opi€EHTOBaHMX Ha HagaHHsS DSA-mociyr
IoT, kpamoro € apxiTekTypa 3 MapLIPyTU3ALi€
iHpopmauii IoT ©Oe3mocepeaHbO B OpOITAILHO-
My yrpyroBaHHi cuctemu — Space Based Routing.
XapakTepHOIO OCOOJMBICTIO TAaKOI apXiTeKTypu €
BUKOPUCTAHHS JIiHi# 3B’SI13Ky MiXX CYIyTHUKAMMU —
Inter-Satellite Links (ISL).

Hunst cynytHukoBoi LEO System IoT 0ys0 o6pa-
HO HU3bKY HaBKoJiodeMHy opOiTy, LEO. CtpykTy-
pa HU3bKOOPOIiTaATbHOI CYyMyTHUKOBOI cucTtemu [oT
(LEO System IoT) BpaxoBy€e 0cO0IMBOCTI HaAaHHS
nocayr IoT mis BCix rpyn KOpUCTYyBadiB i KjaciB
nocayr: nociayru DTA ta nmociyru DSA; a Takox
IIJISI cTallioHapHUX (HEPYXOMUX) i MOOIIBHUX IIpH-
ctpoiB [oT.

LEO System IoT cknagaetbesi 3 opOiTaibHOIO
i HazeMHOro cermeHTiB. Ha puc. 8 mpencraBieHO
crpykTypy LEO System IoT.

OpGitanbuuit cermeHt (OC) 3abe3neuye BUpi-
IIeHHsI TEJIEKOMYHIKalliiHUX 3aja4 Iiepenadi iH-
¢opmaniitHux 1morokiB IoT i MicTuTh 00UMCIIO-
BaJIbHI MOTYXHOCTI 111 peaiizanii KoHnoemruii FC.
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OC nobynoBaHWil 3 ypaxyBaHHSIM 3a0e3reueHHs
30HM CYLIJIBHOTO MOKPUTTS/0e3nepepBHOTO 00CTy-
TOBYBaHHSI B pailoHax MPiOPUTETHOTrO OOCIYyTrOBY-
BaHHSI, MEXi SIKMX BU3HAYalOThCS MiHIMaJbHUM i
MaKCUMaJIbHUM 3HAYE€HHSM ILIUPOTH, i CKJIATAETHCS
3 IeKiIbKOX opOiTanbHux mioirH. OC nodynaoBa-
HUI Ha OCHOBI apXiTEKTypU «PO3MOALJIEHOTO CYITyT-
Huka» (mam PC) i MicTUTh MiKpOYTrpyIlOBaHHSI Cy-
MYyTHUKIB, pO3TalllOBaHi B 3alaHMX (pa30BUX MO3U-
LIisIX OpOITAIbHUX TIJIOLIMH.

Hazemuuii cerment (HC) Bkitouyae ckiaaoBi
YacTUHU, NTpU3HavYeHi 1 HagaHHs mocayr [oT, i
CKJIaJ0Bi YaCTUHM, TIpU3HAYEHi JIJIsT 3a0e3MeUeH-
Hsl KepyBaHHS1 pyHKIioHYyBaHHSIM cuctemu. LEO
System IoT mnpusHadyeHoO miIsi HagaHHS ITOCYT
IIMPOKOMY CIIEKTpy KopuctyBauiB loT mpaktmy-
HO Yy BCiX CerMeHTax MOCJIYI: OXOpOHa 310pOB’s
Ta eKCTpeHa MeJuyHa J0roMora, MpOMUCIOBICTh
i IPOMUCIIOBUI iHTepHET peveli, TPaHCIIOPT i JIo-
rictuka, BUIOOYTOK KOPUCHUX KOMaJuH, HapTO/
ra3oBUJ00YTOK i TpaHCIOPTYBaHHS, iHPpPaCTPyK-
Typa MICT i KOMyHaJIbHE rOCIIOJAPCTBO, PO3YMHUIA
OyIMHOK, arpoOnpOMUCIOBUI KOMILIEKC, MOHITO-
PUHT HaBKOJUIITHbOTO CepeloBuILia, ONTOBA i pO3-
JIpiOHa TOPTiBJIS TOLIO.

s 3abe3nedeHHs goctymny IpuctpoiB loT mo
00YMCITIOBAIBHUX MTOTYKHOCTE BUKOPUCTOBYETHCS
aOOHEHTCHKUU TepMiHal. AOOHEHTCHKMI TepMiHal
BUKOHYE KibKa (YHKIIIN:

® 3eMHOI CTaHIIil CyIlyTHUKOBOTO 3B’SI3KY JIJISI Op-
raHizauii JBOCTOPOHHBOI CYMYyTHUKOBOI pamioIiHii
(uplink / downlink) no cynytHuka 3i cknaay OC;
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Puc. 8. CtpykTypa HU3BKOOPOITAIBHOI CYITyTHUKOBOI cucteMu iHTepHeTy peueit (LEO System IoT)

* 0a3oBoi craHuii (Base Station) i craHiiii crips-
xkeHHs1 (GW, Gate Way) 11 Ha3eMHOI Mepexi pa-
niogoctyny mist mpuctpoiB IoT,

* MaplipyTu3aropa iHMOpMaILiiHUX ITOTOKIB
Bin/mo nmpuctpois IoT.

KepyBanHs1 HamanHsMm mocayr loT 3milicHioe
ILlentp xepyBaHHs1 loT-mociayramu (nuB. puc. 8).
Lentp kepyBaHHs1 loT-mociyramu, $K TpaBu-
JIO, BUKOPHMCTOBYE arapaTHi MOTYXXHOCTI XMapHUX
LIEHTPiB 0OPOOKM TaHUX.

3. APXITEKTYPA OPBITAJIbHOT'O
YI'PYIIOBAHHA LEO SYSTEM 10T

OCHOBHUMU MapaMeTpaMu OpOiTaJlbHOTO YIPYIlO-
BaHHs LEO System IoT Ha kpyroBiii op0iTi €:
* BHCOTa OpOiTH /;
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* HaxuJeHHS opOiTH i;

* MiHiMasbHa i MakcuMaibHa WUpoTa ([, [..)
30HMU MPIOPUTETHOTO OOCITYTOBYBaHHS / CYLILILHOTO
TTOKPUTTS;

* MiHIMaJbHWIA KYT . MiCLIS aHTEH TEpMiHaJIiB
3eMHUX CTaHIIili Ta aDOHEHTCHKUX TePMiHaJIiB;

* mupuHa L cMyru oOCIyroByBaHHSI ISl OJHi€l
opOiTajbHOI MIOLIWHU.

Ha ocHOBI 3a3HaYeHMX MapaMeTpiB BUBHAUAIOTHCSI:

® KiJbKicTh M KOCMIUHMX amapatiB y opOiTaib-
Hili TJTOLIMHI i KyToBe, abo (ha3oBe, pPO3HECEHHS
MiX HIMH;

* KiIBKiCTh N opOiTaIbHUX IUIOIINH i KyTOBE PO3-
HECEeHHSI MixK HUMM 110 JOBTOTi BUCXiTHOIO By3JIa.

Ha puc. 9 HaBeneHO BapiaHT apXiTeKTypu opOi-
tajnbHOro yrpynoBaHHsi LEO System IoT, sike ckna-
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naeTbes 3 N opOiTaJbHUX TUIOIIMH, 1 B KOXHIi Op-
OiTasibHIKM muoKMHiI po3ramoBaHo M PC. Tlpu Bu-
3HAYEHHI apXiTeKTypu OpOiTaJbHOTO yrpyIroBaHHS
LEO System IoT xoxen PC nmo3navyaerbcs SIK OOUH
CYMYTHUK.

HaxwuieHHs rporpecuBHOI OpOiTH HEe MOXe OyTH
MEHIIKUM 32 MaKCMMaJIbHY LIUPOTY 30HU MPiOpU-
TETHOIO O0C/IyrOByBaHHs /. , i BAOMPAETHCS 3 Bpa-
XyBaHHSIM ymMoBH (1)

i>l

max - (1)

Kinbkicte M CymyTHHKIB, PO3TalllOBaHUX B OJI-
Hili opOiTaJbHIN IUIOIINHI, 3aJeXKUTh Bill BUCOTH A
Op0iTH, MiHIMaJTBHOTO KyTa Miclist B, i IMpuHU L
CMYTH 00CJIyTOBYBaHHSI OIHI€T OpOiTaTbHOI IIOIIN -
Hi, i 32 YMOBUM piBHOMipHOTO PO3MIIIIEHHS CYTTyTHU-
KiB B OpOiTa/IbHIN MJIOLIMHI CTAHOBUTh

M:{%oc’],

Ao
e AQp — UEHTPAJIBHUI KYT MIX CYCITHIMHU CYITyT-
HUKaMU B opOiTajbHill MIOIINWHI; — oreparop
OKPYIJIEHHS 3BEPXY 10 HAOJMXKYOTO 1IiJI0TO YKca.

3 orjisimy Ha OCOOIMBICTD 3alIPOIIOHOBAHOI B PO-
6ori [16] xoHpirypauii LEO System loT ms 3a6e3-
nedyeHHs cymicHocTi 3 GEO-cucremamu LieHTpalb-
HUI KyT MK CYyITyTHUKAMU B OpOITaJIbHIM MIOIIMHL
(nuB. puc. 10) BUBHAYa€ETHCS 3 BUpa3y

()

 =arccos C05 Ona , 3)
cos(L-180°/(nR,))
0ax = arccos < p coSPBin | “)

e

ne R, = 6378 xm — paniyc 3emi, 0, — LHEHTpab-
HUI KYT, SIKMiA BU3HAYAETHCS 30HOIO OOCIYroBY-
BaHHs cynyTHuKa (TyT PC) mist MiHiMaibHOTO KyTa
MicCList aHTEHHU TepMiHalTy KOpucTyBava B . .

KinbKicTh opGiTaabHUX TJIOIIMH TOB’s13aHa 3 Mi-
HIMaJbHOIO PI3HUIIEIO ITOBIOTHM BUCXIIHOTO By3Ja
A\, OOUMCIIEHOTO 3 YpaxyBaHHSIM MiHiMaJbHOI 1M~
POTHU 30HH CYLILHOTO MIOKPUTTS [,

N:Pmo]
AL

V cnipollieHOMY BUIVISIII Pi3HULIIO TOBIOT BUCXi-
HOTO By3j1a AA JJI CYCIIHIX OpOiTaabHUX IJIOLIMH
MOXHA BU3HAYUTH 3 BUPaA3y

)
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Puc. 9. Ctpykrypa opOitasibHOTO yrpynoBaHHs LEO teneko-
MYHiKaliifHOi CYyITyTHUKOBOI CUCTEMU

~ L-180°

AL (6)

. 08
nR, cos/,;, sin| arccos
cos/,

min

HaBeneHi cripomeHi aHaxitTiaHi Bupasu (1)—(6)
JIO3BOJISIIOTh  OLIHUTH KOHGIrypaliro apxiTekTy-
pu opb6itanbHoro yrpynosaHHss LEO System IoT 3
ypaxyBaHHSIM 3aJaHOl 30HU CYLIJIbHOIO IOKPUTTS
i 0OMesKeHHST MiHiMaJIbHOTO KyTa MicClisl TepMiHay
crnoxusayva [oT.

4. APXITEKTYPA «PO3IIOALIEHOIO CYITYTHUKA»

B ocHOBi KOHIIEMii apXiTeKTypu «PO3IOAiJIEHOTO
cynytHuKa» (PC-apxiTekTypa) MOKJIageHO PO3Mo-
JiT KOPUCHOTO HaBaHTAXXEHHSI OJHOIO CYITyTHU-
Ka MiX JIEKUIbKOMa CYITyTHUKAaMU MEHIIOro Kjacy
(3a MOKa3HUKOM Macu KOCMiYHOTro amnapara) i pop-
MYBaHHS Ha OpOiTi MOJIBLOTHOI CTPYKTYPHU, SIKa BU-
3HAya€ B3aEMHE pO3TalllyBaHHS CYIYTHUKIB [JIs1
CHiTBHOTO BUKOHAHHS (PYHKIIIOHAJILHOTO 3aBIaH-
Hs1. CynyTHUKM B ckiani PC 3ailicHIOI0Th rpyroBuii
MOJIiT y 6e3rnocepeaHiil GJIM3bKOCTI OJWUH Bill OIHO-
ro i CTBOPIOIOTH MiKpoyrpynoBaHHs. MyHKIIT Ta
(byHKI1IiOHaBbHI 3aBIAHHST KOPMCHOTO HaBaHTaXKEH-
HSI pO3IOAiJIeHi MiXK KOpMCHUMM HaBaHTaXXEHHSIMU
cynyTHUKIB 3i ckiiamy PC. PC-apxiTekTypa 103BO-
JIsIE BAKOPUCTOBYBATH U151 cTBopeHHsI LEO-cuctem
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Puc. 10. PoznionizieHHS CyIyTHUKIB B OpOiTaIbHIl TUIOIIMHI i3 BpaXyBaHHSM 3a0€3MeYeHHSI eIeK-
TPOMArHIiTHOI CYMiCHOCTI i3 TeocTallioHapHUMU CUCTeMaMu

3B’13KYy CYNYTHUKM KJIacy MIKpPOCYIIyTHHMK (Macolo
Bix 10 go 100 xr) i HaHOCYITyTHUK a00 KyOcaT (Ma-
como Big 1 mo 10 xT).

MoxnuBi nBa BapiaHTu PC-apXiTekTypu: 1ieH-
TpajizoBaHa a0o iepapxiyHa apxiTekTypa, i me-
LIeHTpaJli3oBaHa apxiTekTypa. Y LIeHTpasi3oBaHii
PC-apxiTekTypi OIUH CYIYTHUK € KOpeHeBUM. Ak
MpaBuJo, 11e CYMYTHUK OUIbIIOro Kiacy (3a mokas-
HUKOM Macu). BiH BukoHye ¢yHKIIii KepyBaHHS
MOJILOTOM MIKpPOYTPYHOBaHHS i (DyHKIIIOHYBAaHHSIM
BCIX MPUKIHIEBUX CYIIyTHMKIB, K IPaBUJIO MEH-
1oro kjiacy. Y aeueHtpanizoBaHiii PC-apxitektypi
(byHK11iT KepyBaHHS TTOJILOTOM i (PYHKIIIOHYBaHHSIM
MiKpOYTPYITIOBAaHHSI PO3MOJIIEHI MiX CYITyTHH-
KaMH, SK TpaBUJIO, OJHOTO KJiacy, i peati3yloThCs
Ha OCHOBi aJITOPUTMIB KEpyBaHHS PO3IOIiJIEHUM
CTPYKTypaMu, 1110 camoopraHizywoTtbes. Ha puc. 11
MmokasaHo neHTpaiizoBany PC-apxitekrypy [16].

OcobOnusicTio PC-apxiTeKTypu € MOXIUBICTb
BUKOPUCTAHHS HAHOCYNYTHUKIB 200 KyOcaTiB /sl

68

BUpIilIEHHS CKJIaTHUX 0araToyHKIiOHAJbHUX 3a-
BrnaHb. OOMexXeHi MacoOBO-rabapuTHI i EHEPreTUY-
Hi MOXJIMBOCTI KyOCaTiB IpOTHpiYaTh BUMOIraM JI0
iH(opMaliiiHOT MPOAYKTUBHOCTI i TOBrOTpUBaJIOl
opOiTanbHOI eKcITyaTtalii CYNmyTHUKOBUX CHC-
teM. IligBuimuTy e(eKTUBHICTH KyOcaTiB MOXHa
BiIMOBMBIINCH B PEXHMi IITAaTHOI eKCILTyaTalil
BiJ BUKOPUCTAHHS 4YacTMHU OOJlagHAHHS, HEeoO-
XiZHOTO I BMUMIipIOBaHHsI IlapaMeTpiB oOpoOiTU
Ta KepyBaHHs OpOiTaJbHUM I10JbOTOM. BimMoBa
Bil BUKOPUCTaHHS O3HAya€ BIAKIIOYEHHS Yac-
TUHU OOJagHAHHS MNpU INTAaTHIM eKCIUIyaTallil
B ckuani PC.

Po3nodia kopucnoeo nasanmaxcewns 6 «pozno-
dinenomy cynymuuky». PC-apxiTeKkTypa I03BOJISIE
PO3NOAUTUTH (DYHKIIIOHAJIbHI 3aBAAHHS KOPUCHOTO
HaBaHTAXEHHS TEJeKOMYHIKAIiliHOTO CYITyTHU-
Ka OLIBIIOro KJIacy MiXK JeKiIbKOMa CYIyTHUKaMU
MeHIoro po3mipy. Ha puc. 12 mokasaHo po3momin
KOpHCHOTo HaBaHTaxeHHs B PC.

ISSN 1561-8889. Kocmiuna nayxa i mexnonoeis. 2020. T. 26. No 4



Hus3vxoopbimanvha cynymuukoea cucmema inmepHemy peveii Ha 6a3i po3nodineno2o cynymiurka

G B -,
Pt ~,
A g [Mpukinuesnii cynyTHUK N-3
- ~,
5 IMpuKiHLIEBUit ey
r'd . o *
7 cynyTHuK N.4 TMpukiHueBnit cynyrHuK N.2
I‘I s — — LY
' I i
} i .

Puc. 11. Lentpanizopana PC-apxitekrtypa [16]
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CynyTHUK-PETPAHCIISITOP

Puc. 12. Po31oiij KOpUCHOTO HaBaHTaXXEHHS MixX KOCMiYHMMU anapaTtamu B ckiani PC
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Puc. 13. BusHaueHHs1 KOOpAUHAT MPUKIHIIEBUX CYIMyTHUKIB B CYMMyTHUKOBiiA CUCTEMi KOOpAMHAT

KOPEHEBOTO CYITyTHUKA

KopeHeBuii cynmyTHUK BUKOHYE (DYHKIIII Kepy-
BaHHS (PYHKIIOHYBAaHHSIM i TPYHOBUM IIOJIbOTOM
PC gk BracHe KOpeHEBOTO CYNyTHHKA, TaK i YCix
MPUKIHIEBUX CYMMYTHUKIB, a TaKoX (popMyBaHHS i
MapllpyTu3alito iHhopMaliiHUX MTOTOKIB y MexXax
PC i 3 iioro 30BHillIHIMU aOOHEHTAMM: 36MHUMU
craHuissMu crnpstkeHHss GW 1 TepMiHajiaMy KOpurc-
TyBauiB, i 3 iHMMU PC cCymyTHUKOBOI CUCTEMU.

Buympiwna padiomepesca. Bumiprosanns e3aem-
HO020 N0A0XNCEHHA | PYXY NPUKIHUEBUX CYRYMHUKIE 8i0-
HOCHO KopeHegozo cynymuuka. Bzaemomnist Mixk Kope-
HEBUM i NPUKIHLIEBUMHU CYIMyTHUKamu y ckiani PC
3a0e3I1euy€eThCs 3a JOIMOMOI0I0 BHYTPILIHBOL pagio-
Mepexi. BHyTpilllHs pamioMmepexa (yHKIIIOHYE Ha
OCHOBI OJHOTI'0 3 CTaHAAPTIiB Ha3eMHOI pagioMepexi
I CJ, 3 ypaxyBaHHSM 11 aganTailii 40 0oco0JUBOCTEN
(byHKIIiOHYBaHHS B KOCMIiUHill cucTeMi. 3a 6a3oBuit
MoxHa obpatu crangapT 3GPP, skuit Bukopucro-
BYETHCS B pi3HUX BapiaHTax s Mepex 4G, 5G.

Bubip craHpapTy oOIpyHTOBaHMI HasSIBHICTIO
Yy CKJIadi CTeKYy MPOTOKOJIiB BJIACHMX 3acCO0iB ITiI-
TPUMKM CHUHXPOHi3allili i BUMipiOBaHb MaJIbHOCTI
MixX 0a30BOIO CTaHLi€, PYHKIII IKOI B CYMyTHU-
KOBill cHUCTeMi BUKOHYE KOpPEHEBUM CYMYTHUK, i
TepMiHaJIOM KOpMUCTyBaya, (DYHKIIii SIKOTO BUKOHYE
MNPUKIHLEBUI CYITyTHUK. TaKM YMHOM, Ha 1OJATOK
I0 iHdhopMaLiitHOro 0OMiHY MixXX KOPEHEBUM i ITpH-
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KiHLIEBUMM CYNYTHUKAMM BHYTPIILIHS pajiomMepexa
PC 3abe3neuye npoBeaeHHSI BUMipIOBaHb B3aEMHO-
o ITOJIOKEHHS CynyTHUKIB. Ha ocHOBI pe3yibraTiB
BUMipIOBaHb MOXWIEHOI JaJIbHOCTI BU3HAYAIOThCS:
KOOPAMHATU MPUKIHIIEBUX CYMYTHUKIB y CyMYyTHU-
KOBiil cMCTeMi KOOpAMHAT KOPEHEBOro CyMyTHUKaA,
PO3pPaxOBYETHCS B3aEMHE MOJIOKEHHS 1 BEKTOP Bifl-
HOCHOI IIBUJKOCTI MPUKIHLIEBOTO i KOPEHEBOTO CYy-
MYTHUKIB (1uB. puc. 13).

DopmyeanHs 30HU 00CAY208Y68AHH «PO3NOJIAEHO20
cynymuuka». TIpUKiHILIEBI CYIIyTHMKU 3a0e3Iiedy-
10Th (POPMYBaHHSI BY3bKMX PaJiONPOMEHIB /JisI 00-
CJIyTOBYBaHHS 36MHUX CTaHIII: TepMiHaJIiB KOPUC-
TyBauiB i craHUii cripsokeHHs GW (nuB. puc. 14).
3oHa o6ciayroByBaHHsI KoxHoro PC dopmyeTbes
SIK CYKYIIHICTh 30H OOCJIyTOBYBaHHSI CYITyTHHUKIiB-
perpancisgTopis (CP).

Ha puc. 14 nmokaszano nBa cycigHix PC (PCN i
PCN+1), saxi pyxaioTbcs IOCIiZOBHO OIMH 3a iH-
IIKUM B ONIHi opOiTanbHiil miomuHi. Kinbka koc-
MIYHMX arapaTiB, $SKi PO3TalllOoBaHi IOCiIOBHO
OJMH 3a IHIIMM B OAHill OpOiTaIbHili IJTOLIMHI Ha
HU3BKi HaBKOJO3eMHill op0iTi, POPMYIOTh CMYTY
00cCIyroByBaHHsI OpOiTajibHOI IUIOIIMHU (Street).
IupuHa cMyru oOCIyroBYBaHHSI OJIHI€I opOiTaib-
HOIT TUIOLIMHUA BU3HAYAETHCS LIEHTPAJbHUM KYTOM
3 BepmHOI0 O B LIEHTPi 3eMJli, SIKUI BiAIlOBigae
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Puc. 14. ®opmyBaHHS CMyTY 00CITyrOBYBaHHS (BY/IHLII) OAHI€T OpOiTaTIbHOT
o B LEO System IoT 3 PC-apxitekTypoio

Tabauys 4. Po3mip 3oum oocayropyBants oxHoro PC ¢ yotupma CP

Poamip 30HM 06cyroByBaHHs /| X [;, KM
Kyt Miciis aHTeHn
h =850 xm h =900 xm h =950 xm
40° 1179 x 1669.7 1232.1 x 1745.5 1286.9 x 1823.4
50° 855.2 x 1211.1 899.4 x 1273.5 941.4 x 1331.4
60° 600 x 850.5 631.5x892.8 660.3 x 935.1

IIUPWHI TIEPETUHY 30H OOCITYTOBYBAaHHS JBOX KOC-
MiYHMX arapariB, 110 PyXaloThCs MOCIITOBHO OJNH
3a iHIIUM B OJHIN opOiTanbHii mommHi. [lupuHa
MEepeTUHy 30H OOCIYTrOBYBaHHS BU3HAYAETHCS MEP-
MEHIUKYJISIPHO 10 OpOiTaIbHOI IUIOIIMHU, a00 Iep-
MEeHAUKYJSIPHO 10 HANIPSIMKY PyXy KOCMIYHMX ara-
pariB. 3oHY 00cayroByBaHHsI KoxHoro PC oOpany
SIK TIOJJOBUHY KOJia, SIKe BU3HAYA€EThCSI BHCOTOIO
op0iTH 1 MiHIMaJIBHUM 3HAYEHHSIM KyTa Miclls aH-
TEHUM 3€MHOI CTaHLil — TepMiHaJly KOpUCTyBaya. ¥
MiBKOJIO BIIMCAHO MPSAMOKYTHUK, KW i BUSHAYa€
30Hy obOcayroByBaHHs PC. ITpgIMOKyTHY 30HY 00-
CJIYTOBYBaHHS ¢(hOPMOBAHO 3a TOTIOMOTOI0 BOChbMU
IIPOMEHIB KpyIJIoi i exintuyHoi dopmu. ¥ Tadm:. 4
HaBeJEHO Pe3yJbTaTU PO3paxyHKY pO3MipiB 30HU
oo6ciyroByBaHHs ogHoro PC 3 yotupma CP nis piz-
HUX 3HauY€Hb BUCOTU KPYroBOi OpOiTH i MiHiMaslb-
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HOTO KyTa MICIISI aHTEHU 3€MHOI CTaHIlii — TepMi-
HaJly KOpUCTyBaya.

3oHu obcayroByBaHHsI ogHoro PC dopmyerbes
3a JIOITOMOTI'0I0 BOCBMM TIpOMeHiB Bin yotuprox CP.
Koxen CP ¢opmye nBa npomeHi. BukopucroBy-
€TbCS CXeMa JIBOPa30BOr0 BUKOPUCTAHHSI YOTUPHOX
YacTOT y MOEHAHHI 3 IBOMa OPTOTOHAJIbHUMMU TTOJIS -
puzauismu. Koxen CP ¢hopmye nBa nmpomeHi, siKi He
MePEeTUHAIOTHLCS, IIUPUHOO MPUOIN3HO 16.5° KoxkeH
(1o piBHIO MOJOBUHHOI MOTYKHOCTI). SIK MoKa3aHO
Ha puc. 15, a, CP N1 y cxiani PC-N dopmye npo-
MiHb FIRC Ha yacrtoti F1 3 mpaBoCcTOpOHHBOIO KPY-
roBOIO moJisipu3aliieto, i mpominb FILC Ha yacToTi
F1 3 71iBOCTOPOHHBOIO KPYrOBOIO MOJISIPU3ALIEIO.
CP N2 ananoriyHo ¢opMye 1Ba IIPOMEHi Ha YaCTOTi
F2: npominp F2RC 3 npaBoCcTOpOHHBOIO KPYroBOIO
noJjsipusauieto, i npoMinb F2LC 3 1iBOCTOPOHHBOIO
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noJsipusauieto. [Tpomeni CP N1 i N2 opieHToBaHi
TaKMM YMHOM, 1110 30HU OOCIYrOBYBaHHS iXHiX IIpO-
MEHiB Ha MOBEPXHi 3eMJli PO3TalllOBAHO B 1IaXOBOMY
MopsiaAKy. MixX ABOMa MPOMEHSIMU, 1110 BUKOPHUCTO-
BYIOTb OJIHY 4YacTOTy, Hanpukian Fl1, po3ramoBaHo
MpoMiHb 3 yactotoro F2. AHanoriuHa moOymoBa 3a-
crocoByeThbest st CP N3 i N4, axi BinnoBigHo BU-
KopucrtoBytoth yactotu F3 i F4 (nuB. puc. 14). Ha
puc. 15, 6 moka3zaHo po3rauryBaHHs mpomeHiB CP
N1i N3 B HanpsaMky pyxy PC. 3oHa o0cyroByBaHH:I
npomeHs F1RC CP N1 na yactoti F1 po3mityerbces
MOpyY i3 30H010 o0cayroByBaHHs mpomeHst F3RC CP
N3 Ha vactoti F3. BukopuctaHHsSI YOTUPbOX YaCTOT
y TIOEIHAHHI 3 IBOMa OPTOrOHAJIbBHUMM TOJISIpU3alli-
SIMU JIO3BOJISIE MiHIMi3yBaTU PiBeHb B3aEMHUX Mepe-
LLIKOJ MiXK IIPOMEHSIMU.

OcTaHHIM 4YacoM aKTMBHO OOI'OBOPIOETHCS MH-
TaHHSI BUKOpPUCTaHHS B cucteMmax [oT mpoTokosiB
nepemadi iHgopMallii, po3paxoBaHUX Ha mepegavdy
Ha BeJIMKi BincTaHi iH(opmallii 6e3rnocepeHbo Bij
[oT-tipucTpoiB. o X MPOTOKOJIB HajleXXaTh, Ha-
npukiaaa, LoRaWAN, NB-IoT. PC-apxitekTypa €
THYYKOIO i J03BOJISIE BIPOBAaIKyBaTuU HOBi ab0 10-
JIaTKOBI CTaHAAPTHU i MPOTOKOJIU Mepeaadi iHgpop-
Maliil nuisixoM gonoBHeHHs ckianmy PC pmomarko-
puM CP, gxi peanizyloTh IOZAaTKOBUII MPOTOKOJ/
cTaHAapT Tepenavi iHgopmartii. Ha puc. 16 moka-
3aHO MpuKJiaa gornoBHeHHs PC, 1110 BUKOPUCTOBYE

P
P
+"  CyIyTHUK-PETPaHCIISITOP
/'g ITpukinuesuii cyrmyTHuK N.1
.

npotokoj DVB-S2, nogatkoBum CP, sikuii peanizye
npotokosl LoRaWAN a6o NB-IoT. [dns uporo mo
ckiany PC momatkoBo momaHo okpemuii CP, skwmii
peaiizye npotokon LoRaWAN a6o NB-IoT B okpe-
MOMY Jiara30Hi 4acTOT.

B pesynbrati momoBHeHHst PC okpemum CP
dopmyeThc KOMOiIHOBaHAa 30Ha OOCIYTrOBYBaHHS
(mmB. puc. 16). KomGiHoBaHa 30Ha 00CIyrOByBaHHS
00’eIHY€ BITHOCHO BY3bKi 30HM OOCIYrOBYBaHHS
CP, s1Ki He IepeTUHAIOTHCS i BAUKOPUCTOBYIOTH IIPO-
tokos DVB-S2, i mmpoky 30HY 0OCIyroByBaHHS
CP, mo peanizye mporokos LoORaWAN a6o NB-IoT.
3 oy Ha BUKOPMCTAHHSI iHIIOIO YacTOTHOIO
Iiama3oHy ajis1 HagaHHs nmocayr loT 3 BukopucraH-
HaM npoTokony LoRaWAN a6o NB-IoT 11 mmmpoka
30Ha 00CJIYTrOBYBaHHSI IIOKPUBAE OLIbII BY3bKi 30HU
o0cayroByBaHH: 3 mpoTokoiom DVB-S2.

5. OPBITAJTIbHA PO3IIOAIIEHA
OBYNCIIOBAIbHA MEPEXKA

Hus peanizawii konnenuii FC LEO System 1oT mo-
BMHHA MAaTH B CKJadi CBOro OpOiTaJbHOIO yTPYIO-
BaHHS BJIaCHI OOYMCJTIOBaJIbHI MOTY>KHOCTI i Haja-
BaTH 1Ii MOTYXHOCTI crtoxkuBadam nocayr loT [3, 5].

3acrocoBaHa PC-apxiTekrtypa [g03BOJISIE PO3-
MicTUTH Ha Oe3nocepeaHbo Ha LEO-opbiTi BaacHi
obuucnoBaibHI moTyxkHOoCcTi LEO System IoT. o
ckiany KoxHoro PC BKIIOYAETHCS OKpeMUIl MpU-
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Puc. 17. Po3zrairyBaHHST OOUUCTIOBAIIBHOI IIOTY>XKHOCTI CYITyTHUKA-004YHMCIIIOBaYa B PO3ITOIiIEHO-

My CYMYyTHUKY
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KiHLIEBUIA CYIIyTHUK — CYNYTHUK-OOYMCIIIOBAY
(CB) (nuB. npukiHueBuii cynyTHUK N.5 Ha puc. 17).
Amnajnoriuno npukinnesum CP, CB mobynoBaHo Ha
mwiatdopmi Kyocat. KoprcHuM HaBaHTaXKeHHSIM Ta-
KOTO0 CYITyTHMKA € 004YMC/IoBaIbHII Moayinb (BM).
BM ocHalleHO BJIACHUM IPOLECOPOM i ITaM’SITTIO
(TIpucTpiii JOBroTepMiHOBOTO 30epekeHHsT iHpop-
mauii — A3V, ta npuctpiii onepaTuBHOTO 30epe-
KeHHs iHpopmalii — O3Y).

ITponykTusHicTh ssapa BM (o04yucmoBanbHa IMo-
TY>KHICTb) BM3HAYA€ETbCS HAa OCHOBI KOMIIPOMICY
MiX TaKMUMU TTOKa3HUKAMMU:

* MacoBO-TabapuTHi, EHEPreTUYHi i TeTJIOBi Xa-
PaKTEepUCTUKU TIaThopMu KydcaTa IIOAO0 PO3Mi-
LIIEHHS Ta 3a0e3re4yeHHsT (PYHKIIOHYBaHHS KOPHC-
HOTO HaBaHTaXXEHHS;

e KinbKicTh mpuctpoiB loT i xapakTepucTuku
loT-tpadika B 30Hi oocinyroByBanHs PC;

* CKJIAJHICTh aJrOpUTMiB 00poOKM iH(hOopMallii
10T, obcsr mporpaMHOro 3a0e31eueHHST, 0OMEeXeH-
HSI 1I0J0 MPUITYCTUMOTO Yacy 00poOKu iHpopmariii
IoT.

BM peaiizyetbes Ha ocHoBi COTS-TexHoOTIM i
BiIMOBIIHOTO MPOrpaMHOro 3a6€e3reyeHHs .

3aJIexKHO BiJl MIPOTHO30BaHOI0 00YMCIIOBAILHOTO
HaBaHTaxkeHHs 10 ckiany PC MoxyTh OyTH BKJITIO-
yeHi Oubiie ogHoro CB, Hampukian: nBa, Tpu. Y
CKJIa/li KOXKHO1 OpOiTaIbHOI TJIOIIMHU MOXYTb OyTH
nependadeHi onuH abo Kibka PC 3 mexinbkoma CB.
HasiBuictb ISL Mixx PC y cBoiit opbitanbHiii mio-
muHi i 7o PC y cycinHix opOiTaJbHUX TIOLIMHAX
JI03BOJISIE BMKOPUCTOBYBAaTU OOYMCIIIOBAJIbHI I10-
tykHOocTi PC 3 gekinbkoma CB mis 3a0e3redyeHHs
DTA ta DSA niocnyr loT.

CB ¢bopMy1oTh 07HOpPaHTOBY OpOiTabHY PO3MO-
nineHy oo6uucaoBaibHy Mepexy (OPBC), crpyk-
Typy sikoi npuBeAeHo Ha puc. 18. loT-mpucrpoi,
110 ItepeOyBaroTh y 30HI o0ciiyroByBaHHs PC, Bu-
KOPHCTOBYIOTh OOUMCIIIOBAJIbHY MOTYXKHIiCTh CB 3i
ckiaany PC. 38’5130k 3 loT-npucrposiMu 3abesrie-
yyoTh CP. MapuipyTtuzaTop KOpeHEeBOIO CYIIyTHH-
ka (KC) 3abe3neuye mapuipyrusaiiio iHgopMairii
y BHYTpillHi# pagiomepexi PC, i mix aboHeHTaMu
BHYTpilIHbO1 pagiomepexi PC ta inmmmu PC i3 Bu-
kopuctaHHsaM ISL. CB € aboHeHTOM BHYTpPillIHbOL
pangioMmepexi i uepes mapupyruzaTop KC minkio-
yeHuit 1o omHopaHroBoi OPBC.
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MaricTpanbHa Mepexa 3B’SI3Ky i Iepenadi JaHux
BUKOPUCTOBYETHCS AJIs1 3a0€3MeYeHHs] BUKOHAHHS
HACTYMHUX (PYHKIIii:

* PO3MOL HAJIMIIKOBOIO OOUYMCIIIOBATbHOTO
HaBaHTaxkeHHs1 Mixk CB y Bunaaky BUHUKHEHHSI Mi-
KOBMX HaBaHTaXX€Hb B OKPEMUX paiiOHaX 30HU Ha-
naHHs nocayr LEO System IoT;

e akTyajizalis i migTpumka 6a3m maHux loT 3
ypaxyBaHHSIM pyxy PC BiTHOCHO moBepxHi 3eMi;

* 3a0e3ne4yeHHs iH(OpMAILIfHOrOo OOMIHY MixX
npuctposiMmu loT, siki mepedyBaloTh B 30Hi 00CTy-
roByBaHHsI pisHuX PC Ta y cmyrax o0cyroByBaHHsI
Pi3HUX OpOITATBHUX TIJIOIINH;

* 3a0e3ne4yeHHs npauesgarHocti OPBC y Bunan-
Ky BiIMOBHM a00 HECIIPaBHOCTI OTHOTO a00 AEKisib-
kox CB.

BinnoBinHO M0 00OpaHOI apXiTeKTypu OpOiTaib-
"Horo yrpymoBaHHs LEO System loT [1] xoxen
PC 3abesneuye 3B’530K 3 yoTupMa cycigHimu PC:
IIBOMa Y CBOilf OpOiTaJbHill IJIOIIMHI i IO OTHOMY
HaOJIMKIOMY — y IBOX CYCITHIX OpOITaIbHUX MJ10-
muHax. Ha puc. 19 npeacrasiaeHo rpad 3B’SI3HOCTI
OPBC LEO System IoT. Ipad 3B’13HOCTI Ma€ mpsi-
MOKYTHY rpaTdyacty (popMy: KiJIbKiCTb CTOBILIiB Bif-
MOBiJA€ KUIBKOCTI OpOIiTAJIbHUX IIOIIMH N, Killb-
KicTb psiaKiB — KibKocTi PC B KoxHIM opOiTaabHil
TuIouHI M.

3B’sa3HicTh ogHopaHroBoi OPBC mae BaxkiuBe
3HAUEHHS [ BUOOPY MapllpyTy rnepenadi iHpop-
mauii IoT Ta npu HeoOXiZHOCTI Mepepo3noAiay 00-
YHCIOBAIbHOIO HaBaHTaxXeHHs. 3B’s3HicTh OPBC
OIUCYETHCS MOAM(IKOBAHOI MAaTPULIECIO 3B SI3HOCTI.
MonudikoBaHa MaTpuUlls 3B’ I3HOCTI — HPSIMOKYT-
Ha MaTpuis po3mipHocTi M x N. KoxeH eleMeHT
MaTpUIli BU3HAYAE KiIbKiCTh peTpaHCIISLIN 11T DO~
craBku iHdopMatiii Big naHoro PC. 151 camoro PC
3HAQYEHHS BilMOBIIHOTIO €JeMeHTa MaTpPHUIli TOPiB-
Hioe 0. Hanmpuknan, s PC3.3 (puc. 19) moaudi-
KOBaHa MaTpulid 3B’SI3HOCTI H Ma€ BUTJISI:

4 3 2 3 4 5 .5
323 2 3 4 4
2 1 01 2 3 3
Hy;=/3 2 1 2 3 4 4 (7)
4 3 2 3 4 5 5
5 4 3 4 5 6 .. 6]
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Posnoainenuii cymyTHUK

CynyTHUK-004YHCTIOBAY

Posnoainenuii cymyTHUK

CynyTHUK-004YHCITIOBAY

Posnoainenuii cymyTHUK

CynyTHUK-004YKCIOBaY

BopTtoBuit
KOMIT 10Tep

1

BryTpimHsa pagiomepexxa

)

=

BboptoBuii
KOMIT'I0Tep

BboptoBuii
KOMIT'I0Tep

1 1

BayTpimHa pagiomepeka

U

BryTpinHs pagiomepexxa

]

=
=

KopeneBuii
CYIYTHUK

CynmyTHUK-
PETPAHCIISITOP

KopeneBuii
CYIYTHUK

Kopenesuit
CYMyTHUK

CyIyTHUK-
peTpaHCIIsITOp
CyIyTHUK-
pETPaHCIISATOP

it

MarictpaiibHa Mepexa 3B’ 13Ky Ta nepeaadi JaHuX (JIiHii 3B’SI3Ky MixX CYyITyTHUKAMMU )

KopucryBaui nociayr

— loT-mpucTpoi

KopucrtyBaui nociyr
— loT-mpuctpoi

KopucryBaui nociayr
— loT-mpucTpoi

Puc. 18. OnHopaHTOBa OpOiTaIbHA PO3IMOIiJIeHa 0OUNCITIOBAIbHA Mepeka

Howmep cynyTHuKaMu B opOiTasibHil TIOLMHI

PC 3 onHum pC
CYITyTHUKOM- 3 IBOMaA
obuucIoBayeM CyNyTHUKaMM~

| Hanpsimox pyxy cymyTHUKiBY

1 2 3 4 ... N-I
L

obuucIoBaYaMuU

30Ha Mepepo3noaiTy
0BYHUCITIOBATEHOTO
HaBaHTaXEHHs 2-1 yepru

-
Homep op06iTaibHOI MI0IMHN
a

Homep cynmytHuKamu B opOiTasIbHiM ITOMIMHI

L
Homep opGiTanbHOI MJIOLIMHU

0

Puc. 19. Tpad 3B’I3HOCTi OMTHOPAHTOBOI OPOITATBFHOI OOUKMCITIOBATIBHOT MepexXi (a) Ta Tepepo3IOAiJl Ha[UIMIITKOBOTO 00UYMC-
JIIOBAJIbHOTO HaBaHTaXXeHHSI (0)
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3HayeHHsT KOXHOIrO eJeMeHTa hm MOXHa 00-

YUCITUTH SIK CYMY:

P =Dy + A, (8)
ne Am i An — BignoBimHo pizHuisg HomepiB PC B op-
OiTaJIbHIN IJTOLIMHI i PI3HULISI HOMEPIB OpOiTATbHIX
TUIOLIMH. 3 ypaxyBaHHSIM rpada 3B’SI3HOCTi, HaBe-
JIEHOro Ha puc. 19, 3HaueHHS Am JOPiBHIOIOTD:

Ay =|m—my| nns A, <N /2,

Ap =M +m—my| nnst Ay, >N /2, my>my, (9)

n

A, =|M+my—m;| ina A, >N /2, m,>m.

3HauyeHHSsT An O0UUCITIOETHCS] AHATIOTIYHO.

Opb6imaavna aoxaqizosana 6asa danux. IHpopma-
1is, mo 30epiraetsbes B JI3Y BM CB, ¢popmye 6a3y
nanux (bJ1). B Bl mictuTbhcs Taka iHopMmaltis:

e naHi npo loT-nmpucrtpoi (MAC- i IP-anpecu,
THII i METOH, ampecallii, TUII IIPUCTPOIO, KOOPIAMHA-
TH, KOHCTAaHTHU, KOS(DilliEHTH);

* IIporpaMHe 3a0e3IedyeHHs IS OOpOOKM iH-
dopmaii IoT (yHiBepcanbHe i crieliasizoBaHe 1151
KoxxHoro Tumy loT-npuctpoiB i Buay nocayru [oT);

* pesyabratu o0pooku iHdopmarii IoT-mpuct-
POIB B peaJibHOMY MaclTadi yacy.

Cykynnicts Bl oxkpemux CB ¢opmye posmomi-
neny 6a3y manux (PBJI) LEO System IoT. B/l po3-
JliJleHa Ha JIBi YaCTUHU: KOHCEPBAaTUBHY i OMepaTuB-
Hy. KoHcepBaTuBHa YyacTMHA MIiCTUTh iH(hopMallito
3 TpUBAJUM TEPMIiHOM 30epiraHHs, aKTyaJbHICTh
SIKO1 30epira€TbCsl MPOTSIOM iHTEPBaIY 4Yacy, 11O
MepeBUILYE OOUH OpOiTaabHUi nepioa. OrnepaTuB-
Ha YacTMHA MICTUTh IIOTOYHi pe3yabTaTu 00OpOOKU
iHdopmanii [oT B pexumi peasbHoro yacy. Omne-
patuBHa yactuHa B/l jmokaiizoBaHa [J1 KOXXHOTIO
paiiony i € sokanizoBaHoto bl (JIB/I). CykymHicTh
JIBJI Bcix CB 3i cknagy LEO System I[oT ¢gopmytoTh
posnoaijieHy JokaiizoBaHy 6a3y nanux (PJIB/I).

3 orjisgmy Ha MOCTIMHMIA PyX CYMYTHUMKIB BiTHOC-
HO MOBepXHi 3eMJi I 3a0e3MneueHHs] HernepepB-
Hocti HagaHHs nocayru LEO System IoT moBuHHa
3a0e3rneunT nepegadyy pe3ybTaTiB MOIepemHix
orepaliit 00pooku iHgopmaiii puctpoiB loT Bix
CB 3i cximagy PC, 110 «BUXOAUTBL» i3 30HMA pajio-
BuaumocTi, 1o CB 3i ckiany PC, 1110 «I1puxoauThb»,
To0TO MiaTpumyBaTtu JIBJl IS KOXHOTO paiioHy
B aKTyaJIbLHOMY CTaHi. AJTOpPUTM MapuipyTh3alil
tpadika PJIB/I 3a6e3neuye nepegayy Ta oOMiH pe-
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3yJbTaTaMy MOTOYHOI 00poOkm iHdpopmarii loT-
MPUCTPOIB MO diHisIX 3B’s13Ky MK PC y mpus’sa3ui
1o paiioHy poamileHHs [oT-npuctpois. Ha puc. 20
MOKa3aHO cXeMy nepenadi iHdopmaliii B OgHill op-
OiTanbHil TUIOIIMHI. K BUIHO, HAIIPSIMOK LIMPKY-
nauii iHpopmauii PIIB/l mpoTunexkHUiA HapsIMKY
PYXy CYITYTHUKIB y opOiTajbHill TUIOIINHI.

Ausroput™ Mapuupytusauii tpadika PJIBI mo-
BUHEH BpaxOBYBaTU BIUIMB OOEpTaHHS 3eMl, SIKe
MIPOSIBISIETHCS B TOMY, 110 npucTpoi loT, saxi mepe-
OyBalOTb Ha MEXi CMYT OOCTYTOBYBaHHSI IBOX CYCiI-
HiX opOiTaJIbHUX TUIOILIWH, MTOCTYOBO MEPEXOAsiTh
3i CMyTH OOCTYTOBYBaHHS OJIHI€T OPOITaIbHOI M0~
IIIMHU Y CMYTY OOCJIyTOBYBaHHS iHIIIOI OpOiTaIbHOL
wiomuHy [16]. Lle Moxe nmpu3BecTu 10 BTpaTH He-
nepepBHOCTI 00cayroByBaHHs loT-npucTpois.

11 BUKJIFOUEHHSI TIepeprBaHHs OOCIyrOBYyBaH-
Ha loT-npuctpoiB OPBC noBuHHa 3a0e3meyyBaTu
MapllIpyTU3allilo 4acTUHU Tpacdika orepaTuBHOL
yactuHu PJIBJI y cycinHi opGiTanbHi IJIONIMHI B
HanpsIMKy obepTtaHHs 3emui. Ipad mapmipyrusa-
uii Tpadika PJIB/l B opbiTaabHUX TUIOIIMHAX i MixX
HUMU MOKa3aHo Ha puc. 19, 6.

Posnodia naoaumroeoi ob6MucaioeaibHozo Hasam-
mancenns. OnHnopanrosa OPBC mo3BoJisie Ha OCHO-
Bi o3Haku mpiopureTHOCTi iHpopMmauii IoT mepe-
pO3MOAISITA HaIJUIIKOBE OOYMCIIOBaIbHE Ha-
BaHTaXXEHHSI Y BMIIaJKy BMHMKHEHHS IiKOBUX
HaBaHTaXKeHb Ha okpemi CB, i 3ailicHIOBaTH peKOH-
dirypanito OPBC npu BigMoBi okpemux CB. Ilpn-
MNHATHUI yac 00pooku iHdopmalii IoT a1 KoxkHO-
ro Buay nociiyru IoT € onHi€ero 3 o3HaK, 1110 BU3HA-
4yaloTh IpioputeTHIcTh iHdopmamii [oT. Mapiipyt
nepenadi iHdopmaii IoT obupaeTbes 3 ypaxyBaH-
HSIM MiHiMi3allil 3aTPUMKHU, sIKa 3aJIeKUTh Bil KOH-
dirypauii op6itanbHoro yrpynosaHHsi LEO System
[oT.

ITixoBa nmpoayKTuBHicTE BM T SIKMA BXOAUTH
1o ckinany CB PC(m,n), € UNHHUKOM, 1110 OOMEXYE
obuucoBaibHi MoxJMBOcTi onHoro CB i OPBC B
wisiomy. ITikoBa MpOAYKTUBHICTb M, , — L& MaKcu-
MaJIbHa KiJIbKiCTb €JIEMEHTapPHUX 00YMCIIIOBAIbHIX
omepaliiit, siKi MOXyTh OyT1 BukoHaHi BM 6e3 mo-
MUJIOK B peajlbHOMY MacilTabi yacy 3a yMOBH, 1110
yac o4ikyBaHHS 00poOku 3anuty loT-mpuctporo
HE TEePEBUIYE BCTAHOBIEHE OOMEXEHHS 7,7 ;.-
IlikoBa, abo MakcumalibHa TpPOAYKTUBHiICTE BM
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JlokanizoBaHa 6a3a qaHUX
PO3IOIEHOTO CYITyTHUKA

KoHcepBaTHBHA YaCTHHA| e
OrnepaTuBHa YacTHHA

po3noaiieHnX
CYMYTHUKIB B

Puc. 20. Po3nogineHa 6a3a gaHUX OAHI€T OpOITAIbHOI IVIOILIMHU HU3BKOOP-

OitasbHOI cuctemu loT

CB T, BUSHAYAETBCS 3 YPaXyBaHHAM Iapame-
TpiB 1oro mpouecopa, BKiIouaroun po3mip KEIT
mam’sti 1-ro, 2-ro i 3-ro piBas, O3V i A3Y. V Bu-
MajiKy, KOJu oO4YMC/IIOBajbHE HaBaHTaXKEHHS Lm)n
nis1 PC(m,n) HabnvxaeTbesi ab0 MepeBUIllye HOro
MiKOBY MPOTYKTUBHICTb T o OPBC mnipuiimae pi-
IIEHHSI PO TEePepO3MOAiJl HAAMIPHOTO OOYMCITIO-
BaJIbHOT'O HaBaHTaXEHHS i PO Mepeaavy YacTUHU
0o0uucIIoBaIbHOTO HaBaHTaxXeHHs 10 CB 3i ckiiamy
cycinnix PC.

Ilepepo3mmonis HaAIUIIIKOBOTO 00YMCIIOBAILHO-
IO HaBaHTaXXEHHsI 3MiCHIOETHCS 13 BAKOPUCTAHHSIM
KPHUTEPit0 MPiOpUTETHOCTI 00CIyroByBaHHS iH(OP-
Maii loT-nipuctpoiB. [IpioputeTHicTh 0OCIYroBYy-
BaHHS BU3HAYAETbCS JOMYCTUMUM 4acoM 00poOKHU
sanury loT-nipucrporo ¢, ; ;.. i OTpUMaHHS iHbOP-
Mallii, 1110 Kepy€e BuUkoHaBuuMHU loT-npuctposimu 3
ypaxyBaHHSIM 3aTPpMMKHU Ha Tiepenady B KaHali Cy-
IMYTHUKOBOI JIiHii «3eMJIsI — KOCMOC» i «kKOCMOC —
3eMJisl», a TAKOXK iHIITMX 3aTPUMOK Ha IBOCTOPOHHIO
nepenauy mixx PC.
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Ha puc. 21 nipeacraBieHO aIrOPUTM I1ePepoO3I10-
Ny HaJJIUIIKOBOTO OOYMCIIIOBAILHOTO HaBaHTa-
xkeHHs1 B OPBC. VY Bumanky, koinm o0uncIioBaabHe
HaBaHTaXKEeHHS Lm, ,, IEPEBHUIILYE MIKOBY MPOIYKTHB-
HiCTb T CB, ananizyeTtbcst mpiopuTeT iH(popmallii,
mo Hagiinuia. Skmo ingopmauis loT-npucrporo
Mae npioputeT 0 — iHpopMallis TiepenaeTbcsl Ha
00pooky 10 BM PC(m, n) (cBoro CB). Sdkio iH-
¢opmattisg mae npioputeT 1 — iHpoOpMallist CIIpsiMO-
BYETBHCS [JIs1 TIepeaadi i moganbiinoi oopooku no CB
3i ckiagy PC, mist sKkoro 3HayeHHs eJleMeHTa hm’n
moaudikoBaHoi MaTpulli 3B’ 13HocTi H st PC(m, n)
CTaHOBUTH hm, , = L. SIkio indopmaris Mae npiopu-
TeT 2 — iH(opMallist CIpSIMOBYEThHCS IS Miepeaayi i
nojasbioi 00pooku 1o CB 3i cknany PC, misg skoro
3HAUYEHHSI eJieMeHTa hm]n Moar@iKoBaHOI MaTpPUILi
3B’s13H0CTi H 111 PC(m,n) cTaHOBUTD hm,n =2.

3 ypaxyBaHHSIM MOAM(piKOBAaHOI MaTPUIIi 3B’s13-
HocTi H, ¢popma s1Koi Bu3HAYa€eThcst BupaszoM (7),
a1 koxkHoro PC BM3HAuYaloThbCS 30HU PO3MOMLLY
00YMCIIIOBAILHOTO HaBaHTaxKeHHS (quB. puc.19, 6):
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O6pobKa

Pesynbrat

Ilepenaua
TAHKX 10
IoT

IMouarok

Ilepenayua naHux Ha
CB npiopureTy 1

3aKiHueHHSI

Amnanis
MpiopuTeTy
iHdopmattii [oT

TIpiopuret 0

IMpiopwurer 1

INepemaua maHnx Ha

O06pobka

Iepenaua naHux Ha
CB mpioputety 0

CB npioputerty 2
1 IMepenava naHux Ha
CB mnipiopurety 3

Hani [oT
O6pobka

l O06pobka
PesynbraT

l Pesynbrar

U

[Mepenava naHux Ha
CB npioputety 0

[lepenaya naHux Ha
CB mpiopureTty 0

Puc. 21. ATTOpuTM TIepepO3NOiTy HAUIMIIIKOBOTO 00U CITIOBATLHOTO Ha-
BaHTaXEHHS B OpOiTabHill pO3IOIieHiil 00UMCIOBaIbHIN Mepexi

30Ha PO3MOAiAY 00UMCIIIOBAbHOTO HaBaHTaXKEHHST
IoT 1-i uepru, 30Ha pO3MOALTY 00YMCIIOBAIBHOIO
HaBaHTaxkeHHs [oT 2-iyepruiT. iH.

Benmuunna 3aTpuMkKu mnepegadi i oOpoOKu iH-
(opmatiii loT-nipucTporo 3aneXuThb Bill CTPYKTYpH
TpakTy nepenadi iHgopmaiii. B LEO System IoT
ingopmanis IoT, mo nepegaeTbes 1o JiHil «3eM-
Js1 — kocMoc» (Big loT-npucrporo no CB) iy 3Bo-
POTHOMY HampsSIMKY INepeaaloThes M0 CKIaAeHOMY
TpakTy (muB. puc. 22). o ckjiaay TpaKTy BXO-
ITh: Mepexka pamiogoctymy MixK loT-npuctpoem i
VSAT-tepmiHaioM, CyIlyTHUKOBA pamiojiiHis (pa-
MIOMiHIg «3eMJISI — KOCMOC» 200 «KOCMOC — 3eM-

78

nsi») MixX VSAT-tepminanom i CP, BHyTpilHS pa-
niomepexa PC.

IIporpamue 3abe3nedyenHs mnociayru loT 3Ha-
xonuThes Ha npukinagHomy piBHi TCP/IP y ckmani
IoT-npuctporo: maxepena iHdopmallii — naBaua,
abo TMpUBOJY — BUKOHABYOTO OpraHy; i y ckjiai
CB. THdopmMarisa loT-nipuctporo mepemaaeTses o
BHYTPIlLIHiX iHTepdeiicax yepe3 HUXKYi piBHi CTEKy
nporokoniB TCP/IP: TpaHcnopTHUI1, MepeXeBUid,
KaHaJIbHUIA, — 10 (Pi3MYHOro piBHS IS Iepenadi
yepe3 pagioinTepdeiic. IIpoueaypa iHKamnCyJssiii
loT-nocnnku BU3HAYAETHCS CTAaHIAPTOM Ha3eMHOIL
MepeXi pamiomoCTyILY.
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CyIyTHHMK-
Ipwuctpiii loT e e e e —————— - obuuncIoBay
| 1
| |
————- ': Honatku IoT :' ===
| |
N oo o o o o e e e e = - ———— 7
Jonatku Honarku
TpancnoptHuUit NM wWa'm/p Wyya{p TpancnopTHUit
MepexeBuii Mepei}KeBHﬁ Mepdf)KeBHI?I MCpS:}KeBI/Iﬁ MepexeBuit
KanansHuit /MAC KaHanb}iuﬁ /MAC KaHanm—thﬁ /MAC KaHa.anfVm /MAC Kananpnuit /MAC
Dizpnynmit q)i3I/Ei‘IHI/II7I q)iSI/]:;‘IHI/Iﬁ cDi31/Ei‘{HI/II71 Diznynnit

Mepexa pamiogocTyy
WiFi, Zigbee, 6LoWPAN

JliHis «3emis1-KocMOC»/
«KOCMOC-3eMJIsI»
DVB-S2, DVB/RCS-2

BHyTpiniHs pagiomepexa
PO3IOIiIEHOTO CYMyTHUKA
WiMAX, LTE, 3GPP

Puc. 22. Tpakt nepenaui indopMmaitii [oT Ha nanui loT-npuctpiit — CB

HazemHy Mepexxy MoxHa MoOyayBaTh Ha OCHO-
Bi OIHOTO i3 CTAaHOAPTIB, OPIEHTOBAHUX HAa HU3bKE
€HEepProcIoXUBaHHS TePMiHATbHUMU MTPUCTPOSIMU:
WiFi, Zigbee, 6LoWPAN, LoRaWAN Toio. LleH-
TpaJibHY CTaHIIil0 Ha3eMHOI MepexkXi pamiogoCcTyIly
o0’egHaHo 3 VSAT-tepMiHaioM, e 3miliCHIOEThCS
Mapipytusanisa iHgopmanii 1oT i ¢opmyBaHHSs/
00po0OKa TPaHCHOPTHOI'O IMOTOKY CYITyTHUKOBOI JIi-
Hil «3eMI1 — KOCMOC» 1 «<KocMoc — 3eMJIst». Y BU-
MajaKy BUKOPMCTaHHSI BUCOKOIIBUIAKICHUX CYITyT-
HUKOBMX PajiofliHill mependayaeTbcs BAKOPUCTaH-
Hs1 ctangapty DVB/RCS-2.

CP mpuiimMae TpaHCIOPTHUI IOTIK Bim cyIyT-
HUKOBOI JIiHil «3eMJIsI — KOCMOC» i CIIPSIMOBYE iH-
¢opmanito IoT go BHyTpimHbOI pamiomepexi PC.
ITo BHYTpimIHINI pamiomepexi iHpopmaiis [oT Han-
xomuth Ha Mapmpyrtuszatop KC i mani go CB, me
MPOBaIUThCsl 00poOKa iH(opMallil i BUKOHYIOTh-
csl HeOOXigHI OOYMCJEHHS 3TiAHO 3 AJIrOPUTMOM
¢ynkuionyBaHHs cuctemu loT. Pesynbrat 00po0ku
nepenaetbes 10 loT-nmpuctporo y 3B0poTHOMY Ha-
MPSIMKY.
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Ouixyeana 3ampumka. Yac hopMyBaHHS BiATyKy
B LEO System IoT 3 ypaxyBaHHsSIM 4yacy oOpoOKu
iHdopmarii B CB ctaHOBUTH

Tior =ts_¢c +teomp +lcr> (10)
ne tg - — 3aTtpuMKa repenadi iHdopmarii [oT mo
CB, Leomp — HAC 00poOku iHdopmalii [oT B CB,
fc_g — 3aTPUMKa TIepeiadi KOMaHau (pe3yIsTaTy 00-
PpOOKM mocuIaHHs) 10 BUKoHaB4yoro loT-mpucrporo.

3arpuMka nepepadi ingopmaliii IoT no CB cra-
HOBUTh
Is.c =t twim +lysamp +

n

ne t;,r — 4vac dopmyBaHHs iH(opmauii B IoT-
MIPUCTPOI, 1}, — 3aTPMMKA Ha Iepefady y Ha3eM-
HIil Mepexi p@iguocwny, .t.V5AT”P — 3aTpuMKa Ha
MapuIpyTu3aliio iHdopmaliii i mnepeTBopeHHs pop-
MarTiB y VSAT—TepMigani, tu[? - 3.ail"pI/IMKa Ha Tepe-
Jady 1Mo CynmyTHMKOBIH paiofiiHii «3eMiisi — Koc-
MOC», f¢7 — 3aTPUMKa Ha OOPOOKY BUCXiIHOTO IO~
TOKY 1 mepeTrBopeHHs dopmary iHdopmalii B CP,
fgy) — 3aTpUMKa Ha repenady iHpopmailii o BHY-
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Tabauys 5. Mexi 3MiH 3aTpUMKHM HA IOMIAPEHHS
y CYNyTHHMKOBI#i pafioinii y TpakTi nepeaayi
nocuianns/komanan loT-npuctpois

MiHimManbHa MakcuMaibHa 3aTpuMKa, MC
Bucora
5i 3aTpUMKa,

OPDITH, M MmC Bmin =40° Bmin =50° Bmin = 60°
500 1.67 2.47 2.13 1.9
800 2.67 3.86 3.35 3.03
1100 3.67 5.2 4.56 4.13

TPILHIM pagioMepexi, f ¢ — 3aTpMMKa Ha Mapi-
pyrusauito iHdopmauii B KC, #g,, — 3arpumMKa Ha
nepenady iHdopmallii Mo BHYTPillHilA pagioMepexi
no CB. 3aTpuMka nepenayi BiAryky Ha orpaiiboBa-
Hy iHpopMmailito, a6o komaHau Big CB mo BukoHas-
goro loT-npucrtporo #,_, Ma€ aHaJIOTIYHI CKIIAIOBI.
BigMmiHHiCTBH Tosisira€e B 3aMiHi mapaMeTpa tup na-
pameTpoM 7, . — 3aTpUMKa Ha Iepeaady B CymyT-
HUKOBIN pamioniHii «kocMoc — 3emiist». Y Tabia. 5
HaBeJEeHO MexXXi 3MiHM 3aTPMMKM Ha TIOIIUPEHHS B
CYIIYyTHUKOBIM pafioiHii B TpakTi nepeaayi MOCUI-
ku / komanau loT-npucrporo. 3 orisimy Ha oOMe-
JKEeHi po3MipH Ha3eMHOI MepexXi paaiogocTymy, BHY-
TPILIHLOT palioMepexi PpO3MOALIEHOTO CYMYyTHU-
Ka, a TaKOX HOPMYBaHHS 3aTPUMKU B 00OJlagHaHHI
(bopmyBaHHS1 / 00pOOKU, MEepeTBOPEeHHS (popMaTiB
i MappyTu3auii iHpopMallii mpu ioro po3po0i1ii Ta
BUTOTOBJICHHI, Psi CKJIAAOBUX CYMapHOI 3aTPUMKU
MpHU Tepeaadi mocuiaku / Komanau loT-mipuctporo
MOXKHA BBakaTu MiHIMaJbHUMM, 1110 HE MAOTh iC-
TOTHOTO BIUIMBY Ha BEJMYMHY 3aTpUMKU. JIo HUX
HaJIeXaTh CKIANOBI #7715 Iy Ysatups LsTis Lsnis
logs Loy CKIAMOBUMM, IKi BHOCSATH HANOLIbIITY He-
BU3HAYEHICTD, € lup / Eiown:

6. KEPYBAHHAI OPBITAIbHUM CETMEHTOM.
HA3EMHMWI KOMIUTEKC KEPYBAHHSA

KepyBaHHs (pyHKILIIOHYBaHHSM OpOiTaJbHOIO Cer-
meHTa LEO System IoT 3miliCHIOETbCS Ha3eMHUM
komruiekcoMm kepyBaHHs (HKK). Ha puc. 23 npu-
BeaeHo cTpykTypy HKK-cuctemun. HKK mae ene-
MEHTU, TPamMLiliHI Ui KepyBaHHSI KOCMiUYHUMU
CUCTEMaMMu:

* 11eHTp KepyBaHHs noinboToM (LIKIT),

® KOMaHIHO-BUMipIOBaJIbHI i TeJIeMETPUYHI CTaH-
uii (Cranuisg A, CraHiiis B),
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° Mepexa rnepeaadi JaHuX.

Oo6pana apxitektypa OC cucteMu BHOCUTDH PSII
0CO0JIMBOCTEN B 3aBIaHHS i MOPsIOK (PYHKIIOHY-
BaHHs1 HKK. KepyBanusi OC cucremu B LiJIOMY i
KOXXHUM KOCMigHMM anapartoM 3i ckiiagxy OC okpe-
MO YMOBHO TIO/IiJIeHEe Ha TPU eTaru:

° cTamn MEepPBUHHOTO PO3ropTaHHSI OpOiTaIbHOIO
YIPYIIOBaHHS, a00 BUBEIACHHS OKPEMOro KOCMiy-
HOTO amapaTta ISl BiITHOBJIEHHS YW HapOULyBaHHS
MOXJIMBOCTE! OpOiTaTbHOTO YIPYIIOBAHHS;

° eTar LITaTHOI eKCILTyaTallii OpoiTaIbHOTO yIpy-
MOBAaHHSI i KOCMIYHMX amapariB, IO BXOHSATb JIO
oro cknany;

* BUBEJIEHHSI KOCMIYHOTO arnapara 3 eKCruiyaTarii
HampUKIiHLI CTPOKY MOro ekcruryaraiii, abo y BU-
naaKy KpUTUYHOI HEBiIHOBIIOBAJIbHOI BiIMOBHM, i
Moro BXiA B IIUIbHI LIapy aTMOC(epu IJIs TPUIIH-
HEHHSI iCHYBaHHSI.

Ha erami BuBeneHHSI KOCMIUHOTO amapaTa Tpu
nepBruHHOMY po3roptaHHi OC abo npu ioro Hapo-
IIyBaHHi, MOAEPHi3allil MUISIXOM 3aMiHU OKPEMUX
KOCMIiUYHUX anapatiB a00 BiTHOBJIEHHS (PyHKLIOHY-
BaHHS TIiCJI BiIMOBHM OJHOIO 3 KOCMIUYHMX amapa-
1iB, LHKII 3a normomMorowo Ha3zeMHOI KOMaHIHO-BH-
MipIOBaJIbHOI i TejJeMeTpruuHoi cTaHuii — CraHuii
B (puc. 23) 3abe3neuye KepyBaHHS IIOJIbOTOM KOC-
MiYHOTO arapara 10 HOro BKJIIOYEHHS JO CKJary
PC. Bzaemonmig LKII i Crannii B 3milicHioeTbCs
MO Ha3zeMHiil Mepexi mepenavi naHux. CraHilis B
B3aEMOJIi€ 3 OKpeMUM KocMiyHMM amapatoMm (KA
Ha eTalli BUBEIEHHSI, Ha puc. 23) Mo paiioKaHaly
nepenavi komaHaHoi iHdopmalii (KI) i nmpuiiomy
TeseMeTpuuHoi iHdopMmauii (TMI) / BumiproBaHHS
MOXWJIEHOI JanbHOCTI. KepyBaHHS 30ilICHIOETHCS 10
¢dopMyBaHHS 1OILOTHOI KOHbirypalii PC i nepena-
Yi KepyBaHHSI KOCMiYHMM anapatom o PC.

Ha etami mtaTHOI ekcrutyaTallii KepyBaHHS BCi-
Ma KOCMIYHMMM ariapaTaMM 3i CKJ1aay opOiTaIbHOIO
yrPYIOBaHHS MPOBAIUTHCS 32 JOMTOMOTOI0 €IMHOTO
MOTOKY KOMaHAHOI iH(opMmaliii opOiTaibHUM yrpy-
noBaHHsaM KI OC. TenemerpuuHa iHpopmaliis Bix
yCiX (PyHKIIIOHYIOUMX KOCMIYHUX aIlapaTiB 3i CKJIamy
opOiTasibHOTO yrpynoBaHHs nepenaerbcsi B HKK B
€IMHOMY TIOTOLI Tepeaaydi TeJaeMeTpuuyHoi iH(pop-
mauii TMI OC. Ilepenauy noroky KI OC i npuiiom
notoky TMI OC 3a6e3neuye Cranuis A. Ilepenaua
/ ipuitom notrokiB KI OC i TMI OC 3ailicHIO€ETbCS
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HazemHa MEpEXKa rnepeaadl JaHux

Puc. 23. Crpykrypa HKK cynyTHUKOBOI cUCTeMU iIHTEPHETY peueit

B Iiama3oHi pooounx yactor LEO System IoT misa
nepenavi iHgopmauii loT-npuctpois. Ilepenauy /
npuiiom noTokiB 3abe3neuye PC, B 30Hi 00ciIyro-
BYBaHHSI SIKOTO IepeOyBa€ CTaHIlisd A, 4Yepe3 BidIo-
BimHuit CP. ITotik KI OC, axuit CP npuiimae Bin
CraHuii A, nepenaerbcst 10 Mapiipytusaropa KC
PCN+1 i posnoainsieTbest Juisl Tiepeaadi: CyCiaHiM
PC uepe3 ISL (Ha puc. 23 — go PCN) i mo npu-
KiHueBux cynyrHukiB PCN+1. ¥ 3BopoTHOMY Ha-
npsaMky rnepegaetbest TMI. TTorik TMI Hagxonuth
1o mapiipyruzatopa KC Bin cycignix PC yepes ISL.
ITo BHyTpimHIKi pagiomepexi PC Hagxoguts TMI-
iHbopmauig Bin mnpukiHueBux cynyTHukiB. KC
dopmye rpynosuit motik TMI i niepenae iioro ao
CP, B 30Hi 00c/yroByBaHHS SIKOTO MepedyBa€e CTaH-
wis A 3i ckimany HKK.

s mpoBeAeHHSI BMMipioBaHb MapaMeTpiB op-
oitu PC HKK Ha ceaHcoBiit OCHOBi BUKOPHUCTOBYE
CraHuito B. CraHuis B npoBoauTh ceaHCH BUMi-
pIOBaHb MTOXUJIEHOI TaJbHOCTI 71T BUSHAYCHHS T1a-
pameTpiB pyxy KC 3i ckiany PC. TTapametrpu pyxy
MPUKIHIIEBUX CYMYTHUKIB 3i ckiany PC Bu3Haua-
I0ThCSI 3 IOMIOMOTOI0 BUMipOBaHb BiTHOCHOTO MO-
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JIOXKEHHS Ta pyXy NPUKIHIIEBUX CYMTYTHUKIB BiIHOC-
Ho KC, gki 3ailicHI0e BHYTpilIHS pagiomepexa PC.

Ha erami BuBeaeHHSI KOCMiYHOIO arapaTa 3 eKc-
rulyaTallii Ta KOro KEpoBaHOTO BXOAY Y LIIbHI 1Iapy
atMocdepu 11 TPUNMHEHHST iCHYBaHHS 3aCTOCO-
ByeTbest CtaHitist B. PillieHHsI Mpo BUBEIEHHS 3 eKC-
rutyaTarlii KocmiyHoro amapara npuiimae LHKIT Ha
ocHoBi aHamizy TMI indopmariii y BUtaaKy BUHUK-
HEHHSI KpUTUYHOI BiIMOBHM a00, HAIpUKJIaA, MpU
3HUKEHHI 3aracy najuBa 00pTOBOI PYILIiAHOI ycTa-
HOBKU (p0o00YOro Tija) 40 KPUTUYHOTO 3HAYEHHSI.
ITpu oTprMaHHi KOMaHAW HAa TPUTMTMHEHHS €KCILTY-
aTalii KOCMiYHUI1 amapar IepexoauTh Ha KepyBaH-
HsI O KOMaHAHO-TejeMeTpuuHoi BU-panioninii 3i
CraHnuii B, BUKOHye MaHeBp BUXOAY 3i CKJIaay I10-
JIbOTHOI cTpyKTypu PC i mepexonuTh Ha TPAEKTOPIl0
3HUXKEHHS 1 BXOJDKEHHS B aTMOcdepy 151 ToAaIb-
1LIOTO NMPUITMHEHHS iICHYBaHHS.

BUCHOBKH

1. 3amponoOHOBaHO KOHILIETIIIIO apXiTEKTYPU HU3b-
KOOpPOITaJIbHOI CYIMyTHUKOBOI CUCTEMHU IHTEPHETY
peyeit, OpiEHTOBAHOT Ha IIIMPOKE KOJIO CIIOXMBaviB
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MOCJIYT iHTEpHETY peyeid, SIK TOJEepPaHTHUX O Be-
JIMYMHU 3aTPUMKHU 00poOKM iH(opMallil iHTepHeTy
peueii, Tak i YyTJMBUX 10 BETUUUHU 3aTPUMKHU.

2. Hu3bKoopOiTaJibHY CYMMyTHUKOBY CUCTEMY iH-
TEpHETY peveit moOy10BaHO 3 BUKOPUCTAHHSIM CTaH-
JapTU30BaHUX iH(GOPMALIIHHUX TEXHOJOTIN CyIyT-
HMKOBOTO 3B’SI3Ky Ta iHTepHeTYy peueii. BoHa peanti-
3y€ MeXaHi3MU, CIIpSIMOBaHi Ha BUKOHAHHSI BUMOT
MIKHApPOIHUX PEryISITOPHUX JTOKYMEHTIB Yy Taily3i
peryJoBaHHSI BAKOPUCTAHHS PaioyacToT, TOCTYITy
JI0 OpOiT, KOCMiYHOT'O CMITTS TOLIO.

3. HusbkoopOiTajabHy CyMyTHUKOBY CUCTEMY iH-
TEpHETY pedeil moOy10BaHO Ha OCHOBI LIEHTPasi30-
BaHOI apXiTeKTypU <«PO3MOJIJIEHOrO CYMyTHUKa» 3
BUKOPMCTAHHSIM MIKpPOCYITYTHHKIB i KyOcaTiB. 3a-
CTOCYBaHHSI y TPOEKTI CUCTeMU MiKpPOCYIYTHUKIB
i KyOcaTiB 3yMOBJIEHE JOCBiIOM HalliOHAJIbHUX TIif-
MPUEMCTB: KOHCTPYKTOPCHKHX OIOpO, MPOMUCIIO-
BUX MiAIIPUEMCTB i BUIIMX HAaBUYAJIbHUX 3aKJIadiB y
BUTOTOBJICHHI i OpOiTAJIbHIN eKcruTyaTallii KocMid-
HUX arapariB TaKOro KJjacy.

4. g peanizalii KOHLEILii «TYMaHHUX 004MC-
JIEHb» JO CKJanay opOiTaJbHOIO CerMeHTa CUCTEMU
BKJIIOUEHO OpOiTaJbHY PO3IOIiIEHY 00YMCIIIOBAIb-

JIITEPATYPA

HY MEpexy, sika J03BOJISIE iICTOTHO CKOPOTUTH Yac
00po0OKu iH(dopMallii iHTepHETY pedeid i MiABUILIUTH
OIepPaTUBHICTb, HAAIAHICTD i THYUKiCTh TTOCYT, 1110
Ha/laoThes.

5. 3acTocyBaHHS apXiTEKTypu <«PO3MOAiJIEHOrO
CyMyTHUKa» J03BOJISIE peaslizyBaTh MYJBTUIIPOTO-
KOJIbHY Ta MYJBTUCEPBICHY CUCTEMY iHTEpHETY pe-
Yyei i THy4KO BIIPOBAJIXKyBaTU HOBi IPOTOKOJIM i IO~
CJIyTU MO Mipi IXHBOI TTOSIBY i CTaHaapTU3allii.

6. Y mpoexTi HU3BKOOPOITAIBLHOI CYMyTHUKOBOI
CUCTEMU IHTEPHETY peueil nependayaeTbesl IIMPOKE
3aCTOCYBaHHSI KOMepILiliHUX iHQopMaLiiHuX Tex-
HOJIOTIM i oOJlamHaHHS, 110 CEePiiHO BUITYCKAETHCS
KOMEPLIIHHUMU MOCTaYJIbHUKAMU, JUIS 3HUXKEHHS
BapTOCTi PO3POOKU i pO3ropTaHHS SIK KOCMiYHO-
ro CerMeHTa, TaK i Ha3eMHOTO CErMEHTa CUCTEMM,
BKJIIOYHO i3 TepMiHaJIbHUM OOJIaIHAHHSIM KOPHC-
TyBauiB i 00JIaTHAHHSIM Ha3eMHMX pagioMepek 10-
CTyIy.

7. 3anporoHOBaHi TeXHiYHi pillleHHSI A03BOJIsI-
I0Th HaJaBaTW KiHIIEBUM CIIOXMBauyaM He TiJIbKU
MOCJIyTA IHTEPHETY pedyei, ajie i Mociyru Iupo-
KOCMYTOBOTO CYIYTHUKOBOTO AOCTYIy O MEpexi
IHTEpHET.
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LOW-EARTH ORBITAL INTERNET OF THINGS SATELLITE SYSTEM
ON THE BASIS OF DISTRIBUTED SATELLITE ARCHITECTURE

We

discuss issues of the development of the low-Earth-orbit satellite system of the Internet of Things (I0T) that uses the “Dis-

tributed Satellite” architecture. The proposed satellite system combines a low-Earth-orbit satellite telecommunications system
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Hus3vxoopbimanvha cynymuukoea cucmema inmepHemy peveii Ha 6a3i po3nodineno2o cynymiurka

and the Internet of Things system. The first of them provides broadband Internet access for a wide range of consumers. The
second one is designed to provide IoT services to delay-tolerant applications and delay-sensitive applications services’ users of
the Internet of Things. In the paper, principles of the design of the Internet of Things low-Earth-orbit satellite system orbital
segment are considered, and the features of applying the “Distributed Satellite” architecture in the low-Earth-orbit satellite sys-
tem using micro-satellite and cube-satellite spacecraft are revealed. The service area formation method of the low-Earth-orbit
satellite system is offered. This method takes into account the protection of geostationary systems and the repeated use of the
allocated frequency resource. The ways of introduction of multiprotocol mode to transmit loT information and to create the
combined service areas have been identified. A solution is proposed for the implementation of the concept of “Fog Computing”
by including specialized satellite computers to the orbital segment of the low-Earth-orbit satellite system. The main task of their
including is to form the own computing capacity within the satellite system orbital segment. The possibility of combining the
satellite computers into a single peer-to-peer computing network and thus creating a distributed computing network directly in
the orbit has been studied. The composition of the database stored in the orbital distributed computing network is determined.
The directions of information flows associated with the maintenance and updating of the database are studied. The algorithm of
computational load balancing of excess computing load is proposed.

Keywords: Satellite information system, low-Earth-orbit satellite system, Internet of Things, Fog Computing, Orbital Computing
Network, distributed satellite, micro-satellite, CubeSat.
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MOJEJII TPABOBOTO PET'YJTIOBAHHA AIAJIbHOCTI Y COEPI
JTUCTAHIIIMHOIO 30HAYBAHHA 3EMUII Y CBITIL: IOCBIJI JIJIA YKPAIHUA

Jlocaioncyromocs npasosi hioxodu 0o peeyaiosants OisabHocmi w000 OUCMAaHyiliH020 30H0YeanHs 3emai ([33) y Ginvw nine 10
depycasax ceimy 3 pisHOMAHIMHUMU MoOeasmu puky. Jloceio deskux depicag npoananizoeaHo 6 KOHMeKCmi pO36UMKY y MeHcax
pecionanvroi cnienpayi €sponeiicvkoeo Corosy ma Cniedpyacnocmi Hesanexncnux Jepacas. Oensd npasosoi moodeni pecyntosanhs
disnvnocmi /33 nposeaduécs y wiupokomy Konmexcmi 8paxy8ants 0epicagHoi uu npueamHoi npupoou, CmyneHs po36UumkKy PUHKY
8I0N0OBIOHUX NOCAY2e MA OXONAH8AE DOCAIONCeHHS MAaKuX 010Kie humany. 1) opeanizayiiiHo-iHcmumyyiina cmpykmypa 3abe3neveH-
HS 8I0N0BIOHUX GIOHOCUH; 2) noaimuKa nowupenHs 0anux, 3) 0o3einrvhe peeyatosants disavhocmi i3 /133; 4) oxopona inmenexmy-
anvroi enacHocmi Ha npodykmu disavnocmi /[33. Ha niocmasi nposedenoeo ananizy Hadano pso pekomeroayii w000 npagogozo
Pecyar8aHHs 8i0nogioHUX 8iOHOCUH 6 YKpaiHi.

Karouoei caosa: ducmanyiiine 30n0ysanns 3emai, npasose pe2ynioants, HAYIOHAAbHe 3aKOH00A8CMB0, 0aki, IHghopmayis, nyoiuri
ma npueamHi inmepecu, AiUEH3Y8AHHs, PUHOK nocaye J133.

HucranuiitHe 3oHayBaHHs 3emii ([133) 3 KkocMocy
€ HaWOUIBII HeOOXiTHUM JJ1I EKOHOMIKM, €KOJIOTii,
MPOCTOPOBOIO IUIAHYBAHHS Ta iHIINX cep KUTTE-
TISTTBHOCTI JIIOOWHU BUIOM KOCMIUHOI JisITBHOCTI,
SIKMI € MAaKCUMaJIbHO HAOJIKEHUM J0 IIOACHHMX
noTped CycHijabCTBAa.

YkpaiHa Oepe ydyacTb y HisuibHOCTI 1omo /133
MPOTSITOM BCiX POKiB He3aJe:KHOCTi, MPUYOMY He
3aBX/IM BUKJIIOYHO 3 IO3UIIi pelunieHTa iHgop-
Mallii, OTpMMAaHOI CYIIyTHUKAMU iHIIUX AepKaB YU

NpUBATHUX CYO’€KTIB, ajie i 3a paXyHOK BJIACHUX
KOCMIuHMX 00’€KTiB. MneTbes, 30KpeMa, TIpo 3ary-
meHi cynmyTHUKY: y 1995 p. — «Cig-1»,y 1999 p. —
«OkeaH-0» tay 2004 p. «Ciu-1M» i «Mikpon». 2ZKo-
IIeH i3 umx o0’eKTiB, IIOIpaBaa, Hapasi He (yHK-
L[IOHYE.

Cy0’eKTHUI CKJIal y4YaCHUKIB PUHKY TOCIYT Y
chepi 33 BkIOYae omepaTopiB (HamaBayiB Cy-
MYTHUKOBUX AAaHUX), IEPBUHHUX Cy0’€KTIB HagaH-
HS TOCIyT (TUX, IO IEePEeTBOPIOIOTH CYITyTHUKOBI

HutyBannsa: Manumena H. P., I[ypoBa A. M. Mozeji mpaBoBOTo peryJioBaHHs AisSTIBHOCTI y cepi JUCTaAaHLIHOTO 30H-
IyBaHHs 3eMJli y CBiTi: mocBin st Ykpainu. Kocmiuna nayka i mexnoaoeis. 2020. 26, Ne 4 (125). C. 86—110. https://doi.org/
10.15407/knit2020.04.086
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JaHi Ha pi3HOTO pody 300pakeHHS), BTOPUHHUX
cy0’€KTiB HaJaHHS ITOCIIYT (TUX, 110 OTPUMYIOTh iH-
(opmaliito y nepBUHHUX Cy0’€KTIB Ta 0OpPOOJISIOTH
il BimmoBimHO IO TOTpeOd KiHILIEBUX CITOXMBAYiB),
HapelTi — cnoxusayviB iHpopmauii [133. 3anexxHo
Bil HU3KM YMHHUKIB K 3MiCTOBHOrO, Tak i op-
MaJIbHO-IOPUAMYHOIO XapaKTepy B KOXHill JepxKaBi
CKJIQIA€EThC BJacHA MOJIEJb IPAaBOBOIO PEryJio-
BaHHS JisgabpHOCTI 3 [133.

B Vkpaini Hapasi iHdpacTpykTypa IbOro BUIY
KOCMIYHOI MiSIJIBHOCTI BUIJIINAE TaKUM YMHOM.
CaMocTiifHOi Ta He3ajiexXHOi MEepBUHHOI JIaHKU
OTpUMaHHS JocTyry a0 aaHux JI33 (omeparopiB)
Hi B MeXax JIep>KaBHOTO, Hi B MeXax MPUBATHOIO
CEKTOpY HEMae, He3BaXKalouu Ha Te, 110 11e 3arajib-
HOJIEP>XKaBHOI0 HAyKOBO-TEXHIYHOIO KOCMIiYHOIO
nporpamoro 2013—2017 pp. nepembdadaBcs 3amycK
moHaiMeHIne aBox cymyTHuKiB 133 cepii «Ciu»
(«Ciu-1M» Tta «Ciu-3P») [11]. I xoua 3aKoHOHAB-
CTBOM YKpaiHU CTBOPEHHSI KOCMIiUHUX arapartiB
MpUBaTHUMM Ccy0’eKTamMu He 3abopoHsuioch [13],
BHYTPIllIHilf pUHOK Ha HUX TaK i HE PO3BUHYBCH.
IMopsia 3 uuM Mepexka BTOPUMHHUX CyO’€KTIB HalaH-
Hs naHux /133 € HalOuIbIl PO3BUHEHOIO, aaXe I10
CYTi KOXEH YHiBEpCUTET UM MiANPUEMCTBO MOXKE
3a HasIBHOCTI BiIMIOBiIHOIO IIPOrpaMHOrO 3abe3Iie-
YeHHsI 00pOOJISITU CYyMYTHUKOBI 3HIMKM BiZIMTOBiTHO
JI0 TOTped KOHKPETHOTO CIMOXKMBayva.

KopoTkuii orjisa cyd’€KTHOTO CKJIaay BiTHOCUH
mono 33 B YkpaiHi CBig4MTh NP0 HEAOCTATHE 3a-
JIIOBOJICHHSI TIOMUTY TIPOMO3ULII€I0, BiICYTHICTh
OyIb-IKUX PEerysaTopiB Oe3MeKu IOLIMPEHHS iH-
(hopmalliii Ta crielliaIbHUX MEXaHi3MiB 11 OXOPOHU SIK
00’eKTa iHTeJIeKTyaJIbHOI BIACHOCTI, a TAKOX CJIa0-
KOO B3a€EMOJIEI0 MiX Jep>KaBHUM Ta MPUBATHUM
ceKTopaMHu y Wil cdepi. 3HAYHOIO MipOI0 TaKa CH-
Tyallisl BAHWKJIa BHACIIOK MPaBOBOI JIAKYHU Y 1IiiA
cdepi BigHOoCUH, Ky JKAY npoTtsarom KijIbKOX po-
KiB MOCIIiJb HaMara€eTbCsl 3allOBHUTU 3aKOHOIIPO-
extoM «IIpo nepxxaBHe peryjiroBaHHs y cdepi A33».
A TIOKM 1Ieil 3aKOH He MPUIHSTO, EAMHUI PEeryJisi-
TOPHUI1 BIUIMB Ha BiAIIOBiMHI BiTHOCUHMU 3MiHACHIO-
I0Th JepXaBHi cTaHAapTu YKpainu, a came: JJCTY
4220-2003 <«/lucraHuiiiHe 30HIYyBaHHS 3emJsi 3
kocMocy. TepMmiHu Ta BU3BHAYEHHS MOHSATh»; JICTY
4758-2007 «JlucTaHuiiiHe 30HIyBaHHS 3eMJli 3 KOC-
mocy. O6po06aeHHS naHuX. TepMiHU Ta BUBHAYECHHS
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noHATh»; JCTY 7894-2015 «/AucraHiiliHe 30HIY-
BaHHS 3emiti 3 KocMmocy. MeTtomuka oOpoOJIeHHS
naHux. [Topsimok po3poOseHHs ».

Ha Haiie nmepekoHaHHSsI, MailOyTHsI MOJIeIb Tpa-
BOBOTO peryJitoBaHHs AistibHOCTI 3 /133 Mae rpyHTY-
BaTUCS Ha TUX BiIHOCHUHAX, 1110 BX€ CKJIaJIUCA B Ll
cdepi BITYUM3HIHOI KOCMIYHOI iSITBHOCTI, a TaKOX
BUPpIlIyBaTU Ti LiJi, SIKi AepxKaBa MOCTaBUTh MEPed
niero cdeporo. OckinbKu BinnmoBimHo 1o KoHmemrii
3arajgpHOACPXKABHOI 1IUJILOBOI HAyKOBO-TEXHIYHOL
KocMiuHoi nmporpamu Ha 2018—2022 pp. cepen ii 11i-
JIeli Ta O4YiKyBaHUX pe3yJbTaTiB IepeadadyeHo: CTBO-
PEHHSI CUCTeMU IUCTAHLIIHHOTO 30HAYBaHHS 3eMTi
«Ciu-2-1» (2020 p.), «Ciu-2-2» (2021 p.), «Ciu-2M»
(2024 p.); pO3BUTOK BHYTPIillIHBOTO PUHKY KOCMiu-
HUX iH(popMaliiHuX mociayr 3 [33; 3a0e3redyeHHs
HagaHHs iH(opMmallil, OoTpMMaHOI Bil iHO3eMHUX
KOMEpPLIMHNX KocMiyHUX amapartiB /133 B pamkax
YKJIaJIEeHUX YTrOj; CTBOPEHHS HalliOHaJIbHOI CUCTe-
MU TeoiHdopMalliiiHOro 3abe3MeueHHs SIK CKJIaa0-
BOI YaCTHMHU €BpoIieiicbkoi mporpamu «Copernicus»
i citoBoi cucremu «Global Earth Observation
System of Systems» Ta 3a0e3ledYeHHs] eKCIuIyaTalil
il iHopMmaLiiHUX CcepBiCiB 3alliKaBJIECHUMM KOPUC-
TyBayamu [14], came 11i 1ij1i TOBUHHI OyTH MOKIaae-
Hi B OCHOBY MalilOyTHBOTO PETYIIOBAaHHS MisSTIBHOCTL
3 133 B Ykpaini. [loganuii 3aKOHOIIPOEKT, Ha XKaJb,
UM LM He Bignosimae. Ilo-mepiue, BiH ay0Ito€e
MOJIOXKEHHS 3aKOoHy YKpaiHu «IIpo KocMiuHy mi-
SUIBHICTb»; TIO-IIPYre, PEryJIIoE JIMIIE MisiJIbHICTh
JIep>KaBHOTO CEKTOPY, MPUALISIOYA OCHOBHY yBary
MexaHi3MaM eKCIUTyaTallii HallioHaJbHOI CHUCTeMU
orepaTopoM KocMiuHux cuctem J[33; mo-TpeTe, BiH
MICTUTD BEJIMKY KiIbKiCTh OJJAaHKETHUX HOPM IIIOAO
peryjroBaHHS OKpPEMUX BiIHOCHUH Pi3HUMHU BigoM-
cTBaMU 0e3 BUPOOJIEHHSI €IMHOIO KOHTPOJIHLHOIO
MeXaHi3My 3axMCTy OoTpMMaHoi B pesynasraTi 133
iHpopMallii IK 00’eKTa iHTEJEeKTyaJIbHOI BJIaCHOC-
Ti UM 00’€KTa €KCITOPTHOTO KOHTPOII0. 3a3HaueHe
CBIIYMTb MPO T€, 1110 PErYJIIOBAHHS BiIMOBIAHOIO
BUAY KOCMIUHOI JisIbHOCTI Ha 0a3i MogaHoro 3a-
KOHOIIPOEKTY HE B 3MO3i 33JJOBOJILHUTU MOTpedu
Cy4yacHOTO, a TUM OiJibllle — MEePCIEKTUBHOIO eTamny
ii po3BUTKY B YKpaiHi. HeoOxiqHUM y 1IbOMY 3B 13Ky
BBaxka€EMO HaITpallloBaHHSI HOBUX MEXaHi3MiB HOP-
MaTHBHO-MPABOBOTO BILIMBY Ha BigHOcUHU 3 [133.
st BUpillIEeHHSI TOCTaBJIEHOTO 3aBIAHHS MOTPiIOHO
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JOCJIIUTY AOCBiJ IHIINX KOCMIYHMX JepXKaB y ILIii
cepi.

V pizHux KpaiHax CIIOCTEPIiraloThCsl Pi3Hi Migxo-
I 10 peryatoBaHHs disibHOCTI 3 [133. 3 dhopmab-
HO-IOPUIMYHOI TOYKHM 30pYy 1X MOXXHA PO3AUIUTHA HA
TpH OJIOKU:

1) HasgBHICTH CIeLiaIbHOIO 3aKOHOAABCTBA, 1110
peryiatoe BigHocuHM 3 JI33 (cmeliaabHUX 3aKOHIB
Ta/ab0 cTaHmapTiB AisuibHOCTI 3 [133);

2) zakpituieHHs JI33 sSK ogHOTO 3 HAIIpSIMKIiB
KOCMIUHOT iSUTbHOCTI B 3arajibHOMY «KOCMi4YHOMY>»
3aKOHi;

3) perymoBaHHSI BigHOCUH 3 /133 y KOHTEKCTI
nepeadayeHUX HOPMaMM iHIIMX Tajly3eil 3aKOHO-
JlaBCTBa MpaBoBiZHOCHH. KOpOTKO po3ristHEMO 1ii
MiIX0AM Ha KOHKPETHUX MpUKJIaaax.

Haii6inbin TpuBay icTopito Ta ogHe 3 Halimera-
JII30BaHIIINX 3aKOHOMAaBCTB y cdepi 33 MmaioTh
CIIIA. 3 MOMEeHTY 3amycKy Meplioro CynyTHUKa 3a
nporpamolo «Jlanacar» y 1972 p. ynpasitiHHs B cdepi
33 3MmiHIOBaJIOCH i3 CYTO JIep>KaBHOTO Ha JAep>KaB-
HO-MPUBATHE Ta 3HOBY MOBEPTANIOCS 10 JIeP>KaBHO-
ro, MpoTe CynmyTHUKU «JIaHacaT» J0ci 3aJUIIal0Th-
cs cepell HailOiIbIl OaraTux Ta JOCTYIMHUX JKepesl
Janux J133. OCHOBHMM HOPMATUBHUM aKTOM, SIKMIA
Hapa3i perymoe aisuibHicTh 3 133 y CIIIA, € Land
Remote Sensing Policy Act 1992 p. Came B 11bOMY
aKTi mporpamy «JlaHacat» BU3HA4YEHO SIK 3acib Imim-
TPUMKM MiXXHapoaHoro jigepctsa y /133 ta mmpo-
KOTO CIPUSIHHSI BUTITHOMY BUKOPUCTAHHIO JaHUX
133 Ha OCHOBI MOJITMKM HEIUCKPUMiHALiiiHOro
noctyiy [38]. YpaBiliHChKi TOBHOBaXKEHHSI 3TiIHO
3 LM JOKYMEHTOM Oyiu IiepenmaHi Big Jlemaprta-
MEHTY TOPTIBIIi 10 cpepH iHTeTpOBaHOTO YIIPABJIiH-
Hs1 MinictepctBa obopoHu ta HACA. Tak, 3rimHo
i3 c1. 5631, Ha HACA mokjaneHi Taki 000OB’I3KU:
MPOBOJAUTU €KCIIEPUMEHTAIBHI KOCMIYHI TpOrpamMu
JUCTAHIIIAHOTO 30HAYBaHHS; PO3POOJISTH TEXHOJIO-
rii Ta METOOM AMCTAHLIMHOIO 30HAYBAaHHS, BKJIIO-
Yaroyu Ti, 1110 HEOOXiaHi 1JIsI MOHITOPUHTY 3eMli Ta
1l HABKOJMIIHBOTO CEpeIOBUIIA; ITPOBOAUTHU TaKi
JOCIIIKEHHSI Ta PO3pO0KM y CIIBHOpalli 3 iHIIUMU
nepxaBHumu yctraHoBamu CIIA Ta 3 nepkaBHU-
MU 1 MPUBAaTHUMU HAyKOBO-AOCIiTHUMU YCTaHO-
BaMu. MiHicTp 00OpOHHM Hece BiIMOBiTATbHICTh 3a
BU3HAUEHHSI YMOB, HEOOXiTHMX ISl PO3B’sI3aHHS
npobiem HauioHanbHoi O0e3neku CIIA, Ta 3a He-
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raiiHe IIOBIIOMJIEHHSI IIpO Taki ymoBu MiHicTpa
TOpriBii, a JlepxXaBHUII ceKpeTap — 3a BUKOHAHHS
MiXHapoIHUX 3000B’s13aHb Ta mojituku CIIA. Ke-
piBHMUTBO Tiporpamu «Jlanacat» Hamae KoHrpecy
MOBHY Ta OHOBJIIOBaHY iH(pOpMaIIil0 IIPO CTaH IO0-
TOYHMX orepaliil cucteMu «JlaHacaT», BKIOYAOUU
CBO€YaCHeE TMOBiJOMJICHHS MPO pillleHHS, TIPUINHSTI
CTOCOBHO cucTeMM «JlaHmcaT», 1100 BimmoBigaTh
noTpedaM HalliOHAJIbHOI O€3IeKHr, MIXKHApOIHUM
3000B’3aHHAM Ta MoJiTUli ypsay CrojiydeHux
IHrariB. [IIupoke Koo AepKaBHUX OpraHiB Bjaaau
3a0XOUYETHCS HaJaBaTu KpaiHaM, 1110 PO3BUBaIOTh-
csI, TaHi, TEXHOJIOTII Ta HaBYaHHS SIK KOMITOHEHT
Mporpam Mi>kKHapOJHOI IOTIOMOTH.

KirouoBy posb y peryitoBaHHi gisiabHocTi 3 133
B CIIIA Binirpae KoHCyabTaTUBHUI KOMITET 3 KO-
MEpPLIiHOTO OMCTaHLIiMHOTO 30HAYyBaHHS Advi-
sory Committee on Commercial Remote Sensing
(ACCRES) npu HauioHanbHili anmiHicTpallii okea-
HiuHUX Ta aTMocdepHux gocaimkeHb (The National
Oceanic and Atmospheric Administration’s (NO-
AA’s), sika CBOEIO Yeprolo € AernapraMmeHToM MiHic-
TepcTBa Topribiai. BigmosinHo g0 ct. 60121 3akoHy
National and Commercial Space Programs 2010, 3a
MOTOIKEHHSIM 3 iHIIIMMU BiITIOBITHUMM YPSIOBUMU
ycranoBamu Crionyuenux IllTatiB, MiHicTepcTBO
TOPTriBJIi Ma€e MpaBo JIiLlEH3yBaTU YYaCHUKIB MpU-
BaTHOTO CEKTOPY 111010 BUKOPUCTAHHSI MPUBATHUX
KOCMiUYHUX CUCTEM AMCTAHIiiHOTO 30HAyBaHHS Ha
nepion, BU3HaYeHU MiHiCTEpCTBOM BiIMOBIAHO
JIO TIOJIOXKEHb 1LIOTO Miapo3aiy. MiHiCTepcTBO He
HaJgacTh KOAHOI JIILIEH3il, SKIIO BCTAHOBUTH, IO
3assBHUK He Oyne BUKOHYBATHU JILIEH3iliHI YMOBH,
Oyab-sIKi MixKHapoIHi 3000B’sI3aHHSI Ta CTBOPIOBA-
TUMe MpobaeMu 1151 HallioHaabHOI 6e3reku CIIIA.
TpuBamicTb po3misiay 3asiBKU cTaHOBUTH 120 nHIB 3
MOMEHTY 1i TTogaHHs. B 1IbOMy KOHTEKCTi i Bif-
3Hauut DenepanbHy TeIEeKOMYHIiKalLiiiHy KOMi-
cito, gKa BiAMoBiZHO A0 3aKOHY PO KOMYHiKallil
1934 p. (47 U.S.C. 151) Ta Ha miacrasi § 60146 Ilo-
nitTuku J133 poTSIrom TOro X nepioay BUIAE JilleH-
3ii Ha 3aco0M pamio3B’sI3KY, 110 3aCTOCOBYIOTHCSI i
yac 133 [38].

[IpaBuia Ta peryjJsiTMBHI HOPMU IIOAO IOTPU-
MaHHS TiLIEH31MHUX BUMOT TisibHOCTI i3 /133 2006 p.
[26] Bincunarors 10 Konekcy CILA mpo denepanb-
He peryJiloBaHHs, 10AaTOK | 10 SIKOTO0 BCTAHOBIIIOE
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Taki OJIOKM JIiLIEH31iIHMX BUMOT: 1) KOpIiopaTuBHa
iH(opMallisg (HaiiMeHyBaHHSI, MiCLI€3HAXOMKEHHSI,
BECb MMePCOHaJ, 1110 KOHTAKTY€ 3 iHO3EMHMMMU MapT-
HepaMU, BJIACHUK, SIKOMY HJIEXWTb IIOHAWMEHIII
10 BiACOTKIB y CTaTyTHOMY KarliTaJi 3assBHUKA, iHO-
3¢MHUI BJIACHUK, SIKOMY HaJEXKUTb IIOHAMEHILIe
II’SITh BiJICOTKiIB, OIMMC BCiX BaXXJIMBUX JOTOBOPIB
Tol1110; 2) iH(opMallis 1OoA0 MicCllsd 3amycKy (pake-
Ta-HOCIM, KOCMOAPOM, AaTa 3aIlycKy, JaHi IIpo op-
0iTy TO1110); 3) KOCMiIUHMIT CETMEHT (Ha3Ba Ta HOMEp
CYIIyTHUKA, SIKU HecTume cucteMy /133, HaBira-
LWiAHUI iHCTpyMEHTapiii, mapaMeTpu pyxy 300pa-
>KEeHHSI, nepiof (pyHKIIIOHYBaHHS TOI1110); 4) Ha3eM-
HUI1 cerMeHT (cuctema 30MpaHHs iHdopMmaliii, Tex-
HiYHi JeTajli KOgyBaHHSI Ta PO3KOJyBaHHS CUTHAJY
TOI110); 5) iHIa iH(opMallis (OIuC IIaHy MPoaaXKy
YY iHIIKX CITIOCO0IB pPO3IMOBCIOMKEHHS iH(MopMallii,
METOIM HagaHHS iH(popMmaliil ypsgaMm, 4Msi TEpU-
TOPisl 30HAYETHCS, a TaKOX OyIb-sIKMM HayKOBUM
ycTaHOBaM, IIJIaH HagaHHs iHdopMmaiii MiHicTep-
CTBY BHYTPIIIIHIX CITpaB I po3MillieHHs B Hartrio-
HasbHOMY apXxiBi naHux J133). Bes ust iHdbopmaltist €
KoHineHuitHo00, ane npoTsirom 30 IHIB Ticas Ha-
JIaHHS JILEH3i1 JlilleH3iaT MoJae KOPOTKUA OMuUC Ji-
LICH30BaHOI CUCTEMM, SIKa PO3MIIIIYETHCS Y BiIKpU-
Tomy gpoctyti. LlikaBo, 110 SIKIo AepKaBHiI opraHu
BUMaraioth Mmoaudikysatu cuctemu 133 mjis Biac-
HUX MOTPeO, y 3B’5I3KY 3 UMM OIepaToOpu HECYTh J0-
JIaTKOBI BUTpaTH, MiHICTp TOPTiBJIi MOXE BUMaratu
BiJ LIMX OpraHiB BiJILKOAYBaHHS JilieH3iaTy noaaT-
KOBUX BUTpAT, MOB’I3aHUX i3 HEOOXiTHUMM 3MiHa-
MU Yy IIPOIYKTUBHOCTI CUCTEMHU, ajie He BUTpaT, SIKi
OB’ s13aHi 3 BeAeHHIM Oi3Hecy 3a KopaoHoM (sub. d
§ 60147 Ionituku J133).

ITpotsirom ychoro yacy (byHKILiIOHYBaHHSI CHUC-
temu /133 [Momiunuk agminictpatopa NOAA ns
CYNMYTHUKOBHUX Ta iHQoOpMaLiiiHUX cIyk0 abo ioro
YIIOBHOBAXXEHU U 3AiMICHIOE JIILIEH31MHUIA KOHTPOJIb,
KUt BigmosinHo 1o § 960.11 nependavae, 1o0:

1) niueHsiaT 3000B’3y€THCSI MOCTIMHO IiATPU-
MyBaTW OINEPaTUBHUI KOHTPOJIb 3 MiCllsd y Mexkax
Cnonyyenux IllTartiB, BKIIOUaI09M MOXKJIMBICTD 3Mi-
HUTH BCi KOMaHIM, BUAaHI OyIb-SIKUMU OTlepalliii-
HUMMU LIEHTpaMu a00 CTaHLiSIMU;

2) niueH3iaT Haga€e AOCTYII 10 BCiX 00’€KTIB, 1110
MicTaThb cuctemy /133 mis mpoBeieHHSI MOHITOPUH-
Ty JilieH3il Ta TepeBipoK BilMOBIAHOCTI;
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3) Bin jilieH3iaTa MOXYTb BUMaraTu OOMEXEHHS
300py Ta/ab0 PO3MOBCIOMKEHHS MTaHMX, SIKi HE0O-
XiTHI IJIsT 3aI0BOJICHHSI TTOTpe0 HalliOHAJIBHOI 0e3-
MEKM YW 3HAYHUX 30BHILIHBOIIOJITUYHMUX aCIIeKTiB
abo MmixxHapomgHux 3000B’s13aHb CIIA. ITix yac ta-
KMX OOMEeXeHb JIilleH3iaT Ha BUMOTY HajJa€e Heob-
po0bJieHi JaHi Ha KOMEpLiiiHiii OCHOBI BUKJIIOYHO
ypsiny CIIIA, BUKOPUCTOBYIOUM 3aTBEPIAXKEHE HUM
mm¢pyBaHHS,

4) nmiueH3iaT ITOBIIOMIISIE IIPO HaMip YKJIACTHU
Oy/Ib-SIKYy iCTOTHY Yrofy 3 iHO3eMHUM Cy0’€KTOM Ta
nojae ii Ha PO3MJIA BiAITOBIAHO OO0 MyHKTY 960.8.
BonmHoyac Take MOBIZOMJICHHST HE 3BUTBHSIE JIILIEH-
3iaTa Big Oyab-sIKMX 3000B’s3aHb, HepeadadyeHux
OyIb-SIKUMU iHIIMMU 3aKOHAMM UM TTiI3aKOHHUMU
aktamu CIIIA 1010 ekcnopTy;

5) nmiuensiat Hagae ypsay CILIA Ha 3anuT MOBHUI
MepesiK yciX apxiBOBaHMX, HeOOpOOJIECHUX MaHMX,
sIKi OyJIM CTBOPEHi MOro JilleH30BaHOI CUCTEMOIO,
sKa 1Ie HE MIATPUMYEThCS Y MyOIiYHOMY KaTaao3i;

6) mepe OYMIIEHHAM OyIb-SIKUX JTilIeH30BaHNX
JIAaHUX, SKWUMU BOJIOJI€ JIilleH3iaT, BiH TOBUHEH 3a-
NporoHyBaTH Taki naHi HauioHalbHOMY apXiBy
JaHux /133 3a paxyHOK iXHbOIO BiITBOPEHHS Ta
nepegavi;

7) nineH3iaT Hamae ypsiay Oymb-sIKOI KpaiHu
(Bkmouatoun CriosydeHi IllTatu) Ha fioro BuMory
HeoOpoOJieHi JaHi, 3i0paHi Ooro CUCTEMOIO IIOAO
TepUTOPii, 10 MepedyBae MiA IOPUCIUKIIEID Ta-
KOTO ypsiNy, SIK TUIBKM JIILIEH3iaT 3MOXe MOLLIUPIO-
BaTU JaHi KOMepLiiiHO abo SK TiJbKHW JIilleH3iaT
00poOuTh iX y opmarti, SIKMi BUKOPUCTOBYE IS
BJIACHUX 1IiJIeHi, 3aJIeXKHO Bil TOro, IO BimOymeThb-
csl paHillle, Ha PO3yMHHUX YMOBaxX, KpiM BUITIAIKiB,
KOJIY 1ii Ail cynepeyuTUMYTh HallioHaJIbHili Oe3rme-
mi CIHA, 30BHIIIHINA TTOMITUL Y MiXKHApOIHUM
3000B’s13aHHSAM, 200 IHIIWM YMHOM 3a00pOHEHi 3a-
KOHOM;

8) JineH3iaT HeraitHO, a00 SIK TIIbKM 1I€ TO3BO-
JISITh 00CTaBUHU, iHPOPMYE IIpO OyIb-sIKi eKCILTya-
TaliiHi BIIXWIEHHS CUCTEMU, SIKi 31aTHI TOPYIIUTHA
YMOBHU JILIEH3Ii;

9) niuensiar mogae [1naxH 3axucTy TaHUX OIS PO3-
msiay Ta 3aTtBepakeHHs; [lnaH MOBUHEH MiCTUTHU
Mpolec 3aXUCTy AaHMX Ta iHdopmalii MmpoTsaroMm
YCbOTO LIMKJIy BUKOHAHHS 3aBlaHb, olepailiii, 00-
pobkxu, apxiBalii Ta momupeHHs. JlileHsis He € ak-
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TMBOM JIilleH3iaTa i He Moxe OyTu mepegaHa B 3a-
cTaBy a0o0 mpojaHa.

Bigmosigno g0 § 60123 IMonituku 33 ta § 960.15
Konekcy npo denepaibHe peryatoBaHHS, SKILIO I10-
PpYLIEHHS JIiLEH3iMHNUX YMOB Oye BUSIBIEHO, TO Mi-
HICTp TOPTiBJIi a00 YITOBHOBaXXeHAa HUM 0C00a MOXeE
3BEpHYTHUCS 10 BimmosimHoro mpokypopa CIIA 3
MPOXaHHSIM BHECTU PO3MOPSIKEHHS /10 OKPYX-
Horo cyny CIIA oxpyry Koaym06isi abo iHIIoro
okpyxHoro cyay CIIIA, B Mexax SIKOTro JilieH3iaT
MpOXKUBa€E abo 3/iCHIOE OCHOBHY TOCMOJAPCHKY
JiSITbHICTD, 100 MPUITMHUTHU, 3MIiHUTH a00 IIpu-
3YMUHUTHU JIilIeH3i10 Ta/ab0 HeraiiHO MPUMUHUTU
JIiLeH3ilHI omepallii LUISIXOM BUIa4di MOBiIOMJICH-
HSI PO MOPYIIEHHS Ta OLiHKY (notice of violation
and assessment (NOVA), y sSKOMy BU3HAYa€THCS
ctarHeHHs mrpady y cymi go 10 000 gos. 3a KoxHe
nopyireHHs. JlilieH3iaT MOBMHEH 3IilICHUTH TIOBHY
CIUIaTy UMBIABHOTO ITpady, BUSHAYEHOTO TMPOTSI-
rom 30 AHIB 3 JaTH, KOJIU OlliHKa HA0YBa€ YMHHOCTI
SIK OCTaTOYHE aJMiHiCTpaTMBHE pillleHHs. 3a3Ha-
YUMO, IO CXOXU MexaHi3M 3akpirieHuit ct. 10
3akoHy Ykpainu «I1po KocMiuHy IisiJIbHICTh» B pe-
nakuii 3akoHy Ne 1071, BiamoBigzHO 10 SIKOi LIEHT-
pallbHUII OpraH BMKOHABYOI BJIaIM, IO pealli3ye
JepXKaBHY ITOJIITUKY Y c(pepi KOCMIYHOI MisIJIbHOCTI,
3BEPTAETHCS J10 AIMiHICTPaTUBHOTO CYy 3 TO30BOM
111010 3aCTOCYBaHHSI 3aXOJly pearyBaHHS y BUIJISII
aHYJIIOBaHHSI O3BOJIY Ha 3/iiCHEHHSI OKPEMUX BU-
JIiB KOCMIYHOI JisJIbHOCTI [9], TIpoTe BBaXKa€EMO TaKy
peleriilo He 30BCiM IOpPEeYHOI0, aake, Mo-mnepiie,
B YKpaiHi, Ha BinMiHy Big CIIIA, maiike BiACyTHii
MOTOYHMI KOHTPOJIb KOCMIiUHOI MiSIBHOCTI, a MO-
Jpyre, 3HaUHO TPUBATILIMM € (paKTUUHUNA PO3IJISiA
CIIpaB y cyaax.

30epexxeHHs1 iHdopMallii 3 CyMyTHUKIB Ta MO-
IIIMPEHHST BUTOTOBJIEHOI Ha IXHI OCHOBI MPOIYKITil
3AiCHIOEThCS Ha 0a3i HalioHalbHOTO apXiBy JaHUX
J33 Teonoriunoi cayxou CIIA, sskuit 3ade3mneuye
SIKiCTb, LUIICHICTb Ta Oe3MepepBHICTH OHOBJIEHHS
JAHUX I ICTOPUYHUX, HAYKOBUX Ta TEXHIYHUX
e, BKJIIOYAIOYM JOBTOCTPOKOBUM IIOOATbHUIA
eKoJIoriYHUi MOHiTOpUHTL. [lopsimok apxiByBaHHSI
JaHUX IJis 3a0e3reyeHHs IyOJIiYHUX iHTepeciB pe-
rymoeTbes § 60142 TMomitukm [133. Pexkxum momm-
peHHs1 jaHux 33 3anexuth Bim gkepena ¢iHaH-
cyBaHHs. Tak, sgkio ypsa CIIA ¢inaHcye Bci abo
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3HAYHY YaCTMHY BUTpAT Ha po3poOKY, BUTOTOBJIEH-
H#I, 3aIlycK a00 eKCIUIyaTallilo JIilIEeH30BaHOI CHUCTe-
MU, JiLIEH3is1 BUMarae, 1ob yci HeoOpoOJIeHi JaHi 3
CUCTEeMU OyJW TOCTYITHUMU Ha HEAUCKPUMIiHAIIIA-
Hill OCHOBIi, 32 BUHSITKOM JaHMX, SIKi CTOCYHOThCS
HalliOHAJIbHOI 0€3MeKM, 30BHIIIHbOI MOJTITUKK YU
MixXHapoIHUX 3000B’s13aHb. [1pu IbOMy 00poOIeHI
JaHi MOXyTb OyTu HagaHi ypsay Cronydyenux Ilta-
TiB Ta M1Or0 KOpUCTYBayaM 3a 3HDKEHUMM LIiHAMU 32
YMOBH, 1110 TaKi JaHi BUKOPHUCTOBYIOTbCSI BUKJIIOU-
HO IJ11 HeKoMepuiitHux minei. Skmo x ypsm CHIA
He (piHaHCYE, MPSIMO UM ONOCEePEIKOBAHO, Oyab-5IKi
BUTpaTU Ha po3poOKY, BUTOTOBJICHHS, 3aIlycK abo
eKCIUTyaTallilo JilleH30BaHOI CHUCTEeMH, JileH3iaT
MoOKe 3a0e3euuTH OOCTYIl A0 CBOIX HeoOpoobie-
HUX JaHUX BiIMOBIIHO J0 PO3YMHUX KOMEPLIMHUX
yMOB. 3a yMOBHM cIiBpiHaHCyBaHHS IpoekTy Ilo-
MivHMK anmiHicTpatopa NOAA 11 CyITyTHUKOBUX
Ta iHpopMalliliHUX ciyX0 abo Horo yrnoBHOBaxe-
HUIi 3a MOTOIKEHHSIM 3 iHIIMMU YCTAHOBAaMU BU-
3Hauae yacTuHy naHux /133, ski HagalThCsl Ha He-
MUCKPUMIiHALIMHUX 3acafgax BilMIOBITHO IO iHTep-
eciB CILIA [56].

OnucaHa BMIlE ITIpaBOBa Ta IHCTUTYLIiIIIHA CTPYK-
Typa perymoBaHHs gisibHocTi 133 B CIILIA xapak-
TepU3YEThCS CHeLliagicTaMy K 3acTapijia Ta Taka,
1110 HE BiJIOBila€ cCyyacHOMY CTaHy Ha PUHKY IO-
ciyr 3 HagmaHHsa gaHux J133. CrpaBeaiuBicTh LIUX
MipKyBaHb MOXHa ITiATBEPAUTH X04a O 3 TEXHIYHUX
mincraB, amke B Land Remote Sensing Policy Act
1992 p. BU3HAYa€ThCs IpaBOBE 3a0E3IMEUYECHHS 3a-
IMYCKY Ta OOCJIyTOBYBaHHS CynmyTHUKa «JlaHacat 7»,
20-piuHuii nepion (PyHKIIIOHYBAaHHS SIKOTO 3aBEpP-
muBcs y 2019 p., He Gepyuu BxKe 10 yBaru iCHyBaHHSI
OinbI MoaepHizoBaHUX «JlaHacaTt 8» Ta «JlaHmcar
9». IlpoTe amMepuKaHCBHKi €KCIepTU OOIPYHTOBY-
I0Th HEOOXiIHICTh pechOpMU €KOHOMiIKO-ITPaBOBU-
MM TIiACTaBaMU. 3acTepirarouu II0J0 MOXJIHUBOTO
BiITOKY IiANPUEMHUIIBKOIL TislIbHOCTI Y cepi 1133
3i CHIA 1o xpaiH 3 OLIbII M’SIKMM Ta 3PO3YyMiIUM
MPaBOBUM PETYJIIOBaHHSIM, BOHU BKa3ylOTh Ha TaKi
Oro HEMOJIKU: MOTOMKEHHS YPSAOM IS aMepu-
KaHCbKMX KOMIIaHiii 3aiiMa€e pOKM, € 3HaUHA HEBU-
3HAQYEHICTh Ail 1I0AO JIIEH3YBAaHHS, BKIOYAIOYN
3MiHM YMOB JIILIEH3i Y TPOIIECi iXHbOTO OTPUMAaHHST
0e3 morepeIHbOro MOBITOMJICHHS, 10 JilleH3IiMHO-
ro IIpoliecy J0JYyYeHO 3HAUYHY KiJIbKiCTh BiIOMCTB,
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KOXHE 3 SIKUX Ma€ BEJIMKY KUIbKICTh MiACTaB IS
BimMoBu To1110 [47].

Hns BupiteHHst nux npobjem KowmiteT 3 Hayku,
kocMocy Ta TexHiku [lanaTu npeacTaBHUKIB po3-
poOuB 3akoHOIMPOeKT American Space Commerce
Free Enterprise Act 2017 p. 3aKOHOIIPOEKT CKa-
COBYE IOJIOXKEHHS, 110 CTOCYIOTbCH JilEH3YBaH-
HSI MPUBATHUX KOCMIYHMX CHUCTEM IMCTaHLiAHOIO
30HAYBaHHSI Ta YIpaBJiHHS TIporpamolo <«JlaHma-
car». Illeit mpoexTt ynoBHoBaxye Office of Space
Commerce MinictepctBa Toprisii CIIIA BumaBaTu
JIO3BOJIM Ha eKCILTyaTallilo KocMiyHuX cucteM [33.
[TporoHyeTbcst cTBopeHHsT Ha 10 pokiB gopaauo-
ro opraHy, a caMme KOHCYJIbTaTUBHOIO KOMITETY 3
NUTaHb KOMEPLIMHOIO NUCTaAaHLIiHHOrO 30HIYyBaH-
HS JUIs1: KOHCYJIBTYBaHHS 3 MUTaHb KOMEPLIMHOIO
J33; aHaji3y BIpPOBaIKEHHS J03BUILHOI CUCTEMU;
HaJgaHHS peKOMeHaalliil momo Toro, K CrorydeHi
IIItat MOXYTb CHIpUSTA Ta MPOCYBaTU HaTilHUI
Ta IHHOBALIWHUI TPUBATHUU CEKTOP; BUSHAYCHHS
BUKJIMKIB, 3 IKUMU CTUKAETHCSI MPUBATHUI CEKTOP
3 OTPMMAaHHSM JT03BOJIiB Ta HAIJISIAOM 3a POOOTOIO
cucrteM J133; HagaHHs iHdopMallii, mopaj Ta peko-
MEHJaIIii.

®DyHKI1ioHYBaHHS KOCMiuHOI cuctemu 133 po3-
MOYMHAETbCS TOMi, KOJM BOHA TepedyBa€e y Koc-
MOCi, MOXE€ 3aJOBOJIbHUTA MiHIMaJbHUI MOPIr
00’€KTUBHUX MOXJIMBOCTE! JJIsl 3asiBJICHOT TTOTpe-
OU i He OXOTUTIOE aKTU PO3IOBCIOMXKEHHSI, TTPOIAXKY
yu Tiepefadi gaHux, iHdopmauii ado nmocayr. Ilpu
LIbOMY YHi(hiKy€EThCSI CCTeMa BUaadi 103BOJIIB, 30-
Kpema JIMile OAWH O03BiJ BUAAaBaTUMETbCS Ha: 1)
MIPOBEAEHHS KiJIbKOX Omepalliii 3a JOIIOMOIOI0 OJI-
Hiel cucremu [33; 2) eKcrIyaTaliro KiIbKOX TaK1X
CUCTeM, $SIKi BUKOHYIOTh TOAiOHI onepallii, a00 BU-
KOPUCTaHHSI LIMX CUCTEeM JJIsl TIPOBEAEHHS OIHi€l
onepauii 33. [Nependayaerbcs TaKOX MOXKIMBICTh
noJaTH 3asiBKy Ha 03B yIpaBJliHHS KOCMiYyHOIO
cucteMolo /133, 1Ky BUKOPUCTOBYE LIMBIIbHUI Cy-
nyTHUK denepanbHoro ypsmy. Odic Moxe 3anpono-
HYBaTU JOTIOMOTY y TMOIIYKY TAKUX MOXJIMBOCTEH.

Sximo exkcruryaTawisi KocMmidyHol cuctemu [133
CTBOPIOE 3HAYHY 3arpo3y HallioHaJIbHili Oe3reli,
3asBHUKY BiIMOBJISIIOTh Yy BHIA4i 103BOJY abo Ha-
Jal0ThCsl BKA3iBKU 1110JI0 YCYHEHHS 3arpo3u. Y 3a-
SIBLII HE MOXe OyTH BiZMOBJICHO, i 1O3BiJ1 MOXe He
OOYMOBJIIOBATUCS IS CUCTEMU 3 aHaJIOTIYHUMU
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MOXJIMBOCTSIMU 10 THUX, SIKi BXe € KOMEPLIiAHO 10~
CTYIIHUMHU a00 OUIKYETBCS, IO OyIyTh HOCTYITHI
MPOTSATOM HAaCTYITHUX TPbOX POKiB. AKIIO 3assBHUK
HE € aMepUKaHCHKOIO OpraHi3alli€lo, BiH MTOBUHEH
BKa3aTU aMEpPUKAHCBKY OpraHisailito, sika Moroau-
Jlacg O BiANOBiZaTH 3a eKCIUIyaTallilo Horo KocMiu-
Hoi cucteMu J133. YripaBiiHHg 3a0e3Meuye nepena-
4y 103B0J1y. BU3HaUeHO TaKOX MepexiaHi MoI0XeH-
Hs1 auist onepartopiB 133, sKi BxKe OTpUMAaIM JIiLIeH3il
Y1 OYiKyIOTh Ha HuX [37].

Lleit 3aKOHOMPOEKT OY/I0 IMO3UTHUBHO OLIIHEHO
KoHcyabTaTUBHUM KOMITETOM 3 ITMTaHb KOMEPLIili-
Horo auctaHuiliHoro 3oHayBaHHsI (ACCRES) npu
NOAA, xo04 i 3 MOCTAaHOBKOIO 0araThoxX 3alMTaHb
IIOA0 MeEeXaHi3MiB MOro iMruieMeHTallii B Hallio-
HajJibHE 3aKOHOIABCTBO [21], mpoTe 1g iHiliaTuBa
Tax i 3aJIMIIMIACh 3aKOHOIIPOEKTOM, OCKIJIBKHM ITiC-
s posrsiny B Konrpeci y xsithi 2018 p., ii Oyno
noBepHeHO KoMiTeTy 3 HayKM, KOCMOCY Ta TeXHiK!
[TamaTu npeacTaBHUKIB.

3 onucaHoOro BUllle BUILIMBAE, 110 MOJEb PEry-
moBaHHg gisuibHocTi 33 y CILA € paneko He ine-
aJIbHOIO JJIs1 3aI103MYEHHSI, OCKIJIbKU HE BiMOBiga€
iH(PaCTPYKTYpi YKpPaiHCHKOr0 pUHKY HaJaHHS MO-
cyr 3 J133. Unersest mipo Te, mo B CLIA y mexax
OpoLEeaypu JILIEH3yBaHHS 3OiMCHIOETHCS KOHT-
poJb ogHOYacHo omnepaTtopa /133 Ta cyd’ekTa, sIKMii
npuiiMae, o6po0JIsie TaHi 3 CYIyTHUKA Ta Mepenae
OTpUMaHYy Ha L1iil miacTaBi iHpopMallito, agxKe BOHU
yacTo 30iraloThcsl B OJHi ocobi. B YkpaiHi Hapa3i
Taka CUTyallisl MOXJIMBA JIMIIE B IePXKaBHOMY CEK-
TOpi, KOJIM 3a OIOMXKETHI KOIUTU JAep>KaBHUM IIifd-
MIPUEMCTBOM OyIe BUTOTOBJIEHO cymyTHUK /133, a
JaHi IpuiiMaTuMyThcsd HallioHaJbHUM LIEHTPOM
yIIpaBJIiHHS Ta BUITPOOOBYBaHHSI KOCMiIUHUX 3aCO-
6iB. [IpoTe BCTaHOBIIOBATH IJIsI IIUX CYO’ EKTIB ITPO-
Lenypy JileH3yBaHHSI He BBAXKAETHCS JAOLIBHUM,
aJiKe JeprKaBa i TaK KOHTPOJIIOE iXHIO JiSUTbHICTb.

BonHouac € gesgki acrnekTu, Ha gki Oynao © mo-
LJIBHO 3BEPHYTU yBary mpu po3po0JieHHI 3aKOHO-
nmaBctBa 3 /133 B Ykpaini. Le:

1) 49iTKMiT MiKBiZOMYMIT PO3MOILI IIPEIMETIB Bi-
JaHHS, BIOIOBIZHO O SIKOrO KOCMIYHE areHTCTBO
3aliMa€TbCSl HAYKOBO-TEXHIYHUMU PO3POOKAMU B
chepi 133, MiHicTepcTBO TOPTiBIIi BUIAE JilIEH3il
Ta 3OiACHIOE BiZOMYMI KOHTpOJb, MiHicTepcTBO
000pOHM 3a0e3reuye iHTepecH HallioHaJIbHOI 0e3-
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neku, a MiHiCTepCTBO 3aKOpJOHHMX CIIpaB — H0O-
TPUMaHHS AEPKaBOI0 Mi>XKHApOAHUX 3000B’s13aHb;

2) mpaBoBUI peXuM iH(pOpMalil BU3HAYAETHCS
Ha TiJCTaBi 3aKpillJIeHHs] He TUTYJy BJIACHOCTI, a
YMOB PO3MOBCIOIKEHHSI (CTBOpeHa 3a JepKaBHUIM
KOLUT — Ha HEAWCKPUMIHALIMHUX YMOBAX; 3a MPU-
BaTHUI KOIUT — Ha PO3YMHUX KOMEpPLIiHUX 3aca-
1ax);

3) oMH 103BiJ1 BUJAETHCS 200 Ha KiJIbKa CUCTEM,
sIKi BAKOHYIOTb OJHY OIlepallilo, a00 Ha KiJibKa ore-
palliii, IKi BUKOHY€E OJIHA CUCTEMA;

4) 3abe3rnedyeHHs 3aXMCTy HalliOHAJbHUX iHTe-
pPeCiB LUISIXOM KOHTPOJIIO 3a HisIbHICTIO B AepXKaBi
IHO3eMHUX MiAMPUEMCTB ab0 MiAMPUEMCTB 3 iHO-
36MHMMU iHBECTHUILLISIMMU.

YV KOHTEKCTi aepkaB, sIKi MalOThb CIIelliajibHe 3a-
KOHOAABCTBO IIIOI0 pETyJIOBaHHS HisSUIbHOCTI 3
N33, He moxHa oMuHYTU yBaroio Kanamy, sika y
cdepi 133 mocurs TicHo cmiBnpauoe 3i CIIHA Tta
JepXkaBamMu-4jeHaMu €BponeliicbKoro KOCMiYHOTO
areHTcTBa (€KA), amke caMe 3 TaKUX CyMyTHUKO-
BUX cUcCTeM, sIK «JlaHacaT», «Pagapcar» (kaHaachbka
cucrema 133), J-ERS, MOS, SPOT, i ERS, BoHna
otpumye naHi 133 [29].

Ienepan-ryoepHaTop 3a npomnosuiieo MiHicTpa
3aKOPJIOHHUX CMpaB, TOPTiBJi Ta PO3BUTKY BCTa-
HOBJIIOE HOPMATUBHI paMKH 1€l MisITTbHOCTI, SIKOIO
OesnocepeHbO KepyloTh JlemapramMeHT 00OpOHU
ta KaHancbke KOCMiuyHe areHTCcTBO. OTpuMaHUMU
B pe3yJIbTaTi 1€l AiSUIbHOCTI JaHUMU CBOEIO Yep-
roto omikyetrbcss KaHaachbKuii LIEHTp 3 JAMCTaAHILIN-
HOI'O 30HIYBaHHS, SIKMI (PYHKIIIOHYE Y CTPYKTYpi
Kanancekoro 1eHTpy KaprorpadyBaHHsS Ta IOCIi-
JkeHHS 3emii. OCHOBHMM HOPMAaTHUBHO-IIPAaBOBUM
ninrpyHTsiM € Remote Sensing Space Systems Act
2005 p. Ta npuiiHATUIA Ha lioro 6a3i Remote Sens-
ing Space Systems Regulations 2007 p. B 1ux Hop-
MaTUBHUX aKTax TaKOX NependayeHo 3MiiCHEHHS
nistmpHOCTI 3 133 He iHakIle K Ha MigcTaBi oTpu-
MaHH$ JIiLIeH3i1, HaBiTh SIKIIO TaKa IislJIbHICTH Oyie
MIPOBOAUTUCH 32 MeXaMU TEPUTOPil LIi€l mep>KaBU
OyIb-s1K010 0c00010, MoB’s13aHoI0 3 KaHnamoo rpo-
MaAsSTHCTBOM UM ITANPUEMHUIBKOIO HiSUIbHICTIO.
[0710BHOIO TTOCaA0BOIO 0CO0010, 3 SIKOK B3aEMOJIIE
JineHsiat, € MiHiCTp 3aKOpJOHHUX CIpaB, TOPTiB-
JIi Ta pO3BUTKY (maji — MiHicTp), SIKMI po3risiae
3asIBKM Ha TIpeIMeT BiIMOBiZHOCTI BMMOraM Ha-
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LiOHAIbHOI Oe3IeKu, O0OpPOHM aepKaBu, Oe3Iie-
KM BiACHKOBUX CWJI, JOTPUMAaHHSI MiXXHApOIHUX
3000B’s13aHb Ta 30epekKeHHSI MiXKHAPOIHUX BiTHO-
CHH. SIKIIO 11i BUMOTM, a TAKOX 3aXUCT HaBKOJIMIII-
HBOTO CepeloBUIla, OXOPOHA 370POB’s Ta Oe3rneka
0ci0, MaliHa Ta iHTepecCiB MPOBiHIIi JOTPUMaHi, 3a-
SIBHUK HaBiTh MOXe OyTU 3BiJIbHEHMI BiJl BAKOHAH-
HSI iHIIMX BUMOT 11boro 3akoHy. BogHouac MiHicTp
MOX€E BU3HAUMTU HA BJIACHUI PO3Cyld i JOAATKOBIi
yMoBHU. MiHicTp IOomepeaHbO 3aTBEPIXKYE 3asBKY
Ha JileH3il0, camy JIilleH3il0 Ta JOKYMEHTH Mpo ii
OHOBJICHHSI.

[Tepenik TOKYMEHTIB, sIKi HEOOXiTHO MoJaTu sl
oTpuMaHHs giteH3ii, K i y CIIA, TakoX AiIUThCs
Ha BeJIMKi OJIOKU, SKUX, LIIOMpPaBaa, Y KaHaJAChKil
cucTteMi HabaraTo Oinpbine. Tak, BiZMOBiTHO 10 HO-
natky 1 o Remote Sensing Space Systems Regula-
tions 3asIBHMK Ma€ Hagatu: 1) OGizHec-iH(popMalliio,
TOOTO AeTalibHi aHi Mpo cy6’eKTa rocriogaproBaH-
H$1, IKU TJIaHYE 3alyCTUTU CYIYTHUK JJIsI pOBa-
mxeHHs1 J133; 2) 3aranbHy iHhopMallito mpo cucre-
My, TOOTO JaHi IpO CYIyTHUK, PaKeTy-HOCIii, naTy
i Micie 3amycky; 3) maHi Ipo opOiTy, 30KpeMa 4ac
MepeTUHY eKBaTopa; 4) miaH yTuiidallil CyIyTHUKIB
J133, 110 BKJII0OYa€ METOA BUAAJICHHS, OLIHKY HIOro
TPUBAJIOCTi, MMOBIPHOCTI 3arpo3u XKUTTIO JIOACH
M 4ac 1bOTO TMPOLeCcy, KiJIbKICTh CMITTS, SIKe TMe-
pendavaeTbCss OTPUMATU B pe3yJibTaTi, reorpacdiyHi
MeXi HOro mamiHHS TOILO; 5) TeXHIYHUNA OMUC iH-
dopmMalii Ta JOKyMEHTallii CTOCOBHO CYITyTHHKA
J133, To0TO KOHirypaliisl, HaBiralisi, Crocio nepe-
nmadi iHdopmatiii Toio; 6) rmiIaH 3aXKCTy KOMaHIy-
BaHHS; 7) IUIaH 3aXUCTy JAaHUX; 8) CIIUIbHUI IUIaH
1100 3aXMCTy KOMaHAYyBaHHS Ta JaHUX, SIKi BKJIIO-
YaloTh MEXaHi3MU 3aXMCTy KaHaJIiB pamio3B’si3Ky Ta
P iHIINUX 3aXOAiB KOOyBaHHS iHdopMmaliii; 9) gaHi
PO MOB’sI3aHUX i3 3asIBHUKOM CY0O €KTIB, 5IKi OyayTh
3aJIisiHi B poOOTi JIilIeH30BaHOI CUCTEMMU, a CaMe Ha-
MMeHyBaHHSI, KOHTaKTHa iHdopMallis, onuc iXHbo1
y4acTi, a TaKoX HaliMeHYBaHHSI Ta KOHTaKTHa iH-
¢dopmallisi KOXXHOI 0co0H, sIKa 3MiICHIOE KOHTPOJIb
Haja UMM ToB’s13aHUM cy0’ekToMm; 10) iHdopmarlis
Mpo iHIIMX ydyacHUKiB mpoekTy 3 I33. o upboro
MepeJsTiKy J0Aa€ThCS JIUMCT-3aCBiMUEeHHsI TIOBHOTH Ta
JIOCTOBIPHOCTi BCiX MogaHUX OJOKYMeHTiB [54]. Ha
Binminy Big CIIA, jilieH3is MoxXe IiepemaBaTUCs,
asie uuIe 3a 3rogoio MiHictpa. KpiMm Toro, 3HauyHO
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JIOBIIMMMU € CTPOKU, HEOOXiAHI IS OTpUMAaHHS Jii-
ueHsii: 180 nHiB mependavyeHo He AT BUAAYi JIiLIeH-
3ii, a JuIIe IS TOBiIOMJIEHHS 3asBHUKA IIPO He-
MOBHOTY YU HEJOCTOBIPHICTb SIKMXOCH i3 MOJaHUX
JIOKYMEHTIB, SIKILIO TaKy BUSIBJEHO. TAKMM UMHOM,
K 3a3Havyae Pam JIxkaxy, 3akoHOAaBellb CIIOHYKA€
3asIBHMKA MOJABAaTH TOKYMEHTH JIJIsSI OTPUMAaHHS Jli-
LIEH3il Ha paHHIX CTadisIX MpoeKTy 1oao 33, 1o
CHpusi€ KOHTPOJIbOBAHOCTI BiATIOBIMHOI MisSTTBHOCTL
[50, c. 12]. JoTpuMmaHHS JTilIeH3IAHUX BUMOT IIepe-
BIpSIETBCSI  CJIY>KOOI0 iHCIEKTOPiB, BCTAHOBJIEHOIO
MinictpoM, TipaBa SIKMX B IiJIoMy 30iratloTbcsi 3
npaBaMy OpraHiB, sIKi 3MiICHIOIOTh MEPEeBipKY Iroc-
MOoAapChKOI MisUIBHOCTI B YKpaiHi. ¥ BUMAaIKy BU-
SIBJICHHSI TIOPYLIEHHS JLEH3IMHUX BUMOT KOXHa
ocoba Hece aJMiHICTpaTUBHY BiAIOBITAJIBHICTD Y
BUIJISIII TPOIIIOBOTO CTSTHEHHS, 1110 HE TIEPEBUIILYE
BCTAHOBJIEHOTO MaKCUMAaJIBHOTO PiBHS, 200, SIKIIIO
He BCTaHOBJICHO MaKCUMyM, ITpad, SIKUil He Tie-
pesuiye 5000 kaHaaCHKMX J0JIApiB, Y BUITAIKY (i-
3M4YHOI ocobu, i 25000 kaHaACHKMX A0IapiB y OyIb-
SIKOMY iHIIIOMY BUITAIKY.

MiHicTp HalliOHAJILHOI 00OPOHU MOXKE BUMaraTu
Binm JilleH3iaTa HagaHHS OyIb-sIKOI MOCIYIH, sIKa,
Ha 1I0oro IyMKY, Ha pO3yMHMX ITiIcCTaBax € OaXKaHOIO
ot oboponn Kanagyu abo 0Oe3reku KaHaIChKHX
30poiitHuxX cuil. Taki X MoBHOBaXkKeHHsI Ma€ MiHicTp
my0J1iyHOi 6e3MeKM Ta TOTOBHOCTI 10 HaI3BUYaliHUX
cuTyaliii, skt orpumye naHi /133 pist 3a0e3nedyeH-
H$1 NOTpeO PO3BiAKM Ta MoJilii. OrepaTop CymyTHU-
KiB 133 mae 15 nHiB a1 TOro, o0 BiANOBICTU Ha
1Ii BUMOTIH, 3a 1110 OTpUMaTU BU3HaYeHy MiHicTpoM
oILIary.

3akoHomaBcTBO KaHanmy 3Ha4YHy yBary Opuaijise
30epeXeHHI0 HEOOPOOJIEHUX TaHUX, OTPUMAaHUX B
pesynbrari J133. Tak, 30kpeMa, B 4. 4 cT. § Remote
Sensing Space Systems Act cepe JIiLleH3IMTHUX YMOB
MiCTUTbCS TIpaBUJIO, 1110 HEOOPOOJIeHi JaHi mepena-
I0ThCSI JIMIIE YPsITy 30HA0BAHOI Iep>XKaBU Ha PO3YM-
HUX YMOBaX, JIilleH3iaTy, YYaCHUKY IPOEKTY 1010
J133 abo oco0i, sKiii BOHM MOXYTh OyTH mepenaHi
Ha migcTaBi mo3Boiy MinicTpa. OOpoOiieHi maHi
CBOEIO YEproro BiJbHO HAaJalOThCsl Ha OIJIATHUX
ymoBax [53].

Ha Binminy Bin CIIA, Kanama Mae MeHII po3-
TTYXXEHY IHCTUTYLIAHY CTPYKTYpPY PEryJIlOBaHHS
nmisipHOCTI 3 [I33, 110 €, HAa Hall MOIIsI, MO3M-
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TUBHUM. BomHoyac TyT 3aKOHOAaBYO BCTAHOBJIEHI
OibILI IIMPOKI MMCKPELiliHi ITOBHOBaxkeHHSI Mi-
HiCTpa, 110 HE PEKOMEHIYEThCS IJIs1 3arO3UYeHHS
3aKOHOMABIEM YKpaiHU. AK MO3UTUBHUUA YMHHUK
KaHaJIChbKOro 3akoHojaBcTBa 1ogo [(33 Bim3Ha-
YUMO OpraHi3alil0 IMOTOYHOIO0 KOHTPOJIO JIIIEH-
30BaHOI JisSUTLHOCTI, JeTajJbHi BUMOTHU IIOAO IPO-
THO3YyBaHHSI YTBOPEHHSI KOCMIYHOIO CMITTSI Ta IIe-
peadayeHHsT MeXaHi3MiB MOTO BUIAJIIEHHS, a TAKOX
KOHTPOJIb MOB’SI3aHMX i3 3asIBHUKOM Cy0’€KTiB, 3a-
IisTHUX B pOOOTIi JilIeH30BaHOI CUCTEMHU Ta KOXKHOI
oco0Hu, gKa 3MiMCHIOE KOHTPOJIb Hal IIUM IIOB’SI-
3aHUM Cy0’EKTOM.

Snowist, nmpuitHasmm y 2016 p. Remote Sensing
Records Act, gonyuuiacst 10 AepxKaB, SIKi MalOThb
creniagbHe 3aKkoHoAaBcTBO Y cdepi JA33. Binnosin-
HO 10 A0T0 TMOJ0XEeHb 0c00a, siKa MJIaHyE BUKOPUC-
TOBYBaTU CYNYTHUKOBUI MPUCTPilA TUCTAHLIITHOTO
30H/yBaHHS 4epes pajaioanapaTypy, po3TallioBaHy B
S noHil, TOBMHHA OTpUMATH JO3BIT HA KOXEH MpU-
crpiii Bim Ilpem’ep-miHictpa (cT. 4). KopucrtyBau
Ma€ BXWTH 3axOiB 1110J0 3aro0iraHHsI HeCaHKILi-
OHOBAaHOMY BMKOPHCTaHHIO o0sianHaHHs (CT. 8) Ta
NPUMMHUTU NUCTaHIiliHE 30HAYBaHHS, KOJMU CYy-
MYTHUK 3HAXOOUTLCS Mo3a opOiToro, Ha SIKy Oyn1o
HaJgaHO I03Bi1 Ha 30ip iHdopmarii (ctT. 9). [Ipuitom
manux J133 moBMHEH 3IiiiCHIOBATHUCS JIMIIE YCTa-
HOBOIO, 3a3HaueHow y go3Boii (cT. 10). Taki mani
MOXKYTbh HaaBaTUCS JIMILE Tiid 0cO0i, sIka oTpruMalia
JIiLEeH3i10 Ha yrpasiaiHHg npuctpoeM 33 Binm ypsi-
Iy, 32 BUHSITKOM BUIIQJKiB HaA3BMYalHOI CUTYaLlii
(ct. 18, 21). ITpem’ep-MiHiCTp 31ilICHIOE KOHTPOJIb
JiSITTBHOCTI OCi0, $Ki BUKOPUCTOBYIOTb CYITYyTHU-
k1 JI33 Ta 30epiratoTh CyIyTHMKOBI JaHi, a TAKOX
MOXe 3[iiCHIOBATHU MEePeBipKY Ha MicClli Ta BUjaBaTu
Hakas® 1moa0 pobotu npuctpois. [TpeM’ep-MiHicTp
MOXe 3a00pOHUTU TMepeaadyy KOHKPETHUX JaHUX
33 npoTsaroM oOMeKeHOro 4yacy, SKIIO 1ie HeoO0-
XimHO IJIs HalioHajabHOI 6e3neku (cT. 19) [39]. B
LiJIOMY KOHTPOJIbHUI MEXaHi3M MOXKHa BU3HAYUTU
SIK LIJIKOM afeKBaTHUI TUM PU3MKaM HalliOHAJIbHIN
Oe3rrelli, IKi MOXYTh BUHUKHYTH Y 3B’ 13Ky 3 IIepena-
yeto naHux /133 cy0’exTy, KU 3MaTHUI BUKOPUC-
TaTu iX BCymnepey iHTepecaM JepxaBu. €auHe, 1110
BUAAETHCS HE 30BCiM CYIIHUM, — 11€ 3000B’sI3aHHS
npunuHUTU 133, 9KI10 CymyTHUK OYJI0 BUBEAECHO
Ha iHIIy opOiTy, HiXXK BKa3aHO B JO3BOJI, amxe, sIK

93



H. P. Maauwesa, A. M. [yposa

BiZIOMO, iHO/Ii HEe BOAETHCS TOYHO BUpPaAXyBaTH OIIE-
paiiiiHy op0iTy, a IIe caMe I10 cO0i HisIK He IIKOAUTh
HaLliOHAJILHMM IHTEpecaM JIepxKaBU, a JO3BLI B Ll
YaCcTUHI MOXHa TeperIsIHyTH 3a pe3yJikTaTaMUu 00-
CTaBWH BMBEJICHHSI Ha OpOiTy BiIMTOBIIHOIO CYITyT-
Huka [133.

IMopsia 3 HaLliOHAJILHUMU MeXaHi3MaMU peryJito-
BaHHs AisuibHOCTI 3 [133 € i pecionaawvni, siki yTBO-
PIOIOThCS B pe3yJibTaTi 00’ €qHaHHS 3YCUJIb ASpPKaB
y Liit cepi, OUIBIIICTD 3 IKUX HE MAIOTh CIIPOMOX-
HOCTI CTBOPIOBAaTU CBOI HallioHaNbHI cuctemu J133
a00 BOJIIIOTh MaTU SIKHAWIIMPIIE KOJIO JXKEPEN iH-
(bopmalliii 3 TaKMX CUCTEM.

€EBponeiicbka Moje/lb PErioHAJIbHOTO CIIBPOOIT-
HUIOTBA y Mexkax nporpamu «Copernicus» BU3Ha-
yae MpaBoBi 3acaau AisuibHOCTI 3 JI33 y Mexax mo-
ctaHoBM €Bporneiicbkoro mapjameHry i Pagu €C
Ne 0236/2018, sikoro Oy;10 06’€THAHO TIPABOBE PETy-
JIIOBaHHS Bcix iHimiatuB €C, 1m0 0a3yloThCs Ha 3a-
cajgax cyOCHIiapHOCTi, MPOMOPLIIHOCTI Ta BUOOPY
HaoONTUMAaJIbHIIINX iIHCTPYMEHTIB, a came: Iporpa-
MM i3 CYIyTHUKOBOI Hagirailii «Galileo» i EGNOS
(3i ckacyBanHsM ITocranoBu Ne 1285/2013); Space
Surveillance and Tracking Support (SST) (3i cka-
cyBanHsMm Pimenns Ne 541/2014/EU); Euro-
pean GNSS Agency (3i ckacyBanHsaM I[loctaHoBu
Ne 912/2010); IMporpamu 133 «Copernicus» (3i
ckacyBaHHsIM [locranoBu Ne 377/2014). OctaHHii
[IporpaMi NMPUCBSTYEHO PO3Iia 7, B IKOMY MHiATBEP-
JIDKEHO paHillle 3aKpirieHy IMTOBHY, BIIbHY Ta BiAKPH-
Ty NOJITUKY 1oa0 AaHux /133, BU3HAYeHO KOMIIO-
HeHTu «Copernicus»: 1) 30ip maHMX i3 CYMYTHUKIB
cepii «Sentinel», maHuX nepxKaB, SIKi HE € y4aCHU-
KaMU 1Ii€l IIporpamMu Ta iHIINX JOMOMIKHUX JaHUX;
2) 00poOKa TaHuX, BKJIIOUalOUM CTBOPEHHS TOCIIYT
JUTST THATPUMKN MOHITOPUHTY €JIEMEHTIB HABKOJIUIII -
HBOI'O CEepeloBUINA Ta KJiMaTy, YIpaBIiHHS Hamd-
3BUYAMHUMU CUTYaLliIMU, MOCIYT O€3MeKU 1100
CIPUSTHHS peatizallii CIiJIbHOI MOJIITUKU 30BHILLIHIX
BimHOCHH Ta Oe3reKku; 3) AOCTYII 10 AAHUX Ta IXHE
PO3IOBCIOIKEHHS; 4) pO3BUTOK PUHKY IOCIIYT 3 BU-
KopuctanHs ganux J133. Haganns miueHsiii Ta mo-
BiTOMJIEHb TIPO TOCTYII 1110J10 BUKOPUCTAHHSI TaHUX
Ta iHdopmalii 3a nporpamoro «Copernicus» Haje-
JKUTh 10 TIOBHOBaXkeHb €Bporeiicbkoi Komicii.

OcobymBa yBara npumiasgerbcs B €C momiTyi
PO3MOBCIOMIXKEHHS TaHUX.
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Tak, BU3Ha4eHO, II10:

a) xopuctyBaui «Copernicus» MOXyTb Ha 0e3-
KOIITOBHilA OCHOBi Y BCbOMY CBIiTi BiATBOpIOBaTH,
PO3IOBCIOKYBaTH, JOHOCUTU 10 I'POMaIChKOCTI,
ajarnTyBaTH, 3MiHIOBaTHU BCi JaHi Ta iHQopMmallio 3a
nporpamoio «Copernicus», a TAKOXK MOEIHYBATH iX 3
IHIIMMU JaHUMU Ta iH(opMalli€lo;

0) MoJIiTHKA 11010 BUIbHUX, TOBHUX Ta BITIKPUTUX
JIaHWX TIOBMHHA MICTUTU TaKi OOMEXEHHSI:

e hopMaTH, CTPOKU Ta XapaKTEPUCTUKU MOIIM-
peHHs JaHuX Ta iHopMallii 3a mporpamoro «Coper-
nicus» MarTh OyTHU 3a37ajieriab BU3HAYEHI;

* JIiIIeH3iMHI YMOBM CTOCOBHO JaHUX Ta iH(OP-
Mallii TpeTix 0ci0, 1110 BUKOPUCTOBYIOTHCS 1J151 CTBO-
peHHs iHdopmalliii rpo nocayru «Copernicus», Ma-
I0Tb OYyTH, SIK TIPaBUJIO, TOTPUMAaHI;

* 0OMexkeHHSI Oe3IeKr MaloTh OyTU JOTPUMaHi;

° 3aXKCT Bill pU3KUKY 3pUBY CHUCTEMU BUPOOHU-
nTBa a00 BUTOTOBJICHHS JaHUX Ta iH(opMalii 3a
nporpamolo «Copernicus» Mae OyTu 3a0e31eYeHIM;

°* 3aXMCT HaJiliHOro JOCTYITy A0 AaHMX Ta iH(pOp-
Malii 3a mporpamolo «Copernicus» Jjis1 €éBporneii-
CBKMX KOPMCTYBayiB TOBUHHI OyTH 3a0e3MeUYeHUMU.

Aximo maHi abo iHgopMalisg 3a Iporpamoro
«Copernicus» € YyTIMBUMM OO BHUMOI O€3IeKH,
€pomneiicbka Kowmicis MoxXe HOpPyYuMTH 3aKyIiB-
JI10, HaIJISI 3a TIPUAOAHHSIM, TOCTYM A0 LMX JaHUX
Ta iH(opMallii Ta IXHE PO3MOBCIOIKEHHS OIHIN 41
KiJTbkOM He3anexHuM (sik Bim Kowicii, Tak i Bin
Ccy0’€exTiB, IO pOOJIATH 3allUT Ha TakKy iH(opMa-
11i10), TOBIpEHUM OpraHizalisiM, sSIKi MalOTb CTBOPU-
TH Ta BECTU PEECTP aKPEAUTOBAHUX KOPUCTYBAUiB Ta
HaJaBaTH JOCTYII 10 JAHUX 3 OOMEXEHUM JOCTYIIOM
Ha OCHOBI BiTOKpeMJIEHOTO pobouoro mpoiiecy [49].

HepxaBu-uieHn €C 1mo-pizHOMY MiIXOASATh 10
perymoBanHg J133. Jluire TpeTnHa 3 HUX Ma€ Ha-
LiOHAJIbHE KOCMiYHE 3aKOHOHABCTBO, TOX pPO3-
IJISTHEMO 11€ TTMTaHHS Ha MPUKIIANi IBOX AEpXKaB 3
HaiOIIbII PO3BUHEHUM IPABOBUM PETYIIOBAHHIM
133, a came Himeuunnu Ta @paH1iii, KoXXHA 3 IKUX
Mae BiacHi cuctemu [33, BinmosimHo TerraSAR-X
ta SPOT.

YV HimeyunHi OCHOBHUM HOPMATHBHUM aKTOM Yy
BinmoginHii cdepi € National Data Security Policy
for Space-Based Earth Remote Sensing Systems
2007 p., OCHOBHa yBara sKOro 3o0cepeXeHa Ha
MOB’SI3aHUX i3 0€3MEeKO0I0 ep>KaBU Ta 30BHILIHBO-
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MOJIITUYHMMU iHTEepecaMu 4YyTJIMBMX HaHUX, SKi
CTBOPIOIOTHCSI BUCOKOSIKICHUMU KOCMiYHUMU CHUC-
temamu 133, ajie He OXOTLTIOIOTh (DYHKIIIOHYBaHHSI
BificbKOBUX CcynmyTHUKiB. Ha i1oro BUKOHaHHSI MpU-
WHSATO HU3KY MiA3aKOHHUX aKTiB IIOJO0 PErysro-
BaHHSI 0COOJMBOCTel (DyHKILIIOHYBaHHSI ONTUYHMUX,
pagiojoKaiiHUX Ta iIHIIKUX BUAIB cynyTHUKIB J133.
3akoH BMMAara€e OTpUMaHHS JIilleH3il orepaTropom
CUCTEMU, a TAKOX MOCTaYaJIbHUKOM JaHUX, He3a-
JIEXKHO BiJl TOTO, BUCTYNAE BiH ONEPaTOPOM UM Hi.
Cy0’eKTH OTpUMaHHS JileH3ii MOXYTb OyTH SIK
rpomansiHamMyu  HimeuunHu, Tak i IOPUAMYHUMU
ocobaMu YU acolialisiMU, 3apeeECTPOBAHMMU 3a 3a-
koHamu HiMeuunHu, abo iHO3eMHUMU Cy0’ €KTaMU,
SIKi MalOTh ro10BHUM odic B HiMeuunHi, a0o HaBiTh
SIKIIIO HEe3MiHHA IMOCJiJOBHICTh KOMaH/ 10 CyMlyT-
HUKiB /133 31iliCHIOETBCS 3 TEPUTOPII LIi€T AepKaBU.
Binbie Toro, Ko gaHi puadalThCs Cy0 EKTaMM,
B SIKMX YaCTKa CTaTyTHOTO KaImiTamy He MeHIe 25 %
HAJIEXXKUTb iHO3EMHUM IOPUAUYHUM 0c0obaM, TO MPO
1Ie HEOoOXiTHO TIOBIIOMWUTU Ta OTPUMATHU HO3BiM,
SIKIIIO TAKUIA CY0’€KT 1 He OTpUMaB JIileH3ito. Jli-
LIeH3iaTu 3000B’s13aHi, 30KpeMa, 3a0e3MeUmnTH, 11100
orepaliiiHi mpuMilleHHs1 Oy 00JiamHaHi Tak, 11100
HE JOITyCKaT! HeCaHKIIIOHOBAHOTO BXOIY i Iepenayi
KOMaHJ1 Ha CYMyTHUK, a TaKOX 1IM(ppyBaHHS edek-
TUBHUMM 3ac00aMU. YTIOBHOBaXXEHHWM Ha BUAaUy
JineHsii opranom € MeepajibHe YIPABIiHHS €KO-
HOMIKM Ta €KCTTOPTHOTO KOHTpOJ0. JIilleH3is 0X0-
TUTIOE MEepioJ 10 TOr0 MOMEHTY, MOKM JaHi OyayTh
OTpUMaHi 6e3MmocepeHbO i3 CYITyTHUKA. Y BUMAIKY
i3 mpoekToM TerraSAR-X 11e crocyBaiocst ydacHU-
KiB AepKaBHO-IIpUBATHOro mnaptHepcTBa: HiMmelb-
Koro neHtpy maHux /133 Ta mpuBaTHOI KOMIIaHil
«IHdoTteppar, ajie He mocTaYaIbHUKIB MPOAYKTIB Ha
6a3i mannx /133 3 momanoio BapricTio. PpaHC BaH
nep JyHK Tak XapakKTepu3ye JLEH3iiHY CUCTEeMY
Himeyunnu: BoHa e(heKTMBHO KOHTPOJIIOE iIHTEpeCH
Oes3neku OIS mKepesia, peryJaiody JUIIe TIepIIui
piBeHb PO3IOBCIOKEHHSI MOCTavyaJlbHUKAMU Ja-
HUX, 400 KOHTPOJIIOIOUM CYIIyTHUKHU, a00 Oe3roce-
pPEAHBO OTPUMYIOUM JOCTYII 10 BiAMOBIIHUX NaHUX
[33; c. 433].

3aKOH 3aKpillJIloE MPIOPUTETHICTh OTPUMAHHS
JaHUX IJis AepXKaBHUX Iijiel, aje JuIle Yy YiTKO
BU3HAUEHUX BUIIAJKaX, MOB’S3aHUX i3 0OOPOHOIO,
MPOTUCTOSIHHAM YW HaA3BUYAMHUMMU CUTYaIlisSIMU B
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HATO un B Himewunni. binblire Toro, HamaHHS Ta-
Kol iH(opMallil MOxXe OIUIa4yBaTUCh 3a CEPEAHbO-
puHKOBMMM LiHaMu. LlikaBo, 1110 BiIOBigaJbHICTh
100 BU3HAUYEHHSI YYTJIMBOCTI JAHUX HiMELbKUI
3aKOHOJaBellb TOKJIaJa€E Ha MocTayajJbHUKA Ja-
HUX, IKMI MepeBipsie 3alMTyBaHi JaHi Ha MpeaMeT
YYTJIMBOCTI Ha OCHOBi KOMII IOTEpPU30BaHUX aJIro-
pUTMiB. SKIII0 IOCTavyalbHUK BBaXae, 1110 JaHi He
€ UyTJIMBMMMU 10 HalliOHAJIbHOI Oe31eKH, BiH 0e3 10-
JATKOBOro posmisiny MDeaepaibHUM YIIPABIiHHSIM
€KOHOMIiKHM Ta €KCIIOPTHOTO KOHTPOJIO MOXE J0-
3BOJIMTU MTPUAMAaJIbHUM CTaHIIisIM KJTiEHTA 3aBaHTAa-
KyBaTH IaHi. SKIIo X JaHi MaloThb O3HAKW YYTJIM-
BHUX, TO ITOCTAYJIbHUK TOAAE 3aIIUT IIOJ0 MOXKIN-
BOCTI Mepegadi Takux JaHUX KJIEHTY 1O BKa3aHOTIo
YIIpaBIiHHSI, @ OCTAHHE ITiCJIsI IIePEeBIPKM Ja€ BilMO-
Bilb y MicsiuHuid cTpok. [{03Bin Ha nepenavyy 4yT-
JIMBUX TaHWX MOXKe MICTUTU BKa3iBKU LIOAO IXHBOI
nepenayvi 3i 3MiHaMM, 30KpeMa 3aTPMMKM B Uaci, BU-
KJTIOYEHHS LTbOBUX 00J1acTeil a00 3HMXKEHHS PO3-
pi3HIOBaIbHOI 31aTHOCTI. KpiM 1poro, MenepanbHe
yIIpaBIiHHSI €KOHOMIKM Ta €KCIIOPTHOTO KOHTPOJIIO
PETyIsIPHO 3IiCHIOE MOHITOPMHIOBI Bi3UTH 10
MEPBUHHUX PO3MOBCIOMXKYBAYiB TaHUX, SIKi MAalOTh
JIIEH3i10 Ha MPOBAIKEHHS 1Ii€l HiSUIbHOCTI, 1100
MIEPEeBipUTH, Y BUKOHYIOTH BOHU MEPEBIPKY UyT-
JIMBOCTI MpaBubHO [43]. TakuM YMHOM, pexkKuM Io-
wmpeHHst naHux 133 B HiMeuuuHi rpyHTyeThCS Ha
YiTKUX TpoLieypax BUZHAYCHHST PEXUMY JaHUX Ta
BiJIMOBINAIbBHOMY CTaBJIEHHI 10 HUX CaMUX MOCTa-
YaJIbHUKIB.

O0Opana HimeyunHoOIO MO€eJb 32 CBOIM 3MiCTOM
€ TapMOHIMHUM MOETHAHHSM CYBOPOTO 3aXHUCTy
HaILliOHAJIbHUX I1HTEpPEeCiB IIUISIXOM BCTAHOBIICHHS
TPbOX BMIIB JIiLIEH3yBaHHSI CyO’€KTIB (omeparopa,
MepBUHHOrO MnocTavyajlbHUKa mgaHux 33 Ta ekc-
rnoprepa JaHUX), a TaKOX ILIBUAKOTO TOBapooOiry
CYIIYyTHUKOBMX JaHUX, amke Ha BimMiHy Bim CILIA
yn Kanagu njst oTpuMaHHS TO3BIJIbHOTO JOKYMEH-
Ta Ha PO3MOBCIOKEHHS JaHUX HEOOXigZHO B pa3u
MeHIe gacy. Himeuyvka 3micmogHa modens pezynio-
eaHnHs dianvHocmi 3 J[33 eudaemocs Ham 63ipuesoio
01a Ykpainu 3 nosuuiii nodibnocmi cy6’€Kmuoeo ckaa-
dy, adiice onepamopu ma NOCMAYAAbHUKU NOCAYe 8
yiil Oeprcagi He NOEOHYIOMbCS 8 00HII 0C00i, Y 36’3Ky
3 YUM 045 KOJICHO20 NOMPIOHO OKpemo Nponucamu
KOHMPOAbHI MexaHnizmu, sKi 0 8ionosidanu xapaxmepy

95



H. P. Maauwesa, A. M. [yposa

PUBUKIB, NO8 SI3AHUX 3 11020 QISLNbHICMIO, HE 00MelCYIo-
4y 80000y 11020 KOMepUIiHOI 0isAbHOCI.

Ha Bimminy Bim HiMeuuntu, @paniist peryIroe mi-
SUTbHICTB 3 /133 He caMOCTiiiHMM 3aKOHOM, a Y MeX-
ax poszainy VII komrmiekcHoro 3akoHy Ipo KOCMiu-
Hi onepauii (LOI n° 2008-518 du 3 juin 2008 relative
aux opérations spatiales), Jlekpetom Ne 2009-640 Bin
09.06.2009 «ITpo imMIuIEMEHTALLiIO ITOJOXEHD PO3Ii-
ay VII 3akony Ne 2008-518 Bim 03.06.2008 p. «I1po
KocMiuHi omepatii» Ta Jexkperom Noe 2013-654 Bin
19.07.2013 «I1po Harss1a 3a qisUIbHICTIO MEPBUHHUX
ornepaTopiB gaHux /133». 3rigHo i3 3aKoHOM, OyIb-
SIKUI MepBUHHUI oriepatop aaHux /133, sikuii mpo-
rpamye, Kepye abo eKcruryaTye CYIyTHUK 3 Iapame-
Tpamu, BusHadyeHuMU cT. 1 [dekpery Ne 2009-640,
3 (bpaHILy3bKOI TEPUTOPIi; OTPUMYE Oyab-sIKi iHILI
CYNYTHHMKOBI JaHi Ha TepuTopii ®panLii uu ii Tepu-
TOpIii, MIOBUHEH AeKjapyBaTu CBOI mil mepen [eHe-
pajibHUM cekpeTapiaToMm 6e3reku Ta 060poHHU (Se-
crétariat général de la défense et de la sécurité natio-
nale), gKkMit KoopanHyeTbest [Ipem’ep-MiHiCTpOM.
[Tpu uboMy oprati aie MixBizomua Komicist (ckJia-
JaeThbcs i3 MiHicTpiB 000pOHM, BHYTPIILIHIX CIIpaB,
3aKOpPIOHHMX CIIpaB Ta iH.), sIka MPOBOAUTH MOHi-
TOPUHT MdisSUIbHOCTI IepBMHHUX oIeparopiB 133
[30]. SAx Mu 3a3HavaNM BUILE, CTBOPEHHS ITOAi0HO-
ro opraHy 3apa3 nmponoHyetbcs i B CLITA.

Jeximapaliist TIpo 3aIuiaHOBaHY IistIbHICTH 3 33
MOBMHHA OyTWM HadicJlaHa aaMiHiCTpaTUBHOMY
OpraHy He ITi3Hille HiX 3a JBa MicsLli 10 MOYaTKy
KocMiyHOI onepauii. @opma gexiiapauii Ta Iepe-
JIIK JTOKYMEHTIB, $IKi TOBMHEH HaJaTHU JIeKJIapaHT,
BU3HavaloTbcsd Haka3zoM Ilpem’ep-minicTpa. s
3a0e3IeYeHHs] IHTepeCiB Hallil, BKJIIOYalOUM HaIlio-
HaJIbHy OOOPOHY, 30BHIIIIHIO TOJITUKY Ta MiXHa-
ponHi 3000B’s13aHHs @pantrii, [eHepaIbHWMIT ceKpe-
Tap 3 NUTaHb OOOPOHM Ta HalliOHAJILHOI OE3MEKU
MOKE IiCJIsI KOHCYJIbTALil 3 MiXKBiZOMYOI0 KOMiCi-
€10 YXBaJIUTU TIOCTAHOBY, B SIKili mependayuT 00-
MEXXYyBaJIbHi 3aX0/U 1110J0 AeKJIapOBaHOI disIbHOC-
Ti, 30KpeMa: 1) HeraiiHe NMpUIIMHEHHS (IIOBHE a00
YaCcTKOBE) MporpaMyBaHHs abo MpUOMyY TaHUX Ha
MEeBHUI CTPOK; 2) 3000B’sI3aHHSI TUMYACOBO Bifl-
KJIaCTU MporpaMyBaHHsI, MPUiOM a00 BUTOTOBJICH-
Hs1 300paxkeHb; 3) MocTiliHa 3a00poHa IMporpamy-
BaHHS a00 NMpuitoMy JaHuX; 4) 0OMEXEHHS TeXHiv-
HOT AKOCTi 1aHuX; 4) reorpadiuHe oOMeXeHHSs 30H
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30H/YBaHHS. 3MICT 1li€i MOCTAHOBU JTOBOAUTHLCS 10
Bimoma 4jieHiB MixBigoMuoro komitety [31]. Binmo-
BiIHO 10 CT. 25 BKa3aHOIro 3aKOHY, SIKIIIO IEPBUH-
HUIi oreparop He IMojAaB aekJjapaliito abo He BXUB
BU3HAYEHUX Y MOCTAHOBI 3aXO0/iB, 10 HHOTO 3aCTO-
coByeThbed mTpad y cymi 200 000 eBpo [41].

K 6a4rMo 3 MPUKJIAAiB LIMX ABOX EBPOIEHCHKUX
nepxaB, HimMeuuynHa miluia LUISIXOM J€TajJbHOIO,
THYYKOTO Ta IMPEBEHTUBHOIO PEryIIOBAHHS Ha BCiX
ocHoBHMX eTanax JI33: exkciuryaralii CyIyTHHMKIB
J133, oTpuMaHHS JaHWX NEPBUHHUMM IOCTA4Yajib-
HUKaMU Ta MPOBEIESHHS HUMU €KCIIOPTHUX TpaH-
3akuiit. Hatomicte ®@paHiiis o6pajia MUISIX 3aIBHOTO
peryJloBaHHSI Ta CaHKIIHHOTO pearyBaHHs Ha IO-
pYILEHHS, KW, HAa Hallle IEPEKOHAHHSI, HE € J0-
LUIbHUM [JI YKpaiHU, HaBiTh HEe IUBJISYMCh Ha Te,
o cT. 10 3V «IIpo KocMiuHy OislJIbHICTE» B peaaKilii
3akony Ne 1071 yxXe 3aKkpinuia IMomaioHy MOIETb pe-
TYJIIOBaHHS AisSIBHOCTI 1110J10 3aMyCKY, TTOBEPHEHHS
Ta eKCIUTyaTallii Ha opOiTi pakeT-HOCiIB Ta KOCMiu-
Hux anapatiB [9]. [TapamokcanbHo, ane TMpu BCili
Ha MmeplIuii MOIIs 3aperyjJboBaHOCTI YITKIiCTh Ta
aBTOMAaTU30BaHICTh Mpoleaypu B HiMeuunHi 3a0e3-
rneyvye ii MBUIKICTb, BOAHOYAC CBOOOIA AUCKpelil
yU4acHUKIB npaBoBigHocuH 1omo 33 y ®panuii
LIbOI'O TapaHTyBaTu He Moxe. He nuBisuuch Ha Te,
1110 00MABI HOpMaTUBHI MozeJli Oy CIIpSIMOBaHi Ha
3abe3IeueHHss KoMepiiaiizauii misibHocTi 3 133,
TaKi pi3Hi MOAENi peryJIoBaHHS Ii€l AiSUTbHOCTI ¥
JeprkaBax, sSIKi CHiJIbHO OepyTh y4acTbh y MexKaxX €A -
Hoi mporpamu «Copernicus», BKa3ye Ha MOXJIUMBICTb
peTpaHCIsLil y IpaBOBOMY I10J1i KOH IOHKTYPU PUH-
Ky, 11O CKJajacs y Mexax AepxaBu, 1100 He JaMa-
FOUN ii, TOCATTHU 3JIaTOKeHUX OakaHMX IIijleit. SAK
MOSICHIOEThCS B HAyKOBUX JOCIimkeHHsX, Himeu-
YyKMHa, X0Y i o0payia MOJEeJb JilleH3YBaHHSI, MOAi0HY
no CIHA uyu Kanaau, ane BU3Hauuia ii moaBiliHY
CTPYKTYpY SIK JUISl oreparopa cynyTHuKiB /133, Tak
i I MepBUHHUX MOCTavyaJbHMKIB, TOMY IO, Ha
BiIMiHY BiI BKa3zaHuXx AepxkaB, y HiMeyuuHi 1i aBi
MOCJIYrY HaJaBaJIMCh pi3HUMU cy0’eKTaMu. BogHo-
yac MpaH1Iisg He CIIPUITHSIA MOJEb JIILIEH3YBaHHS,
amke posnin VI 3akony «IIpo kocMiuHi omnepaitii»,
MPUCBSIYEHUI peryiatoBaHHIO JisuibHOCTI 3 J133,
3’SIBUBCSI sIK JIETITUMALlisl y>Ke [ifo4oi, Ha TiacTaBi
IOPUANYHO 000B’SI3KOBUX IOTOBOPIB 1100 MOPSIKY
BUKOPUCTAHHS JAHUX, B3aEMO/ii MixX oIlepaTOpoOM
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SPOT Ta [eHepanbHUM cekpeTapiaToM Oe3mneKku Ta
oboponu [35].

[HmIMM perioHaJIbHUM OCEepeIKOM CIiBpOOITHU-
LITBA B KOCMiuHiii cepi, 30Kpema i CTOCOBHO Ha-
nanHs nocayr 33, € CniBapyxuicts He3anexnux
Hepxa (CH/I). Tak, 2 nucronana 2018 p. nepxxapa-
mu-ydyacHuusgmu CHJL (Pociiicbkoro Peaepalliero,
Pecny6nikoro KazaxcraH, Bipmenieto, Tamkukuc-
TaHOM, Y30ekucraHoMm Ta binopyccio) Oyno mifm-
MMMCaHO YTOAY MpO CHiJIbHY JiSIBbHICTD ¥ cdepi 10-
CJTIIDKeHHS i BUKOPUCTaHHSI KOCMiYHOTO MPOCTOPY
Y MUPHUX LJISIX, BiAMOBIAHO 10 SIKOi 00’ €IHYIOThCS
iHTeJIEKTyaJIbHi, HayKOBi Ta BUPOOHUYI pecypcu B
rajay3i CTBOPEHHS i CHiJILHOTO BUKOPMCTAaHHS Ha-
mioHanbHUX cucTeM J133 3 kocMocy. ITpuMiTHOIO €
cT. 10 Yroau 1mono nmopsiaky ooMiHy iHopMmalii€o,
SIKOIO TIOKJIQJIA€EThCS OOOB’SI30K 11100 BU3HAYEH-
HsI KOH(imeHLiliHOW iHdopMalii TOro yJyacHUKa,
SIKMI TTOTpeOy€e Takoi KOHQiIeHLIiHOCTI, 3a00po-
HSIETBCSI YYaCHUKAM CITUTbHOI TisUTBHOCTI Tiepena-
BaTW TPETIM JiepkaBaM a00 MiXXHApOIHWUM OpraHi-
3allisiM iHopMallilo, OTpUMaHy Bijl iHIIIOI CTOPOHU
Li€] yTOAU YU yYaCHUKA CHiJIbHOI isUTBHOCTI, KpiM
BUIAAKY IXHbOI MMCbMOBOI 3roAu Ha 1Ie, YKJIaJAeH-
HSl KOXHOIO JIep>KaBolO0 JIOTOBOPiB MPO B3aEMHUIA
3aXMCT TAEMHOI iH(popMallii, siKa TepenacTbes WIS
peanizauii crijibHO1 aisyibHOCTI [18]. TakuM ynHOM,
Yy MeXax I1i€l perioHaTbHOI CUCTEMU JeP>KaBU CTBO-
pIOIOTh CBiil 3akpuUTHii iH(MOPMALIHUI TTPOCTIp
nanux J133. YrBopeHHs aepxaBamu-uieHamu CHJI
enqnHoro iHdopmatiiitHoro npocrtopy 33 € oue-
BUIHUM, 30KpeMa I 3i 3MicTy po3nopsiakeHHs1 Bu-
1101 €BPa3iiicbKOl eKOHOMIYHOI paay Bif 6 TpymHs
2018 p., 3rigHO 3 IKMM AepKaBaM-9wieHaM JIopyda-
€TbCSl PO3POOUTU MTPOEKT MiXIEeP>KaBHOI Mporpamu
«IHTerpoBaHa cucrtemMa nepxkaB-wieHiB €Bpasili-
CbKOTO €KOHOMIYHOTO CO03y 3 HaJaHHSI KOCMiu-
HUX Ta reoiH@opMaLiifHUX ITOCJIyI Ha OCHOBI Ha-
HioHabHUX JKepe gaHux 133» [10]. PosrisiHeMo
OiIbIII JeTajJbHO 3aKOHOJABCTBO OKPEMMX JepXKaB
CHJI momo peryatoBaHHS AisibHOCTI 3 J133.

JepxaTeneM HaMOLIBIIOl CUCTEeMU CYITyTHHUKIB
33 B 11bOMY perioHaJibHOMY CIiBTOBapucTBi € Po-
ciiicbka @enepanis, B po3MOPSIIKEHHI SIKOI € KOC-
MiuHi amapatu cepiii «Pecypc-Il», «Kanormyc-B»
(Mepmuit Ginmopycbkuii KocMiuHUil amapat /133
3 2012 p. mie B iloro ckmazi [1]), «MeTeop-M» Ta
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«Enexrpo-JI» [2]. 3akon P® «IIpo xocmiuHy mi-
SITbHICTH» HEITOMABHO 3a3HaB KapAMHAJbHUX 3MiH
caMme B KOHTEKCTi pechopMyBaHHS fisibHOCTI 3 J133.
Tak, 6 yepBHs 2018 p. i1Oro JOTOBHEHO PO3IIIOM 8§
PO CTBOPEeHHS Ta (pyHKIioHYBaHHS DenepalbHO-
ro onay nanux A33 (nani — @oHm) 3 KocMocCy IS
e(eKTMBHOTO BUKOPUCTAHHS JaHUX, OTPUMAHUX 3
KOCMIUHMX aIrapariB, CTBOpEHUX: 1) 3a KOLITH Aep-
2KaBHOTO OI0[KETY; 2) 3a paXyHOK KOIUTIB (Di3MYHUX
1 IOpUANYHUX 0Ci0; 3) JaHMX, 3aKYIUICHUX 3a paxy-
HOK Oromxety. [Tpu 11boMy BU3HAUYEHO, 1110 TTPOCTO-
POBi maHi He HaJiexXaTh g0 gaHux 133 3 Kocmocy.
Hani 3 @oHay HAIAIOThCS BCiM 3alliKaBJIEHUM OCO-
06aM Ta opraHaM MmyOJIiuHOI BJIaau 3a IXHiM 3alITUTOM
npotsroMm 10 mHiB, 3a 3araJbHUM NpPaBUIOM — 34
I1aTy, ajie mependadeHi i Bumaakyu 0e3011aTHOIO
HamaHHS WX TAHWX, HAIMPWKIAI IJIsI BUKOHAHHS
MOBHOBaXK€Hb OpraHiB IIyOJiYHOI Biamu abo I
BUKOHAHHSI TIpUBAaTHUMU CyO’€KTaMu JOTOBOPY
Npo 3aKyIiBIKO ST AepXKaBHUX UM MYHillMMab-
Hux motped [17]. Kpim Ttoro, IloctanoBoro Ypsiay
P® No 1088 Binm 24.08.2019 nependaueHo mpaBuia
B3aemonii ®enepanbHoro donay ganux 133 3 Koc-
MOCY 3 iHIIMMU AepxKaBHUMU ¢oHmamu [4], ki
mictath naHi JA33. I[Ipu ubomy JlepxaBHuii ¢poHI
MIPOCTOPOBUX NaHUX i enuHuit JlepxxaBHuit GoHI
JaHUX TMPO CTaH HABKOJMUIIHBOTO CepeloBUIla Ta
oro 3a0pyAHEHHS PETYyJII0I0ThCI IHIMWUMU aKTa-
mu. Ilopsimok (opmyBaHHSI 0a3u JaHUX B MexKax
Donny nepeadayvae, 110 KOXEH onepaTop Aep>KaB-
HOTO YU BimoMuoro (oHAy micjsl 3aKyIiBi JaHUX
Yy IpUiioMy iX Ha Oe30ILIaTHil OCHOBI MPOTSrom 3
JHIB TIOBimOMIISIE TIpO 1ie omnepaTtopy PoHIY, SIKUM
arigHo i3 [loctanoBoto Ypsimy P® Bim 30.05.2019
Ne 689 € Pockocmoc [3]. OcraHHIl BiZITOBiTHO
(bopMye 3anUT Ha OTpUMaHHS KOMili 1IMX JaHUX Ta
MeTaJlaHUX i IPOTATOM I’ SITU YU 3 BiICTPOUYKOIO A0
10 1HIB OTPUMMYE iX B aBTOMATU30BaHOMY ITOPSIIKY
3a (hopMoIO Ta MmapamMeTpamMu IaHUX, BU3HAYEHUX
Pockocmocom paszom 3 (eaepallbHUMU OpTraHa-
MM BMKOHABYOI BJAIM, SIKUM IiAMOPSIIKOBYIOTHCS
nepxaBHi ¢poHau [4]. B Takomy X mopsaky Imepe-
JAlOThCSl KOTii OTPUMaHMX 3 HeJep>KaBHUX KOC-
MIiYHMX arapatiB Ta 3aKyIUleHUX denepaJlbHUMU
opraHamu Ta ycTaHOBaMU JaHUX Ta METajaaHi, ajie B
LIbOMY BUIIaJKy BOHU MepeaaloThcsl HE aBTOMaTU-
HO, a 32 aKTOM MpUuiiMaHHsI-niepenadi [5].
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MexaHi3M HagaHHS faHuX 3 @OHIY BU3ZHAYCHUIA
y ITocranosi Ypsaay P® Big 24.08.2019 Ne 1807. B
Hili kJ1acubiKoBaHO J1aHi 3a IXHbOIO PO3Pi3HIOBaAb-
HOIO 3/IaTHICTIO:

1) HanBucoka (MeHie 1 m);

2) Bucoka (Bin 1 no 10 m);

3) cepenns (Bin 10 mo 100 m);

4) nusbka (Big 100 1o 1000 m);

5) HagHu3sbka (Bim 1000 M),

a TAaKOX BU3HAYEHO JIKepesia OTpPUMaHHS JTaHUX
33 3 nepkaBHUX KOCMIYHMX amnapaTiB:

1) pon;

2) enuHUN AepXKaBHMIA (POHI HTaHUX IIPO CTaH
HaBKOJIMILIHBOTO CEpeloBUIla, MOro 3a0pyaHEeHHS
(3a yMOBH BiICYTHOCTI TaKMX AaHUX Y elepaTbHO-
My oHIi);

3) anaparypa /133 Ha 60opTy KOCMiUHOIO amapa-
Ta, siKa Tepejaia aaHi Ha 3eMJI0 3 KOCMOCY 3a J10-
IIOMOTOI0 €JIEKTPOMAarHiTHUX CHMTHAJIiB Ha CTaHIIii
pURoOMy.

B ocranHbromy Bumnanky no Pockocmocy mona-
€TbCS 3asBKa, B sIKili BUKJIAAAIOThCSl KOOPAMHATH,
TaKTUKO-TEXHiIUHI XapaKTepUCTUKHU CTaHILIil TIpuiio-
MY JaHUX Ta IepeJlik KOCMiYHUX arapaTiB, 3 SIKUX
IUTAaHYEThCSI oTpuMatu aaHi. Ilicns nporo Pockoc-
MOC JIOpYYa€e oOIeparopy MOCTaBUTHU 3asiBHUKA Ha
abOHEHTChbKe 00CIyTOBYBaHHS, MPO IO YKJIAJa€Th-
Cs BIATIOBITHWIA JIOTOBIp pa3oM i3 JOTOBOPOM TIPO
HagaHHS gaHuX. KpiM Toro, 3assBHUKM MOBWHHI
MaTu JILEeH3iI0 Ha 3AiACHEHHSI KOCMIYHOI Hisib-
HOCTi B 4YacCTMHi poOiT 3 mpuiioMy Ta MEepBUHHOI
00pOOKM JaHUX, OACPXKYBAaHMX 3 KOCMIYHHUX ara-
paTiB, a caMi CTaHLIl IIpUOMY JAHUX IiIJISIral0Th
000B’s13KOBIl cepTUdiKallii a00 AeKIapyBaHHIO Bil-
MOBiTHOCTI 3rimHO 3 3akoHOM P® «I1po KocMiuHy
TiSITbHICTh». JlaHi 3 Helep>XXaBHUX KOCMIYHUX ama-
paTiB OTPUMYIOThCSI BiAMOBiTHO OO IOTOBOPIB KO-
PUCTYBayiB JaHMX 3 IX OlepaTopaMu, a SKII0 TaKU-
MU KOPUCTYyBayaMM € OpraHM ITyOJiyHOI Blaau, TO
BOHM YKJIaJalOTh TaKi JOrOBOPU TUIbKU Y BUIIAIKY,
SIKIIO BiACYTHI Iepen0OadyBaHi OO 3aKYIIiBJi JaHi y
®onpi a60 mpy HEMOXKJIMBOCTI OTPUMATH TaKi AaHi
3 JepxXKaBHUX KOcMiuHuX amapatiB. [Topsimok Ha-
JaHHS JaHUX, OTPUMAHUX 3 JePKaBHUX KOCMIUYHUX
amnapariB, deIepalbHOMY OopraHy y cdepi Oe3rexku
BU3HAYAETHCS CIELLIAIbHUM JOTOBOPOM MiX HUM Ta
Pockocmocowm [7].
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IInanyBanHs mpuiiomy, oOpoOKa, 30epiraHHs i
nomupeHHs gaHux 133 3 KocMivHMX aItapaTiB Aep-
JKaBHOTO TPU3HAUYEHHS 3 PO3Pi3HIOBAJILHOIO 3/1aT-
HiCTIO MeHIlIe 2 M MPOBOAUTHCS BinmosigHo 1o [1o-
craHoBu Ypsay P® Ne 10.06.2005 Ne 370. Ha miza-
CTaBi 3asB 10 oIepaTopa KOCcMiuHMX 3aco6iB J133
GOPMYETHCS TIPOEKT TUIAHY KOCMIUHHMX 3MOMOK i
KaTayior paiioHiB 3lOMOK, $IKi momaioThcs Pockoc-
MocCy. Y 3asiBKax BKa3ylOThCsl KOOpAWHATU paliOHIB
KOCMiUHHMX 3HOMOK, CTPOKHU TMPOBEIEHHS KOCMiy-
HUX 3IOMOK, TTapaMeTpU 1 YMOBU CITOCTEPEKEHHS,
a TakoX 1y oTpuMaHHs naHux 133 i pekBizuTu
KOPHMCTYBaviB TaKUX JAHUX, SIKi MOJAIN 3asIBKY. 3Bi-
TU MPO BUKOHAHHS 3aBOK Ha OTPUMAHHS NaHUX
J133 HagawoTbcsl TaKoX oreparopaMu PockocMocy
momicsig. ITicast mpoBeaeHHST onepaTopoM IOIIe-
PeIHbOI OLIIHKM BilMOBIZHOCTI 3aIUTy ILUIAHY KOC-
MiuHUX 3lioMOK, PockocMmoc ykianae noroBopu 3
kopuctyBauamu 133 mpo HagaHHSI OnepaTopoM
TaKMX JaHUX, ajle B HUX MOXYTb MIiCTUTUCS i NO-
JIaTKOBI YMOBM 1110JI0 MOBOJXXEHHS 3 LIUMU JaHU-
Mu. PockocMOC ymOBHOBaXX€HUI YaCTUHY AaHMX,
OTpUMaHUX 3 KOCMIYHHUX arapariB, BUTOTOBJICHUX
3a OIOIKETHI KOIUTHU, TlepelaBaTyi Ha KOMEpPLiiHii
OCHOBI, ajie 3 MPiOpUTETHUM 3a0e3MeYeHHSIM Bif-
MOBiTHMMU JAaHUMU OPTaHiB nepxkaBHOI Biaagu. Lli-
KaBo, 1110 naHi 133 cTocoBHO TepUTOpilt iHO3EMHUX
JiepKaB MOXYTb OYyTH OTpMMaHi SIK Bill ornepaTopis,
TaK i Bil HA3eMHUX CTaHLIA MpUiioMy TaHUX, SIKi
HaJleXaTb 1HO36MHUM KOpHCTyBayaM, ajie JIvIiIe
SJKIIO BOHMU Oynu cepTudikKoBaHi i MOKIaAeHi Ha
aboHeHTChKe 00cyroByBaHHs orrepatopa 133 [6].

3 2015 p. cucrema /133 takox mie B Pecmy0.rimi
Ka3zaxcran. BoHa 3a0Ge3neuyeTbcsi 1BOMa CYIyTHU-
kamu: «KazEOSat-1» ta «KazEOSat-2» 3 po3pis-
HIOBAJIbHOIO 3[aTHICTIO BiamosimHo 1 Ta 6.5 M [19].
¥ 3akoni Pecny6niku Kaszaxcran «IIpo kocmiuny
nIistmbHICTE» 133 BM3HAYEHO SIK OJMH i3 HaIpsIM-
KiB KOCMiYHOI IisiIbHOCTI (11. 3 4. 4), Ja€eTbCs TIIy-
MadyeHHs noHATTS «J33 3 kocMmocy», «maHi 1133 3
KOCMOCY», <«IIPOCTOPOBi JaHi», «iH(ppacTpyKTypa
MIPOCTOPOBUX AAHUX» TOIIO. MiHiCTEpPCTBO 3 iHBEC-
TULIN Ta po3BUTKY Pecny0siku KazaxcraH Hakazom
Bim 20.06.2016 p. Ne 511 ta MiHicTepcTBO 06G0POHU
Pecmry6nikn Kazaxcran HakaszoM Bim 27.06. 2016 p.
No 313 BuU3HAYWIM TIOPSIOK IUIAHYBaHHS KOC-
MIYHUX 3HOMOK, OTpUMaHHSI, OOPOOKM Ta pPO3IO-
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BCIOIKeHHs ngaHux /133 3 KocMoCy HallioHaJIbHUM
orepatopoM KocMiuHoi cuctemu /133 [16], axkum
€ AkuioHepHa KomIaHisl «HalioHanibHa KoMITaHis
«Kazakcran Fapeiun Canapbl» 31 CTOBiICOTKOBOIO
y4yacTio AepKaBM Yy CTAaTyTHOMY KaIliTajli, Ha $SIKY
MOKJIaICHO 3aBHAaHHSI CTBOPEHHSI, €KCILTyaTallil Ta
po3BUTKY KocMiyHoi cucremu [133. HamioHanb-
HUI omepaTrop KocMiuHoi cuctemu 33 miaHye
KOCMIYHi 3iIOMKHU, OTPUMYE, 0OPOOJISIE i MOIINUPIOE
nmani JI33 3 kocMmocy ¢izudHuM i (a00) I0OpUANIHUM
ocobaM, nepxkaBHUM opraHaM Pecny6niku Kazax-
craH. KpiM Toro, 10 ioro moBHOBaXk€Hb HaJIeXKaTh:
1) 3abe3rneueHHsI TeXHiYHOI eKCILTyaTallii KOCMidyHOi
cuctemu [133; 2) nmiaHyBaHHSI KOCMIYHUX 3HOMOK
i HaZaHHS MOCJYT 3 PO3NOBCIOMXKEHHS JaHux /133
3 KocMocy Gi3udyHuM i (a00) IOPUIMYHUM OCO0aM;
3) CTBOpPEHHSI i PO3BUTOK iH(MPACTPYKTYPH IIPOCTO-
POBUX ITaHMX Ha ocHOBI gaHux /133 3 kocMocy i cy-
IMYTHUKOBOI HaBirauii; 4) 3ailiCHEHHsI iHIIIMX BUIIB
JiSUTbHOCTI, He 3a00pOHEHUX 3aKOHOAaBCTBOM Pec-
nyosiku Kazaxcran [8] (cT. 19-2).

BkazaHa Mojaenb ayxke Harajaye 3akpillieHy B
Npo€eKTi 3akoHy YKpainu npo «Jep:kaBHe perysio-
BaHHS Yy cepi IMCTaHLIHHOTIO 30HIyBaHHS 3eMTi»,
amke Menepanbauit porn ganux 33 PO 1o cyTi
Ma€ Ti X BIACTUBOCTI, IO i AepxKaBHA 0a3a JaHUX
33, a Pockocmoc yn AkiioHepHa KommnaHis «Ha-
nioHasbHa KomnaHis «Kaszakcran Fapeim Canaps»
1O CyTi € omeparopamMy KOCMidyHUX cucTeM. Kpim
TepMiHoOJIOTiT Ta Cy0’€KTHO-00’€KTHOTO CKJIamdy,
caMi BiTHOCMHU B HOPMAaTHUBHO-IIPAaBOBMX aKTax
MOPIBHIOBAHUX JEPXaB CIPSIMOBaHI Ha NIep>KaBHY
cucremy hopMmyBaHHs 0a3u maHux /133, sika momnoB-
HIOETHCS 32 PaXyHOK (PYHKIIIOHYBaHHS JepXKaBHUX
KOCMiUHUX arapariB, a TpUBaTHi Cy0’€KTU 3a1y4eHi
JIMIIE SIK TTOCTaYyaJbHUKHY JaHUX Y MeXaX TTPoLeayp
3aKyTiBeJb a00 JIMIIE AEKJIapaTUBHO SIK YYaCHUKHA
JIep>KaBHO-MIPUBATHOTO MTAPTHEPCTBA, 0€3 AeTatiza-
il TopsiAKy Moro peani3aliii. BkazaHe € 3aKoHOMIp-
HUM, aJKe Y BiIIIOBIAHUX JAepxKaBaX pUHOK IIpUBaT-
HUX IIOCIYT, 00yMoBiIeHux J133, He HaATO PO3BUHE-
HUIi, TOX HOpPMaTUBHA MOJIEJIb ITPOCTO BigoOpakae
peajibHuii cTaH BimHOCHUH. Paszom 3 TuM B YkpaiHi
Hapa3i 3aKOHOIaBYO IlependadyeHO KoMeplliamisa-
11i10 BHYTPIllTHBOTO PUHKY KOCMIYHHUX TTOCITYT, YOMY
aX HisIK He BiAIOBiga€e 3aKpirnjeHa y BKa3aHOMY 3a-
KOHOMPOEKTI MoJeab peryiaroBaHHs. Clig TaKoxX
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3BEpHYTH yBary Ha Te, 1o Pocilicbka @enepailis ta
Pecny6nika Kazaxctan 3 (popMalbHO-IOPUANYHOL
TOYKM 30py HaJlexXaTh J0 APYroi i3 BUMiIIEHUX HaMU
OJIOKIB AepxKaB, MisuTbHICTh i3 JI33 B SIKUX perysto-
€ThCSI Y MEXXaxX 3arajJbHUX 3aKOHIB ITPO KOCMIiYHY [Ti-
SUIbHICTh. BOauaeMo, 1110 Ha JaHOMY eTalli pO3BUTKY
nistmpHOCTI 3 /133 B YKpaiHi, KOJIM PUHOK LIMX TTO-
CJIyT e (hOPMYETHCS, 1€ € LIJIKOM aaeKBaTHOIO
¢opMOI0 perynoBaHHS B Hallliil KpaiHi.

Pecny6aika Kopes TakoxX BMicTuiIa peryisiTop-
Hi HOpMUM 1040 AistabHOCTI 3 JI33 B 3arajibHO-
My 3akoHi «[Ipo KocMiuHy AisibHICTb». B HbhOMY
JAETbCSl BU3HAUYCHHS MOHSTTS CYMyTHUKOBOI iH-
(opmaii (ct. 1), BcTaHOBICHUI MOPSAIOK ii BU-
KopucTtaHHs (cT. 17), a TakoxX IepeadadyeHo BU-
Moru KoHdimeHuiiHocTi (ct. 25). Tak, MiHicTp
HayKU i TeXHIKHA CTBOPIOE ar€HTCTBO, BiAIIOBigaJIb-
He 3a MOLIMPEHHS Ta BUKOPUCTAHHS CYMYTHUKO-
Boi iH(popMallii, 3a0e3neuye (iHaHCYBaHHS s
CHPUSIHHSI PO3MOBCIOIKEHHIO Ta BUKOPUCTAHHIO
CYIIyTHUKOBOI iH(opMalii y MexXax OIOIKEeTHUX
acurHyBaHb. BcTraHoBiieHO, 10 Ypsin Mae noKJia-
JIaTU BCiX 3yCUjb, a0u He BTpydaTucsl y TIpUBaTHE
JKUTTS JIIOJIeH Mif yac BUKOPUCTAHHS CYMYTHUKO-
Bo1 iH¢dopmalii. [Tpu ubomy Oyab-sika ocoda, sika
3aiiMa€eThCs UM paHillle 3afiManacs Oyab-s1KOI0 po-
00TOIO 3rimHO 3 UMM 3aKOHOM, HE MOBMHHA PO3-
roJIolllyBaTu KOAHY iH(dopMmallilo, 3 SIKOK BOHa
CTUKAEThCS T/l Yac BUKOHAHHS CBOiX 00OB’SI3KiB,
a00 He BUKOPUMCTOBYBATH 1110 iH(GOpMallilo, 3a BU-
HSITKOM 1Iijieli, BU3HAYEHUX Y BiAMoOBiZHOMY 3a-
KoHi. I[IpuMiTHO, 1110 BUKOpUCTaHHS reorpagidHoi
iH(opMallii B po3yMiHHiI 3akoHY «IIpo cTBOpeHHs
Ta BUKOPUCTAaHHS HalliOHaJbHOI reorpadivyHoi iH-
(opMmaliitHoi cucTeMu» BU3HAYAETHhCS Pa3oM i3
MinicTpom OyaiBHULITBa Ta TpaHcHopTty [55]. Taka
MOJIeJIb CBiTYUTH MPO MOXKJIUBICTH OMEPAaTUBHOIO
BHECEHHS HEOOXiAHUX 3MiH IS MPaBOBOIO 3a-
Oe3medyeHHs misiabHOCTi 3 JI33 Ta iHTerpoBaHiCTh
OCTaHHBOI B 3arajbHUI peKUM KOHTPOJIIO epxKa-
BU KOCMIYHOI JTisIIBHOCTI 11 MpUBaTHUX Cy0’€KTIB 3
napajyeJIbHIM BigoOpaxkeHHSIM cIienn(ikKy Bigmo-
BiZHOI JisSUTLHOCTI B LIbOMY X 3aKOHI Ta, MOXJIMBO,
Ha PiBHI IMiI3aKOHHUX HOPMAaTUBHUX aKTiB, 110 €
LiTKOM MPUWHSITHOIO MOJE/I0 sl AepkKaB, Yui
HalioHaJbHi cucTteMu J133 mepeOyBaloTh y Nepioi
CTAHOBJIEHHS.
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B xoHTexkcTi po3misimy OOCBigy AepxkaB, sSKi He
MaroTh CITEIiaJJbHOTO 3aKOHOMABCTBA OO0 PETy-
JoBaHHS moB’s3aHoi 3 JI33 misuibHOCTI, ane ma-
I0Tb TIOTYXXHY cuUCTeMy 3a0e3leueHHs] BUKOPUC-
TaHHs naHux [I33 i3 KkocMocy, BapTO pPO3IJISIHYTH
nocsig Asctpanii Ta Hosoi 3enanaii. ABcrpais
otpumye gaHi J133 3 amMepuKaHCHKMX CYIyTHUKIB
«Jlannacar», «Pamapcat» i ppaHIly3bKMX CYTTyTHUKIB
SPOT, cmiBnpaioe y mexax Intelsat Ta Inmarsat.
i1t oTprMaHHS He3aJleXXHUX kepea ganux 133 y
2000 p. OyJ10 3arylleHO aBCTPaliiCbKUil CYyTyTHUK
Australian Resource Information and Environment
Satellite, y 2002 p. — cynyrHuk FedSat. ABcrparis
TaKOX BUTOTOBJIsUIa artapaTypy aist ]33 wist 3aBep-
mweHoro y 2010 p. eBpomneiicbkoro npoekty ERS-2,
TOOTO Mae iH(PACTPYKTYpPHY CHUTYyallil0, CXOXY 3
VYKpaiHoo 3a TEXHIYHUMM MOXKJIUBOCTSIMU y cepi
33 [42]. BogHouac ABcTpaliis Ma€ JOCUTh pO3BU-
HEHY CHUCTEMY BIZHOCHH IIOAO HAJaHHSI CEepBICiB,
nobynoBaHux Ha gaHux J133.

[IuBisibHa KOCMiuHaA cTpaTeriss ABCTpatii 10
2028 p. nependavae piHaHCyBaHHS KOCMIYHOI JIi-
snpHOCTi yepe3 Commonwealth Scientific and In-
dustrial Research Organisation (CSIRO), sxum
JOCIiIKeHHsT 3eMJli BU3HAYEHO $SIK OJIHE i3 Mpiopu-
TeTHUX cep iIHBeCTYBaHHS 3aJIs1 CTBOPEHHSI CIIELTi-
anbHoiI 1atdopmu ganux J33 [23]. BinnosinHo 1o
[Tnany miit 11010 pO3BUTKY Ta 3pOCTaHHST KOCMiUHOI
ingyctpii mo 2026 p. cepen iHiLIaTUB 3a0€3MEYEHHS
TpaHcopmallil KOCMIYHOI rajay3i BU3HA4YEeHO CTBO-
PEHHST TporpaMu pO3pOOJEHHSI Ta PO3TOPTAHHS
HEAOPOTUX CrHelliali3oBaHUX aBCTPaliliCbKUX AaT-
YUKIB CIIOCTePEXEHHsI 3eMli Ta CYIyTHUKIB IS
HagaHHS BaXXJIMBMX IJIs1 KpaiHu gaHux [22]. Kpim
TOrO, 3a pe3yJibTaTaMyd KOHCYJIbTallili, MpOBeIeHUX
3 Iep>KaBHUMU YCTAHOBAaMM, BUPOOHUKAMU Ta CIO-
kuBayaMu naHux /133, Oyio mpuitHsaTo Australian
EO Community Plan 2026, OCHOBHUM 3MiCTOM
SIKOTO € BUJIUJICHHS IT’SITU TIPiOPUTETIB:

1) 3B’130K Ta KOOpAMHALIisl MiXK yciMa yyacHUKa-
MU cniibHOTH /133 111010 cIocTepexkeHHS 3eMTi SIK
B ABCTpaJIii, TaK i 3a KOpIOHOM;

2) yTBepIKEHHS poJii ABCTpallii K KJIIOUYOBOTO
rpaBlsl y MixkHapoaHiii cucteMi /133 muisixom Ha-
JIaHHSI TiepeBar MiXkHapoOJAHWUM MporpamMam;

3) po3BUTOK iH(PPACTPYKTypu Ta (PaxoBOTO I10-
TeHIiany;
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4) nerkuii Ta HamilHU gocTyn A0 gaHux 133 mis
BCiX BUPOOHMKIB Ta KOpUCTYBadiB gaHux J133;

5) opieHTallisl Ha NOTpeOU KiHLIEBOTO CIOXKBaya
1 miATpUMKa KOMEPLiiHOIO PO3BUTKY 3aCTOCYBaH-
Hs1 naHmx 1133 [25].

HistmpHicth 3 [I33 B ABcTpaiii HajeXWUTb 10
npeametry BinmaHHsI Geoscience Australia, a came
i€l opranizaliiero BeaeTbesl Digital Earth Austra-
lia (DEA), s1ka 3abe3neuye miaaTgopMy IJis aHali-
3y CYIMYTHUKOBHUX 3HIMKIiB Ta iHIINX CIIOCTEPEXKEHb
Ha 3emni. Ilepenbauaerbcs, 1o 11 riardopma
HAZacTh AaBCTPATINCHKIA MPOMMCIOBOCTI JTOCTYIT
0 CTaOiIbHUX, CTAHIAPTU30BaHUX JAHUX Ta 30-
OpaxkeHb, MOXe BITPOBAIXKYBaTU iHHOBALIil JJIsI BU-
pOOHMIITBA HOBUX MPOAYKTIB 3 JOJAHOIO BapTiCTIO
Ta MOCJIYrM, OCOOJMBO Y PO3poOLi H0AaTKiB, IO
MOXe€ IiABUIIUTUA IPOAYKTUBHICTh CiILCHKOTO I'OC-
nomapcTBa Ta 3a0e3neyuT Oiulbil e(eKTUBHI iH-
CTPYMEHTU €KOJIOTiYHOTo O0O0JIiKy Ta MOHITOPUHTY
[32]. CynyTHUKOBI 3HIMKM TaKOX OOpOOJISIOTHCS
HayKoBOIO ycTaHOBOIO «Remote Sensing Research
Centre» [52]. IIpoTre OCHOBHY pojib B 00’€aHaHHI
3yCUJIb YCIX «CTEHKXOIACPiB» Y HiSUTLHOCTI 3 TaHUMU
J133 y nepxaBi Bizirpae HeypsinoBa acouiaiis Earth
Observation Australia Inc Association, 1o mpeame-
TiB BiTaHHSI SIKOI HAJIEXKUTh, 30KpeMa, YTBePIKeHHST
SIK: KOOPJAWHALIIMHOTO TIYHKTY JIJIsSl TPOMUCJIOBOCTI,
ypsiy Ta HayKOBUX JIOCHiIXKeHb, (hopymMy sl BU-
3HAYEHHS MTPiIOPUTETHOCTI Ta KOOPAMHALIil MaiiOyT-
HiX CHiIbHUX iHBECTUIIIM y Ha3eMHY Ta KOCMiuHY
iHppacTpykTypy H33 Ta nepkaBHO-TIPUBATHOIO
napTHEPCTBa, po3podKa IIporpaMHUX JOKYMEHTIB y
cepi 133 [27]. SAximo eKcTpallooBaT OislJIbHICTh
miei acomiamii Ha TPyHT YKpaiHU, TO BUHMKAE aco-
LiaTUBHE TTOPiBHSIHHS 3 isUTbHICTIO Acoliiallii BU-
COKOTEXHOJIOTIYHUX IMiAMPUEMCTB KOCMIYHOI TaTy3i
Ykpainu «KocMoc», ajie aBcTpailicbka opraHizarlist
€ BY>KYOIO 32 IPEIMETOM BilaHHS — OXOILTIOE JINILIE
nistibHICTh 3 JI33, ogHaK € IIMPIIOI0 32 KOJIOM 0XO-
IUIEHUX CYO’€KTIB, ale BKJIIOYA€E Jep>KaBHi opra-
HHU, cioxkuBayviB gaHux 133 To1mo.

3a BiICYTHOCTI CIIeLiaJIbHOTO «KOCMIYHOTO» 3a-
KOHOJIaBCTBa, peryatoBaHHsS OisibHOCTI 3 /133 B
ABcTparnii BimOyBa€eThCs 3a JOMOMOTOI iHCTUTYTIB
€KCIIOPTHOI'0 KOHTPOJIIO Ta J03BibHO-IiLICH3iMHOT
cucTeMU. K110 KOMIMAaHisg Ma€ iHO3EMHI iHBECTULLIT
yu Tiepeadavae rmoctapiaaTyd jgaHi 33 3a KopaoH,
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BOHAa OOOB’SI3KOBO IIPOXOAUTH IPOLEAYPU EKC-
MOPTHOTO KOHTPOJIIO BiIMOBITHO 10 3aKOHO/IaBCTBA
ABsctpaJii. Kpim Toro, 3 MipkyBaHb 0e3reku, 000-
pOHM Ta 3abe3lNedyeHHs] BUKOHAHHSI MiXXHapOIHUX
3000B’s13aHb MiHiCTp iHIyCTpii, HAyKH i TEXHOJIOTI1,
SIKOMY TTiITOPSIAKOBYETHCST ABCTpaTiichKe KOCMid-
He areHTCTBO, MOXE OOMEXKMTU 3aIyCKM KOCMid-
HUX O0’€KTiB, $SIKi 3MiIMCHIOBAaTUMYTh MisJIBHICTH 3
33 [40]. fxicTh Ta 3aXMCT JAaHUX NepeadaYalOThCs
MpaBWIaMM MiXHApOIHOI CHiJIbHOTHU, SIKi rapaH-
TYIOTb MOXJIMBICTb 3HAXOMKEHHSI, TOCTYITHICTb,
CYMICHICTbh Ta MOXJIUBICTh HEOJJHOPA30BOI'O BUKO-
pucranns ganux 133, a came FAIR data principles,
SIKi CBO€IO 4eprow 0a3yloThcst Ha crtaHaapti ISO
19115, mo peryiioe CTBOpeHHST MeTamgaHux [36].
Geoscience Australia miaTpuMye Ta 3a0X04y€ po3-
MOBCIOMXKEHHS Ta 00MiH iH(popMallii, sika po3miliie-
Ha Ha Horo BeO-cailTi, CTBepKYIOUM, 1110 aBCTpa-
JlilicbKa CIiJIbHOTA BOJIOAIE aBTOPCHKHUM MTPaBOM Ha
Bech Marepiall, BugaHuii Geoscience Australia. AB-
TOPCHKE MPaBO Ha CTBOPEHI LIi€I0 OpraHizaliero 1aHi
3aXMIIAETHCI MiXKHAPOIHOIO MyOJIiYHOIO JIILIEH3i€10
Creative Commons Attribution 4.0, 3MicT KOi I10-
JISITa€ B TOMY, 1110: 1) ocoOuCTi HeMaliHOBI IIpaBa He
OXOPOHSIIOTBCS, aJie JIileH3iaT 3000B’13aHMiA Hama-
™™ iH(opMalio npo TBopuiB maHux /133, KpiM Bu-
MaaKiB, SIKIIO JilleH3iap IIPOCUTh ii BUJIyYUTH, a Ta-
KOX MPO BUKOPUCTAHHS i€l JIIIIEH3i1 3 Timeprnocu-
JIAHHSIM Ha Hel; 2) gaHi HaIaloThCs BCIM SIK BOHMU €,
i Geoscience Australia He 3a0e3meuye iXHbOT SIKOCTi
Ta IHIIMX XapaKTePUCTUK; 3) YMOBU IOIIUPIOIOTHCS
Ha caMi JaHi, KM OM BOHU HE BUKOPUCTOBYBAJIUCh
[15]. Skio >k mani 33 He JilleH30BaHi, TO BUKO-
PUCTOBYETbCSI 3aXUCT, BU3HAUEHUII B 3aKOHi MpoO
aBTOpCHKe TIpaBo 1968 p. [28].

HocBin ABcTpalnii € sicKkpaBUM NPUKJIAI0M 3a-
raJIbHOTO PETYJISITOPHOTO BILUIMBY 3 OOKY JepKaBu
Ta caMOperyJslii, 110 0OyMOBJIEHO BIaJO0 BHU3HA-
YeHUMHU MpPiopUTEeTaMM 1IOJ0 METHU IIi€l AisSIbHOC-
Ti, sIKa 0a3yeThCsl HacaMIleped Ha IoTpebdax CIo-
XKMBaviB.

HemonaBHo 1IicTh MOCHIIHUIBKUX IIPOEKTIB
Hogoi 3enanaii orpuManu ¢inaHcyBaHHs Binx Ctpa-
TeriyHoro KocmiuHoro ¢oHmy mia erigoro MiHic-
TepcTBa Oi3Hecy, iHHoBauill Ta 3aiiHsaTOCTI HoOBOI1
3enangil 11l pO3BUTKY iHHOBALIIHHMX KOCMIYHMX
TEXHOJIOTili, BKJIIOYAIOUM CYIMYTHUKU MOHITOPHUH-
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ry okeaHy Ta 6eperiB. @iHaHCyBaHHS OyJIO HagaHe
JJIs1 THOTPUMKM IXHBOTO ITApTHEPCTBA 3 MPOBITHM-
MM MDKHApOOHMMM KOCMIYHMMM OpraHizalisiMu
[46]. BimmaneHo 1ieif MexaHi3M Haraaye iHilliaTUBY
MiHicTepcTBa €KOHOMIYHOIO PO3BMUTKY, TOPTIBIIi
Ta CiTbChKOIrO rocriogapcTBa YkpaiHu Ta Jepkas-
HOl iHHOBaLIifHOI (PiHAHCOBO-KPEIUTHOI YCTAaHOBU
1110J10 KOHKYPCHOTO BiI0OPY MPOEKTIB 151 A€PXKaB-
HOI'O CTHMYJIIOBAaHHSI CTBOPEHHS I BUKOPMCTAHHS
BUHAXOIIB (KOPUCHUX MOJIEJEH) Ta IMPOMUCIOBUX
3pa3kiB [12], ajle ocTraHHill nepexdavyae IMMPOKMIA
CIEKTP BUIiB rOCIOAAPCHKOI AiSIBHOCTI, ajie He TIe-
pendayae MixKHapoIHOI B3aEMO/Ii ITiJ Yac peaiiza-
il mpoekTiB. ¥ Hogiii 3enanaii mig erinoro MiHic-
TepcTBa Oi3Hecy, iHHoBallili Ta 3aiiHsATOCTI Jie Koc-
MiYHE areHTCTBO, IPOTE YCTAHOBOIO Ta KEPOBAHOIO
Helo iHdopMalliliHoo TaTgopmoro, Ha 6a3i Kol
3MiMAICHIOETHCST 30MpaHHs Ta 00podka manmx /133 y
Hosgiit 3enannii, € Land Information New Zeland. Y
Hosiit 3enanmii gisuibHicTb momo /133 perymoerbes
TUIBKM BinmoBimHO mo mojoxkeHHs 88 Outer Space
and High-Altitude Activities Act 2017, 3riZHO 3 IKMM
Ienepan-rydbepHaTop Mae TpaBo Haka3oMm B Pami
(crmeuialbHUM aKTOM, SIKMA BBOAWUTH B CUILYy Ypsi-
JIOBI pillleHHs) 3a mporo3ulielo MiHicTpa Gi3Hecy,
iHHOBAIliil Ta 3alfHATOCTI BCTAHOBIIOBATA YMOBU
IIJIsI OTpMMAaHHS JIIEH3il Ta T03BOJIIB, SIKi MOXYTh
BKJIIOUATU 03 0OMeXXeHb 3a0e3MeYeHHsT UM HalaH-
HsI BUMOT 110/I0 30MpaHHs Ta MOIIMPEHHS iH(hOop-
Mallii, orpuMaHoi 3a gornomoroio /133 [48]. Kpim
1IbOTO, iHTEJIeKTyaJlbHa BIACHICTb, SIK i B ABCTpaii,
3axminaeThbes JineHsiero Creative Commons Attri-
bution 4.0 [24]. € nekinbKa peXuMiB HagaHHS Oa-
Hux 133 y Hogiit 3enanaii, Tak, HalIpuKiag, gaHi i3
CYyIyTHUMKIB cepii «Sentinel 2» i MODIS Ta HeoGpo-
OJIeHi JaHi MiXKHAapOIHUX KOMMAaHIN € JOCTYTHUMU
IUTd BCiX; HaHi, MpuadaHi 3a 3arajJbHOAECPXKaBHOIO
JIILIEH3iAHOI0 YIOI010, MalOTh MPaBO BUKOPUCTOBY-
BaTW YHiBEPCUTETU, NTOCTIMHUIIBKI LIEHTPU Ta LIEH-
TpaJibHi 1 MiClIeBi OpraHu Bjiaau, a 1aHi 3 BUCOKOIO
PO3Pi3HIOBAJILHOIO 3HATHICTIO, $IKi ITOCTaBJISIIOTh-
csl Takumu onepatopamu, sk Digital Globe, SPOT
image, Planet Imagery, EOMAP To1110, HagaoTbcs
Ha OIlIaTHiii ocHOBI [34].

CBiTOBMI IOCBIiJ TUTIOpaTi3My ITIXOMIB IO pe-
TyJIOBaHHS AisutbHOCTI i3 J133 BKasye, 1O HeMae
MIPSIMOI 3aJI€KHOCTI MK OTYKHOIO (hJIOTUJTIEIO CYy-
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nyTHUKIB JI33 Ta po3ropHyTMM 3aKOHOJABCTBOM,
sIKe PEeryJjloe IXHIO eKCIuTyaTaiito. SckpaBuM mpu-
KJIagoM 1boro € IHmisi, B po3MOpsKeHHI SIKOI €
oinbi Hixk 20 cynytHuUkiB 133 cuctemu IRS ta no-
ximHux Big Hhoro: IMS, SARAL, «Cartosat» Tomio,
BUKOPUCTAHHS SIKUX PETYJIOETHCS KilbKOMa TOJIi-
TUKO-TIPAaBOBUMU JOKYMEHTaMM, 30Kpema Remote
Sensing Data Policy (RSDP) ta National Data Shar-
ing and Accessibility Policy (NDSAP). OcHoBHOIO
IHCTUTYILI€I0, SIKA OMIKYETHCS 1II€I0 MisSUIBHICTIO, €
Hanionansauii nentp N33 npu IHgpiiicekiii Koc-
MiuHi#t pocimimHuibKiii opranizanii (ISRO) ta Jle-
napTaMeHTi KocMocy. [1o il TOBHOBaXKeHb HAJIEXKUTh
CTBOPEHHSI HAa3eMHUX CTaHLii s MpuioMy cy-
MYTHUKOBUX JIAHUX, CTBOPEHHS MPOAYKTIiB JaHUX,
MOILIMPEHHS 1X cepel KOPUCTYBaviB, po3poOdKa Me-
TOAMK JUIS TIpOrpaM IMCTaHLiHHOTO 30HAYBaHHS,
BKJIIOYAIOYM ITATPUMKY JIiKBimallil HacigKiB Hamd-
3BMYAHUX CUTYallili, TeorpocTopoBi mocayru [20].
Bxkazani moBHoBaxxeHHs1 LleHTp 3xmilicHIOE Ha ITim-
cTaBi morosopy 3 JlemapraMmeHTOM KocMocy. binbiie
TOTO, 3AiCHIOBATH 3aKyIIiB/IIO B iIHO36MHUX ITOCTa-
yaJbHUKIB naHux /133 Ta iXHE pO3MOBCIOIKEHHS B
Inaii ynmoBHoBaxeHi juiie HauioHaJbHUIA LIEHTP
JNUCTAHLIIHHOTO 30HAYBaHHSI Ta JepXkaBHa KoMIla-
Hisg Antrix Corporation Ltd, mpuyomMy ocTaHHST BU-
3Hauya€ yMOBHU Takux jaoroBopiB. Kpim Toro, BoHa
Ma€ MOBHOBAXEHHSI 1II0J1I0 OTPMMAaHHS 3asiB IPO Ha-
JTaHHS JileH31i Ha MPUAOAHHS Ta PO3MOBCIOIKEHHS
nanux IRS 3a Mmexxamu [HIiT; po3risioy Ta MpUAHSIT-
TS pillieHb ITPO HaJaHHS JIiLeH3ii; B paMKax MOJIiTU-
KM Ypsay Ta Bil iMeHi Ypsiay ykiagaTu JilleH3iiHi
Yroiu 3 MOTEHUIMHUMU KOPUCTYyBauaMu, a TaKOX
CTITryBaTH 300pU 3a HamaHHS JIILEH3iil, SIKi BOHA
BBaxkaTHMMe 3a TOTpiOHe.

Remote Sensing Data Policy BuzHauae 060B’s13-
KOBiCTh OTpMMaHHSI JileH3ii Ta\uu [J03BOJy Ha
yIpaBiaiHHg cynyTHUKoM /[I33 Ta orpuMaHHS i
pos3noBclomkeHHss gaHux N33 Big demaprameH-
Ty KOCMOCY. Ypsil BUBHAYAETbCS €IUHUM Ta €KC-
KJIIO3UBHUM BJIACHUKOM YCiX JAaHUX, OTPUMaHUX
Bim cuctemu cymyTHuKiB IRS. Ilpu upomy iHIm
KOpHMCTYBaui MOXYTb OTpMMAaTH JILIEH3il0 Ha BU-
KOPUCTaHHSI LIMX JAaHUX Ta OOpOOJSTA CYMyTHU-
KOBi JaHi, HaJal4u iM J0AATKOBOI LIHHOCTI. Ypsif
3ajIMIIa€ 32 co00I0 MPaBO 3IiICHIOBATA KOHTPOJIb
Han po3noxiioM gaHux i3 IRS abo Oynb-sikoro iH-
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LIOTO iHailichbKoro cymyTHuKa /133, sKino BBaxae,
1110 IbOT'O BUMAaraloTh HallioHaJbHa Oe31exa Ta/abo
MiXXHapO/IHi 3000B’s13aHHs Ta / a00 30BHIlLIHS MO~
mituka Ypsamy. CBoOoma poO3IOBCIOMKEHHS JaHMX
BCTAHOBJTIOETHCST 3JIEXKHO Bifl PO3Pi3HIOBAIBHOL
3aTHOCTI 300paXeHb: 10 1 M — MOLIMPIOIOTHCS HA
HeAMCKPUMiHalliiiHilf OCHOBI Ta «3a MOTPedoIo», a
MEHIIIE — MOXXYTh OYTU IIepeBipeHi Ta BUAAIEHI 10
MOMEHTY PO3MOBCIOKEHHSI, ajie SIKIIO BOHU i Ha-
AIOThCSI, TO IIOA0 TAKMX JaHMX YKJIaZal0ThCs JOI0-
BOPMU IIIOJI0 HEPO3TOJIOLICHHS Y1 IIPOIAXY, 3aI€XKHO
Bizm cy0’exTa, IKOMY BOHM HagaloThes [S1].

Bcg iHdopmaliisi, sika 30epira€eTbcsl 4 00Opo0-
JISIETbCA Ha 0as3i MyOJIiYHOro YK IPUBATHOIO ITij-
MPUEMCTBA, YCTAHOBU, OpTaHi3allii, € iXHbOIO BJac-
HicTio. Pi3HI TUNM HaHUX MOAUISIOTHCS HaA Ti, SIKi
MiUISITal0Th PO3MOBCIOMXKEHHIO, Ta Ti, 110 TAKOMY
He mimsaraTb. OcTaHHI HamTaloThCsI BUKIIIOUHO Ha
migcTaBi 7o3Boay [45]. BinmoBigHO 10 HOBOI penak-
mii National Data Sharing and Accessibility Policy,
BCIM KOpMCTyBayaM HAaJa€TbCSI BCECBITHSI HEEKC-
KJIFO3MBHA JIILIEH3is1 Ha KOPUCTYBaHHSI, TIEPEPOOKY,
myOIikallito, mokas, 1oAaBaHHS BapTOCTi 3 3aKOH-
HUMU KOMEPLIMHMMM Ta HEKOMEPLiMHUMU IIijIs-
MU IIOAO BCiX TOCTYIIHUX IJI OOMiHY HEUyTIMBUX
aHMWX, SIKi CTBOPEHI 3a JepKaBHiI KOIITHU Pi3HUMU
yctaHoBaMu ypsiny IHmii, Ta MpoTsarom aii Takux
npas. s boro KopuctyBauyam HEOOXiIHO BKa3a-
TW JIIIE TTOCTavyaJlbHUKa, AaTy OTpUMAaHHS JaHUX
Ta ixHill igeHTUdikaTop. HaciaigkoM HeBUMKOHaH-
HS TaKMX YMOB € BTpara JiiueH3sii. [TocrayaabHUKM
3a0X0UYYIOTHCS /10 IIOCTiAHOIO OHOBJICHHS NAaHUX,
aJjie He 3000B’S13yI0ThCS A0 LIbOTO, HABITh HE HECYTh
BiITMIOBimaIbHOCTI 3a OyIb-SIKi TIpsIMi, HEMIPSIMi, BU-
MajKoOBI HACHIAKM YU IIKOMY, CIIPUYMHEHi BUKO-
PUCTAaHHSIM IXHiX JAHUX 3TiIHO 3 IE€I0 JIIEH3IEI
[44]. TTo cyTi 3micT W€l TilIeH3iT iJIKOM BiIIIoOBiga€e
PO3IJISIHYTIl BUILE JTLIEH3I1, SIKa BAKOPUCTOBYETHCS
B ABcTpauii Ta HoBiit 3enanmii.

BICHOBKHN

IIpoananisyBaBIIM AOCBil IPOBIZHUX KOCMIYHUX
JIep>KaB CBITYy i ABOX peTioHaJbHUX 00’€IHAaHb, MU
MAa€EMO TMiACTaBX 3pOOUTHU TaKi BUCHOBKM.

A. HasBHi y cBiTi HallioHaJIbHi MOJIEJi MTPaBOBOTO
peryoBaHHS AisiIbHOCTI 3 J133 CUJIbHO pi3HATHCS i
€ BiZoOpaKeHHSIM HU3KU YMHHUKIB:
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* 0COOJIMBOCTEI Ta CTYNEHSI PO3BMHEHOCTI Bif-
MOBIAHOI MPEAMETHOI c(epu MPaBOBOIO PErysio-
BaHHSI;

° repiofy 3ampoBaJKEeHHS CIelialbHOIO pery-
JIIOBaHHS y Lii cdepi (Bix crneuialbHOTO 3aKOHO-
nmasctBa CIIA 1992 p. o ocTaHHiX 3aKOHIB S MOHii,
ABctpajii, HoBoi 3enaHzii 1a iH.);

°* [IepPeBaKHOr0 XapakTepy HalliOHAJIbHOI Hislb-
HocrTi 3 /133 (my06aiyHa, IpuBaTHA Y1 3MillIaHA);

* 3arajibHUX 3acajJl PO3BUTKY HalliOHAJbHUX Ipa-
BOBUX CUCTEM, CITiBBiITHOILIEHHSIM Ii KJIIOYOBUX €JIe-
MEHTIB Ta MPaBOTBOPYMMM TPAAULIISIMU.

ToMmy >xomHa 3 Jit0YMX y CBITI MPABOBUX MOJEJEH
peryiroBaHHs BitHOocuH 3 JI33 He Moxe OyTu B3siTa
B KOMIUIEKCIi 3a B3ipellb i TIepeHeceHa Ha TJI0 MpaBo-
BOI cucTeMu YKpaiHu. MU MOXeMO BECTU MOBY JIMILIC
PO PELETLLIO 3aTAJIbHUX iIel, CTPYKTYPH, EJIEMEHTIB
0e3rocepeIHbOr0 PEryJIIOBAaHHS Pi3HUX JepXaB, sKi
BBAXKAEMO TiTHUMU JIJISI 3aII03MYEHHS Y TIpoLieci hop-
MyBaHHSI Bi/ITOBiIHOTO 3aKOHOMABCTBA B YKpaiHi.

b. Ilepiie nutaHHs, Ha SIKe MU HaMarajaucsi OTpu-
MaTH BilIOBilb, aHATI3yIOUM 3apyOiKHMIA JOCBI,
HOcWJIO (hOPMaTIbHO-IOPUJUYHUI XapaKTep: YK Bap-
TO MPUMMATU CIIeliaJbHUI 3aKOH 11010 AisUIbHOCTI
3 133, 41 1OCTaTHHLO OOMEXUTUCH BiTOKPEMJIEHUM
peryjiloBaHHsIM B paMKax 3arajbHOro KOCMiYHO-
ro 3akoHojgaBcTBa. AK OyJI0 MPOIEMOHCTPOBAHO,
Pi3Hi KpalHU TO-Pi3HOMY MiTIAIIUIN 10 BUPIIIIEHHS
1IbOTO TUTaHHS. BBaxkaemo, 1110 111 YKpaiHu Haii-
Oi/IbIII aAanTOBAHOK CTPYKTYPHOIO (POPMOIO pery-
JIIOBaHHSI TaKUX BIIHOCHH € CII€LiaJbHUM PO3Iia y
npodiibHOMY 3akoHi «IIpo KOCMIUHY IiSUTbHICTb»,
MPUIAHSATTS HOBOI peJaKllii SIKOro BBAXKaEMO 1IJIKOM
Ha3pinM i cBoevyacHUM. Takuii miaxia 3a0e31eYnTh
€JIHiCTb TEPMiHOJIOTi1, 1110 BUKOPUCTOBYEThCS Y Che-
Pi KOCMIiYHOI TisUTBHOCTI, UTUME B PYCJIi CUCTEMATH -
3allil BIAITOBIIHOTO 3aKOHOMABCTBA, IO KOPECIIOH-
JIy€e 3arajbHiil cy4yacHilf TeHAEHLil pO3BUTKY BCiX
rajgy3eil 3aKOHOJaBCTBa YKpaiHU.

B. V 3akoHomasctBi npo 33 B YkpaiHi ciin
OKpEeCJIUTH OCHOBHi cepu 3aCTOCYBaHHS MisllIb-
HocTi 3 33, 3aaMInMBIIM BiANOBIIHUIT TEpesiiK
HE OCTaTOYHMM, a BiIKPUTUM, SKUI MOXE JO0MO-
BHIOBaTHMCh HOBUMU MOTpedaMU MOTEHILiIHHUX CIO-
>kuBauiB mocnyr 3 J133. BogHouac 11eit riepeitik Mae
CJIyIyBaTU OPIEHTUPOM SIK JJIsI TUX CIIOXMBaUiB, SIKi
BXe ChOTOJHI KOPUCTYIOThCS rocayramu 3 /133, Tak
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1 A1t TUX, SIKi TIOKM HE YCBIZOMJIIOIOTh JIJIsI Ce0e Iie-
peBar BUKOPUCTAHHS TAKUX ITOCIYT.

I'. Ha okpeMux 3MiCTOBHUX eJieMeHTax IpaBo-
BOTO 3abe3redyeHHs] e(peKTUBHOI OisutbHOCTI 3 /133
B YKpaiHi M1 HaroJaoCUIu B MPOLIECi PO3IJISIAY pi3-
HUX HalliOHaJbHUX MOJIeJIeH BiAIOBIIHOTO PEryto-
BaHHs1. OJHAK OKpeMi 3 HUX X0UueMO MiAKPeCIUTH B
y3araJibHEHOMY BUTJISIII.

1. Jomyck [0 OisUIBHOCTI 3 eKCIUIyaTallili Koc-
MiuHoro amapata 133 Ta mpuiiomy HeoOpoOIeHUX
JIaHMX cy0’€KTIB, SIKi 32 03HAKOIO TPOMASHCTBA Y1
roCIoiapchKoi MisIIBHOCTI MOB’s13aHi 3 YKpaiHOM,
Mae 3[iiICHIOBATUCS Ha MiACTaBi 103BOJIiB/MilIeH3il,
JIJISI OTPUMAaHHS SIKUX 3asIBHUK Ma€ HauaTu AeTajlb-
Hy iHdopMallilo 1110/10; a) CBOEI rOCIOAAPChKOI Mli-
SIIBHOCTI, sIKa 000B’S1I3KOBO Ma€ BKJIIOYATH JaHi PO
1IHO3eMHUX KOHTPAareHTiB Ta iHO3eMHUX Cy0’€KTIB,
SIKi BOJIOAIIOTh YAaCTKOIO B CTaTYTHOMY KaITiTai 3a-
sIBHMKA;, 0) Oe3leyHMX KaHaliB Iepemadi IaHMX,
KOAYBaHHS Ta iHIIMX 3aXMCHUX MEXaHi3MiB; B) Ie-
Tajiell eKCIuIyaTallii KocMidHOro 00’eKTy Ha opOiTi,
IUIaHY MOro BUAAJICHHS ITiCJIs 3aBEPIICHHS €KCILTY-
artaii (Ju1s1 orepaTopiB KOCMiYHUX 00’€KTiB) TOILIO.
IlepeBipka Takux JaHUX MOBUHHA OyTU ONepaTUB-
HOIO Ta MAKCHMMaJIbHO BUKJIIOYATU AUCKPELiiiHi I10-
BHOBaXKE€HHSI CY0’€KTIB BJIaJHUX IOBHOBAXEHb, SIKi
BUJIAIOTh 103BiJ/JTilIEH3iI0.

2. HeoOxigHO B IMpaBoOBOMY MOPSIAKY 3a0e3Meun-
TU 30iACHEHHSI MOCTiHHOrO MOTOYHOTO KOHTPOJIIO
JisUTbHOCTI, Ha SIKY BUJAHO AO3BiJ/AilleH3i10.

3. O0OB’SI3KOBUM [IJIsI 3aIlIPOBAIKEHHSI € oIlepa-
TUBHUI €KCIIOPTHUM KOHTPOJb JAHUX YU OTpUMa-
HOI Ha IXHili OCHOBIi iH(opMmallii, sIKa NepeaacThb-
cs iIHO3eMHUM CYy0’e€KTaM. 3 OIJISIAY Ha CHiJIbHICTh
03HaK pUHKIB 1ociayr 3 JI33, My BOayaeMo 3a 10-
LiJbHE B3STU B Lili YaCTHHi 3a OCHOBY BiAIOBiIHY
moaenab HimeuuunHu.

4. Cnig niepen0aynTH iHCTUTYLIIMHY B3a€EMOY3I0-
JIXKEHY CTPYKTYpY OpraHiB, 3alisiHUX B yIpaBJiHHi
BKa3aHOI0 c(epolo, JaHKaMU SIKOI B HAIlIMX YMOBax
MOXyTb ctatu: JIKAY — 11omo0 HayKoBO-TeXHid-
Horo 3abe3riedeHH AigabHocTi 3 J133; MEPT — B
YaCTUHI PeryJloBaHHsI 1IbOrO BUIY TOCIOAAPChKOL
MiSILHOCTI, 3a0€3Me4YeHHS SIKOCTi CTBOPEHOTIO ITPO-
JIYKTY Ta EKOHOMiIYHOI1 0e3MeKu JepkaBu, 30KpeMa 3
BUKOPHUCTAaHHSIM MEXaHi3MiB €KCITOPTHOTO KOHTPO-
J10; MiHicTepcTBO 000POHN — B YaCTUHI KOHTPOJIIO
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JOTpUMaHHS cy0’ekTaMu y cdepi BimHocuH 3 133
HaILliOHAIbHOI 0e3IeKu Ta 000poHUu, MiHiCTEpCTBO
3aKOPIOHHUX CIIpaB — OO0 TOTPUMaHHS BiIITo-
BiIHMMU Cy0’€KTaMU MiXXHapOJHUX, 30KpeMa eKC-
MOPTHUX, 3000B’s13aHb YKpaiHU.

5. Hamanusa panux 33 Ta/abo cTBOopeHOi Ha
iXHii ocHOBi iH(popMalii Mae 3OiliCHIOBATUCS Ha
Oe30IIaTHIM YM HEeAMCKPUMIiHALiiiHilA OCHOBI s
cy0’€eKTiB peasizallii myoJiyHUX iHTepeCiB.

6. MexaHi3MM OXOPOHHM TIpaB iHTEJIEKTYaIbHOI
BJIaCHOCTI mono maHux /133 Ta cTBOpeHOI Ha IXHil
OCHOBI iH(opMallil MaloTh OyTU 3aKpilljieHi y cre-
LiaJIbHOMY 3aKOHOJIABCTBI, 1110 PETYJIIOE BiTHOCUHU
iHTeJIeKTyaIbHOI BiaacHocCTi. [Ipu 1nbomy, 30Kpema,
IJI IyOsIiyHO BigkpuTux aaHux /133 ta cTBOpeHOi
Ha IXHiil ocHOBI iH(popMalii MoxHa Oyn10o 0 cKo-
pUCTaTUCS OCBIIOM 1100 MIXHAPOAHOI JIilleH3il
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The article deals with the legal approaches to the regulation of the activity for the Earth’s remote sensing (ERS) in more than
10 countries with various models of the market of relevant services. The experience of some countries has been analyzed in the
context of the development within the framework of regional cooperation of the European Union and the Commonwealth
of Independent States. The review of the legal model of the ERS regulation was carried out, taking into account its public or
private nature and the degree of development of the market for related services. The review covered the study of the following
blocks of issues: organizational and institutional structure of ensuring appropriate relations, data dissemination policy, permit-
ting regulation of the ERS activity, protection of intellectual property for the products of the ERS. Based on the analysis, some

recommendations were made to regulate the relevant relations in Ukraine.
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