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Summary. The multi beam drone positioning system for automatic measurements of drone
coordinates is presented. One part of this system is installed round a landing pad or a goods delivery pad. It
forms a set of low-energy optical beams of definite shapes in three-dimensional space. Each beam transmits
a digital code that characterizes its location relatively this pad. Second part of this system is a small set of
miniature photodetector units that are fixed under a drone. The paper describes the technique based of the
beam code analysis for calculation of drone coordinates relatively a landing pad. This system guarantees the
accuracy that is necessary for accurate drone taking off, landing or goods delivery without usage of an
expensive digital camera or a human operator. The advantages and possible applications of these sensors
are also discussed.

Key words: drone positioning system, multi-beam technique, coordinate measurement, drone navigation,
coded beams.

https://doi.org/10.33108/visnyk_tntu2023.01.080 Received 27.01.2023

Introduction. The market for transportation by drones in 2023 is estimated at
$15.42 billion. Experts predict that this market will increase by approximately 21% every year.
According to Emergen Research, this figure will reach $32 billion by 2031 [1]. The use of
drones in logistics can bring many advantages to the logistics and transportation sectors:
cheaper, faster deliveries, making companies less dependent on the human factor, etc.

To deliver goods to consumers, drones must accurately determine their coordinates
relative to the destination point with an error of a range + 25 cm. It helps to deliver goods to
cafe tables, balconies in houses, car roofs, containers in the yard, etc. In most cases, economic
coordinate measurement systems, which mostly use global positioning system (GPS) that
cannot provide coordinates with errors smaller several meters. That is why the sophisticated
and expensive digital cameras on stabilized gimbals and high-speed data transmission
electronics with control by a human operator or complex image processing programs are used
to ensure accurate delivery of cargo, take-off and landing of drones. It increases the price of
goods delivery cargo operation, drones and drone exploitation. Of course, it sufficiently
decreases drone payload and goods delivery distance [2, 3].

The goal of the paper is to propose the drone positioning system (DPS) and the
procedure for drone coordinate measurements that can work and that guarantees the drone
positioning relatively a landing pad or a goods delivery place with accuracy smaller than
0.25 m without usage of digital camera, human control or sophisticated image processing
software.

Methods. The proposed DPS uses the spatial structure of low energy infra-red beams.
These beams transmit codes that helps to calculate the drone coordinates in the three-
dimensional (3D) space round a landing pad. This DPS consists of two parts (Fig. 1) [4-8]. The
first one is the illumination part installed on ground around the landing site. The second part 8
IS the receiving part fixed on a drone.
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The illumination part includes a power source 3, a control unit 2 and two or
more beam formation units (BFU) 1, which illuminate low-energy infra-red (IR) beams 7.
Each beam transmits digital code (Fig. 1). The receiving part is just a few very small
photodetector units 4 mounted on the bottom surface of the drone. They work only during
landing, when they capture coded optical signals from BFU and send them to the flight
controller or drone computer 6. The control unit 2 generates special codes for each
beam. Therefore, the photodetector units can read out these codes and send them to a
drone computer 6. The drone computer performs calculation of the drone coordinates.
Battery 5 supplies photodetector units 4, drone computer 6 and other drone units with
electrical power (Fig. 1).

Let’s consider the procedure of coordinate calculation in the proposed DPS. We select
economical DPS design with two BFUs, each BFU illuminate the orthogonal spatial structure
of 5 x 3 overlapped coded beams (Fig. 2). It is sufficient to create 9 x 5 = 45 zones for coordinate
measurements using one BFU. Application of two such BFUs helps to from 45 x 45 = 2025
zones in 3D space above a landing pad. The detailed description of spatial beam structure for
the proposed DPS was made in [3-5].
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Figure 1. The proposed multi-beam drone positioning system

The input data necessary for coordinate calculation include the absolute coordinates of
a landing pad center, the coordinates of two or more BFUs relatively the landing pad center,
the angular coordinates of the central beam in horizontal and vertical directions, for example —
(aBFU1, BBFU1) and the angular steps of coded beams in horizontal and vertical directions,
for example — (AaBFU1, ABBFU1) (Fig. 2). It requires that each BFU has a digital compass for
collecting horizontal angles of beams and a liquid level for setting correct vertical angles of
beams.

ISSN 2522-4433. Bicuux THTY, Ne 1 (109), 2023 https://doi.org/10.33108/visnyk_tNtu2023.01 ..........vvevvveveereeeerreererrerneneee 81



Coordinate measurement in multi-beam drone positioning system
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Figure 2. 3D coded beam structure of BFU Ne 1

All the beams of all BFUs transmit the digital packages of the same format. We select
64 bits digital package that contains the constant part for all beams — a DPS identification
number, start and stop bits and the variable part — two or three 15 bits data used as beam codes.
(Fig. 3). For example, spatial structure of 15 beams of BFU Ne 1 is presented by 15 bits: each
beam sets the value 1 only in the corresponded bit ant it does not transmit data when other bits
must be transmitted. Well-known IR remote control systems uses the definite frequency to
transmit digital packages sequentially [9]. They applies compact and economical photodetector
units for reading out these digital packages [10]. The digital output signal pin of this unit can
be directly attached to the drone computer. The drone computer can capture the digital package
and extract the data about the beams in which a drone flies.
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When the drone computer received the digital package, it can easy extract beam bits
using bitwise shift and bitwise and operations. The following code written in C programming
language illustrates this extraction:

#define Mask_15 bits Ox7F

bfu_1 beam_code = ( received_64bits code >> (32 + 1)) & Mask_15 bits;
bfu_2 beam code = ( received_64bits code >> (16 +1)) & Mask 15 bits ;
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Coding spatial structure of 15 beams of BFU Ne1 using 15 bits:
each beam sets 1 only in the corresponded bit.
If a bit is equal to 1 it means that a drone is in the corresponded beam.

Stop bit Stop bit Stop bit
Start bit BFU Nel BFU Ne2 BFU Ne3
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Figure 3. Digital package of BFUs
Knowing the spatial structure of IR beams it is possible to get the horizontal and vertical

beam numbers for both BFU: if a bit is equal to 1 it means that a drone is in the corresponded
beam (Fig. 3). The following code show how to get the beam numbers:
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#define Mask 5 bits Ox1F // Mask 5 bits =0b00011111

cx_0 = bfu_1 beam_code & Mask_5 bits ;
cx_1= (bfu_1 beam code >>5) & Mask 5 bhits ;
cx 2= (bfu_1 beam code >>10) & Mask 5 bits ;
al angle_index=cx 0]cx 1]cx 2;

cy 0=(cx 0==0)?:0;1;
cy 1=(cx1==0)?:0;1;
cy 2= (cx2==0)?:0;1;
bl angle index=cy O|cy 1|cy 2;

cx_0 = bfu_2 beam_code & Mask_5_bits ;
cx_1= (bfu_2 beam code >>5) & Mask 5 bits ;
cx_2= (bfu_2 beam code >>10) & Mask 5 bits ;
a2_angle_index =cx 0]cx 1]cx 2;

cy 0=(cx 0==0)?:0;1;
cy 1=(cx1==0)?:0;1;
cy 2= (cx2==0)?:0;1;
b2_angle index=cy O|cy 1|cy 2;

Table 1

Calculation of horizontal beam angles

al_angle_index Horiz. beam number Angle al Comment
value
00000 None None Error: no beams
identified

00001 2 oaBFU1 + 2-AoBFU1 -
00011 Overlap «BFU1 + 1.5-AaBFUI1 -

2and 1
00010 1 aBFU1 + AaBFU1 -

Overlap
00110 1and 0 oaBFU1 + 0.5-AaBFU1 —
00100 0 oBFU1 Central beam
01100 Overlap «BFU1 — 0.5-AaBFU1 -

-land 0
01000 -1 oBFU1 — AaBFU1 —
11000 Overlap aBFUI — 1.5-AaBFU1

-2 and -1
10000 -2 aBFU1 - 2-AaBFU1 —

Error: beam
Otherwise None None combination is not
correct

Using the input data about the angular orientation and angular steps of horizontal and
vertical beams of BFU Ne 1 (aBFU1, BBFU1, AaBFU1, ABBFU1) and the BFU Ne 2 (aBFU2,
BBFU2, AaBFU2, ABBFU?2) it is possible to calculate the angles of each beam of both BFUs
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(Fig. 2, 3). Taking into account the possible beam overlapping the formulas for angle
calculations may be written in table form (Table 1, 2). These tables can be represented as digital
arrays for both BFUs. It simplifies the code for angle calculations:

al angle =al table[ al_angle index] ;
bl_angle = bl_table[ b1_angle_index] ;
a2_angle = a2 _table[ a2_angle index] ;
b2_angle = b2_table[ b2_angle_index] ;

Table 2

Calculation of vertical beam angles

bl_angle_index Vert. beam number Angle B1 Comment
value
Error: no beams
000 None None identified
100 2 BBFUI + 2-ABBFU1 —
Overlap )
011 2 and 1 BBFUI1 + 1.5-ABBFU1 —
010 1 BBFU1 + APBFU1 —
Overlap )
011 1and 0 BBFUI1 + 0.5-ABBFU1 —
001 0 BBFU1 —
Error: beam
Otherwise None None combination is not
correct

When the angles (al, a2) are found and the coordinates (x1, y1) of BFU Ne 1 and (x2,
y2) of BFU Ne 2 are known we can calculate the drone coordinates (xD, yD) relatively the
center of a landing pad (Fig. 4). The necessary conditions for coordinate calculations are the
following:

1) The photosensitive unit should readout at least one beam code from BFU Ne 1 and
one beam code — from BFU Ne 2.

2) The angles (a1, a2) should be different a1 # a2. It means that the beams should cross
each other.

3) The beam code combination should be correct. It means that only one or two bits
of neighbor horizontal and vertical beams should be present in the digital package (Fig. 3,
Table 1, 2).

The drone coordinates (XD, yD) can be found as the coordinate of intersection of two
lines in (x,y) plane (Fig. 4) [11]:

yp = tan(ay) * (xp —x1) + 1
yp = tan(a,) * (xp — x3) + ¥,
tan(a,) * xp — tan(ay) * x; + y; = tan(ay) * xp — tan(ay) * x, + y,

(tan(ay) = tg(az)) = xp = tan(ay) * x; — y; — tan(ay) * X, +
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= tan(ay) * x; — tan(ay) * x; — (y1 — ¥2)
b tan(a,) — tan(a,) 1)
yp = tan(ay) * (xp — x1) + ¥4

where (XD, yD) — the drone coordinates; (x1, y1), (X2, y2) — the coordinates of BFU Ne 1 and
BFU Ne 2, respectively; (al, a2) — the horizontal angles of registered beams from BFU Ne 1
and BFU Ne 2, respectively; tan() — the trigonometric tangent function.

X a2
\ /\ Drone
Center of : | coordinates
landing pad (xD, yD)
(0,0

BFU Nel BFU Ne2
(x1,¥1) (x2,¥2)

Figure 4. Calculation of drone coordinates relatively a landing pad

In case of tan(a,;) = too the expression (1) has the following form:

xD == x1 (2)
yp = tan(ay) * (xp — x3) + ¥,

In case of tan(a,) = too the expression (1) has the form similar to (2):

xD == xZ (3)
yp = tan(aq) * (xp — x1) + 1

The direction to the center of a landing pads is defined by the current drone coordinates:

. x
5= (- - ) @
\/xD+yD \/xD+yD

where v — the vector that specifies the direction to the center of a landing pad, |v] = 1.
The calculation of coordinate zD — the current drone attitude becomes possible when the
coordinates (xD, yD) are already found (Fig 2, 4):

zp1 = tan(By) * Ly = tan(By) =/ (xp — x1)% + (yp — y1)?

Zpy = tan(By) * L, = tan(B,) * / (xp — %)% + (yp — ¥2)? )
Ly =+ (xp — %)% + (yp — y1)?
Ly = (xp — %)% + (yp — ¥2)?
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where zD — the drone coordinates along z axis, it is current drone attitude; L1, L2 — the distance
from a drone to BFU Ne 1 and BFU Ne 2 in the plane (x,y), respectively; (B1, p2) — the vertical
angles of registered beams from BFU Ne 1 and BFU Ne 2, respectively.

As a result, the drone coordinate (xD, yD, zD) are calculated using the beam codes from
IR coded beams in the proposed DPS and the formulas (1)-(5) (Fig. 1). If a multi-beam DPS
contains three BFUs it is necessary to perform the coordinate calculations (1)-(5) for all
combinations of two BFUs from three ones. It guarantees high reliability of drone coordinate
measurements due to averaging of measurement results. The drone can use its relative
coordinates (xD, yD, zD) and the direction ¥ for fully automatic taking off, landing or goods
delivery.

Results. To confirm that the proposed technique for drone coordinate measurements is
applicable the working prototype of multi-beam DPS was designed, assembled and tested [6—
8] (Fig. 5). DPS can work with two or three BFUs and each BFU illuminates five overlapping
coded IR beams. method of coordinate measurement, an experimental setup was built. For
indication of IR coded beams and drone coordinates the special unit with light emitted diodes
was fixed under a drone as its payload (Fig. 5). The numerous experiments made in various
weather conditions — including summer, winter, sun days, cloudy days, nights etc. — confirm
ability of the proposed DPS to perform accurate and reliable coordinate measurements.
Accuracy of coordinate measurements was evaluated as 1/3 of beam width — approximately
60 mm when the distance is 1 m. As a result, the accuracy 200-250 mm was reached when
distance from BFUs and a center of a landing pad is in range 3—4 m.

Figure 5. Drone and the proposed multi-beam drone positioning system

Discussion. The experimental research has been proven that the proposed multi-
beam DPS and the corresponded mathematical apparatus for drone coordinate
measurements can close the gap between accuracy of economical GPS modules in range of
several meters and the necessary accuracy for automatic taking off, landing or goods
delivery in range of 0.25-0.5 meters. The advantages of this DPS are economical design of
BFUs, application of compact and economical photosensitive units on drones, fully
automatic and fast coordinate measurements, ability to operate when a landing pad with
BFUs moves in 3D space and etc.

Conclusions. The scientific novelty is the new approach for measurements of drone
coordinates during taking off, landing and goods delivery. This approach is application of
multiple IR coded beams with definite angular orientations and angular dimensions that cover
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3D space above a landing pad. It has been confirmed that the proposed DPS closes the gap
between the accuracy of economical GPS modules and the accuracy necessary for accurate
taking off, landing and goods delivery. The proposed DPS makes possible accurate and fully
automatic drone taking off, landing and goods delivery.

The practical value is possibility to manufacture the commercial multi-beam DPSs using
the solutions from experimentally tested DSP prototype. These solutions include the BFU
design, hardware and software for signal generations for IR coded beams, the design of the
indicator for measurements of beams orientations and beam geometry, the mathematical
apparatus (1)—(5) and code fragments written in C programming language.

The future activity should be concentrated on design of commercially available DPSs,
their implementations in routine goods delivery operations made by drones, including
development of the software for automatic taking off, landing and goods delivery based on the
proposed technique for drone coordinate measurements.

References

1. Gunjan M., Sonia M., “Drone Package Delivery Market”, report of Allied market research. Sep. 2022.
P. 339. Report Code: A07127.

2. Jeon H. Harriet and Lucarelli, Claudio and Mazarati, Jean Baptiste and Ngabo, Donatien and Song,
Hummy. “Leapfrogging for Last-mile Delivery in Health Care”. October 12. 2022. URL.: http://dx.doi.org/
10.2139/ssrn.4214918. https://doi.org/10.2139/ssrn.4214918

3. Amazon Staff “Amazon Prime Air prepares for drone deliveries”. June 13. 2022. URL: https://www.
aboutamazon.com/news/transportation/amazon-prime-air-prepares-for-drone-deliveries

4. D. Averin, V. Borovytsky and V. Mykytenko, “Drone positioning systems that uses digital cameras,”
Bulletin of Kyiv Polytechnic Institute Series Instrument Making. July 2022. URL.: http://dx.doi.org/
10.20535/1970.63(1).2022.260632. https://doi.org/10.20535/1970.63(1).2022.260632

5. D. Averin, V. Borovytsky and S. Tuzhanskyi, “Local positioning system for drones without usage of digital

cameras”. Optoelectronic Information-Power Technologies. Vol. 42. No. 2. P. 5-11. October 2022. URL.:
http://dx.doi.org/10.31649/1681-7893-2021-42-2-5-11. https://doi.org/10.31649/1681-7893-2021-42-2-5-11
V. Borovytsky and D. Averin “Optical-Electronic positioning system”. Ukraine Patent 141943, 2020.

7. V.Borovytsky and D. Averin “Optical sensor for drone coordinate measurements,” Proc. SPIE. VVol. 11352.

2020. https://doi.org/10.1117/12.2555392

8. Averin D., & Borovytskyi V. (2023). Multi-beam optical sensor for measuring drone coordinates. Bulletin
of Cherkasy State Technological University. (1). P. 5-12. URL: https://doi.org/10.24025/2306-4412.

1.2023.267070.

9. Vishay Semiconductors, “TSAL6100 High Power Infrared Emitting Diode, 940 nm,” 2019. URL: https://
www.vishay.com/docs/81009/tsal6100.pdf.

10. Vishay Semiconductors, “TSOP32156 IR Receiver Modules for Remote Control Systems,” 2019. URL:
http://www.vishay.com/docs/82490/tsop321.pdf.

11. Anderson, “Fundamentals of aecrodynamics”, 6th ed. Columbus, OH: McGraw-Hill Education, 2016.

o

Crnmcok BUKOPUCTAHUX [ZKepeJI

1. Gunjan M., Sonia M., «Drone Package Delivery Market», 3sir Allied market research. Bepecenn 2022.
C. 339. Report Code: A07127.

2. Jeon H. Harriet and Lucarelli, Claudio and Mazarati, Jean Baptiste and Ngabo, Donatien and Song,
Hummy, «Leapfrogging for Last-mile Delivery in Health Carey, 12 sxosTas 2022. URL.: http://dx.doi.org/
10.2139/ssrn.4214918. https://doi.org/10.2139/ssrn.4214918

3. Amazon Staff «Amazon Prime Air prepares for drone deliveries», 13 ueprus 2022. URL: https://
www.aboutamazon.com/news/transportation/amazon-prime-air-prepares-for-drone-deliveries.

4. Asepin J., bopoBunpkuii B., Mukutenko B. «CructemMu mo3uIlioHyBaHHS JJIsl APOHIB, SKi BUKOPUCTOBYIOTh
1dposi kamepr» Bicank KniBcpkoro nonitexaignoro incTuTyTy. Cepist [IpunanoOynysanns. Jlumens 2022.
URL: http://dx.doi.org/10.20535/1970.63(1).2022.260632. https://doi.org/10.20535/1970.63(1).2022.260632

5. Asepin /., boposumnpkmii B., Tyxancekuii C., «JlokanpHi CHCTEMHU MO3WIIOHYBAaHHA APOHIB 0e3
BUKOPHUCTaHHS HHU(poBUX Kamep». ONTHKO-eIeKTPOHHI iH(OpManiiHO-€HePreTHYHI TEeXHOJIOTI].
XKosrenp 2022. Ne2. C.5-11. URL: http://dx.doi.org/10.31649/1681-7893-2021-42-2-5-11.
https://doi.org/10.31649/1681-7893-2021-42-2-5-11

6. Bboposurpkuii B., Aepin Jl., «OnTHKO-€IEKTPOHHA CHCTEMA MTO3UILIIOHYBAaHHS»: 11AT. HA KOPUCHY MOJIETb
Vkpainu Ne 141943, 2020.

88 .......... ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (109), 2023 https://doi.org/10.33108/visnyk_tntu2023.01


https://doi.org/10.33108/visnyk_tntu2023.0
http://dx.doi.org/%2010.2139/ssrn.4214918
http://dx.doi.org/%2010.2139/ssrn.4214918
https://doi.org/10.2139/ssrn.4214918
http://dx.doi.org/%2010.20535/1970.63(1).2022.260632
http://dx.doi.org/%2010.20535/1970.63(1).2022.260632
https://doi.org/10.20535/1970.63(1).2022.260632
http://dx.doi.org/10.31649/1681-7893-2021-42-2-5-11
https://doi.org/10.31649/1681-7893-2021-42-2-5-11
https://doi.org/10.1117/12.2555392
https://doi.org/10.24025/2306-4412.%201.2023.267070
https://doi.org/10.24025/2306-4412.%201.2023.267070
http://dx.doi.org/%2010.2139/ssrn.4214918
http://dx.doi.org/%2010.2139/ssrn.4214918
https://doi.org/10.2139/ssrn.4214918
http://dx.doi.org/10.20535/1970.63(1).2022.260632
https://doi.org/10.20535/1970.63(1).2022.260632
http://dx.doi.org/10.31649/1681-7893-2021-42-2-5-11
https://doi.org/10.31649/1681-7893-2021-42-2-5-11

Dmytro Averin, VVolodymyr Borovytsky

7. Borovytsky V. and Averin D. «Optical sensor for drone coordinate measurementsy. Proc. SPIE. VVol. 11352.
2020. https://doi.org/10.1117/12.2555392

8. Asepin /JI., BopoBumpkuii B. bararompomeHeBa ONTHKO-€ICKTPOHHA CHCTEMa ISl BUMIipIOBAaHHSI
KoopauHatT ApoHa. BicHuk UepkachbKoro aepaBHOTO TexXHoJoTriuHOro yHiBepcuteTy. 2023. 1). C. 5-12.
URL: https://doi.org/10.24025/2306-4412.1.2023.267070.

9. Vishay Semiconductors «TSAL6100 High Power Infrared Emitting Diode, 940 nm,» 2019. URL.: https://
www.vishay.com/docs/81009/tsal6100.pdf.

10. Vishay Semiconductors «TSOP32156 IR Receiver Modules for Remote Control Systems,» 2019. URL.:
http://www.vishay.com/docs/82490/tsop321.pdf.

11. Anderson «Fundamentals of aerodynamicsy, 6-te suganns, Konym6is, McGraw-Hill Education, 2016.

YK 681.5.01

BUMIPIOBAHHSI KOOPJIUHAT Y BATATOITPOMEHEBIN
CUCTEMI IO3UIIIOHYBAHHS TPOHIB

JAmutpo ABepin; Bosogumup bopoBunbknii

Hayionanvnuii mexniunuu ynieepcumem Yxpainu « Kuigecokuii nosimexuiunuu
incmumym imeni leops Cikopcvkoeo», Kuis, Ykpaina

Pesiome. IIpedcmasneno bazamonpomenegy OnmuKo-eneKmporHHa CUCeMY NOZUYIOHYBAHHA OPOHA Ol
A6MOMAmMU4H020 GuUMIpIo6ants koopounam. Cucmema cknadaemvcs 3 060x uacmun. Ilepwa uwacmuna yiei
cucmemu 6CMAaHOBIIOEMbCA HABKOL0 NOCAOKO80I NIowadku abo niowaoku 0ocmasku mosapis. Bona gopmye
HaOIp HU3LKOEHeP2eMmuyHUX ONMUYHUX NYYKi@ nesHoi opmu 8 mpueumipHomy npocmopi. Koowen npomine
nepeoae yu@dposuil Koo, AKUU XAPAKMePU3ye 1020 po3mauly8ants i0HOCHO 0anoi niowaoku. [pyea wacmuna
yiei cucmemu — HegenUKuul HAOIp MIHIAMIOPHUX ONO0KI8 homonputimayis, AKi 3aKpIiNaIOmMucs ni0 OPOHOM.
Onucano memoOuKy, 3ACHO8AHY HA AHANIZI KOOY NPOMeHs O DPO3PAXYHKY KOOPOUHAmM OpPOHA BIOHOCHO
nocaokoeoi niowjaoku. Taxoowc onucano aneopumm Oill npu GUMIPIOBaHHI KoopOounam Opoua. [Ipedcmaneni
YACMUHU NPOZPAMHO20 3a0e3nedenHsl, AKI peanizyioms ONUCAHU ANOPUMM. 3aNponoOHOBAHA CUCEMA 2APAHINYE
MOUHICMb, HEOOXIOHY Ol MOUHO20 3MbOMY, NOCAOKU Ab0 00CMABKU 8AHMAICI8 Oe3 BUKOPUCMAHHI O0PO20i
yugposoi kamepu abo modunu-onepamopa. Taxoxc 062080peno nepesasu ma MOHCIUSOCHT 3ACTNOCYSBAHHI YUX
oamuukie. Hayxoea HO8U3HA NOAS2AE 8 HOBOMY NIOX00I 00 BUMIPIOGAHHS KOOPOUHAM OPOHI8 NiO 4AC 371bOMY,
nocaoku i 00cmaeku 6anmagicig. IIpakmuunolo YIHHICMIO € MOJICIUBICIG GUSOMOBNEHHA KOMEPYIHUX
bazamonpomenesux OnmuKo-e1eKMpPOHHUX CUCIEM NOZUYIOHYBAHHS 3 BUKOPUCAHHAM PilleHb i3 eKCHePUMEHMANLHO
6UnpoOy6ano20  Npomomuny  cucmemu nosuyioHyeamms. LI - piwenna kmouaiomv  KOHCMPYKYilo — O10Ka
BUNPOMIHIOBAHHS, ANApAMHe Ma NpoepamHe 3abesneueHHs 2eHepayii cuenanie ona 14-kodosanux npomeris,
KOHCMPYKYII0 THOUKAmMopa Osi 8UMIPHOBAHHs OpIEHMAayli ma 2eomMempii NpOMeHi8, MameMamuyHuil anapam i
@pacmenmu kody, nanucari mosoio npozpamyeanis C.

YV manbymuoomy Oisnvuicms nosunna Oymu 30cepeddicena HA pO3POOJEHHI KOMEPYIHO OOCHYNHUX
bacamonpomenesux ONMUKO-eJeKMPOHHUX CUCMeEM NO3UYIOHY8AHHA, IX peanizayii 6 36uUYatiHUX onepayisx
00CMasKY  BAHMANCIB, WO  30IUCHIOIOMbCA  OE3NIOMHUKAMY,  BKIIOUAIOYU  POIPOONEHHA  NPOSPAMHOO
3abe3neqennss 0Nl A6MOMAMUYHO20 31bOMY, NOCAOKU U 0OCMABKU BAHMAICIE HA OCHOBI 3aNPONOHOBAHOL
MemoouKu UMIPIOBAHHS KOOPOUHAM OPOHA.

Kniouosi cnoea: cucmema no3uyionyeanus OpoHa, 0azamonpomeneéa MexXHiKa, GUMIPIOGAHHS
Koopounam, Hagieayis OpoHa, K0O0BAHT NPOMEHi.
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