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Question of use of local resources for ensuring energy needs
and in particular production of biogas remains relevant.
Grain crops which condition at initial stages of vegetation is
inadmissible for receiving a qualitative harvest can become a
prospect of raw materials for creation of biogas. The optimum
tool for monitoring of a condition of vegetable cultures is
considered UAV which use does not depend on the existence
of clouds. The purpose of this research is an assessment by
results of the use of the UAV of potential quality of winter
wheat in the phrase "exit in a tube" about the expediency of its
use for the production of biogas. Measurements of intensity of
components of the color of wheat were taken in the conditions
of a research hospital, the condition of a flag leaf was
estimated visually at land researches. By results of work it was
offered the indicator stressful index, it is constructed on the
definition of a condition of a flag leaf which is the indicator of
the formation of grain yield in wheat. It was shown expediency
of account on monitoring of wheat, except the average value
of intensity, the brightness of the channel of color and size of
semi-distribution. This size can be considered as an additional
parameter during the creation of stressful indexes, and also to
testify about a condition of transition between stages of
growth and development of plants. It is experimentally proved
that color portraits of wheat have to be created under
concrete stages of organogenesis. Taking into account that the
duration of stages is several days, namely the UAV that can
directly be used by agricultural producers, is the optimum tool
for requirements of exact agriculture..

Keywords: UAV, biogas, stress index, yield programming,
digital camera, nitrogen nutrition level, the vegetation index.

Introduction

Considering a trend of current issues of food and
energy security of the countries of Europe and, in par-
ticular, Ukraine, is extremely important. On increase of
needs in energy the accurate trend on attempts to reduce
dependence on supplying countries and transistors of
gas is observed.

Diversification of suppliers of gas improves a situ-
ation in the market, however causes new risks, in par-
ticular terrorist threats that it is specified by A. Rezaza-
deh et all. (2018) [1] for pipelines and also environmen-
tal safety of their construction and operation, R. Lidskog
et all. (2012) [2]. Orientation to renewables with use of
local resources, in particular biogas, becomes relevant
even for the countries of exporters of oil and gas, such
as Azerbaijan of N. Vidadili et all. (2012)[3]. In com-
parison with wind generation and solar photo cells, bio-
gas has the powerful advantages caused by a possibility
of accumulation of energy and management of its pow-
er. It is extremely relevant for the agricultural enterpris-
es having rather small power consumption at estimated
peak loadings that was shown in the works devoted to
development of biogas technologies in the rural areas of
China by Z. Song et all. (2012) [4].

Use of biogas reactors commercially demands at-
traction of considerable volumes of raw materials. A
perspective source of raw materials in EU countries of
P. Schroder et all. (2018) [5] consider use of grounds
with a difficult relief or low fertility for cultivation of
power cultures. However, their area can be insufficient.
It is possible to provide necessary amount of raw mate-
rials for biogas reactors when using waste of crop pro-
duction, for example, at cultivation of corn on grain as it
is specified in works of M. Narra et all. (2018) and
Sergej Ustak et all. (2018) [7] where after harvesting
there are considerable volumes of the vegetable re-
mains. As raw materials for creation of biogas it is po-
tentially possible to use also low-quality products of
crop production and also its surplus for which storage
there are no refinery capacities and elevators. Under
such circumstances for management of a harvest and, in
particular, the choice of plantings, will be used for bio-
gas production, landowners are interested to obtain ob-
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jective information about a condition of plants as soon
as possible. Among winter crops as raw materials for
biogas, most often use wheat straw. Technological as-
pects of this process Gabriele Mancini et all. (2018) [8]
and Asad Ayub Rajput et all. (2018) [9] is described. In
program work of Colin Wrigley et all. (2017) [10] it is
proved that the maximum profit on cultivation of grain
it will be reached when processing all available bio-
material what both cultures, and technical and techno-
logical means have to be at the same time adapted to.
Considering a winter wheat as a raw materials source
for biogas reactors, the best from the point of view of
agronomists, the period for monitoring is the vegetation
phase "an exit in a tube". This circumstance is explained
by the following circumstances: plants are already ra-
ther created, to change culture already late.

Specifics of monitoring is the limited term of mak-
ing decision on carrying out technological operations
and therefore tools for implementation of monitoring is
optimum unmanned aerial vehicles (UAVs) V. Lysenko
et all. (2017) [11]. The choice of the UAV, in compari-
son with satellites, is caused essentially smaller depend-
ence on overcast, provides high distributive ability in
comparison with low to the cost of pictures.

Assessment of a condition of flag and sub flag
leaves as indicators of a condition of a winter wheat, it
is caused by their role for formation of a grain yield. By
the generalized results of researches about a half from
the lump of grain provide assimilates which were
formed in a flag leaf, and about a third - formed in a sub
flag leaf.

The purpose of work is assessment by results of
use of the UAV of a potential winter wheat of quality in
the phase "exit in a tube" about expediency of its use for
production of biogas.

Condition of a question. Methodical questions of
use of mobile robots are presented in many works, such
as Nevliudov et all. (2018) [12], G. Ponomaryova et all.
(2018). However, approaches to the choice of the spec-
tral touch equipment for monitoring remain debatable as
it is presented in survey work of David R. Green et all.
(2019) is relative to use for monitoring, in particular
wheat, specialized and universal spectral devices. The
equipment from various producers with various spectral
parameters leads to emergence of stressful indexes un-
der concrete brands of sensors even for monitoring of
one culture. In work of V. Lysenko et all. (2016) [15]
the technique of calibration of spectral data, suitable for
UAV sensors is presented , however it is calculated first
of all on optical range, and for the specialized equip-
ment it is possible to use also NIR spectrum range.

Use of stressful indexes for monitoring of condi-
tions of vegetable plantings with use of the UAV is car-
ried out in the way:

- loan of indexes from satellite technologies, such as
NDVI;

- creation of own indexes on the basis of use of the
regression analysis.

The stressful indexes constructed on the concept of
"the line of the soil" such as NDVI, SAVI etc., submit-
ted in works of F. Rodriguez-Moreno et all. (2016) [16],
Qiang Cao et all. (2014) [17] and M.A. Hassan et all.
(2018) [18] vulnerable to accuracy, selectivity and prob-
lems arising with lighting change. The indexes con-
structed on the basis of the regression analysis, submit-
ted in works of M.M. Saberioona et all. (2014) [19] and
Cao Q. et all. (2014) [20] more convenient for technol-
ogies of exact agriculture, however are adapted for a
concrete grade or a hybrid of a plant and touch the
equipment.

For the choice of sites of plants which are expedi-
ent for choosing as a raw materials source for biogas re-
actors it is desirable for operator to have extreme crite-
rion by which it is possible to distinguish high-quality
crops from the others. Based on the experience de-
scribed of use of stressful indexes, the spectral criterion
has to be steady against lighting changes. Such criterion
of definition of a stressful state in the conditions of
monitoring from a board of the UAV used assessment
of a flag leaf as it was shown on the example of barley
in work of R. Vicente et all. (2018) [21].

High efficiency of monitoring of a flag leaf for a
winter wheat by spectral methods from a board of the
land platform it is presented in work of S. Kipp et all.
(2014) [22].

Thus, the analysis of references allows to draw a
conclusion on a possibility of use as extreme criterion of
indicator assessment of quality of crops of a winter
wheat a condition of a flag leaf which can be deter-
mined by results of the spectral analysis with use of the
UAV.

Experiment Methodology

Organization of measurements and pilot sec-
tions. Pilot studies were conducted on the oP NUBIP
fields of Ukraine "Agronomical experimental station" in
a long field hospital of department of agrochemistry and
quality of products of crop production (GPS of coordi-
nate: 50°4°28 "N, 30°13'20"). For monitoring used the
RGB PHANTOM VISION FC200 camera which is the
regular equipment for the DGI Phantom 3 UAV. Re-
searches were conducted on uniform lighting in cloud-
less weather (the Light Source setup in the manual
mode - Fine Weather). Flight altitude of the UAV is 100
meters. Before the research’s crops were visually
checked for lack of drops of water on upper leaves of
plants.

For experience with a winter wheat, Colonia sort,
the following options of application of fertilizers were
used: 1) without fertilizers (control); 2) P; 3) RK; 4)
NPK (the recommend norm) 5) NPK (1.5 recommend
norms) (fig. 1).
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Fig. 1. Photos of crops of a winter wheat, Colonia grade, on a research hospital (sites with various application of
fertilizers - the growing norm from left to right (03.05.2018). Photographing was carried out at different stages
of an organogenesis (fig. 2)

Fig. 2a. Picture of pilot sites of a winter wheat taken during the ~ Fig. 2b. Picture of pilot sites of a winter wheat taken during the

separate periods of vegetation (organogenesis stages on EPA) separate periods of vegetation (organogenesis stages on EPA)
Date of shooting: 03.05.2018 Date of shooting: 11.05.2018
37 stage: there is a flag leaf which is still twisted.39 stage: 41 stages: sheet the vagina of a flag leaf is extended.
ligula stage (sheet uvula): the ligula of a flag leaf is noticeable, 43 stage: the sheet vagina of a flag leaf begins to flow

the flag leaf is completely developed

Fig. 2c. Picture of pilot sites of a winter wheat taken during the ~ Fig. 2d. Picture of pilot sites of a winter wheat taken during the

separate periods of vegetation (organogenesis stages on EPA) separate periods of vegetation (organogenesis stages on EPA)
Date of shooting: 18.05.2018 Date of shooting: 29.05.2018
45 stage: the sheet vagina of a flag leaf bulk up47 49 stage: the last sheet vagina opens, over a uvula
stage: the sheet vagina of a flag leaf opens of the top leaf there are noticeable awns

Fig. 2e. Picture of pilot sites of a winter wheat taken during the separate periods of vegetation (organogenesis stages on EPA)
Date of shooting: 08.06.2018 50-51 stages: beginning of emergence of an inflorescence (sprouting):
it is visible the top part of a whisk or a cone 52 stage: emergence of 20% inflorescence
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Obtained results and discussion

Data  processing received from digital
photographing. At assessment of color space of plants,
proceeding from digital pictures, instead of the RGB
format the model of appearance of CIECAMO2 color
presented in works of H. Ali et all. (2017) [23] and
Asim Kumar Roy Choudhury (2014) [24] can be used.
CIECAMO2 model is more convenient in view of the
fact that instead of three separate channels RGB the on-
ly channel which changes in the range 0-360° is used
and describes all color space. For a transfer of data with
RGB in CIECAMO02 the free software BreedPix (USA)
described in work of B. Zhou et all. (2015) [25] on re-
searches of diseases of wheat and work of R. Vicente et
all. (2018) [26] for carrying out researches of a nitric
stress can be used. Despite convenience of perception
and ease of work only with one channel instead of three,
the transfer from one color space in another demands
considerable computational capabilities that needs to be
considered at orientation to industrial production.
Therefore in researches processed experimental graphic
data of the RGB format with use of the software of
mAtHCAD that is suitable for graphic data processing
of the JPEG format. Advantages of such approach were
shown in work of J. Agrisuelas et all. (2017) [27]. At
calculation of data according to the technique used in
the BreedPix program distribution of number of pixels
concerning values of intensity of each of three compo-
nents of color was considered. The algorithm and the
program in the environment of MathCAD was for this
purpose developed for calculation of number of pixels
with the corresponding intensity of RGB, for each com-
ponent of color, for selected in the manual mode picture
sections. For statistical processing of data retrieved they
were exported to the Origin Pro SR4 v8.0951 software
package of the OriginLab Corporation company intend-
ed for numerical data analysis and scientific graphics.

The received results and discussion. Assessment
of nature of distribution and the choice of the equation
for approximation of experimental data. In fig. 3 typical
distribution of number of pixels in size of intensity of a
component of color is presented.

Along with studying directly of sites of the field,
were considered also the site of the dirt road (B_gt), for
establishment of a possibility of influence of existence
of the soil on results of assessment of spectral parame-
ters of crops. By results of the received estimates, the
conclusion was drawn on lack of need of preliminary
data filtering as influence of the pixels caused by the
soil will be insignificant. The dependence of number of
pixels on value of intensity of a component of color is
described by normal distribution and can be approxi-
mated typical by the equations. For approximation the
equation of Amplitude version of Gaussian peak func-
tion (Gauss Amp) and Lorentzian peak function (Lo-
rentz) was chosen.

Apparently from the provided data, a certain value
of a maximum of distribution (I) is approximately iden-
tical to both used approximation equations. The Lorentz
function gives the best the similarity for the maximum

value of distribution, however determines value worse
on the half-width of distribution (w) which is defined as
one-half-amplitude width. Accuracy of determination of
half-width of distribution, in comparison with estab-
lishment of its amplitude, more relevant as the quantity
of points can change over a wide range. Besides, the co-
efficient of determination (R2) at approximation of ex-
perimental data for the equation of Gauss Amp was
above, then in Lorentz therefore in researches for ap-
proximation selected Gauss Amp equations.
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Fig. 3. Distribution of Number of Pixels for a blue component
of color for research sites with a winter wheat with various
doses of mineral fertilizers (2018.05.11)

The received results of approximation of experi-
mental data on determination of parameters of color
portraits of crops of a winter wheat of a sort of Colonia
are presented in table.

Notes:

- sites where it was recorded are highlighted with
gray color the flag leaf is well developed;

- with underlining data where the nature of distri-
bution of intensity of the plants making colors differed
from the general are highlighted in bold type (fig.5).
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Fig.5. Dependence of number of pixels for the relevant
channels of components of color from the size of their
intensity for the third the pilot site (the beginning of
emergence of an inflorescence), 2018.06.08 are recorded
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Table
Results of approximation of color portraits
of sites of a winter wheat

Ne| R G B
I [ w|RJI|]w]R|IT|[w] R

1] 2 3 4 516 7 8 9 10 |11

2017.05.03

95 (12,310,996 [139/11,9]10,994 | 110 |11,8 0,995 |1,7

92 [13,8]0,991 [135/13,4]0,989 [ 103 [13,1] 0,990 |1,6

92 115,410,994 |135/14,4|0,988 | 102 | 14 | 0,989 [1,6

96 |18,1]0,995 [134/16,010,997 | 99 [14,2] 0,996 |1,4

95 17,510,996 [134/15,4] 0,997 | 99 [13,9]0,996 [1,5

S(—= N |W[A|Wn

108 [20,5 | 0,995 |140]16,7] 0,997 | 104 |15,7| 0,995 |1,3

2018.05.11

71 |22,0]0,983 |115/22,0| 0,985 | 88 [22,3]0,987 |2,0

58 120,010,989 [9921,0]0,988 | 69 [21,8]0,985 |2,0

58 |18,0]0,987 [9718,9]0,990 | 67 [18,9] 0,989 |1,9

63 17,210,986 [100/17,5] 0,988 | 66 [17,2]| 0,986 |1,7

65 17,8]0,986 [103[17,0] 0,987 | 69 [17,7]0,986 [1,7

S| |IN|W[BA W

111 |27,5] 0,990 [140[23,0] 0,991 | 102 |23,8] 0,991 |1,2

2018.05.18

92 |11,0]0,996 [131]11,2] 0,996 | 108 [12,3| 0,995 |1,7

85 10,7 0,998 |125/10,5] 0,997 | 94 [11,8| 0,991 |1,6

87 |11,3]0,998 [126/10,6] 0,997 | 95 |11,1]0,996 |1,6

92 112,710,992 |129{10,8]0,995 | 91 | 9,8 | 0,993 [1,4

94 |11,5]0,995 [132/ 9,8 1099594 | 9 [0,993 |14

106 (14,4 0,990 |138{11,5] 0,991 | 98 |10,5] 0,989 [1,2

= O N [W |

2 3 4 516 7 8 9 10 |11

2018.05.29

123 (26,3 0,976 |153{24,0] 0,974 | 133 | 24 10,973 [1,4

119 {25,7| 0,977 |148|24,0| 0,977 | 124 |23,8| 0,975 |1,3

117 {27,5] 0,970 |145|24,1| 0,968 | 121 |24,6| 0,963 |1,3

118 [29,6| 0,969 |143]26,1 | 0,964 | 114 |26,0] 0,967 [1,2

116 |26,4] 0,970 [141]23,8] 0,967 | 112 |23,5] 0,970 [1,2

O |N|W|=A [

122 125,210,970 |143]22,6] 0,969 | 112 |22,4] 0,970 |1,1

2018.06.08

160 (23,0 0,989 |18217,1] 0,994 | 165 |17,2] 0,990 [1,2

162 {20,8 | 0,990 |184]15,2| 0,980 | 162 |15,1]| 0,983 |1,1

170 [28.0] 0.930 [187/16.9] 0.973 | 166 |18.4] 0.972 [1.1

179 {21,0/ 0,970 |189{14,3] 0,970 | 165 | 17 0,980 [1,0

176 [18,4| 0,977 |189(14,3] 0,970 | 163 |14,8] 0,982 [1,0

O[N]

183 [15,8 10,974 |191{12,9] 0,960 | 166 |13,8] 0,977 |1,0

Apparently from the data provided in the drawing,
the nature of dependence for a red component of color
significantly differs from green and blue - instead of one
maximum there are two. A probable explanation of it is
that fixing took place for transition state - upon transi-
tion from one stage of an organogenesis to another.
Starting from this, it is possible to assume that the size
of half-width of distribution by a peculiar indicator of a
transitional growth phase and development of plants of
a winter wheat. This indicator can be perspective at cre-
ation of stressful indexes as in experiences from
2018.05.03 it was recorded dependence between a con-
dition of half-width of distribution and a condition of
application of fertilizers for the considered channels.

Analyzing dependences of spectral channels of
plants on providing them with batteries, by us it is rec-
orded that such dependences have to be under construc-
tion under concrete phases of vegetation or stages of an
organogenesis. So, 05.11, 05.18 and 06.08 dependence

were recorded for red and green, and 05.29 - for is green
also blue channels. Proceeding from it it is offered to
use the indicator index for a flag leaf:

_GxB

F 7

>

where F — is the stressful index for indication of a flag
leaf, R, G, B —are red, green and blue channels.

Such indicator index allows estimating quickly
crops which have the potential of receiving a qualitative
harvest that is extremely relevant when choosing raw
materials for biogas rectors.

Directions of further researches. In work it is
shown that stressful indexes need to be created under
the corresponding stages of an organogenesis or a phase
of vegetation, however it is expedient to study a possi-
bility of remote assessment of a stage of vegetation. Use
of additional information from farms on grades of cul-
ture and real terms of crops and also data of meteorolog-
ical stations can become the possible decision that will
allow counting a phase of vegetation and a stage of an
organogenesis with certain accuracy.

Flag leaves have specific coloring therefore we
consider expedient for creation of the indicator index of
establishment of a condition of a flag leaf of use of the
infrared channel of monitoring.

Conclusions

It is offered the indicator stressful index construct-
ed on certain conditions of a flag leaf which is the indi-
cator of formation of a grain yield in wheat;

The expediency of account on monitoring of
wheat, except average value of intensity, brightness of
the channel of color and size of half-width of distribu-
tion is shown. This size can be considered as additional
parameter during creation of stressful indexes and also
to confirm a condition of transition between stages of
growth and development of plants.

It is experimentally proved that color portraits of
wheat have to be created under concrete stages of an or-
ganogenesis. Taking into account that duration of stages
is several days, the UAV, can directly be used by agri-
cultural producers, is a best tool for needs of exact agri-
culture.
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JIucenko B.II., Onmpumko O.0., Komapuyk /.C.,
Mapuudeii A.L, Ilaciunnk H.A., JIykin B.€. IIpo oco6.n-
BOCTi BilaJIeHOr0 mMoOCiBy mNIIeHUNi, 3 BHUKOPHCTAHHIM
UAYV, 3a yMOBHM NpanopieBoro JIMCTKa

Tumannsa euxopucmanma micyesux pecypcie 0is 3a6e3-
neyeHHs eHepeemuyHux nompeo i, 30Kpema, supobHuymea 0Oi-
02a3y 3aAUUAEMbCst akmyanvHum. Ilepcnexmugoio cupogutu
0Nl cmeopeHHss 0ioeazy Modce cmamu 3epHo8d Kyabmypd,
CMaH AKOI HA NOYAMKOBUX emanax eecemayii Henpunycmumo
OJIsL OMPUMAHHS SIKICHO20 8podicaio. OnmumanbHum HCmpy-
MEeHMOM OJis1 MOHIMOPUHEY CIAHY 080YEBUX KYIbIMYD 86aHCa-
emvca UAV, suxopucmanhs K020 He 3anexicumy 8i0 HAAEHO-
cmi xmap. Memorw 0ano2o 00CniOdiceHHs € OYiHKA 3a pe3)ilb-

mamamu suxopucmarnusi UAV nomenyiiinoco akocmi 03umoi

nuieHuyi 8 Gpasi «8uxio ¢ mpyoy» npo 0oyinbHicmb 1020 6u-
KOPUCMAHHsL 0151 UpoOHUYmMea b6ioeaszy. Bumiprogants inmen-
CUBHOCII KOMNOHEHMIE KONbOPY NUEHUYl NPoBOOUNUCS 6
VYMOBAX OOCHIOHUYBKOL NIKAPHI, CMAH NPAnopyeo2o JUCKA
OYINI0BANIOCA BI3YANLHO NPU HAZEMHUX OoCHiOdicenHsAx. 3a pe-
3ynemamamu pobomu 610 3anponoHo8aro iHOUKamop cmpe-
€06020 iHOEKCY, n06Y008aHUL HA BUSHAYEHHI CIAHY NPanop-
Ye6020 MUCMKA, AKUU € THOUKATNOPOM (DOPMYBAHHS 8POHCAll-
Hocmi 3epHa @ nwenuyi. byna noxaszana doyinohicme 061Ky
no nuweHuyi, Kpim cepeoHbo20 3HAYEHHs IHMEHCUBHOCTI, SCK-
PAsocmi KONPHO2O KAHANY I Geludunu Hanieposnodiny. Lo
BENUYUHY MOJHCHA PO32NAOAMU K 000AMKOSUL napamemp npu
CMBOPEeHHI CMPecosux NOKA3HUKIE, a MAKOIC CEIOYUMU Npo
cman nepexooy Midilc emanamu 3pOCmaHHs i po3eUMKY poc-
qun. Excnepumenmanvho 0oeedeno, ujo Koiboposi nopmpemu
nueHuyi NOBUHHI CMEopI8amucs nio KOHKpemui cmadii op-
eanoeenesy. bepyuu do yeaeu, wo mpusanicme emanieé cmatno-
eumb Kinvka OHis, a came UAV, axuil mooce 6e3nocepednbo
BUKOPUCOBYBAMUCA CITbCOKO2OCRO0APCLKUMU 8UPOOHUKAMU,
€ ONMUMANLHUM THCIPYMEHMOM Ol 6UMO2 MOYHO20 3eMie-
pobcmaa.

Knrwwuogi cnoea: UAV, 6iozas, indexc cmpecy, npoepa-
MYBAHHSA 8pONCAUHOCI, YUpposa Kamepa, pigeHb A30MHO0
JHCUBTEHHS, Be2eMAaYIIHULL IHOEeKC.

JIbicenko B.IL., Onpeimko A.A., Komapuyk /.C.,
Mapusideii AHU., [Tacnunux H.A., Jlykun B.E. O6 oco-
OEHHOCTAX YAAJTEHHOI0 IOCeBa NMIIEHUIbI, ¢ MCMO0JIb30Ba-
Huem UAYV, nipu ycjoBuu ps1aroporo Jimcra

Bonpoc ucnonvsosanus mecmublx pecypcog 015 obecne-
YeHusl SHepeemu1eckux nompebHocmel u, 8 YacMHOCMU, NPo-
uz6o0cmea 6uoeaza ocmaemcs akmyanvhwim. Ilepcnekmugoil
CbIpbs 0151 CO30aHUSL OUO2A3A MOJICEm CMAMb 3ePHO8AS KYlb-
mypa, cocmosnue KOmopoti Ha HA4AIbHbIX IMANAX 8ecemayuu
HeOOnyCmumo Ois NoxyueHus kausecmeennozo ypoowcas. On-
MUMATLHBIM UHCIPYMEHMOM Ol MOHUMOPUH2A COCIMOSHUS
osownelx kKynomyp cuumaemcs UAV, ucnonvsosanue komopo-

20 He 3agucum om Haauyus o6naxos. Llenvio 0annozo uccie-
006aHUA ABNACMCA OYEHKA NO Pe3VIbIMAMAM UCHOAb308AHUS
UAV nomenyuanvho2o xawecmea 03umoti nueHuyvl 6 @pase
«BbIXOO0 68 MPYOY» 0 YenecooOPAsHOCMU €20 UCHONb308AHUSA
015 npouseoocmea 6Guozasza. HMszmepenus uHmeHCUSHOCMU
KOMNOHEHMO8 Y8ema NueHuybl NPOBOOUNUCH 8 YCIOBUAX UC-
C1e008aMENbCKOU OONbHUYbI, COCMOAHUE (DIA208020 TUCMA
OYEHUBANIOCL BU3VANLHO NPU HAZEMHBIX ucciedosanusix. I1o
pesyrvmamam pabomsl Obll NPeOIOIAHCEH UHOUKAMOP CMmpec-
€08020 UHOEKCA, NOCMPOEHHbIN HA ONpedeneHuu COCMOSHUS
@nazo6020 nucma, Komopulii A671AeMCs UHOUKAMOPOM ¢hop-
MUPOBAHUSL YPOICAUHOCU 3epHA 8 nuteHuye. bvina nokazana
Yenecoo6pasHOCHb yuema no nuieHuye, Kpome cpeoHe2o 3Hd-
YeHUs UHMEHCUBHOCIU, APKOCMU YBEMO06020 KAHANA U 6e/lu-
YUHbL NOAypacnpedenetus. Imy GeIUHUHY MONXCHO paccmam-
pusams KAk OONOTHUMENbHbIL Nnapamemp npu co30aHuu
cmpeccosblx nokasamenei, a maxice c6UOemenbCmeosams O
COCMOAHUU Nepexo0a Mexcoy dSManamu pocma u paseumus
pacmenutl. IDKCNepUMEHMANbHO OOKA3AHO, YMO YeemHuble
nopmpemvl NueHUYbl OONIHCHBL CO30A68aAMbCSL NOO KOHKpem-
Hble cmaoduu opeanoceHesq. Ilpunumas 60 6HUMAHUeE, HMO
NPOOONICUMENLHOCHTL IMAN08 COCMABIACT HECKONIbKO OHell,
a umenno UAV, komopblil MOdcem HenocpeoCmEeHHO UCNOIb-
308AMbCA CENLCKOXO3ANUCMEEHHIMU NPOU3BOOUMENAMU, A6/
emcst ONMUMATbHBIM UHCIMPYMEHMOM 051 Mpebo8aHuil moy-
HO20 3eMe0ens.

Kirouessie cnoBa: UAV, 6uoeas, unoexc cmpecca, npo-
2PAMMUPOBAHUE YDPOICAUHOCIU, YUPDPOBAs Kamepa, YPOEeHb
A30MHO20 NUMAHUA, 6€2eMAYUOHHBLI UHOEKC.
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